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HUCCIEJOBAHUE BJIMAHUSA IIOMEX ITPH PACITPOCTPAHEHUHU PAJIMOBOJIH B
YCJIOBUAX O'PAHUYEHHOT' O ITPOCTPAHCTBA

B cmamve paccmampueaemcsi 6uusiHue NOMex HA PAOUOKAHANL 8 YCIOBUSIX O2PAHUYEHHO2O
npocmpancmea. Hcxoos u3z yciosutl obecneueHuss paouocesisu, Ovlia onpeoeiena 3a8UcUmocy
BHAYEeHUs MHOMCUMENS OCIAONeHUsl CUSHAAA, KOMOPbIL MOOEIUPYem 6GIUSHUE O02PAHULEHHO2O0
NPOCMPAHCIBA HA NPOXOACOEHUE CUSHANA, O OTUHBL 8OIHbL, U3LYUAIOUjell AHMEHHbI.

Kniouesvie cnosa: nomexa, HanpsicenHocmvs NOASL, MOWHOCMb, PAOUOBOIHA, OClaADIeHUe,
PAaouocessn.

AKTYaJIbHOCTb MPO0OJIeMbI

B Hame Bpems CTaJO aKTyaJbHbIM BHEIPEHUE KOMIUIEKCOB IIOJ3EMHOM paguOCBsA3M Ha
miaxTax M pyAHHMKax, a 3HAUUT, JUIs oOecreyeHus] HaJeKHOCTH U BO3MOXKHOCTH OCYIIECTBICHUS
panuocBs3M HEOOXOAMMO HCCJIENOBAaTh BIMSHHE TIOMEX Ha paclpOCTpPaHEHUE pPaJUOBOIH B
YCIIOBUSIX OTPAaHUYEHHOTO IPOCTPAHCTBA IIAXT.

ITocTaHOBKA 3aga4un

B 3aBucuMocTH OT MecTa BO3HHKHOBEHUS IMOCTOPOHHHUEC JJICKTPUUCCKUEC KOJIEOaHUsT MOYKHO
pa3enuTh Ha BHEIIHME M BHYTPEHHUE IMOMEXU. BHyTpeHHHE MOMEXH BO3HUKAIOT B Y3Jax
armaparypbel U TpaKTax CHCTCM CBS3H. Buemnune momexu O6yCJ’IOBJ’IeHBI ﬂCﬁCTBI/I@M HUCTOYHHNKOB
MOMeX, BHEITHUX 10 OTHOIICHUIO K CUCTEME CBSI3HM M HE CBSI3aHHBIX ¢ ee (pyHKIHOHUpOoBaHuEM. Mx
TAaKXE MOXXHO pa3aC/IMTh HaA CCTCCTBCHHBIC U NCKYCCTBCHHBIC.

K BHEUIHMM 1MoMexaM €CTECTBEHHOTO MPOMCXOXICHUS OTHOCATCS [2]: aTMOC(epHbIe TOMEXH
B BHUJAE M3IY4YCHHs] DJIIEKTPUUYECKHX pas3psAoB B arMocdepe; KOCMHUYECKHE TIOMEXH -
paaMon3TydYeHUE HMCTOYHHMKOB, HAXOMSAIIMXCS 3a TpefenaMu aTMoc(hepsl; TEIUIOBBIE MOMEXH
atMocdepsl U 3eMITH.

K BHEmIHuM nomexam MCKYyCCTBEHHOT'O IMTPOUCXO0KICHHS OTHOCSATCS MPOMBIILJIEHHbBIE TOMEXH,
CO37]aBaeMble PA3IMYHON DJIEKTpoarmapaTypoil, M TOMEXH OT TOCTOPOHHHMX PaTUOCTAHIIHM.
[Tomexu mpu mpUeMe pPaJUOCUTHATIOB, BO3HHUKAIOIIME Ha JBIXKYIIMXCS O00bEeKTax (OOpTOBBIC
MOMEXH), TaKK€ MOXHO OTHECTH K IPOMBIIUICHHBIM MoOMexaM. B maHHO# cratbe OyayT
paccMOTpPEHbI IOMEXU UMEHHO 3TOT0 THIA U ONPEJEICHO UX BIMSHHUE HA MEPElaBaeMblid CUTHAII C
pa3HBIMHU MTapaMeTpaMHu.

OcHoBHasi 4acTh

Jnst obecrieueHuss pagudoOCBsA3M B YCJIOBHUSX OTPAaHUYCHHOTO IPOCTPAHCTBA HEOOXOIMMO
COOJIFOJICHHE JIBYX KpUTEpHEB: 1) MCKaKEHHs CHTHAJa B MPOIIECCE PACIIPOCTPAHCHUS HE JOJDKHBI
NPEBBINIATh JOMYCTHMOW HOPMBI; 2) IO/DKHO OBITh OOECICYCHO OINpPEICICHHOE IPEBBIIICHHE
MOIIHOCTH CUTHaJIa HaJl MOIIHOCTHIO PAa3IMYHOIO POJIa MOMEX Ha BXOJE NPUEMHHUKA, 3aBUCAILEE OT
BHJ1a paOOTHI, IOCTOBEPHOCTH U HAJCKHOCTH MPHUEMA.

[lepBoe yciioBHE OrpaHUYMBAET MMOJIOCY YACTOT HEUCKAKEHHOW Mepeaaydu, T.€. CKOPOCTh U
YUCJIO KaHajoB. B mampHelmem mosaraeM, 4Tto BUA PaOOTHI yIOBIETBOPSET 3TOMY TPeOOBaHMIO,
T.€. COTJIACOBAH C OCOOCHHOCTSIMU MCIOIB3yEeMOI0 CII0c00a pacpoCTpaHEHUs PaUOBOIH.
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[lo psany nmpUYMH MOIIHOCTH MOMEX, a B psAlE€ CIy4acB M MOINHOCTh CUTHAJIA HAa BXOJE
MPUEMHHKA, HUCHBITHIBAIOT HEMpPEephIBHbIC OECHOpSIOYHbIE H3MEHEHUS B BUAC (QIyKTyaIruil.
[Toatomy mnpu ¢GopMynHpOBKE BTOPOTrO YCIOBUS OCYIIECTBICHUS PAJUOCBS3U TMPUXOAUTCS
ONEepUPOBATh CPEIHUMH 3HAYCHHUSIMHU MOILHOCTEN CUTHaja U noMex Pc u Pn U yYUTHIBATh 3aKOHBI
HX CTaTUCTUYECKOTO PACIPEIECTICHUS:

P, =Kk°P,, (1)

rae K - Koo GUIMEeHT MPEBIIIEHUS 0 HAMPSLKEHUIO, WK KOG GHUIIMEHT 3al[|Thl, 3aBUCSIINAN OT
BHJIa pa0OTHI, TOCTOBEPHOCTHU M HAJIC)KHOCTH TpHEMa.
Benuuuna P,

P.= kP, (2)

XapaKTepu3yeT MUHUMAIbHYI0O HEOOXOIAMMYIO MOIIHOCTh CUTHaja Ha BXOJAE MPHEMHHKA, MpPH
KOTOPO# 00ecrieunBaeTcs MpueM ¢ TpeOdyeMoi T0CTOBEPHOCTHIO M HAICKHOCTBIO.

O6o3naunm dyepe3 # BenmmunHy KIIJI nmpuemHoi anTeHHO-GuUAEpHONW cucTeMbl. Torma
BenmunHa (1-7) OyzmeT XapakTepu3oBaTh JIOJMIO0 MOIIHOCTH, pPAacXOAyeMOW Ha TIOTepH H
Mepen3nyyaeMoil B BHJIE€ TEIUIOBBIX IIYMOB aHTEHHO-(QUIEPHONW CHUCTEMBI, TEPMOJUHAMUYECKYIO
TEMIIEPATypy KOTOPOM MOXKHO CUMTATh paBHOU 7.

Boipaxkenue nis 3ppexTuBHOM aHTEHHON TemnepaTypsl 7, U 3ppeKkTuBHOrO Ko3pduirenrta
uryma F, mpuemHoro ycrpoiictsa:

T,=T,F, =P, /nkB=T,+T,(L-n)/n+T, /n, ©)
rne T4 — abcomroTHasi TeMriepatypa IByxmomrocHuka, 7o = 288K — crammaptHas abconoTHas
TemrepaTypa;, B — mojoca 4YacToT, B KOTOPOH ONpENeNseTcs MOIIHOCTh  IIyMa;

k=138-10"% BT/ I'y;k — nocrossuaas boabimana.

B numana3zone kopoTkux u 0oJiee AJMHHBIX BOJH BHEIIHHE IOMEXHU YAaCTO XapaKTEPU3YIOT
neficTByIomel  (cpenHEeKBaIpaTHUHON) HampskeHHOCThI0 moms momex EM, oTmecemmpx x
enMHUYHO# mosioce yactoT (00braHO 1 kI'1). BennunHy ynenbHON HampsyKEHHOCTH Erfl) HaXOIAT

4yepe3 MOIIHOCTh MoMmeX P, B aHTCHHE 0e3 MOTepb, B MPEANOJIONKECHHH, YTO MOMEXU MPHUXOMASAT
paBHOMEpPHO cO Bcex HampaieHui. [Ipu 3ToM sddexTuBHas TUIOMAAL AHTEHHBI HE 3aBUCHUT OT

KO3 pHIMEHTa HANpPaBIEHHOCTH M JUIs BCEX aHTEHH Oe3 MoTepb paBHA A, :22/471. Takum

obpazom
EZ )2
P =1 =" 4
A = @
Orcroza Haxogum E:
4807°P 4807 °KT 4807 °KT ,F
£ _ 807°P,, _ 807 °KT, _ 807 “KT,F, . (5)

" 2B 2B Y

C OMOIIIBI0 COOTHOIICHUH (4) MOKHO MEPECYUTHIBATH BETHUUHBI Py, Ta ,Fa 1 Ersl) OT OJHOH

K JpYrod BeJUYMHE, B 3aBUCHUMOCTH OT HCXOJHBIX NaHHBIX 10 YpOBHIO MOMeX. B uacTHOCTH,
ypoens E® B nemmbenax orHocutenmsHo 1 MKB/M cBs3aH ¢ kodhduimentoM momex Fa

COOTHOIIICHUCM.
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E®, nb/mkB = F,,nb+20Ig f, MT'i - 65,5. (6)

C yuerom cootnomenuit (3) u (5) A1 MUHUMAIBHON HEOOXOAMMOM MOIIHOCTH CHTHAja Ha
BXOJI€ MPHUEMHKMKA HAa OCHOBAHUH BbIpaskeHHs (2)MOXKHO 3amucarhb:

T D)2 142
P, =k*kBn TA+T—°(1—;7)+£ —k? M—P—w . 7)
n n 4807 n

MomHoCTh cUrHaja Ha BXOJIe TPUEMHHUKA!

AF Y
P, = Pmn,GG, (Hj ) (8)

rae  Pi — MOIHOCTH nepenarduka; 71 u 72 — KIJI pumepos nepenarorieit u npuemHoi anteHH; Gy
nGy — CcOOTBETCTBEHHO KOX(PGUIMEHTHl YCWICHUS TNepefaroniel u MpueMHOW aHTeHH, F —
MHOKHUTEIb OCJIa0JICHUs], PABHBII:

F-—. )

MHOXHTEIb OCAa0JICHUS] XapaKTepu3yeT ociablieHue Mo paauoBOJHBI E  mpwu
pacnpoCcTpaHEHHH B peallbHBIX YCIOBHSAX IO CPaBHEHHIO ¢ moiieM E., mpu pacmpocTpaHeHHH B
CBOOOHOM TIPOCTPAHCTBE.

[IpupaBHMBass MOIIHOCTh CHTHajda P, Ha BXOA€ MPUEMHHMKA BEIMYUHE Py, IOJydaem
OCHOBHOE ypaBHCHHME JUIs pacdera paJdOJHHHUH, CBSA3BIBAIOIICEC BHJ W KauyeCTBO pabOTHI C
YCIOBHSMH PAaCIpPOCTPAHEHUS U IMapaMeTpaMu paaroannaparyphbl.

T
mPlGlDz(Ej = ksz[TAT—O(l—n)+ i } (10)
Anr n n

rae D — ko3¢ dunmeHT HanpaBIeHHOCTH JaHHON aHTCHHBI.
dopmya (10) MoxeT ObITh 3aMucaHa B CICIYIONIEM BH/IE:

AF Y BE®W2)2 p
2l pnGD, =k 2o 2 T | 11
(4ﬂrj =12 (480712 - (1)

Ecnmu ypoBens BHenHux nomex Benuk, a KIIJ] mpuemMHOro aHTeHHO-(PHIEPHOTO yCTPOHCTBA
HE CIUIIKOM Mai (PeKHM OONBIIMX BHEIIHHX MOMEX), TO MOXHO NpeHeOpeYb BHYTPECHHUMHU
mymamu. [Ipu aToM ypaBHEHHE palOIIMHUY IPUHUMAET BUJL:

FY B
30PGn| — | =k?EWz —, 12
1 177( rj n D2 ( )

Jleast yacTh BoIpakeHus (12) ompenenser KBaapaT HANPsHKCHHOCTH ToJs E, c0371aBaeMoro
nepeaaroniell aHTEHHOMW, a TpaBas 4acTh — KBaJApaT HEOOXOJMMOW HAMpsHKEHHOCTH E, Toys B
MyHKTE MpUueMa:
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E, =kE® |- (13)
D

2

Takum oOpazoM, B pexuMe OOJBIIMX TIOMEX YCIOBHEM OCYIIECTBICHHUS PaTUOCBSI3H
SIBIISICTCSL:

E>E.. (14)

H

Ucxons u3z dopmyn (5), (8), (9) m (10) mocromm rpaduku 3aBHCHUMOCTH MHOMKHTEIIS
ocTabiieHHss OT YaCTOTHOTO JAMara3oHa W JUIMHBI BOJHBI. [Ipu pacuerax OBLIM HCIOJH30BAHBI
CIICAYIOIINE JaHHbIC: YacTOTHBIN quama3on: 2400-2483,5 MTI'; P1=20 Bt; G1=13 dBi; G,=17 dBi;
r=1000 wm; 71=0,87; #,=0,72.

F

\

0,535

0,525 T T T T T T T |j~! HM
120,87 12195 12245 12295 12346 12397 124,48 12500

PI/ICYHOK 1- Fpa(l)I/IK 3aBHCHMOCTH MHOYKUATES 0CJIa0JIeHUS OT JJINHBI BOJIHBI

Ha rpaduke or4eravBO BHAHA OOpaTHO MPOIMOPIHOHAIBHAS 3aBHCHMOCTh MHOMKHTEIIS
ocyiabJIeHud OT JUTMHBI BOJHBI.

F

0,55 /.

0,545

0,54 .’/.’/'

0,535 A

0,525 . . . . - . - f, MI'm
2400 2410 2420 2430 2440 2450 2460 2480

Pucynok 2 — I'paduk 3aBUCHIMOCTH MHOXHTEJS OCJIA0JICHHSI OT YaCTOTHOTO JUAara3oHa

Ha nanHOoM rpaduke mpsMo MpOMOpIMOHATBHAS 3aBUCUMOCTh MHOXKHTENS OCIabIeHUs OT
4acTOThI pabOTHI EpEIAIOIei AHTEHHHBI.
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BoiBoabl

HOMGXI/I paﬂnoaneMy, co3gaBacMbI€C CCTCCTBCHHBIMU paI[I/IOIHYMaMI/I, 3aBUCAT KaK OT
CpeIHEeW MHTEHCUBHOCTH, TaK M OT CTAaTHCTHYECKOW CTPYKTYphl MX moysi. Takum oOpasom, AJis
60.]166 IIOJIHOT'O yqua X MCIIAKOLICTO BOB,[[GI\/'ICTBI/UI Ha CUCTCMBbI paIII/IOCBSISI/I HGO6XO[[I/IMO HNMCTH
CBEJICHUS O TOHKOW CTPYKTYpE M MOITHOCTH OSTHUX IIyMOB. [lo00HBIE CBEIEHUS MO3BOJSIOT
BbIOpaTh MOMEXOYCTOMYMBBIE KOJIBI W pPACCUUTATh HEOOXOAMMBIE MapaMeTphl H3ITy4YaeMbIX
CUTHAJIOB JJIs1 o0ecTieueHus TpeOyeMol TOCTOBEPHOCTH W HAJCKHOCTH MPH Tepeaade nHpopMauu
10 paJInOKaHAJIAM.

B HacTosmee BpeMst MOXKHO BBIICTTUTh HECKOJIBKO OCHOBHBIX CITOCOOOB OOPHOBI ¢ TOMEXaMHu:

- YBEIIMYCHUE DHEPreTHUECKOTO IMOTCHIMANA PaIuoJUHUKA (MOIIHOCTH IepeIaTunKa,
KO3 GHIMEeHTa YCUICHHS aHTCHHBI);

- CHUXXCHHUC ypOBHH CO6CTB€HHLIX H_IyMOB HpI/IeMHI/IKa;

- CHIDKEHHUE YPOBHS BHEIIHUX ITOMEX Ha BXOJI€ TPUEMHHUKA 3a CUET UX KOMIICHCAIIUH;

- IpUMEHEHHE COBMECTHON 00pabOTKU MMOMEXH M CUTHAJIa, OCHOBAaHHON Ha OINpeesICHIH
pa3IMYUil MEKy TIOJIE3HBIM CUTHAJIOM U TIOMEXOU;

- IIOBBIIIICHHUEC OTHOIICHUA CI/II‘HaJI/HOMexa 3a CYCT HUCIOJIB30BAaHUS ITOMCXO03allIUTHBIX
METOI0B MOJTYJISIITUU M KOJAMPOBAHMUSI.

PaBBI/ITI/Ie TCXHUYCCKUX pemeHHﬁ, OGCCHG‘-II/IBaIOH_[I/IX BaH_II/ITy OT IMOMEX, NJICT B HaHpaBHeHI/II/I
KOMIUIEKCHOTO TIPUMEHEHHUsSI yKa3aHHBIX BBINIE W APYTMX METOJOB, OJIHAKO peaau3alus TaKuxX
pemieHui TpeOyeT OMpeAeNIeHHOTr0 YCIOXKHEHHUS ammapaTypbl, a 3HAYUT — YBEIHYCHHUS €€
CTOUMOCTH. HOSTOMy Ha HpaKTI/IKe HC CTpeMSITCSI cOo31aBaThb YCTPOfICTBa C Hp@}ICHBHO I{OCTI/I)KI/IMOfI
(TOTEHIMAILHON) TOMEX0YCTOMYHUBOCTRIO. Hallle BCEro KOHEUYHBIH MPOAYKT MPEACTABIIET COOOM
KOMITPOMHUCCHBIM BapHaHT, ONTUMU3UPOBAHHBIN O KPUTEPHUIO «CTOUMOCTb — 3((HEKTHUBHOCTHY.
CorocTaBjaeHue pealbHOM M TOTCHIIMAIBHOM TOMEXOYCTOWYHUBOCTH IIO3BOJIET CYIUTh 00
3(PEKTUBHOCTH TOTO WJIM MHOTO METOJa JOCTYIIa, a TaKKe IEJIeCO00Pa3sHOCTH €T0 JaIbHEHIIIETo
COBEPILIEHCTBOBAHUSI.
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JIBH3 «/[oneybKuil HauioHa1bHULI MeXHIYHUIL YHI6epcumen»

Jocnioyncenna énnugy 3a6a0 npu ROWLUPEHHI PAOIOXEUIL 8 YMOBAX 00MeNHceH020 npocmopy. YV
cmammi po32110a€muvcs 8NIUB 346840 HA PAOIOKAHAN 8 YMOBAX 00MeHceH020 npocmopy. Buxoodsauu 3
YMO8 3abe3neuenHs: padioss'sa3Ky Oyia 6UHAYEHA 3ANeHCHICMb 3HAYEHHS MHOMCHUKA OCNAONeHHs
CUCHATLY, SAKULL MOOENIOE BNIIUE OOMENHCEH020 NPOCMOPY HA NPOXOONCEHHS CUSHATY, 810 O0BICUHU
X6UL 6UNPOMIHIOIOYO! AHMEHU.

Knrwuoei cnoea:zasaoa, mnanpyscenicmv nOJsA, NOMYHCHICMb, padioxeunsd, ocaabieHms,
Paoioss's30k.

N.A. Shramko, 1.0. Molokovskiy, V.V. Tyrypalov

Donetsk National Technical University

Research of influence interference for distribution of radio waves in confined spaces. Nowadays
it became topical introduction of underground radio communication systems for mines and hence to
ensure the reliability and feasibility of radio communication is necessary to investigate the effects
of interference on the propagation of radio waves in the confined spaces of mines.The article
consider the influence of interference on radio channel in confined spaces. Based on the terms
provide radio communication was determined dependence of values of signal attenuation
coefficient, which models the effects of confined space for the passage of the signal of the
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wavelength, the radiating antenna. Interference to radio created by natural radio noise, depend
both on the average intensity as well as the statistical structure of their field. Thus for better
accommodate impact of the interfering radio systems need to have information on the fine structure
of this noise and power. Such information can help you choose the noise-resistant codes and
calculate the required parameters of the signals emitted to provide the required accuracy and
reliability of the transmission of information by radio channels. The development of technical
solutions to protect against harmful interference, going in the direction of complex application
mentioned above and other methods, but the implementation of such solutions require a certain
complication of equipment, so - increase its value. Therefore, in practice, do not aspire to create
devices with the maximum achievable (potential) interference immunity. Most often, the final
product is a compromise that is optimized by the criterion: "cost - effectiveness”. Comparison of
real and potential interference immunity allows to judge the effectiveness of a particular method of
access, and the expediency of its further improvement.

Keywords: interference, field intensity, power, radio wave, attenuation, radio communication.

IIpamko Hane:xxkna AmunapeeBHa, VYKpawHa, Maructp Kadeapbl
«ABTOMAaTHKa W TEICKOMMYHHUKAIUW» J{OHEIIKOTO HAIMOHAIBHOTO
TexHuueckoro yHuBepcurera, ['BY3 «/loHeukuidi HanuoOHaIbHbBINA
TexHu4yeckui yHuBepcuter» (yn. Aprtema, 58, r. Jlonenk, 83001,
Vkpaunna). OCHOBHOE HalpaBJIICHUC HAYYHOH JICATEILHOCTH —
MCCJIEI0BAHUE MPOMBIILIEHHBIX TEIEKOMMYHUKAIIUOHHBIX CUCTEM.

MoaokoBckuii Urops AjiekceeBud, YKpanHa, 3aKoHUMI JloHeUKui
HAI[MOHAJILHBIA TEXHWUYECKUN YHHBEPCUTET, KaH/.TEX.HAyK, IOLEHT
kadeapbl aBTOMATHKU W TelekommyHukanuid ['BY3  «Jloneukuit
HAlMOHAILHBIA TeXHWYEeCKUd yHuBepcurer» (yn. Aprema, 58, T.
Honenk, 83001, Vkpauna). OCHOBHOE HampaBiICHHE HAyYHOM
JIeATCIIBHOCTH - HCCIIeIOBAHUE MIPOMBIIIIIICHHBIX
TEJICKOMMYHHUKAITMOHHBIX CUCTeM, HaaexkHOCTh B TKC, uccnenoBanue
COBPEMEHHBIX TEXHOJIOTHI OECTIPOBOJIHOTO JIOCTYTIA.

Typynanos Buxkrop BaagumupoBuy, VYKpanHa, 3aKOHYMII
JloHeKniA HalMOHAJIbHBIA TEXHUYECKHN YHUBEPCHUTET, KaHHA. TeX.
HayK, mpodeccop, 3aBeAyromuid Kadeapoill  aBTOMATHKH U
tenekoMmMmyHukannii I'BY3 «JloHenkuii HallmoHaaIbHbIA TEXHUYECKUN
yauBepcurer» (yia. Aprema, 58, r. [lonemk, 83001, VYkpawuna).
OCHOBHOE HaIlpaBJIICHUE HAYYHOU MAESATEIbHOCTH — HAJIE)KHOCTh B
TEJIEKOMMYHUKAIIMOHHBIX  CETHX, COBPEMEHHBIE  TEXHOJOTUU
OeCIpOBOTHOTO JAOCTYTIA.
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