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The principle of fault-tolerant routing with load balancing support has
been considered and improved. The peculiarity of such networks is that routing
protocols with increased levels of fail-safe solutions are used. As shown in
practice, this technology is especially needed to maintain multiserviceability.
And the use of special protocols can increase the availability of routers
performing the role of the gateway by order.

BaxxnuBoro 0coOnMuBICTIO cydacHUX TeleKkoMyHikamiiHux Mepex (TKM),
0 CKJIQJaf0Th OCHOBY TJIOOAIBbHOI 1H(pOpMAIIMHOI 1HGPACTPYKTYpH, €
niaTpUMKa MyJbTUCEpBIiCHOCTI. Came 15 (PyHKI[IOHAIBHICTh € KJIFOYOBOKO TMPHU
peanizamii KkoHuenmii NOOYZOBM Mepex HacTynHoro mokominHs (Next
Generation Network, NGN). Oco0auBa poib B apxiTeKTypi 3a0e3medyeHHs
skocTi oociayroByBanns (Quality of Service, Qo0S) 3 «kinis B kineups» (end-to-
end) i oco0auMBO TMpH BHPOBAIHKCHHI MYJIBTHME/ia-CEPBICIB  BiIBOIUTHCS
3acobam  mmpokomoBHoi  (broadcast) i Oararoaapecnoi  (multicast)
MapuipyTH3alii, [0 AaKTUBHO BUKOPUCTOBYIOTHCA MpH Tepeaadl Tpadika TaKux
noaatkiB sk IPTV, nucranuiifHoro HaB4yaHHSA, perutikamii 0a3 JaHuX Ta
1H(popmarlii BeO-caiTiB, pO3CUIKH KOPHOpPAaTUBHOI 1H(pOpMarlli Ta 1H., YacTKa
SKOTO B CHEKTpPi HalaBaHUX TMOCIYT MOCTiiiHO 3poctae [1]. 3 immoro Ooky,
CydyacHI  MPOTOKOJWM  MapHIpyTH3alii BCE  YacTillie  JOTOBHIOIOTHCS
(GYHKIIIOHAJIOM MiABUILEHHS BIIMOBOCTIMKOCTI pIlIEHb, MPUKIIAIOM YOMY MOXKE
CIy’)kuTH mosiBa kowruenmiin Fast ReRoute B mepexxax MPLS (Multiprotocol
Label Switching), a takoxx Fault-Tolerant Routing i IP resiliency technology B
IP-mepexax.

[IponykruBHicTh cyyacHux TKM cTpiMko 3pocrae, 1m0 OpUBOIUTH IO
3’SIBJICHHS BIJIMOB Ta TEpPEHABAaHTAXXEHHsS MEPEXEeBOro ooOiaaHaHHsA. Yepes 1ie
BEJIMKUI 00’ €M JaHUX MOXe OyTH BTpayeHHi, 1110 3HAYHO BIIMHE HA 3HAYCHHS
MOKA3HUKIB SIKOCTI oOcayroByBaHHs. Tomy B TpanHcnoptHux TKM, xotpi
3acHoBaHl Ha TexHousorisx [P (Internet Protocol) Ta MPLS (Multiprotocol Label
Switching), BUKOPHCTOBYIOThCS JOIATKOBI 3acobu 1 IBUIIICHHS
BIJIMOBOCTIHKOCTI. /[0 TaKMX TEXHOJOTIH BIAHOCSATh HACTYIIHI:

« mBHIKa mpoTokosibHa 301kHICTH (Fast IGP/BGP Convergence);
« BigMOBoOCTIiliKa Mapiupytu3aris (Fault-tolerant routing);
« mBHaKa nepemapmpyrtusaiis (Fast ReRoute, FRR).
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TexHosioriss  BIAIMOBOCTIMKOi ~ MapuIpyTH3ailii  HampaBjieHa  Ha
301IBIICHHST TOCTYITHOCTI IIUTFO3Y 3a 3aMOBUYYBaHHSM 1 BKJIIOYae B cebe Taki
POTOKOJIU:

1. TIporokon HSRP (Hot Standby Router Protocol) mpusnauenuit ans
301IbIIEHHST JOCTYIHOCTI MapHIpyTHU3aTOPiB BUKOHYIOUUX POJb ILUTIO3Y IO
3aMoBYaHHIO. lle nocsiraeThcsi 3aBASKM 00’€IHAHHIO MapIIPYTHU3aTOPIB B
pe3epBHY Ipyny 3 ogHum IP-agpecom, sxuii 1 Oyne BUKOPHUCTOBYBATHUCS SIK
IIUTIO3 332 3aMOBYCHHSIM JJISI KOMIT FOTEPIB B MEPEXKI

2. IIporoxon VRRP (Virtual Router Redundancy Protocol) mpusHauenuit
JUTsL 30UIBIIEHHS JOCTYIHOCTI MapHIpyTH3aTOPIB BUKOHYIOUHMX POJb LUTO3Y.
Ile mocsaraerbcs mUISIXOM OO'€AHAHHS TPYIMU MapIIPYyTU3aTOPiB B OAUH
BIPTyaJIbHUI MapLIpyTU3aTOp Ta MpU3HAYEHHA iM 3aransHoi [P-anpecu, ska i
OyZe BHUKOPHUCTOBYBATHUCS SIK IUTIO3 332 3aMOBUYYBAHHSIM Il KOMI'IOTEPIB B
Mepexi.

3. IIporoxon GLBP (Gateway Load Balancing Protocol) mpairtoe
aHAJIOTIYHO, aJie HE 1JICHTUYHO IHIMUM TMPOTOKOJIAM PE3EepPBYBAHHA IILIIO3Y,
takuM sk HSRP 1 VRRP . Ili mporokonu m03BOJISIOTH JIEKLIBKOM
MaplipyTH3aTopaM OpaTh ydacTb y CKOH(IrypoBaHiil BipTyanbHIN rpyii
MaplIpyTU3aTOPiB 13 3arajbHOIO BipTyasbHOO [P-anpecoro.

4.  TIporoxonm CARP (Common Address Redundancy Protocol ) mepesxeBuii
POTOKOJI, OCHOBHMM 3aBJIaHHSIM SIKOTO € BUKOpHCTaHHs ofHiei [P-agpecu
KiJIbKOMa XocTamMu B Mexxax cermeHnta mepexi. CARP e BiibHOIO, 6€3M1€UHOI0
(B Ti# Mipi, B AKI{ B3araji MO>XHa TOBOPHUTH Tpo Oe3meky npotokony ARP)
anpTepHaTHBOO TpoTokosiaM VRRP 1 HSRP. CARP no3Bonsie Bumiiutu
rpymny XOCTIB y Till 4acTWHI Mepexi 1 npu3HauuTtu it onun [P-anpeca. Taka
rpyna HaszuBaeThcsi «redundancy group» (rpymna HagMmipHOCTi). B Mexax miei
IpyIu OJMH 3 BY3JIIB CTa€ «rOJOBHUM», a pelTa IO3HAYalThCs SIK
«pe3epBHI». Y KOKEH MOMEHT 4acy MaicTep-xocT BianoBigae Ha ARP-3anutu
1o npusHayeHoro IP-agpecoro 1 06po0Osie Tpadik, 110 ae 10 i€ aapecoro.
KoeH X0cT 0IHOYaCHO MOX€e HaJIeKaTh A0 JEKUIBKOX IpyIl.

JUtsl MIJBUILEHHS ONEPAaTUBHOCTI pearyBaHHA Ha MOXJIMBI BIIMOBHU B
00CITyroByBaHHI MAaKeTIB, BUKJIWKAHI NEPEBAHTAXEHHSAM KaHaMIB 1 Yepr
MapIIpyTH3aTOPiB, BCE YACTIIIE BUKOPUCTOBYETHCS 3aCOOM BiIMOBOCTIHKOI
mapmpytuzanii [2]. [Ipy npboMy BakJIMBO, OO0 MPOTOKOJ MapIIpyTH3aIlli
3a0e3nevuyBaB pI3HOMAHITHI CXEMH PE3€pPBYBAaHHS PECYpCIB Ta €JIEMEHTIB
MEpEexXi: 3aXUCTy KaHally, By3Jia, IUISIXY, Ta HABITh IIUTIO3Y.
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The system consists of the ATmega328P microcontroller and radio module
NRF24L01 +. Separate attachments can be connected with one another, transfer
this data, respond to the received information. The systems defines the data. It
IS necesseary to insert gateway in the main scheme for external control. The
gateway consists of the esp8266 controller and the radiomodule NRF24L01+. It
perform such functions: collection of information, its saving and transfer for
system operation. When will gate receive information, it transfer this
information for its accumulation and cloud computing. The gateway use the
mqtt-protocol for transfer information to other devices, which are the elements
of the net.

OyHKIIIOHYBaHHS 00’€KTIB 1HGPACTPYKTYPH 3JICKUTH BiJ JOTPUMAHHS
paBuJI eKCIUTyaTallii Ta Mip 6e3neKu, o nonepekye BUHUKHEHHS HeIITaTHUX
CUTYyaIlii. 3 M€ METOK BHHUKAE HEOOXITHICTh B OTPUMaHHI iHdOpMAIii TIpo
ctaH 00ekTiB. OTpuMaHHS JaHUX 3a0€3MeuyeThbCsl 3a PaxyHOK MOOyA0BH
ONTUMAJIbHOI cXeMu 300py, oOpoOkH, mepenadi, aHamizy iHpopMallii, M0
J03BOJISIE CBOEYACHO BUSIBUTHU Ta JIOKAII3yBaTH KPUTUUHY CUTYAIIIIO.

Hocmimkenass QyHKIIOHATPHUX CXEM CKIAJHUX TEXHIYHUX CHCTEM,
NOKa3ye, IO i1 KOHTPOJIIO TIEBHUX IapaMeTpiB HE Mae MoTpedu B
Oe3nepepBHOMY BHKOPWUCTAHHI NaTYUKIB JIA 300py MaHUX, IO JO3BOJISIE
3MCHIIIUTA C€HeproBuTpaTu. Jlyis 3a0e3ledeHHs KOHTPOJIO TapaMeTpiB
ABTOHOMHHX CHCTEM aKTyaJbHUM € 3aCTOCYBaHHS MPUCTPOIB, III0 MAIOTh HU3BKY
CHeproBuTpary. TakuMm YHHOM, MOCTI/DKCHHS CHPSIMOBAaHO Ha TMPAKUIHY
peanizalilo Mepexi 3 TMPUCTPOSAMH, IO MalOTh HHU3bKY €HEProBUTpATY.
OcobOmuBocTAMHM,  SIKI ~ HEOOXIZIHO  BpaxoByaTH €. OOMEXEHHS IO
(GYHKIIIOHYBAaHHIO KaHAJiB 3B’A3Ky Ta II0 aBTOHOMHOMY JKIBJICHHIO.
3anpornoHoBaHO (iKCyBaTH JaHI Yepe3 3aJaHuid IHTepBal Yacy abo 1o
30BHIIIHBOMY NI€PEPUBAHHIO.

Cucrema BKkimouae MikpokoHTposep ATmega328P Ta pamiomonyins
NRF24L01+. AnroputMm poOoTu 3abe3reuye OOMIH JaHUMH MDK OKPEMHUMU
eJIEeMEHTaMH, 1110 JI03BOJISIE€ PO3TIISIATU CUCTEMY, K «JICLIEHPaTi30BaHy CUCTEMY
300py, OOMIHY Ta  YIOpaBJiHHA  JAaHUMH». 3OBHIIIHIA  KOHTPOJb
JMAHUX3IACHIOETHCS 32 PaXyHOK BUKOpUCTaHHs muto3y. 1103 ckimamaeTses 3
KoHTpoJiepy esp8266, pagiomonymo NRF24L01+. Bin 3a0e3neuye peanizalito
dbyHKIIH: 30ip Ta 30epekeHHs JaHuX, rnepenada iHpopmariii mo 3anuty. Ilicus



oTpuMaHHs 1HdoOpMallii U3 3a0e3nedye ii mepeaaBaHHs I HAKOIMMYEHHS,
JUIST XMapHUX OOYMCIICHb a00 peTpaHCHAIl JJIS 1HIIUX MPUCTPOIB HAa OCHOBI
npotokosry MQTT. MQTT-nporokon 3abe3nedye peamizaiito MPOEKTIB B
koHnenili Iatepuer Peueit (loT-pemenns). IIpoTokon XapakepuszyeTbcs
HEBEJIMKOI0 KUIBKICTIO MEXaHI3MIB 3aXHCTy, OJIHAK BCl HOro peai3arii
OIATPUMYIOTH CydacHi ctannapTt 6esneku (Hanpukiaa SSL/TLS). Posrnsnemo
BapiaHT MEPEXKH, M0 BKIIIOYAE MPUCTPOI HA SAKUX PO3AIIOBaHI JATUYUKHU: PYXY,
TEMIIEpaTypyu Ta 1H. 1 peye, 3a JOMOMOTOK SIKOTO 3IHCHIOETHCS KEPYBaHHS
napamMeTpaMu eleKTpoMepeki. BUKoprcTaHHs 1MITI03y J03BOJIUTH BigoOpakaTH
310pany iHpOpMaIIiio B Mepexi B web-iHTepderici.

Cyd4acHOIO TEXHOJOTi€ Tepenadl gaHux € mporokodl LoRaWAN —
anmapaTHUW TMPOTOKON yhpaBmiHHA 3B’s3koM Mik LPWAN-momo3amMmu  ta
KIHIIEBUMH BY3JaMH TPHUCTPOiB. [IpucTpoi aciHXpOHHO mepemaroTh MaHi s
MOJIJIBIIIOTO BIAMPABICHHS Ha IIIIO3M, SIKI BIANPABISAIOTh MAKeTH NaHUX Ha
IIEHpaJi30BaHUN CepBEP MEPEXKi, a BiJl HOTO — HA CEPBEPH J0JIATKIB.

TakuM dYHMHOM, 3aCTOCYBaHHs HUTIO3y 3a0e3meuye (OpMyBaHHS Pi3HUX
BapiaHTiB 00poOku nanux. llr03 € eheKTHBHUM MPUCTPOEM JJis MiATOTOBKH
JaHUX 3 TPHUCTPOIB Malloi TOTYKHOCTI TMeped  BiAMpaBICHHAM iX s
MOJIAJIBIIIOTO 30epexeHHsI, 0OpPOOKH.
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The method of antennas switching in which the smooth transition from the
previous antenna to the next antenna is provided. This method of antennas
switching is significantly improve the waveform at the output of the phase
detector of the direction finder receiving path, that is improve the accuracy of
the determination of the incident signals arriving angle.

CyvacHuil pO3BUTOK CYCIUJIBCTBA XapaKTEpHU3y€ IIMPOKE Ta BCE OUIbII
3pocTaroue BHUKOPHCTAHHS paTiOTEXHIYHUX mpucTpoiB. Ile mpu3BoauThH
3pOCTaHHSI B3AaEMHHX 3aBaJ Ta MEPEIIKOJ. 3a/ulsi YCYHEHHS Ppaioneperiko
HEOOXITHO MaTu 1H(pOpMAII0 TpO MICUE 3HAXOKEHHS PpaglOTEXHIYHUX
MPUCTPOIB Ta MOMJIMBUX MICI[b BUHUKHEHHSI BUTOKY Pa/llOXBUJIb. AKTyaJIbHUM
€ BHUKOPHUCTAHHS TIEJIEHraTOpIiB 1 TPH MPOBEACHHI MOPCHKHX TOIIYKOBO-
pPATYBAIBHUX ONEpaIliii, HANpUKIAJ, JJIsi BU3HAUCHHS MICIS 3HAXOJKEHHS
mxepena curHainy cuctemu Cospas-Sarsat. J[is 1boro HEOOXITHO BU3HAYUTH
MICIISl pO3TalllyBaHHs aBapiiHUX OyiB 3a JIOMIOMOTO0 pajionencHraTopa [1].

Ha daHuti uac, He 38axcaryu HA 8eAUKY Ki/bKicmb po3po6oK y yill cgepi,
€ AaKMya/1bHOW p0o3pobKa WUpokodiana3zoHHUX Ne/eH2ayiliHUX cucmem, Wo €
docmynHumu wupokomy 3azaay. Po3pobkamu makux cucmem 3atiMaromscs
komnaHii «Rohde & Schwarz», «Moog Fernau Limited», «OKb MEI», i 6azamo
iHwux [2, 3, 4].

Meroau, nMokJIajeH1 B OCHOBY IMEJICHTYBaHHS, MOKHA YMOBHO PO3JILJTUTH Ha
TpU TPYNH: aMIUITYJHI, 1HTephepoMeTpruyHi, AonrmiepiBcbki [5]. OctaHH1 €
dbazoBuMH MeTogaMu. [HCTpyMeHTaldbHAa TOYHICTH (DA30BUX TMEJICHTaTOPIB
3anexuTh BiJ BenmuuHU 0aszu (b) Ta crabinbHOCTI 3cyBY (a3. Jns 30inbmieHHsS
TOYHOCTI BHUMIPIOBAaHHS KyTa HEOOXimHO 30imbimyBatu b/A, me A — moBkuHa
XBUII , aJie TO/1 pe3ynbTaT BIAIIKY KyTa cTae 6arato3HauHuM. baraTo3HauHICTh
MO’KHA YCYHYTH CTBOPEHHSIM CHUCTEMH, B fKiH € AeKUIbKa aHTeH, 3 0azamu by,b,
110 MTOCTYIMOBO 3MEHIIYIOTHCH.

3Ha4YHOIO TIepeBaror0 (a3oBOrO TMEJIICHTraTOpa € MOXJIHMBICTh ITOBHICTIO
YHUKHYTH TOLIYKY, OCKUIKM HE3aJeKHO BiJl HANPSMKY Ha O0'€KT, BIUTIK KyTa
MOXJIMBHM MUTTEBO. Pa3oM 3 TUM HEOOXITHO BiI3HAUUTH, 10 (Ha30BHIA
MeJICHTaTop, MOXKE JTaBaTU JOJATKOBI MOMUJIKU Yepe3 BIAOUTTS PalioXBUIIb Bif
MICIIEBUX TPEIMETIB, III0 OTOUYIOTh aHTeHHE moJje. OaHak ¢$ha3oBi MeJIeHTaToOpH
€ JIOPOTUMHU, TPOMI3IKUMU Ta CHEPTOEMHUMHU.
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JIist BUpILIEHHS JOCTaTHBO IIUPOKOTO KJacy 3ajady € MNpUIaTHUMU
NEJIeHTaToOpH, SIKU BUKOPUCTOBYIOTH MeToxa Jlomiepa. [lns peamizauii 11b0ro
METOJy HEOOXiJIHO 3a0e3NeunuTH IBHUAKE OOepTaHHS aHTeHW. MexaHiuHi
npuiagl o0epTaHHS aHTEHH HE € CyYaCHHUMH Ta 3aMiCTh HMX 3aCTOCOBYHOTHCS
€JIEKTPOHHI METO1 MOCIJOBHOI KOMYTallii aHTEH, K1 PO3TalllOBaHI [0 KOJY.

[Tpu 3BUuaitHOMy METO/Il KOMyTallil aHTeH e(peKT 0OePTaHHS MOJICTIOEThCS
MOCJIIIOBHOT BUOIPKOIO JTUCKPETHOI KUIBKOCTI aHTEH, TOMY Ha  BHUXOJI
JIEMOTYJISITOpA HACIIPAB/Il € CEPIEIO MIKIB.

[{i miku yTBOPIOIOTHCS IIiJT Yac MEPEXOIiB BiJ OJHIET aHTEHHW 10 I1HIIOI B
pe3ynbTari pizkoi 3MiHM (pa3u curHamy. YactoTa € MipO IIBUAKOCTI 3MIHU
MUTTEBOT (pa3u CHUTHATy, TOMY panrtoBa 3MiHa a3y BUTJISIAE SK PATOBA 3MIHA
yacToTh. CMyroBuil GUIBTp 3IIIAJKYE TIKH.

Y  poOOTI 3ampONOHOBAHO METOJ KOMYTallii aHTEeH IMpU SKOMY
3a0e3MeuyeThCs MJIaBHUN Mepexij 3 MONepeHbOl aHTEeHH Ha HACTYMHY. Takuii
crocid mepeMUuKaHHsA aHTeH JO03BOJMB 3HAYHO MOKpaIuTH (HOopMy BIATYKY Ha
BUXO0/1 (pa30BOTr0 JETEKTOpa MPUUMAIBHOIO TPAKTy MEJEHraropa Ta TOYHINIE
PEKOHCTPYIOBATH CUHYCOITaNbHy (OpPMY CUTHAITY JIJIsl TOPIBHSHHS 3 €TaJIOHHUM
CUTHAJIOM, IIO B I[IJIOMY MOKPAIIXJIO TOYHICTh BU3HAYCHHS KyTa HAJXOJKEHHS
CUTHAJy IO TMEJNEHTyeTbCa. 31 3MVIaJUKEHOr0 CHUTHaldy MpOLEcOp BHU3HAUYAE
NEPETUH HYJISl CUTHAJIOM 1 TAKOX BIACTEKY€E KYTOBE IMOJIOXKEHHS MCEBAOPYXOMOT
AHTEHH, SIKE BBAKAETHCS T1AJKO MIHIHBUM.

Po3pobnieno enekTpuuHy cxemMy Ta MOOyJoBaHO (I3UYHY MOJIETh
KOMYyTaTOpa Ha OCHOBI BUKOpHcTaHHs P-i-n mionis, IIJIMC komnanii ALTERA
Ta HUPPO-aHATIOrOBOTO MEPETBOPIOBAYA.

[TEPEJIIK ITOCUJIAHb

1. Karajgor KOHTPOJIBHO—M3MEPUTEIHHOTO O0O0PYIOBaHUS [DIEKTPOHHBIN
pecypc]. — Pexxum noctyma: www.linetest.ru

2. Moog Inc. high—performance systems catalog [Electronic resource]. — Access
Mode: http://www.moog.com/products/navigation-surveillance-
systems/direction-finding-df-/

3. DIEKTpOHHBIA KaTajJor oOOpYIOBaHUS JJIsi PAJUOMOHUTOPUHTA KOMIAHUU
Rohde&Schwarz [DeKTpOHHBIIM pecypc|.— Tun J0CTyma:
http://www.rohde-
schwarz.com.ua/products/radiomonitoring/direction_finder/

4. PemOoBckuii A. M., PagrioMOHMTOPHHT 3a7a4un, MeToabl, cpeactna [Tekct] /
[Ton pemakuueit A M. Pem6oBckoro, A. B.Ammxmus, B. A. Ko3pmun —M..:
["opstuas munaust — Tenexom, 2006. — 492¢. — ISBN: 5-93517-326-3

5. IMTar. 4845502 CHIA, MKHM G01S3/46, G01S3/52 Metoabl U yCTPOHCTBO
onpexaenenus HanpasieHus [Tekcr] / James L. Carr, Marvin S. Maxwell. —
Neo 178976; 3aaBn. 07.04.88; ony6:1. 04.07.89. -7 c.
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PO3BUTOK TPAHCIIOPTHHUX MEPEK TAKETHOI ITIEPEJTAYUI
JTAHUX
Benmeneps M.A.
HaykoBuii kepiBHUK — K.T.H., IOLIEHT, TOIEHT Kadeapu iHPOoKoMyHIKaIIHHO1
imxenepii, Tokap JI.O.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET PaiOCNEeKTPOHIKH
(61166, Xapkis, np. Haykwu, 14, xad. IKI, temn.: 702-13-20)
E-mail: 1231maks@gmail.com

In a hierarchical telecommunications network the backhaul portion of the
network comprises the intermediate links between the core network, or
backbone network, and the small subnetworks at the edge of the network. In
contracts pertaining to such networks, backhaul is the obligation to carry packets
to and from that backbone network. A business definition of backhaul is the
commercial wholesale bandwidth provider who offers quality of service (QOS)
guarantees.

Ha crorogHimHiii 1eHb MOMITHO 3aTATE PO3POCTAHHS MEPEXK, 110 AUKTYE
HeraitHy notpeOy B iX MojepHi3alii. 3a OCTaHHI KUIbKa POKIB PI3KO 3pic 00CsT
nepeaHoi Ta MNpUAHATOT iH(opMalii, 3HAYHO 30UIbIIKIACS  KUIBKICTh
OJIHOYACHO TMpAIIOIYMX MEpeXk 1 aOOHEHTIB B HHUX, 3'sBUiacs MoTpeda B
MOJANBIIOMY 30UIBIICHHI IMBUAKOCTI mepenadi iHdopMmamii. OpHum 3
MOKJIMBUX pIIIEHb JAaHUX TPOOJIEM € CTBOPEHHS MEPEXK MUPOKOCMYTOBOTO
JIOCTYITY 3 BUKOPHUCTAHHSIM PI3HMX TEXHOJOTii. Tak camMmo He BapTO HEXTyBaTH
THM, IO camMe Oe3apOTOBl TEXHOJOTIl JarTh OUIbIIE MOXKIMBOCTEH
BUKOpUCTAaHHA Mepexi. OJHI€0 3 TMEpBICHUX TEXHOJOTIH, fdKa MOXe
3a710BOJIbHUTH BHIIe3ragani Bumorn € LTE. Texwnonoris 4G (LTE) crpimko
BBIMIIUIa B KUTTS YKpPAIHIIB Ta 3aiiHsAjia CBOIO HINIy, XO4ya H po3noyana CBii
nuiax uie 3 2015 poky Bija npukazy Npe3ueHTa npo BBEAEHHS JaHOI TEXHOJIOTII.

Mertoro mybGmikarii € orsn moxeni mepexi backhaul 3 BukopucranusM
texHosorii LTE.

3 orjsay Ha BUIIE 3a3HaU€HI BUMOTH 10 MOOYIOBHM MEpexXi, a TaKoXK
BUMOTH MAacIITa00BAaHOCTI, THYYKOCTI, KE€POBAHOCTI 1 O€3MEKH, PO3TISTHEMO
MOXJIMBY MOJENbh PO3BUTKY MEpPEXi A0 PIBHS sSapo / arperarisi, BIIMOBIIHO J0
konneniili Unified MPLS Mobile Transport.

Haiibinpiie miaxoasmior TOMOJIOTIEID 10 MEpeX JaHOTO THUIY €
tonosioris Hub and Spoke. Ile Tpaauiiiina 3ipkomnoaidHa TOMOJIOTIS JJISI MEPEK
2G 1 3G 3 oOMeXeHUM YHUCIOM KOPHUCTYBaudiB 1 SIBIsiE COOOI0 CTPYKTYPY
noOyZ0BH, J€ BCl €JIEMEHTH sapa PO3MIIICHI B IEHTpaibHOMY BYy3mi. Il
TOTIOJIOTISI € PO3MIMPEHOI0 MOIU(DIKAII€I0 TOMOJIOTII KiIi€HT-cepBep. Ska ¥
3HAXOJUTHCS B OCHOBI PO3TIISTHYTOI MOJIEIII.

OnopHa Mepeka omeparopa CKIATaeThCs 3 TPboX piBHIB. Ha piBHI
noctymy By3au CSG, Tak 3BaHI By3JIM Mpe — arperaiii, MpaioTh B JOMEHI
RAN. PiBHi arperamii i sapa o0'enHaHi B OOWH PiBeHb — arperarisi + sapo.
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Bianogigni oMy By3nu — By3iu arperaitii (AGN) 1 By3nu siapa (CN, CN-RR 1
MTG). Kinbka npuiierinux 6a30BUX CTaHIN OyIyTh MIJKIIOYEHI B OJIUH BY30JI
noctyny. Ha Bcix piBHAX Mepexi HamamrToByeTbes mpoTokon MPLS. Cuctema
HaJalTOBaHa ISl OJHOYACHOI MIATPUMKU JEKUIBKOX IOKOJIHh MOOLIBHOTO
3B'SI3Ky B €JUHIM KOHBEPICHTHIN MepexeBiil apxiTekTypi.[3] 3abe3neuyerbes
BrpoBapkeHHs LTE 3 minrpumkoro Pseudowire Emulation (PWE) nns nepenaui
2G GSM, L2VPN nnsa 3G UMTS / IP 1 L3VPN g 3G UMTS / 1P 1 LTE.
[TinTpuMyIOThCSI: CHHXPOHI3AIlisl, BUCOKI MOKA3HUKH SIKOCTI OOCIyrOBYBaHHS
(QoS), mporokonu OAM (ekcrutyaralii, aqMiHICTpyBaHHS 1 00CIYrOBYBaHHs),
MIBUIKA 301KHICTh 1 YIPaBIiHHS NPOAYKTHBHICTIO. CHcTeMa ONTUMI30BaHa IS
niaTpuMKd BuMor cranHmapty 4G, takux sk [PSec 1 ayrenTtudikaris, npsme
3'enHanHs MDK eNodeB mno inTepdeiicy X2, MynbTHKacT, BIpTyali3arllis,
MOJIMBICTB po3noauty EPC nuto3iB 1 6anancyBanHs Tpadiky. O0'eqHaH1 piBHI
arperaiiii 1 sapa B oauH piBeHb (Core + Aggregation) IHTErpylOTbCS B €IMHUIA
IGP / LDP nomen. PiBeHb AocTymy, Tak 3BaHUM BY30J MONEPEIHbOI arperaiii
(RAN), cknagaetbes 3 okpemoro IGP nomeny.[1]

By3nu arperamii  00'eqHyrOTh MOOUIBHI MEpEXi PpIBHA JOCTYIY
npotokosioM MPLS 1 po6iisiTh ix yacTuHOW0 OfH1€T aBTOHOMHO1 cuctemu (AC) 3
Mepexkero arperaiii / siapa. Bysnum gocTymy BKIIOUAIOTBCS 3a JOTIOMOTOIO
pizHux iHTepdeiiciB go BiamoBigHuX iM L3VPN. Ili )x L3VPN mnpucyrtHi Ha
By3nax, a0 skux makmoderi MSS / RNC 1 in. TakuMm 9uHOM, 3B'SI30K MiX
0a30BOI0 CTAHIIEIO0 1 3a3HAYCHUMH MEPEKEBUMH €JIEMEHTaMH 31HCHIOETHCS
i301p0BaHo Becepeauni L3VPN 3a gomomororo nporokory MPC — BGP.[2]

Takum ymHOM, Ha miactasi koHneniii Unified MPLS Mobile Transport
OTpYMaHa MOJIeJIb Mepexi 3 YHIPIKOBAaHUM JOCTYIIOM JO pIBHSA SApO /
arperamis. CrocTtepira€erbCs HEOOXIJIHICTh 1HTErpamii o00'€JHAaHUX PpIBHIB
arperaiii 1 siapa B equnuii IGP / LDP nomen. Take piieHHs B MO€IHAHHI 3
npotokosioM BGP BukopucTOBY€eThCS 17151 cepBiciB maciTady mepexi, a iBGP
BUKOPUCTOBYEThCS Juisi oTpuManHs [Pv4 + label BignaneHux cepBiCHMX TOYOK
aJIMIHICTpYBaHHS.

Jlimepamypa

1. Tokap JI. O., binoycoBa K. E, u np. «Pa3pabotka mozenu omopHo#
CETH Ha OCHOBe TexHojoruu long term evolushion.» // Boctouno-EBpomnetickuii
YKypHaJ IepeioBbIX TexHoyoruit — 2017.

2. Saranya, B., Muruganandham, S. Mobile Backhaul Network in wireless
Sensor [Text] / B. Saranya, S. Muruganandham // International Journal of
Engineering Research and General Science. — 2015. —vol. 3. — p. 394 — 397.

3. Muthukrishnan, K. RFC 2917. A Core MPLS IP VPN Architecture
[Text] / K. Muthukrishnan, A. Malis. — September 2013. — 348 p.
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AHAJII3 BUKOPUCTAHHSA CUCTEMMU YIIPABJIIHHSI CRM
Bonomenko I1.B.
HayxkoBuii kepiBauk —non. Cadyposa C.O.
XapKiBChbKUI HallIOHATHHUHN YHIBEPCUTET PaliOETICKTPOHIKU
(61166, Xapkis, np. Hayku, 14, xad. inpokoMyHikaiiitHOT 1HXKEHePi,
tein. (095) 640-63-17), pavlo.voloshchenko@nure.ua
Customer Relationship Management (CRM) is a relationship management system
clinging to. Technology focused on optimizing mutual owner-owned organization
with organization. "In essence, it can be made easier and automate the business
processes of the company, the robotic organization, as effective as possible.

CRM - cucrema ymnpaBiiHHS B3a€EMOBITHOCMHAMU 3 KJIIEHTaMU. TEeXHOJOTis,
Opi€HTOBaHA HA ONTHMI3AIlil0 B3a€MOBIJHOCHH CBOIX KJII€HTIB 3 oprasizamieo. Ii
OCHOBHE MPU3HAYCHHS MTOKPAIyBaTH 1 aBTOMATU3yBaTH O13HEC-TIPOIIECH KOMIIAHIM,
pobutn poOOTy opradizamii MakcumMaiabHO edektuBHOW. PoGora CRM
TPYHTYEThCSI Ha BHUKOPUCTaHHI YMPAaBIIHCHKUX 1 1H(OpPMAIIHHUX TEXHOJIOTIAX,
3aCTOCYBaHHSl SIKMX JIa€ oprasizaiii moOyJayBaTh B3a€MOBMIIIHI BIJHOCHHH 31
CBOIMHM KJl€HTaMH. Pe3ynbTaToM 3acTOCyBaHHS CHUCTEMH € IIJBUIICHHS 1
KOHKYPEHTOCTIPOMO>KHOCTI 1 301IbIIIEHHSIM MPUOYTKOBOCTI OpTaHi3aiiii.

Cam Tepmin CRM-cuctemu 3'sBHBCS 1 cTaB HaOWpaTu MOIYJSIPHICTH B
cepenuni 90-x pokiB XX cromitrsa. B T1I uyacu, konum HaOupana 3pOCTaHHS
robanbHa KOHKypeHIlis. Komu aHanoridyHi ToBapu y pi3HUX KOMIIAHIN MepecTaiu
BIJIPI3HATHCS B fAKOCTi. Tak caMO pO3BUTOK KOMITIOTEPHMX TEXHOJOTIH, SKi
JO3BOJISUIA 30MpaTH, OOpoOJISITH 1 aHANI3yBaTH JaHl MPO KIIEHTIB, /€ KUIbKICTh
KJIIIEHTIB HE Tpasio Hisfgkoi poii. Toai KoMmaHii 1 CTaJid MIHSATH CBOi CTparerii
pPO3BUTKY, pPOOJSIYM aKIEHT HE Ha TOBap, a Ha KII€HTa, SKOMY HEOOXiaHa
MPOIYKITIS.

CRM cuctemu BUKOPUCTOBYBAJIUCS JIy>K€ JTaBHO 1 HAWMEPIIUMH 1 IPOCTUMU
cucteMaMu OyJiM y BUTJIAJII KHUT, K1 MOTJIU MiHSATH JaBHIO 1CTOPIIO MPO KITIEHTA,
a TaKOXX B MallOyTHLOMY 3BEpPHYTH Ha HbOTO OLIbIIE YBaru 1 JAaTv 3pO3yMITH, 110
BIH HBOT'O NMaM'ATal0Th NMOCTiiHO. Lle 103BosAI0 STKOMOTa MEHIIIe BTPATUTH CTapUX
KJIIEHTIB 1 3amy4yaTd HOBUX. OCOONMBY MOMYJISIPHICTh HAOYBaIM KOMIIAHIT Majoro
013HecCy, K1 po3BuBaIUCs B cdepi mocayr. Tak sk came CRM naBanu miBuakui 1
MEHIII BUTPATHUN 3pOCTaHHS e(ekTuBHOro Oi3Hecy. OpieHTalliss Ha KIIIE€HTIB
JaBaja TaKUM KOMITaHIsIM 3pOCTaHHS KOHKYPEHIIl, yTPUMaHHS KII€HTIB 1
CTaOUTLHUI JOXIT.

VY 1987 poui Oyna BumylieHa mepiiia KOMITIOTEpPHA Mporpama, T'OJIOBHOIO
1iTt0, sIKiit GyJI0 ynpasmiHHSA KOHTaKTaMmu. 1i 3acHoBHuK CamniBan Iler, mo nas iit
Ha3By «ACT». B panumii yac icHye Ouiblle THUCAYl MOMIOHMX NpOrpam, IIo
BiTHOCATRCS 10 Kiacy CRM.

B Vkpaini BmpoBamkenns CRM Bmepmie BigOynocs B 1989  porri.
BnposaxyBanucst BoHu B 0aHku 1 (iHaHcOBHi cekTop. Cucrema Oyna 3axiaHoi 1
HAaBYaHHS B HIM MOTNM BUPOOJSITH HAa TOM MOMEHT JIMIIE 3axXiiHi (haxiBli, IO
MOTJIM JIO3BOJIUTH JIMIIE JyKe BeNuKi ykpaincbki kommanii. CRM cucremu Ha
PUHKY BXe OJIM3BKO TPUIISTH POKIB, 1 IO IUX MIp CTOITh MUTAHHA MPO MEpEiK iX
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dbyHKIiOHAMBHOT cKkiIanoBoi. binbmricts ¢axisiiB 3 CRM cucremam KaxyTh, 110
pOrpaMHUIl MPOMYKT MOBUHEH Math 11 CKIamoBUX KOMITOHEHTIB yMpaBIiHHS:
YOPaBIIHHS KOHTAKTaMU; YIPAaBIIHHS MAapKETHUHIOM; YMpaBliHHA (piHaHCaMUu;
YOpaBIIHHS ~ CHIBPOOITHUKAMHM, YIpaBIiHHSA JOKYMEHTOOOIry;  yIpaBJIiHHS
MIPOEKTaMU; YIIPaBIIHHS KIIEHTCHKOIO 0a3010; YNPaBIiHHS CXOBHILEM 1H(OpMAIi;
YOPaBIIHHS aHATITUYHUMH 1HCTPYMEHTaMU; YIPaBIiHHSA KOHTPOJIEM 1 3BITHICTIO;
YIPaBIiHHAS 00CITyTOBYBaHHSIM.

Ha cporoanimniii aensr kmacudikyrorb CRM cucreMi 3a HacTynHUMH
tunamu: onepariianii Tum CRM, roJloBHUM 3aBIaHHSM SIKOTO € aBTOMAaTH3yBaTH
O13HeC-TIPOIIeCH, B SKHMX 3alITHUM KOHTAKT KJII€EHTa 3 OpraHizalliero. ABTOMaTU3YeE
MapKETUHIOBl  JOCHI/DKEHHS, MOpoJaxy Ta  OOCIyroByBaHHS  KJIIEHTIB.
AHaIITHYHAM, OCHOBHE 3aBJaHHS SKOTO TOJISTA€E B MOIIYKY, aHaji31, HAKOITUYEHHS,
00poOku 1H(pOpMAIIil Ta B3aEMO/Iis JOCTYITY 10 JaHUX 3 iHITMMU CIiBpOOITHUKAMH,
K1 HAKOTIMYYIOTHCA B MPOTiKaHHI 6i13Hec-Tiporiecy. CiIbHUMN, 110 BKJIIOYA€E B cebe
BUKOPHUCTAHHS CIUJIBHUX CEpBICIB Ta 1HQPACTPYKTYypH, 100 3pOOUTH MOKIUBUM
B3aeMoJligs KommaHii 3 i1 umcmenHuMu kaHajgamu. Llei Tum CRM mosnermye
B3aEMO/III0 MK KJIIEHTAMH, TAIPUEMCTBOM 1 HOTO CIIBpOOITHUKAMHU.

[Ipu npomy mnuTaHHs 3a0e3neueHHs skicHOoro @yskiionyBanus CRM
HaJA3BUYAMHO BaKJIMBUM, JUIS I[LOrO HEOOXITHMM KOMIUIEKC TEXHIYHUX 3aXO0/IiB
Io/10 peanizarii moaituku odciayroByBanHss CRM, a Takox cucremMa KOHTPOJIIO 1
YIPABIIHHS SIKICTIO.

Takum umboMm, cydacHi CRM-cuctemu 3maTtHi 0araTo B 4OMYy CIPOCTHUTHU
KUTTS GaxiBIAM 3 MPOAAXKY Ta MAPKETUHTOBUX aHAIITUKaM. 3BHYAMHO, 10 IIUX Mip
ICHY€ Psiil MOMEHTIB, SIKI pO3pOOHMKAM I1I€ HAJIEKUTH JIONPALIOBATH, - HaNpUKIIAL,
MiHIMI3yBaTu 4Yac, HEOOXimHMI KOPUCTYBauaM JUls BBEJICHHS JIAHUX BpYUHY, i
nominmuty iHTerpanito CRM-go1aTkiB C 1HIIUMHU 1HCTpyMEHTaMU. AJie, IIBULIE
3a BCe, 1€ MHUTAHHS 4Yacy, KM pO3pOOHMKH BXKE YCIHIIIHO BUPINIYIOTh, B TOMY
YUCJIi, 32 JOTOMOTO0 METO/IIB IITYYHOTO 1HTEIIEKTY.

Crucok BUKOPUCTAaHUX JKepelt

1. baratokaHaJbHMI €JEKTPO3B’SI30K Ta TeJIEeKOMYHiKaiiiHi TexHomuorii (4.2) /
Jlememko O.B., Jlomakos B.A., Ilomoscekuii B.B., Cabypoa C.O.,
Emumkun C.O. — X.: TOB «Kommanis CMIT», 2018p.p.. — 482 c. 2.
Annepcon K. MenemxMeHT, opueHTUpPOBaHHBIM Ha morpedurtens: CRM-
TEXHOJIOTMM KaK OCHOBA HOBBIX OTHOIIEHUN ¢ kiueHToM: [Ilep. ¢ anrn.] K.
AnnepcoH, K. Kepp; Ilep. A. Ycnenckuii. - M.: 2003. - 288 c.
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YHPABJIIHHA PECYPCAMMU JOCTYIIY
O MULTI PLAY ITOCJIYI
Bomnokirina O.1.
Haykosuit kepiBauk — Cadypona C.O.
XapKiBChKHI HAIlIOHAIbHUN YHIBEPCUTET PaI10EIEKTPOHIKI
(61166, Xapxkis, np. Hayku, 14, xad. [HpokomyHIKaliiHOT 1HXKEHEI],
teit. (057) 702-13-20) e-mail: lemur-97@mail.ru dake (057) 702-13-20

The creation of the NGN network reflects the evolutionary development
of existing infocommunication networks through the convergence of networks
and technologies while providing a wide range of services: from basic services
to a variety of Multi play services, which ensures the requirements for efficient
management of access resources and the ability to respond promptly to the
increasing demands of bandwidth and quality of provision Multi play services.

[ndoxomyHikariiiHi TEXHOJIOTII HAa Cy4YaCHOMY PO3BUTKY CYCIHLJIbCTBA
BUCTYNAIOTh OCHOBHUMH (PaKTOpaMH PO3BUTKY CBITOBOI eKoHOMiku. HoBi
TEXHOJIOT1i 3aBOMOBYIOTh CBITOBMHW PHHOK 1 JO3BOJISIIOTH CTBOPUTH €JUHE
iH(popMaLliiHe CyCHUIbCTBO, Je TeorpadidHi KOPJOHH BTPayalOTh CBOE
3HAYCHHS SIK eKOHOMIYHHUM (axTop. [nsg modyaoBu riodanbHOI iHGOpMaLiitHOT
1H(ppacTpykTypu 1 3a0e3neueHHs MOTpeOUu OmepaTopiB MeEpex 3B SA3KYy s
HaJaHHS [OJICHHO 3POCTAI0YOTO PI3HOMAHITTS 1H(OOKOMYHIKAIITHUX TIOCITYT Ha
0a31 HOBHX Ta IHHOBALIMHUX TEXHOJIOT1M Ta PO3IIMPEHHS CIEKTPY MOCIYT, IO
HAJAIOThCSl 3 BUKOHAHHAM HOBHUX (YHKLINA: «pO3yMHI» MEpexi Ta Mepexi
«peuei», HeoOXigHAa HOBa 1HGOKOMYHIKalliiHA Mepexka, s 3a0e3NeyYeHHs:
HIBUKOTO, JEHIEBOr0 CTBOPEHHS 1 BIPOBA/KEHHS HOBHX TMOCIYr JUIs
30UIbIICHHST a0OHEHTChKOI 0a3u, 3MEHIICHHS BUTpaT Ha OOCIYrOBYBaHHS
MEpexi, MIATPUMKY KOPHUCTYyBauiB; OOpPOOKM JIaBUHHOrO 00°’emy Tpadiky,
y3arajbHEHICTh I100aIbHOT MOO1JILHOCTI KOPHUCTYBAUIB 1 TOCIYT 3B’SI3KY.

JHlocToincTBa Mepex iHGokomyHikamii, a came NGN mepexi, Ha 0a3i
SKUX PO3ropTaroThbcs Mepexki MailOyTHboro. O/HIEI0 3 OCHOBHUX MO3UTHUBHUX
xapakrepuctuk NGN € po3B';13Ka MK MOCIyramH 1 TPAHCTIOPTYBAHHAM, IO
JI03BOJISIE TIPOTIOHYBATH ix OKpeMo 1 PO3BHMBATH HE3AJIEXKHO, TOMY B apx1TeKTyp1
NGN wmae OyTu UiTKE pO3AUICHHS MDK (QyHKUIIMH OOCIyroByBaHHS 1
(GYHKIISIMU TPaHCIIOPTYBAHHS.

B tpancnopraomy mrapi NGN 3acTocoBYrOTBCS yCi THUTIM MEPEKHHUX
TEXHOJIOT1H, MPOTe TepeBara BigAaeThcsl TexHomorii [P 3 miarpumMkor0 BUCOKOT
SIKOCT1 00CJTyTOBYBaHHSI.

Kontponepu curnanizamii B mepexxi NGN BuHeceHI B OKpeMi MPHUCTPOi
JUIsl  OOCIIYyrOBYBaHHSI JIEKUJIBKOX BY3JIIB KOMYTallli; 3arajibHi KOHTPOJIEPU
CTBOPIOIOTH €AMHY CHUCTEMY KOMYTallli, pO3MNOAUIEHY MO Mepexl IS
CIIPOIIICHHSI QJITOPUTMY BCTaHOBJICHHS 3'€IHaHb, 1 € HAWOLIbII €KOHOMIYHUM
JUTSL ONIEpaTOPIB 1 MOCTAYaIbHUKIB IMOCTYT.
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3anpoBamkeHHs Softswitch n03Bossie 3MIHUTH TpagUIIHHO 3aKPUTY
CTPYKTYpY CHUCTEM KOMyTallii, 00 Hajae BIAKPUTI CTaHAAPTHI 1HTepdeiicu Mixk
TphOMa OCHOBHUMHU (QYHKUISIMU: KOMYTallli, YHPaBIIHHIM OOCIyrOBYBaHHS
BUKJIMKIB, TMOCIYI Ta JOJATKIB, 1 JO3BOJIAE€ Y3rOJKYBaTH Pi3HI MPOTOKOIH
CUTHaTI3aIli.

ApxiTexktypa ympaBiinHg Tnociayramu NGN  peanizye: MATPUMKY
0araTo4uMceNnbHUX TEXHOJOTIH OCTYIy 3a paxyHOK THYYKOI KOHQIirypaii
MEpEeXi; pO3MOATbHE YIPABIIHHSI HA OCHOBI MIPUHITUITY PO3MOAUTEHOT 0OPOOKH
B MMAKETHUX MEPEKax; BIAKPUTE YMPAaBIIHHS I MEPEKEBUX IHTEP(DENCIB pH
MIATPUMII TIPOIIECIB CTBOPEHHS HOBUX 1 3MIHEHHS ICHYIOUMX MOCIYT Ta iX
KOHBEPTEHITIS.

Konsepreniiis — 11e o0'eqHaHHS BCIX HaNpsSIMKIB 1H()OKOMYHIKAIIN s
BUTIJTHOTO BUKOPHCTAHHS PECypCiB OE3IIOBHOIO 3B’A3KYy 3 METOK HaJaHHS
IIMPOKOCMYTOBUX HOBUX 0a30BUX mociyr - Multi play. Mepexi ¢ikcoBaHoro Ta
MOOUTBLHOTO 3B'S3KYy MOXKHA PO3MIISIAATH SIK KOHBEPI'e€HTHI, 00 OCTaHHI BUHUKIIH
J1s 00CIIyrOBYBaHHSI TpadiKy MOBH 1 X €BOJIIOIIS MOB'I3aHA 3 MOXKJIUBOCTSIMU
6a3oBux nocayr Multi play .

Ilepexin Big BepTUKAIBHOI JO TOPHU3OHTAIBHOI MOJENI OpraHi3aiii Ta
o0'eqHaHHs p13HUX 06a30BUX Mociyr Multi play Ha piBHI TpaHCHOPTY 1 JOCTYIY -
11 BOKJIMBUN KPOK HA NUIAXY /10 KOHBEPTEHIIIT MEPEK.

[Tocnyra Multi play, sxa 300pakeHa Ha puc. 1, 11e KOMOIHAIlA IT'SATH
nocnyr: (QikcoBaHoi TenedoHii, MOOUTPHOTO 3B'SI3KY, MOOUIBHOTO Ta
CTalllOHapHOro 1HTEepHETY 1 mudposoro tenebauenns [PTV. Multi play — ne
KpoK Brepen B cdepi nocayr IPTV

CrauioHapHu# 3B 30K Mo6inbHuMit 38 30K CrauioHapHui IHTepHeT

= ‘-F‘Tij;, ) @ = ﬁq

LUndpoBe TenebaueHHn

Pucynok 1 — Multi play — kom0Oinaris 5 mociyr

CrBopennst mepexi NGN BigoOpakae €BOTIOMINHUN PO3BUTOK 1ICHYFOUUX
1H(QOKOMYHIKAIIIHHUX MEPEXK 3a paXyHOK KOHBEPIEHIIII MEPEX 1 TEXHOJIOT1H IpH
3a0€3MEeUEeHH] IIMPOKOTO HAOOpy TMOCHyr: Big 0a30BUX IMOCIYr 10
pi3HOMaHITHUX Tocayr Multi play, mo 3abe3neuye BUMOTH 10 €(PEKTHBHOIO
YIOPaBIIHHS pPECypcaMu JIOCTYIy Ta MOKJIMBICTh OIEPATHBHO pearyBaTH Ha
3pocTaroul moTpedu MPOIYCKHOI 34aTHOCTI Ta SKOCTI HajgaBaeMux mociyr Multi

play.
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MOJEJIb CEOPA HH®OPMAIIMHU B KJIACTEPHOM
BECIIPOBOJHOMN CEHCOPHOM CETH
[Nankwun I1.B.

Hayunsiif pykoBoauTens — K.T.H., npod. Kimounuk U.H.
XapbKOBCKMI HALIMOHAJIBHBIM YHUBEPCUTET PAAUOIICKTPOHUKU
(61166, Xapbkos, ip. Hayku, 14, kad. [I13DA, ten. (057) 702-14-94)
E-mail: galkinletter@ukr.net

The paper analyzes the cluster structure of wireless sensor networks. The
optimal position of the aggregator in the piconet is determined at the site of the
intercluster gateway. This position allows the aggregator to communicate with at
least two within the piconet. Aroaches for managing information flow in
clusters, piconets and between them are proposed.

becnpoBonnas cencopnas cetb (BCC) — mnpexacraBiser coOoit
pacnpeqieéHHYI0 B MPOCTPAHCTBE CUCTEMY, BaXKHBIM acriektom pabotsl BCC
ABIsieTCA €€ CTpykTypa [1]. B pabore mpemnaraercss KjaacTepHas CTPYKTypa
OecrpoBOAHON CEHCOpHOW ceTu. BaxubiM Bompocom pabotel y3moB BCC
SBJIIETHCS DHEPToNOTpeOIeHUs Y3708 [2].

B paborax [1-3] mnpuBegenst mnonxonbl s moctpoenue bCC ¢
NpUMEHEHUEM Kiactepuzanuud. OTauyueM OT KJIAaCCHYECKOW KIIacTepH3alluu
SIBJSIETCS HAJIMYKME MEXKJIACTEPHBIX ILUII030B. Pamuyc AedCTBHS U paauyc
paguocBs3u y3Ja MOTYT pa3jiudarbCcsi OOJbIIE WIM MEHBIIE 30HBI
PAaAMOBUAMMOCTUA. DTO O3HAYAET, YTO JBA COCEJAHMX Yy3Jla MOTYT HE HMETh
BO3MOXXHOCTH OOMEHHBAThCA MH(OpMaLMEl HaMpsIMyrO, JTaKe €CIU PauyChl
JIEVCTBHS UX CEHCOPOB MEPECEKAIOTCA.

Panuyc nedicTBusi U paanyc pagudoOCBsSI3U  TOJBKO YACTUYHO OMHUCHIBAIOT
BO3MOXHBIN mpouecc coopa uHpopmanuu B bCC [4]. [ng paunoHanbHOTo
WCIIOJIB30BaHUsl KJIACTEPHON CTPYKTYPhl B MUKOCETU (YACTH CETH) JJIsl 30HBI Z
HEOOXOJMMO BBECTH TOHSATHE TMPOU3BOAHOrO paauyca kiactepal4].Takoit
paguyc MoOKa3bIBAE€T 30HY JIEUCTBUS KiacTepa, B pamkax kotopor 'YK moxer
MOJIYYUTh JTAHHBIE C y3JIOB Y€pe3 OMPENEIEHHOE KOJIMYECTBO MPOMEKYTOUHBIX
y3710B W. OnpeaennuTb MPOU3BOAHBIA PaANyC KJIACTEpa MOMKHO W3 BBIPAKECHUS

(1):

R’ (N,(CID)) =R_. (Nj)+R(CHL(CID)), (1)

radio

(]
rae N,(CID) — HoMep MUKOCETH C UJIEHTU(PUKATOPOM KJIacTepa B 3TOU CETH;
CHL(CID) - unentudukatop 'YK B nmukocetn.

[Tporecc cbopa maHHBIX CO BCEH MUKOCETH OCYIIECTBISIETCS B paMKax
30HBI Z (puc. 2), KOTOpasi ONpeAe/sIeTC CYMMOM IIIOIIaAeii niu 00beMOB (B
TPEXMEPHOM TIPOCTPAHCTBE) 30H KIACTEPOB M 3aBUCUT OT KOJUYECTBA
KJIaCTepOB, UYTO BXONAT B THUKOCETh, a TaKXke OT BBHIOOpa TMPUHIIUIIA
dbopMUpOBaHUS TPOU3BOJIHOTO paanyca Kiacrtepa R! .
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. = npeanojaracMelc TIJIABHBIC Y3JIbI KITACTEPOB

- R, .R

S1-= S2>

R 53 - paguychl JeHCTBHS CEHCOPHBIX Y3JI0B NS,%,M
m—;Rmb_J;Rﬁo _p;ngo_g - paauycsl JqefcTBHs CEHCOPHBIX Y3JI0B NS,A@,M

zZ - 'JOH'EI HOICP]:ITHH ITHKOCETH
) pr Rwa - IPOH3BOJIHELE paguyckl kiactepos CID1,CID3
Puc. 2 - [Iporecc cOopa TaHHBIX B paMKax 30HBI Z

OnTuManbHOE TIOJIOKEHUE arperaropa B MUKOCETH OIPEACIICHO Ha MECTe
MEXKJIACTEPHOTO TUTI03a. Takoe TMOJIOKEHHE MO3BOJISIET arperaTopy CBSI3aThCs
MuHUMYM ¢ aByMs ['YK B pamkax mnukocetu. IlpennmoxeHbl mnoaxobl
yrIpaBieHusT WHPOPMAIIMOHHBIM TIOTOKOM B KJIacTepaX, MUKOCETIX U MEXKIY
HumH. Takol moaxo/ 1 mpuMeHeH B Mojenu [5].

PazpaGorannas wmomens BCC Ha oOCHOBE MHMKOCETEH MOXKET OBITh
NpUMEHEHa JJii COBMECTHOTO WCIIOJb30BaHMSI paHee HE COBMECTUMBIX
QITOPUTMOB YIIPABJICHUS HHPOPMAIIMOHHBIMHU TIOTOKAMH B paMKaX OJHOU CETH.
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EBpomneiickuii xxypHan nepeaoBbix TexHoioruit.— 2014.— 1.5, Ne9 (71).— C. 24-
30.

2. Tankun II. B. Ananu3 sHepromoTpeOyieHHus] y3J0B OeCIpPOBOIHBIX
ceHCOpHBIX ceteit //ScienceRise. — 2014, — Ne, 2 (2). — C. 55-61

3. Tamkun II. B. Aunropurm ympaBieHUS U ONTHUMH3ALUU
UH(OPMAITMOHHBIX TOTOKOB B O€CNpOBOMHON CceHCOopHOUl cetu //BoctouHo-
EBpomneiickuii xypHan nepenoBbix TexHosoruid. — 2014. — No. 6 (3). — C. 53-63.

4. l'ankuw, [1. B. Monenb coopa undopmarmu B OeCIipOBOIHOM CEHCOPHOM CEeTH
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5. Tankin I1.B, Kmounuk L.I. Cnoci6 360py iH(popmanii B 6e31p0TOBIN
CEHCOpPHINA Mepexi : mar. Ha KopucHy mozenb 100463 Ykpaina / I'ankin I1. B.,
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This work is devoted to splicing methods in modern communication
networks 5G. The network splicing capabilities of networks 5G / IMT-2020 are
analyzed. The technology supports networks with Programmable Parameters
(SDNs) and Virtualization of Network Functions (NFVs), representing the
future of the communications industry, in which virtualized infrastructures and
services provide network flexibility and network programming.

MaiiGytHi mMepexi 3B’s3ky SG/IMT-202 noBuHHI 3a0e3meuyBaTu Mporec
HAJAINTYBaHHS MEPEXi 3a BUMOTAaMHU [0 KOHKPETHHX TOCIYT, HAIpPHUKIA]
BCTAHOBJICHHSI HEOOX1THOI IMIBUAKOCTI Mepeaadl JaHuX, 3aTPUMKH, HAJ1HHOCTI,
Oe3MeKu Ta THIIMX CEepBICIB JUIsl pi3HUX KaTeropi kopuctyBayiB. /(s uporo B
MOOLTEHUX Mepexkax SG/IMT-2020 BBoauThCS TeXHOJIOTIS ciaicinra. Ciaicinr
— II€ MOJIMBICTH 130JIFOBAaTH 1 3aXWIIATH AP 3 PI3HUMU BIpTyaIbHUMHU
MepexaMu OJuH Bif iHmoro. TexHomoris 5G Hamae HE TUIBKH MOOUIBHHI
3B'S30K 1 gocTyn B [HTEpHET, ane Takox poboty [HTepHeTY pedeid, miaKIIoYeHHS
0 MEpexi Iepenadi JaHuX sl 301IbIIeHHS O€3MEeKH aBTOHOMHHUX CHCTEM
(HampuKIIaJl, aBTOIMUIOTIB aBTOMOOUIIB 1 APOHIB), OAHKIBCHKHI 1 MPOMUCIOBHIA
[HTepHeT. 3 TOUKHM 30py ornepaTopa MOOUIBHOTO 3B’A3KY, CJIANUCIHI CKIAAA€ThCs
y CTBOPEHHI 3a 3allUTOM KOPUCTYBadiB HA0Opy BIPTYyaJIbHUX MEPEXK, IO
PO3MIILIEHI 3a 3arajbHOIO (PI3UYHOIO 1H(QPACTPYKTYPOIO, KOXKEH 3 SKHX
HaJAIITOBAHUM JIJIs1 HaJlaHHS crielU(PIYHUX TOCIIYT.

MepexeBuit cnaiiciir (puc. 1) Moxke OyTH ToAaHUN SK BipTyajbHa
Mepeka, IO TMPAIIoe HEe3aNekHO Bia 11 (i3muHOl 1HOPACTPYKTYpHOI MEpexi.
Hampuknan, BipTyanbHHI MEPEXKEBHI MICT MIXK BIPpTYaJIbHUM BY3JIOM MEPEXIi Ta
oro (izuuyHuM By370M. BipTyanbHuili By30J1 MepeXi MOXKE BHKOHYBATH
CIICHIaIbHUN PsII MEPEKEBUX IOCIAYr SK 3BUYAMHUN (I3UYHUN MEpeKEBUM
By30J1 (Mapmipytuzatop, OpaHamayep, abo cepBep MEPEKEBUX IOCIYT).
BcTaHoBlieHHST BIpTyaJIbHUX MEPEKEBUX MOCTIB Moxke OyTu 3ziiicHeHo SDN
koMmyTtaTtopoMm. Texnonoris SDN [1] 103Bojsie aBTOMAaTHMYHO KepyBaTH
BIPTYaJbHOIO TOMOJIOTIE€0 Mepexki. OTke, MOXKIIMBICTh BUILICHHS HEOOXI1THUX
pecypciB Ta 3MiHa TOMOJIOTIi Mepexi € MOTPIOHMM (HYHKIIOHA AJIST YTBOPEHHS
MEpEKEeBOTro ciaicinra. BipTyanpHuil MepexeBUd By301 MoOxke OyTH
BCTaHOBIICHUH MpH BukopuctanHi TexHojorieto NFV. Texnonorii SDN ta NFV
JI03BOJISIIOTh CJAWCIHT B MEpeXkKax 3B’A3KY 3aJI0BOJIbHATH BUMOTaM BHCOKOI
CTEMeH1 THYYKOCTI MEpexi.
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Opranizamiss Mepexx 3 mnporpamoBanumMu mapamerpamu (SDN) Ta
BipTyamnizauisa mepexxkeBux ¢yHkiiil (NFV) sBusiors co0oto MaitbyTHe 1HIyCTpil
3B’A3Ky, B SIKIH BIpTyasli30BaHl 1H(QPACTPYKTYpH Ta MOCIYTH 3a0e3MeuyIoTh
THYYKICTh Ta MPOTPaMOBaHICTh Mepexi. ApxiTektypa mepex SDN miarpumye
OPUHLIUIIA ~ MEPEKEBOTro cnaiciira ockuibku SDN  1o3Bosisie  kepyBaTu
3arajJpHOI0  IHPPACTPYKTYPHOIO MEpEkero Ta €(PEKTUBHO MiATPUMYBATH
JEK1JIbKa KIEHTChKUX 3pa3KiB MEPExi.

TexHomor1g ciaiicinra miATpuMye pi3HOMaHITHI MOJIMBOCTI Ha 3arajibHIN
1H(pacTpyKTypHiii MepexeBid miargopmi. Tomy y mepexax SG/IMT-2020
HEOOX1JHI HOBI Ta OUIbII THYYKI MIAXOAM peanizauii MATPUMKH MalOyTHIX
IHHOBAI[IMHUX TEXHOJOrd. MepexxeBui CHaliCiHT BXKe PpO3IISAAEThCS  SIK
NPOBITHUN KOMIIOHEHT JMJii ONTHMAJbHOTO BHUKOPHUCTAHHS MEPEKEBHUX
iH(ppacTpykTyp. KpiM TOro, TE€XHOJIOTiSI J03BOJIAE€ MpPOBAMJEpaM MEPEKEBUX
IOCIYT CTBOPIOBATU Ta KEpyBaTH IPYIOI0 3aXUUIEHUX pecypciB. Pobotu mo
TECTYBaHHIO MOXMJIMBOCTEH TEXHOJOr1i criaiicinra B Mepexax SG/IMT-2020
komranie;o SK  Telecom Ta FEricsson mnpoaeMOHCTpYBaIM MOMKJIHBOCTI
cnaiicinra y moOunpHuX Mmepexkax SG/IMT-2020. Pizni cnokuBadi [HTEpHETY
BUMAralmTh PI3HOTO PIBHS SIKICTh JIOCTYIy, MIBHJAKICTH JOCTYIy Ta pPIBEHb
oe3nexu. Hanpukmnan, naHi 3 mpUCTpOiB, 10 MiAKIIOUYEHI 10 [HTEpHeTY pedeit,
MOXYTh MEPEeaaBaTUCS 3 ICTOTHO MEHIIOK MIBUIKICTIO 1 HE MaTU MOCTIMHOTO
3'enHaHHsa 3 [HTepHeToM. JlJig BCIX mMepepaxOBaHMX BHILE MPUKIIAIIB MOXKYTh
OyTH BUKOPHCTaHI pI3HI YaCTOTH 1 Pi3HI "mapu" KaHaiB mepenadi JaHuX, IpH
boMy (hi3uyHO OyJIle BUKOPUCTOBYBATUCS OJIHA 1 Ta K Mepeka. TakKuM 4HMHOM,
TEXHOJIOTIS ~ CiaiiciHra J03Bojisie  Ounbll  epexkTuBHO (omTHMI3allis — 3a
napaMeTpaMM  TpOINi, IMIBHJAKICTb, HAAIMHICTL Ta  4Yac  3aTPUMKH)
BUKOPUCTOBYBAaTH MEPEKEBI pecypcH (KOMpPOpaTHBHI, MPOMUCIIOBI MEPEXKI Ta
IHTEpHET peyeit).
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The main idea of the model is its decomposition representation and
formulation the inter-area interworking conditions. The implementation of these
conditions guaranteed the connectivity of calculated inter-area paths. The
proposed method is based on goal coordination principle that guaranteed the
coordination procedure convergence in finite number of iterations which was
confirmed on a set of examples.

lepapxiuna moOyaoBa cydacHMX TesnekoMmyHikaliiHux mepex (TKM) e
aJIeKBaTHOIO  pEAKI[IEl0 Ha [MOCTIMHE 3pOCTaHHA iX  TEpPUTOPlaIbHOL
PO3IMOALIEHOCT], 3pOCTaHHS YKMCJIa KOMYTalUIMHUX 1 TEPMIHAJIBHUX MPHUCTPOIB,
posmpeHHs KinbkocTi Haganux TKM inpokoMyHikaliitHux cepBiciB i iH. [1-2].
OCHOBHUM HEIIOJTIKOM BXK€ peaji30BaHMUX Ha MPAKTHII TEXHOJOTIYHUX DPIIICHb
te, mo nporokosm OSPF, 1S-1S i PNNI mepeBaxno 0a3yroThcs nuie Ha
TOTOJIOT1UHIN (CTPYKTYypHIN) iepapxii TKM, sxa, He MiAKpiIUIeHa i€papXi€ro
dyHkuioHanpHOO. Buxim 13 craHoBuma OayuThCA B TMEPEXOIl 0
JNIEKOMITO3UIIIHHUX MOTOKOBUX MOJIEIEH, 1110 JO3BOJISIOTh HAHOUIBII aJeKBaTHO
OMMCATH MPOLIECH 1€EpapXiuHOi MapiipyTu3auii B cyyacHux TKM.

OcHOBY  Me€TOJly  TOKJaJa€e  MOTOKOBAa  MOJACIb  MDKIOMEHHOI
MapuIpyTusalii, OCOOIMBICTIO AKOI € 1i JIEKOMIIO3UIlIIIHE MPEICTABICHHS 3
(GOpMyITIOBAHHIM YMOB MIKIOMEHHOI B3a€MO/Ii1, BUKOHAHHS SKUX T'apaHTyBajo
3B'SI3HICTh PO3paxyHKIB MiKAOMeHHHX nuiixiB [1]. Takox mist dopmyBaHHS
METO/Aa  1€papX1YHO-KOOPAMHALIMHOI ~ MapuipyTH3alli  BHUKOPUCTOBYETHCS
MPUHITUT IIJTLOBOT KOOpIAWHAII. 3a paxyHOK BHUKOPHUCTAHHS SIKOTO BIAJIOCh
KOpPpEeKTHO copmyBaTH 3a7adi i€papXiYHUX pPIBHIB: HWXKHIN BIAMOBIAAE 3a
PO3paxyHOK BEKTOpa MAPUIPYTHUX 3MIHHHUX, a BEPXHIN PIBEHb — 32 OpraHi3alliio
MDKJIOMEHHOI B3a€MO/IIi, 1110 TapaHTyBaI0 301’KHICTh KOOPJAUHYIOUOI MPOIIETyPH
3a KIHIIEBE YHCJIO ITepalii, 1o OyJo MATBEPKEHO Ha BEIMKOI KUIBKOCTI
PO3paxyHKOBHUX MPUKJIIAIIB.

byno  mochimkeHo mpare3gaTtHictb  Metoxy [1]  Ha  mpukiani
HEHTPaII30BaHOI CUCTEMH Ta Ti€l K CHCTEMHU, ajie PO3MOICHY Ha TPU JOMEHHU

(puc. 1).
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Jomenl

Pucynok 1 — Crpykrypa TKM, 1110 MiCTUTh I€K1IbKa TOMEHIB

HocmimpkenHss metony Oyno mpoBeaeHo cepenouii MATLAB. B xoni
JTOCIIKEHHS 3anpOIOHOBAHOTO METOY 1€papX14HO-KOOPAUHAIIIMHOT
MDKJIOMEHHOI MapuIpyTu3ailii 0yja0 mpoaHaai30BaHO BIUIUB CTPYKTYPH MEPExi,
3B'3HOCTI MAapIIPYTU3aTOPIB, YHCIA MPUKOPJOHHUX MaPIIPYTU3ATOPIB, 1
3aBaHTakeHOCTI TKM Ha 30DKHICTH KOOPAMHYHOYOI Tpoleaypu. Pesynbratu
JOCIIIJIKEHHSI 3aCBIIUWIIM, W10 Ha 3pOCTaHHS 4Yucla ITepauiid mnpoueaypu
BIUIMBAJIM TMIABUIICHHS 3aBaHTakeHOCTI TKM, sKimo 1me cympoBOmIKyBaiocs
peanizaiic€ro 0araTOKOJIWHOI CTpaTerii MapumipyTusailii, a TakoX 301IbIICHHS
YHUCIIa MPUKOPJIOHHUX MapiipyTu3atopis. Lle mosicHIoBamocs 3pocTaHHsIM Yucia
MO>KJIMBHX BapiaHTIB BUPIMICHHS 3aBlaHb MapIIPYyTU3aIlil B OKPEMHUX JIOMEHAX,
10 1 MPU3BOJIUIIO JIO ESIKOTO 30LIBIIICHHS YKCJIa KOOPAUHYIOUUX 1Teparliit (110
3-4). BuxkopucTanHs KOOPJMHYIOUYOT MPOIEAYPH TO3BOJIHIO HAOIU3UTU SIKICTh
PO3IOIIIIEHOT MapIIpyTH3allii Mo JOMEHaX J0 Pe3yibTaTiB ILIEHTPai30BaHOI
MapuIpyTH3alii, ajge ICTOTHO 3HU3UBILIU MPHU I[bOMY PO3MIPHICTH PO3B'A3yBaHOL
ONTUMI3AIIHHOT 3ajaul. Peamizars JOCJIIKYBaHOT MaTeMaTUYHO]1
JEKOMITO3UIIIIHOI MOJIeN1 1 METOy 1€papX14HO-KOOPAUHALIIIHOI MI>KIOMEHHON
MapuipyTusaiii B  TEJICKOMYHIKALIMHIA Mepexi J03BOJUTH  IiJBUIIUTH
MamTabOBaAHICTh MAPUIPYTHUX PILIEHB 33 PAXYHOK 3HMKEHHS 00YHMCIIIOBATBHOL
CKJIQJTHOCT1 PO3B'sI3yBaHUX MAPUIPYTHUX 3aBJaHb, & TAKOK 3MEHILIEHHS 00CATIB
CiIy00B01 1H(pOpMALIli PO CTaH Mepexkl, o HupKyaoe B TKM.
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In this work the reference signal received power (RSRP) is studied. It has
been defined in a number of ways. Some of these definitions have been looked
at including the 3GPP’s definition. As an RSSI type of measurement, its
relationship with RSSI is also established. The reporting range as well as a brief
calculation of RSRP has also been done in this piece of work.

For 4G LTE, RSRP, RSRQ and SINR are the metrics measured by the
User Equipment on reference signal (RS). Parameters RSRP and RSRQ are key
measures of signal level and quality for modern LTE network. In this article, the
focus is on the study of the RSRP measurement in LTE. RSRP is an RSSI type
of measurement. Essentially, it measures only the reference power and does not
give any information about the signal quality. It is the most important
measurement that the UE has to do for cell selection, reselection and handover.
This important parameter is studied and some practical work done.

Received Signal Strength Indicator (RSSI) is a measure of the average
total received power observed of the carrier RSSI only in OFDM (Orthogonal
Frequency Division Multiplexing) symbols containing reference symbols for
antenna port 0 in the measurement bandwidth over N resource blocks. The
carrier’s RSSI total received power includes the power from co-channel serving
and the non-serving cells, the adjacent channel interference, the thermal noise,
among others.

It provides information about the total received wide-band power. All
symbols are measured including all interference and thermal noise. UE do not
report RSSI to eNodeB. RSSI is simply computed from RSRP and RSRQ which
are reported by UE. From the above, it could be deduced that,

RSSI =ns + sc + inp,

where ns is noise
sc is serving cell power
inp is interference power
It implies that without noise and interference, there is 100% downlink
(DL) physical resource block (PRB) activity. In this case, we can say that
RSSI = 12*N*RSRP,
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where -RSRP is the received power of 1 resource element (1RE), that is
average of the power levels received across all Reference Signal symbols within
the considered measurement frequency bandwidth.

N -the number of resource blocks (RBs) across the RSSI.

RSRP- is the linear average of reference signal power (in Watts)
measured over a specified bandwidth (in number of RES).

This is the most important measurement UE has to do for cell selection, re-
selection and handover. It is very similar to CPICH RSCP in WCDMA. The
average here is with respect to the received power of a single reference signal
resource element. So, the power of multiple resource elements is measured by
the UE and the average of which is taken. The resource elements are those used
in the transfer of the reference signals.

According to the 3GPP definition in 36.214 specifications, RSRP is the
linear average over the power contributions of the resource elements that carry
cell-specific reference signals within the considered measurement frequency
bandwidth. For RSRP determination the cell-specific reference signals RO
according to TS 36.211 shall be used.

This parameter measures only the reference power and does not give any
information about the signal quality. Information about the signal strength of the
desired signal is obtained. Usually the UE measures RSRP based on the
direction (RRC message) from the eNodeB and report the value. A non-negative
value ranging from 0-97 is send. Each of these values is mapped to specific
range of values of real RSRP values as defined in 3GPP specifications 36.133.

The reporting range is between -44 to -140dBm. This is with 1dB
resolution. This corresponds to the range of non-negative values from 0-97 that
is sent by the UE. Measuring signal power while potentially excluding noise and
interference is a unique characteristic of RSRP.

Consider a single antenna system. Let’s assume the Reference Signal
Transmitted Power is about 20dBm and the path loss experienced by a UE
located elsewhere in the cell is 100dB. Then by definition, the RSRP measured
by the UE is 20 — 100 = -80dBm. Comparing this value to the table of real
values of RSRP as in the 3GPP specification 36.133, it corresponds to RSRP
integer value 60. In this case UE can report RSRP = 60 in the measurement
report.

References
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In this work the reference signal received quality (RSRQ) is studied. It has
been defined in a number of ways. Some of these definitions have been looked
at including the 3GPP’s definition. The reporting range as well as a brief
calculation of RSRQ has also been done in this piece of work.

In LTE network, there are two parameters measured by the UE (User
Equipment) on reference signal (RS). These parameters are RSRP and RSRQ.
These parameters are key measures of signal level and quality for modern LTE
network. In this article, the focus is on the study of the RSRQ measurement in
LTE. Unlike RSRP, RSRQ give information as to the quality of the reference
signal. It is equally an important measurement that the UE has to do for a
reliable cell selection, reselection and handover. This important parameter is
studied and some practical work done.

RSRQ can be defined as the purity of Reference Signal (RS) across the
system bandwidth. It is a calculated value from RSSI and RSRP. It simply
denotes a measure of signal and interference. It indicates the quality of the
received reference signal (RS). RSRQ measurement provides additional
information when RSRP is not sufficient to make reliable handover or cell
selection/re-selection decision. In handover procedure, the LTE specification
provides the flexibility of using RSRP, RSRQ or both. When the RSRP is
sufficient enough to provide a reliable handover, it used, if not then it is used
alongside the RSRQ. Whichever case is applicable, must be measured over the
same bandwidth. As in the case of RSRP, UE reports an integer value to
eNodeB. The value ranges from 0-34. 3GPP has provided a table. Using the
table, the integer value can be translated to a range of RSRP value in dB
Mathematically[1],

RSRQ = (N*RSRP)/RSSI,
where N - the number of resource blocks.
RSRP - Reference Signal Received Power
RSSI - Received Signal Strength Indicator

The 3GPP defined RSRQ [2] as the ratio of the product of the number (N)
of the Physical Resource Blocks (PRBs) over which RSSI is measured and
RSRP to E-UTRA Carrier RSSI. The measurements of the RSRP and the E-
UTRA Carrier RSSI shall be made over the same set of resource blocks.
Mathematically,
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v, RSRP
RSRQ="C"”CRSSI,

where Np7b is the number of Physical Resource Blocks
C RSSI is the E-UTRAN Carrier RSSI

It is worth noting that, the RSSI is the measurement of the pure wide band
power, which includes noise, serving cell power and interference power during
reference signal symbol. The reporting range of RSRQ is from -3 to -19.5dB.
For RSRQ to be maximum it is based on the assumption that RS REs are
occupied, no traffic what so ever. There are two RS REs per OFDMA symbol.
As such

RSRP

RSRQ = P"P* CRSST = RSRP/ (2xRSRPx Nprb [ Norb )

The maximum value of RSRQ is therefore = 0.5 = -3dB

The absolute accuracy for intra-frequency RSRQ is between +/-2.5 and
+/-3.5dB. No relative accuracy is specified for intra-frequency case. The
absolute accuracy for inter-frequency RSRQ is between +/-2.5 and +/-3.5dB.
Finally, the relative accuracy between the inter-frequency and the intra-
frequency is between +/-3dB and +/-4dB.

References
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The work describes the personality of the viticulation of tactile internet.
Tactile Internetis a tactile feed back in teraction, the technical systems of which
support not only audio and video interactions, but also the part of robotic
systems that are managed as quickly as the user does not notice the delay time.

JlociKeHHs! TAKTUIIBHOTO 1IHTEPHETY aKTUBHO BEIYThCS 10 BChOMY CBITY
[1-3]. PoGoTuzoBana pyka, poOOTH30BaHA PYKABHYKA, SIKi JTAIOTh MOXKIIUBICTH
BIIYYTH, «IOMalaTu», BIPTyallbHy peasibHICThb. Lle Bce € OCHOBHI po3poOKu
HOBOI epu TakTuibHOTrO IHTEpHETY.

Texnomnorii sk SCMA, F-OFDM Ta nonspauii Koz € po3poOKO0 KOMITaHii
Huawei mst peasizariii Tak 3BaHoro TakTHIIbHOTO IHTEpHETY.

[leBHmit HaOip mapameTpiB Oyje BUKOPUCTOBYBATUCA JJIA KOXKHOI 3a/adl,
JUIS IIOTO OPTaHi30BaHO PO30OMTTS Ha IIJTHOCIMHITJIOMIMHN B MOJIEPHI30BaHii
texnosorii OFDM. 1le Bce € F-OFDM (Filtered-OFDM).

[lepuri TecTyBaHHS TMOKa3ajid, IO 3aBJSKHM BUKOPUCTAHHIO BUIBHUX
saxumieHnx cmyr B cucremi LTE(4G), texnonoris F-OFDM 3a6esneuye
30UTBIICHHS 3araJIbHOI IPOIYCKHOI 3aTHOCTI Beiel cuctemu Ha 10 %.A Takox,
s TEXHOJOTIS MIATPUMYE ACHUHXPOHHY TMepeAady JaHuX JUIsl  PIIHUX
KOPHUCTYBauiB, 3aBJISIKM YOMY, Ta CaMa IMPOMYCKHA 3[IaTHICTh 301IBIIYETHCS aXk
Ha 100% y nmopiBHsHHI 13 cucTeMoro s nepenadi tpagdiky LTE.

binbi mmpokuii JOCTYI ISl OKPEMHUX MPUCTPOIB MOXKE 3a0€3MeUUTH HaM
TEXHOJIOTIA 0araTo-CcTallioHapHOTO JIOCTyNy, ska moOyJoBaHa Ha OCHOBI
PO3pIKEHHsT KOiB, I0A03BOJIsiE HaM KoMOiHyBaHHs TexHosiorii OFDMA 3
CDMA «koxoMm. Ils He opToroHagpHa TeXHOJOTisS HasuBaeTbess SCMA
(SparseCodeMultiple Access). Bona Oyna po3poOieHa crHemiaabHO IS
MOJKJIMBOTO BUKOPUCTAHHS y Mepexax I1’ATOTr0 MOKOJIHHS. [nes uiei TexHomorii
MOJIATa€ B TIOKPAIIEHI CIEKTPadbHOI €(PEKTUBHOCTI OE3MPOBITHOTO Pasio
nocryny. IIpuHuunom poOoTH moJisirae y TOMY IIO, BXIIHHUW MOTIK JaHUX Ha
psiIMy TIEPETBOPIOETHCA B KOJOBI CJIOBA, Kl CKJIAAIOThCS 3 CHMBOJIIB PI13HOTO
tuny mudpyBanHsa. KoxkHe KoJoBe CJI0BO SBJsiE COOO0I0 OJMH 13 PO3MOIITICHUX
piBHIB mepenmaui (transmissionlayer). [Ins KOXHOTO, KOHKPETHOTO PIBHS
Mi0UpaeThes KoJioBe C0BO 3 KOAOBUX KHUISCMA. 3aBasku 4oMy, JEKUIbKa
MOTOKIB JAHUX MOXYTh PO3MOAUIMTH OJHI ¥ TI camMl 4aCTOTHO-YAaCOBI peCypcH
OFDMAcurnany. binbiml rHyukuidiTa e(QEKTUBHUN aJanTalliHUAMEXaHI13M,
1 ABUIIICHHSIIPOITYCKHOT3MaTHOCTI(JIJIT HU3XIHOTO KaHalmy3B’si3ky Ha 80 %),
3MEHILECHHSI3aTPUMKH  Mepeadl, TaK0XK30€pEeKEHH — €JIEKTPOEHEPrii,301/IbIIye
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KUTBKICTBIIIKIIFOYeHUX TpucTpoiB Ha 300%, 1e BCi TiI SKOCTI SIKI Hajgae Ham
TexHOoJIOTIISCMA.

Bukopucranus KkojaepiB 1 JEKOJEpiB IOCTIJOBHOTO aHYJIIOBaHHS Ja€
MO>KJIMBICTh KOJIOBI1 IOCSATTH €MHOCTI KaHaity 11leHoHa, 1 Takuil KOj| Ha3UBA€EThCS
PolarCode.lTonsipuuii Ko € OJHIEID 13 HAH3PYYHIMIMX TEXHOJOTIH IS
KOAYBaHHS KOJIB3 NpPSAMHM BHIIPaBICHHAM MOMMIIOK. Ha BigMiHHO TpyOKO
KOJy, 110 BHKOPHCTOBYEThCS y Tak 3BaHoMy 4G(LTE), momsipauii Kom Moxe
3abe3neunt Koedimientom miacwiennas 0,5 - 2 ab. 27 ['6it/c — 1e € mikoBa
MIBUJIKICTh, SIKa Oysa TOCSATHYTA 3a MEBHUX YMOB Y HU3bKOXOTHOMYPEKHUMI.

Komnanieto ZTE Oyno 3anponoHoBaHe pIlIEHHS MHOXHHHOTO JIOCTYITY,
10 JI03BOJISIE B MEPE)KAX 3 BUCOKUM HABAHTAXKECHHSM L€ CaMUW MHO>XWUHHHUN
JOCTYI 0€3 HeoOXiTHOCTI TuTaHyBaHHS Mepexki.lle pimenns HazuBaeTbess MUSA
(Multi-UserShared Access). /103BoJisi€ TOKPALTUTH MOKPUTTS MEPEXKi, Ta 3HAUHO
30UTBIIUTH KUIBKICTh MIAKIOYEHb MHPUCTPOIB JO CUCTEMH. YTOPIBHSHHI 13
MepeXaMu TONEpPeHIX TOKOJIHHS TMOMITHJIA 30UIBIIEHHS  MPOMYCKHOI
3n106HocTi HA 200 %, y X011 AOCHIKEeHb. TakoX CIOCTEepIraeThCs 30UTbIICHHS
TPAaHUYHOTO JOIMYCTUMOTO HaBaHTAKEHHS JI0 TPHOX pPa3iB.

[Tpu peanizauii koHuenuii TakTuapHOTO IHTEpHETYY OOMAIIHIA Mepexi,
noBuit cranmapt IEEE 802.11ad mpamtoe B miamazoni wactor S5 [Tmm 3
MaKCUMAaJIbHOIOIIBUAKICTIO niepeaavinanux 7 I'6it/c.

Kommnanis CiscozanponionyBaia DWDM miatdopmy, s mepenadi
BEJIMKOTO 00’ €My JJaHUX Ha JOCUTH BEJIMKI BIICTaHI.

Pozpimsitoun wac Ha wMaji 1HTEpBAM TakK, IO 30UIBIIYETHCA 00’ €M
nepeHeceHuX OIT 3 JIEKUIbKOX BXITHUX JDKEPE, Uil MepeadiBeIuKoro 00’ emy
JAHWX Ha BEJUKIBIICTaHI KOMIaHIA TeXHOJoriss MYJIbTUIIEKCYBaHHS 13
posninenHsM 1o yacy (TDM) 30imbIrye mpomycKHy 31aTHICTb.

Takum ynHOM, TakTUIBHUN [HTEpHET PO3IIISIAAETHCS K OAHEI3 KIIFOUOBUX
nogankiB B Mepexkax 5G (IMT-2020). Ha cworomHi BemyThcsi poOOTH
MOJOCIIIPKEHHIO METOJIIB Tepe/aydl TaKTUIBHUX BIIUYTTIB 4YEpe3 MEPEKY3
BUKOPUCTaHHAM [HTEpHETApEUei.
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IMS architecture is considered by many operators and service providers as
well as equipment suppliers as a possible solution to the issues of further
development of services and for the construction of next-generation networks,
and as a basis for convergence of mobile and fixed networks on the IP platform.

Mo061s1bHMI 3B'SI30K — OJIHA 3 HAWOUIBII CTPIMKO PO3BUBAIOIIUX 1HIYCTPIN
B CyyacHOMY CBITI. B gaHuii yac JOCUTH aKkTyaJdbHUM 1 JOCUTH CKJIQJHUM €
nepexi 10 TEXHOJOoTi MOO1IBHOTO 3B'13KY 3-4G, 110 3a0€3meuye BUCOKOSKICHY
nepenayy MOBH, 300pakeHb, TIOCIYTH MyJIbTHMEAia Ta AOCTyn B IHTepHeT, a
TaKko Oe3mocepeaHii 3B'130K MOOITILHOTO TeJle(OHY 3 KOMITIOTEPOM.

3arajibHOIO CTpaTeriyHoro MeTor cucteM 3-4G € 3a/0BOJICHHS] TTOTPEO
MacoBOrO  CIIOKMBaya y  TOCIyrax  rjo0aJlbHOTO  MEPCOHAIBHOTO
MYJIBTUMEIIMHOTO PYXOMOTO 3B'S3Ky. 3arainbHa (DyHKI[IOHAJIbHA apXiTEKTypa
cucteMm 3-4G MICTUTh TPU OCHOBHUX MOJIYIII:

3araipHa Mepexa pagiogoctyny (IMS, migcucrema IP-mynbruMenia) s
HaJaHHA mnocayr aboneHtaM 3-4G  3a JIOMOMOrOK0  CTaHIAPTU30BAHUX
pamioinTepdeiiciB. 3arasbHa TpancmoptHa Mepexka (CN) mma  mepemaugi
MarictpanbHoro Tpadiky 1 oprasizaiii B3aemojii (KOHBEpreHIlii) Ha OCHOBI
MEpEeX PYyXOMOTo 3B'A3KY 2-4-ro mokoyiHb. KopucTyBalbHHUIIBKI JHOJATKH IS
HaJIaHHS MYJIBTUMEIIMHUX MTOCTYT He3aJIeKHO Bl TEXHOJIOT1T PajioloCTyIy.

AHaJ1i3 CBITOBOTO JOCBIY MiATBEPKYE MOLLIbHICTh TOOY/I0BH 3arajibHO1
TPAHCIIOPTHOT Mepexki BITUM3HSAHOI cucTeMu 3-4G Ha OCHOBI KOHBEPTEHIIT Ta
00'eTHaHHSM MariCTpajJbHUX JIIIOYUX MEPEeX PYyXOMOro 3B'A3Ky 2-3r0
MOKOJIIHHS 3 BUKOPHUCTaHHAM npoTokojiiB ATM 1 IP.

Konmenmiist 1P Multimedia Subsystem (IMS) onucye HOBY MepexeBy
apXIiTEeKTypy, OCHOBHHM €JIEMEHTOM SIKOi € MakeTHa TPAHCHOPTHA Mepexa, 110
HIATPUMY€E BCl TEXHOJIOTII JOCTymy 1 3abe3medye peani3allilo BEJIUKOro 4Hcia
iHpOKOMYHIKAIIHMX MOCAyr. Ii aBTOPCTBO HANEXKMTh MiKHAPOTHOMY
naptHepctBy Third Generation Partnership Project (3GPP), mo 00'eanaB
European Telecommunications Standartization Institute (ETSI) i kinbka
HaIllOHAJIBHUX OpraHizalliii cTaHIapTu3aiii.

IMS crnouatky po3pobissanacss sl PO3BUTKY  TMOCIYT Ta TMOOYJIOBH
MOOUTEHUX Mepex 3-4ro mokosiHb Ha 6a31 mpotokosy IP. Hamam Konmeniris
Oyna npuitasaTa komitetoM ETSI-TISPAN, 3ycumis sxoro Oynu cripsiMoBaHi Ha
cnenu@dikanilo MPOTOKOMIB 1 1HTepdenciB, HEOOXIAHUX g MIATPUMKH 1
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peamizalii IIMPOKOrO CHEKTPY TMOCIYyr B CTalllOHApHUX Mepexax 3
BUKOPHUCTAHHSM CTEKa MPOTOKOJiB IP.

[Ipuunny BuHUKHEHHs KoHIemniii IMS came B cepefoBuIlll po3poOHUKIB
CTAaHJAPTIB i1 MOOUIBHMX MEpPEeX MOKHA TOSICHUTH HACTYITHUM YHWHOM:
orneparopu  (IKCOBAHMX MEpPEXK aKTUBHO MIATPUMYIOTh TEpexil BiA
TpaI[I/IIJ;lI/IHI/IX TenepOHHUX Mepesk 10 MEPEK 3araibHOro I(OpI/ICTyBaHHH(M33K)
MOB'S3yI0UM 3 HUMHU TIEBHI HaJli Ha CKOPOYCHHS OIEpaIliiHuX BUTpAT 1
KamTaJIbHUX BKJIAJEHb, a TAKOX HAa PO3BUTOK HOBHUX MOCIYT, OYIKYIOYH, SK
HACIIJI0K, ICTOTHOT'O MIJIBUILIEHHS JOXO/IB.

OcHoBHa TexHousoriuna igess M33K — mopain TpaHCIOPTHUX MPOIECIB 1
MPOIIECIB yMPaBIiHHS BUKIWKAMHU 1 ceaHcaMu Ha 0a3l eJIeMeHTIB IaThopMu
Softswitch He Oyna miaTprMaHa CBOEYACHOI PO3POOKOIO BIAMOBITHOTO HAOOPY
craHjaptiB. lle mpusBeno a0 Toro, mo OCHOBHI MepexH1 eneMeHTH M33K,
YacTO BUSBJISIOTHCS HECYMICHUMH M1 CO0OIO.

Y wMepexax MOOUIBHUX OMepaTopiB, A€ OJHUM 3 OCHOBHHUX JIKEpen
JIOXOMIB € POYMIHT, TaKa HECYMICHICTb BHUABIISETHCS KyIu OUIbII 3HAYHUM
HEJIOJIIKOM, HDXK y cTallloHapHuX Mmepexkax. CaMe 1€ 1 BU3HAUUIIO aKTUBHICTD
MDKHApOJHUX opraHizauii (B mepury yepry ETSI 1 3GPP), axi nodanu po3poOky
HOBUX MPHUHITUIIB MOOYIOBH 1 CTaHAPTIB MOOLTEHUX Mepex 3G, TPYHTYIOUHCH
Ha OaratopiBHEBii apxiTekTypi M33K.

[To cyti konuemniist IMS Bunukia B pesynbrari eBosoiii mepesk UMTS,
KOJIM 00JIaCTh YMpaBIiHHS MYJIbTUMEAIMHUMU BUKIMKAMH 1 ceaHCcaMu Ha 0asi
nporokony SIP gomamum go apxitektypu Mepex 3-4G. Cepen OCHOBHUX
BJIACTUBOCTEN apxiTekTypu IMS MoKHa BUIITUTH HACTYMHI: 0araTOpiBHEBICTh —
pO3UIsie PIBHI TPAHCIOPTY, VYOPABIIHHS 1 JOAATKIB;  HE3QJICKHICTh BIJ
CepeloBHIa JOCTyy —  JIO3BOJIIE OIeparopaM 1 cepBic-IpoBaiiiepam
KOHBEpPrupoBaTh (hiKCOBaH1 1 MOOLJIBHI MEpeXi; MIATPUMKA MYJIbTUMEIINHOTO
NEPCOHAILHOTO OOMIHY 1H(OpMAL€0 B pealbHOMY 4aci (HalpHUKIaj roJioc,
Bijico-TenedoHIs]) 1 aHaJIOriyHOro OOMiHY 1H(OpMAIE0 MIX JIIOABMU Ta
KOMIT'FOTEpaMH  (HANPUKIIAJ 1TPH); NOBHA 1HTErpamiss MYJbTUMEIIMHUX
JOAATKIB PeaibHOTO 1 HEpealbHOI0 Yacy (HapHUKIIaa MOTOKOBI J0JIaTKH 1 4YaTH);
MOJKJIMBICTh B3A€EMOJIl pI3HMX BHIIB TOCIYr;  MOMJIHUBICTh MiJATPUMKH
JEKUTBKOX CIIy)0 B OIHOMY ceaHci abo opranizamii JEKiTbKOX OIHOYACHUX
CHUHXPOHI30BaHUX CEAHCIB.
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The given work is devoted to the solving of relevant scientific and
technical problem that is related to the process of queuing optimization with
consistent solution of Congestion Management and Congestion Avoidance
tasks, packet flows processing to improve quality of service by developing
mathematical models and methods.

BaxnuBuM 3aBHaHHSIM PO3BUTKY CYYaCHHUX TEIEKOMYHIKAI[IHHUX MEPEK €
nmiaBUIIEHHST sSKOcTi oOciyroByBanHs (Quality of Service, QoS) 3pocrtarodoi
KUJIBKOCTI 3aIUTIB KOpUcTyBayiB. Cepell BEMKOI KIJIbKOCTI 3aC001B IM1IBUILICHHS
SAKOCTI OOCIYrOBYBaHHS Ba)JIMBE MICLE 3aliMalOTh METOAMU YIPABIIHHS
gepramu, IO JIO3BOJISIIOTH €(EKTUBHO IMOJIIMIIATH Taki mokasHukm QOS, sk
CepelHs 3aTpUMKa TaKeTiB, KUTEP, KUIbKICTh BIJIKMHYTUX TIaKeTiB 0e3
ICTOTHUX BUTpAT Ha MOJICPHI3AIlII0 1ICHYIOUOT 1HQPACTPYKTYPH MEpPeki. Y CBOIO
4yepry, OCOONMBOCTI Ta €(PEKTUBHICTh TEXHOJIOTIYHUX pIIIeHh B 00JacTi
00CITyrOBYBaHHSI Yepr 3ajeKaTh BiJl TUX MaTeMaTUYHUX MOJIeNIel 1 METOIIB, SKi
B HUX 3aKjajieHi. bynu npoanaizoBaHi BiioMi pillIeHHS B 00JIACTI YIPaBIiHHS
yepraMu B TE€JIEKOMYHIKALIMHUX Mepexax. Po3riasHyTo ix nepeBaru i HeIOIKH.
OcoOnmBa yBara mnpujijeHa ONTUMI3AIlll MPOLECY YHpPaBIiHHSA Yepramu 13
3a0€3MEUYEeHHSIM  y3TOJUKEHOCT] pIillleHb 1oa0 AudepeHiioBaHoi 00poOKu
MAKETIB PI3HUX MPIOPUTETIB HUIAXOM PO3POOKH HOBUX MATEMATHUYHUX MOJEIEH
1 METOAIB JUIsl MiABUIIEHHS SIKOCTI OOCIYrOBYBaHHSI B TEJIIEKOMYHIKAIIHHIMI
Mepexi B OUIOMY.Y  MeToAl  30aJlaHCOBAHOIO  YHOPABIIHHSA — 4Yepramu
BUKOPHCTOBYIOTHCSI JIBa PiBHS po3paxyHKiB. Ha meprmomy piBHI BigOyBa€eThCs
arperaifisi MOTOKIB B 3aJ€XHOCTI BIJ MPIOPUTETY IMOTOKIB Ta uyepr. Jlus
3a0€3MeUeHHs] CMPaBEIJIMBOIO OOCIYyTOBYBaHHsSI MAaKETIB OJHOTO 1 TOTO XK
MOTOKY KOXKEH 3 TMaKETIB JIOIIJILHO 00pOoO0IsATH B paMKax OAHi€l 3 uepr. Takum
YUHOM, BIJIMOBIAHO /10 (h13UKH PO3B'SI3aHHS 3a71a4i 3MiHHA € O0yJIeBOr0, TOOTO:

1)
(2)

Judepeniiaris SKOCTI 00CTyroByBaHHs 3a0€3MEUy€EThCS 3a PaXyHOK TOTO,
10 TOTOKU 3 PI3HUMH MpIOpUTETaMH (BUMOTAMHU JI0 SIKOCTI OOCITYrOBYBaHHS)
00poOMISAIOThCS B PI3HMX dYeprax. 3a gomoMoror (opmynu (3) BigOyBaeTbCs
ONTUMAJIBHUM PO3MO/ILT MOTOKIB MIXK YepPTaMH 3 YpaxXyBaHHIM MPIOPUTETIB Yepr
Ta KJ1aciB MOTOKIB:

YMoBa 36€p€}KeHHﬂ IMIOTOKY BUTIJIAAA€ TAKUM YHNHOM:
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f=Y Yk, - K -, ;.
P (3)

Ha npyromy piBHI 3a1a€ThCsl TOPSIOK PO3IMOIIY MPOIYCKHOT 3/1aTHOCTI
MDK YyepramMu Ta po3B’sI3y€ThCs ONTUMI3AIlIHA 3a/1a4a JUIsl BU3HAYEHHSI 3MIHHUX

aTab. byna BBenmeHa ymoBa 3aro0iranfas nepeBaHTaKCHHS:

a;-X;;=a-b;.
2 L J._i' _i' (4)

ne @ — xepyrooua 3MiHHA, IO JOJATKOBO BBOJHUTHCS Ta XapaKTEPU3YE
BEPXHIM TMOPIr 3aBaHTAXXEHOCTI MPOMYCKHOI 37aTHOCTI, BHUIIJIECHOI IOTOKaM
pI3HUX KJaciB 0OCIyroByBaHHs. Y TakoMy (OpPMYJIIOBaHHI OINTHUMI3aIliiiHa
3a/a4a BIIHOCHUTHCS 1O KIJAcy 3ajad HEeNiHIHHOTO MpOorpaMyBaHHS, TaK SIK
KpUTEpil ONTUMAJIBHOCTI € HeNHIHHUM. Kepytodya 3MiHHA MIHIMI3Y€ETbCS:

Min@, (5)

ko nepeBectTy yMoBY (4) y JiHIHHY (GopMy, TO 1€ JI03BOJIUTH 3HAYHO
3HU3UTH OOUYUCIIOBAIbHY CKJIAJHICTh MPAKTHUYHOI peaii3allii 3alporioHOBAHOTO
meroay. [1[06 e 3pobuT Oyino 3amucaHo HACTYITHUM YHHOM:

Ei - Xy
(6)
Jls1t 3py4HOCTI po3paxyHKiB Oyia BBelieHa &
a - a;-x;<b;.
i (7)
1ie MoHdikoBaHa Kepyoua 3MiHHa (X' *) MiAIOpsIKOBYETHCS yMOBAM:
L1
=g, (8)
0=za < oo, (9)

3 ypaxyBaHHSM OHOBJIEHOT'O 3amuCy HepiBHOCTeH (7) B ONTHMI3AIliiHIN

3aj1a4l IPYroro piBHA B pOJIi KpUTEPIirO OyJie BUCTyNaTH yMOBA BUTJISTY:
max . (10)

[Ticna i€l omepariii onTuMi3alliifHa 3ajgada CTaHE JIIHIMHOTO BUIY, aJie
niboBa  (PyHKIis Oyae MakcumizyBaTtucs.JlJisi TMEpeBIpKU  aJIeKBaTHOCTI
3aIPOIIOHOBAHOTO METOy OyB MPOBEJACHUN eKCIepuMeHT y mporpami MatLab.
3a i#ioro J0momMoror Oyjln0 pO3paxOBaHO MPOMYCKHY 3JaTHICTH I KOXKHOI 3
4yepr, a TaKOX METPHUKU arperyBaHHs MOTOKIB. Buxonasuu 3 pe3ynbraTiB Oyio
po3po0seHo rpadidHy MOJEIH PO3IMOAICHHS MMOTOKIB 110 Yepram.

[Tepenik mocunans:

1. Beremmna III. KayectBo ob6cnmyxkuBanusi B cetsix IP: Ilep. ¢ anrm. M.:
Bunwssamc, 2003. 386 c.

2. Jlememxo A. B., Jleoeneuko T.H. JIunelinasgs Monaenab ONTHMAaIbLHOTO
YIPaBJICHUS ouepeasIMu Ha uHTepdeiice MapIIpyTU3aTopa
TeJIeKOMMYHUKAaIIMOHHOM ceTu // International Journal "Information Content and
Processing”. - 2017. - Vol.4, No. 2. - PP. 171-181
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The scientific task of improving the quality indicators of voice
authentication systems is considered. At present, this problem is being solved by
identifying user features in the range of amplitude-frequency characteristics of
the voice signal being analyzed and by improving decision-making procedures.
At the same time, it has long been known that a significant improvement in
quality indicators is associated with an increase in the signal-to-noise ratio, the
volume of data being processed, and the informative parameters of the voice
signal being processed. The tasks associated with the accounting and assessing
the influence of phase data of the user voice signal in the authentication system
are discussed in the report.

Jiist 3amuThl GPMHAHCOBBIX PECYpPCOB M KOH(HIEHIIMATbHON HH(pOpMaIuu
IMUPOKO IMPHUMCHAIOTCA IMTMH-KOJBI, IIaPOJIH, I/II[eHTI/I(bI/IKaLII/IOHHBIe KapTO4KH, C
IIOMOIIBIO KOTOPBIX IIPOHU3BOAHUTCA aYTeHTI/I(I)I/IKaLII/IH IIOJIB30BaTCJIA. O,Z[HaKO,
9THU CPCACTBA 3allIUTBI HC OTIMYAIOTCA COBCPIICHCTBOM, ITOCKOJIBKY HX MOKHO
IMOTCPATH WJIN IIOAACIIATD. HOBTOMY B HACTOAIICC BPCMS HIMPOKO HCIIOJIB3YCTCA
OroMeTpudecKkas ayTeHTU(UKAIUS MT0Ih30BaTENs, KOTOpas SIBJISIETCS PEIICHUEM
BBIIIENIEPEYUCIICHHBIX TpoOieM. B mocnenHee Bpemst B CUCTEMax JOCTyma
NPEANOUYTeHUE OTIACTCS JUHAMUYECKUM (ITOBEICHUECKUM) OMOMETPUYECKUM
IIpHU3HAKaM, U B IICPBYIO OUCPCAb, I'OJIOCOBOMY CUTHAITY.

O6YCJ'IOBJ'ICHO 3TO TEM, qTo T'OJIOCOBBIM CUCTEMaM OTHACTCA
IOpEeArnoYTeHue 1Mo Kputeputo 3(P(EeKTUBHOCTH/CcTOMMOCTh. Kpome 3toro,
rojsiocoBbie  cucteMbl ayTeHTU(ukammu (I'CA) oOnagaror U psgom
JOIMNOJIHUTCIIBHBIX MMpECUMyIICCTB, TaKHUX KakK, IIpoOCTOTA, YI[O6CT BO
HUCITOJIBb30BaHMA, CJIOXKHOCTD HoaaCJIKH, BO3MOXHOCTb YOAJIICHHOTO
HCIIOJIB30BaHUA 110 KaHaJIaM CBA3H, HCOTPAHHUYCHHOC OIICPATUBHOC YBCIIMYCHUC
IMapOJIbHBIX q)pa:;, AOCTYIIHOCThL IIPUMCHCHHUA COBPCMCHHBIX ,ZIOCTI/I}KGHI/If/'I
1udpoBoit 06pabOTKH JaHHBIX.

K COKXAJICHHUIO, KAYCCTBCHHBIC XaPAKTCPUCTHKHN COBPCMCHHBIX I'OJIOCOBBIX
CHUCTeM ayTeHTH(HUKAIMM YCTYMaloT CHCTEMaM, KOTOphie Oa3upyroTcs Ha
HUCIIOJB30BaAHUU CTATHUYCCKUX 6I/IOMeTpI/I‘IeCKI/IX IIPHU3HAKOB. HOBTOMy KpaTKoO
paccMOTpPHUM IIPUIUHEI 3TOTO.

Kaxk HN3BCCTHO, YHCJIOBBLIC IIOKA3aTCJIM Ka4CCTBa TAaKHUX CHUCTEM MOTIYT
OBITH CYmCCTBCHHO YJYYIICHBI 3a CUHCT YBCIMUCHUA: OTHOIICHUS CI/IFHaJ'I/IHyM
oOpabaTeIBaeMbIX JaHHBIX; 00bEMa aHATU3UPYEMbIX MaTepUajOB PETUCTPALIUH,
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0 KOTOPbIM NPUHUMAETCS PEIICHUE; MAKCHUMAJIbHOTO ydeTa MpPU MPUHATHU
petieHust UHHOPMAIMOHHBIX MapaMETPOB PETUCTPUPYEMBIX CUTHAJIOB.

[Tpu peanuzanuu npoueayp 1udpoBoit 00pabOTKH CUTHAJIIOB MOTYT OBITh
UCIIOJIb30BaHbl ~ pa3NMyHble WHOOPMAIMOHHBIE MapaMeTphl:  aMIUIUTYAA,
yactotra, ¢aza u mnonspuzauug. CoBpemennoie ['CA wucnonb3yioT s
ayTeHTHU(UKAIMK TIO0JH30BATENS aMIUTUTYJHYI0 M 4YacTOTy HH(OpMAaIuio ero
roJIocoBOro curHaia. [Ipu 3TOM OCHOBHBIE HCCIIEIOBAHUSI COCPENOTOYEHBI Ha
MOWCKE TPHU3HAKOB TMOJb30BaTENsi B OOJACTH  aMIUIMTYIHO-YACTOTHBIX
XapaKTepUCTUK TOJOCOBOTO CHUTHala, a TakKe Ha YCOBEPIICHCTBOBAHUU
pOLEAYp MPUHATHS PEIICHUS MO OLICHKAM MOJIYYE€HHBIX PU3HAKOB.

B ToXe BpeMs maBHO HM3BECTHO, 4TO (pa3zoBas MHQOpPMAIUS SIBISETCS
0oJsiee MHOOPMATUBHBIM MapaMeTPOM U, OUYEBHUIHO, MCIOJb30BaHUE (Ha30BBIX
JAHHBIX TOJIOCOBOT'O CHUTHAJIa TTO3BOJIUT CYIIECTBEHHO MOBBICUTh Kaue€CTBEHHBIC
xapakrepuctuku ['CA.

B noknmage paccmarpuBaercs  3ajmada  opmupoBaHus — ($a3oBOM
uH(pOpMAIMU TOJOCOBOI0 CUTHAJA MOJIb30BATENS U aHAJTU3UPYIOTCS OCHOBHBIE
HaIpaBJIEHUs €€ UCIOJIb30BaHMUS.

i popmupoBaHusi pa3oBBIX JAHHBIX T'OJIOCOBOTO CHUTHAJA IIMPOKO U
IUIOJJOTBOPHO ~ HKCIIONB3yeTcss  mpeoOpazoBanue  ['unmpbepra,  KOTOpoe
OPUEHTHUPOBAHO Ha OO0pPabOTKY TapMOHHYECKHX CTallMOHAPHBIX BPEMEHHBIX
psnoB. B Toke BpeMs, TOJOCOBOM CUTHAJI - IOJUTAPMOHUYECKHUN
HECTAllMOHAPHBIN BPEMEHHOM PAI.

[ToaTomy mocne dopmupoBanuss (Pa3oBbIX JaHHBIX  HEOOXOAUMO
BBITIOJIHUTh WX TMpeABapUTENIbHYI0 00paboTKy. I[IpuumHBI HEKOPPEKTHOTO
pacuera (ha3bl rOJIOCOBOTO CUTHAJIA CIEAYIONIME: 00J1aCTh U3MEHEHUsT (DYHKIIUU

V4 T .
arctg HaxOJWThCA B Mpelenax OT —5 10 bR B TOXe BpeMsi (a3oBBIA yroj

n3mensiercst ot 0 102 - 7 (umeeT GpopMy MIII00OPA3HOTO CUTHAIA HEU3BECTHOM
JUTUTEIIBHOCTH ); UMEIOT MECTO OIMOKH B ompezaesieHnu (a3oBOro yria, B TOM
YHUCJIe ¥ aHOMAaJIbHBIE, OOYCIIOBIIEHHbBIE OMMUOKAMHU B PETHCTPAIIUN TOJIOCOBOTO
CUTHaJIa U HEKOPPEKTHOU paboToil mpeoOpazoBanus [ mindepTa.

VYuer anpuopHoit nHpopmaruu o Gopme pazoBoro curHajga Mo3BOJSET
OTKOPPEKTHPOBATh HE TOJHKO (Pa3oBbie JaHHBIE TOJOCOBOTO CHTHANA, HO H
MaTepHaibl PETUCTPAIMHM, a TaKXKEe PaCCUMTHIBAEMYIO KBaJpaTypPHYIO
COCTaBISIIONIYI0 AHAIMTHYECKOTO CHTHaja. Takas KOPPEeKTUPOBKA JaeT
BO3MOYKHOCTh YTOUYHUTH OIIGHKH IPU3HAKOB II0Jb30BaTEsl Kak B 00JacTH
aMIUTUTYTHO-4YaCTOTHBIX, TaK M B 00JacTH (ha304aCTOTHBIX XapaKTEPHUCTHUK
aHANMM3UPYEeMbIX JaHHBIX. [locrmegHee TMO3BOIUT CYIIECTBEHHO YIIYYIIUATH
YHCJIOBBIE TIOKA3aTeNIM KaueCTBa MPUHUMAEMbBIX PEIICHUN MO0 ayTeHTH(UKAINH

M0JI30BATEIS.

Ha ocHoBe 00paOOTKM OJKCIEPUMEHTANIBHBIX JAHHBIX IOKa3aHa
000CHOBaHHOCTH U JOCTOBEPHOCTH MPE/IJIOKEHHOTO MTyTH YCOBEPIIIEHCTBOBAHUS
rOJIOCOBBIX CHCTEM ayTEHTU(DUKAIIUN TTOJIH30BATEIS.
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In this work, we report an assessment on VOLTE. End-to-End traffic
analysis shown by defining the number of calls on the PSTN Public Switched
Telecommunications Network side, you can also define the amount of
bandwidth needed on the IP leg of the call.

VOLTE is a VolP-based multimedia service, in which, voice calls and video
conference services can be provided. The basic difference between VOLTE and
VolP over LTE is that VOLTE traffic is guaranteed with given QOS parameters
and is delivered over dedicated bear which has the highest priority while VVolP

traffic is delivered over default bearer which only preserves “best effort” QOS.
With VOLTE, the end user can enjoy voice and LTE data speeds simultaneously
on a single carrier. Since operators are currently relying on their 2G/3G CS
networks for voice services, there is no way to offer voice and LTE data

simultaneously without the wuse of dual-transceiver devices capable of
simultaneously access to both 2G/3G network and LTE network . When
deploying VOLTE, mobile network operators have to face many difficulties and
challenges.

It is important to examine the challenges that VOLTE brings to LTE. For
mobile operators, in order to ensure that VOLTE provides the same high level
service that 2G/3G CS voice provides today, three following benchmarks have
to be met: Call completion and call retention rates of 99% or better. Total end-
to-end delay of less than 300MS

Voice quality that is as good as or better than 3G circuit switch voice .
IMS is designed for call session control not only for LTE, but other network
technologies as well, including UMTS, CDMA2000 Wi-Fi and even wired
networks .So there must be the combination of interworking VOLTE with
traditional circuit- switched voice.

The above challenges can be divided into three categories as follows:
Challenges of Technology: Due to the fact that VOLTE is based on IMS there
are  many new protocols which are related to IMS such as IPv6, Sig Comp IP
Sec and P-headers that make matters worse. The integration of the LTE protocol
stack with the IMS control layer is to be taken care of and end-to-end IMS
signaling must be tested over the LTE access network. In addition,
implementation of mobility between the packet switched LTE and the circuit
switched networks is also an issue.

36


mailto:tkc@kture.kharkov.ua

Challenges of Implementation: The operators would look for temporary
solutions before moving on to a full-fledged IMS architecture. Challenges of
User satisfaction: Performance of the network for crucial real-time services
needs to be tested with real- time audio and video quality measurement tools.
Calculation the bandwidth needed on the WAN link.

End-to-End Traffic Analysis show by defining the number of calls on the
PSTN Public Switched Telecommunications Network side, you can also define
the amount of bandwidth needed on the IP leg of the call
Let's CDR has the following statistics K 36,000 minutes per day S 12,882.4
minutes per day C 28,235.3 minutes per day.

You are making the assumptions that can use the ERLANG B model for
sizing your trunk groups to the PSTN want to have a Grade of Service GOS of
P.01 on each of your trunk groups.

Computing the traffic load for the PSTN links at each node as follows:
K= 102 BHT Busy hour traffic a telecommunications traffic measurement given
in ERLANGS S =36.5BHT C=80BHT.

By using the ERLANG B formula you will experience a blocking rate of
~0.01139. Use a codec G.729 to use between POPs with following bandwidth:
26.4 kbps per call full rate with headers 11.2 kbps per call with VAD With
Voice Activity Detection 9.6 kbps per call with CRTP. Compressed Real-Time
Protocol (CRTP) 6.3 kbps per call with VAD and CRTP.

The bandwidth needed on the link between the K and the S is:

Full Rate: = 2.534 Mbps VAD = 1.075 Mbps CRTP = 1.651 Mbps
VAD/CRTP =700.8 kbps

The band width needed on the link between the K and C is: Full Rate: =
1.9 Mbps VAD = 806.4 kbps CRTP =1.238 MBP VAD/CRTP =525.6 kbps
Therefore , VAD and CRTP have a substantial impact on the bandwidth needed
on the WAN link.

The evolution of operator infrastructure has led to the implementation of
soft switches that allow migration to an All-IP network. However, the IMS
architecture has been dominating industry due to its open interfaces for the
deployment of converged services. The main challenge is to provide a
consistent end-to-end Quality of Service through an IP service, such that the
requested QOS requirements are satisfied when the deployment of a service
involves the infrastructure of two or more operators, which are autonomous
networks whose administrative domains are managed according to their own
policies. Although operators must agree on the QOS requirements for a
particular service among a set of IP services, operators do not configure their
network devices in the same way because they have their own internal topology
and QOS mechanisms that depend on their network devices and other non-
technical management requirements.
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The Internet of Things is a worldwide physical network in which all
services can be connected and remotely controlled. As more and more devices
are equipped with RFID or smart sensors, connecting "things™ is becoming more
simple. At the sensing level, wireless 5G smart systems with tags or sensors can
now automatically be recognized and exchange information with various
devices.

[nTepHer y BUrsAl ciy>)kO 1 KOHTEHTIB MOCIYr, BUHUKHYBIIM B 1969
poIIi, CbOT0JIHI MIITHO YBIAIIOB B Halle KUTTA. [[poiIoBIIN HIISAX BiJ pO3pOOKU
nporokony TCP / IP, nocuiiku nepuoro elIeKTPOHHOTO JIMCTA, MOSBU CUCTEMHU
nomeHHux iMeH (DNS), 3anycky nepmoro vary IRC, 3apomxenns Konueniii
BCECBITHROI MaByTUHU 1 npoTokosry HTTP, Bce mpuiiiio 10 Ti€i KOISIPOBOT i
3pYYHOIO 300pa)KeHHI, Ky MU 0auMMO 3apa3 MpU BIAKPUTTI Opay3epa 1 HaBITh
BKJTFOUEHHSI Cy4aCHOTO TeJieoHy.

I 3apa3 TexHoJOrisl HE CTOITh HA MICIll, TPOHMKAKOYHM BCE Jajii 1 Jai.
3apa3, KoM B CBITI MPAaBUTh PO3BUTOK 1HGOPMAIIITHUX TEXHOJIOTIH 1 mepeaavya
naHuX, [HTEpHET MpoHMKae B 3BUYHI HAM B MOBCSKIECHHOMY XHUTTI peul. | 1e
SIBUIIIE HEOJAMIHHO CTa€ HOBOIO ICTOPUYHOIO BIXOIO /IS [HTEpHET TEXHOJIOT 1.

Tomy «lHTEpHET pedeil» MOKHA pO3MISLAATH B SKOCTI TJI00aIBHOL
MepexeBoi 1HOPACTPYKTypH, WO CKIAJAEThCS 3 Oe3miul  MiJKII0OYeHUX
IPUCTPOIB, SIKI BUKOPUCTOBYIOTh CEHCOpPHI, KOMYHIKalliiHI, MEpPEXHI W
iH(opMaiiitHi TexHosorii. OCHOBHOIO TEXHOJOTiE€0 Mg «[HTEepHETY peuei» €
texHosorist RFID. 3a monmomoroto RFID-3unTyBadiB CHOXUBaYd  MOXKYTh
imeHTU(IKyBaTH, BlI[CTe)KyBaTI/I 1 KOHTpoioBaTH  Oynb-siKi  00'€KTH,
aBTOMATHYHO TMiakiroueHi 3a gomoMoror RFID-mitok. Texwnomoriss RFID
IIUPOKO BHUKOPHCTOBYETHCS B JIOTICTUIN, (HhapMalleBTUYHOMY BHPOOHUIITRI,
pO31IpIOHIM TOPTIBJII Ta YIPaBIiHHI JIAHIIOTAMH IMOCTABOK IOYMHAIOUM IIE 3
1980-x pp. Inma ocHoBHa TexHousorisa s [oT - 6e3mpoBoOI0BI CEHCOPHI MEpPEexKi
(WSN), ski B OCHOBHOMY BHMKOPHUCTOBYIOTH B3a€MO/IIIOYl 1HTEIEKTyallbHi
JaTYuKU  (CEHCOpH) IS CIUIbHOI poOoTH 1 MoHITOpuHTy. OOjacth ix
3aCTOCYBaHHS BKJIIOYa€ B ce0€ MOHITOPUHI HABKOJIMIIHBOIO CEPEIOBHUIIA,
MEANYHUN MOHITOPUHT, BAPOOHUYHNI KOHTPOJIb, MOHITOPUHT Tpadiky 1 T. .

Hocsiraennst B 000x texuosorisx (RFID 1 WSN) BHecnn 3HauHui BKIIa B
po3BuTOoK «lHTEpHETY pedeit». Kpim Toro, temep Oe3miy iHIMMX TEXHOJOTIH i
OPUCTPOIB, TAKUX SK MITPUX-KOIU, CMApPTHOHM, COLIaTbHI MEpexki 1 XMapHi
OOYHCIIEHHS, TaKOX BUKOPHUCTOBYETHCS sl (OpPMYyBaHHS IIMPOKOI Mepexi
nigrpumku [oT.
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VY 3B'MI3Ky 3 pO3BUTKOM O€3MPOBOAOBOTO 3B'S3KY, CMApT(HOHIB 1 JATUYMKIB
MEpEKEBUX TEXHOJIOT1M Bce OuIblle 1 OUIbIIE MEpPeXKEBUX «pedei», ado
«pO3YMHHX» 00'eKTiB, 0epyTh yuacTh B IoT. B pesynbrati Bci 1i loT-TexHoorii
poOJISITE 3HAUYHMM BIUITMB Ha HOBI 1H(OpMAIliiHI Ta KOMYHIKaIliliHI T€XHOJIOT1i
(IKT) 1 TexHOJIOT1] KOPTIOPATUBHUX CUCTEM.

Sk KITI0OYOBA TEXHOJIOT1S IHTErpalili FeTeporeHHUX cucTeM abo MPUCTPOIB,
Cepaic-opieaToBana apxitektypa (SOA) mns «lHTepHETY pedein» Moxe OyTH
3actocoBaHa s miaTpuMmkud  «lHTepHery  peueir». SOA  ycCHIIIHO
BUKOPUCTOBYETHCSI B TaKUX HAYKOBO-OCHIIHUX O0JIACTAX, SAK XMapHi
obuuncneHns, 6e3mpoBoaoBi ceHcopHi mepexi (WSN) 1 TpaHcmopTHI Mepexi.
Uumano et 0yso 3ampornoHOBaHO I CTBOPEHHS 0araTOPIBHEBUX apXITEKTYpP
SOA nns «IaTepHeTy peuei» BIAMOBIIHO 10 00paHOT TEXHOJOTIE, OTpedaMu
0i3Hecy 1 TeXxHIYHUMHU BUMoramu. Hampuknan, pekoMeHnaoBaHa Mi>KHApOJIHUM
TeJIeKOMYHIKalIiHUM coro3oM apxitektypa loT ckmamaersca 3 m'siTu pi3HUX
piBHIB (200 MIapiB): BUSBJICHHS, JOCTYI, MIJKIIOYEHHS JO MEPEXKi, MPOMIKHE
[1O, map noxatkiB. BueHi 3ampomnoHyBajgu pO3AUIMTA CUCTEMHY apXITEKTypy
[oT Ha Tpu OCHOBHUX WIapy: pIBEHb CHPUUHSATTS, MEPEKEBUI PIBEHb 1
cepBicHUl (a00 mpukiagHOi) piBeHb. byna po3podiiena nns «IHTepHETY peuein»
TPUIIAPOBA MOJIETh APXITEKTYpH, SKA CKIAJAEThCS 3 MPUKIAIHOTO PiBHS,
MEPEXKEBOTO PIBHS 1 IIapy 30HAyBaHHS.

Apxitektypa «lHTEpHETY pedei» OXOIUTIoE Mepexi 1 KOMYHIKaIlli,
«po3yMHI1» 00'ekTH, BeO-cepBiCM 1 J0JaTKH, OI3HEC-MOJENl 1 BIAIMOBIIHI
MPOIIECH, CIIUJIbHY 00pOOKY JaHuX, 6e3neky 1 T. JI. 3 TOUKH 30py TeXHOJIOTIi IpH
po3pobui  apxiTekTypu «lHTepHETy pedel» BpaxOBYe€TbCS MOXJIUBICTb
PO3IIUPIOBAHOCTI, MAacCIITA00OBAHOCTI, MOAYJIBHOCTI 1 METOAM B3AEMOJIT
reTeporeHHUX MnpucTpoiB. OCKUIBKH «pedl» MOXYTh IepecyBaTuca ado
noTpeOyBaTH y B3a€EMOJII 3 HABKOJIMIIHIM CEPEAOBHILEM B PEXUMI PEaIbHOTO
yacy, HeoOX1JIHa aJlalTUBHA apXITEKTypa.

Takox nerneHTpamizoBaHa 1 rereporeHHa npupoaa «lHTepHETy peuei»
BUMarae, Mmo0 HOro apxiTekTypa HajaBaja pi3HI e(QEeKTUBHI MOJI€B]
MOXJIHMBOCTL. TakuMm uynHOM, SOA € XOpOoUIMM METOIOM Jisi JOCSTHEHHS
B3a€MO/IiT PI3HOPITHUX MIPUCTPOIB OE3IIUYI0 PI3HUX IUISIXIB.
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YIIPABJIEHUME YCIYI'AMMU LTE
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Haykosuit kepiBauk — Cadypona C.O.
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(61166, Xapkis, np. Hayku, 14, kad. IHpokomyHIKaIIHHOT 1HXEHEPI],
teir. (057) 702-13-20) e-mail: lemur-97@mail.ru dakc (057) 702-13-20
Service management as required by the QoS system provides end-to-end
data transmission guarantees and is based on a system of rules for controlling
LTE network performance tools, such as resource allocation, switching, routing,
queue-serving mechanisms, and packet drop mechanisms.

B Hacrtosimiee Bpemsi OOIIENpPU3HAHHOM OCHOBOW ISl JajibHEUIIEro
pazButus cereid cBsizu oOuiero nonb3zoBanua (CCOII) sBnseTcs KOHLENIUS
cereir cBs3u ciaenyromero mokosenus - NGN (Next Generation Network),
peanmuzyeMass Ha 0a3e pa3IUYHBIX TEXHUYECKHX PpEIICHUH, MPEeXIe BCEro
Softswitch [1-5] u IMS (IP Multimedia Subsystem). Kak n3BecTHO, KOHIICIIITUS
NGN mpeamonaraeT co3laHUE CETH CBS3M C TapaHTHPOBAHHBIM YPOBHEM
kauecTBa oOcuyxuBanus QoS (Quality of Service) monb3oBareseit, d4To
JIOCTUTAeTCA TYTeM CO3JaHUs HOBBIX MEXaHU3MOB YIIPABIEHUS KadyeCTBOM
OOCITY’>KMBaHUSI U YCTAHOBJICHUS OIPEJCICHHBIX B3aUMOOTHOIICHUN MEXTY
OTepaTopaMu CBSI3U, a TaKXKe MEXy ONMepaTOpoOM CBSI3U U TMOJIb30BaTelieM Ha
OCHOBE 3aKJIFOUaeMbIX COTJIAllIeHUi 00 ypoBHe oOciyxuBanus - SLA (Service
Level Agreement). B coorBerctBuu ¢ ITU-TY.1291 s oOecrnedeHus
rapaHTUPOBAHHOTO ypOBHS KadecTBa obcmyxkuBaHusi B ceTsix NGN B kadectse
0a30BOro pekoMeH0BaH anroputm auddepennupoBanbix yeayr (DiffServ).

C poctoM pa3zHOOOpa3usi U CIOKHOCTH CEPBUCOB, MPEIOCTABISEMBIX B
cersix NGN, omeparop yke HE MOXET OTPaHHUYUTHCA IMPOCTO KOHTPOJIEM
BO3MOXXHOCTH Tiepefaun Tpaduka U JOJDKEH MOJICPKUBATh Ha HaAJIEKAIEM
YpOBHE KadecTBO Tepenayu. Pemienme sToit mpoOiembl obecneunBaroT OSS-
CHCTEMBI, OCYIIECTBIISIONINE YIpPaBICHWE HAa OCHOBE MOHHMTOPHUHIA YPOBHS
oOcmykuBaHus 3aka3dyukoB (SLA-MOHUTOpPUHT).

VYnupapieHue yciIyramMd Ha OCHOBE MOHHUTOPHHTA pa3IMYHBIX
MIPUJIOKEHUN B €IMHOM, 0€30macHOM, MpOBEpEeHHON U mpoTecTupoBanHor LTE
CeTH TMIO3BOJISICT KOPIOPATHBHBIM 3aKazdrkaM J(PQPEKTHBHO M C BBICOKUM
KauyeCTBOM HCIIOJIb30BaTh OJIHY JIMHUIO pPaauaoCcTyna [Uisi TeleOHHH |
BUJICOKOH(epeHIIHi, paboThI C MIPUIIOKEHUSMU KOPIIOPAaTUBHBIX
WHPOPMAIMOHHBIX CHUCTEM THIIA KIUEHT — CEpBEp, JJICKTPOHHOW MOYTHI U
paboThsl ¢ BeOcepBepamu MHTepHeT- KoHTeHTa. OOpaTHasi CTOpOHA UHTErpaIluU
— BBICOKasl 3aBUCUMOCTh OM3Heca 3aka3zuMka OT 00ecreyrnBacMoi OrepaTopoM
TPAHCTIOPTUPOBKHU TpaduKa MEXAy MOIb30BaTeNlsIMU. bonee Toro, Ha MpakTUKe
BO3HUKAIOT CHUTYyallUd, KOTJa, HECMOTPA Ha HMEIOIIYIOCS BO3MOXKHOCTh
nepenaBath Tpaduk (T.e. JOCTYMHOCTh YCIYTH), MOJIb30BATE€Ih HE MOXKET
WCIIOJIB30BaTh TO WJIM WHOE TMPHUIIOKEHUE M3-3a HU3KOTO KayecTBa Tepenaydu
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Tpaduka omeparopoM. B Takux ciydasx NPUHATO TOBOPUTH O JAerpagaliuu
IPEIOCTABIISIEMOI0 ONIEPATOPOM CEPBHUCA.

CoOTBETCTBEHHO, B TPEOOBAaHHUAX 3aKa3UYMKOB K yCIIyraM oneparopa CBI3U
BCE Yallle Ha NEpPBOE MECTO BBIXOJUT HE MPOCTO Mepeaada pazHOPOIHOrO
Tpaduka, a TMpPeroCTaBICHHWE CepBHCa HYKHOTO KadecTBa. U omepatopy
TpeOyIOTCSI MEXaHU3MbI, MO3BOJIAIOIIME OOecleynBaTh KayecTBO Iepeaayvu
Tpaduka, OTCIEKMUBATH €r0 YPOBEHb U MPEJCTABIATH PE3YJIbTaThl CBOCH pabOTHI
3aKa3uynuKaM.

C Touku 3peHHs 3aKa3uyuKa UACATbHBIM ObLIO Obl MPOCTO MEPEUUCIUTH B
COTJIAILIEHUH 00 YpOBHE o0cIy>KuBaHUS (SLA) MPUJIOKEHMUS,
paboTOCIIOCOOHOCTh KOTOPBIX TrapaHTupyeTrcss omnepatopoMm. OpHako s
orepaTopa, KOTOpbId OOecreurnBaeT BCErO JHIIb TPAHCTIOPTHPOBKY Tpaduka,
Takas MOCTAHOBKAa BOIPOCA 3a4acTyl0 HEMpHemiieMa — HE BCE COCTABJISIOIINE,
BIMSIONINE Ha pPaboOTOCIOCOOHOCTh TPHUIIOKEHHS, HAXOIATCS B 30HE €ro
OTBETCTBEHHOCTH. Mcciemyem TMoOKa3aTenu KadecTBa, KOTOPhIE MOTYT OBITh
BKJIFOUeHBI B SLA U MOHATHBI KaK OMepaTopy (C TOUKU 3pEHUS] U3MEPEHHS ), TaK
¥ 3aKa34MKY (C TOUKH 3PCHHS UX YIIPABJICHUS MPUIOKECHUSIMH).

Ocobennoctu ympasienus yciayramu LTE cetn mo obecrieuennto Q0S u
SLA cnenyromue:

»  llakernas nepenava qaHHbIX. OHa MO3BOJIIET COKPATHTh BpeMs 3a
CYeT TOro, YTO 3asBKa, IOCTyNarol@as Ha OOCIy)XHUBaHUE, CTAaHOBUTCS B
ouepeslb. DTO 3aHMMAET MEHbIIE BPEMEHH, YEM OCYIECTBICHHE MOBTOPHOIO
3anpoca yciayru. Kpome Toro, makeTH3MpOBaHHBIM TOJOC PACXOLYET IOJIOCY
IPOINyCKaHUs ropa3fo 3KOHOMHEE IMpPHU MOJYaHUU aO0OHEHTOB MH(OpMAIUs He
nepeaacTcs.

»  Owusnueckoe W JIOTHYECKOE  OTHCNICHHE  MepeJadyd |
MapIIpyTU3aldd TAaKETOB OT YCTPOWCTB M JIOTUKU YIIPABJICHUS yCIyraMu
MO3BOJISIET UCTIOIB30BATh €AMHBIN IIEHTP 00PaOOTKH BBI30BOB IS CETEH Pa3HBIX
TUTIOB (TPAIWIIMOHHBIX, IMAKETHBIX, THOPUIHBIX) C pa3HBIMU (opmaTamMu
pPEUEBBIX MAKETOB M C Pa3HbIM (DU3MYECKUM TPAHCIOPTOM, a TakXKe JaeT
BO3MOXKHOCTH TOBBICHTh CTENIEHb YIPABISAEMOCTH MPOLIECCAMHU U MapamMeTpaMu
QOSB ceTsx.

> dyukuun  kadectBa oOcayxuBanus (QO0S) 3akimoyaroTcs B
o0ecreueHnr TapaHTUPOBAHHOTO U JIU(PHEPEHIIMPOBAHHOTO OOCITYKUBAHUS
ceteBoro Tpaduka Onaromapss mepefadye  omnepaTopy  KOHTPOJs — 3a
HCIIOJIb30BAaHUEM PECYPCOB U 3arpy:KeHHOCThIO ceTu. QOS mpesncraiser co0oit
HaOop TpeOOBaHUM, MPEABIBISIEMBIX K PECypcaM CETHU MpPH TPAHCIOPTHPOBKE
MOTOKA JaHHbIX.

B texnonmoruun LTE cornamenus o6 ypoBHe oOcmyxuBaHus - SLA
JIOJKHBI TaK¥Ke BKIIIOYATh 3aJI€P’KKH, CBSI3aHHBIEC C TapAHTUHN Ui YCTAaHOBIICHUS
IIEH KJIacCOB OOCIY>KHMBAaHUS B 3aBUCHMOCTU OT KadecTBa M IOJIb30BATEIbCKON
AKTUBHOCTH.
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BUKOPUCTAHHS TEXHOJIOI'TI PON B KOHIEIIII
IHTEPHET PEUYE
[umropuk B.E.
HaykoBuii kepiBHUK — cT.BuKIaaa4d, Kopaipuyk B.K.
XapKiBChKHM HAIllOHATBHUM YHIBEPCUTET PATI0CIICKTPOHIKH
(61166, Xapkis, np. Hayku,14, kad. iHpokoMyHiKaIiitHOT 1HXKEHEPII,
tein. (057) 702-13-20)
e-mail: vadym.tsyliuryk@nure.ua
This paper is devoted to modern developments in the field of fiber-optic

transmission lines used for systems of home devices that can perform actions
and solve certain everyday tasks without human intervention. With the growing
number of devices that are connected and controlled through the global network,
the need for increased bandwidth for the Internet of Things is growing. In this
paper, PON technology is considered as economically viable and satisfying all
the needs of a smart home.

3 posButkoMm IHTEepHeTy peuedt (IHTEepHET peuei - e cucTema, IO
00’eTHy€E peabHI pedl y BIPTyalbHYy MEPEXKY) KUTBKICTh MIAKIOUYEHb 10 MEPEK
a0OHEHTCHKOTO JOCTYIY 301IBIIYETHCS B pa3. 3a MPOTHO3aMHU aHAIIITHUKIB, 10
2021 poky 3arajgbHa KiJIbKICTh MIJKIIOYEHUX MIPUCTPOIB B CBITI CKIaAe 28 MIIP/.
3 Hux 1,5 MIpI CKIaayTh CHOXKUBYA EJIEKTPOHIKA 1 PO3YMHI aBTOMOOLTI, SIKi
B3aEMOJIIIOTh OMWH 3 ofaHuM. OcTaHHIM dYacoMm 3 SBUJAcs KOHIICTIIIiS
“Po3zymHOTO OynHKY” (pO3yMHUN OYAMHOK - CYKYIHICThH MTPOCTOPY 1 MPUIIAIIB B
OyIUHKY, TIOB'S3aHUX DPA30M OJHIEI0 MEPEKEI0) MOXKHA BBAXKATH YACTHHOIO
TEXHOJIOT1i [HTepHeT peuei.

Amnaniz mnokasye, mo i [HTepHeTy peued AOUIIBHO 1 EKOHOMIYHO
BUKOpHcTOBYyBaTH TexHojorito PON — (Passive Optical Network — macusna
ONTUYHA MEPEeKa) — 11€ HAMOUIBIIT MEPCHIEKTUBHA TEXHOJIOT1S IITMPOKOCMYTOBOTO
MYJIBTUCEPBICHOTO MHOXHWHHOTO JIOCTYIy 3 ONTHYHOIO BOJIOKHA, IO
BUKOPHUCTOBY€E XBWJICBUU IMOJIJI TPAKTIB Mpuiomy/mepeaadi, 6€3 BUKOPUCTAHHS
AKTUBHUX MEPEKEBHUX €JIEMEHTIB B By3J1aX po3rairykeHHs (puc.l).

Active Optca Network[AON] j_, o || PasiveOpcl et PN ‘_) )
. g "

Kay. A - Dt orvicw b 2 single cushomer, ﬁ < Video for mulips customers,

OLT - optical line terminal; ONT - optical network terminal
Puc.1 puamun xii PON
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Ile no3Bonsie  Garatopa3oBO  30UIBIIMTH  TMPOMYCKHY  37aTHICTD,
BUKOPHUCTOBYIOUM BCHOI'O OJIMH NpUKMabHO-TIepenaBadibHuii Moayinb B OLT
JUIs miepenadi iHdopmarllii BeIuKid KUTbKOCTI aOOHEHTChKUX mpuctpoiB ONT i1
npuiioMy iHdopMallii BiJ HUX.

['onoBHI mepeBar OOpaHOi TEXHOJIOTII - 1€ €KOHOMHE BUKOPHUCTaHHS
BOJIOKHA 1 HEBeJIMKa BapTICTh aOOHEHTCHKUX TEpPMIHAIIB, BCl CHCTEMH
OpalOITh Ha OJHOMY BOJIOKHI, MOAUT OOMiHY iH(pOpMalIHHUX MOTOKIB
BUKOHY€TbC Ha OcHOBI WDM-TexHojorii, TOOTO Ha MPUHLHUII XBUIHOBOTO
PO3MOILITY.

3 ypaxyBaHHSIM 3pOCTaHHs MPUCTPOIB PO3YMHOro OyIWHKY, SKI
OOMIHIOIOTBCS IAHUMU B PEXKHUMI PEaTbHOTO Yacy, 301IbIIYEThCS HABAHTAXKEHHS
Ha Mepexy 1 Yac BIATYKy HpHCTpoiB. Tak sK MIBUIAKICTH CBITIa B BOJIOKHI
craHoBuTh 2:-105 kM/c Ta B JHIT 3B'SI3Ky aKTUBHE  OOJaHAHHS
BUKOPUCTOBYETHCSI B MEHIIIH KIJILKOCTI, TO YaC 3aTPUMKH 3MEHITY€EThHCA.

B texnomorii PON Biactani OLT-ONT nHa 1 kM Oyzae BiamoBiaTH
30UTBIIIEHHS Yacy 3aTPUMKH Ha moaBiiHOMY mpooiry Ha 0,01 mc.

T=L-0,01 mc

KopucrtyBadeBi 1oCTyITHO BCe OJTHOYACHO 1 B IOBHOMY 00CS31: BiaaeHui
JOCTYNl JI0 CHCTEMHU YINPABIIHHSA PO3YMHUM OyAMHKOM, MOHITOPHHI CTaHy
KaMep BIJICOCIIOCTEPEKCHHS, OXOpPOHHA CHUTHAJI3alisi, TOTOKH JIaHUX,
JOCTYMHICTh BCIX IPUCTPOIB, CIY>KOOB1 JOMATKH, fAKI IIUJIKOM HE3aJIeXHi,
130JIbOBaHl1 1 3aXMIIECHI SIK B MeXax TepMiHaldy, Tak 1 B MaciuTall Bciel
MIPOEKTOBAHOI MEPEXKI.

B ocHnogi inimiam3aiii mepexi PON nexats Tpu npoueaypu:
o Bu3HaueHHs Bijactanen Big OLT mo pizuux ONT ;
o cunxpoHizaiis Bcix ONT,;
« BHU3HaYeHHs miJ yac npuitomy Ha OLT moTyx)HOCTel ONTUYHUX CUTHATIB

Bix pizHnx ONT.

BaxnuBum momentom B TexHojorisix PON € Bu3HaueHHS 4eproBOCTI
MIIKITIOYCHHS a0OHEHTIB 70 Mepexi. YeproBicTh MAKIIOYCHHS aOOHEHTIB
nocsiraetbest BusHaueHHAM BifgctaHi OLT-ONT Ta wacoBoi 3aTpuMKH Ha IUX
ninsakax. g mpouenypa 3BeThesi paHkKyBaHHSAM aOOHEHTIB 3a BiJcTaHHIO. B
po060TI po3po0ICHUHN aITOPUTM PaH)KYBaHHS 3a BiJICTAHHIO.
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This work is devoted to the actual problem of choosing a method for
remote biometric authentication of an individual based on the Gabor filter and a
combination of Gaussian and Laplace filters. The effectiveness of using the
Gabor filter and the combination of Gaussian and Laplace filters was also
investigated under the conditions of a combination of the above-mentioned with
the same methods of processing the iris image from the CASIA-Iris-Interval
database. The scientific novelty of the work is to further improve the methods of
remote authentication of the individual by the iris and to investigate the
effectiveness of using methods against background noise.

VY 3B’s3KYy 3 IIBUJIKOIO €BOJIIOIIIEI0 3arp0o3 TPAAUIIIMHNMN 3aXUCT iHDOpMaIii
3a JIOMOMOT'OIO TIAPOJTIO BKE HE € JOCHThH HamiiHUM. oMy Ha 3MiHy IPHXOIATH
O010MeTpHUYH1 CUCTEMHU, JESKI 3 SIKUX 32 OCTAHHI POKH MPHUA0AIN TOCUTH BETUKY
MOMYJISIPHICTh CEPel KOPUCTYBAYIB 3aBISKA CBOIM 3aXHINEHOCTI Ta 3PYYHOCTI
BUKopucTanHa. Cepel TakKUX CHCTEM, K HaWOUIbII CTIMKY 10 MiApoOKH Ta
Oe3meuHy [UIsl 3[0pOB’Sl MOXKHA BHJAUTUTH CHUCTEMYy aBTeHTHdIKAii 110
paiiny>xHiif 000JIOHIII OKa. 3aBAsSKU CKJIAAHOCTI MAJTIOHKY Paiy>KHOT 000JIOHKH
MOKJIMBO BiJ10patu Oam3bko 250 TOYOK 3a JOMOMOTOI0 SIKHUX 3a0€3Medy€eThCs
BUCOKHU CTyMHiHb HaJiMHOCTI aBTeHTHU(iKali. Ha choromni He mae €IUHOTO
CTaHAApTU30BAHOTO AJITOPUTMY PO3IMI3HABAHHS IO pailayxHii 000JIOHII, TOMY
NUTaHHS BUOOPY HAHOUIBII ONTUMATIBHOTO € JOCTATHHO aKTYaJIbHUM.

3apa3 posMmi3HaBaHHS IO padIyKHIA OOOJIOHII TOCTYMHAEThCA 3a
MONYJISIPHICTIO JIMIIIE METOAY aBTeHTHU IKAIllT 32 BITOMTKOM NaJbIIO0 1 Ma€ TapHi
MEePCIIEKTUBU BUKOPUCTAHHS 11 TIOCBIIUEHHSI OCOOM y OlOMETPUYHHX
nacrnoprax Ta I1HIMX JAOKyMeHTax. Ha paHuii MOMEHT BIPOBAKYIOTHCS
CUCTeMH BifjaneHoi OioMeTpuyHOi ieHTU(IKAlil y «Xmapi» Ta Ha JESKHUX
CalTax JEp:KaBHUX MOCIYT.

[Ipomec po3mizHaBaHHS TO palAyKHI OOOJOHII OKa TOEMHYE B COO1
JIeK1JIbKa eTammiB. 00poOKy 300pakeHHs OKa, 3aCTOCYBaHHS (DUIBTPY, TEHEPAIIIIO
KOAY paiay>kHOI OOOJOHKM Ha OCHOBI (iIbTpy, 3aHeceHHS B 0azy Ta
NOPIBHAHHA KOIB palIyKKu 3 eTajoHOM. OCKUIbKH TOpPIBHIOIOTHCA HE
300pakeHHsI, a KOJM, TO MEXaHI3MOM, 1110 3abe3reuye HaAIHHICTh CUCTEMU, €
3acTocyBaHHS (QuUIbTpy. Y poOOTI JOCHIKYETbCS €(PEKTHBHICTh JIBOX
MexaHi3MiB — ¢iabTpy ['abopa Ta kom6OiHamii ginsTpiB ['ayca Ta Jlammaca — y
MOEHAHHI 3 IHIIMMM €TamaMy PO3Mi3HAaBaHHS MO padayXHId 00OJOHIN Ta
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pe3yiabTat ix TecTyBaHb. s mepeBipku e(PEKTHUBHOCTI Ta CTIMKOCTI
QNTOPUTMIB 3 pI3HUMHU (PinbTpamMu OyJI0 BUKOHAHO HakianaHHs mymy [lepiina
Ha TecToBl 300pakeHHs. [{ns aHamizy piBHSA 3aBaj, 10 OyB BHECEHMM
MOPOTrOBUM 3HAYEHHSIM IIyMY JUIsI KOKHOTO 13 300pakeHb, OyJ0 MipaxoBaHO
3HAUYEHHSI «CUTHAJ/IIym». B pe3ynbpTaTi po3paxyHKiB Oysi0 BHUSBIEHO JIOCUTh
Besnuke 3HadeHHs SNR s O1abIIocTi 300pakeHb, IO XapaKTepU3ye HU3BKY
KUIBKICTh 3aBaJl Ha 300pakeHHsX, Mo Oynum 3amrymieHi. Ha ocHOBI mporo
MO’KHA 3pOOHUTH BHCHOBOK, 110 00MABa (QUIBTPU € YYTIMBUMHU JO HAKJIAJaHHS
HIyMYy, IO CBITYHUTH MPO iX CTIUKICTD.

JIyis OIIHKK MMOBIPHOCTI BUHUKHEHHSI MMOMWJIOK MPH POOOTI alropuTMiB
po3paxoBytoTbess TokasHukn FAR (False Acceptance Rate — koedirient
nomusikoporo nmnpomnycky) Ta FRR (False Rejection Rate — koedimieHT
MMOMUJIKOBO1 BITMOBH B JIOCTYII1).

amymieHHsT 300paKeHHST MOK€ MPU3BOJAMTH 0 HECHpPallbOBYBaHHI
ckanepa (FRR), a He no mnpuiiHATTS 300paxkeHHs 3a iHme 3 6asu (FAR),
OCKUIBKM MIHIMaJIbHI 3Ha4YeHHs BigMiHHOCTeH (MSE) MiX opuriHaasHUMH
300paKeHHsSIMU CKJIaAaoTh 7,766, a MakcuMmanbHe 3HadyeHHs MSE npu BruuBi
IIyMiB TpW BUKOpucTaHH1 (ineTpy ['abopa nocsrae 2,03. BpaxoByroun
MakcuMajbHe 3HaueHHs MSE mpu BIUIMBI HIyMiB MpPU BUKOPUCTaHHI (DUIBTPY
["abopa Oyno Bu3HAYEHO, 1m0 Maibke 90% 300pakeHb MaroTh WMOBIpHICTE FAR
onmu3bpKy 10 Hynsa. Takoxk Oyra migpaxoBaHa KUTbKICTh 300pakeHb PI3HUX OYeH,
MSE skux mae MEHII HIXK JAECATUKpPAaTHY BIIMIHHICTH BiJ mopory mymy. B
pe3ynbTari 11poro Oysio BuzHadyeHo FRR Bcix gocmimkyBanunx 300paxens. Bono
nopiBHtoe 0,295 mnpu Bukopuctanui ¢uietpy [abopa Ta 0,047 mpm
BUKOpUCTaHHI KoMOiHamii @inbrpiB T'ayca Ta Jlammaca. Takum 4uHOM,
MOKa3HUKMA MMOBIPHOCTI BUHUKHEHHSI TIOMWJIOK CBIJ4aTh, 10 BUKOPUCTAHHS B
anroput™Mi ¢uaeTpiB ['ayca ta Jlamiaca € Ou1bI eDEKTUBHUM Ta OE3MEUHUM.
PesynbraT  mochipkeHb  MOXKYTh OyTH  BUKOPUCTAHI MpU  TOOYJIOBI
JUCTAaHIIMHUX CUCTeM aBTeHTU(IKalii 3 mepenayeto mabloHy MO BIIKPUTOMY
KaHaly 3B’S3Ky 3 3aBajaMu. [IpakThuHa 3HAYyHIiCTh POOOTH TMOJSTAE B
MOJIMBOCTI BUKOPUCTAHHS JOCIIPKYBAaHUX METO/IIB B CHUCTeMaxX 010METPUYHOT
aBTeHTU(DIKaIli 0ci0 13 3aCTOCyBaHHAM MOOUIBHMX MPHUCTPOIB Ta MEpeaaycto
1H(DOopMaIrii 1Mo BIAKPUTUX KaHATaX 3B’ SI3KY 3 3aBaJIaMHU.

[lepenik mocuiianb:

1. Konaxosuu [I'.®. [udposa creranorpadis / I.®. Konaxosuu,
A.IO.Ily3upenxo. — K.: MK-IIpecc, 2006, 40 c.

2.Konemko B.M. Tpanumiitai metogu OlOMETpUYHOI ayTeHTH(IKAii 1
imentudikarii / B.M. Konemko, E. A. Bopo6eii, I1. M. AzizoB. — M. : BHTYVY,
2009, 107 c.
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A number of distinctive features that characterize the electromagnetic
environment in mobile communication networks are highlighted: the multiple
random natures of inter-element interactions; the network topology is
characterized by a pronounced dynamics and non-stationarity, etc. It is
concluded that the ratio of the power of the useful signal to the power of
interference at a particular point in space is a random process. A model of the
electromagnetic environment in mobile networks in the form of the equation of
state and the equation of observation is proposed.

OnemeHThl ceteil MoOMIIbHOM cBsizn (CMC) co3naroT nmoMexu A APyrux
AJIIEMEHTOB CETH, KOTOPbIE B CBOIO OYEpE/b SIBISIOTCA OOBEKTAMH MOMEXOBBIX
Bo3aeiicTeuii [1]. Pa3pa®oTaHo MHOro METOJOB, METOJIUK, TCOPETHUCCKHUX
00OCHOBaHUHN TMOCBAIIECHHBIX YJIYYIICHUIO 3JIEKTPOMAarHUTHOM OOCTaHOBKH
(OBMO) B paguosuHUAX, TMpodeMe oOecreueHusl DIESKTPOMArHUTHOU
copmectumoctt (OMC) [2]. Curyammio u camy OMO B CMC cHIIbHO
YCIIOKHSIET TOT (pakT, YTO B 3Ty OOCTAHOBKY BHOCATCS Pa3IMYHBIE YaCTO
ciy4aitHeie (DaKTOpbI, HOCSIIME TPYIHO MPOTHOZUPYEMBIM XapakTtep. B aTux
yCIOBUSX paccuuTaTh 3apaHee OMO u pemuth 3agauy OMC ¢ moctatoyHon
TOYHOCTBIO HE BCETJIAa yIAETCs, a YaCTO MPOCTO HEBO3MOYKHO M3-3a AllPUOPHOM
HeomnpeaeneHHoctu [1].

MO>XHO BBIIETUTH PAJT OTIMYUTEIBHBIX OCOOEHHOCTEH, XapaKTepU3yIOIIHNX
OMO B CMC: MHOXECTBEHHBId CIy4YalHBIA XapakTep MEXIIEMEHTHBIX
B3aMMOJICHCTBUM; TOIIOJIOTUS CETH XAapaKTEPU3YETCA SBHO BBIPAXKECHHOMN
JTAHAMUKOMW U HECTAIMOHAPHOCTHIO U .

Bce 310 mo3Bonser caenath BBIBOJ O TOM, YTO OTHOLIEHHE MOIIHOCTH

MOJIE3HOTO CHUTHAJla K MOIIHOCTU TIOMEX hlelgi B KOHKPETHOM TOYKE
n

NPOCTPAHCTBA SIBJSIETCS  CIIy4alHBIM — TIPOIIECCOM, KOTOPBIA IPEICTaBUM

ypaBHeHHEM cocTosiHus [3]:

IO e)n()+ () ) (1
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_)
rae h(t) - BekTop cocrosHUs, KOTOPBIH 3aBHCHT OT Bpemenu; F(t), G(t)

MaTpullbl (i1 OJHOMEPHOTO ciydas KO3()(QHUIMEHTBI) COCTOSIHHS W
%
BO30YXKICHHSI COOTBETCTBeHHO; & (t) —mopokmaroree BeKTOpHOE —Oernoe

rayCCOBCKOE I0JIE€ C HYJICBBIM CPEIHUM.

Jliist cratimonapHoro ciayyas kodgduuuentsl F,G He 3aBUCAT OT BpEMEHHU.
Koadpduruentsl F umeroT ¢pu3nyeckuil CMbICI BEIMYHH, OOPaTHBIX UHTEPBAILY
KOPPEIBSILIAHN Ty, TpOLIECCa h(t). Iins omHOMEpHOTO Crydas:

F :—a:—i.

Koappunmentet G ompenenstor macmrad CclydaHbIX H3MEHEHUM
nporecca h(t).

G=.2ac?,
raic o = 1/ T kop y O 2 - CHCKTpaJ'IBHaﬂ IIJIOTHOCTH MOIITHOCTH nopomz{ammero

npornecca &(t).
JIns  cTallMOHApHOTO  OJTHOMEPHOIo Mmpoliecca h(t) ypaBHeHue (1)
IpEe/ICTaBIsIeTCS B BUJIE:
dh(t)
dt
AnroputM (2) OOBIYHO JOTOJHSETCS ypaBHEHHEM HaOmrojeHus. Mojaenb
HAOJIIOICHUS 33]Ja€TCs JIMHEWMHBIM anreOpandeckuM COOTHOIICHUEM:

y(®) = H(©®h(®) +n(t) (4)

rae H(t) - marpuma, xkotopas 3amaet ociabieHHe Mpolecca; IyM

=—ah(t)+2a0” - £(t). (2)

HaOmonenust N(t) sBasgeTcs OeNbIM rayCCOBCKUN IIYMOM C JIHCHEpcHei
D, ¥ HyJIEBBIM CPEIHUM.
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This paper describes and analyzes the development of Amazon Alexa
voice assistant based on Raspberry Pi single-board computer. Also it describes
the design of the voice assistant system, its system architecture with the
hardware and software description which is required to keep the voice assistant
up and running. As result in this paper will explained the implementation and
testing of the voice assistant system working through its installation, launching,
management and testing of the voice assistant system.

The main purpose of this paper is to implement a reliable voice assistant
on mini embedded computer system. Voice assistants are very effective ways to
organize our schedules. Almost all large technology companies have developed
their own voice assistant — Amazon (Alexa), Google, and Apple (Siri) all
developed ways to interface voice technology with so-called “Smart Homes”.
For example, Amazon Alexa is a home speaker and “virtual assistant”
personified by its call-name “Alexa.” It responds to voice commands to perform
a wide range of functions such as playing music, providing news and weather
updates, managing daily reminders and alerts, and working with a host of other
subscription-based services and “smart home” devices.

For implementation of own voice assistant will based on an embedded
system and Raspberry Pi. An embedded system is a computer system with a
dedicated function within a larger mechanical or electrical system, often with
real-time computing constraints. Embedded systems range from portable devices
such as digital watches and MP3 players, to large stationary installations like
traffic lights, factory controllers, and largely complex systems like hybrid
vehicles, MRI, and avionics. Complexity varies from low, with a single
microcontroller chip, to very high with multiple units, peripherals and networks
mounted inside a large chassis or enclosure.

The Raspberry Pi is a series of small single-board computers developed in
the United Kingdom by the Raspberry Pi Foundation to promote the teaching of
basic computer science in schools and in developing countries.

The installation of the Amazon Alexa on the raspberry will start from
installing raspbian OS on the SD card and connecting necessary hardware as
follows. Hardware required: Raspberry Pi, Power adapter, HDMI cable, LAN
cable, SD card and reader, Wireless keyboard and mouse, a computer to run the
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installer (Etcher was used as the installer). Raspberry is then connected to a
computer via Virtual Network Computing (VNC) viewer. VNC is a graphical
desktop sharing system that uses the Remote Framebuffer protocol (RFB) to
remotely control another computer. Before launching of the Amazon Alexa
voice assistant based on Raspberry Pi single-board computer,we need to create
our own Amazon developer account and create a profile for our DIY echo. We
create a new profile and a security profile name. After setting up our profile, we
setup the web settings since our device works with the internet..When we’re
done with the profile and web settings on AVS, we set up the terminal on our
raspberry Pi. We update our device and install the scripts that will get Echo up
and running.After succesful setup and log in alexa will automatically start up
itself.

Afer the full installation of the echo on raspberry Pi, we put it to test. To
be sure it was working appropriately.We logged in to the AVS for the account
we created earlier on and it looks blank | the beginning, but once we start
conversing with Alexa we see the questions asked abd the answers in the screen
just to confirm it’s working perfectly.

The advantages of designing our own voice assistant system on raspberry
Piis

e Raspberry can be used as a mini computer alongside the voice assistant.

e |tis less expensive compared to the real voice assistant.

The disadvantages of designing our own voice assistant system
on raspberry Pi is

e There are limitations to what Alexa can do.

e |t doesn’t support the alexa-to-alexa calling like the echo devices.

e And some of the features are locked in this region.(Traffic reports).

Overall, Voice assistant system was perfectly designed and implemented,
and then it has been tested for unknown users.
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The report is devoted to the problem of security of Linux servers when
used in the enterprise on the example of a web server or a virtual server. The
report shows the main attacks on Linux servers and the main ways to increase
security on the server.

Ha cporonmHimHid JeHb 3HaYHa KUIBKICTH CEPBEPIB MPALIOIOThH IiJl
onepaiiinoro cucreMor (OC) Linux, ska MOIIUPIOETHCS T BUIBHOIO 1
OE3KOILITOBHOIO  JiIleH31€r0. AOcodroTHa  OUIBLIICTH  CIIEIIai30BaHUX
KOMIT FOTEpiB, TaKUX SIK BeO-cepBep, MOIITOBUN cepBep, cepBep 0a3 gaHUX abo
daitn-cepsep, npamoroTh mig OC Linux. OCHOBHE 3aBIaHHS cepBepa MOJISIrae y
BUKOHAHHI CEpBICHUX (DYHKIIIM 3a 3aITUTOM KJIIEHTA, HAJAI0OYU MOMY JOCTYI JI0
MIEBHUX PECYPCIB.

JIJisi KOPEKTHOI poOOTHU CepBEPYy aKTyaIbHUM € MUTaHHS OE3IMEeKH, TOMY
mo OC LinuX i moB's3aHi 3 HEIO CEPBICH CIPUNHATIMBI 0 CHIJIBHHX 3arpos,
TaKUM $IK: aTaka 3 METOI0 3aBOJIOJIITU Yy>KUMH JaHUMU, BUBEICHHS CEPBEPY 3
pobodoro cTa"y, OTpUMaHHS MOBHOTO JOCTYIY JIO0 CHCTEMH, TOIIO. Tomy CIIif
PO3MIISIHYTH METOau 3a0e3nedyeHHs Oe3NeKu cepBepa, L0 Mae BaXKJIHBE
3HAUEHHS JJIS 3aXUCTY 1HPOpMallii Ha MiAIPUEMCTBI.

VY nonoBial HaBeIEHO peKoMeHAalli o0 3abe3neueHHs 1HdopMaliitHO1
Oe3neKku 1 MiJBUILEHHS BIIMOBOCTIMKOCTI Linux-cepBepa, HE 3aJ€KHO Bij
quctpuOyTuBa. [is1 35maro1yxeHol 1 KOpeKTHOI poOOTH cepBepa PEKOMEHTYEThCS
noAdaTu mpo O€3MeKy CUCTEeMM 1€ Ha IOYaTKOBIM cTajii BIPOBAKCHHS:
BcranoButu napoibr Ha BIOS / UEFI, BukopucroByBaTu mu@pyBaHHS JTUCKY,
BCTAHOBJICHHS HAJIWHOTO TApOJIs AJIs rOOt-7JOCTYITY.

[lokazaHo, w0 s MIABUIICHHS 3aXUIIEHOCTI CHUCTEMHU JOIIBHO
BUKOHATHU HACTYITHI PEKOMEHIAIIII:

1. CBoO€yacHO BUKOHYBATH OHOBJICHHS O€3IMEKH, SIK1 4aCTO 3HAXOIATS 1
BUIPABIISIOTH KPUTUYHI YPa3IUBOCTI;

2. He BUKOPHUCTOBYBATH root-10CTyTl TUTST BUKOHAHHS
HEaJMIHICTPATUBHUX KOMaHI,

3. CtBOpUTH KOpHICTYBadya 3 OOMEKCHHUMHU TIpaBaMHU 1 JeJeryBaTH
oMy mpaBa CylepKoOpucTyBada (JoJaBaHHSAM B rpymy sudo) s BUKOHAHHS
MOBCSKICHHUX 3aBlIaHb, JJIA SKUX HE MOTPiOHI root-TIOBHOBAXEHHS, Bl IMEHI
IILOTO KOPUCTYBAUa,;
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4, Bumukatn  HemoTpiOH1  cepBicu. Jleski  ¢GOHOBI  mporiecu
BCTAHOBJICHI Ha aBTO3aBaHTAXCHHS 1 MPAIIOIOTH J0 BIIKIIOYCHHS CUCTEMH, 110
MO€ HECTU B COO1 NMEBHY HEOE3IEKY;

5. BukopucroByBatu nBodakTopHy ayTeHTH(dIKAII0 3 HaAIHHUMHU
KJIFOYaMu JIsl IOCTYITY 70 cepBepa uepe3 SSH-3’enHanus;

6. 3MmiauTH TOpT A SSH-3’€qHaHHS, 10 BCTAHOBJICHHMH 3a
3aMOBYYBAHHSIM, Ha OyAb-SIKUH 1HIINA;

/.  HamamryBatu mnpaBa AOCTYNy JJIsi KOPUCTYBayiB 1 BIPOBAIUTH
pETyIsIpHI 3MIHU MAPOJIIB;

8. BcraHOBUTH BUMOTY CKJIQJIHUX MapoJiiB 1 OJIOKyBaHHS OOJIIKOBOTO
3aMuCcy MICIs KUTBKOX HEBJAINX CIIPoO BBEJACHHS MapOJIs;

0. BcTaHOBUTH 1 HanamTyBaTh MDKMEPEXKHUN €KpaH 3a JOIMOMOIOI0

BOyaoBaHoro B OC Linux koHTpoJsiepa iptables;

10. BukoHyBaTH peryjsipHe pe3epBHE KOIIOBAaHHS Ha OKPEMHH JHCK,
po31T abo B Oe3neyHe BijgajieHe CXOBUIIIE;

11. BukopuctoByBatH cuctemy Mositopunry IDS/IPS  (Snort,
Suricata, Bro, Kismet);

12.  Perymspno nepernsaatu cucteMHi l0g-daiinu aymuty onepamiiHoi
CUCTEMHU, 00 CBOEYACHO J[I3HABATHUCS PO MOMUJIIKH, a TAKOXK MPO YPa3IUBOCTI,
3 AKUMU 31TKHYJIUCS 1HII KOPUCTYBaYi;

13. BuxopuctoByBaTH OJHWH CEpBEp JJIsI OJHOTO OCHOBHOTO CEPBICY
(pomni cepBepa);

14. OOGrpyHTOBaHO  BHMKOPHCTOBYBAaTH  PI3HOMaHITHI  IPOrpaMHi
npoayktH, Hanpukiaa: Linux-ACLs, LIDS (Linux Intrusion Detection / Defense
System), AIDE (Advanced Intrusion Detection Environment) ta ixu.

Takum 9MHOM, BUKOPUCTAHHS IEPEPaXOBaHUX BHINE PEKOMEHIAIINA MOXKE
PU3BECTH 10 30UTBIICHHS 3aXUIICHOCTI 1H(OpMAaIIil mpu BUKopucTaHHi Linux-
MOMIOHUX CEPBEPHUX OTEPAIIHUX CHCTEM.

CnucoK BUKOPUCTAHUX JIKEPEIL:

1. Ax 3axuctutn Linux-cuctemy. [Enmektponnuii pecypc]| - Pexum
noctymy: https://habr.com/ru/company/1cloud/blog/309696/

2. 3axuct cucremu Linux: 11 mopan 3 Oesneku. [EnextponHwmii
pecypc] - Pexxum poctymy: https://proglib.io/p/linux-security/

3. Ax 3axuctutH BipTyansHuid cepep. [Enextponnmii pecypc] -
Pexxum noctymy: https://vps.ua/wiki/install-linux-vps/security/
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The goal of the paper is to analyze the concept of cloud and how to
benefit from this technology in an academic environment. In order to develop an
e-learning platform academic purposes, new methodologies should be
considered for the research. An academic cloud framework is proposed in order
to provide a new era in e-learning. This framework addresses the services and
deployment of cloud in a new dimension and each layer specifies the benefits
and significance and essential components needed to construct an academic
cloud.

The cloud is an Information Technology (IT) practice of using a network
of remote servers hosted on the Internet to store, manage and process data rather
than a local server or personal computer. Nowadays there are many users,
companies, business which use different cloud platforms for achievement of
their goals. The most used cloud platform is Software as a Service (SaaS) [1].

For development and implementation of SaaS platform, a web application
is needed to be developed because hosting a web application is a business that
provides the technologies and services needed for the web application to be
viewed on the Internet. Web applications are hosted on special computers called
serves and when we input the domain into our browsers, we are connected to the
server. The following are a few things to consider when building a web
application and hosting it [2].

1. Designing a Software System describes vendor neutral best practices for
hosting web applications in the cloud. The main idea of this step is to choose
types of hosting environments of cloud: private, public or hybrid.

2. System Architecture describes the components required by the application
to be hosted. These elements support the different types of cloud systems and
they include:

e Load Balancing. This allows to spread load across multiple resources such
as computers processors and storage or network link.

e Firewalls with Security Groups. This brings about security, providing a
host-level firewall both on the web servers and the application servers.

e Content Delivery Network. These are geographically distributed systems
of servers deployed to minimize the response time for serving resources to
geographically distributed users ensuring that content is highly available
with minimum latency.
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e Managed Databases. These are a structured set of data. Typically, there
are kept storage devices connected to computers and/ or networks.

e DNS Services: Domain Name System server resolves the text URL for a
particular web resource to the TCP/IP address of the system or service
which can deliver the resource to the client.

e DDoS Protection. This is a means to safeguard infrastructure against
multiple compromised systems which is the most common network and
transport layer distributed denial of service attack.

3. Hosting a web application. When considering hosting a web application,
one needs to consider a number of things which range from cost, scalability.
Many web applications contain some form of persistence, usually in the form of
a relational or NoSql database. Selecting a solution that offers both is essential.
4. To effectively develop a software, it is required to gather the requirements
of the application from the user. The user does this by using mind mapping
applications to put down all the specifications of the software to be developed.
This includes number of users able to access the application, level of security,
authentication, colors present in the application [3].

Conclusion

So, cloud computing is becoming a regular concept nowadays. Many
companies accelerate their pace of development in the cloud computer systems
and improving their services to meet a wide range of users. Deploying web
applications such as lecture schedule, conferences, and lecture material would be
beneficial for students such that they would be able to access what they need
easily. It would give them the opportunity to do more learning outside the
classroom.
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Internet network is a giant network of computers around the world. The
billions of devices are constantly connected to each other for the information
transmission and reception. The IP address is used for identifying the device on
the Internet and route traffic to specific devices. IPv6 network protocol is an
improved IPv4 replacement, which will soon end the address space. Now the
world is in the conditions where IPv6 becomes an integral part of the network
environment, which means attacks will be more frequent.

AKTYaJbHICTh TeMM J0CTiIxKeHHs. B KiHli jotoro 2018 poky Oyma
3adikcoBaHa mepma MacmrtabHa DDoS-araka 1o nporokony  IPvo6.
[Toctpaxknana UltraDNS - DNS-mepexxa komnanii Neustar, sika 06po6iise 10%
BChOTO 1HTepHeT-Tpadiky. Ilepexin Ha mpotokon [Pv6 miarpumyroTh CBITOBI
MpOBaiiiepy Ta IHTEPHET-KOMIaHii, BIAMOBITHO /IO IIbOTO MO>KHA TPOTHO3YBAaTH
3pOCTaHHSA KUJIBKOCTI KiGepaTak Mo JaHOMY IIPOTOKOJTY.

Meta pociimkeHHsi. AHami3 1ICHYIO4Y01 Bpa3auBOCTI y npoTokoii [Pv6 —
SLAAC, skxa nae MOXJIMBICTh MPOBECTH aTtaku Tumy MitM Ha ypaxeHHs
(GYHKIIOHATBHOCTI Ta  PO3KPUTTA  KOHQIMEHIIHHOI  1Hpopmaii, sKa
NepeIaeThes.

Jlst mpoBeieHHs OAHIET 3 Halle(EKTUBHIIIKMX aTaK 3JI0BMUCHUKY MOTPIOHO
po3MICTUTH Ta TmpueaHatu cBid [Pv6-mapupyTtuszarop A0 chnemiaibHOI
mynbTukacT-rpynu FF02::2, 3amyctutu DHCPv6-cepBep (s koH(irypaiii
By31iB Bepcii 6 3 [P-agpecamu, npedikcamu IP), DNSv6 (MepexeBuil MpoTOKOI
JUIsl HaNallITyBaHHA XOCTIB IHTepHeT-mpoTokoiy Bepcii 6 3 [P-ampecamu,
npedikcamu [P) i NAT64-tpancasarop.

Ax TibKKM OyAb-SKUM MapIIPyTH3ATOp MPUETHAETHCA O CIHEIialbHOI
mynbrukacT-rpynu  FF02::2, BiH Bimpady K mouumHae po3cuiatd RA
MOBIJIOMJICHHS TIpo 00'siBy MapmipyTtuzaropa (nam - RA) (pucynok 1). Cisco-
MapuIpyTH3aTOpu po3cuiiatoTh iX KokHi 200 c. 3a 3amoBuyBaHHsSM. Hroanc
MOJIATa€ B TOMY, IO KJieHTaM He moTpiOHO yekatu 200 c., BOHH BiANPAaBISAIOThH
RS mnoBimomnenus 3anuty mapuipytuszaropa (mami - RS) Ha mi MynbTHKacT-
ajpeca 1 TAKMM YMHOM HETrailHO BUMAararoTh BCIO 1HPOpMALIO.

SIKIo MapuIpyTU3aTopy 3JTOBMHUCHHKA BIACTHCS BCTaBUTH cebe B RA
MOBIJIOMJICHHSI, BIH 3MO€e MiAPOOUTH oroJionieHHs Mapuipytuzaropa ICMPv6
BIJI MaplIpyTH3aTOpa KIIIE€HTA, SIKE BCTAHOBIIOE Yac KUTTA MOBIJOMIICHHS 2
romuau. 3rigao RFC 4862, «ikmo wac RemainingLifetime menme a6o
JOPIBHIOE 2-M rOJAMHAM, ITHOpYHTEe napametp «IHpopmariis npo npedikey moao
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JIHACHOTO Yacy poOOTH, SIKIIO TUIBKK OTOJIONIEHHS MapIIpyTH3aTopa, 3 SIKOTO
OTPUMAHO LIeW mapaMeTp, He Oyno ayreHTHdikoBaHO». Lle Moxe mpuBecTu 110
NPUTIMHEHHST POoOOTH aJpecd MaplipyTu3aTopa KiIi€HTa 4Yepe3 2 TOJWHH, 1
MapIIpyTH3aTOp 3JI0BMUCHHMKA 3MOXE IMOTIM BIJNPABUTHA OTOJIOUIEHHS HOBOTO
MapIIpyTHU3aTOpa 3 HOBUM npedikcom (Bi10OpaXkaeThCst K
2001:DB8:BAD::/64). [lo6auuBimm HOBUK TpediKC, MAPHIPYyTU3ATOP KII€HTA
BUOepe HOBY azpecy (mokaszany sk 2001: DB8:BAD::A).

ot A Blamaanne FS ' ITepexonuBmm RS 3anut MapLIpyTH3aTopa

MapWwpyTU3aTopy KJI1€HTA, 3JIOBMHCHHK MOQOXEC IMAMIHUTHU RA

1 BIJINOBIJIb MapUIPyTHU3aTOpa 1 BKA3aTH y BIAMOBIII

Mapuupy Tasrop sianosigae RA 3 migpoOJIeHl HaJamTyBaHHSI. B SKOCTI HUTIO3Y 351

npedpikcom 2001:DB8:600D::/64 3aMOBYYBAHHSM  3JIOBMUCHUK  BKa3y€  CBIU

(9ac UTTA: X ‘o . . . o

' ;' NpucTpid, 1 Bech Tpadik KIi€HTa, SIKUU

I MepeA€ThCs B 30BHIIIHI Mepexi, Oyae MPOXOAUTH

Anpec _ 4yepe3 aTakyrudoro. 3roJioM, 3aBISKH MEXaHI3MY
kKopucTysada 2001:DB8:600D A | . .

MapLWpPYTU3ATOP BCTAHOBWUIAMCA AK Stateless Address Autoconﬁguratlon (z[am -

TUMOBWIA W03

!

[BHOBMHCHMK niomiHAe RA Bi,D,]

SLAAC) mpuctpoi OTpUMYyIOTh CBili mpedikc,
JOBXHHY Tmpedikca 1 azapecy uuo3y Big IPv6
MapIIpyTU3aTopa 3JI0BMUCHHKA.

2 s [TpucTpiii 31TI0BMHUCHHKA BHUCTYIHMTH B SIKOCTI

MPOKC1 cepBepa MK KIIEHTOM 1 30BHIIIHIMH
Mepexxamu. Ilpm 1bomy Bech Tpadik, SKHA

MapLIpyTH3aTopa (Hac XUTTA

[ Aapec 2001:DB8:600D::A ] IIPOXOAUTHME qyepes MapIIpyTH3aTOP
aaclap'a 3JJOBMHCHMKA, CXWIbHUM 10 aTaku MITM, Takox
TS —————r TOMYy, WIO 3JIOBMUCHHK MOX€ MpPU3HAYUTH
potiKoo 2001 DBEBADEA (s noMuikoBuid DNS cepBep BHYTpIIIHIM XOCTaM.
KATTA: ¥) Hegipunii DNS-cepBep 103BOJIUTH 3JI0BMUCHHKY
— Koirmwaaqa NEPEHaNpaBUTH BECh BHYTPILIHIH Tpadik Ha OyIb-
2001-DB8:BAD-A AKY KUTbKICTh (DIIIMHTOBUX CAMTIB.
Ta “"'aDL“:’:TTﬁ%TE’%BU‘j;i';B”“”CH BucHoBKH. Pesynbratn p060TI/I
h ] IIPOTIOHYETHCSI BUKOPUCTOBYBATH JUJISI CTBOPEHHS
( B 3anexHoCTi B MaTEeMaTUYHOI MOJENl JaHOi aTakh, a TaKoXK
NOMITUKKM MapLIpyTU3aTopa Tpadik 1 1
o0 DEBBADL A o, pO3poOKU MEXaH13MiB 3aXUCTy CUCTEMU

MapuIpyTu3aiii BijJ kibeparax.
Pucynok 1 — Eranu

ataku SLAAC IPv6
Jlitepatypa:
1. IPv6 First-Hop Security Concerns — [EnextponHmii pecypc]. — Pexum
nocTyiy a0 pecypey: https://www.cisco.com/c/en/us/about/security-center/ipv6-
first-hop.htmI?fbclid=IwAROyGa_0cSR4HJjhWh2cdZI14kWTf8997rtk
HOu6HawsBppPVVT71XomD3JQ#5a.
2. IPv6 — 710 Beceno, yacth 2 — [EnekTponnuii pecypc]. — Pexxum noctymy a0
pecypcy: https://habr.com/ru/post/254293/.
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HOBHMH NIJIXIJ 10 3ABE3NEYEHHS IHOOPMAIIMHOIL
BE3IEKHU B BEB-PO3POBIII BLJI SQL IH'EKIIN
Kaman M.P.
HaykoBwuit kepiBHUK — K.T.H., norieHT®dypca C.€.
Hounenpkuii HationansHuit yniBepcutet imeHi Bacuns Cryca
(21021, Binnuug,Byin. 600-piuus, 21, kad. Paniodizuxu ta kibepdesnexwu,
ten. 0938920942)
katsan.misha.r@gmail.com
The article discusses the information security issues and their protection in
cases of SQL injections. A number of recommendations how to reduce
applications vulnerability is suggested in the theses. Also the article outlines a
few ways how to prevent SQL injections using new web application
development standards.

ChOromHIIHIA JIEHb XapaKTePU3YEThCS AKTUBHUM  3aCTOCYBaHHSIM
IHTEpHETY y BciXx 0€3 BHUKIIOUEHb cQepax IIOJACBKOro KUTTA. Tomy Bci
PO3pOOHHKHN HaMararoThCs MaKCUMAJIbHO JOCTYITHO poOutn BeO-moxatku. [lpu
bOMY TaKOXX HEOOXiHO TmoadaTh mpo Oe3NneKy caWTy, IUTICHICTh Ta
JIOCTYIHICTh 1H(OpMaIlii KOPUCTYBayiB Ta CaMOTO KOHTEHTY CalTy. 30Kpema,
NMUTaHHSA Oe3mneku 0a3 JaHuX J0Ci € aKTyalbHUM. Tak, 3TiJIHO CTaTUCTHYHHUX
naHuX MikHapoaHoi kommnanii «Positive Technologies», mo coeriami3syerscst Ha
po3poOIi  mporpamHOoro  3a0e3nmedyeHHs B Tauy3l  1H(opMaIiiHoi
oe3nexu, SQLiH’ exIli 3a/IMIIal0ThCsl Ha BEPIIIUHI PEUTHHTY.

B GinbinocTi BUMaaKiB, 3TOBMUCHUKM HaMararTbCs OTPUMATH JTOCTYI 0
AKOICh MEBHOT 0a3u JTaHUX BeO-I0JaTKy. AJle HE 3aBXKJIM BOHA TaM MOXe OyTH
ennHO. B TakoMmy Bumaaky 3a momomororo SQLiH’ekIiii MOXHa OTpUMAaTH
JOCTYI JI0 BCix 0a3, 1m0 30epirarothest Ha cepBepi[l]. Amke po3mileHHsS BeO-
JI0JaTKy Ha CEpBEP1 HE O3HAYaE, 110 0a3a JaHuX Oy/1e 3HAXOAUTHUCS TaM ¥Ke.

Ha npaktuii BUKOPUCTOBYIOTh HOBI TEXHOJIOTII JIs1 PO3POOKHA HA CTOPOHI
KJIIEHTAa OKPEMO Bl cepBepHOi 00poOku mporpam. [Hakmie kaxyuu, e Front-
end — cropona xmienta ta Back-end-ctopona cepBepa. 3a3Buuaii Front-
endeianpasiisie 3anuti Ha Back-end, cropona cepsepa, micis Toro sik 00po0isie
Il 3aIuTH, BUKOHY€E BIiAMoBiaH1 11i. JlaHuit 3B’sA30K BigOyBaeThCa 3a
normomororo  ApplicationProgramminglnterface  (APl) -  npukiagHoro
nporpamHoro iHTepdeiicy. I B Takux BuUIagkax Ha cepBepi 30epiraerbcs
nekinbka 0a3. BinmoBigHo, JaHuii crocid aTaku JacTh IOCTYI A0 BCIXIUX 0a3.

Ichye Tpum ocHoBHI  Kareropii arak—  BOymosani(In-bandSQLi),
BuBeeHi(InferentialSQL1) Tamo3akananehi(Out-0f-bandSQLI)[2], sxi  Oymau
PO3MIISIHYTI CYyTO MPaKTU4HO. /[ 1mporo Oyjo peayi3oBaHO MPOTOTUI CAUTY
KHIDKKOBOI KpaMHHIIL,B sIKOMY € ¢opMa aBTOpH3allii, € KOPUCTYBad BBOJAUTH
CBIfl JIOTIH Ta MapoJib, MICIAS YOro MOTPAIUIIEYCBIA OCOOMCTHM KabOiHET,
NeB11I00pakaroThCsl KyIUICHI Ta JOCTYMHHI oMy KHUTH.B momanbimioMy Ha 0asi
pO3po0JICHOr0 J0JaTKy MOTPIOHO JOCTIIKYBaTH BIANpPABICHHS HE JHIIEC 3
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dbopmu aBTOpHM3allii, a TAKOXK MPU COPTYBaHHI, BHOOpPI CTATTI MPHU peecTpallii,
a/pke BCl 11 J1aHl OyayTh 00poOssiTHCS BeO-T04aTKOM 1 HaBITh HAMMpOCTIMI 3
HUX MOXYTh 3pOOWTH JOAATOK Bpas3IMBHM. BpaxoByrouu BUIICBUKIIAJCHE,
3aIPOIIOHOBAHO TaKl pEKOMEHAAIli /s 3armo0iranHs BUHUKHEHHI0SQLiH’ eKIriit:

He BuxopucroByBatn auHamiunuii SQL (YHukath po3MilieHHsS
JIAHKX 3 TOJIiB BBOAY Oe3mocepeiHbo B onepaTopax SQL).

HamaBatm  mepeBary  MIATOTOBIEHWM  TBEPKEHHSIM  Ta
napamMeTpU30BaHUM 3aMHUTaM, AKi Habarato Oe3meqHini.
®diapTpyBaTH BBEACHI JaHI.

YHukaT He 0a)KaHUX CHMBOJIIB.

[lepeBipsTy TUNN OYIKyBaHUX JaHUX.

Kondinenmiitai n1ani MaroTh OyTH IpeACTaBiieHl B 3alIu(pOBaHOMY
BUTJIS/I.

CrtBOopHTH TIpaBa IOCTYMy 10 0a3u JaHHX.

BceranoButi MiHIMajgbHI MOXIIMBOCTI JUIsl KOPHCTYBadiB, Kl
B3a€MOJIIOTH 3 623010 JaHUX.

BinkmtounTti BinoOpakeHHs MOMMIIOK 0a3u NaHuX Oe3mocepeaHbo
JUTSE KOPHUCTYBadiB (3JIOBMHUCHUKA MOXYTh BUKOPHUCTOBYBATH IIi
MOB1IOMJICHHSI TIPO MMOMMJIKH, 11100 OTpuMaTu iH(opMmariito mpo 6azy
JaHKX).

OnHoBmoBati 0a3u JaHUX JO OCTAHHIX JOCTYIHHUX Bepciil (1e
3ano0irae BUKOPUCTAHHIO 3JIOBMHCHHUKIB BIJOMHX HEIOJIKIB ab0
MOMMJIOK y CTapHUX BEPCisiX).

[TokazaHo, IO HACTIAKK HEPEaTi30BaHOTO PO3POOHUKOM (PUIBTPYBAHHS
BBEJICHUX JAHHUX BiJl KOPHCTYBAa4iB MOXYTh IPU3BECTH J0 BTPATH JaHUX 3 yCIX
0a3, sKi € HA JaHOMY CEpBEpi, HABITh, SKIIO BOHU HE BIAHOCATHCS JO JAHOTO
JI0JIaTKy, IO HA TIPAKTHUIIl TPATUISIETHCS TOCUTh YacTo.

Bukopucrana niteparypa:

1) SQL Injection. URL.: https://www.owasp.org/index.php/SQL _Injection
(last accessed: 24.02.2019)

2) Understanding SQL Injection. URL.:
https://www.cisco.com/c/en/us/about/security-center/sqgl-injection.html

(last accessed: 24.02.2019).
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This paper presents the remote control of the Lego car using a personal
computer (PC) via Bluetooth communication. The system presented here
consists of a PC, a Lego MINDSTORMS car, and a program to be run on the PC
to connect to the Lego MINDSTORMS car and to send commands to the Lego
car. This program is written in Java on 1eJOS NXJ. An Android smartphone is
used to capture the view in front of the robot. It mounted in the holder streams
video through the Internet, so it can be viewed in real-time on the PC. The
purpose of this paper is the development a small scale remote controlled vehicle
using a Bluetooth communication and vision system from the idea to the final
testing.

A remote control vehicle is defined as any vehicle that is Teleported by a
means that does not restrict its motion with an origin external to the device. This
is often a radio control device, cable between control and vehicle, or an infrared
controller. A remote control vehicle (RCV) differs from a robot in that it is
always controlled by a human and takes no positive action autonomously [1].

One of the key technologies which underpin this field is that of remote
vehicle control. It is vital that a vehicle should be capable of proceeding
accurately to a target area manoeuvring within that area to fulfil its mission and
returning equally accurately and safely to base.

A relatively new research area in remote control concerns the
communication technology for the control of the vehicle in conjunction with
other devices or between a team of vehicles. A good communication system
between the user and the RCV will expand the capability and versatility of
vehicles. In this project, wireless communication allows a RCV to be used as a
part of more complex systems or to interact with the user using common
equipment (e.g. remote controller).

One way for design of remotely controlled vehicle using Bluetooth
communication for the robot is using LEGO MINDSTORMS NXT. This little
turbo charged radio controlled car uses analogue steering. Using the term turbo
because the gears speed up motor rotation 1.67 times. The navigation problem
can be solved by using a camera of Android smartphone.

To achieve this goal, the following tasks need to be addressed:

1.  Tochoose a platform for realization of the remote controlled vehicle;
2. Tochoose a CAD tools for design of the remote controlled vehicle;
3. To propose system architecture;
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4.  To design chassis of the remote controlled vehicle;

5.  To design embedded system of the remote controlled vehicle;

6. To design communication programs of the remote controlled vehicle with

vision system;

7. To evaluate the performance of the developed remote controlled vehicle.
Problems encountered whilst testing and building the robot are the robot

travels the slower and weaker the connection due to the limited distance of a

Bluetooth connection which is (10 metres); the weight of the smartphone didn’t

really suit the robot it kept weighing the robot down and it probably won’t move

properly because of this; the platform where the robot was tested it wasn’t

smooth and plain enough so there was a bit of discomfort operating the robot in

that condition. Experimental results of the paper is shown on figure 1.

Skype client on vehicle

Skype client on PC

Fig.1 — Architecture monitoring subsystem as experimental result
Conclusion

=

Developing efficient software using the NXT-G software based on visual
programming.

2. Valuable experience of both learning robotics and embedded systems
design using Lego Mindstorm platform.

Learnt a tremendous amount about motor control systems.

4, Building robots with different design that can execute different tasks.

w

List of references

1. S. Kahar, R. Sulaiman, A. S. Prabuwono, M. F. M. Amran and S. Marjudi,
"Data transferring technique for mobile robot controller via mobile
technology," 2011 International Conference on Pattern Analysis and
Intelligence Robotics, Putrajaya, 2011, pp. 103-108.

2. B. Jincun, L. Qi and L. Yanfei, "The Design of the Rescue Robot Long-
Distance Control Based on 3G and GPS," 2009 International Conference on
Intelligent Human-Machine Systems and Cybernetics, Hangzhou, Zhejiang,
2009, pp. 170-172.

3. M. B. Perotoni, B. E. Garibello and S. E. Barbin, "An IEEE802.11 low cost
planar antenna for a mobile robot,” 2006 IEEE Antennas and Propagation
Society International Symposium, Albuquerque, NM, 2006, pp. 969-972.

4. F.Cleveland, "Use of wireless data communications in power system
operations,” in Proc. 2006 IEEE Power System Conf. and Expo., pp. 631-640.

61



SECURITY SOFTWARE DEVELOPMENT FOR ARDUINO-ROBOT
MOTION CONTROL
Olaide Jamiu Olalekan
Scientific supervisor — Ass. Prof Yevdokymenko M.

Kharkov National University of Radio Electronics,
Infocommunication engineering Department, 14, Nauka Ave., Kharkov,
Tel. (063) 063-07-82, e-mail olaide.jamiu@nure.ua

The given work is devoted to the software development for Arduino-
Robot motion control. There is considered the mobile robotics application, the
general approach to a mechanical design, security software mechanisms for
developing, the description of Arduino-Robot platform and the methods of
motion control is explained. The main steps for development Arduino-Robot is
described in this paper. During execution, these steps it is developed the
software for Arduino-Robot control with application of different motion
algorithms and programming procedures.

Mobile Robotics is an active long research, where people find new
technologies to improve mobile robots intelligence and application. Robots now
move in a dynamic way where they are autonomous.

Locomotion is a method that robots use to transport themselves from
place to place, a major goal in this field is in developing capabilities for robots
to autonomously decide how, when, and where to move. Autonomous robot
locomotion is a major technological obstacle for many areas of robotics, such as
humanoid. Types of locomotion include walking, running, hopping, swimming,
sailing, flying, skating etc. Moreover, one of the popular approach for the
development of mobile robotics is used based on Arduino platform. Because
Arduino is an open source computer hardware and software community that
manufacture and design microcontroller kits for building digital devices and
objects that can sense and control object in physical world.

For achievement of aim of this paper was done such steps, as: considering
the mobile robotics application; considering description of Arduino Robot
platform, different types of Arduino hardware and the IDE, advantages and
problems; development the Software for Arduino Robot control with application
of different motion algorithms and programming procedures [1-2].

According to this aim of the paper, the following steps are assigned:

- Mobile robot and Arduino.

- Installation.

- Development of coordinates and line following.

- Range finder.

The aims and assignment were all appropriately done and made visible
and possible because of the availability of the robot language allowing us to
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program the microcontroller enhancing the use of an open source Arduino
application which has the libraries needed to achieve the listed goals.

The program were written and implemented with the aid of integrated
development environment enabling connection between the application and the
microcontroller with the use of a USB cord which is a direct link to program the
microcontroller. Thus this allows the full implementation of the aim listed above
and the Arduino robot fully understand the programming language and perform
the function needed [3-4].

Conclusion

The main aim of the project was to realize the use of Arduino platform to
make an approach on mobile robot. This is a huge impact in the world as a
whole where robot literally does all the dangerous work a man is meant to do be
in industrial purpose, medical purpose and a lot more. Here in the project we are
fortunate to use Arduino as a whole concept of the project and see how it helps
in robotics.

The issue of security is needed to secure our code from being corrupted or
turn invalid, the security mechanism is added to the on-board microcontroller, to
signal overloading of data to the chip.
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In today's world, billions of people are facing a form of blocking when
surfing the internet. Access to Internet content in countries is blocked using
Internet service providers. Individual countries resort to technical restriction of
access, usually for reasons of national security and to implement specific laws.

Many users are also blocking access to resources that have been blocked
for various reasons.

By comparing all kinds of blocking and bypassing the blocking of sites, |
brought them a classification. Also, for each criterion | have assigned my
coefficient.

Y cydacHOMy CBITI MUThSIpAU JIIOJIEH CTUKAIOTHCA 3 TIED YW 1HIIOKO
dbopmoro 6s10KyBaHb TIpH cepPiHTY B IHTEPHETI. J[OCTYM 10 IHTEpHET-KOHTEHTY
B KpaiHax OJIOKYyeThCs 3a JOTOMOTO0 OOJIaIHaHHS 1HTEpHET-TIpoBaiiaepi. Jlo
TEXHIYHOTO OOMEXEHHS JIOCTYIy OKpeMi KpaiHW BIAIOThCS, SK TPABWIO, 3
MIpKYBaHb HaI[lOHAJIBHOI O€3IEeKH 1 3 METOK0 BUKOHAHHSI KOHKPETHUX 3aKOHIB.

I'pomanchka opranizaiis Internet Society Buainse Kijabka CrIocoOiB
OJIOKYBaHHS JIOCTYyNy JO IHTEpHETY, cepel sAKux: OynokyBaHHs mo [P,
omokyBanHa caity mo URL, OnokyBaHHs 13 3actocyBaHHsSIM cuctemu DPI,
OJIOKyBaHHS B paMKax KOHKPETHHX IJIaTHOpPM (0COOIMBO MOITYKOBUX CHCTEM) 1
onokyBanHs o DNS.[1]

Takox Oarato KopucTyBaudiB 0OXOHSTh OJIOKYBaHHS ISl OTPUMAaHHS
JOCTYIly IO pecypciB siki Oyiau 3a0JIOKOBaHI 3a PI3HUMH NPUYUHAMHU.
HaiiBigominri METOIaMU ABISIOThCS : BUKOpUCTaHHAC GI-proxy,DNS,
nepekianada, VPN, ke Google, 3minu IP-anpecu abo BukopucTanHs opaysepy
TOR

[TopiBHiolOuM yci BUIM OJOKYBaHHS Ta 00X0ay OJOKYBaHHS CaiTIB s
npuBiB ix kiacudikamiro. Takox KOXKHOMY KPHUTEpiI0 S TIPHCBOIB CBIid
koedimient. HaiimeHIie 3HaueHHS SIKE MU OTPUMAEMO B CyMI YCiX KOEIIlI€HTIB
THUM Kparie.

KoedimieaTamMu SBISUTHCE:

- Ksamdikarisa, sxki HEOOXITHI HABUKH Ui OJIOKYBaHHS YH
PO30JIOKYBaHHS PECYPCY;
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- TporpaMu, sKi HEOOXiIHI JJisi OJIOKyBaHHS 4YM PO30JIOKYBaHHS
pecypey;

- amaparypa, sika HeoOXiJaHa I OJIOKYBaHHS YU PO30JIOKYBaHHS
pecypey,

-  YMOBHM MOXJMBOCTI OJIOKYBaHHSI Ta pO30JIOKYBaHHS MAa€EThCS Ha
yBa3l MOXJIMBOCTI OJIOKyBaHHS, a camMe€ Ha SKUWA Mepiog Mu
3a0JI0KY€EMO JaHUI pecypc, Uu po30JIOKYBaHHS.

B kiHII MOXXHa 3a3HAYUTH, MO YCI CIMOCOOM OJIOKYBaHHS MarOTh JBa
3arajbHl HEJOJIIKHU:

1. Bouu He BHpIIIYIOTH MpoOIeMy BJ’IOKYBaHHH HE BUJAJAE€ KOHTEHT 3
IHTepHeTy, HE MepenIkojpKae HE3aKOHHIM [ISJIBHOCTI 1 HE JoloMarae
nepeciyBaTd 3J0YMHIIB; BOHA YChOTO JIMIIE MPUXOBYE KOHTEHT BiJl Ouei
mupokoi my6stiku. Cam 1o co01 KOHTEHT HIKYJIU HE 3HUKAE.

2. Bonm 3amopiroroTe HempsiMuii 30uTOK KoxeH crmoci6 OJoKyBaHHS 1
HaJMIpHUH, 1 HEIOCTAaTHIM OJHOYACHO - HEMHUHYYE OJIOKYEThCS TO3BOJICHUH
KOHTEHT 1 TpoIycKaeThcsi 3abopoHeHuit. [Ipote 30mTok I[HTEpHETY MM He
00MeXy€eThCs - OJTIOKYBaHHSI 301JIBIITY€ PUCKU KIHIIEBUX KOPHCTYBaviB, MOB'sI3aH1
13 cmpobamu 00iiiTH ONOKYBaHHS, 3HW)KYE MPO30piCTh IHTEpHETY, pyHHYE
atMocdepy OOBipU, 3araHs€ IHTEPHET-CIYXOW B MiAMIJUIL 1 BTOPTAETHCS B
OpUBaTHE >KUTTSA KopucTyBauiB. KpiM Toro, HeoOXigHO BpaxoByBaTH YCi
BUTPATH, MOB's13aH1 3 OJJOKYBaHHSIM.
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OIEPALINHI PUBUKHN IHOOKOMYHIKAIINHOI BAHKIBCHKOI
CUCTEMHA
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HaykoBuii kepiBHUK — K.T.H, J101I. 30J10TaphoB B. A.
XapKiBChKHM HAIllOHATLHUM YHIBEPCUTET PATI0CIICKTPOHIKH
(61166, Xapkis, np. Jlenina, 14, kad. [npopmarniiino-MepexHoO1 1HXEHEPIl,
tei. (057) 702-14-29)
e-mail: yuliia.strekozova@nure.ua

The main purpose of managing operational risks of the infocommunication
banking system is to ensure their reliability and security. This is due to the
desire of banking organizations to meet the needs of customers that arise with
the development of their business, in particular, rolling national borders and
which require a wide range of banking operations using information systems.
The relevance of the research topic is that the regulation of the risk of using
information and telecommunication systems is now becoming one of the most
important factors ensuring the stability of the banking system.

OcHOBOW yCHINIHOT OaHKIBCHKO1 JISJIBHOCTI € ONTHMI3allis MapaMmeTpiB
1H(OpMAaIIHHUX PU3HKIB, IO BUKJIMKAE MOTPEOY Yy KOMIUIEKCHOMY MIiAXOMAl 10
cuctemu ynpaiinag HuMHA [1]. CporomHi OaHKM HAMPaBJISIOTh 3HAYHI 3yCHIIISA
Ha PO3IMIMPEHHS CTPYKTYPH YMPAaBIIHHS OMEpaIliiHUM PU3UKOM B KOMIIAHI i
HaMararoTbCsl CITIBBITHECTH OMEPAlIMHUA PU3HK OE3MOCEPEeHhO 3 PU3UKOBUM
KaIiTajaoM, SKHA BOHM ITATPHUMYIOTH ISl MOKPUTTSA HelepeadadeHuX BTparT.
Onepaniiinuii pu3MK - 11¢ MOBIPHICT, BUHUKHEHHS 30MTKIB 200 0TaTKOBUX
BTpaT ab0 HEAOTPHUMAHHS 3aIlJIAHOBAHMX JOXOJIB BHACIIIOK HEIOJIKIB abo
MOMUJIOK B OpTraHi3allii BHYTPIIIHIX MPOIECIB, HABMUCHUX a00 HEHABMUCHHX
N1 KOpUCTyBayiB, 300iB y po0OOTI 1HPOKOMYHIKAIIMHUX CHUCTEM OaHKy abo
BHACJIIJIOK BILJIUBY 30BHINIHIX (haKTOPIB.

Jns  ynpaBiiHHA —oOmepaniiHUMU  pU3MKaMHd B 1H(POKOMYHIKAIIMHUX
OAHKIBCHKUX CUCTEMaX 3aCTOCOBYIOTh HACTYITHI METO/IU:

CaMOOIIIHKa OMepaIiiHuX PU3UKIB — TMepioJIuuHa OIliIHKAa PU3HUKIB, IO
CYIIPOBOIKYIOTh JTISTIbHICTh O13HEC-HAMPSAMIB, IEPCOHATIOM 1ILOTO HAIPsIMY, L€,
KpIM OIIIHKHM 3arpo3, CIpHsI€ PO3BUTKY KyJIbTypHU PO3yMiHHsS HeOe3lmeKk cepen
NepCcoHaly,;

OLIIHKa €JIEKTPOHHOTO Oi3HECy 3 ypaxyBaHHSIM PHU3UKIB — OILlIHKa Oi3Hec-
HAnpsIMIB 3 ypaxyBaHHSIM CYIYTHIX PHU3UKIB, BHACIIJOK YOrO BHU3HAYAETHCS
peanbHa «PEHTAOETBHICTE» Oi3HEC-HANMpPsMIB, KPUTHYHI MPOIIECH, TMPIOPUTETH
JUTsl BAKOPUCTAHHS PeCypCiB 1 JOJATKOBHUX 3aX0/11B KOHTPOJIIO;

PO3BUTOK 1H(POKOMYHIKALIA 3 ypaxyBaHHSIM PU3HKIB — BCl ICTOTHI 3MIHU
013Hec-TIpolLIeCiB, 30KpeMa BIPOBAHKEHHSI HOBUX MHPOAYKTIB 1 MOCIYT, MalOTh
CYNPOBOJI)KYBATHCS OIL[IHKOIO HASBHUX 1 MOTEHIIMHUX PU3HKIB JIJII BU3HAYCHHS
YYTIMBOCTI IPOLIECY 0 PU3HUKY;
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BEJICHHS 0a3M JaHUX OMNEepallifHUX 1HIUISHTIB 1 30MTKIB — yCi omnepariiiti
IHIUJICHTH, TIOB'sI3aH1 3 ONEpaIlliHUM PU3UKOM, a TaKOX OIepaliiHl 30UTKH
BHACJIJIOK TakWX IHIMACHTIB, MOBUHHI OyTH 3adikcoBaHi B 0a3l JaHUX IS
OIIIHKM 1 PO3POOKM 3aXOiB MO0 3aMo0IraHHs TaKWUX 1HIUJEHTIB 1 30MTKIB Y
MaiOyTHbOMY;

3BITHICTH 32 PU3HKaMH — YyC1 BIJOMOCTI MPO OTEepaliiiHi pu3nuku, 30KpemMa
IIOZ0 OI[IHKM PHU3UKIB Ta iX MOKPUTTSA KamiTaJoM, a TaKOX OIepamiifHux
IHIIUJEHTIB 1 30UTKIB, MaloTh OyTH BigoOpaxeHi y 3BITHOCTI OaHKy 3
ypaxyBaHHSM CYTTEBOCTI pU3HKY/IHIIMICHTY/30UTKY /I OaHKy [2].

Merta ympaBiiHHS ONEPAIMHUMU pU3UKaMH - TMOOYy/I0Ba KyJIbTYpH
YIPaBIiHHS ONEpaIifHUM PU3UKOM Ta BHYTPIIIHHOTO KOHTPOJIIO, MiHIMi3allis
30UTKIB OaHKy BiJ peajizalii omepamiiHoOro pu3uKy, OITHUMI3allsd Ta
YAOCKOHAJIEHHS MPOLIECIB Ta MPOAYKTIB OaHKY, MIBUIICHHS penyTallii 0aHKy Ta
3a0€3MeUeHHS HAWBUIIIOTO PIBHSI 3aXUCTY KOIITIB KJIIEHTIB Ta aKIliOHEPIB OaHKY,
OTpPUMAaHHS BUCOKHMX HAI[IOHAJIBHUX Ta MDKHAPOAHUX PEUTHHTIB CTAaOUIBHOCTI
Ta HaAIMHOCTI OaHKy, MIATPUMKH MIXKHAPOJIHUX OpraHizailiii, BUT1IHUX YMOB
JUIS 3aiTy9eHHs pecypcis [2].

Cucrema ynpapjiHHs onepamiiHUM PHU3UKOM - CYKYITHICTh HaJICKHUM
YUHOM 3aJ0KyYMEHTOBAHHX 1 3aTBEP)KCHUX IONITHK, METOJIUK, IOPSAKIB 1
IPOICAYpP YIPaBIiHHS ONEPAIliMHUM PH3UKOM, SKi BH3HAYAIOTh MOPSIOK Mdii,
COpSMOBAaHWUX HA 3MIMCHEHHS CHUCTEMAaTUYHOTO TIPOILIECY  BUSIBJICHHS,
BUMIPIOBAHHS, MOHITOPHHTY, KOHTPOJIO, 3BITYBAaHHS Ta TOM SKIICHHS
OTIepaIiiHOro PU3UKY Ha BCiX OpraHi3aliiHuX piBHIX OaHKY [3].

[lepenik mxepen:
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http://www.nctbpu.org.ua/main/index/ua/activities/retraining/risks - 19.02.2019
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CKpaHy

3. Caiir Bankchart.ua [Enexrponnuii pecypc] Pexum mocrymy: wWww/
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AHAJII3 CHEKTPAJIBHOI Y®®EKTUBHOCTHU COJIMTOHHBIX
E®EKTUBHOCTI COJIITOHUX BOJI3 HA OCHOBI ®OTOHHO-
KPUCTAJITYHUX BOJTOKOH
Ab6ix I.B.

HaykoBuii kepiBHUK — K. T. H., Jol. Koatyn FO.M.

XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaioeIEeKTPOHIKH
(61166, Xapkis, np. Hayku, 14, xad. «InpopmaniiiHo-MepexHa iHKEHEPIs,
teit. (057) 702-14-29; e-mail: iryna.abikh@nure.ua)

The most important factors that affect throughput and communication
range in modern fiber optic lines are the presence of nonlinear effects the fibers.
One method of reducing the effects of nonlinear effects, and namely: increasing
the ratio of the data transfer rate to the width spectral channel with an increase in
signal power or spectral efficiency, is the use of solitons as pulses, carrying
information. This report is devoted to the analysis of spectral the efficiency of
soliton fiber based on photonic crystal fibers, what is the actual task.

CbOro/iHi OCHOBHOIO TEHJEHIIEI0 PO3BUTKY TEJIIEKOMYHIKAIINA € MOCTIiiHE
30UIbIIeHHST 00CATIB 1H(oOpMaIli, 1o nepenaerbcs. lle BUKIMKaHE MOCTIHHO
3pOCTAIYO0I0 KUTBKICTIO JOAATKIB 1 ITOCHYT, SKI 3aJ0BOJIBHSIOTH KOHIICIIIIT
«Triple-Play Services». 1s kounemnmis BigoOpaxkae oOMiH iH(OpPMAIII€IO, 110
MOJIA€ThCS B TPhOX BUJAX: MOBA, JIaHi 1 BiZI€O, a HAJaHHSI TaKOro POAY MOCITYT
BHMAara€ BHUCOKOI SIKOCTi, BEJIMKOI MPOMYCKHOI 37aTHOCTI 1 JadbHOCTI 3B'S3KY.
BukoHaHHS 1TUX BUMOT MOXKYTh 3a0€3IMEUNTH BOJOKOHHO-ONTHUYHI JIHIT 3B'SI3KY
(BOJI3).

VY 1boMy acnekTi BaXJIMBO PO3YMITH (Pi3MUHI MPOLECH 1 3aKOHOMIPHOCTI,
10 BUHUKAIOTh y MPOLECI MOIIUPEHHS CUTHAIIB B ONTUYHOMY BOJIOKHI (OB).
3o0kpema (¢akTopamu, IO BIUIMBAIOTh HA MPONYCKHY 3JIaTHICTh 1 JAQJIbHICTb
3B'13Ky B cydacHux BOJI3 € HasBHICTH JiHIMHUX 1 HeNmiHIMHUX edekTiB y OB.
ko a1 3MEHIIEHHS JIIHIMHUX cnoTBopeHb B OB, 110 BUKIIMKaH1 ONTUYHUMU
BTpaTaMu 1 JHMCHEPCIMHMMH BIUIMBAMH, BXKE€ ICHYIOTh MPAKTHUYHI METOAU Ha
OCHOB1 epO1MOBUX IIJICWJIIOBAYIB 1 KOMIIEHCATOPIB JAMCHEpCli, TO JUIs
3MEHIICHHS HEMHIMHUX €(EeKTIB TaKuX METOJ[IB HeMa€, a iX CTBOPEHHS 1
TOCIIIPKEHHS € aKTyalbHOO 3a1aueto [1].

OnmauM 3 METOIB 3MEHIIEHHS BIUIMBY HEJIHIMHUX e(]ekTiB, a came:
NiJABUIIECHHS NapaMeTpa BIJHOIIEHHS IIBUJKOCTI MepeAayl JaHUX 10 LIMPUHU
CHEKTPAJIbHOTO KaHally y pa3l 3pOoCTaHHS MOTYXXHOCTI CHUTHaidy abo
CIIEKTPaIbHOI €(PEKTUBHOCTI € BHUKOPHUCTAHHS COJIITOHIB, B SIKOCTI IMITYJIbCIB,
o nepeHocsaTh iHpopMmarito [2]. Takuil iMIyIbC YTBOPIOETHCA 3a PaXyHOK
B3a€MHOT KOMIIEHCAIl AMCIepcii 1 HeMHIHHOCTI, 10 pPOOUTH HOTo OLIBII
CTIMKUM 15 mepeadi iHpopmarii y HeniHiliHOMY cepenoButi OB.

VY nonoBial aHami3yeThbes CIeKTpanbHAa eheKTHBHICTH comToHHMX BOJI3
Ha OCHOBI (pOTOHHO-KpHUCTaNIYHUX BOJOKOH (DPKB). Taki OB saBis0TH CO0010
MIKpOCTPYKTYpHI ab0 [ipyacTi BOJOKHA, B SKHX TOJIOBHOIO CKJIAJOBOIO €
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dbotonH1 kpuctanu (PK) — HEOHOPIAHI AI€IEKTPUKHU 3 TIEPIOAUYHOI Bapialli€ro
koedimienta pedpaxiii. OcobnupicTio @K € HassBHICTH (HOTOHHOT 3a00pOHEHOT
30HM, TOOTO Aiama3oHy 4YacTOT, B MeXaxX SKOTO CBITJIO HE MOKE NMPOHUKATH
Kpi3b HOro cTpykKTYpy [3].

Jist  onucy mnomMpeHHs enekTpomarHiTHoi xBuiali no @OKB  Oyno
BUKOpHCTaHEe y3arajibHeHe HemiHiliHe piHsHHs [lpeninrepa [1, 2]:

2
A__P20A AN,
01 2 ot

ne A (z, t) — komruiekcHa 0OBiIHA aMILTITYAM 1MoJist; t — vac; Z — BiZICTaHb y370BXK
OB; f» - mapaMeTp XpOMaTU4HOI AUCHEPCli, ¥ — napaMeTp HellHIHHOCTI. UieH
piBasaEg N (Z, 1) omucye reHepamio IIymMy, 0 BUHHKAE BHACIIAOK ONTHYHO
IIJICHJICHOI CIIOHTAHHOI emicii [2].

[IpoBenenuii anami3 mokasas, [0 B 00JIACTI BUCOKUX 3HAYCHBb BIHOMICHHS
curHan/myMm (SNR) comitonni BOJI3, mo BukopucroByiote ®PKB, maiorsh
BEJIMKE 3HAUYEHHS CHEKTPabHOI €(PEeKTUBHOCTI. 3a3Hau€HO, IO MPU OJHOMY 1
TOMY K 3HAQY€HHI CIEKTpabHOI €(DEKTUBHOCTI MOXJIMBA Iepeada CUTHaIy Ha
BEJIMKI BlJICTaHI B MOpPIBHSIHHI 3 nepenadero no BOJI3, aki opranizoBaHi Ha
crangaptHoMmy OB.

Takox Oynu npoaHani30BaHI OCHOBHI €(EKTH, IKI OOMEXYIOTh 3pOCTaHHS
cnekTpaiabHoi edextuBHOCTI conmitoHHUX BOJI3, Taki sk edextu I'opmona-
Xayca 1 'opnona-MosieHayepa, 110 NposiBISIOTHCS Y BUMIAJKOBOMY BIIXMJICHH1
MIOJIOKEHHSL IIEHTPY IMIIYyJIbCY 1 HOro ¢a3u BIANOBIAHO BiJ IMOYATKOBOTO
3HAYEHHS.

Taxkum urHOM, B JIOTIOB1/I1 HaBEJEHI MPUHIIMIIOBI MOYKJIMBOCTI COJITOHHHUX
BOJI3, mpoBenene iX MOPIBHAHHS 3 TPaJAUIIMHUMU ONTHYHHMH JIHISIMH,
IPOaHaJi30BaHl MNPUYMHUA 3MEHIICHHS CHEKTpajdbHOI e(QEeKTHMBHOCTI Yy pasi
3pOCTaHHS BIIHOIICHHS CUTHAJI/TITYM.
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The characteristics of the current state of the cloud services market, the
main models of service provision and infrastructure deployment models are
given. The analysis of the main directions of scientific researches of cloud
computing has been carried out. On the basis of the analysis of open sources,
some features of the current stage of development of scientific research in this
field are determined, in particular, a significant proportion of these studies are
conducted using experimental methods and approaches.

OctanHl npuOIU3HO MIBTOpA AECATUPIUYSA BIJIOYBAETHCS HAA3BUYANHO
OypXJIMBHI PO3BUTOK XMapHHUX cepBiCiB. BOHM MpoMILIM IUISAX PO3BUTKY BiA
nouatkoBoi koHuerniii laaS (Infrastructure as a service, iHGpacTpyKTypa K
cepsic), mami no PaaS (platform as a service, miardopma sik cepBic) Ta SaaS
(software as a service, mporpaMHe 3a0e3nedueHHs K cepBic). Ha 1mux kiracuaHmx
KOHIICTIIISIX PO3BUTOK HE 3YMUHMUBCS 1 3apa3 MOXHa CKas3aTH, 10 HalOymna
nonyJsipHocTi KoHierniis XaaS (yce B xmapi). OCKiJIbKH HE BCi IMPOIMOHOBaHI
XMapHi CepBICH MOKHA OJIHO3HAYHO BIJTHECTH JIO BKa3aHUX BHIIE, BUHUKJIN TaKi
koHuernii sk BaaS (6ekenn sik mociyra), FaaS (pyHkiis sk mociyra) Ta 6arato
THIIUX.

Po3BuBaloThCSi HE TUIBKM MOJEIl OOCIyroByBaHHs, aje W Mojen
pO3ropTaHHs 1HPPACTPYKTYpU — € MOJEIII MPUBATHOI, MyOJI1YHOI, TPOMAJICHKOI,
riOpuaHOI, MEPCOHAIBHOI XMapH, CylIepXMapH TOIIIO.

AHani3 BIAKPUTUX MAPKETHUHTOBHUX JAHUX CBIAYWTH MPO TE€, IO PUHOK
XMapHUX CEPBICIB B YKpaiHi 3pOCTA€ BKE HE MEHIIIE IECTH POKIB MOCH1Ib, 110 B
I[IJIOMY BIiJMIOBIJIa€ 3araJbHOCBITOBUM TeHACHIsM. Tak, y 2018 pomi oOcsr
r7100aIbHOTO XMAapHOTO PHUHKY mepeBanuB 3a $ 250 mupa, 30impmMBIIMCE HA
32% mono 2017-ro. BiamoBigHo BigOYyBa€eThCsS TMOCTIHE 3pOCTaHHS SK
KUIbKOCT1 1eHTpiB 00poOku nanux (LIOJ), Tak 1 00YMCIIOBaIBLHOT TOTYKHOCTI
Ta MPOMYCKHOI 3AaTHOCTI BXK€ ICHYIOUHMX IICHTPIB.

B 1mux ymoBax TMOCTIHHO 3pOCTar04yoi KOHKYpEHINi, (pakTUYHO Ha
rJ100aJbHOMY PHUHKY, €(QEeKTHBHICTH pPOOOTH 1HGPACTPYKTYypH, IIaThopmu,
CEpBICIB 30KpeMa Ta XMapu B IIJIOMY CTa€ AYXE€ BAXIMBUM Ta aKTyaJbHUM
NMUTAaHHSM I BJIACHUKIB IhOro Oi3Hecy. Xodya B 0ararbox peKIaMHUX
MaTepiajax Ta B pe3yJabTaTaxX JOCHIKeHb BKa3y€ThCS, IIO0 BUKOPUCTAHHS
XMapHO1 1H(PACTPyKTypu [03BOJISIE 3HU3UTU BHUTPATH MIANPUEMCTBA Ha
OIATPUMKY 1HQPACTPYKTypu B TIOPIBHSHHI 3 BUKOPHCTAHHSM BIJIACHOI
1H(GpacTpyKTypH, II€ 3HayHa 4YacTKa MIJNPUEMCTB MPOIOBXKYE HaJaBaTU
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nepeBary BapiaHTy BUKOpPUCTaHHA BiacHOi 1H@pacTpykTypu. Ilomanbiie
MIJBUIICHHS €(EeKTUBHOCTI XMapHUX OOYHUCICHb OE3YMOBHO CIPHUSTUME
YaCTKOBOMY a00 HaBITh MOBHOMY MEPEXOJy TaKUX MIAMPUEMCTB 10 MOJENI
BUKOPHUCTAHHS XMapHUX CEPBICIB.

3azHauuMo, 110 €(PEeKTUBHICTH POOOTH XMapH CJiJl PO3YMITH B HIMPOKOMY
ceHcl. TemaTuka HAyKOBHUX JOCHIKEHb B LIA Taly3l OXOIUIIOE JIOCTaTHbO
HIMPOKE KOJIO MHUTaHb, AKi 0€3MOCepeHhO UM OMOCEPEIKOBAHO BIUIMBAIOTH HA
¢(hEeKTHUBHICTb.

MoskHa BUIUIMTH TaKl CydacHI HAMPSIMKUA PO3BUTKY XMapHUX OOYMCIICHb,
SK:

- BIIOCKOHAJICHHS eHeproe()eKTUBHOCTI 1HQPACTPYKTYPH;

- 3a0€e3MeYeHHs PI3HUX aCHEeKTIB XMapHOi Oe3MeKH;

- BIOCKOHAJICHHS apXITEKTYypU XMapHUX OO0UYUCIICHb;

- IOUITYK HOBUX Ta BJJOCKOHAJICHHS ICHYIOUHMX CEPBICIB;

- M1IBUIIEHHS] KOHKYPEHTOCIIPOMOKHOCTI XMApHUX TOCIYT;

- BJOCKOHAQJECHHS MoOJeNel OOCIyroByBaHHS KOPUCTYBadiB XMapHUX
CEpPBICIB TOIIO.

Jly’)xe TEepCHneKTUBHUMH € JIOCHIKEHHS aJIrOpUTMIB OOpPOOKH BETUKHX
JAHUX, JOCHIDKEHHS B Tramy3l [HTepHEeTy peuell Ta MITYYHOTO IHTENEKTY,
MAaIIMHHOTO HaBYaHHS.

B uimomy akTyanbHICTP HAYKOBHX JOCHIIDKEHb B Tally3l XMapHHUX
oOumciieHp Mae 3pocratouuil TpeHa. IIpoTe, 3HauHa dYacTka HAYKOBHUX
nyOmikamii 1Mo XMapHUM OOYHCJICHHSM [EPEBAXKHO 30CEpe/KeHa Ha
TEXHOJIOTIYHUX MIJX0JaX Ta IHCTpyMEHTaX. A TakUM BaXJIMBUM acHeKTaM SK
0i3HeC, KOHIIeNTyaJlbHA 1 MPUKJIagHA 00JacTh MNPUAUISIETHCS 3HAYHO MEHIIA
yBara.

e onmuiero 3 ocoOMMBOCTEH HAYKOBHMX AOCHTIIKEHb B Taly3l XMapHHUX
o0umclieHp € Te, M0 3HauyHa iX KUIbKICTh HE MIAKpPIMIEHA TEOPETHUYHUMHU
MOJIOKEHHSMUA 1 KOHIENTyalbHUMH MofensMu. KpiMm Toro, OuIbLIICTh
JIOCT/DKEHb ~ XMapHUX  OOYUCICHb BUKOPUCTOBYBAJIM  EKCIEPUMEHT 1
MOJICITIOBAHHS B SIKOCTI METOJIB JOCJIJPKCHHS, a MEHIIA YacTHHA - SKICHI,
KUIBKICHI 1 3MIIIIaH1 METOMO0JIOT].

B nomnosiai aBTOp JaHUX Te3 Ja€ XapaKTePUCTUKY CY4aCHOMY CTaHy PUHKY
XMapHUX CEpBICIB, OCHOBHUX MOJeNIed HaJaHHS TMOCIYyr Ta PO3rOpTaHHS
1H(paCTPYKTypH, OCHOBHUM HalpsMKaM HAayKOBHUX JIOCHI/KEHb XMapHUX
00YHCIIEHb Ta OCOOIMBOCTSIM CYYaCHOTO €TaIy PO3BUTKY HAYKOBUX JOCIIIKEHb
B 1111 rajysi.

B sikocTi BHCHOBKY MOXHa BiJI3HAYWUTH, IO IEHTPH OOpPOOKM HaHUX €
OCHOBOIO XMapHHUX OOYHCIIEHb, OTXKE€ aHalll3 Cy4yaCHHUX TEOPETUKO-
METOJIOJIOTIYHUX Ta MPAKTUYHHUX IMIIXO0JIB a0 opranizamii podotu L[O]] e
OCHOBOIO I 3HAXO/KEHHS NUIAXIB MIJBUIICHHA €(QEKTUBHOCTI XMapHUX
00YHCIICHb.
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The given work is devoted to the modern developments and using
blockchain with smart-contracts as management system (based SCRAM) and
new vision by using Cryptocurrency.
- payment only for the task;
- guarantee of receiving wages;
- stabilization of assets;
- cumulative program;
- trust between two or more parties that do not trust each other;
- protection against inflation;
- flexible tax control;
- open, transparent, understandable, accessible assessment system.

MopenupoBanue yOpaBJi€HHS TMPOCKTaMU B TJIOOAJIBHOW KOMIAHUU
MeTtonoM  ympaBieHus 1ogo0HeIM  SCRAM, rae OTBETCTBEHHOCTh 3a
BBITIOJIHEHHE OEpET MEXaHM3M Ha OCHOBE YMHBIX KOHTPAKTOB (smart contract).

Co3nanue KOpIoOpaTUBHBIX TOKEHOB TaK HA3bIBAEMON KPUNTOBAIIOTHI Ha
OCHOBE OJIOKYeilHa CO CMapT-KOHTPAaKTaMu MJid YyOpaBiI€HUEM pabodyuM
BPEMEHEM JIMOO MHBECTHULIMM, KOTOPbIE HE CMOTYT MOTEPATh B LIEHE M3-3a TOTO
4TO ATa camas eIuHuIlA, TokeH (taskcoin) OymeT mpupaBHEHA K JCHEKHOMY
SKBUBAJIEHTY MUHHUMAJIbHOW OIUIATHI TPYyAQ.

Kak TectoBas cucrema peanu3yeTrcss CO3IaHHMEM  COOCTBEHHOM,
KOPIIOPAaTUBHOM, KPUNITOBAIOTH Ha ocHOBE Tiatdopmsl Ethereum c eé cmaprt-
KOHTpakTaMu n crangaprom ERC-20, rae 3a yCHEmHO BBITOJIHEHHYIO 3a1a4M
(task), cormacHo myHkTam Metona ympanieHuss SCRAM Oyner npucBoeH
«TOKEHY.

ABTOpOM JIOKJIa/Ia BBEJICHA HOBasi TSPMUHOJIOTHS TacKKOMH (taskcoin).

TackoiiH (Tak »e TacKkoWH, OT aHr taskcoin ) — oOmiee Ha3BaHHE
KPUIITOBAJIIOT MPHUBSA3aHHBIX K paboyeMy BpeMeHM JHUOO HCIOJHEHUIO
onpeneaEHHON paboThI JIMOO NPETOCTABICHHUIO YCIYTH.

[Tosichenue: «TokeHb» MpPUPaBHEHbl K peEalbHOMY, JCHEKHOMY,
HKBUBAJIEHTY OIUIATHI TPYAA.

Crnucok 3anau:

- OIIaTa TOJBKO 3a BBIMIOJIHEHHOE 3a/laHue (3aaauy);

- TapaHTHs MOJyYEHHUE OIUIaThl TPYAa,;

- cTabMIM3aLus aKTUBOB,
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- HAaKOIIUTEJIbHAs [IPOrPaMMa,;

- J0Bepue€ MeXAy JABYyMs U Oosiee HE JOBEPSIOIUMMHU JpYyr Jpyry
CTOpPOHAMU;

- 3a11UTa OT UHOIIALNH,

- ruOKas ynpaBisieMOCTh HAJIOT000JI0KEHHUEM;

- OTKpbITasi, MpO3payuHas, MOHATHAs, TOCTYITHAsI CUCTEMAa OIICHUBAHMUS.

Pewenue:

Hampumep, paboTHuK 3a ompenenéHHbIi 00BEM BBITIOJHEHHON PabOTHI
MOJTy4aeT TOKEH, 3TO MOXKET ObITh BCE YTO YrOJHO KacCHp B CyHepMapKere,
nposén 1000 ex ToBapa mojyuu TOKEH, pabOTHUK MebOenbHO# (dadbpuku cuan 4
€IMHULBI U3JIEHs MOJIYYUS TOKEH, MPOTrPaMMHUCT BBIMOJIHUII 3a7a4dy MOJIYYHII
TOKEH, B KOHLE Henenu (Bemuko bputanus) nubo mecsiua 1Mo «TOKEHAM»
BbIIUIaUMBaeTcs 3apruiata. Eciii paOOTHUKM HAaxXOASTCS B pa3HbIX CTpaHax, B
Pa3HBIX BATIOTHBIX 30HAX «TOKEHBI» TapaHTHPYIOT OJMHAKOBBIC YCIOBUS TPyAa
Y 3apa00THOM TIaThl BHE 3aBUCUMOCTH OT Kypca Hal[MOHAJIbHBIX BAJIOT.

Takast cucreMa TapaHTUPYET AOCTOMHYIO OIUIaTy TpyJda B CTpaHax co
c1a00i SKOHOMHUKOM B YCIOBHSX CUIIbHOM MHGIsuuuU. Tak ke cTabuiabHOCTh U
yIpaBJIE€HUEM HAJIOr000JIOKEHUsI B CTpaHax €O CTaOWIbHOM SKOHOMHUKOW U
nudpepeHIInpoBaHHON HAJIOTOBOM CTABKOM.

B uneane Takas «TOKeHM3alMs» JOJDKHA MPUBECTH K POCTY AKTHBOB
KOMITAaHUU ¥ paOOTHHUKA, €CITU «TOKEHBD» OYJyT TOProBaThCS Ha OUpXKE, TO UX
CTOUMOCTb OyZIET pacTh U HE CMOXKET yNacTb HM)KE€ CTOMMOCTH MHUHHMAaJIbHOM
OmjaTel TPynAa, TO €CTb PAOOTHUK MOXKET NpOoJaThb «TOKEHbI» U IMOJIYYHUTh
0O0JbIINI SKBUBAJICHT B YCJIOBHBIX €AMHUIIAX, YEM MUHUMAaJbHAS OIjIaTa TPy/a.
Ecnn «TokeHb» OyayT NOAAEPKUBATH IJIATEXHBIE CHCTEMBI, HO 0e€3
«OOHATMYMBAHMS» MOKHO OyneT oOMEHSATh Ha TOBapbl W/WiIM ycinyru. Takum
oOpazoM MOXKeT (OpMHUpPOBATECA M MOPT(HETh TEHCHOHHBIX HAKOIUICHUH,
«TOKEHOB» pa3HbIX KomnaHui. [lo cCyTm, TOKeHM3amus - OSTO HPOLECC
TpaHcQOpMaIMK XPAHEHUS W YMPABICHHS AaKTHBOM, NMPH KOTOPOM KaXKIOMY
aKTUBY CTAaBUTCA B COOTBETCTBUE HHM(PPOBON IBOMHHK. AKTHB 3TO U €CTh
paboure yacel JTMOO HCIIOJIHEHHBIC 33JaHHUs B KOMIAHHUH, TIe OH padoTai,
KOTOpPBIE B MTOCJIECTBUHU pabOTAIOT Ha HETO.

Hampumep, eciii B KAKOM-TO pErdoHe CyliecTByeT ormiara Tpyaa 10$ B yac
¥ aHOHCHPOBAHO MOBbIIICHHE OIUIaThl 10 12$ B yac yepe3 Mecsil U Ha OHpKe
CYIIECTBYET MPEAJIOKEHHE O Mpojake TOKeHOB mo 11$, To uHBecTHpOBaB
MO’KHO TIOCJIC MOBBIIICHUSI OIUIATHI TPYIa MPOAATh MHHUMYM 110 129.

BaxHo, 4TOOBI B KOMIIaHUM OCTABAJIOCH «3aMOPOXKEHHBIMU» 51% TOKEHOB
OsoK4YeiHa, Il TapaHTHH HETIOABEPKEHHOCTH «aTaku 51».

Tax ke BakHO, 4TOOBI Ha pEaTbHBIX OAHKOBCKUX cueTax MO0 aKTHBOB
KOMIIAaHUM XBaTajo, JAJs TOTalleHWs MUHUMAaJIbHOW, aKTyaJbHOM CTOMMOCTH
TaCKOMHOB.
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Specialized computing systems (CS) are systems that are capable of
performing complex operations with large-scale data, which are fed into arrays.
In order to ensure the proper speed of operations in the specialized CS, it is
necessary to create for them the possibility of parallel input, processing and
output data. This can be done by using parallel methods of input, processing and
output for specialized operating systems. The main ones are methods based on
multi-tire buses, based on the parallel use of the frequency set and on the basis
of controlled banners.

Optically controlled transparent (OCTSs) represent a thin plate of electro-
optical material and a conductive layer of semiconductor applied thereon. On
both sides, this plate has two transparent electrodes.

For fast data processing, it is proposed to use optically controlled
transparant using blockchain technology, that is, the creation of a hash of
functions, that is, places.

Imagine this method to formulate a large-sized array of data, that is,
matrix. We construct each matrix of cells in the code using the hashing function.
To get the final result, we use the algorithm to add all values and get the result.
This technology provides greater data processing speeds, and it works in the
mode of parallel data input/output.

To use conventional banking as an analogy, the blockchain is like a full
history of a financial institution's transactions, and each block is like
an individual bank statement. But because it's a distributed database system,
serving as an open electronic ledger, a blockchain can simplify business
operations for all parties. For these reasons, the technology is attracting not
only financial institutions and stock exchanges, but many others in the fields of
music, diamonds, insurance, and Internet of Things (IOT) devices. Advocates
have also suggested that this kind of electronic ledger system could be usefully
applied to voting systems, weapon or vehicle registrations by state governments,
medical records, or even to confirm ownership of antiquities or artwork.

Given the potential of this distributed ledger technology (DLT) to
simplify current business operations, new models based on blockchain have
already begun to replace the expensive and inefficient accounting and payment
networks of the financial industry.
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While banks were initially hesitant to explore these technologies because
of their concerns about potential fraud, they have started looking into how the
blockchain might provide generous cost savings by allowing back-office
settlement systems to process trades, transfers and other transactions much
faster.

Hashing is the process of converting an array of input data of arbitrary
length into a (initial) bit string of fixed length. For example, a hash function can
take a string with any number of characters (one letter or whole literary work),
and at the output receive a string with a strictly defined number of characters.

In this paper, the main characteristics of the blockchain technology and
the hashing of the function are analyzed. It was characterized that one of the
main functions of the blockchain is its parallel processing and data analysis. In
order to improve the productivity and speed analysis and data processing, it was
suggested to use optically controlled banners, and to use hashing when working
with large amounts of data. Further work will be aimed at improving the
previously described functions, using a specialized blockchain based computing
system using optically controlled banners.

To date, we have received the following data: for 512-bit units, the data
processing time is 0.325ns, and the construction of hash functions according to
512-bit blocks is 181,174ns.
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Digital technology allow people to receive and process enormous general
information and securely store it. At present, one of the most important tasks is
the creation of compression methods, the use of which allows improving the
characteristics of the system of transmission, processing and data registration.
The purpose of this work is to study the distribution of DCT of coefficients of
JPEG images using a device of probabilistic P-P plots.

BuxopucTtanHs 1udpoBUX TEXHOJOTIA JO3BOJISE JIOJAMHI OTPUMYBATH Ta
HIBUJIKO 00poOJIATH BeauKi oOcsiru iHdopMallii, KOMIIaKTHO 1 HaJIHHO 30epiratu
ii, Ta MBUAKO 1 JIETKO OTPUMYBATH JIOCTyn a0 Hei. Ha manuii yac, oaHiero 3
HaraJlbHUX 3a7a4 € CTBOPEHHS METOMIB KOMIpECii, 3aCTOCYBaHHS SIKUX
J03BOJIMJIO O TMOJNIMIIUTH XapaKTEepUCTUKUA CHUCTEM Iepeaayi, oOpoOku Ta
peectpaiii 300paxkenb. HasBHICTh anmekBaTHUX WMoBipHicCHHX Mogeneit JIKII
Koe(DIIIEHTIB JT03BOJIIE BUPINITYBATH TaKl 3a7adi sIK CHIMNE OIIHIOBAHHS SKOCTI
CTHUCHEHUX 300pakeHb abo Bimeo mociigoBHOCcTel (hopmatu JPEG, V8, H265
Ta iH.), @ TAKOXX MPOBOAMTU ONTHMI3AII0 MAapaMETPiB AITOPUTMIB KOMIIPECIi.
Mertow nanoi po6otu € nociimpkeHHs posnoauty JKII koedimientis JPEG
300pakeHb 13 3aCTOCYBaHHSM amnapary imoBipHicHuX P-P rpadikis [1].

Icnye Benuke pizHoMaHITTS cratucTUYHUX Mozened JIKII koedirieHTis,
mo OyJau 3amponoHOBaHI JOCHiTHUKAMUA. HalO1apIl BXHBAHOKI MOJCIUIIO
3anuMmaeTbess Moenb Jlamnacy f (x)=(28)"e™”. B okpeMux BHIagKax TaKoX

BUKOPHUCTOBYIOTh y3arajibHEHHI rayciB po3moIii.

Mopnens Jlamacy nobOpe migxomuts st omucy JKII koedimientis
300paXkeHb, 10 MalOTh y CBOEMY CKJIAJl JOCTaTHIO KUIbKICTh JAPIOHUX
netaneii [2]. B cBoro uyepry, JAKII koedillieHTH TEKCTYpHHX, 1 MOHOTOHHHX
300pakeHb MOYKHA onucatu JIBOOIYHUM rama PO3MOIIIIOM
frr (X) = (2-T(a)- f7) " x
x| x[*e™ a>0,8>0 [2]. Ockineku B JPEG (haiinax 30epiratoTbCsi TUIBKH
3HAa4YeHHs PiBHIB, OTpuMaHuX B Hachinok kBaHTyBaHHs JIKII koediuieHTiB, TO
JOCTYNHI JUIg aHali3y JaHl MarTh TUCKpeTHHH Xapakrep. OTxe KiacuyHi
KpUTepii y3rO/KEHOCTI Taki, SK Hampukian, kputepii Kommoropoa He
HiIXOATh ISl IEPEBIPKHU TirmoTe3u mpo Bua posnoniny. Kpurepiit Ilipcona y?
Mae Majly HAOYHICTh Ta 3aJIeKHICTh BiJ pO30MTTSA Ha 1HTepBan. Kpim TOTO,
peanbHi 1aH1 MOXKYTh MaTH BUKH[IH, SIKI HEMHUHYYE TPU3BEIYTh 0 BiAXHICHHS
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rinoTe3n, 1O TmepeBipsgeTbesa. OaHaK Ha TMPaKTUIl HAsSBHICTh BHUKHU/IIB
HE3HAYHOIO MIpOI0 BIUIMBAE HA TOYHICTh IIPOTHO3IB, IO POOIAThCA 13
BUKOPHCTAHHSAM TI€BHOT CTaTHCTUYHOI MOJENi, SKII0O BOHA B IJIOMY
Y3TODKYETHCS 3 HASIBHUMU JTAaHUMU.

OmHUM 3 MOXIJTMBUX BUXO/IIB 3 BKA3aHOI CUTYaIlil € BUKOPUCTAHHS arapaTry
imoBipHicHUX TpadikiB, a came Q-Q ta P-P. Ha Bigminy Bix Q-Q rpadikis, P-P
rpadiku T03BOJIIOTH TAKOXK B1IOOPA3UTH KPUBI aJbTEPHATUBHUX PO3MOLIIB. B
HamoMmy Bunaaky Ha P-P rpadiky, mo BignmoBimae posmnoniny Jlammacy,
MOKAa3aTH TAKOXK KPUBY JBOOIYHOTO raMa pO3MOILTY.

P-P plot (Laplace vs double Gamma) P-P plot (Laplace vs double Gamma)
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Puc. 1 — P-P rpadix «aurora» [3.1] Puc. 2 — P-P rpadik «baboon» [4.1]

F-P plot [Laplace ve double Bamma) F-P plot [Laplace ve double Bamma)

/ /1

-1

f ' ~
00 0.2 04 06 08 10 00 0.2 04 06
P, ]

Puc. 3 — P-P rpadixk «aurora» [4.1] Puc. 4 — P-P rpadik «baboon» [8.1]
Knacuuna monens Jlamnaca 3abe3neuye BiTHOCHO TouHui po3noain JAKII

JUJISL TUX 300pakeHb, 1110 B OUIBIIOCTI CBOIM CKJIQal0ThCs 3 o0JacTel 0araTux Ha

npiOH1 nerani — 300paxkeHHst «baboon» (Puc. 2, Puc. 4). B To#t wac, ax s

300pakeHb, 10 CKJIaAy SIKUX BXOJATh CYTTEBI 00JacTi PIBHOMIPHOI SICKPABOCTI

(MOHOTOHHMX), MOJIeJb Y BHUIJISAAlI JIBOOIYHOTO Trama pO3MOAUTY JO3BOJISE

OTPUMATH 3HAYHO Kpalllii pe3ysbTaT — 300pakeHHs «aurora» (Puc. 1, Puc. 3).
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The analysis of routing protocols used in wireless sensor-actuator networks
(WSAN) is carried out. The process of selecting an effective routing protocol for
use in field sensor networks with the localization of elements by the method of
analysis of hierarchies is considered. An energy-efficient routing protocol based
on the location of the WSAN nodes has been identified.

3a mocienHue TOAbl AaKTUBHOE pa3BUTHE OECHPOBOAHBIX CEHCOPHO-
aktyatopHbix cereil (BCAC) mnpuBeno K TMOSABICHUIO OOJBIIOTO YHUCIA
MPOTOKOJIOB, aJTOPUTMOB M Ja)ke creuu@ukKanui, KOTOpble HANpaBlIEHbl Ha
pelieHue pasHoro pojaa 3amad. IOTo W 3amadu  dpdexkTuBHOro cbopa
uH(popMaIuu, W 3a7a4d MOUCKA MECTOMOJIOKEHHS DJIEMEHTOB CETH, M 3aa4d
MapHipyTH3allud ¥ MHOTHE Jpyrue. Takoe MHOrooOpasue MpOTOKOJIOB
MOBBICHJIO aKTyaJIbHOCTh METOJIOB, C MOMOIIBIO KOTOPBIX MOKHO BHIOpaTh U3
HUX Hanbosiee 3¢ (HeKTUBHBIC 11 KOHKPETHOTO perienus [1, 2].

BCAC »ddexTuBHO HCHONB3YIOTCS U1l pElICHUs MPUKIAIHBIX 3a]1a4
pacmpeneneHHoro coopa nHGOpMaIMK O KOHTPOJIUPYEMOM IMapaMeTpe B CETAX
MOHUTOPUHTA W  KOHTpoJjsi. Takue  ceTh  OOBIYHO  TOMOIEHHBEIE,
CaMOOPraHU3YIOIIMUECS, OJHOPAHTOBBIC, C STYEUCTON TOIOJOTHUEN, Y3JIbl UMEIOT
ABTOHOMHBIA HMCTOYHUK MUTAHUSI U CIOCOOHBI K PETPAHCIAIMU WH(OpMAILIUU.
ABTOHOMHBIN HMCTOYHMK IUTAHUSI B BHUAEC Oaraped HaKJIaJbIBA€T MKECTKUE
OTpaHUYCHUS TO IHEProdDPEKTUBHOCTH HA BCE AJTOPUTMBI, MPUMEHSIEMbIC B
ceHcopHbIX ceTsax. [loatomy mss BCAC akTyanbHbl cenyomue pemeHus 3aaad
Mapiipytusanuu [3, 4]:

1. 3amaya mowcka ONTUMAaJbHBIX MAapUIPyTOB. IIpm yem onTUMaIbHBIM
CUMTAETCS] MApUIPYT JOCTaBKU WH(MOPMAIIUU OT OTIPABUTENS 10 MOIydaTess, y
KOTOpPOTO CYMMAapHbIE 3aTpaThl pecypcoB (Hampumep, 3apsin Oarapen)
BXOJISIIIIUX B HETO y3JI0B MUHUMAJIbHBI.

2. 3agadya MapuIpyTH3alMK C OOECHeUYeHHEe MAaKCUMAaJbHOTO BPEMEHU
KU3HU ceTH. [log BpeMeHeM KU3HU MOHUMAETCSA CPOK IKCIUTyaTallud CETH 0
BBIXOJIJa U3 CTPOSI HEKOTOPOro KOJMYECTBA Y3JO0B H3-32 MCTOLUEHUS 3apsaa
Oartapeil, Korja CBI3HOCTb CeTH OyaeT HapylleHa W WH(POpMaIus HE CMOXKET
NOoCTUTHYTH 0a30BoM ctaniuu (bC).

Hcxond w3 3TUX JBYX KPUTEPHEB B CTaTh€ PACCMOTPEHO NPUMEHEHUE
METOJla aHajh3a Hepapxuil U METOAa SKCHEPTHOTO OICHMBAHMS AJii BhIOOpa
MPOTOKOJIOB Mapipytu3anuu st noyieBoil BCAC ¢ u3BeCTHBIM MOJIOKEHUEM
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AJIIEMEHTOB ceTHu. /{7151 BIOOpa B3STHI ClEAYIOLME MPOTOKOJIBI MAPIIPYTU3AIUH:
SPIN, Directed Diffusion, Rumor Routing, LEACH, TEEN, PEGASIS, SOP, GAF, GEAR, SAR, SPEED [3, 4] .

Merton ananuza uepapxuii (MAIM) cocTOUT B JAEKOMIIO3HUITUU MPOOIEMBI
BbIOOpA €IMHCTBEHHOTO IPOEKTHOI'O BApUAHTA HEKOTOPOU CUCTEMBI Ha MIPOCThIE
COCTaBIMIOIIME YAaCTH M TMOJYYEHUU CYKICHUH DKCIIEPTOB [0 MapHBIM
CpPaBHEHHUSAM PA3MYHBIX AJIEMEHTOB TipoOiembl BeiOOpa [1,2]. IlpunIun
CPaBHUTEIBHBIX CYXIEeHHHA 3KcriepToB B MAW cocTouT B TOM, YTO OOBEKTHI
npoOiemMbl  BBIOOpA CPAaBHMBAIOTCA OKCIEPTaMH TOMAPHO IO BaKHOCTH.
[TomapHO CpaBHUBAKOTCS Ba)XHOCTUM PAa3HBIX BAapUAHTOB CHUCTEM M PA3HBIX
IoKasaTesen kadyecTBa. Pe3ynbraTel NapHbIX CPAaBHEHHUM 3JIEMEHTOB MPUBOISATCS
K Marpu4Hoii (opme. B pesynbraTre 00pabOTKH MOJYyYEHHBIX YHCICHHBIX
JIAHHBIX CYXICHHUI SKCIEPTOB COTJIACHO OIPEICICHHON MaTeMaTU4eCKOn
NpOIEAYpPHl TOJYyYarOT KOMIIOHEHTHI TJ100aIbHOTO BEKTOpa MPUOPUTETOB,
KOTOPBIE XapaKTEPU3YIOT MPUOPUTETHOCTh BHIOOpA BapHAHTOB MPOCKTUPYEMOM
CHUCTEMBI U OTIPEICIISIFOT BHIOOP €IMHCTBEHHOTO MPOEKTHOTO BapHUaHTa CUCTEMBI
13 33IaHHOT0 MHOKE€CTBA BAPUAHTOB.

MeTo/bl SKCIEPTHOTO OLIEHUBAHUSI — 3TO METOJIbI OPTaHU3AIMU Pa0OThI CO
CIICIMAIUCTAaMU — DKCIIEPTaMU U 00paOOTKM MHEHUM SKCIEPTOB, BHIPAXKEHHBIX
B KOJMYECTBEHHOM W/WIM KAa4eCTBEHHOM (opMe ¢ 1EeTbl0 MMOJATOTOBKH
uHbOpMAaIUU U1 TIPUHSATUS PEIICHUN JIMIaMH, TPUHUMAIOIIMIMUM pelIeHUE.
Onpenenutb HEOOXOAMMBIA YHCICHHBIM COCTAB SKCIEPTHON TPYMIbl OYEHD
BaXHO. [Ipy HEZOCTaTOYHOM 4YHCIIE SKCIEPTOB PE3yJbTAaThl DKCIEPTU3bI HE
OyIyT HAJEKHBIMHU.

[IpumeHenue MeToma aHanu3a UEpapXud M METoJa SKCIEPTHOTO
OIIEHUBaHUs JI1 BbIOOpA MPOTOKOJIOB MapIIpyTU3aIllUK MOKa3aJl BO3MOXKHOCTh
pelnTh 3a/1ady BbIOOpA, UCMOJB3Ys JAHHBIE OT MHOTHX AKCHEPTOB U CTPOTUU
MareMaTtn4eckui annapat. Ha ocHOBe aHanmn3a npearnoyTUTENIbHBIX MPOTOKOJIOB
MapHIpyTH3alUA TOJIYYeH pe3yabTaT BhIOOpA ONMTUMAIBLHOTO TPOTOKONA IS
MOJICBOM  OECIIPOBOJHOM  CEHCOPHO-aKTYaTOPHOW CETH C  JIOKaJH3aIHe
3JIEMEHTOB.
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Particularities of the use to theories of the networks of mass service for
modeling of the portioned information systems. The processes of functioning of
the real distributed information systems can not be described in detail due to the
significant complexity of such systems. The model of the system should be on
the one hand idle, and on the other - take into account the numerous features
inherent in real systems.

[Iponiecu (QyHKIIOHYBaHHS peaJbHUX PO3MOAUICHUX 1H(OPMALITHUX
cucteM (PIC) HeMOkIJIMBO onucaTu AETAIbHO Yepe3 ICTOTHY CKJIAJHOCTI TaKUX
cucteM. Mozenb CUCTEMU MTOBUHHA OYTH 3 OHOTO OOKY MPOCTOI0, a 3 1HIIOTO -
BPaxOBYBAaTH YUCIEHHI OCOOJIMBOCTI, BIACTUBI pPEeaTbHUM CHCTEMaM. 3a CBOEIO
npuponoto PIC BigHOCATBCA 10 pO3psALy CKIAQIHUX TEXHIYHUX CHUCTEM 3
JUCKPETHUM  XapakTepoM (YHKIIOHYBAaHHA 1 BHITQJIKOBUM XapaKTepOM
MPOTIKaHHS TpoiieciB hopMyBaHHs, 00poOKH 1 mepenayi ganux [1]. Tomy mms ix
MOJICTIOBaHHS IIMPOKO 3aCTOCOBYIOTHCS aHAMITHUYHI, IMITAIlliHI 1 KOMOIHOBaHI
MeToaHu Teopii cucteM macoBoro ob6ciyroByBanHs (CMO) 3 BUKOpUCTAHHSM
Mepex MacoBoro oociyroByBaHHs [1,2]. B iX ocHOBY MOBUHHI OyTH TOKJIaJIeHI
OPUHIUOMN, 110 MOEAHYIOTh CHUCTEMHUM TNIAXiA, l€papXiyHe OaraTopiBHEBE
MOJICJIFOBAaHHS 1 MHO>KMHHICTh MOJIENEH. 3aBASKU [IbOMY BAACThCS 3a0€3MEUUTH
KOPEKTHICTh 1 JOCTOBIPHICTh pE3YyJIbTAaTIB MOJEIIOBAaHHSA, a B KIHIEBOMY
MiCYMKY TIPOEKTYBaHHS CHCTEM.

[loganns cxemu y BuUraal rpadosiii mogem mepexi CMO [2], mo
BKJIIOYAE JIJII MPOCTOTU PpO3Tiisany Tpu cepBepa oopodOku (CO), oguH ceprep
inimiamizarii (CI) 1 oqun cepBep 6a3 nanux (Cb/]) HaBegeHo Ha puc.l.

Pucynoxk 1 -I'padosi ysBrnenns gocuiakyBanoi PIC
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B sikocTi 6a30BUX Mojened CUCTEMHU 3 MPIOPUTETAMH BUKOPUCTOBYEMO
oJHOKaHaJIbHI ab0 OaratokaHaibHi CMO 3 ogHOpPiAHMM ab0 HEOJHOPITHUM
MOTOKaMHM 3asBOK. Ha ix ocHOB1 moOy1yeMo CKJIaJHy MOJIEIb JTOKAJIbHOTO P1BHS
(puc.1).

Po3paxyHOok XapakTepuUCTHK MoOjell OyaeMo BHUPOOJSATH 3 BUKOPUCTAHHSIM
AHAJIITUYHUX 3aJIEKHOCTEH, SKI BPaxOBYIOTh HEOJIHOPITHICTh MOTOKY 3asBOK.
30kpema, cepeHii yac OYiKyBaHHS 3asBOK KJIacy BU3HAYMMO 3a Gopmysioro (1).

H H
Z(z_g.ﬁ)'l:l-l-g.ﬁ)"a‘j 'bf ":1+V;'2:' bk-zqgk-(gik—ﬁ-ﬁi
or idl il
@y = " H + H
(2_2955;'(3_9'55;:"pﬁ)'(z_Z(l_fi’ﬁ)'(z_fi’ﬁ)'a@j) 2_2‘?:'5;'(‘3':'5:_1)'.-9:' (1)
i=1 i=1 i=1

ne € =4 %- 3aBaHTaKeHHsS, CTBOPIOBAHA 3asBKAMHU KJacy i, Y- eleMeHTH
MaTpuil TpiopuTeTiB (i,& =1.7)gK1 OepyTh 3HaueHHs: “0”, SAKIIO 3asBKa
KJIacy i HE Ma€ TPIOPUTETY IO BITHOIICHHIO JO 3asiBOK Kiacy k; “1”, Ko
NPIOPUTET BIAHOCHUH 1 “2”, SIKIIO MPIOPUTET aOCOTIOTHUH.

Cepenniii 4dac mepeOyBaHHS 3amUTy B cCHUCTeMl (O4iKyBaHHS 1 0OpoOKa)
BU3HAYAETHCSI CEPENHIM 3aTPUMKOI0 HOro mepeOyBaHHA B 4Yep3l 1 4Yacom
obcmyroByBanHs B i-ii CMO, 1 musa 6aratokananpHoi CMO, sikum € Bce CMO
Mepexi, 3a BUHATKOM BipTyanbHoi CMO (mxepena 3asBoK) Sg cTaHOBUTH(3).

uk=mk+bk (3)

Cepe/IHE YUCIIO 3aIUTIB, SAKi HepedyBaloTh y cTaHi odikyBaHHs (‘& )(4)
Io= Ay @y (4)

3aBAsSKM aHAIITUYHOMY MOJIENIOBaHHIO, MPOBEACHUM Ha €Talll MPOEKTYBaHHS
PIC, crae MOXJIMBUM MpPOTHO3YBAaTH IOBEIIHKY CHUCTEMH, yCyBaTh "BY3bKi'"
MICIIS 1 IIABUINYBATH €(heKTUBHICTh (DYHKIIIOHYBAHHS B LIJIOMY.
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2. JI. KneitHpok «BbIYHCIUTENBHBIE CUCTEMBI C ouepeasMm», M.: «Mupy,
1979r., 600 c.
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The review of the basic principles of building a robust wireless sensor
network, through an approach to the assessment of reliability based on the
representation of wireless sensor network as markovski process and involves the
use of mathematical models of reliability of data transmission between two
nodes wsn, which, in turn, is a composition models the reliability of the nodes,
the communication between them and the mechanism of their access to the
environment.

beznpotoBi cencopni mepexi (bCM) mpeacTtaBisitoTh co00K0 JIOKaJIbHI
00YHMCITIOBAJIBHI MEpEeXKl1, MPU3HAYEH1 JUIsl BUPILICHHS 3aBJaHb MOHITOPHUHTY,
YIPaBIiHHS peCypcaMu 1 IPOIECaMH.

BCM ckianaroThes 3 MIHIATIOPHUX OOYUCITIOBAIBHUX MPUCTPOIB - BY3IiB,
3a0€3MeYeHX CEeHCOpaMH (aTuyuKamMu TeMIepaTypu, THCKY, OCBITJICHOCTI,
piBHs BiOpaiiii, po3TanryBaHHs 1 T.Il.), IpUHOMoIiepeaBadYaMu CUTHAJIB, SKi
MpaIoTh B 33JaHOMY pajiojiana3oHi, 1 aBTOHOMHUM JIKEPEJIOM KUBJICHHS.
BuainsroTs kinbka pi3HUX TUMIB By3iB: KiHieBl nmpuctpoi (KII), ocHamryroTses
CEHCOpaMM 1 3MIMCHIOIOTh BHUMIPIOBAHHS, MapIIPyTU3aTOPH, MEPEIaloTh
1H(pOopMaIliiiHl TOBIJOMIIEHHS BiJ KIHUEBUX HPHUCTPOIB, KOOPAUHATOP, SKHIM
3aiicHioe ympasiinHs BCM, a Takoxk U034 1 MOCTH, 1110 3B's3yioTh BCM 3
THIIMMHU MEPEKAMH.

Taki By3nu, o00'eqHaHI B MEpPEXKYy, YTBOPIOIOTh TEPUTOPIaIBHO-
pPO3MOJIIJIEHY CaMOOpraHizyrouy cuctemy 300py, o0OpoOku 1 mepenadi
iH(popMalii 1 3HAXOAATH BCe OLIbIIe IMHPOKE 3aCTOCYBAHHSA B TaKMX O0JACTSIX,
SK:

- CBO€YACHE BUSBIICHHS] MOYJIMBUX BIIMOB BUKOHABUHUX MEXaHI3MiB 1O
KOHTPOJIIO TaKUX MapaMeTpiB, K BiOpallis, TeMnepaTypa, TUCK 1 T. 1 .;

- KOHTPOJIb JOCTYIy B PEKHMI PEATbHOr0 4Yacy JI0 BIJIAJICHUX CUCTEM
00'€eKTa MOHITOPHUHTY;

- aBTOMAaTH3allis IHCIEKIIT Ta TEXHIYHOTO 00CIYyrOBYBaHHS MPOMHUCIOBUX
AKTHBIB;

- GHepro- Ta pecypcosbepirarodi TEXHOJOTIT;

- KOHTPOJIb €KOJIOTIYHUX MapaMeTpiB HAaBKOJIMIITHBOTO CEPEIOBHUIIIA.

Haii6inpmoro mommupeHHs: octanHiM yacoM oTpumanu bCM, mapamerpu
akux perinameHntyroTecsi crangaptoMm [EEE 802.15.4, a Takox cnenudikarieio
cTeka npoTokomiB ZigBee. [lani 6yaeMo BecTd MOBY caMe MO TaKi MEpexi.
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Texnosnorii moOygoBu BCM Bu3HAuUawOTh iX TepeBard mepeja 1HIIUMHU
pIIIEHHSIMH B 00JacTI MOHITOPHUHTY: aBTOHOMHICTh BY3JI1B, MOJJIHBICTH iX
PO3MIILIEHHS B BA)KKOJIOCTYIMHHUX MICLAX, MaJle €HEProCOKUBaHHS, 3JaTHICTh
JI0 caMOOpraHi3ariii.

o HemonikiB BCM Mo’kHa BITHECTH iX MEHIINY HaJIHHICTh, MiJl SKOIO
PO3yMIETHCST MOBIPHICTh OE3MOMIIIKOBOI 1 CBOEYACHOI JOCTaBKU PE3yJIbTATIB
BUMIPIOBAaHb HA MEPEXKEB1 IIUTIO3U IS MOJANIBIIN0T 0OpOOKH.

Hanmifinicte BCM  Bu3HauaeThcsi Oaratbma ¢akTopamu, HaHOUIBII
CYTTEBUMH 3 SIKHX €:

- HaJIIWHICTh armapaTHOTO 1 MPOrPaMHOTO 3a0€3MeYCHHS BY3IiB;

- 00J1aCTh PO3TOPTaHHS MEPEXKI;

- B3a€MHE PO3TAalllyBaHHS BY3JIIB;

- Iep10/1 PETJIAMEHTHOT'0 00CIIyTOBYBAaHHS MEPEXKI;

- IHTEHCHUBHICTH 300py 1 nepenayi indpopmanii KVY;

- pO3MIp MepelaHrX MaKeTiB 1HPOpMaIlii.

Cnin 3a3HauMTH, M0 B JaHWM dYac AociaypKeHHS B obimacti BCM
pealni3yroThCsl B OCHOBHOMY KOMEPLIMHUMU OpraHi3alisiMu 1 HOCSITh MPUBATHUN
XapakTep.

VY 3B'i3ky 3 ocoOnuBocTaAMu ekcrutyaTamii BCM, maioTe Miciie BTpaTu
NAKeTIB uYepe3 HAasfBHICTh IIyMiB, BUKJIMKAHUX SIK IHIIUMH TPHUCTPOSIMH B
KOHKYPYIOUOMY Jiama30Hi, TaK 1 HASBHICTIO BJACHUX €XOCHUTHAJIB. IMOBIPHICTH
YCIIITHOI Tepeaadi MOBiIOMIICHHS NOBXKUHOK L, GaifT oT I-ro By3ma g0 j-ro
MO’KHA BU3HAYUTH 13 CITIBBIIHOIIIEHHS

P:,r_/ _ (P\f )ZLP

P . . o
% - IMOBIPHICTh O€3MOMUIKOBOTO MPUHOMY CUMBOJTY JaHUX.

,» A€

3anexHICTEP.  B1J IMOBIPHOCTI OITOBOI OMMJIKM MOX€E OyTH OTpUMaHa
HIIIXOM iHTepnonuﬂui'l' PO3pPaxXyHKOBHX 3HA4YeHb I Jlialla30HY 4YacTOT B
2.45I'Tu, ne BUKOPUCTOBYETHCS HAJJIMIIKOBE KOAYBAaHHS Y BIAMOBITHOCTI 13
crannaprom |[EEE 802.15.4
[Tigxig 10 OIIHIOBAHHS HAMIWHOCTI 3aCHOBAHWU Ha TOJAaHHI (DYHKIIIOHYBaHHS
BCM, sx MapkoOBCKOTO TpoIlecy, 1 mepeadadyac BUKOPUCTAHHS MaTEMaTUYHOI
MOJIeJII HAJIIMHOCTI Tepefadl JaHuX MK aBoma By3namu BCM, sika, B CBOIO
4yepry, siBisie coOOK KOMITO3ULII0 MOJAENEH HaIifHOCTI BY3IiB, KOMYHIKAI[ii
MDK HUMH 1 MEXaHI13MY iX JTOCTYIY J0 CePEIOBHIIII.
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The given work is devoted to the implementation effective model of access
to the cloud infrastructure hosted on the data center of the standard architecture,
and the assessment its performance indicators based on the analysis probability-
time characteristics. In particular, formulas have been obtained for analyzing
such quality indicators as the probability of blocking a request and the average
delay time in the provision of a cloud service, which will allow to estimate the
delay in connecting users to virtual machines. A numerical analysis has been
made of the dependence of some the characteristics of the given load and the

parameters model of access to cloud infrastructure.

Konnemninis xmMapHuX 00YUCIIEHB TIOJISITAE B HAJITAHHI KIHIICBUM KOPUCTYBadyaM
BIJIAJICHOTO JIMHAMIYHO MAaCIITaOOBAaHOTO JOCTYITY JIO TOCTYT, OOYHCIIOBATBHUX
pecypciB 1 JoAaTKiB  (BKIIIOYAIOYM  OMNEpPAIidHI CHUCTEMH 1 MEpPEkKHY
1HpacTpykTypy) uepe3 [nrepuert. [Ipu 11boMy KOpUCTyBaul OTPUMYIOTH HEOOXITHI
Oo0YHCITIOBAJIbHI  TIOTY’KHOCTI 32 3amuToM 4epe3 Web-inTepdeiic XxmMapHUX
JOJATKIB, 0€3 3aHypeHHS B OCOOJIMBOCTI peamizaiii IUX MporpaM 1 JeTani
CUCTEMHOr0 aJMIHICTpyBaHHA [1]. ¥V 3BSI3Ky 3 MM, aKTyaJIlbHUMHU 3aJadyaMu €
pearizanisi epeKTUBHOT MOJIENl AOCTYIy /0 XMapHOi 1H(PPaCTPyKTypi 1 OIIHKA ii
MOKA3HUKIB sKOCTI poOoTu [2, 3]. HeoOxigHOWO BUMOrO ISl 3aJ0BOJICHHS
MOKA3HUKIB SIKOCTI MOEJ JOCTYIy JIO0 XMapHOi 1H(MPaACTPyKTypl, € OIlIHKa
MPOIYKTUBHOCTI XMapHUX LEHTpiB oOpoOku manux (I1O/[). Bubip mokazHuKiB
NPOAYKTUBHOCTI 3AJIEKUTH BIJ 3a]1a4 IPOBEACHHA KOHKPETHOTO JOCIIKEHHS [2].

VY nomnoBiai po3risAaETbCs XmapHa 1HQPACTPYKTypa, IO PO3MIIIEHA Yy
O/, xapakTepHHMMH pHUCAMH SIKOTO, € BHUKOPUCTAaHHS THUIIOBUX CEPBEPIB
CTaHAAPTHOI  apXiTeKTypHu, CHCTeM 30epiraHHs 3  TOPU30HTAIBHOIO
MacIITabOBAHICTIO 1 IIMPOKE 3aCTOCYBAaHHS TEXHOJIOTIH BipTyasi3ali pecypciB
[2]. 3ampomoHoBaHa MoOAENbh JOCTYyNy [0 HeEi, JiI¢ BpaxoBaHl IOKa3HUKHU
MPOJYKTUBHOCTI, SIKI OMHUCYIOTHCS IMOBIPHICHO-4aCOBUMHU XapaKTEPUCTHKAMHU
(I4X), Takumu sK, IMOBIPHICTh OJIOKYBaHHSI 3aIlIUTY 1 CEPEIHIN Yac 3aTPUMKHU Y
pa3i HaJaHHS XMapHOT MOCTYTH.

Monens cknanaetses 3 C BIpTyadbHUX MalliH, KiHIIEBOro Oydepa 06'eMom
I i cucremu MoHiTopuHry (puc. 1) [3]. Ilepenbauaerbcs, 1m0 BXiAHHUNA MOTIK
3aIlUTIB € MyaCOHIBCHKUM 3 IHTEHCUBHICTIO A, a 9ac HaJaHHSI XMapHOI MOCIyTH
pO3IOMIICHNH O EeKCIOHCHINAIBHOMY 3aKOHY i3 cepemdiM 1/ . 3amurtn

oOciyroByroThes 3a quciumuiinoio FIFO (meprvM npuiiinos, nepumm npoimon
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00CJIyroByBaHHsI). 3a BIJICTE)KEHHSM 4YHCIA 3aWHATHX BIPTyaJlbHUX MAIIWH
BIJIMOBIZIA€ CUCTEMa MOHITOPUHTY, MPU IIbOMY 31HCHIOETHCS BIUIUB 1 Ha Oydep
1 Ha (QYHKIIIOHYBaHHSI BIPTyaJIbHUX MAIIIUH.

Takox y 10moBiJil pOOUTHCS OIIHKA IMOKa3HHUKIB SIKOCTI POOOTH MOJENI Ha
ocHoBl anam3y [UX. OcHoBHumu [YX mopmeni € iMOBIpPHICTH OJIOKYBaHHS
3anuTy P Ha HaJlaHHS XMapHOi MOCIYTU, CepeHINA Yac 3aTPUMKHU 71 B HaJlaHHI
MOCIYTH y 3B'A3KY 3 (DYHKLIOHYBAaHHSIM CHCTEMHU MOHITOPUHTY 1 CyMapHUU
cepenHiil yac 3arpuMku 1, 1O CKIAJAEThCS 3 Yacy 71 Ta CEPEIHbOTr0 4acy
OUIKYBaHHS TIOYATKY HAJaHHS TTOCITYTH:

. =) Bipryamni | P=p(R,0)+ p(RI),
Micue, mo 3apesepBoBane g e — |

i 3aal'JIII/I”1(“) ﬂv 12;131 Horo é | N :

HaIXOIKEHHS 5
£ ] C-1 R
Bybep \ o @ O, Zlnp(n,l) +C Zcp(n,l)

2 | 1H(opmanis . —> ;1 — n= n=

[ R I B L[ A(1-P)
- / Cuctema
T MOHITOPIHTY @ ) r
>.n(p(C +n,0)+ p(C +n)))

Pucynok 1 — Cxema Mojemni 1octymy 10 T =71 + =L
XMapHO1 IHPPACTPYKTYPi A1-P)
1e N — yrciio 3adiKCOBaHUX 3aMHUTIB Y CUCTEM1 MOHITOPUHTY;,
R =C +r —3aranbpHa cymMapHa KiJIbKICTh MICI[b B CHCTEMI.

Hanmanuii  BapiaHT 4YHCENBHOTO  aHAMI3y  3alieKHOCTI  JCSKHX 3
XapaKTEPUCTHK BiJ 33JJaHOTO HABAHTAKECHHS 1 MapamMeTpiB MO JOCTYIY 0
XMapHO1 IHPPACTPYKTYPH.

Takum ynMHOM, pealli3oBaHa B MPOILECi JAOCHIKEHh MOJEIb JOCTYMY 0
XMapHOi 1HGPACTPYKTYpH J03BOJISE€ OLIHUTH 3aTPUMKY B HaJIaHHI XMapHHUX
MOCJIYT, 10 MOB'sI3aHa 3 MPOLECOM MOHITOPUHTY IIJIKJIIFOUEHHS] KOPUCTYBaviB J10
BIPTyaJIbHUX MalIUH 1 iX poOOTOIO 100 HaJJaHHS XMaPHUX MOCIYT.
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PA3BPABOTKA CPEJCTB ITIPOTUBOJIEMCTBHUA
YIIPABJIEHUIO KBA/IPOKOIITEPOM JUIAA 3AIIUTHI
YACTHOHU NHO®OPMAIINU
ITomagenko M.O., Konosanona K.1O.
Hayunsiit pykoBoautens — ac. UBanenko C.A.
XapbKOBCKUI HALIMOHAJIBHBIM YHUBEPCUTET PAAUOIICKTPOHUKA
(61166, Xapbkos, npocn. Hayku,14, kad. nnpopmainoHHO-ceTeBON
umwkenepuu, tea. (057) 702-14-29)

e-mail: mariia.popadenko@nure.ua, ateryna.konovalova@nure.ua

Every year, automation increases its influence on our everyday life. There
are many devices for development, training and other needs. Actually,
quadcopter is the most functional and impressive invention. This device can
do a variety of tasks. It has already found its widespread use in certain areas
of human activity. Now such devices are available to every private person of
ordinary consumers of electronics. Their cost has become acceptable,
functional opportunities has grown, management became simpler. It comes as
no surprise that such advantages, like a light weight, simple operation and
availability, makes a certain threat to the privacy of people. In this project, in
order to protect personal information, it is proposed to develop methods for
counteracting these devices.

B wHame BpemMs aBTOMaTH3alUs YBEJIWYMBAET CBOE BIMSHHE Ha
MOBCEIHEBHYIO J>KM3Hb UE€JIOBEKa, MOSBISIETCS MHOXKECTBO MPUOOPOB IS
pa3Butusa, O0OydyeHMs M JApyrux mnorpeOHocTel. Cpeaum OJHUX CaMbIX
(YHKIIMOHATBHBIX M BIICUATIISIOMINX SIBISIETCSA KBaIPOKOIITE.

KBagpoxonTep (orT anria. quadcopter — «BEpPTOJIET C YEThIPbMS
BUHTAMU») — 0JTO OCCIUIOTHBIM JIeTaTeNbHBIM ammapar ¢ YeThIPbMs
nporneiepaMu, CKOPOCTh  BpallleHHusT KOTOpeIX — perynupyercs. OH
OCHAI[AeTCsl  CTaOWIM3UPYIOINIMMH  CHCTeMaMu  JJid  OOecredYeHHs
a’pPOAMHAMHUYECKON CTOMKOCTH.

Konnenmus 0ecnuIOTHBIX JIETaTENbHBIX alllapaToB JOCTATOYHO OBICTPO
ocBOMJIaCh B Kpyrax JiroOuTened  paguoynpaBliieMbIX — YCTPOMCTB.
KBazgpokonrtepsl Hanuld MIMPOKOE MPUMEHEHHE B PA3IMYHBIX 0O0JacTsIX,
HalpuUMep: CHaceHue JIoJel, Hay4yHble WCCIENOBaHUA, 3allluTa JUKOU
npupoAsl M ToMy mnoaoOHoe. Ho, kK cokalleHHto, KBaJpOKOINTEpP MOTYT
UCIIOJIb30BaTh HE TOJIBKO BO OJlaro HacesleHWsl, HO W U1 TOXHUIIEHUS
KoH(UIeHIIMaNbHONH  HMHQOpMalMK, HAOMIOJEHUS 32 JIIOABMHU WU
HE3aKOHHOU CBEMKHU.

Jlnst npenoTBpamieHus MoA0OHBIX ClydaeB ObUIM pa3padOTaHbl PABOBHIE
HOPMBI TI0 HCHOJB30BAaHUIO JAHHOTO BHJAAa BO3IYIIHOM TexHUKU. K
CO’KaJICHUIO, OpTaHa, CIEAIET0 3a COOMI0JEHUEM ITUX HOPM, KaK TaKOBOTO,
HeT. Bee 3TO BBI3BAIO MOBBIICHHBIM MHTEPEC K PEHICHUSIM, HANPaBICHHbBIX
Ha O60pKOY ¢ TOAOOHOTO pojia anmapaTamH.
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B pabore paccMarpuBarOTCS CIEAYIONIME METOJbl MPOTUBOJIECHCTBHUS
KBaJIpOKOIITEPaM, a UMEHHO: TIJIylleHue, (U3NUYECKOe MPOTUBOJEHCTBUE,
noagMmeHa GPS-koopauHaT, nepexBar yIpaBiieHUS.

bonpiioe KOJIMYECTBO KBaJAPOKONTEPOB MOXKET PYKOBOACTBOBATHCS C
ucrnosb3zoBanueM TexHojoruu Wi-Fi. [loatomy B Hay4yHOU pabore OJMH U3
IPEIOCTABIIEHHBIX METOJOB HCIOJNb3yeT MMEHHO OCOOEHHOCTH 3TOM
TEXHOJIOTHH, TaK KaK BO3MOYHO BBIIIOJIHUTH IIPOTHUBOJECUCTBUE YIIPABICHUIO
KBaJpokonTepa. [JaBHBIM 3JIEMEHTOM HCIIOJIB30BAaHUS 3TOTO METOJa
apisgercss Wi-Fi jammer (3T0 ycTpoHCTBO, KOTOpPO€ MpeaHA3HAYEHO IS
OTKJIFOUEHUS OECIIPOBOHBIX YCTPONCTB OT TOYKHU JOCTYTIA)

He Bce KBagpOKONTEpPHl MOTYT YIPABISATHCS C HCHoib3oBanuem Wi-Fi,
MOATOMY B Hay4yHOH paboTe ObLI pacCMOTPEH €Ile€ OJUH Npudop, a UMEHHO
reHeparop nomex s GPS, koTopslil aBisgercs Oosiee yHUBEpcabHbIM. [Ipu
NOCTAHOBJIICHUH TOMEX TI0 J3TOMY KaHaly VsI3BUMbI BCE  THIIbI
KBaJIPOKOINTEPOB, KOTOPBIE YIMPABISAIOTCS C MOMOILBIO HHTEIUIEKTYalbHbIX
pexuMoB ¢ wucnosib3oBanuem GPS. HckntouenuneMm BISIETCS  TOJIBKO
CIIOPTUBHBIE KBAJAPOKOITEPHI, KOTOPbIE HEJOCTATOYHO paCpOCTpaHeHbl. Jis
MOBBIIICHHS KAUE€CTBEHHbBIX XapAKTEPUCTHUK MPEII0OKEHHBIX YCTPOUCTB ObliIa
pa3paboTaHHas HaMpaBJICHHAs] AHTCHHA.

Cnucox auTepaTyphl:
— lloBamsies E., Xyropuoit C. Cucrembl CIYTHHUKOBOW HaBUTalUH
I'NIOHACC u GPS /M. 3. boppba ¢ MHOrojy4eBOCTbIO.-&qUOL;
WNmxenepuas mukpoanekrporanka&quot;. — 2002, — No. 2. — C. 23. -

Kymucbek I'. M. KBaapoxonTep-OecnuIOTHBINA JeTaTelbHBIM anmapar:
BO3MO>KHOCTH U TEXHHUYECKHE CBOMCTBA. Marepuraibl HAy4HOTO CEMUHApa

//Actana, JIII. — 2013. — Hemypenko K. A. Jlponbl-HOBasi yrposa ¢
BBICOTHI //AnroputMm 6e3onacHoctu. — 2016. — No. 2. — C. 48.
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Topicality of the topic: In order to solve the security problem in
emergencies, it is necessary to create more modern specialized technical
equipment and equipment for intelligence and information gathering at a safe
distance for staff. This could help to protect the personnel, fire and rescue
equipment from the influence of dangerous factors of fire, explosion, gamma
radiation, etc.

The purpose and tasks of the scientific work: to develop a
telecommunication complex consisting of a mobile platform for intelligence and
a server for data collection and analysis in emergencies.

SkicTe mikBimamii aBapiii ab0 HaI3BHYAWHMUX CHTYyalmiid Ta Oe3meka
MepCOHaNly, MO0 BUKOHYE I POOOTH Ha TNpsIMy TOB'I3aHAa 3 TEXHIYHOIO
OCHAIIICHICTIO Ta 3aco0amMu MOTEPE/KEHHS 1 JIOKaJi3alii aBapii 1 3aJIeKaTh Bij
Hei. OCHOBHI BTpaTH CIIOCTEPITalOThCS MPU BUHUKHEHHI CKIJIAQHUX aBapiid, e
poboTa mepcoHady OCOOJIMBO YCKIATHEHA, /1€ BEJMKa WMOBIPHICTH BIUTUBY
BTOPUHHUX MpPOsIBIB HeOe3neuHux ¢akropiB. Jlo Takux cuTyalliil, HallpuKIa,
BIIHOCSITHCS TIOKEXK1 Ha CKJIafax OO€mpUIaciB, sIKI € HAHO1IbIIT HEOE3MEUHUMH,
OCKUIbKM 3/aTHI 3aBJaTH BEJMKOI MaTepiajibHOI IIKOAUW Ta MPUBECTH JO
JIOJCBKUX JKEpPTB, aBapli Ha MMIANPUEMCTBAX XIMIYHOI ramysi, tomo Jlus
BUpPILIEHHS IPoOeMu O€3MeKu P NOIIOHUX CUTYallisIX BAHUKAE HEOOX1IHICTh
y CTBOPEHHI OUIBII Cy4YaCHMX CHEIIaIbHUX TEXHIYHHMX 3ac00iB 1 00JiaJlHaHHS
JUTSL TPOBEICHHS PO3BIAKU Ta 300py 1H(oOpMalli Ha Oe31eYyHOMY ISl IEPCOHAILY
Bijictani. Ile morino 6 chnpuaru 3axucty 0coOOBOTrO CKJAdy, MOXKEXKHOI Ta
aBapiHO-pATYBAJIbHOT TEXHIKM BiJ BIUIMBY Ha HHUX HeOe3neyHux (paxTopis
MOXKEXK1, BUOYXY, TaMMa-BUITPOMIHEHHS 1 T.I.

Y naHifi JOMOBIAI MPENCTABICHO TEJIEKOMYHIKAIIMHY CHCTEMY, IO
CKJIAJAEThCsl 3 JAUCTAHIIIHHO KEPOBAHOIO pPOOOTA-pO3BIAHMKA 13 CHCTEMOIO
300py Ta MOAanbUIOro 30epekeHHs OTpUMaHuX AaHuX. TelekoMyHIKaliiHuN
KOMIUIEKC OyB po3poOieHuid ans 3a0e3nedeHHs Oe3neku Mpu poldoTax B
00MEKEHOMY TPOCTOPi, MICISIX 3 OOMEKEHUM JTOCTYIIOM a00 HeOe3MewHOi s
3M0pOB'st 1 KUTTA arMmocheporo. B ToMy uywmcrmi, cucremMa Moxe OyTH
BUKOPHCTaHa SIK poOOT papiamiiiHoi po3Binku. KommakTHuii poOOT po3BiAKH
3MaTHUI BUKOHYBATH PI3HI 3aBJAaHHA: MPOBOAUTH BHUMIPIOBAHHS TeMIEpaTypu
Ta BOJIOTOCTI MOBITPS, MPOBOAUTH aHaJi3 aTMOchepH Ha HASBHICTh TOPIOYHX 1
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TOKCUYHMX Ta3iB. Micle3HaxoMKeHHs: MOOUIbHOI  1iaThopMu  MOXKHO
BIJICJIIIKOBYBATHU 3a JIONOMOTOK0 BOymoBaHoro B Hei GPS-pecuBepa. JKuneHHs
m1aTGOPMHU BUKOHYETHCSI JIITIEBUMHU aKyMYJATOPAMH BEJIHUKOi €MHOCTI, IO
3a0e3neuye poOOTYy CHUCTEMH TMPU MAaKCUMAJIbHIM TOTYXXHOCTI IPUEMHO-
nepealyux NpucTpoiB A0 5-6 roauH. JlucTaHiiiiHe kepyBaHHS Oe3IpOTOBa
KOMYHIKaIisl i1 OoOMiHY JaHUMH pPoOOTa 3 CEpBEpOM BiIOYBA€THCSA IO
pamiokaHaimy 3a gomomorolo eHeproedextuBHmx MoxaydiB  NRF, ki
3a0€3Mevy0Th NambHICTIO 3B 513Ky 10 1000 mMeTpiB.

["onoBHI epeBaru B MOPiBHSIHHI 31 CXOKUMU CHUCTEMAMH:

- MOOLUIBHUH - TPAHCIIOPTYBaHHS pOOOTA MOXIJIMBO y HEBEJIUKINA CyMIIi;

- KOMITAKTHUH - pOOOT PO3BIIKU 3/IaTHUN MPOHUKHYTH Yepe3 OTBIP J1aMEeTpOM
B11 20 cMm.

- 3aXUIIEHUN — MIIHUHI Ta JErKUid KOPIyC 3 TEKCTOJITA.

- MaHEBpPEHHUi - poOoT Moxe odepTaTucs Ha 360 ° HABKOJIO CBOEI OCI.

- paaioKepyBaHHS - BIICYTHICTh TPOBO/IIB 1 KaOEJIB.

- JIETKICTh KEpyBaHHS - OOCIYroBYIOUMN TMEpCOHal pPoOOTa-poO3BIAHUKA
CKJIaJacThCS 3 OHIET JIIOUHH.

B nonoBigli Oyia0 pO3MNISIHYTO TENEKOMYHIKAUIWHY CHUCTEMY, IO
CKJIQJIA€EThCS 3 JUCTAHIIWHO KEPOBAaHOrO pPOOOTA-pO3BIAHMKA 13 CHCTEMOIO
300py Ta mojanbuioro 30€peXeHHs ~OTpuMaHux JaHux. [IpuBeaeHo
XapaKTEPUCTUKU BUKOPUCTAHUX EJIIEKTPOHHUX MOJYJIB, JATYMKIB, CHCTEMH
pamio3B’si3Ky cepBepa 3 pyXoMoio IIaTdopMoOI0 Ta MporpamMHi 3aco0u
oprauizaiii cepBepa Mg 30€peKEHHS Ta TMOJAJIBIIOr0 aHali3y OTPUMaHUX
JTAHUX.

[loganemia MoJepHizallisi CHCTEMHU TMependadyae BCTAHOBJICHHS OUIBII
eHeproe()eKTUBHOI CUCTEMH €IEKTPOXKUBIICHHS, Ta Paio3B’ 13Ky MK CEPBEPOM
Ta poOoTOM. BCTaHOBIECHHS OUIBII MOTY)KHUX MOMYIB 3B’SI3KYy , HaNPHUKIIA,
«LORa» migBUIUTE CTAOLTBHICTE 3B’ 3Ky, MAaKCUMAIbHY JAIBHICTH 3B SI3KY 10
JIEKITbKOX KIJIOMETPiB, HaBiTh, NPU BIACYTHOCTI NPSIMOi BHAUMOCTI MIX
OpUIOMHOI0 Ta Tepefarodyol0 CTOpoHamMH. TakoXX MOTPIOHO OpraHizyBaTH
3aXUCT JIaHUWX, M0 TMepelalnThcsi Mo 0e3apoToBi  cucrteMi. MoskHa
BJIOCKOHAJIUTH POOOTY CHUCTEMH BH3HAYEHHS MICIISI pO3TalllyBaHHA poOoTa 3a
JTOTIOMOTO010 BcTaHoBNIeHHs GPS-permiTepa.

TakuM YMHOM JaHUM TEJEKOMYHIKAIIMHUNA KOMIUIEKC MOXE OyTH
3aCTOCOBAaHUN B PeaIbHUX yMOBaX MpPH HAJ3BUYANHUX CUTyaIllsX, a TAKOXK IS
JOCTYIY 10 MaJOJIOCTYITHUX MPUMIIIEHb, TOLIO.

ITepeJtik mxepedt
1. Simple-SCADA [Enekrponnii pecypc]: https://simple-scada.com
2. Kontponepu Atmega [Enextponuii pecypc]:http://avr.ru/docs/d-sheet/atmega
3. OPCserver [EnexTtponuii pecypc]: https://insat.ru/services/1
4. MySQLserver [Enextponuii pecypc]: https://www.mysql.com/services/
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PACIIO3HABAHUE SMOIIMA TUKTOPA IO EI'O T'OJIOCY
Camouepnos H.b.

HayuHslii pykoBOaUTENb — K.T.H., 01. OMenbuyeHko C.B.
XapbKOBCKUH HAIMOHAJIbHBIA YHUBEPCUTET PAIUOIICKTPOHUKHU
(61166, XapbkoB, nip. Hayku, 14, kad. MapOpManmoHHO-ceTEBOW MHKEHEPUN)
e-mail: nick.samochernov@gmail.com, texn. (068) 450-95-91

An algorithm for automatic emotion recognition from the speaker's voice
has been developed. The classification efficiency for different acoustic features
was estimated and a very small set of the most reliable characteristics was
extracted in order to obtain a robust and quick emotion state classification.
Using the classifier with quadratic kernel and this feature set provides the
recognition accuracy of approximately 96 % between “anger” and “neutral”
emotional states.

Key words: voice, emotions, emotional state, emotional speech.

ABTOMaTH4eckoe pacimo3sHaBaHHUC OSMOLHMOHAJIBHOTO COCTOSAHHA OKaXKCTCA
MOJIE3HBIM B JIFO0OM cepe uesoBeYecKo IeATEeNbHOCTU, TNie TpeOyeTcsl ero
OorcpaTuBHasd OLCHKA — B MAPKCTHUHIC, MCAUIUHE, IICUXOJIOTHH, oOecrieueHun
0€30I1acCHOCTH H T. II.

O,Z[HaKO, np06neMa B3aUMOCBA3U O5MOIIMOHAJIbHBIX COCTOSIHUM JUKTOpa C
napaMeTpaMl €ro rojoca J0 CHUX IOp MOJHOCThIO HE pemieHa. (OCHOBOM
aJiroputma roJIoCoBOoro aHajin3a ABJIACTCA MOAYJIb BBIACIICHUA I/IH(I)OpMaTI/IBHI)IX
MPU3HAKOB PEYEBOTO CHUTHAJA M KJIacCHU(PUKATOP, OTHOCSIIUNA 3BYKOBOM
¢dbparMeHT, CoriacHO 3TUM MpU3HAKAM, K TOMY JIMOO MHOMY 3MOIIMOHAIEHOMY
KJ1accy. COOTBGTCTBGHHO, BBIACJICHUC HOBBIX, II0 BO3MOKHOCTH POACTBCHHLIX
YCJIOBCUYCCKOMY BOCIIPUATHUIO, I/IH(i)OpMaTI/IBHBIX IIPU3HAKOB, a4 TaKXC IIOMCK
HOBBIX BBICOKO3(D()EKTUBHBIX TEXHUK KIACCH(PUKALMM HA TEKYIIUA MOMEHT
BPpCMCHHN  ABJIAIOTCA Ba)KHEUIITNMHU 3aga4aMH TOJIOCOBOIO paCIIO3HABAHUA
OMOIIMOHAJIBHOTO COCTOSHMHA. Qame BCEro B HCIIAX I[&J'IBHCﬁH.ICFO aHaJim3a H3
ayJin0 CUTrHaJia BBIACIIAIOT: PA3JIMYHBIC IMApaAMCTPbl 4aCTOTHI OCHOBHOI'O TOHA U
(GhopMaHT; KPaTKOBPEMEHHYIO OI[EHKY MOIIHOCTH;, TEMII peuH (KOJIMYECTBO CJIOB
IMPONU3HOCUMBIX B CANHHUILY BpeMeHI/I); KOHTYp OCHOBHOI'O TOHA.

Ha ocHoBe BBIACITISAEMOT'O Ha6opa I/IH(i)OpMaTI/IBHLIX IIPU3HAKOB CTPOUTCA
KJIaCCI/I(l)I/IKaTOp, KOTOpBII?I 06yqaeT051 Ha IIPCABAPUTCIBHO IIOATOTOBJIICHHOM
Ha0ope 3BYKOBBIX (parmeHTOoB. Hambonee nomyaspHBIMH TEXHHKaMH
KJIaccuUKaIMU SBISIOTCS cleayroniye [1]: mouck Ommkalmmx coceneit, MeToa
OIIOPHBIX BCKTOPOB, CKPBLITHIC MAPKOBCKUC MOJICIIN, MOICIIb CMCCH HOPMAJIBHBIX
pacnpeneneHuid, MOJEIM Ha OCHOBE HEUETKOW JIOTUKH, OaileCOBCKUE
KJIaCCU(PUKATOPHI MAKCUMYMa BEPOSTHOCTH.

baza Bxirouaet 500 3anuceit peunt 10 1UKTOPOB (5 MYyKUMH, 5 KSHIIUH),
BOCIIPOU3BOAAIINX Ha6op AUCKPCTHBIX OMOIIMOHAJIBbHBIX COCTOHHHﬁ,
Ha3bIBa€MbIX 0a30BbIMH (THEB, pa3IpakeHHE, CTpax, pagoCThb, I€Yab,
YIHUBJICHUE U HEUTPATbHOE COCTOSIHUE).
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B kadecTBe BO3MOXHBIX MH()DOPMATUBHBIX MPU3HAKOB OBLIT BBIJACIECH Psif
IIPU3HAKOB: OIIEHKAa MOIIHOCTH, YacToTra ocHoBHOro toHa (UOT), acummeTpus
or Meauanbl YOT, nuHEHHBIE CHEKTPAIbHBIE YaCTOTHI, KEINCTPAIbHBIE
KO3(pULIMEHTBI, BEIYUCICHHBIE TT0 KO3 dHULIMeHTaM MpeicKa3aHusl, CTATUCTUKH
BBICIIIETO MOPAJIKA, SHEpreTUYecKkuil oneparop Turepa [2].

KonudectBo 3amuceii B oOyuwaromield BRIOOpPKE MPU 3TOM COCTaBisiio 80
mTyk — 40 3anucei a1 HEUTPaIbHOTO COCTOAHUS, U 40 111 COCTOSIHUSI THEBA.
TecTtupoBanue anropuT™Ma TMO3BOJUIO BBIBUTH Psi  HWH(POPMATHUBHBIX
npu3HakoB, A(PHEKTUBHOCTh KIACCH(PUKAIMKA HAMOIMOHAIBLHON pedr  TI0
KOTOPBIM OKa3aJlach MakcMMaibHOW. Hambonee 3HAYMMBIMU JUISI TPUHSITHS
pelieHusl 0 MPUHAJICKHOCTH 3aliCH K KJIacCy HEHUTPAJIBHOTO COCTOSIHUS U
COCTOSIHMsSI THeBa HMH(POPMATHBHBIMH TPU3HAKAMH OKa3aJIMCh YacToTa
OCHOBHOTO TOHA, 20 KOA(P(GUIMEHT JTUHEHHBIX CICKTPAIBHBIX YacTOT, BTOpPAs
MIPOU3BO/IHAS OLICHKU MOIIIHOCTU U SKCIECC OITMOKH JIMHEHHOTO MpeACKa3aHusl.

Jns  BeIOpaHHOrO Habopa mapaMeTpPoOB, OILICHKHM TOYHOCTH PalOOThI
aNropuT™Ma Kiaccuukanuu okazanuck ciaeayronmmMu. Ommuoka kiaccuduKaimum
B Cllydae MCIOJIb30BaHUSI METOJIa OTIOPHBIX BEKTOPOB cocTaBmia nopsjaka 4 %.
[I[py  mpumMeHeHMH  MOJIETM  CMECH  HOPMAJbHBIX  pacIpeeTIcHHM
COOTBETCTBYIOIIEE 3HAUCHUE OKA3aJI0Ch PaBHBIM IPUMEPHO 6 %.

Takum  o0Opa3oM, HCIOJB30BAHHWE  BBIIETCHHBIX  HMH(POPMATUBHBIX
MPU3HAKOB TO3BOJWJIO pPACHO3HaBaTh C TOYHOCThIO mopsiaka 94-96 % B
3aBUCHUMOCTH OT UCIIOJIb3yEeMOT0 aJITOPUTMa KJIacCU(PUKAIIUU.

B cocrosiHuu rHEBa IUKTOP M3/aeT 3BYKU C 00JIE€ OTKPBITHIM PEUYEBHIM
TPaKTOM, 4YTO MPUBOJUT K BO3PACTAHUIO CPEJIHEW YACTOTHI MEPBO (HOPMAHTHI.
B cocrosHuM THEBa CyIIECTBYET BIMSHUAE HA XapaKTEPUCTHKU YACTOTHI
OCHOBHOT'O TOHA. Bo3pactaeT ero meanaHHOe 3HAY€HUE, CKOPOCTh U3MEHEHUH,
pacumpsieTcs €ro amamna3oH. Tak e, MO0 OTHOIICHUI0 K HEH, BO3PacTaroT
aMIUTUTYIbl BTOPOH W TpeThed (OpMaHT, MOBBIMIACTCS HEOTHOPOIHOCTH
(bOpMaHTHBIX KOHTYpOB. KpoMe 4acTOTHBIX MapamMeTpoOB rojioca BaXKHYIO POJIb
UTPAIOT XapaKTePUCTUKH OTHOAFOIICH €T0 SHEPTHH.

VYBenuueHue yucia paclo3HaBaeMbIX SMOIIMM, PaBHO KakK U MEpPexXoid OT
MOJICJIbHBIX 3MOIMOHAIBHBIX 0a3 JaHHBIX K pealbHbIM, HEOOXOAMMO BENET K
BO3pPACTaHUIO OLIMOKK KiIaccU(pUKAMU. TOYHOCTh PacrO3HAaBAHUS OJIHOTO W3
CEMU AMOIIMOHAJIBHBIX COCTOSIHUIM IMOIIMOHATILHON peun nopsaka 89 % .

Cnucok HCTOYHUKOB

1. Cornelius R. R. 1996. The Science of Emotion: Research and Tradition

in the Psychology of Emotions.

2. Morrison D., Wang R., De Silva L. C. 2007. Ensemble Methods for

Spoken Emotion Recognition in Call-Centres. Speech Communication, 4 :

98-112. Voice emotion classification: problems and solutions 195

93



OCOBJINBOCTI APXITEKTYPU MESH- MEPEXKI
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The principle of construction of a Mesh network is considered. The
peculiarity of such networks is self-organizing architecture, which makes it
possible to use it in various fields. It is shown that this technology becomes
especially necessary in the absence of wired infrastructure for connecting
stations. And the use of special protocols allow each access point to create a
table of network subscribers with control of the transport channel and support
for dynamic routing of traffic with the best route between neighboring stations.

Cucremu Ha 0a3i texHosorii Mesh 3a0e3nedyioTb BHCOKOIIBUAKICHY
nepeaady uu@ponoi iHpopmailii, Biieo-1 MOBHUH 3B'SI30K, a TAKOXK BU3HAUYAIOTh
MICLIE PO3TalIyBaHHS 00'€KTIB.

Mesh-mepexa — 11e 6araTokpokoBa Mepexa, mpuctpoi sikoi (Mesh-craniiii,
MP, Mesh-Points) BosoaioTh GYHKIISIMA ~ MapuipyTH3aTopa 1 3JaTHi
BUKOPUCTOBYBATH PIi3HI MUISXHM JUIs Mepecuiku mnakery. Lls TexHomoris crae
0COOMBO HEOOXIAHOIO 3a BIACYTHOCTI MPOBIAHOI 1HGPACTPYKTYpH IS
3’€THAHHS CTaHI[ii. B IbOMy BUIIaJIKy aKeTH MEepPeCcUIaroThes Bij oaHiel Mesh-
CTaHIIIi IO 1HIIIO1 0 IOCATHEHHS IIUTI03Y 3 MPOBITHOK MEPEKEL0.

[Tonsarts Mesh Bu3Hayae nNPHUHIUMO MMOOYAOBH MEpPEXi, BiIMITHOIO
OCOOJIMBICTIO SIKOT € CAMOOPraHi30BaHa apXITEKTypa, 110 peali3ye MOXKIUBOCTI
CTBOPEHHSI 30H CYUUIBHOTO 1H(OPMAIIHHOIO TOKPUTTS BEJIMKOI IUIONI],
MacTabOBaHICTh MEpEeXi y PpeXUMI camMOOprasizauli, BHKOPHUCTAHHS
0e3npoBiqHUX TpaHcmopTHUX KaHaiiB (backhaul) mist 3B'13ky Todok mocTymy B
pEXKUMI «KOXKEH 3 KOXHHM» Ta CTIMKICTb MEpEXi A0 BTpPaTH OKPEMHUX
€JIEMEHTIB.

Oco6muBicTio Mesh-mepex € BUKOPUCTaHHS CIIEIiaIbHUX MPOTOKOJIIB, 110
JT03BOJISIIOTh KOXKHIN TOYIll IOCTYIy CTBOPIOBATH TabNMIll aOOHEHTIB Mepexi 3
KOHTPOJIEM CTaHy TpPAHCHOPTHOTO KaHaly 1 MIATPUMKOIO JUHAMIYHOI
Mapuipytuszamii  Tpadiky 3 ONTUMaJbHUM MAapUIPYTOM MDK CYCITHIMH
craniismMu. [lpu BigMoOBI Oyap-sK0oi 3 HHUX BIIOYBA€ThbCS aBTOMATHYHE
nepeHanpasieHHs Tpadiky MO IHIIOMY MapuIpyTy, IO TapaHTye OTPUMAaHHS
Tpadika aapecaTy 3a MiHIMaJIbHHMIA Yac. 3aBAsSKH CBOIM ocoOimBocTsM Mesh-
Mepexi MOKYTh BHKOPHCTOBYBATUCH B pi3HUX cepax [1].

OcHoBHa BimMiHHICTH MeSh-mMepexxi  Big — apXiTEKTypw  «Kparka-
OaraTtokpamnka» B TOMY, IIIO SKIIO B OCTAHHbOMY BHITaJIKy aOOHEHTChKa CTaHITIS
(AC) moxe criKkyBaTHCS TUTBKH 3 0a3oBoto craniieto (BC), To B Mesh-mepexi
MO>KJIMBa B3aeMoist 6e3mocepenubo Mixk AC.
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Ockinbku mepexi crangapty |IEEE 802.16 opientoBani Ha poboty 3
HIMPOKMMH YaCTOTHUMHU KaHanamu, Mesh-mepexi yBIMIUIM 1O CTaHAAPTY 5K
HEOOX1THUHN 1HCTPYMEHT MOOYJ0BU IIMPOKOCMYTOBOI MEpexki, B sKid Tpadik
MOXe TepelaBaTUCs IO JIAHIIOKKY 3 JEKUIBKOX CTaHIIlM, JIKBIAOBYIOUH THUM
camMuM MpoOJieMu nepeaadi 3a BIICYTHOCTI MpsiMoro 0adeHHs. BianoBigHo ToMy
BCl MEXaHI3MH YIpPaBIIHHA, 110 Yy NPHUHLHUIIL JO3BOJISIIOTH MOOyAyBaTU
JENEHTPAII30BaHy PO3MOJUICHY MEpeXy, OpIEHTOBAaHI Ha JI€PEBOBUIIHY
apXxITEKTYpy, 3 BUJUICHOIO 0a30BOI0 CTAHINIEIO 1 JOMiHyOUMMH ToTokamu bC-
AC.

B Mesh-mepexi Bci craniiii ¢popManbHo piBHOMpaBHi. [IpoTe, nmpakTHYHO
3aBkau 00MiH Tpadiky Mesh-mepexi 13 30BHIIIHIM OTOYEHHSIM BiOYBa€ThCs
yepe3 OoAHy cTaHIlito. Taka CTaHIsI Ha3UBaeThcsl 0a30BOIO cTaHIiero Mesh-
Mepexi: caMe Ha Hel TIOKJIAIa€ThCsl YaCTUHA HEOOXITHUX JUTsl yrpaBiiaas Mesh-
Mepexero ¢yHkuii. [Ipyu npomMy ympaBiaiHHSA JOCTYIIOM MOK€E BigOyBaTucsa abo
Ha OCHOBI MEXaHI3My pO3MNOJIJICHOr0 YyOpaBiiHHSA, a00 LEHTpPaIi30BaHUM
crocobom mij ynpasmiHHsIM bC.

bazoBe nonstrs B Mesh-mepexi — cycimu. Ilix cycimamu MmeBHOI CTaHIi
pO3yMiIOTh BCl CTaHIlli, SIKI MOXYThb BCTAaHOBJIIOBATH 3 HEK Oe3MocepeHe
3'eqHaHHA. Bcl BOHU yTBOPIOIOTH Cycijchke oToueHHs. CTaHIlli, 1m0 MoB's3aHi 13
3aIaHUM BY3JIOM Ye€pe3 CYCIJChbKY CTaHI[Il0, HAa3UBaIOTh CYCiIaMH JIPYroro
nopsiiKy. MoxxyTh OyTH CyCiJii TPETHOTO MOPSIKY Ta 1HIII.

B Mesh-mepexxi HemMae IOHATTS BUCXIIHUX/HU3XITHMX KaHAIB. BECh
o0MiH BiOyBaeThcs 3a onomororo kaapiB. CtaHii nepeaaroTh MOBITOMICHHS
a0o0 y BiJBeJCHI iM THUMYACOBI 1HTEpBaIH, a00 IICTAIOTh JOCTYI JIO0 KaHalliB
JOBUIBHUM YHUHOM.

Koxwna crantis mae yHikanbHy 48-po3psaay MAC-anpecy. Kpim toro, mis
ineHTudikamii ycepenuni Mesh-mepexi cTaHIissM MPUCBOIOETHCS 1 6-po3psiaHmiA
MepexHui iaeHTrdikatop. KoxkHa cTaHIS MOCTIHHO 30epira€ CIUCOK JaHUX
PO BCIX CBOIX CyCimiB (3 BKa3IBKOIO BiAJaJ€HOCTI, CEKTOpA JAJIsi HAMpaBICHOT
aHTeHHU, HEOOXIJHOT TOTY)KHOCTI TepefaBava, 3aTPUMKH PO3IMOBCIOKCHHS
CUTHAJIY 1 T..) 1 TPaHCIIOE HOTO B MEPEXY 13 3amaHol0 mepiogudHicTio. Ha
MIJICTaB1 ITUX CIUCKIB Bl KOKHOT CTaHIIIT BiIOYBAETHCS YIIPABIIHHSI MEPEKEIO.

«MepexxHuil BXil» - L€ 1HTEpBaJs, MPOTATOM SIKOIO HOBA CTaHIlS MOXeE
nociatu noBigomyieHHs (NENT) mpo cBii Hamip MAKIIOUHATHCS JI0 MEPEXKI.
[lepen nuM BOHA MOBMHHA NPUUHATH TIOBIJIOMJICHHS TMPO KOHQIryparito
Mepexi, BUOpaTH CTaHIIIO JJISI MMAKIIOUCHHS, CHHXPOHI3YBaTUCS 3 HEIO 1 JIUIIE
MOTIM BIJIPABJISATH 3aMUT. Y BIJMOBIJIb CTAHIlIA MOXe a00 BIAMOBUTHU B JOCTYII
a00 MpHU3HAYUTHh HOBIM CTaHIIi MEpEeKHUH IMEHTH(IKATOp, KaHAT W YaCOBHIl
1HTEpBAaJI AJI1 IPOBEACHHS MPOIeNyp ayTeHTUdIKaIlii.

CHnuCOK UCTOYHUKOB:
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Engineering, tel. (057) 702-14-29)
e-mail: oleksandr.stepanov@nure.ua
This note aims at discovering the applicability of geometric programming
to obtain optimal quantizers for memoryless sources. In what follows we stick to
Forwardin & Modestino’s notation and consider the problem of constrained
optimization, namely, the problem of constructing an N -level quantizer subject
to an entropy constraint.

Sampling and quantization are two major operations performed when
digitizing analog signals. To avoid aliasing, one should select the sampling
frequency so as to satisfy the sampling theorem, namely, prior to the sampling
the input signal must be bandlimited with the highest frequency being twice as
small as the sampling frequency. Unfortunately there is no straightforward
solution for the quantization stage, the result depends on the probability
distribution of the signal to quantize. Moreover, different approaches to the
problem of constructing an optimal quantizer are possible: (i) unconstrained
optimization and (ii) constrained optimization when we limit the entropy of the
output sequence. For the case of unconstrained optimization, there exist well
developed techniques, both for scalar and vector quantization [1].

Entropy constrained quantization relies on the Rate-Distortion theory [2]
and underlies all the modern algorithms of lossy compression of multimedia
data. For the entropy constrained quantization, we also have a bunch of
algorithms, which were proven to work well [3]. However, efficient algorithms
exist only for memoryless probability distributions, namely, for exponential and
double exponential ones [4]. That is it, the objective of this paper is to develop a
solution to the problem of designing entropy constrained quantizers based on
principles of geometric programming [5].

In what follows we are going to use the Farvardin & Modestino notation
[3]. That is it, {X.} is for a discrete-time memoryless stationary process and

X ~ f(x), where f(x) is a probability density function. Under the N -level
quantizer we will understand a function qy (-) which maps {X,} onto one of

{Q,}\; levels. In terms of threshold values {T, }N=', gy () can be defined as:
G () =25 Q H (%),
where 1,(x) equals 1 if x € (T,_;,T,] and 0 otherwise.

To assess the total alteration of {X,} introduced by the N -level quantizer,
an average distortion function is used:
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Dy (T,Q) = X% [, d (x, Q)1 () f (x)dx,
where d(--) is the non-negative measure of distortion and T =[T;,T,,..., Ty 41"

Q=[Q1,Q...QNI"

The entropy constrained scalar quantizer is said to be [3]:
Dy (T,Q) — min
. - N 1)
subjectto Hy(T)=->Rlog, B <H,
=
where H (T) is the entropy of the quantizer output and R = fw ()1 (x)dx.

To solve the problem (2) we a going to use the methods of Lagrange
multipliers, which leads to the system of 2N +1 equations, namely

1 d00Q) TG00 ~Z (Prlog, ) =0,

2 TTI'_ld(x,Q|) f (x)dx =0, (2)

- 514R10g, B - Hq =0

In case if the PDF of {X,} is exponential, i.e. f(x)= B texp(-x/ ) and
the distortion measure d(-,-) is mean squared error, the system (2) becomes

Be AT - Q)2 - Alog, (e — et ] =0,

e (M, -Q +p)—e VAT -Q + B)=0, 3)
_Z|N:1(9_TH/’B _e N /ﬁ) Iogz(e_TH/ﬁ _e N /ﬂ) —H, =0.

Now, eliminating A and expressing Q, in terms of T,, we reduce the system (2),

composed of 2N +1 equations, to a system of N +1 equations, which is
solvable within the framework of geometric programming.
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RFID systems are used in a variety of cases where operational and precise
control, tracking, and taking into account the numerous displacements of various
object is required.

In this paper, an authorization system using RFID access is presented to
you. The system may be used for authorization on a personal computer, as well
as authorize on any site without the use of input devices. The power supply of
the platform is carried out with the help of any power supply in the range of
voltage from 5 to 9 volts, or simply submerge the USB connector.

RFID - cucremu 3acTOCOBYIOTHCSI B PI3HOMAHITHHUX BHUIMAJKaX, KOJIU
NOTPiOEH OINEpaTUBHUNM 1 TOYHUN KOHTPOJb, BIJICTEKEHHS 1 YypaxXyBaHHS
YUCJICHHUX MEPEMIIIEHb PI3HOMAHITHUX 00'€KTIB.

VY naniit poOOTI IpeACTaBICHO CUCTEMY aBTOpH3allli 3a goroMororw RFID
nocryny. CucteMy MOXIMBO BHUKOPUCTOBYBaTHM JJisi aBTopu3allii Ha
NEPCOHATILHOMY KOMIT'IOTEpl, @ TaKOXk aBTOPHU3YBATHCS Ha Oy/Ib-IKOMY CauTi
0e3 BUKOPHCTaHHS MPHUCTPOiB BBOAY iH(popmanii . YKuneHHs miaatdhopmu
BUKOHYEThCS 3a JIOMOMOTOI0 OyJb-SKOro JpKepela TMOCTIMHOTO CTpyMy
YKUBJICHHS B Jl1alla30H1 HAMPYTH BiJ 5 10 9 BoJibTA.

["onoBH1 epeBaru B MOPIBHSIHHI 31 CXOKUMU CUCTEMAaMHU:

- AlanToBaHICTh i1 MOKHA BUKOPUCTOBYBATH HE TUIBKU ISl BUKOHAHHS TIEBHOI
3a1a4i, a JUIsl BUKOHAHHS JCKUIBKOX OJHOYACHO, HAIMPHUKIAA PO30JIO0KYyBaHHS
KOMIT I0T€pa Ta aBTOpHU3aIlisl Ha CailTi;

- JlerkicTb BCTAaHOBJICHHS Ha OY/1b-Ky MaIlIMHY.

Cucrema MOXe 3aCTOCOBYBATHCS SIK:

- ENeKTpOHHUI KOHTPOJb 3a JOCTYNOM 1 NEPEMIIICHHSIMHU IEepCOHAIy Ha
TEPUTOPIi MIATPUEMCTB;

- KepyBaHHs BHpOOHMIITBOM, TOBAPHUMHU 1 MHUTHHMH CKJIagaMu (0COOJIHMBO
3HaYHUMH), Mara3uHaMu, BUJAY€I0 1 MEPEeMIIIEHHSIM TOBapiB 1 MaTepialbHHUX
IIHHOCTEM;

- ABTOMaTMyHM 30ip JaHUX 1 HpU HEOOXITHOCTI HapaxyBaHHS OIUIaTH Ha
3QIII3HUISX, IJIATHUX aBTOMOOUIBHMX JOpOrax, Ha BaHTAXHUX CTaHLISIX 1
TepMIHAJIAX;

- KouTposnp, miaHyBaHHA 1 KepyBaHHS PYyXOM, IHTEHCHBHICTIO rpadika i
BUOOPOM ONTHUMAIBHUX MapIIPYTIB;

- I'poMancekuii TpaHCOPT — KEpPyBaHHS pyXOM, OIUIaTa MNOpoizay u
ONTUMI3aIlisl TAaCaKUPOIOTOKIB.
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CTpyKTypa CUCTEMHU JOCTYIY CKIaJA€ThCS 3:
ITnatn Arduino Leonardo;
RFID - pigepa RC522;
Kontponep nins kepyBanus (Atmega3204);
-  RFID — miTku, abo Oyab-sika 1HIIA KapTKa;

Ha cporoanimHii JgeHb KOPHUCTb, $KY MPUHOCUTH paaiodacTOTHa
1meHTHdIKaIlisd BaXKKO MEPEOIIHUTH BEIUKA KIJIBKICTh PI3HOMAHITHHX OIlepallii
BUKOHYEThCS 3a gornoMororo RFID — TexHomorii, Ha mianpuemMcTBi, CKIafii, abo
016mioTeIli, TOIMIO MaiXKe BCIOAM MOXHA 3HaWTH BukopuctanHs RFID -
TexHoJIOTii. B MoemMy mpoekTi si po3poOuB cuCTeMy aBTOpHU3aIlii Ha OyIb-AKi
pecypcu IHTEPHET, 1€ MOKe OyTU JTOCUTH 3PYUYHO, KOJIU Tpeda MBHUAKO, 1 TOYHO
YBIUTH B sKych cucreMy . CHCTeMa TakoXX J03BOJISE aBTOPU3YBATHUCS B
omepalliiitiii cucremi. B cucremi BUKOPUCTOBYEThCS 0a3a JaHUX, 10 TaKOX Ja€
3MOTY MOHITOPUTH KOJIU 0YyJIO BKJIFOUEHHS CHCTEMH, 200 aBTOpHU3ALlisl.
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The urgency of the chosen topic is determined by the need for the
development and application of systems for locating mobile rail transport for the
purpose of managing mobile objects of railway transport.

Thepurposeoftheworkistoformulateandsolvetheproblemofimprovingthetra
nsportationprocessinordertoincreasetheefficiencyofitsoperationbymeansofthesyst
emoflocatingtherailwayrollingstock.

Theresultsoftheworkaredevelopmentof a
productionprogramfordeterminingthelocationofmobilerailtransport.

MOHITOPHUHT MapKy PyXOMOI'O CKJIaJly 1 YIPaBIiHHS HUM SIBJISIFOTH COOOO
KOMIUIEKC TEXHIYHUX 1 OpTraHi3aliifHUX 3aX0/(iB IO KOHTPOJIIO 32 MePEMILICHHIM
PYXOMOTO CKJaay AJisi opraHizailis OOJIIKy BUTpAT, MOMNEPEIKEHHS KPaIdikKoK,
3a0e3MeYeHHs] KOPUCTYBAUIB MOCIyraMH 3aJIi3HUII aKTyaJbHOIO 1H(pOpMaIE0
IpO MOXJIUBI 3aTpUMKH NpuOyTTs. CymyTHHKOBAa HaBiraiisi 3aCTOCOBYETHCS
TaKOX JJISl JOCHIJKEHHSI CTaHy 3aJII3HUYHOTO TOJIOTHA (HANpPHKIIAa, TeOMETpii
KOJIiT) JI7Isl rapaHTyBaHHs 0€3MeYHOro MPOXOKEeHHs cKiary [1].

Ha cporonHimHiii AeHb ICHYIOTH PI3HI BapiaHTH oOpraHizailii CHUCTEMHU
BU3HAYEHHS MICIl po3TallyBaHHS pyxomoi oauHuul Ha 6a3t ['HCC, tomy
MPOBEICHHS aHaNlI3y MOXJIMBUX pIIIEHb € HEOOXIAHUM eTarnoM sl BUOOpY
KOHKPETHOTO MIAXOQy MpU  peami3alli CUCTEeMH BHU3HAYEHHS  MICLS
po3TanryBaHHs PyXoMOi OJUHUII AJIs1 HANPSMKiB, IPECTABICHUX Ha PUCYHKY.
[lepm 3a Bce misi IUMX HANpsIMKIB HEOOX1IHO CQOpPMYNIOBATH BUMOTH, SKi
NOBUHHI OyTH Tpea'sBi€Hl OO CUCTEMH BH3HAUEHHS MICISI PO3TAlllyBaHHS
pyXOoMOi OAMHUIN II0JAO0 XapaKTePUCTUK HABITAIlIHHOTO CEpBICY, IO
BU3HAYAIOTh HOTO SIKICTh, a CaMe:

— TOpHU30HTaJbHA TOYHICTh IIOJIO)KEHHS — BEJIMYMHA, II0 BH3HAYAE
HEBIJIMOBIIHICTb BUMIPSHOTO PO3TAlllyBaHHS B 3aJaHU  MOMEHT 4Yacy
ICTHHHOMY Ha TOPU30HTAIBHIN TJIOIIUHI;

— MeXa TPUBOTH JyIsl oMUk 1o ropuzontan (MTI) — makcumanbHa
JIOTyCTHMA MMOMUJIKA B OOYHCIICHHS MiCIIsl pO3TalllyBaHHS;

— vac a0 tpuBoru (YAT) — yac, npoTsAroM SKOro KOpUCTyBad IOBHHEH
OyTu TpOIH(QOPMOBAHUM, SKILIO MEPEBUILEHO MEXKY TPUBOTH [JIsl TIOMUIIKH IO
ropuzonTan (MTT);

— pusuk miticHocTi (PL[) — BU3Ha4Yae MMOBIPHICTh TOTO, IO KOPUCTYBa4
He Oyne mpoiH(OpMOBaHUHN TIPO MEPEBUILEHHS JOMYCTUMOI BETUIMHHA TTOMUIIKU
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NPOTATOM 4Yac 10 TPUBOTH. PH3MK LUIICHOCTI BHM3HAYEHO [JIsi HAWO1IBII
KPUTHYHUX PEXKUMIB (YHKI[IOHYBaHHS 1 TOMY BHUMIPIOETBCA B OJIMHMII,
noxineHii Ha 150 ¢ (1/150 c);

— o6esnepepBHicTh (BII) — xapakTepu3ye 34aTHICTh HABITAIIMHOI CUCTEMU
rapaHTOBAaHO HaJlaBaTH CEPBIC, KOJM II¢ JIMCHO HEOOX1THO (BU3HAYEHO IS
HANUOUTBII KPUTUYHUX CTalld QyHKIIOHYBAHHS);

— goctynHicte ([Il) — BigcoTOK wYacy BiA YChOTO TEpPMiHY
(GyHKIIOHYBAaHHS CHCTEMH, KOJIM CEpPBIC HAJaHWM BIAMOBIAHO 10 HEOOXI1THUX

TOYHOCTI, IIITICHOCTI 1 0€3MepepBHOCTI B OY/Ib-5IK1il TOUIll 30HU TOKPUTTS.

HanpsaMH 3acTOCYBAHHA
THCC x/n cekropy

PYXOMOTO CKIIaImy Oe3IeKH PyXY 0GCITyTOBYBAHHA

Ta MOHITOPHHIT / 3aTi3HHYHOTO MOTOTHA

[ CHCTeMH YIIpPaBIIiHHA J ‘ CP%CT%MH 3abesmedeHHA W
i3 €3IEKH NUIAX0BHX
YXOM MO131iB : 3
P POGITHHKIE

‘ VIpaBdiHHA DapKOM J I 3abeznedeHHA ] ‘ JocmimxeHHs Ta ‘

A
CHCTeMH KOHTPOITIO
3a pyXOM IO13OiB

Tak sx ™MoBa e TPO MOMXKJIMBOCTI BUKOPUCTAHHS CYMYyTHUKOBOI
TEeXHOJIOT1i B 3a0e3MeueHH] Oe3MeKnu pyXy, TO BIACYTHICTh MIATBEPIKEHHS MPO
MTT mpotsrom YT MoxHa po3liHIOBaTH sK HeOe3nmeuyHy BiaMoBy. Tomi
3nadyeHHs PLI, mo 3agoBonbHse SIL4, Moke OyTH BUPa)KEHO HACTYITHUM YHHOM:

150c

PU=Foo - 500

OT1xe, HeOOX1IHE 3HAUCHHS:
Takum dYMHOM, MOXXHA BHW3HAYUTH, IO HEOOXimHWM piBeHb PI[ s

1
: : . lole——
3aJ1I3HUYHO] rany3i MOBUHEH OyTH MPUOIU3HO MEHIIIE HIXK 150c.

[nTerpyroua cuctema MO3ULIOHYBaHHS BHUPOOJIsie OOpPOOKY AaHHUX
CYNyTHHUKOBOi HaBiramii 1 J0JaTKOBUX BHUMIPIOBAJIbHUX MEPETBOPIOBAYIB
(maT4MKiB) 13 3aCTOCYBaHHSM aJropuTMmy OGUIBTpalii (Hanpukian, QuUIbTP
Kanmana).

To4YHICTH 1HTErPYIOYOi CUCTEMH IMO3UIIOHYBAHHS MPU MOEAHAHHI JaHUX
Bix cucrem GPS 1 I'monacc Ta iHepHIHHMX JAaTYMKIB MOXKE JOCATTH 3 MC 3
nMoBipHicTIO 95 % (mpoexT APOLO).

Crucok mxepen

1. PozenGepr W.H. [IpuMeHeHne TEXHOJOTHUN CIyTHHUKOBOW HAaBUTAIIWH,
KOCMHUYECKOTO JIUCTAHIIMOHHOTO 30HIUPOBAaHUS W CIyTHUKOBOW CBSI3U B
MHTEpecax KeJIEe3HOIOPOKHOTO TpaHcmopTa: moHorpadus / M.H. Pozenbepr,
H.B. CazonoB, M.M. XKenesnos, A.C. Bacuneiickuii. — M.: UKW PAH, 2008 —
47 c.
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The purpose of the report is to develop a procedure for uncertainty
evaluation when mercury thermometer is calibrated. The measurand is the bias
of the thermometer being calibrated, which is determined using a reference
thermometer. The correlation between thermometers readings was taken into
account when measurement uncertainty is estimated. An uncertainty budget has
been developed.

Keywords:  thermometer, calibration, measurement uncertainty,
uncertainty budget.

Temneparyporo Ha3uBawTh (I3UYHY BEJIMYMHY, IO XapaKTepU3ye
CTYMiHb HAarpitoctTd Tina. IIpakTMYHO BC1 TEXHOJOTIYHI MPOIECH 1 PIi3HI
BJIACTUBOCTI PEUYOBMHHU 3aJeXaTh Bia TemiepaTypu. Ha BiaMiHY BiJI Takux
Gb13MYHUX BEJIMYMH, K JOBXHHA, Maca Ta 1H. TEMIIepaTypa € He eKCTEHCHBHOIO
(mapaMeTpu4HOI0), a IHTCHCHBHOIO (AKTHBHOIO) BeJIWYMHOIO. BumiproBaTtu
TEMIIepaTypy MOKHA TUIbKH HEMPSIMUM HUISIXOM, IPYHTYIOUHCH Ha 3aJIEKHOCTI
BiJl TEMIIEpaTypu TakuX (I3UUYHUX BIACTUBOCTEH TN, SIKI MiJAIOTHCS
Oe3nocepelHbOMY BHUMIpIOBaHHIO. [l IIbOTO 3aCTOCOBYIOTHCS CIELiaibHI
3acobu BuMiproBasibHOI TexHiKU (3BT) — TepmomeTpu, moOymoBaHi Ha pi3HUX
(G13UYHUX TPUHIMIAX.

Tepmomerpu, sx 3BT, norpeOyroTh nNepiogUYHOr0 KamOpyBaHHS.
KanibpyBanHsi — CyKynHICTh OIEepalliid, 3a JOMOMOI0I0 SIKMX 3a 33JIJaHUX YMOB
Ha TMEpUIOMY €Talll BCTAHOBJIIOETHCS CIIIBBIJIHOIIEHHS MIX 3HAYCHHSMHU
BEJIMYMHM, 110 3a0€3MeuyroThCsl  €TaJOHaMH 3  [pPUTAMAaHHUMHU  iM
HEBU3HAYCHOCTSIMU BUMIPIOBaHb, Ta BIAMOBIIHUMHU MMOKA3aMU 3 MOB’SI3aHUMU 3
HUMH HEBHU3HAUYCHOCTSMM BHUMIPIOBaHb, & Ha JAPYroMy erami Ls 1HpopMaris
BUKOPUCTOBYETHCSI JIIi BCTAHOBJICHHS CHIBBIIHOUICHHS MJIi OTPUMAaHHS
pe3ynbTaTy BUMIPIOBAHHS 3 MIOKA3y.

OCHOBHUM METOJIOM KajliOpyBaHHsI TEPMOMETPIB € 1IX 3BIpEHHA 3
€TAJIOHHUM TEPMOMETPOM 3a JOINOMOTOK 3aco0y MopiBHSAHHA. B mporieci
KaiOpyBaHHS TEpMOMETpa OIIHIOIOTH PI3HUIIO A MK Ppe3ylbTaToM
BUMIPIOBAaHHS TEPMOMETpa, IO KaJiOpyeThCs Ta TMOKA30M ETAJIOHHOTO
TEPMOMETpPA, BU3HAYAIOYM CHCTEMATHYHY MOXMOKY TEpMOMETpa, IO
KaJiOpyeThes, B TOUL KaaiOpyBaHHS.

HeBu3HaueHicTh BUMIpIOBaHb — 1€ MapaMeTp, M0 XapaKTepU3ye PO3CIIOBAHHS
3HaYeHb BEJIMYUHHU, SKYy MOXXKHA OOIPYHTOBAHO MPHUMHCATA BEJIMYMHI, IO
BUMIpIOIOThCA. [lapameTpom Moxe OyTu craHgapTHe BiaxuieHHs (a0o KpaTHe
oMy ymcio) abo MoJIOBMHA IIMPUHU IHTEPBAILY 13 YCTAHOBJICHOIO MMOBIPHICTIO
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OXBaTy. YcCl CKJIaJ0Bl HEBHM3HAYEHOCTI B PE3yJbTaTi BUMIPIOBaHHS MOKHA
3rpymnyBaTH B JIBl KaTeropii BIAMOBIIHO /10 CIIOCOOY iX OI[IHIOBAHHS:

A — CKJIaJ0BI, K1 OLIHIOIOTHCA IUIIXOM 3aCTOCYBaHHS CTaTUCTUYHHMX METOJIB
(0OpOOKOIO pe3yNbTaTiB 0araTopa3oBHX BUMIPIOBAHb).

B - cknanoBi, SiKi OLIHIOIOTHCS B IHMIMK cHocid (3a XapakTEepUCTHKAMU, 3
MOTIEPETHIX EKCIIEPUMEHTIB, 3 TACMoOpTa Ha MPWUIIaj, METOAUKA BUKOHAHHS
BUMIPIOBaHb, 3 TOBITHUKIB 1 T.1I.).

HeBu3naueHicTh  BUMIpPIOBaHb  BKJIIOYAE€  CKJIQJOBi, OOYMOBIIEHI
CUCTEMATUYHUMU ePEeKTaMU, B TOMY YHUCII CKJIAJIOBI, MOB'sI3aH1 3 TIOMPABKaMHU 1
MPUNUCAHUMHU 3HAYCHHSMHU €TaJIOHIB, a TaKOX JAe(iHITHY HEBU3HAYCHICTb.
IHOMI MOTIpaBKM Ha OIIHEHI CHCTEMAaTH4HI €(DEKTH HE BBOIATH, a 3aMICTh IIHOTO
OCTaHH1 PO3MJISAAIOTh SIK CKJIaJI0B1 HEBU3HAYEHOCTI BUMIPIOBAHb.
bazoBuii airopuT™ OIIHIOBaHHS HEBM3HAYEHOCTI BUMIPIOBaHb MPU BUKOHAHHI
METPOJIOTIYHUX POOIT BKIItOUAE B ce0€ HACTYIIHI onepariii:

1) cknagaHHss MOJEILHOTO PIBHSHHS,

2) OIiHIOBAHHS BX1JHUX BEJIMYMH, BHECEHHS MOMPABOK HA BIJIOMI CUCTEMATUYHI
edeKTH B pe3yIbTaTaX BUMiPIOBaHb;

3) oOuncneHHs OLIIHKY PE3YJIbTaTy BUMIPIOBAHb;

4) BU3HAYEHHS CTaHJAPTHUX HEBU3HAYCHOCTEW BXITHUX BEJIMYWH;

5) BU3Ha4YeHHS KOC(IIIEHTIB Yy TIMBOCTI;

6) oOuuCieHHS BKJIaJAy HEBU3HAYCHOCTI KOXHOI BXIJHOT BEJIMYUHU Y
HEBU3HAYCHICTh BUMIPIOBAHOI BEJIMUMHU;

7) BU3HAYCHHS TIOTIAPHUX KOPEJALIN BX1THUX BEJIUYHH;

8) oOuucneHHs CyMapHOi CTaHJApTHOI HEBU3HAYEHOCTI BUMIPIOBAHOI
BEITUNYNHU;

9) oOuncneHHs KoedilieHTy OXBaTy;

10) oGuucneHHs po3MUPEeHOT HEBU3HAYEHOCTI BUMIPIOBAHOI BEIMUWHU;

11) 3amuc MOBHOTO pe3yNbTaTy BUMIPIOBAaHHS;

12) ckiananns 010/KETy HEBU3HAYEHOCTI.

B cunmy ocoOGnmBOCTI  3a3HAUYEHOTO  METOAYy  KanmiOpyBaHHS 1
3aCTOCOBYBAaHOTO TP IhOMYy 3acoOy TIOpIBHSHHSA (TepMocTara), IIpH
OIIHIOBaHHI HEBU3HAUYCHOCTI BHMIPIOBaHb HEOOXIJIHO BPaXOBYBATH KOPEIISIIIIO
MDK MOKa3aMHU TepMOMETpa, HI0 KaliOpyeThCs Ta €TaJOHHOTO TEPMOMETpA.
Tomy 1151 KOKHOT TOUKH KanmiOpyBaHHS LIKaTd TEPMOMETPA, BUKOPUCTOBYIOUH
METOJ PEeayKIlli, PO3pPaxoBYIOTh CepeaHE apuPMETUUYHE 3HAYCHHS PI3HMUII
pe3yibTaTiB CHOCTEPEXKEHb TEMIIEPATypH TEPMOMETPA, IO KaliOpyeThcs Ta
€TAJIOHHOTO TEPMOMETPIB.

Y poGoti Oyna pgochigkeHa METOAMKA KallOpyBaHHS PTYTHOTO
TepMOMETpa 1 pO3poOJieHa Tpoleaypa  OIIHIOBAaHHS  HEBU3HAYECHOCTI
BUMIPIOBaHb IMiJl 4ac ioro kamiopyBanHs. CkiageHo OOKET HEBU3HAUCHOCTI,
SKUW MOXXHA BHUKOPHCTOBYBATH I PO3POOKH MPOTPAMHOTO 3acoly st
aBTOMATH3allll OI[IHIOBaHHS HEBU3HAYEHOCTI. PO3TIsHYTHII peallbHUil TTPUKIIaT
OLIIHIOBaHHS HEBU3HAUYEHOCTI M1l Yac KaJliOpyBaHHS PTYTHOTO TEPMOMETPA.
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A method is proposed for constructing the Volterra approximation model
of the nonlinear dynamical systems in the frequency domain using of the test
polyharmonic signals of various amplitudes. The computational identification
method is based on the use of the regularized least squares method and the
choice of the optimal step size on amplitude of test signals. The accuracy and
computational stability of identification method in the form of multidimensional
frequency characteristics of amplitude and phase are in vestigated. The method
improves an accuracy and stability of the identification procedure.

Is developing a method of constructing approximationVolterra model of the
nonlineardynamicalsystems(NDS) [1]. Method identification is based on the
approximation y(t) at an arbitrary deterministic signal x(t) in the form of integral
power of the polynomial VolterraN-th order (N- order approximation model)

N N *© e n
F®=290=2"[ .. [w,(ts..t)[[x(t—7,)dr;. (1)
n=1 1

n L
N=1 0 times O I=

Affirmation 1. Let the input test signals NDS are fed alternately a;x(t),
azxﬁt), ,.aX(t); ag, ap,...,a— distinct real numbers satisfying the condition
|a,- <1 for Vj=1,2,...,L; then

Julax(®] = gilax(v] = 34|

n=1

n TWH(Tl,...,Tn)ﬁX(t_Ti)dti = ia;]yn(t) . (2)

times i=1

The partial components in the approximation model Yn (t) arefound using
the least square method. This makes it possible to obtain such evaluation in
which the sum of squared deviations of responses identified the nonlinear
dynamical system Y[ajX(Y)] on the model Yn[ajX()] response is minimal, i.e.,

NDS provides a minimum criterion
L

L N 2

3y = Y (vax®] - ¥, [axO]f = Z(yj t)-> ajy, (t)J — min 3)
= j=L n=1

where Yj(®)=YajxO] | Minimization of the criterion (3) is reduced to solving the

system of normal equations of Gauss, which in vector-matrix form can be
written as
A'AY=A"Y, (4)
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where

a, a12 e alN I Y1 (t) | i 91 (t) ]
A=| 2 a22 ag‘ Y = y'z'(t) , 9 _ )A/z(t) .
a, a’ - oa)| |y L In ()]

From (4) we obtain
y=(A"A) Ay ()
For identification in the frequency domain the test polyharmonic signals
are used. We prove:
Affirmation 2. If test polyharmonic signal is used in form

A J(Dkt —jo,t
x(t)= AZcoswkt —EZ( re i) (6)

k=1
then the n-th partial component of the response of test system can be written in

the form:
An E(n/2) n

n 2n—1 Z Cm Z‘W J(Dk ..... —j(ka, j(nkm+l ..... ju)kn)‘x

m=0 k=1 k,=1

xcos(( kal + Z“)k jt+argW ( Jo = Oy Oy e JO )j (7)

I=m+1

whereE()- function used to obtain the of integer part of the value.The
component with frequencym;+...+wm,is extracted from the response to test signal
(7):

A" W (jo,,..., jo,)|cos[(w, +...+ ® )t +argW (jo,,..., jo,)]. (8)

Certain  limitations should be imposed while choosing of
frequencespolyharmonic test signals in the process determine multidimensional
AFC and PFC[2].To improve the accuracy and computational stability of the
identification procedure, the regularization method is applied A.N. Tikhonov
and noise reduction to the obtained estimates of AFC and PFCbased on the
wavelet-transform.The application package programs for dynamical systems
identification in frequency domain is designed using Matlab language.
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This work is aimed at improving the standardization system for transitional
fits of smooth cylindrical joints, as well as at improving metrological support of
measurements and control of linear parameters of smooth cylindrical joints. The
object of study - the accuracy characteristics of the mates of parts - smooth
cylindrical joints with transitional fit. To achieve this goal, a probabilistic-
statistical method for calculating the parameters of transitional landings is
proposed, which ensures interchangeability and quality of parts. A technique is
proposed for selecting universal measuring instruments for monitoring the
parameters of smooth cylindrical joints.

VY 1eHTp €eKOHOMIYHOT MOJITUKY Ha CY4aCHOMY €TaIll IOCTAaBJIECHO 3aBAaHHS
BCEOIYHOTO MIABUILIEHHS TEXHIYHOTO PIBHA 1 SIKOCTI MPOJYKINi, SKa MOBHHHA
BTUIIOBATH HOBITHI TEXHOJOTII, 3aJ0BOJBHATH BHCOKI TEXHIKO-€KOHOMIYHI,
€CTeTUYHI Ta IHII BHUMOTH CIIOXXHMBadiB. SIKICTh — CTyMmiHb BIAMOBITHOCTI
CYKYITHOCTI BJIACTUBHX XapaKTEPUCTUK 00'ekTa BUMoram [1].

[TigBUIIIEHHST SIKOCTI BITYM3HSIHOI MPOAYKIIi B YMOBaX PUHKOBOI €KOHOMIKH
€ OJHIEI0 31 CKJIAQJOBHX MEXaHI3My IPHUCKOPEHHS COL1aTbHO-€KOHOMIYHOTO
PO3BUTKY CYCIIJIbCTBA, BUMArae MOCUJICHHS JII€BOCTI JIEP>KaBHUX CTaHJIAPTIB HA ii
TexHIYHUIN piBeHb. CTaHIapTH3allisl € OAHIEI0 3 00JIacTel, siIka CHHTE3y€e B cOO1
HAyKOBI, TEXHIYHI, TOCIIOJAPChKI Ta €KOHOMIYHI acneKkTh. PO3BUTOK €KOHOMIKH,
MIJBUILICHHS PIBHSA BUPOOHMIITBA, MOJIMIIEHHS SKOCTI MPOAYKIIi, 3pOCTaHHS
KUTTEBOTO PIBHSA TICHO TNOB'SI3aHI 3 HIMPOKUM BUKOPUCTAHHSM TPUHIUIIB
CTaHJapTH3aIlil.

CranpapTu3aliis 3aiiMae BaXXJIMBE MICIE B 3a0€3ME€UEHHI SKOCTI MPOAYKIIii
MaMIMHOOYIBHOI ramy3i. BupoOu MammHOOyMIBHOI Taidy3l CKJIaJaloThCs 3
neTanei, Aki 3'€qHaHl TMEBHUM YWHOM. TpeTi0 4YacTHUHY BCIX BHIB 3'€HAHb
JeTajell B MalmMHOOYIyBaHHI CKJIQIar0Th TJIJIK1 MNHAPUYHI 3'€1HaHHA. ToMy
MIPOBENICHHSI POOIT 1O CTaHAAPTU3AIIIT B I1{ TaTy31 € aKTyaJIbHUM 3aBJIaHHSIM.

B pamkax gaHoi TeMH JOCHIDKEHb MPOBOJWINCH POOOTH  TIO
CTaHJapTHU3AIlll MePEeX1THUX MOCATOK IIaJKUX MIIIHAPUYHUX 3'€THaHb, a TAKOXK
YIOCKOHAJIEHHA METPOJIOTIYHOr0 3a0e3Me4YeHHs] BHUMIPIOBAHb 1 KOHTPOJIIO
JIHIAHUX TapaMeTpiB IIaJAKUX HWIIHIPUYHUX 3'€/IHAHbD.

BukonyBanucs po3paxyHku nepexigHoto nmocanku tuiry H/n. Tlocanka H/n
— MOcajJKa Kpamioro BUKOpUCTaHHA. JlaHI MOCaJKu BUKOPHCTOBYIOTBCS IS
IIEHTPYBAaHHS JIeTajJeii B HEPYXOMHUX 3'€qHAHHAX, SKI TEpeJaloTh BEIHUKI
3yCWJIIA, IPU HasgBHOCTI BiOpauii 1 yaapiB (3 JOJATKOBUM KpimieHHAM). [Ipu
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HEBEJIMKUX HABAHTAKEHHSX, HANPUKIAA, B TNPpUIanoOydyBaHHI, BOHHU
3a0€3Meuy0Th HEPYXOMICTh 3'€JHaHHS 0€3 J0/IaTKOBOTO KPITJICHHS.
BusHaunnm MakcuManbHUN 1 MiHIMAIbHUN HATAT nocaaku J65H7/n6:
N =€S—El =39-0=39mxm;
N pin =€l —ES =20-30=-10mxm;
Smax = —Npmin =10mxm .
Cpenniit Hatsir: Ny = (Npax + Niin )/ 2=(39-10) / 2 =14,5 mxcm .
Homycku:
orBopy Tp =ES —El =30-0=30 mxm;
Baiy Ty =es—ei =39-20=19 mxm.
BusHaunmm cepeiHe KBalpaTHUHE BiAXUIICHHS MMOCAAKH 32 (GOPMYJIIOF0:

\T5+T¢  N30% +192

(¢)
n 6 6

=5,9 mrm.

BusHaunim rpaHuIl iHTErpyBaHHS:
Ny 14,5 mxm

Gy  5,9mKkm

=2,46.

[ToO6ynoBana (QyHKIIIS pO3MOALTY KMOBIPHOCTI 3a30P1B — HATATIB JIJIsl JIAHO1
TIOCAJTKH.
BusnaueHno MMOBIpHICTh OTPUMAaHHS HATATIB B Mexax Big 0 10

N, =14,5 mxm: CD(Z) = CD(2,46) =0,493.
ﬁMOBipHiCTE HaTATiB ipu Z >0 P,'\l =0,5+d(z) =0,993,
abo Py = P,;, -100% =0,993-100% =99,3%.
VIMoBipHicTh 3a30piB:
PS' =1-0,993=0,007, abo Ps = PS' -100% =0.007-100% =0,7 %.
3HaueHHs Py u P mokasyroTs, o AaHUI METOA PO3paxyHKy 3abe3nedye

pexomenpanii cragaapty ISO 286:2010 [2,3] mo nepexigHUX MOCaa0K:
I:)N mabn — (99!1_ 99’6) %1

PS mabn = (0,9_0,4) %
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noyioxkeHHs Ta cnoBHUK TepMmiHiB (ISO 9000:2015, IDT) [Teker]. — Been. 2017-
01-01. — Kuis: YxpH/JIHII, 2016, 50 c.
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109



OINTUMI3AILIS 3A JOITOMOTI'OIO BEVBJIET-®UJIbTPAIIIT
Muponenko E.O.

HaykoBwuit kepiBHUK — K.T.H., pod. binoyc H.B.
XapKiBChKHUM HAIllOHATLHUM YHIBEPCUTET PATI0CICKTPOHIKH
(61166, Xapkis, nmpocn. Hayku, 14, kad. [IporpamHoi iHxkeHepii,
ten. (057) 702-14-46)
e-mail: eduard.myronenko@nure.ua, dakc (057) 746-72-99

The paper considers the optimization of waveletfiltration algorithms with
two-parameter threshold functions. Optimization of wavelet-filtering algorithms
is performed in two directions: a) optimization by choosing the best threshold
function from the functions used in practice; b) optimization by estimating the
optimal parameters of the best threshold function.

B po6oTi posrisgaerbcs onTUMizallis alrOpUTMIB BeWBIET(UIbTpaLlil 3
JBONAPAMETPUYHOTO MOPOroBUMU  GyHKUIsIMU. OnTuMizaiis ajaropuTMmiB
BeWBIIET-(QUIbTpAIli BUKOHYEThCS B JBOX HANpsIMKax: a) ONTHMI3alis 3a
paxyHOK BHOOpPY Haillkpamioi MOporoBoi (yHKII 3 BUKOPUCTOBYBAHMX Ha
npakTuili  GyHKIINA;, ©) onTumizailis NUIIXOM OIlHIOBaHHS ONTUMAaJIbHUX
napameTpiB HalKpaIiow moporoBoi GyHKIIii.

TeopeTnyHOI0 OCHOBOIO TIOPOTOBHUX AQJITOPUTMIB BeHBIET-PuIbTpallii €
HACTyIHa TIEPEAyMOBa: pIBEHb KOE(DIMIEHTIB PO3KIAJAHHS BUMAIKOBUX
NOMWIOK BHUXIJIHUX TIOPIBHSHO MalMid Yy TOPIBHSIHHI 3 KoedilieHTam
pPO3KJIaJJaHHs TOYHOTO CHUTHATy, WIO JO03BOJISIE PO3MI3HATH JBlI CHUTYyaIlll:
«IlIymoBuit» koediieHT (B OCHOBHOMY OOYMOBJIEHUH IIIyMOM BUMIPIOBaHHS) 1
«IHpopmaTuBHUID» KOEPIUIEHT (B OCHOBHOMY BH3HAYAETHCA 3HAYECHHAMMU
TOYHOTO CUTHAY).

TakuMm 4uMHOM, JUIsl YCHIMIHOI (PUIbTpanli HEOOXIIHO 3BEPHYTHU B HYJIb
IIYMOB1 Koe(illieHTH, 30€epirmy Mpud LbOMY IHPOPMATHUBHI KOe(]ILIEHTH
po3knananHsa. Llg imes peanizyeTbcsi TpaHUYHHUMH aIrOpUTMamMu OOpOOKHU
«3aIryMIeHUX» Koe(ili€HTIBPO3KIaIaHHS.

Ha mpakTtuiii mmpoko BUKOPUCTOBYIOTHCS JIB1 TOPOTOBI (PYHKITI:

e (oKecTKas» nmoporosas QpyHkius Buay(1)

<y D,ﬂﬁmulalsi
P22\, mrano ] » "
®  «MsTKas» MOPOroBas GyHKIHS
(3 O,HRmulﬁlsA
5( 'A)_ sign(d) :[Hél—illﬂfcu_r,u |a|:=-i 2)

, 1e 4 - BenmumHa mopora, d — o6pobIOBaHKI KoedillieHT po3KIafaHHs (JK
IPaBUIIO — II€ ACTaI3yI0Th KOe(illiEHTH, BITHOCHO MOXUOKA SIKUX Ha TOPSAIOK 1
OlbIIIe BUINE, HIXK Y alllIPOKCHMHPYIONINX KoedimieHTiB (nuB. [2], crop. 58-60).
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I'padixu pynkmiii (1), (2) naBeaeHi Ha pucynky 1 mus A = 1 (1 - rpadik
bynkuii (1), 2 - ¢ysxuis (2)). Bim3naunmo xapakTepHi OCOOJMBOCTI LHUX
byHKITIH:

e yepe3 3MEHIICHHS aMILTITY U KoeillieHTa pO3KIaJaHHs Ha
BenuunHy A B ¢GyHkiii T d S (, A ) MOXIMBO 3IUIaJP)KyBaHHS (PO3MUTTS)
KOHTPAaCTHUX €JEMEHTIB O0OpOOIIOBAHOTO CHUTHANTY, OCOOJMBO MPH BEITUKUX
3HAYEHHAX A,

e HasiBHICTh y ¢yHKIIT T d H (, A ) po3puBYy B OKOJIMIII A MOXeE
BUKJIMKATH TMOSABY ocuwmiinid (epekr [160ca) B «OCOOMMBHX» TOUYKAxX
00p0OITIOBAaHOTO CUTHAITY.

4 _ﬁ\

Pucynok 1. I'padiku rpannunnx Gynkiii (1), (2)

OuyeBHIHO, IO PI3HY MOBEAIHKY HUX GYHKIIA OOYMOBIIOE pPI3HY
MOMUJIKY aNrOpPUTMIB BelBieT-(QUIbTpaIi 3 BUKOPUCTAaHHSIM
JBOIIAPAMETPUYHUX TOPOTOBHX (YHKIIA. BHHUKAE€ HETPUBIAILHUW IHTAHHS:
SKa 3 TPhOX HABEJCHHX BHWINE MOPOTOBUX (YHKIIIH Mae MEHIIy MOMUIIKY
binpTpamii? BignoBiger Ha 1€ TUTaHHA JaB 3MOry O PEKOMEHIYBAaTH IO
GYHKIIO JUTsi BUKOPUCTAHHS HA TIPAKTHUIl 1 IEPEUTH J0 OIIHKK ONTHUMAaTbHUX
napameTpiB 1€l GyHKIIIi.

Ilepesik nocujiannb:
1)Mallat S. A theory of multiresolution signal decomposition: the
wavelet representation. IEEE Trans. Pattern Anal. Machine Intell. 1989. v.11. N
9.P.674-693.
2)BockoboitnukoB  FO.E.  BeliBner-¢punbTpanuu  CUTHaJOB U
n3oopaxxkenuii (¢ mpumepamu B Mathcad) HoBocubupck: HITACY (Cubcrpun),
2015. 196 c.
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PO3POBKA METPOJIOT'TYHHOI'O BABE3ITEYEHHSA KAJIIGPYBAHD
3ACOBIB BUMIPIOBAHHA 'EOMETPUYHUX PO3MIPIB
ITaxomoBa A.O., ®omenko B./I.

HaykoBuii kepiBHUK — K.T.H., 1011. JlertsaproB O.B.

XapKiBChKHUM HAIllOHATBLHUM YHIBEPCUTET PATI0CIICKTPOHIKH
(61166, Xapkis, np. Hayku, 14, xadp. MTE, ten. (057) 702-13-31),
E-mail: d_mme@nure.ua

The system of accounting and documenting the results of the verification
of the suitability of measuring instruments for operation is proposed. A local
validation scheme has been developed. The method of carrying out calibration
of measuring instruments of geometric quantities, which provide the correct and
unified procedure of calibration, is developed. Methods of comparative analysis
of existing verification methods, national and international normative base in the
field of metrological support of measuring instruments of geometric quantities,
methods of statistical processing of measurement results are used.

BumMiproBanHs — 11e HEBiJl'€eMHa 4YacTHMHA TEXHOJOTIYHHUX MPOIIECIB, SIKi
0e3mocepeIHbO BIUIMBAIOTh Ha SIKICTh MpOAyKUli. BumiproBanbHa iHQopMalis
CIIY’KUTh OCHOBOIO [IJIi TPUUHSATTS pIllIeHb TPO SAKICTh TPOAYKIli, MpH
BIIPOBAPKCHHI CHUCTEM SIKOCTI, 1 TUIBKHM JOCTOBIPHICTBH 1 BiJIOBIJHA TOYHICTH
pe3ynbTaTiB BUMIpIOBaHb 3a0€3Medye NMpaBUWIbHICTh TPUMHATHX PIllIeHb Ha BCIX
PIBHSIX ympaBiiHHS. SIKICTh — CTYIMiHb BIAMOBIAHOCTI CYKYIHOCTI BIACTUBUX
XapaKTepUcTUk 00'ekta BUMoram [1]. SIKicTh BUMIpIOBaHb 3aJI€KHUTh BiJ SKOCTI
METPOJIOTIYHOTO 3a0€3MEeUEHHS.

[Tin meTponoriyunuM 3a0e3nedeHHsIM (M3) po3yMieTbCs BCTAHOBIEHHS 1
3aCTOCYBaHHS HayKOBHUX 1 OpTaHi3alliiHUX OCHOB, TEXHIYHMX 3aCO0IB, MPABUI 1
HOpPM JIJIs1 3a0e3MeyueHHs] €IHOCTI 1 HeoOXiJHOI TOYHOCTI BUMipOBaHb. M3 €
KOMILJIEKCHUM TOHSTTSAM, 1 BKIIIOYA€ TaKl CKJIA/OBI, SIK po3po0OKa Ta arecTaiis
3ac00IB  BHMIpPIOBAJIIbHOT TEXHIKM, METPOJIOTIYHA EKCIepTh3a TEeXHIYHOI
JOKYMEHTaIlli, MOBipKa Ta KauiOpyBaHHsA 3aco0iB BUMIPIOBAJIbHOI TEXHIKH,
po3po0Oka Ta aTecTamis METOAWMK BHKOHAHHS BHUMIPIOBaHb, AaTECTAIlisd
BUNPOOYBALHOTO O0yiaiHaHHsI. M3 BUPOOHUIITBA BKIIIOYAE TEXHIYHI 3aco0w,
npaBWjia 1 HOPMH, IO 3a0€3MeUyloTh IMMOBHOTY, TOYHICTh 1 JIOCTOBIPHICTH
KOHTPOJIIO SIKOCTI MPOAYKIi Ha Bcix eranax. JlOCATHEHHS BHUCOKOi SKOCTI
NpOAYKIli Ta €()eKTUBHOCTI BUPOOHHUIITBA, 3a0e3MeUeHHsT He0OX1THOI TOYHOCTI,
B3a€MO3aMIHHOCTI 1 JIOCTOBIPHOTO OOJIKY MPOJYKIi, IO BHUITYCKAEThCA —
OCHOBHI 1)1 M3 BUpOOHUIITBA. Y MPOMHUCIOBOCTI BUMIPIOBAHHS T€OMETPUYHHX
BEJIMYMH (JIOBXKHUH; MAiaMETpiB; KyTIiB; BIAXWIEHb (OpMH 1 pO3TalIyBaHHS
MOBEPXOHb; HIOPCTKOCTI MOBEPXOHb; 3a30PIB) € OCHOBOIO MEPEBIPKH KOHTPOIIO
SIKOCT1, O0JIIKY KUIBKOCTI MPOAYKLIL 1 yIpaBIiHHSI CY4aCHUMHU TEXHOJIOTTYHUMU
poIecamH.

BaxnmuBuMm  eneMeHTOM — 3a0e3medYeHHS  SKOCTI  BHMIPIOBaHb €
BIJIMOBITHICTh 3aCO0IB  BHUMIPIOBAaHb 1 TMPOIECIB BHUMIPIOBaHh BHUMOTaM
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crangaptiB ISO, 3okpema, JICTY ISO 10012 [2]. Lle#t cranmapt nependadae
npoBeJieHHs KaniopyBaHb. KaniOpyBaHHs — BU3HAUEHHS B 3a/laHUX YMOBax a0o
KOHTPOJIb  MeTpoJsioriunux xapaktepuctTuk 3BT. OcHOBHI TOJIOKEHHS 3
kamopysanHs 3BT pernmamentye JICTY 3989 [3].

JUist ocsiTHEHHS el MiANpUeMCTBAa 3 YIPABIIHHS SKICTIO B poOOOTI
3aMpoINoOHOBaHl cucTeMa OOJIKYy 1 JOKYMEHTYBAaHHS pe3yJIbTaTiB IEpPEeBIPKU
MPUAATHOCTI 3aco0iB BUMIPIOBAaHb JI0 E€KCIUTyaTallli, po3poljeHa JoKaiabHa
MOBIpOYHA CXe€Ma, PO3pOO0JIeHI METOIWKH MPOBEACHHS KajaiOpyBaHHS 3aco0iB
BUMIPIOBaHb T€OMETPUYHUX BEJIMYHUH , 110 3a0€3MeUyI0Th MPABWIHHUH 1 € TMHHIA
MOPSIJIOK MTPOBEACHHS KaaiOpyBaHHs (Tabm.1).

Tabmuus 1 — [Mporenypu xaniopyBaHHS

3aco0u kayiOpyBaHHs 1 IX HOpMAaTUBHO-TEXHIYHI
XapaKTEPUCTHUKH
Jlinilika BUMIpIOBaJIbHA METaJIeBa 32
JACTY I'OCT 427: 2009 Jliniiiku gepe3
BHMIpIOBAJIbHI MeTasIeBi. TeXHIUYHI YMOBH

HaiimenyBanns onepauii

BusnaveHHs JOBXHUHU BIJIBOTY I'yOOK
IITaHTCHITUPKYJIIiB

BusnaueHHs BiIXWICHHS BiJ Jlinitika nexanpHa Tumy JIJI ki1 1. 1 3a
TUTOIITMHHOCTI 1 MPSAMOJTIHIHHOCT1 T'OCT 8026-92 JliHilikul IOBIipOYHi.
BHMIPIOBaHUX IIOBEPXOHB T'YOOK TexniuHi ymoBH"

[TnackomapanenbHi KiHIIEBI MipH JTOBXUHH KII. T. 2,
4-ii pospsn 3a JICTY T'OCT 9038: 2009 Mipu
JIOBKUHHU KIHIIEBI
IocKomnapaienbHi. TexHiuHi yMOBH

BusHaueHHs BiIXWIECHHS BiJ
MapayieTbHOCTI TUIOCKUX BAMIiPIOBATEHUX
MMOBEPXOHb I'YOOK

BuzHaueHHs po3Mipy 3CyHYTHX 0 3ITKHEHHS T'y0OOK 1
BiJIXWJICHHS BiJI apaieIbHOCTI
YTBOPIOIOTH BUMIPIOBAJIbHUX IOBEPXOHb
ryOOK Julsl BHYTPILIHIX BUMIPIOBaHb

Mikpometp tuny MK, Mexxa BUMiproBaHHS
0-25 MM, k1. 1. 2 32 ICTY I'OCT 6507: 2009
Mikpometpu. TexHiuHi yMOBU

[TrackonapaiienbHi KiHIEBI MipU TOBKUHH KII. T. 2,

4-ii pospsin 3a JJCTY T'OCT 9038: 2009. Hytpomep

BusnaueHHs MOXHOKH IITAHTCHITUPKYITiB MIKpOMETPHYIHHH 32

JCTY I'OCT 10: 2009 Hyrpomepu
MiKpoMeTprdHi. TeXHIYHI YMOBH

B pe3ynbTaTi BIOCKOHANEHHS MPOLEAYP 3 YIPABIIHHA SKICTIO BUMIPIOBAIEHUM
OCHAIIEHHSM KUIbKICTh TPETEH31M CIOXKHUBAa4YiB MIOJ0 SKOCTI MPOAYKIIil
nignpuemMcTBa 3a nepuie miBpivds 2018 3uuzunacs Ha 40 %.

Cnucok JiTepaTypu:.

1. ICTY 1ISO 9000:2015 Cuctemu ynpaBiaiHHS sKicTi0. OCHOBHI MOJIOXKEHHS Ta
cioBHuk TepMmiHiB (ISO 9000:2015, IDT) [Tekcr]. — Bea. 2017-01-01. — Kwuis:
YxpHJIHII, 2016, 50 c.

2. JICTY ISO 10012:2005 Cuctemu ympaBiiHHS BUMiprOBaHHSMH. Bumoru 1o
MPOILIECIB BUMIPIOBAHHS Ta BUMIPIOBAIBHOT'O OCHAIIICHHSI.

3. JCTY 3989-2000 Mertponoris. KamiOpyBanHs 3aco0iB BHUMIPHOBAJIBHOI
TexHikn. OCHOBHI TIOJIO)KCHHS, OpTaHi3aIlis, TMOPSIOK TPOBEICHHI Ta
o OpMIICHHS pPe3yJIbTaTiB.
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OCOBEHHOCTH INEPEOINTPEAEJIEHUA KHUJIOT'PAMMA -
OCHOBHOM EJVUHUIIBI S|
[Taneunko A. H.

Hayunsiit pykoBoauTeNb — 1.T.H., mpod. 3axapos U. I1.
HanonanbHeiil HayyHbIi LHEHTP «THCTUTYT METPOIOTUN
(61002, XapbkoB, yia. Muponocuiikas, 42, ten. (057) 700-34-09)
e-mail: sashapatsenko@ukr.net

From May 20, 2019, the SI will be based on seven physical constants, and
thus inherently stable. Most notably, this will mark the end of the last remaining
physical artefact in the SI system — a cylinder of metal known as the
International Prototype of the Kilogram.

In the context of the future definition of the mass unit, a promising
approach is to link the kilogram to the Planck constant using, for example watt-
balance.

Keywords: kilogram, watt-balance, Planck constant, Avogadro constant.

KunorpaMmm — enuHuinia u3MepeHus: MacChl, OJHA U3 CEMH OCHOBHBIX
equHUI] MexayHapogHoi cucteMbl enuHull (Sl). Jlo HemaBHETO BpEMEHH
KWJIOTpaMM SIBJISUJICSL TIOCJeNHeW eauHunieln S|, xoTopas Obuta TpuBs3aHa K
PYKOTBOPHOMY apTe(akTy — HWIMHAPY AUaMeTpoM Hu BbicoTod 39,17 MM u3
natuHo-upuaueBoro cmiaBa (90 % mmatunel, 10 % wupuaus), KOTOPBIA
XpaHuTcs B MexmyHaposHoM 0ropo Mep u Becos, T. CeBp, @paniius).

MexyHapoaHbld ATaJOH KWiIOrpamMMa HPakTHUYECKM HE IOJBEpraerTcs
KaKOMY-JTM00 TIEPEMENICHUIO WJIM HWCIONb30BaHWI0. Ero kommu XpaHsaTcs B
HaIIMOHAJIBHBIX METPOJIOTHYECKUX YUPESKACHUAX 10 Bcemy mupy. B 1889, 1948,
1989 u 2014 romax NMpoBOAMIMCH BepUPHUKAIIUU KOMUM C ITAJTOHOM C IIENBIO
00€ecTeunTh EJUHCTBO U3MEPEHUN MACChl OTHOCUTENIBHO ATAIOHA.

Pe3ynpTaThl  MOKa3aiM, YTO MAacChl JSTaJOHOB-KONMUWA  MEHSAIOTCS
OTHOCHUTEJILHO TJIABHOI'O 3TajoHa B nuana3oHe + 50 Mmukporpammos 3a 100 ser.

Hackonpko mpu 3TOM U3MEHWJIACh Macca TJaBHOIO H3TajloHa —
HEU3BECTHO, IIOCKOJIbKY €ro He C4YeM CcpaBHUBaTh. JlJI1 MHOTHX THIIOB
U3MEPEHUN  TaKO€  OTKJIOHEHHE MOXKET TMPUBECTH K HEJOCTOBEPHBIM
pe3yabTaram.

26 Hos10pst 2018 1. yuactHuku 26-ii ['eHepanbHON KOH(MEPEHIUHU 110 Mepam
U BecaM, KOTopas mnpoxoautT B Ilapuixe, MPUHSIIM HCTOPUYECKOE PEILICHHE
0 TePEoNPEICTICHUN YEThIPEX W3 CEMH OCHOBHBIX eAuHUI] S| — Kujorpamma,
amriepa, KeJIbBUHA U MOJISL.

OTUM peleHueM KuwiorpaMMm OoJjbllle HE CBSI3aH C MaTepUalbHbIM
HOCHUTEJIEM-3TaJIOHOM, U TENeph Ompenensercs udepe3 mnocTtosiHHyro Ilmanka,

-1

KOTOpasi B TOYHOCTH paBHa h = 6.626 070 15 x 1034 kr -w? ™.

yCTaHOBKI/I, C IIOMOIIBIO KOTOpOﬁ MOHO p€ain30BaThb HOBBIM HSTaJIOH
MacCChbl, HA3BIBAIOTCA BATT BCCHI, HJIM K€ BECCHI Ku66ma. OHM nO3BOISAIOT
HU3MCPUTb BEC UYCPC3 KOHCTAHTY IInanka. Macca IIpu 9TOM IIOAXOAC
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MPOMOPIIMOHANIbHA TIPOU3BEIACHUIO TOKA M HAINPSOHKEHUS. JIEKTPOMArHUTHBIE
CWJIbl B HEM BO3HHMKAIOT Onarojaps Karylike, 3a)XaTol MeXAy ABYMs
MOCTOSIHHBIMUA MarHUTaMu.

[Ipubop umeer nBa pexuma paboThl. B mepBOM »IEKTpUUECKUH TOK
IPOXOJUT 4Yepe3 KaTylulKy UM CO3[JaeT MAarHuTHOE T0Jie, KOTOpoe
B3aMMOJICUCTBYET C MOCTOSTHHBIM MAarHUTHBIM IOJieM. B pesynbTaTe co3mgaeTcs
JaBJIEHUE, KOTOPOE MO3BOJIIET COATaHCUPOBATh MACcCy KIJIOTpaMMa.

Bo BTOpOM pexkmme KaTymika MOAHUMAETCS C MOCTOSTHHOW CKOPOCThIO —
BOCXOJISIIEE JBYIKEHUE WHIYIUPYET B HEM HaAmpsHDKEHHUE, MPOMOPIIMOHATIBLHOE
CUJIE MarHUTHOTO mTOJs. M3Mepsis TOK, HamNpsOKEHWE W CKOPOCTh KAaTYIIIKH,
UCCJIENOBATeIM  MOTYT  BBIUMCIWUTHL  KOHCTaHTy  Ilmanka,  kotopas
MIPOTIOPITMOHANIEHA KOJIMYECTBY JICKTPOMAarHUTHOW SHEPTHUH, HEOOXOIUMOM TSI
onpeeneHus: bajiaHca Macchl.

Bropoii mnoaxom pa3paboranu B HallmoHalibHOM — METPOJIOTHYECKOM
uHctuTyTe ['epManuu. Tam co3nanu mpakTUYECKU UICATBHO Iajikue cepsl u3
KpEMHHUSI ~ JIHAMETpOM  OKosio 93,5 MWuIMMeTpa € IEpPOXOBATOCTHIO,
HE MPEBBIIIAIOIIEH Tpex JECSATHIX HAaHOMETPA, U OTKJIOHEHUSIMU
oT cpepruueckoi GopMBbI O HECKOJIBKUX JECSITKOB HAHOMETPOB. ITO HACTOJIBKO
Majlo, YTO €CIM Takylo cdepy MacmrabupoBaTh 0 pa3MepoB 3eMIIH,
OTKJIOHEHHSI OT UACAIBHO POBHOU (HOpPMBI HE OYIyT MPEBHIIATh HECKOIBKUX
meTpoB. Cdepsl caenaHbl W3 MOHOKPHUCTAIIA KPEMHHS, MPUYEM OIHOTO
n3otorma — ~°SI. Kpemumuii 6bl1 BBIOpAH M3-3a TOTO, YTO OIArOXApPS Pa3BHTOI
MOJIYITPOBOJJHUKOBOM TPOMBINIIEHHOCTH CYIIECTBYIOT METOIBI TONyYCHHUS
KPEMHHUEBBIX 00BEKTOB MPAKTUUECKU HJI€ANbHOTO cTpoeHus. [Ipumeceit B Takoit
chepe HaCTONBKO Majio, UTO €ro Macca OTJIMYAETCS OT UCANbHOW MEHBIIE, YeEM
Ha OJIHY JECITUMWUIMOHHYIO J0JI0 IpaMma.

[TockonbKy cdepy MOXKHO CUMUTATh MPAKTUYECKHA HICATBHOM C TOUKH
3pEeHUs] KPHUCTAJIMYECKOTO CTPOEHUSI M COCTaBa, a ee Macca paBHA Macce
ATaJIOHA KWJIOTpaMma, TO, TOYHO U3MEPHUB €€ pa3Mep, MEePHo]l KPUCTALITHYECKOM
pPEUIETKH U IJIOTHOCTh YMNaKOBKM aTOMOB, YYE€HbIE€ MOTYT Yy3HAaTh KOJIMYECTBO
aToMOB B Hell. Mcxolis U3 3TOro MOXKHO MOJYYUTh YMCIO ABOTapo, a 3aTeM
noctosHHyto [lmanka. Ha naHHBII MOMEHT y4Y€HbIE CMOTJIA HU3MEPUTh YHUCIIO
ABOTaJipo ¢ HEOMPEAECIECHHOCTHIO B 20 MUJUTHAPAHBIX JOJICH.

Jlns cosmaHmMs 3TajoHAa Macchl OyaeT mnpuMeHsATbes Oamanc Kub6:a,
BBIYHCIICHUE KOHCTAHTHI [TaHKa mporucxoauT ¢ OecpereIeHTHON TOYHOCTBIO.

Pedopma Bcrynut B cury 20 mas 2019 r. C 3Toro MOMeHTa BCE €IMHUIIBI
cuctemsl S| mpuBs3anbl K GyHAaAMEHTATBHBIM (PU3UUECKUM KOHCTAHTAM.

JIuteparypa:

1. 2018 Press Kit of the 26th CGPM www.bipm.org/utils/en/pdf/CGPM-
Press-Kit.pdf

2. 2018 Resolution 1 of the 26th CGPM www.bipm.org/en/CGPM/db/26/1/

3. 2014 Resolution 1 of the 25th CGPM www.bipm.org/en/CGPM/db/25/1/
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JAUHAMIYHIXAPAKTEPUCTUKUBUMIPIOBAJIBHUX
INEPETBOPIOBAUYIBHABA3IIITYYHUXHEHNPOHHUXMEPEXKIIPU
3ACTOCYBAHHIAJAIITUBHOI'OAJITOPUTMY
®domenko B. 1., [Taxomona A. O.
HayxoBuiikepiBHUK — K.T.H., 1011]. Ceprienko M.I1.
XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET Pal0CIEKTPOHIKH
(61166, Xapkis, mp. Haykwu, 14, kadp. MTE, ten. (057)702-13-31)
E-maill: d_mme@nure.ua
Application of adaptive identification method dynamiccharacteristics of
measuring instruments by impulse characteristics based on artificial neural
networks. At present, artificial neural networks (INS) that are capable of
learning from existing data are used to solve many metrological problems. The
purpose of this work subsection is the development and application of an
adaptive method based on the INS for identifying SIT parameters modeled by
dynamic links of the aperiodic and vibrational types according to impulse
characteristics.

B nanuii yac a1t BUpinieHHs: 6araTb0X METPOJIOTIYHUX 3aB/laHb 3HAXOJISATh
3actocyBaHHs mTy4yHl HedponHi mepexi (IIIHM), 3matHi n0 HaBuyaHHS Ha
OCHOB1 HAasBHUX JaHWX. METO0 JaHOro MApO3aiay poOOTH € po3polka i
3acTocyBaHHs anantuBHoro metony Ha 0a3i IHC nns imentudikamii mapameTpis
3BT, mo MoaemoThcs JIUHAMIYHUMH  JIAaHKAaMH  allepioguIHOTo 1
KOJIMBAJLHOTO THUIMIB, TIO IMITYJILCHUM XapaKTEPUCTUKAM.

st peamizarii agantTuBHOTO MeToay imeHTudikamii mapamerpis 3BT 3

IMITYJIbCHOIO XapaKTEPUCTHKOIO g(t) 3aCTOCOBYETBCS OararorapoBa
pexyppentHas IHC. Ilepumii map IHC € amanTuBHUX y4HIB MeEpexy, IO
CKJIQIa€ThCsl 3MHEUTPOHIB, HA BX1J KOXHOTO 3 SIKUX IOJA€THCS HaBYAJIbHE
BILJIUB.

Cniouatky M3Hadens Yk (B 3ane;xHocTiBiamomeni Yk Bi,Z[HOBI[aeTk T2/260 Sk ,
k =1...Mm) 3anar0TbCs TOBiILHO 3 PIBHOMIPHUM iHTEPBAIOM
+k ymax B ymin
m (1)
HapuanHsi 3acHOBaHe Ha MiHIMI3aIlli CEPEHHOKBAJIPATUYHUX TTOMUIIOK
Mepexi

Yk = Ymin

m

Q=52 =13y, ~0)

k=1 213 (2)

ne QyHkuig axtuBanii®k  BHacmimox HemuHilHOCTI Y (Yx) OTHCYETHCS
JIOTICTUYHOIO (DYHKITI€FO
1

1+exp(-wy, 9(¥i)) (3)

P = @(Uy) =
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T .
ne WYk — K-ta crpoka TpaHCIIOHOBaHOI MAaTpUIli CHHANTMYHHUX Bar,
10 BU3HAYAIOTHCS K (PYHKIIIS MIHIMYMY ITOMMJIKH MEPEXK1

Wyi = f(Qmin) .(4)

Takum uumHOM, pesyiabTaToM HaBuyaHHs [HC € oTpumanHs Matpuii

cu"antuuHux Bar Wk , BinmoBigHuX MiHiMyMyQ .

[licns HaBuyaHHS Mepeki Ha i1 BXIJ MOJAIOTHCS JTUCKPETHI 3HAYEHHSI
BUMIPIOBaJIbHOI BEIWYWHU. PO3paxoByeThbcsl cepeiHs KBaJgpaTHYHA TOMHIIKA
Mepexi 3a GopMyJIoro

m

Q=23 (Y - vu}

214 , ()
1 BU3HAYAETHCSA 3HAUYCHHS 3a1a€TbCA  IMapaMcCTpa Yx , IIpu AKOMY

CIIOCTEPITa€ThCA MiHIMaTbHA roMuKa Omin .Cimi 3a3Ha4uTH, 110 301JIbIICHHS

Qua OPOMIKHUX eTarnax iaeHTUdIKalii MOXe CBITYUTH PO HEMpaBUIIbHE
HABYaHHS MEPEXKi, TOMy B TaKWX BUMAJKAX CJIJl MOBEPHYTUCS IO MOMEPEIHBOL

iTepaii i 30iIBIKMTH iHTEpBAI 3a1aHUX 3HAYEHD Yk .
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OIIHKA HEBU3HAYEHOCTI PE3YJIBTATIB BUMIPIOBAHb
KOHAYKTHUBHOI'O ITAPABUTHOI'O BUITPOMIHIOBAHHA
METOIOM ITPAMOI'O 3UUTYBAHHS
[redan L.YO.

HayxkoBuii kepiBHUK — A.T.H., ipod. 3axapos LII.
XapKiBChbKUITHAIIIOHATBHHUM YHIBEPCUTET PaIUOEIEKTPOHIKH
(61166, Xapkis, np.Hayku,14, kad. MeTpoiorii Ta TEXHIYHOT €KCIIEPTU3H,
ten. (057) 702-13-31)
e-mail: ivan.shtefan@nure.ua

The given work is devoted to the development of a procedure of estimating
of uncertainty of measurements. The model equation is recorded, the numerical
values of the input values are estimated, the numerical value of the measured
value is calculated, the standard uncertainties of the input quantities, the
sensitivity coefficients, the total standard uncertainty, and the expanded
uncertainty are estimated. The uncertainty budget is given.

OpHi€r0 3 BUMOT IIOJI0 aKpeauTallli BUIPoOyBAIbHUX Ta KaliOpyBadbHUX
nadoparopii 3a JACTY ISO/IEC 17025:2006 [1] € HeoOXigHICTP MaTH Ta
3aCTOCOBYBATH MPOLIEYPY OILIIHIOBAHHS HEBU3HAUYEHOCTI BUMIPIOBAHb.

Bignosimno mo JACTY ETSIEN 300 220-2:2012 [2] wmeroaguka
BUMIPIOBAaHHS Mapa3sUTHOTO BUIIPOMIHIOBAHHS METOJOM MPSIMOTO 3UYUTYBaHHS
nojsirae B HactynHomy. [lepemaBau, 1m0 TECTyeThCs, 3 €AHYETHCS 3
aHaTI3aTOpPOM CIIEKTPY 3a JOMOMOIOI0 aTeHroaropa i (QuabTpa, 1 aOCONIIOTHE
3UYNTYBaHHA OTPUMYETHCS HA aHa3aTopi JUIsI  KOXXKHOTO  MOOIYHOTO
BUNIPOMIHIOBaHHS.  AHai3atop CHEKTpYy, areHiatop Ta  (QuUIbTp €
BIJIKQJIIOPOBAaHUMH Ha YaCTOTI MApa3UTHOIO BUMPOMIHIOBaHHA.BTpaTu B kabeni
€ He3HAYHUMHU 1 TOMY HE BPaxOBYIOTHCS.

MopnenbHe piBHAHHS BUMIPIOBAHHS Ma€ BUTJISAL:

Pn :10(A+K3+K4)+P0) (1)

ne P, — IOTyXHICTh KOHAYKTHBHOI'O 1apa3UTHOIO BUIIPOMiHIOBaHHA, MBT; P —

IOKa3 aHayizatopa crektpy, A1bMBT; A — koedimieHT BTpaTareHioaropy, ab;
K.~ KoebilieHT KaniOpyBaHHs aHanizaropa cuekrpy, ab; K, — koediwient

KanopyBanHs GUILTPY, 1b.
3HaueHHs MOTYXHOCTIP, OILIHIOETbCA 3a pe3ynbTaTaMU OJHOPA30BUX
BUMIPIOBaHb TOTY>KHOCTI aHaNI3aTOPOM CHEKTpy. 3HAueHHS Koe(]ilieHTy

ociabneHHs aTeHaTopy A, KoedilieHTy KamiOpysauHs ¢inerpy K, Ta

Koe(dilieHTyKaIiOpyBaHHs aHajIi3aTopa CIEeKTPY Kac O0epyThes 3 cepTudikaTiB ix
KaJ1iOpyBaHb.

Po3paxoByeThcs 3HaUE€HHSI BUMIPIOBAHOT BETMYMHHU.

O1iHIOBaHHSI CyMapHOi CTaHapTHOT HEBU3HAUYCHOCTI 31HCHIOETHCA 3a
bopmyIioro
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U (P,) =0,23P,Ju?(A) +u?(K,) + u*(K,) +u*(R), )

ne — CTaHJapTHAa HEBU3HAYCHICTb  BHUMIPIOBAHHAKOE(DILIEHTY
KaJiOpyBaHHS aHAI3aTOpa CIEKTPY
U, .
(K, = 3)
ac
Tyr U, — po3lupeHa IHCTpyMEHTalbHa HEBU3HAUYEHICTH aHaNI3aTopa
CHEKTpY, K, — KOeQII€eHT OXOIUIeHHs, 5Kl OepyTbcs 3 cepTU]IKATy

KaJiOpyBaHHS ~ aHaji3aropa  CHEKTpYy  JJIi  YacTOTH  Mapa3uTHOIrO
BUIIPOMIHIOBaHHS;
U(P,) — crannapTHa HEBU3HAUYCHICTh, IKa OOYMOBJIEHA IOBTOPIOBAHICTIO

BUMIPIOBAaHb aHasizaropa CHEKTPY, IPUIAMAETHCS PIBHOIO

CEpEAHbOKBAJPATUYHOMY BIIXMUJICHHIO IIOBTOPIOBAHOCTI S PE3YyJbTATIB

BUMIPIOBAHHS MTOTY>KHOCTI, sIKa BU3HAYAETHCS MPU MONEPETHIX BUMIPIOBAHHSX;

u(d)  _  crammapTHA = HEBM3HAUEHICTh BHUMIPIOBAHHS  OCNAGNICHHS
aTeHI0aTOPy
U(A)
u(A) = , (4)
I(A
tyr U(A) — po3mupeHa HEBU3HAYCHICTh BUMIPIOBAHHS OCIa0ICHHS
areHroatopy, K, — Koe]illi€eHT OXOIUIEHHs, sKI OepyTbcs 3 cepTHdikary
KaJIIOpyBaHHS aTCHIOATOPY [IJIs1 YACTOTUIIAPA3UTHOTO BUIPOMIHIOBAHHS;
u(Ky) CTaHJapTHa HEBHU3HAYEHICTh BUMIPIOBaHHAKOEDIIIEHTY
KaOpyBaHHS QUIBTPY
U
_"b.
U(Ky) == ()
¢

TyT U, — pO3UIMpeHa iHCTPyMEHTANbHA HEBU3HAYEHICTD GinbTpy, K, — Ta

KoeQIII€HT OXOIJICHHS, sIK1 OepyThes 3 cepTudikaTy KamiopyBaHHS QUIBTPY IS
YaCTOTUIAPAa3UTHOTO BUIIPOMIHIOBAHHS.

OIiHIOETBCS PO3LIMPEHA HEBU3HAUYCHICTh BHUMIPIOBAHb Ta 3aIllUCY€THCA
pe3ynbTaT BHUMIPIOBaHb B CTaHIAapTHOMY Burisaal. HaBoguThes Oromker
HEBU3HAYEHOCTI
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PO3POBKA METPOJIOT'TYHOT'O 3ABE3IIEYEHHS
KOHTPOJIIO SIKOCTI MPOAYKIII MAIIMHOBYJTYBAHHS
FOnomes /I.€.

HaykoBuit kepiBHUK — K.T.H., 1o1l. [lertsaproB O.B.

XapKiBChbKHI HAIlIOHAIbHUN YHIBEPCUTET PaI10EIEKTPOHIKI
(61166, Xapkis, np. Haykwu, 14, kadp. MTE, texn. (057) 702-13-31),
E-mail: d_mme@nure.ua

Metrological control of smooth cylindrical joints has been improved. A
comparative analysis of the existing normative base on the tolerances and
landing of smooth cylindrical joints, calibre-scraps, calibre-plugs, methods of
calculating the planting parameters, methods of statistical processing of
measurement results is made. The proposed method of calculating calibers for
controlling external elements of parts, providing interchangeability and quality
of parts. The method of choice of universal means of measuring equipment for
control of parameters of smooth cylindrical joints is offered.

SKicTh — TOJIOBHA M€Ta 1 OCHOBHA pYIIiiHA CUJIa PO3BUTKY CYCILIbCTRBA.
3rigao 1SO 9000:2015 [1] siKicTh — CTYIIiHB BIAMOBIAHOCTI CYKYITHOCTI IPH-
CYIIUX XapaKTEPUCTUK 00'€KTa BUMOTaM.

Bci Buau IisUIBHOCTI JIFOAWHHU  IIAMOPSAAKOBAHI OJHOMY: ITiABHUIIECHHS
AKOCT1 KUTTSA. A B chepl mMaTepiaiIbHOTO BUPOOHHUIITBA: TMONIMIICHHS SKOCTI
IPOAYKILii, 0 BUPOOIAEThCsS [2].

OcobnmuBe  Mmiciie  SKICTh  3aliMa€e y  BHUPOOHMIITBI  MPOJYKIIIi
MamuHOOYAyBaHHS — TOJIOBHOI Taiy3l €KOHOMIKM Oyab-sIKOT JIep KaBu.
[Ipoaykiris, 1110 BUMYCKAETHCS MAITMHOOY IIBHOIO MPOMHUCIIOBICTIO 11€ MAIINHH,
BEpCTaTH, NPUJIAJU, IHCTPYMEHTH 1 IPUCTOCYBAHHS, K1 CKJIAJAIOThCS 3 JeTanei
pI3HOMAHITHUX QopM 1 po3MipiB. [Jns MammHOOyayBaHHS Halle()eKTUBHIIIUMU
MOKa3HUKAaMU  SIKOCTI €  eKCIUTyaTallliHi ~ XapaKTepUCTUKW  MaIlMH.
Excrutyaraiiiiini Moka3HUKKA MEXaHi3MiB 1 MalluH (JOBrOBIYHICTbh, HAJIAHICTD,
TOYHICTb 1 T. J.) B 3HA4YHIN Mipi 3aJie’KaTh B1J MPaBUJILHOCTI BUOOPY MOCAOK,
JIOonycKiB (hOPMU 1 PO3TALTyBAHHSI, IIIOPCTKOCTI MOBEPXHI.

[Ipu mpoekTyBaHHI1 AeTaliel MalllUH X T€OMETPUYHI MApaMETPH 3a1aI0ThCS
po3MipamMu €JIeMEHTIB, a TakoX (OPMOI0 1 B3aEMHHM pO3TAllyBaHHSAM iX
noBepXxoHb. [Ipu BHUrOTOBJIIEHHI BHHUKAIOTh BIAXUJIEHHS TI'C€OMETPUYHUX
napameTpiB peaibHUX JeTajeil BiJ 3alpOeKTOBAHUX 3HAu€Hb. Lli BIIXWICHHS
HA3UBAIOTHCS MOXUOKAMHU.

BuMiproBaHHs € TOJIOBHUM JIKEpPEJIOM BIJOMOCTEH MpO BiAMOBIIHICTH
OPOAYKIlli  BCTAaHOBJACHWUM  BUMOTaMm. JJI1  KOHTPOJIO  BIAMOBITHOCTI
BCTAaHOBJICHUM  BHMOTAM  BHKOPHUCTOBYIOTH  KOHTPOJBHO-BUMIPIOBAIbHI
iHcTpyMeHTH. ToMy st 3a0e3MedeHHs] HAJIEKHOI SIKOCTI TPOEKTyBaHHS,
BUTOTOBJICHHS JICTAJICH, BY3JIIB 1 MAIIMH BAKJIUBUM € MTUTAHHS METPOJIOTIYHOTO
3a0e3MeYeHHs] KOHTPOJIIO Ta BUMIPIOBaHb MMapaMeTPiB SIKOCTI BUPOOIB.
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[Ipyu macoBoMy BUPOOHHUIITBI JeTanei, s CIHPOIIECHHS BHU3HAYCHHS
MPUAATHOCTI JIeTajeil 4acTo MepeBipsIOTh, YU 3HAXOAMUTHCS IIMCHE 3HAUYCHHS
pO3MIpIB JieTajeil B YCTAHOBJIECHUX Mexkax. Tomy TMpolec OTPUMaHHS Ta
o0poOku iHdopMarii Tpo OO0'€KT JIsi BHU3HAYEHHS HOTO MPUJATHOCTI UM
HENPUJATHOCTI HA3UBAIOTh KOHTPOJIEM.

Jlnst Toro o0 BU3HAYUTH MPUAATHICTH JeTaidl HEOOXITHO BHU3HAYMTH Il
JiHcHI po3Mipu. BigxuiieHHsS AIHCHOTO po3MIpy JAeTalli BiJi HOMIHAJIBLHOTO JIJIS
3aJJaHOTO KBAJIITETy HE MOBMHHO BUXOJUTH 332 MEXI1 JOIMYCKY, BCTAHOBJIEHOTO
crangaptamu [SO 286: 2010 [3,4].

OO0'eKTOM KOHTPOJIIO SKOCTI € Ba 3 mapamerpamu J60K6 . [l koHTpoIo
JieTaneil, BATOTOBJICHUX 3a JJAHUM KBaJITETOM IMPOIMOHYETHCS BUKOPUCTOBYBATH
kamopu. Kamiopu — Oe3mkaibHl BUMIPIOBaJIbHI 1HCTPYMEHTHU, MPU3HAYEH] JIJIS
KOHTPOJIIO PO3MIPIB €JIEMEHTIB AeTajeH, iX reoMeTpuyHoi popMu 1 B3a€EMHOTO
postamryBaHHsi. OCHOBHUM IIepeBarol0 KamiOpiB € BHCOKa MPOJAYKTHUBHICTh
KOHTPOJIIO - €KOHOMISI Yacy Ha IMPOBEJCHHS KOHTPOJbHO-BUMIPHUX OIeparliil.
3a A0MOMOTOI0 KaniOpiB MOKHA BUSHAUMTH A1MCHI PO3MIPHU €JIEMEHTIB JIeTajel.
3aBOaHHSAM KOHTPOJbHUX (YHKIIN KaliOpiB € BCTAHOBJIEHHS BIAMOBIIHOCTI
JTIACHUX PO3MIPIB €JIEMEHTIB JeTallel Ta iX TPaHUYHUX 3HAYEHb, POCTABICHUM
B pOOOUYUX KPECIEHHSIX, Ha OCHOB1 YOT0 POOJISATHCS BUCHOBKH PO MPHUAATHICTD
a00 HENpPUIATHICTH JETaNi MO ii KOHTPOJIBOBAaHUM IapameTpoM. Baim J60K6 €
OpUJIATHUH, KO AIMCHUN po3Mip Olblle HI’K HAWMEHIINN TPaHUYHUNA PO3MIp
I MeHWE HDK HaWOULIbIIMHA TpaHW4HUA po3Mmip, TOOTO dpyn <d; <dp,,. 3i

CXeMH PO3MIIICHHS MOJs JOMYCKY Bajla CIIAye, L0 SIKIIO TIACHUN pO3Mip
3HAXOJHUTHCS B MEXKaX JOMYCKY, TO BaJI MPUJATHUH.

Busnaueno momycku 1 rpaHMyHI BiAXWiIeHHA KamiOpy. s nmiamerpa
©@60mMM 6-rO KBadiTeTy TOYHOCTI BHMKOHaBul po3mipu kamobpiB: [P =
60,0145 *®mm; HE = 59,9995%°% v,

JIist MOCSTHEHHSI TMOCTaBJIeHOT B POOOTI METH 3ampOINOHOBAHUN METO]]
pO3paxyHKy KajgiOpiB I KOHTPOJIO 3O0BHIIIHIX €JIEMEHTIB JIeTaJIel, IIo
3a0e3meuye B3a€EMO3aMIHHICTh 1 SIKICTh JeTajied. 3alponoHOBAaHO METOAUKY
BUOOPY VyHIBEpCAIBHUX 3acO0IB BHUMIPIOBAJIBHOI TEXHIKM JUISI KOHTPOJIIO
napaMeTpiB TJIaJKUX HWIHAPUYHUX 3'€THAHb.
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