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0> BEHTUNAUIA TA KOHAULUIIOBAHHA NMOBITPA

Exu IInorposckn
Boiinex JdennmeBcKH
Ceenroxwmmckoii I[Toaurexuukwy, r. Kensue, [Monsia

METOAMKA PACYETA NPOLIECCOB
ECTECTBEHHOIO BO3AYXOOBMEHA
B COBPEMEHHbBIX XXWUNbIX 30AHUAX

1. Beegenne

IlpeacTaBieHa KOHUENMUUSA MATEMATUUYECKOTO OMNMCAHHA COCTOSHMI
JBIDKEHUA BO3AyXa B MOMEILEHNM 3aHUs BOSHUKIUMX BCAEACTBHE NHHAMM-
YeCKHX BO3JIHCTBHI Hapy)KHOHl okpyxatowieli cpeibl Hepe3 orpaxaeHHe
ofnpeaeneHHoH nponyckaeMocTH. KoHkpeTHbIE peLieHs OTHECEHBI IS Cny-
4as NepeMEHHBIX MO BPEMEHM pa3HHIl TEMIEPATypbl BO3AyXa OKpYXKeHHs
34aHUA M BHYTPEHHErO BO3AyXa B €ro NOMEIEHUH, a TAKXKE THHAMHYECKOTO
BO3/leiiCTBMA BETpa Ha orpaxjaioimyro creHy. PabGora mpexcrasnser o1o-
6paxenue OOLIMX pelleHHH TPOGJieM MaTeMaTHMYECKOTO MOAENMPOBaHUA
TNIPOLIECCOB BO3JYXONPOHMLAEMOCTU B POCTPAHCTBAX 3/IaHuii Npe/CcTaB/cH-
HbIX aBTOpaM B paboTax [1, 2].

2. O6mee onAcaHHe N NPEANOCHIKH AHAJIN3A

Petuenns B paboTe OTHOCATCA K 34aHHUIO CO CXeMOH NpeCTaBIeHHOi Ha
puc. 1 u pasmepamu D;(i =1,2,3) pebpa Tena napannensHeIMH K €IHHHY-
HBIM BEKTOPaM §; CHCTEMbI OTHECEeHHUA. [IpocTpaHCTBO UHTEpbepa 3AaHHA Or-
paHHYEHO BEPTHKANBHBIMU M TOPH3OHTAIBHBIMH OFPaXAEHHAMH, KOTOpHIE
0603Ha4eHbl CUMBOJIAMH € = —i, + i (i = 1, 2, 3) cornacHo KX HOpPMa/bHBIX
HapYXXHBIX TMapaUle/lbHbiX K €JHHHYHbIM Bektopam —i.,i;(i=1,2,3). Or-
PaK/IEHHS MMEIOT COOTBETCTBEHHO TONIIHMHBI 4, = ¢, = a;, MpHYEM BEPTH-
KanbHbIC OTPaXICHHA XapaKTepU3YIOTCA OXHOPOAHOIN BO3AyXOMpoMycKae-
MOCTBIO € conpoTHBieHHeM R [1/c] Bosnyxonepenaye. 3aTo ropH3OHTANbHbIE
OTpaKAEHHA IUIMTHI TIONIA U NEPEKPBITUS XapaKTEPH3YET NMOJIHAA TIOTHOCT.



JuHaMUUYECKUMH TTepEeMEHHBIMHU OMUCHIBAIOLIMMHU BO34YX B COCTOSHUAX
JBIKEHWS B IPOCTPAHCTBE NOMELLEHHUS, ABIIAIOTCS BeKTOpHble nons u(&,1) =4
CKOPOCTH ABIDKEHHMA BO3/yXa, a Takxke cKansapHble nons Ap(E,t) = Ap mnpu-
POCTOB AaB/ieHHH BO3AyXa B IOMELIEHUH.

JuHamutueckue nepeMeHHble OnmUcaHbl NMPUOIHKEHHbBIM METOJOM IpH
NPeAnochIIKE pasAeNeHHs MPOCTPAHCTBA HHTEPbEpa 34aHH Ha 30HbI B BHAE
FOPU3OHTAJIBHBIX CIOEB 13 = 1, ..., N3, ¢ TOMUMHAMY d; ¥ OCTAIbHbLIMU pa3-
mepamu d; = D; — 2a; (1 = 1, 2, 3). O6pa3zoBaHHbIe BCIEACTBHE 30HANBHOTO

pa3szeneHus UHTepBaJbl BADMAHTHOCTH KoopauHat &[(ns — 1)ds, nad;] onpe-
JeASIoT NPOCTPaHCTBEHHbBIE QYHKLIMH

n)R3(E3) = HI[E —a3 —(n3-1)d;]-

1
L H[§3 — a3 -n3d3]n3 = 1,..., N3,

onpefeneHHbIE ¢ MOMOLLbI0 yHKUMK X3aBHCaHa.
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Puc.1. Cxema 31anus C MHTEPLEPOM B BULE OTCNLHORO NIOMELICHHUS

Tons ckopoctu & BO3yXa OnpeeneHbl NPUOIIKEHHBIM METOAOM, C TIPO-
W3BONIBHOCTBIO K KOXQUUHMEHTAM (. )V ;(F) =(,, )i (n)V ji () =(n3)i7 i ¥



x (j = 1, 2) MUHEHHBIX pacnpeaeneHui (,,3)17 B 108X n3y = |, ..., V3, c no-
MOLbIO YPABHEHHUA

N3
=3 (y)Q3(83)x
n3=l

@
2
X| 2 n) Vi (n)V 585 i Hiny) V3F () V33 (€3 (ny)€3)Vi3 |
Jj=1

B KOTOPBIX CUMBOJIb (,,,yC3 = a3 +d3(n3 - -%) OMpeAeNAOT MOJOKEHHS MJI0C-

KOCTeii CpeJIHMX CJIOCB 13 OTHOCHTENbHO nnockocTd &3 = 0. Koadduunentsi
(n3)Vii YAOBJIETBOPSIOT ypaBHEHHUs

3
'Zl (Il})vii =i s (3)
Jj=

BLITEKAOLWE U3 YCIIOBHI HENPEPLIBHOCTH div(,,3)t7 =0 ABHXKEHUA CNOEB N3,

BennuuHb! ko3¢ pULHEHTOB
1 $
(V3= d3| -5 : V33 + Zl (5)¥33 C))
n=

HABA3bIBAIOT YCIOBHUA HEMPEPBLIBHOCTH ClIaraéMbiX HOPMAJIBHBIX CKOPOCTH
Ha COBMECTHBIX IUIOCKOCTAX COCEAHHUX CJIOEB. 3aTO YpaBHEHHA

N3 .
2 (V33 =0 (5)
n3=l

HaBA3LIBAIOT MCUE3HOBEHHE ClaraeMbiX HOPMANbHBIX #.l; Ha BHYTPEHHHMX

MOBEPXHOCTAX FOPU3OHTAIbHBIX OFPAXACHHH orpaxiarowiei KOHCTPYKUHH
3/1aHHA.

JBrxeHHe UHPWILTPHPYIOLIEr0 BO3AyXa CKBO3b BEPTHKANBHbIE OTpa-
KaeHHus e=—i,+i (i =1,2) orpaxaaroiieil KOHCTPYKLIUH ONMUCHIBAIOT BEKTO-

PBI CKOPOCTH

" Ns (o), 3 5 - .
) = Zl(n3)9(§3)(n3)"fe)'f =n2_l (n3) SUE3)|(n3) Vi ’%(—1)8411(@)";:' i; (6)
=

n3=



CO cllaraéMbiMH paBHbIMH CllaracMbiM ﬁl; CKOpOCTH ABHIKEHHA BO3AyXa B
NOMEIUEHHH, Ha BHYTPEHHHX CTE€HaX BEPTHKaNbHbIX orpanc,-leuuﬁ e=—L+i
(i =1, 2) orpaxkpatoLileit KOHCTPYKLMH.

Bo3neiictaus okpyxatolleit cpeapl 31aHNUA MEXaHUYECKOTO npoucxom-
JIEHUS BO3ACHCTBYIOLIME COOTBETCTBEHHO Ha HapyHbie cTenbl &= 0, §; =
(i=1, 2) orpaxaeHuit e=—i+i ABASIOTCA MOBEPXHOCTHBIMK CHIAMM

pl <) = p( ).,, p'(+) = ~(+)3 CO CnaraéMbiMH BbIpa’>KCHHbIMH B BUJE:
w_% (+)
z (n';)Q‘“n‘;)p[ s Pi . Z (::3)93(n3)pi (7)
Il';— ny=

NpH 3HAYCHHAX CUMBOJIOB

A (=) _ ] ay+niyds

1 a3+nad; ~(+)
(ﬂ';)p! d; az+(ny-1)ds pl dé'b (n3)pr d;‘[ d§3

”1+(n3-')d1

BbI3bIBalOT OHM COCTOSAHHMS IBI)KEHUA Bo3ayxa u obpa3oBaHue B €ro
MPOCTPAHCTBAX BEPTHKANBHBIX OIpaXISHHU M UHTepbepa NOMeLeHU moseit

HAMPSXEHUH ﬁ,-( = p,(e)' = —i+i(i=12),i=1,2 aTakxe p; = p,;i;,

npu i = 1, 2, 3. UX cnaraeMble Ha MIOCKOCTAX KOHTAKTa CJIOEB, COOTBETCT-
BEHHO [POCTPAHCTBA OTPaXKAEHMIT H UHTEphepa, BhIpKeHb! B BuAe GopMyt:

;’1(_‘) Z (n3)Q3[(:13)p1 +{;t(n3)pu ,)]

"‘;—

ﬁl(+) Z (n3)Q3[(n3)p( +(§1 =B, )(li3)p(+‘)] (8)

ﬂ}—

Z (n3)93[(n3)17, +& - Di)(n3)f7.'.‘]

Il3—
pH 3HaYeHUAX koapHLMEHTOB

A1 af A(
,(n;)Pf=§((n3)P§ )+ai(n3)pu )'"(n;)l’. —at(n3)p(+') ) )

A _ 1 A+ a(+) A=) i)
("3)”“'“3‘.—_2(1[(("3)"? )_ai(n3)pii “(n)Pi ‘“:(nz)!’"')’



BbITEKAIOUIMX W3 YCJIOBHI HENpepbIBHOCTH BO3JICHCTBUIA Ha BHYTPEHHHX
CTeHaX BEPTHKATbHBIX OrpaxaeHuil e=—i,+i (i=1,2) orpakaatouledl koH-
cTpykunu. lNona nanpsxeHui
N3
53 = Z (113)‘23(;13);;3% =
" na=| (]0)
= Zt (n;)93[1'33)133’“("3)1333[@3 —(m '%)‘13 ]]i3
ny=
Ha NAOCKOCTAX &3 = nsdy , coceAHUX CIOEB B [IPOCTPAHCTBE MHTEpbepa 37a-
HUsl, YI0BJIETBOPSAIOT YCIOBMAM HEMpPEpLIBHOCTH BO3/EHCTBHIA MpH ciarae-

MBIX (,,,) P3 BBID&IKEHHBIX C IOMOILBIO HOPMYJibi

(ll})ﬁ}=133+(Il3)l3{(il3)1333} ’ an

[PH 3HAYCHHUH CHMBOJA

‘"3)’3{(53)(')1 =d\ 2 (H;)( ) »)(Il‘)( )+ z (Il})( ) (lz)
n;-— l’;v
~{—i) A(+i) ~ ~ . . 2

KoadpuuneHTsl 1\ Pii s (1)Pii » (n3)Pi + (n3)Pii PACIPE/CNCHUN Ha-

npsKeHni BO3AyXa COOTBETCTBEHHO B 1IPOCTPAHCTBAX BEPTUKANbLHLIX Orpa-

WACHHH e=—i,+i(i=1,2), a Tak)ke B NPOCTPAHCTBE MHTEPbepa 3/1aHNU%A

cBA3aHbl ¢ KOIPPUUMEHTAMU () Vis (4q)Vii PACNPEACTEHHH CKOPOCTH ABH-

KEHNS BO3ayXa (PM3HUECKMMH COEAMHEHUAMH, KOTOpbie BhiBCACHBI B [1].
[TpuHHMAatOT OHY BU/L ypaBHEHHIA:

— 10 OTHOLWICHHK K NPOCTPAHCTBAM BEPTHKANbHbIX orpamuemm npu
i=1,2

~ 7 ~
(H})PI(I‘ =§p<ﬁ{(nx) i ')}" pgt{(n;) i~ d!(lu) N} ’ “).)

A4 _

~[+1I 7 0 - | ';
(lu)Pu Spji{{n;) }"'S‘pjﬂ(ug)"i +5di(l:;)",‘,‘]a

d=d Vi 3R0):
R {1 dl()+7R()’



— B NIPOCTPAHCTBE UHTEpbepa 3xanuA npu i=1,2,3

& A & A - 21,2
(n3) Pi ="(n3>l’+271(n3)"u+P[%(m3)”‘u)+(m3>vﬁ) ]d;‘ nx,
(14)

~A . d ~ N ~
(n3) Pii =P [" 8i3(n3)f3 +;1‘t‘((n3)"i )+(n3)vi (n3) "ii] -

3. Ypannenue ABHKECHHSA BO31YXAa B NOMEUICHHH 3TAHHA

IMoacraHoska B ypaBHeHue (8) n (10) cOOTBETCTBEHHO BbIpOKEHHUi HA
a(-=t A(+i A A
K03(pULHEHTHI (ns)p'(i D (,,3)[),-(,- D, (n3)Pi + (n3)Pii » AACT YPaBHEHHS NBHXE-
HUA BO3AyXa CEAYIOLHX BHIOB!

Wn Vi +[%((,,3)a,.,.)+((,,3)9,.,. )2]d,-2 N2+
+a;d, [%%(tng%) + %R(n)ﬁii] =%[(n3) p +_é'((n3)ﬁi(_)+(n3)ﬁi(+) )]’
(D; +%ai)'j—t((n3)ﬁi )+[(n3)‘7iidi +2aiR](n3)ﬁi =%(("3)’3§+)_("3)ﬁ1(-)’ s
2 (ny) P33 +[%(("3)033)+(("3)933)2]d3? 2-

d, o oo le s 2
30 ) V) ) V3 ) P33} = G ln)P ¥ P3) =y 3l )3}

SABRAIOTCA OHY COBMECTHO C HCXOAHBIMU

(n3) ‘7zi|z=:0 =myVi (=1,2,3),

(ns){;‘ |'=fo=(’l3)‘}i (i = l, 2)

cromHocTH (3) M KpaeBBIMHM YcHOBHAMM (5) KOMIJIEKTOM YypaBHEHHIA,
OMHUCHIBAIOWINX NepeMEeHHble AUHAMUYECKUE CKOPOCTH (,,3)\7‘- (i=12),

(,,3)6,- (i=1,2,3), a Takke JaBleHHH (n3) P, Py, BO3AyXa B cnosx n3 = 1, ...,

N3 B COCTOSHUAX ABH)XCHHUA B MPOCTPAHCTBE NOMEILEHHS 3AaHUsA.



4. iBwkeHHe BO31yXa B OMEILleHUH BbI3BAHHOE
H3MEeHEeHHTMH TeMIIepaTypbl
Onpeneniensl COCTOSHUA ABMKEHUs! BO3AYXa B MOMELIEHHH BLI3BAHHbIE
U3MEHEHUAMH TEMTIEPaTyphbl 7(,) BO3AYXa OKpYXalowuei cpeapl M Temnepa-

Typbl BHYTPEHHEro Bo3ayxa TA'(,-) 3maHuA pasmepaMu D;= D, a;= a (i =1, 2).

Pa3HbiM TeMmepaTypaM Bo3ayxa OKpYXKatolleil cpeapl W NMOMELIEHHA COoT-
BETCTBYIOT pa3HbI€ €ro yJenbHble TMIOTHOCTH, COOTBETCTBEHHO COCTaBJISIO-

M€ P(e), Pa)-
Bo3peiictaust okpyxatoleil cpeibl Ha 3aHusl BbIpaXKEHBI B BU/€ [PABH-

TALMOHHBIX HAMOPOB BO3AyXa

5(+) —

= 3
(nz)pi( )=(n3)pi = —Pod = Vex %(Ds —203){1 -73("3 —%)] (16)

Ha CTEHb! CJIOEB BEPTUKAJIbHBIX orpaxc,ueuuﬁ, onpeaenis ux ¢ nNpor3BOJIbLHO-
CTBbIO K AaBJICHUAM OTHECCHUA Poq , 34TO AABJICHUA BO3yXa B MOMELICHHH

() D = Al 1+ Py +Yin 5 (Ds —203)[1—,\%(@ —%)} (17)

BBIDOKEHBI pasHHLeH A ,, )13 JaBNeHUi BbI3BAHHBIX Pa3HbIMU MEPEMEHHBIMH

10 BpEMEHH TEMNIEPaTypamu fie), f‘( 1)» IPMHAMai TIpU 3TOM 3 = —p, + Ap;.

VYunuTeiBas B ypaBHeHusX (14), onuchiBalOUMX COCTOSHUA ABHKEHUS
BHYTPEHHEro BO3JyXa, NPUHATEIE NpeAnochuikd U ompegeneHus (16—17),
a TaKKe NOACTaBJIAsA BLITEKAIOIEE M3 UX OlIpeie/ieH N 3HaUEHUsA CHMBOJIOB |

m)3=-8 @ylil}= —%(03 - 203)[1 —]\%("3 - %)}

nony4eHa nocine npeobpa3zoBaHuii 1 MPU MPEANONOKEHUH UCXOAHBIX YCIO- .
BHH

("3)9i|1=r0 =0 (i=1,2)
CHCTEMa YpaBHEHMI ClieAyrolero Buaa:

()Y =0,
(ny) Vi = ‘%(na)"’sz ;

2-—1-2087 9



3ll<n;,)‘333+g7(<n3)‘733)(d§ +%d2)/12+((;13)‘733)2(d_32 —%dz)/|2+
7 d - | A |-
+ad[—Z—OE((H3)VSJ)+ZR("3)V33]_

-1 s pila-2a3) . 2 o _1y_
—p[(ll3)p3 ? 2 [N3(n3 2) ”], (18)

Aﬁ}—_l: Z (("‘)V}z) (d'; ——d )/12

ny=1
Nj
Z (n3)l1{ ((lu)V} )+(ng)v3 (n;)v‘n}

n3=

. (D3 —-2a5)

3) 2 1
A(n3)1) = ——[Ap:, +p r > [-A—];(n3 —5)—1]]+

1 - d 5 2 2
+§p[n("3)l’33 +E(("3)V33)(d3 —%d )/12]+

A 2092 2 A A
+%p[((n‘;)v33) ((13 +%d )/12_%051[%%(("3)""33)R(n_1)"'33]]+

zp('m i ((n;) 33)+(n]) 3y Va3l -

Tloseastotumiics B ypasienusx (18) cumson p [[Ta/m] umeer 3HaueHus

T
~A v — ]
;. - Ye,\ Ym Y()Tu( T(e) T(I) ) (19)

Peuienne cucrembl ypaBHeHuii (18) npeiacTaBicHO NO OTHOUICHHIO K
caMOMy MpPOCTOMY ABYX30HA/NbHOMY pa3Jie/ICHUIO MPOCTPAHCTBA 3AaHHs

cnosMu a3 = 1, 2 ¢ TONUMHAMHY dy =—,1)—(D3 —2a3) . Y4uTbiBas NpUHUMAIO-

11ME B 3TOM cllyyae cilefylolye 3HaueHus onepatopos (12):

10



wml3t}= '%d3(2>(') » 3l = “'21'43(1)(') ,

a TaKKe BBITEKAIOLME W3 KPaeBbIX ycnoBWil (5) M u3 ycnoBuli crowwHO-
CTU (4) 3aBUCUMOCTH K03(PHLIHEHTOB

mV3=—)"3 =013, 1)"1=2)Vs =%d3‘733 (20)
nosy4eHsl Ha ocHoBe (18)4 BBIPOXEHHS HA BENUYNHBI
Bp3 =~ £p(d3 +5d*)(Fy3)". @1)

Orttyna nocne noacranosku ¢opmyn (20, 21) B ypasuenus (18)s, (18)s
TI0JIyY€Hb] BbIPXXESHUA JU1A MIPUPOCTOB JaBJEeHH BO3AYXa B OMEIEHHH

a 1A n
Ay =—7 Pd3(-1) +
(n3) 4'!' 3

-%[(u-—adk)vg, +J~(i‘-d3 %dz——ad) (v33)]( -+

+ ﬁdz((,,a)ﬁ”)z , (22)

a Taxxe auddepeHuransHoe ypaBHeHHe 1A kodQUUHEHTOB Vs4 pacnpe-
JleNIeHUs CKOPOCTH ABIDKEHHUS BO3JyXa

(%432 +§%d2 +2l0ad)%(ﬁ33)+ (3u+21—adR)633 =2ipd3 ? . @)
IMoacranoBka B pelieHne
ds
2p(3 +1adR)

-

V33 = {p exp(~kr) + KJ exp[K(r —t)lp(t ey 24

0

3TOr0 ypaBHEHUs NPH MCXOXHOM YCIIOBHH p = pogTO(Lo—lo) nony4eH-
T e T

HOTI'O MocJie BBEAEHHA 0003HaYeHUs

3u+ LadR

[1/01, (25)

2% 11



CNETYIOLIEro BHIPAXKEHHs ANs BO3/IHCTBHif
A 1 1\ ¢
— — ) —1- H(t- -
IT’ gPoTo(Te 7",)[:, (1-H@-4y))+H@ ’l)],

BbI3BaHHBIX M3MEHSIOWIMMUCA Bo BpemeHH ([0, f|] TeMnepatypamMu OT Be-
NHYHBI TeO,T,p no sennuunbl 7,,7; naer dopmyny s koddHLIMEHTOB
CKOPOCTH B BHJe:

dy

v —  pexp(—kf)+
B 2pGu+ L adR)p Pk}

d
oy
2P(3u+ladR)T[ [exp(-xt) + Kt - 1][1 - H(t - 1))+

+—[K+ exp( xt)(1-expkt)IH(t - 4)],

0
KOTOpasA B Ciy4ya€ WCHEC3HOBCHHUA WCXOAHLIX BEJIHYHUH p = 0, a Taxxe Mo-
T

MEHTAJILHOrO BOSHUKHOBEHUA (MpH £ = Q) pasHHULIbI TEMIIEPATYp, MPUHUMAET
YNPOLIEHHbIH BUA:

dy

m[ —exp(—«1)]. (26)

V33 =

[ToacranoBka B (2) cooTBeTcTBeHHO dopmyn (18).2) , (20) naer Bbipa-
JKEHHS OTIpe/iefieHHbIE KA DULUCHTaMH V33 CllefyIOLIero BHAA:

#(8) = -5 933l(&1 ~ D/ 2)iy + (& - DI2)iy J(1 - 2H(Es - ap)]+

H{1-H(& - a3)l(G3 —m) + H(E3 —a3)(2d3 — &3 +a3)}onzly. - (27)
Yucaennoiii npumep

lMpuHMMas CleayIONHMe YiCTeHHbIe NaHRBIE: po= 1.293 kr/M> npu 0 °C,
g=9.8l mic?, T, =273K, T.=2T3K - 10 °C = 263 K, T, = 273K +
+20°C=293 K, v,=12.68 Ilam, D=20 M, D;=65 M, a=02 M,
a3=025M,d=D -2a =196 M, d5=65-05/2 =3 M, R = 143 1/,

12



0
p=1.204 K/, p=0.149 - 10* m*c nonyweno: p = 1.35 Ma/m, K =
T

=0.687 l/c, otkyna Ha ocHoBe (26), (2) sKcTpeManbHble 3HAYEHUA Criarae-
MbIX CKOPOCTH ABIDKEHHS BO3AyXa B MMPOCTPAHCTBE MHTepbepa 3/1aHKus CO-
CTaBAAIOT:

|'7'il|é,, =02m _lii'il|§|=l9.&u = |'7"-2l§3 =0.2m _|ii'i2l§2=l9.8.u =4903; =

= 0.59[1 — exp(=0.6871)] [M/c]
B aanasone §3(0.25 M, 3.25 m):

|'7'il|§, =02m _|§'i1|§1=|9.8M =|’7‘i2|§2=0.2.u = "Iﬁ'i2|§2=19.s,u =—4.903 =

= —0.59[1 — exp(0.6871)] [m/c]
B manasone £3(3.25 M, 6.25 m):

125y, = 3933 = 03611 - exp(—0.6872)] [m/c].

max|u.z3| =|u.z3|§‘
5. /IBM>kenHe BO3XYXa B MOMEIEHHAX
BhI3BaHHOE BO3AeliCTBHEM BeTpa

. . " S(-)_
VYuyuTbiBag BO3ACHCTBUSA HapY>XXHOHW OKpYXaloWEH cpenbl ("l)p 1=
W

A=) A X A Al+) A A{=)_ & A oA
=G b, )P M=p"1=G" b, (u.)P( )=p'"3=C; p. BeizBannbie
y w w w w

w w
JeiicTBHEM BETpa, B HanpaBieHWd MEPNEHANKYJISPHOM K HaBETPEHHOH CTO-
pOHe orpaxaeHus e = —1, B BHAE ONPEJeNCHHOM ANHAMUYECKUMYU KOI(du-

uveHtamu (onpeaeiaeHHsIMU Hanp. B [1]) yacTu cBOGOAHOTO AMHAMMYECKOTO

JaBneHMs ﬁ:%pﬁz BO3[yXa, NOJIy4eHbl Ha OcHOBe ypaBHeHuit (14) mpu
v 2
pasmepax D; = D, a; = a BbipakeHHS Ha KO3(DPHUMEHTBI pacnpeaeneHHi
CKOPOCTH JBHXKEHHA BO3yXa B [IOMEILEHHH
. 2
il =i + 3 9;(§; — D/ 2)i; (28)
i
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CleyIONX BHAOB:

(n3) ‘?2 =(n3) ‘;3 =0, l"'\ll = —‘;22 = 0’(113) ';33 =0 (29)
. 0
Vi =viexplK'(fp — 1)1+

+ - fexplx(r'—1)] p[C, —%(Cl e Hydr

2
p(d-+Zad) 1

. 2u+ladR y . 0 !
npu K —W [1/c] u ucxomnoM ycnosuu |x,~,~|’=r0 =v;=(-1)"v,
a TaKKe

0 il gt R S H) o )
vy =vyexpl Bidt' 1+ ————- [expl[B dr"]1p(C1'+C Thdr' 31)
=160l P p(d +Sa) ,{, ey

d

0
- a o o ==
npu p= m[zg R+ P11 ] H HCXOJIHOM YCJIOBHH |vl|r=t0 =v;.
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KuiBcbkuii HaLliOHaNIbHUIE YHIBEpCUTET

6yniBHHLTBA | apXiTeKTYpH

HOPMARNI3AULIA BONOrora CTAHY nosITPA
Y CNOPYAAX B XONOAHWM NEPIOA POKY

Mikpoknimatr y 6yxosax Ta NMPUMIIICHHSX, OCOOIHBO y HEAOCTaTHRO
onantoBalbHUX, AyXKe CKAanHWA. BiH 3aneXuTh Bix KOHCTPYKLiit Ta Mare-
piany enemeHtis crnopyau, pexuMy ii ekcnnyaTauii, KniMaTudHoi 30HH
Tolo. 3HayHy HeOe3reKy CTaHOBUTh KOHIEHCallis BOOTH 3 MOBITPSA Ha Oro-
PODKYIOUNX KOHCTPYKUiAX [1], a, HanpHknagd, y My3esX Ha MOBEPXHAX BH-
TBOpPiB MUCTELTBA. Y BHNAAKAaX NOTipLIEHHA YMOB €KCIUTyaTaLlil onanoBaib-
HOro OONaJHAHHA | MOpYLIEHHS CaHITapHO-TIri€HIYHUX YMOB NMpPUMIlLEHHA
yce yacTiile 3ycTpiiaEMocs 3 KOHIEHCALi€l0 BOJOIM 3 BHYTPILIHBOTO MO-
BiTpa. Tak nochikeHHs Mikpoknimary npoTsrom poky y HauionanbHomy
HayKOBO-AOCTiIJHOMY pecTaBpalliiiHoMy LEeHTpi YKpaiHd BUABHUIM BHNAAKH
NOABY KOHJAEHCATy Y NMPHMILIEHHAX Ta, 10 0COOJIMBO HACTOPOXYE, HA My-
3eiinux exkcrnoHarax. Lle BinGyBaeTsca y nepexinnuii nepiod poky npu Bia-
KAKOUeHHI Mepexki UEHTpaibHOro onaneHHs. Bumipu TemnepaTypHO-BO-
noricHoro pexumMy (puc. 1, 2) 3acBi4MIM 3HAYHI KOIHBAHHA J000OBOT TEM-
TepaTypy Ta BHCOKi WOKa3HUKH BiHOCHOI BOJIOTOCTI MOBiTps, HACHiAKOM
4Oro CTaNno BUMAJAHHA KoHAeHcaty. ToMy BUHMKIA MoTpe6a BUKOHATH Tep-
MOIUHaMIYHUI Ta TENNOTEXHIYHWH aHai3 Pi3HUX BApiaHTIB MpPOABY MpPOLE-
cy KOHAeHcalii BOJIOFU 3 BHYTPILIHbOIO NOBITPA MPHMililEeHb.
TpHYHHOIO KOHAEHCALIT BOJOTH 3 MOBITPS MPUMILEHb MOXYTh CTaT
TaKi 0OCTaBUHMU: :
* 3MilIyBaHHA 3aTiKaOYOro y NPUMILLEHHA XONOAHOTO aTMoc(epHOro
i TEMNOro BHYTPILIHLOTO NOBITPs (BapiaHT 1);

¢ 3iTKHEHHA 3aTiKalYoro y NpUMilICHHA TEeNIOT0 30BHILUHBOTO [10BIT-
p? 3 XOMOAHOIO BHYTPILIHBOI MOBEPXHEIO CTiH, MifUIOrH, NOBEpX-
HEl BUTBOPIiB MUCTeLTBA (BapiaHT 2);

® OXOJIOMKEHHSA BHYTpILUIHBOTO MOBITPA Kpi3b CTIHU XOROAHUM aTMO-
c(epHHUM NOBITPAM (BapiaHT 3);

® HACHYEHHA BHYTPILIHBOrO MOBITPS BOJOrOIO Bill QyHAAMEHTIB, Mij-
JIOTH Ta CTIH NPUMIILIEHH Yy Nepiod AEHHOTO MiABMILEHHA TeMAepa-
TYPH BHYTPILUHBOTO MOBITPS 33 PaxyHOK HAAXOMKEHHS TEMIOTH 3
HaBKOJIMLIHBOIO CEPEeNIOBULIA i MOAANbILOl KOHAEHCAlil BONOIU Y
XOJIOAHY HiYHY FOAMHY BHACIiJOK HH3BKOI TeMIepaTypH Oropoi-
KyIOuMX KOHCTPYKUiH (BapiaHT 4).
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Po3rnsHeMo nipouecH KOHAEH AT Bonory Ginbll yBaxHiule.

Bapianr_1. XapakTepHuii npu 3MilllyBaHHi NMOTOKIiB NOBIiTPA BHCOKOI
BiIHOCHOT BOJIOFOCTi ¢ mpH Oynb-akux Temnepatypax. [1py Manux ¢ nossa
npouecy KoHAeHcallil 3allexHTh Bijl CHiBBiAHOLIEHHR TEMIEpaTyp TNOTOKIB
noBiTpa. SIK NpaBuMiO, BapiaHT Mac Miclie Y XOJNOAHUiT mepioj poKy MpH
3HAYHHX BiAMiHaX y TeMIepaTypax BHYTPIiLIHbOIG Ta 30BHIiLIHBOTO MOBITPA
npH BeHTWIALIT 4 iHQINBTpaLii X0NOAHOTO aTMOC(HEPHOro HOBiTPA y oma-
JIOBANbHI TA HEOTANMOBAIbHI MPUMIILEHHS 3 BACOKMM 3HAYEHHAM BiAHOCHOI
BoJIorocti y noBitpi. To6TO BM3HauacThCA AK YMOBaMH €KCIUlyaTallii npumi-
LIeHb, TAK i BiAOYBa€TbCA MPUPOAHMM LNsAXoM. HalipouinbhimM ans 3a-
noOiraHHs BHMAJAHHIO KOHAEHCATy € HeoOXinHe omaneHHA NpUMillleHb, Y
TOMY YMCJIi i3 CTBOPEHHAM B HUX HaJIMipHOTO THCKY MOBIiTpS.

Npuxaag 1. Y npumimenni 06’emom 100 M’ NPH TEMMEpaTypHO-
BOJIOTICHMX MapaMeTpax MOBIiTPA fy = 25 °C i ¢ = 0,8 Ta 30BHilIHBOrO
nositps £,= 0°C i ¢ = 0,9 npu kpatHocTi uupkyauii 0,5 3rigno 3 I-d niarpa-
MOIO BOJIOrOro TOBITPA MOXIKBE BUNAJaHHA BOJNOTH Y Kinbkocti 0,4 r Ha
1 Kr cyxoro noitps. 3arajibHa KilbKicTb KOHAEHCATY MOXe CKylacTu 10 48 r
3a roguHY; 3a 106y — 0,576 Kr, 32 THXAEHb ~ 4 KI.

Bapiant 2. MoxuBuit npu nepiofMyHOMY BEHTHIIOBaHHI 4H iH(inbT-
pauii’ Terioro arMocdepHoro noBiTpsA (Mepexiguuii nepion poxy) y npumi-
IIEHHA 3 XOMOAHMMH CTiHaMH Ta mimoroto. OcobauBo Bupaxceunii y mig-
BaNbHUX Ta HaMiBNiABAILHUX NPUMIILEHHAX 13 3aX0JIOJUKEHNM i UTAM.

Npuxnax 2. YV npuMilieHHs 06’emom 100 M’ moctynae arMocdepHe
nopitTps 3 napaMetpamu f, = 20 °C, ¢ = 1,0. Hexali y tenmoobminxnx
npouecax Oepe yuyacTh 4YaCTHHA LEM/IAHOI OrOPOMKYBAHO! KOHCTPYKLIl
06’eMom V'=1m"3 TteMmneparypoto 10 °C (y aitichocti 3HauyeHHs V Ginblue).
Toxi KineKicTh TEMIOTH, AKY BifAa€ MOBITPA A NpOrpiBy W€l KinbKOCTi
uernu Bia 10 no 20 °C, nopiBHioe:

0=¢, pu- V- At=0,887 kILi/(kr - rpaz) - 1800 kr/m’ x

x 1M -+ (20— 10)°C =15800 kJIx.
Xaii ycs us temnora @ HAAXOAMTH 32 PaXyHOK TEMNOTH KOHAEHcauil
sosioru (Haifripiuuii Bunagox). Kinekicts konaeHcaty Gy cknane:
G,= Q/r = 15800/2200 = 7,15 xr (r = 2200 kx/kr).
3rigHo 3 /-d piarpamolo BOJIOTOro MoOBiTPA Ta pospaxymcm KiJIBKiCTb
TEMIOro NoBiTPs, 3 AKOr0 BUMAJE KOHAEHCAT, AOPiBHIOE 790 M. Hexail koH-

OeHcallia BoJorH BilOYBa€TheA y HiuHuii yac npotaroM 10 rogui. Moxuiusi
ZBa BUMAAKHU:

3—1-2087 17



[Mepwinit — y npuMilleHHs (OCTYIae NOBITPA i3 cycinHix kimuat. Toai
y rOAMHy NOBUHHO NpHIUIMBATH 79 M7; 3a 10 roaud — 790 M, o € Jomyc-
TAMWM U5l TipHMitienEs 06°emom 100 v°. TIpy LbOMY Ha MOBEPXHI NpUMi-
HIEHHA MOXKeE BHUIMACTH LIap KOHOEHCATY TOBLIMHOW (TPUNYCTUMO HAOLIA
noBepxui F = 200 m’)

A =G (pe* F)=7,15/(999,7 - 200) = 0,028 mm.

Ha noraHo3BoNoXyBaHHX NOBEpXHAX TOBLUMHA KOHIEHCATy MicUsAMU
6yne 3Ha4HO GiNEBIIOIO.

Ipyrwii unagok. [Mpunausy yn indineTpauil nositps Hemae. Oxonox-
JKYETbCS TINLKK TE MOBITPs, WO 3HAXOAUTHCA Y KiMHaTi. [Tpyu 3HMKEHHi TeM-
neparypu nogitps 3 10 g0 20 °C 3rigHo 3 /-d piarpamMoro BOJIOroro moBiTps
MOJKe BUINACTU KOHJEHCAT Y KifIbKOCTi:

G’= Vap P Ad= 100 M’ - 1,247 xr/m’ - 7,5 r/kr = 0,953 kr.

BapiauT 3. MoxuiuBuii y onamoBalbHUX Ta HEONAMOBANIbHUX TIPHMi-
IIEHHAX NpPH HEJOCTaTHbOMY TEPMiYHOMY OMNOpPi OFOPOIKYIOUMX KOHCT-
PYKLI# Ta NOB’A3aHuUii 3 KOCATHEHHAM BHYTPIlLHBOIO NOBEPXHEIO KOHCTPYKLT
TeMneparyps Touku pocd. OcobnauBo HebGesneunuit npu gudysii Bosoru
Kpi3b NiANOry YK OropoXyBaibHi KOHCTPYKLi, BANapoByBaHHA 1i Y NPHMi-
LIEHHA 32 PAaXYHOK TeMIOTH MpPUMILEHHs Ta Nojaibllol KOHAeHcauii Ha
OXONIOMXKYBANbHHX MOBEPXHAX Ta peyax. Hopmanisauia BonoricHoro crtaty
Moxxe 6yTH MpoBeJeHa 3a paXyHOK TeM1o- Ta Tigpoi3oisiii oropomKyBaib-
HHUX KOHCTPYKLIi.

Bapiant 4. 3Hauny ponk Bigirpae gudy3sis Bonoru y npuMilleHns, gxa
MOke OyTH NoB’sA3aHa 3 BUCOKOIO BOJIOFICTIO TPYHTY, MIZJIOTH Ta OrOPOKY-
BaJLHUX KOHCTpYKUili. MexaHi3mM mposBy npoctuit. Bonora nudyHaye y
NPUMILLEHHA, BUNIAPOBYETLCA Y MOBITPA 33 PaXyHOK L€l TETUIOTH Y Nepiox
JEHHOTO MifBULIEHHA TEMITEPATYPH, a B XOJIOAHY TOAUHY BHACII 0K HU3BKOT
TeMNepaTypd OropoKyBallbHHX KOHCTPYKUiH, KOHAEHCYETbCA Ha iX MO-
BepxHAX. OCHOBHi 3acofu Hopmaiizail BONOrocTi ¥ MOBITPi NpHUMilEHb:
3HEBOJHIOBAHHA MiclieBocTi 6ina OyAOBM, riapoi3ossuis, BAOCKOHANEHHS
OTOpOKYBaIbHHX KOHCTPYKLIH.

Taxum 4nHOM, OCHOBHMMH (JaKTOpaMH KOHJAEHcAllii BOJIIOTU B cepeluHi
NPUMiLLEHD:

® € HeJIOCTAaTHs TEIUIO- Ta Miipoi30NALlis OFOPOKYBATbHHX KOHCTPYKLH;

BiICYTHICTh Hall&)XHOTO OnajieHHA y NPUMillEHHAX; HeperyjL0BaHa
BEHTH/ALA npuMilteHs. Jlo uboro ciif A0AaTH HEAOCTATHE 3aCTO-
CYBaHHS Cy4aCHUX TEXHiuHMX 3aco0iB s 3anobiraHHs KoHAeHcanil
BONOTY i MATPMMKH HaJIEXKHOTO MiKpOKIiMaTy IpUMILIeHb.
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Hopmanizauiro Bonororo craHy moBiTps y NpuMiillleHHAX Tpeba npoBo-
NMTH 3aBxan. Y Tabnuui HaBeAeHi OCHOBHI CyuacHi 3axoau, ski Tpe6a BUKO-
pUCTOBYBaTH Yy TpPUMILIEHHAX 1A 3anobiraHHs KoHJAeHcauii BOJIOFH 3
noBiTps. 3HakoM “+” BiA3Ha4YeHi 3aX0AH, AKi 3anobiraloTb BUNANAHHs BOJO-
T'H 3 NOBiTPA.

Tabauysn

3axoan ans 3anoBiraHHA KOHAEHCALIT BOJIOTH Y NPUMillleHHAX

Ne 3axoau a4 3anobiranHs

Bapiant 1 | Bapiant 2 | Bapiaut 3 | Bapiaut 4
. KOHJIeHCalii BONOry

Opraui3oBaHa BEHTHALA
NpUMILICHb

Tinpoizonauis oropoaxy-
BaNbHHX KOHCTPYKILiik

3 Tennoizonauis oropomky-

BaILHUX KOHCTPYKLLif - 4 = -
4 | OnaneHHs 3aranbhe + + + *
5 | Onaneunns Micuese + + = +
6 | KonauuioHysaHHa NosiTps + + + *
7 | Ocyuika nositps + + + +
8 | AKyMyJIIOBaHHS TCIIOTH - + — +

PosrisiHeMo 3axoau no 3ano6iraHHio BUNAAaHHA KOHAEHCaTy.

Opzanizoeana eenmunayin npuminiens.y XonoiHUH nepios poky B
NpUMIlLIEHHA NOCTYNae Harpite arMocepHe nositps. [To-nepuie, MO3UTHBHO
BupiyeTbcs Bapiaut 1. MMo-gpyre, ueil mpolec € aHanorom MOBITPAHOTO
onajieHHs (MO3NTUBHO BUPILLYETHCA BapiaHT 2, a y JEAKHX BMNaAKax i Bapi-
ant 3). ITpu winoaoOoBsiif moaaui Tennoro MOBITPA MO3UTUBHO BUPILLYETHCH
BapiaHT 4. CncreMH Ta o0llaaAHaHHA NOBITPAHOrO ONAJICHHA, iX BAKOPUCTAH-
Ha jobpe BinoMi.

Tidpoizonauin 0zopodscysansnux Koncmpykyid. IoBunna nposoau-
THCH Ta PEMOHTYBATHCA CBOEHACHO. HaiiBaxnmgila it poss npu 3anobiranHi
BapianTa 4. IX pimenns, KOHCTpyKLis Ta MaTepianu Tex 106pe Bifomi [l]

Tennoizonayin 020podxicysanvHux Koncmpykyii. 3acobu tennoizons-
Lii, KOHCTpyKUil, MaTepianu BiaoMi. Yci NpuMillleHHs NMOBMHHI BPaXOBYBaTH
AKiCTE TeroizonAuii AnA 3anobiraHHA AOCATHEHHS TEMIEpaTypH TOYKH
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pOcH Ha BHYTPIllIHiX MOBEPXHAX OFOPOMAKYBATBHUX KOHCTPYKUi#. [TouTus-
HO BHpIlLYyeTLCA BapiaHT 2 Ta 3. '

[1pn 30epiraHHi peveil y HeonanioBaNLHUX NMPUMILIEHHAX A/ 3aXUCTY
iX Big npotleciB 1000BoOT 3MiHUM TEMMNepaTypu y HOBITPi Ta KOHAeH Calii BOJO-
rM BOHH MOXYTb OYTH CKIajeHi y TEnnoi3ojboBaHi Wwadu, wo Aae 3MOTY
3HU3UTH TEMN Ta piBeHb il 0X0J10KeHHA. BHACHiIOK YOro npu niABHILEHHI
TeMrnepaTypH Ha ix OBepXHi BUMaJa€e MeHLIA KilbKicTb KOHAEHCATY, ale Bce
K BUMAAAE.

Onanenna 3azanone. OnaneHHs NpUMILIEHb HOPMai3y€ B HUX Temrie-
paTypHO-BOJIOTICHUN pexkuM. JIJIs OCTAaTOYHOTrO MO3UTHBHOTO BHPIlLEHHS
BapiaHTiB 3 Ta 4 motpibGHa HajliliHa Temno- Ta rixpoi3oNsAIilis OFOPOLXKYBANb-
HUX KOHCTPYKLiil.

Onanenna micyeee. Maetbcs Ha yBasi, MicUeBH niairpis nositps y
npuMillieHHi. Mae no3uTUBHUI BIUIMB, 0COOIMBO NpM MiAirpiBi MoBiTpA y
wadax, ge 30epiratotbesa pedi. JIOUiINBHUM € BUKOPUCTAHHS €JIEKTPUUHMX
nigirpiBauvis.

Konouyionyeannn nogimpa. 3aci6 ananoriunuii opranizoBaHiii BEHTH-
nauii npuMiliess. YacTkoBO Bupilnye muTaHHs 3a0e3neyYeHHs ONTUMAaNTEHUX
yMoB 36epiranHsa My3eitHux winHocted. Sk npaBuio, MarOTh Micle MeHLi
rPaficHTH TEMIIEPATYP y NOBITPi.

Ocyuwiyeanna nogimpa. Hopmanizye BONOricHi napaMeTpH BHYTPILIIHbO-
ro nOBITPsA, MOXNHBa cjabka mposBa BapiaHTa 4. B sikocTi ocymyBa4iB Mo-
KyTb OyTH BHKOPUCTaHI MOBITPOOXONOMKYBayi XOJIOAMABHUX MAIUWH, Y
AKMX TIOBITPA OCYLIYETLCS TPH OXONOMKEHHI HWKYe TEMMEpaTypH TOYKH
pocH, abcopbuiitHi Ta aacopOuiiiHi ocywysaui nositps [2, 3, 4]. OcTanHi
noTpedyoTh pereHepaui'l' copbenty. Binoma aacop6buiiina yctaHoBka [2], uo
npU3HadyeHa g cymmnx NpHMillieHb Pi3HOro MPH3HAYEHHS TPOAYKTHBHIC-
TIo 10 nositpio 1000 m*/rox. [Mpu upomy Maca cunikaremo 112 kr, makcu-
ManbHa TMPOAYKTHBHICTE no Bojno3i 10 kr/roa, 3arajibHa BOJIOMOEMHICTb
50 kr. Maca o6nannanns 200 kr. CopOuiiiHe CylIiHHS NMOBITPA NepCreKTHB-
He NpH BUKOPUCTaHHi ii JUIA npuMillleHb Manoro 06’eMy Ta wagax.

Mpuxcnan 3. llada, emuictio 1 M*. 3a paxyHok iHginbTpauii nosirps,
IO BiAOYBA€TLCA BHACNIJIOK 3MiHH amocq)epuoro THCKY | TEeMIiepaTypH, He-
xait 3a 106y y wadi 3miuioetses 1M’ nositps. Mpu TeMIneparypi NoBiTps
21 °C i BigHocHiit Bonorocti ¢ = 0,8, HanpuKJIaa, CHITIKareb MOXe JOBECTH
BiZIHOCHY BOJIOTiCTb y madax 3riiHo 3 AOCHIAHMMH JIAHUMH Y CepeAHBOMY
zo ¢ =0,5. Tobto 3rinHo 3 I-d aiarpaMolo BOJIOroro noBiTpa Lie cknajgae 4 r
BOJIOTH Ha OZMH KT cyxoro nositpa. Ilpyu cnopsmxerHi mwadu ocyurysainb-
HHM MaTPOHOM i3 CHJIIKAresIo Macoio 2 KT i Oro CpoMOXHICTIO MOrMHYTH
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40% BOJIOrH CBOET MacH, OCYLIYBalbHUil NaTpoH Ge3 perenepaii Moxe npa-
moBath 166 1i6. Y xonomumii nepioa noTpeGyeTbCA NPOBECTH OAHY UM ABi
perexepallii cOpOeHTY.

AKymyaiosanna meniomu. JIOuijibHO NPOBOJMTH TipK 30epiranui pe-
yeii y wadax. AKymy/aTop Tenjoth [5] He 103BOAUTHL TEMIEPATYpI NOBITPS
3HauyHo 3meHulyBatucd. [Ipy uboMy 1 TemnepaTypa peueil HE3HaYHO 3MeH-
wuthes. [py AeHHOMY MiBMUIEHHI TemnepaTypu Ha iX MOBepXHi Burane
MEHLI KOH/eHcaTy. SIKUIO pO3BUHYTH MOBEPXHIO aKyMYNATOpa, TO KOHIEH-
caTty BHNaje 1Le MEHLLe.

Npuknaa 4. lUlada rennoizonbopana, eMHicTiO | m’. Maca pever —
20 xr. AkyMmysstop-uerna, macoio 80 kr. [ToepxHs peuedi Ta uernu no 2 M.
llouatkosa Temmeparypa y wadi nepea 3HwkeHnam temneparypu 20 °C,
BiJIHOCHA BOJOricTh NoBiTps @ = 0,9. Hexalf y npuMilleHHSX BCTaHOB-
moeTbest MiniManbHa Temnepatypa 10 °C. [MpuiiMaemMo Juis po3paxyHKiB
TEMMepaTypHAUii nepenas Mix npuMinieHHaMu Ta wadgowo Ar = 5 °C. Hexah
3a yMOBM ekcnyatauii wadn Ta 11 KOHCTPYKUii MOXHA NPUAHATH KO-
ediuienT Tenionepenaui crinkd wapu K = 0,33 Br/(M*- rpan). Toni Kinb-
KiCTb TEIIOTH, 1O BTpauac wada, npubin3Ho N0PiBHIOE:

O=K-F-At
ae F — nnowmsa nosepxHi wadu (vexad F = 6 M, To6TO inada-kyd 3
pebpom | m), Toai
0=033 BT/(Mz- rpaa)- 6 m>-5°C=99Br.

Oxonompxenns BiadyBaethea 10 roaMH — wiada 3aranom BTpayae Tel-
aotu: 10 roa - 9,9 Bt =356 k/1xk.

Temneparypa peueil Ta akymyaaTopa 6e3 ypaxyBaHHs Macu nosiTps
(Hexail, NMMTOMa TEMIOEMHICTL AaKyMynsTOopa Ta pedeii oAHAaKoBa
¢ = 0,88 KJPx/(kr - rpaj) 3MeHUIMTLCS Ha

Aty = Ol[e¢(80 Kr + 20 kr) + €y - guls

JIe ¢,y Ta gy — [IMTOMA TEMNOEMHICTb MaTepiany wadm Ta ii maca (xail ¢, =
= 2,72 KIIx/(kr.rpaj.) Ta g, = 80 kr).
Maemo

At =356 k]JIx [(0.88 kJlx/(kr - rpag) - 100 kr +
+ 2,72 kJIx/(kr - rpan) - 80 kr] = 1,16 °C.

SIKLIO 3aMiCTh Lerji BAKOPUCTATH FrepMeTHYHI EMHOCTI 3 BOJOIO Ti€l XK
macH, to Ar = 0,62 °C.
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3rigHo 3 I-d AiarpaMoio BOAOroro MoBiTps Npu 3HHKEHHI TeMneparypu
noiTps Ha 1,16 °C, BiZHOCHA BOMOIICTb NOBITPA MiABULLUTLCA A0 3HAYEHHS
0,99 i koHaeHcauiT Bonory He Bij0yAeThes. [1pu HatikaHBi y wady Tenoro
AleHHOro NoBiTps 3 napamerpami ¢ = 20 °C Ta Buile Ta Pi3HNX @ BUNANAHHA
KOH/IeHcaTy Ha MOBepXHi peueii Takox He byne.

Takum YMHOM, BH3HAUEHI 0OCTaBHHH, IO MOXYTb CIPUYUHHTH A0 BH-
najgiHHA BOJIOTU 3 MOBITPA y MpHMilleHHAX Ta Oy0Bax Y XOJNOJHHMI nepioa
poky. Po3rnsuyto 3axoau s 3anobiraHHs BUnNajaaHHs kouaeHcaty. Heo6-
XifIHU# MIKPOKITIMAT y NpUMiLleHHAX MOXIUBHI Ti/IbKW NPH HaABHOCTI 3a-
raabHONPUMHATOI CHCTEMH OMAleHHs; OPTaHi30BaHO! BEHTHNALIT NpUMi-
LEHb TA PErIaMEHTOBAHOMY pexxuMi 1X poOoTH. [Tpu nopyuieHHax y pobori
iIKEHEPHUX MepeX € JOLITbHMM BUKOPHCTaHHA MICLUEBOTO ONANEHHA Ta
aKyMyJaATOpiB TennoTd, 0cobnuBo npu 36epiraHHi mam’ATOK KyJNbTypH Ta
My3eiHuX HiHHoCTEH. [TepceK THBHO NpoBeeHHs OCYILEHHS NMOBITPS.
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V]IK 629. 113. 06:628. 83 C. C. Kykoncoknii, I1. JI. 3innu,
0. B. Yepnoyc, H. B. Cenunminn

HauionansHuit ynisepcurer

“JIbBiBCbKA MOJITEXHIKA™

KuiBcbkuii HaulioHanbHUi yHiBEpCcUTET

OyniBHUUTBA i apXiTeKTypH

Bnnus KOHCTF:YKI.II'I' MICLIEBUX BIACMOKTYBAYIB
HA 30HY Ai! BCMOKTYBANBbHOIO NOTOKY

3abe3neuenns eeKTHBHUX KiHEMaTHYHHX | aCPOJMHAMIYHMX XapakTe-
puctuk [1, 2] micueBuX BiACMOKTYBadyiB, 3a PaxyHOK YIOCKOHANEHHA iX
KOHCTPYKTHBHOTO BHpilleHHS i MiHiMi3auii KiNTbKOCTI BIICMOKTYBaHOTro no-
BiTPSA € BaXKITHBOIO 3aa4€l0.

Y 3B’A3KY 3 UMM aBTOpaMy OYiU NpOBEAEHI HOCHIHKEHHA BiIbHUX i Ha-
niBobmexkeHUX BiACMOKTYBauiB pizHOro Tuny (puc. 2), y TOMy uucai 3
BCTaBKaMH y BCMOKTYBaJbHOMY OTBOPI 3a i30TepMi4HHX YMOB.

Cxema excniepMMEHTabHOrO CTEH Y 300paxena Ha puc. |.

5 £ #
LN A

~ | £3 &
}-E_—_‘w_ R e f .
L/J“]r—"‘4—

I &
“ 2 ’

Puc. 1. Cxema eKeHepuMenTaiuoro Creiiy:
1 -—— 08" CKT A0CNIKEHb, 2 — CTiHKA, WO 30iMACTLEA; 3, 6 — KaMepH CTAaTHYHOTO
THCKY: 4 -~ NOBIIPOMIPOBIL, 5. /0 — TCPMOMCTPI;, 7 —— BUTPATOMIPHH#H KOICKTOP.
8 — pajianblinii BEHTHIATOP HOCTIAHOMO CTpYMY; 9, 11, 12 -—— audiepennianpi
MiKPOMAHOMETPH

Pe3ynbTaTi eKCEpMMEHTAILHUX J0CTILKEHb IPAHUYHOT 30HU AiT Mic-
LieBMX BiACMOKTYRauiB HaBeaeHni Ha puc. 3. Ipu uboMy npuilHATO, WO rpa-
HMYHA BIACTaHb AiT MiCLEBMX BiACMOKTYBauiB — Li¢ BiACTaHb, AKi# Bianosiac
0CLOBa WBHAKICTL V) = 0,2 M/c 111 BIACMOKTYBauiB 6e3 BCTaBKU (pHC. 2, a,

0, 1, M) Ta OCbOBa WiinuHHa lwBMAKICTL V,, = 0,2M/c ans BiACMOKTYBauiB
3 BCTaBKOIO (pUC. 2, 0, I, 3, X).
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PR a
Puc. 2. CxeMn MicUeBHX BIICMOKTYBa4iB MPH BIANOBIAHUX CNIBBIAHOLIENHAX

fo
aom f ( j =22 , fo— 1N011a BCMOKTYBAILHOTO OTBOPY, M M
F’

F— TIOIIA KHBOTO nepcplay na’rpnya MA):
a)mn’l(f_l())6)'mn2(f—l0)d)mn5(f 21)Tnn7(/"32),mnll(f—47)
x¢) THn 6 (f =2,1); mn 8(f =3,2); mn lZ(f =4,2),3) Tun9(f =39)x) THn 10

(f =392 Tn 13 (f =5.1; %) Tan 14 ( f =5.1)



Bussnexo, 10 30iNblIeHHN AOBKHHH 30HW JIiT  UMNIHAPHYHOIO
BI/ICMOKTYBaya (pHc. 2. a, ) MOKHA JOCATHYTH 3a paxyHok Tpancdopmarlii
(popmu Horo Toplisg 3 UHATHAPUUHOT Y KOHIUHY (pHC. 2, M, ).

BrawTyBaHHS BCTaBKH Y BCMOKT\’B&J‘IBHO]\-l)’ OTBOPi BifILHOTO i Hanis-
00MEXEHOTO KOHIYHOTO BiACMOKTYBaua (puc. 2, 0—k) J03BOJSC 3MEHLLHTH
KUILKICTL BIACMOKTYBAHOTO NOBIiTPs MpH 30inblueHHi 30HU AiT MicueBHX
BiacMoKkTyBauiB (puc. 3). OaHak B LbOMY BHMAjKy 00OB’A3KOBO ciin Bpa-
XOBYBaTH OITUMaJIbHe CRiBBiHOLICHHS AiaMeTpa BCMOKTYlo4Yoro otsopy D
110 jiaMeTpa BcTaBkH dy, (puc. 2, 4).

AHani3 xapakTepucTHK MiCLEBUX Bi/ICMOKTYBAaiB Pi3HOI'0 THIY (pHC. 3)
[10Ka3as, WO HarliBoOMEXeHi Micuesi BIACMOKTYBaui (puc. 2, 6, x, K, M)
matoTh B 1,3—1,5 pasa Oinbiy 30Hy aii, HiX BinbHi (puc. 2 g, 0, 3, a1); Bnaw-
TYBalHs TOPLIEBMAHOI KONOBOI BCTaBKH (PHC. 2, 3, K) Y MOPIBHAHHI 3 MOC-
KO BCTaBkolo (puc. 2, xc¢, 3), 3a OAHAKOBOI 1IOLLI BCMOKTYBa/IbHOTO OTBO-
py. 3abesnmeuye Ginbiuy 30Ky Al y 1,1—1.3 pa3a (puc. 3).

Tunu micuebux €4 -
] CMomi f - [—__—("’
f\ a7 1 2
e — 2
f S N: a‘ ,/ 3 & P
e, s & \./l . “
// //
/
J ya 78
./x‘/
/ »//,‘
/
¢ N '/l
\\?\*'Bﬂ v le ;(T/" % ,/: E‘ //.
s 5 i -

gizhs WK I8 TR I 32 H 0 1049 6980 wein OO0 IO TBIROLI TN Ky

Puc. 3 Xapakrepm.mxd MICIEBHX BiACMOKTYRAUiB Pi3HOIO THNY:
X,p — IPaHNuNa BiACTaHb, AKiil BIANOBIAAC BETHMHHA ILIAHIIOT WBHAKOCTI Vo, = 0.2 wic
rm BIACMOKTYBAUIB 3i BCTABKOIO Ta MPaHH4HA OCKOBA BUICTAHb, AKif BIANOBIZAC BEIHYHHA ou.osm
weuakoct V, =02 w/c A Bmcmom)naqm ©0e3 BCTaBKH, MM; L — BHTPaTa NMOBITPA, M’ /\.
F — nnoma xuBoro nepepisy narpyOxa, M2 f, — NAOMmA BCMOKTYBAILIIOFO OTBOPY. MY
- h
[ === — BiIHOCHA 1I011A; ! -— JONOMIKHHIA NapameTp
I

4 12087

2
h



ARaii3 rpaiuHOT 3anexHOCTi. Aka HaBelleHa Ha puc. 4, nokasas, WO
Haif0inb edeKTHBHUM (3a MiHiManbHOT BUTpATH L, ska 3abe3meuyc rpa-
HUYHY 30HY AT X;, = 187 MM) € BiNbHHIT KOHIMHHIT BIACMOKTYBAY, ¥ AKOI'0
BinHoweunus Did, = 1,6...2,2 (puc. 2, 0).

ARaii3 rpadiuHOT 3aIeKHOCTI, SKa HaBeJeHa Ha puC. 5, MoKasas, LUO 3a
cTanoi BUTPATH HaiOIIbLEY rpaHUuHY JOBKMHY 30HM Aii Mae HariBOOMEXEeHN
KOHIYHUIA BiICMOKTYBaU 3 TOPLICBH/IHOO KOJIOBOIO BCTABKOHO (pHC. 2, &, Tun 10).

-§
(w2
4
310t \
}
v
N
4
365 ¥
3 . . e
0 { 2 31D
d

Puc. 4. |'padik 3a1exkuocti Mixk BHrparoto L ta cnispi;uiomennsm diamerpin Didy:
D — iamMeTp BCMOKTYBAILHOTO OTBOPY; dy — AIAMETP BCTABKH

Tun,
cavke ‘,?,/
1ol Ak
$
¢
¢ |
ut
b
P
b
1 ok 1

S0 WS 20 235 260 Xipua
Puc. 5. BusnaucHHA rpannynoi 30uu aii X, . AKil Bi;1108i14C 0CbOBA IBUIAKICTH

V, = 0.2 m/c, BIZCMOKTYBa4iB pi3HOro THIY (PHC. 2) NpH BUTPATI BiICMOKTYBAHOIO
nositpa L = 38X 103 m¥c
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Buchoskn

I. Fpadiuni 3anexHocTi (prc. 3) MOXKYTh OYTH BUKOPHCTaHI TS OLiHIO-
BaHHA JOBXHHU 30HHU il BiACMOKTYBauiB pi3HOTO THNY (pHc. 2).

2. TpaucdopmyBarHs LHNTHAPHYHOT GOPMH TOPLS MiCLEBOTO BiJICMOK-
TyBaua y KOHi4HY, NpH BHAlUTYBaHHI MOBiTpooOMEKHHKA (HaniBoOMekene
CTIKaHHA) Ta TOPIEBHAHOT KOJAOBOT BCTABKH Y BCMOKTYBanbHOMY OTBOpi
(puc. 2, k), A03B0JIAE 30IMBILINTH 30HY AiT MicLEBOr0 BiACMOKTYBaua B 1,3—
1,7 pasa npu 3MeHLUEHH] KiTbKOCTI BiACMOKTYBAHOTO MOBITPA NPHOIU3HO ¥
nBa pasu (puc. 3, 5, Tn 10).

3. Tlpu BRawTYBaHHi Y BCMOKTYBaibHOMY OTBOPi BiTLHOFO KOHi4HOTO
BiICMOKTYBAua NI0CKOI KONIOBOI BCTaBKH (pHc. 2, 0) Haiibinbiua 30Ha Adii 10-
CArAcTheA, AKILO AiaMeTp BCMOKTYBaHOro orsopy B 1,6—2.,2 pa3sa 6inblunii
3a giameTp BCTaBkH (puc. 3, Tun 5).

4. BnaisTyBaHHs BCTABOK Y BCMOKTYBAIbHOMY OTBOpi (puc. 2, 0—r),
3abe3neuye edekTUBHI KiHEMATHUHI XapaKTEPUCTHKH MOBITPAHOIO MOTOKY i
JI03BOJIAE 3MEHLIMTH KiNbKICTb BIJICMOKTYBAHOTO MOBITPs MPHONN3HO B 2 pasi.

Buxopucrana jiteparypa

. Taauee B. H. AspopnHamuka BeHTHAAUHU. — M.: Crpoiiusaar,
1979. — 295 c.

2. Topeoenuxos b. M., Tabaunux B. E., E¢penos E. M. IlpoextnpoBanue
npombiiiiennoil serrunauny / Cnpasoynnk. — K.: byaiBenbhuk, 1983 —
256 ¢.

3. Bococroscxuit B. H. u dp. Oronnenue v senthaauus. — Y. 11:/ [Moa.
pen. B. H bozociosckoco. — M.: Ctpoiinsaat, 1976. — 439 c.

4. Czernous A., Zukowski S. Wykorzystanie wywiewnikow miejscowych
dla ochrony powietrza w pomieszczeniu. Politechnika Warszawska. XXI
Sympozjum-AQUA 2000. Plock,2000. — S. 324—329.
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VK 628. 8:536. 1:692. 53 A. @. Crpoit, 0oxm. mexu. nayx, npog.,
. B. I'y3uk, kano. mexn. nayx

TMonTascekuif nepxaBHUil TEXHIYHNIH YHIBEPCHTET

imedi IOpis Konapartioka

®OPMYBAHHA NOKAJNIbHOIO MIKPOKIIMATY
B CBUHAPCbKUX NMPUMILLLEHHAX

OnHUM i3 MOXKITMBHX LIAXiB 30€peKeHHs TEMIOBOT eHeprii y BUpoOHu-
YUX CiNlbCLKOTOCTIOAAPCHKUX MPUMILLIEHHAX € CTBOPEHHs CHUCTEM JIOKANIbHO-
ro mikpoknimary. [1py noKanbHOMY MiKpOKiiMaTi 3a paxyHOK YTPUMaHHS Ha
HeoOXiHOMY piBHi mapaMeTpiB Ti/ibki B po0odiii 30Hi, a He B LifOMY [0
[IPAMILLIEHH] BAAETLCA AOCATTH 3MEHIIEHHA BUTPAT TEMIOBOI €HEpril.

Y cinbcbkorocnoaapcekux GyAiBasX, 30KpeMa B CBUHAPCbKUX NpUMi-
LeHHAX, TIpU aHasli3i npoueciB ¢popMyBaHHA MIKpOKIiMaTy He 3aBX/IM Bpa-
XOBYBaBCA UMKJiYHUIA XapaKTep MOBEAIHKM TBapHHH, AKWH MOJArac B 3MiHi
nepioy BiAMOYMHKY (Jexayu Ha MiAM03i B CTAHKY) Ha nepiof, KonM BOHA
¢ToiTh 260 pyXacThCs MO CTaHKy. BHacHiok LpbOro 3MiHIOETHCA i yacTHHA
noBepXHi Ti/a, Aka Gepe y4acTb y MPOMEHEBO-KOHBEKTUBHOMY TeIJIOOOMiHi
3 HaBKOJMHIUHIM CEPEeA0OBULLEM.

Y nepioa BiANOYMHKY TENA000MiH MiDK TBRPMHOIO Ta HABKOJIUILHIM Ce-
penosHLIeM 31e6inboro BiAGYBacThCA 3a paXyHOK TEILIONPOBIAHOCTI MpPH
KOHTaKTi Tina 3 rianoro. B uboMy BHMAAKy CMOCTEPIra€TbCs 4iTKO BUpa-
XeHuii HecTalioHapHuii npouec. Ciia BiA3HAYMTH, WO Y KOHTaKTI 3 Mino-
roto, To0TO B MONOMKEHHI JieXauu Ha NiAno3i, NpoxoauTb onu3sko 70%
YCbOro JKUTTA TBAPWHH, TOMY L€l BHA TEMI00OMiHY Ma€e JOMiHytOYe 3Ha-
YCHHS.

Y pasi, KO KinbKiCTb TEIJIOBOI eHeprii, AKy BUpoOOAsie TBapHHA B pe-
3yNbTaTi KUTTARIANBHOCTI, Ginblla a00 MeHLUA BiJ 3aranbHUX TEMJIOBTpaT Yy
HaBKOJIMILHE CepelOBUILE, BCTYNAE B Jit0 BHYTPILUHIA MexaHi3M TepMope-
ry/ioBaHHa. Mexi UpOTO TepMOpery.(l0BaHHA OOMEKEHi, BHACIiIOK 4oro y
TBapMH MOXYTb BUHUKATH CTPECH.

Sk nokasanu cnocrepexenus [1,2], ronosHUM ¢$akTopoMm, KUK BIJIH-
BA€ Ha CaMOMOYYTTA TBApHHM, € BTPATH TEIUIOTH 3a PaxyHOK Temnionpo-
BiAHICTI y mepioA, konu TBapuHa Bignouupae. Chill TakoX BiJA3HAUMTH, LIO
A5 OLHKM BMTMBY Ha CaMOMOYYTTS TBapMHM HEOOXiJHO BpaxoByBaTW HE
BiJlokpemiennii GpakTop cepeaoBHILa, a CYKYTiti€ CliBBiAHOWIEHHs dakTOpiB
i TEMIOBMX MOTOKIB.
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Jlns anaitisy i KOMNIEKCHOT OlliHKM pobOTH CHCTEMH TepMmoperyasuii
TBAPUHM PO3podIeHa MaTeMAaTHYHA MOJE/p TEMJIOBOrO Ta MOBITPAHOIO pe-
JKUMY CBUHAPCBHKOTO I1PHMILLEHHS.

INpu cknapaHHi cucTeMU PiBHAHD NPHAHATO NPUMYLIEHHS, U0 TemIe-
patypa MOBIiTPS B NPHMILUEHHI, a TAKOX TCMMEPATYpa Ha BHYTPIWHIA no-
BEPXHI 30BHILIHIX OrOpOKYBANLHUX KOHCTPYKUIH MiATPHMYETHCS Ha T1EB-
HOMY piBHi 32 ZONOMOIOK CHCTEMH ONANCHHS Ta BEHTHAALII, Aka 3abe3ne-
uyc HeoOXiaHI napamMeTpu MiKpOKJIiMaTy B 3aranbHOMY 00’ €Mi [IPUMILLEHHS.

3 BpaxyBaHHAM LIbOTO TPHNYLIEHHS CHCTEMA GalaHCHUX PIBHSHb, KOT-
pa onucye fpouec GOPMyBaHHA SIOKATBHOTO MiKPOKIIMaTy B CTaHky, Oyae
cknagarucs 3 piBHaHb (1)+(5):

® T0OTO 3 piBHAHHA TenaoBoro danaHcy Teapuns (1);

® piBHAHHA TEMUI0BOro GajiaHCy NOBITPA B CTaHKY (2);

® piBHAHHA TEII0BOro 0anaHcy BEpPTHKaIbHHX OTOPOKYHOUMX KOHCT-

pykuiii cratka (3);
® piBHAHHSA Te10Boro GanaHcy KOHCTPYKLIi Mianoru cranka (4);
e piBHsAHHA Danaicy KifILKOCTI MOBITPA, L0 HAAXOAUTL Ta BUXOANTS i3

ctaHka (5)
Quen = QKls + Qam + QTma (hH
Cuos * Gn\ ) lnpnou +axuum B3’ Fm,run ) (’num B3 ICTHOB) +
+ O N (= 1 n00) 00 oo For e (o co =" on) —
~ Cuos * Ganx * I 'nos = Crios * Minos - dl::,,, s (2)
dt
as or. ¢t B’ For e’ (L — fB"m: cr) axor Cr BH " For er’ (Iwor cT _t"pnon) -

3ORH

K np
= Q% c1 3080 For cT” (’ or cr 1 non) -

. dlc'
— O or cr somn” For er (tmsum cr "rsuor. l‘lpllM) = Cor* My » —2-, 3)
dt
QTTU = aniil;l a3t Qémml et an + QKni;u nat Q'nin:l H.3, (4)
an = Gaux- (5)
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OcCHOBHa CKaAHICTh MpY pillleHHi AaHOI CHCTEMU PIBHAHB ONATaE B
PO3paXyHKY KiNbKOCTI TEMIOTH (J,,, SKY aKyMYJTIO€ UM BiAJac€ nijiora B 3a-
NEXHOCTI Bi/l TOTO, CTOITh TBapHHa uu crnovusae. [Tonepeaui gocniauuky 3]
I8 OLLIHKH TETIOBOTO PeXHUMY MiAI0rH B TBAPUHHULLKOMY TPUMIllleHi po3-
MiAAQTH ABOXMIpHY 3ajady HecTauioHapHoi terionposigtocti. Haryphuii
eKCIIEPUMENT, sikuil OyB MpoBeAeHUi 10 CKIAJaHHA MaTeMaTH4HOI MOJAEN,
3aCBIAMMB NP0 HEPiBHOMIPHICTb po3MoOAiNy i30TepM Ha MOBEPXHi MIAJOrH,
TOMY B CBMHAPCbKHMX MPHMiLleHHAX HEOOXiAHO po3rAAaTH TPLOXMipHY 3a-
nady. TakuM YHHOM, KiJTBKICTb TEIUIOTH Oy MOXKHA BU3HAYATH B pe3yJbTaTi
pillieHHS PiBHAHHA HECTALiOHAPHOI TEMNONPOBLAHOCTI y BUrAAAL:

a 62 62 az .
w7 2), ©)
NpH BiANOBIAHMX MPAaHHYHHUX Ta YACOBUX YMOBaX.

V pigHaHHAX (1+6) : O4py — ABHI TEMIOBTPATH TBAPHHU B HABKOJMILHE
cepenosuue, Bt; Q%,, O, Oy — TEIUIOBTPATH TBAPUHHU 33 PaXyHOK KOH-
BEKLIil, BUIPOMiHIOBAaHHA Ta TEIUIONPOBIXHOCTI, BT; Cposy Cor — NMUTOMI TEN-
NIOEMHOCTI NOBITPA Ta oropoxeHHs ctaHka, JPK/(KT * °C); Gay, Gpux — Ma-
COBi Bwrpam nosirpn, L0 HaAXOAHTL B CTAHOK Ta BHXOAWTH i3 HEO-
ro, Kr/ceK; {™nop, £ nos — TEMIIEpATYpA MOBITPS B MPUMillleHHi CBUHApHUKA
Ta y CTaHKY, °C; (%o cr, £ or, cr — TEMIIEPATYpa HA BHYTPIlIHIH Ta 30BHilI-
Hill IOBEPXHi OropoODKEHHSA CTaHKa, °C; o np — TEMIEpATypa Ha BHYTpilu-
Hiii NOBEpXHi 30BHIIHEONO OrOpOfKeHHA NpuMilteHHs, °C; f, — cepenHs
TeMnepaTypa MOBEpXHi Tina TBapuHH, °C; lyign » » — CEPEAHA TeMImeparypa
BEPXHBLOI NOBEPXHI KOHCTPYKUil mignory, °C; Mo, M. — BiAmoBiaHo Maca
MIOBITpA Ta oropomxyaansnnx KOHCTpYKUi# CTaHKa, KT} For cr, Frign, Foe —
mioma nonepxm BiIMOBIAHO OrOPOKEHHS CTAHKa, MiAJIOTH CTaHKa Ta Tma
TBapmm ki GepyTb y4acTs y NpOMEHeBO-KOHBEKTUBHOMY TETLIO0OMiHi, M
03 — KoeillieHT KOHBEKTHBHOIO TeMNI00OMiHy 6ins moBepxHi Tina TBapH-
nu, B/(M? - °C); o cr. s, 0or. cr. 308n — KOEPILIIEHTH KOHBEKTHBHOTO TEIIO-
oOMiHy Ha BHYTpilUHiIt Ta 30BHIilUHi/i NMOBEpXHAX OTOPOAKEHHA CTaH-
Ka, BT/(M? - °C); or. cr. s Xor. cr. 3008 — KOEDILliEHTH NPOMEHEBOTO TEMIO-
oOMiHy Ha BHYTpillHi/ Ta 30BHillHif MOBEPXHAX OrOPOAXEHHS CTaH-
Ka, B‘r/(M2 - °C); W ign. 5. 3 — KOE(ILIEHT KOHBEKTHBHOTO TEenI00OMiHy 6ins
BEPXHBO! MOBEPXHi MiANOTH CTaHKa, Bt/(M* - °C); O nizn. 5. 3 O nign. 5. 3 — Te-
TUTOBI MOTOKHM 33 paXyHOK KOHBeKLii Ta BHNPOMiHIOBaHHA BiJ BEpXHBOI NO-
BepxHi mianoru crauka, BT; Q% v 3 O nian, ». » — TEIUIOBI OTOKH 32 paxy-
HOK KOHBEKIlii Ta BUMPOMiHIOBaHHA BiJl HW)KHBLOI MOBEPXHi MiANOrM CTaH-
Ka, BT; Qa — KUIBKICTB TEIUIOTH, IO aKyMYJTIOE MiAIOra MiA Yac BiAMOYHHKY
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1BapHHN, BT, r — Temneparypa B Oyap-aKil Toulli mignoru (t = f(x, y, z, 7)), °C;
T — uac, CeK; X, ¥, 7 — OCi KOOpAWHAT, @ — KoedillieHT TemMneparypo-
1POBIZIHOCTH MaTepiany, M /cek.

Jlns BH3HAYEHHA KIABLKOCTI MOBITPA, WO HAAXOAHTH Ta BiIBOAUTHCA 3i
CTanKa, HaBeeHy CHCTEMY PiBHAHb HEOOXiHO AOTIOBHHTH PIBHAHHAM!

g-On H’
Chon * Poux - (tnoa + 273)

e 1,0, — TEMIepaTypa MoBiTPs, 110 BUXONTH 3i cTaHKa, °C; pg,x — FYCTH-
Ha MOBITPA, L0 BUXOAUTD i3 CTAHKa, kr/m’; H— BincTanb Bin [oKepena Tern-
A0TH (TBApHHHU) IO TNEPETUHY, B AKOMY BH3HAYA€THCA BUTpATa MOBITPA, M;
g — MPUCKOPEHHS BiILHOrO NafiHu4, /e O — TENJIOBTPATH TBApHHH 3a
paxyHok KoHBexllil, KBT; ¢pop — MHTOMA TETUIOEMHICTL TOBITPS, KIDx/(kT - °K).

Marematnuna mogens (1) + (6) 3anucana AN BUNAAKY, KOIK MiXK KOH-
CTPYKIIE MiUTOTH NMPUMILIEHHs | KOHCTPYKUIE€I Mi[UIOrM CTaHKa iCHY€
MOBITPAHMI NMPOLLAPOK.

V cBMHAPCbKUX BUPOOHMYMX NPUMIILEHHAX MiAA0ra MoXe BNALITOBY-
BaTHCs Ge3nocepeHbO HA rPyHTI abo i 3B0AATE HAZl PYHTOM TAKHM YHMHOM,
10 MiX HIXHbOKO TOBEPXHEI0 Ta TPYHTOM MpPHMILLEHHA CTBOPIOETLCA TIO-
BITPAHUI N1POLIAPOK.

Y BHMaaky, KOJIH Iifulora BNAlITOBYETbCS O€3MOCEPEAHbO HA IPYHTI,
Ter1000MiH MiXK CBHHEIO i KOHCTPYKLI€IO MiUIOTH B MEpioA BiANOYHHKY B
nepioMy HabnMKeHHi MOXHA PO3MAAAATH AK MpoLec HarpiBaHHA HaniBooO-
MEKEHOr0 MACHBY JDKEpenoM TErIOTH NOCTIHHOI Temnepatypu, TOMY IMpH
pO3rAsAi cHereMy OanaHCHUX piBHAHL 3aMICTh PiBHAHHA (4) HEOOXiHO BU-
KOPUCTOBYBATH PiBHAHHSA TENJOBOro OanaHcy KOHCTPYKLIT MiflorH Ha
CPYHTI Y BUIJIAAL:

Goux = 0,182 Prux H -3 7

QT»: = QKI'IL‘L’I. 83t aninn. o1+ Qax- (8)

Yy BHIIAOKY, KOJIH ninnora CTaHKa l'li}lllﬂTa HaJ HOBEPXHCIO IPYHTY, TEN-
nooOMiH MIDDK CBHHEIO Ta KOHCTPYKLI€ MiAs0rH 3a paxyHOK Temio-
NPOBIAHOCTI MOXHA pO3IJIAAATH SK HArpiBaHHA JDKepesioM  TersoTH
NocTiitHOT TeMIepaTypH [IOCKOI IIACTHHH, TIPH MPaHUYHUX YMOBAX NepiLo-
o Ta TPETHOTO POAYy.

Slkilio TBapuHa CTOITh, TO ABHi BTPaTU TEILIOTH 3Ae0inbuIOro BiadyBa-
IOThCA 33 PAXYHOK KOHBeKLii Ta BUMPOMiHIOBaHHA. BTpatu Tennoth 3a pa-
XYHOK TEMJIONPOBIIHOCTI B LIbOMY BHNAAKY HEe3HauHi i X MOXHa He Bpaxo-
ByBaTH.
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Sk yke Biji3Hayaioch, Nia vac BIAMOYWHKY TBapHHA 3HAYHY YaCTUHY
TEMAOTH BTPAYAE 3a PaXyHOK TEMJONPOBiJIHOCTI BHACMIAOK KOHTAKTY TiNna 3
noepxHero nignord. KiabKicTh (i€l TENN0TH 3a1eXuTh BiJl TEMIOTEXHIYHUX
XapaKkTepUCTHK MaTepiany miJIOrH, il KOHCTPYKLIT, TOBLUMHM, @ TAKOX 4acy,
MPOTATOM KOO BiI0YBAETHCA KOHTAKT TBAPHHH 3 I1i/7TOT010.

AHaniTHuHe po3B’A3aHHA clcTeMH piBHAHL (1)+(6) Mae nesHi npobie-
Mu. Jlng poss’sasaHHa ui€i marematnueckoi Mozeni, Oyn0 BHKOpHCTaHO
CKiHYEHHO-PI3HULIEBHIT MeTOA. AJrOpUTM pillleHHs [OCTaBIeHOT 3ajxayi
BKJIIOYA€E PO3B’A3aHHS PiBHAHHA HECTaLliOHApHOI TEnONPOBiAHOCTI MpU
rpaHUYHHX Ta YACOBUX yMoBax. YacoBi yMOBU A/ MOMEHTY Yacy T = 0 Mo-
XYTh OyTH TIpeACTaBNeH] QYHKUIEI: £ (X, ¥, 7, T) = { 1op, A€ I pop — TEMITE-
patypa NnoBiTps B cTaHKy. B MOMeHT yacy 7T = oo yacoBi yMOBH HabyBaloTh
Burnany: t (x, y, z, 1) =f(x, y, 2).

[pocTopoBi yMOBH HanexaTb 40 IeOMETpHYHOI (GOpMH KOHCTPYKLUiT
migyiory B CTaHKy (HamiBOOMeXeHU! MacHB 4M MJACTHUHA), & TAKOXK 3ane-
KaTh Bifl po3TallyBaHHA TBAPWHU HA MOBEPXHi MiANOrH. Y 30HI KOHTaKTY
TBApMHH 3 KOHCTPYKUIEIO Mi/UIOTH CIIOCTEPIraloTbes IpaHu4Hi ymoBH I poay
(t3inn. ». 2 = const). Ha moBepxHi niasiory, o He 3aiiHATa CNOYMBAIOYOIO TBa-
puHOI0, — rpaHuuHi ymoBw Il poxy. [Tpouec TemioobMiny Ha BepxHii mo-
BepXHi KOHCTPYKLi Mijutory, sie cnocTepiraloTbes rpaHnuHi ymosH Il poxy,
Moxke GyTH rpeacTaB/ieHHii TAKUM PiBHAHHAM:

e x * 'g;tl‘ (X, 0, Z) = aknizul. B3 [('ni;un. B. 3(x, 0: Z, T) - tc‘rnon(t))] +

+o wign 8. 1° [(taign. s 2% 0, 2, T) — E aecx (s -9
ne A — koedillieHT TernonpoBifHOCTi Matepiany mimnord, Bt/(M - °C);
j—t — TemniepaTypHuii rpazieHT, °C/m.

n

Jns po3s’szaHHA pPiBHAHHA HecTalUioHapHOI TermonposiaHocti Oyia
po3pobiena nporpama “AKUM?”, ska Jae MOXUIMBICTb BU3HAYHTH KiJIbKIiCTh
aKyMyJIbOBaHOI MACHBOM Mi/UTIOTH TEIIOTH UIA OyAb-KOrO iHTepBaily 4acy
3 ypaxyBaHHSM LIMKIi4HOI 3MiHH Nepioly BiAMOYMHKY HA MEPioj, KONH TBA-
pUHA CTOITh.

[Ticns po3s’a3yBaHHA PiBHAHHA HECTAUiOHAPHOI TENONPOBIAHOCTI ANS
KOXXHOrO iHTepBajly 4acy BH3HAYa€ThCA TEMINEpaTypa MoBiTpA B CTaHKY i
TeMiepaTypa BepTHKATBHUX OrOPOKYBANbHINX KOHCTPYKUil cTaHka. [ToTim
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pO3paxoByIOTbCA CK/IA/IOBi NPOMEHEBO-KOHBEKTUBHOTO TETIOOOMiHY TBapu-
HU | MiACYMKOBE 3HAYEHHA KiJIbKOCTi TEMIOBOI €Heprii, L0 BTPAYaAETHCS
TBAPHHOIO B HABKOJIMLIHE CEpEAOBHllEe 3a JaHuit npomikok uacy. Takum
YHHOM, PO3B’A3YETHCH MOBHA MaTeMaTH4YHA MOJENbL BU3HAYEHO! 3a1ay4i, 3aB-
ASKM HOMY MOXXHAa BUKOHATH aHaNi3 GopMyBaHHA NOKANLHOTO MiKpOKIi-
MarTy ¥y CTaHKy.

3a gonoMorolo po3pobnenoi MaTeMaTHYHOi MOJIelli Ta mporpaMH po3pa-
XYHKiB OyJN npoBefeHi NOCiIKEHHS TEIJIOBOFO PEXHMY MiANOr i3 pi3HUX
martepialiB, 1O 3aCTOCOBYIOTbCA B CTAHKAX CBUHAPHUKIB. [TpH po3paxyHkax
3MiHIOBAIMCh: BHJ MaTepialy HiANOrd, HOro TerIoNpOBIAHICTh Ta ILilb-
HiCTb, TOBIIMHA KOHCTPYKLIi mianoru d. [1pu upomy pospaxynku Oyau npo-
BeJeHi A4 niqor, 1o po3TawoBaHi 6e3nocepeiHbO Ha FPYHTI NPUMILLIEHHS,
Ta JUIA TiJUTOT, 3BeleHUX HaJl piBHEM I'PYHTY MpPUMilLlIeHHS.

Ha ocHoBi po3paxyHkiB JUia KOXXHOro BapiaHTta minoru 6ynu uobyzno-
BaHi rpadikmu cepeHbOro 3HaUeHHs KiJIbKOCTI TenaoBoi eHeprii O, (puc. 1),
KOTPY 3aKkyMy/ioBana (3alITPHXOBaHA Miolla 3i 3HakoM “+”) uu Bignana
(zaliTpuxoBaHa TIOLIA 31 3HAaKOM “—") migymora 3a BiAUOBIAHHWI mepion
BiAMOYMHKY abo nepioa, KoMK TBapHHA CTOITb.

Qb

150 4
200 |
150

100 d

oL IHUH‘II..(H[IIEHII.. B

by ! ABASE RS l,o PPaTEEEE ‘. :
100 1

-150 4
200 4
2% 4

Puc. 1. Cepensiil TennoBHit NOTiK NPOTAIOM BiANOBIAHOTO IHTEpBANY Yacy

BianoBigHo 10 BiZOMYMX HOPM TEXHONOriYHOTO NMpPOEKTYBAHHA A
ceunapcbkux mignpuemctB (BHTII-CT'i[1-46-2.95) 3a koHTponbHUii Mnpo-
MiXOK 4acy, L0 AOPIBHIOE JBOM rOJMHAM, 3HAYEHHA CepelIHbOr0 MOTOKY
TEMIOTH y TiAOTY BiA TBapMHU TNOBHHHO OYTM He BHIuE: Ul CBHHEH Ha
Bigrozisni — 200 B1/M%; ans inmmx rpyn — 170 Br/m%.
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Skigo npoananizysatd puc. 1, skuii moOymoBaHMit HA OCHOBI po3pa-
XYHKIB [UIA WJUIOTH i3 Kepam3uToOeToHy TOBUIMHOIO 100 MM, TO MOXKHa
3po0HTH BUCHOBOK, L0 Taka KOHCTPYKILiA MiJJ0ry He BillNoBinac Hopmam,
TaK AK cepe/iHiil TennoBuii MOTIK BiAl TBAPUHM B KOHCTPYKLIilO MiANOry cTa-
HOBUTE 240 B1/M”3a nepuui ABi rOIMHA KOHTAKTY.

Takum uHHOM, po3pobrneHa MaTeMaTH4HA MOJENb A€ MOXIUBICTD MPO-
aHaJli3yBaTH BiANOBIAa€ MEBHA KOHCTPYKUif MiIUTOTH BUMOraM HOPM TEXHO-
JIOTIYHOrO MPOEKTYBAHHA.
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o6 TENNOOBMIH, TENNONOCTAYAHHS,
FA3OMNOCTAYAHHA

YK 697.922.2:2:631.237 I'. I. umko, 3asidysau kaghedpu
enepeopecypcosbepesxcenns, npoghecop

KuiBchbkuil HalioHansHHM yHIBEpCUTET

OyniBHuUTBA | apXiTEKTYpH

EHEPIrOEKOHOMIYHI CUICTEMMU
NOBITPAHOIO ONANEHHA BYAIBENDb TA CNOPYA

HuHi ans onanedns OyaiBens Ta CIOpYA 3 TEIUIOBOKO iHEPLi€I0 Oro-
poKyIoYHMX KOHCTpykuiit D < 1,5 (Gesinepuiiina) abo 1,5 < D < 4 (manoi
iHepuil) 3aCTOCOBYIOTbCA CUCTEMH MOBITPSHOrO OMNalleHHs, OCOOJIMBO NpH
BHKOPUCTaHHI HU3bKOMOTEHUiHMHUX TEMAOHOCIIB, Y TOMY YHCIIi reoTepMalib-
HUX BOJI, BTODMHHHX €HEPreTHYHUX pecypciB TEIUIOBUX eleKTpoCTaHUii Ta
MPOMHUCIIOBUX M JMIPHEMCTB.

JlocTaTHbO PO3MOBCIOKEHI CHCTEMH MOBITPAHOIO OBITPIBY MOTYXKHM-
MM TypOysileHTHHMU cTpyMeHaMH. TIpu Takili moaayi Harpitoro noitps cno-
CTepiracTbes 3Ha4Ha HEPIBHOMIPHICTL TeMrepaTyp i LBUAKocTeld NOBITPS B
poGouiii 30Hi cnopyau. ToMy ans nogitpsHoro onanenus Gyaisens i cnopya
3 TEIUIOBOKO iHEPLEID OropoKyOUMX KOHCTpyKLii D < 1,5 abo 1,5 < D <4
(HanpuKIax: TENAMLLi, OpaHxepei, aHrapi) 3aCTOCOBYIOTLCA CHCTEMHM TIOBIT-
PAHOTO ONaneHHs 3 PO30Cepe/DKEHO0 NOAAYEI0 HAFPITOro MOBITPA MeTale-
BUMM [OBITPOBOAAMHU. ANle TaKi CUCTEMH METANOMICTKI i rpoMi3aki, norip-
LIYIOTh CBITOBH pexxuM OyniBenb Ta cnopyd. Y 3B’A3KY 3 UMM, B OCTaHHI
pOKM ANA MOBITPAHOrO OManeHHs Takux OyniBens Ta cnopyi 3Haiwd 3a-
CTOCYBaHHA CHUCTEMH MOBITPAHOIro O0IrpiBy 3 po30CEpe/KEHO M0/auelo
Harpitoro noBiTpa nephopoBaHUMH NOBITPONPOBOAAMH 3 [LIIBKOBUX MOJ-
MEpHHX Marepialli, AKi MaloTh Oe3nepeuHi nepeBard liepej] METANEBUMH
(HMXK4a BapTICTh i METATOMICTKICT CHUCTEM, CKOPOHEHHS CTPOKIB BUTOTOB-
JIEHHS | MOHTaXy. He CXUNbHI A0 KOpO3ii, HE MOTIPIYIOTL CBITOBHIA peXXUM
crniopyznu). JIoBroTpuBaticTb MOMIMEPHHX TNIIBOK, fAKi EKCIIyaTyloThCa B
npuMilenHi 6e3 BNNMBY COHA4HOI pajiauii, pakTHUHO cyMipHa 3 3acTocy-
BAHHAM B AKOCTi MOBITPOPO3MNOAIMOBAYIB TPAAHLIIIHUX MaTepianiB.



OaHak NpH BUKOPUCTAaHHI TPAJMLIHHUX METONiB PO3PaXyHKY MOBIiTPO-
BOJiB, CIPAMOBAHWX HA OTPUMAaHHSA piBHOMIpHOI po3Aadi MOBITPA MO JOB-
KUHI, HEMOXJIUBO 3a0e3ieYUTH PiBHOMIPHHI PO3NIOAIN TENNOBOrO NOTOKY
M0 1oLt CIMOPYA 3 MO0 TEMIOBO {HEPLIEID OrOPOKYIOUNX KOHCTPYK-
1ili, TOMy 10 B 3B’A3KY 3i 3HAYHOIO AOBXKHMHOW noBiTpoBoAis (40...100 M)
i BIAHOCHO BMCOKOIO [OYaTKOBOK TEMMEpaTypold Harpitoro mnosiTps
(40...60 °C) cniocTepira€tbCsi 3HauHe HOTO OXONOKEHHS NPH NepeMilleHHi
no nepdoposaHoMy nosiTposomy (#o 15...20 °C) i BiANOBIAHO 3MEHILYIOTb-
¢4 TEIIOHAAXOMKEHHSA N0 AOBXKKHI MoBiTponposoa [1, 4]. Y usomy Buna-
Ky AJI1 KOMIEHCalil OXOJIO/KEHHA MOBITPA i CTBOPEHHs PiBHOMiPHHX TEM-
neparyp B 30Hi, 1O 00c1yroByeTbCs, HeoOXiHO 3abe3neunTH nponopuiite
36inbLIEHHS po3Aavy MOBITPA BiJ MOYATKY A0 KiHLA NOBITPOBOAY, TOOTO #0-
ro HeoOXiIHO po3paxOBYBaTH Ha 3aJaHy HepiBHOMIpHICTL po3fadvi MOBITPA
NO OBXKHUHI.

Y poborti nocrasieHa 3afaya BCTAHOBUTH, LUOJO BHMOT TOBITPAHOIO
onaineHHs Teliulb, 3aKOHOMIPHOCTI 3MiH BUTpayeHHs MOBITP#, LIO BUTIKAE 3
OTBOPIB TOHKOCTIHHOTO (MNiBKOBOro) piBHOMipHO NMep(OPOBAHOrO MOBITPO-
BOAY MOCTi{HOro nepepily, fikuii € HalGiNbI TEXHONOTiIYHUM Y BHTOTOB-
JIeHHi i MOHTaxi, mMpu AKX 3abe3neuyeTbCs PiBHOMIpHUH pO3MOAIN Temmo-
BOTO MOTOKY IO ZOBXWHI, i OAepKaTH 3a/1eXKHOCTI NpHAATHI AN iHKeHep-
HHX po3paxyHKiB. Cllia MiAKPECAUTH, IO aKTYAIbHICTb UMX MUTaHb OYEBHA-
Ha i npu KoMOiHOBaHHX CHCTeMax OGIrpiBy TeNIHIp, B SKUX EKOHOMi4YHa
edeKTHBHICTh ONaneHHs 3pOCTAE 3 POCTOM NMTOMOI Bark MoBiTPAHOro obir-
piBY Y 3aranbHiii NOTYXKHOCT.

Po3rasHeMo TOHKOCTIHHHHA piBHOMIpHO nepdopoBaHuii NOBITPOIPOBIA
MOCTIAHOro nepepisy, po3TallioBaHUM y cepeoBHILi, napaMeTpu SKOro mo-
CTiliHi (Temnepatypa, BONOTICTb i T. iH.). [IpumycTuMo, wwo ¢i3suuHi xapak-
TepUCTHKH rasy (MiAirpite NoBiTps) y NOBITPONPOBOAi HE 3MIHIOKOTHCA (TEMN-
JIOEMHICTB, TYCTHHA i T. iH.)

EHepretuynnii 6ananc 6yap-aKoro eneMenra nepgopoBaHoro noeirpo-
Boay dx (pucyHoK) 6yae ckiaaaTucs 3 TEIIOBONO NIOTOKY 4, AKUi MOCTynae
B €JIEMEHT 10 pO3rnsAacThes yepes nepepisu | — 1 i BuxoauTsb 3 eneMeHTa
4acTKoBO yepes nepepisu I — Il ¢, 3 nosiTpam g, uepes oTOpH nepdopa-
uii d;, AKi NpuUxOAATBCA HA AOBXKUHY NepdOPOBAHOTO IMOBITPONPOBOAY,
piBHY dx — dg; i WAAXOM Temsonepesadi uepes CTiHKY MOBITPONpPOBOLY HA
efleMeHTapHil ainaHui dx — dgs.
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Bi=to— 1, | 4 [1

K" 3 C s K |Tl j?L ITI 4 L —
Qo o o o q2 o X
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dqq

. !t dx -
- ¢ -

EnepreTuynuit 6aianc nepdopoBaHoro kaHany cucTeMu
NOBITPAHOIO ONAICHHA

OTxe, cyMapHe TEMmIOHaAXOMKEHHN BiJ eleMEeHTa NMOBITPONpPOBOAY
JIOBXHHOIO dx

dq =dqz +dgy. 6y

TennonaaxomxeHHs 3 NOBITPAM uepe3 oTsopu nepdopauii dg; i was-
XOM Tenjoriepeaayi uepe3 CTiHKY noBiTpoBoAY dgs Ha AingHui dx BH3Ha-
HaeTLCA 3@ BIAOMUMH 3TIEKHOCTAMHK:

t,+(r, —dr '
dq3 =Cpgx[¢—(—2q_ta:|dx; (2)
dgs = ndxx[ﬁf%—"i)—ts]dx. 3)

3HeBﬁ)Kal0‘llfl Ha HeCKill‘leHHO MaJli BEMIHYHHH BHLIOTO I'IOPSIJIK)-’
(dt-dx

]o}lepx(ycmo:
dqs = Cpg,(t, —1,)dx = Cpg,8,dx; @)
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dgy =mdK (t, —1, )dx = ndK .0, dx. (5)
3 ypaxyBaHHAM 3ajiexxHocTeil (4), (5) piBHanus (1) Habyae surnany
dq, =(C 8.8, +ndK 8, Jdx. (6)

VYMOBU piBHOMIPHOFO PO3MOAINY TENNOBOTO MOTOKY MO AOBXHMHI PiBHO-
MipHO 11epgopoBaHOro NOBITPONPOBOAY MOCTIHOrO Tepepisy MOXHA 3anu-
caru

dq, =%dx- M

JlopiBHIOKOUH IpaBi YaCTHHH PiBHSAHE (6), (7), micns BianoBiagHKX nepe-

TBOPEHb OTPUMYEMO
Qo m™d 1

8x=| ==——K,0, [—. ®
* [cpe C, ”]e,

3 MeTol0 cripollieHHs Bupa3sy (8) 3actocoByemo no aanorii 3 {1] 6e3-
Kondé

po3MipHUii napamMeTp AJA MOYATKOBHX YMOB Mg = . Ilpu usomy BBO-
p-0
JMMO NOHATTS Ge3po3MipHOro napaMerpy AJis AOBIILHOTO mepepisy, IO
BpaxoBy€ 3MiHy koedillicHTa Tennonepesayi no J0BKHUHi
K K, md¢ K,nd
X X = X
ny =ny -

= . 9)
-Gy Cp “Ecp

[Moninusum (8) na q,, 3 ypaxysauusm supasy (9) i, npuiimatotu 10

yBaru, wo Qg =C,Go0, piBHauns (8) Habyne surisny

0
Ex =0, | (10)
gcp ex
3Hatouw, 1O AN M04aTKOBUX YMOB K, =K, i 0, =8, oTpumyemo 3

piBHauHs (10) Bupas, aknii Bifobpaxae 3B’430K MiXk CEPeNHBOIO gy i MOYaT-
KOBOIO g9 MacOBOIO BUTPATOIO NOBITps B 0TBOpax nepdopanii

8
gcp=ﬁ- (1
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IincTasnmionn y pisHanua (10) 3HaueHus ggp (11), maemo:

g_, | 90 Kx

= ——n

o
go 1-ngl 0, Ky

(12)

Otpumati pisHanHs (10), (12) BinobpaxaloTb 3aKOHOMIPHOCTi 3MiHH 1O
JOBHHI NOBITPOBORY BUTPATH NMOBITPA, IO BUTIKAE i3 OTBOPiB nepdopadii,
npu fkux 3abe3neuyerscs PIBHOMIPHUH PpO3NOAIN TEMNOBONO TMOTOKY.
Y uboMy BHMaAKy 3MiHU BUTPATH MOBITPA MOBUHHI BiANOBiAaTH 3MiHaM #o-
ro TeMneparypH i koedilieHra Tennonepeaadi yepes CTiHKY No AOBXKHUHI
nepdopoBaHOro OBITPONPOBOAY.

AHaniTHyHa 3ane:KHicTb (12) € HeniHiliHe piBHAHHA BiAHOCHO g,, TaK K
y 3araibHOMY BUNAaAKy, 3riHO 3 TIPOBEAEHHM TEOPETHYHWUM aHaNi3oM
K,=¢(x;£,:9,),2 8, =y(x;g,:K, ), T06T0 npaBa 4acTHHa piBHaHHz (12)
TAKOX 3aNeXHTb Bil g,

3 METOI0 OTPUMAHHA KIHLIEBOrO pilUcHHA piBHAHHA (12) Ansg BMnaaky
MOBITPAHOTO OMaJIeHHs TEMMHUb MPOBEAEH aepOANHAMIYHI i TeIUIOTeXHIuHi
AOCIUKEHHA B JiabopaTOpHUX i NPHPOJHHX YMOBaX PiBHOMipHO mepdopo-
BaHHX TNOBITPONPOBOJIB MOCTIHHOIO Nepepi3y 3 NOJieTUNEHOBO! NJiBKN 3aB-
ToBIIKH & — 0,1...0,2 Mm. JIns oaHOYACHMX BUMIpIB aepoAMHAMIuHKX i Ten-
AOTeXHIYHWUX NapaMeTpiB B OAHIit # Til camill TOULI po3paxyHKOBOT AINAHKM
NPUCTOCOBYBANKCA NHEBMOMETPHYHI i iHTerpylodi TpyOkH, CyMixkHi 3 Tep-
monapamu.

Y pesyabrati 06podkH excriepMMeHTaNbHUX AOCHIAIB BCTAHOBJIEHO, LLO
B Aianasoni Af < 2,_7= 1,5...4,0, xapakrepHuM Ans noaiTpopomonimoﬁa-
B 3 HEPIBHOMIPHOIO pO3/laueto NOBITPA, 3HaUEHHS BiaHowews K /K i 8y/8,,
AKi BXOAATH B PiBHAHHA (12), npakTHYHO BU3HAHAIOTLCH TiILKH BijHOCHOIO
KOOPAMHATOIO JOBIABHOIO nepepisy X i 3 JOCTAaTHLOIO ANS iHKEHEPHUX
po3paxyHKiB TOHHICTIO (£5%) onUCYIOTHCA EMITIPUUHUMU 3ATEXKHOCTAMH

K, 0.2 .
— ={l- 3 13
i (-x) (13)
Kot
By _ (- E)-o.szno - )-C)—o.oozﬁ . (14)

.e_x_



B ¢opmynax (13), (14) xoediuieHT Tennonepeaadi AN MOYaTKOBUX
yMOB MoOxe OyTW BU3HAa4eHHii Mo oAepxkaHii paHille emmipuuHiii 3anex-
HocTi [5]

Ko = (15)

B.91-2324@ )V, +4.01-2.32d (7 91- 4,98 +0,039,)

Bpaxosytouu (13), (14) i npuiimatoun [0 yBaru, o Ans piBHOMipHOro
. . S % w
nepdopyBaHHs TIOBITPOBOAIB MOCTIRHOTO nepepisy §£=—-— OTPHMYEMO
g0 Yo
pO3paxyHKOBe piBHAHHA YMOB PiBHOMiPHONO po3nojily TErioBOTO MOTOKY
10 JOBXKHMHi MOBiTPOMPOBOAY 3 MONIMEPHOI MITiBKH

§z_=&=;[(1—f)‘°’”"° —no(l-f}°=2]. (16)
g wo l-ng

3rinHo 3 TeopeTHuHUMH AochimkeHHaMHU [2,3] | npoBeaeHuMU ekcriepH-

MeHTaMH, TIpH 3HAYEHHAX Mapamerpa kaHay Af <2 IBHAKICTb NPOTiKaHHA
MoBiTPA i3 0TBOPiB Nepdopallii 3poctae Bix MoyaTky Ao KiHLi NOBITPOPO3MNO-
nintoBaya. Y 1LBOMY BHMNAJAKY MOXHA BH3HAUNTH CTyMiHb MaKCHMMAJIBLHOU

. S N Wnax _ Wk
3MiHM WIBMAKOCTI MOBITPA i3 OTBOpiB nepdopauii € | € =—"T8% =X | npy
Wmin Wo
sKiil 3a6e3neuyeThCcs PiBHOMIpHHI PO3MOMIN TENIOBOrO NOTOKY MO ,uoml(um
nep¢opoBaHOro NOBITPONPOBOAY

g=—X= L(no"’”"o - 0,63n0). a7
Wo 1- L)

TMicna 3amMiny BiAHOILIEHb W, /Wy HOr0 3HAYEHHS i3 PiBHAHHA 1JIA BU3HA-
YEeHHA MaKCHMaIbHOI HEpiBHOMIPHOCTI po3Jayi MOBIiTPA TUTIBKOBHM TMOBITpO-
po3nofioBayeM B 3aN€XKHOCTI Bif aepoAuHaMiuHHX MapaMeTpiB, AKi BU3HA-

aloTe pf i AL [5] onepxana Y KiHeBOMY BHIIIAl po3paxyHKoBa GopMy-

na s oOuMCNeHHA 3HaYeHHA f , npu sAkoMy 3abe3nedyeThes piBHOMipHuUi

PO3MOALT TEIUIOBOro MOTOKY nepdopoBaHMMM MOBITPONPOBOAAMM 3 IOJIi-
MEpHUX ILTIBKOBUX MaTepiaJiin
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(18)

®opmyna (18) BUKOPHCTOBYETECS TPH PO3PaXyHKY NOBITPOPO3NOAiNIO-
BayiB 3 NOJIMEPHUX IIIBKOBHX Matepiainie B Aianaszoni Af<2, d =0,15...

...0,5 ™, ¢ =50...160. TTpu BUKOPUCTAHHI HABEJEHOT 3AIENKHOCTI A7 PO3-
paxyHKy HOBITPOpO3MOAUIIOBAYIB 3 IHUIWX MaTepianiB HeoOXiqHO BBECTH
BiMOBI/IHI NOMpaBKy B 3HaYeHHs koediLieHTIB Tennonepeaayi, onopy Tepts
i BUTpaTH NOBITPA.

Ha nigctaBi TeopeTMYHHUX i eKcriepUMEHTANIBHUX AOCHiKeHb po3pob-
NeHi MeTOAMKa po3paxyHKy nepdopoBaHHX MNOBITPOBOAIB 3 PIBHOMIPHHM
PO3MOIIOM TEI0BOro MOTOKY MO AOBXKHHI i pexomenaauii [4, 5], ki BHKo-
PHCTOBYIOTHCS TIPH NPOEKTYBaHHI | PEKOHCTPYKUIi CHCTEM MOBITPAHOrO
onaineHHs TETUIHLb, OpaHXXepeit Ta IHIINX CilIbCbKOIOCOAAPCLKHX Oy/liBeNb
i cnopyaA.

3ajle)HO BiJ KOHCTPYKTHBHHUX OCOOJIMBOCTEl TEIUIMUL i TeXHOJOTIT
ClJIbCBKOTOCHOAAPCHKUX POOIT nepdopoBaHi NMOBITPOBOAN PO3TALIOBYIOTBLCS
AK B 30Hi POCJIHMH (BEreTaTMBHi CHCTEMH MOBITPSHOTO OMaNeHHSA), TaK i ¥
BepXHiit yacTuHi Tennuub (MiA nokpienero). [lepeBakHUM MOXKHA BBaXaTH
Nepiuuii BapiaHT, TOMY 10 BiH BUKJIIOYAE MEPErPiB BEPXHBOT 30HH, 110 3HH-
Kye TernnosTpatu Ha 15...20% [1, 5]. Kpim Toro, npu uboMy MoJinuyoThcs
YMOBH 1Sl 3aCBOEHHS NOXKHBHHUX PEYOBHH 3 'PYHTY.

[Mpuponui KOCHiHKEHHsS MIKpOKNiMaTy TeMMIb i JIOCHA BiA iX eKc-
niyaTaitii y rocriofapctsax nokKasaiu, 10 CUCTEMH TIOBITPSHOrO ONalCHHS 3
nepdopoBaHUMHU TTOBITPOBOAAMH, PO3PAXOBAHUMM 32 3aMPONOHOBAHOIO Me-
TOAMKOI, PiIBHOMIPHO PO3MOALIANTL TEMIOBUH MOTIK NO AUIAHLI TenanLb,
CTBOPIOIOTH BiNOBIAHI MiKPOK/IiIMAaTHYHI YMOBH i NPU LOMY HAJAlOTh MOX-
JIMBICTH CKOPOTHTH eHepreTuuHi BuTpatu Ha 10...15% [4, 5].

VYmoBHi nosnavenusi: d — AiamMeTp MoBiTpoBOAY, M; V — LIBHIKICTb
NOBITPS ¥ HORITPOBOAL, M/C; W — LIBMAKICTH BHTIKaHHS NOBITPS 3 OTBOPIB
nepdopauii, m/c; f — mowwa nepepisis orBopy nepdopatii, M*; F — niowa

nepepizis NOBiTPONPOBOAY, M%; 7 — BiJIHOCHaA TWIOWWA OTBOpPiB nephopaLlil;
f= Y f1F ;L — koediuienT BuTpayanus oTBopiB nepdopaiii; p f — na-
paMeTp posnoaiiy; ¢ — BiHOCHA JOBXHHA TOBIiTPOINpPOBOAY; ¢=0/d;\—

koediuient onopy Teprs; A =napametp kaHanmy; X — napametp [oso-
- 3 .
KEHHA, X =x/{ | p — rycTHHA, KI/M"; G — MacoOBC BUTpayaHHs y MOBITPO-
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MpoBOi, KI/¢; g — MacoBa BHTpaTa uepe3 oTBopH nepdopauii, kr/c; Q0 —
Tenyoeuit norik, Br; €, — nutoma tennomictkicts, [Hx/(kr.K); t — Temne-
patypa nositps y nositponpoBogi, °C; f, — TeMIlepaTypa BHYTpilLHbOTO
nositps, °C; 6 — HaaMipHa Temneparypa; 0 = (t —tn), °C; K — koediuieHr
Tenjonepeaayi, B1/(M2.K); iHueKcH: X — AoBinbHui nepepis; 0 — MovarTko-
Be; K — KiHIIeBe.

Bucuosok

Hasenene teopetHiuHe oOrpyHTYBaHHS pa3paxyHKy MOBITPOBOLIB 3 3a-
JaHOIO HEPiBHOMIpHICTIO po3aadi HarpiToro moBiTps. OAepxaHO po3paxyH-
KOBE PiBHAHHA YMOB PiBHOMipPHOTO po3oiny TEMJOBOro MOTOKY MO JOB-
KUHI piBHOMipHO nNepdopoBaHMX NOBITPOBOAIB MOCTIHHOrO mNepepily i3
no/liMEepHUX MAIBKOBAX MaTepialliB /Ui YMOB NOBITPAHOTO 00IrpiBY TEMIHLIb.
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YK 536.34/532.526 A. A. XyieHKo, 0-p mexH. Hayk, npog.
M. A. KupuueHko, acucm.

KuiBcbKHii HAUiOHATBHMIA YHIBEpCHTET

OyRiBHULITBA | apXiTEKTYpH

METOAUKA PO3PAXYHKY
ENEKTPMYHUX NMOBITPOHAIPIBAUIB
ENEKTPOKAJIOPUDEPIB 3 TEH

Enextpokanopugepy 3 BAKOPUCTAHHAM TPyOUaTHX €NeKTPUYHHUX Harpi-
sayis (TEH) ans HarpiBy noBiTps 3aliMaloTh OCHThb 3HAYHE MiCLIE Y 3aranb-
HOMy 00’eMi BHpoOHMUTBA enekTpokanopudepHoi texniku. [lepeBaramu
enexrpokanopudepis 3 TEH € HapiiinicTb y poboTi, BUCOKa peMOHTO-TIpU-
xataicts (TEH# nerko 3aMiHIOIOTECA), BUCOKI TirieHiuHi sikocTi (BiACyTHICTD
TpUrOpaHHA NuIy), MPOCTOTA KOHCTPYKTHBHOTO O(OPMIEHHA Ta MOHTaX-
HUX OmNepauiii nNpx BHrOTOBJIEHHI HarpiBanbHUX 6siokiB. HeponikoM enek-
TpokanopudepiB Takoro TUMY € 3Ha4YHO Oinblui, Y MOPIBHAHHI 3 iHILIMMH
KOHCTPYKLiAMH enexTpokanopudepis, rabaputu HarpiBanbhux ONokiB i ca-
MUX eJIeKTPOKATOpU(EPHUX YCTaHOBOK.

KoHcTpykuil Ta TexHiuHI XapaKTepUCTHKH Cy4acHHX TpyOuaTux enek-
TpOHArpiBadiB, AKi cepiiiHo BUPOGNAIOTECA BITYH3HAHOK NPOMUCIOBICTIO Ta
3apy6GixunMu ipMamu HaBeneHi Ha puc. 1 Ta B Tabauuax 1, 2.

PospaxyHok esekTpoHarpipansHoro Oj10Ky enektpokanopudgepiB 3Bo-
AUThCA RO Miabopy i kommoHoBkU NoTpiGHoI KinbkocTi TEH i BM3HaAueHHIO
CTIOXMTOI HAMHM €JIEKTPUUHOT MOTY)XXHOCTI TMpH 3aJaHUX 3HAYEHHAX eJIeK-
TPUYHOI MOTYXHOCTI N, TEMIIEPATYpH MOBITPA, AKE NOJAETHCA Y HArpiBajih-
Huii 6JI0K £, | | HArpiTOro MOBITPA f,).

Po3paxyHOK JOUINBHO NMPOBOAUTH Y TaKiii MOCAiIAOBHOCTI.

1. Bubupaiots THN i po3Mipu (30BHilLHIi fiameTp TPYOKH d, KOHCTPYK-
TUBHY ROBXUHY L, aktuBHy moBxuHy L,;) TEH ang BukopucraHHs y
AKOCTi HarpiBayiB moBiTps B enektpokanopudepax. s TEH niamerpom
12...12,5 MM MOXHa KOPHCTYBaTuCh JaHMMH Tabnuup 1, 2. Texniuni xapak-
tepuctukd TEH iHwMX giameTpiB HaBeAeHi y AOBiHHKOBIii siTepaTypi npo-
cnekTax 3apybixHux ¢ipM-BHpoOHUKIB.

2. [pniimMatloTh WBHAKICTb MOBITPA W, y )KHBOMY Mepepisi eNeKTpoHa-
rpiBaibHOro 610Ky. BoHa Moxke 6yTH npuitHaTa Ha piBHi 5...12 M/c.

3. MNpuiiMaioTb 3Ha4YeHUs eKcrulyaTauiiiHoi Temneparypu nosepxHi TEH.
3 MeTolo 3anobGiraHHa MPUIOpaHHA MY Ha NMOBEPXHi i AOBroCTpOKOBOI poboTH
TEH Temneparypy ¢; Ha NOBEPXHi ClTiA npuiiMaTy Ha piBHi 200...250 °C.



XapaxrepucTuku U-nogiGHux vpy6uarux eseKTpoHarpiBayis
(d,,s = 12,5MM)

Tabauyn |

m | & | g s [ E | € | ¢
g o & e = 2y 4 g
o ES % Zz 2 © ‘s £ 2 b
H Y + E\E = € i o - <
= a o « 2 5 o
5 3 2 P % a ] _n. = l:;:' d
£ 2 E v 3 £ § £ ® S ]
a = = IR o g < E z = s
= z % 25 T ax = =2
£ < e | E= ] ¢ ge | & ES
< 2 = £ E’ = =
I'mankotpyOHi enemerty ( puc. 1a)
1 220 985 2,44 315 572 1030 | 0812
2 220 860 3,0 385 422 730 0,61
3 220 980 30 | nosipa | 386 an 830 068
4 10 230 112 |o=3+5wc] 150-170 | 322 530 | 0484
5 220 360 1,23 150-170 | 472 830 0,68
6 220 445 1225 150-170 | 572 1030 | o081
7 110 240 2,1 520 222 330 035
8 220 530 208 | nositpa | Si6 422 730 0,61
9 220 680 206 | w=0mic | 513 522 930 0,75
10 220 750 207 |rw=25°C| SIS 572 1030 | 081
1 110 150 | 0455 150-170 | 522 930 0,75
12 110 217 123 | " soa70| 372 630 0,54
o =3+5 Mflc
Opebpeni enementi (puc. 16)
1 110 425 | 0236 100-125 | 300 540 0381
2 220 580 | 0236 100-125 | 400 740 10
3 220 660 | 0236 ‘ 100-125 | as0 840 LI
noBiTps
4 220 740 | 0236 s | 100125 | a00 940 1.3
= )+, i
5 220 820 | 0236 [© M 100125 | sse 1040 1.4
6 110 1220 0.5 300 400 740 1,06
7 220 1550 0.5 300 500 940 13
8 55 120 | 0083 150-170 | 250 440 0.68
9 110 175 | 0083 . 150-170 | 350 640 0,94
noBipA
10 10 260 | o083 | T | 150-170 | 500 940 13
11 55 335 023 e | 250 440 0,68
12 110 645 023 |%=2C 300 450 840 117
13 110 795 023 300 550 1040 | 143
14 20 | 270 | 023 | "™ |100125| 200 340 | o048
= 3+3 mic
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Tabauys 2

XapakTepHCTHKH NPAMONIHIHUX TPY6UATHYX eleKTpoHArpiBaydis
(dyos = 12,5MmM)

= a o = ~
- o) a 5 g % [abapur, g
= ] $ T % 3 29 MM g =
< = | x| &2 g R4 £ g
= g 2 ga a s Il g El &
- |19 E g 3 N S o 9
& s - S 4 o g < £2| 2
= z z = T = ]
z < (=3 l=] 8‘ 5
2l e B|E3 3 cE | a| 55 |E°
e 2 = = 3
[
[MnankoTpyGHi enemenTy (puc. 1)
1 55 140 1,09 . 150-170 | 445 | 400 | 325 0,3
110BITpPA
2 55 160 1,09 150-170 | 495 | 450 | 375 | 033
R o =3:5mc < %
3 73,3 205 1.1 150-170 | 595 | 550 | 475 0,4
4 55 200 1,85 MOBITPA 500 395 | 350 | 275 | 0,27
5 110 345 185 @ =0wMc 500 595 | 550 | 475 04
6 44 65 0441 | ¢,.=25°C | 150-170 | 495 | 450 | 375 | 0,33
Ope6peni enementh (puc. 1r)
1 55 75 0,083 . 150-170 | 395 | 350 | 275 | 042
nosiTpA
2 44 130 0,083 150-170 595 | 550 | 475 | 0.69
_ o =35 Me _ .
3 110 325 0.23 300 545 | 500 | 425 | 0.62
4 734 215 0,236 . 150-170 | 395 | 350 | 275 | 042
HOBITPA
5 110 335 0.236 - 150-170 545 | 500 | 425 | 0,62
o =0wCc
6 55 54 0,5 —— 300 445 | 400 | 325 | 049
7 110 785 o5 | 72T 300 595 | s00 | 475 { 0,69

4. Tlpunyckaiouu, 110 BCA €1EKTPHYHA NOTYXKHICTh N,, BUTpauaeTuCs Ha
HarpiBaHH# NOBIiTPA, TOOTO OCHOBHE GanaHcoBe PiBHAHHA Mac BUTAL N, =
=¢q Gu(tn2 = tn1) 1 HEXTYIOUHM HE3HAYHUMM TENJIOBTPATAMH Yepe3 CTiHKH
HarpiBaibHOro 670Ky, BU3HAYAIOTh aKTHBHY AOBXUHY ycix Tpybuartux ene-
MEHTiB HarpiBalbHOro 010Ky 3a HOpMYIOIO:

3
10°-N,
Ly=—7%, (1)
“ d
n-d, G,
ae d, — 30BHillHIA AiaMeTp Tpy6uaToro ejieMeHTa, M; ©; — MHUTOMA [0~

- 2
TYKHICTh enemenTa, B1/m”",
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Puc. 1. Tpy6uari enexrponarpiayi (TEH) i3 30Bnitunim
Aiametpom Tpyou d, = 12,5 Mm:
a — rnankuii U-noniGHutt; 6 — opedpennii U-noni6Guuii;
6 — rnagKkuil npAMONiHifinuit; 2 — opeGperuit mpsMoNiniliHAH.
1 — KOHTaKTHI CTepXHi; 2 — Kepamiui i3019Topy; 3 — waibu;
4 — TpyGuaThit eneKTPOHArpiBA/ILHHI ENEMEHT; 5 — HANOBHIOBAY,
6 — cnipans; 7 — waiifa cronopHa; § — opedpenta



BesiMunna nmuToMoi NMOTYXXHOCTI, WO 3HIMAcTbCA 3 | KB. M MOBEPXHi
TPYGUaTOro enemMeHTa 3aJIeXWTh BiA YMOB TEMNOBiAAadi Bia TpyOkH A0
[oBiTps: Marepiana, AiaMetpa Tpybku i Temneparypu i 30BHIIHBOI FIO-
BEPXHi, HIBHAKOCTI MOBiTps, 10 00ayBae TpyOKy. Bona moxe 6yTH BH3Ha-
YeHa aHANITHYHO LUIAXOM BHPaXyBaHHS CEPENHbOro 3HAYEHUs KoedillieHTa
TeruyioBiaaayi TpyOku 3a BiAOMUMH KpHTEpiaibHHMH 3JalexHOCTAMUH abo
MpUitHATA 32 EKCTIEPUMEHTAIbHUMHU AaHNMH, fiKi ojepKaHi AnS Tiajakux
TpYy6OK, 1o 06/1yBalOTECA NOBITPAM 3 pisHUMHU LIBUAKOCTAMM. Ha puc. 2 Ha-
BeJeHHit rpadik eKCIepUMEHTANBHIX AAHUX [UIA BU3HAYEHHA BEJIMYMHU O
Ipy TeMmnepatypax eneKTpoHarpiBaibHoro enemenrta f; = 100...500 °C i
UIBUAKOCTAX 00AYyBY #oro nositpim m, = 0...12 m/c.

076, 81/’
60

50 £ Y

40

30

20

4

//
/ |/
S

)

Cwr 200305 w0 R

L3

Puc. 2. 3anexHicTe NUTOMOT MOTYXHOCTI G, rnaakoTpy6Horo TEH
Bijl TEMINEPATYPH {, 30BHILIHBOI MOBEPXHi TPYOKH

5. BH3Ha4aloTh 3araibHy KifbKIiCTb €JICKTPOHATPiBATLHUX €1EeMEHTIB Y
enekTpokanopudepi
L,

n, = 5 (2)
La,l

ne L, | — aKkTHBHa AOBXHUHA OHOrO e1eMeHTa, MPHIfHATA 3a JaHUMHU BUPOO-
HHKa.
6. BuzHaualoTb NoBHY (KOHCTPYKTHUBHY) JOBXKHHY KOXHOTO €JIeMEHTa

Li=L,+2- Ly, 3

ae L,, — joBXWHA NMAcHBHOI (€ HEMae HArpiBaibHOI cripati) HiNgHKM
HarpiBalbHOro €jeMeHTa.
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7. Bu3HaualoTh NOTY>KHICTh KOXKHOIO €/1eMEeHTa HarpiBaibHOro 61oKy:
N, = N/n., kBT. (4

8. TlpoBoJATL OCTATOYHY KOMMAHOBKY i KOHCTPYKTHBHE O(OpPMIIEHHS
HarpiBanbHOro OJ10Ky.

Y nmesKuX BUNAAKaX BUHUKAE HEOOXifHiCTb MPOEKTYBaHHs Ta BUPOO-
HUUTBaA iHAUBinyansuux naptit TEH, npusHayeHux A/t KOHKPETHUX KOHCT-
pykuiit enextpokanopudepis. Lle BinHocuTsca Ao kamopudepis uuniHApHY-
HOT opMH, a TakoX KanopudepiB 3 iHUIMMHU po3MipaMH Yy MOPiBHAHHI i3
cTaHJapTHUMH po3Mipamu TEH.

MpoextyBanus TEH inauBigyansHOro BUpOOHMLITBA MOJIATaE ¥ NpHii-
HATTI KOHCTPYKTHBHUX po3MipiB (aiamerpa d,, dopmy, nosxuun L, Hanpy-
ru U martepiana tpybku i T. iH.) i BU3Ha4YeHH] #Or0 TEMMOTEXHIYHKX Xapak-
TepucTUK (MoTyxHOcTi P, ), BT, nutoMol noBepxHeBoi notyxHocti W, B1/m’,
xoeillieHTa TennoBiInaYi KOHBEKILEW O BT/(M2 - °C), TeIIOBOIO [OTOKY
Ha OIMHUIID AOBXKHHM ¢, BT/M, akxTiBHOI nOBXMHU L, |, liaMeTpa cnipani
d. Ta il 1oBXHUHH I;).

Ilns BU3HAYEHHS TeTTOTeXHiYuuX XapaktepucTHk TEH neobxiarHo 3ua-
TH Cepeilo IBHAKICTL MOBiTps, ske obaysac TEH ®, m/c, Temneparypy
30BHILIHBOT 000NOHKH &, °C i TEMIIEPaTypy MOBITPA, AKE MOJAETHCH Y KAJIO-
pudep t, °C. 3HaYeHHAMH LIUX JAHUX 3a0aI0ThCS MPU POEKTYBAHHI.

PisasHHs TeroBoro 6ajtancy TEH mMorkHa 3anucat y BRI

Po.l = Fu,l COg O (Fy— rn)v (53
ne 0 — KoedillieHT, BpaxoByioumit mpoMeHeBy Temnosijtayy TEH. Foro
3Ha4YeHHS Moxe OyTH npubnusHo npuitkaTo ¢ = 1,15...1,2.

Jns Bu3HaueHHs koedilieHTa TernoBiggaui KOHBEKUIE Oy, MOXe OyTH
BUKOpHCTaHa KpUTEpianbHa 3aNeXHICTD:

Nu,, =¢-c-Re", (&

Jie € -—— MONpaBKa Ha KyT ataky, npuiivaeTses il 0,57 npu kyTi 20° 10 1 npu 90°.
3HaueHHs KoedilieHTiB ¢ i n:
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Re c n
0.1..4 0,99 0,305
4...50 0,86 0,41

- 8..10° 0,59 047
10%...5-10° 0,665 0,47
5-10%...5-10* 0,22 0,60
>5-10* 0,026 0,80




[TuroMy MoBepXHEBY NOTYXHICTL W, BU3HAYaIOTh 3a (hOPMYJIOHD:

Wy = Poi/Fy 1 BT, 7
AxTusza nosxuna TEH popiBhioe:
Loy =Py /(- dyWy), M. 8)
[Muromuii TeNNOBHIt MOTiK Ha OUHULIO AoBXHHU TEH Bu3HavaeTbes:
gy = Po/Ly), BT/M. 9

Po3spaxyHok criipani TEH npu Binomux 3nagenusx P, y, d,, L, i ¢, npo-
BOAATBCA 3a BIAOMHUMH 3aJIEXKHOCTAMM A4 PO3PAaXYHKY HarpiBauiB, po3mi-
WEHNX Y cepeloBMlli i3 3aaHuM abo oOUMCIIEHHM 3HAYEHHAM TEMIOBOro
onopy R.
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1. Eecmuznees M. A., Ko3noeckaa JI. A. Dxcnpec-MeToa pacueTa TeM-
nepatypsl noepxnoctd TOHoB npu pabote B Bo3nyilHOl cpene. —— Dnek-
TpoTexHu4yeckas npomeiuieHHocTh. Cep. Dnekrporepmus, 1983, Bbin. 4
[424].

2. XKyxayckac A. A. KOHBEKTHBHbBI nepeHoc B TennaooOMeHHUKaX. —
M.: Hayka, 1982. — 472 c.

3. Cnpasounnk mo tennoobMenHukam: B 2-x 1. [lep. ¢ aurn. / Iloa pea.
O. I Mapmuinenro w ap. — M.: Dneproatomusiar, 1987.
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YJIK 697.1(083.75) O. II. Ilenenes, kano. mexn. Hayx
KuiBcbkuit HallioHanbHKUH YHIBEPCHTET
6yniBHULTBA i ApXITEKTYPH

BU3HAYEHHSA HOPMATUBHOI TOBLUUHA
TENNOI3ONALIAHOMO NPOLAPKY 30BHILLHIX
OroPOAXEHDb ANA BYAIBENDb, AKI EKCNNYATYIOTbCAHA
B XXAPKOMY KIIMATI

3riguo 3 CHuIl 11-3-79**, [1}, npu npoektyBaHHi HOBUX abo mpu pe-
KOHCTPYKLIT cTapux OyAiBens ((KUTIOBHX, AUTAYMX CAIKiB TOLLO) HEOOXiAHO
B JTiTHi# nepioa niATpuMyBaTH ONTUMATbHI HOPMU TEMAEPATYPH i BOJIOTOCTI
MOBIiTpA B NpUMillleHHAX, sAKi Bka3aHi B n. 3.1.%, [1].

Jla UBOoro B paifoHax 3 cepelHbOMICAYHOIO TeMnepatypoto aunns 21 °C
i BU1e aMITiTYla KONUBAaHHA TEMIepaTYpH BHYTPilIHbOT MOBEPXHi 30BHillI-
HiX CTiH 3 TEenNOBOIO iHepuicto, D, He Ginbile 4 Ta AAXOBHX TIEPEKPUTTIB —-
He Ginblne 5 noBuHHa OyTH He Oinblle HeOOXioHOL, KA PO3pPaxOBYEThCH 3a
¢dbopmyoro:

A0 =2,5-0,l{t,0, —21), M

[€ tyop — CEPEAHbOMICAYHA TEMNEpPATYpa 30BHIHLOTO MOBITPA 3a JIHIEHD,
°C, sika npuitMaeTbes 3riano 3 CHull 2.01.01.-82 (¢,).

AMNIiTYAa KONWBAHHA TEMIEepaTypd BHYTPIlLHLOI NOBEPXHi 30BHill-
HLOTO OI'OPOJKEHHS 3 (PAKTUYHOIO TOBLUMHOKO PEATLHOIO YTEroBaua po3-
paxoByeThcs 3a popMyIoLo:

A po3p
Ag’ o8 ()
BH u

Ae A, = — pO3paxyHKOBA aMIL1iTy[ia KONMBAHHSA TEMIEPATYPU 30BHILIHBOIO

1oBiTp, °C, ska Bu3HA4Ya€TLCA 32 opmynoio n. 3.3.%, [1]; v - 3HaveHHs 3a-
TYXaHHS PO3pPaxyHKOBOI aMIUIITYAX KOJMBAHHA TEMIMEPATYpH 30BHILIHLOIO
TIOBITPA B OrOpOKYIOUiii KOHCTPYKUIi, AKEe PO3paxoByeTbCa 3a (OpPMYNOI0
n 3.4.* [1].

SIKIIO migcTaBUTH 3aIeXkHOCTI AN BU3HAueHHA L B dopmyny [2], To
BHACHiIOK MareMaTHYHHX TIEPETBOPEHb MOXKHA OAEPXaTH AOCHTH MPOCTi
dopMynu 715 onepaTMBHUX iHXKEHEPHHX PO3PaxyHKis. Y mepuly uepry Hac
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uikaBuTh HeoOXiZHa MiHiMadbHa TOBIUMHA TEMJIOI30AALIAHOrO NpPOMIAPKY
30BHILIHBOTO OFOPOMKEHHA 3 YPaXyBaHHAM peajlbHOT a00 NPOeKTYIOUO0i KOH-
cTpykuii. [Ipu nopiBHAHHI TOBIIMHM YTETUIIOBaya, fKa 3arnpoeKToBaHa, abo
fiKa € B CTApoOMy OYOMHKY, IO Mi/UiArac peKOHCTPYKLIi, MOYKHA NPUHAHATH
2 pileHHs:
e (akTHYHA TOBLIMHA TEMUIOi3OMALIT BiAMOBifac NiTHIM yMoBaM eKc-
TuTyaTaitlii, BoHa Oifblua, HiXk MiHiMabHa;
¢ (aKTH4HA TOBLIMHA TEMNO0i301ALi MEHLIA 33 MiHiMalIbHY, BU3HAYEHY
pO3paxyHkoM; TOAi TpebGa 30BHIllIHI OrOPOMKEHHA YTErulioBaTH 10-
JlaTKoBo.

3 [OCTaTHBOIO [UIA iHXKEHEPHUX pO3paxyHKiB TouHicTio (3...5%) MiHi-
MajibHY TOBLIMHY TeI0i30NAUiffHOro mpowapky Ans MiTHiX yMOB eKciya-
Tauii MOXKHa BM3HAYMTH 3AJIeKHO Bil MOKa3HHMKa Temmoroi iHepuii, D, 3a
dbopmyioto:

aynpu D 2 1,5:

A Apoap / Aucoﬁx
ST TV A4ppte T S (R.S) |, 3
y,min Sy l,l3 . Bl Z( )l ( )
6)npu D < 1,5:
AP03P / Aucoﬁx
{ B BH
By i =g} — ! —(RB + Ry +ZR,<,,-) . )

Oy

e 87F — noTpi6Ha MiHiMaNbHa TOBIMHA TEMIOI3ONAILifHOrO NpoWapky,

M; A, — KOehilieHT TennonpoBiAHOCTI NPUHHATOrO yTenjioBaya,
Bt/(M - °C); R — TepMiuHuUii omip i-r0 NpoUIapKy OropoIKYyIUuol KOHCT-
pykuii (M - °C)/BT; ¥ R, ; — CyMa TepMiYHHX OTOpiB yCiX npouapkis oro-
POMKYIO4OT KOHCTpYKIii, KpiM TennoizonsuiiiHoro npowapky (M” - °C)/BT;
S — koedilieHT Tenno3acBoeHHs Marepiany (M* - °C)/Br; Sy — Te came,
yTEIUIoBaya; Z(R-S),- — cyMa 6e3 ypaxyBaHHs TemoizonsiliiiHoro npo-
wapky; Ry, Ry — onip, BiAMOBIJHO, TENJIOCTPUAHATTIO BHYTPIlIHBOI i

W
—
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TENNOBI4Aaul 30BHINIHLOI MOBEPXHI OropoKytoUol koHeTpykuii (M~ - °C)/Br;
B — koedilienT, 1110 BpaXOBY€ HasABHICTb MOBITPAHOTO MPOLIAPKY B KOHCT-
pykuii, skuii BH3HA4acTbCA 3a GOpMYyIioL0:

By ={1+4.9 Rooyup ) (5)
€ Ruos np — TEPMiuHUi OTIiP TMOBITPAHOTO MPOLUAPKY, (M2 - °C)/BT.

Bukopucrana aireparypa

1. CtpoutensHble HopMbI U TipaBuna. CHull 11-3-79*%*, CtpoutenbHas
Temnogusuka. LIUTII [ocerpos CCCP. — M.: Crpoitusnar, 1986.



YK 697.2:536.2 A. A. Crpoii, inxcenep
Kwuisceknii HanioHanbHU yHiBepcuTeT
OyniBHULITBA i apXiTeKTYpH

PO3B'A30K MATEMATWYHOI MOJEN
NPOMEHEBOrQ OMANEHHSA, WO CTBOPIOE
KOM®OPTHWIA TEMNOBUWA PEXVM
B MPOLIECI PO3IrPIBY EYAIBA

HoBi MOXIHBOCTI eHepro3fepeskeHHs B CHCTEMaX OMaieHHs BUPOGHH-
YHMX MpHMilleHb po3rnafaoThes y pobotax [1], [2] i [3). Lli MoxauBocTi no-
JIAraloTh y CTBOPEHHI KOM(OPTHOrO TEMIIOBOro pekuMy B HECTaLliOHAPHOMY
npoueci po3irpisy 6yaiBni. CTBOPEHHs TaKMX PeKUMIB JO03BOJIAE PO3LLHMPH-
TH 00NacTe 3aCTOCYBaHHA CHCTEM MNEPEpPBHONO OMANEHHs, AKi MEHLI BHT-
paTHi HiX MOCTiHHO Ail04i CUCTEMM onaneHHs. A TIpH 3aCTOCYBaHHi peXHMiB
TiepepBHOro OnaneHHA A03BOJAE IMIHUTH PEXHM POGOTH TaKUM YHHOM, WO
CTa€ MOXKIMBHUM 3HAYHA EKOHOMisl TEMIOROI eHeprii.

HeTanpHille AOLIIBHICTE CTBOPEHHA KOM(OPTHUX TETIIOBHX PEKUMIB Yy
HecTaliOHApHUX TpoLecax, po3miAHyTo B [1], me HaBeAeHi TakoX 3amex-
HOCTi, 10 XapaKTepu3yOTh 3MEHILEHHs BTpaT Termnotd. B poboti [3] BBe-
JeHi crnpouwlylodi npunyileHHs, i obrpyHToBaHO NoGYNOBY MaTeMaTHYHOT
MOZENi, ANl CHCTEMH OfANieHHs, WO CTBOPIOE KOM(OPTHHIT TeroBuii pe-
MM B nipoueci po3irpiy 6yaisni. CxeMy TenjoBHX MOTOKIB i Temneparyp,
WO BiAANOBiAa€ NPUAHATIA Moaeni TerooGMiHY i CPOLHYIOUHM NIPUMYLLEH-
HSM HaBeJIeHO Ha puc. 1.

-

"HPJ 3

I (-
IV SS— X — y
Puc. 1. Cxema TenjioB1X NoToKiB, TEMAEPATYp i BIANOBIAHUX KoediuicHTIB
TennooOMiHy Moaeni
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Cucrtema piBHﬂHb 3 AKHUX CKJIAAa€ThCd 3rajjlaHa MaTeMarudHa MOJehb
Ma€ TaKnii BUrnaj:

( oy Jor=dlee,, [ox?), M
Moty fx)| =t txas.c 1), @

_chT(a’x,t/ax)Ixﬂ = anp.thp('upJ _tx=0,t)"achr(tx=0,t ~t5:)s )

fr,1=0 = tx=0,1=0 ~ [(fx=0,1=0 — !x=5,1=0)/ 8] X, @
Vi-cCa '(dtﬂ,‘! /d‘t)= anp.Kan(tnp,t —lae )"‘ )
'H"BFcr '(tx=0,r _'a,t)_ LCB (ts,r —tn)’
fg 1=0 = CONSt, 6)
a t +a ! _ + 0, of
t = 4_np°np,t 4_cr'x=0,1 4 B'B,T (7)

Qy gp+ 0y cr+0y 5

Hesigomumu B cuctemi, € PyHKUT £y o5 £y-0 ¢, 1 £y ¢ 5 AKi 327I€XKATE Bil

MOMEHTY Yacy T, Ta BU3Ha4aloTh TETIOBHH KoMOpT.

PiBuaHHA (1) B cucteMmi — ue piBHAHHA Dyp’e, LIO ONUCYE PO3MOAIN
TeMMnepaTyp No TOBLIMHI OAHOLIAPOBOI TUIOCKOT CTIHKH B 3a/€XHOCTI BiX
MOMEHTY 4acy T.

Po3p’s30k nudepenuiifHoro piBHAHHA Dyp’c BH3HAYAETECA TaKUMH
YMOBaMH OJHO3HAYHOCTi:

® i3 30BHILIHBOT CTOPOHM OTOPODKYIOUOT KOHCTPYKILT PIBHAHHAM (2) —

IPaHUYHOIO0 YMOBOIO 3-I0 poAy LI0 BH3HAYac PiBHICTb TENJOBOIO MO-
TOKY, L0 HAAXOAUTb 3 TOBLUI CTIHKH O 30BHIiLIHbOI [MOBEPXHi i Tem-
JIOBOTO MOTOKY, IO BiBOAMTBCA Bij Ui€l MOBEpXHi JO 30BHILIHBOTO
noBitTps B 6yab-aKkuit MOMEHT yacy;

® 3 BHYTPILIHBOI CTOPOHU PiBHAHHAM (3) — rpaHUYHOIO YMOBOK 3-TO

poaly, 10 OMHCYE DIBHICTH TEMIOBOIO MOTOKY, IO HAAXOAHTH Ha
BHyTplmmo TIOBEPXHIO CTiHKU Bil Bunpowmoaaqa, TEIUI0BOMY MOTO-
KY, LIO BiIBOAMTBCA BiX Buyrpxmm.m TIOBEPXHi — Y TOBILY CTiHKM
TEIUIONPOBIJHICTIO, i 1O BiABOAWTECA [0 BHYTPILLHBOIO MOBITPS —
KOHBEKLII€I0;
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® y NO4YaTkoBHH MOMEHT 4acy T=0, piBHAHHAM (4) — MNOYATKOBUM
PO3A0AINOM TEMNCPATYP MO TOBLUMHI CTIHKH.

JudeperniansHe piBHAHHA (5) OTpHMaHe 3 TEMNOBOro GallaHCy MOBITPA
3a IPOMiKOK 4acy dt . Po3Ba30k piBHAHHA (5) MOBHHEH NIAKOPATHCSA foYar-
KOBiii yMOBi, — PiBHAHHIO (6), ke BU3HAUYA€E PiBHICTb TeMNepaTypu MoBiTpA
B MOMeHT Yacy T=0, (OHOBOMY 3HAUEHHIO.

Jlo cucteMu piBHAHb BXOAUTH TaKoXk piBHAHHA (7), 11O 3YMOBJIOE TeM-
nosuii koMpopt (06rpyHTYBaHHS auB. [3]).

PoirasHeMo nopsaok po3B’A3Ky HaBeAEHO! BULIE CUCTEMU PiBHAHL
(M=+(7).

Po3B’a30k cucTeMu piBHAHB BIAHOCHO (yHKUIT ¢, , — po3noainy Tem-
nepaTyp Mo TOBHiMHI CTiHKH, OyNeMO LIyKaTH fK 3aralbHHi PO3B’A30K AH-
¢depeHUialBHOTO PiBHAHHA Pyp’€ y HACTYMHOMY BHIUIAAL

tyt =ty=01=00 —[(Fy=0,120 —ti=5,1=0/ O] X +

- —ak? 8)
+ Y A;lsin(kx) + p; cos(k;x)]-e KT,
i=l
3aranbHuil po3B’A30K CUCTEMH BiJIHOCHO dyHKLUIT ¢, . Oynemo wykatu
y BUPTIAAI

oa 2. 8
rll,‘l.' =tn,‘t=m + Z(gl .Al'pi _‘,"u'ki I)' (9)

i=l
Binomo, axio ¢yHKUif 3aq0BonbHAE AMdepeHiiaibHOMY PiBHAHHIO, TO
i cyma Takux QyHKUIH, Momy 3agoBonblisie. ToMy nocTiiiHi iHTErpyBaHHs
Pis ki gi » OyAeMo 3HAXOAUTH 3 YMOBY 3a/10BOJICHHA YaCTKOBUMH PO3B’A3-
KaMu

tre =Ftine = [(f x=0,1=0 ~¥x=8,1=0 )/ 5]‘ +

2
—akit
,

(10)
+ A [sin(kix) + p; cos(k,—x)]- e

2,
‘:,t =ty 1= T 8i " Ai Pi Tk, (an

rPaHMYHUM YMOBAM i3 30BHiLUHbOT i BHYTPILIHLOI CTOPOHH CTiHKH, PiBHSAH-
HIO TensoBoro 6amaxcy noBiTps i piBHAHHIO KoMdopTy. Koediuieutu A;
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npy i -THX jogaHkax cyMH B piBHAHHAX (10) i (11) 3310BO/IbHAIOTL TpaHUY-
HUM YMORaM i TeroBoMy GanaHcy MoBiTps npH OyIb-SKHX CBOIX 3HAUEHHAX
(sx ue 6yie nokasano Hwxkue). ToMy MOXKHA 3HAHTH Taki 3HauYEHHA A;, [Ipu
akux dyHkuia ¢, . Oyae 3aN0BONBHATH LUE i MOYATKOBOMY PO3MOAiny TeM-

neparyp 1o TOBLUMHI CTIHKH.
Po3B’430K cucTeMH PiBHAHB 1O/0 LWYKAHOI (QyHKUiT TeMIlepaTypH BH-

TPOMiHIOBa4a OZIEPKUMO BUPKAIOUH fyy ¢ 3 PiBHSHHA KompopTy (7):
tnp.r = [(aq_np + Oy cr + aq_a My = aq_sfs,t - au_cr‘x:O.t]/aq_np' (12)

Temnepatyput,_§ 12 | x=0,1=cs» WO YCTAHOB/ATLCA MO 3aKiHYEHHI
npouecy po3irpiBy Ha 30BHIlUHiH i BRYTpilUIHiit NOBepxHi CTIHKU BiAMOBIAHO,
MOXKHA BHU3HAUMTH i3 cuctemu piBHAHb (1)+(7), micisA nincTaHoBKM B il 3Ha-
YeHHA T=-co. SIKIUO BpaxyBaTH W0 [UIA CTALiOHApPHOrO KiHLEBOIo po3mno-
Jily TemrepaTyp TelUIOBUit MOTiK KpPi3b 30BHIIIHIO i BHYTPILIHIO 1TOBEPXHIO
CTiHKM TOJT caMHMid, i AOPIBHIOE:

- l(atx.rmo / 8x)|x=5 = —}"(atx.tm-a / Bx)IFO = A’(‘x=0.t=0 =410 )/ 8, (13)

10 cucrema (1)+(7), micng MiACTaHOBKM LBOTO TEIUIOBOrO MOTOKY MNpH
T = oo, MATUME BUTJISA:

( A (tx=0,t=0 —14=5,1=0 )/8 =0y (tx=8.t=oo —ty), (14)

A'FcT (’x=0,t=0 - tx:ﬁ,t:(] )/8 = anp.n an (tnp,r=m - rx:()'t=oo )— (I 5)
—G‘BFCT (tx=0,t=aa - t5,1:=°o ), :
i a"vaan (tnp.t=a° - tR.T=°° J+ aB FCT (tx=0,t==o - tn‘t=uo )_ ( 16)
_Lcnpn(tn.tmo‘tu):oa '
_ aq_np + aq_cr + a'l_B a'i_np a‘l__CT T
Iy 1= = - topg=ee = lr=01=o- (17}
\ all__s a'l_s aq__a

Y pesynbraTi po3B’A3aHHA CHCTEMM YOTHUPBOX piBHAHBL (14)+(17),
OJHO3HAYHO BM3HAYAEMO YOTHPH HEBIMOMHMX Iy 1 o, fipteees fx=0,1=c0>

ty=5,1=co V1Al KIHLIEBOTO CTALIOHAPHOTO PEXHMY.
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Koediuientn p; i k;, Bu3uauaemo, niacrasamoun Qyuxuii (12), (10) i
(11) y rpannuni ymosu. [Tincrasnsioun dyukuito 1y, 3 (10) npn x=38 8
PiBHAHHS (2) OfePKUMO:

- 7"(— (tFO,T=°° =5 1=c0 )/8 + Aiki [COS(’(,- : 8) =P Sin(ki : 8)] e—u.ki?-.t ) =

= aﬂ{(’&adm + A;[sin(k; - 8)+ p; - cos(k; -8))- e‘“"‘iz")—z,,]. (18)

dyHKUIA 7, ; Taka, AKIIO MICNS MiACTAHOBKY ii B piBHAHHA (18), po3-
KpUTH AYXKH, TO BCi ZOJAHKH, SKi HE 3aNexarhb Bifl T, OyAyTh Taki X K i B
pieHAHHi (14). A TaK AK 3HAYEHHA TEMNEPATYP f,-0 t=co» Lx=§ 100+ Ip.1omo >
Inpa=es — 3HaliAeHi i3 cuctemu piBusanb (14)+(17), € TakuMM 11O NepeTBo-
PIOIOTb KOXKHE PiBHAHHA Li€i CHCTEMU B TOTOXHICTh, TO BCi JIOJAHKM, LIO HE

MicTATE T B piBHAHHI (18), B3aEMHO 3HUILYIOTHCA, IPH NEPeHoCi 1X MO OAHY
CTOpOHY Bia 3Haka piBHOCTI. Toai 3 (18) onepxnuMo piBHICTH:

— Mk, [cosk, -9)— p; - sin(k; -8)]~e.’"”'k"2'r =
(19)

2
= o, A[sin(k; -8) + p; -cos(k; - )] e™H T

2
Y piBHsHHI (19), MHOXIIUKU A; etk T

CKOPOUYIOThCH, OTXKeE, CTIpaBe/il-
BiCTb 1aHOI FPAHMYUNO] YMOBU He 3a/1eKHTh Bil MOMEHTY 4acy T i 3HAYeHHs
koedilieHTiB A; - A 3HAYEHHS MOCTIAHMX IHTETpYBaHHs, NPH AKUX BUKO-
HYETbCA rPaHHYHA YMOBA (2), 0B’ A3aH] XapakTEPUCTHYHUM PiBHAHHAM, OT-

puMaHuM i3 (19):

M; + oy, p;

tg(k; -8) = g o
1N H

(20

3a/10BONBHAIOMH FPAHUHHUM YMOBaM Ha BHYTPIlUHiii MOBEPXHi CTIHKH,
miacraBumo dywkuii (12), (11) i (10) npu x =0, y pisHauns (3). [licna
B3aEMHOIO 3HUILEHHA NOAAHKIB AKi He 3ajiexarb Bill T (aHaNoOriyHo ToMy fIK
ue 6yno ans piBusHHg (18)) i BUKOHABWIM MaTeMaTH4Hi MNEpPETBOPEHHS
OJIEPXKUMO ApPYre PIBHAHHA IO 3B’93Y€C MOCTIHKI IHTErpyBaHHA:
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pi = i @)

. %upn ana‘l B %ypa Fupau cr
oy Fep = o i~ (ach1+“npn['np)+ & i
u_np 4 np

3a0BONBHAIOUN TerIOBOMY OanaHcy BHYTPillIHBOTO TOBITpS, MiAcTa-
Bumo QyHkuii (12), (11) i (10) npu x=0, y piBHsHHA (5). [Nicns B3aeMuoro
IHULUEHHS AOJAHKIB, AKI He 3ainexath BiA T (AHANOrIYHO TOMY AK Lie Oymo
ans pigHaHHa (18)), i BUKOHABIIKM MaTeMaTHuUHi MEPETBOPEHHA OINEPKHMO
TpeTe PiBHAHHS, HIO OB A3Y€ MOCTiiH] iHTErpyBaHHA:

np.k an (a'l_cr /(1 u_np )

Onp an (a'-l“B /aqnnp )+ Qpp an + anFm +Lep, —a ki M, - Cp

o, Fo —o

By = - (22)

Maemo cucteMy Tpbox piBHsanb (20), (21), (22) ana BU3Ha4eHHS Tpiliok
nocTiiiHuX iHTerpyBanHs — k;, p;, g; (ABa 3 uux pisHanb — (21) i (22)
NiHifHi, a ogHe — (20) HeniHiliHe, Tak 3BaHe XapaKTEpUCTHYHE).

TakuMm 4HHOM, HaBeAeHUH YacTkoBUH po3B’ 430K (10) 3a10BONBHAE rpa-
HHYHHUM YMOBaM Nipu OyAb-AKkUX 3Ha4YeHHAX A;. ToMy HeoOXinHO 3HaAHTH
Taki 3HaYeHHA koedinieHTiB A;, npyu akux dyHkuis (8) 6yae 3a10BONLHATH

piBHAHHIO (4) — MOYATKOBOMY PO3NOAINY TEMIEPATYP MO TOBLUMHI CTiHKH.
Hiacrasnsouu (8) y piHaHHSA (4), onepkHUMO:

Ty=01=0 ~lx=5,1=0 Lx=0,1=00 ~{x=§,1=c0
‘X=0.T=0 - 6 X= t,[:[)"t:oo - 8 X+

+3 Alsink0) + p; costk;x). (23)
i=l
HeobxiaHo 3ayBaxkutH, 110 B pO3rIAAYBAHOMY BMNAAKY, KoedillieHTH
A; He MOXHA OJepKaTH 3 TPAAMUIHHMX 3a1eXHOCTEH ANA po3KnasaHHus
¢$yHKUiH y paa Dyp’e, Tomy wio koediuieHTd p;, k;, g; Taki, Wo ang go-
HAaHkiB pany @Pyp’e ymMoBa OpTOrOHANBLHOCTI HE BAKOHYETHCS1.
3HaueHHs A;, BH3HAYMMO K KoediuieHTn pagy Dyp’e, 110 npeacTasse GyHK-

. ?y=0,1=0 ~Ix=8,1=0 1 x=0,1=00 ~ L x=§ 1=00
wito Q(x) =15-0,1=0 — X = Uxo0,1200 ~ 5 X1

)

58



y BUFAAZL CYMH JOJIAHKIB A; [sin(k,-x)+ Pi cos(k,-x)], METOAOM 3aMpPOIOHOBa-

HuM B [4]. Lleit MeTon monsrae B npuB’A3yBaHHi 3HaueHb QYHKUIT BUpaxe-
N

HUX CyMOI0 N uneHiB psay — ZAi[sin(k‘-.r)+ Pi cos(k,-x)], [0 3Ha4eHb
i=l

¢yukuii ©(x) B N Toukax no oci x. To6to koediuientu A;, 6yxyTH KOpe-

HAMH HaCTYIHOT CHCTEMH PiBHAHb:

4 N

o(x) =Y A [sm(k,-x,)+ p; cos(k;x )]

i=l
N
4 o(xy) =Y A [sin(k,-xz )+ p; cos(k;x, )] (24)

i=]

N
Q(xy)= ZA,—[sin(k,-xN )+ p;cos(k;xp )].

i=1

OpKe, po3B’A3Kk0M cucTeMu audeperitianbhux piBHAHDb (1)+(7) OyayTh
dynkuii (8), (9), (12), i3 nocTiliHUMK IHTErPYBAHHA, WO BH3HAUAIOTHLCA 3a
HaBeJleHHMHU Buile GopMyaMHu.

3aminioroun B (12) 3HaueHHs t,_q . i 1, 3 (8) i (9) BianosinHo, oxep-

KUMO 11YKaHY 3aJIeXKHICTh, [0 AKil HEOOXiAHO peryoBary Temmeparypy Ha
MOBEPXHi BUMPOMiHIOBaYa, 1100 yMOBa KOM(DOPTY BHKOHYBasacsa i Oyjab-
AKOTO MOMEHTY 4acy:

! —ak}T .
Lupt =| fp=ee — Z[a\uagi 0y or ]Ai pie Oy np - 25)

i=

OtTpuMaHa aHaiTHYHA 3aIeXHICTL (25) nae MOXIMBICTL aHamizyBaTH
OCHOBHI 3aKOHOMipHOCTi KOMGOPTHHX TEMJOBHX PEXHMIB po3irpiBy Ai1s
Oyab-KuX npuUMilleHb. 3anexHicTb TakoX Moxe OYyTH BHUKOpHCTaHa TNpH
po3pobui iHXKEHEpHUX METOJNMK PO3PaXyHKY CHCTEM onaieHHs OyAWHKIB,
ANA AKHX MPUIHATI CNIPOLLYIOOYi PUNYILEHHS, HE MAlOTb ICTOTHHX BiAXH-
NeHb BiA AificHocTi. Hampuknan, ans npuMillleHb nasiisionnoro tumy, i3
HE3HAYHOIO TEMNOEMHICTIO yCTaTKYBaHHS.



YMoBHI no3HaueHun

X KOOp/IHHATa BiANiyyBaHa Bi BHYTpILUIHLOI MOBEPXHi CTIHKU B Ha-
NpSAMKY OPTOroHaNEHOMY RO 1T TUIOLKMHH, M

T yac, ¢

t Temneparypa, °C

1,1 (yHKuUid TeMnepaTypu BHYTpPILIHLOTO MOBITPS B 3a/IEKHOCTI Bill MO-
MEHTY Hacy T, °C

t.r (yHKUis po3nofiny TemnepaTyp cKpi3b TOBLLY CTiHKH B 3a1€XKHOCTI
BiJl MOMEHTY 4acy T, °C

tnpx  YHKUIA TemnepaTypu TemrepaTypu NOBEpPXHi BUNPOMiHIOBaYa B 3a-
NeXHOCTI Bia MOMEHTY yacy T, °C

tp  komdopTHa Temnepatypa npumilueHss, °C

A, pi, ki, g NOCTifHI iHTETpYBaHHA

o TOBILHHA CTiHKH, M

p rycTHHa, kr/m’®

A TEeMJIONPOBiAHICTL MaTepiany cTiHku BT/(M - °C)

c NUTOMa TEMJIOEMHICTh, JDK/KI

a KoediuienT TemneparyponposiaHocTi = A/ ( -p), m/c

o xoediLient Tennoobminy, B/(m’ - °C)

o, KoedillieHT KOHBEKTUBHOIO TEMNOOOMiHY MiX BHYTPiLIHEOIO MOBEPX-
Helo CTiHKM i BHYTPILUHIM MOBIiTPAM, Bt/(M” - °C)

Opp s KoediuieHT pafiaLiiinoro Tenn006MiHy MiX BUNPOMIHIOBaYEM i CTiH-
KOI0, BT/(MZ' °C)

Qpp KOCPILIEHT KOHBEKTMBHOrO TEMIOOOMiHY MiX BHIIPOMiHIOBaueM i
BHYTPILLHIM MOBITpAM, Bt/(M’ - °C)

F  nnouia noepxHi, M>

L 06’eMua BUTpaTa 30BHILIHBOTO MOBITPA Ha BEHTWIALLIO, M /C

¢y  00’€MHa TenIOEMHICTb MOBITPA, Tox/m®

Vs  00’eM BHYTpilHBOrO NOBiTPSA, M’



3navenns indexcie

1 3QNICIKUTDb Bii MOMEHTY acy
B BHYTPiLLIHLOTO MOBITPA

H 30BHILIHBOTO NOBITPA

np  BUIpOMiHIOBaYa

y NIOXHHU
CT  CTiHKH Mojeni
4_fp, Np_cT, 4 _CT iHIEKCH S TIPOMEHEBOTO TEIUI00OMIHY MiX Jiio-

JIMHOIO | BUNPOMiHIOBaueM, BUNPOMiHIOBaY€eM j CTIHKOIO, MIOANHOMO |
CTIHKOIO, BiANOBiAHO

X =0 Ha 30BHIlLHI}/ NOBEPXHi CTIHKU

x =0 Ha BHyTpilUHi}l NOBEPXHi CTiHKH

1 =0 B GoHOBOMY pexXuMi

T =92 B KiHIIEBOMY CTalliOHAPHOMY PEXUMi
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YK 515.2 O. B. Kpusenko, acn.
KuiBchkuil HauioHanbHUlt yHiBEpCHTET
OyRiBHMUTBA i apXiTeKTYpH

MOAENOBAHHA CBITNNIOBUX BEKTOPIB
1P OCBITINEHHI PO3CIAHUM CBITNOM HEBOCXUIY

Y NpUpPOAHKX YMOBaX OCBIiT/IEHHA CKJIANAETHCA 3 TPHOX OCHOBHUX KOM-
NOHEHTIB: MPAMOTO COHAYHOTO CBiTJIA, po3cisiHoro (Audy3Horo) ceitna Heba
Ta cBiTha BinbuTOro Bij MoBepxHi 3emni abo Bia iHwWMX noBepxoHb. [Mpame
COHSYHE CBITIIO MOB’A3aHO 3 reOMeTPiclo pyXy coHus. JludysHe cBiT/O He-
6ocxuiy 3anexuthb Bia posnoainy sickpaBocti. CBiTio BigGuTe Bii MoBepxHi
3eMJTi Ta iHIIMX MOBEPXOHb 3MiHIOETbCA BiANOBINHO 10 3HaYeHb KoedilieHTa
BiIOMTTA NOBepXHi. BiaoMo Takox, 110 npupoase cBITNO Mae JUHAMIKY Ta
3MIiHIOETECA MPOTATOM CBiTJIOBOrO yacy. Buxonsuu 3 HaBedeHHUX BHILE MO-
JIOXKEHb, 6YJ10 6 HOUINbHUM NPU JOCTiIKEHHI JUHAMIKH TPHPOIHOT OCBiTIIE-
HocTi Ta 11 BIUIMBY Ha apXiTekTypHe (OpMOYTBOpeHHA BiiHANTH BianosiaHi
MiAXOAH A0 FPEOMETPUYHOrO MOJENIOBAHHA Pi3HUX BUJIB NPUPOAHOIO
cBiTIA.

Haii6inbiw onpauboBaHUMH € HOCHiKEHHA CTOCOBHO MPAMOrO COHAY-
Horo cBiTna. Hanpuknan, ais iHconAuifiHUX po3paxyHKiB B yMOBax MpAMOro
COHAYHOro OcBiTJIEHHA Oyna 3ampononoBaHa npod. O. JI. Tiaropuum reo-
METPUYHA MOJIENB, JI¢ COHLIE NPUHMAEThCA 33 TOYKOBE JPKEpENO CBiTNHa, a B

KOYKHHI MOMEHT Yacy HalpAM Ha COHLIE 3a/1a€ oo’ MPaKTUYHO TapaleNbHUX
npomeis {1]. Hlomo audysnoro ceitna ueGa, TO reoMeTpuuHOi Moaei
noAibHoi 10 BHULIE3rajaHol LWE He MAcTbea. ToOMY BU3HAYMMOCH 3 OCHOBHH-
MU TIOJIOKEHHAMH, HA SKi MOMUIMBO COUPATUCH NPH EOMETPUYHOMY MOJe-
JIIOBaHHI PO3NOALNY CBITJOTiHEH Ha MOBEPXHAX NPU PO3CIAHOMY CBIiTHi He-
6ocxuny.

[pu ocBiTieHHi po3cisHUM CBITIIOM Heba JKepenoM CBiTiA y CBITAO-
BOMY noni € atMocdepa, AKy TMpH TEOMETPHYHOMY MOAENIIOBaHHI MOXHA
npuiinaTu 3a niBcdepy. ATMoctepa po3citoe npsaMi COHAUHI MPOMeHi, fAKi
BiAMOBIAHO HE MalOTh €AMHOTO HampaAMy hanidHa. Hanpsmu sHopmaneit ao
pi3HHUX eNleMeHTIB I10BEPXHi, AKa OCBITJIIOETHCS, BU3HAYATE 1X OPIEHTAlliIO ¥
CBITJIOBOMY MMOJi, IO € BAXJIMBUM JUIA MOAAILLIMX PO3PAaXyHKIiB CBITIO-
TIHBOBMX XapaKTepUCTHK 3ajaHoi noBepxHi. JIOTHYHI TAOUIMHM [0 efe-
MEHTIB MOBEPXHi HaNaAyTh FeOMETPHYHOIO YSBAEHHS NpO KiMbKiCTh CBIT/A,
fka majgac Big HeOecHOi MiBcdepu Ha HMX, Biacikatouw Ti 11 yacTuHu,
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1o GepyTh y4acTh B OCBiTA€HHI. BpaxyBaHHs IMiHHOCTI 3HaY€HHs fACKpa-
BOCTI B Pi3HHUX YACTHHAX HeDOCXHITY AONOMOXKeE Y BH3HAYEHH| IHTEHCHBHOCTI
OTPUMAHOI KiILKOCTI CBiTNA.

J1ns reOMeTpUYHOTO MOJIENIOBAHHA CBIT/IOTIHBOBHX XapakTEPHCTHK [MO-
BEpXHi HeODXiAHO BH3HAYHTHCH 3 HAMPAMOM CBITJIOBOIO MOTOKY. B ymoBax
OCBIiTJIEHHS TIOBEPXHi PO3CITHUM CBITIOM HeOOCXWIy UA 3ajada ycKiaj-
HIOETBCH Y 3B’A3KY 3 PIi3HOIO HANpaBAEHICTIO CBITIOBHX MpomeHiB. Jias
pO3B’A3aHHS UHOTO NMTAHHA NPHUAMEMO JONYUIEHHS, 10 MpU OCBITIEHHI
Juy3uuM cBiTioM Heba mOTiK cBiTVIA Ma€ AKUICL TOJIOBHWI HampAM Ans
KOKHOT OKpeMOl TOuku 1nosepxHi. B Teopil ceiTnosoro noas npod. ['epuy-
Ha [2] nepeBaXHHI HamnpsAM MaJalo4Or0 CRITIA BU3IHAYAETHCA AK CBITJIOBUH
BEKTOp. 3riAHO 3 MONOXKEHHAM Teopii, CBITJIOBHIi BEKTOpP XapaKTepu3ye 3Ha-
YeHHS Ta HampsAM “‘TMCKY” CBiTHa Ha luapoBe Tijo (paliyc skoro Habmu-
KAETbCA [0 HYyJNA), WO po3MilleHO B 3anaHiii Touui moeepxHi. Hanpam
CBITJIOBOTO BEKTOpa CMiBMaAac 3 HAMPAMOM BEKTOpA TiNECHOro Kyta, abco-
MIOTHE 3HAYEHHS BEKTOpA TijICCHOrO KyTa BH3Haua€ abCONIOTHE 3HAYEHHs
CBITNI0BOrO BeKTOpa: € = 2 Bdo (1), ae € — cBiTnosuii BekTop, B — fick-
paBicTb, d@ — BEKTOP TifleCHOro KyTa, AKWH N0 3HAYEHHIO AOPiBHIOE LbOMY
KYTY Ta Ma€ HanpsaM no iforo oci. BigHocHo 3ana4 CBITIOTIHEOBOrO MOJe-
NIOBaHH#A, CBITA0BUH BEeKTOP € HeoOXiaHUM NpH NoOyaoRi Najawuux TiHed,
a TakoX JANA BU3HAYEHHA 3MiH OCBITJIEHOCTI B Pi3HMX TOYKAaX 3a4aHoi No-
BEPXHi.

[Tpu BM3naueHHi OCBiTAEHOCTI B Pi3HWX TOUKAX 3ajaHol NOBEPXHi He-
00XiIHO B KOXKHY 3 HUX MOMIicTATH cdepy S (paaiyc, gkoi HabKaeThCa A0
HyI) 1A MoJeTioBaHHS cepuyHoi ocBiTieHocTi (eHTp cdepu cniBnaga-
THME 3 TOYKOI0, 110 po3rnsgaeThes) puc.] [NpomMeni andysnoro cBitna, Aki
HAAXOAATH i3 TOHOK HEDOCXMITY BiIKPHTHX 1S 3aAaHOT ToukH A noBepxHi K,
CTBODIOIOTb KOHYC majaiouwx npomexis F. Bin mae BepuwiuHy B 3agaHiii
TOYLI MOBEPXHi TAa COHPAETLCA HA KOHTYP L, 4acTHHM moBepxHi miBcdepu
HeGoCXuy, IO OCBITIIOE 3aJaHy TOYKY Ta BU3HAYAETHCA 3a JOMOMOTOK A0-
THUHOT [UIOIMHH ¢ A0 Hel. TinecHuit KyT dw Oyae BiANOBiAATH KOHiuHiH Mo-
BepxHi F, BcepenHi AKol yKJIa[jaloTecs YCi CBITIOBI MPOMEHI, IO OCBIT/MO-
#0Tb TOuKy 4. BinnosizHo Ao (1) HanpsAM BEKTOpa TiNECHOro KyTa dw Ta 1y-
KaHuii HampsAM CBIiTJIOBOTO BekTopa € GyAyTh CTiBMajgaTH 3 HanNpAMOM BiCi
TilecHoro KyTa dew. OTpuMaHHii HaNpAM CBIT/JIOBOrO BEKTOpa AONOMOXC BH-
3HAYUTH OCBITJIEHICTL B Touli A. 3riaHo 3 [2] ocBiTieHicts Oyie 3MiHIO-
BATUCh NPOMOPLIHHO cos 6 KyTa MiXK HOPMaLIO 71 Ta CBITAOBUM BEKTOPOM &
B 3ajaHill Touli. E = € cos0 (2). [1pn uromy, Koau AOTUHHA MIOIKMHA A0 3a-
JaHOi TOYKH TMOBEPXHi € MepreHARKYIAPHOI0 A0 HAaNmpAMY CBiTJIOBOTO BeEK-
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TOpa, MAaEMO MMONOXEHHs, fiKe BiANOBiAac HaibiNbLIOMY NepeHoCy CBITIO0BOT
eHeprii (kyt 8 6yzme popiBHIOBaTH HYMO). BianosiaHo npu 36ibiueHHI Ky-
Ta 0 MK HOpM&IIO Ta CBITJIOBMM BEKTOPOM B 3a/laHiii TOYLl MAeEMO 3MeH-
[IEHHA OCBITAEHHS.

HepoCcxuA

NiHIA FOPUIOHTY 0=
t

Puc. 1

TakuM 4YMHOM, 32 JAOMOMOrOK OTPUMAHUX HAMPAMIB CBiTJIOBHX BEKTO-
piB, MAEMO MOMJIMBICTb BU3HAYATHCH 3 OCBIT/IEHICTIO Yy OYIb-KHX TOYKax
3agaHoi moBepxHi. J{ns cnpoiueHHs noGyaoBH, o6 YHUKHYTH Garatopaso-
BOFO KpEC/eHHs OAHUX i THX CaMUX €JIEMEHTIB JAOLiNbHUM € BUHECEHHS OK-
pemo noBepxHi niBcdepu Hebocxuy Ta cepu .S, B LEHTP AKOT NEPEHOCATh-
Cs BiJMOBiAHI HAMPAMHK HOpMaJieil Ta JOTHYHHX ILTOLMH JI0 TOHOK IOBEpPXHi,
o po3lrasiatothesa. Jami nmobGynoBa BUKOHYETHCA 3a BUKJIANEHOKO BHLIE
CXEMOIO.

Po3rnsHyTHi Buille Croci6 reoMETpUYHOrOo MOJEMIOBAHHA HaNpAMiB
CBITIOBHX BEKTOPIB B 33JaHMX TOUYKAX MOBEPXHi JUIS OTPUMAHHA CBIiT/IO-
TIHBOBHMX XapaKTEPUCTHK B HUX NpPHU OCBITIEHHI AN(PY3HUM CBITIOM Hebo-
CXHJ1y, € IPOCTUM Y BUKOPUCTaHHI, 60 He noTpebye CKIagHUX PO3paxyHKiB
Ta reOMETPUYHUX NOOY/0B.

Bukopncrana Jjitepatypa

1. Iiozopnuti O. JI. Tlpo peasnbHi YMOBH COHAYHOIO OCBIiT/IEHHs apXi-
TEeKTYpHHUX 06’ €kTiB i TiHeyTBOpeHHs // [TpuknaaHa reomeTpis Ta iHxeHepHa
rpadika — K. 2000. — Bumn. 70. — C. 16—20.

2. I'epwyn A. A. H3bpanHbie TpyAbl 10 (GOTOMETPHUH M CBETOTEXHU-
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=0 EHEPIO3BEPEXEHHA,
HETPAQULIAHI JXKEPENA EHEPII

YK 620. 92:631. 371 A. A. loauuncsknii, akad. HAH Ykpainu
B. X. Iparaunos, akad. AHBIII Vkpainu,
P. O. Amepxaunos, npog.

onTUMISALIA CUCTEM TENNOXONOAO3ABE3NEYEHHA,
WO BUKOPUCTOBYIOTb MOHOBJIIOBAHI
DKEPENA EHEPII

CnoxxuBaHHA eHepropecypciB y kpainax CHJI xapakrepusyeTbcs BUCO-
KOIO €HEPrOEMHICTIO | AUCTIPOTIOPLLiEt0 MK CIOXKHBAHHAM eHepril i Mpoayk-
€0, 1110 BUMYCKAETECA, JUTA HaceneHHA. [Ipy He3al0BiNEHOMY CTAHOBHLII B
€HepreTuili Mac Micle HU3bKa eHeproedeKTHBHICTb Y NPOMHUCIOBOCTI i He-
BUpOOHHYiH cdepi. Y Hatux kpaiHax, y 6araTbox ramy3sx BOHU B 2...3 pasu
HIDKYi, HDK B €KOHOMIYHO pO3BHHeHux kpaiHax. [IpobneMa enepromocra-
YaHHA CTala ofHiclo 3 Halbinbii npiopuTeTHHX y GinbLIOCTI KpaiH CBITY.
3Hauy\iCTh €HeproNnocTa4yaHHs MiJTBEPIKYETCS CTaTyCOM AEPKaBHOI NO-
nitukn B 6arateox kpainax (CLUA, Slnmonisa, Himeuunna, ®panuis, anis
il in.). Binelicte Po3BUHYTUMX KpaiH CBiTy MpHitHANM BiAMOBIAHI 3aKOHO-
JaBdi akTH. Y LMX KpaiHaX eHeprocnoXUBaHHs OCTaHHIM YacoOM 3MEHIINIO-
cs1, 60 iioro 3pocTaHHA CyTTEBO croBiNbHMIOCA. [3 cepennnu 70-x pokis y
BenunkoGpuTtanii npu 36inblueHHi BaloOBOrO HaUiOHAILHOTO MPOAYKTY Ha
15% cnioxusaHHs eHeprii 3MeHwmnocs Ha 13%, a CILIA npu 36inblueHHi
BAJIOBOIO HAL[iOHANBHOIO MPOAYKTY Ha 15% crnoXuBaHHA €HEPrii 3HN3UIOCA
Ha 3% [1]. Mpo6nema eHepro3bepexents TiCHO MepemniTacThes 3 mpobne-
MaMH €HepreTHKH, eKoJorii, TeXHiYHOro nepeo30poeHHs i CTPYKTypHOI fe-
pebynoBu Beiel eKOHOMIKH.

OnuH 3 epeKTHBHUX LIAXIB pillleHHA eHepreTH4Hoi npobnemu nonsrae
y BukopucTanHi noHosmoBanHux mkepen eneprii ([TJE). INonosnioBana
eHepretTHka MoXxe 3Ha9HO 3HM3UTH HEraTHBHHUH BIIMB TpaauuiiiHoi eHepre-
THKH Ha HaBKONMIUHE cepenoBuile. B Ykpaini exoHOMiuHHN mnoTeHuian
IAE ouinoetses B 40 MaH. T y.T. [1]. ExoHoMiuHMil moTeHLian noHOBIO-
BaHUX Jokepen eneprii B Pocii MoXHa cbOroaHi ouiHuTH B 270 MiH. T y.T.,
mo cknanac 6nu3eko 30% Bix 3aranbHOrO eHEprocnoXxXuBaHHus [2].
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JIOUWiIbHUM TIPEeACTaBIACTECS KOMIUIEKCHE BHKOPUCTAHHS JIEKibKOX
BUIB IIOHOBJIOBAHUX JiKepel eHeprii. Y 1bOMy BUMAAKy Kpalle 3aJ0BOJb-
HAIOThCA NOTPeOH B eHeprii, rpadik eHeprozbepexeHHs cTac OiNbLI PiBHO-
MipHHUM.

Cuictemu eHepro30epexxeHHs, KOJU Lie TEXHIWHO i eKOHOMIYHO 0DIpyH-
TOBaHO, 0OnaaHyOThCA TpaHcdopmaTopamu i akymynsaropamu exeprii. Lli
CUCTEMHU PEeKOMEH/YEThCA KOMITOHYBATH 33 MOAYJIbHUM NPUHLIMIIOM, LIO 3a-
Oe3neunts 6araToOBapiaHTHICTL YCTAHOBKM 32 NOTYXHHMU [TOKa3HHKaMH.

[Tpu axanisi npobnemu eHepro3bepe)keHHA HEMANOBAKHE 3HAYEHHA MaE
pilieHHs onTHMi3aliiiHol 3axayi. OcTaHHiM YacoM po3polneHuii pax yHiBep-
CalbHUX MPOrpaM; B OCHOBHOMY TOPKAIOYHCh NapaMeTPHYHOI i CXeMHOT ofl-
THMi3alil TenaoeHepreTHYHMX i XOJIIOAWIbHMX YCTaHOBOK [3..5]. V wuux
nporpamax, fAK NpaBui0, BUKOPUCTOBYETLCS MPHHUUN MOLYJAbHOTO MOAE-
noBaHHA. MollyJisIMU CiyXKaTh MiANPOrpaMu po3paxyHKy THNOBHX YU eJie-
MEHTiB OKpeMi OnepaTopH.

KoxHuii eneMenT cuctemMu eHepro3bepeXkeHHA B 3aralbHOMY BUMNAAKY
MOXKHa TIPEJCTAaBUTH Y BUIJIAAI OaraToMipHOro orneparopa TexHosorii npo-
Lecy, MareMaTHuHa MOJIeNb AKOTO Mac BUITIAL:

y® - F® .()?(k),l?(k)’B(k)’W(k),U(k)’t)’ )]

ne FE BeKTOp (YHKUif; xXw - (x,(k),...,x,(,k)) — BEKTOp BXiJHHX Na-

F® -0

pameTpis; =(y",..,y%)) _ pexrop suxianmux napamerpis; K =

= (k},...,X, ) — BEKTOP KOHCTPYKUii{HNX NapaMeTpiB; D® = (g15--8i) —

BEKTOp TEXHONIOrYHUX napamerpis; W * — (Wy,...,w;) — BEKTOp mapameT-

piB TEXHOMOTIYHOroO pexumy; {/ -— napamMeTpu HaBKONHLIHBOTO CEPEAOBH-
a; T — 4ac; n, m, r, [, s — po3MipHiCTb BiTIOBIAHO BXiTHUX AEPEMiHHHX,
BUXIAHUX TEPeMiHHUX, KOHCTPYKL{iHHMX napaMeTpiB, NnapaMeTpiB TEXHO-
JOTi4HOTO pexuMy; kK — HoMep ejieMeHTa CucTeMu; k= 1,2, ..., N — Kijib-
KiCTb €/IEMEHTIB.

Kpurepii edekTHBHOCTI W yKa3ye Ha CTyMiHb BiANOBIAHOCTI aHani3o-
BaHOi CHCTEMH MOCTaBJCHHM Nepex Heto Hineil QyHkuioHyBanua. Jlna no-
CUTb MOBHOI OLIHKHM AKOCTi (pyHKUIOHYBaHHA CHCTEMH, KpUTepiii edekTHB-
HOCTi TOBHHEH BpaxOBYBaTHM OCOOIHMBOCTI TEXHONOriYHOI MoHononii, oc-
HOBHi BIIaCTMBOCTi CHCTEMM, TEXHOJNOTiYHI pexkuMu ii (yHKuioHyBaHHS,
a TAKOXX YMOBH B3a€MOZil CHCTEMH 3 HaBKOINIMIIHIM cepenoBuliieM. Matema-
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TH4HY MOJAENb KpUTepito e(peKTHBHOCTI MOXHA MPEACTABUTH Yy BHIIAAI
piBHAHHA [6]

¥ =f(G,X,Y,K,D,W,S), @)

ne G — TexHosoriyHa Tonosoris; S — BEKTOp NMOKa3HWKA BIAacTUBOCTEH
CHCTEMH.

CKIagHicTh TEXHOJIOTIYHOT TONOJNOFIT eHepro30epiralouux CUCTEM BHUK-
JdKae TP pillleHHA ONTUMi3aliifHUX 3afay4 BU3HAUYEHI TPYIHOLL METOAMY-
HOro nopsaaky. Pimenns 3agay 6arato B HOMy MOKJIHBO MpPH BUKOPUCTAHHI
~ TeopeTHKO-rpa)oBUX METOAIB aHamily Ta cuutesy |7]. ¥ uvomy Bunajky
aHai3zoBaHa TeXHOJOriYHa cxema 300paxyeTecs y Burnsaai rpaga G(V, E),
L0 CTaHOBUTh 3 L =|V | BepimH i e =| E| Ayr, fie BeplIHHH — L€ eJleMeH-

TH (TEXHOMOrIYHI OTIepaTopy) CUCTEMMU, & AYTH — (i3HUHi NOTOKM (peuoBu-
Ha, eHepris, Terulota) Mbx enemeHtamu. Takuii rpad mpeacrapise Tono-
ROriKo i€l cucTeMH i € ii MaTeMaTHYHOIO MOAEILTIO.

Jns pileHHs 3aja4 MaTeMarH4HOI'0 MOACTIOBAHHSA 3aCTOCOBYIOTh Pi3Hi
KJ1acH TOTOJIOriYHUX MoJeneil. Y JaHoMy BHUNaAKy nepeBary BapTo Bijfaa-
BAaTH MapaMeTPUYHUM NOTOKOBUM Ipadam, O 3aCTOCOBYIOTLCS it pO3pod-
KH QIrOPHTMIB ONTUMAJIBHOTO UM aHAMi3y CHHTE3y €HEPreTHUHHMX CHCTEM.
[Mapametpuuni notokosi rpadu (MI1I") BizoOpakaloTh NepeTBOpPEHHS ene-
MEHTAMH CUCTEMH mapameTpiB ¢isnunux BenuynH. Bepuiwnu [T sianosi-
JAl0Th TEXHOJIOTIYHHM OMEeparopaM CHCTEMHM, YH JpKepenaM cTokaM ¢i3uy-
Hux mkepen. Jyru [T Bino6paxaiots ¢i3nuHi noToku cuctemu. lpu no-
Oynosi IIIT cTBoOpioeTecs iHdopMalifiHa Onok-cXema 3a TEXHONOTiUHOKW
cxemot0 i Jani mpexacrasnseTbes B udpoBoMy Buai. Llugposum onucom
CNYXUTb MATpHUs IHUMHAGHUiH, WO LiTkoM BigoOpaxkae ToMoONOriuNy
cTpyKkTypy iHdopmauiiiHoi Onok-cxemu i fo3Bonse i1 nepeHecTH Ha MOBY UK
anredpu Teopii MHOXHH.

VY Mmarpuui iHUMHAEHLiA OpOCIiIKOBYETBCS 3B’ A30K MO JliaroHajlbHOMY
3an0BHEHHIO OynbOBUMHU nepeMiHHUMH. JliBuit cTOBIEUL MATpHIi MICTUTD
HoMep OoKy, iHIIi — HOMepU NoTokiB iH(opMaLifHoT 61oKk-cxeMn.

Excepretuunuit norokoBuii rpa¢p (EINI") Bimobpaxkae neperBopeHHs
eNIeMEHTaMH CUCTEMH [IOTOKIB Heprii MOTOKIB PeYOBUHH i €Heprii, a TaKoX
yTpar eKceprii B eneMeHTax CHCTeMH. YTpaTy exceprii EnoT y posinsHol v; —

BepLiKHi rpaja BH3HAYAETBCA CYMOIO 3HAUEHb AYr rpaga, iHUMHAESHTHHX
PO3TJISAHYTIii BEpLUNHi. AHANOIYHO 3 MONepeaHiM BUITAZIKOM eKcepreTHYHUi
norokosuil rpad BinoOpakaeTbcs 3a gomomorow Matpuui. CkaHyiouu MNo
pAaKax MaTpHL iHUMHAECHTHHIA AN NapaMEeTPUYHOrO motokoBoro rpada i
BU3HavalouKu OyneBy mepeminHy Ha cBoemy uwsaxy, EOM posrnsnae Bci
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HeoOXiaHi JaHi i 3HaX0AUTb 3HaUYeHHA MapaMeTpiB y NaHiif By3noBili ToYLi
CXeMH CHCTEMH, 3HAYCHHA TEIMIOBMX i MacoOBWX MOTOKIB, LIO CIY)XaTb A
OL[IHKM it aHani3y A0cHifKyBaHOT cHCTEeMH. TOYHO TakOX Y BUMAAKY 3 €K-
CepreTHYHHM TNOTOKOBUM TpadoM, CKaHYIOMH MO psAKax MaTpuli
iHUMHAEHLiH 3a Aonomorow EOM 3HaxoasTh 3HAYEHHs €KCEPreTUYHUX N0o-
TOKiB | BTPaTH e€KCeprii, B eleMEHTaxX CHCTEMU, BU3HAYAIOTh CTYMiHb €Hepre-
THYHOT JOCKOHAJIOCTI CHCTEMH.

Ha puc.1 306paxeHa cxema reoTepManbHoi CHCTEMH TEMIOX0JI0A03a-
6e3neyenHs crnoxusayis. JIng nmiaBuiueHHS eeKTHBHOCTI YCTAaHOBKH B cXe-
My BKJIOueHuH abcopbuifinuii TepMoTpaHcdopMaTop.

Puc. 1. Cxema reorepManbHOT CHCTEMH TENUI0X0:10403a6e3neuenHs
3 abcop6uiinum TcpMoTpanchopMaTopom:

! — ekcnnyatauiiina wnapa; 2, 6, 8, 15, 20 — nacoc; 3 — dinkp;

4 — WBHAKICHI TEMLI00GMIHHKKHK; 5, |1 — CnoXuWBay TeNAa; 7 — Temio00MIHHHKY,
9 — renepatop TepmMoTpaHcdopmaTopa; 0 — KOHAEHCATOP; 12 — TenAcoOMINHHK,
13, 16, 17 — cnoxusay xonoay, 14 — aGcopbep; /8 — snnapHuk; 19 — 36ipuuit Gax:
2] — HaruiTansna mnapa

[lapameTpuunuit noTokoBuil rpad, 1O BifoOpakae TONONOri0 cxeMH,
MoKa3aHoi Ha puC. 1, a TakoX BiANOBiAHA MAaTPULA iHUMHAEHUIi, MpeacTaB-
neHi Ha puc. 2.

Ekcepreruunuii notokoBuii rpad) i MaTpHL iHUMHACHUIH, no6yaoBaHi
AJIA aHaNi30BaHOI CXeMH, MOKa3aHi Ha puc. 3
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ANTOpUTM ONTUMI3alLiT eHepro3bepiralouux cuctem OyayeTbcs Ha OC-
HOBI CTPYKTYPHOTO aHasli3y rapameTpMyHoro norokosoro rpaga. I1pn upo-
My Oaratokontyphuit Buxiauuii [III° nepeTBOpiOIOTH B €KBiBaneHTHHIH
auuxniyunit T, mo € ynopaakosauumM no uiapax sepluut arpad. Tum ca-
MHM MpH 00paHnX 0co0;IMBUX Ayrax Y CTPYKTYpi BUXiAHOTO 6araTOKOHTYp-
Horo [N ycraHoBMOETHCA NOPAAOK PO3paxyHKy MareMaTHUHHX Mogenei
OKpPEMHX eJIeMeHTIB A0CTiAXYBaHOT CUCTEMH, 110 BiAMOBIAAIOTH BEepLUU-
Ham [IIT". 3agada ontumisauii GopmynioeThes TakuM unHom [7]. Hauo
Buxiauuil 6aratoxontypHuit III7, wo MicTHTE N pi3HONapaMeTpHUYHUX YT
E = (e, e, ..., e, } i mnpoctux Koutypis (L;, La, ..., Ly).

VY BuxiaHomy 6aratokodtypHomy [T Bu3Ha4aOTH Ge3niu ocobGaAHBHX
ayr E*=(ej,e;,....e,), E¥XC E,| E¥I= p, p<m 3 MiHiMaIbHOIO CyMOIO Na-
paMeTpHUHOCTEI:

P
[= Y m; min, 3)
j=I

AKi PO3PHUBAIOTD YCi m MPOCTHX KOHTYpiB y BuxigHoMmy ITII. L{um camoi 6a-
ratrokoHTypHOMY TI1I" neperBopioeTbes B exBiBaneHTHUH auUKAiMHKil rpad.
[TpuyoMy cTaBHTBCA YMOBa, [0 He iCHYE HisAKOl iHIUOT MiAMHOXUHU

EXC E,E #FE* B AK0ro € Taki Kk caMi BJacTHBOCTi, A€ FE-MiHiManbHy

MHOXHHY 0COOJIMBHX JYT, IO 330BOJIbHAIOTH YMOBI (3).

Slkwo Bei ayru suxianoro TN ogHakoBO NapaMeTpUYHi, TO PIBHAHHA
(3) 3anUCYETHCA TAKHM YHHOM:

! = p=min. 4)

Sk kpuTepii eeKTUBHOCTI MOXHA [PUIHATH MEBHY XapaKTepHCTHKY
CHCTEMHU: €KOHOMIYHY, eHEpreTHYHY, TEXHOAOIIUHY Ta iH. 3a1a4a ontumisa-
Ui, AK MpaBHIi0, IBAKYETbCA K OJHOKpHIEpiaibHa, WISXOM BHOOpY 3 6a-
raTbOX KPUTEPIIB OjHUM JAOMIHYIOYOI'O 3 BBEAEHHAM OOMEXKEHb Ha iHILi.
Ilpu BuGOpi Gisblt OAHOrO KpUTEPilO edeKTUBHOCTI (3BHYAHHO ABOX KpH-
TEpiiB) ONTHMI3allil0 NPOBOAATL CMOYATKY 110 OAHOMY, @ MOTIM 3a iHLIUM
kputepiem. [lpu nByxkpurepianbHOMY aHalliz3i MOXHA KOPHCTATHCH OUHHM
y3arajibHeHuM kputepiem [8]. Monepeani BapianTH BUGHPAIOTLCA EBPHCTHY-
HO, BUXOAAYH 3 JAHUX POEKTYBaHHA, HAKOMTUUYEHOIO HOCBIAY.

Y neskux BuUnamKax BapTo WTH MO WUNAXY BUIINEHHA NOKATbHHX KPH-
TCpiiB 1A OKPEMHX ENIEMEHTIB MiACHCTEM, XHBOTO 3B’A13KY 3 AOMiHYIOUUM
KpuTepiem. Bapto MaTv Ha yBa3i, IO B 3arajlbHOMY BHNAAKY AesiKi MiA-
CHCTEMH €JIEMEHTH MalOTh JeTepMiHOBaHMil XapakTep, iHUI CTOXacCTHYHMUii
i TOMY ONTUMYM KOXHOI MiACHCTEMM Y TaKMX BHNajgKax anropuTMo-
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eBPICTHYHI METOAH MOXYTb BUABMTUCA AOLINBHUMHU i 32 PaXyHOK Lijiecnps-
MOBaHOro BUOOPY BapiaHTiB NPUCKOPUTH MOLIYK ONTHMANILHUX pillieHb.

Jins eHepreTHYHMX CHCTEM OCHOBHUM KpHuTepieM e(eKTHBHOCTI 3BH-
4aliHO CNY)KHTb NEPETBOPEHHSA [IOTOKIB €Heprii B CHCTEMi, a TaKoK TepMo-
JUHAMi4HHMH cTyninb A0cKOHAnOCTi QyHKLiOHYBaHHA CHCTEMH i ii okpeMHX
eseMeHTiB. IIpu TakoMy mifxoai ONTUMYM pillleHHA BU3HAYAETHCA YMOBOIO,
110 BTpATH ekceprii MiHiMabHi:

Z Euom = min ‘

Binbur rnvbokuit aHatiz MOKHA BUKOHATH HA OCHOBI NMPHHIMITIB HEPiB-
HOBaroi TEpMOAUHAMIKH, 32 AOTIOMOTOI0 KO BU3HAYAETLCA TMOHSATTA BHYT-
pitunboi exceprii £, [9, 10]. BoHa BUMipseTbCH BETHUHHOIO 0DOPOTHOI Po-
60T, AKY HEOOXiHO 3aTpaTHTH, 100 NEPEHECTH LiH0 CUCTEMY 3i CTAHY BHYT-
piuiHboi piBHOBAarW B AaHy He PiBHOBAly CTaH, HE 3MIHIOIOYM MOJOKEHHS
PYXY CHCTEMHU AK LIJIOTO BilHOCHOIO HAaBKOJMUIHBOTO cepefoBHLIA. BHyT-
pillIHA eKcepris MOXe CIIy)KMTH YHiBEpCATbHUM KPUTEpieM piBHOBar# i cTiii-
KOCTi TEPMOJAMHAMIYHHX, Y 3araibHOMY BHMAJKY €HEPreTHYHHX CHCTEM.
Bona 3py4Ha and aHanidy BTpat ynacaigok HeobopotHocti. [1pu usomy po-
60T NMCHITaTHBHOINO XapakTepy (TepTs, TeIIONpPoBiAHICTb, AudY3is i T. iH.)
MOXKHA BUpa3sUTH (peHOMOHOoriuHO. BHYTpiluHsA excepris sk Mmipa Bigxu-
NEHHS CUCTEMH BiAl BHYTPIllIHbOI piBHOBaru 0co0:1Bo edeKTHBHA B TUX BH-
najKax, Ae ineTbcs Mpo EHeprito, HaKOMYEHOK CHCTEMOIO, TOOTO Mpo aKy-
MYJATOPY €HEPTil, 110 HalfyacTille € HeBil’EMHOK YaCTHHOW YCTAHOBOK Te-
TUIoxo003a0e3neyeHHs, 10 BHKOPHCTOBYIOTh MOHOBNIOBaHI JDkepesa
eHeprii.

BucnoBok

IMpuBeneHa MeToAHKa ONITUMI3aILii NeOTEPMASILHOT CHCTEMH TEMIOX0M0/10-
3abe3neyeHHs, 3acHOBaHa Ha Teopii rpadis. OnruMizauis Tonosnorii cucteMu
0asyeTrCs Ha CTPYKTYPHOMY aHai3i 1apaMeTPHUYHOro MOTOKOBOIO rpada.

EnepretyHa OLIHKAa CHCTEMH BH3HAYAETbCA 3a JOTMOMOIOKY eKcepre-
TUYHOrO aHaJTi3y, BHKOPHCTOBYIOUH JIaHi €KCepreTHYHOro NoToKoBOro rpada.
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YK 621.444+621.577 C. A.TopoxkaHKuH
JloHbacckas rocyaapcTBeHHas akajleMus
CTPOHATELIILCTBA H APXUTCKTYPbI

BNMUAHUE KWHEMATUKN MEXAHU3MA
TEMNOBbLIX HACOCOB CTUPNUHIA
HA NMAPAMETPbI UX LIUKNA

B mocneasne roAbl MHTEHCHBHO pa3padaThiBAlOTCA Pa3iMUHbIE KOHCT-
pykuun tennosbix Mawni Crupnuura (TMC). Cpean ocHOBHBIX UX npe-
MUMYLIECTB CNIEAYET OTMETUTHL BbicOKHH K11, BO3MOXHOCTE HCII0/Ib30BAHHA
IPaKTHYECKH IOOBIX HCTOUHHUKOB 3HEPriUM, XOPOUIWE IKONOTHYECKHE CBOMH-
cTBa. XONOAKIEHLIE MalllMHbl, TEIUIOBbIE HAcochbl, paboTarolue Mo LHKIY
Crupnutra, Hanbonee addekTrHLL. UX co3nanue CONpskeHO ¢ MEHbIIMMH
KOHCTPYKTMBHBIMHM W TEXHOJIOFMHECKHMH CITOKHOCTAMU BCJIECTBHE HEBbI-
COKHWX TeMmrepaTyp pabouero Tefa B TakMX MaulMHax (10 CpPaBHEHHIO C [BHU-
ratenfaMu).

DddexTunocts Mobbix TMC onpegensercs GONBLIIMM YHCIOM Napa-
METPOB, CPEAH KOTOPbIX BAXHYIO POJib UTpaeT MeXaHu3M npueona. Ero ku-
HeMaTHKa B 3HauuTenbHoi mepe onpeaenser KIIJ aeficTBUTENLHBIX UHK-
noB. U3secTHble MOAeNH WaealbHbIX LUUKMOB (M30oTepmuueckas Lllmuara,
aauabaTHast) 1aloT BECbMa ONTUMUCTHYHbIE Pe3yJIbTaThl, XOTH MOLIHOCTB U
KT peasiibHbIX MallMH CYILECTBEHHO HUKE NpeackasbiBaeMbiX Teopueii [1].
OnHolt U3 NPUHHH 3TOTO ABMAIOTCA OTKIIOHEHHA 3aKOHOB W3MeHeHu pabo-
uux 00beMOB, OTIpefienseMbix KnHeMaTHKoOH npuBoga TMC, oT ontuMaib-
HBbIX. _

HauGosiee pacnpoctpaHeHHblli METOA aHanu3a uaealbHbIX uUMKIoB TMC,
npeanoxkenHbi Lmuarom [1, 2], npeanonaraer, opu uenom psaae Apyrux
JAONyleHUi, rapMoHHUeckoe usmMeHeHue o6beMoB pabounx nonocreii. Hs-
BECTHEIE KOHCTPYKLHH TIPUBOAOB (KPHBOLUMIIHO-LIATYHHBIH, poMOnUecKnii
Mexanusmbl, npuBoJ Pocca n ap.) obecrneuuBalor, Kak MpasBuio, ABHXEHHE
nopuiHed No 3aKOHaM, OTIMYAIOWUMCA OT rapMmoHudeckoro. B moaenu
lIMuaTa uHTErpHpoBaHne BbIPKEHUHA LA TEMJOThl U paboThl LHMKIA NO-
3BOJIAET NOJAYUHThL KOHEUHble 3aBUCHMMOCTU. Ecnn ke u3meHeHus o6beMOB
HE MOAYMHAIOTCS FAPMOHUYECKOMY 3aKOHY, TO peillieHre ypaBHEeHWil Tpaau-
LUMOHHBIMU AHANMTHYECKUMHU METOJAMK BCTpeYaeT OOJNbLuMe 3aTpyAHEHHS.
Jns apuabarHod Monenu [3] uHTerpupoBaHWE aHANOTMYHBIX BbIpaKEHUH
Jaxe npd CHHYCOHMIAAbHOM H3MeHeHMM 00beMoB TpebyeT npHUMeHeHUS
YHCJIEHHBIX METOAOB.
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["apmoHuueckuil 3aKOH rnepeMeliends nopliHel A1 KPHBOLIMIHO-
WATYHHOIO MEXaHU3Md BO3MOMEH MpH OeckoHeyHo GObINON IHHe waTy-
HOB. B u3BecTHbIX koHcTpykumsx TMC orHouwlenne anuHel WATyHa K pa-
AMyCy KpHBOIIWNA oObIYHO NEXKNUT B npenenax 2.5...5 [2], yto Tpebyer Ko-
MHYECTBEHHOH OLEHKH ero BAMSHHUA Ha mapameTpsl uukia. ina uzorepmu-
yeckoii moaenu Llimuara Takoit UMK, YHUTHIBAIOLLMI KOHEUHYIO ANUHY LLA-
TYHOB, MOXXHO Ha3BaTh “‘MoauduuHpoBaHHbiM™ (MLI). On B Gonbuieii
cTeneHy MpHONMkeH K peaibHbiM unknam TMC. [peacTasnser nHTepec oi-
TUMH3ALAA 1apaMeTPOB TaKMX LIMKIIOB A/ MALIWH PasNUUuHBIX CXeM, Cpelin
KOTOPBIX CJIEJlyeT BbIAENHTb, COrACHO YCTaHOBUBLICHCA TpaAnuuu, o-, B- u
y-monuduxauuu. s pombuueckoro MexaHusma HeoOXOANMO, NOMHMO Y-
JNMHEHUA LIaTYHOB, YYUTHIBaTh CMELUEHHE oceH KPHBOLLMNOB OTHOCUTEILHO
OCH LMJIMHAPA (3KCIIEHTPUCUTET).

B npuBoauMBIX HMXE BblpaKeHUAX BCe mapaMeTpbl LUKIOB MpeACTaB-
nedpl B Ge3pa3mepHoii Qopme, IPUHATON MpU paccMOTPEHUH WJCANIBHBIX
unxnos TMC. Jlas o-moaudukaliy BeIpaXKeHUs i TEKYLUMX 06'beMOB pa-
Gounx nosnocreit (v, M v.) Kak PyHKUNI TEKyLIero yria noBopora KpuBoLuM-
na (p ¢ YHETOM JIMHbI ATYHOB UMEIOT BHA:

1 . SinQ
Ve = l-cos@+1,| 1-cos| arcsin—— || [
- (4

Ve =% I-cos@+1,.|1-cos arcsin @~ %) , (M

¢

rae oo — yron ¢a3oBoro capura usMeHeHmit 06bEMOB MoJoCTel; K — OTHO-
LUEHHE BLITECHAEMbIX 00BLEMOB; [, ¥ [, — AMUHbBI WATYHOB NOPIIHEH Mojoc-
TeH COOTBETCTBEHHO PACUIMPEHHS U CXATHsl, OTHECEHHbIE K paanycy KpH-
BOLKNOB (L/R), nMeHyeMble B AasbHelllleM YUIMHEHHAMH 10aTYHOB. Teky-
wee 3Hauenue Aasnenns B nosoctix TMC onpenensercs U3 COOTHOLIEHUS

p=l/ v, +x-(1—-D/Int+v,./T),

[ Y

TAe X — OTHOCUTENbHbBI “MepTBbIii™” 00beM (TennooOMeHHUKOB M pereHe-
patopa); T— OTHOLUEHHE TEMNEPATYp UCTOUHMKOB TernoThl (T = T./T,).

KosnnyecTBo noaseaeHHoi ¢,, OTBECHHOMN g, B LMK/IE TeNAOTL U pabo-
Ta LMKJIA w onpeaensioTcs Kak:

2n 2n 2n )
Ge = [pdvy; q. = [pdv.; w= [pdv=q,+q,. )
0 0 0
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Jina npeanbHbIX UUKNOB CTUPITHHTA 3TH BEHMUUHBI CBA3aHbI YEPE3 OT-
Hotenue Temneparyp T = T, /T, 3aBUCUMOCTAMH ¢, = w/(I-T) u ¢ = q, - T.
[MoaToMy Bce HHMENPHUBOAWMBIE PE3yNbTaTbi CTIPABEANNBLI KaK juld ABHra-
Tenei (ana HUX XapakTepHe! T = 0.3...0.5), TaK ¥ TEMIOBbIX HACOCOB, X0J0-
ANAbHbIX MaUIuH (T = 0.8) ¢ yueToM 3HakoB.

Ou4yeBU/IHO, YTO UHTErPUPOBAHKE BLIPAKEHUH (2) AHAIMTHYECKUM CTIO-
c000OM CYLECTBEHHO YCJIOXKHAETCA, era Henecoodpa3Ho MpoBOAHTD YMCIIEH-
HbIMH MeToAaMH ¢ pumeHenem DBM.

Xapakrep u3MeHeHHUil mapamMeTpoB ¢, g, 1 w ¢ yMeHblICHHEM [, 1 [. He
ABNAETCA OAHO3HAYHBIM JUIA pasnuydHbix cxeM TMC, npuvem BakHyIO poib
urpaet BblbOp napaMeTpa, A KOTOPOro OCYILECTBAACTCA ONTHUMU3ALMA —
onTuMu3Mpyemoro fapamerpa. [lpu paccMOTPeHHM WACANBHBIX LUKIOB B
KayecTBe TAKOBOIO MOTYT ObITb NMPHHATHI q,, g, W WIH NAPaMeTPbl Ge max
Gemaxs Wimaxs ONIPEJCNAEMbIE U3 BbIPAXKEHWI

q - e L g - qc
e Ve (1+ k) prax T Ve (1+ k) pnax ’
w
w =— 3
max = LK) P 3)

[I€ Prmax — MaKCHMaJILHOE J1aBNicHHUE B LUKIIE.

B BapuaHTe ONTUMH3ALIMH 10 paboTe uMKIa w yMeHbllIeHHe I U /, npu-
BOAMT K CHUXEHUIO paboThl LMKIA Y BCEX BbILIENEPEYHCICHHBIX MOAU(H-
kaluid MaumMH. YMexblueHue pabotbl uMKiia Haubosiee SBHO MposiBAfeTCs
AN MalKH ¢ poMOMYECKHM MEXaHU3MOM U nipH [, = [, = 4 pocturaer 15%.
JIns Apyrux Tpex cXeM 3To mageHue npuMepHo B 3 pasa menbuue. [1pu on-
TimMuszauy MU TpeGyeTcs B kauecTBe BapbHPYEMbIX BBOAWUTb NapamMeTphbl
k v o. BiusgHue ABYX ApPYrux (x ¥ T) OfAHO3HAYHO, MO3TOMY MX 3HAUYEHHA
npuHAMaioTca UKCHPOBAHHBIMH. Pacuetbl mokasaiu, 4To onTUMHU3ALHUA 110
w (npn T = 0.3) anq Becex TMC aaet 3HaueHUe OTHOLUEHUA BHITECHAEMBIX
00beMOB k = 3, 4TO He BCErAa MpHEMIIEMO P KOHCTpyupoBaHuH. Takas
ONITUMH3ALMA )15 ACHCTBUTENbHBIX LMKIIOB HE TO3BOJIAET JOCTHUYb BbICOKHX
snavenuii KI1J n koMnaktHocT MawuuH [5].

Wnble pe3ynbTaThl NONyyeHbl NPH ONTUMHU3ALUUH LMKIIOB N0 Wy, ECiin
ans o, B- u y-Moaudukauuii ITOT napameTp MeIeHHO yOBIBaeT ¢ yMeHb-
weHueM I, u I, To g MaimH ¢ poMOUYeCKHM MeXaHu3MOM Habniopaercs
CYLUECTBEHHBIH U HEYKIOHHBI ero pocT, focTHratoumit 15% npu l, = 1. =3,
YTO YacTHYHO OOBACHAETCA YBeNWYEeHUEeM “NepeKphITUS” BbITECHAEMBIX
o0beMoB. CrnenoBatensHo, napametpsl TMC Takoro Tuna nyuuie, yem rnpei-
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cka3biBaeMuie Teopueit LLIMuaTa. D1o B onpesesneHHOl Mepe 0OBACHAET TOT
(akT, 4TO IKCMEPHMEHTANIbHbIE ABUraTeNN TAKOIl CXeMbl Ad/lH XOpOLIHE pe-
3ynbTaThl.

Meuorue uccienosarenu [1—3] npeanountaloT NpUHUMATh ONTHMH3A-
UHIO [0 MapaMeTpy paboTsl Wy, MO3TOMY B AalbHEHILIMX pacueTax OLeHHU-
BAJTHCH OTHOLIEHHS Wipyx/Winax- IPU ONTUMATLHBIX 3HAYEHUAX K U T (Wiax~ —
napametp pabotbl ans kiaccuueckoro uuina Ilmuara npu 6eckoHewHO
JUIMHHBIX IaTyHaX). Pesynerathbi, npeacrasiedsl Ha puc.l. ns TMC o,
B- v y-Momudukauuii npu 3uavennsx l, u [, okono 1.5...2.0 nabmopaercs
ABHBIIE MUHHUMYM NapaMeTpa Wy JabHeiilliee ykopoueHUe LIATYHOB Npu-
BOAWT K pocTy mapaMerpa pabote! ¥ npu [, I, okono 1.05...1.3 mocturaer
TeX )Xe 3HaueHHii, 4YTo u npu OGECKOHEYHO MTMHHBIX LIATYHaX, a Aanee BO3-
pactaet. Takue yIyIHHEHHS NPEACTABAIOT CKOpee akajeMUueckuii HHTepec,
OHAKO He HCKJIIOYAaeTcs NMpHMEHEHHWE HIaTYHOB MAloro yUIHHEHHS B He-
TPaANLHOHHBIX KOHCTPYKLIMAX.

13— e
1.25 —o—a-MoauduKauus 1
1,2 ——x‘ e = —— b-moaudukayus

’ 1 4~ g-MOANPUKAUNA
2 4 ey ] _

\ —¥— PomB. MexaHuam
A

Puc.1. 3aBUCHMOCTL OTHOCHTENBHOTO NapaMeTpa paboTh!
LMK OT yANMHEHHUH watyHoB npu x = 1;t=0.3; =/,

C poctom “meptBoro” obvema B TMC naneHue mapaMerpa paGoTsi
LMKNA YMEHBILAETCA, KaK H C yBeJIMYEHHEM OTHOLICHUA TEMIIEpAaTyp XoJoJ-
HOTO ¥ ropA4Yero HCTOYHUKOB TEIUIOTHI T.

B uenoM npuBefeHHbIe pe3ysbTaThl MO3BONAIOT KOHCTATHPOBATH, YTO
yMEHbILICHUEe OTHOCHTENbHOW AnuHbl watyHoB Jais TMC o-, B- u ¥-
MOAN¢UKaLyii, ONTHMU3UPOBAHHBIX MO paboTe LUKIA W, YMEHBILAET U W, U
Wmax (COOTBETCTBEHHO g, gc, e max M Gcmax)- FIOMMMO 3TOTO H3MEHAIOTCA ON-
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TUMaJIbHBIX 3HAYEHUA k M O A7 MALIHH BeeX MOAndUKanuii. ITH pesylibra-
Thl CEAYET YUMTBIBATh NpH BbiOOpE KOHCTPYKIUMU U MpoekTnpoBaHuud TMC,
4TO MPHOJIM3UT pacyerHble 3HAYEHHA HX MapaMeTPoB K AeHCTBUTE IbHBIM.

U3 nuarpammsl nepemettienus nopuinedt B TMC cieayer, 4to 3akoH MX
niepeMelleHns CYLeCTBEHHO OTiaH4aercs ot Tpedyemoro. LLaTtyHbl koHey-
HOM ANMHBI YXYAIAIOT MapaMeTpbl UMKNA, TaK Kak CKOPOCTh JBMIKEHHS
nopiuHeli BOMU3M HMKHEH MepTBON TOUKM JOMKHA BO3pacTarh, a BOJNM3U
BepxHeit — ObITb MUHUMANBHOI (B HAeANbHON cXeMe OHa AOMKHA ObITh HY-
neoit). ITpnOan3uTh UAKI K KIacCHYECKOMY MOXHO MyTeM HW3MEHEHWil B
PHBOJHOM MEXaHH3ME.

OnuH U3 nyTeif, KOTOPLIM 3TO MOXKET ObITb JOCTHIHYTO — YCTAHOBKA B
MeXaHM3Me NpuBOAA ITHNOTHUYECKHX 3yOuatnix kosiec [4]. OcobeHHoCTbIO
3y0uaThix mepejay ¢ MNTUYECKUMH KOJIECAMH ABJIAETCH NepeMeHHas Be-
JINYKHA MIEPCAATOUHOT0 OTHOLIEHHS MO YTy WX [I0BOPOTA, NpUYeM H3MEHe-
HME 3TOr0 OTHOLUEHUA BO3PacCTaeT C YBEJIMHEHHEM IKCLEHTpHcHTeTa 0Opa-
3ylomux ununcos. [IpuMeHeHne Takux mepejad B MexaHW3Me NpuBoja
TMC no3sonseT yBeAHYHTL BpeMs HaXOXkJIEHHA MopluHed rOiw3n BepxHei
MepTBOif TOUKH W COKPaTHTb 3TO BpeMs BONM3H HwkHel. Paspaboran psj
CXeM MalliMH ¢ MOJOOHBLIMU mepefadamMu ¥ OOOCHOBAH €/IMHbINA MOAXOA K
MPUHUMNAM UX NOCTpoeHUA. ['MaBHON HX OCOOEHHOCTBIO ABAAETCA HIMEHE-
Hue yrna ¢a3oBoro cBMra ro yrjiy noopota Baia npusoaa. [lossasercs
BO3MOXHOCTb (pOpMHPOBaHHS HEOOXOAMMOTO LIHKIA HAa CTAAMKW KOHCTPYH-

pOBaHuS.
Onna u3 BosmoxHbIX cxem TMC o-moaudukaunu npejcrasneHa Ha
puc. 2 ¥ BKJIIOYAET CJIeAYIOUIHE OCHOBHBLIE y3/bl M dnemenThi: 1, 2 — uu-

JIUH/IPbI PACLUMPEHHS U CKaTHA, UX MOPIUHU; 3, 4 — HarpeBaresb U OXJ1aaN-
TeNb, 5 — pereHeparop; 6, 7, 8 — snnunTHueckue 3ybuartsie Koneca.
3ybuatoe koseco 7, ycTaHOBJIEHHOE Ha MPHUBOAHOM Bany ABHIATE)S,
ABNSETCA HEHTPANbHbIM U HaXOAUTCA B MOCTOSHHOM 3aLENIEHUH C KoJleca-
MM 6 1 8, Ha KOTOPBIX YCTAHOBJIEHb KPUBOILMABI, CBA3AHHbIE C LIATYHAMH.
Takas cxema siBnserca Tpex3BeHHoi. HadanbHblit yron dasosoro capura o,
paBeH yrmy MexJy ociMd LMaKHApoB. B obiem ciayuae Ha npuBOAHOM Banly
MOTYT ObiTb YCTAHOBJIEHbI ITTHIITUYECKHE 3yOuaTbie Koseca ¢ pasiHyHbIMHU
IKCLIEHTPHUCHTETaMH, CBA3aHHbIE C COOTBETCTBYIOIMMH KOJIECaMU H KPHBO-
wunamu (YeTbipex3BeHHas cxema). TMC B npuHuUHMne MOXeT colepxkarth
NPOU3BOJIbHOE YHCIIO Nap IIMNTHYECKUX Kosnec, 4Todbl obecneynTh Heob-
XOAMMBIi 3aKOH nepeMeLienns nopiuHeit. OgHako yBennyeHHe yucna Kosec
HEPaLMOHANBHO H3-33 YCJIOKHEHHS U YTSHKENEHHS MallUHBl, a TakKe YXYA-
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[IeHHA ¢e ANHAMHKH M GanaHCUPOBKM, YBenuueHus ctoumoctH. Hanbonn-
(IMiA BKJIAA B YMyHLIEHHE MapaMeTpOB A0CTUraeTCH BBEICHHEM OIHOM [1apsl
Kosiec (ABYX3BEHHas CXeMa), Kak 3TO Moka3aHo Ha puc. 3. OueBUAHO, HTO
Onarogaps 3MIAMNTHYECKUM KOJecaM YBEAWYWBACTCA BPEMS HAXOXKACHUSA
nopiuHed BOIH3H BEpXHeH MepTBOI TOUKHA U yMEHbLIAETCA BOMU3N HIKHEH.
Jpyroe npeuMyuiecTBO — yBenuyeHue BpeMeHH npedoiBaHua pabouero te-
na B Harpesarene u oxnagurene. Tepmuueckuid KITJ (TKI1/]) obpatumoro
UMKNA OT 3TOrO He 3aBHCUT BCIEACTBHE MAEATH3ALHNU NPOLECCOB, OJHAKO B
NeHCTBUTENbHBIX LMKIAX YNy4LIatoTCs POLECCH NOABOAA ¥ OTBOAA TEMIIO-
T U coorBeTcTBeHHO KITJ[. PaccmMoTpum pacyer uMK/IOB H ONTUMU3ALMIO

ux napamerpos Ang TMC a-moandukanuu.

Puc. 2. TpexsscHHas cxema npusosa TMC
€ IMITUYECKMMH 3y0UaTLIMH KOJIECaMH

Puc. 3. ipyx3nennas cxema TMC
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s Tpex3BeHHOH cXeMbl TeKYLIUE 3HaueHUs YTJIOB M0BOPOTA Y, U W,
BENOMBIX 3JUIMNTHYECKNX 3y6uaThix koiec 6 U 8§ onpeaensiorcsa Bblpaxe-
HUAMU:

2\ .. 2
(1-€%)singp S = (1—¢€7)sin{Q—0)
1+ 2ecos@+e’ © 14+ 2ecos(-0g)+E>

siny, = 4)

rae ¢ — Texyiwuli yron noBopoTa Bajia; Oy — HauyalibHbiA yroi ¢asosoro
CABMra; €- JKCLEHTPHCHTET 3y0uarblX KoJiec; O, O — YIVIbl YCTAHOBKH
KPUBOUIMIIOB, KaK 3TO MOKa3aHO Ha puc. 2,

Torpa ¢ y4eToM yANMHEHUH WATYHOB TeKyHIMe 3HaueHus 06beMoB Mo-
JjlocTelf paclIMpeHHs V, U CKATHA V, OIIPEALATCS Kak:
/

. sin(y, —o.
1—cos(y, — o, )+, [ 1—cos arcsin Ve ~ e ) :

e

sin(y, —a.,.)

¢

v =§ l-cos(y, —a,.)+{.| | —cos| arcsin (5)

AHaNOTHYHBIE COOTHOIIEHUA MOoNy4YeHbl Take Ana TMC asyx apyrux-
Moaudukaunii, ¢ poMOUYECKMM MEXaHU3MOM, NPHYEM BLIYUCICHUSA napa-
METPOB Wiux s§emax M §emax OCYUIECTBISETCS C YUETOM MAKCHMANLHOIO BO3-
MOJKHOTO “NepeKpbITHA” BBHITECHAEMbBIX 00BbEMOB JUiA B-Moaudrkauuu 1 Ma-
IIUHBL ¢ pOMOMYECKHM MeXaHHu3MOM. OUYeBHIHO, YTO MOJCTAHOBKA BbIpaXKe-
Hui (4) B (5) W jpanbHelilee MHTErPUPOBAHUC AHAIMTHUECKUM METOAOM
MpakTHUYECKH HEoCyleCTBUMO. [T03TOMY MHTErpHpOBaHHE B COOTBETCTBUH €
3aBUCHMOCTAMHM (2) OCYIECTBIIAETCS YMCACHHBIM METOAOM Ha DBM. naxo-
KISHHE MaKCMMyMa ONTHMM3HPYEMOrO mnapameTrpa — MeETOAOM Xyk-
JoxuBca. [TporpamMMa rno3BonisieT BHIYHCIHTL ORTHMANLHLIE 3HAMEHHs napa-
METpOB Q,, (L, O, k, €. B kauectse 6a30BOroO UMKIIA, C KOTOPHIM CPABHHBA-
NWCH Nony4yeHHble pe3ynbTarsl, npuHsT ML Ecnn npussats o, = o, = €, =
=€.=0,al,=1 = 100, To pacyerHble 3aBUCHMOCTH TIPEBPALLAIOTCA B ypas-
HeHust knaccudeckoro uukna LUimunra, npunumas £, =01 0, = 0 unn €. = 0
u O = 0 nepexoauM K 1BYX3BEHHOIt cxeme.

M3 npuseneHHbIX ypaBHEHHUIT CIEAYET, YTO BAMAHHE MapaMeTpPoOB OITH-
Mu3anuu Ha xapakrepuctukd TMC onpeaensietcs kak UX BEMTMUHHOI, TaK H
COOTHOLIEHUAMH MEXAY HMMHU. B vccrefoBanusix NMpUHMMAIUCh 3HAYEHHS
x = 1; T= 0.3, xapakTepHble Aia ABurateneit, 1 T= 0.8 115 TeNN0BBIX HAco-
COB. DMIUNITHYECKHE KOJleca MOTYT yXYAUIMTh PaBHOMEPHOCTb BpallieHHs,
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CHHM3UTb ObICTPOXOJAHOCTL MALUMHbI, MOITOMY B HCCNEJOBAHUAX OTPaHUUM-
Banuchk € < 0.5. Ocranbubie napameTpbl — Yriibl a3oBbIX CABHIOB O, O,
O, IKCLIEHTPUCHTETA €, OTHOLLICHHE BbITECHIEMBIX O0BEMOB kK HMEHOT ONTH-
MaJibHbIC 3HaY€HHA, OFIHO3HAYHO omnpeAensemble Npu BbluucneHusax. [Ipu
ONTHMH3ALKUU HEOOXOAHMO 334aBaThCA 3HAUEHUAMH T, X, /,, L.

BblyucneHus 3HAUYEHHIN Wy, W CpaBHEHHE MX ¢ napamerpamu ML
NOKa3aJi, YTO OCHOBHAA A0 MPUPOCTA Wyax AOCTUrAETCHA NPH BBEAECHHH B
KMHEMATUYECKYI0 CXeMy MeXaHH3Ma OAHOW Mapbl JUIMNTHYECKUX KoJec
(aByx3BexHas cxema). Tpex- H YeTblpex3BeHHasA CXeMbl NPAKTHYECKH HUKa-
KMX NPEeMMYILECTB [0 CPABHEHUID C JBYX3BCHHOH He JalOT, XOTS W MO3BO-
JSIOT NPUMEHATE Kojleca C MPaKTUYECKH JOOBIMU IKCLEeHTpUcUTETaMH. Pe-
3ynbTaThl PacyeTOB MOKa3bIBAIOT, YTO HAMOOJbLIME 3HAYEHWS MapaMerpa
paboTbl Wyax, Kak M ana uukna llMuara, moauduuupoBaHHOrO UWKIA
IImuara gocturatores y PB-moauduxamun 1 TMC ¢ pomOuueckuM Mexa-
HU3MOM, HaWMeHbluue — A y-Moaudukauuu. OTHOCUTENBHOE yBenu4e-
Hue napamerpa paboTbl — OTHOWIEHUE Wpax snn/Wmax mum HaOMIONaETCA
(puc. 4) npu MOOLIX YAIMHCHUAX WATYHOB U NpH [, = I.= 3 nocturaet ~23%
y MattiH B-moandukatuu.

1,05 Z

1,35 = — .
—L —&— 3-Moaudukayus
1,3 : R —e— b-moandukaums
3125 H—0o W —6—g-MoauduKauma
; e —a— PoMG. mexaHuam
E_ 11560 e
§ X
3

1

0,95

Puc. 4. OrHocHTenbHOE Bo3pacTaHue napaMeTpa pabors! uukia TMC
€ JUIMNTHYECKUMH KOJIECAMU B MEXAHU3ME TIPHBO;1A 110 OTHOLHEHUIO
K napametpy pabotet ML npu x = 1; 1=0.3; /.=,

Y a-Moaudukauuy 310 yBenuuenue cocTaBiset okono 5%, y-moaudu-
KauMy — Heckoabko MeHblie. Jing TMC ¢ poMOMYecKMM MeXaHW3MOM
NpHMEHeHue JUTUITHYECKUX KOJleC AaeT Oy THMBIH 3(hdexT npu Gonbiux
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YATHHEHUAX, a NPH MaJIbIX PAKTUYECKH HE Oliyulaercs. 3To o0bAcHAeTCs
crieun(uKoit ero KUHEMaTHYECKOH CXeMbl — HajiMuueM “ofpaleHHbIX” 1a-
TYHOB.

Bo Bcex paccmotpenneix cxemax TMC npeanonaraetes, yro B nojoc-
TAX pacLUIMpeHus, CKATHA, HarpesaTeis W OXJIAAMTENS TeMIilepaTypa Heu3-
MeHHa. B peanbHbIX MalllHHAX AOOHUTHLCA TAKWMX YCIOBHH MPAKTHHECKH He-
BO3MOXHO, NO3TOMY HEOOXOAMM TNEpPEXOA K MOJAENH HEU30TEPMHYECKUMH
npoueccaMy B pabouux nofocTax. 1o, eCTECTBEHHO, NMPUBEAET K CHUXKe-
nuto pacvetHoro TKITJI. Kpome toro, HeoOpaTuMble mpoilecchl B Harpesa-
Tene, XOMoANAbHUKE U pabouux nonocTaX HewsbexHo TOBJEKYT 3a coGoi
AOTOJIHUTENBHOE ero cHikeHue. Koppexuus ¢ yueroM 31X (pakTopoB Aact
BO3MOXHOCTb NPHOAU3UTECA K €ro AeHCTBUTENbHOMY 3HAYCHHKIO.

TernoBble NOTEPH 3a CYET TENAOIIPOEOAHOCTH, HECOBEPLIEHCTRBA MPO-
eccoB TeIUIoNnepeaayu, pereHepalut NPUBOAST K yXyAUIEHHIO XapaKTepu-
CTHUK MailliHbl. B coyetaHuu ¢ ruapaBiMMeCKUMH 4 MEXaHWYECKUMH NoTe-
PAMH OHU MOTYT CYWECTBEHHO HCKAIMThb pelynbTaTbi aHanu3a. [lostomy
crlepyeT OTAaBaTh MPEANOYTEHHE 3aMKHYTOH ONTUMH3aUWH TapameTpoB
TMC no oaxoMy M3 HuX, TG0 KOMIUIEKCY mapameTpoB. Kpurepuu moryTt
3aBHCETh OT Ha3HAYCHHsA MAWIMHEI B ycJjoBHii ee paboTbl. ABTOPOM co3aaHa
MOZENb W METOA pacyerta, YUHMTHIBAIOIING TEMNEpaTyphl B TEMIOOOMEHHH-
Kax, Tennoo6MeH B UMIVHAPAX, THAPaBIMYECKHE NOTEPH, NOTEPH NIy pere-
HepauuH U Ha Tpenue. OHU NO3BONAIOT HAXOAUTH ONTHMAIbHBIE TEOMETpPH-
yeckue cootHowenun A TMC, seiuucaste ux KI1J, (coorBetcTBYylomue
KO3(pHUUEHTEI A MaMH OOPaTHBIX LIMKNOB), BLIABIATL BIMSHUE OTAENb-
HbIX KOHCTPYKTHBHBIX napametpoB TMC. Bnarojaps metoiuke 3aMKHYTO#M
ONTHMHU3AUWH YAAIOCh OLUEHUTH 3 eKTUBHOCTD AEHCTBUTENbHbIX UMKIIOB
ABUWTraTenei, TENAOBbIX HacocoB [5].
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NPO 3ACTOCYBAHHA
NOMIMEPHUX MATEPIANIB Y 6YAIBHULUTBI.
TPYBOMNPOBOAU

Cyuacne 6yniBHHLTBO, SIKE TaK IIBHAKO Ta iHTEHCUBHO PO3BHBAECTELCH
OCTaHHiM YacoM, BUMarae 3aCTOCyBaHHsS HOBHX MEPCMEKTHBHUX TEXHOMOTIi.
3acTocyBaHHs TaKuUX TexHosoriii nepenbauae 36inbuieHHs epeKTHBHOCTI
6yniBenbHOro BUPOOHMIITBA, CKOPOUEHHS TepMiHY BUKOHAHHA POGIT Ta mpo-
NOBXEHHA CTPOKY eKCIUTyaTallii K OKpeMHX eJIeMeHTiB, Tak i Oyxisens B
uinoMmy. Ha cywacHoMy ertani BaxJiMBe MicClie B HOBITHIX TeXHOJOIISX
NocifaloTh NoNIMEpHi MaTepiay.

[TonimMepHi MaTepianu BUKOPUCTOBYIOTE Y BUPOOHHLITBI: @) Tennoisons-
uiiiHuX Marepiani (MpoAykuUii 3 nonicripony); 6) 03x00MOBANIEHUX MaTepia-
NiB (LUMPOKHH CNEKTP BiJ MAMAPCHKUX BHPOOIB [0 JIMLIOBaILHUX MaHeneH);
B) CBIiTJIONMPO30POro NOKPUTTA (nonikapOOHATHUX TaHeNnei); I) 3arnoBHEHb
CBITJIOBHX OTBOPIB, MPOQiNiB /1A BikOHHHX Ta ABEPHUX paM; A) TpyGonpo-
BOJiB BOJIO-, TEILIO-(X0JI0A0)IOCTAYaHHA Ta BOJIOBIABEACHHS.

Temoto Hawmoi ny6ikallii € 3acTocyBaHHsA MoNiMEPHUX MaTepianis y Bu-
poOHuUTBI TPyGONpoBOAIB BORO-, TeMno-(xonoa)nocrayaunts. [lepw wix ne-
TaNnbkHO PO3MJIAHYTH L€ NMTAHHA, MH 3yMTMHUMOCA HA NpUBAG/IMBUX BIACTH-
BOCTAX MONIMEPHUX MaTepiatiB, O CMOHYKAIOTh A0 aKTWBHOTO BUKOpPH-
CTaHHA Ix y OyAiBHHUTBI.

[To-nepiue, e TexHonoriunicTs. Bupobu i3 moniMepHot cupoBuHu (rpa-
HyJ) notpi6HOT hopMu Ta po3MipiB OTPUMYIOTE LILISAXOM 33CTOCYBAHHSA TEX-
HoJIOorii eKCcTpy3ii (BMAaBmoBaHHa) abo nutTs y npec-popmu. Lli Bupobu
Merko MmiJAaoThed MeXaHiuHiii o6pobLi Ans OTpMMaHHA KiHLEBOrO MPOAYK-
TY — CKaxiMO, eleMeHTy KOHCTpyKuUil. ITpu Takiif TexHOoNOriuHiH nocnifos-
HOCTi Ty)ke He3HaUHUMH € BTPaTy MaTepialy Ta BATpATH €Heprii, Lo, Biac-
HE, i 3yMOBJHOE eKOHOMIYHY e(PeKTHBHICTh LMX TEXHOJIOTII.

[To-mpyre, ue WIMPOKi MOXMHMBOCTI CTBOPEHHA apXiTEKTYpPHHX ¢opM
i T. iH. Tlonimepu nerko HaOyBalOTb Oyab-fikoi ¢opMH, 3'€AHYIOTbCA 3
iHIIMMKM MaTepiajaMH Ta MOBEPXHAMH, YTBOPIOIOTb CAMOCTiiHI KOHCTpPYK-
THBHIi €JIEMEHTH.
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[Mo-TpeTe, Ile BijlHOCHO HEBHCOKA BapTIiCTL BUPOOIB i3 NONIMEPHHX Ma-
TepianiB Ta podOTH 3 HUMH. 3BEPTaEMO yBary. WO B AalHOMY BHMAAKY
BApTiCTh MaTepialip Ta podiT HEOOXIAHO BIHOCHTH 10 TepMiHy eKcrya-
Tauii abo ao ekcnayartaniiHUX BUTpaT.

IcTopin nonimepuux matepianis noyaiace y 1913 p. i3 natenty Ha iM’a
®piua Knarre, aKuil BUHALLOB NEPLINI CHHTCTHUHUI NPOAYKT — noniMep-
Huii marepian PVC (nosigininxnopua). B npoueci TeXHONOI4HOIO BAOCKO-
HaneHHA ueli CHHTETUYHUI NPOAYKT HadyB TaKWX BNACTHUBOCTEH, AKi 403BO-
JIHIM BUKOPHCTATH 0ro sk Marepian uis TpyOONpoBOAiB BOAOTOHY 3aralib-
HOro npu3HaucHHs, 30ynosanoro B 1938 p. B Himeuuusi, sknit ycniwho
(yHKIiOHY€E | 10 TenepiUHbOro yacy.

Y cepeavti 60-x pokiB XX cT. 115 M0OYTOBUX CHCTEM XONOAHOrO Ta
rapA4oro BoZonocTayaHHa Gynu 3actocoBaHi TpyOu i3 nomidytineny PB,
AKHil MaB uynosi QisHUHI NOKA3HUKK, ajle He Ayke npuituaTHy winy. Came
ueH (aKkT CrpMUNHHUB MOLLYKH iHIWOro MaTtepiany, skuil MaB Ou cxoxi i-
3UYHI BIACTUBOCTI, ajle OyB JCUIEBUINI Ta AOCTY NHILLMIA.

Ha nouarky 70-x pokiB XX ct. Biabynaocs BNpoBamkeHHs B 3araibHe
BUKOpPHUCTaHHA TpYO i3 nonieTuneny PE. Bucoki ririeHiuni mokasHuku Ta cy-
KYNHICTb (i3MUHHX BNAacCTUBOCTEH NOJiETUAEHY B MOEAHAHHI 3 HEBUCOKOIO
cobiBapTicTio 3yMOBW/IM HachpaBAi WHpoke Koro BukopucrtanHs. Tlpote
TEXHIYHA HEAOCKOHANICTh TpyO i3 nonieruneny PE nesaos3i BusBuna cede:
Andy3is KACHIO CNPHYMHUIA KOPO3il0 BHYTPIlIHIX NOBEPXOHL OMATIOBAIL-
HHX NPUNAAIB Ta KOTJIIB i3 CTaNi.

Came aidysis KWCHIO Aana HOBHWIl MOWITOBX Y PO3BUTKY TEXHOJNOrIT
MoniMepHUX TPYOOIPOBOAIR, B PE3y/bTari YOro napanenubio i3 KMCHCRO3a-
xuienumu Tpy6amu i3 3BuualiHOro noiieTuneHy 3°sSBWIKCH MeTanonodi-
MCpHi TPYOH.

I3 cepeann 70-x pokiB 3acTocoByeThCA nodinponined PP, akuii 3a
CROIMH B/1aCTHBOCTAMI Bi/IPi3HAETLCH Bi/l BULIEBKA3AHUX MaTepiaiB, TOMY,
Ak i PVC, 3aiiMac okpemy no3uiito, 30KpeMa 111010 Cnocody 3’ €AHaHHA.

Hitni yci HaBeaeni marepianu CHiBiCHYIOTb HAa PUHKY OviiBelbHHX Ma-
Tepianis Aas iHAKCHEPHHX CHCTEM, | KOKEH 3 HUX Mae cBolo cdepy 3acTocy-
BaHHA, B AKiii Le 3aCTOCYBaHH# € ONTUMANbHUM, Hacamilepeq 3a PaxyHoK
cnisBiaHOWEHHS Qi3HYHUX BNACTUBOCTEI.

Ham BiZOMi HOTWUPH THNH MOMIMEPIB, AKI C MOXIAHUMH AN BUTOTOB-
neHHs TpyOOMpoBOJIB CHCTEM BOAO- Ta TEMJO-XOJNOAONOCTAYAHHS —
nonisininxjopua PVC, noninponinen PP, nonietnaen PE, nonibyrinen PB.
VY nepeniky Marepianu po3rawioBaHi 3a 30inbLIEHHAM iX rycTHHd. Po3-
Pi3HAIOTH TONIMEPH KOPCTKOL Ta rHy4Kol rpynu. Jlo rpymu xopcrkux

87



noniMepiB BigHocATbcs mnoniBiHinxaopua PVC ta noninponinew PP.
JXopctkicTs Matepianis Wi€l rpyny 4ucesibHO BinoGpaxeHa NoKa3HUKOM MO-
ayns FOura (H/mm?). TTin BiinBoM 30BHIlUHIX YHHHUKIB y MaTepiajli BUHU-
Ka€ BUCOKE HaNpyxXeHH# (MOPIBHAHO 3 IPYMOI0 THYWKHX [0JliMepiB), Ma-
Tepiaj onupaeThcs HaBaHTa)XeHHIO. [IpecTaBHUKU FHyuKHUX MoiMepiB
nostiernned PE Ta nonibyrtineH PB maroTe Hikunit nokasHuk moayis HOHra,
T00TO HanpyXeHHs B Mareplani niza BJMBOM HaBaHTXEHHS HEBHCOKE, Ma-
Tepian nmianactbes nedopmatii. Hiukue Mu posrnsneMo, sk came Taka Kia-
cu(ikallis BNIMBAE Ha 3aCTOCYBAHHA LMX MaTepianiB B iHXeHEPHUX CH-
cTeMax.

HeobxinHo 3aznaunTi, wWo ¢i3UyHi BAACTHBOCTI MOJNIMEPHUX MaTepia-
niB 6e3mocepeiHbO 3aekaTh Bii MOHOMEpY, 3 AKOrO BOHM CKJIANAIOThCH.
Tak, MoHoMep nonietuneny PE cknagaeTbes 3 ABOX aTOMIB BYIJIELIO Ta HO-
THPbOX aToMiB BOAHIO. MoHoMep mnomniBiHinxmopiny PVC cknanaeteca 3
JIBOX aTOMiB BYITELIO, TPLOX aTOMiB BOJHIO Ta OJHOTO aToMy Xiopy. Mix
co6010 MOHOMEPH 3’€HYIOThCH B TMPOLECi MoJliMepu3anii oJHaKoBO — 3a
PaxyHOK OBOX BilIbHUX Bal€HTHUX 3B’A3KiB aTOMiB Byriewo, npote ¢izuyni
BIaCTHBOCTI LIMX MaTepiatiB 3HAYHO Bilpi3HAIOTHCS.

MoHomep Monomep Moxomep
NoJleTHACHY MOMBiHIIX10pHAY nojinponiiexy
R
_CI.__Cl___ _(I:_CI_ —C—C—
o § 4 o

IMoxieTnien — NpoOAYyKT noniMepu3allii eTUNieHy, MaTepiall CHHTETHY-
HU#, TepMonnacTuuHuii, crifikuif no BmnNuUBY TeMmeparypd B Mexax BiX
—60 °C mo +100 °C. IMoniMepusauis MaxpoMoJeKyl NoeTHIeHy 3aifcHio-
€TBCA OJJHUM CIOCOOOM, ane NpH Pi3HUX yMOBaX OTPUMYEMO Pi3HUi pe3yb-
Tar. Tak, npu noniMepu3auii nia tuckom 120—320 MIla Ta Temneparypi
320 °C yrBoproerscs PE-LD — mnonieruned Husbkoi winbHocti (0,92—
0,94 r/cM’), 3 HM3BKOIO CTYHmiHHIO KpHCTamizauii — 50%, Ta BeNMKHM
BHAOBXKEHHAM Ha MexXi po3puBy — 600%. Skiio nosniMepu3allis npoxoau-
THMe 1ipu THCKy 5 MITa 1a Temneparypi 95 °C, To yreoproersea PE-HD —
nonieTuneH BUCOkoi wiinbHOCTI (0,95—0,96 r/cM>), 3 BHCOKHM CTyneHeM
kpucranizauii — 80%, Makcumanbie BuIOBXeHHA — 400%. Cryniub
KpUCTaNi3alil noxieTuNeHy Bixodpaxkae CriBpiAROWenRHS XiNEKOCT! JIIRHOK
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3 aMOpHOI0 Ta YNIOPAAKOBAHOIO MOMEKYIAPHOIO CTPYKTYpor. Bucokui
CTYMiHB CBiUUTH PO XKOPCTKICTh MaTepiany, HH3bKY NMPYXHICTb, KPUXKICTh
Ta NaMKICTb NMpH HU3BKUX TemmepatypaxX. Husekuid cryminb kpucranisauii
JOfa€ Marepiany raydkocti, 6imbwioi npyxsocti. 3aans komGiHauii unx
BNaCTUBOCTEH BUKOPUCTOBYETHCA MONiETHNIEH cepedHbOi WIIBHOCTI ——
PE-MD, MiuHicTb, FHy4KiCTb Ta IPY>KHICTb SKOI'O AyXe BUIiJHO CNiBBiAHO-
CATHCH.

KoxHa okpemMa MakpoMonekya B CTPYKTYpi MOJIieTHICHY Ma€ JNiHiAHY,
JIaHLIFOTOBY CTPYKTYPY. 3B’f3KH Mi’k MOHOMEPaMH Y MakpOMOJIEKYJTi I0OCHTh
MOTYXXHi, OCKiJIbKH MalOTh XiMiuHH# xapakTep. Mixk caMUMH MaKpOMOJIeKy-
JaMH 3B’A3KH HOCATH MDDKMONEKYISAPHWI Xapaktep, TOMY BOHHM 3HAYHO
cnabui. [Tpu HarpiBaHHi cHIM B3aeMoZii MiXk MakpoMoJeKyslaMi Cl1abHyTb,
IO CBINYHTH TIPO TEMIEpaTypHi OOMEXEHHS NpH BUKOPUCTAHHI MOJNiETH-
JieHy 3BHYaHHOT CTPYKTYPH.

Il{o6 mononatu TemmepaTypHi OOMEKEHHS, MOJieTHNIeH MiAAAlOTh 10-
narkoBiit 00pobui. Jina nomaTkoBoi 06poOkH BUKOPHUCTOBYIOTH TEXHOJIOTiIO
“3sumMBaHHA”. 3aBAAKM LbOMY MeTOAy Mojudikauii A0Bri JaHLIOrOBI MoJe-
KYJIH 3pOILYIOThCA MK 06010 B AeKiibkoX Micusax. MonekynspHa cTpyKTy-
pa MEepPEeTBOPIOETEEA 3 PO3TANY)KEHO-JIAHLIIOrOBOI HAa TPUBHMipHO-JIAHLIIOTO-
By. CryniHp “3IUMTHX” JacTHH MOBMHEH CKNajaTH HioHakmeHwe 60%, 110
3Ha4YHO MONIMY€e XiMiuHy CTiliKicTh, yIapHy B’A3KiCTb, I HalironoBHile —
TepMOCTiHKiCTb, BHACHNOK HOro 36iNblIyeTbCsd MakCHMaibHa Ta poboua
TeMIepaTypa BHKOpUCTaHHA. Tpy6Ou 3 Takoro matepiany ycliliHO excrulya-
TYIOTBCA TIpH TeMIiepatypi fo 95 °C, a kputuyHa craHosutb 110 °C.

IcHye aekinbka METOAIB “3LIMBAHHA" MOJEKY/I MONIETHIIEHY:

e a — xiMiuyHe “3UIMBaHHA™ 3a JAONOMOIOK BibHUX PaJHKaJIiB, 1o
3B’43YIOTh aTOMH BOJHIO 3 YTBOPEHHAM JOJATKOBMX 3B’A3KiB MidX
MaKpOMOJIEKY/IaMH, JOCATAETHCA AOAABAHHAM y MaTepian npucaiki
Peroxide. TpyOu 3 nonietuneny, 3lUMTOrO JI@aHUM METOMOM, MOTpE-
Oyl0Tb NOAATKOBOIO NPOMHBAHHS Ui Xap4yOBMX BOAOTOHiB. XiMiu-
HOMY “3ILIMBaHHIO” THILY @ BlacTUBa TEPMiyHa ycaika, L0 noripmye
¢i3uuHi BracTUBOCTI.

e b — ximiunuit cnoci6 3uIMBaHHA, MPH AKOMY Y MaTepian A0AA€ThCA
nprcagka Silanem. XiMiuHoMmy “3muBaHHIO” Tumy b BnacTHBa
TepMiuHa ycanaka. Tpybu 3 nmonietuiieHy, 3LIUTOTO JaHUM METOOM,
TaKoX MoTpebyloTh N0NATKOBOrO MPOMHMBAHHS /IS XapuOBHX BOAO-
TOHiB.
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e ¢ -— “31IMBAHHA" 3a paxyHOK [il IPUCKOPEHUX eNEeKTPOHiB BiudyBa-
€THCS ULTAXOM 3BiJIbHEHHA BAJICHTHUX 3B’A3KiB BYIJIELIO Bill BOAHIO,
[pU UbOMY YTBOPIOIOTHECA Oe3mocepeiHi 38°A3KH MK JTaHLIOTaMK
Makpomosiekyn. Lled merox 3wmsanHg abcomoTHO OGesnewnuii Ta
ririeHiyHUuM.

e d -- MeToA, 3aCHOBAHWH HA Aii NETIOYUX CMONYK a30Ty, AKi BHCTY-

NaroTh KaTalizaTopaMy MpoLecy “3lMBaHHA™.

Y npolieci BAOCKOHANEHHSI TEXHOJOTiT BUPOOHUITBA NOJieTHIIEHY MO-
CTa€ MUTaHHA NPO AKICTh BUKOpUCTaHO! cupoBHHM. Tak kommaia DOW
Chemical Company Bupobnsie nonieTHnaeH y BUIIsi CHPOBHHH M MapKolo
DOWLEX 2344E; axuit € conoaiMepom eTuneH-okTeHy. BiH Biapi3HsaeTbca
BiJ 3BMyYaiiHoro nofieruneny PE, comoniMepy eTuieH-0yTeHy.

HonatkoBi (O0kOBi) NaHUKKKM JHIHHMX MONEKYJ 3BHYAKHOIO
NOJIiETHICHY YTBOPIOIOTbCA Mosiekyjaamu OyTeHy. s yTBOpeHHS 3B’S3KY
FOJIOBHUX JIAaHLIIOMB ¥ MaKpOMONEKYJTi 3ally4atoThCs 1Ba 3 HOTHPbLOX aTOMiB
Byrniewto Monekyau 6yTeny. ToMy BiporiiHicTb nepenneTiHHa Mixk 60KOBHU-
MM JIAHIFOXKKAMH Y J1Ba aTOMM JOCHTE HH3BKA.

VY marepiani DOWLEX 2344E conofiMepoM nonieTHIeHy BHCTYNae
okTeH. Lli naHUIOKKM MalOTh BiCiM aTOMiB Byrjiewio, ABa — s YTBOPEHHA
3B’A3KY B MAKpOMONEKYIli, IICThE — JUIS MepenieTiHig, TOMY BOHO Habarato
BiporiaHime. Take nepennetiHHa Hajaac MaTepiany OinblIoi MinHOCTI MpH
JOBrOTPURANIOMY BIJIMBOBi BACOKUX TEMINIEPATYP TA HABAHTAXKEHb.

IonidyTisieH — TepMmonnacTHYHMIE MONIMEP, YACTKOBO KpHCTami3oBa-
HUH. 3aBIAKH MEHLIOMY CTYMEHIO KpHCTali3ailii Ta Gijibli po3raiypKeHii
CTPYKTYpi MOHOMEpY nonifyTineH Mae Kpaili MOKa3HWKH, HiX NOMiETHNIEH.
Hyske ruyukuid, cTiikui 10 croB3aHHs, CTUPAHHS, NPH HaNpyXeHHI He po3-
TpicKyeTbCA. 3aCTOCOBYETLCA TaM, Jie HeoOXiaHa Bucoka cTaGinbHICTb MPH
BEJIMKHX Hanpy>XeHHax Ta temnepartypi Ao 110 °C.

Hoainponiien — TepMONJIAacCTHUHMH MOJiMep, BNACTHBOCTI AKOrO
BiZPI3HAIOTLCA Bil BJACTMBOCTEH BHLIEHABEASHMX Matepianis. JlianasoH
TEMMEPATYP, NMPH AKMX MOXHA 34CTOCOBYBATH TMOJNITIPONiieH, cKiIala€E Bifg
-5 °C mo +90 °C.

[Tpu 3amiHi B MOHOMEpI NOieTUAEHY OAHONO aTOMY BOJAHIO HAa METHJIO-
By rpyny CH; oTpumyemo MoHoMep nosiinpomineHy. B 3anexwoscri Bin
YMOB KpUCTajlizalii Ta AKOCTi CUPOBMHM, MOINPONIIEH MOXe NpuiMaTH
(opMu pi3HOI BHYTPILIHBOI MOAEKYAPHOI CTPYKTYPH. I3 uux dopm sufi-
JIEHO TPH THUIU NONINPOMNiNeHy:
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e Toctasien TN 1 — Xapakrepu3yeTbCs BUCOKOIO CTHIKICTIO f10 crio-
B3aHHA, BEMUKOI >KOPCTKICTIO i 3HWIKEHONO YAApOCTiHKICTIO mnpH
BiJ’eMHUX Temneparypax. HaiiGinblie BUKOPUCTORYETbCS y XiMiuHiii
TIPOMHCJIOBOCTI.

o Toctanen Tum 2 — ANS JaHOTO THMY XapaKTepHa BUCOKA THYYKICTD
MpH 3HUWKEHIH cTIAKOCTI 10 crOB3aHHA, BUCOKA YAApPOCTilKiCTh 11pH
Bill’éeMHUX Temmeparypax. BukopucToByeThest y XiMiuHili mpomu-
cnosocti (MemOpaHHi ¢inbTpauiitni nnactuuu, TpybGornposoau ta
MYQTH 1 Mepex BUCOKOIo THCKY, popMyBaibHi 30ipHUKM), B Ten-
noTexuiui (obirpiBaHHA MiYIOTH, 30ipHUKM raps4oi BOAH, COHAYHI
KOJIEKTOPH).

e Tocranen THn 3 — maHoOMy THMY TpUTaMaHHa BUCOKa YapocTiii-
KiCTb MPH HU3BKHX TEMIEpaTypax Ta BHCOKa CTIHKICTL 4O CroB3an-
Hs. BHKOPHCTOBYe€TbCA Hacammnepe] AMS BUTOTOBIIEHHS TpyGompo-
BOJIiB XOJIOAHOT Ta rapsauoi BOJAH,

TToninponinen cTifikuii 10 coneli, OCHOB Ta iHIMMX XiMiUHHUX PEYOBHH.
[Moninponinex HecTifikuii 10 CHABHHX OKUCTIOBAYiB, TAKUX AK KOHLEHTPO-
BaHA a30THA KHUCJOTA, CipyaHa KHCIIOTH, XJIOp, BpPOM Ta JesKi opraxiuHi cro-
nyku. Ilpy BMKOPHCTaHHI noninpomineH MOBHHEH OYTH 3axHMLIEHHM Bijl
BIUTMRY YALTPadioNeTOBOTO BUIPOMiHIOBAHHS.

MoaiBiHinXxa0pua — TepMOTUIACTHYHHI MaTepial, NPOAYKT 110/1iMepH-
3auii xnopsixiny. llInpoxoro BukopucTanHs HabyB Takuii MaTepian, Ak ABii
xnopoBanuii nonisininxnopua (PVC-C). llel Matepian BiapisHsieThess Bin
3guuaiinoro PVC suwioto criifkicTio A0 BMANBY TeMmneparyp Ta HaBaHTa-
XeHb.

CrifikicTs 10 XiMi4HOTO BMIIMBY 060X UMX MaTepianiB npubINIHO 0-
HakoBa. Bonu BMABAAIOTE i [0 OiiblIOCTi OE3BOAHMX SKHPHUX KHCIOT,
MiHepansHMX Maces, MPOMUCIIOBUX ra3iB Ta GaraThOX iHIIMX, Y TOMY YHCII
[0 PeYyoBMH 3aCTOCOBYBAHUX Y CHUCTEMax XoJlojlonocrayanHs, Marepias
HecTilKkwii 10 BNAUBY aLEeTOHY. edipi, GeH3MH-OSH30ILHUX CyMiLueii, ouTo-
BOi1 KHCJIOTH.

[onisiHinxnopua cepen ycix nonmiMepiB Mae HaiGinbury cTidkicTs 10
BIUIMBY YNBTPa(hioNeroBoro BUNMpPOMIHIOBAHHS, Mae HaliMeHule TepMmiule
BUJIOBXEHHA, Haibinplle 3Hayenns xoediuieHta LOl — BmicT kuchio /a8
niaTpuMaHHs ropinus (43%, B atMocdepi Beboro 22%). Y nopisHsHHI 3
NONITPONINIEHOM NOMIBIHINXIOPUA Mac BiNbKii YMOBHUI NPOXij pH TOMY
caMOMy 30BHIIIHBOMY JiameTpi TpyOornpoBoay. 3aCTOCOBYETHCS ANs TPaHC-
TIOPTYBAHHA PEYOBUH Npu Temneparypi o 95 °C.
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Tabauys 1

@iznuHi BAACTHBOCTI NOJIMEPHIX MaTepianis

Baacrusicts PVC PP PE PB
Uycruua, rfem’ 1.5 0,93 0,92 0.9
Hanpyx(cfma HA MexKi 1171a- 45—30 31—33 18 16,5
cruydocTi, Mlla
MiunicTs Ha po3pus, MIla 60 44 27 33
Bianocue BHJIOBAKCHUS 10 800—-1000 500 280
npu po3puBi, %

Moy FOnra, Hivu? 3700 1100 600 340
Tennonposianicts, Br/MK 0,17 0,22—0.24 0,43 0,22
KoegiuienT ainifiHoro 0.07 0,18 02 0.13
BHIOBXEHHS, MM/M
fl‘gmuepa'r)‘fpa pogm‘ AKLIEHHSA 76-84 95 83 13
3riaHo 3 Biatom °C

Y BHYTpIlLHIX CAHTEXHIYHUX CUCTEMaX, AK MPaBWIO, BUKOPHCTOBYIOTb-
cd cranbHi Tpybonposoau. Lle 3yMOBNEHO AOCTYNHICTIO JAHOro Marepiany
T4 MOXKMHUBICTIO iforo 0bpobku Ge3nocepeaHvo Ha OyaMaiinanumnky. 3ranaii-
MO0 OYAWHKH NOBOEHHUX POKIB — CUCTEMU ONAJIEHHS Ta BOAONOCTaYaHHA B
HuX Oyiu 3i6paHi Ha pi3pbax Ta QiTHHrax. 3 MOABOK 3BAPIOBAILHOTO 00-
JlaHaHHA Ta 3aCTOCYBaHHS iHIYyCTpiaNibHUX METOAIB OyaiBHHLTBA (60-Ti po-
Kku) 06pobka cranbHuX Tpyd Oyna nepereceHa Ha Tpybo3aroTiselbHi BUPOO-
HHLITRA,

Cepen nepesar cTanbHUX TPYOOHPOBOAIB HEOOXiAHO BUALNUTH (Taba. 1):

1. XKopcTkicTh TPYO, AK HACHiIOK — He3Ha4Ha KijIbKICTb KpinjeHs.

2. CTifiKicTb 40 MEXaHIYHUX MOLIKOIKEHb.

3. Hu3eki TeMnepaTypHi BUAOBKEHHS.

4. BuroToBjieHHA 3’€HaHHA TpyOGONpoBOAiB Ta apMarypu i3 camux
TpYyO.

TTpore Tpy6u 3i cTani MalOTh i HEOJIIKH:

1. Hu3bka koposiiiHa cTiliKicTb, ik Hacnifok — Manuii TepMiH ekcrinya-
Tauii.

2. [akpycTauis BHYTPiLIHBOI NOBEPXHI — IMEHLLEHHA YMOBHOrO npo-
xomy .
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3. Bucoka OpcTKicTh BHYTPIUIHLOI TOBEPXHI — OOMEKCHHA WBHAKO-
CTei, WYyMOBE HABAHTAKEHHS.

4. HecTiiikicTb A0 ByKalOuNX TOKIB. IO BHKIMKAC €NEKTPOXIMIUHY KO-
posito.

B canTexHiuHuX cucTemax Oynu crnpodW 3aMiHMTW cTaibHi TpyOM Ha
MiZHI, 3BaKalO4H Ha OiNblIMA TEPMiH eKcruyaTauii, MCHILY Macy, Ta MOX-
NUBICTB HE iH/YCTPiajlbHOTO METOLY NPOBE/IEHIA MOHTaXY. Afle y 3B’A3KY 3
KOPO3i€10 Midi € HeOOXiAHICTb 3aCTOCOBYBATH Y CHCTEMi 0NMOMiXKHe obna-
HaHHA A4 3abe3neyeHHs HOPMANLHOT eKcnayaTauii.

Bix merasieBux Tpy0 nodiMepHi Biapi3HAIOTbCS TaKHMH 3arajibHUMU
AKOCTAMM:

1. TepmiH ekcnnyarauii nowaa 50 pokis.

2. Mana maca Tpy6 — maca 200 M TpyOu Aiametpom 18 Mm gopiBHioc 18 k.

3. Jlye HH3bKa LWIOPCTKICTE BHY TPIlIHBLOT MOBEPXHi TPYyOU — RU3bKHIi
rigpaBniyHui omip.

4. BiacyTHicTh iHKpycTallii.

5. CriiikicTb 20 ONMyKatouMX TOKIB.

6. Bucoka ririeHiyHicTh MaTepianip.

7. CTifiKicTb 10 arpecHBHUX PEYOBHH.

8. MOHTaX BUKOHYETLCA PYYHUM IHCTPYMEHTOM.

[TpoTe BciM nosiiMepam BAacTUBI HCAONIKH:

1. Hu3bka cTilikicTh 10 MeXaHiYHNX NOLUKO/DKEHD.

2. Besinke TEpMitiHE BHIOBKEHHS.

3. CxuabHICTh 00 AHGY3iT KHCHIO.

4. HecTifikicTb 40 BANUBY YnbTpadioneToBoro BUNPOMiHIOBaHNA.

Lli npoGieMu BHPILIYIOTHCA HII9XOM CHCTEMHOTO HiAXO0AY LLOAO BHKO-
PHCTaHHA NOMIMEPHUX TPYD.

3aBAAKMA FHYYKOCTI Ta MpYKHOCTI NOAIMEpPIB THYYKOI TPynH, A0 HHX
MOXIIMBO 3aCTOCOBYBaTH METOAM (IPUXOBAHOrO MpoknaaauHs. CxoBaHi y
OyAiBeNbHUX KOHCTPYKUIAX TpyOonpoBoa 3aXWLICHI BiA MEXaHi4HHX noul-
KOMXeHb Ta Ail yabTpadioneToBOro BUNpoMiHIOBaHHA. TepmiuHe BHIOB-
KeHHA Bi0yBacThes 3a paxyHoOK camokomneHcauil, na [T-noaiduux komnen-
cartopax, Ha KOMMeEHcauiiiHux Mydrax abo 3a paxyHOK po3TallyBaHHs TpyO B
3aXHCHUX KaHanax. 3axuct BiA nudy3ii KUCHIO (MUTAHHA CTOCYETLCS CUCTEM
OnajieHHs) BUPILLYETLCA JBOMA TEXHONOTIUHUMH criocobamu: 1) HaHeceHHH
MOBEPXHEBOI'O 1apy i3 NojiBiHiNanko/o abo aHanoriyHuX Marepianis, smm
3HIKYE ANGY3il0 KHCHIO 10 PEraMEHTOBAHOrO PiBHA — MeHie 1 M Ha M
3a 100y; 2) 3aCTOCYBaHHSA IPOMIXHOrO Luapy i3 anloOMinito, AKUA NOBHICTIO
3aXuUla€ TEMIOHOCI#H Bin audy3ii KHCHIO.
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Metosn 3'eiHaHHA TpyO MOXKHa 4iTKO pO3AiIMTH 3a kiacudikauieio
maTepiany, 3 AKOro BOHW BHTOTOBI€H{, TOOTO CHIBBIJIHOCHO 10 TPYIH kKOp-
CTKHMX UM PHYYKHX [1OMiMEPIB.

3’c¢aHaHHA TpYD 3 HKOPCTKMX MOJiMepiB XapakTepHO THUM, L0 (acoHHi
€/IeMEHTH BUKOHaHI 3 TOr0 X Matepiany, wo i Tpyba. BiiacHe 3’eaHaHHs BH-
KOHYETLCA Midk TPyOOIO Ta OAHIEID 3 YACTUH iTHHIY BiAMOBIJHOro Aiamer-
pa. Texnonoria 3’eAHaHHA Monsrac y noniandy3iiiHOMY CKAElOBaHHI JBOX
e/leMeHTIB, BHKOHAHUX i3 omHoro marepiany. ToOTo Marepian Ha Bianosin-
HUX MOBEPXHAX TPYOM (30BHilIHA) Ta QiTuHTY (BHYTpiluHA), HA MIHOUHY,
no3HaueHy yrnopom y QiTHHIY, NPUBOAMTRCA Y pijtkuil (po3pimkenuii) crait,
MiC/A 4OTr0 MOBEPXHi MEXaHIYHO 3iCTHKOBYIOThcs. MiXk pO3pi/KeHUMH MO-
BEPXHAMM Y CTaHi TICHOTO KOHTAKTY BiaOyBaeThea 3milyBaHHA (Audy3is) Ta
B3a€EMHa moniMepu3allii MakpoMONeKy/l matepiany 000X eleMeHTiB — Tpy-
o4 Tta Qitunry. [Ipn monepeyHOMY pO3TUHI Takoro 3’€AHaHHA MOXHA 10-
CRIAMTU OAHOPI/IHICTB, CYLINbLHICTD MaTepiany 0e3 4iTko BiToOGpaKeHOi CMY-
ru Binokpemsiens. CTaH po3pi[pkeHHA MaTepialy Ha MOBEPXHi 3’ €AHaHHA
JlocAraeTbea AN PisHUX MaTepiaiiB pisHUMH crrocobamu.

Jins moniBiHiAXNOpUAY iCHYIOTh CyMillli peHOBUH, fKi HOro po3uuHs-
10Th. Taki cyMillli HA3MBAIOTH KITEEM, ajie IIPoUIapKy Kielo y 3’€HaHi He 3a-
NUIIAETHCA, TAK K BiH, PO3YHHIOIOYN MaTepiall Ha TOBEPXHi, BUIAPOBYETHCA
11le IO TOTO, AK Marepian 3HOBY MoJliMepu3yeTbes. OCOOMUBOIO PHCOO CHCTEM
i3 noniBininxnopuay € e, WO X MOXHA 3i0paTh “Ha cyxy”, 6e3 ckieloBaHRs
Ta poOUTH YTOUHEHHA NiHilHMX po3mipiB AiNsHOK Tpy6onposoxis. Lie Mox-
JUBE 3aBAAKM TOMY, 110 30BHilUHIH AiameTp TpyOu MeHIUE BHYTPIilLIHEOrO
AiameTpa QiTHHry Ha Manmit fonyck. [Ipu pospimkeHni marepian 36inbuy-
€ThC B 00°€Mi Ta 3aMOBHIOE OMYCK, YILUJIbHIOUYHM HOro B MPoOLEC nosime-
pu3auii, axa BiabyBacrhea npoTaroM 5—I10 xpunnn. BunpoSysauus cucre-
MH THCKOM MOYKHA [IPOBOJUTH JIMLLE MICAs TPBOX-Y4OTHPBOX FOHH.

Cuctemu TpybonpoBoAiB i3 nOMinponiNeHy HEMOXJIHBO NONEpe/HBC
3ibpati, He BMKOHABIUM 3’€AHaHHA. 30BHilIHiii miameTp TpyOM 6inpiumii
BHYTPilIHBLOTO AjaMeTpa (ITHHIY, TOMY TpYOy He MOXKHA BBECTH B iTHHF ¥
XOJIOAHOMY CTaHi. BHacmiok LbOro MOHTaX CHCTEMHU BiAOyBacTbCA NOCTY-
MOBO — BiA OJHOro 3’€AHAaHHA A0 iHInoro. Po3pimkeHHs marepiany Biady-
BAETbCA 32 paxyHOK po3irpiBanHs. Po3irpiBanHa BUKOHYETLCS 3a JONOMOTOIO
Bi/INOBITHOTO HarpiBanbHOrO iHCTPYMEHTY — NasjibHHKA 3 MiHIMAIBHOIO
Temmnepatypoio noeepxHi 260 °C. Poboui 4acTMHH iHCTPYMEHTY BUKOHaH i3
QIIOMIHII0 Ta BKPUTI AHTHNPHrapHUM NOKPUTTAM. EneMeHTH cucremn 3
pO3irpiTHMH NOBEPXHAMH MEXaHIYHO 3iCTUKOBYIOTHCS, IPH LBOMY 3A/THUIOK
Mmartepiany BUTHCKYETHCA Ha 30BHIllIHIK kpaii dituwry. B npoueci takoro
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CTHUKYBaHHS BiI0YBACTbCA MEpeMilllyBaHHA PO3PIKEHUX Mac martepiary,
a 1IpOTAIOM 15-TH XBMJIMH —-- OCTATOYHA NOJIMEPH3aLis.

Ina 3’¢qHanHA TpyOONpoBOAiB i3 NONIBIHINXIOPUAY Ta HOMINPONiEHY
3 00J1aziHaHHAM Ta 3arMipHO-PeryioKY40i0 apMaTypoi0 BUKOPHCTOBYIOTb OA-
HakoBi Merodu Ta 3acobu. [To-nepiue, 1ie (PacOHHI eseMEHTH — MepexiaHuKH
Ha TpyOHi pi3L0W, pi3bdHa YacTHHA AKKWX BHKOHAHAa 3 Matepiany QiTuHrY abo
3 MeTally. 3a A0NOMOTO0 TaKHX ()iTHHIIB BUKOHYIOTH HEPO3’€MHI TA YMOBHO
po3’eMHi 3’eiHaHHA. [T0BHICTIO pO3’€MHI 3’€HAHHA BHKOHYIOTb iHIIMM TH-
noM ¢acoOHHUX eJIeMEeHTIB — TaK 3BaHMMHU “amepukaukamu™ (“‘amepu-
KaHKa"” — KOMIJIEKT i3 ABOX WITYLEPiB Ta HaKKIHOI raiiku). Onun uu obun-
Ba WITYUEPH MOXYTh OyTH 3podneni ado 3 matepiainy Tpydu (PVC ado PPR)
ZUIS CKIEIOBaHHSA 3 Helo, abo 3 MeTaily Ui 3°€HaHHg 3 apMaTypolo.

Tperiit TMn —— (naHLeBe 3’€IHAHHA — BUKOPUCTOBYETbCA 34€0iNblIOro
Ha BEMUKHX ZliaMeTpax TpyOonpoBoiB.

I'pyna rHydkux nosiMepiB Mae JiekiJibka TUNIB 3’€AHAHb, NMPOTE iX
MO)KHA BM3HAYUTH K MEXaHi4Hi 3aTUCHOrO Xapakrtepy. B ycix uumx THmax
3’€HaHb BUKOPUCTOBYIOTHLCS Taki (i3HUHiI BIACTUBOCTI MaTepiany, sk nomip-
HE CTIOB3aHHA Ta MpPYXKHICTb. [lepwuM THIOM HEOOXifiHO Ha3BaTWU LAHIOBI
3’€AHAHHS TOMY, WO LEH THI 3aCTOCOBYETLCA A0 BCiX FHYYKHX MOMIMEPHHX
Tpy6. Jlo 3’€AHaHHA BXOAATL — LITYIIEP, AKMHA Ma€e Ha MOBEPXHi nopedpeH-
HA; HaHroee abo po3pi3zHe Kinble; HaKHAHA raifka 3 OAHOCTOPOHHIM BHYT-
piHiM konycoM. Ha TpyOy nonepeiHh0o HakugaeTbcs raiika Tta KilbLe,
NOTiM IITYHEP BBOAHTHCA B TPyOy, @ HAKU/AHA raiika HaKpyuyeThCs Ha pi3b.
Sk Hacninok, KinblUe CTUCKYETLCA MiA Ai€I0 KOHYCa, AKMil MOCYBacThes pa-
30M i3 raikoio 3a BUTKamMM pi3bOn. CTUCKAIOUUCH, KiNblie 3MEHLIYE CBii
AdiameTp Ta 3aTMckae Tpyby Ha wTyuepi 3yCHIASM, CNPAMOBAHMM Ha MIO-
LIMHY TIOMEPEYHOTO PO3THHY. 3aB/IsKM BAACTUBOCTI MOMIPHOIO CMIOB3aHHS
Ta NpYXXHOCTI MaTepian TpyOu dikcyeThes Ha nopedperHomy mtyinepi. Lleii
THIT 3’ € AHAHHA Mac€ K po3’€MHi, Tak i YMOBHO po3’eMHi BUKOHaHHs. J{pyruii
THI 3’ €lHaHb — 3aTHCHUH Y NPOAOILHOMY (CTIIBOCHOBOMY) HaNpsAMKY, AKHii
CKJIAJla€ThCA JIMLIE 3 BOX €JIEeMEHTIB: WTyuepa Ta 3aTUCHOro Kiabus. Llei
TUI BiAPI3HAETBCA BiZl NONEPeIHBOTO TUM, 1O 3YCHIUIA, CIIPAMOBAHE B3OBXK
TpyOH Ha KiblE, HACYBAE HOTO Ha LITYLEP, NOIEPEaHBO BBEAEHHUH B TPYOY.
Takum 4MHOM MaTepiasl TpyOu 3aTUCKAETLCA MK KilbLUEM Ta WITYLEPOM,
dikcylounch Ha nopebpuHax. 3’¢aHanHs Hepo3'eMHi. Tperiii Tanm 3’en-
HaHb — CTUCHMI y monepeyHoMy HanpsMKy. Cknanaerhcs Takox i3 ABOX
eJeMeHTiB 3 LUTYLepa Ta rifib3u, W0 CTHCKaeThea. [lepen cTuckaHHAM BCi
eAEeMEHTH 3’€IHaHHA 3aiiMaloTh CBOI Micld — UTylep B TpyOi, riib3a Haj
wtyuepoM Ha Tpy6i. [Tpu BUKoHaHHI 3°€AHAHHA 3yCHINA CIIPAMOBYIOTLCS Ha
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riib3y y nmonepeyHoMy HampsMKy Ha JOCUTb BeJukiit niowwuni. Meranesa
rinb3a HempyXHa, BoHa (ikcye cTHCHEHE MOJNOXKEHHS, a Tpyda Mij rib3oio
o0iiimae nopebpenHuii wryuep. 3’ eaHaHHa Hepos eMHi. Yepes BnactuBe ma-
Tepiany TpyOu 30epexeHHs cTaHy HanpyKeHOCTi BCi MeXaHiuHi 3’€JHaHHA
MaloTh TaKuii TEpMiH excrnyarauii, skuii Mae Tpyb6a.

OkpeMo HeoOXiAHO 3rajiaTH MeTanolosiMepHi TpyOu Ta ix 3’eaHaHHs.
3’eHaHHA MarOTh Ti caMi THIM, WO i HaBefleHi BUILE. Asie OCKilbkK Tpyba
HeMpy>KHa 4epe3 IIPOLUAPOK ANOMiHiO, AKICTb 3’cHaHHA 3abe3neyyeTbes
Hacamriepe, TyMOBUMHU KiJIBLIAMH, L0 BXOAATH JI0 iX cKiany.

dacoHHi eneMeHTH JUIS BCiX TUMIB 3'€fHaHb JUIA BCiET IPyNn rHydykux
nonimMepiB BUKOHYIOTbCA 3 MeTany. ToMmy 3’enHaHHs 3 apMaTypoio Ta o6nai-
HaHHAM HE BUIJIMKAIOTh MHTaHb Yepe3 3acTocyBaHHA TPYOHOT pi3pbu. Oc-
TaHHIM 4acoM 3aCTOCOBYETbCA B AKOCTI MaTepiany (acoHHWUX eNleMeHTIB
noJjiMep — noxicynsoH, ae TpyOHi pizbOH 3 HHOTO He BHKOHYIOTHCA.

Jna nopiBHAHHA MiX cobolo MeTaneBHX Ta noniMepHUX TpyO B Tabm. 2
HaBelleHi TeXHiuHi mapaMeTpy, AKi rPYHTYIOTbCS Ha BULE3rafaHuX ¢izuu-
HMX BJIaCTUBOCTAX.

Tabauysa 2
Texuiuni napamerpu Tpy6
Maca Im| Teronpo- K(.),C(b i JNianazox .
Tun - niiiHoro | 50 M Tpy6H ; f Buy1pimma
; Youkr | simHicTs, or-] MaMETPIB .
Matepiany @=12")| Bum°K BUAOBXEH- |1pu dT=50 °C min  max [KOPCTKICTS, MM
Ha, MpM/M °K MM
craik 0,637 58 0,110 27,5 151 150 0,200
Midb 0,391 335 0,017 42,25 6 150 0,100
PVC-C 0,110 0,14 0,070 175 16 110 0,007
pp 0,102 0,24 0,180 450 164 40 0,007
PE(X) 0,100 0,43 0,200 500 121 110 0,005
Pex/Al/Pex| 0,130 0,45 0,025 62,5 14 75 0,005
PB 0,102 0,22 0,130 325 14 25 0,005

HaBeneni napamMeTpu CTOCYIOTBCS TUX BUIIB MOJIMEpiB, sKi MpUIATHi
[0 BUKOPHCTaHHA B CHMCTEMaX ONaieHHA AK HaHOGinbLl BUMOTNMBHMX OO 3a-
CTOCOBaHUX Marepianis.

OTmxe, BHKOPUCTAHHA TPaAMUiliHUX MaTepianiB OOMEXYETbCA BilKPH-
TUM MpOKJIAJaHHAM, HOTpebye Temnoizonauil Ta 3acTepeXkHHX 3aXOMiB A
36inblIeHHs TepMiHy ekcrutyaTauii. TpaanuiitHi MaTepianu MOXYTbh BUKOPH-
CTOBYBATUCh AK MaricTpalbHi Tpy6onpoBoaH i AK MiABOAKK AO MpHUNIALiB Ta
obnanHaHHA.
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[loao nosimepHux Tpy6, TO ICHYIOTH CYTTEBI po36isKHOCTI WOA0 chepH
X 3aCTOCYBAHHA | 30EPEKEHHA ONTUMANbHHX MOKA3HUKIB BUKOPHCTaHHS.

Tak, ans PVC-C (PVC), 3aBasku wHpokoMy nianaszoHy jiaMerpis, He
iCHye CyTTeBHX 0OMEKEHb Yepes Mepenyckuy 3AaTHICTh, Xida 1o B Mepexi
UEHTPANbHOIo TemionocrayatHs. [uraHHA TemMiepaTypHuX BUAOBXKEHL BH-
pillyeTbcs 3a paxyHOK N-MOAiOHUX Ta calbHUKOBHX KoMmeHcaTopis. Jlo
Tpy6 PVC-C MoxyThs 6yTH 3acTOCOBaHI ULIE BiAKPUTI METOAM HPOKIaaaH-
HA Yepe3 KOPCTKICTh Ta BUCOKE 3HauUeHHs Moayas FOHra, 3 o0nawTyBanusaM
PYXOMHX Ta HepyxoMuX omop. ITpn usOMy oHOHacHO HeoOXiaHO 3abesme-
YUTH 3aXMCT BiA Al ynbTpadiosietoBoro BunpomiHooBants. TemneparypHi
obmexenHs — Bia 0 °C po 95 °C npu tucky a0 0,6—1,0 Mlla B 3anexHocTi
Bifl Temnepatypu. HaifedexruBHiwe Bukopuctanns tpy6 i3 PVC-C (PVC) —
e MaricTpanbHi, NiJBanbHi, FOPHLIHI Ta CTOAKOBI PO3BOJAKH CHCTEM XOJNOI-
HOrO Ta rapA4oro BOAONOCTa4aHHs, TEILIO- Ta XOJIOAONOCTaUaHHS.

Jns noninponineny PP MakcumanbHuii liametp tpy0oipoBoaiB cuctem
onaneHHs obMexkeHHi, okpiM Lboro PP Mae Ginbiy ToBuny cTiftkn TpydH,
Hixx PVC-C npu ogHOMY 30BHILUHLOMY AiamMeTpi Ta cepil TpyOu (Mapku no
HOMiHaJIbLHOMY THCKY), TOOTO MeHwMii yMOBHuUIT npoxia. TemneparypHi Bu-
JOBXEHHsI KOMIEHCYIOTbCA M-Nn0Ai6HUMH Ta Q-NoAIOHUMH KOMMEeHcaTopa-
MU, MeHiui TeMnepaTypHi BUJOBXKEHHS MaiOThb Tpybu apmoBaHi nepgopu-
POBaHHOIO aNiOMiHi€BOIO GONBrot. 3acTOCOBYHOTLCH BijKPUTI METOAM Mpo-
KJIaZiaHHA 3 000B’A3K0BUM 00J1aLUTYBaHHAM PyXOMUX Td HEPYXOMHX OI10p Ta
3a0e3nedeHHAM 3aXHUCTY Bill BIUIMBY yNbTPagyioncTOBONO BHUIIPOMIHIOBAHHA.
Temneparypni obmexenns — sig 0 °C go 70 °C, upu tucky a0 0,6—1,0 Mlla
B 3a/I&)KHOCTI Bifl TeMIiepatypy. BukopucTanus npu 6inblumux TeMneparypax
3HAYHO CKOpOYYE TepPMiH eKCrulyatauii Takux Tpydouposoais. OnTuMalib-
HUM BUKOPHCTaHHAM Ju1s TpyO i3 PP € TpybonpoBoau XonoaHoro ta rapsuo-
ro BOAONOCTaYaHHA. 3aCTOCYBAHHA iX y HHU3bKOTEMIIEPATYPHUX CHCTEMAaX
onajaeHHs € HeeeKTHBHUM Yepes BENHKY MaTepialoeMHICTb.

Jns rpynu xopcTkux TpybonposoaiB HeeeKTUBHUM € iX BUKOPHCTaH-
HS B CXOBaHUX [IPOKIAJKAX, NO-Tiepliie, yepe3 HeoOXiAHICTL BEAUKOI TOBLLH-
HY i30onsuii Ana yTBOpeHHs 6ydepy komileHcalil BUAOBKEHb, H0-ApYTe, Ye-
pe3 Benukuil 30BHiLUHIA AiameTp iTHHTIB, 1O NOTpedye 3HAYHOI CTMOHHH
KaHaJliB a60 TOBIWHU HAMMBHOI MiAI0ry.

IMpu po3rnsaaaHHi rpynu FHYUKUX HOMIMEPHUX TPYO NoTpibHO BUAIANTH
3arajibHi TeXHi4Hi NOKA3HUKH, Ta BifIOKPEMUTH 1X 3aCTOCYBaHHs 3a THMOM
3’€AHaHb.

Jns rHyqKux TpyO onTUManbHUit AianasoH AiaMETPIB OXOMAKOE PO3MipH
Bia 12 1o 32 Mm. BukopucranHs Ginbmx AiaMeTpiB NpU3BOAUTL A0 BTPATH
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TpyOamMu rHY4KOCTi T2 (JaKTHYHO MPUPIBHIOE A0 KOPCTKUX | BapTiCTb 3HAY-
HUX MO Maci 3’¢/IHaHp 3 KOJLOPOBHX METATIB CTae 3Ha4YHO OiNbLiolo. 3a me-
pelyCKHOK 3AATHICTIO Taki AiaMeTpu TpyOONpoBOAIB BiANOBIAAIOTL MOTpeE-
6aM y Tenni Ta NHTHIA BOAI AK OKPeMUX IPUBATHHX Oy AHHKIB, TaK i BETHKUX
KBapTHp y OararonosepxoBux Oyauukax. ToMy rayudki TpyOH MatOTh 3HauHy
nepesary Mpu BUKOPHCTAHHI HA TakuX 00’€KTaX 3aBAAKH [PUXOBAHOMY MpPO-
knaganHio. KomneHcauis teMneparypHux BUAOBieEHb BinOyBaeTbcs 3a pa-
XYHOK CaMOpO3MillieHHs TpyO B 3aXMCHUX KaHaax, B AKHX BOHH NpoKnaja-
1oThea. Lli kananu Takox BHKOHYIOTH QyHKuUio Tennoizonsauii. Temmeparypa
TPaHCIOPTOBaHOI PiAUHU Moxke csarati 95 °C npu Tucky Ao 6—10 aT™ B 3a-
NIeKHOCTI BiJl TeMilepaTypu cepefoBHINA Ta cepii TpyOu (Mapku mo HOMi-
HallbHOMY THCKY). CTOCOBHO THMIB 3’€AHaHB CJTiA 3a3HAUMTH, L0 PO3’€MHi
Ta YMOBHO pO3’€MHi 3’€HaHHA NpHU3HAYeHi IS CTUKOBKM TpyO i3 TUMHU
eJleMeHTaMH CHCTEMH, IO NOTpebyioTh AEMOHTEKY Ta OOCNYrOBYBaHHS.
ToMmy ix He ciil NpoKnagaTH NPUXOBaHO B OyniBeNbHUX KOHCTPYKUiAX. Jns
NPHXOBAHOTO MPOKJIAJAHHA MPUCTOCOBaHI HEPO3’€MHI 3’€AHaHHS (TN ApY-
ruii Ta TpeTiif). OkpeMo HeoOXiAHO BiX3HAYMTH 3’€IHAHHA JUIA METAIONOi-
MepHUX TpyO, sKi MOXHA MpPOKAafaTH NPUXOBAHO MiJ LUTYKATypKOK B
i30J1ALLiT, B 3B’A3KY 3 THM LUO Y KOHCTPYKUIl 3’€IHyBaya BUKOPUCTaHi yMOBi
yLLi/IbHIOBA', AKi 3 YacoM MoTpeOyIOTh peBi3il Ta 3amMiHU. MokHa 3poOuTH
BUCHOBOK, [0 IHyuKi TpyOW Haibinbuie MPHCTOCOBaHI AN MPUXOBAHOIO
npokianaHHg B OyniBENbHHX KOHCTPYKUIAX Y MOKBAPTHPHUX CHCTEMAX Omna-
JleHHS$1, XOJIOIHOIO Ta raps4oro BOJONOCTa4aHHs, abo B pHBaTHUX OyUHKAX.

JetanbHO pO3MISHYBLINM ONTUMI3allil0 BUKOPUCTAHHS MONIMEPHHX TPYO,
MOKeMO 3POOHTH BMCHOBOK, IO OXHMM TUMOM TpY® BHKOHATH BCi iHCTa-
JAUIT BHYTPiLHI CHCTEMU iHCTANALLT HEMOXJITHBO. _

Tak, posranykeHy cUCTeMYy ONajleHHs, MOXHA BHUKOHATH OAHUM i3 TH-
1iB TpYO, ane npu ULOMY 000B’A3KOBO BUHMKHYTh NUTAHHS HIOA0 BUPIllICH-
HA MpoOJeMHHX BY3:1iB Y CHCTeMi. SIK MM Bie MEPEKOHANKCH, BOHU BIACcTHBI
BCIM THIMaM NOJiIMEPHUX TPYO y NEBHUX acneKTax.

Came B cucTeMax MnosiMepHuX TpyO, 3aBAAKH CHCTEMHOMY iHTerpy-
BaHHIO, MOXKHA BUKOPUCTATH HaHKpalli SKOCTI OKpEMHX BUAIB MosiMepiB i
TakMM YMHOM OINTUMi3yBaTH iX 3acTocyBaHHA. J[na mpuknany po3rasHemMo
CHCTeMY MONIMEPHUX TpyD, mpu3HaueHy AN OOMALITYBaHHA BHYTPIilIHIX
CHCTEM LIEHTPANBHOTO i Ni/VIOrOBOro ONANEHH, XOJNIOAHOFO Ta rapsAyuoro Bo-
nonoctayanis KAN-therm supo6Huursa dipmu KAN. Jlo ii ckaagy Bxo-
JATH TPH TUITH NONIMEPHUX TpyOonposoiiB — noniBiinxiopia PVC-C (PVC),
nonierunes LPE-MD DOWLEX 2344E, ta meTanononimepHa tpy6a
PEX/AI/PEX. Ix BUKOPHCTaHHS peKOMEHI0BaHO OOMEXXYBATH TaKUM YHHOM:
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e PVC-C (PVC) — mMaricTpanbHi, niiBajibHi, rOpHILHI PO3BOAKH Ta
CTOSIKM, BilKpHTE MpokJagaHHs TpyOoomnpoBoaiB i3 3acTOCyBaHHAM
KOMIIEHCAIIiTHHX MYT.

e LPE-MD — npuxoBaHi po3BOAKH MOKBAPTUPHHUX CUCTEM XOJOAHOIO
Ta rapayoro BOJIOTIOCTA4aHHSA, MIANOroBe ONaneHHs, Yy BHIAII
citkoBaHHoro ioaicTHicHy PEX-c cHcTeMH LEHTPalbHOIO ONAeHHsA
npd OpPOKNIAJAHHI MiJ NHMILTBaMH, BiA po3nogimoBaya abo y metni
(Tpy6u cxoBaHi B OyAiBENBHUX KOHCTPYKLISAX).

o PEX/AI/PEX — BifKpHTI MPOKNAAKM YciX BHAIB CHCTEM. TAKOX MiA
auIITBaMK abo NpUXOBaHi Bij po3noAiioBaya.

JInst rayukux 1py6, LPE (PEX-c) Ta PEX/AI/PEX, 1o cucremu 3aiy-
ueHi Bci TpU TUNY 3°€/IHAHHDb Yy pi3HiX BUkoHanHAX. Lle uanrosi 3’eananHs y
pisbbHoMy, O-piHI'OBOMY Ta KOHYCHOMY BHKOHAHHI, 3’ €IHAHHA 118 [iAKITO-
HeHHs 0 pafiaTOpHOi apMmatypH, 3’c¢aHanHa Ttuny VISTOL ans meraso-
noniMepHnX TpyO, KOHYCHe 3’€/[HAHHS i3 CYLINBHOIO MiNb30I0 Ta HAKUIHOIO
raitkoro, Ta 0OH/Ba THUMH 3aTUCHUX 3’€HAHDb AJI OJHOLIAPOBHX T4 METATO-
noniMepuux Tpyb. YV cucTemi Takox MpejacTaBiieHa BejlHKka KiJbKICTb (a-
COHHMX €JIEMEHTIB, L0 CMIPHUAIOTH LIBUJIKOMY Ta €CTETHYHOMY BHKOHAHHIO
MOHTaXy OnalioBaNbHUX Ta caHTexHiunux npunagis. Pipma KAN nae
10-piuny rapaurtiio Ha 6e3aBapiiiny pobory cuctem KAN-therm npu sot-
pUMaHHI YMOB MOHTaXY Ta eKCTUTyarallii.

Heobxigno BiazHauuty, 1o ¢ipya KAN He 3yHUHAETHCA HA AOCATHY-
TOMY, BOHa AuHaMmiuHo po3susacthes. Cucrema KAN-therm nocTifiHo po3-
IIUPIOETHCA Ta MOHOBIOETLCS, V KaTafor Mpoaykuii ¢gipMH woniBpoky BHO-
CATLCS HOBI eJIEMEHTH, SKi PO3LIHPIOIOTH MOXUIMBOCTI cHcTemu. Ha puiky
Vkpainu npoaykuito ¢ipmud KAN cynpoBo/pKyHOTh KOHCYIbTALIT fpaximﬂn
Ta HaBYaHHA CIEIiatiCTiB 3 MOHTAXy Ta MpoexTyBaHHA B cuctemi KAN-
therm.

Peanizyroun igeio cucteMHOro iHTerpyBanHs cBOei mpoaykuii, dipma
KAN 3anoBosbHAE Oyb-KUii IOMUT HAa CaHITAPHO-TEXHiTHE 003 HaHHA.
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YK 681.513:62-30 JI. W. JleBn, O-p mexu. nayx
JIyrancinii rocy 1apcTBEHHbINA
arpapHblii yiMBepeurer

MOAENUPOBAHUE MATUCTPATbHbIX CETEX
MEPAPXUYECKN OPTAHU3OBAHHbIX
MHXEHEPHbIX CETEBbIX CUCTEM

B pesyawTate aHanv3a CBOWCTB M OCOOEHHOCTEH CYLIECTBYIOLUHX W
NPOEKTHpPYEMbIX MarucTpanbHblX ceTel (MC), npoBeIeHHOro B COOTBETCT-
BuM c [1, 2], MOXKHC BbIACIUTL OCHOBHbIE YC/IOBUA W OTPAaHUUEHHS, CBOWCT-
BEHHEIE o6bekTaM Takoro knacca. Huke nepeuncneHbl Haudonee cyuiect-
BEHHbIE H3 HUX.

1. Kaxnas Beixognas Bepuinna x€ 'V, rpada G, MC Ny 01HOBpeMEHHO
ABNRETCA BXOJHOW BEPUINHON X€ V, rpada G; kakoii-nubo pacnpenenurespb-
Hoit cetn (PC) N,, iel, n Hukakux apyrux sepluuH rpad Gp He COAEPKHUT:
Uv/=v,.
iel

HaHHoe orpaHnyeHune BbipaxaeT B3anmocsasb mexay MC u PC B pe-
anbHbIX MHXeHepHbIX ceTteBbix cuctemax (MCC) [1, 2]. Ucxons u3 orpanu-
yenus 1 ans PC HukHero ypoBHs uepapxuu, copmynuposarHoro B [1, 2],
¥ JlaHHOTrO orpaHvyenus ains MC BepxHero ypoBHS MepapxHu, MOXHO 3a-
KJIIOYHTb, YTO COBOKYIHOCTb MHOXECTB MCXO/HbIX BepuiuH PC {V,-', iel)
ofpasyeT pa3bueHne Ha MHOXKECTBE BLIXOJHbIX BepuinH MC V) .

2. lyru rpada Gy MC N, He coaepkaT HacCHBHBIX diieMenToB (I13):

E'= @, rne E!' — muoxectso ayr rpapa Gy, MC N,, conepawux I13.
JT10 orpaHuueHHe Hanaraetcs B CWY creaylowux npuynd. MC B cuny
(YHKUHOHATBHBIX OCOOEHHOCTEH KOHCTPYKTHMBHO MpejacTaBnser coboi cerb
KpynHbiX TpyOONpPOBOAOB, KOTOpas NPONYCKAET MNOTOKH OTHOCHTENBHO
00NbIUOI BEHUYUHbI NPU OTHOCHTENLHO BbICOKMX Hanopax (noroku 60sb-
0¥ MOLLHOCTH) NO CPaBHEHUIO C COOTBETCTBYIOLNMH BenuyrHamu B PC.

[MosroMy B paccmatpuBaemoil MC ynpasnenue noTtokopacnpeeneHu-
€M ¢ roMoLLbio 13 NPpUBOAUT K CyileCTBEHHbIM JHEPreTHYECKUM AOTEPAM H
B CBA3M C ITHM ABAAETCA Helenecoodpa3HbIM.

BoifionHeHne 1aHHOrO YC/I0BMS COOTBETCTBYET peaiu3alMy MpUHUHNA
MHHUMM3ALUHMK PETYNHpyIolLnX Bo3aeHcTBuii B MC, KOTOpbIi paccMOTpeH B
{1,2].
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2. 'padp Gy MC N, a cnesposarensio u rpady Gy, He coaepxnT ayr, €o-
CAMHAIOWMX MeXAy coboii BXOAHLIE BEepLIMHBI MHOXecTBa V), paccMarph-
BacMoit MC.

[TycTb kakue-HHOYAb JIBE BXOAHbIE BEPLUIHHbI COEAWHEHBI AYTOMH, npesl-
cragigiollei Heperynupyembiii snement (HJ). B stom ciydae nocienoba-
TejibHas nepemMeHHas (110Tok) B 3TOH ayre onpejaensercs COOTHOWEHUEM

g; = 0 BCACJACTBUE paBEHCTBA HAMOPOB B pPaccMaTpHBaeMbIX BXO/IHbIX Bep-
umnax Orcloaa cneayer, 4TO COeAUHATL BXOAHbIC BepUINHbI TAKMMU Jyra-
MU HeuesecoodpasHo. JIpyruM BUIOM IyT, KOTOpbI€ B COOTBETCTBHH C OTpa-
HUYEHHEM 2, MOTYT UMETb MECTO, ABNAOTCH AYrH, COAEPMKALHE aKTHBHbIE
MemeHTbl (AD). TakuMH jayramu cOeAHHATb BXOAHble BepunHbl MC Ny
TAKXKe HeLenecoobpaszHo, NOCKONbKY (pakTHueckn AD ByaeT nepexauuBaTh
NOTOK W3 OHOTO BHELUHETO pe3epByapa B ApYToii.

W3 nposeaeHHOro ananMsa cnejyet clipaBeiIMBOCTh HANaraeMoro yc-
JIOBUSA B LIEJIOM.

4. Bece ayru rpada G, MC N, MHUN/GHTHbie BXOHBLIM BepLIMHAM
X€ V,, cogepxar AD, npuueM Hukakux Apyrux A3 MC N, He coepKHT:
I E E,‘,' ={xu, Vxe VU', ue V,,* \VO'}; riae VO'M V{f— MHOXECTBO BXOJ-
HLIX BEPUIMH M MHOXECTBO BeeX Bepiunt rpada Gy MC N, cOOTBETCTBEIHO.

Takoe pacnonoxenne A3 umeet Mecto B peansHbiX MC U obycnosneHo
CACAYIOUMMU NPUYMHAMH. [ HAIOPOB BO BXOAHBLIX BEPIIMHAX XE Vi) H B
BEPLUMHAX UE Vo' \Vy, He ABASIOWMXCH BXOAHBIMH, rpacga Gy'. uMeeT MecTo
cooTHOLeHNe: Vxe V), Vue Vo\ Vg, 2, < 2.

Hanpasnexne noTokos g; B Ayrax j = xi, HHUHAEHTHBIX BXOAHbIM BEp-
LIMHAM, COBMNA/AIOT ¢ HamMpaBJieHUEM COOTBETCTBYIOIMX AYyT. Jns peanusa-
UHH YCJIOBHS, KOI'Zla MOTOKHM HaMpasjieHbl OT BEPLIHH C MEIbUIMMH K Bep-
1wKuHaM ¢ GONbWNUMHU HanopamMu, HeoOX0AUMO B COOTBETCTBYIOUIME JAYIH VC-
TaHOBUTb AD. DTUM 1 00ycnoBneHa HeoOX0ANMOCTb YCTaloOBKH AD BO BCeX

[ ]

ayrax rpada G, MC N, HHUMICHTHBIX BXOAHBIM BEPUIMHAM.

[TpoBejieHHbI Ha ocHOBaHWUW [l, 2} aHann3 peajibHbIX KOHCTPYKLHMH
MC noka3sbiBaeT, 4To AD paclosiaraloTcs TONbKO B AYraxX, WHUMIAECHTHbIX
BXOJHbIM BepiuvHam. Pacnonoxkenue AD B apyrux ayrax MC N, co3paer
HEPABHOMCPHOCTb pacrpe/ieieHdsl HaNnopoB B BEpIIMHaX paccMaTpHBaEMOii
MC, 4ro yxyawaer ycnosus $yHkunonvpoBanHus PC, a Takxke yMmeHbilaet
HagexHocTs MC N, )

5. Bo mHoxecTso ayr E‘,', seastouuxcs HD, Bxoasat Bce ayru rpada
Go , He copepkaiiie A9, a Takke BCE rbummnue JIYTH lpdcbd GoMCN,—
BCE MCTOYHMKM U Bee cToku: E,) = E, U(E,S\E" YU E, = ENES
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Bce ayru MHOKECTBa E,\E/, anasch yuacTkamu MC N, B KOTOpPbIX B
cuny orpanuueniii 1 u 2 oTcyTcTRYIOT I\al\ AD, Tak u I13, npencraBasoT
peanbhbie HD u BOliAyT BO MHOKCCTBO E, . llockonbky B NeHCTBUTENbHO-
c1Ti notpedaenue noroka MC N, u3 sHelllHEH cpeiibl TPOUCXOANT MHOXKECT-
BOM BXOAHBIX BEPLIMH V,,, CONPOTHRAGHHE YT — HCTOYHMKOB MHOXKECTBA
E, ABASIOTCA NOCTOSHHBIMM BETHYHHAMH.

CnepoBaTesibHO, MHOXeCTRO E, 1iesecoabpa3Ho BKJIOYHTL BO MHOXe-
ctBo E,". TTockosbKy B BBIXOAHBIX Bepiumnax x€ V, MC Ny nipoucxoauT ne-
penaua notoka B PC N, ie I, kotopeie He conep;xar AD, TO MOXHO CHUTATD,
yTo Kaxabiii cTok MC Ny U3 MHOKECTBa E,! smnsercs HD. O1o o3uauaer,
uto npu pacemorpenn MC Ny Bce PC N;, i€ ], MOXHO 3aMEHHTbL CTOKaMu
jeE, , 00nanatolitM1 TakuMi CONPOTHBAEHHAMH, YTO YCTAHOBHMBILIEECA NO-
Tokopacupeaenesye B MC Ny 0c1*a0Tcu neusmenHuIM. [Tpu 3TOM MHOKECTBO
E, BKIHOYNM BO MHO)KCCTBO E,}. Kpome MEPEUUCIEHHBIX, HHKAKHX APYTHX
Ay MHOKeECTBO E,| He COAepiuT.

Mpumep monenupyioiiero rpada Tonosornueckoit crpykrypel MC,
YAOBACTBOPAIOLLETO MEpeUHCIeHHbIM Bbillie QrpaHnyenusm 1—5, npuseseH
B|l,2].

6. ITpu Bcex BOBMOMKHbBIX YCTAHOBURIINXCS TIOTOKOpACTIpE/ENCHUAX B
MC He cyulecTsyeT ABYX BEpIUHH X, U € Vy', ana KOTOPLIX OJHOBpEMEHHO
6wm 6bl CNPABEIUBBI CHEAYIONINE COOTHOWIEHHUS: 2, < Z, » 24 > Zo ; TAE Zo
M 7, — COOTBETCTBEHHO HHXHAA W BEPXHSS rpaHULbl 00MACTH 3HAYECHHH
HaNOPOB B MPOMEXYTOUHBIX Bepuniax MC N,

PaccMmaTpuBaeMoe orpanudcHue HEOBXOAUMO A CO31aHUs OOMyCTH-
MbIX PEKHMOB GyHKUMORKpOBaiis PC, NOAKAOUEHHbIX K AaHHoit MC.

Wcnonw3ys nepeuucienibie B AaHHOH pabore orpaHuyeHus, Hanarae-
Mble Ha MC Ny, opmanizyeM B3aUMOCBA3L MEXAY HamopaMH Z, B BEpLUU-
nax xe V, \ V. un KOOpAMHATAMH ) Bektopa coctosHus AD U,'e (U,'} B
paccmartpuBaemoii MC N

IMycts B MC HMeeT MecTo yCTaHOBHMBLUEECH [OTOKOpAcmpeneseHHe.
Toraza npu (PHKCHPOBAHHOM 3HAYCHHH BEKTOpa cocTOAHuA HI I', nanop z, B
ntoGoii Bepuiie xe Vi, \V, sensetca (ynkumeii koopauuar o, je E,, Bek-
Topa coctosanus AD U, MC Ny z, = z,(U,”") = z.(w;, je E,).

O6nacTblo onpejieieHus KaxAoi Takoll GyHKINHK Z,, XE Vo' \ V,, ans-
eTca 06/1acTh BO3MOXHBIX 3HaueHuii sektopa U, —— KOHEUHOE MHOKECTBO
{U,“}. [pu 3TOM HMEET MECTO ClleayioLLee YTBEPKIEHHE.

103



Mpu dgukcnpoBantonm 3navernn sekropa I, Bee z,, xe v,.,"\ Vr.; ABIAIOT-
CA OrpaHHYE€HHbIMH 1 BO3pACTAIOLLHMH (l)_\,"IIKuHﬂ.\‘IH no :IK)GOM)—' flapameTpy
®;, TPUHUMAIOLIEMY 3HAYCHHS HA BIIOJIHC YTOPAAOUEHHOM KOHCHHOM MHO-
*ecTBe L2; NPU YCI0BHH, UTO BCE OCTanbilbie napameTphl 3akpennenbl. Jloka-
3aTeNLCTBO CNpaBe;IMBOCTH AaHHOI'O YTRepxkaeHnsa coaepkutes B {1, 2].

Jng peanu3zauuu npouecca oitepatuBHoro ynpasiienus MC N, onpene-
UM CTeneHb BNUAHMUA Bcex AT paccmarpuBaemoit MC Ha Hanope! g, Ans
Vxe V,,m.

C 1ot uensio wis VYxe V, ynopaiounM MHokectso E,* clieayionmm
obpa3zom.

1. O603HaYUM KpaTuaiflumii NyTs U3 BEPLIHHbI (E V, B BepLIHHY XE V,
kak P(u, x). Torna ans Bepiunbl xe V, nonaraem j < k, ecan P(u'”, x) <
< Pu®, x), raej. ke ES u”, u®eV,; je P, x); ke P, x).

2. Ecau ang pasnuunbix j, ke E,’, BXoaswuX B COCTaB KpaTyaiLIMX my-
Teii cootserctaento P(u'”, x) u P, x), Bbinosuserca pasenctso P(u'",
x)=P(u(2’, X), To monaraem j < k, koraa || < [€2].

3. B cayyae paseHcTBa P, x)=P(u(2), x) n Q) = Q4 ans j, ke E,°
ynopsaaoueHue j < & MpOU3BOANTCS MO KOHCTPYKTHBHBIM mapameTpam AD,
HaxoasLUXcs B iyrax j u k.

[TpeanonoxuM, uto Bce AD MC N, 3aHyMepoBaHbl HOCJIE10BATENbHbI-
MH HaTypaibHbIMH uyuciamu. B TakoM ciyyae kaxaoif 0poOMeXyTOUHOM
BEpILUHE X€E v, rpada G, MC N, cooTBeTcTBYeT BeKTOp, 0003Ha4aemblii D,
KOMIIOHEHTAMM KOTOPOro SBJAAIOTCA HOMepa AD, pacnojioKeHHbIe B [10paa-
K€, COOTBETCTBYIOILIEM pacCMaTpHBaeMOii MPOMEKYTOYHON BEpPLUHHE X€E v,
MCN,. '

IMocTpoennas B HacTosllel padoTe MoAesb ONEPATHBHO YIIpaBnseMoii
MC MoxeTt ObiTb MCTIONb30BAHA 1IPH CHHTE3E rNOOANLHON CUCTEMbI Oflepa-
THBHOTO yNpaBfieHus nepapxuyecku opranuzoatoi MCC.

BriBoabl

Ha ocHoBaHHH Bbif€NEHHA CYLIECTBEHHLIX CBOACTB M XapaKTEPHbIX
ocobenHocTeit pyHkunonnposauus opmanuszosansl MC, apnsiowmecs no-
KaJIbHbIMM CETAMH BbICILIETO YPOBHA HEPAPXUH B COCTABE UEPAPXMHECKHU Op-
ranu3oBanubix UCC. CopmynnupoBaHo yTBepikjileHHE, yCTaHaBluBaioLlee
B3aHMOCBSI3H MeXAYy YNpaBAfIOIMMH napamMeTpaMy W napameTpamH ycra-
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HOBMBLLKXCA TIOTOKOpacnpeenetnii B paccmarpibaembix MC. Tlonyuenusie
3aBUCUMOCTH MOTYT ObITb HCHIOJIB30BANBI 1A ANIOPUTMH3AUNH TOKAIbHbIX
npoueccos onepariHBHoro ynpasnenus MC B uepapxuyeckn opraHH30BaH-
ubix UCC.
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A. C. Canos, oupexmop
JUTTepu Yrpanna™

YBEIITUMEHUE 3P PEKTUBHOCTU
TENNOOBECNEYEHUA HA MPUMEPE TEXHONOI A
®UPMbI “rePYy”

Komnanus “'epu-Apmarypen” ocHoBaHa Gonee 100 net ToMy Hasan B
Bene. Jlo 1986 rona oHa npou3Boauia CAaHTEXHUUYECKYIO apMaTypy pa3iny-
HOro Hanparnexus, a ¢ 1986 roga Hauana cneunanu3MpoBaTbCs Ha NPOU3-
BOACTBE TCPMOPEryaupYIOILEH apMaTypbl BbICOKOTO Kilacca. B Hactosuiee
BpeMsi KOMMNalua ABNAETCA €AHHCTBEHHBIM MPOU3BOAUTENCM TEPMOpPEryJIH-
pytowel apMatypbl B ABCTPHH, U OAHUM W3 KPYIHEWLIHX MPOU3BOAUTENEH
TEpMOCTATHYECKUX KnanaHoB u TpybonpoBoaHoii apmaTtypsl B EBpone. 70%
BCEW MpOoAYKUMH MAET Ha IkcnopT. Ha ceroaHsAHUI JeHb KOMIIaHHs UMeeT
TOprosule npeacTaBuTenbCTBa B 50 cTpaHax EBponbl, A3uu, W Ha AmepukaH-
CKOM KOHTHHEHTE. 4 roja Ha3all B YkpanHe Toxe Obl1o CO3iaHO TOproBoe
npeacrasurenbetBo. C 1999 roga cyulecTByeT 2 TOProBbIX MpeACTABHTEb-
CTBa: OIHO M3 HUX pacnosoxkeHo Bo JIBoge.

Komnanus “Tepu” necatku ner crieunanusupyercs B 061acTi 3Hepro-
cOeperalolMX TeXHomorui, nostomy usgenus “T'epl” NOCTOAHHQ KOHTpO-
nupytotcs MexayHapoaubiMd M otevectBeHHbiMH HUH. Tepmoctatuue-
ckue knananbl “I'epl” cooTBeTcTBYIOT eBponehckoii Hopme EH 215, a cuc-
TEMa MEHEKMeHTa cepTuduUMpoBaHa B coorseTcTsu ¢ ISO 9001, Kpome
Toro, apmatypa “l'epu” mnpusHaHa YKpauHCKHMH CEPTHPUKALHOHHBLIMH
UeHTpaMK W Ha Bce obopynoBanue “Tepu”™ UMerOTCS rUrHeHHYecKue, sHep-
rocbeperatoiune 1 ceprudukatsl cooTBeTCTBUA. B 00aBieHUe K Bhiecka-
3aHHOMY, Komnanug “I'epu” APEAOCTABASET 5 NET rapaHTHH Ha CBOIO [Ipo-
AYKUMIO.

B Hactosuee Bpems 3HeprocOepekenne ABNKETCH OAHUM U3 OCHOBHbIX
Gbakropos pa3BuTHs YKpauHCKOH 3KOHOMUKH. [lpaBunbHoe M KOppekTHOC
npUMeHeHHe IHEpProcOeperalouX TEXHOJNOIHi N03BOJIAET HanpaBlaThL ¢u-
HAHCOBbLIC MMOTOKH HA PA3BUTHE BBICOKMX TEXHOIOIWii, BMECTO 3aTpar Ha
npuodpeTeHHe AOPOTOCTOALLUMX TEIJIOHOCUTENEH: TaKHX Kak ra3s, AM3esibHOE
Tonaueo, yrosb. Komnanus “I'epu” noHumaer, HacKONbKO BaxkHOi ansa Y-
PaHHBI B HAcTOsLLEEe BpeMs ABAACTCA BHEApeHHe dHeprocOeperaoimux tex-
HOJIOTUI W YUHTLIBas 3TO, IPOH3BOJMT U3AENUS AAANTUPOBAHHBIE K CYILECT-
BYIOLLMM CHCTEMaM TEIUIOCHAOKEHUS U OTBCYAIOLMM TpeboBaHMAM K 3a-
npocaM yKpauHCKOro notpeburens.
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Komnanus “Tepu’™ npeanaracT U BHeAPAET HA YKPAHHCKOM PBIHKE Mpo-
AYKUHIO 110 4 OCHOBHbBIM HarpaB/1€HHUAM:

1. TepmocTaTHYECKAR apMaTYpa

OCHOBHRIM B DTOM HanpaBneHHy ABMACTCS TPOU3IBOACTBO TEPMOCTATH-
YECKHWX TOJIOBOK, TEPMOCTaTHYECKHX KIANAHOB, apMaTypbl AnA 0OpaTHBIX
MOJABOMOK, PY4HbIX PaAHATOPHbIX BEHTHIICH, Pa3NHYHLIX Y310B MOAKIOUE-
HuA, 3-H 4-X0/10BblE KNaNaHbI.

Bmopubiy nojipasnenom 3toro nMpov3BOACTBA ABNSETCA BbiNyck Ganau-
COBLIX BEHTHIIEH, a TaK Ke pacnpeaenuTeneil Aas HaroNbLHOrG OTONAEHNS.

Tpemum noOApa3Aenom ABNAETCA NPOU3BOACTBO 1A 3aKa3uMKa apMmary-
pbl € BLICOKMMH IPrOHOMWUYECKHMH TPeOOBAaHMAMH W TIOITOMY KOMIMAHHA
“T'epu™ BbinyckaeT TepMOCTaTHHECKUE FOJIOBKH H KnanaHbl knacca “JItokce”,
KOTOPbIM IPAKTHUYECKH HET AHANOIOB Y APYTHX €BPONEHCKUX MPOU3BOIH-
Teneii.

Bes repmocratHyeckas apMarypa paccudTaHa Ha MakcuManbHoe pabo-
Yee AaBiicHHe TeroHocuTens 10 6ap v MakcHManbLHYIO TeMnepaTypy Tel-
noHocuTens 90 rpagycoB, NPH TOM Ka4ecTBO BOAbl AO/KHO COOTBETCTBO-
BaTh TpeDOBAHHAM YKpaUHCKMX crTanaaproB. Takum obpazom, ecnu B npo-
uecce akcnayaTauun OyayT cobaioaaThCs TEXHUUECKHE YCIOBUS dKCIyaTa-
uuu v CHullel, To apmatypa “I'epil” Oyner paborath decnepeboiiHo Ha npo-
TAXKEHWW MHOTUX NeT.

KoppekTHoe npumenenne 3anopHoil W perynupyrouieil apmartypel
“Tepu™ naeT BO3MOXHOCTE IKOHOMMTH Temnomylo »xepruio ao 20%. Ha-
cTofuas uudpa NOATBEPKAEHA HE TOJILKO TEOPETUYECKH, 2 1 NPOBEAEHHBIM
npaktHyeckum askcnepumentom B Komapuo (Cnosakus). Mmerotes caepe-
HUA, YTO XHAMLWIHOE CTPOUTENLCTBO B CroBakuu B wadane 90-x roaos se-
NI0Ch TAKUMHK ke MeToAaMU, Kak 1 B cTpanax CHI', cooTBeTcTBEHIO U Kalle-
CTBO CTPOHTEILCTBA MpakTHuecku aHanoruyHoe. [oatomy pesynbratst rpo-
ekra B KomapHo MOXHO ¢ HeDOJIbLIOH KOPPEKTHPOBKOM, NPUMEHHTL W Ans
YKPaUHCKOH ACiCTBUTE/ILHOCTH. 3a leHbrM KBapTHpocbemiukoB 832 kpap-
THPEI Db NepeocHatienbl TepMocTaTiyeckumu knanaHamd Cepu-TC90, a
TAK)KE TEPMOCTATHYECKUMHU ronoBkamMu [epu-cTanaapr ¢ ontuMusauueii u
pacnpenenenveM 10TOKOB 6anaHCHPOBOYHLIMM KianaHaMu wmiTpemarc-M.
IMpn 3ToM HarpesatenbHbie Npubopbl B MOMEUIEHHAX He MeHsIHCh. Kpome
TOro, ObLIM YCTAHOBNIEHbI TEMNOBblE CUETHYUKH Ha BBOAE 3maHua. [locne
NPOBEACHHA CaHAUWM CHCTEM OTOMUICHHS W THAPABINYECKOTO BbIpaBHUBA-
HUSA, DKOHOMUA TETUIA COCTAaBMIA B pa3HbIX 34aHUAX (B 3aBUCHMOCTH OT HX
yrenneuns) ot 5% 10 30%. KanutanosnokeHns KRapTHPOChEMILIMKOB GbiiN
BO3BpalileHbl, TOCPEACTBOM 3KOHOMUH TEILIOBOI 3HEPrUK B TeueHHe 2 fer.
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[Mpumenenne apmatypsl “I'epu”™ >(Q¢exTnBHO Kak Ang 0AHOTPYOHBIX,
TaK n 10 AByxTpyoHsix cuerem. Obopynosanue “Fepul” 1103BOASET NPOH3-
BOAMTb MPOYUCTKY KJIAUAHOB M PEMOHT CHCTEM OTOMieHHs fpu padorato-
e cucteMe M 10/ JaBAEHUEM, T. €. HET HEOOX0AHMOCTH C.IMBATh BOAY M3
CHUCTEMbI OTOTIEHHS I TOTO, YTOOLI MPOM3BECTH 3aMEHY paauaTopoB HIH
PEMOHT KpaH-0yKc TEpMOCTaTHYECKOro KilanaHa, YTo NoBbiluaeT 3¢dexTHs-
HOCTb JHeprocOepexeHHs H kKoM(opTabebLHOCTh KHIHH.

Komnanua “T'epu” npou3BOAUT LIMPOKMIA CNEKTP TEPMOCTATHUECKHX
rOJIOBOK, KOTOPbIE MOXHO MPUMEHATh KaK A8 KHAULULHONO CTPONTENIbCTBA,
TaK U ANf KPYNHBLIX OOLECTBEHHBIX 3aHuil € 60IbIIMMY MOACKUMH NOTO-
KaMH.

TepmoctaTHueckue ronosku “I'epu” UMEKOT CKPLITYIO MpeABapuTeb-
HYIO HacTpoWKy, HajlMuue KOTOpOil He NOMyCKaeT HeCaHKUMOHWPOBAHHOIO
BMelIaTeNLcTBA NOTpeOuTeNneit B ruapaBiavKy cucTembl. Takxke umeroTcs
creLMabHble TOJ0BKH C 3aMTOH OT BaHAAIM3MA U XUILEHHA. DTH FOJI0BKH
BLIMOJTHEHbI U3 CMELMaNbHOM yAApoNpoYHOi nmacTMacchl U cHabxkeHsl pe-
TyNMpOBOYHBIMH KIIHOYaMH, KOTOPLIE HAXOAATCA Y OpraHM3auuii, ocyllecTs-
JIAIOLUIHX TEKYIHH PeMOHT M HacTpoiiky cuctem otoruieHus. Takum obpa-
30M, NpAMOil MoTpeGHTENbL HE MMEET BO3MOXHOCTH BHECTH M3MEHEHHS B
THUAPaBAMKY CHCTEMBI.

Panuarophbie Tepmoperynstopsl “I'epu’” wHpoko NpUMEHAIOTCA BEAY-
LLMMH CTPOUTENBHEIMH KOMNaHMAMH Ykpaunbl: “Kuesropcrpoii”, “XKuro-
uHBect”, “TMM?”, “Co3uparens”.

Banancogsle éenmuau naloT BO3MOXHOCTb PABHOMEPHO pacrpefieaTh
rHApaBiIMYECKUE NOTOKH B CHUCTEME OTOMAEHHUSA, TEM CaMbIM AOCTUraercs
KOppekTHas padoTa rUAPaBiMKM CHCTEMbI, U 3KOHOMHS TEMIOHOCUTEA.
Cucrema gomkHa 6biTh OTperynupoBaHa OajaHCHPOBOUHBIMH BEHTHUNAMH,
TaK Kak He OTPEryJMpPOBaHHas CHCTEMA OTOMIEHHWA MOXKET NMPHBECTH K Npo-
6aemaM, KOTOpbie CBA3aHbI C MOCTOAHHLIM U3IMEHeHHeM obbeMa noToka, no-
CPEACTBOM OTKpPbIBaHHS M 3aKpbiBaHUA TEPMOCTATHHECKOrO KianaHa, B 0CO-
6enHocTd B GonbllMX W pa3BeTBICHHBIX cucTeMax otonneHus. [lostomy
komnaHus “I'epu” cTporo peKOMEHIAYET NpH TIpHMEHEHHW TepMocTaruye-
CKHX KJIaNaHOB BO MHOIO3TaXXHOM CTPOMTENIbCTBE YCTaHABAMBATbL GanaHcH-
POBOYHBIE BEHTUJIH HA KKAOM CTOSKE.

2. IloTpe6aenne 3Heprud B MHpe HEYK/IOHHO Bo3pacTaeT. Bo Bcem
MMpe YBEIHYHBAETCA NOHUMaHHE POH BO30OHOBIAEMBIX HCTOUHUKOB JHEP-
rMH, Kak JKOJOrHYECKO# aNbTepHATHBLI rOPIOYMM HMCKOMAEMbIM, KOTOpbIE
3arpA3HAIOT OKPY>KalOUlyi0 CpeAy, H 3anachi KOTOPbIX WUCYEPIbIBAIOTCH.
IMpoaykThl cropaHus, KpoMe Bpeda Juif OKpykawowieil cpeabl, HeCyT 60/b-
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woil ypoH JANs 3KOHOMHKH BCEX CTPaH, YTO CBA3aHO C 3aKyNKaMH eLle
OonbLIEro KONHYECTBA [JOPOTOCTOAMK NONE3HBIX UCKOMaeMbiX. OAHUM W3
METOA0B YMEHbLUEHHS TEMMNOB MCHONL30BAHHS NPUPOAHBIX 3aMacoB €CTh
BHEApEHHE MUCTBIX TEXHONOrWi mony4yeHHs 3HepruH, Hanpumep OHO3Hep-
FHY.

LlenecooOpa3HbiM SBAAETCSA CXKMraHHe APEBECHLIX OTXOJ0B AMis MOAY-
YeHHs TEnna, TaK Kak TEmJ0TBOPHAaA CNocoOHOCTH [pEeBECHHbLE PABHOLCHHA
TakoBoit y 6yporo yrns.

Jta 3ajava peitaercs komnavuei “'epu” BHeapenueM KONOrMYecKH
YUCTBIX H HafEXKHbLIX KOTNOB “PaepMaTHK”, TOTIIHBOM /IS KOTOPBIX CJIyXKat
JpeBecHble oTxoAbl. Komabl-ytunuzaropsl “I'epu”™ cHabxeHbl aBTOMaTHye-
CKMM POZKUIOM, 31EKTPOHHbIM YMNpaBleHHEM TNpouecca I'opeHHs, aBToMa-
THYECKO# nojavedl Heo6XxoAUMOro konuuecTsa Tominea. Crkuranue onuaokK
MPOUCXOAMT B KumsAweM cnoe. [Tpouecc cxxuraHus ApeBeCHbIX OTX0I0B Be-
nercs nipu temneparype 1200 rpaanycos. KIJl koTi0B-yTinNn3aTopos A0cTh-
raet 90%. KoTnbl MMEIOT BLICOKMI YpoBeHb HAIEKHOCTH, KOTOPbII obecne-
yuBaeTcs JBOIHON NpoTHBONOXApHOH 3alwuToi. OHH MOrYT yCTaHaB/H-
Batbcs B N1060i KOTENBHOI.

Komnauus “I'epu”™ mpou3BOAWT Tak ke U BOOFpeiiHble KOTNb, pabo-
TalolllMe HAa TPAAMLIMOHHBIX BWAAX TOMJIMBA: TAKMX KaK ras, yrojb, AW3elb-
Hoe ToMnIHBO, Topd.

INpon3soacTBo 3HeprocOeperatownx koo “I'epu” pacnonoxeno B
r. Cebepcaopd B 120 kM oT BeHbl. TUNOpSA COCTONT U3 KOTJIOB MOUIHOCTHLIO
ot 25 no 500 xkBT.

Bce koTibl cepTUhHULUMpOBaHbl B YKpaHHE W UMEIOT rapaHTHio 3 roaa.

3. Komnanna “I'epu” ocymecTBisieT TaKxe INPOM3IBOACTBO Tpex-
COMHBIX METAUIONIACTHKOBLIX TPYG, COCTOAWIMX W3 3 CNIOEB: MONHITILIEH,
ATIOMUHMEBDIH cn0l, nonuaTHNEH. TIpenMyLIECTBOM KOTOPbIX fepea CTalb-
HbIMH TpyOaMM sIBAAETCA: HU3Kas WWEPOXOBATOCTb NMOBEPXHOCTH, KOTOpast
YMEHbIIAET THAPABIH4YECKOEe CONPOTHBIEHHE; OTCYTCTBHE DIEKTPOXHUMHUE-
CKOI'0 BO3/CHCTBHA Ha PafHaTOPbl N KOTJbL UTO TIPOAIEBAET UX CPOKH IKC-
TMJyaTauuH; Q0JAroBEYHOCTL cCaMuUX TpYO — MHHHUMYM 50 neT; oTcyTCTBHE
HEOOXOANMOCTH NPOBEAEHUS CBApOUHbLIX PabOT NPH MOHTaXeE, COCAHHEHHE
TPY6 NpOMCXOAMT Kak Ha pe3s00BbIX, Tak M C NOMOLLbBIO (IPECcCOBaHHbIX (H-
THMHroB. MakcumanbHas pabouas Temneparypa 95 rpajycoB u AasieHue
10 Gap.

4. HoBoe nanpaBjieHHe B NPOH3IBOACTBEHHOI 1EATEABHOCTH KOM-
nanuu “Iepu” sBnsercs NPoN3BOACTBO ILIMHTYCHBIX Pa3BoAOK TPYOONpo-
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BOJI0B, KOTOPbIC 1103BOAAIOT OIITHMANBHO H B KOPOTKHE CPOKH NIPOU3BOAHTH
PCKOHCTPYKUHIO CHCTEM OTONICHIA H PCMOHT MOMCILEHHA.

Hawweii komnauueii cozaad ckiag npoaykuun 8 Knese, vro odecnetu-
BAaCT MAKCHMANbHO CKAThble CPOKH MOCTABKH APOAYKUHW no Ykpaune. On-
naTa NPOU3BOAUTCS B HAIMOHANLIOH BalOTE.

Komnanus “T'epu Ykpanua” nonumaer, uto BHejpeHue 3Heprocoepe-
ratoueli apMaTyphl, Kak BbICOKOTEXHONOTHYHOFO HIKEHEepHOro 000pyA0Ba-
HUA, HE MOXET MPOU3BOAHTBCH TOMLKO [1YTEM MPOCTHIX MPAMBIX MPOAAK.
Jns npoBeAcHHA B KM3HL KOHUENMUUH dHeprocGepexxenus koMnanns “Cepu
YKkpauHa” 1poBOAUT CiKeHEAENbHbIE CEMHHAPCKHE 3aHATHA C MHKEHEPHLIM
€OCTaBOM CTPOUTENbHO-MOHTAXKHBIX H 1IPOEKTHBIX OpraHu3auuii.

C uenbio MOAroTOBKH BbICOKOKBATH(PHIIMPOBAHHBIX UHXKEHEPHbIX Kai-
poB, koMnanueit “I'epit YkpanHa™ ykomniektoBatbl nadopatopHble ycTa-
HOBKH B KMEBCKOM HaUMOHANTLHOM YHHBEPCHTETE CTPOMTE/ILCTBA M apXu-
TEKTYPbI, CTeHbl B KHEBCKOM HHCTUTYTE JHepromeHemkmenta. B Hactos-
liee BpeMs BEAETCA KOMMNeKToBaHWe nadopaTopuii Ha OCHOBE 00OpyAOBa-
Hus “Tepu” B JlHenponeTpoOBCKOH HaUMOHANBHON aKafeMUH CTPOHTENLCTBA
v apXUTEKTYpbl U [T0ATaBCKOM TEXHMUECKOM YHHBEpCUTETE.

C centabpsa 2000 roga xomnauus “I'epu Ykpauna” ABasercs nosiHO-
npasHbiM uneHoM Ykpauntckoro Coiosa [Tpombiuinexnukos u Mpeanputu-
mateneil. CosmecTtHo ¢ YCIIIT Guin nipoBeseH MeXLyHApPOAHbIH ceMuHap
“D¢dexTHBHOE HCMONBL3OBaHHE 3HEprocOeperalowuX TEXHONOTHH M HC-
M0JIb30BaHHE HETPAAHIHOHNBIX BUAOB TOMUIMBA ANA MONY4YEHHA 3Hepruu’,
KOTOPbIH UMEJI IIUPOKHIT pe30HaHC.

Ha janHOM Jrane riasHbiM HarpaBneHHEM [IEPCNEKTHBHOMO pa3BHTHA
B YKpanHe Mbl BUAMM OTKPLITHE MPOW3BOACTBA KOTAOB H TEpMOpErysin-
pyroulei apmatypbl B YikpauHe Ha 0a3e 3KCNiepHMEHTanbHoTo 3aB0/la HHCTH-
TyTa amekrpocsapku um. E. O. aroHa.

bonee noapodHO o Hauleil NPOAYKUHH MOXKHO Y3HaTh HA HALUKX exeHe-
Ne/IbHBIX CEMHHApax, KOTopble npopoastcs no aapecy: Kuee, yi. H. Kyo-
pu, 5, mea. 269-02-54.



AHOTALIH

Huompoecku Eaxcy, jlenuwescxu Boiyex. MeToaMKa pacuera npoieccoB ecrecT-
BEHHOI0 BO31YX000MeHA B COBPEMENHBLIX XKH/IbIX 31aHHAX.

Y cTatTi npeacTaBieHa METOAHKA PO3PAXYHKY MPOLCCIB PHPOIAHOTO NOBITPOOOMI-
HY B CY4acHUX XUTI0BUX cHopyaax. CHopMyNbOBaHA MATCMATH'IIA MOE L PYXY MOBIT-
pA ¥ NpUMILCHH], BHACHIAOK AUHAMIUNOT T 30BHITHBOT TEMTICPATYPH NOBITPA Ta §Horo
WIBK,(KOCTI.

Hicapee B. €., Joscamox B. b. Hopmanizanisa Boiororo ctany nositps y cnopy-
aax B xosoanuit nepioa poxy.

Bu3naucHi 06CTaBHHY, 1O MOXKYTh CHPUUMHNTH JI0 BUILLTIHNA BONOTH 3 MOBITPA V'
npuMitentsix Ta OyaoBax y X0:10:HUE nepioa poky. Posrmuyto 3axoam s sanobi-
raHHA BHNALaHHA KOHICHCATY.

Ayroecoxui C. C., 3inun 1. J1, Yeproye O. B., Cenwuuenn 1. b, Bnans xowucr-
PYKuLii MicueBHX BilCMOKTYBAYiB Ha 30HY il BCMOKTYBA.TbHOTO NOTOKY.

B crarri nasejeHi pesyianbTaTH NPOBEACHUX ABTOPAMH AOCALAECHL BiTRHHX T2
HamiBOOMEKEHMX MICUEBUX BiICMOKTYBAWiB Pi3HOIO THILY. B TOMY 'IHC 3 BCTABKAMM )
BCMOKTYBAILHOMY OTROPI 32 {30TCPMitHMX YMOR.

Cmpoi A. @.. Iisux [ B. ®opmyBanHs J0KATLNOTO MIKPOKAIMATY B CBHHAP-
CbKHX NPHMIlIEHHAX.

Po3po6acna MaTeMaruuBa Mojeills (JOPMYBAINS NOKLILIOIO AIKPOKAIMATY b CBH-
HAPCHLKUX NIPUMILICHHAX 3 YPAXyBalHAM HCCTALLIOHAPHOCTI NPONECY TCILIO0OMINY MiK
THApUHOIO Ta Hijorolo. Havejteni PCKOMEHAALLT, AKi 1MOTL MOAKTIRICTL HOKPAIIHTH 1¢-
NACTEXHIYNi SKOCTI MI/OTH B CTalIKaX CBUHAPHUKIB.

Hhauxo I'. I'. Eveproexonomiuni cHeTemMit NOBITPAHOTO onaneHHs Oyripeas Ta
cnopya.

Hageacue reopetnune oOrpyHTYBaUNS PO3PAXYIKY HOBITPOBOLIB 3 311010 HCPiB-
HOMIpHiCTIO po3aayi HATPITOro NOBiTPs. OACPKAHO POIPAXYTIKORE PIBHAHHS YMOB PIBHO-
MiPHOIO PO3IIOAIAY TCHAOBOTO NOTOKY 110 I0BKHHI PIBHOMIpUO TIepdhopoBaimx 1108itpo-
BOAIB NOCTIHHOCO HEPEPI3Y i3 NOAIMEPUUX NIIBKOBHX MATCPILIB LIS YMOB HOBITPAIONG
00irpiBy Termilb.

Ayoenro A. A., Kupuwenxo M. A.. MeToaHKA Po3paxXyHKY eIeKTPHYHIX NOBIiTPO-
HarpiBayis eneKTpoKanopudepis 3 TeH.

B crarri naBeaeHi Texuiuni xapaktepuetukn U-noidnnx ra npsaoiiniiinux tpyo-
Harux enextponarpisayis. Jlana Meroidka 1a HCOOXIAHI daHi A po3paxyHky 0.0KIB
cierporanopudenin i HarPiBAHHY NORITPH
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lenenee O 1l Bunayentss HOpMATHBHOI TOBLWUHHH TenjoiloasiniiiHoro npo-
WAapKy 3JOBHIWHIX Oropomkent ATA OyaiBeab, AKi eKCMAYATYHTHLCA B KAPKOMY
Kaimari.

B cTaTTi Hasejteni QOpMYIM LIS BU3HAUCHHS MiHIMAABLHOT TOBHIMHM TENN0i30:9-
HIFHOTO MPOINAPKY B 30BHIINIX OTOPO;UKCHHAX OY1iBENb, AKi EKCIAYATYIOTBCA B JIITHIX
YMOBaX.

Cmpon /I A. Po3p’s130K MaTeMaTH4Ki MOAe.li APOMEHEBOTo ONATeHN A, KO CTBO-
pro€ KomdopTHHiT TeNN0BHIE pexxuM B npoueci poirpisy 6yaisni.

HaBcaeHO po3s’#30K MaTeMaTHHHOT MOJICTI 3a0€3MEYEHHS TEMIOBOro KOMGOPTY B
pexuMi nporpisy OyAHHKY. 33 JOTNOMOI'OK) [IPOMEHEBOIO ONACHIIA NPU 3MiHHIN TeMne-
patypi BHYTPillIHLOrO NOBITPA. OTPHMaHO 321€XKHICTH TEMNEPATYPH HA TOBEPXHi BU-
NPOMiHIOBAYA BiA Yacy, ska 3abe3neyuyc Takuii peKHM.

Kpusenxo O. B. MonenioBanHs cBiT10BUX BEKTOPIB NPH 0CBITAEHHI Po3CinHUM
cBiT10M HeGocxuay.

Y cTaTTi PO3risIacTbCAd MOMKAMBICTL OTPUMAHHA CBITJIOTIHBOBHX XapaKTCPHCTHK
IOBEPXOHbL B YMOBAX OCBIT/JCHHA iX PO3CIAHMM CBiT/IOM He6OCXMNY 32 JONOMOroIO reo-
METPHYHOTO MOIENIOBAHHA BilMOBIANOrO CBiTJIOBOIO NOJS Ta CBITIOBUX BEKTOPIB B 3a-
NaHNX TOUKAX HOBEPXHI.

Hoawnceruit A. A., fpacanoe b. X., Amepxanos P. O. OnTumizauis cuerem renso-
xosi0n03a6e3nedeH s, 10 BHKOPUCTOBYIOTH NOHOBJIOBARI A%Kepena eHeprii.

llpuBe iena METOAMKA ONTUMIZALIT reoTepMaILHOT CHCTEMH TENNOX0:10/103a0e31e-
YcHNA, 3ac1ioBaHa Ha Teopil rpadis. [Nokasavo, w10 ONTHMI3ALIA TORONOTIT cucTeMu Da-
3Y€ThCA HA CTPYKTYPHOMY aHaNi3l [TApaMETPHYHOTO TIOTOKOBOTO rpadha.

Fopoxcankun C. A. Bausnne kuHeMATHKH MEXAHHIMA TERJOBLIX HACOCOB
CTHpanHra Ha NAPAMETPLE HX UHKAA.

B crarti po3rasnyTi pisni Mojteai TeizioBux HacociB CTipiinra ta okpemi aktoph.
AKi BIUIHBAIOTH HA CYCKTHBHICTL iX podory. [lokazaHa poak MEXanisMmy npusoily B BH-
3HaycHHi KK]1 unkay TenaoBoro Cripaiura.

Kyno I'. B, Anmonenxo A. M. Tlpo 3actocyBanHf NoJdiMEpHHX MaTepianis y Gy-
aAisunursi. Tpy6onposoan.

Y crari HaBcacHi (i3HYHI Ta TEXHIUHI NIOKAHWKK NONIMEPHUX Matepiajiin. ski BU-
KOPUCTOBYIOTHCA LISl BUTOTOBEHHS TPy, MPOBCACHHH IIOPIBHANBHMI anani3 Mik Tpa-
AHUIHHUMH TA HOBITHIMM MaTepianamu, najana Knacu@ixauus noniMepuux Tpy6 Ta cno-
€o6iB ix 3’€1HaHH3.
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Aeen /1. H. Mogeauposanne MarucTpajibHbIX ceTeii HePAPXHYECKH OPraHH3o0-
BAHHBIX HHAKCHEPIBIX CETEBBIX CHCTEM.

B acuekri MOKAMBOCTI peanizauii npouccis ONCPATUBIOIO YIipaBititiHg dopmatizo-
BaHi MaUriCTPAILHI MEPCXKI. WO € TOKANLIUMU MEPEKAMH BAULOIO PiBHA i€papxii B CKi1aai
i€PApXiYHO OPIaHi30BAHMX IHKCHCPHUX MEPCKHUX CHCTEM. CHOpMYyILOBAHO TBEP/UAKEH-
HA. 1O YCTAHOBIFOE BIACMO3B A3KM Mi® KCPYIOYHMU NApaMeTpaMH i napaMerpamu cra-
X NOTEKOPO3NOLIliB Y PO3FAAAYBAHHUX MAFICTPAILHHX MEPCKAX.

Canoe A. C. Yeeauuenue adppekTusnocTn Tennoobecneyerus Ha npumepe Tex-
Honoruu mpmer “Iepu”.

Komnanin “Tepu” necATkM poKiB CREWiaIilyeThCs B ranysi eneprodepiratoqux
Texnoi1orik. Jlus ykpaiichkoro puHKY KOMNaHis 1IpOMoOnye CBOIO NPOYKILIO (TepMocTa-
THYHY apMaTYPY. KOTIK JUTS CRANIOBAHHA BIAXOAIB AEPEBHHH, METAIONIACTHKOBI TPYOH
Ta TPYGONIPOBOAN ANTA CHCTCM OIIANCHHSA).



3MICT

BEHTHUIALIA TA KOHAUWIIOBAHHS TIOBITPA ............... ssssusarsass 3

Excu Huomposcru, Boiiyex enumwescku. Metoauka pacyeta
NPOIIECCOB eCTECTBEHHOrO BO3/lyX000MeHa B COBPEMEHHBIX
HITBIX BTMAHUAK scs0505mssussssnsans sasansassisns so8eds oo sesiis s5smssseavansrvavs s sssusssinsaoss 3

[Ticapes B. €., Jloseawnox B. b. Hopmanizauis BONororo ctaHy
11OBITPA y CMOPYAAX B XONOAHUMN NEPIOT POKY..oeoerrviereririererinrenmemnariananas 1§

XKyxoecoxku C. C., 3inu I1. JI, Yepnoyc O. B., Cenvuuun H. b.
Brnnue koHCTpYKUIT MiclieBHX BiICMOKTYBauiB Ha 30HY Ail
BCMOKTYBATBHONE TOTOKY «ovessosesss sonssnsssses saavsssnississiossssossonssnsassnsrasssinanss 23

Cmpou A. @., I'vaux JI. B. ®opMyBaHHs JI0KaJIbHOFO MiKpo-

KJ1iIMaTy B CBUHAPCHEKHX HPUMILUEHHAX ...ccvveereenriereerereeenseercoarenaneneasaenes 28
TEIVIOOBMIH, TENIJ1I0OIMMOCTAYAHHA,
I'A30NNOCTAYAHHA 35
Lhauxo . I EHeproexoHOMiuHi CUCTEMH NMOBITPSAHOIO OnajeHHs
OYMIBEITD TA CITOPYIL...cvereerinrereererierseeeriereeseeseseeiesesenesesassnenessesessseseens 35

Xyoenxo A. A., Kupuuenxo M. A.. Metoauka po3paxyHKy
eJIEKTPUYHHX NOBITPOHATPiBaUiB eNeKTPOKAIOPHPEPIB 3 TCH....oevevnene 43

Leneaes O. [1. Bu3HaueHHs HOPMATHBHOI TOBIUWHHU TerUIoi3ons-
lifiHOro npolapky 30BHIilIHIX OropoKeHb ANa OyaiBenb, SKi
EKCIUTYATYIOTBCA B HAPKOMY KIIIMATL. ..eeeeeueenueeeiiieereetiecueesiesiceesannrnans - 50

Cmpoii /. A. Po3B’130k MaTeMaTHUHO! MOAENi MPOMEHEBOTO
OMaJieHHA, WO CTBOPIOE KOM(OPTHUI Ten:a0BUit pexuM B

MPOUECT POIIPIBY GYIIBITH..c..cvieiireereiisee et neeaones 53
Kpusenxo O. B. MonenioBaHHs CBIT/I0BUX BEKTOPiB NPH OCBIT-
JICHH] PO3CITHUM CBITIOM HEOOCKHITY ...oovvvreririernrienienirorcrsennennesnrivresenens 62
EHEPIO3BEPEXEHHSA, HETPAIMIIIMHI JUKEPEJA
EHEPITI . 65

Honuncoxuii A. A., [lpazanos B. X., Amepxanog P. O. Ontumi-
3alliss CUCTEM Ter10Xon0103abe3neteHHs, WO BUKOPUCTOBYIOTE
TIOHOBJIIOBAHT JDKEPENA EHEPTIT 1vveve o e iin e eieee e cveienes B

114



Topoacanrun C. A. BAnsiHue KHHEMATHKY MEXAHW3MA TEI10BbIX

HacocoB CTHPAHMHTA HA MApaMeTpPhl UX UHKNA ............. el P B 77

Kyno I'. B., Anmonenxo A. M. TIpo 3acTocyBaHHA fOAIMEPHNX

martepianis y OyAiBHHUTBI. TPYOOMPOBOAM -...c.oevevvrvemiie et 86
Jesu JI. H. MopaenupoBakue MarucTpanbHbiX CeTeH HEPapPXHUECKH
OpraH130BaHHbIX WHKEHEPHBIX CETEBLIX CUCTEM .......... SSTSURUTOTORUPO 101
Canos A. C. Yeenuuenue 3¢dexTHBHOCTH TennoobecneueHns

Ha NPHMEpPE TEXHONOTHH PUPMBI “IepU”. ..o 106
AUTEOTRALIY s oo svisssscssss sy oes 35 5559150345055 405 S0 S0 K SRR S 555, 11



BEHTUNALIA, OCBITNEHHA
TA TENNOrA30NOCTAYAHHA

HaykoBo-TexHiuHu# 36ipHHK

Bunyck 3

[Tian. no apyky 05.12.2001. dopmat 60x84 1/16.
[Manip apyk. Ne 1. Cnoci6 apyky odcernunit. YMoBH. apyk. apk. 6,74.
Ymosu. $ap60-8ind. 6,74. O0:1.-sua. apk. 7.25.
Tupak 150 npum. 3am. Ne 1-2087.

3AT «BHTOJI», AK Ne 135
03151, Kuis, Byn. Bonuncika, 60



