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HALW OBINAP

3 nucronanga 2004 poky BUNOBHIO-
€Thesi 60 POKIB 3 JHS HAPOKEHHS 3aBi-
JayBaua Kaeopu Teruiora3onocTayaHHs
i BenTisuii KHiBChbKOTO HalliOHANBHO-
ro yaiBepcuteTy OymiBHMUTBA i apxi-
TEKTYpH, KaH/IWJaTa TEXHIYHHUX HayK
Pockopuenka Opis Koctantunosuya.

1O. K. POCKOBIIIEHKO HApOAUBCS B
M. Marsitoropcbky Yensdincbkoi 00-
JIacTi, Ae MpauioBaiy oro 6aThkH, eBa-
KyHOBaHi Ha mouyatky BiiiHu 3 M. Kuesa.
B piane micTo ciM’st POCKOBIIEHKIB 110-
BEpHYJIacs THCas 3aKiHYeHHs BilHU.
BuxoBanHsi MaiidyTHboro (axisus Bu-
o7 ocsith 10. PockoBieHka Ta GpopMyBaHHs HOro Jo6poi Ay i ciiByyT-
JIMBOTO XapaKTepy NOYHHAKOTHC B YMOBAX CYBOPOrO HENETKOIO MiC/IABOCH-
HOTO JKHTTS, B atMoc(epi JOOPO3MWIMBOIO OTOYEHHA i TBOPUOrO CMIJKY-
BauHs. Moro mama, I'anuna ['puropisHa, 6yna npeKpacHuM, YyiHUM neaaro-
roM, TpUBallWi Yac mnpaioBaja AUpeKTopoM Apyroi KuiBchbKOil cepeiHboi
my3nuyHoi wkond. bareko lO. K. Pockosuienka, Koctautun BacunboBuy,
TeX OyB npogeciiiHiM MeaaroroM i BUXoBarejieM, aKTHBHUM POMaCbKUM
nisiyem, 3 1954 poky npairoBaB JOUEHTOM KadeapH TeXHoIoril OyniBenbHO-
ro BupoOHuLTBa KHiBCbKOTO iH)KEHEpHO-0yN1BEIEHOIO IHCTUTYTY.

VY 1961 p. micns 3akiHuenns cepeansoi wxonu HO. K. PockoBuienko
BcTynuB 10 KuiBCbKOro iHxeHepHO-0yliBebHOTO IHCTUTYTY Ha CaHiTapHO-
TexHiuHMH akyiabTeT 3i cnenianpHocti “TernorasonocrayaHHs i BEHTHIA-
uis”, JlekanoM ¢akynabTeTy Ha TOM uyac OyB BiZOMHMI crmewianict y ramysi
onaneHHs i rernonocrayanns aoueHt lllexin P. B., a 3aBinyBauem kadenpu
TEMIOra30OCTauYaHHA i BeHTWIALii OyB BHAATHMH BYEHMH, JOKTOP TEXHIiy-
HUX Hayk, npodecop Jlobaes b. M.

[Ticna 3axinuenHs iHctutyTy lO. K. POCKOBIIEHKO CIYXHB Yy apwmii,
npautoBaB y inctutyti Kuis3H/IIEIL, a y 1969 p. BCTynuB 10 acnipanTypu
KUiBCHKOTO iHXeHepHo-By 1iBenbHOro iHCTHTYTY. Moro HaykoBHUM KepiBHH-
koM OyB npodecop Jlobaes b. M. V tomy x 1969 p. b. M. JIobaes onepxas
aBTOPCbKE CBiZOUTBO Ha croci® yTuiizamii TEMJOTH reoTepManbHHX BOZ,
sakuM OyB 3amoYaTKOBAaHUN HOBMH HAyKOBHH HAlpsM y BHKOPUCTaHHI Tell-
JIOTH BUCOKOMiHepasli30BaHMX TePMalIbHUX BOJ Ta BTOPMHHHX €HEPropecyp-
ciB. CyTb 3amponoOHOBaHOT CXEMH TEIUIOBUKOPUCTAHHA IOJIATAE Y TOMY, 1O

3



TENJIOTa BiJl MiHEPali30BaHOI BOJM BiiOMPA€EThCS LUISAXOM ii BUIApOBYBAaHHSA
B KOHTAKTHOMY TEMIOOOMIHHMKY 3a IONOMOTIOI0 MPOMDKHOTO TEMIOHOCIH
(noBiTps1). Harpite HacHueHe MOBITPA BUKOPHCTOBYETLCA B MOAANBLIOMY 5K
CaMOCTIHHMH TEMIOHOCIH uis 06irpiBy Teruib abo NoAa€cThCs B iHLIMH KO-
HTaKTHMA TEMIOOOMIHHMK (KOHIEHCATOp), A€ HOro TEMIoTa MepenacThes
npicHi# TertogikaninHii Boi.

Jns peanizauii po3po6neHoro cnocoby TennoBUKOPUCTaHHS TIpH Kade-
Api TEmnora3onocTayaHHs i BEHTWIAUil Oyna CTBOpeHa HayKOBO-A0CHTiaHA
rpyna, a B JxankoicekoMy paiioHi KpuMy Ha reotepMaiibHiii cBepLIOBHHI
noOynoBaHa HayKoBa J1abopaTopist Ta TEITHLS.

HaykoBo-nocninna naboparopis Ha reotepManbHiii cBepanoBuHi B Kpumy:
a — 3aranbHHUi BHMIIAA, 6 — CXeMa reoTepMaJibHOrO ONaieHHs TEMUIHL:
1 — cucrema rpyHTOBOrO 06irpiBy TEMIHLI; 2 — BUMAPHHUK; 3 — KOHAEHCATOP;
4 — Tpy60onpoBiA reoTepMaLHOI BOAH; 5 — CHCTEMa ONaJieHHs LaTpa TerUTHL
TU1iBKOBMMH ONANIOBAIBHUMH NpHIIaJaMH



Ilepwii pocnmigu B [Dxankoi mpooauwnu acmipantd Ckanenko O. K.,
3aituenko €. C. Ta Pockosiuenko 0K, a BUBUeHHAM Ta po3poOKOIO 1€l Te-
MaTHKH 3aiiMasics Mafke BCi wieHH KadeapH Temiora3onocTayaHHs i BEH-
THISILIT TORILIHBOTO CKJIAZY.

1970 p. 3opaunii cxuan kadeapu.
3niBa Hanpaso HixkHiH paa: nouentn 1. C. Llesuos, O. A. Texios;
3aB. Kad. A.T.H., npodecop B. M. Jlobaes, nouent I'. €. bem.
BepxHiii paa: ct. Buki. P. M. 3aituenko; gouent B. A. bepe3oscbkuii,
C. M. Kopeneacbknii, B. O. Kauees; 3aB. n1a6. A. I". Xopouwnnos; IOLEHTH
P. B. lllekiu i B. A. Boiiko

YeniuHMME pe3yJIbTaTaMi HayKOBMX TEOPETHYHHMX Ta €KCIIepUMEHTa-
JBHUX Jocnimkensb BHnapHuka (Ckanenko O. K., 1973 p.), koHaeHcaropa
(3atiuenko €.C., 1974 p.) i cucremu onanenns Ttemmnui (PockoBlieH-
ko 0. K., 1975 p.) 6yna noka3aHa TeXHi4yHa MOXIUBICTh Ta MPAKTUYHA HO-
UUIBHICTD TEMJIOBUKOPUCTAHHS HH3BKOMOTEHUIHHUX TreoTepMalbHUX BOA.
Tpoxu mizHime 6ynuM npoBefeHi HAYKOBiI AOCTIIDKEHHS TeMI0OOMiHHHKA 3
NPOMiXKHUM rigpo¢obHuM TemioHocieM (Binnuk B. 1., 1979 p.) Ta Bakyym-
Horo termnooOMiHHuKa (CtenaHoB M. B., 1980 p.), saki minTBepawnu ixero
nepefayi TEIUIOTH Bii BHCOKOMiHEpAJi30BaHOTO JKepesa TEeIUIOBOI eHepril
JI0 YUCTOTO TEIUVIOHOCIA B NPOMiXKHHX TerIOOOMiHHMX amaparax atMocdep-
HOTO YH BaKyyMHOI'O THILY.

VY 1972 p. nicna 3akiHveHHa acnipautypu 0. K. PockoBuienko 3a npo-
nosuuiero B. M. Jlo6aeBa 3aTMmacThCa NpaloBaTH BUKIafayeM Ha Kadeapi
TEIUIOra3onocTayands i BeHTWIAUil KuiBChKOro iHxxeHepHO-OyAiBETBHOTO
iHCTHTYTY. Y 1975 p. BiH yCmilHO 3axHIlae AHCEPTALIIO i oAepiYy€E BUCHHH

5



CTyNiHb KaHOMOATa TEXHIYHHX Hayk, a y 1979 p. oMy NIpHCBOEHO BueHe
3BaHHA JOLEHTA i€l Xk Kadenpu. Moro odilifinumM onoHeHTOM Npu 3axucTi
JaucepTauil BUCTYNHB 3acTynmHUK aupektopa HJI canTtexHiky Ta o6aagHaHHA
OymuHkis i cnopyn A. 5. Tkauyk, skuii newo nisuime (1978-2000 pp.) npa-
LFOBaB 3aBiJyBayeM KadeapH Tersora3onocTayaHHs i BEHTHIALIIL.

1977 p. Jlexan canitapHo-texHiunoro dakynabrery €. C. 3aiiueHKko
Ta cekperap naproropo paxynsrety H0. K. PockoBueHko

10. K. PockoBLIEHKO TIPOJOBIKYE IpalfoBaT Ha kadeapi Temnorasono-
crayanHs i BeHTHwIALIT KHIBCBKOro HalliOHATBHOIO YHIBEPCUTETY OyAiBHUU-
tBa i apxitekTypu (KHYBA), ycniuHo No€AHYIOYM NeJaroriyHy, BUXOBHY,
HayKOBY, FPOMaJIChKy Ta OpraHizauifHy HisibHiCTb. BiH BHKIamae Kypcu
JIeKUIH 3 KOHAMI{IOHYBaHHS TMOBITPSA Ta XOJOJONOCTaYaHHs, TEIIOra3onoc-
TayaHHA i BEHTHJIALI, Kepye HAyKOBUMH JOCIIJDKEHHAMH 3 TEMaTHKAMH
“TennoBUKOPHCTAHHSA HH3bKONOTEHUINHUX JDKepeN eHeprii s onaneHHsA
Termane”’, “EHeprosbepexxeHHs B CHCTeMaX ONANEHHS i BeHTHiAWii”, min-
TPUMYE ALTOBI # TBOpuYl 3B’A3KM 3 faraTbMa OpraHizauisMu i pipmamu, sKi
3aliMalOTHCH [IPOEKTYBAHHIM, BATOTOBIIEHHAM Ta BIPOBAUKEHHAM Cy4acHHX
CHCTEM OINaJIEHH 1 BeHTHIALII.

VY 2000 poui FOpiii KocrantuHoBHY PockoBiienko 6yB obpaHmii 3a
KOHKYPCOM Ta NpH3HAYeHHI Ha I0ocamy 3aBilyBaya KadeapH TeIuiorasorno-
cTayaHHs 1 BeHTHnAUii. Ilig HOro HaykOBMM KEPiBHHLITBOM ITiATOTOBJIEHO
TPbOX KaHAMJATIB TEXHIYHHX HayK. 3a yac pobotn B KHYBA BiH onmy6uiky-
BaB Oinbiie 20 HaBYANBHO-METOAMYHUX Ta Oinbuie 60 HayKOBHX mpaub, B
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TOMY 4MCIi MaTeHTH Ykpainu Ha BHHaxoad. }O. K. POCKOBIIEHKO aKTHBHO
3aMa€eTbes TPOMaChkolo poboTOI0 B yHiBepcHTeTi. BiH € 3acTynmHMKOM ro-
JIOBHOTO pEaKTOpa HAyKOBO-TEXHIYHOro 30ipHHMKa “BeHTHIALIA, OCBITIEH-
H$l Ta TEMJIOra3onocTayaHHs”’, wieHoM BueHoi paau yHiBepcuteTy Ta Buenol
pajii CaHiTapHO-TeXHIYHOTro (aKyabTeTy, KOPHCTYEThCS 3aCIIy>XKEHHM aBTO-
PHTETOM Cepesl BUKJIaaayiB, CiBpOOITHUKIB 1 CTYJEHTIB YHIBEPCHTETY.

"

Buiuianaui kadespu Ternnorasonocradyants i Beutunsuii. 2000 p.

10. K. PocKOBLIEHKO OapYykeHHii, Ma€ IBOX CHHIB. Horo apyxwuHa, Ipu-
Ha AHaToJliiBHa, npauioe BUKIaaayeM B HanioHanbHOMY yHiBEpCHTETI KyJib-
Typu i MucteurB, cuH KocTsHTHH micna 3akinyeHHs KIII npaioe, a AHaro-
niit € crynedsrom KHYFBA.

Baxxaemo ¥Opiro KocTsaHTHHOBHYY i #Oro CiM’1 1acTs, TBOPYMX YCHiXiB
i no6poro 310poB’s.
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YK 697.94:631.563 B. E. ITucapes, doxm. mexH. Hayk
KueBckuii HAUMOHANBHBIH YHHBEPCUTET
CTPOUTENLCTBA H APXUTEKTYPHI

ONPEAENEHUE TEMMNEPATYPbI BO3AYLWHOMU CPEAbI
B FTMNOBAPUHECKOM XPAHWUITULLIE NPU JIMHEUHOM
3AKOHE USMEHEHWUA EE OTHOCUTENBHOWU BNAXXHOCTH

Ilpu XpaHeHuH CENbCKOXO3SAHCTBEHHON NPOLYKLHUH B THIIO0apHYECKOM
XpaHWJHILLE B pe3y/bTaTe konebaHHi abCcONMOTHOrO AaB€HUA MOTYT HMETh
MECTO HEe3HAYMTENbHBIE KOJeOaHUS BO BIAXHOCTHOM COCTOSHHH CpeJbl.
IIpn 3TOM OTHOCHTENbHAsA BIAXKHOCTh H3MEHAETCA B HEOOJBLIMX Mpenesnax.
B atoM cimyyae MoxeT ObITh MPUHAT JTMHEHHBIH 3aKOH U3MEHEHHS OTHOCH-
TEeNbHO! BJIAXKHOCTH B Npe/ieNlaX OJHOTO MepHOJIa MOBHILEHUA HWIH TIOHMXKe-
HHA DaBIEHHSA, YTO ABJIAETCS OXHUM M3 CaMbIX paclpOCTPAaHEHHBIX HOIMMyIe-
HHM, IPHHUMAEMBIX TIPH pacyeTax CUCTEM KOHIUIIMOHHPOBAHUS

A9
=@ +=—
o=@t (1)

H3BecTHas popMyna onpejeiieHus BIarocoiepxaHus x

MOXeT ObiTh mpeoOpa3oBaHa ¢ MOMOILUBIO AMNPOKCHMHPYIOLLEH 3aBHCHMO-

ctu P, =n'(T -¢'), pabotatoueii B HeGoTbIMX Npeaenax Temnepatyp (1], u
rae £, =(P,+P,)/2, x Buy

ynpowekrus P—Fo=A-F,,,

= 06220n (T-¢)
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BbIp@KeHue (2) sl BNaroconepxaHus x ¢ yuyeroM ponyienns (1) npeacra-

BHUM B BHIE v
A A
x=(q>l +A—‘fz)ﬂ,r—(¢l +-A—‘fx}az. 3)

3anuuem nonHsi auddepeHLHan BIarocoaepKaHus B BULiE

ax ox

Ilocse cootBeTCTBYIOUIMX NpeobpasoBaHmii BEIpaxeHus (3) NOTyYum

dx = zz,(<p, A9, JdT+ 2T -1,)dr. )

p
MOJTy4eHHOE U3 MEPBOrO 3aKOHA TEPMOAMHAMUKHU C YYETOM MPOLIECCOB, IPO-
TEeKaloLMX B runobapuyeckoM XpaHuiuie [2], imeem

INoxcrasnsas BeipaxkeHue (5) B ypaBHeHue rdx=c dT+R(dT po ]

rﬂ,[¢1+%%r]dr+r%$(ﬂ,r-zzz)dr c,dTl - er ©6)

Ap
—T, paHee MpPUHATO-
A’ P p

ro B pabore [2] mns ynpomieHns aHanM3a [POLECCOB B TMIOGAPHYECKOM
XpaHWiHile, nomy4aeM auddepeHIHaNIbHOe ypaBHEHHE, ONUCHIBAIOLIEE
NpoLecc H3IMEHEHHSA NIapaMeTPOB CPeJbl, B BUAE

C Y4€TOM 3aKOHA M3MECHEHHA JaBJIEHUA p=p, +

TApdt
¢ At
rﬂ,[cpI +——‘c)dT+r —(IT-4,)dv=c,dT -——8X—_ ()
P "’X;T
Bsenem 0603HaueHus
< At r eIT A
Lo BOE__. B l"ﬂh R;n(P= o

R T Ap ’
rA "t rA T
RA(gﬂl T (pﬂa =1,

TITocne npeoGpaszorauns ypaenenus (7) umeenm
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d_T:T C-:’E+ﬂl’l'|| ﬂ,2| - (8)
dt F-4-4A"t b-4,)-4"

Jlna runoGapHyeckoro XpaHeH!s CeNlbCKOXO03HCTBEHHOH NPONYKIIUY B psje
CJIy4aeB XapakTepHBIM ABJSIETCS YCIOBUE |c| >>1. Pacyetbl, BbINOMHEHHBIE

JUISl YCROBUH runoGapuyeckoro XpaHEHHs CBUJIETELCTBYIOT, 4TO B 6OMb-
WWHCTBE ClIyuaeB suauenwe |[,"T| cocraBnser we Gonee 10% BemamHEI

|5 - ’l . J11s OLIEHOYHBIX pacueToB MOXKHO NpeHebpeub cnaraeMeiM /7,1
Ha psge T1npuMepoB  pacCMOTpUM  NPaBOMEPHOCTh  YCIOBHS
|B-A,'|>>|- Z,"|. B nepuon skcnnyarauun npoMsIlIIeHHOro runoGapy-

4eCKOT0 XpaHHJTHILIA, COOArONaNICA Tako! peskum ero pabotel: Py = 16000 [1a;
Ap =-2000 IMa; At=750 c; Ap=0; €'=262 K; n'=63 Ma/K; ¢;=0,60;
To=273 K; Pep=510 Ila. B COOTBETCTBHM ¢ pacuyeramu umeeM b = 3,49;
C =-6000 c; J;=2,54-107 1/K; /= 0,666; J)'=13.24; 1" =0; 1" = 0;
JL'=0. CornacHo pacdyeraM mTipM JOOOM 7T BBUIOJHAETCS YCIOBUE
|B-2,|>>|4,"1]. PaccmoTpenublii npumep XapakTepu3yercs CIMLIKOM

HU3KMM 3Ha4Y€HHEM ¢, COOTBETCTBYIOLIMM CJyyard Cpefsl NMpPUH XpaHeHHWH
CeNbCKOXO03AHCTBEHHOM MPOJYKIMH B MOJMMEPHOH ynakoBke. PaccMoTpum
Cly4yali OTKPBITOrO XpaHEHUs CeNbCKOXO03sHCTBeHHOH mnpoaykumu. Ilycte
¢ =0,9, ocTanbHBIe NEPBOHAYAIBHbIE 1IapaMeTphl OCTaBHM 6e3 u3MeHeHHs.
Torza 5 =3,49; C=-6000 c; /I, =254-10" 1/K; [, =0,666; /' = 19,86;
A" =0, 4" =0; [ =0. CornacHO pac4eToB TakKe BBITONHIETCS YCIOBHE
|B-4,|>>|4,"1|.
Beripaxenue (8) nepenuinercs B BUjE

dT
E=TL1—L2,

rae

1

Lem .
A a
l’l E—ﬂl' 2 E_ﬂl'

OOwui MHTErpan npuBeaeHHOro ANQGGEpeHIHATLHOTO ypaBHEHHS Ha-
XoauTcs 1o gopmyne

r=el" L, [eteanrk].



[Tocne npeoﬁpasoaaum‘fl nMEEeM
L, _
T=el"| 2" 4 K

Jlnst nauansHbIX yenoBuii =01 T = T nonyuyum

L
K=To———2~.
Ll
OKOHYaTENBHO
Lz Lt L2
T={T,——= e +—=. 9

PacueTsl, BbifoJIHEHHBIE N0 dopMyIie (9), CBUAETENBCTBYIOT O TOM, YTO
B rUno0apuyeckoM XpaHWIHILE CENbCKOXO3AHCTBEHHON MPOAYKLHMM INpH
JIMHEHHOM 3aKOHE M3MEHEHMS OTHOCHTENbHOH BIaXHOCTH U3MEHEHHs TeM-
neparypsl BO3lyxa BeCbMa MaJibl.

Hcnonb3oBannasi JHTEpaTypa

1. Kpemnes O. A., XKypasnenxo B. A. Tenno- 1 MaccoobMeH B rOpHOM
MaccHBe | MoJI3eMHbIX coopyxenusx. — K.: Haykosa nymka, 1986. — 341c.

2. Mucapes B. E. BnusHue U3MEHEHUs JaBlieHUs HA TEMIEpaTypy BO3-
yXa B FHN00apHYECKOM XpaHHIIHLIE CEeNbCKOX033HCTBEHHOM MPOXYKLMH. —
BenTunsauis, ocsiTineHHs ta rtemnorasonocravanHs. — K., KHYBA, 2002.
Bum. 5.
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VK 629.113.06:628.83 O. T. Bo3uSIK, KGHO. MexH. HayK, O0YeHm
HauioHambHuili yHiBepcHTET
“JIbBIBCHKA MOJIITEXHIKA”

NOAAYA NOBITPA B NPUMILLEHHA HACTUITbHUMMU
OXONOAXKEHUMU CTPYMUHAMMU

Sk Bigomo, 370poB’s i npaue3faTHICTh JIFOAWHU 3aJIeXKUTh, B 3Ha4HIM
Mipi BiJ TOrO, HACKINIBKY CaHITApHO-TITi€HIYHI MapaMeTpH MiKpOKIiMaTy BU-
POOHMYMX (TEXHOJNOTIYHMX) NPHMIILLEHb BigMOBiAAOTH ii (izionoriyudum no-
TpebaM. B pobouiit (o6ciyroByBaHiil) 30HI Takux TpUMIilLEH TOBMHHI 3a-
Oe3neyyBaTUCh HOPMOBaHI NapamMeTpH BHYTPIWIHBOrO noBiTps. Piznuuuii
CTaH MOBITPAHOTO CepeJOBHILA TEXHOJIOrIYHONO NMPUMILLEHHS XapaKTepH-
3YETBCS TAaKMMHU IapaMeTpaMH, AK TEMIlepaTypa, BOJIOTOBMICT, LIBHAKICTb
pyxy NOBITps, IIyM, 3anuieHiCTh, 3aMaxy Ta iH. YMoBH komdopty nepe-
JIOBCIM BH3HAYalOThCs TEMIIEPATYpPOIO TMOBITPS Ta Horo mBuAKicTIO pyxy. Lli
BeMMYMHH NIATPHMYIOTbCS 3aco0aMy BEHTHIISALITHOT TEXHIKY i 3aexarth Bil
npuiHATOT OpraHi3auii noBiTpoobMiHy Ta cxeMH NOBiTpoposmoziny. Ciuia
NIOAATH, 1110 Ha YMOBH TEIIOBOro KOM(OPTY JIFOAWHU 3HAYHO BILTHBAE TAKOK
edexT 30ypeHHs TOBITPAHUX MOTOKIB, Y 3B’SA3KY 3 HasBHICTIO TEXHONOIiY-
HOro o6nagHaHHs Ta 06CIYrOBYFOUOro NEPCOHANY, SKIIO BHCOTA MPHUMILIEH-
Hs € He3HayHo!o. [le Taki NpuMillleHHs, B AKMX 3HaYHA YyacTHHA pobodoi 30-
HM 3HaxXOAUTBCS B NPAMOMY IOTOL NPUIIMBHOI CTPYMHHH. CyKyIHICTh
BKa3aHHX (axTopiB BH3HAYa€ XapakTep MOBITPAHUX MOTOKIB Tda PO3BUTKY
BEHTHJIALIMHUX CTPYMHUH Yy TaKOMy npHMiteHsi [1-9].

BaxnuBicTh BpaxyBaHHS BIUIMBY 30ypeHHS TOBITPSHHX IIOTOKIB, Y
3B’A3KY 3 HAABHICTIO TEXHONOTiYHOro obnagHaHHs Ta 06CIyroByO4oro ep-
COHajly B MPUMILICHH] Ha WBHAKICHI IO MOBITPSHMX MOTOKIB Ta iX 0COb-
NUBOCTI AOCIIKeHO B [1-9]. ¥V Ttakux ymoBax HeoOXimgHO 3abesreuysBari
JOCTaTHBO BEJIHKY NaleKOOiHHICTh MPUIUINBHOI cTpyMuHH. OfHHM i3 3a-
co0iB 36inbIIeHHA i nanekobiiiHocTi € 3acTocyBanns edekty Koanaa, To6T0
HaCTWJIaHHs CTPYMHMHH Ha BHYTpiLIHi MoBepxHi crtiH abo crenmi [2]. Kpim
30inbeHHs aanexo6iHOCTI, SBHILE HACTHIAHHA CTPYMHHH Ha CTEJIO BILIH-
BA€ Ha MOJIe TeYii, HA PO3IIMpPEHs CTPYMHHH, HA MPOLECH MiAMillyBaHHS i
TOTacaHHs WBHMAKOCTI B CTpyMHHI. ToMy HaHGiIbII paulioHATEHOI CXEMOIO
TIOBITPOPO3MOALLY Y BHMAAKY 3 HAaABHICTIO TEXHOJNOIYHOro 06NaAHAHHA Ta
0BcnyroBy04Oro nepcoHany y BMpOOHHYOMY MPUMIIIEHHI 3 Malol0 BHCO-
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TOIO € 3aCTOCYBaHHS crnoco0y mojadi nosiTps B pobody 30HY HACTHJIBHHMH
ctpyMuHamu. [Ipy 1bOMY AOLIIBHO 3anpONOHYBATH 3aCTOCYBAHHSA MOBITPO-
PO3NOKINOBAYIB 3 BEJTMKOK IHTEHCHBHICTIO MOTacaHHs WIBHAKOCTI 1 Temile-
paTyp NPHIUIMBHOTO MOBIiTPs, TO6TO MPHCTPOIB, AKi 3abe3nedyioTs iHTeH-
CHMBHE mepeMillyBaHHs NPUIIMBHOTO MOBIiTPS 3 HABKOIMIIHIM [1].

CrOrofiHi icHy€ 3Ha4Ha KiNbKiCTh Pi3HOMaHITHHX KOHCTPYKLi# MoBiTpo-
PO3MOAIIOBAYIB Ta CXeM po3/ladi MPHILTUBHOIO TIOBITPSA AK Y BEPXHIO, TaK i
B pobouy 30HY mpuMilueHs [5;7;8], ie BUKOPUCTOBYEThCS eeKT HACTHIAHHA
CTPYMHH Ha BHYTPillHI NoBepxHi cTin abo creni [2;5;7;8], mo € nocraTHeo
NOWHPEHNM ABHILEM Y BEHTHIIAUIHHIK TeXHilll.

Ortxe, 1py KOHANLIIOBAHHI TIOBITPS Y BHPOOHUUHMX NMPUMILLEHHAX 3 Ma-
JIOK0 BHCOTOO MPH HABHOCTI TEXHONOTiYHOro obiafHaHHs Ta 00CIyroBylo-
4Oro MepcoHaly 3aclyroBye Ha yBary Takui cnoci rmopadvi moBitps, sk 30-
cepe/PKEHNI MPUILUIMB HACTHILHUMU Ha BHYTPILUHIO MOBEPXHIO CTENi Io-
CKHMHM OXOJIOJUKEHHMH CTpyMHHamMu. [TOBITpPOPO3MOAIILHUKOM MOXeE
CITY’KMTH NPHUCTPIii i3 MPAMOKYTHHM L(ITHHHAM OTBOPOM i3 CHiBBiJIHOIIEH-
HSIM CTOpiH He MeHwuM 3a 1:15 [1;2].

XapakTepHOI OCOBNUBICTIO Takoi CXeMH IOBITPOPO3NOALTY € obMe-
JEHHS TPOCTOpPY PO3BUTKY MPSIMOTO Ta 3BOPOTHOIO MOTOKY CTPYMHHH
cTiHaMH, CTellel0 Ta MiAJOroi0 MPUMILLEHHS, a TaKOX TEXHOJOTIYHHUM 00-
JIaJIHAHHAM Ta 00CITyrOBYIOYHM MEPCOHAJIOM, 1O CTBOPIOE NEBHE 0OMeEXeH-
Hs TPOCTOPY AN PO3BHUTKY TIOBITPAHOI CTPYMHUHM, TOOTO TaKk 3BaHe
“CTHCHEHHS” TPHUIUIMBHOI CTPyMHHH. [10BITpAHUHA MOTIK, pyXaloyHCh B 00-
MEXEHOMY TpOCTOpi LBOTO MPHUMillieHHs, TOOTO y “CTMCHEHMX” yMOBax,
(hopMye€ IIIOCKY CTHCHEHY CTPYMHHY i HaIXOUTh B 00CyroByBaHy 30HY.

BrinuB oOMexeHHs NIPOCTOPY MPU PO3BUTKY CTUCHEHUX CTPYMHH 3pyd-
HO BPaxOBYBaTH BBEJEHHAM Y PO3paxyHKOBi (pOpMynH BiJIbLHMX CTPYMHUH
BiAMOBiAHMX NONpaBHUX 6€3p0o3MipHUX KOedillieHTIB CTHCHEHHS, AKi ABNA-
10Th CODOIO CriBBiHOLIEHHA WBHAKOCTI V, BUTpaTH L abo KinbkocTi pyxy /
B Wil e Toulli NpPOCTOpY, fiKa PO3IJsAAcThCs, NMPH yMOBax BiJIMOBiJHO
CTUCHEHOI Ta BiNbHOI CTPYMHUHH [2]. '

PO3BHUTOK CTHCHEHHX CTPYMHH B OOMEXKEHOMY IPOCTOPI MOXe BinOyBa-
THCh 3a TYNIMKOBOIO abo mpotiyHoo cxeMmoio [2;7;8]. B uiit po6oTi posrns-
JA€ThCsl IUIOCKA HACTHIBHA OXOJIOZKEHA CTPYMMHA, siKa CIPAMOBYETHCS
B3/I0BK BUPOOHHYOro MNPHMIllleHHs Manol BUCOTH TIPH HAsBHOCTI TEXHO-
JoriyHoro obnagHaHHg Ta 06CIYTOBYIOUOrO MEPCOHANY 32 TYMHKOBOIO CXe-
MOI0, B AKili BHTS)KHHH OTBIp pO3MilleHWH B Tiif jke IUTOLMHI, WO i Mpy-
wiMBHAUH (puc. 1).
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Puc. 1. CxeMa ekcnepMMeHTANbHOIO CTEHLY
1 — Haca10K 3 MIOCKOIO MOBITPOBUITYCKHOIO ULiNMHOIO; 2 — NOBITPONPOBia; 3 — koHpy30p;
4 — KOOPAMHATHMK; 5 — BUTSDKHMH OTBIp; 6 — TeXHONOriuHE 06NanHanKs; 7 — 00CayroBy-
I04HMH MepcoHal; 8§ — 0XONoKyBad MOBITPs

Crix 3ayBaXHuTH, 110 AOHEJABHA Y BEHTHIALIHHO-OMAMOBANbHIN TeXHiLli
TpH PO3MIAMi CTHCHEHHMX MPUILTUBHUX CTPYMHH BPAXOBYBAaBCS BIUIUB 30ypeH-
Hsl TIOBiTPAHOIO MOTOKY Y 3B’A3Ky 3 HaABHICTIO TEXHOIIOTIYHOrO O0JajHaHHA
Ta 06CIYroByl04YOro NepcoHalny B NMPUMILEHHI Ha PO3PaXyHOK JIMIIE IUBHA-
KICHHX XapaKTepUCTHK MPHILTUBHOI CTPYMUHH. MOXXHA MPHITYCTUTH, 1o Leil
(akTop BHOCHTH KOPEKTHBH TaKOX i B iXHi TeMIIepaTypHi apaMeTpH.

Y 3B’43Ky 3 UMM, y Uil CTarTTi NPONOHYETHCA PO3MIAHYTH IMONPABHHIA
Oe3posMipHai KOEQilliEHT CTUCHEHHS MO TeMepatypi k.. JIns BUpileHHS
NOCTaBNEHOr0 3aBAAHHS CJiJ AIATH aHANOriuHO, AK i y BHNAAKaX, 3a3Haue-
HMX BHILE, i BAPA3HTH Koe(illieHT CTHCHEHHS IO TeMIepaTypi k., Y BHITIAAI
CNiBBIAHOIIEHHS HAUTHIIIKOBOI TEMIIEpaTypu B Liili e po3paxyHKOBiil Touni
npocTopy, sKa pO3IVIANAETbCA, 32 YMOBU BIJTIOBIXHO CTHCHEHOI Af, Ta
BiNbHOT At, cTpyMuHH [2].

At

=% M
ct Atx
OcHoBHa yBara B Liif po6oTi npuaineHa came JOCTiIKeHHIO koedilieH-
Ta CTHCHEHHA CTPYMHMHH MO TEMIepaTypi k., Ta Xapakrepy 3MiHH OCBOBO!

HAATHIKOBOI TEMINEPaTypH Af,..
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Mera wi€eil poboTH — JOCTIKEHHA XapakTepy MOLUMPEHHS [UIOCKHX Ha-
CTHIBHHX HEI30TEPMIYHHX CTPYMHH B OOMEXEHOMY NpOCTOpi BHPOOHUYOro
NpUMIILEHHS Maloi BUCOTH 3 HajABHICTIO B HBOMY TEXHOJOriYHOro obnaji-
HaHHA Ta 00CITYTOBYIOUOro MepcoHaly, BU3HaYeHHs KoedilieHTa CTUCHEHHS
CTPYMUHH 110 TeMNepaTypi k., Ta Xapaktepy 3MiHH OCHOBOi HaJJIMIIKOBOI
TeMnepaTypH Aty..

ExcnepuMeHTanbHi JOCHiAXKeHHS TPOBOJUIMCE B HATYPHHX yMOBaX Ha
CTeH[i, CXeMy SKOrO JHB. Ha pHC. 1, 32 TAKUMH YMOBaMu Ta CIIPOIICHHAMHU:
®  [UJJOCKa CTPYMHHA € HEi30TepMiuHOI (OXOJIOMKEHO0);

e  koe(iuieHT TOracaHHs LIBHUAKOCTI MPHUIUIMBHUX HACAKiB 3 NIOCKUMH

MOBITPOBHITYCKHUMH LiITHHAMH CTAaHOBUB m = 2,5;

e  IMpHHA IIIIMHHOTO OTBOPY 3MiHIOBanach i craHopuna: I, = 300 MM;

I, =450 mm; 1, = 600 MM;
®  BHCOTa LIUIMHM OyJIa 3MiHHOIO, a came: b, = 20 MM; b, = 30 MM; b, = 40 Mm;
* BuTpara TMOBiTPAHOTO TIOTOKY L, 3M|moaanacx, i CTaHoBHIA: L =

=900 Mm*/ron; L= 700 M /ron, Ly=500 m /ron, Ly=300M /ron,
®  [0YaTKOBA LUBMJKICTH MOBITPs MPH BUTIKaHHI 3 MPHIJIMBHOrO Hacaaka

3HaxoAunacs B Mexax: vV, = 5-15 m/c.

IlIBuakocTi i Temmepatrypu pyxy MOBiTpS BHMiprOBanach TepMOENEK-
TpoaHeMomeTpoM TA-9. [1IBuaKoCTi NOBITPAHOTO MOTOKY, 5K EPEBHIyBa-
am S5 m/c, BUMIpIOBAIMCH MIKPOMaHOMETPOM 3 ITHEBMOMETPUYHOIO TPYOKOIO
[ito-Tlpanarns.

3amipy TemnepaTyp i IBUAKOCTEH pyXy MOBITPs B PO3paxXyHKOBUX TOY-
Kax 37ifiCHIOBAINCS 3 BUKOPUCTAHHAM KOOPAMHATHHUKA i3 CITKOIO TOUOK 5 X
X 5 CM y II’SITH NOTIEpeYHHX Nepepizax.

B xoai excriepuMeHTANBHHX IOCHIKeHb OYJIM BU3HaYeHi rpaHHLi NpH-
TUIMBHOI CTPYMMHH B 30Hi ii IPAMOrO Ta 3BOPOTHOTO MOTOKY.

Bracninok cnabkoHeizoTepMivHOro XapakTepy NPUILIMBHOI CTPYMHHH B
npuMilenHi (nepenaj remneparyp Af npu KOHAMLiOHYBaHHI NMOBITPs A0CA-
rac He Ginsiie 10 °C, a kpurepiii Ar < 5 -10) nieto rpasirauiiinux cun
MOXHa 3HexTyBaTH [1]. ODxe, WBUAKOCTI PyXy MOBITpA BH3HAYAIOTBCA 32
TAKHMH K aHATITHIHHMH 3IEXKHOCTAMH, 5K i JUIA i30TEPMiYHUX CTPYMHUH.

V BUMaAKy IUIOCKOT BilIbHOI CTPYMWHH HaJIMLIKOBa TeMIepaTypa B oc-
HOBHIlt 1UAHI po3paxoByeThes 3a popMyJioro [2]:

At =At, n- b @)
X
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ne At,, At, — noyaTkoBa Ta 6iXKy4a Ha[THIIKOBI TEMIIEPATypH MPUIUIMBHO-
O i HaBKOJMINHBOrO NOBiTPA, °C; n — TEIIOBa XapaKTEPUCTHKA CTPYMHU-
HH, n = 2; b, ~ BUCOTA NPHILIMBHOTO LLTHHHOIO OTBOPY, M; X — BiXyda Ko-
OpAMHATA, M.

Jnst CTUCHEHHX MJIOCKMX CTPYMMH MOMpPaBHMM KOeiLliEHT Ha CTHCHEH-

HA 110 TeMIepaTypi k. NPONOHYETECA BBECTH y BUIIAAL: &k, = f -[l- li ]
n o

3 BpaxyBaHHAM (2) po3paxyHOK CTHCHEHOI IUTOCKOI Hei30TepMidHOl CTpYMH-
HH cJ1ij npoBoauTH 3a Gopmyoro (3):

At,c=Ato-n-J£-kc,. 3)
x

3a pesynpTaTaMu eKCIIEpUMEHTATBHUX JOCIIKEHb 06Y0BaHO rpadik
. 1 |x
y Bunaai: k, = fi-| — R (puc. 2).
n o

ket

1,0

0,75

0,5 4

0,25

= |

Il
X |—
N’k

Puc. 2. Koediuient crucHenns no temneparypi &,; O, [, A, X — 3nauenns
[apaMeTpiB MIOCKOI CTPYMHHH NPH NPOAYKTHBHOCTI BiAMOBIAHO:
900; 700; 500; 300 M”/rox
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3a UMMM XK eKCHePUMEHTAIBHAMHU JaHHUMH OyAyeMO HacTynHy rpadiu-
HY 3aJIeXKHICTD Alx = f (J—C) (puc. 3),

Ar At i T_X
ne Aty = — BIAHOCHA HAJANWINKOBA TEMIEparypa; X=-— -
At, I
BiJHOCHA KOOpAHHATA (/, — HaniBIUWPHHA LIITHHM, M).
: : — - |1 x
Ha puc. 3 npeactaBneHa rpagivyHa 3anexHictb Aty = f,-[ —- [-= | 3a

nyi,

JIAHUMH eKCIIepUMEHTATbHUX HATypHUX AOCHIDKEHb XapakTepy 3MiHH

BiIHOCHOI OCHOBOI HaJUIMIOKOBOI TEMIEPATYPU Af . IPH PO3BUTKY IIOCKOI
CTUCHEHOI OXONIOKEHOT CTPYMHHH B TEXHOJNOT{YHOMY IPHMiILEHHi.
["pacdiuna 3anexuictb (puc. 3) anpoKCUMYETBCS BUpa3oM (4):

2
Exc =(-—6,5 } . (4)

0,75

0,5

0,25 &

G

ot 0,5 1 1,5 2 2.5 T_x

Puc. 3. OcboBa BiAHOCHA HAITHIIKOBA Temmeparypa Af x
(Mo3Ha4eHHs Ti X, WO i Ha pHC. 2)

34
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Ha ocHOBi OTpMaHUX pe3y/bTaTiB KOHCTATYEMO:

- JUISl TUIOCKMX HACTHJIBHUX CTUCHEHUX Hei30TepMiYHUX CTPYMHH OTpH-
MaHO pO3paxyHKOBI 3aN€XHOCTI /TS BH3HAUYEHHS MOMPaBHOro KoediiieHTa
CTHCHEHHS I10 TeMnepaTypi k.;

- KiNbKiCHO BCTAaHOBJIEHO BIUIMB €(eKTy HACTHIIAHHS Ha 3aKOHOMipHOCTI
PO3BHTKY IVIOCKHX HACTHIBHHX CTHCHEHMX HEi30TepMiYHMX CTPYMHH Y TeX-
HOJIOTIYHOMY MPUMIIUEHHI;

- BCTaHOBJICHO B KiJIbKiCHiH ()OpMi 3MEHIUEHHS MOYAaTKOBOI JiNSHKH
IUIOCKOT CTHCHEHOI CTPYMMHM Ta iHTEHCHUBHICTH MAJiHHA OCHOBOI HAJUIHII-
KOBOI TEMIIEpaTypH Ha OCHOBHIH AiNAHLI;

- 00IDYHTOBaHO, 110 e()EKTUBHICTD 3aCTOCYBAHHS IJIOCKUX HACTHIBHUX
Hei30TepMiYHUX CTPYMUH AN INojavi NoBiTpS B pofovy 30HY TEXHOJNOTriY-
HOrO MPHMIILIEHHA € BHCOKOIO.

OTpumaHi pe3yabTaTH AalOTh 3MOIY pa3paXxOBYBAaTH Mepenajg TeMIepa-
TYp Y BHPOOHMYOMY NpUMIINEHHI HE3Ha4HOI BUCOTH 3 HAsABHICTIO TEXHO-
JoriyHoro obnanHaHHA Ta 06CIyroByIOHYOro NEPCOHANY i BU3HAYATH MOYaT-
KOBI TerJIOBI MapamMeTpu CTPYMHHH SK JONOBHEHHS HO PO3PaxyHKy IH-
HAaMIYHHMX XapaKTePUCTHK.

3acTocyBaHHA MOBITPOPO3NOAUIIOBAYIB i3 BHKOPUCTAHHAM edeKkTy Ha-
CTHJIAHHS TUIOCKHX OXOJOMKEHUX CTPYMHH Ja€ 3MOry 3HA4YHO [MiJBUIUTH
kpurepiit ADPI npu nozayi B TexHONOTiYHE PUMILLCHHS 3HAYHOI KiIbKOCTI
NOBITPA i 3MEHIUMTH BHACKIZOK LbOr0 MaTepiaOEMHICTh MPUILTHBHOI CH-
CTEMHU.
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Ksuisesxuil HanionaneHii yHigepcuret

ByxiBHUITBA | ApXITEKTYPH

HACNOBE MOAENKBAHHA PO3CIKOBAHHA
Y BITPOBOMY NOTOL|I TAPONOBITPAHOTO ®AKENA
3 BAUUTOBOI FPALMPHI

ByRiRHHLITRO BUCOTHHX NMPOMHUCIOBUX CTIOPYA, 30KpeMa DallITOBUX rpa-
IOMpeHb, MOBUHHO BUKOHYBATHCA 3 yPAXyBaHHAM ocolnusocreil Ix aeposu-
HaMiy#ol Ta TennoRol B3aeMoAll i3 30BHILUIHIM BiTPOBHM MOTOKOM. Bak-
JMBICTE BHBYEHAS LUX NpOLECiB MOB’A33HA He TiMBRKH 3 MpobieMowo crifi-
KOCT1 BHCOTHHX CHOPYA Miji €10 BiTPOBOTO THCKY, & TAKOXK 3 THM, 10 Ganl-
TOBI IPaffpHi BBAXAIOTLCA cepen Copyl, L0 BXOMATE A0 CKIARY TEIUIOBHK
ENEKTPOCTAHILH, OCHOBHHMY 3a0pyAHIOBAYAMH MOBITPAHOTO SaceliHy Boas-
HOFO MTapOH TA HAITHUIKORHM TETLIOM.

Jns BuUsHavyeHws uiAxie migpHiNeHHA edexTHBHOCTI polOoTH IMX
00’€KTiR eHepreTHKM, MONIMUEHHA X aepoawHAMidHOI cTiMkocTi, a Takox
CTEOPEHHS TaKUX YMOB iX poGoTH, UIo BiAnoBigamd 6 BUMOraM eKenoriuaol
Oesnexy, HeoOXifHe AeTankHe BHBYEHHS T4 TEOPETHYHHA aHANI3 aepoi-
HaMiYHWX Ta TernomacooOMiHHUX nponecis, w0 BoAHOYAC MPOTIKAKTL B
3raflaHEf yeTposX T4 HABKOJHIUHROMY HOBiTpsHOMy Hpoctopi. Takmit
MiOXig copuaTHMe BUPIUEHHK) MapaielbHo 3 HpoblieMoro aepoanHaMiuHok
cTifikocTi cnopyn, npobneM nigsueHAn edexTHBHOCTI pobOTH eHepreTHa-
HOTO 0GNaHAHRKS Ta NpobneM eHeprozoepeKeHHs.

B pamili poboti posrnsgaroThea pe3ynbTarv AOCHIUKEHHA BIUTHBY
30BHILIHEBOTO RiTPOROIC MIOTOKY HA MONH WBMAKOCTI | TEMIIEPATYPU TIOBITPA-
HOMO MOTOKY, a TAKOK Ha MO KoHueHTpauil BoasHol mapu B aepoiw-
HaMiTHOMY cnigi 3a amroBoto rpaguprero. Posp’szawas uiel npobnemu
3RIHCHIOBATHMETECA IITAXOM YHCIOBOTO MOJCIIOBARHA. UHCIOBE MOJEIO-
BaHHS 3TafaHHX MpoleciB nepeadayac po3r’a3aHHA YHCEALHUMH METONAMH
CHCTeMH PIiBHAHDL TYpBYJEHTHOIO Neperocy KUIbKOCTI pyxXy, MacH Ta eHeprii
¥ HOBITPAHOMY NOTOLI 3 BIAMOBIIHMME YMOBAMH Ha TBEpAHX NOBEPXHAX Ta
HA IpaHHIEX pospaxyskoBol obnacri. IIpu mobyzosi mozeneit aepopd-
HaMidHol B3aeMoniil BITPOBOTO NOTOKY 3i COPYAOK (30KpemMa, 3 BanIToBoO
TpajupHeI0) BANJIMBO BpAXOBYBATH GinemnicTs ¢H3MYHMK dakTopis, IO
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ICTOTHO BIUIHB&GTH Ha LSl nponec. Ane y Toif »xe uac HeobxiaHo, mof ui
Mozeni MoxHa 6yno 6 peanizyBaTi Ha cydacHHX O0YMCMOBANBHHX Mamii-
Hax. TOMY Ha [O4YaTKOBHX €TANAX YHCIIOBHX AOCHiAKEeHE JOLUTLHEM € Agdke
CTpOIGEeRHA TTOCTAHORKH 3a%adi 3 BpaxyBaHHAM BILIMBY JIALIE BU3HAYANEHHX
dakropis npouecy, WO AOCTIHPKYETECS.

Po3rnsnacTees TMOBITPAHA TEUiA HAA TMOBEPXHEIO, HA AKifl po3TaiIoBaHa
Mojent Gawmooi pamupHi. 3ajaua ONMWCYETHCA CHCTEMOIO DIBHAHb, L0
CKNAAAcThCA 3 PIBHAHHA HEpO3PHBHOCTI, piBHiHL TypOYNEHTHOTO NepeHocy
IMNynecy, exeprii Ta Macu. JUng i1 3aMHMKAHHA BUKOPHCTOBYETHCH Kk — € MO-
Aens TypOyneutrocti [1]. Po3s’a3anHg 3anaui TpHBAMIpHOT Tedil moBiTpA,
IO CYMPOBOKYETECE POINOECIOMKEHHAM Telna Ta BOOAHOI mapH, BHKO-
HyETRCA B ofmMexeHill IpAMOKYTHIH po3paxyHKoBii oGnacTi, ITOHKMHHE K0T
Tapanenbei IpAMOKYTHUM KoopauvHaraM. OfHa 3 BePTUKANGHHX [OMIHH
po3paxyHKoBoi obfacTi (HanpHuknan, nnomrua x = () 36iraeTecd 3 mnomm-
HOIO cuMeTpii rpanupsi. Floma msuakoctedf | KoHHeHTpaniil BOAAHOT napy B
TIOBiTPAHOMY TOTOLli TAKOXK BBAKAOTHCH CHMETPHIHHMH MO0 L€l MIou-
HH. Bice OY Mae HaNpAMOK, UIe 30iracTecd 3 HANPAMKOM HE3GYpeHOI Tewil
noBiTps.

Mozenb rpaanpHi posrrfHacTbes y BUNISAI TOPOKHBOTO YCIYEHOO KO-
nyca BUCOTOK h, = 20 m 3 pgiamerpamu ocHop 17,6 M (mmwxHA) Ta 11,7 M.
(Bepxns). HIKHA OCHOBA BBDKACTHCA NJHATOR HAZ MOBEPXHEIO0 Ha 1,67 M,
o 3adesnedye BiMBHMA AOCTYN 30BHIIUKLOrO MOBITPA y rpagupHio. TakuM
THHOM MOAEIIOETECH TNpoLeC YBeAeHHA NOBiTpA A0 TPajHpHi uepes ae-
panifHi sikna.

Ha noeep¥HaX rpagupsi, a Takox Ha HUKHIH ropusoHTanedid rpa-
HHUHIH AnowwHi (z = 0), Mo BiANOBIAaE 3eMHiM MoBepxHi, MWBHIKICTL Mo-
BITPA, 4 TAKOXK HOPMAIbEI B HAMPAMKY OO TBEPAMX TOBEPXOHb IPAmICHTH
TEMIIEPATYPH T4 KOHUEHTpanii mapu, HOpieHIOWTh Hymo. Ha apornnexHiit
(BepxHiif) NTOPU3OHTATLHIM MPANKYHIM MIOIMHI (Z = Zgax), & TAKOK Ha IHIHHX
BEPTUKANEHUX IPAHUMHUX [UTOMIMHAX, BEKTOD WHBHAKOCTI IOTOKY BRAKATHECS
napajeNsHuM OfHIH 3 TOPH3OHTANLHUX Oced KOOPIMHAT (HallPHKNA, OCi
OY). Mojysps BexTopa Hiel wBangkocti (V) ¥ BEPTHKAIRHINR MIonuH] Ha
BXOJi B po3paxyHKoBYy ofnacts (y = () eiamorizae BinoMoMy 3a8KoHy 3MiHeH-
Hf UIBHJKOCTI He30ypeHoro BiTPOBOro MOTOKY 3 BHCOTOI HaA TBEPLOIO
NOBEpXHEI0, A TeMNeparypa He3OypeHoro HOTOKY DOBITps | BIMHOCHA KOH-
IeHTpanis BOJAAHOI APH B HEOMY BIEMOBiNAKTS 1X (GOHOBHM 3HaueHHIM T..,
Pls, » Ha IHNIMX BEPTUKANLHUX IpaHudHUX IIONIMAAX CKEAZOBI BEKTOpa
MBUAKOCTI # Ta w, @ TAKOK HOPMANbHI A0 BHX IUIOMUH IPafieHTH IIBHA-
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KOCTi v, TdK ¢aMo, K i TPajicHTH TeMIEpaTypd Ta KOHLEHTpalii BoJSHOIL,
JOPIBHIOIOTEH HYIO.

IMpupoana niafioMHa Tedis MOBITPS ¥ ﬁaurronm TpafiupHi BUHHKAE 34
paxyHok iforo HarpiBy BHINE TeMIEpaTypH 3OBHIIHEOTO CEPEHOBHINA
BHACHIROK TermnooOMiHy MOBITPR 3 KpalUTHHaMH KOHZeHcatry eomgu. Hnma
CNIPOUICHAS 3a%adi, HArpiB MOBITPA Bil KPAMIHH KOHAEHCATy 3aMiHIOETBCS
floro HATPIBOM BiR YABHMX BHYTPILIHIX JOKEPES TEMia B HOTOLUI, WO AFOTE B
Mexax rpamupHi. TloTyKHICTh IHX DKepen BEHGHpacThes ¥ BignoBigHOCTI 3
HeobXinauM piBHeM feperpiBy nogirps y rpadpHi, M0 coocTepiraeTees Ha
npakTuni. Bojgsa napa y rpafsupHi BBAXKAETheA HacHYeHowo. ToMy, y Mexax
il 0f’eMy BLIHOCHA KOHIEHTpAllid NMapy BHIHAMAETHCA TEMHOEPATYPOIO IMO-
BITPA B JaHil TOYNi Ta TePMOAVHAMIYHUMH YMOBAMH HACHYEHHS.

IIpAMOKYTHA PO3PAXYHKOBA OBRACTE OOMEXYETRCH BepTHKANBHHMH i
TOPH3OHTANLHAMH TPAadUYHAME [UIOMHHAMH. 3 [PEHHYHHX IUIOWUH
tikcoraHNMHE € Nnuilie NTOHHA X = 0, ¥ = 0 Ta z = 0. Micue3Haxom#eHnA
FPAHULb X = Xymx ¥ = Yimax T8 2 = Zpyy,; BU3HAUAECTRCA UHIAXOM IOCTiOBHAX
HaGmKeHb 3 YMOBH, W10 X moganeule 30iNbIeHHd BXe cnaldKko BIUIMBAE HA
pe3yIBTATH PO3R’A3aHHA 3a4aui.

Ha TBepiHx MOBEepPXHAX 3HAUYCHHA KiHETHYHOI eHepril TypOyneHTHOCTI
JopisHioOTh Hymo. 1o cTocyeThes BenMYUH ILIBAAKOCTI AMCHOANL €, TO
BOHH HA TBEPJIMX [OBEPXHAX BBAXKAKOTCA HEBH3HAYECHHAMH. 3aMicTh rpaHHd-
HHX YMOB JUIS € HA TBEPHX TOBEPXHAX X 3HAYCHH® POIPAXOBYIOTHCSH B
HaHOIIKIHX A0 MOBEPXHi PO3PaXyHKOBHX TOUKax obnacti Tedil 3a BHpasoM,
HaBe#eHUM B [2].

Cucrema avidepeHUialBHHX PiBHAHL NEPEHOCY 3 BINNOBIAHHMH rpa-
HUYHHMH YMOBAMM DO3B’S3y€ThcA MeTOAOM ciTok. Jluckpermsauia amde-
PEHIIATEHAX PIiBHAHR BHKOHYETRCA 33 METOAOM KONTPONBHONO 00’eMy.
Po3B"A30K 0Aep>KaHOl CHCTEMH Pi3HHIIEBHX PiBHAHE BUKOHYETECH Ha IPAMO-
KyTHIH pisHHUeRii citni (20x80x27) Meromom irepaniii, upe nogiduuii no
pasegeHoro B [3]. PisHunesa citka npufiMactbes piBHOMipROWO B o0nacti
pOITAINYBAHHA TPamMpHi, 3a Mexamu el 00RACTI KPOKH 32 KOOPANHATAMH
30LTEITYIOTECA B HANpPAMKAX IPAHHYHUX IVIOMIMH X = Xpgy ¥ = Yaux T4 2 =
= Zix, A€ TPARICHTH BEJIMYHH, LI0 POIPAXORYIOTHCS, IPAMYIOTH A0 HYIA.
3 po3B’s3aHHA HABeZEHO! CHCTEMH AH(epeHLiaNEHYX PiBHAHE MEePeHoCY BH-
3HAYAIOTLECA TIOMS NIBMAXOCTI MOBITpAHOT Tedi, THCKY, TEMIIepaTypH Ta KOH-
LeHTpauii BOAAHO! NapH B NOBITPAHOMY IOTOLL.

Posrnaremo Horo pesynbTaTH ANA BUNAIKY T'YCTHHH BHYTPIllIHIX jxe-
pen g, = 2500 Br/v’. 3osHimHil BiTpoRHHE MOTIK pyXacThe 3 iBa Hanpaso.
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INpodine #oro mMEBHUAKOCTI HA BXOKI B pO3paxyHkoBY OONAcTe B MepIIOMY
HaOMIDKeHH] BRAKACTECA PIBHOMIPHHM: 1., = 4,3 m/c. TeMmeparypa Ha BXOZ]
B PO3paxyHKOBY 0GNACTh CTaHOBHTD T.. = 20 °C, a Bi/JHOCHA KOHLCHTpALIA
BOASHOI ApH — Py5 .. = 0,00695, mo Bianosigae sonorocti mosiTps ¢ = 0,5.

Makcumanera TeMIeparypa ycepeluHi FpafupHi 3a HABEAEHWX YMOB
cknamae 43,3 °C. BignosinHa 70 ui€l TeMneparypy MakcMManbHa BifIHOCHA
KOHLEHTpAlliA [IapH B YMOBAX HACUYEHHS CTAHOBHTE Py, = 0,05809. KapTusu
Tedil NOBITPA Ta i3oNiHii TemnepaTyps y mnonyHi caMerTpii x = O BizoGpa-
seHi Ha puc. 1. SIk BHAHO 3 pHCYHKa, IUMPHHA TIAPONORITPIHOTO {(hakema
croyarky 36iMEOIYETECS B HANPAMKY PYXY NOBITPAHHX Mac, a NOTIM [OYH-
Hac MOCTYTIORO 3MEHIIYBATMCA, IE0 € HAcHiKOM po3ciloBaHHA (akena B
30BHILIHBOMY BiTpoOBOMY moToul. BHAHO TAKOX, 10 B IOBITPAHOMY TOTOUI
3a rpajgHpHEI0 YTBOPIOHITLCA LUPKYNALIAHI 30HW, SKi BIAMOBIHM THHOM
BIIAHBRFOTE Ha HOpMY 130TepM ¥ TUIOIHHMHAX, U0 POTRANAIOTECH.
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Puc. 1. Kapruna Teyil i mone temmeparypu (°C) & Inompgi cmeTpii x =0

Ha puc. 2 HaBeaeHo rpadiku 3MiHM 3 BHCOTOIO Z HAJ 3eMHOM TIOBEPX-
HElo pisHuil Apj, = P15(0,y,2) — Prae ¥ IO cuMeTpii X = 0 A1a pisHux
GespoaMipHuX 3HaueHE BimcTani Ay/h Big rpaaupHi B HanpaMky Tevii. Ha
Jeakiit Bucori z GyHKi P1, (0,y,2) KOCATAIOTE MAKCUMANBHAX 3HAYEHB. L{i
3HAYEHHA Zy,, MOWXHA BROKATH BHCOTAMM MiiHOMY dakena A9 HaBeIeHHX
BimHOCHHX BifcTaneil Ay/i. Boun 3MiHIOIOTBCH BIF 2., = 1,5h Ana Mammx
3Hadenb AYH N0 Zyux = 2,44 pu Ay/H = 8. MakcuMansHi 3SHAYEHHA Nepena-
Ay BiIHOCHHX KOHLEHTpAUifl Ap, npH HOMY 3MEHIIYIOTBCH Bill APin max =
=0,0175 upu Ay/H = 0,05 10 Apip.max = 0,0032 npu Ay/H = 8. 3a3naueni pe-
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JIAYMHA XapaKTepU3yIoTh IHTEHCHBHICTE pO3cilOBaHHS NApONOBITpAHONO tda-
KeJla BITPOBHM NOTOKOM.

Eih afh (Y] Y z'h zh 'k
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apy, Aigw, 10 Apy, 16 Apy, 12
¢ £ w1 @m B 5 96 0 s o a5 0 s g LI
Al 2] 0 Ll £ )

Puc. 2. 3MiHa 3 BHCOTOIO HAWTHINKOBOT BIAHOCHO! KOHUSHTpAwIT BoNAHOT apH B NOBITPi
8 mnowmHi cHMeTpii x =0: Y Ay /A =005, ) Ay /=10 6) Ay T B =20; 2) Ayt h=4)0;
NAvIh=60,e)Ay/h=80

3 HaReAeHHX pe3yILTATIB PHIIAMBAE, IO HABITE UpH Ay/H = 8 Bemiumua
BiJHOCHO! KOHIEHTpaUil BOAAKOI NapH B NOBITpi, MkepeloM fkoi € daken
rPagupHi, Bi4yTHO NieperuuIye if oHoBe 3HAteHHS, HacnizkoM nkoro € Hag-
JIMOIKOBOTO 3BONOMKEHHT OTOUYIOHOTO CEPEe/IOBMIIA He TiNBKM HA TepUTOPil
eNeKTPOCTAHIII, ane i 3a 11 mexamy. 3 UMM Moske GYTH OB’ sT3aHe JONATKORE
KPHTOYTBOPEHHMA Ha Aaxax OyAipellb, HAKOIIWJYCHHA HAZJMIIKOBOI BONOIH ¥
HABKOJIRIUHIX CIIopyAax Toio. OAHAM 3 MOMTHBMX HANPAMKIB 3HIKEHHA J0-
JATKOBOTO 3BONIOYKCHHSA ITPH BUMAPHOMY OXOMOMLKEHH] BOAH B HalITOBUX rpa-
AMPHAX € 30UIBIISHHS BUCOTH MiHOMY, & TAKOX OCYWICHHS HapONOBITPAHOrO
taxena, HAMPHKIAK, MUISXOM CTINBHO! POSOTH rpafupHi 3 BHKHIHEMM TIpH-
CTPOAMH [IPOLYKTIB 3TOPSHHA MiCNA KoTnoarperaris abo razotypOiHHEX ycTa-
#Hosok [4]. s aHanizy MOMUIMBOrG pelynbTary HMX 3axXofdiR, pO3B’{3aHHA
noai6Hol 3a8ayi BUKOHAHO TAKOK 33 YMOB, [0 YeepeMHl rpagupHi MiCTHTECH
matpybox piametpoM 1,47 M, Yepes sxuii B NaPONOBITPAHKIA NOTIK JOAATKORO
BROJMTRCS CTPYMiHE Harpitoro go Temnepatypu 120 °C mopitps, mo mae
INBUAKICTL Ha BHXOZAI 3 nmatpybka 20 M/c Ta BiTHOCHY KOHIGHTpALIO MmapH
P10 (TAKY X, AK | B He30YPECHOMY MOTOL| MOBITPSA).

3a nux ymoB, MAKCHMATBHA TeMIEpaTypa ycepeluHi rpajupHi He ne-
PEBHINYBATHME TEMIEPATYPY MOBITPAHOrO CTPYMEHS, HI0 BBOAUTHCA yepes
Matpy6oK, a yMOBH HAacHUYEHOCTI MOKHE NPUHHATH JNOIE IA Tiel YacTHHW
MapoIOBITPAROI CYMIli B rpajMpHi, IO 3HAXOJUTECA HUKYE PiBHA BepX-
HLOTO mepepisy narpybka (To6To 2 Tilt HacTHRI 06’eMy rpajupHi, Je BNNUB
CTpyMeHs — He CyTTeBMit). BHlIe nepepisy natpyOka KoRUEHTpALiA Mapy B
NOBITpi BHIHAYACTECR BXE 3 PO3R’I3aHHA CHCTEMM PiBHSHB HEpeHOCy 34
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YMOB, 1[0 B MAPOHOBITPAHHUIT ITOTIK BBOAMTECS CTPYMITh, LI0 MAE OUILII BH-
COKY TEMHEpaTypy Ta MEHLIY KOHIEHTpalilo mapu. 3 pesyieTarie po3pa-
XYHKIB BHIUTHBAE, 110 32 3TaJgHHX YMOB MAKCHMAIBHA KOHIEHTPALiA BApH B
rpagupHi CTaHOBHTE Pip = 0,042 mpu TeMnepatypi 38,39 °C. Mig srausom
BUCOKOTEMIICPATYPHOrO CTpyMeHd BiaGyBaeTbed YacTKOBE OCYLIEHHS IO-
BiTpA.

Kaptyna Teuii nosiTps i TeMnepaTypHe [0NE B UIOMMHI cumeTpii x = 0

BimoOpaxeni Ha puc. 3. B nopiBHAHHI 3 nonepegdiM (AuB. puc. 1), y xaHoMy
BUMANKy HANPAMOK PYXY NaponcBiTpAAero dakena, IO HAIXCAWTE 3
rpagup-
Hi — 6inpr opamosHcHM. Lle € HacnigKOM A0AaTKOBOTO iMuyReCY 3 Ooky
CTpyMEeHS, 110 BEOJMTHCA ¥ MOTIK, a TAKOXK NI OpHPONHOTKOHBEKIl, fxa
3aBpaxy GiAbLI BUCOKiM TeMIepatrypi BUABNSETHCH iHTEHCHBHIIIOW, HiXK Y
BUNIAAKY, L0 POITNAAABCA paHile.

Hacnigkom npaMOBHCHOIO HANPAMKY pyxy (akena € 36i1blIeHHS BHCO-
™d Horo migiiomy. [Ipo Le ceipuare kpuBi posmominy dyakuil Apy,, =
= P1,(0,,2) — Prs ¥ TIOMHUEI cuMeTpil x = 0 B 3anexHocTi Big Ge3posMipHol
BUCOTH Z/h Haj nobepxHelo Ta DesposMiproi BincTani Ay/h Bim rpanmpwi
(puc. 4). Lli dyBKuUji, gx i Ti, mo HaBeneHi (11, puc. 2}, MalOTs MAKCHMYMH
Ha AedAKil BUCOTi z. Ane B nOpiBHAHHI 3 BUNAZKOM, L0 PO3r/AAaBCA CIOYAT-
Ky, IX MAKCHMAMEHI 3HATCHHS BUABIAIOTECA ¥ 2,5...3,1 pasa MeHIumM, 10 €
HAcMiAKOM YacTKOBOIC OcyleHHs ¢akena. IIpH 1bOMy, 3HAYeHHE Z, LIO
BiATORIJ4aI0TH MAakCHMyMaM GYHKLIT Apis, B 1,3...1,4 pasa Buui 3a aHa-
JIOTi4H] 3HAYEHHR Zmax /TS TIEPUIOTO BUIAZKY.
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Puc. 3. Kaprina teuil i none temneparypu (°C) B naowmuei cumetpiix =0
¥ BHNAAKY NOAaYi HAPITOro MOBITPEHOID CIPYMEHA B TPAIMPHIC
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Puc. 4. 3MiHa 3 RUCOTOO HAATHINKONBO] BiA#OCHOT XOHICHTpALIT B0ARHOT NAapy B noaiTpi
B IIOW#HI cHMeTpit x = () y aHnanKy TOAAYI HATPITOTO MORITPAHOFO CTPYMEHS
BrpandpHi; @Y Ay F R =005 0) Ay A= L0 R Ay 1 5=20; ) Ay A= 4.0,

MDAy h=60;e)Av/ =80

TakyM 4HHOM, 3 Pe3yNLTATIE YHCNOBOTO MOAEMOBAHHA NPOUECY po3-
cHOBAHHA B 30BHILIHBOMY BITPOBOMY MMOTOWi HapomoBiTpAHOTO (akena, WO
HaJX0AWTk 3 DauItoBoi rpaanpsi, BUIMBAE, 110 OCYIIEHHS (akena Ta 30115
WEHHA BHCOTH HOro migfoMy AocATAacTRCA LONAXOM 00’€AHAHHA dakena 3
HaIPITHM MOBITPAHAM cTpyMeHem. 1e BigOyBacThCd BHACHIIOK JOAATKOBOTO
iMnynecy 3 Goky cTpymeHd, a TAKOX BHACITIZOK 30inblIEHHS BMIITOBXY-
BANLHO] CHJIH, 110 Ri€ Ha MOBiTPSHEN MOTIK 3 OiTBIl BHCOKOI TEMIIEpary-
poro. ina oprauizauii Takoro cTpyMeHs MOXKE BHKOPUCTOBYBATHCS CHCTEMA
BAJAICHHS JUMOBHX Ta3iB, IO CYMIiINACTLCH 3 IPAAHPHEIO.
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¢ TEMNOOBMIH, TENNONOCTAYAHHS,
FA3OMOCTAYAHHS

|

VK 697.4 : 621.577 A. A. XyReHKo, Joxm. mexH. HAyK, Bpodg.
Kuinchkuil HauioHanpHHA YHIBEPCHTET
OyaiBHKLTBa | apXiTEeKTYpH

TEANOEHEPTETUYHA EPEKTUBHICTDL
BUKOPUCTAHHA TENNOHACOCHUX YCTAHOBOK

Temnnonacocua ycranoeka (THY) npeactapnie npucrpifl, y AKOMY TeM-
IepaTypa HagBHOTO TEMJIOHOCIA MifBMIEYETECA A0 NoTpibHOro pisns 3a pa-
XYHOK BUTpar enekTpudnoi yu immoi eneprii. THY npargoe 3a 3s0opoTHHM
TepMoaHHAMigHKUM LMkIoM KapHo i BigpiznacTscsd Bif XonofHIBHOT MalIn-
HH TiBKM THUM, HIO A€ MPH OiNbll BHCOKWX BEPXHLOMY 1 HIDKHEOMY DIBHAX
TeMIepaTyp. Y NpaKTHIi BHKOPUCTOBYIOTE KOMUpeciiini, abcopOuiiini i Ha-
nienpoeigaRKori THY.

TermnoeHepretnuHa edeKTHRHICT, BUKOpHCTaHHA THY, sk i Oyns-axoi
iHmol Tennosoi MalMHY, BHIHAYACTECA BENHYMHOIO KoedillicHTa KopHcsoi
aii. Y rexuiuni#t niteparypi nowsarta KKJI THY tpakryersca no pisHoMy 1k
¥ YaCTHHi BH3HAYCHHA, TaK i B KUTBKICHOMY RiZIHOIIEHHI.

IlpoananizyeMo nutania susHauenHs KK Ha npuxnani koMnpeciitvoy
THY (puc. 1), mo mpamioe B pexkidMi ONaNeHHs @ Ta OXONOIDKEHHA 6
TIpHMILIEHHA.

Po6oye Tin0 B HaponiofiGHOMy CTdHi CTUCKYETbCA KOMIIPECOPOM i IIpH
LUEOMY BOHQ HarpipaeThes. Y KOHASHCATOpl Teita CTHCHYTa Mapa CKpan-
JIOETBCA | NP MBEOMY Bif HROIO BiAROAUTECA Temmno (), TpH TeMueparypi 7.
Ilicna npocens OTpHMaHa piMHA POILIHPIOETECA, il THCK SHIDKYETHCA. TIpn
LBOMY YACTHHA PiZiHHU BHIIAPOBYETECA 1 TeMneparypa piguHu nagae go 7T,
Y BHNApHUKY, BifRiMalouM Terno (. BiA xonoaHoro Tina npe Ty piammna
TIOBHICTIO BMIIAPOBYETBCH | XONMOAHA [apa 3HOBY JACMOKTYETBCE KOMIIPECo-
poM. FIKIC TaKy yCTAHOBKY BHKOPHCTOBYBATH TTPH TEMOEPATYpax BHULIHX,
HDK y HABKONMIIHBOMY CepeZOBUWi 7T, TO BOHA Oyle MpalioBaTH SK Tel-
nopu#t Hacoc, 2:a0HPAOYN TEIUIO 3 HABKONHIUHEOTG CEpeAoBHLLE O, | Biaa-
Wuu Terio O, npH Ginell BUCOKiH TeMneparypi B ORamoBane npuMilmeHus.
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Pue, 1. Npraumnesa cxema THY, 10 IpaIoee B peskuMi ONANTCHHR ¢ Ta
OXOAOLKERNR & NPUMIMIEHHS: | — MPUMILHEHMS, IO HarpiBaeTpes; 2 — KOHAEACATOP;
3 — xomnpecop; 4 — AUNAPHHK; 5 — IPOCEID; & — OXONOIKYBAHE APHMITIEHNA

SKulo % BHKOPUCTOBYBATH YCTAHORKY TIPR HU3BKUX TEMIlEpaTypax, TO BOHA
Oyae NpaloBaTH AK XONOTHREHUK, BIAGHPAIOTH Telno O, 3 OXONOIAYRAHO-
o IPUMIlLEHHS | BIAXABATH TeMO Oy ¥ HABKOIHILHE CEPE/IOBUILE.

Ilpunyerumo, mo THY B pexkumi onaneHus NigTpUMYE B IIPHMIIIEHHI
remneparypy Ty, = 291 °K (18 °C) npu 3osuisii remneparypi T, = 278 °K
(+5 °C). Tlpu muoMy TEMIIEpaTYpa TEMIIOHOCIA TATPUMYEThCA HA PiBHI T} =
=323 °K (+50 °C). [IpnnycTumo, BUXOIMYH 3 PEANEHAK XAPAKTEPHCTHK Hiko-
ynx THY, wo Ha xoxui @) = 1000 Br tennoty, nepepadol THY B mpu-
MitleHHs, BRTpauactbes > = 700 Bt enextprunol eneprii, a inmi O3 = 300 Br
BiROHPAIOTECA 3 HARKONNLIHLOTO CEPEAOBUIIA.

KK ycranosku, BUXOASYH 3 TEIUIOBOro OamaHcy, mpH HbOMY Oyne
AopiBHIoBaTH M, = 21/Q; = 1000/700 = 1,42 (142%). GopmatsHo pospaxy-
HOK BAKOHAHWE NPABHABAC, ane PelyNLTAT PO3PAXYHKY CYNEPEHHTH 3aKQ-
HaM TEPMOAUHAMIkM TOMY, LIO NP AHAN3] TEILAOEHEPreTHYHO! edexTHB-
goeTi THY HeoOxiHO BpaxoBYBAaTH AK Kiibkichi (Ganancosi), Tak i sxicai
NOKA3HHKM TpaHcdopmauii Ternosal eHeprii.
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BuszHayuMo upauesgathicTe {exceprivo) E, Ttemnotd Q,, nepegaHol
THY r npumiwenns. KoediuieHT mpanesarHocTi TEWIOTH, MEpefaHOl B
npuMiinenns popieHioe K, = 1 - T /T, = 1 — 278/323 = 0,14. Excepris Ten-
nrota O = 1000 Br ckmage £, = Q- K, = 1000-0,14 = 140 Br. Ilpu usoMy
KKJ{ ycranoskn Gyne nopisHIOBaTH T}, = E1/E; = 140/700 = 0,2 (20%). Lle
CBiOYATH Npo Te, LU0 B iAeanbHux yMosax, To01o mpH poGori THY 3a umx-
noM Kapno, Komn BHYTPIllIHI RTpaTH eHeprii B yeTaHOBLI BifICYTHI, BUCTAYH-
a0 6 ycworo 140 Bt enextpoeneprii. ¥V peasHOMY BHUAAKY AOBENOCH BHT-
pauatu £, = 700 Bt enextpoenepril, ToMmy mo 700 — 140 = 560 BT 3HeliHU-
avcs B camilt yetanorni. I1i 560 Bt i € Tofi pezeps, 3a paxyHOK SKOTO B
APWHLAT MOMKHA 1T YIOCKOHATIOBATH, NPATHYYH A MAKCHMAISHO JOCHKHO-
ro KKJI - 100%, xonu ycraroska Moria & 106YTH 3 HABKOJIKUIHBOTO cepe-
Aosuina pxxe He O, =300 Br, a 0y — Q5= 1000 — 140 = 860 Br.

VY HaBeleHOMY TNPHKIIAN] MY NpUiHANM koedilieHT nepeTBopeHHS Kip
THY pisuns Kyep = 1000/700 = 1,428, Cygacni konetpyxuii THY npaio-
KOTh TIPH LinopiuHid excrtyarauii 3 K., = 2-3.

Po3stnsieMo edexraericts THY, mo npauroe 3 Koy = 2,5. Ha xoxni
(; = 1000 Bt Tennots, nepegaHol B NPUMILIEHHA BUTPAYAETRCH TIPH LELOMY
E> = 400 BT enexrpoeneprii, a inmi (J; = 600 BT Biabupatothes 3 HaBKO-
JMIUTHEOTO CepefoBHIa. BUXiani MaHi Mo TeMneparypax npuiiMacMo Take-
MH, fIK { B IEpPLIOMY BHNAIKY.

Koedinient npanesgarsocti Temnorty, mepesaHoi B MPHMILIEHHS CKia-
pae Ky=1- Ty /T, =1 - 278/323 = 0,14.

Excepris Tennotu, mepenanoi B npuMitienns aopisuoe £y = QK =
= 1000-0,14 = 140 Br.

KKJ{ THY 6yne nmopisHiosatd My = EVE,; = 140/400 = 0,35 (35%).
IIpu upOMY B YCTaHOBLI 3HENIHIOETECA He 560 Br eneprii, sk y mepuiomy
BUIAAKY, & BCboro K> — Ey = 400 — 140 = 260 BT, Tob710 Maiike B AiBa pasn
MEHIILe.

Cnig 3asHauuTdt, o THY MaioTe Takox 3HAYHI pesepBu MiABHMINEHHS
eexTHBHOCTI 32 PAXYHOK 3MEHUIEHHS PisHHALI TeMneparyp Axepena i pHii-
Mava TemnoTd. Take 3MEHILIEHHS JOCATACThCA NPH BUKOPHUCTAHHI IDkepen
TEMJIOTH TAKHX, K 3ROPOTHA BOJA CHCTEM OTANCHHS, BeHTUIALIL, BTOPUHHI
TENJIOBL eHEPropecypes Ta in. [IpH mboMy 3HAUEHHS K., THABHIIYETHCS.

[HopiBuseMo TEIIOEHEPIeTHYHY e(EKTUBHICTE CHCTEM TEIUIONOCTAYAH-
Hg 3 THY is cuctemamy tennomnocradauns sig KEC, kotensi i TEILL,

Halbinemuti edexT gocaracThes npu 3aMiHI IPIMOTO eNEKTPHYHOTO
ONaNeHHs Ha eJEeKTPHYHE ONaNkeHHA 3 RuKoprcraHHAM THY. Hasite npu
KK cueremy vennonocradanus 3 THY 20% TtennoHacocHe ONanteHRHA
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HpHMillIeHb €KOHOMITHIIIE NPAMOTD eneKTpuuroro {cnoxusaouoro 1000 Br
enexTpoeHeprii) rpubmuzno #a 43%. ¥ cHcremax tennonoctadaHng 3 KK
35% Ha omanewHs NMpuUMileHL BHTPAYAcThCd B 2,5 pasa Mellle eneKkTpoe-
Hepril B [OPIBHAHHI 3 MPAMUM €NEKTPHTHHM OITAJIEHHAM HPHMILLICHB.

{TnToma BHTpAaTA MajAMBA HA BUpOOIEHHA TENNOTH B KOTENbHI CKIajac B
cepeatpomy 150 r/(xB1rog), a enexrpoereprii Ha K3C — 330 r/(xBrroxn),
100TO0 B 2,2 pasa Ginblie. AKmo spaxysaru, L0 eNeKTpOeHepril mpu ona-
nerri Big THY notpibro B 2-3 pasu MeHme, HiX npu GesnocepeHboMy
eNEKTPHYHOMY ONaneHHi, To cucreMy 3 THY namTe MOMAMBICTH MOCATTU
20-30% exonoMii nanupa B NOPiBHAHHI 3 BUKOPUCTAHHAM KOTeneHs. Poapa-
XYBKH cBimdatk, wo THY moryxkaictro 240 MBT (TensoBux), M0 BUKOPH-
CTOBYE TEIJIO CTIYHMX BOJ ANNA ONAICHHA, KOHINLIOHYBaHHA TIOBITPS i raps-
HOT0 BOJNONOCTAYAHHA jga€ 3Mory saomaaurh 300 e T y.n Ha pik y
IOPiBHAHHI 3 KOTENBHO TAKOT HOTYHHOCTI.

€NHHOID cHETEMOIO, 3 AKuM THY He Moxe KOHKypyBaTH 1o edextus-
wocti € TELL, sare B xombinauii TEL] — THY nocAraeTecs MakxcHMAanBHHA
eeKT ¥ 4acTHHi BHKOPHCTAHHA NanuBa. SIKIMO 3AIHCHUTH TEMIOXONONOII0-
cTaqaHfzn of’exTa 3a cxemow: THY cnoxnpae enexrpoenepriio Bix TELI, a
TAKOXK 3BOPOTHY BOJAY Bl CHCTEMU onameHus, o npantee 8ig TEL, o npu
UbOMY ITANMEO B KOMOTHOBAHIH CHCTEME BHKOPHCTOBYETECE 3 MAXCHMANLHHM
TEpMOAnHaMivauM edexToM. Axmo seaxatv, o TEL i THY npawoiors
BiOMOBIARO 32 MPAMMM i 3BOPOTHHM UMiiMamu Kapro, TO s ofep:xagHs
ONMHAL{ TEMOTH HeoOXifno MamiBa MPUONM3HO B 5 pa3iB MeHINe, HiK IpH
OpAMOMY HOro BAKOPHCTAHHI B OTAMIOBAILHII KOTeNbHl. ¥ peanbHHX yMO-
Bax hei nokasHuk Oyne MedIlnM, ale Bece-Takd HoTo 3HaqeHHA Oynae BHILHM,
HDK y Oy b-AKHiT iHIIiH CHCTEMI, AKa BUKOPHCTOBRYE NANHBO.

Buxopuerana girepatypa

1. Bpooawncruii B.M. xcepretvueckiii MeTON TepMOAKHAMHYECKOTO
avanusa. — M.: Sueprasg, 1973. - 202 c.

2. Xatinpux I'. TennowacocHble YCTAHOBKH I QTOIUICHHS H ToOpg4ero
BogocHaDxkeaus / nep. ¢ HeM. — M.: Crpoitusaar, 1985. — 351 .
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Kuiechkui HarioRansault yHiBepCeHTET

OyRiBHHMITBA i APXiTEKTYPH

TEMNOOEMIH Y BUNAPHUKY TENNOBOIO HACOCA

[MpoTaroM BCHOTO PO3BUTKY JIOACTBA BHHHKANO MHTAHHA LIOAO €Ko-
HoMiT exdepril, Huii onHAM 3 mUiAxis il 32010a1XKEHHA € BUKODHCTAHHA BTO-
PHHHHX Ta TIOHOBNCHMX eHEPTeTHYHWX pecypcis. SIk BTOpHHHE Mxepeno
eHepril MOJKHA BHKODHCTOBYBATH HU3LKONIOTEHIUiHHY TENNOTY MOTOKY PiaM-
wd (micns TexHONOriYHOro mpouecy) abo TEMIIOTY IOTOKY AMMOBMX TasiB.
Hatfuacrime TpancdopMaTopoM Tennosoi eHepril BUCTYNae napokoMnpecii-
HHIi TEIIOBHI HACOC MPUHUMI All AKOTO MONATAE B NPHAOMI HH3BKOIIOTEH-
iliHoi TEINIOTH BiA jpKepend NPOMDKHHM poOOYHM areHTOM, IiIBHILESHH
noteHHiany TernoTH (MiJBHIEHHA TEMIIEPATYPH) LIIAXOM BUKOHAHHS HaJ
pobounM areHToM poboTH Ta nepenadi TpaHCHOPMOBAHOT TEMIIOTH CIIOKH-
Bayy 3 MOJIANBHINM [IOBEPHEHHAM IIPOMDKHOTO Po0OYOro areHTy [0 mep-
BHHHHX MapameTpis [1].

Tpamuuifine Ak poGovi areHTH BHKOPHCTOBYBAMMCH FalOTEH-NOXimHi
CIONYKH BiA MeTaHy, Hampukinay ¢peoHu 12,22 Toino, ogHAK HEraTHBHHIH
BIUIKB 11apiB (pecHiB Ha 030HOBHH MIap 3eMIli 3aKNKKae Ko MOWYKiB Bapiak-
TiB 3 BUKOPHCTAHHAM B KOHTYpi TEIUIOBOrO HAcOCa jHITHX HearpecHBHUX
CIOMYK.

V pofoTi po3rNs/iaeThcs MHTAHHA 3MiHH e)eKTHBHOCTI THpolecy Ten-
Nonepenadi y BHNAPHAKY TEM/IOBOTO HACOCA BHACAINOK 3aMiHM OAHMX po-
founx arentis iHIWAMH. BigoMo, mo kinekicHolo Mipol e(eKTHBHOCTI
Apoilecy Tennonepeaadi sucrynae koedilieHT Teruonepeaasi, ToMy Jauui
aHaii3 GasveThcd Ha 3icTaBneHHi kOehiLi€HTIB TeNIoONepeadi Npw BHKO-
PHCTaHHI B KOKTYpi TEMJIOROrO Haceca pisHaX poGovMX areHTiB {YMOBH, 3a
AKHX BinOyBacThCA MpOHeC Ternonepenadi, A BCiX areHTiB NPHAHATI o
HAKOBRHMH).

Hng panoro aHamily, aBTopaMH NpeAcTaRAeHo koedinieHTH Tennonepe-
Jadi AK GYHKI{IO Bi TeMOepatTypH HacHuYeHHs poOOUUX AreHTIB, IO BHKO-
pucreryoTed, K = f(2,).

Jlns uMAIHAPHYHMX TOBEPXOHB IiHiiHili koediuient Temnonepesadvi,
BifiHECEHHI 0 | M HOBXHHK TpyOH, BUIHAYACTECA 3a BUpazoM [2]
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1

1 1, d 1 (1)
L S Sy, 2y . S U —
Oy r dBH Pz " d3BH Uy d:m

TepMiunuvii omip crameBoi TpyOKHM BHOApHHKA, MOXHA OpHHHATH
PIBHUM:

5/A=5-10", (M*°C)/Br.

CepepHilt koedilicHT KOHBEKTHBHOIO TEIUIOOOMIHY NpH KHTNiHHI X7Ta-
OOHIB y BemMKOoMy 00’eMi Ha CyKYIHOCTi TOPH3OHTANBHO PO3TALIOBAHMX

rnagkux Tpy6:
O=0, €. (2)
Je o, — koedillieHT KOHBEKTHBHOIO TEIUIOOOMiHY IIpH KMNIHHI XJIaXOHIB Ha

rOPH3OHTATEHIH Tpy6i [1], Br/i{(M?°C) :

Cor = 0'42:5'}?(“)'(}?3”’?3,@ )0'2 . 3
C, =550-py” T "> M 1% @
R=p,/p. (5)

R, — aGcomoTHa cepe/Iia BHCOTA HepiBHOCTeH Ha mIOpeTKil noBepxsi,
MxM; A cranesux Tpy6 R, = 3...6 mkm; R, ., — abcomorHa, cepenus BH-
coTa HepiBHOCTEH HA rManKiil eTaNoHHIH NOBEPXHI, MKM; VIS ETANOHHOI No-
= 1 mxm; M — MonexyidpHa Maca XJIajOHY; pxp_,Tmp,
BignosigHo kpuTHYRKiL THCK (T]a) Ta KpHTHYHA TeMneparypa (K); p,— THCK,

BepxHi R

Z,eT.

Hif AKUM 3HaXORUTECA pobounit arenr, [a; g, — TYCTHHA TENJIOBOTO NMOTO-

Ky BiX 30BHIIUHBOT nOBEPXRi TPy6H, BT/m®; €, — KoedillicHT, AKkuit BpaxoBye
BIFIME CYKYNHOCTI TOPH3OHTAILHO PO3TAIOBAHMUX raamkux Tpybd na ce-
penniit koediMicHT KOHBEKTHBHOTO TEIICOOMiHY NpH KHIiHHI XMafoHIB HA
ropH3OHTANBHIN TpYOi, B Jadil pobori sBaxkaeMo piBHHM ofuHuLi; F — ma-
pamMerp, 1Mo € QyHKILIE0 BIAHOWIEHY] T=p /D!
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F(m)= 0,14+(1,6+10—’4—}! . 6)

-n

ABTOpaMH BR3HAYEH! 3AIEKHOCTI THCKY Bl TeMOeparypH Ha JiHii Ha-
cuueHHd p, = f(t,), BHPOKCAMOBAHI 3a TaOAHYBENMA AaHuMH [3,4]. 3anex-
HocTi BipHI 8 TeMIepaTypHOMYy AianasoHi 40—49 °C:

Jns dpeony 12:
p, =exp(2,3688 1077 -1 +12,8371), (7)
ang $peony 22:

p, =exp(2,3617-107 £ +13,2980) . (8)

3uavenns senHynau Co, OTpHMaHi 3a 3anexcuictio (4) 3aHeceHi B Tab-
mumo 1;

Tatauys 1
Kpurounuit THck KprTumna MenexynapHa
Xnanon P+ TEMIIEPATYpa Maca, C,
Hap (I1a) T K(°C) M
Ppeor 12 | 41,32 (4,132:10%) 384,8(111,8) 120,92 4,18803
Opeon 22 | 49,86 (4,986-10%) 369 (96) 86,48 4,748301
3 ypaxyBaHHAM TOTO, IO
T = gy .(tk - I:) (&)
OTPHMAEMO
o, = Chit, —1,)° F*. (10)

3remeMo Aani, orpumani 3a sanexuictio (10) go Tabnuui 2, npuliHABLIH
pisaugo (1, —£,)=2°C
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Tabnuyn 2

$peon 12 (®peon 22
Ne| t,°C [f,'ct" Ri’:f{‘M“" s es
Po/Prn E, Bﬁ(w;z () Po/Pup F, BT;"(MQ C)

1 40 2 3 0,2346 | 0.6380 982,6 0,3074 1 6,8005 | 4205,33
29 41 2 3 0,24021 06509 1064,3 0,3147 1 08274 | 45909
3| 42 2 3 0,2460| 0,6641 11535 0,3223 | 08460 | 50158
41 43 2 3 0,25191 0,6778 1251,1 0,3300 | 0,8651 | 5484.6
51 44 2 3 0,2579] 0,6018 1357.8 6,3379 | 0,8848 | 60024
6 45 2 3 0,2641 | 0,7062 1474.6 0,3459 | 6,9052 | 6574.8
71 46 2 3 0,2704] 6,7211 1602,6 0,3542 109262 | 72084
81 47 2 3 0,2769 | 0,7363 17429 6,3627 | 6,9482 | 7910,6
9] 48 2 3 0,28361 0,7521 18969 0,3714 | 0,9705 | 86896
iD| 49 2 3 0,2904 | 0,7683 2066,0 0,3803 1 0,9939 | 9555,1

JIng pospaxyHky TelUIioBinzaul Ipu KHIHHE BOAM HA MOPU3IOHTATLHHX
HarpiT4X NOBEpXHAX KoedilieHT KOHBEKTHBHOIO TEIOOOMIHY BH3HAYAEMO
3a 33/IEKHICTIO, 3alIPOIIOHOBAKOI0 aBTOpaMH [2], Bei Temmodisnyni Bermm-
HH NPUAMAIOTHCA IPH TEMIEPATYP] HaCHYEHHA:

2 1/3 203
a=b(A/v-6-T)) ™ Glomu> (11)
e A ~ xoedilicHT TENNONPOBIAHOCTI, BT!(M2 - °C); v — koedilienT Kine-
MATHYHOT B’ 3KOCT], sz'c; o ~ koedilieHT NoBepxHeroro HaTiry, Hiv; T -
TemnepaTypa BackueHHd, K; g, — TIyCTHHA TemIosoro noTOKY Bin
308

30BHINIHEOT MoBepXH, BT /M’ & — koedigienT:
. 23
b=0,075 1+10(5‘PF] . (12)

ne p',p" — BIiMTOBifHO T'YCTHHA DiAWHH Ta 'YCTHHA BOAAHOI IApH Ha MiHii
HacHIeHHA, xr/m°,
3 ypaxyBaHusM 3aexHocTi (9) sanexHicts (11) Babypac BArnAny:

3 A

o, (13

a==5b
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JUist cnpolueHHs po3paxyHkis yci $i3HyHi BETUMYHHU NpEACTaBIEH] AK
AAOKIHOCTI Bijl TEMIIEPATYpH HACHYEHHS. 3aIeXHOCTI OyJIH anpOKCHMOBaH1
awropami 3a tabnuuHuMK daHumH [3, 4] B TeMmepaTypHOMY JlianmasoHi
40...50 °C 3 TOYHICTIO, JOCTATHBOK IS IHXXEHEPHUX PO3PaXyHKIB (MakKCH-
MIJILIC BIIXMJIEHHs AllpOKCMMOBAHUX JAHUX BiJ TabAMUHHX CTAHOBHTDH
5%).

i = e|,383-10*’-:-0.05131 . (14)
v = o 0016061135934 (15)
G = o 2730725531 (16)
p.zes,942—7,76-10"‘-, _ a7
p'= e4.0673~10’2 1-4,4849 (18)

Pesynbrari po3paxyHky koedillieHTa KOHBEKTHBHOTO TENNOOOMiHY 3Be-
JIcHi B Tabnuuio 3:

Tabauya 3

No 1°C t-°C b 2

B1/(M™-°C)
1 40 2 0,07611 84922
2 41 2 0,07614 8653,3
3 42 2 0,07618 8817,5
4 43 2 0,07621 8985,1
5 44 2 0,07624 9156,1
6 45 2 0,07628 9330,5
7 46 2 0,07631 9508,5
8 47 2 0,07635 9690,1
9 48 2 0,07639 98754
10 49 2 0,07643 10064 .4

JUist ouiHkK KoedilieHTa KOHBEKTHBHOrO TEIIOOOMIHY 0y 2, IO Xapak-
TepH3y€e IHTEHCHBHICTb MpoLecy fepeaadi TerjaoTH BiXl MOTOKY PiXHHH 10
BIY TPilIHBLOT MOBEPXHI CTIHKH, BUKOPHCTAEMO KpHTepiaibHe piBHAHHA Hyc-
cenwra [2]:
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Nu=0,021-Re®®. Pr)®. (Pr/ Pr, )" . (19)
PiBusHHA (19) BigHOCHO KoedillicHTa KOHBEKTHBHOI'O TEINIOOOMiHY Mae

BUIA4:

0y =0,021- 708 A Pr®. PO 08 4207, (20)

ae Pr; — xkpurepiit [Ipanatis, B3aTHI Npyu TemMuepatypi ¢, ;
Pr, — xpurepiii [IpanaTas npu cepeHiit TeMeparypi BOAH ¢,
(21)

~0,0182-1+2,1962 .
Pr=e

W — IIBHAKICTB PyXY TEIIOHOCIS B TpYOi, M/C;
d,, — BHYTpilIHiif JiameTp Tpybu, M.
Cnpoctusiuy piBHsaHHS (20), 3 ypaxyBaHHsaM piBHsHb (14)—(16), orpu-
MaeMo:
0y, =1713,6436- wP8 . 4702 . (H4051070 22)

Busnavaemo 3HaueHHs koedilienta o, ; 3a ymoB: w = 1 M/c, dy/dy, =
=57/51 mm; (1 — ;) = 2 °C. OTpuMaHi pe3yabTaTid 3aHOCUMO JI0 TabnuLi 4.

Tabnuys 4
1, 0,

o °¢ Br/(’-*C)
1 40 40141,9
2 41 4040,7
3 42 4066,6
4 43 4092,8
5 44 41191
6 45 4145.5
7 46 41722
8 47 41990
9 48 42200
10 49 4253,1

[Ticas nigctanoBkM 3HaueHb koedilienTiB O, O, Ta BETHYHHH

TEPMIYHOTO OTOpY CTIHKM TPYOM BUNApHUKA 10 3aiexHocTi (1) OTpUMAEMO
3Ha4YeHHs koediuieHTa Temonepeaayi Ak GyHKUiO Bif TeMiepaTypH HacH-
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yeHHs. 3HaueHHA KoedilieHTiB Teronepeaayi s pi3HHX poOOYHX areHTiB
Ta X NOPIBHAHHS 3BeJIeMO 10 Tabnui 5:

Tabnuys 5
®peon R12 | ®peon R22 Bona
o [ t°C K, K, K, Ku,o/Kgiz Ky, o/Kr22

Br/(m>°C) | Br/(M*°C) | Bri(M*°C) ’

1 40 7594 1862,7 2399,1 3,16 1,29

2 41 808,3 1940,6 24210 3,00 1,25

3 42 860,0 2019,1 2443,1 2,84 1,21

4 43 9144 20979 2465,3 2,70 1,18

5 44 971,6 2176,9 2487.,6 2,56 1,14

6 45 1631,6 2255,7 2510,1 2,43 1,11

7 46 1094,5 23342 25326 2,31 1,08

8 47 1166,2 24122 25553 2,20 1, 06

9 48 1228,8 2489,3 25780 2,10 1,04

10 49 1300,1 2565,6 2600,9 2,00 1,01

BucHoBok

Sk GayMmo, 3aMiHa poOoYMX areHTiB — (PeoHIB BOJOK 1a€ 3MOTY
inTeHcndikysaru npouec temnonepenaui. Ilpu nepexoni Bin ¢peony 12 no
BOAM (IMB. TabJl. 5) Taka 3aMiHa BUABJSETbCSA eQEeKTHBHIIIO HIX NpH nepe-
xoni Big ¢peoHy 22 no Boau. Cnia naM’staTd Ipo Te, 110 YMOBH, B AKHX
3HAXOMATHCS TaNoOreH-MOXiaHi CronykH, 3 0JHOTro OOKY, Ta BOAA, 3 IHILOIO —
pizHi. AGCOMOTHMIA TUCK B MepIIOMY BUNazAKy Oinbluui 3a 6apoMeTpuyHMH
THCK. Y JpyroMy BUIAAKy abCOMOTHHI THCK MEeHIUMH 3a OapoMeTpHuHMIL.
L{io ocoGnuBicTh HEOOXiAHO BpPaxOBYBAaTH NPU KOHCTPYIOBAHHI MApOKOM-
npeciiiHoi yctaHoBKH 3 po6OYMM TiJIOM — BOJOIO.

Buxkopucrana Jirepatypa
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KuiBcbkuit HalioHAILHUIA YHIBEpCHTET

OyNiBHHLTBA | apXiTEKTYPH

TEMNNOOBMIH B KOHOEHCATOPI TEMJIOBOIro HACOCA

Mertoo nmaHoi pob6otH € cnpoba mpoaHami3yBaTH, AK 3MiHIOETHCA
IHTEHCHBHICTE MpoLECy Terulonepeaayi B KOHAEHCATOpi MapokoMnpeciiiHoro
TEeIJIOBOI0 Hacoca IPH BHKOPHMCTaHHI B KOHTYpi Pi3HMX poOOYMX piaMH:
¢peony 12, dpeony 22 i Boau.

Haiibinbii To4HUM, BiJNOBIAHUM IO MPaKTHKHU BUPa3oM, SKHH XapakTe-
pusye BIUTHB (i3HYHHX BiacTUBOCTel poOouMX PiMH Ha TEMIOOOMiH npu
KOHZIeHcallil X napiB Ha rOpU30HTANBLHHX 1 BEPTHKAIBHUX TpyDax, € dpopmy-
na Hyccensra (1, 2]:

o, =CYrp> ¥ g) /(- ©-1), Bri(m?<C), )

pe C — koegiuierr: C = 0,72 ansa ropusoHtanbHux Tpyo, C = 0,943 nns
BEPTUKANbHUX TPYD; r — NpHUXOBaHa TeroTa NapoyTBopeHHs, ([x/kr); p —
rycTHHa pobo4oro arenty, (Kr/m’); A — KoedillieHT TemonpoBiAHOCTI,
B1/(M-°C); u — koediuieHT quHamidnoi B’ a3kocTi, ([1ac); g — npuckoper-
HS BUIBHOTO naziHug, (M/c?); © — pi3HHMLIA TeMIepaTyp:

O=¢ -1,,°C,

t, — TemmepaTypa HaCH4YeHHs mapiB pobouoro Tina, °C; r, — cepemHs TeM-

neparypa 0XoJI0/DKyBaIbHOI BOAM B KOHJeHcaTopi, °C, NpH HeBenukii 3miHi
TeMIepaTypy B3IOBX Tpy6u Moxke 6yTH BH3Ha4eHa:

e =ty —12)/2,°C.

{ — xapakTepHHH po3Mip, M; ! =d,— 30BHIlIHIK JiaMeTp rOPH3OHTAILHO
posrawioBaHoi Tpybu; /= H — [OBXHMHA BEPTUKAILHO PpO3TAILIOBAaHOI MO-
BEPXHI.

3 ypaxyBaHHSM IOpPIBHSIHO HEBEJIMKOIO [iala3oHy 3MiHU TeMIleparyp
HacHYeHUX NapisB y KOHAEHCATOPi TemioBoro Hacoca (50-90 °C) ¢i3uuni Be-
JUYMHY, IO XapaKTepH3YrOTh BIACTHROCTI poOOYMX PiJIHH, siKi BXOAATH 10
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3anexxHocTi (1), MOXKYTs OyTH mpeAcTaBieHl y BMIIAli 3ajiexxHocTed BiX
TeMIlepaTypH KOHAEHcalil f, OTPHMAHUX aBTOPaMH Ha OCHOBiI 0OpoGku Tab-
JIMYHUX 3HAYeHb LUX BEHYUH B YKa3aHOMY Jiana3oHi 3MiHH TeMIeparyp
[4].

[puxoBaHa TeMIOTA IAapOyTBOPEHHSA (KOHAEHCalil):

¢peon 12
r=-82838 1% +145868,2968 , 2
¢bpeon 22
r=(-4,4988-10° .1 +14,6408-10'°)°°, 3)
(3anexHiCTh anpOKCHMOBaHa B TeMNepaTypHOMY Aiana3oHi 50-80 °C)
BOJAZ
# =el4.757—l,266»10'3vx ) 4)
I'yctuna:
¢peon 12
p =-0,0410-1% +1315,7204), S)
¢bpeon 22
p= 10(—3,276»10“3~1+3.2081), (6)
BOZA
p= e6,942—7,‘l6~10"~1 ) N
KoegiuieHT TemmonpoBiaHocTi:
¢peon 12
A =-3,4637-107%1% + 0,0699), ®)
(peon 22
A=(-88915-1071+9,4876-107)%, 9)
BOAA
A = 121074 =042 (10)
JnHaMmidHa B’s3KiCTh:
¢peon 12
L= 84,94.10‘3-:—8.1459 ’ (11
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¢peon 22
- 10(—2,045540‘34-3.5767)

H (12)

BOJa

L= e-7.192—9.613-10‘34_ (13)

[Toxubka, oTpuMaHa npu NOPiBHAHHI (i3UYHHUX BEIUYHH, BU3HAYEHUX
3a 3anexHocTIMH (2)-(13), 3 ix TaOMMYHUMH 3HAYEHHAMH [4], He mepeBH-
uxye 1%, 1o 0cTaTHRO AN iHKEHEPHUX PO3paxyHKiB.

[Tic/a mifCTaHOBKH BiNOBIHUX 3HAa4YeHb (i3UYHUX BENMYHH 3 BUpa3iB
(2)«13) no popmynu (1), oTpUMaEMO 3aNIEKHOCTI KOEPiliEHTIB KOHBEKTHB-
HOrO TEII00OMiHY BiJl TEMIEpaTypH HaCHYEHHX NapiB y KOHAEHCATOPI 3 ro-
PU30HTAILHUM Ta BEPTHKANBHHM PO3TALIyBaHHAM TPYO.

ITpu BukopucranHi ppeony 12:

JJISl TOPH3OHTAIBHUX TPYO

0, =072 9.81°% /((¢, —t,)-d,)>> -(1,9959-107" 2o

- (14)
- 17608,8627)-(:7 ~32090,7415)%(:7 ~ 20180,7316)" x ¢ #4107 1+ 0

JUTS BEPTHUKAJIBHUX TPYO

oy =0,943-9.81%% /((t, ~1,)- H)***(1,9959-107(¢] - (15)
—17608,8627)-(12 ~32090,7415)(:2 ~ 20180,7316)° x ¢ *2+10715 )05

ITpu BukopucTaHHi ppeony 22:
JS TOPHU3OHTANIBHUX TPYD

@41 =072 98 K1, =1)-dy) 1150079 (0315641,
X (106,7042 —¢ )"5.10(-45065-10"3-:,))0,25 (16)
: 5 .

ZU1s BEPTHKANBHUX TPYO

o, =0,943-9.81°% /((r, —1,)- H)**115,0079- ((103,1564 1, )5 x
17
X (106,7042 — ¢ )5 10+0651074,) 1025 (17

INpu BUkOpHCTaHHI BOAK:
UL TOPH3OHTAIBHUX TPYO

oy =0,72:981°% /((r, —1,)-d,)° P 10133-10 xSB107H  (18)
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JUIS BEPTUKANBHHX TPYD

Oy =0943-981°% [(t, 1) H)* -1,0133-10° xE2HO7 0 (19)

Jns po3paxyHKiB pO3MJIIHYTO KOHACHCALIO MapiB poOo4yMX PiAHMH Ha
rOPH3OHTANBHUX TpyDax, 1[0 Haibinbll XapakTepHO [/ KOHCTPYKUiH KOH-
JIEHCATOPIB TETUIOBHX HACOCIB.

I[TpuBenemo 3HaueHHs koedilieHTiB Tensosianayi (o, ) NpH KOHIEH-

cauii mapie pofoYMX areHTiB Ha rOpU3OHTANBHIH TPYOi (Tabn. 1 ), Kiamerpu
TpyOu: dpy / day =51/ 57 Mm; © =10 °C. Ilpu upomy BiAOMO, 11O 3HAYEHHS
koedilienTa TennoBigAayl ANs OfHiET FOPUBOHTANBHOI TPYOH BilIPi3HAETHCSA
BiZ cepenHboro koedilieHTa TennoBigna4i CyKymHOCTI TpyO, AKUiH 3a1eXUTh
Bil KOMITOHYBaHHA CYKYNHOCTI Ta 3MIiHIOETbCSA B LUMPOKHUX MEXaX: IUIf KO-
PHAOPHOTO My4Ka BiH cknanae 63% xoedillieHTa TeruIoBiAna4i OAHIET ropu-
30HTANBHOI TPYOH; 119 poMOiYHOrO myuka BiAnoBiaAHO 77%; ang my4ka Xu-
Haba — 93% [5].

Tabnuys 1
OpeoH 12, ®peon 22, H,0
Ne ot. R12) R22) Oy 1 (H,0) Oy, 1 (H,0)
C Oy 1 (R 12) O 1 R 22) O 1 (1,0) Oy 1 (R 12) O 1 R22)
Br/(M*°C) | Br/(M*°C) | Br/(M*°C)

1] 50 964,2 1106.,6 9147,7 9,49 8,27

2| 52 951,6 1080,9 9184,5 9,65 8,50

3| 54 938,2 1055,1 9221,5 9,83 8,74
4| 56 924.8 1029,2 92586 10,01 9,00

5] 58 910,5 1003,1 92958 10,21 9,27
6 | 60 895,7 976,8 9333,2 10,42 9,56

7] 62 880,3 950,3 9370,8 10,65 9,86

8 | 64 864,3 9235 9408,5 10,89 10,19
9| 66 8478 896,4 9446 4 11,14 10,54
10| 68 830,8 869,1 9484 4 11,42 1091
1f{ 70 8132 8414 9522,5 11,71 11,32
12| 75 767,0 7702 96186 12,54 12,49
13| 80 i k%, 695,7 9715,6 13,54 13,97
14| 85 665,5 9813,7 14,75

15| 90 610,5 9912,7 | 16,24
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Sk BUHO 3 Tabnuui, 3aMiHa TakuX poOOYHX piaKH, K dpeoH 12, ppeoH
22 B HMPKYJAUIAHOMY KOHTYpi TEMJOBOrO Hacoca BOJOKO MPH JOCTATHLO
BUCOKHUX TeMIlepaTypax KOHJEHcallii, 1a€ MOMJIMBICTh 3HAYHO iHTEHCUQIKY-
BaTH TEIIOOOMiH B koHAeHcaTopi. JUIs OLIHKH BIUMBY Wi€l iHTeHCH}ikawii
Ha 3HMXEHHS METAI0OEMHOCT] KOHJEHCATOpa HeOoOXiTHO MpoaHanilyBaTH Xa-
pakTep 3MiHH KoediljieHTa Tenonepeaadi BiJi poboyoro areHTa 0 BOAH, L0
HarpiBacThCs B TpyOKax KOHIECHcATOpA.

IOns ouinku koediuieHTa KOHBEKTHBHOI TemnoBimmaui (o, ;) Bif
BHYTPILIHBOI NOBEPXHi TPyOH 10 BOAH, 110 HArpiBaEThCs, BHKOPUCTAEMO BU-
pa3 [3], axui B kpuTepianbHii GopMi € TaKMM:

Nu=0,021-Re®- Pc2®. (Pr,/ Pr, )>% . (20)

Po3p’s3aHHs LpOro piBHAHHA BiZHOCHO KoediuieHTa KOHBEKTHBHOIO
TeMACOOMIHY 3AJIEXKHUTD:

0y = 0,021-v7 08 A Pr2®pr 0% 08 4702, 1)

ae v — koedilieHT KiHeMaTHuHOT B’s3KOCTI (M/C) NpH Temreparypi f, 3
noxubkoro He Ginbie 1%, B AianazoHi Temnepatyp 50-90 v Moxe 6yTH BH-
3HayeHa 3a 3aIeKHICTIO, OTPHMAaHOIO aBTOPaMH:

v = e—0,0134-t—l3,746 , (22)

Pr, — xpurepiii IlpanaTis (3 ypaxyBaHHAM BHCOKOI TEIIONPOBIAHOCTI Ma-
Tepiany CTIHKH AJIS AAHOTO aHalizy NMpuAMaeMo TeMrepaTypy CTiHKHM, IO
JIOpiBHIOE ) B3ATHH NpH Temnepatypi f,; Pr, — kpurepiii ITpanaris npu
cepefHiii TeMnepaTypi BOAM, ¢, , IO HarpiBaeThcd. 3 MoxXubkok He Ginbiue
3% T1abnuuHi KaHi MOXYTh OyTH anpOKCHMOBaHI:

Pr= e-0,0158898-1+2,0806699 (23)

’

A — koedilieHT TENIONpOBiAHOCTI BOAW, UIA JAHOrO Aiana3oHy Temnepa-
TYP BH3HAYAEThCA 32 3AIEKHICTIO:

A= eO,()()I38<t—0‘5138 (24)
w — WBHAKICTh PyXy TeMIOHOCIs B Tpy6i, (M/c); d,, — BHYTpillHii aiameTp

TpY6H, (M).
Crnpoctusuin piBHsHHA (21), 3 ypaxyBaHHAM piBHaHb (22), (23), (24),
OTPUMAEMO:
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ak'z — 1 1810,7 B W0,8 N d;o,'l i e65.2674-10_3‘ L , (25)

Jie t, — TeMIeparypa HacHYeHHs po60odoro areHTa, 10 BUKOPUCTOBYETHCS B
koHTypi, °C.

BusHayaeMo 3HaueHHs KoedillieHTa o , 3a yMOB: w = 1 M/c, dyi/dyy =
=51/57 MM; © = 10 °C; oTpumani pe3yabTaTi 3aHOCHMO B TabITHIEO 2.

KoediuienT Temnonepenaui BH3HAYAEMO 3 BIiZOMOTO piBHSHHA I
LMNIHAPHYHHX NOBEPXOHB:

1
K, = ,
0y - dyy) + (1 20) - In(dy, /dyy) + (1 0y 4 -dy)

(26)

ae 8/h — TepMivHMif omip cTaneBoi TPYOKH KOHJeHcatopa, NpHiiMaemo
8/1=5-10", (M-°C)/Br; 0, — 3 piBHAHb (14-19); 0, , —3 piBHAHHA (25).
3riaHo 3 JaHMMM, HaBeileHUMH B [3], npu BinxoweHHi d,,/d,, >0,5, no-

Xubka po3paxyHKy He mepeBuuLye 4%, sKLIO 3aMiHUTH BUpa3 (26) BUpa3oM
JANS TUIOCKOT CTIHKH.

Tabnuys 2
t o,
1 o¢ BT/(M‘-’Z-f’C)
1 50 4272,8
2 52 4318,1
3 54 4363,8
4 56 4410,0
5 58 4456,7
6 60 4503,9
7 62 4551,6
8 64 45998
9 66 4648.6
10 68 4697,8
11 70 4747,5
12 75 48742
13 80 5004,3
14 85 5137,9
15 90 5275,0
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CrinbHe pO3B’A3aHHS PIBHSHB J]a€ 3MOIY BH3HAYMTH BEJIMYMHY KO-
egiuieHTa TemuonepeAayi MUIA pi3HUX areHTiB. Pe3ymbTaTv po3paxyHKy B
TabJ. 3 nmokaszany, U0 B 3a3HAYEHOMY [Jiana3oHi TeMIepaTyp iHTEHCHBHICTb
Terionepeaadi B 3,92-6,91 pasie Oinblra Ans ycTaHOBKM, fKa Mpamioe Ha
BOZI, HDK JUIA YCTAaHOBKH LU0, NMpALIO€ Ha TAIOreH-NMOXiAHUX CrOJyKax

(dpeony 12, ¢ppeony 22).

Tabnuys 3
®peor R12 | ®peon R22 Bona
Ne | t,°C Krizs Kg22 Ky,0, Ki,o/Kgi2 Ki1,0/Kr22
Br/(M*°C) | Br/(M*°C) | Br/(mM>°C)

1 50 45,75 51,24 179,21 3,92 3,50

2 52 45,35 50,39 181,02 3,99 3,59

3 54 4491 49,52 182,85 4,07 3,69

4 56 44,46 48,63 184,70 4,15 3,80

5 58 43,97 47,70 186,57 4,24 3,91

6 60 43,45 46,76 188,45 4,33 4,03

Ui 62 42,90 45,78 190,36 4,44 4,16

8 64 42,31 44,78 192,29 4,54 4,29

9 66 41,69 43,74 194,24 4,66 4,44
10 | 68 41,04 42,67 196,20 4,78 4,60
11| 70 40,36 41,57 198,19 4,91 4,77
12 75 38,51 38,65 203,25 5,28 5,26
13 80 36,45 35,45 208,46 5,72 5,88
14 85 34,19 51,24 213,81 6,25 3,50
15 90 31,72 50,39 219,29 6,91 3,59

BucaoBox

3amina pobouux areHTiB — QpeoHIiB BOAOIO fa€ 3MOTry iHTEeHCH(iKyBaTH
npouec Temwionepenavi. Y niana3soni temnepatyp 50-90°C iHTEHCHBHICTb
Tennonepefayi Oinblua AN YCTAHOBKH, KA MPALiOe€ Ha BOAI, HDK VIS yCTa-
HOBKH 110 TIPALfO€ Ha FaIoreH-NoXifHMX cnomykax (¢peony 12, dpeony 22).
Mixx THM YMOBH B KMX MTOBHHEH 3HAXOMUTHCh po0ouMii areHT — BoAa — (ab-
COIIOTHMH THCK B KOHTYPi TEIIOBOrO Hacoca HIDKYMM 3a GapoMeTpHUHHIA
THCK) BHMKJIMKAaIOTh J€AKi TPYAHOILI B KOHCTPYIOBaHHI TaKoi MNapoKoM-
TIPECifiHOI YCTaHOBKU.
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VJK 697.329 O. B. Ilpuiimaxk, xano. mexu. nayx, ooyenm
Jlyuekuit aeprxaBHHH TEXHIYHUA YHIBEpCHTET

EKCMNEPUMEHTANBbHI AOCNIKEHHA TENNOBUX
| NTAPOAUHAMIMHUX XAPAKTEPUCTUK TEMJTOMACO-
OBMIHHUKIB 3MIWWYBAIbHOIO TUNY (TM3A)

TensrorexHiuHi AOCHIHKEHHA

Ha naumit yac BizoMa HeBeNlMKa KiIBKiCTB poOiT 3 TEOPETHUHOTO Ta eK-
CNEPUMEHTANBHOTO JOCIHiDKEHHs. NOLecy TeIIoMacooOMiHy NpH KOHAEH-
cauii napy Ha CTpyMeHi Boay. 3anpornoHOBaHi po3paxyHKOBI 3a1€XKHOCTI Ui
OL[iHKH IBOTO BHJLY TerIoMacooOMiHy 6a3yroTeCS Ha HEYHCIEHHUX Teope-
THYHUX i eKCTIEPHMEHTAIbHUX JOC/IPKEHHAX, BHKOHAHUX 3 BUKOPUCTAHHSAM
Pi3HMX METOAMK BH3HAYEHHA OCHOBHHX I[apaMeTPiB y AyXKe By3bKOMY
niana3oHi 1X 3MiH [1-7 Ta in.].

CkJTaasicTh mpoliecy Ta oOMexeHHi Aiama3oH JOCHiKeHb He Jal0Th
MOJIMBOCTI MOLIMPHTH OTPHMAaHi pe3yNbTaTd Ha OLbII CKIafHI Pi3HOBUIH
1bOTO [pOLECY, HaNPHKJIaJ, IPH KOHAEHcallil pY B3a€MOZAIl AUCIEPTOBaHHX
CTPYMEHIB Mapy 3 3aKpy4eHUM CTpyMeHeM, SKuil pHTaMaHHUIH TeruioMaco-
obominnukaM TM3/]. ToMy BUHHKIA HEOOXiAHICTh EKCIIEPUMEHTAIBHOIO BH-
3HAYEeHHs TerloTexHiunux mnapamerpie TM3J[. Lli excnepumeHTaNbHi
JochnipKeHHs Oyny BUKOHAHI Ha CTEH[li, OonKMc SKoro HaeneHu# y [8]. V [8]
TaKOX HaBeJeHO Miana3oH 3MiH po3MipiB JocmimiyBaHHX 3pa3kiB TM3]],
TeMIeparyp i THCKIB BOJH i MapH, WIBHAKOCTEH BOJH Ta Mapy Ha BHXOZi 3
corme i OTBOpIB.

VY pesynbTaTi 00pOOKM €KCMEepUMEHTAILHHX JaHWX OTPHMAHO 3aiex-
HOCTi JUIA omucy InpoueciB termno- i MacoBimaui y TM3J] y uwcnax
noaiOHocTi. SIKiCHO Wi piBHAHHSA CHIBMAJAIOTH 3 HaBeAeHHMH Y [9], y Hux
BHECEHi KOPEKTHBH, AKi BpaxOBYIOTh OCODIHBOCTI MpoLieCy B YMOBax 3aKpy-
4E€HOr0 BiUEHTPOBOrO CTPYMEHIO BOAM 3 paliaIbHUMH CTPYMEHAMHU MapH.
Lli 3aneXHOCTI cripaBeUIMBI NIpU LIBHAKOCTAX BOAW Ha BUXOJi 3 COIIA Wy =
0,130 M/c, WBHAKOCTAX Map¥ Ha BUXOAI 3 OTBOpiB w, = 0,05+10 wm/c,
BHYTpiluHix giamerpax TM3]] dy = 0,032+0,150 M, THCKY BOAM Ha BXOAi B
TM3] pux = 30300 kI1a, Tacky BoaH Ha BuxoAi 3 TM3/] payuy = 15271 kl]a.

Nu =CRen K Pry P, (D
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—— _ad, y T
ae Nu= T cepente TernooOMinne uncno HycensTa; Res =_V— -
B B
cepeqHe uMcao PelfHONBACa 13 3aKpYYEHOTO PiIMHHOIO CTPYMEHIO,
- M W, . 5
K =1+———= — cepefHe 4YHCIO NOAIOHOCTI, 110 BpaxoBy€ BIUIMB Ha
Mawncep

ripoaWHaMiyHy KapTHHY B3a€MOAil MOTOKIB PiAMHM 1 Napd iMIyJbCiB
. . . . = Vv
KUJIBKOCTI pyXy BOAM i IAPH MpH cepefiHix WBUAKOCTAX; Pr=— — cepenne
aB
p BHX
ex — Prux

Ha TigpogMHaMiKy TOTOKY Ta CTynmiHb 3anoBHeHHs TMB3J] piauHoOIO
Bi{HOLLIEHHs] THCKY PIANHM Ha BUXO/I A0 Pi3HMII THCKIB il Ha BXOAi i BHXOAI;

uycno [pauamns; P = — YHUCIIO MOAIOHOCTI, IO BPaXOBYE BILJIMB

o — cepenHifi koediuieHT TeroBiAnayi, Br/(M*K); A, — cepemHii xo-
edimient TennonposimgHocTi pimumm, B1/(MK); d, — cepeaniit aiamerp
CTPYMEHIO DilMHH, M; Wy, — CepelHs LBHAKICTL PIAMHH O nepepisy
CTpYMEHA AiaMETPOM JB, M/c; V, — KiHeMaTH4Ha B A3KIiCTh PilMHH y cepea-
HbOMY Iepepi3i CTPYMEHIO, m’lc; Wieep — CEPE/IHSA WIBUAKICTH MapH MO me-

pepisy HOro CTpyMeHs y MICLli KOHTakTy i3 CTpyMEHEM pPiMHH diaMeTpoM
dy, m/c; M, M, — MacoBi BUTpaTH PilHHU Ta MapH BiATOBiAHO, KI/c; @, —
cepefiHiii KoedillieHT TeMnepaTyponpoBOAHOCTI PiAHHH, M/c; Pax> Poux

THUCK PiJIMHM Ha BXOJi Y TEIIOMacoOOMiHHHK Ta BUXO/li 3 HBOTO BiiNOBiAHO,
IMa.

~5 2dy, +d, -d,
B 2 = 4 ’

Ie dy, — JiaMeTp Coria Ha BXOJli PiliHH Y KOPMYC TeNJOMacoOOMiHHUK, M;

(2

d, — BHyTpilIHiif JiaMeTp KOpHycCy TennomMacooOMiHHHKa, M; d, — 30BHill-
Hilf JiameTp aucnepraTopa napu, M.

— 32
Mn = 0,785""056103p0a N (3)
Jie Wy, — CepeliHs LWIBHAKICTh PilHHH Ha BXOJi B TEINIOMAacCOOMIHHHK, M/C;

Pos — TYCTUHA PiLHHHU HA BXO/Ii B TEMNOMACOOOMIHHHK, KI/M’.
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—_ 2
v wOBdOBPOB
WB s (4)
4P,

ne P, — cepelHs rycTHHa pilMHU Ha AiNbHULI KOHAEHcauil mapu, K/,
M, =0,785Wy,danPoy» (5)

Ie Wy, — CepefiHa IBMAKICTh MApX Ha BHXOi 3 Aucnepraropa, M/c; dy, —
JliaMeTp OTBOpIiB Ha AMCIIEPraTopi /Ui BUXOAY NapH, M; n — KilbKicTh OT-
BOpIiB 1A NOJlavi Napyu Ha AHMCHEPraTopi; po, — I'YCTHHA MapH Ha BHXOM| 3
OTBOPIB AUCIIEpraTopa, Kr/m’.

3rigno 3 [10] € xBi popmynu I'. H. AbpamoBHya [UIS 3HAXOMDKEHHS W,

CTPYMEHIO MO BiJHOIIEHHIO IO W, :

= 32
Weep == Wp (6)
b3

Ta

- 0,19

=1 ) 7
P =% +0,29 0

Xneep — BIIHOCHA BiZICTaHb Bil OTBOPY HA AWCHEPraTopi NapH A0 CTPYMEHIO

pinuuy 3 iaMetpoM d, ; @ — KoedillieHT TypGyNEHTHOI CTPYKTYpH CTpyMe-
H10. 3rigno 3 [10] a = 0,076.

HecknaqHo nepeKOHaTHCh, LIO AN MOYaTKOBOI AiNbHHULI CTPYMEHIO na-
PH, fika xapaktepHa ;s TM3]] cipaBeiuBoro € popmyna (7).

BpaxoByouH (2), OTpUMAEMO:

dy—dy
T = 9 OB =dk "'dn_zdon . (8)

dOn 4d0n

Toni
— 0,19 0,19
wncep = - = —d -2d . (9)
0076%0p +0.29 ) 19% 42 =2 1 200 40,29
On
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o= 2 0,19 _
wOndOnnPOn d —d_~3d Won
MW 0,0]9K_Hi"3+0’29
I—<'=1+M1v_ncep 1+ ___(Od"2 _
BwB - W, 5
“ WOBd(%np()s '—03—20+p0 (]0)
B pB
=14 W_én dé.,n;:o,,;if Py 0,19 _
Wor  doPos g o19dx 920 g

On

3navyeHHs koediuieHta nponopuiitHocTi C Ta MOKA3HUKIB CTYNEHIO A, 7,
m, s B popmyri (1) HaBeaeHo B Tabnuiri.

Tabnuys
[Toxazuuk C n r m s
Re 10000 0,031 1,2 0,4 0,43 0,03
Re < 2300 1,52 0,6 0,4 0,43 0,03
Toni ans TypOyIEHTHOTO CTPYMEHIO PiAUHHA
Nu=0031Res K Py PO%, (11)
a JUIs 1aMiHapHoro
Nu=152Re, K Pry PO, ar)
BianopiaHo pist TypOyNEeHTHOTO pesxumy
A —1 2= 3
a=2e 003 Res K Pry PO (12)
dB
a Juis JaMiHapHOro
by 4—041
o= Z‘ 1,52Res K Pra PP, (129

B

HasezeHi HM)K4e Ha PHCYHKY pe3ylibTaTH €KCilepUMEHTaNbHUX JOCHia-
KEHb aBTOpA NPH PI3HHX Wy, Ta IHIMX Jociianukis (npu wy, = 0 [12])
TI0Ka3yoTh 3aI0BibHE IX chiBnafinms 3 po3paxynikaMu 3a popmyinamu (12)
Ta (12').
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@ do =2 mm; dy= 32 mm; A= 20 M W, = 0,01 awic
x dyy =6 am; dy =32 simt; dp = 20 v, W = 0,01 wic

a de =8 mm; d= 125 a; dp = BS mm; Wee = 0,01 w/c

a dyy = 20 Mu; dp= 150 mpi; dy= 100 ma; Woq = 0,01 /e
o d, =20 si; de= 150 sn; = 100 Mm; W = 1,00 M/
O dog = 20 mm; dy= 150 3im; dg= 100 vM; Woq = 2,00 M/C
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*0 EHEPIO3BEPEXEHHA,
HETPAOULIIUHI [DKEPENA EHEPITI

tatn e
NS SV

VIIK 631.22 I'. T'. Ilumko, xano. mexn. Hayx
Kuesckuit HanuoHaNbHbIH yHUBEpCUTET
CTPOHUTENHCTBA H APXUTEKTYPbI

OQHEPIOPECYPCOCBEPEXEHUE B CUCTEMAX
TEMMTOrA30CHABXEHUA HACEJIEHHbLIX NYHKTOB
CEITbCKOW MECTHOCTU

Cerosua B Hamelt cTpaHe pa3BOpauMBaeTCs IIMPOKHH QPOHT pador 1o
CO3JAHMIO TOCYAAPCTBEHHOr0 MeXaHH3Ma 3(QPEKTHBHOIO MCIONB30BAHHA
sHepruu. I1pakTH4YecKd MOSBWICS HOBBIM BUA MPOAYKLMH — 3HEPTHs, TOJY-
yaemas B pesylnbTate 3QPEeKTUBHOIO ee UCIIONB30BAHUA PH MaKCUMABHOM
9KOJIOTHYHOCTH e¢ npuMeHeHus. [TpuopuTeTHOCTh 3HEpropecypcocbepeske-
HHUS B YCJIOBHUSAX CENBCKOM MECTHOCTH OoTpakeHa B 3akoHe YKpawuusl “IIpo
eHepro30epexeHHs”, ONpe/essioleM MMPABOBbIE, IKOIOTHYECKHE, IKOHOMMU-
YeCKHEe W COLMaIbHBIE OCHOBBLI 3HEpropecypcocbepexxeHns A BeexX Npen-
npUATHH, 0OBEANHEHUH 1 OpraHu3aIuii.

OrtedecTBeHHBIH U 3apyOexxHbI OMBIT B 061acTu 3HeprocOepexeHus
MoKasaJ, 4YTO LIHPOKOE MCIOJIb30BAHUE HETPAAMLIMOHHBIX YHEPreTHUECKUX
pecypcoB TO3BOJISET HE TONBKO M3MEHUTH 3HEPreTHKY M 00JIMK HaceleHHbIX
MYHKTOB, YJIy4lINUTh KOMGOPTAOeNEHOCTh POKHBAHUS, YMEHBIIHTh 3arpa3-
HEHME OKPYXKAIOLIEH Cpeiibl, HO CaMOe€ INTABHOE — C3KOHOMHUTh OpPraHUYecKoe
TOMHMBO. bojiee TOro, MCMONb30BAHUE JHEPrHU COJHEUHOTO H3JIYyHeHHS,
BETpa, TEPMAJIbHBIX BOJ, @ TAKXKe 9Hepruu Ouorasa, reHepupyeMoro fnpH Me-
TaHOBOM COpaXMBAHMH OTXOJOB, SBJIETCSA YCIOBHEM JaibHeillero passy-
THS LMBMIM3aUMK Oe3 HapyLIeHUs] paBHOBECHS B IPUpPOJE.

CucteMel TensocHabXeHHs, HCHOMb3YIOLHE COMHEYHYIO IHEPTHL0, Ha-
LT LIMpOKOe MPHMEHEHHE B IOXKHBIX paiflOHaX B HACENEHHBIX MYHKTaX
CeNnbCKoi MecTHOCTH. [lns GecniepeboiiHoro reauoTeruiocHabxeHus mpeay-
CMaTPUBAETCs pe3epBHBIA (IyONUpYIOMMIA) UCTOUHMK TEMNOThHL, paboTato-
LK HA OPraHM9eCKOM TOIUIMBE WIIH 3JIeKTpH4ecKo# dHeprud [1, 2]. Bo3-
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MOXKHbIE CXeMbI TeTUIOCHA0XKEHHS TIPH UCIIOJIb30BAHUH CONTHEYHOH 3Hepruu
nokasansl Ha puc. 1 {1].
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Puc. 1. Kraccuduxanus cucrem remoTeniocHadkeHus

BapuaHTb! reIHOCHCTEM TETUTOCHA0KEHUs CYUTAIOT IKOHOMHYECKH Ofl-
paBIAHHBIMU, ECITH CPOK HX okynaemoctu MeHee 10 net. CucreMa rennoTe-
NOCHAOXEHUs XKUIIOTO 0OMa, PUBEJICHHAsA Ha PUC. 2, @, COCTOMT U3 Tpex
KOHTYPOB: F€JIMOKOHTYpa, KOHTypa OTOIUIEHHS H KOHTYpa ropsiiero BoJo-
cHabxenus. ['ennocucreMa ropsyero BogocHabKeHHs, 00beAUHEHHas ¢ Tpa-
JUIMOHHBIMM CHCTEMaMH IIOKBApPTHPHOTO OTOIUIEHHH, CMOHTHPOBAaHHAd B
JBYXITXKHOM 4-KBApTHPHOM XKHUIIOM AOMeE, TIpe/ICTaB/ieHa Ha puc. 2, 6. Ee oco-
OeHHOCTb — 0ObeanHeH s O0LIero Ansg BCEro JIoMa NelIMOKOHTYpa ¢ IOKBap-
THPHBIM IIOZIOrPEBOM, pa30opoM, MpH HEOOXOAUMOCTH, AOTPEBOM BOJbI [2].

ConHevHas 3HEprusi BO MHOrOM MOXET PEelIUTh YHEPreTHYECKYIO Mpo-
Onemy B cenbckoM Xo3sHcTBe. OJHHM 3 NEPCIeKTHBHbIX HallpaBJeHHil AB-
JIAETCA IPUMEHEHHE CONTHEYHOH 3HEeprun JUis oborpesa coopyeHHui 3auiu-
uieHHoro rpysra [1, 3]. B yactHocTH, B reTMOTEIUIMIAX Yallle BCEro HCIOJb-
3YIOT CHCTEMY BO3AYLUHOrO OTOIUICHHA. Bo3nyx HarpeBaercs nu6o B col-
HEYHBIX KOJIEKTOpax, 6o B TemnooOMeHHHMKE, B KOTOPOM HAarpeBaeTcs
BOJIOH, NMocTynaioweil u3 komwiekropa. Harpetelx Bo3ayx nocrymnaer no mie-
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Puc. 2. ITpyHuMnuaIEHEIE CXeMBI FeMocHeTeMbl B cenax Konectom a n [lepecanoske 6:
1 - refMoBoJIOHarpeBarens; 2 ~ paclIHpUTENbHblit 6ak; 3 — po3ayiiHan TpyOka; 4 — TeNNOOOMEHHHK
THNa “Tpy6a B Tpy6e”; 5 — KOHBEKTOP; 6 — OTONMTENbHAA NAHENb; 7 — IPOTOYHBIH 3NIEKTPOBOJIOHA-
rperareins; 8 — Hacoc, 9 — fak-akkyMmynaTop; 10 — oronuTensHbIit KoTeNn

HOYHBIM NepHOpUpOBaHHBIM BO3LYXOBOAAM C paBHOMEpPHOIl pasznaueii Ten-
AOThl MO MJIOMIAAH TEMIHL. B OTHENBHBIX clydasx Harperas BOAa MOMKET
TOJIaBaTECA B TPaJHLMOHHBIE TPYOHbIE CHCTEMbI OTOTUTEHH (pHc. 3).

B nocnennue rofpl B YKpaHHe BeAyTCS WHTEHCHUBHblE pabOThI MO HC-
MOJIB30BAHUIO BETPOBOH 3HEPruu i BbIPaOOTKH 3MEKTPUYECKHH M TEIUIo-
BO#t 3Hepruu. [TocTpoeHb! OMBITHBIE U OMNBITHO-NPOMBILIIEHHBIE BETPOBBIC
anektpoctanuuu (B3C) MomHocTeio ot 15 kBt 1o 2 MBT ¢ kpeinbyarsiMu
BeTpoarperaraMi ¢ rOpH3OHTaJIbHOH W BEPTUKAILHOH (pOTOpPHbIE) OCAMH
BpaiueHus. Pa3paboTaHHble BeTpoarperarsl B OCHOBHOM HCIIONB3YIOTCS Ui
SHEProcHabKeHHs CeNbCKOXO3AHCTBEHHBIX 00HbEKTOB MOIHOCTLIO 0 | MBT
[4]. BeTposHepreTuka ¢ ee COBpEMEHHbIM TEXHHYECKHM OCHALIEHHEM SBIIS-
€TCS BITOJIHE CJIOKHBIINMCS HaNpaBieHUEM 3HEPreTHKH.

CenbCKOXO035CTBEHHBIE TOTPEOUTENN KaK B HACENEHHbIX MYHKTAX, TaK
H CeNbCKOX03A1CTBEHHbIE IPOMBIILIEHHbIE OOBEKTH XapaKTepH3yIOTCs, Kak
TPABHMJIO, HE3HAYMTENILHON TErJoBOH Harpy3kod M MasoH €€ IJIOTHOCTBIO.
B 2THX YCNOBHAX reoTepMalibHble CHCTEMbl TEIUIOCHAOXKEeHUs MOryT OKa-
3aThCq OJHMMH M3 Haubonee 3¢dexTHBHBIX. B YKpanHe 3amacamu reotep-
MasbHbIX BoJ pacnonaraiot Pecriybnuka Kpeim, 3akapnarckast, [TontaBckas,
XepcoHckas u gpyrue obnactu. I'eoTepMaibHble BOABI 3a/€ralOT HAa CPaBHU-
TenbHo Hebonbinoi rnyouHe — 1100...1200 M, 1eOuT BOABI HAa CAMOM3NNBE
gocturaet 30 Thic. M /cyT NpH Temmeparype 50...90 °C, MUHepaTH3amus pas-
BEeNlaHHBIX TEPMAIBHBIX BOJ HaxoAuTcs B npenenax ot 2...70 r/n. MucTHTYT
texHuueckoi rerodusnkn HAH Ykpauns! pazpaboTan TeXHHUECKYIO AOKY-

54



{:‘Lhi_ 2
T

L.——-——.—-——— e it e e e '7

2

Puc. 3. CHCTeMBI reTHOOTOIIEHHS TETHLL
@ — C BBIHOCHBIM TUIOCKHM KOJUIEKTOPOM; 6 — C UMIMHAPHYECKHMH TIOMHHHEBBIMM KOHLIEHTPATO-
PaMH Ha KpOBJIe; 8 — C YEPEAYIOLIHMHCA TIPO3PAYHBIMH NAHCAAMH H TIOCKMMH KOJUIEKTOpPaMH Ha
KPOBJIE; 2 — C MOKPHITHEM M3 JABYXCIOHHOIO CTEKJIOMIACTHKA H AKKYMYIAATOPOM TEIIOTH C IO-
BEPXHOCTHBIMH TUIOCKHMH KOJUIEKTOPaMH M3 MOJHITHIICHOBOH TUIEHKH, | — CONHEYHBIH KOLIEKTOp
(nnockuit win 00BEMHHIH); 2 — HAacoC; 3 — aKKYMYJIATOp; 4 — BO3AYIMHO-OTOMHTENbHHI arperar;
5 — niienoyHbie NepHopHpoORaHHbIE BO3AYXOBOLI; 6 — TpyOHas cHeTeMa oforpepa marpa
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MEHTAIMIO Pa3HYHBIX THIOB CHCTEM TEIUIOCHAOXEHUs OTAENbHBIX TMpea-
TIPHATHH, arpOKOMIUIEKCOB M HaceNEeHHBIX MyHKTOB CENBCKOH MECTHOCTH.
Ha puc. 4 npeacTaBneHa NpUHIMIHATEHAS CXeMa TeIUIOCHaOXeHHs Ha Oase
reoTepManbHbIX BOA 3akaprnarckoit obnmactu [S], Ha puc. 5 — cxeMa reotep-
ManbsHOro oborpesa rerui [3].
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Puc. 4. IIpuHIMNAATEHAA CXeMa TeOTEPMANbHOTO TEMUIOCHAGKEHHUS C TMKOBBIM

MOIOTPEBOM KOTENBHOM:
1 — mop3emublil KowtexTop; 2 — nobbluHas ckBaxuHa; 3 U 14 — norpyxHoft ¥ HarHeTaTeNnbHLIN Ha-
€OC; 4 — CHCTeMa YTWIM3ALMH Ta3oB M IUIaMa; 5 — raso- W IUIAMOOTAENHTEND, 6 — 3amopHas ap-
Marypa; 7 — TerI000MEHHHK OTONHTENLHON CHCTEMBI, 8 — TEeNTOOGMEHHHK CHCTEMBE TOPAYEN0 BOJO-
cHabkenud; 9 — nukoBas korensHad, 10 — cHcteMa oTorenns; 11 — cHcrema ropsyero BoJo-
cHabxenus; 12 — cBeToBo#t Hacoc; 13 — MCTOYHMK BOJIEI, NPUTOAHON MO CAHHTAPHO-TCXHNYECKHM
HOPMaM JUIS TOpA4ero BOXOCHaOXeEHHA; 15 — CTaTHYECKHIT YPOBEHb TEPMANBHBIX BOA; 16 — morso-
AKoMmAas CKBaxXHHa

K uncny HeTpagMIMOHHBIX 3HEPropecypCcoB B YCIIOBHAX CENbCKOH Me-
CTHOCTH OTHOCST Ouoras. Metad U3 GuoMacchl MOXET OBITh MOJIyUeH NMyTeM
ee aHadpoOHO#: pepMeHTal My, ruAporazudukanuu unu nuponnsa. O6pasy-
fomuiics ra3 couepxut 50...80% merana, 50...20% yrnekucnoro rasa, MeHee

56



Puc. 5. Cxema reotepmaiibHOro 060rpesa TEINHIL:
1 — Tennuua; 2 — OTONMHTENEHO-BEHTH/IALMOHHBIN annapar, 3 — BOIMYXOPACTIPEACHHTEND U3 MOTTH-
ITHIICHOBOH IUIEHKH; 4 — CHCTEMA MOANOYBEHHOrO 000rpesa; 5 — HArHETaTeNbHas CKBOKHHA, 6 —
HACOCH! 1A MOJAa4yu ICOTEPMATIBHBIX BOA; 7 — Hacoc W8 11034y ceTeBOH BObI, 8 — TerooOMer-
HBIX; 9- NoabCMHaA CKBXKHHA

1% cepoBofopoza 1 HE3HAYHTENbHOE KonuuecTBo aMmMuaka. TemnorBophas
criocobHocTs 6rorasa 14500... 25000 kJhx/M’ 1 koneGneTcs B 3aBUCHMOCTH
OT cofiepXaHus yriaekucnoro rasa [2, 6]. Beixoa frorasa B 3aBHCHUMOCTH OT
MPOXOKUTENILHOCTH OpoxkeHus npu Temneparype 30 °C npejcrasieH B Tab-
JIHILIE.

O6nacTs MpMMeHeHUs OUorasa B NEPBYIO 0YCpeslb ONPEAeNnseTcs JHep-
ronoTpeGHOCTAME TOH MECTHOCTH, Ile OH NMpoH3roAuTCA. B ycnoBusx Y-
pauHbl 6uoras naubonee 3QQPEeKTHBHO TPHMEHSETCS B KHBOTHOBOJCTBE,
NTULEBOJICTBE, a TAKKe B KPYMHBIX epMEepCKuX X03AHCTBAX, pacloNoKeH-
HBIX B IOKHEIX paioHax YkpauHbi. B ceBepHEBIX, BOCTOYHBIX M 3amajHbIX
paioHax HEODXOAUMO YCTPOHCTBO METAHTEHKOB C 0J0rpeBOM. buorazossie
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YCTaHOBKH pa3W4YHbIX THIOB /Ui IMIHBIX MOACOOHBIX X034HCTB pa3paboTa-
Hel HITO KTUCM (r. 3anopoxse). Ha puc. 6 nokazana 6uorazoeas ycra-
HOBKa 1A ¢epmbl Ha 400 ronoB KpymHOro poraroro ckorta. TexHonorude-
CKas cxeMa NpeJycMaTpuBaeT HenpepheiBHbIN nporecc. [TonHbii nukn c6pa-
>KABaHUS 3aBEpINAETCH B TEYEHHH 2 CYT, a CyTodHas [N SArpy3KH METaH-
TeHKa COCTaBJIseT 4,5%, mpu Bbixoze 710 M/cyT 6uora3a Ob1ee konuyecT-
BO OHMorasa, HAYILEro Ha coOCTBEHHbIE HYXIBl — 410 M /cyT BBIXOJ TOBap-
Horo rasza — 295 M3/cyr {2, 3].

Brixoa 6Horasa B 3aBHCHMOCTH OT NIPOAOIKHUTEIBHOCTH Opoxenus [1]

Brixon rasa, MY/kr, Baixon 6xora3a, % o0Liero KomuecTsa,
OTHECEHHBIH K Macce Bpems Concp)xzu:ue 10 MCTCHCHUH BPEMEHH LHKNA, CYT.
CB | coB | WOy | Merana,% 20 | 30 | 40
Hasoz 6utuxoe na omrxopme
0,273 0,315 117 80 24 36 48

Ceunou nagos

0,257 0,415 115 81 40 57 68
Conoma ¢ onunoil pesxu 30 Mm

0,357 0,383 123 80 29 38 45
Conoma ¢ onunou pesxu 20 mm

0,393 0,423 80 81 51 67 77

Bomea caxapnou ceexnvt
0,456 0,501 14 85 99 100 100
bomea kapmoghenvrasn
0,526 0,600 53 75 85 90 92
Tpasa
0,490 0,57 24 84 87 96 99

ITpumeuanne. CB - cyxoro Bemectsa; COB — cyXoro opraHu4eckoro BelecTsa

B crpanax BocTouHO# A3uM pacnpocTpaHeHbl JIaCTHYHBIE PEAKTOPEI,
uMeroiye ¢popmy mysbips (puc. 7). M U3roTaBiMBaroT U3 CIUIOIIHOH TIpope-
3WHEHHON MJIN MIACTMAcCOBOH 000I0UKH, YCHIIEHHON HPOCIOiKaMK U3 TKa-
HH. Obosouka 3ariybneHa B nonycgepuyeckyro BoleMKY B IPYHTe.

B Asuu (Kurah, Muaus, Kopes u ap. cTpaHax) IIMPOKO pacnpocTpaHe-
Ha mpocras 6HorasoBas ycraHoBka “I"abop” (puc. 8), koTopas HCHONb3yeTCs
B MEJIKMX XO3dHCTBax B palOoHaX C TEMIbIM KJIMMaToM. YCTaHOBKa pa3mMe-
waercs nox 3emied. Kamepa cOpakxuBaHHS M rasroibAep YpaBHOBEIIEHEI
Mexnay ccoboil. Iloporpes u nepemeriBaHue cyGerpara He TpUMeRseTCs,
TponomiuTensHoCcTL copaxmBanns 40 el n Gonee. Boxoa raza 0,3...0,5 M
B pacyere Ha 1 M° Kameps! cOpakuBanns [6].
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Puc. 6. Cxema 6HOSHEPreTHYECKOH yCTaHOBKH:

I — HaKoNKTENs HCXOMHOTO HABO3A; 2 — OTJIENMTENL NOCTOPOHHUX NPUMECEIT; 3 — Melanka; 4 — we-
TAHTEHK; 5 — CyXofi rasronbaep; 6 — TennoobMeHHHK; 7 — TpySonpoBoa ropaycii BOALL, 8 — Tento-
06MeHHHK; 9 — TpYGOnpoBo OXIXKIEHHOM Boabt; 10 — rasoBulii BonoHarpesatess, 11 — naBo3oxpa-
HUNMIE; 12 — BoONpoBo1

Kugponvesos (o 3¢ o3 () /;“

N A

Uinam

Puc. 7. Peaxrop ¢ anacruynoii 060n04koi



Puc. 8. Cxema 6uoraszoso# ycraHoku “I"adop™:
| — KHBOTHOBOJIHECKOE NOMENIEHHE; 2 — 3arpy304Has rOpAOBHHA; 3 — CBEKHIA HaBo3; 4 — rasocop-
HUK; 5 — kamepa cOpakHBaHUA; 6 — HaBO3 Nocie cOpaKHBAHKA, 7 — MECTO 1% 0TOOPA COPOKEHHOIO
naso3a; 8 — BongHoit 3aTBop; 9 —- razonposos; 10 — U-o0pa3ubiii MaHOMeTp

PaccmarpuBas BO3MOXHOCTH M TNIePCTIEKTHBb! IPUMEHEHHUS! HeTpaJuiiu-
OHHBIX HEPropecypcoB B CeJIbCKONH MECTHOCTH, CIEAyeT HMETh B BHAY, YTO
npobieMa MCIOJIL30BAHUSA TAKUX MCTOYHHKOB JHEPIUM SBISETCS TIPEkKIE
BCEro npobneMoil TEXHUKO-3KOHOMMUeckoi. B cBA3u ¢ 3TuM, Haubosee -
(EeKTHBHBIM TPE/ICTABJIACTCS KOMIUICKCHOE HCMOJIB30BAaHUE Pa3jIidHbIX
3HeprocOeperatoux MeponpuaTui. KoHkperHble TeXHHYECKHE pelieHHs
ClleyeT NPUHUMATh Ha OCHOBE COOTBETCTBYIOUIMX TEXHNUKO-3KOHOMHYECKHX
pacyeToB ¢ y4yeTaM cneuM(HKd notpeburess, HATHYUS HETPAAHLHOHHBIX
UCTOYHUKOB IHEPIHH, a TAKKE METEOPOJNOrHYecKUX 0COOEHHOCTeH JaHHOTO
peruoHa.

Tak, ang rOKHbIX PaioHOB Ykpaunsl, DHepreTHyeckuid Lientp Espo-
neiickoro Coroza B Kuese, paGortaioniuii B paMkax nporpamMmsl OKazaHus
TexXHu4eckol nomouu crpadam CHI™ — Tacis pexoMeHyeT CONHEeYHyH Ha-
TpeBaTelibHYI0 YCTAHOBKY Ul JKHIBIX JOMOB, OCOOHSKOB, NIPEICTABAEHHYIO
Ha puc. 9. Cpennas obecneyeHHOCTh ropsyuei BOAOH 33 CUET TaKOii yCTaHOB-
Ky cocrasnser 60...70%.

Hecomuennblii uHTEpeC npeAcTaBisieT yTHIM3AUHOHHO-3HEpTeTH eCc-
KdH BJI0K ¢ HCMONb30BaHMEM OHOra3a i Apyrux UCTOYHHKOB IHEPIHU — BET-
pa, condua (puc. 10). DTo MONHOCTHIO 3aMKHYTaA CHCTEMA XKusHeobecneye-
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HUS CENbCKOro MOABOPbA MM CeMeiiHOH ¢epMbl Ha OCHOBE YTHIM3ALMUHU
MPOM3BOACTBEHHO-OBITOBBIX OTXOMOB ¢ BbIPAOOTKOH 2MEKTPOIHEPIUH, OHO-
rasa, ropauei Bojbl, UEHHOFO yAOOpeHUs [l NPOU3BOACTBA 3KOJOTHYECKH
YUCTBIX NPOAYKTOB nuTanus [7, 8].

(O

enuonpueMHKK PaclMpuTensHbin
Ba4yox
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t | ==
=1}
J? AnexTpuueckni
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4 ) Bak-
N aKKyMyNaTop

‘Hacoc ] Xononxasn Topavan

80Aaa 8043

Puc. 9. Conueunas HarpesarelibHas yCTaHOBKA € TEIUJIOBLIM HAaCOCOM

B nacrosiiiee BpeMs OCHOBHOH NPHPOCT ra3opacrpefieliMTeNbHbIX ce-
Teit B YKpauHe OCYLIECTBIIAETCS 3a CYET ra3sH(UKaiuy HACETEHHbIX IYHKTOB
cenbekoit MmecTHOCTH. ITo 3TOMY O/IHOI W3 OCHOBHBIX 3HepropecypcocOepe-
ralolMX MPOTpaMM Ul YCJIOBUI CENTbCKOM MECTHOCTH SBJISETCS CHHXKEHHE
METAIOEMKOCTH CHCTEM Ta30cHaOMen s yTeM NPOEKTHPOBAHHS OJHOCTY-
MIEHYATBIX CUCTEM ra30cHabXKeHHUs ¢ YCTAHOBKO JOMOBLIX PETYJIITOPOB Ta-
3a, a TaKXKe NMPUMEHEHHA MONMITHIIEHOBBIX TPYO NPU CTPOMTENBCTBE U pe-
KOHCTPYKL{UH ['a30BBIX CETEH.

B Vxpaunne 0cBO€H BBIIYCK PEryNsTOPOB JaBJeHUS raza JOMOBLIX THNA
PJICI™-10 Jlyukum 3aBOIOM “DNEKTPOTEPMOMETPHS”, HOJIHITHIEHOBBIX TPYD
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JUIS CUCTeM rasocHabxeHus npeanpustieM “‘Yiprasuduxauus — HOr”, co-
BMECTHBIM YKPAWHCKO-TIOJLCKMM TnpeanpustaeM “Onbmmact — JIbBOB”,
CuMpepononbCKuM 3aBoJOM TTacTMace. B HacTosinee BpeMst SKCIIyaTHpy-
ercs cepliie 8000 kM ra3onpoBOJOB W3 MONKUAITHIEHOBBIX Tpy6 [9, 10].

Puc. 10. YrunusaunoHHo-3HepreTuyeckuit 611ok:

1 = 5H1018 IOM; 2 — ra3oBRIl KOTET A1 OTOTUIEHHS M TOPAYEr0 BOAOCHAOKEHHS, 3 — KaHANH3ALMOH-
HBIA KONIEKTOP; 4 — COOPHEIH pe3epByap OTXOA0B; 5 — yTEIUICHHBIH PEAKTOpP ¢ MEIANKOH K TemIo-
0OMEHHHKOM; 6 — rasrojbiep; 7 — 3JEKTPONpUBo/L; 8 — TeINoakKyMynaTop; 9 — pesepsyap cOpo-
EHHOH Macce; 10 — Hacoc M 3aKpEITas KOMIOCTHAA Tioma;aka; 11 — setpoarperar; 12 — maMnuHs-
OHBI Ha KOMIocTe; 13 — mononHMTensHEIN Harpeatenb; 14 — comHeuHblit komnexTop; 15 — BHeceHHE
KOMIIOCTa B [PYHT H opolienue; 16 — Terumua, opatkepes; 17 — peibnstii Gaccedin; 18 — xnes; 19 —
apTe3WaHCKas CKBKHHA

JK “T'a3 Ykpaiuu” no nopyyesuro HAK “Hadroras Ykpainu” paspa-
00TaH nepcrneKTUBHbIN [U1aH KaMUTAIEHONO CTPOUTESIECTBA H PEMOHTA pac-
NpeAEUTENbHbIX [a30BbIX ceTell ¢ MIpUMEHEHUEM ITOJIM3THIICHOBBIX TPYyD Ha
nepuon 2004...2010 rr. M npeaycMOTpeHO CTPOHTENBCTBO HOBBIX pacrpe-
JIeJIUTENBHBIX a30BbIX CeTei U KanuTalbHbli PEMOHT ra30NnpoBOOB C 3aMe-
HOMH CTaBHBIX TPYO Ha MOAMITUIICHOBbIE. CTOMMOCTD NPEACTOSIUUX paboT —
40 muH rpH. [10].

[lInupokoMy NPUMEHEHHIO MOJNITHICHOBBIX TPYO NPH CTPOUTENLCTBE U
PEMOHTE ra30npoBOAOB AarieHHeM Jo0 0,6 MITa BHE HaceNeHHBIX MTYHKTOB
10 0,3 MIla — Ha TeppHUTOpPHH HAaceNEeHHbIX MMYHKTOB CNOCcOOCTBYET COTPYI-
HUYECTBO ¢ 3apyOeskHBIMU (hUpPMaMH, paboTaroIMMH Ha OTPACNEBOM pBIHKE
Vxpaunst: “FRIATEC”, “ROTHENBERGER”, “H. Sewerin” (I'epManus),
“BP Solvay” (Benerua), “Gaz de France” (®panuus), “Kami Tech” (TTons-
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wa), “O. M. T. Tartarini” (Mtanus), “British Gas” (Anrnus). [Tonoxurens-
Hble IPUMEpPhI TAKOTO B3AUMOBBIFOJHOFO NAPTHEPCTBA YK€ CErOJHS ACMOH-
CTpUpYIOT raszoBeie npeanpustha TepHononsckoi, JloHeukoH, OnecckoH,
JIbBoBcKOH, BHHKLKOMH, BonbHCKOH M paaa apyrux obnacreit.

B 3ananuoii EBpone ceiiyac CTpeMUTENLHO NPOrpecCUpyeT TeHASHLHA
Ha TNOBBILIEHHE JOMYCTUMOTO IaBJEHUs B MOJNMAITHIEHOBBIX rasopacipene-
JIMTENBHBIX CETAX U OTKa3 OT Mano3((eKTUBHBIX ra3onpoBOAOB — “MyCThi-
ek HM3KOro JaBiieHHd. B 1aHHOM HanpaBneHuMM OcOOEHHO TpeycreBaeT
Iepmanus, PpaHuus ¥ pan APYTHX CTPaH, KOTOPbIE NIOBCEMECTHO TIEPEXONAT
B Hacrosmiee BpeMs Ha aasneHde 1,0 MIla BHe HaceneHHBIX IIYHKTOB M
0,4 MIMa — B MecTax KOMIAKTHOTO IpoxuBaHui. HMcnonesylor npu 3tom
NPEUMYLLIECTBEHHO TOHKOCTEHHbIe MONK3THIEHOBbIe TPyObl M3 I1D 100 ¢
SDR 11 n K3I1 2,0.

B HacTosuiee BpeMs B YKpauHe rOTOBATCA HOPMAaTHBHEBIE JNOKYMEHTHI
Ha NpUMEHEHHe B CUCTEMax rasocHabxeHus paeneHuem o 1,2 Mlla u3 no-
JIH3TUJICHOBBIX TPYO, N3TOTOBJIEHHbIX HAa NPEANpPHATHH “YKprasudukauus —
IOr” paGotaromum B TecHoM koHTakte ¢ HII®D “Tlomumepctpoii” MIC
uM. E. O. INTatona HAH YkpauHbl.
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KHiBChkHil HalliOHANbHHI YHIBEPCHTET

OyHiBHMITBA 1 ApXiTEKTYpH

PO3POBKA EHEPI_'OOU.IA‘L'!.HO'I' CUCTEMW ONANEHHA 30HU
BEIETALIIl POCJIMH B 3MMOBUX TENNULAX

AKTYaJIbHUMM € po3po0KH, 110 CTOCYIOTHCS 3MEHUICHHS! €HEpProBUTpar
Julsi 3a0e3nedeHHs HeoOXiTHWX TeMrepaTypHUX MapaMeTpiB MpH BUPOLIY-
BaHHi OBOYEBOI NPOAYKIUii B KyJIBTHBALIRHUX CHOPYIaX 3aKPUTOIO FPYHTY. 3
METOIO 3a0UIaJDKEHHs EHEPropecypceiB i NOKpallaHHs TeMIepaTypPHHX YMOB
B 30Hi pocTy pocnuH Oyna po3poGieHa cHCTeMa OMajleHHs 30HH BereTawii
POCIHH B 3MMOBHX Tennuugax [1].

[Tpu 36inblLICHH] TEMI03aXHCHUX BIACTUBOCTEH OrOpOKEHHS TEILIHU
(Hanpukiaj, 3acTOCYBaHHI CKJIOMAKETIiB, LUTOPHOTO €KpaHy) CHCTEMY oma-
NEHHS MOXKHA PEKOHCTPYIOBATH TaKUM YHWHOM, 11100 Oinbury 4acTHHY Tpy6o-
NPOBOAIB PO3TAILYBaTH B 30HI POCTY POCAMH i MiJTPUMYBAaTH HEOOXiaHy
TeMneparypy B 30Hi Beretauii. [TocTynoso 3i 3poctom pociinn Tpeba 36i5-
LYBATH | BUCOTY ONATIOBAILHOI 30HH, 3MIHIOKYH TapaMeTpPH TEMIOHOCI B
HaJrpYHTOBIH i MiANOKpiBeNbHiil CHCTeMaX OnanesH4.

3a pe3ysnbTaTaMH €KCIIEPUMEHTANBHUX JOCHLKeHb Ta JaHMMU aHalli3y
B3a€MO/1ii KOHBEKTHBHUX CTPYMEHIB B 00 €Mi CropyaH CKIaleHa METOAUKa
PO3paxyHKY CHCTEMH ONaneHHs 30HM BereTatlil poc/inH B TEMJML 3 oropoj-
MEHHSM 3 IiJBULLEHHMH TeNN03aXUCHUMHU BIACTHBOCTAMH. 3a JIONOMOTO0
METOAUKH PO3PaxyHKY MOXKHA BU3HAYUTH:

- OTYHICTb HAAIPYHTOBOIO i [iAMOKpiBeNbHONO 0DIrpiBY;

- HeoOXiaHy noly TpybonpoBo/1iB cCHCTEMH OfiaieHH;

- fiaMeTp, KibKICTb 1 KOMIOHYBaHHs TPYOONPOBOAIB CHCTEMH ONaeHHs;

- napaMeTpu TENJIOHOCIs B CHCTeMaX HaArpyHTOBOTO 1 mij IOKpiBens-

HOro obirpiBy.

B cknsuiit 6yoxoBiH Temuui miouiero 1 ra OiuHi i TOpUEBi OrOPOKEH-
Hi ckianarote 6ima 10% mnouri Beix oropomieis. OCHOBHI TeIIOBTpaTH
npunagaloTe Ha nokpismo. ToMy s po3paxyHky CUCTEMH onalieHHs obu-
panacst cucTeMa MiANOKPiBeIBHOTO i HAArpyHTOBOro 00IrpiBy, sIKI KOMITEH-
CYIOTb TEIUIOBTPATH Hepe3 NOKPUTTA TeIUIHIL.

Heo6xiany moeepxHio TpyOONpoOBOAIB CHCTEMH ONaJICHHs BH3HAUYAKOTh
3 ymoBH 3a0e3neyeHHst HEOOXiHOro TeMNepaTrypHOro pexHMYy B yChOMY
06’emi cniopyu.
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Jlisi po3pobku cucTeMu 06irpiBy 30HHM BereTalil POCIUH CKIafeHa Me-
TOAMKA PO3PaxyHKY CHCTEMHM onaieHHs. Po3paxyHOK NpOBOAAThL B Takik
TIOCITiAOBHOCTI:

1. 3a HATYPHUMH JOCIHIPKEHHSMH 1 aHATI30M JiTepaTypHUX JKepen [2,
3] BU3HAYAOTH BUCOTY pobOYOi 30HH 3a MICAUAMH i PUIMAOTh TaKi napa-
MeTpH BHYTPIiLIHBOTO MOBITpS:

- Tpydenb: t,=15°C, ¢ =65..70% npu h,, = 0,5 M;

- cigenb: 1, =15 °C, ¢ = 75...80% nipu A5 = 1,0 m;

- moTuii: 1,= 15 °C, ¢ = 85...90% npu Ay, = 2,0 M.

2. 3a I,d — niarpamor0 3HaXO[ATh MiHIMaIbHY TeMIlepaTypy mij Mokpis-
Ne1o TermLi 4,'F, AKy HeoOXiZAHO MiATPHUMYBATH 332 yMOB HEBHIIaJaHHA KOH-
JeHCaTy Ha OTOPOKEHH] TEeTUTHIIL.

. 3. P03paxoByIOTH TETUIOBTPATH TEIUIMIi yepe3 nokpismo Q"% i rpyHT
Qi
4. Po3paxoBylOTb THTOMI TEIIOBTPATH Ha 1 M> ommi Teruui F
G = (@ Fuong) - Korp + (QJ¥/Frg), BT,

ae Korp — KoedilieHT oropokeHHs TermLi.

5. Po3paxoByIOTh NMOTYXXHICTb CUCTEMH ONAIEHHS 3 ypaXyBaHHAM B3a€-
MOJii HU3XIZHMX | BUCXiOHMX KOHBEKTHBHMX IOTOKiB 3a rpadikom puc. 1
abo 3a popmynoro

3 13 13
0i=1366-r -(1+0)" - (0" + Q™) - HX*(c-®)", Br,

Je H, X* — BiANOBIAHO BHCOTA TEMMI{ M JOBXHHA X0JIOXHOTO MOTOKY M;

¥, G — BiMOBIAHO KOE(ILiEHT 10 LWIBHAKOCTI CTPYMUHH 1 HE130TEPMiuHOL
CTpyMHHH, IpUiMaloThes 3a [4].

6. Bu3HayalOTh MOTYXKHICTh CHCTEMH OMNajeHHs Ha | M’ ILION TeIUIHI
2
Qi = Qi /Fy, BT/M™.

7. BusHa4aroTs HeOOXiHY ILIOLLY TPYOONPOBOAIB CHCTEMHU ONANEHHs 3
PiBHAHb TEMIOBOro 6anaHcy TN 3 Oropo/KEHHIM 3 TIOBIfHOIO CKIIiH-
Hi 260 3a rpadikoM puc. 2

Fry=0o Ko (=1 + Co - Ey- Korp - {((273 + 12)/100)* - (273 + 1,/100)"* x
X [0.27 (1= C' - 1) @) = 11} = Ao - Komp - (ts = 11) - Yy =1) / (B - Co X
X (1= @pr) - [ (273 + £,)/100)* - (273 + 1,)/100)"], /M.

8. BpaxoByrouH He0oOXiHy MOTYKHICTb CUCTEMH ONANEHHA Q; wyr, NPHU-
3HaYaloTh JiameTp TPyOONpOBOMIB i napameTpu TEIUIOHOCIA CHCTEMH Hal-
IpynToBOro 0birpiBy 3a Aanumu [3], 6epyyn 10 yBaru, o mapaMeTpu Terl-
JIOHOCiS B CHCTeMi HaATPYHTOBOTO 06irpiBy He nepeBHmyioTs 95 °C.
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9. 3HaxoAATh NOBXKHHY TpyOONpoBOAIB HaarpyHTOBOrO 06irpiBy, Bpa-
XOBYIOUM MJIOLLY TeIMi (IponboTy) i TernoBixaady TpybonpoBoaiB Haj-
TPYHTOBOIO 00irpiBy

Lﬂ)na:u'p — Qinm . Frp/QTpHam, M,
ze g — TenuioBinaaua 1 m tpyGonposoay, B/, [5].
10. 3HaxoAATh KiNbKICTL TPYOONpPOBOAIB, BPaxOBYIOUM TEXHONOTiYHI
BHMOTH, 33 BUPa30M

Hajr Haarp
My I'rp /Ly eIl

J€ Lieny — JOBXKMHA CIIOPYJH, M.

11. SIK1O nOTYAHOCTI CHCTEMH HaATPYHTOBOTO 0OIrpiBy HEJOCTATHBO,
o6 MiATpUMYBaTH HeoOXiAHY TeMrepaTypy B pobouii 30HI, TO ciip mig-
KITKOYHTH CHCTEMY TMiANOKPiBETBHOro 06irpisy. [i po3paxoByiOTh aHaNOrivHO
pO3paxyHKy HaarpyHTOBOI CHCTEMH OMaJieHHs.

ITicng npoBeaeHHX po3paxyHKIB MOKHA BiA3HAYUTH, LIO TPU OTOpPOA-
KEHHI TEeTUTHL 31 CKITOTIAKeTiB MPH BHCOTI 30HU POCTY POCIHH 10 1 M joc-
TaTHLO POOOTH TiJILKK CHCTEMH HaarpyHToBoro obirpiy. ITpn BucoTi Gine-
me 1 M caif NigKIoYaTH CUCTeMY HiANOKPIBEILHOro 06irpiBy.

[Tpn po3paxyHky CHCTEMU ONAJICHHS M1 OJHOIO MPOALOTY 6nokosoi
Tenauui miowero Fy, = 454 M’ OTpHMaHi Taki JaHi: B rpymu nigkmoueni 8
pericTpiB HaArpyHTOBOro o0irpiBy 3 napamerpamu Terwionocis 70-45 °C; B
ciuHi ~ 8 pericTpiB HaArpyHTOBOrO 00irpiBy 3 mapaMeTpamH Termonocis 80—
55 °C; B moToMy — 8 pericTpiB HaAIPyHTOBOro 06IrpiBy 3 MapameTpamu Ten-
noHocis 95-70°C, 6 pericTpis minokpisensHoro o6irpisy 3 napamerpamu
Tennonocis 65-40°C.

CucreMa onajieHHs 30HHM BereTalii pociuH ao03Bonse Ha 15...20% 3Mmen-
IUHTH TEIUIOBTPATH Yepe3 NOKPHTTS TEIUIMLI 3@ paXyHOK NIATPUMAHHS TIif
NOKPIBJIEIO TEeIUIMLI HIKYMX TEMIEPATyp B MOPIBHSAHHI 3 NIATPUMAHHSM He-
06Xi{HOT TeMIiepaTypH B YCbOMY 00’ eMi CTIOpy/iH i [IOKPAIMTH TeMIIepaTyp-
HUH peKUM B 30HI 3POCTAHHS POCIIHH.
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CTOCOBHO METOAUKU HOPMYBAHHSA TEMMOTEXHIYHUX
NAPAMETPIB Y NMPUMILLEHHI 3A YMOB BUKOPUCTAHHA
NiANoOroBoi ENEKTPU4HOI CUCTEMU ONAJEHHA

I1le kinbka pokiB TOMY LIMPOKE BIPOBA/KEHHS €J1eKTPHIHOTO OmnaneH-
Hf BB)XATOCH EKOHOMIYHO HEBUIIPABIAHMM, i 3aCTOCOBYBaHHSA ioro obome-
xyBanoch pafionamu Kpaiiabol [1iBHOUI, e NpoKJIanaHHs TEIUIOBHX Tpac B
YMOBaX BiYHOMEP3UX IPYHTIB OY/I0 (HaKTHYHO HEMOXUTHBHM.

[Tporpec y ramysi BUPOOHHLTBA ONATIOBAIBHUX NpPUIALIB, EICMEHTIB
KepyBaHHS pPOOOTOIO CUCTEMOIO ONAJIEHHS, MOSBa HOBHUX EJIEKTPOOIamio-
BaIBHUX NPHJIAZiB, B TOMY YHCIi 3 BUKOPUCTaHHSM kabenbHOro obirpiny,
BEJIUKOIO MipOIO CIPUYHHWIN 3MiHY eKCIUTyaralifHMX XapakTepUCTHK CY-
YacHOro eNeKTPUYHOIO ONaneHH .

3 ornaay Ha MMPOKE PO3MOBCIO/UKEHHS €NEKTPUYHHUX CUCTEM ONaJieH-
Hsl, 30KpeMa CHCTEM MiJIOTOBOr0 OMAJICHHS, aKTyaIbHOCTI Ha0yNIo MUTaHHS
HOpMYyBaHHS AK TEMJIOTEXHIYHHUX MapameTpiB (TeMIlepaTypu MOBEPXHi Oma-
JIOBAJIBHOTO pHUIany, CepelHbOA000BOI TemnepaTypH MOBITPS B [pHUMi-
IEHHI, cepeJHbO1000BOT aMILTITYIH KOJMBaHb TEMIIEpAaTypH BHYTPILLHbOIO
MOBITPA TOLIO), TaK i KOHCTPYKTHBHUX IapaMeTpiB (OCOOAMBOCTI MOHTAXKY)
octanHix. OkpiM BUIIEHABEACHHX MApaMeTpiB, 110 BUMAraloTb HOPMyBaHHA
BOK/IMBHM € MUTaHHA eNleKTpoOe3neku B mpoleci MOHTaxy i, ocobnuso, B
Tipolieci eKcIuryaTauii.

3 1 yepsHs 2004 p. BBOAATHCA B Aito JlepxkaBHi OyaAiBenbHI HOpMHM
“EnexkrpuuHa xabenbHa cuctema onanenss” JIBH B 2.5-24-2003, 3arsep-
IDKeHi Hakaszamu Jlep>xaBHOro KoMiteTy Ykpainu 3 OyAiBHHITBA Ta apXiTek-
TypH 30 rpymus 2003 p.

[Topsia 3 HOPMAaTHBHOK iH(OpMaLi€l0 BiAHOCHO 3BHYAIHOI €NeKTpuy-
Ho1 kabenbpHOI cucteMu npsamoi aii (EKCO-I1/T) B JIBH B 2.5-24-2003 31auy-
Ha yBara NpHAUIAETbCA NUTAHHIO HOPMYBAHHS TEILUIOBOTO PEXUMY IPHMI-
LleHHA 33 YMOB poOOTH eIeKTPUYHOT KabenbHOT CUCTEMH TENI0aKyMYyJIsLii-
Hoi aif (EKCO-TA).

EKCO-TIJ1 npeactasnse coboto, srinno 3 JIBH B 2.5-24-2003, pizuo-
Bux EKCO, narpisanpHuil kabens sikoi BOynoBaHuil y OyniBenbHy KOHCT-
PYKIiIO MaJioi TeIUIOEMHOCTI i MOXe BUKOPUCTOBYBATHCh 5K OCHOBHA CHCTE-
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Ma Ji/I IOBHONO OnaneHHA NpUMilleHb, TaK i JOAATKOBA y CKJIaji iHIIMX Oc-
HOBHHX CHCTEM ONAJICHHA.

EKCO-TA, srigno 3 JIBH B 2.5-24-2003, sBnsg€Tbcs pPi3HOBHAOM
EKCO nepiognyHoi Aii, HarpiBanbHuil kabens sxoi BOymoBauuii y 6yai-
BeNIbHY KOHCTPYKUiKO BEJIMKOI TEMIOEMHOCTI. BIIaCTHBOCTI | KOHCTPYKTHBHI
napameTpu JaHoi cuctemMu BuOpaHi Tak, mo6 3abe3neunTn GesnepepBHY
NpOTATroM 100H HOPMATHBHY BillJauy TEMIOTH NPH CIOKHBAHHI EJIEKTPHY-
HOT eHeprii B iHTepBalli HIYHOrO MiHIMyMy 1000BOTO LMKIY HAaBAHTAXEHHA
eNeKTPHYHOT Mepexi.

V sunanky Hesignosiaxocti TemnoBoi notyxHocti EKCO-TA, mo npa-
WIOE B pekuMi BilIaBaHHA 3aKyMyJIbOBAHOI TEIUIOTH PIiBHIO TETUIOBTPAT B
JBH nponoHyloThCs HACTYNHI 3aX0/u:

- I0IATKOBE BCTAHOBJIEHHS E/IEKTPUYHUX KOHBEKTOPIB;

- yNAIITYBaHHA OKpPeMOI HarpiBajbHOI CeKIii 3 MiABHIIEHUM NHTOMHM
noTokoM TeroTu (1o 200 BT/M?) B 30Hi HaliGiNBMIOTO OXONOKEHHA NPUMi-
HIEHHS.

Ocobaugocmi mennogozo pescumy npumivyenns 3 EKCO
32iono 3 JIBH B 2.5-24-2003

OnHi€ero 3 XapakTepHuX ocobnmBocTeii ganux JIBH crano miaBuineHHs
piBHs cepefHbOi HOPMAaTHBHOI TEMIIEpPaTypH TMOBEPXHi T' ONMAMOBAILHOIO
npunagy B MpUMILIEHH] 3 OCTiHMM nepebyBanuaM moaei, Big 25 °C [1] -
26 °C [2] no 28 °C. A B mpuMiileHHAX 3 NApKeTHO-NUILOBUM IIOKPHTTAM,
0YEBU/IHO, 3 METOIO 3ari06iraHHs NMepecylyBaHHIO IGPEBHHH, T CTaHOBHTh
26 °C.

Temnepatypa noBepXHi NiUIOTH Ha Bici IPiloyoro ejIeMeHTa B AUTAUHMX
3aKiIazax Ta sxuTaoBux Gyamnkax B JIBH B 2.5-24-2003 nosHicTio cniBma-
nae 3i BHill 2.04.05-91 i cranosuts 35 °C.

3 ypaxyBaHHsSM TOro, o s npumiuieHs, obnagnanux EKCO y xo-
JIONHUH Nepiof poKy Ta B MEpPEeXiHHX yMOBaX cepeJHbOA000BY TeMIepaTy-
Py BHYTPILUHBOTO MOBITPS JOMYCKAETHCA NPUAMATH MEHILIOK Bl HOPM, 3a-
3HaYEeHUX Y HOPMATUBHUX JOKYMEHTax, aje He HWwkue Hik Ha 3 °C npd
BiIlNOBiAHOMY 361MbILIEHH] TeMIlepaTypy BHYTPILIHIX NOBEPXOHb OrOPOJIKY-
IO4YHX KOHCTPYKUi#l npuMmiuiess, B JIBH pekoMeHIyeTbCA CepeRHbOAOOOBY
TeMIlepaTypy >XUTA0BHX npuMilens 3 EKCO-TA t' npuiiMaTi He MeHLue
15,5 °C.

Be3cyMHiBHO, BaXKO NEPEOLIHUTH 3HAYEHHS LIbOTO HOPMATUBHOIO JIOKY-
MeHTA Ui Takoi iHHoBauidHoi ramysi onanenss, sk EKCO-T1J] i EKCO-TA,
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OJIHaK, He3BaXaro4Yu Ha nosBy nepiuoi pepaxuii JIBH B 2.5-24-2003, ix He
MOYKHa 3 BIIEBHEHICTIO Ha3BaTH LILTKOM JOBepiuleHUMH. OKpiM AEsSKHX CYTO
CTUJIICTUYHMX HEBiIMOBiAHOCTEH Ta APIOHMX MOMHIOK, siki B Apyrik pe-
JAaKWii MatoTh OyTH BUIpPaBIieH], HeOCTATHBO PO3POOICHUM MOXHA BRAKATH
poszin “Enexrpobesnexa”, OcKinbkd B HBOMY BificyTHS iH(OpMaLiis npo 1o-
MyCTUMHH piBeHb HarpyxXeHHs enekTpomardiTHoro mossi. KopucHow, Ha
Hall nornsf, Takox Oyna 6 indopManis uon0 peKOMeHIOBaHHX (i3HYHHX
BJlIacTHBOCTEH Matepiany MacuBy rpitouoi naweni sk qns EKCO-I1]], tak i
s EKCO-TA 3 HaBeieHHAM KOHKPETHHX 3HA4YeHb. AJle TONPH Bei 11i Hera-
pa3aM BUXiJ BOTO HOPMATHBHOTO JOKyMEHTa, 0e33anepedH0o Mae Beluke
3HAYEHHS JUTA MONAJbUIOTO PO3BUTKY HOPMATHBHOI 6a3u 1010 ranysi migio-
[OBOTO €NEeKTPUYHOrO ONANeHHS.

Ha 3akiH4eHHs JekinpKka CHiB JAOUIMBHO CKAa3aTH LIOAO HOPMATHBHOI
JOKyMeHTauii, 1o aie B kpaiHax 3axinHoi €spomnw, 30kpeMa B HiMewqusi.

Taxk, noxnagHui i YTk BHKIIA) HOPMATHBHHX BHMOT i IIPaBHII NPOEK-
TyBasHA npumiteHs 3 EKCO-TA naso B cnieuiansHomy ctaHmapri DIN 44 576,
Jie HaBOAATLCA PEKMMHI XapaKTePUCTHKH, 1O PEKOMEHTYIOTECS IUIS TIPHMi-
weHb obnagHanux cucremoro EKCO-TA. BinoBigHo 10 HIMELBKOrO cTaHziap-
TY JJI IPUMILLEHb 3 aKyMyJISL{iiHO-TIPEPHBYACTHM OMAJEHHSM BBEICHI:

1) Take Bak/IMBE TOHATTA, AK “NIepioi BUKOPUCTAHHS NpPUMIINEHHs;
JUIS KUTJIOBMX MpUMillleHb 1e mepioj 3 7 no 22 roauH, ToOTO 4ac, KOAH
CTYNHI HIl FOJAUHM, K NPABUIIO, CTUKAIOTECA 3 I1i/JIOrOH0;

2) iHIIMM BXIIMBUM TMOHATTAM € “cepelHs 3a 4acoM TemrepaTypa rmo-
BEPXHI MiZJIOTH B MePiojl BUKOPUCTAHHS MPUMIILEHHS"” Opp, IO HOPMYETECA
B JIAHOMY CTaHAApTi; y BiTYM3HSAHOMY ctanaapti no EKCO BBeneHe Takox
MOHATTA W€l “cepeiHbol 38 YacoM TeMIepaTypH MOBEPXHi MimIoru”, mwo 3a
pesyabpTaTaMu JOCTi/DKEHB npuiinsaTa +28 °C;

3) TpeTiM BRXJIMBUM IOHATTAM € “HAJUIMIIKOBA TEMIepaTypa HoBepXHi
MiVIOrH B TePiofl BUKOPHUCTAHHS IIPUMIleHHS” Opp, O HE HOPMyeThes. Ti
3HAYEHHS BHM3HAYAETLCS HOPMOBaHOK BemuuuHow Tr < 4 BT -rox 3 BHpa-
KEHHS:

Tp =Opmax —0pep)-AT/2,
ne AT— TpHuBanicTh Ail “HaUIMLLKOBOI TeMNepaTypy B Nepiojl BAKOPUCTAHHS
NpUMIILeHHs .

KpimM Toro, y HiMeNbKOMY CTaHAApTi BBejeHE NOHATTA PAaHHYHHX
(kpaioBHX) 30H, Yy AKMX TeMIepaTypa NOBEPXHi IIIJIOTH MOXeE JOCAraTH
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+35 °C. {o Takux 30H BiIHOCATHCA, HATIPUKIIAM, AiNSHKY MiAJOTH WHPHHOKO
He Oinblie 1 M, 1110 NIPUMHUKAIOTE 0 30BHIIIHIX CTiH 3 BIKHAMH.

I'panuyHi (kpailoBi) 30HM He MOXKHA 3aCTaBISATH NpEAMETaMH iHTEp’e-
py, WO NPUISTAIOTH A0 MifvIord (MeOIiMK, KuinMaMy i T. 1.). Ha ocHosi
joceixy excrutyaraiii EKCO-TA B xutnoBux OyuHKax MacoBoi 3a0ynoBH
B DIN 44 576 HaBeseHU#l paz iHIWIMX KOPUCHHX BKa31BOK 110 KOHCTPYKOBAH-
HIO | pO3paxyHKy MiJIOTH, 10 NPALOE B TEIUIOAKYMYIALIHHOMY pexuMi, a
TAaKOX JIOCKOHANO po3poliieHi BUMOrH Ges3neky i MeToau KoHTpomo. Jlok-
NAJ[HKI aHaNli3 HIMEIEKHX HOPM 3 METOK po3poOKd peKOMeHAalid 1010
konctpytoBants EKCO-TA [1s XHTJIOBOTO cekTopa YKpaiHH i HOpMaTHBiB
JUIsL IX NPOEKTYBaHHs SBIAECTHCA Ha CHOTOJHI OHUM 3 IIEPILOYEPrOBUX 3aB-
JlaHb.

Ha npanomy erani AocHifKeHHs TeIIOBOIO PEXHMY MKUTIOBHUX IIpH-
mittenb 3 EKCO-TA KOPHCHUMHM MOXYTh BHSBHTHCH TAKOX PEKOMEHJALT,
IO MICTATBCA B HOPMATHMBHUX JOKYMEHTaX iHIIUX 3aXiJ(HAX KpaiH, 1€ HaKo-
nuyeHuit Benukuii gocsin excrutyatauii sk EKCO-IT], tak i EKCO-TA B
YKUTNOBUX OyNUHKAX, Y TOMY YMCIi MacoBoi 3a0y/10BH.
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VIK 631.22.628.8 H. B. Yenypna, acucmenm
KuiBchbKHif HaLliOHANbHUH YHiBEpCUTET
OyAiBHHLTBA 1 apXiTEKTYpH

CUCTEMM 3 LUTYYHUM OELIEHTPANIISOBAHUM
MIKPOKNIMATOM - LWNAX 40 NIABULLEHHSA
EHEPIOE®EKTUBHOCTI TA KOHKYPEHTHO3AATHOCTI
TEMNNMWYHUX TOCNOAAPCTB

Tennv4He OBOYIBHULTBO € HalOiIBII HAYKOBO HACHYCHUM, CKIAJAHUM i
BHCOKOIHTEHCHBHMM iHAYCTpialbHUM CEKTOPOM arpolpOMHCIIOBOTO KOM-
nexcy YKpainu, 1o 3abe3neuye BApOOHUITBO paHHIX OBOYEBHMX Ta 3EMEHUX
KYJIbTYp Y 3MMOBO-BeCHSIHUH nepiof. Llg rany3s rpyHTy€eTECA Ha iHTeHCH(i-
Kaulii GiooriyHuX BACTUBOCTEH POCIMHH 3a PaXyHOK CTBOPEHHS Iif mTyd-
HHUX yMOB, L0 BiAMOBiAIOTE HaWOINbII HAOMM)KEHUM JIO ONTHUMAJILHUX IMO-
TpeG MMTTSA i PO3BHTKY, a caMe: MIKpOKIiMaTy, KOPEHEBOro Cepe/OBHUIIa,
KHBJIEHHS, OCBITJIEHHS, ONTHMANBHOI KiJIbKOCTI Byriekucioro rasy (CO,) Ta
3aXHCTY BiJl LIKIJAHUKIB i XBOPOO.

Y 90-x pokax B kpaiHi Oyzno 750 rexrapiB ckIsSHHX 3MMOBHX Ta 2150 —
IUTiBKOBHX TEeIUTHlb, ¥ SKMX BHUPOOHMIITBO paHHIX OBOYiB cArano 265 tucaq
TOHH, pO3Cag¥ OBOYEBMX KYJIbTYP Ul BiIKPUTOTO IPYHTY — 7 MinbspaiB
wTyk. Ha Toif yac TeruimuHi rocnofapcetsa 6y BUCOKONPUOYTKOBUMH — PeH-
TabensHicTh B Mexkax 100 Biacotkis. [Ipote B CyKymHOCTI pi3HuUX (akTopiB
rajgyse noyana zasenanard. Ha mouarky 2000-ro poky BUpOOHHLITBO TEIUIMY-
HHX OBOYIB 3MEHIIMJIOCH Makbke Y 3 pasu, a poscaau — 6inbil gk y 15 pasis.

Huni B Ykpaini nobynosaHo moxan 3000 ra teminip, y TOMY YMCIi
930 ra ue 3aciieHi 3uMoBi i Maibke 2100 ra — rUliBKOBi BECHSHO-JIITHI Ten-
nuii. OcHOBHE BHPOOHHLITBO PaHHIX OBOYIB 30CepeKeHO B 64 TEMIHUHUX
koMOiHaTax 3arajpHOKO IuIolelo 728 ra, ki po3ramosaHi B ycix ofmacTax
Vkpainn [2].

Po3BuTok iHAycTpiaibHOrO TennuueGyAyBaHHa B YKpaiHi NOB’s3aHuid 3
BBEICHHAM B eKciuTyatauitlo B 1970 p. AHTpauMTiBCEKOro 3aBOAY 30ipHUX
Temnuus (Jlyranceka 06:1.) i BinOyBaBcs BKpaii HEpiBHOMIPHO. A NOYMHAI0-
4d 3 1990 p. OyAiBHULTBO HOBMX TEIIMYHMX KOMOIHATIB i BECHAHMX Tell-
JHLE Maibke npunuHuiaocs. OCHOBHA TIPHYMHA TAKOTO CTaHy B TEILIHLEDY-
AYBaHHI — BIAACYTHICTh KOIUTIiB, @ TAKOX Pi3Ke MiJIBUILICHHA WiH HA eHEpro-
HOCIi, BapTiCTh AKMX y cOGIBAPTOCTi OBOYEBOI MPOAYKIii HMHI CTAHOBHUTH
6:13pk0 50-60% npoty 15-17% y 80-poku. BpaxoByioun 3p0oCcTaHHs LiH HA
OCHOBHi €HeproHocil (NIPHPOAHMHA ra3, Ma3yT, AU3eNbHE ManbHe, BYTiJUA
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TOLIO), HaBiTh BUcokonpoaykTuBHi TOK 3 nobpe HanaroUKEHUM TEXHOJO-
FiYHUM MPOLECOM MAIOTh HU3bKY PEHTAOENBHICTh, @ OIIBLIICTD TEIUIMYHHX
rOCMOAAPCTB CTaH 3GHTKOBUMHU.

CTBOpPEHHS CY4aCHOTO TeMINYHOI0 KOMIUIEKCY B iHXKeHepHOMY i Giomo-
FiYHOMY IUIaHI JOCUTH CKJIA/JHE 3aBAAHHA, OCKLIBKH HA PO3BUTOK POCIMHH Y
TEILTHI i€ BeJMKa KiNbKiCTh NPHPOIHHUX i IWTYYHMX (akTopis, mocTiiiHe
BPaxyBaHHA AKUX i CTBOPEHHS ONTHMAILHUX YMOB /Ul POCIHHH Tif CHIY
nuLIe KOMIT'I0TepHil TexHili. /o nepuoyeproBux 3aBaHk HUHI B ranysi 3a-
KPUTOr0 TPYHTY HallexkaTh: BMOip pauioHalbHUX THIIB CHOPYA Ta iX po3Mi-
PiB, Y1OCKOHAJIEHHA KOHCTPYKTHBHHUX PillIEHb TEIUIMIb 3 METOK CKOPOYEHHS
BUTpAT TEIJIOEHEPropecypciB i 3HIOKEHHS MUTOMUX BTPAT Marepianis, pos3-
pobka HOBHMX CBITIONPO30PHUX OrOPOPKEHB, BUBUEHHA MOXJIMBOCTEH i1 eko-
HOMi4HO{ ZOUiNMBHOCTI CTBOPEHHS CKIONaHesel [jisi OFOPOKEHHS 3UMOBHX
TerIMLb, €KOHOMIsl €Heprii Ha ONaseHHs, MiABHILIeHHS BpOXKaiB i AKOCTI BU-
pouleHoi MPOAYKIUii, po3IUMpPeHHs aCOPTHMEHTY, 3aCTOCYBAHHS HOBHX [IpO-
IPECUBHMX TEXHONOTi BUPOILYBaHHA NPOAYKLii, TOLYK HOBHX XOJIOLOCTIii-
KHMX, YpOXKaifHHX i CTIHKMX MPOTH XBOPOO, LIKiAHHKIB COPTIB.

Tennuui 31 WITY9HUM MIKPOKJIIMATOM € YK€ eHeprOBUTPATHUMH CIIO-
pyZamu (po3paxyHKOBa BHUTpara TeIUIOTH CTaHOBMTB B Mexax 450-
700 Br/m?). i BUTPAaTH B 3HAuHiii Mipi OOyMOBJEHi THM, WO B YCHOMY
06’emi Teruui, 3 oxHOro GOKY, MIATPUMYIOTbCS BUCOKI Temmeparypu (25—
30 °C) i BonoricTe nosiTps (10 90%), a 3 APYroro — HEOOXIAHICTH 3HA4HO
iHcomALii ANS POCTYy POCIHH, BUKJIMKAE BHCOKMH BIICOTOK CKISHHMX Oro-
PODKYIOUHX KOHCTPYKUiHi 3 MaluM TepMigHuM onopom. IIpu uyomy 3oHa
pocty pociuH (0co0nMBO Y pO3CAgHHX BiJUIEHHAX) CTAHOBMATH 3HAYHY
9acTHHY 3arajlbHoOro o6’eMy temuui. Cactemy, mo 3abe3neuyroTs HeobXij-
HUii [U19 PO3BHHEHHS POCIHH NapamMeTpH MOBITPS TUTEKM Y 30Hi 3pOCTaHHS, a
B iHIIOMY 06’€Mi — TeMneparypu +12-15°C, noBuHHI 3a0e3M€YUTH 3HAYHY
€KOHOMiIO €Heprii, MOKPALUTH YMOBH POCTY i 3aN00IITH NOWMPEHHIO XBO-
po6 pocnuH B yciit Temnuui. He3axaiouu Ha ABHi NepeBard CHCTEM 30-
HaJILHOrO MiKpOKIiMaTy, BOHM He 3HaMIIM LIMPOKOTO OCBITJIEHHS Y JiiTe-
patypi Ta BrpoBa/keHHs y BHpoOHMUTBO. Takum yuHOM, po3pobka Ta
BIIPOBA/DKEHHS eHeproeeKTHBHHUX CHCTEM JlelleHTpani3oBaHOro MikpoKIli-
MaTy B TEILUIMYHMX FOCHOJApPCTBaX OCOOIHBO B PO3CAJAHMX BifUIUTEHHSX €
BEJIEMH aKTYaJIBHOLO.

OCHOBHOIO MPOJYKLI€IO PO3CaAHUX BIAALIEHS € PO3CaAa, AKY OACPXKY-
YTk B HEOOXiHi CTPOKH, NMOTPIOHOro BiKy /U BCiX KYJBLTYPO3MIH i CTPOKIB
BUPOINYBaHHS 3a1€XKHO Bill 30HH pO3MillleHHs TeNHYHOro kombinary. IcHye
ABa cnocobyn BUPOILYBAHHA PO3cazii: 6e3nocepeHho Ha MOBEPXHI IPYHTY 4M
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iHLIOT OCHOBH B Terutui (puc.l, a) abo Ha crielialbHUX PYXOMHX 4YH Hepy-
XOMHX crenaxax (puc.l, 6). ¥V BinbHi BiJ po3caiy Nepiojx B pO3CaJHUX Te-
IUIMUAX MOXKHA BMPOLLYBATH 3eJieHi KyJIbTypH (camat, peauc, Kpim, Kopi-
aHJIp, MeKiHCBKY KaMyCTy Ta iH.) B KiJibka 0O0pOTIB, a TAK0X po3caay oBoYe-
BHX KyJIBTYP IJISl IUTIBKOBHX TEIUIULb Y BiZIKPUTOIO IPYHTY.

Puc. 1. Po3MmileHHs po3caau B Ky/IbTHBALIHHKX CIIOpyax
a — 6e3n0CepeNHbO Ha I0BEPXHi OCHOBH; 6 — Ha CTeNakax
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KynbTHBailiiHi CMOPYAH CNiJ NMpPeACTABJIATH K €IWHY €HEPreTHUYHY
CHCTEMY LLISIXOM BHpilUeHHs cHcTeM OalaHCHUX PiBHAHB, OMUCYIOYHMX Tell-
710-Maco0OMiHHI Npoueck B 00’eMi cnopyau, Ha BHYTPIIIHIX 1 30BHILIIHIX
MOBEPXHAX OTOPOMXKYIOUMX KOHCTPYKLii i T. n. CucTeMa onaneHHs KyJlbTH-
BaL[iifHHX CTIOPYX CIIY>XHTh AJiA CTBOPEHHS 3a/laHOr0 3 ArpOTEXHIYHMX BHMOT
TEIIOBOTO PeXUMY B 30HI MPOPOILEHHS POCIAHH i ABJSE COOOIO KOMILIEKC
KOHCTPYKTHBHHMX €JIEMEHTIB, siki NPU3HAYEHi JUIA OTPHUMAaHHsA, NepeHocy i
nepezayi HeobxigHoOro Temsa B pobouy 30HY TEMJIML.

IcHyrO4i METOAMKH PO3paxXyHKY MOTY>KHOCTI CHCTEM ONaleHHs KyJbTH-
BallifHAX CIIOpPYA 3aCHOBaHi Ha MPUITYLIEHHI, 110 POCIHHH B TEIUHLI Bif-
cyTHi. Takum YHHOM, PO3paXyHOK BUKOHYIOTb JIMLIE Ha TiATPUMAHHS TeM-
nepaTypu BHyTpimeoro NOBITpsl, IIPH YOMY B ycLOMY 00’€Mi cnopyau, He-
3aJISKHO Bif cTanil PO3BUTKY POCIUHH, L0 NPU3BOAUTD He TUIBKH 710 36i1b-
[IEHHS TEIUIOBTPAT, aje i BWKIIOYAE 3 PO3PAXyHKIB TOJOBHE — NS YOro
CTBOPIOETBCS CUCTEMA OMAlleHHs — pociuHy. B poscaanuil nepion (puc.2)
nons 6iomacu B 00’ eMi TeIUIMILI HE3HAYHA, IUCTS POCIHH HE CTBOPIOIOTH Cy-
UUIBHHHN 1ap 1 He MEepelkoUKAIOTh MPOMEHHCTOMY TerUI000MiHY IPYHTY i
pericTpiB HaAIPYHTOROrO 0OIrpiBY 3 BHYTPIIUHIMH MOBEPXHAMHU 30BHILIHIX
OTOpOJDKYIOUMX KOHCTPYKLiH. BpaxoBylounm He3HawyHy Tulomly JIMCTs 1 iX
KUIBKICTh pocnuHa Oepe yuyacTs B TerooOMini oOoMa cTOpOHAMM JIMCTA.
Bucoty pobouoi 30HM MoxcHa npuiiMaty B Mexkax 0,1 M.

Puc. 2. Posnozainenns Tengos1X 1OTOKIB B 06’emi criopy/i Bil 0ONaIOBAIBHAX TIPHIANIB
i GloMacH po3CaIHOr0 NePiony
Cucremu onanenss: | — Warposa; 2 — LOKOJbHA; 3 — HATIPYHTOBA; 4 — [ ATPYHTOBA;
5— notkoBa
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TIpHIyCTHBIUK, [0 TEMTOHAZXOMKEHHS Bl COHAUHOI paiaii 1opis-
HIOIOTh HYIIO, TeMIeparypa 30BHIIIHBOrO MOBITpA Maibke He 3MiHIOEThCA
(BinmoBiae MoXMypuM IHSM 3MMOBMX MicaliB). B crmopyai BixbyBaerscs
BHNApPOBYBaHHA BOJIOTH 3 MOBEPXHi IPYHTY i AucTs. BHacninok miimeHoCTi
OTrOPOUKYFOYHX KOHCTPYKLH 30BHIIIHE MOBITPA, 11O B He3HAUHiH Mipi Hal-
XOAMTH y TEIUTHLIIO, CYTTEBO HE BIUIMBAE HAa (JOPMYBaHHs TEMIIEpaTypHUX
TOJiB Y CIIOPYIi, TOMY TEIUIOBI i BOJOTICTHI MPOLIECH MOXHA NPUHHATH CTa-
uionapHumu [1].

Tenutosuit 6ananc A po3cagHOrO Mepiosy MOXKHA 3aIIMCATH Y BHIIISL:

S A-CK n-CT n- - u-n HIT-11
QK~2Q3+QHP + 00 +anm—er:>n~ np T X¥mp o

ne Q,— BUTpaTa KOHBEKTHBHOI TeMJIOTH Ha o6irpis 6iomMach B po3camHuii
mepiog; X Q,— BUTpaTa TEIUIOTH HA BUIIAPOBYBAHHS 3 MOBEPXHi JIMCTS;

O™ On™ s Qnp' " — NPOMEHHCTHIE TEMUIOOOMIH MiX IUCTAM Ta CKaTaMH,

CTiHAMH, TPYHTOM BiaNOBiAHO; Qp " — MPOMEHUCTHH TEINIOOOMIH MiX TpY-
Gamu warposoro o6irpisy i smctam; Qp " — NPOMEHUCTHH TEILIOOOMIH MixK

TpyBamu LOKONbHOTO 06irpiBy i muctaM; Qpy ™" — NPOMEHHCTHH TEIIOOGMIH

MiX TpyOaMH HaJirpyHTOBOIrO 00irpiBy i JUCTSM.

OCHOBHHMH [apaMeTpaMy MOBITPS, L0 BIUIMBAIOTE Ha PO3BHUTOK poC-
JIMH € TeMIIeparypa, BOJIOTICTh Ta IIBHAKICTb.

Ins cTBOpeHHS B KYNBTHBAWiAHIN cropyai MiKpoKiiMary, onTHMalb-
HOTO Ul POCTY 1 XUTTE3AATHOCTI POCIHH, TEMIIEpATypa MOBITPs i KopeHe-
BOTO Cepe/IOBHIIA Bifirpac oaHy 3 ronoBHuX pojeit. Cnif BUAINATH ABa oc-
HOBHMX TEXHOT€HHUX (aKTOpH TeMreparypH, LIO BIJHBAIOTH HA IPOXYK-
TUBHICTh Ta YpOXalHiCTh, a caMe: piBHOMIPHICTh CTBOPEHOIO Te€MIEpaTyp-
HOTO TOJIA MOBITPS B 30HI BereTallii pOC/HH, IUIABHICTh TEMIEPATyPHOTO I1e-
pexojy 3 HIYHHX Ha JIEHH] TEMIIEPaTypH i HaBMaKH.

TemneparypHuif pexuM BiI4yTHO BIUNIMBAE Ha ACHMINALil0 Ta AH-
CHMiNALIIO, Mo BiXOyBAalOTBCA B pociMHax. Pi3HHLA MiX acHMinduiero Ta
JUCHMUTSALIIEI0 XapakTepusye 30UTbIEHHS CyXol MacH pociuH. Jns KoxHOT
KYJIBTYPH € CBOI NEBHi MeXi TeMIiepaTypu, HHXKYe i BUILE AKHX (OTOCHHTE3
3MIHIOETECS. SIK BiJOMO, B IPUPOAHMX YMOBaX MPOTAroM no0u Temmeparypa
HOBITPA i IPYHTY 3MiHIOEThes. Taki il 3MiHM, [0 BHHHKAIOTh 3i 3MiHaMH
XMapHOCTI # KiJIBKOCTi COHAYHOTO OMPOMIHIOBAaHHS (3MiHM AHA i HOui), 3y-
MOBJIIOIOTh pi3Hi BUMOTH POCJIHH JIO TeIUIa NMpOTAroM jxobu. BreHb BoHa
3HAYHO BHUINA, HDX BHOUYI. BaXKJIMBOI BUMOTOIO /IO CHUCTEM CTBOPEHHS MiKpO-
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KJIMaTy € MOXUJIMBICTh IUIaBHOTO MEPEXOAY Bif JEHHHUX INapaMeTpiB [0
HiYHHX. Y TEIIHMIAX 3 UEHTPaJi30BaHHM CTBOPEHHSM MiKpOKIIiMaTy, 3 OX-
Horo 6oKy, NPaKTHYHO HEMOMUIHBO 3a0e3MeYHTH OJJHAKOBI NMapaMeTpH IPyH-
Ty (cybcTpaty) i noBiTps B yciii Tennuui, a 3 Apyroro — 3abe3NeYuTH NIIaB-
HUH niepexil BiJ IEHHHX Ha HiYHi MapaMeTPH i HaBNaKH.

Pi3Hi pOCIMHHM 3aleXHO Bil BHIY, MOXO/KeHH#A, ¢a3u pocTy, COpTy
HAaBIiTb OKpEMi COPTH OOHOTO BHAY, iIHTEHCHBHOCTI OCBITJIEHHS, a TAKOXK CII0-
co0iB BHpOIIYBaHHA A0OpEe PO3BMBAIOTHCA NPH TIEBHIH TemIepatypi, Ais
HHX JKe iCHYye MaKcHMalbHa i MiHiManbHa TEMNEPATYpH, NPH SKHX BOHH MO-
XKYyTb PO3BHBATHCS. TOMY JUIS CTBOPEHHS ONTHMANBHOTO TEIUIOBOIO PEXKHMY
B KYJIbTHBaLiHHUX CTIOpYZAax NpUALNLETbCA 0co0NMBa yBara. Ajie CTBOpIOBa-
TH ONTUMAIIbHI TeMIEpPaTypHi YMOBH Juisl Pi3HHX (a3 PO3BHUTKY POCIIHH L€ —
CKJIafiHe 3aBJIaHH, Mo noTpedye 0cobMMBUX 3HAHB PO POCIHHY 1 CKIAJHHX
TEXHIYHHX 3aCO0IB ISl CTBOPEHHS T2 PEryNIOBAHHA TEMNEPATypPH.

PexoMeHJ0BaHI PEeXMMH MIKPOKIIMAaTy B KyJbTHBAaUIHHHMX Criopyaax
JUIsl BAPOLILYBAHHS PO3CajiH B 3aKPUTHH Ta BiAKPHTHI IPYHT HaBeZEHI B Tab-
nuL. MakcHMabHO AomycTrMa WBHAKICTS 3rigHo 3 BHT.IT-CTil1-46-19-96 8
pobouiit 30Hi 1,0 M/c.

Po3paxyHkoBy Temmeparypy HOBITPS B TeNJIHLAX NPUIMAIOTH 3riJHO
OHTII-CX 10-85 #=15°C (po3paxyHKoBHH HiuHHH pexxum). OnTHManbHi
napaMeTpu MIKpOKJIiMaTy nuB. B Tabnuui. Temmeparypa IpyHTy B KOpeHe-
BOMY Luapi noeuHHa OyTH B Mexax 18-25 °C. Temnepatypa cybcTpaTy ans
TiIPOMOHHUX TEIUTHIE NpUiMaloTh He Hinkue 18 °C. OnTuMansHa TeMnepa-
Typa cyberpary B aeHb 2022 °C, B Houi 18 °C, a MakcHMaNbHa TEMIIEpaTy-
pa ¢ =28 °C. Temneparypa XHBUIBHOIO PO3YHHY B I'iPONOHHHUX TETUIMLIAX
nosrHHa Gyt 22-24 °C. BigHocHa BooricTh cTaHOBUTH 60—90%.

3 MeTOI0 CKOPOYEHHS HEeNOTPIOHWX BUTPAT TeIlIa Ta 3a0e3rneyeHHs He-
0OXiZIHOTO TEMJIOBOTO peXHMYy B 30HI POCTY pO3CaJii 3alipONIOHOBAHA CHCTe-
Ma CTBOPEHHS JIOKaJIBHOTO IITYYHOTO MIKpOKJIIMaTy 0e3nocepenHbo B po-
6ouiii 30Hi cTENAXHOTrO PO3CaAHOrO BifAiNeHHs TeIHIpB. B 1boMy pasi He-
00XinHMil TEMIIEpPaTypOBOJNIOTICTHHH PEXHM CTBOPIOETBCSA TIIbKH B 30Hi
POCTY pOCNWH, fiKa cTaHOBUTb 8—13% 3aramsHoro o6’eMy terumui. 11ei pe-
MM [JOCATA€TbCA UUIAXOM Opraisailii CHCTeM WITYYHHX MiKpO30H 3
IUIIBKOBHM OTOPOJKEHHSM 1 pelHpKyisiicio Ta o6pobkoro nosirps. Cucre-
Ma ZeleHTPaTi30BAHOT0 MiKPOKITIMaTy B 30HI 3POCTaHHS POCIMH A03BOJISE
3HM3UTH BHTPaTH TEIUIOTH, NMO30YTHCSA HAJUTHIIKOBOI BOJOTOCTI B YChOMY
06’eMi TernIi, BHHUKHEHHS KOHACHCATY Ha OTOPOJUKYIOYHMX KOHCTPYKLIfX.
Takox 1s1 crcTeMa ZO3BOJIAE 3aJIXKHO Bili TPHBAIOCTI POCTY po3cajH, pery-
JIOBATH i MiATpUMYBaTH HEOOXimHI mapaMeTpH MiKpokiimMary (Ha pi3HHX
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CTafisX) Ja€ MOXIIMBICTH TEPEHTH 10 KOHBEEPHOro BHPOOHMUTBA, TOOTO
BHPOIYBaHHS PO3CaJM Pi3HMX COPTIB, KyJbTypooOepTiB, HU3bKOPOCIHX 3e-
neHUX KyJneTyp (uubyns, kpin, merpylika, cejiepa, aHaHacH TOILLO, 4 TAKOX
rpubiB, KBITiB i T. 1.) B ogHOMY 00’emi Terumui. [Ipuyomy Moxknuse b6araro-
ApyCHE pO3TalllyBaHHS MiKpoTeIUHib. ExcriepumMeHTanbHi i aHaniTHIHI J0-
CHDKEHHS MapaMeTpiB MIKpOKJiMaTy, CTBOPEHOrO 3alpONOHOBAHOK CHC-
TEMOIO, MiTBEPANIH MOXIHBICTh 3aCTOCYBaHHs L€l CHCTEMH B PO3CAHHX
BimmineHusX Teruib. Bei HeoOxiani mapaMeTpy NoBiTPs MOMXIIMBO CTBOPEO-
BaTH i MiATPUMYBATH Ha HeoOXiqHOMY piBHi [3,4].

Tabauys
PexoMeHA0BaHI peXXKHMH TeMIIepaTYpH i BoJ10rocTi
npH BHpOIXYBaHHI po3caau
. G Temneparypa
Temneparypa nositpa, °C mpyuty, °C Borses Big-
) TMporarom [li3nilue 10 3arapToByBaH- ) Bix rics, | PocBa
Kynstypa  Bin | 4-7 guis nicna |ns (s saxpuroro pynry | Bix | o o rpyuty, | B9
CiBGH 20 possu cxoais no pucapkypamms)  [CIBOHIO| T | Tep iyt | oeTE
ﬂOSlB‘H X " HOﬂde . l_Bn l‘lOBITpl,
CXOMB | pnensn | BHOYI coz‘i{m xu;gm pHoui | CXOMB | o kA %
Jina 3aKpUTOro rpyHTy
;f::iy""’ 28-30 [ 18-22] 16-18| 23-25 | 20-23 | 18-20| 30 | 22-25 | 70-80 | 70-80
o
ripi, 27-28 | 18-20|17-18 | 23-25 | 2022 [17-18| 28 |20-22 | 70-75 | 70-75
xabayku
I1
PO 1 58 30 | 18-20| 16-18 | 22-25 | 18-22 | 16-17] 28 | 18-22 | 70-80 | 60-70
GaxnaxaHu
[Momizopu 23-25 |16-17| 14-16 | 22-24 | 18-20 | 15-16| 25 18-20 | 70-80 | 60-70
Canar 20-22 | 10-12] 8-10 { 20-22 | 16-18 | 12-14| 18 16-18 | 65-70 | 60-65
J1na BiKPHTOTO IPYHTY
Kanycra
UBITHA, i 18-20 {10-12| 8-10 | 16-20 | 14-16 | 8-10 20 14-16 | 65-70 | 60-70
Kkoabpati
Oripky,

kabaykH, 27-28 | 15-18|12-14 | 18-25 | 16-18 | 14-16| 28 | 18-20} 70-75 | 70-75
NaTHCOHH

IMomimopu | 23-25 [12-16|10-12| 18-22 | 16-18 | 12-14| 25 | 15-18 | 65-70 | 60-70

Iepeup,
P 25-30 [ 12-16|10-12| 20-25 | 18-20 | 14-16| 28 | 18-20 | 65-70 | 60-70
u6yns,
canar, 20-25 {10-12| 8-10 | 16-20 | 14-16 | 12-14| 20 | 15-18 | 65-70 | 65-75
cenepa
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VK 621.185.1:621.926 H. B. YpagunxoBa
OmeccKuii HALMOHAIBHBIN
NOJIMTEXHHYECKUM YHHBEPCUTET

ANEKTPOUMMNYNbCHOE U3MENbYEHUE TPAGUTA
ANA U3roToBNEHUA NOPUCTLIX INIEKTPOAOB
3MNEKTPOKOAIYNALUNMOHHON OYUCTKU BOALI
B UENAX CTABUNTU3ALUN COLIUATIBHbIX
N 3KONOMr’M4YECKUX PUCKOB

H3yyeHBl KUHETHYECKHE 3aKOHOMEPHOCTH HM3MEHEHHUS TpaHylOMETpHU-
YecKoro cocrasa rpaura B mpoLecce ero 31eKTPOUMIYIBCHOTO AUCTIEPIH-
pOBaHMSA, U YCTAHOBJIEHA 3aBHCHMOCTb CTENEHH WU3MENBbYEHHS OT 3HEPreTH-
4ecKHX TNapamerpoB paspsjaa. Iloka3aHo, 4TO pe3ynbTaThl MCC/EAOBAHMSA
MOT'YT OBITh UCIIONIB30BaHbl AJS M3rOTOBJEHHA MOPHCTHIX 3JIEKTPOJOB IS
3/1IEKTPOKOAry /i UHOHHOM OUMCTKH BOAbl B LEJAX cTaOMNM3alMY BO3HHUKAIO-
HIUX PHCKOB.

B psine HCTOYHHUKOB yKa3aHo [1], 4T0 BOAOMOArOTOBKA M BOIOOYHCTKA,
NpHUMeHsAEeMBIE B TEIUIOOHEPreTHKE BBI3BIBAIOT SKOHOMHYECKHE, SKONOrHYe-
CKHE M COIHAIbHbIE PUCKH, BEPOSATHOCTH KOTOPBIX MOXET W3MEHSTHCH B
3aBHCMMOCTH OT CTa0MJIBHOCTH paboThl 000pYy/i0OBaHMs, KOTOPOE MPOH3BO-
IHT BOf0OYUCTKY. CTabuibHOCTL paboTbhl 00OpYAOBAHUS 3aBUCHT OT pas-
JMYHBIX GaKTOPOB, B Pe3ybTAaTe YEr0 HA BBIXOJE MOAYYAKOT HECTAOMNLHBIN
cocTaB ouMLaeMoi Boabl. Ocobyio OMacHOCTE C TOYKH 3PEHUA COLMANIbHEIX
PHCKOB MpeJCTaBNsAeT U3MeHeH e BeauunHel pH BoAbl koTopas cOpaceiBaer-
¢Sl B OKPYXKAIOLLYIO CpeRy.

Crabwiu3aums 3HaueHus pH HezaBMCHMO OT XapakTepa paboTbl
YCTaHOBKH BOJOOYMCTKH, @ CJIeJI0BAaTeNbHO, U CTAOH/IM3AIMsS BEPOATHOCTH
COLMANBHBIX H DKOJIOTHYECKMX PHCKOB MOXKET ObITh BBIMIOIHEHA J0CTATOYHO
NPOCTO MyTEM BBEAECHWS JONOJHUTEBHOrO 3MEKTPONHOrO 6J10Ka, HCIONb-
3y1o1ero rpagMToBble MNEKTPOAbL. DNEKTPOKOAry IAUHOHHAsS 0YHCTKA BOABI
C UCNOJIb30BaHWEM TPadUTOBBIX 3NEKTPOAOB cTabuiusupyer 3Hauenue pH
Ha yposHe 8,0—8,9, uTo obecneynBaeT HOPMATHBHBIE 110KA3aTeN CETEBOM
¥ ITUTaTeNEHOM BOABI IS OTKPBITHIX CHCTEM TEILIOCHA0KEHNS.

OpnHoit M3 rnaBHBIX Npo0iieM Takoro mMeroja cTabHiIH3auMH ypOBHA
PHCKa ABJISETCS TO, YTO NPOU3BOAUTENLHOCTD JJIEKTPOKOAryASLIHOHHOH yC-
TAHOBKH C rpadMTOBBIMU 3JIEKTPOAAMH B 3HAUUTENIBHOH CTENEHH 3aBUCHT OT
aKTHBHOH IUIOLIAAHN 3THX anekTpoaoB. [ToatoMy nus obecriedenus npuemie-
MOH NPOU3BOAUTENBHOCTH HEOOXONUMO CTABUTH MEKTPOALI 60JbLION CyM-
MapHO# TuUIoWa ) NMOBEPXHOCTH, YTO NPUBOAUT K YBEINHUYEHHIO rabapMTOB
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YCTAHOBKHU M YBEJIMYEHHUIO HEpronoTpedIeH s, YT0 SJKOHOMUYECKH Helele-
coobpasHo.

DTOro MOXHO H30exaTh, €CJIH HCIIOJIB30BaTh NMOPUCTLIE TPapUTOBbIE
aNeKTpoAibl. M3BeCTHO, YTO CyMMapHasi akTHBHAA TIOBEPXHOCTh TAKOI'0 3JIEK-
TpOAa B HECKONbKO pa3 Goblie, YeM aKTHBHAs TMOBEPXHOCTh CILUTOLIHOTO
anexrposa. [Ipu 3ToM HeoOXOHUM CBOOOAHBIH NOCTYN BOABI K AMCIEPCHBIM
YacTHI[@M, H3 KOTOPBIX COCTOMT 3nekTpo/l. [Ipy co3iaHuy TaKuX JEKTPOLOB
HeoOXOMMO IPABHIIBHO BHIOpaTh pazMep AMCHEPCHbIX YacTUL YIJIepona H
MOPUCTOCTb 3JIEKTPoJa. AKTHBHAs IMOBEPXHOCTL 3JIEKTPOAA BO3pacTaer
IPSMO MPONOPLHOHANLHO YMEHBIUCHHUIO jMaMeTpa 4YacTHL, OJHAKO 3TOT
JMaMeTp He MOXeT ObITh CKOJIb YTOJHO MaJl, TaK KakK [PH U3rOTOBJIEHHH Ta-
KHX 3EKTPOAOB HEOOXOAUMO MPOU3BOAUTH CIEKAHHE M OTXKHI JUIsl TOBbI-
IIEHHA TPOYHOCTH M ofpazoBanus nop. YcraHOBIIeHO, 4To Haubonee 3¢-
(hekTHBHO mpouecc crabunuszauuu pH NpoMcXOMUT MpH pa3Mepax uYacTHLL
rpaduTa pasmMepoM 2—6 MKM M 1pu obbeme 1iop nopaaka 38% or obuiero
o6peMa anektpoaa. [TopolikoBoro yriepona HeobX0 MMOH AUCIIEPCHOCTH H
HeOoOXOAMMBIX MAPOK Yallle BCEro Ha PhIHKE HET HIIH XK€ OH CTOMT J0CTaTou-
HO Joporo. [103ToMy pu M3roTOBNEHHM YCTAHOBKH C IPa(UTOBLIMHU TOPHC-
TBIMH 3JIEKTPOAAMH TTPOU3BOJUTEINO MPUXOAUTCA OPraHU30BBIBATh UMK H3-
rOTOB/EHHMS THX 3JIEKTPOAOB OAHOM M3 BOXKHEHLUNX YAaCTeH KOTOPOro ABJIs-
€TCs IMCIEPrHpOBaHHe, KOTOPOE MOXKHO MPOM3BO/JMTE Pa3IMYHBIMH METO-
JaMy, 1oJydas HeoOX0AUMY10 JHCNEePCHOCTD.

B nocneaHue rosl AOCTATOYHO IUHPOKO MCCAEAYIOTCH BO3IMOKHOCTH
NpYMeHEeHHs NeKTPOPU3NYECKHX METOAOB AMCTIEPTUPOBAHUS, K KOTOPBIM
OTHOCHTCS 2JIEKTPOUMITYIbCHAA TEXHOJIOTHS, MIPeACTaBNAoIas coboii pas-
pyLIeHNe MaTepUAIOB B XKHIKOCTH HOA /AeHCTBHEM 3JEKTPUYECKOro pas-
psna [2—4]. Crioco6 no3BonseT NpH Manoil AJTUTeIbHOCTH UMITYJIbCa BO3-
neiicTBUS HAa MaTepHaT BbLAENATH B pabodeM ofbeme BechMa GoblLune Ko-
JMYECTBA JHEpTHHU, B TOH HIIM MHOH opMe pacxojyeMoit Ha mpouece Auc-
neprupoBanus Martepuana. Crnoco6® Oasmpyercss Ha OTIHUYHBIX SBIEHHSAX
IO CPAaBHEHHIO C TPANULUMOHHBIMM MEXaHMYCCKHMHU CIOcob6aMM H3Melb-
4eHUsl.

K uucny dakropos [2—-4], Bo3aeiicTyromux Ha obpabaTbiBaeMblii Ma-
TepHal MPH MEKTPHIECKOM Tpodoe KUIKOH cpefibl, OTHOCATCA: 1) BBRICOKHE
H CBEPXBBICOKHE THAPaBIMYECKHE JABNEHHS; 2) MeXaHMdecKue AeHCTBHUS
HMIYJILCHO MPOXOAAIMX YAAPHBIX BOMH 3BYKOBBIX M CBEPX3BYKOBBLIX CKO-
pocrteii; 3) 3HaUMTENBHbIE UMILY/IbCHBIE JHHEHHbIE NTepeMELEeHHs OobIHX
00BEMOB JKHAKOCTH (TaK Ha3biBAEMBIN 3ana3/bIBaloIMi MOTOK); 4) MoOlUHbIE
HMIIyJIbCHO BO3HMKAIOIHE KABHTALMOHHBIE MPOUECCHI; 5) MHTEHCHBHBIE
HH(Pa- ¥ yIBTPa3BYKOBOE H3JyYEHHS; 6) PE3OHAHCHBIE ABJIEHUA C AMIUTUTY-

83



JaMH, MO3BOJIAIOIMHMHU OCYLIECTBHTH B3aUMHOE PE30HAHCHOE OTCIauBaHUE
JApYT OT Apyra 4acTHL MHOIOKOMIIOHEHTHBIX TBEPABIX Tell; 7) MOLLHbIE UM-
MyJIbCHbIE NEKTPOMAarHUTHBIE MOJIA pa3psja.

HccnenoBanusi nokasblBarOT, YTO KKABIH M3 3THX (aKTOPOB OKa3bl-
BAaeT Ha XUAKOCTb U OOBEKTHI, IOMEIIEHHbIE B Hee, camble pa3HOOOpasHbie
du3HYecKHe, MEXaHUYeCKWe W XuMHYecknme BoszeiicTBus. [lpu 3TOM
KaXABIH U3 JeHCTBYIONMX (DaKTOPOB OKa3bIBAET INMpeBaIMpYyIOllee Bo3aeH-
CTBHE IpY Pa3jIM4HBIX Npolleccax paspylieHus. Tak, npH rpyOoM H3Melb-
YEHHU OCHOBHbIM (JAKTOPOM BO3ZIEHCTBHs SIBJISIETCA YJapHas BOMHA, NpH
TOHKOM HM3MeJIbYEHNH — KaBUTALMOHHBIE IIPOLIECCHI.

IIpakTHyeckoe HCHONB30BaHHE 3MEKTPUYECKOro paspana B IKHIKOCTH
Ui paspylleHHs MaTepuaoB (M3MENb4eHHs, TOHKOTO JUCTIeprHpOBaHNUSA)
3HAYUTEIILHO ONEpeauIIO H3yYeHHE TEOPETHYECKMX OCHOB MEXaHHW3Ma pa3py-
wenus [4, 5]. OroMy cnoco6cTBOBaIO M TO 0OCTOATENLCTBO, YTO AJIHTENb-
HOe BpemMs JEHCTBHSA JNEKTPUUECKOrO paspsjia IOMHOCTHIO OTOMKAECTBIISA-
10Ch ¢ AEHCTBHAMMU B3PbIBYATHIX BEIIECTB, NP 3TOM He NMPUHUMAJICA B pac-
YeT pAa AeHcTBYOWMX (PAKTOPOB, NPHCYIIMX TONBKO JIEKTPOTHApaBaMYe-
CKOMY pa3psaay. OaHako B mpolleccax pa3pylueHHs HCTIONB3YIOTCA BCC ABJIE-
HUSl, BO3HUKAIOLIME NIPH 3JIEKTPHYECKOM TPOBOEe JKUAKOCTH.

B HacTosiee Bpemsi ONpeeSiuauch B€ OCHOBHBIC TOYKM 3PEHHS Ha
MeXaHM3M paspyuieHHus B3peiBOM. IlepBas — OCHOBBIBaETCA Ha TEOPHH
pas3pylieHuss MaTep1ainoB Moj AeHCTBUEM NPAMOH YIapHON BoJiHbIL. Paspy-
IIEHHe MPOUCXOJMT BCIIEACTBHE Pa3BUTUS PaAMalIbHbIX TPELINH, BO3HUKAO-
KX T0/] BIMSHUEM TAHT€HLHaAJIbHBIX HANPSKEHUH B NAJatoLel BOTHE cka-
THA [6]. CTOPOHHUKH BTOPO TOUKH 3pEHHA UCXOAAT U3 TOTO, YTO paspylie-
HHE NPOUCXOAUT BCIIEACTBHE PACTATMBAIOUIMX HANpSOKeHUH, BO3HHKAIOIIMX
IPH OTPAXCHMHU BOJHBI CKaTHA OT CBOOOAHON TMOBEPXHOCTH HACTHIbI WM
OT COCTaBHBIX HAaCTeH MaTepualia pa3MyHON aKycTHYeCKoi xkecTkocty. Kak
M3BECTHO, MpeJes NPOYHOCTH Ha PACTSHKCHUE MaTepUaioB 3HAYMTEIHHO
HWXKE UX [pejena Ha CxaThe, uTo U onpenesseT dQeKTHBHOCTE yaapHOH
BOITHBI Ha MaTepHrall. IToMy criocobcTByeT TOT (PakT, YTO Npeses IPOYHOCTH
MaTepraoB NPAKTHYECKH 3HAYUTENbHO HUXKE TEOPETHUECKOrO BCIEACTBHUE
pasJIMyHbIX HEOHOPOAHOCTEH, BHYTPEHHHX JIe(eKTOB CTPYKTYpPSI U T. A. 10
Baymy ®.A. [7] pa3pyuieHue B3pbIBOM POTEKAeT NOA ASHCTBUEM COBOKYII-
HOCTH (aKTOPOB: MPOAYKTOB JETOHAUMH, YIAPHbIX BOIH U BOJIH PasrpysKH.
OtaeneHble MONOXKEHUs TEOPHHM B3pbIBA MOTYT ObITh HCIIOAB30BaHBI s
00BACHEHNS MeXaHH3Ma 3ICKTPOUMITYJILCHOIO H3MENbUSHHS.

B npoueccax TOHKOro AMCIEpPrHpoBaHHMS MaTepHaioB Qojee CyliecT-
BEHHYIO POJIb UTparoT 10C/ieEpa3ps/Hble ABJICHUA, CBA3alHbIe ¢ 0Opa3zoBanu-
CM KaBUTALMOHHOH MOJIOCTH M IOPOKAAEMOI0 €0 MOTOKA JKHIKOCTH, MpU-
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BOASIIME K BO3HMKHOBEHHIO OONBIIMX TpaJHeHTOB HampsHKeHUs H Cy-
IECTBEHHOMY YBEJIMYEHHIO BEpOATHOCTH M3MenbueHus [4]. Tlepemerenue
4acTHI| MaTepHaja B BbICOKOCKOPOCTHOM MOTOKE YKMAKOCTH IPUBOJMT K MX
B3aMMHOMY MCTHPAHHIO, PACKONy MPH yJape O CTEHKH KaMep MM CrieLHab-
Hble OTP@XKAIOLINE MOBEPXHOCTH. MHorue marepuansi 3¢ ¢exkTHBHO pa3py-
IAOTCA B TNPOLECCAaX 3MEKTPOMMITYJIBCHOH TEXHOJIOTHH IMOJ BIMAHUEM Ka-
BUTALIMOHHBIX SBJICHHH, KOTJA YCTPEMJISIOLIASCS C BBICOKOH CKOPOCTBIO B
KaBUTALMOHHYIO IUIOCKOCTh XHAKOCTh HAaTAJKMBAeTCs Ha TBEPAYIO nperpa-
ny. ITpn 9TOM J1aBeHue BHavyate pe3ko BO3pacTaeT, a 3aTeM ObICTpo majaer.
ITpu TaKoM BO3/eHCTBUM HANPAXKEHHs JOCTUIAFOT BEJIMUMH, MPEBBILIAIOLIHX
3HaYeHUs Npejena MNPOYHOCTH JMOOBIX MATEePHAIOB, U XapaKTEepU3YIOTCH
APKO BBIP@KEHHOI JIOKANBHOCTBIO B HEpaBHOMEPHOCTbIO. OHM BBI3BIBAIOT
[IOBEPXHOCTHOE MHKpPOTpelIMHOOOpa3oBaHue B MatepHalne H 3PO3UOHHbIHA
YHOC moCnegHEro. HOCKOJ’ILK)’ KaBHTALIHOHHBIC ABJICHHA CONYTCTBYIOT OC-
HOBHbIM (yJapHO#i BOJHE W BBICOKOCKOPOCTHBIM CTPYSIM, BBI3BIBAIOLUUM
MaKpopa3pylueHHue MaTepHana), Ul KaKIoro nociaeayomero UMImybca OHH
Kak 6p! BBIMOJNHAIOT NOATOTOBHTENBHYIO paboTy. OfHAKO B pa3psaHOMMILY-
JIbCHOI TEXHONOMMH CBEPXTOHKOIO H3MENbYEeHUSI MAaTepHaNioB KaBUTALHOH-
Hble SBIEHHA BIIOJIHE CAMOCTOATENbLHBIIf HHCTPYMEHT OCHOBHOTO MpoLiecca.

B mpouecce paspylleHMs MNONOKHTENbHYK) POJb HIPalOT Ta30Bble
MHKDOTIOJIOCTH, HaxOAsfIIMecs B Tomile Marepuana. JKuakocTs, cxkaras
BBICOKHM JIaBNEHHUEM 3a (PPOHTOM yIapHOH BOJIHBI, YCTPEMIIAETCS B CTOPOHY
c1a00CONMPOTUBIIAIOIIETOCS  C)KMMAEMOro rasza, N0 TNYTH MHTEHCHBHO
“BCKpbIBas” MUKPOTpeLUMHBI. B OmuokHel 30HE rpaHHUbl ra30BOM MOJOCTH
PaCnpOCTPaHSIETCsl BOJIHA pa3pekeHus, 3a GPOHTOM KOTOPOH W3ObITOUHOE
AAaBJIEHHE MIHOBEHHO HCYE3a€T, BbI3bIBas JIOKAJIIBHYIO PA3rPy3Ky MaTepnana
M PacTATMBAIOLIME HAMPSKEHUS B HEM.

YjapHas BOJHA — MOIUIHBIH reHepaTop Ae(eKTOB CTPYKTYpPbi, IMpH
BBICOKOH KOHLIEHTPALUH KOTOPLIX o0neryaiorcs AU Qy31oHHbIE IPOLECCHL.

Kak yxe ykasblBanoch, TeOpHs paspylleHHs MaTepHaloB OCHOBaHA Ha
JONYLIEHWH, YTO B MaTepualie UMeIoTcs Je(eKThl — BHYTPEHHHE UCTOUHH-
KH KOHLIEHTpaLUuy HanpsixeHus. [lockonsKy npouecc paspylieHus mpou3Bo-
JUTCS B XUJIKOH cpefie, B MOPEI H3MEIbYAeMOro MaTepraa NpoHUKaeT K-
KOCTb, CHIKAIOLIAS €ro NPOYHOCTh. [IpU HAarpy:KeHWH maTepuala yaapHo#
BOJIHOH OKOJIO KOHLIEHTPATOPA HAMpPA)KeHHS BOZHUKAET CIIOXKHOE HarpsKeH-
HOE COCTOSIHUE, KOTOPOE MOJMKET BBI3BIBATE XPYNKOE HJIM APYTHE BHAbI pa3-
pyuienus. [lepBonauaiibHas cucTeMa MUKPOTPEIHH CO3AaeTcs Mpoxoaauiei
yIapHO# BOJIHOM, a PACKPBITHE TPELIMH MPOUCXOAUT I0A AEHCTBHEM MO
HAMpPSOKEHHs MEXKAY YIAPHOH BOMHOM M JBMKYylIeHcs rpaHunelf nocnepas-
psagHoi monoctd. Bonemoe 3nauenue Ui >DPEKTHBHOrC paspylieHds
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¥MeeT BelMYMHA MMITYJIbCAa YAApHO# BOIHbL. KOpOTKHI HMMNyNbC NaBneHUs
MOXXET He OXBAaTHTh BCEH LIMpUHbI (POHTA Pa3pylIEHHS, T. €. B MOMEHT
BXOX/IEHHA ero 4epe3 JaHHOe CeueHUe YaCTHUIIBI MOSBUTCSA HEKOTOPOE YHCIIO
TpPELHH, HO BOJTHBE pasrpy3kH OT HEro He yCIICIOT OXBATHTb BeCh MaTepHal
1 QpOHT pazpyureHus OyeT OTCTaBaTh OT BOJIHBI JABNEHMA. DTO NMPUBEAET K
HelpepLEIBHOMY YMEHBLICHHUIO JaBICHHS U OCTaHOBKE (PpPOHTA paspylueHHs.
Pa3spymenue BemectBa NpoHCXoIUT Gosee MHTEHCHBHO, €CiIH obecneuH-
BaeTcs IIOMJIOUIEHHEe XOTs Obl YacTH OJHEPTHH, MEPEeHOCHMMOH YyIapHOi
BOMHOM. [Tornomenne sHEPruy 3aBUCHT OT YacTOTHI BO3MYLUEHHA. Y JapHas
BOJIHA oOnajaer OeckoHe4HO GOJIBIIOH CKOPOCTBIO HApacTaHHs JABIICHHUS.
C yBeJNMYEHHEM KPYTH3HbI GPOHTA BOJIHBI JaBACHMUS (IIOBBIIIEHHEM YACTOThI
BO3MYLUEHHUS) BO3HHKAIOT OOJIbIINE YCKOPEHHS JBYX COCEJHHX 3JIEMEHTOB
BELeCTBA TBEPJOro Tela U Ha TpaHUI@x pasjena MHosBIsOTCH Oonbluue
HAMpPSOKEHUS PacTsHKEHUS M C/IBUra. YMeHblIeHHe KpYyTH3Hbl (pPOHTa 1O
HeOoNbIUMX KOHEYHBIX 3HAYEHUH [PUBOANT K YMEHBLUCHHIO CHIIBI,
fnepeMeLIaroIel 3eMEHThl BelecTBa, U COOTBETCTBEHHO, K CHHIXEHHIO
s dekTHBHOCTH U3MeNbueHHs. BinsHue octanbHbX $aKTOPOB, AEHCTBYIO-
IMX Ha Mpolecc pa3pylieHHs MaTepuaioB, MEHEe H3yueHo u Tpebyer
IKCIePUMEHTANBHOH NPOBEPKH.

B naHHo#t pabore NpoJoJDKeHb! UCCIIeIOBAHMS 110 ONPEICJICHHIO YCIIo-
Buii GopMHpoOBaHNs pa3psaaa B CHCTEMe BOJA-rpadUT, a TAkkKe pacCCMOTPEHO
BnusHUe npuponsl ITAB U X BOJHBIX pacTBOPOB Ha BEPOATHOCTh Mpobos K
AHCIIEPIHPYEMOCTh BOAHBIX CYCNeH3ui rpaduTa.

g uccnepoBaHui ObUIM Mcnonb3oBanbl [IAB u cuctembl crabunusa-
uuH, obecreyuBalol¥e arperaTHBHYIO YCTOWYHBOCTH HacTul rpagura B
CMa30YHO-OXJTAXKAAIOIIUX KHUAKOCTAX.

Ins arperaTMBHON cTabunu3anuu rpadura OBUTH HCCIENOBaHbI ciie-
aywouue [TAB: 1u- (3TUITITHKONEBbIH) — 3¢up HaTpHeBo# conu CynbgosH-
TapHO# KUCIOTHI (cTeapokc-6 W creapckc-920), murHocynbgoHarsl u gp. Mx
ontuMaibHoe konudecTBo B COX cocrasnser 0,05-0,10 (no macce), mpu
3TOM A0JIS JIArHOCY/Ib(OHATOB OJDKHA OBITE Gombiue (mopsaaka 0,5%).

Jlns moBEIIIeHHs arperaTMBHON ycroiunBocTH, kpome ITAB, uccneno-
BaJIA BO/OPACTBOPHMbIE TOJHMEPHI: MOJUAKPHIAMHA, MOJHBHHHIOBBIA
CIUPT, JEKCTPHH, METUN-, KAPOOKCUITUA- U OKCHITHILEIION03Y, HOJIHaK-
PHIIOBYIO KHCJIOTY ¢ pe3Koii TpexMepHoit cuunBkoii (cakam), UMITIOPTHbIE aHa-
noru okcuatuauemonossl (Natrasol) u cakana (Carbopol, Yelgard). Bsuto
HalIeHO, YTO HAWMYULINMHU CTaOHIN3aTOpaMHy ABIAIOTCS, MONHAKPUIAMI H
OKCHATWIILEIUTIONO3d. [1pu 3TOM Heobxoaumoe coaepxanue B COX Bozo-
pacTBOPUMBIX nonumepoB cocrasiset 0,1-0,5%.
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Jins npoBeneHUs 3KCHEPUMEHTOB OBLIM HCIONL30BaHbl ClENYIOIIHe
Mapku ectecTBeHHOro rpadura 3aBansenckoro mectropoxaenus: C-1 n C-2
no OCT 6208-431-75, BeIcOKOAUCTIEpCHBII TpaduT (BubpauuonHslii) C-00 ¢
pasMepoM 4YacTul nepBHYHbIX 1-2 MkM H C-0 ¢ pasMepoM NepBHYHBIX
qacTull 1-4 MKM.

OnpeneneHue 3NeKTPONPOBOJHOCTH BOAHBIX pacTtBopoB [1AB onpene-
JIM Ha KoHAyKToMeTpe MM-34-0,4 1o BenMuuHe 3eKTPUYECKOro COMpo-
THBIIEHUSL.

HccnenoBanus NpOBOAHINCH Ha CTALHOHAPHOH yCTaHOBKE, COCTOSILEN
M3 reHeparopa uMnynabscHbix HanpsokeHuil (ITMIH) 1 npueMHHKa 3HEprHu —
3aKPbITOI Kamephl, BHIIOJHEHHON € 2JIEKTPOJHOM CHCTEMOMN JIMHEHHOM reo-
METpPHH.

[TpoBeneHHBIe HAMH HCCIIEAOBAHNS MOKA3aH, YTO CUCTEMA rpadUT-BO-
[ia NpH HATHYHH B XKHUAKOCTH BBICOKOAMCIIEPCHBIX YacTHL| rpaduTa, coenu-
HEHHBIX B arperarbl, CTAHOBUTCS BbICOKONIPOBOAALIEH CHCTEMOMH, NPENsTCT-
ByIOLIeH (opMUPOBAHHUIO pa3psana, THOO cONpPOBOXKIAECTCS BO3HUKHOBEHHEM
HecTabMIILHOTO pa3ps/ia, XapaKkTepU3YIOIEerocs BLICOKAMU YTeUKaMH TOKa B
npeanpoOoiHON CTaluu U NMOHIKEHHEM MOIIHOCTU. B pesynbrate 3toro
KOMIUIEKC SIBIIEHHH, XapakTepu3yIOWi CTaOMNbHBIH paspsi, HE peann-
3yeTcs ¥ HM3MeNbueHHe rpaduta He OCYIUECTBIsercs, N0 CTeneHbp ero
BeCbMa HM3Kasl, a MPOJOIKHUTENBHOCTh Npoluecca yBenuyupaercs. J{ns ocy-
mecTBieHus npobos cucTeMbl rpadUT-BOJA MPOBEJEHBl SKCTIEPHMEHTHI MO
OTIpe/IeNIEeHNIO 3NIEKTPONPOBOAHOCTH CHCTEMBI C BBEAECHMEM XHMHUYECKHX
areHToB K 0e3 HUX.

Hns wccnenosauit npurotosnsnace 5 U 10%-Has cycrnieH3us Bubpa-
LUOHHOTO TpaduTa B QUCTHIIMPOBAHHON BoAe M Hojsepriack obpaboTke
EKTPOUMITYJILCHBIMA  BBICOKOBOJILTHBIMH pa3spsalaMH [IPH  CHEAYIOLHX
napamerpax: U =20-40 kB, f = 5-6 T'y, C=0,26 Mx®, npu HcxoaHOH
3NeKTPONPOBOAHOCTH JUCTHILTMPOBAHHON BOABI & — 3 + 3,9 107 oM 'm".
AHaNOrgyHO TOTOBWIMCH CYCMeH3MH rpadura B pacTBOpe cTeapokca-6
(0,4%), cmecu creapokca-6 u kapbonona (0,4 + 0,05%) ¥ nozapepraiuchk
INEKTpOMMITyJIbcHOH obpaborke. [0 OKOHYAHMH MpoOLECCA CYCITEH3HIO
aHaTM3UPOBANH Ha AMCHEPCHOCTE Ha cexumenToMerpe CB-2 u Mukpockorne
MBH-6. BepositHocTs npoGos rpadura OnMpeiensyiack IO BeJMYUHE
aMIUIMTY bl HANPSDKEHHA Ha yHHBepcanbHoM oclutorpage C1-70. Beposr-
HOCTB Npo00s CycTieH31H BUOpalHOHHOro rpaduta npu pa3inyHON BeaudH-
He HalpshKeHUs ¥ KOHIEHTpaLHAX rpaduTa np1BefieHa B Tadn.1.
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Tabruya |

BeposiTHocTh npo6osi cycnensuu rpadura

Konuen- BepostHocTb npo6os %
— Haunmenosa- 9ncmpon[i(‘>m_)]1mocrb, NpW Hanpsxenn, KB
uuc [1AB OM™'M
npadETa 20 30 40
5 - 1,77-10" 12 27 42
10 - 0,72 8 16 28
5 cTeapokc-6 1,94-1072 50 75 96
10 cTeapokc-6 3.85-1072 35 60 85
5 cTeapokc-6-+ 192102 51 75 98
kapGomnoa

IIpeacrasnennble JaHHbIE NOKA3bIBAIOT, YTO NPU BBEJEHHH CTEAPOKC-6
BEPOATHOCTL NPodos cycneH3uu Bo3pacTaeT B 2 pasa (¢ 27 no 60-75% npu
30 xB) u yzenbHble 3HEpro3arparsl yMeHbLaroTes B 1,5-1,6 pasa.

Jna Beibopa Buga ITAB u ero onTuManbHOM KOHUEHTpAUMH s
¢dopMHpOBaHHA paspsja NpH IEKTPOHMIYJIECHOM 00paboTke CycneH3uu B
Tabnl. 2 npuBe/ieHa EKTPONPOBOAHOCTD CYCIEH3UH rpadMTa NpU pasiny-
HbIX KoHUeHTpauusx [1AB (11-40 xB). AHanu3 npencTaBleHHBIX AaHHBIX
[I0Ka3BIBAET, YTO 3MEKTPONPOBOAHOCTL CYCNEH3HU C YBETMIEHHEM KOHLIEHT-
panuH CTeapokca-6 NMOHMXKAeTCs He3HAauYHTEeNbHO, NPUCYTCTBHE Kapbomnosa
TNOBBIIIAET 3JIEKTPONPOBOAHOCTh, @ B CMECH CTeapokc-6 ¢ KapGOmosaoM
3NIEKTPONPOBOJHOCTh M3MEHAETCS HAa HEe3HAYUTENIbHYIO BeNMYMHY, OCTaBa-
ACb B Mpejenax, NpH KOTOPBIX BO3MOXEH CTaOMIbHBIH pa3ps] B CHCTEMe.
B Tabn. 3 npuBeneHa 31E€KTPOMPOBOAHOCTL CYCIEH3UH rpadura B 3aBHCH-
MocTH ot koHueHTpauuu CCB.

B oteuecTBeHHOH NPOMBIIUIEHHOCTH IIHPOKOE PACIPOCTPAaHEHHE s
cTabuinu3auun rpaUTOBBIX CYCHEH3MH MONy4ywna Cyib(QHTHO-cMpToBas
6apna (CCB). OHa uMeeT psj MPEHMMYILECTB 10 CPABHEHUIO C APYTHMH
BeulectBamu. ITpubasnenne naxe HeGonpux konuyects CCB pe3ko ysenu-
4YHBAEM CTaOUIBLHOCTD CycrieH3Mi. E€ akTUBHOCTh NPaKTHYECKU He MEHseT-
ca B mupokux npexenax pH. Cycnensuu, crabunusuposantsie CCB, o6na-
AafoT Gojblieif CONPOTHBISEMOCTBIO KOArylUpYIOUIEMY BO3IEHCTBHIO
3NIEKTPOJIHTOB.

Kak cnexyet n3 gaHHbIX Tabil. 3 2/IeKTPONPOBONHOCT CYCTICH3UH Ipa-
¢uta npu BBefeHuH CCB ¢ NOBHILIEHHEM KOHLEHTPALMK BO3PACTaET Ha /Ba
NOPAAKA, & TaK waK JUig cTabUNH3alMU CycrieH3UH HeobX0auMOo OKoNo 3—
4% CCB, 10 mpu mpo6oe TakoH CHCTeMbl HabMIONAETCA HECTAOM/IbHBIA
pa3psan u 3ddexTt fe3arperanuy HU3kuil. [Tpy BBeAEHUH MaNBIX KOHUEHTpa-
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uuit CCB (nopsiaxa 0,2%) 3¢ eKTHBHOCTb Je3arperaiyu pe3ko BO3pacTaer
KpaTKOBPEMEHHO, TaK Kak JalbHeillel crabuiMsalinyd CycrieH3Hu He Mpouc-
XOUT u3-3a Hepoctatka CCB U pa3spylieHHble arperatbi BHOBb COEMHAIOTCA.

Takum 06pasoM, HaAeXKHOCTh Mpobos cucTeMbl rpaduT-BOAA OMpesie-
nserca npupopoi [NAB u ero xonuentpauueii. Haunbonee 3dpdexTuBHBIM
areHTOM [ 3MEeKTPOMMITYJIbCHOrO Npob0s CHCTEMbI rpaduT-BOAA SABJIACTCS
CTeapoKc-6 U cHcTeMa cTeapokc-6 + kapbonon.

Tabnuya 2
3NeKTPOnpPOBOAHOCTH cycnen3nii rpadura
0pH pasjIHYHBIX KOHUeHTpauusx [TAB
Konuen- DJIeKTPONpPOBOAHOCTE Cycniensuii OM M -107
T;)(;;x;l: ) S — npu koHuentpauuu [1AB, %
P Hue [T1AB
CyCneH3uH, 0,005 | 0,1 02 | 04 | 08 1,0 1,2
%
5 cTeapokc-6 — 203 [ 1951194 { 183 | 1,85 ] 1,85
10 —"— - 394 | 387 | 385 | 3,36 | 3,41 | 341
5 kapBoron 1,95 12,04} 2,15 239 | — — —
5 cTeapokc-6 + — 195 1 1,95 11,92 | 1,70 | 1,65 | 1,64
+ xapbonon
Tabnuya 3
DJIeKTPONPOBOAHOCTD CycneH3uii rpadura
NIPH padtH4HbIX KoHueHTpanunx CCh
Krgﬂauuf:: DeKTPONPOBOAHOCTS cycnesanit O M1 107
T A 0,
rpaduTa B npy koHueHrpauuu IAB, %
Y™ o2 | 04 | 06 | 08 | 10 2 3 4
5 43107 }7,17-10(1,02:10"{1,19-10"'{1,43- 107} 48107 | 0,52 | 0,51

AHanus NTHTepaTypHBIX JaHHHIX [4, 5, 8] cs:aeTeNnbCTBYET O TOM, YTO
METO/IbI M3MeNbueHus, Oa3Mpyioliuecs Ha paspsIHOMMILYJIBCHONH TEXHO-
JIOTHH TIPHMEHHUTENILHO K poueccaM rpybore HimMelbYeHHsa Mo psgy mno-
Kasatejiel, B 4aCTHOCTH, IO MPCH3BOANTENLHOCTH H3MEIBYUTENBHBIX YCT-
POMCTB M DHEPrO3aTPATAM YCTYNAIOT MeXaHuuer«im MetogaM. OxHako s
IIPOLECCOR TOHKOTO M CBEPXTOHKOIO M3MespueHis, Korjaa 3(h¢ekTHBHOCTb
MEXaHHYECKUX MeTO/I0B Pe3KO NARacT, 3NeKTPCHMITYIBCHBIH cnocob nomy-
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YaeT 3HAYMTEJIbHOE HpEeuMyLUecTBo Osiarofaps paHee yKa3aHHBIM €ro
0cOOEHHOCTAM M MOXET OKa3arbCs BIOJIHE KOHKYPEHTOCIOCOOHBIM U Iep-
CIEKTUBHBIM IUIs MPAaKTHYECKOro MCHONb30BaHus. Mcxons M3 3Toro, mpoBe-
JIEHbl UCCIIeIOBAHUS KUHETHKU U3MeNbUeHHUs rpaguTa 3NeKTPOUMILYIECHBIM
cnocoboM st OmpejeNieHdss BO3MOXKHOCTH METOJa M €ro paluOHaIbHOH
cepbl MPUMEHEHHU, & TAIOKe CTATHCTHYECKOT0 HAKOMIEHHU] UCXO/HBIX JaH-
HBIX JJ11 BO3MOXHOCTH HX TEOPETHYECKOHW HMHTEpIpeTalyu. PaccMOTpeHo
BIMsAHKME CIEAYIOMUX (HaKTOPOB Ha IP(EeKTUBHOCTH MpoLecca H3MeNbUCHHA
HCXOAHOM JMCTIEPCHOCTH rpaduTa, SHEPreTHIECKHX N1apaMeTpoB, MPUPOABI
[TAB, u apyrux.

Ha pucyHke mpeacTaBjieHbl KUHETHYECKHE KPHBBIE Mpoliecca M3Melb-
veHus rpapura C-1 B npucytcTeuu [IAB (creapokc-6)-0,4%, KOHUEHTpALMH
rpajuta B pactBope —15%. V3MmenbueHwe MNpPOBOAMIOCH NPU EMKOCTH
HakonuTens — 0,26 Mx®, pabouem Hanpsoxenuu 15, 25, 30, 35 kB. Kunetu-
YeCKUH aHamM3 mpouecca pa3pylicHus rpagura [OKa3blBaeT, YTO B HaYaibHbIN
IIEPHOA M3MebYeHUs Hanboee HHTEHCUBHO NIPOHCXOIUT AUCIEPIUpOBaHIE
Oonee kpynHbIX ¢pakuuii rpadura. [Ipupoct Hanbonee MeNKux (paxUmii
rpadura (2 1 MCHee MKM) HAYHHAETCA MOCJHE MPEeIBapHTEIbHOIO HAKOIUIe-
HHS 10 COOTBETCTBYIOIIEH BeJMUYHHBI IPOMEXKYTOYHBIX (DpaKIHi pazsMepoM
yacTul 3—5 MKM, 4T0 OBLTO OTMeYeHo B paboTe [9].

D %, 400 — —
e :
r) &
—
3 l =
S4o
o [ [ e E {
1 |
o 4 2 3 4 T run.

e-0,159, ©-0,II7, @-0,08I, 0,029 xlix,
1-2, 2-4, 3-6 wxn

Pucyrox. 3aBHCHMOCTD cOlepKaHUA JUCIEPCHOH pakiyu
OT 3HEPTUM MMITY IbCa W JUIMTENBHOCTH 06paboTku
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IIpH anekTpoMMNyNIbCHOM H3MenbYeHHH rpyboaucnepcHeX npob rpa-
¢uta 6bUI0 oTMeueHO, yTO 3PDEKTHBHOCTE TNpoLEcca U3MeNbYEHHs, Kak
NpaBHIIO, MAJIO 3aBUCUT, OT npupoasl ITAB. Onxako ¢ yBenudeHuem crerne-
HH JHUCHEPCHOCTH MCXOAHOTO rpaduTa, NOABEPraeMoro AalbHenieMy
3JIEKTPOHMITYJILCHOMY U3MENbUeHHUIO, 3()PEeKTHBHOCTD TpoLiecca 3HAYHTENb-
HO yBEJIMUMBAETCA NPH UCIONb30BaHuH [TAB U 3aBHCHT OT UX NPUPOABIL.

D¢ dekTHBHOCTL Nporiecca JUCNIEPTHPOBAaHUS rpaduTa ¢ HCIONB30BA-
HHEM HUMIYJIbCHBIX IEKTPHUYECKHX 3apsi/IOB B 3HAYUTENBHON CTETICHH OIpe-
JJISIOTCA BEJHYHHON JHEprHH €AMHMYHOTO HMMIIYJIbCA, XapaKTepH3yeMoi
€MKOCTBIO U pabo4yuM HanpsKEHHEM MPOOOS CHCTEMBI.

B Ttabnuue 4 npeacTaBneHbl SKCNEPHMEHTANbHbIE JAHHbIE MO JUCIep-
rupoBanuio rpadpura C-1 nmpu pasiuyHbiX HanpsxeHusx. HM3Mensuenue B
JlaHHOH cepHH OMBITOB IIPOBEJEHO C HCNONb30BaHUEM B KauecTBe [1AB cu-
CTEeMbI cTeapokc-6 + xapbonon, koHUeHTpauus rpaduTy B BOAHOH CycrieH-
3un 10%, xreapokc-6 — 0,4%, kapbonon — 0,1%, EMKocTh HakonuTeNs —
0,26 Mx®, mexanexTpoaHble pacctosiue — 0,015 m.

Tabauya 4

I'panynomerpnyeckuii cocras rpagura C-1 nocsie 31eKTpoHMITYJILCHOI
00paboTKH NpH pasIMYHbLIX HANPSHKEHHAX

Pasmep yacTyi, ['panynomerpuueckuii cocras, % TpH HalpsHxeRUAX, KB

MKM, MEHee 0 10 15 35

1 2,8 436 5,1 9,6
2 9,6 17,8 19,4 29,0
3 154 36,0 40,0 51,0
4 25,0 534 56,2 554
6 61,0 80,4 76,6 81,0
8 46,0 93,0 90,0 93,0

10 91,3 — — —

O61uas IHepreTHyeckas XapaKTepHCTHKA MPOUECCa M3MENbUEHHs BbI-
eyka3aHHbIx 1po6 rpaduTa npeacrasneHa B Tabn. 5.
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Tabnuya 5
JHepreTHYecKHe NapaMeTphbl JI1EKTPOHMIY/IBLCHO# 06paboTkn rpaduTa C-1

EAuHBUb Hanpsxerus, kB
[Nokazarenu

H3MEPCHHUS 10 15 35
Bpems o6pabotkyu c 120 120 120
YacroTra nogaqyy UMITYIb- I 7 4,5 2
COB
KonnyectBo HMITYIbCOB wT. 840 540 120
DHeprus eAHHUYHOTO M- T 13 29,25 159,25
myJbsca
O61mee KOMMYECTBO IHEP- Kmx 10,92 15,80 19,11
MY, BHIIEIHBIICHCS B pa3-
PAIHONA 30HE
Y IenbHbIEC IHEPro3aTparhl KBT-w/T 303,3 439 531

Pe3yneTraThl 3MeKTPOMMITYNIBCHON oOpaborku rpadura Mapkd C-2
npejcTaBiaeHbl B Tabn. 6. YienbHble 3Heprosatparhl npu 20 kB cocraBuiu
2080, nmpu 40 kB — 4160 kBt - u/1.

Tabnuya 6

I'panynomerpuuecknii cocraB rpadura mapku C-2 nocie
INEeKTPOUMNYJIbCHOH 006paboTKH NpH pa3IHYHBIX HANPSKEHHAX

Pasmep ['panynomeTpuycckuii cocras, %
YACTHIIBL, [pH HaNpsKeHUx, kKB [TapameTpsl polecca H
Mhe;;e, oo XapaKTEPUCTHKH CPENBI
rpadHuT 20 40
2 7 73 17 C  —0,26 MxD
3 11 22 36 t —480 ¢
4 20 42 64 l — 0,015 M
6 51 54 81 creapokc — 6-0,4%
8 80 83 97 kapbornon — 0,1%
10 88 96 100 rpapur  — 10%

Pe3y.TXI>TaTb[ ﬂpOBeIléHHb[X SKCNIEPUMEHTOB TOKa3anu, 4TO B obnactu
TOHKOr0O ¥ CBEPXTOHKOI'O AMCIEPrHpPOBaHHs JIHEProsaTparsl Ipu JJIEKTPO-
MMIIyNIbCHOM [OHUCTIEPrMpOBAHHU COM3MEPHUMBI € D3HEpro3arparamu pu
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MEeXaHHYECKHX crocofax H3MenbueHHs; IpH AHCNeprupoBanuu rpadura C-2
3HEPro3aTparbl 3HAYUTEHHO NOBBIIAIOTCS, YTO MO3BOJIAET CAENATh BLIBOA O
1es1eco00pa3sHOCTH AUCTIEPrUPOBaHUS 3EKTPOUMITYIbCHBIM CIIOCO60M Yac-
THU TpaduTa, MPOLICMIHX NPEABAPHTENBHOE H3MENbYEHHE A0 pasMEpOB
5 MKM ¥ MeHee. Pe3ynbTaThl HCCNIE0BAHUH MOTYT OBITE HCIIOJIE30BAHBI NPH
M3rOTOBJIEHHH IOPHCTHIX 3JIEKTPOJIOB JUIA JNIEKTPOKOAryIALIHOHHON O4HCTKE
BOJIbL.
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YK 681.513:62-50 Xontuii B. 5I., acucm.
KneBpckuii HAUMOHANBHBIN YHHBEPCHTET
CTPOHTENILCTBA ¥ @PXHTEKTYPBI

OPTAHU3ALUMOHHOE OBECMNEYEHWUE U TEXHUYECKUE
CPENACTBA ACY TN TEMNOCHABXEHUA

B ycnosusax ACY TII tpefyercst mepectpoiika OpraHu3aldOHHOM
CTPYKTYPBI JUCHETYEPCKOro yNpaBieHus, KOTopas YYUThIBAIA Obl TEXHOJIO-
THYECKYIO B3aHMOCBA3b OOBEKTOB TEMIOCHAOKCHHS, HX TCPPHTOPHAIBHOE
pacnoyioXeHue, TEXHHYECKHE BO3MOKHOCTH CHUCTeM cOopa M Iepefadu WH-
(hopmaruu.

B ycnosusax ¢ynkunonupoBanus ACY TII tersocHabxeHus, KaK nipa-
BHJIO, JOJDKHA CO3AaBaThCsl OJHOCTYIICHYarTas Jucnerdepckas cnyxba, HO
JIOIYCKaeTCs ABYX- H TPEXCTYNEH4YaTas OpraHu3alOHHas CTPYKTypa onepa-
THBHOT'O yIIPABICHHA.

Bepxneii nepapxuyeckoii CTYNEHBIO ONEPATHBHOIO YIPABIEHHS SBJIS-
eTCs LUeHTPaJIbHbIA NMyHKT ynpasienus (LIITY) und LeHTpaibHbIil aucneT-
yepckuit nyHkt (LAIT). Cnenyromue cTynenu ynpaBieHUs — IYHKT ynpas-
aedus (I1Y) win MectHslil aucnerdepckuii myHkT (MJIIT) n oneparopckuit
nyHkr (OIT).

B ycnosusix ACY TII B cocraBe aucneT4epckoii cnyx0s1 HeobxoqumMo
co3naBaTh ClELUATM3MpOBaHHOE NojpasaeieHre — ortaen ACY. INMomumo
pellieHus 3a1a4 ONEepPaTHBHOIO ynpaBiieHHUs PeKHMOM paboThl coopyxeHuit
Aaucneryepckas ciyx6a JomKHa Taloke pyKOBOAUTH paboTamu 1o Tekylueit
9KCIUlyaTallH¥ TEMJIONPOBOAHBIX CeTel, palOHHBIX TEIMUIOBBIX NYHKTOB, Ha-
COCHBIX CTaHIIMit IOAKAYKH, TEMNONPOBOJOB. OTH GYHKUMH BBHINONHSET
JUCTIETYEPCKUH MYHKT pacrpefenuTeNbHbIX ceTel, KOTOpeid PyHKIHOHANb-
HO nouuHeH aucneryepy LI

LT npenuasHayaerTcss Ans KOHTPOJIS M ONEPAaTHBHOIO YIpaBiieHUS
XOIOM BBIMIOJIHEHHs IUIAHOBBIX 3aJaHHMH BCeH CHCTEMBI TeIUIOCHAGKEeHUS
(BKITIOYAs KOTeNbHbIE H pacnpe/enuTeNbHbIe ceTH), cbopa U NpeaBapuTEb-
HOH 06paboTku MH(OPMALIMK O XOJIe TEXHOJNIOTHIECKHX NPOLECCoB ¢ pukca-
uMei oTIoOHeHuH HaKTHYeCKOro BITIONHEHHS 3alaHHil OT IJIAHOBBIX MTOKA-
sareneii. Tlpu sTom obecneunBaercs koopAMHaLUS pabOThI BCEX COOpYKe-
HHH TEIIONPOBO/A, YYAaCTBYIOLHX B TEXHOJOTMYECKOM Ipollecce.

I'naBnomy nucniervyepy LI GyHKIHOHANBHO TOAYMHERB] AHCIIETYEPDI
MECTHBIX JUCIIeTYepCKHX, onepatopsl OINl u HauaneHuk otaena ACY.

MJIIT npennazHayaercs Uil OCYIIECTBIEHHS HETPepPbIBHOIO KOHTPOMIS
paboTsl ¥ ynpaBICHHS TEXHOJOTHYECKHM MPOLECCOM Ha TPYIIe TEnonpo-
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BOZHBIX COOPY)KeHHUiT (KOTENIBHBIX, TEIUIOBBIX ITYHKTaX, TETIOTPaccax v Ap.),
cOopa 1 npenpapuTenbHOi 06paboTk HHPOPMALIHH O COCTOSIHHH TEXHOJIO-
THYECKOro mpouecca ¢ (ukcanued OTKIOHEHHS BBINONHEHMA 3adaHud OT
[UTAHOBBIX NOKa3aTeneil. PelueHne yka3aHHBIX 3a/a4 BO3JIOKEHO Ha JHCIIET-
yepa M]IIT.

HenocpeACTBEHHBIM aAMMHHCTPATHBHBIM PYKOBOAMTENEM AMCIIETYEpa
MJIIT sBnseTcs HayanbHAK YKa3aHHOH TPYNIbl COOPYKEHHIHA.

dynkumoHansHo aucnerdep MII moqunuHaercs riaBHOMY JUCIIETYEPY
TEIJIOBOH CETH.

Jucneruepy MIT rennopoii cetv GyHKIMOHANBHO HOJYMHEHBI ONepa-
Top OI1 palioHHOW KOTENbHOIH, ONepaTop HACOCHOH CTAaHLIHH, 3KCILTyaTalldOH-
HbIil IEPCOHAN TEIUIOBHX MYHKTOB, ONEPATOp KOTEIBHBIX YCTAHOBOK, AEXKYp-
HbIH ANEKTPHK, JeKypHBIE TADOPaHTBI LIEXOBOH XMMHUYECKOH J1abopaTtopuu.

Hucneruep MTT cneaut 3a X040M TEXHOJOTHYECKOro nporecca obpa-
00TKH BoAbl, ocymecTsiseT cBfA3b ¢ LT u ynpaBnsaroiiMM BBIYHCIHTEIND-
HEIM KOMIJIEKCOM IS pELIEHHUS 33/ja4 ONTUMAJIBHOIO YIIpaBJIeHUs] TEXHOMO-
THYECKHM TPOLECCOM U PyKOBOJAUT pabotoii OIT.

OI1 npeaHa3HaueHbl AJs YOPaBIEHUS OTAENBbHBLIMH COOPYXXEHHSIMU U
o6opyoBaHMEM, YUaCTBYIOIHM B TeXHOIOrH4YeckoM npouecce. OIT — HuX-
HSA CTYMNeHb cUCTeMbl c6opa M mepeaayu MpOH3BOACTBEHHO-TEXHONOTHYE-
cKkoif undopmaiu 1 ynpasnenust oo6bexroM. Ha OIl peluatorcs 3agauu noa-
JIEP>KaHUA 3alaHHOTO TEXHOJIOTHYECKOI0 PeXUMA, YCTPAHEHHS OTKJIOHEHHUH
¥ HapyLleHH# NpON3BOACTBEHHOrO Npolecca ¥ JIMKBHAALHWH aBapUHHbIX CH-
Tyauui.

OI1 ocHamaercs npubopamu KOHTPOJIS, anmapaTypoi JMCTaAHLUOHHOTO
yIpaBReHHs U CHTHAIU3alMu, cpecTeamu cBsizh. Uudopmanus Ha Ol no-
CTyMaeT OT JAAaTYMKOB, YCTAHOBJIEHHBIX Ha BOAONPOBOAHBIX COOPYXKEHHUSX,
OT OJIOK-KOHTAKTOB IIyCKOBOH 3JIeKTpoarnapaTypbl HaCOCOB, 3a/IBHXKEK U Jp.
M BOCTIPOM3BOAMTCS Ha MHEMOCXeMe M IIuTax KoHTpons. HemocpeactseH-
HBIM aJMUHHCTPATHBHBIM pyKoBoauTelieM onepatopa OI1 ABaseTcs Havanb-
HHUK YKa3zaHHOro o0bekTa. OYHKIHOHATEHO OepaTop MOJYWHEH AUCIeTye-
py MAIL

Otnen ACY Brmouaer HHQOPMAUWOHHO-BBIYUCIUTENBHBIH LEHTp
(MBLI) u cnyxObl TeXHHYECKOH 3KCIUIyaTallAU TeNeMEXaHWKH H CPeACTB
CBS3H.

HBIL] cocrouT u3 rpynmnel obcmyxuBanuss 9BM u rpynnel conpoBox-
JieHus 3anad, peiiaeMbix Ha OBM.

B 3aBHCHMOCTH OT cocTaBa KOMIUIEKca TeXHHUecKHX cpeacts ACY TIT
Y KOJIMYECTBA pellaeMbIX 3a/ay YHUCIEHHOCTh nojpasjencuuii otuena ACY
MOXET OBITh pa3NUYHOM.
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O PexTUBHOCTE CHCTEMBI YIIPABIEHHS BO MHOTOM 3aBHCHT OT palUo-
HalbHOro BbiOOpa KoMmnnekca texHHyeckux cpeacts (KTC), mo3possromero
CBOEBPEMEHHO ToJy4aTh 1 obpadareiBaTe MHbopMaumio B ACY TIT u obec-
NeYuBaTh BHIMOJIIHEHHE 3371a4 TEXHONOIMYECKOr0 yIpaBIeHUs.

BrIGOp TeXHMYECKUX CPEJCTB JOJDKEH TPOM3BOAMTBCA C YYETOM CO-
BMECTHMOCTH TEXHHYECKHX CPCACTB, MOAYJIBHOCTH, HAJEXHOCTH, MaKCH-
ManbHO’ 3 (PEeKTHBHOCTH U CUCTEMHOTO MOAXOAA.

Pewenue 3anau ynpasnenns B ACY TI1 xapakrepu3syercs uHTerpanue
YIpPaBIeHHA TEXHONOTHYECKMM O0OpYOBAaHHEM M ONEPATHBHO-TIPOM3BOJ-
CTBEHHOTO YMNPAaBJICHHUS B €AMHYIO CUCTEMY NPH HAIMYHH TECHOTO JIOTHYe-
CKOT0 U HH(OPMALMOHHOTO B3aUMOAEHCTBUS MeXay HUMHU. B cooTBeTCTBHH
¢ atuM Beibop KTC onpenensercsa ¢yHkunonansHo# crpykrypoit ACY TII,
OpraHu3alMOHHON CTPYKTYpOil ynpaBieHHs M WH()OPMALMOHHON CTPYKTY-
poii, ycTaHaB/IMBaIOIIEH colep)kaHHe U TOCIe/I0BaTeNIbHOCTh 3TAoB 00pa-
60Tk HHPOPMALMK B CHCTEME.

KTC ACY TII nomkeH BBINOAHATH CleAytolpe GYHKUNU: CBA3b ¢ 00BeK-
ToM H cOop uH(pOpMaLuH, nepegayy UHGOpPMALUH, CBA3b C OMEPATOPOM M
otobpaxeHue unpopmauuy, obpaborky uHpopMauuu, obpabotky uHdOp-
MalHH B COOTBETCTBHM C NPHHATHIMH alrOpPUTMaMH, HAaKOIUIEHHE U XpaHe-
Hue HHPOpMALHH,

B cootBercTBuH ¢ uznoxeHHsiM KTC ACY TI1 tennocnabxenns non-
’eH BKITI0YaTh CJeylomye OCHOBHBIC BH/Ibl alNapaTyphl: JATYHKH, HCTION-
HUTE/bHbIE MEXaHU3MBI, allllapaTypy peryJupoBaHuUs, CPEACTBA CBI3H U all-
naparypy tesnemexaHuky, 9BM, nucneryepckoe obopynosanue.

OcHOBOI# 1A NOJLyYeHHs NEepBUYHON UHPOPMALIMU H TEXHONOTHYECKHX
MmapaMeTpoB NpoLecca noJadyu, o6paboTKU U paclpeaesicHHsA BOAbI ABIAIOT-
csl JAaTYHKHU: pacxoJoMepbl, MAHOMETpPbl, YPOBHEMEPHI, U3MEPHTENH TOKA
WIH NoTpebisieMOR 3IIeKTPOIHEPrHH, KAayecTBEHHBIX MapaMeTpoB ceTeBoi
BOJBI H Ap.

B yuCIIO HCIIOMHUTENIBHBIX MEXAaHH3MOB BXOJAT CTaHLMH aBTOMAarH4e-
CKOTO YINpaBlIeHWsl HACOCHBIMH arperatam, 3/J1e€KTPOTPUBOAbL 3aJIBHXXEK H
MOBOPOTHBIX 3aTBOPOB, MEXAHH3Mbl YIPAaBIEHUA 3JIEKTPOOOOpYAOBaHUEM
HACOCHBIX CTaHLUMH, 103aTOPbl XHMHYECKMX peareHToB. HekoTopble BHABI
HCTIONIHUTENBHBIX MEXaHHU3MOB (HanpuMmep, repMeTH4Hble, B3pbIBoOe3omac-
HbIe 3IEKTPONPUBO/BI NSl YNIPABJICHUS 3aJBHXKKAMH WM 3aTBOPAMH, yCTa-
HOBJICHHBIMM B 3aTalUIMBAeMbIX MIIM 3ara3oBaHHbIX KaMepaX Ha CeTH) IoKa
ellle He M3FOTOBJAIOTCA, U 3TO 3aTPYAHAET aBTOMATH3ALMIO TeIulocHabxke-
nus. B ACY TII neobxoauMo npefycMarpuBaTh MPUMEHEHHE Ha HACOCHBIX
CTAHLUAX aniapaTypsl peryJHpOBaHUs YacTOTHl BpAlleHUss HAaCOCOB (aCHH-
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XPOHHO-BEHTU/IBHBIX YCTAHOBOK, YaCTOTHHIX TpeobpaszoBaTenieil, HHAYKTOp-
HBIX My()T CKOJIBXCHHUS U Ap.).

Tak Kak rOpojICKHe TerioBble KOMMYHMKAUMH (KOTeNbHbIE CTaHLHH,
pe3epByapbl, TEIUIONPOBOABI U PACNPENETUTENbHAS CETh) PAcCPENOTOUYEHDI
Ha 3HAYUTENHLHON TePPUTOPHH, HEOOXOIUMOH YacThiO YIIPABJICHHUS ABNIAIOT-
CSl CPEJICTBA CBSI3Y, ¢ MOMOMIBKD KOTOPBIX OCYIUECTRISETCS Iiepeaada oT co-
Opy>KeHH# B JcneTyepckue MyHKTh i B 00paTHOM HanpasineHHu. s atux
ueneil MCTONB3YIOTCS TeneMeXaHUYecKHe KOMILIEKChl, anmnaparypa ynpas-
JISHUS M nepenayd HH(popMaLuH.

Jnsg nepenauu 4 NepBUYHON 00pabOTKM MH(POPMALMU PEKOMEHIyeTCs
TAKXKEe WCIONb30BaTh MUKPOIPOLLECCOPHBIE YCTPOHCTBA, CBA3AHHBIE MEXY
c000if C MOMOLLBIO MOJIEMOB Y JIMHUH CBSA3H.

B xauecTBe KaHAIOB CBA3W HCIONL3YIOTCH, KaK NPAaBUIIO, BBIIEJIEHHBIE
JIHMHUM CBS3H rOpojCcKoi TeNe(OHHOH CeTH WM pajuoKaHaibl. BBULY Tpya-
HOCTH ofecrieyeHuss TaKMMH KaHajlaMH CBA3M B YCIOBHAX COBPEMEHHBIX
KPYTIHBIX FOPOJIOB LIeJIeCO00Pa3HO UCIOJIBb30BaTh Al ITHX LENEH KOMMYTH-
pyeMble THHHH CBS3H T'OPOJACKOH TenedOHHOH CeT M COOTBETCTBYIOLIYIO
annaparypy aBTOMaTH4€CKOro BbI30Ba M KOHTPOJIS liepejayu HHGopMaLuu.

Ins o6pabotku noctynarouiei nHpopMalid H pacyeTa ONTUMABHBIX
pexuMoB paboThHI TernonpoBoAHbIX coopyxenuii 8 ACY TII B pabore uc-
noJib3yeM MUHH- U MUKpo-OBM H mocTpoeHHble Ha WX 0a3e BBIYMCINTENb-
Hble KOMIUIeKCHl. CleayeT OTMETHTh, YTO COBPEMEHHBIE TEHAEHIUUH pa3BH-
THS TEeXHHYECKHMX CPEIACTB KOHTPOJ M YNpaBieHMs AaeT BO3MOXHOCTb B
paboTe OpHEHTHPOBATLCA HAa HCNONB30BAHHE NPOrPAMMHPYEMBIX MHKpO-
TPOLIECCOPHBIX YCTPOHCTB, YTO MO3BOJISET cOBEpATh GYHKUMH MEPBUYHOM
06paboTku, KOHTPOIIS ¥ perucTpaunu uadopmanyu (BeaeHHe paboynx xyp-
HAaJIOB IKCIUTyaTaluu) ¢ QYHKUHAMH pacyeTa pexiMOB paboThl H TEXHHKO-
IKOHOMMYECKHX MOKa3aTeNel, a Takxke ¢ ynpaBlIeHHeM [0 3aJaHHOH npo-
rpaMme.

Crnexyer OTMETHTb, YTO pesyJibTaThl 00paboTkH HH(pOPMALUK BBIBO-
AATCS Ha YCTPOHCTBO nevyaTH, Tabno, MHeMOCXEME! Ui HEMOCPEACTBEHHOTO
HCIIONB30BaHHA B CHCTeMe ympasneHus. [loarorcska U obpaborka uHdop-
Mauuy B ACY B 3HaUHTeNbHOI cTeneHu onpeenaeT 3Q(GeKTHBHOCTD (yHK-
LMOHHMPOBAHHA CHCTEMbI yNpaBAEHMs BLEJOM. 1I03TOMY OpraHu3alus ofl-
THMaJILHOHN TexHonoruu obpaborku naHHeix B ALY -— oaHa M3 Haubonee
BaXHBIX 3aJ1a4 paboTkl CHCTEMBI.

IIpu 3TOM MOXXHO OTMETHTE, YTO BO3MOXKHE PA3HBIE KDUTEPHH dddek-
THBHOCTH opranusauyu obpabotkn undopmaiis & ACY. OMH U3 HHX BbI-
paXkaeTcs MHHMMYMOM CYMMAapHBIX 3aTpaT Ha paspaloTKy M 3KCIUTyaTaluio
TEXHOJIOIHYECKOH cXeMbl 00paboTki NaHHBIX.
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B 3TOM ciiyyae MoJens 3aiauu CHHTE3a ONTUMANIBHOTO npouecca obpa-
6otku nHGpopMauun B ACY B 001EeM BHE 3aMUIIEM TaK:

n
W= ;w,. —> min.
i=

3necy W) — cocTapisiolas 3aTpaT Ha paspaboTKy H 3KCIUTyaTaruio
cxeMbl 00pabotku JaHHbIX B ACY.

O61mue pacxobl Ha cHcTeMy 00paboTKH JaHHBIX BKIFOUAlOT B cebs pa-
3oBbie W), cucTeMaTHaeckue Ws, snuzoauunsie Wi pacxoasl ¥ pacxoasl Wy,
KOTOpBIe 00YCIOBJIEHB ClTy4aiHbIMH PacX0aMH.

Cocrasnsromne W, coaepxar B cebe pacxonpl Ha pazpadoTky M OTiIafd-
Ky cHCTeMbl 00pabOTKM JaHHBIX, MOATOTOBKY HOPMAaTHBHO-CHPAaBOYHBIX
JIaHHBIX Ha 000pyZOBaHuUeE.

Cucremaruyeckne pacxoabl W, cBsizaHbl ¢ 3KCIUIyaTauHell CHCTEMBI
06paboTKH JaHHBIX — MOATOTOBKA U BBOJ| OMEPATHBHEBIX JaHHbIX, 06paboT-
Ka Ha MUKpO-OBM, 1nie4yaTe ¥ pasMHOXXEHHE pe3ysbTaToB. DTH PacXoAbl pe-
rYISAPHO TOBTOPAIOTCS Yepe3 KaX/ble £, 4acoB.

Onuzoauyeckre pacxoibl Wi BOZHHKAIOT ¢ HEOOXOAHMOCTHIO OCTOAH-
HOTO COBEpPLIEHCTBOBAHUA TEXHOIOMMYECKOTO npolecca 00paboTku NaHHbIX,
BHECEHUS B HEro 1e1ecoobpasHbIX W3MEHEHUH, KOTOpble AUKTYIOTCA OMbl-
TOM 3KCIUTyaTalHH. DTH Pacxobl MOBTOPSKOTCS Yepe3 /g YACOB M COCTABIIfA-
I0T HEKOTOPYIO YacThk pa3’OBbIX PACXO/IOB, TO €CTh

W3=BW|.

YeTBepTas ke cocTaBidolai pacxonoB W, BeI3BaHa pacxoaamu Ona-
rojaps HeAOCTOBEPHOCTH, OECIpepbIBHOCTH K APYTHMU (HaKTopamMu mporec-
ca 06paboTky HHPOPMALMH.

VYyuTpiBasd BBHIIIECKa3aHHOE, OOLMe pacXoiAbl B TEYEHHE HEKOTOPOro
NpOMEXKYTKAa BpEMEHH PaCCMaTPUBaHUSA MOXKHO BBIPA3HTh Tak:

W =T(WV/E + Woft. + BWi/tg + Wylt,),

rae £ — BpeMs OKyNaeMOCTH pacXo0B, KOTOPOE yCTaHABIMBACTCA JHpPEK-
THUBHO.

Benuuuns! £, tg H ¢, 00ycnoB/ieHs! BRITOHBIMH JAHHBIMH, B pe3yJibTa-
Te 4ero, obLiue pacxo/bl MOXKHO CHU3UTh 3a CUET YMEHbLIEHUS Benudud W),
W), Wy, B.

Cxema pasmeltienss 1 B3aumogeiicteus snementoB KTC B Gonbinnct-
BE 3aBUCHT OT 00BeKTa YIpaBleHHs, BYaCTHOCTH, OT oObeMa MH(popMaluH,
KOTOpas npeoOpa3oBbIBaeTCs B NpoLecce yNpaBleHHs HHPOPMAIMOHHO-
BBIYHCIHTENIbHBIM LeHTpoM (MIBLI), na Gase kortoporo ¢yHKHHOHHpYeET
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ACY, u psioM apyrux ¢akropoB. B npuHuune, B pabote MOXXHO MCIONB30-
BaTh OJIHY M3 TpeX CXeM B3auMoaeHcTBUs TexHuueckux cpeacts ACY, npu-
BEACHHbIX Ha pHC. 1.

. BT

a
| ~ 1
i | Z |
| )
= |

AY -7

—— <7
Arwpen: B nc
gecxuht 610K Peructpaums | e -

______ . et el IS ... B

6
_______________ -

Daraux IIpeoSpasosa-
CYCTIHK TEnH
3 mapopmammy | | l I I
TIPOMEXYTOIHEI! HaKOTHTEND

HHGOpMaITH Bl |
L~ —_——

8

Puc. 1. Cxemsl B3auMoaeitcTBus TeXHHYecKuX cpeacts ACY:
a — ueHTpanu3oBaHHas o6paboTka uupopmalmy; 6 —— ACUEHTpaln3oBaHHas 06paGoTka
uHpopMalHK; ¢ — AClEHTpaIn3oBaHHad obpaboTka HHPOPMAUHH C HCIOJIL3OBAHHEM
NPOMEKYTOHHOTO Hakonurens HHpopmauuu

[pu uentpanu3oBaHHoi 00pabotke (puc. 1, @) MpakTHYECKH Bce ale-
MeHTel KTC ACY cocpenoroyenst B MBLI. MaccuBbl BBIXOAHBIX JaHHBIX
BBOJAMMBIX B LI3BM u nporpamMmsi pellieHns 3aja4 ynpap/ieHus TOTOBATCA B
BBIYHMCITHTENILHOM LIEHTPE.

[NonoxurensHoe cBoMcTBO Takoi cxeMb! B3aumogekicteus KTC ACY
3aKJII0YaeTCs B TOM, YTO INPOM3BOACTBEHHbBIE MOROTAEIBI OCBOOOXIEHbI OT
HeobxoumocTH npeofpasoBalus HHGOPMALMH K BHAY, YA0OHOMY /s BBO-
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na B [IOBM. Ilpu ueHtpanuzoBaHHO# 00paboTKe Taroke yMEHbUIAETCH KO-
JIMYeCTBO NIEPBUYHOM JokyMeHTaluu. OaHako e npu obpaboTke nHpopMa-
MM TI0 TaKOW CXeMe CHIKAETCA ONEpaTMBHOCTH IpOLEcca YNMpaBleHNS
BCJIEICTBUE IIPOMENKYTKA BO BPEMEHH MEXIY 0(OpMIEHHEM NEepBHYHOM 10-
KYMEHTaLIUH U [IOJrOTOBKO MAlIMHHBIX HOCHTEIEH.

ITpu neueHtpanu3oBaHHO#i obpabotke mHpopmarmu (puc. 1, 6) Ma-
LIMHHBIE HOCHTEIH TOTOBATCS B NMPOM3BOACTBEHHBIX MOJpa3fienax, riae HH-
dopManus BHavaye oOpabaTblBaeTcs, A/ YEro MUCIONb3YKTCH pa3Hble He-
CJIOKHEIE BBIYMCHIUTENbHBIE yCTpolicTBa. Jlanee nmoAroToBieHHas Ui BBOJAA
B LIOBM uH(popMalHs ¢ HOMOLIbIO pa3HbIX CPEJCTB CBA3M NEpeAaeTcs B
HMBLI, roe oHa OKoHYaTeNbHO 00padaThiBaeTCs ¥ Pe3y/bTaThl BBLAAKTCS IS
BBIPabOTKHU YNpaBisioluX peuteHud. [TonoxuTeNbHOE Ka9eCTBO 3TOM CyM-
Mbl — 3TO MOBbILLEHHE 3()PEKTUBHOCTH BBIYHCIIMTENBHBIX LIEHTPOB, KOTO-
past ocBOOOXKAAETCA OT CIOXHBIX OIepaluit Mo MOArOTOBKE MAlIHHHBIX HO-
cuTeNell, a HeIOCTaTOK — 3arpy’KeHHOCTh MPOM3BOJICTBEHHBIX NOJOTAENOB
TIOATOTOBKH MAlIWHHBIX HOCHTENel paboToii, He CBA3aHHOHM C NMPOM3BOACT-
BEHHEIM TTPOLIECCOM.

JeueHTpanu3obaHHas ob6paboTka nHopMaluy ¢ IPOMEXYTOYHbIM Ha-
KonureneM HHpopMauud (puc. 1, 8) HCHONB3YETCS MPHU 3HAYHTELHOM
KOJIMuecTBE UCTOYHHKOB HH(popManuH. B 3Tol cxeMe laHHble CHa4ajia yIo-
PANOUYMBAIOTCA 110 ONpEJENeHHbIM MoKa3aTeliM U rpynnupytores. [Ipome-
HYTOYHbIE HAKOIMHUTENH WH(OPMALHK, pacmoNOKEHHBIE 3a NpeaesiaMH BEI-
YMCJIHTENIBHOTO [IEHTPa, 00CITY)KMBAIOT MCTOYHUKHM MHGOPMAIMH, KOTOpHIE
00beAMHEHBI 10 TEPPUTOPUATBEHBIM NPU3HAKAM.

ITpu BEIGOpE cpenctBa cbopa uHdopMalny, PerHCTPALUH W MTOATOTOB-
KM JaHHbIX JTOJDKHBI ObITh 06€CTIeYeHbl TOYHOCTBIO U MOJHOCTBIO HHpOpMa-
L[MH, KOTopas MnpelHa3sHauyeHa Ans BBoga 8 OBM, a Takke uUMeTh Mak-
CHMaJIbHOE CHIDKEHHE 3aTpaT BpeMeHd paloThl HAa IOATOTOBKY HAaHHBIX K
obpabotke.

Cpencta cbopa ¥ perrcTpaud HHGOPMALMU JOIKHBEI 0becreyuTsh
PEYHOM, MOJIyaBTOMAaTHYECKUI M aBTOMaTHYECKH COOp U perucTpanuo uH-
¢dopmarmu ¢ nepudepuiinbix nyHkros. Jlns obpabotku Honbmoro oGnema
MHOOPMAUMU MCMOJNB3YIOTCA JOKYMeHThl B (popMe MalllMHONevYaTaeMbIX
671aHKOB, Ha KOTOpbIE HENOCPEJCTBEHHO B NMPOM3BOACTBEHHBIX TMOAOTHENAX
HAHOCHUTCA HHOOPMALHS MOJIOKUTEILHEIMA METKAMH MM CTUIH30BaHHBIMH
wpudTaMu.

Pesynerathl 06paboTkn AanHeiX [[OBM MOryT ObITb BEIJAHEI B BUJE
BpEMEHHBIX 0TOOpakeHHH Ha dkpaHe. Takas HHOOPMALIUA COXpaHSETCs 3Ha-
YUTEJIbHOE BPEMS, M1OCJIE YEro OHA MEHAeTCs HOBOM, MOCTYMawel B anano-
roBoil opme. YcTpoiicTBa, KOTOpble peanu3yloT YKa3aHHble MPHHIMIIBI
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npenctabienus o6paborku nHpopMaunn B [[OBM, HaspBalOTCSA YCTPOHCT-
BaMH oToOpakeHus HHpopManuu. K TakuM yCcTpOHCTBAM OTHOCATCS 3KpaH-
uele myasThl (1), undposste Tabno (UT), ancruien (/1), no3uuKHoHHOE Tab-
no (IIT), maemocxema (MC) u ap.

DTH ycTpoiicTBa MOryT ObITh CBsi3aHHbIe ¢ mpoueccoM L[OBM kak He-
MOCPEJCTBEHHO, TAK ¥ AMCTAHIMOHHO C HCIIOJIb30BAHMEM anmapaTypsl Ie-
pemauu nauHbix (AI1[T), kananom ceasu (KC), annapatypsl pdeMa JAaHHbIX
(ATIp/D).

Heo6xoauMOoCTh OnepaTHBHOM nepejayu U o0OpaboTku nHpOpMaLuH B
ACY npH 3Ha4UTeIEHOM pacCcTOSHHH MexAy obbekTamu ynpasneHus u BL{
npMBeNa K BOSHUKHOBEHHIO M Pa3sBUTHIO CHCTEM TeneoOpaboTKH JaHHBIX.
3TO MPOrpeccUBHbIH COBpeMEHHbIH Ccrnocod noBblLeHUs 3(PPEeKTHBHOCTH
ucrons3oBaHus OBM. TeneobpaboTka NaHHBIX MO3BOJIIET CO34aBaTh CETH
35BM, KOTOpbie OXBATHIBAIOT MHOXECTBO aOOHEHTOB, KOTOpbIE yAANEHbl OT
3BM, Kaxplit U3 KOTOPBIX MOJyYaeT BO3MOXHOCTH OOpallieHHts K MalluHe,
UCIIONIB3YS €€ B CBOHX LiesX.

Teneo6pabotka nanHbix B ACY crnocoOCTByeT CylIECTBEHHOMY pac-
IWKpeHHIo GyHKIMOHANBHBIX BO3MOXKHOcTeH OBM, nockoneky cosnaer yc-
JIOBMA I ONTUMAaNbHO#M 3arpy3ku 3BM ¢ yueToM ee cKkopocTH.

Tunosas cxema teneobpabotku EC (puc. 2) comepKUT LEHTPabHYIO
3BM, MynsTunnekcops! nepenadn ganubix (MI1JD), cesa3andbie ¢ OBM ka-
Hanamu BBof1a-BbiBoJia (KBB), cpenctsa cBszu (CC) 1 abOHEHTCKHE MYHKTBI
(ATD).

Y
Y
\
\

3BM KBB MILQ CcC All

Puc. 2. Tunosas cxema TeneobpaboTkH UHGopMarHu

Cucremoit Teneobpabotkn nanubix EC ynpaBisieT cocTaB/ieHHas aBTo-
poM crarbu nporpamma s DBM. Ota nporpamma paboTaeT noa pykoBo-
JACTBOM onepaloHHOH cuctembl EC DBM M peanu3yercs Kak caMocTos-
TelibHas 3a/aya.

JHanHas nporpamma B 0O0LIeM BHIe BKIOHaeT B cebd Mporpammy
YIIpaBIeHHs Nepe/laHHbIMH JIaHHBIMU M oOpabaTeiBaeT nporpaMmy. Ilepsas
nporpaMma obecrieusBaet koHTakT 3BM ¢ All, obMmen nndopmalueii Mex-
Iy OBM u ATl n 3aBepiuenus dTana CBsi3u.
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O6pabarpiBaonias nporpamMma obpabareiBaetT MHGOpPMaNKIO, KOTOpas
nopaeTcs OT aboHeHTCKMX MyHKTOB B OBM. B mpuHuune 3ta nporpamma
CTPOMTCA TaloKe, Kak nmporpamMma o0paboTKH JaHHEIX, KOTOPbIE MOJBOAATCS
OT JIOKQJIbHBIX YCTPOMCTB BBOA-BBIBOJ.

Takum obpasom, BHeapeHue ACY TII BonocHabxeHHs MO3BOJIAET 3HA-
YUTEIBHO YIy4LIUTh TEIUIOCHabXeH!e ropoIoB YKpauHbl NOTyYHTb 3KOHO-
MMIO 3JIEKTPOSHEPIHMH Ha IOJOrpeBe M TPAHCIOPTHPOBKE CETEBO# BOAbI,
CHM3HMTB MOTEpH TEIUIOTHI H BOJABl U YMEHBLOHTH YHCIIO aBapuit, COKpaTHTh
YUCJIEHHOCTb 00CIY )KMBAIOIIETO [1IePCOHANA.
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YK 621 — 83: 681 1O. B. BinaBesknid, acnipanm
KuiBcoKHH HaliOHATBLHUH YHIBEPCHTET
OyniBHMIITBA i apXiTeKTypH

MOAENOBAHHA NEPEXIAHUX NMPOLIECIB B CKINNAOHUX
TPYBONPOBIAHUX CUCTEMAX 13 30CEPEDKEHUMU
NMAPAMETPAMMW

[Mpo6ieMa HecTalliOHAPHHX MPOLECIB B CKIAAHUX TPYyOOIPOBIAHUX CHC-
TeMax iCHye JOCHTb JaBHO. AJke GaraTo IIMPOKO BIJOMHX CHCTEM 3 PO3-
TIO/IeHAMH TlapaMeTpaMu (HarnpUKIIazl, BOJONPOBIAHI Mepexi, Mepexi Ten-
JIOTIOCTAYaHHs TOWIO) MICTATH THCAYI €/IEMEHTIB Ta MAlOTh JOCHUTH BeJIMKi
PO3MIpH i PO3paXyHOK HECTalliOHApHHMX IMPOLIECiB B TAKUX CHCTEMax Notpebye
3HaYHHUX 00UKMCIIOBAIBHUX pecypciB. OfHaK Ha NPaKTHILi BUHMKae 6araTo 3a-
[Jia4, HalpUKJIaz, 337a4a ONepaTHBHOTO KepyBaHHS, sKi NOTpebyIoTh MIBHIKHX
00yKCIIIOBaHb Ta NepefdaueHHs CTaHiB CMCTEMH B PEXHMI peajlbHOTO Yacy.
Xova 30iNbILEHHs NPOXYKTHBHOCTI OOYMCIIOBAIBHOI TeXHIKH H YHOCKOHa-
JIeHHs OOYMCMIOBAIBHMX ANTOPUTMIB 1 MPU3BOAUTE JO 3MEHIUEHHS 4Yacy
BiAUTiKy, ane Oinbill MEpCeKTHBHHM € po3pobka “LIBHAKUX’ (CIPOILEHHX)
MOZieNeid, B IKHX Ha 3MiHy CHCTEM 3 PO3MOALTEHHMH [1apaMeTpaMu [IPUXOJATh
CHCTEMH 3 30CepeKEHNMH TTapaMeTpaMH 3aiiMae Take BelMKe 3HaYeHHS.

Pisui BueHi 3aiiManMcs NOIIyKaMH HAHONTHMAIBHIILIOrO BHPILUEHHS
npo6seMy HecTalliOHapHUX MPOLIECiB B CHCTEMAaX 3 30CepeKEHMMH MapameT-
pamu. Tak, nanpuxnan, Hosinpkuit M. M. B cBoili npaui “I'mapasnuyeckue
eny. Pa3puTie TeOpHH M NPUIOKEHHUA™ 3aNpONOHYBaB OTPUMYBATH CHCTEMH
3 30cepemKeHuMH TlapaMerpaMu(i JOCTiKyBaTH Tepexi/iHi MpolecH) 3a 1o-
TIOMOrOK0 OCEpEAHEHHS pIiBHAHHA TIiJpaBAiyHOIO yAapa 3a MPOCTOPOBUX
3MIHHHX 3 BHKOPHCTaHHAM KJIaCUYHHX KBanpaTypHuX $opmyi; Atasid O. O. i
Tapaceruu O. M. B po6oti “Tpy6onpoBoAHEIE CHCTEMbI SHEPTETUKU: MOZEITH,
NIPHJIOXKEHHUs], HHAOPMALIMOHHbIE TEXHONOrWH~ HaBMaKd AOBOAATEH, LIO oOce-
PEAHEHHs LBOTO XK PiBHAHHA Tpeba NPOBOANTH 3a GI3MYHAMH IPOLECAMH.

Tomy B maHiii po6OTi MPONOHYETECA HEBUpilleHa paHillle MeToxnkKa
no0yoBY ”IIBHAKHX~ CIIPOLIEHHX MOJeJeli, sika [PYHTYETbCS Ha 3aMiHi
BHXIOHOI cHCTeMH 3 PO3INOMiNEeHUMM MapaMeTpamH Pi3HAMH CHCTeMaMu 3
30CepeDKEHHMH TTapaMeTpaMy, IO JO03BOIsiE 3HAYHO 3HU3UTH 3aTpatu o6-
YHCJIFOBANTbHUX PECYPCiB.

LlinaMu #aHol cTaTTi € NOBEAEHHS JOLINBHOCTI 3aMiHU BHUXIOHHX CHC-
TEM 3 PO3NOAINEHHMH NapaMeTpaMH Ha CHCTEMHM 3 30CEpE/DKEHMMHM napa-
MeTpaMH Ta niabupaHHs XapaKTePHCTHK HOBOI CUCTEMH TaK, 1iob mapamer-
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pu npoueciB uiel cucTeMn 6yny HaHONMKUNMH IO NapaMeTpiB aHATOTIYHUX
npoleciB B BUXiiHill cHcTeMi, nofyAoBa Ta po3paXyHOK NEpEXiJIHHX Mpo-
HeCiB B CKIAOHMX TPYOONpPOBIAHUX CHCTEMax 3 30Cepe/’KeHAMHU Mapamer-
paMu; HaBeZIEHHS PE3yJIbTATiB EKCIIEPUMEHTIB 110 CNiBMA/@HHIO MOJIENeH.

Po3risHeMO MaTeMaTHYHY MOCTaHOBKY 33naui. TpyOomnposijHa cucte-
Ma sB7s€ cO00K0 CYKYIHICTh BY3JiB Ta 3’ €AHYIOHHX iX Tpy6. ¥ Bysnax (Tou-
Ka CTHKY Tpy6) MOXyTh OyTW pO3TallOBaHi HAacOCH, 3aCyBKH, KJIallaHH Ta
iHwa rigpoapmarypa. CTpyKTypy Takoi TpyGOmpoBiJHOI CUCTEMM MOXHA
300pa3uTu y BUITIAAL JEAKOTo opieHTOBHOTO rpada I', Bepmnnu sKoro (4u-
cenbHicTs T) BIANOBIAAIOTE By3/1aM CHCTEMH, a TyTH — TpyGaM ciHcTeMu (4u-
cenpHicTs ayr C), npuuoMy Opi€HTallis Xyr BH3HAYac MO3UTHBHHHN Harps-
MOK MOTOKY.

Hexait k — HoMep AyrH (HHXHIH iHAEKC) | j — HOMep BepLUMHU (BepXHil
ingexc). ByneMo BBaKaTH, 110 AT KOXKHOI AyTH k 3ajaHa ii JORXHHM L; Ta
BH3HaueHa KoopAuHata x (BIANMOBiAHO 3 opieHTaliclo ayru). Monudiko-
BaHuUii TAKHM YHHOM rpad [" MoXkHa po3riISAaTH K y3arajlbHEHHA Bici x.

HecrauioHapui Teuii B TpyOompoBojaX CHCTEMH ONUCYIOTHCH piB-
HAHHAMM rigpasniuHoro yzaapy [1,2]:

g olai )
i S .
> et =f, - (1)

Tyt Marpuus Ay i BEKTOD f; 3aexars Bifi BEKTOpa apaMeTpiB NMOTOKa
u(x,t), KOOpAUHATH X i yacy #:
2
0, /o, pa /o,

wk/p O, /o,

7 0 @)
© sy - 404|724, @,

d,® i i — giaMeTp, MJOLIA MONEPEYHOrO Mepepizy Ta YXHJ Tpybonposiza;
A — koeginieHT rigpaBniyHOro TEPTA; P — YCTHHA PilMHH; @ — WBHAKICTb
PO3MOBCIOKEHHS XBUITI MAPaBiiyHOro yaapa.

TTosHaunMo uyepe3 i’ BEKTOp, AKMM CKIAZa€ThCA 3 NApameTpiB BCiX
BXiIHMX Y By3eN i BUXiJAHHX i3 By3JIa j IOTOKIB:
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il =i} @il @0, 3)

F/ (ﬂw) ,kmok —Ta Tpy6a BUXOUTH 3 By3Jaj,
R = @
F/ (’Jk, L) Kok —ta Tpyba BXOAMTH y By3eln

Tyt ijw =iik 01) ﬁk,L = ﬁk (Lk N ) , ak; k... k, — HOMepu Tpy6, sKi npH-

MUKAIOTh J10 BY3/1a j.
KoxeH By3ell j MOEIOEThCSA CUCTEMOIO 3 PO3NOALILHUMH TlapameTpa-
M. OYHKIIIOHYBaHHS By3Jla OTTMCYETHCSA PIBHAHHAMHU BUTIISLY

(6, A, 2, t)=0, )

ne oneparop H' mpenctapnse co6oio cucteMy 3suyaitiux audepenuiinux
i/abo anrefpaiunux piBHAHb. J{Nf OJHO3HAYHONO RMPINLIEHHS 3anadi 3aja-
IOTHCH 1HIe NOYaTKOBI AaHi (pu ¢ = 0):
214 S - =]
-~ - _ i(0)=
“k(x’o)_uo,k(x)s ANO)=hA,, 20)=2%. ©)
Jing mpukiiany posrisHeMo miaxim, skuii Ha3yeTbcs Ha ocepelHeHHi

piBasHb (1) 3a ¢isnunumu npouecamu. Ha puc. | npeacrabieHa cxema Mo-
JIeTIOBaHHs A7 OIMHOYHOro Tpybonposoaa. TpyfonpoBia po3buBaeThcs Ha
N ninsHOK, i B UEHTpi KOXHOI IINAHKH YMOBHO PO3MIIlyETbCA Jesika
€MKICTB, THCK B fAKIii ﬁ, fiKa BIJNOBifa€ 3a NPY)XHi BIMACTUBOCTI CBOEI
ainauku. Ha camiit AinsHui BpaxoBylOThCS JULIE i#epIifiHI XapaKTepUCTHKH
notoxa. TakuMm YHHOM, Tedist B TpybonpoBoai Oy/ie ONMMCYBATHCS CHCTEMOIO
PiBHAHB

_%dQl _ - .’& plQllQl
2m7"p"p"+pg(zl'zo)' (3 207 i
pAdo, o) AR
‘o dt =Pn ~Pr +pg(ZN Zr) Ar 2d 20)2 ? (k)
AdQ, . - v . A PIQA'Q
gw ’}‘[A“— Pe - P + 82y - 241 - A 55 A 20l E, (14)
npuk:. l';, ,N-l;

14— 4150
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Ao dp o Q. mpuk=0,..,N-1. (15)
pat d

Tyt D = L/N, Qi = Qi(f) — BuTpara Ha noyatky k-1 XinaHky, Qs = Qe s(f) —

BUTpATa B KiHUi k-1 Aindnky, ae k = 0,..., N-1; 7 = 20, 21,..., 2= Z — BEpTU-

KalbHi BIAMITKH, a p; , po —BUTpaTa Ha JiBiif i npasiif KiHLiBKax TpyBompo-

Bija.

‘._,'.‘_r_.ﬂ‘_.....—pq-——.'«—»'
d/Z' 4! ' 'AE

a 6

Puc. 1. CxeMa MoZIeTIOBaHHS TPYOOIIPOBO1a CHCTEMOIO 3 30CPEIKECHHMHU NapaMETPaMH:
a) N = 2; 6) 3araibHHH BUIQJIOK

PosrnsHeMo croyaTky oAMHOYHHA TpyOONpOBiA, HA AiBii KIHIIBLI AKO-
ro (x = () po3raimioBaH HacoC, SKHH CTBOPIOE MOYATKOBHI THCK Py, a Ha
npagiii KiHWiBLi (x = L) 3aKpUBacTbCA 3acyBKa Ha MPOTA3I JIEIKOro 4acy f,,
BHACJIiJIOK YOro B CHCTEMi PO3NMOYNHAETECA HECTALIOHAPHUI Npolec, iHTeH-
CUBHICTb SKOTO OOEpHEHO MpOTopliiiHa 4Yacy 3aKpUTTs 3acyBkH f.. Haii-
6inblu iHTeHCUBHUH npouec 6yae npu 1, < 2L/a (T. H. npaMui rixpaBiiuHAHA
yaap).

Ha puc. 2 mpeacraBiieHi pe3ynbTaTd pO3paxyHKy MpAMOro rigpas-
JiYHOro yaapa Ajs JiHIHHOro 3aKoHa 3aKpUTTA IPU OPAKTHYHO MUTTEBOMY
3aKPHUTTi 3aCyBKHM (BHCOKOIHTEHCUBHHHA IiipaBIiuyHui ynap).

CriiBBigHOLIEHHS pilIeHHs cucTeMH piBHSHB (1), (2), To6TO 32 “TOY-
HOK” MOZEJUIIO HA OCHOBI CUCTEMH 3 PO3MO/UICHUMH MapaMeTpaMu (KpuBa
I), 3 pesynbTaTaMM pilUEHHS HENiHIHHUX cUCTeM 3BHYalHHUX andepeH-
uiaxx piBHAHb (10) 2-ro nopsaky (kpusa 3) i 1-ro mopsaky (kpusa 2), T06-
TO 3a MOJIEJISIMM CHCTEM i3 30cepekeHUMH NapaMeTpaMH, MOKasao, o Ui
BHUCOKOIHTEHCHBHHX IPOLECIB 3 HAABHICTIO 3HAYHOI BHCOKOYACTOTHOI CKJIa-
JI0BOI MOJIeJIi i3 30cepe/KEHHMH MapamMeTpamu aloTh 3Ha4HY MOMUIKOBICTD
10 aMIUTiTy/li, P LIBOMY MOAENH 1-ro MOpsAKy Mae 3HauHe PO3XOKEeHHA i
10 YacTOTi.
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Puc. 2. Tuck y 3acysui npu ¢ = 0,1L/a: 1 - mozean 3 posnoginenumu napametrpamu (1),
(2); 2 —monens 1-ro mopaaxy; 3 — moaens 2-ro nopsaaky (10)

Mogene 2-ro nopsaKy Mae XOpoluii CTyIiHb Y3ro/PKeHHS MO YacToTi i
Kpamuit 36ir B cepelHbOMY 3 aMILTITYAO0 KOJIMBaHb (NPH HAsBHOCTI 3HAY-
HUX OCUIISALIT).

OnHak mo Mipi 3HKEHHS IHTEHCHBHOCTI mpoueca (mpu mociabienti
f0oro BUCOKOYACTOTHOI CKJIAZIOBOI) CTYMiHb Y3TOMKEHHA LIBHAKO 3pPOCTAE, i
HaBITE UL NPAMOrO TiPaBJiYHOrO yjapa MEeHbLIOi IHTEHCUBHOCTI 0OMABI
MoJieNi Jat0Th ROCTATHE y3TOZXKEHHs 110 aMIUTiTy i, @ MOAeJb 2-r0 MOpPsIKY
Ja€ Maibxe criiBnafaroumii 3 “To4HUM” pillleHHSM pe3ynbTar.

Jng e MeHW iHTEHCMBHHMX IIpolLieCiB (HANmpHKIag, HENpAMOro ri-
ApaBNivHOrO yaapa, f. > 2L/a) pe3ynbraTd po3paxyHKiB 3a MOZEINTIO 3 po3-
TMOJINEHMMH MapaMeTpaMy i 3a MOAEITIO 2-T0 TOPSAKY 3 30CepelKEHHMH Ma-
paMeTpaMu MpakTHIHO CITiBIAJA0Th.

Ha puc. 3-4 nokasadi pe3ynbTari po3paxyHKy rifpaBilidyHOro yaapa B
npoctomy TpyGonposofi 3a Mmogenmo (12)—(15).

APhaY, 4

Puc. 3. Tuck y 3acyBui (MUTTEBC 3aKPHTITA):
I ~ *“royne” pimenHs (MOZE/b 3 Po3nojlineHumu napamerpamu (1)-(2)); 2 — mogens (12)«15)3 N = 1;
3 —monene (12)15)3 N =2;4 ~ mosenn (12)«(15)3 N =20
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Puc. 4. Tuck y 3acyBUi (TOBiNbHE 3aKPHTTA):

! — “Toune” piweHHs (Moze/b 3 po3noiiieHuMH napaMeTpamu (1)2)); 2 — mogems (12)(15)3N=1;
3 —monens (12)(15) 3 N = 2; 4 — monens (12){15)3N =20

PesynpTaTi po3paxyHKiB MOKa3yloTh, W0 BXe Npu N = 2 € nobpe y3-
rOJUKEHHS 10 YacTOTi H No aMIutiTy i (B cepeqHbOMY), TOOTO MOAENb THITY
(12)-(15) 3 7 30cepemKeHNMH NapaMeTpaMHu BXKe JA0CTAaTHLO TOYHO OMUCYE
HecTalioHapHM# NpoLec 3 Pi3KUMHU rpaflicHTaMH; NpU 3HWKEHHI iHTEHCHB-
HOCTI Tpoleca CTYNiHb Y3rOJDKEHHs 3pOCTa€, AK L€ MOXKHAa Mo6avuTd 3
puc. 4. I3 pucyHkiB 3-4 TakOX MOXHa NoOavHTH, WO i3 3pocTaHHAM N
pilleHHs 3a MOJIeNI0 3 30Cepe/PKeHHMH TNapaMeTpamH cTa€ Bce Oinmpin
TOYHHM.

Bucnoexu: Jna BenukuX TpyOONpPOBIAHMX CHCTEM CHiJl OYiKyBaTH
IIBHJKOI AMCINAaLil BUCOKOYACTOTHOI CKIAAOBOI i BHUIIONOXYBaHHs (PPOHTA
30yIkeHHs 3a paxyHOK iHTepdepeHuil i aucnepcii XBHIb Yy BHYTPILIHIX
By3/ax. ToMy BUKOPUCTaHHS MOJeNeil Ha OCHOBI CUCTEM 3 30Cepe/KEHUMU
napamMeTpaMH B LIbOMY BUIIAJKY € MPaBUILHHM.

Bkaszana Metoguka 6ysna BUKOpHCTaHa AlA pO3paxyHKy HecTallioHap-
HUX TIpoueciB B CHCTEMi TexHojoriunux Tpybomnporonis AEC (6au3bko
2000 tpy6).

[IpencraBnenuii MiAXiA AO3BOJIAE CTBOPIOBATH cripoueHi (“mBuaki”)
MOJIENi CHCTEM 3 PO3MOAIIEHMMH NlapaMeTpaMu, [PH UbOMY BHXiJHI cHcTe-
MU IHQepeHuiifHuX PiBHAHb B YAaCTKOBHX IOXiJIHHX 3aMIHIOIOTbCA Ha CHC-
TEMH 3BHYAlHUX AnQepeHUiHHNAX PIBHAHB, L0 AO3BOJIAE 3HAYHO CKOPOTHTH
Yac po3paxyHkis. [1poBeseH] po3paxyHKH Ha TECTOBHX 3aJla¥aX i pealbHHX
CHCTEMax AOBEJH, 10 AN APOLECiB, SKi MPOTIKAKOTE JOCTATHLO MIABHO Ta-
Ka 3aMiHa NPaKTUYHO PiBHO3HAYHA.
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ITucapes B. E. OnpenesieHHe TeMnepaTypbl BO3AYIIHOMH cpeab! B runobapuyeckom
XPaHHIIKIE NPH JHHEHOM 3aKOHE H3IMEHEHHS € OTHOCHTEJIbHOH BJAXKHOCTH.

[IpoBeneH TepMoaMHAMMYECKUE aHANM3 BAMAHHA MajiblX M3MCHCHHH OTHOCHTEb-
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JiT.: 2 Ha3B.

Bosuaxa O. T. Tlepaya noBiTps B NpUMileHHS HACTHJIBHHMH O0XOJIO/MKEHHMH
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A0/UKEHUMH CTPYMHHAMH TPU HASBHOCTI TEXHOJOTIYHOro obnanHanus Ta 06CayroByoyo-
ro NEePCOHAMyY B NPUMILICHHIX HE3HAYHOI BUCOTH. CIIHCOK JIIT.: 9 Ha3B.

Kopéym B. I1., Jasudenxo 5. B. UnucsioBe MoAeIOBAHHSA PO3ciloBAaRHA Y BITPOBOMY
noToui maponosiTpsiHoro ¢akena 3 6amToBol rpaaHpHi.

YucensHO po3B’A3ye€ThCs 3anada TypOyNeHTHO! moBiTpaHoi Teyii 6ing Gawrosoi rpa-
JHUPHI, H0 CYNPOBOIKYETHCA TPOLIECAMH TEIIONEPEHOCY Ta PO3CIIOBAHHAM BOJIAHOT napH,
IO BUXOXUTH 3 rpanupHi. [TOpiBHIOIOTECS NONS IIBUAKOCTI, TEMIEPATYPHU i KOHUEHTpaLii
BOJAHOI Mapy JJI% BHNAAKIB 3BH4alHOT rpaJMpHi, Ta rPaXypHi, io CoiyYeHa 3 BHKHAHAM
[IPUCTPOEM NPOAYKTIB 3ropsHHA KoTaoarperara. CIHCOK JT.: 4 Ha3BM.

Xyodenro A. A. TennoeHepreTH4YHa ePeKTHBHICTH BHKOPHCTAHHA TEMJIOHACOCHHX
YCTAHOBOK.

[puBenecHa METOAMKA OLIHKM TEMNOEHEPreTHHHOT eYEKTHBHOCTI TEMIOHACOCHHX YC-
TAHOBOK 3 YPaxXyBaHHAM CHEPreTHYHMX Ta eKCepreTHUHuX Oanancis tpanchopmauii
eHeprii. Cnyucok niteparypu: 2 Ha3BH.

Pockoguenxo F0. K., Cmenanoe M. B., Knimoea I. B. Tennoobmin y BUnapHuxy ren-
JIOBOTO Hacoca.

Po3riiaxyTa 3anexHicTs €PEeKTMBHOCTI NpoLECy TENONEPEAaYi ¥ BUAPHHUKY TEruIoBo-
70 Hacoca BiX TemIoi3nYHEX BracTHBOCTEH poboyoro arenra. [lokasano, wio 3amiHa po-
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604HX areHTiB — GpeoHiB BOAOIO 103BONsE iHTeHCHDiIKyBaTH Npoliec Teruonepenadi. Cnu-
COK JT.: 4 Ha3B.

Pockoswenxo 10. K., Cmenanos M. B., Knimosa I. B. Tensioo6min B KoHReHcaTOpi
TerI0BOro Hacoca.

Po3rnsHyTa 3anexHicTs eeKTHBHOCTI Mpouecy Tennonepenadi y KOHAEHCATOpi Tem-
JIOBOTO HAcoca Bill TermnodizuyHuX BiacTuBocTel pobouore arenta. [Tokazana iHTEHCH-
Gikauis npouecy Tennonepeaayi NpH 3amiki pobounx arenTi — dpeonis Bonoto. Cnucok
niT.: 5 Ha3B.

Hpuimax O. B. ExcnepHMeHTanbHi ROCHIDKEHHA TEIUIOBHX i riApOAHHAMIYHHX
XAPAKTEePUCTUK Tem1oMacoofMiHHHKIB 3MmimyBaabnoro Tuny (TM3M). Tenno-
TeXHIiYHi A0CHiIKeHRA.

Hagseneno pesynsratu 00pobku rennortexuivuux goctimxens TM3Jl. OtpuMaHo KpH-

Tepiaibii 3aJIEKHOCTI JUTd 3HaXOMKeHHs Nu Ta Ol AN JaMiHapHOTO Ta TYpOY/eHTHOro
PeXHMY pyXy 3aKpYYEHOTO BIILIEHTPOBOTO CTpyMeHIO BonH. CriMcok miT.: 12 Hass.

Pockoswenxo 10. K. Po3pobka eHeproomannoi cucreMH onajieHHA 30HH BereTauii
POC/HH B 3UMOBHX TENTHIIAX.

Hasenena MeToAHKa PO3paxXyHKY CHCTEMH ONAJICHHs 30HHM BereTallii pOCAHH B 3MMOBIH
TCIUIHL 3 OTOPOZKEHHAM 3 MiJBHIEHUMH TEI/I03aXUCHHMH BIAaCTHBOCTAMH. CIIHCOK iT.:
5 HazB.

Kyuipoe 0. C. CTOCOBHO METOAHKH HOPMYBAHHA TENJOTEXHIYHHX NapamMeTpiB y
NpHMilleHHi 38 YMOB BHKOPHCTAHHS NifNIOroBoi eJ1eKTPHYHOT CHCTEMH ONAJIeHHS.

V crarri posrisHyTi ocHOBHI nosnoxenus JIBH B 2.5-24-2003 BianocHo HOpMyBaHHA
YMOB MiKpOK/1iMaTy OpPHMIILCHHS IPH po6oTi NiANoroBoi kaGesbHOT eNeKTPUYHOT CHCTEMH
onaneHHa. Crucok JiT.: 3 Ha3B.

Yenyprna H. B. CHCTeMH 3 WITYYHHM AeleHTPAMI30BAHHM MIKPOKAiMaTOM — WX
210 NiABHIUEHHA eHeproeeKTHBHOCTI Ta KOHKYPEHTHO3AATHOCTI TEeNJHYHUX rocino-
JapeTB.

B crarri 3po6nexunii asanis THIIB Ta KOHCTPYKTHBHUX PillleHb PO3CATHHX BiINineHb
TeMMMIb. BinoGpakeHo pe3yabTaT JOCTLKCHb TEIIOBOTO PEXKUMY B 30HI POCTY pO3CcalH,
TIpHBEICHUH PO3PaXyHOK TEIIOBOro GanaHcy s po3CajHOro nepiofy B Terauui. CIHCoK
MiT.: 4 Ha3B.
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