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Karwouosi cioBa: 4G, LTE, CDMA, IEEE, mincuiroBadi, pOMyCcKHA 3aTHICTh KaHATY, IIBUKICTh
nepenavi iHpopmarrii

Kopotknii 3vicT po6oru: B Xozxi BUKOHaHHS IHUIUIOMHOI POOOTH OYIIO MPOBENEHO IOCIIIKEHHS
Cy4aCHOTO pHHKY Oe3npoBimHux wmonemiB. Lo mocrmimxeHHs Oyno BUSBUTH MOXIIMBICTh
MiABUILEHHS IBUAKOCTI mepenadi ingopmauii. J[ns po3paxyHkKy Oyno oOpaHO METOA MOAYJISLIi,
THII TiJCUIIIOBAa4a, KOMYBaHHA OylIO CIIPOEKTOBAHO CTPYKTYpHY CXeMy CHCTEMHU,BUXOISIYH 3
cucTeMH mapamerpiB. byno o0paHO Ta CHPOEKTOBAHO CXEMy MiICHIIIOBa4a Ta MoOyJOBaHO HOro
JpyKoBaHy Iuary. byno mpoBeneHo po3paxyHOK IMiICHITIOBaYa 1 pO3paxyHOK IMapaMeTpiB CUCTEMH, a
TAaKOXX PO3PAXyHOK HIBUAKOCTI mnepenadi iHdopmanii no i micis migcuwieHHs. Ilpucrpiit Mae
BiJINIOB1IaTH HACTYITHUM NapaMeTpam:

° [IBuaxkicTe nepenayi: Oinpia 3a 80 Mbit/c;

. PospsignicTs cucremu: 8 0it;

o Yacroruwmii miama3on: 2,2 I'Tx;

. MaxkcnuManbsHe MiICWICHHS HOTYXXHOCTi: 25 1b
BCTYT

OcTaHHIM YacoM, y 3B'3Ky i3 3HAYHUM 3POCTaHHSAM MOMYJISAPHOCTI MOPTATUBHUX KOMITBIOTEPIB, a
TaKOX Y 3B'I3Ky 3 aKTUBHHUM PO3BHUTKOM TEHJICHIII] O BiZIMOBH BiJ{ KaOSILHOTO iHTEPHETY
0e3MpOoBIIHI MOIEMH OTPUMYIOTh OLTBIITY TIOMYIISPHICTE 3 KOXKHUM POKOM.
3apa3 Ha yKpaiHCEKOMY PUHKY 3allpOIIOHOBAHO JOCTATHBO ITHPOKHH aCOPTUMEHT Oe3MPOBiTHAX
MOJIEMIB, 1 OJTHMU 3 3aMHUX MOMY/IAPHUX € MOJIEMH BiJl OIIEpaTOpiB MOOLITEHOTO 3B'3KY, B IKHX
BHUKOPHCTOBY€ETHCS cTaHAapT 3B's13Ky 3G Ta 4G. B Takux Monemax 4acriiie 3a Bce
BuKopucToByeThest USB-migximtouenss Bepcii 2.0. OqHak sSKicTh Takol MPOAYKIIT € TaJIeKo He
Halipaloro, He 3Ba)KalouM Ha IIHPOKUH aCOPTUMEHT MOJIEMiB — IIBHUJIKICTh Hepenadi iHdopmartii
He nepepuiye npuonuzno 90 MGiT/cek, a cTabiIbHICTh POOOTH 3ajHiae Oakaru Kparoro. B
kBiTHI 2018 poky B Hamiii kpaiHi 0(QiliiHO 3’SIBUBCS CTaHAAPT 3B’ 3Ky 4G, KU TPONOHYE 3HAYHO
OibIy IIBUAKICTD NpUiOMy Ta nepeladi iHpopMallii, aje MOKH 110 BiTUi3HAHN pUHOK 4G —
MOJIEMIB MPAKTUYHO BiJICYTHIH.
Mertoro oCHiPKeHb B laHii TUIIOMHINA poOOTi € BU3HAUYEHHS IapaMeTpiB TaKoro 6e3mpoBiTHOTO
MOJIeMY, SIKUH 3aJJ0BOJIbHSE TEXHIYHOMY 3aBJAHHIO, & TAKOXK € PEabHUM [UIsl BTUICHHS, 1
PO3paxyHOK MMapaMeTpiB ONTUMAIBLHOTO OS3MPOBIIHOTO MOAEMY Y BiIMOBITHOCTI 10 TEXHIYHOTO
3aBnanHs. O0'€KTOM MPOEKTYBAHHS MICIIs eTaly onisiy, Kiacuikaiii Ta aHanizy Oyzie
0e3MpOoBiIHUI MOZIEM 3 ypaXyBaHHIM PO3paxyHKiB, BAKOHAHUX HA €TaIl TOCIiKeHH. MeToro
JUIUIOMHOI poOOTH € po3poOKa MoJieMa 3 XapaKTepHCTHKAaMHU, KPAIUMH 32 Ti, IO 3aIIpOIOHOBAH1
Ha PUHKY Oe3MpOBIAHUX MOJAEMIB B YKpaiHi.
PO3I1JI 1
OIJIsI] BAPIAHTIB
1. MOZIVYJISIOIA CUTHAJLY
B TexHONOTIIX MEpEexk € TCHCHIIIS 0 Mepeadi TUCKPETHUX Ta aHAJIOTOBUX JaHUX IO OJHIN
Mepesxi. Komn’totepu Ta iHII npuiiaau 0O4UCIIOBaIbHOI TEXHIKY BUCTYIAIOTh B PO JPKEpe JUls
JICKPETHHUX JaHUX, B TOH Yac sIX NPHUIagy IO TUILY TenedoHiB, KaMep Bifeo3amucy,
3BYKO3aIIHCYyH04a, 3ByKO- Ta BiJICOBIATBOPIOIOYI MMPUCTPOI € PKEpeIaMH aHaJIOTOBHX JaHuX. Ha
PaHHIX eTanax po3BUTKY TEXHOJIOI] mepeadi JaHUX B Mepexi BCi 1aHi epelaBalucs BUKIIOYHO B
aHAJIOTOBOMY BHIVISI, a JIaHi 3 AUCKPETHOT (POPMHU MIEPETBOPIOBAIIMCS B aHAJIOTOBY (OpMYy 3a
JIOIIOMOTOI0 TaKUX HMPHUCTPOIB, SIK MOIEMH.
3 4acoM Ta 3 PO3BUTKOM TEXHOJOIil Mepek Ta Iepejadi JaHUX CTalo 3pOo3yMiso, L0 Heperada
iH(opMallii BUKITFOYHO B aHAJIOTOBIH (JOpMi HEe 3MOXKE TOIIIINTH SIKICTh TIEPEIaHUX JaHUX B TAKOMY
BUIIAMI, B TOMY BHIAJKy, SKIIO TIPH Mepeladi TPammiIocs ICTOTHE CIIOTBOPEHHS IepefaHoi
iHdopmarii. CurHan B aHayoroiid ¢opmi cam mo cobi He Hajgae iHpopmauii Hi mpo cam akr
CIIOTBOPEHHU, Hi PO MOXJIMBI NITIXH BHUIPABICHHS IOMHJIKH 10 Tilf IPHUYMHI IO CUTHAJI MOXE
OyTH pi3HOI (hOpMHM, HANIPHUKIAN 1 TaKoo, sSKa MOCTYNIIA Ha NpHiiMad, B TOH dYac K MiJBHINCHH
SIKOCTI TIepefaBajbHUX JIiHIH, OCOOJMBO HAa BEJIMKHUX TEPUTOPISX HEMOXKIMBE 0O€3 BEIMKHX
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¢inaHcoBUX Ta TpymoBux 3arpar. Came Mo Hild NMPUYHMHI aHAJIOTOBI MpHJIaau s Tpacdepy 3a
3aicy 3BYKOBHX CHTHANIB CTaJM 3aMIiHATHCS Ha LUQPOBI NpPWIaAH, SKA BUKOPHUCTOBYIOTH
JIUCKPETHY MOAYJISIIII0 BUX1THUX aHAJIOTOBUX CUTHAJIB, 1110 € HETIEPEPBHUMH Y Yaci.
Metoau TUCKPETHOI MOAYIALIT CUTHANIB 0a3yeThcs Ha JUCKPETH3allii aHAaJOTOBHX CHTHANIB 3a
4acoM Ta aMmIuliTynoro. Jlani Oyae po3IIsIHYTO OCHOBHI NPUHLMIM TAaKOi MOAY/SLIl, 32 MPUKIAL
Oyzie B3ATO IMITynbCHO-KOAOBY Mmoayssiuito, IKM (Pulse Amplitude Modulation, PAM), sika myxe
9acTO BUKOPUCTOBYEThCS caMe B I (POBiit TenedoHii.
B nemnepepBHiii y yaci QyHKIIT aMIUTITY1a 3aBXK/I1 BUMIPIOETHCS 3 BU3HAYCHUM IIEPiOIOM, 1 3aBIKU
LOMY IHMCKPETH3YEThCS 3a yacoM (diskretization on time). TIicns LbOTO KOXXHE 3HSTTS MOKa3iB
HA/Aa€ThCA SKIBIMKOBE YHCIIO BHM3HAUEHOI pO3PAJHOCTI, 1 BiAOyBaeTbcs NUCKpeTH3allis 3a
3HAUEeHHSAM (QYHKLII — AMCKpeTHA MHOXXMHA 3HAUCHb AMIUIITYAM 3aMiHs€ cO0OI0 HEIEepepBHY
MHOXHHY 3HadeHb. [Ipunan, skuii QyHKIIOHye sSK TaKHi MEpeTBOPIOBAY, HA3MBAETHCS aHAJIOTO-
mudposum nepersoproBaueM (ALII). CurHanu miciisi Takoro IEPETBOPEHHS IEPEalOThCS SIK
MpocTa TOCHIJOBHICT, HYJIB Ta OAMHHUIL B MEXaxX KaHANIB 3B’SXKYy. MeToau KoJyBaHHS
3aCTOCOBYIOTBCS Ti JK caMi, IO 1 TIPH IIepenadi BUXiTHOX iH(popMami B AuckpeTHOMY BHDIAAi. Ha
npuiiMadi JIiHii 3aKomoBaHa iH(pOpMalis NMEepeTBOPIOEThCA HA OiTH, copMOBaHI B BH3HAUCHIH
MOCIIZIOBHOCTI, a TpWIajJ, SKUA Ha3MBaeThCs LU(po-aHaIoroBuM nepeTBoproBayeM (ITAI),
JIEMOJTYITIOE aMILTITYIH B U(POBOMY BHIIIAI i BU3HAUAE, SIKOFO Oyla BXifHA (DYHKILIL.

Pucynok 1.1 — AMIutiTyqHa MOIYIALIST HETIEPEPBHOTO CUTHAITY
JuckperHa Monynsiis 6azyerbest Ha Teopii Haiiksicta — KoTtenpHukoBa. SIk cTBepKye I TEOpis,
aHanoroBa (DyHKIs, IO MEPENAETHCS SIK TOCHIIOBHICTh 3HAYEHb (IUCKETHHX B Yaci), MOxe OyTH 3
BHCOKOIO TOYHICTIO BU3HA4Y€HA B TOMY BHUIIAJIKY, SKIIO YaCTOTa AUCKpeTU3alii B 2 abo Oinblie pasiB
MEPEeBHIIYE YACTOTY HaHBHIIOT TapMOHIKH 31 CHEKTPY BYHKIIl Ha Buxoxi. [Ipu HegorpumaHHi miel
yMoBH (YHKIISI Ha BUXOAi Oyne cuibHO Binpi3zHATcs Bin ¢yHKuii Ha Bxoni. L{udposuil 3amuc,
Tpancep Ta BiATBOpeHHsS iHQOpMAIl MarOTh 3HAYHY IIEpeBary — MOXHA KOHTPOJFOBATH
BIPOTi/IHICTh MPOYMHAHUX 3 HOCIisA iH(opMmalii abo 3unMTaHMX 3 JiHIi maHuX. J[JIs Takux e
BUKOPHCTOBYIOTbCS TaKi cami MeETOAM, WO 1 s UUPPOBUX JaHUX B KOMII'IOTepax, a came
PO3paxyHOK KOHTPOJBHOI CYyMH, BUKOPHCTAHHS CaMOKOPEKTOBAHMX KOJIIB Ta MOBTOpHA Ieperada
criotBopeHux kanapiB. I1lo6 mnepenmaya rosocoBux TmOBinoMIeHb Oyna skicHoro, B IKM
BHUKOPHCTOBYIOTh YaCTOTY KBaHTYBaHHS aMILTITYAHM KOJIMBaHb 3ByKoBUX curHamiB 8000 I'1, Tomy 1o
B TenedoHii st nepeaadi ronocy Oy oOpanuii miamazon Bix 300 mo 3400 I'u, sikuit Ha BUCOKOMY
piBHI Tepegae BCi TapMOHIKM TOJOCY pO3MOBISIoUMX Jiromeil. 3a Teopemoro Haiiksicra-
KorenbHukoBa /151 epeadi roloCcoBOr0 CUTHANIY BHUCOKOI SIKOCTI MOTPIOHO MPOBOOUTH IEperaqy
Ha YacTOTi, M0 B 2 pa3u 4 OiNblle MEPEeBHINYE CaMy BUCOKY TapMOHIKY aHAJIOTOBOTO CHTHANY, a
came 6800 I'u, B Toit yac six 8000 I'y pobuTh Aeskuii 3amac, 3a0ecnedyoun KkicTh curHany. Ilpu
IMITYJIbCHO-KO/IOBIH MOJyJsIii 3a3BU4all BUKOPUCTOBYIOTH Koa Ha 7 abo 8 OiT mo0 mnomatu
aMILTITYLy ONHOTO IMIyNnbCy. BimmosimHo Ha Bmxomi Maemo 127 abo 256 rpapmarmiif 3ByKy, IO
3aJI0BONIbHSA€E JIOBOMI SKICHIM ©epenadi TIojoCy CIiBPO3MOBHHMKIB. IIpH iMIyIbCHO-KOIOBii
MOIYJIAIIT Tiepeada 1 roJlocoBOro KaHainy moTpeOye MPOMYCKHY 3[aTHICTh KaHaimy 56 abo 64
Ko6it/c. Ile 3anexuTh Bif TOro, CKUIbKOMa 0iTaMM MU MOJA€MO KOXHE 3 BUMIPIOBaTb. Y BUIAJKY
BUKOpHCTaHHs 7 OiT Ha yacToTi nepenaqi 8 KI' onepxyemo
8000*7 = 56 Ko6it/c, a ans Bunaaxy 8 6iT orpumaemo 8000*8 = 64 Koit/c.
Curnan 64 Ko6it/c TakoX Ha3HBAETHCS €JIEMEHTApHUM KaHAJIOM LU(PPOBUX TelIe(HOHHUX MEPEX.
Jlns mepenavi HemepepBHOIO CHTHAJNY B IUCKPETHIH (opMi HEOOXITHO >KOPCTKE NOTPUMAHHS
MepexaMu iHTepBally B Yaci 125 MiKpoCeKyH/, IO BiAMOBiZa€e 4acToTi AuckpeTn3anii 8 k[ Mix
JIBOMa TOCIIZIOBHUMH iMITyJIbcaMu (HEOOXi/THa CHHXpOHHA repenada iHpopmallii BiJi OJHOTO By3ia
Mepexi 70 1HIIOro). SIKII0 CHHXPOHHICTh MPUHOMY IMITYJIbCIB HE JOTPUMYETHCSI, CHTHAN Ha BXOZ1
HEKOPEKTHO BiJJHOBIIOETBCA 1 II6 TPH3BOAUTH JO CIOTBOPEHHS TIOBiTOMIEHb. [loxmOka
cuHXxpoHizanii B 10 MisiceKyH | yacTile 3a Bce MPU3BOAMTH 10 HAKJIaJaHHs CIiB, a moxuoOka B 200
MUTICEKYHJI MOXe TIPH3BECTH J0 BTPATH PO3Mi3HABaHHS CIIIB, ajie BTpara OJHOTO IMITYJIbCY Maibke
HE MOMIYAEThCS 3aBISKU 3DMaKyBaTbHUM mpmiagaM B LIAIL, siki 0a3yroThesi Ha iHEpIIHHOCTI
CUTHAJLy, aJpKe aMIUITyAa 3BYKOBOTO CHUTHAJy HE MOXE 3MIHUTHCS Ha BEJIHMKE 3HAYEHHS MUTTEBO.
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Ha uucrory mnoBigomiieHs, 1o mpoxoisate L[AIl Mae BIUIMB SK CHHXPOHHICTh HAJXOKCHHS
CUTHAJIB Ha BXiJ, TaK i MOXHUOKa JUCKpETU3allii aMILTITY [MX cUTHaIiB. B Teopemi HaiikBicTa —
KorenbpHuKOBa BKa3aHO, 1110 aMILTITYH CUTHATY BUMIPSIHI 3 BUCOKOIO TOYHICTIO, aJie BAKOPUCTAHHS
TS X 30epeKeHHs] ABIHKOBUI KOJ 3 OOMEKEHHM IO PO3PSTHOCTI MOXKE CHOTBOPUTH aMILTITYIN
IIUX CHUTHAJIB, TOMY IO BiJNOBiAHOCTI BHHHMKA€ CIOTBOPCHHS 1 BIJAHOBJEHOIO CHTHANY, SIKE
Ha3MBAaIOTh IIYMOM JUCKPETH3AaLii.

1.1. Monyasinisi rapMoHiYHUX KouBanb (AM, UM, ®M)
AHarnoroBa MOAYJSALIS Mae IIMPOKE 3aCTOCYBAHHSA I NeperaBaHHA iHpopMalii I0 KaHajax, sKi
MPAIIOIOTh 3 BY3bKOIO CMYTOI0 4YacTOT, HANpHKIAM, 3 KaHAJOM, IO HAJAEThCS a0OHEHTaM
Tesie()OHHOT Mepexi JUlsl 3araJlbHOr0 KOpUCTyBaHHS. Takuil KaHall Ha3MBalOTh KaHAJIOM TOHAJIBHOT
yactotd. TunoBa AUX Takoro kaHaiy mnpeacrasicHa Ha puc. 1.1.1. Kanan ToHanbHOT 4acTOTH
MPOIYCKae Mo CBOiN cmy3i yactoru aiana3zony 300...3400 I'u. Sk Gaunmo, cMyra HpoONyCKaHHS
Takoro kaxany € pisHoo 3,1 kI'n. He nuisuuck Ha Te, 110 roJOC JIOAUHU BOJIOJI€ IIUPIIUM
CHEKTpOM, 1o jaopiBHIOE miana3ony 100 T'm...10 x['w, mist 3a0BiIBHOT SKOCTI Tepenadi ronocy
nmiamaszoH B 3,1 k[ € minmkoMm goctaTHiM. JKOpCTKI Mexi CMyr MPOMYCKaHHS BH3BaHI THUM, IO
HEoOXiTHO BHUKOPHCTOBYBAaTH NPHIAAXM JUI1 3BYXKCHHSA Ta 3’€HAHHA KaHATIB B TesedoHil.
EnextponHmii mpuia, SKUi MOIYJIIOE€ CUTHAJ Ha Tiepe/iaBadi Ta JEOyII€ CUTHAJ Ha MpuiiMaui,
Ha3WBaIOTh MOJEMOM (MOIYIISTOP-IEMOIYIATOD).

Puc. 1.1.1 — AUX kaHairy TOHaJIbHOI 4YaCTOTH

Moynsiisi aHaTIOTOBUM METOIOM — IIe TaKWH METOJ KOJyBaHHS, B SIKOMY JIaHi KOXYIOTbCSI 3MIHOFO
¢as3m, yacToTH ab0 aMIDITYIM CHHYCOINUM OCHOBHOI yactotu (Hecydoi). Ha pumc. 1.1.2. mokasaHi
OCHOBHI MeTou AM:

1.1.2, a) — NOTCHUIHUIA KOA, SIKWH MOCTIHHO BHKOPHCTOBYIOTH Ul Hepenadi iHpopmamii Mixk
pi3HUME OJOKaMH KOMIT'IOTepHOI cucteMu. SIBisie coboro Habip OiTiB iH(popmarii, oTpuMaHoi Ha
BHXOll, IO TMOJAETHCS BHCOKOPIBHEBMMH TMOTEHI[IAIaMK JJIsi JIOTIYHOT «1» 1 mMoTeHIianamu
HYJIBOBOTO PiBHS JIJIS IOTTUHOTO «O0».

1.1.2, 6) — B upoMmy cnocobi mpu AM s soriuHoi «1» oOHpaeTbest OAUMH PiBEHb aMILTITYAU
CHHYCOINAJILHOTO CUTHAJY, a JUIs JIOT19HOTO «0» — 1HIINH, ane BiH HE TaK 4acTO BUKOPUCTOBYETHCS
10 NIPUYKHI HEBUCOKOTO PiBHS CTIMKOCTI 10 3aBaj, aje B KOMOiHalii 3 $a30BOI0 MOAy/sLier0 foro
BUKOPUCTOBYIOTH JOCUTB YacTo.

(puc. 1.1.2, B) — yacTOTHA MOAY/IILIS, B SIKiil HyJIb Ta OMUHUI iH(OpPMAIlil HA BUXOJII TIEPEAAI0OThHCS
CHHYCOIQIBHUIMU CUTHAJAMHM 3 YaCTOTaMH 1 , IO BiAPi3HAIOTEC. Taka MOmYIALisS HE Ma€e MOTpeOH
B CKJIQIaHHI CKJIQ[HOT CXeMaTHKH MOJEMIB M Ma€ IIUPOKE BUKOPUCTAHHS y MOJIEMAaX, PO3PAaXOBaHUX
Ha HU3BKY IIBHAKICTH Nepenadi indopmarii (300 6i1/c abo 1,2 kbit/c).

Pucynok 1.1.2 — Pi3Hi BuIu Momynsuii

(puc. 1.1.2, r) — pa3oBa MoayaslLlis, B AKiii 3HAYCHHSM JaHUX HYJb Ta OJIMH € BiJIOBIIHI 3HAYCHHS
CUTHAJIB YaCTOTH, IO CITiBIIAJIAIOTh 3a 3HAYEHHSM, alie BIIPI3HIIOTHCS 3a (a3or0. B Momemax, 1o
NPaIOTh HA BUCOKIN IMIBHIKOCTI, Malke 3aBKIM METOAM MOAYJSAIII MOETHYIOTHCS 1 YacTilie 3a
Bce 11e (ha30Ba MOJIY/ISAIIS Ta aMILTITYHA.

SIKIO MOpPiBHIOBATH Pi3HI METOAM MOMYJALII Ta CIEKTPU iX CUTHAJIB, TO CHEKTP CUTHANY, SIKHH

TIPOMO/TYJTIOBAITH, BUSIBIISIE 3AJICKHICTD Bil BUILY MOIYJIAIIL Ta ii IIBHIKOCTI.

B skocTi mpukiamy po3DIANAETBCS CIEKTP CHHYCOIOW, BHI KOOYBaHHS — IIOTEHIIHHUI.
IMpunycrumo, mo noriuHa «1» Oyne komyBaTHCs AONATHUM IOTEHLIAJIOM, a JIOTiYHUM «0»
KOJYEThCS BiJI’€MHHUM IOTEHIIIAJIOM, ajie 3 TOK K BEJIMYMHOIO. B IIAX CHpolleHHs OOYMCIICHb

OyZIeMO TpUIYCKaTH, MO0 JaHi, sSKi MepelaloThCsl, CKIAJACHI 3 HECKIHYCHHOI MOCIiTOBHOCTI
yepenoBanux 1 ta 0.

B noreHmiiHOMy MeTOZi KOAyBaHHS TaKHid CIIEKTp BUIUIMBAE 3 Teopemu Dyp’e mis QyHKIII, 10 €
nepiognyHOI0. B ToMy BHIaiKy, SIKINO JaHI AUCKpeTH3alii mepeaaBaauch 3 mBHAKicTIO N 6it/c,
CIIEKTp CHTHaJIy Oy[e CKIamarucs 31 CKIaJOBOi MOCTIHHOT 4acTOTH (HYJIBOBOi) Ta HECKIHUYEHHOI
MHOXMHM TapMOHIK 3 BKAa3aHMMH 49acToTaMd [ ¢»3f0,5f0,7fs....A€f,=N/2 . Amnnityou
BKa3aHHUX TapMOHIK 3MEHIIYIOTHCS, aJie 3 JOCHTh HEBEJHMKOI MIBHIKICTIO — 3 Koed. 1/3, 1/5,1/7, ...
Bin ammmitymun  f,. B pesymbTaTi CHEKTp MOTEHIIHHOrO KOy MOTPEOye TOCHTH IIHPOKY CMYyTY
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MPONYCKaHHs JuIsl sIKICHOT mepenadvi. JogaTkoBo HEOOXiqHO Mam’saTaTh Mpo Te, IO Ha MPaKTHII
CIIEKTP HE IOCTIHHHH, a BeCh 4ac 3MIHIOETHCS 3aJI€XKHO BiJ] TOTO, SIK caMe iH(pOpMaIis epejaeThes
no Jinii mepenadi. Jns npuknamy po3mISIHEMO Mepeaady AOCTaTHBO JOBIrOi IMOCIHIJHOBHOCTI
JIOTIYHHUX OAWHHIG Ta HYIIB, sSKa 3PYLIYE CHEKTP B CTOPOHY HU3BKHX YACTOT, & SIKIIO B JIAHIIOTY
iHdopMaLii NPUCYTHI TiNBKKM OOMHHUII ab0 TINBKM HyJi, BECh CIEKTP I[JIKOM CKJIaJeHHH 3
rapMOHIKM HYNBOBOi yactoTH. Ilin wac mepenaBaHHs uepryrounxcs 1 Ta 0 BifCyTHs moctiiiHa
CKJIaZioBa CIEKTPY CUTHANy. 3 Ii€i MPUYMHU CIIEKTP CHTHANY, IO OTPHUMAETHCS B PE3YyJbTATi,
BKJIQJAEThCA B CMYTy 4YacTOT, NMOYMHAKOYM 31 3Ha4eHHs, Onmu3pkoro jmo O Tepr i 3akiH4yrouH
npubmusao Ha  7f, . Uepe3 He3HaYHMI BHECOK B BUXIJHHMI CHTHAN 3apPMOHIKAMH 3 YaCTOTAMH,
BUIIMMHA 32 7, 3a3BMYali HEXHYIOTE.
Pucynok 1.1.3 — Ammiityna Moayssnii HeepepBHOIo MpoLEecy

BepxHiii pyOik B MOTEHI[ITHOMY KOAYBaHHI CHUTHaIy, SKIIO MAEMO KaHAJ TOHAJIBHOI 4YacCTOTH,
3a3BUYall JIOCSTAEThCSl TPH MIBUAKOCTI mepenadi iHopmanii B 971 6it/c, a HWXHIA, mO €
HepoOoYMM JUIs BCiX MIBHAKOCTEH mepenadi, Oepe mouyarok npubnuzno 3 300 I'u. Came Tomy Ha
KaHaJax TOHAJILHOI YaCTOTH B3araji HIKOJIHM HE BUKOPUCTOBYIOThCS TIOTCHIIIHHI KOJTH.
Crektp npu AM CKIaJIEHO 3 CHHYCOiNaJbHOTO CHIHANY 3 HECYYOI0 YacToTOl [, Ta JBOX
rapmonik  f.+f,, Ta f.=f, ,wo HasuBaloThCsA OiuHuMH. [, — 4ACTOTa, 3 AKOK 3MIHIOETHCS
iH(opMaliiH1I TapaMeTp CHHycOIimibHOrO curHany. lleii mapamerp crmiBnamae 3 mnapaMmeTpoM
MIBUJIKICTI TIepeadi iHdopMarlil mpu BUKOPHCTaHHI IBOX piBHIB ammmmitTyau (puc. 1.1.3, 6). Yacrora

f, Bu3Hayae, aKOK Oyle MPONYCKHA 3JATHICTH JiHII mepejaadi, Ko oOpartd Takui crocié
KOIyBaHHA JaHMX. IIpy HEBHCOKIH 4acTOTi MOIYJLIl NIMPHHA CIEKTPY CHHYCOImH Tex Oyrne
HEBENMKOW 1 Oyne mopismioBarm 2, . 3 mi€i npuuvHM curHamu He OyayTh CHOTBOPHOBATHCS
JiHIEIO Tepenadui B TOMy BHIAJKY, SKIIO CMyra NpOMyCcKaHHs JiHii mepemaui  =f,, . Uel meTon
MOAYJIALIT MOXke OyTH BUKOPHCTaHUM B KaHalli TOHAJIBHOI 4aCTOTH JIMILE 33 YMOBH, 110 iHpoOpMai
HEePEIAETHC 31 MIBUAKICTIO, SKa HE IIEPCBHILYE
VY Bunanky, SKIo JUis nepeaaBaHHs iHpopMailii BUKOPHCTAHO YOTHPU OJHAKOBI 3a 3HAYCHHSIM
aMILTITYAU, IPOIYCKHA 3[aTHICTH TaKOro KaHay 3pocrae 1o 3100 6it/c.
[Tpu ®M Ta UM cHekTp CUrHaiy yCKJIaIHIOETHCS MOPIBHSAHO 3 AM 3 Ti€l MPUYUHM, 10 B LIBOMY
BUIIAIKy 3’SBUTHCS OuTbmne 2 OIYHMX TapMOHIK, ale iX PO3TAIlOBAaHO CHMETPHYHO BiTHOCHO
OCHOBHOI HEeCy4oi 4acTOTH, a aMIUTITyI{ [UX OIYHHX TapMOHIK CIIaJAf0Th 3 BEIUKOIO IIBHIKICTIO.
Came 3 11i€i NpUYHHU 1aHi METOAM MOIYJISIIT TOLUTFHO BUKOPOCTOBYBATH s iepenayi iHpopmarii
0 KaHaJaX TOHAJIbHOI YaCTOTH.
Jlist Ginbn mBuAKOT nepenadi iHpopMalli MIMPOKO BUKOPHCTOBYIOTHCS METOIM MOAYIALIT, OCHOBaHi
Ha KOMOiHaIil pasHuX MeToniB. HalpoCmOBCIOMKEHIIINH 3 METOAIB — METOJ KBaapaTypHOI
amrntiTynHoi Moxyisnii (QAM). B #ioro ocHoBi nexuts 00’ eqnanas @M 3 BicbMoMa 3HAYSHHIMU
napaMeTpiB 3pymeHHs ¢a3u i AM 3 gotupma piBHsMu ammuiTyau. Ilpore i3 4*8= komOinariii
CUTHAJIy HE BCI 3 HMX MalOTh BHKOpUCTaHHsA. B xomax Tpemica ans momadi BHXigHOT iHpOpMaIii
JIOTTYCKA€EThCSl BUKOpUCTaHHs 6/7/8 pi3HMX koMOiHauid, B TOH uyac sk iHmI koMOiHawmii 3 32
MOXITUBHX HE PO3IIIAAAIOTHCS SIK J103BOJIeHI. Taka HaaMIpHICTh KOIyBaHHS 0O0yMOBJICHA MOTPEOOIO
B BUSIBJICHHI MOJIEMOM CHUTHAJIIB 3 TIOMHJIKAMH, SIKi € HACIIJJKOM CIIOTBOPEHbB 110 MPUYKHI HAsIBHOCTI
3aBaj] B KaHalax mepefadi gaHux. Lli kaHaIM KOMyTOBAaHO JOBIOTPHBAJIMMH 32 YaCOM Ta 3 BEJIHKOIO
amMnaiTynoto.

BucnoBok 10 po3ainy 1.1
KoM0iHOBaHI Ta CKJIQHIII METOAM MOIYJIALIT AOIIIbHIIIE BAKOPUCTOBYBATH B CHCTEMaX IMepeadi
iH(opMaltii, HiXK 3BUYaiHI METOAM MOMYJIALIT, aJKe 1€ JO3BOJISIE PAIFOBATH 3 BUIIUMH YaCTOTAMH,
301JIBIIy€ 3aBaI03aXUIIECHICT Ta HATIHHICTh, TAKOX HA BUXOJI MH OTPHMY€EMO MEHBIIIE CIIOTBOPEHB
CUTHAIly Ta BiH MaKCUMaJIbHO HAOJIMKEHUH 10 BX1THOTO.
1.2. IMmnynbcHa Momy IsiList

B IM mnocninoBHICTE NPSAMOKYTHMX (3a3BH4ail) iMIyJbCiB BHUKOPHCTOBYIOTH B SIKOCTI HOCIA
MOYJIbOBaHUX B cucremax, 1o npaioTh 0e3 APOTiB, TaKi MOCIiJOBHOCTI IPMOKYTHHX IMITYJIbCIB
3allOBHEHO KOJMBAHHIMH Ha BUCOKHX YaCTOTaX, TAKUM YHHOM CTBOPIOETHCS MOJBIHHA MOITYIISIIIS.
3a3Buyail Taki METOIM MOIY/SILIT BUKOPUCTOBYIOTh IIPH Nepesadi AUCKPEeTU30BaHoi iHpopMaliii.
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Buau IM po3pi3HAIOTE 3a/Ie)KHO BiJl BUIVISLY TAPaMETPa, 10 MOIYIIOEThCS:

1. AMIDTiTYIHO-IMITy/IbCHA MOTYIIAIist (AIM), 3MiHHUI mapaMeTp - aMmrutiTyza. (puc. 1.2.1)
2. MlupotHo-iMnynbcHa Moayasiist (IIIIM), - 3MiHHHI.

3. ®azoBo-imMmynscHa Momysnis (PIM), - 3miHHMIL, a caMe 3MIHIOETHCS TOJIOKECHHS IMITYIIbCy Ha
IHTEepBaIi .
4. YactorHo-iMnynbcHa Moaysuis (UIM), - 3MiHHUE mapaMeTp.
SIK1IIo iMITyITECH TIPSIMOKYTHI, YacTillIe BChOTO BUKOpHCTOByeThest AIM Ta HIIM.

Pucynok 1.2.1 — Knacudikarist iMmyascHOT MOTYIALil

Takox IM knacuikyroTh 3aJ€KHO BiJi XapakTepy 3B'3Ky MK CHTHAJIOM, IIO MOIYJIIOE Ta
napameTpoM, KU MonymoeThbest Ha Moxyisnito I ta Il pony (puc. 1.2.2).

Pucynok 1.2.2 — Knacugikauis IM 3a 3B’S13k0M MiXK CUTHAJIOM Ta MOAY/JIbOBaHUM MapaMeTpOM
Monynsiiis niepmioro poxy, Hanpukiaang AIM-1 ta IHIIM-I, nposiBiseTbcs y BHIAAKY, SKIIO
MOJYJIbOBAaHHI HapaMeTp BH3HAYA€THCSA MO 3HAYCHHIO CHUTHANY Ha BXOZI B 3aikCOBaHi, TaKTOBI
MOMEHTH B 4Yaci 3HaUCHHSIM BXiJHOTO curHaimy. Moaynsuis apyroro poay, Hanpukian AIM-IT ta
HIIM-1I, mposBIs€ThCA y BHIAAKy, SKIIO 3HAYCHHS MOIYIbOBAHOTO IapaMeTpa Ha BHXOAI
BU3HAYAIOTHCSl MapaMeTPOM BXIJHOTO CHUTHATy a00 B Ie3ylbTaTi pIMICHHS TPAaHCUCHACHTHHX
piBHSHB. [HaKIEe KaXKy4u, MOAY/ISALISI IEPIIOTO POLY BiIOYBAETHCS TOMI, KOJIU MapaMeTp Ha BHXOMII
HiJ 9ac JKUTTC IMITYIIbCy HE3MIHHHH, a JPYTOro poAy — KOJIM IeH MmapaMeTp 3MIHIOETHCS Pa3oM 3
MMOTOMYHHUM 3HA4YEHHSM CUTHAIIy Ha BXOJi. 3aJIS)KHICTh MapamMeTpa, 10 MOAYIIOETHCS, BiJl 3HaUCHb
BX1JTHOTO MapaMeTpa Ha3UBalOTh MOIYISIIHHOI XapaKTepUCTHKOI0. BoHa OyBae sk JIiHIIHOO, TaK i
HETiHIIfHOI0, HA BIAMIHY BiA IIUPOTHO- Ta YACTOTHO-IMIYNBCHOI, $Ki, BHXOMYM 3i CBOIX
BJIACTUBOCTEH, OyBalOTh BHKIIOYHO HENIHIMHMMH. J[ns MIHMPOTHO-IMIYJIBCHOT — MOAYJISLIL
MiHIMaNbHa TPUBATICTh IMIyJbcy AOpiBHIOE 0, a a MakCMMaJbHa — BU3Ha4YeHOMY mepiony T.
MonyrmsiiiiHa XapakTeprCTHKa MOXKE BUIVISLIATH TaK, sIK BKa3aHO HIDKYE Ha puc. 1.2.3.

Pucynok 1.2.3 — MonynsiiliHa XapaKTepUCTHKA
Bumie Oyno Bkaszano, mo AIM monrae B mojsrae B MOCTIHHOMY 3MiHEHHI 3pOCTaHHS aMILTITYIH
IMIIyJbCiB B Iponopuii 40 GyHKLii MOAYII0I04Or0 CUTHAITY, SIKIO TPUBAIICTH IMITYJIBCY Ta HEPioa
iICHYBaHHS IMITyJIbCY HE3MIHHI.
ITpu anpoxcumarii 3a Qyp’e:
Iigcrapnsioun 3Hauenns  f(t) B Bupas Ang BusHaueHHs u(t) , OTpHMaeMo:
B HeckiHUEeHHOMY CHEKTpi 3HAXOAATHCS OiUHI CKIIAHOBI BIAMOBIMHO IO BXiHOI (yHKIII, a SKIIO
CUTHaJ 0araToTOHaJIbHUHN, CKJIaIOBI 3aMIHIOThCS OIYHMMH CMyraMH X CIEKTPIB, a AKIIO OyaeMo
MarT¥ JOJaTKOBE 3allOBHEHHS IMITYJIbCIB HA BUCOKMX YacTOTaX, BECh CIEKTP CMiCTHTHCS B 00NacTh
BY Ha Ty % caMy 9acTOTy 3aIIOBHCHHS CHEKTpY IMITyIbCcaMH. MOTYIAIiS MO TPUBANOCTI (IIMPUHI)
IMIyJbCiB, TaKk 3BaHAa IIUPOTHO-iMIynbcHa Momynsauis (IIIIM) OGasyerbcss Ha ympaBiliHHI
TPHUBAIICTIO IMITYJIbCIB 32 POMOPLIEIO 10 QYHKIIT BXiZIHOTO CUTHAITY 32 YMOBH HE3MiHHHX Iepiofa
Ta aMIUTITYAU IMITyJIbCiB.
Hanpukinan, MmoxkHa po3ioparu po6oty IIIM 3a 10noMoror MpUKiIagy TapMOHIYHOTO KOJHMBAHHSL.
[Ipu auckpeTH3yBaHHI KPUBOT BXKJIMBUN HE TUTBKU THTEpPBAJl JUCKPETHU3AIlil, a i CKUIbKH € PIBHIB
kBaHTyBaHHA. Ilin wac nepenadi iHdopmaiii NPSAMOKYTHI IMIYIbCU MPOSBIAIOTHCSA I 4Yac
JIUCKPETHUX BIAUIIKIB iH(pOpMALlii, a Yac KUTTA IMITYJbCiB BCTAHOBIIOETHCS 3a MPOIOPIIE 10
3HAYEHHS BIJUIIKIB, IPY BCHOMY IIOMY ITIKOBHIf Yac XHTTS IMITYJIbCIB HE MOXKE OyTH OLTBIIHM, HIX
IHTEepBa AUCKpeTH3allii iHpopmaii.
Bapto Bigmitutn, mo IIIM 3 mnoCHiZOBHUM BH3HAYEHHSM KOHCTAaHTU JyXe €(QEKTHBHO
BUKOPHCTOBYIOTb, OO BiJICTEXYBAaTH CEPEIHIil piBeHb CHTHAIY Ta 00 CaMOCTIHHO i aBTOMaTH4YHO
KepyBaTH AWHAMIYHUM [ialla30HOM LIOTO CUTHay. Hampukmaz, e IIMpOKO BUKOPHCTOBYETHCS B
CJICKTPOHHHUX CHCTEMaxX KepyBaHHS DIBHEM 3BYKYy IHTEHCHBHOCTI OCBITIEHHs ab0 KepyBaHHS
SICKpPaBOCTI, a caMe B MOHITOpax Ta TeJleBi3opax.
CIeKTp CUTHajJdy B LbOMY METOXi MOIYNIii Ha MOYAaTKy Ma€ KOHCTAHTYy CEPEAHBOTO DPaBHS Ta
MaKCHMaJbHy YacTOTy TapMOHIKH, siKa 3amm(poBaHa B I[boMy curHaii. [Ipy BUiNeHH] BKa3aHUX
BHIIIC CKJIAJOBUX 3i CIICKTPY CUI'HAJI Ha BI/IXO}Ii BCTAHOBJIFOETHCA 3 l'lOXI/I6KOI'O KBaHTYBaHHs, a AKIIO
YKCJIO PiBHIB KBAHTYBaHHS Iy»e HEBEIUKe, TOXUOKA CUTHATY Ha BUXOJI1 Ay’Ke CHIILHO 3pOCTE.
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IM 3a yacom - 1e BIAXWJICHHS IMIYJIBCIB MO OCi Yacy, KEPyHOUYHCh MOAYJIIOIOUHUM CHUTHAJIOM i Taka
MOIYJSIISIE Ty’Ke CXOKa Ha KyTOBY MOMYIISANII0 TapMOHIYHOI Hecydoi. MORymsmis, mpu sKiif B
TOYKAX, N BiAOyBaeTbCA MOAYIALIS KepyIOUOro CHI'HAdy Ta KOAYBaHHS KBAHTOBHX 3HA4YCHb,
3a3BHYai, B IBIHKOBIH CHCTEMI, HA3UBAETHCS KOAOBO-IMITYIIBCHOIO.
1.3. OFDM-mony.isinis
OFDM (Orthogonal frequency-division multiplexing) — 1e Takuii METO MOAYJIALIT, 1110 6a3y€eThCst
3a poOOTI 3aBASKN OaraTboM OPTOTOHAIBHUM HECYYHM, SIKi 3HAXOSITHCS Ha Jy)Ke Masliil BigcTaHi
oznHa Bij oHOI. KokHa 3 IIMX HECY4HX I10 Yep3i MPOMOYIb0BaHAa OLIBII MPOCTHM METOIOM
MOJYJIIOBAHHSI CUTHAIY, 1 1€ BiIOyBa€ThCS HA MaJliii CHMBOJIBHIHN IIBUAKOCTI IJIs TOTO, 11100 HE
CIIOTBOPIOBATH 3arajbHy MIBUAKICTH Nepeaadi iHdopmallii, o aHajorii 3 GUIbII IPOCTUMHU
MeoIaMH MOAYJIFOBAaHHS OJHOT TaKoi MiJHeCy4oi i Tiid camiil cMy3i 4acToT, 1110 POonycKaeThes. B
po6orti npomoaynsoBani OFDM curHani Ha BUXOZ1 OTPUMYIOTH HUISXOM pacTocyBanHs [ITID
(IIBunke neperBopeHHs Dyp'e).
1.3.1. llepeBarn OFDM-monynsiuii
TooBauM mtocom OFDM mipy nipupiBHIOBaHHI IIbOTO METOY JI0 METOMIB 3 BUKOPHUCTAHHSAM OJHI€T
HECy40i € MOXKJIMBICTb OOPOTHUC 3 3aBaflaMU B KaHaii 3B’ s13Ky. [lJIs IPUKIIay, MOXKHA BUIIPABIIATH
3aracaHHs B 00JIaCTi BUCOKHX 4acTOT B MiJTHUX IPOBiTHUKAX BEJIMKOI JOBKUHHM, 3TraCaHHsIMHU Ha
BUOIPKOBUX YacTOTaX, sIKi BU3BaHi CKJIQJIHUM XapaKTepoM MOIINPEHHS Ta By3bKOCMYTOBUMU
nepenikoamu. Bee 11e MoxiinBe Oe3 IOMOBHEHHS CXEMH CKIIAAHUMH (QiIbTpaMH-eKBaIai3epaMu.
[pu mbOMy CITPOILYETHCS KaHAIbHA SKBaIi3alis 3aBIsKH Tomy, 110 OFDM Moxke po3misiaTucs sk
HECKIHYECHHA KiJIbKiCTh MOBUIBHO MOIYJILOBAHUX CHTHAJIB HAa BY3bKUX CMYyTaX, a HE SIK OJJHH
MOZYJIbOBaHUI1 HAa BUCOKIH IIBUAKOCTI NIMPOKOCMYTOBHUH curHall. HU3bka CUMBOJIbHA LIBUJIKICTh
POOUTH AOCTYITHOIO ONIII€I0 BUKOPHCTAHHS 3aXUCHOTO MIXKCHMBOJIFHOTO 1HTEPBAIY, IO JO3BOJISIE
60poTHCS 3 THMYACOBHM PO3CIIOBAaHHAM 1 HiBEIIOBATH MIKCUMBOJIBHY iHTEp(hEpeHILilo.
BucnoBok g0 po3aiay 1.3.1
st BuKOpUCTaHHS y Oe3nmpoBinHOMY MoneMi Ha dactorax 4G (2,2 I'T) gouinbHimre
BukopucroByBard OFDM-monyrsiito, apke el THII MoaysIsiiii 00peThes 3 3aracaHHsIM B 00JacTi
BHCOKHUX YacTOT.
1.3.2. Moneas ineansHoi cucremu 3 OFDM-monynsiniero
1.3.2.1. IlepenaBau
Pucynok 1.3.2.1.1 — IlepenaBay ineansHoi cucremu 3 OFDM-moaynsiieto

ITpomonynsoBanuit OFDM curnan siBisie co0010 BU3HAUCHY KUTBKICTh OPTOTOHAJIBHUX HECYUHX, 1
Ha KOXKHill Hecydiit nepenaeThbest iHGopMallis Ta He3aJIeKHO OIHA BiJ OTHOI MOJYJIOIOTHCS OJHUM 3
MPOCTUX BUIIB MOAYIswii. [Ticist IbOTO OTpHMaHUM CyMapHHUM CUTHAJIOM MOJIYJIOETHCS BCSI
4acCTOoTa.

s [n] - 1e nocnigoBHMIA OTIK ABiKOBUX 1U(p. [Tepea 3BOPOTHIM MIBUIKUM nepeTBOpeHHsIM Dyp'e
(FFT) neii moTik mepeTBOPIOETHCS CIIOYATKY B ACSKY KUTBKICTh MapalielbHAX MOTOKIB 3 IU(p Ta
TicJIsi BOHU OKPEMO MOJYJTIOIOTHCS 3a JtornoMororo npotenaypu ¢asosoro (BPSK, QPSK, 8-PSK)
a00 amrntiTynHO-(a30Boi kBagparypHoi Moayssiii (QAM). ITpu BukopucTtansi Moayssiii BPSK
BUXOAMTH NOTIK ABiKkoBuX yncen (1 i-1), npu QPSK, 8-PSK, QAM - noTik KOMITJIEKCHUX YHCEIL.
Tax sIk MOTOKM HE3aleXHi, TO CIIOCci0 MORYIALIT 1, OTXKE, YUCIIO O1T/CUMBOI B KOKHOMY 3 ITHX
MTOTOKIB MOJKE BiJIPI3HATHCS Ta MaTH Pi3HY OITOBY MIBUIKICTh. SIKIIO MPOIYCKHA 31aTHICTH JiHIT
nopiHIOe 2400 cUMBOIIB B CEKyHLY, 1 nepiuuii norik npamtoe 3 QPSK (2 6ita Ha cumBox) 1
nepenae 4800 6iT / ¢, a iHmmit mpamtoe 3 QAM-16 (4 6ita Ha cumBon) i mepemae 9600 6Git/c.
3BoporHe FFT paxyerscs it N 0HOYaCHO HaXOYUX CHMBOJIB, CTBOPIOIOYH TaKe Xk Oe3Iid
KOMIIJIEKCHUX BiJTiKiB B 4acoBiif o6mnacTi (time-domain samples). [lani nudpo-aHanorosi
neperBoproBaui (DAC) nepeTBOpsATh B aHAIOTOBHUIT BUIVISIT OKPEMO JIIHCHY 1 YABHY KOMIIOHEHTH,
ITCJI 90TO BOHH MOJYJIOIOTH, BIIITOBIAHO, Pagio4acTOTHY KOCHHYCOHA i cuHycoiny. Lli curHamm
JIaJTi CYMYIOTBCS 1 JAF0Th CUTHAJI, 10 TIEPEIaeThes S(2).

1.3.2.2. lIpuiimau
Pucynok 1.3.2.2.1 — Ipwiimad ineansHol cuctemu 3 OFDM-Monymsmiero
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2. MIACAJIIOBAYI CUTHAJTY
[MixcumoBadi € OJHAMHU 3 HAHBAKIIUBIIIUX €JIEMEHTIB OS3MPOBIIHIX MOJIEMIB, aJDKe caMe 3aBISIKH
HUM JIOCATAETHCS HeOOX1IHA MOTYKHICTh CUTHAITY, 110 HAJIXOJUTh Ha BXija cuctemu. Jlami Oyne
JieTabHIIIe PO3MISHYTO BapiaHTH BUKOPUCTAHHS Pi3HHUX MiJCHITIOBAYIB.
2.1. 3acTocyBaHHs NiACHIIOBaYiB
1. B pazpionpuiiManbHUX 1 pajionepeaaBaJbHUX MPUCTPOSX, TEICBI3IHHUX YCTAHOBKAX, By3J1ax
IPOBOOBOTO MOBJICHHS, allapaTypH 3BYKOIIICHICHHS Ta 3BYKO3AMHCY, PalioNoKaii,
6araToKaHaJIBEHOTO €JIEKTPO3B'I3KY, BUMIPIOBAJIBHOI allapaTypH, eICKTPOHHO-00YHCITIOBATEHHX
MaIIHAX; BOHU TAKOX MIMPOKO BUKOPUCTOBYIOThCS Y BCULSKMX aBTOMATHYHUX 1 TeJIEMEXaHIYHUX
IIPUCTPOSIX, 0€3 SKUX HE MOXKYTh OOIHTHCS CydacHi 3aBOIM, EHEPrOCUCTEMH, HAYTOIPOMUCIIH 1
iHIIT BUPOOHULITBA.
2. [TizcuiroBadi 3aCTOCOBYIOThCS B ariaparypi yrpaBlIiHHS paKeTaMu 1 JTiTakamMu, B anapaTypi,
BUKOPUCTOBYBAHOI IpU PoOOTax B raiy3i aTOMHOI (hi3UKU, MEJULIUHHU, T€ONOTii, reohi3uKy 1 T.1.
2.2. XapaKTepUCTUKH MiACUJIIOBaYiB
ITincumoBanbHI MPUCTPOI XapaKTepPHU3YIOTHCS PAIOM TEXHIYHUX MOKa3HUKIB. 3aJIeXHO BiJl TOTO, SKI
3 TIOKa3HUKIB BBAKAIOTh OCHOBHUMH, (DOPMYIOTHCSI BUMOTH JI0 IIPOSKTYBAHHS ITiICHITIOBAYIB i
BUOMPAIOTh CIOCOOU 1X TexXHIUHOT peaiizaiii. JIo OCHOBHUX MOKAa3HUKIB ITiICHIIIOBAYiB
BITHOCSTBCS: KOe(Ili€HT MOCHICHHS, aMILTITYHa 1 (Pa309acTOTHA XapaKTEePUCTHKHU, KOe(DilieHT
HEJIHIHHUX CIIOTBOPEHbB, PIBEHb MEPEIIKO]], Yy TIUBICTh, CTIHKICTh, BXIIHUH 1 BUXiTHHH OITip.
OO6paHa B X0J1i MPOEKTYBaHHS 1 pO3paxyHKIB CXeMa Ma€ 33I0BOJIGHITH IEBHOMY NO€THAHHIO
3raJlaHUX MOKa3HUKIB.
OcHOBHUMH XapakTepuctukamu migcumoBadiB € AX ta AUX, ski HaBeneHi Ha puc. 2.2.1 Ta puc.
2.2.2 BIANOBIAHO.
AX - 11e 3a1exHicTh BUXiHOI Hanpyry Big BXigHOI Usux=f(U). Ha puc. 2.2.1 no3naueHo:
ab — poboua mingHka, HA AKid OPONOPLIMHMM 3MiHAM BXiJHOTO CHTHATy BiIIIOBiNAIOTH IIPO-
MOPITiiiHI 3MIHK BUX1IHOTO;
6B — pexum HacHUeHHS (TyT i3 POCTOM BXiJHOTO CUTHANY PIiCT BUXiJAHOIO MPUIHHAETHCS — ITi/ICH-
JIFOBa4Y BUXO/UTH 13 JIHIHHOTO PEKUMY).
(Ux maxe_Ulx min) — poOOUMit Tiania3oH BXigHOI Hanmpyry. HemiHiifHICT XapaKTepHCTHKU IPH BXiTHAX
Hampyrax, o MeHII 32 Upx mi» TOSICHIOETHCS] HASIBHICTIO ITYMOBHUX CUTHAJIIB.
Puc. 2.2.1. AMIutiTyIHa XapaKTepUCTHKA ITiCHIIOBaYa
Puc. 2.2.2 — AMImniTyaHO-4acTOTHA XapakTepucTuka Ky=f{W) miacmioBada
AMITITYyAHO—4YacTOTHA XapakTepucTuka (AUX) — e 3anexHicTb koedilieHTa miacuieHHs Ky Bix
KPYTOBOI 9aCTOTH (» (4aCTOTa CHTHAIY, IO MiICHITIOETHCS).
2.3. [IpuHoun podoTu miacHII0OBavYiB
EnexkTpuuHi KOJMBaHHS OCHIIIOIOTHCS 32 TOTIOMOTO0 CHELiaTbHUX MPHIIA/IB - MMiJCHITIOI0UNX
esleMeHTiB. Lli eTeMeHTH OTPUMYIOTh eJICKTPUYHY €HEprifo BiJl JUkepelia SKUBICHHS 1 TIePeTBOPSTH ii
B CHEPTilo, 10 MiJCUIIIOE CUTHAIIY,.
VY3aranpHEeHy CTPYKTYPHY CXeMYy IiJICHIIOBAIEHOTO IPUCTPOIO MOYKHA IPEACTABUTH TaKUM YHHOM:
Puc. 2.3.1. CtpykTypHa cxema IiicuiIoBada
Kepytoue mxepeno eHeprii, Bifi IKOTO IOCHIIIOIOTHCS CUTHAIIH, 10 IOCTYMAI0Th Ha MiICHIIIOBaY,
Ha3MBAETHCS [HDKEPETIOM CUTHAITY, a BXi MiACHIIOBaYa, KyAH HAIXOIITh CUTHAIH, - BX1THUM
JIAHIIOTOM a00 BXOJOM HijcuioBada. [Ipunan, ssKui 11i IIOCHIICHI CUTHAIIM CIIOKUBAE, HA3UBAETHCS
HaBaHTAXEHHSIM, a BUXIJI, 10 SKOTO ITiKIFOYAIOTh 1€ HABAHTAKEHHS, - BUX1IHMM JIAHIIFOTOM a00
BUXOIOM ITiIcHITIOBada. [Ikeperno KepoBaHOI eHeprii, o MepeTBOPIOEThCS MiICHIIOBAYEM B
SHEePTiIO MiJCHIIOBAaHHS CUTHANIB, HA3UBAKOTh JUKEPEIIOM XKUBJICHHS IiACHITIOBada. Takoxk
MiICHITIOBAY B IEKMX BUIAIKaX MOXe MaTH JOAAaTKOBI [Kepesia KUBIeHHs. B mux mkepenax
€Hepris i71e He Ha caMe TIOCHJICHHS CUTHAJIIB, & HA BUBE/ICHHS SJIEMEHTIB CXEMH, 1[0 Bi/IMOBIAI0Th
3a MiICHJICHHS, B poOoumii ctaH. L{e MoxyTh OyTH JKepesia )KUBJICHHS JIAHIIIOTIB HAIPYKEHHS
@JICKTPOHHHX JIAMII, IDKEPENIO HAIIPYTH 3CYBY Ta iHIII IPHIAaN.
EneMeHTH, 10 MaIOTh 3/IaTHICTB ITIOCHITIOBATH, HA3UBAIOTH MiACHIIOBATLHIMH eneMeHTamH (I1E).
Jlo iX yKcna BiTHOCATHCS €JIEKTPOHHA JIaMIla, TPAH3UCTOP, JESIKi BUIU IHTETPATbHIUX MIKPOCXEM
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(IMC), npocenb HacuueHHsI (B MATHITHOMY ITiJICHITIOBaYi), Bapukan a0o BapikoH/ (B €EMHICHOMY
I ICUITFOBAYi) Ta 1HIII.
B mesxux BUNaAKax MiJCHICHHS 3aBASKU OAHOMY ITiACHIIIOIOUOMY €JIEMEHTY CXEMH Ha IMPaKTHII
HEIOCTaTHBO. B IIMX cUTyaIisx B MiICHIIOBaYi BUKOPHCTOBYIOTD KiJIbKA ITiICHITIOIOUMX
JIAHIIIOTIBIIO BKJIIOYEH] TaK, IO MiJCUIECH] CUTHAIM NEePIIUM eIEMEHTOM HaAXOIATh Ha APYTHH,
MOTiM Ha TpeTiH 1 Tak gani. OMH ENEMEHT MiJICUIICHHS B TAKUX CXEMax Ta BCl CYIyTHI JJ0 HOTO
€JIEMEHTH Ha3WBaIOThC ITiICHITIOBATBHEM KackagoM. Maibke BCi CydacHi MiICHITIOBaYi €
OararokackagHUMHU, 100 3a0eCeUnTH JOCTATHE MiACHICHHS.
2.4. CnoTBOpeHHsI B MiACUJIIOBAYaX
B nporeci nocuiieHHs MiJCUIIOBaY JIeIo 3MiHIoe GopMy cursaiy. BiaMiHHICTb pOopMH CUTHATY Ha
BUXOZ BiJl pOpMH Ha BXOZI HA3UBAETHCS CIIOTBOPEHHAM. HasBHICT B cxeMi IiJcHiIIoOBaya
PEaKTHBHUX OTIOPIB, BEIMYMHA SIKUX 3aJICXKHUTh Bifl YACTOTH, IPU3BOAMUTH 10 3MiHU (GOPMHU
CKJIaJIHOTO TapMOHIYHOIO CUT'HAly Ha BUXOJ JTiHIMHOIO MificIIIOBa4a 3 IBOX IPUYUH: FAPMOHiHHI
CKJIAJIOBI CKJIQJIHOTO BX1JIHOTO CUTHAJIY MOCHJIFOIOTHCS HEOIHAKOBO, TOOTO KOCS(illi€HT MOCHUIICHHS
ICKITIOBaYa HEOJHAKOBHI Ha Pi3HUX YacTOTaxX; FApMOHINMHI CKIIaJI0BI CKIIaJTHOTO BX1JIHOTO
CUTHAJIy NIPY IOCUICHHI 3CYBalOThCs Ha Pi3HI BIPi3KH Yacy, TOOTO (a30Bi 3pyLIEHHS, 1110
BHOCSTHCS MiJCHITIOBAaYEeM, 3MIHIOIOTh B3a€MHE PO3TALIyBaHHS FApMOHIHHUX CKJIQJIOBHX Y
BUXIJJTHOMY CHTHAJI.
YacTOTHI CHOTBOPEHHS - CIIOTBOPEHHSI ()OPMHU BUXITHOTO CHTHANY, 10 BUKIMKAETHCSI HEOMHAKOBUM
MOCHJICHHSIM Pi3HHUX YaCTOT; CIIOTBOPEHHS (HOPMH BHXITHOTO CHTHANY, BUKIHKaHI (ha30BUMH
3pYIIEHHSMH, 110 BHOCSTHCS MiACHIIOBAadeM, HA3UBAIOTH ()a30BUMH CIIOTBOPEHHSIMU.
Pucynok 2.4.1. ®a30Bi ClIOTBOPEHHSI CUTHAIIIB
2.5. Knacudikauis nincuioBadis
ITincumoBadi knacudikyroTh 3a pi3HUMH O3HAKaMU: 33 XapaKTepOM IIiICUIEHHs CUTHAJIB, II0 CMYy3i
MIJCUIICHHS YaCTOT, 32 IPU3HAYCHHSIM ITiICHITIOBaYa 1 32 POJIOM BUKOPHCTOBYBAHHX ITiJICHITIOIOUUX
eJIeMeHTIB.
3a XxapakTepoM IIiICUJICHHs CUTHAJIB BCE MiACUIIIOBAaYl MOXHA MOJUIUTHY HA JIBi IPYIIN:
1. ITincumoBayi rapMOHIHHUX CUTHAJIIB, IPU3HAYCHI IS TOCUJICHHS TAPMOHIHHHUX i
KBa3IrapMOHIMHUX (Maiixe rapMOHIMHUX) CUTHATIB Pi3HOI BeNn4nuHY 1 popMH, TOOTO NEPIOAUIHUX
CUTHAJIIB, TAPMOHIIHI CKJIaI0B1 SKHX 3MIHIOIOTHCS Ha0araTo MOBUIBHIIIE TPUBAJIOCTI
HECTAaIliOHAPHHX MPOIIECIB B JIAHIFOTaX MiACHIOBa4a. J[0 TaKUX MiJICHIIOBAYiB BIIHOCATHCS:
MIKpO(OHHI, TpaHCIALIIHI i MarHITO(QOHHI MiICHITIOBAY, T JCHITIOBAYi BiTBOPEHHS IPaM3aIlnCy,
3BYKOBOTO KiHO, 0arato BUMiprOBaJIbHI IiICHIIIOBaYi Ta 1HIII.
2. TlizcunroBadi iMITYJTbCHIX CHTHAJIIB, IIPU3HAYCHI JUTS ITOCIIICHHS IMITYJIBCHUX MEPIOJWYHUX 1
HETepioNMYHUX CUTHAIB Pi3HOI Benn4yuHU 1 popmu. HectaiioHapHi mporecH B JIaHIIOrax TaKuX
i CUITFOBAYiB MOBHHHI MPOTIKATH HACTIIBKH IIBUIKO, 100 GopMa MiJCHICHHS IMITYJILCIB LIMMU
mpoliecaMy Maike He CIIOTBOpoBaIacs. Jo iMITylTbCHHUX MiICHITIOBAYiB BiTHOCSATHCS i ICHITFOBAY1
IMIIYJIbCHUX CHUCTEM 3B'S3KiB, IIiICUIIIOBaYi CUTHAJIIB TeJIeBi3iHHOIO 300paskeHHs
(BimeomiacHiTIOBayi), IMIyJIbCHUX PalioJIOKAIIHHUX TPUCTPOIB, €IEKTPOHHO-00UHCITIOBAILHIX
MalliH, 6arato MiJICUIIOI0YUX CUCTEM PETy/IIOBaHHS 1 yIpaBIiHHS Ta iH.
[To mmpuHi cmyru (Aiana3zoHy) i aOCOIFOTHUM 3HAYECHHSM ITiJICUIICHS YaCTOT ITiICHITIOBaYi
MOMIIAIOTECS HAa:
- IiICHITIOBaYi MOCTIHHOTO CTPYMY, IIPU3HAYCHI JUTS IOCUIICHHS eJICKTPUYHNX KOJIMBAHb B CMY3i
yacToT Bij fH 10 BUIIOT poOouoi Touku fB; Il MiJCHIIOBaYl MiACHIIOIOTH K 3MiHHI CKJIQJIOBI
CHTHAITY, TaK i foro rmocTiiHy ckianoBy. Taki miaCHIIIOBavi 3aCTOCOBYIOTh B €ICKTPOHHHUX
cTabinizaTopax Halpyru i CTpyMy, B aBTOMATHKHU 1 TeleMeXaHiKH, BUMIpIOBaIbHOI anapaTrypH Ta
IHIIHMX TPUCTPOSX.
- T ICHITIOBAYi 3MIHHOTO CTPyMY, SIKi TOCHIIFOIOTH JIMIIE 3MiHHI CKJIaJJOBI CHTHAY B CMY31 9aCTOT
BiJl HIDKYOi po0O0ov0i yacToTu fH 10 BUIIOT poO0o40i yacToTH fB; 10 1€l Irpyny HANEKUTH OUIBIIICTH
ICHYIOYHX ITiICHITIOBAYiB.
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- ICHITIOBaYi BUCOKOI YaCTOTH, MPU3HAYEH] ISl TOCUIICHHS eeKTPHYHNX KOJIMBAHb MOIYJILOBAHOT
BHCOKOT YaCTOTH, HAIPHUKJIIA]I, P Ii0CUTHAIIIB, IO MPUIMAIOTHCS IPUAMAaTHHOIO aHTEHOIO
pagionpuiMaya.
- MICHITIOBa4i IPOMI>KHOT YaCTOTH, IO ITiJCHIIOIOTh €IEKTPUIHI CUTHAIN MOIY/IbOBaHOL
NPOMDKHOT (II€PETBOPEHOT) YaCTOTH, HATIPUKIIA]], IO 3aCTOCOBYIOTHCS B PaliONPUHMaIbHIX
MIPUCTPOSIX, CyNepreTepoaquHHoro Tumy. CTaBieHHs BEpXHbOI YaCTOTH CIIeKTpa fB 10 HIKHBOT
yacToti fH B micHIIIOBauaX BUCOKOT 1 POMIXKHOT YaCTOTH 3a3BHYai OJU3BKO 10 OJTMHMIII;
BUBYAIOTHLCS 1 MiZICWIIIOBAYI B KypcaxX palionpuiManbHuUX 1 pagionepenaBalbHUX IPUCTPOIB.
- MiJICUITFOBaYl HU3bKOI YaCTOTH, MTPU3HAUECHI [T TOCUJICHHS HEMIEPETBOPCHUX (TIEPBUHHMUX )
CJICKTPUYHUX KOJMBaHb. JI0 MiCHIIOBadiB HU3bKOT YaCTOTH BIHOCATHCS MiZICHITIOBAYi 3ByKOBUX
YaCTOT, SIKi MOCHJIIOIOTh €JICKTPUYHI KOJMBAHHS B CMY3i 9aCTOT, [0 CIIPUAMAIOTHCS JIFONCHKHM
ByxoM. ITifcuiroBadi 3ByKOBOI YaCTOTH BUKOPHCTOBYIOTh B allapaTypi paaioOMOBICHHS, Pai03B'sI3Ky,
IIPOB1JTHOTO 3B'SI3KY, IPUCTPOSIX 3aUCY 1 BIATBOPEHHS 3BYKY Ta iHIIMX Ipuianax. CBoOIo Ha3By
i ICUITFOBAaYl HU3bKOI YaCTOTH OTPUMAJIH Ha TIOYATKy PO3BUTKY MMiACHITIOBAIBHOT TEXHIKH, KOJIU
YacTOTH MEPBUHHUX CHTHAJIB HE MEPEBHUIIYBATH KUTHKOX Kijlorepl] (MoBa, My3uKa, TeerpadHi
CUTHAJN), 1 B IOPIBHSAHHI 3 pafiioCUrHaIaMu JiiicHO Oynu HU3bKUMU. B nanuii uac neit Tepmin
BUSIBIISIETHCS] HEBIMOBIAHUM JIJIs 0araTbox IiJICUIIFOBaYiB HETIEPETBOPEHHUX CUTHAJIIB, TOMY IO
94acTOTa OCTAHHIX HE € HU3bKOK. Hampukia, 4acToTa CHTHANIB TEIEBi31HHOTO 300paXkeHHS
nocsrae 3[(2)10 M@, i migcuiroBadi XX CUTHAIB 3a3BHYail HA3MBAIOTh BiJICOIIICHIIOBAYaMHU.
- HIUPOKOCMYTOBI ITiJCHITIOBaYI, i ICHIIOIOTH Iy>Ke IHPOKY CMYTY 9acToT (BUILA poboya yacToTa
MOPSIIKY MeTarepiiy i BUILE 1 HIKHS po00Ya 4acToTa MOPSIKY KiTorepuax i HIK4e) i MaroTh TyKe
BEJIMKE BiJIHOIIECHHS BUIIOT poOOYOi YaCTOTH i HHIKHBOI.
- BUOOpUI, UM CENEeKTUBHI, i ICHIIIOBAYi, IO MiJICHITIOIOTh CUTHAIN B YK€ BY3bKiil CMy3i 4acToT,
MOCHJICHHS SIKUX PI3KO MaJa€ 32 MEXKaMH i€l CMyTH; 1X MOAUISIIOTH HAa PE30HAHCHI, YaCTOTHA
XapaKTePHCTHKA KX MA€ BUIIIST Pe30HAHCHOI KPHUBOT, 1 CMYTOBI, IIOCHIIEHHS SIKUX Maike
MOCTIMHO B By3bKiif CMy3i 4acTOT 1 pi3ko najae il MexxaMu.
IMigcumoBadi, B SKAX CUTHAIH TIOCHIIOIOTHCS 0€3 TIEPETBOPEHHS iX 4aCTOTH, HA3UBAIOTh
M ICUIFOBAYaMH TPSIMOTO TTiICHIICHHST; MiZCHIFOBAYi, B IKUX YaCTOTA MiICHITIOIOTHCS CUTHAIIIB
MEPETBOPIOETHCSI, HA3UBAIOTH MiJICHIIIOBAYaMH 3 IEPETBOPCHHSIM.
3a nmpu3HAYEHHSM ITiACUIIFOBaYi MOAISIOTh Ha: MarHiTOOHHI, TeJIEBi3iliHi, paliooKaliiiHi,
BHUMIPIOBAJIbHI, TPAHCIIALIHHI, TEIEKOMYHIKAIIT 1 T.J1.
I, HapemTi, B 3aJIEXHOCTI Bil BAKOPUCTOBYBAHUX IiICHITIOIOYNX €IEMEHTIB ITiICHIIIOBaYl JiJIATh Ha:
TPaH3UCTOPHI, JTAMITOBi, MarHiTHi, A10IHI, MOJICKYJISPHI 1 T.1I.

2.6. lIpyHounu no0yxoBU 6araTroKacKagHUX MiICHJIIOBAYiB
VY nBOKackagHUX cXeMax Ha OiMOMSpHHUX TPaH3UCTOPaxX BUKOPUCTOBYIOThH Pi3HOMAHITHI KoMOiHamii
MOCITiZIOBHOTO BKJIFOYCHHS TPAH3UCTOPIB. B TOMy nunaiky, Ko BUXiIHHUI OIip JKepena CUTHANY 1
OITip HABAHTAXEHHSI MICHITIOBaYa Maike JOPIBHIOIOTH OIUH OHOMY 1 TOPiBHIOIOTH TIPHOIHU3HO
OIIMHUIIAM 200 mecsiTkaM KOM, Ma€ CEHC 3aCTOCYBATH KaCKau 3 3aKaJIbHAM eMITepOM, a IpH
BiJTHOCHO HEBEJIMKUX OMOpax, 1o He nepeBuiytoTh 100 OM - mepimit Kackas 3 3arajJbHUM
eMITepOoM i APYruil Kackas 3 3arajJbHUM KOJICKTOPOM, a TIPH BiJHOCHO BEJIUKHUX OMOpax, M0
nepeBuiytoTs 100 kOM - nepumii Kackaz 3 3aralbHUUM KOJIEKTOPOM 1 Ipyruil 3 3arajibHUM
eMiTepom.
B TOMy BHMaJIKy, KOJIM OIip HAaBAaHTAKSHHS MiJICHITIOBAYa CHIBHO MIEPEBUIILYE OITip CAMOTO0 JDKEperia
CUTHAIy, PEKOMEH/IY€ThCS 3aCTOCYBATH 1 TOH 1 TOW KacKaj 3 3arajbHUM emiTepoM. B
MPOTHIIC)KHOMY BUIIAJKY CITi/I BAKOPHCTATH J[BA EMITEPHUX KacKaau abo MepIinii Kackaj 3
3araJbHUM €MiTEPOM, a IPYyTHi KOICKTOPHUIA.
i pexoMeHparii st 6ararokackagHUX CUCTEM TiICHIICHHS CTOCYIOThCS TIEPIIOTO KacKaay Ta
ocraHHBOr0. Kackamu Mixk HUMH - eMiTepHi.
IOpuaHi migcuaroBayi, siKi BKIFOYAKOTH 3 MOJILOBI Ta OIMOJSAPHI TPAaH3UCTOPH IAIOTh iICTOTHY Qopy
MiICHITIOBaYaM 3 TPaH3UCTOPaMH SKOTOCh OJJHOTO TUIy. Hampukiaz, B miaciitoBadax, B sSIKHX
YepryloThCs KaCKaIU Ha PI3HUX TPaH3UCTOPaX, oTpuMyeThest BUIuid KIT 3a OTy»KHiCTIO, TOMY IO
moJiboBi Tpan3ucTopu BrmoueHi 3 Ol abo OC, no3BonstoTh oTpuMary 3Ha4Ho Bunmii KIT 3a
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CTPYMOM, a OINOJISIpHI TPAH3UCTOPH - 3HAYHE TIOCHIICHHS HAIIPYTH 32 YMOBU HaBaHTAKCHHS
3HAYHHUM OTIOPOM TTOJIbOBOTO TPaH3UCTOpa Ha BXOi. OMip TaKUX IMiJCHITIOBaYiB HA BXOJI 3 JIETKICTIO
MOXKHA Ti/IBUIIIMTH, & HA BXO/I — 3MEHIIUTH. Taki miicniiroBavi OyBarOTh OJHOCTIPSIMOBAHUMH, a
TOYHIIIIE MaTH TaKy BIACTUBICTh: IPH NOJAHHI HANIPYTH CUTHATY Ha BHXIiJ] HATPyTa Ha BXOJI
MOBHICTIO BiicyTHS. OIHOCTIPSAMOBAHICTD Mi/ICHITIOBAaYa JONIOMArae AOCSATTH 3HAYHOTO TIOCHUIICHHS
Hanpyry npu cTabinbHid po0OoTi.
[MixcumoBadyam 3 BXiTHUMH KacKaJlaMH Ha TIOJbOBHX TPAH3UCTOPAX BIACTUBHUIA BENUKUHA BXiTHUN
omip. licTs BapiaHTiB cXeM JBOKACKaJHUX MiJICHIIIOBAYIB, B IKUX TEPIINH KacKal BUKOHAHUI Ha
1T, naBeneni Ha puc. 2.6.1. Y Bcix cxeMax BUKOPHUCTOBYIOThCs 1T 3 p-kaHAIOM, IPUYOMY KacKa Il
3'€IHYIOThCSI Oe31ocepeIHbO (rajibBaHivHO). MOXKIIMBHIA TaKOXK 3B'SI30K Yepe3 KOHAECHCATOP.
AHAJIOTiYHI CXeMH MOXHA CKJIACTH, BAKOPUCTOBYIOYH TPAH3UCTOPH 3 N-KaHAJIOM, 130JIbOBAHIM
3aTBOpOM, a Takox BT cTpykTypu n-p-n.
Pucynok 2.6.1. CrpoleHi cxeMH ABOKAaCKaJHUX T1OpUIHUX ITiCHIIIOBaYiB

a) - 3B - 3B; 6) — 3C — 3b; B) -3B—- 3E; 1) - OC — OE; 1) - 3B — 3K; ¢) - OC — OK
JIBOKacKaHHI MiICHITIOBAY, B IKOMY IMepiiuit kackan 3 3B, apyruii - 3 3b (3B - 3B),
XapaKTePHU3YEThCSI BACOKUMU KOC(DilliEHTOM MOCHIICHHSI HANIPYTH 1 BXITHUM OMOPOM, & TAKOX
xopomroro AUX. Takuii miCHITIOBaY € PAKTHYHO OAHOCTIPSIMOBAHUM, SKIIO OIip HAaBAaHTAXKCHHS
kackany 3 3b He HaATO BenuKuiA. J[Jist OTpHMaHHS BETHMKOTO KOe(DII[iEHTa MOCUIICHHST HATIPYTH OIip
HaBaHTa)XCHHs MOBUHEH OyTH BEJIMKHUM, IPOTE MPH [IbOMY HOTipuryeThest AUX mifcuioBada B
o0JacTi BUIIMX YacTOT.
IMincumoBay, B sikoMy nepmmit kackax 3 3C, npyruii 3 36 (3C - 3B), Binpi3HAE€THCSA MEHIIIOO
BXI1/IHOIO EMHICTIO 1 BEJIMKUM BXiJJHUM OIIOPOM Y TIOPiBHSHHI 3 MiJICHIIIOBa4eM 3a cxemoro 3B - 3B,
poTe Horo Koe(ilieHT NoCHIeHHs Hanpyry MeHme. [lincmiroBay mo cxemi 3B - 3E (Puc. 2.6.1, B)
Mae IOPiBHAHO MaJIMi BUXiAHUM omip (OiIble HiXk Ha MOPAJOK MEHILE B IOPiBHSAHHI 3
nigcuntoBadaMu 3B - 36 1 3C - 3B) i 3HauHO OinbiInii KoedimieHT nocuieHHs cTpymy; AUX B
0051aCTi BUIIMX YacTOT Aemio Tipiue. Jyxe OMu3bKHii 3a BIaCTUBOCTSIMH J0 IIHOTO IiICHIIIOBaYa
nigcuiaroBay, BUkoHanui 3a cxemoro 3C - 3E. [lincumoBau, B skoMy nepiuii kackan 3 3B, apyruii 3
3K (3B - 3K), mae ycepeaHenuit koeilieHT MOCUICHHS 3a HANPYTOl, BUCOKHMI BXITHHUH 1 TykKe
HU3bKHI BUXITHHUIH OIIp, cCaMe TOMY BUKOPUCTOBYETHCS B SIKOCTI MEPETBOPIOBAYA OTIOPIB.
HepmonikoM 11p0oT0 MiICHIIIOBaYa € MOPIBHSAHO BEJIMKA BXiJHA €MHICTh. [lincumtoBay, B SKOMY
nepuuii kackan 3 3C, apyruii 3 3K (3C - 3K), He MOCHITIOE HATIPYTY, MOXE MAaTH HAUMEHIITY BXiTHY
€MHICTb 1 HalO1IBIINIT BXITHUH OMip. BHKOPHCTOBY€ETHCS B SIKOCTI MEPETBOPIOBAYA OIOPIB.

2.7. llincunioBadyi 3 6e3mocepeaHiM 3B'SI3KOM MIzK KacKaJaMH

[MigcumoBadi 3 6e3mocepeIHIM 3B'I3KOM MiX KaCKaJaMH BiIMIYarOThCS BITHOCHOIO IIPOCTOTOO

noOya0BH, TOMY IO MICTSATh HE0Araro eJ1eMeHTiB, 3SHAUHUMH MOKa3HUKAMH SIKOCTI, SKIIO 3PiBHATH 3
LIMPOKHUM J1alla30HOM POOOYHX YaCTOT 1 HEBEJIMKUMU HETIHIMHUMH CIIOTBOPEHHSIMH, CTa0lIbHICTIO
rapaMeTpiB CUCTEMH i/ Yac 3aMiHH TPAH3HCTOPHUX EJIEMEHTIB, MiIBUIEHH a00 3MEHIIICHHS
HAaIlpyT'yl )KUBJIEHHS 1 TeMIepaTypH NoBiTps. Taka cTabinbHICTh MapaMeTpiB CUCTEMHU TOCATA€ThCS
3a JIOTIOMOT'OF0 BBE/ICHHS CHIIBHOTO HETATHBHOTO 3BOPOTHBOTO 3B’SI3KY IO TIOCTIHHOMY CTPYMY, IO
HAJIXOMUTh 3 BUXOY TiICHIIOBada Ha CaMUil MepIinii Kackaa abo Ha JIeKiIbKa.

Ha puc.2.7.1. HaBeneHO cXeMH IBOKACKaJHUX MiJCUIIOBAYiB 3 0€3[10CEPEIHIM 3B'SI3KOM MiXK
Kackajamu. Y cxemi, faHoi Ha puc.2.7.1 (a) BukopucToByrOThCs aBa saniorn HO3. Hanpyra Ha
pe3ucrtopi R6, 3anexHa Bij ctpymy emitepa Tpanzuctopa VT2, nogaersces B JaHIIor 6asu
tpan3ucropa VT1. Bix ctpymy tpanzucropa VT2 3aexuTth Harpyra Ha HOro KOJIEKTOpI 1, OTKe,
Harpyra Ha emitep Tpansuctopa VT1. Y upoMy miCHIIOBadi peKUM POOOTH BCTAHOBIIOETHCS
nigbopom omopy pesucropa R6 abo R2. Ockinbku pe3uctop R3 He 3a1ryHTOBaHO KOHAEHCATOPOM, B
nigcunroadi i€ OOC 1o 3MiHHOMY CTpyMY, 1110 3MEHIIIY€e CIIOTBOPEHHS. B mifcuiroBayi, cxema
SIKOTO HaBeJieHa Ha puc.2.7.1 (0), Hampyra 3BOPOTHOTO 3B'13KY, 3aJI€XKHA BiJl CTPyMY TPaH3UCTOpa
VT2, 3 pe3uctopa RS nonaerscs B nanitor eMitepa tpansucropa VT 1. Beepeauni nepiioro
kackaxy nie OOC 1o moCTiffHOMY CTpyMy, OCKUTBKH B JTAHITIO31 eMiTepa BKIIOUEHHH pe3ucTop. Y
[OMY ITiJICHITIOBaY1 PeXHUM pOOOTH BCTAaHOBITIOETHCS MiIO0poM ornopy pe3uctopa R1. 3 takoi
KUTBHOCTI MOXKJIMBUX BapiaHTiB 3aCTOCYBaHH TaKUX CXeM cTaldiizalii poOOTH TpaH3UCTOPIB Ma€e
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CEHC BUKOPHCTOBYBATH TaKi, 1110 JOMTOMATarTh JOCITTH 33JI0BUTBHOI CTa0LILHOCTI POOOTH
MiICHITIOBaYa 1 BKIIOYAIOTh B ce0e MeHIIIe eleMeHTiB. OJHUM 3 BOKIUBUX KPUTEPIiB
BHUCOKOC(EKTUBHOI cTalisi3alii poOOTH € HEBEIMKHIA OIip PE3UCTOPIB, IO MiJKIIOYCHI B
0e3TpaH3UCTOPHOMY JIaHII031. [IpH MiIBUILEHH]I pE3UCTHBHOCTI B JAHII031 0a3u CHIBHO
HiIBULIYETHCS eCTabii3yr0unid BIUIUB 3BOPOTHOTO CTPYMY KOJIEKTOPA.
Pucynok 2.7.1. Cxemu JBOKAaCKaIHUX MiICHIIIOBaYiB 3 Oe3nocepeHiM 3B's3koM Ha BT 3 oqHakoBoro
(a) Ta pi3HOIO (0) CTPYKTYpOIO
2.8. IlincuiaioBayi MOTYKHOCTI
Kackaz cimin BBakKaTH TOTYXKHUM, SIKIIO TPAH3UCTOPU B HHOMY BiIIAIOTh B HABAaHTaKEHHS
MOTYXHICTh, 1110 HabnmkeHa 10 HaiiBumoi. Cepell BUMOT 0 TMOTYKHUX KacKaJ(iB Ha BUXO/II €
OCHOBHI — OTpUMaHHA NOTPiOHOT NOTYXHOCTI B HaBaHTaxxeHH1 Ta KK/I 6inu3bkuit 10
MaKCHMAaJIBHOTO MPH CIIOTBOPEHHI CUTHANY, 10 € nonyctumuM. [lotpeda B HaiiBuiomy KK/ myxe
BaKJIMBA UL i ICHITIOBAYIB 3 ITi/UKUBICHHSM 32 IOIIOMOTOF0 aBTOHOMHHX JUKepell. MakcuMaibHe
MMOCHJICHHS TIOTY>KHOCTI BXKE € JPYTOPSTHOI BUMOTOI0, TOMY 110 BCE HEOOXIIHE IMiICHIICHHS
CUTHAJy MO>Ke OyTH OTpHMaHe B IHIIUX KacKaaax.
Yuwm Bumme KKJI xackamy, TUM MEHII OTY>XHUM TpaH3UCTOP HOTPiOeH 11l OTpUMaHHS HeOOX1JHO1
notyxHocti. Makcumansauid KK]I mocsraetses npu onTUMalibHOMY HaBaHTaxeHHi. OfHak omip
HaBaHTAXCHHS, SIK MPABUIIO, OyBa€e 3a/1aHo. SIKIIO BOHO 3HAYHO BiJIPi3HAETHCS BiJl ONTHMAIBEHOTO,
TO A7 orpuManHs Bucokoro KK/ HaBaHTa)keHHsI BKIIIOYAIOTh Y€pe3 Y3roKyBaIbHUN
TpaHcdopMmarop. BuxoprucTanHs TpaHC)OpMATOpa Ha BXOII MOTY)KHOT'O BHX1THOTO KacKamy
JTO3BOJISIE OTPUMATH MaKCHMAITbHUN KOe(illieHT MOCHICHHS MOTY>KHOCTI EPEIBUXITHOTO KaCKaJOM
1 MiHIMaJIbHHUN PiBEHb CIIOTBOPEHB MPH 33JaHOT MOTYKHOCTI B HABAHTAKEHHI ITiJICUITFOBaYA.
3acToCyBaHHS Y3ro/KyBTbHAX TpaHC(HOpPMATOPiB B MAIOTa0apUTHHX IMiACHITIOBAaYaX MPU3BOAUTD
1o 3HkeHHs KK/, ockinbku ManorabapuTHi HeOpOri TpaHcGopMaTopy MaroTh IOPIBHAHO MalUii
KKA.
BucnoBok 10 po3aity 2.8
Jlis peanizanii cxemu 6€3MPOBIIHOIO MOIEMY JOLUIBHO Oyie BUKOPUCTOBYBATU CXEMH MOTY>KHUX
TiJICUITFOBAaYiB Ha MOJILOBUX TPAH3UCTOpaX, 100 3a0€3MeUNTH 3HAYHE TOCHIICHHS CUTHAITY Ha
BUCOKUX dacTorax 4G.
2.9. Pe:xuMu po0OTH TPAH3UCTOPIB B KACKA/AaX HA BUXOAI
TpaH3ucTOpu MOXKYTh MpaIoBaTH B pexxumax A, B abo AB — Tak 3BaHuX Kiacax. Pexxum kiacy A -
BUXIJIHUI CTPYM MPOTIKA€E MPOTATOM BChOTO TMEPIONY MMiICHICHHS CHUTHATY.
PexuM kiacy B - 3 Takoro BiJCIUKOIO, IPH SIKii BUXIIHUI CTPYM MPOTIKA€ MPAKTUYHO TiIbKH
IPOTATOM HamiBIepioxy curHaiy. Pexxum AB - mpoMi>kHUI, B HBOMY BHXITHHI CTPyM IIPOTIKaEe
NPOTATOM O1JTBIII OJTHOTO HAIIBIEPIOAY CUTHAIY.
Bubip pexumy 31iHCHIOETHCS MTOJaBaHHAM BiIMOBIIHOT HANPYTrH MiXk 0a30t0 i emiTepoM. B
pexnmMax kinaciB AB i B MOXyTh MpaIfoBaTH TUTbKH JBOTAKTHI KaCKaIIH.
2.10. Oco6auBocTi po6oTH BUXiTHUX KackaaiB niacuiawoBaviB Ha [IT
3acrocyBanns [1T B BuxigHomy kackaai Y3U 103BOJISE CIPOCTUTH TTiICHITIOBAY, OCKIJIBKU HE
MoTpiOHO MOCHIICHHS MOTYKHOCTI B IoniepeHix kackanax. [Ipu Bukopucranni noryxuux MII-
TPaH3UCTOPIB 3MIHIOEThCS XapaKTep HEMiHIHHUX CHOTBOPEHb (MEHIIE BUIUX FapMOHIK, HK IIPpH
BukopHcTanHi BT), pi3ko 3HIKYIOThCS AMHAMIYHI CIIOTBOPEHHSI, iCTOTHO HW)KYHI PIBCHb
IHTEPMOY/IALIOHHUX CIIOTBOpeHb. Buxinuuii kackax Ha notyskHux M/III-Tpan3ucropax He
BHMarae 3acTocyBaHHs TepMocTabimnizaiii. [Tpu nmiBUIIEHH] TeMIiepaTypy KpyTH3HA
xapakrepuctukd I1T 3mMeHnTyeThes1, TOMyY IX camopo3irpisa He BinOyBaeThes. Kpim toro, I1T B
BUXIJJTHOMY KacKaJi BATPHUMYIOTh KOPOTKE 3aMUKaHHS B JIaHIF031 HaBaHTaXeHHs. OHAK PEeXKUM
KOPOTKOTO 3aMHUKaHHSI HE TIOBUHEH OyTH TPUBAJIMM, OCKUIBKHU B 1IboMy pexxuMi Ha [1T posciroeTnest
3HAYHO OiNTbIIA MOTYXHICTh, HiXK Ha BT. Hemomiku Buxinaux kackaaiB Ha 1T - MeHmMit koedimieHT
BHUKOPHCTaHHS HAIPYTH JUKEpelia )KUBICHHS 1 HeOOXiTHICTh 3aCTOCYBaHHS OibIll €(eKTUBHUX
TEIUIOBIABOMIIB, IO 0OYMOBIIEHO O1TBIIOI0, HiX y BT, Hanpyroro HacHueHHSI.
3. CTAHAAPTHU BE3ITPOBIJIHOT O 3B'SI3KY TA KOAYBAHHSA
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OCKIJIbKH CUCTEMA, Ky Oy/ie MpeICTaBIICHO sl po3po0KH, Mae Oe3NpOBiAHUI IPUHIUI i1,
PO3IISTHEMO CTaHAapTH caMme Oe3MPOBITHOTO 3B'A3KY JUIA ITepenadi Ta OTpUMaHHS iH(popMartii.
3.1. Cranpapr IEEE 802.11

Wi-Fi (Bix anmt. Wireless Fidelity, — be3apoToBa To4HICTB) 3araibHa Ha3Ba U CTaHAAPTY 3B I3KY
IEEE 802.11 nnst tpancdepy iHdopmanii o 6e3npoBigHUX KaHaax 3B S3Ky. YCTaTKyBaHH:, sIKe
BiJINIOBiJJa€ ILOMY CTaHIAPTY, Moxke OyTH nepeBipeno Wi-Fi Alliance ta npoiitu ceprudikaiito i
OTpHMaTH A03BiI Ta paBo HaHeceHHs jiorotuiry Wi-Fi. [Ipotokon IEEE 802.11n € ogauM 3 caMux
NOLUMPEHUX.
Wireless LAN Mae ceHC BCTaHOBITIOBATH JIJIsl OpraHi3ailii Mepexi, B sIKiii po3ropTka kabemiB Tyxe
He3pyuHe, (i3MIHO HEMOXKIIMBE a00 MPOCTO HEAOLIIbHE 3 TOUKU 30Dy (iHAHCOBUX BUTpAT. B Hari
JHI MOXIHBOCTI Wi-Fi MOXyTh «BHAaBaTH» MIBUIKICTE Iepenaui indopmarii o 100 M6it/c, a
KOPHCTYBadi MEPEXi MAEKOTh MOXKIIMBICTh TIEPECYBATUCS MK MOOUILHUMH TOYKAMH JOCTYITY TaM,
nie € Wi-Fi-nokpuTTs, 3acTOCOBYI041 MOOLIBHI IPUCTPOT, HAIIPUKJIAJ, TIOPTATUBHI KOMII I0TEPH,
KOHCOJIi, MOOLJIBHI Tese)oHU a00 HOYTOOKH Ta iHII NMPUIIaM, B IKUX € puiiMadi/nepenasaui Wi-Fi
Ta MaTH JOCTYII IO IHTEPHETY.

3.1.1. Ilpunnun podoru
3Buuaitno Wi-Fi Mae MiHIMyM OITHY TOUKY JIOCYITY.
Taxox € MOXIHBICTH POOOTH 0JIpa3y ABOX KOPHCTYBadiB B pexuMi Touka-Touka (Ad-hoc), mpu
L[bOMY CaMa TOYKa JIOCTYIy He BUKOPHCTOBYETHLCS HANPSIMY, @ KOPUCTYBaui MiA'€IHYIOTHCS 32
JIOTIOMOTOI0 MepexeBHX ajanrepiB. Touka Hagae cBill ineHTHdikaTop Mepexi (SSID)
CTIeIiaNbHIMH TTakeTaMH iHpopManii Ha mBuakocTi 0,1 M6iT/c koxHi 100 Minicekyra. Tomy 0,1
MObit/c € MiHIMaNTBHO MBHAKICTIO niepenadi iHpopmartii s Wi-Fi. Konu € Bimomum SSID
Mepexi, KOPHCTYBad Ma€ MOXKIIMBICTh 3’ ICYBaTH, UM € MOXJIUBICTD ITiJ]’ €THATUCS A0 L€l TOUKU
noctyny Skio B 30Hi € SSID nmpuiiMay Moxe BUOMpaTH MK HUMH Ha OCHOBI IaHUX IIPO PiBEHb
curHany.. Crannapt Wi-Fi Haiae kopucTyBady moBHy cBOOOy BUOOpY IapaMeTpiB 3’ € THAHHS.
OpHak CTAHOAPT He ONHUCYE BCi aCIIEKTH BCTAHOBIIEHH 3B’s3Ky Ta moOynoBu Mepex Wi-Fi. 3 miei
HNPUYMHE BUPOOHHK IPOTPAMHOTO Ta TEXHOJIOTIYHOT0 3a0e3MeyeHHs BUPILIye 10 MpobieMy Ha
CBIl J1aJ, 3aCTOCOBYIOYH Ti MiJIXO/IH, AKi BiH BBAYKAE CAMHUMH JOIILHUMH Ta BUYCPITHO
BUpIiNIyIo4nMH 3a1aqy. Came TOMy € HeoOXiIHICTh KiTacH(piKyBaTH CHCTEMH TaKOTO 3B’3KY:
3a cnocoOoM 00'eTHAHHS TOYOK B MEPEKY:
1. [eueHTpanizoBaHi/aBTOHOMHI
2. [enTpanizoBaHi/kKepoBaHi KOHPOJIEPOM
3. Kepogani 6e3 koHTposiepa
3a crtocoOOM yIIpaBIIiHHS MEpexKaMH Ta HAJIAIITyBaHHS:
- CrarnuHe
- Junamiune
- bararomapose

3.1.2. XapaKTepUCTUKH
Touku Wi-Fi-30H 103BOJISIOTH KIIEHTY 00paTH a TAKOXK MiATPUMYBATH 3’ €THAHHS ICKITBKOX
KOMIT'FOTEPIB OJJHOYACHO B OIHY Mepexy. BifcTanp nepeaadi JaHUX 3aJI€KUTh BiJl IIOTYKHOCTI
HepeIaBaIbHOTO MIPUIIAY, SIKa B OKPEMUX JieBaiicaX HalAIITOBYETHCS IIPOrPaMHO, HAsIBHOCTI Ta
XapaKTePUCTHKH 3aBaJl Ta THITY aHTEHU.
OcHoBoIO 0e3npoBiIHOT Mepexi € Touka goctyny (Access Point), 1110 HanpsAMy MiAKITIOYAETHCS 10
Ha3eMHOI KabelbHOT Mepexi Ta nepenae curnanu. Kimacuuna AP cknanaetbes i3 npuiimaya,
nepeaaBaya, BHyTPIIIHBOI MPOrPaMy uts MiAKIIOYeHHS 10 KabeliB Mepexi Ta codry Juis
HaJamTyBaHHI. HaBKoJIO HaJaTOBaHOT TOUKH JOCTYITy YTBOPIOETHCS 00JIaCTh B IPOCTOPI pajiycy
50-100 metpiB — x0T-cnOT. B i pasmiyci aii MoxkHa BilbHO KOpUCTyBatucs Mepexero. 1106
Iij1'€IHATUCS JI0 TOYKU JOCTYIy ¥ BiuyTH Bci mepearn 6€34p0TOBOI Mepeski, BIaCHUKY HOYTOYKY
200 MOOUTEHOTO MPHCTPOIO 3 af4anTepoM Wi-Fi HeoOXigHO MpocTo MOTpanuTH B pafiyc ii aii. Yei aii
3 BU3HAYEHHSI IIPHCTPOIO Ta HAJAIITYBAHHS MEPexXi OUIBIIICTD ONepalliiHIX CUCTEM KOMITIOTEPIB 1
MOOLTEHHUX IPHCTPOIB BUKOHYIOTH aBTOMATHYHO. SIKIIIO KOPHCTYBad OJHOYACHO MOTPAILIIE Y
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nekinapka 30H Wi-Fi, To miaKIIoueHHsI 3MIHCHIOETHCS 10 TOUKH AOCTYILY, 110 3a0e3rnedye
HAMCUIIBHIIIANA CUTHAIL.

3.1.3. IlepeBaru Wi-Fi
1. Posroptka Mepexi 6e3 IpoKiIafaHHs] Ha3eMHUX a00 IHIMMX KabeliB Ta JIiHiH, o iHOAI He €
MOXJIMBHM B3arajii abo norpelye cepito3Hux BUTpaT. Miclis, e He MOXKHA NMPOKJIACTH Kabelb,
HaNpPUKJIa, 11032 MPUMILICHHSMH 1 B Oy/iBIISX, 1[0 MAIOTh iCTOPUYHY LIHHICTh, MOXKYTh BUTbHO
00CITyTOBYBaTHCS CaMe TAaKIMH MEPEXKaMH.
2. Hanae noctyn 1o Mepeski MOOUIBHUM IPUCTPOSM, SIKi Iye MOIIUPEHi Ha PUHKY JeBalCiB Ta
TeXHiKH. ['apaHTis CyMICHOCTI BCHOTO OOJIaJHAHHS 3aBISKH MapKyBaHHIO TOUKH JIOCTYIa
cepTudikaTom.

3. BunpominioBaHHs HabaraTo MeHIe, HiX BiJf CTAIbLHUKOBUX TeNe(OHIB.
4. Wi-Fi Mosxe mpaiitoBaTy y BCiX KpaiHax 3aB/ASKH CBITOBUM CTaHIapTaM.
3.1.4. Hepoaixku Wi-Fi
1. By3bkuii CIIeKTp 4acTOT Ta BiJICYyTHICTh POYMIHTY.
2. OOMexeHHS 3 eKCIUTyarTallil Ta BCTAHOBJICHHS 00TaAHaHHS, 000B’I3KOBE YCTAaTKyBaHHS Ta
cepTudikais 00aJHaHHS, Pi3HI CTAHAAPTH B Pi3HUX KpaiHax.
3. Peectpatiis € 060B’I3KOBOIO.
4. Cawmmif yacTo BUKOpHCTOBaHMIT MeTox mmppysanHs WEP MoxHa nyxe HeCKIIaHO 31aMaTh

4epe3 ciabKy cTidkicT aJITOPUTMY. He 3Baxarouu Ha Te, 1[0 HOBi PUCTPOT MiATPUMYIOTh
JOCKOHAIIIIHNHA poToKouT ImudpyBanHs qannx WPA i WPA2, 6araTo crapux TOYOK AOCTYITy He
MiATPUMYIOTH HOTO 1 BUMararoTh 3aMiHH.
BucnoBok 10 po3aiay 3.1.
Besnposinanii 38’5130k Wi-Fi Mae 10CTaTHRO BHCOKY MIBUAKICT, aje QyKe HU3KY
3aBa/I03aXHIICHICTh Ta 3aXHUIIEHICTh Bijl 30BHIIIIHLOTO AOCTYITY, @ OCHOBHI MEpeBard MaroThCs
TIJIbKYU Y TIOPIBHSHHI 3 POBiTHUM 3B’ I3KOM.
3.2. CDMA
CDMA (aun1. Code Division Multiple Access) — 116 MHOXXUHHUI TOCTYH 3 KOZOBUM PO3AIJIEHHIM
KaHay, OUH 3 0ararb0X METO/IB OJJHOYACTHOI Mmepeadi JaHux OaraThbMa KOPHCTyBauaMH yepe3
OJIMH KaHaJl.
JInst MHOXKHHHOTO J1oCcTyIy iH(OpMaIlisi KOJYIHOThCS OKPEMO CTBOPSHHUM KOJIOM, IO aCOIIFOETHCS 3
KaHAJIOM 3B’S13KYy Ta BUKOPHCTOBYIOTBCS BIIACTHBOCTI KOHCTPYKTHBHOI iHTep(epeHIii criemiaabHuX
KOJIiB IIM(PYBaHHS YIS 3AIHCHEHHS MYJIbTHIUICKCYBaHHS. MeTON MOINsAE€ThCS Ha B MiIKaTeropi:
- TDMA, ne kaHaJ IUIHTHCS MiXK KOPUCTYBa4aMH 3a 4acoM, Y1
- FDMA, e kaHal DiIUTHCS 33 YaCTOTaMU
3.2.1. Bukopucranuss CDMA
Meton CDMA Ma€e mMpoke BUKOPUCTaHHS KOMYHIKAI[IHHUX CUCTeMaX, TAKUX SIK:
« GPS;
* cucreMma nosunionysanHs Galileo;
*  CYNYTHHKOBa CHCTEMa JIOTICTHKU TPAHCIIOPTY;
*  Cranpapt MoOinbHOro 38’s13Kky CDMA 3 nepeadoro aaHux 3i mBuakictio 153 Ko6/c;
* Cranpaaptu 6e3nposigHoro 3B’°s3ky 3G CDMA Rev.0, Rev.A, Rev.B s mBuakicHoi
nepenavi qanux 1o 14,7 Mo/c.
3.2.2. Monyasuis B CDMA
CDMA BUKOPHCTOBYE TEXHOJIOTIF0 MHOKUHHOTO JIOCTYITY 3 PO3IIUPEHHSIM CIIEKTpoM. MeTos
PO3LIMPEHOIO CIEKTPY PO3IOAUISLE IPOIYCKHY 3IaTHICTh JaHUX PIBHOMIPHO I10 IOTY>KHOCTI
KaHaity. Po3mupeHHs Koy € ICeBIOBUIAIKOBOO MTOCIIAOBHICTIO, SIKa Ma€ 3BYXeHY (YHKIIIO
HEOJIHO3HAYHOCTI, HA BIJIMIHY BiJ] IHIIIMX KOPOTKHX iMITyJibciB. Y CDMA J0KaJbHO 3reHepOBaHUN
KOJI IIPAIffO€ Ha BUIIIH MIBUAKOCTI, HDK JIaHi, SIKi MTOBUHHI OyTH mepenani. Jlani xig mepemadi
MOEHYIOThCS 32 AOMIOMOTOI0 JioriyHoi onepaiiii ! ABO mo GitTax Ta BUCOKOYAcTOTHOTO Koay. KoskeH
kiieHT B cucteMi CDMA BHKOPHCTOBYE OKpPEMU# KO [T MOAY/ISALIT curHany. Bubip kois,
BHUKOPUCTOBYBAHUX [UTsl MOIYJISLII CHTHATY € Ty’e BaXIUBHM B poooTi cucteM CDMA. Kpame
BHUKOHAHHSI BiJI0yBaTUMETHCS, KOJIM € XOPOILNH MO/LI MiXK CUTHAJIIOM MOTPiOHOTO KOPUCTYBayYa i
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CUTHAJIAMH 1HIIKX KOpHUCTyBa4iB. [T0M1i1 CUTHANIB MPOBOAMUTHCS MUIIXOM KOPEJISIl CUTHATY 3
JIOKAJIBEHO 3reHePOBAHUM KOJIOM IOTPiOHOTO KOpUCTyBada. SIKIIO CHTHAMT BiIIOBiIa€ KOIy
MOTPIOHOTO KOPUCTYBa4ya B TO KOpeJsiiiHa QyHKIis Oy[e BUCOKOIO, i CHCTeMa MOXKE OTPHUMATH LIeH
curHaj. SIKIo Kox NoTpiOHOTO KOPHCTYBa4a HE Ma€ HIYOTO CHUIFHOTO 3 CHTHAIOM, KOPEIISIIis
NOBHUHHA OyTH SIKOMOTa OJIV>KYe 710 HyJIsl, HACKUIBKH 1€ MOXKJIMBO (TUM CaMUM YCYBarOYM CUTHAN);
11€ Ha3UBAETHCS KPOCC-KOPEIIALis. SIKIIO KOJ KOPETIOETHCS 3 CUTHAJIOM B OyIb-sIKHI Yac 3CyBY,
BiZIMiHHE BiJ HyJISI, TO CIIiBBITHOLICHHS TOBUHHO OyTH SIKOMOTa OJIVDKYE 10 HYJIsI, HACKIIBKY 11e
MOXIUBO. [le Ha3UBaETHCS aBTOKOPEIISAIIS 1 BUKOPHCTOBYETHCS JUISL BIIXUIICHHS 0araTornpoMeHeBOi
iHTepepeHLi.
Amnauroris 3 mpo0JIeMOI0 MHOKMHHOTO JIOCTYITYy KiMHaTa (KaHai), B SIKOMY JIFOIU XO4yTh
CIIJIKYBATUCS OUH 3 OJHUM OJTHOYacHO. [I{00 yHUKHYTH TUTyTaHWHHU, JTIFOAU MOXYTh TOBOPUTH IO
4ep3i (3 MOALSIOM 32 YacOM), TOBOPUTH Ha PI3HUX MaiJaHYMKaX (3 YaCTOTHUM IMOALIOM KaHaIliB),
200 TOBOPUTH Ha Pi3HUX MOBaX (3 KOZOBUM MnofiioM kKaHaliB). CDMA € aHanoroM ocTaHHbOTO
MIPUKIIAAY, ¢ JFOIH, 110 TOBOPATH HA OHINA MOBI, MOXKYTh 3pO3yMITH OJIMH OJHOTO, a iHIIII MOBU
CHPUAMAIOTBCS SIK IIYM 1 BiTKHIYIOThCs. Tak camo, B pagio-CDMA, KoXHa rpyra KOPHCTYBaviB
OTPUMYE 3arajibHu# KoJl. baraTo koniB 3aiiMar0Th OJMH 1 TOH K€ KaHall, ajie TUIbKH KOPUCTYBadi,
MOB'sI3aHi 3 KOHKPETHUM KOJIOM MOXKYTh B3a€MOJIISITH.
3araiom, CDMA HanexXuTh 10 BOX OCHOBHUX KaTeropiil: CHHXPOHHI (OPTOrOHAIBHUX KOMIB) 1
ACUHXPOHHI (TICEBJOBUITA/IKOBI KOJIH).

3.2.3. MynbTHILIEKCYBAHHS 3 KOTOBUM MOAiI0M KaHadiB (cuHxponnuiit CDMA)
Meton udpoBoi MOIYIIALIT aHAIOTTYHUH THM, SIKI BUKOPHCTOBYIOTECS B IIPOCTHX IpHiiMadax. B
aHaJIOTOBOMY BUIIAJKy CUT'HAJI HU3bKOI YaCTOTH JAaHUX HAKJIAIA€ThCS HA HECYUy XBHIIIO 3 BUCOKOIO
9acTOTOK0, 1 TAKMM YMHOM iJie Iepeada qanux. [1o cBOil cyTi 1e 3ropTka 4acToTH (TeopemMa
Binepa-XiHunHa) ABOX CUTHAJIIB, 10 IPUBOAUTH JI0 HOCIS 3 TIOJIOCOI0 OOKOBHX YacTOT. Y
ur(pOBOMY BHITAAKy CHHYCOIaIbHa HECyYa 3aMIiHIOEThCS 3a GyHKIieo Youura. BoHa siBise
c00010 OiHAapHI KBaJpaTHi XBUIII, SIKI YTBOPIOIOTH MOBHUI OPTOHOPMaIIbHUN Ha0ip. CUrHaN JaHuX
TakoX OIHAPHUI 1 Yac MOCUIICHHS TOCATAETHCS 3a JOMTOMOTOr0 npocToi GyHKil | AJIE.
CunxponHicth CDMA BHKOPHCTOBY€E MaTeMaTH4YHI BIACTUBOCTI OPTOTOHAIBHOCTI Mi’K BEKTOPaMH,
110 TPEACTABIISAIOTh PAIKH JAHUX.
Kosxen xopuctyBad B cuHXpoHHOMY CDMA BHKOPHCTOBYE KOJI, OPTOTOHAIBHUM 10 KOJIIB UY)KHX,
o0 MOIYIIOBATH iX curHal. [IpuKiIag 40THPHOX B3aEMHO OPTOTOHAIBHUX HU(PPOBUX CHTHAIIB
MOKa3aHUH Ha MaJFOHKY. OPTOrOHANIBHI KOJM MAIOTh KPOCC-KOPEIIALi, piBHI HYIIO; IHITHMH
CJIOBaMH, BOHHU HE 3aB)KAIOTh OUH OJHOMY. Y pasi cranmapty [S-95 nns mominy pizHux
KOPUCTYBadiB uepe3 KOAyBaHHsS CUTHAITY BUKOPUCTOBYEThCS 64-0iTHI Koan Youmia. Tak sk KOXKeH 3
64 xoniB Youria € OpTOrOHaJIbHUMH OZMH JI0 OJJHOTO, CUTHAIM KaHAII3YIOTHCS B 64 OPTOTOHATIBHUX
CUTHAJH. Y HACTYHMHOMY MPHKJIai MOKa3aHO, IKUM YHHOM CHTHAJ KO)KHOTO KOPHCTyBaya MOKe
OyTH 3aKOJOBaHHI 1 IEKOJJOBAHUH.
[Touremo 3 HAOOPOM BEKTOPIB, 5IKi B3aEMHO OPTOrOHAJIBHI. (X0ua B3aEMHA OPTOTOHAIBLHOCTS €
€IMHOIO YMOBOIO, I1i BEKTOPH 3a3BHYall OYIYyIOThCS JUIS IPOCTOTH JEKOAYBaHHS, HAIPHKIIA, PSIIKIB
200 CTOBMIIIB 3 MaTpullh Youmia.) [Tpukiian opToroHaIbHUX (QYHKIIIH MOKa3aHU Ha MaJTIOHKY
npaBopyd. Li BexTopu OyayTh IPUCBOEHI OKPEMUM KOPUCTYBa4aM 1 HA3UBAIOTHCS KOJ| Ta KOJ Yira.
B iHTepecax CTHCIIOCTI, iHIIIA YaCTHHA I[LOTO MPHUKJIAAy BUKOPUCTOBYE KOJH, V, TUIBKH 3 JBOMA
6iTamu.
KoyxeH KopuCTyBau MOB'I3aHUM 3 IHIIUM KOJIOM, CKaXxiMo, V, 1 6iT npeacTaBiIeHuit 32 JOMOMOT OO
nepesadi HO3UTUBHOTO Koy, V, 1 0 OiT mpecTaBIeH I HEraTUBHUM KozIoM, - V. Hanpuknan, skiio V
=(v0, vl) = (1, -1), 1 maHi, sKi KopuctyBau O6axae nepenaru 1e (1, 0, 1, 1), To nepenani cumBoIH
Oynu 6:
V.-V, V, V)= (0, vl, -v0, -vl, v0, vl, vO, vl) = (1, -1, -1, 1, 1, -1, 1, - 1).
KoxxeH BiAIpaBHUK Ma€ iHIIMHK, YHIKQIBHUI BEeKTOp V 00paHuii 3 IOTO HAOOPY, e METO
OyIiBHUIITBA IIEPEIAHOIO BEKTOPA 30IraeThesl.
Temep, gepe3 (Gi3WdHI BITACTHBOCTI MEPEIIKON, SKIIO BA CUTHAIH B TOUI[l 3HAXOIAThCA Y (hasi, BOHH
JIOAAKTHCS, 00 JaTH MOABIHHY aMILTITYly KOXKHOTO CHTHAITY, aJie SIKIIIO BOHU HE 30iratoTbcs Mo
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(a3i, BOHU BIIHIMAIOTHCS 1 TAIOTh CUTHAI, SIKUH PI3HUTHCS 3 aMILTiTYH010. [{udpoBum nuisxom,
Taka IMOBEiHKa MOXe OyTH 3MOJIeNTbOBaHA Yepe3 TOJJaBaHHs BEKTOPIB Mepeadi, KOMIOHEHT 3a
KOMIMOHEHTOM.
Sxmro senderO mae xox (1, -1) i mani (1, 0, 1, 1), i senderl mae xox (1, 1) i mani (0, 0, 1, 1), i o6uzaBa
JIaTYMKA MePeIaloTh OMHOYACHO, TO ISl TAOMIII TOTIOMOJKE TPOCITIIKYBATH €Tl KOAYBaHHS:
Ta6muus 3.2.4.1. Etanu kogyBanns CDMA

Ockinbku signal0 i signall mepefaroTbcsi OTHOYACHO, BOHU JOJAIOTHCS IJIsl OTPHIMAHHS BHX1JHOTO
cuUrHany:
a,-1,-1, 1, 1,-1, 1, -1) + (-1, -1, -1, -1, 1, 1, 1, 1) = (0, -2, -2, 0, 2, 0, 2, 0)
Leit HeoOpoOIeHuit curHan Ha3uBaeThes iHTepdepenuiliHa kapruHa. [IpuiimMad motiM BUTATYE
iHbOpMAaLIHHNI curHal Juis Oyb-SKOTr0 BiIOMOTO BiJIpaBHUKA LIUIIXOM 00'€JHAHHS KOy
BiNpaBHUKA 3 iHTEp(EPEHIIITHOI0 KapTHHOI. HacTynmHa TaONUIs MOSCHIOE, SK 1€ TIPAIIOE, 1
MOKa3ye, [0 CUTHAIM HE 3aBaXKAIOTh OJIUH OJTHOMY:

Tabmuus 3.2.4.2. O0’erHaHHs iHTEpPEepEHIIIHOT KAPTHHH Ta KOy BiIPaBHUKA
Kpim Toro, miciist JeKoIyBaHHs, Bce 3HaYeHHs Oiblie, Hixk 0, IHTepIpeTyoThes K 1, a Bci
3HaUYEHHs MEHIIe HyJs iHTeprpeTyroThes sk 0. Hanpuknan, micis nexonysanns, datal (2, -2, 2, 2),
arne npuiimad intepnperye e sk (1, 0, 1, 1). 3nadenns TouHocti 0 03Ha4ae, M0 BiANPABHUK HE
nepenac HisIKUX JaHuX, K OKa3aHO B HACTYITHOMY TIPUKJIAJII:
[Mpunycrumo, signal0 = (1, -1, -1, 1, 1, -1, 1, -1), nepenaerbcst caMOCTiiHHO. Y HACTYIHIH TaOHIIi
MOKa3aHO JISKOAYBaHHS B IpUiMayi:

Tabmums 3.2.4.3. JlekoyBaHHS CUTHATIB B IpUHMadi
Konu npuiimMad HamaraeTbcs AEKOLyBaTH CUTHAI 3 BUKOPUCTAHHIM Koy senderl, B naHuX OymayThb
HYITi, TOMY B3a€MHa KOpEJISLisl JOPiBHIOE HYIIO, 1 ICHO, 1o senderl He nepenae Oyab-sSKUX TaHHX.
3.2.4. Acunxponnunii CDMA

Komu miHK MOOiIbHMI-0a3a HE MOXKE OyTH TOYHO CKOOPAMHOBAHHUK, 30KpEMa, 4epe3 PyXIUBOCTI
TpYOOK, MOTPiOeH iHImuM miaxin. Tak sk MaTeMaTHYHO HEMOXKIIUBO CTBOPIOBATH IiITHCH
MOCITiTOBHOCTEH, IKi OyJT 6 OTHOYACHO OPTOrOHATBHUMU ISl BUMAJAKOBUX TOYATKOBHX TOYOK 1 SIKi
0 MOBHICTIO BUKOPUCTOBYBAJIH MPOCTIp Koy, B aciHXpoHHIH CDMA-crcTeMi BUKOPHUCTOBYOThCS
YHIKQJIBHI "TICeBIO-BUITQIKOBI» 200 «rceBno-mrymMoBi" nociinosHocTi. [111I-kox € GiHapHOTO
MOCJIiTOBHICTIO, SIKa 3'SBISETHCS BUITaIKOBUM YHHOM, ajie MOXKe OyTH BiATBOPEHA J€TEPMIHOBAHUM
YHHOM 32 J0NOMOTOoI0 npu3HadeHux npuiimadis. L{i [TI1I-koau BUKOPUCTOBYIOTHCS sl KOAYBAHHS 1
JIEKOJTyBaHHSI CUTHAITYy KOPHCTYBada B acHHXpoHHOMY CDMA TakuM ke YUHOM, SIK 1 OpTOrOHAITBHI
koau B cuaxpoHHoMy CDMA (sik okaszaHo B HaBegeHoMy Buiie npukiani). Li TTII-mocnigoBHOCTI
CTaTUCTUYHO KOPEIbOBaHI, a cyMa Belukoro yrcia [111-mocmiqoBHOCTEN PU3BOAUTE 10
MHOXXWUHHOI iHTepdepenuii qoctymy (MAI), sika anpoKCUMY€ETBCS TayCOBUM IIIYMOM IPOIIECY
(IOTpUMYIOUMCH IEHTPAILHOI TPaHUYHOT Teopemu B cTatucThili). Kogu [onga noBomsts, o TTII
MIIXOAUTH JJIS [i€1 METH, TaK K iCHY€ HU3bKa KOPEISIis MixK KogaMu. SIKIIo Bci KopUcTyBadi
OyZyThb 3 TUM € CaMUM PiBHEM IIOTYXHOCTI, TO AUCIEPCis (HalpHKia, HOTY>KHICTh IIyMYy) 3pOcTe
MIPSIMO MPOTOPIIHHO KITBKOCTI KOPUCTYBauiB. [HIIMMU CJI0BaMH, Ha BiIMiHY Bifl CHHXPOHHOTO
CDMA, curHany iHIIMX KOPUCTYBauiB OyIyTh 3'ABISATHCS Y BUDISAL LIYMY A0 MOTPIOHOTO CUTHAILY
1 3J1€rKa HaKJIaJaTHCh Ha MOTPiOHUH CUTHANI IPONOPLINHHO KiJIbKOCTI KOPUCTYBadiB.
Bci hopmu CDMA BHKOPHUCTOBYIOTH PO3IIMPEHUIN CIIEKTP TOCUIICHHS MPOILECY, 11100 T03BOIUTH
npuiiMayaM 4acTKOBO JUCKPUMiHyBaTH HeOaxkaHi curHaiayd. CUrHanu, 3aK00BaHi 3a JOIIOMOT' 00
3a3HadeHoi nocuigoBHocTi [T (kom) mpuiMarOThCs, @ CHTHAIM 3 PI3HUMH KojaMu (200 TOil e Koj,
ajie B iHIINI 9acOBUil 3CyB) BiIOOPAXKAIOTHCS Y BUDISII IMUPOKOCMYTOBOTO IIYMY 1 3MEHIIYIOThCS
Ha KOe]iLi€HT MOCUIICHHS MPOIIECY.
OCKIJIbKH KOJKEeH KOpHUCTYBau reHepye MAI, KOHTpOJIb PiBHSI CUTHAITY € IOCUTh BOKJIMBHM IS
nepenaBadisB CDMA. CDM (cuaxponuuiit CDMA), TDMA, a6o FDMA -nipuiimMad Moke
TEOPETHYHO TIOBHICTIO BiIKWHYTH CHJIbHI CUTHAIIM, BAKOPUCTOBYIOUH Pi3HI KOJHU, YACOBI IHTEPBAIH
a00 4acTOTHI KaHAITM Yepe3 OPTOTOHAIBHICTD X CUCTEM. AJle [ie He BiJTHOCHTBCS JI0
acuaxpoHHoro CDMA. BinmoBa Bij HeOa)kaHUX CUTHAJIIB JIMIIE 9acTKOBa. SIKII0 Oyab-sKi abo BCi
HeOakaHi CUTHAIIM, Ha0araTo CHIIBHIIII, Hi’)K HEOOX1IHUI CUTHAJ, BOHU OyIyTh NPUAYIIYBAaTH HOTO.

Similarity B Citation
Similarity from a chosen source References

abc | Possible character replacement


https://corp.unicheck.com/

() UNICHECK

[e crano 3arajapbHOK BUMOTOO B OyIb-sikuii acuHXpoHHI#H cuctemi CDMA, 11100 npu6iu3Ho
BIATIOBIIaTH Pi3HUM PiBHSAM IOTY)KHOCTI CHTHAIY, K ITOKa3aHo Ha mpuiimadi. Y CDMA
CTUIBHUKOBOTO 3B's13KY, 0a30Ba CTaHI[isl BAKOPUCTOBYE CXEMY YIPABIiHHS MTOTYXKHICTIO IIBHKO
3aMKHYTHM KOHTYPOM, dKOPCTKO KOHTPOJIIOIOUH MOTYKHICTh Mepeiadi KOXKHOTO MOOUTBHOTO
TenedoHy.
3.2.5. CDMA B Ykpaini
B Vkpaini 6e3nposinae CDMA-OKpHTTS 3a0€31eUyI0Th YOTUPHU OIIePaTOpH 3B'SI3KY:
1. V¥ nianazoni UMTS/WCDMA 2100 MTI'u:
-TOB "TpuMo6"
2. y npianazoni CDMA-2000 800 MI'u:
- "PEOPLEnet"
- "I[HTepTenekom"
3. V nianazoni CDMA-2000 450 MI'u:
3.2.6. «Vodafone» LTE/4G B YkpaiHi
4G (anm1. 4th Generation) — cTaHIapT YETBEPTOTO MOKOJIIHHSI MOOLIFHOTO Palio3B'sa3Ky,
HactynHUK 3G Ta 2G. 4G BiIpi3HAETHCS MIBUAKICTIO IEpefadi JaHUX, KA NEPEBUITYE NOKA3HUKU
3G B 200-500 pa3iB, MepeXi 4eTBEPTOrO MOKOJIIHHS HE BUKOPHCTOBYIOTh KaHAJ JIJIsl epeaadi
TOJIOCY, a IPAIIOIOTh TUTBKH 3 IIU(POBUMH JaHIMH, TeJIe(oHis epexoanuTs y popmat VolP,
OYiKY€ETBCS, 1[0 B MAaHOyTHEOMY 1€ MOXKE PUBECTH O BiAMHPAHHS KJIACHYHOTO KOMYTYBAHHS
KaHaJiB 3B'SI3Ky Ha KOPUCTh YHCTOI iHTepHET-TeaedoHil.
LTE posmisigaeTbes sk eBoromis Texnonorii UMTS, € cTaHIapToM BHCOKOIIBUIKICHOTO
6e31poToBOrO 3B's3Ky nepenadi nanux. @opmanpao LTE BigHOCHTHCS omnepatopaMu MOOUIEHOTO
3B'S3KY Ta BHPOOHUKAMU 110 cTaHmapTy 4G, Xxoua He HAIEKUTH A0 HbOTO (PaKTHIHO, OCKIIBKY HE
Binnosigae, Ha Bigminy Bix LTE-Advanced (3GPP Release 10) a6o ckopoueno LTE-A, TexHiYHUM
KpUTEPisIM MOOLIBHOTIO 3B's13Ky 4-r0 MOKOIIHHS Bu3HadeHOoro Bumoramu «IMT-Advanced»
CexTopoM pajio3B’ 13Ky MiXKHapOIHOTO TeIEKOMYHIKaIIfHOTO COI03y. J{JIs MpoCcyBaHHS TEXHOIOTI]
Ha PUHKaxX MiBHIYHOI AMEpPHUKH TOProBolo acouianito 4G Americas, sika HOMYISAPU3YE TEXHOIOTI]
rpymu 3GPP, 6yno BnpoBamxkero Tepmin «4G LTE». Cama aOpesiatypa «LTE» € 3apeectpoBanoro
TOPrOBOO MAPKOIO i 3HAXOAUTHCS B PO3MOPSIPKEHHI €BPONEHCEKOr0 IHCTUTYTY CTaHAAPTIB
TenekoMyHikaiii, sk i morotunu «LTE», «LTE-Advanced», «LTE-Advanced Proy.
3amyck nepumux 0a30BuX CTaHIii 4G cTaB MOXKITUBUM ITICJIS TOTO, IK YKPaiHChKUI epKaBHUM
LEHTp PaioyacToT OroOCUB, o 30 Oepe3Hs MOYHEe BUIABATH KOMIIAHISAM JJO3BITbHI TOKYMEHTH.
Sk BigoMo, MOOLIBHI oneparopu Kyt 4yactotu 4G B miamazoni 1800 MTI'w. 3aranpHuii o0csT
OTPUMaHHX B XOi ayKIioHy Ha 4G xomrtiB B miama3oHi 1800 MI'L] nocsr mudpu B 5,434 Minesapra
IpUBEHb. Y XOIi TOPriB 3a 4acToTH B Aianazoni 1800 MI'u komnaHii neperuiarunu 1,45 mupa noHan
cTapToBy IiHy. 3a yacToTH B Aiana3oHi 2400 MI'1; cymapHO JepkaBa OTpUMaE 3a JIileH311 moHa,
2,45 Mupx TpuBeHb. Y cyMi gepxaBa oTpuMana 7,89 Minbsapaa 3a 4G.
BHUCHOBOK 10 PO3I1JIY 1
3 mpoaHani30BaHUX TEOPETHYHMX BiIOMOCTEH ISl pO3paxyHKy MOJIeMa 3 KpariMu
XapaKTepHCTHKAMU MOKHA ChOPMyBaTH CHCTEMY ITapaMeTPIiB Ta CTPYKTYPY CHCTEMH PO3iLy 2,
CIMPAIOYUCh Ha IiJIb MIOKPALCHHS XapaKTEepUCTUK iCHyIounX 0e3npoBigHux MoaeMis. ITokparieHHs
XapaKTePHCTHUK Ta MiABUIICHHS IBUIKOCTI mepenadi 0e3mpoBiHOTO MOJEMY € aKTyaIbHOK TEMOIO,
ajKe iX IMUPOKE BUKOPUCTAHHS Ta KOHKYPEHIIiS MiK BUPOOHUKAMHU BUKIIMKAE MMOCTIHHUI MOMITOBX
porpecy y po3po0Oiii HOBUX TEXHOJIOTIH OE3MPOBITHIUX MOIEMIB.
PO3I1JI 2
2.1. CTPYKTYPA CUCTEMH
JInst po3po0KH CTPYKTYpH aHOT €IeKTPOHHOT TEJICKOMYHIKAI[IHHOT CHCTEMH CKOPUCTAEMOCS
y3araJibHEHOI CTPYKTypHOIO cxeMoto nudppoBoi ETKC, mo ckinagaeTbest 3 000B’I3KOBHX OJIOKIB, Ta
JI0AaMo OJIOKH, 110 € 000B’I3KOBUMH JIJIsl pO3POOKH OE3MPOBIAHOTO MOIEMY.
1. 00’ exT (mKeperno iHpopmarii), 3 skoro curHan U os.(t) HaIxoauTh Ha qatdauk. O0’ ekt
3HAXOMUTHCS i Kepyouoto Ukep(t) 1 30yproBaibHOO V3p(t) HisMU.
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2. JdaT4nk, mo neperBoproe ¢isuune 3HadeHHs BenuunHu Up 05.(t) B €IEKTPUYHIN CUTHAT
Usx(t), IKUii B CBOIO Yepry HAJXOIUTh Y OIOK epe I ICHICHHS 3.

3. HincuaroBau (BXigHMiA 0JI0K), 110 MiACUIIOE HAAXOTYUN B CUCTEMY CUTHAJ

4. Biox xoxyBanus (popmaryBanHs) BxinHoro curaary Usx(t), IKuif mepeTBOpIOE HoTo B

JIBIHKOBUH KOJI, 3a0€3MeUy04H TAaKUM YHHOM Y3TOJUKEHICTB JKepelia BXiqHOiI iHpopmaii 3
CHUCTEMOIO MOAAIBIIOT IM(POBOT 0OPOOKH.

5. HIndparop 3a0e3neuye CEKPETHICTD, KOHDIACHIIHHICTD Y ITepeiaBaHHi Ta IPUHMaHH1
TOBIIOMJIEHB 32 JIOTIOMOTOK0 Kpunrorpadii, sika 3armodirae mpociyxoByBaHHIO, 100yBaHHIO
3aKpuUTOI iHPOPMAIIiT 3 KaHATY 3B’ 513Ky CTOPOHHIMU 0coOamu. [ludparop € HalOIbIIT BAXKITUBHM
OJIOKOM B TaKiil CUCTEMI, K €JIEKTPOHHUI MOIEM.

6. B0k KaHAIBLHOTO KOYBAaHHS 3/Ii/ICHIOE IIEPETBOPCHHS HE3aBaJOCTIHKOTO KO/Ia CUI'HAITY B
3aBaJIOCTINKUI, IKUH 3a0e31euye MOKpaIIeHHs SKoCTi 3B’ s13Ky. CrcTema cTae OijIbIll 3aBaI0CTIHKOI0
IO BIUTHBY TIepeNIKO] (IIIyMiB, HABOIOK, 3aBMUPaHb) IIPH BUKOPUCTAHHI 3aBaJJOCTIHKOTO KOTyBaHHSI.
IcHye MHOXHHA 3aBaIOCTINKHUX KOJIIB: 3 KOHTPOJIIOBAHHIM ApHOCTI, OJIOYHI, IUKIIYHI, XEeMMiHra,
Boysa-Yoynxypi-Xoksinrema, Pina-ConomoHa, KackaiHi, 3ropTyBajbHi Tak iHIII. 3aBaOCTIHKi
KOJIM 3aXHILAIOTHCS B/l MEPEIIKO]l B KaHaJIi 3B’ 53Ky, ajie 301IbIIYIOTh HOTO 3aBaHTAXKEHICTh
BHACJIIJIOK 301IBIICHHS KIJIBKOCT1 PO3Ps/IiB, HOTPEOYOTh 301IBIICHHS MPOIYCKHOT 3aTHOCTI
KaHaIy 3B’s13Ky. ToMy MOYKe BUHUKHYTH MPaBOMipHE 3aMUTaHHS PO AOIUIbHICTh BUKOPUCTAHHS
HaJUIMIIKOBOTO KoAyBaHHs. Ha 11ie nutanHs nae BianoBias TeopeMa llleHHOHA PO MPOITyCKHY
3MIaTHICTH OE3MepEepPBHOTO KaHAJY 3B'SI3KY, 3 SKOI BUIUTUBAE, IO MPOIYCKHA 30aTHICTh
0e3rmepepBHOTO KaHay 30UIBIIYETHCS 3 PO3MIUPEHHSIM HOrO CMYTH TIPH ONTHMAIBHOMY
KoJyBaHHI.JB SKOCTI ONTHMaNBHOTO 3aBaI0CTIHKOro Koy OyJ10 00paHO 3rOPTKOBHI KOJI, OCKIJIbKH
BiH e()eKTHBHO IIPAIIOE B KaHAJAX 3 OLTHIM ITyMOM, 10 BHHHKAE B KaHaii 3B’13ky ETKC. Came
TOMY 3rOPTKOBHi1 KOJI IIMPOKO BUKOPUCTOBYETHCS B KaHaJaxX mepenadi JaHuX: BiJ1eo, MOOLIHHOTO Ta
CYIYTHHUKOBOTO 3B’ SI3KY.

7. BJiok ymijibHeHHsI CUTHAJIB 3a0e31euye He3anexHe 1 pIBHOPaBHE CyMICHE
BUKOPUCTOBYBaHHS pecypcy 3B’s13Ky OararbMa kopucTyBauamu. Came B 1[boMy OJIOLI TOLUIEHO
BHUKOPHCTOBYBATH MeTOA po3ineHHs curHanieB CDMA — e ofuH apryMeHT Ha kopucTth 3G mepen
CTaHAapTaMH 3B’ 3Ky 2 OKOJIIHHS.

8. MoayasiTop nepeTBoproe BXiHUH MoTik nupoBoi iHpopmallii B CUTHAIH, SKi CyMICHI 3
3aJJaHMMH KaHajlaMu 3B’s13Ky. Buxonstuu 3i ctpykrypu naHoi ETKC noruineHirie Oynie
BukopuctoByBatd OFDM-Monymnsiiiro — MOAYIAIIIO JeKiTbKOMA HECYIUMH, JIe YaCTOTHUI Jiana3oH
nofiinieHo Ha N IIPOMIXKKIB, sIKi MOTYJTIOIOTHCS OKpeMo. Sk Oyio 3a3HaueHo B po3aiii 1, OCHOBHOMO
nepeBaroro OFDM y nopiBHSIHHI 31 CXeMOIO 3 OHI€I0 HECYUOIO € T 3aTHICTh MPOTUCTOSTH
CKJIaJIHUM yMOBaM B KaHai, HapUKIaja, OopoTHcs 31 3aracaHHsaM B obnacti BY.

9. BJ1ok po3uIMpeHHs CeKTPa CUTHAJIIB MIEPETBOPIOE CIIEKTP iH(GOPMAIIMHUX CUTHAIIIB B
3HAYHO [IMPIIHUN CIIEKTP CUTHAIIIB, SIKUI HAJla€ JOJATKOBI MOYKIIMBOCTI, 30KpeMa 301IbIIeHHS
IIBUJIKOCTI NepelaBaHHs CUTHAJIIB Ta MiIBUILICHHS TAKMM YMHOM e()eKTHBHOCTI CUCTEM 3B’SI3KY, a
TaKOXK Y3TO/PKEHHS CHCTEMH 3B’SI3KY 3 MKHAPOJHUMHE CTaHIAPTaMU 3aBIISIKH 3MEHIICHHIO
LIJILHOCTI €Heprii CUrHaiy.

10. BJ10Kk MHOXKMHHOTO A0CTYIYy aHAJIOTIYHO 10 OJIOKY YIIUIbHEHHS CUTHAITY 3a0e31e4ye
MHOKHHHUH JOCTYTI, ajie He IS CUTHAIIIB, a JUIS 1HIIHX CHCTEM.

11. IlepenaBay migcUIIOE BXiAHUM CUTHAN 32 MOTYXKHICTIO 10 HEOOX1JHOT BETMYHHH 1 IPALIOE
B 00paHOMY YacTOTHOMY JIiara3oHi.

12. BunpomiHioBad (mepenaBasibHa Ta MpuiiMaibHa aHTEHa) TIEPETBOPIOE PATiOCHIHAT B
€JIEKTPOMATHITHI XBHJII 1 HaBNaky. 711 CUCTEMH 3 ABOCTOPOHHIM 3B’S3KOM, SIK B HALLIOMY BHIIAJIKY,
OJIHA aHTEHA MOYKE BUKOPHCTOBYBATHCS SIK JUIS IEPEAAaBaHHs CUTHAIIB, TaK 1 U1l TPUHAMAaHHS.
AHTEHH MiIBUIIYIOTh CHEPTETUYHHI TOTEHIIIAN JTiHii 3B 53Ky, 3a0€31eYyI0Th POCTOPOBE
PO3MUICHHS CUTHAJIB, 3aTYIIYIOTh IEPEIIKO/IU Ta 3aiiBi curHaiu, GopMyroTh KOH(]Irypaiito 30H
MOKPUBAHHS 1 MiIBUIIYIOTH IIPOITyCKHY 3/aTHICTH KaHATIB 3B’A3KY.

13. ®Di3nuHe cepeoOBUIIE PO3NOBCIOXKEHHSI CHTHAIB, 1110 XapaKTePHU3y€EThCs IIyMaMH,
BHACJIIJIOK MTPUCYTHOCTI SIKUX 3MEHIIY€EThCS MOTYXKHICTh CUTHAITY Ta CIiBBITHOIICHHS CUTHAJ/IIYM.
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14. MpuiMay npusHaYeHunit IS i ICUIEHHS CUTHAIB Y CMy3i YaCTOT KaHally 3B SI3KY 1 MOXKE
OyTH 300pa)KCHUI OJHUM OJIOKOM, SIKIIIO0 BUKOPUCTOBYIOTH METOJIU MHOKHHHOTO JOCTYILY.
15.  BJIOK MHOXKMHHOTO J0CTYIy NPHUiiMaya po3MOAiIsSe MPUHHATHIA CUTHAII MK 1HITUMH

6mokamu i cuctemamu ETKC. Moro po6ora BHKOHy€e IIpOTHIEKHY JIif0 10 670Ky 10 i Bu3HagaeThes
crpyktyporo ETKC i 3acTtocoBaHMMYU METOJaMU PO3/IIJICHHS CUTHAIIIB.

B1oxk 3By>KyBaHHS CIIEKTPY CUI'HATy MOXKHA HE BUKOPHCTOBYBATH, TaK SIK OJIOK MHO)KUHHOTO
noctyny 10 BUKOPHCTOBYE KOIOBHI MeToa po3aisieHHs curHainiB (CDMA).

16. JemMonyasTop BUKOHY€E (DyHKIIIT By3bKOCMYKHOI Ta CMyrOBOI IEMOAYIIALIT, 5K €
3BOPOTHUMHU 110 (QyHKIIIT OJI0KY MoynsTopa 8.
17. BJ1ok BUSIBJIEHHS] CUTHAJIY Pa3oM 3 JEMOIYIATOpoM 16 popmye Ha Buxoi nudpoBuit

€KBIBAJICHT IPUHHATOTO 1H(OPMaLiHHOTO CUTHAILY.
Bioxu 3BOPOTHHOTO NEPETBOPEHHS

18. b1ok po3yliinbHEeHHS CUTHATY
19. brok xaHanmpHOTO 1€KOyBaHHS
20. brnox nemmdpyBanHst

21. brok nexomyBaHHs kepena

22.  Buok ¢popMaTyBaHHS BUKOHYE (PYHKIIT Y3TrO/PKEHHSI 13 BUXIIHUMH MPUCTPOSIMH.
23. Buxignuii 60k
24.  Buok cuHXpoHi3anii 3a0e3neuye BukoHaHHs anroputMmy podoru ETKC.
2.2. TEXHIYHE 3ABJIAHHS
2.2.1. CACTEMA ITAPAMETPIB

1. [Mpunnun aii — 6e3nposinuuii, cranaapt 38’ a3ky 4G (LTE), mo6 3abe3neuntu
MaKCUMaJbHY TEOPETUYHY IIBUAKICTH epenadi inpopmaii (1o 300 mbit/c)
2. Kinbkicth po3panis: 8

2" 6inmpIne abo JOPIBHIOE JHHAMIYHOMY Jiana3oHy
JluHaMiYHMA Jiana3oH
Junamiuauii giana3on ans 8-6iTHoi cuctemu = 48 nb.
Jie n — 4ucIo OIT B Kozl 6e3 3HAKOBOTO pericTpa
3. UYacrorauii aianaszon = 2.4 I'Tu (crangapt 4G)
4. XapakTepUCTUKH KaHAIy 3B'SI3KY:
- edbexTHBHA Mepenana cmyra uactoT kanany AF, =450 Ml
- 4ac BUKOpUCTaHHs KaHany 1, =lc
- TUHAMIYHMU J1ialla30H KaHay
Ipuymosi AF>F ;T >T.;D>D.
- 00'eM KaHaTy
- 3aXUIIEHICTh
- [IpomyckHa 31aTHICTD
5. CTpyKTypa CUCTEMH
- 3aMKHEHa
- iepapxi4yHa
- LIEHTpaJIi30BaHa
6. Meton moxymsmii - OFDM
2.2.2. MIABUIIEHHS IIBUKOCTI MEPEIYI IHOOPMAIIIT
lIBuaxicTs Mepenadi iHdopmanii € OCHOBHIM ITapaMeTpoM Oe3IPOBITHOTO MOJIEMY, TOMY
MOKpAIIEHHS IIbOTO IapameTpa Oyie caMor0 HA0YHOIO JEMOHCTPALI€Er0 TOTO, 0 po3pobieHa
CHUCTEMa Kpallla 33 aHaJIOT14Hi, 0 BKE MPUCYTHI HA PUHKY CIIOKUBAYiB.
Jnst po3paxysky BizsMeMo miggactoty LTE mo6insHOTO oneparopa MTC, ockinbku I 9acToTa
IPOIIOHY€ HAlOUIbITy MBUAKICTS Nepenadi inpopmanii go 50 Mbit/c.
[IBuaKicTh nepeaadi iHpopmallii 0GIHUCTIOETECSA HACTYITHUM YHHOM:
Je = Fx — nonoca npomnyckaHHs KaHaLy
BxiaHi gaHi:
P.= 100 MBT — cTanmapTHa MOTY>KHICTh CUTHAITY [T YKpaiHU
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P.=-108 nbm mis wacroru 3.84 MI'n = 150 mxBT
Pc/ P|_|_| =
Sk O6aunmo, mBUAKICTE epeaadi 45 MOiT/c monanae B 3asBieHy oneparopom meuakicts 40-100
MOiT/c, arne 1i€i IBUIKOCTI HEAOCTATHBO. 3 GopMyIH (2.6) MOXKHA TOOAYNTH, IO €JHHUM
napamerp, 0 MOXe OyTH MOKPALICHO Ui 301IbIICHHS IBUAKOCTI — CIiBBiTHOIICHHS
CUTHAI/IIYM. SIKIIO MOTY>KHICTB HIYMIB B Jliana30Hi — JOBIIHUKOBE YHCIIO, SIKE 3aJICKUTh TiIBKH BiJ|
po6OU0T HACTOTH, TO TIOTYXKHICTh CHTHAITY B CBOIO Yepry MOXKHA 301IBIINTH, SKIO BUKOPHCTATH
MiACUITIOBaY MOTYXHOCTI. L{e Mae moKkpamuTy CriBBiIHONIEHHS CUTHAII/IIYM Ta IiIBUIIIATH
HIBUJIKICTh Tepeiadi.
PO311J1 3
3.1. BUBIP CXEMH NIACUJIIOBAYA
Jns BupimenHs ganoi 3aaa4i Oysio 00paHO HACTYIHY CXEMY HIMPOKOCMYTOBOTO IMiCHIIFOBAYA.
Pucynok 3.1.1. IIpuHnunosa cxema IUPOKOCMYTOBOTO IiACHIIIOBa4a

et migcuimoBay Mpaikoe B JHIHHOMY pexXuMi Ta 3a0e3Meuye aMILITyLy iMITyJIbCy BiJl’€MHOT Ta
nonatHoi nonsipHOCTi 20 B Ha HaBanTaxeHH] 50 OM, yacTorHuit miana3oH 1 ['m...5 I'T,
HEpiBHOMIPHICTB BEPIINHN IMITYNbY He OutbIe 5%, TOBXUHA QPOHTY Ta 3pi3y BUXiTHOT
XapaKTepUCTHKH 3...5 HC, BUKHAY He Oinbie 10%.
BpaxoByroun HH3bKY HIDKHIO TpaHHYHY dacToTy fy= 1 'l migcuiroBad BHUKOHAHO ITO CXeMi 3
rajibBaHIYHUMH 3B’ s13KaMU. B cBOIO uepry, i 3a0e3neUeHHs TeMIlepaTypHoi cTabiIbHOCTI
IiIcHToBada, BiH oxomteHnit B33, mo nmorpedye 3amacy no xoedinienty migcuneHss. [Bxinanit
kackax — 3K-3b, mae rapHi nryMoBi XapakTepuCTHKH Ta 3abe3nedye 3HauHe cTablIbHE MiACHICHHS
B HIMPOKiK cMmy3i yactoT. {Ha Tpan3ucropi VT1 3i0pano reneparop crpymy. Pesucrop R7 BBeneHo
JUTSL PETYIIOBAaHHS CTPpyMy TpaH3ucTopa VT1 B HEBENMKHX MeKaX. 3HaUSHHS CTPyMY TPaH3HCTOpa
VT1 Bu3Hauae NpUPIBHAHHA HYJIO BUXiJHOI HANpyTH MiACUIIOBaYa 32 BiICYTHICTIO BXiJJTHOTO
curHany. Huzpkoomuuii pesuctop R10, mo migkitodeHo a0 6a3u VT3, 3Hmkye 100pOTHICTH
6a30BOr0 KOHTYPY, 1[0 BAHUKAE 3 TTAPA3UTHUX 1HAYKTHBHOCTEH MOHTaXXy Ta BUBOJIB 0a3u Ta
KosiekTopa Tpansucropa VT3, a Takoxk eMHicTIO Ckp LIbOTO TPAH3UCTOPA, BUKIIOYAIOYH TUM CaMUM
MOXITUBICTB caM030y/keHHs cxeMu. Pesuctopu R8 ta R9 BHOCATH HeBenukuii B33 mo ctpymy, 1110
MIPU3BOAUTH 10 MOUIMPEHHS AMHAMIYHOTO Jlalla30Hy Ta JiiHealli3alii nepe1aTouyHoi
XapaKTePUCTUKU CXEMH 31 3B’ SI3aHUMHU eMiTEpaMHu.
[TincuneHuii BXiqHUNA CUTHAI Yepe3 eMITepHHI MOBTOPIOBAY, [0 BUKOHAHO Ha TpaH3ucTopi VT4,
HaJXOIUTh Ha 3aTBOpH TpaHzuctopiB VT8, VT9 BuxinHoro aBoraktHOro kackany. CrabimpHa
poboTa eMiTepHOTrO MMOBTOPIOBaYa HA EMHICHE HABaHTaKEHHS (BXiJHA €MHICTh OTYkHUX M/ITI-
TPaH3HUCTOPIB) 3a0e3MedyeThCs BKIIOUCHHSIM pe3nuctopiB R19, R20 B 3atBopu Tpamsuctopis VTS,
VT9.
BuxigHuit JBOTaKTHHI KackajJ BUKOHAHO HA JIBOX IapajielIbHO MiAKIIOYEHUX B KOKHE IIIeue
TpaH3HUCTOpax. B maHiii cxeMi BUKOPHCTaHHS MapaJICIbHO MiKIIIOYEHUX TPAH3UCTOPIB 30LIBIIYE
€KBIBAICHTHY KPYTH3HY IIPUIAMIB, a, SIK HACIiNOK, 1 Koe(illieHT MiACUICHHS BUXiIHOTO KacKaLy.
OKpiM LBOTO TYT CIPOILECHO TEMIIEPATYPHUH PEKUM BUXIIHAX TPAH3UCTOPIB TA PO3IIUPEHO
JIMHAMIYHUN [iana30H MiICHIII0Baya.
BxitroueHHs! HU3bKOJOOPOTHOT 1HIYKTUBHOCTI MOCIiA0BHO 3 pe3ucTopoM R21 no3Bonuio 3Ha4HO
3MEHIIUTH HEPIBHOMIPHICTh BEPIIMHU BUXIAHOTO iMmyabcy. HeoOxinHuii pexxum po6oTi 1o
nocriiiHoMy cTpyMy crabinitpona VD3 3abe3neuyeTbest cTabinizaTopoM CTpyMy Ha TPaH3UCTOPI
VTS.
ITincumoBad oxormieHo napaiensHuM B33 1o moctiiHOMY Ta 3MiHHOMY cTpyMy. CHrHan
00EepHEHOT0 3B 513Ky 3 BUXOJy IiJICUIIIOBada yepe3 AiIbHUKY Hanpyru R16-R13 ta R4-R2 nocrynae
Ha 0a3y Tpan3uctopa VT2. 3a nornomororo koHaeHcatopa C6, BKIIFOUEHOTO apalieibHO PE3UCTOPY
R16 i naniora 3 pesucropy 14 — konnencatopa C7, 3MEHILY€ThCsL KOJIUBAIbHUIM IpoLiec IpU
(dbopmyBaHHI (POHTY BXiTHOTO iMIyNbCy. OCMIOrpaMu IOJATHOTO Ta BiJi’ EMHOTO BUXIJIHUX
IMITYIIBCIB, IO LTIOCTPYIOTE POOOTY TAHOTO MPHUCTPOIO, IpeacTaBIeHo Ha puc. 3.1.2.

Pucynok 3.1.2. Ocumtorpamu gogataoro (1) Ta Bix’eMHOro (2) BUXiTHUX IMITYJIBCIB

MIMPOKOCMYTOBOTO ITiACKIIIOBaYa
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3.2. Po3paxyHok miacu/jroBaya
Jlnst po3paxyHKy Koe(ilieHTa MiICHICHHS HaM NMOTPiOHO po3paxyBaTH JIBOTAKTHUI BHXiTHHUIT
kackaa.JBxinHi nani migcumoBada:fMakc. BXinHa noctiiiHa Hanpyra = 10 B
Makc. BXigHa 3MiHHA Harpyra =3 B
MakcumalbHa MOTYXKHICTh Ha BUX0/i = 151bm
Bu3HaunMo BXiIHUI 1 BUXiTHHIA OMip MiJCHIIOBAIILHOTO KacKay
Pozpaxyemo peanbHuii KoehillieHT epenadi:
KoediuieHT migcuneHHs BChOTO MiJCHITIOBAYa 3a JOBITHUKOM = 25 nbm
3.2.2. Ananiz AUX mixcuiioBaya
AUX B onepaTopHOMY BUIVISAL:
ITo6ynyemo norapudmiuny AUX cxemu, sorapupmyroun Bupas A(P)i 3aMiHUB B BUpasi p=jw:
Je Ky = 300.
Pucynok 3.2.2.1. AUX niacumoBada
3.3.  OO0uucjieHHs] IIBUIKOCTI mepeaayi 3 ypaxyBaHHSIM MiICHJIEHHS] CUTHAJLY
[Ticnst po3paxyHKy MiICHITIIOBada OyJI0 BH3HAYCHO, 10 MOTYXKHICTh CUTHAY 3pOCTEe Ha 3HAYCHHS B
25 nb, a 1e Ma€ MpsSMUiA BIUTUB Ha IIBHUIKICTh Mepenadi CUTHAIY, TOMY 10 3HAYHO 30UIbIIHTHCS
CIIBBIJTHOIICHHS CUTHAJI/IIIYM.
Pc/Pui-210456, 0 mabararo Oiibliie, HiX JI0 TiJCHICHHS CUTHAIY (CHTHAJ/IIYM 03 IiICHUICHHS =
660).
O06YKCIMMO MBUAKICTB TIepeiadi:
Sk GaumMo, MBUIKICTS Mepeadi iHopmanii 30inemeno B 1,6 pasis.
BUCHOBKW
B xoni BuKOHaHHS OaKanaBpChKOi AUTIIOMHOT pOOOTH OyJI0 IIPOBENEHO NOCIIHKEHHS Cy4acHOTO
PHUHKY Oe3rpoBigHux MoneMiB. Lo gociimpkeHHs Oya0 BUSBUTH MOXKITUBICTD ITiIBULIICHHS
HIBUIKOCTI niepenadi indopmariii. s po3paxyHKy Oys10 0OpaHO METOI MOYIISILIT, THIT
TiICHITIOBaYa, KOJXYyBaHHs OyJI0 CIIPOSKTOBAHO CTPYKTYpPHY CXeMY CHCTEMH,BUXOISIUYN 3 CHCTEMHU
napametpiB. Byno o0paHo Ta CIpoeKTOBaHO CXeMy IiJICHITIOBaYa Ta IT00yI0BaHO HOTO IPYyKOBaHY
iaty. Byno npoBeneHo po3paxyHOK MiCHIIOBayYa 1 pO3paxyHOK MapaMeTpiB CUCTEMH, & TAKOK
PO3paxyHOK MIBUAKOCTI mepeadi indopMartii 1o i micist migcuineHHs. Pe3ymsraToM TOCHiKEeHHS 1
PO3paxyHKy CTaJIO MiJBUILECHHS MIBUIKOCTI Nepenayi ingopmariii B MogeMi 3 45 Mo6it/c 1o 72
MO6it/c. JIochiIKeHHS TAKOTO POIY € IOCUTh aKTyaJIbHUM, TOMY III0 BUKOPHCTaHHS OE3IPOBITHIX
MOJIEMIB 3BS3Ky CTaHIAPTIB 4 nokoiHHS 4G Hapasi Jyxe MOIIUPEHE 1 3 9acoM CTaHapT 4
MTOKOJIiHHSI Oyzie O1ITbII PO3MOBIIOIHKEHUM B YKpaiHi.
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