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KuiBcbkHii HALIOHAIbHKUH YHIBEPCUTET TEXHONOTIH | AN3AMHY

NPO BIUIUB MATHITHUAX MOJIB
HA NMATOMY TENNOTY BUNAPOBYBAHHA BOOU

[MouuHaroum 3 Apyroi nonoBMHU XX CTOMITTA NUTAHHAM BIUIMBY NOMIB,
CTBOPEHHMX CTAIUMH | €NCKTPHYHUMHU MarHiTamu, Ha BAacTUBOCTI BOAM | BOA-
HMX PO3YMHIB MPHUCBAYEHO 3HAYHY KiJILKICTL poliT, Hanpuknax [1-4]. bynu
ANOCATHYTI MEBHI pe3ysibTaTd B 00J1aCTi CYTTEBOrO BAOCKOHANEHHSI TEXHO-
JOTIYHMX NPOLIECIB ¥ Pi3HMX rajy3sX B YMOBAx 3aCTOCYBAHHS MarHiTHOi 00-
poOKH BOAM | BOAHMX PO3YMHIB: B €HEPreTHLUl — IHTeHCU(IKaLIA TENN000MiHY
32 PaxyHOK [PAKTHYHOI JiKBifallii HAKMNY Ha MOBEPXHI TEMAO0OMIHY; B
Nerkifi NpoOMMCIIOBOCTI — IHTEHCH(IKALiS NPOLECIB NPOMUBAHHA 00podneHux
TKAHHH 1 NIEPEHOCY PO3UMHEHUX PEUYOBHH Y HUX; B JKUTAOBO-KOMYHAIbHOMY
CEKTOpPi — NOKpALEHHA QYULLEHHS BOJM; B arpornpoMUCIOBOMY CEKTOPI — MO-
TUB POC/THH Ta IHTeHCUdiKaLis IXHbOrO POCTy Ta B 6araTbOx IHIIMX rany3sx.

3Ha4yHO Triplle CKIAAAINCh CHPaBU 3 TEOPETUYHUM OOIPYHTYBAHHAM
CKJIQAHOrO SIBMILA BIUIMBY MarHiTHUX MOJiB HA BAAaCTUBOCTI BOAM | PO3YMHIB.
B [5] Bnepiue Oyno BUCYHYTO rinmoTe3y Npo Te, L0 MEeXaHi3M BIUIMBY Mar-
HITHOIO MOJIA Ha BOAY OOYMOBJIEHWI MOro Ai€0 Ha CNUHM MPOTOHIB il MOjie-
KyJ. Afe 3a 4ac, o MUHYB MICJs NOABY LbOTO TEOPETHUYHOIO NPUNYLUEHHS,
NPAMOro eKCrNePpUMEHTANIbHOro MIATBEPMKEHHA HOro He Oyno otpuMaHo. Ak
HacNiZOK He OYNO MPHUAINEHO YBaru pi3HMLI Y BMUIMBI Ha BOAY MMOJIB CTAIMX
NMPUPOAHUX Ta €JIEKTPUUHHUX MArHITIB, i TEXHONOrI po3podasIuch AK 3 enekx-
TPUYHHUMMH, TaK i 3 NPUPOAHUMHU MarHiTaMu. Mixk THM 3 CaMOro TEOPETUYHOIO



BUCHOBKY TNPO MEXaHI3M BIUIHBY MArHiTHOIO NOJs Ha BOAY Yepes Ail0 Ha Cnu-
HYM MPOTOHIB 1i MOJIEKYN BUTIKA€E, 110 BEJMKE 3HAYEHHA A1 IHTEHCUBHOCTI
BMJIMBY MArHITHOTO MO/ HA BNAaCTHBOCTI BOAM, OKPIM Hamnpy>KeHOCTI Mo,
MOBUHHI MATH 4acTOTa | aMILTITYJa KOMMBAHHA MAarHiTHUX XBwib. Lle noJio-
KEHHSA 3HAXOAMTb SKICHE MIATBEPIXKEHHS B pe3yibTaTax AOCiAiB BIJMBY Ha
BOJY IOJIIB EJEKTPUUYHOIrO I MPUPOAHONO MArHiTiB, B AKMX MOKAa3aHo, LUO 3a
YMOB MpPUONIM3HO OAHAKOBUX HANPYXEHOCTEH N0/ 4ac AOCAIHEHHS ONTH-
MANbHUX pe3YJ/IbTATIB CTAHOBUTDL [JIs MOJIB NPUpOAHOro MarHity — 0,1 +0,5 ¢,
a N4 eNIeKTpOMardiTHOro nost — 30+60 xB. Binbil nepexkoHnuBo ue nono-
JKEHHs MIATBEPIDKEHO B OCTaHHiX poborax b.A.bapana [6,7], B akux noxaza-
HO, 1110, Mo-nepiue, 006podka Boau B nonsx HBY nabnuxaerbcs 3a CBOIMU pe-
3ynbTaTaMM A0 O0OpoOKM ii B nonsx MpUPOAHUX MArHiTiB, a, no-apyre, Ais
MarHiTHOro noJjs 3eMili Ha BOAY NOpiBHAHA 3 AI€l0 HA HeT €JIEKTPOMArHITHOIO
nojis 3BUYaWHMX 4acToT. Takum 4YHHOM, 3MIHM MApaMETPIiB MArHiTHOro mnons
3emili MOXXYTb CYTTEBO BIUIMBATU Ha pe3ySibTaTu 0OpoOKK BOAU B 110 €nek-
TPMYHOIO MAarHiTy, a 3 ypaxyBaHHSM CHMHYCOiJanbHOIN0 Xapakrepy BIUTMBY Ha
BOJAY HAaNpPY>KEHOCTI €JIEKTPOMArHiTHOrO NMoMf, MOXYTh HaBiThb MPHUBECTH A0
Bia’eMHOro pesynbtaty. LluM ¢akTOM MOXHA MOACHUTH HecTabinbHICTL pe-
3ynbTatTiB 00pOOKY BOAU B NONAX €1EKTPUUHMX MArHITIB.

MeTo10 po0iT, OCBITIEHUX Y JJAHOMY NMOBIAOMJIEHHI, 0YJI0 eKCNEPUMEH-
Ta/llbHe MiATBEPAXKEHHA HaBEAEHUX BHILE MOJOXKEHb i cnpoba BUABUTH Haii-
Oinbiu edekTHBHI i cTabinbHI MeTOAU OOPOOKKH BOAU B MarHiTHUX 1OSIX.

Jns ubOro BUKOPUCTOBYBAIOCH MOPIBHAHHA AAHUX AOCNIAXKEHb, BH-
KOHaHMX Npy OAHAKOBHUX MapaMeTpax BOAM Ta MAarHiTHHWX TOJiB none-
peaHiX pokiB i npoBeneHux y nepioa 12.2005 + 05.2006 pokis.

Bu3HaueHHs NUTOMHUX TEIUIOT BMMapyBaHHA BOJ, 1O HaBeAEHI B
Tabn. 1, npoBOAMNOCA 3a METOAOM eHeprorpam cyuiiHia [8] npu TeMnepa-
Typi 100 °C.

Tabauysa 1
_ EnexkTponposijiHicTb,
Bsipeub pH O™ -em™
JIncrunvoBana Boaa 7.5 10
M. €neub 7.7 500
M. Kuis 7.8 510

Ak BuaHO 3 Tabn. 1 pH pocnigikyeaHux 3pa3kiB NPAKTHYHO HE BiAPI3HA-
€TbCA, @ €NEKTPONPOBIAHICTb 3MIHIOETHCA B 3AMEXHOCTI Bl HaABHOCTI po3-

YHHEHUX Y BOAI CONEH.



JocnimKyBanuchb AK BUX1AHI BOAM, LLO HE MPOHILAN MarHiTHY o6pobky,
TaK i BOAM, WO Npoiluny odpodKy B nouii ctanux MarHiTiB (puc. | i puc. 2) i
eIEKTPOMarHiTHOMY nosni (puc. 3).
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Puc. 1. MarHiTHUH aKTHBATOP HAKAAIHOIO THITY

B nepuiiii cepii gocaiaiB BU3HAYaNUCh MUTOMI TEMAOTH BUNAPOBYBAHHA
BiNbHOT BoAW. PesynbTatud aocniaiB 3seaeHo B TabJi. 2 Mo BMUIMBY MarHiTHOU
00po0KM Ha BEJMYNHY MUTOMOI TEMJIOTH BUNAPOBYBAHHA BOAM Y BiJIbLHOMY
CTaHi.

Tabauys 2
Ilutoma Tennota | [TuroMa 1ennora BUNApOBYRaHHA OMarHiyenol
- BHMAapOBYBAaHHA BOaH, Miok/kr
P BUXIAHOI BO/H,
M bi/Kr Axtusarop | Axrusarop2 | Axtusatop 3
JlucruasoBana Boja 2,26 2,08 2,07 2.08
M. Cuiers 2,30 2,11 2.09
M. KniB 2,30 2,12 2,10
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Puc. 3. EnckrpoMaruiTha yCTaHOBKa



Tabauysn 2

[luroma temnora | [1uToMa T€ILI0Ta BHIIAPOBYBAHHA OMArHIu€HOI
Inaiti BHNAPOBYBalHA BOAH., MaxK/Kr
P BHX1AHOI BOAM,
M Jbi/Kr Axktusarop | AKTHBaTOp 2 AKTuBarop 3
JlucTHRsOBaHa BoaA 2,26 2.08 2.07
M. Crelb 2.30 2.11 2.09 2,08
M. KuiB 2,30 2,12 2.10

Ak BUAHO 3 TadA. 2, NTUTOMI TENAOTH BAUNAPOBYBAHHA B YCIX AOCAIAHHUX
3pasKax, siki npoiuniv obpodky B MonsgX MPUPOAHHUX | ENEKTPHYHHUX MArHi-
TiB npubin3HO HAa 8% MEHLLI, HK Y BUXIAHUX 3pa3Kax.

Y npyriid cepii A0CNIAIB 3HAXOAUNTUCL NMUTOMI TEMNOTH BHNApPOBYBAHHS
BOJIM 3 BOSIOrUX 3pa3kiB OABOBHAHUX TKaHHH.

Ha puc. 4 HaBeneHO KpuUBiI €Heprorpam CyuwiHHs 0aBOBHSHUX TKaHHH,
(110 3BOJIOKEHI HEOMarHIY€HOO Ta OMArHi4€HOK BOJOIO.
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1. 2. 3 — cylIiHHSA TKaHHMH, 3BOJIOXKEHUX HEOMArHIUEHOW BOJION);
1%, 2%, 3% — CcyIUiHHSA TKAHUH, 3BOJ0KEHHUX BOAOK), OMArHiy€HOIO B M0Jli MPHPOAHNX
MArHITIB;
12, 2%, 1%, 2° - cywinns TKaHUH, 3BOJIOKCHHX BOJI0I0, OMArHiYeHOIO B ENEKTPOMArHiTHil
YCTaHOBLI.

Puc. 4. Eneprorpamu cyluky 6aBOBHAHOT TKaHUHHK, NPOCOYEHOT BOAOK).



PesynbTaTu 3B¢a6H1 | Taba. 3.

Tabauya 3
[Muroma rennora [uroma Tennora BUNApOBYBAHHA
3pasok — TKaHHHA, BHNAPOBYBAHHA OMarHiveHoi Boau, Mmi/kr
NPOCOUEHA BOAOKO RUXLINOrBOAM, OmarmiucHa B OmarHiyenia B ¢NCKTpO-
M [bi/kr aKTHBATOPI MAaruiTHii YCTaHOBUI

JlucrunboBaHa Boga 2,26 2,11 (-7%) 2,11 (-7%). 2,42 (+7%)
M. €ieub 2,24 2,10 (—6%) 2.11 (=6%): 2.40 (+7%)
M. Knin 2.26 2.10 (-7%)

BukoHaHHii KOMIINIEKC AOCHIKEHb A03BOJISE 3pOOUTH TaKi BUCHOBKH:

. OOpobka BinbHOI BOAM 3 PI3HOK NOYATKOBOKD KOPCTKICTIO B HEOO-
MEKEHOMY MpPOCTOpI i B MaKponopax MaTepiajiiB B NOJAX NPAPOAHUX MarHi-
TIB NPU3BOAUTE 1O CTabiJIbHOrO 3HUXEHHA NMUTOMOI TEIIOTH NapOyTBOpPEH-
Ha 10 8+10% 3 OAHOYACHMM 3POCTAHHAM MOBEPXHEBOrO HATACY BOAM i
TEMNY KaniJIApHOro NPOCOYEHHS.

2. OO6poOka BiNlbHOT BOAK y HEOOMEXEHOMY NPOCTOpi i B Makponopax
MaTepiafiB B IONFX €J1E€KTPOMArHiTa Npy 4acToTax eNeKTPHUHOroO CTPYMY A0
50 'y nokasana HecTabinbHICTh BMAKUBY TaKOTO BHAY O0OpOOKH Ha MUTOMY
TEIUIOTY [apOyTBOPEHHS (Alana3’oH KOJKWBaHb CTAHOBUTH 15+ 16%). TodTo
Takui metoa 06pobku noTpedye noaanblIOro 4OONpaLKBaHHA.

3. Ha nanuii MOMEHT 3a NpOCTOTOK KOHCTPYKUIMHHX pillieHb Ta CTa-
OUMBHICTIO pe3yabTaTiB HalbiNbI MEPCNeKTHBHUM € METO 00pOOKM BOAM B
NoJi NPUPOJHHUX MArHITIB.
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Kuiscbkuit HauioHanbHuit yHiBepcuter

OyniBHUUTBA | apXITEKTYpPH

[HcTuTYT TeXHIUHOT Ternodiznku HAH Ykpaivu

EKCNEPUMEHTANBbHE QOCIIMXEHHA NAPOAUHAMIKA
NEPEIPITONO NOTOKY PIAVUHU B rNAPABNIYHO MAAQKUX
WINMTUMHHUX MIKPOKAHAJIAX

XapakTepHOIO 03HAKOIO aaladaTHOro neperpiToro 0AHO(Ma3HOro NOTOKY
piavuHu Big 0AHO(A3HOrO NOTOKY PLAMHHU KW 3HAXOAUTLCA AANEKO BIJ CTa-
HY HACHYEHHA o, << fy € MOMUJIMBICTb IHTEHCHMBHOI0 (ha30BOro nepexony
(CKMNaHHA) NPU HE3HAYHIK 3MiHI YMOB Teuii (Hanpukiaa npyu NOAONAHHI Mi-
CLEBOro onopy). 3riiHo iICHYOUUM naHuM [1-3] HepiBHOBaXkHiCTb aniabart-
HOTO MEeperpiToro MOTOKY PiAMHH MOHOTOHHO 30UIbLUYETHLCA NO NOBXHHI
KaHany 3i 3HHXKEHHAM TUCKY B HbOMY. [1pH LbOMY, O Mipl 3HHKEHHS THCKY,
B NMOTOLI MOXNMBA peani3allis BCIX ICHYHOUHX pexHMIB ABOX(a3HOI Teuli.
CTocoBHO A0 aniabaTHUX MeTacTabilbHHX MMOTOKIB PO3pO0JIEHO HACTYMHY
eBOIIOLII0 X CTpYkTYpu [2]. B noyarkoBiii cTaall po3BUTKY 3aKMNar04oro
MOTOKY BMHMKAE NMYy3UPUYMKOBA CTPYKTYpa. [To Mipi 3011blIEHHS NapoOBMICTY
MOTOKY POCTE PO3Mip MY3UPUHUKIB Ta My3UPKOBHIA pexxHM Teuil BUUEpnye ce-
Oe, npd 1UbOMY 3HaYEeHHsS XapakTepucTU4HOI ¢yHKUiT napoBoi ¢a3u AOpiB-
HI0€ B, = 0,524. CymapHa noBepxHeBa €HEPrisi CTUMHUX My3UPUHKIB OisibLIA
3a NOBEPXHEBY €HEPril0 OAHOrO arJiOMEPOBAHOIO 3 HUX My3Ups, L€ NPHU3BO-
AUTb 10 TIPOLIECY 3NIUTTA MAapoBUX YTBOpeHb. [loaansiue napoyTBopeHts Oy-
e NPU3BOAMTH A0 POCTY pO3Mipy ny3upst B MO3A0BXKHbOMY Hanpsami, To0To
Ny3UPKOBHI peXXHM Tedil 3MIHIOETHCA CHApAAHUM ab0 CHApAAHO-MIHHWM.
[Tpy pyliHyBaHHi piIKUX MAIBOK Ta MEPEMMYOK MiXK HUMH BiAOYBa€ThCA 1H-
Bepcis (a3 Ta BUHUKAE NapoKpanjeBuii pexxuM BUTIKaHHA. BiaMiyeHo BHMa-
IIKH, KOJIH HEPIBHOBAXHICTh ()a3 MOHOTOHHO 30iNbLIYETECA MO Mipi HaOAK-
)XEHHA MOTOKY A0 BHXiAHOTO mepepizy Ta AocArac HaWOIbLLIOro 3HaYE€HHS B
BUXiZHOMY Tepepi3i, iHIUIMMH CIOBaMH, ajiiabaTHe CKMMNaHHA MOTOKY BiAOy-
BacThca Oe3nocepelHbO Ha BUXOAI 3 KaHany.

[MonepenHiii aHani3 eBoOLIl CTPYKTYpHY aaiabaTHO CKMNal4oro noTo-
Ky PilMHH B ILIIMHHUX MiKpOKaHaiax TOBIWHUHOW 63+170 MKM, BHUKOHaHWH
3riHO METOAMKHM NOAaHiii B MoHorpadii [2], BUABHB MOXJIMBICTb peanisaLii
B HbOMY BCiX ABOX(a3HMX CTPYKTYp. B AKOCTI BHXiAHHX JaHMX posrasna-
NUCh AK MiHIMATBHO MOXKIIMBI PO3MipU NapoBux 3apoakiB Ro=(0,5+3,0) - -10°°
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M, TaK i po3Mipy NapoOBUX 3apOAKIB A/ NOTOKY, B AKOMY MPUCYTHI pPO34M-
HeHl rasu Ry = 36,0 107 M. 3 iHworo OoKy, CMIBMIPHICTb JIIHIHHUX PO3MIpIB
MapoOBHX 3apOAKIB 3 PO3MIpaMU LUJIMHHHUX MIKpPOKaHaliB MOXE€ NPU3BECTH
A0 YCKNaaHeHHs (a3oBOro nepexoay o AOBXKUHI KaHaly Ta peaiizauii iH-
TEHCHMBHOIO a11adaTHOrO CKMIIAHHA pIAMHK HA BUXOAI 3 Hboro. [1pu usomy,
npouec BUTIKAHHA Oyae OnuU3bKUM [0 Teuii MeTacTabijibHOro NOToKy uepes
KOpPOTKI TpyOKM Ta niagparmMu 3 BMNApPOBYBaHHAM B AAPi CTPYMWHH, SKe
MPU3BOAUTHME 0 ioro apocentoBaHHs [3]. [1pu Takiii Mmoaeni tevil BTpaTu
THCKY B ILITMHHOMY MIKpPOKaHajli MOXKYTb PO3MISAATUCh K aJlMTHUBHA BeIlu-
YMHA, KA CKNAJA€ThCs 3 ULISXOBUX BTPAT OOYMOBNEHWUX BHYTPILLHIM Tep-
TAM B 0AHO(asHOMY noToul (Apqp) Ta BTPAT NpH (pa3oBomy nepexoai B BUXI-
AHOMY nepepisi MikpokaHaiy (Apg,).

Mera poOOTH noJifsrasa B €KCNepuMEeHTaNbHOMY BHUBYEHHI ajiadaTHol
TEYii MeperpiToro NOTOKY PLAMHK B TAPABAIYHO MAAKUX LULIMHHHUX MIKpPO-
KaHasax Ta nepeBipll MOXNMBOCTI CKMIIAHHS PIAMHU MO IX JOBXUHI NpH
YMOBI BiIbHOrO BUTOKY B 00’eM 3 atmMochepHuM THCKOM. OO’ €KTOM 10C:lI-
JUKEHHA BUCTYNaNH ILUIHHHI MiKpoKaHanHu ToBLUMHOIO 63+170 mkMm. Ilpea-
METOM JOCHIPKEHHS — MAPOAMHAMIYHI XapaKTEPUCTHKH TEPErpiToro noTo-
KY PIAMHY B 3a1€2KHOCTI BiA BETMYUHHU MACOBO1 BUTPATH CEPEAOBHULLA.

Memoouka excnepumenmaibio2o 00CAIONCeHHA

ExcnepumedTalbHe AOCHIIKEHHS TiApOAVMHaMIKKM aaiabaTHoro mnepe-
rpITOrO NOTOKY PilMHY B LWITMHHWX MiKpOoKaHalax BUKOHYBaNnoCh Ha CTEHA],
OCHOBHIi €leMEHTH SKOTO BiZiMOBiAANN NO3ULIAM, NOAAHUM B poboTi [4].

JlocnimkyBanuch KOHLIEHTPUYHI riapaBaiuHO IaaKi KinbUeBI MiKpOKa-
Hany WUpHHOW 63, 170 MkM. TennoodmiH 3 30BHILHLOT NOBEPXHI podoUOl
JANAHKY BUKTIOYABCA TEMNOI30MALIEI0 OCTAHHBOL WAPOM a30€cTOBOro LUHY-
pa LUATI-1 (TOCT 1779-83) (A = 0,08 + 0,00017 £, B/(m °C), & = 0.025 m).
[lepenan THcKy B poOOUMiA NiSHUI BU3HA4YaBCs ABOMA LISXaMM: a) AK pi3-
HULA BiANiKiB 3pa3KOBUX MPYXMHHUX MAHOMETPIB BCTAHOBIEHUX HA BXOAI
Ta BUXoJAi B MikpokaHan; 6) audepenuiinum manomerpom JT 150. Ina 3a-
noGiraHHa HaAXOMKEHHIO A0 AMEPEHUIHHOrO MaHOMETPY HAaCHYEHO! NapH,
IMOYJIbCHI MaricTpajii cnojlyyanuchb 3 NpuianoM uepes rpebiHku, miaxmo-
yeHHs A0 rpebiHOK 34IHCHIOBAIOCH B X BEPXHiH YacTuHi [5]). BUMiptoBanHs
arMocGepHoro THCKY (p;) BHKOHYBAOCh YalLKOBUM PTYTHHM 6apoMeTpoM.

B skocTi pobouoi piaMHM BUKOPUCTOBYBANACh BOJA BOAONpPOBIAHA [6],
AOCHIJKEHHS  MPOBOAMJIUCL B  AianasoHI  MacOBMX  WBUAKOCTEH

pue (9,29*[02;1,43*104). Temneparypa piilMHU Ha BXOAI B KaHaJl 3MIHIOBa-
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nach B fianasosi ¢ € [100; 150)°C. PisHuus MiX HAJUIMIIKOBHM THCKOM Ha

BUXO/1 3 MiKpOoKaHaly Ta aTMOC(epHHM TUCKOM He nepeBuiLyBana 4400 [Ma.
BkasaHi a0conOTHI BeIMYWHM BiANOBiAaNM HACTYNHWM Jiana3oHaMm yucel

Peivonnica Ta Eiinepa - Ree (3,58-10%1,24-10%), Eue (0,90;52,78)

(Re=(puX)/u, EuzApn/(puz), ne X — XapakTEepHWi NiHIHHLEA posMip,
SKMH J0pIBHIOBAB €KBiBAJICHTHOMY AiaMeTpy KaHany). [eoMeTpuuHi po3mi-
pu MIKpOKaHanis noaaloTbcs B Tabnuui 1. MeTtoau BUMIpIOBaHHS THUCKIB.
TeMneparyp Ta BATPATH BIAMOBiAANM onucaHum B poboTi [4]. 3 Bciel cykyn-
HOCTI €KCNEPUMEHTANBHUX JAHMX BUAINAIMCH BUNAAKH B AKUX CTYNiHb Me-
perpiBy aniabaTtHOro noToky, oOyMoBJieHa BTPaTOK THCKY B MiKpOKaHari,
ctaHoBuna 3+8 °C.

Tabauysn |
XapaKkTepucTHKH KilbLEBUX MiIKpPOKaHANIB
: -3

Ne | Wnpuna, | Josxuna, — ﬂlauimP, I.O = :

nwn| 8. 10%m | L, 107 » | BHYTPIWHIA, | 30BHILIHIA, | €KBIBANCHT., dv/d, L/d
d, d; d.

Kananu rizpasniyHo rnajiki
l 63 20 14,934 15,060 0,126 0,992 158.7
2 b) 14,7
3 10 294
2 170 T 14,720 15,060 0,340 0,977 4.1
b 20 58,8

[lonepeans obpobxa pesynbraTiB €KCNEPUMEHTANBHOIO AOCHIIKEHHS
nonsrana B noOyaoBi rpagiuHux 3ajiexHocTel nepenany TUCKY Bia MacoBoi
BUTpaATH B MikpokaHani, G-Ap. [NpeacTtaBneHHs AOCHIIHHX BENMYHMH B abco-
NHOTHOMY BUIMIAAI HE AO3BOAMIIO BUSABUTH €AMHOI KOPENALIIFHOT 3a1eXHOCTI,
wo o0yMOBUNO nojanblumii nepexia ao 6e3po3mipHux koopauHat Re-Eu.
®i3MyHi BAACTUBOCTI PIAMHM MpM nepexoni Ao 6e3po3MipHUX KOMILIEKCIB
npuiManuce Npy NOYaTKOBUX YMOBAX Ha BXOAl MOTOKY B MikpokaHal. Pigu-
Ha npviimManach HbIOTOHIBCbKOIO Ta OAHOpiAHOw. IlapameTpu ii ctaHy Ha
KPHMBIA HACHYEHHS OAHO3HAYHO BU3HAYAIMCH 3HAYEHHAMH TUCKY B3AOBXK
POTOYHOIO TPAKTY BUTiIKaHHA. TeMmneparypa napu npuiimanach piBHOIO Te-
MMepaTypi HaCHYEHHA NpY BUMIPIHOMY THCKY MOTOKY, a 3MiHa il cTaHy nia-
NopsAKOBYBalach 3aKOHaM ieanbHOro rasy. @i3u4Hi BNaCTUBOCTI piAMHHU Ta
BOASHOI Napu npuiimManuch 3 podotu [6]. [lodynosa 6e3po3MipHHX BENHYHUH
B JorapudmiyHiii cucteMi koopauHat L/(ReX) — Eu po3Bosuna OLIHUTH
BIUIMB CKMNAHHS NEPErpiToro noToKy piAMHW Ha NaniHHA THCKY B MiKpoka-
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Hasli, 3a BEIMYMHOK BIJXW/JIEHHS NMOBHUX BTPAT TUCKY BiJl KPHUBOI, OJ€pKa-
HOT ANs 0OAHO(A3HOro 130TepMiYHOro NOToKy piavHM. ['padiuHi 3anexHOCTI
BKa3aJ¥ Ha AKICHY BIAMIHHICTb pe3yJbTaTiB, ojepaHuX Ans meracTtadib-
HUX MOTOKIB. BUKOpUCTaHa KOOpAMHATHA CHCTEMA HE A03BOJIMIIA OJlepXKATH
€JIMHO1 Y3araJibHIOI04Ol 3aIEXKHOCTI, gka O Xxapakrepu3yBaja 3011bLUEHHSA
nepeniany TMCKY B CUCTEMI NPHU HasiBHOCTI (ha3oBOro nepexony.

[loaanbia 06pobka nondrana B po3aiieHHi MOBHUX BTPAT THCKY B CHC-
TeMI Ha BTPaTH OAHO(]A3ZHOro MOTOKY PiAMHHU B MiKpOKaHasi Ta BTpaTH 00y-
MOBNEHOT (pa3oBUM mnepexoaom. Ak mokasanu pesysbTatd 0Opodku, Ans Ka-
HaNiB OJHIET LUMPHUHY Ta PI3HOT JOBXHMHHW EKCIIEPUMEHTANbHI TOYKH YTBO-
PIOIOTb €IMHY CYKYINHICTb, ika MOXe OYTH alpOKCMMOBaHa CTENEHEBOK
¢yHkuiero. Ilpuiimaioud 10 yBaru, WO oAep)KaHa BEJWYKUHA BTPATH TUCKY
0bymoBJieHa (Pa3oBUM NEPEXOAOM BIAPI3HAETHCA BiA il 3HAYEHHA NPU BXOJI
B MIKpOKaHaj Ha MOpPSAOK, OCTAaHHbOIO BEIMUHMHOIO HEXTyBalW. BHokpem-
NEHHS 3 MOBHOIO nepenany TUCKY BENMYMHH, IKa XapaKTepuU3ye CKUIMAHHA
NOTOKY, Ta 1l NpeACTaBAeHHs AK QyHKUII BiJ BEJIMYUHU, OOEPHEHO mponop-
uidHii uucny PeliHonbaca, 10O3BONMNO OAEpXKATH €AMHY rpadiuHy 3aiex-
HICTh Y3arajbHIOKUY pe3y/ibTaTU NPOBEACHOrN0 AOCHIKEHHA. Y3arajbHIo-
QUM MaTeMaTHYHMI BUpa3 MaB BUIAL:

Eu=48 +ARe™,

| Re X
ne 48L/ (Re X ) — NI0JAHOK, KWl XapakTepu3y€e BTpaTU TUCKY Ha TepTs MNMpH

oaHo(azHoMy pyci pianHu; ARe™" — N04aHOK, AKUI XapaKkTepU3ye BTpaTy
THCKY Ha NPUCKOPEHHS MOTOKY PiAMHHU MpH ii pa3oBOMY nepexoai.

JOoCTOBIpHICTL 3p0BJEHUX BUCHOBKIB, BIiJHOCHO MEXaHI3My Teuil nepe-
rpiTOr0 MNOTOKY PIAMHM B LUITMHHUX MIKpOKaHanax, nepesipanach 3 BUKOPH-
CTaHHAM METOJAUKH, CYTb AKOI MOJiAraja B HacTynHoMy. ExcnepuMeHTalbHO
OJlepXKaHi 3HAY€HHA NOBHUX BTPAT THCKY (Ap,) B MiKpOokaHanax mpH pyci
aZiadaTHOro NeperpiToro NOTOKY PiAMHK MPEACTaBAAINCH K CyMa LLJIAXO-
BUX BTpaT Ta TepTs (Apn,py) Ta MicLEBHX BTpaT 00yMOB/IEHMX (Pa3oBUM nepe-
X040M (Apg). BinHiMaHHAM Bl MOYaTKOBOrO THCKY Ha BXOAI B MiKpOKaHan
BEJIMUMHHW ULIAXOBHX BTPAT HAa TEPTA BU3HA4alachb BEJMYMHA TUCKY Ha BU-
X0/l 3 MiKpOKaHany nepej ApoceatoBaHHAM (p,). 3 iHwWoro 60Ky, BTpaTu TH-
cky npu ¢azoBomy nepexoai (Ap,) BU3HAYANHCh 3 BUKOPHCTAHHAM MOZEN
HepiBHOBaXxxHOI Teuii [3]. Tak, MacoBa WBHAKICTb NpU ApocentoBaHHl (G,)
BH3HAYaNach 3a1E€XKHICTIO:

Gy =C.[2p,p(1-7,)]"2, (1)
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ae C, — KoePILIEHT CTUCHEHHS, 3ANKHICTD (2); p, — NOYATKOBUH THCK B OJ1-
HO(A3HOMY [OTOUI lepel ApocentoBaHHaM, [1a; p — rycTuHa piauHu, BU3Ha-
YAETHCS ANA NOYATKOBUX NAPAMETPIB MOTOKY, Kr/M"; ¥, — BLAHOCHHH THCK
MPU ApPOCENIOBaHHI, 3aneXHICTb (3).

Koediuient crucHenus (C.) AN HECTHCIUBOrO MOTOKY BU3HAuaBCs 3a-
NEeMHICTIO

c;==kL6390-cY’2+4J“h (2)

Jie¢ G — NOoBepXHEeBUN HATAr piauHd, H/M, Npy noyaTkOBUX napamerpax no-
TOKY.
BiaHOCHHH TUCK NP APOCENIOBaHHI BU3HAYABCA BUPA3OM:

A€ Py — TUCK MICHA ApocenioBaHHa NOToKY, Ila.
[CHYC 3B 430K MIXK TUCKOM Michs APOCeNtoBaHHs MOTOKY Ta TUCKOM Ha-
CHYEHHS B NapOBii NOPOKHUHI (Dyac):

20

Puac = Po +"'"}'é'a (4)

ae R — paalyc napoBoi NOPOXXHUHH, M.
Kingeman ta Yelnc, BUKOPUCTOBYIOUM TOUYHI AaHI NMPO [OBEPXHEBUM
HaTAT, OTPUMaJM HACTYNHY 3a7€XHICTb [3]:

_ Prac o)
ry=Prac(y_g260/ | :
= Lo [ GR) 5)

Ae Gp — noBepxHeBuid Hatar npu Tucky 1,2 MIla.
INpu nadnnxenHi R—1- 10 M, noaaHoK 26/R << p,, TOMy piBHAHHS (4)
MOXe OYTH NpeacTaBNSHO Y BUMIIAI

Puac = Do - (6)
BTpaty TUCKY NpH APOCENOBaHHI BU3HAYANHNCH PiBHAHHAM
Ap:p =Pu—Do - (7)

BukopucToBylouu nopaHi sanexHocTi (1)+7) MeToaom iTepauiid po3pa-
XOBYBaNHUCb BENNUUHM (Gy), (APmp), (Apg). B norapudmiuniii G, — p, cucre-
Mi KOOpJAMHaT OyayBajach €KCMEPUMEHTaNbHA KOpeNsLis TUCKY NMOTOKY Ie-
peln ApocenioBaHHAM (p,) BiJi MacoBOT IUBHAKOCTI Tpu ApocentoBaHHl (Gy).
[Mopsn, OyayBanach KpuBa, sika po3paxoByBallach 3a 3anexxHoCcTAMH (1)~(7),
Ta NpejacTaBisna cobow Kopensuio oaepxkaHy KinpemanoM Tta Yehncom
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[Py AOCHIAAEHHI BUTIKAHHA MeTacTabUIBHMX MOTOKIB 3 OTBOPIiB Ta KOPOT-
KMX Hacaiakig [3]. 3a pesyabraTamy NOpiBHAHHA POOUBCS BUCHOBOK BiHOC-
HO BIPHOCTI NPUAHATOrO MEXaHI3MY PYXY Ta BUTIKAHHSA MOTOKY piAvHM, Ta
MOMKIHBOCTI 1104A/bLLIOT0 BUKOPUCTAHHS Pe3y/bTaTiB JOC/iDKEHD.

Pesyabmami eKCREPUMEHMATbIUX O0C/IIONHCEHD

Ha puc. 1 noaatotoca rpagiyHi 3ajJ€KHOCTI MOBHUX BTPAT TUCKY B Me-
pErpiTOMY TIOTOLl PIAMHM A1 MIKPOKaHaiiB 3 Pi3HUMMU TeOMETPUUHHUMHU
po3mipamu. Jnd KaHanis 0JJHaKOBOI LUIUPUHHM €KCMEPUMEHTAlbHI AaHi YTBO-
PIOKOTb €AMHI CYKYMTHOCTI TOYOK, L0 AO3BONAE 3pOOUTH BUCHOBOK BiJIHOCHO
MasIoro BIUIMBY JOBKWHH KiJILIEBOro MiKpokaHany L Ha 3araibHy BETHYHHY
nepenagy Tucky. 3 IHWOro OOKY, CIOCTEPIracTbCs 3HAYHE BiAXWUIECHHSA Jia-
HUX, OJEpXaHUX AJIA KaHaliB PI3HOI WWKMPUHH, Ap,, TUM Olablile, YUM MEHLlA
LIMPHHA KINbUEBOrO MIKpOKaHany. He3HauHa 3aexHICTL MORHOrO repenany
TUCKY Bl BENMYMHU MAcOBOI BUTPATHU NMOTOKY NPHU PIZHOMY CTYMEHK HOro
neperpiBy o0yMoBAlOBajlaCb OCHOBHMM BIUJIMBOM Ha HOro 3Ha4YCHHs BTpar
npu ¢azoBOMy MEPEXOAi B NeperpiTomy NOToKy piaAnHU. I'lpu UBOMY, B CHY

APy
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3HAUHOl BIAMIHHOCT. TYCTHHHM (pa3, HE3HAYHUI neperpiB notoky, B 3...5 °C,
MPU3BOAMTL JO Pi3KOro 30UIblIEHHS ICTUHHOMO MacoBOINO MAapoOBMICTY, NicCis
YOro, OCHOBHMH BKJaJ B BEJIUYMHY NOBHUX BTPAT TUCKY BM3HAYAETbCH Came
HAsABHICTIO MapoBOi a3k NOTOKY. B posrasHyTOMY Aiana3oHi MaCOBUX BUTpAT
[OTOKY BIIJTUB MAPOBMICTY Ha BEUYMHY NOBHUX BTPAT THCKY NPOSBAABCS THM
MeHIle, YUM OiNBIIHA Mikpokanan po3rnsaascs. [1poTe, po3misnyTi rpadivHi
3QJIEXHOCTI HE A03BO/M/IK 3pOOMTH BUCHOBOK BiJHOCHO Xapakrepy Tedii nepe-
IPITOrO MOTOKY B MiKpoKaHani. Ha HacTYNHOMY PUCYHKY NOBHiI BTPaTH THUCKY
B CMCTEMI NMOAaHI B 6€3po3MipHUX KoOpAMHaTax (puc. 2). Anpokcumalis cy-
KYMHOCTEH EKCNMEPUMEHTAIBHHX TOYOK CTElEHEBUMM BUpa3aMH AO03BOJIMIIA
BCTAHOBHTH, LU0 MOKa3HUK CTYNEHIO NMpH 4ucili Pelinonbaca nocTitivnii, Ta
popisHioe n = —-2,740,1. Mixk oaepaHMMKU PIBHAHHAMM CIIOCTEpIranoch He-
BEJIMKE BIAXWJIEHHS, HA BENTHYUHY NOCTIHHOIO KoediuieHTy npu uuchni PeliHo-

AbAca, TaK 414 KaHany WHpUHOK 63 MM — Eu =30 1010 Re 28 , B KaHany
WHpHUHOKO 170 MKM — Eu=5,4- 10° Re™%5.

Ell .'.'I.'.'..'.".'.l'.'.:.'.'..'.'.f.'."..'.".'II'.'.f.:'.:.'.'.f.'.:.'.'.:.'.:.'.'.:.'.:.'.'.f.'.'..'.'.:..'.'..'.'.:.'.'.?:'.T.:.'.'.I.'E:.'.'.Z.'..::.'-'.T.'E.I.‘.‘.-:.--.'.
............................... RNRNRNIIRN, NSRRRIRUEN UNNSEVE | WIS NS SOER. W
10 _:I-:..-.-:-.-t:-.-:-.-.. :-.-:-.-..:-.-:-.-.- -‘-;-. .-- -066- ‘-.-:-..::-‘--.;-.-: :-I-:--‘--.. .. *®* e :- ; LA N N N .: ..... .- -e b ... - e -E. - e
e o 63 MM, L= 20 MM
[T 4 170 Mk, L= 20 mM
g g ¢ 170 MxM. L =10 MM
: o 63 MM, L =10 MM
l i ; L - | 1 L = 8
1000
Re

Puc. 2. Y3aranbHeHHs pe3ysbTaTiB A0CNIIKEHHA LI MiKpOKaHaiB
PI3HOI LWHIUPHHH

[Mopanblwie NOPIBHAHHA pE3YALTATIB JOCHIAXKEHb MPOBOAMIIOCH B
L/(ReX)-Eu cucremi koopauHar. Ha puc.3 npeacraBieHO CYKYNHOCTI
EKCNEPHUMEHTANbHMX TOYOK, AKi BKA3aiM HA AKICHY BIAMIHHICTb OAEpXaHUX
pe3ynbTaTiB BTPAT TUCKY B METACTabilbHUX NOTOKAX MO BIAHOLIEHHIO 10 Te-
4ii 0AHO(Aa3HOrO I30TEPMIYHOIO NOTOKY PIAMHM.
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Puc. 3. [1opiBHAHHA NOBHUX BTPAT THCKY MpPH Te4il MeTacTabinbHOro NoToKy
PLAMHH 3 BTpaTaMH, OACP>KaHMMHU NPH TediT 0AHOPA3ZHOro i30TEPMIUHOrO
MOTOKY

[lpuiiMatoun 00 yBaru pe3ynbTati noaaHi Ha puc. 1-3 ta 6a3ylounch Ha
pe3yabTaTax, onybnikoBaHdx B po0oTi [3], mOBHI BTpaTH TUCKY MpeacTaBis-
JIUCb B BUMNAAI CYMH AOJAHKIB — BTPAT TUCKY Ha TEPTA 0AHO(A3HOr0 NOTOKY
PIAMHU B KiNbLUEBOMY MiKpOKaHajli Ta BTpaT TUCKY 00yMoBieHUX (a3oBUM
nepexoaoM Ha BUXOAI 3 MiKpokaHany. [lepenaa Tucky o6yMoBneHuit aaiaba-
THHMM CKUINAHHAM MEpErpiToro NOTOKY piAHMHH HA BMXOAI 3 MIKpOKaHany B
00’€M 3 aTMOC()EPHUM TUCKOM, AK (PYHKLIA Bid BEIMYMHU 0OEpHEHO NpOmno-
puliiHif yucny PeiiHonbAca, NOAAETLCA HA PHC. 4.

BnokpemieHHs 13 3aralbHUX BTPAT THCKY Ha AiNAHUI BENMYMHU BTpaT
Ha TepTs OAHO(A3HOro NOTOKY B MIKpOKaHajli, A03BOIUWIO OAEPXKATH EAUHE
y3arajibHIOKue plBHﬂHHﬂ BTpaT TUCKY Ha BUXOAI 3 Mmpoxauany, NpH LbOMY,
KOe(]iLIEHT JOCTOBIPHOCTI anpoxcumauu nopieHioBas R*=0,95. OtpumaHa
rpagivyHa 3aeXHICTb OMUCYBANACh PIBHAHHAM BUAY:

Eu—|Apy [lou? )l=2,53-10'0 Re 286, 8)

ne Eu — noBHUM nepenan TUCKY Ha AINAHLLI; Apm/(puz) — nepenaa THUCKY B
MiKpOKaHali, 0OYMOBNEHH M TEPTAM NpU CTaii oaHOda3HIii Teuil piaAuHM.
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Puc. 4. Y3aranbHioloua Kopensuia nepenany TUCKY 00yMoBJieHOTo ¢a3oBUM
epexoaoM MeTacTabiNbHOro NOTOKY piAMHK

Bupaz (8) 3anumaerecs BipHUM B Jiana3odHi 3MiHU apryMeHty
Ree (1300;3000) nuiue npu yMOBi BUTIKaHHS MOTOKY B CEPEAOBHILE 3 aTMO-
chepuum TickoMm. T1oBHI BTpaTth TUCKY B afiabaTHOMY MOTOLi MEperpitol
PlAMHH, IPK YMOBI il BUTIKaHHA B 00’e€M 3 aTMOCepHUM THUCKOM, BU3HAYa-
I0THCA BUPA3OM:

Eu=48—=—+2,53-10'""Re"236 9)

Re X

[lopiBHSIHHA HAaTypHUX BTpPAT TUCKY Ha MICLEB] OMOPU 3 pO3paxyHKoO-
BOKO BEJIMUMHOIO NMpH aaiabaTHOMY CKHNaHHI AOTOKY, NpH HOro BUTIKaHHI 3
OTBOPIB Ta KOPOTKMX HACaAKiB, OACPHKAHOIO 3 BUKOPHUCTAHHAM KOPCAALii
Kinaemana, Yeiinca, 103041u10 BCTAHOBHMTH, LIO €KCNEPUMEHTANbHO Oaep-
KaHl BEJIMYHUHU 3310BifIbHO ONHUCYIOTHCA PO3PAXYHKOBOK KPHBOIO, pUC. S.
HesanexHicTs BTpaT THCKY Ha MicLEBI ONOpHU Bil AOBXKMHH MiKpOKaHaliB Ta
X 3aA0BLILHA aNPOKCHMMaLif PO3PaXyHKOBOK KPUBOIO A BTPAT TUCKY NPH
afiabaTHOMY CKMMaHHI NOTOKY, AO3BOAUNY 3pOOUTH BUCHOBKHU BiAHOCHO Xa-
paKkTepy Teuil NeperpiToro NOTOKy piAKHU B MIKpOKaHaaxX.
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Puc. 5. [TopiBHAHHSA EKCMIEPUMEHTANIbHUX JAHUX 3 KOPENALIEI, OAEPKAHOIO 0Ns
BUTIKaHHA NEPErPITOro NOTOKY PiAMHU 3 OTBOPIB Ta HACAKIB MAJIOT IOBKHHH

BucHOBKH

ExcnepuMeHTaibHO J0BEAEHO (PAaKT YCKNaAHEHHA aniabaTHOTO CKMNaH-
Hf NEperpiToro NoToKy piAMHU (CTyNiHb MEpErpiBy HE MepeBHllyBaja
3+8 °C) B WiNMHHUX MiKpOKaHanax TOBUMHOK 63+170 mkMm. [NapaBniuHa
XapaKTEPUCTHKA CUCTEMH SABASE COOOIO AAWTHBHY BeNHYUHY WAXOBHX
BTpaT 0JHO(a3HOrO NOTOKY PiAMHM Ta MicLeBUX BTpaT 00yMOBIEHUX ii (a-
30BMM MEPEXOAOM HA BUXOI 3 MIKpOKaHany.

OuepxaHo KputepianbHe piBHAHHA (9), ke N03BO/ISE PO3paxOByBaTH
NOBHI BTPATH TUCKY aliabaTHOT Tedii piAMHK1 B LWITMHHUX MIKPOKaHalaX npy
il BUTiIKaHHI B 06’eM 3 aTMOC(epHUM THCKOM. PiBHAHHS 3aNULIaETbCA BIp-

MM B Jianasoni uncen Peiinonbaca Ree (1300;3000).

Jlirepatypa

. Honuncxkuii A. A., bacox b. ., Haxopuesckuu A. U. AnnabaTHvecku
BCKUMaOlKe NOTOKH. Teopus, SKCMEPUMEHT, TEXHOJIOTHYECKOE HWCTMONb30Ba-
uue. — K.: Haykosa nymka, 2001. — 208 c.

2. Haxopuesckuu A. H., bacox b. H. 'napoaMHaMHKa ¥ TemjioMacconepe-
HOC B reTEPOTrE€HHLIX CHCTEMAX M myJbcUpyrowux notokax. — K.: Haykosa nym-
ka, 2001.— 348 c.
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3. Yucxoam /[. JIByX(a3Heie TeyeHHs B TpyOonpoBoaax M TeryiooOMeHHH-
kax [lep. ¢ anrn. — M.: Heapa, 1986. — 204 c.

4. Manxin E. C., Tumowenxo A. B. JlocnimkeHHs npoueciB pyxy i Temioo6-
MIHY PLAMHH | HACHY€HOT BOAAHOI Napy B KiJIbLIEBMX MikpoKaHanax / Bentunauis,
OCBITJICHHA Ta Terora3onocrayadus. — 2001. — Ne 1. - C. 53-57.

5. llpeobpaxcenckuu B. [1. TennoTexHHYECKHE H3IMEPEHMA W NpUOOPBI:
Y4eOHUK A BY30B 10 CNEUMATbHOCTH “ABTOMATH3aLMS TEMIOIHEPTETHUECKHX
npoueccoB.” 3-e u3l., nepepad. — M.: “Dueprua”, 1978. — 704 c., un.

6. Puexun C. JI., Anexcanopog A. A. TepmonnHaMHYECKHE CBOICTBA BOAbI H
BoasHoro mapa: CnpaBoyHMk. Pek. [Noc. cnyx6oi cTaHaapTHBIX CMpPaBOYHBIX
RaHHbIX — 2-€ U3]., nepepabd. u xon. — M.: Queproatomusnar, 1984. — 80 c., ua.
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YJIK 697.94.(075) B. 1. Jla6aii, xand. mexn. HayK, 00YeHm
HauionanbHu# yHiBepcuTeT “JIbBiBCbKA NONITEXHIKA”

3ANEXHICTb TUCKIB BANAPOBYBAHHSA | KOHOEHCALUII
SPLIT-KOHOWUIOHEPIB BI NOBITPAHUX NOTOKIB
HA BUNNAPHUKY | KOHOEHCATOPI

MicueBl aBTOHOMHI KOHAULIIOHEPH, AKi BUKOPUCTOBYIOTh AJI CTBOPEH-
HA BIANOBIAHONO MIKPOKNIMATY Y HEBEJIMKUX NPUMILLIEHHAX, AOCAIH TEB-
HOr0 TEXHIYHOrO BAOCKOHAIEHHs. JIng noaansworo niBULIEHHS eeKTHB-
HOCTI poOOTH UMX KOHAMULIOHEpIB NOTPIOHMI NeTanbHWil aHami3 IXHLOTO
(yHKLIOHYBAHHS 3 NOMOMOIOK CY4YaCHOIQ excepeemuyHo20 METOAY TEPMO-
AnMHaMiyHoro aHanisy [1, 2, 3].

Jns uboro aBTOpoM po3poOneHuii ekcepreTHYHUI MeToA aHanisy podo-
TH OLHOCTYMEHEBUX XJIAAOHOBUX XOJNOAMNbHUX MawuH (6e3 edeKTUBHOrO
OXOJIOMKEHHS KOMNpPECOpPa) MICLEBMX ABTOHOMHUX KOHAWLIOHEPIB, OK/a-
HO onucaHui y poborax [4, 5]. ¥ uiii MmeToauui BUKOpUCTaHA CXeEMa XOJIO-
JMNbHOT MAlIMHM HaBeA€Ha Ha puc. 1, a 1 BignoBiAHa nobynosa npouecis ii
pobOTH Ha p,i-alarpaMi — Ha puc. |, 6 Ta XONOAMNbHUI areHT XnaaoH-22
(R22) [6].

MeTtoto Li€i poOOTH € BU3HAYEHHS TUCKIB BUMAPOBYBAHHS 1 KOHAEHCALli|
split-koHa1uUiOHEpa Bil HOro NPOAYKTUBHOCTI 3a MOBITPAM Ha BUMAPHUKY 1
KOHAGHCATOpl. Ta BCTAHOBJIEHHA ONTUMAaJIbHUX 3HA4Y€Hb NPOAYKTHBHOCTI
split-koHAMLIOHEPA 3a NOBITPAM HAa BMNAPHUKY | KOHAeHcaTopi. s uboro
NOTPIOHO BCTAHOBUTH: |

— TUCKM BMNApoOBYBaHHA | KoHAeHcauili Ta excepretvuHuii KK split-
KOHAMUIOHepa “Sanyo” xonoponpoayktusHicTiO 2020 BT 3a cTtaHaapTHUX
TEMNEPATypPHUX YMOB BUNPOOYBAHHSA 3ajIe)XKHO BiJl BUTPATH MOBITPA HA BU-
NapHUKY | KOHAEHCATOpi;

— aHANITUYHY 3aJIEKHICTb MI2K THCKAMU BUNAPOBYBAaHHA Ta KOHAEHcaLil
split-koHaMLIOHEpa “Sanyo” i BiANOBIAHO BUTPATOIO MOBITPA HA BUMAPHUKY
| KOHAEHCcaTopi;

— ONTUMAaJIbHI BUTPATH MOBITPA Ha BUMAPHWUKY | KOHAEHCATOPI KOHAM-
LioHepa.

Lle i 6yno 3aBaaHHAM OOCNIIKEHb.
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Puc. 1. Cxema xonoaunsHoi MawvHy (@) Ta noGynosa npouecis if po6oTu Ha

p,i-miarpami (6):
| — komnpecop: I - xonaencarop: 11 ~ kaninspha TpyGxa (apocens): 1V — BUTIAPHUK

Pesyabrati po3paxyHKy 3BoguMO B Tabn. 1, a Ha puc. 2 i 3 HaBOAMMO
3AIEKHICTh TUCKIB BUMAPOBYBAaHHA Ta KOHAEHCALii OJHOCTYNEHEBOI XONO-
ANNBHOT MalunHy split-koHauLlioHepa ipmu “Sanyo™ X0a0A0NPOAYKTURHIC-
T 2020 BT 3a ctaHaapTHUX TeMnepaTypHUX YMOB Bia BIAMOBIAHO BUTpATH
MOBITPA HA BUNIAPHUKY | KOHAEHCATOPI. -

Tabauysn ]

PesyabTaTi po3paxyuky exceprethusoro KK/ split-xonanuionepa “Sanyo”
xonreaonpoaykTusHicTio 2020 Bt 3a ctanaapTHHX YMOB 3a0€XKHO Big BUTPaTH
NOBITPA HA BUNAPHHKY | KOHACHCATOPI

f;".‘""’ :‘th !(‘2 ' !”2 ’ o = Toun » (g - Po = Paun Py n
Miron | m/rox | o oC °C °C MMa | Mila e
300 1360 | 132 | 408 10.4 45.0 0.69 .74 | 0.250
400 1360 | 16,6 | 408 13.8 45,0 0,76 1.74 | 0.250
600 1360 | 20.1 40.8 17.3 45,0 0,84 1.74 | 0.248
800 1360 | 21.8 | 40.8 19.0 45,0 0.88 1,74 | 0.247
1000 | 1360 | 234 | 408 20.1 45,0 0.91 1,74 | 0,246
450 500 17.8 | 50.8 15.0 55.0 0,79 2.14 | 0,174
450 1000 | 17.8 | 429 15,0 47.1 0,79 1.83 | 0.230
450 | 3000 | 17.8 | 37.6 15,0 41.8 0,79 1,62 | 0.284
450 | 5000 | 17.8 | 36.6 15.0 40.8 0.79 1.58 | 0.297
450 | 7000 | 17.8 | 36.1 15.0 40,3 0,79 1,56 | 0,303
450 | 1360 | 17.8 | 408 15,0 45,0 0,79 1,74 | 0,249
300 | 3000 | 132 | 376 10,4 41,8 0,69 1,62 | 0,280
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Puc. 3. 3anexHicTs THCKY KoHaeHcanii split-konanuionepa “Sanyo”
XonononpoAyKTuBHicTiO 2020 BT 3a cTaHNapTHHX YMOB
Bill BATPATH NOBITPA Ha KOHAEHCATOPI
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Tyt Lgyn. Li — BIANOBIAHO, BUTpaTa MOBITPA Y BUMAPHHUKY i KOHAEH-
caTopi KOHAuLioHepa, m’/rop; {c, — TeMnepatypa noBiTps Ha BUXOAi 3 BH-
napHuKa KOHauUioHepa, °C; f;; — TemnepaTypa NoBiTps Ha BHX.OIIi 3 KOH-
AeHcaTopa KoHAuUioHepa, °C; 1y =t,,, — TeMnepaTypa BMNapOBYBaHHA XO-
NOAHBLHOrO areHTa y koHiauuiouepi, °C; 7, — TeMmnepatypa KOHIeHcauil
XOJIOAMIIbHOTO areHTa y KOHAULioHepl, °C; py = Py, — TUCK BHIApOBYBaH-
HAl XOJIOAWNIBHOrO areHTa y koHwauuiowepi, MIla; p, — THCK koHzmeHcauil

XOJIOAMJILHOTO areHra y xkoHauuionepi, MIla; n, — ekcepreruunuii KKJ|

XOJIOAHJIBHOT MAallMHK KOHAULIOHEpa.

B Tabn. 1 KypcMBOM HaBeneHi naHi OTpUMaHi ANA CTaHAApPTHUX BUTpAT
MOBITPA HA BUNAPHUKY Ta KOHACHCATOPI KOHAMLIIOHEDPA, @ XKHPHUM — 113 3a-
NMPOMOHOBAHUX OLITMMAlbHUX BUTPAT MOBITPA HAa BHMAPHUKY Ta KOHIAEHCA-
TOpI KOHAMLIOHEpa. BoueBuapb, 110 3aBASKM UBOMY ekcepreTnunuii KKJI
3pocTtac Ha (0,280 — 0,249) -100/0,249 = 12,5%, 110 € CyTTEBUM.

PesynsTaT po3paxyHkiB THCKIB BMNapoByBaHHA Ta KoHAeHcauii split-
KOHAMUIOHEpa “Sanyo” xonogonpoaykTusHicTio 2020 BTt 3a cTaHzapTHux
YMOB 3aJI€XKHO B1J BUTPATH MOBITPS BIANOBIAHO Ha BUMAPHUKY Ta KOHAEHCa-
TOPi KOHAHLIOHEPA aNPOKCUMOBaHI TAKUMH GOpMYJIaMH:

—3a Ly, =300...1000 Mm"/rox Ta 6yab-akoi L, :

Po = Paun = 1,0—943 - L5y, MITa; (1)
—3a L, = 500...7000 M*/ron Ta 6yab-akoi Ly, :

Py =152+312-L, Mlla. @

BucHoBxu

AHanizyrouu oTpumadi AaHi B Taba. 1 ta Ha puc. 2 i 3, MOXKHa NpuiiTH
O TaKMX BUCHOBKIB. 3pOCTaHHs BUTpATH MOBITPS HA BUMAPHUKY XOJOAHU-

AbHOI MalMHK KOHAHMLioHepa L,,. Bia 300 10 1000 M’/roA NpakTHYHO He
BIJIMBAE Ha 3MiHY 3HaueHHs ekceprethyHoro KKJI m, , ajie npu3BoauTh A0

3pOCTaHHS TUCKY BUIMAPOBYBAHHA Py = Pgun> WO € HEraTHBHHM 3 KOHC-
TpyKuliHoro nornsay. ToMy Ha BUNapHUKY KOHAULiOHepa GaxaHO BUKO-
PUCTOBYBATH BHTPATY MOBITPA Lg,, MO MOXJIHBOCTI HaliMEHLLOW (Hanpu-

knan, Lg,, = 300 M’/ron) i BiANOBIAHO N0 LBOrO HafMEHLMH TUCK BUMa-
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POBYBaHHA (HANPUKNAA, pg = Puy, = 0,69 Mlla). Cain 3ayBakuTH, WO

3POCTAHHS TUCKY BHMApOBYBAHHS Py = Ppun NIA 4aC UbOrO € 3HAUYHUM
(0,91 - 0,69)-100/0,69 = 32%.

Pa3oM 3 TMM 3a 3pOCTaHHA BUTPATH MOBITPA HA KOHAEHCATOPI X0JI0-
JMNBLHOT Maniuen konauiionepa L. Big 500 no 3000 M*/rOl NPU3BOAUTE

/10 3HAYHOro 3pOCTaHHs 3HaueHHs ekcepreThuHoro KKJ[ n. (0,284 -

—-0,174) -100/0,174 = 63% 3a 3HAYHOro 3MEHILUEHHA THUCKY KOHAEHcaLii
P (2,14 — 1,62) -100/2,14 = = 24%, 1110 € NOIUTUBHUM 3 KOHCTPYKILLii-

HOIO norasay. 3a noaanbWoro 3poctaHHs BuTpatu noeitps L. 3000 no

7000 m”/roa 3HaueHHs ekcepreTyHoro KKJI 7, 3pocrae HesHauno

(0,303 — 0,284)-100/0,284 = 6,7% 3a HE3HAYHOTO 3MEHUIEHHSA TUCKY KOH-
aencauii p. (1,62 - 1,56)-100/1,62 = 3,7%. Tomy Ha KOHAEHCATOPI KOH-

JIMLLiIOHEpa 0axaHo BUKOPUCTOBYBATU BUTPATy NOBITPA L, MakCUMAalIbHO

3000 M*/ro i BiANOBIAHO A0 LBOTO TUCK KOHAeHcauil p, = 1,62 MIla.
3a pesyibTaTaMy aHali3y OTPUMMAHWX AAHUX 3anponoHOBAHI ONTHMAllb-
Hi BUTPATH MOBITPS HA BUMAPHUKY Ta KOHAEHCATOPI XONOAWIILHOI MAlLHHU
split-koHauuioHepa “Sanyo” xonoaonpoayktuBHicTio 2020 BT 3a ctanpapt-
HWX YMOB i BiAMOBIAHO TUCKH BUMNAPOBYBAHHS | KOHJEGHCAllii, a came: Ha BH-
napuuky — Lo, =300 M*/froni py = peyn = 0,69 MIla, a Ha kotaencato-

pi— L, =3000 Mjfl"OJli P = 1,62 MlITa.

OTmxe, po3podfieHa aBTOPOM METOAMKA TEPMOAMHAMIYHOIO €KCEPreTu-
YHOrO aHali3y jac MOXKJUBICTh BU3HauuTU ekcepreTuunnit KKJ[ xonoauie-
HOI MaLLIMHU MICLIEBOr0 aBTOHOMHOIO KOHAMLIOHEPA, a TAKOXK ONTUMI3yBRaTH
iioro poborty.

JlirepaTypa

. Coxonos E. A., Bpooauckuu B. M. EnepreTuueckue OCHOBBI TpaHCpOp-
MalLMK TEMJa U NPOLIECCOB OXJaXACHUA: Yued. nmocodue A BY30B. — 2-€ U310, —
M.: DHeprousaar, 1981. — 320 c.

2. llapeym A., Ilemena P. Dxceprud. / [lepeson ¢ nonbckoro; Iloa pea.
B.M.bpoasHckoro. — M.: Dneprus, 1968. — 280 c.

3. Bpoosnckuu B. M. Jxcepreruyeckuit METOO TEPMOAMHAMHUYECKOTO aHa-
nu3a. — M.: Dueprus, 1973. - 296 c.

4. Jlabaui B. 4. 3anexuicte excepretuunoro KKJI split-konnuuionepis Bia
iX NpOAYKTUBHOCTI 332 NOBITPAM Ha BUMAapHUKY | KOHAeHcaTopi. / BeHTunsauis,
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OCBITNEHHA Ta TenjiorasonocrayaHHa. HaykoBo-TexHi4HHH 36ipHuk. Bun 10. —
Kuis, 2006, C. 80-88. '

5. flabati B. H., Omeavuyk O. B. 3anexHicTb TeMnepaTypHor pesxumy split-
KOHAMUWIOHEPIB Bill IX NPOAYKTHBHOCTI 3a NOBITPAM HA BUMNApHUKY 1 KOHAEHCa-
topi. // Bichuk HY “JleBiBcbka nonitexHika” Ne 561. “TennoenepreTuka.
[HxeHepia poBkuId. AsTomaTtuzauis’, 2006, C. 20-25.

6. boeoanovs C. H., Hearnos O. I1., Kynpuinosa A. B. XonoaunbHas TeXHU-
ka. CsolicTBa BeulecTs: CnpaBo4HuK, u3n.3-e. — M.: Arponpomu3aar, 1985. —
208 c.
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YK 681.3.058+681.3.062 Auninoros I1. ., kanouoam mexniunux nayx,
Muxaitnenxo B. M., dokmop mexniunux nayx,

Auninoros A. Il., acnipanum

Kowapua K. B., acnipanm

Kuiscbkuit HauionanbHuii yHiBepcurer

OyadIBHUUTBA | apXITEKTYpHU

3ACTOCYBAHHA KOMNNEKCHUX ®YHKUIOHANBHO-
AUHAMIYHUX CXEM OANdA NObyAO0BU MOAENI
KAHANI3ALUIMHOI MEPEXI MICTA

OCHOBOIO A1 CTBOpPEHHSI ABTOMATU30BAHOI CUCTEMH YNpaB/iHHA TeX-
HonoriyHum npouecoM (ACY TII) BonosiaBeaeHHs Micta € nodynosa iH-
(hopmauiiiHo-NOrNYHOI Ta MaTeMaTuyHOi Moaenel iHxeHepHoi Mepexi. B
CBOKO Yepry, aKTyaJlbHOIO 3aJayer0 B npoueci nodyaoBu TakMX Mojeneit €
nacrnopTu3auis ii eJ€MEHTIB.

[lpouec nacnopru3auii €1eMEHTIB IHXKEHEepPHOI Mepexi Oa3yeTbcs Ha
BIAMOBIAHUX HOPMATHBHUX NOKYMEHTAX, MaTepiaiax pobouux npoeKTis, Ja-
HUX OOCTEXEHHA OrNAAOBMX KOJNOAA3IB 1 HOCUTh Xapakrep 300py mawe-
planiB, ki 306epiratoTbCsi B OCHOBHOMY Ha ManepoBUX HOCIsX.

be3cUCTeMHICTb macnopTu3auii iIHXKEHEPHOI Mepexi, BIACYTHICTb YHiBep-
cCa/lbHMX (POpMaII30BaAHUX MPOrpaMHO-MAaTeMaTHYHUX MOAENEH | METOAIB YHe-
MOMXUIMBIIIOE CTBOPEHHS €GEKTUBHOI CHCTEMH YNPaBAIHHA BOAOBIABEAEHHSAM.

3a Takux 0OCTaBMH, cCkjiajnacs HactynHa curyauis. [lo-nepiue, ynpas-
JIIHHA | KOHTPOJIb 338 CTAHOM 1HXKEHEPHOT Mepexi 3AiHCHIOETLCA AYXKE NpPH-
62M3HO Ha NiaCTaBi AOCBIAY TEXHIYHOrO NepcoHany, skt 6e3nocepeaHbo
3aiiMacTbCs eKcruyartauielo Mepexi. Ilo-apyre, onepatuBHE ynpaBlliHHA
NPOUECOM BOAOBIABEACHHS HE BpaxoBy€ AMHAMi4yHY 3MiHY CHTyauii, fKa
CKNAna€TbCs Ha AUTAHKAX 1HXKEHEpPHOI Mepexi. |, mo-TpeTe, ynpaBiiHHS He
Ma€ 3BOPOTHBOIO 3B’A3KY, AKHIi OM Mir BiiMBaTH Ha QPYHKLIOHYBaHHS ene-
MEHTIB Mepexi B HaMpAMKY 3HHXXEHHS €KOHOMiIYHMX BMTpaT Ha €KCnJya-
Tawilo I ynpasiiHHA CUCTEMOIO BOAOBIABEAEHHS. |

JAns BupllIEeHHA BHLUE3a3HAYEHUX MpodsieM HEOOXiAHO CTBOPHTH €aH-
HUI MaTeMaTHYHUR anapat AJi IHTerpoBaHOr0 MOAENIOBAHHS AK CaMHX iH-
)KEHEPHUX MEPEXK, TaK i QPYHKLIOHAbHO-AMHAMIYHMX CXEM, WO JACTh 3MOry
e(eKTUBHO BUKOPHUCTOBYBATH IHKEHEPHO-TEXHIYHI 3ac00M, maTtepianbHi Ta
NIOACHKI pecypcu.

O0’ekTHO-OpicHTOBaHa MOJeab Mepexi BoaoBiABeAeHHS. [1py BUKO-
PUCTaHHI NPUHUMNIB O00’€KTHO-OPICHTOBAHOrO MOAEMIOBAHHA 3arajnbHa
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CTPYKTYpa MOJeal KaHanizauiiHoi Mepexi aHajloriyHa BOAONPOBIAHIN.
3MIHIOKTBCS JiMWe AesKi aTpruOYTUBHI BIACTUBOCTI Ta CKNaj 00’ €ekTiB, ang
¢GopMaNbLHOro OnuCy AKUX BHKOPMCTOBYIOTHCSA BiJAMOBiAHI HOPMATHUBHI 10-
KYMEHTH, Matepiaid pobOYMX MpOeKTiB, NaHi OOCTEKEHHS KONOAA3IB Me-
pexi. CniJ BiA3HAYHMTH, WO KaHajli3aliiiHa Mepexa NoAINAETLCA Ha ¢par-
MEHTY ABOX THWIB — CAaMOMIMBHUX Ta HanipHuX. [lporoTunu o00'ekTiB
HanipHUX ()ParMeHTIB KaHali3allifHOT MepeXi NPAaKTUYHO TaKi XK, AK | ¥ BO-
aonpoBiAHiA. KnacuuHuii mareMaTMYHHIi anapar npeacTasieHHSs 00’¢KTa
ynpaBJiHHA B AKOCTI Mepexi noTpebye BU3HAUCHH: Kiacy Moaenei I [1]:

r={s,P,F.o} (1)

S — MHOXWHA By3NniB, P — MHOXHHA TiNoK, F — GiHapHe BiJHOILEHHA MiX
enemeHTamu S i P, @ — BinobpaxeHHs S 1a P y neskui n — BUMipHuii BeKTo-
PHHIA TIPOCTIP.

GopMabHO KOXHHI 00’ €XT B € 3aMKHEHOK MOAENITIO:

®={P,E.M}, 2)

ae P — MHOXHWHA PYHKLIOHANbHO BU3HAYEHHMX BAACTUBOCTEH, £ — MHOXHHA
BHYTPILUHIX Ta 30BHIMIHIX peakuii (noai), M — PyHKUIOHATBHUX METOIB,
AKT 3aCTOCOBYIOTHCA 110 P npu peakuisx 3 MHOXKUHU E. Bu3Haunmo aeski ab-
CTpakTHI PpyHKuUIl HA 00’ekTi ®: N(T)— (yHKUIOHATbLHA MHOYXXHUHA MOXKJIU-

BUX 3 €lHaHb 00’€KTY 3 IHWKUMHK 00’extamu, dyHKUirO T(W, j), 3HAYEHHSA
KOI € THN j-ro 3’€HaHHA 06’€kTa Ta O(®, /) — dyHKLisA, 3HAYEHHA AKOI €

po3Mip j-ro 3’elHaHHA 00’ekTa (niameTrp, nomnepevHHil nepepis, Towwo). Bu-
3HAYUMO (PYHKLUIIO BIANOBIAHOCTI:

1,17 97
0,—(1, & 1y)

N7, T) = 3.)

Ae Ty,T) — TUNHU 3’€AHaHHs 06’ ekTa (3HaueHHsA QyHKUIT T(D, j) ).

3aco0aMu Teopil MHOXKMH NpaBuio 3’€AHaHHA IBOX 00’¢kTiB W, Ta M)
Oyne MaTy HaCTYNHUH BUIAAL!

Vﬁjl,wz € Q,Vfl € T](GJI),sz € T](mz)
V@, 8,) = {(i},iy) | 8(®,i) = 8(®,i) A §(U(®), 7)), °(W,i5)) # 0}

1e 2 — MHOXKHHA BCiX 06’ €KTIB Mepexi.
Toni moaenb Mepexi, sika Bianosiaac (1), 3anuiueTbcss HACTYMHUM YHHOM

VE,,0,€Q:0={®,8,)|i# j AY®,,0,)*D } (5)

(4)
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OcHOBOW A peanizauii GyHKUIOHATbHOT MHOXHHU Y(I,, ) € aHI

Tabnuub [4)].

30BHIILHS KaHanizauiiHa Mepexa CKNajacTbea 3 Nia3eMHUX Tpyobonpo-
BOJIIB Ta KOJIEKTOpiB pi3HOI dopmu nepeTuHy. o 90% ycix kaHanizauiiHux
MEpPEX BUKOHAHO 3 TPYyD Kpyrsioro nepetuHy. BOHH BUKOPHUCTOBYHOTHCA K
[PH HaNipHOMY, TaK i CAMOMNJIMBHOMY PEXHUMI Teuil.

Jlns NiHIHUX 00’ €KTIB KaHani3alliHOT Mepexi CYTTEBUM € (opma ne-
petuHy (puc.l).

L

L\
al

e S A—

Puc. 1. Ilonepeyni nmepepi3u KaHanizaliiiHUX KOJEKTOPIB Ta KaHAJIIB

Haiibinbn nomwupeHum € kpyrnuii nepetuH (I), a and npomycky BeJiu-
kux 06’emis piannu — npamokyTHuii (VIII). INpu Manux 3aranbOieHHAX BH-
KOPHUCTOBYKOTL KOJIEKTOPH 3 HaMiBKPYIJIUM NEPETHHOM Yy BHIAAi JIOTKY 3
BEpPTUKAIbHUMH OOKOBUMMU CTiHKaMH, KWK nmepekpHBacThea miuutamu. Ko-
nexropu GanxerHoro tuny (I1I) Tex BiaHOCATBECA A0 KPYMIHX, 00O NOTOK Y
HHUX fABJSE cOBOIO MIBKpPYr Manoro paaiycy. Jis BnaluTyBaHHA AOLIOBOI Ka-
Hasli3auii BAKOpUCTOBYIOTh J0TKOBI (VI) Ta m’atukyTHi (VII).
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Sk i B Mozeni mepexi BOAONOCTayaHHsM, TaK 1 B MOAESi Mepexi Boao-
BiiBeICHHS MPOTOTUNHM KOHCTPYKUIH CKNaaaloTbCsa 3 MPOTOTHMIB-aTOMIB
IWIAXOM X 3’€HaHHA Ta AOMNOBHEHHSA OYyA1BENbHO-MOHTAXXHUMH KOHCT-
pykuisMy. [Ipuknaa npoOTOTHMY-KOHCTPYKUIL AN THIOBOI0 HarisaoBoOro
KONOAA3I0 300pakeHO HA pUC. 2.

600mm,
% 2 i1
{ &.L |22 J ) §2 o
1
1 %ﬁ ) 5
E [ 70017 9
3 N Z 2
] S ya
x! | -, ?""’5 =
S /|
5. ¥
(:Q.02 7
.o_: ¢ ‘e T
g L _ .
.Q.'.:ﬂ-?.q - .':%::'.;-.a. ——-d
LY _=_. - -_-9
Lja0e g0_ove | |
AN 5

Puc. 2. Tunosui HarnagoBUM KOJOAA3b
! — yaByHHHH JIOK 3 KPHIUKOIO. 2, 3 peryJiolouc Ta OnipHe Kifblc, 4, 6 — 3a1i300€TOHHI
kinbus aiamerpamu 700 ta 1000 MM, 5 - numTa, 7 — peryniooui 0J0kH ado nernsHe
KaMmiHHA. 8 -~ nijlocHoBa, 2 — nijiroroska, /0 - ckodu, // — kaHanizauiHi Tpydou. /2 -
TPIHUK

3 TOUKHW 30pY 3MiHW HaNpAMKY PYXY NPOAYKTY MEpeka CKIAAA€EThCcs 3
NPOTOTUNIB-KOHCTPYKLi TUNY By3/iB — Harnsa4o0Bi KoJoAA31 (puc. 2), kame-
pH Ta MIiCLA PO3raly)KeHHs MEpexi, AKe YTBOPIOETLCA 0€3 HArAA0BOrO KO-
nopaso (Binbuuii By3on). lepenik OCHOBHUX NPOTOTUIMIB-KOHCTPYKLIH Me-
pexi BoAOBigBefeHHs HaBeaeHo y Tabn. 1. ATpuOYTHBHI BIacTHBOCTI A
BY3J1iB MEpeXi BOAOBiABEJCHHSA HABEACHO Yy TabJHLi.
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Tabnuys 1

HaiimenyBaHus nporo-

[pusnayennn
THNY-KOHCTPYKNIl

Konoasss orngnorui Ornsn Ta ouMCTKA KaHAMI3aUIHHAX MEpex

Konoaass kowrponsnnit | Biabip npo6 cTivHux 8o/ juis €KOJNOTIYHOTO HATNIS LY

Konoassb nepenaiy 3anobiraHnd BHXOAY KOJIEKTOPIB HA MOBEPXHIO 3€Mill Ha
YXHUNY ALMAHKAX 3 YXWIOM MOBEPXHi 3eMyni OiablIMM, HIX YXHAN
KOJICKTOpa (MakCHMMaibHa BCAHYMHA YXHAY KOJEKTOPY
BCTAnoBMoeThes 3riavo 3 CHull 2.04.03-85[95])

Konojisisb-racHuK ['acinHs HANOPy CTIYHMX BOJ HA BUXOAi 3 HANIPHOTO KOJICK-
TOpa A0 aTMOCGEpPHOTO

Konoag3s Mokpuii IlpoBencHHa peMOHTHUX pobiT Ha HamipHOMY Tpybonpo-
BOIl U1 3/IMBAHHS 3 NEPEKPHTOT AINSHKKA HanipHOro Tpy-
SoNpoBOAY CTIMHUX BOM 3 HACTYIIHOW iX YTHAI3aLLI€I0

Konoassws Hanipnui Konoassi 3 3anipHoto apMatyporo
Kpyriaui

Kamepa BenThaguiiiHa [lpunausna abo BuUTSXHA BEHTHIALIA CAMOMJIMBHMX Ka-
HaNI3aIHHUX Mepex

Kamepa Tanenns cuiry | TaneHHs Benukoi KUILKOCTI CHIrY, KMl 3aBO3UTBLCH A0 Hei
aBTOMOGINAMH NiA Yac NpubHpaHHA MicTa

Kamepa Hanipha [psMOKyTHHI KONOAA3b 3 3aMipHOIO apMATYPOIO

Kamepa 3 npunansHoo BrawrtoByernhes, sk npaBuio, Ha BXOAI B HACOCHY CTAHUIO i
3aCYBKOIO npu3HaycHa ang 3ano0iraHHsA 3aTOMACHHIO HACOCHO! CTau-
IiT CTIYHUMH BOJAAMH

Kamepa — fokanbHa [lonepeans ouucrka CTIMHUX BOA Bid MEBHHUX BHIIB Biaxo-
OYHCHA cnopyna AiB (HadTONPOAYKTH, KHP. MiCOK TOLIO)
PosranyxeHHs Posranyxenns mepexi TPIHHWKOBHM 3°€AHaHHAM TpyOo-

npooiiB 6e3 06nalTyBaHHA KONOAA3O

Exsemmnsap xanam3auiiHoi Mepexi CKNajacrbcs 3 NPOTOTUMIB-aTOMIB
Ta NPOTOTHNIB-KOHCTPYKLUINA 3 BIANOBIAHMMH aTpUOYTUBHHUMU BJIACTHBOCTA-
MH. KoxxHuli 00’€KT ek3eMnnsapa Mepexi € eK3eMnaapoM NpOTOTUILY-aTOMY
abo ex3eMIIApOM MPOTOTHINY-KOHCTPYKLIl, i MAa€ KOHKpeTHU# iaeHTHdiKa-
WiHUH HOMEp B MEpeXi Ta aipeCHy NPHUB’A3KYy 10 MoAeNi kapTH micTa [2].

Ha puc. 3 npeacrasneHo ¢gpparmMeHT rpadivHOro 300paKeHHa eK3eMILIs-
pa Mepexi BOAOBIBEACHHSA.

Ex3eMnuap Mae aapecHy NpuUB’S3Ky A0 E€JEKTPOHHOI MOAEJI KapTH
MICTa i A0 KOXHOrO eK3eMNspy-aToMy 00’€KTY Mepexi 3aCTOCOBaHO nes-
knii meton Draw_Object_Map (Map, Coordinate_List) BianoBiaHoOro npo-
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TOTUIY-KOHCTPYKUII 3 KOHKPETHUM MepesiikoM koopauHat Coordinate List
Ha kapTtocxemi Map. B cBotO uepry, npoTOTUNH-KOHCTPYKLii MOoOyA0BaHO Ha
BIAMOBIAHUX NpoToTHnax-aromax. [1ocniIoBHO BUKOPUCTOBYIOUM METOAM
LMX NPOTOTHUINIB-aTOMIB 3 BIJZHOCHUMHU KOOpAMHATAMHU MOXJIMBO HaMalllOBa-
TH CXEMY €K3eMIUIAPY KOHCTPYKLIi, HanpyuKiad Taky, sk Ha puc. 3 abo ¥oro
TPbOXBUMIPHE 130METPUYHE 300paXKEeHHS.

Puc. 3. ®parMeHT kaHanisauiiHoi Mepexi «PycaniBka»

2. Po3paxyHKoBI Mo/1eJ1i Mepexi BOAOBIABEAEHHS

[HkeHepHa Mepea BOJIOBiABeA€HHs 00°€IHy€ CaMOIUIMBHI Ta HamipHi
dbparMeHTH.

Jlns caMonaMBHUX dparMeHTiB NOTPIOHO 3HATH:

— PEXXHM PYXY PiAUHM;

— KpUTHYHi (260 caMOOYMCHI) WBUAKOCTI Teuil,

— TPAHCMIOPTYIOUY 3AIOHICTE CTIYHHX BOX.

[MpasniyHuKii po3paxyHOK CaMOIUIMBHHMX BiiBIAHUX TPyOOMpoBoiB Oa-

3y€ThCs HA BU3HAYEHHI riapasniyHoro paaiycy [3] R:
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R — Snom (h) ,
Prou (1)

h=nd, 0<n<l,

(6)

ne S,,m(h) — nnowa >xuBoro nepeTHHy NOTOKY piauHH, Poyoulht) — 3mMoue-

HUii NepUMETp TPYOH, # — HaNoBHEHHSA, & T| — CTYNiHb HANMOBHEHHS TPYOH
piameTpom d. Jlns ineanbHOro Kpyrfioro neperuHy TpyOu riapaBniuuii

paniyc npu nosHomy (| =1) Ta noAOBMHHOMY ( =%) HaroOBHEHHI TPyOH

Oyae AOpiBHIOBATH;
nd? /4
R= =0,25d 7
7 (7)
Miapaniunuid noxun [7] J (l,h) Ha AUTSHUI A0BXHHOMW / (puc. 4) €:
J(I,h)=? (8)

Puc. 4. I'inpaBniyHi €N€MEHTH NOTOKY
a — riaApaBJiYHH# NOXHI, 6 — CKBiBAJIEHTHA IOPCTKICTD

3 TOYKM 30pYy TPAHCMOPTYIOYOi 34IOHOCTI BCi ICHYIOYI KONEKTOPH MOXX-
JIUBO PO3OMTH Ha TPH OCHOBHI IPyMH, sAKi BIANOBIAAIOTh TPHOM CTAHaM [10-
TOKY:

1. Konekropu, saki 3abesneuyioTb Taky WBUAKICTH NOTOKY, 1O BHNAL
ocajy He MpOCTEeXKYETbCA;

2. KonekTopy, B IKMX NPUCYTHE XBHIIbOBE NEPEMILLICHHS TTiCKY;

3. Konektopu 3 MalMMHM riipaBliuHUMHU NOXWJIaMH, B AKHX Ocaja BUNa-
Na€ WIbHUM LLIAPOM.

5 —7-1070
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B nepiimnx ABOX BMIajkax YMCTKA KOJMEKTOPIB He NOTpidna. [las octan-
HLOT TPYITH, 3aBASKH YTBOPEHHIO LUIAPY OCAly, 3MIHIOETHCA NPODiNb KOeK-
TOpa, IO NPH3BOANT 10 SOI'IbLI.leHHSI rApaBiiuHOIO OMnopy.

Burpatu cTiunol pianiu O (M /c) BH3HAYAKTHCA SIK:

Q= Fv 9)

— , .
I'yT F — nnoiua >kMBOIro NEPeTHHy MOTOKY (M), a V — WIBUAKICTb PYXY
piauHu (M/C), sKa BU3HAYaETHCs 3a (popmynoro Llesi;

v=CvRJ, (10)

ac J — rigpaBniuavii noxwil, ¢ — kociuienTt Llesi, akuil 3anexxuts BiA
ripaBiiuHoro paaiyca R i WOPCTKOCTI 3MOYEHOT MOBEPXHI Tpybonposoay.
3riaHo dopmyau [apel:
7Lv

J=
8Rg

(11)

ae A — koeiuieHT onopy TepTs No AOBXHHI, g — MPUCKOPEHHA BLIbHOIO
naalHHA.
IcHye 3anexHicTb Mixk A 1a C:

8g 3g
; 12
A= o2 ¢= \J 2 (12)

Ha npaktuui koediuieHT Lesi Bu3HayaeThea 3a popmynoio M. Ilasnos-
CbKOIo:

G=—y (13)

ne A, — koedilieHT WopcTKocTi MeHHIHra, ) — NOKa3HUK CTeNEHH:

y=295ﬂ—0,13—0,75ﬁ( ny ""0,1) (]4)

KoediuieHT wopcTkocti MeHHiHra #; 3anexuThb Bin MaTepiany, Gpopmu

NePETUHY Ta CMAHy GHYMPiuiHb0i nosepxui Tpyou.
[Hwwi, 6inblu ckiaAHMi cnoci®é BH3HAYEHHA KoediuieHTy TepTa A
(sianosigHo i C) 6asyeTbes Ha popmyni M. @, Pepoposa:

] A 25
_ 15
o 2lg(l368R Re] el




Ae A,— exBiBaJeHTHa adCOIOTHA WOPCTKICTb, @y — Koe(ilieHT, AKuit Bpa-
XOBYE XapakTep WOPCTKOCTI MaTepiany. Re — uncno PeitHonbaca.

Takum YMHOM, A1 BU3HAUCHHA NIHIHHUX BUTpPAT /2, Ha AlngHUi camo-
IJIMBHOrO KOJNEKTOPY BMKOPUCTOBYETbCS opmyna Japci-Beiicbaxa |4] 3i
3HauyeHHsM A 3rigHo (12) abo (15). Ha npakTuui Micuesi BrpaTd Hanopy y
MOBOPOTHHUX KosoaAs3ax 1,5-3 cm, a y 3’eanyBanbHux 6 cM [4]. Tomy, Ha-

NpUKNajg, y NOBOPOTHOMY KOJAOAS31 NOTPIOHO A0JATM AOAATKOBHH TMOXMIL
MOBOPOTHOMY NMOTOKY HA 3HAYEHH: MICUEBMX BTpAT Hanopy (Puc. 4).

PO3PI3
e AR
1’ bes ypaxysaHHa 3 ypaxy saHHAM
l MICL®BOMO ONOpY MICLI2 B8O onopy
NoBopoTHWMA
noTIK \l\ \I\
A
A "‘*-s___‘- \\-._h F--..,_\.. "‘—-._‘h- \‘\

Konoaasb

Puc. 4. MicueBi BUTpaTH NOBOPOTHOrO KOJOAAIO.

Omxe, mogenp ¢parMeHTy Ail0O40i CaMOMAUBHOI Kananmizauii ckna-
AAETHCA 3 JIHIKHUX, TTOBOPOTHUX Ta 3 €AHYBaIbHUX 00 ’€KTiB. Po3paxyHkH
KOe(IUIEHTIB Oonopy 00’ €KTiB NONATalOTh Y BU3HAYEHHI TiApaB/iiyHUX pafiy-
CiB, AIMCHOT LWOPCTKOCTI 1 FIAPABAIYHMX NOXKHIAX KOXKHOro 3 HUX. ToMy, ang
NPOBEACHHS TIAPABAIYHONO PO3paXyHKY BCbOIo (PparMeHTy eK3eMNJspu
00’€KTIB MOBUHHI MATH TakKi (PYHKLIOHANbHI BNACTHBOCTI — TOYHI Fre€0Ae3UYHI
MPUB’A3KKU CBOIX KIHUIBOK HA €1eKTPOHHIA MOAENI KapTH MICTa; 3HAYeHHS
LWWOPCTKOCTI, AKUit BIAMOBIAAE eKCNNyaTaliiHOMY CTaHy 00’ €KTa; po3paxyH-
KOBE Ta (PAKTUYHE HAMOBHEHHA .

BucHoBOK

[iapaBfaiuHMi pO3paxyHOK HamipHWX BOAOBIABIAHHX TpPYOONpOBOAIB
MPOBOJAMUTBCA 3a CXEMOK MeEpexKi BOAOMNOCTAYAHHA, afe 3 YPaXyBaHHAM
OiNbLWOT B’A3KOCTI CTIYHHWX BOA NOPIBHAHO MUTHOK BOAOIO V NPH TiK camii
Temneparypi. | :
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@dyHKLIOHATIbHO-IWHAMIYHA cXema noOyaoBHW Moaei KaHani3auihHOL
Mepexi Taka Xk cama, 8K i Ans BOAONPOBIAHOL, ale OKPEMO BHAUIAIOTLCA Ca-
MOILJIMBHI Ta HanipHi €K3eMMNIAPU-KOHCTPYKLUIT JaHOIO EK3EMIISAPY MEpEXI.

YMOBHO, K 00’€KT pO3paxyHKOBOI MoAesli Mepexi BOAOBIABEAECHHS,
KaHani3alliiHa HacOCHA CTaHLiA Ma€ JABI OCHOBHI (PYHKUIOHANbHI BJACcTH-
BOCTI — 00’€M pe3epByapy Ta BUXiAHY BUTpATy PilHUHH.

Jlns rigpaBniyHOro po3paxyHky Mepexxi BOAOBIABEIAEHHS MOXIMBO 3a-
cTOCYBaTU (PYHKUIOHANbHO-AWHAMIYHMH METOA, AKUA 3aCTOCOBYETLCS IS
MepeXxi BOAOMNOCTaYaHHs 3 BpaxyBaHHAM (pparMeHTapHOCTI MoAeni Mepexi
BOAOBIBEACHHS.

Cnucok airepaTtypu

1. Aununozoe [1.4. ABroMatu3auva NPUHATHA PELIEHUH MPH MHOroBapu-
AHTHOM MNOATOTOBKE MPOW3BOACTBA M YMPABJIECHWA CTPOUTENLCTBOM. JIHC...
KaHa. Tex. Hayk: 23.06.1988 — K., 1988. — 180 c.

2. Auninocos I1.1., Auninocos A.11., Lioyopa C.B., Uanok C.€.. «O0’ekTHO-
OpIEHTOBAHMH MiAXil N0 MOAENIOBaHHA OPraHi3auifHO-TEXHOMOMIYHHX CXEM
NPOBEAEHHS [UIAHOBUX PEMOHTHHUX PpOOITHa iHKEHEPHHX Mepexax MicTan//
«[ipnnyi, 6ynisenbHi. lopoxHi Ta MeniopaTuBHi MawnHu» Ne 68. — K.: KHY-
BA. -c. 77-80

3. Anemuyav A /. TunpaBnuueckue conpotusieHna / AJl. AnbTulynb. —
Mocksa: Heapa, 1982.

4. Tyeau A. M., Tepnosyes B.O., Tyzau sI.A. Po3paxyHOK 1 NpOEKTYBaHHs
cnopya cucteM BoponoctayaHHa. HaBuanbuuii nocibnuk. — K.:KHVYBA, 2001. -

256 c.

36



YK 631.22.628.8 H. M. Biaibopeusn, acnipanm

KuiBcbkuii HauioHanbHUH yHIBEpCHUTET
OyniBHUUTBA i APXITEKTYPH

NAHENBHI TPYBYACTI BUNTPOMIHIOBAMI
ans CUCTEM PAAIALIMHONO ONAJNIEHHA | OXONOAXEHHA

Y nNpUMilLEHHAX 3 KOHBEKTUBHHM CUCTEMaMU OMaiCHHsA Tenje nosiTps
MiAHIMAETbCA Y BEPXHIO 30HY NPUMILLEHHS | CTBOPIOE TaM “TeIIOBY NOAYLU-
Ky”, AKa Neperpisac BEPXHIO 30HY | 3HA4YHO MIABUILYE TEMAOBTPATH yepes
OyaiBesibHI KOHCTPYKLIT BEpXHbOI 30HM | 3 BEHTHUAAUIHKHUM MOBITpAM. K
MoKasaiv AOCHIIKEHHA, Pi3HULA TeMmnepatypu B poOouiil 30HI 1 BepXHiii
30Hi BEJIMKUX MpPHUMillleHb, MpU iX KOHBEKTUBHOMY OMNAaJIEHH], JAOCArae
15...20 °C, a TenJioBTpaTH NpPHMILIEHHA, MPH LbOMY, 30UIBLIYIOTHCA Maiike
B 2 pa3¥ y MOpiBHAHHI 3 TeNJOBTpAaTaMK NPHU PiBHOMIPHOMY pO3MoAaiil TEM-
nepaTypy Nno BUCOTI NpuMilLeHHs [1].

Cnia TakoX 3a3Ha4MTH, O KOHBEKTMBHI CMCTEMM OnajeHHs 3abesne-
YYIOTh 3aJ0BiJbHI YMOBU MiKpoKJliMaTy B Oinbluili 4acCTUHI NMPUMILLEHHS,
ane y npuBiKOHHMX 30HaX i 0ing 30BHilIHIX OrOPOJKEHb, BHACHIAOK iX HH-
3bKOI TEMNepaTypH, BTpaTa Temia JIOAWHOK BUNPOMIHIOBaHHAM 30i/IbLIY-
€TbCA, 110 HETATUBHO BILIMBAE HA 11 CAMOMOYYTTH.

[TpoMeHHCTe onaneHHs sABAjsE cO00K OAMH 3 Halbinbl AOBEPLUICHHX
cnoco6iB 06irpiBy npuMilleHb OyAUHKIB PI3HONO npusHaueHHs. [Ipomenuc-
Ta mepeaava eHeprii Ginbiml epeKTUBHA Hi’)K KOHBEKTHBHA, OCKIIbKM MpH
MPOMEHUCTOMY ONajieHHi eHepris 0e3 nepellkoa NEPEHOCHTLCA Ha BEJMKI
BiACTaHi B 00'eMi MpuMiLLLEHHSA, TOMY OMantoBajibHI NPHAAAH MOXKHA po3Ta-
LIOBYBATH Mijl CTEJEK, Y KOHCTPYKLiAX OrOPOMKEHS i T.J. BUHMKAE MOXKH-
BICTh Y IIHPOKHX MEXaxX BapiloBaTH TeMIMepaTypy NOBEPXHi HarpiBauiB Bif
nyxe Hu3bKoi (25-30 °C) no ayxe sucokoi (1000 °C i Ginbiue) .

[CONOBHOKO NPUHUMNOBOK OCOOJIUBICTIO MPOMEHUCTOrNO OfMaleHHs Be-
NUKNX BUpOOHUYMX ByaiBensb € MexaHismM GOpMYyBaHHsA TEMNEPATYpPH B Mpu-
MiLLEHHI.

[IpOMEHNCTa EHEpris Bij reHepaTopiB TENJIOTH, PO3MILLEHUX Y BEPXHiH
30Hi MPHUMILLIEHHS, HarpiBae GyAiBeNbHI KOHCTpYKUii i obnaaHaHHA B pobo-
yiii 30HI, a NOBITPA TPUMILLEHHA HArpiBa€TbCA Bill HArpiTMX NPOMEHHUCTHUM
TENJIOM MOBEPXOHb OyIiBeNbHUX KOHCTPYKWii 1 oOnagHanHda. Takuii mexa-
Hi3M GOpMYBaHHs TEMMEPATYPHHUX YMOB Y NPUMIlLEHH] MOAIOHMHA MexaHi3-
MY, L0 CROCTEpPIiracTbCs B NMPUPOAHOMY CEPEAOBHUILI, KOJIH JIIOJAHHA B COHA-
YHy NOroAy BiauyBac cebe KoOMPOPTHO HaBITh B MPOXONOAHUH AeHb [1, 2].
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L IpHHUMTIOBOKO U3HAKOK TEMNCPATYPHOI CHUTYALil Yy NpUMIlLEHH] npu
IIPOMEHHCTOMY ONAJIEHH] € HACTYNHE: cepeans pajliaiuiiiHa TeMneparypa B
poOOUIH 30HI MPUMILLEHHS 3aBXKAH BULLA 3@ CEPE/IHIO TeMMepaTypy NOBITPS
B LI 30HI; TeMNEpaTypa NiAIOrY Bua Ha 3—4 °C 3a TeMneparypy Ha piBHi
[O/I0BH MKOAMHHU. TemiiepaTypHa CUTYaUIA Y IPUMILLIEHH] MPH KOHBEKTUBHHX
| pagiauiHHHUX CUCTEMAX ONAJICHHS MOKa3aHa Ha puc. 1.

KoHBCKTHBHC
OLAICHHA

10 M=35"

| 8 M=31"C

Puc. 1. Po3noain Temnepatypu ro BUCOTI NMPUMIlLE€HHS
NpH KOHBEKTUBHOMY i paaialliifHOMY OMnaneHHi

[HxKeHepHMI METOJ PO3PAXYHKY LIEHTPAILHOTO pafialliiHOro onajeHHs
OyaiBens | CNOpyA BKAKOUYAE BUSHAYEHHS:
® BUTpAT TENJOTH AJI1 KOMMEHCAlll TeMaOBTPaT YEPE3 30BHILIHI Oro-
POJUKEHHS NPUMILLIEHHS,
e BUTpAT TEMJIOTH AN KOMNEHcaull TENJOBTPAT MpH BEHTUAAUIT Npu-
MILLEHHS;
¢ YMOB KOMGOPTHOCTI TEMJIOBOr0 CEPEeAOBUILA Y NPHMILLICHHI;
® ONTUMAaNbHOrO PO3MILLEHHS BUMPOMIHIOBAYiB Y NPUMIiLLEHHI [3].
Heo0xiaHO BIAMITHTH, WO NEPEBEACHHSA ONANEHHA BEIMKUX NMPUMILLEHD
3 KOHBEKTHBHOI'O Ha NEPEBAXHO paaiauiiiHe € OAHUM i3 OCHOBHUX HampsM-
KiB rany3eBoi nporpaMu no eHepro3depexxeHHo Ha 1996-2010 pp., sxa po3-
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pobOJsieHa | npuitHaTa Ha OCHOBI KoMNekcHOI aep)xaBHOI nporpamu eHep-
rozoepexxeHHs B Ykpaini Ha 1996-2010 pp.

OcHOBHI HayKOBI AOCHIIKEHHS B ranysi pajiauiiiHoro onajaeHHs 3a oc-
raHH1 10 pokiB Oy.iM HanpasJieHi Ha yAOCKOHAJICHHS BUCOKOTEMNEPATYPHHUX
papiauliHUX CUCTEM 3 ra30BMMH ““CBITAUMHU™ iH(GPAYEPBOHMMH BUITPOMIHIO-
Bayamu 3 Ttemiepatypoto 900-950°C i “teMHMMH™ iH(ppauepBOHUMH BH-
[IpOMIHIOBaYaMu 3 Temreparypoo 250-400 °C.

MeToK AaHOi poOOTH € AOCHIIKEHHS TEMIOBUX PEXHMMIB [AHEIbHUX
TpyOuacTUX BUNPOMIHIOBaYiB 3 TeMnepatyporo 100-250 °C ans BoasHux Ta
TENJI0MacesibHUX CHCTEM pajiallifiHoro onaneHHs, ki 6e3 cyTTeEBOro nepe-
00N1alHAHHA MOXYTh OyTU BHMKOPHUCTAHI TakOXK IJIA CHCTEM paaiauiiiHoro
OX0JNOLKEeHHS. Ha pue. 2 npuBeaeHa cxeMa KOHCTPYKLLIT TAaKOro BUIIPOMiHIO-
Baya. Bin cknanaerecs 3 Tpyd TennoHocia (Boga, abo TexHiUHi Macia), gKi
J03BOJIAKOTL MIATPUMYBATH Temnepatypy iAo 250 °C; ajnloMiHIEBOrO eKpaH-
HOro OpeOdpPEHHs, TEMNOI30NALIT BEPXHLOT MTOMIMHH 3 METOK 3HUXKEHHS Ter-
JIOBTPAT Y BEPXHIO 30HY NpHUMiLLEHHS | 3akpHiKiB (o = 45 °). Taki Bunpomi-
HIOBa4i PO3MILLYHOTLCS Y BEPXHii 30HI NPUMILLLEHHS | BOHU WISXOM BUIIPO-
MIHIOBAaHHS [1€peaaloTh TEMJOTY Y pobouy 30HY.

Puc. 2. KOHCTpYKTHBHA cxeMa
paniauifHoro NaHeabHOro
TpyO4acToro BUNpOMiHIOBaYa:
| - Tpyba Teronocis; 2 — opebpenns
TpyOu Tennonocisa; 3 — 3axucni npoTu-
KOHBEKTHUBHI 3aKPHIIKH; 4 — TCN0i30-
JSUIs; 5 — KPIMUICHHS BHIIDOMiHIOBa4a

J1ss BU3HAYEHHA ONTUMAIbHUX PO3MIpiB BHIPOMIiHIOBaYiB saboparo-
picto kadenpu temnorexHiki KHYBA Oynu npoBenetli ekcnepuMeHTaNLHI
AOCTII)KEHHS peOpPUCTUX BHIIPOMIHIOBATILHUX CUCTEM.

Hns excnepuMeHTaNbHUX AOCHiIKEeHb OyB BUrOTOBNEHUH BUIIPOMIHIO-
Bay, AKMHA CKJIANAETbCA 3 ANIOMIHIEBOro aucta (po3MipamMu 1x2 M, TOBUIH-
HOO 2 MM), TpYOH ana TemsioHocia (po3Mmipamu 20x20 MM) i enekTpoHarpi-
Baya, AKUW MOJENIOE TENJOBHIA pexxuM TpyOu TernoHocia . HeobxiaHi Tem-
nepaTypHl peXHMHU BUNPOMIHIKOBAYa CTBOPIOBAINCH LUJISAXOM HarpiBaHHs
eIEKTPOHIpiBayeM peOpUCTOl CUCTEMU A0 3a4aHO1 TEMINIEPATYPH.

TEH BuroTtoBneHui 3 HiXpomoBOi cnipaji, i301b0BaHOi KepamiuyHWMHK
TpyOKam¥ i po3MilleHuii y kBaaparHoMy npodini posmipom 0,03x0,03 M.

Bynu nposeaeHi AOCTIIKEHHA 3 TakMMU po3Mipamu opeOpeHHs (puc. 3):
nosxuHoto — 100 cm 1 wiMpuHoto niucra — /; =80 ¢m, I, =60 cm, /3 =40cm,

/4 =20 cm (6e3 ypaxyBaHHs NPOTUKOHBEKTHBUX 3aKPUJIKIB ILUPUHOKO 20 cMm).
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Temnepatypa opeGpeHHs BUMipIOBaNIach 3a J0NOMOrol XpOMeEb — KO-
nenesux tepmonap. 3HiMaNKCa NokazaHHA TepMonap B 16 Toukax (puc. 4) 3a
AonomMorow uugpposoro Mminisonbt™eTpa @ 283. Temneparypa HaBKOMMLL-
HbOrO MOBITPS BUMIPIOBANACh 3a AOMOMOrOI0 PTYTHOMO TEPMOMETPA LIiHOK
noauiku 0,1 °C,

J20._cr20 cm2l el o

Puc. 4. Po3MmiwieHHs TepMonap no
OpedpEHHIO BUNPOMiHIOBAYA:

\ iT == - = ® — TOYKH BMMIDIOBAHHS TEMIIEPATYPH

TennoTexHiuHi XapakTepUCTHKH

Puc 3. Pebpucrti eeMeHTH BUnpoMi-
NaHENbHUX TPYOUACTUX CUCTEM TIpH-

HIOBAY1B 3 TEMJIOI30JALIEK BEPXHBLOT

NOBEpXHi (Ha PUCYHKY He nokasana);  BEAeHI B Tabauui 1, a pesynbraty
=80 cm, [, =60 cm, I, =40 cm, EKCIEPUMEHTY PHC. S, 6.
[,=20cmMm

140

120 4

100

8D
@
o

60

40 4

20

Copeann Tewnepatypa pelpucroro enemenra.

o |

wnmpnns opeBpenna, v [ i.l ‘-'-a,é " ]
- o - [__ 1L, =06 M J -
Puc. 5. Cepeans Temneparypa L =0,4m
[OCNiAHMX pEOPUCTHX ENEMEHTIB L0282 ~
BUIPOMIHIOBAYIB Puc. 6. Temnepatypa opeGpeHHs
XS — 63 Tennoizonsuii BEpXHLOT HOBEPXHI; BUIMPOMIHIOBAYa 3 TEMJIOI30NALIEI0
— 3 TENNOI30NALIEI0 BEPXHBOI OBEPXHi; BEPXHbLOI MMOBEPXHL:

1-4,=08M:2-1,=0,6 M:

o i— ;2-—-1:"‘ ;
1-4,=08m 2=0,6 M 3-5=04m;4-1,=02m

3-L=04M.4-1,=02m™M
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Tabaruys 1
TenaorexHiuHi XapaKTePHCTHKH NaHENbHHX TPYOUACTHX CHCTEM

TermwtoTexHIYHI NapaMeTpu

XapakTepHCTHKH A0CNIAHOrO ENEMEHTA \
AOCIIAHOMO €N¢MEHTA

2 : | & ' ,
g % % o Cepenus Temneparypa | 2
Ne = = g = & . | mocniaworo enemena, E E
= S = ) 3 = = °oC g(- s
S % o & =
& il o d & g T 4 g 8
=i = & o g = E o
s 2 s = | s 2z : = F 2
o3 Zo S 3 2 B OCHOBi BH- | oped- | § & =
x = =5 = A é . Q.= =
ST o © = = = npoMmiHioBaua | penus | T @
=T h=08| 16 | 11 | 940 | 2205 81 | 870

N
]

41=08 1,6 11 940 228 + 10 88 940

3 T b M oyo6| 12 | 88 | 940 | 22245 94 | 1000
4 m 1=06| 12 | 88 [ 940 | 230210 | 107 | 1150
5 LT o Moy-oa| o8 | 66 | 940 | 22345 17 | 1280
6 m n=04| 08 | 66 | 940 | 232£10 | 127 | 1420
7 LT 6 Moo o4 | a4 | 920 | 22245 121 | 1330

h=02| 04 44 940 23210 130 1460

BHCHOBOK

PesyneTatd AOCAIAXKEHHA CBiA4aTh, WO OJM3BKUMH A0 ONTHMAJbHHUX
pO3MIpH TpyO4acTHX peOpUCTHX BUIPOMiHIOBAYiB 3 BUKOPHCTAHHAM TEMno-
Hocia 3 Temnepatypoto A0 180 °C € BunpomiHiOBaui 3 WIHPHHOIO pebpa
0,17-0,20 M 3 i30/14LI€0 BEpXHBOI NOBEPXHi, fKa 3a0e3neyye TenioBiABig
BUMPOMIHIOBAYa y BEPXHIO 30HY NpumitleHHs npubausHo 10% Big 3araib-
HOI TErJIONpPOAYKTHBHOCTI BUNPOMiHIOBaYa. [IpOTHKOHBEKTHBHI 3aKPUJIKH
NpyU UbOMY AOLINBHO PO3MILLYBATH MPHOAKU3HO HA 45° MO BiINHOWIEHHIO M0
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l"Opl«l'%OIITa_'leOT MIOUIMHKH BUllpOMiHIOBava. [1pu 3a3Hauenux posmipax 1 m
Bnnpowmoaaqa i niaBejeHi notyxHocti 940 Bt Termonpo,uyxmnmcn
Bnnpowmoaaqa 3 wupnHoO pebpa 0.2 M cknagae 1460 Bt/m’, a maca Bu-
npowmoaaqa — 4,4 Kr, a npy aHATOrIYHIA TENNONPOAYKTUBHOCTI | LI.IHpMI-Il
BanOMIHmBaqa 0.8 M 3a3HayeHl XapaKTEPUCTUKK CTAHOBIATHL BiANOBIAHO
870 Bi/m* i 11 «r.

Buxopucrana aireparypa

l. Maukawu A., bauxuou JI. Jlyunctoe oronneHue. — M.: CTpOHH?ﬂaT

1985. — 464 c.

2. banxuou /1. TennoBoit MUKpoKIMMAT nomeuleHnin. — M.: Ctpoiinzaar,
1981. - 241 c.

3. Xyvoenxo A. A. PafiauiiiHe onajicHHs 1 OXONOMXKEHHA: HaBYalbLHUIl nocio-
HUK. — K.: KHYBA, 2004. - 152 c.
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YK 622.69  B. [1. Bonocsiuko, HauaasHuk . uﬁopamopu Qirii Mempoaoaiu-
no20 yenmpy HAK “Hagmozaz Ykpainu™, kano. mexu. Hayk
K. M. IpeayH, doyenm, kaHo. mexi. Hayx
[. I'. Wuwko, npoghecop, dokmop Qinoco@ii
Kuicbkui HauioHanbHuil YHIBEPCHTET
OyaiBHULTBA | APXITEKTYPH

NMPOBNEMU METPONOINYHOMNO 3ABE3NEYEHHA
OBNIKY NPUPOAHOIO rA3Y

MeTponoriuHe 3ade3neyeHHs, ke BKIHYAE BCTAHOBJIEHHs Ta 3acTOCY-
BaHHA METPOJIOTiYHUX HOPM i mpaBuil, pO3po0IEHHs, BUTOTOBAEHHS Ta 3a-
CTOCYBaHHS TEXHIYHMX 3ac00iB, HEOOXINHMUX JAAS NOCATHEHHS €OHOCTI |
NOTPIOHOT TOYHOCTI BMUMIipIHOBaHb, 0a3ye€TbCA Ha HayKOBiH, 3aKOHOAaBYIH,
HOPMATUBHIN, TEXHIUHIN Ta OpraHi3auiiHii OCHOBAX.

JlOCiKEHHs TPUUKH HEJOCKOHANOCTI O0NIKY B ra3zopo3noauibHii CHC-
TeMi, yaCTHHA PE3yNbTATIB AKUX HABC/JACHA B aiTepatypi [1-3], A03BOAAIOTDH
3pOOMTH BUCHOBOK, LLIO CaMe HEIOJIIKH B OCHOBaX METPOJIONYHOro 3adesne-
YEHHs! MPU3BOAATH A0 BTPAT 3HAYHKX 00’ €MIB NPUPOAHOrO Tasy.

Lli HenoOniKK B3aEMOIOB’A3aHi i ANA X OCBIT/IEHHS HCOOXIAHO PO3Ijis-
HYTH BEJIMKWI 06’ €M MaTepiaiy, 110 HEMOXTMBO 3pOOHUTH B OHIN CTATTI.

B nadifi poboTi posrasHyTi fivine pesaki npobaemu 00Ky, AKI 3ymMOB-
JIEH1 HeJ0iKaMH HayKOBO1 OCHOBH.

HaykoBOIO OCHOBOIO METPOJIOriYHOIO 3a0E3MEYEHHs € METPONOris
(n.4.2. OCTY 2682-94) — Hayka Npo BUMiprOBaHHs1, METOJH | 3aC00M 3a0e3-
fMeyeHHs X €AHOCTI i CnocoOu AOCATHEHHS HEOOX1AHOT TOYHOCTI.

VY B3a€EMHUX pO3paxyHKax 3 croxxusadamu o0’cMm rasy V, y BifNOBIA-

nocti no sumMor FOCT 2939-63 npuBoautbea Ao remnepatypu 7. =20 °C
(293,15°K), Tcky P.=760 MM.pt.cr., (101325 w/m®), Bonorocti, o
aopiBHio€ 0.

BumipioBaHHs 00’€MiB rasy NpoBOAMTLCS 3a peanbHUX TUCKIB, TEMIIE-
paTyp, Ta BOJIOMOCTI, a MOTIM NPHBOJAUTLCA A0 YMOB, BU3HA4YEHUX CTaHIap-
TOM, BUXOASYH 3 OCHOBHOIO 00 €JHAHOTO 3aKOHY ra30BOro CTaHy piBHOCTI

Ram X Vrmc - P VH noc ( l )
Tooe L.
_ T xP XV

e . (2)
| P.XT,,
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P,xV, PXV,

cn n.cn (3)
L, I
T.XP XV
ncn =—5 = = (4)
P.XT,

ne Vynoe — 00°€M NOCTa4eHOro ra3y BU3HAYEHHUil MOCTaYaILHUKOM NpUBELE-
Hul no craHaaptHux ymoB 'OCT 2939-63; V,., — 00’€M cnoxuToro rasy
BM3HAYEHMIT cnoxuBayeM npuseaeHui Ao ctanaaptHux ymoB 'OCT 2939;
Voe — 00’ €M MOCTaueHOro ra3y y ¢gisMuHMX OAMHHUUAX 00’ €My (3a nokasamy
Ni4YuAbHUKA); V- 00°€M CMOXKUTOrO rasy y ¢pisuuHUX OAUHULAX 00’ eMy (3a
noka3aMH JIiYKJIbHHKA); P,,. — 3HAYE€HHSA THCKY rasy y rnocravajbHuka; P, —
3HAUYEHHsA TUCKY ra3y y crnoxusaya; 7,,.— 3HaY€HHs Temnepatypu rasy y no-
cTayaibHUKa; 7., — 3HA4YE€HHs TeMnepaTypy rasy y cnokuaua; P — 3Ha4eHHA
TUCKY 3a cTtaHaapTHux ymoB ['OCT 2939 P.= 760 mm.pt.cT. (0,101325 MIla);
T, — 3Ha4yeHHs TeMneparypy 3a ctanaaptHux ymoB 'OCT 2939 7, =293,15 K,
t.=20°C.

[MpoTe piBHicTb MpaBoi i NiBOi ckNaaoBUX piBHAHB (1), (3) cnpaBeanusa
nuie AN ifeanbHUX ra3iB y BYy3bKHX Jliana3oHax THCKY i TeMMepatypH i B
06’emax, i301b0BaHUX BiJ BIJINBY 30BHILIHBOIO CEPEOBUILA.

Y pealbHUX YMOBaX 3a HasBHOCTI TEMIOBUX TMOTOKIB €HEprii, 3yMOBJie-
HUX Pi3HHLIEI0 TeMMepaTypud rady i HaBKOJIMIIHLOrO CepefoBulla, BIAOY-
BalOTHCA MPOLIECH, AKi HanpaBiieHi Ha HaOIMXKEHHSA 3HAYEHHs TeMnepaTypu
rasy A0 3Ha4eHHsA TeMMNepaTrypyd HaBKONHLIHLOIO CEpeOBHILIA.

YV pe3ynbTaTi LMX TepeTOKiB eHeprii 00’emu rasy, 11O BH3HA4YEHI Ha
By3nax 0O0OMiKy y CnoXuBawiB i MOCTaYaJibHUKIB PO3TALIOBAHHX B PI3HHX
YMOBax HaBKOJIMILHLOIO CEPEAOBUILA (032 NPUMILLIEHHAM i B NPUMILLIEHHI)
OZHOrO 1 TOro  ra3oBOro NOTOKY, MOXYTb Pi3HHUTUCh HA 3HAYHY BEJIHUHHY.
lMpuyoMy B3MMKY i BAITKY po30iXKHOCTI MOXYTb MaTH PI3HHII 3HAK.

B excrutyarauii nocTiiiHo ¢ikCy€eTbcs po30iKHICTb y BUMipax OJHOTO 1
TOro X MOTOKY ra3dy By3naMu oOJiiKy, sfiKi 3HaXOAATECA B PI3HHX YMOBax OTO-
YyIOYOro cepefoBuila. Bennunna po36ixkHocTi Moxke nepeBHutysary 20%.

lMpoTte B xoaHili mMeroauui 06aiky 00’€MiB NPUPOAHOro rasy B €KCIl-
jyaTauii YMOBH OTOYYIOYOro CEpeAOBHLLA HE BPAXOBYHOTHCH.

JIxlie 32 yMOB NOBipKH BHUMAra€TbCa NiATPUMKA TEMNEPATYPU OTOUYIO-
YOro cepeAoBuUila B MEBHOMY Aiana3oHi.

OnHak, HaBiTb, 32 YMOBM BiICYyTHOCTi NMepeTikaHHSA eHeprii MiX ra3oM i
HAaBKONHIIHIM CEPEAOBHILUEM, KiNbKICTb rasy, ska nepeaacrhcd nocravalib-
HUKOM He AOPIBHIOE Ki/IbKOCTI rasy, ska Cno>XHBacTbCs CMOXKKUBAYEM.
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[Tpu 3BeneHHi GanaHciB pisHULIO MK 00’eMaMK MepelaHoro rasy, ne-
peAaHoro TpaHCNOPTHUMHU OpraHizauisMu i 00°eMaMH, CIIOKMTHMH CHOXKH-
BauyeM, BIAHOCATH N0 BHMTPAT Ha B/lacHi MOTpeOH, TEXHOJOTNIYHUX BUTPAT,
NOB’s13aHMX 3 NPOBEJAECHHAM PErflaMEeHTHUX Ta aBapiitHuX pobiT, i BTpar rasy
B ra30po3noALIbHUX CUCTEMAX.

BtpaTH rasy B ras’oposnofilbHUX Mepexax NOAIATe Ha HifCHI i
ysaBHi. JIo AIACHUX BTpAT BiAHOCATHCA BTPATH, MOB’A3aHi 3 eKCryaTauiii-
HUMH Ta aBapiiHUMM BUTOKaMM 3 ra3oBoi cucTeMu. JIo ysiBHMX BTpaT Bij-
HOCATE 00’€MH CNOXKUTOro, ae HEOONIKOBAHOIO ra3y Yepe3 HEAOCKOHANICTh
npunagHoro ooiky.

Heo0xiaHO 3a3HaYMTH, WO HaBiTh 3a BiACYTHOCTi BHTOKIB i BUTpaT Ha
TEXHOJIOTIYHI MOTPeOM Ta BiACYTHICTb YABHHX BTpaAT 00’€MH rasy, HajaHi
ra3oTpaHCNOPTHUMHU OpraHizauisMM, i 00’eMH CMOXUTOrO razy BH3HAYeHi
PIBHAHHAMHU (2), (4), y 6inbILOCTI OpraHi3auiii 3 ra3onocTavyaHHsA He MOXKYTb
30iraTucs.

Lle nos’s3aHo 3 THM, IO AN BU3HAYEHHS Y B3aEMHUX PO3paxXyHKax 3
cnoxupayamu 00’emy rasy V, y signosianocti Ao Bumor I'OCT 2939-63
KOHTPO/IOIOTbCA TEMNIEpAaTypa i TUCK, fIKi BA3HAYalOThCA KiHETUYHOIO eHep-
ri€l0 MOJIEKYJT rasy, WO BTPAYacTbCA B NpoLEC] HOro TpaHCMOPTYBaHHA.

S0 TeMneparypa B npoueci NpoXOMmKEHHs rasy no ra3oposnofinb-
HIi MEpex] MOXKE TEOPETHYHO SAIMIUUTUCH 0e3 3MiH, TO THUCK Ha BHUXOAi 3
ra3opo3noAiibHOI CHCTEMHM 3aBXAW MEHIUWI THCKY razy Ha BXOAi L€l cuc-
TEMU, TOMY LIO pyX rasy BiJl MOCTa4aJbHHUKAa A0 CMOXKHBAaya 3yYMOBJICHHH
came pI3HULEIO THCKIB Ha BXOAi i BAXOAiI CUCTEMHU. Y 3B’A3KY 3 THM, 1LIO THCK
y croxxupaya P, 3a YMOBU PiBHOCTI PeLITH KOHTPOJIbOBAHWUX MapaMeTpiB
3aBXKAM MEHIUMIH BiA TUCKY, BU3HAYEHOro y MocrayajibHUKa P,,., po3paxo-
BaHWH 3a HaBeAeHUMHU GopMyNiaMu 00’ €M CroXXUTOro rasy Vv, ., yne 3apxau
MEHIUHH 00’ €My, 110 BH3HAYEHHH MOCTaYaNbHUKOM V), noc.

[laniHHA TUCKY 3YMOBJEHE 3aTpaTaMHM €Heprii Ha MOJONaHHA TiApaB-
JIIYHOTO ONOPY B NPOLECI TPAHCHOPTYBAHHS.

Y ra3’oTpaHCHOPTHIA CUCTEMI HA MOAONAHHA IAPaBJIiYHOIO OMOpPY ra-
30MPOBOIB BEJIMKOIO AiaMeTpy i 3arainbHoro noBxHHOK0 MeHuue 40000 kino-
METPiB ra3sOKOMIPECOPHUMHU CTaHUIAMU BUTPAYAETbCA 3HAYHUH 06'eM eHep-
rii. 3aranbHa NOBXHHA ra3opo3noaiibHOI Mepexi nepeuiye 250000 kino-
MeTpiB Tpy6ONpOBOAIB 3HAUHO MEHLLIOro JiaMeTPy, HiXK Y ra30TPaHCMOPTHOL
mepexi. ToMy rasopos3noauibHa MEpexxa MOXKE MaTé 3HAYHO Oinbuliuii ria-
paBiiYHUH Orip, HE AUBNAYUCE HA Te, WO WBHAKICTH ra30BOro MOTOKY B ra-
30pO3NMOAUTLHIA MeEpexXi HUXKYaA, a 3arajibHi BTpaTH Ha MOAONAHHA LbOIO
riapaBliyHOro Onopy NOBHHHI OYTH 3HaAYHO OiNBILMMH, HIXX Yy ra30TpaHC-
NOPTHIA Mepexi.
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3 Wi€l npuuMHY rasoBi rocrojlapcTea, sKi MakTh MEHLLI rigpaBnivHi
ONOpH ras’opo3noOAiTbHUX MEpex, NP nepeiaydi rasy Cnoxusauy, 3asxKau
MalOTb MEHLUI BTpaTH. [Nid NpUKasy MOXKHA PO3rISHYTH Ti MiANPUEMCTBA 3
rasonocradaHHs Ta rasudikauii, y sKUX AJa rnepeaadi cnoXxusayam Ha He-
3HAYHI BiACTAHI MeHIUI ABOX JECATKIB KiIOMETPIB NepenatoTbCsl BEJIMKI
00’emu rasy (Oaecbkud npunoprosuii 3apoa, Yepkacbke BO “A30T”, Wo
CIIOXXKMBAIOTL TIOHA/ MLIbApA KyOIUHMX MeETpiB rasy), i NianpHeEMCTBA
3aXi/IHUX perioHiB, AKi Takui 00’eM rasy HanatTh NOOYTOBUM CNOXHBAauam
ra3’0BMMH MEPEKAMU 3arajlbHOM NOBKHHOMW O11g 10000 kinomeTpis.

BTparu rasy 3ymoBneni NOAONAHHAM riApaBnidlioro onopy He nos’s3aHi
3 BUTOKAMU a3y B aTMOC(EPY i IX HE MOXKHA BIAHECTH JIO YSIBHUX BTpAT, IPO-
T€, BOHHU ABNFIOThCH 00’ €EKTMBHOIO pealibHICTIO | MOBUHHI BPaXOBYBATUCH NPH
3BeAeHH] OananciB. Ha naHnii yac METOAMKH TX PO3paxXyHKIB B ra3opo3mno/isib-
HUX cucTeMax He BrnpoBapkeHl. Ha xxans Konuenuis eMHol cuctemu obniky
rasy | 3Be€HHa OaNaHCy Nnojaui — po3noaily — COKUBAHHS B ra3opo3no/iiin-
HIi OpraHizaull ska NOK1aAcHa B OCHOBY €MHOI CUCTEMU O0J1iKY HE BPaXxOBYE
BTPAT 3YMOBNEHHX TiAPaBAIYHUM OMOPOM [a30pO3NOAINLHUX MEPEK.

Brnu pizHulb THCKIB AP 1 Temnepatyp A7 MiXK KOHTPOJbOBAHUMH |
3Pa3KOBUMH JIIYHIbHUKAMH BPaXOBYETHCS B TOMPaBLI A0 3HAYEHHS BETHYMHM
MOXHOKHU KOHTPOJIbOBAHUX NTYMIbHUKIB NPU 1i BUSHAUEHHS 3rigHo 3 [7, 8].

HeobXxiAHO BIAMITUTH, WO NPH OAHMX | THX K€ 3HAUEHHSX PI3HHLD
THCKIB AP 1 Temnepatyp A7 BenUWYHHM MONPABOK fKI BU3HAYAIOTHCH SK
AP/P 1 AT/T 3pocTaloTh NpU 3HWKEHHI TUCKIB | TemnepaTtyp. IlpakTHuHO
BMIUB 1OTO (PAKTOPY ra3opo3noALTLHI OopraHi3auii BiAuyBalOTb AK 3pICT
BTPAT 34 3HAYHKUX MOXONOAAHE Ta NPH 3HWIKEHHI TUCKIB B Mepexax sike 1po-
BOAMJIOCH [ 3a0e3neyeHHs nponaar 3a ras. |

3MEHILEeHHs BTpaT TUCKY B ra3opo3roAlibHIA cUCTEMI NMpU3BEAE A0 OT-
pPUMaHHA CNOXKKMBaYaMH 3HAYHOT KUJIBKOCTI NPUPOAHOro rasy.

EnemenTtapHa 3aMiHa Ha By3ni 00Jliky METOAOM 3MIHHOrO nepenany
THCKY, KMt OONIKOBYE 3a pik MUTbSIPJ KyOIB NnpupoAHOro rasy, aiagparmu
Hla comyio BeHTypi nicns AKoro 3MeHIUEHHS THCKY B TPU pa3v MEHLUE HIXK Y
aiagparMu 3 TUM K€ BiIHOLUEHHAM [ONEPEeYHOro ciyeHHs [S] npusBeac Ao
TOrO WO Ha LbOMY BY3Ji CMOXWBAY OTPUMAE AOAATKOBO MOHAL MIJILHAOH
KyOiuHMX MeTpiB razy B pik. Takux By3niB o0niky Oiiblue aecarka. Ilpu
LIbOMY CAMOOKYMHICTb NEPEOCHaLIEHHs Oye CTAaHOBUTH MEHLLE POKY.

B HaykoBMX OCHOBaX po3paxyHKiB 00’€MiB MOCTAYEHOIO 1 CIOXMWTOro
rasy BBAXae€TbCA, W10 ras cyxui. Bumoru n. 1.2. 'OCT 5542-87 no Borno-
FOBMICTY nepeadayarorh, 1o 6 3HaY€HHS TeMNepaTypy TOYKH POCH B MYHKTI
3pa4i Oysno Huxue TeMrepatypu rasy. 3riiHo JaHUX cepTUdikaTiB HA AKICTb
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razy 3a 2002 p., Temneparypa TOYKHM pOCH rasy B MariCTpajlbHUX ra3onposo-
nax koiaupaeTbes Big Minyc 17°C go minoc 4,5°C. Y yacTusi ceprudikaris
BKa3zyeTbCs, WO TEMMeEpaTtypa TOYKM POCHM BULIA 3a TeMmeparypy rasy B
TOY LI BIAOOPY NpodU. Y 3HAYHO! YaCTHHU BITUU3HAHUX HAPTOrazoBuAOOYB-
HMX POAOBHILAX 3a MAJTUX 00’ €MIB rasy, sKUi Hana€TbCA B MICLEBY ra3opo3-
MOAINBHY MEpPEXKY, BUCOKA NMIACYLIKA rasy 3Ha4yHO niaBMILY€E #Horo cobi-
BApTICTh, TOMY YE€KaTH HM3bKOI TEMINEPATYpH TOUKH POCH rasy B LIMX MEpe-
Kax Ma10iMoBIpHO. | Ha UMX poaoBHLLAX TeMnepaTypa TOUKH POCH HEPLAKO
moxe nepepuulyBatu +20°C. B peanbHUX YyMOBaX ekcruyarauii, Npu pi3kux
HIOHMIKEHHAX TeMMNEpaTypyH B 3WMOBI MicCAlll, TeMICpaTypa rasy Moxe 3HH-
)KYBATHUCb A0 TEMICPATYPU 30BHILIHLONO CEpeAOBHUILA, AOXOAUTH JI0 MIHYC
30°C, 1 Ha ra3opo3noalibHUX IMYHKTaX B MpoOUEC! peayYKYBaHHS 3 BUCOKOIO
THcKy Bia 60 atmocdep a0 3 atmocep B pesynbTaTi gpocenb-ePpekTy no-
AaTKOBO 3HMKYBaTuch Ha 10...30 °C,

B pesyjbTari 3HWXKEHHS TeMMepaTypH rasy A0 3HAYEHHS HWXKYOro 3a
3HAYEHHS TEMIEPATYPH TOUYKW POCH B rasonpoBojax Ha CTiHkax Tpydornpo-
BOJlY BHIMAAaE KOHAEHCAT BOJIOTH Ta BYI/IEBOJHEBUX CHONYK, HAABHICTD KO-
ro CMOTBOPKE pe3ynbTaTH BUMIipiOBaHb. [IpM BCTaHOBNEHHI MOOYTOBUX
MeMOpaHHMX JIIYMNIBHUKIB MO3a MEXaMH OMantoBaJIbHUX MPUMILLEHL QiK-
CYETbCA BUXiA NIUWJIbHUKIB 3 1aAy 4yepe3 3amep3aHHs CKOHACHCOBAHOL BOJIO-
ru. B 2002 p. Oynu 3aakTOoBaHI BMMAaAKU BUSBJIEHHS KOHIeHcaty B BAT
“ITonrasaras”, “Jlyraucokras”, "XXuromupras”. [1poTte, 3aTBepaxKeHOl METO-
JAMKH PO3paxyHKiB BUTPAT B YMOBAX MOHHXXEHHA TEMMEPATYPH 30BHILLIHbLOIO
cepeloBULIA | raly Mpy 3HAYEHHAX TEMNEPATYPH TOUYKH POCH HHXKUOI 3a
TeMTiepaTypy TpyoonpoBOAy Ha NaHMUH Yac HEMaAE.

IcHylOUi METOIWKM pO3paxyHKY 00’€MiB NMOCTau€HOro rasy He Bpaxo-
BYIOTb 3HAYEHHSA TeMNepaTypH OTOYYIOHYOro CEpeaoBHILIA.

3HHIKEHHA 3Ha4YeHHs TEMNEpPATypH TOUKM POCH BUMAra€ 3Ha4yHHUX 3a-
TpaT. Y 3B’A3KY 3 UMM NpPONOHYBanoCh BMPOBAAMTH 3MIHKM N0 TEXHIYHMX
YyMOB TIO MiJBHLIEHHIO 3HAYEHHS TEMMEPATYPH TOUKU pocH. Ha OCHOBI BUK-
nafieHux QakTiB UbOro poOUTH HE MOXHA.

Hagrorasosuao6yBHi opraHizauii, Bil AKMX OTPUMYIOTb ra3 nifiNpHEM-
cTBa 3 razonocrauyaHHa Ta rasudikauii K “I'a3 YkpaiHa”, B OKpeMHX BH-
najgkax He MOXYTb 3a0e3reunTu HeoOXiJHY TeMMEpaTypy TOYKH POCH, dKa
Oyna 6 HWXKua 3a TeMNeEpaTypy rasy i rasonpoBoAy 3a BCIX YMOB €KCILTya-
Tauii. Buxig 3 uboro nojoXeHHs, OUeBU/HO, B NiJIBULLEHH]I BUMOI 10 By3/a
06niky. MoxnuBo, uio ans 3ade3neyeHHs BiACYTHOCTI KOHAEHCALT HA CTiH-
Kax TpybonpoBoay, HeoOXiaHO po3MilliaTd BY307 00J1iKy B OnanioBalibHOMY
MPUMiilIEHHI.
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Ha >xanb, Teoper1MyHOi 0a3u Teopii igeanbHUX rasiB ansd 3ade3neyeHHs
HeoOXiAHOT AOCTOBIPHOCTI OOJIIKY 00’€MIB peaibHOro rasy HeAOCTaTHLO.
BiacyTHicTh 10CTOBIpHOT iH(¢OpMaLii MO CKany rasy He A03BONAE BIPHO BU-
3HAYUTH HOro METPOJNIOTiYHI XapakTepuCTHKH. [1pakTUYHO MU BUKOPUCTO-
BYEMO B pO3paxyHKax JiMLie 3HAY€HHA BMICTY a30Ty, ABOOKMCY BYIJIEUIO Ta
'YCTHHH rasy, B TOit 4ac K, 3rilHO METOAHMK pAAY 3apyODKHHMX KpaiH, npu
BM3HAY€HHI 3HaY€HHA KOeQiLIEHTY CTUCAMBOCTI BUKOPHUCTOBYETbCH iH(POp-
mauig 3 8 abo 18 ck1anoBMX KOMNOHEHT rasy.

Y HaloMy HalWioOHaJILHOMY MpOrpaMHOMY 3abe3neyeHHi AONYyCKaETbhCs
BUKOPHUCTAHHSA YOTUPbOX METOAIB BU3HAUYEHHS CTMCAMBOCTI rasy. B neBHux
Aiana3oHax BUTPAT MOXYTb 3aCTOCOBYBATUCH Pi3Hi METOAW BHU3HAUEHHS KO-
edilliEeHTY CTUCIMBOCTI, AKi 3a OAHAKOBUX 3HAY€Hb NapaMETPIB apryMEHTIB
JAl0Th Pi3Hi pe3yabTaTh obuucnedb. ABTopu [4] nokasanu, WO pi3HULUA B
po3paxyHkax o00’€eMy rasy, fkuii npoilloB 4epe3 NPUKOPAOHHI Traso-
BHUMIpDIOBaJIbHI CTaHUii 3a pik, NpM BUKOPUCTAHHI B pO3paxyHKax Ko-
edillieHTY CTUCAMBOCTI BU3Ha4YeHoro 3a MeroankamMu GERG — 91 [6] 1 Ilpa-
BHJI [5], cTaHOBUTb 27 MinbHOHIB KYOIYHHX METPIB.

VY Haiibinbu NolMpPEHOMY METOAI BU3HAYEHHS BUTPAT razy — MeETOAL
3MiHHOrO nepenagy THCKY — MPUHHATO, LIO NPOLEC BUMIPIOBAHHA Ma€
aniabarnunuil (isoeHTponiiinuii) xapaktep (npoxoAuTbh 6€3 TENNOOOMIHY 3
oTouylouuM cepeaouiiem), B n. 6.3.9 OCT 8563.2-97 3 nocunaHHIM Ha
ISO /TC/ 30/SC2/8 Ne H:1990 Code of practice of ISO 5167 HaBeaeHo naHi,
WO TeMmnepaTrypa BHACJiAOK pO3WIMPEHHS NOTOKY 3a 3BYXKYIOUHUM MpU-
CTPOEM, K TIPABUIIO, HIXKYE TEMIEpaTypH Nepen 3BYKYIOUHUM MPHCTPOEM Ha
0,1...0,4 K.

Pe3yneTaTd JAOCNifKEHb, MNPOBEAEHUX METPOSOriHHUMH CayXbaMu
BAT “XmenbHuubkras”, “Isano-®paHkiBcbkras”, cBiqyarb, WO TeMnepary-
pa TpyOoonpoBoAy 3a 3BYXYHOUMM MPUCTPOEM 3a NMEBHUX PEXHUMIB ra3ono-
CTauaHHA MOXE BIJAPI3HATHCH BiJl 3HAYEHHA TEMNEpaTypd Neped HUM Ha
4...6°C.

[pu ouinui noxubku 3a PJI 50-213-80 Ta 'OCT 8 563.2-97 Bu3HaueH-
HS BUTPAT NPUHMAIOTLCA JOMYLIEHH, WO !

— MDK OKpPEMMMH CKJIaOBUMH MOXMOKM BHMiploBaHb HE ICHYE Kope-

NMAUIMHNX 3B’A3KiB i BOHM BBaXKAlIOTHCA HE3aleXXHUMH OAHA Bill OAHOT;

— 3aKOH PO3NOALNY BHMAAKOBHX NOXUOOK BUMIPIOBaHb — HOPMAaJIbHHH.

V peanbHHX yMOBax BUMipIOBaHb iCHY€ B3aEMO3ANEKHICTb THCKY, TEM-
neparypH i nepenany TUCKY i ixX 3a1exXHIiCTb Bifl 30BHilLHIX ¢aKTopiB, siKa He
3aB)KOM BHM3HA4YacThCs 1 HE BpaxoByeTbed. Yepes OaratoakTopHy 3aiex-
HiCTb pe3y/IbTaTiB BUMIPIOBaHb HOPMaNbHUMN 3aKOH PO3NOALNY 3yCTpiuacThb-
cq AyXe plaKo.
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¢akTH cTaBAATE NiA CyMHIB TPaBOMIPHICTb 3aCTOCYBaHHS KO-
ediuieHTa agiabat i, BIANOBIAHO, AOCTOBIPHICTh PO3PaxyHKY BHTpaT Ta
3HaueHHs WMOBIPHOI Noxubku po3paxyHkiB. HeBipHO oOpaHuii MaTeMaTHu-
HUH anapaTr BH3HaY€HHA HMOBIPHOI NOXMOKM NMPU3BOAUTL AO TOrO, WO pe-
anbHa noxubka oOYMCNEHb CYTTEBO PpI3HUTBCA Bild PO3paxyHKOBOI. Sk
CBiJ4YMNM pe3ybTaTH BUMIPIOBaHb, NP BCTAHOBJIEHHI Ny0/1I0I0YMX CUCTEM,
3a 3HA4Y€HHS PO3paxyHKOBOI MOXHOKH By3na o0Jiiky B Mexax a0 5%, peaib-
Ha po30iXHICTb pe3ynbTaTiB 00UMCIEHb LbOrO By3/ia 00JiKy 3a NEBHUX pe-
- .AMIB nepesuilysana 20% [2].

Cy4acHi nporpamu po3paxyHKiB He BpaxoOBYIOTb (pakTOpiB BIIMBY
nepiogy OMUTyBaHHA Ta 0OpoOKH iH¢opMaLii. JHaYEHHSA BEJIHYHH KOHTpO-
NbOBaHHUX MapaMeTpiB MOXYTb OpaTuch sik cepeaHimu 3a 0,2 ¢, Tak i cepea-
HiMK 3a 100y, a 3Ha4YeHHsA 6ApOMETPUYHOr0 TUCKY MOXe OpaTUCh cCepeiHiM
3a pik no perioHy. [IpoBeneHi ekcriepuMeHTalbHi poOOTH nokasanu [1], wo
OZHI 1 Ti K 3HA4YE€HHA KOHTPONIbOBAHUX NapameTpiB, NPH YCEPEAHEHHI 32 2 C |
pU YCEepPEeAHEHHI 3a 00y, 3a NEBHUX PEXHUMIB ra30Crno)KUBaHHS MPUBOJAATD
JI0 po30i>XKHOCTI pe3ysibTaTiB po3paxyHkiB Ha 14 %.

[Mpuknaa BaMBy nepiofy 4acy Ha 3HAY€HHS BEMYMHM NOXUOKH BeEJIH-
YAHHU nepioay, 3a AKUH NpoOBOAUTHCH YycepedHeHHs HaBeaeHuid B [OCT
8.563.2-97. [lpote, y nporpaMHOMY 3ale3neuyeHHi 10 LbOro 4yacy He npui-
HATE €IWHE 3HAYEHHA MEpiofy ONMUTYBAHHA 1 YCEpEAHEHHS 3Hauy€Hb KOH-
TPONbOBAHUX MapaMeTpiB, sike 6 A03BOJIMIO B OAHAKOBUX YMOBAxX MaTH OA-
HAKOBY BENUYUHY NOXUOKM.

OCHOBHMIfT METOA BH3HAY€HHA 00’€My NPHUPOAHOro rasy — MeETOX
3MIHHOIO Nepenajy TUCKY — HE BPaXOBY€E HasABHICTb APOCeNb-e(eKTy, BTOMY
BUNAAKY, KO BY30J 00iKy po3TalloBaHWii nicis peaykropa. B pe3ynbrari
TOrO, 1O AONYCKAETbCA PO3TalllyBaHHSA TiJIb3U TEPMOMETPA B 30HI MOHHUNKE-
HOI TeMMepaTypu rasy, nicnsa peayKyBaHHs, TeMNepaTypa rasy, ska deperbcs
B po3paxyHkax, Moxe OyTH 3HAQUHO HHIXKYOKO 3a TEMIIEpaTypy rasy B 30Hi
CTaHAAPTHOIO 3BYXKYHOYOr0 MPUCTOKW. Po3paxyHku NMpoBENEHI NPU TaKOMY
3HAYEHHI TEMMNEepaTypH 3aBUILYIOTb peanbHlI 3Ha4Y€HHA BUTpart. JlocaimkeH-
HA, MPOBEACHI cneuianictamy MeTPOJIONYHUX CNyxk0 rasoBuUxX rocnoaapcrts
“XMenbHuubkras”, “IBaHo-OpaHKiBCbKras”, nokasanu, 1O TeMrepaTypa
MOJKe BIAPI3HATHCH Ha 5°C. BUKOpUCTaHHSA B pO3paxyHKax TemMnepaTypH ra-
3y HWXK4YOl Ha 5°C Biag Temneparypu rasy B 30HiI AiagparMu, fK Lie TPOBO-
AWTBCA Ha By3ii obniky rasy Ha 'PC lllapoBeuyka npu noctayaHHi rasy B
BAT “XMensHHLUBKMa3”, NPU3BOAUTL A0 3aBHLUECHHA 3HAYEHb pospaxoaauo-
ro 06’emy 6inbie 1 MinbioHa Ky6iB rasy LWOpIYHO.

3rigHo mn. 6.2.11.6., 6.3.5. 'OCT 8.563.2-97 B 6araTOHMTKOBHX CHUCTE-
Max BHUMIpIOBaHb, MPU PO3rajyXeHHI MOTOKY MO KiJIbKOX napaienbHUX
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BMMIpIOBaJIbHUX TpyOonpoBoaax 3 0HaKOBUMHM BHYTPIiLLIHIMU AiaMeTpaMH i
O/lHAaKOBUMH PO3MIpaMH 3BYXKYKOUOro NMPUCTPOIO, AOMYCKAETLCA BHUMIpIO-
BaTU THUCK 1 TEMIIEPATYPY TiIbKK B OAHOMY 3 TPYOONpOBOIiB.

Y peanbHHX yMOBaX CMOXWBaHHSA, B PE3Y/AbTATI 3al€XHOCTI TeMMepa-
TYPH BIA PEXKUMIB CIIO)KUBAHHSA (Nepenany TUCKY) | TUCKY rasy BiJl TeMnepa-
TYPH, 3HAYEHHA TUCKY | TEMNEPATYPH B HUTKAX 3 OAHAKOBUMH IeOMETpPHY-
HUMH pO3MIpaMHu, asie pisHUMHU peXMMaMH CNOXKHUBaAHHA OyayTb pi3HUTHCA.

PesynbTaT nocnikeHb CBIAYATh, 10 TEMNeEpaTypa rasy i Temneparypa
TpyOOmnpoBoay MOXyTb PI3HUTHUCh Ha 3HauHY BenuuuHy. [1poTte, B icHyIHOUHUX
nporpaMax po3paxyHkiB Temneparypa rasy, TpyoonpoBoay i CTaHaapTHOIo
3BYKYKOUOro NPUCTPOIO MPUHMAETLCA 0HAKOBOIO.

BukopucTtanHa B OOUHUCNEHHAX 3HaYE€Hb TEMIEPATYP | TUCKIB, BiAMIHHHX
BiJl peajibHUX, NPU3BOANTb 0 CYTTEBUX NOXUOOK B OOUHUCNEHHAX BUTpAT.

Y peanbHUX yMOBax ekcniyarauii BiAMiYalOTbCA BHUMAAKU HECHUMET-
PUYHOrO BiAKJAAEHHsA 3a0pyAHEHb Ha CTaHAAPTHOMY 3BYXYIOUOMY MpHU-
CTpOI, B TOH YacC SK BUMOTrM A0 NpAMUX AUTAHOK Ha By3Jax 00Ky MOBHICTIO
BIAMOBIAAIOTL ICHYIOUUM BUMOram. Lle cBiauMTb Npo Te, 1O B pO3paxyHKax
NpAMUX AIIAHOK BpaxoBaHi HE BCl akToOpu BMIIMBY Ha (POPMYBaHHS ra3oBoO-
ro NOToky. A HecniBnaziHHg OCi ra3oBOro nNOTOKY 3 BiCCIO TpyOonpoBoAay
NMPU3BOAUTb A0 3HAYHUX NMOXUOOK B pO3paxyHKax.

OO0nik razy Ha 6a3i niYMJIbHUKIB OCHOBHA TEOpeTUYHA 6a3a KOHCTPYKLUIT
akux Oyna pospobneHa B 19 i nepuwiii nonouui 20 cTONITTA, KONK OO iX
TOYHOCTI CTaBUJKCHL Habararo ¢1ablui BUMOrH, TaKOXK Mae€ paa npodneM.

3 pocTom 00'eMiB CIOXHMBaHHSA, 30L1bILIEHHAM HOMEHKJIATYPH CMOXH-
BalO4YOro obnasHaHHA, Aiana3oH BUMIPIOBAHHS ICHYIOUMX 3ac00iB BHUMIpIO-
BaHb Y OLNbLIOCTI CMOXMBA4iB He NMEPEKpUBAE Aiana3oH ra3oCnoXXUBAHHS
ra30CrnoXHBa4yoro 00aiHaHHs.

3HaueHHs BEJWYMHHU NOXMOKM 3a piZHUX BMTPAT B Jiana3oHi BUMIipHO-
BaHHA HEOJHAKOBI 1 3A1€XHICTh BEIMYMHM NOXHOKH BiJ BENIHYUHHU BUTPATH
HOCHTBb HeNiHiMHMI XapaKTep, L0 He BPaxOBYETbCA B 3aC00ax BUMIpHOBaJIb-
HOT TEXHIKH, KA EKCIIIYaTy€EThCA.

HemocTtaTHbO BpPaXxOBYETbCA BIJIMB BHMIpPIOBAHONO i HaBKOJIMLLUHBOTO
cepenoBuila. Ko aeski BUpOOHHUKH NiYMAbHUKIB 32 KOPAOHOM M0 3aMOB-
NEHHIO MPOBOAATb BHU3HAYEHHS YAaCTMHM XapaKTEPUCTHK JYMIIbLHHKIB Ha
NMPUPOAHOMY ra3i, TO BiTYM3HAHI BUPOOHUKH MPOBOAATL BCi BUNPOOYBaHHA
Ha MOBITpI, AK€ CYTTEBO PI3HUTHCA 3a CBOIMH BJIACTHBOCTAMH (TYCTHHOIO,
B’SI3KIiCTIO, YNCTOTOK) BiJl BNAaCTHBOCTEH NMPUPOAHOro rasy. 3HauyeHHs AO-
AATKOBWX MOXUOOK Bi BIUIMBY TEMMEpPaTypH HABKOJMLIHLOIO CepeioBHILA
BU3HAYAIOTHCH LWIAXOM BUNPOOYBaHb MpH Pi3HUX 3HAYEHHAX B’A3KOCTI OJH-
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BH, B TOH 4ac 5K B peaJibHUX YMOBAX 3MiHa TeMINepaTypH BIUIMBAE HE TiJIbKU
Ha B’A3KICTb, @ HA BCi CK1a0Bi JIIYHJILHUKIB.

Y 3B’A3KY 3 UMM JIYHJIBHUKH SKI MAIOTb 3a10BiJIbHI XapaKTePUCTHKH Ha
MOBITPI B yMOBaX BUPOOHMUYMX BUNPOOYBaHb B peajlbHUX YMOBAX eKCya-
Tauii Ha NPUPOAHOMY ra3i MalOTh 3Ha4Hi NOXHOKH.

Y poborti porauiiinux i TypOIHHUX NiYMALHUKIB Ans 3a0e3neueHHs 1X
yHKLIOHYBaHHS MIXK CTIHKOIO KOpNyca i pOTOpaMH Ta efleMeHTaMu TYpOiH-
HOro KoJieca 000B’43K0BO MOBUHHI OYTH HELLITLHOCTI, MO AKMM Bi0YBaIOTh-
CSl NEBHI HEKOHTPO/IbOBAHI NEPETOKH rasy [9].

BiaHOLWIEHHA BENMYMH LUMX HEKOHTPOJIbOBAHUX MEPETOKIB rasy 1o 3a-
raJlbHOro NOTOKY rasy y npoOMHCIIOBUX JIIYWIIbHUKIB Mi3€pHE TOMY MpPOMMU-
CJIOBI JIYMIBHUKU HABITh 3 UMMM NMEPETOKAMH HEKOHTPOJILOBAHOIO rasy 3a-
Oe3neuyroTs 001K rasy 3 noxXubKoK B Mexax J0 OAHOr0 NPOLIEHTAa B 3HAuY-
HOMy Aiana3oHi. [lpy BuMIpIOBaHHI ManuMx BUTpAT rasy, siki HeoOXigHO
obnikoByBaTu B noOyTi, mounHarouu 3 18 niTpie Ha roaguHy A8 3anaibHUKa
KOT/la BENMYMHA BiJHOLIEHHS LUMX HEKOHTPOJIbOBAHUX MEPETOKIB rasy Ao
MaJIMX 3Ha4Y€Hb KOHTPOJIbOBAHUX BUTpPAT cTa€ OiJibll BaroMa i NpMBOAHTbH 110
3HaYHUX MOXHUOOK B 0OUHCNEHHAX. B 3B43Ky 3 UMM 3a pekomeHaauisMyd R32
MixxHapoaHoi oprasisauii 3 3akoHoaaB4oi Metposiorii OIML 3aTBepmkeHo
HOMiHaM POTALiiiHKH | TYPOIHHUX NIYHIBHMKIB Big 16 M’/roa i BULE

BiTuM3HAHI BUpOOHUKH OCBOINM BUPOOHULTBO MOOYTOBHX POTOPHMX i
TYp6iHHUX NiUMNBHUKIB MOYMHAIOUM Bl HOMiHAIbHOI BUTpaTH 2,5 M /TOA.
Jns 3aA0BiNIbHOL YYTAMBOCTI LUX JiUUNbHUKIB OYJIM KOHCTPYKTUBHO 3a0e3-
neyedi Mani 3a3opu. B pesynbrari Toro, 1o 3a3opu Malli 3pocTac BIJIMB Bij-
KNafaeHb CKNAaJHUX BYrA€BOJAHEBUX CMOJYK MPUPOAHOro rasy, siki oCijarouu
B 3a30pax Ha CTIHKax JIYWJIbHUKA Ta AeTansix poTopiB i TypOiHHOro Koneca
ranbMyrTb poOOTY NniunnbHHUKA. | sk Hacnigok uboro y 80% nepeBipeHuX Ha
2-3- pik ekcnayarauii noOyToBUX pOTALIMHMX NIYWJBHUKIB 3HAYEHHS
CTapTOBOI BHUTPAaTHM He BIAMNOBIAAOTL TEXHIYHWM YMOBaM, OiNbLIICTb
NIYUABHUKIB NpPU MPOBEACHHI MO3a4eproBoi MOBIpKH 3abpakoBYyHOTbCA 3a
MiHiManbHUX BUTpaT. CTaTUCTHUHMIT MaTepian BAT “IsaHo-OpaHkiBCbKras™
cBiaunTh WO 19000 niYMAbHUKIB POTOPHOro THUIY HApaxyloTh 3a pik Ha 4
MiJIbAOHM ra3sy MeHLUE BiJ TaKOi KiIbKOCTi JIIUMNbHUKIB MEMOPAHHOTO TUNY.

[IpakTH4HO Yy NiYMNBHUKIB BCTAHOBJIEHUX MO3a Me&Xamu OYAMHKY Bia-
CYTHI KOpeKTopu no Temneparypi. Baumky 0e3 kopekuii nmo temnepartypi
00’€MiB CMOXXUTOrO rasdy rasoBi roCnoAapcTBa MawTh 3Ha4Hi Brpatu [10]. 3a
JAaHWMHM HaBeJeHWMM cheujaiictamu ¢ipmu “Ilpemaras” niunmnbHUKH 6e3
TeMnepaTypHOi komneHcauii saki 3a Temneparypu 15-20°C mManu noxubky B
mexax 1% 3a Temneparypu MiHyc 15°C marorb noxubky 10% sky HIXTO He
BpaxoBY€. A TaKuX JI4UIbHUKIB 3apa3 HApaxoBYETHCA 6arato AECATKIB TUCAY.
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BcraHoBneHHs noOyanMHkoBOro obiiky 6e3 KopekTopiB Mo TemMmneparypi
Takox Gyne Npu3BOAMTH A0 BETUKKX BTpaT.

IcHytounit aoceia nobyanHkosoro ob6niky Ha 0asi pOTOpPHHUX, yabTpa-
3BYKOBHMX JIIYWJIbHUKIB NOKAa3aB, 1O B Npoueci rasonocrayaHHs nodyToBux
CNOXHWBa4iB 3a BIACYTHOCTI LEHTPali30BaHOr0 TEMJIONOCTAaYaHHA ra3ono-
cTauaro4i opraHi3auii HeCyTh BeJIHKI BTpaTH.

JIo UbOro yacy HeBWpillleHe NHUTaHHSA 3 NpUBeNEHHA OOpaxoBaHUX
00’eMiB rasy B XXHTAOBOMY ¢OHAI A0 HOPMANbHWX YMOB BM3HAY€HUX BUMO-
ramu ['OCT 2939-63.

VY pesynbTaTi TOro, WO TPAHCNOPTYIOUI OpraHi3auii po3paxoBylOTh MNO-
cTayeHi 00’€MU raly B HOpMaIbHMX YMOBAX, @ ra30TPaHCNOPTHI OpraHizauii
BeCb 00’€M rasy cCnokMToro nobyTtoBMMH NiYHJIbBHUKAMH 00paxoByrOTb B
¢i3zuuHuX Kybax, BTpayaloTbCs MUIbHOHU MPUBEHbD.

Henonikn HaykoBoi 6a3u XapaKTepHi HE TiIbKU AN BITYU3HAHOI TexX-
HIKM i TeXHOJOrii BUMipOBaHb BUTpAT rasy. Tak, kosiHa TpyOonpoBoay Ha
no4aTky i BKiHUi BMMIipIOBalIbHOI JINIAHKH B KOHCTPYKLIii €BponencbKoro
noGyTOBOro yJbTPa3BYKOBOrO JliYMJIbHWKA BIUIMBAIOTh HA €MIOPY pO3noAiny
LUBUAKOCTEH Tra3y nmo nepepizy TpyoonpoBody, XapakTEPUCTUKH TYypOYNeHT-
HOCTI NMOTOKY i BIANOBIAHO Ha AOCTOBIPHICTb 00MIKY.

Y BITYM3HAHOMY NPAMOTOYHOMY YJbTPa3ByKOBOMY MOOYTOBOMY Ji-
YWJIBHUKY KOJliHa BiACYTHi, MpOTe€ KOHCTPYKTOPM Ha MOYaTKy i B KiHLI
BMMIpDIOBAJILHOI AiNIAHKA BCTaHOBUIM YJIbTPa3BYKOBH BHMMPOMiIHIOBAY 1
npuiMay, AKi TaKOX BHOCATb BiANOBIAHWH BIUIMB HA XapaKTEPUCTHUKH TYp-
OyJNIEHTHOCTI MOTOKY i AOCTOBIPHICTb BUMIPIOBaHb.

HenocratHiii piBeHb HaykoBoi 0a3u mpu po3pobui nodyTroBux TepMo-
aHEMOMETPHYHHUX, TYpOIHHMX, POTOPHHUX NIYMIIBHUKIB 3YMOB/IOIOTL BEJIH-
ye3Hi BTpAaTH SK HAa OCBOCHHA BMPOGHMLITBA, Tak i MpH eKcnayarauii npo-
AYKLii, L0 He BiANOBiAa€ BUMOraMm eKcnJjyaratii.

[Tpouec HaykoBo HeOOrpyHTOBaHMX pill€Hb BNPOBAIKEHHS HOBOI TEX-
HiKM MpoAoBXyeTbcA. [IpuknaaoM uUbOro MoXe ClyXUTH po3poOKa, BHIro-
TOBJIEHHA | NpPOBEAEHHA eKCIulyatauiiiHux BunpoOyBaHb NeBiTauiHHO-IM-
nyabCHUX TYpOiHHKUX niunnbHKKIB JIMC-1. Manuii niana3oH BUTpaT, BUCOKI
BMMOTrH JO CKJiaay rasy, A0 ocoOnMBOCTEH HOro BCTAHOBJEHHS OyayTh 3y-
MOBJIIOBAaTH NpobaeMu ekcniyarauii UMX Ji4UIbHUKIB B TTOOYTI.

PosrnaHyTi Bulle Aeski npobneMi HaykOBOi OCHOBH METPOJNOrIYHOMO
3a0e3neueHHs TICHO NMOB’A3aHi 3 iICHYHOYMMH 3aKOHOAABYO-HOPMATHBHHUMH,
TeXHIYHUMM i OpraHisauiliHHMW OCHOBaMH, BMJIMB AKWX HEMOXIHBO IMHOO-
KO PO3KPUTH B M&XaX OJHIET CTATTI.
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[Npote, npauiBHUKaMH HAYKOBHUX YCTaHOB, BUPOOHMUTBA, eKCIJTyaTauil
Ta BIANOBIAHMX CNYyXKO anapaty ynpasiiHHs poOOTH 3 NiABULIEHHA TOYHOCTI
BUMIpPIOBaHb MPOBOAATLCA | HA LIbOMY TE€pPEHI € 3Ha4Hi JOCATHEHHA. AJe B
3B°A3KYy 3 BIACYTHICTIO KOOpAMHALIT pobiT 6arato 3 HUX NPOBOAUTLCA Mapa-
nenbHO. 3Ha4YHa YacTHHa po3poOHUKIB NMOBTOPIOE NMOMUIKH, ki Oynu pony-
weHi nonepeaHdkamu. OKpemi JOCATHEHHS HE CTaloTh 3A00yTKaMH LUKHPO-
Koro 3arany. 3a HEAOCTaTHOCTI Y po3poOHHUKIB AOCTOBiIpHOI iHpopMaLlil 3 ek-
crnjyarauii 3aco0iB BHMIPIOBaIbHOI TEXHIKH 6arato pobiT npoBOAHMTbCA B
Oe3nepcnekTUBHUX HaMpsAMKax, B pe3yJibTaTi LbOro KpaiHa Hece 3HauHi
BTpaTH.

BincyTHicTb iHdopmallil npo po3podbku, siki NnpoBOAUIUCH | IPOBOAATh-
C4 OKpEMHMMH OpraHizauisMH, AyXe raibMy€e€ npouec MiABHILEHHS pIBHA
METPOJIOTIYHOrO 3abe3nevyeHHs 00Ky rasy.

Y 3B’S3KYy 3 THM, 1O THTAHHA YAOCKOHANEHHA TOYHOCTI 00niKy rasy €
HarajJlbHUM 71 ra3oBoi NpoMHcaoBocTi Ykpainu, B HAK “Hadgroras Ykpai-
HU” Oyno npuiiHATe pillIeHHS CTBOPUTU METPOJIOTIYHHUHA LEHTp, sikuk Oyne
OCHallleHHi 0061aaHaHHAM, L0 BiAMOBIAa€ BUMOraM Cy4aCHOCTI.

Ak BiaoMO, e(deKTHBHICTL pOOOTH HalcyyacHiworo oOJaJHaHHsA B
nepuly 4Yepry BH3HAYa€TbCA piBHEM KBaiiikauii cneuianicTiB, SKi NpoBO-
AATh poO0OTH Ha LbOMY OoOnanHaHHi. B cuny cneundiku obniky razy BUCOKO-
kBasliikoBaHi (axiBLi cneuianizyroTbCA M0 OKpPEMHMX HalpsMKax MeETpo-
noriyHoro 3abe3neyeHHs i CKOHLUEHTPYBAaTH B OAHOMY METPOJIOTiYHOMY
LEHTPi 3HaYHY KiJIbKiCTb BACOKOKBaNIi()ikOBaHUX CMELIaNiCTiB HEPEAIbHO.

[Tpote peanbHO i e€(eKTHBHO MOEAHATH iHILIaTHBY pO3pOOHMKIB, BH-
pOoOHHKIB Ta eKCIJTyaTaliiHUKIB 3 MOXKJIMBOCTAMU METPOJIONYHOrO LEHTPY.

[TponoHyeTbCs, NiABUIUMTH €(PEKTHBHICTL YCYHEHHS HEMONIKIB HAYKO-
BOi, TEXHIYHOI 1 3aKOHOJAaB4O-HOPMATHBHOI OCHOBH, YJOCKOHANMBLIH Op-
raHisauiiHy OCHOBY.

BpaxoBylouH, 10 HA JAHMH 4ac HaMNOTYXHIlIMM JOKEpEnoM OOMiHy
iHdopMallii ABNAETbCA IHTEpHET, Ha CbOroAHIlIHIA AeHb Oyno 6 noUiIBHO
NpoBOANTH 0OMiH iH(popMaLi€lo i, HaBiTb, Hapaau Ha 6a31 eNCKTPOHHOI M0Y-
TH METPOJOriYHOro ueHTpy. [IpM HakonuueHHi JOCTaTHBOrO Martepiany,
akuii 0yB OM KOpMCHHUIA BCiM MeTposioram rajiy3i, METpOJNIOriYHUH LEHTP Mir
OW CTBOPHTH CBiii caliT HOBIAHMKOBOT iHPOpMaLlii 3 0OMiIHY NOCBIAY.

ABTOpH CTaTTi MPOCATh YUTAUiB, AKi MOAINAIOTE AYMKY LLOAO AOUiJb-
HOCTI 3rypTyBaHHs METPOJIOTIB rainy3i Ha OCHOBI METPOJIOTIYHOro UEHTPY
ab0 MaloTh iHLLII NMPONoO3uLii 3 ULOrO MPUBOAY, MOBIAOMUTH CBOIO AYMKY Ha
eNEKTPOHHY aJipecy LeHTPY ceemb@yvisti.com
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BucHoBoOK

Po3risHyTta BullEe HacTUHA NpoOACM METPONOriYHOro 3abdbesneyeHHs
CBIAYHTBL 1O ICHYIOUYI HENOJIIKW MOXYTb MPU3BOAMTH AO 3HAUHMX BTPaT B
rasoBid ranysi. Haa nocnikeHHAM i BUpIlUEHHAM JAESKHX 3 UMX npodnem
MpaulooTh AK cneuianicty metponoriyHoro ueHtpy HAK “Hadroras Ykpai-
HU” TaK 1 pAl HayKOBUX YCTA4HOB Ta BUPOOHMUHHUKIB i ekcnjyaTaliliHUKIB
MeTponoriyHoi TexHiku. [lpote ans niaBuleHHS ePeKTUBHOCTI pobiT aKi
NPOBOAATLCA B LIbOMY HANPAMKY AOUIJIBHO NPOBOAWTH iX KOOpAHHALIK. [ns
KOOpAMHALUIT CNiIbHUX poOIT HEOOXiAHO BU3HAYUTH i CTBOPUTH opMy Ti op-
raHizadwii.
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Kuiscbkuit HaulonanbHuii yRiBepcuTeT

OyHiBHHUTBA 1 apXITEKTYPH

Ceprudikauliinnii BUNpoOyBallbHUH LEHTP

onaoBanbHoro obnaaHaiua (M. Kuis)

ATMOC®EPHI NANbHUKUA B TA30BUX
MAJNTOMETPAXHUX KOTNAX

[IpocToTa KOHCTPYKLii i HaaifHICT B €KCIUlyaTauii aTMOC(epHUX na-
JILHUKIB 00YMOBHIIO X IUMPOKE PO3NOBCIOMXKEHHS B CYUACHI onantoBasibHi
TEXHIiUI.

[lpouec ropiHHs CynpOBOMXKYETbCA BTpPaTaMM TETJIOTH BiJ XiMIHHOT He-
[NIOBHOTH 3rOpaHHs, W10 3HMXKYE €(PEeKTUBHICTb BUKOPUCTAHHA rady Ta Hera-
THBHO BIUIMBAE HA €KOJOTTYHUH CTaH HABKOJIMLLHbLOIO CePEAOBHILA.

B 3anexHocTi Bii koedilliEeHTY HaQIMLUKY MOBITPS IHXEKUIHHI MaJlbHK-
KY NOAINIAOTLCA HA /IBi TPYNH: 3 YACTKOBUM MONEPEAHIM 3MILLYBAHHAM ra3y
3 noBiTpAM (0'<1) Ta 3 MOBHUM nonepeaHiM ix 3miulyBaHHam (a>1).

[MepBuHHe noBiTps B 00°emi 40—70% nNIACMOKTYETbCA B IHXKEKTOP
(a'<l), a BTOpMHHE NOBITPA, AKE HeoOXiaAHE AN MOBHOrO CranloBaHHg ra3sy,
HAAXOAMTb 3 HABKOJIUILHBOIO CepeAoBKiLa Oe3nocepeaHbo A0 KOHTYPiB M0-
nym’s nanbHuka. ['a3 3ropae 3a KiHeTHYHO-AW(Y3IHHUM NPUHLIMIIOM, MpH
AKOMY Nepiof YTBOPEHHS rOMOreHHOT CyMilui 3a paxyHok andys3ii rasy 1 no-
BITPs MOAOBXYETHCA, & KIHETHKA XiMIYHOINO pearyBaHHs rajlbMy€ThCA, LIBH-
AKICTh TOpiHHA 3MEHIIYETHCA i BUCOTA NOJNyM’ 301blIyeTbCA. 3a KIHETHY-
HWUM NMPHUHLIKNOM CMajOBaHHA rasy npaliolTh NajJbHUKY 3 @' >1, IpU AKOMY
BUK/IOYAETHCA HAMAOBLUINI MPOLIEC CYMIilIOYTBOPEHHS, LUBHAKICTb FOPiHHSA
301JILIIYETHCA, MOJYM S CTAE KOPOTKUM.

Bin npuiHATOro NpUHLUMNY 3ropaHHA rasy 3anexartb cnocid crabinisa-
uii mosyM’s, Aiana3oH pobo4oro peryatoBaHHs, pO3MIpH TOMOK TOLLLO.

OCHOBHa KOHCTPYKTUBHA BiAMiHHICTb NaNbHUKIB 3 Pi3HWMU NPHUHLHUMIA-
MW CNajiOBaHHS MOJArac B pO3TallyBaHHI COMNa BiAHOCHO KOH(y3opa. B
nanbHHkax 3 a'<l ra3oBe COIIO pO3TALLOBYETLCA Ha MexXi B KOH(JY30p, a B
nanbHuKax 3 a1 comno po3Mmillly€TbCA Ha BU3HAYEHi# BiACTaHi BiA KOHY-
30pa, IO CIPHIE 3POCTAHHIO KiIbKOCTi iHXKEKLIAHOrO NMOBITpL.

BiacraHb po3TallyBaHHA COMUIA 3aJIeXXUTb BiA pO3MIpiB TOPNOBUHH
3MillyBaya i COMJa, iX rigpasiivyHOro ONnopy Ta TUCKY rasy nepei COMJIOM.
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BinbHa CTpyMHHa ra3y, WO BHTIKA€E 3 COMa NMiACMOKTYE YaCTHHY MEePBHHHO-
ro NOBITPs Ha BILACTaHI X', a peliTa NEPBUHHOIO MOBITPS HAAXOAUTb A0 rop-
JIOBUHH 33 PaxyHOK PO3pi/DKEHHs, AK€ BUHWKAE Ha BXiAHIH AiNAHUI 3Milly-
Bava.
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Puc. 1. KoHcTpykuiil imkeKUuiiHUX TpyOOK aTMOChEepHUX NaIbHUKIB:
1 — conno, 2 — koH(DY30p, 3 — AHPY30p; 4 — rOPAOBHHA iHKEKTOPA; U; — KIJILKICTb MOBIT-
ps. AK€ NiACMOKTYETbCA BUILHOI CTPYMHHOIO: Uy — KIJILKICTb MOBITPA, AKE MiACMOK-
TYETHCA 32 PAXYHOK PO3PLIKEHHSA B KiJIbLIEEBOMY 3a30pi KOH(y30pa

Ha puc. | HaBeaeHi ABa BapiaHTH KOHCTPYKUi iHXXeKTOpiB. BapiaHT (a)
BiZAMOBiAE ONTHMAaNbHIK (GOpMi NPOTOYHOT YACTHMHHU IHXKEKTOpA, B AKOMY
COMJIO pO3TalloBaHe Ha Mexi 3 koHdy3opoM [1], BapianT (6) BiApi3HAETLCA
Bill NonepeaHbLOro rojJOBHUM YMHOM po3Mipamu nepepisiB (a0 13%) koHpy-
30pa i audysopa. Y BapiaHTi (a) B UMAIHAPUYHIA YaCTHHI IHXEKTOpa BiaOy-
BA€ThCA TaJibMyBaHHS Ta30MOBITPAHOrO MOTOKY, LIO BMJMBAE Ha MNpoOUEC
3MilllyBaHH4. Bianosiana cTyniHb po3wnpeHHs audys3iiHOT yacTHHH Ta 361-
AblIEHHA il JOBXHMHM y BapiaHTi (6) 3abe3neuye: crabinisauilo CTaTHYHOIO
THCKY 110 JOBXHKHI Audy30pa; BiAginse npouec 3MiLIyBaHHS BiJ NMpouecy ra-
NbMYBaHHS; NiABULLYE ePeKTUBHICTL poOOTH iHXKekTopa. OcTaHHIf BapiaHT
Halibinbil NOWHPEHUH B Cy4aCHMX ONaNIOBaJIbHUX KOT/aX.

TeopeTuuHi po3paxyHKH iHXeKUiHHMX ManbHUKIB cknaadi, 60 npu ix
BMKOHaHHI HEOGXilHO BpaxOByBaTW KOMIUIEKCHI MpouecH 3MilllyBaHHA, ro-
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PiHHS, TENoBiAAa4i noayM’s Toilo. Ha KinbkicTb NoBiTps, sike MiACMOKTY-
€TbCA B MaJlbHUK, BNJAMBAE | BEIMYUHA PO3PIMIKEHHS B TONLUi TennoreHepa-
Topa [1,5]. OckifnibkH 3arabHONO pO3paxyHKy He iCHYE, TO HA MPAKTULi BH-
KOPUCTOBYIOTbH €MIMIpHYHI METOAM PO3PaxXyHKY I/ KOXCHOIO KOHKPETHOIo
TUMY NaJIbHUKA,

PospaxyHkn nanbHHKIB 3 o' <] METOAWYHO BiANpalbOBaHi Ta nepesipe-
Hi npakTukoro [1,2].

[lpakTUuHUX pexOMeHJaliii 3 NPOEeKTYBaHHA NaJIbHUKIB 3 &' >1 B niTe-
paTypi HaBeJeHO HEAOCTaTHbO. PO3paxyHKM nManbHUKIB 3 NMOBHUM MOnNepe-
JIHIM 3MILYBaHHAM ra3sy i NOBiTPS NepeBipAIKCa aBTOPaMH, BUKOPUCTOBYIO-
yd MeToAMKH [1,5]. AHani3 po3paxyHkiB nokasye, WO Ppo36iXKHOCTI AesKHX
KOHCTPYKTUBHHX pO3MipiB gocaratoth 6inbiue 20%.

B uiii cratTi npoaHanizoBaHo ()akTopu, W10 BMIMBAIOTH FONOBHUM YM-
HOM Ha edekTHBHY poOOTY NanbHUKIB 3 01, CUCTEMAaTH3OBAHO B3aEMO-
3B’A30K N€OMETPUYHUX Ta ra30AMHAMIYHUX MapameTpiB, PO3MJIAHYTO KOHC-
TPYKTHBHI peKoMeHaallil, aKi crpAMOBaHi Ha cTabini3auito ropiHHS i LISAXY
3HWXKEHHA BTPAT 3 XiMiYHOIO HEMOBHOTOO CIANIKOBAHHA.

AHani3 eKkcnepMMeHTanbHUX JaHuX [3,4,5] nokasye, wo 3i 30inblieH-
HAM BIACTaHi BiJ coMja A0 3MillyBa4ya KoegilieHT iHxkeKUii (u) 36inblyers-
ca. Ane Take 30iblIeHHA BiA0YBAacTbCA TUIbKU B MEXaxX AECAKOI BU3HAUYEHOT
BiacTaHi x'. [lpu nopanbiuoMy BigaaneHHi consa koedilieHT (u) pizko 3me-
HWYEThCA. BBeEHHA COMmia B iHXEKTOp MPHBOAUTbL TAaK0X O 3MEHLUEHHS
KOe(IUIEHTA IHKEKLT.

Ha nigcraBi aocaianux aanux AGpamosuy I".M. [6] 3anponoHyBasB Bia-
CTaHb MiXK BUXIJHMM MEpepi3oM Comja i BXOAOM KOH(QY30pa BU3HA4aTH 3a
dbopmynoro

ax'/R; = 0,67,
e a — KOe(ili€HT CTPYKTYPH CTPYMHHH, LLO 3aJeXXUTh BiJ napameTpiB ii
TypbynentHocti (a = 0,07...0,09); R, — paaiyc BuxigHOro oTBOpy ra3oBoro
conna; X' — BeJIMYMHA MOYaTKoOBOI AiNAHKM, X' = (7.5...9,6)R;.

IsaunoB 1O. B. [7] Ha miacTaBi nociaiakeHb, NPOBEAEHUX HA COMJAX pi3-
HOT KOHCTPYKLii BCTAHOBHUB, 0 KoediuieHT cTpykTypu a = 0,06, a Benu4uHa
x'=11,2R;. 3a ganumn Cemukina I.JI. [4] aoBxHMHA NOYATKOBOI HiJAHKH
ckiaagace X' = 12 R, BiaAnoBiaHO BelHuKMHA a 3MeHLyeTbes 40 0,056.

Ha miacraBi aHanizy po60oTH CyyacHHUX iHXEKUiHHUX NajbHUKIB 3 a' >1
B YMOBAaX €KCIUlyaTallii aBTOHOMHUX TEMIOreHepaTopiB, BEIUYHHA X' MOXKeE
Oyt 36inbiieHa no 15R, 3 ypaxyBaHHAM pO3piDKEHHA B TOMNUI KOTJa, fAKe
AOAATKOBO BIJIMBAE HA NPOLIEC 1HMKEKLII.

Takoxk Ha BeNHUMHY ' BUIMBA€ reoMeTpis KOHQy3opa, fgka NOBHHHA
MaTH TaKi nepepisn i KOHTypH, 0O MiHIManbHO BIUIMBATH Ha PO3BUTOK Bi-
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NbHOT CTPYMUHU ra3y. JinsHka koH(y30pa BUKOHYETbCA, K NpaBUo, 3 KO-
HIYHUM 3BY>KEHHSIM Ta MOCTYNOBUM nepexoaoM Ao ctabinizauiiHol YacTUHH
IHXXEKTopa — ropnoBuHM aiamMeTpoM D; abo audy3opa (B iHXEKUIHHUX TPY-
6ax ropnoBuHa Moxe OyTH BIACYTHA).

AHasi3 BUKOHAHUX PO3PaXyHKIB AN IHXEKUIHHUX nanbHUKIB 3 ' >1
N03BONI€ peKkoMeHAyBaTH BenuunHy D; B mexax (11...13)D,. Ilpn kowc-
TPYIOBaHHI NAIbHUKIB AOBXKHUHA 1HXKEKTOpa NOBHHHA Y3rodXyBaTHCA 3 PO3-
MipaMu Ta GOpPMOIO TONKOBOI KaMepy TensioreHeparopa.

BinoMo, 10 Ha HapidHy Ta ehekTHBHY poOOTY MajnbHUKA BNJIWBAIOTD
pO3MIpH BOIHEBUX OTBOpIB, IX pPO3TallyBaHHS HA BOTHEBIH Hacaall Ta LWBH-
AKICTH BUXOAY I'a30NOBITPAHOI cymilti. BiapuMB Ta npockakyBaHHA NOayM’s
3AJICKNTh BiJl KOEILIEHTY HAAJMIUKY NOBITPA @' i WBMAKOCTI ra3onoBITpA-
Hot cyMiwi. [Tpu o' B Mexax (1,0 — 1,2) wBnakicTs Cymiili, npu axii Biady-
BAETbCA BiJIPHB NOMYM’S Bij HACaAKH, BiANOBIAHO A0piBHIOE (2.5-1,5) M/c, a
NMpOCKaKyBaHHs nosym’s — npu weuakocti (1,0-0,74) m/c [2]. Ll nokasHuku
CBi/luaTh, 1O 30HA CTIHKOro ropiHHA 3 o' > 1 XapakTepu3yeTbCs BY3bKHMH
MexXamu peryntopaHHs. Tak, BiIHOLWIEHHS LIBHAKOCTI CYMIilli Ha BMXOA4) 3
BOrHEBUX OTBOPIB 0 LIBUAKOCTI CyMilli, NP AKIA CNOCTEpIraETbCcs NpockKa-
KyBaHHs nonym’s npu o'= 1,0 ckiamae wg/w;=2,5, a npu a'=1,2 -
Wiin/Wse = 2,0, 100 BignoBigae xoegiuieHty pobouoro perynioBaHHs Ko, no-
TY>)KHOCTI NanbHUKa, BianosiaHO 2.5 i 2,0. B nansHukax 3 @' <l koediuieHT
pobouoro perynioBaHHs pocsrae 5,0. Pasom 3 THM, BAKOPHCTaHHS MajlbHHU-
KiB 3 & >1 /103BOAAE CYTTEBO 3MEHLUMTH radapuTH TOMKU 3a paxXyHOK 3MEH-
LIEHOT BUCOTH MOJIYM’s Ta MiJIBUILEHOT TEMMEPaTYpPH NPOLECY FOpPiHHS.

Xoua BUCOKOTEMNEPATYPHUI NPOLEC MOPIHHA CYNPOBOMXKYETLCA 30L1b-
[LIEHHAM OKCH/iB a30TY, HA CY4YaCHOMY €Tari 3aBJIsAKW CneuialbHUM KOHCTDYK-
TMBHMM 3aX0JaM YTBOPEHHS OKCHAIB a30Ty 3MeHUIEeHO Bia 250 1o 40 mr/m”.

ManbHuku 3 o >1 3a0e3neuyloTh SKICHE CriajitOBaHHs ra3ly 3 MiHiMalb-
HUMM HALTMLIKAMKU NOBITPA (o' 6AM3bKUM 10 1) 3 HU3bKMMM KOHLEHTpaLis-
MW OKCHAIB BYTJIELIO # a30Ty. 3MEHLUEHHA OKCHAIB a30Ty 3AIHCHIOETHCA 3a-
BASKH PO3TALIYBAHHIO OXOJIO/UKYIOUUX CTPHXHIB B BHCOKOTEMMEPATYpHIii
30Hi NOAYM’s, ONTHUMANLHUM PO3MipaM NaNbHUKIB, a TAKOX PO3MILIEHHIO
OTBOPiB pi3HOT PopMH i PO3MIpiB HA BOrHEBUX Hacankax. [1pakTuka ekcry-
aTauil nokasye, o A CTikkoi poboTH nanbHUKa AiaMeTpH BOTHEBUX OTBOPIB
HE MOBHMHHI NEPEBULLYBATH KPUTHUHONO PO3MIpY, SKUH AOPIBHIOE 2,5 MM.

B cyyacHHx nafbHUKaxX HalOiNbW pO3NOBCIOMUKEH] BOMHEBI OTBOPH B Ha-
cafKkax LinesHaAHOT opMu, Hanprnkiag 3 po3Mipamu 0,7x3 MM, 0,7x6 MM 1 iH.
Jlna niaTpuManHa 3044 cTabifizauii ropiHHs Ow1s WUIMH pO3TaloBYIOTb BOT-
HeBi OTBOpPH, Aiametpom 1,0...1,2 Mm. 3aBasku UMM OTBOpPaM YTBOPIOIOTHCS
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crabinizauifini nignantosanbHi 30HU, AKi NiABULLYIOTH HAAIHHICTL TOPIHHA.
3acTOCYBAHHS LUTYYHUX €1€MEHTIB Y BUMJAAI KPYrINX CTPUXKHIB TaKOXK CTa-
0ini3ye ropiHHg B naibHuKax 3 a™>1. Kpim TennosiaseaeHHs BiJl Noaym’s 6ins
CTPIXKHIB BiNOYBAETLCA PELMPKYASLIA NPOAYKTIB 3ropaHHs, 3aBISKH YOMY
3HWKYETbCA HE TITbKU TEMNEPATYpa B KOHTYPi ()POHTY ropiHHsA, a i gocsara-
€ThCA AKICHE CNaIlOBAaHHA a3y 3 MiHIMaNbHUMH HAAJULIKAMU NMOBITPA.

BHUCHOBKH

|. ATMOC(epHi MalbHUKU HU3BKOTO TUCKY pO3pOOSIOTLCA, AK MpaBu-
J10, /I8 KOHKPETHOI TOTIKH TEMJIONEHEpaTOopa.

2. LlInpoke 3acCTOCYBaHHsA OTpPUMANIM NaJlbHUKW 3 YAaCTKOBUM nonepe-
AHIM 3MilYBaHHSM ra3y i MoBiTps, 3aBAsku 3011bLICHOMY Alana3oHy Koedi-
LIIEHTA peryJlOBaHHs.

3. INanbHUKY 3 NMOBHKUM MOMEPEAHIM 3MIWIYBAHHAM rasy 3 MOBITPAM
(o' >1) BUKOPUCTOBYIOTH B OIAJIOBAIbHUX KOTNIAX, 0COOAUBO 3 OAHOCTYIIE-
HEBUM PETYJIOBAHHAM MOTYKHOCTI, B IMCKPETHOMY pEKHMMI onaneHHs sig 0
10 100% noTy>»>HOCTI.

4. B nanbHukax 3 o' >1 nocAraeTbcsl KOMNAKTHILIE Ta BUCOKOTEMNEpPA-
TYpHE NOJyM’d, 11O BiANOBIAAE CYyYaCHUM KOHCprKulﬂM BHCOKOHAnNpyke-
HUX TOMOK ManorabapuTHuX KothiB (0n113bKO 1 MBT/m’ ). I"'a3 3ropae 3 MiHi-
MaJlbLHUMKM Haanuukamy nositpsa (o' = 1,01...1,03) Ta HU3LKMMH KOHLEHT-
pauisiM4 B NPOAYKTaxX 3ropaHHA okcuniB Byrneuto (CO = 0) ta OkcuuiB
azoty (no 40 Mr/M°).

5. BHKOHaHi po3paxyHKHW aTMOC(EpHMX NalbHUKIB CBIAYATH, WO ICHY-
FOYi METOJMKH X PO3paxyHKy NnoTpedyIOTE YAOCKOHANCHHS.
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YK 662.983 O. M. CknspeHKo, kaHO. mexH. HayK, OoyeHm,
O. €. Pomanos, macicmp,

O. O. Buweropoacbka, KaH0. mex. HayK

KuiBcbkuit HauioHanbHMii yHIBEpCHTET

OyniBHULTBA i apXiTEKTYypH

Ceptudikauiiuui BUNpoOyBaibHUI LIEHTP ONalOBalbHOIO 00/1aJHAHHS

AOCNIAXEHHA CYHMACHUX ATMOC®EPHUX TA30BUX
NAJIbHUKIB PI3HOI MOAUDIKALLII B ABTOHOMHOMY KOTHI

Haiibinblue po3noBCIOMKEHHS B aBTOHOMHUX KOTJIaX OTPUMaJIM aTMOC-
¢epHi naNbHUKHU TPLOX MOAH(IKALIIiA:
® MajJlbHUKHK 3 YAaCTKOBUM MONEpPEAHIM 3MillyBaHHAM, a.'<] 6e3 oxono-

JDKYKOUUX CTPHXKHIB (puc. 1a);
® MajbHUKH 3 0'<] Ta OXOJIOMXKYIOUUMH CTPHIKHAMH (pUC. 10);

® NajlbHUKHM 3 MOBHUM MOMNEPEAHIM 3MILIYBaHHAM, . >1 (puc. 2).

BorueBa Hacanka
OTBOpaMH

Di=2R1

2.2Dc

pe=
Dr
1.5Dr

2.9Dr 4.0Dr

S.0Dr

Puc. 1. Cxema atMoc¢epHOro najibHuka 3 a’'<l1
a) BOTHEBA Hacaaka 0€3 0X0N0MXKYIOUYHX CTPHKHIB;
6) BOIrHEBaA Hacallka 3 OXO0JIOMKYHOUYHMH CTPHIKHAMM.

B ocHOBY poboTH aTMOCGepHHX NalbHUKIB, MPUBEACHUX MOoAHiKaLliH,
MOKJIaAEHUI MEXaHI3M Mepeaayl KIHETUYHOI €HEeprii Bill ra30BOi CTPYMHHH,
110 TIOBITPA, 1O CIPAMOBaHa B iHXkekTop. B nanbHukax 3 a'<l noBiTps, ke
HEeoOXiHe 1)1 MOBHOrO 3ropaHHs rady HaAXOAUTb B JIBa CTYMNEHi: MEepPBHUH-
He — 6e3nocepeiHbO B 1HXKEKTOp, B 00°eMi 40 —70% 1 BTOpUHHE — HAAXOAHUTh
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1,65-2,3Ds

Cji_ U2
1=2R1 w1 A :‘

JARCI Vi

X'<15R; £9,2Dr
- g | )

Puc. 2. Cxema aTMOc¢epHOro najibHHka 3 a>1.

10 MONYyM’s 32 paxyHOK ra3oBoi Audy3ii i po3pilkeHHs B Tonui. B nanbHu-
Kax LbOro Kjacy rasd 3ropa€ 3a KiHEeTHUYHO-AW(QY31HHUM MPUHLMIIOM 1 s
Oifbll epeKTUBHOIrO HOro CrnaltoBaHHSA 3aCTOCOBYIOTHCA OXOJIOMKYHOYi CTpH-
’KHi, fKi pO3TalOBYIOTECS MO 30BHILIHBOMY KOHTYpY nosym’s (puc. 16). Ma-
IOYM LLIMPOKHIA Jiana3oH perysroBaHHA NOTYXHOCTI Big 20% no 100%, ui na-
NbHUKHU LLUHPOKO 3aCTOCOBYIOTBCA B aBTOHOMHMX TEIJIONeHepaTopax, ra3oBux
MJIMTaX, KOHBEKTOpPAaxX, TOLLO.

ATMocepHi NaJbHUKH 3 o >1, 3a OCTaHH1 POKH, Ha0y/M LLKMPOKOro 3a-
CTOCYBaHHS B aBTOHOMHHUX KOTJlaX 3 OJHOCTYNEHEBHUM PEXHMOM peryinio-
BaHHS MOTY>HOCTI. He AMBNAYKCH HA BY3bKHH Jiana3oH podoyoro perynro-
BaHHA Bif 65 1o 100%, ui naJbHUKK MalOTh NMepeBaru, AKi XapakTepHi MpH
KIHETHYHOMY TIPHUHUMIY CHNAIOBaHHA rasy: BUKIIOYAETbCA HaWAOBLUHH
Mpouec CyMilllOYTBOPEHHS, LIBHAKICTb FOPiHHA 30UIbIIYETHCSA, NOJYM’sl CTAE
KOPOTKHM.

Ockinbky iHdopMallis JOCHIAKeHb aBTOHOMHHUX KOTJIIB 3 CyYaCHUMH Na-
NBHHKAMH B JIiTepaTypi Maibke He HaBeAEHO, a ICHYIOUYi TEXHIYHI XapaKTepuc-
THKH HOCATb MepPeBaXXHO pPEKJIaMHUH XapakTep, METOK0 poOOTH € NMPOBENECHHS
TEIMJIOTEXHIYHHUX Ta €KOJIOTIYHHUX AOCHiIKeHb poOOTH KOTNa 3 aTMOCHEPHUMH
nanbHUKaMH pi3HOT MoaudiKaLllii B LIMPOKOMY Aiana3oHi iX MOTYXHOCTI.

JocnikeHHs nepeabayany BU3HaY€HHs HACTYNMHUX MOKAa3HUKIB KOTJa:

e Kkoe(illiEHT peryjJtoBaHHs MOTY>KHOCTI;

® MOBHOTY 3rOopaHHs rasy;

* KKI;

e koe(iLIEHT HAAJMULIKY MOBITPA.
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IMpy ubOMy NPCBOAUINCA BUMIPIOBAHHA!
® THCKY Ta TEMNEepaTypu raszy B Mepexl Ta nepel naibHUKOM;
¢ TeMIlepaTypH NPOAYKTIiB 3ropaHHs Ha BUXOAi 3 KOT/a Ta nepea TAro-

epepuBayem;

e cKkJaay NPOAYKTIB 3ropaHHs Nepes TAronepepHBayeM;

® Bi3yaJibHE CMOCTEPEKEHHS 3a XaPaKTEPOM MOJIYM’st B KOTI.
B tabnunui | HaBeaeHwn#t nepenik obnanHaHHsA, 110 3aCTOCOBYBAJIOCS NPU
MPOBEAEH] AOCAIIKEHb.

Taoauys !

BumipiosasbHi npuaaau, mo 3acToCOBYBAJNHCH NPH BHNPOOYBAHHSAX

Ne BumipioBanbHa BCAHYHHA Tun npunaay Ta HOro XapakTepUCTHKH
1 | Tuck ra3y nepes BUTpaTOMi- MaHomeTp
poM. lla
2 | Temneparypa rasy nepca Bu- Tepmomerp THIT - 100
TpaToMipom, °C |
3 | Butpara rasy, m*/rost JlivnnbHuk rasy Metrix G6
Tuck rasy nepea comiioMm, [la EnektpoHuun# BUMipioBay THCKY Manometr
S2500 3i wkanoro a0 100 klla, 3 TounicTio 10
10 [la
5 | PoapimxcHus B Tomui, [1a Ta Enexrponnuii razoananizarop Testo 300 XL
Temneparypa npoaykris 3ro- Ne 00362573/008, 3 JaTHUKOM TEMNEPATYPH
paHus, °C Ta TUCKY
Temneparypa B npuMiteHi, °C | Tepmomerp ThIT - 100
Bapomerpuunuii Tuck, klla bapomerp

npunagaMuy NnpyBeAeHa Ha puc. 3.
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Cxema eKkcnepuMEHTaNIbHOrO CTeHAY, obnagHaHoOro BUMIPIOBaJlbHUMU

JocnimkeHHs nposoawincs Ha kothi Vitogas 050, Bupobuuursa ¢pipmu
Viessmann noTyHIiCTiO 35 kBT, B AKOMY BUKOHAHHS TOMKU AO03BOJAE MPO-
BOJAMTH €KCMEPUMEHT B ABOX PEKUMAX:
a) TOMKa KOTNA aepOAWHAMIYHO i30/1bOBaHa Bifl: HOBITPA MPUMILLEHHS |
PO3rNAAAETbCA AK 3aKPUTA, B AKiN nepeabadyeTbcss aTMOCPEPHHIA NANbHKUK 3
a >1;
0) TONKa KOT/Ia aepOAHHAMIYHO CNOJyYeHa 3 MOBITPAM NPUMILLIEHHS 1 €
BiIKPMTOIO ANA HAAXOMKEHHSA BTOPMHHOrO NOBITPA A0 MojiyM’s. B uux kor-
nax nepeadauytoTbCd aTMOCHEPHI NanbHUKK 3 0. <1,
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Puc. 3. Cxema exCnepUMEHTaIbHOIO CTEHAY.
| — aTMoc(epunii nalbHHK; 2 — KOHBEKTHBHA YacCTHHA KOTia: 3 — Taronepepupay; 4 —
Tpy6a a1 BHaieiHs] AMMOBHX Ta3iB; 5 — BUMIpIOBa4 aTMOCPEpHOIo TUCKY: 6 — BUMIipIO-
BAY TEMNEPATYPH NOBITPsS NPUMILLICHA: 7 — BUMIPIOBAY TEMIICPaTYpH rasy B Mepexi: 8 —
BUMIpIOBAY THCKY ra3zy B Mepexi. 9 — rasoanainizarop; 1} — wyn rasoananizaropa; 11 —
BHUTpaTOMip; |2 — BUMipiOBay po3pijukeHHA B Tomnui; 13 — noABiAHMH MarHiTHUA Kilanas,
|4 — BUMipIOBaY THCKY ra3y nepe ComjioM najibHUKa.

[MTpoayKkTh 3ropaHHs BUAAIAIOTLCA B aTMocdepy 3a AONOMOrol AMMO-
Boi Tpyou niamerpoM 130 mMMm. Ctabinizauis po3pifxeHHs B TONLUI 3AIHCHIO-
€TbCA 32 AONOMOTOI0 TAroNnepepHBaya. |

Pe3ynbTaT JOCHiIKEeHb aBTOHOMHOIO KOT/A 3 NaJlbHUKAMH Pi3HHX MO-
nndikalii HaBeaeHi Ha puc. 4, S, 6.

Mpu pocnimkeHHi kotna 6ynn OTpUMaHl HACTYNHi Alana3oHd perynio-
BaHHA HOT0 MOTYXHOCTI:

Jliana3soH perymoBaHHS Koegiuient
HanbHUK . .
MOTYXHOCTI, KBT pErynlOBaHHA NOTYXHOCTI
o >1 32.4-22.5 1:1.44
a’<l 35-8,7 1:4
a’<l} i3 cucremolo . 35-8.7 1-4
OXONOMKYIOUUX CTPHIKHIB
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MakcuManeHa NOTYXHICTE KOT/IA, 3 MalbHUKOM 3 o >1 cknaaana
32,4 kBT, npu Tucky rasy nepea coniom 1180 INa (HoMiHaNbHA NOTYXHOCTh
35 kB, npu mucky rasy 1400 lNa nepea connoM nanbHKka, W0 nepeadbaueH-
HO TEXHIYHUM NACMOPTOM).

MiHimankHa NMOTYXHICTb ckianae 22,5 kBT npu tucky 600 INMa, Hxkye
AKOI €KCMTyaTalis KOT/ioarperary HeAONMyCTHMa, TaK AK BMCOTa MOJyM’s
3HUXKYETBCA | FOpiHHA BinOyBacThcs Ha MOBEPXHI HAcaAKy MaNbHUKA, LLO
MPU3BOAHTH A0 MOro neperpisy Ta NPOropaHHIO MaTepiany nmalbHUKa, 3 Ha-
CTYNHHUM TNPOCKOKOM MOJyM’s Ta MOBHUM BHXOJAOM NanbHUKa 3 Jaay. Tomy
3aCTOCYBAHHA MOAYJIbOBAHOIO PEryNiOBaHHA, AU MaNbHUKA 3 o >1, noTpe-
Oye nOAaTKOBMX TEXHIYHMX pilleHb CMPAMOBAHMX HA 3aMobiraHHs MpPoro-
paHHIO BOrHEBO] HACaaKK NanbHHUKA.

Ha puc. 4 HaBeaeHO 3aMEXHOCTI KOSPILIEHTY HAAMILKY MOBITPSA B TO-
Nui KOT/A Bij TEMNOBOI NOTYXHOCTI. EKCiepMMeHTaNnbHO BU3HAYEHO, 1O BCI
MajJbHUKK NpU NoTyxHocTi 30-32,4 kBT npawooTh NpakTHYHO 3 OJHAKO-
BUM CYMapHHUM a, 110 AopisHioe 1,4. [pu 3MEHILEHI NOTYXXHOCTI o nocTyno-
BO 301BLLYETHCH.
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Puc. 4. 3anexHicTe KOEQIUIEHTY HALIHMILKY MOBITPA B TOMLI BiJ TEMIOBOT
NOTYXHOCTI KOTna. .
| — nanbHUK 3 6> 1, TONKa 3aKpUTA; 2 — NANLHUK 3 0 < |, TOMNKA BIAKPHUTA;
3 — nanbHHK 3 &'< 1, 3 OXONOMKYIOUUMH CTPHIXHAMM, TONKA BiAKPUTA.

Ha puc. 5 po3rnsiHeHi 3MiHU KOe(pilliEHTY KOPUCHOT Aii KOTNa B 3anex-

HOCTi BiA HOro TemjoBOi MOTYXKHOCTI. KoTesl 3 majJbHUKOM B sikOMy o' >1
npautoe 3 6inbir BucokuM KKJI B ycbomy AianasoHi NpoAyKTHBHOCTI HiX 3
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nanbHukamu o'<l. [Ipn notyxHocTi kotina B mexax 30-32,4 kBt 3 po3rns-
HYTHUMH NajbHUKaM¥ i pisHUX pexxumax pobotn KK]I cxianae 93-94%.
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Puc. 5. 3anexnicts KKJI Bia TensioBoi NOTy»XHOCTI KOTHA.
| — nanbHUK 3 @ > 1, TONKA 3aKpHUTa; 2 — NAJIbHKUK 3 A < 1, TONKa BIAKPHTA; 3 — NAILHHK
3 a'< |, TonKa BIAKPHUTA, 3 OXOM0KYIOUHUMH CTPHKHAMMH.
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33 - eaiccin NOX, naasmmn 3 o<} i3 CYemEnaMm Tons RAKpwra;
38 - emiocin CO. saasunx 3 a1 ix CTOPMINMI 1OUKR MAKPHTA,

Puc. 6. 3anexHocti emicii okcuais NO, Ta CO Bia TennoBOI NOTYXKHOCTI KOTJA.
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BukonaHi eKonoriyHi AOCHIAKEHHA KOTHAa 3 Pi3HUMH aTMOCHEpHUMH
naJbHUKaMH CBIAYATh, O OTPHMMAaHI MOKA3HUKK 33A0BOJIbHAIOTH BUMOraM
TOCT 20548-87 no Bukuagam NO, ta CO.

Jns nansHuka a'<| 6e3 0X0NOMKYIOUNX CTPHIKHIB MAKCUMAJIbHA BENH-
ynHa BUKuAIB NO, ctaHoBuna 120 mr/(kBT - roa) npu Q = 35 kBT. 3 3acTo-
CYBaHHS OXOJIOIDKYKOUMX CTPHXKHIB BeJuuYWHa BUKUAIB NO, 3HU3UINCA 10
80 mr/(kBt- roa).

[Ipn poboti nanbHMka 3 o’ >1 3HayeHHa emicii NOy, ckaaaalOTh
20 mr/(kBT- roa), Wo 3Ha4HO HUXCHE HIX ANA nanbHuka 3 a” < 1, npu npoay-
KTUBHOCTI 32,4 KBT.

Emicia CO ne nepesuutyBana 10 mr/(kBT - rog) ana Bcix Tpbox MoOaU-
¢ikaniii naIbHKUKIB MPH HOMIHAJILHOMY HaBaHTaXEHHI.

BUCHOBKH

I. ATMOCGEpH] nanbHUKKM pi3HOT Moaudikauil npautolOTb 3 BHCOKUMH
TENNAOTEXHIYHUMM NOKa3HUKamH, 3abesneuyroun KK B Mexax 93-94%,
MpH 3arajbHOMY KoediuieHTi Haanuwky nositps 1,35-1,45 npu tennonpo-
AYKTHBHOCTI kotna 30-35 kBr.

2. [ManbHuku 3 a'<] MalOTb WHPOKKIA Alana3oH peryjioBaHHA NOTYX-
HOCTI, 110 CTaHOBHUTH 1:4. JINg nafbHUKIB 3 0.”>1 1 BENWYHNHA HAOIUKAETHCS
no 1:1,5. Tlpy 3umkeH] NOTYKHOCTI KOTna MeHwe 22,5 kBT, 3 naibHUKOM
o’ >1, ekcnjyarauis ioro HebeszneyHa 6€3 NPUAHATTA AOAATKOBHUX KOHC-
TPYKTUBHUX 3aXOAiB M0 3aXMCTY BOHEBOT HAaCaJKH NajbHUKa Bill MEperpisy.

3. BHKOHaHI ekcnepuMEHTaNIbHI JOCAIKEHHS KOT/A 3 NaJIbHUKOM " >1
MOKa3yHTh, L0 KOHUEHTpPaLis OKCHAIB a30TY B MPOAYKTaX 3ropaHHa 3HA4YHO
HWXKYA HiX Y naabHuUKiB 3 a'<1. Emicia NOy A1 naneHukie 3 a™>1 CTaHOBH-
na 20 mr/(xBt-roa), nporu 120 ans naneHUKiB 3 a'<l, MpU HOpPMaTHBI
200 Mr/(kBT - ron) (FTOCT 20548-87).

Bennunnu Bukuaie CO ans BCiX NalbHUKIB 3HAXOAMJIMCh B MEXax
10 Mr/(kBTt - ron).

4. ExcnepuMeHTanbHO AOBEAEHO, L0 BBEACHHA OXONOKYHOUHUX CTPHIXK-
HIB B 00JJaCTb KOHTYpY NOAYM’S ANs NanbHUKIB 3 @'<l N03BOJIE 3HU3UTH

BUKUAM OKCHAM a30Ty 3 120 no 80 mr/(kBT - ron).
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YK 536.24 M. B. CtenaHoB, xan). mexH. Hayx, ooyenm,
JI. B. diauk, acnipanm

IL. I'. beperosa, cmyodenmxa

KuiBcbknii HauioHanbHui yHiBEpcuTeT

OyniBHUUTBA i apXiTEeKTypu

AOCHNIMKEHHA TENNOOBMIHY
MDK NOBITPAM | ENACTUYHOIO NOBEPXHEIO

Jnst yTunizauil TENAOTH BUTSOKHOrO MOBITPS B CUCTEMAax BEHTUNAUI Ta
KOHAMLIOBAHHS NOBITPA 3aCTOCOBYIOTh MOBITPAHO-NOBITPSHI TENNOOOMIHHH-
KM PI3HUX TUMIB: Taki, WO 00epTaloThes (pereHepaTHBHI), 3 LUHUPKYIIOYHM
NPOMIDKHMM TEMNOHOCIEM (HANPUIJIal, ETUNIEHTIIIKOJIEM), MAACTUHYACTI Ta (H.

Jlo nnacTMHYacTHX TeIIOOOMiHHUKIB MOJKHA BiAHECTH TeNNO0OMiHHHUK
3 €1aCTHYHOIO MONIETHIIEHOBOO TEITONEPEAAIOUYOD NOBEPXHED 3MI3arono-
ni6HOT dopmu [1]. Kananu ana pyxy TenjoBiAAalouoro Ta TenJoCnpuimaro-
4Oro TEIIOHOCIIB B L[OMY TEMJOOOMIHHHKY, YTBOPEHI TEMJIONEPEAAOUYOD
MAiBKOIO, MaloTh (popmy 6nu3bKy a0 Tpaneuii (puc. 1). B3aeMHuii Hanpsm
PYXy TEMNOHOCIIB B kaHajiax Moxe OyTH NpAMOCTPYMHUHHUM abo npOTUCT-
PYMMHHMM, ILIO BIUIMBAE TiJIbKN HA CEPEAHbONOrapUPMIUHY PI3HULIIO TEMIIE-
paTyp B TEMIOOOMIHHHKY.
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Puc. 1. Tennonepeaaoua NOBEPXHA MONIETUIEHOBOrO TEMNOOOMIHHUKA
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[lnacTiHYacTi TENNOOOMIHHHKH BUMOTOBASAKOTHECA, AK NMPABHIIO, 3 HElO-
porux marepianiB, MaioTb AOCHUTb MPOCTY KOHCTPYKUilO, iX TENN00OMiHHi
NOBEPXHI HE MNCYIOTLCA NPHU KOHTAKTI 3 KOMIOHEHTAMW BUTAXHOIO NOBITPS
Ta 3 koHaeHcaToM. OLIHIOBAaTH Taki TENJOOOMIHHHKM MOXHA 3a iX eeKTHB-
HICTIO Tennonepenayi Ta riipaBaiuHUM (aepoAHHAMIYHHM) OMOPOM.

EHEpreTHuHol0 XapaKTepUCTHKOK TeNJI00OMiHHUKIB Pi3HUX THNIB
NPUHHATO BBaXKATH [2] KoediuieHT k., skuil aBase co6OIO BiHOWIEHHS Ki-

JIbKOCTi TENAOTH (), NepefiaHol TEMNOCNPUiMatOYOMy TETIOHOCIIO, A0 eHep-
rii NV, 3aTpauyBaHoOi Ha NOAONAHHA riAPaBIiYHOTrO ONOPYy.

N LAp

L 3 -
Ae L — BUTpaTa npUnivBHOrO MoBiTpsA, M'/C; F — nnolua noBepxHi Temaone-
pemaui, M’; O — KkoedilLliEeHT KOHBEKTHBHOTO rennoobminy, BT/M’°C;

2
Ap=E& [ pv _ rigpasniyHuii onip rennooOMiHHuKa, [Na.

d,. 2

vRY

Koediuient k, 30inbiuyeTbes i3 30iNbIUEHHAM TUIOW TEMNonepeaato-

4ol MOBEPXHi Term1000MiHHKKa a00 3011blIEeHHAM KoedilieHTa TenI000MiHY
Ta 3MEHIUYETECA 3 MNIJABUILEHHAM WIBUAKOCTI MOTOKY MNOBITPA B KaHajiax.
Hanpuknaa, epeKkTMBHICTb NONIETHNEHOBONO BOAOHArpiBaYa 3 jaMiHapHUM
pPYXOM BOAH Ta TYpOYNEHTHHM PYXOM MOBITPs, BU3HA4YeHa 3a opMmynoro (1),
BHABMAACh ACLLO HMIKUYOK Y MOPIBHAHHI 3 IHWMMH TeNnooOMiHHUKAMK Ye-
pe3 HEBEMUKE 3HAYEHHA TeMNnepaTypHoro Hanopy (puc. 2). Ane Taki Tenno-
O0OMIHHUKH ONpaBAOBYE iX HAAIWHICTL B €KCNAyaTalil Ta AOCHTb BUCOKA 1H-
TEHCUBHICTb TEMIOOOMIHY.

IiapaBniyHMii onip TenNJOOOMIHHUX anapaTiB BM3HAYa€TbCA €KCMEpH-
MEHTaNbHO. JIns 1bOro HEoOXiAHO CnOYaTKy BU3HAYMTH KOe(illiEHT Micue-

BOrO ONOPY & 3a eMMmipHuHuM piBHAHHAM & = 4Re” .

[HTEHCUBHICTb TEMIOBiAZAYl NOBEPXHI TEMIOOOMiHY Tak0»X BHM3Haya-
€TbCA 32 EMMIPUUYHOIO 3ANEXKHICTIO

Nu =cRe" Pr’¥ 2)

A€ c, n — eKCIEPMMEHTANbHI YKCa.

Hdnsa yMOB TypOY/IEHTHOro NpAMONIHIAHONO pyxy PiAivH i rasiB B KaHa-
nax M.A. Mixees [3] onepxaB ¢opmyny, AKa y3araibHIOE€ BEIHKY KiNlbKICTb
€KCNEPUMEHTAIbHUX AAHUX
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0,25

Nu=0,021Re"* Pr® PP’ - 3)
r

cm

®opmyna (3) BpaxoBye Te, WO TypOYNEeHTHUH pyX AOCHTb IHTEHCHBHO
nepeMilly€ NMOTiK piagnHHU (rasy) i B pe3yabTari TeMieparypa B MornepeuHoMy
nepepisi KaHaly 3alMLIAETbCA MPAKTHYHO MOCTIHHOIO, @ PI3KO 3MIHIOETHCA
NHLIE B TOHKOMY PUMEXOBOMY LUapi.
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Puc. 2. EHepreTrHuHa e(eKTHBHICTb TEMNOOOMIHHHUKIB:
I — nnacruHvacThii; 2 — cnipansHuii; 3 — NNacTUHYacTo-peOpucTUi,
4 — NoNiETUICHOBH BOAOHArpiBay; 5 — KOXyXoTpyOHHi

KoediuieHT o, sk BUaHO 3 (opmynu (3), B HaiHOINbILIKA Mipl 3aN€XHTb
BiZl IWBMAKOCTI PyXY TEMJOHOCIA, a 3aleXHICTb TennoBiaaayi Bia Qi3HYHHUX

BJ1aCTUBOCTEH He Taka cytreBa. [{na nositpa (Pr=0,71) 3a ymoBH ﬁ-zl

Pr_,

asTopH [3] omeprkany cnpouieHy ¢popMyny TeMIoBiaAayi npu TypOyneHTHo-
My NpAMOiHiiiHOMY PYCi NOBITpA B kaHanax 6yab-aKoi popmu
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Nu=0,018Re"®. (4)

[Ipn KpuBONIHIHHOMY PYCI TEMIOHOCIIB B KOJMIHAX Ta BiABO/IaX YTBOPIO-
€THCA 'BUHTOMOAIONUI PyX, 3'ABAAIOTBCA BiAUCHTPOBI CHIH, iHTEHCUIKY-
toun npouec tennoodminy. Tomy B opmyny (4) HeoOXiIHO BBOAUTH TMO-
MPaBKY £p, BEJIWUYMUHA SKO! BUIHAYAETLCS €KCrepuMeHToM. Ins KpuBoOniHiii-
HOTO pyXY BOJHW B MONIETUINEHOBOMY KaHasll eNiNTHYHOrO Mmepepi3dy U mno-
NpaBKy MOXXHa BU3HAYUTH 3a PopMynoro (4)

noe

g, =] +3,54—‘-"2-*—;—"n (5)

Ac R — paalyc noBOPOTY KaHaJy.
- J{nsg NOBITPSHO-N0BITPAHOrO NOJMIETHUJIEHOBOrO TeMA000MiHHUKA  o-
pMmyna (5) 3 eKCNepUMEHTAIbLHUMH JaHMMHK HE CNIBNAJaC.,

AHanoria Mk npouecoM TEMJOBilAayYl Ta riapaBliYHUM ONOPOM Ter-
NOOOMIHHUKA 0a3y€Tbesa HA TiAPOAMHAMIUHIN Teopil €AHOCTI i TennonepeHo-
CY Ta KUIbKOCTI pyxy B TypOyJeHTHHX nortokax. Lo ananorito astopu [4]
NoJaloTh B KPUTEPIANbHIN GopMi

Nu =-‘-§-Repr5, (6)

ne k= 1+12‘/§(Pr%——1)

PiBHAHHSA (6) 3aNUCYETHCS Le B TAKOMY BUIJIsiAI
a=—§—cpva’ | - (7)
Muoxuuk £ B dopmyni (0) BpaxoBye pyx piavHH (rasy) ta Temiaonepe-
Jauy B NPUCTIHHOMY 1api. £=1, koau Pr=1.

BpaxoBytoun piBHAHHS (7), KIJIBKICTb NEpeAaHol TEMJIOTH B Tennood-
MiHHMKY MOXHAa BU3HAYUTH 3a POPMYIOI0

q="L=(t,, 1) &
v .

e s z-;_ pv’ — cuna onopy pyxy, [alm, BigHecena no oauHMLI nnoww mo-

BEPXHi TEMJIOO0MIHY. et
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Takum 4MHOM, A BHU3HAYeHHA KoedilieHTa TemaoBianavi B MOBITPA-
HO-NIOBITPAHOMY TEMNOOOMIHHUKY AOCTATHLO BU3HAUMTU KOCQILIIEHT riapa-
BAIYHOro onopy &, WBHAKICTb pyXy TENJOHOCIA v Ta Horo ¢i3uuHi BnacTu-
BOCTI.
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YIK 27.060.30:97.1G0 | E. B. Kyuepenko

Kuiscexuit HauionanbHnit yHiBepcuteT
OyaiBHHLUTBA i apXiTEKTYpH

AHAJN3 BNUAHNA PEXXUMOB 3KCIUTYATALIMA KOHTAKTHbIX
BOAOHAIPEBATENEW HA COCTOAHUE JJIEMEHTOB
KOHCTPYKUWUX BOOAOHAIPEBATENA

[IpumeHEeHne KOHTAKTHbIX BOAOHArpeBareieii, B HaCTHOCTH BOJAQOHarpe-
BaTenei, Kotopole 00OpyAOBaHbI KamMepaMu CropaHus ¢ «MOKPbIMH» CTEH-
KaM4 H CUCTEMOW BHYTPEHHEHW PELUPKYISILUHU BOAbI (KOHTAKTHbIE Temjore-
HepaTopbt TUNa Tla [1, 2]) B cucTeMax TennocHabxeHUs, Bbi3biBAST HEOO-
XOAMMOCTb Oonee NeTaNbHOr0 M3Y4EeHMs MX IKCMIyaTaUMOHHbIX XapakTe-
pUCTHK. B nepeuHe akTyanbHbIX NpodneM HEOOX0AUMO OTMETHUTb BOMPOCHI,
CBAI3aHHbIE C XAPaKTEpOM MOBEAEHHA DMEMEHTOB KOHCTPYKLMH BOAOHArpe-
BaTess MPY Pa3jiMiHbIX pEXUMAX UX IKCILTYaTaLNHU.

B HacTosueit paboTte npeacrasneHsl Haubonee XxapakTepHble pe3yibTa-
Thbl BAWAHUA IKCMJIYaTALLUOHHbIX PEKUMOB HA COCTOSHHE OCHOBHbBIX 3JIEMEH-
TOB KOHCTPYKUUH TennoreHepatopoB tina TI'a. Oco6eHHOCTH KOHCTPYKLUHMH
KOHTaKTHbIX TEMJIOreHEPATOPOB TAKOro TUNa onucaxsl B pabote [3] aaHHOroO
cbopHuUKa.

[NpuBeneHbl pe3ynbTaTbl 00CNEAOBaHUSA TEMJOrEHEPaTOPOB TEMJIONPO-
u3BOAUTENBLHOCTHIO OT 100 no 900 kBT, xoTOpbLIE ObIIN CMOHTUPOBaHbLI H
BBeACHbl B 3Kcmayataumio B 2006 rogy Ha AByx ofbekrtax ropoaa Jlyuk.
[1aTb TenAOreHepaTOpOB TEMAONPOU3BOAUTENBHOCTBIO MO 100kBT Kaxawiid
ObINY CMOHTUPOBAHLI U 3aNYLUEHbI B IKCINYaTaLUUIO Ha 00bekTe “MscokoM-
ounar “oOpocnae-Jlyuk”. JIga tensnoredepaTtopa — Tla-500 u TI"a-900,
TennonpousBoauTenbHOCTb0 500 u 900 kBT cooTBeTcTBEHHO, ObINY CMOH-
TMPOBaHbI Ha 00bekTe “OHKoanCnaHcep”.

[To OkOHYaHWH OTOMUTENBLHONO Ce30Ha ObINO MPOBEPEHO COCTOAHUE
IKCIUIYaTUPOBABLUMXCA TemioreHepaTopos. [Ipy pa3bopke npoBeaeH Tiua-
TENbHbIH OCMOTP BCEX Y3JI0B U AeTaneii, MexaHuueckas 4YMCcTka y3nos, Jera-
neid U OTAENbHBIX NOBEPXHOCTEH KOHCTPYKLIMM TEIIOreHeparopa.

HccnenoBanoch COCTOSHHE CNEAYIOLWMX AeTANEH N Y3NO0B KOHCTPYKLIUHK:

— Kamepa cropaHus (CTEHKH, Kpbllla, AHULLE, ON0K pelIeTOK);

— KOHTaKTHas Kamepa (Kpbllia, CTeHKH);

— BOAOpAcnpeAeIUTENH 00paTHOH U pEUNPKYNALUUOHHON JINHUM;

— FOpenKH.

OCHOBHbIE YCOBHS pabOTbl TENJOreHEPATOPOB NPHUBCACHLI B TabJIHLIE.
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YenoBus paGoTsl TemioreHepaTopos

Ne , Tn
Tennaore-
HepaTopa

OYHKUHOHANLHOC Ha3HAYEHHE, T
MECTO YCTAHOBKH TEILIOreHeparopa noa

. Tl'a-100 | HarpeB TexHuuecko#i Boabi, BO3ayWHBIH o6orpes nomeie- | ao 70 °C
HUA (4epe3 kanopudep), KOHTYpbl BOAOpacnpeaciutenci
oOpatHOi BOALI H peuHpPKYNALUHH OOBLEAHHCHBI HA BXOAC B
TENNONCHEPaTop

2. Tl'a-100 | HarpeB pacxoayemoit TexHH4YeCKO#H BOAbI (pexxum mpoTou- | go 70 °C
HOrO BOAOHArpEBaTefA), KOHTYPbl BOAOpacnpelaeaurenci
oOpaTHO# BOABI U PEUHPKYNSAUMH OObCAHHEHB!I HA BXOAE B
TEMIOreHEPATOp

3. Tl'a-100 | Harpes pacxoayemo#i TexHuueckoit Bojbl (peXHM nporou- | mo 50 °C
HOr0 BOJOHArpeBaTeNs), KOHTYpbl BOAOpAcHpenenuTencit
o0paTHO#i BOABI U PEUHPKYNALUM OOBCAHHEHH HA BXOJIE B
TEILIOrEHEpPAaTOp

4. Tl'a-100 | Oronnenue oPuCHBIX NOMEUICHHI, KOHTYpb Bogopacnpe- | ot 50 mo
aenutene odpaTHoi BOABI U PEUMPKYIALHUH OOBEIAHHEHBI 80 °C
Ha BXOJE B TENJIOrCHEPaTop

5. TT'a-100 | Oronnenue opuCHLIX MOMelICHHH, KOHTYpbI Boaopacnpe- | ot 50 a0
aenutencii oopaTtHOH BOAbI M peUMPKYAsUHH oObeauHeuol | 80 °C
Ha BXOA¢C B TENJIOreHepaTop

6. Tl'a-500 | Oronaeuue nomeiueHut GonbHuubl. KonTypsl Boaopacnpe- | mo 65 °C
aeantencik obpaTtHo# BOABI H PEUHPKYISLIHH COEAWHEHDI
napajiieNbHO Ha MOJAYE B BOAOpacnpeaAcaAHTenH. 3abopsi
BOJIbl HA PEUMPKYIALIMIO W HA NOAA4Y B CHCTEMY OTOMJIEHHS
00beAHHEHBI B OAHY JIMHHUIO U NOAKMIOYECHBI K OIHOMY Haco-
cy. Pacxon Boas (40-50) M*/uac.

7.T'Ta-900 | Oronnenne nomeweHn#i GonbHnubl. KoHTypn Bosopacnpe- | no 65 °C
aenutencit obpatHodf BOALI M PELNPKYNAUMM COEAMHEHbI
napanieabHO Ha BXoAe B BoAopacnpeacautent. 3abopsl Bo-
Abl Ha PCLUMPKYIALHIO H HA NOAAYY B CHCTEMY OTOIICHUA
00bEAMHEHBI B OAHY NHHHIO M NOAKNOYECHBI K OAHOMY HAaco-
cy. Pacxoxn Boawt (40—50) m>/4ac.

B pe3ynbTaTbi BbIMOAHEHHbIX MCCACAOBAHUH MOXHO ObLIO OTMEYEHbI

Cleayloue ABJeHH.

1 Kamepsi cropaius Bcex UCCle0BaHHbIX 00pa3sLOB TEMIOreHepaToOpoB
UMEJIH CNefbl KOPPO3UA U COJIEBbIE OTIOKEHUS Ha CTeHKax Tonku. OcobeH-
HO MHTEHCUBHbIE CJIe[bl KOPPO3MU CTEHOK Kamepbl CropaHus HabJOAaNUCh
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y TenjoreHepatopoB Ne 4 ¢ 5, KOTOpble padoTasiv B peKHUMe TeMnepaTtyp Ha
noaaye a0 80 °C. Ouaru BbIrOPAHUS U MOYEPHEHHUS NMEpeAHENH CTEHKH KaMe-
pbl CTOPaHUsi B 30HE YCTAHOBKMU IOPEJIKM FOBOPAT O TEMNJOHANPAKEHHOM pe-
Kume padoThl nepeaHeil cteHku. [lns TennoreHepatopos, padbOTarOLMUX B
peKHUMe NPOTOYHbIX BoAOHarpeBartesnei (Ne 2 u 3), oTMeueHbl cieibl MHTeH-
CUBHOI'O COJIEBOI0 HaJIETa HAa CTEHKAX W Ha KPbILUKE Kamepbl cropaHus. Xa-
paKkTepHbIN BHYTPEHHUH BH/ CTEHOK KaMepbl CropaHus NMpUBEAEH Ha puc. |.

bOKOBbIC CTEHKH KaMepbl CrOpaHHs B XO- BepxHsis KpbllIKa TenjaoreHeparopa no-
poLLIEM COCTOSSTHUH, HEDOJILLIOW HaJleT BEPIKEHA TEMIIEPATYPHOMY HANPAKEHHIO.

ToMUUHOHN 0, 1MM. kOppo3us oTcyTcTBYeT.  Ce3lia Kpacka, U HEMHOTO T0BEJIO MeTaJll.
Ha nepenHei cTeHKe Kpacka Bbiropesa EcTb yepHbI€ NsTHA.

Puc. 1. BHyTpeHHUI BuA Kamepbl cropaHus temjioreHeparopa Ne 7 (TT'a-900)

2 BHyTpeHHsIs 4acTb KOHTAKTHbIX Kamep (B KOTOPYK ObKOT CTPYH BO-
A0pacnpene/MTe/ie) MpakTUYECKH BCEX TErNJOreHepaTopoB AOCTATOYHO
YUCTA U HAXOAMTCSA B XOPOLUEM COCTOSIHMM. B MecTax BbIXoaa NMpOAYyKTOB
CropaHus OOHApY»eHbl HEOONbLIWE MNATHA, NMOKPLITbIE CleAaMH KOPPO3HH
(puc. 2). BeposTHOI NpUUUHON TaKKUX SBJEHUH MOTYT ObITb JIOKAJIbHbIE I1€-
perpeBbl, BbI3bIBALOLLME JTOKAJIbHbIE TEMIIEPATYPHbIX HAMPSAKEHHS.

3 Or 10 no 60% BbIXOAHBLIX OTBEPCTUM BOAOpACIpEAEIUTENIEN TErJo-
reHepaToOpoOB OKa3a/IuCh 3aKYNOPEHHbLIMHU COJIEBBIMU OTJIOXKEHUAMHU (pHUC. 3).
OCO0EHHO MHTEHCUBHO 3TOT MPOLECC MPOABUIICA Ha BOAOpACNpEaeNUTeNAX
oOparTHoii Boabl TenjaoreHepaTopoB Ne 4 u 5, KOTOpblE paboTanud B pexume
TenJocHabXeHUus ¢ Temneparypoil Boabl Ha Bbixoae a0 80 °C. YBennyeHue
JMaMeTpa BbIXOJIHbIX OTBEPCTHH € 2 A0 3,5 MM U paboTa ¢ TemrnepaTypoH
BOAbl Ha nojaaye a0 65 °C Ha NOpSAAOK CHHUXKAET yPOBEHb 3aKYNOPKH OTBEp-
CTUI BOAOpacrnpeacJuTENEH.
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BHYTpEeHHSIs 4aCTh KOHTAKTHOW Kamephbl Hapy»xHas 4aCTb KOHTAKTHON Kamepbl

(B KOTOPYIO ObIOT CTPYH BOJAOpPACNpPEACIH-  KOPpO3upyeT. BMecrte, rae BoIXOAST npo-
TEJIeH) 10CTaTOYHO YUCTA U HAXOIMTCS B NYKTbI CrOPaHUsi U3 KaMepbl CropaHus,
XOPOLIEM COCTOSSHHU, KpPOME MECTa, I'ae BUIHbI MECTA KOPPO3HHU (BEPOSTHO CIICACT-
BBIXOJISIT MPOJIYKTbl CrOPAHUS U3 KaMePbl BME TEMIEPATYPHBIX HANPSKEHUIH ).

cropanusi, 0OHapy»)eHO HeDOJIbIIOE MATHO,
MOKPLITOE KOPPO3UEH (BEPOATHO CNEACT-
BUE TEMIIEPATYPHBIX HANPSKEHUH ).

Puc. 2. KontakTHas kamepa TeruioreHeparopa Ne 1 (TI'a-100)

4 ["openku TennoreHeparopoB (kpome TersioreHeparopa Tl'a-100 Ne 1)
MPaKTUYECKH HE MOABEPrajuch KOPpPO3UU U pabOTajiM B NMPUEMIIEMbIX TEIl-
noBbIX pexxumax. Ha orHeBoi yactu ropenku terioredHeparopa Ne 1 BbisB-
JIeHbl Cliebl UHTEHCUBHOW KOppo3uH (puc. 4). BeposaTHON NMPUYHUHOMN MO-
N0OHOrO MOXXET ObITh 3aTE€KaHWe BOAbl Yepe3 MEPEAHIO CTEHKY KaMepbl
CrOpaHus U NomnajaHue ee Ha OrHeBOM HacaZl0K rOpesiKy.

B 3aknmoyeHHe MOXHO KOHCTAaTUPOBaTb, YTO TEIJIOBbIE M BOJHbIE pe-
>KUMbI pabOThbl OKa3biBalOT CYLLUECTBEHHOE BJIMSIHUE HA COCTOSIHUE DJIEMEH-
TOB KOHCTPYKLMH KOHTaKTHbIX TernjoreHeparopoB. Haubonee cuiapHoe
BJIMSSHUE HA KOPPO3UOHHBIE M JIpyrMe 3KCIUTyaTallMOHHbIE MapaMeTpbl KOH-
TaKTHbIX TEMJIOreHepaToOpOB OKa3biBaeT paboTa B peKUME OTOIJICHUS C Aua-
Ma3oHOM TemrepaTtyp Bojabl Ha noagaye ot 50 go 80 °C. JIns noBbIlUEHUs Ha-
NEHHOCTH U JOJTOBEYHOCTH paboThbl TEMJIOreHepaTOpoB HEOOXOAUMO CTpO-
roe coONtoaeHHE BCEX PErjlaMeHTHBIX PEeXUMOB U MPOPUIAKTHYECKUX
padoT.
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CTeHKH BOAOPACNIPEACIUTENICH NOKPBIThI CIOEM HAKHITH TOJHHONH 1MM.
Ha nunuu peunpkynsuuu 3aduto 30% orBepcTuii. /lnaMeTp oTBEpPCTHI 2MM.
Ha o6patHo# nunuu 3a6uTO 30 % oTBEpCTHH. [lHaMETp OTBEPCTHH 2MM.

Puc. 3. Bonopacnpenenurenu tennoredeparopa Ne 3 (TI'a-100)
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Ha yacTu ropenku, HaxoasLencs
B TOMKE — KOPPO3HU$

Puc. 4. 'openka rennorenepatopa Ne 1 (TTa-100)

Jlutepartypa

|. Teroreneparopu “€spodopmar”. [HiopMaLIHHO-TEXHIYHUN KaTaIOr.

2. KOHTaKTHO-MOBEpPXHEBUI BOJOHArpiBay 11 JIOKaJbHOT CUCTEMU TEIJIO-
nocrtauaHHs. JleknapauiiHuili naTeHT Ha KOPUCHY Monenb. YkpaiHa, Ne 13302,
133056, 13306. -

3. Jlyonuxoe A. Il., Koeanv IO. ., Kyuepenko E. B., Tkauenko H. C.
“HUccnenoBaHue XapakTEpUCTHK TEIJIOMAcCoNepeHoca B KaMepax CropaHHusi KOH-
TaKTHBIX BOJIOHarpeBaresei ¢ “MOKpbIMH” cTeHKamMu’. HacTosiuui cOOpHHUK.
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oC EHEPIO3BEPEXEHHA

YK 631.22 1O. K. PockoBuieHko, B. A. Tkauyeuko,
M. B. Crenanos, 1. B. Knimosa

KuiBcbkuit HauioHanbHuWit yHIBEpCUTET

OyMIBHHUTRA 1 apXITEKTYpPH

HAMNPAMKW EHEPITO3BEPEXEHHA
B NPOMUCNIOBUX TENNUNLAX

B cyuacHux ymoBax nabyBae 0COONMBOI aKTyalbHOCTI 3MEHLLEHHS BH-
TPAT TEIJIOBO1 €HEprii Ha BUPOILUEHHSA OBOLUIB B MPOMHCIOBUX TEITHLSX.
BueHUMH Ta 1HXKEHEPaAMK HAYKOBO-A0CBIAHOIO BUPOOHWYOro arpokoMoina-
Ty “[lywa-Boauua™ ta Kuiscbkoro Hauionanbnoro YHiBepcUTeTY OYAIBHH-
UTBa 1 apxiTeKTYpH pO3podJICHO Ta BIIPOBAUKEHO TEXHIYH] PIIIEHHS, AKI
CYTTEBO CHPUAKOTb [IABHLLUEHHK) €HEProeKOHOMIYHOCTI KYJAbTHUBALIHHMX
CNOPYA 3aXULLEHOrO FPYHTY.

B uwifi cTaTTi BUCBITAIOIOTLCA NPOEKTH MO AKUX MOBHOIO MIPOKD MOXKYTh
OyTH HajlaHa HeobXiaHa TexHIYHa iHdopMaLis IJis LIUPOKOrO BNPOBAHKEHHS.

Po3pobsieHa 1 ycniwHO (YHKUIOHYE CUCTEMA TreliOTENIONOCTauyaHHs,
NPU3HAYEHA /I HArpiBaHHA NOJIMBHOI BOAM B TEIUIMLI TA rapsqyoi BOAU A
nodyrosux notped. OcodAUBICTIO CHCTEMU € PYXOME refionosne, 1o A03BOSE
CYTTEBO MIABHMILUMTH BUKOPMCTAHHS COHAYHOI EHEPrIl 3a paXyHOK 3a0e3rneyeH-
HA ONTHMANbHOTO KYTa HAXHIY MejalOKONEKTOPIB NPOTArOM YCHOrO CBIT/10BOTO
IHS.

3MEHILEHHS TEMJIOBUX BTPAT KYNbTHBALIMHOK cnopyAoko B 2,5-3 pa3u
3abe311euye BUKOPUCTAHHA NOABIMHOTO CKATHHSA MO BCiM nuowy Tenauui. He
3BAXAIOYH HAa HE3HAYHY BTPATy BPOXKAK TaKe TEXHIYHE PILLUEHHSA rapaHTye
cyTreBe 3011blUeHHA NPUOYTKY 3 OJHOTO KBAAPATHOIO METPY TeMnauLl 3a pa-
XYHOK 3201LQJ)KEHHS €HEPreTUYHNX pecypcCiB.

3HAYHO 3HUXKYETbCA CIIOXKMBAHHA TEMIOBO1 €HEprii po3pobieHo0 HaMK
CUCTEMOIO ONaneHHsa 3 00irpiBaHHAM OOMEXEHOT 30HHM KyJIbTMBALIT POCIIWH.
3MiHEHHS BMCOTH 30HH, IO OOIrpiBacTbCA AOCATAETbCA OC3 MepeMillieHHS
onaJitoBaNbHUX TPYO.

CucTtema reniorennonocrayaHia arpokoMOinary “Ilywa soanuga™ npen-
CTaBJlieHa reniocTaHii€lo i3 24 MIOCKUX COHAYHHMX KOJNEKTOPiB, BCTAHOBJIE-
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HAX Ha MOBOPOTHIN niaTdopmi, CUCTEM €NEKTPONOCcTauyaHHs, BOJOMNOCTA-
YaHHS | @BTOMATMYHOrO yNpaB/iHHs. 3arallbHUi BUTS renlocTaHLll noka-
3aHO Ha GOTO (pUCYHOK 1).

Puc. 1

CucreMa reioTenaonocTayaHHs NpUHATa OQHOKOHTYPHOMO, 3 BUKOPH-
CTaHHSIM TPYOOMpPOBIAHOT BOAU B AKOCTI TEMJIOHOCIS.

JIns aBTOMATHYHOIro ynpas/liHHS poOOTOK CHUCTEMH TejoTENIoNnocTa-
YaHHs 3acTocoBaHO koHTpojep “Knimartik 37 ¢ipmu "PAYT Asromatuk".
Take piwieHHs 00YMOBJIEHO HasBHICTIO Y KOHTpoJepl “Knimartik 3” roau-
HMKa peajibHOro 4yacy, WO [J03BOJISIE OPIEHTYBATH MJATPOPMY y HaMpsAMKY
COHL 3a KaneHaapeM. Takui cnocid opieHTaull 403BOJSAE 3MEHLLUTH BTPATH
eJIEKTPUYHOT €HEPril NMOPIBHAHO 3 METOAOM BUKOPUCTAHHS MOLIYKOBHUX KO-
JIMBaHb, Ta TOUYHILIKH MOPIBHAHO 3 METOJIOM NMOBOPOTY NjiaTGopmu 1 nigio-
MY reJ1IOKOJIEKTOPIB 3 MOCTIHHOK LWBUAKICTIO.

JIlns BU3HAuYeHHs TerjoBol €(eKTUBHOCTI resioCTaHLli YCTAHOBKY 00-
najaHaHo 3acobaMM BUMIpy BUTpATH BOAM Ta il TEMNEpaTypH.

Jlns 3abe3nevyeHHs HOPMaJIbHOI eKCIulyaTalii YCTAaHOBKH pO3po0neHi |
BBeJleH1 B 1it0 “[IpaBusia TeXHIYHOT ekcryaTauii .

Ha ocHOBi npoBeaeHUMX BMNpoOyBaHb Ta HAaTYPHHUX AOCJIKEHb 3a poO-
00TOO reflioyCTaHOBKM MOXKHA 3pO0OMTH Takl BACHOBKHU:
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— BHUKOPHCTaHHA MJIOCKHX relioKoNeKkTopiB B yMoBax M. Kuesa ekoHo-
MIYHO BHIIpaBjaHe;

— AN 30UTbILIEHHSA TEMIONPOAYKTUBHOCTI CHCTEMH CllijJl 3aCTOCOBYBATH
3ac00M aBTOMAaTHYHOrO peryjitOBaHHA Ta yNpaJliHHA. 3aCTOCYBaHHSA CUCTE-
MH aBTOMAaTHMYHOI OpI€HTALl reioKOJIEKTOPIB NO3BOAE MiABHIUMTU TEMJIO-
BY NOTYXXHICTb YCTAaHOBKHU Ha 40...50% [1].

Benuki BTpaTH TENNIOTH B TEMAHLAX 3YMOBJIEHI MalUM OMOPOM TEMNO-
nepeayvyi OropoJKyBajibHHX KOHCTPYKLIi 3i ckna Ta noniMepHOI MNiBKH.
Ans 3MEHILUEHHA TENNMOBMX BTpaT B CNOpPYJAax 3aXMILEHOrN0 rpaHTa MOXITHBE
3aCTOCYBaHHs OrCPOIKYBANbHONO TMOKPUTTA 3 CKAOONOKIB NOABiHHOrO
CKJTIHHA 3 MOBITPAHUM npowuapkom. Omnip Teruionepeaadi cknoGokis 3 rep-
METHMYHUM MOBITPAHHM NPOLLIAPKOM 3HAYHO BHUIUMI Y MOPIBHAHHI 3 OQHO-
LUAPOBUM CKITIHHSAM.

TennoTexHi4yHi XapaKTEpPUCTHKH CKNOOJIOKIB 3anexaTh BiX KiNbKOCTI
NOBITPAHUX TPOILIAPKIB TA iX TOBWIMHU. 3HAYHUH BIUIMB Mac 3anOBHEHHA
npolapkis, KoepILIEHT BUTIPOMIHIOBAHHA CKJla, KYT HaXuiy cKlo6JoKy a0
ropu3oHTy. [1iaBHIIMTH iX TennoisonsAuiiHI BJACTHUBOCTI MOXHA LIIAXOM
30UIbWEHHA KUJIbKOCTI NOBITPAHUX NpOLIAPKIB 10 TphOX Ta Oinbilie, 3acTo-
CYBaHHAM CK/a 3 MMOKPUTTAM, LUO BiAOUBAE TEMNOTY, Ta 3aMOBHEHHAM MPO-
WApPKiB M)XK CKJIOM ra3’oBOIO CyMillLUIO 3 KOe(diLliEHTOM TerJionpoBiAHOCTI
MEHIIKUM HDK Y noBITpa. CKNiHHA TeNnuub AOUIITBHO BUKOHYBATH CKJ100J10-
KaMH 3 OAHUM NOBITPAHUM NPOLLIAPKOM.

Tennoi3oniooua BNAacTHBICTb MOABIKHONO CKJIIHHA XapaKTepHU3YEThCS
koe(iLiEHTOM Onopy Tenjonepeaaui, skHii 3aneXXuTb BiJl TOBUIMHHM MOBITPA-
HOMO NPOLLAPKY Ta KyTa HaXWay CKJiHHA 40 ropu3oHTty. Haiibinew edexTu-
BHA TOBLUMHA MOBITPAHOIO NMPOLLAPKY BU3HAYANACh €KCMEPUMEHTAJILHO.

B pesyabrarti nocniaiB 6yno BUABNEHO, WO HaHbiNbII TENNO i30/110t0ui
BMACTHUBOCTI MAlOTh CKIOOOKH 3 TOBLIMHOKO MOBITPAHOrO npoiuapky Big 16
10 24 MM,

B nopiBHAHHI 3 OJlMHAPHUM CKJIIHHAM, KOe(iLIEHT TenJonepeaavi aKo-
ro cknaaae 5,7 Br/(mM* °C) MpH TOBLUWHI CKJIa 4MM., TENNOBTPATH uYepe3 No-
ABii{HE CKJIIHHA 3MEHIUYIOThCA Ha 45...55% [2].

Jns 3acToCyBaHHS NOABIHHONO CKJIIHHA HA MOKPUTTA TEIIHLI NOTPiOHE
NOJAATKOBE MiACHIEHHA Kapkaca cnopyau. s po3paxyHKy Ta MOpPiBHAHHS
AOJATKOBOI BMTpAaTH MeTaly MpPH 3aCTOCYBaHHI NOABIHHOrO CKMiHHA TpPH-
fiManaca Tenauus 3a THNoBuM npoektom 810-1-13.86. Oynu po3paxoBaHi
HaBAHTAKEHHA Ha WNPOCH, NPOroHH, pureii Ta KONOHU cnopyau. Po3paxy-

HOK BHKOHaHO Ha OAWH MpPOJBOT Ta Ha OAMH KPOK KONMOHHU (6,4 X 3 M). 3a
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2 :
po3paxyHkamMu ANOAATKOBa BUTpara Metany cknagae 1,7 kr Ha 1 M~ ol
Tenauui. TepMiH OKYNHOCTI JOAATKOBMX KamiTalOBK/J1aJ€Hb CTAHOBITb MEH-
we | poky.

OcobnuBicTiO Tenauub € (yHKLIOHANbHE YAaCTKOBE BUKOPUCTAHHA 1X
00’eMy, HaATO B MepioaM paHHbLOI BereTauii, ki MOXYTb CMiBNaaaTv 3 Hau-
HHXKYUMHU TEMIMEpPATypaMu 30BHILUHLOrO MOBITpA. OTXe 3aBJaHHs MOJAra€ B
3a0e3neyeHHi NoTpiOHUX MIKPOKJIIMAaTUYHUX YMOB caMme B Uil oOMexeHiH
YaCTUH1 00’€My —30HHU poCTy pociuH. CUcTEMA OnajleHHs NMOBUHHA 3a0e3ne-
YyyBaTH HEOOXIAHI TEMO HAAXOMKEHHS came B LI0 OOMexeHy 30Hy. Bucora
TaKoi 30HU Ma€ 30iJbLIYBATUCh 3 PO3BUTKOM POCJIMH, IO 3BUYAHHO criBna-
Na€ 3 MiJABUILEHHAM 30BHILLIHbOI TeMnepaTypy. TakuM YHHOM HEOOXIHO 3a-
Oe3neuuTH perytoBaHHa 00’ €My, L0 ONANKOETHCS, TOOTO BUCOTY LUApy Ter-
NIOBOrO MOBITPS HaJ MOBEPXHEIO FPYHTY.

JIns uboro € aBa 3aco0M: HarpiBajibHi €IEMEHTH NMPOKJIAAEH]I B MKPSA-
ISX POCNAMH (HAaArpYHTOBHME 00irpiB) Ta HarpiBajibHI TPyOM B BEPXHIil 30HI
(mij nokpiBnero abo Ha “3araxui’’) (PUCYHOK 2).
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3MIHIOKYH IHTEHCUBHICTE TEIIOOOMIHY B HHXKHIN 30HI TEMIULI MOXHA
PEryJIKOBATH TEMIEPATYPY MOBITPA. IO HArpIBA€THCA NPU KOHTAKTI 3 ona-
NMOBAIbHUMHU MPHIIAAAMHM, a BIATAK | IHTEHCUBHICTb BUCXiJHOrO KOHBEKTHB-
HOTO NOTOKY. 3MIHOK TEMNEPATYPH TEMIOHOCIH, WO UUPKYIIOE YEpe3 Tpy-
DONpPOBOAH BEPXHLOT 30HU, PETY/IIOETHCA B KiHLEBOMY MiJAICYMKY LUBHAKICTL
HH3XIJlHOrO MOTOKY NOBITPA, WO OXOJOMXKYCTbCA OUIA 30BHILLIHIX Oropo-
JKCHb.

11 BUSIBJICHHA nepeBar CUCTEMW OOMEKEeHOro OfaJieHHS 30HW BEreTa-
- 1T pocauH Hag 6a30BOI0 CUCTEMOIO OMAJICHHA 3a TUNIOBUM NpockTom 810-1-
13.86 Oynu npoBeaeHi po3paxyHKH TEIJIOBOro BanaHcy Ta METaJOMICTKOCTI
CHMCTEMH ONasieHHs Tennuul naowelo | ra. BectaHoBneHo, w0 TEMJIOBTpaTH
[pU CUCTEMiI OOMENKEHOTO ONaNeHHs 3MEHLUYThC Ha 17...23% y nopis-
HAHHI 3 0a30BUM NMPOEKTOM 3a PaxXyHOK MiATPUMaHHSA y BEPXHiif 30Hi cnopy-
AW HWKUMX TEMNEPATYP BHYTPILIHLOrO NOBITPA. METAIOMICTKICTL CHCTEMU
onajieHHs 3HUWKYETLCA HA 15% y NOPIBHAHHI 3 THITOBUM NpoekToMm [3].

3anponoHOBaH1 3aX0AX J03BOJAIOTh 3HAUHO 3MEHILMTH BUTPATH TEILIO-
BOI eHeprii Ha onaneHHs KyJbTHMBALIHUX CINOPYA 3aKPUTOrO TPyHTY, T110-
KpaluMTH TEMMepaTypHe noJjie B 00 €MI CNOPYAH, 3MEHIUUTH METAIOMICT-
KICTb CUCTEM OMNAJICHHS.

CnHcok JiitepaTypu

. Tkavenxko B. A., Knivosa 1. B. JlocnimkeHHS CUCTEM TeJiOTEMJIONOCTa-
yaHHs Tenauub // byaisHuurBo Ykpainu. 2004, Ne 8. C. 20-21.

2. Isanenko I1. I1., Pockoswenko FO. K., Knimosa I. B. TlpomucnoBa tennu-
LA 3 NOABIAHOro CKIiHHA // byaiBHULTBO YKpainun. 1998. Ne 2. C. 33-34,

3. leanenxo I1. I1., Pockoswenxo 0. K., Knimosa 1. B. Cuctema obmexeHo-
ro onajicHHsA 3MMOBHX Temnus//byniBHuuTBO YKpainu. 1998, Ne 6. C. 3840,
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YK 631.22.628.8 H. B. Yenypna,
B. B. YenypHuuii

Kuischkuit HauionanbHu# yHiBepcUTeT

OyIoiBHMUTBA i apXiTEKTYpH

3BEPEXEHHA EHEPIOPECYPCIB TA NIABULLEHHA
KOHKYPEHTHO3OATHOCTI TEMJIMYHUX TOCNOAAPCTB

Tennnune rocnoaapcTBo € HaMbUIbI HAYKOBO HACHYCHHUM. CKJIAJIHUM |
BHCOKOIHTEHCHBHUM IHAYCTPIAIbBHUM CEKTOPOM arpONnpoOMHUCIOBOrO KOM-
niekcy Ykpainuw. Ll ranysp rpyHTYETbCA Ha iHTeHcU@ikauil 0ios0oriyHux
BNAaCTUBOCTEH POC/AMHU 3a PaXYHOK CTBOPEHHS 1M WUTYYHUX YMOB, LLLO BIAMNO-
BILAOTb HAHOUIbIW HAOMMMKEHUM A0 OUTUMANLHUX NOTPED XKUTTH | PO3BHT-
Ky, @ caMe: MIKPOK/IMAaTY, KOPEHEBOrO CCPEAOBHLLA, XXUBJIEHHS, OCBITAEHHS,
ONTUMaNbHOI KijibKocTi ByrJieKkucaoro razy (CO;) Ta 3axXxuCTy Bijl WKIAHWKIB
I XBOpOO.

He3Bakaroun Ha HeCTadINbHY CHTYaUllo Ha PUHKY 3aKPHUTOrO TPYHTY,
BUKJIMKAHY pALOM HEraTMBHUX (PAKTOpIB, TAKMUX K 3HOC OCHOBHUX (OHIB
10 80%, BUTpATH HA EHEPIrOHOCIT, AK1 HOCTIHHO 3011bWYIOTLCS, HU3LKY PCH-
TabenbHICTh npoaykiii {9—15%), 30iNbWYETLCA KUIBKICTb TEIIMUYHHX KOM-
OiHariB, 1HBeCTOpIB, WO 6ayaTb y AaHOMY CErMeHTi PUHKY BUCOKOpPeHTa-
oenbHui 0i3Hec (10 70%). B Takiii cuTyalll € aABa WNAXH — PEKOHCTPYHO-
BaHHA 3acTtapinvx ado OyaIBHULTBO HOBUX TENIHUb, AKI BiaANOBiAanH O yk-
paiHCbKMM OYA1BEJIbHUM HOPMaMm i CBITOBOMY PiBHIO IKOCTI.

HuHi B Ykpaini nodynosaHo nonag 3000 ra tennvub, y TOMY 4YMCAI
930 ra ue 3ackieHi 3uMoBI 1 Maiixke 2100 ra — naiBKOBI BECHAHO ~ NiTHI Ten-
nuul, 1Wo nodyaoBaHi 3a pisHUMH THNOBUMU NpoekTamu. OCHOBHI 1X Xapak-
TEPUCTUKH HaBeaeHl B Tadnuui 1. OCHOBHE BUPOOHMUTBO paHHiX OBOYIB 30-
cepelkeHo B 64 TennuuHuMx koMOiHaTax 3arafbHOKW noweto 728 ra, fki
po3TalioBaHi B ycix objactax Ykpaiuu [1].

Po3BUTOK 111AYCTpiaNbHOrO TCNIMUEOYAyBaHHA B YKpaiHi noB'a3aHuii 3
BBEJICHHAM B ekcniyaTtauito B 1970 p. AHTpauMTIBCLKOro 3aBoay 301pHUX
Tennuub (Jlyraucoka 06n.) | BinOyBaBcs BKpaii HEPIBHOMIPHO. A MOYMHAK)-
4y 3 1990 p. OYAIBHUUTBO HOBHX TEMIMYHMX KOMOIHATIB i BECHAHUX TeNn-
NUUb Makxe npunuHuioci. OCHOBHA NMPUUYUHA TAKOTO CTaHY B Temauuedy-
AYBaHHI — BIACYTHICTb KOLWITIB, @ TAKOX PI3KEC NIABULLEHHS LLIH HA EHEPro-
HOCIT, BapTICTb SKMX Y CODIBAPTOCTI NPOAYKUIT HHHI CTAHOBUTb ONu3bko SO—
60% nporu 15-17% y 80-1 poku. Bpaxosyiouu 3poCTaHHs LIH HA OCHOBHI
€HEProHOCii, HaBITb BACOKONPOAYKTUBHI TEMJIMYHI KOMOIHATU 3 J00pe Hana-
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rOMKEHUM TEXHONOrYHMM TIPOLECOM MalOTh HH3bKY peHTabeNbHicTb, a
OIIBWICTD TENAMYHUX FOCMOJAPCTB CTANM 30UTKOBHMMU.

Hanpuknaa, 1 ra crapoi Tenauui BUpoOHHUTBA AHTPAUMUTIBCLKOro 3a-
BoAy 30ipHMX Tenauub (TUNoBU# npoekt 810-1-13.86), 3a nacnopTHMMM na-
HUMH cnoxxuBae 5 ['kan/roa tenna npu po3paxyHKOBiii TeMneparypi noBiTps
—20°C (came Ui TenauuUi € OCHOBHMMM B TENIMYHWX KOMOiIHATax YKpaiHu i
kpaiHax CHJ/I). BpaxoByouu Bik i CTaH TakuX Tenjauub, 1 ra aificHo y cepea-
HbOMY crioxuBaloTb 7,5—-10 ['kan/roa abo 12500—-15600 I'kan y pik. Lugpu
CTatOTh aCTPOHOMIYHUMHU, AKLIO NOMHOMHTH iX Ha BapTicTh 1 'kan (80 rpH.,
y cepeHbOMY No YkpaiHi cTaHOM Ha 2005 p.) i Ha KiJIbKICTb IeKTapiB eKCIl-
NyaTOBAHUX TEIUIWLb. TaKUM YMHOM, Y PIK TEMIWYHHI KOMOIHAT MioLlelo
10 ra 3i cTapuMH TennuuUAMH, BUTPAYaE TilbKKM HA TEMNOBY eHeprito A0 12,5
MIH. TpH (0e3 obniky noCTiHHUX BUTpPaT HA PEMOHT, AOAATKOBY TrepMeTH-
3aLLit0 | pEKOHCTPYKLiIO 3HOWEHUX TEMIHLL B 00CA3i MiHIMYM 1,2 MJIH rpH y
pik). [Ipu excnnyaranii 10 ra pekoHCTpYiHOBaHMX TEMIKLb BUTPATH Ha Ten-
NOBY €HEPriio CKJIaAyTh, Y cepeaHboMY 4,5 MJH. IPH., @ NpH BBEAECHHI B €KC-
MiyaTawiio BJIACHOI ra30BOi KOTEJbHI Ui BATPATH CKOPOUYYHOTLCA NPHOJIHU3HO
BABI Y.

OnutyBaHHa 19 Tennnunrx komOiHaTiB (37,6 ra Tennuus) gajiy 3MOry Bu-
BECTH pe3y/bTaTH AIfICHONO EHEProCnoXXMBaHHA, AKi 3BOAUMO B Tabnuwo [2].

IlapameTpH eHeprocnoXKHBAHHA B CKAAHHX 6/10MHHX 3UMOBHX TeNAHUAX

MpockTHa ®akTHYHa BEJIHYHHA
[MokasHuk

BEINYHHA | yakcumanbHa | MikiMansHa | cepeans
CepenHi napameTpu 29 25 2.0 24
€HEpProcnoXuBaHns Ha 1 ra, 35 Za 2.7 “2",'3“
'kan/ron*
cneprocnommantn a1 ra| 6253 - - A

PrOCHOEN a1 7275 6830 6023 6420

['kan/pik*

* BepxHiH MOKa3HHK — i3 3aCTOCYBAHHAM CHCTEMH 3ALUTOPIOBAHHA, HUXKHIH NOKA3-
HHK — 6€3 3aCTOCYBaHHA CUCTEMH 3aLUTOPIOBAKHA.

CTBOpEeHHS CY4aCHOro TEMJIMYHOro KOMMNJIEKCY B iHKEHEPHOMY i 6iono-
FYHOMY MJIaHi AOCHTb CKJ1aJiHE 3aBAAHHA, OCKUJIbKH Ha PO3BUTOK POC/IMHHU Y
TEMIHUI Al€ BeNMKa KiNbKICTh NMPUPOAHMX 1 IITYYHUX (AKTOPIB, MOCTIiHHE
BpaxyBaHHSl AKHX 1 CTBOPEHHA ONTHUMaNbHUX YMOB IS POCIIMHMU TiA CHAY
NViLE KOMM’ IOTEPHIH TEXHIU|.

~ Jlo nepuioueproBUX 3aBAaHb HHHi B ranysi 3aKpuToro rpyHTy Hane-
XaTb: BUOIp pauiOHAJIbHMUX THUMIB CMOPYA Ta iX PO3MipiB, YAOCKOHAICHHA
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KOHCTPYKTUBHUX PillieHb TEMIULb 3 METOK) CKOPOYEHHS BUTPAT TEMAOEHep-
ropecypciB 1 3HWXKEHHSA MUTOMMX BTPAT Marepianis, po3pobka HOBHX CBITNO-
NpO30PUX OropojK€Hb, BHBYEHHSA MOMXJIMBOCTEH i E€KOHOMIYHOI AOLijb-
HOCTi CTBOPEHHA CKNONAHENEH ANid OrOPOMXKEHHS 3MMOBHX TeMIWlb, EKOHO-
Mis €Heprii Ha onajeHHs, NiABULUEHHA BpPOXaiB | AKOCTI BUPOLILUEHOI Mpo-
AYKLUii, pO3LIUPEHHS aCOPTUMEHTY, 3aCTOCYBAHHA HOBUX NMPOTPECUBHUX TEX-
HOJIOTii BUpPOLLYYBaHHS MPOAYKUIi, NOWYK HOBUX XOJIOAOCTIAKUX, ypOXKaii-
HUX 1 CTIHKHX NpoTH XBOpOO Ta LWIKIAHUKIB COPTiB [3].

Take nonoxeHHa, Ak HecTaya BNaCHUX 3aco0iB, 3B’A3aHe 3 MapHOTpaT-
HOI0 €KCNIyaTaui€lo CTapux Tevub, HE N03BONAAE TEMIMYHUM KOMOIHATaM
OyayBaTd HOBI, Cy4acHI TeMauuUi, BNIPOBAIKyBaTH OCTaHHI JOCATHEHHS ar-
POTEXHONONIT i, AK HACMI 0K, CTablNbHO PYHKUIOHYBATH. 3 METOIO 3HMIKEHHA
BUKOPUCTAHHA €HEePropecypciB B TEIUIMYHUX FOCMOAAPCTBAX BEAYTHCA PO-
00TH B IBOX HAaNpAMKax:

1. KoMnaekcHa peKOHCTPYKL i ICHYOUUX TENJIHLb.

2. ByAiBHULTBO HOBUX CYYaCHUX TEIJIMYHMX KOMOIHATIB.

KoMniiekcHa peKOHCTPYKLUif TENJIHMYHUX IOCNOAAPCTB 3aKIIOYAETLCA B
CILAYIOHYOMY:

1) 3aranbhe 06CTEXEHHS, WO NOYMHAETHCA 3 OUIHKH TEXHIYHOrO CTaHy
METAJIOKOHCTPYKLIH | TEXHOMOriYHMUX CUCTEM 1 3aKiHUYETbCA aHANTI30M €KO-
HOMIYHHMX MOKa3HMKIB. "

2) TlpoBepenHs pobiT NO BAOCKOHAIEHHIO KOHCTPYKTUBHUX PilllEHb Te-
MWL, TOOTO BCTAHOBJICHHA AOAATKOBUX LINPOCIB 6OKOBOro OropoyKeHHs 3
METOIO BJIALUTYBaHHSA MOABIHHOrO CKJIa; MOHTaXX MO NEpUMETPY TEMIUUb
TENA03aXUCHOrO €KpaHy 3 NoJieTUIEHOBOI IUTIBKH;

3) BUKOpUCTaHHA YILIILHIOOYOT PiAMHK B MiCUAX NpUasraHHa ¢ppamyr
CHCTEMH BEHTUALIT Ha METANOKOHCTPYKLIT NOKPIBIIi.

4) MojepHi3aLis CHCTEMH ONaNEHHA TEMAMLI:

— pO3/liIeHH CMCTEMH OMa/leHHA Ha He3aneXHi KOHTYPH (HaarpyHTo-
BUii, NiANOTKOBHA, MOKPIBENbHHHA i 1.4.);

— NEMOHTAX €HEPrOEMHUX TEMJIOBUX NMYHKTIB 3 HACOCAMH BENHMKOI MO-
TYXHOCTI Ta MOHTaX po3noAiibyHX rpebiHok (By3niB kepyBaHHs) Gesrnoce-
peaHbO B TEMIMLi a00 nopy4 B 3’ €AHYBaJIbHOMY KOPHAOPI;

— OopraHisauis aBTOHOMHOIO KEepyBaHHA KOXXHOIO OKPEMOro KOHTYpY
CHCTEMH ONAJIEHHA TEMJIMLI 3 BAKOPHCTAHHAM MAIOKOHTYPHUX LUPKYNALIiA-
HUX HacociB (MakCMMallbHa MOTYXHiCTh 3 KBT), peryaioiounx knanasis 3
aBTOMATH4YHHUM YIPABNiHHAM, JaTYUKIB KOHTPOMO.

5) BnpoBamkeHHA KIiMaT-KOHTPOJIO, TOOTO aBTOMATHYHOI CHCTEMH
yNnpaBjiiHHA 3aJaHHX PEXKUMIB MIKpOKJiMaTy.
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6) BCTaHOBNEHHS CUCTEMH 3aLLITOPHOBAHHA.

7) BrnipoBaaXeHHS HOBUX TEXHONONIH XUTTEAIANLHOCTI POC.IHH:

— KPaniuHHOro nou1BY;

— CUCTEMH NIAKOPMKHU pociuH COs;

— CUCTEMU BUITAPOBYHOUOI0 OXOQJIODKCHHS.

Takui niaxia 0o pexoHCTPYKLiT 3abesneyye 3HUIKEHHS BUTPAT Ha €Hep-
roHocii (a0 50-60%) 3a paxyHOK MOASPHI3aUIl CRITAONPO30POIO OI0-
DO/IKCHHSA | CHCTEMH ONajiieHHs Temauub. Ha naHomy etani pekoHCTpyKUil
CMOCTEPIracTLCA NiABULLUEHHN BpoxkaihHOCTI Ha 10-12% HaBiTh npu BUKOPH-
CTAHH] HAUNPOCTIWMX TEXHOJOrH TMOAUBY | KOHTPOJNK MIKPOKJIIMATY.
Edekr pocaraerscs 3a paxyHOK PIBHOMIPHOrO pO3NOALAY Tenjna no Bl
MIowWi Tenauui i BUpilieHHs npodjemu KoHaeHcary. Ipu ycraHoBIl cyuac-
HUX CUCTEM KPaniuMHHOTO MOJMBY | aBTOMATU30BAHO! CUCTEMH KCPYBAHHS
MIKPOKAIMATOM 1a TEXHOJIONYHUMH MpolecaMyi BPOXKaiHICTb, K MPaBHIoO,
niaBuILyeTbes we Ha 10—15%][4].

3po3yMino, 1o Oyab-sKa PeKOHCTPYKLLIS BUMATra€ 3HAYHUX (PIHAHCOBHX
BKJIaleHb, TOMY KOHUENTYaNbHUI NiAXI;L 10 PEKOHCTPYKUIT ronsrae B Mak-
CUMAJIbHOMY BUKOPHCTOBYBAHHI MOXAMBOCTI YKPAlHChKOIO PHHKY, LIO
A03BOJISE 3HAYHO 3HM3UTH BaApTICTL MaTepianiB | YCTATKYBAHHS.

Ane, 6inbll edeKTHBHUM € OYAIBHUUTBO HOBUX Tennuub. [1pu Oynis-
HMUTBI HOBHX TEMAHYHHX KOMOIHATIB BUKOPHCTOBYIOTHLCS €HEPro30epiratoyl
KOHCTPYKLIT Ty “Benno™ Bupobuuurea m. Manospocnaeeus, abo 3akop-
JOHHOI0 BUPOOHMILTBA. BapTo ekoHoMiuHO oOrpyHTOBYBATH OYiiBHUUTRO i
BBEJICHHS B €KCMNyaTauito TEMAXWUb HOBOIO NOKONIHHA, BUBOASYHM OAHOUAC-
HO TAKHMU K Temnamu 3 o0opoTy cTapi. B 38’sa3ky 3 BULLE BUKNAIEHUM BH-
HMKae HeOOXIAHICT, B po3po0ka HOBHX MPOEKTIB 3 MAKCUMANbHO BUKOPH-
CTAaHUMM 3aXOOaMH MO eHeprosaoiwaiaHeHi. B nanuii yac Ha pUHKY npea-
CTaB/IeHa BEJHKA KUILKICTb CUCTEM KPAMIWHHOINO NONMUBY | KEpYBAHHA MIK-
POKJIIMATOM, 3aCTOCYBaHHS SKMX A03BOAAE NMIABULLIUTH BPOXKANHICTb HA S5—
10%. llepeBaru YCTaHOBKM MOAIDHOrO yCTaTKyBaHHS HeE3amnepeuHl, aje
HaBiTb HalcywacHilla CHCTEMA XKHUBJIEHHS POCJIHH HE BUpilIVE Mpobnemu
MATPUMKY ONMTHMAIBHOrO MIKPOKNIMaTy, AKIIO B TEMIUUI HE €PEKTHMBHO
NPauioOKTh CUCTEMH ONAJIEHHSA, BEHTHNIALIT Ta ICHYE NpodJieMa KOHJISHCaTY.

He MeHwl BaxnuBow npobieMord npu ekcnayartauii TEMAulb € Ha-
AilRIcTL poboTh koTeneHb. JOCcBi/ ekcnayartadil Nokasas, WO KOTejbHI, 06-
najHaHi KOT/IaMK 3aKOP/IOHHOTO BUPOOHMUTBA, NICAsA M’ ATH POKIB €KCnya-
Tauii MaioTb noTpedy B PEMOHTI Yepe3 NosBYy npocouyBaHOCTI. ITocTauanb-
HUK KOTJIIB HE rapaHTyE HaifHOI pOOOTH Micas IXHbOUO PEMOHTY, a NPorno-
HYE 3aMiHy KOT/IB 3a OKpemy fjarty, L0 3HAYHO MiABMILYE cOOIBAPTICTL
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TeNAMUHOI npoaykuil. ToMy AOLUIBHO 3aCTOCOBYBAaTH B MPOEKTaX KOT/H
BITYU3HAHOrO BUPOOHMLTBA, pO3p0odJIeH] Ta NPUCTOCOBaHI 10 eKCIulyaTaLil B
HalIKMX YMOBAX. :

OanuMm 3 BapianTiB eHeprosdepiraouoi Tennuui € koMOiHOBaHa TeNu-
U 3 pO3TallyBaHHAM Y HWXKHIH 30H] WaMNIHbAOHHHUUI, a Y BEpXHi#i — Ten-
AALA MO BHPOLLYBAHHIO KBITIB 400 OBOYIB. TakKi KOMILJIEKCH BIPOBAKEH] B
[TpudanTui 1 Ha Ykpaini. TexHonoris oOpodiieHHs KyAbTYp V 11aMNiHbHOH-
HULIAX BMMArae OpraHizoBaHoOro MoBiTpOOOMiHY 3 HABKOJIMILHIM CepeaoBH-
LEM AMS OYHLIEHHS BIJ BYJIEKMCIOTO rasy, o MoXe OYyTH BMKOPUCTAHUI
JUIS NIJAKOPMKH POC/IKH, a cyOcTpar, niciist 30upaHHs NeYepULb, MOXKE BUKO-
PUCTOBYBATHCS NPH BHPOLLYBAlHI OBOYIB ¥ Teniauusax. |lpu noBiTpooOmini
LUMX CIIOPYAXKEHL BTPATH TENNa B 3MMOBUH vac 30IbLLIYIOTLCS, IO BMMArae
3HAYHUX BUTPAT CHCPril AN MIATPUMKHA HeoOXiaHoi temmeparypu. LLlo6
YHUKHYTH BTPAT Teiula, AOUIJIbHO TEMAUUI 1 WaMNiIHLHOHHWUILI BUKOPUCTOBY-
BaTH CIJIbHO. ¥ LbOMY BUNAAKY MOXKHA JOMOrTHCS Bijl 25 10 50% exkoHOMIT
EHEpril.

Tennuii HOBOro NMOKONIHHA B COBOKYMHOCTI 3 iHXEHEPHUMM pillieH-
HAMH (JIBOUIAPOBE CK/IHHA CTiH, €(pEeKTUBHA CHCTEMA YIUIJILHEHHS MiX
CKJIOM Ta [UIPOCaMH, [IPMHUMIIOBO HOBA CHCTEMA BEHTHAALIT, IKa BUKJIHOYAE
MOXUIMBICTb HELULIBHOTO 3a4MHEHHS BEHTUNAULIHHUX (paMyr, BHKOPUCTAH-
HA WTOPHOrO €KpaHy Ta IHLIE) CIOKUBAOTHL NPH PO3paxyHKOBIH TeMnepa-
1ypi nositpa —20°C Ha oauu rektap 2-3 I'kan/roa tenna. To6TO TErnoBoi
EHEpril, sika 3apa3 BUTPA4acTbCA HA OJUH IeKTap, J10CTAaTHbO ISl ONaJieHHs
1,5~2 rekTapiB TEMANLb HOBOIO MOKOJIiHHS.

BHCHOBOK: IPOJOBXYIOUM €KCIUyaTYBaTH CTapi TenuLil, TENINWYHI KOM-
OiHaTH “BUMYCKAIOTL pa3oM 3 TENJOM 0 8 MIIH. FPH Y piK HaJIHOPMAaTMBHUX
“KMBUX" rpolleii, a ue Maiike | ra cy4acHOT MOBHOKOMIUIEKTHO! TEMJINIL.

A TOMY, akTyanbHUMM 3axoJaMH B 30epeKeHHi €HepropecypciB Ten-
JIMYHUX KOMOIHATIB €:

® 3MiHA BHYTPILIHIX KOHCTPYKLUIA Tenunui: ABOX, TPHILAPOBE MOKPUTTA,
YULUIbHEHHSI CTUKIB OrOPOLKYIOUMX KOHCTPYKUIH, 3acTOCyBalHA CUCTEMH
3alUTOPIOBAHHSA Ta BCTAHOBJIEHHS TEMJIO3aXMCHUX ekpaHniB. Tak, HampHKnaa,
CEpPEAHs BUTpaTa eHeprocnoxupanisg Ha | ra cknana 5 540 I'kan y pik 13 3a-
CTOCYBaHHAM CHUCTEMM 3alTOptoBaHHs 1 6 420 ['kan y pik 06e3 Takoi CUCTEMU.

® PO3AINEHHS CUCTEMHU OMAJCHHA HAa OKPEMI KOHTYPH, LILO J1Ia€ MOX-
NUBICTb HE3ANEKHO NIATPUMYBATH 3aJaHUI TETUIOBUIM PEXKUM B BiAAITEHHAX
TEMJIMLI Ta He3aNneXHe BKIKOUECHHA-BIAKIIOYEHHS HArpiBaloYux NpUnanis;

® BCTAHOB/ICHHA CHUCTEMH KJINIMAT-KOHTPOIK), WO AA€ 3MOTY CTBOPMTH
CTa0lIbHO ONTUMaNbHMH MIKPOKIMAT, aBTOMATUYHO PEryntOBaTH Temiiepa-
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TYpy NOBITPsA B 30Hi BereTalii pocJuH, KOHTPOIIOBATH 3MiHY TEMMEPATYPH Y
BEPXHiid 30HI TenauuUi 3a paxyHOK ONTHUMi3auUii TeMmepaTypyd TENAOHOCIA B
KOXKHOMY OKPEMOMY KOHTYpi, 3a0e3neuye 3HMKEHHA €HEPreTUYHUX BUTpAT
B cepeaHbomy Ha 20%;

¢ BMPOBaKEHHA KPANIWHHOIO 3pOLUEHHS AA€ €KOHOMII0 BUTPAT BOAM,
1o 3ade3neyyeTbcs TOYHHM JO03YBaHHAM Ta €KOHOMIA €EKTPOEHEPrii Ha
TEXHOJIOruHI Liji;

® llie OHUM BOK/AMBUM HANPSAMKOM €HEPro30epexeHHsA € BUKOPUCTaH-
HA NOHOBJIOBAIbLHUX [UKEPEN €HEpPrii, 30KkpeMa COHAYHOr0 BUNPOMiHIOBaHHSA
i reoTepMalibHUX BOA.
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VK 631.22.628.8 H. A. LlIBauko, x.m.n, Ooyexm,
H. O. YopHa, acnipaum

KuiBcbkuit HauioHanbHuit yHiBepcHTET

OyniBHULTBA 1 apXITEKTYpPH

FENIOKOJIEKTOPU-KOHUEHTPATOPH
A CUCTEM COHAYHOIO ONANEHHA

OCHOBHMMH BUAAMM NANKBA AJIA HArpiBy TEMIOHOCIA CUCTEM ONalleHHA
Ta rapA4yoro BOAONOCTa4aHHA B YKpPaiHi € NepeBaXXKHO ra3d Ta MEHLIO MIpOKD
Byriing [2]). [lpote, nmanuMBHA Kpu3a MPUMYCHJIA NEPErAAHYTH NeEpChek-
TUBHICTb BUKOPUCTaHHA rasy, sk OCHOBHOIo BHAY nanusa. Lle nano moxuin-
BiTb A5 PO3BUTKY ajlbTEPHATUBHOI €HEPreTUKU Ta CUCTEM renioTensnonoc-
Ta4yaHHA B YKpaiHi. B yCbOMYy CBiTi BilHOBNIOBaNbHI JHkepena eHeprii, ocob-
NMBO COHAYHOI, NpuBepTatoTh N0 cebe Bce Ounbuie ysaru. Lle 3yMoBneHo
TaKUMH Mpobnemamy, K BUYEPTHICTb POAOBHLL HadTH, rasy Ta BYruus, a
TAKOX NOripLUEHHA €KOJIOrYHOro CTAHOBMILA.

EHepreTHYHUH MOTEHUIANT TaKUX BiJHOBJIIOBAHMX IKEPES €HEPrii sK
BiTEp, BOAA, COHUE Ta Giomaca ayxe Benukwii [2,5]. [IpobneMoro BHUKOpH-
cTaHHA uboro noreHuiany € manuii (10-15%) KK/l ycratkyBaHHs, wo nepe-
TBOPIOE €HEPril0 aAIbTEPHATUBHOIO JH)KEpEna B TEIJIOBY.

B YkpaiHi BUKOPpHUCTaHHA COHAYHOI €Heprii BUKJIMKAE OCOONUBUH IHTE-
pec, nepil 3a Bce B il MiBAEHHUX paoHax 3 iX TEMIUM 1 COHAYHUM KJTIMaTOM,
OCKiJIbKH Ha Wil TepuTOpii kpaiHu 6ina 210 cCOHAYHUX AHIB Ha pik. [TpH ny-
TOMIii piuHil COHAYHINA pagiauii B uiioMy no Ykpaiui 1158 KBt roa/m’,
MEpCneKTMBHUA  TennoBUMl  eHEepreTUuUHW# noTeHLjian CKJIafae
26 maH. MBT - roa/pik [2]. Lle € aocTaTHiM OOrpyHTYBaHHAM AOLIbHOCTI
BUKOPUCTAHHA COHAYHOI €HEPTil, AK AKepena TeIUIOTH AJIS CHCTEM ONaieHHS
Ta rapfvoro BOAOMOCTa4aHHA B MPOMUCAOBOMY Ta XHTIOBO-roCNOAapUOMY
KOMILUIEKCaX YKpaiHH.

CoHAYHUH KOJIEKTOP € OCHOBHUM €JIEMEHTOM YCTAHOBKH, B fKiii eHep-
ris BUIPOMiIHIOBAHHA COHLIA NEPETBOPIOETHCA B iHWY POPMY KOPHUCHOI €He-
prii [1,5]. ]. B 3anexHOCTI BiA TUMY TENJIOHOCIA COHAYHI KONEKTOPH noai-
NATLCA HA pIOuHHi Ta nosimpsaxi, a 3a NOCATacEMOI0 TEMNEPATYPOO Ha
HU3bKOMeEMNEepamypHi cepeonbomemnepamypsi Ta 6uUCOKOmemMnepamypHi.
IcHYtOTb NNOCKI Ta QoKycyroui KONeKTopH. B naockux konekropax nosepx-
HA, SKa CIpUiiMaE COHAYHE BUNPOMIHIOBAHHA, € OAHOYACHO MOBEPXHEIO, KA
MOrJIMHAE BUNPOMiHIOBaHHA. DoKycyloyi KONEKTOPH, MaOTb YBITHYTI BiAOH-
Bayi, AKi KOHUEHTPYIOTh Nafaloye BUIMIPOMIHIOBAHHA.
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Cy4acHi nnocki renioKkoNnekTOpPH 3 BaKYYMHOKO TEMIOI30NALIEID MalOTh
pAd CYTTEBMX HEAONIKIB: HM3bKa TemnepaTtypa TerlioHocia (<5560 °C);
3HAYHA MaTePIaIOEMHICTb KOHCTPYKLiT; TEXHOMOTIYHA CKJAAHICTL BHFOTOB-
NIEHHA BAaKyYMHOI Tenjoizonsuii TpyOONpoBOAIB KOJEKTOpa, HEOOXiAHICTE
3HAYHWX BiSIbHUX [OBEPXOHb A iX PO3MILLEHHS, Ki OOMEXYIOTh X 3aCTO-
CYBaHHA. |

B Konekropax-koOHUEHTpaTopaX BUKOPUCTOBYKOTHCA OMTHYHI CHCTEMU
(a3epkana abo niH3M) Ang 30UTbIIEHHS FYCTMHM COHAYHOU pajialii Ha no-
BEPXHi, KA NOTNHMHAE COHAYHY €HEPrilo, Npyd LOMY PO3MIpH KOJIEKTOpa
3MEHIUYIOTBCS, OTKE 3HWKYIOTbHCA |1 TEMJIOB] BTpaTH.

EdexkTuBHICTE QOKYCYIOUMX KOMEKTOPHUX CUCTEM BW3HA4AEThCHA PiB-
HAHHSAM OanaHcy eneprii [1]:

qQu = HbRbcha_i'UL(Tr.x —-Tqy),
Ay

A€ g, — KOPUCHA EHEpTif, Br/m’; p — BiabuBatoua 30aTHICTb A3EPKaIbLHOL MOo-
BEPXHI; Y — yacTKa A3epKanbHO BiAOUTOI pafiauii, ka BROBMIOETLCA MOTJIH-
HaKOYalo MOBEPXHEN, a00 koediUiEHT BNOBAEHHS; TOL — MPONYCKHA 3A0aTHICTh
MNOKPUTTA a0 nornuHaroya 3AaTHICTL NOBEPXHI Mpuiimaua; HpR, — ryctMHa
MOTOKY MpsAMol paaiauli B NOCKiM aneptypi konekrtopa; A,/A, — CTyrniHb KOH-
uenTpauii; Uy (7, — T,) — TeNnoOBi BTpaTH 3 OAMHHLI NOBEPXHI refionpuiimaua
npy reMmnepatypi 7, B HABKONHLUIHE CEPENOBHLLIE 3 TEMNEpaTypoio T

MeToa po3paxyHKY TEIUIOBHX BTpaT npuiMadiB QOKYCYHOUHUX CHUCTEM
CKAAAHILLIUHA, HIXK METOA PO3PaXYHKY NMAOCKUX KONEKTOPiB, WO MOB’A3aHO 3
THM, WO NOTIK BUNPOMIHIOBAHHA Ha NpUiiMaYi HEOAHOPIAHNH.

PosrasHemo npouec Tenaoo0MiHy B KOAEKTOPi-KOHLEHTPATOPi COHAY-
HOT eHeprii (puc. 1). '

BTpaTty TennoTu 30BHIlLHIM 3aCKIEHHAM B HABKOJIMIUHE CEPEAOBHULLE
ANOPIBHIOKOTH KiJIbKOCTI TEMJIOTH, KA NEPEHOCUTHLCA Bil MOrAMHAKOYOro ene-
MEHTa 3 TEMNEPATYPOIO Tyornen. A0 MPO3OPOro MOKPUTTA 3 TEMNIEPATYpPOLO 7.
BTpatd TenjoTH Bid 30BHiLLHLONO 3aCKAE€HHS B HABKOMULIHE CEPEAOBHILE
BM3HAYalOTbCA BIANOBIAHMM OMOPOM TerMnonepaavi, AKUM MOXKHa TpeacTa-
BWUTH Y BUIAI:

Je Op = O+ Oyp; Oy TA Oy — KOEDILIEHTH TEMIOBINAAYI KOHBEKLIEIO Ta BU-
[POMIHIOBAHHAM BiA 30BHILUHBOrO 3aCKJIEHHA A0 HABKOJMILHLOIO CEpEo-
BULLA, BT/(MZK).
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Puc. 1. Cxema TennonepeHeCeHHs B KOJEKTOPI-KOHUEHTPATOPI:
| — nOrIMHAIOUNH eNeMCHT: 2 — 3acknenns; 3 — KOHUCHTPATOP:, O,y — NpsAMA COHsUHA
pamiauisi; O, — BIIOMTA COHAYHA paniauis; 7, — remneparypa Hebossony; 7, — remne-
paTypa HaBKOJIMIIHLOIO cepefoBuIla; T, — TeMneparypa 3aCKNeHHA; Thorpen — TEMNEpPA-
Typa NOrJMHAIOYOro CNEMEHTA; R, — ommip Tenjonepeaayi MK 3aCKACHHAM Ta HABKOJIULL-
HiM CepeIoBullieM; R| — onip rennonepeiayi MK NOrIWHAIOYUM €IEMEHTOM i 3aCKICH-
HAM; [) — JiaMeTp NOTJIHHAIOYOr0 ENEMENTY.

KoediuieHT TenjoBiAaa4i KOHBEKUIEIO Bif 3aCKAEHHS 10 HABKOJUILIHLOIO
cepefoBHUILA BU3HAYAETLCSA, B OCHOBHOMY, LWUBHIKICTIO BITPY Hajl KOMIEKTOPOM.
JIns COHAYHOro KOJIEKTOpa Horo Mox<Ha BU3HA4YUTH 3a ¢opmynoto [1]:

a,=5.7+3.81,

ne ¥ — WBMUAKICTH BITPY, M/C
3HaueHH KoedilieHTa TeNNOBIAAAYI BUNIPOMIHIOBAHHAM MOXKHA BU3HA-
unuTH 3a popmynoto [1]:
- 2 2
Cpp = £0(Te + T )T+ To),

I€ € — CTYMiHb YOPHOTH 3aCKJIEHHS; G = 5,6697-107 BTf(Mde) — MocTiiiHa
Credana-Bonbumana; T, — Temnepatypa 30BHILIHBOrO Wapy 3ackneHHs, K;
T., — Temnepatypa Hebo3Boay, K, ii 3HaUeHHs MOXKHA MPUHHATH [1]:
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T, =0,05527,,

ne T,c — reMnepatypa HaBKOJIMLIHLOIO cEpeoBHLa, K.

BpaxoByioun Te, WO KOePILiEHTH TENNOBIAAAYI AN LUTIHAPUYHUX MO-
BEPXOHb HECYTTEBO BiAPiI3HAIOTBCA BiA KoedillieHTIB Tennosignayi, pospa-
XOBaHUX AJIA NNOCKHX MOBEPXOHb, OMNIp TEMJonepeaayi MiXk NOraHHAOYHUM
eJIEMEHTOM | 3aCKNIEHHA Ma€ Burnan [4]:

l
R] .
al
Ae 0= O+ Oppl, O T Qpp) — KOEPILIEHTH TEMAOBIAAAYI KOHBEKLIEK Ta
BUMPOMIHEHHAM BiJl NOrAHHAIOYOrO €JEMEHTA A0 3aCKIEHHH, BT/(MZK) fAKi
BH3Ha4aloTbCa 32 popmynoio [1]:

f007 ?

Oy =(£—0,018(T - 10),14 =——

ne € — BiACTaHb MiXK NOTrNMUHAIOYKUM E/IEMEHTOM i CKNOM, CM; AT — pi3HuLA
TEMNEPATYP MiX NOrJIMHAOUNM €JIEMEHTOM i cknoMm; T — cepeHs Temmnepa-
Typa MOrJINHAKYoro enemMeHTa i ckna, K;

0'( nor.en. +T )( nor.en Tc)
aﬂpl - l 1 b4
-1
8rm:br.c.m. €c

ne T oren. — TEMNIEPATYPA MOTJIHHAKYOrO €N1eMeHTa, K; €0rn.en — CTYNIHD YO-
PHOTH NOrAIMHAIOMOTr0 €JIEMEHTA; £ — CTYMiHb YOPHOTH 3aCKIEHHA; T, — TEM-
neparypa 30BHilLHbOrO Wapy 3aCKJIE€HHS,

IMoBHMI koedILIEHT TENNOOOMIHY KOAEKTOpA 3 HAaBKOJMMILUHIM cepe,u.o-
BuLLEeM aopiBHIoe [1]:

—]
I ]

+
a, Qq,

UL=

Ae a4 — Koe(iuiEHT TennoBiAnayui KOHBEKUIED Ta BUNPOMiIHIOBAHHAM Bij 3a-
CKJIEHH3 110 HABKONHLIHBOTO CEPe/I0BHLLA, BT/(M K); a; — koedilieHT Teno-
BiAnayi KOHBEKUIED Ta BUNPOMiIHIOBAHHAM Bijl NOTNIHHAIOYOTO €J1EeMEHTA 110
sacknenns, BT/(M’K).
3nayenns KK]| konekTopa-KOHUEHTPAaTOpa BU3HAYAEThCA 32 POPMYIIOI0
[S]:
O,

AT
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ae Ox — KOPUCHA TENNOBA MOTYXXHICTb, KA BIABOAMTLCA TENNOHOCIEM, BT;
I — IHTEHCHBHICTb CYMApHOI COHAYHOL paaiauil, BT/Mz; Ay — niowa noBepxHi
KONeKTopa, M’.

ExcnepuMeHTanbHi AOCHIAXKEHHS TeNiOKONIEKTOpa-KOHLIEHTpAaTOpa npo-
BOJHM/IMCE B BECHAHO-OCIHHIH nepioa 2006 poky B M. Kuesi. MeTtoro Bunpo-
OyBaHb OyJi0 BM3HA4YEHHS OMNTHYHUX Ta TEMJIOBHUX XapakTEPUCTHK resio-
KOAEKTOpa.

[lpu npoBeneHHI €KCMEPUMEHTY BUMIpPIOBaHHA TEMNeEparyp, BUTpPATH
TENMOHOCIA Ta IHTEHCUBHOCT] COHAYHOINO BUNPOMIHIOBAaHHS BUKOHYBAJUCh
yepe3 KOXHi 15 XBUNUMH, B MeXax fIKUX 3HAYEeHHA NapameTpiB yCepeaHIo-
I0TbCA. BunpoOyBaHHsS NpOBOAATECSA NMPH IHTEHCUBHOCTI COHAYHOIO BHUMPO-
MiHIOBaHHS He MeHwWe 500 BT/M” Ta KyTi NafiHHA COHAYHOrO BHMPOMiHIO-
BaHHA Ha NMOBEPXHIO KOJIEKTOpa-KoHLeHTpaTopa He Oinbwe 30°. Bunpoly-
BaHHA Oynn 0araTOfeHHUM nNpouecoM, B Ppi3Hi JHI SKOro eKCrnepuMeHTH
MNPOBOAATECS MPU Pi3HMX 30BHILLIHIX YMOBaX.

EkcnepymeHTanbHa ycTtaHOBKa fBNA€ COOOK ABOrpaHMi Mmiockuii na-
paboniuyHui COHAYHMUI KONIEKTOP-KOHUEHTpATOp. KOHUEHTpaTOpOM COHAY-
HOI €Heprii € 4oTHpU A3epkana 3arainbHoo miowetro 0,38 M. TpybuaThii Te-
nnonpuitmay, saKunii aBnse cobo MigHY TpyOy dy = 25 MM, ska po3TallloBy-
€TbCA B KOJMEKTOPi TAKUM YHHOM, W00 MakCUManbHO BHKOPUCTATH BIaOHTE
Bil A3€pKa/ibHOI MOBEPXHI KOHUEHTPATOpa COHAYHE BUNPOMiIHEHHA. Po3mi-
LEeHHA TennonpuiiMaya B KOJIEKTOpPI peryntoeTbcs no BUCOTI. Llupkynsauis
TenNoHocia BiacyTHA. CTyniHb KOHUEHTpauii KOJeKTopa 3MIHIOETbCHA BiA
k = 3...5 33 1ONOMOro10 3MiHM KyTa PO3KPUTTA A3€pKaJl.

Puc. 2. EkcnepumeHTanbHa MOZIENb rejllOKOIEKTOpa-KOHUEHTpAaTOpa
COHAYHOI EHEepTii:
1 — ckno; 2 — Tennoisonanin; 3 — A3epkanbHi NOBEPXHI; 4 — 3aXUCHHUHA KOPIYC:
' 5 — miana Tpy6a.
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Temnepatypa TennonpuiiMaya BUMIPpHOBAIaCh 3a AOMOMOroK TepmMonap
TXK. 3uimanuch nokasauHs tepmonap B 10 Toukax 3a nonomMorow LHppo-
BOro minisonbtMmeTpa ®-283. IHTEHCMBHICTE COHAYUHOI paialii BU3HAYANUCH
3a pornomoroto nipoHometpa [1-80M. TeMnepatypa HaBKOJIMIWHLOTO AOBITPS
BUMIpIOBAACh 3a JOMOMOrOK XpPOMENb-KONENEBUX TEPMONAp, AKi po3Tallo-
BYB&JIMCh Y 3aTIHKY MOPYY 3 rejliOKOJEKTOPOM.

3a pe3ynbTaTaMy ekcrnepuMeHTIB OyB nodynoBaHui rpagik 3MiHU TEM-
nepaTypy TENJIOHOCISI COHAUHOMO KOJIEKTOpa-KOHUEHTpATOpa 3a 4ac mpose-
JNEHHS €KCMIEPUMEHTY.

t7.H.IQY A

100<1000>

A0(ICEG

s80(80M

Com

70C¢703)>

50C¢600)

1T i/10404IR

=0C500>

40<4000

30¢330>

(IMTCIiCMRIHICTL COrSIu=0i PO aWi,3T/ME)

TeMneca~sca

20¢2000

0 8§ 9 10 1 12 13 14 15 16 17 e o
CopumHNM aHA(G A UMMNeHBL)

10C10C3

Puc. 3. ['padik 3MiHK TeMnepaTypH TEMNOHOCIA:
11, — TEMNEPATYPA TEILIOHOCIA; ¢ — IHTCHCHBHICTb COHAYHOL padiauil.
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BucHoBok

PesynbTaTd AOCNIAXKEHHS CBIAYarb NPO AOCHTb BHMCOKY €(EeKTUBHICTD
3aCTOCYBAHHA refiOKONEKTOPIB-KOHLEHTPATOPIB I HArpiBaHHA T€NIOHOCIA
y perioHax 3 HU3bKOK IHTEHCUMBHICTIO COHAUYHOI paaiauii, akum € M. KuiB.
Tak npy iHTEHCUBHOCTI COHAYHOI paaiauii ~750 Bt/m’ TEMIepaTypa Termio-
Hocig ¢TaHoBUTL ~80°C, 0 BiAMOBIAAE BUMOraM AJS TEMNOHOCITB CUCTEM
TEMI0NOCTAYAHHS.

Bukopucrana jgireparypa

\. dapipu HJorc. A., Bepxman Y.A. Tennosble NpouUecChl ¢ UCNONb30BaAHUEM
COJIHe4YHOM 3Heprun. — M.: Mup, 1977, — 420 c.

2. 3abapnuii I M. EnepreTuuHuii noTeHlian HeTpaaIuLiHUX JKepen eHep-
rii Ykpainu. HAH Vkpaiuun. In-T rexuiunoi remnogizuku — K., 2002, - 211 c.

3. Hcavenxo B. 11, Ocunosa B. A. Tennonepenaua. — M.-JI.: DHeprus,
1965. - 424 c.

4. Muxees M.A., Muxeesa M. M. OcHoBbl Temnonepenaun. — M.: Duerni,
1973. - 320 c.

5. Capnayxun 3. B. MUcnonb3oBaHne CONHEYHON SHEPrUd LA TEIIOCHAO-
keHus 3nanui. — K.: byaisensHuk, 1985. — 254 c.
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YK 536.42:661.426 B. I1. KopoyT, M. 10. Heunko

KuiBcbkuii HauioHanbHMiA yHIBEpCHUTET
OyaiBHMUTBA 1 apXITEKTYpH

HATYPHbIE UCNbITAHUA MOAEPHU3UPOBAHHbLIX IPAOVPEH

OnHuM U3 nyTeid NOBbILEHUA NPOU3BOAUTENLHOCTH U 3KOMOrHUECKHX
noKasaTenei OallleHHbIX MPaAupeH ABAAETCA BBEAEHHE B HUX BbICOKOTEMNE-
paTypHbIX MPOAYKTOB ropeHust oT kotnoarperatoR u I'TY. [1IpoBeneHHbIMH
nabopaTopHbIMK UCCNEAOBAHUAMMU ObULTO MOATBEPKACHO BIAUAHWE cnocoda
BBEACHUS AbIMOBbIX ra30B B FPAAMPHIO HA €€ OCHOBHLIE MOKa3zaTend. Ycra-
HOBJIEHO, YTO Haubonbiiasi 3PPEKTUBHOCTL AOCTUIAETCA MPU TaHTeHUUAb-
HOM BBE€JAEHHWU OTPaAbOTAHHBLIX ra30oB B KONBLEBYIO WIENb, PACNONOKEHHYIO
no nepuMmerpy ropaoBuHbl rpaaupHu. [1]. [MunoTHeI npoMbIlNeHHbIH 00-
paseu MoJAepHHU3aUMy rpaaupHH C TAHMEHLUHWAJILHBIM BBOJOM AbIMOBbBIX Ma3oB
W Leab NO NEPUMETPY rOpNOBUHBI rpaaupHu BHeApeH Ha Knesckoit TELL-6.
bbiny BeINOAHEHb! HATYPHbIE UCIILITAHUA HA rPaaMpHE A0 €€ MOAEPHU3ALUU
M NOCIE OCYLIECTBIEHUSA NOAAYH B HEE ABIMOBBIX Ia30B Yepe3 pacnoNoXeH-
HYIO Y TOPJIOBUHbI KONBLEBYIO WIEAL C TAHIEHUHANbHBIM BBOAOM, ANd 3a-
KPYTKH moToka. HekoTopbie pe3ynbTarhl HATYPHbIX UCMbITAHUA NPUBEAEHbI
Ha puc. 1-4.

Cxg xH?
m
eHTpaumii BpeaHocTeil; C — KOHUEHTpaUus BPEAHOCTH, MI/M’; 7, — CKO-
pOCTb BETPA HA YPOBHE rOPAOBHHbLI rpaaMpHH, M/c; H — BbicOTa rpaaupHHu;
m — Macca BeIfpoca Mr/c; X, Y — pacCTOsHUE OT rPafinpHN BAOAbL U NONEPEK

NnoToKa, M.

Hns ynoOCTBa CpaBHEHHMS HA ITUX K€ PUCYHKAX MPHUBEACHbBI pe3yibTa-
Thl OKCNEPUMEHTAIbHbIX UCCNEAOBAHUNW METOAOM (PU3IUUECKOTO MOAETUPO-
BaHUs B a3poauHaMuueckoil Tpybe. [lpuBeneHHble pe3ynbTaThl YKa3biBatoT
Ha BrOJIHE YAOBJIETBOPUTENLHOE AN TakUX CIOXKHBLIX MHOrOQaKTOPHBIX
MPOLECCOB COBMAAEHHE 3JKCNEPUMEHTANLHBIX W HATYPHLIX AAHHBIX (10
15%), npuueM 1ns MOAEPHU3NPOBAHHOI rpaavpHu HabnopaeTcs euwe oonee
BbICOKAs CXOAMMOCTb PE3YyJIbTATOB, YTO MO HALIEMY MHEHUIO, CAYXKHUT AO-
NOAHUTEIbLHBIM NMOATBEPKACHUEM TOBBILIEYHUS YCTOHYUBOCTH BLIOPOCHOINO
¢akena rpaaupHu K AEHCTBUIO BETpA MPH CO3AAHMY HA €r0 HAYaATLHOM y4Ya-
CTKE 3aKpy4eHHOH «000SI0YKHY U3 ABIMOBBIX a30B.

3necb K= — Oe3pa3MepHblii MapamMeTp NPU3EMHbIX KOK-
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2,0 1,5 1,0 0,5 0 0,5 1,0 1,5 Y/H

Puc. 1. [NonepeuHsbie pacnpeneneHus 6e3pa3mMepHbIX MPH3EMHbIX KOHLEHTpa-
u1it K ang BeibpocHoro gakena rpaaupuu B ceueHuu X = 6H. Ckopoctb

BLIOPOCHOrO (akena Ha BLIXOE W3 IPAHPHH Vi, = 6 M/C, CKOPOCTb BETpa

V.,
v, =6 M, | £ =1

vd‘
| — 6e3 nosayumn AbIMOBBLIX ra3zoB (IKCNEPHMEHT); 2 — NPH CKOPOCTH NOAAYH ABIMOBbIX rra-
30B V, = |5 M/C (3KCNEPHUMEHT); 3 — NpH CKOPOCTH 3aKPYUCHHOIO MOTOKA U3 LWENH C TaH-

reHUHANbHbIM BBOAOM AbIMOBBIX Ia3oB, V,, = 20 M/C (IKCNEpHMEHT); 4 — TOXE, HaTyp-
HbIE UCMILITARUA FPATUPHH MOCHE MOASPHU3ALINK, S — 6€3 NoAauH ALIMOBLIX ra3oB
(HaTypHble HCMILITAHHA A0 MOAEPHU3ALUHU IPALUPHH).
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i

1,5 Y/H

2,0 15 1,0

Puc. 2. [TonepeuHsie pacnpeaeneHus Ge3pa3smMepHbIX MPU3EMHbIX KOHLIEHTPaUHii
K B pasnuuHbiX CE4EHHMAX NOTOKA BbLIGPOCHOrO (akena Npu CKOPOCTH BbIGpoCca

NaporasoBoi CMeCH U3 TPanUpHH Vy, = 6 M/C U CKOPOCTH BETPa V, = 6 m/c,

v[‘
= 1. CKOPOCTB 3aKpYUYEHHOr0 MOTOKa H3 LICJOH C TAHFCHUWAJIbHBIM -
VB

BBO/OM AbIMOBbIX [a3oB V,. = 20 m/c.
1. 2, 3 — sxcncpuMenT; 4, 5, 6 — HaTYpHbIE HCNLITAHHUA N0CHE MOAEPHUIALMH TPAIUPHH;
1.4 — B ceyeHuu X =4H; 2, 5 — B ceuennn X =6H; 3, 6 — B ceuenuu X = 9H;
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K, 10

L P

1,2

0,6

0,4

/ i

| |

0'2 U, B J
0 2 4 6 8 10 12 14 X/H

- Puc. 3. Pacnpeaenenue 6e3pasmepHbiX Npu3eMHbIX KOHLIEHTpauuii K no
MOTOKY BbIOPOCHOIrO (pakena npu cKOpocTy BbIGpOCca NapoBO3aylIHOH CMECH
V..

|
P _
vB

.

M3 TPANMPHH Vi, = 6 M/C 1 CKOPOCTH BETpa V, = 6 M/c,

1. 3 —6e3 noaaun ALIMOBBLIX ra3oB B rPAAMPHIO COOTBETCTBEHHO FKCNEPUMEHT U HATYp-
HbI€ UCNBITAHUS j10 MOACPHH3AUHH FPALUPHH; 2, 4 — NPU CKOPOCTH 3aKPYYECHHOTO MOTOKA
H3 LEJIH C TAHTeHUMANbHBIM BBOAOM ABIMOBBIX ra3oB V,,. = 20 M/C COOTBETCTBEHHO JKC-
NEPHMEHT U HATYPHbIE HCCACAOBAHUA HA MPAAUPHE NOCIC MOASPHU3ALIUY.
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0,2 -r

L]

0 2 4 6 8 10 12 14 12 14 WH

Puc. 4. Pacnpenenenne no notoky 6e3pasmMepHbIX NPH3EMHbIX KOHLEHTpaLuii K
ans NO, Ana 3aKpyYeHHOro NOTOKa M3 WIEJIH ¢ TAHNCHLUMANBHLIM BBOAOM J1LIMO-

BbIX ra3oB V,, = 20 M/¢, CkOPOCTb BbIOpOCa NapOBO3AYIIHON CMECH M3 FPafiupPHH

Vv
Vp =6 M/c, | —==1

VB
| — DKCNEPHMEHT; 2 — HaTYPHbIE UCNILITAHHA TPAAHPHH NOCNE MOACPHH3ALINN.

BoiBoabI

1. laHHbIe HATYPHBbIX UCIIbITAHWH NO MPOU3BOAUTEILHOCTH W XapaKTe-
pUCTHKAM IpajupHH, ¢ TOYHOCTLIO A0 15% coBnanaloT ¢ pe3ysibTaTaMu IKC-
MepUMEHTANIbHbIX HCCIIEA0BAHHUIA.

2. YBennueHne TennoBoro kodgguuueHTa nonesHoro ASCUCTBUA rpa-
AWpHU cocTasnsert 13,3-15,6%.

3. MakcuMmanbHas koHueHtpauusa NO, B NpU3EMHOM CJIO€ HE NpeBbllla-

et [11K.
JiuTeparypa

Kopbym B. I1., Hiyenxo M. FO. UccnenoBanne BAMAHHA KOHCTPYKTHBHbIX 3J1€-
MEHTOB Or0O/IOBKA MPalIMPHH Ha €€ a3POAMHAMUYECKUE XAPAKTEPUCTUKU U YCAOBHS
yaaleHua napooonywHoro ¢akena. — Makeeska: BicHuk [JoHOackkoi HauloOHaNb-
HOI akazeMii OyniBHHLUTBA i apxitekTypH, 2005. — Beinyck 2 (50). — ¢. 70-76.
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YK 628.334.159 I'. M. KonoxeHko

KuiBcbkuii HauionanbHuii yHisepcurer
OyniBHMUTBA i apXITEKTYPH

TEPMOTMAPOONHAMIKA OAHIET LUWPKYNALIMHOI CUCTEMM

Ins HeBeNnHKHMX 3aMKHEHWX 0OnacTei, KOAU CTHCIUBICTIO MOPiIA MOXKHA
3HEXTYBaTH, BHMBYEHHS TrIAPOAMHAMIKM UMPKYJNAWIHHUX CHCTEM MOXHA
3HaYHO CNPOCTUTH, NPUHHABIUM HArHITANLHY CBEPAIOBHHY 32 TOYKOBE JKe-
peno. Toai mMoxHa BBeCTH O -QYHKUilO, AKa ONMCYE TaKy CBEpPIJIOBUHY-
mkepeno. 3aaaya MporHo3y AWHaAMiKM THCKIB B TiAPOAMHAMIYHIH CUCTEMI
JOKEPEJIO-CTIK B 3aMKHEHINM 061acTi NpuBOAUTHL A0 PO3B’A3aHHA PiBHAHHA

k -~ -
%—grasz—qS(r -1), (1)
Ae P—THCK, r — paniyc-BeKTOp Jkepenia, r — pajiyC-BEKTOpP TOYKH ToOad,
P — I'YCTHHA PiAUHH, kK — NPOHUKHICTb, | — B’A3KICTb, ¢ — BUTpATa PiAVHH.
"'pannuHi ymoBH Taki

P| . =o, 2
IGI ( )
P

— =0. 3
(G, x

YMmoBa (2) 3a4a€ NOCTiiiHUM THCK Ha NOBEPXHi CTOKY; yMoBa (3) noka-
3y€, L0 Yepe3 AeAKY NOBEPXHIO nepeTikaHHsA piiuHU He BiAOyBaeThca. Tak,
AN BHNAAKY: JKEpeno — HarHitalbHa CBEpANOBUHA, CTIK — LIMIIIHAPHYHHNA
KON0AA3b 3HAYHOIO pajiyca a Ta paiiyc riipoAMHaMiyHO i3071b0BaHOI MEXI
obnacti ¢ginbTpauil piaunu b, npuyomy b >>a, 3agava (1)~(3) npu nocrii-
Hiil NPOHUKHOCTI POPMYNIOETLCA TakK (PUCYHOK)

Bf-grad P=—qd(r —n), (4)

Pl =0, ()
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PucyHok. 3arajibHa cxeMa CUCTEMM.

aP
—| =0. 6
or |b ()
Po3B’a3anns 3agaui (4)~6) OyaemMo wykatu y Buraaai pany [1]
P=ZA;;;((pl)gm(rarl)ym((P) (7)

[Tpy uboMy O — ¢yHkUitO, WO CTOITH B NpaBiif 4acTU piBHAHHSA (4), 3a-
NULIEMO B UUNIHAPHYHUX KOOPAWHATAX

P ]
or —n)= o(r —r) d(p—g,), (8)
%y
V{r,(P}
(J(A)— dyHKuioHANbHUIM BU3HA4YHUK (AKkoDiaH) nmepexoay BiA nexapTdsux

KOOPAMHAT A0 UMMIHAPUYHUX), a2 O(¢P —@,) pO3KIaaeMO B pAA MO OPTOHOP-
MOBaHii cMcTeMi PyHKLLiH

3(o-o,) =§:_vk(<p) v (@), )

[pu uboMy Oynemo BumMaraty, wod P(@+2xn) = P(¢). [liactaBnsouu
(7), (8) Ta(9) B (4), onepxnmMo

10 3, 1 9y| pg _
%Am((pl)l:y((p)zarr or +."2 Em aq)2:|= pk 6(""’1)%"&(‘[’)"}:((91)- (10)
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Cucrema OpTOHOPMOBAHUX (PYHKUIHA Y BIANOBIAHOCTI 3 po3pobkamu [2]
— l Fm(@—-
@) i (p)=—=Ze " (1)
m ™
I3 cniBBiaHoweHb (10) 1 (11) BunnuBae, o

A,,,(w)=1ne""”"'. (12)

Ilpu r#r, npaBa yactuHa piBHaHHA (10) aopiBHioe Hynw. Toai, po3-
B’A3YIOYU PIBHAHHA

d dy ydy
—f — e — = 0 ]3
METOAOM BiJIOKPEMEHHA 3MIHHHUX 3 BpaxXyBaHHAM YMOBH CUMETPIi, 3HailaemMo
2
L9V,
y 00
3BiAKH
ym=e"?. (14)
Po3B’30K piBHAHHA
o odg, m
. - =0 15
o or 1 o (15)

OyaemMo WyKaTH y BUTTIAAL

Ar" + Br™", r<r |
" (16)
Cr"+Dr™, r>n

Jna poss’azaHHa 3anavi (4)—(6) HeoOXiAHO 3HAWTH KOCQILUEHTH
A,B,C i D, sk dyukuii Bin a,b,r’,m i niacrasutu (12), (14), (16) B (7).
Jlns oaepxaHHa UMX KOe(illi€EHTIB BUMaraTMEMO 33A0BOJIEHHS MPaHNUYHUX
yMOB (5), (6), Ta Bpaxyemo cuMeTpHuHicTs QyHkuii g(r,r’ )= g(r’,r).

[Ticns iHTerpyBaHHs PiBHSHHS

o dg, m’

_ _Has,
At 1 ka(r h)

B MEXax Bil r, —€ no ¥, +& (€ — 0) oaepxumo
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- - \m[ 2 2m (rl \2m*
— l—-E |+-g r<n,
_que 1 J\'1) \ \"/

= Y =
Pk 2 e Y (P "
2m[l+(£-) ] (r—‘ 1+ -;-] l—(ﬁ r>n.
b | r ' W

s

Em (17)

Po3kpuBaioun HeBU3HAYEHHICTL npy m =0 1 niactasansiouu (17), (12)
i (14) y Bupa3s (7), onepxumo

y " aZm r|2m
— || 1=—= | 1+ 5= |[cosmo®
g oo 2 r2m b2m
lﬂ;'ﬁ'? o rﬂﬁ ’
m| 1+ a’
p=_ 9K b™
2rpk r Y p2m ™
[—L) |+W ]-—i—;;— cosmQ
h,oe\r b i
+3 r2r.

In— -
a " a!m
ml 1+ i

3a gopmynoto (18) MoxHa po3paxyBaTH noJie TUCKIB Ta WBUAKOCTE B
obnacti ¢inbTpauii NpHM HarHiTaHHI PiUHH Yepe3 TOUKOBY CBEPHJIOBHHY.
[Ipu uUbOMYy NiJ ¢ BBAXXKaTUMEMO BUTPATY PLAMHHM HA OAMHHULIO BUCOTH IIa-
cra. Lleit xxe po3B’430K MOKHA BUKOPUCTOBYBATH ANA 3HAXOJDKEHHS THUCKY,
AKUA HeoOXiAHO 3aAaBaTM Ha CBEpAIOBUHI Ans 3a0e3neuyeHHss BUTPATH

PiAMHH g. SKIO paniyc CBEpANOBHHU d<<# i d<<ag, TO 3 TOUHICTIO A0
YNEHIB APYroro NOpAAKY MaaoOCTi Leil TUCK AOPIBHIOE TOMY THCKOBI, AKHH
oaep>xuMo 3a popmynoto (18) npu r=r -0 i ¢=0.
U I
BpaxoByiouu po3knan x+7+?+...=ln(1—x) npu xe (-1;1) i Te,

(18)

o 7 — & = r;, ONEPXKUMO Ll pO3B’A30K Y BUIJIALI

2 2,2 2
p=rt b fi-a b -a
2rRpk ad bz—rl

(20)

[Mpu poboTi uupKynAUiiiHOT cucTeMu B HeobexeHOMY naacTi (b — oo
abo npu b/r, 2 10) po3r’A30K npuiiMac BUTNAL

104



2 4
p=t 9K, =4 Q1)
2npk ad

Tak, npu p=1cnyas, p=1 rlem’, a=30m b=240 m, r, =180 m
TUCK HAa HArHITANbHIA CBEPANOBHHI OAEpPXKAHO TakuM (g — cM’/eM/c;

k-0apci). npu paniyci csepanouin 0=0,1 M P = ],704%, npu pagiyci
ceepaioBuHU 0=02 M P = 1,480—2-, npy paaiyci CBepaNoBHHH O=1 um
P=],240%, s HeobmexxeHoro nnacta (b—o) i 0=0,1 m, 8=0,2 Mm,

0= 1M onexyemo BiANoOBiAHO P = 1,474%, P=l,363-%, P= 1,107%.

Hwxkue HaBeieHi 3HayeHHA HEOOXIAHOro nepenasy THCKY P npu
r, = 100 &, i pi3HUX 3HauYeHHAX a=nd i b/n.

blr, 1,5 2,0 5,0 100 20,0 -

6=0,05
n=1 25130 24652 24259 24210 24198 2,4194
n=10 2,1465 2,0988 2,0597 2,0546 2,0534 2,0530
n=20 20360 19884 19491 11,9442 11,9430 1,9426
n=50 18902 11,8425 11,8032 11,7983 1,7971 1,7967
n=100 18148 11,7318 11,6926 11,6877 11,6865 11,6780
0=0,1m
n=l 2.2924 12,2446 22053 2,2004 2,1992 2,1988
n=10 19259 11,8781 11,8388 11,8339 11,8327 11,8323
n=20 1,8155 11,7677 11,7285 11,7235 11,7226 11,7220
n=50 16692 1,6214 11,5823 11,5774 11,5762 11,5758
n=100 14251 11,3781 11,3395 11,3347 11,3336 11,3332

OanepxaHi pe3ynbTaTh 000pe y3rofukylTbCs 3 JaHUMH AOCHIAXKEHD [1]

1 {4].

Hexait Tenep koediuieHT Pinbrpanii B oOMexeHi 30HI 3anexuTh BiA

paniyca k= A/r>. [linctaBnsouu ue 3HaYeHHs k& y ¢opmyny (1), 3aMicTb
(4) onepxxumMo

i div la grad P=—qd(r - 1) . (22)

H r

14 —7-1070 105



[lpu ubOMY rpaHiuiHi YMOBH 3aNUIAIOTLCA NonepeaHiMu BUAY (5) i (6),
a po3B’A30K OyaemMo wykatd y Burnaai (7). Iostoproroun aii, aHanoriui

nonepeaHiM, ana j, 1 A, OAEPXKUMO Tix 3HayeHHs (12), (14), a una g,
NPpH 7 # 1 3aMiCThb CNiBBIAHOUIEHHA (15) OAEPXXUMO PIBHAHHS

1 d-gm +]_a' dgm _mzﬁ—o (23)

- 2 s
ra] dr“ ra dr re+l

Po38’30K 1bOrO pIBHAHHA OyAEeMO LyKaTH Y BUrIAI

Ar'"' + Br"*, npur<r
L L N (24)
Cr"+Dr™, npur>n,
ne
o+ 02 +4m? 0 — Vo + 4m?
Hl - 5 nz —
2 2
[liacTaBasioun po3e’a30k (24) y piBHAHHA
2 —
l dgm_'_l adgm —-m gm = l'Lq S(r_rl)‘ (25)

ra—-l drz | < dr r“*'_Apic

IHTETPYIOUH NiBY Ta MpaBy YaCTMHM Yy MexXax BiA 1, —€ 10 n+€ (€—>0) i
3aJ0BOJIbHAIOMM rpaHu4Hi ymoBH (5), (6) Ta ymoBy cumerpii (yHkuii
g(r,n), onepxumo

& ]
Em 2%‘%(”‘0 I 2 X

AC
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Hextyoun ApyruM AOJAHKOM Y 3HAMEHHHKY MNMpPU MaIMX 3HAYEHsX
BIAHOWIEHHA a/b, 0aep)XUMO BUpa3 AN BU3HAUYCHHA TUCKY B NOBLIbHIN
Touui odsacTi piabTpauii

144
2(r\"5( a\u\
—l— | |1-]|— +
P= : el <(Ikr") \ " J
20 pyk(rk(n) | 5 ¢ i _(aY ).
r £
\7 L 'J}
. ' Y., 2y )
+y_..]._[i] []-(E) ¥ a,(r,) +1 [cosm@, r<n
L Yl A y Y+ao, | b
A CLA (26)
= 1(rnY[. Y-0u (rY' a)'
+Y—|— 1|1+ — -] — cosm®, r2r.
LY\ 7 Y+oy \ b n

3a Gopmynoto (26) MOXHA pO3paxyBaTH MOJie TUCKIB B 3aiaHiii oOMme-
KeHioOnacTi ¢inbTpauii. Ane Hac TakoXX UIKaBUTb Nepenaj THCKY Ha
CBEpANOBWHAX, HeoOxiaHuid ans 3abecneyeHHs 3a4aHoi BUTpatv ¢q. Ilpu

pafiyci CBEpANOBHHH 8<< a,r, AAA UbOrO AOCHUTb MOKNACTH F =4 —9O,
¢=0, k(r)=k(r,). BpaxoBytoum, o npn <5 ta m=210 y=m, nepcnan
THCKY MOXHa pO3pax0ByBaTH 3a (JOpMYJIOH0

P=P +0P, (27)

AC

1 gu |2 a\ g b2 —a’ T
A= —1-|—1] |+In . 28
l ( ) 852—’12 "12 (28)
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3a ¢popmynamu (27), (28) Ta (29) 3naiinemMo nepenan TUCKY, HEOOXiAHHiA
AN HarHiTaHHA y MJacT ¢ (CM3/cm.c) 3a Takux ymoB: A =100,
a=30, b=240, n =180, p=1, u=lcns:

o=2
5=10cm, P =132-; 8=20cm, P = 1,24%; 5=100cx, P =095
npy 8=10 cu Ta b— oo P=1,17%.

oa=4

5=10cw, P = 1,163; 8=20cm, P=1,042; 5=100cw, P =0.79%;

‘npn 8=10 cm Ta b eo, P=l,0|%.

Jlna peanbHux ymoB npu r =6a, k(r)=5-10"dapci, noTyxHOCT
nnacta 250 &, BUTpaTi piauun 1000 a’/d06a (g = 0,46 cm’/(cm.c) OAcpXaHi

HACTYIHI nepenaay THCKIB (B amm) Ha CBEP/IOBHHAX:
o(m)/ k(9) 0,1 0,2 1,0 0,1 (b — o)

k =const 156 137 114 134

-4 122 114 87 108
r
4

k=5 107 95 ., 73 93
r

Axuwo BiAOIp piAMHM 3AIACHIOETLCA KiJlbkOMa CBEPANIOBHHAMH 3 KOOp-
AMHAaTaMM 1 ,n,...,7, | BUTpaTaMH ¢, q,...,q,, TO THCK Ha i -Tili cBepa-
NOBHHI P. MOXXHA 3HANTH AK CYMY THCKY, AKHii HeoOxinHo Oyno 6 3anaTh B

Hifi CBEPAJIOBHHI, AKOH peluTa CBEpAIOBUH He mpawoBanu (popMyna (20),
KONU k = const , Ta popmynu (28)—(30), konu k BiAnoBiAaE creneHeBoOMy 3a-

KOHY) i THCKY, KHii B TOULli 7, 3yMOB/IOIOTb pellTa cBepAnoBHH. Llei Thck
AOPiBHIOE CyNepno3uLii THCKIB (n-1) CBEpANOBHH, a 3HAXOAUTH iX MOXCHA 3a
¢opmynamu (18) npu & =const) Ta (27) ang CTeneHEBOro 3aKOHy 3MiHHM K.
Ipu ubomy y Bupaszax (18) i (21) nia » BBaxalOTh BIACTaHb Bill LIEHTpa
obnacti ¢inbTpanii fo ogHiei 3 (»—1) cBepanoBHH, mig r —BiACTaHb i -O1
CBEPAJIOBMHH, (¢p— KYT MK HarpsMaMy Ha i -Ty 0BIJIbHY CBEPANIOBHHY.

TennoBi AocnimkeHHA rigpoaAHHAMIYHOI CHCTEMH MOXHA MPOBECTH Ha
OCHOBI 3aNpOMOHOBAHOrO HaMu B [5] i [6] MeToAy NiHiH Teuii.
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YAK 1621.311.25:551.521.1]:63 Yopua H.O., acnipanm

Kuniscbkuii HauioHanbHWii YHIBEpCUTET
OyAalBHULITBA | apXITEKTYPH

FENIOKOJNIEKTOP-KOHLUEHTPATOP
HA BA3I «30HANBbHOIMO» ®OKJIIHA

B ycboMy CBITI BiAHOBMIOBaNLHI IKepena eHeprii, 0COOMMBO COHAUHOT,
puBepTatoTh 10 cede Bce Oinbwic ypary [4]. Lle 3ymMOB/ieHO TakuMM Npo-
O/ieMaMH, AK BUYEPNHICTh POAOBHLYL HAQTH, razy Ta BYrijijif, a TaKOX MOTi-
PLIEHHSA EKOMONYHOrO CTAaHOBMLIA.

EHepreTvynuii noTeHUiaNl TakuX BiAHOBIKOBAHUX JDKEpPEN €Heprii Ak
BITEP, BOAA, COHLE Ta biomaca nocuTh Benukuii [3,6]. [Tpobnemoro Bukopu-
CTaHHA ubOro norexuiany € manuit (10-15%) KKJI ycraTkyBaHH4, 110 nepe-
TBOPKOE EHEPIitO AbTEPHATHBHOTO AXKepena B Teraosy [7].

B Yikpaili BUKOpUCTaHHA COHAYHOT eHeprii BUKJIMKAE OCOONUBHI iHTEpeEC,
NepLU 3a BCe B il MNIBAEHHUX paiioHax 3 X TEIIMM | COHAYHUM KJ1iMATOM, OCKi-
NbKWU Ha LA TepuTopii kpaiHK 6 210 coHsiuHMX aHiB Ha pik [3]. [Tpn nuToMii
piuHiii CoHAuHii patiauii B uinomy no Yipaiti 1158 KBT - rog/m’, nepcnexTns-
HHI TEMJIOBHIM EHEPreTUUYHKUI NMOoTeHulan ckianae 26 mad. MBT - roa/pik [3]. Lle
€ OOrpyHTYBaHHAM JOLUTBHOCTI BUKOPHUCTaHHS COHAYHOI €Hepril, K Jpkepena
TEIUIOTH JJI8 CUCTEM ONAJICHHS Ta rapsyoro BOAOMNOCTAYaHHSA B MPOMHUCIOBO-
MY Ta XUTJIOBO-IrOCTNOAapuOMYy KOMIIEKCAX Y KpaiHu.

COHSUHMIA KONEKTOP € OCHOBHUM E€IEMEHTOM YCTAHOBKHM, B sKiil eHepris
BUNPOMIHIOBAHHA COHL MEPETBOPIOETLCS B iHWLY (POPMY KOPUCHOLI €Heprii
[1,9]. B 3anexHOCTI BiA THNY TENAOHOCIA COHSYHI KOJEKTOPU NOAINSIOTLCA Ha
PLAMHHI Ta NOBITPAHI, @ 32 TEMNEPATYPOIO Ha HU3bKoTemMnepaTypHi (10 150 °C),
cepearboremneparypHi (a0 200 °C) ta BucokoremnepatypHi (ao 3500 °C). Ic-
HYIOTb MJIOCKI Ta QOKYCYHOUI KOMEKTOpH [1]. B MaOoCcKuX KOMEKTOpax noBepxHs,
AKa CrpUiMaE COHAYHE BUMPOMIHIOBAHHS, € OAHOYACHO NOBEPXHEIO, AKa NOo-
rMHaE BUNPOMIHIOBaHHA. DOKYCyIOUi KOMEKTOPH, MalOTh YBIrHYTI BiaOuBaui,
AIKi KOHLEHTPYIOTb Najaloue BUNPOMiHIOBaHHA [5].

Cy4acHi niocki rejliokoIEKTOpH BUKOHYIOTh 3 BAKYYMHOIO TEMJ0i3014-
LI€IO, ajle BOHU MatOTh pPAl CYTTEBUX HEAOIKIB: HU3bKA TeMMepaTypa Ten-
NOHOCIA; 3HaYHA MATEPIANIOEMHICTb KOHCTPYKLUIT; TEXHONOrYHA CKIAAHICTb
BUIOTOBNEHHA BaKyyMHOl TenJoi3oauii TpybonpoBoaiB konekTopa; Heob-
XIAHICTb 3HAYHUX BUTBLHUX MOBEPXOHb A 1X PO3MILEHHS, AKI 0OMEXYIOTh
ix 3acTocyBaHHs [10].

B konekTopax-KOHUEHTPATOPAX BHMKOPHCTOBYIOTHCA ONMTHUYHI CUCTEMM
(a3epkana abo niH3K) Ana 30IBIUEHHS F'YCTMHM COHSYHOL pajialii Ha no-
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BEPXHi, SIka MOrJMHAE COHAYHY EHEPriio, MPH LULOMY PO3MIPH KOJIEKTOpa
3MEHLUYIOTLCS, OTXKE SHHXYIOTLCS | TEMJIOBI BTpaATH [5,9].

Linno excnepuMeHTaibHUX A0CHiKeHb 0YJ10 BU3HAUYEHHS 3aJ1€)KHOCTI
BIABEAEHOT TENJIOTH BiJl IHTEHCHBHOCTI COHAYMHOI pafiauii, NOPiBHAHHA Ten-
MOBHMX MOTOKIB COHAYHOI pajiaLii Ha NOBEPXHI TeNJionpuiiMaya resiokosex-
topa-koHueHTpaTtopa (I'’KK) Ta pedepeHTy, ckenepuMeHTaIbHE BU3ZHAYEHHA
ONTUMAJTLHOrO PO3MillleHHs TenionpuiiMada no BucoTi Beepeanti NKK.

ExcnepumeHTanbHa ycTaHOBKA MpU3HAYEHA MU AOCNIIKEHHs npouecy
NepeTBOPEHHS eHeprii coHuUs B TennoBy. Bona cknagaerbes 3 KK 1 ta pe-
depenty 2 (puc. 1), axi po3milieHi B oHii naowuHi nig kyrom 30° no ropu-
30HTY, BPaXOBYIOUM pEKOMEHAALIT HaBeaeHi B [2,8].

Puc. 1. ExcnepuMeHTalibHa YCTaHOBKA:
| - TKK; 2 — pedepenT; 3 — paniomerp: 4 — «30HanbHUU» PoKNiIH; S — CTepIKEHD;
6 — I1TT1 Tennonpuniimaya; 7 — wnanr: 8 - TXK na Bxoai B rennonpuiimay; 9 — TXK
Ha BUXoAi 3 TrennonpuiiMaya; 10 — rennonpuiimay I'KK.

'KK sBnsieTbes «30HanbHU» GokiaiH 4 BcepeanHi SKOro po3MilueHui
Tenaonpuiimay 10. BmﬁnBaloqa NOBEPXHS oxmﬂy CKNAaacTbCA 3 YOTHPLOX
aszepkan (Fy=F,=0,32 M2, F3=F;=0,06 m ) 3’€AHaH] M CO0OI0 apHipa-
mu. TennonpuiimaueM saBns€TbCA MiaHa TpydOa dy = 25MM, nokputa apaka-
JIOM YOPHOTO MaToOBOro KOJbOPY ANd 30LnblUEHHA TENNONOrjanHaro4Ymx Biac-
TUBOCTEH TpYOH.

PedepeHT sBnse coboto tennonpuiimay — Mmuy Tpy6y dy = 25 MM, no-
KPUTY apakajloM YOPHOIro MaTtoBOro KONbOopy.
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TennoHocieM B ienjonpuiiMayi € X0Jl0JHA BOJAa, BUTpATa MOCTIHHA |
cranoBuTb G = 0,02 kr/c. Temneparypa TenJoHOCis Ha BUXOAI | BXOJi B Ten-
nonpuiiMay, a TakoXX TeMmreparypa HaBKOJMLIHbOIO CEpPelOBHULLIA BHUMIPHO-
€TbCA TEPMOTAPAMM.

JUis BUMIPIOBAHHS TEMJIOBOrO MOTOKY, IO HAAXOAUTh HA TEMJOMNpPHIii-
may ['KK ta pedepeHT BUKOPUCTOBYETHCA THYYKHH NEPETBOPIOBAY TEMJIOBO-
ro noroky (II1TIT) 6. I1TI1 € HectanaapTU3oBaHUM poOOUYUM 3aCOOOM BUMI-
PIOBaHH$A, IKMW NPU3HAYEHUH 111 BAMIPIOBAHHS MOBEPXHEBOI T'YCTUHMU Ten-
noBoro nortoky ta temneparypd (puc. 2). [1TI1 BuroroBneHuit B BUrIAAI
JAOMOMDKHOI CTIHKM Ta BMILLYE TEPMOENIEKTPUYHI YYTTEBI €JIEMEHTH, SKI Te-
pEeTBOPIOKOTL TEIJIOBUM MOTIK Ta TEMMEpaTypy B €1eKTPUYHI CUTHAJIMU No-
cTiiiHoro ctpyMmy [11,12]. [1TI1 BuMipto€e TenJoBUiA NOTIK, WO HAAXOJAUTb Ha
TeNnJonpuiiMay B YOTUPbOX 30HaX — BEPXHA YACTUHA TPYOHU, HUXKHS Ta 60KO-
Bl cTOpoHHU. KOXHa 3 cekLii Ma€e BIacHU KoediLiEHT NepeTBOPEHHS.

B)
Puc. 2 Cxema Ta 3aranbHUil BUMIA CMELIai3oBaHOro 0ararocekuiiHoro
NepeTBOprOBayYa TEIUIOBOro notoky: A) cxema cneuianizoBaHoro [1TI1; b) cxema

po3MilleHHs cneuianizoaHoro [ITI1 Ha Tennonpuiimaui; B) po3miwenns [TTI]
Ha TeruionpuiMadl (3arajibHuii BUTJIAN).

[HTEHCHBHICTb COHSIYHOI pajiauii BUMIPIOETbCA crelialbHO po3pobiie-
HUM paaloMeTpoM Ha 0a3l mepeTBOprOBaya TemioBoro noroky [12] 3 aBto-
HOMHHUM OXOJIO[XKEHHSIM MOBITPs, AKMH PO3MILLYETHCA B OAHIW MJIOLUMHI 3
EKCNEPUMEHTAILHOK YCTAaHOBKOK. Llel paaioMeTrp € HecTaHAapTU30BaAHUM
poOouiM 3aCO00M BUMIPIOBAHHS, KW NMPU3HAYEHUH 1)1 BUMIPIOBAHHSA MO-
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BEPXHEBOI WIiJILHOCTI TEMJIOBOro NMOTOKY Ta Temneparypu. Pagiomerp ckia-
NA€TLCA 3 TEMIepaTypOBUPIBHIOKYOT oxonomkyeMoi miiactuiu (TBII), cuc-
TEMU OpeOpeHHs Ta BEHTUIATOpPA, po3MilleHoro Ha wratuBi TBII. YcraHoB-
ka pagioMeTpa OCHallleHa MepeTBOproBaYeM Temrepatypy. Ha noBepxHio
pajioMeTpa HaHeceHe NnorjMHarye Nokputrrta € = 0,95, a noBepxus TBII no-
KpUTa COHLIeBUAOUBarOYUM MOKpUTTAM € = 0,05. 3aBasku tomy, wo TBII
IHTEHCUBHO OXOJIOMXKYETbCA HABKOJIMILHIM MOBITPAM Ta Ma€ €PEKTUBHY CH-
cTeMy opeOpeHHs, KOHBEKTMBHA CKJ1aqoBa BUMIPHOBAHOIO TEMJIOBOIO MOTO-
Ky He nepeBuiLy€E 1%, TOOTO MeHLIE MOXMOKH BUMipIOBaHHS LUUIBHOCTI Ter-
JIOBOTO NMOTOKY (puc. 3).

CurHanu 3 8 Toyok aBox IITII, 5 To-
yoK TepMmonap Ta | TOYKH MEpeTBO-
prOoBaya iIHTEHCUBHOCTI COHAYHOI pa-
aiauii BMMIPIOIOTBCSA creunianizoBa-
HUM  €JIEKTPOHHUM  OJIOKOM Ta
TpaHcaoThes Ha [1K uyepe3 KOxHI
2 XBUJIMHHU. JlaH1 BUBOASATHLCSA HA MO-
HITOp y BUrsAAl rpadikiB Temrnepa-
Typy Ta TennaoBux notokiB. [licns
3aBEPIUEHHS €KCMEePUMEHTY BCl JaHI
30epiratoThes B hopmati EXEL.

Puc. 3. PaniomeTp

Pe3ynomamu ekcnepumeHmanbHux 00CnIOHCEHb

Pe3ynbTaTi ekcnepMMEHTAIbLHUX NOCHIIKEHb MPEACTaBleHI Ha puC. 4
Ta puc. 5. I[1ix yac npoBeaeHHs nociiikeHb O0yno nodynoBaHo rpadik 3MiHH
'YCTMHHW TEIUIOBUX MOTOKIB Ha noBepxHi terionpuiiMauiB ['KK ta pedepeH-
Ty. 3 uboro rpagiky MoxxHa 3po6utn BUCHOBOK, WO ['KK Ha 6a3i «30Haib-
Horo» okJiiHy B 2 pa3u Oliblu €PEKTUBHILLKHA 3a MJIOCKUHR res1l0KOJIEKTOP.

TemnepaTypHi yMoBHM npoBeeHHA BUNPoOyBaHb Ta cepelHsl T'YCTHHA TeNJoBoOro
NoToKY 3a 4 roAMHH NpoBeJeHHN BUNPOOyBaHb

Paniomerp Pedepent KoHueHnTparop

Cepenns temneprarypa Ha [1TI1, °C 28.3 274 34,8
C§pe11Hm iHTErpaibHU# TEMJIOBHUI ) 685.1 318.8 744.8
noTik 3a 4 roauHu BUNpOyBaHb, BT/M
Temneparypa HaBKOJMILIHBOTO To=24,5°C

cepenoBHILA
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Puc. 4. I'padik TennoBux NoToKiB:
psaa | — ITTIT1 po3miwenuii na BepxHiii vactuni pedepenty; paa 2 — [MTI12 po3mMilexuit
Ha O14HIA yacThHI pedepenTy; paa 3 — [1TT14 po3milieHn#i Ha HUXKHIK YaCTHHI
pedepenty; psan 4 — [N1TIIS po3milerui na BepxHiit 4acTHHI TenaonpuiiMaya
koHUEHTpaTopa; paa S5 — I1TH6 po3miicHuii Ha Giukii yacTHHI TennonpuiimMaya
koHuentparopa; paa 6 — [1TI17 po3miwennii na GiuHiik yacTHHI TennonpuiMaya
koHuenrparopa. pan 7 — INTI18 poamiluenuii Ha HHXKHIA 4aCTHHI TennonpuiimMaya
koHnuenrparopa: paa 8 — [1TI19 poamMiiennii Ha panioMerpi.
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Uac meoBeseHHA BUNPOSBYBaHL

Puc. 5. TlopiBHAnbHHM#A rpa-
(iK pe3ynbTyIOUHNX TEIUIOBUX
[OTOKIB COHAYHOrO BUMPOMI-
HIOBaHHA Ha NOBEPXHI Moaeni

iockoro konekropa Ta ['KK:
| — TennOBHi NOTIK COHAYHOT

panianii Ha NOBEPXH1 reNiOKOE-

KTOpa-KOHUEHTpATOpa.

2 — HAAXOQKCHHA CYMapHOi CO-
HAYHOT paniauii Ha NOBEPXHIY
pedepeHTa; 3 — HAAXOMKEHHS
CYMapHO1 COHSMHOT pajiaiii Ha

MOBEPXHIO 3eMi

Ha puc. 6 nokazaHo po3noAijIeHHs COHAYHOMO BUMNPOMIHIOBAHHA MO YTBO-
protouiii rennonpuiiMaya I'KK. [Ipoananizyeasiiuy rpadik, MoxcHa 3po0uTH BH-
CHOBOK, L0 HaiOiNblia BeJIMYWHA COHAYHOIO BHUIMPOMIHIOBAHHA KOHLIEHTpPY-
€TbCA Ha OOKOBUX YacCTHHAX TEMONpuiimMaya, BEpXHA YaCTHUHA CNpUMaE He
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KOHLEHTPOBAHY COHSYHY pajiauito, @ HIKHS YacTHHA TEMUIONpPHiiMaya cripuii-
Ma€ COHSIYHE BUIPOMIHIOBAHHS KOHLIEHTpOBaHe HWxHiMK A3epkanamu ['KK.

q Br/

ﬁm e
|
|
|

———— —— ——

InTeHcuaHiCT cOoMMuMO ;. Paglaul;
2
(ﬁ
|
{
X
4

Phatl 12:06 1242 1406<¢, rog
YO0 NPORSASHKA BIMDOBYBOHS

Puc. 6. I'pagik po3noainy pe3yabTylOHOro TEMAOBOro NOTOKY NO AlaMETpPY
Temonpuimaya:

1. 3 — cekuiii, Aki po3miuleni 3 DokiB TennonpuiiMaya; 4 — cekulig 1aTYHKA. AKa pO3MIlILE-
HA 3HU3Y TEILIOlIPUiiMaYa; 2 ~ CEKLIIS AAaTYMKA, AKa PO3MILLCHA 3BEpXY TennonpuiMaya;
5 — HaNPAMOK COHAYHONO BUIIPOMIHIOBAHHA.

3 MeTor BM3HAYEHHA e(EeKTHUBHOrO PO3MILUEHHS Tennonpuimaya ro
BucoTi B cepeaudi KK, 3a nonomoroto ctepxHs 3MiHIOBaNach BUCOTa poO3-

TaulyBaHHusa Tennonpuiimaya Bia aHa 'KK (puc. 7).
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Puc. 7. ['padrik 3aeXHOCTI BEUUMHH TENNOBOrO NOTOKY, Aknit cnpuiiMae I'KK
Bill BACOTH PO3MILLEHHA TENIONPHIiMaya B KOAEKTOPI:
| — TcnaonpuiiMay po3MilleHnii Ha BUcoTi h; =75 MM Bia JHa KoaekTopa; 2 — TCNo-
npuiiMay po3MilcHui Ha BucoTI hy = 125 MM Bia AHa KoaekTOpa; 3 — TenonpuiMay
po3MilleHHit Ha BMCOTI hy = 175 MM Bia aHa koNekTOpa; 4 — HAAXOJKEHHS CYMapHO1
COHAYHOI padiauii Ha NOBEPXHIO 3eMili '
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Orxe, eeKTHBHICTh BUKOPHCTAHHS TAKOi KOHCTPYKUii reniokosexTo-
pa-KOHUEHTpaTopa Ha 6a3i «30HaNbHOTO» GoOK/iHA 30iNbIIYETLCA 3i 3MEH-
LWWEHHAM BIACTaHI pO3MillleHHA TemonpuiiMmaua Bia aHa 'KK.
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VJIK 339.03: 69.003 0. A. Tyrail, k.m.1., doyenm

Kuiscbkuit HawioHanbHuii yHIBEpCUTET
OyniBHHLTBA | apXITEKTYpH

TEOPETUYHI OCHOBW OLUIHKWU HAQIMHOCTI
BUKOHAHHA BYAIBENbHUX NPOEKTIB 3 BAKOPUCTAHHAM
HEMITKUX MIP | HEHITKUX KPUTEPIIB

B ocHOBY 3anponoHoBaHOl Teopii MOAENIOBaHHA OpraHizauii OyaiBHUL-
TBa 3 BAKOPUCTAHHAM HEYITKUX Mip BXOAATH HACTYNHi MOJeNi:

1) mMoaensb ineHTHQIKALIT pU3UKY BUKOHaBUIB OyAiBeNbHUX MPOEKTIB 3
BUKOPMCTAHHAM AIHMBICTHYHUX OLUIHOK TEOPii HEYITKUX Mip;

2) nobynosaHa 3 BHKOPHCTAHHSAM HEYITKMX MapaMeTpiB MepexHa Mo-
nenb “pobdOoTH-BEPLUMHNA” 13 NPUHLMITOBO HOBUM HaOOpOM NnapaMeTpis;

3) monenb onTHMI3ALIT 3 BUKOPUCTAHHAM HEYiTKMX KpUTepiiB, L0 Ha
NiACTaBl pe3y/bTaTiB PO3paxyHKy nonepeaHix Moaeneil € METOAUYHUM iH-
CTPYMEHTOM BHOOpY paliOHaNbHMX aNbTEPHATHB PECYPCHO-KaNeH AapHHX
Moaenei opranisauii 6yaiBHULTBA.

MaremaTHyna gopmarnisanis Mogeni iaeHTH(ikauii pu3sMKy BUKOHaBLIB
npeactasneHa y suai (1):

IML|| = [ML; — MLg|| = ||ILyll = RP; =|SR| =
RP, — [FuzRj| - ||Tp"™j|| = [lInd"j|| = |lInd%j|| = (1)
ID™|| = RP;

ae ||MLJ| — mxkana miHrBicCTHYHUX OLIHOK PU3HKY, MPOMNOHOBAHUX TEOPI€iO
HEYITKHX Mip, BUKOPUCTOBYBaHHUX JII1P y akOCTI nepBUHHUX A4 OLIHKH pH-
3UKY NOTeHLi/iHoro BukoHaBLsi BMP (migpaauunka);

|IL;ll — MaTpuua NiHrBICTHUHMX OLTHOK, MPHBNACHEHMX BHKOHaBueBi JI[1P
(iHBECTOPOM, €KCnepTamu), B YMOBaxX MOBHOI HEBH3HAYEHOCTI MOXke OYTH
OTpHMaHa TaK0X 3 BUKOPUCTAHHSAM IeéHepaTopa BUMAAKOBUX YHCEJT;

ISR;| — BeKTOp CYKYNHHX OUiHOK, ILO MOroJKY€ NepBUHHI N, OLIHKH PU3UKY
no BciM JIMP gng j-ro BUKoHaBL;

FuzR; — BexkTOp BTOPHMHHHMX OLIIHOK PU3MKY BMKOHABLIB, W10 AO3BOJAIOTH
BUABHTH MaHOyTHIH cueHapifi OCBOEHHS IHBECTHLIIii JaHMM BHKOHABLIEM MO
ycCiM BiABeACHHM HoMY poGoTaM OyaiBENbHOrO NPOEKTY;

RP; - nepeabayeHa METOAMKOIO pO3paxyHKOBa Mpoueaypa Y3romkeHHS
OTPUMAHHUX OpraHi3aliiMHU-BUKOHABLAMU OLIIHOK MEPBMHHKUX CTOCOBHO Mep-
BUHHMX OLIHOK MO YCiX BUKOHaBUaAX j =1-:-N; i Bcim JITIP A = 1-:-N5;
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" RP ; — nepeafayeHa METOAMKOK pPO3PaXyHKOBA Npoueaypa Nepexoay Bif
CYKYNHUX NEPBUHHUX OUIHOK PU3HKY J0 BTOPUHHUX OUIHOK;

TPINVj

— TUN €NIOPU pO3NoAlNYy IHBECTHLINI o podoTax NpoeKTy, MPOonoHOBa-
HUX JAHOMY BHKOHABUS 3 00J1IKOM OTPHMaHHX BTOPUHHUX OLIHOK PU3HKY;

Ind'j — BM3HaueHmil Ha nincTasi oLiHOK SR; i FuzR; inaexc npupocty (cko-
POUEHHS) TPUBANOCTI BUKOHAHHA BMP n1aHuM BukoHaBueMm;
Ind“j — BU3HaueHNit Ha NiACTaBI OLIHOK SR; i FuzR; inaexc npupocry 6a3zo-
BOI KOLUTOPHUCHOT BapTOCTI (JOMOBIPHOT LIHM NiApAAy) [ipd BUKOHAHHi BMP

JaHWM BHUKOHABLIEM;

INV , INV. T - :
D™ " — nooctpeHHas 3 obaikom Tp ), Ind’j, lﬂdwj AlarpaMa o4iKyBaHOro
OCBOEHHSA AAHUM TiAPAAYUKOM 3aco0iB IHBECTOpa Npu BUKOHAHHI Biaseae-
HUX HoMy BMP (¢pparmMenTt nporpamHoi peanizauii naHoi npoueaypu npen-

CTaBMIEHUH Ha puc. ).

COBOKYNHAA - nuarpa-nul omm?tuoﬁ
Diiptie Nugexc " MHTQHCHEHOCTM OCBOGHMA "
NeHe paces npupocTa | | AEKC uHBeCTMUMI No paote (npwM
ucnonnu | FEnoAKNTen Haenrudukauma c A —— npupocra
A, AMHIBMCTUMECKON cueTHoi | Twn anmope: | YPOBHE YBEPE@HHOCTH He MaHee
vonei . snkyaLin 0,7); Yo -0THOCHTeNnBHaR
oure |YETHOBNEH] ouenkok pucka e | o | cTomMOCTH | pacnepexe. I
f::“ - HaA TOBPNMM HEYeTKHX | pabeve: patorer | newns CMP OPAVHATA UHBOCTHULUMUNA NO II
nNpoexTa RUNOETIROM ARhbix (xomnnexc [Km_'"," axce TeKyueMy nepuony. t, -
'P;::oi apadon) | PevOV OTHOCHMTONbHAR BPEMEHH2RA
Jxcreproe - KoopaMHara t=t/T I
T
ks . y = 4,16tod - 6.6667to3 +
4 2,97  sonvcimuorn 1,2053| 1,131812 2/1,8to2+0,9167to + 0, -
rf"'"'-"""'_'_"" T T Ty Skt e o - s R "" .‘ o "' OO _"'. SRR S t""'. T H
1:>=.0,5:- = 4,16to* - 6,6667t0° + 1,9t0” + 0,9167to +0,54 |
o FOI:WHMCWM 2 iy :
| MepeMennan tT I
SRR BE. e DA T - l' eQnonoocoaooen Y BN
SRR 0025 w0 QTG e e

Puc. 1. OwiHKM pu3uKy niapsaa4uka i Tun posnoainy bMP.

Mogaeib 103BONSE NPOCTO | BIPOriAHO 1A€HTU(IKYBATH PU3UK BUKOHAB-
uie (kommnekcis BMP) 3 BUKOpUCTAHHAM NIHrBICTHYHUX OLWIHOK PH3MKY,
MPONOHOBAHUX TEOPIA HEUITKUX Mip. 3a AOMOMOrow CreuiajlbHOI mpoueay-
pyv RP, orpumani opraHizauisMu-BUKOHABUAMHU MEPBUHHI OUIHKKH PHU3UKY
MepeTBOPATLCA B CyKynHi. Lle n03BOAsAE BUABUTH oqix);aauuﬁ IHAeKC nNpHupo-
CTY (CKOpPOY€HHs) TPUBANOCTI BUKOHaHHS poboTu Ind’j i npupocty (ckopo-
yeHHs) 6a30BOT KOLWTOPHCHOT BapTocTi BMP IndYj :
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Ind"j = 0,2637 In(SRj)+1,01 (2)

Ind¥j = 0,981 o0.0659*SR} 3)

Mogaenb peanizoBaHa B MpUKIaaHY MeTOAMKY. Pe3ynsTaTom MeTtoau-
KU € GOpMYBaHHSA paLlOHAAbHOTO AMA IHBECTOPA CMUCKY MIAPAAYMKIB pa-
30M 3 AlarpamaMy 04iKyBaHOi iHTEHCUBHOCTI OCBOEHHSA IHBECTHLiIH no pobo-
Tax OyniBenbLHOro NpoekTy, NoOyAOBaHI 3 ypaXyBaHHAM PH3UKY TNOTEHLLiM-
HUX 3 PIBHEM YNEBHEHOCTI HE MeHw 0,7.

HAna obniky HEBU3HAYEHOCTI OYyAiBEAbHOr0 BUpOOHHULITBA B YMOBAX 3Mi-
LIAHOT EKOHOMIKM MPOMNOHYETHCA IHHOBALiHHA OpraHizauiiHO-TEXHONOrIYHa
MOJENb Y BUAI MepexcHOro rpagda “podotu-sepiunHu” (pyuc. 2) i3 NpuHUHKNO-
BO HOBUM HabOpOM napaMeTpiB.

Moaens sBnse coO0K0 CYKYTHICTb €IEMEHTIB MOAEN1 — MaTpHUllb, 3’ €AHAa-

2% e 717 e

HHUX MiX c00010 3B’A3KaMU “KIHELb—NOYaTOK , “‘KIHELlb—KIHeUb’, “NMo4YaToOK—
noyatok”. Moaens D popmanizyerbca y Bulli TPHBUMIPHOTO MacuBy (4):

D =(ID'npllls i=1-:-N; , m= 1-:-4, p=1-:-3 ;
P1=J; P)p= SR;; D' = W'
P, =PH'; P'=Rez; P'»u=PO'; (4.1)
Py, =MH'; D'y=1t,; D'u=M0';
P'y=Tp""j; Py =lmij ;. D'is= Wy;

PH' = max {inPO'}; PO'=PH'+ t;; Rez'=PO'-PH'=TI0'-IH';
MH' =M0'-t; t;=tib* Ind'j ; [10' = min {outlTH'}; (4.2)
w0 Int'= W/t W = W* IndYj,

ae i — ingekc po6oTu (koMruiekcy po0diT); j — iHAeKC opraHi3aiii-BUKOHaBUA
(nigpagunka); m — inaekc psaka matpuui D' ; p — iHaekc cToBnus Matpuui
P'; PH'- panniii nouarok i-oi po6oru; PO'— paHue 3akiHueHHs i-0i pobo-
ta; [TH' — ni3niwe nouyatok i-0i poGoty; I1O' — ni3Hiwe 3aKiHYEHHA i-O
po6otu ; Rez' — peseps i-oi pobotu; Int” — cepeane BupobnenHs niapaa4u-
Ka o i-01 pobori, rpH./aeHb ; W'y — 6a30Ba KOWITOPUCHA BAPTiCTb BUPOOHH-
uTBa i-0i po6oTH, TUC.rPH.; W'; — KOLUTOpPUCHA Bagricn: BUPOOHHLTBA -0l
po6OoTH, BH3HAYeHa 3 ypaxyBaHHaM npupocty Ind"j; {in'} — macuB poGir,

110 € BXiZIHKMH CTOCOBHO i-0i poboTH; {out'} — MacuB pobiT, 10 € BUXiAHH-
MM CTOCOBHO i-0i poOOTI.
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Puc. 2. 3aranbHuit BUA NpONOHOBaHOI Moaeni “po6OTH—BEPILIMHK
| MaTpHLLA NapaMeTpiB enemeHTa moaeni D'y
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[Ticns po3paxyHKy MEpexHOI “poOOTHU-BEPIUYHHM™ 13 3aMpOrOHOBAHOIO
napamMeTpUUHOK CTPYKTYPOK, Aajl mepeadayacTbecs noOyAoBa JIOKanbHUX
pecypcHoO-KaneHAapHUX Mogenei Inv(tinok) no okpeMux poboTax i Buko-
HABLSAM:

]nv(tjjmk) = f{TPINV mox)} tijncu-: = 1= tlj s

Tpmvj = (Tp. _] abo Tp, " uaw... TpGINV') (5)

lnv(t},,o,{ )dtgm =W,
=1-

).I'IOK
[Ipuknaa nporpamMHoi1 peanizauii IIOKaJ]bI-IOT peCYPCHO-KaJIEeHAapHOT MO-
aeni 3 BiANOBiAHWM enemeHTOM MaTpuui B, npeacraBnenuii Ha puc. 3 (aa-
HI MO0 PU3KMKaxX BUKOHABLA BIANOBIAAIOTH NPEACTABIEHUM Ha puc. 1.)

4
4 217] 81380
116 13 157
128 42 170
2 2192189 920,72
PaSouue gHn |Oxmgaemoe | 30000
B NOKaNbHbIX|(BLINONGHNE
xoopauHarax [CMP 25000
ANA y.e/pab.nens.,
T 1490150 20000 -
I - 16000 JyTT i
|
L F( Inv, =0,0282¢" - 1,9681¢° + 25,109¢" + 549,48t + 14368, |||
5 17510 51 10000 t=142 4
b 1816277
7 1881502
8 19467 27 o
i 9| 2011953 0
10 m?’?1‘?8 F T FP YT r YTy T rTrrrvyT T Y Irr VTV T YT TR T rTOT Yy  rTrTrrorw
11 21424 D4 . 1 4 7 10 13 16 19 22 25 28 31 34 37 40
12 2207629 : .

Puc. 3. PparMeHT JIOKaJIbHOT peCypCHO-KaJleHAapHOI MOAEb 3 BiANOBIAHUM
eJeMEHTOM maTpuli D'y,

3anponoHoBaHWii cnocid napamerpu3allii, po3paxyHKy # iaeHTUdikauir
MEPEXHO1T MOAeni A03BOJISE€ OUIHIOBATH HET 3a AOMOMOIol0 AETEPMiHOBAHHX
(4iTKMX) 1 HEUYITKMX KpUTEPiiB. KOXXHOMY AETEPMIHOBAHOMY MPOMiXKHOMY |
NIACYMKOBOMY MOKa3HMKOBI MOAE/I BIANOBIAAE HOro HEYiTKUH po3noain 3
ypaxyBaHHSIM piBHA BMEBHEHOCTI, BCTaHOBJIEHOrO iHBecTopoM abo JIIP.

YiTki (KUIbKICHI) OOMEXEHHs (TUMYacoBI, peCypCHi i iH.) Oynu BcTaHo-
BJIEHI HA MOMNepeAHbOMY eTarli.
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HeuiTkumu oOMeeHHIMU NPUAHATI HACTYMHI:

(J Tepmiu 3aBepilueHHs BMP He MeHlle BCTaHOBAEHOrO 3aMOBHUKOM;

(J BapTICTb NpOEKTY HE OiibLE 3aTBEPIKEHOrO KOUITOPHUCY;

(J IHTEHCUBHICTb OCBOEHHA IHBECTULIN MO MPOEKTI HE HUXKUYE BCTAHOB-
NEHO1 1HBECTOPOM HOPMHU;

(J IHTEHCUBHICTb OCBOEHHSA IHBECTHLIN MO MPOEKTI HE BHLLE BCTAHOB-
JIEHOI IHBECTOPOM HOPMMH;

(1 HepiBHOMIpHICTb MOTOYHOI MO nepioaax (MicsausaM, kBapranam) Oy-
AIBHULTBA IHTEHCHUBHOCTI OCBOEHHSA IHBECTHLIN HE BHLUE BCTAHOBIEHO! iH-
BECTOPOM HOPMM .

Sk HeuiTKiI KpUTEpil ONTUMANILHOCTI O0paHi HaCTYNHI:

[ MiHIMYM IHBECTHUIAHWUX BUTpAT NPH MAKCUMYMi BMEBHEHOCTI HeYi-
TKOrO YMucCha ;

(1 MiHiMYM HEpiBHOMIPHOCTI MOTOYHOI NO nepioaax (MicauiaM, KBapTa-
naMm) OyAiBHULUTBA IHTEHCHBHOCTI OCBOEHHA IHBECTHUIH NPU MaKCUMYMI
BMNEBHEHOCTI HEYITKOro uucna.

Ha 3aBepuiansHux etanax opraHizauliHO-TEXHONOMYHOTO MOAENIOBAH-
Hf TNPOMOHYETHCA Y BIAMOBIAHICTE 3 BUMOraMH 3aKa3HHUKa 3pOOMTH Y3ro-
JOKEHHA KPUTEPIIB.

Takum 4yMHOM, po3pobneHa Teopis mMoaenioBaHHA OyAiBeNbHOro BUpPO-
OHULUTBA 3 BUKOPMCTAHHAM HEYITKUX KPUTEpIiB CTBOPIOE paLliOHAIbHI Hay-
KOBI NEpeAyMOBH AJiA pO3pOOKH KaneHAapHOro njaHy OyaiBesbHOro npoek-
Ty ¢ 00OnikoM ocobnanBocTeit GpyHKLIOHYBAHHA iHBECTULIIHHO-OYIiBENLHOIO
KOMIJIEKCY B YMOBaXx MepexiAHOi EKOHOMIKH.

3anponoHoBaHa iHHOBaliiHa MoAeNb “poOOTHU—BEPLIMHKU” i3 MPUHLMK-
NOBO HOBOKO CUCTEMOIO NapaMeTpiB YCMILHO A0Ma€ HEBU3HAYEHICTh BTINEH-
HSl NPOEKTY, 3B’A3aHY 3 PU3UKAMH BUKOHABLIIB B YMOBaX HEBU3HAYEHOCTI.
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YIIK 27.060.30:97.100 HdyauukoB A. I1., Kosans FO. /L.,

' Kyuepenko E. B., Tkauenxko H. C.
KuniBcbkuit HauioHanbHUii yHIBEPCUTET

OyniBHULTBA i apXITEKTYpH

NCCNEAOBAHUE XAPAKTEPUCTUK TEMNNIOMACCONEPEHOCA
B KAMEPAX CTOPAHUA KOHTAKTHbIX BOOQOHAIPEBATENEU
C «MOKPbIMU» CTEHKAMMU

[TpakTMKa NMPUMEHEHMA KOHTAKTHLIX BOJAOHArpeBareneil (KOHTAKTHbIE
TenyoreHeparops! Tuna Tl'a [1, 2]) B cucremMax TenjocHabKeHUs U pe3yib-
TaThl UCNBITAHMIA NOKa3alu HEOOXOAUMOCTL Donee AETANbHOIO U3YUEHUS UX
IKCMIyaTauMOHHbIX Xapaktepuctuk. Cpean psaa npodiem Heobxoanmo o71-
METUTb BONPOCH], CBA3aHHbLIE C NPUMEHEHHEM KaMep CropaHusl ¢ Tak Ha3sbi-
BaEMbIMM "MOKpPbLIMH" CTEHKaMu TONkKW. [IpUMEHEeHHEe TakuX KaMep CBA3aHO
CO CTPEMJIEHMEM YMEHbLUCHHS rabapUTHbIX XapaKTEPHCTHK KOHTAKTHBIX BO-
JoHarpeBarenen, OCyLEeCTBIAEMOro NepeHoCOM YacT KOHTAKTHOTO Temao-
MacCOJiepEeHOCa B TONKY.

CxeMa KOHTaKTHOro BOJOHArpeBartens ¢ “MOKpOH~ KaMepoH cropaHus
(rermorenepatop tvna Tla [1, 2]) npuBeacHa Ha puc. 1. Takoe ycTpoicTBO
pabotaeT cieaylowuM odpasom. ObpaTHas ceTeBas BOAa 4Yepe3 nepsoe BO-
AOpacnpeAe/IMTENbHOE YCTPOUCTBO (6) 1104aeTCa B KaMepy KOHTAKTHOIO Te-
riomMacconepeHoca (5), a 3areM, yepe3 BOAsHYIO 000/104Ky U OOKOBbIE 110-
BEPXHOCTU TOMNKWU, MOCTYNAET B HAKOMUTENb ropsaYeir BOAbl (4), KOTOpbIH
pacnoNoXeH B HWKHEH 30He kaMepbl cropanusa. OTcloja ropsyas Bojaa ue-
pe3 BbIXOAHOW narpyOoOK BHELIHUM HACOCOM MoOAaeTcs B TpyOornposoa nps-
MOt ceTeBoil BoAbl. BeicOkOoTEMNeEpaTypHble NPOAYKTbl CTOPAHUA, YACTHYHO
OTAAIOT CBOE TEMJO BOAE, KOTOpas OMbIBAaeT MOBEPXHOCTH KaMepbl Cropa-
HUsl, @ TaKXKE BOAE NPU HEMOCPEACTBEHHOM KOHTAKTE CO CTEKatOIKMMKU BOAS-
HBIMH 3aBecamH, 00pa3yIOIIMMKCA B BbIXOAHOM NarpybOke NMpoayKTOB Cro-
paHus. [locne Bbixoaa U3 KaMepsl NPOAYKTbl CrOPaAHUA NOCTYNAOT B KaMepy
KOHTAKTHOrO TEMJOMaccornepeHoca, rae npu KOHTakTe ¢ BOAOH, NMOCTyna-

e yepes BoAOpACpEeaeNUTENIbHOE YCTPOHCTBO, OHH OKOHYATE/IbHO OXJa-
KJA0TCA M uepe3 narpyOoK BbIX0Aa NPOAYKTOB CrOPaHUs MOCTYNAaKT B Abl-
MOBYIO TpyOy. [l yBeNHYEHHUs MIOAAN NOBEPXHOCTH KOHTAKTa NpoAyK-
TOB CropaHusi C BOLOH B CXEME TakOro KOHTAKTHOI0 BOAOHArpesaTess
NnpeaycCMOTpEHa PeLMpPKYJIAUUS BOAbI, KOTOpas 3a0UpaeTcs U3 HaKOMUTens
(4) ¥ nopaeTca Ha AOMOJIHUTENBHOE pa3Opbi3rMBaHUE B 30HE BbIXoAa MNpo-
AYKTOB CrOpaHHs U3 TOMNKH.
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Puc. 1. KoHtakTHbIH BoLOHarpesartes (TersioreHeparop) tuna Tra:
| — koprnyc BooHarpesareis; 2 — KaMmepa CropaHus; 3 - ropeslouHoe YCTPOHCTBO:;
4 — HAaKOIUTEJIb FOpPsAY€EH BOABI: 5 — KAMEpPA KOHTAKTHOTO Tena0oOMeHa: 6 — nepBoe
BOJIOPACNpEIC/IMTEIbHOE YCTPOHCTBO, 7 — BTOPOE BOAOPACNPEACIUTEILHOE YCTPOHCTRO.

B pabore npeacrasiieHsl pe3ynbTaTbl OalaHCOBBIX (KAJIOPUMETPHUYECKHX)
HCMbITAHUSAX KOHTAKTHOINO BOJAOHarpesaresis (tensnoreHeparopa tuna Tl a).
Onpenensnach 10 TOMKW B OOLUEM TenJIoBOM OajlaHCe BOJOHArpeBarelis.
M3mepsanuch Takoke TeMrneparypa M napametpbl NpOAYKTOB CrOpaHUsi Ha Bbl-
xoae u3 Tonku. [lo pesynbraraM u3MepeHUs MpPOBEAEHA OLIEHKA JOMOJHH-
TEJIbHOIO MCIApeHHUsi BOJAbl B TOMKE MMPU Pa3/IMUHbIX peKUMax OOMbIBaAHHUS
CTEHOK TOIKH BOJOH M pa3/IMuHbIX TEIJIOBbIX Harpy3kax KamMepbl CrOpaHMs.

McnbiTaHuss nNpOBOAWIMCHL HA KOHTAKTHOM TEMJOreHeparope Turna
TTa-0,3 ¢ ropeakoit MG 10.1-ZM-LN ¢upmsbl “Giersch” (I'epmanus). Mcnbi-
TaHUs MPOBEJEHbI HA MPUPOAHOM rase, XapakTepUCTUKHM KOTOpOro, paccyu-
TaHHbIE 10 COCTaBYy ra3a U JJaHHbIM UCTOUYHUKOB [3, 4], npuBeAeHbI B TA0OIULE.

Jlis ucnibiTaHui Oblna npoBeeHa Takas 10paboTKa TenjaoreHeparopa:

— CHATa W nepeaesiaHa Tpybda BoaopacrnpeaesiuTeliss BOAbl HAa JIMHUMU pe-

uMpkynsauuu. [1pn nopaboTtke UsbiManuch naTpyoku pasdpbi3ruBaHMs
BO/Ibl HA BbIXOJI€ U3 TOMOYHON KaMepbl, 1MaMETpP pa3OpbI3ruBaIOLLIMX
OTBEPCTHH YBEJIMYEH 0 5 MM, CTPYH BOAbl ObUIM HarpaBJiEHbl BHHU3
JU1S1 UCKJTKOYEHU S 30Hbl KOHTAKTHOIO HarpeBa BOJbI;
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— MUCMONb30BaNlach CTaHaapTHas Tpyba paszbpeidruBarens obpaTHoii BO-
Abl, OAHAKO, I UCKJIFOYEHHSA 30HBI KOHTAKTHOrO Harpesa BOfbI, OT-
BEPCTHS pa3Opbi3ruBarens ObIIM HANPaBJICHb]l BHU3;

— CHATA KpbIUIKa N0BOPOTa MPOAYKTOB CIOPaHUsA M O0ECTEUCH NMPAMO}i
BbIXO/l POAYKTOB CrOpaHus B AbIMOBOH NaTpyOOK TeIloreHepaTopa;

— IpoBeAeHa Cleaylolas 10padoTKa KaMepbl CrOpaHus:

d) 3a CYET YBEIUYEHHUA BbICOTbI NEPErOPOJIOK BEPXHEH KPBILIKY Ka-
MEpbI CTOPaHKA NPaKTHYECKU HCKIIOUYEHA 30Ha KOHTAKTa BOAbl C NpoO-
AYKTaMH CrOpaHus Ha BbIXOAE U3 KaMepbl CIopaHus;

0) Ha 3aAHEH CTEHKE KaMephl YCTAHOBMNEHA NNAHKA, U3MEHEHUEM MO-
NIOMEHHUA KOTOPOH MOXKHO OBIIO MEHATbH XapaKTep pacnpeac/ieHus 10-
TOKOB BO/Ibl [10 CTEHKAM KaMEpb! CropaHus;

B) JIi MMHTALIMK “TIONYCYXOU™ KaMepbl 3aAHAS CTeHKa Oblna dKpaHm-
poBaHa AOMOMHUTENBLHOH NEpPeropoaKon, 4To HUCKIIOHANO BO3MOXKHOCTD
KOHTaKTa NpOAYKTOB CrOpaHUs ¢ NOTOKOM BOABI MO 3aAHEH CTEHKE.

IMapameTpsl rasa |3

Haumenosanue
O603HaueHue | Pasmepuocts 3HaucHUA
napaMeTpa
Bricuras Tennota cropanus el M Ii/um’ 40,950
Huswag Tennora cropanus Q’ M Jx/um’ 36,967
Yucno Bo663 (Hu3Liee) \\Y M J1x/Hm? 48,013
[1n0THOCTD Fa3a npu HOPMabHBIX
YCIOBHAX p KI/hM’ 0,737
Tennota cropaHus, OTHECEHHas
K CYXHUM NPOAYKTAM CropaHus L M /1’ 4,221

M3MepeHue napaMeTpoB NMPOAYKTOB CrOpaHUs NPOBOAWIUCH HEMOCPE/-
CTBEHHO Ha BbIXOJ€ 3 KaMepbl cropadus. [IpoBeaetsl ABe CEPUH UCTTBITAHMI:
— nepBas Cepus, KOraa njaaHka 3aAHeil CTeHkW Obla onyileHa Makcu-
MajlbHO BHH3. Ilpy 3TOM BOAA B HAKOMUTENb ropsauei BOAbl CropaHus
oCTynana B OCHOBHOM 4Yepe3 3aJIHIOK0 CTEHKY KaMepbl (o 60KOBBIM
CTEHKaM KaMmepbl CTeKalna TOJbKO MOBEPXHOCTHAA MJIEHKA BOAbI);
— BTOpasi cepuf, KOrja rnijaHka 3anHed CTeHku Oblna MoaHATa MaKCH-
MaJIbHO BBEpX (CTaHAApPTHbIN pexuM paboThbl TennoreHeparopa) 1 rno-
TOKH BOAbI PaCTEKaNIUCh MO BCEM CTEHKAM KaMepbl CrOpaHu4.
Kaxnas cepus UCNBITAaHUA NPOBOAWIMCH MPU TaKWX TEMJIOBLIX U TH]-
paBinYecKUX pexxumax paboThl TENAoreHeparopa:
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— MaKCHMajlbHas TEMNoBas MOWHOCTb C ABYMSA PEeXMMaMu pacxoja BO-
Abl PELMPKYIALUMN:
a) pacxof BoAbl Ha peunpkyaauuio (Kpe,) cocrasnsan (0,8-0.9) pac-

X0/a BOAbI B OCHOBHOM LUPKYASLHUOHHOM KOHTYpE;

0) pacxoa Boabl Ha peunpkyasumio (Kpe,) cocrasnan (1,3-1,4) pac-

X0/la BObl B OCHOBHOM LIMPKYAALMOHHOM KOHTYpE;

— MUHHUMAJIbHASA TEIJIOBass MOLUHOCTb C JIBYMS PEXKHMMaMH NOTOKOB BO-

Obl PEUUPKYALHNHU:
a) pacxon BoAbl Ha peuupkynaumo (K,.,) cocraensan (0,8-0.9) pac-

X0/a BOAbl B OCHOBHOM LIMPKYJIALLMUOHHOM KOHTYpE;

0) pacxoa Boabl Ha peunpkynsunto (K,.,) cocrasnan (1,3—-1.4) pac-

X0Aa BOAbI B OCHOBHOM LIMPKYJISILLUOHHOM KOHTYpE.

B pesynbrare npoBEAECHUS WCCAEA0BAHUP MOAYYEHbI CNEeAYIOUIHE pe-
3YAbTaThl,

1 DddekrusHocTs paboTbl TOIKKW NEPBOH CEPUU ONLITOB NMPU HOMMU-
HanbHOW Tennosoi Harpy3ok U K., = (0,8-0,9) cocrasnser (57-59)%. Tem-
nepatypa NpoOAYKTOB CrOpaHusi MpH 3TOM JXHT B uHTepBaie oT 720 a0
750 °C. IMounxenue TennoBoi MOWHOCTH A0 (50-55)% HOMUHAILHOrO 3Ha-
YeHus yBeauuusaeT dPPexTHBHOCTL paboTil Tonku Ao (69-73)%, Temmnepa-
Typa NPOAYKTOB CropaHus 1npu 3T1oM 6sina (605-630) °C.

2 VBennuenue Ky, 20 3HaucHus 1,35 (nepeas cepus OMbITOB) NPaKTH-
YECKU HE MeHAET 3PPEKTUBHOCTL pabOThl TONKK U HE3HAUMTENBHO NOHKMKA-
eT TEMNEPATYPY NPOJIYKTOR CIOPaHUs HA BbIXO/1€ U3 TOMKH.

3 Xapakrep 3THX 3aBUCUMOCTEH NpeACTaB/IeH CIUIOWHbIMH JMHUAMHU HA
rpapukax pucyHkoB 2 ¥ 3. Tam ke, NyHKTUPHBIMU AUHUAMU, TIPEACTABNICHbI
pe3ynbTaTbl BTOPOH (NMpHU NOAHATOW MJAHKE BOAOpACHpEeACnUTENs 3aaAHEH
CTEHKH) cepuu ucnbiTaHui. SPPeKTUBHOCTL pabOThl TONKU B HOMUHAJILHOM
‘pemume Obl1a HECKONILKO HMXKE MEpBOi cepuM OMbITOB M cocTasnsna 55%
(ans Kpey = 0,86) u 58% (ana Ky, = 1,3). TemnepaTypa nponyKToB cropaHus
npu 3toM coctaensna 744 °C ana K, = 0,88 u 726 °C ang Kie,. = 1,3. TTouu-
XKEHHUE TEMNOBOH MOLHOCTU A0 (55-60)% HOMUHaANBHOIO 3HAYEHWA YBEINYU-
ano KI1JI ronku no 69% (ang Kpe, = 0,88) u no 70,8% (ans K, = 1,31).
TemnepaTypa NpOAYKTOB CrOpaHusi Ha BbIXOJAE M3 TONKU COCTagadna IpH
atoM 603,6 °C (g K, = 0,88) 1 615,1 °C (ana K, = 1,31). Heobxoaumo
OTMETUTh, YTO MUHUMANbHA MOWIHOCTL ANA K., = 1,31 npeBbitnana MHHH-
MabHY O MOWHOCTb A Kooy, = 0,88 Ha 5,3%.

4 Tlpu cBeaeHumn TemnoBoro danaHca Ha HOMUHANLHOM TEMJIOBOM PEXH-
Me, KOTOPbIi NPOBOJAMJICS HA OCHOBaHWM pexomeHaaumii [S—T7], 6b110 BbLAB-
NIEHO pacxoxaeHue oT 6,5 Ao 19,5%. 310 roBopuT O TOM, YTO MpH padoTe B
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HOMUHANBLHOM PEeXHMe YacTh TeINIa [IPOAYKTOR CroOpaHUs UAET HA MUCNApEeHUe
BOZbl CO CTEHOK TOMKH W HA NOBbLILIEHUH BIArocCOACpXaHus MpoAYKTOB Cro-
panus. OueHKa BEJMYUHbI 3TOr0 AONOJHUTENBHOIO UCMAPEHUS BOAbI COCTaB-
nset or 17 ao 28 kr/4, uto He npesbitiaeT 0,25% obulero pacxoaa UMPKYJs-
LHMOHHOW BOAbl. BennuuHa 1006aBOYHOI BMAXKHOCTH HE npeBbiluaeT 57% wc-
XOAHOHM BJIKHOCTH MPOAYKTOB CIrOPaHMUA.

OCHOBHBIE Pe3yJIbTATbl HCCIIEL0BAHHS.

B pe3ysibrare npoBeASHHbIX UCCEAOBAHUM YCTAHOBIICHO:

1) DPpdexTuBHOCTL TONKK B OOLUEM TEMNNOBOM OajjaHCe KOHTAKTHOIO
TenJoredeparopa ¢ “MOKpoi’™ TonkoH cocrtasnseT (57-59)% npu HOMUHANb-
HOW TEIU10 NPOU3BOJAHTEILHOCTH W (69-73)%, npu NOHHKEHHHW TEenIonpo-
M3BOAMTENBHOCTH J10 (55—60)% HOMUHANBHOIO 3HAYEHUS.

2) Temnepatypa NpoOAYKTOB CropaHus Ha BbIXOJE U3 TOMKU COCTABAAET
(720-750) °C npy HOMUHAJIbHOK TEMAOMPOU3BOAUTENBLHOCTH U (605-630) °C
NPU MOHMXXEHHW TEIJIONPOU3BOAUTENLHOCTH A0 (55-60)% HOMHHANLHOTO
3HAYEHUS.

3) [lpn pabote B pexuMe HOMMHAIBHOM TEMAOMPOU3BOAUTENLHOCTH
NPOUCXOANT JONOJHUTENBLHOE WUCNAPEHHUE BOAbI B TONKE TEMJIONEHEpAaTopa.
OueHKH nokasbiBaloT, YTO A0S UCNIAapUBLUEHACS BOAbl OT OOLLETr0 KOJUYECT-
Ba LUMPKYJIALUMOHHON BOabl He npeBbiluaeT 0,29%. JlobaBouHoe KOIHUYECTBO
BJ1Iaru AocTUraet 57% KonMuyecTBO BOAAHLIX NapoB, 00pa3oBaBLIMXCs B NPO-
Liecce ropeHus rasa.

Jlutepartypa

|. Termoreuneparopu “E€spodopmar”. [HHOpMaUiiiHO-TEXHIYHUI KaTanor.

2. KoHTaKTHO-NOBEpXHEBUM BOAOHArpiBay i JIOKAIbHOI CUCTEMH TEMJIO-
noctayaHHi. JeknapauidHui naTeHT Ha KOpUCHY moaens. YkpaiHa, Ne 13302,
133056, 13306.

3. TOCT 10062-75. la3bl npupoAHbie ropioude. Mertoa omnpenejeHHs
YAEJIbHOW TEIJIOTbl CTOPAHUA.

4. Merannyprudyeckoe ronauo. CrnpaBouHuk. [lon pea. Cywikuna I/I H.,
Knoppe I'.®., 3ukeesa T.A. — M.: Metannyprus, 1965. —472 c., un.

5. Puexun CJI., Anexcanopos A.A. Terwopusnyeckue CBOHCTBA BOAbI H
BOAsAHOro napa M.: Dueprus, 1980. - 424 c., wi.

6. Slumeun JI.M. Texuuueckas TepMoavHaMuka (Y4eOHMK AN BbICLUMUX
yuyeOHbIx 3aBeneHuii). M.-Jl., CocaHeprousaar. 1963. — c. 312 ¢ yepr.
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BUOATHI BYHEHI, NEOAIOIM

XYJAEHKO AnaToaiii AHApiHOBHY
(1932-2007 pp.) — OOKTOp TEXHIYHHUX
HayK, npodecop, 3aBiayBau Kadeapu
TEIJIOTEXHIKKM KHIBCHKOro HalliOHaJbHO-
ro yHiBepcUTeTy OyaIBHULTBA 1 apXITEK-
TypH.

XyneHko AHaTtonii AHApPIHOBHY
HapoauBcs 1.06.1932 p. B cem KoxaHiB-
ka Cymcbekoi odnacti. ¥ 1955 p. 3akis-
yuB KHIBCbKMH 1HXKEHEPHO-0Y1i1BEIbHUH
IHCTUTYT, ¥ 1961 p. — acnipaHTypy npu
Axkaznemii OyAiIBHMUTBA 1 apXITEKTYpH
YPCP.

[IpautroBaB Ha BHPOOHHULTBI B CHC-
Ttemi depxOyny YPCP: 1955-1958 pp. — rojioBHHH 1HXEHED, 3aCTYMHHK
3aBilyBaya BigainioM OONBUKOHKOMY, Kepyruui o00JacHMM OyiBesb-
HUM TpecToM (M. IBaHO-DpankiBCbK); 1961-1985 pp. — 3aBigyBay CEKTO-
pa, nabopaTopii, 3aCTYNMHUK OUpEKTOpa 3 HaykoBoi podotu HJII Gynise-
nbHOro BUpoOHuuTBa (M. KuiB). ¥ 1963 p. 3aXUCTHB KaHAMAATCHKY [IH-
ceprauito, y 1993 p. — 1OKTOpCHKY.

Hanpsam ioro HaykoBO1 AISJIBHOCTI — PO3BUTOK TEOpii 1 METOIIB pa-
J1alllfHOrO OMNaJeHHs Ta OXOJOMXEHHS OyaiBesb 1 Cropya, eHepro3oepi-
raloyl MPUHUMIMN 1 TEXHOJOTIT BUKOPHUCTAHHA allbTEPHATUBHHUX IDKEpEI
€HEprii B CHCTEMaX TEIJIONOCTa4YaHHS.

CTBOpPMB HayKOBY LIKOJIy Cy4aCHMX METOAIB paaialiiHOro ornajieH-
HA 1 oxoJsioxkeHHs. [liarotysaB 7 kanauaariB i | gokTOopa HaykK. ABTOP
277 HayKOBHX Tpaub, B TOMY 4Yucil 27 y MDKHAPOJAHHX BUIAHHAX, CEpe
HUX 4 MoHorpadii, yuooBHi NMOCIOHHK 1 97 aBTOPCHKHX CBIAOLTB Ta Ia-
TEHTIB Y KpaiHH Ha BUHAXO/IH.

3 1985 p. npodecop Xynenko AHartoji AHapiioBHY B KHiBCbKOMY
HaLlOHAJIbHOMY YHIBEpCHTETI OydiBHULTBA i apXIiTEKTYpH O4YOJIIOBAB Ka-
¢enpy temnorexHiku. A. A. XyaeHko 6yB uieHoM BueHoi paau KHYBA,
Ha mpoTA31 6aratbox pokiB ouyonioBaB CrelianizoBaHy BYEHY pany 3 3a-
XHCTYy AMcCepTauii, OyB WwieHOM ekcnepTHoi paad BAK, yieHoM BuYeHOT
paay CaHITaApHO-TEXHIYHOro (aKkyJbTeTy, FOJJOBHHM PENaKTOPOM HayKo-
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BO-TE€XHIYHOro 301pHUKa «BeHTUsALls, OCBITJIEHHS Ta TEIJIOra3ornocTa-
YaHHA», YIEHOM peAaKUil JEKIJIbKOX KYpHAJIIB.

baratbOM MOJ0AMM HAyKOBLSIM OaB LUIAX Y XXUTTA, BiAJaBaB CBOI1
3HaHHA Ta JOCBIJ CTYJE€HTaM, acripaHTaM Ta CIiBpOOITHUKAM iHCTHUTYTY.

Bia3HayeHu# ypsaOBMMH HaropoaaMH.

[Iomep XyneHnko Anaronii Auapiiosud 13 tpaBHsa 2007 poky.

3AMYEHKO €Bren CepriiioBny
(1935-2002) — ¢daxiBeup y rauysi ona-
JIEHHS, KAHOUWJAT TEXHIYHUX HAyK, Mpo-
decop kadeapu TEmaora3onocTayaHHs i
BEHTUJISALII, JE€KaH CaHITapHO-TEXHIY-
Horo (akyneTeTy KWiBChKOro HaijioHa-
NBHOrO YyHIBEpPCUTETY OymiBHMUTBA 1
apXITEKTYPH.

Y 1954 p. nicag 3akiHuyeHHA Kwuis-
CbKOTO TEXHIKYMYy UHMBIUIBHOTO OyAiB-
Huutea €. C. 3aH4eHKO TMOCTyINaE Ha
CaHTEXHIYHUHA (aKyJbTET, Chelialb-
HicTh «Ternaora3o-nocrayaHHs 1 BEHTH-
aauis» KIBI 1 B 1959 p.3akiHuye #ioro 3
B1JI3HAKOIO.

Heskuil yac €. C. 3ailueHKO NpaLloBaB 3a HANpaBJICHHAM IHXXEHE-
pPOM-BEHTWJIALIMHUKOM 11/51 187 B M. [IHImponeTpoBChK, a B 1960 p. nepe-
BeneHui B KIbl Ha nmocany acucreHTa kadeapu Temiora3onocTtadyaHHs 1
BeHTWALIL. 3 1964 p. BiH npauio€ Ha4albHUKOM BEHTWIALIHHOIO B1Ji-
ny KuiBcbkoro 3aBogy «KoMMyHHCT», 1 B 1969 p. 3HOBY NOBEpTAETHCH B
KIBI B acnipaHTypy, a micis il 3aKIHUEHHS Ha BUKJIaaalbKy poboTy (acu-
CTEHT, CTaplUMil BUKJIa[ay, 3aCTyNHUK AekaHa ¢akyabTery). B 1974 p.
€. C. 3aiiueHKo 3axHUIla€ KaHAUAATChKYy nuceprauito Ha temy «Mccneno-
BaHHE HarpeBa BOJbl HACHILICHHBIM BO3AYXOM B KOHTaKTHBIX TEIIO00-
MEHHHKAaX CHCTEM TIeoTepMalbHOTO TeIlocHabkeHHs Temwtuu». Moro
HayKOBHM KE€pIBHUKOM OYyB BiIOMHMH BYE€HHH, NJOKTOP TEXHIYHHUX HAYK,
npodecop Jlobaes b.M. B 1976 p. kauauaar Hayk, JOLEHT Kadeapu Ter-
noraszonoctayaHHs 1 BeHTWIALI 3aidyeHko €. C. npu3HaYaeTbCs JEKAaHOM
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CAHTEXHIYHOro (akynpTeTy, 1 Ha Ui nocaal BiH mpawwoe no 1983 p.
B 1992 p. BiH mnpu3HaueHW# 3aBiJyBayeM MiArOTOBYOIO BIJILJICHHS.
B 2001 p. €. C. 3aiiuenko OyB mepeBedeHH Ha nocaay npodecopa ka-
beapu Tenjaora3onocTayaHHs 1 BEHTHJISLII.

ABTOp 65 HAaYKOBHUX 1 METOAMYHHUX Mpallb.

Hanpsimu HaykoOBOI QIsUIBHOCTI — YAOCKOHAJIEHHS CUCTEM OIAJIEHHS;
eHEepro30epe)xeHHs Ta BAKOPUCTAHHS BTOPUHHUX 1 MOHOBJIKOBAHUX €HEP-
reTUYHUX PECYpCIB JJIsi CUCTEM TEIUIOra30MOCTa4aHHs 1 BEHTHJISALILI.

Bin3HaueHui ypsigoBuMH Haropoaamu — megauiro «1500 p. KueBy»,
menamno «BerepaH Tpyaa» Tta noaskorw Big KHIBCBKOro MiCbKOIo roJio-
BH «3a BaroMmui OCOOMCTHM BHECOK Yy CTBOPEHHS AYXOBHUX Ta MarTepia-
JIbHUX LIHHOCTEH Ta JOCSATHEHHS BHCOKOI MaWCTEPHOCTI y mpodeciiHli
IISTIBHOCTIY.

[Tomep €. C. 3aituenko 16 irotoro 2002 poky.

BocnomuHaHusa 3om lNeTpoBHbI 3aU4YEHKO O CBOEM MYXe

A nosnakomunace ¢ EBrenunem Cep-
reesuyeM oceHbio 1959 rona. Mbl, KaKk MO-
| | JIo[ble€ CIELMAIKCThI, TIpUEXalk Ha MEepBOE
MECTO Haumen paborel — n/a  Ne 187
| r./lHenpomneTpoBCcKa M3 pa3sHbIX TOPOJAOB
| (awm3 r.Cmonencka, Esrenuit Cepreesuy
| m3r. Kuesa). Hama Bctpeua Gbina cyas060-
HOCHOM. HaM BmecTe ObL10 CYKAEHO UIATH
CKBO3b I'0JIbl IPYT K JAPYTY.

Ha panHoM nipeanpustdau EBreHuun
Cepreesuu npopabotan He pouaro. B 1960
roay oH ObUl MEpPEBEAEH Ha MpernoaaBaTelbCKyl padoTy B KueBCkHH
nHxeHepHo-crpoutesbHblii  MHCTUTYT (KMCH). EBrenuit CepreeBuy
BJIWJICS B 3BE€3JHbIH COCTaB KadeaApbl TEIJIOra3oCHaOXEHUsT U BEHTHUIIA-
LIMM CaHMUTAPHO-TEXHUYECKOro (akyibTera. Havajics HOBBIM 3Tanm €ro
TPYAOBOH NEATEIbHOCTH M OTHolueHue EBreHuss CepreeBuua K CBOEMY
MpernoaaBaTeIbCKOMY JOJITY U K CTY/I€HTaM CTajlo 00pa3LoM i KOJLIET.

Becna 1960 r. HamMm 000UM MNpOTSAHYJNA PYKY, U 3TO ObUIO BBICLIWM
oOpa3iom ee 0J1aroBoJIEHbs U BHUMAHUSL — Mbl NTOXKEHWIUCh. [1poxuiau
MBI BMecTe 42 roaa, Aenas M paaocTb, U OrOpYeHUs, U Oeapl MmoIrojam.
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EBrenunt CepreeBuu ObLI 100poXkKea-
TEJbHBIM, OT3bIBYMBBIM MU CKPOMHbBIM
yesoBeKOM. [IpocT u TakTHYeH B oOlle-
HUHU C JII0JAbMHU. JIHOOWIT KHU3HB, THOOU
NeTeM, MOJIOAEkKb U C OOJIBLIMM yBaXe-
HUEM OTHOCHJICS K JIKOJSIM TMPEKJIOHHO-
ro Bospacrta. JIrobun cBoi ropoa Kues,
B KOTOpOM poauJics 22 asrycra 1935 r.
M u3 KOTOpOro 3MMHHUM COJHEYHBIM
JHEM yuiesJl B MUp WMHOM 16 deBpans
2002 r.

XuzHennbii nyts y EBrenus Cep-
reesuya ObLJ1 HEMIPOCTHIM.

C wectH JeTt yxe y3Hal, 4TO TaKoe
BOMHa, 3Bakyauus u3 r.Kuesa B Capa-
TOBCKYIO 0oOsiacTh, B CpenHiow A3uio,
BO3BpallleHHE B pa3pyLUeHHbIH BOWHOHW ropon, rosoa. Pano ymepna ma-
Mma, koraa Xene u Kone (6patea-61u3Helsl) 66110 Beero no 14 net. Oren
yLI€EJl U3 CEMBbH, U CTapllas CeCcTpa CTajla ONEKYHOM s OpaTbeB. Majib-
YUKH OBUIM YIMBHUTEJIBHO CMBILUIEHbIE, CIIOPTUBHBIE, JIIOOO3HATENbHBIE.
OT1av4yHO yuywnuch B wikone. Oba ¢ oTInuueM OKOHYHIH TeXHUKYM. C OT-
JINYUEM — HHIKEHEPHO-CTPOUTENBHBIA UHCTUTYT.

EBrenuii Cepreesuy Ob1 npoecCHOHAIOM CBOETO Aejla U ero opra-
HU3aTOPCKUM, HAYYHBIH M MPENOAaBaTEIbCKMU TAJAHT CIOCOOCTBOBAJIH
AYXOBHOMY U NMPO(PECCHOHAIIBHOMY CTaHOBJIEHHIO MHOTHX BbIMYCKHHUKOB
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yHUBEpcUTeTa. OH BOCMHUTAJ LENYIO Iesay CneuuaJucToB Mo Teriora-
30CHa0XEeHUI0 U BEHTWIALUH. W KaK ke MHe NPHATHO CNbIWATh 700pkie
U bnarogapHbie CloBa B agpec Moero myxa. M kak xe MHe 60JIBHO, YTO
OH TaK PaHO YWIEa U3 KU3HHU: CKONBKO Obl NMOJIE3HBIX K 0J1aropoAHLIX JCI
OH MOr €lle COBEPLIMTh. HeNoBeK ¢ a0OpeHIIUM cepaueM U BBICOKOM
OyXOBHOCTBIO. CO CKpynyJIe3HOCTBIO OTHOCUWIICSA K Jit0O0# padorte, 3a KO-
TOPYIO OH Opajica M KOTOpas €My Mopyuanack. Bceraa nnaHupoBan cBoi
Jl€Hb, paCCYMThIBasi CBOE BPEMS M HUKOIJA MIO3TOMY HE CyeTHAcs. JIoOun
MOpAAOK BO BCEM M Be3Jie: HAa paboTe, 10Ma, Ha 1a4YHOM YYacCTKe.

Bceraa akkypaTHbi M NOATAHYTHIH wwien Ha paboTy, Kak Ha Npa3gHHUK.

3ameuaTellbHblii CEMBbSHHH: MYX, OTELl, JeJAylLlKa — Halla ornopa M
HaACXKHBIH ThLI.

CbiH AHape# noiies no CTolaMm OTua — HHKEHEP-CTPOUTEND MO CIie-
LIMaJIbHOCTH TEILIOra30CHaA0XEHME U BEHTWIALMA, U €My, KaK U OTLY,
mobas pabora no mneuy. BHyuka AdHa Tak ke 3akoHuuna KHVYBA.
[MoapacTtaet BHyuek XKeHst 3aiiueHKOo, KOTOPBIM MOMHUT TEIJIO AEAYLUKH-
HbIX PYK W €r0 04apOBaTENBHYIO VIBLIOKY.

Esrenuin CepreeBuu BHIMOJHHJI CBOH A0JT, XUBYLIUX Ha 3EMIIC.
Co3nan ceMblO, BBIPACTHA ChIHA — NPOJIMII CBOM poA, N0XJAJICA BHYKOB,
cajJ rmocaaui, nOCTPOUJ AOM.

Ceetnias namath 0 EBrenun CepreeBuue octanach B cepauax JiloaeH,
CONPUKOCHYBILUXCA C HUM M0 XHU3HH. OUeHb XKajlb, YTO TAKHM KOPOTKHM
OKa3aJICA KU3HEHHBIH MYTh JOCTOMHOrO 4Y€JI0BEKa, 4YE€JI0BEKA YECTH, CO-
BECTH, A00pa.

M xu3Hp ero npoxura He 3pi. OO0 3TOM roBOpUM MBI BCE: CEMbH,
KOJIJIETH M JpY3bA.

(Mau 2007 2.)
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AHOTALII

Maaxin E. C., Jyyux P. B., [anunesuv H. C., [lpuimax O. B., @ypmam I. E. Tlpo
BILTHB MarHiTHHX NOJIiB HA NUTOMY TEeNJIOTY BHITAPOBYBAHHSA BOAM.

Ha 0asi eKCNepHMEHTANIBHUX AOCATUKEHL BIJIMBY OOPOOKM BOAU TPLOX BHXIJAHUX
CTaHiB: AMCTUJIATY | TEXHIYHOT, B3ATO1 3 ABOX PI3HHX JXKepel, — BCTAHOBIICHO, IO NpPH
o6poO6ili BOAH B MArHITHUX MOJAX AOCATACTLCH 3HHUKECHHS NTMTOMOT TENJIOTH BUNAPOBY-
8aHHA Ha 6 + 9%.

Manaxin E. C., Tumouenxo A. B. ExkcnepumentanbHe A0CAIAKEHHS riapoAUHAMI-
KH NeperpiToro NoToKy pPilMHH B MiAPaBAivHO IMAAKHX IMJIMHHHX MIKPOKAHAJIAX.

[IpoBeACHO eKCNCPUMEHTANBHI MOCTIUKEHHA TipoaAnHamiky aniabaTnoro neperpi-
TOrQ MOTOKY PIAMHH B IUIMHHMX MiKpOKaHanaxX TOBLHMHOKW 63+170 mxM. [loBeacHo
($akT YCKNAAHCHHA aliabaTHOro CKUMaHHA NEPErpiTOro MOTOKy piavHu (CTyniHb repe-
rpiy He nepesniysaina 3+8 °C) 8 nux. OgepxaHo KpuTepianbHe piBHAHHA BTPAT TUCKY
obymoBnenux pazosuM. CrIUCOK JIT.: 6 Ha3B.

Jabai B. /. 3anexuicTb THCKIB BUNapoBYBaHHs i Koxaencanii split-konauuio-
HepiB BiA MOBITPAHHMX MOTOKiIB HA BHNAPHHUKY | KOHAEHCATOPI.

BcranoBneHo 3anexHiCTh THCKIB BUNApOBYBaHHA i Konaeucauii split-konauniionepa
¢ipMu “Sanyo” xonoaonpoaykTHBHicTIO 2020 BT Bia noBIiTPAHMX NOTOKIB HA BUNAPHUKY
i KOHIEHCATOpi 3a CTAHAAPTHHX YMOB (YHKILIOHYBaHHA. 3anponoHOBaHi ONTHMAIbHI
BUTPATH NOBITPS HA BHIIADHUKY Ta KORAEHCATOP] UBOr0 KOHAULIOHEPA.

Anninocoe I1. I, Muxaunenko B. M., Anninozoe A. Il., Kowapna FO. B. 3acrocy-
BAHHA KOMMJIEKCHHX PYHKUIOHANBHO-AHHAMIYHHX cXeM AasA no0yaoBH moaeni.Ka-
Hanizauifinol Mepexi micTa.

B crarti po3risHYTO po3paxyHKOBI MOACA! KaHanizawiinoi mepexi Micra, mpoic-
MOHCTPOBAHO 3aCTOCYBaHHA (YHKUIOHAIbHO-AHHAMIYHHUX CXeM And nobymaoBH MoAchi
eK3eMIIApIB Mepexi. B AKOCTI MaremMaruyHoro anapary MOJACIOBAHHA BHKOPHCTAHO
00’ €KTHO-OPIEHTOBaHU MiaXia Ta KOMOIHATOPHA NOTIKA,

BidiGopeys H. M. TlanenbHi TpyOo4acTi BUNPOMiHIOBAYI ANA CHCTEM padiauii-
HOTO ONAJNEHHS | 0XONOAKEHHA.

HaseaeHi pe3ynbTaTH eKCOCPHMEHTANbHUX JOCHLIKEHD peﬁpucmx BUINPOMiHIOBa-
YiB QA OMAJICHHA | OXOIOMKEHHA NpUMitiieHb. CIIMCOK TT.: 3 Ha3BA.

Bonocauro B. [, Hpedyn K. M., lluwxo I'. I'. Npobaemu merpoaoriuHoro 3abes-
neyeHHs 00niKy NpUPOAHOIro rasy.

Posrnsunyri npodnemy o6NiKYy BHTPAT MPUPOANONO rady 3yMOBICHI HEZOMIKAMH
HaykoBoi ocHOBH. Cnucok aiT.: 10 nass.
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Craspenxo O. M., Cenuyrx M. [1., Buwezopodceka O. (). Armochepui naJabHHKH B
ra3oBUX MaJIOMETPAXKHHX KOTJIAX.

B uiéi crarri npoananizoBano (akTOpH, 10 BMIMBAIOTE Ha efexruruy podory na-
AbHUKIB 3 a'<] 1 a1, Po3rnstnyro B3a€MO3B 30K FEOMETPUYHHX S Fa30AHHAMIYHKUX 1a-
paMeTpiB, ki BIIMBAIOTL HA cTalliaizauio Ta akictb ropiHHE. CiMcok JirT.: 7 Ha3B.

Craapeuxo Q. M., Poyvanoe Q. €., Buwesopoocoxa O. O. JocnigmmeHHs Cy4acHuXx
atmMocdepHHX ra3oBHUX NANBHUKIB Pi3HOT MoaAU(IKAUI B ABTOHOMHOMY KOTJI.

[TpuBeICHI PC3yNBTATH TEILIOTEXHIMHUX AOCHIUKEHD ONAIOBANBHOIO KOTAA NOTY-
KHICTIO 10 35 kBT 3 arMochepHnMu nanbHUKaMH pisHUX Mo wmdikauiii. OTpumani 3ane-
KNOCTI BHKMAIB WKIVIMBAX PEYOBHH B 1IPOAYKTAX 3ropaHHa B aTMOChEpy B 3aICKHOCTI
Bid poxuMy podOTH KOTHA Ta HOro TENIOBOT NPOAYKIMBHOCTI,

Cmenaros M. B., Jioux /. B., bepecosa [1. I locaianenns 1ennoodmMiny mix

NOBITPHM i JTACTHYHOIO NOBEPXHElO.

PoO3rnsiHyTi NHTAHHA BU3HAYCHHS KOE(IIEHTA KOHBECKTHBHOTO TEMA000OMiNy Mix
eNACTHYHOIO MJIIBKOBOIO NOBEPXHEIO Ta MOBITPAM. AHHAMIMHHMX NapaMerpiB. sKi BIIHBa-
0TS 1A Cradunisauio Ta AKICTb FOPiHAA. CIUCOK NIT.: 4 HA3BH.

Kyuepenxo £. B. AHaNN3 BAHAHUSA PEKHMOB IKCNJIYAaTALUMH KOHTAKTHBLIX BOAO-
HarpesaTejeil H2 COCTOAHHUE 3JIEMEHTOB KOHCTPYKUHH BOAOHArpeBaTEsA.
B pabore npeactaBnenbl HauboJsiee XapakTepHble pe3yJabTaThl BIAWAHUA

IKCIUTYATALHOHHBIX PEXHUMOB HAa COCTOSHMUE OCHOBHBLIX 3JIEMEHTOB KOHCTPYK-
LMY KOHTAKTHBbIX BOAOHArpepaTeeil (KOHTaKkTHbIE Tenaoredeparopsl Tuna Tl a).
[IpuBeneHb! pesynsTats 00CHEN0OBaAHNE TEIUTOTEHEPATOPOB MOILHOCTLEO oT 100
a0 900 kBT, koTopbie ObLIn CMOHTUPOBAHBI W BBEICHBLL B IKCILTYaTaumio B 2006
roay Ha AByx obbekrtax ropona Jlyuk. [loka3aHo, yTO TEIIOBBIE U BOAHbIE pe-
KUMbl pabOTbl OKa3bIBAIOT CYLUECTBEHHOE BJIMAHME HAa COCTOAHUE INEMEHTOB
KOHCTPYKLIMH KOHTaKTHbIX TennoreHepatopoB. Haubonee cunbHOE BAMAHUE HA
KOPPO3HOHHbBIE U APYTHE KCMAYATAUHOHHDbIE XapaKTEPUCTHKN KOHTAKTHbIX Te-
IJIONE€HEPATOPOB OKa3biBACT paboTa B peKUME OTOMICHUS C 1MANMa30HOM TEMIIe-

patyp Boibl Ha noaadye oT 60 no 80 °C. [NloaTBepxaeHO, YTO AJA MOBLILLIEHUA
HaJEeKHOCTH W AONTOBEYHOCTH PadoTbl TEMIOreHEPATOPOB HEOOXOAHMO CTPOroe
co010AEHHUE BCEX PErjIaMEHTHBIX PEXHMOB M NpodunakTuyeckux pabor.

Pockoewenxo 0. K., Txauenxo B. A., Cmenanoe M. B., Krimosa I. B. Hanpsimkn

eHepro3fepeeHHn B NPOMHCIAOBHX TeNJHUAX.
B crarTi BUCBITIICH] NPOEKTH CHCTEM TCIOTENNONOCTAYAHHS CYYACHHX TENIHYHMX

koMOiHaTiB. CHCOK JIIT.: 3 HA3BM.

Yenypnwa H. B., Yenypruii B. B. 30epexenHn eHepropecypciB Ta NiABHIWEHHS

KOHKYPEHTHO3AATHOCTI TeNJIMYHUX Irocrnoaapcrs.
B cTatTi po3rasaaroThCs UUISXH PO3BUTKY TEMAWYHUX rocrnogapcrs B YKpaiHi Ta
MOMNHBOCTI 30€peXKCHHS CHEProBUTPAT Ha onaienns Tenanub. Cnucok nir.: 4 Hassu.
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lfeauko H. A., Hopua H. O. IeNioK0JEKTOPH-KOHUSHTPATOPH AJSl CHCTEM

COHAYHOrO0 ONANEHHSA.
HaBoaatbeca pe3ynbTaTH €KClEPHMEHTANBHUX AOCII/UKEHh KOJNCKTOPA-KOHIEHTpa-
TOpa A1 CUCTeM resioonaneHHs. CnMcok ait.: 5 Has3s.

Kopbym B. I1., Hyenko M. KO. HatypHble HCNbITAHUA MOAEPHH3HPOBAHHLIX
rpagupeH.

[1puBeneHb pe3ynbTaThl HATYPHBIX WCITLITAHWHA TPAIUPEH 110CTIE X MOAEPHU3ALUH.
Cnucok nuT. |1 Ha3BaHHe.

Konomnenxo I° M. TepmoriapoanHamika oaHiel UMPKYNANIHHOT CHCTEMM.

JlocaLmKyeTbC MaremMaruyHa MOACAb TeYii Pi/IMHH B JABOXCBEPANOBUHHIA LMPKY-
JAIARIA cucTemi. PesynbTaTH n00pe y3ro/ukyloTbes 3 KNacMuliuMK po3B’A3KaMH, O/1ep-
KAHUMHU 118 YACTHHHMX BHnaakiB. CnMcok NiT.: 6 Ha3B.

Yopua H. O. 'eniokonekTop-KoHUEHTPaTOP Ha 0a3i «30HANbLHOro» QoKAaiHA.
HaBoaaTecst pe3ynbTaTH AOCHIKEHHS COHAYHOIO KOJNIEKTOpa-KOHUEHTpaTopa. Cnu-
COK JIiT.: 12 Ha3B

Tyzai O. A. TeopeTHUYHi 0CHOBH OUIHKH HAAIHOCTI BUKOHAHHA OyniBeabHHX
NPOEKTiB 3 BHKOPHCTAHHAM HEMITKHX Mip | HEYITKHX KPHTEpIiB.

[IponoHyeTbCA TEOPETHUHA MOAENb BHKOPUCTAHHA HEYITKUX Mip 1 HEUITKHX
AAHUX I/ OLIHKH HaaifHOCTI BUKOHaHHA OyaiBenbHuX npoektiB. [Tonana Mo-
AeNb CTBOPIOE palliOHalIbHI HAyKOBI MEPeXyMOBH A pO3pOOKH KaleHAapHOIo
riaHy OyaiBeNbHOrO NPOEKTY ¢ OONMIKOM OCOONHUBOCTEH (PYHKLIOHYBAHHA iH-
BECTHLiHHO-0yAiBEIbHOrO KOMIUIEKCY B YMOBAX MEPEXiAHOT €EKOHOMIKH.

Myonuxos A. I1., Koeanv 10. [., Kyuepenxo E. B., Trxauenxo HU. C. HeenenoBanne
XAPAKTEPHCTHK TEMIOMACCONEPEHOCA B KaMepaxX CrOpaHHA KOHTAKTHBLIX BOAOHA-
rpesaTteiedl ¢ «(MOKPbIMH» CTEHKaAMH. '

[Ipencrasnensl pe3yabTaThl 0anaHCOBBIX (KAJIOPHMETPHYECKHUX) MCIIbITA-
HHH KOHTaKTHOro BOAOHArpeBartena (TernnoreHeparopa tuna Tla), KOTOpbIik
o0opynoBaH CHCTEMOM NOMOJHHUTEIBHON PEeUMPKYISUMH BOAbI B 30HE KOHTAKT-
HOrO TEIIOMACCONepeHoca U KaMepoi cropaHusa ¢ “mMOKpbIMH™ cTeHkamu. On-
peaensnach A0 TOMKH B 00LIEM TerU10BOM OanaHce npu pa3ziMyHbIX pexHUMax
pacnpeneneHus BOAbl U paliinyHbl 3HAYECHHUAX TEIJIOBOM MOLIHOCTU BOAOHArpe-
Batesa. U3mepanucek TeMmneparypa v napaMeTpbl MPOAYKTOB CrOpaHHs Ha BbIXO-
ne u3 tonku. [1o pesynbrataM W3MEpEHHUs NPOBEAEHA OLEHKA AOMOJHUTENbHOTO
HCTIApEeHHUA BOAbI B TOMKE MPH Pa3jiUuHbIX PEXUMAX OMLIBAHUA CTEHOK TONKH
BOZOW U pa3iMyHbIX TEIUIOBLIX Harpy3kax Kamepbl CropaHus.
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