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PE3YJIbTATH EKCIIEPUMEHTAJIBHUX JOCJ/ILIKEHDb BIIJIUBY
BOJIOT'OCTI CTIHOBUX BY AIBEJIbBHUX MATEPIAJIIB
HA ITPOXO/’KEHHA PAJIOXBUJIb HBY AIAITA3OHY

Axmyanvnicme 0ocniosncennn. Cyuachi mexuiuni ma ingpopmayitini cucmemu 3Ha4HOI0 MipolO GUKOPUCIOBYIOMb HAO-
sucoki uacmomu (1-10 I'Ty). Haoiiinicme maxux cucmem micno nog'azana 3 npoxoocennam HBY cuenanie kpize pizni ma-
mepianu. Ilpu yvomy cnocmepicacmovcsa nociabnenns padiocuzHany, CMyniHb K020 GeIUKOI0 MipOIo 3anedCums 8i0 pieHs
sonococmi pewogunu. Tomy euguents 3akOHOMIpHOCMel, Wo nog sa3aHi 3 npoxoodscenusm HBY padioxsuns uepes gonoci ma-
mepianu, € 0yice 8adCIUBUM I AKIMYATbHUM 3A80AHHIM.

Ilocmanogka npoonemu. Ymogu po3nogcroodicerts padioxeuns GNIUSAIOMyb HA 3a0ati, Wo HeoOXiOHO eupiuysamu npu
NpoeKmy8amHi, 6UeOMOoBIeHHi i pO3MilyeHH eneMeHmie eNeKmPOHHUX cucmem padiokananis. Ypaxyeanus piens nociabnenms
cueHanie nepewKooamu 0036015 0opamu ONMUMAIbHI pOOOUI Yacmomu, ROMYIHCHOCHI 2eHEPAMOPHUX elleMeHmis, napame-
MpuU AHMEHHUX cucmem ma ix po3mawty8anis, wjo, y c8olo yepey, BNIUBAE HA HAOIUHICMb POOOMU MAKUX cuCmeM, iX 3a8a-
0ocmitikicmy, KOHKYPEHMHY CHPOMOIICHICMb, eKOHOMIYHICTb.

Ananiz ocmannix 0ocnioscens i nyonikayiil. Ilumanns po3nogcloodicents padioxeunb y nogimpi eusueni oyoice pe-
menbHo | nogHo. Busnaueni uacmomu, Ha sakux cnocmepiecacmucsl HaMeHule, a maxKooic i Haudinbue 3amyxanis padioxeuns.
L]e 0o3601uno cmeopumu HadilHi i ONMUMATLHO CMPYKMYPOBAHT KaHau 6e30pomo8o2o 36 s3KY.

Buoinenns nedocnioxycenux uacmun 3azanvnoi npoénemu. B ocmanui poxu éce binvuie po3eusaromsvcs cucmemu pa-
0i038 3Ky, AKi NPAyl0IomMs 8 YMOBAX PO3NOBCIOOJCEHHS PAOIOX6UTb 3A HAAGHOCMI pisHOMAHIMHUX nepeuwikoo. Hanpuxiao
MoOINbHUL 38 A30K YU 6e30pomogull inmepHem, AKi Npayioioms y momy yucii 6 npumiyenuax i oyoienax. Taki napamempu
Kauanie paoioss a3y, K NOMYICHICMb nepedasayis, KOHCMPYKYia ma po3MienHs: aHmeH MICHO NO8 A3aHi 3 83AE€MOIIEIO
paodioxeuns 3 pisHomanimuumu nepewikooamu. Takumu nepewkooamu, 30Kpema, Moxucyms 6ymu pisui 6yoigenvii KOHCMPYK-
yii — cminu, nepexpumms ma in. Bonu nocnabaorome nomysicHicms padioxeuns, wo npoxoosams kpize nux. Cmyninbs makoeo
nociabnenHs Modice Cymmeeo 3anexdcamu io pigHs gonozocmi mamepiany nepewikoou. Hasedeni 6 pisnux nimepamypuux
Odoicepenax 0ani 30ebinbii020 He BPAX08YI0Mb Yb020 ACNEKNY.

Mema 0ocniocennsn nonseac y 8us4eHHi 6NIUBY 801020CMi CIIHOBUX 0Y0i8eNbHUX Mamepianié Ha pieenb NociabneHHs
HBY cuenanie ma 8usHauenHs 4acmom, Ha AKUX cCnOCmepieacmocs MiHiMAanbHUl pigetb NOCAA0NEHHSL.

Buknao ocnoenozo mamepiany. Hamu 6ynu nposedeni excnepumenmanvti 00CHiodNCeHHs 3 BUSHAYEHHS CYNeHs NOCaad-
nennsa HBY cuenanie cminogumu 6yoigensuumu mamepianamu npu pisHomy pieHio gonozocmi pevogunu. Ompumani pesyismamu
NOPIGHIOBANUCH 3 NPOXOOJICEHHAM PAdioXeunb Kpizb cyxuil 3pasok. Le oano 3mozy 3’acysamu came @naug 3miHu 01020Ci HA
nocnabnenns padiocuenany. Bumipiosanms npogoounucs 6 dianazomi wacmom 2—8 I'Ty ma 3mini éonococmi 3paskie do 10 %.

IIposedeno ananiz nocrabnenns cusHany 6i0 CMyneHio 801020Cmi Ha OKpemux yacmomax. 30iticHeHO NOpieHAHHA NOC-
nabnenHs padioxeunb pisHUMU Mamepianamu 3 00HAKOBUM Pi6HeM 801020CHI.

Bucnogxu 6ionosiono 0o cmammi. /{15 0cHo8HUX cmiHO8UX O)OigenbHUX Mamepianié — 6emoH, yeana 4epeoHa ma cui-
Kamua, ninobemon — GU3HA4eHi eKCnepuMenmanvHi 3anexchocmi nociabaenus cuenany HBY 6io eonococmi 6 cmysi wacmom
2-8 I'T'y; dianazonu wacmom 3 HAUIMeHWUM ma HAUOinLwuM nocrabaennam HBY cuenany.

Kniouosi cnosa: HBY cuenan; nocnabnenns padioxeuns, cminogi 6ydigenvhi mamepianu, 60102icib, eKCnepuMeHma-
Hi 00CNiOANCEHHS.

Puc.: 4. bion.: 7.

ITocranoBka npodsaemu. [IuTaHHs BIUTMBY HABKOJIMIIIHBOTO CEPEIOBHUINA HA IPOXOPKEHHS
panioxXBuiIb HaOYy/M aKTyaJabHOCTI B JIpyriil mojoBuH1 XX cropiyus. PO3BUTOK NEKUIBKOX Harl-
PAMKIB €JIeKTPOHHOT TeXHIKM BUMaraB BHUBUEHHS BIUIMBY CEPEJOBHUINA HA PO3MOBCIOKEHHS B
HBOMY Pa/IIOCUTHAIIIB: Pajiio3B’ 30K (Y TOMY YHUCII pajio 1 TenedaueHHs), paaiojoKallis Ta pa-
JioHaBirais, MOOUTbHUI TeneQOHHUH 3B 30K, CYIYTHUKOBE TeleOaueHHs, TelIeKOMYHIKaIliii-
H1 cucremMH, 6e3poToBuii iHTepHeT, HBY po3irpiB peuoBHHH, BIIICbKOBa €IEKTPOHIKA TOILIO.
Jly’xe BeTMKMM MOILITOBXOM CTajia HeOOXIIHICTh MaTH HallHUN KOCMIYHHIA 3B’ SI30K.

Po3pobka enekTpoHHUX MPUCTPOIB, 1110 3a0e3MeUy0Th pOOOTY TAKUX CUCTEM HEMOKIIMBA Oe3
ypaxyBaHHs MUTaHb, MOB’S3aHUX 3 PO3MOBCIOPKEHHSIM PaJIOXBUIb. AJDKE MPH MPOXOPKEHH1
OCTaHHIX Yepe3 HAaBKOJIMILIHE CEPEOBHUILIE BUHUKAE OaraTo sIBUIL 1 €EKTIB: 1€ MOTJIMHAHHS €JIeK-
TPOMArHITHUX XBWJIb, TU(PPAKLIS Ha TIEPEIIKOIaX Ta BIIOMBAHHS B/l PI3HUX MTOBEPXOHb 31 BMIHOIO
(um 6e3 3MiHM) (ha3u BiAOMTOT XBHJII, 3MIHA IOBXKHMHH XBHJI1 B PEUOBHHI Ta IHIIIE.

YMOBH pO3MOBCIOJDKEHHS palioXBUIb BIUIMBAIOTh HA BEJIWYE3HY KUIbKICTh KOHCTPYKIIIH-
HUX 3aBJiaHb, 110 HEOOXIJHO BUPIIIYBaTU MpPHU MPOEKTYBAaHHI, BUTOTOBJIEHHI 1 PO3MILICHH1
€JIEMEHTIB €JIEKTPOHHUX CHCTEM BIIINOBITHOIO MpPU3HAYEHHA. SIK MpHUKIa] MOKHA Ha3BaTH
BUOIp poOOYOT 4ACTOTH, MOTYXKHICTh FT€HEPATOPHUX €JIEMEHTIB, apaMEeTPH aHTEHHUX CUCTEM
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Ta X po3TalllyBaHHs, YaCOBI PEXUM POOOTH TOIIO, 1110 BIUIMBAE HA HAIHHICTh pOOOTH TaKUX
CHCTEM, X 3aBa/I0OCTIHKICTh, KOHKYPEHTHY CIIPOMOXKHICTb, EKOHOMIYHICTb.

AHali3 ocTaHHIiX Jociaigxkens i myOaikaniii. CBoro yacy Oynu mpoBeneHI MaciiTaOH1
JOCII/DKEHHS 110 BUBUEHHIO MPOXOPKEHHS PaloXBUIIb uepe3 atmochepy 3emil. s pizHux
Jiara3oHiB OyJIM BUBUEHI 3aJIEKHOCTI MPOXOJUKEHHS PalloXBUIIb BiJl reorpadiuHux Ta Kiima-
TUYHUX (PAKTOPIB, T0OOBUX Ta CE30HHUX 3MiH, CTaHy Tponocdepu Ta iI0HOCHepH NP BILIUBY
Ha HUX KOCMIYHUX SIBUIL. Byau BUSBJIECHI BEIMUMHU MOCIA0NIEHHS PaJiOCUTHANIB B aTMOChe-
pl, BU3HAUEH] YACTOTH PE30HAHCHOTO MOTJIMHAHHS €JIEKTPOMArHiTHUX XBUJIb. Pe3ynbTaTu Bu-
CBITJICH1 Yy BENIMKIM KUTbKOCT1 myOmiKaii, Hanpukiaag orysa B [1].

[IpoBeneHHsT TakUX JOCHIIPKEHb JI03BOJIMIO CTBOPUTH BUCOKOE(EKTHBHI E€IEKTPOHHI
HBUY cuctemu pi3HOMaHITHOTO MPU3HAYECHHS.

[o-iH1IOMY BeNMCh MONIYKH onTuMaibHOI yactotu it HBY cuctem, npusHayeHux s
pO3IrpiBy peuOBHMHH, OCKUIBKH B I[bOMY BHUIIQJIKy MOTPIOHO HE MiHIMaibHE MOCHa0IeHHs pa-
TI0XBMJIb, @ HABIAKU — MAKCUMaJIbHE iX MOTJIMHAHHS.

BusnayanesHuUM (akTOpOM IpU LILOMY € HAasABHICTh MOJIEKYJI BOJIM B PI3HOMAHITHUX MaTe-
pianax. Bigomo, 1mo epekTUBHICTh MociaabIeHHs paaloXBWIb BOJOIO MOYMHAE MAAATU MPU
30uIbLIeHH] yacToTH noHax 2,6 I'Th. [lpu Takux yacToTax CyTT€BO 3MEHUIYEThCS KOE(DIIEHT
JIeNeKTPUYHOT MPOHUKHOCTI, OCKUIbKY NOYMHAIOTh MPOSBIATUCH IHEPLIHHI BIACTUBOCTI MO-
JIEeKynu Boau [2].

3 iHmoro Ooky, 0a)kaHO BUKOPHUCTOBYBaTH MaKCHUMallbHI YaCTOTH, OCKUIBKM KIHETUYHA
€Hepris 00epTaIbHOr0 PyXy MOJIEKYJ MPONopLiiiHa KBaApaTy 4acTOTH. TOMYy UMM BHIILIE Yac-
TOTa, TUM OUIBIY €HEprit0 HaOyBarOThb MOJIEKYJIM BOJM B PEUYOBMHI M BIIMOBIIHO 3pOCTAE
e(EeKTUBHICTb PO3IrpIBY.

s rexnonoriyanx HBY cucrem HarpiBy o06pano onopHy yactoty 2,45 I'T'1i, OCKUTbKH MpH
TaKiil YacTOTI MOJIEKYJIM BOJM 1€ «BCTUTAIOTh» OPIEHTYBATUCH 33 HANPSIMKOM €JIEKTPHYHOIO
nossi. BypxiuBe 3pocTaHHs MOMYJISIPHOCTI TAaKUX CUCTEM (MOOYTOBHH BapiaHT — MIKPOXBHIIbO-
Ba I14Ka) MPHU3BEJIO JO TOrO, 10 B 6aratbox KpaiHaxX BHJIUIEHO YaCTOTHHM Jlama3oH, B sIKOMY
excrutyarauiss HBY anaparypu He notpelye npouenypu jtineH3yBanHs. B Ykpaii, sk 1 B ges-
KUX IHIIMX KpaiHaX, MEX1 TAKOTO 1IHTepBaly BIIMOBIAAIOTh YacToTaM (2,45-2,48) [T

B ocranHiii yac Bce MMPILIOro BUKOPUCTaHHs Ha0yBatoTh Oe3apoTosi IT-TexHomorii, oco6-
muBo Mepexi Inteprer. [Ipu Bu3HAueHHI YAaCTOTHOTO [iana3oHy il poOOTH TAaKUX CHUCTEM
3HAYHY POJib BiAIrpaB (DakT HAIBHOCTI YacTOT, BUIBHUX BiJ JIILIEH3yBaHHs. TOMY HE BUIAKOBO
oxHuM 13 mapamerpis uig WI-FI € 3Hauenns necyuoi yactoru 2,45 I'T.

3a OCTaHHI POKU PO3POOJIEHO LUIMPOKHI aCOPTUMEHT MPUCTPOIB JUIS 1i€i 4acTOTH — pi3-
HOMAHITH1 MO/1yJl1, aHTE€HH, NIEPETBOPIOBAY1 TOI0. BOHM € TOCUTH eIIeBUMH 1 TOCTYITHUMH.

OpHak 3pocTaHHS KUIBKOCTI NMPHUCTPOiB y IIbOMY Jiama3oHi 30UIbLIye PiBHI 3aBaj, IO
3MyIlye BUPOOHUKIB 3BEPTATUCS A0 IHIIUX 4acToT. Tak, 30kpema, € cucremu WI-FI, mo npa-
LIIOIOTH Ha yactoTi 5,5 I'T'm.

[Hmm yxxe OypximuBuM HanpsimoM po3BUTKY HBY € 3acTocyBaHHs iX y pI3BHOMAHITHUX TeX-
HIYHUX CUCTEMaX, HAIPUKIIaJ, Y CUCTEMAaX MO3ULIIOHYBAHHS Y BUPOOHMUYMX NPUMILLEHHSIX [3].

Buainenns HeaociIyKeHNX YACTUH 3arajibHOI MPo0GaeMu. ABTOPHU CBIZIOMO HE PO3TJIsi-
1al0Th yBech BenereHchbkuit nepenik HBY npuctpois i cucrem. Hamu BuaieHo nuie Ti Bapi-
aHTH, B AKHMX amapaTypa MOKe MpalfoBaTH B 3aKPUTUX MPUMIIEHHX 1 Ha 11 HaAIHHICTh MO-
KYTh BIUIMBATH MIPOLECH B3a€MO/IIT pailoXBUIIb 3 MIEPELIKOIAMHU.

Best Bumiesragana enekTpoHHa TexHiKa Oyzae e(eKTUBHO (DYHKIIIOHYBATH, SKILO MPH ii
CTBOPEHHI ¥ eKcIutyaTalii OyAyTh BpaxoBaH1 BIIMOBIIHI aClEKTH B3a€MO/IIT €JIeKTPOMAarHiT-
HUX XBWJIb 3 PEYOBHHOIO, a00 3 Cepesioro iX po3MOBCIOKEHHs. BoaHouac MoXxHa 3ayBaXXUTH
MIEBHI CYNEPEYHOCT1 B ACAKUX MIIX0AaX 0 LOTO MUTAHHS.

SIK BKe 3rajlyBajioch, MUTaHHS PO3MOBCIOKEHHS PaJlOXBUIb B aTMOC(epi BUBYEH] PETEIHHO
1 cucremHo. lle MO3BOJMIIO CTBOPUTH TENEKOMYHIKALIMHI CUCTEMH, HaJIMHUHA KOCMIYHHMN
3B’s130K, pisHOMaHiTHY HBY amapatypy Too. [4] [Ipote po6ora HBY crcteM y npuMmiiieHHsX 3
BEJIMKOIO KUTHKICTIO MEPEILKO]T MOKE CYTTEBO BIIPIZHATUCS Bil poOOTH po3risiHyTHX Buiie HBY
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CHCTEM, 30KpeMa 3HaueHHs Hecyuoi yactotu. [lepemikoau, skuMu MOXKyTh OyTH pi3H1 Oy/liBesbH1
KOHCTPYKIII — CTIHH, IEPEKPUTTS, TOIIIO, MOCTAOIIOIOTh MOTYKHICTh PAIi0XBUIb, III0 IPOXOISThH
cKkpi3b HUX. CTYIIHB TaKOTO MOCIA0IEHHS MOXKE CYTTEBO 3aJIEXKATH BiJl PIBHS BOJIOTOCTI MaTepi-
anmy nepewkoau. HaBesieHi B pi3HUX JIITEpaTypHUX JDKEpeiax JaHi 3e0UIbIIOro He BpaXOBYIOTh
1IOTO actiekTy. T1k myOmiKarlii, siki CTOCYIOThCSI I[LOTO MUTaHHS, MAIOTh 0AraTo «OUIHX» TUISM.

Tak y [2; 5] po3rasiHYyTO 3MEHIICHHS MIeJIEKTPUYHOI MPOHUKHOCTI B 4KcTiid Boal. [Ipote
BOJIOTA, 1110 3HAXOJIUTHCS B PeAIbHUX PEUOBUHAX, 3a3BUYall HETIOBHOIO MIPOIO BIANOBIA€ Na-
pameTpaM Takoi BOJM. 3 IbOrO MOTJISAY KOPUCHO MaTH OUIbII JeTalbHY 1H(OpMAaLio Mpo
BILIMB BOJIOTOCTI Ha npoxopkeHHl HBY pamioxBuiie uepe3 pisHOMaHITHI Oy/IiBeNbHI MaTepi-
allv, B SIKUX BOJIAa 3HAXOJIUTHCS Y 3B 3aHOMY CTaH1 3 MOJIEKyJaMH PEYOBUHHU.

Meta goc/ifKeHHsI: BU3HAUEHHS BIUIMBY BOJIOTOCTI CTIHOBUX OyJIBEIIbHUX MaTepiajiB
Ha piBeHb nocnabdiaenns HBY curnaniB Ta BU3HauU€HHs 4aCTOT 3 MIHIMAJIbHUM PIBHEM TaKOTO
NoCcaa0JICHH .

Bukaan ocHoBHoro marepiany. Ilpu BU3HaYeHHI BIUIMBY BOJIOTOCTI Oy/IIBEIbHUX MaTe-
pianiB Ha npoxopkeHHi HBY curnaniB uepes Hux Oy/id BU3HAYEH1 TaKi YMOBH:

1. 3a 3pa3ku Oyau oOpaHi CTIHOBI MaTepiaiy, sKi IUPOKO BUKOPUCTOBYIOTHCS IIPU CHOPY-
JDKEHH1 3BUYaliHuX Oy/IiBelb, a caMe — IIerJia YepBOHa, IIeT1a CHITIKaTHa, OETOH, TIHOOETOH.

2. Bonoricts 3pa3kiB 3MiHIOBanack y Mexax BiJ 1 10 10 %. binbiunii BMICT BOJOTH B 3BH-
YallHUX YMOBax MaJloBiporigHuid. BiH Moke iCHyBaTH B MOBEPXHEBUX IlIapaxX 30BHIMIHIX CTIH
11 yac aTMOC(EPHUX OMaAIB, a TAKOXK y BOJIOTUX MiJBAILHUX Ta HAIIBIIBAIILHUX BUPOOHH-
YUX MPUMILICHHAX, ACIKUX MII3eMHUX 00’ €kTaX. [|Ji1 CTBOpEHHs amaparypH, 110 MOKe Ipa-
LIOBAaTH B TAKMX YMOBaX, Tpeba MPOBOAUTH J0AATKOBI JOCIIIKEHHS, sIKI aBTOpaMH L€l cTaT-
Ti3a METY HE CTaBUJIUCh.

3. OOpano yacroTHuit niana3oH (2—8) I'T, skuil nepekpuBae poOOUl YACTOTH ICHYIOUHX
TEeXHIYHUX Ta IHPOPMALIHHUX CHCTEM.

BuMiproBaHHs MpOBOJUIUCH 32 JOMOMOTrolo naHopamuoro sumiproBaua KCXH Ta nocna-
onenns SI2P-67 3a crangapTHOIO METOIUKOIO 3 HAa0OpoM reHepatopi 3MiHHOT yactoTn I'KU-
52, ’KY-53, 'KY-57. Sk nepenaBajibHi Ta CIpUIMasIbHI €IEMEHTH BUKOPUCTOBYBAJIUCH XBU-
JIeBOJIHO-KoaKkcHasbHi nepexoau [6—7]. Enementn HBY Tpakty (cipsimoBaHi Biiramyxysadi,
JIETEKTOPH1 T'OJIOBKM, BHUIIPOMIHIOBaul, MpUHMalbHI €JIEMEHTH, Y3TOJPKEHI HAaBAaHTAKEHHS)
oOupanuch BIAMOBIIHO JO [Jiana3oHy, B SKOMY MPOBOJMINCH BUMIPIOBaHHS. 30BHILIHIN BU-
IJIs1]] €KCIIEPUMEHTANIbHOT YCTAaHOBKHU MIPEJCTABICHO HA pHcC. 1.

Puc. 1. 3o06uiwmitl 6uensd excnepumeHmanbHoOi YCmaHOBKIL:
1 — eenepamop sminnoi vacmomu I'KY-52; 2 — cenepamop 3minnoi yacmomu I'K4-57;
3 — eenepamop 3minnoi yacmomu I'KY-53; 4 — inouxamop KCX ma nocrabnenns A2P-67;
5 — nepedasanvha aumena; 6 — NPUIMATLHA AHMERA
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BusHadeHa BOJIOTICTH 3pa3KiB JocsTallach TakuM 4MHOM. Ha moOpe BUCYIIEHHI 3pa3ok
J0/1aBaach MEeBHA KUIBKICTh BOJM BiAMOBIIHO 10 HOro Macu. 3pa3oK BUTPUMYBABCS B repMe-
TUYHOMY CTaHI1 JAEKiIbKa TOIUH JJIs1 PIBHOMIPHOTO PO3MOJIUICHHS BOJU B HhOMY. Y BUIAJIKaX
MaJioi TIrpOCKOIMYHOCT ETKUX MaTepianiB (Ieria cuiiikatHa, 0eTOH) 1 BEIMKUX PIBHIB BOJIO-
roCTi BOJIa 10aBajach B JIeKUIbKa MPUloMiB. TakuM 4MHOM, BOJIOTICTH 3pa3KiB 3MiHIOBaJach
Big 1 10 10 % 3 iHTEpBaJIOM Yepe3 OJIMH BiICOTOK.

B sxocrti kaniOpyBanbHOT OyJI0 B3STO 3aJI€KHICTh MOTY)KHOCTI CUTHAITY, 110 MPOUIIIOB Ye-
pe3 cyxwii 3pa3ok. Ha puc. 2—4 300pakeHa pi3sHHLS MDK MOTYKHICTIO CUTHAJIY IIPHU BHU3HAue-
HOMY PiBHI BOJIOTOCTI 1 KaJiOpyBaJIbHOIO 3aJIEKHICTIO.

Ha puc. 2 naBeneHo orpumani 3anexxHocti nocnabnenns HBY curnanis OyniBenbHUMU
MaTepiajaMH BiJl YaCTOTH CUTHAITy IPU Pi3HINA BOJIOTOCTI 3pa3KiB.
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Puc. 2. 3anescnocmi nocnabnennss HBY cuenany

810 Yacmomu CUSHAaIy Npu Pi3Hill 601020CMi OJis:
a — bemony, O — 4ep8OHOI yeanu, 8 — CUNIKAMHOT yeeu, 2 — NicKy,; 0 — NIHOOemoHy
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5-:
Puc. 2, apxyw 2

Pe3yabTaTn eKcnepuMeHTATBHUX A0CTi/IKEeHb.

JlocUTh CKIIQJHUM XapaKTep eKCIIEPUMEHTAIbHUX 3aJIC)KHOCTEH MOXKHA MOSICHUTH HACTYII-
HUM. Y BUNAJKaX, KOJHM JOCTIDKyBaJlaCh B3a€MOJisl €JIEKTPOMArHiTHUX XBHJIb 3 YHCTOIO BO-
71010, B3a€EMO/IIsl XBWJIb 3 PEUOBMHOIO BU3HAUaAlaCh HacaMIlepe] BIACTUBOCTSMH MOJIEKYJI came
Boau. Ha MOTYXHICTh paioXBWIIb MPH iX MPOXOPKEHHI Yepe3 peajibHe BOJIOTe CEpeOBHILE
BIUIMBAE Oarato yMHHUKIB. Ha3zBemo niesiki 3 HUX.

Bopa, mo notparuisie B pe4oBUHY, HE € YUCTOIO BOJOI0. Lle ckopime cnenudiuyHuii pos-
YMH 3 BEJIMKOIO KUTbKICTIO KOMIIOHEHTIB. 3BUUYAtHO, B3a€MO/Iisl MOJIEKYJI BOAM 3 XBUJISIMU Ma€e
MicCIle, ajne J0 Hei e JOJAEThCs B3aEMO/IIS XBUIIb 3 JOMIIIKaMu. Y OyIiBeIbHUX MaTepianax
BOJIa MO’KE€ 3HAaXOAUTHUCH Y pi3HUX cTaHax. [lo-nepie, y mporeci 3aTBepaiHHs O6aratbox Oy/ii-
BEJIbHUX MaTepialliB BiZIOyBa€eThCS MepeXiJ MOJIEKYJ BOJIM y 3B s3aHuil craH. [lo-npyre, npu
3BOJIOKEHHS PEUOBMHU MOJIEKYJH BOJU B3a€MOJIIIOTh 3 YACTUHKAaMU JaHO1 pedoBHHU. Lle ny-
&Ke ICTOTHUH (pakT, 00 TYyT MOMIIMBUHI MEpexis eNeKTPOHIB MK ICHYIOUMMHU €HEpPreTHYHUMHU
piBHsAMH, a00 yTBOpEHHS HOBHX piBHIB. [lo-TpeTe, B mopUCTUX MaTepiajgax BoJa MOKE yTBO-
pIOBaTH MIKpPOKpaIuli, TOOTo nepe0yBaTu B 3BUYAHOMY PiIKOMY CTaHi.

Cami »x OyniBenbHI MaTepiaii TaKoX SBISIIOTh COO0I0 TOCHTh CKIaAHY cucTeMy. BoHu Mo-
KYTb OyTH OJTHOPIIHMMHU 3a T'YCTHHOO, HAaIIPUKJIaJl, CUJIIKaTHA 11er1a, Oy/1iBeIbHUM TiIc; MOXKYTh
MaTy MOPOXKHUHH PI3HOT BEIMUMHU — MIHOOETOH, yepBoHa 1era. [Ipu npoMy citif 3a3HauuTH,
110 Oy/I0Ba OCTaHHIX JABOX PEYOBMH MOXe OyTH NPUHLMIIOBO PI3HOIO. SIKIIO B MEPLIOMY ICHYE
BEJIMKA KUIBKICTh OUThILI-MEHII MOMIOHKUX 32 pO3MipamMy 1 pO3MOAUIEHUX IO BCbOMY 00’eMy TO-
POXKHUH, TO B JJPYrOMY MpoLiec OOMaTIOBaHHs YTBOPIOE BEMKY KUIbKICTh PI3HUX LINAPUH, PO3-
puBiB TOIIO. TOOTO CTPYKTYpa UEPBOHOT LI MOXKE OYTH IOCUTH HEOJHOPITHOIO.

Bci Bumiesragani ¢pakTopu € IpUYMHOIO TOTO, 110 B PEUYOBHHI YTBOPIOETHCS TyXkK€e CKIIAAHA
KOJIMBAJIbHA CUCTEMa 3 PI3HOMAHITHUM CIEKTPOM YacTOT BHYTPILIHIX KOJUBaHb CKJIAZOBUX
1i€] CUCTEMH. Y TaKUX CUCTEMaX MOKYTh BUHUKATH YaCTOTH PE30HAHCHUX KOJIMBAaHb, 3yMOB-
JICHUX MEePEeX0JaMH €JIEKTPOHIB MDK BIIMOBITHUMH €HEPreTUYHUMU PIBHSAMHU.

Oxpemo cmif BUAUIMTH OeTOH. BiH CKJIagaeThcsi 3 LEMEHTHOTO PO3YMHY 1 HArlOBHIOBAYA.
OcranHil — 1ie rpaBiii 3 pi3HUMU 3a po3Mipamu Ta popmoto yactuHkamu. [Tpu npoxomxenni HBY
CUT'HAITy Yepe3 TaKy peuOBHHY, KPIM 3BUYAaHHUX BTpAT €HEPrii CUTHAITY, MOXe BIIOYyBaTUCh J0/1a-
TKOBA B3a€EMO/Iisl XBUJIb HA MEXI1 PO3YMH-HAIOBHIOBAY, a TAKOXX AU(paKLIis HA YACTHHKAX IPaBiko.
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Sk Hachinok, 3anexHocti nocnabnenns HBY notykHocTi OyaiBelbHUMU MaTepiajlaMy Bif
YaCTOTH CUTHATY IPU Pi3HIA BOJIOTOCTI 3pa3KiB MalOTh JIyxe ckiaaHuil Burisit. Ilpu onHomy
PIBHI BOJIOTOCT1 Ha HUX CIIOCTEPIralOThCsl IK MOHOTOHHI 3aJI€)KHOCTI, TaK 1 pe30HAHCH1 JUISTHKH.

VY GeToHHMX 3pa3KiB (puUC. 2, @) CHOCTepiraioch AOCUThH 3HAUHE MOCTA0ICHHS CUTHATY 31
3poctanHsM Bostorocti. Ilpu Bosorocti 10 % BoHO nocsrano (6-9) b y mmpokoMy yactoT-
HOoMYy niama3oHi. HaiimeHiie nmociaGrieHHs crnocrepirajioch Ha yactotax (2,8-4,2) I'Tu. Ilpu-
yoMmy B iHTepBai (3,2-4,4) [T mpu 1 % Bosorocti BOHO Oys10 MPAKTUYHO BIICYTHIM.

Jlnst GeTOHHUX 3pa3KiB LIKaBUM HIOAHCOM € HasIBHICTb IIUI0T HU3KU JIOKAJIbHUX MAaKCUMY-
MIB, SIKI CIIOCTEpIraloThCsl MpU MEBHUX PIBHAX BojorocTi. Ha HaBeneHOMy MpHKIIaal BOHU €
Ha yactoTax 6musbpko 6 [T mpu (1-4) % Bonorocrti, a npu (5-8) % — Ha yacToTax OIM3BKO
7 I'Tn. Taki ASHKY yacTille 3yCTPIYaloThCsl Y MOPIBHSIHO HEOJHOPITHUX MaTepialiB — uep-
BOHOI LIETJIM, BAlHSAKY, MIHOOETOHY. 3arajbHOI0 PUCOI0 iX BHYTPILIHBOI CTPYKTYpPH € HasB-
HICTh TOPOKHUH. BoiHOYAC /71 ORI OTHOPIAHKUX MaTepianiB (IEMEHTHUM PO3UMH, CTSDKKA,
KJIeH JUTSl TTUTKH) TaKi JIOKaJIbHI MAKCUMYMHU UM MIHIMYMHU HE € XapakTepHUMHU. [ HUX TH-
MOBHMM € 3POCTAaHHS YU 3MEHILIEHHsI ocaa0lIeHHs B OUTbLI IIMPOKOMY 1HTEpBaJll BOJIOTOCTI.

V 3pa3kiB uepBOHOI Liernu (puc. 2, 6) HalKpale NPOXOKEHHS XBHJIb CIIOCTEPIrajJoch Ha
yacrorax (2,5-3,5) I'Tu. [IpuyoMy B 1bOMY Jiana3oHi 3aJIeKHICTh MOCIA0JICHHS Bl CTYNEH1
BOJIOTOCTI HE € MOHOTOHHOI0. BifnoBigna rpadiyna iHpopmaliis HaBeaeHa Aaji. 30UIbIICHHS
gactoTd (10 6 I'T'1) mpu3BOAUIIO 10 3HAUYHOTO MOcHaaliIeHHsl CUrHainy. MakcuManbHUM rpafi-
€HT crniocTepiraBes npu yactorax (3,5—4) I'T'u npu Bonorocti 6inbiie Hik 2 %. JlokanbHi Ma-
KCUMYMH CIIOCTepiranuchk Ha yactorax oust 6 [T npu piBHAX Bojorocti Ouibiie 6 %, a mi-
HIMYMH Ha yacTtoTax Omm3bko 7,2 I'T'i npu piBHSAX Bosiorocti o6uisiie 3 %.

Jnst cunikatHoi uersu (puc. 2, 6) HaiimeHie nociadnenus HBY curnany crocrepiraersest B
mianazoHi yactot (2,7-3,3) I'Tu, mo € noaioHuM 1 OUTBIIOCTI TOCTIPKYBaHUX OyIIBETBHUX
MmarepiaiiB. OpHak MakcuManbHe nocnadnenss HBY curnany B npoMy BUIaKy BigOyBaeThes B
mianazoHi yactot (5,5-6,5) I'T1, yoro He MpoCIiIKOBYEThCS IS IHIIKUX OyIIBEJIbHUX MaTepialiB.

Sk BUIHO 3 pucC. 2, 2, U MICKY NPU HU3BKHUX PIBHAX BOJIOTOCTI 10 5 % HaiiMeHIe noc-
nabnennss HBY curnany crnocrepiraiiocs y niana3osi yactot (6,7-7,3) I'Tu. IIpu 3pocranni
3BOJIOKEHOCTI CIIOCTEPIraeThCs J1Ba Aiara30Hu 3 MiHIMAIbHUM NOCTA0NIEHHAM: OJIUH, SK 1 AJ1s
c11abo 3BOJIOKEHUX 3pa3kiB, — (6,7-7,3) [T, inmmii — (4,5-5,5) I'Tw.

[TinoGeToH (puc. 2, 0) ocaabI0e CUTHA 3HAYHO MEHILIE HK 11erfa 4 0eToH. MakcumanbHe
nocnabnenHs nocsirano 4 nb. Haiikpaii ymoBu uist npoxopkennst HBY curnanmy kpizb 1eit Mare-
piai crioctepirarotbes npu yacrorax Bif 2,4 [T mo 3,3 I'Tu. [pu piBHi Bostorocti 6 % criocrepi-
raBcs e ofuH iHTepBan — Big 6,4 [T no 7,0 ['Tu. [omanbiie 3pocTaHHs BOJIOTOCTI IPUBOIUTH
710 BITHOCHO 3HAYHOT'O MOCTA0IeHHS CUTHAITY, 0COOIMBO Ha yacTtoTax Outkiie 3a 6 [T

V neskux Matepiajiax Ha HEBHUX YAaCTOTaX MpHU piBHI BoJiorocTi (1-2) % Oyino 3ayBaXkeHO BiJl-
CYTHICTh nocnabneHHs curHaiy. Lleit ¢akT Mo)xHa MOSCHUTH THM, 110 He3HauHa (6nu3bko 1 %)
BOJIOTICTh Ha MEBHUX YaCTOTaX IMOKPAIIy€e y3rO/KEHHS TIOBEPXHi 3 MOBITPsM. SIK HACIIOK, 3MEH-
LIY€ThCs BIAOUTTS XBUIIb Bif 3pazka. [Ipu nmomansiomy 301U1b1IEHH] BOJIOTOCTI BU3HAYAIIBHY POJIb
MIOYMHAIOTH BIIINpaBaTH NpOLECH B 00’ €M1 pEYOBUHH 1 TOCTA0IEHHS CUTHAITY 3pOCTAE.

3a OTpUMaHUMU pe3yjibTaTaMH, 10 HaBEJCHI Ha pHc. 2, Oyau moOynoBaHi 3aJeKHOCTI
nocnabJaeHHs CUTHally CTIHOBUMH MaTepiajlaMH BiJl piBHS BOJIOTOCTI Ha II’ITU OKPEMHX Hac-
totax: 2,4 [T, 3,2 [T, 4,4 1T, 5,4 [T 17,4 I'Tu. Boun noka3ani Ha puc. 3.

Yacrotu 2,4 I'T1 ta 5,4 [Tl BUKITUKaIOTh OCOOJIMBHIA IHTEPEC, OCKUTBKH 1€ YaCTOTH, Ha
SKHX TMpaloe 6e31poToBuii [HTepHeT.
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6 2

Puc. 3. 3anescrnocmi nocnabnenns HBY-cuenany
810 PiBHsL 80J1020CMI CMIHOBUMU MAMEPIAIAMU.
a — ninobemonom, 6 — GemoHOM; 8 — HEPBOHOIO Ye2NoK; 2 — CUNIKAMHOI Ye2lok).
1 — npu wacmomi 3,2 I'Ty; 2 — npu vacmomi 2,4 I'Ty,; 3 — npu vacmomi 4,4 [Ty,
4 — npu vacmomi 5,4 I'Ty, 5 — npu wacmomi 7,4 [Ty

[TopiBHIOIOYHM 111 3aJI€KHOCTI MOKHA Oa4uTH, 10 A7 MIHOOETOHY, LErNId CUIIKATHOI Ta
0€TOHY 3arajoM IIBUIKICTb 3MIHU MOCTA0JIeHHs CUTHALY HE AY)K€ CHJIbHO 3aJIeXKaTh Bi dac-
toTU. IIpoTe okpeMi IUISHKM MaioTh a00 HE3Ha4yHY, a00 HaBMaKH TyXe BEJUKY 3MIHY 3aTy-
XaHHS CUTHAJTy ITPH 3MiH1 BOJIOTOCTI 3pa3kiB. /lo HUX MoKHa BiTHECTH:

beron — wacrota 3,2 I'Tu B iHTepBani Bosorocti 3-7 %, ta yacrota 2,4 ['Ty npu 5-9 %
BOJIOrOCTI; MiHOOeTOH — yactoTa 4,4 I'T'11 B inTepBai Boiorocti 3-8 %.

VY BCiX TpbOX MaTepialiiB HalOUIbII BIAXUIEHHS SIK B OJIMH TaK 1B 1HIIMH OiK criocTepira-
much Ha yactoTi 7,4 I'Tu. HaitOuibii BIAMIHHOCTI Y TaKUX 3aJIEKHOCTEH CHOCTEepIraiuch Ha
3pa3kax 4epBOHOI Leriau. HalOiumbi BIpOTiHO, 110 L€ MOSCHIOETHCS YK€ HEOJHOPIIHOIO
CTPYKTYPOIO IIbOT'O Matepiaty.

Taxoxx BIAMOBIIHO IO PE3YAbTATIB PUCYHKIB 2-6 Oyiu MOOYI0BaHI 3aJI€KHOCTI MOCIa0eH-
Hsl CUTHAJIy CTIHOBUMH MatepiajlaMH BiJl YaCTOTH P CTAIMX PIBHAX BoJorocti —Bix 1 10 9 %.
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> S

Puc. 4. 3anexcnocmi nocrabnrenns cueHamy CmiHOBUMU Mamepianamu

8i0 yacmomu npu CMAaIux PiBHIAX 801020CMI.:
a-1%6-3%6-5%2—7% 0-9 %:
1 — nicok; 2 — yeena uepgona, 3 — ninobemon,; 4 — bemon; 5 — yeena cunikamua
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AHani3 nux 3a1eXHOCTEH MoKa3ye, Mo JUIsl BCIX JOCHIKYBAaHUX MaTepialiB MOKHA BH/II-
JIUTH JBa TaKl Jiala3oHu:

[epmmii nianazon: (2,9-3,5) ['Tu. Came Ha Takux yacToTax y OUIBLIOCTI MaTepiajiB Moc-
nalJeHHsl CUTHATY HaliMeHIe. BUHATOK — yxe Benukuil piBeHb Bojorocti (9 %). IIpu Hbo-
My niana3zoH meHie — Bix (2,9 mo 3,2) I'T.

Hpyruit pianazon: (5,6-6,5) I'Tu. ¥V Ounbliocti MarepianiB MOCIA0JCHHS CUTHATY Ha Ta-
KHX 4acTOTaxX HalOUIbIIIE.

BucHoBkHM BiAnmoBiaHo 10 crarTi. /{715 OCHOBHUX CTIHOBUX OyAiBeNbHUX MaTepiaiiB: Oe-
TOH, 1I€TJIa YePBOHA Ta CUJIIKATHA, MICOK, MHOOETOH BU3HAUEH] €KCIIEpUMEHTAIbHI 3aJIe)KHO-
cti nocnabnenHs curnany HBY Bix Bosorocti B cmy3i yactot (2-8) I'T'u. Lli 3anexHocTi Mo-
KYTh BUKOPHCTOBYBATHCH SIK 1H(OpPMAIiifH1 XapaKTEpUCTUKH CUCTEM HEPYHHIBHOTO KOHTpO-
JII0 YM JA1arHOCTUKU CTaHy TEXHIYHUX 00’ €KTIB Ta CTBOPEHHS KaHAJIB paJlio3B’sI3KY, SIK1 Mpa-
LIOIOTh y OY/IBIISAX Ta CIIOpyax.

Haiimenme nocnabnennss HBY curnany crnocrepirainoch Juist OUTbIIOCTI OyIIBEIbHUX Ma-
TepianiB y aiama3oHi yactot (2,9-3,5) I'T'u mipu piBHsAxX Bojorocti Bix 1 go 7 %. OaHak XoueThb-
Csl 3a3HAYMTH, 110, KPIM LBOTO, Il OyAiBEIbHUX MaTepialliB PI3HOTO CTYIEHS 3BOJIOXKEHOCTI
CIHOCTEPIrajiCh TAKOXK JIOKAJIbHI MIHIMyMH Ha IHILIUX YaCTOTax.

3araJlbHOIO TEHJCHLIEI0 sl OUIBIIOCTI OyAIBENIbHUX MaTepialliB € 3pOCTaHHs Mociad-
nenHs HBY curnany npu 3pocTanHi BOJOTOCTI.

OckU1bKM OCHOBH1 Oy/1iBEIbHI MaTepialy CyTTEBO HEOHOPIIHI, MAIOTh y CBOIH CTPYKTYp1i
MOPOKHUHHU, TO XapakTepucTUKH nocnabnenns HBY curnaniB ta ix 3MiHa mpu 3MiH1 3BOJIO-
KEHOCT1 JIy’)K€ CHJIbHO 3aliearh BiJ ix OynoBu. OTXke, y CUCTEMax MOHITOPUHIY OOOB’f3-
KOBOIO YMOBOIO Ma€ OyTH KalliOpyBaHHS BUMIPIOBAJIbHOI YCTAHOBKM B KOHKPETHUX YMOBax
KOHTPOJILOBAHOTO 00 €KTA.

Cnncoxk BUKOPMCTAHUX JIZKepeJt

1. Xapeeui A. Texuuka CBY / A. Xapgeii. — M. : Cos. paguo, 1965. — 775 c.

2. llacvinkos B. B. Matepuainsl snexktponHoii Texauku / B. B. [acekos, B. C. Copokun. — M. :
Brercm. mxoma, 1986. — 367 c.

3. Kyopawos A. A. 3aTyxanue paMOBOJH U OECITPOBOIHBIE TEXHOJIOTUU TTOCTPOCHUS TIPOMBIIIIICH-
HBIX ceTerd auamna3ona 2,4 [T/ A. A. Kyapsmos // Bicauk YJATY. —2012. — Ne 4 (61). — C. 183-190.

4. Mukpo6oHogvle TEXHOIOTHH B TeIEKOMMYHUKAMOHHBIX cuctemax / T. HapeiTHuk, B. babaxk,
M. Unbuenko, C. KpaBuyk. — K. : Texnika, 2000. — 298 c.

5. Basvmumunos U. A. Pe3ynpTaThl HCClieA0BaHUN OCIAa0ICHHUs SYHEPTUH JIEKTPOMAarHUTHBIX BOJIH
ONTHYECKH Hempo3payHbiMu nperpagamu / M. A. Bszemutunos, E. . Mupomnndenko, O. B. Cpit-
Huk // Pamiodizuka Ta enexrponika. —2007. —T. 12, Ne 2. — C. 426-434.

6. Camiokog A. 1. BukopuctanHs XBUJIEBOJHO-KOAKCHAILHOTO TIEPEXOy MPH BUMIPIOBaHHI BOJIO-
rocti T 3 goBuIbHOO reomerpiero / A. 1. Catrokos, A. JI. Ilpucryna // 36ipauk mMatepialiB HAyKOBO-
TexH1YHO1 KoH(epenuii. — Cymu, 2014. — C. 51.

7. Camioxos A. 1. HBY meron BumiptoBaHHSI BOJIOTOCTi 00°€KTiB 10BUIbHOI hopmu / A. I. CaTrokos,
A. JL Ilpucryma, FO. B. Jlensko // TexHiuHi HayKH Ta TEXHONOT] : HayKoBHH KypHaiL. —2017. — Ne 2 (8). —
C. 20-28.

References

1. Harvey, A. (1965). Tehnika SVCh [Microwave technique]. Moscow: Sov. Radio [in Russian].

2. Pasyinkov, V. V. & Sorokin, V. S. (1986). Materialy elektronnoi tekhniki [Materials of elec-
tronic engineering]. Moscow: Vysshaia shkola [in Russian].

3. Kudryashov, A. A. (2012). Zatukhanie radiovoln i besprovodnye tekhnologii postroeniia
promyshlennykh setei diapazona 2,4 GGts [Attenuation of radio waves and wireless technologies for
building industrial networks in the 2.4 GHz].Visnyk ChDTU — The Bulletin of ChDTU, 4 (61), 183—
190 [in Russian].

260



Ne 1(11),2018 TEXHIYHI HAYKHW TA TEXHOJIOTTi

TECHNICAL SCIENCES AND TECHNOLOGIES

4. Naryitnik, T., Babak, V., Ilchenko, M., Kravchuk, S. (2000). Mikrovolnovyie tehnologii v
telekommunikatsionnykh sistemakh [Microwave technologies in telecommunication systems]. Kyiv:
Tehnika [in Russian].

5. Vyazmitinov, I. A. Miroshnichenko, E. I. & Syitnik, O. V. (2007). Rezultaty issledovanii
oslableniia energii elektromagnitnykh voln opticheski neprozrachnymi pregradami [The results of
investigations of the attenuation of the energy of electromagnetic waves by optically opaque
obstacles]. Radiofizyka ta elektronika — Radio physics and electronics, 2 (12),426—434 [in Russian].

6. Satiukov, A. L, Pristupa, A. L. (2014). Vykoristannia khvylevodno-koaksialnoho perekhodu pri
vymiriuvanni volohosti til z dovilnoiu heometriieu [Use of waveguide-coaxial transition when measuring
the humidity of bodies with arbitrary geometry]. Zbirnik materialiv naukovo-tekhnichnoi konferentsii —
Collection of materials from the scientific and technical conference (p. 51). Sumy [in Ukrainian].

7. Satiukov, A. L, Pristupa, A. L., Lenko, Yu. V. (2017). NVCH metod vymiriuvannia volohosti
obiektiv dovilnoi formy [Microwave method of measuring moisture objects of the arbitrary formy].
Tekhnichni nauky ta tekhnolohii — Technical sciences and technologies, 2 (8), 20-28 [in Ukrainian].

UDC 621.391.812

Anatoliy Satukov, Anatoliy Prystupa,
Viadimir Zhurko, Mstislav Bivalkevich

EXPERIMENTAL INVESTIGATIONS OF THE INFLUENCE OF HUMIDITY
OF WALL CONSTRUCTION MATERIALS ON THE PERFORMANCE
OF RADIO WAVES OF A RANDOM LINE

Urgency of the research. Modern information technology is using ultrahigh frequencies to a large extent. The reliability of
such systems in some cases is associated with the passage of microwave signals through the construction materials. At the same time
there is a relaxation of the radio signal, the degree of which largely depends on the level of moisture content. Therefore, the study of
patterns associated with the passage of microwave radio waves through wet materials is very important and topical task.

Target setting. The conditions for the propagation of radio waves affect the task that needs to be addressed when designing,
manufacturing and deploying elements of electronic systems of radio channels. Taking into account the relaxation of signals by
interference, it is possible to optimally select the working frequencies, the power of generator elements, parameters of antenna
systems and their location. In turn, reliability of work, impedance protection, competitive ability, cost-effectiveness of manufac-
turing and operation depend on this.

Actual scientific researches and issues analysis. The question of the propagation of radio waves in the air and above
the earth's surface has been studied very carefully and completely. The frequencies detected are the least observed, as well as
the most damping of radio waves. This made it possible to create reliable and optimally structured communication channels.
In recent years, radio communication systems operating in the proliferation of radio waves in the presence of various obsta-
cles are increasingly developing. For example, mobile communications or wireless internet, which work in indoors and
buildings. For them, numerous devices, antenna systems, various IT technologies have been created.

Uninvestigated parts of general matters defining. Radio channel parameters such as transmitter power, antenna design
and placement are closely related to the proliferation of radio waves due to various obstacles. Such obstacles, in particular,
may be various building constructions — walls, floors, etc. They weaken the power of radio waves passing through them eve-
rywhere. The degree of such relaxation may significantly depend on the level of moisture content of the barrier. The data
presented in various literary sources do not, for the most part, take into account this aspect.

The research objective. Influence of moisture of wall building materials on the level of weakening of microwave signals
and determination of frequencies with a minimum level of such relaxation.

The statement of basic materials. The authors carried out measurements of the degree of weakening of microwave radio
waves by the main wall building materials - samples of red and silica brick, concrete and foam concrete. Measurements were made
when changing the level of moisture content. The obtained results were compared with the passage of radio waves everywhere with
a dry specimen. This made it possible to determine exactly the effect of the change in humidity on the relaxation of the radio signal.
Measurements were carried out in the frequency range of 2-8 GHz. and humidity of samples of wall materials up to 10 %.

In addition, an analysis of the change in the signal attenuation from the degree of humidity at individual frequencies is
carried out. Also, comparing the relaxation of radio waves with different materials with the same level of humidity is made.

Conclusions For the main wall building materials — concrete, brick red and silicate, foam concrete specific experi-
mental dependence of the weakening of the microwave signal from moisture in the frequency band 2-8 GHz is determined.
frequency bands with the smallest and largest relief of the microwave signal.

Keywords: relaxation of radio waves; microwave signal; wall building materials; humidity level; frequency range.

Fig .: 4. References: 7.
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IKCHHEPUMEHTAJIBHBIE NCCJIEJOBAHUA BJIUAHUA BJTAYKHOCTHU
CTEHOBUX CTPOUTEJIBHBIX MATEPUAJIOB HA TPOXOXJIEHHUE
PAJIIOBOJIH HBY IMATTIA30HA

Axmyanvnocms uccneoosanus. Cospementvie mexnuieckue u UHPOPMAYUOHHbIE CUCEMbL 8 3HAYUTNENbHOU ceneHu
ucnonwv3sylom ceepxgvicokue uacmomut (1-10 I'Ty). Hadesxcnocms maxux cucmem ceazaua ¢ npoxodicoenuem CBY-cuenanos
uepe3 pasnuunvle mamepuanel. Ilpu smom nabnodaemcs ocnabnenue paduocusHand, cmenelb KOmMopo2o 8 3HA4UMeNbHOU
cmenenu 3a8Ucum om YpoeHs enadicHocmu geujecmea. Ilosmomy uzyuenue 3aKOHOMEPHOCIEl, CEA3AHHBIX C NPOXOICOCHUEM
paouosonn uepes 61adiCHbIE MAMEPUATYL, ABTACMCI OUEHb 8ANCHOU U AKMYANLHOU 3a0aUell.

Ilocmanogxka npobnemul. Ycnogus pachpocmpanerus paouosonH GIUAIOM HA 3a0ay, KOmopble HeoOX00UMO peuams
npu NPOEKMUpOBAHUY, U3LOMOBNEHUU U PA3MEWeHUU INeMEeHMO8 DNIeKMPOHHbIX CUCMeM PAOUOKAHANO08. Yuem YpoeHS
0caabeHUsl CUSHAN08 NPEeNAMCMBUAMY NO380JIAem 8blOPams ONMUMATbHbIE paboyue Yacmombl, MOWHOCU 2EeHEPAMOPHBIX
9eMenmos, Napamempvl AHMEHHbIX CUCIEM U UX PACHONO0ICEHUe, YMO 8 CB0I0 0Uepeddb GlusAem HA HAOeICHOCHb padomyl
MAaKux cucmem, ux HOMexoyCmou4U80Cmb, KOHKYPEHMHYIO CHOCOOHOCHb, IKOHOMUUHOCTb.

Ananuz nocneonux uccnedosanuil u nyonukayuii. Bonpocvl pacnpocmpanenus paouosont 8 6030yxe uzyyeHvl 04eHsb
mwamenvHo u noaro. OnpeodeneHvl 4acmomuvl, Ha KOMOPLIX HAON0O0Aemcs HaumeHbluee U Haubonvluee 3amyxanus. paouo-
607IH. DMO NO360NUNO CO30aMb HAOEIICHBIE U ONMUMALLHO CIMPYKIMYPUPOSAHHbIE KAHANbI OECNPOBOOHOT CEA3U.

Buidenenue neuccnedogannvix uacmeii oouieii npobnemsl. B nocieonue 200wl 6ce 6oavuie pazgusarmcs cucmembvl
paouoceasu, pabomarowjue 8 YClLO0BUAX PACNPOCMPAHEHUs pAOUOBONH NPU HATUYUU PA3TUYHBLIX npensmcmeuti. Hanpumep,
MobUnbLHAA C8A3b WU 6ECnPOBOOHOU unmepHem, pabomaroujue, 8 MoM Yucie, 8 nomeweHusx u 30anuax. Taxue napamempol
KAHano8 paouocsesasu KaKk MOWHOCMb Nepe0amiuKkos, KOHCMpYKyus U pasmeujeHue aumeHH MecHo C8:A3aHbl C 83auMooeli-
cmeuemM paouogonH ¢ pasiuyHblMu npenamcmeuamu. Takumu npenamcmeusimu, 8 4acmHocmu, Mo2ym Oblmb pasiuyHble
cmpoumenvHble KOHCMPYKYuU — cmensvl, nepekpuimus u op. Onu ociabasaiom MouHOCMb paouogonH, NPOXOOSUUX CKEO3b
nux. Cmenenv maxozo ocnabnenus modicem Cyujecmseenno 3a8ucems Om YPOGHs GNANICHOCMU MAMEPUana npenstmcmeus.
TlpusedernHvie 6 pasnuiHbLX TUMEPAMYPHBIX UCMOYHUKAX OaHHbIe N0 OONbULEN YACU He YUUMbIBAIom 3020 ACneKmd.

Llenv uccneoosanus 3axniouaemcs 8 usyueHUU GIUAHUA GLAICHOCIU CIMEHOBbIX CHPOUMENbHBIX MAMEPUATO8 HA YPO-
senv ocnadnenuss CBY cuenanos u onpedenenus uacmom, na KOMopuix HAOI00aemcs MUHUMANbHbIIL YPOBeHb 0CIaA0NeHUs.

H3noscenue 0cHoenozo mamepuana. Asmopamu npogeoeHsvl IKCHepUMEeHmManbHble UCCIe008aHUA N0 ONpedeneHUIo
cmenenu ocnadnenuss CBY cuenanog cmenoguiMu CmpoumenshblMy MAmepuaiamu npu pasiuiHom ypoghe GIadcHOCmu 6e-
wecmaa. [lonyuennvie pe3ynrbmamvl CPAGHUBANUCL C NPOXOACOEHUEM PAOUOBONH CKBO3b CYXOll obpazey. Dmo no360auno
BbIACHUMb UMEHHO GNUAHUE USMEHEHUs BIAXCHOCIU Ha ociabienue paouocueHana. Mzmepenus nposoounucs 8 ouanazome
uacmom (2-8) I'Ty u usmenenuu enaxchocmu 06pazyog 0o 10 %.

Ilposeden ananus ocnabienue CUSHAIA OM CMENEHU BIANCHOCHU HA OmOelbHblX yacmomax. IIposedeno cpagheHue
ocnabaenuss paouoBoIH PA3NUIHLIMU MAMEPUATAMU C OOUHAKOBLIM YPOGHEM GLAICHOCHI.

Bu1600b1 6 coomeemcmeuu co cmamweil. /[s1 OCHOBHbIX CINEHOBLIX CHIPOUMENbHBIX MAMEPUANos — 6emoH, Kupnuy Kpac-
HbIL U CUTUKAMHBILL, NeHOOemoH onpedeneHbl IKCnepumMenmanbiole sagucumocmu ocradnenus cuenana CBY om enadcrocmu 6
nonoce yacmom (2-8) I'Ty, svidenenvt ouanazonvl 4acmom ¢ HaumeHbwuM u Haubonvuum ocradnenuem CBY cuenana.

Knioueevie cnosa: CBY cuenan; ocnabnenue paouogont,; cmeHogvie cCmpoumenbhble Mamepuabl, 81alcHOCmy,; dKCne-
pUMenmanvHole Ucci1e008aHUs.
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