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XMebHUIBKUIT HALliOHAJIBHUI YHIBEPCUTET

KOMII'IOTEPHI TEXHOJIOI'TI ABTOMATHU3AIII TEILIO®I3UYHOT O
KOHCTPYIOBAHHA PAJIOEJIEKTPOHOI'O MOAYJIA KACETHOI'O THUILY 3
MIKPOCXEMAMM JJIAA BABE3IIEYEHHSA 3AZTAHOI'O TEIIJIOBOI'O PEXKUMY

HaykoBa cTarrsi rpucBa4eHa KOMITIOTEPHNM TEXHOJIONSIM aBTOMATU3aLii  pO3paxyHKIB TEM/IOMI3NYHOrO KOHCTPYIOBAHHS
PanioenekTPOHHUX MOAYJIIB KACETHOIO TUITY 3 MIKPOCXeMamu B yMOBaX IPUPOAHBOIro MOBITPSHONO OXO/IOMKEHHS A/151 336€3r1eHEHHS
3a4aHoro Ter/ioBOro pPexuMy [POBEAEHI PO3PaxyHKU KOE@ILIEHTIB BUITPOMIHIOBaHHS, TeN/IONEPELAY], TEM/I0BOI MPOBIAHOCTI
AOryCTUMOro 3HaYeHH s 3HaYEHHS TEMIIEPATYPU NMEPErPIBY KOPriycy 6710Ky pasioes1IeKTpoHHoro 3acoby(PEC).

ABTOMaTH3AaLIA CTBODEHHS] HOBUX DALIOENIEKTPOHHNX 33CO0IB 3a/exuTs Bl PIBHS 3aCTOCYBaHHS KOMITIOTEPHUX
TEXHO/IOMY Ha BCix eranax IX [POeKTyBaHHS , SKI- BIAPIBHAIOTECS yMOBaMU EKCIlyatauii 7a CKAGAHICTIO  30BHILLIHIX
TEr/I0PBNYHNX, MEXaHIYHNUX Ta IHLLIMX BIUINBIB.

KI1to40Bi c/10Ba: KOMITIOTEDHI TEXHOJION, aBTOMATU3aLIIS, PalIOEIEKTPOHHI 38C06M, PaLfIOE/IEKTPOHHMI MOZY/Tb KACETHOMO
TUIY,3ahaHni TernnoBmi pexviM PEC, rpupoAHE MOBITPSHE OXOIOMKEHHS], KOEQILIEHTHU TEN/IONEPEayYi 1@ Ter/ioBoi MpoBiAHOCTI,
KOEQiLliEHTH BUITPOMIHIOBAHHS.
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COMPUTER TECHNOLOGIES OF AUTOMATION OFTHERMOPHYSICAL DESIGN
OF RADIOELECTRONIC MODULE OF CASSETTE TYPE WITH MICROCIRCUITS
FOR PROVIDING OF THE SET THERMAL MODE

Automation of the creation of new electronic devices depends on the level of application of computer technology at all
stages of their design, which differ in operating conditions and the complexity of external thermophysical, mechanical and other
influences.

In units of equipment built on the cassette principle, the specific heat output is very high, forcing developers to use
forced air cooling.

The scientific article is devoted to computer technologies of automation for calculations of thermophysical design of radio
electronic modules of cassette type with chips in the conditions of natural air cooling. The use of radio networks with moving objects
makes it possible to repeatedly use the same dedicated frequency band to increase the speed of digital information transmission
and economical use of the frequency range. This method has a significant disadvantage, which is the presence of mutual internal
system interference between base and mobile stations that use the same frequency range(RES).

Automation of creation of new radio electronic facilities depends on the level of application of computer technologies on
all stages of their planning, that differ in external environments and complication of external thermophysical, mechanical and other
Iinfluences.

Keywords: computer technologies,automation, radio electronic means, radio electronic module of cassette type, set
thermal regime of RES, natural air cooling, coefficients of heat transfer and thermal conductivity, radiation coefficients.

Beryn. ABroMaTH3arlisi CTBOPEHHS HOBUX PaJiOCNIEeKTPOHHHUX 3aCO0IB 3aJ€KUTH BiJl PIBHS 3aCTOCYBaHHS
KOMIT'FOTepHUX TEXHOJOTIM Ha BCIX eTamax iX IPOEKTYBaHHS , SIKi BIAPI3HIIOTHCS YMOBaMH CKCIDTyaTamii Ta
CKJIaHICTIO 30BHIMIHIX TETUTO(I3NYHIX,MEXaHIYHUX Ta IHIINX BIUIHBIB.

VY Onokax amapaTypu, NMOOYZOBaHMX MO KaceTHOMY NPHHIMITY, HMHUTOMA ITOTY>KHICTh TEIUIOBHIIICHHS
BUSIBIISIETHCSI BEJIEMH BEJIMKOIO, 10 3MYIIIy€ PO3POOHMKIB BUKOPHUCTOBYBATH ITOBITPSIHE IIPUMYCOBE OXOJIOPKEHHSI.

AHaJi3 cTaHy AOCTiIKeHb Ta MyOikamiii. AHai3 JTiTepaTypHHUX JHKEPEN TOKa3ye HeTOCTATHIO TIHONHY
MPOBEICHUX JIOCHTI/PKEHD Y JaHOMY HalpsIMKY.

®opmyBanHss Meru. Komm’'roTepHi TexHousorii aBromMaTu3alii  TemIo(i3MYHOrO KOHCTPYIOBAHHS
paIioeIeKTPOHHOTO MOYJISl KACETHOI'O TUITY 3 MIKPOCXEMaMHU B YMOBaX MPHUPOAHBOTO MOBITPSHOTO OXOJIOIKEHHS
JuLst 3a0e3MedYeHHsI 3a]]aHOT0 TEINIOBOTO PEXKUMY.

Pe3yabTaTn 10CigKeHHs.

[IpoBenemMo po3paxyHOK JuIi OJMHOYHOTO OJIOKY, MOOYZOBaHOrO IO KAaceTHOMY TNpHHIMIY. s

npoekTyBaHHs BisbMeMmo posmipu Omoky L, =0,272v; L, =0193v; L; =0182m. Posmipu Harpitoi 3oHu
I, =0,25m; I,=018m; I, =017m.
Temneparypa HaBKOIMIIHEOTO cepemoBmma {, =19°C; MOTY>KHICTh IO PO3CIIOETHCS OIOKOM Y BUTJIIII

TETUIOTH P0=1IBT. BenuunHM TOBITPSHUX 3a30piB MiXK HArpiTO0 30HOI0 1 HHKHBOIO TOBEPXHEIO KOPIYyCY

International Scientific-technical journal
«MEASURING AND COMPUTING DEVICES IN TECHNOLOGICAL PROCESSES» 2020, Issue 1

131



Mixcnapoonuii HayKkoeo-mexHiYHUil JHCYypHA
«BUMIPIOBAJIbHA TA OB4YUCITIOBAJIbHA TEXHIKA B TEXHOJIOIMYHUX NMPOLJECAX»
ISSN 2219-9365

h,, =0,016m, narpitoio 30HOI0 i BepxHboto nosepxueto kopmycy N, =0,016M, Harpitoio 30HOW0 i GiuHOIO
nosepxaero kopryey h, =0,021m.
3HaX0AMMO IDIOIII TOBEPXOHb HArpiTOI 30HU:
S; =S, =11,;S, =21,(1, +1,);
S, =S, =0,045m%; S, = 0,1462v°.

Po3zpaxoByemMo npuBeieHI CTyIIeHsI YOPHOTH HATrpiTOi 30HM B Pi3HUX 00IACTSIX MOBEPXOHb HATPiTOI 30HU:

-1
(i(iljs_J ,
& \ & Sk
n€ &y Epgr€ps - BUMOBIIHO € IOBEPXOHb HAIPiTOi 30HU: HUKHBOI, BEPXHBOI i OIYHOI; S 2 S x - IO
HArpiTol 30HU 1 KOPIyCY.
Egy = &€z = 0137, &,, =0,108.
Po3paxoByeMo NUTOMY TIOBEPXHEBY MOTYXKHICTh KOPIYCY 610Ky ([ :
qe =P,/S, =11/0,2362=4657B1/m>.
Binnosinuo 1o 3HaiineHoi (. 3azaemocs neperpisom kopmycy 6moky At, =5°C.
KoedirmieHT BUNIPOMiHIOBaHHS BU3HAYA€THCS 32 (HOPMYIIOIO:
ay =50, f(41);
ne f (tl,tz) - 3HaYeHHs QYHKIIT TEMIIEPATypH; (F), - KOCPIlliEHT B3aEMHOTO ONPOMiIHEHH (171 OJMHOYHOTO 6JI0KY

@,, = 1) BimnoBiTHO BUBOANMO (hOpMYIIH:

100 100
24-19

24+ 273)“ _(19+ 273

( J
a,, =0137- =0,139Br/(M* - K).

24+273)" (19+273
100 100

[ J
o, =0108- =0,11B1/(M’ - K).

24-19

BusHauaeMo KOE(IlieHT TEMIOBiAAadil ¢, I BCIX 30BHILIHIX IIOBEPXOHb KOXKyXa OJIOKY:

ya
a =Al[tl tzj N,

L
ne t, - temmeparypa koxyxa, K; t, - temmeparypa cepenosmimia, K; A4, - koediuieHt, mo 3amexuts Bix
TeMIepaTypH, BBEJEHHl 17 CTpolleHHs pospaxymkiB; N - koediumienT opieHramii Harpitoi moBepxmi: s
seprukanbHoi ctinku N =1; nna marpitoi mosepxmi, 3sepmenoi Bams; N =0,7 i sropy N =13; L-

BU3HAYAIILHUN PO3MIp, M: JJIsi BEPTUKAIBLHO OPIEHTOBAHOI MOBEPXHI - BHCOTA, JUIS TOPU30HTAIBLHO OPIEHTOBAHOI
TIOBEPXHI - MEHIIIa CTOPOHA.

KoedirienTH TemmoBianadi HIKHBOI 1 OIYHIX MTOBEPXOHB KOXKyXa OJIOKY:

14
24-19
Qg 21,38(m) = 9,94BT/(M2 . K)
14
24-19
Oyp =1,38(m] = 9,28BT/(M2 K)

Po3paxoByeMo MoBHI KoeiIlieHTH TEIUIOBiAIadi 3 TOBEPXHI KOXKyXa OJIOKY:
O =0+ Oy, Oy =0y Ty O =g Ty
a, = o, =9,94+0139=10,08
o, =9,28+011=9,39.
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Busnauaemo TCIJIOBY HpOBiﬂHiCTI) KOXYyXa 6HOKy B HABKOJIMIIIHE CEPEAOBHUILIC:
O =05, +a,S, +a,S;;

S, =0,045m";
S, =0,1462v";
S, =0,045m°

Oy = 2,288T/(M2 -K),

e O - TEIUIOBa NPOBiIHICTL KOXKyXa 0JI0KY B HABKOJIHIIHLOMY CEPEIOBHIII.
BusnagaeMo Temrmeparypy HarpiToi 30HH B IIEPIIOMY HAOIMKEHHI:

t(! :tc +(tK _tc)(l—'_&j;

O3

ne t, i t; - emmeparypu xopmycy i cepenoBuIIa BifmoBiHO.

t, =19+ (24-19) -[1+ 2—@ =34,279°C.

BuzHauaeMo po3paxyHKOBY NMOTYXKHICTh HArpiTOi 30HU:
P=oy(t —t),
P=2,28(24-19)=114Br.

Po3paxyemMo KOHBEKTHBHO-KOHIYKTHBHI KOS(IIII€HTH BEPXHBOI i OIYHOT TOBITPSHUX MPOIIAPOK MK
HArpiTOIO 30HOIO i BHYTPIIIHBOO MTOBEPXHEIO KOXKYXa OJIOKY:

h, th—t
k. =Nf| — 3_k,
(g

ne hi - TOBLIMHA MOBITPSHOTO MPOIIAPKY MK HarpiTOI0 30HOIO 1 KOXKyXOM OJIOKY Y BiINOBiAHIM 00nacTi,

M; A, - KoediuieHT, o 3anex)uTh Bix TeMmepaTypy, BBeAeHUH A cripomenns pospaxyrkis; | = /1,1, - s
BepxHpoi o6macti; | =4/ 2|3 il= |3|1 - Tt O19HKUX 00JIacTel HArpiTOl 30HH 1 KOXKyXa OJIOKY:

k,=0,7-0,21-16-4 34,279—24 =1,184.
0,016
kB=13-er1ﬁ-4§$319235::L7&
0,016
k6=1-Q2-L7.4§5319235==L599
0,021

BusHaunMo koeQillieHTH BUMPOMiHIOBaHHS [UIS Pi3HUX IMIOBEPXOHB KOPITYCY:

[34279+273}4_(19+273)4

100 100
&y, =0.137-0,139- =0,02,
34,279-19

ne &, - Koe(hilieHT BUNPOMiHIOBAHHS B IPYTOMY HaOJIMKEHHI:

{34279+273}4_(19+273J4

100 100
0, =0.108-0,11- =0,012
34,279-19

Buznauaemo koegilieHTH Teruonepeaadi i TEIIOBY MPOBIIHICTE MiX HarpiTio 30HOIO 1 KOPITYCOM:
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Olyy =0y = Oy + 0y, =9,9440,02=9,96.
o, =0, +a,;,;=928+0,012=9,292
O, =9,96-0,045+9,96-0,045+9,292-0,1462=1,057B1/K".

Buznauaemo Temneparypy Harpitoi 30HHU B APYroMy HaOJMIKEHHI:

1 1
I
t, =t +P| —+—|,
03 Ok
ae P - noTyHicTh, OTpUMAaHa IIPU PO3PAXyHKY B HepIIOMY HabImkeHHi, BT; O, - TemoBa npoBiaHicTh

BiJl HArpiTOT 30HU 10 KOXKYyXa 60Ky, pO3paxoBaHa B pyromy Habnmxenni, BT/K*; O - TEIUIOBA IIPOBiIHICTH
BiJl KOXKyXa

. 2
OJIOKY B HABKOIMIIIHE CEPEIOBUILE, OTPHMAaHA IIPH PO3PaxyHKy B nepiuoMy Habmmxenni, BT/K*.

t,=19+114. L-FL =34,276°C.
1109 2,28

[opiBHsIEMO TeMmepaTypd HarpiToi 30HHM, SKi OTpUMaHI NpPU PO3paxyHKax B IEpLIOMY i B APYroMy
HaOmKeHHAX. SIkmo pisHuLs Oyne ctanoBuTH Oinbaie 10%, To Tpebda mpoBecTH po3paxyHOK TeMIIepaTypH Harpitoi
30HH B TPETHOMY HaOJIIKEHHI:

t—t, 34,779-34,276
t 34,779

0 = 1,4 %, omxe, HeMae HeOOXiHOCTI IPOBOIUTH PO3PAXYHOK TEMIIEPATYPH HATPITOT 30HU B TPETHOMY

o= =0,014.

HAOJIMDKEHHI.

BucHoBok. TakuM 4HHOM, KOPITYC CIIPOCKTOBAHOTO OJIOKY PaIioeIEKTPOHHOTO 3ac00y B LIJIOMY
3aJI0BOJIBHSE JOMYCTUMHM 3HAYCHHSIM TEPErpiBy 3 ypaxyBaHHIM KIIMATUYHOTO BUKOHAHHSI 1 IJIsI OXOJIOIKECHHS
MPOEKTOBAHOT'0 BUPOOY CHCTEMa 3aCHOBaHA Ha MPUPOTHOMY MOBITPSIHOMY OXOJIO/XKEHHI € palioOHAILHOIO, HE
noTpedye IPHUMYCOBOTO OXOJIOKEHHS 1 MOXKe OyTH BUKOPHCTAHUM B KOMIT FOTEPHUX TEXHOJOTISX aBTOMATH3AIli]
BHPOOHHUIITBA PaliOCTCKTPOHHUX 3aCO0IB.
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