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*0 BEHTUNALIA TA KOHOAULIFOBAHHA NOBITPA

YK 629.113.06 : 628.83 O. T. Bo3usik, kand. mexH. HayK, Ooyen

HauioHansHHit yHiBEpCHTET
“JIpBiBChbKa MoJHiTeXHika™

OCOBNUBOCTI 3BOPOTHOIO NOTOKY NPU NOAAYHI
noBIiTPY NN1OCKUMU HACTUNIBHUMUN CTPYMUHAMU

SIk BiioMO, Di3HYHMIA CTaH MOBITPAHOTO CEpPeIOBHILA B TEXHOJIOTIY-
HHUX NPUMILIEHHSIX XapaKTepH3YeTbCsl TAKMMH TapaMeTpaMH, K Temrie-
partypa, BOJOTOBMICT, INBHIKICTb PYXY noni’rpn LIYM, 3aluJIeHIiCTh, 3a-
naxu Ta id. B po6ouii (o6cnyr03yBaHm) 30HI TaKUX l’IpPlMlLlleHb MaloTh
3abesneuyBaTych HOPMOBAHI NMApaMeTPH BHYTPILIHLOrO nosiTps, OCKi-
JIbKW Bijl TOrO, HACKiJIbKU camrapuo Tiri€HIYHI MapaMeTpd MiKpOKJIi-
MaTy TEeXHOJIOTIYHHX IPUMIILEHb BiAMOBIZAIOTh (i3i0NOriYHUM MOTpe-
OaM NMIOOMHKM 3aNEXUTh, B 3HAYHIN Mipi, 11 310pOB’S i Mpaue3gaTHICTD.
YMoBu xoMopTy nepefoBCiM BHU3HAYAIOTHCS TEMIIEPATYPOIO NOBITPS
Ta fioro weuakicTio pyxy. Ili BenvunuHM MiATPUMYIOThCA 3aco0aMu BEH-
THJIALIHHOI TeXHIKM i 3aMexaTth Bifi MPUHHATOI OpraHisatlii noBiTpoo6-
MiHY Ta cxeMH NoBiTpopo3nofiny. Ilpu nsomy poboua 30Ha 3HAXOIH-
ThCS SK Y PAMOMY, TaK i B 3BOPOTHOMY MOTOLI MPUIIIMBHOT CTPYMHHU.
CykymnHicTh BKa3aHMX (akTOpPiB BH3HAYAE XapaKTep MOBITPSIHUX MO~
TOKIB T2 PO3BUTKY BEHTUJIALIHUX CTPYMUH Y NpUMiteHHi [1-6].

BaxIMBiCTh BpaxyBaHHS BIUIMBY 30ypeHHS MOBITPSHUX IOTOKIB, ¥
3B’43KYy 3 HaABHICTIO TEXHOJIOTIYHOTO 0bJjiagHaHHs Ta 06CIyroBy40ro
nepcoHasy B MPHMILLEHHI Ha LUBUAKICHI IOJIA MOBITPAHHUX MMOTOKIB Ta ix
ocobmBocTi gocmimkeHo B [1-6]. ¥ Takux yMoBax HeoGxizHO 3a6e3ne-
4yBaTH OCTATHbO BEJMKY AayieKoOiitHiCTh NpUnIMBHOI cTpyMuHH. On-
HUM i3 3acobiB 36inbureHHs ii ganekobiitHOCTI € 3acTocyBaHHA edexTy
Koanpga, To06To HacTMIaHHA CTPYMHMHH HA BHYTPIilLlHi OBEPXHi CTiH abo
creni [1]. Kpim 36inblueHHs nanekoGiifHOCTI, ABHMINE HACTUJIAHHA CTPY-
MHMHH Ha CTeNlo BIUIMBAE HA rojie Tedii, Ha PO3IIMpeHsl CTPYMHHH, Ha
MIPOLIECH MiaMIlIyBaHHA i MOracaHHs WBUAKOCTI B CTpyMuHi. Tomy Haii-
paLioOHaNBHIIIO CXEMOI0 HOBITPOPO3MOAUTYy y BHIAAKY 3 HafBHICTIO
TEXHOJIOTIYHOTO 06JIaqHaHHA Ta 06C/YrOBYIOYOTO NEPCOHAy y BUpof
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HUYOMY MPUMILIEHHI 3 MAJIOI0 BUCOTOIO € 3aCTOCYBaHHA Crioco0y noaayi
noBiTps B pobovy 30HYy HACTHIbBHMMH cTpyMMHamu. IIpu upomy
JIOLINIbHO 3aMpPONOHYBATH 3aCTOCYBAHHS MOBITPOPO3NOAINIOBAYIB 3 Be-
JIMKOIO iHTEHCHBHICTIO MOTACaHHA LIBUAKOCTI i TEMIEPATyPH MPHIUIKB-
HOro noBiTps, TOO6TO NpHCTPOiB, ski 3a0e3neuyioTb iHTEHCHUBHE Iie-
peMilllyBaHHS NIPUIUIMBHOTO MOBITPSA 3 HABKOJHIIHIM [1].
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Puc. 1. Cxema excriepuMeHTaIbHOTO CTEHY:
1 — Haca oK 3 MUIOCKOIO NOBITPOBUIYCKHOIO IUIHHOIO; 2 — MOBITPONpPOBiT;
3 - xondy30p; 4 —~ KOOPAMHATHHUK; 5 — BUTAXKHHIA OTBIp; 6 — TexHONOriIYHE
obmamHanHs; 7 - oOCIYTORYyIoYHii nepconal

"W

Huni icHy€ 3HaYHa KiJbKiCTh Pi3HOMAHITHHX KOHCTPYKIiii MOBITPO-
pO3NOAITIOBAYIB Ta CXEM PO3Jayi MPUIUIMBHOTO MOBITPSA SK Y BEPXHIO,
Tak i B po6ouy 30HY npuMmilieHs [4; 5; 6], e BUkopucroByeThes edexT
HACTHJIAHHS CTPYMMH Ha BHYTPillIHi MOBEPXHi CTiH abo cTel, o € J0C-
TaTHBO PO3MOBCIOKEHUM ABHIIEM Y BEHTUNALIIHHIN TexHIILi.

VY wifi cTaTTi pO3TNAAAETHCH 30CEPEAKEHUIH NPUMIIHB HACTUIIbHUMH
Ha BHYTPILUHIO MOBEPXHIO CTeJi MIOCKUMH OXOJIOMKEHUMH CTPYMHHA-
MH. IToBITPOPO3NOAINEHUKOM CITYAKHTh PO3MILLEHHH Mil cTenero (pHc. 1)

NPUCTPifl 3 NMPIMOKYTHHUM I[UJIHHHUM OTBOPOM i3 CNiBBiAHOLIEHHAM
CTOpiH He MeHInM 3a 1:15 [1;2].
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XapakTepHO10 OCOBJIMBICTIO TAKO1 CXEMH MOBITPOPO3NOIULY € NEB-
He oOMexxeHHs MPOCTOpY Ui PO3BUTKY MPAMOro Ta 3BOPOTHOTO MOTOKY
NOBITPAHOI CTPYMHHH CTIHAMH, CTeJIEIO Ta MiUIOro0 NMPUMiLIleHHs, a Ta-
KOX TEXHOJIOTiYHHM OOJIaiHaHHAM Ta 0OCIYrOBYIOYHM MEPCOHAJIOM, IO
CTBOPIOE TaK 3BaHe “CTHCHEHHN” TPHIUIMBHOI CTpyMHHH. IloBiTpaHmii
NOTIK, PyXalouHCh B 06MEXEHOMY NMPOCTOpPi HLOro MPHUMILIEHHSA, TOOTO
y “CTHCHEHHX” yMoBax, GOpMye IUIOCKY CTHCHEHY CTPYMHMHY i Haaxo-
IIUTb B oﬁcnyronynaﬂy 30HY.
Y uifi craTTi po3rnsnaETbCA IIIOCKA HACTHIIbHA CTPYMHHa, WO
CTIPSMOBY€ETLCS B3JI0BX BUPOOHMYOro MPHMILLIEHHS MaJIol BUCOTH MPH
HasiBHOCTi TEXHOJIOTiYHOTO 06J1aiHaHHA Ta 06CIYrOBYIOYOro NEPCOHATY
3a TYNMKOBOIO CXEMOIO, B fKifi BUTS)XXHHH OTBip PO3MIlLEHHI B TiH XKe
TUIOLMHI, IO i NnpunauBHKUi (auB. puc. 1). Ilpn ubomy obcyrosyBana
30Ha, A€ 3HAXOMATbCA JIIOAH, OMHBAETbCA iHAYKOBAHOIO CTPYMHHOIO
3BOPOTHOrO NMOTOKY. Y 3B’43KYy 3 LM BEJIMKOTO 3Ha4YeHHA HaOyBae€ M-
TAHHA BHUABJIEHHA 3aKOHOMIPHOCTE#l pPyXy NOBiTpsA Y 3BOPOTHOMY IOTO-
ui. OcHOBHA yBara TyT NpHJiJIeHa caMe JOCTIIKEHHIO 3aKOHOMIPHOCTei
PO3BUTKY NOBITPAHOI MPUIUIMBHOI CTPYMHHH Y 3BOPOTHOMY TTOTOLIi.
Meta po60TH — ROCTIKEHHS XapaKTepy PO3MOBCIOMKEHHSA MIOCKHUX
HaCTHIBHUX CTPYMHH B OOMEXEHOMY NMpOCTOpPi BUPOOHHYOIrO NpHMi-
LIEHHA MaJIOi BUCOTH 3 HasBHICTIO B HbOMY TEXHOJIOTIYHOro oOJagHaH-
Hsl Ta 0OCNYroBy104Oro nepcoHaly, BUSBJIEHHA 3aKOHOMipHOCTel po3-
BHTKY MOBITPAHOI NMPHUIUIMBHOI CTPYMHHH Y 3BOPOTHOMY MOTOWI Ta
OOTPYHTYBaHHA METOAHKH PO3PAXYHKY.
OckinbKkH cy4acHi AoCikeHHs 6a3yl0ThCs HA BUABJICHHI eMITipHY-
HHX 3aKOHOMIPHOCTEH CTpYMUHHUX Tediii [1], To came et crioci6 6yB 3a-
CTOCOBAHHM Y I1iit CTATTI.
ExcnepHMeHTalIbHI AOCITIKEHHA NPOBOAMWINCH B HATYPHUX YMOBaxX
Ha CTEHI|, CXeMa KOTO MpPEACTaBJieHa Ha pHUC. |, MpH TakuX yMOBax Ta
CMPOLLEHHAX:
— MJIOCKA CTPYMHUHA € 130TEPMiYHOIO;
— KOe(iLlieHT MOracaHHs IBUAKOCTI MPUIUIMBHUX HACaAOK 3 IUIO-
CKMMM MOBITPOBHITYCKHHMH LI(iIIMHAMH CTAHOBHMB m = 2,5;

— WIMPHHA WUMHHOTO OTBOPY 3MiHIOBaNACh i craHoBHIA: [, = 300 MM;
1, =450 mm; [, = 600 Mm;

- BUCOTa ILiINIKWHY Oyia 3MiHHOWO, a came: b, = 20 Mm; b, = 30 MM;
b, = 40 mm;

~ BUTpaTa NOBITPAHOro MOTOKY L, 3MiHIOBaNach i cTaHoBMia: L =

=900 m3/ron; L, = 700 m3/ron; L3 = 500 m3/rox; Ls = 300 M3/ron;

-~ MOYaTKOBA LIBHAKICTb MOBITPA NPH BUTIKAHHI 3 MPUIUIMBHOTO Ha-

cajaka 3Haxoaunacsa B Mexax: V= 5-15 m/c;



— WBHAKICTb MOBITPA Y 3BOPOTHOMY IMOTOLI pO3INsAaiacs Ha Bil-
MmitTi A = 1,5 M i Oyna npeacraBneHa y BiZHOCHOMY BMIJIAAI

V=Vu[V,
— BEJIMYMHA ¥ 3aNeXUTh BiJf ABOX BiJHOCHHX KOOpAMHAT X = x/I i
y= (y — Py )/(B—yep) , i€ X i y — no3aoBxHa i nonepeyna 6ixydi

KOOPAUHATH, M; [ — NOBXHHA NPUMILLIEHHS, M; B i Vp — BiANOBIA-
HO HaniBIUMPHHA NPUMILUEHHS | CTPYMHUHH B IPSMOMY ITOTOL, M;
— TOuYKH Oing CTiHM, AKi HE 3HAXOHATbCA Yy MMOrPAHHYHOMY Luapi,

YMOBHO BBaXKQJIHCS 3 KOOPAHHATOKW y =1,

IHIBuaxocTi i TemMnepatypu pyxy MOBITPA BUMIPIOBAJIHCh TEPMO-
enexrpoaHeMoMeTpoM TA-9. IIIBuaKOCTI NMOBITPAHOTO MOTOKY, 11O IIe-
PEBHILYBANH 5 M/C, BUMIPIOBAJIMCh MiKpPOMaHOMETPOM 3 MHEBMOMET-
puyHoo Tpybkoro [Tito-IIpanarns. 3aMipy IIBUAKOCTENH PyXy MOBITPS B
PO3PaxXyHKOBHX TOYKAxX 3HiIHCHIOBAJIUCA 3 BUKOPHCTAHHAM KOOpAMHAT-
HMKA i3 CITKOIO TOYOK 5X 5 ¢M y I’TH nonepedyHux nepepizax. ¥ xoxi
EKCIIEPHMEHTANBHUX JOCIi/KeHb OyNM BH3HAYEHi I'PaHHIi MPHIIMBHOL
CTPYMMHH B 30Hi ii NPSMOTO Ta 3BOPOTHOI'O MOTOKY.

Ba3sylouncs Ha ekcriepUMEHTaNbHUX JOCHIIKEHHIX po3aayi MOBITPA
B NPUMiLUEHHSAX, HABEAEMO BiIHOCHI LIBUAKOCTI PyXy IMOBITPs y 3BOPOT-
HOMy noToui B TabnuyHid ¢opmi (Tabn. 1), a Takox y BUIJISAAI HOMO-
rpaMu — (puc. 2), To6To npeacTaBUMo JBOGAKTOPHY (PYHKLIOHANbHY 3a-

JIEXHICTD I7=f(f; ;),u,e I7=V3ﬁ/Vo .

Tabnuys 1
Bianocwi wenakocti y 3sopotHomy notori ¥ (x1073)

o W 0 02 0,4 0.6 0,8 1,0
y

0 13 17 25 40 30 18

0,25 20 30 42 55 45 30

0,5 10 12 15 20 18 15

0,75 8 10 12 15 13 12

1,0 7 8 10 12 11 10

Ha puc. 2 npencrasieHa rpadiyHa 3ajexHictsb V= f(&; y) 3a na-

HMMH €KCNEPUMEHTAJIbHUX HATYPHHX MAOCIIIKeHb XapakTepy 3MiHH
BIJHOCHOI IIBHUAKOCTI y 3BOPOTHOMY MOTOLi NPH PO3BUTKY IMJIOCKOT Ha-
CTHUJIbHOI CTUCHEHOI CTPYMHHH B TEXHOJIOTiYHOMY ITPUMILIEHHI.
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I'pagiuny 3anexHicTy (puc. 2) AOUINBHO anPOKCHMMYBATH ITOJIHO-

MianbHolo 3anexHicTio (1):
— m n . .
—i —i
V=3 Ya;yx,
ol

{0 BHPAXAETLCA TAKUM YHHOM!
¥ =(1022+2145 73528 72 + (88,64 +13,46 159,68 72 )- ¥ —
—(r6.41+5627-13392 72)-72) 1077,

7 o4
60
50 /*\
40

y=0,25
30

0
20 05

0,75
10

X 1,0
0 | .z
0 0,2 0.4 0,6 0.8 1

U)

2

Puc. 2. Homorpama /1% BU3HAYEHHS BIIHOCHHX LIBMAKOCTEH y 3BOPOTHOMY MOTOM



Crnin Bim3Ha4YMTH, WO IS BH3HAYEHHS 1OYATKOBOI WIBMAKOCTI V,
HEOOXi/IHO 3HATH BEUYHHY CaMe MaKCHMaJIbHOI BIJHOCHOI LUBMAKOCTI y

3BOPOTHOMY MOTOUI Vmax. g 1bOro, B CBOIO 4epry, NOTPiGHO
mocnigata V — (GyHKLiIO Ha eKCTpeMyM, HeoOXiiHi yMOBM SKOTO TaKi:
KO GYHKLIA V= f® jv”) A0CAra€ eKCTpeMyMy pu X =X,, y=7,, TO
KOXHa YaCTKOBAa NMOXifHA MEepLIOro MOPAAKY Bif v NEPETBOPIOETHCH B

HYJb TIPH LMX 3HaYEHHAX apryMeHTiB [7; 8].
JudeperniroeMo B 4aCTKOBUX MOXigHMX:

W _ (88,64+13,46 y-159,687% —15282% —1124 7 X +267,84 7 3)10—3

3

X

3_1: = (2145413467 —5,62 %2 ~ 70,567 - 319367 7+ 26784%2 7)10~° (4)
¥

OTpHMy€EMO cHCTEMY IBOX PiBHAHB 3 ABOMA HEBiTOMHMHU (5):

a; ©)
= =0.
dy

Po3p’s3yroun cucreMy piBHsHb (5), 3HAXOAUMO MOTPiOHE 3HAYEHHS
BEIMYUH X,, J, Ha [OEAKOMY BiApi3KYy LMX apryMeHTIB BIAMOBiAHO

[X;;: X, 1, [3: ¥, ]. OTxe, B pe3ynbraTi 06YKCiIeHb OTPHMYEMO KOOPAHHA-
TH cTauioHapHoi Touku M (%,, 7,) : X, = 0,585 Ta 7, = 0,165.

OcKibKY nomnepeHboi BIEBHEHOCTI B iCHYBAHHI MAaKCHMyMYy P
dyHKuil Hemae, ToMy NOTPiGHe OAATKOBE NOCITIAXEHHS, TOOTO MOTPi6-
HO BCTAHOBHTH AOCTaTHI YMOBH eKCcTpeMyMmy. SIkio - ¢dyHkuis 6yae
MaTH B JIeIKOMY AOBKUUI TOukd M ()?o, }0) HeTepepBHi APYri YacTKOBi

MOXiAHI i SKWO B il TOYLi BUKOHYIOTbCS HEOOXiHI YMOBHM, TO Y BUMal-
Ky, KOJIM Apyruii nudepeHuian.



27-3 32 |, 5, e Q)
i=l j=I dx; oy o2 Ja

€ JIONaTHLO BH3HAueHa KBaapaTHuHa ¢popma, To dynkuis V (%, y) mae B
uii Toyui makcumym [8]. Y BHnaaky BUKOHaHHS LMX yMOB V — GyHKLis
matume B Touui M (%,, 7,) crauionapue 3HaueHHs, a cama Touka M

HA3UBATHMETHCA CTALIOHAPHOIO,
JlocmiauMo Ha 104aTHIO BU3HAYEHICTb KBAAPATHYHOI hopmu (7):

v v
X’  oxX Iy
O
vV
yoxX oy’
JlouiyIbHO BBECTH TAKI MO3HAYEHHS:
27 27 257
e LEp 2E_ g ®)
ox Iy dx dy

I3 BpaxyBaHHSIM BIACTHBOCTI NOPAAKY AX(EPEHUIIOBAHHA B YACTKO-
BUX NOX1AHUX [7]

9’z 0’z
dxady ) Y X

audepennianbHuit BusHauyHKUK Skobiad (J) Habyme BUrIsay:

4 C
J= , 10
C B (19
MIC/IA PO3KPHTTS IKOTO OTPUMAEMO:
J=A4.B-C?. (1

3HaxoaMMO TOXIAHI JIPYroro MNOPSAKY B CTAaUiOHAPHIN Touli
M (%,, 7, } i Bu3Hauaemo i xapaxTep:
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2
A= ;)_I = (-15282-11247, +26784 7% )10~ =—0147 ;
X~
3V
B=S= (- 7056-31936%, + 26784, 2).107* =—0,66;
=
V'V — . cacam = N gned
&= P =(13.46-319,367, —1124 %, +535,68%,7, )-10 *=—=0006..

ITpn uvomy SAxoOian ckrajae:

J=AB-C?=(-0147-(-0]166))— (0,006} ) 0.

Bpaxosytoun, mo J > 0,a 4 = — 0,147 < 0, koHcTaTyeMo, 10 (PyHK-
st Il—’:f(_T, T) mac MakcumyM: Vinae (0,585; 0,165) = 0.057. 3 wuiel
YMOBH 1 BU3HAYAEMO 110YATKOBY LUBW/IKICTb V), —IJ,,/I max, AC B SKOCTI

Vs NPUHMacTLCA HOpMOBAHA 1 00CIYTOBYBAHOI 30HH LUBUAKICTL V),
Ile o3Hayae, WO BU3HAYCHA NOYATKOBA WIBMJKICTE Vo € MIHIMATBHOIO,
TOOTO 15 BEIMYHHA € ONTHMI3ZOBAHOO.

Ha 0cHOBI OTPUMAHNX PE3YJIbTATIB KOHCTATYEMO:

— BCT@HOBJICHO B KUTbKICHIH (hOPMi XapakTepUCTHKM Ta 3aKOHOMIp-
HOCTI PO3BHTKY IUIOCKMX HACTHIbHUX CTHCHEHHMX CTPYMHH Y 3BO-
POTHOMY TOTOLI;

— OTPUMAHO PO3PAXYHKOBI 3aJIEXXHOCTI JUls BU3HAUYEHH S ITapaMeTpiB
NJIOCKHX HACTMIILHUX CTUCHEHUX CTPYMHH Y 3BOPOTHOMY MOTOLL;

~ OOIpYHTOBAHO, WO €PEKTUBHICTH 3aCTOCYBAHHS TIOCKMX HACTH-
JTLHUX CTPYMHUH JUIS NOJadi MOBITPst B poOo4y 30HY TeXHOJOTriU-
HOT'O NPUMIIIEHHS € BUCOKOIO.

OtpumaHi pe3yabTaTH JalOTh 3MOTY Ppa3paxoBYBATH IOYATKOBY
[IBUAKICTb MPUIUIMBHOI MJI0CKOI HACTHABLHOT CTMCHEHOT CTPYMMHH Y BH-
pOOHHYOMY NPUMIILCHH] HE3HAYHOI BUCOTH 3 HASIBHICTIO TEXHOJOTIUHHUX
CTpyMUH oOONagHaHHs Ta OOCHYrOBYIOUOIO NEPCOHANY 1 BHU3HAYATH
TEOMETPHUYHI MapaMeTpy MNOBITPOPO3NOAIILHOIO NPUCTPOIO. 3aCTOCY-
BaHHA TMOBITPOPO3NOALTIOBAUIB i3 BUKODHUCTAHHAM eQeKTy HACTHIAHHA
[JIOCKMX CTPYMHH Ja€ 3MOTY 3HA4YHO MiABUILUTH Kpmepm ADPI (Air
Distribution Performance Index) TIpU 110241 B TEXHOJIOTTUHE npnwmeﬂ-
HSl 3HAYHOI KLTbKOCTI NOBITPS i 3MEHLUMTH, BHACHIJIOK LbOTO, MaTepia-
JIOEMHICTD MPUTUIMBHOT CHCTCMH.
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VK 662.612-428 .4 0. H. 3aiiueB, dokm. mexu. Hayk
Opecckas rocyJapcTBEHHAR aKaJleMHs
CTPOMUTENILCTBA U APXUTEKTYPbI

BIMAHUE NPELECCUN U HYTALUN BUXPEBOIO A4PA
HA YCTOWYUBOCTb 3AKPYYEHHOIO MNOTOKA FA3A

B TennosHeprervke o6yacTh MCMOMB30BAHHA 3aKPYYEHHbIX NO-
TOKOB OXBAThIBAET 3HAYMTEIbHYI 00JacTh, CBA3aHHYIO C IMpOILEcca-
MH BbIpabOTKH, TPAHCIOPTUPOBKH, Mepeavyd U UCIOJIb30OBAHUS TEIl-
noBoH sHepruu. Ilpu 3TOM HCNONB30BAHWE AIPOIHHAMHUKH 3aKPY-
YEHHBIX [1I0TOKOB M03BOJIAET HHTEHCUDULIMPOBATH MPOLECCHI TEIJIO- U
MaccooOMeHa M ONTUMHM3UPOBATh KOHCTPYKTHUBHbIE napaMeTphl 060-
PYAOBaHMUS.

OnHaKo HeyCTOHYMBOCTb TPOLIECCOB, MPOHCXOASLIMX BCIIEACTBHE
BO3HUKHOBEHHSA NMPELECCHH BUXPEBOIO AAPA, i1PH CTENEHH KPYTKH MOTO-
ka .S 6onee 0,6 HE JAIOT BO3ZMOXKHOCTH HCIOJIb30BATH B IMOJIHOM Mepe a3-
pOAMHaAMHYeCKHUe CBOWCTBA 3aKPYUYEHHbIX MOTOKOB.

CyniecTByroLHe B HACTOSILEE BPeMst MOAEIH MPELIECCUH BUXPEBOTO
AApa B 3aKPYYEHHOM IMOTOKE HE YYHTBHIBAIOT €ro HU3MEHEHHS W Tperno-
AAraloT HEM3MEHHOCTb reoMeTpUYecKoii ¢hopMbl BUXPEBOTO fpa B JIIO-
OOM NornepeyHoOM CeYeHHUH 3aKPYyUYEHHOTO TToToKa [1].

Mopenb npeueccui BUXpeBOro sapa paspadarbiBaiach B MPeino-
JIOKEHUH, YTO BUXPEBOE SJ1PO HAXOAMTCH MOA BO3ACHCTBHEM OCHOBHOTO
BpALLAKOUIErocs MOTOKA, pacnpejaeneHie CKOpocTed B KOTOPOM COOT-
BETCTBYET JUHAMMYECKOMY BpallleHu1o. BpauieHue ke BUXPeBOIo sjpa
OMUCBHIBAJIOCH KaK CTaTHYECKOE BPAHIEHHE.

Kpome Toro, nonaras, 4ro Ha BUXpeBOe PO ASHCTBYET Clila AHHA-
MHYECKOT0 JIaBJICHHS, 4 B CAMOM si/Ipe AaBJIEHHUE onpellesisercs Kdax [2]:

P=p(4nQ)’Inr, (1)

rje: P — [NOTHOCTb, KI/M3;

Q - yraoBas CKOpocTs, 1/c;

r — pajiiyc BpallleH!us BHXPEBOIo siapa BOKPYL OCH 3aKPYYEHHOTO
NoTOKA, M.

Ha ocHoBannu ypasHenuil Hasbe-CTokca W Hepa3pbIBHOCTH T0-
TOKa OBUIH TI0JIyYeHbl YPABHEHHS JUIS PACueTd CKOPOCTH ABMIKEHUS
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BHUXPEBOTO AIpa B IIOCKOCTH, MEPNEHIUKYIAPHONH MOCTYNATEIbHOMY
JIBHOKEHHUIO 3aKpYYeHHOTr o noToka (ocu Z):

Ve =Qy(x-x.)* +y cosa; ®)

V=G e sinas ®
o B 2 v 32 22
a:Arctg(}'p( 2(41129) G —ay) 1) )); “)
pe(x—x,)y
X, = ylgo—x; ©)

x, = 1=y +x, ©

rae V., V,— CKOPOCTH JIBH)KEHUS BUXPEBOrO AAPA B MIIOCKOCTH, MEPIEH-
AUKYIAPHOH ocH Z, M/C; X, X, — PACCTOSIHUS OT OCH 3aKPYYEHHOTO MO-
TOKa /10 OCH BUXPEBOTO fpa, M; C — KOHCTAHTA.

Pe3ynbTaTel pacyeToB NpeACTaBJIEHbl Ha PHC. 1, TOe NokasaHo
M3MEHEHHE CKOPOCTH BMXPEBOTO fpa B 3aBHCHUMOCTH OT yAaJIeHUS
€ro OT OCH 3aKpPYUE€HHOro (OCHOBHOI'O) NOTOKA. AHAJIU3 MOJIYYEHHO-
ro rpaduka nokasaj, 4YT0 MHHHMaJbHAsg CKOPOCTb JBUXKEHHSA BHXpe-
BOT'O flpa COOTBETCTBYET OOJaCTH OCHOBHOFO MOTOKAa MEXAY 30HOH
oOpaTHbIX TOKOB W BHEIUHEH ero rpaHuulei (oCb KOOPAMHAT pacro-
JIOXKEHA B LEHTPE 3aKPYUYEHHOTO NOTOKA), 4TO 00BACHAETCS NpeBasiu-
PYIOUIMM BO3ACHCTBHEM LEHTPODOEKHBIX CHJI HA rpaHHle OoOpaTHBIX
TOKOB, & Hd BHELIHEN I'PaHULE — AMHAMMYECKHM JABJIEHHEM OCHOB-
HOI'0 MOTOKAa Ha BHMXpeBoe sApo. Kpome TOro, MUHHUMaJlbHas CKO-
POCTb JBHMIKEHHS BHXPEBOTO fApPa COOTBETCTBYET MUHMMAIBLHOMY
BO3EHCTBHIO OCHOBHOTO MOTOKA, TO €CTh JaHHas o0NacTb ABJIAETCA
Hanbosiee yCTOHUHBOIA.

PaccmoTtpenne nipodusas paguanbHoil ckopocTH (pHc. 2) nokaszano,
4TO CKOPOCTb NPAKTHYECKH MOCTOAHHA B OOJIACTHM OCHOBHOIO MOTOKA,
BO3pACTaHWE ee NMpH yIaJICHHH OT OCH, YTO BbI3BAHO YBEJIUYEHHEM pa-
Juyca BpallleHHs BUXPEBOTI'O 47Ipa, U COOTBETCTBEHHO YBEIHWYERHEM YI-
JIOBOH CKOPOCTH BPALLEHHS.

JIns KauecTBEHHOI'O [OATBEPXEHUS [OJyYeHHbIX Pe3yJIbTaToOB
BbINOJIHEHA (OTOCHEMKA IpoLecca IOPeHUs COKUKEHHOTO ra3a B 3aKpy-
YECHHOM 1OTOKE (pHc. 3).



Ha cHuMKe Npu 3aTeMHEHMM BUJIHO SPKO BbIPAKEHHOE BUXpEBOE
AAPO, pacrosaraouleecs MeXIy 30HOI oOpaTHbIX TOKOB M BHCUIHEH

rpanuueﬁ TOPEHHA, YTO IIOATBCPIKAACT paHee CACNAHHbIEC BbIBOJbI.

VX, mic T
11 ‘
10
9 ...«,:,,\ J
8 1 - *
64— — — :
54— — i
4 ; L] 1
0 0,2 0,4 0,6 Y. ™
Puc. 1. M3MeHeHHe akCHANbHOMH CKOPOCTH ABUKEHHS
BUXPEBOTO 41pa
Vy, mic ]
30 —
06—t
10 —
0 . . . . vt S|
0 0,1 0,2 0.3 0.4 0,5 0,6 0,7 Y. ™
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Puc. 2. I3MeHeHne paanaIbHOM CKOPOCTH IBHXKEHUA
BUXPEBOrO A1pa



Buxpegoe sipo

Puc. 3. IIpouecc ropenns B 3aKpyueHHOM NOTOKE

TakuM 06Gpa3oM, B pe3ynbTaTe TEOPETHUECKMX HCCIIeIOBAHUM
MoJIy4eHbl 3aBHCUMOCTH CKOPOCTH JBHXKEHHMSA TNPELECCUPYIOLIETO
BUXPEBOTO sJpa, I103BOJIMBIIUE BLIABUTH 001acTb YCTOMYMBOIO MO-
JIOKCHHUSA BHXPEBOrO sApa — PaBHOBECUA UEHTPOOEKHBIX H LEHTPOCT-
PEMUTCILHBIX CHJI B 3aKPYYEHHOM ITOTOKE MPH HalH4YUU 30HBI 00parT-
HBIX TOKOB.

Ucnonn3oBanHas aMTEpaTypa

1. Knuouu 1O0. A., ¥poeckuit A. @. Moaenb npeueccuy BUXpEBOro sapa 3a-
kpyyeHHoii crpyn / Uss. BY3oB, ApnaunoHHas Texuuka, 1984, Ne3. —
C. 41-44.

2. Fynma A., Juanw J1., Caiiped H. 3akpyuennble notoku: Ilep. ¢ anri. —
M.: Mup, 1987.



YK 662.612-428 4 O. H. 3aiiues, dokm. mexn. Hayx
Ounecckas rocyAapcTBEHHas aKaJeMHs
CTPOHMTENbLCTBA H APXUTEKTYPbI

UCCNEAOBAHUA ANHAMUYECKUX XAPAKTEPUCTUK
nPu B3AMMOAEWUCTBUU BCTPEYHO-CMELLEHHbIX
3AKPYYEHHbIX FA30BbIX CTPYH

Pa3paboTka HOBBIX 3Heprocteperaroix CnocobOB U KOHCTPYKTHB-
HbIX peLleHHUH JUIS CHHKEHUS PAacXoll0B TOIUIMBA B JELIEHTPAIM30BaHHbIX
CHCTEMAX TEIUIOCHAOKEHHS, JIOKANM3aLMK TeIUIOBLIX MCTOYHHKOB MaJloi
MOILIHOCTH M pacceMBaHUs BPEIHBIX BELIECTB B aTMOCHEPHOM BO3JyXe Ha-
psly ¢ TEOPETHYECKMMH HCCIIeJOBAHUAMH TpeOyeT IOJy4eHHE IKCMepH-
MEHTAJIbHbIX JaHHBLIX [0 a3POAMHAMMUKE B3aHUMOJICHCTBYIOLLMX 3aKpYy4eH-
HBIX MOTOKOB. BbITNoJIHEHHE TAKUX UCCIEAOBAHUI TAKIKE BbI3BAHO TEM, UTO
TEOpeTHYeCKHe MOEIH TpeOyIoT 3aaHUs BEJIMYKH, W3MEPEHHE KOTOPBIX B
TIPOU3BO/CTBEHHbIX YCJIOBUSAX 3aTPyAHEHO (HANpHMEp, KHHeMaTHyeckas
BSI3KOCTb CPEJibl, YaCTOThI kKoJieOaH il BUXPEBOTO SApa U APYTHX JAHHBIX),
MO3TOMY HaJIMYME FKCNEPUMEHTAIILHBIX JAHHBIX B COOTBETCTBYIOLLEM JIHA-
Ma30HE MO3BOJIMT pa3paboTaTh METOAOJIOTHIO ONPEACCHHUS YCIOBHUH ycC-
TOHYHUBOCTH 3aKPY4€HHOT'O MOTOKA NMPH B3aUMOAEHCTBHH C TEMJIOBBIM HC-
TOYHHKOM, HHKEHEPHbIE METO/Ibl PacyeTa Mosei CKOPOCTH IIPH Pa3IM4YHbIX
BHJAX B3aUMOJICICTBHSA 3aKPYUYEHHBIX CTPYH.

Takum oOpa3oM, CTABUTCS 33aya 110 IKCIIEPHMEHTAJIbHOMY HCClle-
JIOBaHHUIO PE3YJIbTUPYIOLIUX TIONEeH CKOPOCTH H TONy4YeHHEe NAHHBIX IS
PErPECCMOHHBIX YPABHEHHI B MHXEHEPHBbIX pacyeTax CKOPOCTH [MpH
BCTPEUHOM, CMELIEHHOM B TOPU3OHTAJIbHOMN TITOCKOCTH.

Jns peureHus nocTaBleHHO# 3aaaud OblUl pazpaboTaH W HM3LOTOB-
JIEH 3KCTIePHMEHTAJIbHBIN CTeH U a3POAHHAMHUYECKHX HCCIIEAOBAHUH,
B OCHOBY KOTOPOIO MOJOXE€Hbl MaTpyOKH ¢ TaHr€HLMAaJbHbIM TOJABO-
JIOM, COeAMHEHHbIE THOKUMH BO3YXOBOAAMH C BEHTHIIATOPOM.

DKcnepUMeHTaNIbHAas YCTAHOBKA COCTOMT M3 JBYX cofes, AUaMer-
pom 100 MM, ¢ TaHTeHIIMANbHBIM TOJBOAOM MOTOKA, THOKHX BO3AYXO-
BO/IOB, BEHTHJIATOpA BbICOKOTO AABJIEHHUS, 3aBHXEK AJisl PEryIupoBa-
HHUS pacxo/a BO3ayxa.

JLis BBITTONTHEHHUS U3MEPEHHH CKOPOCTH ycTaHOBKa cHabxeHa Tep-
MO3JIEKTPOAHEMOMETPOM, C LIAPOBBIM 30HAOM H KOOPAMHATHON CETKOM
JUIS OTpejieSieH|sl HanpawjeHus ckopocTH., M3MepeHHne pacxoaa rasa
OCYILECTBJIAJIOCH C MOMOIIBIO TAPUPOBAHHOH AHA(PparMbl METOAOM [1e-
PEMEHHOro nepernaja AaBieHHs.
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Ilepen HayanoM H3MepeHHit MPOU3BOANIIOCH MOAKIIOYEHHE TEPMO-
3JIeKTpOaHEMOMeTpa K CEeTH, NoBepKa npubopa U yCcTaHOBKa conen s
MCCIIEYEMOTO BHM/a B3aUMOJEHCTBHA 3aKpy4eHHbIX INOTOKOB. [lanee
BBINOJIHANACH YCTAHOBKA KOOPAMHATHON CETKH IO Cpe3y comJia, U onpe-
JIEJIAIIOCh KOJIMUECTBO TOYEK MOAJIEKALMX 3aMepy.

Tlocne BKJIIOYEHHS BEHTHJIATOPA BBLINOJIHSUIMCh 3aMepbl aKCHaNb-
HOM, TaHTeHIMaIbHOW U paJualbHONH CKOPOCTH B JJAHHOM CeYeHHUH, Ja-
jlee KOOPIMHATHAA CeTka MepPeHOCHIach Ha PacCTOsiHHE, COOTBETCTBYIO-
11ee CIIEAYIOMIEMY CEYEHUIO C MOCTHEAYIOLMMH U3MEPEHUAMH.

DKcriepuMeHTallbHble JaHHbIE B3aMMOJEHCTBHA BCTPEYHBIX, CMe-
IIEHHbIX B TOPH3OHTANBLHOMN IMJIOCKOCTH 3aKPyuYeHHbIX NOTOKOB, NPH
PACCTOSIHMM MEXIy NojalolyMu natpybkamu 4 kanubpa, no paanaib-
HOM, TAHMeHUHAJIbHOH H aKCHaJIbHOM COCTaBJISIOLIMM CKOPOCTH, Moce
OLIEHKH MX JIOCTOBEPHOCTH, MpEICTaBJIEHbl B BuAE rpaduyeckux 3aBu-
CHMMOCTeH Ha pucyHkax 1-3.

un
]

V, mlc

'S
<D

3
=]

X, M

Puc. 1. Pacnpenenexue paanaibHOH CKOPOCTH B NMONEPEYHbIX CEYECHHAX
(cmewenue 0,15 m):
¢ - ua paccrosiuu 0,1 M or natpybka; m — Ha paccrosHuu 0,15 M oT matpyOka; A — Ha
paccrosiiuu 0,2 M o1 natpybka; X — Ha paccrosnuu 0,25 M oT naTpybka; X — Ha pacCTOsHUM
0,3 M oT naTpybxa

AHa/M3 [I0JIYYEHHBIX PaCMpefeNieHuit COCTABJISIOLIMX CKOPOCTH,

obOpasytolerocs NpH B3aMMOAEHCTBHH BCTPEYHbBIX, CMEILEHHbIX B I'GPH-
JOHTAJILHON THIOCKOCTH 3aKpY4eHHbIX CTPYH MOKasaj, 4ro CMelesie
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Puc. 2. PacnpejiesneHie TaHICHUHANLHOIN CKOPOCTH B MOMEPEYHLIX CCHCHHAX

(cmetenne 0,25 m):
¢ — na paccrosiunu 0,1 M o1 matpyOka: m  Ha paccroaumy 0,15 M oT natpybka, A - Ha
pacctosghiuu 0.2 M oT na1pybka; X — Ha paccrosHuu 0,25 M o1 naTpydka; X — HA PACCTOSHHH
0.3 » oT maTpyOKa

50 — -

40

Puc. 3. Pacnpejiencune akcnainHOH ckopoceTH (emerierine 0,25 M)

¢ — Ha paccrosii Z = =03 M OT OCH CIDYH; B ~ Ha paccTosiHii Z = — 0,25 M OT OCH CTPYH;
A - na paccToAnnK Z=~0,2 M OT OCH CTPYH; X - Ha paccTosiiuu Z = —0,15 M OT OCH CTPYH; % —
Ha paccrosiun Z = —0,1 M 01 ocH CTpYH; * — Ha pacctosiinn Z = -0,05 M oT ocH cTpy; + - Ha
OCH CTPYH: == - Ha PACCTOSAHHK Z = 0,05 M OT OCH CTPYH; == — Ha paccTosiun Z = 0,1 M OT ocH
crpyu; ¥ — na pacctosiun Z = 0,15 M oT ocH cTpy; © ~ Ha paccTosiinu Z = (,2 M OT OCH CTPYH;
A - Ha pacctonnnn Z = 0,25 M OT 0cH CIPYH; X — Ha paccTosiin Z = 0,3 M OT OCH CTPYH; % — Ha
paccTosnd Z = 0,35 M OT OCH CTPYH; O — Ha paccToAHHU Z = 0,4 M OT OCH CTPYH
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oceif cTpyii yBenuuusaeT o06JacTb B3JaUMOIEHCTBUS paJualbHOI cOCTaB-
JiIoLei CKOpOCTH, @ pacnoyiokKeHue MaKCHMYMOB H MHHMMYMOB B pa3-
JIMYHBIX CEYEHUAX BhISBUIJIO HANWYMeE llcpeMexaloluxcs obnacreii B3au-
MOJICIICTBUA U BBITECHEHHUS CTPYiHl APYT APYIOM, IIPH 3TOM HabmoaaeTcs
3epKajibHOe OTOOpaKeHHE PE3YIbTHPYIOLIEro MoJis pajalbHON cocTaB-
JISIIOLEeH CKOPOCTH NMPH YBEIMYEHUH CMELIEHUs oceil (MOJIF0 CKOpOCTeH
npu cmeuieHnn 0,25 M COOTBETCTBYET Mosie co cmeueHueM B 0,2 M, a cMe-
menuto 0,3 M - 0,15 m). To ectb NpH MaJbIX BETHYHHAX CMELLIEHUs B3aM-
MOICHCTBHE MPOMCXOAUT MEXY BHEIIHEH TpaHHULIEH OAHOH CTPYH H
BHYTpPEeHHel rpaHuleii obnactv o6paTHbIX TOKOB JIpPYroro moTokd, a
NpH YBENMYEHHW PAcCTOSHUS BO B3aUMOJEHCTBHE BCTYMAIOT BHELLIHHE
cion obenx 3akpydeHHbIX cTpyd. Pacrpesenenue TaHreHUMalbHOU CO-
CTaBJIMIOLICH CKOPOCTH MOKAa3aj0, YTO CIOXEHHE CKOopocTed Crpyi
HauyHHaeTcs CO cMelleHHus B 1 auamerp, Npu 3TOM TIOJy4EHHOE paciipe-
JlelIeHHE Ka4yeCTBEHHO COBIIAJACT C pacnpenesieHHeM [1PH B3aHMO/IeiCT-
BUM BCTPEUYHBIX, OAHOMMEHHO 3aKPYUYEHHBIX MOTOKOB, YTO BO3MOXHO
fpH B3aUMO/ICHCTBMU BHYTPEHHHX K 30HE OOPATHBIX TOKOB C/10€B OHOH
CTPYM ¢ BHEWHHMH closMu Apyroi. Pacnpenenenue axkcHalnbHOM
cocTaBasioulel CKOpOCTH B 0ONACTH B3aUMOJEHCTBUS CTPYH Mokaszaso
HaJINYME U3MEHEHUs HANpPABJICHUS aKCHAJIbHOW CKOPOCTH, IPHYEM MaK-
CUMYM (MHHHMYM) KPMBOI NPUXOOWTCS HAa PABHOYNAJIEHHYH) OT NaT-
pYOKOB 30HY, a CaMO MOJIe AKCHAJIbHOMN COCTaBJIAIOIIEH CKOPOCTH HMeEeT
YyeTKoe pa3jrpaHHyuYeHHe MexAy BHYTPEHHUMH CHOSAMHU (BHELIHHE CIIOH
CTPYyit) MU BHELLIHUMH CIIOSMHU Pe3yJIbTUPYIOUIETO TEUEHHS.

CpaBHeHHe UCCIIEAYEMOTO BHAA B3aUMOICHCTBUSA C APYTHMH THIA-
MU (IO YTJOM, BCTpEYHble, MapajuienbHble 3aKpy4YeHHbIE TOTOKH)
MO3BOJIUNO CAENaTb BbIBOJA, UTO B JAHHOM BUJE B3aHMOACHCTBMSA
o6nacTh, roe NPOMCXOAUT CIOXKEHHE CKOpPOCTell 3aKpyueHHbIX CTpyH,
3HAYMTENILHO MpEBbILIaeT aHAJOTM4HbIe 00NACTH MpH JIOOLIX APYTHX
BHJIaX B3aUMO/CICTBUSA.

Hcnosb3oBannas autepatypa

1. 3akpyuenuble nortoku: Ilep. ¢ aunrn. / A. TIynra, M. JIuum,
H. Caiipen. - M.: Mup, 1987. - 588 c.

2. Hlmuxaune I Teopus norpanuyHoro cnos. — M.: Hayka, 1974, -
T11c.

3. 3aiyes O. H. YnpasiieHHe adpoauHaMHuyeckoil 06cTaHOBKOH B pa-
Oouem oObeMe TeryoreHepupyoowmx ycraHosok // Bichuk OJJABA Ne7,
2002. - C. 60-64.
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Y]IK 536.42:661.426 M. 10. HeHKo, uHocenep-uccaedosamens
Kuesckuil HayuonanbHblll yHugepclimen
CIMPOUMERbCINBA U APXUMEKINYPbL

METOAUKA PACHETA BAWEHHbIX TPYB-TPAOUPEH
U PE3YJIbTATbI HATYPHbIX UCMbITAHUN
MOAEPHU3UPOBAHHbIX TPAAUPEH B NPOU3BOACTBE

Pe3ynbTaThl 3HAYMTENBHOTO KOJMYECTBA 3KCIIEPHMEHTAIBHBIX HC-
cnefnoBaHuii [1-7] U HATYpHBIX UCMbITAHWI A0OKa3aHa Bbicokas 3ddek-
TUBHOCTb MOJIay¥ B OallleHHYIO0 IPafMPHIO Bblllle YPOBHA KOHTAKTa OX-
JaXIAroWEro BO3lyXa ¢ BOAOH AbIMOBBIX Ia30B OT MapOBbIX KOTJIOB H
ra3oTypbuHHbix ycraHoBok (I'TY). B pe3zynsTaTe B3aumMOaeiCcTBUS Obl-
MOBBIX Ta30B C MapOBO3AYIUHBIM MOTOKOM, BbIOpACHIBAEMBIM M3 Tpa-
JUPHH, NPOUCXOHUT TMOBbILIEHHE TEMIEpaTyPbl OCIEAHErO, YTO MPUBO-
JAUT K YBENHYEHHIO BBICOTHI BbiOpacbiBaemoro (akena. 310, B CBOIO
ouepedb, COCOOCTBYET MHTEHCHOHKALMH TENJI0MacCOOOMEHHBIX TPO-
LI€CCOB BHYTPH T'PAIMPHH, YBEIHUEHHIO AajTbHODOIHOCTH (akena H ycH-
JIEHHKO €ro pa3,upo6nenmi OKPYXAUHM BO3AYXOM JO KOHTAKTa C Mo-
BepXHOCThIO 3eMiH. MccnemoBaHusiMu Ha QuU3MUECKHX MOAENAX pa3iny-
HBIX CMOCOGOB MOAAYM ABIMOBbIX [A30B B TPAAMPHIO, MOKA3aHO, YTO
Haubonee 3 hexTHBHON ABIAETCH NPEANOKEHHAS aBTOPOM TOAaYa Jbi-
MOBBIX Ta30B, Yepe3 YCTAHOBICHHYIO HA TOPJIOBHHE FPAJHPHHU KOJblie-
BYIO LIEJIb C TAHTEHIHAIbHBIM BBOAOM, 00ECTICYHBAIOIINM 3aKPYTKY MO-
JaB4EMOTO MOTOKA ra3oB. Takue KOHCTPYKTHBHbIE peuleHHUs OTOJMOBKa
IPagPHH PEKOMEHAOBAHbI [UI BHEIPEHH .

Huxe npuBosaTcs pazpaboTaHHas HA OCHOBE Pe3YJIbTATOB BbINOJ-
HEHHbIX ABTOPOM MCCIIEIOBAHUI ITPOLIECCOB TeruioMaccoobMena 1 aspo-
AMHAMMKH B GalleHHBIX TpyOax-rpaaupHAX METOAMKA Terioa’poauHa-
MHYECKOTO pacyeTa OallleHHbIX IPAfMPeH H Pe3y/IbTaThl BHEAPEHUS MO-
JAEPHHU3UPOBAHHBIX FPAAUPEH B IPOU3BOACTBO.

1. Memoouka menioa’poounamuseckozo paciema ucnapumebHo
2paoupru Dawenno2o muna

1.1. UcxoaHbie AaHHBIE JOJIKHBI ObITS:
— rapaMeTpbl HApYKHOIOo BO3AyXa: ¢, i, d

"’ " ";

~ rabapuTHblE pa3Mepbl TPAAHPHH, d TAKKE NIOLAAN BXOAHBIX OT-
Bepctii (Frp), opocuteneit (Fop), BeIXogHOTO cevenns (F.), a Tak-
KE PACCTOSHUE 110 BEPTUKAN MEXKAY OCBIO BXOAHbIX OTBEPCTHI H

ropnosuHoH rpaaupau (Ho);
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~ MJIOTHOCTB OpoileHus (g, kr/(M2-¢));
— MPUBEAEHHBIH K MJOIIAAH OpOCHTeNleH CyMMapHbIi KO3 dHULIHEHT
MecTHOTO conportussienus 6awnn (Ly);

- Tpe6yemaﬂ rinybuHa oxnaxaeHus Boabl (d1,), a TakXkKe HavanbHas

(1,,) ¥ KOHEuHad (1, ) ee TeMneparypbi;

~ maccoBblit pacxon (Gr) U HauyanbHas Temrepatypa rasoe (t,),
NOAABAEMbIX OT KOTJIoarperaTa WM razoTypOMHHON yCTaHOBKH

(r'TY).
1.2. Onpenensem:
— pacxoo YUPKYIAYUOHHOU 800bl

G,=g F,, xr/c 1

op?

— KOTUHECMEO UCHAPAIOWEICS 800bI 6 3QBUCUMOCIIILL OM MEMNEPaAmypbl
HAPY HCHO20 8030V XA

G,. =K-G_-o

HCI w W

Kr/c; 2

— SABHBIC MENIOGbLOCNCHUS, KAK PE3YAbIAM Meniomaccooomena 6030y-
Xda ¢ 8OO0l

Qu= Gw TGyt Stw - Gucnw ' in » BT (3)

npH 3TOM TPAHCMUCCHOHHBIMH TEIUIONOTEPAMH YEpe3 oOrpaxiaeHue
TpaJHpHH MOXKHO npeuere\{b:

~ IKBUBATCHMHYIO RAOWAOL 2PAOUPIU

F=F,, /yCs.m% @
—~ UNETTHYI0 XAPAKMEPUCIUKY
K,=(F,-H?) % . )
1.3. Beivucisem onpeaensiouie KpuTepum
Grp =17-10" Q4 - K} - T4 )
Ga=329-10" K} . T3¢, )

1.4. Haxoanm 3nayeHns Oe3pa3MepHbIX MAcCOBOTO pacxola BO3AY-
Xa i N30bITOYHOI TeMNepaTyphbl

Re; =1175-Grf; ®)
Gu=0855-Gr}’ 1Ga. O]
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1.5. OnpepenseM MaccoBbIi pacxoA M HU3ObITOYHYIO TEMIEpaTypy
BO3/1yXa Ha BbIXOJIE U3 TPaAHPHHU
G,=193-10" .Re,- K, - T2%; (10)

Al,=Gu-T,. (11)

1.6. CTpouM mpolecc H3MEHEHUs COCTOsIHUS Bo3nayxa Ha I-d auna-
rpaMMme M MO KOHEYHOMY W HaYyaJbHOMY €r0 BJIArOCOJEPIKAHUAM yTOU-
HAIOT KOJIMYECTBO HCNApUBILEHCA BOABI

/ -3
Gum,,. = Gn (dk —d" )10 ’ Kr/c, (12)

rae: du, di — COOTBETCTBEHHO HaYaJlbHOE U KOHEYHOE BIarocoaepxanne
BO3yXa, I/KI.

1.7. Ecin G/ He coBnajaer ¢ G

e, ,TO Q, BbIYMCIISAEM CHOBA,

IOV

/
Helly,

nojcraBuB B popmyny G U pacyeThbl TOBTOPSEM.

1.8. Ipu nogaue BbicOKOTeMIlepaTypHbix razos I'TY B 6amHoo-rpa-
IHUPHIO onpejieiieM KOJTHYECTBO BHOCUMOH HMH TEMIOTsl:

~ty =1, + ALy, °C; (13)

gy =R Crah o, (14)
(GO + GF) Cem

~Qr =G -lir =1, ), Br, (15)
TAE: Co, Cry Cow — YAETbHBIE TEMJIOEMKOCTH COOTBETCTBEHHO BO3AyXa, ra-
30B U ux cmecu, x/(kr-K).

1.9. Tpeacrasnsem Q' kak Qo + Qr M PACUETHI BHIMOHSAIT CHOBA.
1.10. YpaBHeHue AJif ONpeAeneHus BbICOTHI hakena 1o ocH

113
Gr,-K
Ah=28-107. —-QGG—’ SIS 2Pl (16)
IToacraBus B Hero (5), (6) u (7), noayuum
Ql/3 'x2/3
Ah=5-10"%.=F—— (17)

Vs
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MakcuManbH4s BBICOTA NOAbEMA q)axena Haza yCTbeM rpaaAupHH

Al =9,55-107° GrgJ'K"T"'T"?‘S(z' 165 T2 R, (18
ax — e . +2765————
s Va'Ru L . G(l'V%B )
HITH
2! F2.H )Vs T R Q’7 V&
Ah, =168.1072 0 —2 "o/ . 0.1254258.107". 2. 0
IM‘“ VB ' Ro Tu ,5 ,5 Vi FJZ . Hﬂ
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2. Bueopenue u namypuote ucnoimanua
MOOEPHU3UPOCAHRBIX 2PAOUPER

PaspaGoTaHHbie KOHCTPYKTHBHbIE peLLEHUs H METOAUKA TErI0a’po-
JHHAMUYECKOI'O pacyeTa MCMapHTe/bHbIX TPpaaHpeH OalleHHOro Tuna
NPHHATHI B [MPAKTHKY TIPOEKTHPOBAHHS BEAYLIMX UHCTUTYTOB TErjo3Hep-
ronpoekT YKkpanHsl (Knesckoro, XapbkoBckoro, JIoHeLKoro v T. 11.).

IMyaorHelil obpasen MoaepHu3auun rpaMpHi BHeapeH Ha Kuesckoit
TII1 6. C ueabio npoBepkH NPHUHATOH B paboTe METOAMKH HCCAeq0Ba-
HUl pacrnpocTpaHeHus BbIOPOCHOIO (akena U3 rpagupHU ObLUTH BBINON-
HEHb! HATYPHbIE HCIILITAHNSA Ha TPAJHPHE A0 €€ MOJEpHU3aLMK U nocne
OCYLLECTBJIEHHA O/lauN B HEE ABIMOBbIX I'a30B Yepe3 pPacrnooKEHHYIO Y
TOPJIOBUHbI KOJIbLEBYIO LLeJIb C TAHMEHIIHAJIbHbLIM BBOJIOM, JJIsl 3aKPYT-
KH notoka. HekoTopele pe3ynbTaThl HATYPHBIX MCIIBITAHWH NPUBEAEHbI
Ha puc. 1-4. Jlng ynobcrBa cpaBHeHHsl HA 9THX K€ PUCYHKaX MPUBEICHbI
pPe3yJbTaThl IKCNEPUMEHTAJIBHBIX MCCIE0BAHUNA METOIOM (PH3HYECKOTO
MOAEAUPOBAHNS B aj’poanHamuueckoii Tpybe. IlpuBeneHsbie pesynbTa-
Tbl YKa3bIBAIOT Ha BIIOJIHE YAOBJIETBOPUTENBHOE UIS TAKMX CIIOMXHBIX
MHOro(aKTOPHBIX [1POLIECCOB COBMAJEHHE IKCIEPUMEHTAILHBIX H Ha-
TYPHBIX HaHHbIX (pazHuua ao 15%), npuuem s MOAEPHU30BaHHOM
rpagnpuy Habsonaercs eille 0oJiee BbICOKAst CXOAUMOCTb Pe3yJIbTATOB,
YTO TMO-HAIEMY MHEHHIO, CIIY)KUT JOIOJIHHTEIbHBIM MTOATBEPKACHHEM
MOBbIIEHUS YCTOHYHBOCTH BbIOPOCHOrO ¢akena rpajupHH K AEHCTBHUIO
BETpa NpH CO3JaHHH HA ero HayaJbHOM Y4YacTKe 3aKpydeHHOH “000-
JTOUKH™ M3 ILIMOBBIX ra30oB. TakuM oOpa3oM, aHHbIE HATYPHBIX HCIIbI-
TaHUH MO0 NPOU3BOANTEILHOCTH H XapaKTepHUCTHKAM IPaJiMPHH, C TOY-
HOCTBIO 10 15% COBNAAAIOT ¢ pe3yjibTaTaMu MCClefOBaHUNA. YBenude-
HHUE TEMJIOBOro KOYpGHLMEHTA NONE3HOrO JeHCTBUS TPaIupHU COCTaB-
nsier 13,3-15,6%. MaxkcumanbHas konuieHTpauus NOx B MpU3eMHOM
ciioe He npesbiaet MJ1K.
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20 15 1,0 0,5 0 05 1,0 15 Y/H

Puc. 1. ITonepeunsie pacnpeaeneHus OGe3pa3MepHbIX MPU3EMHbIX BeTHYUH K
s BbIOpocHoro (akena rpaguptu B ceueHuu X = 6H. CkopocTs BbiOpoC-
HOro (axejia Ha BbIXOE U3 IPaJUpPHU W = 6 M/C, CKOPOCTb BeTpa 1 = 6 M/c

)

| - 6e3 pakenbHOro BLIOpOCA ABIMOBBIX I'a30B (IKCTIEPHMEHNT);

2 - CKOpOCTh (PaKeILHOI'O BLIGPOCA ABIMOBLIX 1'A30B Wo=15 M/c (AKCNEPHMEHT);

3 — CKOpPOCTb 3aKPYUYEHHOT0 HaKEeNbHOI'O BLIOPOCA H3 LIC/IH C TAHI€HIHATbHBIM
BBO/IOM jIbIMOBBIX Ta30B woe = 20 M/c (3KCNIEpHMEHT);

4 — CKOPOCTb 3aKPyUYECHHOro GakenbHOIo BLIOPOCa U3 1IEMH C TAHICHILHATbHBIM
BBOJIOM JIbIMOBBIX ra30B we = 20 M/C (HaTypPHbIC HCNLITAHHUA FPAJHPHH NOC-
1e MOJIEPHHU3ALINH);

5 — 6e3 ¢akensHOro BLIGPOCA JBIMOBBIX ra30B (HATYPHBIE HCMLITAHHA /IO MO-
JIEPHH3ALHH TPaHPHH)
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i
L . S _—
2,0 1,5 1,0 Y/H

Puc. 2. Ilonepeytbie pacnpeaeneHus Oe3pa3MepHbIX NPU3EMHbIX BeauunH K
B PAa3MYHBIX CEYEHHAX MOTOKA BbIOPOCHOrO ¢akena W3 rpagupHH PU
CKOpOCTH BbIOpOCa Napora3oBoii cMecH W3 TPaiMpHU W =6 M/C H CKOpPOCTH

”)
Betpa u = 6 M/c [ —=1[. CkopocTb 3akpyuyeHHOTro ¢akesibHOro BbIOpOCa
u

W3 LWENH C TAHMeHUHAJIbHbIM BBOJIOM JAbIMOBLIX ra3oB w, = 20 m/c:

1 - B ceuernn X = 4H (akcnepumMeHT);

2 - B ceyenun X = 6H (3xcnepumenT);

3 - B ceuenuu X = 9H (3xcneprumenT);

4 — B ceuennu X = 4H (HaTypHbIe HCMLITAHUA NIOCTIE MOIEPHH3ALHH TPAJAHPHH);

S~ B ceyennu X = 6H (HaTypHbIEe HCMIBITAHHA NOCIIC MOACPHH3ALMH IPAJAHPHH);

6 - B ceyenun X = 9H (HaTypHbIe HCMIBITAHUS NOCE MOJEPHHU3ALIMH TPa-

NUPHH).

4--5-1356
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K, 10"

1,4 A= \Lél

1,2

1,0

038

0,6

04|

10 12 14 X/H

0,2

Puc. 3. Pacnpenenenne Oe3pa3mepHbiX npu3eMHbIX BennunH K 1o motoky
BbIOPOCHOTO (haKena U3 rpaAMPHU NPH CKOPOCTH BbIOpOCA MApOBO3AYIIHON

CMECH U3 TPAJMPHH W = 6M/C U CKOPOCTH BeTpa u = 6 M/c l:—= 1
L

| — 6e3 dakenboro BLIGpOCca ALIMOBBIX Fa30B B I'PAAHPHIO (IKCTIEPHMENT);

2 — CKOPOCTB 3aKPYUEHHOI'O (AKEILHOTO BLIOPOCA U3 LIETH ¢ TAHICHUHATTBHBIM
BBOJOM [bIMOBbIX ra30B W, = 20 M/C (3KCTICPHMEHT);

3 - 6e3 akeabHOro BLIGPOCA ALIMOBBIX I'A30B B TPAJHPHIO (HATYpHbIC HCCTe-
[I0BaHHA Ha TPajHPHE JIO MOAECPHU3ALIHN);

4 — cKOpOCTb 3aKPYUCHHOIO (aKeNLHOro BhIOPOCA H3 1UENH ¢ TAHTEHLHATIbHBIM
BBO/IOM IBIMOBBLIX ra30B wo = 20 M/c (HaTypHbIE HCCNICAOBAHUA Ha TpaaupHe nocie
MOIEPHHU3ALHH)
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Puc. 4. Pacnpeaenenne Ge3pa3mepHbix npuseMHbix Bennund K ans NOx no
MOTOKY JUIS 3aKpyYeHHOro (paKelbHOro BLIOpOCa U3 HIENH C TAHI€HLMAlb-

HbIM BBOAOM ABIMOBBIX razoB w, =20 M/c, ckopocTb Bblbpoca napoBos-

. W
AYUIHOM CMecH U3 rpajiupHU w = 6 M/c, ckopocTb BeTpa u =6 M/c, 7 =1:

{ — sxcnepuMent; 2 — HaTypPHbIE HCTIBITAHHA I'PAJIHPHH NOCHIE MOJIEPHH3AIMY

BriBoapl

1. Ha ocHoBaHuu 0OpabOTKH AAHHBIX 3KCMEPHUMEHTAJIbHBIX HCC/Ie-
JoBaHMi paspaboTaHa NpUOAMKEHHAss METOJMKA TeraoajlpoanHamMHuye-
CKOro pacyera MCNApHTENbHbIX OallleHHbIX TPAAUMPEH, B TOM YHCJE U C
nojauei B HUX oTpaboraHHbix razoB oT I'TY (mapoBbIX KOTIOB).

2. TTosiyyeHHbIE 3aBUCHMOCTH JUIsi ONpeEleNIEHHst pacxoqd BO3ayxa B
rpajupHe W u30bITOYHOMN €ro TeMNepaTypbl Ha BbIXOJE M3 HEe XOPOwo
COrJIaCyIOTCA C pe3yJbTaTaMM JKCIIEPMMEHTANbHbIX HCCNEAOBAHHA BO
BCEM [Mana3oHe UX MPOBEAEHMS, KaK IMPH OTCYTCTBHH MoAAaud B rpa-
JIMPHIO OTPabOTaHHBIX IHIMOBBIX I'a30B, TAK U IPYU Pa3IIHYHbIX UX KOJIH-
YyecTBax M crocoboB nojgaym.



3. PaszpaboTaHHble KOHCTPYKTHBHbIE PELLEHHsl OTOJIOBKA I'PafUpeH
M METOAHKA TEn10a’poJMHaMHUYECKOro pacyera 3TUX TpalUpeH NPHHA-
Thl BEAYLUMMH TPOEKTHBIMH HHCTUTyTaMu “TerosHepronpoekt” Yk-
paMHbI.

4. OnbITHBIA oOpasel MOJEPHU3MPOBAHHON TPaiMPHU BHEAPEH HA
Kuesckoit T2I1-6.

5. Pe3ynbTaThl HATYPHbIX HMCMBITAHUH ¢ TOYHOCTHIO j10 15% coBna-
J2I0T C JaHHbIMU IKCTIIEPUMEHTANIbHbIX UCCIIENOBAHHH H MOATBEPKIAIOT
BBICOKYIO TEXHHUYECKYIO M 3KOHOMHYECKYIO 3(PeKTUBHOCTD IPEATIOKEH-
HbIX METOJIOB U YCTPOMNCTB OpPraHu3aLHy BO3AyXooOMeHa Uisi MOJAepHU-
32Ky OGallieHHbIX TPaHpeH.
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YK 621.928.9 C. B. Cemenosn, M. fl. Omenbuenko
Opecckasi rocy1apcTBEHHAA aKaJeMUs
CTPOMTENbCTBA U ADXUTEKTYPbI

BblIBOP CMNOCOBA U CPEACTB NrA3004YUCTKU 3ABOAOB
no NPOU3BOACTBY ACDANIbTOBETOHA

B aTmoctepy Opnecckoii obnactn BbibpaceiBaercs 6onee 0,5 MIH. T.
BpeAHbIX BELIECTB, H3 KOTOpbIX Oojyiee 230 ThIC. T. B yepTe 0OBJACTHOTO
teHTpa. Jxojgoruyeckas obcraHoBka B r. Onecce ycyrybnsiercs HaluuueM
NMOBTOPSAOLIEHCS MHBEPCHH ¢ OpU30BOH LMpPKYJISLMENH, KoTopas NnpensT-
CTBYET PAcCeMBAHHIO BPENHOCTE U COCOOCTBYET WX HAKOIJIEHUIO B aT-
mocdepe.

AcdhanbToOETOHHOE NMPOW3BOACTBO XAPAKTEPH3YETCH CIIOXKHBIM TeX-
HOJIOTHYECKHM MPOLECCOM, CONPOBOKAAIOLLIMMCS HHTEHCUBHBIM BhIZETIE-
HHEM Pa3MyHbIX Nbl1eH U TOKCHYHbIX ra30B. [Ipu 3Tom, n3-3a Hecosep-
LIEHCTBA TEXHOJIOTHYECKMX JIMHUH U HCMOJIb30BaHUS HENOCTAaTOYHO 3(-
$eKTUBHOH MbUIETa300YHMCTHOH TEXHUKH, MOCTYIJIEHHWs BPEAHOCTEH OT
3THX MIPEMNPUATHH B aTMOCEpPY 3HAYUTEIbHO TPEBbILLIAIOT HOPMBI Ipe-
AENbHO AOMNYCTHMBIX BbIOPOCOB, YTO AENAET AKTyalbHbIM pa3paboTky
HOBOrO M YCOBEpLIEHCTBOBAHWE JEHCTBYIOLETO I1bLIEra3004YHCTHOTO
obopynoBaHus. BaxHoe BIMsSHHE HA HHTEHCHBHOCTH M CyMMapHOe KOJIH-
Y€CTBO BPEAHOCTEN, NMOCTYNAWHX B aTMOC(Epy, HMEET Ka4eCTBO ChIpbs
M KOHEYHBbIH INPOAYKT BbINYCKAEMblH KOHKDETHbIM 3aBofoM. [opsumii
achanbT Ui JOPOKHBLIX TIOKPBITHH KIACCH(PUILHMPYIOT MO KOJUYECTBY
rpyboro, KpyNnHoro, MeJIKO3epHHCTOr0 HaroJHUTENSA, MUHEPAJILHOMN Mbi-
au. B xavecrBe HanosiHuTeneil 06bIMHO MCMONb3yeTcs pPy/AHas Mblib W3
KOJUIEKTOPOB W T'PaBHii, B34Tble B PA3JMYHbIX COOTHOLICHHSX, a TAKXkKe
acanbt (3-12%), cbipoii HedrsaHoi 6uTyM, nim ryapox. [Ipu pabore 3a-
BOAA B IHKJIMYHOM PEXHME HAMOJIHUTEL € COAEpKaHWeM Biaru 3-5%
TPAHCIIOPTHPYETCA B BArOHETKAX UJIM TPAHCTIOPTEPOM H3 OTBajlOB B CO-
oTBeTCTBYIOMIMI OyHkep. M3 GyHkepa MOpLUAMU HAMOJIHUTEb NMOAAETCS
B CyIuMILHBI Oapabax, paboTalouMii Ha Ta30BOM WM HEPTAHOM TOMJIH-
Be. CyunuibHbie Gapabanbl 000pyAOBaHbl CrelHaIbHBIME HaCagKaMH,
KOTOpbIe CHOCOOCTBYKT PABHOMEPHOMY MNEPEMELIMBAHHIO U OIHOBpE-
MEHHO CyilKe HanonHurens. Jajnee ropaunili HaMOJHMUTENb HAaNpPaBJISETCs
K psdy BHOPALMOHHBIX IPOXOTOB, Ijle MPOHCXOAUT €r0 COPTHUPOBKA IO
pa3MepaM Ha 4erblpe KaTelrOpuH, MOCJE Yero martepuan cOpacbiBaeTcs B
cOOTBETCTBYIOIMIT OyHKep. /lajee OTCOPTHPOBAHHbBIN MaTepuas nogaer-
CA B MELIATKY, [¢ NepPEeMEeNIMBASTCS CHAYasla B CYXOM BHJIe, 4 3aTeM BMe-
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cre ¢ achanbTOM, KOTOPbIH NMOJAeTCs B MELIAIKy M3 OaxkoB-XpaHHIMLLL
Cpennuii pazmep nopuyu 1816 kr npu npousBoaurensHocTH 3apoaa 100-
150 1/4. O61ee BoigeneHns ra3os cocrasiser 200-600 M3 Ha 1 T u3roTos-
nedHoi cMecu. CozepkaHue NbUH B ra3zax konebnerca ot 2 go 100 xr/T.
KonnuectBo BHIOPOCOB U3 CyIMIIbHLIX OapabaHOB 3aBMCHT OT pasMepa
rpaHysl HaMoJHUTENS W MPUMEHSEMOro TOMJIMBA H NMPH OTCYTCTBHMH I10-
JIaBJIEHUs B cpelHeM cocTasliseT okoyio 20 kr/T HanonHurtens. Ilpuuem,
ox010 50% TBEpAbIX YacCTHULl B BbIOPOCE COCTABJIAIOT YaCcTHLibl PA3MEPOM
20 mxM U 6omee. KpoMme paccMOTpeHHbIX BEIOpOCOB, Ha achanbToOETOH-
HBIX MIPENPHUATUSX, IPOUCXOAAT PA30Bbie BbIOPOCHI a3po30iell U MblIH:
NpH XpaHEHHUW HANOJHUTENS B OTBAJax, MPH TPAHCMIOPTHPOBKMA KoMnNa-
HeHTOB HanoyHuTens. I'azoo6pasHbie BbIOpOCH! OKCHAOB CEPbl H a30Ta
3HAQYUTEJIMHO MEHbIIE, 4e€M BBIOPOCHI a’po30Jiell W COCTABIIAOT OKOJIO
0,045 xr/t. BbIOpOCHI aibAeruAOB M3 CYLIMIIbHBIX 6apabaHOB COCTABIAIOT
okoso 0,01 kr/T. BoiGpockl U3 MellanoK HEBENUKH.

IIpu uccnegoBaHmMy PU3NKO-XMMHYECKHX CBOMCTB IBUIM HCIIOJIB30-
BAJIUCh MPO6LI, OTOOpaHHbBIE U3 NBUIEra30BOro NOToKa ¥ OYHKEPOB Mbl-
neynosuteneii. IIbinb, 0TOOpaHHas B Pa3IMUHBIX TOYKAX ra3oxona, Me-
TOIIOM BHYTpPEeHHeH U BHellHel (unbTpauum, cMelMBanach JUIs rojyue-
HUs ycpenHeHHo# npo6bl. [Tbute M3 GyHKEpOB MCNONB30BAIACh TOJIBKO
JUTS UCCIIEOBaHHM TpeOyrommx 6onbioit Macesl Mateprana. ITpobel u3
OyHkepa oTOUpanuch Npo6OOTOOPHUKOM, ¢ cOBNtOJIeHHEM BeeX Tpebo-
BaHMI{ ¥ YCJIOBHi, IpeAbABISEMbIX HOPMATUBHBIMHU JIOKYMEHTaAMH.

HccnenoBaHus nmokasalid, 4TO 4acTUUBI MbliH, obpa3yloliyecs B
MepevyrCIeHHOM 060pyAOBaHHH, OCTPOYI'OJbHbI, HelpaBHIIbHOH ¢op-
Mbl. Bonbluasg yacTh yactull pasmepom Gosiee 5 MKM Ceporo LiBera ¢ ro-
Ny6biM  OTIHBOM. YacTHubl pa3MepoM MeHee 5 MKM KOPHYHEBATO-
KpacHbie C BKJIIOYEHHEM CBETIIO-CEPbIX YACTHL MroJib¥yaTol (OpPMBI.
B 06uweii Macce LBeT NbUIN CBETJIO-KOPHYHEBBIIA.

®u31yecKHe CBOHCTBA MbIH Mpe/CTaBlieHbl B Tabmuuax 1 1 2.

Tabauya 1
JucrnepcHblii cocTaB NbLIKH
d, MKM 1,6 2.5 40 6,3 10 16 25
q, % 97,7 97 92,5 87,6 77 62 36
V, emlc 0,019 0,049 0,12 0,30 0,77 1,9 49
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Tabnuya 2

Mexanu4eckue CBOMCTBA NbLIH

Y, v, Y, Ok, O, AP, Ka,
Kr/m3 Kr/M3 Kr/m3 rpan rpan IMa MYKr
2800 990 1230 61,5 37 34 0,3 100

XHUMHYECKHI COCTaB rasa ONpeAeNsics ra3oaHain3aToOpoOM THNa
BI'U. [lanubie npuBeaeHb B Tabnuuax 3, 4, S.

Tabruya 3

XHMHYECKHE CBOHCTBA NbUTH

Komnarents | pH, somioii | g, [ A0, | Fe:05 | CaO | MqO | 505
BbITAXKKH
Conepxanue %
O R 30 56 5,1 53 20,2 4,5 1,0
Tabauya 4
PaBHoBecHas BJAKHOCTH Pr
@n, % 0,14 0,2 0,34 0,33 0,65 1,94
OTHOCHT. BjIaX- 10 20 40 60 80 95
HOCTb BO3/IyXa @s
Tabauya 5
XapakTepHcTHKA ra3a-HOCHTENA
Temnepa- | 3anblien- Temnepatypa | Bmaroconep-
Typa t, °C |HoCTh Z, 1/M3| TOUKH Pock! {p, °C | sxaHue ¢, 1/m3 €O Q o
160180 5,5-9,0 72°C 368 7,0 | 835 10,05

YunThIBaA 3HaUMTENIbHLIE BAJOBblE BLIOPOCHI r'a3aB W TBEPHbIX Yac-
THIL B aTtMocdepy IipyH NPOM3BOACTBE achanbToOeToHa U MX (PH3MKO-
XUMHYECKHE CBOMCTBA, AN OYMUCTKH YAANAEMBIX Tda30B HEOOXOAWMO
NPHMEHATb ABYXCTYNeHYaTyio cxemy. Ha 6onbsLnHCcTBe 06Cie0BaHHBIX
NPEeANPUATHH UCMOJb3YETCH UMKJIOHHBIH KOJIIEKTOP € YCTAHOBJIEHHbIM
110CJie HEro MOKPBIM CKpyO6epoMm. Pexxe NMpUMEHSIOTCS cenapaTophbl co
CJIOEM I'paHyJ WM pyKaBHble QuiIbTpbl. B oTeuecTBeHHON U 3apybex-
HOW TMPAKTHKE IUUPOKOE TIPUMEHEHHE HALUIH MOKpBIE CriocoObl OYHCT-
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KH, KOTOpbIe B pAfe ciaydyaeB Haubosee npuemsembl. IIpoBeseHHble He-
cllefloBaHUSA ObUIM HanpaBiieHbl Ha pa3paboTKy MbUIEYJIOBUTENS C BbICO-
KOit 3¢ (PEeKTUBHOCTHIO OYMCTKU. bosiblioe 3HaYeHHe MMEIOT 3HEeprosa-
TpaThbl HA OYHUCTKY.

CpaBHHTENBHBIA IKCEPUMET POU3BOJMIICH MexXAy Haubosee nep-
CIEKTHUBHBIMYU annapaTaMu: 6apboTaXXHOro THMA, ylapHO-HHEPUHOHHO-
ro THMna M rasonpombiBarensiMu. OCHOBHbIE Pe3yJIbTaThbl NIPHBEIEHBI B
tabnuue 6.

Tabauya 6
Tloka3aTesn paboTbl MOKPBLIX Nbliey 10BHTE 1€
“THi MOKPOTO Pa3mep yactuu, VYaenbHbie 3aTpaTh
Sapinsiunas s ynaBnuBaeMbix Ha | Jucriepcus | 3Hepruu, kBr.u Ha
¥ ? 50%, MkM 1000 M3 ra3a
nap 0,07-0,3 6-12 0,9-1,2
Poroxnon 0,8-1,3 1,75-2,5 2-4
Jlesunrterpatop 0,3-0,4 2-2,5 5-6
CUOT 0,3-0,6 5,19 6-7
L(BI1 0,1-1,5 6,88 4-55

Ha ocHOBaHMH MPOBEICHHBIX HCCIIEOBAHHI OblT pazpaboTaH MOK-
pbIii NbUIEYIOBUTENb POTOKIOHHOrO THNA [, 2], npeaHa3HauYeHHbIH A1
yAaBIMBaHUS MeJKOAMCNEpCHOH nbutu. [l yMeHblUeHHs 3aTpaT Ha
000poTHOE BOJOCHAOKEHUE, MbUICYJIOBUTENb LIEIECOOOpa3HO HCIOJIb-
30BaTh K4K BTOPYIO CTyNeHb OYUCTKH. DPEeKTUBHOCTL OYHMCTKH rasa
MbUIEYIOBUTENIEM POTOKIOHHOTO THIA B CPEAHEM JOCTHIAET, B 3aBHCH-
MOCTH OT AMCIIEPCHOTO COCTaBa M HAYaJbHOH KOHUEHTPAUWW IIblJIM B
rase, a TaKxe ycloBuii skcryatauuu 98-99%, 4to BIIOJIHE YOBJIETBO-
psAeT CAaHUTAPHbIM TPEOOBAHHMAM HA MTPEANPHATUAX CTPOHMHIYCTPHUH.

Hcnoan3osaHuas aHTepaTypa

1. Cemenos C. B., Pabog A. B. OnTuMH3aums 3KCMyaTallHOHHBIX pe-
XHUMOB MOKpOro neineynoButesis. COOPHUK HayuyHbIX TpyZAoB. — Ilepmb:
IMepMckuii permoHaNbHbIA LUeHTp MuUHHCTEpCTBA HAYKH, BY30B H TEXHHYe-
ckoii nonutHkn P®. [TepMckuii rocyaapcTBeHHbIH TEXHHUYECKUI YHHBEPCH-
Tet, 1993 - 78 c.

2. Cemenog C. B. TlbuieynoButens poTokinoHHoro tumna. ITpomsbiu-
JIEHHOCTb CTPOMTENbHBIX MaTepuanos, Cepus 2, Boinyck 7 -~ M.: Munu-
CTEPCTBO MPOMBILIIEHHOCTH CTPOUTENIbHBIX MaTepuanos, 1997 - 21 c.
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YK 697.92 B. O. MineiikoBCcbKHil, acucmenm
KuircbKHii HaLliOHaNbHUHA YHUBEPCUTET
O6yaiBHULTBA i apXiTEKTypH

BOCNIAKEHHSA BTPAT TUCKY B NOBITPOPO3NOAITbHUKAX
3 TAHFEHLUIAJIbHUMW BUNYCKAMU NOBITPHA

Exeprernusi nianpHeMCTBa € MOTYXHUMH JUKEPeNaMH TErJIOBOrO
3a6pyanents atmochepu. OnuH i3 GakTopis, HIO 3yMOBIIOE 3HUKEHHS
e(peKTMBHOCTI BUPOOHHULITBA €HEPTii, € HEMPOAYKTHBHI TEMUIOBTPATH ra-
padoro obnaaHanHs. JIns acuMinauii BUKMAIB TENJIOTH oOJagHaHHAM
CUCTEMU BEHTHIIALII MOAAIOTH Y MPHMIllleHHs BEIMKI 00’€MM TOBITpPA.
HenpoayKTHBHI TEMJIOBTPATH CYTTEBO 3POCTAIOTh Mpu 06ayBi obnan-
HAHHA TPUIUIMBHUMM BEHTHJIAUIHHMMH cTpymuHamu. Pesynbrath Ha-
TYPHHX JOC/iKeHb TYypOiHHOTO BisaiieHHs eHeprobokis NeNe 1, 2 Pip-
HeHcbkol AEC [1] nokasanu HasiBHICTh 00/1yBYy raps4yoro obnajgHaHHg Ta
NiABUIEHHS TEMIEPATYPH MOBITPs Y 30HI 06cayroByBaHHs. Y poboTax
(1, 2, 3] nokazaHo HEOOXiAHICTb 3aCTOCYBAHHS MOBITPOPO3NOAUILHHUKIB 3
IHTEHCUBHHM 3aTYXaHHAM MPUTUIMBHUX CTPYMHH.

Jns noaaui BeIMKUX 00’€MIB MOBITPA CTPYMHHAMH 3 IHTEHCUBHUM
3aTyXaHHAM 3aCTOCOBYIOThCS moBiTpoposnoainbHuku BITDII. Onnak
nositpoposnoainbHukn BITSIT MatoTe Benuki rabaputy i 3Haunmii Koe-
¢iuient Micuesoro onopy £=17 [4], BinHeceHuit A0 MBUAKOCTI BUXOZY
nosiTps. ToMy akTyanbHOIO € 3ajjaya po3poOKH NOBITPOPO3NOAITLHUKIB
3 iHTEHCHBHUM 3aTyXaHHAM CTPYMMH 3 MEHILNM MiCLIEBHM OMOPOM.

Kagenporo temnoraszonocrayanns i BenTuaawii Kuiscbkoro Hauio-
HaNbHOrO yHiBepcuTeTy Oy IBHMUTBA i apXITEKTYPH PO3pO6JIEHO KOHCT-
PYKUii MOBITPOPO3NOAINBHUKIB i3 TAHT€HLIAIbHUMH BUNYCKaMH [1OBITPS
Ha OMyKIy NOBepxHIo [5, 6, 7]. BunyieHi cTpyMHHH 3a paxyHOK edekTy
KoaHaa IHTEHCMBHO 3aTYXalOTh, a B3a€EMOJif CTPYMHH iHTeHCH(iKye 3a-
TyXaHHS.

ByJio npoBeNeHO eKCcriepuMeHTalbHe JOCTiKeHHs KoedillieHTa Mic-
uesoro onopy. KoediuieHT MicueBoro onopy BM3Ha4yeHO 3a 3arajbHOBi-
JIOMOIO 3aJIEXKHICTIO:

g = Ap/pd ’ (l)
ze Ap — BTpaT#l TUCKY, @ p, — AMHaMi4HUI TUCK Yy BXiAHOMY NaTpyOKy.
Jlnsa ocaipkeHHs BTpaT TUCKY BUKOPUCTaHa MeToauka [8], npucro-
COBaHa J10 MOBITPOPO3NOAIIbHHKIB.
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Jng  pocnigkeHHs BMKOPHCTaHa AOCIiAHA YCTaHOBKa (puc. 1).
Buxopucrano mikpomaHomerp MKB-2500 1 Tepmorirpomerp Testo
608 - H1. 3 ypaxyBaHHSM TOYHOCTI MikpoMaHoMeTpa (3a “CBiIOLTBOM
Ne39-1-0001 npo noeipky pobouyoro eranoHa” B gianaszoni o 1 kIla
noxubxa He nepesuinye 0,2 I1a) Meroarka aocniakeHHs Oya BiAKOpu-
roBaHa.

a)
1 2

Puc. 1. CxeMa ekcnepuMEHTAILHOTO CTEHAY AMA JOCTiAKEeHHs MiCLIeBOTO
onopy:
a — cxema xanibpyBaHHsA cTeHAa, 6 — MoJeNb NOBITPOPO3NOAiALHUKA,
B — CXeMma JIOCIIiIKEHHS MOJeseii:

I - BeHTMNATOP; 2 — THYYKa BCTAaBKA; 3 — cMpAMIIOBAlLHMI annapat; 4 - citka; 5 —
Kamepa THCKy; 6 - MikpociTka; 7 — kojekTop; 8 - tinsHka crabinizanii; 9 - Buxiana
Ainsuka; 10 - wryuep s Biabopy cTaTU4HOIo THCKY; [/ — OTBIp /1 MHEBMOMET-
puuHOi TpyGkH; 12 - MIKPOMAHOMETP Y PCXMMI BUMIPIOBAHIIS NEpenajiy THCKY KO-
JEKTOpa; /3 - T€ K B PEXHMI BUMIDIOBAHHA BTPAT TUCKY HACTHHU CTeH/1a MiXk rncpe-
pisamu K-K i C-C; 14 - Te % B peKNMi BUMIPIOBAalHS BTPAT TIICKY MikK NepepizaMu
L-LiC-C; I5 - repmorirpometp; /6 - nocniana Moucns; /7 - MikpoManoMeTp B pe-
KUMi BUMIpIOBaniis BTPAT THCKY YaCTHHM CYCHAA micas nepepisy K—-K 3 ypaxypan-
HSIM BTPAT TUCKY J0CHi;iioi Mogeni /6
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JocnimkeHHsa po3aiIeHi Ha iBa eTarnu.

Ha nepiromy erani AociipkeHb BMKOHAHO KaJiOpyBaHHsA CTeHIa
(puc. 1 a) npu pi3HUX BUTpaATax NOBITP:, IO BCTAHOBJIEHI 3MIHOIO Yac-
TOTH 00epTaHHs BeHTUIIsITOpA. 3anaya kamibpyBaHHs — e nodynosa 3a-
JIEXHOCTI BTpPAT THMCKY cTeHaa MiX mnepepisamu K-K 1 M-M Bin
neperagy THUCKY B KOJIEKTOpi, IO BHUMIPSIHUHA MiKpoMaHoMmeTpom /2.
IMepepiz KK 3HaxoauTbcs Ha BIIOOPI CTATUYHOIO TUCKY 10 xamepu
THCKY 5, a nepepiz M—M 3HaxoauThcs Ha BXoAi 10 Mojen /6. Tak sk
BHUMIpIOBaHHs THCKY Oe3nocepefiHbo Oins MIiCLUEBOIO OMOpy He JoIlyc-
KaK0ThCs, TO Mif] Yac kKaniOpyBaHHsA 3aMicTh Mojeni 16 BCTaHOBIEHO nps-
My BUXiHY ainsgHKy 9. Tak sk pe3ynbTaTH BUMIPIOBAHHSA THCKY Oe3moce-
peaHbo 6ins GraHus € HEAOCTOBIDHUMH, TO BTPATH TUCKY MiX nepepiza-
mu K-K i M-M 3aMiHeHO cyMOl0 BTpaT THCKY MK nepepizamu K—-Ki C-
Cta L-LiC-C. Ilepepizu L-L i C-C BubpaHo Ha ninsHui crabinizaui &
Tak, wod BiacTaHp MiX HUMU {2 npubmM3HO HOpiBHIOBana BiacraHi {4
mix nepepizaMmu C-C i M—M 3 He3HAYHOI0 MOXHOKOW, 3YMOBIIEHOK
TEXHOJIOTIEK0 BCTAHOBJIEHHS BiIOOPIB CTaTUUYHOTrO TUCKY 0.

Ha npyroMy etami BUKOHaHO AocnimkeHHs Mopueneii (puc. | 6) 3a
CXEMOI0, 1110 HaBeeHa Ha (puc. 1 B). 32 JaHUMU JOCIIKEHHS CTPYMUHH
NPUIHATO HAHOUIBLI JOUINIbHY KINLKICTh LIUIMH Mojesiei — 5. 3a nmokasa-
MU MiKpoMaHOMeTpa /2 BCTAHOBNEHI Ti X BUTPATH NOBITPA, 110 i NPH
KanibpyBaHHI 3 NEBHUM HE3HAUYHUM BIIXUJICHHSM, 3yMOBJIEHUM HE3Hau-
HUMH MyJbCalliSMH THUCKY.

MikpomaHomeTpom /7 BUMIpPsHI BTpAaTH TUCKY Bif liepepizy K—K 1o
nepepizy M—M nnioc BTpaTH THCKY B MOBITPOPO3NOAITBHUKY. PisHuig
UUX BTpaT THUCKY | BTpar THCKY, OJEp)XaHMX Ha TMepLIOMYy eTalli,
JIOPiBHIOE BTPATAM THCKY B MOBITPOPO3INOAIILHHKY.

IIInsxoM po3p’sa3aHHA piBHAHb bepHymni ans mnepepizie K—-K
armocteproro mnositpsa, K-K i M-M, K-K i C-C ta L-L i C-C
(3 HEXTYBaHHSM PI3HULICIO TYCTHH TOBITPA B CTEHII) O/lepXKaHo GopMyJry
koedilieHTa MiCLIEBOTO OTOpY:

4 4

Apﬂ ~ Ap‘\'ﬂ"‘ d.ua() d.um)

+

& =
Py dmu dC—C

, (2)

ne o — koediuieHT Kopuorica y nepepizi M—M, (BU3HAYEHO LJISXOM 1H-
TerpyBaHHs NpodiIo IWBUAKOCTENH, BUMIPAHOTO NHEBMOMETPHYHOI
Tpybkoto Ilito-IIpanarns); Ap, — nepenan TMcKy Mix nepepizoMm K—K ta
aTMoc(eporo 3a nokazaMu MikpomaHomeTpa /7, p, — AMHAMIYHMI THCK ¥
CTEHAI 3a 1oKazaMy MikpoMaHoMeTpa /2, NOMHOXEHUMH Ha KoedillicHT
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KOJIEKTOPA; d,py5 Gyon TA de_c — NiAMETPU BIANOBIAHO MOMEINI, KOJEKTOpa
Ta nepepizy C-C; Ap,,, — kanbpyBaJbHUI nepenaj TUCKY, IO BM3HA-
YaeThCs Ha NMEpUIOMY eTarli OCHiKeHHs (BIAPI3HAEThCS Bil BULLe3a3Ha-
YeHUX BTPAT TUCKY Y CTE€H/AI Ha BENMYHHY JUHAMIYHOTO THCKY MOBITPS Y
HbOMY):
APiur =8P A1 ﬁ—l ) 3
2
A€ Ap.g.c i Ap.p ¢ — TEpenagd CTaTHYHUX THCKIB MK IiepepizaMu
BianoBigHo K-K i C-C (3a nokasaMu MikpomaHomerpa /3 Ha puc. 1 a)
Ta L-L i C-C (3a nmoka3aMu MikpomaHoMeTpa /4 Ha puc. 1 a). Po36ix-
HICTb MIX BUTpPATaMM NOBITPA NpH KaniOpyBaHHI CTEHAY Ta NMPHU AOCIII-
’KEHHI MOJieNiel yCYBaeThCs LIUITXOM IHTEPMOJIALIl pe3yyibTaTiB Kanidpy-
BaHH# CTEHAY.
PesynsTaTh 1ochikeHHs HaBeleHi Ha puc 2.

E10
A
8
7
6
5
4
A
_\
2\"‘~
1 & =SSR
o 1 2 3 4 5 6 7 8

Aéux /Ao
Puc. 2. Pe3yabraTi ROCHIIKEHHA MiCLEBOTO ONODPY: A — g0caiaHi gaui
IToxubka BuU3HA4YEBHSA BTPAT TUCKY CTAHOBUTDH 3...4% B 3aJIeKHOCTI
Bil po3MipiB Mozeri.
I'opusonTanbHa acumnroTa £=1,051 € cyMO10 BTPAT THCKY Ha BUXIA

&ux=1 Ta BTPAT TUCKY Ha repedopMyBaHHa NOTOKY 10 GOpMHU NEpepisy
MOBITPOPO3MOAUIbHIKA Enp=0,051.
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3a paxyHOK pO3IUWPEHHS MOTOKY NPH BXOJi A0 NOBITPOPO3MOALIb-
HUKa CKJIaJHOI reoMeTpH4HOI GOPMH BUHMKAE BipuBHA Tedid. Ha mno-
YaTKy MOBITPOPO3MOAUILHUKA YTBOPIOETbCS 30HA nepedopMyBaHHS, Y
SKIM MOBITPA HE BUXOJAUTH 3 MOBITPOPO3NOAUIbHUKA. BiHOWIEHHS 10B-
KHUHHU 30HU nepedopmyBaHHs £,, A0 IWHUPUHHU IMUIMH & NpsSMO Nponop-
nifiHe BiZHOLIEHHIO JOBXHHHM MOBITPOPO3MOAUIBHMKA € 10 Hiamerpa
BXOAay do: '

g L ,
8 3.n da ( )

Koediuient nponopuiithocti K, 3a pe3ynbTataMu JOCHIKEHb [10-
piBHioe 0,9.

JloBXXHMHA YaCTHHW MOBITPOPO3NOAUIbHUKA, HAa SKIi PO3AAETHCA
nosiTps abo AoBxkHHA BUXoAY £, CTAHOBUTD:

V4
fau\: =e_€1n :K—K'i,ni' (5)
do
[Liowa BUX0Ay NOBITPS 3 NOBITPOPO3NOAIALHHKA NOPIBHIOE:
2
Anux = 5gem.\'6 =5| € Kz.n d— 3. (6)

o
BeeneHi BenMUYMHN A03BOJISAIOTh BU3HAYATH BTPATH THCKY 3a anpo-
KcuMauiiiHoo gopmyoro:
23
L +0,759(4,,. /4, V>

@UUX /AII );'589

nie A, — nioua nomnepeyHoro nepepisy natpyoxa.

Ha eHepreTMYHuX MiANMPUEMCTBAX 3 YPaxyBaHHAM CTHCHEHHUX YMOB
NPOKJIaJJaHHs MOBITPOBOAIB IUBHAKOCTI NOBITPS B HUX MPHIAMAIOTHCSA Bif
8...10 m/c. IlIBuaxocTi BUXOAY NOBITps npHiiMaioThes 4...5 M/c. Tomy
HaWOUIBII MIMPOKO 3aCTOCOBYIOTHCA MOBITPOPO3NOMIILHUKH, Y AKHX
BiHOWIEHHA ol A,,./A, nepenutye 2. KoediuieHT MicieBoro onopy
TAKHUX MOBITPOPO3NOAUILHKKIB He repesuinye &,,..=1,39.

OuiHMMO 3a01a/UKEHHS €HEpTii NP BUKOPUCTAHHI NMOBITPOPO3No-
aubHukiB ITET y nopiBHsHHI 13 3aCTOCYBAaHHAM MOBITPOPO3NOALTLHUKIB
BIIOII. Butpara eHeprii Ha nepeMillleHHs MOBITPsS B KiabkocTi L, M3/c,
Kpi3b NOBITPOPO3NOAIIBLHHK 3 BTpAaTaMu THCKY Ap, I1a, BEHTHIATOPOM 3
K.K.J1. n craHoBuTB, BT:

+1,051, ™

W =LAp/nm ®)
SAKO WBHMAKICTL MOBITPS HAa BXOMAI A0 MOBITPOPO3MNOAiibHUKA
HET cranosnth 12 m/c, a xoediuieHT Micuesoro onopy &,..=1,39, To
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BTpati THUCKY Apner = 120 ITa. [losiTpoposnoainbHuku BIIDII 3a (4] y
NpoMHCIOBUX OyaiBisx pos3paoTh 3...12 Te-m3ron Ha IM2 nuouwi
nadeni. Y CTMCHEHMX yMoBax npuiimaemo Butparty 10000 M3/ron-m2.
IIBuaKicT, BUXOAY MOBITPA CTaHOBHUTL 6,3 M/c. BTpaT THCKY JOpiBHIO-
10Tb Apenen = 407 ITa. SIkuo BUTpaTa NoBiTps B MOBITPOPO3NOAITbHHU-
Kax OJIHAKOBA, TO 3a0LIAKEHHSs €HEPTii BiJi BAKOPUCTAHHS MOBITPOPO3-
NOJAUILHUKIB (BiHECEHE IO eHeprii Ha mnepeMillieHHs IMOBITPS uepe3
nosiTpopo3snoainsHuku BIT3IT) 3 ypaxysauuam popmyiu (8):

€ max =100 Womon —Wier YWaman =1008ppa50 — A et Y Apion -
®
3a BHIlIEHaBEeEHUMHU YMOBAMM 330LIAJKEHHs €JIEKTPOEHeprii cTa-
HOBUTb 71%.

SIK110 BUAKICTE MOBITPS HA BXOJI 10 noBiTpopo3noainbHuka ITET
CTAHOBUTL 8 M/C (MiHIMaJIbHE 3HAUEHHS WIBHUIKOCTI Y MepeXi NOBITPOBO-
HiB ¥ CTHCHEHHX YMOBax TEIUIOHAMPYXXEHOIro MpUMILIeHHs), a koedi-
uieHT Micuesoro onopy &,,,=1,05, To npu MakcuManbHiil BUTpaTi NOBIT-
p#s nosirpoposnoaiuibHukis BIT3IT (12000 M¥*/roa mM2) 3aowamKeHHs cTa-
HOBUTH 94%.

BHKOPUCTaHHS MOBITPOPO3NOAINLHUKIB 3 TAHFEHLIAILHUMH BUITYCKA-
MU [I0BIiTPA HO3BOJISE 3abe3NeYuTH HU3bKHI Onip CUCTEM BEHTWJIAUIL, a,
OTXKe, 3a0lUa/DKEHHs eNeKTPOEHepril Ha nepeMilieHHs MOBITPA B Mexax
71...94% nipu 3abe3neyeHH] iIHTEHCUBHOTO 3aTyXaHHS CTPYMUHHUX Tediii.

ITosiTpopo3snoinbHuku exekuiiini Tanrenuianbhi (ITET) po3po6-
nexi xkadeApor Terora3onocrayaHis i BeHTunsauii Kuiscskoro Hauio-
HaJILHOTO YHIBEpCUTETY OYINIBHULITBA i APXITEKTYPH Ta BMPOBAIKYIOTh-
ca TOB “HaykoBo-eupoGHuuuii kommieke “Kiimar” [S, 6, 7).

BucHoBkn

I. JocnipkeHHs MICLIEBOrO OnMopy MOBITPOPO3NOAINLHUKIB 3 TaH-
reHLUiaIbHUMH BUITYCKaMH nosi‘rpx roKa3aju, Lo Koelbiuiem MiCLIeBOT'O
onopy npu HaiOIIbLI JOLINTBbHUX BiHOLIEHHSX TUIOLLi BUXOLY MOBITpA
[0 miolli BXimHOro matpyboka (Bl 2 g0 8) 3HaxoauTbhcs B Mexax
1,05...1,39; nmoxubka BU3Ha4YeHHs KoedillieHTa MiCLIEBOrO OMOpPYy 3HaxXo-
JUTBHCH B Mexax 3...4%;

2. IlpoBeneHi JOCHifXKeHHA NOKa3aiu AOUINMbHICTb BUKOPHCTaHHS
nositpoposnoauibHUKIB ITET ais nojayi BeJIMKHX KibKOCTEH MOBITPS
CTPYMMHAMH, WO LUBKW/IKO 3aTyXaK0Th. 3a01Ia/DKEHHS eHeprii Ha nepeMi-
LIEHHS nom‘rps yepes noan‘popoznonmbnuk ITET craHoBUTH BiA
71...94% y nopiBHAHHI 3 epeMilleHHAM MOBITPS Yepe3 NOBITPOPO3NOoAi-
nbHuK BITOII.
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YK 631.22.628.8 E. C. MaJkin, 0okm. mexu. Hayk, npog.,
I. E. ®yprar, karo. mexi. Hayx, doyexm,

H. B. Yenypna, acucmenm

KuiBcbKHii HaLliOHAILHUIH YHIBEPCUTET

OyniBHUUTBA i apXiTeKTYpH

AHANITUYHI AOCNIAXEHHS NONIB WBUAKOCTEN
| TEMNEPATYP MNOBITPA B TEMJIULIAX
3 AEUEHTPANI30BAHUM MIKPOK/NTIMATOM

Jns po3paxyHKy KJTIMAaTHYHHX YMOB TeMUIMLI 3a MEXaMM KaMep 3
JELEHTPAJi30BaHUM KjliMaToOM (fKi B mnojasnpiiomy OyaeMo HasHBaTH
pobourmu KamepamH) i JUI PO3PaxyHKy CUCTEMH OTaJIeHHs L€l Ternuui
HeoOXiIHO 3HATH PO3IMOMINIEHHS TeMilepaTyp Ta IBHAKOCTI pyXy MOBIT-
pa B 06’emi Tennuui. Y pa3si BUKOPHCTaHHS TEXHONOTI JeLeHTpani30Ba-
HOTO MIKPOKJiMATY 3a/laya BU3HAYEHHS LIbOTO PO3MOAINY 3BOJAHTHLCA 10
PO3CAAAY PO3BUTKY TEPMOrPaBIiTALIMHNX MOBITPAHUX (POHTAHIB B NMPHUMi-
ueHi 3a MexaMd pobounx kamep. PilleHHs 3asad po3paxyHKy napa-
METPIB MOBITPAHOro GOHTAHY HAJ IKEPEIOM TEIUIOTH BUpillleHa B poboTi
[1]. Ane B pa3si BUKOPHCTAHHA Kamep 3 JELEHTPANi30BAHMM MiKpPOKJi-
MaToOM PO3TALIOBAHUX Hajl MPHIIaJaMH 3arajibHOrO OnaJieHHs BUPilIEeHHS
TAKOTO 3aBJAHHS YCKJIAAHIOETLCA THM GaKTOPOM, L0 MiCst MEepIol 30HH
PO3BUTKY MOBITPSHOro (OHTAHy (HaJ NMPWIAAAMH CHUCTEMH OMNaNeHHd),
fxa BiAMoBigac pimeHHsaM [1], Ha Apyrii yacTUHI CTpyMHHH BOHA BilYyBac
BILTHB jkepesna TerutoTu (pododoi kamepn). Take 3aBaaHHs He po3risaa-
nocs. Meroto 1anoi po6oTH € BUPILLIEHHS LIbOTO 3aBIaHHS.

Po3srisiHeMO nonepeyHuii nepepis NOBIiTPSIHOrO TEPMOrpPaBiTaLIHHO-
ro ¢poHTaHy Haa TpybaMH cHCTeMM onajieHHs Ta pobo40ol0 Kameporo y
npUMilLieHH] Teruui (pHc. 1).

Bich BepTHkanbHOro (oHTaHy mnpsAMoOIiHifiHA; rpaBiTauiiini CHIU
MPOABASIOTHCA B 3MiHEHI LIBUIKOCTI TeMNepaTypH i iHIIMX napaMeTpis
MOBITPA CTPYMEHI.
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EnepreruyHuM pecypcom (OHTaHa (CTPYMHHH HArpiToro IosiTps,
HIO MiIHIMAETbCA) € KiHETUYHA Ta TEMJIOBA €HEpPris, 1O MiABOAUTHLCS A0
HbOTO.

Ilpu cuibHOMY MIAICPiBI Ta MaJlidi LUIBHAKOCTI BHTIKAHHA TMOBITPS-
HHi1 $oHTaH HabyBae CXOXOCTI 3 KOHBEKTHUBHUM IIOTOKOM, SAKHM MiTHi-
MaeTbCsl Hajl JKEpEJIoM Terla.
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Puc. 1. CxemMa po3noBCIOIKeHHS KOHBEKTUBHOIO TIOTOKY:
1 — poGoui kaMepu 3 MikpokJiiMaTOM; 2— TpyOH CHCTEMH OMAaNCHHS TEMTHIL;
3 - wropuuii ekpan; 4 — BUNpoMiHIOBayi Mepio/iMyHOT Al (18 TasHHA CHIrY)

Y rpaHMYHOMY BHIIAJKy NPU BiACYTHOCTI NOYATKOBOI'O IMITYJIbCY
(1, = 0) po3rnsnaeTbcs NPUPOAHUIT KOHBEKTUBHMHN MOTIK HAJ TEIUIOBHM
JOKEpeNnoM.

ITo3Ha4yKMMO TenNONpPOAYKTHBHICTD PKEPENa TEMAOTH (,,.

JIns aHaNiTHMHOTO BUP@XKEHHS NPo@iniB IWUBMAKOCTEH | TeMnepaTyp
y nmnepepi3ax KOHBEKTHBHHUX TOTOKIB BHKOPHCTAaEMO rinepboniuki
(GyHKUil, cipaBeyIMBI TS MJIOCKMX MOTOKIB BiJIbHOI i BUMYILIEHOT KOH-
BeKLiT [2].

= 2
w=w,ch™i;
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9="0,ch’'1,

Je: W — WBUAKICTb B AOBUIbHIM TOULl HOHTAHA 3 KOOPAHHATAMM Y Ta Z;
W. — LUBUJKICTb BCEPEAMHI MONEPeYHOro nepepizy Ha piBHi z (y=0);
¥~ HaJUIMIIKOBA TEMIIEPATypa B JOBUILHIH Toulli ¢oHTaHa 3 KOOP-
JMHATAMH y Ta z, B=1—1_; 9, HAIMIIKOBA TEMIEPATypa y BCe-

PeAUHI MOMEPEYHOTO Nepepily Ha piBHi z (y=0), ¥, =1, —1_; A — 10-

}I

JSpHAa KOOpAMHATA, X=-C7; ¢ — AOCJAHA KOHCTAHT4, KA 3riJHO 3

[1] nopiBHioe 0,04.

B ocHOBY aHani3y NOKIaAeHi HACTYITHI MPHIYILEHHS:

1. JIxepena Teruoty (TpyOu cHCTEMH OnMalleHHs Ta TETUIOBiAgaloui
IIOBEPXHI pOo6OYMX KaMep) MOJEMIOITHCS, K KOHLUEHTPHUYHI Jxepesa
TEIUIOTH.

2. lIBuakicTb i TeMnepaTypa MOBITPAHOIO MOTOKY MO OCI X He 3Mi-
HIOEThCH.

3. B nepuwiii 30Hi (BiA TPyO cHcTeMH onajieHHs 10 po6ouoi KamepH)
TEMJOBHUH MOTIK NOPIBHIOE TEMIOBIAMAYI TPYO CHCTEMH OnNajieHHs Mij
pobouoI0 KaMepolo, 1O PO3TIIANAETHCA:

O =0rp>

a B JAPYriil 30Hi TEIUIOBMIi NOTIK AOPIBHIOE CYMi TEMJOBOTO TOTOKY B
nepuuiif 30Hi T4 TenIoBiAAa4l pobouoi kamepu:

Q=00+ Qp.k' ’

4. TernoBui NOTIK B MonepevHux nepepizax GoHTaHa B KOXHii 30HI
MOCTIHHWI Ta JOPIBHIOE TEMIOBOMY MOTOKY Ha I0YAaTKY BHMTIKAHHSA,
T00TO

0, =0, =const - ()

5. IlpupicT KiJbKOCTI PYXy MacH MepeMillleHOro noBiTps, WO re-
PEMIlIlYETbCA MiK JBOMa MOTEPEYHHUMH TEpepi3aMU JOPIBHIOE Aitoviil
MIX LIMMH Tiepepi3zamu mia’eMHOT (apXHMe0BOT) CHIIH, TOOTO

drl, = 4P, 2)

Bu3HauMMO 3HAYEHHS OKPEMHMX 4JieHiB y piBHsHAsX (1) Ta (2).
Tennosuii NOTIK (KOHBEKTHBHMIT) y IOMEPeYHOMY [epepi3i Ha BH-
coTi.2:
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Q,=fpwhdf,
0

I p — Cepe/iHs IyCTHHA MOBITPA; & — nuToMa enransnia, A = C,; C, -

1306apHa TeMJIOEMHICTD.

Q. =[pwC,0d f; df=2ldy.
0

0, =2p.Cpld, w, jciz‘3(i)dy= 2p..C,l10, w,c zjch"[i)d[i]=
0 cz 0

cz cz
sh! . l i 0o
=2p. Cpld, wez % - + —arctg sh( 4 ]

chz[—)—)— 2 €z fy
cz J,
np,, Cp 1, wyez

: ; ()

ze | — moBxuHa poboyoro 6J0KY; p..— I'YCTHHA NO3a MOBITPSHOI CTpPY-
MHHH,

KinbKkicTb pyxy MacoBOi BUTPaTH NOBITPS, AIKE NEPEMILLIAETHCS vepes 2:

I, =mw=pVw=p_ [wdf w=p_ [w*2ldy=2p_Iw?[ch™ [Lz]dy =
0 0 0 ¢

=2p. lwkczfen™ 2 | L =2p. wilcz —11113 DA A =
o cz cz 3 cz ), cz

0

W

p.wilcz. (4)

ITpupicT KinbKOCTi pyXy MO BHCOTI:
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4 4 4
di, =d(§pmw§1c'z)=Epwlcd(w_z z)=§p,,1(.’ (2w2 dw,z+ wg dz):

= %pmlcwz (2 zdw, + w, dz) : (5)

ITix’eMHa cuna KOPiBHIOE:
sz :[I(pw _p)gdf}IZ.
0

BukopucToByroun koedilieHT 06’ €MHOT'0 pO3IIHPEHHS,

__l1fop
- P(GT),;

a60 B KIHLIEBUX PI3HHLAX:

’

____l_poo_p
B T
Mawuu p_ —-p=pp. 0.

. . P s
Hna rasiB B 3HaXOAWMO 3 DIBHSHHA CTaHy: ﬁ=RT, 3BiJIKH

P

RT

o 1
npuiiMaemo f§=—.
Teo

Touni:
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dz =

]

o Pos O, ch™! ((—‘z—]g 21 dy
dz = -
z ! T

dP, =[°fﬂ p.Bgdf
0

2p.08, glcze i
=[ p z & Ich—l(_}_]d V ]]d2=
T, 0 cz ¢z

2po V¥, glcz
= T

) TPV, lcz
arctg(sh—)— dz = i A

dz (6)

cz T,
0

Bukopucrosyoun Bupasu (1) - (6), OTpUMYyEMO cHCTeMY piBHSHD
IUIA BU3HAYEHHA W, Ta 9 :

{ncpwcplﬁzwzz -0
2 T Q)
RpPs. 81U, 2

%p,,olc w, (2zdw, +w, dz)-—-—T——dz;

TP Cpl, wy z -0
2 B ®
3ngd; z dz

w, (22(1wz +w, dz) =

oo

3 nepworo piBHAHHS ccTeMu (7) BUpasUMO ¥, Ta MiACTABUMO B
apyre:
20,

Tepe Cplw, z

3 2
w, (2zdw, +w; tiz):-”gz Do

4T, mep.Cplw,z

9,

dz®

Maemo
3 Qg  dz )
2Twcpe Cpl w,

w, (2zdw, + w, dz)=
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3 : .
328 _ 4 ma PO3AITMMO PIBHAHHA Ha
2T.¢PpuCpl

(2w, - z)dz,, nepeeceMo BCi WIeHH PiBHAHHS BJIBO OTPUMAEMO:

ITo3HauuBLUIH

dw, w, A
+—= - =0
dz 2z 27w} ' (0)

PisusinHs BepHysun Ma€ BUrIA:

wlz +P(z)w, +Q(z)w;2 =0,

(8]
02

,  dw. 1
ae w.=—=—; P(2)=—; | =
W= (2) P Q.

4

I[IpuBeneMo Horo A0 NiHIHHOro PiBHAHHA, PO3AUMBLIN BCi WIEHH HA

w_.'z, MaeMo
w2 w, + P(z)w} +0(z)=0, (11)

3 IR
MO3HAYMBIIH W, =V, = 3w;w,=0;,

IBIAKH W, = L
‘ 3w§
w2+ P(z)v, +0Q(z)=0. (12)
Wz
CraHaapTHe JiHikHe PIBHSHHA Ma€ BUTJIAL:

v, +R (z)v; +Q(2)=0

P,=3P; Q,=3Q

P,=3/2z, Q,=34/2z

pilleHHS TaKOrO PiBHSHHS 3aMHLIEMO Y BULJIALLI:
v, =uze JA(, (13)
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R(z)dz

e eﬂj zpiz_ pillIcHHS BIANOBIHO O OJHOPIAHOTO PIBHSHHS.

—jP Jdz _ —I%Zd’ _ —/h“— e nz 7 =z_%,
v, =u£z"%

k)

v, =u, ~z_»3/2 ru, (—%)Z_%, (14)

IlincTaBasieMo B JIiHilHE PIBHAHHS

no=% 3 =% 3 - 34
U, -z A»iuzz A+§;zlzz A ——2—-—0 (15)
v =) 34
uzzé—?_—z=0; (16)
du.——A~z3/2dz;
2z
_3 w,l.-'z _3 23!2_ 3/2
uZ—zA(-[“ dZ-—zA 3/2 =4z 5 (17)
v, = A2 . 7322 4.

3 —A=-———3&§—
2T, cp..Cyl’

- =3_3Qo—g' (18)
N 2T cp Cpl
’ AT ep., Cpl 1602 Ty
o, =20 -3,/ Bl Bl
RCPo Cplz 30,8 zZ \3gnic p. Cpl”
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[ M
Ae ¢, JiHIHHA TYCTHHA TEMI0BOIO MOTOKY JUKEPENa, OTPUMAEMO!

Bm
Axwo nosnaunutn ¢, =g‘—’-, [—]

390 8 R
2T, cpoon

(20)

OTxe, BHKOPHCTOBYIOUM Lli 3aJIeXXKHOCTI MOXHA 3HAHTH po3-
MOMIiJIEHHS WBUAKOCTEH Ta HAUTMILKOBHX (a 3HAYUTDL 1 AIHCHHUX) TeMrie-
paTyp y BCiX TOYKAX:

2 1)

Pe3ynbTaTH poO3paxyHKiB MOJHB IIBUAKOCTEH 1 HaJIMIIKOBHX TEM-
repaTyp IS CEPEAHBOTO PsAAy PoOOUMX KaMep 3 MIKPOKJIiMaTOM 3BO-
IuMo B Tabnuugx 1, 2.

MeToanky iHXeHEPHOTO PO3PaxyHKY CHCTEM ONAJCHHS Tenui 3
KaMepaMH JeLeHTPali30BaHOro MiKpOKJIIMaTy HAa OCHOBI BHILEHABeJle-
HUX pilileHb TIOBITPSHOI'O TepMorpasiTauiiiHoro ¢oHTaHa i oxomomxe-
HHMX CTPYMHH, IO OMYCKAKOTHCH B3JI0BXK OrOPOXKeHb, Oyle HaBeIeHO Yy
HACTynHii poboTi.
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BucHoBKH

1. Haiibinbwmii rpafieHT TeMnepaTyp CHOCTEPIra€Thes MO LEHTPY po-
6ouoi kamepu (1o oci z).

2. B 30Hi Hax poOoYHMM KaMepaMH TPajlieHT TeMnepaTyp He3HAYHHUIA i
He nepesuinye 3 °C 6e3nocepeaHbO MO OCi Z, a 3BOPOTHWI IPAIIEHT CHO-
crepiraerbcs yepes 0,3 M Bin oci z.

3. Cepenns TemnepaTypa MoBiTps, SKe MiAXOINTb 10 ITOPHOTO eKpaHy
Ha 1,5-2 °C Buiue TemnepaTypH noBitps y pobouiii 30Hi Teruui.

4. ITo Mipi BinganeHHs BiJ OCi z TeMIepaTypa NnoBiTps GakTHUHO AOPiB-
HIOE TeMNepaTypi B pobouiii 30Hi Tennuui. Take MoaoKeHH CTOCYETbCA | TEM-
nepaTypy OXOJIO/DKEHOTO MPH KOHTAKTi 3 IUTOPHHM €KPaHOM MOTOKY MOBIT-
PA, WO HAaAXOOWTh JO BHYTPilHbOI NMOBEPXHi 30BHIlUHIX oropomxennb. lle
NPH3BOJMTL O 3HAYHOTO 3MEHIIEHHS TETUIOBTPAT B NOPIBHAHHI 3 THM Ba-
PiaHTOM, KOJIM ONANMIOBaNbHi NPUIIaau po3TalloBaHi Ge3nocepenHbo 6ing 30B-
HillIHiX OTOPOKEHD 3 ABOX MPHYHUH:

— 3MCHLICHHA pi3HMUI MK TemnepaTypolo Oing oropomkeHHs Ta

30BHIlLIHbOI TEMIEPATYPHU NOBITPS;

— 3MEHIUEHHS WBUAKOCTI MOBITPSHOrO MOTOKY B3JOBX 30BHilIHIX

OTOPOJDKEHb.

5. 1IBnakicTh NOBITPAHOTO TOTOKY HE3HAYHA Ta He MEpeBUILYE
0,76 m/c no oci z Haa poOOUYNMH KAMEPAMHU.

6. B 3aranmbHoMy 006’eMi TeruiMLi cepe/iHa LIBHAKICTb He nepesuitye 0,3 m/c.

Buxopucrana nitepatypa

1. Illenenee H. A. AjponvHaMuKa BO3IAYUIHBIX MOTOKOB B IOMELle-
Huu. — M.: Crpoiiuspar, 1978. - 145 c.

2. Abpamosuu I. H. Teopus TypOyneHTHbIX cTpyid. — M.: Toc. u3g-Bo
¢u3-mat. nut, 1960. — 715 c.

3. Hcauenxo B. I1., Ocunosa B. A., Cyxomen A. C. Terutonepepaya. —
M.: Oneprus, 1981. - 416 c.

4. Tamues B. H. Aspoaynamuka BeHTHIAUMM. — M.: Crpoiiusaar,
1979. - 295 c.

5. Manxin E. C., @ypmam I. E., Yenypna H. B. AHaniTHUHI JOCTIPKEH-
Hfl MONIB WBMAKOCTEH i TEMNeEpaTyp NOBITPS Hax pobOUMMM KamepamH y
TEMIHUAX 3 JOEUEHTPaNi3oBaHMM MikpoksliMatoM / ByniBenbHi maTtepianu,
BUpOOH Ta caHiTapHa TexHika. — 2004. Bunyck 19. - C. 63-67.
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YK 536.246 I'. C. PaTywnsk, Kano. mexu. Hayk, npog.,
B. B. Ixenxkyna, mazicmpanm

BiHHuLbKHI1 HalliOHaNbHUH

TeXHIYHHIl yHIBEpCUTET

IHTEHCU®DIKALIA BUPOBHULITBA TA NIATOTOBKA BIOTA3Y
Aangd BUKOPUCTAHHA B TENNOTEXHIYHOMY OBJIALHAHHI

Betyn

BupoOHUUTBO Ta BMKOpPUCTaHHS ©Oiorady He TiibKM B SKOCTI
naJiMBa, ajie y BUIJIANI OCHOBHHX YHCTHX KOMITOHEHTIB (MeTaHy i JiOK-
CHAY BYIJIELI0) 3HA4YHO MiABMLIYE EKOHOMIUHY L{IHHICTh UbOTO HEeTpaaH-
uifiHoro Jukepena eHeprii i CUpOBHMHH, MOJINLIYE eKOJOTIYHY CHTYALII0
Ta JO3BOJIsIE OTPUMATH LiHHI OpraHiuHi 106puBa.

MeraH MOXe BHKOPUCTAaTUCS 8K MalMBO, @ NIOKCHJI BYIJIELIO K
IHEPTHUIA Ta3 /IS 3BaplOBalbHUX poOIT, s 3anpaBjieHHs BOTHEraCHH-
KiB, Y XapuoBiif MPOMKCIOBOCTI, Y SKOCTI “oOpHBa” y TEMIMYHHX rOC-
NnojapcTBax i T. .

Hiokeun Byriewto (CO2) Ta cipkosoaeHb (HaS) siBasiioTs c06010 Haino-
IIMpeHilli WKiVMBI JoMituku B Giorasi. Kinbkicrs HzS Bapitoe Bia Biacot-
KIB 10 ISCATHX YaCTOK BIJICOTKA 3aJI€KHO BiJ JDKepesa: METAHTEHK OYHC-
HOI YCTAaHOBKH KaHaNi3auUiHHUX CTOKIB, CMITHHK MOOYTOBHX BiAXO/IB,
OiopeakTop I aHaepoOHOI NepepoOKH TBAPMHHMIIBKMX BIJIXOAIB Ta iH.
Hiroui B YkpaiHi TexHiuni ymoBu [1] Ha 6ioras MeraHTeHKiB BUMAararoTh
3HMKeHHs BMicty H,S 1o 0,2 r/m3.

B Hal6aMX4i pOKH OHiKYE€TbCS MPUCKOPEHWI PO3BUTOK GloeHepre-
THKM B Ykpaidi. Tomy npobnema epekTMBHOrO BHPOOHHIITBA, CHAJIO-
BaHHs i/ BUKOPHCTaHHS eHeprii 6iorasy crae 0co6NMBO aKTyanbHOIO.

InTencudikaiia npouecy BMpoOHHUTBA Oiorasy

Ipu Bupo6GHULTBI Giorasy nocrae npobrema oJHOYACHOI iHTeHCHbi-
Kauii Terui006MiHy B 6iopeakTopi, nepeMiluyBaHHs cybcTpaTy Ta 11036aB-
JIeHHs OoTpuMaHoro 6iorasy Bia MoMimok. Jlisi BHpiuieHHS 3aBAaHHs
KOMIUIEKCHOrO BHpOOHHUIITBA Ta iHTeHcHpikauii Buxoy Giorasy 6yno 3a-
NPOMNOHOBAHO JIOKAJIbHE OMUBAHHA TEIJI00OMIHHOI MOBEPXHi HarpiBHUKA
cyOcrpaty crpymeHsaMu razy. Ilpu Takomy crioco6i oMHUBaHHS AOCATAETb-
C OJHOYACHE MepeMillyBaHHs Ta 36UIblIeHHs Tena006MiHy 6e3 morip-
LIEHHS AKOCTI TEXHOJIOTIYHOrO npouecy [2]. Jns gociiakeHHs npoLecis
TEMI00OMIHY MPH JIOKATLHOMY Ia30piIMHHOMY OMHBAHHI NOBEPXHI OyJ10
BUKOPUCTAHO A0CII/IHY YCTAHOBKY Ta BiINOBIIHY MeTOHKY [3].
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B pe3ynbTaTi NpoOBeACHHS €KCIEPeMeHTIB 0yJI0 BUSBIIEHO 3aJIEKHOC-
Ti BIUIMBY BHM3HAYAJbHUX XapaKTEPHUCTHK HA IHTEHCU(]IKaLilo TeroBia-
Jlayi BiJl HarpiBajbHOI MOBEPXHI A0 CEpPeOBHILIA.

BHKOPHCTOBYIOYH OTPHMAaHI 3aJIEXHOCTI 1 cepe/iHl 3HauY€HHs napa-
METPIB MUTOMOTIO TEIUIOBOTO MOTOKY (q), WIBUAKOCTI Ta30piAMHHOI da3u
(wr), Temneparypu piavnHu (tp), moOynoBaHa 3ajIeXHICTh BIJIMBY Bif-
CTaHl BiJ Kpal JUISHKM Ta30pilMHHOrO OMHWBAHHSA Ha BiJHOLUEHHS

Al L . ;
R (puc. 1), ne Afpax — PI3HHLSA TEMMNEPATyp CTIHKH HArpiBajbHOIO
l D
BK ’ !
iy s i "
eJIEMEHTd I"PIANHM BAAJIMHI Bii HBOTO B TOYL[i MAKCHManbHOTO OMHUBAH-

HA, Alay - TE CaM€ 3a YMOB BUIbHOT KOHBEKLIII.

A'lm ax
At |

0,6 : //

0,5 {1 4+

wl

03 f——1—

0,2 M
0 0,02 0,04 0,06 0,08

Puc. 1. PospaxynkoBi 3HaueHHs BiZIHOLICHHS TEMIIEPATYPHUX HAMOPIB NpPH
3HAYEHHSAX napameTpis: ¢ = 7,6 kB1/M2; we = 0,052 M/c ; 1, = 30 °C

3riaHo 3 pucyHkoM |, Ha#Ginbil eeKTUBHO ra3osi CTpyMeHi BIJIM-
BAlOTb Ha TEMJIOBiAAAYy B LIEHTPI oxHOda3HOT obnacTi Ha BiACTaHI a0
50 mm Bia ctpymens. Ha Ginbiumnx Bincransx (x > S0 mMM) kpuBa 3rian-
KyeTbes. TakMM 4MHOM, OTBOPU 6apOOTAXKHOTO NPUCTPOIO AOLIILHO
BCTAHOBJIIOBATH Ha BlAcTaHi He Oinbiwie 100 MM OJMH BiX OAHOrO, WIO
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3a0e3neynTh BHUCOKY IHTEHCHMBHICTb TEIUIOBIAJAYi Bif CTIHKH HO
JIOKaNIbHOT'O HEPIBHOMIPHOTO ra30piAMHHOIO CEpeOBHILA.

ITpu BupoOHULTBI Giorasy pa3oM 3 METaHOM YTBOPIOIOTHLCA JOMilli-
K{ BYIJIEKHCJIOTO ra3y Ta CIpKOBOJHIO, SIKHX HeoOXiHO mo306aBisTucs
1S eheKTMBHOTO BUKOPUCTAHHS LIbOI'O BUAY MaIHBa.

O6rpyuryBanns cnocobiB niAroroBks 6iorasy 10 BUKOPUCTAHHSA

B 3anexHoCTi Bil HEOOXIJHOTO CTYMEHN OYMILEHHS YMOBHO pO3pi3-
HAIOTh Ipybe, cepeliHe | TOHKE OYMILIEHHS.

IcHye nekinbka OCHOBHHX CMOCOOIB MiAroToBku Oiorasy, A0 AKMX
BiIHOCATD:

BojHeBe pO3YHHEHHS BYTIJIEKUCIOTH.

Era”onamiHoBa a6copbuis.

B3aeMois 3 rapAsuuM pO34MHOM MOTAILy.

JlyxxHe ounuieHHs ra3sy Big CO; .

Bunanenns CO; MeTonOM HU3bKOTEMIIEpATYpHOI abcopbuii Me-
TaHOJIOM.

OxucHO-a1copOLiitHMit METO/T OUHIIEHHS ra3iB Bijl CIPKOBOJIHIO.
A6copbuist XiHOH-TIIPOXiHOHOBUM BOASHHM PO3UMHOM.

e MeTton “BUMOPOXKYBaHHA" MIOKCUIY BYrJeLlO.

BonneBe ouMileHHs 3aCHOBAHE Ha Ppi3HiId PO3YMHHOCTI Yy BOAi
niokcuay Byriewto. IIpd HEBHCOKHX MapliajibHUX THCKAX PO3UYUHHICTH
CO:> y Boji HeBenuka, ajue 3i 30UIBLIEHHAM THCKY BOHa 3pocrtae. Ilpu
HacTYMHOMY 3HWXXEHHI THCKY PO3YMHEHMIT IBOOKHUC BYIJIELIIO BHAIISAETD-
csl 3 po3uMHy. BoasiHe OYMIUEHHS ra3y BiA ABOOKHCY BYIJIELIO MiJ THC-
KOM ayxe epexTuBHe npu Bucokomy BMicTi COyy rasi. Ieit croci6 Bia-
PI3HAETBCA MPOCTOTOK i AAa€ 3MOry Oaratopas’oBO BMKOPHCTOBYBATH
o6opoTHy BoAy. OAHOYACHO 3 PO3YMHEHHAM AIOKCHIY BYIMELO Y BOMI
PO3UMHSAIOTHCA i iHILI KOMIIOHEHTH KOHBEPTOBAHOTO ra3y: BOJIEHb, a30T,
OKCHJI BYIJIELIO, CIpYUCTI 3’€fHAHHA. PO3UMHHICTb BYIJIEKMCIIOTO Ta3y
craHoBuTk 87,7 Mu1 B 100 MJ1 BoaM npu aTMOchepHOMY THCKY i TeMIlepa-
Typi Boau +20°C. BuTpaTa BOAM Ha OUYMILEHHA KOHBEPTOBAHOIO rasy
Bil AIOKCHAY BYIJIELIO 3aJIEXUTD Bif CTYneHs ouniueHHs Big CO;, Temne-
paTypH, 3arajibHoro i nmapuiansHoro tucky CO; y rasosiii cymiwi 1o
OYHIIEHHS.

EranosamiHoBa a0copOLis IDYHTYETHCS Ha JIY)XHHX BJIACTHBOCTAX
aMiHOCNHPTIB, AKi NMPH B3a€MOJIl 3 KUCIOTAMU YTBOPIOKOTHL COJIi. 3Bu-
4yaiHO, BUKOPUCTOBYIOTh BOASHI po3unHu etaHonaMiHy CH,OH-CHax-
NH;, nieranonaminy (CHOH-CH,);NH i tpueranonaminy (CH,OH-
CH;);N. HaiicunbHIlLIO0 OCHOBOI Cepel €TaHOJIaMIHOB € MOHOETaHOo-
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JIaMiH, 110 3HAHILOB WIMPOKE 3aCTOCYBaHHS B MPOMMCIOBOCTI s
ounuieHHs rasis. IIpn abcop6buii CO; po3uMHaMH €TaHOJNAMIHIB YyTBOPS-
ThCsl KapboHatH i 6ikap6onaTu. [TonyTHO MoXe abcopbyBaTucs cipKo-
BOJIEHb | yTBOpIOBaTHCA cyabdinu i Gicynpdinu. Lli 3’enHanHs npu Tem-
nepatypi Buie +100 °C gucouiroTh 3 BUALNEHHAM 3 po3udHiB CO; i
H.S. B3aemonia eranonaminy RNH, (ne R - rpyna CH,OH-CH,) i3
JIOKCHJIOM BYTJIELIO MOXe OYTH NPEACTABIIEHO HACTYNHHUMH PEaKL{iAMH:

2RNH; + H,O + CO; = (RNHj3),COs3; (D)

(RNH3),CO3 + H20 + CO2 = 2RNH;3H,CO:s. )

He3paxaroun Ha Te, 110 MOTJIMHAJIbHA 3AATHICTb PO3YMHY €TaHOJIa-
miHy crocoBHo H»S y npucytHocti CO; 3HHXYyeTbCa, KoedilieHT ab-
copbuii H>S 3nauno Buie Hix CO; i MosximBa Bubopua abcopbuis cip-
KOBOJIHIC 3 KOHBEPTOBAHOI'O rasy, U0 MICTHTb AiOKCHA Byriewo. [lo-
TJIMHAJIBHA 3/IaTHICTD abcopbenTy 3pocrae 31 3HUIKEHHSM TeMMepaTypH i
NiABHLUEHHAM Tucky. TIpu nigBHILEHHI TEMIIEPATYDPH i 3HWKEHHI THCKY
piBHOBAra XiMi4HHX peakuii, Lo MPOTIKAITb npu abcopbii, 3pyLyeTh-
cs BiiBo. Ha upoMy 3acHOBaHa pereHepallis po34MHy, L0 HACHYEHHIA
KHCIMMU rasamu npu abcopbuii. Hacuyennii po3unH HarpiBaioTh, Npu
LbOMY BiOYBAETHCA PO3KJIAAAHHSA XIMIYHUX CIIONYK i AecopOLis KUCINX
rasiB 3 pO3uMHY €TaHOJIaMiHy, sIKe CYNPOBOMKYETHCS TAKOXK BMNAPOM 3
PO3UUHY BOJM.

Oumuenns Giorasy Bia JioKCHIY BYIJIeLIO LLUTAXOM B3acMOII rasy 3
rapsaM  posynHoM noramly. BoasHi po3umnu kapboHaTiB HaTpilo i
KaJlilo MOTNMHAIOTh JNIOKCH/ BYIJIEL0 3 YTBOpPeHHAM GikapOoHariB. Y
BOJSTHOMY PO34HHI KapOOHAT AHUCOLIIOE HA 10HH:

Me,COs = 2Me + CO? )

ne Me — HaTpiii uM Kanii.
CymapHuii npolec NorJuHaHHA BUPAXA€ThCA Y BUTIIAAL:

Me;CO; + CO: + HO = 2Me* + HCO3 = 2MeHCO:s. “)

3BuuaitHo, abcopbuito ras3is BeAyTh NMPU HU3bKIi TeMiepaTypi, 1o
3B’A3@HO 31 3MEHLIEHHAM PO3UMHHOCTI ras3iB y pilMHaX NpH MiABHILEHH]
TeMrepaTypu. Y naHoMy BUNaaky npu norsmHanHi CO; pO3YMHaM
kapOboHaTiB 6u\ap60HaTu 110 YTBOPATHCH, MEHIIE PO3UMHHI Y BOJI, HiX
kapObonaTn. ToMmy nigBHiEeHHS TEMNEPATYPH CIIPHATUME 30LTbLUEHHIO
PO3YMHHOCTI y BOAi coneii — kapOoHaTis i GikapboHaTis. Po3unHHiCT
COJICH KaJllo BUILIE PO3YMHHOCTI coJiell HATPitO, TOMY U OYMILEHHSA
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3aCTOCOBYIOTh BOASHHIM PO34MH KapOOHATY Kaito — noTally npu MniaABU-
uleHid TemnepaTypi. 3 MIABUILIEHHAM TEMIIEPATypH 3pOCTA€ KOHUEHT-
pauis coni B po3yMHi, IO Aa€ 3MOT'Y KOMITEHCYBaTH HEraTHBHUI BIUIMB
TEMMEPATYPH HA PO3UMHHICTL rady. 3 iHwWoro OOKy, NiABHLIEHHSA
TeMIePaTypH Cripusc 30inblIeHHIO WIBHAKOCTI TigpaTauii. ToMy 3pocTtae
LWIBUJIKICTD yChOTO TipoLecy a6cop6uu CO,;. Pozuynsicts CO; y rapsyo-
MY PO3YMHI MoTaiy B 3HAYHIH Mipi 3a7IeXUTh BiJ NMApUiajIbHOTO TUCKY
aiokcuay Byrnielro Hapj pos3udHoM. Tomy abcopbuito CO; rapsuuMu
PO34YMHAMHU MOTAIly 3AIHCHIOITL MPU [1iJIBUIIEHOMY THCKY. Haiimen-
wMii mapiiansHUH THCK AIOKCHMAY BYIJICLO, NMPU SKOMY I1OTallIHEe
OUYMIIEHHS €eKOHOMIYHO JouiNbHe, nopiBHIoE 0,14 MITa. Takum uMHOM,
3a3HauyeHi (i3UKO-XiMiuHI OCOOJMBOCTI MpoLEcy OYMILEHHS [aioTh
MOXJIMBICTb MPOBOAMTH abcopOLiio i pereHepaliito Maibxe Npy OAHAKO-
Biif Temnepatypi. Ilpuuomy abcopOiiist fige npy MiABMILEHOMY THUCKY, a
pecopbuist (pereHepauis) po3uMHY — IPW 3HHXXCHHI THCKY A0 aTMOC-
¢epHoro. ITornuHanbHa 34aTHICTb TAPSYMX PO3UMHIB ITOTALLY Y BUPOO-
HMYHUX YMOBax KonuBaeThCcs B Mexax 20-35 m3 CO; na 1 m3 po3unny.
ITineuwenHs Temnepatypu no +100 °C B npoueci abcop6uii HemocTar-
HBO JUIA MIPUCKOPEHHSA peakuil i JOCATHEHHS TOHKOTO OYMIIEHHS rasy.
ToMy IS MiABMILEHHS WBMAKOCTI mpouecy abcopbuii npu Ouibi
HU3bKill TeMIepaTypi 3aCTOCOBYIOTH Pi3Hi ZOOABKH, 10 aKTUBYIOTb.

Jlyxue oumuennsa Oiorasy Bin CO; BOASHMM pPO3YMHOM I1AKOro
HaTpy NaOH 3acHoBaHe Ha HeoOOPOTHI#H peakuii:

2NaOH + CO; = Na,COs + H20. 4)

ITapuianbuuit Tuck CO Hap po3uuHOM igkoro Hatpy NaOH y mpo-
ueci MOTJIMHAHHSA NOPIBHIOE HYTIO NOTH, IOKU BECh JIYT HE nepeize B
kap6onar. ITornuuanHgs CO; po34yrHOM KapOOHATY HATPiO MPOTIKAE 3
yTBOpPEHHAM OikapboHarTy:

CO; + NaOH + H0O = 2NaHCO:;. 6)

JudepenuianbHa Teruiota po3uuHeHHs CO; y po3uMHax iakux
JyriB He3aJleXXHo Bii pony kartioHa cknajae 117 x/x/mons. HIBuaxicte
abcopbuii CO; nyrom 3pocrae 3 NiABULICHHAM Temnepatypu. 36iib-
lIeHHS KOHLUEHTpalil KapOOHaTy B PO3YHMHI CNPHUAE 3HUXKEHHIO LIBUI-
xocti abcopOuii. PereHepauis BignpalbOBAaHOIO PO3YMHY AYry 3Aiiic-
HIOETbCS BAITHOM:!

Na;CO; + Ca(OH); = 2NaOH + CaCOs. )



IMpouec nmpoxoauts y piakiii ¢asi npu 90-95 °C i npu nepemiiy-
BaHHi. YcTaHOBKa pereHepallii ayry BanHOM € TPOMi3fiKa i MPOLEC He-
JIOCTATHLO 3aJI0BOJILHAE CYYACHUM Ca&HITAPHO-TIFIEHIYHWM BUMOTaM.
Tomy pereHepaLilo BiAMPaLbOBAHOIO JIYIy NepeadayaloTh TUIBKH MPH
3HA4Hii BUTpaTi Jyry i HeoOxiaHocTi npuso3y Horo. Ha ouMuieHHS
1000 M3 razy Burpayaethes 0,15-1.6 kr 92%-Ho1 kaycTHUHOI coau (Y 3a-
nexHocTi Big koHueHTpanii COz y BUXigHOMY rasi).

AGcopOuis aomimok Gioraszy 3a onomoroio mMeranony. B intepsam
temnepartyp Big —30 10 —60 °C u npu tucky 1-3 MIla meranon € edek-
THBHHM abCcOpOEHTOM He TUIbKHM AIOKCHAY BYIJIELIO, ajie i CIPKOBOAHIO,
OPraHiYHUX CMIOJTYK CIPKHM 1 AeAKHMX IHIIMX JOMIILOK, U0 € IPUCYTHIMHU Y
ra3osiii cymiwi. PozunnHicTs CO; y METaHOMI 3HaYHO BHIIA HIX Y BOA],
i 3pocTtae 3i 3HWKEHHSAM TeMnepaTypu i 30ulblueHHsM THcky. Tak, npu
-60 °C po3yMHHICTb JIOKCHAY BYIJIEHIO B MeTaHoNi B 75 pa3sie
niepesuLye il po3yuHHicTb y Boal npu +25 °C. ToMy npu npoMuBaHHI
ra3y METaHOJIOM B YMOBaxX HU3bKHX TeMIeparyp BWTpara abcopOeHTy
Ha OYMILUEHHA OAMHHUSA 00’eMy razy 3HayHO MEHIIA HiX [PH BOASHOMY
ounierHi Bia CO,. 3aBASKH LHOMY BIAMNOBIHO 3MEHIUYIOTHCS €Hepre-
THYHI BUTpaTH B npotieci abcopbuii. Butpaty BogHIO Npu HU3LKOTEMITE-
paTypHiii abcopbuii TakoX B3HUXYIOTbCS B TOPIBHAHHI 3 IXHIMU
BTPaTaMH NpPH BOASHOMY POMUBAHHI rasy mija TickoM. Lle 3B’13aHo He
TiIBKM 31 CKOpOYEHHAM [HTOMOi BUTpaTH abcopbenty, ase 13
3MEHLIEHHAM PO3YHHHOCTI BOJAHIO B METAHOJI NMpPU 3HUXKEHHI TeMrepa-
Typu. Hespaxaroud Ha HeOOXigHICTb 34CTOCYBAHHSA XOJIOJMJBHOI Ma-
IIMHU, eHEPreTUYH1 BATPATH B ONTMCAHOMY MPOLIECI HE NMEPeBULLYIOTh BU-
TpaTH eHepril NP1 NPOMUBAHHI ra3y BOJIOIO.

TexHOJIOTis OYMILEHHS Ta3iB Bifl CIPKOBOJHIO 3aCHOBAHA HA BHKO-
PHCTaHHI OKHCHO-2/ICOPOIIHOrO METOY 13 3aCTOCYBAHHSAM aKTHUBOBAHO-
IO BYrinis, BUPOONEHOro BITYM3HAHOIO NPOMHUCHOBicTIO. Meron aae
3MOTY NMPOBOJHUTH OYMIUEHHS I'a3iB 3 HU3bKHUM BUXIJHUM BMIiCTOM CipKO-
BOAHIO (Big 3-6 r/M3 iMeHiule) A0 3aJMILIKOBOIO BMICTY CIPKOBOAHIO
B ouuuleHoMy rasi piBHoro 0,2-1,0 Mr/m3, y ToMy uHcm i1 rasis
3 BUCOKMM BMICTOM Hiokcuay Byreuo. CTyniHb OuMILEHHS ckiajae 99—
100 %.

CyyacHi po3poOKH yKpPAiHCbKMX BYEHHMX JAlOTb 3MOry €KOHOMIYHO
PO3inaTH KOMIOHEHTH Giorasy Ha ckyiafoBi. CxeMa YCTaHOBKM MO OuH-
1ieHH0 Giorazy BiA JOMILLOK CIPKOBOJHIO i3 3aCTOCYBaHHAM PiZIKOrO IO~
TJIMHAYA - XIHOH-TIIPOXIHOHOBOTO BOASHOIO PO34HHY po3pobiieHa aBTop-
CbKHMM KONEKTHBOM XapKIiBCbKUX BUEHHX. YCTAaHOBKA CKpybepHOro tuity
TMPALOE B 3aMKHYTOMY PEXHMI 3 pereHepaui€lo NornuHaya il BUAIeHHIM
€/IEMEHTAPHOI CipKH.
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IMornuHanHs CIpKOBOIHIO CYNPOBOMXKYETHCS BIJJHOBJIEHHSM XiHOHY
B TIAPOXIHOH:

XIHOH + 2e~ = I'JPOXIHOH ®)
1 OKHCIIFOBAHHSAM CIDKOBOJHIO:
HyS-2e"=S + 2H* (9)

Perenepaliis NPOBOAUTHLCS NIC/As HACHYEHHS abCOPOLIHHOTO PO3UMHY
CIPKOBOAHEM LUIIAXOM TNMponylleHHs nositps. ITig yac pereHepauii mpoTi-
KalOTh PeaKUil OKMCIIOBAHHA TIAPOXIHOHY i BiZIHOBJIEHHS KUCHIO [4].

Inma mMeroauka pospobineHa y HauioHanbHomy HaykoBomy
Ientpi XapkiBcbKkoro ¢izvKo-XiMiYHOTO IHCTUTYTY — edeKTHBHA H
eKOHOMIYHO BHIIpaBJaHa TEXHOJOTis Mojilly 6iorasy Ha KOMIOHEHTH
3 OAHOYACHHM iX CTUCHEHHSIM 10 BUCOKOTO THCKY. B ocHOBY TexHonorii
NOKJIaJeH] MPOLECH AUCTHIISLIT CKOHAEHCOBAHOro Olora3y M KpiOKOMII-
pecii, 1O PO3AIAIOTECA NMPU LbOMY KOMIOHCHT CHCTEMH METdH-Al0K-
cua Byraewgo [5].

BucHOBKH

Y3araisHeHo Ta 00IPYHTOBAHO OCHOBHI COCOOH OYHILEHHS HIIHHO-
ro aJbTePHATUBHOTO NMajnBa — 6iora3y BiJl IOMILLOK Ta METOAMKA iIHTEH-
cudikauii Ten100OMiHHHX NPOLECIB B 0i0peakTopi IIAXOM JIOKAJIbHOr O
ra3opiiMHHOTO OMHBAHHS TNMOBepxHi TeruoobMiny. HaseneHi crocobu
JarTbh 3MOry 30UIbIIMTH BHXiZ Oilorady Ta BUKOPMCTOBYBATH CY4YacHi
JOCATHEHHS XIMil, OUMILEHHS JUTS BUPIlUEHHS aKTYallbHOTO 3aBJaHHA SKe
IIOCTae — BUKOPUCTaHHA Oiorasy B eHepreTMuHoMmy oOyagdaHHi. B 3a-
JIEXKHOCTI BiJl MOKIJIMBOCTEH IOCIOAAPCTBA, HASIBHOCTI | BUJY €HEPreTHY-
HOro 061aiHaHHA, HEOOXIAHOIO CTYNEeHs OUMILEeHHs HeoOXiaHO BUOpaTH
crocid, wo HalbiIbLI NOBHO 33J0BOJILHUTD IOCTABICHUM YMOBAM.
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VK 697.443.001.63(035.5) C. L. Bopucenko
Kuiscneudyn

IHHOBALINHI TEXHONOTNII B CACTEMAX TENJIONOCTAYAHHS

BepxoBHoto Panoto Ykpaidu npuiiHaTHil 3akoH Ykpaiiu Ne 1676-1V
Bi1 9 kBiTHS 2004 poky npo “3aranbHogepKaBHY KOMIUIEKCHY MPOrpamy
PO3BUTKY BHCOKHX HAYKOE€MHHX TEXHOJIOTIH . 3aranbHoAEep)KaBHA KOM-
[UIEKCHA [IpOrpaMa pPO3BHUTKY BHCOKMX HAYKOEMHMX TeXHOJIOTIH (mai
ITporpama) cnpsiMmoBana Ha 3aMPOBaXKEHHs MOJIENI CTAIOro EKOHOMIY-
HOI'O 3POCTaHH$ BITYM3HAHUX DIAMPUEMCTB LUJISXOM YIOCKOHAJIEHHS
CTPYKTYPH IX OCHOBHOTO KariTajy Ta IHTEHCUBHOTO iHBECTYBaHHS BHCO-
KOTEXHONOT1YHOro BUpOOHHLTBA. OCHOBHMMH 3aBAdaHHAMH [Iporpamu €
peanizallis NpOeKTIB 3 PO3pOOIEHHs HAYKOEMHUX TEXHOJNOrIH Ta BIPO-
B4/UKCHHA TAKHX TEXHOJIOTIH Ha MIAMPUEMCTBAX 0430BHX ramysei npo-
MHC/I0BOCTI 3a NPIOPUTETHUMH HAMPsAMaMH 1HHOBALIHHOL AisJILHOCTI.
BuxouaHHs IIporpamu nependayaerbes 3abe3nednTn ABOMA eTanaMu:

nepwnii etan (2005-2008 poku) — peanizaiisi NPoeKTiB 3 po3pood-
NeHHs HAYKOEMHHX TEXHOJIOTH, KI MAIOTh HAWOUILLIMI CTYMiHb FOTOB-
HOCTI JO BIIPOBA/KEHHS;

apyruit eran (2009-2013 poku) — BIpoBaKeHHs Ha MiNPHUEMCTBAX
HAYKOEMHUX TEXHOJIOTiH, pO3pOOIEHUX 3a pe3ynbTaTAMH BMKOHAaHHA
[IporpaMu Ha nepLIoOMy eTari.

B Ykpaini oaHa 3 HaHBHILIMX Y CBITi HACMYEHICTb TEMJIOBUMU Mepe-
»aMu. TTpOTSIKHICTb TEMJIONPOBOIB CTAHOBUTDL 6J1M3bkO 47 THCRY KiJlO-
MeTpiB y ABOTpy6HOMY o6umcnenui. Ha 6anauci nianpueMcTs komy-
HaJIbHOI TETUIOEHEPTeTHKN 3HaxoauTbea 20,8 Tucsy KilomeTpiB Temnso-
BHX Mepexk y IBOTPYOHOMY oOumcieHHi aiameTpom Bix 50 10 800 mMM.

bnusbko 80 % TEMIOBMX Mepex MpPOKIIaieHi B HEMPOXIAHUX 3ai30-
OeToHHMX KaHalax 3 130JALI€10 Y BUTIAAI MiHepanbHOT BaTH. KaHanu He
3aXMLIEH] Bi/l IPOHUKHEHHS IPYHTOBOI i IHLIOT BOAU, L{O MPU3BOAUTD A0
3Ha4YHMX BTPAT TENIOBOI €HEPTii, MOIIKOKEHHIO TEMNIONPOBOAIB i Bijl-
KJIJOYEHHIO CMOXMBaYiB. 3arajibHi BTPAaTH TEMJIOBOI €HEPIii B Mepexax
CHUCTEM IICHTPAJII30BAHOIO TEMIONOCTAYaHHSA CKIAJaloTh B CEPEHbOMY
30%, a y nesxkux perionax gocarawoTb 40%. Tepmin Ge3aBapiiiHOi eKc-
niyaTauii TeMnJoBUX MepeX He nepesHiuye 10-15 pokis.

3a3HayeHi, @ TAKOK 1HWI OOCTABMHM € MPHYMHOIO TOTO, 1O B YK-
paiHl BUTpaTa TEMJIOTH HA OMAJCHHS PIBHOI TEMJIOBOI Mol B 2-3 pa3u
OinbLua, HiX y KpaiHax 3axiiHol €BporH.

60



["0JI0OBHUM HanpsMOM HayKOBO-TEXHIYHOTO MPOrpecy y ranysi cuc-
TEM LEHTPAJi30BAHOTO TEIJIONOCTAYaHHS € 3aCTOCYBAHHS HOBUX Tell-
J0130JIALIHHMX MaTepiasliB | TEXHONOTIH TENNOI30NsLiHHUX pObIT.

HaiiBuuty epekTHBHICTL 3 TOYKM 30pY €KOHOMIil MaJMBHO-eHepre-
THyHuxX pecypci (ITEP) i 36i1blieHHs TepMiHy eKcrulyaTauii TenioBHX
mepexx 3abesneuye 3acTOCYBAHHA TEMJIOIZOMALIMHUX MaTepialiB 3 ro-
KpallCHHMH XapaKTePUCTUKAMK 1 TEXHONOTIT MmornepesHbo 1301b0BaHHUX
B 3aBO/JICbKHUX YMOBaX TpyOONpPOBOIIB.

[TonepenHbo i30/1bOBaHAa B 3aBOJCBKMX yMOBax cekuis (puc. 1)
CKJIaa€ThCs 3 BHYTPIILHbLOT MPOBIAHOI CTajIeBOl TpYOH, 30BHIMIHbOT 3a-
XHMCHOI ODONOHKH 3 [OJIeTUIEHOBOI TPYOHU 1 PO3MILIEHOT MK HHUMH
NIHOMOMIypeTaHoBOT Teroizosuii [3].

Puc. 1. KoHcTpykuin nonepeaHbo i301b0BaHOTO TEMIONPOBOAY:

| - nposiana cTazesa Tpyda; 2 — nilonosiypeTaHoBa TEM0i30/suis;
3 — 30BHIlLHS 3aXUCHa NoJieTHIEHOBA TPYOa; 4 — [piT CUrHami3aLiiHui

Y BEPXHIA 4ACTHHI TEMJIOI3ONAUIMHOIO WAy PO3MilleHi ABa Mpo-
Bi/IHHKH CHCTEMH TEIIOKOHTPOJIIO TePMETHYHOCTI TEMJIONPOBOAIB (aBa-
pifinoil curranizauii). TIpoBiIHUKaMKH aBapilHOI CUrHami3alUii € MigHi
ApoTH 3 TuTometo nepetuHy 1,5 mm. [Ins 3abe3neuenns aaresii nosiype-
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TAHOBOI MiHH 30BHILIHA MOBEPXHA CTaneBoi TpyOU 1 BHYTPILIHS [10BEPX-
HA nojieTnneHoBoi TpyOM creuianbHo 06pobnsioThes. s TeruioBHx
Mepex BUKOpUCTOByIoTbes ©Oe3uwoBHi (I'OCT 8731), enekTpo3BapHi
(TOCT 10704-76) i enexktpo3sapui npamoutoBHi ('OCT 20295) tpyon
[1]. Ans 30BHILLIHIX MEPEX rapsyoro BOAOINOCTAYaHHS 3aCTOCOBYIOTLCSH
BogorazonposigHi oyunkoBani (FTOCT 3262-89) tpybu. KoediuieHT Te-
MUIONIPOBIAHOCTI NiHONOJiypeTaHoBoi izonauii A<0,035 Br/(m-°C), noi-
eTriieHoBOT TpyOH A=0,43 B1/(M-°C).

[TonepenHbO i301bOBAHI TPYOH 3aCTOCOBYIOTHCS /LIS TPAHCTIOPTYBaH-
HS TEMJIOHOCIA 3 YMOBHUM THCKOM Py = 16 MIla, MakcMManbHOKO JOBro-

TpUBAIOW Temnepatypoto th . =140°C i MakCUMaIbHOK AOMYCTUMOIKO

KOpOTKOTpHBaIoo (npoTarom 10 ai6 3a pik) Temneparypoio ty .. = 150°C.

TexHiKo-eKOHOMIYHI OCOOJIMBOCTI 3aCTOCYBaHHS TPYOOMPOBOJIB
TEIUIOBUX MEPEX Yy MOJliypeTaHoBii o6onoHui Tuy “Tpyba B Tpybi”, BU-
TFOTOBJIEHHX B 3aBOJCHKMX YMOBAX XapaKTEePHU3YIOTbCS HACTYITHHMMHU I10-
Ka3HUKaMH.

1. IIpoknaganns TemoBux mMepe:x. Bapricts npoinananHs 1 kM Ter-
noBUX Mepex aiamerpom 100 MM 3a TpaaMLiiiHOIO TEXHOJIOIiEI0 Yy He-
NPOXiHUX KaHANaxX CKJIajae, B cepeHboMy, 80 THC. IPH., a Oe3KaHanbHUX
3 NiHOMOMiypeTaHOBOIO i3omnsuieto — 40 THUC. IPH., BIANOBIAHO TEIUIOBUX
mepex aiamerpoM 800 MM y HenpoxinHUX KaHanax — 680 Tuc. rpH., 6e3ka-
HaJIbHUX 3 MMIHOMOJIyPETaHOBOIO i30Jaui€r0 — 550 THC. IPH. [2, 4].

2. ITuroMi BTpaTH TerioBHX Mepex. OIHi€0 3 HabiNbLINX nepe-
BAr MoIMepeiHbo i301b0BaHUX TPYO 3 MIHOMOJYPETAHOBOIO 130JIALIEIO € iX
Bucoxuii KK, To6T0 Mani mUTOMi BTpaTH TEMJIOTH NpPU eKcIuTyaTauii.
3aBAgKH TepMETHUHIM TiApOoi3oNALil TENIONPOBOAIB TEIUIOTEXHIUHI SKOCTI
TEIUIOI30MALIl PAKTHYHO HE 3MIHIOIOTLCH NPH iX PO3MIlLEHHI y IPYHTaX
MiJBHLIEHOT BOJIOTOCTI i I OCOGJMBICTL TENIONpoBOiB 3abe3neuye Mia-
TPHUMA@HHA BHCOKHX TEIUIO3aXMCHMX XapaKTepUCTHK Tennoisonﬂui'i npoTs-
rOM BCHOTO ONMANOBAILHOTO nepioay. ITuTomi TenoBTpaTi 1 KM TEMI0BHUX
mepex aiamerpoM 100 MM B HenpoXiZHUX KaHanax CTaHOBIATb, B CEpCA-
HboMmy, 750 ['xan/rod., a TEMIOBUX MeEpeX 3 IMIHOMOJNIYpPETAaHOBOIO i30JI8-
uiero ~ 400 T'kan/ron., BIANOBIIHO TEMIOBUX MEPEX niamerpom 800 MM B
Henpoxmﬂux kaHanax — 3200 ['kan/roa., TenyioBUX Mepex 3 nmonomypera-
HOBOI i3omauiero — 1000 I'kan/rox,

Ipu nmiATpUMaHHI TEMIEPATypH TEMIOHOCIA y NnojaBajlbHOMY Ter-
JIOMPOBO/I Mepex 3 MHONOJyPeTaHOBOIO 130Ms1i€I0 Y Mexax Bix 95 mo
150 oC, KK/I TeruioBoi izonsuii craHoBUTL 99-97%, To6TO nuTOMI BTpa-
TH TEIUTOTH Yepe3 i30JIsLiI0 MATPUMYIOTbCA Ha piBHI 1-3%, 110 3HaYHO
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fepeBaxka€ HOPMATHBHI TEIUIOBTPATH TEIVIOBUX MEPEXK Y HEMpOXiAHMX
KaHanax 3 MiHepaJbHOBATHOIO TEMIOI30NALIEIO.

3. ErcriutyaTrauis tensioBux Mepex. JlOCBiJ excruiyaTauil TErjoBUX
Mepex Ge3kaHalbHOrO NPOKJIAAAHHS 3 MIHOMOJIYPETaHOBOO 130JIALIEIO
y KpaiHax 3axiZHoi €Bponu CBiI4UTh, 1O TEPMiH iX Oe3aBapiiiHoi ekcn-
Jlyatauil CTAHOBUTH Y cepelHboMy 30 pOKiB, a y JeAKHX BUMajkax i ne-
PEBHILLYE 1[CH TEPMIH. ‘

ITuToMi piuHi BUTPATH HA eKCrNyaTaliio 1 KM TEMJIOBHMX MEpPEX Adia-
meTpom 100 MM B HEMpOXIAHUX KaHajlax CKIaJaloTh Yy CEPEAHbOMY
0,5 Thc. rpH., a 1 kM Oe3kaHaJIbHUX TEMJIOBHUX MepexX 3 MIHOMoniypera-
HOBOIO i30ns0i€0 0,2 THC. TPH., TENIOBUX Mepex aiamerpom 800 MM Bija-
noBigHo 4 THC. TpH. i 0,9 THC. TpH.

4. IMoroynuit pemouT TenaoBHX Mepex. ITUTOMI piuHi BUTpaTH Ha
MOTOYHHNIT PEMOHT | KM TeroBux Mepex aiamerpom 100 MM B Henpoxia-
HUX KaHaJlax CKJIajaloTs y cepefiiboMy 120 THC. rpH., a 6e3KaHaNbHUX 3
MHOMOMIYPETAHOBOIO i30JsLic0 80 THC. TPH., TETUIOBMX MEpEK TlaMeT-
poum 800 mm BianorigHo 520 Tuc. rpH. i 180 THc. rpH.

SIK 1 KOXHe HOBe BEJMKOMAcCIITabHe TeXHIYHE PilleHHs 3da3HauyeHa
TEXHOJIOTis Mac i CBOT MEBHI MIHYCH.

VY uiiomy BoHa OiTbII CKJIaHa Y MOPIBHAHHI 3 TPAAULIIHHOIO | MOTpe-
Oye 3HAYHO TOYHILIOTO JOTPHMAaHH] BUMOr 0araThbOX CTaHIApPTIB, fKi
PeriaMeHTyIOTh MPOEKTYBAHHS, BUTOTOBJIEHHS €IEMEHTIB i OYIIBHULTBO
mepex. CrcreMa OnepaTMBHOTO AMCTAHLIHHOTO KOHTPONIO 3a CTAHOM
1307141{i Mepex 11oTpedye BUCOKOKBai(iKOBaHOTO OOCIyroByBaHHS, pe-
MOHT i30JIILi1 Mepex 3HAuHO CKJIA[HIMK y MOPIBHSHHI 3 KaHAJLHOIO,
BAPTICTb MEPEX 3 MOJIyPETAHOBOIO 130JIALIIEI0 LIE JOCHUTb BUCOKA.

3azHaueHi HeAOoMKH MOXKYTb OyTH B 3HAYHIl MIpi YCYHYTI LIISXOM
BITPOBA/UKEHHS HAYKOBMX PO3pOoOOK Ta AOCBIAYy BUIOTOBIIEHHS i OyIiB-
HULITBA TETJIOBHX MEPEX 3 NMOJ1YPeTaHOBOIO 130JISILIIEK0 B YMOBaX YKpaiHH.

IloHenaBHa Ha PUHKY TEMIOBOI eHepril YKpaiHH nonepeaHbo i30-
NbOBaHi TpyOH OyNIM MpejcTaBlEHi TUIBKU NATCbKUMH, TMONbCbKMMH Ta
HiMellbKUMH BUpOOHHUKaMH [2]. 3a ocTaHHI POKHM KHIBCbKE MiANPHEMCTBO
BAT “3aBoa caHTexHiYHHUX 3arOTOBOK’ OCBOIJIO BUIYCK L€l MPOAYKLIT 3
MeTol0 3abe3MeuuTH BHYTPILHIH PUHOK YKpaiHU 1 NOMUT B HIUMX
KpaiHax.

Ha nanmit yac y Kuesi nposejienuii 06’eM podIT 3 3aMiHn (izuuHo
3HOLUIEHUX TPYOONPOBOIB TETUIOBUX MEPEX HA MOMEPENHbO 130J1bOBaAHI
ckjagae O6ubiie 100 kM y 1BOTpyOHOMY OOUYMCIEHHI. AKTUBHO BIIPO-
BAJUKYIOTh ronepeaHbo 130iboBaHl Tpyon AK “Kuismicbk6yn”, AEK
“KuiBenepro”, “BinnnugrennokoMmyHenepro”, “Kam’sueup-ITominbek-
TeriokomyHenepro™, “TlontaBeHepro™.
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3Baxalyu Ha BMCOKY AKICTb MPOAYKUIl 1 BIAMOBIAHICTH €BpOMNeii-
CLKMM CTaHAApTaM TMONepeaHbO 1301b0BaHl TPYOH BITUM3HAHOTO BUPOD-
HMUTBA MTOCTaBJIAIOTLCH Takox B Pociio, binopyce, [Tonsury, ®@paHuito,
JurBy Ta Bosrapiro.

Ane HAa CbOTOJHI CTaH CIpaB 3 BUPOOHHULTBOM YKpPaiHCBKOI momne-
peaHbOI30JIb0BaHOT TPYOH Janeko He onTuMicTrunuii. [osoBHa npobie-
Ma — peajii3allil BATOTOBIIEHOI MPOAyKUii. Pi3ko MiABMILMIMCE L{IHM Ha
meTaneBi Tpybu. SAxkwmo y 2001 poui ToHHa Tpy® KowTyBana 550 rpH.,
CbOI'OJIHI BOHA cArac 3a 4 THc. rpuBeHb. [Tonopoxkyand Takox HadTo-
NPOAYKTH, SKI BAKOPUCTOBYIOTbCS [UIi BUT'OTOBJIEHHS CK/aJ0OBUX 130J14-
uii Tpy6. 3a3HadeHe Aa€ MOXIIMBICTb BUTOTOBJIATH NMONEPEAHbOI30JIbO-
BaHi TPyOH 3 MiHIMAJIbHOIO peHTa0eNBHICTIO, KA 30BCIM HEIOCTATHS IS
MiABUILEHHS ePeKTHBHOCTI BUPOOHHUTBA HA 6a3i HOBOI TEXHIKM | TEXHO-
Jiorii.

[ToaansuwoMy HapoOUyBaHHIO BUPOOHMUTBA YKPATHCBKHX MoNepes-
HbO i30JbOBAHUX TPYO KOHYE MOTPiOHA AepKaBHA NiATPUMKA.
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YK 556.0726.532.546+72 I'. M. KoHoHeHKo, xaHo. mexH. Hayk
KuiBcbkHid HALLIOHAJILHUI YHIBEPCHUTET
OyaiBHMUTBA | apXiTEKTYpH

A0CMAXKEHHS rNAPOAUHAMIYHUX | TENJIOBUX NPOLECIB
NPU ULTPALLII BOAU B TPILLUHI MNAPOPO3PUBY

Bigomo, 110 B 3B’3KY HHU3bKOIO TEIJIONPOBIJHICTIO ITUOUHHUX Tip-
CLKHUX TOPiJ A1 3abecriedeHHs] BUCOKOI IHTEHCHBHOCTI 06yBaHHA Ten-
JIOBOT €Heprii 3 JOMOMOTOI0 MiA3EMHHX LIMPKYISAUIHHHX CHCTEM MpOTH-
roM JIOBroro nepiony HeoOXiaHo, 106 cucTeMa TPILUKMH He TUTBKH Majia
NpPOMYCKHY 3AaTHICTb, AOCTATHIO UIsl BEJIMKOI BUTPATH BOAH, aje it 0xo-
MJIIOBAjIa JOCHTb BEJIMKY OONacTb MAacUBY ISl KOHBEKTUHOIO TEMI000-
MiHY M TOPOZIaMH 1 TEUIE0 BOAH.

OaHUM 3 MOXIHMBHX CITOCOOIB CTBOPEHHS KaHaiB 3 HU3LKMM OITO-
POM PYXY BO/IH i BEJTMKOIO IUIOLLEI MOBEPXHI TEIIOOOMIHY € rigpasiiy-
HUI PO3PUB MACUBY, AKILO BPaxyBaTH HOro ITOPIBHIHO HU3bKY BApTiCTh,
HEe3HAYHHH BIUIMB HA HABKOJIMILHE CEPEAOBMilE TA JOOPE OCBOEHY TeX-
HoJoTiI0 BripoBamxeHHs. Halibiibiu CnpusSTIMBUM THIIOM reoTepMidHOl
CHCTEMH B LIbOMY BUNAAKY € OAMHUYHA BEPTHKAIbHO OPIEHTOBAHA TLIO-
cka TpilHa NpUOIIM3HO Kpyriiol popMmu, sika 6 3abe3neyyBana CTiHKMi

PYX TEIUI0HOCIA.
g /f

Hexaii y cTBopeHiii TakuM criocoboM uup- A
KyJsLifiHid cucTeMi BiIOyBaeTbest PiibTpauis ¢
BOAM AN BigOopy Tenna ripcbkux nopig. 3a- (

{
{
t

v

JISATaHHSA TPILMHU BBAXAETHCA HACTINbKH TJIM-
6oxuM, IO YMOBM Ha [EHHIH TNOBEpXHi He
BIUIMBAIOTh HA TEIJIOTIAPOAUHAMIYHI TMpoLe-
cH, 1o nporixaxoTb B Hiii. MosxnBa 3MiHa 35-
SIHHA Tpuum-m b, YTBOPEHHs HOBHX TPIlMH B \
npouecn excnnyaTauu CHCTEMH Ta BTPATH Tell- /
JIOHOCIS yepe3 CTiHKH TPILIMHU B OTOYYIOUMH |/
ripcbKuii Macus He BpaxoByloThcs. KpiM Toro,

¢dinbTpalis BOAM B TPiLIMHI BiANIOBi1a€ 3aKOHY Puc. 1
Hapci, npuyomy xoediuieHT GpinbTpauii Ay BU3HAYaeTbCA 32 GOPMYIIO0
b F
LT

ne I” —rycruna TpiumH.
Marematnune GopMyJIIOBaHHS 3aaa4i Mac BUA (pHc. 1):

9. 5.135
5-1350 65
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Temmneparypa BOAM B eKcIUlyaTalliiiHiil cBepU1OBUHI

e=§j%ffﬁﬂ*

4 BPAXOBYIOUH 3HAYEHHsi CKANAPHOro K06yTKy ¥ :7i’, TeMmepaTypy
BOJM HA BUXOAI 13 CUCTEMH MOXHA OOUYUCIIUTH 32 GOPMYIIO0

n
r * * “
6, === ("x CosQ+ vy sm(p)ep(r(,,(p)d(p, (x=r.cosq;y=r.sin@)
TR
* 21tbv‘ ) * znbv}.
ae /i’ —OpT 30BHIlUHBOT HOPMaJ /10 KOHTYpa €KCIlyaTalliiHOi cBepi-
JIOBHHM; V —BEKTOP LUBUAKOCTI BOOAM  V =V,i+Vv ji R-BigcTaHb MIX

KOHTYPOM HAarHiTaHHA 1 KOHTYPOM pPO3BaHTaKyBaHHs (BIACTaHb MIXK
pi3HOIMEeHHUMH cBEPUIOBUHAMK); P,T —BIANOBIAHO THCK | TemilepaTypa
BOJIHM B TPILLHUHI.

[MocTasnena 3ajaya BiANOBIAA€ BUNAAKY, KOJIH BOJA BXOAUTDH Y BEp-
TUKIBHY TUIOCKY TPIUMHY B JesKii ikcoBaHil Touli (koHTYp “R”) i
PYXQ€ETHCS B HiH 32 PAXyHOK BUMYLIEHOI | IPHPOAHOT KOHBEKILIT, @ BHXO-
AWTH i3 TPILLMHK B iHLWiH Touli (koHTyp “p”). Tenno nocrynae 10 Temn-
JIOHOCIS 33 PaxyHOK KOHAYKLUil Bif rapsqyoro Macusy 3 oboX CTopiH
TPILMHH.
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Jns gocnimkeHHs rmporepmonuudwmmx npouecm TPILMHH 1 110~
poaax po3pobiieHo zmosumpﬂy pl3HH'LCBy MOJC/Ib i IPOBEACHO UHCeNb-
HUI eKCrepyuMeHT JUls TAKol LMPKYASUIHOT CUCTeMM: pajaiyc TPillMHU
500 m, moyaTkoBa Temnepatypa Boau Ty = 50 °C, cepeaHs TeMIepaTypa
rpadiTHoro macusy 250 °C, 3Ha4yeHHs reotepmiuHoro rpajiedTa 0,05 °C,
PO3KpHUTTA TPIlMHU b =1 MM. TennoeMHiCTh BOJIM NpuiiManacs MocTii-
HOIO, a Ti TycTHHA P, i KOoe(iUieHT AMHAMIYHOI B'I3KOCTI |, BH3HAYa-
JIUCh 3a TakKUMU GopMyJIamMu:

p, =1320—0.9874/1,05-10° + (8T —28)  (xe/a®),

1776 - (187 +32)
M, = ;
26,5187 +32)

(cil3).

Ilpu uboMy obnacte GinbTpailii NOKPUBAETLCH MPAMOKYTHOO Pi3-
HHLIEBOIO CITKCIO, Ka B 00JIacTi KOHTYPIB HarHITaHHs Ta PO3BAHTaXYy-
BaHHS CTHUKYETbCS 3 OCECHMETPHYHOIO CITKOMO, L0 BiMOBIJA€ peanbHIi
Teuil TenoHocisA Noban3y cBepAnoBHH. OCKUIbKM KOeiLiEHTH, L0 BXO-
JIATh B PIBHAHHSA MOJENI, 3alIeXaTh Bijl TEMIEPATYPH, TO AJS PO3B’SA3aH-
HS OJIep’KAHOTO HENiHIHHOrO PI3HULIEBOTO PIBHAHHA OPraHi3yeThCs iTe-
pauiiinnit npouec. Ha koxHii iTepaulii, KpiM pi3HHLIEBOI'0 aHaJora 3a-
Jlayi TiAPOJNHAMIKK, PO3B’A3YEThCA TAKOX PIi3HHMLIEBA 3a[la4a KOHBEK-
THUBHOTO TennooOMiHy B obnacti ¢inbTpaunii i KOHAYKUii B MAaCHUBI NOpi.
IToyaTtkoBi 3HayeHHs Ty, p, i |, , HEOOXiAHI A5 opraHizanii itepauiii,

GepyThes 3 MONEPEAHBLOI0 YacOBOIO LIApYy.

IIpy upoMy pIBHAHHSA IiAPOAMHAMIKH NPEACTABASCTHCA K PIBHAHHS
HecTalioHapHOT Auy3ii WAsSXOM BBeAeHHS AeSKOro (GikTHBHOIO Yacy, a
PIBHSIHHSA KOHBEKLII B KOXHIH 3 o6nacTeil po3B’a3yeTbCd METOAOM MOi-
Ny Ha (i3MyHi IpoLecu.

“CkJ1e10BaHHsA” OCECUMETPHUYHOI | MPAMOKYTHOI CITOK 3AiACHIOETb-
Cfl 3aCTOCYBAHHSAM IHTEPMOJIALLII.

ITonepeaHi pe3yabTaTH YUCENbHOTO EKCIIEPHMEHTY MpeCTaBlIeH] Ha
PHC. 2 y BUIJISZIi MUTTEBUX JHiHIH Tedil JUIS PI3HUX MOMEHTIB uacy 1 yucen
I'pacrodga.

o
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Puc. 2. MuTTeBi ninii Teuil 1urg pisHWX 1epioais i pisHUX
3HayeHHAX yucna ['pacroda:
| - ninii Teyii; 2 — 30BHilHS MEKd TPILUMHH
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1. Kononenxo I. M. KomMOuHHpOBaHHbIE MOJENIM TEIJIO- U Maconepe-
HOCA: MPUHLMIIBI TOCTPOEHHS, CTPYKTYpPaA, AITOPUTMbI 1 METOAbI UX peaJiu-
sauuu. ~ K., 1985. - 64 c. (HAH Ykpaiuu. [H-T MaTemaTnku; 85-95).

2. Kononenxo I’ M., Bosniok JI. @. TIpubanxkeHHble METO/bI UCCIIEAO-
BaHUA TEMJO- U MACCOMEpPEHOca B cHCTeMax M3BiledeHud Teruia 3emun. — K.,
Haykosa aymka, 1975. - 139 c.



YK 556.0726.532.546+72 I'. M. KOHOHEHKO, KaHO. MeXH. HayK
KHIBCbKHH HaLliOHANIbHUH YHIBEPCUTET
OyxiBHUUTBA i apXiTEeKTypH

METOAU OLIHKW 3HAYEHb KOE®ILWIEHTIB
MDK®PA30OBOIro TEMNJIOOBMIHY | MACOOBMIHY

HecrauioHaphuii TeruioMacooOMiH npH ¢inbTpauii Boau B TPillH-
HYBAaTO-MOPUCTOMY CEPEAOBHILI CYTTEBO BIAPI3HAETLCA BiA TEMJIOMAco-
O0OMiIHY B NMPUPOJAHMX MOPHCTMX fulacTax. Tomy MPHUNYLIEHHS MPO OA-
HOPIHICTb CEepeoBHILA B MAPO-AHHAMIYHOMY i TEPMIYHOMY CEHCI MOXe
OyTH HEBUMIPABAAHMM NPH JOCTIUKEHHI LMX MPOLECIB B NacTax, KOJH
oKkpeMmi Kvcku (6510KkK) nopia B 30HI GinbTpailii MOXYTb AOCATATH 3HAY-
HUX PO3MipiB. B uboMy BUNaAKy Tpeba BpaxoByBaTH BIUIMB CKIHYEHHOC-
Ti LIBMAKOCTI TEMIOOOMiHY (MAacooOMiHy) MiX OKpeMUMU OIOKAMH i BO-
JIO10 HA TEerUIOoBi i FiAPOAMHAMIUHI MO, 1O NOB’SI3aHO 3 HEOOXIAHICTIO
PO3IISAY TaKi MIIACTH, K GIKOMIIOHEHTHY CHCTeMY ‘‘cKesleT-Boaa’”.

BpaxoByrouw, 1o BipoTiHi AaHi MPo KOH(Irypauito CMCTeM TPiLLMH
B [1/1aCTi BiAACYTHI, 6a)KaHO HECTALIOHAPHUH TENIOTiAPOAMHAMIYHHMIA pe-
MM B TaKWX IUIaCTaX BMBYATH ULIJIIXOM TOMOTEHi3illii reTeporeHHol
cucremu [I,2], ToGTO BBeEHHSM OCepeHEHUX XapaKTEPHUCTHK Cepesio-
BHILA 1 PyXy, MPHYOMY OCepelHEHHS Mae€ 3JiicCHIOBaTHCh Mo 06’emax
OiNbUIMX MOPIBHAHO 3 PO3MipaMH OKPEMUX BJIOKIB.

Bpascaiouu, 1o oOMiH PIAMHOI0 MIX YaCTHHAMM KOXXHOTO KOMITO-
HEHTA BIANOBifae 3akoHy Jlapci, TEMIO MOUIMPIOETLCS 33 3aKOHOM
Mdyp’e, a B piiUHI, KPIM TOrO, LI¢ i KOHBEKLIEIO, Ta MPUMYCKAIOYH, 1110
KiJIBKICTb PiMHU ¢, | TEIUIAa g MPH TErIoMacooOMiHi MiXK YacTHHKa-
MM IBOX KOMITIOHEHTIB ycepeAnHi 00’eMy V € DOJAaTHOIO MOHOTOHHOIO
dyHKuielo pisHuUl cepeiHix Temnepartyp a3 T, -7, (npu T, 2T)) i
ThckiB P, — B (npu A 2 F), MOXHa BBaXaTH, U0

ar =l -T,), ¢p=(%-R), (1)
Je o i o — BUANOBLAHO Koe(illieHT Mbk(dazoBoro Ternnoobminy i Maco-
0OMiHY; 1HAcKCH “17 1 27 BIIHOCATH BIAMOBIAHY BeJUUUHY A0 piakoi i
TBepaol ¢a3s.
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OueBuaHo, WO npu (opMyIioOBaHHI MaTeMaTH4HOI MOCTAHOBKU
TEpMOTriAPOANHAMIYHOT 3aadi HeobXitHa OLliHKA 3HaYelb KoedilieHTiB
oaio.

Posrnsnemo aoBinbHUA 00’eM V TpiliMHyBaTOro mnnacra, ckjage-
HOro 3 OsokiB craHpapTHOi QopmH (MIMTH, UWIHAPH, KyJi),
eKBiRaJeHTHUH niamerp akux 2R i 06’em (1—n)V i 8ki 3HAXOHATHCA B
TENOBiM PIBHOBA3i 3 PIIMHOI, WO 3aMOBHIOE TpituHu o6’eMoM nV
(n—nopwucricte). [IpunycTuMo, 10 B MOYATKOBUH MOMEHT DPillMHA OXO-
JIOIPKYEThCs 3 nocTiiiHoto weuakicio b (K/c), Tobro Temneparypa Boax
¢ niHiiHoo ¢yHkuieo yacy Tg(t)=T, —-br. (T, ~noyarkoBa TeMIepa-
Typa mjacta). Bpaxaioud, o TemooOMiH MiX noBepxHero OJOKiB i
piauHOIO BiAnosigae 3akoHy HbloToHa, MatemMaTHyHa MOJENb NpoOLECY

Maec BUA:
oT 1 0 oT
3 =a2r—r$(rr—ar) npu 0<r<R;
T(r,O):To; a_Té(__QZ.tlz(); a[(To—bt)—T(R,t)]= BTT(R’Z)’
r r

Je napamerp ¢popmu Tina ['= 0, 1, 2 — BianosiaHo g GJIOKIB y BUIIISAM
TUIMT, LWTHAPIB 1 KYJTh.
P0o3B’A30K Wi€l 3a1a4i MOXHA 3aMUCATH TaK [3]:

OgZ)) = Fo- A-(Bi)+ iB,, /2 exp(—uﬁFo),
n=l
N _1+(r+3)/Bi B er s TTl) -
ne Ar(Bi)=-———"—; Pd=——; O0(Fo)=—""—"*%; Fo=—;
r( l) (I"+])(I"+3) a(TB—T;)) ( ) Tb 4] 3
T 1 . OR
T(t)z;(i[;rdV; a =k, copy; L =-7T2_.

BTpaty Tenna 6iokamMu Ha HarpiBaHHS BOAM 3HalAEMO 3 BUpa3y

Q=cp,(-n)VIT()-T,]
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OckKinbKH
T, -T4() .
0

10 T(t)=T,-T,(- Pd Fo) a6o Tyz(Fo)=T,Pd Fo i

T(Fo)-T, = TOPd[Fo -~ A, (Bi)+ S B, I expl- pﬁFo)].

n=l

0, = I-Pd Fo,

nHTOMa BTpaTa TerJia Ha Har})iBaHHﬂ BOJH CKlaae
q= ‘;Q =cpll-n)V j [Fo Ar(Bi)+Y. B, /2 exp(- uiFO)] =
{ n=1

_l=nray '1'2)”2 Topl[l—EB exp(—uﬁFO)]- 8

n=l
3 npyroro 6oky, BBOAAYM KOe(ILiEHT Mix(a3oBOro TerniooOMiHy,
L€ TerJIo NPeCTaBUMO TaK:

g =0V [T (1)-Ty(1)]= aV’I‘OPd[ Ar(Bi)- iB,, /2 exp(— uf,Fo)]. (3)
n=l

IlpupiBHiotoun Bupasu (2) i (3), OAEPKMMO CNiBBIAHOUIEHHS

R I—ZB exp( u,,Fo)

( n) A (Bl zB" /Ll,, exp( ]J."FO)

n=l1

akenpu Fo>Fo, i Bi=apR/A,>>1 (0 —KoediuieHT Tennosigiaui

k =

Bi/l NOBepXHi 610KiB piauni) npuiiMe npoctuii Bursa [4, 5]

k" —lBl—(FH)(I“H) 4

2

. o 5 .
ne Bi, = —o6’emHe yuciao bio.

2

Omxe, g GOKIB Y BUIAAAl CTAHZAPTHUX TiJI NPU KBasicTauioHap-
HOMY PeXHMI (MOYHHAIOYH 3 NEBHOIo 3HaueHHs yHcna Fo = Fo,) napa-
Merp k' mpuiiMae s NIMT, LWTIHAPIB i KyJib BiANOBIAHO 3HAYEHHS 3, 8
i 15. B npaui |6] noseseHo, uio ueil MOKa3HUK [UIA TJIMT HE MOXKeE OyTH
MCHUIMM 3HAYCHHA ﬂz /4.
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JLnsi IPOrHO3y AMHAMIKH 3HaueHb K HA OCUTb JOBIOMY MPOMIKKY
Yacy pO3I/SAHEMO /BI MareMaTHyHi MOJEJNI, B OZIHIH 3 SKMX BUKOPHCTO-
BYE€TbCS JiHIHHUEA 3aK0H MiK(azoBoro TernnoobMiHy, a B Apyrii posris-
JA€TbCA HECTALIOHAPHUI KOHBEKTUBHHI TeruonepeHoc rpu dinbTpauii
BOAM NPH eKkcruryatauil [BOX PI3HO-IMEHHHX CBEpAJIOBMH B YHCTO
TPILIMHYBATOMY IIACTi, SIKMH CKJIAAA€ThC 3 MaTpPUlli HENpOHUKHUX
610KiB cTaHIapTHOT HQOPMH.

Tpu nixiliHoMy Mixda3zoBoMy TeruiooOMiHI npu O = const i ABO-
BUMIDHOMY PyCi PIIHHHM 3a7aua Ui NOLUYKY cepeaHix Temnepatyp a3
Ma€ BUIJISA

oT, -
C,p,na—t' = a(Tz =T )—Clp,vgradT ,
o7,
CP; (l = ")“é’—z = 'a(Tz — ),

T, T,
! f=0 0

s =T, T, =T,

1€ ,— KOHTYp HATHITAHHS, V=V, i +V, j.
Skuto BifoMa rigpoauHamika Tteuii (none mBuaxkocTted QuUIBTpaUIl
BOJIM, TEOMETPHYHO a60 aHAITMYHO 3aAaHi JiHil Teuii), To

0, =exp(-&— 1), (2 §1)+ 0,,

8, = exp(—é)}exp(— T )10(2 Et )d‘t* "
0

.ot ot o . Z s
ae 2;=————; g = ; T= —-nt ), = dz .
o S e etk =

Zy 2

C = f(x,y)-piBusnus ninii Teuii, vy =| vy 2y ]/f'l C.% |- wBua-

KiCTb B3/10BX JIiHIT Teywil; /18 NIOCKOT Tedil 3 MOCTIHHOK WBHAKICTIO vy

. ” W oo T 2 r,?}
[UId MJIOCKOpajianbHol Tedil ¢ =——"<; Is TpyOku

vy ’ Q/(n:m)’

. «_V . . . .
Teyil { =—-. Tyr x— BicTaHb MK KOHTYPOM HarHiTaHHs | pO3paxyH-

44

*x X—X
= H
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KOBOIO Toqxoro; F— pO3paxyHkoBui paaiyc;  —BUTpaTa Ha KOHTYpI
HarHiTaHus; @, ,V; —BiANoBiAHO BUTPaTa TPYOKH Teyii 1 pO3paxyHKOBHH

il 06°eM; m — NOTYXHICTh IJIAcTa.
Ilpy HecTauioOHapHOMY KOHBEKTUBHOMY TEIUIONEPEHOCI B YHMCTO
TPILUHYBATOMY MJIACTI PO3IJISIHEMO TaKy 3a1a4y:

oT 7x d( poT )

Py — Ey r8~{2 32——) npu 0<z<R;
oT - I'+i)l-n)oT

qp,niz—c,p,vgradT—-?L2 g%? pu z=R,
T =Tg; T =To; L4 =0,

£]f7z=R t=0 aZ Z=0

pe T=T, npu z=R 1 T=T, npu 0<z<R.
BBiBun 3minni & = z(l—n) i1 =—}-2——(t—nl'), s 6e3-

1
lleZ PR
po3mipHoi Temniepatypy Bojau npu I' = 0 oaepxumo Bupas

9, =—+ [exp( E"EA )sin .

_ shz—sinz B= shz +sinz

ae : '
chz+cosz chz+cosz

3HailloBIIM 3HAYEHHS CEpeHbOl TeMmrepaTypH 6.10kiB 0, i
d0
—%|_ _, 3a dopmyiomw
a7 =1

20,
o = Biy _ J7 [z =1
l-n 9| "92

MOXHa 3HalTH 3HAaYeHHs KoediuieHTa MiX(a3oBOro TernnoobMiny O

Ha puc. | npuBeneHa aMHamika cepefHbOro 3HaYeHHs MapaMerpa k B
30Hi 3MIHHHMX TeMIIEPATYpP B 3aJIeKHOCTI Bijl 3MiHHOI &, .
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S \

10 L A —— 1 1 e Y E - |

0 2 4 6 8 €,

Puc. 1. Xapakrep 3minu kZ- =(Bi, /1 —n)C B 3QJIEKHOCTI Bij napamerpa &

HaBegneni pesynbTaTd cBiluaTh Npo Te, 1O CEPeAHE 3HAYEHHS Ma-
paMerpa k i3 36ibUICHHAM 3MIHHOI €, acCUMNTOTHUYHO MPSAMYE IO M0-
CTIHHOT BEMMUYUHY, AKa Ans OJIOKIB-IUIMT JOPiBHIOE TpbOM. Inbuii go-
CITI/DKEHHS 110KA3YIOTh, WO MPHU 3HAYeHHAX §, =1 npunyueHHs npo Ji-
HifiHICTb MDK(Da30BOTO TenyioodMiHy (1) MOKHA BBaXATH CrpaBeTH-
BUM.

IMinkpecnuMo, WO Ui PO3TAAHYTHX BUILLE ABOX MAaTEMATHYHUX MO-
Jesiell KOHBEKTHBHOT'O TErJIONEPEHOCY MpH ABOBUMIPHIi ¢inbTpauii Bo-
Jd BUKOHYIOTBCS TaKi CMiBBIAHOLLEHHS
T & &  aR? i

T - & ~ Fo kz(l—n)—

Otxe, 3 BMCOKOIO HalifiHICTIO MOXHa CTBEPIKYBATH, LIO [PH
KBa3ICTALlIOHAPHOMY TEPMOTIAPOAUHAMIYHOMY pEeXKHMi KoedilieHTH
MDK(Da30BOTO TEMIOOOMIHY O 1 MAacOOOMIHY (f MOXHA OOUMCAHOBATH

3a popmyIioio (4), B akiih 06’cMHe TeruioBe yucio bio Tpeba npuiiMaru
2 2
. _OR . . . Oo4R :
3a ¢opmyuiolo Biy, = W a rijposuHamiute — Bi, =——— (ky, k2 - Bia-

2 2
MNOBIZHO KOC(illiEHTH TEIIONPOBIAHOCTI 1 QiNbTpauii 610KiB).
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VK 536.24.621.1 M. B. CrenanoB, karno. mexi. HUYK, OOYeHm
C. B. Pyasb, mazicmp

KuiBcbknit HalioHaJIbHUHA yHIBEpCUTET

OynmiBHMITBA i apXiTEKTypH

TERJOOBMIH B 3ITHYTOMY NMONIETUJIEHOBOMY KAHAJI
HEKPYrnoro nonePE4HOro nNerPerPI3y

Kagenpolo tennorasonocrayanus i BeHtunsuii KHYBA po3po6-
AeHni 1 gocmigkeHuid [1] monieTUNEHOBHHM TEMIOOOMIHHMK s
HarpiBaHHs BoJy abo nosiTps. TennooOMiHHHK siBNige co0O00 nakeT
OKPEMMX CEeKLii, BUTOTOBJIEHHX 3 JIMCTIB MOJIIETUIEHOBOI ILTIBKH, [O-
napHo 3’€AHaHUX MO MepuMeTpy TepMiuHUM BOM. KoxHa cekuid
Ma€ FOPU3OHTANIbHI KaHAJIM AJA PyXy BoAH. B yMoBax ekcriepuMeHTy
PYX NOBITPSA MiXK NapajeIbHUMH CEKLIAMH CllocTepiraBcs TypOyneHT-
HMIi, a pyX BOJIM B KaHallax — 1aMiHapHHH. Pe3ynbTaTH eKCriepuMeHTy
JATH MOXUIMBICTb OJlepKaTH (GOPMYIIH JUIS PO3paxyHKy koedilieHTis
TErUIoBiAAavl Ta Tennonepeaadi.

MeToa npubIH3HOrO PO3paxyHKy TenjaoBiaaayi B ymoBax TypOy-
JIEHTHOTO PyXy PiAMHU 0a3yeTbCsd Ha TiAPOAMHAMIuHIA aHaJoril Ten-
1006MiHy, TO6TO Ha ifei €HOCTI MPOLECIB MEPEHOCY KiILKOCTI pPyXy
Ta TerIoTH. B aificHocTi npu O6yab-sKiil cTyneHi TypOyjJeHTHOCTI no-
TOKY, K 110Ka3aHO B [2], B TOHKOMY NMpPHUCTIHHOMY npoiuapky 36epi-
TalOThCA NPU3HAKHU YUCTO JIAMIHAPHOTO PYXY, a UWIBUAKICTb JTOPIBHIOE
HYJIO Jimiue Oe3nocepeHbO Ha CTiHI. AHANOTIYHO B’I3KOMY Mpo-
WapKy B NPHUCTIHHINA 30HI BH/UIAETHCA | TEMUIOBHMI NPOLIAPOK, B Me-
Kax SKOTO [epeBa)a€ MOJICKYJNSpH4 TeruonpoBiaHicts. Ilpuyomy
TOBUIMHA B S3KOTO IpOWAPKY O HE NOPIBHIOE TOBIIWHI TEMJIOBOro
npouapky A. Astopu [3] nokasanu, mo 8/A~Pr'?. Bpaxosyioun mo-
JieJib aHAJIOTIl NepPeHoCy TeNMIOTH | MACH, WIJIbHICTh TEJIOBOLO NMOTO-
Ky Ha IIOBEPXHI TenjaooOMiHY MOXHA BHMPa3HTH 4Yepe3 Telio-
NPOBIAHICTb B’A3KOr'0 NMPOLIAPKY Ta YMOBH TYPOYJICHTHOI'O NMEpeHocy
Ha rpaHMli UbOTO NPOLIAPKY

A
q:Z(tc—tA)’ (N
q:trm, (2)
(D—(l)p

Jie Tc — IOTHYHA HAMNPYTa H4 TPAHHUUI CTIHKH.
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CninpHe po3p’s3yBaHHsa piBHaAHb (1) Ta (2) BUKIIOYAE HEBIAOMY
TeMnepaTypy Ha IpaHHLi TEIJIOBOrO NMPOUApPKY /s i Aa€ CMiBBiAHO-
[eHHS MK TelUIOBi[1ayelo Ta TiAPOAWHAMIYHMMH XapaKTepPUCTHKa-
MM IOTOKY [2]

N RePr 3)

8 l+12\/§(Pr%—-l)

ne & — KkoedilieHT rigpaBliyHOro ONopy.
AsTopn [3] omepxkanu Taky X MareMaTHYHY ¢oOpMysy aHajlorii
iIepeHOCY TEMJIOTH T KIJIKOCTI PYXY, BUKOPHCTOBYIOUH YHCiIo CTEHTO-

Nu o .. .
pa St= e Pr =5——03 , AKy 3a pe3yibTaTaMu JOCIIAIB 3 MOBITPAM, BO-
"
P

A0  Ta Tpaﬂcq)OpMaTOledM MAacCJIOM BOHH TIPpEACTABUJIM TaKHM

BHPA30M
¢ //
St = 2 (4)

093 +1 2,5J%(Pr2/3— 1)

1€ ¢y — KOCQILEHT TEPTH.

Ilicns y3aranbHeHHs 6araThoX AOCHIHMX JAHWX TETUIOBiAJayi IMpU
pYyci pi3HHUX TEMJIOHOCIIB B Pi3HOrO TUITYy KaHaJlax Ta Micis BBEAEHHS Mo-
npasku (Pr/Pr,, )92 Mixees M. A. [4] onepxaB Bigomy Tenep dopmyiy
JUIst IPAMHUX TIAAKUX TPyO

Nu=0021Re®® Pr®?(Pr/ Pr,,, )" P¢,. 5)

®dopmyna (5) ans nositps (Pr = 0,71) cipowiyeTbes i 32 yMOBH Typ-
OyJIeHTHOT O peXXHUMy pyxy HabyBae BUrIsay:

Nu=0,018Re"®. (©6)

Po3paxyHok TemsioBimaaui B Tpybax HEKPYIJIOrO MONEPEeYHOro
fnepepizy 4acTille BCbOTO 3BOAMTLCS A0 BU3HAYEHHsS o B KpYyILJii TpyOi
JIEAIKOrO  eKBiBaJieHTHOro Jiamerpa d,., 1akWid MeETOH PO3PaxyHKy €
npuban3Huii, ane 3a aaHumu [4] ans ymMoB TYpOYJIEHTHOTO PYXY B Tpy-
6ax TPMKYTHOTO Ta MPSMOKYTHOrO [epepi3y MOXHa 3aCTOCOBYBATH
popmyiy (5).
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CepenHiii koedillieHT TerIoBiAaui B NpAMUX MeTalleBUX Tpybax i
MUIOCKMX KaHanax NpH JIAMIHADHOMY PpyCi BOJM, IO HarpiBaeThCs,
BU3HA4aeTbea 3a GOPMYJIIOI0, 3aNPONOHOBAHOIO aBTOpaMH [4]

0.25

0.4
Nu=14[ ReZ| pross| Pr | ™
! Pr

com

e d— piameTp TpyOu abo wupuHa kaHaiy; / — AoBxUHA TPyOU.
Pr

I,

cm

<10

dopmyna (7) cnpaBemivpa Mpu :li-> 10, Re>10, 0,06<

d ; ; :
Ta ReTPr5 ' >15. Dizuuni BNAacTMBOCTI BUGHPAKOTHCA 3a CEPENHBOIO

TEMIEPATyPOIO BOAM Ta CTIHKH.
ITeryxoB b. C. [5] omepxaB aHanoriyHy 3aneXxHicTh AN BU3HAYEHHS
cepefiHboro koedillieHTa TEMnoBiALa4i B MiAHIA nnockiii abo kpyruiit

Tpy6i
0,33 n
Nu =155 Ped | B |, . ®)
! 1l

ae n = - 0,13 npu HarpiBaHHi Bogy; n = — 0,14 npu 0X0J0KEHHI BOJH.
®opmyna (8) 3acTOCOBYETbCA 3a YMOBH, LIO TEMMEpaTypa CTIHKH
B3JOBXK TpyOH (KaHajy) MiHA€TbCA c1abo abGo 3aluMiIaeThCsl MOCTIHHOLO,

aLL<ops.
Ped

Jlns BusHauyeHHs koedili€eHTa TeNnoBiaAadi B IMOJETHIEHOBOMY
TENAOOOMIHHUKY 3 €MINTUYHHMH KaHaJIaMH B YMOBAaX JIAMiHAPHOT'O PyXy
BO/IU 3aMpONOHOBaHa GopMyJia, 3 KOO CMiBNAJAiOTh NaHi eKCIIepHMEH-
Ty [1]

033 0.25
d ’ Pr
] €. )

Nu=183Re®®| prlexs | | 22
! Pr

o

INonpaska (Pr/Prem)®? B dopmyni (5) Ta B iHMx popMyiax npu
MaJTiX 3Ha4YEeHHX PI3HULI TeMMepaTyp CTiHKHU i Boau At = (I — ) Masio
BiJPI3HAETHCA Biff OAUHMUL. Y KpaneJbHUX PiIMH i3 301MbLICHHAM TeMIIC-
paTypH 3HadeHHs kputepito Pr 3amenmnyerhes. Otxe, 1718 KparleibHHX

pinuH BennuuHa (Pr/Prem) > 1 npu narpiBanti ta (Pr/Prem) < 1 npu oxo-
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JIOJUKEHHI | iH)KeHepHI po3paxyHku koedillieHTa TerIoBigaaul Juis
PiiMH, 110 HArpiBaIOThCA, iIHOAI BUKOHYIOTH 63 BpaxyBaHHS MHOXHHKA
(Pr /Prem)®25, monmyckalouu MpH LIbOMY HEBEIHKY NOXUOKY B CTOPOHY
3MeHLIeHHs KoediuieHTa TerwioBigayi, TOOTO 3 AEAKHUM 3amacom ro-
BEPXHi HarpiBy TEMJI00OMIHHHKA.

Oco6NuUBICTb pyXy PilMHU B 3ITHYTUX TpyOax Mmonsrae B TOMY, LIO
3a JIEAKMX YMOB B MOTOLli BUHMKAIOTh MOBTOPHI KPYroBi Tedii Ta Bil-
LIEHTPOBI CHJIH, MiJl BIUIKBOM SKUX B MOMEPEYHOMY NEPEpPi3i BAHUKAE JIO-
[ATKOBA LUPKYIsAUis, 30inbyoun koedilieHT Temonepenayi. B 3p’q3-
Ky 3 LIUM, AJI PO3paxyHKy TerJIoBiaadi B 3iIrHyTHX Tpybax Heo6XxiqHo B
popMynu, onmepxkaHi Juis NpAMUX TPyO, BBOAMTH AOAATKOBMIT Koedi-
L(IEHT €4, KM BU3HAYAETLCA eKcriepuMeHTanbHO. Tlpu pyci BOJM B 3ir-
HYTIi 'rpy61 KPUTHYHE YHCIiO Peitnonbaca Rer OinbLue, Hix 2300 i 3a-
JeXKUTh Bl paniyca KPHBH3HU R 3irnytoi TpyOH, 30iNbLIYIOYHCH i3
3MEHLUIEHHSAM LbOTO pajiyca. ABTOpM [5, 6] noscHow0Th Lie cTabinisyto-
YHM BIIMBOM BiAICHTPOBHMX CHII.

Ho dopmyn uis po3paxyHKY TenjoBiladi MpH pyci BOAU B 3Miko-
BHKY, 3ITHYTOMY 3 pagiycoM R, aBtopu [3, 4] nponoHyroTh BBOAUTH MO-
NpaBKOBHWH Koe(ilieHT €z, sAKUHA BH3HA4aeTbCcd 3a (HOpMYJIOIO
ggp=1+ 1,771.

R

Hisg BigueHTpoBoro edexkTy Ha IHTEHCHBHICTb TerUIOBIALAYl B
3MIFOBUKY DO3MOBCIOAKYETHCS, K BIIOMO, Ha BCIO JOBXHHY TPyGu.
B MOBOPOTAX Xe BiALCHTPOBA Aisl Mae JIMLle MiCLEBNI XapaKTep, npote
JesKUil 1 BrUIMB 3ajMIIAa€Tbes W Jani, B 3B’3Ky 3 4MM, | B TpAMiii
NngHUE TpyOH 3a MOBOPOTOM TEIUIOBIZAa4a TPOXH Oinblua, HIX nepen
noopoTtom. Po3paxyHox rTemnioBijuiaui B TpyOi, sika Ma€ okpeMi npsami
IUISTHKHM Ta NOBOPOTH, MOXHA BUKOHYBATH 3a GOPMyNaMH I MPAMHUX
TPYO 3 ronpaBKkoBUM KOeiLIEHTOM Eg y, [1]

S di’l\'l{
n =1+3.54 R Noros - (10)

VY nonieTnseHOBOMY Tena000MIHHUKY (PHCYHOK) JOBXHHY TPyGH
l,,, ANl PyXy BOJAW MOXHA BU3HAYNTH K CyMY JIOBKUH MPAMUX XiISHOK
l,, Ta nooporis 1,,,, paxiycom R.

Ly =L+, =(L-2R)n+nR(n—-1)=(L-S)n+05x8 (n-1), (11)
) H ) ]
ne L — nopxuHa Teni1oo0OMiHHMKa; 2R =S = 3 BIICTaHb MIX psina-
n-
MU TPAMHKX Kananis, 7 — pircoTa Ten1000MIHHKUKA;, N — KiZbKICTb PAMIB.
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Toxi MHOXHUK 1,,, MOXHA BU3HAYHTH 32 GOPMYJIOI0

nms—_-iﬂi_= S(r-1) ) (12)
/ 0,64n(L—-S)+S(n-1)
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YK 697.356 M. B. CrenaHoB, KaHO. mexH. HayK, 0oyeHm
B. B. Kosaus, mazicmp

KuiBibKHil HALlIOHAJIbHUIL YHIBEPCHTET

OymiBHULUTBA i apXiTEKTypH

PEKYNEPATUBHI TENJIOOBMIHHUKU 3 NOAIETUNEHOBOIO
TENJONEPEAAIOHYOKO NOBEPXHEIO

TennooOMIHHUKN PEKYIIEPATUBHOIO THITY, B SIKMX TeIUIONepeaarya
CTIHKA4 BUKOHAH4 3 KOPO3IHHOCTIKMUX IOJIMEPHMX MaTepianiB, 3acTOCO-
BYIOTbCA B OCHOBHOMY B CXEMax YTWi3alil TEMJIOTH [OHOBIOBAHUX
(HanpMKIaj, reoTepMaIbHUX BOJ() Ta BTOPUHHUX eHepropecypcis. Oant 3
TaKUX pekyneparopin [1] cTaHOBHTb NAKET PAMOK 3 HATACHYTOIO HA HMX
noJiMepHOIO IUTiBKOWO. B l'ldel Ta HenapHi KaHalli, yTBOPEHI pamKami,
HANpPaBJIACTHCS BIIMIOBI/IHO TNOBITPS, 1110 OXONOUKYETHCA, Ta MIOBITpS, SIKE
HarpiBaeThCA 32 paxXyHOK TeIJIa OXOJIOJLKYBaHOro nositps. KoxHa pamka
Mae XKOPCTKi crpmcHi SIKi 3MEHLIYIOTh NPOTHH TULIBKY, 1110 BUHHKAE Yepe3
PI3HULIO THCKIB TEIUIOHOCIIB Ta Typ6ym3yro1h TMOTOKH, IHTEHCH(IKYIOUH
TErUIOO0OMIH. Pekyneparopu Takoi Mojeni MOXyTh OyTM BUKOPHCTaHI
TiJIbKU SIK TIOBITPAHO-NOBITPSIHI TEMJIOOOMIHHUKH.

Kageaporo teniorazonocrauanss i Bentunsuii KHYBA pospo6ie-
HO KiJIbKa KOHCTPYKLiH OnaioBaJIbHUX MPUIAJAIB 3 MOJIIMEPHOI IIIBKH,
CKJIa/ICHOI BABOC Ta 3’€IHAHOI 10 MepUMeTPy TepMiuHUM abo MexaHiy-
HuM 1BOM [2]. B cepenHiii yacTuHi Takoro pajiatTopa BUKOHAHi 3Miiio-
BMKOBI KaHajM JUIs pyXxy Boau. Ha OCHOBI eKCMepHMMEHTaNnbHUX JaHUX
oJiep)kaHi po3paxyHKoBi GOpMynH Ui BU3HaYeHHs KoedillieHTa Tenso-
nepeaaqi Jocnian, npoBeaeHi B 1abOpaTOpHUX Ta pealbHUX YMOBAX,
MiATBEPNIIH pOGO’I‘OBﬂa‘I‘HICTb TAKHX TEMIOOOMIHHUKIB, ane i nokasanu
HHU3bKY MILIHICTb i1 LIUIBHICTD LUBIB, O HE JAE MOXJIMBOCTI iX TPHBAJOI
eKcrulyarauii.

B nniBkoBOMY TemnooOMiHHMKY (PHC. 1), 3apOIIOHOBAHOMY aBTO-
pam [3], Teronepeaioya CTiHKAa BUFOTOBJIEHA 3 LiJIbHOI (6e3 po3pi3iB i
6e3 1BiB) MOJiETHIEHOBOI IUIIBKH, 110 MiABHULUYE ii MIl{HICTb Ta HaJiii-
HicTh B ekcrutyarauii. ITomieTuneHoBa MiiBKa HATATHYTa HA CTPHXKHI,
PO3MilLIEHi B KOPNYCi, yTBOPIOIOYH TEMJIONEPEAAIOYY MTOBEPXHIO 3UI3ar0-
noai6Hoi popmu Ta KaHAJM AN PYXY TeIUIOHOCITB. CTPHXHI, PO3MILIEH]
3 0IHOTO GOKY TennoO6GMIHHUKA, MAIOTb iaMeTp d, a CTPHXHI 3 IPOTH-
nexHoro 60Ky ~ amiamerp D, MpU4oMy CMiBBIIHOLIEHHS LUHX XiaMeTpiB
BIJMOBila€ CMIBBIAHOLIEHHIO BHUTPAT TEIJIOHOCIIB. 3ajaloud JAiaMeTpr
BIZINOBIAHUX CTPHXKHIB, MOXHA 3aAaBaTH i WUBHAKOCTI PyXy Ta BUTPATH

11— 5-1356
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TEIUIOHOCIIB. BiZNoBiAHO 110 BUTPAT TENnOHOCIIB BUOHPAIOTLCA 1 PO3Mi-
py naTpyOKiB A1 MoJayi Ta BiJABeAEHHS L{UX TEIIOHOCIIB.
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Puc. 1. IlniBkoBHii TemmooOMinHuUK:
I - xopnyc; 2, 3 — naTpyOku a1 nogayi Ta BiABEAEHHS T2UIOBiUIAIOUOTO
TeMJIoHoCis; 4, 5 — naTpyOkH A4 NoJadi Ta BiABEACHHS TEMIOCHPHIIMAIOYO-
O TENJIOHOCIs; 6 — TEMIoNepeaaloya nojieTHICHOBA CTiHKa; 7, 8 — CTPHIKHI
JUIS HATATYBAHHS HA HWX NOJIMEPHOI TUIiBKK; 9, /0 — KaHann aas pyxy Ten-
JIOHOCITB

B3aeMHMI HAnpsMOK pyXy TEMUIOHOCIIB B KaHAlax Moxke OyTH AK
NPAMOCTPYMHUHHMM, TaK 1 MPOTHCTPYMUHHMUM. I Ai€i0 aAMHAMIYHMX
CHJI PYXY TEIUIOHOCIIB Ta 3MiHM THCKIB B KaH4NaX Teruionepeaalya
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CTiHKA MOCTIHHO 3MiHIOE CBOO (OpMY. TypOYIIi3yioun NPUMEKOBHIT Wap
TENJIOHOCIIB, IHTEHCH(IKYIOYH TUM CAMUM TIPOLIEC TeIIoNepeaayi.
EdekTuBHICTb MOBEPXHI TEIIOOOMiHY PI3HUX THINB TEMIOOOMIHHM-
KiB OLIHIOETBCS 3HAYEHHAM iX EHepreTH4YHOro koediuieHTa, AKUN SABISE
co6010 BiIHOWIEHHS KiJIbKOCTI IlepeJTaHOr0 Tenna 10 poboTH, 3aTpayeHol
Ha 110/10/1aHHS CiIPaBJiYHOTO0 ONOPY NPH TPAHCIOPTYBAHHI TEMIOHOCIH

kg =%. B nipakTHuHuX po3paxyHKax Led KoedilieHT BU3HAYACTLCS 3a

¢dhopmyoto [4]
o
kg =—o1,
NO
GAp . . .
ne N,=——— - eHeprig, 3arpayeHa Ha MNepeMillleHHs TeIJIOHOCIS,

noeé

BiflHECEHa [0 OAMHMLI IUIOLLi Tenonepesayol NoBepxHi; G — BUTpara

1 pv? . oooid
5~ TiApasmiuamii onip kanay; Fo

€K8

TernoHociq; Ap=§ - oA
NOBEPXHI TEMI00OMiHY; O — KOe]illiEHT KOHBEKTHBHOI'O TEMIO0OMINY.

CniBcTaBfieHHs pe3yabTaTiB BUKOHAHMX HAMU PO3PaxyHKiB s
NOMIETUNIEHOBUX TEIUIOOOMIHHHMKIB 3 TAKMMH X JaHUMM [4] mns iHwmX
TenaooOMiHHKX anapartis (KpHBa 4 Ha puc. 2) MOKa3ye, 10 eHepreTHIHa
c)eKTUBHICTL TOJIIETHICHOBUX PEKYNEPATOPIB BiHOCHO HUXKYA, HiXK
TEMJIOOOMIHHHUKIB 3 IIACTMHYACTOI0 Ta IUIACTHHYACTO-PEOPUCTOIO TO-
BepxHero Temonepeaadi. [IpoTe ueil NOKa3HUK He € €AMHAM NpH BHOODI
THNY TeMIooOMiHHOTO anapaTa. B cxeMaXx BUKOPHCTAHHS HM3LKOIOTEH-
UITHUX J)Kepen €Heprii, iHOAI arpecHBHUX IO METAIEBMX MOBEPXOHD
Ternionepeaayi, BU3HAYAI0OYO MOXeE CTaTH HaAifHICTL B ekcrnyarauii
NPH AOCTATHBO BUCOKIH IHTEHCUBHOCTI TEruto0OMiHy, sikiii B 6inbuuiii
Mipi BiMOBIAAIOTH CaMe TEIUIOOOMIHHMKM 3 MOJIIETHIEHOBOIO TeJoINe-
pelaryoio MOBEPXHEIO.
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4 - nonieTUIICHOBHIT; 5 — KOKYXOTPYOHHH
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YK 621.036 0. O. KuaHMHHK, KaHO. mexH. HayK, 00y.
KuiBcbKuid HalliOHANbHUH YHIBEPCHTET
OymiBHULTBA | aPXETEKTYPH

NPOrHO3YBAHHA PEXXUMY BUNAJIKOBAHHA
NPOMUCIIOBUX 3PA3KIB KUCNIOTOCTINKOI KEPAMIKU
3 BUKOPUCTAHHSAM LUJTAKIB DEPOHIKENIO

Ha ocHoBi na6opaT0pHux JOCIIUKEHb, NpoBeaeHux B KuiBcbkoMmy
HALlIOHANIbHOMY yHisepcuTeTi OyIIBHULTBA i apXETeKTYPH Ta IHCTMTyTl
marepianosHasctBa HAH Ykpainu BCTaHOBJIEHI ONTHMAaJIbHI PEUOBHHHI
Ta (PpaKiiiiHi CKJIaAM HWINXTH 3 BUKOPHCTAHHAM LUIAKIB (epOHIKeNo, a
TAKOX TeMMepaTypa BMIANIOBAHHA Ta il JOMYyCTHMHH [iano3oH, siki
JIAI0TH 3MOTY OTPHMATH KHCIOTOCTIHKI KepaMiuHi MIIMTKH 3 NOTPIOHHMH
NoKasHUKaMK OyIiBebHO-TEXHIYHUX Ta (I3HMKO-XIMUYHMX BJIACTHUBO-
crei [1, 2, 3).

Ilis BpOBa/DKEHHN Ppe3yJbTaTIB 1abOPAaTOPHUX AOCHIUKEHb Y
BUPOOHHUITBO HEOOGXIZHO BH3HAUYMUTH KOMIUIEKCHHHA BIUIMB pO3Mipy
3pasKiB, TEMIEPAaTypd Ta TPHMBAJOCTI BHMAIOBAHHA Ha OCHOBI
BJIACTUBOCTEH KHUCIIOTOCTIHKOI KepaMiuHO1 IUIUTKH.

Jlns uporo 6y BUKOpPHCTaHHHA TpUdakTOPHHIT TPHUPIBHEBUI METON
1J1aHyBaHHS €KCTIEPUMEHTY.

Jocnimkeni 3pasky, BiiopMoBaHi 3 LIUXTH ONITUMAJILHOTO CKJIAAYy,
sika MICTUTb BiACOTKM BiAg Macu: BE® 3 cepeaHiM po3MipoM 4acTok
0,47x1072M — 20; IMHY HaCOB-APCbKY 3 TMTOMOIO MoBepXHero 1400 M2/kr —
60; umax deponikemo [Tobyxcbkoro 3aBoAy 3 NMUTOMOIO MOBEPXHEIO
350 m%/kr — 20. BosoricTh CHpOBMHHOI IMKMXTH ckiagana 11%. 3pa3ku
(GopMyBau no ABOCTaAiiHIH cxeMi yiinbHeHHs o pexxumy 5:0:10 Mna.

VY sikocti BapiiioBaHMX (akTopiB BUOpaHa TeMmnepaTypa CHiKaHHS
X1 (teun = 1323...1423 K) TpuBaiicte cnikaHHi X2 (tewn = 2...4 rOX) Ta
Bucora 3paskiB X3 (heun=35...15mm) (Tabn. 1). OyHkuisMH BiATyKy
NPUHATI TpaHMUi MILMHOCTI Ha BUIHH Y 1(Seur) Ta BOJOMOTIMHAHHSA
3paskiB Y 2AW).

ITnaH npoBejeHHst EKCIIEPUMMEHTY Ta pe3yiabTaTM BUNpPoOOyBaHb
HaBezieHi B Tabnuusx 11 2.

VY pesynbTaTi MaTeMaTH4YHOI 00pOOKH eKClepeMeHTANbHUX JaHHX
OTPUMaHI TaKi PIBHAHHA 3aJIeXHOCTI rPaHMLi MILHOCTI Ha BUTHH Opur
(Y1) Ta BogonorfHHaHHA Wyom (Y2) KepaMiyHOl TUIMTKH BiA
JIOCITIKEHUX (haKTOPIB:
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Seur =Y 1= 14,671 + 1,52 X, + 2,08X,-0,48X3 t))
Wioorn=Y2=4,314-1,08 X; - 1,71 X2+ 0,57 X5+ 0,388 X; X; (2)
Tabauys 1
InTepBasn BapitoBaHHA dakTopiB
®daxTopu, BUI PiBni Bapitopanus IutepBan
Hartypanbnii 3akonosaunii | Bepxwiit +1 | Cepeaniii 0 | Huxkniii 1 | BRpiroBauHs
Tesncpagpa X 1423 1373 1323 50
BunamosauHs, K
Tpusanicts Buna-
JIIOBAHHS, TOOHH X2 : ) 2 l
Bucora 3paskiB, MM X3 15 10 5 5

1Ii piBHAHHA OTPHUMaHi MiCNS BUKJIIOYEHHS HE3HAYHMX KoedillieHTiB
perpecii Ta nepesipku aJeKBaTHOCTI PiBHSHb B ONMUCYBaHiii obnacri dax-
TOPHOTO MPOCTOPY, NpH 5% piBHi 3HayyIOCTi. 1]e Takox MmiaTBEpKYETh-
¢ NOPIBHAHHAM PO3PaxXyHKOBHMX 3HAa4YeHb BOJOINOITIMHAHHS Ta IPAHMLI
MILIHOCTi NPY BUTHHI 3pa3KiB 3 eKCliepeMEHTAILHUMH JaHUMH (Tabn. 2).

OtprMaHi 3aJIeXXHOCTI CBiAY4Th NMPO 3HAYMMICTh BIUIMBY PO3MIpiB
TUIITKY Ha MOKa3HHMKHU 1X BJIACTUBOCTEH MiCIs BUMIATIOBAHHS.

Tabauys 2

Bims BHCOTH 3pa3KiB, TeMIiepaTypH i TpHBaxoCTi BUNAJIOBaHNS
Ha ¢i3uKo-mMexaHiyHi BracTuBoCTI KepaMiuHOI IJIHTKH

: Bomonorm-
Ne Tc;ﬁ’::ﬁpa TE::ZJHI:OCTB Buco:ra dewr | Bomonormu- |3, (MITa),| Hanns
n/;1 SATHA e 3pa3kis, |(MIla), HahH3 Yi.(pospa-| (%0),Yz
K, X (rom), X 103, x| (%),Y2 XyHOK) |(po3paxyHok
1 1423 4 15 17,6 2,2 17,79 2,43
2 1323 4 15 14,6 3.7 14,75 3,92
3 1423 2 15 13,6 5,7 13,63 5,18
4 1323 2 15 11,0 79 10,59 8,01
5 1423 4 5 19,0 1,5 18,75 1,29
6 1323 4 5 15,8 3,0 15,71 2,71
7 1423 2 S 14,5 3,5 14,59 4,04
8 1323 2 5 11,3 7.0 11,55 6,87
9 1423 3 10 16,2 33 16,19 3,23
10 1323 3 10 13,0 5,4 13,15 5,39
11 1373 4 10 16,8 2,6 16,76 2,60
12 1373 2 10 12,6 6,0 12,59 6,02
13 1373 3 15 14,2 4,9 14,19 4,88
14 1373 3 5 15,2 3.7 15,15 3.75
15 1373 3 10 14,7 4.3




PiBHsiHHS (1, 2) Takoxk O6ynM BUKOPUCTAHI IJI POTrHO3YBAHHS TPH-
BAJIOCTI BUMAJIOBAHHA NMPOMUCIOBUX 3pa3KiB KMCIOTOCTIMKOI KepaMiy-
Hoi nautku mMapku KL Bucororo 3,5x107m NpU TeMIepaTypi BUMaJO-
BaHHs 1373 K.

VY ubomy Bunaaky ¢akrop X = 0; X = +5; rpaHuus MIUHOCTI NpU
BUIHHI NOBHHHA OYTH He MeHIue 15 Mma, a BogonorjinHaHHA He Oinblie
5%.

[TigcraBnsouu Ui AaHi y piBHAHHA 1 1 2 OTpUMaEMO:

15<14,67 + 2,08X,-2,4=12,271 + 2,08X; 3)
524314~ 1,71X,+ 2,85 =17,164 - 1,71X, “
X222,729:2,08 = 1,31 (5)
X222,164:1,71 = 1,26. ©)

Omxe, 3 ypaxyBaHHAM MNepexoly Bill 3aKOJOBAHMUX 3MIHHHUX Y
HaTypallbHi, TPHBAIICTb CMIKAHHA MPOMMCIOBUX 3pa3kiB MPH Taun
= 1373K cknanae He MeHwie 4 roauu 20 xBunuH. IIpy nporHo3yBaHHi
TPHBAJIOCTi CIIIKAHHA KUCIOTOCTIAKOCTI KepamiyHol ruutku Tuny KC,
AKa 3ano0BojibHsAe BUMoru 'OCT 961-89, orpuMaHi Taki 3aJ1eXHOCTI:

25<12,271 + 2,08X,, U
3,527,164 - 1,71X, (3)
3BIIKHU:
X222,729:2,08=6,1, 9)
X223,664:1,71=2,1. (10)

Ortixe, 3 ypaxyBaHHAM MEPEXOAY 3 KOZOBAHUX 3MIHHHX Y HATypallb-
Hi, TPUBAJIICTb CAIKAHHS NMPOMHUCIOBHX 3pa3kiB NMpu Teun =1373K ckina-
nae He mexie 9 roaun 10 xBunun. Otpumadi 3anexHocri (1....10) cin-
YaTh NPO MOXKIAMBICTh YNPABIIHHA TA PEryilOBaHHA TEXHOJOTIYHHM
MPOLECOM OTPHUMAHHA KHCAOTOCTIHKOl KepaMiuHOl TUIMTKH 3 IUHXT
ONTHMANBHOIO CKJIaAy Ta JAUCMEPCHOCTI. BOHM OMUCYIOTH KOMIIEKCHHH
BIUIMB BHCOTH 3pa3KiB, TEMIICPATYPH i TPUBAIOCTI IX BHNAJIIOBAHHA Ha
MOKA3HUKH (Pi3HKO-MEXaHIYHUX BTACTUBOCTEH MIUTKH.

AHauii3 HaBeaeHo! iIHDOpMauii 1ae 3Mory 3pOOHTH TaKi y3aranbHeHHS:

I. MeTojaMu MAaTEMaTUYHOTO TUIdHYBAHHS E€KCICPUMEHTY BCTAHO-
BJICHI aHAJIITHYHI 3a/IeKHOCTI TPAHUUI MILIOCTI HA BUIMH Ta BOAOMNOT-
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JIMHAHHS BiJl PeXUMY BUIAIOBAHHS (TEMMEpaTypH i TPMBAJIOCTI CRiKaH-
HA) T4 BUCOTH 3pasKiB, WO A€ MOMNJTHBICTL MPOTHO3YBATH TEXHOJIOTIY-
HUIi1 pexxuM BUPOOHULTBA KUCIIOTOCTIHKOCTI KepaMiuHOl MIMTKH.

2. BuszHaueHo, 110 BUCOTA 3pa3KiB [IPU BUKOPUCTaHHI LUIaKiB ¢epo-
HIKEJTIO € MEHII 3HaYHUM (AaKTOpOM, UMM TeMIlepaTypa i TPUBAJICTb BH-
namoadHa. IIpoTe BOHA CYyTTEBO BMIMBAE HA MOKa3HUKM Bi3MKO-Mexa-
HIYHUX BJIACTHBOCTEH 3pa3KiB.
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¢ EHEPIrO3BEPEXEHHA, HETPAOULIVHI
IXEPEINA EHEPTTI

VIK 631.22 I'. C. Patyumnsg, KaHo. mexu. HayK, npog.,
O. I'. UyxpsieBa, saeicmpaiin

BiHHHUbKHI HaLiOHAIbHKUIT

TEeXHIUHHH YHIBEPCHTET

BAFATODAKTOPHUW AHANI3 TE_I‘IJ‘IOI3OJ’IS|U,II71HMX
MATEPIANIB A9 TEPMOPEHOBALIII BYAIBEJIb HA OCHOBI
NIHrBICTUYHOI IHOOPMALLII

Vkpaina npub;insHo Ha 50% mosxe 3abe3neunTi notpedM B naiMsi
3a paXyHOK HalllOHATbHUX 34M1aciB, TOMI IK BTPATH I1aJIMBHO-CHEPTeTHY-
HUX pecypciB B KOMyHanbHO-noOyTOBIit chepi gocaraots 50-60% [1,2].
3MEHILUUTH BHUTPATH EHEPrOpPecYpCiB MOXJIMBO LUISXOM BHKOPHCTaHHS
edeKTHBHUX Teroizoaauiitnmux matepianis. L{i Marepianu aaroTh 3MOry
3MIMCHIOBATH TEpMOpPEHOBALiK OyaiBesb, AKI MAKOTbh TEPMIYHMIT omip
30BHIILIHBOT Oroposki Oijiblie HDX nependayeHo JIUYMMHM CaHITApHO-
riricHiuiMMu HopMamu [3]. JdociipkeHHAM [4] peKOMEHIYIOTbCS 3alex-
HOCTI €KOHOMIYHO JIOLITBHOTO TEPMIYHOTO ONpY BiJ BAPTOCTI TEILIOI30-
JAMIHHAX MaTepiaiB AJs BCIX YOTMPbOX KIIMATHYHMX 30H YKpainu. Ha
CbOTOHILUHINA JeHb BIACYTHS HayKOBO-OOIDYHTOBaHa METOAMKa Oara-
TO(PAKTOPHOTO aHaI3y TErUIOI30AALIMHUX MaTepianiB Al TEPMOPEHO-
Ballil 6yaiBesb 3 BpaxyBaHHAM iX KiJIbKICHUX Ta SKICHMX apaMeTpiB.

IcHytO4i TerUIoi30NsLiHHI MaTepiaid XapaKTepH3yITbCs KpiM eKo-
HOMIYHHX MMOKA3HMKIB TAKOX KIJIbKICHUMH Ta SIKICHUMM XYI0XKHbO-eCTe-
TUYHUMH, TEIUIODI3UUHUMH i eKOTOoTiYHUMY napaMeTpaMu. [TopiBHsb-
Ha XapaKTepHCTHKa MOKAa3HMKIB TEMUIOMPOBIIHOCTI Marepiany Ans 3a-
Oe3redyeHHS HOPMOBAHOTO ONOPY TerUIonepesayl Ta BapTocTi MatTeplany
HaibinblIe BUKOPUCTOBYBAHUX TCILIOI3OMALIIIHMX MaTepialiB HaBelcHa
B TadI. 1.

IMpoexTyBaHHsI, TEXHOJIOTisl BIAIUTYBAHHS H YMOBHM eKcILlyaTauii
30BHILIHIX OropoX OyaiBenb BHUMAraloTbh [OLIYKY ONTHMaThHOTO
pilieHHs TepMoOpeHoBaUil OydiBesab Ha 0a3i 0araropakTOpHOro aHa:lizy
XapaKTCPUCTHK TEIIOI30MALIHHUX MaTepianiB. Bupimuty o 3agauy Ha
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eTari TeXHIKO-eKOHOMIYHOTO OOrpYHTYBaHHS MOXXHA 3 BUKOPHCTaHHAM
Teopii HeYITKMX MHOXHH Ta JIHIBICTUYHOI 3MIHHOI 3a pe3ylbTaTaMH

BIpTyaJIbHOTO eKCIIEpUMEHTY [S].
Tabauys 1

IlopiBHus/ibHAa XapaKTepHCTHKA NOKA3HHKIB TENJIONPOBLIHOCTI, BHTPAT
Ta BAPTOCTi TeNn10i30/AuiiiHHX MaTepianis

Heobxiana ToBuinHa
Tenuoiaonsguiﬁﬂuﬁ npc}:i];ljlli?c-n,, MaTtepially juis 3a6c3nquHHﬂ BapTim;b,
marepian Br/(M2K) oml)gy( :ﬁ%?é?ﬁ}:f'" rpH/M
CknoBaTta 0,03...0,04 40 130...150
[Mosictupon 0,03...0,04 46 150...160
MiHepanbHa BaTa 0,04...0,07 67 130...160
IazoninobeToH 0,1..04 348 220...240
Kepam3utoderoH 0,2...0,7 490 120...140
Llerna rnmusina 0,5..0,8 672 300...500
Llerna cusiikaTHa 0,7..0,9 840 500...600

MogentoBaHHs 6araTo)akTOPHOrO BIUIMBY NapaMeTPiB TErUi0i30-
NAWHHUX MaTepianiB Ha MPUAHATTS pillieHHs 1o ioro BUGOpy ans Tep-
MOpeHoBaLlii 6yaiBesb BUKOHAHO HAa OCHOBI METOAY ifieHTHUdiKaLlii Hei-
HIHHUX OO’€KTIB HEYITKMMH OazaMu 3HaHb. CriovyaTky OyayBaiWcCh
CTPYKTYPHI 3aJIE)KHOCTI €KOJIOro-eKOHOMIYHOI mouiibHocTi (V) Ten-
noi30aAUiHHOrO MaTepiany BiJl BMIMBAIOYUX XYAOXHbLO-ECTETHUHMX
(X1), rennodizuunux (X2), ekonoriynux (Xs) Ta ekoHoMiuHux (X4) dak-
TOPiB 3 34CTOCYBAHHAM €KCIEPTHUX HNpaBun “skwmo-to”. Ha erani
CTPYKTYPHOI iAeHTH(DIKaLlil BAKOHYBABCS y3arajlbHEHWH €JIeMEHT B BH-
[7ISA1 JepeBa JIOTIYHOTO BHCHOBKY i€papXi4HMX 3B’A3KiB (paKTOpIB, L0
BIUIMBAIOTh Ha BHUOIp Teruoisonsuiiinoro Marepiany. KopiHb AepeBa
JIOTIYHOTO BHCHOBKY BIANOBI/Ia€ €KOJIOTO-eKOHOMIUHIi JOLINBLHOCTI Te-
TJIOI30JIALIAHOrO MaTepiaiy, a BUCAYi BEPUIHHN ~ (AKTOPH, WO BHILIU-
BalOTh HA NPUAHATTA pillleHHs. JIoriuHuii BUCHOBOK OIUCY€ 3a/IEXHICTD

Y = f(X\, X5, X3, X4) mix npuunnamu X,(i =i,n)Ta HACMIAKOM Y BHU-
INIA1 CHCTEMH HEYiTKMX JIOTIYHUX BUCHOBIIIOBaHb [5].

Ai n . —
ko | J [(x; = X/P)), o y=Y, j=1m. (1)

p=l =l
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Ne Y, — HediTKHil TepM Ui OUIHKK j-ro PiBHA BMXiAHOI 3MIHHOT, M —
KiNbKicTh TepMiB IS ouisku Y; X/° — HewiTKuii TepM Ul OL{HKHM
BXiJIHOT 3MIHHOI X; B p-My PA0Ky MaTPHLi 3HaHb, 110 BiNOBIAAE TEPMY
Y, p =l,_K_; . K; - xinbkicTh psjiKiB, WO Bianosifae Tepmy Y U(ﬂ) -
cumson onepauii ABO (7).

SIKiCHMI HEYiTKHI TEPM € JIIHIBICTUYHOIO 3MIHHOIO, 3HAUYEHHs SKOl
BHPaXaeTheA CJI0BOM. Bci dakTopy BIulMBY Ha BHOIp TENJIOI30JIALIHHO-
ro MaTepiaiy s TepMopeHoBauii OydiBenb PO3INANAIOTHCA AK JIHIBi-
CTHYHi 3MiHHI, 110 3a/laHi Ha BiAMOBIAHMX YHIBEPCaJbHMX MHOXHHAX i
OLIHIOIOTBCA HEYITKMMH TEPMAMM, B IKOCTI SIKUX MPUNHATI KiJIbKICHI BU-
pasu “Hu3bka” (H), “HIXKYe cepenHboi” (HC), “cepenna” (c), “BHiLE ce-
peanboi” (Bc) Ta “BHcoKa” (B). BUKOPUCTAHHS HEYITKUX TEPMIB JIa€ 3MO-
ry nobyayBaTH eKcrepTHi HeuiTki 6a3u 3HaHb, SKi BIAA3EPKAIIOIOTH
3B’M3KH MK BXiZIHUMH T2 BHXiZHUMH 3MiHHUMHU. 3MICTOBHA IHTEprpe-
Talis napameTpiB, WO BIJIMBAIOTh HA €KOJIOTO-EKOHOMIYHI NnapaMeTpu
TeIJIOI3ONALIMHMX MaTepianiB, Ta BiNOBIHI MHOXMHHU THIBICTHYHHX
OLIHOK (TepMiB) HaBe/eHi B TabauLi 2.

VY By3nax jepeBa JIOriYHOrO BHCHOBKY ans 6GaratodakropHoro
aHani3y TeruIoi3oNAUIMHMX MaTepialiB Juis TepMopeHoBalii Oyaisens
npeacTasiedi GopMyiu, WO OMUCYIOTh 3a AONOMOIOK JIHIBICTHYHHX
3MiHHHX CITiBBiJHOUWEHHS MK (akTOpaMH BIUIMBY:

Y =f, (X1, Xa, X3, Xa), @
Xy =[x, (X, Xi2s X3, X140, Xo5), (3
Xy = [y, (X2 X 025 X35 X4y X5 X6, X7, X)), C))
X3 = [y, (X3, X3y, X33, X34), (5)

Xo=Fx, (X, X205 X3, X aa) - 6)
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Tadnuys 2

MAKTOPH BILTIBY ~ SIK JHHIBICTIYHI 3MiHHI

[Tapa- -
[TosHauennss Ta nasea | YHiBepcaioha | .. i
Merpn | L Lo e I'epamu a71s OLiHKH
JUHIBICTHYHOT 3MiH10T MHOKITHA
X1 — acKpaBicTb I...10 6anis HH3bKa, CEPE/IHs, BUCOKA
1
2E | Xi2 - KoNbOPOBICTH 1...10 6azie HHU3bKa, CepPe/IHsl, BHCOKA
I =
2 E | Xi3- TOHATBHICTL 1...10 danis HHM3bLKA, cepelis, BHCOKA
ge
;‘ 2 | Xia - dakrypuicr 1...10 Ganis HHU3bKA, CCPCAHSA, BHCOKA
Xis - xonip 1...10 dauis HH3bK4, CCPEIHA, BIICOKR
0.03..0.9 HU3bLKA, MEHLIE CEPEAHbOI,
X121 — rerniionpoBiaHicTh g cepeitisi, Oiibluc ccpe-
Br/(m K) o
HLO1, BUCOKA
; 10...1700
X2 - rycruna . HH3bKA, CEPE/IHS, BUCOKA
) Kr/m3
’ 0,01...0,06
X23 — NApONMPOHUKHICTH HH3bKa, Cepe;ltst, BUCOKA
r(m-roj Ila)
X24 - rirpockoniyHicTh 0...100 %% HH3bKA, CCPCIHA, BUCOKa
; 5 200...500
X325 — Mopo3ocTiiikicTs — HII3bKA, CCPE/IHS, BHCOKA
F . 0,05...4,0
= X2 -~ CTHCKYBAHHICTh N AT A HH3bKA, CCPCIHs, BICOKA
a : : MYMH A GRS,
z X27 - MiuHiCcTh Ha 0.02..20 )
= HHU3bKa, Cepe/IHsI, BUCOKA
g CTHCKYBaHHS Mna
= Xog — 3ByKOMOIIINHANHA 10...40 1b HH3bKA, CCPCIHS, BUCOKA
-~
. 300...1400
X31 — BOTHETpUBKICTI oC HM3LKA, CEPE/IHS, BUCOKA
. o 0...80
X532 — XiMiyHa cTifikicTb - HI13bKA, Cepe;uis, BUCOKA
70
. . . 0..10
.- Xs;  Oionoriyna
T o VMOBHHX HHU3bKA, CEPESIHS, BHCOKA
T cTifkicTn i
= O/IMHHLIb
(o] =
5 0.5
R X34 — WIKIAMBICTE YMOBHHX HHU3bKA, Cepel(is, BUCOKA
OJIHHHILL
Xa1 - Bapricrs 110...1000 . i
g 3 HII3LKA, CEPeillist, BHCOKA
Marepia:y IpH/M3
; Xa2  BapTicThL pOOIT 60...300 rpi/m3 | 1n3bKa, CCPCAH, BICOKA
s Xa3 — TPYJLOMICTKICTD 15-35 moum-
) g s HHU3LKA, CEPE,LHS, BUCOKA
= pobit HO_TOTITH/M3
g B o 50...100
o Xas -~ JIOBroBidIiCTD o HHM3bKA, CCPEJIHS, BUCOKA
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ExcrniepTHa MaTpuus 3HaHb Ui 6aratoakTOPHOrO OLHIOBAHHS
Marepianip [j1s TepMopeHoBauil OyaiBeNnb Bii BMIMBAIOYMX (DAKTOPIB
nobyjaoBaHa 3a MeroinKow [5] I H4 cucTeMHOMY PIBHI HaBejieHa B
Tadmn. 3. AHaNOrMHO OyAYIOTbCS MATPHLL HEHiTKOT 6a3u 3HaHb Wi Xy-
JIOKHbO-ECTETHUHUX, TeruIogi3uyHuX, eKOJOTIYHHX Ta EKOHOMIUHHX
(daKTopis, 1O BILIMBAIOTH Ha BUOIP TErIoi3onsuifHuxX MaTepiasis.

Marpius HeuiTRol 6a3i 3HANb HA CHCTEMHOMY piBHI

Tabimys 3

AKIO

TO

X,

X;

X;

i

X,

|

-

]

4

|~

Husbki (11)

Husbki (1)

Husbki (1)

Husbki (H)

Hiokue cepexnmix (1ic)

Hu3sbki (H)

Husbki (H)

Husbki (1)

Husbki (H)

Husbki (1)

Cepesi (c)

Husnki (1)

Husnki (1)

Hivkue cepeanix (He)

Husbki (1)

Husbki (1)

Huzoki (1)

Hitzbki (H)

Husbki (H)

Cepeni (c)

Huseki (1)

Husbki (H)

Huscue cepeanix (iie)

Cepesni (¢)

Cepenni (c)

Cepemni (¢}

Huxcue cepejinix (He)

Husbki (1)

Husbki (1)

Cepesini (¢)

Hiokue cepeanix (1c)

Cepeniii (¢)

Hu3bki (1)

Cepenti (c)

Hipkue cepesHix (He)

Hu3bki (H)

CepenuHi (c)

Hikue
cepenHix (He)

Cepeani (c)

Cepesni (c)

Cepejtni (¢)

CepeitHi ()

Cepe;ni (¢) Cepeani (¢) Huswki (1) Hnabki (1)
Cepeatii (¢) Hukye cepe/inix (1Hc) Cepeni (c) Cepenti (c)
Cepestai (¢) Huxue cepennix (Hc) Cepeati (c) Bucoki (B) i
R . - - Cepensi (c)
Cepeari (¢) Huxue cepenHix (He) Bucoxi (B) Cepeani (c)

Bucoki (8)

Buiue cepensix (Bc)

Huski (1)

Cepeapi {c)

Bucoki (B)

Brtine cepenHix (8e)

CepejHi (¢)

Husbki (H)

Hu3spki (1)

Buuie cepennix (Bc)

Cepenni (c)

Cepeni (€)

Cepeati (c) Buie cepesnix (Be) Cepei (¢) CepefHi (¢)
Butcoki (8) Buwe cepeanix (Be) Cepenti (c) Cepesi (¢)
Cepestii (¢) Buute cepeanix (c) Bucoxi (B) Cepeatii (¢)
Cepeani (c) Buite cepejiHix (8c) Cepestni (¢) Bucoki (B)
Brcoxi (B) Cepestni (¢) Cepeni (¢) Cepei (c)

Bucoki (B)

Buiue cepensix (Bc)

Cepei (¢)

CepejiHi (¢)

Buuie ce-
PeHIX (BC)

Cepeni (¢)

Bucoxi (B)

Bucoki (B)

Bucoki (B)

Bucoxi (B)

Bucoki (8)

Buue cepeanix (Bc)

Bucoki (B)

Bucoki (B)

Bucoki (B)

Bune cepenix (Be)

Cepeni (¢)

Bucoki (8)

Bucoki (B)

Buute cepeanix (Be)

Bicoki (B)

Cepenni (c)

Bucoxi (B)

Brcoki (B)

Bitcoki (B)

Biicoki (1)

Bucoki (B)
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MaTeMaTUYHOK MOIEUIK MPOTrHO30BAHOI'O MaTepiany JUis TepMo-
peHoBauil 6yaiBens 3a ONTHMAaNbHUMH €KOJIOr0-eKOHOMIYHUMM MOKa3-
HMKAMM BUCTYMAE CUCTEMA HEYITKMX JIOTIYHMX piBHAHb. HeuiTki goriuui
PIBHAHHS i30MOpGHi 6a3aM 3HaHb Ta OTPUMYIOTbCS 3 HMX 3AMIHOIO JIIHI-
BICTHYHHUX TepMiB (YHKLIAMM HAJIEXKHOCTI i 3aMiHOIO JIOLIYHUX oOre-
pauiit “I” i “ABO” Ha onepallii 3Hax0/PKEHHS, BIAMOBIAHOTO MiHIMyMY
(A) ii makcumymy (V). HediTki noriyHi piBHSHHS A1 BUOOpPY eKONoro-
€KOHOMIYHOTO MaTepiajly AN TepMOpeHoBallii OyaiBenb, 10 BiAnoBiAa-
10Th aKTOpaM BIUIMBY K JIHIBICTHYHUMYU 3MIHHUMHU (T261. 2) Ta HeYiT-
Kiit 6a3i 3HaHb (Tabn. 3) MAlOTh BULIAL:

Uy (V) =g (XD AU (X)) AL (X)) AR (X )V e (X)) AR (X)) ARE(XG) A 7
ARG (X )V Ry (XD AU (X)) ARC(X) ARL (X )V By (X)) Abpc (X)) Al (X5) A ™
AR (XD VR (X)) AR (X)) AR (X3) ARC(X),

Rrac(Y) =0 (X)) AR (X)) ARC(X ) ARC(X )V R (X)) ARpe (X)) ARy (X5) A
ARG (XD V UAX) AREc(X) AUC(X ) AL (X )V R (X)) AR ge (X)) ARE (X)) A

ARC(X )V HAX ) ARC(X) AR (X3) AL, (X)), 8)
oY) =He (X)) AR (X)) ARC(X ) ARC(X ) Y He (X)) AR (X)) ALC(X ) A ©
AUR(X)VR(X) ARG (X)) ARG (X)) AR (X )V R (X)) ARC(X ) ARC(X ) A )
ARC(Xy),

Hpc () =1p(X)) A (X)) AR (X)) ARC(X ) Vv g (X)) AR (X)) ARC(X ) A

AR (X DV R (X)) Al (X)) AHC(X3) ARC(X ) VR (X)) AR (X2 ) AR(X;) A

AR (X )V Up(X ) Al (X)) ARC(X3) ARC(X ) VR (X)) Al e (X)) AMG(X3) A

ARC(X DV HAX) AR (X)) ARC(XG) ARB(X ) VR X)) ARC(X ) ARC(X) A

AB(X )V g (X)) ARpc (X)) ARC(X;) ABC(X), (10)

Hp(Y) =Uc (X)) ARG(X,) AL (X3) ARR(X,) v U (X)) Algc (X3) AUB(X;) A
AR (X )V Hg(X ) Appc(X2) ARC(X3) AUB(X )V Rp(X ) Algc (X)) Al(X3) A
AU(X)VHa(X)) AHg(X3) AHB(X3) AR(Xy). (n

CucreMa He4iTKUX NOTi4YHUX piBHAHB (7-11) nae 3amMory ysBuTH mo-
BEPXHIO HaJexHocTi 3MiHHUX (X1, X2, X3, X4) 3a BIINOBIAHMMH TEpMaMH
11{O10 KOXXHOTO JIHIBICTHYHOTO BUCioBMoBaHHA. 1106 nepeiitu Bin o1-
PUMaHUX HEYITKHX MHOXHH OO KiNIbKICHOU OLiHKW MartepianiB ans Tep-
MOpeHoBaLil OyaiBenb HEOOXiJHO BUKOHATH npouenypy fedaszudikalii,
TOOTO NEPEeTBOPEHHS HEYiTKOI iHpopMalli B HiTKy.
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BucHoBkH

1. BukonaHo knacudikauiro GaxkTopiB BMIMBY SIK JIHIBICTUYHHX
3MIHHHUX, 110 BIUIMBAIOTh HA NPUIHHATTS pillleHHs 3a pe3ylibTaTaMu Gara-
TO(hAKTOPHOTO aHalli3y SKiCHMX Ta KiJIbKICHUX MapaMeTpiB Teruioizos-
LIifHUX MaTepiailiB.

2. Pesynbraty MOAENIOBaHHS 3a HOCTYMHOIO €KCIIEPTHO-JIIHIBICTHY-
HOIO IH(pOpMaLieI0 MOKYTb OYyTH BHKOPHUCTaHI Py BUOOPI Tersoizons-
LiiiHoro Mmarepiajly Alis TepMopeHoBauii OyaiBenb 3a ONTHMAbHHUMH
eKO0JIOr0-eKOHOMIYHUMH TTOKAa3HUKAMH.
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VAK 662.612—428.4 A. B. Jlyxaunckasn
Ounecckas rocy1apcTBeHHAS aKajieMms
CTPOMUTCIBCTBA H APXHTCKTYPHI

SHEPIrOCBEPEXEHUWE B CUCTEMAX
TEMNNO3ALWLUTbI BO3AYWHO-TENNOBbLIX 3ABEC

B coBpeMeHHOM MHUpe, KOIld B XOJI¢ PA3BUTHS CBOCH ACATHIbHOCTH
YEJIO0BEYECTBO HAYaAJIO [MOBCEMECTHO HCII0/1b30BATL JHEPIeTHUYECKHE pe-
CYPCbI, MOABUIIACh HEXBATKA TOIMJMBHbBIX MOJIE3HBIX HCKOMAEMbIX, BCIIE -
CTBMH UX BbIPaOOTKH M [NIyOOKOro 3ajieraHus B HeApax 3¢MJIM, a npHMe-
HEHHE HCTPAJMLMOHHBIX MCTOYHUKOB JHEPIMU MPHBOAWT K GOIbLIUM
MAaTepHUallbHbIM 3aTpaTaM.

CoBpeMEHHOE COCTOSHHE TEIUIO3HEPreTHYECKOIO KOMMIeKca YK-
panHbl B YCIOBHAX HEXBATKH NPUPOIHBIX pecypcoB TpedyeT pa3paboTku
HOBBIX HAayYHO-TEXHHYECKUX PeLUeHHiI B 00JIaCTH 3KOHOMHH TErl10BOM
3Hepruu [1].

Ha coBpeMeHHOM 3Tane pasBuUTUsL IHEPTETHYECKOIO KOMIIIEKca
NEePBOCTENEHHOE 3HAYEHHE 3aKJII0YAeTCsl B 3HEprocOepexeH iy B npouec-
Cax TEIUIO3AMThl BCHTHJIALIMOHHO-OTOMNUTEIbHBIX CHCTEM [1POMBILI-
JIEHHBIX 3JaHU.

ITpopbIBbl XOJNIOAHOTO HApPYKHOI'O BO3AYXa CO3JAKOT Hebnaronpu-
ATHBbIE YCIOBUSA A pabOThI 4eJoBeKa: M3MEHACTCS MUKPOKIJIHMAT Mo-
MeLUEHHS, BbI3bIBAIOLIHE [IPOCTYAHbIE 3a00JIeBaHUS Y JTIONEH, TpedyIoTCA
JONONHUTENIbHBIE 3aTPaThl Ha OTOIUICHHe. OOecneyuTb Teryio3auuTy
3JaHUI NpY MUHUMAJILHBIX 3aTPAaTpax TEMIOBOH 3HepruM 19 CO34aHHs
KOM(OPTHBIX YCTOBHUH MOXHO MHOTMMH IyTSMM, OJHO H3 KOTOPBIX
NMPUMEHEHHE BO3JYIUHO-TEIUIOBLIX 3aBEC y OTKPBITbIX HAPYXHBIX MPO-
€MOB 34daHHI U coopyxenuit (puc. 1.1-1.2).

SR EH

Puc. 1.1. BpbiBaHue Puc. 1.2. 3aBeca npenstersyiomas

XOJIOAHOIO BO3/1¥Xa BHYTPL IO~ MPOHHKHOBCHHIO XO1011HOI'0 BO3/1yXa
MCILICHHA BHVTPL NOMCILCHHUSA
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Bo3ayuiHo-TenioBble 3aBechbl MMO3BOJIAIOT MOMJEPXUBATH B MOMe-
LIeHUH TpeOyeMble CAHUTAPHbIMH HOPMAaMHU METEOPOJIOTHYECKHE YCIIO-
BMS M NTPY 9TOM COKpALLATh pacxoJ Terlia.

CoBpeMeHHbIe BO3AYIIHO-TEMJIOBbIE 3aBEChl NPEACTaBAAOT cobOi
BO3[lyXOpacnpeaeauTeNnbHbIH KOpo6, ¢ OTKPBITBIMH OTBEPCTHAMHM TNO
JUIHHE Kopo0a uIg pacnpeeieHs BO3ayxa.

VYBEIUYUTh TCIUIO3AWMTY 3/1aHHS U CHU3UTh 3HEPro3aTpaThi MOXKHO
NyTeM pacnpezesieHus BO3/lyXa [0 BbICOTE HAPYXHOT'O MpoeMa MpH 110-
MOLLM TMJIOCKHMX CTPYii, MOAaBaeMbIX TOPHU3OHTAJILHO.

CMmellieHYE NPH B3aUMOACHCTBHUHM CTPYH sBJISeTCA OJAHUM M3 BaXXHBIX
pasneioB aspoudHaMukM BeHTHIsumu. Ilox knaccuueckoil KapTHHOM
CMEIIEHMs BO3AYLIHBIX CTPYH NoApa3yMeBaeTcs, YTO Ha HEKOTOPOM pac-
CTOSIHUM, NOCJIe UX CIIMSHUSA, HMEET MECTO €MHbIH BO3AYLUHbIH NOTOK, C
YCTAHOBUBLUEHCS CKOPOCTbI0. T.€. MOCTYIMPYeTCs, YTO NPOYHIN CKOPO-
creii B noGOM TIONMEPEYHOM CEYEHWH NOTOKa ObIMM MOCTOSHHBI, T.€.
Veym = const.

[TocraBneHHas 3ajada JOCTUraeTcs TEM, 4TO [ojlaya BO3JIyXa B
BO3JYLIHOH 3aBece OCYLUECTBIISETCA MO BLICOTE NMPOEMd TPH MOMOLIM
NUIOCKKUX CTPYH, MNOJaBaeMblX FOPH3OHTANILHO, TP 3TOM [IJIOCKHE CTPYH
PacrosIaraloTcsi TOPU3OHTAJIILHO € Pa3pblBOM PaBHbIM 0,5 LIMPHHBI 1e-
JId TIO0 BBICOTE MpoeMa BOpPOT.  BcnejacTBue 3TOrO ClIMAHME [LIOCKUX
CTPYY NPOUCXOAMT HA PACCTOSHHH COM3MEPHUMBIM C LUMPHUHOMN 3aBeChI

(puc. 1.3).

OtBepeTre
HCTEUCHHUSA

h CITIS T
BO3LYLUHBIA

OrtBepcTHe
HCTECUCHHS

>

Puc. 1.3. [IpyHuunuanbHas cxema pacnpocTpaHeHHs BO3AYLIHOTO
MNOTOKA, MCTEKAIOIEro U3 BO3AYILHO-TRIUIOBOMH 3aBeChl

13 —5-1356
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IIpu 3TOM CHHKEHUE FHEPro3aTpaT BO3AYLUIHON 3aBEChl JOCTHUIAETCS
HE FOPH30HTAJIbHbIM HAMpPABICHUEM CTPYHU M HAnpaBJICHUEM BO3JYLIHO-
ro NoToKa Moj YIrjoM K BEepXy Mpoema, a BBEAEHHEM BMECTO CIUIOLIHOMN
BEPTUKANLHON IUIOCKOH CTPYH HECKOJILKHX CTpYH, pacroyioKeHHbIX
ApYr Hal APYroM W B3aUMOAEHCTBYIOIIMX Ha paccTosiHuy 0,5 WHMPHHBI
wesn. [lpy 3ToM ymeHbinaercs Tpebyemoe Uls 1ogayy 3aBecoi KoJHye-
CTBO BO31YyXd M COOTBETCTBEHHO CHHXXAIOTCS 3aTpaThli TEIMJIOBOIl 3HEp-
THH TpH coXxpaHeHuu Tpedbyemoii addekTuBHOCTH paboThl [2].

ITogaua BO3Ayxa OCYILECTBJISETCS NMPH MOMOLIM MJOCKMX CTPYH,
M0JAaBAEMbIX 4epe3 BEPTUKAJIbHbLIE WIEJIeBble BO3AYXOpacnpeleiuTend.
Ilpn 3TOM LueneBbie OTBEPCTUS PACIONOXKeHbl HAa paccTosHuM 0,5 ot
IIHPHHbI 1IEAN IO BCEH BbICOTE BO3AYXOPACTIPEAEIHTENS.

IInockue cTpyM, UCTeKaroLUE U3 BO3AYXOPACIPEAENUTENbHBIX OT-
BEPCTHH, PACTIONIOKEHHbIX MO BbICOTE NPOEMA BOPOT C YKa3aHHbIM pa3z-
PbIBOM CITUBAIOTCA B OAMN MOTOK HAa PACCTOSHUM PABHOM [OJIOBHHE LA~
ra MeXIy OTAENbHBIMU CTPYSMH, YTO MO3BOJISET NPEAOTBPATHTb INPO-
PLIB  HApYXHOTO BO3AyXa B IIOMELIEHWE JIpH CHHXKEHWH obObema
MOJaBaeMOTO BO3/lyXa U COOTBETCTBEHHO yMeHblIeHHe TpebyeMoii Terl-
JIOBO# 3HEPTHH Ha €ro NoJOrpes.

B pesynbrate cHUXAWOTCS HEPro3arpaThl HAa IKCIUIyaTAUHIO BO3-
JIyuHOH 3aBecel npy obecneueHnu 3¢phexTHBHOM paboThl.

TexHnuyeckue NpeuMylLecTBa BO3AYLIHOH 3aBechbl MyTeM MOAAYM
BO3JyXa 10 BbICOTE NPOEMa NPU [OMOLM TUIOCKHUX CTPYH nogaBaeMblx
TOPHU30HTABHO C Pa3spbiBOM, paBHbIM 0,5 MIMPUHBI LIleNIM, B YMeHbllle-
HUM pACXo/ia Terjia, TpeOYEMOro Ha HarpeB BO3/yXa, MUCTEKAIOLIErO M3
BO3/1yXOpacnpe/Ie/IMTeNbHbIX HAacaJKOB INPH KauyecTBeHHO#l paboTe
3aBechbl.

IIpeiaraemas Bo3ayiuHas 3aBeca MOXeT ObITh PEaM30BaH JUis Te-
TUTO3AIUTHI NOMEUICHHH OT [POPLIBOB HAPYKHOTO BO3AyXa uepe3 OT-
KPbLITbIE MPOEMBI B 3aHHAX W COOPYKEHHUAX MPEHMYILECTBEHHO IpPO-
MBILUIEHHOI'O Ha3HA4YeHus.

Hcnonb3oBannas Jaureparypa

I. 36ipHuk HaykoBux npaub. IlepcriekTHBHI Hanpsmu npoexkTyBaHHS
KUTIOBUX Ta rpomaiacekux Oyaisens. Crneuianbuuii Bunyck. Enepros6epi-
raioui TexHosiorii B Oy aiBHNTUTBI Ta apxitexkTypi. Kuis, 2004. — 170 c. Duep-
rocOepexenue B NPOLECCaX OPraHM3aliMK TEMJIOBOTO PEXHMA NPOMBbLIIEH-
HbIX 31aHmi. — C. 115-119.

2. Tlatent Yxpaunsl UA 64378 A. Cnocob co3jianus Bo3aywinoii 3ase-
cbt. 2004, JTyxauckas A. B., JTyxanckas M. 1.
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YK 339.03:615.05 10. B. Icaenko, 3006y6au
Kuiscbknii HaUiOHALHUI YHIBEPCUTET
OyaiBHUUTBA i apXITEKTYPH

METOAWUKA OLIIHKW PE3EPBIB 3POCTAHHSA
NPOAYKTUBHOCTI NPAUI B BYAIBHULUTBI

VYenix CyyacHOro MiINPHEMCTBA, HE3ANEXKHO Bifl HOro po3Mipis,
¢$opM BJIACHOCTI Ta BUAY AiSJIBHOCTI 3aJIEKUTh Bi HOIO afieKBaTHOI Ta
CBO€YACHOI peakiii Ha PUHOK, 3 OHOIO OOKY, Ta palioHabHOIO BHKO-
PHCTaHHs CBOIX pecypciB, 3 Apyroro 6oky. Peanizauis uux 3aBaaHb, Me-
TOM SKHX € MiABHIllEHHA KOHKYPEHTOCIPOMOXHOCTI MiANPHEMCTBA, MO-
Tpebye, mo-neplie, po3yMiHHA HEOOXiIHOCTI KApAMHANBLHHUX 3PYLUEHb B
onepaliiiHiii (BUpobHMumii) chepi, a no-apyre — HIEBOrO aJrOpUTMY
BIPOBa/UKEHHS 3MiH, AKi OCTYNOBO MalOTh NPHMBECTH JIO 3AIIAHOBAHO-
ro yCIiXy niAnpyUeMCTBA.

BifoMuii IOCTIAHHK YHHHUKIB KOHKYPEHTOCIPOMOXHOCTI Maiiki
ITopTep (1] MPHHLIOB /10 BUCHOBKY, 11O AN OTPUMaHHS KOHKYPEHTHOT
nepeBaru, nmnpueMC"rBo MOBMHHO CTBOPIOBATH TAKY CaMy L{IHHICTb
MPOAYKTY K i KOHKYPEHTH, ajie BUPOOIATH HOro 3 MEHIIWMH BUTpATAd-
MH, 200 TPOMOHYBATH CIIOXMBayaM OLIbUI LIHHUHA MPOAYKT HIK KOHKY-
peHTHUI. TepMiH “LIHHICTL”, SKUH B JaHUH 4ac NOCHTb 4ACTO BMKOPH-
CTOBYETLCA, MO CYTi NpeAcTaBiisie coOOK CYKYIHI BAMOTH CIIOXNBAYA 110
npoaykty [2]. 3a BucHOBKaMu ¢axiBLiB 3 BUPOOHHYOrO Ta onepauiiHo-
IO MEHEIKMEHTY, LIHHICTh NMPOAYKTY CKIIaJalOTh Taki OCHOBHI BUMOI'H,
AK: IKiCTh MPOAYKTY, CBOEYAcHe (a B AKX BUNAAKaX i nepefyacHe) BU-
KOHAHHA 3aMOBJIEHHS, Ta HU3bKa LiHa [3]. 3pificHeHHs Takoi crpareril
HeMoxuBe 6e3 eEKTUBHOIO BUKOPHUCTAHHS CBOIX PECYPCIB i, 30KpeMa,
yacy. PawioHanbHe BUKOPHCTAHHS Yacy — noBiyHa npobnema, sxa CTOITh
nepe GaraTbMa MOKOJIIHHAMU Kepm}mxm BUpOOHMUTBA. i akTyanb-
HIiCTb MOCTIiHO 3pocTae. 3pocTae i LiHA KOXHOI XBUIIMHU pobouoro ya-
Cy, TOMY 110 {ioro e)eKTHBHE BUKOPHCTAHHS O3Ha4a€ MOKPALLaHHA PUT-
MIYHOCTI BUpOOHMLTBA Ta SKOCTI Npalli, 4iTKe BUKOHAHHS OanaHCOBHX
CMiBBiAHOLIIEHE BAPOOHUYOTO MPOILIECY, 3MEHLIEHHS BIJIMBY BHUIIAJKOBHX
YMHHHUKIB, AKI HETaTUBHO BIUIMBAIOTL HE TIIbKY Ha NMPOLEC BUPOOHHL-
TBa, ajie i Ha COUiaNbHO-TICHXOJIOTIUHHI KIiMaT B KOJIeKTUBAX, i fK pe-
3yJIbTAT, CTPAXJAE KOHKYPEHTOCMHPOMOXHICTb Ta XUTTE3MATHICTL Mifd-
npueMcTBa. 3po3yMino, 1o BNpoBaxeHHs npasuna M. IMoprepa, T0o6-
TO 3HMXKEHHA LiHH abo MiBHIIEHHS AKOCTI (UIHHOCTI), He 30iTbLIYIOYH
L{IHY, MO>J/IMBO JIMLIE LUISIXOM 3HHKEHHS BUPOOHHYHX BUTPAT, palioHa-

13*

99



JbHAM BUKOPMCTaHHAM po60YOro yacy, MiIBULIEHHAM NMPOAYKTHBHOCTI
npaui Ha Beix 6€3 BUHATKY NaHKax MiANpUEMCTBA Ta cdepax AisIbHOCTI.

JlocarT BUCOKOT NMPOAYKTHBHOCTI Npalli B LOMY Ha MiANPUEMCTBI,
B OpUrajii Y1 Ha KOXHOMY poOOYOMY MiCLi — 3HAYMTb HACAMITIEPEA CKO-
POTUTH, @ B ileaIbHOMY BHIIAKy JIKBilyBaTH BTpaTH pobouoro uacy,
BHUABUTH Ta pealizyBaTH WOTO pe3epBH, PalliOHallbHO BUKOPUCTOBYBATH
pobouuii yac B BMPOOHMYMX MpoLiecax 3a PaxyHOK pO3pOOKH eKo-
HOMIYHUX TEXHOJIOTii BUPOOHUIITBA.

Pe3epu po604OTo yacy MOXKHA PO3JUINTH Ha pe3epBU Gonay pobo-
YOTO Yacy Ta Ha pe3epBH TPYAGMICTKOCTI. 3riiHO 3 OLHKOIO BueHHX [4]
nMUTOMa Bara pe3epsis Gonay poboyoro uacy cknaaae 20-30%, a pesepBis
3HUKEHHs TpyaoMicTkocti — 70-80% B ix cnisbHii cykynHocTi. Jlns pos-
pobGKH KOMIUIEKCHOT MPOrpamMp 3 MiBHUILEHHSA NMPOAYKTUBHOCTI Npari
HeOOXiAHO NMOYMHATH MEPEAYCiM 3 aHajli3y Ta BHKOPHUCTaHHS pe3epBiB
douay pobouoro yacy, a noTiM MEPEXOAUTH JO PE3EPBIB 3MEHLIEHHS
TPYAOMICTKOCTI, a0 BNPOBA/DKYBATH 3aX0/H 3 iX JIKBiAAL OTHOYACHO.
Yomy came Tak? ToMy 110 BUKOPHCTaHHA Pe3ePBiB TPYJAOMICTKOCTI 10-
Tpebye po3pobku HOBMX abo BIPOBAIKEHHS BXKE ICHYIOUHMX MEPEAOBMX
TEXIOJOriH, TOOTO iCHYe HEOOXIAHICTh B 3HA4YHUX (PIHAHCOBUX IHBECTH-
uisx. KpiM Toro, BNpoBajkeHHs HOBITHIX TEXHOIIOriH BHMara€ 4iTKol
oprauizanii npaii Ta HaJlaro/UKeHHs BCIX MPOLIECIB, TOOTO NnonepeaHbo
noTpi6HO PO3rNSHYTH piBeHb OpraHizauii npaii Ta JIKBiAyBaTH ICHYIOYI
pe3epBU. BukopHcTaHHs X pe3epBiB GoHay poboUOro yacy maixe ol-
pa3y lac eKOHOMiuHMii edekTH Ta He noTpebye 3HaYHUX (PIHAHCOBUX iH-
BECTHLIMH, TOMY 110 JOCAra€THCS 33 PaXyHOK BIOCKOHAJIEHHS OpraHizatii
BUPOOHHMLTBA, Ta CHCTEM yrpaBliHHA. OIHAK L€ HE 03HAYaE, 1110 pe3ep-
BH 3HIKEHHS TPYAOMICTKOCTI MAIOTh 3aJIMLIMTUCS 1033 YBATOI0.

EdekTHBHE BUKOPUCTAHHS poOOYOTO Yacy i, K, HACJIiA0K 3pOCTaH-
HS MPOAYKTHBHOCTI Mpali 3aJexuTh BiJ BHABJEHHS (akTopiB, TOOTO
PYWIHHMX cuil aB0 MPUUMH, 11O 3YMOBIIOIOTb 3MIHY Pe3yJbTATUBHOCTI
’KMBOI MpaLi CTOCOBHO HOPMAaTHBIB, IUIaHY, MOTIEPEIHLOrO Nepioay, ne-
pPeNOBHX TiANPUEMCTB. (PAKTOPH 3pPOCTAHHS MNPOAYKTUBHOCTI mnpaui
PO3IIISAAI0TECS AK 3MIHM MaTepianbHO-TEXHIYHUX, OpraHizaliifHHUX i co-
LiagbHUX yMOB 6€3nmocepeHbO B Mpolieci BUPOOHHUITBA, MiJ BIIIMBOM
AKHX CKOPOYYKOTHCS BHTPATH KMBOI Npaili Ha BUPOOHULTBO OQMHULI
npoaykilii (pobit, nocuyr).

Knacudixyioun (pakTopu BrMBY Ha epeKTHBHE BUKOPHUCTaHHS PoO-
6040ro yacy Ta 3pOCTaHHS NPOLYKTHBHOCTI npaii B OyAiBHALTBI, Ciil
BPAXOBYBATH OCOOJIHBOCTI ranysi, BUXOAA4YM 3 TOrO, IO HA KOXHOMY
piBHI ynpapiiHHS BUPOOHHUTBOM (GakTOpu He OYAyTb OAHOZHAUYHUMH.
OpnHi dakTopu AIIOTHL MOCTIHHO, iHIII HOCATH THMYACOBMIl XapakTep,
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TOOTO BIUIMBAIOTh Ha edeKTHUBHICTbL FOCIIONAPIOBAHHA B TMEBHI Mepioan
AisbHOCTI OyaiBenbHux opraizauiii. Kpim toro, B OyIiBHULITBI He-
obxiaHo O6patu 10 yBaru )akTOp NPUPOAHHX YMOB: KOJMBAHHS TeMIie-
paTypH, aTMoc(epHa OnajH, cTaH IPYHTIB, CEHCMIYHICTL paioHy 3a0y-
A0BH TOLO. MexaHi3m Aii (akTopiB Ha MPOAYKTHBHICTH Mpalli TAKOX He
oaHakosuii [4]. Skio ¢akTopu, AKi MOB’A3aHi 3 PO3BUTKOM TEXHIKH Ta
TEeXHOJIOTIT, opraHizauii BUpOGHHIITBA Ta Mpaui BIUIMBAIOTh Ge3nocepes-
HbO, TO COLiaJIbHI Ta EKOHOMIYHI — [II0Tb NOCEPEAHBO, 3aBJIIKH 3MIHEHO-
MY BIAHOLIEHHIO pOOITHHKA 4O Mpali, BIUIMBAIOYM Ha HOTO HABHYKH,
3HaHHA Towo. Tak, HanpuKIa, 3pOCTaHHA OCBITHBOTO PIBHA HE BIUIM-
Bae Oe3nocepeHbo Ha MPOAYKTUBHICTb Mpaui, aje Qi€ Ha NpaliBHUKA,
$opMyIOUM Ta NOMHOXYHOUYM HOro 31i6HOCTI, BMIHHS BHMKOHYBATH
CKJIa[iHI OMnepallii BUCOKOTO IaTYHKY 3 MiHIMaJIbHHUMU BTpataMu pobo-
4OTO Yacy.

IMowyku rauOMHHUX pe3epBiB poOOYOro 4acy MOXJIMBI micns ae-
Tami3alil eKOHOMIYHHMX, any3eBUX Ta BHYTPILIHbOBHPOOHHMYHX ¢ak-
TOpiB (Tabnuig), HA OCHOBI SKUX Mae 6yt chopMoBaHa KOMILIEKCHA
nporpama ynpasjiiHHg poOOYMM 4HacOM Ta NPOAYKTHUBHICTIO B
OyniBHHUTBI. B 3anponoHoBaHii CTPYKTYpHiH cxemi, sika MpeacTaBiise
cob010 Q)aKTopn BIUIMBY Ha MNpPOAYKTHUBHICTb mnpadi, MPONOHYEThCS
BHUMUTH I1'STh  OCHOBHHX rpyn  (akTopiB BIUIMBY: TEeXHiuHi, Op-
raHilauliitHi, eKOHOMIiYHi, coliasbHi Ta 03/10poBYi. B cBOIO 4epry, KOKHy
rpyIy AOUUIBHO PO3OMTH Ha pAA NPOCTILIMX OAHO3HAYHHMX (AKTOPIB,
MEeTa AOCHI/KEHHA AKHMX — BU3HAUWTH KiNbKICHUH BIUIMB HA TIPOAYK-
TUBHICTb npaui (Tabanus).

Tabauys 1
CrpykTypHa cXeMa KOMILIEKCHOI NIPOrpaMu ynpasJiiHHs NIPOAYKTHUBHICTIO npaui
Ne
r(gg:f{ dakTopH 1a 3ax0au
TOpIB

| TexHiyni
1.1 | Posimpenus noBHo3bipHoro OyaiBHALTBA i BOPOBAUKCHHS ePEKTHBHHX
OyaiBeIbHHX MATEpiaiB | KOHCTPYKLLi:
® 33CTOCYBAHHA MPOTPECHBIIHX MPOECKTHHX PillICHb;
® 30iNLIUCHHS MMTOMOT Baru 3acTOCYBaHHsA 30ipHMX KOHCTPYKLIH,
60KiB, BY31iB;
® NOJINIIECHHS AKOCTL, 3MEHIIEHHS MACH il NiJABUINEHHS CTYICHS 3aBO/I-
CbKOI 'OTOBHOCTI 30ipHUX KOHCTPYKLUIH i aeTasiei;
® NiABHUIEHHA TCXHONOTIYHOCT] 30IpHUX KOHCTPYKUIi i geTasieii na oc-
HOBI YHi(iKaUil i crangapTn3aiil NPoeKTHHUX pillieHb;
® 30iblLeHHST BHKOPHCTAIHSA CHCKTHBHHX OY/IBCILHHX MaTepia lis
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3axinuenrna maoa. 1

1.2 | NMineuitenHs piBHs MexaHizalii OyliBe/bHO-MOHTaXHUX PObOT i CKOpPO-
YyeHHsl IMTOMOIT Bar'd pOOITHHKIB, 3aHHATUX PYYHOIO MpaLeio:
® noinueHHs BUKOPUCTAHHS HASBHOTIO NApKy OyNiBe/IbHUX MallHH;
® OHOBJIEHHS MApKy, 3aMiHa MOpa/bLHO i Hi3HUYHO 3acTapinuX MalHH
HOBHMH BHCOKOMPOJAYKTHBHUMH;
® OCHAILICHHA OpraHi3auiffi HOPMO KOMIUICKTAMH 34CO0iB Malloi Me-
XaHi3allil I BUKOHAHHS Pi3HUX BUAIB PoOIiT;
® HapolLlyBaHHA PeMOHTHOI 6a3u, 1110 3abe3neuye CKOPOUEHHS CTPOKIB
nepebyBaHHA MAaLUMH B PEMOMTI
1.3 | BnpoBamkeHnns HOBOI, OUIbII BIOCKOHAMNEHO! TeXHOMNOTII BeaeHHs Oyii-
BeJIbHO-MOHTAXHHX pobiT
2 Opraunizauiiiti
2.1 | BmockoHasieHHs opraHizanii BApoOHULTBA I npaui:
® NigBHUILCHHS PiBHA TEXHOJIOTIYHOI CreuianizaLii;
® palioHaNbHE KOMIIEKTYBaHHsA OpHraj;
® po3poBKa Ta BIPOBAIXKCHHS KapT poOOUHX ITPOLIECIB;
® BJIOCKOHAJICHHS HOPMYBaHH$ npail;
® CKOpPOUEHHS MPOCTOIB POOITHHUKIB;
® BJIOCKOHAJICHHS OpraHi3ailii niicOOHNX BUPOOHHILITB;
® [IOKpaLlaHHsA YMOB IpaLli;
e MiAroTOBKA Ta Ii/ABUIICHHS KBasidikauii poGiTHHKIB
2.2 | BoockoHaJIeHHs CUCTEMH YNpaBIliHHA OyaiBHHLTBOM:
© BJIOCKOHAJIEHHS OpraHi3auiiiiiol crpykTypH Oy/liBe1bHO-MOHTAKHHX
oprasizauiif;
© ONTHMAasIbHE CKOPOYEHHSA YIIPABIiHCLKOIO anapary;
® BOPOBAKEHHS aBTOMATH3OBAHHX CHCTEM TJIAaHYBAaHHS Ta yIIpaB-
niHusg 6yaiBenbHUM BHPOOHUUTBOM;
® po3pobka 30asaHCOBAHKX 3 BAPOOHHYHMH PeCypCaMH MUIAHIB BH-
podHuuTBa
3 ExonoMiuti
3.1 | BaockoxaneHHs ¢OpM OIUIATH Mpalli Ta MATEPiaJlbHOr0 CTHMYTIOBAHHS
3.2 | TligBHIeHHS CTiMKOCTI $iHAHCOBOTO CTAHY MiANPHEMCTBA
3.3 | BnockoHaneHHs $iHAaHCOBUX BiIHOCHH MiX BUPOOHHUHMH Nigpo3ailaMH
OyaiBeIbHO-MOHTAXHOI OpraHisanii
4 Couianbhi
4.1 | Po3pobka i BOpOBAalMXKEHHA COUiaJIbLHUX TUIAHIB Ta NMPOrpaM PO3BHTKY
KOJICKTUBY
4.2 | Po3BuTOK TBOPYOi AKTHBHOCTI POOITHHKIB Ta iX y4acrh B npoliecax
yIpaBJliHHA
4.3 | CxopoueHHs MIHHHOCTI KailpiB
4.4 | BnipoBa)XeHHsl COLia/IbHO-OPICHTOBAHUX METO/IiB YNPABIIiHHS
4.5 | INoxpauiaHHs NCHXOMOTIYHOI0 KiMATy Ha MiMPHEMCTBI
b O3noposui
5.1 | MposeneHHs 03/10POBYHX 3aX0iB
5.2 | OpraHi3auis CMOPTUBHHUX 3Maralb
5.3 | poseachus nmpodinakTHKK 3aXBOPIOBAaHb

102




ITpoaykTuBHICTL Npaui y OyaiBesnbHIA opraHizauli BHMIPIOETbCS
KUIbKICTIO OY/1iBEJIbHO-MOHTAXXHHUX pOOIT, BAKOHAHUX 32 OAWHULIO 4acy
(Bupob6iTKOM), ab0 BUTpaTaMH yacy Ha OAMHHLIO OYyAiBETbHO-MOHTAXK-
HUX poOlit (Tpynomictkictio) [6]. PiBeHb NpPOAYKTHMBHOCTI Ipaui BH-
3HauaeThes 3a popmMyIoio:

B=Q/T abo Tp = T/Q, (1)

ae B — Bupobitok; Tp — TpynomictkicTs; 7' — KilbKicTb po60yOro yacy,
BHTPau€HOTO Ha BUKOHAHHSA 00cAry poOiT; Q — 06car BUKOHAHUX poOiT.

CTyniHb NPUPOCTY NPOAYKTHUBHOCTI Mpaui Mil BIUIMBOM MEBHOIO
(akTopa, MOXE BU3HAUATHCS LIAXOM 3iCTaBIeHHS GaKTUHHOTO i HOp-
MaTHBHOTO 3HAueHHA MOKAa3HHKa, KU XapakTepusye JaHHWil daxTop.
HopMaTuBHI 3Ha4YeHHA LUX NOKa3HMKIB ABJAIOTb co00I0 po3paxoBaHi
KUIbKICHI 1 AKICHI nmapaMeTpH HalieQeKTHBHILIOTO BUKOPUCTAHHS YMH-
HHUKIB, IKUM BIAMOBIJAIOTL MIHIM@IbHI 3aTPAaTH Npall Ha BUKOHAHHS
OAMHULI poOIT (MpoAYKIii).

Ha npakTuui HOpMaTHBHE 3HAUEHHS NMOKAa3HUKA, AKMH XapaKTepH-
3ye TOH uM 1HUIHHA GaKTOp, HE 3aBXKAH OCSAFAETbCA 3 MIPUUYMH K 06’eK-
THBHOTO, TaK i Cy6’exTHBHOrO Xapakrepy [5]. Baacninok usoro CTBOPIO-
I0ThCSA PE3EPBH 3POCTAHHS npOﬂyKTHBHOCT) npaui, Mg sKAMK CITiZ Po3y-
MITH peanbHi MOXJIMBOCTI CKOHOMIT npatli, peajizauis skux 3abesneuye
JOCArHEHHA MIHIMaNbLHUX TPYROBMX BHTPAT Ha OJMHUIO Npoaykuil (po-
61T, NOCyr), 3yMOBIEHHX MOXJIMBICTIO JaHOro GakTopa MpH HE3MIHHKUX
IHUIMX YMOBaXx.

3MiHa NMPOAYKTUBHOCTI Mpaui B Ailouiii NpaKTHUI NIaHyBaHHSA Ta
aHali3y XapakKTepH3YeTbCs aOCONIIOTHOWIO 1 BIAHOCHOK EKOHOMIEKD 3a-
TpaT (4UCeNbHOCTI MPALIBHUKIB) Mix BIIHMBOM OKpeMHUX dakTopis abo ix
CYKYMHOCTi. AGCONIOTHA €KOHOMIisi CTBOPIOETbCS B Pe3y/ibTaTi 3MeH-
ILICHHS YMCENbHOCTI NPALIIOIOYKX MPH HE3MIHHOMY 00cs3i OyaiBebHOro
BUPOOHHKLTBA ab0 npu HOro CKOPOYEHHI B MEHILUIH Mipi, HiX 3MCHUIEHHS
YyuceabHocTi OYAiBENbHO-BUPOOHHYOTO MepCOHaITy.

BiziHocHa ekoHOMIA 3aTpaT npaui CTBOPIOETbCS B Pe3yNbTaTi 3po-
CTaHHA o0csary OyAiBeIbHO-MOHTAKHHX POOIT MpPH HE3MiHHIH uucelb-
HOCTI npalolounx abo npu 36ibLIeHH] X YMCENbHOCTI B MeHLii Mipi,
HIZK 3pocTaHHs o0caris OyaiBenbHOI0 BUPOOHHLTBA.

[1i nokasHUKM JOUITLHO 3aCTOCOBYBATH NMPH OLIHII PE3EPBIB 3pO-
CTAHHSI MPOAYKTHBHOCTI Mpall, OCKUIbKH BOHH MAIOTh MOXJIMBICTb BH-
3HA4ATH BEIHYHHY PE3EPBY 5K 32 OKPEMHMH MiAPO3JiIaMHK, TaK i 110 Op-
raHi3alyl B UINOMY, 1€ KiJbKICHA BeNN4MHA pe3epBiB npeacTasse co60:0
PI3HUIIIO MIJK JIOCATHYTHM Ta MOXKJIMBHM PiBHEM MPOYKTHBHOCTI NpaLl.
Ouinka MOKIMBOTO NPHPOCTY MPOAYKTHBHOCTI MPall CTa€ MOXKIUBOKO

103



3aBJISIKM NTONEepPeHbOMY aHANI3y HAsBHMX BUPOOHMYMX MPOLECIB, iX Kila-
cudikauii, Ta po3paxyHKy TakuX NapameTpiB, fK NMOKa3HUKH 3 SKOCTI,
yacy Ta BUTpAT [4]. AHami3yloud MOKa3HUKH Ta (aKkTOpH BMJIMBY Ha
MPOAYKTHUBHICTb npaili (IUB. Tabnuiio 1) po3pobisoThCs Ta BNPOBAI-
KYIOTbCS BUIMOBIAHI OpraHi3aliiiHO-TEXHIUHI Ta COLIaILHO-eKOHOMIUHI
3axonu. Ilicns BMpPOBafKeHHs 3arMpONOHOBAHMX 3MiH JOCSTHYTHH NpH-
piCT TNPOAYKTUBHOCTI notpedye audepeHIiHOBAHOIO PO3pPaxyHKY.
3 wi€ METOI PEKOMEHAYETbCH: BU3HAYMTHU €KOHOMIIO JKMBOI mpalli 3a
KATEropiAiMH rnepcoHany (anapar yrnpasiiHHs, NPaLiBHUKH JOTIOMIKHHUX
BUPOGHULITB, pOOITHUKH 3aitHATI Ha OyliBeIbHO-MOHTaXHHX poboTax);
i3 3arajibHOl eKOHOMil TPYZOBUX BUTPAT BU3HAYHUTH YACTKY, 3YMOBIIEHY
CTPYKTYPHUMH 3pyLIEHHSMH OyJiBEIbHO MOHTAXHUX POOIT; BUSHAYUTH
€KOHOMIIO TPYJOBMX BHUTpPAT i BiANOBiAHE 3POCTAHHSA NPOJXYKTHBHOCTI
mpaii 3a paxyHOK MiJBHLUEHHS TEXHIYHOro piBHs OyAiBHULTBA (BIpPO-
Ba/KEHHS e(heKTUBHUX KOHCTPYKL(iH, MaTepialliB, HOBOI TEXHIKH, MiABH-
ILIEHHS PIBHA MeXaHi3auil pobiT, CkopoueHHs 4acTKH py4HOi rnpati, 3po-
cra”HHa KoedinieHTa 36ipHOCTI OyAiBHMUTBA Ta iH.) 1 B pe3ysbTarTi pe-
anizauii opradizauiiiHuX 3axofiB (pucyHok. 1). JIouinbHICTh TAKOTO po3-
rpynyBaHHA 3yMOBJIEHA THM, 1[0 TEXHi4Hi 3aX0AM MalOThb KOHKPETHi 00-
CATH BNPOBAJKEHHS, 1 eKOHOMis TPYJOBHX BUTpPAT B pe3yjabTaTi iX pe-
anizauii nignaerbes GesnocepeHbOMY po3paxyHky. B Toii wac, sk yac-
THHA OPraHizalifHUX Ta eKOHOMIYHHMX 3aXOJIB HE Ma€ MPAMOTO BIUIUBY
Ha MPOAYKTHUBHICTb Mpali, OCKiJIbKM Ma€ nocepeaHiii xapakrep. Po3pa-
XYHOK OTPHMaHoi eKOHOMii TPyJOBHX BHTpAT, ToOTO nokasHukie (dPr,
dPm, dPh, dPca) 3aiiicHIOIOTbCS HA OCHOBI MPOBEIECHHS MOBTOPHHUX J0-
CI[DKEeHb I1iCNS BNPOBAKEHUX 3MiH HAa OCHOBI OpraHi3zailiiHO-TeXHiy-
HMX Ta COL{ialIbHO-eKOHOMIYHHX 3aXO/IB.

Po3rnsiHeMo jJeski METOAMYHI acNeKTH PO3PaxyHKIB BIUIUBY Oinb-
wocTi $paKTOPiB HA EKOHOMIIO TPYAOBUX BUTPAT.

BrninuB BrpoBa/pkeHHs e)eKTUBHMX MarepialliB i KOHCTPYKUiA Ha
€KOHOMIIO TPYOBHX BUTpPAT AOLIbHO BU3ZHAYATH 33 (POPMYJI0L0:

Ewl= A* (Su) * (Tco - Tcn) - (Scn - Sco) * (Ta - TCD)), (2)
ae: A — npupicT obcary BpoBaKEHHS HOBUX KOHCTPYKLII B HaTypallb-
HOMY BHpa3i;

Sco — MOBHA BAPTICTb KOHCTPYKLIiii, IO 3aMIHIOIOTbCS;

Teo — MUTOMA TPYAOMICTKICTh KOHCTPYKLIiM, 1110 3aMIHIOIOTHCSH;

Ten — NMTOMA TPYAOMICTKICTb KOHCTPYKLIii, 1110 BIIPOBAKYIOTHCS;

Scn — MOBHA BAPTICTb KOHCTPYKLIM, L0 BIPOBAMKYIOTHCS;

Ta — NTMTOMA TPYIOMICTKICTD yCiX poOiT no OyniBenbHiH opraHizauii B
LLJIOMY.
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BrniuB 3axo/iB M0 BIOCKOHAJIEHHKO TEXHONOTIT Oy/iBeJIbHOIO BH-
poOHHMUTBA HA TPYAOBI BUTPATH MPOTOHYETHCA BHU3HAYATH TAKUM 4YH-
HOM:

E\VZ = A * (tb = tf), (3)

ae: A — obcAr 3acTocyBaHHS 3aX0.y,
ty — TPYAOMICTKICTb OAMHMLI POBIT 0 3aCTOCYBAHHS 3aXO0/Y;
{r— TPYAOMICTKICTh OAMHUII POBIT MiCIIA 3aCTOCYBAHHSA 3aX0y.

Buxois4u 3 3aMpOMOHOBAHOrO MiAXOAY, ePEKTUBHICTh TEXHIYHHX
Ta TEXHOJIOTYHMX 3aX0hiB Oyne 3a6e3nequaTuc1, B THX BUITAAKaX, KOJIH
PILUICHHS, 1O BNPOBA/LKYETHCA MEHLL TPYAOMICTKE MO BIZHOILIEHHIO 10
3aMiHIOBAHOTO 1 TIPUPICT 0OCArY 3aCTOCYBAHHSA NEPEBULLYE 3POCTAHHSA
obcary 6yaiBeIbHO-MOHTAXHHUX POOIT.

Po3paxyHKH AOLUILHO MPOBOAMTH OKPEMO 3a BUIAMH OyjiBeibHO-
MOHTaXHUX poOIT, a pe3yJIbTaT B LIOMY 1O MiANPHEMCTBY CJTiJI BU3HA-
YaTH LIIIXOM CyMyBaHHs OKPEMO O/IePKAHUX MOKA3HUKIB.

EXOHOMISl TPYZOBUX BHTPAT 3a PaXyHOK BIPOBA/DKEHHS CY4YACHMX
METOAIB OpraHi3anii npati, BJOCKOHANEHHS MaTepiajlbHOro Ta coLiajih-
HOT'O CTHMYJIIOBAHHS ITPOMOHYEThCH PO3PAXOBYBATH HACTYIHUM YHHOM:!

Ews = (Te—Tp) * dPr * Vi * Dy /(Pryp * 100), “4)

ne: Tr ra Ty — nuTOMa Bara pobGITHUKIB, OXOTMJIEHUX JAHHUM METOAOM B
aHanizoBaHoMy Ta 6a30BOMY fepiojax;

dPr - BifHOCHHI MpHUPICT MPOAYKTUBHOCTI B Pe3yJbTaTi BIpPOBA-
JUKEHHS JaHWX OpraHi3auiHO-eKOHOMIYHHX 3aX0/1iB;

Vi - dakTH4HuK#i 06car pobirT;

Dy — cepenss KisibKicTb AHIB, BiAMPALLOBAHUX OJHUM POOITHUKOM B
6a3oBoMy poili;

Pry — cepenys 6a3oBa NpOAYKTHUBHICTb, AOCATHYTA Ha 06’€KTax, Ha
AKHX BNPOBAKYIOTHCA 3aXOAM UIOAO MiABMIUEHHSA HAPOAYKTUBHOCTI
npadi.

Briius cKOpOYEHHS HEMPOAYKTHBHUX BUTPAT pobOUOro uyacy mMoxe
6yTi po3paxoBaHuii 3a popmyiomwo:

Euwa = (dty — dts) * P/100, )

ne: dty Ta dtr — HEMPOAYKTHBHI 3aTpaTH poboyoro yacy (Hampuknaj,
OYiKYBaHHS MaTepiany, 3aBAaHHs], BUKOHAHHS HEBJACTUBOI poOOTH Ta
iHUIe) y BiICOTKaxX IO BifMpaubOBAaHOTO wyacy;, P — BHXiAHA KiJbKICTb
PODITHHKIB.
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Mpupict npoayxTueHoCTI npaul
dPr

YmoaHe suBintHennna 6yaisensHo-
supobHuyoro nepconany dP

o

Anapary MpayisHukis
ynpaeniHHs nigcobuux

dPm

dPh

]

supobGHuuTE

o

Npauisyuxie
GyAisenbHo-
MOHTaXHHUX
i pobir dPca
o I

[

SIS, —

YMoBHE BHBINbHEHHA

(36inLwennn) yss'saxy
3 CTPYKTYPHUMN

3pyweHHaMu pobir

— I

3a paxyrox
TexHlYHux
Jaxoaqis
Et

ExoHoMIA
TPYAOBHX
BMTpar3a

paxyHok
peanisayii opr-
vex.3axoais

3a paxyHox
opraHizauinHux
Jaxopis

-y .

Eor

dPr=dPm +dPh +dPca = dPm + dPh + Et+ Eor
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EkoHoMis TPYAOBHX BUTpAT 3a PAXYHOK BINPOBAKEHHSA 33XOIIiB
BJOCKOHAJICHHA CHCTEMH MCEHEILKMCHTY MOXE 6yTM po3paxoBaHa Ha-
CTYIMHUM YHHOM!:

Ews = (Pmp/ Vy — Pmy) * Vg, 6)

je: Pmp Ta Pm¢ — yHceNbHICTL MEHEIKEPIB BiAMNOBIAHO y 6a30BOMY Ta
¢paxTHyHOMY niepiofax; Vy Ta Vi — 06csaru 6yaiBenbHO-MOHTaXHUX POBIT
y 6a30BOMY Ta 3BiTHOMY Mepiojiax.

ITpupicT NpoAYKTHBHOCTI NMpali Mac 6yTH po3paxoBaHHii BIANOBI-
HO /10 KOXKHOI IpyMH BIPOBAKEHHX 3aX0IB 3TiAHO 3 GOPMYJII0I0:

dPrj = Vy / (Pp — Ewj) — Pro, )

ne: Vi — o6csr ByaiBenbHO-MOHTaXHUX pobiT y 6azoBoMy nepioai;

Py — BUXiAHA KUIBKICTh POOITHHKIB;

Ew; — BiilIOBiIHA €EKOHOMIsSt BUTDAT;

Pry, — cepeaHs 6a3oBa NpOAYKTUBHICTb Ha 00'€KTax, Jie BIIPOBALKY-
10ThCA 3aX0M 1040 MIABUILEHHS MPOAYKTUBHOCTI NpalLli.

B yMOBax pHHKY | KOHKYPEHLIii MeXaHi3M ynpapjiHHsA ePEeKTUBHICTIO
npaue B OyAiBHULITBI BUMara€ KOpPiHHOTO BIOCKOHaseHHS. CydacHi
€KOHOMIYHI BITHOCHHH NMOTPeOyloTh BHECEHHN BIIUIIOBIJIHHX 3MiH B Op-
raHizalio npaui, nJaaHyBaHHsS BUPOOHHULTBA, aHANI3y TPYIAOBUX MOKa3-
HUKIB 3 METOI BHABJIEHHSA Ta MobGinizauii ¢akTopiB BrMBY Ha edek-
TUBHIiCTh miaAnpuemcTsa. [as migBULUEHHS TNMPOAYKTUBHOCTI Npaili He-
06XiJHO BAOCKOHAJIIOBATH CTPYKTYPY Ta MPOLIECH MiANPHUEMCTBA, ONTH-
Mi3yBaTH YHCeNIbHICTb POOITHHKIB, BIPOBAKYBATH MPOBIAHI MIAXOAH 3
opranizauii npaui. KpiM Toro, 10uilIbHO MPUAINATH yBary He TiIbKH Op-
raHi3aLifHO-TEXHIYHUM 3aX0JaM 3 BIOCKOHANEHHS BUPOOHM4YOI CHCTe-
MM, ajie i BIPOBAMKYBATH BiANOBiAHI, MOTUBYIOUI MPEMialIbHI CUCTEMU
Ta CUCTEMH OTUIaTH Mpalli, MOKPaLlyBaTH COLlialIbHUI Ta MCUXOJNOTTUHUI
KJIIMaT Ha NiANPUEMCTBI, MiABULIYBATH NpodeciiHuil piBeHb POOITHUKIB
Ta iX 0COBHCTY 3al{ikaBJIEHICTb K B NMPOLEC] CTBOPEHHS LIIHHOCTI, TaK i B
KiHueBOMY pesynbTati. Ha OCHOBI 3anpornoHOBaHOI METOAMKH CTae
MOJXJIMBOIO OLIHKA HASIBHUX PE3€PBIB OO0 3POCTaHHs MPOAYKTHBHOCTI
npaui B OyaiBeNnbHi# ranysi Ta po3pobka KOMIMIEKCHOI MporpaMu 3 ix
NKBiAaUii WASXOM BHUSABJIEHHS Ta BpaxyBaHHs (akTopiB ski BIUIHBAIOTh
Ha pailioHalbHe BUKOPHCTAHHA pPOOOYOro uacy, a TaKOX MOJablINii
PO3paxyHOK [JOCATHYTOI €KOHOMii BUTpAT Micis BMPOBAIKEHHS Op-
raHisauiiiHo-TeXHONMOTIYHUX Ta EKOHOMIYHHMX 3aXOMiB.
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YK 697.329 O. B. IIpuiimak, xano. mexu. HayK, 00yeHm
JIyubKnii Aep>KaBHUH TEXHIYHUH YHIBEPCHTET

EKCMNEPUMEHTANDBbHI AOCNIAXEHHA TENJMOBUX
| NAPOAUHAMIYHUX XAPAKTEPUCTUK
TENSIOMACOOBMIHHUKIB 3MILLIYBAJIBHOIO TUNY (TM3A4)

MeToanka inxenepHoro pozpaxynky TM3/ Ta npuHumnosi
CXEMH MiAKII0YeHHs] CHCTEMH Fapsivoro BOAONOCTA4YAHHS
TA OMAJIeHHs 10 Napo- i KOHAEHCATONMPOBOIB

Meroauka imxeHepHoro pospaxyhky TM3]] 6a3yeTbca Ha oTpHMa-
HUX npu 0Opobui excriepUMEeHTaNbHUX JOCIIUKEHb 3aJIeKHOCTAX s
BU3HaueHHsa rigpasiiyHux [1] Ta TennoTexHiyHuX [2] MOKa3HUKIB UMX Te-
1;1000MiHHHKIB.

Marouu 3HaYeHHs MaKCUMaJIbHOTO MPUNYCTHMOTO Nnepenajy THCKIB
BoAM, wio rpietbes y TM3/], ninbupaemo 3a popmynamu, HaBeACHUMH B

[1], 3HaueHHs nepenanie THCKY Ha Bxoai y TM3[] (APBX), Ha BUXOJi 3

TM3J (AP,,, ), Ha NingHLi BiALEHTPOBOT CTPyMeHeBOi Teuii (APCTM) Ta

Ha AUISHUI PO3BUHYTOI Tedii (APP.T), a MoTiM 3HAYEHHS WBUAKOCTI BOAH
Ha BXOJi (st)-

Janelie, MalOYd HEOOXiAHY TerutoBy noTyxHictb TM3/I, noTpi6-.
HHIl HAarpiB BOAM Ta NapaMeTpH MapH, 1O HAAXOAWTh, 3a (popMyramMH
(11), (119, (12) i (12"), HaBeneHumu B [2], po3paxoBylOTh rabapurty Ten-
N006MIHHHMKA, AiaMeTp COTLIa Ha BXOJI, AlaMeTP KOPIyCy Ta KaMepH s
JICIIEProBaHOro BBOAY NapH Ta AOBXHHY L€l KAMEPH.

VY Tabn. 1 HaBeAeHO PO3paxoBaHMK 3a 3aNpPONOHOBAHUM METOJAOM
tunopsg TM3/1 B 3anexHOCTI Bii HEOOXiZAHOT TENIOBOI MOTYKHOCTI.

[Tinbupatoun 3a Tabn. 1 3aneXHO Bl HEOOXIAHOI TENIOBOI MOTYX-
Hocti Ta Tuny TM3/ (BUAH TEIOHOCIIB), 3HAXOIMMO HOro TUNIOPO3MIp,
a jlajblie 32 KOHKPETHUMHU JaHMMH MOTYXHOCTI, THCKIB IPilOYOro cepe-
JIOBHLUA Ta BOJM, LII0 HArPiBa€ThCA, | NOTPIOHOrO HarpiBy BU3HAYAOTh
pO3MipH corula, IUIOLY OTBOPIB s AUCMEPrOBAHOTO BBOJY IPIOYOro
cepenoBHlila Ta AOBXKHUHY AUIAHKK JMCIIEPrOBaHOi MOAadi TPitlouoro ce-
penoBMLIa.

Ha puc. 1, 2 HaBeieHO MPUHLMMOBI CXEMH MiJKIIOYEHHs 3a [JOMO-
moroto TM3/I cucreM onasieHHs Ta Tapsyoro BOAONOCTAYaHHS A0 Na-
POBHX abo BOASHHUX TEIJIOBHX MEPEIK.
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Tabnuys 1

Texniuni xapakTepucruku TM3]]

Tun TeroobminHKHKa

XapakTe- _ B
pHCTHEN napa — Boaa BOJA — BOJA
Nl | Ne2 | Ne3 [ Ned4 | NeS5 | Nel | Ne2 | Ne3 | Ned | Ne$
10 100 160 215 416
Temsoa no-

+ + |mo 110]a0 170 |mo 235} mo 450 |0 650

TYXHICTb, KBT 99 159 214 415 600

Butparu kBT 0,35 3.4 55 7.4 143 | 0,185 1.8 29 39 1,5
BOJM, WO Ipic-| =+ + + + 3+ + + + + +
TbeA, T/TOR 34 5,4 7,39 {1428 | 20,64 | 1,8 2,85 39 7,5 | 1085

Burpatn napu| 0,017 | 0,172 { 0,275 | 0,37 [ 0,715 | 0,07 | 0,6 09 1,3 2,5
(rpioyoi Bo- + + + + + + + = + +
), T/rof, 0,17 0,271 {0,368 [ 0,713 | 1,032 | 1.8 | 2,85 | 39 7,5 | 1085

Tuck napu
(rpiroyoi Bo-
au)Hasxoaiy| 203 | 203 | 20,3 | 203 | 203 | >0,3 | 203 | 20,3 | 203 | 203
JHMcrepraTop,
aTH

Tuck Boau

repe;j1 NaTpyo-
KOM TaHI'eH- >07 | 20,7 | 20.7 | 20,7 | 20,7 | 20,7 | 20,7 | 20,7 | 20,7 | 20,7
Lif{HOro BBO-

ay, aTH

Aiamerp 1py- _ .

GorpoBoxy 32 40 50 25 25 32 40

TICpEA TaHreH- + + + 70 80 + + + + 50
LHiAHUM BBO- 40 50 70 32 32 40 50

JIOM BOJH, MM

,éliaMerp Y- 25 25 32 40
n:gg‘:i;ﬁg%.l. 50 { 70 | 80 | 100 | 100 | + + - + | 50
BOIH), MM 32 32 40 50
Jiamerp

3MilyBambHoi | 70 80 100 125 125 45 50 60 70 75
KaMepH, MM

JoBxuHa
CyMiLLHOT 550 | 550 650 | 650 700 600 | 670 750 800 | 900
KaMepH, MM

Maca

(cT. HepX.), KT 100 | 120 | 150 [ 190 [ 200 | 94 | 119 ]| 150 | 189 | 197
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110 CACTEMH OlaJIEHHA 8 7 9

11

11apornpoBijt
' 1(nona}oum’i BOIUTHHH

2 3
J10 KOHEHCATOIPOBOAY 3 4 / TpyObonposin) 3

(3BopoTHOTO TpyGoONpOBOAY)

3 CHCTEMH OIIAJIEHHA

Puc. I Cxema nigkmoueHHs BOAAHOT CUCTEMHU ONaJieHHA O apONpOBO/IiB 3a
aonomoroi TM3]]
I - TM3J; 2 — uupkynsuiiiHi Hacocu (OCHOBHHIt Ta pe3epBHHii); 3 — 3anipHa apma-
TYpa; 4 — 3BOPOTHI KJlanaHH; S5 — PEryjisTop THCKY; 6 — eNEeKTPOMArHiTHUH Kilanas;
7 - perymotounii npuna; 8 — JaTUWK TEMNEPATYPH Y MPHMILLEHH]; 9 — po3LIKpIOIO-
4ui dak; 10 - perymoloua apmarypa; 11 — manomerp

2 JIO CU’CTEMH TapAYoro 8
BOJIOTIOCTAYaHHA 2

11apa BTOPHHHOTO

Bi/INpalIboBaka BOAA KHIiHHA abo rocTpa

cuctemn I'Bll

3 ROJIOIP OBOALY 210 KaHasm3auii

Puc. 2. Cxema nimciioueH s BOASHOT CHCTEMHM ONAJIeHHs 10 NaponpoBO/iB
3a gonomorow TM3/]

I - TM3/L; 2 - cucTeMa raps4oro BOJONOCTaYaHHs; 3 — NOBEPXHEBUI TENI00OMiH-

HUK NONEPEAHLOTO HATPIBY BOJOMPOBI/IHOI BOAM; 4 - 3amipHa apMaTypa; S - 3BOpoT-

Hi Kjlanann; 6 — peaykuiiiuuii knanau; 7 — peryiolo4nii Kiamnas; 8 — peryaoounii

npuiag; 9 - gaTunk TeMnepatypH y npuminicHHi; 10 - manomerp; 11 — TepMoMeTp
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BucHoBkn

[TpoBeaeHH KOMIUIEKC NOCHTIKEHb A€ 3MOTY 3pOOHTH BUCHOBOK
npo edeKTHBHICTb TertooOMiHHNKIB TM3/I, ski MaloTh 3HA4YHO OUIbLI
BHCOKUI aepoAMHAMIYHMI Ta TeIUIOMAcoOOMiHHMI KoedilieHTn y
MOPIBHAHHI 3 IHKEKUiHHUMKM anapaTaMi. Bouu MoxyTh OyTH BHKOPH-
CTaHi 1Sl iIHTEHCHBHOIO 3MillyBaHHA PIAHHHUX | NAPOBHX CEPENOBHLL Y
PI3HHMX Taly3sx rOCNOAAPCTBA, y TOMY HMCII JUIS CUCTEM OfMaieHHs i ra-
PAYOro BOAOCIOCTAYAHHS.

Bukopucrana airepatypa

1. Hpuiimax O. B. ExcnepuMeHTIbHI JOCIIKEHHA TenjaoMacoobmiu-
HUKIB 3MimyBanbHoro THny. |. DigpaBnivui gocnikenns. — K.: Bentunauis,
OCBiTJIEHHS | Terulorazonocrayanus. — 2003. — Ne 6.

2. Hpuiivax O. B. ExcriepUMeHTANbHI JOCIIIKEHHA TEMIIOMacooOMiH-
HMKIB 3MimyBansHoro tumy. 2. TennorexHiuni gocmimkenus. — K.: Benrtu-
NALis, OCBiTJIEHHS i Teryiorasonocrayanus. — 2004, — Ne 7.
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o BUOATHI BYEHI, NEQAIOMM

rPA4YOB OJIEKCAHAP BACUJ1IbOBUY

O. B. I'pavos  (1905-1993), 1no-
LleHT, 3aBigyBay kadeapu caHiTapHOl
TexHikn (1937-1941 Ta 1947-1949),
HNEKAaH CAHITAPHO-TEXHIYHOTO (haKyIb-
tery (1944-1947 1a 1955-1960) Kuis-
CbKOTO 1HKEHEPHO-OYiBEIbLHOTO 1H-
CTHUTYTY.

Onexcanap Bacunbouuy I'pados
Hapoauscs 6 uepsHs 1905 p. B Kucsi.
ITicis oTpUMaHHS [10YaTKOBOI OCBITH
B Kuisebkiii rimuazii O. B. I'pauos
MpOJOBXUB HABYaHHS B OyjUBesibHIA
npodeciiiniii wkomi i 8 1925 p. IMocry-
NUB Ha apXITeKTypHe BiAAiNeHHs
KHIBCbKOIO Xy10KHBOI'O IHCTHTYTY.

Y 1926 p. BiH nepeBiBcst Ha Biji-
JIEHHSI KOMYHaJIbHOTO OylHiBHULITBAa KUIBCHKOrO MOJITEXHIYHOTO iHCTH-
TyTy. B 1930 p. O. B. I'payoB nepeiiiioB pa3om 3 cCaHTEXHIYHUM DaKyib-
TETOM B CTBOPEHHIA B TOMY caMoMy poui KuiBcbkuit OyaiBenbHU iHCTH-
TYT, 9KMi 1 3aKiH4MB B KiHUi 1930 p. Ile 6yB nepiuuii BUNycK 7 iHxKeHe-
PiB-CAHTEXHIKIB OyIIBENBHOTO IHCTUTYTY.

V nepion HaByaHHsa O. B. I'pauoB MpoaoBXyBaB OJHOYACHO IMpa-
LIOBaTH B OyNiBeIbHUX OpraHizalisix.

3 1930 p. O. B. I'pauoB npaioBae imxeHepom B KuiBchbkoMy Mpo-
eKTHOMY IHCTUTYTI Jlinpomict, a 3 1932 p. #ioro gisibHicTs Oyia no-
B’s13aHa 3 po6OTO B OyAIBEIILHOMY IHCTUTYTI acMCTEHTOM, a 3 1934 p.
aouentom. Y 1937 p. nouent O. B. I'pavoB OyB npu3HaueHui 3asiaysa-
ueM Kadeapu caHiTapHOI TeXHIKM i MpalFoBaB Ha Wil mocaai a0 1941 p.
VY 1939 p. iiomy 6yno npucsoeno BAKom 3BaHHS AOLEHT.

Y nepion 1942-1943 pp. O. B. I'pa4yoB npoxuBaB Ha OKyMoBaHiii
HiMusamu tepuropii B Kuesi. TyT BiH opraHizyBaB Ta koMmaH/yBaB ITijti-
JIbHOIO JIMBEPCIHHOIO FPYITOI0, 3a L0 HATOPOKEHMIT Michs BIiHN ypsiio-
BUMM HArOpPOJ4MH.
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¥ 1944 p. BiaHoBunack podota O. B. I'payora B OyaiBenbHOMY 1H-
CTUTYTI Ha Mocaji JOlleHTa KadeapH, gKa BKE Ha3WBalacCh TEraoraso-
I1OCTauYdHHS 1 BEHTHJISILIL, 1 B TOMY caMOMY poli BiH OyB nmpu3Ha4yeHUI
JAeKaHOM QakyibTeTy caHiTapHol TexHiku. Y 1947 p. gonenr O. B. I'pa-
yoB OYB 3HOBY UpH3HAUYEHMI 3aBiayBauyeM Kadeapu i obiiimas o noca-
ay 10 1949 p., konu kadeapy o4onuB BilOMHEI BUeHUI A.T.H., npodecop
b. M. JloGaes

3 1949 p. Onekcanap BacmiboBuy npauioBas JOUEHTOM KadeapH i
oaHovacHo 3 1955 o 1960 p. gexkaHOM CaHITAPHO-TEXHIYHOTO (PaKylib-
TETY.

Y 1965 p. O. B. I'pauor nepeiiton 10 KHIBCbKOIO XYA0KHBOTO
IHCTUTYTY, ¢ npautoBas foucHToM g0 1982 p. Jloueur O. B. I'pauos
ynTaB Kypcu “Termorexsixa™, “OnajieHHs 1 BeHTUIAIS™ 1 3a mepioj
CBOET MearoriyHol Ta HayKOBOI MiIbHOCTI MIATOTYBAB HABUAJIbLHUH M0-
CIOHMK 3 OnaneHHs i BEeHTWISILIT 1S CTYACHTIB OY[iBEJIbHOrO Td apXiTeK-
TYPHOT'O HalpsMiB, po3poOUB crienianbHi TAONULI Uit BUOODPY onaio-
BaNbHUX NpuaaiaiB “I'aMma”, anb00M KOHCTPYKTUBHHUX PILLICHb IS CHC-
TeM MIYHOT'O OllAJIeHHS, KiJlbKa HOBUX KOHCTPYKIN OMalioBajibHUX Me-
yeil. O. B. l"paqos MOCTIHHO HaAaBaB HEOOXIHI KOHCYNLTAUii MPOCK-
TaHTaM T4 IHKEeHepaM- GymBeanuKaM 3 MHTaHb CTBOPEHHS i MOHTAXY
CHCTEM LICHTPAJIbHOrO BOJASHOIO Ta [IYHOIO OMaeHHs.

ITomep O. B. I'pauos 22 BepecHs 1993 p.
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WEBLOB AMUTPO CEMEHOBUWY4

[lesuos  Jmurpo CemeHoBHY
(1905-1995) — xkaHaMaaT TEeXHIYHMX
HayK, CTaplIHHd HAyKOBHH CrBpOOIT-
HUK, goueHT KHIBCBKOTO iH)KeHepHO-
OyaipenbHoro iHcrutyty. /[l. C. Illes-
1oB HapouBcs 24 BepecHs 1905 poky
B Kununnesi (Ha Toii yac beccapabis).
3rogom cim’s [leBoBuX nepeixana ao
Kam’sueub-Ioginbcbka, e BiH 3aKiH-
YUB MPHUXOACHKY LIKOJY T4 NMPHUCKOpeE-
HI NIATOTORYI KYPCH AJIs BCTYIY /IO BH-
1110T0 HaBuabHOro 3aknaay. B 1921 po-
ui BiH Berynue go Kawm'axeun-lTonins-
CbKOI'O XIMIYHOTO iHCTUTYTY iM. K. JTi6-
KHEXTa Ha (paKyJIbTeT LyKPOBAPCTBA, KU 3akiHuuB y 1925 poui. ITicas
3axiHueHHs iHcTuTyTy /[l. C. IlleBUOB npalioBaB iHXEHEPOM-TEMIOTEX-
HIKOM Ha NyKkpoBUX 3aBogax Kypcekoi obusacti, a notiM B Y3uHi
Kwuiecbkoi o6nacti. 3 1930 poky novanacs HOro HaykoBa Ta Iielaroriuta
aisbHicTs. Jlo 1935 poxy . C.IlleBuoB npaifoBaB acHMCTCHTOM Y
KuiBcbkoMy IHCTMTYTI MPOMMUCIIOBOI eHEpreTHKH, a 3 1935 poky — j1o-
LUCHTOM IHCTMTYTY Xap4doBol NpomucioBocTi. Y motomy 1939 poky
oMy NMPUCBOCHO BYCHMI CTYIIHb KAHAHAATA TEXHIYHHUX HAYK. Y TOMY
camomy poui . C. lllesnos OyB nepeBeacHHil 10 HaYKOBO-AOCTIAHOTO
IHCTUTYTY LYKPOBOI MPOMMCIOBOCTI Ha MOCAAY CTapLIOro HayKOBOTO
CNIBPOOITHUKA.

Ha nouarxky Benukoi BiTunsHsHoi Biitnn JI. C. lleBuos 6ys npu-
3BaHMii B apmio. Sk monoawuii odiuep, komaHaMp B3BOIY, BiH OpaB
ydactb y 60sx 3a obopony Kuepa. B xinui BepecHs 1941 poky BiH mo-
TPAnuB y MOJIOH, @ HA ITOYATKY KOBTHS BTIK 3 NMOJIOHY 1 TTIOBEPHYBCS [0
Kuesa. JI. C. IlleBuoB He OYB BU3HAHUIT yUaCHUKOM BelMKOl BITYM3HA-
Hoi Biiinu. Tineku B 1979 poui fioMy Oy10 BPYYEHO OCBIAYEHHS y4ac-
HUKa BilfHM Ta HajaHl BCl BLAMOBIAHI niibru. Y 1943 -1944 pokax
J1. C. IlleBLOB npaLioBaB HayaJbHUKOM €leKTPOCTAHLIT Ta 3aCTYINHH-
KOM HavajlbHUKa TeXHIYHOro Blaauy “KuiBenepro™. 3 1944 poxy Biir 6yn
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CTapLIMM HAYKOBUM CIIBPOOITHMKOM IHCTUTYTY LYKPOBOI NPOMHCIO-
pocti (BH/IILIIT).

Y 1958-1959 pp. . C. IlleBnoB BUKOHYBAB 0OOB’A3KHW 3aBijyBaua
Kadeapu TernoTexHiku KHIBCbKOIO iHXEHEPHO-OYAIBEILHOTO iHCTUTY-
Ty. 3 1960 poxy BiH IIpaLfOBaB 3a CYMICHHLITBOM Ha Iocaji AOLICHTA Ka-
theapH TENJIOra3ornoCcTayaHHs 1 BEHTUIALLI.

V¥ 1969 poui /1. C. I1IeB1OB nepeifllioB Ha NMOCTiitHY pobOTY A0LeH-
TOM Kadeapu TeIU1ora3onocrayaiis i BeHTuasauil KuiBcbkoro iHxeHep-
HO-OyniBesbHOr o IHCTUTYTY. B 1977 poui BiH OyB nepesesieHHii Ha noca-
Ay CTapLIOro HayKoBOTO CMiBPOOITHHKA I NMpALioBaB Ha 1 mocaai 1o
KiHUs 1993 poky.

J. C.1IeBuoB OyB aBTOPHUTETHMM CIIELIANICTOM Yy rajaysi Teruio-
TEXHIKH, JOOPOIO JIOJIMHOIO.

V¥ KuiscbkoMy iHxeHepHo-OyaiBensHOMy iHcTuTyTI [[. C. IlleBuos
yuTaB JeKUii 3 kypciB “KortenbHi ycraHoBkK™ Ta “I'asonocrayanis’. Bin
OyB OZHHUM 3 BIAMOBIZAJbHUX BUKOHABIIB HAYKOBO-AOCHIAHUX POOIT y
rajay3i TeNnJIOBUKOPHUCTAHHS I'eOTEPMAJIbHUX BOJ Ta BTOPHHHUX €HEepro-
pecypciB. Ha 3aMOBIIEHHS TEMIOEHEPreTHYHUX MiJINMPHEMCTB BiH PO3pPO-
OUB psl CXEM Ta KOHCTPYKTUBHHMX BY3JIB VISl MEPEBOJY MAPOBHX KOTIIB
Ha BOAOTPIHHUI pexum.

3a nepiog cpoei Gararopiynoi npaui J{. C. llleBuor onyGnikysas
nonan 70 HaykoBHX po0iT, y TOMY 4YMCNi aBTOPCHKI CBiIOUTBA Ha BUHA-
XOOH, TOTYBaB KaHAMAATIB HayK. BiH € cniBaBTOPOM BiIOMOT'0 Migpyuy-
Huka “O611as TerloTeXHUuKa”, SKUi BUTPUMAaRB KiJlbka BUJaHb. Buaas-
HULTBO “Mup” BMAAIO Uel MiAPYYHUK aHTIICbKOI0 (paHUy3bKOI0 Ta
ICMaHCHKOK MOBAMH.

ITomep Imutpo Cemenosuuy lleBuos 19 cepnus 1995 poky.
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AHOTAUIT

Bosusax O. T. Oco0aMBoCTi 380POTHOFO MOTOKY TIPH 1101241 NOBITPA ILI0CKUMY
HACTHJILHHMH CTPYMHHAMH.

V uiii crarri npeacTasieHi pe3yibTaTH €KCMEPUMEHTANBLHUX [1OCHIKEHb 3B0-
POTHOTrO MOTOKY 3 BUKOPHCTANHAM Y BEHTHUISILiHHIN TexHini nojayi noBiTps B 1ph-
MilLCHHA MJIOCKHMH HACTHIILHHMHM cTpyMuHamu. ByB nposeacHuii 1BOgakTOpHIH
eKNEPUMEHT, MOBVIOBaHA BiANOBiAHA HOMOIPAMa, OTPUMAHI aHAIIITHUHI PO3PAXYH-
KOBi 3a7IEKHOCTI Ta 3ailicHeHa onTHMI3altis. OTPHMaHi Pe3yaLTaTH LHX JOCTLUKCHD
JIal0Th 3MOTY TPOBOIMTH iHKCHEPHI PO3PAXyHKH MOBITPOPO3NONY Ha MiCTaBi
3BOPOTHOTO TNMOTOKY, YTBOPCHOI'O TUIOCKOK HACTHIBLHOIO CTPYMHHOIO TPH Pi3HHX
rEOMETPUYHUX NapaMeTpax MPHIIHBHOI CHCTEMH.

Cnmcox niT.: 8 Ha3s.

3aimyes O. H. Bausinue npeneccHid H HyTaMH BHXPEBOTO Ipa HA YCTOii-
Y4HUBOCTH 3aKPYHYEHHOTO0 MOTOKA rasa.

Y cTaTTi HaBENEHO PE3YNLTATH AOCIIIKEIL MPOLECY Npetiecii BUXpOBOro aapa B
3aKPY4YCHOMY MOTOL{ NPH HAsIBHOCTI 30HH 3BOPOTHUX MOTOKIB, OTPHMAHI TCOPCTHYII
3aJIXKHOCTI, BHKOHAHA Bi3yasli3aLlist Mpolecy.

CnHCOK JiT.: 2 Ha3Bu.

3aiiyes O. H. WiccienoBaHMsi ANHAMHYECKHX XaPAKTEPUCTHK TNpPH
B3aMMO/IEHCTBHH BCTPEYHO-CMElleHHBIX 3aKPYYCHHbIX ra30BbIX CTpPyi.

TIpHBEICHbI PE3y/LTAThl IKCNEPUMEHTANbHBIX HCCICAOBAHUI MO CKOPOCTH
NpH B3aUMOJACHCTBHH BCTPEYHBIX, CMELIEHHBIX 3AKPYYCHHbLIX [A30BbIX CTPYIi,
NOKa3aBLIMC HECTAOMIBLHOCTH MONYy4aeMON CTPYKTYPbl BC/CACTBHE BO3NEHCTBUS
NPELECCHPYIOWIEr0 BUXPEBOro SAPA, a TAKKE ONPEAE/IEHO ONTHMAbLIOE COOTHOIIIE-
HHE MCXKIY BEIHYUHOMN CMEILIEHHS H PACCTOSTHHCM MEX/1y naTpybxamu.

Crnucok nuT.: 3 Ha3s.

Hwenxo M. FO. Meroanka pacyera GauiennbiX TPYO-rpaiupeH H pe3yabTaThbl
HATYPHBLIX HCMBITAHNIT MOACPHU3UPOBAHHBIX IPA/IHPEH B NPOH3BO/CTBE.

Ha ocHOBaHHH pe3ynbTaTOB IKCICPUMEHTAIBHBIX HCCIeI0BaHHH pa3paboTana
METOJIMKA TEII0aIpOaHHAMHYECKOI'0 pacyeTa UCNapUTeNbHbIX BallleHHbIX rpaupeH
M TpyO-rpagupeH U HX BblOpocHoro dakena. PedynbTaThl pacyeToB, BLINOJNHEHHbBIX
MO JIaHHOI METOAMKE, JIAIOT BMOJHE YAOBIETBOPHTENLHOE COBNAJEHHE C AAHHbIMH
HATYPHbBIX HCILITAHHIA MOJIEPHU3HPOBAHHOM TPYObI-rpajinpHu.

Cnucok nut.: 3 Ha3s.
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Cemerioe C. B., Omeavuenxko M. 5. Buidop cnocoda u cpeacTB razo04HCTKH 3a-
BOJOB N0 NPON3BOACTBY achanbrodeToHa.

PaccMoTpeHbl BPEIHOCTH BBIAC/IAIOLIMECA B MpoLeEcce MPou3BoACTBa acdaib-
TO6ETOHA, MPOBCAEH CPABHUTCIbHBIA aHAJN3 MBINEra300YHCTHOH TEXHHKH, TIpHME-
HAEMOI B TaHHOi oTpaciH, paspaboTtaH HauboJice 3peKTHBHDIH BApHAHT.

Cnucok nHT.: 2 Ha3B.

Minetikoscokuii B. O. JIochikeHHS BTPAT THCKY B MOBITPOPO3NOZIILHAKAX 3
TaHreHUIATbHUMH BHNYCKAM# MOBIiTpA.

Po3riisHyTo Jochilie BU3HAYEHHA BTPAT THCKY Y MOBITPOPO3NOijbHUKAX 3
TaHreHUianbiUMK BUNyckaMu nosiTpsA. ITokasaHo, 10 (i NOBITPOPO3NOAiibHUKH
Malo1b HH3bKHIi koedillieHT MicleBOro omopy, ToATo J03BOASIOTH 3A0IAKYBATH
€JIEKTPOCHEPTril0 HAa MncpeMillleHHs moBiTps Yy cuctemi BeHTuasuii. [losiTpopos-
NoiJILHMKH 3 TAHTEHIlia/IbHUMH BHIyCKaMu NoBiTps nia Hassoio [1ET Brnposajky-
1oTbest TOB “HBK “Knimat”. Bonn 3axuieni MMarentom Ykpainn Ne 44971A sin
15.03.2002 p.

Criicox miT.: 8 Hass.

Maaxin E. C., @ypmam I. E., Yenypna H. B. AnaniTuuni gocaigxensn noais
WIBHIKOCTCIH | TeMIiepaTyp NOBITPS B TCIVIMUAX [IELEHTPANi30BAHOT0 MIKPOK.IIMATY.

HasezieHo pe3ynbTaTH aHami THMHHX JAOCHI/KCHDb FOJIB MIBHAKOCTEN i TeMmnepa-
TYp NOBITPS B TCMJIHLAX 3 KaMcpaMi JICLEHTpalli3oBaHoro MikpokiiMaty. Lli pe-
3yJIbTATH € OCHOBOIO jUISl PO3POBJIEHHA METONNKH iHKEHCPHOrO PO3pPaxyHKY CHCTe-
MH OMaJjieHHsi TAKHX TEMINLb.

Cnucoxk niT.: 3 Ha3BuK.

Pamywmnsk I'. C., [ocedncyra B. B. Intencudikauis BHpoOHHUTBA Ta Hijaro-
TOBKA 0iorasy /1719 BAKOPHCTAHHS B TEIUIOTEXHIYHOMY 06.1aHaANMi.

VY craTTi y3aransHeHO Ta OOrPpYHTOBAHO OCHOBHI CMOCOBH OUYHILEHHS LIHHOIC
a/1LbTCPHATHBIIOrO manusa - 6ioraly Bij IOMIlOK Ta MeTOAMKA iHTeHcuixawii Ten-
71000MIHHHX nipoucciB B GiOPEaKTOPi LWIISXOM JIOKATLHOIO ra30PiliHHHOTO OMUBAH-
Hsl NOBEPXHi TenJI000MiHY.

Cnucok 11iT.: S Ha3B.

Bopucenro C. I. InnoBauiiidi TexHoa0rii B cHCTEMAX TENIONOCTAYAHNSA.

Hapeaeno anani3 epekTHBHOCTI 3aCTOCYBaHHA B CHCTEMaX TEMIOMNOCTAYAHHS
TErUIONPOBOIB Y MOJiypeTaHOBIH 060noHLI THITY “Tpyda B Tpy6i”, BHIOTOBJICHHX B
33aBOJCLKHX YMOBAX.

Cnncok niT.: 5 Ha3s.
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Kononenxo I M. JdocnigmeHns viapoaHHaMiunux i TennoBuxX npouecis npu
dinsrpauii Boau B Tpitnsi riapopospusy.

Ha ocHoBi nocnigkeHHs crpolleHol Moaedi TePMOTiAPOJHHAMIYHOIO PCKHMY
B TpiluMHI rifpopo3puBy pobutbes crnpoba OUIHMTH BIJIMB BiIbHOI KOHBEKILi Ha
TEIUIOBC i FiIPOAMHAMIYHE MOJIsA NPH ABOBUMIPHIH Teuil.

Cnucok nit.: 2 nassu.

Kononenxo I M. Meroan oninky 3navens xocdiuieHTie MixdazoBoro temio-
obMminy i Macoodminy.

Ha ocHOBi JoCTijUKEHHS KilTbKOX MAaTeMaTHYHHX MOJCHCH HECTALIOHApHOro
KOHBEKTHBHOIO TemonepeHocy npy ¢inbTpalii BoAW B TPILUMHYBATHX MUIACTAX BH-
seneni dopmyiu wis oduucients koediuieHTiB MixkdazoBoro Tennoobminy i Maco-
oOMiny.

Crnincok nit.: 6 Ha3g.

Cmenanos M. B., Pyoe C. B. TennoodMiH B 3irHyTOMY 1ONieTIIEHOBOMY KaHani
HEKPYIJIOrO 110NIePe1HOro nepepisy.

HagejieHi TeopeTHURI Ta excriepuMeHTal bHi GOPMYNH NI PO3PaXyHKY cepe-
HLOTO KoedillicHTa TEenIoRBi/u1aui B NoJlieTHIEHOBOMY Tena000MinHKKY. [TokasaHo,
1110 NPH JIAMiHAPHOMY PYCi BOJIH Ha TeNI00OMiH BIUINBAIOTH MOBOPOTH KaHAaIB TCTI-
JIOOOMiHHMKA, 110 HEOOXiZHO BpaxoBYBaTH JI0/@TKOBHM MHOXHHKOM [IPH BH3Ha-
yeHHi koedilticHTIB TenoBiy1adi Ta TenaonepeaYi.

Cniucok nit.: 6 Ha3B.

Cmenanos M.B., Koswiv B.B. PexynepaTHBHI TenI000MIHHHKH 3 n0JICTHICHO-
BOIO TeILI0IEpe1alotolo NoBepXHelo.

HaBejieHi XapakTepHCTHKH TUIBKOBUX MOJIIETHICHOBHX TEMA00OMIHUMKIB, ski
MOXKYThL OYTH BUKOPHCTaHi B CHCTeMax yTuiizaLii Hu3bkonoTeHuiiinnx BEP.

Cnincok niT.: 4 Ha3BH.

Kunumnux O. O. TIporHo3yBaHHA peRUMY BHNATIOBAHHA MPOMUCIOBHX 3pasKiB
KHCJIOTOCTIHKOT Kepamiki 3 BHKOPHCTAHHAM 1UAKIB (epoHikeio.

Ha ocHoBi TpH(paxTOpHOTrO TPHPIBHCBOIO METOAY MIAHYBAHHSA CKCNEPUMEHTY
BCTAHOBJIEHI aHAMITHYHI 3aNeXHOCTI BOJOMOILMHHAHHA Ta CPaHHUi MiuHOCTI Ha
BUTHH Bill PCXHMMY BMOAMIOBAHHA T4 BHMCOTH 3pasKiB, WO A€ MOXIHUBICTb
NPOrHO3yBaTH TCXHOJMOIIYHHI PEKHM BUPOOHHUIITBA KHCIOTOCTIHKOCTI KepaMiuHOi
MITHTKH.

Cnucok mT.: 3 Has3su.
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Pamywnsx 1. C., Yyxpacea O. I'. BaratodakTophuii aHa1i3 Ten10i30019uilfHHX
MaTepiaiiB JLUIN TepvopenoBanii GyaiBe1b Ha 0CHOBI NiHTBiCTHYHOT iHdopMauii.

BukoHaHo knacudikauio ¢pakTopis BIAUBY JIHIBICTWYHHUX 3MIHHHUX, 11O BIUIH-
BAIOTh Ha MPUMHATTA pillieHDb 32 pe3y/ibTaTaMK 6araTopakTOPHOro aHallily AKICHHX
Ta KUIbKICHMX NapaMeTpiB TENJIOi30s1iiiHuX MaTepianis. Pe3yinsTaTd MOAENIOBAHHS
JAI0Th 3MOI'Y 3 BHKOPHCTAHHSM JTOCTYMHOI €KCMCPTHO-NIHIBICTHUHOI iHpOpMaLii
3aificHIOBATH BHOIp MpomnoloBaiioro marepiaiy Ul TepMOpEHOBallil Oy/iBeilb 3a
ONTHMAJILIUMH EKOJIOT0-€KOHOMIUHHMH NMOKa3HHKAMH.

CrucoK NiT.: S Ha3B.

A. B. Jlyscanckas. DueprocoepeskeHne B CHCTEMaX TeILIO3AMMTbI BO3AYIWIHO-
TCIJIORbIX 3aREC.

Ipu CNUSHUH TOPH3OHTANBHBIX CTPYH, HCTEKAIOUWIMX M3 BO3jlyXOpacnpeneiin-
TeJIbHBIX OTBEPCTHIl BO3NYLIHO-TEIJIOBOIl 3aBEChI, HA PACCTOSHUHA COM3MCPHMOM C
HIMPHHOI 3aBEChl NPOMCXOAUT CHHKEHHME JHeprosarTpat npu d¢dekTipHol pabore
3aBEChl U YMEHBILUCHHE PACX0/a TCIJjia Ha HAIPEB MCTekaemolo Bozjayxa. Ilpu sTom
3HAYUTENILHO YBETHUNBAETCS CTENEHb TETUTO3AIHThI 3/TaHHS.

Cnu1cok uT.: 2 Ha3B.

Icaenko 10.B. MeTomka OLIHKH pelepBiB 3poCTaHHA NMPOAYKTHBHOCTI npani B
OY/liIBHHUTBI.

[IponoHyeTbCs METOAMKA Ta ANTOPHTM OLHKH pe3epBiB 3POCTAHHA NPOIYK-
THBHOCTI Mpalli HA OCHOBI (aKTOPHOIrO aHAMI3y, sIKa MA€ 32 METY NiABHILCHHA cdek-
THBHOCTI SIK OKPEMHX BH/B Oy/liBeNIbHO-MOHTaXHHX poOiT, TakK i iisiabHOCTI OyaiBe-
NIbHOI opraHi3auii B winomy. 3anponoHoBaHuii ninxia cnpsMoBaHuii Ha GopMyBaHHS
KOHKYPEHTHUX MepeBar NUIAXOM BHABJICHHA Ta BUKODMCTAHHS BHYTPILIHIX pe3epBiB
onepauiiiHoi chepu NiANpHEMCTB Oy liBEILHOT rays3i.

CnMCoK TiT.: 2 Ha3BH.

puiimax O. B. Excnepumentaiibii J0CHUUKEHHA TENIOBHX i TiAPOaHHAMIMHAX
XapPaKTEPHCTHK TENIoMacooOMiluKiB smiurysanssoro Tuiy (TM3).

Ha a3i nposeeHuX rizpaBiidHuX i TEMIOTEXHIYHUX AOCTIKEHb PO3pobICHO
MeTO/MKY po3paxyHky TM3Jl 1a cTBOpeHO THNOPAZ LUHX TEMIOMacoOOMIHHHKIB i
CXEMH MiKIIIOYEHHS 32 X JOTIOMOrOI0 CHCTEM OMaieHHs i rapsayoro BOAOMOCTaYdH-
HS /10 TEMIOBHX MEPEK.

Cnucok J1iT.: 2 Ha3BH.
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