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FLEXIBLE MULTILAYER ELECTROMAGNETIC RADIATION ABSORBERS

WITH AN ORDERED STRUCTURED INTERMEDIATE LAYER BASED
ON ALUMINUM SHAVINGS

0.V. Boiprav, V.S. Chelyadinsky, L.M. Lynkou, M.V. Tumilovich
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AnHotauus. [Ipe/cTaBieHa TEXHOIOTHS H3TOTOBJICHUS HU3KOCTOUMOCTHBIX THOKHX MHOTOCJIOWHBIX IOTJIOTHTNICH 3IICKTPO-
MarHuTHoro u3nyueHus CBU-nuamazona. Huzkasi CTOMMOCTH TOTJIOTHTENICH OOYCIOBICHA TeM, YTO B HX COCTaB BXOJHT
ATIOMHHHUEBAS CTPYIKKA, SIBJISIONIASICSA OTXOJIOM MPOU3BOACTBA. M3 5TOM CTPYIKKHU BBIIIOJIHEH BTOPOH ¢JIo# momioTuTeseil. 1o
peanm3oBaHO TyTeM (OPMUPOBAHMA M3 Hee DJICMCHTOB, XapaKTePH3YIONIMXCS OJWHAKOBRIMH (opMoil U pasMepamu,
U (pUKCUpOBAHUS 3TUX BJIEMEHTOB ¢ OJJMHAKOBBIM IIATOM MEKAY IEPBBIM H TPETHUM CJIOSIMH, BHIIIOJHEHHBIMU W3 CHHTETHYE-
CKOT'0 HETKAHOTO BOJIOKHHUCTOTO MaTepuajia. Y CTAHOBJICHO, YTO 3HAUCHHA KO3(D(HIMCHTA TOTJIONICHHS YISKTPOMATrHUTHOTO
wIyueHus B AuanazoHe yactoT 2,0-17,0 I'T1{ moraoTuTeNe, H3TOTOBJICHHBIX B COOTBETCTBHH C IIPe/ICTABICHHON TeXHOJIOTHEH,
JIOCTHTAOT BesinunHbl 0,9, a mupuHa ux 3¢ dekTuBHOM noock! noriomenus — 140,0%.

KimoueBble cI0Ba: QuOMUHUESAS CIPYIICKA, KOIPPUYUEHM NONOueHUs, NOeROMUmens INeKMpOMAZHUMHOZ0 USTYHEHUS,
aghhexmuenas norOCa NOROUeHUs.

Jas nurupoBaHMst: [ubKue MHOLOCIOUH e NONOMUMENY INEKMPOMASHUMHOZO USYHEHUS C YHOPAOOUEHHO-CIMPYKMYpPU-
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Abstract. A technology for manufacturing low-cost flexible multilayer microwave absorbers is proposed. The low cost of the
absorbers is due to the fact that they contain aluminum shavings, which are a production waste. The second layer of the absorbers is
made from these shavings. This is realized by forming from it the elements characterized by the same shape and size, and fixing
these elements with the same step between the first and third layers made from synthetic non-woven fiber material. It has been
established that electromagnetic radiation absorption coefficient values of the absorbers manufactured in accordance with the
presented technology reach a value of 0.9 in the frequency range of 2.0-17.0 GHz, and the width of their effective absorption
band is 140.0%.
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Beenenne

OOBeKTOM psina MPOBOAWMBIX B HACTOAMIEE
BpPEMS HCCIICTOBAHUH B OOJACTH pa3pabOTKH MHO-
ro()YHKIIMOHATBGHBIX MATEPHANIOB SBIIFOTCS ITOTJIO-
TUTETH JICKTPOMATHUTHOTO wm3ayucHus (OMU)
CBU-gmamazoHa Ha OCHOBS OTXOJOB MPOH3BOACTBA
[1]-[15]. Takue HOTIOTHTSIAH MOTYT OBITH YCIIOBHO
pa3zencHsbl Ha CICAYFOIUE TPYIIIBL:

— IOTJIOTHTETM HA OCHOBE OPTaHWYECKUX Ma-
TEPHATIOB (KAK MPABUJIO, OTXOJOB UEIIHOJIO3HO-
OYMaXHOTO, CTCKOJBHOTO, JACPCBOOOPA0ATHIBAFOIIC-
r0, THINEBOTO IPOM3BOJACTB, PACTCHUEBOJCTBA):
Makyjaatypa [1], [2], crexmo0oii [2], ocTatkm ape-
BECHOBOJIOKHHUCTBIX IUIMT [3], ApeBECHBIM Yyrojb
[4]-[6], octaTku ko [7], pucoBas memyxa [3], [8],

[9], cymensie nucThs OaHaHa [4], CKOpIyma KOKoca
[10]uT

— MOTJIOTUTCITH HA OCHOBC HCOPTAHHYICCKHX
MATCPHAIOB (KaK MPABHIIO, OTXOI0B MCTALIY PrHUC-
CKHX, XHMHYCCKHAX H JJICKTPOHHBIX TPOU3BOJCTB):
CcTambHOM mutak [11], muiam OYMCTKH BarpaHOYHBIX
ra3oB [12], mokpemkuH aBTOMOOHWIBHBIX ImwH [13],
OCTAaTKH TOHCPA, HCHOAB3YECMOTO B KAPTPHIKAX
MpHUHTEPOB [14], MaTepuanbl HA OCHOBE 3JIEKTPOH-
HOrO noma [15] uT. 1.

Asropamu crareii [1]-[15] oTMeueHo, ITO TpH
HCHOTH30BAHAH OTXOIOB MPOU3BOJACTBA A H3TO-
TOBJICHHA moriotureich OMU MOKHO OZHOBpC-
MCHHO PCIIHTH CJICAYIOIIHC 3a1aH;

© Boiinpas O.B., Yenaounckuii B.C., Jvinvkos JL.M., Tymunosuu M.B., 2024

16


https://doi.org/10.54341/20778708_2024_2_59_16
https://doi.org/
https://doi.org/10.54341/20778708_2024_2_59_16

Tudxue MHO20CAOUHYIE NO2AOMUMENU NEKMPOMASHUMINIOCO USIYHEHUS C ynopﬂdottelmo—cmpykmypu—poeaml bIM NPOMENCYMOHUNBIM C/LOEM...

1) nonyueHne HU3KOCTOMMOCTHBIX TOTJIOTUTE-
neir OMU, koTopsele 1enecoobpa3HO HCIOIb30BAThH
IUTS  DICKTPOMATHUTHOTO HSKPAHHUPOBAHHS 3MaHUH
¥ TIOMEUICHHH, B KOTOPBIX PACHONAraloTCst MpruOOpsI
3J'leKTp0HHOﬁ TEXHUKHU, YYBCTBUTECIIbHBIC K B03Z[eﬁ-
CTBUIO BJICKTPOMArHUTHBIX MOMEX

2) criocoOCTBOBaHUE PELIEHHIO TPOOIEMBI YTH-
JIM3aLUH PAJA OTXOA0B MPOU3BOJICTB.

ABTOpamm HacTosIIel cTatby OBLIO CHIEJAHO
MPEANOSIOKEHHE O MEPCIEKTUBHOCTH MPUMEHECHUS
AMOMUHAEBON CTPYXKKH U W3TOTOBIICHHMS TIOTIIO-
tuteneit SMU. Dto npeanonokeHne 0CHOBBIBAIOCH
Ha COBOKYIHOCTH CJIEYIOIIMX 0COOEHHOCTE:

1. AmoMuHEEBas CTpYy)KKa HPEACTABISET CO-
00l 00BEMHYIO CITUPAITH.

2. Cpenpl, B CTPYKTYPY KOTOPBIX BXOMAT TIPO-
BOJHHUKMA B (popMe O0OBEMHBIX crupalieil (kak yro-
PANOYEHHO, TaK M XaOTHUYHO pacrpesesieHHble MO
o0BeMy 3THX cpen), obecnieuuBarOT 3(h(eKTHBHOE
TIOTJIOMICHUE 3HEPTUH B3aUMOJAEHCTBYIOIIETO ¢ HU-
mu OMU CBU-amama3oHa, 94TO TEOPETHUECKA 000C-
HOBaHO B pabdore [16]. OgHako cClieqyeT OTMETHTD,
YTO TaKOE MOrJIoNIeHHe O0ECIeUYnBaACTCS B Y3KOM
MOJIOCE YacTOT.

B cBsI3U ¢ BhINIEN3I0XKEHHBIM LIENh HCCIIEA0BA-
TeNbCKOH paboThl, pe3ysbTaThl KOTOPOW NpecTaB-
JICHBI B HACTOSIIEH CTaThe, COCTOSIA B DKCIICPUMEH-
TaIbHOM OOOCHOBAHMM TEXHOJOTMH HM3TOTOBICHHS
HOBBIX INWPOKOMOJIOCHBIX morjorutened OMU Ha
OCHOBE aJIOMWHHMEBOW CTPYXKH (T. €. MO CYyTH TIO-
TJIOTUTENEH B BU/IE CPEA, COAEPIKAIIUX MPOBOAHUKH
B (opMe 0OBEMHBIX cCHHpajei). ITa TEXHOIOTHUS
OCHOBaHa Ha TEXHOJIOTHMH, NPEACTABICHHON B pabo-
te [17],  cocTouT B (hOPMHUPOBAHKH H3 ATFOMHHHE-
BOM CTPYXKH DJIEMEHTOB OAWHAKOBBIX (hOpM M paz-
MEpOB U JalibHeleM GUKCUPOBAHUH STHX JIEMEH-
TOB C O/IMHAKOBBIM IIaroM MeXAy AByMs (pparmeH-
TAMHM MaTepHajioB, XapaKTEPHU3YIOIMXCS MAIIeK-
TPUYECKUMH  CBOWCTBAMH. ODKCIIEPUMEHTATBHOE
000CHOBaHHE ATOH TEXHOJOTHM Oa3MpOBANIOCH HA
YCTAHOBJICHHBIX 3aKOHOMECPHOCTAX HW3MCHCHHUA Xa-
pakrepucTuK momtomieHuss OMU Takux MoTJIoTHTE-
Jel B 3aBHCHMOCTH OT pa3Mepa BXOSALNMX B WX
CTPYKTYPY 3JIEMEHTOB M3 aTFOMUHUEBOW CTPYIKKH.

1 MaTtepuaabl U MeTOABI

Pa3paboraHHas TEXHOJIOTHSI M3TOTOBJICHHS T10-
rotuteneii MU Brmouaer B ceba ciemyronipe
onepalymu:

1. OTkpauBaHWe OT PYJIOHa CHHTETHUECKOTO
HETKAaHOTO BOJIOKHHCTOTO MaTephajia ABYX OJMHAKO-
BBIX (pparMeHTOB, MIMHA, IMUPHHA U (PopMa KOTOPBIX
3aBUCAT OT TPeOOBAHWH, MPEABIBISEMBIM K UTHHE,
muprHe 1 GopMe U3roTaBINBAEMOTO MTOTJIOTHTEIISL.

2. Pa3mermeHne Ha TMOBEPXHOCTH OJHOTO W3
(hparMeHTOB, TONYUYEHHBIX B pE3yJibTaTe peayin3a-
uuu omeparmu 1, Tpadapera, mpemrHa3HAUCHHOTO
i (hOPMHUPOBAHUS DICMEHTOB M3 AIOMHHHCBOMN
CTPYXKH W XapaKTEPHU3YIOLIErocsi CleAyIOIUMHA
CBONICTBAMMU:
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— siueiiku TpadapeTa XapakTepu3yrTCs OJrHA-
KOBBIMH pa3MepoM u (OpMOM U pachpeeseHbl ¢
OJIMHAKOBBIM TIIATOM;

—mar pacrpenenenusi siueek Tpadapera (S)
yIOBJIETBOPSIET CIEAYIOLIEMY YCIIOBHIO!

SSO’4C, . (1.1)

1

rae f; — TpedyeMoe 3HAUCHHUE HIDKHEH JacTOTHI 3d-
(heKTHBHOM MOJIOCH! MOTJIOMICHHUS W3rOTABIMBACMO-
ro nornoruresst OMU, ¢ — ckopocTh cBeTa B BaKyy-
me [18], [19];

— sueiikn Tpadapera XapakTePU3YIOTCA KPyT-
JIOW WM KBaApaTHO# GopMoii;

— mmpuHa ssueek Tpadapera (W) ymosnersopsi-
€T CIICAYIOMIEMY YCIOBHIO:

W s%, M [20]. (12)
/

Venosust (1.1), (1.2) A0MKHBI yYWTHIBATHCS
I TOro, 9TOOBI MUHUMU3UPOBATL CTCTICHb 3aBU-
CUMOCTHU T'PAHUYHBIX YaCTOT MOJOCHI TOTJIOMICHUA
W3rOTaBJIMBAEMBbIX TIOTJIOTHTENEH OT yIia NajeHHs
OMMU Ha nx nosepxHocts [20].

3. 3anonHeHne Kaxmou suekikm Tpadapera
HOPMHPOBAHHBIMHE TI0 MACCE TMOPLUSIMH ATIOMHHNC-
BOM CTPYKKH.

4. V3BneueHue Tpadapera ¢ MOBEPXHOCTH
(parmMeHTa CHHTETHUYECKOTO HETKAHOT'O BOJOKHH-
CTOTO Mareprana.

5. Pasmemenne moBepx COPMHUPOBAHHBIX B
pesynbrare omnepamuii 2—4 SIIEMEHTOB Ha OCHOBE
AOMHHKEBOH cTpyxku (pucynok 1.1) Broporo u3
(parMeHTOB, TONYYEHHBIX B pe3yjbTaTe peanu3a-
uH oneparmm 1.

Pucynox 1.1 — Bremnuii Bua cBepxy 37€MEHTOB,
c()OPMUPOBAHHBIX M3 ATIOMHUHHUEBON CTPYIKKH 1
pa3MellIeHHbIX Ha TOBEPXHOCTH (h)parMeHTa CHHTE-
THYECKOTO HETKAHOTO BOJIOKHHCTOTO MaTepralta

6. TepMomnpeccoBaHuE KOHCTPYKIIMH, TIOIY-
YEeHHOW B pe3yJibTaTe peaju3anuu omneparuid 1-5
npu temneparype ~ 250,0° C (1. e. mpu Temmepary-
pe, COOTBETCTBYIOIIEH TeMIeparype ILIABICHHA
CHHTETHYECKOTO HETKAHOTO BOJIOKHHCTOrO Mare-
puana).
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Tabmuria 1.1 — XapakTepucTHKH U3TOTOBIEHHBIX 00paslioB normoturenei M

Haumvenoranue oGpasia

PaccrosHie MesxTy
37eMeHTaMH, 00pa3yIonmMI| 00pa3yoIX BTOPOH
BTOPOH cJIoH oOpasiia, M

ITTupuna ~11eMeHTOB,
Macca Ha euHIITY

2

9 IUIONTA M 0GpasIa, KI/M

CIIOH oOpaslia, M S L

O06pasipl nonoTuTenei Ne 1
O06pa3Isl mormoTHTENeH Ne 2 0,03
O0pa3is! rormoTyreneit No 3

0,03 0,74
0,06 0.96
0,09 1.08

7. OTkpauBaHue OT PyIoHa (OIBTUPCBAHHOMN
LOJIMMEPHOH IUICHKU OJHOIo (parMmeHra, IIHUHA,
IMpuHa ¥ popMa KOTOPOTO COOTBETCTBYIOT JUIMHE,
nmpue U Gopme PparMeHTOB, LIOIYUEHHHIX B pe-
3yIBbTaTe PeaTH3alMH oIleparii 1.

8. BakperieHue QparMentra, LHOIYYEHHOTO B
pe3yJbTaTe pealnzali Oepariy 7, Ha OJHOH M3
IIOBEPXHOCTEH KOHCTPYKIIMM, TIONYYEHHOH B pe-
3yIbTaTe pealM3alliy oleparui 1-6, ¢ IOMONIBIO
PacIBULIEMOTO KIIEsL.

B crpykrypy mormorureneit OMU, usrotos-
JIEHHBIX B COOTBETCTBHU C IIPEJICTABICHHON TEXHO-
JOTHEH, BXOJHT deThlpe ciosd. llepBuld M TpeTHid
CJIOU (OTHOCHUTENHHO UcToOuHUKa OMI1) — Ha ocHOBe
CHUHTETUYECKOTO HETKAHOI'0 BOJOKHUCTOTO Mare-
pHana, BTOpPOoil — Ha OCHOBE YIIOPAJOUEHHO PacIio-
JIOKEHHBIX 3JIEMEHTOB, C(OPMHUPOBAHHBIX U3 alio-
MMHHMEBON CTPYKKHU, YeTBEPTBIA — Ha OCHOBE (oIIb-
TUPOBAHHOM [TOTUMEPHOH IUIEHKH.

JIsI BBIIOTHEHWST 3KCIIEPUMEHTAIEHOTO 000c-
HOBaHISI PazpaboTaHHOM TEXHOJIOTMH OBUIO peatu-
30BaHO CIETYIOIIEE.

1. B cooTBeTcTBUH ¢ pa3paboTaHHOI TEXHOIO-
THeit OBUTH M3TOTOBIEHHI 00pasIfpl IOTTOTHTENCH
OMMU. B tabmurie 1.1 npesicTaBieHsl Xapak TepUCTH-
KH 3THX 00pasIIoB.

2. IIpoBejieHBl W3MePEHUsl 3HAUYEHUH KOdhhH-
IUEHTOB OTpakeHus | Iiepepaunt OMMH 110 MorHo-
CTH (COOTBETCTBEHHO, S, Ab, U S,;, Ab) B JMamnaszo-
He vacToT 2,0-17.0 TTI1 u3roTOBICHHEIX 00pasIloB
TIOTTIOTHTENEH COITIaCHO METOJIHKE, IIPE/ICTABICH-
HOU B MoHorpaduH [6, ¢. 32—-34], U B COOTBETCTBUN
C aNTOPUTMOM, IIPHUBEICHHOM B padoTe [21].

3. Ha ocHOBE pe3ylbTaToB IIPOBEJEHHBIX M3-
MepeHUH BBIIOIHEH pacueT 3HaveHuit kosddurmer-
Ta mrornomenns OMU (A4) B muanazone gacToT 2,0—
17,0 I'T'11 M3roTOBIEHHBIX 00PA3IOB HOTTIOTHTEIIEH B
COOTBETCTBHH C aJITOPUTMOM, TIPUBEJICHHOM B padoTe

[21], ¥ ¢ ucTIONb30BaHMEM CHEAYIONIEH POPMYITB:
Sll SZI

A=1-10" —10 | oTH. e

2 Pe3yabTaThl H HX 00CYAIeHIE

Ha pucynke 2.1 npejcTaBieHBl YacTOTHBIE 3a-
BHCUMOCTH Ko>(duimeHTa mnornomeHns OMI B
quartazore 2,0—17.0 [T A3roToBIEHHBIX 00pa3sIoB
IIOTTIOTUTENECH.

M3 pucynka 2.1 BHJHO, YUTO 3HAYEHUS KO-
¢urrenta nornomenus SMU B JMaria3oHe 4acToT
2,0-17,0 T obpastioB normoTureacd Ne 1, No2 u
Ne 3 m3MeHSIOTCS COOTBETCTBEHHO B CIEAYIONAX
Ipeaenax.
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— o1 0.08 otH. exa. m0 0,85 oTH. €.,
—ot10,]l otH. ex1. 10 0.9 OTH. ex.,
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Pucynok 2.1 — HacTOTHBIE 3aBUCHMOCTH
ko rmenta noriomennst MU B mranazoHe
2.,0-17.0 I'T oOpasIoB IOTIIOTHTEICH
No 1 (xpuBas 1), Ne 2 (kpusast 2) u Ne 3 (xkpuBas 3)

JlnanazoHpl 3(pdek THBHBIX T10JI0C TTOTIONCHHS
OMMU obpastop nomtotureneid Nel, Ne2 u No3
(T. e. quarrazoHBI YacToT MU, B KOTOPBIX 3HAYCHUS
ko3¢ uImenTa noromenus MM 1iepetrcIeHHbIX
o0pas1ioB coctapmsior Gonee 0,5 oTH. ex. [22]) co-
OTBETCTBEHHO CIIEAYONTHE:

—or621Tmmo 12,8171

—or2 51T a0 13.01T1r;

—or2 51T mo 14,0111,

3HaueHUA NIMPHUHE! 3(Q(QEKTUBHEIX IIOIOC II0-
rrotieHust M oOpastioB morotureneit Ne 1, No 2
u Noe3 COoOTBETCTBEHHO COCTAaBILTOT ~ 69,0 %,
~136.0 % m ~ 140.0 %, Ha OCHORAHMM YE€r0 MOKHO
3aKTOUNTh, UTO 5TH IIOTTIOTHTENH SBISIEOTCS IAPO-
KOIIOIIOCHBIMH. TakuM oOpazoM, IIpH YBEITNYEHHHN C
0,03 M 100,06 M umu 0,09 M TIMPUHBL 3TEMEHTOB,
o0pasyonmx BTOpod cioit mormotureneit DMHA,
H3TOTOBIICHHBIX B COOTBETCTBHH € pa3zpaboTaHHOHN
METOJUKOH, MOKHO OOECIICUMTh YBEIMYECHUE B
2,0 paza nmmpuHy uX 3QHEeKTUBHON TIMPUHBI TION0-
CHI TIOTJIOIEHMSI, YTO OOYCIOBIECHO YBETHUYCHHEM B
2.0 wir 4,5 pasa KoJIMYecTBa coeprKaiieics B 3ToM
CII0€ AMOMUHHUEBON CTPYXKH, OO0€CIIEUMBaIONIen
orsoineHue sHeprud OMU [16].

W3 pucyHka 2.1 Takke BHIHO, UTO XapakTepH-
cruku nornonieHus DMMH B 2QOEKTHBHEIX TT0T0Cax
TIOTTIOIIEHMST  M3TOTOBIEHHBIX  00PaslioB  MMEIOT
MaKCUMYMBbL. XapaKkTepUcTUKA roriomnenus DM B
sbdexTUBHON II0NI0CE OITIOMIEHUS 00paslioB 1lIo-
rnotateneit Ne 1 umeer JBa MakcUMyMa. 3HaYCHUS
Touek 5THX MakcumymoB — 7.0 1T m 11,0 [T,

TipoGnemvt usuru, mamemamuxu u mexruxu, Ne 2 (59), 2024
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3HAYCHUA JTUX MakcuMyMmMoB — 0.850TH.en. u
0,68 OTH. €.  COOTBETCTBEHHO  XapPaKTEPUCTUKH
nornomeHust MU B addexTuBHOM mMomoce morio-
meHUs 00pa3noB nornorureneit Ne 2 u 3 uMeroT TpH
MAaKCHMyMa. 3HAUCHHSI TOUYEK MAKCHMyMa 3THX Xa-
pakrepuctuk— 3,5 [T, 7,0 ITTo u 11,0 ITo. 3Haue-
HUSI COOTBETCTBYIOMIMX 3THM TOYKAM MAKCHMYMOB Y
XapakrepucTukd mnoriomeHust OMU obpasmos mo-
rmotureac Ne2 — 0,82ora.ex., 0,9 oTH. ex.,
0,80TH.en.,, a y XApaKTCPUCTHKH MOITOLICHHA
OMMU o6pa3nos mormoruresxeid Ne 3 — 0,78 oTH. ex.,
0,94 otH. ex., 0,88 oTH. ex. MakCUMyMBI XapakTe-
puctuk mornomeHust MU H3roTOBICHHBIX 00pas-
OB 0OYCIIOBIICHBI PE30HAHCHBIM CHIDKCHUEM KO3()-
(mumenra orpaxernus MU (R) nocnerHuX HA dac-
TOTaX, PaBHBIX 3HAUCHHMSIM TOYECK MAaKcHMyMma (pH-
CYHOK 2.2).
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PucyHok 2.2 — YacTOTHBIE 3aBUCHMOCTH
k03¢ uimenra orpaskennss MU B tnamazone
2,0-17,0 I'T 00pa3noB NOTIOTATEIICH
No 1 (kpuBas 1), Ne 2 (kpusast 2) u Ne 3 (kpusas 3)

W3 pucynka 2.2 BHIHO, 9TO 00pa3IbI MOTJIOTH-
Temedt No 1 oOecrieunBaeT pPe30HAHCHOE CHIDKCHUC
SHEPruM OTpakaeMoro or HuX OMM Ha uyacrorax
7,0TTo u 11,0 [T, a oOpa3ms! mormotureneit Ne 2
n Ne3 ofOecneunBarOT PE30OHAHCHOEC CHIDKCHHC
3Heprum oTpakaecMoro ot Hux OMM Ha wacToTax
35T, 70ITo u11,0ITu. Oro saBiacHHE 00Y-
CTIOBJICHO TEM, YTO TEPEUYHCICHHBIM YacTOTaM CO-
OTBCTCTBYIOT HAHOOJIBIIHE 3HAYCHUS Pa3sHOCTH MC-
Kay (pazor IMU, OTPa’KeHHOTO OT MOBEPXHOCTEH
3IEMEHTOB W3 AMOMUHHUEBOM CTPYIKKHU, BXOJAIIHUX B
CTPYKTYPY BTOPOTO CIOS IOTJIOTHUTENCH, M (pazor
OMMH, OTpakCHHOTO OT MOBCPXHOCTH (DOIBTHPO-
BAHHOW TIOTMMEPHOM MJICHKH, HA OCHOBE KOTOPOH
c(hopMHPOBAH YETBEPTHIA CIIOHW MOTIOTHTENCH [23].
Haunbosbimne 3HAYCHUS XapaKTEPUCTHK IOTJIONIC-
HHt OMMHW H3TOTOBICHHBIX 00pPA3I0B COOTBCTCTBY-
ot yacrore 7,0 I'Tm, ucxoas U3 4ero MOKHO 3aKIIFO-
YATh, YTO HA ITOH YACTOTE 3HAYCHHA YKA3aHHOH
PA3HOCTH Yy HHMX BBIIIE, YEM HA JPYTHX YaCTOTAX,
PAaBHBIX 3HAYUCHHAM TOUYCK MAKCHMYyMad HX XAPAKTC-
pucTuk noriomenus SMH.

Cpemuee 3HaucHHE KO3(D(QHUIIMCHTA TOTIIOMIC-
Hust OMHW B 3((eKkTHBHOH mMOIOCE TMOTJIOMCHUS
oOpasnos mormorutencit Ne 1 cocrasmer 0,64 oTH.
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en., a obOpasmoB mormotutrenacit Ne2 mw Ne3 —
0,73 otH. ex. u 0,79 oTH. ea. COOTBETCTBEHHO. bonee
HH3KHC 3HAYCHHA KOA(D(OHOUCHTA MOTIOMCHHUI
OMHMU obpa3znos nornorurenck Ne 3 Mo CpaBHEHHIO C
obpazmamu mormotutened Ne 1 u Ne 2 obycrnosneHo
0oxee HM3KHMH 3HAYCHIAMH Kod(duimenra orpa-
skeHmst OMH TepBBIX IO CPABHEHHIO CO BTOPBIMH.
DTO CBA32HO CO CICAYIOIUMHE OCOOCHHOCTIMHE:

1. ITormotutemn OMU, H3TOTOBICHHBIC B CO-
OTBCTCTBHH C pa3pabOTAaHHOHW TCXHOJOTHCH, MOTYT
OBITH YCIIOBHO PA3ACiCHBI HA 3JIEMEHTAPHBIC MHOTO-
CIOMHBIC AYCHKH, B CTPYKTYPY BTOPOTO CJIOS KaXK-
JIOW M3 KOTOPBIX BXOJHT OJMH 3JIEMCHT U3 AJFOMHU-
HHCBOH CTPY’KKH H 3230P MEKAY 3THUM 3JIEMCHTOM H
COCCTHUM K HEMY.

2. OKBHUBAJICHTOM 3JICMEHTA M3 ATFOMUHHUCBOH
CTPY>KKH SIBIIETCS COBOKYITHOCTb KaTYIIEK MHAYK-
THBHOCTH, COCITUHCHHBIX MAPAJUICIBHO APYT C APY-
TOM (KOJMHYECTBO KATYIICK HHIYKTHBHOCTH COOT-
BETCTBYET KOJMUYCCTBY CTPYXKKH), 3KBHBAJICHTOM
3a30pa MEKIy 3THM 3JIEMECHTOM M COCETHHM K HEMY
SIBIIICTCSI KOHACHCATOP, COSAMHCHHBIN C YKA3aHHBI-
MH KaTyIIKaMH MOCJICAOBATENbHO [24, . 66] (eM-
KOCTh KOHZEHCATOPA MPsIMO IPOMOPIMOHATBHA OT-
HOIICHHUO TOJIIMHEI HIEMCHTA K PACCTOSHHIO MEK-
Oy 3THM 3JEMEHTOM M COCEOHUM K Hemy [25]), a
SKBUBANCHTOM (parMeHTa (POIBTHPOBAHHOTO TO-
JUMEPHOTO Marepuana sBIIETC pe3ucTop [25] (cm.
PHCYHOK 2.3; HCIOABb30BAHHBIN HA PUCYHKE 2.3 HH-
JICKC «/1» COOTBETCTBYET KOJIHMUCCTBY ATFOMUHHUCBOH
CTPY>KKH, cozaepamehcss B c(OPMHPOBAHHOM W3
HEEC D3JICMEHTE, BXOIAMICM B CTPYKTYPY BTOPOTO
CIIOSL 3JIEMEHTAPHON MHOTOCIONHON SMEHKH MOTJ0-
tutenst OMU, M3TOTOBICHHOTO B COOTBETCTBHH C
Pa3pabOTaHHOH TCXHOIOTHCH).

| S

PucyHOK 2.3 — DKBUBAJNICHTHAS JICKTPHUCCKASL
CXEMa 3JIEMEHTAPHON MHOTOCTIOHHON SUEHKH
noroTurest MU, H3roTOBICHHOTO
B COOTBETCTBHH C pa3pabOTAHHON TEXHOJIOTHEH

3. YBeauuCHUE pa3Mepa 3IEMEHTA U3 aTHOMU-
HHUEBOU CTPYIKKH, BXOJSILETO B CTPYKTYPY BTOPOrO
CIIOSL  JNIEMEHTAPHOM  MHOTOCIOMHOM  SMEHKH
nornorurexs OMU, H3rOTOBICHHOTO B COOTBETCT-
BHH C pa3pab0TaHHOH TEXHOJIOTHEH, 00yCIABIHBACT
YMEHBIICHUE CYMMApPHOM €MKOCTH KATYIICK HHIYK-
THBHOCTH, COCIUHCHHBIX MAPAJUICIBHO APYT C APY-
T'OM H BXOMIIHX B SKBUBAJICHTHYH) JJICKTPHICCKYIO
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cXeMy 3TOH SYEHKM (L), YTO CBA3AHO C yBEIMYE-
HHCM KOJIMYCCTBA AMFOMHHHCBOM CTPYKKH. JTO
BUIHO W3 HIDKENpPEcTaBiIeHHOW (opmymsr (2.1),
HCTIOJIb3YEMOH U1 pacueTa CyMMAapHOH EMKOCTH
KATYHICK HHAYKTHBHOCTH, COCAWHCHHBIX Iapaj-
JETBHO APYT C APYTOM:

1 1 1 1 1

= b f—rse—, (21)
L Ll LZ L3 L

cym

n
4. YMeHBIICHHE CYMMAPHOH €MKOCTH KATYIIEK
HWHOYKTUBHOCTH, BXOOAIINUX B OKBUBAJICHTHYHO 3JICK-
TPUYECKYI) CXEMy JJIEMECHTAPHONH MHOTOCJIOHHOM
SMCHKH TOTIoTHTENS OMMU, M3rOTOBICHHOTO B CO-
OTBETCTBHU C Pa3pabOTAHHON TEXHOJOTHEH, 00Y-
CIABIMBACT YMCHBIICHHEC BOJHOBOTO COIPOTHBIIC-
HUS 3TON suelku (Z;,), UYTO BHAHO W3 HIDKEIPE-

cTaBiIcHHOH (hopmy sl (2.2) [25]:
2 ;+l 2.2)

1 R

Z
LA v s

5. YMEHBIICHHE BOJHOBOTO COMPOTUBICHHUS dJIc-
MCHTAPHOM MHOTOCTIOMHOH SMCHKH TMOITOTHTEIA
OMU, H3rOTOBICHHOTO B COOTBETCTBHH C pa3zpado-
TAHHOW TCXHOJIOTHCH, OOYCJABIMBACT YMCHBIICHHC
BOJIHOBOTO COIPOTHBICHHS 3TOTO TIOTJIOTHTENS B IiE-
JIOM, YTO B CBOIO OYepeIb 00YCIABIMBACT CHIDKCHHC
3HaUCHM ero Kod(ummenTa orpaxkeHmst OMU. 1o
BHIHO W3 HIDKCIPCACTABICHHOH (popmy et (2.3) [25]:
:Zin_ZO :1_ 2’ZO ,

L T2y Ly T2,
r1e Zo — BOJIHOBOE COIIPOTHBIICHAC BO3IyXa.

Taxum o6paszom, npu ysemmueHuu ¢ 0,03 M 10
0,06 M wm 0,09 M MHPHHBI 3IEMCHTOB, 00Pa3yI0-
X BTOPOH ciaoH morioturencd OMMU, m3rotos-
JICHHBIX B COOTBCTCTBHH C Pa3pabOTAHHONH METOIH-
KOH, MOXXHO OOCCHCUHTH YBCAHUCHHC C ABYX 0
TPEX KOIMYCCTBA TOUCK MAKCHMYyMa HX XapaKTCpH-
ctuk mornomeHus OMUW B mmamazoHe 4dacTot 2,0—
17,0 T, uto OOYCHOBICHO BO3HHKHOBCHHCM 3(-
(hexTa PE30HAHCHOTO CHIDKCHHUSI SHCPTHH OTpakae-
MOro or stux mormorureaed OMM Ha wacrore
3.5ITu. Kpome toro, npu yeenudaeHuu ¢ 0,03 M 10
0,06 M mwmu 0,09 M MIAPHHBI 3JICMCHTOB, 00pa3yo-
IuX BTOPOH cimo# mormorurencii DOMU, m3roTos-
JICHHBIX B COOTBCTCTBHH C Pa3pabOTAHHONH METOIH-
KOH, MOKHO OOECIeYHTh YBEIMUCHHE COOTBETCT-
BeHHO HA 0,09 oTH. ea. umu 0,15 OTH. €a. cpeaHero
3HAYCHHA UX Kod(dunumenta nornomeHns OMU B
3 eKkTUBHOM TONOCE TMOTJIOMICHUS, YTO OOYCIOB-
JICHO CHEDKCHHCM BOJTHOBOTO COTPOTHBICHUS 3THX
MOTJIOTUTENCH 34 C4YeT yBeamueHHA B 2.0 HIn
4,5 paza KOJIHMYECTBA COACPKAIUCHCSA B YKA3aHHOM
CIIOE€ AFOMHHHUCBOW CTPYIKKH, SKBHBAJICHTOM KOTO-
POM ABIACTCA COBOKYIMHOCTD KATYIICK HHAYKTHBHO-
CTH, COSIUHCHHBIX MAPAUICIBHO APYT C IPYTOM.

3uavueHus ko3 uiuenra nornomenus OMHU B
muamazone dvactor 2,0-17.0ITn mornorurenci,
H3TOTOBJICHHBIX B COOTBCTCTBHH C pa3paboTaHHOM
meroaukoi, Ha 0,05—0.4 OTH. €. BBIIIC, YeM 3HAYCHHS

2.3)

11

20

k03 durmenra nornomenns MU B 3TOM AMaTazo-
HE YACTOT TIOTJOTHTCICH, HM3TOTOBJICHHBIX ITyTEM
TIPECCOBAHUS ABYX OJMHAKOBBIX (PParMEHTOB CHH-
TETHYECKOT0 HETKAHOTO BOJIOKHHCTOTO MaTepHaia u
JANpHEHITET0 3aKperuieHus (parmenra (oiasrupo-
BAHHOW MOJMMEPHON IUICHKH HA OJHOHM M3 IMOBEpX-
HOCTEH MOy YCHHOH B PE3yIBbTATE 3TOTO CTPYKTYPhI
(pucyHOK 2.4).

1
0.9

>

0,8

>

0,7
0.6
0,5

0.4

0:2 - //\ l N\
e /N~ \
0 "‘/
2 3 45 6 7 8 9 1011 12 13 14 15 16 17
£,ITn

A, oTH. en.

PucyHok 2.4 — YacToTHAd 3aBHCHMOCTD K03 urmi-
enra norjomenns OMU B muanazone 2,0—17,0 I'T1x
00pasna MOTJIOTUTE, COSPKAIIETO BA CIPECCO-
BAaHHBIX (PparMeHTA CHHTCTHYCCKOTO HCTKAHOTO
BOJIOKHHCTOTO MaTepHana u (pparMeHT (HoIBTHpo-
BAHHOU MOJMMEPHOH MIICHKH

3axmodenne

Taxum 00pa3oM, B COOTBETCTBHH C pa3pado-
TAHHOM TEXHOJIOTHEH MOTYT M3rOTABIMBATHCS MHO-
rocioitaele morioturem OMMU, xapakTepH3yro-
IHECA THOKOCTBIO, HU3KOW CTOMMOCTBI) M TITHPOKO-
MOTIOCHOCTHI0. [ HOKOCTh 3THX MOTJIOTHTCICH 00y-
CIIOBICHA TEM, YTO HX NEPBBIA U TPESTHH CIOH BHI-
TOJTHEHbBI HA OCHOBE CHHTETHYECKOTO HETKAHOTO
BOJIOKHHCTOTO MATEPHANa, a YSTBEPTHII — HA OCHOBE
(DOTPTHPOBAHHONW TOTHMCPHOHW TUICHKH. Hwuskas
CTOHMOCTh TOTJIOTHTCICH OOYCIIOBICHA TEM, |TO
B MX COCTAB BXOJUT AFOMHHHEBAA CTPYXKKA, SIB-
JBIFOINAACS 0TX0A0M mpou3eoacTra. Ilupoxononoc-
HOCTH 3THX TOTJIOTHTCIICH O0OYCIIOBICHA WX MHOTO-
CIOHHOCTBIO, 4 TAKKEC HANHMYHEM B HX CTPYKType
CIIOSI B BUAE COBOKYIHOCTH PACHOJIOKEHHBIX C OJIU-
HAKOBBIM IIATOM OJAMHAKOBBIX 3JICMCHTOB, C(hopmu-
POBAHHBIX M3 ATFOMHHHEBOM CTpykkH. Kak mokasa-
HO MO PE3yJabTaTaM HKCICPUMEHTAIBHOTO OOOCHO-
BAHWSA PA3paOOTAHHON TCXHOJIOTHH, IIHPHHA (-
()CKTUBHOH TMOJIOCH MOTJIOMCHHUA H3TOTOBICHHBIX B
COOTBCTCTBHH ¢ HEH morioTureac MU cocrapns-
er 140,0 % npu yCIOBHH, YTO IIHPHHA BXOTAIIHX B
CTPYKTYPY 3THX NOTJOTUTENCH 3JIEMEHTOB M3 aJkO-
MHHHUEBOH CTPYIKKHU COCTaBIAET 9,0 cM.

TMormoruremn MM, H3TOTOBICHHBIC B COOT-
BETCTBUH C pa3pabOTaHHOH TEXHOJOTHEH, MOTYT
HCTIONIb30BAThCA Ui CO3JAHMA IOUPM, MPEIHA3ZHA-
YCHHBIX JJI1 SKPAHUPOBAHUS OKOHHBIX IPOEMOB
MOMCIICHHH, B KOTOPBIX PACHOIATAKOTCA MPHOOPHI
3JCKTPOHHOM TEXHHKH, 1yBCTBHUTEJIBHBIE K BO3ACH-
CTBHIO 3NeKTpoMarHuTHBIX momex CBU-nnamasona.

IIpobremsl Qusuxu, mamemamuxy u mexruxu, Ne 2 (59), 2024
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