MIHICTEPCTBO OCBITH I HAYKH YKPATHU
HAIIIOHAJTbHUN ABIAITHYUH YHIBEPCUTET

3ATBEPIDKEHO-/ R
T'onosa HpHHMaJILHOI Komicit, |5 2!
[onoBa KoMicil peopramsauu HAY

B.O.
/ /QKceHm CEMEHOBA
«/I» 07 2024 poky.
IMPOT'PAMA

BCTYIMHOI' O BUIIPOBYBAHHSI 10 ACIIIPAHTYPH
2i eneniapHocTi 172 EnexTponni KomyHikamii T2 pajioTexHika
Ha 3700yTTs HAYKOBOTO CTYNEHS JIOKTOpa dinocodii
(TpeTiifl (OCBITHBO-HAYKOBH#) piBEHB BUILOI OCBITH)
[any3b 35aHb 17 EnexrpoHika, ABTOMATH3AIIis T eTeKTPOHH] KOMyHiKaLii

OcBiTHBO-HaYKOBa IIporpama «TenexoMyHikauii Ta paaioTeXHiKa»

Kuis — 2024



[Iporpama BctynHoro icnuty a0 acnipantypu (PhD goktopantypu) 31 cieniaqbHOCTI
172 «EnexkTpoHHI KOMYyHIKallli Ta paAiOTEXHIKa» BIAOOpaXka€ Taki PO3ALIH TEOPETHUYHUX
Ta MPAKTUYHUX OCHOB (DYHKIIOHYBaHHS PaJlOTEXHIYHUX 1 TEJICKOMYHIKALIMHUX CHUCTEM
Ta MEPEX:

— TeoperunuHi 3acagu NOOYIOBU CHCTEM EIEKTPUYHOTO 3B’SI3KY;

— TeopeTudHi OCHOBHU PaIl0EIEKTPOHHUX CHCTEM;

— Po3po0Oka, mpoekTyBaHHS Ta €KCILTyaTallis palloeJIeKTPOHHOIO 00IalHaHHS;

— Cucremu nepeaBaHHs JaHUX;

— CucrtemMu KoMyTaIlii Ta po3noauTy iHpopMmariii;

— TeopeTnuHi OCHOBH TE€JIIEKOMYHIKAIIIHHUX MEPEK;

— Cuctemu crioctepexeHHs Ta 00poOku 1H(popMmalrii;

— IlpoektyBaHHs Ta (PYHKIIOHYBaHHS TEJIEKOMYHIKAIITHUX CUCTEM Ta MEPEK.

1. TeopernuHi 3acaau MoOOYI0B CUCTEM €JIEKTPUYHOTIO 3B’ SI3KY.

1.1. Jxepeno indopmarii. [IepeTBopeHHs HemepepBHOTO (aHAJIOTOBOT0) CUTHATY B
uuppoBUi ABIMKOBUI CHTHAJ: NPEACTABICHHS HENEPEPBHOTO CUTHAIY MOCIIAOBHICTIO
BIIJIIKIB, Teopema KoTenbHMKOBa; (OpMyBaHHS AMCKPETHOIO CHUTHANY; KOJIyBaHHS
AUCKPETHOTO  CUTHAlNy; MNPUHIMUI  3aBaJOCTIMKOro  KoayBaHHS.  [lepeHeceHHS
1H(OPMAIIHHOTO CUTHATY B YaCTOTHUM M1ala30H, NPU3HAYEHUM JJid HOro nepenaBaHHS.
®opMyBaHHA KaHaIy 3B’S13KYy 1 0COOJIMBOCTI MOr0 (PyHKI[IOHYBaHHS: BB CUTHAIY B JIIHIIO
3B’43Ky Ta BHBIJ CHUTHAJIy 3 HEl; MPUHUMI OaraTOKaHAJbHOTO IEpEeAaBaHHsS CHUTHAIIB
yepes3 JIHII0 3B A3KYy; XapaKTEepUCTUKU KaHaiy 3B’ s3Ky. [IpuitmManHs nudpoBOoro curHairy
(moctaHOBKa 3a/1auyi). Y3arajlbHeHa CTPYKTypHa cxema IU(pOBOi CUCTEMU NepeaBaHHS
iHdopmarrii

1.2. Knacudikarisi curHamB. YacoBe MNpeiCTaBICHHS HEMEPEPBHUX BUMAIKOBUX
CUTHAJIB: BJIACTHUBOCTI BHUMAJKOBUX CHUTHAJIB; (POPMYyBaHHA MAaT€MaTUYHHX MOJEJeEH
BUITAJIKOBUX CHUTHAJIIB TMpPH IX YacOBOMY TPEICTaBIEHHI; MWMOBIpHICHA YacoBa
MaTeMaTHYHa MOJEb HEMEPEepBHOTO BHUMAAKOBOTO CHUTHATIY; MapaMeTpH BHIIAIKOBHUX
CUTHAJIIB Ta iX MaTeMaTU4Ha 1HTEprpeTalis; HMOBIpHICHA YacoBa MaTeMaTH4Ha MOJIETb
HETEPEPBHO-TUCKPETHOTO BHUMAJAKOBOIO CHUTHAJTY; WMOBIPHICHI YacOBlI MaTeMaTU4Hi
MOJeNi  JHUCKPETHOTr0  Ta  JWCKPETHO-HEMIEPEpBHOTO  BUMAJAKOBUX  CHUTHAIIB;
aBTOKOpEJSIIifHA XapaKTepUCTUKAa HEMEpPepBHUX BHUMAAKOBUX CHUTHaMiB. YacToTHe
MPE/ICTAaBICHHS] HETIEPEPBHUX BUMAJKOBHX CUTHAJIB; MaTeMaTHYHA MOJIEJIh YaCTOTHOTO
MIPE/ICTABJICHHS] HETNEPEPBHUX BUITAJIKOBUX CUTHATIB; 3B’SI30K MIXK CIEKTPAJIBbHOIO 1
aBTOKOPEJISILIIHOI0 XapaKTepUCTHUKAaMU HENEPEepBHUX BHUIAJAKOBUX CHUTHAJIB, Teopema
Binepa-Xinunna. By3pKocMyTOBi BUMAIKOB1 CUTHAJIH.

1.3. Iudopmarmiiina xapakTepucThka Ta TapamMeTpu JDKepel  JUCKPETHUX
moBijoMJieHb. KinmbkicHa mipa iHdopMalii Jis JUCKpEeTHUX MHoBigomieHb. ITHdopmariiiai
napameTpH JDKEpesl JTUCKPETHUX TMOBIIOMIICHB: CepEeHE 3HAYCHHS KUTBKOCTI 1H(opMaIii,
sKa TIpUIaja€ Ha OJHE TMOBIJOMJICHHS JPKEpelsa; HaUIMIIKOBICTH JPKEpesia TUCKPETHHX
MOBIJJOMJIEHb; MPOAYKTUBHICTh JIKEpEia JNUCKPETHHX MOBIIOMIIEHb. EHTpomis mxepena
3aJIeKHUX TMOBIIOMIECHb. [HhOpMalliitHi mapaMeTpu JKepesl HENepepBHUX MOBI1IOMIIEHB:
€IICUJIOH-EHTPOIIIS], MPOAYKTUBHICTh, HAJIUIIKOBICTD.

1.4. 3aBanocTiiike KOAyBaHHS MOBigoMJIeHb. OCHOBHI mapamerpu KoiiB. OliHKa
3IaTHOCTI KOJIB BUSIBJISITU Ta BUIPABIIATHA MOMUJIKUA TMPHU TEpeAaBaHHI OKpeMux udp:
BBEJICHHS MOHSATTA ,,BIICTaHb M)XK CUTHAJIaMU’; TIPEJICTABJICHHS MTapaMeTpa ,,BIJICTaHb MiXkK

2



nu(pOBUMH CHUTHaIaMu~ 1O XEMIHTY; 3B’S30K MIHIMQJIbHOI KOJOBOi BiJACTaHi 3
BJIACTHBOCTSAMHU  3aBaJOCTIMKOTO Koxy. MeToauka TPOEKTYBaHHSA 3aBaJOCTIHKHUX
(KOpeKTyIo4HMX) KOJIB MUIAXOM BHOOpY J03BOJICHHX KOJOBUX KoMOiHamiil. brokosi
KOPEKTYBaJIbHI KOAM. MeToauka NpoeKTyBaHHS OJOKOBHX KOPEKTYBaJbHUX KOJIB.
[ukmigai KOOW: METOJIMKA MPOEKTYBAaHHSA UUKIIYHUX KOMIB; MEXaHi3M BUSBICHHS 1
BUIIPABJICHHS MMOMWJIOK B KOJIOBUX KOMOIHAIUSAX IHUKIIYHOTO KOJIYy; €BPUCTHUHUN CHUHTE3
CTPYKTYpPHO-(DYHKI[IOHAJIbBHUX CXE€M Kojiepa 1 JeKojiepa LHUKIIYHOrO KOJy; CHHTE3
CTPYKTYPHO-(DYHKIIIOHAJIbHOI CXE€MM pericTpa 3CyBY, SK (DYHKIIOHAJIBHOTO MO
KoJiepa 1 AeKojiepa IMKIIYHOTO KoY. 3TOPTKOB1 KOPEKTYBaJIbHI KOJIH.

1.5. 3aranbHe NOHATTS MNpOo KaHanmu TnepenaBaHHs iH@opmanii. Kriacudikaris
KaHaJliB 3B’513Ky. XapaKTepUCTUKHU KaHATIB 3B’sI3Ky. MaTeMaTu4yHl MoJieNl AUCKPETHUX,
JTUCKPETHO-HETIEPEPBHUX Ta HENEPEepBHUX KaHAIIB 3B A3KYy: MaTeMaTU4yHl MOJeIi
JUCKPETHUX KaHAJIB 3B’SI3KY; MOCTAHOBKA 3aj/layul aHaJi3y JAUCKPETHOI'O KaHaly 3B’SI3KY;
0COOJIMBOCTI BUKOPHUCTAHHS MAaTEMaTHYHUX MOJIENeH NHUCKPETHUX KaHallB 3B’SI3KY;
MaTeMaTUyHa MOJIENb JAMCKPETHO- HEMEPEPBHOIO KaHaNy 3B’SI3KYy; MAaTeMaTH4HI MOJEII
HETEePEePBHUX KaHaTIB 3B’s13Ky. JlOCHII>KEHHSI MPOXOJKEHHS JIETEPMIHOBAHUX CHUTHAIIIB
yepe3 JIHINHI 1 HeNiHIMHI KaHamu 3B’sA3Ky. JlocmimKeHHs npoxozmceHH;I HENepepPBHUX
BUIAJKOBUX CUTHAJIIB Yepe3 JiHIWHI 1 HeNiHINHI KaHamu 3B’s3Ky. [Hopmariitai
napameTpH KaHaiiB 3B’ s13Ky. [lepenaBaHHs MOB1IOMIIEHB IO KaHay 0€3 3aBaj;: MIBUAKICT
nepelaBaHHs 1 MPOMYCKHA 3/JaTHICTh AMCKPETHOIO KaHaly 3B’s3Ky Oe3 3aBaj; TeopeMma
[llenHoHa g JUCKpEeTHOTo KaHaimy Oe3 3aBaa. IlepenaBaHHs NOBIIOMIJIEHB 110
JUCKPETHOMY KaHally 3 3aBaJlaMu: IIBUAKICTH NEpeJaBaHHS 1 MPOIyCKHA 3JaTHICTb
JUCKPETHOTO KaHaly 3B’S3KYy 3 3aBaJaMH; IPUKIIAJ pO3PAXyHKY IMPOIMYCKHOI 3JaTHOCTI
JUCKPETHOTO KaHally 3B’3Ky; TeopeMa llleHHOHaA 1isi JUCKPETHOIrO KaHally 3B’SI3KY 3
3aBasaMu. [lepenaBaHHs OBIAOMIIEHb IO HENEPEPBHOMY KaHAIIy 3 3aBaJiaMU: HMIBUJIKICTb
nepeaaBanHs iH(opmaIlii, mpoIrycKHa 31aTHICTh KaHay, ¢hopmyna [llenHona.

1.6. dopmymoBaHHS 3a7ad, AKi BHHHUKAIOTh TpPH NpPUKAMaHHI PaJiOCHUTHAIIB 3
aMILTITYJJHOIO Ta YaCTOTHOI MoayJsii€eto. [IpuiiManHs pagiocUrHaty, KOJIM HOTO CIEKTP
1 CIIEKTpU 3aBaJl HE MEPEKPUBAIOTHCSA: METOJ NPSIMOTO MIACWICHHS; CylepreTepoauHHUN
METO/I; E€BPUCTHMYHUN  CHUHTE3  CTPYKTYPHO-(QYHKLIOHAJIBHUX CXEM  HpHiiMayiB.
JocmipkeHHs  mpoliecy  NPOXOKEHHS — (IyKTyaliiiHoro OuIoro mymy uepes
BY3bKOCMYTOBUM TMiJIcUItOBay. JlocaimkeHHs Tpoliecy MpOXOKeHHs (DIyKTyaliitHOTO
OuI0orOo MIyMy dYepe3 HEKOTepEeHTHUW aMIUTITyJIHU JeTektop. [ocmikeHHs mpoiecy
MPOXO/KEHHA aAUTUBHOT cyMimli AM-curHamy 1 BY3bKOCMYTOBOTO (IYKTYalllifHOTO
IIyMy 4epe3 HEKOTepeHTHHM aMIUNTyJHuM AeTekTop. JlocmimkeHHs mpolecy
MPOXO/KEHHS aauTUBHOT cymimi YM-curHamy 1 BY3bKOCMYTOBOTO (IYKTYalliifHOTO
IIyMy 4epe3 YaCTOTHUM JeTeKTop. [IpuitmMaHHs pamaiocurHaty, KOJU HOTO CIEKTP 1 CIEKTP
3aBali YacTKOBO TMEPEKPHUBAIOTHCS: IIOCTAHOBKA 3a/adl pPO3pOOKH ONTHUMAIBLHOTO
JiHIAHOTO GUIBTpa JJIA paaiocurHamiB; ontuMansHuil ¢iasTp Koamoroposa-Binepa.
[lopiBHsZIPHA OLIIHKA 3aBaJOCTIMKOCTI CHCTEM 13 PI3HUMHU BUAaMH MoxyJiuii. ITopir
3aBaJIOCTIMKOCTI B CHUCTEMax 13 MIMPOKOCMYTOBUMHU BHJIAMHU MOJYJISLII Ta METOIU HOTO
3HKeHHs. Chigkyroul Metoau npuitmanis UM curnanis. ['paHu4HI MOXKIIMBOCTI METO/IIB
MOHIKEHHS TIOPOTY.

1.7. TlocTtaHoBKa 3ajadi TMOEJEMEHTHOTO MpUMaHHS [UGPOBUX CHUTHATIB.
[Toporosuii meTon npuitmManHs uudpoBux curHaiis. [IpuliManHs HUPPOBUX CUTHANIIB HA
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OCHOBI MeTOJy Hakonmu4eHHd. OnTUMalibHe NpUiiMaHHSA MU(GPOBUX CUTHATIB HA OCHOBI
METOJly ONTHUMAJIBHOI Y3TO/KEHOi (UIbTpallii: CHHTE3 CTPYKTYPHO-(DYHKIIIOHAIBHOI
CXeMU ONTHUMAJIBHOTO Y3ro/KeHoro (uibTpa. OnTuManbHEe NpUMaHHS MHUPPOBUX
CUTHAJIB 3a Jomnomororo mnpuitMada KoTenpHiKOBa; onTHMaibHEe MpUMaHHS HMUPPOBUX
CUTHAJiB 3a JOMOMOTOI0  KOpEJSIIMHOrO mpuiiMava; OI[iHKAa MOTEHIaTbHOI
3aBaJIOCTIMKOCTI CHCTeMM TiepefaBaHHS 1H(oOpMalii MpH KOPETALiiHOMY METOl
npuiimManHs 1M@pPoOBOro curHamy. 3acTOCyBaHHA IIYMONOMIOHMX CHUTHAIIB IS
nepenaBaHHs JUCKPETHUX MOBIIOMIIEHb. ONTUMalIbHE NMpUHMaHHSA HU(POBUX CHUTHAIIB,
KOJIM MOMEHT iX PUXOAY € BUMIAJKOBUM.

1.8. Ilpunuumu  uudpoBoi  ¢inbTpanii  curHaniB. CHHTE3  CTPYKTYpHO-
(GyHKIIOHATBLHUX cXeM [HUpoBUX (UIBTPIB 3 OOMEKEHOI Ta HEOOMEKEHOIO
IMITyJIbCHUMHU ~ XapakTtepuctukamu. JluckpetrHe mneperBopeHHs Dyp’e. IlBuake
nepetBopenHs dyp’e. JudepeniiaabHi MeToaW IUEGPOBOrO IEpelaBaHHS CHUTHAIIB:
mudepeHItiaibHa IMITYJILCHO-KOA0BA MOMYJIAIIS;, KOAYBAHHS TOMUJIKHA Tepen0adeHnx
3Ha4Y€Hb; JEIbTa-MOIYJISIIIS.

1.9. Ilpunmun OaraTokaHaJbHOTO TEpEAaBaHHS HEMEPEepPBHUX  BHUIMAIKOBHUX
CUTHAJIIB 4epe3 JHilo 3B’a3Ky. [lpuHunmn noOyAoBu OaraTOKaHANIbHOI CHUCTEMHU
nepeaaBaHHs 1H(OpMaIli 3 YaCOBUM YIIUIBHEHHSM JIHIT 3B S3Ky: €BPUCTUYHUN CHUHTE3
CTPYKTYPHO-(DYHKIIIOHAJIBHOI CXeMU OaraToOKaHaJIbHOI CUCTEMU TiepeaaBaHHs 1HPopMarlii
3 YacOBUM YIIUIbHEHHAM JIiHII 3B’S3Ky; aHalli3 MPUYUH MIKKaHAIbHUX BIUIMBIB B
OararokaHallbHUX CHUCTEMax TMepeaBaHHa 1H(oOpMaIi 3 4YaCOBUM YIIIJIBHEHHSM JIiHIT
3B’s13Ky. [lpuHnun moOynoBu OaraTOKaHAJIbHOI CHUCTEMHU IMepeiaBaHHs 1H(popMalii 3
YaCTOTHUM  YIIUIBHEHHSM  JHIT 3B A3KYy: €BPUCTHUYHHUA CHHTE3 CTPYKTYpHO-
(GYHKIIIOHATBHOT CXeMHU 0araTrokaHallbHOI CUCTEMHU MepeaBanHs iH(opMarlii 3 4aCTOTHUM
YIIUIBHEHHSIM JIHIT 3B’5I3KY; aHalli3 MPUYUH MDKKaHAJIbHUX BIUIMBIB B OaraTOKaHAJIbHUX
cucTeMax repeaaBaHHs 1H(OpMaIll 3 YaCTOTHUM YIIITbHEHHAM JiHiT 3B a3Ky. [IpuHnunm
noOy/0BH CHHXPOHHO-3JPECHUX Ta ACHHXPOHHO-3JIPECHUX OaraToKkaHaJIbHUX CHCTEM
nepeaaBaHHs iHopmani. Po3aineHHs: curiainis 3a GopMoro.

1.10. MeTo0JI0TiUHI TPUHIIAITA CUCTEMHOTO TIIX0Ty J0 JOCHTIKEHHS Ta pO3POOKH
cucteM nepenaBaHHsa iHpopmariii. [loka3sHuku €GEeKTUBHOCTI Ta METOAM ONTHUMI3AIlil
cucteM nepenaBaHHs 1H(popmarii. Bubip MeToaiB MOIyJsAlii Ta 3aBaJOCTIMKOTO
KOAyBaHHA. BuKopuCTaHHS METOMIB CKOpPOUYEHHS HAJIMIIKOBOCTI  TOBIJOMIICHB.
3abe3nedeHHs] 3aJaHOr0 PIiBHS HaIIAHOCTI cucteMm. [HdopmariiiiHa, eHepreTuyHa Ta
4acTOTHA €(DEKTUBHOCTI CUCTEM 3B’ s3Ky. [ pannyHa eQekTuBHICTh Ta Mexka lllenHoHa.

1.11. Kpuntorpadiuai mMetoau 3axucTy iHGopmarlii B KOMIT IOTEPHUX CHCTeMax 1
Mepekax. OCHOBHI TEpMIHM Ta BU3HAYeHHsS. AreOpaiuHi OCHOBH Teopii KpunTorpadii:
apuMeTuKa 3aJUIIKIB, HE3BIJHI TOJIHOMH, TPYMH, KIJIbIlA, CKiHYeHHI mons [amya.
IcTopis posButky kpunrtorpadii. Krnacudikamis meromiB mmdpyBaHHs iHpopMaIlii.
Xapaktepuctuka mudpiB 3aMiH 1 mepecTaHOBKH. [IpuHnmmu moOynoBU 1 BIIACTUBOCTI
reHepaTopiB MCEBIOBUIIAIKOBUX MochigoBHOocTer. [ToTokoBi mmuppu A5 1 RC4. Monens
cumeTpuuHoi kpuntorpadii. Knacudikais 3arpo3 cynpotruBHuka. CuMeTpuuHi OJIOKOBI
mubpu DES 1 AES. Pexumu BukopucTaHHs OJOKOBHX IH(piB. [[BOKIIIOUOBI
KPUIITOCUCTEMH 3 BIIKpUTUM KiroueM. OHOCTOpOoHHI GyHKLIi. Moenb KpUNTOCUCTEMHU
3 BIOKpUTUM KiroueM. EnekTponHa mignuc. KpuntonpoTokonu po3nojily CEKpeTHHX
kimouiB mudpysanng Hiddi-Xemnnmmana ta RSA. Xem-gynxuii SHA256 1 MD5S.
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2. TeopeTu4Hi 0CHOBH pagioeIeKTPOHHUX CHCTEM

2.1. Knacudikamis pagloeneKTpOHHUX CHUCTEM. XBWJIbOBI  IPOLECH, MIO
BUKOpUCTOBYIOTECSI B PEC. YMmoBu posmimenss i B3aemozii PEC. BB enemenTHO1
0a3u eNeKTpOoHIKM Ha peamizamito 1 3oBHimHIA Burisg PEC. Jlokamiitai Ta
panionaBiraimiitni cucremu. OcHoBu Teopii nokamii. [IpuHnmnu aii pi3HUX BUAIB
JokamiHux Ta panmioHaBiramiiaunx PEC. Pamionokarrisi, onThyHa JIOKaIlis, aKyCTHYHA
JIOKAIIisl, IHTPOCKOIIYHI PI3HOBUIM Ta aHAJIOTH JIOKAIITHUX METO/IB.

2.2. [IpocTopoBo-yacoBa MOAYJIALIS JOKAIMHUX cUrHaMB. [Ipukiaau npocTopoBo-
4acoBO1 MOJYJIALIT B OJHOMO3UIIIMHINA aKTUBHIM pajil0joKallii, 0COOJIMBOCTI IPOCTOPOBO-
4acoBOI MOJYJISIIT CHUTHATMIB TiJPOAKyCTHYHOI Ta ONTHYHOI JIOKaIlli, a TaKoX B
OaraTorno3uIliiHii paaionokairii. EneMeHTH paaioeIeKTpOHHOT CUCTEMOTEXHIKH.

2.3. BropuHHe BUIIPOMIHIOBaHHS B aKTUBHIM Jiokarli. Po3cisHHS 00’ekTamu
€JIEKTPOMArHiTHOI ~€Heprii 30BHIMIHBOTO BUIPOMIHIOBAHHA. 3BOPOTHE PO3CISHHS.
EdextuBna BinouBansHa noeepxHs (EBII). Metoau po3paxyHkiB 1 BumiproBanHs EBII.
3anexuicte EBII Big TOBXUHU XBWIIL 1 paKkypcy cHocTepexeHHs. MaTpuis 3BOPOTHOTO
PO3CISTHHS.

2.4, BropuHHE BUIIPOMIHIOBaHHS B AakKTHBHIM Jokaii. Po3cissHHS 00’ e€kTamu
€JIEKTPOMArHITHOT ~€HEprii 30BHIMIHBOIO BHUIIPOMIHIOBaHHS. 3BOPOTHE PO3CISTHHSL.
EdextuBna BinouBansHa noepxHs (EBII). Metoau po3paxynkiB 1 BumiptoBanHs EBII.
3anexuicte EBII Bim ngomkuHM XBWII 1 pakypcy crnocrepexeHHs. [lomspuzanditai
XapaKTEPUCTUKU CUTHAIIB. MaTpulls 3BOPOTHOTO PO3CISTHHS.

2.5. PiBHSIHHS NTadbHOCTI JIJISl JIOKALIMHOI 1 HaBIraIiiHOT cUCTeMH 0e3 ypaxyBaHHS
BTpaT. [lopiBHIHHS 3 PIBHSIHHAM JAIBHOCTI Jii JUIsl CACTEMH 3B S3KYy. Y paxyBaHHS BILUTUBY
OCJIa0JICHHS XBUJIb [PU MOIIMPEHH] y cepeoBuIll Ha qainbHIcTh Aii PEC.

2.6. Onrumizamiss PEC. Ilokasnmku sikocti, kputepii 1 Meroau ontumizaiii PEC.
OcobmuBocTi cratuctuyHoi ontumizauii PEC: ocHOBHI 3aaadi, METOOu 1 Kpurepii
0€3yMOBHOi ONTUMI3alli CTATUCTUYHUX PIIIEHb, METOJM YMOBHOI CTaTHCTHYHOI
onTtuMizaii. Bubip meToaiB ontumizaiiii.

2.7. Kpurepii, anroputMu 1 TexHoJiorii BusBieHHs curdHaiiB PEC 1 BuUMiproBaHHS
napameTpiB. Ontumizaiiisi BUSBICHHSI cUrHaimiB. KopesnsiiiiHe BUSBIEHHS Ta y3rO/JKEHa
¢dinbTpaiis Ha (QOHI HEKOPETbOBAHMX CTAaIllOHAPHUX TayCIBCHKUX 3aBajl. BUsSBICHHS
KOTEPEHTHUX 1 HEKOTePEHTHUX CUTHaTIB. BusBieHHs Ha (oOHI HerayiBChbKUX 3aBaj.
Texnomorii anaioroBoro i nU(pPoBOrO BUSBIECHHSA-PO3AUICHHS curHamiB. [lokasHuku
SKOCTI, aITOPUTMU Ta TEXHOJIOT1T BUMIpIOBaHHs napameTpiB curdaiis PEC.

2.8. BumiproBaHHs KOOpAMHAT 1 MapaMeTpiB OO €KTIB JIOKAIIMHUMH 3aco0amu.
[Ipouienypu BUMIPIOBaHHS NadbHOCTI Ta padiaiibHOI MBUAKOCTI 00’ekTiB. [loTeHIriiina
TOYHICTHh BHUMIpIoBaHHs. DyHKIIS HEBU3HAUYEHOCTI. TOYHICTh BHUMIPIOBaHHS KyTOBHX
KOOpJIMHAT Ta PO3JUIbHA 3/IaTHICTh: IOTEHIIIHHA Ta pealibHa. AHaIoroBl 1 1UMPOBI
METOAM BUMIPIOBAHHS KYTOBHX KOOpAWHAT. MOHOIMITYJIbCHI METOAM BHUMIPIOBAHHS
KYTOBUX KOOpIWHAT.

3. TeopernuHi 3acagyu nmo0y10BM PaXiOTEXHIYHUX NPUCTPOIB Ta CUCTEM
3.1. Knacudikamis paaioTeXHIYHUX CHCTEM 1 MPUCTPOIB 3a MPU3HAYEHHSAM, BHIOM
BUKOPUCTOBYBAaHUX CUTHAJIIB, 1alla30HOM Pa/ilOXBUJIb.
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3.2. TloHaTTs pamiokaHaldy SK CEpPEIOBUINA, B SKOMY TMOIIMPIOIOTHCS PaTIOXBHUII.
Oco06IMBOCTI IOMUPEHHS PAAIOXBUIIb B PI3HUX CEPEIOBUIIAX.

3.3. IloHATTS mMpO TOYHICHI XapPaKTEPUCTUKH CUCTEM Ta MpUCTPoiB. (OCHOBHI
XapaKTepUCTHKHA BIATBOPIOBAHUX IOBiAOMIICHb. I[IOKa3HMKH TOYHOCTI BiATBOPEHHS
HETMEePEPBHUX Ta JUCKPETHUX MOBiAOMIIeHb. JI)kepena MOoXUOOK Ta MUIAXW 3MEHIICHHS X
BIUTMBY. MeToau Ta KpuTepii OIIHKK SKOCTI pPaJlOTEXHIYHUX CHCTEM. 3arajbHe
criBBiHOIIEHHS ¢yHKIIOHAMB sikocTi PTC gk  yucimoBoi  (yHKIII mapaMeTpiB
MOBIJJOMJIEHb, CUTHAJIIB, 3aBaJl Ta MapaMeTpPiB olepaTopa MEPEeTBOPEHHS BXIAHUX JaHHUX
PTC B macuB oOIiHOK MOBiOMJICHb. [loKa3HUKHU JOLIIBHOCTI (AOCTOBIPHOCTI) OIIIHOK
MOBIJJIOMJIEHb SIK OCHOBHI TMOKa3HUKU SKOCTI. CrocoOu 3MEHIIeHHS pOo3MIpy BEKTopa
noka3HukKiB. YacTuHHI moka3zHukH sikocti PTC ta migcucreM, iX 3aCTOCYBaHHS.

3.4. Metoaqu MonemtoBanHa PTC 3 MeToro NiABUIIECHHSA SKOCTI, HaAIMHOCTI Ta
’KMBYUYOCTI Ha PI3HUX CTaJIISIX MPOCKTYyBaHHs. APXITEKTypa IMITaIliiHOI ITUdPOBOI MoIeI
PTC. 3acTocyBaHHs MakeTiB MPUKIIATHUX MPOTPpaM T peaizaiii iMiTalliiHuX MOJIETIEH.

3.5. 3arambHi XapakTepUCTHKH IIOKA3HUKIB 3aBaJ03aXHUIICHOCTI Ta NUIAXH iX
MTOKpAICHHS.

3.6. Ilpomyckna 3maTHiCTh pamiocucteM. [loTeHIiiiHa Ta peanbHa NPOITyCKHA
3IaTHICTh CUCTEM MEpeIaBaHHs Ta 100yBaHHs 1H(GOpMaIlii.

3.7.EnexTpoMartiTHa Ta €KOJIOTiYHA CyMicHICTh. [lokazHuKM Ta mMmapameTpu
€JIEKTPOMAarHiTHOi cyMmicHOCTI. OCHOBHI TIUISIXH 3a0e3MeUYeHHs eJIEKTPOMAarHiTHOI
CYMICHOCTI.

3.8. Iloka3uuku HamiitHOCTI. [IpuHIMIIN TOOYI0BH MOACIEH HAIIMHOCTI CHCTEM Ta
npucTpoiB. Mertoau 3a0e3ledeHHS Ta OIIHKK IIOKa3HMKIB HamidHOCTi. Peamizaris
MPUHITUITY BIZIMOBOCTIMKOCTI.

3.9. Pamiocucremun  mepenmaBaHHs  iHdopMaIili, Kimacudikailisg, OCHOBHI
XapaKTEPUCTUKHU. YIIIJIbHEHHS Ta PO3AUICHHS KaHAMIB B 1H(QOpPMAIIHHO-TEIEMETPUUHUX
cuctemMax. KoayBaHHS MOBIIOMJIEH B paalocHCTEMax MepeJaBaHHs 1H(opMarlii.
Kopexkrytroui koau. Pagiocucremu 3 MMpPOKOCMYTOBUMH TICEBIOIITYMOBUMHE CHTHAJIAMHU.

3.10. Cuctemu mepemnaji AUCKPETHUX MOBIJOMIICHb. BuOip CHTHANiB y cHCTeMax
nepeaayl JMCKpEeTHUX NoBiaoMIIeHb. CiocoOu npuiiMaHHs ABIMKOBUX CUTHAIB y KaHanax
3 TMOCTIMHMMHU TnapameTpamu. I[IpuiiMaHHA CUTHaMIB y KaHalaX 3 BUIAJAKOBUMU
napameTpamu. KomyBaHHS y cUCTeMax mepeaavi TMCKPETHUX TOBiOMIICHb.

3.11. Cucremn mepemaui O6e3nepepBHUX MOBIAOMIIEHb. BubOip curHamiB y cucremax
nepeaayi 6e3nepepBHUX MOBIIOMIICHb. MeTonu npuiiMaHHs 6e3nepepBHUX MOBIIOMIICHbD.
Cucremu 13 iMIynbCcHOIO Moaydsmieo. [{udpoBi Merogm mnepenmayui Ta TpUIMaHHS
Oe3mepepBHUX MOB1IOMIICHD.

3.12. bararokananpHi PTC. MeToan yHIIbHEHHS Ta PO3JAUICHHS KaHAIIB.
XapakTepucTUKN OaraToOKaHaJbHUX CHCTEM 13 JIHIWHUM PO3UICHHSM KaHamiB. CucreMu
13 4YaCTOTHUM pO3JUIEHHAM KaHaTiB. CHUCTeMH 13 YaCOBHM PO3JIIJICHHSIM KaHamiB. CucreMu
13 KOJIOBUM PO31JICHHSM KaHaJliB.

3.13. Pamiocuctemu 3100yBaHHs 1H@QopManii. OcCHOBUM Teopli BHUSBICHHS Ta
PO3pI3HEHHS CHWTHATIB. AJTOPUTMH Ta TMPUCTPOi ONTHUMAIBHOTO BHUSBIICHHS Ta
po3pizHeHHs curHamiB. ®Da3oBl Ta IMIyJIbCHO-()A30B1 pajioHABIraliiHI CUCTEMHU.
CynyTHUKOBI ~ pajJilOHaBIraIifHi cucTeMu. PaaioTexHiIYHI CHUCTEMH BUMIPIOBAHHS
IIBUJIKOCTI, BiJIJIajIl, KyTOBUX KOOPAUHAT.



3.14. Cucremu pamionpoTuiii, kmacudikaiisi, OCHOBHI XapaKTepUCTUKH. Metomu
pamionporuaii. CHCTEeMH paIiOTeXHIYHOI PO3BiAKA. MeTOau 3aXHUCTY Bl aKTUBHUX 3aBajl.

3.15. Pamiocuctemmu KepyBaHHS pyxXxoMuMH o00'ektamu. (OCHOBHI TMPUHIIUIIA
ABTOHOMHOTO KEpPYBaHHS TIOJBOTY JITaJIbHUX amapariB. |eleKkepyBaHHS, OCHOBHI
O3HAYCHHS, METOIU TeneHaBeAeHHs . OCHOBHI B1IOMOCTI PO CaMOHABEACHHS.

3.16. V3arampheHi cTpykTypHi cxemu TB cucrem. Uucno psaakiB po3ropTaHHA,
YITKICTBh Ta P13KICTh 300pKCHHS; 1HEPIIIHHICTh BI3yaJIbHOTO BIAYYTTS - YHCIIO KaJPIB, IO
NEepeNanThCsl B CEKYHy, YacTOTa OJMMaHHs 300paxKeHHs; KOHTPACTHA Yy TIUBICTH 30Dy -
SACKpaBICTh, KOHTPACT, YHUCJIO BIATBOPIOBAHMX TIpajialliii SCKPaBOCTI: CIEKTpalibHa
JyTJIMBICTh OKa Ta TB cucremu Ta iH..

3.17. TeneBi3iiiHI CUCTEMHU MIUPOKOMOBHOTO Ta MPUKIAAHUX THUIIB. OcoOIMUBOCTI
CTaHJapTIB TEJEeBI3IMHUX cucTeM. Buam moaymsmii Ta oOpoOka TeNleBi31MHUX CUTHAIIB.
Cucremu kabenpHoro TenebayeHHs. CynmyTHukoBe TeieOaueHHsa. Cucremu TeneOayeHHs
BHCOKOI YiTKOCTI.

3.18. Mikpomnporiecopu Ta MikKpokoHTpoJiepu. Kiacudikaris, mpuHIIATIA OO0y T0BH,
CTPYKTYpPHI CX€MH, OCHOBHI XapaKTepUCTUKU. 3aCTOCYBaHHS B PAAIOTEXHIYHUX CHUCTEMAX
1 IPUCTPOSIX.

3.19. KommuekcyBaHHA cucTeM. PagioenekTpoHHI KoMmiuiekcu. DopmyBaHHS
MOKA3HUKIB €(PEKTUBHOCTI PaJI0CICKTPOHHUX KOMIUIEKCIB. MeToau CTPYyKTypHOTO Ta
(YHKIIIOHAJIBFHOTO aHali3y KOMILIEKCIB.

4. MeToau MATEMAaTHYHOI0 ONKUCY CUTHAJIIB Ta 3aBajl

4.1. Knacudikamisi moBiJOMJICHb, CUTHAIIB Ta 3aBaj. JleTepMiHOBaHI CUTHAIM Ta
BUIAIKOBI mporiecH. [Ipsimi 1 Henpsimi Mojeni nporieciB. BekTopHi 300paxkeHHs MPOIECiB
B JTIHIAHUX (QYHKIIOHATBHUX MMPOCTOPAX: METPUYHOMY, HOPMOBAHOMY Ta TUILOEPTOBOMY.

4.2. TlpencraBiieHHS CUTHAJIB y 4YacOBi Ta YacTOTHIW oOnactsax. EHepreTuunwmii
CHEKTp, AaBTOKOpendliiiHa  ¢QyHKLIS, (QYHKUIA  HEBU3HAYEHOCTI Ta  JlarpaMu
HEBU3HAYECHOCTI1 [IUX CUTHAJIIB.

4.3. Mopeni 4acoBUX, MPOCTOPOBO-YaCOBUX Ta MOJSAPI3ALIHHUX CUTHATIB MEpeIaHuX
MOB1IOMJICHbD 1 3aBaJl B 3aJla4ax BUSBJICHHS, BUMIpIOBaHHS, (PUIbTpAIlii Ta PO3IIICHHS.

4.4, 300paxkeHHs CHUTHAJIIB 3 JOMNOMOTOI OpTOroHanbHUX (QyHKLIN. Crnexktpu
curHaiiB. [HTerpanbHi 300pakeHHS CUTHaNIB, mnepeTBopeHHss Dyp'e, I['inpbepra.
Panmiocurnanu, Buau Moayssiii. YacTOTHI ClIEKTpHU CUTHATIB.

4.5. JluckpeTHi CUTHalW Ta JUCKPETHI TEpeTBOpeHHs. J[MCKpeTHI TepeTBOpeHHS
Odyp'e, Xaapa, VYomma-Anamapa, Z-niepeTBOpeHHs. JlMCKpeTH3alliss Ta BiIHOBIICHHSA
6esnepepBHUX curHatiB. [IIBUIKi anroput™Mu nepeTBOPEHb, MBUJIKE TEpeTBOpeHHS Dyp'e.

4.6. Ilpoctip curHamiB 3 IMOBIpPHICHOIO MipoOl0. IMOBIpHICHHMI ONUC Ta IMOBIPHICHI
XapaKTEPUCTUKU CTOXACTUYHOTO cUTHaNmy. Kracudikarlisi CTOXaCTUYHUX CHTHAJIB I10
iXHIM IMOBIpHICHMM Xapaktepuctukam. CrarioHapHicTh. EproaudnicTs.

4.7. KgazinerepmiHoBaHi curHaiau. OpTOroHaJbHUN PO3KIAJ CTOXaCTUYHOIO
cur"aiy. Posknaz B pag @yp'e. JIUCKpEeTHI CTOXaCTUYHI CUTHAIH.

4.8. OCHOBHI MOHSATTS KOPEJALINHOI Teopii CTOXaCTUYHMX CUTHaNIB. ['ayCOBCHKUIA
cTOXacTUYHUM curHaji. JIiHiIiHE NEepeTBOPEHHS TayCOBCHKOro curHany. lleHTpanbpHa
rpaHUYHA TeopeMa.



4.9. Bysskocmyrosi mporecud. KommiekcHa o0BigHa mpomecy. CraTUCTHYHI
XapaKTEepPUCTUKU OOBIMHOI, ()a3u Ta IXHIX MOXIJHUX TayCOBCHKOTO BY3bKOCMYTOBOTO
IpoLEeCy.

4.10. Curnanu 3 He3aJIe)KHUMH TpupocTamu. [lyacoHiBChkuii curHai. ['ayCOBCHKHIA
CUTHAJI 3 He3aJICKHUMHU npupocTamu. O THOPITHUMA MyaCOHIBCHKUN CUTHAI. Y3araabHEHUN
MyacoHIBChKUM curHai. BinepoBcbkuil mpouec. bimmit mrym. OOMeXeHU#l Mo CHEeKTpy
O1IH TITyM.

4.11. MapkiBcbki curHanu. Jlanirorn MapkoBa ['aycoBCbKHI MapKOBCHKUW CHUTHAI.
Juckpetnuit ['aycoBchkuit MapkoBchbkuid curHai. JudysiitHi npouecu. BiHepoBchkuii
npoliec.

4.12. IMmynabCcHI BUINAAKOBI TpoOIECH. IMIyJIbCHI CHTHAIM 13 BHIAJIKOBOIO
aMILTITYI0l0 Ta 4acoMm mpuxony. CrekTpaibHa IIUIbHICTh BHUIIAJKOBHX IMITYJIbCHUX
nporeciB. [Iporecu, 3B'a3aHi 3 myacoHiBcbkUMH. Kopernsiiiina QyHKIlIS MyacOHIBCHKUX
IMITYJTBCIB.

4.13. CnexktpanbHuii anami3. [loMusiku crnekTpajibHOro aHamizy. Barosi BikHa.
Knacuuni metoam mudpoBOro CHeKTPadbHOrO OIIHIOBAHHS CIHEKTPaabHOI IIIJIBHOCTI
MOTY>KHOCT1 BHIIQJIKOBUX mporieciB. IIporiec aBToperpecii Ta BIaCTUBOCTI MOTO CIIEKTPY.
ABTO perpeciiiHe cieKTpalibHe oliHoBaHHsA. Metop [IpoHi.

4.14. Croxactuusi nonst. OJHOPIJIHI Ta 130TPOMNHI MOJS CKAISIPHUX Ta BEKTOPHUX
BEJIMYMH, X KOpEJSIiitHI GyHKIIIT Ta CIIEKTPH.

5. [IpoekTyBaHHs Ta oNTUMI3allisi paJgioTeXHIYHUX MPUCTPOIB Ta CHCTEM

5.1. 3aranpHa MOCTAHOBKA 3aja4l MPoeKTyBaHHSA. CHUCTEMHHMH TWiaXig — OCHOBa
onTtuMizallli cucteM. OCHOBHI MPHUHITUIINA CUCTEMHOTO miaxoay. Ckiaa BXITHUX JaHUX JTis
npoekTyBaHHs. OCHOBHI NOKa3HUKHU SKOCTI PaJlOCUCTEM Ta PaJiONpPUCTPOIB.

5.2. Kputepii onTUMaibHOTO BUSIBIICHHS Ta pO3Mi3HABaHHsS curHaiiB. CTpyKTypu
ONTUMAJIbHUX MPUJIAJIB BUSABICHHS Ta PO3MI3HABAHHS CUTHAMIB HA (D)OHI IIIyMIB Ta 3aBa/l.
VY3romxkeHi GpinbTpu.

5.3. PagioTexHiuHI TpWIagd ONTHUMANBbHOI OIlIHKK TapaMeTpiB CHUTHATIB, IO
npuiiMaroThbest Ha (PoHI 3aBaj. MeTou OIiHKHU mapaMmeTpiB curdaniB. Crocoou noOya0Bu
MPUIAMaIBHOTO MPUCTPOIO I ONTHUMAIBHOIO OLIIHIOBAHHS MapameTpiB curHaiiB. OliHka
napameTpiB IpU HEMOBHIN anmpiopHii 1HGopMaLii Npo CUTHAI Ta 3aBaiu. BukopucraHHs
KPUTEPII0 BITHOIIECHHS BIPOTIAHOCTI JJIA 3HAXOJPKEHHS ONTHMAJIBHUX aJTOpPHUTMIB
BUSIBJICHHSI BUMIPIOBaHHS, Ta (UIbTpaIlii mapaMmerpiB 4acOBHX, MPOCTOPOBO-YACOBUX Ta
MOJISIpU3AIlINHUX CUTHATIB Ha (OHI pI3HUX 3aBaj. Meroaw onTuMizailii B yMOBax
anpiopHoi 1 HeBuU3HaueHOcTi. PanroBi Ta poOactHi kpurtepii. I[lapamerpuuHi,
HEMapaMeTpUYHI Ta TapaMeTpUYHO-HEeMapaMeTpU4HI aJanTuBHI MeToau. PaHroBi Ta
aJanTUBHO-POOACTHI METOAM TMOJ0JIaHHS anpiopHoi HeBM3HaUYeHOCTI. OIiHKa mapaMeTpiB
CUTHAJIIB TIPY HEONTUMAaTbHIM T00YI0B1 MPUUMAIIEHOTO TIPUCTPOIO.

5.4. OntumanbHe iniHiMHe @inbTpyBanHd. DinsTpu Binepa ta Kanmana-b'toci.
Cunre3 ontumanbHUX QUIBTPIB. OnTUManbHE JiHIAHE QUIBTPYBAHHS Y JIHUCKPETHHUX
IUHAMIYHUX CHUCTEMAaX.

5.5. Heniuiline ¢inpTpyBanHs. CTpyKTypHI CXeMH Ta  XapaKTEPUCTHKU
PaAIOTEeXHIYHUX MPUIIATIB ONTUMAJIBHOTO HEMIHIHHOTO (UIBTpYBaHHSA. AJanTUBHE
MpUIAMaHHS CUTHAIB.



5.6. Maremarnuni MeTonu ckanmspHoi onTumizarii. JliHiiHE mporpamMyBaHHS.
[TonsTTss mpo HemiHiliHE TporpamyBaHHs. [lopiBHSIPHA XapaKTEPUCTHKA OCHOBHHX
MaTeMaTUYHUX METOJIIB ONTUMI3AIli CTPYKTypu (aJroputMmy, orepaTopa) Teopii
CTAaTUCTUYHHX PIIICHB, TEOPIl irp, AMHAMIYHOTO MPOTPaMyBaHHSI.

5.7. Meroau Ta 3acobu 3a0e3mneueHHs eneKTpoMarHiTHOI cymicHOCTi PTC pizHux
THITIB.

5.8. Ominka HaAIMHOCTI PaJlOCUCTEM Ta MPHUCTPOIB. 3aCTOCYBAHHS amapary Teopii
HaIMHOCTI. BU3HAaYeHHA HAIIWHOCTI CHUCTEMHU II0 HAMIMHOCTI eJieMeHTIB. HaaiiHiCcTh
CUCTEMHU 13 PE3EPBYBAHHSIM Ta CUCTEMH 3 BITHOBJICHHSIM.

5.9. EnemenTtHa 06a3a paJlOTEeXHIYHUX MPHUCTPOIB. 3agadyl MIKPOEIEKTPOHIKH Ta
OCHOBHI TMPUHIIMIIK TPOEKTYBAaHHS MIKPOEJIEKTpOHHOI amaparypu. KomruiekcHa
MiKpoMiHiaTiopu3aiis. OcoOJMBOCTI NPOEKTYBaHHS Ta KOHCTPYIOBAHHS MpPWIAJIB Ha
BEJIMKUX IHTErpaibHUX cxemax CHCTeMHUM MiAXiJ] y KOHCTpyroBaHHI. OCHOBHI SIKOCTI,
MOKa3HUKNA Ta OCOOJIMBOCTI KOHCTPYKIIi paalOeIeKTPOHHOI amapaTypu. 3abe3mneueHHs ii
HaIIMHOCTI.

5.10. IlpuHnpmum  1TOOYIOBH  CHCTEM  aBTOMATH30BAaHOIO  IPOCKTYBaHHS
pPamgiOTEeXHIYHUX CHCTEM Ta TNPUCTPOiB. TWIOBHMIA  MapmipyT  TPOCKTYBaHHS
pamioeNIeKTpOHHOI amapartypu. PiBHI aOcTparyBaHHsS Ta acHeKTH OIHCYy 00'€KTIB
mpoekTyBaHHsA. Ormeparii, mnporeaypu Ta eranmu NpoeKTyBaHHSI. (CXeMOTEXHIUHE
npoekTyBaHHs. [locTaHOBKA 3a/1a4 OJIHO BaplaHTHOTO aHai3y. AHalI3 YyTIMBOCTI. MeTon
CTaTUCTUYHHMX BUIPOOyBaHb. MeToj Haiiripmoro Bumaiaky. Ontumiszailis napameTpiB Ta
onTUMi3allisl A0MycKiB. [liCMCTEMU CXEMOTEXHIYHOTO MPOEKTYBAaHHS, X (YHKIIOHAIBHI
MOJIUBOCTI. DYHKIIOHATBHO-JIOTIYHE TPOCKTYBAHHS.

5.11. Mogeni Ta aIropuTMH aHamizy (QYHKIIOHAIBHUX  CXeM. AHami3
(YHKIIIOHATFHUX CXEM aHAJIOTOBUX Ta IU(GPOBUX MPHUCTPOIB. 3araibHI MOHATTA TIPO
cuHTe3 TecTiB. [Iporpamue 3abesneueHHs (YHKIIIOHATBHO-JIOTIYHOTO TMPOEKTYBAaHHS.
CucreMOTeXHIYHE NPOEKTyBaHHS. MaremaTuuHi Mojiell 00 ’€KTIB MPOEKTYBaHHS Ha
cucteMHomy piBHI. Knacudikauis moneneid. IIoHATTS NMOBHOI MoOzeNnl Ta MakpOMOJENI.
OO6rnacTph aleKBaTHOCTI Mojei. 3anaya iaeHTudikaiii. 3arajgbHi TOHATTS MPO IMITAIlNHI
MOJIeJIl CUCTEM MAacOBOI'O 00CITyTOBYBaHHS.

6. Po3poOka, mpoeKTyBaHHsI Ta eKCILIyaTallisl paioeJIeKTPOHHOTO 00J1aTHAHHS

6.1. Knacudikaiisi, OCHOBHI mMapaMeTpu Ta XapaKTEPUCTUKU MIACHIIOBAYIB.
CralinpHICTh MapaMeTpiB mifacuiaoBadiB. [ligcumtoBadi 3 pe3UCTUBHO-EMHICHUM 3B'SI3KOM.
Bubipni  migcwmroBaui.  ImmynecHi  migcwmoBaui.  [ligcumroBanbHI  Kackaad 3
TpanchopmatopHuM 3B'si3koM. [ligcumroBaui moctiitHoro crpymy. HudepeniiaibHi
kackaau. OmepamiiiHi MiJCHIIOBadl Ta CXeMH iX BMHUKaHHS. DYHKIIOHANBHI BY3JIM Ha
OCHOBI Omepariiiuux miacuitoBaviB. [liacmiroBadi TOTYXKHOCTI Ta iX mapaMeTpHu.

6.2. OCHOBHI MOHATTA MPO aBTOTCHEPATOPH Ta MPHUHIUI iX MOOYIOBU. YMOBHU
BUHUKHEHHSI aBTOKONMBaHb. RC— aBroreHepartopu. Crabimizailiss aMIUNTyId KOJIMBaHb
RC-aBroreneparopiB. LC- aBroreneparopu. Cralumizaiis amIuiiTyaud KojuBaHb LC—
aBTroreneparopiB. CTaOUIbHICTh YACTOTH aBTOTE€HEPATOPIB Ta BIUIMB 30BHIIIHIX (hAKTOPIB.
KBapiieBa crabimzanis yactotu. [lapamerpuuni reHepaTopu rapMOHIYHUX KOJIUBaHb.

6.3. 3aranpHa XapaKTepUCTHKA IMIYJIbCHUX NpUCTpoiB. [lapamerpm iMImyabcHHX
curHaimiB. OOmexyBaul amrunitynad. Kowmmapatopu Hampyru. Tpurepum IImirra.

9



ABTOKONMMBaNIbHI ~ MynbTUBIOpaTOopu. 3aTpumani  MynbTuBiOpatopu. ['eHepaTopu
MUAJIOTIOIOHUX IMITYJILCIB HAMIPYTH.

6.4. Ilpunuunu noOyaoBH TepeTBOproBaviB  crnekTpy. [lomHOXyBaui Ta
MEepeTBOPIOBaYl 4acTOTU. AMIUIITYaHI Moxyistopu. KyroBa momymsmis. YacTtoTHi Ta
¢da3oBi MOAYIATOPU. AMIUTITYAHI ACTEKTOpU. JleTeKTyBaHHS KOJHMBaHbL 3 KyTOBOIO
MoayJsiero. YacToTHi Ta (a30Bi JETEKTOPH.

/. CucTeMH nepeIaBaHHs TaHUX

7.1. Metonu ymiibHeHHs KaHalliB. CUTHAJIM B CUCTeMaXx 0ararokaHajdbHOTO 3B’SI3KY.
[Ipusnauenns OaratokaHanbHUX cucteM mnepenaBanHs (BKCII). OcHoBHI BH3HAYEHHS:
JHIA, KaHall, cucTeMa 3B’s13Ky. Kananu 1 cucteMu nepeaBaHHs. XapaKTepUCTUKU KaHAIIIB
OararokananpHux cucteM rnepeaaBaHHs (BCII). OcHoBHI TumM KaHajiB y CHUCTEMax
nepeaBaHHs 3 4acTOTHUM posnuieHHsM kaHaimiB (UPK) 1 ix xapakrepuctuku. [TpuHiumnm
4acoBOTO po3moAuTy KaHamiB. IlpunHuunu moOyaoBH CHUCTEM NeEpeqaBaHHS 3 YacOBUM
po3noauioM KaHaimiB. CucteMa nepefaBaHHs 3 YaCOBUM PO3IMOALIOM KaHamiB. IMIyJbCHI
METOIA MOTYJISIII.

7.2. lpuanunu noOyaoBu mudpoBux cucteM nepenasanHs (L[CIT). Ctpykrypa Ta
iepapxis LCII. AnanoroBo-umudpoBe 1 UU(ppo-aHAIOrOBE NEPETBOPEHHSI CHUTHANIB!
IMITyJIbCHO-KOI0Ba Moyt (IKM); miHiliHE 1 HeniHIliHE KOJYBaHHS; XapaKTEPUCTUKU
KOMIIpecCii; HaTypajdbHUM, CUMETpUYHUN 1 peduiekcHuit (kon I'pest) komu. [Ipuniumnu
nooynoBu kiHneBux cranuii [[CII 3 [IKM. CrpykrypHa cxema kinueBoi ctaniii LICII 3
IKM 1 Ge3nocepenniM KOAyBaHHSIM, CTpyKTypHa cxema kiHneBoi craniii 3 LICII 3 IKM1
rpynoytBopeHHsM. JliHiitHu# TpakT kadenpuux LICII; popmyBanHs niHiHOTO IU(PPOBOTO
cur"aiy, pereaeparop LICII, sikicTh JIHIMHOTO TpakTy, JOBXHMHA IUISHKH pereHeparti.
Oco6muBocti PPCII 3 IKM 1 IICII o BOJIOKOHHO-ONITUYHUX JIIHISX 3B’ SI3KY.

7.3. Tlpunmunu noOyaoBH CHHXPOHHOI HHU(POBOiI iepapxii. Y3araapHeHa cxema
MyJbTUILIEKCYBaHHS MOTOKIB Yy SDH. ®opmyBanns moaynie STM. Crpykrypa ¢peiitmis
STM.

7.4, ITpunuunu nobynosu BOCIII. CTpykTypHI cXe€MHU 1 OCHOBHI €JI€MEHTH TPaKTy.
[Ipuctpoi BBOAY 1 BHUBOAY BUIIpOMiHIOBaHHS. HampaBneHni BiaramyxyBaui. DuUIbTpH.
Eneprernyni cniBBiAHOLIEHHS 1 moka3HUKU sikocTi BOCTIL.

7.5. OcnoBui mnapametrpu 1mudpoBux BOCIIl. Cucremu mnepuioro MOKOJIHHS.
Cucremu papyroro mokomiaHs. KoedimieHT momuiok 1 perenepariiisi immyibciB. Koau
nepenaBanHss 'y BOCIII 1 kpurepii ix BuOOpY I cUCTeM 3 PI3HOI IIBHIAKICTIO
nepenaBanus. [lpuitmaui nudpoBux BOCIII. 3aranbha cxema. J[lucmepcis mrymy.
Po3paxyHnok BimHOIIEHHST cUTHA/ryM. CHiBBIAHOMIEHHS MK ONTHUYHOIO MOTYXHICTIO 1
Koe(]iliEHTOM ITOMHMIIOK.

7.6. Tlocmigosnicte mpoektyBanHs BOCIII. Bubip tomnomorii BOCIII. Meroanka
imxeHeproro po3paxynky BOCIIIL. OriHka JOBXWHU pereHepaniiHoi aiuistHku. Bubip
CUTHaJIIB I pOoBOro JiHiiHOrOo TpakTy. Tunosi BOCIII.

7.7. DOyHKIIOHAJIbHA apXITEKTypa TPAHCHOPTHUX Mepex. I[lpuHuun nodyaoBu
MEpEeXKHOI TpaHCIMOPTHOI Mozeni. MepexHa TpaHcnopTHa wojens cucteM SDH.
OyHKIIOHANBHI MOaynl peanbHuX cucreM SDH. Tumum 1 3aBmaHHs (QyHKIIOHAJIBHHUX
MoayniB  cucteM SDH. MynpTunnekcopu, pereHepaTtopu Ta  MIJICUIIIOBaYl,
KOHIIEHTPATOpH, KOMyTaTOpH. ApxXiTekTypa TpancnopTHux SDH Mepex.
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7.8. PPJI npsimoi BUIMMOCTI, CTPYKTypHa CX€Ma, IJIaHU PO3MOALLY YacTOT. AHTEHH,
binepu 1 ¢iabTpHU, MmO BUKOpUCTOBYIOThCA B PPJI. PiBenp curnamy B Micii mpuiiomy.
Muoxuuk nocnabneHHs. CTaTUCTUYHMIA PO3MOALT BEIMYMHU 3aBMUPaHb Ha 1HTEpBaii
PPJI. Metonu 3MeHIIEHHS 3aBMHpaHb curHamiB Ha iHTepBanax PPJI. Bukopucranus
NacUBHUX peTpaHcisaTopiB Ha iHTepBaiax PPJI. Jliarpama piBHIB iHTepBaity. Bubip Tpacy,
BHUCOTH BCTAHOBJICHHSI AaHTEHU 1 BU3HAUEHHS CTiMKOCTI 3B’s13Ky. PPJI mpsimoi BuanMOCTI 3
YaCTOTHUM YHIUIBHEHHSIM 1 4acTOTHOIO MoayJsiieto. CtpykrypHi cxemu PPJI 3 wacoBum
yiiibHeHHsIM. OcHOBHI ocoOnmBocTi PPJI 3 wacoBum ymiimbHeHHsM. TemsoBi mrymu
teneonnux ka"amB PPJI B ®IM-AM. IlepexigHi 3aBaiu MDK KaHajlaMH IIiJ] 4ac
yacoBoro yuribHeHHs. [IpoektyBanns PPJI 3 yacoBuM ymiiIbHEHHSIM.

7.9. Uudposi PPJI (IIPPJI). OcobmuBocti LIPPJI. Meroauka mpoeKTyBaHHSI.
Tponocdepni PPJI (TPPJI) i cucremu 3B’s13ky uepe3 LLIC3. IMpunuunu nodynosu TPPJIL.
OcHOBHI 0COOIMBOCTI TpomocdepHoro mnomupeHHs. Po3Hecenuil npuiiomM 1 crpoOu
KOMOIHYBaHHS CUTHAJIB. Po3paxyHOK IIyMiB y KaHanax 1 cTiiikicte poootu TPPJL

8. Cucremu komyTaiii Ta po3noainy ingpopmamii

8.1. TloBHOgOCTYNmHE 1 HEMOBHOAOCTYIIHE BKJIIOYEHHA 1 ix mapameTrpu. Cxemu
MOBHOJOCTYITHUX 1 HETMOBHOAOCTYIHUX BKJIIOYEHHb JiHIA. PO3paxyHOK OIHOJIAHKOBHUX
MOBHOJIOCTYTHUX KOMYTAIllMHUX CHUCTEM 3 BTparTaMd 1 O4YiKyBaHHAM. Mertoau
PO3paxyHKIB OJHOJIAHKOBUX HEMOBHOJOCTYIIHUX KOMYyTallilHMX cucTeM. MeTtoau
PO3paxyHKIB JBOJJAHKOBUX KOMyTalidiHuUX cucreM. CTpyKTypu 0araTtoiaHKOBHUX
KOMYyTaIlliHUX CcUCTeM 1 iX moOymoBa. By3onm KkomyTalii: CTpyKTypHa cXema,
Kiacudikaris.

8.2. Cnocobu komyrtarii. Tunu komyTtariiHux npuiaaiB. CrnocoOu moOyaoBH 1
CTPYKTYpHI TapaMeTpu KOMYTaIlIHHUX OJIOKIB.

8.3. Ilonarts BHyTpimHbOro OsI0KyBaHHA. CrocoOM 3MEHIIIEHHS BHYTPIIIHBOTO
OsiokyBaHHs. Peamizaiiss mpocTOpoBUX OJIOKIB KOMYyTalii B HU(POBUX KOMYTalIHHUX
cucteMax. Peanizanis 610KiB 4acOBOi KOMyTallli B HIU(PPOBUX KOMYTAI[IHHUX CHCTEMaX.

8.4. CrocoOu 30iMbIICHHS KITBKOCTI BHYTPINTHBOCTAHIIHHUX KaHamiB. [IpuHummnm
noOyJJOBM KOMYTalIMHUX MOJiB U(POBUX cucTeM KomyTaiii. [IpocTopoBi €KBIBaJIEHTH
komyTaniiaux nodis LCK.

8.5. Tenedonna mMepeka 3araabHOTO KOPUCTyBaHHS. AOOHEHTChKAa Ta MIKCTaHITIHHA
CUTHaJI3a1s.

8.6. Crpykrypa interpanbHoi mepexi 3 ATCE. CtpykTypHa cxema KOHIIEHTpaTopa.
CrpykrypHa cxema omnopHoi nmudpoBoi ATCE. Anroputm BCTaHOBJICHHS 3’ €QHAHHS Ha
nudposii ATCE. Anroput™m ckuny 3’ eaHanss Ha mudposiit ATCE.

9. TeopeTH4Hi OCHOBM TeJIEKOMYHiKAUIITHUX Mepex

9.1. BusnaueHHs cucteMu. BusHaueHHs eleMEHTa CHCTEMH. TeleKoMyHIKarliiiHa
Mepexa SK CKJIaaHa cucTteMa. Makpo-, MIKpo-, Me3amifxXii A0 BUBYEHHS CHUCTEMHU.
3amMKHYTI (aBTOHOMHI) Ta pO3IMKHYTI cucteMu. [{luHamiuHi 1 ctatuuHi cuctemu. [loOynoBa
MOJIeJIeH CKJIIaHUX CUCTEM.

9.2. KoHueniiis BIAKpUTUX cucTeM. ETajloHHa MOJAENIbh B3a€EMOIT BIIKPUTHX CUCTEM
ISO/OSI. Onuc cepBicy B €TaJOHHIM MoOjeNl B3aeMOJIIi BIAKpUTUX cucTeM. [IpumiTuBH
cepBicy # ix d¢opmanizamia. CepBic kaHaibHOro piBHSI. CepBiCH MEpPEXHOro Ta
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TpaHcnopTHoro piBHiB. CeancoBuil cepBic. CepBic piBHS MPEACTABICHHS 1 OCHOBHU
MIPUKJIIATHOTO CEPBICY.

9.3. BusHaueHHs TenekoMyHIKamiiiHOI Mepexi. CKIagoBI YacTHUHU MEpPEexi.
Tomomnoriune IIPEICTABIICHHS TEJIEKOMYHIKalifHUX MEpPEXK. Krnacudikaris
TEJICKOMYHIKaLIMHUX Mepex. MeToanka po3paxyHKy MakCUMaibHOro MoToKy. [ToOymnoBa
JiepeBa UIAXiB 1 penbedy rpada.

9.4. Busnauenns Mapmpytu3amii. Tabmumi Mapmipytusanii. JluHaMiuHI 1 cTaTHYHI
METOM MapuIpyTH3alii. AITOPUTMHU MapIIpyTU3aIlii.

9.5. Metoau BUMagKoBOro AocTymy. JlocTym B Mepexax 3 IIMHHOIO TOIOJIOTIENO.
JlocTyn B Mepeskax 3 KiJIbIIEBOIO TOTOJIOTIENO.

10. Cucremu cnoctepe:keHHsI Ta 00poOKkH iHpopmamii

10.1. Knacudikaiisi cucTeM CIOCTEPEKEHHs. 3alieHl 1 HE3aJIekKHI CUCTEMU
cnoctepexkeHHs. Cuctemu croctepexeHHs B pamkax koHueniii CNS/ATM.

10.2. ABtonomHi nokariiiHi cucremu. Knacudikaris. PamionokariiftHi BUCOTOMIpH.
JliTakoB1 pajioNOKATOPH HaA MPHUKIAAl METEOpOoJOriyHuX pazaionokaropis (MPJI).
Korepentni MPJI. PanionokamiiiHa BigOMBaHICTh. JlOMJIEpIBCBKUNM CHEKTP 1 MOro
napaMmeTpH.

10.3. boproBi Mmeteonasiramiiiai pagionokatopu (MHPJIC). [Ipuznauenns MHPJIC
Ta iX poJib y 3a0€3MeUeHHI MOJIbOTIB B CKIIAJHUX METEOPOOJIOTIYHUX yMOBaX. Bumoru no
MHPJIC. Crpykrypu mudposux MHPJIC. Mixnapoani cranmaptu ICAO, Arinc.
Excmutyarariitni xapakrepuctuku. TexHiuH1 napameTpu. Pesxxumu poOoTH.

10.4. BropunHi paniojokamiiHi cuctemMu. KepyBaHHS TOBITPSIHUM PyXOM.
3anuTyBaul 1 BianoBijnayi. BrumB OOKOBUX NENIOCTOK aHTEHM Ha POOOTY BTOPUHHOI
cuctremu. Cucremu mnpuaymieHHs OokoBux mnemocTok. Pexumu A, B, C. Pexum S.
boproBi cucremu mnomnepemkeHHss 3iTKHeHb. Konmeniiist 1 ocHoBHI npunHnunu TCAS.
Jlorika TCAS 1 nporpamue 3a6e3neuenns. [Ipeacrasnenns iHpopmarii.

10.5. Cucremum  aBTOMAaTHYHOTO  3aJEKHOTO  CIOCTepeKeHHs.  [IpuHITMTI
ABTOMATHUYHOTO 3aJIEKHOTO CIIOCTEPEKEHHS. APXITEKTypa CUCTEMU criocTepexkeHHs ADS-
B. 3actocyBanns i mepeBarn ADS-B. ADS-B sk cuctema nomnepekeHHs 3iTKHEHb.

10.6. ITacuBHI cucTeMH 1 HaIIBIIACUBHI CUCTEMH criocTepexeHHs. [lacuBHI cuctemu
BUSIBJICHHSI TPO30BOi AKTHBHOCTI. EJEKTpOMarHiTHE BUIIPOMIHIOBAHHS OJHMCKaBOK.
[lenenryBaHHs JKepen BUIIPOMIHIOBAHHS 3 OOpTY JiiTaka. MeToIu OI[iHKMA adbHOCTI /10
po3psay. OcobmuBocTi BimoOpaxeHHs i1H(opmarii. CuctemMu BHUSBIEHHS 1 OIIHKA
KOOpJIMHAT O0’€KTIB 3 BHUKOPUCTAHHAM BIJOMTUX CHTHAJIB CTOPOHHIX JDKEpPEI
BUIPOMIHIOBAHHS.

10.7. Cucremu mnorniepe/KeHHs] HaOMMKeHHS 10 3emuti. [Ipu3HadeHHs 1 HEOOX1aHICTh
CHUCTEMHM TIOTIepe/KeHHsI HaOmmKeHHs 10 3emii. OcHoBHI mpuHOunu cucremu GPWS.
Pexxumu pobotu GPWS. ViockonalieHa cuctema MOMEPEHKEHHS MPO HAOIMKEHHS 0
3emiti (EGPWS) Cucremu 3 mpornoszyBanusm. [Ipuknaau peanizaiiii cucteM.

10.8. bararono3uiitai pamioenektponHi cuctemu (BIIPEC). Ocob6muBocti BITPEC.
IlepeBaru 1 Hemoniku. BusiBnenns nutet B BIIPEC. [anehicts 1 30Ha aii BIIPEC.
BusnauenHss koopauHaT 1 moOyaoBa TpaekTopil minei. OTpumaHHSA pagio300pakeHb
uined. MynpTunaTepaliiiti paJioeeKTpOHHI CUCTEMH B aBiarlii.

10.9. Curnanu sik Hocii iH(opmMmailii B cucremax crnoctepekeHHs. OCHOBHI THIHU
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CUTHaJIB. 30BHIIIHI 1 BHYTPILIHI BIUIMBY Ha iHGopMaliiiHi mpouecu. OCHOBHI MOJTOKESHHS
TEOpii 1 CTATUCTUYHI MOJIEJI BUTIAIKOBUX BEJIMYWH, TPOIIECIB 1 MOJIIB.

10.10. Po3monin iMOBIpHOCTEW CUTHATIB 1 3aBa/.

10.11. AmnpiopHa HEBHW3HAYEHICTh CTATHCTHUYHOTO OIKCY CHUTHAJIBHO-3aBaJOBHX
CUTYyalllll 1 YMOB 3aCTOCYBaHHSI CUCTEM CIIOCTEPEKECHHS.

10.12. CrarucTuyHuil CHHTE3 METOMIB 1 aJTOPUTMIB OOPOOKHM CHUTHAIIB B YMOBax
arnpiopHOi HEBU3HAYCHOCTI.

10.13. ApanTtuBHi, poOacTHI 1 HemapaMeTpUyHI METOAM 1 AJIrOPUTMU OOPOOKHU
1H(opmMmariii.

11. IlpoekTyBaHHs Ta (PYHKIIOHYBAHHS TeJIeKOMYHIKALIHUX CHCTEM Ta Mepex

11.1. OcHoBH1 koMmMmoHeHTH Mepexi. Knacudikamis mepex. [IpuHuunu 3B’°43Ky.
BbararopiBHeBa mMozaenp Ta nporokoiau. Moaens TCP/IP. IlopiBasaua moxeneit OSI Ta
TCP/IP. ®i3uvHa Ta J0TivHA afpecarrisi B MEPEXKi.

11.2. ®yukmii xkomyrtaropiB. [llupoxkomoBHa po3cuika mMoBigoMIeHb. [IpoTokon
Bu3HaueHHs angpec ARP. ®yukuii mapupytusaropiB. Kabem ta xonTaktu. CtanaapTu
MPOKJIAJIKN KaOeiB.

11.3. IlpuzHauenHss MepexxkHoro piBHs. [IpoTokonu mepexHoro piBas. [P-agpeca ta
MeperxxHa Mmacka. Tumm [P-agpec. IlyOmiuni ta npuBatHi [P-aapecu. IlpucBoeHHs
cTaTU4HOi Ta nuHamiuHOi IP-ampecu. Mexi mepexi Ta mpoctip anpec. [lmanyBaHHs
cTpykTypu anapecarii. IP-aapecamiss B8 LAN. Macka VLSM Tta 0e3kiiacoBa MiKJIOMEHHA
mapmipyTu3aiist (CIDR). Texnonoris NAT 1 PAT.

11.4. OcHoBHi (yHKIIT TpancnopTHOro piBHsA. TpancnoptHi npotokonu TCP 1 UDP.
OcHoBH1 ¢yHKIII npukiaaaHoro piBHA. [IpoTokonu mnpukiagHoro pieHs. [lpuknanHi
MIPOTOKOJIH 1 CEPBICH.

11.5. be3npoBiaHiI TEXHOJOTIi 1 MPUCTpoi. Tumu Oe3mpoBITHUX MEPEkK Ta iX Mexi.
besnpoBiaHi NokanbHI Mepexi. CTannapTu Oe3npoBIAHMX Mepek. be3npoBiiHI KaHaIH.
besneka 6e3mpoBiAHOT JTOKAJIBHOI MEPEXKI. 3arpo3u B O€3MPOBIAHMUX JIOKAIbHUX MEpPEkKax.
AytenTtudikariis ta mmdpysanss B mepexxi WLAN.

11.6. MepexHi 3arpo3u. Meroau atak. Bipycu, xpobaku, 4epB’ KN Ta «TPOSHCHKI
koH». [lomiTuka Oe3neku. 3aranbHi 3axou 3abe3nedyeHHs Oe3neku. AHTHBIpycHe I113.
BukopucTaHHsS MIKMEPEKHUX EKPaHiB.

11.7. Tarepnet Ta ctangaptu. [IpoBaiinepu nocnyr [arepuet (ISP). [Tigkmtouenns no
npoBaitnepa nocayr [aTepner. Ciyx6a TexHiuHOT miaTpuMku. [IpoTtokonu mist pobotu
ciyx6 ISP. Cnyx6a nomeHHux imeH. OyHKITIOHAJIbHI 000B’sI3kH [HTEpHET-TIpOBaiinepa.
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PEATHUHIOBI OIL[THKH

BukoHaHHS1 OKpeMHUX 3aBIaHb BCTYNHOI'O iCIIUTY

Bua HaBuanpHO1 poOOTH

MakcumanbHa BEIMYMHA PEUTHHTOBOT OIIIHKA

(6amm)
Bukonanns 3aBmanas Ne 1 65
Bukonaung 3aBmanasa Ne 2, 3 70
Ycnoro 200
3HAYeHHs PeliTHHTOBHUX OLIHOK B 0aj1ax 32 BUKOHAHHS 3aB/JIaHb
BCTYIIHOIO iCIIMTY TA iX KpUTEpil
Oninka Bukonannsg 3aBmanas Ne 1 | Buxonanus 3asmanas Ne 2, 3
Binminno 62-65 67-70
Jloope 57-61 62-66
3a10BLIILHO 31-56 36-61
He3anoBijibHO 0-30 0-35

BignoBigHicTh peTUHIOBUX OL[IHOK
y 0asiax oliHKaM 32 HAIOHAJILHOI0 IKAJIOK0

Ouinka B 60aJjiax

IosicHeHHSA

190-200

BigminHo

(BiAMIHHE BUKOHAHHS JIUIIE 3
HE3HAYHOIO KUIBKICTIO TTOMUJIOK)

Berynnuii icnut
CKJIaJIEHO

101- 175-189

200

[o0pe

(B 3araibHOMY BipHE BUKOHAHHS 3
MEBHOIO KUTHKICTIO CYTTEBUX TTOMUJIIOK)

101-174

3a10BLILHO

(mermoraHo, aje 31 3HaAYHOI KUIBKICTIO

HEIOJIIKIB Ta 3a{0BOJIbHSIEC
MIHIMQJIBHUM KPUTEPISIM)

0-100

BerynHuii icnuT He CKJIa/ieHO
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