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To create a "white" source, it is necessary to ob-
tain a spectrum with uniform intensity. Considering
all peculiarities of construction and addition of spec-
tra, modelling of a white source was performed in the
seen from the calculation, due to the addition of in-
tensity spectra of different sources it is possible to ob-
tain a spectrum with a "shelf", where the intensity is
quasi-linear.
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AHAJIMTUYECKOE PEIIEHME YPABHEHHUS TEIUIOIIPOBOJHOCTH
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AnHoTanus. [ToydeHo aHaNUTHUECKOE pellIeHe YPaBHEHU TeMJIONPOBOIHOCTH AJIsi MHOTOCIIONHOI cpean! mpu

MEPUOANICCKOM HArpeBe.

KiawueBble c10Ba: ypaBHCHHE TCILIOMPOBOIHOCTH, KO3(D(HUIIUCHT TEIIOMPOBOHOCTH, KO3(PPHUIIUCHT TeMIepa-
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ANALYTICAL SOLUTION OF THE HEAT CONDUCTIVITY EQUATION
FOR A MULTILAYER MEDIUM WITH PERIODIC HEATING
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Abstract. An analytical solution to the heat conduction equation for a multilayer medium with periodic heating is

obtained.
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MHorocI0iHbBIE Cpebl, COCTOSIIIE U3 COBOKYII-
HOCTH CJIOEB Pa3JINUHBIX MAaTEPHAIOB, UMEIOT OTPOM-
HOE MpakTH4YecKoe npuMeHeHue. K HUM oTHOCATCS
pas3IMYHbIe ONTHYECKHE MOKPBITHS, 3alUTHBIE I10-
KPBITHS, TOHKOTJICHOYHBIE (DOTOINEKTPUUECKHE dJle-
MEHTBI, TOHKOIUIEHOYHBIE aKKYMYJISITOPBI, CIIOUCTAs
cpesa, CO3JlaHHasl C LEJIbI0 OXJIaXICHUS U MHOTHE
npyrue. PacyeT u aHanu3 TemnepaTrypHbIX MoJied B
TaKHUX CTPYKTYypax SBJISAETCS aKTyaJbHOW 3amaueil. A
TaKXe CyIIECTBYET OOJIBIIOE YHCIO OOPATHBIX 3a1a4
[1; 3], xorza o 3HAYCHHSM TEMITEPATyP, HEOOXOTUMO
OMpPEeNeNIUTh TeIUIO(PU3MIECKIX CBOMCTBA MaTepua-
JIOB M VX TOJILMHBL, ¥ Pa3JIMYHbIE TEIUIOBBIE IIOTOKH.
Jnst perieHnst 3TUX 3a/1a4 MOXKET OBITh HCIOJIB30BaH
METO/] HEPHOINUECKOTr0 HarpeBa (METOJIOB PETyJsp-
HOT'O PeXHMa TPEThEro Po/ia, METO/] TEMIIEpaTypHbIX
BOJIH) | JJIs1 0OpaTHBIX 33/1a4 MOJIE3HO UMETh aHalu-
THYecKHe (OPMYJIBI ONTUCHIBAIOLINE TEMIIEpaTypPHbIE
I10JI1 B MHOTOCJIOMHBIX CTPYKTYpax IpH Nepuoguye-
CKOM HarpeBe. MeTox TemmepaTypHBIX BOJIH 0o0a-
JIaeT PsIIOM IIPEUMYILECTB 110 CPABHEHUIO C IPYTUMHU
METOAAMH, B HACTHOCTHU 1T UBMEPEHUA DTUM MECTO-
JIOM HEOOXOIMMO Majloe KOJIMYECTBO MaTepuala n3-
3a pPe3KOro 3aTyXaHMs TEMIIEPATYPHON BOJIHBI.

B nanHO# paboTe MoydeHO aHAMTHUYECKOE pe-
IIEHHE ypaBHEHHE TEIUIONPOBOJHOCTH JUII MHOTO-
CJIOWHOM cpeJibl IPH EPHOINIECKOM Harpese.

PaccMoTpuM OorpaHMYeHHOE IPOCTPAHCTBO U3
MHOTOCJIOIHOr0 MaTtepuaina. Pacnpenenenue temre-
patypsl Qi B I-TOM cJI0e, onpenersieTcss ypaBHeHHEM

TETIONPOBOJHOCTH .
90, %0y
— = a; <
or laxz,t>0,0_x<l, Q)

C HayaJIbHBIM yclioBueM: Q;(t = 0,x) = Q,, Ha rpa-
Hune (x = 0) TemnepaTypa MEHsETCs 110 TapMOHHIYe-
ckomy 3akoHy: Q1(t,0) = Qo + TmaxSin(wt), rae aj —
KO3Q(UIHMEHT TeMIepaTypONpOBOJHOCTH  I-TOTO
ciost, Qo — HavyanbHas TeMreparypa cpeabl, Qmax —
aMIUTUTyJa KoJjebaHui Temreparypbl, ® = 27/to —
KpYTroBas 4acToTa, To — epuoa konebdanni. [Tpu nae-

AJIbHOM TE€IIJIOBOM KOHTAKTE MEXKAY CIIOSIMU:

a0 _ a0,
Q;(d;) = Qi44(dy) ki; |x=di_}\'i+1 6x+1 |x=di

" yCJIOBUAMU 3-pona Ha I'paHULIC CPEAbIL:

80,
A== x= = —a(Qs — Qp),

n ax

189



16-1 Meoicoynapoonas nayuno-mexnuyeckas kongepenyus «IIpubopocmpoenue — 2023y

rae Ai — K03 HUIIUEHTHI TETIONPOBOTHOCTH MAaTEPH-
ana i-ro ciost, oL — K03 HHUIHUEHT Teronepeady Ha
npaBoii rpanuie cpensl, | — mmHa 06pasia, di -rpa-
HUIIA paszena Mexay | v i+1 crosmu. [ocie 3amMeHb
nepemennoit Ti(X,t) = Qi(x,t) — Qo B ypaBuenuu (1) u
HAYaJIbHBIX, TPAHUYHBIX YCIIOBHUSX, MOIYyIUM CIICIy-
I0Ilee YPAaBHEHHE C COOTBETCTBYOIIMMHE yCIOBUSIMH:

o _ o 2T
E_aiaxZ’t>0'0sx<l' 2
T,:(t = O,X) =0, (21)
T1(t,0) = TmaxSin(wt) (2.2)
T(d) = Torr (@), 2y G lamay = hins et lxeay (2:3)
ATy,
BT lx=1 = —aTy (2.4)

Pemenue ypaBHeHus (2) MOYKHO NpENCTaBUTh B
Buae mpomsBeneHus nByx Qymkmuit: (T(x,t) =
% (x)n(t), Torna mpu moaCTaHOBKE B ypaBHEHHE (2)
MOJTyYUTCsl cUCTeMa W3 ABYX IuddepeHmmansHpIx
ypaBHeHHH [1]:

2 2
L4 By =0, a—n+82an=0. 3)

Beens MHuMylo BenmuuHy: iw = —f u

€2 = —B? cnemyer: € = \/: =1+ l)\/7

PemennsiMmu  ypaBHEHHH SIBISTFOTCS
crnepyromue Gpyukmu [1]:
v (x) = B sin h(ex) + C cosh(ex),
n(t) = e'".
B, C — mocrosiaubie. Torna, nepeias K AeicTBUTENb-
HBIM BEJIMYMHAM, pEeIIeHHe YpaBHEHU (2) MOXKHO 3a-

IHCATh:
Ti(x,t) = Aje P* sin(wt — bix + @;), (4)

w
b; = ’; Ai, @©i — BETHYHUHBI, ONpeAesieMble U3
L

HadaJbHBIX, [PAHNYHBIX YCIOBUH, U YCIOBHI Ha rpa-
HUIax cpen. M3 HavalbHOTO YCJIOBHS SICHO, YTO
Ay = Tpax 1 @1 = 0.  Hcnonb3oBanue  yclnoBHs
UJICUTHHOCTH TEIJIOBOTO KOHTakTa (2.2) u obuiero
pemienus (4) TPUBOAUT K CIEAYIOIIEH CHUCTEME
YPaBHEHUM:

Al'e_bidi Sin(Wt - bidi + (Pl) = Ai+1 X
x e Pinrdisin(wt — by d; + @i11),
Aiﬂibie_bidi sin (Wt — bidi + ©; + ;):
. s
= Aps1hivrhipre Pimdisin(wt — by d; + @ipq + 7
Ecmu u3 BTOpoe ypaBHEHHE pa3JIeUTh Ha IIEPBOE
TIOJTY YHIM:
sin(wt — b;d; + @; + %)
sin(wt — b;d; + ¢@;)
. L
sin(Wt — bjp1dip1 + @41 + Z)

Aib;

= %ii b
L Sin(Wt — by dier + @per)
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N3 »sroit cucrteMbl ypaBHEHMH H TaK Kak
. n 1, .
sin(x + -) = = (sin(x) + cos(x)),
4 V2
CIIETYIOIINE PEKYPCUBHBIC BHIPKSHUSI ISl BBIYHCIIE-
HUsL KO3(DOUIMEHTOB @; 41, A;, HA TPAaHUIIAX CPEL;

NOJIy4aroTCs

1

@iy1 = =Wt + b;,1d; + arctg b 1
1+ }-
)Vi+1bi+1{ tgwt — byd; + @)

sin(wt — b;d; + @;)
sinWt — bip1d; + @i41)

1

Ajyq = Aje~Gimbiv)di

Ha npaBoii rpanulie cpenpl TemMnepaTypa cpezbl
BOJIM3M IOBEPXHOCTH:

V2 T
T, = 7Anknbne‘bnl sin (Wt —byl+ @, + Z) .

Ha pucynkax 1, 2 mpencraBiieHs pacrpesiesieHie
TeMIepaTypbl OT JUTHHBI JUIS pa3IMIHOX MOMEHTOB Bpe-
MEHH IIATUCITOWHON CPEBl CO CIEAYIOINMHI apaMeT-
pamu:  KO(p(UIMEHTHl  TEMIIEPaTypOIPOBOIHOCTH;
9:10°% 7-10%; 5:10°%;9-10°5; 1,5-107*(m?/c), koo purm-
eHThl TeruonpoBogHoctd  150; 120; 80; 150;
200 (Bt/(m'Tpan)); rpaHuIiml pasaena cpen: 2,5; 5; 10;
15; 20 (MM) A7 pa3IUYHBIX MOMEHTOB BPEMEHH.
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Pucynok 1 — 3aBHCHMOCTB pactipesieNieHHs] TeMIIepaTyphl
ot anuHEI IpH yactote 0.5 ' 1711 MOMEHTOB BpeMeHHU
t=0,25¢c(1);0,5¢c(2);0,75¢c (3); 1,0c (4); 1,25 ¢ (5)
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PucyHok 2 — 3aBUCHMOCTH pacIpezielIeHus TeMIepaTyphl

oT JuiHbI ipu yactote 0.75 ' A51s1 MOMEHTOB BpeMEeHHU
t=0,25¢c(1);0,5¢c(2);0,75¢c (3); 1,0c (4); 1,25¢ (5)

Pacnipenenenue TeMepaTypsl, Kak BUITHO U3 PH-
CYHKOB CYILECTBEHHO 3aBHCHT OT YacTOTbI, YTO MO-
KeT OBITh OCHOBO¥ TS OTIpeieIeHus TeruTo(hU3mde-
CKHX TIapaMETPOB MHOTOCIIOWHBIX MaTePHAIIOB Yepes3
pernrenns o6parHo# 3amauu [2; 3].
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VIK 537.874
TPEXCJOWHBIE CUMMETPAYHBIE JIACTUYHBIE M BO3ITYXOINNPOHUIIAEMBIE
SJIEKTPOMATHUTHBIE SKPAHBI HA OCHOBE ®OJIbI'HPOBAHHbBIX MATEPHUAJIOB
Boiinpas O.B., borym H.B.

benopycckuii eocydapcmeennblii ynusepcumem uH@opMamuk u paouod1ieKmpoHuKu
Mumnck, Pecnybauxa Benapyce

AHHoTanus. B paboTte npeacTaBieHa METOANKA N3TOTOBIICHNS TPEXCIONHBIX JICKTPOMAarHUTHBIX YKPaHOB Ha OC-
HOBE (OJILTUPOBAHHBIX MaTepuaoB. DTH SKPaHBI SBIISIOTCS CUMMETPHUYHBIMU OTHOCUTEIBHO ()pPOHTA pacpo-
CTpaHEHHUs JIEKTPOMArHUTHOTO U3JIYyYEHHs, T. K. CTPYKTypa M COCTaB UX MEPBOTO U TPETHETO CIOEB SBIAIOTCA
UACHTUYHBIMH APYT IpYry. OTU SKPaHbl XapaKTepU3yIOTCS 3MACTHYHOCTHIO M BO3LYXOIMPOHUIIAEMOCTHIO 3a CUeT
TOTO, YTO COOTBETCTBYIOIIMMM CBONCTBAMHU XapaKTEpU3YIOTCA MaTepHallbl, HA OCHOBE KOTOPBIX OHU H3IOTOB-
JIeHBI. DKCIIEPUMEHTANILHBIM ITyTEM YCTaHOBJICHO, YTO 3Ha4eHHsl KOA(QUIEeHTa Mepeiaun JIeKTPOMArHuTHOTO
n3mydeHns B ananaszone yactoT 0,7-17,0 I'T skpaHOB, M3rOTOBICHHBIX B COOTBETCTBUH C IPEICTABICHHOH Me-
TOIMKOM, m3MeHstoTcs B npenenax ot —10,0 mo —35,0 nb. Takue skpansl 1erecoodpa3HO UCIONIB30BaTh IS 3a-
IIUTH PATUON3MEPUTENFHBIX IPHOOPOB 0T Bo3aekcTeust CBU-omex.

KnroueBrble ciioBa: amoMuHMiA, Kod(QGHUIMEHT OTpaykeHrs, KodP UIMEHT niepeadn, Meb, (DOIBIHPOBAHHBIN MaTepHAaIL,
3NEKTPOMArHATHBIH SKpaH.

THREE-LAYER SYMMETRICAL ELASTIC AND AIR-PERMEABLE
ELECTROMAGNETIC SHIELDS BASED ON FOIL MATERIALS
Boiprav O., Bogush N.

Belarusian State University of Informatics and Radioelectronics
Minsk, Republic of Belarus

Abstract. The paper presents the method for manufacturing three-layer electromagnetic shields based on foil ma-
terials. These shields are symmetrical with respect to the electromagnetic radiation propagation front, since the
structure and composition of their first and third layers are identical to each other. These shields are characterized
by elasticity and air-permeable due to the fact that the materials on which they are made are characterized
by the corresponding properties. It has been established experimentally that electromagnetic radiation transmission
coefficient values in the frequency range 0,7-17,0 GHz of the shields manufactured in accordance with the pre-
sented method vary from —10,0 to —35,0 dB. It is advisable to use such shields to protect radio measuring equipment
from the effects of microwave interference.

Key words: aluminum, reflection coefficient, transmission coefficient, copper, foil material, electromagnetic
shield.
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B pabore [I] mpeacraBmeHa  MeTOIMKa
U3TOTOBIIEHUS AJIACTUYHBIX U BO3AYXOINPOHUIAEMBIX
SNEKTPOMArHUTHBIX JKPAHOB, KOTOpas COCTOMT
B ()MKCHPOBAHUM C OJJMHAKOBBIM IIaroM Ha OJHOH U3
MOBEPXHOCTEHl HETKAHOTO CHHTETHYECKOIO MOJIOTHA
NPSIMOYTOJNBHBIX ~ ()parMeHTOB  (pOJIBINPOBAHHBIX
MaTepHaoB, XapaKTEPU3YIOMIUXCSd OJUHAKOBBIMU
pa3mepoM. Takwe 3KpaHBI SBISIOTCS HECHMMETPHU-
HBIMH OTHOCHUTEJIEHO ()POHTA PACTIPOCTPAHESHHUS JIEK-
TpomarHuTHOro mnmydenus (OMMU), 1. k. coctaB u
CTPYKTYpa UX CJIOEB HE SBIIIOTCS HACHTUIHBIMHA IPYT
IpyTy. ABTOpaMu ObLIa BEIABHHYTA THIIOTE3a, B COOT-

BETCTBHHU C KOTOPOH MOXKHO yBETHYNTH 3HAYCHUS KO-
s¢ppunmenta nepenaun OMU  3TEKTPOMAarHUTHBIX
9KPAHOB, U3TOTOBIEHHBIX B COOTBETCTBUU C METOJH-
KOM, TIpeJIcTaBIeHHO# B padote [1], myTem npuaanus
TaKUM 5KpPaHaM CUMMETPUYHON CTPYKTYypbl OTHOCH-
TeNpHO (poHTa pacnpoctpaHeHuss OMU. B cBszu
COTUM IeIb HMCCIEJOBAHUS, PE3yJIbTaThl KOTOPOTO
MIPHUBEJICHBI B JOKJIA/Ie, COCTOSIA B YCTAHOBJICHNH 3a-
KOHOMEpPHOCTEH M3MEeHEeHHs 3HaueHui ko3¢pdumen-
TOB oTpaxeHus u nepegadn SMU B CBU-guanazone
CUMMETPHYHBIX JJIACTHYHBIX M BO3AYyXONPOHHUIIAE-
MBIX 3JIEKTPOMAarHUTHBIX SKPAHOB, U3TOTOBJICHHBIX B
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