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=0 BEHTUNALIA TA KOHOUUIKOBAHHA NOBITPA

VJIK 697.921.2...697.95 IL. JL. 3inny, C. C. )KykoBcbKHi,
O. B. Yepnoyc

KHuiBChKHIi HaLiOHANBbHUI YHIBEPCHTET
OyIiBHUUTBA i apXiTEKTYPH,
HauioHanpHuil yHisepcurer

“JIbBiBCbKA MOMiTEXHiKA"

AEPOAUHAMIYHI AOCIHOXEHHA BNIUBY
HU3bKOIO BYAUHKY HA BUCOKUHA

Ko noBITPAHMH TOTIK Zi€ Ha OYAMHOK YM CHOPYAY, TO BiAMOBiAHO
BOHH BIUIMBAIOTh Ha Lel noTik, aAedopMyoyn Horo. AHali3 UbOro B3aEMO-
BIUIMBY € JyXe CKnafHoto 3ana4ero. lapennopt M. y npaui [4] xocnigkyBas
CUTYalil0, KOMM BUCOTHMH OYAMHOK 3HaXOAMTHCS 3@ HH3LKMM CTOCOBHO
BITPOBOro MoTOKy. JlocnifixkeHi Ha MOoJensX i B HATypi LWIBMAKOCTI BiTPY B
npu3eMHii 30Hi 3a0yaoBU. OHaK aBTOp He /0 KiHL JAOCIiAMB PO3NOIieH-
Hs KoedilieHTiB TUCKY B obnacTi HaBiTpsHOro dacaay BHCOKOro OYAHHKY.
Perrep E. 1. y npaui [1] xocnimkyBaB B3aEMOJiI0 NOBITPAHOrO MOTOKY 3 OK-
peMO pO3TaILOBAHHM OyAHHKOM SIK Y NPAKTHYHOMY, TaK | TEOPETHUHOMY ac-
nektax, a borocnoecekuit B.H. [2] — B3a€MOBMIMB MiK LIBHAKICTIO
BITPOBOro MOTOKY, (JOPMOIO Ta THIIOM OYAMHKY, @ TAKOX BIIMB LMX (aKkTo-
piB Ha PO3NOJINIEHHS aepPOAUHAMIUHOI TiHi. OXHAK HUMH He 10 KiHLA BHCBIT-
nena npobnema po3nojisieHHs koedillieHTIB THCKY B 001acTi HaBiTPAHOrO
dacany moMiHyouoro OyaMHKY. Y UBOMY 3B’S3KY BMHHKAE HEOOXiJHICTb
NPOBE/IEHH ClellianbHUX J0CIiDKEHb B aepoAWHaMivHii TpyOi, BUKOpHCTO-
BYIO4YH BiZIOMi BIaCTHBOCTi aBTOMOJENbHOCTI [1].

JocnikeHHs NPOBOAWJIMCH B 103BYKOBili aepoanHamiywiii Tpy6i HY
“JIpBiBCbKA MoniTexHika” (puc. 1) npu WBUAKOCTI HE30YPEHOro NoBITPSHO-
ro notoky V. = 5...30 m/c, wo Bianosinae Re, = 6,3-10%...3,8-10°. Xapax-
TepHuil po3mip-BHCOTa MOJEINi JOMiHyl0Yoro OyAMHKY. ABTOMOENbHA 00-
nacth Biznosizae Rey = 10°...10° [1]. ¥ ¢ikcosanmx 3a 10nomoroio KOOp/H-
HaTHHKa Toukax mepepidy I — I (puc. 2) nasitpsHoi obnacti Bucokoro 6y-
JMHKY 3aMmipsajiack 3a gonomoroto TpyOku tucky Ilito-Ilpanaris Ne 015
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(TabnHUL) CTATHYHI THCKHW, a TAKOX NOBHI THCKHM (3a AONOMOrOw TpYOKH

noBHOTO TUCKY 2 d, = 0,8 MM, sika opieHTyBajach 3a HaNpAMKOM He30ypeHo-
IO MOBITPSHOTO NOTOKY).
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Puc. 1. Cxema eKCrepUMEHTaNbHOT YCTRHOBKH:
1 — poboya yacTHHa aepoAHHaMiuHOT TpYOH; 2 — cOM0; 3 — BUPIBHIOBANLHA CiTKa;
4 — ¢opkamepa; 5 — audy3op; 6 — mMonens OyauHKiB; 7 — NIACTUIILHA NOBEPXHSA MOAENI,
8 -— TpyOKa NOBHOTO THCKY, OPI€HTOBAHA 32 NOTOKOM; 9, 10 — rHyuKi mnaury;
11, 12 — mixpomanomerpy MMH
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Puc. 2. Tinan Mojeni noMiHyro4oro GyAHHKY, 10 € HU3BKUM CTOCOBHO BITPOBOTO NOTOKY



ITo 3aMipsAHUX THCKAX BU3HAYATHCL KOeDiLIEHTH TUCKY 3a POPMY010:

tK=(P,-P)(p.V2l2),
ne P, P, — BiINOBiAHO THCK B i-# TO4YL{ NPOCTOPY Ta aTMOCQEPHHI THCK;
Vs, pre — BIAMOBIHO LIBUAKICTEH Ta TyCTHHA HE30YpeHOro noToky B pobo-
4iif yacTUHI TpYOH.

Tabruys
3aco6u BuMipioBaHb
"Jf; HaitmenyBaHHs 3aco6iB BHMipIOBaHb XapaKTepHCTHKH
1 ITHeBMaTHyHa TpyOKa {=0,985; kyt
ITiro-ITpanaras, Ne 015 yyTAHBoCTi +5°
2 | bapomerp — aHepoin BAMM, Ne 8795 8000...106000 I1a;
Toyuicts 200 Ila
3 | Mcwxomerp acnipauiiinnii, Ne 20922 TouHicTs 0,1°C
4 | Tpy6Eka noBHoro THcKy d, = 0,8 MM £=0.99
5 | Mikpomanomerp MMH - 240 (5) - 1,0, TouHicts +1 [a
Ne 2000 i Ne 2220

Pe3ynbTaTi excnepUMeHTalbHUX JOCTiZKeHb BKazaHi Ha puc. 3, 4.
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Puc. 3. PosnoaineuHs koediuienTiB THCKY B nepepizi I—I HaBiTpsiHOT 0bnacTi noMinyio-
yore Oyaunky (3aci® BMMIpIoBaHbL — TpyOKa [IOBHOTO THCKY, OPICHTOBAHAa 3a HANpAM-
KoM He30ypeHoro notoky V. 1o Hopsmani Ao dacaay)
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Puc. 4. Posnoainenns koediiticHTiB THCKY B 11epepisi [—1 HaBiTpsHOT 06aacTi
JOMiHYIOHOT0 GYIUHKY (3aci0 BUMipIOBaHb — TPYOKa CTATHYHOrO THCKY HACA/IKM
ITito-Ipaniras)

AHani3 pe3ynbTaTiB eKCTIEPUMEHTATBHUX AOCHTiKEHb BKA3YE Ha Te, 10
B 06.1acTi HaBiTPAHOTO (hacany AOMiHYIOHOro OYAUHKY BUHHKAE CTiliKe BH-
XopoyrBopeHHs. LleHTp BHXOpa 3HaXOAWTHCS Bij HaBiTpsHOro (hacayy Oy-
AMHKY npubnusHo Ha 3/4 MixOYAWHKOBOI BiJCTaHi Ta Ha BHCOTI BiA mo-
BEPXHi NiACTUIOBAHHA MOZENI npubau3HO piBHiH 1/3 BUCOTH JOMIiHYIOUOTO
OynHHKY.
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3. XKyxoscoxuit C. C.,Yeproyc O. B. AeponvHaMiuHi AOCITIUKEHHS MO-
nedi skumioBoro kBaprany. HaykoBuii BicHuk HY “JIsBiBCbKa nomiTexHika”.
Teopis i npakTuka 6yniBHuLTBa. Ne 409 — JIbBiB, 2000 — C. 58—62.
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YJIK 697.92 B. b. Joeramox, JI. M. JInTesHCHKO
KuiBchbKHiT HallloHaNbHUI YHIBEPCHTET

OynIBHHULTBA i apXiTEKTYpH

H. M. KykoBananchka, €. A. Koxan

HauioHansHu# 3an0Bi JHHK
“Codia Kniscbka”

OPTAHI3ALIA NOBITPOOBMIHY B KYNIbTOBUX CMNOPYLAX,
NMAM’ATKAX ICTOPII TA APXITEKTYPU

BupilueHHs KOMIIEKCHOT TpobieMy 30epeXxeHHs Ta 3aXMCTy NaM ATKH
apxiTexTypu 6a3y€eTbCs HA TPBOX acleKTax:

— BHUBYEHHSA CYYaCHOTO CTaHy;

— NpoBeNeHHs 3aX0/liB Mo pecTaBpallii (KoHcepRallii);

— CTBOpPEHHS ONTUMATBHUX YMOB 30epeeHHs.

OCHOBHMMH YHHHUKAMH, 10 BU3HAYAIOTH IWBHIKICTh (Pi3HKO-XiMi4HOrO
CTapiHHA, MOXUIMBICTE 6i0NOTIHHOTO NMONIKOAKEHHS, INBUAKICTh NPOTiKaHHA
doTOXiMIYHHX peakliif B MaTepianax i OapBHHKaX MOHYMEHTAJIBHOTO JKHBO-
[IUCY € TeMIeparypa, BONOTICTb Ta PyXJIMBIiCTh MOBITPL.

[HTEHCHBHICTB NPOUECIB TENIOMACONIEPEHOCY B 30BHILIHIX OTOPODKYIO-
4UX KOHCTPYKuUisAX OyniBii, AKi 3yMOBNIOIOTb HOr0 CTapiHHA, MOB’sA3aHa 3i
3MiHOKO TPaHUYHHX YMOB, TOOTO 3i 3MiHOIO MapaMeTpiB HABKOJHLIHLOIO ce-
pexosuina. [Tapamerpu 30BHILLIHbLOTO NOBITPSt MU 3MIHUTH HE MOXKEMO, SKIIO
Tinbku Oy[iBAA He 130JbOBaHA BiJl HABKOJIMILHBOTO CEPEOBULIA, a napaMeT-
pU BHYTPILIHBOrC MIKPOKJIIMATY, NMPH AKUX 30epiracThcs He3MIHHICTE BOJIO-
roBMmicTy Marepiany (OCHOBHMIA KpuTepiil fioro 30epexeHHs) MOXKHA JOCAITH
JBOMA LLUIAXaMH.

[Tepunit cnoci6 (floro Mo)kHa Ha3BaTH CTAaTHYHMM) — TMOAArac B MiA-
TPHUMaHHI NOCTIHHKUX a00 3MiHIOBaHUX TeMMeparyp Ta BiJHOCHOI BOJIOrOCTI
MOBITPS TAKUM YHHOM, 100 1X cnonyuexHs 3abe3rneuyBano He3MiHHMIT BO-
JIOTOBMICT MaTepiaiy. |

Jlpyruii (auHamiunmit) cnocié — npu BuOOpi 11apamMeTpiB BHYTPILIHBO-
ro foBiTps nepeadaiae MiHIMi3aNiro MOTOKIB TEMIOTH Ta BOJIOTH Uepes MeB-
HMil LIap oropojxenHs. B skocTi takoro mapy MH, 3BHYaiiHO, npuitMaeMo
BHYTPIILITHIO MMOBEPXHIO CTIH 3 PO3TAILIOBAHMM HA HHX MOHYMEHTAllbHUMH
&usonucom abo nexopom [1]. TodTo HeoGxigHO 3MiHIOBATH BHYTPILIHIO
TeMIeparypy Ta BiIHOCHY BOJIOTICTb NOBITPS TAKUM YMHOM, OO0 “KoMIlEH-
CyBaTH” BIUTHB 30BHILHBOIO KNiMAaTy, TOOTO 3MEHUIMTH TeMI0MaconepeHoc
Hepes OropoO/UKYKOY1 KOHCTPYKUIL.



Takuit niaxif, no-nepuie, A4a€ 3IMOTY Po3risaaTH NaM’aTKy apXiTeKTypH
y B3aEMOJIT 3 HABKOJHMILHIM CepeloBHLIeM (KJ1iMaTOM AaHOl MICLIEBOCTI), @
110-Jpyre, 3MIiHIOE MOHATTS “Oropo/Ky040l KOHCTPYKLUIT”. MU MOBHHHI BKe
pO3IIIAAATH 11 He TIMBKHM 9K €IeMEHT, skuit 3abesneuye 3aganuii MikpokniMat
MPUMILLEHHS, ajie | AK 00 €KT, 1o niuisirae 30epeskeHHIo.

Ha crafii npoekTyBaHHs Ta po3poOki cHCTEeM 3abe3nedeHHs] MiKpOJi-
MaTy HeoOXiZHO BpPaxOBYBAaTH HEOAHAKOBY TOBLIMHY OFOPOJUKYKOUHX KOH-
CTPYKUil 1o BHcoTi OyHiBii, 3HaUHi KOJMBAHHA HAJXOMKEHHS LIKIATHBHX
BUMApiB y BHYTpiluHiHi 06 eM Oyxnirii (KiNbKicTh BiABiAyBaYiB MOXe Biapis-
HATHCA Y JeKiJbKa pasiB).

Ha BuGip cuctem onaneHHs, BEHTUNSALIT Ta KOHAULIOHYBaHHA MOBITPS
3HAYHMN BIUIHB Ma€ eCTETHYHE CIPUNHATTA Ta MOXJIMBICTB PO3MILIEHHS
CUCTEM Y ICTOpHYHIil nmam’stui. ToMy KOXKHA KOHKpDETHA Mam’siTKa BUMAarae
iHMBIYAJIBLHOr O MiAX0AY A0 cHCTeM 3ade3neueHHs MiKpokaiMaTy.

CucteMH ONaneHHs, BEHTHIALIT Ta KOHJUIIOHYBAHHA TOBITPS B Kyb-
TOBUX CROPY/ax, faMm’saTKax icTopil Ta apXiTeKTypH NOBHHHI 3abe3neyyBaTy
ONTHMAaJIbHI [apaMeTpy MOBITPAHOIO CepeOoBHINA B NMPUMEKOBUX Liapax
Oins BHYTPiLIHIX NOBEPXOHb OrOPOUKEHb Ta CTBOPHTH JOMYCTHMI CaHiTap-
HO-Tiri€HIYHI YMOBH JUTA BiIBIZyBayiB Ta 00CIyrOBYIOYOro NepcoHay.

[TutaHHa pauioHanbHOI opradizauii noBiTpoOOOMiHY — OIHE 3 LEH-
TpaJIbHUX MUTaHb BEHTUILALIT, BiJl TPaBUbHOCTI HOTO PillIEHHA 3aNeXUTh K
BHKOHAHHS YMOB MiATPUMKHU 3aJlaHWX MapaMeTpiB MOBITPA Y NpUMiLLEHHI,
TaK i eKOHOMI4HiCTh pOoBOTH CHCTEMH.

B mauuii yac BigCyTHs €QMHA TOYKa 30py IIOAO OpraHizauii MoBiTPO-
o0MiHy B aM’sTKax apXiTeKTypH 3 ()peckaMu Ta MO3aiKolo.

OpnHi aBropu [2] nponoHyIOTh MOAa4y MOBITPA Y HHXKHIO 30HY Ta BUJa-
neHHs 3 BepXHboi. OJHAK Taka OpraHizauis noBiTPOOOMiHY MPU3BOAUTE A0
HEepiBHOMIPHOCTi pO3MOJiNy TeMNepaTypu Ta BOJIOToCTi B 06’emi GyaiBni Ta
TEMITEPaTYPHO-BOJIOTICHONO po3LUIApYBaHHA no BUCOTI Oyxisni. Temmepary-
pa Ta BOJIOTiCTB NOBITPA Y BepXHiii 30Hi Oyae BULIOK HiXk y HUxkHiN. Bpaxo-
BYIOYH, IO TOBIIWHA CTiH OapabaHa Kynona 3Ha4HO MEHILIA HIXK CTiH, BUHHU-
Ka€ 3arpo3a BUMAJiHHI KOHACHCATY Ha BHYTPIUIHIX TIOBEPXHAX OTOPOIKYIO-
YUX KOHCTPYKLUIH, i, AKX HACNIOK, BiAUIapyBaHb MO3aik, (apOyBaHb Ha OCHOBI
macisuux $ap6, necTpykuii Matepianis, 3 AKX CTBOPEHO Li KOHCTPYKUIL.

3 Hauiof Toyku 30py OUIBLI AOLITbHA 30HANBHA CXeMa Opraizalil no-
BiTpOOOMiHY 3 mojayei0 Ta BUAAIEHHSM MOBITPS Ha AEKUIBKOX PiBHAX
npumilenns. Takuif migxix nae smory 3abesnevyBaT MoTpiOHu# Temnepa-
TYPHO-BOMOTICHHUI PpeXkiM B XapakTepHHX 06’emax OymiBni.

OuiHky eeKTHBHOCTI opraHizaiii noBiTpooOMiHy npuiiHsTO pobuTH 32
JOMOMOroto KoeditieHta noBiTpoodMiHy, skuil asnge coboto Ge3po3mipHuMi
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CUMILIEKC Ta 3B S3y€ TeMIepaTypH MOBITPA — BUAANISIOYOro, HPHILIMBHOTO
Ta HUKHBO1 30HU:

i ~t

= sl ]
K} =~~—4&, )
Ly — iy
J€ f; — TeMmneparypa BUAANAIOYOTO NOBITPA; #,, — TeMIepaTypa HHKHBOI

30HHU; £, — TEMIIEPATYpa MPUTIMBHOIO MOBITPSL.

Po3rnsHemo 30HaNbHy CXEMY OpraHi3aLlii noBiTpoodMiHy y OyaiBmi uepKBH.

CxeMy UMPKYJMSUIT NOBITPA MOXKHA MOJATH TAKHM YMHOM (PHCYHOK):
NPUIJIMBHE MOBITPsl B KinbkocTi G, HAAXOAUTE B HHKHIO 30HY 3 TeMIepa-
TYpOIO f;;, aCUMiMIO€ B Hiil TernoBuaineHHs Q; i npuiiMae Temmnepartypy
HIDKHBOT 30HH I, YACTHHA MOBITPA B KiJILKOCTI G,; HAAXOAUTH 3 HUKHBOI
30HM 3 TEMMEPATYPOIO #,; HA PELMPKYIALI0. 3aAUILKOBA YACTHHA TIOBITPS B
kinbkocTi (G — Gy} NEpeTikae y CepefiHio 30HYy, KYAH MOAEThCS NpH-
IJIMBHE MOBITPS B KimbkocTi G, 3 TeMmeparypoio f,. Hani BinOysaerbcs
aCHUMIJIALIs BIATIOBIAHUX TETUIOHAMMMUIKIB (), 1 NOBITPs NpuiiMae Temnepa-
TYPY fc. HacTHHA NMOBITPs B KinbKocTi Gy 3 TEMIEPATYPOIO fc; BUAAIAETHCA
3 cepeiHbOl 30HU npuMiuteHHs. Tlositpsa y kinbkocTi (G; — Gpyy — Gay) 3
TEMIEPATYPOIO Ic;, HAAXOAUTh y BEPXHIO 30HY, KYAH MOJAETHCS MOBITPS B
KinbkocTi G;. BinbyBaeTbes acuMinsLis TemIoHapMiKie Qs i TeMneparypa
MOBITPA CTa€ fy;. YacTHHa MOBITPA Gy 3 TEMIIEPATYPOIO 4, K€ HA pELMPKY-
JIALII0, a IHLIA YaCTHHA BUAANAETHCA 3 NIPUMIILEHHS.

(G1+G2+G3-
-Gpws-Gpes-G21)

1

B3

56 1, ,S 5
Gpus, taz .t Gl.oin -

Pucynoxk. 3oHaneHa cxema oprauizauii nosiTpootMinHy

2—2-2180



Jlas po3s’s3aiis 3agaui BUKopucTaemo niaxia [3], [4], skuil GasyeTbes
Ha BUKOPHUCTaHHI HAaOMDKEHUX MaTeMaTHUHHX MOJEeH, o CKIIaalThes 3
cucTeM piBHAHL 30epekeHHs eHeprii, BUTpaT Ta THcKy. Po3pobka marema-
TUYHOT MOJENI BKIHOYAE YOTHPH eTalu: BUABJIEHHsS PO3PaxyHKOBOI CXEMH
TennooOMIHY; CKNalaHHs CHCTeMH piBHAHBL 30epekeHHs TEMJOTH Ta MacH;
MpHBEJEHHA CHCTEMH OaNaHCOBHX PIBHAHB /10 PO3PaxXyHKOBOrO BHIIIAZY;
I0CTAHOBKA KOHKPETHOT 3a]ayi i BUPIlIEHHA CUCTEMH PIBHAHE.

OTxe, CKIAJJaEMO CHCTEMY TPhOX 0alaHCOBHX piBHsHb U4 BHIIEHaBe-
JIEHOT CXeMHM JUIS TPBOX XapaKTepHHX 00’ eMiB:
— HHIKHSA 30Ha

Cp Gl Lin + Ql = Cp Gpna tys + Cp ( Gl - Gpv-n ) Tyas (2)
— CEpeaHsd 30Ha
Cp (Gy — Gpns ) b + Cp Gty + (=

=Cp (G +Gy— Gpnrs — Gyt + Cp Gy les; 3)
— BE€pXHA 30Ha
Cp(Gl +Gy— GpH3 —Gy) b, + Cp Gyt + Q3=

= Cp(Gl +Gr+ Gy — Gpu's = Gpna — Gty + Cp Gpsa Tgs. “4)

CxJIaBLIM OKPEMO JIiBI Ta TMPaBi YaCTUHHU PiBHAHB (2) ... (4), OTpHMAEMO
PiBHSHHSL TEIUIOBOrO GanaHcy NPUMIILEHHS, L0 € Neperipkolo BipHOCTI
CKJIQJIaHHs PiBHAHb CHCTEMH:

G+ Gr+ Gy + Q1+ O+ O3 =

= Cp(Gl +Gy+ Gy — Gpm — G )ty + chpm L + CpGZL tes. (5)

OTxe, piBasHus (5) € nixiiiHol0 KoM6inallieto piBHAHD (2) ... (4) | MOXke
BUKOPHCTOBYBaTHCh NPH PO3B’A3aHHI CHCTEMM 3aMiCTh KOXKHOTO 3 HHX, 1LO
iHOMI TEXHIYHO 3pyyHille. Po3B’sa3ytoun cuctemy (2) ... (4), MaEMO:

tnz - tin +_QL > (6)
¢,G
G, -G )1, +G, ¢,
e =( 1 pﬂs) 3 2%in + : Qz s . (7)
Gl + GZ - Gpm Cp(Gl + GE - (-’pm)
1, = (Gl + G‘l - Gpu') - GZL)tcs +G;y Lin a Q3 (8)

Gl + (}2 + (;3 - GpH3 - G'ZL C‘p (Gl + G’_’ + G3 - Gpm - GZI. ) ‘
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Takum 4HHOM, TeMIIepPaTypPH B yCIX XapakTepHUX 00’ eMax JIpMMilLleHHs
3Halaedi. Hactynuna 3aja4a — BUpA3UTH Yepes 1l TeMreparypH napaMeTpu,
I110 BXOAATD J0 CKJIaRy LIYKaHOro BUpaszy KoedilieHTa moBiTpOOOMiHY.

3HaiiIeMo TeMnepaTypy NOBITPS, IO BUAAIAETLCS 3 IPUMILLEHHS f;, SIK
cepeJHBOBAroBy N0 BUTpaTax MOBITPA, L0 e Ha peunpKyafuilo i BHIa-
JIeHHS 3 CepeIHbOI Ta BEPXHBOI 30H:

t = Gpm his + Gyl + (G + Gy + Gy — Gpu's - (;2[.) Iy
L= 2 .
G 56 +0,

9

3 BupasiB (5) ta (9) moxHa oTpuMaTH GOpMYTY JUls pO3paxyHKy MOBIT-
POOOMIHY:

G,-,,=G,+-(72+G3=—Q‘+Q3+Q3 ) (10)
CpKL (tm _tin)

[TiacTasusuiu y popmyny (10) Bupa3 (6), orpuMaemo:

=l+(Qz+Q‘q)/Q] (ll)

L7146, +G)IG T

AHanisyloud BIUIMB CKJIQIOBHUX BENMYMH, L0 BXOAATH y Bupa3 (11),
JIeTKO MOMITHTH, 1O i3 3arabHOi GopMyH KoeditieHTa noBiTpooOMiny npu
30HaNbHIN NoAaYi NOBITPS MOXHA OTPAMATH GOpPMYIY Ui BU3HAYEHHS KO-
edilieHTa NOBITPOOOMIHY B OKpEMHX BHUIIAAKAX.

Hanpuknaa, sxuo G, = 0 i G3 =0, To MU OTpUMaeMO BUpa3s KoeillieH-
Ta NOBITPOOOMIHY JUIS cXeMU 3 NOAAYEIO MOBITPS ¥ HHXXHIO — Ta BUATIECHHS
3 BEPXHbOI 30H:

QZ + Q3 cp(Gl - Gpm) (™,
Q o

I3 3anexxHocri (12) Buano, wo K, 3apxau oinsute 1. [Tpuyomy i3 30ins-
IICHHAM T0Ja4i MOBITpsA Y HMXKHIO 30HY (G)), @ TAKOXK MPU 3pOCTAaHHI TEIIO-
HaaxomxeHb @ i Q3 koedilieHT edekTHBHOCTI 3pocrtac. TobTo 3abe3-
NeYeHHA CTAINX TEMNepaTyp 10 BHCOTi NPUMILLIEHHS NpH HaHiil cxeMi He-
MOXJTHBO.

SIKILO BU3HAYUTH TETUIOHAAXO/KEHHA Y HUXKHIO, CEPENHI0 Ta BEPXHIO
30HH 3 piBHAHD (2), (3), (4) i nincTaBuTH 1X ¥ dopmyny (10), Mu oTpUMaEmMo
Takwii Bupa3 koedilieHTa noBiTPOOOMiHY:

cpGl (lm m) Cp pm (8 — ’ns) CpGZI (s — 1. )

KL: _ L \*s3 " ‘c3 ' “3)
0 (1+(G,+G/GIQ, [1+(G,+G,)/G,1Q,

K, =1+

(12)

2%



Jlis 3anobiranHs TeMMepaTypHOro po3ilapyBaHHs No BUCOTI Oynisni K,
NOBYHeH JopiBHIOBATH 1. Lle JocsaraTuMeTbes 3a paxyHOK peryaioBaHHs 1oJiadi
MOBITPs ¥ XapakTepHi 30HU npuMilerHs. HeobxiaHo BpaxoByBaTH, 10 30iTb-
IIeHHS NoJayi MOBITPA Y HWIKHIO 30HY NPU3BOAMTL A0 30INbILIEHHS 3HAYEHHA
koedilieHTa MOBITPOOOMIHY 1 BINOBIIHO [0 po3ilapyBaHHS TeMIepatyp Mo
BMCOTI mpuMileHHs. 3a6ip NOBITPS HA PELMPKYIALLIO 3 HWKHEOT 30HM, BUIA-
JIEHHA 3 CePeHbOI Ta BIATMOBIHO MOAAYA MOBITPS Yy CEPeHIO Ta BEPXHIO 30HH
J103BOJISIE CTBOPIOBATH HeoOXinHU#M TemmepaTypHuli pexxuM y XapaKTepHHUX 30-
HaX MpUMILIEHHSN, OTKe, 3HaueHHs K; MO)Ke, NpU BIMOBIZHOMY CIiBBiJHO-
ILIEHH] LMX MapaMeTPiB, JOCATaTH 3Ha4YEHHS MeHLue 1.

BHCHOBKH

1. Po3pofka cucteM onajneHHs, BEHTUIALIT Ta KOHANIIOHYBAHHS ITOBIT-
ps B mam’sTKax apXiTeKTypH Ta icTopii noTpedye iHAMBIAyadBHOTO MiAXO0AY,
AKuil OM BpaxoBYBaB 00’€MHO-NAAHYBanbHI OCOOJIMBOCTI CIOPY/H, TEIJO-
TeXHiYHI XapaKTepPUCTHKU OrOPODKYIOUMX KOHCTPYKLIH Ta MOAJIMBICTL PO3-
MillleHHS iHKEeHePHAX KOMYHiKaLliit.

2. Haiibinplu fowinbHa 30HaNbHA cXeMa OopraHizauii noBiTpooOMiHY B
06’emi criopynu. Takuii minxiz 103Bons€ CTBOPIOBATH MOTPIOHHMA Temmepa-
TYPHO-BOJIOTICHHI pexuM, KUl 3a0e3rieuye MiHiMi3alilo MOTOKIB TEIIOTH
Ta BOJIOTH Yepe3 30BHIIIHI OrOpOKYIOUi KOHCTPYKUIT, Ta 103BOJISE CTBOPH-
TH JOMYCTHMi YMOBH /15 BiZBilyBadiB.

3. Haii6inew edextBHA cXeMa 3 MOJIa4eto NOBITPS Y BEPXHIO, CEPEIHIO
i HIDKHIO Ta BUJIAJICHHSAM 13 CePEInBOI i BepXHBOT 30H Ta 3a00poM Ha peunp-
KYJSALIK0 3 HUAKHBOT 30HH.
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YK 697.94: 631.563 Ilucapes B. E., coxm. mexn. nayx
KuneBckuit HaUMOHAJIBHBIH YHUBEPCHTET
CTPOHMTEIbLCTBA H aPXUTEKTYPBI

BNUAHUE USMEHEHUA JABNEHUA HA TEMIMNEPATYPY
BO3AYXA B TMNOBAPUYECKOM XPAHWUJTULLIE
CEJNIbCKOXO3AUCTBEHHOW NPOAYKLIUU

B runobapuueckux XpaHwIvlax ceabCKOX035iCTBEHHOMW NPOAYKLHH B
DONBLIMHCTBE HPOLIECCOB MX JKCIUTYaTalMU MMEIOT MeCTo konebawus abco-
JIFOTHOI'O JlaB/EHHS CPEe/bl, CBS3aHHbIE ¢ 0COOeHHOCTAMH paboTbl 06opyao-
BaHMs (BaKyyMHBIX HAcOCOB), 00€CIEUMBAIOLIETO XPAHHINLIE CBEKHM BO3-
JyXOM. DTO B OMNpeJIeIcHHOI CTeNeHW BIHACT Ha TeMIepaTrypHO-BIIaX-
HOCTHbIe napameTpsl cpelsl. ITpn konebaHuax JaBleHUs] U3MEHEHUs TepMO-
JMHAMHYECKHX XapaKTEePUCTHK BO31yXa MOXKET BbI3bIBATb MCMApeHHe Bjar
13 XpaHMMOi NPOAYKUMY HIIM €€ KOHJAEHCALKIO, YTO B JIEPBOM Cllyyae MpH-
BOJMT K YCYLIKE MPOAYKLUHH, a BO BTOPOM — K BBINAAEHUIO KaleabHOH Bra-
[N Ha ee MOBEPXHOCTH M 3arHUBAHHIO Mpoaykuud. B oboux ciyuasx uror
O/IMHH — TIPOAYKUHMS MPUXOAMT B HErOAHOCTh. Ha cocTosinue cpenbl BaHseT
TaKKe WHTEHCHBHOCTBL TEMIooOMeHa ¢ OKpY:Kaloilled cpeioi, Hauule uc-
TOYHHKOB TeruloBblAeneHuss U T. M. Llenbto Hactosulelf paboTsl sBaseTCs
M3YYeHHe XapakTepa W3MEHEHUs TePMOJAMHAMHMUYECKUX XapaKTepPHCTHK BO3-
JyXa B 3aBUCHMOCTH OT KojeGaHus abCoNOTHOTO JaBNEHUs Cpesibl B IMIIO-
GapHyecKOM XpaHHIULLE C MPUBJICUEHHEM IKCIIEPHMEHTANIbHbIX JaHHEBIX [1]
(HanpuMep, aHajJOrHYHBIX TIPE/ICTABIICHHbIM Ha pUc. 1) U mapameTpoB, xa-
paKkTepu3yiomnx rurnodapudcckiii cnocod XpaHeHHS CeNbCKOXO3AHCTBEH-
HOM (IPOAYKUKH. DTH HCCNENIOBaHHA HEOOXOAMMBI TAKXKe IS TOJNy4YeHHs
WUCXOHBIX JI@HHBIX TPH KOHCTPYMPOBAHHH TUMOOAPUUECKHX XPAHMIWIL H
pa3padOTKH COOTBETCTBYIOLIMX TEXHOJIOIHYECKHX HHCTPYKLHI MO HX IKC-
nayaraudu. Tlpu 3ToM ObUIKM pa3BUTBLL METObI PacyeTa TEMIOBIIAKHOCTHBIX
napaMmeTpos BO3yXa IPH AaBIEHUAX OTAHYHBIX 0T arMocdeproro Kpemue-
Ba O. A,, XKypasnenxo B. fl. [2] npHMeHHTENLHO K YCAOBHSIM THnodapuie-
CKOI0 XpPAHEHHUS CEIbCKOXO34HCTBEHHON NPOAYKLHMH.

V4utpiBag CI0KHOCTb NMPOTEKAOLINX TEMI0(PH3HYECKUX [POLECCOB B
cpeste rnoOapUYeckoro XpaHHINILA, PacCMOTPUM YIPOLIEHHYKO u3iUe-
CKYIO MOJZCJIb BEHTHASLHHU €ro BO3YX0oM [2]. B Kakoii-10 MOMEHT BpeMeHH
BAKYVMHBIH Hacoc OTKayan U3 KaMepbl XpaHeHHs BO3AYX /10 3apaHce 3alaH-
HOTO a0COMIOTHOTO JaBAeHHS (HIKHUI MPeac! peryinpoBaHUs JaB/IeHHA).
3areM B Kamepy XpaHeHus W3 atMocdepb! 1moJaeTcs BeHTHIHPYIOWHKI BO3-
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Ayx. Benay 3arpoMosKIeHHOCTH KaMepsl Tapoil ¢ MPOAYKIHEeH MOXHO [pH-
HATL, 4YTO BO3AYX, NEPBOHAYATIBHO HaxoUBUIHICS B obbeme KaMepel, HE
CMEUIMBACTCA C BHOBEL [MOCTYNHUBUINM, a COXHUMAETCA UM KaK INOPUIHEM. B pe-
3yJibTaTe NPOMUCXOIUT Pa3orpeB CkWMaeMmoro posgyxa. ITpu stoM Bo3ayx
YBIAXKHAETCSA 3@ CYET UCHNAPEHUs BJIard W3 OKpYKaioleil cpeanl ¥ OT Mpo-
Aykuuy. TakuM 00pa3oM, MPOMCXOAUT NPOUECC NONUTPOMHOND CHKATHA BO3-
Jyxa ¢ ero yBnaxHeHueM. C JOCTHKEHHEM B KaMepe XpaHeHHs 3aJaHHOrO
BEPXHero Ipejena perynupoBaHusi abCONOTHOIO AaBieHus BKJIIOYAETCs Ba-
KYyMHbIH HAcoc; M3 Kamepbl YaCTHYHO yJauseTcs BO3AYX. YacTb BO3AyXa,
KOTOpast ocTajlaCh B KaM€pe, MOXXHO pacCMaTpHUBaThk KaK paclIHpPAIOLLYIOC:H
oT 06"bema, KOTOprﬁ OHa 3aHuMala 10 BKJIKOYEHHA BAaKYYMHOI'0 Hacoca, oo
nonHoro obkeMa kamepbl. IIpoTeKarolui Ipouece paciliHpeHus BO3Zyxa
ABJISETCS MOJIHTPOMNHbIM C HOHMKEHHEM TeMIIEPATYPbl K BbIICICHNHEM BJIarH.

S0
e i 4
o S N
(P,/" -1 \i "/‘—_-
M ] \__”
1
80 / =
L /// 2
70
4 =TT T T T A B s s e S TTRS
t,’C 8/ L6 /5
e B A o B
2 F 7/
0 20 40 T MmH
p)

Puc. 1. TeMmneparypHsic 1 BAOKHOCTHBIC YCIOBHA B 6apoMojyie ¢ MPOAYKIUMEH: JaTIHK
BraxHocTH Ne 1 (iuuuu 1 M 5) ycTaHoBNIEH B CepeanHe KOHTEHHEpa ¢ NPOAyKIUHEHR; AaT-
YHK BADKHOCTU Ne 2 (THHHM 2 M 6) YCTaHOBJEH B KOHTEHHEPE OKOJIO CTEHKH; JATHMK
Braxuocti Ne 3 (JimHuM 3 U 7) pacnonoeH BHE KOHTeHHepoB B GapoMonylie; AaTHHK
BraxHocti Ne 4 ycraHoB/ieH B Cepe/IMHE BTOPOIO KOHTeHHepa ¢ npoaykuued (nuHuu 4
u 8). 10 nens xpanenus. O6bem konteitxepa ~ 0,2 M. [Ipu XpaHeHUU NaBJCHHE H3IMeE-

uanocs B mpeneiax ( 16— 18,35)- 10° IMa.
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[lpeanaraemas Moaenb ycIoBHA, HO OHA MO3BOMSET ONMCATH U MPOAHATIM3HU-
poBaTh M3MEHEHHWEe MapaMeTpoB Bo3ayXa B Oapokamepe. Kpome Toro, omu-
caHHas KapTHHA MOKeET OBITh BecbMa O/IU3Ka K peanbHON B IOKANBLHLIX, HaH-
fonee 3arpoOMOK/IEHHbIX MecTax HapokaMepsl.

ITpouecchl cxxaTvs ¥ pacuIMpeHus Bo3JlyXa B rUmo0apuyeckoM XpaHH-
JHILE CEJIbCKOXO03AHCTBEHHOH NPOAYKIIMH CONPOBOKAAIOTCS (Pa30BbIMYU Me-
pexojamMu coaepxauieiics B HeM Biiaru. B 3Toli cBA3M 1Ipu TepMOaMHAMHPYE-
CKOM aHanu3e npouecca U3MeHeHHs JaBJICHHA B kamepe OyleM paccMarpu-
BAaTh PACXOJ TEILIOTb! Ha YBJIAXKHEHHE WJIH BbLAEIEHHE TEIDIOTHl NpPU KOH-
JIeHCallMM KaK BHELIHIOI0 TemIoTy MNOJIMTPONHOro mnpouecca. Bosayx c
colepkalliMMUCs B HeM TapamMH BoJbl OyJeM CUHMTATh HIEAlbHbIM Ta3oM.
H3meHeHue CBOMCTB BO3AyXa B 3aBUCHMMOCTH OT J00aBiAeHHsS B Hpoliecce
CXaTHA HEKOTOPOro KOAHYEeCTBA [apa MOXKET OBITh B cilydyae HEOOXOJAUMO-
CTH YYTEHO yCpeIHEeHMEeM 3HAYeHHH TeMIOeMKOCTH H ra30BOM MOCTOSHHOM.
CocTaBUM ypaBHEHHE, OIIMCbIBAIOLECE PACCMATPUBAEMbIH TOJIMTPONHBII
npoLecc, HCXoasd U3 audQepeHLHaNbHOr0 ypaBHeHHs MepBOro 3aKOHA Tep-
MOJIMHAMMKH 15 HlealbHOro rasa [2, 3]

dQ=dU+p-dv, (0

rae dQ — KoIMuecTBO NMOJABEAEHHOM MIH OTBEJEHHOH TEmIOTHl B MOJUT-
pornHoM npouecce; dU — u3MeHeHue BHYTPEHHEH 3HEPruM Bo3ayXa.

Peunm 3anauy B obwem Buje. IToaBox unu oTBOA TennoTbi 06ycnaoB-
JIEH KOHJIEHCAMeH Wny UCIIApEHUEM BIIAard NPH M3MEHEHHWH BJIArocoAepika-
Hus x. C yyerom dU = ¢,-dT nonyuum

rdx=cy -dT+p-dv, 2)

rae rdx — MOKET MMETh MOJOXKHUTENIBHbIR HIIK OTPHIIATENbHBIH 3HAK.
Benuuuny dv onpenenum u3 ypaeuenus Knaitnepowa pv = RT.

Otcroaa
duv=R- w _ 3)
p
Torpa ncxonnoe auddepenumanbioe ypasienue (1) npumer Bua [2]
d
r-dx=cy -dT+R-|dT-TE )
p
WITH € Y4eTOM ¢y = ¢p—- R
r dxch-dT-—R-T@. (5)
P



Onpeaenum 3aBHCUMOCTb TEMIIEPATYPbL CPeAbl B THIIOOapHUYECKOM Xpa-
HUJIHILE 11PY M3MEHEHUAX abCOIOTHOTO JiaBjieHus BO BpeMeHu. Jlas ympo-
[EHHS aHAIH3a NPOLIECCOB, MPOUCXOAAIIMX, HAIPUMEp, NPH CHKATHH BO3AY-
Xa, TOJIOKUM, 4TO 3aKOH W3MEHEHHs BJIAroco/JepXkaHHs BO BPEMEHH HMEET
BU (TpU ManbIX U3MEHEHUSX X [2])

AX
1 6
X=X+ T ©)

a 3aKOH M3MCHEHHUA NABJIEHUS ONMUCHIBACTCS BBIPAXKEHHEM

Ap .
p=p;+—-1, (7)
AT
rae X3 U P — Bnaroconepmaﬂue H J4aBJICHHE Bo3nyxa B HaYaTbHbIH’ MOMEHT
. Ax - Ap
Bpemeﬂu, —A—T H Z't— -— CKOPOCTH HM3IMCHCHHA BJI&I‘OCO}ICP)K&HM’! H aasiae-

HUSA, KOTOpbIE HAa MaJIOM MPOMEXKYTKE BPEMEHU MOTYT CUHTAThCS MOCTOSH-
HBIMH.

ITp 3TOM BBHAY pacxoja TEIJIOTBl HAa MCMApeHWe BJArd NpH CKATHH
BO3/yXa 3Hak nepex rdx B BbIpakeHHH (5) OTpULATENBHBIIA.

CornacHo (6) u (7) umeeM

Ax
=22 .4 8
dx 2 4T )]
u
_Ap .
dp= = dt. )
ITocnie nomcranoBkH BbipaxkeHuH (6) v (7) B ypaBHeHHe (5) NONyYHM:
r-Ax _Sp T-dt
- =—dT - ——"——. 10
At-R R At'p’+t (10)
Ap
r-Ax Cp At-p,
- = L= —1=C. 1
O603HaYuM AR A, R s Ap C (an
Torza ypaexenwue (10) npumer Bug
dT A
— -T-f =—, 12
= (V=3 12)
rne f(1)= :

B-(C+1)’



O6uit unterpan audepesunanbhoro ypasnenus (12) naxoanres mo
thopmyne [4]

T=ef“”‘“[%-je'J‘“’d‘dHK]. (13)
3amech
jf@mz:qu%%;széwnmC+:y
Toraa
T =e-l’5-|msm[%‘—- Je “%ms‘“”d‘H K} .
[Ipu 3Tom
eémwm = [B (C+ T)]'IIS

A [Bcrols
B B-1

BbIrosiHss MHTEerpupoBaHue MONYYUM BhIp@DKEHNHE A1 Temnepatypbl T
B 0011[EM BHIE

%j[};-(Cn)]‘%dwK: +K. (14)

1
T:ﬁ_”:_l-(C+r)+[(c+t)-BkK. (15)
s Havanbueix yesoBuit npu T=0u T =T, nonyyum
= A -1
K=T,-(C-b) S—B—_I—-C-(C-B) E, (16)

[Tpencrapnsis koHcTaHTy HHTerpupoBanus K B Bbipakenue (15) imeem

A 11 1, L
5o C+O+TIC+DP C P -(CHp Lo P a7)

T=51

C yyetom npunaTEIX 0603Hauenuii (11) packpoem 3HaUEHHS MOCTOAH-
HeIX A, b u C B Boipaxenuu (17).

) R R
T:T.[H"Ap )“"— A {AT""HJ-""A‘[H“AP ]°“ (18)

At-p, At-(cp, —R) Ap Ap AT-p,

3—2-2180
17
















































































































































































































































































































































