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BCTYII
AKTYaJIbHICTh TEMH MaricTepcbKoi podoTH

AKTyanbHICTh TEMU MaricTepchbkoi poOOTH 3yMOBJIEHA CTPIMKUM PO3BUTKOM
0€3MpOBOIOBUX TEXHOJIOTIH Mepeaayl TaHuX, Ikl ChOTO/IHI € BAKJIMBUM €JIEMEHTOM
TEJIEKOMYHIKAIIMHUX cHUCTeM. be3npoBoAOBI Mepexi 3a0e3neuyrTh MOOUTbHUM
nocTymn a0 iHdopMalii y pi3HHX CEpeNOBHUINAX, IO € KIYOBOI YMOBOIO IS
(GYHKIIIOHYBaHHS CY4YaCHOTO CYCIUJIBCTBA, OPIEHTOBAaHOTO Ha IM(]poBizalliio.
OnHuM 13 HaWUTIEPCIIEKTUBHIIIMX CTAHJAPTIB, sIKI 3a0€3MeUy0Th Takl MOTPEOH, €
IEEE 802.11 (Wi-Fi), mo mo3Boyisie CTBOPIOBAaTH BUCOKOIIBUAKICHI MEpEexKi
a0OHEHTCHKOr0 JOCTYIy. LOro IIMpOKe 3acTOCYBAHHS OXOIUIIOE  odicHi
NPUMIIIEHHS, JKUTJIOBI OYyJIMHKH, TOPTOBEJbHI Ta HaBYalbHI 3aKJIagd, a TaKOX

IpPOMAJIChKI MPOCTOPH.

B xomi miaroToBku Ta BUKOHAHHS pPOOOTH aBTOpOM Oyja BHKOPHCTaHA
iHbOpMaLlig, Y TOMY YHCII TEKCT, QJITOPUTMHU, METOAUKHU TPOBEIACHHS aHaTi3y,
JOCTiPKEeHb, BU3HAUEHHS TICBHUX XapaKTEPUCTHK, TAPAMETPIB Ta BUXITHUX JTAHUX,
PO3paxyHKIB TOIIO, 5IKI MICTUThCS y Jukepenax [1 — 30], HaBeAeHUX y MEpeNmiKy
nocujaHb, a TaKoX 1H(OpMalis, OTpUMaHa B pe3yibTaTi KOHCYJIbTYBaHHS 3
KEepIBHUKOM pPOOOTH, HAYKOBHMH, HAyKOBO-TICAATOTIYHUMH TMpPAI[iBHUKAMHA Ta
IHIIMMH 0co0aMu, sIka € HEOIyOJIIKOBaHMMHU aBTOPCHKUMH HaIpalfOBaHHSIMU
(maicydacHima 1H(oOpMaIlis JOCTITHUIIBKOTO, IHHOBAIIMHOTO  XapakTepy),
JI03BOJICHUMHU VI BUKOPUCTAHHS aBTOPY Ili€l poOOTH BHKIIIOUHO TPU BUKOHAHHI
TITBKHA 1€l AumIoMHOi pobotu. PesynmpraTamu poOOTH aBTOpa € pPoO3poOKa
0€3MpoBOIOBOT MEPEKi aOOHEHTCHKOTO JOCTYMy Ha ocHOBI mpoTokoiy IEEE 802.11

HA BU3HAYEHIN JISHII.

AHaii3 Cy4acHOTO CTaHy NpoOJieMu T[OKas3aB, IO, HE3BAKAIOYM Ha
MONYJISIPHICTh Ta 3HA4YH1 JIOCATHEHHS B PO3p00II 0€3MPOBOJIOBUX MEPEXK, ICHYIOTh
npobsieMu, fAKi MOTpeOyIOTh BHUPIIIEHHS. 30KpeMa, WIEThCS MPO 3HIKEHHSA

e(peKTUBHOCTI pPOOOTH Mepexki B YMOBax IIJBUIICHOTO HaBaHTAKCHHS,
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3a0e3neyeHHs] CTaOUIbHOCTI 3B’ 513Ky B CKJIQJHUX apXITEKTYPHUX YMOBax, a TaKOX
MIHIMI3aIl1}0 BIUIMBY 30BHIIIHIX MMEPEIIKO]T Ha SKICTh curHaiy. Kpim Toro, nutanus
Oe3MeKu NaHuX 1 3aXUCTY MEpPEeXkKi BiJ HECAaHKIIOHOBAHOTO JOCTYIY 3aJHMIIAIOTHCS
aKTyaJIbHUMHU, OCKUIbKM 3HauHa KUIbKICTh MEpEeX BHUKOPHUCTOBYE 3acTapuii

cTaHjapTy mudpyBaHHs a00 30BCIM HE 3aCTOCOBYE 3aCO01B 3aXUCTY.

JlocBin mpoOBITHUX KOMIMAHIN y ramy3i TeJeKkoMmyHikarii, Takux sk Cisco, D-
Link, TP-Link, a Takox aHami3 3apyOiKHMX Ta BITYM3HSIHUX HAYKOBO-TEXHIYHHX
nmyOJTiKaIii 1 MaTEeHTHOTO TOIIYKY, CBIAYUTH IMPO HEOOXITHICTh BIPOBAHKEHHS
HOBHX PIIIEHb JUIsl YAOCKOHAJICHHS ICHYIOUHUX MEpEX. 30Kpema, aklIeHT poOUThCs
Ha BUKOPHUCTAaHHI TIOKPAlICHUX aJTrOPUTMIB MapIIpyTH3allii, 3acTOCYBaHHI
BHUCOKOITPOTyKTUBHOTO 0OJIaJHAHHS Ta BIPOBAKEHH1 TEXHOJIOT'1#, K1 JJO3BOJISIFOTh

HABUIIUTH IPOMYCKHY 3/IaTHICTh MEPEXKI.

MeTto10 11i€i Marictepcbkoi poboTH € po3poOka Oe3mpPOBOJOBOI MeEpexi
aboHeHTChKOro ngoctynmy Ha ocHoBl mpoTokony IEEE 802.11, mo 3abe3neunTsb

CTablJIbHICTh, BUCOKY MIBUJKICTH MEpeIadl JaHUX Ta HaJIMHUI 3aXUcT 1HpOopMaIlii.
JInst TOCSTHEHHS OCTaBJICHOT METH BH3HAYCHO TaKl 3a1aqi:

1. [IpoBecT aHami3 iCHYIOUMX CTaHAApPTIB OE3MPOBOJOBUX MEpEX 1 iXHIX
TEXHIYHUX XapaKTEPUCTHK.

2. BuBYMTH NPUHIMIHN MPOEKTYyBaHHS Ta MOOYJ0BU MepeX aOOHEHTCHKOTO
JIOCTYITy B YMOBaX 0araronoBepXOBUX >KUTIOBUX OYIUHKIB.

3. Bukonatu wMmojentoBaHHS poOOTH MepexXi B  yMOBax BHCOKOTO
HaBaHTa)KCHHS.

4. Po3poOUTH MPOEKT ONTUMAJIBHOI MEpEeXi, BpPaxOBYIOYH TEXHIUHI,
eKOHOMIYHI Ta O€3MeKOB1 aCMEKTH.

5. Hagatu pexomeHpaii IIOAO BIPOBAKEHHS pO3POOJIEHOT Mepexi y

IMPaKTHUIHC BUKOPUCTAHHS.



Y po0OoTi BHUKOPHCTaHO METOJM MOJEIIOBAHHS, PO3PaxXyHKOBO-aHATITUYHI
HiIXOIU, a TaKOX TEXHIYHMN aHaii3 pillieHb, 110 3aCTOCOBYIOTHCS y CYYacHHUX
0e3npoBonoBuX cuctemax. OCHOBHI NPOEKTHI pilleHHS 0a3yloTbcsa Ha BUOOpI
oOnasiHaHHsA, 110 BIATOBIA€ Cy4YaCHMM BHMMOTaM IO IPOIYCKHOI 3JaTHOCTI Ta
E€HEePreTUYHOi €()EeKTUBHOCTI, a TAKOXK Ha PO3pOOIl CTPYKTYPHOI CXEMHU MEPExi 3
ypaxyBaHHSM reorpapiyHux, apXiTeKTypHUX 1 (DYHKUIOHAJIBHUX OCOOIMBOCTEM

00’€KTa MPOEKTYBAHHS.

3anpornoHoBaHi pe3yJbTaTH € OCHOBOKO JUIS BIPOBAKEHHS €()EKTUBHUX Ta
€KOHOMIYHO JIOIIBHUX PillIeHb, COPSIMOBAHUX HA BAOCKOHAJIECHHS 0€3MPOBOJOBUX
MEpeX, IO BIJAMOBIIAIOTh CYYaCHMM BHUMOTaM JI0 HaJIMHOCTI, Oe3NeKu Ta

MIBUIKOCTI NIEpeiadl JaHuX.



1. AHAJII3 ITPUHITAUTIIB I10OBY/IOBH MEPEK /IOCTYI1Y HA OCHOBI
WI-F1.

1.1 Ocnoeni enemenmu mepexnci

Crangapt IEEE 802.11, six 1 Bci ctannaptu komitety IEEE 802, oxoritoe nBa
HKHI piBHI Mojieni OSI: dhizuuHuii piBeHb 1 piBeHb KaHaAbHOTO 3B’ 513Ky (Data Link
Layer). Kananbauii piBeHb, y CBOIO UepTy, MOAUISETHCS HA JABa MiApiBHI. BepxHiii
nizpiBeHs, Bigomuii sk Logical Link Control (LLC), onucyetscst B cranaapti IEEE
802.2. Hwxni#t miapienb, Medium Access Control (MAC), Biamosimae 3a

yHOPaBIiHHS JOCTYTIOM JI0 CEpEOBHILA Tiepeayl JaHUX.

®i3uuHuil piBeHb BH3HAYae€, SK MPHUCTPOi MPALIOIOTh 13 CEPEIOBUILEM
nepenavi, a TaKoX MIBUAKICTH 1 Metoan Moxyismii curHaiiB. Ha piBai MAC
CTaHapTU30BaHO MpaBHiia JOCTYITY JI0 3arajJbHOr0 KaHajy, ClIOCOOU MiAKIIOUYEHHS

IPUCTPOIB 10 TOYOK JIOCTYIY, MEXaHI3MH ayTeHTU(IKAIlli Ta 3aXUCTY JTaHUX.

Cranmapt IEEE 802.11 OyB ctBOpenmii sik «OesmpoBogoBuii Ethernet» i
BUKOPHUCTOBYE IMAKETHY nepenady 3 48-6iToBuMu aapecamu, noaioHo a0 Ethernet-
MepeX. 3HauHa yBara Mpuiisuiacs 3a0e3MeYeHHI0 CYMICHOCTI BCIX CTaHIApTIB
komiteTy IEEE 802, mo n03Bosisie mpoBiTHUM 1 O€3MPOBOAOBUM MEpEkKaM IbOTO

cIMEeNCTBa JIETKO B3a€EMOJIISITH OJIHA 3 OJJHOIO.
1.2 Apximexkmypa IEEE 802.11

Cranmapt IEEE 802.11 mepenbauae gBa OCHOBHI MiAXOAW A0 OpraHizarlii
JoKabHUX Mepex. [lepimmit 6a3yeThcss HA MPUHIUII «PiBHUM 3 piBHUMY» (ad-hoc-
Mepexa) 1 mependavae mpsMe 3’ €IHaAHHS MK JBOMa CTaHIlIsIMU 6€3 HeOoOX1THOCTI
[EHTPaJII30BaHOTO aJMIHICTpyBaHHs. Jlpyruii miaxiag peanizyeTbcs Yy BHIJISIL
CTPYKTYPOBAHUX MEPEXK, SIKi € OCHOBHUM criocobom mooynoBu mepex IEEE 802.11
Ha MPAKTHII. Y TaKHX Mepekax 000B’ I3KOBUM €JIEMEHTOM € TOUKa A0CTyIy (Access
Point, AP), 1o € cTanioHapHUM MPUCTPOEM, HATAIITOBAHUM Ha (PiKCOBaHUM KaHaI.

3B’S130K MK KIIEHTCHKHUMH MPUCTPOSMHU 3I1ACHIOETHCS BUKIIOYHO 4Y€pe3 TOUYKU
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JOCTYIY, SIKI TaKOK 3a0e3MedyloTh BUXIJ y 30BHILIHI MPOBIAHI MEPEXi, Taki SK

Ethernet.

CTpyKTypoBaHI Mepexi MOXYTh BKJIIOYATH JACKUIbKAa TOYOK JOCTYILY,
3’€IHAHUX MK COOOI0 TPOBITHOIO MEPEKEI0, CTBOPIOIOYM HaOip 6a30BUX CTaHLIN
13 MIEPEKPUBHUMU 30HaMH MOKPUTTA. CTaHAapT MIATPUMYE (PYHKIIIFO POYMIHTY, 1110
JI03BOJISIE TIPUCTPOSIM TEPEMILTYyBAaTUCA MK 30HAMU TOKPHUTTS PI3HUX TOYOK
noctynmy ©0e3 BTpath 3’€AHAHHA, 3a0€3Meuyrdd THM CaMHUM MOOUIBHICTD
KOpHCTYBaviB. BaXIMBOIO CKJIQJ0OBOIO € CHEIiabHUI TMPOTOKON KEpyBaHHS
CHEepProCIOKUBAHHSM, KU J1a€ 3MOTY NEpenaBajbHOMY MPUCTPOIO MEPEBOIUTH
npuiiMad y peXUM OUIKYBaHHS TiJ Yac OE3MIsUIBHOCTI, 10 € KPUTUYHUM JJIst

MOOUTBHHUX CTaHIIIN 13 0OMEXKEHUM PECYPCOM JKUBIICHHS.

KepyBanHs Mepexero 3a3BUYail 3AIHMCHIOETBCS B PEXUMI PO3MOAICHOTO
ympasiinHs (Distributed Coordination Function, DCF), ne dbyHkIii koopauHarii
PO3MOIEHI MIXK yCIMa IPUCTPOAMU Mepexi. [IpoTe st cTpyKTypOBaHUX MEpex
MOXJIIBE BUKOPHUCTAaHHS pPEKUMY IEHTpalizoBaHoro kepyBanHs (Point
Coordination Function, PCF), 3a sxoro ympaBiiHHS NEepeIaeTbcsi OTHIN 13 TOUOK
noctymy. Takuil pekuM 3aCTOCOBYEThCS AJIs Mepenayl AaHUX, YYyTJIUBHX 0

3aTpUMOK, HAIIPUKIIA, IIOTOKOBOI'O BiI[GO.

binbricts mepexx IEEE 802.11 BUKOPHCTOBYIOTh KOHKYPEHTHUN JOCTYH A0
KaHaiy Oe3 mpiopuTeTiB, ojaHaK 13 BHpoBakeHHAM cranaapty IEEE 802.11e
OYIKYETHCS MOXJIMBICTh peajizallii po3MoJIUIEHOr0 KepyBaHHS 13 BCTAHOBJICHHSIM
NPIOPUTETIB JUIsI KPUTHYHO BAKIUBOTO Tpadiky. BaxxnuBo 3a3HaunTH, 10 PEKUM
PCF ¢yHkiionye nuie B IMEBHI, 3a3Jalieriib BU3HAYEHI 1HTEpPBaIM Yacy, sKi

NEPIOAUYHO MTOBTOPIOIOTHCS.
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AP, AP, APy

2) 6)

Pucynok 1.1 Apxitekrypa mepexi 802.11: a — ad-hoc-mepexa, 6 —

CTPYKTYpOBaH1 MEpexi

OpHi€l0 3 TOJOBHUX BHUMOT JO CTaHIApTIB OE3MpOBOIOBOTO 3B’SI3KY €
3a0e3neyeHHs] Oe3neku nepenaBaHHs AaHuX. Ha piBHI ympaBiiHHS JOCTYIIOM JO
cepenoBuma (MAC-piBHI) peandi30BaHO MEXaHi3M 3aXHCTy, SKAWA BKIIOYAE
nporeaypu ayTeHTudikarii npucTpoiB 1 mudpyBanHsa iHpopmartii. [lelr MexaHizm
OyB po3poOieHuii i 3a0e3MeYeHHs] PIBHS 3aXHCTY, MOPIBHIHOTO 31 3BUUaHUMU
npoBigHuMH Mepexkamu Ethernet, 1 orpuman HazBy WEP (Wired Equivalent Privacy

— «EKBIBaJICHT MPOBIIHOI KOH(IICHIIIHHOCTI»).

OcHoBoto po6otn WEP € BHUKOpWUCTAaHHS YOTHUPHOX CIUIBHUX JUISI OJTHI€ET
MEpeXi CEKpEeTHMX KJtouiB JoBxuHOw 40 Oir. g mudpyBaHHS JaHHX
3acTocoBy€eThCcs anroputM RC4, pospobnenmii kommaniero RSA Security. Ilei
QITOPUTM TIpaIllOE Ha OCHOBI TEPEMHOXKEHHsI OJIOKIB BHUXIJIHMX JaHUX Ha
TMICEBJIOBUIIAIKOBY IOCIIIOBHICTh, IOBXXKHHA SKO1 BIJIMOBIIa€ PO3MIpy OJIOKY JTaHUX
Ui mugpyBaHHsa. ['eHepallis MceBIOBUNAIKOBOI MOCTIIOBHOCTI 3/11MCHIOETHCA 3
JIONIOMOT0I0 ~ 64-pO3pSIIHOTO  YHKCIIA, SKE€ BKIOYaE 24-po3psiHUl  BEKTOP

iimamizarnii (IV — Initialization Vector) 1 40-po3psaHuii CEeKpeTHUI KITI0Y.

Oco0uBICTIO IHOTO MIIXOMY € Te, 0 BeKTop iHimami3amii (IV) 3miHoeThCs 3

KOXXHHM IIaK€TOM, HaBITh SIKITO CCerTHI/Iﬁ KJIIOY 3aJIUIIAETHCS TOCTIMHUM. L[e
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3HWXKY€E PHU3UKA KOMIpoMeTamii naaHux. [l 1JoJaTKOBOTO 3aXHMCTy KOXKEH
mu(poBaHUH MAKET CYNPOBOKYETCSA 32-pO3PSIIHOI0 KOHTPOIbHOIO cymoro (ICV
— Integrity Check Value), sixa 3a06e3neuye BUSBICHHS 3MiH y IepeJaHUX JaHUX. Y
pe3yJIbTaTi A0 KOXKHOTO MaKeTa I0Aa€ThCs 8 OalT ¢y 00Boi iHpopMallii: 4 Oaiftu

s ICV, 3 6aiitu g IV 1 1 6ait nist imeHTudikaiii BAKOPUCTAHOTO KITHOYa.

Bapro 3a3maunTth, mo Xoda CTaHAApT JMAOMYCKA€ BUKOPWUCTAHHS KITIOUIB
O11b11101 TOBXKUHM (Hanpukiaa, 64 ado 128 0it), 3akoHoaaByi oomexxeHHs1 CIIIA Ha
EKCTIOPT MPUCTPOIB 13 JOBXHHOI Kiro4ya moHan 40 OIT 3MyIIyIOTh BUPOOHUKIB
JOTPUMYBATUCh LIBOTO JIMITY. TakuM YMHOM, IMPHUCTPOi, 1o miaTpumyots WEP,

3a3BU4ail 0OMexyrThcs 240 BapiaHTaMH KITFOYIB.
1.3 Cmanoapmu npomoxkony 802.11

Cranmapt IEEE 802.11.a OyB mnpeacraBieHuil Maibke OJHOYACHO 3i
cranpaprom IEEE 802.11b y Bepecti 1999 poky. Horo creuudikariis opieHToBaHa
Ha poOoTy B Aiana3oni yactoT 5 ['T11 1 6a3yeThest HA MPUHIMIIOBO 1HIIOMY MEXaHi13M1
KOAYBaHHA JaHUX — YaCTOTHOMY MYJIbTUIUICKCYBaHHI 3 BUKOPHCTaHHSIM
oproroHanbHuX Hecyunx (OFDM). ¥V nboMy cTaHmapTi KOKEH KaJp epenacThes 3a
JOTIOMOTOI0 52 OpTOTOHAJIBHUX HECYYHMX, KOXKHA 3 SIKHX Ma€ MIUPUHY CMYTH
npu6an3Ho 300 k't (20 MI'1/64). [llupuna kanany B ctaHaapti ctaHoBUThH 20 MI'11.
Monynsiist Hecyuux 3A1MCHIOEThCs 3a goromororo metoaiB BPSK, QPSK, a takox
KBaJpaTypHOi aMILTITyAHOI MoayJaiii 3 16 ta 64 piBHsamu (QAM). 3anexHo Bia
TUIY MOJYJAIIi 1 mBUAKOCTI koayBaHHs (1/2, 3/4, nnsa 64-QAM — 2/3 1 3/4)

JOCTYITHI MIBUKOCTI Tiepeaadi qanux: 6, 9, 12, 18, 24, 36, 48 ta 54 Moit/c.

I3 52 oproroHanbHHX Hecydnx 48 BHUKOPHUCTOBYIOTHCS HJIsl TEepeAaBaHHS
iH(OpMaLIHHUX CHUMBOJIIB, a pemra 4 BUKOHYIOTh CiIyk00B1 (yHKuii. Xoua
CTpyKTypa 3arojioBkiB ¢i3uunoro piBHa crapaapty I[EEE 802.11.a nemo
Bipi3HseTbes Bin cranaapty IEEE 802.11.b, mi BiIMIHHOCTI HE € CYTTEBUMHU
(pucynok 1.2). Kaap ckmamaethcsi 3 mpeamOynu (12 cuMBOIB CHHXpOHI3aIIIT),

3arojioBka ¢i3uyHoro piBHI (PLCP-3aronoBok) Ta iHdOpMaLiiHOTO TIOJIS,
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chopmoBanoro Ha MAC-piBHI. 3arojloBOK MICTUTh BIJIOMOCTI MPO MIBUAKICTH
KOAYBaHHs, TUI MOMYJAIII Ta JMOBXKUHY Kazapa. I[IpeamOyma i 3arosoBok
MEPETAIOTHCS 3 MIHIMAJIBHO MOKJITNBOIO MBUAKICTIO (BPSK, mBuakicTh KoyBaHHS
r = 1/2), Toni sk iHpOpMAIIHE MOJIe TePeaaeThCs 13 MAaKCUMAIBHOIO IIBHUJIKICTIO,

BKa3aHOIO B 3arojIOBKYy, 3aJIC’KHO BiI[ YMOB nepez:aqi.

OFDM-cumMBonM mepenaroThesi KOKHI 4 MKC, 13 SKUX 3,2 MKC MpUIIAIa€e Ha
TPUBAIICTh CUMBOJTY, a 0,8 MKC BIJIBOJUTHCS Ha 3aXMCHUH 1HTepBal. Llel iHTepBan
3a0e3neuye CTIMKICTh /10 0araTOMpOMEHEBOIO MOIIMPEHHS CUTHANTY, OCKIJIbKH
BIIOUTHUY CUTHAJ, IO MPUUMAETHCS 13 3aTPUMKOI0, TIOTPATUISE y 3aXUCHUN IHTEPBAIT

1 He BIUTMBA€E Ha HaCTyr[HI/Iﬁ CHUMBO/JI.

BPSK, r=1/2 LLIBMAKICTb BKasaHa y 3aronoBkKy|
- - -
PLCP-npeambyna 3aronoBok IHcbopmaLliiiHe none
12 cumBoniB 1 OFDM-cnmBon pMaul

Pucynok 1.2 Crpykrypa 3aronoBka ¢izuunoro pisas crangapty IEEE 802.11.a

[Ipouec ¢popmyBanus Ta nekomyBanHs OFDM-cumBONIB peami3yeThes 13
3aCTOCYBaHHSM IIBHIKOTO mepeTBopeHHsT Dyp'e (mpsimoro abo 3BOPOTHOTO,
BII®/OBII®). TunoBa cxema TpakTiB NpuiiMaHHs 1 nepenadi (pucyHok 1.3) €
CTaHAAPTHOIO I I[OTO METOMy 1 BKJIFOYA€E TaKi KOMIIOHEHTH, SK 3TOPTKOBUU
KOJIep, MEXaHI3M IMepeMexXyBaHHs (Mepepo3NOoaiay) Uil 3aXUCTy BiJl MOMHJIOK Y

nakeTax, a Takox npouecop OBIID.

dyp'e-poriecop 00'€qHYE CUTHANI Y €NWHY MOCTIIOBHICTh, JOMA€ 3aXUCHUMN
1HTEepBaJI 10 CUMBOJY, Ticis dyoro ¢popmye OFDM-cuMBoI, sIKM 32 JOTIOMOTOIO
KBaIPaTypPHOTO MOAYJISATOPA/KOHBEPTEPA MEPEHOCUTHCS Y HEOOXITHUNA YaCTOTHHUN
nianazoH. IIpu mpuiiManHi cUrHaimy Bcl omeparli BUKOHYIOThCS Yy 3BOPOTHOMY

HOPAJIKY.
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Pucynok 1.3 ®@yHkiioHaabHa cXeMa TPaKTiB MpUUMaHHs/TIepe1adl CTaHaapTy

IEEE 802.11a

Cranmapt IEEE 802.11g, mo cyTi, amantye Mexanizm moaysnii OFDM,
YCIIIIHO BUKOpUcTaHuil y ctangapTi 802.11a, nius pob6oTtu B miamazoni 2,4 I'T,
30epiralouu MpH IBOMY CYMICHICTh 13 mpuctposmu ctangaptry 802.11b. Taka
aJiarnTallis ctajaa MOXIMBOIO 3aBISIKM CXOXKOCTI IIUPUHU KaHAIIB y Jlana3zoHax 2,4
ta 5 I'Tu, sxi ctanoBsaTh 22 MI'1y ipu piBHsax notykHocti —30 n1b tTa —20 nb
BianoBiaHO. Y nmiamaszoni S I'Th ctanaapt 802.11a nomyckae mMpuHy CIEKTPaIbHOT

cmyru a0 40 MI'n npu piBHi —28 1b.

Onniero 3 ocHOBHUX BUMOT no0 crerudikamii 802.11g Oyna 3abe3nedeHHs
3BOpOTHOI cyMicHOCTI 3 mpuctposimu 802.11b. Ile BuKIMKamo cymepedkd Mix
kommnaHisamu Intersil Ta T1. Y ctangapti 802.11b 0CHOBHOIO TEXHOJIOTIEH MO TSI
e CCK (Complementary Code Keying), a gomatkoBo miarpumyerbcsi PBSS.
Pospobnukn crangapry 802.11g Bupimmnm 3amummtun CCK-momynmsmito  ais

mBukocTeit 10 11 Mo6it/c 1 3actocyBatu OFDM 151 BULITUX IIBUIKOCTEH.

Hesaxxkaroun Ha 1e, mepexi 802.11 mpairoroTh Ha OCHOBI MPHUHIHUITY
CSMA/CA (MHOXWHHHK JTIOCTYI 13 KOHTPOJIEM HECYy4Oi Ta YHUKHEHHSM KOJII31i).
Ile o3Hauae, MO MNPUCTPOI MOBHHHI TMEPEKOHATHCS Y BIACYTHOCTI aKTHBHOTO

Tpadiky mepes no4aTkoM nepeaadi.



14

Sxmo B 30HI Aii 3HaxomATbesa mpuctpoi 802.11b Ta 802.11g, ocranHi
BUKOPUCTOBYI0TH OFDM, 1110 Moske 0yTH "He3po3yminuM" miis npuctpoiB 802.11b.
VY Takux Bunaakax npuctpoi 802.11b MoXyTh Hamaratucs po3moyaTH mepesady,

CTBOPIOIOYU KOHQIIKTH.

JInst yHUKHEHHsI ToAI0HUX cuTyaliil y cranaapti 802.11¢g nepenbdaueHo pexxum
smimanoi po6otu CCK-OFDM. V mpomy pexumi KaJapu HEpesaloThCs y IBOX
yacTUHaX: nMpeamOyJsia Ta 3aroioBok koayrThes merogoMm CCK, a indopmariiiine
nosie — merogom OFDM. e no3Bossie mpuctposim 802.11b po3mizHaBaTH 3aroJioOBKU
KaJIpiB 1 yTpUMYyBaTHC BiJ IIepeiadi, KoJu nepeaaeThes Tpadik npuctpois 802.11g.
OpmHak 1eu miaxij 3HWKYE MPOMYCKHY 3/IaTHICTh MEPEXKi, OCKIIbKU MpeaMOyria Ta

3aroJIOBOK MePEeAaoThCs Ha MBUAKOCTI uie 1 MoiT/c.

Jlist ycyHeHHsI 0OMeXeHb, 1MOB’s3aHuX 13 Bukopuctanusm texuosorii CCK, B
crannapti 802.11g nependaueHo HeoOoB’ s13k0BUiM pexkum PBSS, sk 1 B 802.11b. ¥V
IbOMY PEKMMI 3aroJIOBOK 1 mpeaMOyJjia mepefaroThes Tak camo, sk 1 mpu CCK, a
iHdopMartiitne mone moayioerbesi PBSS 31 mBuakoctsmu 22 ab6o 33 MoiTt/c.
3aBasku oMy npuctpoi 802.11g 3anmumaroTeCsi CyMICHUMH 3 yCIMa BepCiiMHU
802.11b, 3BoAsIUM 10 MIHIMyMY PHU3UKHA BHHHKHEHHS KOH(ikTiB. [linTpumyBani
IIBUJIKOCTI IS PI3HUX THIIB MOIYJISAIIi HaBeAeHO B Tabiuwmii 1.1, a 3ai1exHICTD
MIBUKOCTI TIEpeIadl Bijl METOIy MOMYJISAIT 300pakeHO Ha pUCYHKY 1.4.

Tabmug 1.1 MoxuBi mBUAKOCTI ¥ Tunu moayJisuii B crnernudikamnii IEEE

802.11.g
Tun momymsii
[IBuakicTh,MOiT/C
O060B’s13K0BO JlonmycTtumo
1 2 3
1 [TocmimoBHicth bapkepa
2 [Tocnigosuicts bapkepa
5,5 CCK PBCC
6 OFDM CCK-OFDM
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1 2 3
9 OFDM, CCK-OFDM
11 CCK PBCC
12 OFDM CCK-OFDM
18 OFDM, CCK-OFDM
22 PBCC
24 OFDM CCK-OFDM
33 PBCC
36 OFDM, CCK-OFDM
48 OFDM, CCK-OFDM
54 OFDM, CCK-OFDM
35
o54 54 | | |
48 \_45 e CCK, 24Ty L
30 e -—-e PBCC, 24Ty
e— - OFDM, 24Ty
&-----a CCK-OFDM, 2.4 Ty
25 36e 6 e e OFDM, 52Ty L
o 20 024 2
¢ P g "
15 191, e 22{
10 il \.12
12 - 11\
$ 11'\\\:: &;\
5 55 | % 5%
0 %
20 40 60 80 100 120 140 160

Pucynoxk 1.4 3anexHicTh MIBUAKOCTI Iepeaadi BiJl BIACTaH1 I pI3HOMAaHITHUX

TEXHOJIOT1i nmepeaaul. Bincranb HaBeneHa y Bigcotkax, 100% -ganpHICTh epeaayi

3 moaysiiero CKK na mBuakocti 11MG6iT/c.

OueBunno, mo npuctpoi cranaapty IEEE 802.11g OyayTe 3mymieHi mie

TPUBAJIMN Yac MPAIIOBATU y CHUIBHUX Mepexax 13 OOJaJHaHHAM, SIKE MIATPUMYE

mumie cranaapt 802.11b. ITpu iboMy BapTO 3a3HAYUTH, 10 OUIBIIICTE BUPOOHUKIB
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Heoxode BIpoBamkyBaTuMyTh pexkumu CCK-OFDM i1 PBSS, ockinbku BoHU HE €
000B’I3KOBUMH, & COOIBAPTICTh MPUCTPOIB YACTO BU3HAYAE KiHIIEBY IIHY. OTHUM 13
KJIIOYOBHX 3aBJaHb HOBOT'O CTaHAAPTY OyJi0 3a0e3nedeHHs 0e3k0oHIIKTHOTI podoTH

3Mimanux mepex 802.11b/g.

OcHoBHUI TpuHIIUAI poOOTH Mepex 802.11 — 11e KOHIIETIISI «CITyXaTu Tepe
TUM, K niepenaBatuy. [Ipore mpuctpoi crangapty 802.11b He 3maTHI po3mi3HATH
Tpadik, crBopenuii obnamHaHHsM 802.11g, mo mpairoe B OFDM-pexumi. Ile
CTBOPIOE CHUTYallil0, MOAIOHY A0 MpoOJeMH «CXOBAaHUX CTaHIIM»: KOJU JBa
OPUCTPOi, SKI HE 3HAXOMATHCA B 30HI YYTHOCTI OJMH OJHOTO, HAMararThCs
nepenaTyd JlaHi TPETid CcTaHIli, CTBOPIOIOYM KOH(MIIIKT. [[71s yHUKHEHHSI TaKuX
cutyariii y cranmapti 802.11 Oyno BIpoBaKEHO MEXaHI3M 3aXHCTy Ha OCHOBI
kaapiB RTS/CTS («3amut Ha mepemaudy» Ta «HIATBEp/DKEHHA mnepenadi»). Llei
MEXaHi3M TIpaioe 1 B 3mimaHux mepekax 802.11b/g, mo3BosiI0UM MPUCTPOSM
yHHKaTH ofHouyacHoi mepenayi. [Ipu mpomy kagpu RTS/CTS mepenarorses 3a

nonomoror CCK-Moayniii, 3p03yMUIOi JJ1sl BCIX MIPUCTPOIB.

OpHak 3aXMCHUM MEXaHI3M 3HA4YHO 3HMXKY€E MPOIYCKHY 3IaTHICTb MEpEXi.
Hanpuxnan, y mepexxax 802.11g 13 ¢i3uunoro mBuakictio 54 MOit/c peanbHa
MPOMYCKHA 3/IaTHICTh Yepe3 HAKJIa{HI BUTPATH CTAaHOBUTH OJu3bK0 32 MOiT/C, a s
IPUCTPOIB 3BUYAITHOTO 00agHaHHSI — Oyn3bko 24 MOit/c. ¥V 3Mimanux Mepexax
13 BukopuctanHsaM RTS/CTS neit nokasuuk nagae g0 12 M6it/c, 1o Maiike BABIU1
O1bIIIe, HIXK TTPOMYCKHA 31aTHICTh Mepex 802.11b (~6 M6iT/c), ae Bce 1ie HUKYe
OUIKYBaHOTO. SIK anbTepHaTHBY MOKHA BUKOPUCTOBYBAaTH TiibKku Kajgpu CTS, ski
nepenaroTbes nepen koxxauM OFDM-kaapom, 1110 103B0JIS€ MiABUIIUTH TPOITYCKHY
3aaTHICTH 70 14,5 MOit/c. BTim, nieit miaxin mae oOMexeHHsI, SIKII0 HE BC1 MPUCTPOT

Mepeki nepeOyBaroTh Y 30H1 IPSIMOi Yy THOCTI.

[[lo6 BupimmMTH 110 MPOOIEMy, BUPOOHUKH TOYaIM BIPOBAIKYBaTH BJACHI
TEXHOJIOT1i JUIsi TIABUINEHHS MIBHAKOCTI B paMKaxX ICHYIOYMX CTaHIapTiB.

Hanpuknan, kommnanis Atheros pospobuiia pexxum Turbo Mode, sxuii 103BoJIsIE
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MOJIBOITH MIBUAKICTH mepenaui go 108 MOiT/c, BUKOPHUCTOBYIOUM [IBa KaHAJIU
oaHouyacHo. [lms mporo kommanis ctBopwia uuncer ARS5001X+, ocHameHui

MOJIepHi30BaHUM Tiporiecopom ARS5212.

Kopnoparis Intersil oOpama iHmmMiA miaxia, 3ampOTOHYBABIIA TEXHOJOTIIO
PRISM Nitro. Ll TexHOOTIs BKJIIOYAE IBA OCHOBHI €JIEMEHTH: MEXaHI3M 3aXHUCTY
ta Metox TpynoBoi mepenadi OFDM-kaapiB. 3axucHuii MexaHi3M, aHAJIOTIYHUN
RTS/CTS, nepenbauae nepenaBanss kaapy CTS nepen koxxaum OFDM-kaapowm.
Bonnouac rpynoBa nepeiaua 103B0JIsi€ 3HAUHO 301IBIIMTH MPOMYCKHY 3/1aTHICTD SIK
y 3MIIIaHUX, TaKk 1 B OAHOPIAHUX Mepexkax. Hampukian, y 3MmimmaHux mepeskax
KOXXHOMY TPUCTPOIO MPOMOHYETHCS PIBHUIM YacoBUI 1HTepBal ajs nepenayi. Jms
kagapa CCK, mo nepenaerscs Ha mBHAKOCTI 11 MOiT/c, BUTpayaeTbes npuOIn3HO
CTUIbKM X dYacy, ckutbku ansi mectd OFDM-kaapiB Ha mBuakocti 54 Moit/c,
BKJIFOUAIOYM BCl HakIaaH1 BUTpaTu. Takum umHOM, mpuctpoi 802.11b 1 802.11g
MOXYTh €(PEKTUBHO PO3MOAUIATH Yac Mepeaadi, MiHIMI3YIOUd BTPATU MPOIMYCKHOT
3naTHoCTl. Hanpuknan, njs ABOX MPHUCTPOIB 13 po3MipoM 1HHOPMALIIMHOTO MOJIS
1500 GaiiT mepenayua moxe 3aitHsaTH 2143 MKC (pucyHOoK 1.5).

1500 Gant

A1g
1500 Gait

A1b |

v

0 2143 Mmkc

6x1500 GaitT
A1g [ ] [ ]
1500 GaitT
11b |

»
»

0 3683 Mmkc

Pucynox 1.5 I'pynosa nepenaua OFDM-IlakeTiB 3a Texnonoriero PRISM

Nitro y 3MilnaHiii Mepexi.

VY pasi BUKOpUCTaHHsS OJHOPiAHOI Mepexi cranmapty 802.11g rpymnoBa

nepegada TMakeTiB Takoxk 3a0esrmeuye 3HayHUN mpupict edextuBHOCTI. Lle
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JOCATAETHCS 3aBASIKM TOMY, IIO BCEpEOUHI TPYINU TaKeTIB HEMae MoTpedu y
nepenadi kaapiB CTS abo ouikyBaHHI MIKKAJPOBHUX IHTEPBAIIB MK OKPEMHUMHU
nepenayaMu. Y ci HakjIaJHI BUTPATU CKOPOUYIOTHCS 10 Mepeaayl JIMiie KOPOTKOro
Kaapy miarBepmkeHHs npuitmanas (ACK), mo 3Ha4HO 3HIKYE Yac MPOCTOIO

Mepexi (pucyHok 1.6).

[le#t migxix AO3BOJSIE 3HAYHO MIABUINMTU MPOMYCKHY 3IaTHICTb MEPEXI,
0Cco0JIMBO 332 YMOB BUCOKOI'O HAaBaHTXKECHHS, 3a0e31euyoun OuUTbiry e(eKTUBHICT
BUKOPUCTAHHA KaHAJy nepenadi JaHux. TakuM yuHOM, TPYIIOBa Mepenava MmakeTiB
CTa€ BAXKJIMBHUM €JIEMEHTOM ONTHUMI3allil MpoayKTUBHOCTI Mepex 802.11g, sk ans

3MIIIAHUX, TaK 1 111 OJHOPITHUX CEPEIOBHIIL.

be3 Prism Nitro
CTS CTS CIS CTS CTS CTS
\ | \ | \ ] \ ] \ | 1
] ] [ R ]
________ crs s
Jlani Jlaui

\ I I | . 1 I

C Prism Nitro l:l

- - maker CTS I:l - Indopmariitauii naker

I - maker ACK l:l - ycepeIHeH il MiXKKaJ[pOBbIii iHTepBa

Pucynox 1.6 I'pynosa nepenaua OFDM-IlakeTiB 3a Texnomoriero PRISM

Nitro B 0JTHOPITHIM MEPEXKi.

Texnonoris PRISM Nitro Oyna peami3oBaHa Ha piBHI CHCTEMHOTO
MPOTPaMHOT0 3a0e3MeUeHHS 1 CTBOpeHa Jis 1HTerpaittii 3 uunicetamu PRISM Duette
ta PRISM GT. Ii po3poOHUKM CTBEp/KYIOTb, IO Il TEXHOJIOTiS TOBHICTIO
BinmoBimae Bumoram craHmapty IEEE 802.11g, 3a0e3nmeuyrodu BHCOKY

e()EeKTUBHICTh 1 MPOAYKTUBHICTh y 0e3npoBogoBux Mepexax. PRISM Nitro Bxe
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3HAWIIIIA 3aCTOCYBAHHS B HHU3I[l CYYaCHUX MPHUCTPOIB, 30KpeMa B MapIIpyTH3ATOPI
CONNECT2AIR, a Takox y MepexeBUX Kaprax Kommadii Fujitsu Siemens

Computers.

[Tpumitao, mo Fujitsu Siemens Computers mepiioro BOpoBaauia HOBITHIH
nporecop ISL3893, pospobnenuii ¢ipmoro Intersil, st Todyok gocTymy Ta
MapHIpyTH3aTOpiB 6€3mpoBoI0BUX Mepek. Lleli mporecop moOyaoBaHMil HA OCHOBI
MiKporpoliecopHoro siapa ARM9, mo no3Bossie oMy BUKOHYBaTH (YHKINT SK
MEpEXXHOro mpouecopa ajisi 0e3MpoBOAOBOI MEPEeXkl, Tak 1 Impolecopa s MEPEK
Ethernet. Taka OaraTodyHKIIOHATRHICTE 3a0e3neuye e(EeKTUBHY IHTETpaIliio

MPOBITHUX 1 OE3MPOBOIOBUX KOMIIOHEHTIB MEPEXKI.

[Tpomecop ISL3893 cnemiasibHO ONMTHUMI30BAaHUUN 7T pOOOTH 3 YHUIICETAMU
PRISM GT i PRISM Duette, 1o poGuTh HOTO 11eaTbHUM PIILIEHHSIM 7151 CTBOPEHHS
BUCOKOIIPOJYKTHBHHX OE3IPOBONOBUX Mepex. Moro apxiTekTypa m03BOISE
3a0€3MeUYnTH BUCOKY IIBHAKICTH OOpOOKM NaHWX, CTaOUIBHICTH 3'€HAHB 1

MIITPUMKY CYYaCHUX BUMOT JI0 TEJICKOMYHIKAIlIMHOTO 00J1aTHAHHSI.
1.4 ®PizuyHuli piseHb cmaHdapmy IEEE 802.11.b

Ha o¢i3uunomy piBai g0 MAC-kaapiB (MPDU) nomaetbcs 3aronoBok
b13uyHOTO pIBHS, KWW CcKiamaerbcsi 3 mnpeamOynu Ta PLCP-3aronoBka (muB.
pucynok 1.7). [Ipeambyna Bkitouae ctaptoBy cunxponociinoBHicTb (SYNC), sika
BUKOPUCTOBYETHCS JIJIs1 HAJIAIITYBAHHS MpUiiMaya, a TakoxK 16-01THUI KOJT TOYaTKy
kaapa (SFD), mo wmae 3Hayenns F3A016. PLCP-3arosioBok MiCTUTh KiJIbKa
ktoyoBux nodiB: SIGNAL (mictuts iHpopMariio npo MBHUIKICTH Nepeaadl Ta TUI
moxayisii), SERVICE (MicTuTh n0maTKOB1 J1aHi, 30KpeMa MpO 3aCTOCYBaHHS
BHCOKOIIBHUIKICHUX po3inpeHs a00 PBSS-monymsuii) 1 LENGTH (Bu3nauae gac y
MIKPOCEKYH/IaX, HEOOX1JHUH IS TIepeaadl pemTy Kaapa Micis 3arojioBka). Yci i
Tpu nosi PLCP-3aronoBka 3axuiieni 16-6iTHOr0 KOHTpoJibHOWO cymoro CRC, 1o

rapaHTye€ MUTICHICTD MepelaHnX JaHUX.
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Cranmapt IEEE 802.11b nepeabauae aBa BUIU 3aroyOBKiB (DI3UYHOTO PIBHS:
JOBrui 1 KOpoTKUil (pucyHok 1.8). OCHOBHI BIIMIHHOCTI MK HUMHM TOJISTAIOTh Y
JTOBXKHUHI cCHHXpOMociitoBHOCTI (128 61T ayis moBroro ta 56 OIT 711 KOPOTKOTO),
METOJ1aX TeHepallii IUX MOCIJOBHOCTEH, a TAKOXK Y MOPAIKY MepelaBaHHs CUMBOIY
MOYaTKy Kajapa. ¥ KOPOTKOMY 3aroJIOBKy CHMBOJI TOYaTKy Kajpa MepeaacTbes y

3BOPOTHOMY TMOPSIIIKY.

e oaHi€0 BaXIIUBOIO PI3HUIEIO € MIBUAKICTh NIEpeaadl JaHUX y 3aroJIOBKax.
JIst MOBroro 3arojioBKa BC1 IOJISI IEPEIaroThes 31 BUAKICTIO 1 MOiT/c. YV Bunaaky
KOPOTKOT'O 3arojioBKa mpeamOyJia TakoX MepeaaeThes Ha mBuakocti 1 MOit/c, ane
pelTa MmoJjiiB 3arojoBKa NepeaeThes 31 MBUAKICTIO 2 M6iT/c. OCHOBHA YacTHHA
KaJipa MOKe TepeaBaTUCs Ha OyIb-SKiH 13 MBUAKOCTEH, TO3BOJICHUX CTAHIAPTOM,

k1 Bu3HauaroThes y nossix SIGNAL ta SERVICE.

Brenenns kopotkux 3aronoBkiB y cranaapti IEEE 802.11b Oyio cnpsimoBane
Ha TIABUIICHHS MPOIMYCKHOT 37aTHOCTI Mepexi. 1le mo3Bomsie 3HU3UTH HaKIaaHI
BUTpaTH Ha OOpoOKYy KaapiB 1, BIJANOBIAHO, MIJABUIIUTH €(PEKTUBHICTH
BUKOPUCTAHHSA JIOCTYITHOTO paJllOKaHally, OCOOJMBO B yMOBaX BHCOKOTO

HaBaHTa>XCHH:I.

SYNC 128 6it| SFD 16 6it | SIGNAL 8 6it |SERVICE 8 6iT LE';%:;H CRC 16 6it

Mpeambyna 144 Gita PLCP-3aronosok 48 6it MAC-naket (MPDU)

l P
1 M6it/c

MakeT hiznyHOro ypoBHS

Pucynok 1.7 Crpyktypa xaapi mepexi 802.11 MAC — piBHs

3 ommcy mpomnenyp 3B'si3ku mepexi IEEE 802.11 Buano, mo «HaKiIamHi
BUTPATH» Y IIbOMY CTaHJIapTl BUIIIE, X y poBiaHii Mepexi Ethernet. Tomy HaaTo

BOXJIMBO 3a0€3MEUYNTH BUCOKY IIBUAKICTH Mepeaadi Manux y kKanam. [linBumuru
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MPOIYCKHY 3JaTHICTh KaHady 13 3aJaHOl0 IIMPUHOK CMYTH YacTOT MOJKHA,
PO3pOOIISIFOUH ¥ 3aCTOCOBYIOUH OLIBIIT JOCKOHAI METOAM MOYJISIi. [{uM nuissxom
minvia rpyna pospodmoBauiB I[EEE 802.11.b. Haragaemo, mo CHOKOHBIYHO
crannapt IEEE 802.11 nepenbauaB poboty B pexkumi DSSS 3 BukopuctanHsIM Tak
3BaHOi bapxepoBckoi mocaigoBHocTi (Barker) nmomxkunorwo 11 0Oit: Bi =
(10110111000). Koxxuwmii iHGOpMariiitHuil OIT 3aMINIA€ThCSI CBOIM TOOYTKOM I10
Moxaysito 2 (omeparisi «, mo Bukiodae ABO») 3 maHO MOCTITOBHICTIO, TOOTO
KO>KHa 1H(opMaIliiiHa OJUHUIIT 3aMIHIOEThCA Ha Bi, KOXKHUN HYJIb — Ha 1HBEPCIIO
Bi. ¥ pe3ynbraTi 01T 3amMiHsA€THCs TOCHOBHICTIO 11 unmiB. J{ami curHai KoayeTbes
3a JIOMOMOTOK Ju(epeHIliaibHOl JBOX- a00 YOTUPHOXMO3UIIIHOT (a3oBoi
moayssii (DBPSK a6o DQPSK, ogun abo nBa 4dinu Ha CMMBOJI BimoBiAHO). [Ipn
4acToTI MOyl Hecyuoi 11 Mri 3arajibHa MBHIKICTH CTAHOBUTH 3aJICKHO BiJT

tuny Moayssaii 1 12 Mo6it/c.

SYNC | gpp qg6ir| SIGNAL | SERVICE | LENGTH | cre 166ir| MPDU
56 GiT 8 6iT 8 6iT 16 6iT
- >l >l >
Kopotka npeambyna, KopoTkuit PCLP- 3aronosok 2 M6it/c 1,2,5.5,
1 Mb6it/c 11 M6it/c

Pucynok 1.8 KopoTkuii 3arosioBok kajpiB mepexi 802.11.b

Cranmapt IEEE 802.11b nonatkoBo 3abe3neuye MOXKIUBICTh Nepeadl JaHuX
Ha mBHAKocTaX 11 Ta 5,5 MOir/c. [iua n[oCATHEHHS NUX IIBHAKOCTEH
BUKOPUCTOBYEThCS ~ MeTOZ  moayJsauii, Bigomud sk CCK-momynsuis
(Complementary Code Keying, kogyBaHHsI KOMILIEMEHTapHUM Koj1oM). Lleit miaxin
0a3yeThCsl HA HAYKOBUX po3poOkax (haxiBiiB kommaHii Intersil (panime — Harris
Semiconductor) Ta Agere Systems, siki Bxoauiu J0 ckiaaay Lucent Technologies. ¥V
POMY METOIl s mepenaui JaHuX 3actocoByeTbesi DQPSK-monymsmis B
pamiotpakti, a cama CCK-Momymsiiiss BUKOHYETHCS IUIIXOM PO3OHUTTS BX1THOTO

MOTOKY AaHuX Ha rpymnu 1o 8 6it (d0-d7).

i Bicim 6iT GopMyrOTh 1H(OOPMALIMHUNA CUMBOJ 13 BOCBMHU KOMIUIEKCHHUX

yuniB Z = [z0, ..., Z7], KoxeH 13 skux Bu3Hauvae - Ta Q-kBajgpaTypHi CKJIaI0BI
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curHany ans DQPSK. Monynsiist 3a1HCHIOETBCS 3 BUKOPHCTAHHSAM HECYYOi
yactoty 11 MI'n. KoxeH uun y ckiazal CUMBOJIY € CUTHAJIOM HECYYOi YacTOTH 3

¢dazoBUM 3cyBOM, OOUUCIEHUM JJI1 BCbOT'O CUMBOJTY BIAMOBITHO 0 (YOPMYIIH:

Z[c0,...,c7] = [j1 +j2 +j3 +jd; j1 +j3 +jd; J1 + 2 + jd; -G1 +jb); j1 +j2 +j3;
31 +33:-G1 +52):51]

3HadeHHsI €JIeMEHTa j1 TMPUCYTHE y KO)KHOMY YHII CHMBOJTY, BIUIMBAIOYN HA
a3y Bchoro cumBoury. @azoBa MoayJsiis € qudepeHIiaabHO0, OCKITLKY 3HAYCHHS
Jj1 MOTOYHOTO CHMBOJIy OOUMCIIOETHCS HAa OCHOBI 3HA4eHHsS j1 mMomepemaHbOro
cumBoiy. dazoBuii 3cyB j1 BuzHavyaeTrbesa popmynoro Ajl = (d0d1)n/2 nist mapHux
cumBouiB, Je (d0d1) — aBobGiToBe nBifikoBe unciio B aianaszoni Bix 0 mo 3. Jlusa

HEMapHUX CUMBOJIB 10 j1 1o1a€eThCcsl 1OAATKOBHIA 3CYB Ha Tt.

VY cranpaprti I[EEE 802.11b CCK-monynstis 3actocoByeTbes nuiie 10 MAC-
kaapiB. Ilepmmuit CCK-cumBon, SKM 3 ABISETHCA MICAS 3arojioBka (Pi3MuHOTO
piBHs, Mae HOMep «0», ToOTO BBaxaeTbca mapHuUM. da3a OCTaHHBOTO CHUMBOJY
3arojioBKa Kajpa, MOIyJh0oBaHOTO 3a nomomoroio QPSK, BHKOpHCTOBY€EThCS SIK
OMOpHA JUIsl BHU3HAYEHHs IOYATKOBOrO 3HaueHHs 1 mepuioro CHUMBOIY
1H(OPMAIIHHOTO OIS, 10 IKOTO Jo1aeThes Ppa3zoBuii 3cyB Ajl. [nmi Tpu mapametpu

CUMBOJIY BH3HAYAIOThCS 32 (OpMYIaMHu:
j2 = (d2d3)n/2; j3 = (d4dS)n/2; j4 = (d6d7)m/2, (1.1)
ne (dxdx+1) — nBoO6ITOBI IBIMKOBI YKCIIA.

Jns mepenayi Ha mWBHAKOCTI 5,5 MOit/c 3acTtocoByeThecsi DBPSK-monysiiis.
VY mpomy Bunagaky CCK-cumBon koayerbes yotupma Oitamu garux (d0-d3), mo i
3YMOBJIFO€ 3HMIKEHHSI IBUJIKOCTI BJABIY1 MOPIBHSAHO 31 mBUAKICTIO 11 M6iT/c. [Ipu
npoMy jl oOumciioeTbes 3a Ti€l0 XK (QOpMYJNIO0, TOAL SK IHII MapamMeTpu

BU3HAYAIOThHCA Tak: j2 = d2m/2; j3 = 0; j4 = d3m.
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['onoBuoto mepeBaroro CCK-monmymsmii € i1 edexTuBHICTh. SIK mMOKaszye
dbopMysia, YHUMK CUMBOJIy BU3HAYAIOTHCS HAa OCHOBI IOCHIIOBHOCTEW YoJIia-
Anamapa, 1o 3a0e3ne4yroTh TapHi KOpemsIiiHi BiractTuBocTi. s mBuakocti 11
MG6it/c Bxigauit Bektop mammx D = [dO, ..., d7] MoxXHa TpeACTaBUTH SK
MOCIOBHICTh YeTBepUuHUX yrcena ml — m4, ne m1 = (d0d1), m2 = (d2d3), ..., m4

= (d6d7). Toni BexkTOp Z 0OOYUCITIOETHCS SIK:
Z =M x (WH + B))n/2, (1.2)

ne WH — BepxHs mosioBuHa Matpuill Yomma-Anamapa, a B — Bekrtop, 1110

3a0e3mneyye KOpeKIlio (pa3oBUX 3CYBIB.

{WHj =

Bextop B = [0, 0, 0, 2, 0, 0, 2, 0], 0 ¢i3uuHO BiAmnoBigae ¢azoBOMY 3CyBY
gumiB c¢3 Ta ¢6 Ha 180° (3miHa 3HaKy Ha «MmiHyc» y dopmyni (1.1)), Bimirpae
BOXJIMBY pOJb Yy TIOKPAIICHHI KOPENSAIIMHUX  BIACTUBOCTEH  KOJOBHX
nociigoBHocTed. [locmmoBHocTi Yomma-AnaMapa, Ha OCHOBI SIKMX TIpaIlfo€ Iien
miaxia, 7o0pe AOCTiHKEeHI Ta MarOTh BiIMIHHI aBTOKOPEIIAIINHI XapaKTePUCTUKH.
[x BaXIMBOIO OCOONMBICTIO € HM3BKMIl PiBEHb CaMOKOpEJsAllii HAaBiTh 33 YMOBH
¢$ha30BOTO 3CyBY, IO POOUTH iX €(PEKTUBHUMHM Jisi OOPOTHOU 3 TMEPEBIAOUTUMU

CUTHAaJIaMH B paJioTpaKTax.

Teopetuune omneparitiiine nocuineHHs CCK-monymsii ctanoButs 3 b (1o
BIJINOBIIa€ TOABOEHHIO MOTYXHOCTI curHany). lle mosicHioeTbecst Tum, mo 0e3

3actocyBanHs kKoayBanHs QPSK-momynroBanuit curnan Ha gactoti 11 MI ' 3maten
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nepenaBatd JaHi 31 mBHIKICTIO 22 MO6it/c. 3aBmgku cBoiif mpoctoti CCK-
MOJYJISIIS PO3TIISIAEThCS K OJOKOBMM KoJ, IO 3abesreuye il JIETKICTh B
anmaparaii peam3saiii. Came 1€t HaOip BrmactuBoctel 3poouB CCK-momyrnsiriro

000B’s13k0BUM MeTo10oM KonyBaHHs B ctannapti IEEE 802.11b.

Ha mpakTturi, onHak, BaXJIUBUMH € HE JIMIIE TEOPETHYHI IMOKAa3HHUKH
nocuseHHs. PiBHOMIpHICTh pO3MOJALITY CHUMBOJIB y (ha30BOMY IMPOCTOPI TaKOXK
BIJIiTpa€ KJIIOYOBY POJIb: UMM OlblIa BIJICTAHb MK CHMBOJIAMH, TUM HHUXKYOIO €
WMOBIPHICTh TOMUJIOK 1] Yac iX AeTekTyBaHHA. Y 11boMy acnekti CCK-momymsiis
Mae TIeBHI HeoMTiKH. [1 peabHe onepalliiiHe TOCHIEHHS, SK TPABUIIO, HE IEPEBUIIYE
2 nb, 110 MOCTYMA€ETHCS TEOPETHUYHOMY TIOKa3HUKY. Uepes 111 00MeXeHHsI CIIOYaTKy

PO3TIIAIaTN AIbTEPHATUBHI ITiIXO/IH.

OaHuM 13 TakuxX MIAXOJIB CTaj0 MakeTHe OlHapHE 3TOPTKOBE KOIyBaHHS
(PBCC — Packet Binary Convolutional Coding). Ils TtexHosoris Oyia
3arporoHoBaHa ¢axiBisiMu komnanii Alantro Communications, sxa y 2000 pori
yBiinuia 1o ckinaay Texas Instruments. PBCC ygiinwio go cranaapty IEEE 802.11b
SK JTOAATKOBUH (HEOOOB’SI3KOBHI) METOJ MOJIYJISIII. Moro BIPOBAJKCHHS
JI03BOJIMJIO AOcATaTH pomyckHoi 3natHocTi B Mepeskax IEEE 802.11b nHa piBHi 5,5,

11 ta 22 M6it/c (pucyHok 1.9), po3mmpro0Ud MOKIHMBOCTI 3aCTOCYBaHHS I[bOTO

CTaHaapry.
KopoBaHi aaHi (ci1,ca) QPSK-curHan
—> BCC-kopep »  dopmyBaHHA QPSK  ——»
C
I, Q

A

"eHepaTop ckpembntor4ol
nocnifoBHOCTI

Pucynok 1.9 3aranpaa cxema PBSS-Monymsinii

SIK BUIUIMBAE 3 Ha3BU, METOJ MAKETHOTO OIHAPHOTO 3rOPTKOBOTO KOAYBaHHS

(PBCC) 06asyerbcsi Ha MNPUHIMIN 3TOPTKOBOTO KOAYyBaHHs. sl mBHAKOCTEH
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nepenadi 5,5 1 11 M6it/c noTik iHpopMaiiiHuX 61TIB 00pOOIIIETHCS 32 TOIOMOT OO
IIICTUPO3PSITHOTO 3CYBHOTO pericTpa, OCHalIeHoro cymatopamu (pucyHok 1.10.a).
Ha nouyatkoBoMy ertami poOOTH BCi TPUTE€PHU pericTpa iHIMaN3yI0TbCs HYIIMU. Y
pe3ysbTaTi KOXKeH BXiAHMM 01T iHpopMarlii d 3aMiHIOETbCS ABOMA OiTaMU KOJOBOT

nocaigoBHocTl ¢0 1 cl.

[Tpu mBuakocti nepenayi 11 M6it/c 61t ¢0 i ¢l popmMyI0Th OTMH CUMBOJI, IO
BiAnoBigae votupuno3umiHii QPSK-momymsmii. s mBugkocti 5,5 Mo6iT/c
3aCTOCOBYEThCS ABono3uiiitna BPSK-monynsiis, sika nmociigoBHo nepenae 61ty ¢l
1 cl. dAxmo HeoOximHO AocarTd mBHAKOCTI 22 MOiT/c, cxema KOAyBaHHS CTa€e
ckiaaHimow (pucyHok 1.10.6): y nupomy BuNaaxy Tpu kojoBi O0itu ¢0, ¢l Ta c2

BU3HAYAIOTh OJIMH CUMBOJI Y BOCBMHUNO3UITIHHINA PSK-momysimii.

[Ticns opmyBanns PSK-cuMBOMIB 341HCHIOETHCS MPOLEC CKPEMOTIOBAHHS.
[le 3MiHIOE MOCTIOBHICTh OITIB I 3a0€3MeUEeHHS] PIBHOMIPHOCTI CTATUCTUYHOIO
pO3MOTYy cUrHalTy. Y 3aJeXHOCTI BiJ 3HAYEHHs CUTHAIY S (AUB. pUCYHOK 1.9)
CHUMBOJI 3auInaeThes 0e3 3miH (s = 0) abo #oro ¢aza 30iabi1yeThcst Ha /2 (s = 1).
3HaYeHHS § BU3HAYAETHCS 256-01TOBOIO ITUKIIIYHO MTOBTOPIOBAHOIO MOCIIJOBHICTIO

S, sika popMyeTbesa Ha OCHOBI ouaTkoBoro BekTopa U = 338B16.

[{eit moYaTKOBUI BEKTOpP Ma€ PiBHY KUJIbKICTh HYJIB 1 OJIUHUIIb, IO CIIPHUSIE
ONTHMaJbHOMY pO3MoALTYy (a3oBux 3cyBiB. I[locmimoBHICTE S TeHepyeTbes y
Burisial 16 BektopiB Ui (ze i = 0...15), npuuomy koxxeH Bektop Ul € HUKITTYHUM
3cyBoM nonepenuboro Ui-1 Ha kinbka po3psimiB. 3aBAsKK I[bOMY MiIXOIy CHTHAI
cTae OLIBII CTIHKUM 10 pajio3aBaj 1 3a0e3meuyeThcsi CTaOlIbHA Mepeaada JaHuX

HaBITh y CKJIAJHUX YMOBax [1].
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Pucynox 1.10 Cxema 3Beprounoro BCC-KoayBansns: a — st mBuakocteid 5,51 11

MO6it/c; 6 — na mBuakocti 22 Moit/c

VY 1micTUpO3pSAAHOTO 3ABUTOBOTO perictpy, 3actocoByBanHoro y PBCC mus
mBujkocteit 11 15,5 M6i1/c, 64 MOXKIMBUX BUXITHUX CTaHy. TaK 110 IPU MO ST
PBCC indopmartiitai 0itu y pazoBoMy NpocTopi BUSABISAIOTHCS HabaraTo Aaii ApyT
Bix apyra, yHik npu CCK-Mopynsmii. Tomy PBCC 1 no3Bosisie mpu THX caMuXx
CIIIBBIIHOIIIEHH]I CHUTHAJI/IIyM 1 PiBHI TMOMMJIOK BECTH Tepeaady 3 OUIBIIOI0

mBUIKiCTIO, HXK Y Bunaaky CKK.
Bucnoeox no po3oiny

Texnonoriss Wi-Fi € Hag3BUuailHO THYYKOIO 1 MPOIOHYE IIMPOKUHN CIEKTP
PEXKUMIB JUIsI OpraHizallii Ta po3ropranHs Mepex. He3Baxarouu Ha Te, 1110 OJHUM 13
OCHOBHHUX HEJIOMIKIB I[1€] TEXHOJOTII 3aJMIIA0ThCSd HU3bKUN PIBEHb OC3MEKU Ta
HepocTaTHIM 3axuct nanux, crangapt IEEE 802.11 ctae aenani momyasipHILIUM Y
MICIISIX BEJIMKOT'O CKYITUEHHS JII0/IeH, TaKHX sK Kade, aeporopTH, pectopanu. OnHak
HOro BUKOPUCTAHHS AJIsl OpraHi3allii MacoBOTO JOCTYIY 10 IHTEpHETY B )KUTIOBUX

OyIuHKax BCE IIE 3aJTUIIAETHCS PIIKICHUM SBUIIEM.

[lboMy cHpusitoTh JABa KJIIOYOBI uWHHUKU. [lo-mepmie, y Oaratbox
KOPHUCTYBadiB J0C1 HE chopMyBasocs 4iTKke po3yMiHHA nepeBar TexHomnorii Wi-Fi,

a TaKOXk Croco0i1B ii epeKTUBHOTO BUKOPUCTAHHS y oOyTOBUX yMoBax. [lo-npyre,
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HEJIOCTaTHhO PO3BUHEHA 1HPPACTPYKTypa, SKa TO3BOIMIA O 3a0€3MEeUUTH SIKICHE

MKJIFOYEHHS B )KUTJIOBUX palioHax, 0OMEXYE MONTUPEHHS 11€1 TEXHOJIOT11.

Jlia mojonaHHs 3a3HAYEHUX MPOOJIEeM HEOOXITHO 30CEPEeaUTHCS Ha KUIBKOX
HanpsMax. 30KpeMa, BaKJIMBUM € aKTUBHE peKjaMHe mpocyBaHHs nepeBar Wi-Fi,
OpIEHTOBaHE Ha IIUPOKY ayAUTOPil0, SKE JOMOMOKE IMJABUIIUTH OOI3HAHICTH
KOPHUCTYBaviB MPO MOXKJIHMBOCTI Ii€l TeXHONOTii. TakoK BaXXJIUBY pOJIb BiAirpae
1HBECTYBaHHS Yy PO3BUTOK 1HPPACTPYKTYPH, IO TO3BOJIUTH CTBOPHUTH HAIiiHY
OCHOBY JJIsl MaciiTabHOro BrpoBakeHHss Wi-Fi y skutinoBux OynunHkax. Jluiie 3a
YMOBH KOMIUIEKCHOTO MIIXOAYy MOKHA JOCSTTH 3HAYHOTO PO3IIMPEHHS

3aCTOCYBAHHS I11€1 TEXHOJIOT1 Ta 3a0€3MeUnTH 11 €PeKTUBHE BUKOPHUCTAHHS Y PI3HUX

chepax.



28

2. INIAHYBAHHA JIOKAJIbHOI MY/IbTUCEPBICHOI MEPEXXI

2.1. YuHHUKU, AKi nompi6HO epaxo8ysamu npu npoeKkmye8aHHi

6e3npoegidHoi MyavmucepegicHoi mepedci 802.11.g.

[Ipu yxBaneHH1 pimieHb 1oa0 po3ropranHs Oe3npoBigHux LAN (WLAN)

HEO0OX1THO BPaXOBYBaTH:
- ocobsmBOCTI po6oTH mpoTokoy 802.11g;
- MMOBeiHKa MOOUJIbHUX BY3JIiB;
- MATAHHS 3aXKCTY;
- aKicTh 3B's13Ky (QOS);
- IOJIaTKW, BUKOPUCTOBYBaHI 0€3MPOBOIOBUMH KITIEHTAMHU.

®i3uyHMil acleKT BUKOHAHHS KapTyBaHHS MICHS POOIT A€ MOXIJIMBICTD
3pO3yMITH, SIKy 30HY MOKPUTTS Ma€ KOXXHa TOYKA JOCTYITy, SIKa KiJbKICTh TOYOK
JOCTYMy, HEOOXigHa ISl TOKPUTTA 3a7aHoi o0JiacTi, 1 BCTAHOBUTHU IMapaMeTpH

KOKHOT'O KaHajly 1 BUITPOMIHIOBaHY MOTYXHICTb.
2.2. ApximekmypHa ¢ha3a npoeKmye8aHHS:I.

[TpoextyBannss mepexi Wi-Fi  BHKOHyeTbest Uis  A€B’SITUIIOBEPXOBOTO
KHUTIOBOTrO OyAMHKY. Ha K0’kHOMY IIOBEpCi pO3TaIllOBaHO YOTHPHU KBAPTHPH, KOKHA
3 SIKUX Mae Tuiomy npubauzHo 50 xBaapaTHUX MeTpiB. Lle cTBOpro€ moTeHUiHHY

aOOHEHTCHKY 0a3y 3 HOTHPHbOX KOPUCTYBaUiB HA KOKHOMY MOBEPCI.

Jns 3abe3neueHHss  CTaOUIBHOTO  3B’SI3Ky  Touku  jgoctymy  Wi-Fi
BCTAHOBIIOIOTHCS Ha 2-My, 5-My Ta 8-my moBepxax. KokHa Todka HOCTymy
HIAKIIOYAE€THCA 10 MaplIpyTHU3aTopa, PO3TAIIOBAHOTO Ha TEXHIYHOMY MOBEpCI
Oy B, 3a fornoMoror okpemoro kadentro UTP kateropii 5. Takuii mijaxia 103BoJIsIE

OJIHIA TOYLl JOCTYyMy OOCIYroByBaTW TpH TOBEpXH OyiBii, IO 3a0e3neuye
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3’€IHAHHA JJI1 MaKCUMYM 12 TepMiHAJIIbHUX MPUCTPOIB. YPaxXoBYIOUH, L0 BUCOTA
OJIHOTO TIOBEPXY CTAHOBUTh 3 METpH, a 3arajlbHa TOBIIMHA MIKIIOBEPXOBUX
nepekputTiB — 40 cm, 1e pimeHHs ontuMizye Nokpurts Wi-Fi curnamom,

MIHIMI3YIOUM BTPATU CUTHAY 4yepe3 Oy1iBeNbHI MaTepiaju.

I[JI}I MMPOKJIIAdaHHA TOPU30HTAJIBHUX KaOeIbHUX CHCTEM HCpCI[6a‘I€HO

BUKOPHCTAHHA TaKUX THUIIIB KaHAIB:

v’ MeTaneBi TpyOH, 1110 3a0€3MeUy0Th 3aXUCT KaOeIiB IpU IPOKIagaHHi Mix
noBepxaMu OyIiBIIi;
v’ JeKopaTuBHI KOPOOKH, BHTOTOBJCHI 3 HETOPIOYOro IUIACTHKY, IO

BUKOPUCTOBYIOTHCS JUIsl PO3MIIIIEHHS TOYOK aoctyny Wi-Fi.

Takuit miaxig 3a0e3nedyye HaAIMHUKA 3axXUCT KaOenmiB Bl MEXaHIYHHUX
MOIIKO/>KEHD 1 BIUTUBY HABKOJHIIIHBOTO CEPEOBUILA, & TAKOK €CTETUYHUNA BUTJIST
yciei 1HGpacTpyKTypu. Y IIbOMy BHMaAKy KaOellbHa CHUCTEMa CTa€ HE JIMIIE
(GyHKIIOHANBHOIO, aje W Oe3MeYHOl0, BIAMOBIJAIOYM CYYaCHUM BHUMOTaM

IPOTUTIOKEIKHOT OE3MEKH.
2.3. TenekomyHikayiiiHa ¢ha3a npoeKkmy8aHHS.

Ha MomeHT BWKOHAaHHS TPOEKTHUX POOIT OCHOBHUM CTaHIAPTOM IS
cTBOpeHHs JokambHuX Mepexk € Fast Ethernet. [Ins peamizaiii ropu3oHTagbHOI
HiJCUCTeMU TMependaueHo BUKOPHCTAHHS €JIeMEHTHOI 0a3u karteropii Se, ska
3a0es3neuye mepeaady CUTHANIB 4epe3 CTpyKTypoBaHy kabenbHy cucremy (CKC)
JU1s BCIX momupenux npotokoiiB Ethernet, Bkirouno 3 BucokomBuakicaum Gigabit
Ethernet 802.3ab. Ile pimeHHs 103BOJIsIE CTBOPUTH PE3EPB MPOIMYCKHOI 3AaTHOCTI
ropusoHTa’gbHuX TpakTiB CKC, nocTaTHii Al MIATPUMKH HE JIMILE ICHYIOUUX, alie

!l IepCreKTUBHUX BUJIB JIOJATKIB.

3rigHO 3 MOYAaTKOBUMH BHMOTamH, 1H(GOpMaIIiHO-00UNCIIOBAIbHA CUCTEMA

He nependavae nepeaady koHpiaeHiHHUX qanux. Tomy mia nodynosu CKC Oyno
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o0paHO HEEKpaHOBaHy €JIEMEHTHY 0a3y, fiKka € JCIIEBIIOI Ta MPOCTIIIOI B

peaiizariii.

KaGemi  kareropii 5  cmemianbHO  po3poOieHi  Juig  MIATPUMKH
BHCOKOIIBHU/IKICHMX MPOTOKOJIB. IX XapakTepUCTHKM BilIOBiAalOTh YaCTOTHOMY
niamazony g0 100 MI'n, mio 3a6e3nedye poOoTy MPOTOKOJIIB 31 IIBUIKICTIO IEpeaayi
nanux o 100 Mo6it/c, Takux sk FDDI (3 ¢izuunum crangaprom TR-PMD), Fast
Ethernet 1 100VG-Any LAN. Kpim Toro, BOHU MATPUMYIOTh MIBUAIII TPOTOKOJIH,
Hanpukiaa, ATM 31 mBuakictio 155 M6iT/c 1 Gigabit Ethernet 31 mBuakicto 1000
Moirt/c.

OcHo8HI enekmpoMacHImMHI Xapakmepucmuxu kabeuie kamezopii J:

o IloBHuii XBUJIbOBUH omip y Aiana3oHi 4actoT 10 100 MI'ny cranoButs 100

Owm (crarmapt ISO 11801 Takox momyckae omip 120 Om).

o 3aracanns curnany: Bix 0,8 a1b (ma wactori 64 xl') no 22 ab (Ha yacToTi

100 MT'm).

o Cywmapne nepexigHe 3aracanHs Ha OmmwkHbomy KiHil (PS NEXT) — He

meHire 27,1 nb.
o 3axumenicts Ha ganbHbOMY KiHI (ELFEXT) — He menme 17 ab.
o AxTuBHHH omip He nepesuiye 9,4 Om Ha 100 meTpiB.

KaGem karteropii Se (moxpaieHi) po3poOiieHl AJii MIATPUMKHA MPOTOKOITY
Gigabit Ethernet, sxuii nepenae nadi 0JHOYACHO MO BCIX YOTHPHOX Mapax Kadero.
YacToTHu# niana3oH AJi KaTeropii Se 3auIaeTbCs TUM CaMUM, 10 U 171 KaTeropii

5 — no 100 MTI'n.

Bci kabeni UTP BunyckaroTbCsi B YOTHPHUIIAPHOMY BUKOHAHHI, MPUYOMY
KOKHA Tapa Mae€ CBifl KOJip 1 MEeBHUW KPOK CKpy4dyBaHHA. 3a3BHuYail JIBI mapu

BUKOPHCTOBYIOTHCS JJIsl IEpejadl JaHUX, a 1HII1 Bl — JAJIs TIepejadi rojocy.
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JloBxkvHa JiHIA 3B’A3KYy TaKOX € KPUTUYHUM [apaMeTpoM IIiJ Yac
NPOEKTYBaHHSA Mepexi. s BenmMKMX BijcTaHEeH MOXe 3HaTOOUTHCS TOpOTe
obmagHaHHS a0 JOJATKOBI 3aco0M 3aXWCTy B 30BHINIHIX pamio3aBai. 3i
30UTBIIIEHHSIM BIJICTaHI 3HAYHO 3POCTA€ BIUIMB TAKWX YWHHHKIB HA IIBUAKICTH
nepejayi JaHuX, 10 BUMarae pereibHoro Buoopy mixk Ethernet 1 Fast Ethernet.
Pexomennyetscs mepenbauvatu 3amac noBxuHU (O61m3pK0 10%) mist BpaxyBaHHS

HernependauyyBaHUX OOCTaBUH.

Jns 3abe3nedyeHHs MalOyTHHOI MacIITabOBAHOCTI MeEpeXl CJliji BUOUpaTh
KOMyTaTOpHM Ta Mapuipytuzatopu i3 3amacom mopTiB (10-20% Oimbime, HiXK
NOTPiOHO Ha MOMEHT MPOEKTyBaHH:). Lle J03BOIUTH JIETKO M0/IaTH HOBi CErMEHTH

Mepexi B pa3i HEOOX1THOCTI.
2.4. Bu6ip ycmamkyg8aHHs.

[lim yac BuOOpYy MepexeBOro o0JIaJHaHHS HEOOXIJHO BPAaxOBYBAaTU HU3KY

BaXXJIMBUX ‘-II/IHHI/IKiB, 30KpeMa.

< BIJAMOBIJHICTh CTAHJAPTaM 1 CYMICHICTh OOJIaJHAHHS 3 HAWUTIOMIMPEHIIITUMU

MIPOTPAMHUMU PIIICHHSIMU;
% TIBUIKICTH Mepeaadi TaHuX Ta MOKJIUBICTD ii 30UIBIIICHHS Y MallOyTHBOMY;

< MATPUMYBaHI TOMOJOTi Mepexi (IIMHa, TacCHBHA 31pKa, TACUBHE JIEPEBO) Ta
iX KoMOIHaIi;
< METOJIM KepyBaHHs oOMiHOM y Mepexi (Hampukian, CSMA/CD, noBHui

JyTIEKC, MapKEPHUI METO/);

% JI03BOJICHI THUMM KabeliB, iX MaKCHUMaJlbHYy JOBXHUHY Ta CTIMKICTH 0

pajio3aBa;

< BapTICTb Ta TEXHIYHI XapaKTEPUCTUKU OONaTHAHHS (MEpeKeBl aJamnTepw,

TpPaHCHUBEPH, PEMITEPU, KOHIIECHTPATOPH, KOMYTaTOPH).
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Ha cywacHomy erami [ oprasizamii JOKaJIbHHX MEPEX LIUPOKO
BHKOPHCTOBY€EThCS HeekpaHoBaHa BuTa napa (UTP) kateropii Se. Ii nomynsapHicTs

MMOACHIOETHCA TAKMMH IICPCBAraMu:

1. JlocTyrmHa 111Ha;

2. HasBHICT IHCTPYMEHTIB JIJIsl IBUJIKOI Ta MIPOCTOT YCTAHOBKU PO3’€MIB
(RJ45);

3. 3pyuHICTb Mij Yac MPOKJIAJIKU Kabelto B pI3HUX YMOBAX;

4. JlerkicTh peMOHTY y pa3i MOIIKOKSHHS;

5. [TinTpumka BucokomBuakicaux npotokoniB (Fast Ethernet, Gigabit

Ethernet) npu BukopuctanHi kabeniB kareropii Se abo BUIIOi.

Jlst BUOOpPY TOYOK JIOCTYMy y IOMY TPOEKTI Oyno oOpaHo oO0aaHAaHHS
xkomnaHii D-Link, sike mMpoKo BUKOPUCTOBYETHCS Yy JIOKAbHUX MEpekax MicTa
XapkoBa. lle oOmagHaHHS XapaKTepU3YEThCS BHUCOKOIO HAMIWHICTIO, JOCTYITHOIO
I[IHOIO 1 3/IaTHICTIO €()EKTUBHO 3aJ0BOJIBHSATH MOTPEOM SK HEBEIMKUX O(DICHHUX
MEPEXK, TaK 1 )KUTIOBUX OYJMHKIB. 3BaXKArO4M Ha IIi TIepeBaru, JJs TUIaHyBaHHS Ta

BHUMIPIOBaHb OYyJI0 00paHO caMe 1€ yCTaTKyBaHHS.

\ l D-Lin e oy (] & (i (] Q i ] Q " & [SFT |
e T e e e el e il

Pucynok 2.1 Touka noctymy Wi-Fi. D-Link DIR-415
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Tabmus 2.1 Xapakrepuctuka Touku goctymy D-Link DIR-415

YacTtoTa 2412 -2.484 I'rix

[ToryxHicTh nepenabayva (802.11b) 18dBm

[TotyxHicTh mepenaBaya (802.11g) 16dBm
[IBuakicTs nepenaui ganux Super G: 108 Moit/cex;

802.11g: 54,48, 36, 24, 18, 12,9, 6 Mbit/cex
802.11b: 11,5.5,2, 1 MGit/cex

YyTtnusicts npuitmaua (802.11b) 10 -5 85 dBm

BER @

YyTtnusicTs npuitmaua (802.11g) 10 -5 75 dBm

BER @

Pexumn

Access Point, WDS Bridge (mo 6
IIPUCTPOIB)

BiamoBinHICTh cTaHmapTaM

IEEE 802.11g, IEEE 802.11b, 802.3
(Ethernet), 802.3u

(Fast Ethernet)

Monynsmis 802.11b:

CCK (111 5.5 Mb6it/cex), Barker

Modulations (1, 2 M6iT/cek)

802.11g: OFDM (6, 9, 12, 18, 24, 36, 48, 54
MG6it/cex)
150 MeTpiB B IpUMIILICHHI
Paniyc mii

400 meTpiB HA BIAKPUTINA MICIIEBOCTI




[Tponosxxenus Tabmmii 2.1
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VYnpasiHHS Be6-ceprep-inTepdetic

[Toptn 1 mopt 10/100 M6iT/cex LAN 3
M1ITPUMKOIO AUTO-MDIX

besnexa WEP-konyBanss 3 64- abo 128-
OITOBUM KJTHOUEM; MATPUMKA KOTyBaHHS
WPA/WPA2 1 WPA-PSK/WPA2-PSK;
¢dinbrpamis no MAC-anapeci

AHTeHa 2 30BHIIIHIX HE3HIMHUX IUIIOJIBHUX

anreHu 4dBi

2 BHYTPIIIHIX aHTEHU

Ilocunenusa anrTeHu

4 dBi

[TinTpumka OC

Windows 95,Windows 98, Windows
NT,Windows 2000, Windows
XP,Windows 2003 Server; Linux; Mac.

2.4.1. Pecypc moyku docmyny.

KinpkicTh KOpUCTyBauiB, SIKI OJHOYACHO MPAIOIOTh 13 TOYKOIO JOCTYILY,

3HAYHOIO MIPOIO 3aJIeXKUTh B1J1 00caTy TpadiKy, SKUi BOHU T€HEPYIOTh (HaNpUKiIasl,

po3mip 3aBaHTaxyBaHuX aiiniB). [IpomyckHa CHpoMOXHICTh O€3MPOBOIOBOT

MEpEexKi, SIK 1 APOTOBOI, POMOAUISIETHCS MK yCIMa aKTUBHUMHU KOPHUCTYyBadaMH.

EdexTuBHICTE pOOOTH MEpexKi 3a3BUYall OLIHIOETHCS 32 KUTBKICTIO MiAKIIOUCHUX

IPUCTPOIB, SIKI MOXKYTh OJHOYACHO MpPAIIOBAaTH 0€3 MOMITHOTO 3HM)KEHHS SIKOCTI

3B’A3KY.
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Jlnst Toukn poctymy, o mnpaimroe 3a ctasaaprom 802.11g, makcumaibHa
IPOIYCKHA 3/1aTHICTh CTAaHOBUTH A0 54 MOit/c. Llporo nokasHuka BUCTAYa€ Jis

00CJIyroBYBaHHS TaKUX KaTErOpiii KOPUCTYBaYiB:

-0 200 kopucTyBadiB, SIKI NEPEBAKHO MEPEBIPSIOTH €IEKTPOHHY MOIITY B

TEKCTOBOMY (hopMaTi Ta MiHIMaJIbHO BUKOPUCTOBYIOTh IHTEpHET;

-0 100 akTUBHUX KOPHUCTYBayiB, SIKI 4YacTO HAJCHJIAIOTh 1 OTPUMYIOTh

€JICKTPOHHI JIUCTH, a TAKOXK MPALIOI0Th 13 (paitmaMu cepeaHboro po3mipy;

-Bim 40 o 80 I1HTEHCMBHO aKTMBHMX KOPHUCTYBauiB, $5KI IOCTIMHO
3aBaHTAXYIOTh 1 MEpeNalTh BeluKi ¢aiin abo BUKOPUCTOBYIOTh PECYpCOEMHI

OJATKH.

VY Hamomy BUMAAKy OAHA TOYKA JOCTYIYy 3MOXE JIeTKo oOciayroByBatu 12
KOPHUCTYBauiB, 3a0e3leuyrodu CTaOUTbHMIA 1 SIKICHWHA 3B’S30K. Takuil miaxin
BIIMOBIAae crienudikaiisgM Mepexi Ta BpaxoBye 00CAT CepeaHbOCTATUCTUYHOIO

Tpadiky KOKHOTO aOOHEHTA.

2.5. llepeesazu 6e3npogidHux mepedic nepedadi daHuXx.

besmporomosi nokanbHi Mepexi (WLAN) MaroTh HU3KY CYTTEBUX IepeBar y

nopiBHsIHHI 3 KabeabHuMH Mepexamu (LAN):

v MOOUIBHICTh: KOPUCTYBaUl MOKYTh BUTBHO NIEPECYBATHUCS B MEXKAX MOKPUTTS
mepexxi WLAN, 30epiraroun jgoctyn 10 1HGOpPMAaIIHHUX pecypciB Ta

CEepBICIB.

v I'myuxicts iHcTamsamii: WLAN nerko po3ropraioTbCs B yMOBax, e
NpOKJIaaKa KaOelbHOI MEepeski € CKIaTHOI0 a00 HEMOKJIMBOIO, HAPUKIA, Y
CTapOBUMHHUX OyAIBIIAX 13 apXITEKTypPHUMHU OOMEKEHHSIMHU YU Ha BIIKPUTHUX

pocTopax.
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v CTBOpEeHHS MOOUTPHUX MeEpex: Oe3MpPOBOAOBI TEXHOJOTII J03BOJIAIOTH
OpraHi3oByBaTH THUMYacoBl a00 TEpPeCyBHI JIOKaJIbHI MEpexi I

PI3HOMAaHITHHX 3a7ad.

v HIBuakicte posroptanss: posropranHsi WLAN notpelye 3Ha4HO MeHIIe

qacy, HbXXK CTBOpPEHHS KabenbHO1 iIHQPaCTPyKTYpH.

v Hu3bki ekcIulyaTaliiiHi BUTpaTH: BUTPATH Ha MIATPUMKY O€3MpOBOIOBUX
MEpeX € MIHIMAJIbHUMU, OCKUIBKM BOHM HE TMOTPEOYyIOTh CKJIaJHOTO

00CJIyroByBaHHsI KaOEITbHUX CUCTEM.

i mepeBaru po6ssaite WLAN ineansHuM pillieHHSM J1si 6aratb0X CleHapiiB,
7ie TOTPiOEH THYYKHiA, EKOHOMIYHO BUTIAHUHN Ta MIBUJIKO BIPOBAIKYBAHUH TOCTYI

70 MEPEKEBHUX PECYPCIB.

2.6. Hedosiku 6e3npogidHux mepedic nepedayi 0aHUX.

OpaHuM 13 TOJIOBHUX HEOJIKIB TexHoorii Wi-Fi 3anumaeTscst HU3bKU piBEHb
O€3MeKr Ta HEAOCTATHIN 3aXUCT JaHUX 1 caMUX MepexkK. Y 0aratospyCHUX MICBKHUX
yMOBax (PI3UYHO BIACTEXKUTH Ta HEUTpaNi3yBaTH 3JIOBMHUCHHKAa YU HOTO
obnagHaHHs, Mo mpaitoe B paaiyci 100 i 6uibine MeTpiB, MPAKTUIHO HEMOXKIIHBO.
Jlesiki BIAaCHMKHM MEpeX BIIPOBAKYIOTh JOAATKOBI 3aX0Au Oe3NeKH Ha BUIIKX
PIBHSIX MEpEKEBOT MOJIET, POTE HABITh 11€ HE poouTh Wi-Fi toctatHho 6e3neyHnmM

JUTsl BAKOPUCTAHHS B YPAJIOBUX YCTAaHOBAX UM PsJIl IPUBATHUX KOMIIaHIM.

binpmie Toro, 3HayHa 4acTUHA MAIIOUYMX CHOTOJHI MEpPEX HE BHUKOPUCTOBYE
HaBITh 0a30BUX 3ac001B 3axXuCTy, nependauenux crannaptrom Wi-Fi. Hanpuknan,
4acTO BIJCYTHI HaBiTh €JeMeHTapHi mapoii. lle cTBoproe ineanbHI YMOBH s
37I0YMHHUX A1 KiI0€p3TOBMUCHHUKIB. XaKepu MOXKYTh O0€3MepeIIKOIHO MTPOHUKATH

B 30HY TOKPHUTTS MEpEXi, BUKOHYBaTH CBOi nii Ta 3anmumartu ii. [Ipu npomy Bci
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JIOKa3W, y pasi po3ciiayBaHHs, OyayTh BKa3yBaTH Ha BJACHUKA MEPEXKI, SIKHH MOXKE

MOHECTH FOPUANYHY BIAMOBIIAILHICTD 3a MOII.

[Ile omnieto cyTrTeBoro mpobnemoro TexHoiorii  Wi-Fi € Bucoke
C€HEPrOCIOKUBAHHS MOOLTLHUX MPUCTPOIB Uepe3 MOCTiHY poOoTy nepeaanayda. Le
0COOJIMBO MOMITHO Y HEBEJIUKUX MPUCTPOsX, Takux sk cmapThonu yu KIIK (PDA),
yepes 110 6araTo BUPOOHMKIB HE MOCHIIIAI0Th BIIpoBakyBaTtu Wi-Fiy cBoi moneni.
Jlesxi koMIaHii HaBiTh 3aKJIMKAIOTh JO BBEACHHS PEXKHUMIB POOOTH HAa HUKYIMX
MIBUAKOCTSAX TIepeiadi JaHuX, SKi 3HWKYIOTh BHTpPAaTH €HEprii, a TaKoX
pPO3pOOIISIOTH cremiaibHi eHeproedeKTrBHI dincetu. OaHaK I YINCETH 4acTo HE

BIJIMOBIaI0Th BUMOTaM ctanaapty 802.11¢g, Hanmpukiia, 1010 JadbHOCTI Jii.

BomHowac po3poOnstoThCS HOBI TOKOMIHHS MIKPOCXEM, SKI JTO3BOJISIOTH
peanizyBatu eHeprosoepiratoui (yHKIIi, Taki SK Cruituui" pexuMm A
a0OHEHTCHKUX MPHUCTPOIB. Y 1bOMY pexxuMi 6a3zoBa ctaHIlis mepexi Wi-Fi1 Mmoxe
"po30ymuTu" mpuUCTpid y pa3l HeoOXigHOCTI, 3abe3nmedyroum OamaHC MK

€HEepPro30epekeHHIM 1 PYHKIIIOHAIBHICTIO.
BucHOBOKM 110 po3iiy

3HIKEHHS BUTPAT Ha CTBOPEHHS MEPEKi MOKIIMBE JIMIIE 32 YMOBHU PETEIIHHOTO
aHaJi3y BCIX MOXJIMBUX BaplaHTIB il CTPYKTYpH, BKJIIOUYAOYHM CyYacHI TEXHOJIOTI1
0e3MpOBOIOBOTO 3B’A3KY, a TaKOXX BUKOPHUCTAHHS aJbTEPHATUBHUX METOIB
MIJKJII0YEHHS Yepe3 eleKTpoMepexy ado tenedonHi JiHil. TakuMm yuHOM, Mij yac
NIPOEKTYBaHHS MEpPEeXi OCOOIMBO Ba)JIMBO YBa)KHO MPOPAaXyBaTH BCi aCIEKTH,
OCKITBKM 3MIHUTH a00 MOJIEpHI3yBaTH BKE MPOKIAJICHYy KaOelbHYy CHUCTEMY B
MaiOyTHROMY Oy/ie JOCUTH CKJIaHO. PeTenbHe miaHnyBaHHS Ha TTOYaTKOBOMY €Talti
JIOTIOMOK€ MIHIMI3yBaTH BUTPATH Ta YHUKHYTH HENOTPIOHUX (PIHAHCOBUX 1

TEXHIYHUX BTpaT.
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3. METOAHUKA PO3PAXYHKY

3.1 Modeai, sukopucmogyeaHui 0151 OnUcy yMo8 po3n08Cl00HCEeHHS

padioxsu1b ycepeduHi Gydise b

OcrtaHHIM 4YacoM TpoOJieMi MOIIMPEHHS PaJiOXBWIb ycepeauHl OyiiBenb 1
MPUMIIICHb NPUISAETHCS 3HaYHa yBara. Lle 3yMoBJIeHO HEOOX1IHICTIO CTBOPEHHS
JOKaIbHUX 1HGOpMALIHHUX MEpexX, a TakoXK 3a0e3MeueHHsIM HaJiiHOTro
Pasio3B’ 13Ky ISl CIIBPOOITHHKIB MIAMPUEMCTB 1 YCTAaHOB 3 METOI €(hEeKTUBHOIO
yOpaBIiHHSA Ta MIJBULICHHS pIBHA Oe3neku. YcepeauHi OyaiBenb paaioXBHII
MOIIMPIOIOTECS Y CKIIATHOMY CEpeOBHII, sike (POPMY€ETHCS Yepe3 HasBHICTh CTiH,

neperopooK, MeOJIiB, paaioeIEKTPOHHOT anapaTypH, JIOJIeH Ta 1HIIMX 00’ €KTIB.

YMOBU MOWIMPEHHS PATIOXBUIb Y MPUMIIIEHHSX 3HAYHO BIAPI3HAIOTHCS BiJ
iXHBOIO TOMIMPEHHS Yy BiAKpuTtoMy IMpocTtopi. Cepen OoCHOBHUX e(]EeKTiB, sKi

CHOCTCpiI‘aI-OTBCSI B TAKUX YMOBAX, MO’KHa BI/I,IIiJ'II/ITI/IZ

v 0araTonpoMEHEBICTh, 1[0 BHUHUKA€ BHACHIAOK Oaratropa3oBHX BiJOHUTTIB

XBUJIb BiJI CTIH 1 IPEIMETIB;
v nudpakiiro, sika BUHUKA€E Ha TOCTPUX Kpasix 00’ €KTIB;
v pO3CiIOBaHHS, 10 3MIHIOE HAMIPSIMOK 1 XapakTep MOUIMPEHHS XBUIIb.

[li sBWIIA  CTBOPIOIOTH  CKJIAAHY  IHTepepeHIiiHy  CTPYKTYpYy
CJIEKTPOMATHITHOTO TIOJISI, sIKa CYTTEBO 3MIHIOETBHCS IMIJ 4Yac PyxXy Jiroaer abdo
nepeMilieHHss npeaMmeTiB. Sk mpukian, Ha puUCYHKY 3.1 HaBemeHo Trpadik
3aJIe)KHOCTI OTY>KHOCTI MPUMHITOrO CUTHAITY BiJl BIICTaH1, BUMIPSIHUI ycepeanHi
kiMHaTtd Ha yactoTi f = 914 MI'u. Bin imoctpye ckmanuuii iHTepdepeHiiHmnii

XapakTep Mo 3 INMMOOKUMU MIHIMyMaMH (3aBMUPAHHSIMHM) MMOTYKHOCTI CUTHATY.

MonentoBaHHsI KaHaMIB 3B’SI3Ky BCepeAMHI Oy/lIBENb Ma€ MEBHI OCOOIMBOCTI,

10 BIJPI3HSIOTH 1X Bi TPAAUIIIHHUX MOJENIeH MOOUIBHOTO 3B’ SI3KY:
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¢ 30HA MOKPUTTS 3HAYHO MEHINA, HIK Y MICBKUX YMOBAX;

e YMOBHM IMOUIUPEHHS PaJIOXBWIb OIBII PI3HOMAHITHI Ye€pe3 BEJUKY KUIbKICTh

NEPEIIKO Ta 00’ €KTIB.

OCHOBHMMHM TMapamMeTpaMu, IO BH3HAYAlOTh TMOIIUPEHHA PaAIOXBUIIb

ycepeauHi OyaiBeb, €:
O TUTAaHYBaHHS MPUMIIICHB;
O BHKOpPHUCTaHI OyAiBesIbHI MaTepiaiu;
O THIl OyaiBIIL.

o Jlo sABMIN, XapaKTepHUX [Js MOIIUPEHHS XBWIb Y NPUMIMICHHSX,

HaJIe)KaTh:
O BIJIOUTTS;
o audpaxiis;
O TOTJIMHAHHS;
O PO3CitOBaHHS.

Ha piBeHb curHaily BIUIMBAIOTh Taki (PaKTOpH, sIK BIAKPHUTI UM 3aKPHUTI ABEPI,
BHCOTa pO3TAllyBaHHS aHTEH (Ha PIBHI CTOJNly YW A CTEJNCI0), a TaKOoX
po3TalryBaHHs CTIH 1 Heperopogok. Pi3HOMaHITHI 00’€KTH BcepeauHi OyiBii,
BKIIFOUAlOYM  MeOdi, 3HAYHO BIUIMBAIOTh Ha  (OPMYBAHHSI  CTPYKTYpH

€JIEKTPOMArHITHOTO TOJS SIK Y MPUMIILIEHH], TaK 1 1032 HOTO MEKaMHu.
CTiHU Ta MeperopoaKy BCepeANHI MPUMIIIIEHb 3a3BUYAl AUIATHCS HA IBA THITH:
v «TBEPJI1» CTIHHU, K1 € KOHCTPYKTUBHUMH €JI€MEHTaMU OyIiBJIi;

v «M’SKD» TIEPETOPOJIKH, 10 MOXKYTh MEPEMIITYBATUCS, 3a3BHYail BOHH HUXKYl

3da BUCOTY OCHOBHHX CTIH.
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Martepianu, 3 SIKMX BUKOHAH1 CTIHU Ta MEPErOpOJKU, MAIOTh Pi3HI €JIEKTPUYHI
BJIACTUBOCTI, 1110 3HAYHO YCKJIaIHIOE CTBOPEHHS YHIBEpPCAIbHOI MOJIEN JUIsl pi3HUX

TUMIB Oy/iBEIb.

3aracaHHs CUTHAJIYy MK MOBEPXaMU BU3HAYAETHCS:

o
*

% 30BHIIIHIMU po3MipaMu Oy/IiBJII Ta 11 MaTepiagaMu;

B3

> KOHCTPYKIII€I0 MIXKIIOBEPXOBUX MEPEKPUTTIB;

o
*

% 30BHIIIHIM cepeoBUIIEeM (HAIBHICTh CYCIJIHIX OyiBeNIb Ui 00’ €KTIB);
% KUIBKICTIO BIKOH 1 XapaKTEpPUCTUKAMU TTOBEPXOHb CTiH.

Btpatn curnamy BcepeauHl NpHUMIIIEHh MOXYTh OyTH  OMNHKCaHI

MaTCMAaTUYHUMH 3aJIC)KHOCTAMM, 11O BPaXOBYIOTh BI/IIHeSI‘aIIaHi q)aKTOpI/I:

L(r) = L(ro) + 10nlg— + X, (3.1)
0

e N- 3aJIeKUTh BiJ TUIY OYJMHKY ¥ HABKOJIMIIIHIX OYy/11BEJIb;

Xo— BHIIAQJKOBA BEIMYMHA, IO MiAKOPSIETHCS HOPMAIBLHOMY pO3MOALTY 13
nucnepciero 6. Lst Moaenb 1ae BeMMYuHy BTPAT, 1110 BIIPI3HAETHCS BiJl 0OMIpIOBaHO1

B MIPOIIEC] EKCIIEPUMEHTY He Oubllie HiXK Ha 4 10.

[Tpu momupeHH1 pagioXBUJIb MIXK TOBEpXaMH BTPATH OMUCYIOTHCS (POPMYIIO0
L(r) = L(ro) + 10nselg () + FAF (3.2)
0

ne nsf — MoKa3HUK CTyHEHs, 110 XapaKTepHU3ye MOIIMPEHHS B MeKaX OJIHOTO
noBepxy,FAF — ¢akrop 3aracanns mix noBepxamu. [lomepenns gopmyna moxe

OyTH MpeJIcTaBjIeHa B IHILIOMY BHU/II

L(r) = L(ry) + 10nyglg (%) (3.3)
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ne nmf— MOKa3HUK CTyMNeHs, IO XapakTepus3ye MOIIUPEHHS MIXK

IMOBCpPXaMHu.

binburicte Mozeneil, siki BUKOPUCTOBYIOTBCS AJISi PO3PAXYHKIB MOIIMPEHHS
panioXBWib ycepeauHi OyaiBenb, 0a3yroThcsi Ha QOpMyJi A  BiIKPUTOTO
npoctopy. OmHaK y pealpHHX yMOBaX Ha XapakTep NOIIUPEHHS pPaliOXBHIIb
BIUIMBAIOTh YMCJIECHHI YMHHUKH, TaKl AK CTIHM, Hijjora, MeoOl, JIOAd Ta IHIII
00’ektu. lIle pi3HOMAHITTI yMOB Yy TPHUMIIICHHIX BHUMAara€ 3acTOCYBaHHS
EeMIIIPUYHUX MOJIETIeH, pPOo3pOoOJEHNX HA OCHOBI YHCICHHHX CEKCIEPUMEHTAJIhHHUX

JIOCJIJIKEHb.

VY 1iit pobOTI pO3TISAHYTO KUJIbKA MOJIEJIEH, SIKi 103BOJISIOTh OLIIHUTH BTPATU
curHainy Ha Tpaci. L{i mozeni 6a3yroThCsl Ha CHIBBIHOLIEHHSX, 110 BPaxOBYIOTb
BIUIMB PI3HUX OO0’€KTIB Ta MarTepiaiiB Ha TMOLIMPEHHS pPaJioXBWIb Yy Mexkax

MIPUMIIIICHb.
L(d) = Ly(d/dop)™", (3.4)

ne LP— BTpatu npu noumMpeHHi Ha Tpaci IpsiMOi BUAUMOCTI JOBXHUHOIO do, d—
BIJICTaHb MK IepenaBadeM 1 npuitmaueM. [Ipuuomy, y Aesikux MoJeisiX 3Ha4eHHs
N € MOCTIMHOIO BEJIMUMHOK, B 1HIIUX — 3aJICKHUTh BiJ BiacTaHi. Hampukman, 1o
BijicTanel 6m3pko 10M n= 2, B inTepBani Biacrtanei 10 <d<20m — n=3, misa 20
<d<40m-n=6, npu d>40m - n=12. 301IbILIIEHHS 3HAYEHHS N 3 POCTOM BIJICTaHi,
IMOBIpHO, TIOB'sI3aHE 31 30UJIBIIIEHHSIM YHUCJa CTiH, IO BIJOKPEMIIIOIOTH IPUHOMHY

aHTEHY BiJ epeaaBalIbHOI.
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Pucynok 3.1 3anexHiCTh MOTY>KHOCTI MPUIHITOTO CUTHAIY BiJl BiCTaHi,

oOMiproBaHa ycepeanHi KiMHaTH Ha 4yacToTi f = 914 Mru.

Konu nepenaBanbHa aHTeHa po3TalloBaHa BCEpeaUHI KIMHATH, OaraTropa3oBi
B1IOUTTSI paIiOXBUJIb BiJl IOBEPXOHB MIPUMIILICHHS, TAKUX K CTIHH, IMiJI0Ta, CTEJS,
MeOJI1 Ta 1HII 00'€KTH, CIIPUSIOTH 301IBIIIEHHIO TTOTYKHOCT1 IPUHHATOTO CUTHATY.
Ile sBume cxoke Ha peBepOepairiio, A00pe BUBYEHY Yy cdepl aKyCTUKH, e
Oaratopa3oBe BIJOUTTSA 3BYKOBHX XBWJIb IIJICHJIIOE 1HTEHCHUBHICTH 3BYKY B

3aMKHEHOMY MPOCTOPI.

Posrnsinemo HeBenuky oty ds, T0BIIbHO pO3TAllIOBAHY BCEPEANHI KIMHATH.
SIKI1I0 MPUITYCTUTH, 1O PATIOXBUIII MOIIUPIOIOTHCS PIBHOMIPHO Y BCIX HAINpsSMKaXx,
TO TOJOBHMHA MOTYXHOCTI XBWJI, IO PO3MOBCIOMKYETHCS, HANpPHUKIaA, 13711Ba
HanpaBo, MEPEHOCUTHCA 4Yepe3 L0 IUIONLy 33 YMOBH ii HOPMAaJbHOTO IaJiHHS.
OpHak, SKII0 XBHJIS MaJIa€ i JOBUIBHUM KyTOM, CEpellHs IepEeHOCHA MOTYKHICTb
3MEHIIY€ThCS MPUOIU3HO BJIBiUl MOPIBHIHO 3 HOPMAJIbHUM MagiHHAM. TakuMm
YUHOM, Yepe3 BUIJICHY IUIONLY MPOXOIUTh JIUIIE OJHA YBEPTh 3arajJbHOIO MOTOKY

eHeprii.
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BpaxoBytoun 111 o0cTaBuHHU, IUTHHICTH TOTOKY eHeprii W Ha Biactani d Bif
JDKepena curHaidy moTyxkHicTio PT y BiTbHOMY MpoCTOpi BH3HAYAETHCS
BIANOBIAHOIO (opmynoro. Ll ¢opmyna no3Boss€ OLIHUTH PO3MOILT €HEprii
CUTHAJTy, 3Ba)Kal0ur Ha CHelHU(IuHI YMOBH MOUIMPEHHS XBWIb Y ipuMitieHHi. [Ipu
IIbOMY BIUIMB peBepOeparlii, BIAOMTTIB Ta 1HIIMX (haKTOPIB CIiJ BpaxOByBaTH ITiJ

Yac aHaji3y MOUIUPEHHS PallOXBUIb.

W = 1 (3.5)

T 4md?”’

VYBoasiuu cepenHiil Koedilll€eHT MOTJIMHAHHS MOBEPXHI & Ta MiICYMOBYIOUHUCH

10 BCIM MOBEPXHI, MOKHA 3aIUCATH CITIBBITHOIIICHHS

%2 SaPp(1 — a). (3.6)

Toni aAns MITBHOCTI MOTOKY €HEprii peBepOepalitHOro Mojsi MaeEMO

4Py . _ YS@

W= R’ (-

(3.7)

Kom0iHytoun MOTYXHICTh MPSMOTO CUTHAILy W peBepOepaniifHoOro moss, a

TaKO>K BPaxoBYIOUU €(DEeKTUBHY IUIOUTY MPUHMAIbLHOT aHTEHHU, OTPUMYEMO:

B = Pr (s + 1) (55) G8)
3 (3.8) BUILIMBA€E BUPAXKEHHS ISl BTPAT
Lo = 1g (o + ) G2 39)

Sk npukan npuBeneMo po3paxoBaHi o Gopmyii (3.9) 3anekHOCTI BTpaT Bij
BIJICTaHI JJIT HEBEIUKOI KIMHATH po3Mipamu 3,3x5,1x2,1 M s pi3HUX 3HAYEHb
koedimientra norinuHaHHsg o (Pucynok 3.2). CylnuibHOIO JIHIE JI MOPIBHSHHS

MOKa3aHi BTPATH MPH MOIMIUPEHHI Y BUIBHOMY MPOCTOPI.
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-100

1 10 100

Pucynoxk 3.2 3anexHoCTi BTpaT BiJl BiACTaH1 JJis1 HEBEJIMKOT KIMHATH PO3MIpaMu

3,3x5,1x2,1 m

Ha pucynky 3.3 npexacraBieHi rpadiku 3ajie)KHOCTI Pi3HUII BTpAT CUTHAIY,
obunciennx 3a (popmysor (3.6), Ta BTpaT y BUIBHOMY MPOCTOP1 3aJ€KHO BiJ
BiacTaHi. ['padixu moOynoBaHi A pi3HUX 3HAYEHb CyMapHOT TUIOIII MOTJIMHAI0YO]
MoBepxHi Npu epekTUBHOMY KoedirieHTi nornuuands o = 0,9. Iudpu, 3a3naueni

01511 KpUBUX Ha rpadiky, BKa3ylOTh 3HAUEHHS TUIOIII MOTJIMHAIOYOT TOBEPXHI.

AHani3 rpadikiB MOKa3ye, M0 BTpPaTH CHUTHAIY B MIPUMILIEHHI CYTTEBO
3aJIeKaTh BiJ BJIACTUBOCTEW OYy/IBEIBHUX MaTepialiB 1 TMOKPUTTIB. 30Kpema,
KoedilieHT BIAOUTTS Ta MPOXOKEHHS pAaalOXBWIb, a TaKOX e(EeKTUBHUN
Koe(illleHT TOTJMHAHHSA ¢ OyAiBeJbHMX MarepiajliB 3HAa4YHO BIUIUBAIOTh Ha
NOIIMPEHHS paaiocurHany. Lli mapameTpu XapakTepu3yrOTh, HACKUIBKH CHUIIBHO

MaTepiaay MPUMIIIEHHS 3aTPUMYIOTh, BIIOMBAIOTH 00 MOTIMHAIOTH PAIIOXBHIIL.
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Jlnst konkpetrnoi dactotw 60 I'T'm 3HadenHs koedirieHTIB BIiIOUTTS,
MPOXO/KEHHS 1 TOTJMHAHHS JUIs PI3HUX OyAIBEJIbHMX MaTepialaiB HaBEJCHO Y
tabnui 3.1. L ingopmarris 103BosIsI€ OLIHUTY BIUIMB MaTepiajiiB HAa MOIIMPEHHS
CUTHAITY, IO € KPUTHYHHUM JJIsI MOJCITIOBAHHS POOOTH OE3MPOBOIOBUX MEPEK Y

MPUMIIICHHSX.

oL, nb
15 |

0 —::’___ ........ {— """""""""""""" I v | D’ M
1 2 4 6 8 10

Pucynoxk 3.3 3anexHOCT1 BiJl BiICTaH1 Pi3HUII BTPAT 1 BTPAT y BIILHOMY

MPOCTOPI MPH PI3HUX 3HAYCHHSIX CYMapHOI IIJIOII TOBEPXHI.

[Tig yac BUBUEHHS MOIMIMPEHHS PaJiOXBHIIb Y MICBKHX YMOBax a00 BCepeuHi
OyliBedb 1 MNPUMINIEHb YacTO BHUHHMKAE TOTpeda y BHU3HAUYCHHI KoedilieHTa
IPOXOKEHHS XBUJI1 Yepe3 CTIHU, IEPETOPOIKH Ta 1HIII 0araTonapoBi cepeI0BHIIA.
Jl51g 11b0ro HEO0OX1THO BpaxoByBaTH (h13MUHI XapaKTEPUCTUKU MaTepiajiB, yepes sSKi

MMpOXOOUTb XBHJIA.



46

Tabmuns 3.1 3HaueHHA Koe(ILIEHTIB BIAOUTTA W MPOXOMKEHHS, a TaKOXK

e(eKTUBHOTO Koe(dillieHTa MOTJIMHAHHS 0O JJI JeIKUX MaTepiaiiB Ha 4acTOTi

60 I'rua
Koedirmient Koedirmient
Marepian a
MPOXOIKEHHS, %0 B1IOKUTTH, %
I'incoBa
42,5 2,0 0,98
nasesnb (s=1 cm)
di6poiT
4,5 20,0 0,8
(s=1,9 cm)
beronna
0,0001 16,0 0,84
uta (s=10 cMm)

PosrisiHemMo BUMAMOK, KOJIM €IEKTPOMArHiTHA XBUJIS Ta/la€ HA TUIOCKHNA II1ap
TOBIIMHOIO d, BIACTUBOCTI SKOTO BH3HAYAIOTHCSA BIAHOCHOKO MIEJIEKTPUYHOIO
MPOHUKHICTIO €2 TA MATrHITHOIO MPOHUKHICTIO M2, Y C€peAOBMUILII 3711Ba Bif mapy (A
obmacti z < () mapaMeTpu CepeaoBHIIA ONMUCYIOTHCS BEIMUYUHAMH €1 Ta [, a JJIS

obiacTi cripaBa Bif mapy (z > d) — mapaMeTpamu €3 Ta M.

Hns Bunaaky TE-nmomsipu3aliiii €JIeKTpOMarHiTHOI XBWII (3 TONEPEYHUM
CJIEKTPUYHUM TI0JIEM) KOMIIOHEHTH €JIEKTPOMArHITHOTO TOJS MOYKHA OINMUCATH 3a
JIOTIOMOTOI0 MAaTeMaTUYHOI MOJIeNIl, sIka BPaxOBYE PO3IMOIiJA XBHWJI B KOXKHIH 13
TphOX obOsacteil. L{s Momens M03BONISIE BUSHAYUTH SK KOCPIIIEHT MPOXOHKCHHS
XBUJI, TaK 1 KOEQIIIEHT BIAOWUTTS 3aJIEKHO BiJl BIIACTUBOCTEW MartepiajiB, KyTa

MMaJIHHs XBWI Ta 11 4aCTOTH.

Taxki po3paxyHKHU € BaXXJIMBUMHU JJIs MOZEIIIOBAHHS PaJl0XBHUIBOBOTO KaHATy
B yMOBax 0araTornoBepXxoBUX Oy/iBesb 1 MICbKOi 3a0y/10BH, 1€ XBUJISI MPOXOAUTH
yepes3 pi3HOMaHITHI 11apy Oy/IIBEIbHUX MaTePialiB 13 PI3HUMH €JIEKTPOMArHITHUMU

XapaKTEepPUCTUKAMM:
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B 0o0J1acti z <0

1 . . . _q
EJ(/ ) elkasindyx (elkl cos¥1z 4 Rye ik C051912), (3.10)
E—etk1 sinﬁlxm(eikl costiz _ p o-iks cosﬁlz) (3.11)
¢1 ¢ , ‘

B oOmacti 0 <z<d

E3(,2) — eikz sin ﬁzx(Aeikz cos 9,z + Be—ikz cosﬁzz), (3.12)
E —plkzsindyx cos v, (Aeikz cos¥,z _ pp—ik;cos 1922) (3.13)
% ’ '

B oOsracti z > d

3 , . ,
E)(I ) p ks sin 93x Tj'elk3 0051932, (3.14)
. ; cosY i
F —eltkssindzx ; 3 lee‘k3 cos U3z (3.15)
3

V 1b0My KOHTEKCTi ¥; MO3Hauae KyT TMaJiHHS XBUIi Ha map, a Ry i T —
BIJIMOBITHO KOE(IIIEHTH BITOUTTS Ta MPOXOKECHHS [JIs 11apy ToBumHOIO d. Jlis
BU3HAYCHHSI [IUX KOEPiIIEHTIB HEOOX1THO BPaXOBYBAaTH YMOBH TOIITUPEHHS XBUJI1 B

OaraTronapoBOMy CEpeIOBUIIII.

BuxopuctoBytoun ymMOBH 0O€3MEpepBHOCTI TaHTEHIIAIbHUX KOMIIOHEHTIB
€JICKTPOMArHiTHOIO MOJIs Ha Mexax mapiB (y Toukax z = 01z = d), MO)KHa BUBECTHU
aHAJIITHYHI BUPAa3u A Koe]ilieHTIB BIAOUTTA Ta mnpoxomxeHHs. Ll ymoBu
rapaHTyIOTh, 10 3HAYEHHS €JIEKTPUYHOrO Ta MarHiTHOTO TOJIB € Oe3nepepBHUMHU

Ha FPaHUIX MIapiB, M0 (I3UYHO BIANOBIIAE 30€PEKEHHIO EHEprii XBUJIL.
Otpumani popmymu 1 Ry i T BpaXoByIOTh Taki MapaMeTpH, sK:
= KYyT HDaJiHHSA XBWII Y ;

» JIieNIEKTPUYHY NPOHUKHICTh Ta MarHITHY IPOHUKHICTh CEPEOBHILL;
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* TOBILIUHY WIapy d;
*  YacTOTYy XBHIII.

[{i 3a71eXHOCTI € BaXJIMBUMU [IJII MOJCITIOBAHHS TOBEHIHKUA PATIOXBWIb Y
OaraTomapoBUX CEpEelOBUIIAX, TaKUX fAK CTIHM OyJiBeNb, MIKIIOBEPXOBI
MEePEKPUTTSI a00 1HIIN KOHCTPYKTUBHI eJIeMeHTH. BOHM J103BOJISIFOTH OLIIHUTHU PIBEHD
BIIOUTTA Ta 4acCTKy €HEprii, 10 MPOXOAUTH Kpi3b HIap, 3a0e3Meuyroud TOYHICTh
PO3paxyHKIB y 3a/ladax MPOEKTyBaHHS O€3MPOBOIOBUX MEPEX 1 CUCTEM 3B’ SI3KY.

1 _ Ryze29+R{,
a — 1 pl is
1+Ri, Rz €210

(3.16)

Ti3Tsse'®
1+R{,R3ze?1%’

(3.17)

ne Ri, i Ry — xoediuieatu BinourTs OpeHens IUIOCKOi XBUII, IO Majac
JiBOpYY Ha rpaHuLi posaina cepenosuiy z=0 i z=d . Aranoriuno Tj5 1Ts5 —
KoeQII€HTH MPOXOHKEHHS TUIOCKOI XBHIII Yepe3 1l TpaHuIll. AHAIOTIYHO MOXYThb

OyTH oTpuMaHi BiAMOB1AHI KoediienTu jis Tm-Tlonspuzarii.

Y Hu3I1l HAYKOBUX IOCHKEHb [29, 30] Oynu peTeabHO BUBUYEHI BIACTHBOCTI
OJIHOPITHUX OyJIBEIbHUX MaTepialiiB, Kl BIUTMBAIOTh HA MOIIUPEHHS PaJllOXBUJIb.
3okpemMa, OyJu JOCTIKEHI TakKi XapaKTEPUCTUKH, SK BITHOCHA MJieJIEKTpUYHA
NPOHUKHICTh 1 TAHTE€HC KyTa BTpaT y 4acTOTHOMY niamnasoHi Bix 2 go 7 I'T'u. L
napaMeTpH JI03BOJISIIOTh OIIIHWTH, HACKIIBKA MaTepiayl BIUTMBAaE Ha 3aracaHHs,
BIIOUTTSI Ta TPOXODKEHHS PAaMIOCUTHANY, 1 € BOXKJIUBUMH JJISI MOJCITIOBAHHS

PanioXBUIILOBOTO CEPEOBUIIA BCEPEIUHI Oy A1BENb.

Ak npuxnan, y Tabmumi 3.2 HABOJAATHCS THUIOBI 3HAYEHHS BiAHOCHOI
JIETIEKTPUYHOI MPOHUKHOCTI Ta TaHTEHCA KyTa BTPAT ISl JCSIKWAX TOIIMPEHUX
OyniBenpbHUX MatepiamiB. Lli gaHl € OCHOBOIO [JIsi pO3paxyHKIB €(EeKTUBHOCTI

po6oTH 0€3MPOBOOBUX MEPEXK 1 OLIIHKU BTPAT CUTHATY y PEAIbHUX YMOBaX.

Tabmuis 3.2 BigHocHa nienekTpuyHa IPOHUKHICTh 1 TAHTEHC BTPAT
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Marepian Binnocna gienektpuuna | TaHreHC KyTa BTpat
MIPOHUKHICTh

Oprckio 2,74 3,2:10*
XKamo3i (3akpuTi) 3,49 5,96-10°
XKamo3i (3akpuri) 1,96 5,96-10°
UYeprona 1ierna (cyxa) 5,86 1,16-10°
Yepsona neria (Boaora) | 5,92 1,17-10"
Knnum 1,32 5,96-10*
CrenboBe NOKPUTTS 1,32 1,44-107
TkanuHa 1,49 5,96-107
CKJIOBOJIOKHO 1,02 9,21-10*
Crexio 6,38 2,6:107
Jlinoneym 3,08 1,45-10
XBoliHa OIIKa 2,58 2,0-102
JCII 2,7 1,1-10!
danepa 2,47 1,27-10"
lncoBa miura 1,07 4,29-107!
Kaxeinb 3,08 5,88-107
Toib 2,47 3,86:107
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VY Tiii camiii poOOTI MpencTaBieHl pe3yibTaTH BHUMIPIOBaHb KOEQIIIE€HTIB

MIPOXO/KEHHS Ta BIIOUTTS JJIsI TUX caMUX OyAiBEeJIbHUX MaTepiaiiB. JlocaimkeHHs

npoBoauiocs Ha nBox yactorax — 2,3 I'T'm 1 5,25 I'T'u, mo 103BOJsiE OIIHUTH

BIUIMB YacCTOTU CUTHANy Ha MOBEAIHKY paJlOXBWJb MiJ 4Yac B3a€MOJIi 3 PI3HUMHU

MaTrepiajlaMH.

OTpuMaHi JaHl € BaOXJIMBUMH JJI1 MOJCIIOBAHHS MOLIUPEHHS PAiOXBUIb Y

OYyIIBJISIX, OCKIIBKM BOHM JIO3BOJISIIOTH BPAaxXOBYBAaTH CHEUU(IUHI BIACTUBOCTI

MaTepialiB MiJ] yac MPOEKTYBaHHS 0€3MPOBOIOBUX MEPEX. BiMOBIAHI pe3yabTaTh

BUMIPIOBaHb HaBe/IeHO y Tabmuil 3.3, mo ciyrye 6a3010 1151 aHam3y eeKTUBHOCTI

PalOCUTHAJIIB Y IPUMIILICHHSX 13 PI3HUMU Oy A1BEIbHUMH €JIEMEHTaMH.

Tabmus 3.3 KoedinienTn npoxomkeHHs i BIAOUTTS

Marepian T(ab) R(nb)

241Tu | 5,251T1 A 241To | 5,251T A

1 2 3 4 5 6 7

Oprckino (7,1 mm) | -0,356 | -0,927 0,5707 |-12,2 -5,65 -6,575
Oprckio (2,5 mm) | -0,005 | -0,204 0,1994 |-21,7 -13,25 -8,477
Kamosi (3akputi) |-0,002 | 0,002 -0,004 | -31 -20,39 -10,58
Kamrosi (Bigkputi) | 0,0137 |0,0315 -0,018 | -44,2 -46,95 2,721
Yepsona Leria

-4,512 | -14,6 10,087 |-12,5 -9,41 -3,119
(Bosora)
Yepsona Leria

-4,435 | -14,62 10,182 |-12,5 -8,98 -3,546
(cyxa)
Kunum -0,027 | -0,006 -0,021 |-26,9 -18,7 -8,271
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[Iponossxenns Tadbmumi 3.3

1 2 3 4 5 6 7
CrennoBe

-0,087 |-0,18 0,0923 | -21,1 -18,7 -2,347
MTOKPUTTS
TkannHa

0,0216 | 0,0133 0,0083 |-41,7 -30,1 -11,57
CrekJio -0,5 -1,691 1,1908 |-11,3 -4.9 -6,345
Jlinoneym -0,02 -0,128 0,1081 |-23.7 -16 -7,669
JICII -1,651 |-1,951 0,2997 | -8,59 -14,1 5,5359
danepa -1,914 | -1,834 -0,08 -9,05 -30,5 21,42
I'incoBa mnrta -14,86 | -13,24 -1,628 | -2,38 -9,24 6,858 7
Kaxenb 2,216 | -1,422 -0,795 |-6,24 -14,9 8,609 3
Tonb -0,096 |-0,134 0,0385 |-28.9 -17,8 -11,07
[IT;rako010K

-6,714 | -10,33 3,6119 |-7,67 -6,13 -1,532
(cyxuii)
[IT;rako010K

-7,353 | -12,38 5,0313 |-5,05 -7,55 2,508 0
(BoJTOTHI)

Baprto 3a3naunTy, 110 HaOLIBII BIIMIHHOCTI B KOE(IIi€HTaX MPOXOIKEHHS

paIioOXBUJIb y PI3HUX YACTOTHUX Jiala3oHaX CIIOCTEPIraroThCs IS MaTepialiB,

TaKNX AK 4CpPBOHaA ILICTJIa Ta IIJIAKOOJIOKH. Hl MaTepiaJII/I CYTTE€BO BIIIMBAIOTH HA

XapaKTepUCTHKU CHUTHAITy, 0COOJIMBO B YMOBax 0aratomoBepxoBUX Oy[iBenb abo

I'yCTO1 MICbKO1 3a0y/10BH, /1€ BOHU IIUPOKO BUKOPUCTOBYIOTHCS.
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JUis  po3paxyHKY XapakTepUCTHK CHTHANIB  YCEpeIuHl MpPUMILIEHb
3aCTOCOBYIOTHCS Pi3HI MOAM(DiKaIlii MPOMEeHEeBUX MeTOAIB. LI MeToU 103BONSAIOTH
BpaxoByBaTH 4YMCIEHHI (DaKTOpH, 10 BIUIMBAIOTH HA TMOUIMPEHHS PaJlOXBUIIb,

30KpeMa:
v BIAOWTTS XBUJIb BiJ CTiH, MIJJIOTH, CTEJ1 Ta IHIIUX BEJIMKUX MOBEPXOHb;

v B3a€EMOJIII0 PAJIOCUTHATY 3 MICIIEBUMH MPEAMETaAMHU, TAKUMHU K MeOJi 4u

TEXHIKA;
v nudpakxiiro XBUIb Ha Kpasx ABEpeH 1 BIKOH;

v PO3CiIOBaHHS, CIPUUYMHEHE HEPIBHOCTSIMH MOBEPXOHD Ta HASIBHICTIO JIIO/ICH Y

MPUMIIIICHHI.

3acToCcyBaHHS TaKUX MIIXOAIB 103BOJISIE MOJICIIOBATH MOMIMPEHHS CUTHAIB 13
BHUCOKOIO TOYHICTIO, BPAaxOBYIOUM BCi OCHOBHI SBHUIIA, $KI CYNPOBOIXYIOTbH
NPOXOJKEHHA PpaJioXBWIb Yy 3aMKHEHHX mpocTopax. lLle BaxmmBo s
ONTHMAIBHOTO MTPOEKTYBAHHS 0E3MPOBOJOBUX MEPEXK 1 3a0e3MeueHHs CTaO1IBHOCTI

iXHBbOI pOOOTH B peaIbHUX YMOBAaX.

3.2 llopieHAHHA pe3y1bmamie 8UMIPIOB8AHY i pO3PAXYHKIE

Ha pucynky 3.4 mpencraBieHi pe3yJbTaTd BUMIPIOBaHb 3aracaHHsl CUTHAIY
BCepenrHl OyaiBIl HAa Pi3HUX BIACTaHAX BiJ mepeaaBaua. Kpykeukamu mo3HaueHO
pe3ynpTaTd BHUMIpPIOBaHb, BHUKOHAHMX Ha TOMY > IIOBEpCi, /1€ 3HaXOJUBCS

nepejaBady, a IHIIMMH 3HaYKaMU — BUMIPIOBAHHSI, POBE/ICH] Ha 1HITHUX TTOBEpXax.

AHaJi3 OTpUMaHUX JaHUX TMOKa3aB, 0 3aracaHHs CHTHANY 3HAYHOKO MIiPOIO
3QJIKUTh Bl PO3TalllyBaHHsS MpuiiManbHOi aHTeHH. Ha mpomy 3k rpadiky

NyHKTUPHOIO JIIHIEIO TIOKAa3aHO 3aJIeKHICTh 3aracaHHs BiJ BIACTaHI MiK
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nepenaBajbHOI0 Ta MpPUAMAIbHOIO AaHTEHaMH, fKa Oyla po3paxoBaHa 3a

EMITIPUYHOIO (POPMYJIOHO.

CepenHe 3HaYEHHS 3aracaHHs CUTHaITY Ha BifcTaHi 10 MeTpiB BiJ nmepenaBaya
CTaHOBUTh Tpubmu3Ho 75 b, ane BigXuieHHS BiA IBOTO 3HAUYEHHS MOXKYTb
nocsiratu 13 nb. Taka 3HauHa BapiaTUBHICTh 00YMOBJIEHA HEPIBHOMIPHICTIO YMOB
NOLIMPEHHS PAaJIOXBUIb Yy TMPUMILNICHHIX, BKJIIOYAIOYM OaraTONMpOMEHEBICTD,

B1IOUTTSI BiJ] CTIH 1 MEOJIIB, @ TAaKOXK AUGPAKIIIIO Ha Kpasix 00’ €KTIB.

g n=6 n=5
m _ .
< 130 B O  Same Floor a ‘P -
~ | O One Floor AA " m //
g 120 B [ ] Two Floors .AA. Am el _
o] A Three Floors mA p n=s
-1 110 — N r— o
c | - Oa Dﬁ/DD
T 100 |— u D":- o
o B =914 MHz B 'AD/DET H n=5
90 —  n=4.33 Rar % 0
- 0=13.3 dB o~ o
80 I— o.-~ o &
- D//
70 | e 0 °c¥ n=5
B -7 OO O
60 [— e © o
- // O
P @]
30 — e n=5
| © R © o
40 — -7
Rl | R | | L
30 2 3 4 5 6 2 3 4 5 6
1 10 100

Transmitter - Receiver Separation (m)

Pucynok 3.4 Pe3ynbpTat BUMIipiB 3aracaHHsi CUTHAIY yCcepennHi Oy IMHKY Ha

pI3HUX BIJICTaHSX Bij MepeaaBayva.

[{i pe3ynbTaTé MiAKPECTIOIOTh BAXKIUBICTh YpaxyBaHHS IPOCTOPOBOTO
pO3TalllyBaHHS aHTEH 1 XapaKTePUCTHK CEPeNOBHINA IiJ] 4Yac MPOEKTYBaHHS
Oe3NMpoOBOJOBUX MeEpeX y OaratomoBepxoBux OyaiBisax. BoHu  Takox

JEMOHCTPYIOTh OOMEKEHHSI eMIIIPUYHUX MOJENeH, AKl NaloTh JHIIE yCepeaHEHI
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OLIIHKH, ajie¢ HE BPaXxOBYIOTh JIOKAJIBHUX OCOOJMBOCTEHN MPUMIILIEHD 1 OyIiBETbHUX

MaTtepiaiB.

3.3 OyiHKa nponycKHOi cnpomoxCcHOCmi

PoGoty mocmimxyBaHoi 0e3mpoBoI0BOi JIoKaibHOT Mepexi (BJIM) mMoxHa
YMOBHO pO30MTH Ha HEOJHOPIAHI BIpTyaslbHI CIOTH Yacy. ¥ KOKHOMY 3 ITUX CJIOTIB
CTaHLIi MOCIIOBHO 3MEHIIYIOTh 3HAYEHHS CBOTO JIUMJIBHUKA BIJKJIAJIEHOTO Yacy
Ha OAMHUIO. SIK TIJIbKU JIYMJIBHUK SKOICh CTAHLII JOCATa€ HyJs, BOHA OTPUMYE
MOJKJIMBICTh MTOYATH Nepeaavy AaHuX. BipTyanbHuil 0T yacy Moxe O0yTu OJHOTO

3 TPbOX THIIIB:

1. «llopoxHiit» CHOT: XOAHA 3 HASBHUX CTAHINN y I[bOMY CJIOTI HE BeEJe

nepeaavy.
2. «YcHoiuHuly cIo0T: nepeaadya BUKOHYETHCS JIUIE OHIE€I0 CTaHITI €10,

3. «Komniziitamit» cnot: 1aBi ab0 Oumblie CTaHIIA TOYMHAIOTH TMepenavdy

OJIHOYACHO, IO MPU3BOJIUTH /10 KOHPITIKTY.

[TpumycTumo, 110 IMOBIPHICTH MOYATKY MEpeiadi KOXKHOIO CTAHLIEK Y Oy/Ib-
SIKOMY KOHKPETHOMY CJIOTI € OJJHAKOBOIO 1 HE3JICIKHOIO SIK BiJ] TIOTIEPETHIX MO,
Tak 1 Bl MOBEMIHKM 1HIIUX cTaHIii. [le 3HauYeHHS WMOBIPHOCTI 3aJUIIAETHCS

CTaJIUM IS BCIX CTAHI{IMN.
Toni IMOBIPHICTH TOTO, 1110 BUMAAKOBO BUOpAHUM BIpTyabHUHN CIOT Oye:
v «IIOPOXXKHIM» (3KOJIHA CTaHIIIs HE Tiepeae 1aHi),
v «yCHIIIHUM» (Tiepeaaya BEeAEeThCs OHIEI0 CTAHIIIELD),
v «KOJI3IHHUMY (OHOYACHA Iepeaada KIIbKkoMa CTaHIIsIMu),

BU3HAYAETHCS BIAMOBITHUMHU MaTeMaTUIHUMH BUpPa3aMu, IpeacTaBiIeHuMHU y [12].
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p.=(1-0)" =(1-)"=
p,=Nr(1-7)""' =10*(1-)’ =
pc'zl_pe_ps :1—:

i bopmysin BpaxoBYIOTh 3arajbHy KiJIbKICTh CTAHIIIN, IX IMOBIPHICTh ITOYATKY

nepesavi Ta MEXaHi3M pO3MOJILITY CIOTIB.

Takuii TiAXiA J03BOJIAE MOJETIOBATH TIOBEAIHKY MEpexXi B yMOBax
KOHKYPEHIIIi 3a CIUIBHUN KaHaj Iepeaadi, OIiHIOBAaTH €(EeKTUBHICTh MPOTOKOIIB
JOCTYITy JI0 CEPENOBHUINA Ta BUSABIATH KIIOYOBI (PAaKTOpH, SKI BIUIMBAIOTH HA

WMOBIPHICTh BUHUKHEHHS KOJII31H.

TakuMm uynHOM, IIyKaHa MPOMYCKHA CIPOMOXKHICTh S 3HaXOJUTHCS MO BUPA3y
[12]:
pU

S= _L (3.18)
po+pIl +pI. +

ne 7. 1 T, - cepeHsl TPUBANICTh «YCIIIIHOTO» 1 «KOJI31MHOT0» ClOTIB, a U —

s

cepenHe 4Hucio OaT iHdopMalli, YCHIIIHO MepelaHuX MPOTATOM «YyCHIIIHOTO

CJIoTa.

TpuBamicTh  «KOJII3IMHOTO»  CJIOTA BHU3HAYAETHCS SIK CyMa KIJIBKOX
koMmrioHeHTiB. [To-niepire, 11e yac nepenadi ¢ppeitma MakKCUMaIbHOL IOBXKUHU CEPENT
TUX, 1110 0epyTh y4acTh y koi3ii. [To-apyre, nogaerscs intepan EIFS (Extended
Interframe Space), sikuii BAKOPUCTOBYETHCS AJIs1 BITHOBJICHHS CHHXPOH13aMlii miciis
KoJi131i. HapernTi, 10 111€i TpUBaJIOCTI JOAAETHCS «IIOPOKHINA» CIOT 3aTPUMKH, SIKUN
3aBXKIM 3aBEpIlye€ HEBIANy Crnpody Imepeaayl BIAMOBIIHO JO MPUHHATOTO

MEXaHi3My YIPaBIIiHHS JOCTYTIOM /10 CEPEIOBHUIIA.

[Ipumnyckarouu, 110 HMOBIPHICTh KO3l Oijble ABOX (pelMiB € HACTUIbKU

MaJIOko, 10 HEI0 MOKHA 3HEXTYBAaTH, MOKHA OTPUMATU QPOPMYITy sl OOUUCICHHS
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CepeHbOI TPUBAIOCTI «Kodi3iiHOTO» cioTta. s popmyna BpaxoBye cTaHmapTHi
napaMeTpu MEpexi, Takl K MaKCUMajibHa JIOBXXKMHA (peiiMa, 4ac O4IKyBaHHS B
inTepani EIFS Ta MexaHi3M 3aBeplleHHs HeBAanoi mepenadi. 1i po3paxyHOK

HABOAUTKCSA y Jkepeni [12].

Taka oIllHKa € BaXJIUBOK I aHaIi3y MPOAYKTHBHOCTI O€3MpOBOJIOBOI
MEpPEekKi, OCKUIBKUA J03BOJISIE MOJETIOBATH BTPATH MPOIYKTHUBHOCTI, CIIPUYHMHEHI
KOJI3isIMH, Ta BHW3HAYaTH ONTHMAJbHI TapaMeTpH IS 3HWKEHHS 3aTPUMOK 1

301TbIICHHS €PEKTUBHOCTI TIepeiadi JaHuX.

/

/= max max .

_ 2
T.=Y t,()d 3;+2( di+ ) Cll;k] +er5(2 d;j +EIFS+o+6 (3.19)
k

=l k=P+1 [=P+1

—
~

l=lm1n

ne t,(I)=H+1/V 4dac nepenaui pperima DATA, 1110 BKJIIOYA€E TAKET 3aBIOBKKH

I 13aronoBok, nepegaBanuii 3a yac H;

tus - Uac mepenaui ¢ppeitma RTS, npudomy ¢, < H ;

5 - 4ac PO3MOBCIO/IX)KEHHS CUTHAITY, TIepe10auyBaHUi OJJHAKOBUM JJIs1 BCIX Hap

CTaHIH.

Haperuri, d; - BiporiaHicTh TOTO, 1110 3/11MCHIOBAHA 3BUYaliHa CIIpo0a rnepeiadl

MOB's3aHa 3 MAKETOM 3aBAOBXKKH [. BimMiThMo, 110 po3momin {a’lﬁl:lm,...,lmax}

BIJIPI3HSAETHCS BiJl, OCKUIBKH YUCIO CIPOO, 3MIMCHIOBAHUX ISl TIEpeaadl OJTHOTO 1
TOTO X TIAKETY, B CEPETHHOMY TUM O1IBIIIE, YUM JOBIIIE TTAKET 3BAKAIOUH HA OLITBITY

BIPOTIIHICTH CIIOTBOPEHHS BinoBiaHOTO hperima DATA mnepemkogamu.

Ha noyaTky «ycCHilmHoOTro» CjoTa ofHa 1 JIMIIE OJ{HA CTaHIIIs 1HIII0E Iepeaaqy
nakera J0BxkuHOIO [. L5 cipoba BBaXka€eThCs YCIHINIHOIO, SKILO BC1 PpeiiMu, SKUMU
OOMIHIOIOTBCS TIepe/laBajibHa Ta MpUMMabHA CTAHINI M1 Yac Ipoiecy nepeaadi,
poXosTh 0€3 CIOTBOpEHb. [HIMMMU CliOBaMHM, YCIIIITHA TEepeaada MOKJIMBa 3a
YMOBH, IO KOJICH 13 PpeiiMiB HE 3a3HA€ BIUIMBY Paji03aBaj ad0 1HIITNX HETAaTHBHUX

(bakTopiB, K MOKYTh IPU3BECTU JJO CIIOTBOPEHHS JAHUX.
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VIMoBipHicTb ycminmHoi nepeaui 3a1exKuTh Bijl HH3KH IapaMeTpiB, 30KpeMa:
% SIKOCTI paJloCUTHaly Ha MOMEHT Mepe/iaui;
< PIBHA pajio3aBajy CepeOBHIIII,
# KOPEKTHOCTI poOOTH MEXaH13MIB BUSBICHHS Ta KOPEKI[il TOMUJIIOK;

< JIOBXKUHM Takera [, ampke 3 OUIBIIOI JOBXKWHOK TaKeTa 301JIbIIYEThCS

AMOBIPHICTb TOMUJIKH.

TakuM 4YMHOM, YCIIX Iepeaaydl BHU3HAYAETHCS MMOBIPHICTIO BIJICYTHOCTI
CIIOTBOPEHb JIs BCIX (hperiMiB IMPOTATOM yChOT0 nporiecy oominy. Lleit moka3Huk €
KITFOUOBUM JIJIS1 OI[IHKHA €(pEeKTUBHOCTI pOOOTH OE3MPOBOIOBOI MEPEXKi Ta PO3POOKU
MIPOTOKOJIIB, 1[0 3HMKYIOTh IMOBIPHICTh BIUIMBY HEraTUBHUX (DAKTOPIB HA TIepeavdy

nanux [12].

7, () =[1-&,(]1-¢,) npu [ <P (3.20)

(D =[1-&,D]1~&)" npn I~ P (3.21)

ne, £ 1 &, - BIPOTIIHICTb CIIOTBOpeHHs mepewmkogamu (peiima DATA 3
nakeToM 3aBHoBxkkH, Qpeiima RTS (&) 1 ¢peiimiB CTS 1 ACK (£,)mo Maroth

onHakoBui Qopmart. Ll BIpOrigHICTH CHOTBOPEHHS BU3HAYAETHCA HA OCHOBI
noka3znuka BER (BIT Error Rate) — BiporigHicTh CHOTBOpPEHHSI OJHOTO OiTa (1ei

MOKAa3HUK HA3WBAaTUMETHCS TAKOX IHTEHCUBHICTIO MEPEIIKOM), TOOTO dpeiMm, 1110

cKIamaeThes 3 + OalT, CIOTBOPIOETHLCS 3 BIPOTIAHICTIO
&, =1-exp{-8l BER|

Cnpoba mepenadi makeTa 3aBEPIIYETHCS TPHU CIIOTBOPEHHI IMEPENTKOAAMU

OyIib-sIKOTO 3 0OMiHIOBaHUX (PpeiimiB. Takum 4MHOM, CEpPEeIHS TPUBAIICTh CIIPOOH,
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M0 3IACHIOETBCS TPOTATOM «YCIIITHOTO» CJIOTa, 3aJCKHUTh BIJl TOBXKUHU |

NEepeIaHoro TaKeTy i piBHa
t.()) :Al(l)[(l—fd(l))(tACK +SIFS +0)+t,(1) +SIFS+5] +A,(D)+1,.()
1ie pu
4()=010-¢)1-¢,)
Ay (1) = (1= & )t ,ys + SIFS + 5)
A ipn
A =1
A, (1) = —SIFS

KpiMm TOTO, #476,0075 1 1, Yach mepenadi BignosinHo ¢peimis RTS, CTS 1

ACK, a t,:(0)=m,()DIFS +[1-7,(D)| EIFS.

[Ipu ycmimHOMY 3aBEpIlCHHI MPOIECy Tepeaadl CTaHIlis BUOUpae 3 4epru

HACTYIIHMI TaKeT i 3 BiporigicTio W : 1HIIIIIO€ TIpoIIeC Moro nepenadi (CUTyaris
MUTTEBOTO MOBTOPY), TAKUM YHHOM MPOJOBKYIOUM MOTOYHUN BIPTYaJbHHUI CIOT.
BipTyanbHuil CIOT 3aBEpIIYETHCS «IOPOKHIM» CIIOTOM 3aTPUMKHU abo TpH
HEBJAJIOMY 3aBEpUICHHI Ipoliecy nepeaayi, abo mpu BHOOP1 BIAKIAAEHOTO Yacy
b>0 (3 BiporignicTio I—W{)_l) MiCHs YCIIITHOTO 3aBepIIeHHsS mepenadi. Takum

YUHOM, TIPOTATOM «YCITIIITHOTO» CJIOTa MOKE BIMOYTHCS SK OJIHA, TaK 1 JEKIJIbKa
cnpob mepenayi MakeTiB, MPUYOMY MpHU MepuIiil cnpoli AOBXKMHA MepeaaBaHOTO

nakety | BU3HAYaeThCS IMOBIPHICHHM PO3IMOJLIOM, a TPH MOJATIBIIUX CIpodax

PO3IOIIIOM {dz} )
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. 0. 70 o . . . .
Hexaii 7, i T, - snauenns Biporiguocrti 7, (/) i puBanocri ¢ (1), ycepeaHeni

BIJIMOBIHO /10 PO3MOALTY {d 1} , TOOTO

lmax lmax

2= md T = t.()di

l:lmin l:lmin

1. ol ..
A mpu 7, i I,- amanoriumi 3HaueHHs, aje 3 BUKOPHUCTAHHAM MPH

YCEPEHIOBAaHHI  PO3MOLTY {dz} 3aMICTh {d z}. Tomi cepenHs TpuUBaNICTh

«YCITIIITHOT0Y» CJIOTa 3HAXOIUTHCS MO POPMYIIi:

o0 1 071771
T=c+T'+-S1S| 2| gyt 0 L (3.22)
w, = &\, -},

OTxe, BU3HAUYEHI BCl HEOOX1AHI KOMIIOHEHTH dopmynu 3.18, 1mo a03BOJsE

3HAWTH IIYKaHy MPOMYCKHY CIPOMOJKHICTh S 3a YMOBH, IO BiJIOMi BIPOTITHICTH

MOYTKY Mepezadl 1 BIpOT1AHICTh PO3MOILTY {d z} .

3.4 ModesoeaHHs1 6e3np0800080OI 10KANbHOI Mepedci 8 yMmoaax

BUCOKO020 HABAHMAMNCEHHA

Edip, ax 1 pamgiokanan y Oe3MpOBOJOBUX MeEpexkax, € YHIKaJIbHUM
CEpeNIOBHUILIEM Tepeaadi, IOCTYMHUM YCIM CTaHIISM OJHOYACHO. 3a CBOEIO
MOBE/IIHKOIO BIH Harajye KOHIIEHTpaTop y ApoToBiit Mepexki Ethernet: xonu kinbka
CTaHIIil OJHOYACHO HaMaraloThCsl TEpeAaTh JAaHl, IXHI CUTHAJd MOYHMHAIOTH
B3a€EMHO 3aB)KaTH OJMH OJHOMY. Y Takiil cuTyarlii B 6€3MpoBOIOBUX MepexKax, K

1 B Ethernet, Bunmnkae sBuiiie, 1110 Ha3UBA€THCS KOII31€I0.

{06 3MeHmMTH WMOBIpHICTH KoOmi3id, cranaapté WLAN mnepenbavaroTsh

MEXaHi3M TIepeBIpKU cepeaoBHINa rnepen nepeaadero. CraHIlis nepeBipsie, YU €
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CEpEeIOBHUINE BUTLHUM, TIEPIT HIK po3novaT nepenady. OqHaK e He TapaHTye, 110
JB1 200 OuIbIlIEe CTaHIIM OJHOYACHO HE BU3HAYATh CEPEJOBUIIE SK BUIbHE 1 HE
NOYHYThH Mepeaavy. Taka CUTyallisl IpU3BOIUTH A0 KOHQIIKTY, KU Y JIPOTOBHUX

mepekax Ethernet HazuBaeThCs KOMI3i€H0.

VY napoTtoBuX Mepekax BIANPaBHUKKA MOXYTh PO3IMI3HATH KOJI31I0 MiJ 4ac
nepeaavi, IPUIUHUTH 11 Ta TOBTOPUTHU CIPOOY MiCIIsi BUMIAAKOBOTO IHTEPBAITY Yacy.
VY panmiomepekax IbOrO HEJOCTATHHO, OCKIJIBKM CTaHIi HE MOXYTh OJHOYACHO
nepeaBaTi U OTpUMyBaTU cuUrHaj. J[Jjis BUpilIeHHS 1€l TpoOJeMHu B CTaHIAPTI
802.11 Oyno BBemeHO MexaHI3M HiATBep/keHHA mpuitomy maketa (ACK).
OpepXyBau HaJCWIA€ MIATBEP/DKCHHS BiANPAaBHHUKY, IO BUMAarae J0JaTKOBOTO

9acy O4YiKyBaHHSI.

Skmo BpaxyBaTh Bcl mepeadadeHi MPOTOKOJIOM TMEPIOAM OYIKyBaHHS,
BKJIFOYHO 3 MDKKaapoBUMH iHTepBajgamu Short Inter Frame Space (SIFS) 1
Distributed Coordination Function Inter Frame Space (DIFS) ans mepex cranaapty
802.11a, HakyajHI BUTpaTH Ha KOXEH MaKeT CTaHOBJATH Onm3bko 50 mkc. Ili
BUTpATH BKJIOYAIOTh 4Yac AJs Mepefadl MIATBEp/DKEHHSA, OOpoOKM Kol Ta

MOBTOPHUX CHpoO mepenadi (pucyHok 3.5).

[eit miaxiy 103BOJISIE 3a0€3MEUUTH HAIIMHY TIepeady JaHuX y 0e3MpoBOIOBIN

MEpPEeKi, X0ua HaKJIaJH1 BUTPATH 301IBLIYIOTH 3arajJbHUI yac nepeaadi nakera.

Pucynok 3.5 Butpatu gacy s nepeaadi miaTBepKeHHs, 00pOOKH KOJIi31i

Ta MOBTOPHUX CIIPpoO rnepeayl.
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Komn cranmis WLAN mnnanye po3mouaTH mepeaady, ajieé BUSBISE, IO
CepeIOBUILE 3alHsTE, BOHA 3MYyIlEHa YeKaTH. JJocTyn 10 cepeoBHUIIa PETYIIOE€THCS
3a JOTIOMOTOI0 MDKKaJIpOBHUX I1HTEpBaNiB pPI3HOT TpuBasiocti, Takux sk DIFS
(Distributed Inter-Frame Space) 1 SIFS (Short Inter-Frame Space). 111 inTepBamm

3a0€3Meuy0Th KepyBaHHS Nepeadeto JaHUX 1 YHUKHEHHS KOJIi311 y CepeJOBHIII.

[Ipu anami3i BUTpAT yacy TakoK HEOOXITHO BPaxOBYBATH, IO KOXEH MaKeT
JAHUX MICTUTHh HE JIUIIE KOpPHUCHY 1HOpMaIlilo, aje W CIy>KO0BI 3arojoBKH, IO
HaJieXKaTh JI0 PI3HUX PIBHIB MPOTOKONYy (pucyHOK 3.6). Hampukman, y BuUmaiky
naketa aoBxkuHOI0 1500 OaiiT, skmii mepemaerbcs 3a craHmaptom 802.11 3i
mIBUJIKICTIO 54 MO6iT/c, 101aTKOBO nepeaaeTbes 64 6aiiTu ciayk00BHX JaHUX, IO

BIJIMTOBIIa€ BUTpaTam dacy y 20 MKc.

Kpim Toro, migrBepmxyBanpHuii maker ACK  (Acknowledgement)
00po0sieThCa (PI3MUHUM PIBHEM aHAJIOTIYHO OCHOBHOMY MakeTy JaHux. OaHaK y
naketi ACK BifcyTHI Jesiki 4YaCTUHH, Takl SIK MOPSAKOBHI HOMEp 1 KOHTPOJIbHA
CyMa, a Horo 3arojoBOK € CKOPOYCHHM. 3aBIsIKU I[boMY 9ac 00poOku maketa ACK
ctaHoBuTh Jjmme 24 wmkc. Ll ckopodyeHl HakIagHI BUTpPATH JO3BOJISIOTH
edeKTHBHIIIIE BHKOPHUCTOBYBATH CEPEIOBUINE Tiepenadi, 30epirairoud 3arajibHy

MPOTYKTUBHICTh MEPEXKI.

Taki 0COOIMBOCTI CTPYKTYypH AaHUX 1 MPOIEAYPH AOCTYIY A0 CEPEIOBHUIIA €
KITIOYOBUMH €JIEMEHTaMH, 1110 BIUTUBAIOTh Ha €PEKTUBHICTh POOOTH 0E3MPOBOJOBHUX

MEPEXK.

SaMeoK Nepeaciis s
Mpeameyrs BU211 IV SNAP  sxmosanes e

Pucynok 3.6 3aroioBku Juist MPOTOKOJIBHUX PIBHIB.
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VY makeri mannx WLAN kopucHa iHdopmarlis oOpamiieHa mTpeamOyIsoro,
3aroJIOBKOM 1 KOHTPOJBHOIO cyMoro. [li cmyx00Bi €JleMEHTH € OCHOBHOIO
OPUYUHOIO 3HAYHOTO PO3PHUBY MDK HOMIHAJIBHOIO Ta (PaKTUYHOKO IIBUAKICTIO
nepemadi gaHux. Hanpuknam, mepegada maketa goBxkuHOol0 1500 Oaiit i3
HOMIHAJIBHOIO MBHAKICTIO 54 MOIT/c 3aiimae npuOau3HO 325 MKC, IO 3HUKYE

dakTHyHy MBUAKICTH nepeaayi g0 37 Moit/c.

JlomaTkoBi HakKIaJHI BUTPATH, MOB'S3aHI 3 MPOTOKOJAMU BEPXHBOTO PIBHS,
takuMu K TCP/IP (Hanpukmnan, ciryx00B1 gaHi y 40 OalT Ha KOXKEH MaKeT, a TAKOX
niareepkyBanbHi TCP maketu), 1 moBTOpHI mepenaui yepe3 3001 mie Oiiblie
3HIDKYIOTH IIBHIKICTh. Y MiICYMKY peajbHa MBUIKICTh TIEpeadi 3SMEHIIIYEThCS JI0
25 M6iT/c. AnanoridyHe CHiBBIIHOIIEHHS criocTepiraeThes 1 B ctangapti 802.11b:

pu HOMiHaNbHIN mBUAKOCTI 11 MOiT/Cc pakTHUHA HIBUAKICTH CTAHOBUTH JIUILE S—

6 Moit/c.

Craagapt 802.11g, mo € cmagkoemiiem 802.11b 1 6a3yerbcst Ha MOAIOHMX
MPUHIIAIAX, MA€ BUMOTY 3BOPOTHOI cyMmicHOCTI 3 802.11b, mo Moxe e Ouibliie
3HWKYBaTH HIBUAKICTH nepeaadl aanux. [IpobGremu BUHUKAIOTh, KOJIH y TMPOILEC
nepenadyl MK JABOMa mpucTposMu cTtanpapry 802.11g BTpyudaeThCcsi MPUCTPid
802.11b. OckiJIbKM METOAM MOIYJIALIL B IUX CTaHAapTax pizHi, nmpuctpoi 802.11b
HE MOXXYTh PO3MI3HATH 3alHATICTh CEPEOBHILA 1 TOYMHAIOTH BIIACHY NIEpeIady, 10

MIPU3BOAUTH 10 KOJII31H.

Jns yHukHeHHs Takux KoHGmikTiB craHimii 802.11g mepen nepemadero
ocHOBHUX nanux HajcuiaioTh makeT Clear To Send (CTS), cymicHwmit 31 cTangapToM
802.11b. Ileit makeT pe3epBy€ cepelOBUILE HA MEBHUN Yac, MOBIIOMIISIOYH BCl
OpUCTPOi Mpo 3alHATICTh KaHamy. lIpoTe mepegaua Takoro makera CTBOPIOE
JOJJaTKOBI BUTPATH, OCKUIBKU HOTO PO3MIp MOPIBHIHHUM 13 pO3MIpOM OCHOBHOTO

MakeTa JaHuX. Y pe3yibTaTi IpakTUYHA IMIBUJKICTh Mepeaadi Mo)ke Bmactu Ao 15

Moirt/c.
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OCHOBHI BTpaTy MIBUAKOCTI BUHHUKAIOTh, KOJIM B OJHOMY KaHajl OJHOYACHO
MPaIoTh MPUCTPOI, 110 MIATPUMYIOTh 00uaBa ctanaaptu — 802.11b 1 802.11g.
Hapith sKII0O B Mepeki BUKOPUCTOBYETHCS BHKIIOYHO obOnmaananns 802.11g,
OPUCYTHICTH  cycimHpboro mpuctporo 802.11b  Moxe 3HAYHO  3HU3HUTHU
MPOJYKTUBHICTh. X04a 0arato mpuctpoiB 802.11g miATPpUMYIOTh PEKUM «TUIBKU
2», y SKOMy BiAKIouaeTbcsi mnepefada mnakeriB CTS, Takuit miaxig He
pekoMeHayeThcs. BTpata nanux depe3 Kojiizii MOKe MPU3BECTH 0 1€ OUIBIIOro
3HIDKEHHS TPOIMYCKHOI 3[JaTHOCTI MOPIBHSHO 31 CTaHAApPTHOIO MPOLEIYpPOIO

nepeaayi.

Cnouatky crangapt 802.11 6yB po3pobOsneHuit ajigs poOOTH Ha MIBUIKOCTIX 1
ta 2 MO0it/c. Yci ciyx00Bl JaHl TaKoXK MNEpeJaBajucs Ha HUX IIBHIKOCTSX.
[lepenaBanbHi cTanuii iHPOPMyBaIM 1HII MPUCTPOI, MO edip Oyne 3alHATHN 3
MOMEHTY 4acy X 10 MOMEHTY 4acy Y, 100 YHUKHYTH KOH(IIKTIB. [HII cTaHIii B

el mepio/1 MPUMHUHSIY Nepeady, He CTBOPIOIOYH 3aBa/l.

Cranmapt 802.11b BpaxoByBaB cyMmicHicTh 13 802.11. Ile o3Hauano, mo
npuctpoi 8§02.11b moBuHHI Oynu nepenaBatu ciry’00B1 JaHl HA MBUAKOCTIX 1 abo
2 MGit/c, 3po3yminux st npuctpoiB 802.11. Inakme crapi mpuctpoi Moriau 0
NPOIrHOPYBATH 3aMHATICTH CEPEAOBUINA Ta [TOYATH BIACHY Mepenady, CTBOPIOIOYH
koHGmiktu. [lpouenypa BiampaBku opHOro Kkaapy B craHgapti 802.11b

Ipe/ICTaBlIeHa HAa PUCYHKY 3.7:
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AC (oTpamyEav) AC (mrepeno)

3armut nepenat (RTS)

ITipTeepmxenna saitHaTocTi (CTS)

‘\\“\)

Ilepenaua nanmx

IlinTE epmseHHA Iepegati
narnx (ACK)

Pucynoxk 3.7 [1poneaypu BianmpaBku oJHOTO Kajpy B ctanaapTi 802.11b.
[TosicnenHst 7o pucyHka 3.7:

Ha pucyHky Hao4HO Bi0OpakeHa Tepejada psay MOMEpeaHiX CIy>KO0BHUX

MAKETIB, a TAKOXX MAKETIB M1ATBEP/PKEHHsI OTPUMAaHHS 1H(QOpMAIITHOTO MMaKeTy .

bazoBwmii anroputm nepenadi 1aHux y 0e3mpoBOIOBINA MEpexki CKIaIa€eThCs 3
JIBOX OCHOBHHUX €TalliB: Tepeaadya KaJpy AaHUX BiJ JDKepesa M0 OJepXKyBaya Ta
nepenavya miareeppkenns npuiiomy (ACK, Acknowledge) Bin onepxyBaua a0
mkepena. Takuil miaxig n03Bojsie 3abe3meunTd 0a30BYy HaAIMHICTB Mepenadi,

rapaHTylouu, 1110 NepeiaHuii KaJp YCHIIIHO JOCITHYB O/IepXKyBaya.

JIst miIBUINEHHS HATIAHOCTI Tepeaadyl BUKOPHUCTOBYETHCS BIOCKOHAICHHMA
QITOPUTM, IO BKJIIOYAaE OOMIH YOTHpMa KajapamMu. Y IIbOMY BHMAJAKy IPOIEC

nepenaqi BUT'JII/Ia€ HACTYIIHUM YUHOM:

1. AC-mxepeno (cTaHIis-IpKepeno) Mmepenac Kaap 3amuTy Ha mepenady
(RTS, Request to Send) no onepkyBaua. Lleit kaap CIy>KUTh CUTHAJIIOM
JUISL BCIX CTaHIK y 30HI PaaiOBHIAMMOCTI TIPO TOYATOK OOMIHY

1H(dOopMalIi€ro.
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2. VYeci cranuii, ski orpumanu kaap RTS, TumuacoBo yTpumyroThCs Bin
nepeaadi JaHux, 100 YHUKHYTH MOKJIMBUX KOH(MJIIKTIB Y CEpEIOBHIIII
nepeaayi.

3. AC-omepxyBau (CTaHIIisS-OIep)KyBad) Yy BIAMOBIIb TIEpemac Kajip
rotoBHocTi 710 ipuiiomy (CTS, Clear to Send) no cranii-mkepena. e
KaJIp MiATBEPKY€E TOTOBHICTh OICpKyBaua MPUUHATH JaHI.

4. Tlicna orpumannsa kaapy CTS cranmis-mxepeno mepeaac OCHOBHHMA
KaJp JaHUX 70 OJIepKyBaya.

5. Ilicas ycmimHOrO OTPUMaHHA KaApy JMAAaHUX CTaHIIsS-OAepKyBau

HAJICWJIAE MIATBEPKEHHS npuiioMy y BUrisial kaapy ACK.

Takuit 0OMIH [103BOJISIE MIHIMI3yBaTH KOJMI3li Ta MOKPAIIUTH 3arajbHy
CTaOUIBHICTh 1 HAAIMHICT mepedaul qaHux y mepexi. 3aBasgku RTS/CTS-obminy
KOH(IIKTH MK CTaHIISIMH 3HMKYIOTBCS, OCKIJIBKM BCl1 MPUCTPOI, IO OTPUMAIIU

kagap RTS, 3HaroTh npo 3aiiHATICTH cepeioBUIla ITepeaayi.

[lefi anaropuTM € OCHOBOIO IS 3a0e3nedeHHS e(EeKTHBHOI poOOTH
0€3MpPOBOIOBUX MEPEXK, OCOOJIMBO B yMOBAaX IIiIBUIICHOTO HaBaHTAXEHHS ab0

BEJIMKOI KUTBKOCTI CTAHIIIH, 10 MPAIIOITh y MEXaxX OJHOTO paJioKaHaIy.

s toro, moO BiIOOpa3UTU peabHy IPOMYCKHY CIPOMOXHICTH MEPEexKi
craugapty 802.11b nmerampHO pO3TASHEMO YacOBY JiarpaMmy JOCTYITy 10
cepenoBuia 3 BuUkopuctanusaMm pexxumy nepeaadi DCF (Distributed coordination

function).
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Cepena T?ﬁMeP
BIIEATY
Cipena IlakeT
SEEINES RTs|SIFS| cTs|siFs| = |siFS|AcK
TlaxeTt
STAT RTS i
STA2 CTS [cH]
STA3 [1]]]] Bekrop NAY |

Pucynox 3.8 Yacosa aiarpama JOCTYIy 0 CEPEAOBUILA 3 BAKOPUCTAHHIM

pexxumy nepenaui DCF.
[TosicnenHst 7o pucyHka 3.8:

[Ticns Toro, sik cepenoBuilie 3BuUIbHMIIOCH, cTaHilist STA 1 yekae inTepBan DIFS
(DCF inter-frame space) 1 BKkiItodae TaiiMep Biakary. TaliMep BiJuTidy€e BUMAIKOBE
yucio, BuOpane B Mexax BikHa 3MaraHHs CW (contention windows) 1 mouuHae
nepenauy. SAxmio cranuis STA2 1 STA3 3reHepyroTh BUIaJKOBE YHCIIO PIBHE YHCIIO
STA1 — cranmii cnpoOy0Th OJHOYACHO MOYATH IMEpeaady 1 CTBOPATH KOMi3ii0, B

pe3yJIbTaTi SKOi JIaHi BCIX CTaHIIIA nepenani He Oy Iy Th.

[Ticnst Toro, IK 3HaYEHHS TaiiMepa cTajno piBHUM HyIo, ctaniia STA1 nocunae
dbpeiim RTS. Cranmis STA2, orpumaniiu naket Big STA1, yekae intepBan SIFS
(short inter-frame space) 1 mocumnae ¢peiim rotroHocti CTS. Ipuiinasmm CTS,
craniis STA1 Takox uekae intepBan SIFS 1 mounnae mepemauy indopmaiii. ¥

pesynbrati STA2 miaTBepKye npuiiom nakety ganux nakerom ACK.

Ha pucynky, na meprmriii minii, BUAHO, IO BiOYyBAa€THCA B CEPEIOBUIII

nepenavi — BigoOpakeH1 BC1 AaHi, K1 MOTPANUIN B pagio-edip.

Ha npyriit ninii BUHO, Te, 1m0 nepenana nepmia cranuiss STA1. Ha Tpetii 1
yetBepTiit miHii ctaniii STA2 1 STA3 BianoBigHo. B manoMmy BUMaaKy, CTaHIIIS

STA1 namaraetbcs nepeaatu gani ctaniii STA2. J{ns iporo, BoHa yekae Ko edip
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3BUIbHUTHCSA 1 mouekasiu 1HTepBan DIFS (3a crangaprom Bci cranIii 3000B's13aH1
MOoYeKaTH Iiel 1HTEpBal) MOYMHAE OOPOTHUCS 3a MpaBoO Mepeaadi (apke He TUIbKU
STAT1 6axae mepenatu AaHi, a mepenada MOXKIMBA TUIBKHU 1O dep3i). OTpumasmim
npaBo mepenadyi STA1 mouwmHae mporemypy, BiloOpakeHy Ha TMOMEPEAHHOMY
pucynky 3 AC orpumyemo AC kepernom: crepiry mnocuiaaemMo makeT RTS i
MOBITOMJISIEMO, TT10 TOTOBa nepenatu Aadi. STA2 onepkyBad, oTpumye naket RTS
1 Bianpasisie naker CTS — moBigomiisie mpo Te, 110 roToBa npuiHATH AaHl. STA1
nepejae JaHi 1 y BIANOBIAL OTPUMYE TAKET MIATBEp/KeHHs Bix STA2, axuii

TOBOPHTD, IIPO T€, IO JaH1 OyJIM yCHIIIHO MepeaaHi.

Mix Bcima kaapamu npucyTHii iHTepBan SIFS — manenska maysa, 1j1s TOro,

100 OWH IMAaKEeT HE HAKJIAAaBCs HA 1HIIIH.

Tenep, xonu ckianocs ysBIEHHS Npo mepenady AaHuX B Mmepexi Wi-Fi,

MNpUCTYIMAEMO JO YUCTOT'O MATEMATHYIHOT'O PO3PAXYHKY.

[Topaxyemo, skuil 00'eM NaHUX MEpEAAETHCSA TMiJ 4Yac TaKol MPOLEAYpH i

CKLJIBKH 4aCy BOHaA 3alMac;

-makeT roToBHicTIO nepenaui RTS. Moro porxkuna ckinamae 20 Oaiit. [pu
OiToBiii mBuAKOCTI | MOIT/C TpHBaNIICTP TAKETy TOTOBHOCTI Tmepenadi, 3

ypaxyBanHsM piBHs PHY, pina TRTS=(20*8+192/) 1000000=352 mkc;

-makeT rotoBHocTi mpuitomy CTS. Moro nomxuHa ckmanae 14 OGait. Ilpu
OiToBi mBuAKOCTI 1 MOIT/c TpUBaNICTh TMAKETy TOTOBHOCTI TMpUHOMY, 3

ypaxyBanHsM piBHs PHY, piBna TACK=(14*8+192) /1000000=304 mkc;

-naker migreepmkenns ACK. Moro nopxwuna cknanae 14 Gaiit. ITpu GiToBiii
mBuUaKocTi 1 MOIT/c TpUBaIICTh TAKETy MIATBEPKEHHS, 3 ypaXyBaHHSM PIBHS
PHY, piBaa TACK=(14*8+192) /1000000=304 wmkc;-Ilaker maHux cTaHIii, 110
npuiimMae BijIeo. Horo TpUBAIICTh cknamae 1536 Gaiir. [Ipu 6iToBii mBuaKoCcTI 11
MGit/c TpuBamicTh TAKETy JaHMX CTaHIUi 3 ypaxyBaHHiIM piBHS PHY

TVID=192/1000000+1536*8/11000000=1309 mxc;
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-ITakeT nanux crauuii, mo npuiiMae gani. Moro gosxuHa ckinaaae 1024 6aiT.

[Ipu OIiTOBI IIBUJIKOCTI

11 MO6it/c TpuBalicTh TMaKETy JAaHUX CTaHIIi 3

ypaxyBanHsum piBas PHY TDATA=192/1000000+1024*8/11000000=937 Mmxkc.

Mix BciMa maketamu icHye mpoMikok SIFS, TpuBamicts sikoro B ctaHmapTi

802.11b TSIFS=10mkec.

[Ipu po3paxyHKy NpPOMYCKHOI CIHPOMOXKHOCTI, BB@)XaTUMEMO, WLIO JaHi

G13UYHOTO PiBHA NepeaaBavcs 13 MBHAKICTIO 2 MOiT/c, OKpiM pexumy pob6oTu 1

MGo6it/c. PesynbTatu po3paxyHKy MPUBEICHI B TAOIHIIL:

Tabmuus 3.4 TIponmyckHa CIPOMOXKHICTH KaHAJIIB

DF | Taiime | RT | SIF | CT | SIF | ITake | SIF | AC | Beworo | HIBunkict
S p S S S S |t S | K b
BIZIKAT TaHU Moit/c
y X
Yac
IMoiT/c. 50 100 352 10 | 304 | 10 | 1248 | 10 | 304 | 13620
Bineo, Mkc 0
0O0’eM maHnx 0.93
1MoiT/c. 0 0 20 0 14 0 1536 0 14 1584 ’
Bineo, Oaitt
Yac
1MoiT/c. 50 100 352 | 10 | 304 | 10 | 8384 | 10 | 304 | 9524
Jlani, MKC
00’eM maHux 0.9
IMo6iT/c. 0 0 20 0 14 0 1024 0 14 1072 ’
JlaHi, OaiiT
Yac
2Moit/c. 50 100 176 | 10 | 152 | 10 | 6336 | 10 | 152 | 6996
Bigeo, Mkc
00’eM maHux 181
2MoiTt/c. 0 0 20 0 14 0 1536 0 14 1584 ’
Bineo, 6aiT
Yac
2Mobit/c. 50 100 176 | 10 | 152 | 10 | 4288 | 10 | 152 | 4948
Jlani, MKC
0O0’eM maHux
2Moirt/c. 0 0 20 0 14 0 1024 0 14 1072 1,73
JlaHi, OaiiT
Yac
5,5Moirt/c. 50 | 100 176 | 10 152 | 10 2426 | 10 152 | 3086
Binmeo,Mkc 4,11
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[TponoBxkenHs Tabnwmii 3.4

0O0’eM maHnx
5,5Mbirt/c. 0 0 20 0 14 0 1536 0 14 1584 4,11
Bineo, OaiiT

Yac
5,5Moirt/c. 50 100 176 | 10 | 152 | 10 | 1681 | 10 | 152 | 2341
JlaHi, MKc
00’eM maHux
5,5Moirt/c. 0 0 20 0 14 0 1024 0 14 1072
JlaHi,0aiT

3,66

Yac
11Moirt/c. 50 100 176 | 10 | 152 | 10 | 1309 | 10 | 152 | 1969
Bineo, Mkc
0O0’eM maHux
11Mo6iT/c. 0 0 20 0 14 0 1536 0 14 1584
Bineo, 6aiT

6,44

Yac
11Moirt/c. 50 100 176 | 10 | 152 | 10 937 10 | 152 | 1597
Jlani, MKC

0O0’eM maHux
11Mo6it/c. 0 0 20 0 14 0 1024 0 14 1072
JlaHi, OaiiT

5,37

Pozainumo yac Ha 6aiiTH OTPUMAEMO MPOITYCKHY CIIPOMOXKHICTh Mepexki Wi-
Fi. Slx 6aunMo 3 MaTeMaTHYHOTO PO3PAXYHKY, MPOIMYCKHA CIIPOMOXKHICTh MEPEKi
Wi-Fi ve nobupaethbes 10 mBuAKocTi 7 MOIT/C npu 11b0MY, HaC HIXTO HE 0OAYpHUB
— JaHl HacmpaBi mepeaarTbes 13 mBuaKicTio 11 MOit/c, Hi Oubie 1 HE MEHIIIE,

HEe3aJIeXKHO BiJ] TOTO, MPAITIOE TTOPSI MIKPOXBUIIbOBA MY UM Hi.

He nuBnsuncs Ha Te, 1o 3Bu4aiine mepexxene ycratkyBanus mig IEEE 802.11g
00i11Is€ MPOITyCKHY CIPOMOXKHICTh 54 MOit/c, a ycratkyBanHs kiacy Super G- 108
MG0it/c, peanpHa MBUIKICTH Tepeaayl sl OJHOTO KOPUCTyBaua Jajieki Bij
pexiIaMHHUX Tracen. PeaibHa MPOIyCKHA CHPOMOXKHICTH 54-MEeraOUTHONW Mepexi
ckitazae nopsaka 2,8-3 Mo6/c. TooTo, mpubauzHo 23-25 MOiT/c Ha OJUH MPUCTPIH.
Pexxum Super G nae O11bII HIXK JBOKPATHE 301JIBIIIEHHS ITPOMYCKHOT CITPOMOKHOCTI
mepexi. Tenep B pexxumi Super G MokHA YeKaTH MOBHOITIHHI 54 MOiT/C — He AKiHCh
MiiyHIA IIBUIKOCTI O0OCIyroBYBaHHSI JEKIJIbKOX KOPHUCTYBadiB, a peaabHIN

IIBUIKOCTI MiX JJBOMa KOMIT'IOTEpaMHu.
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Posrnsimemo Ge3npoBogoBy Mepexy (BJIC), mo ckmamaerbest 3 N (mipu
tectyBaHHl N=10) cTaTUYHUX OJHOPIJHUX CTAHIH, IO MPAIIOOTh B PEKUMI
BHCOKOTO HaBaHTa)KE€HHS, KOJH 10 Bcix craHiiil BJIC 3aBxau € HEMopoxkHI 4epru.
CraTu4Ha OTHOPITHICT CTAHIIIH MOJISITae B OJHAKOBOMY IMOBIPHICHOMY PO3IOALITI

{d,l=1,,l. ) TOBXHH IaKETIB, BAOMPAHUX KOXKHOI CTaHLi€0 3 4epru. Bixcrani

MK ctaHiismMu BJIC mani, TOMy IpUITyCTUMO:
1) BigcyTHiCTh MIPUXOBAHUX CTAHIIIN;
2) OmHOYACHICTH MPOSBIB MEPEIIKO] Ha BCIX CTAHITIAX.

3a3HaudeHi NpUITyIIeHHsS (OPMYIOTh MOJIENb TTOBEAIHKUA CTaHIIIN y MEpexi, Jie
KO’KHA CTaHIISA BeJie BIUTIK BIIKJIQJICHOTO Yacy JIUIIE TO/1, KOJM KaHal € BUIbHUM.
3HaueHHs JIYWIbHUKA 3aTPUMKH 3MEHIIYETHCS Ha OJMHHUIIIO JIUIIE 32 YMOBH, IO
IPOTSATOM YCBOTO TOMEPEIHBOTO CIOTa KaHal 3aluiiaBcs He3alHsTuMm. Komm
JIYWIBHAK JOCSTAa€ HYJIHOBOTO 3HAYEHHS, CTAHISA OTPUMYE TO3BUI PO3MOYATH

nepeaayy.

Skmo kaHan cTa€ 3alHATAM, BUIIIK CJOTIB 3aTPUMKH TMPHUIHHSIETHCA.
JIiYMIBHUK 3aTPUMKH BITHOBIIOE POOOTY TUIBKH TOJI, KOJM KaHall 3HOBY CTa€
BUIBHUM MPOTATOM BHU3HAYEHOTO 4acy: abo Micis YCHIIIHOI mepenadi, abo micis

HEBJIAJI01, 3aJIC’KHO B1J] CUTYAIIii.

PosrnssHeMo cioT, SKUW TOYMHAETHCS Oe€3MocepeHhO TICs 3aBepIICHHS
inTepBairy DIFS, mio ciiaye 3a yeminHoro nepeaadeto ctaniii A. Ha moyaTky 1150ro
CJIOTa 3HAUEHHS JIYMIbHUKA BIIKIAJACHOTO Yacy Ul CTaHIii A TOpiBHIOE b, TOI 5K
JIYUIBHUKU 1HIIMX CTaHIM 3aJUIIaloThCs HE3MIHHUMM TIOPIBHSHO 3 iXHIMH
3HAUYCHHAMH JI0 TOYaTKy mepenadi cTadmii A. Y 1boMy BHUMNAAKY CIOT CTae
HEKOHKYPEHTHUM, OCKUIbKHU JIUIIE CTaHIII A MOXe 3IMCHUTH niepeaady, KMo ii
JIYWIBHUK BIIKJIaJACHOTO dYacy b nmocarHe Hyms. Taka cuTyallisi Ha3HUBa€TbCS

MUTTEBUM MTOBTOPOM TEepeadi.
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[lepenadi, siki BUKOHYIOTHCSI B PE3yJbTaTl MUTTEBOTO MOBTOPY, HA3UBAIOThH
MUTTEBO MOBTOPIOBAaHUMHM CIpOOaMH, Ha BIIMIHY BiJl 3BUYAHUX COpoO mepeaadi.
VY mux yMoBax CTaHiisg A MOXe 3IHCHUTH Cepilo Mepeaady, MUTTEBO MOBTOPIOIOYH
ix. JKogna 3 nux cnpoO He 3a3Ha€ KOJi31i, OCKITIBKU BIJICYTHS KOHKYPEHIIis 3 OOKY

IHIIUX CTAHIIH.

AHaNOTIYHUHN CIIeHapill crocTepiraeTbes michs 3aBepiieHHs iHTepany EIFS,
10 CJIAyE 3a KOJI31€I0 MK KiJIbKOMa CTaHIsSIMU. Y IIbOMY BHUIAJKY JIMIIE Ti
CTaHIIi1, 1K1 Opajy y4acTh y MOMEPEeIHIN KOJi311, MOXKYTh MepeIaBaTH J1aHi, MUTTEBO
MOBTOPIOIOYM CBOI cripoOu. Takuil MexaHi3Mm nepeaadi CTBOPIOE SBHILE, BIIOME SIK

Edext 3axormieHHs.

Lleit edexT m03BOMSE CTaHIIi, IO 1HIIIIOBaJA Tepeaady, 3a0€3MeUnuTH CEepito
Oe3nepepBHUX Tiepenad 0e3 PU3HMKYy KOJi3ii, ajge BOJHOYAC MOXKE 3HMKYBATH

3arajibHy NMPOAYKTHUBHICTh MEPEXKI uepe3 3aTPUMKH ISl 1HIITUX CTaHIIIH.

Ob6mexxumocst 00J1KOM MUTTEBUX MOBTOPIB TUIBKH MICHs YCHIIIHOI epeaayi,
HEXTYIOUU TAKUMH ITOBTOPAMH MiCJsl HEBAAIUX crpo0. J[iIst boro 371erka 3MiHUMO
IPaBUJIO BUOOPY BIIKIJIAJEHOTO Yacy b: micis ycmimHoi nepeaadi b piBHOIMOBIPHO

BUOWPAETHCSA 3 MHOXKHUHU (0,..,W,—1), a micas Oyap-aKoi HeBmaioi cmpodbu — 3
MHOXHUHHU (1,...,w—1), me w — (KOHKypeHTHE BIKHO) 3aJIeUTh Bif n - (YUCIIO

3p00JIeHHX CTIpO0 mepeadi MOTOYHOTO MAKETY) 1 Bu3HA4YaeThes (3.23).
w=W,=W,2" 1IpHu
w=W_ TIpU n>m (3.23)
1€, - W MaKCHUMallbHe KOHKYPEHTHE BIKHO.

Takum unHOM, Ticis HeBAanoi cripobu (Bkatouatouu iHTepBan EIFS) 3apxau
CIIIy€ «IOPOKHIN» CIOT, MICHIA 3aKiHUEHHS SIKOTO MOYMHAETHCS KOHKYPEHTHHIA

CJIOT, KOJIN 6YI[I>-$IK3. CTaHHiH MOJKEC I1I0YaTH rnepecaady.
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3.4.1 Po3paxyHnok oanvhocmi pooomu 6e3npo60008020 Kanauy 36'a3Ky
dopmyna po3paxyHKy JadbHOCTI Ma€ BUIIILA [ 14]:

FSL =33+20(IgF +1gD) (3.24)

FSL Bu3zHavaeThca CyMapHUM MOCUIICHHSM CUCTEMU. BOHA BBaXKA€THCSI TAKUM

yrHOM [17]:

Y, = P L, L (3.25)

t,0bmBm

+ Gz,oEu + Gr,ob‘u - P,

min,0buBm t,0b T,0b

e P

. B NOTYXKHICTh NepefaBaya; G, ,. - KOCQIUIEHT MOCHIEHHS

nepeaaBalibHOI aHTEHU; G Koe(DILiEHT MOCUJIEHHS NPUUMANbHOT AHTEHH,

T ,0bu -

- YyTJIMBICTh MpUMiMaya Ha AaHIN IIBUAKOCTI; [ .- BTPAaTU CUTHAIY B

min,0bmuBm t,0b

Kabem 1 po3'eMax mMepeaaBajbHOIO TPAKTY; L - BTpaTH CUTHAJy B Kaben i

T.,0b

po3'eMax NMpUUMaNIBLHOTO TpakTy [17].
FSL obGuuncntoeThes 3a popmyioro [16] :

FSL=Y,, - SOM (3.26)

ne SOM (System Operation Margin) — 11e 3amac B €eHepreTulll pagaio3B’si3Ky,
BUpaxeHui y nenubenax (nb). Lleit mapameTp BpaxoBy€ BIUIMB Pi3HUX (PaKTOPIB,
SKI MOKYTb HETaTHBHO IMMO3HAYMUTHUCS HAa JAIBHOCTI Ta SKOCTI 3B’SI3KY, TaKUX fIK
3aBaJin, 0araTonpOMEHEBICTh, IOTO{HI YMOBH UH 1HII1 HECTIPUATIUBI YMOBHU POOOTH

pPasloCUCTEMH.

JUis 1HXXKEHEepPHHUX pPO3paxyHKIB MPUUHATO BUKOPHUCTOBYBATH CTaHIApTHE
3HaueHHd SOM, ske 3a3Buyail ctaHoBUTh 10 ab. Lle o3Haudae, mo B po3paxyHKax
nonaerscsi 10-menubenbHUN 3amac MOTYKHOCTI, IO BBAXKAETHCSA JOCTATHIM JUIS
KOMIIEHCallll HemepeadauyyBaHUX BTpaT 1 3a0e3meueHHs] CTaOlIbHOTO 3B’SI3KY B

O11BIIIOCT1 YMOB.
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Lle#t 3amac no3Bossie 3a0e3MEUUTH HAMIAHY pOOOTY CHUCTEMH HaBiTh Yy
BUIIQ/IKaX, KOJIM PaJiOCUTHAJ 3a3HAa€ 3HAYHUX BTpAT 4yepe3 BiAOUTTS, MOTJIMHAHHSA
g nu¢pakuio. Bukopuctanus SOM K 4aCTHHHM 1HXEHEPHOTO NPOEKTYBAHHS
rapaiHTye, 1o cuctema Oyae (yHKIIOHYBATH BIAMOBIIHO JO BUMOT HaBITh Y

CKJIaJIHMX YMOBaX eKCIUTyaTarlii.

P

t,0bmBm

=16; G, 5,4 G =2; P =60.

T,05u min,0BuBm

FSL=88-10=781b

D=40m.
Bucnoesok no po3oiny

[TpoBenenHi po3paxyHKH IMPOIYCKHOI CIPOMOXHOCTI MEpeXi IMOKa3aiH, IO
peanbHI pe3yiabTaTH dYacTO BIPI3HAIOTHCA BIJ 3asABICHUX BUPOOHUKAMU
XapaKTepUCTHK  Oe3mMpoBOAOBOTO obmagHaHHsA. Ll pi3HMus oOymoBieHa
HaKJIQJJHUMHU BUTpaTaMHU, BILUTMBOM Pajio3aBaj, KOJi31sIMU Ta 1HIIMMU (haKTOpaMH,

SK1 BIUIMBAIOTh Ha €(DEKTUBHICTH POOOTH MEPEX1 B pEAIbHUX YMOBAX.

OnHak BUKOPHUCTaHHA MOKpalieHoro nporokony 802.11¢g, BimoMoro sik Super
G, 103BONs€ 3HAYHO IMMIJBUIIUTH TPOAYKTUBHICTH Mepexi. l[lsg TexHomoris
3a0e3Mnevye T0CTaTHhO BUCOKI MOKA3HUKH MPOITYCKHOT 31aTHOCTI, SIK1 BIATIOBIIAl0Th
noTpedaM HaJlaHHS MACOBOTO JOCTYITY 10 IHTEpHETY, 0COOIMBO B yMOBaX CEpEIHIX

Ta HCBCIIMKHUX HABAHTAXXCHb.

Takum uYMHOM, XOya peajbHa MPOIYCKHA 3AAaTHICTb MEPEXi Moxke OyTH
HIDKUOIO 32 TEOPETHUYHI 3HAUYCHHS, BIPOBAKEHHS CYYaCHUX ONTHMI30BaHUX
MIPOTOKOJIB 1 TIPaBWJIbHE HAJAIITyBaHHS OOJagHAHHS JTO3BOJISIOTH 3a0€3MeUnTH

cTabiapHy Ta e(DEKTUBHY poOOTY OE3MPOBOIOBOI MEPEKI.
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BHCHOBKH

[IpoBenenuii aHami3z craHAapTiB Oe3mpoBojOBUX Mepex, 30kpeMa IEEE
802.11a/b/g, mokasas, 110 IXHA apXiTeKTypa 0a3yeThcsl Ha 1HTErpanii (pi3u4Horo Ta
kaHanbHOTO piBHIB Mozeini OSI. Lle 3a0e3neuye He auIIe CyMICHICTD 13 TPOBIIHUMU
MepexXamu, aje i MATPUMKY BUCOKOE(hEKTHUBHOI MaKETHOI Mepeaayl JaHuX, sKa €
KJIIOYOBOIO JUIsl CYYacCHHX TEJIEKOMYHIKAlIHHUX CHCTeM. 30KpeMa, CTaHIapT
802.11g nemMoHCTpye CyTT€BE MIiABUILIECHHS MPOJYKTUBHOCTI B TOPIBHSHHI 3
nonepeaHiMu cTaHaapTaMu, Takumu sk 802.11b, 3aBasiku BIOCKOHAJICHUM METOJ1aM
monynsnii. TexHomoriss Super G, sika 0a3yeTbCsi HAa PO3IMIKMPEHHI MOKIMBOCTEH
802.11g, no3Bossie 3Ha4YHO 30UIBIIUTH MPOIYCKHY 37aTHICTh MEPEXi, 30epiraroun

IIPU LOMY CYMICHICTb 1 CTaOUIbHICT POOOTH HABITh Y CKIAJIHUX YMOBaX.

3ampomnoHoBaHa apXiTEKTypa MEpexi, ska nependavyae po3TairyBaHHS TOYOK
JOCTYyMy Ha 2-My, 5-My Ta §-My MoBepxax 6aratornoBepxoBoi Oy 1iBIIi, T0BEJIa CBOIO
e(pEeKTUBHICTh y 3a0€3MeUeHH] CTaOIbHOTO MOKPUTTS Ta BUCOKOSIKICHOTO 3B’SI3KY
JUISl BCIX KOpUCTYBauiB. BukopucranHs kabenbHOi iHQpacTpyKTypHu KaTeropii Se y
TOPU3OHTAIBLHUX TIJCUCTEMAX HE JIUIIE BIAMOBITAE CYYaCHHMM BHUMOTaM O
OIATPUMKH TPOTOKOMIB, Takux sk Gigabit Ethernet, ame i cTBOprOE pe3eps
MPOMYCKHOI 3/IaTHOCTI JUIsl MalOYyTHIX YJOCKOHAJEHb 1 MacliTaOyBaHHS MEpEexi.
Takuit migxia rapaHTye THYYKICTb 1 aAaNTUBHICTh MEPEX1 0 3pOCTal0YuX NOTped

KOpPHCTYBayiB.

MonentoBaHHSI pOOOTH MEpEXi 32 YMOB BUCOKOTO HABAHTAKCHHSI JO3BOJIUIIO
BUSIBUTH KIIFOUOBI TPOOJIEMH, IO BIUIMBAIOTh HA 11 MPOTYyKTHUBHICTH, 30KpeMa
pajio3aBajy, KOMi3ii M1 yac nepeaadi JaHuX Ta 3HaYH1 HaKJIaiH1 BUTpaTu. PeanpHa
NpOMyCKHA 3AaTHICTh A ctanaapty 802.11g cranoButh 6sm3bko 25 M6OiT/C, 110
BJBIYl MEHIIE BIJ 3asBJICHOTO TEOPETUYHOrO MakcumyMmy 54 MOit/c. Brim,
3acTOCyBaHHA onTuMizamii, Takux sk RTS/CTS-00MiH, [03BOsiE 3HAYHO
3MEHIIUTH UMOBIPHICTH KOJI31{, OCOOJIMBO y 3MIIIAHUX MEpexax, A€ OJHOYACHO

MpaIoTh NpucTpoi ctanaaptis 802.11b ta 802.11g.
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Po3po6ennii mpoeKT Mepeki BpaxOBYye€ €KOHOMIYHI, TEXHIUHI Ta OE3MEKOBI
acriekTu. Bukopucranns cydacHoro oonaaHanss D-Link 13 miaTpuMKO TeXHOJIOT 1T
Super G 3a6e3mnedye cTabUTBHICTE POOOTH MEPEXI Ta BUCOKI TOKA3HUKHU MPOITYCKHOT
3[JaTHOCTI HaBITh 32 YMOB 3HaYHOTO HaBaHTaKeHHSA. OcOOIMBHIl aKLIEHT 3p00JIECHO
Ha BIPOBA/KEHHI €HEProe(eKTUBHUX PEXHUMIB POOOTH MPHUCTPOIB, L0 TO3BOJISIE

3HU3UTU BUTPATH €HEPTii 03 MIKOIU JJIs NPOAYKTUBHOCTI Ta SIKOCTI 3B’SI3KY.

Jlis  yCHIITHOTO BNPOBA/DKEHHS PO3pOOJIEHOT Mepexki pPEeKOMEHIOBaHO
BUKOPHCTOBYBATH TOYKHU JOCTYIY, AKi MIATPUMYIOTh CydacHi MMPOTOKOIN OE3MEKH,
taki sk WPA2. e 103BOJMMTh 3HAYHO MiABUIIUTH 3aXUCT JAHUX 1 MIHIMI3yBaTu
PU3MKH HECAHKI[IOHOBAHOTO JOCTYNMy. BaKJIMBUMH CKIaQJIOBUMHU €KCILTyaTarlii
MEpeXi € HaJIe)KHE TEXHIYHEe OOCIYroBYBaHHS Ta PE3ePBYBAHHS MEPEKEBOTO
oOnasHaHHs, 110 3a0e3meunTh O6e3nepepBHy poOOTYy Mepexi i MIHIMI3Y€ HMPOCTOI.
3anponoHoOBaHi PIlIEHHs] € TEXHIYHO OOIPYHTOBAaHUMHM, EKOHOMIYHO JIOIIJILHUMHU Ta
BIJIMOBIIAI0OTh BUMOTaM J0 HAJIMHOCTI, IMIBUIKOCTI Nepenayi maHux 1 O0e3meku B

CydaCHHUX MCpPECKax.
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JlomaTok A

Po3ain, koTpuii BUKOHaHO aHTJIIMCHEKOI0 MOBOTO

1. ANALYSIS OF THE PRINCIPLES OF BUILDING WI-FI ACCESS
NETWORKS.

1.1. The main elements of the network

The IEEE 802.11 standard, like all IEEE 802 standards, covers the two lower
layers of the OSI model: the physical layer and the Data Link Layer. The data link layer,
in turn, is divided into two sublayers. The upper sublayer, known as Logical Link
Control (LLC), is described in the IEEE 802.2 standard. The lower sublayer, Medium
Access Control (MAC), is responsible for controlling access to the data transmission

medium.

The physical layer defines how devices interact with the transmission medium, as
well as the speed and methods of signal modulation. The MAC layer standardises the
rules for accessing a common channel, how devices connect to access points, and the

mechanisms for authentication and data protection.

The IEEE 802.11 standard was created as ‘wireless Ethernet’ and uses packet
transmission with 48-bit addresses, similar to Ethernet networks. Considerable attention
has been paid to ensuring that all IEEE 802 standards are compatible, allowing wired

and wireless networks in this family to easily interoperate with each other.

1.2. IEEE 802.11 architecture

The IEEE 802.11 standard provides for two main approaches to organising local
area networks. The first is based on the principle of ‘peer-to-peer’ (ad-hoc network) and
provides a direct connection between two stations without the need for centralised
administration. The second approach is implemented in the form of structured networks,
which are the main way to build IEEE 802.11 networks in practice. In such networks, an
Access Point (AP) is a mandatory element, which is a stationary device tuned to a fixed
channel. Communication between client devices is carried out exclusively through APs,

which also provide access to external wired networks such as Ethernet.



Structured networks can include multiple access points interconnected by a wired
network, creating a set of base stations with overlapping coverage areas. The standard
supports roaming, which allows devices to move between the coverage areas of
different access points without losing their connection, thereby ensuring user mobility.
An important component is a special power management protocol that allows the
transmitting device to put the receiver into standby mode during inactivity, which is

critical for mobile stations with limited power resources.

Network management is typically performed in a Distributed Coordination
Function (DCF) mode, where coordination functions are distributed among all devices
in the network. However, for structured networks, it is possible to use the Point
Coordination Function (PCF) mode, in which control is transferred to one of the access

points. This mode is used to transmit delay-sensitive data, such as streaming video.

Most IEEE 802.11 networks use competitive access to the channel without
prioritisation, but with the introduction of the IEEE 802.11e standard, it is expected that
distributed control with prioritisation for critical traffic will be possible. It is important
to note that the PCF mode operates only during certain predefined time intervals that are

repeated periodically.

AP, AP, AP,

a) b)

Picture 1.1 802.11 network architecture: a) - ad-hoc network, b) - structured

networks



One of the main requirements for wireless communication standards is to ensure
the security of data transmission. A security mechanism is implemented at the medium
access control (MAC) layer, which includes device authentication and information
encryption procedures. This mechanism was developed to provide a level of protection
comparable to conventional wired Ethernet networks and is called WEP (Wired

Equivalent Privacy).

WEP is based on the use of four 40-bit secret keys shared by the network. The
RC4 algorithm developed by RSA Security is used to encrypt data. This algorithm works
by multiplying blocks of source data into a pseudorandom sequence whose length
corresponds to the size of the data block to be encrypted. The pseudorandom
sequence is generated using a 64-bit number that includes a 24-bit Initialisation Vector

(IV) and a 40-bit secret key.

The peculiarity of this approach is that the Initialisation Vector (V) changes with
each packet, even if the secret key remains constant. This reduces the risk of data
compromise. For additional protection, each encrypted packet is accompanied by a 32-
bit Integrity Check Value (ICV), which ensures that changes in the transmitted data are
detected. As a result, 8 bytes of service information are added to each packet: 4 bytes

for ICV, 3 bytes for IV, and 1 byte to identify the key used.

It is worth noting that although the standard allows the use of longer keys (e.g. 64
or 128 bits), US legal restrictions on the export of devices with a key length of more
than 40 bits force manufacturers to adhere to this limit. Thus, WEP-enabled devices

are typically limited to 240 key variants.
1.3. Standards of the 802.11 protocol

The IEEE 802.11.a standard was introduced almost simultaneously with the IEEE
802.11b standard in September 1999. Its specification is focused on operation in the 5
GHz frequency range and is based on a fundamentally different data coding mechanism

- frequency division multiplexing using orthogonal carriers (OFDM). In this standard,



each frame is transmitted using 52 orthogonal carriers, each with a bandwidth of
approximately 300 kHz (20 MHz/64). The channel width in the standard is 20 MHz.
The carriers are modulated using BPSK, QPSK, and 16- and 64-level quadrature
amplitude modulation (QAM). Depending on the type of modulation and coding rate
(1/2, 3/4, for 64-QAM - 2/3 and 3/4), data rates are available: 6,9, 12, 18, 24, 36, 48
and 54 Mbit/s.

Of the 52 orthogonal carriers, 48 are used to transmit information symbols, and the
remaining 4 perform service functions. Although the structure of the physical layer
headers of the IEEE 802.11.a standard is slightly different from the IEEE 802.11.b
standard, these differences are not significant (Picture 1.2). The frame consists of a
preamble (12 synchronisation characters), a physical layer header (PLCP header) and an
information field generated at the MAC layer. The header contains information about
the coding rate, modulation type and frame length. The preamble and header are
transmitted at the lowest possible rate (BPSK, coding rate r = 1/2), while the
information field is transmitted at the maximum rate specified in the header, depending

on the transmission conditions.

OFDM symbols are transmitted every 4 us, of which 3.2 ps is the symbol duration
and 0.8 ps is the guard interval. This interval provides resistance to multipath
propagation, as a reflected signal that is received with a delay falls into the guard

interval and does not affect the next symbol.

BPSK, r=1/2 LLIBMAKICTb BKasaHa y 3aronoBky|
-t - -
PLCP-npeambyna 3aronoBok IHchopmaLtiline none
12 cumBonis 1 OFDM-cumBon pMa

Picture 1.2 Structure of the physical layer header of the IEEE 802.11.a standard

The process of generating and decoding OFDM symbols is implemented using a
fast Fourier transform (forward or inverse, FFT/OBFT). The typical scheme of the

receiving and transmitting paths (Picture 1.3) is standard for this method and includes



components such as a convolutional encoder, an interleaving mechanism

(redistribution) to protect against packet errors, and an FFT processor.

The Fourier processor combines the signal into a single sequence, adds a
protective interval to the symbol, and then generates an OFDM symbol, which is
transferred to the required frequency range using a quadrature modulator/converter.

When receiving a signal, all operations are performed in the reverse order.

- FEC- N MNepemexeHHa/ H‘_“Osﬂ@ [~ 3’3:’:3::?0 ™ dopmysania [ Q- >(g>_'{> T
Koaep posnoginenHa | _ | sl inrepeany sl curHany | Mogynauia
Q- ¢——{ Buaanenns L., “*  BigHosneHHA FEC-
L »| . 3AXUCHOTO BNo . E »
Aemoaynauis I ) ) nocnigosHocTi aexogep

iMTepsany
AsToniacTpoitka
yacToTu

Picture 1.3 Functional diagram of the IEEE 802.11a transmit/receive paths

The IEEE 802.11g standard essentially adapts the OFDM modulation mechanism
successfully used in the 802.11a standard to operate in the 2.4 GHz band while
maintaining compatibility with 802.11b devices. This adaptation was made possible by
the similarity of the channel widths in the 2.4 and 5 GHz bands, which are 22 MHz at
power levels of -30 dB and -20 dB, respectively. In the 5 GHz band, the 802.11a
standard allows a spectral bandwidth of up to 40 MHz at -28 dB.

One of the main requirements for the 802.11g specification was to ensure
backward compatibility with 802.11b devices. This caused a dispute between Intersil
and Tl. In the 802.11b standard, the main modulation technology is CCK
(Complementary Code Keying), and PBSS is additionally supported. The developers of
the 802.11g standard decided to keep the CKK modulation for speeds up to 11 Mbit/s

and use OFDM for higher speeds.



Despite this, 802.11 networks operate on the basis of the CSMA/CA principle
(carrier sense multiple access and collision avoidance). This means that devices must

make sure that there is no active traffic before they can transmit.

If 802.11b and 802.11g devices are in range, the latter use OFDM, which may not
be understood by 802.11b devices. In such cases, 802.11b devices may try to start

transmitting, creating conflicts.

To avoid such situations, the 802.11g standard provides a mixed CCK-OFDM
mode. In this mode, frames are transmitted in two parts: the preamble and header are
encoded using the CCK method, and the information field is encoded using the OFDM
method. This allows 802.11b devices to recognise the frame headers and refrain from
transmitting when 802.11g traffic is being transmitted. However, this approach
reduces network throughput because the preamble and header are transmitted at a

rate of only 1 Mbps.

To eliminate the limitations associated with the use of CCK technology, the
802.11g standard provides an optional PBSS mode, as in 802.11b. In this mode, the
header and preamble are transmitted in the same way as with CCK, and the
information field is modulated by PBSS at 22 or 33 Mbit/s. This ensures that 802.11g
devices remain compatible with all 802.11b versions, minimising the risk of conflicts.
Supported rates for different types of modulation are listed in Table 1.1, and the
dependence of the transmission rate on the modulation method is shown in Picture

1.4.

Table 1.1. Possible modulation rates and types in the IEEE 802.11.g specification

Modulation type
Speed, Mbps

Necessarily For example
1 2 3
1 Barker's sequence
2 Barker's sequence




5,5 CCK PBCC
Continuation of Table 1.1
1 2 3
6 OFDM CCK-OFDM
9 OFDM, CCK-OFDM
11 CCK PBCC
12 OFDM CCK-OFDM
18 OFDM, CCK-OFDM
22 PBCC
24 OFDM CCK-OFDM
33 PBCC
36 OFDM, CCK-OFDM
48 OFDM, CCK-OFDM
54 OFDM, CCK-OFDM
35
“ e ]
30| ettt e FRcozamy
&—-—-@ OFDM, 24Ty
. ® CCK-OFDM, 2.4 Ty
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Picture 1.4 Dependence of transmission rate on distance for different transmission

technologies. The distance is given in percentage, 100% is the transmission distance

with SCM modulation at 11Mbps.



Obviously, IEEE 802.11g devices will have to operate in joint networks with
equipment that supports only the 802.11b standard for a long time to come. It is worth
noting that most manufacturers will be reluctant to implement CCK-OFDM and PBSS
modes, as they are not mandatory, and the cost of devices often determines the final
price. One of the key objectives of the new standard was to ensure conflict-free

operation of mixed 802.11b/g networks.

The basic principle of 802.11 networks is the concept of ‘listen before you
transmit’. However, 802.11b devices are unable to recognise traffic created by 802.11g
equipment operating in OFDM mode. This creates a situation similar to the ‘hidden
station’ problem: when two devices that are not in range of each other try to transmit
data to a third station, creating a conflict. To avoid such situations, the 802.11 standard
introduced a protection mechanism based on RTS/CTS frames (‘request to transmit’ and
‘acknowledgement of transmission’). This mechanism also works in mixed 802.11b/g
networks, allowing devices to avoid simultaneous transmission. In this case, RTS/CTS

frames are transmitted using CCK modulation, which is understood by all devices.

However, the protection mechanism significantly reduces network throughput. For
example, in 802.11g networks with a physical speed of 54 Mbit/s, the actual throughput
due to overheads is about 32 Mbit/s, and for devices with conventional equipment, it is
about 24 Mbit/s. In mixed networks using RTS/CTS, this figure drops to 12 Mbps,
which is almost twice the throughput of 802.11b networks (~6 Mbps), but still below
expectations. As an alternative, only CTS frames can be used, which are transmitted
before each OFDM frame, which can increase the throughput to 14.5 Mbps. However,

this approach has limitations if not all devices in the network are in line of sight.

To solve this problem, manufacturers have begun to introduce their own
technologies to increase speeds within existing standards. For example, Atheros has
developed Turbo Mode, which doubles the transmission speed to 108 Mbit/s using two
channels simultaneously. For this purpose, the company created the ARS001X+ chipset,
equipped with an upgraded AR5212 processor.



Intersil Corporation took a different approach with its PRISM Nitro technology.
This technology includes two main elements: a security mechanism and a method of
group transmission of OFDM frames. The protection mechanism, similar to RTS/CTS,
involves the transmission of a CTS frame before each OFDM frame. At the same time,
group transmission can significantly increase throughput in both mixed and
homogeneous networks. For example, in mixed networks, each device is offered an
equal time slot for transmission. A CCK frame transmitted at 11 Mbit/s takes
approximately the same amount of time as six OFDM frames transmitted at 54 Mbit/s,
including all overhead. As such, 802.11b and 802.11g devices can efficiently distribute
transmission time to minimise bandwidth loss. For example, for two devices with an

information field size of 1500 bytes, the transmission can take 2143 us (Picture 1.5.).

1500 Gawnt
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Picture 1.5 Group transmission of OFDM packets using PRISM Nitro technology

in a mixed network.

When used on a homogeneous 802.11g network, packet grouping also provides
significant efficiency gains. This i1s achieved because within a packet group there is no
need to transmit CTS frames or wait for interframe intervals between individual
transmissions. All overheads are reduced to transmitting only a short ACK frame, which

significantly reduces network downtime (Picture 1.6.).

This approach can significantly increase network throughput, especially under high

load conditions, providing greater efficiency in the use of the data channel. Thus, group



packet transmission is becoming an important element in optimising the performance of

802.11g networks, both for mixed and homogeneous environments.
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Picture 1.6 Group transmission of OFDM packets using PRISM Nitro technology in a

homogeneous network.

The PRISM Nitro technology was implemented at the system software level and
was designed to integrate with the PRISM Duette and PRISM GT chipsets. Its
developers claim that this technology fully complies with the requirements of the IEEE
802.11g standard, providing high efficiency and performance in wireless networks.
PRISM Nitro has already been used in a number of modern devices, including the

CONNECT2AIR router and network cards from Fujitsu Siemens Computers.

It is noteworthy that Fujitsu Siemens Computers was the first to introduce the
latest ISL3893 processor developed by Intersil for access points and wireless routers.
This processor is based on the ARM9 microprocessor core, which allows it to function
as both a network processor for wireless networks and a processor for Ethernet
networks. This versatility enables efficient integration of wired and wireless network
components.

The ISL3893 processor is specifically optimised for use with the PRISM GT and
PRISM Duette chipsets, making it an ideal solution for high-performance wireless

networks. Its architecture provides high data processing speeds, stable connections and
support for modern requirements for telecommunications equipment.



1.4. Physical layer of the IEEE 802.11.b standard

At the physical layer, the MAC frames (MPDUSs) are preceded by a physical layer
header consisting of a preamble and a PLCP header (see Picture 1.7). The preamble
includes the start synchronisation sequence (SYNC), which is used to configure the
receiver, and the 16-bit start frame data (SFD), which is set to F3A016. The PLCP
header contains several key fields: SIGNAL (contains information about the
transmission rate and modulation type), SERVICE (contains additional data, such as the
use of high-speed extensions or PBSS modulation) and LENGTH (defines the time in
microseconds required to transmit the rest of the frame after the header). All three of
these PLCP header fields are protected by a 16-bit CRC checksum, which guarantees
the integrity of the transmitted data.

The IEEE 802.11b standard provides two types of physical layer headers: long and
short (Picture 1.8). The main differences between them are in the length of the
synchronous sequence (128 bits for long and 56 bits for short), the methods of
generating these sequences, and the order in which the start of the frame is transmitted.

In a short header, the start character is transmitted in the reverse order.

Another important difference is the data rate of the headers. For a long header, all
fields are transmitted at 1 Mbps. In the case of a short header, the preamble is also
transmitted at 1 Mbps, but the rest of the header fields are transmitted at 2 Mbps. The
main part of the frame can be transmitted at any of the speeds allowed by the standard,

which are defined in the SIGNAL and SERVICE fields.

The introduction of short headers in the IEEE 802.11b standard was aimed at
increasing network throughput. This allows to reduce the overheads for frame
processing and, accordingly, to increase the efficiency of using the available radio

channel, especially in conditions of high load.



SYNC 128 6it| SFD 16 6it | SIGNAL 8 6it [SERVICE 8 6it LEZ%;H CRC 16 6iT

Mpeambyna 144 6ita PLCP-3aronoBok 48 6iT MAC-nakeT (MPDU)

.
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Picture 1.7 Structure of 802.11 MAC layer network frames

From the description of the IEEE 802.11 network communication procedures, it is
clear that the ‘overhead’ in this standard is higher than in a wired Ethernet network.
Therefore, it is crucial to ensure a high data rate in the channel. It is possible to increase
the bandwidth of a channel with a given frequency bandwidth by developing and
applying more advanced modulation methods. This is the path taken by the IEEE
802.11.b development group. Recall that initially, the IEEE 802.11 standard provided
for operation in DSSS mode using the so-called Barker sequence (Barker) with a length
of 11 bits: Bi=(10110111000). Each information bit is replaced by its product modulo
2 (the ‘exclusive OR’ operation) with this sequence, i.e. each information unit is
replaced by Bi, each zero is replaced by the inversion of Bi. As a result, the bit is
replaced by a sequence of 11 chips. The signal is then encoded using differential two- or
four-position phase-shift keying (DBPSK or DQPSK, one or two chips per symbol,
respectively). With a carrier modulation frequency of 11 MHz, the total speed is 1 and 2
Mbit/s, depending on the type of modulation.

SYNC SED 16 6it| SIGNAL SERVICE | LENGTH [ crc 16 6it MPDU

56 6iT 8 6iT 8 6iT 16 6it
< < < >
Kopotka npeambyna, Kopotkuit PCLP- 3aronosok 2 M6it/c 1,2,5.5,
1 M6it/c 11 M6it/c

Picture 1.8 Short header of 802.11.b network frames

The IEEE 802.11b standard additionally provides the ability to transmit data at 11
and 5.5 Mbit/s. To achieve these speeds, a modulation method known as CCK
(Complementary Code Keying) is used. This approach is based on the scientific



developments of Intersil (formerly Harris Semiconductor) and Agere Systems, which
were part of Lucent Technologies. In this method, DQPSK modulation is used for data
transmission in the radio path, and the SCM modulation itself is performed by dividing

the incoming data stream into groups of 8 bits (d0-d7).

These eight bits form an information symbol consisting of eight complex chips Z =
[20, ..., z7], each of which defines the I- and Q-quadrature components of the signal for
DQPSK. Modulation is carried out using an 11 MHz carrier frequency. Each chip in the
symbol is a carrier frequency signal with a phase shift calculated for the entire symbol

according to the formula:

Z[c0,....c7] = [j1 +j2+j3 +jd; j1 +33 +j4; j1 +j2 +j4; -1 +j4); j1 +j2+]3; j1
+33;-G1 +j2);j1]

The value of the j1 element is present in each character chip, affecting the phase of
the entire character. Phase modulation is differential, as the j1 value of the current
symbol is calculated based on the j1 value of the previous symbol. The phase shift j1 is
defined by the formula Aj1 = (d0d1)z/2 for even symbols, where (d0d1) is a two-bit
binary number in the range from 0 to 3. For odd symbols, an additional shift of & is

added to j1.

In the IEEE 802.11b standard, CSC modulation is applied only to MAC frames.
The first CSC character that appears after the physical layer header has the number ‘0’,
1.e. it is considered even. The phase of the last symbol of the QPSK modulated frame
header is used as a reference for determining the initial value j1 of the first symbol of
the information field, to which the phase shift Ajl is added. The other three symbol

parameters are determined by the formulas:
j2 = (d2d3)n/2; j3 = (d4dS5)n/2; j4 = (d6d7)m/2, (1.1)
where (dxdx+1) are two-bit binary numbers.

For transmission at 5.5 Mbit/s, DBPSK modulation is used. In this case, the CCS

symbol is encoded with four data bits (d0-d3), which results in a halving of the speed



compared to 11 Mbps. In this case, j1 is calculated using the same formula, while the

other parameters are defined as follows: j2 = d2n/2; j3 = 0; j4 = d3=.

The main advantage of CSC modulation is its efficiency. As the formula shows,
the symbol chips are determined based on Walsh-Adamar sequences, which provide
good correlation properties. For 11 Mbit/s, the input data vector D = [dO0, ..., d7] can be
represented as a sequence of quadratic numbers m1 - m4, where m1 = (d0d1), m2 =

(d2d3), ..., m4 = (d6d7). Then the vector Z is calculated as:
Z=M x(WH + B))n/2, (1.2)

where WH is the upper half of the Walsh-Adamar matrix, and B is the vector that

provides phase shift correction.

{WH} =

The vector B=10, 0, 0, 2, 0, 0, 2, 0], which physically corresponds to a 180° phase shift
of the ¢3 and c6 chips (change of sign to “minus” in formula (1.1)), plays an important
role in improving the correlation properties of code sequences. Walsh-Adamar
sequences, on the basis of which this approach works, are well studied and have
excellent autocorrelation characteristics. Their important feature is the low level of self-
correlation even under the condition of phase shift, which makes them effective for

combating re-reflected signals in radio paths.

The theoretical operational gain of the SSC modulation is 3 dB (which corresponds to a
doubling of the signal power). This is due to the fact that without the use of QPSK
coding, an 11 MHz signal can transmit data at a rate of 22 Mbps. Due to its simplicity,

the CSC modulation is considered as a block code, which ensures its ease of hardware



implementation. It is this set of properties that has made SSC modulation a mandatory

coding method in the IEEE 802.11b standard.

In practice, however, not only the theoretical gain is important. The uniformity of
symbol distribution in the phase space also plays a key role: the greater the distance
between symbols, the lower the probability of errors during their detection. In this
aspect, the SSC modulation has certain disadvantages. Its actual operational gain is
usually less than 2 dB, which is inferior to the theoretical value. Due to these

limitations, alternative approaches were initially considered.

One such approach was Packet Binary Convolutional Coding (PBCC). This technology
was proposed by specialists from Alantro Communications, which became part of Texas
Instruments in 2000. PBCC was included in the IEEE 802.11b standard as an additional
(optional) modulation method. Its implementation made it possible to achieve
throughput in IEEE 802.11b networks at the level of 5.5, 11 and 22 Mbps (Picture 1.9),

expanding the possibilities of using this standard.

KopoBaHi gaHi (c1,c0) QPSK-curHan
—> BCC-kopep »  dopmyBaHHa QPSK  |—»
C
I, Q
A
. S
[eHepaTop ckpeMbnoYyoi

MoCnigoBHOCTI

Picture 1.9 General scheme of PBSS-modulation

As the name implies, the Packet Binary Convolutional Coding (PBCC) method is
based on the principle of convolutional coding. For transmission speeds of 5.5 and 11
Mbps, the information bit stream is processed using a six-bit shift register equipped
with adders (Picture 1.10.a). At the initial stage of operation, all register triggers are
initialized with zeros. As a result, each input bit of information d is replaced by two bits

of the code sequence c0 and cl.

At a transmission rate of 11 Mbit/s, the cO and c1 bits form a single symbol

corresponding to four-position QPSK modulation. At 5.5 Mbit/s, two-position BPSK



modulation is used, which transmits the c0 and c1 bits sequentially. If you need to
achieve a speed of 22 Mbps, the coding scheme becomes more complex (Picture
1.10.b): in this case, the three coding bits c0, c1, and c2 define one symbol in eight-

position PSK modulation.

After the PSK symbols are generated, the scrambling process is performed. This
changes the sequence of bits to ensure the uniformity of the statistical distribution of the
signal. Depending on the value of the signal s (see Picture 1.9), the symbol remains
unchanged (s = 0) or its phase is increased by /2 (s = 1). The value of s is determined
by the 256-bit cyclically repeating sequence S, which is formed on the basis of the
initial vector U = 338B16.

This initial vector has an equal number of zeros and ones, which contributes to the
optimal distribution of phase shifts. The sequence S is generated in the form of 16
vectors Ui (where 1 =0...15), and each vector Ui is a cyclic shift of the previous Ui-1 by
several bits. This approach makes the signal more resistant to radio interference and

ensures stable data transmission even in difficult conditions [1].
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Picture 1.10 Scheme of reverse BCC coding: a - for speeds of 5.5 and 11 Mbps; b -
for speed of 22 Mbps

The six-bit shift register used in RVSS for 11 and 5.5 Mbit/s speeds has 64
possible output states. Thus, with RVSS modulation, the information bits in the phase
space are much further apart than with SSC modulation. That is why RVSS allows to
transmit at a higher rate than in the case of SCC with the same signal-to-noise ratio and

error rate.

Conclusion on the section



Wi-Fi technology is extremely flexible and offers a wide range of modes for
organizing and deploying networks. Despite the fact that one of the main drawbacks of
this technology is still low security and insufficient data protection, the IEEE 802.11
standard is becoming increasingly popular in crowded places such as cafes, airports, and
restaurants. However, its use for organizing mass Internet access in residential buildings

is still rare.

Two key factors contribute to this. First, many users still do not have a clear
understanding of the benefits of Wi-Fi technology and how to use it effectively in the
home. Secondly, the lack of infrastructure to provide high-quality connectivity in

residential areas limits the spread of this technology.

To overcome these problems, it is necessary to focus on several areas. In
particular, it is important to actively promote the benefits of Wi-Fi to a wide audience,
which will help raise awareness of the technology's capabilities. Investing in
infrastructure development is also important, as it will create a solid foundation for
large-scale Wi-F1 deployment in residential buildings. Only a comprehensive approach
will help to significantly expand the use of this technology and ensure its effective use

in various fields.
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MODELS FOR DESCRIBING THE CONDITIONS OF RADIO WAVE
PROPAGATION INSIDE BUILDINGS

The problem of radio wave propagation inside buildings and premises has recently
received much attention. This i1s primarily due to the creation of local information
networks, as well as the need to provide reliable radio communication for employees
of enterprises and institutions for operational management and security purposes. The
presence of walls, partitions, furniture, electronic equipment, people and other objects
mside a building creates a complex environment for radio wave propagation. The
conditions for radio wave propagation inside buildings differ significantly from those
in free space. The main effects observed in the propagation of radio waves indoors are
multipath, caused by multiple reflections of radio waves from walls and other objects,
diffraction on numerous sharp edges of objects located inside the room, and scattering
of radio waves. These effects create a complex interference structure of the
electromagnetic field, which changes greatly when people and other objects move
around. Thus, the models used to describe the indoor communication channel differ
from traditional mobile communication channel models in two aspects:

- the size of the coverage area 1s significantly smaller than in urban areas;

- radio wave propagation conditions are more diverse.

The propagation of radio waves inside buildings is mainly determined by the
following parameters: building layout, construction materials, and building type.

The main phenomena of propagation mside buildings are the same as in urban
areas, namely: reflection, diffraction, absorption, scattering.

The signal strength depends on whether the doors in the rooms are open or closed,
and on where the antennas are located (at table level or under the ceiling). There are
many walls and partitions inside houses, various objects that significantly affect the
formation of the electromagnetic field structure both inside and outside the house.

Usually, walls and partitions 1nside buildings are divided into two types:

- “hard” walls that are part of the building structure;

- “soft” walls - partitions that can be moved. As a rule, the height of these
partitions 1s less than the height of the walls in the room.

Walls and partitions inside buildings are usually made of different building
materials with different electrical properties. This makes it difficult to create a general
model suitable for use i different types of buildings.

The attenuation during propagation between different floors is determined by

- the external dimensions and material of the building;

- the design of the floors;

- external environment;

- the number of windows 1in the building and the nature of the wall surface.
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Taking mto account the above models for describing the conditions of radio wave
propagation inside buildings makes it possible to plan a wireless access network with
maximum efficiency.
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Hayionanonuii ynisepcumem «lloimascoka noaimexuika imerni FOpis Konopamwoxan

HNEPCIEKTHBHI BOPOBAJUKEHHSI BIPTVAJIBHUX
TEJTEKOMYHIKAIIIMHIX MEPEJK HA OCHOBI TEXHOJIOTII IP
TEJE®OHII

Tpamuiiiino TemedoHHI Mepexki 0a3yIOTBCSI Ha aHAIOTOBHX abo MmMHpPOBHX
TEXHOJIOT1SIX KOMYTAIlil KaHaTIB, JIe KOJKeH BUKIIHUK a00 3'€JHAHHSA BUMarae BUJIIJIEHHS
meBHOro (pI3HYHOTO KaHamy [Id oOMiHy iHQopMariero MDK aboHeHTamu. Ile
3a0e3nedye BHUCOKY fAKICTh 3B’f3KY, alle BOJHOYAC BHMAara€ 3HAYHUX BUTPAT Ha
OiITpuUMKY iHppacTpykTypu. IP TemedoHis, y cBOIO dYepry, BHKOPHCTOBYE METOJT
KOMYTAaIlil MakeTiB, IPH SKOMY TOJIOCORBI JIaHl MEPETRBOPIOIOTRLCS Ha IU(POB1 TAKETH 1
IepeIaoThCA uepes ri00anbHy Mepexy [Hreprer abo immi [P-Mepexi, mo go3Borse
3HIDKYBATH BUTPATH Ha 3B’A30K i 3pYUHIIle MacMTabyBaTH MEPEXKY.

Ilepexin Bix Tpamuiiinol TemedorHOI Mepexi g0 IP Temedownii mos's3anuii i3
3aMIHOI0 (MI3UYHUX JIHIH Ha JIOTIYHI KaHATH, AK1 ITepe/IaloTh TOIOCOR] JIaH1 Y BUTISTI
nakeTiB. I{e 3HIDKYe BHTpaTH Ha OOCIyrOBYBaHHS Ta JO3BOJIE IHTETPYBaTH pi3HI
MYJIBTUME/IIITHI CEPBICH, TaKi SK B1JICO3B 30K Ta IIepeIaBaHHA JaHHX, B OJTHY MEPEKY.
IIepeBaroro € Tako)X MOXMUIMBICTH 3a0€3MEYHTH AKICTH OOCIYTOBYBAaHHA, KEPYIOUH
MIPOITYCKHOIO 3/IaTHICTIO 1 MIHIMI3YVIOUH 3aTPUMKU TIPH TIepe/adi JaHuX.

Mepe:xi Ha ocHOBI TexHoJoril IP TenredoHii MalOTh piI3HOMAaHITHY apXiTeKTypy,
mo Bkmodae SIP cepBepu, mumozu, TenmegoHHI amapaTd Ta iHmeE. OCHOBHHMH
[lepeBaraMi € THYYKICTh Y HaJallTyBaHHSIX 1 MacIITaOyBaHHI, a TAKOXX MOJXKJIHBICTB
IHTerpamii 3 pi3HOMaHITHUMU KOPIOPAaTHBHUMH MepekaMH, Y SKHX B1IOYBa€eThCA
00OMIH MHTTEBHMH ITOBLIoMIICHHAMH a0o0 BijeokoH(pepenuii. IP temedonis go3Bose
00'enHYBaTH TOJIOCOBI BUKINKH, MepeaBaHHsA JaHUX 1 BiJIeO0 B OJHOMY CepBiCl, IO
3MeHINye NoTpely B (PI3MUHUX Mepekax.

1 3abesnedeHHs BUCOKOI SKOCTI oOciIyroByBaHHs B Mepexax [P temedomnii
BXIMBOIO € METOJWKA VIPABIIHHS TPONMYCKHOK 37aTHicTIo. KimodoBumm
mapaMeTpaMH € MiHIMIi3aIis 3aTpUMOK 1 3a0e3medeHHs cTaOUILHOCTI 3'e€qHaHb. s
TOYHOTO BH3HAUYEHHS 3arajbHOI 3aTpUMKN B Mepexi IP Temedonii 6yma cTBopeHa
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nporokoay IEEE 802.11
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KepiBauk: npodecop Bonogumup JIMCEYKO




MeTa Ta 3aaa4i poboTu

Meta: po3poOka 0e3mpoBOAOBOI Mepeki a0OHEHTCHKOIO JOCTYIy Ha OCHOBI
npotokony IEEE 802.11, mo 3a0e3neunTh CTaOUIbHICTh, BUCOKY IIBUAKICTH Mepeaadl
JaHUX Ta HAAIMHUN 3aXUCT 1HGOpMAITIi.

JI71s1 TOCSITHEHHS TOCTAaBJICHOT METU BU3HAUYEHO TaKl 3a4aui:

1. BukoHaTtu aHami3 ICHYIOUMX CTaHJIApPTIB O€3MPOBOJOBUX MEpPEXK 1 iXHIX

TEXHITHUX XapaKTCPUCTHK.

2. JlocmiauTd NPUHLUMIIKA MNPOEKTYyBaHHA Ta IOOYJ0BHM MeEpeX aOOHEHTCHKOIO
JOCTYNy B YMOBax 0araroroBEPXOBUX KUTJIOBUX OyJIHUHKIB.

3. BukoHatu MojentoBaHHS poOOTH MEPEXKI B YMOBAaX BUCOKOTO HAaBAaHTAXKEHHSI.

4. Po3po0OUTH MPOEKT ONTUMAJIBHOI MEPEXkK1, BPAaXOBYIOUM TEXHIYHI, EKOHOMIYHI Ta
0€3MeKOB1 aCIEeKTH.

5. Hagatu pexomeHpaallii moa0 BIPOBAIKEHHS PO3POOJICHOT MEPEkl Y MPAKTUYHE



3aieXHICTh MBUAKOCTI MEpeaayl BiJl BIACTaH1 AJisl pI3HUX TEXHOJIOT1M nepeadyi.
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3a1e)KHICTh MBUAKOCTI Mepeaadi BiJ BIICTaH1 I PI3HUX TEXHOJIOTH nepeaayi.
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BigHocHa fieneKTpuyHa IPOHUKHICTh 1 TAHT€HC BTpaT

Martepian

Oprckno

Hantosi (3akpwuTi)
Hantosi (3akpwuTi)
YepBoHa uerna (cyxa)
YepBoHa uerna (Bosiora)

Knnaum
CrenboBe NOKPUTTA

TKaHWHA
CKNOBONOKHO
Crekno
NliHoneym
XBOWHa AOLIKa
ACI

daHepa
lncosa nauTa
Kaxenb

Tonb

BigHOCHa gienekTpuyHa
NPOHUKHICTb

2,74
3,49
1,96
5,86
5,92
1,32
1,32

1,49
1,02
6,38
3,08
2,58
2,7

2,47
1,07
3,08
2,47

TaHreHc KyTa BTpaTt

3,2:10*

5,96:10°
5,96:10
1,16-10°
1,17-101
5,96-10%
1,44-107

5,96-10°
9,21-10%
2,610

1,45-103
2,0-102

1,1-101

1,27-101
4,29-101
5,88:107
3,86:107



KoediiieHTy TpoxoKeHHs i BIIOUTTS

MaTepian T(nb) R(aB)

2,31y, 5,25 My, A 2,31y, 5,25 My, A
Oprckno (7,1 mm) -0,3560 -0,9267 0,5707 -12,23 -5,65 -6,5753
Oprckno (2,5 mm) -0,0046 -0,2041 0,1994 -21,69 -13,25 -8,4770
antosi (3akpurTi) -0,0016 0,002 -0,0035 -30,97 -20,39 -10,578
Kantosi (BigkpuTi) 0,0137 0,0315 -0,0178 -44,23 -46,95 2,7210
YepsoHa uerna (cyxa) -4,4349 -14,621 10,182 -12,53 -8,98 -3,5459
YepsoHa uerna(Bonora) -4,5119 -14,599 10,087 -12,52 -9,41 -3,1185
Knnmm -0,0271 -0,0056 -0,0214 -26,94 -18,7 -8,2710
CrenboBe NOKPUTTA -0,0872 -0,1795 0,0923 -21,07 -18,7 -2,3470
TKkaHMHa 0,021 6 0,0133 0,0083 -41,70 -30,1 -11,570
CK/10BOJIOKHO -0,0241 -0,034 0,0099 -39,40 -28,8 -10,581
Crekno -0,4998 -1,6906 1,1908 -11,29 -4,9 -6,3446
NiHoneym -0,0198 -0,1278 0,1081 -23,69 -16,0 -7,6690
XBOMHa AollKa -2,7889 -6,1253 3,3364 -17,45 -14,8 -2,689
acn -1,6511 -1,9508 0,2997 -8,59 -14,1 5,5359
daHepa -1,9138 -1,8337 -0,0801 -9,05 -30,5 21,42
lincoBa nanta -14,863 -13,235 -1,6280 -2,38 -9,24 6,858 7

Kaxenb -2,2163 -1,4217 -0,7946 -6,24 -14,9 8,609 3
Tonb -0,0956 -0,1341 0,0385  -28,88 -17,8 -11,067
LLinako6nok (cyxwmit) -6,7141 -10,326 36119 -7,67 -6,13 -1,5324

LLlnakobnok (Bonornin)  -7,3527 -12,384 5,0313 -5,05 -7,55 2,508 0




3aNeXKHICTb 3aracaHHA CUrHaay Bia BIACTAHI
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Pe3ynbratu MmozietoBaHHS IPOMYCKHOT CIIPOMOXKHICTI KaHaiB
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OCHOBHI KPOKM MPOEKTYBaHHA 6e3npoB0oa0BOI
MepeXKi B baratonoBepxosin byaisi

AHaJi3 iCHyH4HX cTaHaapriB Oe3npoBogoBux Mepex: Jlocmimxenns pizHux cranjaptie IEEE
802.11 (a/b/g/n/ac) nns BU3HAYEHHSI ONTUMAIBHOIO BUOOPY 3 TOYKHM 30py MIBUIAKOCTI Mepeaadl JaHUX,
CTa01IbHOCTI Ta OE3MEKH.

JocixxeHHs MPUHIMIIB MPOEKTYBAHHS MepeK a00HEHTChKOro A0cTyny: BuBueHHs MeTO/IB
PO3MIIIEHHS] TOYOK JIOCTYITY, BPaXOBYIOUM THUI OY/IIBIIi, KUIbKICTh KOPUCTYBauiB Ta MaTepiaiv CTiH, JJIs
3a0€3MEeUCHHS ONTUMAIbHOTO MOKPUTTS Ta MiHIMI3aIlli iIHTep(epeHIIii.

MopenoBanHs PpoOOTH Mepeki B YMOBaxX BHCOKOIO HABAHTAXKEHHsI: BukopucTaHHsS
MEI1aJ130BAHOT0 MPOTrPaMHOr0 3a0e3MeUeHHs ISl CUMYJISIIl poOOTH Mepexi MpU 1HTCHCUBHOMY
HMKOPHUCTaHHI, OIlIHKA MPOIYCKHO1 3IaTHOCTI Ta BUSBIICHHS MOTEHIIIHHUX "BY3bKUX MICIIb'".

Po3podka onTumanbHOi Mepexi: CTBOPEHHS JETAlbHOTO IUJIaHY MEPEeXl 3 YpaxyBaHHSIM
3YJIbTaTiB MOJICJIIOBAHHS, BKJIIOYAOUM BHOIp OONaJgHaHHS, PO3MINIEHHS TOYOK JOCTyIy Ta
alITyBaHHSI MapaMeTpiB JJisg 3a0€3MeYeHHs CTa0UIbHOI Ta MBUAKOI pOOOTH.

Hananns pexkomengamii uisi BHpoBajkeHHsi: Po3poOka pexoMmeHaaliil 1mojao0 BUOOPY
HHS 3 MATPUMKOIO Cy4aCHUX CTaHJIApTIB O€3MeKu), ONTUMI3alli pO3MILIEHHS TOYOK JOCTYIMY Ta
1H(GPaCTPYKTypy AJIS MiJBUILEHHS SIKOCTI 3B'A3KY.



[1AKyto 3a yBary!
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