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OCOBEHHOCTWU PACINPOCTPAHEHUA PAONOBOIJIH CTAHOAPTA IEEE 802.11
B YHACTOTHOM OMAMNA3OHE 2,4 I'TL B IECHOM MACCHUBE
NP NMKBMAAUUUN YPE3BbIYAUMHOU CUTYALIUU

Paccmampusaromes éonpocwel oyenku mowpocmu u kauecmea nepedauu paouosonn cmandapma IEEE 802.11
6 yacmomuom ouanasoue 2,4 I'Ty 6 HOpMATLHBIX YCIOBUAX PACAPOCMPAHEHUS, A MAKICE 8 YCIOBUIX PACCEUBAHUSL U
NO2NOWeHUs. NPU HENOCPEOCBEHHOM NPOXONCOCHUU PAOUOBONH Yepes3 eCHOU MACCU8. DKCNepUMEHMATbHBIM NY-
mem ObLIa onpedenena 3a6UCUMOCHIb MOWHOCTY PAOUOCUSHALA NPU YEEAUYEHUU PACCIOAHUSL MeNCOY Nepeoamiil-
KOM U NPUEMHUKOM PAOUOKAHALA, a MAKdice NIOMHOCHU Oepedbes 6 cmeutannom ecy. Tloxkaszano enuanue niamenu

HA MOUHOCMb paduocu.mazza. Cocmasnenwi 2pa¢ui<u 3asucumocmeit MowHocmu paaMOCMZH[UZa C yuemom nomex.

Knrwouegsle cnosa: upesgvluaiinasi cumyayusi, CUSHAI, padUoBOIHbl, nepeoaya UHGopmayuy, MOUWHOCHb Cue-

Hajxa, omKpslmoe npocmpancmeo, JIeCHOU maccue, niams.

BctynneHue

IHocTanoBka mpodsembl. HTepec k nccnenoBa-
HHUIO PACIIPOCTPAHEHUSI DJIEKTPOMArHUTHBIX BOJIH B
JIECHBIX MAaCCHBaxX TPaIUIMOHHO OCTAETCsl BEIHK, OCO-
OCHHO B TMOCIIEJAHUE TOMABL. 3HAYUTENBHYIO aKTyajb-
HOCTh TaKH€ HWCCIEIOBaHMSI MPHOOPENH C pa3BUTHEM
TEXHOJIOTUH Tepeaaun paauocurHana cranaapra IEEE
802.11, paboraromiero Ha vacrore 2,4 u 5ITu. 3to
CBSI3aHO C TEM, YTO JIECHBIE TOXKapbl HAHOCAT KOJOC-
CaJIbHBIE SKOJIOTMYECKUE U DKOHOMHYECKHE MOTEPH BO
BCEM MHpE U, B YaCTHOCTH, B Ykpaune. Tak, B 1993 u
1998 romax B SNTHHCKOM TOPHO-JIECHOM IPUPOIHOM
3aI0BE/IHUKE BO3HUKIIU KPYITHBIE TIOXKAPBI C YHHUYTOXKE-
HueM Jjeca Ha muomanu 459 u 107 ra cOOoTBETCTBEHHO
[1]. B 2012 rony Ha TeppuTopuu YKpauHbl B T€UCHUE
MOKapOoOIacHOr0 TEepUoJa ¢ ampelisi 10 OKTAOph Ipo-
m3omuio 1990 JecHBIX TOXKApPOB Ha OOIIECH ITIOIMIAIN
3500 ra, a B 2013 roxy — 806 secHbIX MOXapoB Ha ILJIO-
maau 220 ra [2]. TIpumenenue texnonoruu IEEE 802.11
JIaeT BO3MO)KHOCTH OBICTpOW Tepenadn MHpOpMalu B
peanbHOM PEeXHME BPEMEHM TaKHX, Kak BHJIEO, (oro,
OvOMETpUYecKHe JaHHbIe COTPYAHUKOB aBapHUifHO-
criacaTeNbHBIX MOAPA3/IeIeHIH, HX MECTOHAXOXK/ICHUS B
30HE€ JIMKBUJAIMU 4pe3BbluaiiHoON cutyaruu. CyiiecT-
BEHHOE BIIMSIHME Ha YCJIOBHE PaclpOCTPaHEHUs pajuo-
BOJIH U Ha paboTy BCel palrocBs3H B JIECY B 1IEIOM OKa-
3bIBaET HAIMYUE DPACTUTEIBHOCTH M TIOYBOIOKPOBHOT'O
HacTwia. PaanoBoHbL, MPOX0/s Yepe3 JeCHbIe MaCCHBBI,
MMEIOT CBOWCTBO paccenBaThCs U MOIIOMAThCs. Tak Kak
IIPU 3TOM YPOBEHb M3IIy4eHHs YObIBAET, TO JIAHHBIN CIIO-
co0 pacnpoctpaneHus 3(p(HeKTHBEH Ha HEOOJBIINX JTUC-
taHmusx. VccrnenoBaHue ocnaOiieHWs] paJMOBONIH Jiec-
HBIMH TTOKPOBaMH SIBJISETCS MPEAMETOM HHTCHCHUBHOTO
W3Y4YEHUs CIEUUAINCTaAMU W3 Pa3IMYHBIX CTpaH. JTH
WCCIIEIOBAHMSI TIOMOTYT IPOAHAIM3UPOBATH BIIUSIHUE
Jleca Ha Ka4eCTBO PaJUOCBS3HU B IIETIOM.

AHAIN3 TIOC/JeTHUX HMCCIEeA0BAHMI M MyOJHMKa-
muii. AHaIWU3 JTUTEPATYPHBIX HUCTOYHHKOB IOKA3bIBACT,
YTO PacHpOCTPaHEHHEM PaJHOBOJIH B JIECHOM MAacCHBE
3aHUMAJIKCh OOJBIIOE KOJMYECTBO BEIYLIMX YYEHBIX.
[epBble uccnemoBaHusi B 00JACTH PACIIPOCTPAHEHHUS
PaIMoBOJIH B JIECHOM MacCHBE MPOBOIIHNCH B COPOKO-
BBIX TO/lax JBaALATOrO CTOJIETHS, TIPH STOM OBLIO 3ame-
YEHO, YTO YPOBEHb CUTHala HA OTKPBITOW MECTHOCTH
Oombie, ueM B Jiecy [3]. B coBpemenHoM mupe, B pabote
[4] ObuM TpencTaBiIeHBI PE3YNBTATH IKCIEPUMEHTAIIb-
HBIX HCCIICJIOBAHUI BIIMSHUS BHIOBBIX M CTPYKTYPHBIX
CBOMCTB JIECHOH pacTHTEIBHOCTH Ha OCOOEHHOCTH pac-
MIPOCTPaHEHUs B HEW AJIEKTPOMArHUTHBIX BOJIH B METPO-
BOM Jjuamna3oHe. B HayuHOil cTaTtbe [5] omHMCHIBarOTCS
Pe3yJIbTaThl IKCIEPHUMEHTOB, KOTOpPHIE MMOKA3bIBAIOT CY-
IIECTBEHHOE pa3linykie B U3SMEHEHHHU CIIEKTPOB HUMITYJIbC-
HBIX CHT'HAJIOB TPH PACIPOCTPAHCHHU B Pa3IMYHBIX TH-
max JIeCHOM pactutensHOoCTH. B crathe [6] mokazaHBbI
SKCIIEpUMEHTAJIbHBIE JIaHHBIE MO OCIAOIEHHI0 MOIIHO-
CTH PaJMOBOJIH KPOHAMH OTJIENIBHBIX JEPEBHEB, a TAKKE
3aBUCUMOCTH TIOTOHHOTO OCJIa0JIEHHs] Ha BEPTUKAIBHOM
Y TOPU3OHTAIBHOMN MOJISPU3ANUAX I XBOWHBIX U JIUCT-
BEHHBIX JIepeBbeB B auamna3one yactot 0,476 — 2.4 I'T.
B pabore [7] mpoBemeH 0030p 3IEKTPOAMHAMUYCCKUX
MoOJIeJIed U METOJIOB aHan3a PaclpOCTPaHEHUs Pauo-
BOJIH B JIECHBIX MacCHBax IIPU Pa3NIMYHBIX YacTOTaX U
paccrosusx. B [8] nmpuBeneHsI JaHHBIC TIO OCITA0ICHHIO
MOIIHOCTY PaJIOBOJIH IIPY UMHUTALIUH JIECHOTO ITOKapa B
71a00paTOPHBIX YCIOBUSIX, NP 3TOM Ha ILIaMsl TOPENKH
CBITIAJIM COJI METAJUIOB, SMUTHPYS 3TUM T'OPEHHUE JIUCT-
BEI B JIECY, KOTOpPAsi COZEPKHT ICIOYH.

OcHoBHOM maTepuan

IMocTaHoBKa 3a7a4u W ee pelleHHe. YUNUTHIBAs
BBIIIECKA3aHHOE, 3a/IJaHIEM HEIIOCPEACTBEHHOTO Hay4HO-
rO HCCIIEOBaHMS JAaHHON palOTHI SIBISETCS DKCIEpH-
MEHTaJbHOE M IPAKTHYECKOE BBISBICHUE OCHIaOIeHUs
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3anobizanna ma nikeioayina HAO36UUANHUX CUMYAUIll

MOIIIHOCTH PaJiOCUTHAJIa M Hepefayd JaHHBIX Ha OT-
KPBITOIl MECTHOCTH, a TAaKKe B JIECCHOM MacCHBE Ha pas-
JIMYHBIX PAcCTOSHMAX. DKCIIEPUMEHTANIbHAS OLIEHKA OC-
nabJeHus CUTHala NpOBOAWIACH B Tpu 3Tama. IlepBas
9acTh 3KCIIEPUMEHTa COCTOSIIA B 3aMepe MOIHOCTH CHT-
HaJa ¥ MPOIYCKHON CIIOCOOHOCTH KaHajla Ha OTKPBITOH
MECTHOCTH Ha CTaJMOHE, IIPH 3TOM KaKHe-THO0O0 MOMeXu
UL IPOXOXKIEHUS CUT'Hajla OTCYTCTBOBaiHM (puc. 1). 3a-
MeEpbI IPOBOAMIINCH ¢ U3MEHEHUEM JUCTAHIMU KaXIbIX
IITh METPOB. BTopast 4acTh 3kcriepuMeHTa IpOBOAMIIACH
B JINCTBEHHOM (JlyOOBOM) JieCy, CPEAHEH TIIOTHOCTH, IPU
POBHOM pelnbede ¢ TyCTO MPOU3PACTAIONIMM KYCTapHU-
KoM. BricoTa aepeBbeB B CpelHEM paBHANAch 15 M,
cpeqHuit tuameTp cTBoioB — 0,3 M, KyCTapHUKH BBICOTON
2™ (puc. 2). 3amepbl MPOBOIWINCH Yepe3 KaxIble Ie-
CATh MeTpoB. IlepenaTunk U MPUEMHUK HaXOAWIUCH HA
BbICOTE 1,2 M OTHOCHUTENILHO IIOBEPXHOCTH 3EMIIH U ObLIN
OITUMAJILHO HAIIPAaBJIEHHBI PYT Ha Apyra. TpeThs 4acTh
9KCIEPUMEHTa IPOBOJMIIACH IIPU BO3JCHCTBUU HA CHI-
HaJ IUIAMEHU OTHs, IPH 3TOM DPAcCTOSHHUE MEXIy IpH-
€MHBIM U IIepeIAloIiM YCTPOHCTBOM OBLIO PaBHO 6 M.

B nmaHHOIl yacTH SKCIIEpUMEHTa MOJEIUPOBAJICA
JIECHOH IOYKap MOJCTHIAIoNIEH oBepxHOCTH (puc. 3).

Puc. 1. IIpoBenenue sxcriepuMenTa 1o 3amepy
ociabieHust MOLIHOCTY CUTHaa
Ha OTKPBITOH MECTHOCTU

Puc. 2. IIpoBeneHue s3KcriepuMenTa 1o 3amepy
ocyiabeHHs MOIIHOCTU CUTHaNa B JJECHOM MacCUBe

Ilepenaua naHHBIX NPOBOAMIACH O OECIPOBOA-
HoMy kanany cBs3u Wi-Fi IEEE 802.11 B wacToTHOM
muanaszone 2,4 I'T'm u momuocteio curHana 100 MBt
pu K03 QUIIEHTE YCUIIeHHs1 aHTEeHHBI He Oonee 6 nb
[9]. U3MepeHue MOIIHOCTH CHUTHaja MPOBOAMICA C IO-
MOIIBIO IIEPCOHATBHOIO KOMIIBIOTEPA, HMPOrPaMMHBIM
obecneuennem Houmedale Bepcun 1.40.

VIHTeHCHUBHOCTH cUrHana u3Mepsiach B dBm u oro-
Opakajach Ha OCLMJUIOTpaMMe, KOTOpas IpeiCTaBiIsieT
co0oi TpaMK 3aBUCHMOCTH MOIIHOCTH TNPUXOIAIIETO
CHTHaJIa Ha IPUEMHUK OT BPEMEHH €ro Ipuxoza (puc. 4).

Puc. 3. IIpoBeneHue s3kcepuMenTa 0 U3MEPEHHIO
ociabeHHst MOLIHOCTH CUTHaa
IIpY BO3JEHCTBUU OTHEM
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Puc. 4. OcimiorpamMma
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Ha ochuutorpaMme 3aMeTHBI MTHUKOBBIE 3HAYEHUS
MomHocTH curHana. CurHan (UKCHpOBajCs, B Cpel-
HeM, 14 MUHYT Ha KKJIOM ydacTke AuctaHuuu. Ilomy-
YEeHHbIE TAaKMM OOpa3oM pe3yJibTaThl BIIOCIEICTBHU
YCPEIHSITHCE.
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Puc. 5. I'padyk 3aBUCHMOCTH MOIIHOCTH CHT'HAJIA
OT JUCTAHIUH B Pa3IMYHBIX Cpeax

AHanu3 JaHHBIX TpaHKOB, NPEICTaBICHHBIX Ha
pHC. 5, IO3BOJISIET CeNaTh CIIENYIOIIUE BBIBOABL.

MomHOCTh CUTHajIa IPpH YBEITHMYEHHN PAcCTOSHHA
MEXy NepefaTiukoM U NpHEeMHUKOM majgaer. Ha or-
KpBITO MECTHOCTH Ha paccTosHHH 90 MeTpoB CUTHa
yMmenbmmics Ha 15 dBm. O6wem mepenaun uHpOpMa-
nou|  Koiebajics B gmamasoHe or 1,85 Mo6/c mo
1,65M6/c, u TpH YBETHMYEHUU PACCTOSHHUS OOBEM
YMEHBIIAJICS COOTBETCTBEHHO. B JlecHOM MaccuBe cur-
HaJl CYIIECTBEHHO OCJIallIeH, 3TO CBS3aHO C MPOXOXK/e-
HHEM CHUTHaJla 4epe3 IyCTOH KyCTapHHUK Ha IepBBIX Je-
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CATU MeTpax 3KcrepuMeHTa (puc. 2) u yxe Ha 70 mer-
pax CUTHAJ CTAaHOBHTCS 3HAYMTEILHO HU3KUM, TTOIXOMIS
K ITOPOTOBOI YyBCTBUTEIIBHOCTH.

IIpu BO3AEHCTBUM IUTAMEHEM Ha MPOXOJAIIHIA
CHTHaJ HaOJII0AaJI0Ch YMEHBIIIEHHE MOIIHOCTH CHTHaJa
¢ — 46,7 dBm mo — 47,6 dBm. Dto0, mpexae Bcero, Crsi-
3aHO C TE€M, YTO B IIAMEHH, B PE3YJIbTATC XUMHUYCCKOM
peakimu, oO0pa3yloTCs IOABKKHBIC ITOJIOKUTEIbHBIC
HOHBI U OTPHUIIATENbHbIE YacTUIILI — 3JeKTpoHbI [10].
Tak, KOHIICHTpaIMs 3apsHKEHHBIX YacTHI] B IIa3Me Iia-
menn cocrasiser 10'? monos/cm® [11]. IanHble yacTu-
LBl B CBOIO OYEpEeIb BO3JCHCTBYIOT Ha PaclpoCcTpaHe-
HHUE U MOIITHOCTh CHTHAJIA.

BbiBOoAbI

B pabore mperncraBieHsl pe3yabTaThl SKCIEPUMEH-
TaJbHBIX KCCJIEJAOBAHUHA BIWSHHS JIECHOH pPacTHTENb-
HOCTH, a TaKoKe IUIAMEHH Ha OCOOEHHOCTH pactpocTpaHe-
HUsl, B JaHHBIX cpenax, pamuoBonH craHaapta IEEE
802.11 B yacrotHoM auanazone 2,4 [T, IlpuBenens! sxc-
TIepUMEHTAJIbHbIE IaHHBIE OCIa0IeHUs PaIMOCUTHAIIA TIPH
YBEITMYEHNUH PACCTOSIHHSL MKy TIPUEMHHUKOM | TIepesiaT-
YUKOM Ha OTKPBITOM MECTHOCTH, a TAKKe B JICCHOM Mac-
cuBe. [lomumo paccrosiHus, Oorblliee BIUSHHE HA MOLI-
HOCTh Pa/INOCUTHAJIA OKa3bIBAET HAJNYKME PACTUTEIBHOCTH
U ee IUIOTHOCTb. YUYHTHIBas, YTO B JIECHOM MacCHUBE MOTYT
MPOMCXOAUTh YPE3BbIYAMHBIC CUTYaIlMH TPUPOJHOrO Xa-
pakTepa, TakMe Kak IoXap, TO MOTPeOOoBAIOCh MPOBECTH
SKCIIEPUMEHT TI0 BBISBICHHIO BIMSHUS IUIAMEHW Ha pac-
MIPOCTpaHEHHE PAIMOBOIH B JAaHHOW cpene. ONbITHBIM
myTeM OBUTO OMpeEEesIeHHO, YTO MOIIHOCT PaJIMOCUTHAIIA
YMEHbIIAeTCs TPH BO3JCHCTBUKM Ha HEro IuiameHu. Jlan-
HBIE, MOJTy4YEHHBIE SKCIIEPHUMEHTAIIHHO, U TIPHBE/ICHHBIC B
CTaThe, MOTYT TIPUMEHSTHCS JUTsl OpraHU3alluH PaOCBSI3U
B yacToTHOM auamna3zone 2,4 I'Tn cranmapra IEEE 802.11
TIPH JINKBUJIALIMY YPE3BbIYAHBIX CUTYAIMI IPUPOIHOTO U
TEeXHOI€HHOro Xapakrtepa. /[lanpHeilie wuccnenoBaHUsA
1ieecoo0pa3HO HANPaBUTh HA W3YYEHHE AJIEKTPOAMHAMU-
YeCKHX MOJIENeH PaclpoCTpaHeHHs! PauoBOIH B JIECHOM
Maccue, ctaigapta IEEE 802.11 B yacToTHOM JHianazoHe
2,4 1T, a Takke yIydlIeHHs niepenadd HHpopMaImu Oec-
TIPOBOJTHOM CBSI3U KPUTHYECKOTO IPUMEHEHHS! C TIOMOIIIBIO
MPOCTPaHCTBEHHO-BPEMEHHOM 00pabOTKU CHTHAJIA.
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OCOBMUBOCTI NMOLUMPEHHA PALIOXBWUITb CTAHOAPTY IEEE 802.11 B YACTOTHOMY AIAMNA3OHI 2.4ITL
Y NNiCOBUX MACUBAX MNMPU NIKBIAAUII HAASBUYAUHOIO CTAHY

ML.II. Bykin, P.M. IToncraukin, 1.O. TonkyHOB

Poszensidatomocst numanns oyinku nonyascnocmi i sikocmi nepeoadi paoioxseuns cmanoapmy IEEE 802.11 6 uacmommnomy oiana-
30ni 2.4 I'Ty 6 HOpMATbHUX YMOBAX NOWUPEHHS, 4 MAKOIC 8 YMOBAX PO3CII08AHHS | NONUHAHHS NPU 0e3N0CEPEOHbOMY NPOXOONCEHHT
padioxsuns uepes aicosuil macus. Excnepumenmansuum wiisxom 6yna 6U3HAYEHA 3aNeNCHICb NOMYAHCHOCHIE padiocucHay npu 30i1b-
wienni giocmani midic nepedasayem i nputimMayem padiokanany, a makodic winbhocmi oepes y smiwiarnomy Jici. Ilokazano eniue nonym's
Ha nomysichicmo padiocuenany. Crnadeni epagixu 3anedjcHocmeit ROMYHCHOCI padioCUSHATY 3 YPAXYBAHHAM NEPEUIKOO.

Knrouogi cnosa: naozsuuaiinuii cman, cuenan, paodioxeuni, nepeoada iHgopmayii, nOMyds’CHICMb CUSHALY, GiOKpUmMuil

npocmip, 1ico8ull Macus, NOIYyM.
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FEATURES WAVE PROPAGATION IEEE 802.11 STANDARD IN THE FREQUENCY RANGE 2.4 GHZ
IN A WOODED AREA AT LIQUIDATION OF EMERGENCY

N.P. Bykin, R.M. Polstiankin, I.A. Tolkunov
The problems of power estimates and quality of transmission of IEEE 802.11 radio waves in the frequency range of
2.4 GHz to normal distribution, as well as in terms of dispersion and absorption of the direct radio wave passing through the

forest. Experimentally by determining the dependence was the radio signal strength by increasing the distance between the
transmitter and the receiver of the radio channel, and the density of trees in a mixed forest. Shows the effect of the flame on the

radio signal. A schedule dependencies radio signal strength based interference.
Keywords: emergency, signal radio, transmission of information, signal strength, open space, forest, flame.
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