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where the countries with lower probabilities of mistakes on all stages are spe-
cialized on the later stages of production. Using the simple theoretical basis,
one may suggest a form of vertical specialization for interdependent countries.

Policy makers, business leaders, economists equally pay attention to the
phenomenon of vertical specialization. The option of transboundary fragmenta-
tion for production processes affects amounts, features, and consequences of in-
ternational trade. The issues how global and local technology changes influnce
on participation of various countries in the same supply chain, how vertical
specialization influence on interdependence of countries remain opened.

As the general equilibrium models with an arbitrary (large) number of
products and countries, regardless of sequential production presence, do not
give clear comparative static predictions, a simple trade theory with sequential
production is needed. It requires some ideas about hierarchies in partial equilib-
rium models of a closed economy. The environment where production may
contain mistakes is the focus. Models of hierarchies have been applied to the
international trade questions. For instance, the kowledge economy model is
used for research of transhoundary matching between agents with nonuniform
abilities and corresponding consequences for inequality in a given country. In-
equality in a country due to hierarchies at trade has been investigated by other
models as well. It is assumed all people of a given country have equal abilities.

Key words: equilibrium, supply chains, production stages, final good,
intermediate products.
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ONTUMISALIA NOLWYKY AUCKPETHUX CKNAOHUX
CUrHAnIB 3 HEOBXIOAHUMU BNACTUBOCTAMU
AOnA 3ACTOCYBAHHA Y CYYACHUX
IHOOPMALIIMHO-KOMYHIKALIIMHUX CUCTEMAX

Cepenl OCHOBHHX HANpSIMKIB ITOKPAIICHHS ITOKAa3HHUKIB e(ek-
TUBHOCTI (PyHKIIOHYBaHHs iH(pOpPMaLiifHO-KOMYHIKALIfHUX CHC-
tem (IKC), 30kpema, 3aBa/i03aXHUILEHOCT], CKPUTHOCTI, iH(pOpMa-
[iitHOT Oe3reku, MOXKHA BUAUTUTH HANPSMKH, TOB'sI3aHi 13 3aCTO-
CyBaHHSM (pa30MaHIITyTbOBaHHUX IIHPOKOCMYTOBUX cUrHaiiB (OM
HIIIC) 1 wactoTHO-(hazomaHimynsoBanux (UOM) curnamiB. Ocki-
JBKU B 0araTOKOPUCTYBaueBUX CHCTEMAax, KOJOBHH MO KaHATIB
IPYHTYEThCS Ha BiMIHHOCTI cUrHamis, To nodyaosa IKC i moka3s-
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HUKH e()eKTHBHOCTI 3a3HAaYCHUX CHUCTEM BHM3HAYalOThCS BHOOPOM
CUTHAMIB 1 1X BracTUBOCTAMH. [Ipy koMY, SIK JUCKPETHI MOCIiIO0-
BHOCTI ([I), sIKi pO3MMPIOIOTE CIEKTP (MaHIMYyIIOI0Th HECYydy 4a-
CTOTY), TOBHHHI OyTH Bukopucrtani [I1, ki 3acHOBaHI Ha HENiHIH-
HUX TpaBWJIaX MOOYAOBH 1 MAlOTh MOKpAIIeHI KOpeIrliiiHi, aHca-
MOJIEB1 1 CTPYKTYpHI BIaCTUBOCTI. 30KpeMa, IPH BUKOPUCTaHHI Ta-
KHX CHTHAIIB sIK (Di3UYHOTO MEepeHOCHHKa iH(popMalii abo curHa-
JIiB CHHXpOHI3allii YacoBi BUTPATH Ha PO3KPUTTS CTPYKTYPH BHKO-
PHCTOBYBaHUX CUTHAJIIB 3pOCTAIOTH 1 TOCTAHOBKA «ONTHMAIIBHUX),
3 TOYKH 30py CTaHILii MPOTHIII, MEPENIKO CTa€e MPoOIeMaTHIHOIO.
CKIlaJIHi CHTHaJIM, OTPHMaHI HAa OCHOBI TaKUX ITOCIIJIOBHOCTEH,
BOJIOAIIOTH, 3 OTHOTO OOKY, CTPyKTypHUMH BIACTHBOCTSMH, aHa-
JIOTIYHUMH BJIACTHBOCTSIM BHIAIKOBHX (IICEBAOBUIAIKOBHX) MOC-
JOBHOCTEH, a 3 1HIIOro — HEeoOXiTHUMHU aHCaMOJIEBUMH 1 KOpe-
JSINIHHAMM BIIaCTHUBOCTSAMH. MiHiMi3awist piBHS OIYHHUX MEIFOCTOK
AK® Mmae Haiibinplie 3HaYeHHS IPU KOHCTPYIOBAHHI CUTHAITY UL
TaKUX JOJATKIB SIK BHMIp 9acy 3aIli3HIOBaHHS, YaCOBUH NO3BLI i
in. Y naHiit po6oTi copmynpoBaHa i BHpIllIeHa 3a7a4a ONTHMI3a-
[ii CHHTE3y HENIHIMHUX TUCKPETHUX IMOCTIIOBHOCTEH, SKi MalTh
MOKpaIleHi aHcaMOJIeBl, CTPYKTYPHI 1 aBTOKOPEIIALIHI BIaCTHBO-
cTi. 3acTOoCyBaHHS HENIHIHUX TUCKPETHUX CUTHAMIB, SKi yTBOPEHI
Ha OCHOBI TaKHX IOCIIITOBHOCTEH, JO3BOJUTH 3a0€3MCUUTH HEOO0-
XiJ[HI 3Ha4YEHHs 3aBa/I03aXUIIEHOCTI, iHpOpMaLifHOT Ta CTPYKTYp-
HOi ckpuTHOCTI (yHKIioHyBaHHs IKC.

KurouoBi cioBa: duckpemna nocnioosnicms, kpunmozpagiu-
HUll cuenan, Qyuxyia xopenayii, isomopghism, Kinyege nore.

Beryn. [lo indopmarniitao-komynikanitaux cuctem (IKC), ocobmm-
BO, KPUTHYHOTO TIPU3HAYCHHS, TIPE SBIISIOTHCS BCE OLTBIT )KOPCTKI BUMO-
ru oo 3ade3neueHHs: eeKkTHUBHOCTI 1X (QyHKUIiIOHYBaHHS (TIPOAYKTHB-
HOCTI, TOCTOBIPHOCTI mepeaBaHHs iH(OpMaIlil, )KUBYUOCTI, 3aBa/I03aXH-
meHocTi, iHdopmaniiinoi 6e3nekn) [1, c. 154—156]. Icuye npoTupiuus Mix
JKOPCTKUMH BHMOTaMHU IOAO 3a0e3Me4eHHs 3a3HaYeHUX IOKa3HUKIB, 3
0JTHOTO OOKY, 1 ICHYIOUMMH MOJIENISIMHM, METOJJAMHU 1 TEXHOJIOTISIMU Kepy-
Banaa IKC, indopmariiiHoto Oesnekoro, 3 iHmoOro 06oky. OCHOBHHMH
HIISIXaMH BUPILIEHHS 3a3HAYEHOTO MPOTUPIYYS € IiBHMIICHHS 3aBa/io3a-
xumieHocTi Ta iHopmaniiiHoi 6e3nekn IKC Ha 0cHOBI po3poOKM METOIB
CHHTE3y HOBHX KIJIaCiB CHTHAIIIB — TEPEHOCHUKIB JaHWX 3 HEOOXiTHUMHU
aHCaMOJIEBUMH, KOPETIIHHUMHE 1 CTPYKTYPHUMH BIIACTHBOCTSMHU.

CuHTe3 CHCTEM CHTHAIB i3 3aJaHUMH KOPeJSUiiiHIMU BJIACTHBOC-
TsMH. B po6ori [2] nokazano, 1110 mporec BUOOpY pauioHAIBHUX MO THX UM
IHIIMX KpUTepisx auckperHux curHaiiB (JIC) TOTOXHMI CHHTE3y BiANOBII-
HUX JUCKpPETHUX mocifoBHocTei ([I1), 3a 101OMOroro SIKMX MaHiIyJIo0Th,
Harpukiaz, ¢pazy Hecydoi yactotu. Sk kputepiit Bubopy kmacy JIC (sx mpa-
BUJIO), OPIEHTYIOThCS Ha MiHIMakCHUN KpuTepidl. Takwii kpuTepili mae Ha
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yBa3i MOOyIOBY aHCAMOJIiB CUTHAJIIB, SIKi SIK MOYKHA TIOMITHIIIIE BiIPi3HIIOTh-
cs omuH Big oxHoro. KinmbkicHoro miporo BigminaOCTI JI1 cimyxarts Makcuma-
JbHI piBHI OIYHMX NEMOCTOK (YHKLIl aBTOKOpeNslii B anepiofnyHoOMYy
(ADAK) i nepiomuunomy pexxumax nepenadi ([IOAK).

Buxopsuu 3 nporo mmpokocmyrosi curianu (ILICC), moBuHHI BoJo-
JUTH TAaKUMH KOPEJIIMHAME BIACTUBOCTSMH, KOJHM OiYHI MKH KOpEs-
uitanx ¢yskuiit IHICC € skomora MeHIIUMH, TOOTO B 1/1eaJIbHOMY BHIIQ/I-
Ky TOBHHHI IIparHyTH 70 HyJIA. Y Teopil CKIIaTHUX CUTHANIB BIOMHH Psit
iHTerpanbHuX piBHOCTI [2]. Hexaii C MHOXMHAa KOMIUIEKCHHUX 4YHCEN, a

CM MHOXMHA BeKTOpiB 3 KOMIUIGKCHMMH KOMIIOHEHTAaMH. EjeMeHTH
MHOXXHHH W, X,Y,z€ C" JIOBUIBHI BEKTOpH, a W,X,Y,Z BIANOBimHI M
JUCKpeTHI mocnifoBHOCTi. YoTupu B3aeMHO-Kopemsuiini ¢ynkuii R, ,

, S
Ry.z+ Ry,ys Ry, MOB'sI3aHI CIIBBIHOIICHHIM

N-1 N-1
> Ruy MR, A+m] =>"R, , IR, (1+n)]". €N
1=0 1=0
Ioxknapuu B (1) z =y, oTpumaemMo
N-1 LE! .
Ruy D[Ry 1+ T =Y Ry DIR, (1 + )T v
1=0 1=0
IMokmasmu B (2) W = X, OTpEMaEMO
N-1 N-1

> Ry IR, (1+m] =Y R MR, (1+m] . (3)
1=0 1=0
Haperrri, noknasmu B (5) n =0, oTpuMaeMo

N-1 5 N-1 .
> Ry M =X RAMIR, (] (4)
1=0 1=0

3a momomoror (1)—(4) oTpuMaHO S BRKIUBHUX I'PAHHUIb OI[IHKU
KopensiiHux ¢yHKiii. PiBHicTs (3) 03Ha4ae, mo aBToKOpesiiHa QyH-

kuisi (AK®) nocnmigoBHocTi R, 30iraerbcsi 3 B3a€MHO-KOPEJSILIHHOIO

X,y
¢ynxuiero (BK®) nmocninosrocret R, i R, . Kpim Toro, 3 (4) cxin, mo
CepelHe 3HAYCHHS KBajapara MOAyist (GyHKI B3aeMHOI KOpemsiii CUrHa-
JB X 1 Yy JOpIBHIOE cepeHbOMY 3Ha4eHHIO TBOpY ix AK®D. daktnuno
1[e 03HAYa€, 10 CUTHAJH, 110 BOJOIIIOTh XOPOIIMMH aBTOKOPEISILIHHIMU
BIIACTUBOCTSMU OYIyTh BOJIOJITH 1 XOpOIIUMHU BiacTUBOCTIMU BKO.
IPAK nocnigoBHoCTI {a0, A1,.....an— 1} Mae Bux [3, c. 141-143]:
1 N-t . 1 m-l .
pp(m):_zzai'ai—m+_zzai'ai—m'mzo' ®)
=] = o=
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[epumit noganok y Bupasi (5) € AQAK, Toxi sx apyruit — mopis-
HIoe p,(Mm—N) . B pesynbrati OTpuMy€eMO CIiBBiJHOIIEHHS, IO 3B'A3y€

[TPAK i3 cBOIM anepiofMYHUM aHAJIOTOM:
pp(Mm)=p(M)+p,(M=-N),m=01..N. (6)

PiBHICTH HYIIO BCiX OIYHUX MEIOCTOK HEMOXKIUBO JUIS arepioand-
Hux OM curnamiB. Toxmi kpaifHii TpaBuii OOKOBHII MK HOPMOBAHOI
ADAK JII curnamy Oyze:

P(N-1) =201 g, )
]
OcTaHHE CHIBBIAHOIIEHHS TPU3BOJUTL OO 3aCTOCYBAHHS MiHi-
MaKCHOTO KpUTEpil0 Npu CUHTe3l curHamiB. dopmanbHa 3amMuC AaHOTO
KPHUTEPII0 Ma€ BUTIISIL:

Pa,max = MaXpg {|,0a(m)|} =min. (8)

TakuM 9YMHOM BHMOTH, IIIO TP 'SIBISIFOTHCS IO HAHKPAIOTO CUTHATY,
MOXYTb OyTH c(OpMyIHOBaHI y BUIIISIII TaKOI ONTUMI3AIlHHOT 3a1aui: Ha
0e311i4i BCIX MOXJIMBUX IOCIIIOBHOCTEH HOBXUHKA N 3 cMMBoiaMu 3 00-
paHoro anasiTy 3HAMUTH MOCTITOBHOCTI 3 MiHIMAJIBHOIO BEIMIMHOIO MAaK-
cumansHOro OiuHoro memoctka ADAK. 3aranpHa imes anropurTMmis,
COpPSIMOBAHMX HA BUPILICHHS Ii€T 3a1a4i, MOJIATae y MonepeIHbLOMY Bigbo-
pi Jeskoi 0OMex)eHOT MHOKHHH TOCIIIOBHOCTEH, 1 MOJANBIIOMY HOIIYKY
MOCTITOBHOCTEH 3 MIHIMAJbHHM 3HAYCHHSAM CEpel MOCIIIOBHOCTEH, SIKi
YBIMIUM y 3a3Ha4eHy MHOXHHY. OJHUM i3 NPUKIIaAIB Takoi cTparerii, €
BUKOPHCTAHHS CHiBBiAHOWIEHHS (6). [l03HAYAI0UN P, 1,y » MAKCHMATBHUH

Oiunnit nemoctok HOAK: p, 0y = malxm=1’2’_”nfl{|pp (m)|} , 1 BUKOpHC-

ToByiouM HepiBricTh: max {|x+ y|} < max {|x|+|y|} < max{|x|} + max {|y|} ,
IIPUXOAMMO 0 OLUHKH P may < Pq max a00:

1

Pa,max Z Epp,max . (9)

Burmmmsae, mo 11 3 xopomioro ADAK mMoxyTh OyTH 3HaiICHI cepen
MOCHTIZIOBHOCTEH 3 XopommMu xapakrepuctnkamu [IOAK.

Takum uymbOM, JII1 3 BiAMOBIAHMMH 3HAYCHHSIMH OOKOBHMX IIiKIiB
ADAK, moxyTs Oyt Binibpani 3 MHOkuHHU {1, 3HaueHHS OOKOBHX IKiB
[NOAK sxux € ontumanparMu. Came 11i 00cTaBUHU OyITH 3aCTOCOBaHI IS
mpoBeAeHHs onTuMizamnii momyky JIC 3 mokpameHuMu XapakTepUCTUKAMHU
ADAK. Jlo ontumanbhux (3 Touku 30py [IDAK) 3a miHIMaKCHUM KpHTe-
pIEM BIOZHOCATHCS HEMIHIAHI XapaKTEPUCTHYHI JUCKPETHI CHUTHAIIB
(XAC) [4, c. 125-129]. ocmimkeHi aBTOKOPENAIiiHI BIACTHBOCTI aHOTO
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KJIacy CHTHANIB y anepiognyHOMY peXuMi mepenadi. 30Kpema, BCTaHOB-
neHo, mo g nepioay JIT 256 enementis icaye 56 [AI1, nis skux 3HaYCH-
H MakcuMayibHuX Oiunux mikiB A®DAK He mnepeBuiiye 3HaueHHs
18 (1,1\N). Byzno cuntesoBano 470 XJIC, HOPMOBAHI 3HAYCHHS MAKCHMa-
npHUX OiuHuX mikiB ADAK sikux, He nmepeBuilyoTs Bennunnu 20/256. Y
CTaHAapTi cUcTeMH 3 KojoBuM noaiiom UMTS sk Kox mepBUHHOI CHHX-
poHi3alii BUKOPUCTOBYEThCsl OiHapHa cuHxporociinosHicTs (CII) 3 nepi-
0/10M 256 €JEMEHTIB, SKi BONOMIIOTE Qg 0 @K 10 V4, TOOTO P, oy = 64.

IIpu Bubopi X/IC sk CII, y mopiBHSHHI 3 CHTHaJIaMH, III0 3aCTOCOBYIOTHCS
B ctagaapti UMTS, Burpar, 3 TOUk# 30py 3aBa0CTIHKOCTI IPUHOMY CH-
THaIB, ckiaae Oinpire 4 1b. B po6orax [5-7] mokasaHo, 10 3aCTOCYBaH-
Hs kpunrtorpadiuaux curHaiiB (KC) 103BoJIMTE CYTTEBO MOKPALIUTH MO-
Ka3HUKK iH(popManiitHol Oe3neku, ckputTHocTi ¢yHKIionyBanHs IKC. 3
METOI0 TIJIBUIEHHS 3aBa/IOCTIKOCTI MpUIOMY CHrHaiiB Oyja BHCYHYyTa
rirmoTe3a oMo MOXKIHMBOCTI 3acTocyBaHHs came KC sk (i3uuHMX mepeHoc-
HUKIB JaHHX, a Takox sk CI1. /It nepeBipku rimote3u cunte3oBaHo 680 KC,
Pamax APAK 1ist sixux, He mepeBuIlye 3HadeHb 33. B soMy BUITAIKY, K

TIOKA3aJIM PO3PaXyHKH, BUTPALI 3 TOUYKH 30pYy 3aBafocTiikocTi npuiiomy CITy
nopiBHsHHI 3 BUKopucTaHHg [, mo 3actocoByrothest B cranmapti UMTS,
cknagae 3 nb. SIKIo BUCYBatOTHCs OLIBII HKOPCTKI YMOBH JI0 3aBaJI03aXHIIIe-
Hocri npuiiomy curnaiiB B IKC, moyxna 3anpornonyBaru 3actocoByBati KC,
I AKUX O, max APAK Menme ik 33. B Tabmuii HaBeneHo JaHi 11070
neskux KC, st AKUX 0 oy HE TIEPEBHILYIOTH 3HAYEHHS 26, 8 HA PUCYHKY
noka3ano B ADPAK st omroro 3 Taknx KC.

ADAK, L = 256

aazzgsi

83553883883

max=21

B L e T LT

0O 20 4 6 8 100 120 140 160 180 200 220 M0 260 200 300 320 30 0 30 400 420 440 460 40 500 50

Pucynox. AQAK KC oas N = 256. Luxniunuii 3cye {83}

b385.3538888388
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Tabmurs
KC ons N = 256 3 natimenuwumu 6iunumu nentocmxamu ADPAK
3Ha'—IeHHﬂ MAaKCHUMAaJIbHUX . . .
Curnaj Ne BoxoBux mikis ADAK Bignogiani 3cyBu KC
1 25 {31}
2 25 {61}
3 26 {60}
4 26 {10,22}
5 24 {212}
6 26 {48}
7 21 {3,83}
8 26 {66}

BucnoBku. Ha ocHOBI 3acToCyBaHHS MiHIMAKCHOTO KPHUTEPIIO Ta PiB-

HOCTEH{, IO BCTAHOBJIOKIOTH 3aJICKHICTh aBTO- 1 B3a€EMHO-KOPEIALIHHIX
¢ynkuiit JIC, Bupimena 3amada ontuMizanii nomyky HemiHidEEX [C 3
MOKpAIleHUMH BIacTHBOCTAMU. [loka3aHo, 10 3aCTOCYBaHHS CHHTE30Ba-
HUX CHCTEM CHTHAJIIB JO3BOJHTH IiJBHUIIATH 3aBaJOCTIMKICTD MpHHAOMY
CUTHAJIB, TIOKAa3HUKU iH()OpPMAIIiIfHOT Oe3MEeKH Ta CKPUTHOCTI (DYHKITIOHY-
BanHs IKC B ymoBax kibeparak, Jiii IPUPOJHIX Ta OPraHi30BaHUX, Y TOMY
YHCIi, CTPYKTYPHHX, PETPAHCIbOBAHMX i IHIINX 3aBa/l.

o~
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OPTIMIZATION OF DISCREET COMPLEX SIGNALS SEARCH
WITH NECESSARY PROPERTIES FOR APPLICATION
IN MODERN INFORMATION AND COMMUNICATION SYSTEMS

Among the main areas of the performance indicators improvement of in-
formation and communication systems (ICS), in particular, noise immunity, se-
crecy, and information security, it is possible to identify the areas associated
with the use of phase-manipulated broadband signals and frequency-phase-
manipulated signals. Since in multi-user systems, the code division of channels
is based on the difference in signals, then the construction of ICS and perfor-
mance indicators of these systems are determined by the choice of signals and
their properties. In this case, discrete sequences (DS), that extend the spectrum
(manipulate carrier frequency), should be based on nonlinear construction rules
and have improved correlation, ensemble and structural properties. In particu-
lar, when using signals such as the physical carrier of information or synchroni-
zation signals, the time expenditures on the disclosure of the structure of the
signals used are increasing and the setting of «optimal», from the standpoint of
the counter-station, obstacles becomes problematic. Complex signals obtained
on the basis of such sequences, possess, on the one hand, structural properties,
similar to the properties of random (pseudorandom) sequences, and on the oth-
er hand, necessary ensemble and correlation properties. The side petals minimi-
zation levels of the ACF is of greatest importance when designing a signal for
such applications as measuring the lag time, time resolution, etc. In this paper,
the problem of optimizing the synthesis of nonlinear discrete sequences, which
have improved ensemble, structural and autocorrelation properties, is formulat-
ed and solved. The use of non-linear discrete signals, which are formed on the
basis of such sequences, will provide the necessary values of impedance pro-
tection, information and structural secrecy of the ICS operation.

Key words: discrete sequence, cryptographic signal, correlation func-
tion, isomorphism, finite field.
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