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MOAEJII HOINNPEHHSA EJIEKTPOMAT'HITHUX XBUJIb
JIJISI AHAJII3Y TOKA3HHUKIB EJIEKTPOMATHITHOI CYMICHOCTI
MEPEX 3B'ABKY 5 G
M. O. YypcaHos
HaykoBwii kepiBHUK — A.T.H., mpod. Komsinenko FO.1O.
XapKiBCbKUI HAlLlIOHAIBHUN YHIBEPCUTET Pai0eNEeKTPOHIKH
(61166, Xapxkis, np. Hayku, 14, xad. [HpokomyHikaiiiHo1 iHKEeHEPiT
iMm. B.B. ITonmosckkoro, ten. (057) 702-13-20)
e-mail: mykyta.chursanov@nure.ua ¢axc (057) 702-13-20
The next generation 5G / IMT-2020 technology, like any new technology,
brings its own specific features to all aspects of the practice of its application.
One of these particularly important aspects is electromagnetic compatibility. At
the stage of preparation for the implementation of 5G radio networks, it is
necessary to take early measures to effectively assess the EMC conditions for
these networks based on a thorough analysis of the features of 5G technology,
and by correctly and accurately assessing these conditions, successfully ensure
the electromagnetic compatibility of radio equipment of new networks. The
purpose of this work is to develop a radio wave propagation model for analyzing
the electromagnetic compatibility of a 5G communication network.

Texnounoris HoBoro nokoiHHs SG/IMT-2020, sik 1 Oyab-sika HOBA TEXHOJIOTIs,
INPUBHOCUTH CBOI creuu@iuHi 0cOoOJMBOCTI B YCl aCHEKTH, IO CTOCYHOThCS
NPaKTUKK ii BOpoBaJKeHHA. OIHUM 3 TaKUX OCOOJIMBO BAXKIMBUX ACIEKTIB €
enexktpomartitHa cymicHicte (EMC) [1-3]. Ha erami miAroToBKH 10
BIIPOBAKCHHS pagioMepex TexHoJorii 5G, He0O0X1THO 3aBYacHO MOTYypOyBaTUCS
PO BXKUTTS 3aXOiB 1070 ehekTuBHOI oiinku ymMmoB EMC mist nux Mepex Ha
OCHOBI1 PETEIBHOr0 aHalli3y 0COOIUMBOCTEH TexHoorii 5G, a MpaBUWIBHO 1 TOYHO
OIIIHUBIIHM Il YMOBH - ycmintHo 3abe3neuntd EMC panio3aco6iB HOBHUX MEPEK.
Metoro nmaHoi pobOTH € TPOBEACHHS po3poOKa MOENI MOIIUPEHHS
CJIEKTPOMArHITHUX XBWUJIb JJIsl aHanmizy nokasHukiB EMC wmepex 3B'sizky 5 G.
OpHe 3 OCHOBHHMX HaNpsIMKIB IO CTBOPEHHIO MOO1JILHOTO 3B's13KY 5G 11€ OCBOEHHS
yacToTHUX aianazoHiB Bume 5 [T [2]. HalimeHie ocBO€HMIA MiTiMETpOBUiA
niamazon (MMJ]) xBwib, TOMy caMe B IIbOMY Jlana3oHi MOXJIMBUMA PO3BUTOK
cranaapty 5G. JlianazoH MiIiMETPOBUX XBUJIb BUBYEHUH 1I€ HE MOBHICTIO. ToMy
CTAHOBUTH 1HTEPEC JOCIIPKEHHS MOXKJIMBOCTEH MOOILIBHOTO 3B'SI3KYy B I[bOMY
Jlarna3oHl XBUJIb.

OcHOBHI BTpaTd mepenadl pajioXBUIb Y BUIBHOMY MPOCTOPI BU3HAYAIOTHCS
BUPA30OM:

L, =92,4+20Ig( f)+20Ilg(R) , [nb] (1)
ne R - BigcTaHp MiXK THepeaBadeM i mpuiimadem, f - gacroTa.

3anpomoHoBaHa MOJETb OCHA0JeHHS CUTHalIiB B pafgiokanamax MM/,
1110 BPaXOBYE:
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- oclla0JIeHHs PaIiOXBUIb Y BIILHOMY IIPOCTOPI;

- BTpaTH €HEePTii paJioXBWIIb MPHU MOLMTUPEHHI Yepe3 JIOIIi;

- 3aracanHs curHairy MM/] ipu nmommpeHHi uepes JIUCTS ACpEB;

- ocja0JIeHHsI CUTHAIIB TIPW MPOXOPKEHHI uepe3 MIUIbHI nepenkoau (0yaism,
CIIOPY/IH, TOIIIO).

Monens nipecTaBiIeHa BUPA30OM:

L=L, +kR(KgY®+1V;)+0,2F%3r%8 4 1, [1B] (2)

ne K - koedimieHT, 110 BHU3HAYA€ HASABHICTH YW BIACYTHICTH omamiB, Y -
IHTEHCUBHICTh omnaaiB, mMm/4, K, - mapaMmerp, L0 3aJ€KUTh BIJ YaCTOTH,

TeMIeparypu, noispuszamii 1bu/mM2, a - 6e3po3MipHHIA apameTp, M0 3aTeKUTh
BiJl YaCTOTH, TeMIIepaTrypu, moispusaiii, | - muTomuii moroHHui KoedimieHT

ocnabnenHss curHary MMJI B Tymani, Vi - KoedillleHT BMICTY BOAMU B
atMocepi, F- TIMOMHA IIapy JHCTS, WO NepekpuBae, M, Ly, - 3aracaHHs

CUTHAITy B MaTepianax, nb.

VY panmiokananax 5G MOXyTh croctepiratics i uyacosi 3aBmupanHs [3]. Ix
OCHOBHOIO TPUYMHOIO € JOTUIEPOBChKA 3MIHA YacTOTH NpHU pycli aOOHEHTIB
BIJIHOCHO OJHWH OJHOro. SKio MoOUIbHA CTaHIA MEPEMIIIAEThCS, TO uepes3
JIOTIEPIBCHKUIM 3CYB 4YaCTOTH CHUTHAJl 3a3Ha€ cHnoTBopeHHsA. [lpu HaOimkeHH1
aOOHEHTIB 3B'sI3KY, 3MIHA YaCTOTH BU3HAYUTHCS BUPA30M:

f = f ﬁ
~%c-u..
nep
e fo - HecliHA YacToTa, Unp, Unep IIBUJIKOCTI pyXy MNOpuiiMaya i

nepenaBava, C - MBUAKICTh MOMIUPEHHS PAI10XBUIT.
[Ipn BigmaneHHi aOOHEHTIB OJMH BiJ OJHOTO JOIJICPOBCHKA 3MiHA YacTOTH
BU3HAYAETHCS BUPA3OM:

C-Up
f=f| —
C+U nep
3aracaHHs CUTHAJIy B JOIIaX BU3HAYAECTHCA BUPA30OM!
Ly = KqY?2.
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DECENTRALIZED LOAD BALANCING IN CLOUD
COMPUTING TECHNOLOGIES
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In this work is studied of are load balancing algorisms cloud computing
platform technologies. Presenting a review of the challenges related to SDN that
are discussed the use of load balancing.

As emerging new technologies, such as cloud computing and with increasing
their users, as well, managing the works is difficult. To address this issue,
software-defined network (SDN) has been proposed, which makes network
management more conformable. Order to maximize the efficiency and reliability
of network resources due to limited network resources must be considered is load
balancing issue that serves to distribute data traffic among multiple resources.
SDN controllers have a global view of the network and can produce more
optimized load balances Load balancing is a technique to divide the workload
onto
multiple resources in order to avoid overload on any of the resources .
Maximizing throughput, minimizing response time and optimizing traffic are
some of the load balancing

SDN load balancing methods are more accurate and have higher performance.
In SDN associated research, load balancing issue is one of the most important
issues because of industry concerns [1].The most significant qualitative
parameters for load balancing in the SDN described.

Over the past years distributed computing has become much more advanced and
there are many types of environments that are available for large scale
applications. However scheduling applications in these environments still has a
lot of issues, such as the decision process for allocating resources. Content aware
load balancing uses the content requested to schedule a specific request.

Is evaluated a load balancing algorithm parameters are required and compare it
with previous methods in order were indicated the better load balancing
algorithm. The most significant qualitative parameters for load balancing in he
SDN are described as follows.

An average number of synchronizations per minute-Cumulative frequency.
Degree of Load Balancing, Energy Consumption, Execution Time, Forwarding
Entries, Guaranteed Bit Rate (GBR), Latency, Migration, Cost, Response Time,
Peak Load Ratio, For route Throughput, Workload, Root Mean
Squared Error (RMSE).
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Overload Ratio (OLR), in networks. In the LTE networks, OLR of a cell is
defined in a specific period by employing its resource block utilization and QoS
satisfaction of GBR User Equipments (UES).

Packet Loss Rate: Packet loss happens when one or more packets of data do not
reach their target. It usually results from network congestion. It is the percentage
of packets lost regarding packets sent. Also, packet loss rate is the rate of packets
loss

Detailed analysis of the resource topology of a load-balanced network
infrastructure, as well as its attractors, trajectories, and state spaces, provides an
open source toolkit that is compatible with available rendering metrics.

A new approach to load balancing is proposed as a Traffic Route
Optimization (TMO) to dynamically balance the business time workload on a
cloud computing platform. Analyzed the indicators of the probability of
movement in the network with the optimization of the traffic route. To improve
load balancing efficiency as well as network performance, there are major critical
issues that need to be addressed.

The proposed strategy takes into account three factors that affect pheromone
renewal, namely pheromone evaporation, task renewal, and incentives for
successful tasks [2].The pheromone in the node decreases over time due to
evaporation. It is proposed to use a local update strategy, where the pheromone is
not equal to zero, in order to modify the pheromone at the slave nodes, in order to
renew pheromones, this is an increase in the value of pheromones for subordinate
nodes, which are associated with good conditions, and a decrease in those
associated with bad parameters. Can set at least 2 requirements for performing
tasks on a slave server: incentives, punishment. The first requirement is that the
pheromone in this node increases if all tasks are performed with high quality
network performance. The second requirement is that the pheromone in this node
decreases if the tasks are performed with poor network performance.

By simulation of dynamic load balancing using traffic route optimization
shown minimum number of iterations and the convergence time to achieve load
balancing, which means that it is possible to achieve the optimal state using such
parameter settings. Can later using this group of parameter settings for subsequent
simulations. The degree of load balancing for the description of the results should
match the level of balancing of the virtual machine in the cloud platform.

References
1.http://www.cablefree.net/wirelesstechnology/4glte/rsrp-rsrg-measurement-lte
2.http://www.techplayon.com/rsrp



BUKOPUCTAHHS CTEKY ITPOI'PAM ELK STACK JJIA
BUPIIIEHHS ITPOBJIEM, IO BUHUKAIOTD Y COEPI IHTEPHETY
PEUYE
Tokap /. L.

HaykoBuit kepiBHUK — JI.T.H., AoiieHT Mopo3oga O. 1.
HanionansHuit aepokocMiuHui yHiBepcuTeT iM. M. €. )KyKoBCbKOTO
«XapKiBChKUH aBlalliiHUIN IHCTUTYT»

61070, Xapxkis, Byn. Ukanosa, 17, kadeapa KOMIT FOTEPHUX CUCTEM,
Mepex 1 KibepOesmnekH,
e-mail: d.tokar@student.csn.khai.edu, ten. (063) 667-98-50

The concept of the Internet of Things, the basic principles and the problems
of the implementation are seen. It has been announced that the principle of IoT
technology allows the solutions integration that are necessary for the function in
in various spheres of activity and human life. Warehouse of ELK Stack
components for 10T tasks was analyzed. It has been reported that software logs
are created in information systems to collect statistics, useful data and others.

['mobanbHa iH(DpacTpykTypa iHbOpMaIliiiHOrO cycniascTBa — I[HTEpHET
peueit (Internet of Things, 1oT), mo 3a0e3neuye nepenoBl MOCIYTH 3a PAXyHOK
oprasizamii 3B'sI3Ky M)XK pedyaMH Ha OCHOBI 1H(QOPMALIIITHUX Ta KOMYHIKallIHHUX
TEXHOJIOT1M, 10 ICHYIOTb ¥ pPO3BUBAIOTHCSA, MIIHO YBifIUIa B Hally
MOBCSKICHHICTh. Ll KOHIEMNIisT € HEBII'€MHOK YacTMHOK CY4YacHOIO
1H(poKkoMyHiKaliitHoro cycnuibecTBa. Ha ocHoBi [0oT peanizoBaHi 3HauHa KUIbKICTh
pPO3YMHHMX JIOAATKIB B PI3HUX cdepax AiSVIBHOCTI W JKUTTS  JIFOJAMHH.
Haiinommupenimum npukiaagom [0T € TeXHOJIOTis «po3yMHUN Oy AMHOK.

[Topsia 3 BHOOPOM TEXHOJIOTIH, 1110 € OcHOBOIO 10T, cucTem aBTomMaTu3arlii Ta
Oarato 1HIIOro, Ba)XJIMBHM 3aBlIaHHSIM B pamkax BuOopy apxitektypu loT €
BUOIp iH(opMaIiiHoi cucremu, Tak 3BaHoi loT muardopmu, B cKiami SKOi
PO3PI3HAIOTh HACTYIIHI 1€papXivyHi piBHI: 0a3y JaHUX, aHAJITUKY, Bi3yali3allilo,
oOpoOKy Ta ympaBiiHHSA MJisIMH, YIOPaBIiHHA TMPHUCTPOSIMU, 3B'SI30K  Ta
HOpMaizarito [1].

TakuM YMHOM, OCHOBHE TIMTaHHs Tojsrae B BUOOpl TuiaThopMu 3
PO3LIMPEHUMH  MOXKJIMBOCTSIMU ~ 300py, mepenayi, oOpoOku iHdopmailii,
3a0e3nedeHHs 1H(opmaiiiHoi Oe3NneKu, MOHITOPUHTY Ta AHAIITUKUA 310paHuX
JTAaHUX, [0 ¥ BU3HAYAE AKTYaJIbHICTh JIaHO1 MyOJiKarlii.

OmHMM 3 TPOAYKTIB, SIKI ONEPaTHBHO MOXYTh TPAIIOBAaTH 3 TaKOO
KUTbKICTIO anuX, ciif 3a3HaunT cTek ELK (Elasticsearch, Logstash ta Kibana).
KoxeH 3 1ux IHCTpYMEHTIB € TMOBHOLIHHMM HE3aJEKHUM Open source
IPOAYKTOM, @ Pa30M BOHU CKJIQJAIOTh MOTY>KHE PIIIEHHS JUIsl IIUPOKOTO CIEKTPY
3aBJlaHb 300py, 30epiraHHs Ta aHaji3y JaHUX.

Jliist 300py CTaTUCTUKH, KOPUCHHUX JaHUX TOIIO, B IHPOPMAIIHHUX CUCTEMaX
CTBOPIOIOTHCS JKypHAIIM TporpaMHoro 3abesnedeHHs. KojkHa momisi, KOKHA st
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KOpUCTyBauya MOBMHHI OyTH 3amucaHi B Takui kKypHal. lle o3Haudae, mo 3a
rOJIMHY MOK€ OyTU 3Tr€HEpOBAHO JIECATKU TepadalT X KypHAJIIB.

AHa3aTopy JKypHajiB OOWpaloTh 3a BXIJHI JdaHl, IO BHPOOISIOTHCS
OpanaMayepamu, Mapuipytuzatopamu, IDS Ta mporpamamu, 1 mepeTBOPIOIOTH
1l JAaHi Ha JAi€eBUM 1HTENeKT. [IpoTarom TpuBaioro 4yacy BHKOPHCTOBYBAIHUCS
OCHOBH1 IHCTPYMEHTH, Taki sk grep, awk abo perl, mo0 BHKOHYIOTH aHami3
)KypHaiiB. OmHaK 31 3MIHOIO Yacy Ta MacmTabiB JOJATKIB, TOMEPEIHIX METOIIB
BKe He BucTaudae. [IpaBuibHMIA aHaNi3 KypHATIB MOXE JOIMOMOTITH 1HXKEHEpaM
DevOps, cucteMHUM aaMiHICTpaTOpaM, IH)XXEHepaM 13 HaJiHHOCTI BeO-CalTIB Ta
PO3pOOHUKAM MPUITMATH MEBHI PIIICHHS.

AHami3 JKypHJIIB JOMOMara€ ONTUMI3yBaTH a00 HaJIaroAuTH poOOTYy
CUCTEMHU Ta HAJaTH CYTTEBI JaHi MI0JI0 BY3bKUX MICIb Y CHCTEMI, OCOOJIUBO 1€
crocyeTbesi mpuctpoiB loT. OCKIIBKM Il MPUCTPOI ICHYIOTh y BEIUKOMY
reorpagiyHoMy macmrabi, TO JaHl >KypHaJIIB 3IrpaloTh BUPIIMIATIbHY POJIb Y
pO3yMiHHI TOBEAIHKM cucTeMu. CXeMy BUKOPUCTaHHS KypHAIy HaBEJIEHO Ha
puc. 1.

Bukopucranns
Ky PHAITY
Buaanenus Ananis Auanis Inrepuer peyeit (IoT) [Tpornostaynuii
HOMHIIOK G(I)CK'I'HBHOL"I‘i Oe3neKu Tda n\'ypna:mmanux aHans

Pucynox 1 — CxeMa BUKOpUCTaHHS KypHaJIiB

Crexk ELK cknagaeTbest 3 MPOEKTIB 3 BIAKPUTUM KOJIOM, SIKI OepyTh JaHi 3
OyIp-KOro JiKepena Ta Oyab-sSKoro (opmary, a MOTIM 3A1MCHIOIOTH MOIIYK,
aHaii3 Ta BI3yalli3allll0 B peXUMI peaibHoro 4dacy. BiH mpomnonye miatdopmy
VIOPABIIHHA JKypHaJaMH HACTYIHOTO TIOKOJIIHHS, fKa BHUPINIye MpoOiIemMH,
MOB’s3aHl 3 HEOJHOPITHICTIO Ta MacimTaboM KypHaimiB. OcoOJUBO CIijT
3a3HAYUTH, 110 y 3B’S3KYy 3 THUM, 10 BEJMKI 1H(QOpMALiiHI CUCTEMH T'€HEPYIOTh
BEITUYE3HY KIJIBKICTh CIY»KO00BOi iH(opMaIlii, Ky moTpiOHO Jech 30epiratu, To
HaJAIITYBaHHS cxoBHIIa A jioriB Ha 6a31t ELK Stack € myxe kopucHuM.

TakuM YMHOM, MOXXHA 3pOOMTH BHCHOBOK, IO JUIsi poOOTH B
iHppactpykTypl [oT He moTpiOHa Benuka cucTema, SIKy MOXXHA BIJHECTH 0
kareropii BigData 1/a6o HighlLoad. 3 inmoro 60Ky, 3BU4Hi MeTOAM 30€peKEHHS
Ta 00poOKu 1HpOpMaIIii, Taki, sIK 3aMKUC B TeKCTOBUM ¢aiin abo SQL-6a3y, Takox
HE MIiAXOJATh, OCKIIBKM BEJIMKAa YacTMHAa pPOOOTH BIiAOYBAEThCA 3 JIOraMu
NPUCTPOIB, IS SIKUX 3pyuHO BukopuctoByBatn ELK Stack.

Jlitepatypa:

1. Five Things to Know About the 10T Platform Ecosystem [EnextponHmii
pecypc]. — 2020. — Pexxum moctymy A0 pecypcey: https://iot-analytics.com/5-
things-know-about-iot-platform.
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BUKOPUCTAHHS CEHCOPHUX MEPEXK Y PIBHUX CDPEPAX
KUTTSA TA AISIJIBHOCTI JIOAUHUA
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You can see the advantages of wireless sensor networks, basic concepts and

principle  of  construction. A  wide range of uses touch
networks for human life and activities has been examined. The necessity for the
usage of such networks in difficult conditions and in the absence of wired
communications has been proven. Possibilities of using WSN in case for the
transmission of various types of traffic and for the localization of large objects
have been listed.

ITin cencopuoto wMepexero (WSN — WireleM Sensor Network a6o
Ubiquitous Sensor Network — USN) po3ymitoTe Mepexy Ha OCHOBI CTaHIApTiB
IEEE 802.15. 4 / ZigBee / 6LOWPAN, 3 HU3bKOIO IMIBHJIKICTIO MTepeadi JaHHuX i
HAJHU3BKMM  CHEpProcnoxuBaHHsAM. Taka  mepexxa 3a  JOMOMOTOIO
Majora0apuTHUX IHTEJIEKTyaJIbHUX CEHCOPIB Ta MPUCTPOiB, SKI 00'eqHaHI B
O€3MpOBIIHY MEPEXKY, YTBOPIOE PO3MOAIICHY CaMOOPraHI30BaHy MEPEXKY,
nepeBaru SIKOi MOJSATaloTh B ONEPATUBHOCTI Ta E€KOHOMIYHOCTI PO3TOpTaHHS
TPUBAJOi aBTOHOMHOI pOOOTH (MpU BUKOPHCTAHHI BIAMOBIAHUX alTOPUTMIB),
BIJICYTHOCTI HEOOXITHOCTI B TEXHIYHOMY OOCIIYrOBYBaHHI Ta HaJIHHOCTI pOOOTH
B KOPCTKHUX YMOBax €KCILTyaTarli i T.11.

VY Hair yac CeHCOpHI Mepexi BKe OTpUMAalH CBOIO chepy BUKOPUCTAHHS B
[UBUTBHIN JKUTTEMISIBHOCTI Ta 3alHSIN y>Ke BaKIIMBY IMO3HUIIIIO TTOBCIKICHHOTO
YKUTTS Cy4acCHOT JIFOJIUHHU, 1110 1 OOYMOBITIO€ aKTyallbHICTh JIaHOT Ty OuTiKaIlii.

3apa3 CceHCOpHI Mepexi 3aligHl Yy Takux cdepax SK: MOHITOPUHT
HABKOJIUIIIHBOTO CEPEOBUIIA, OXOPOHA 30POB'S, KOHTPOJIb PYXy OO'€KTIB Yy
poCTOpi Ta 6araTo 1HIIUX.

CydacHl CEHCOpHI Mepeki HaJaroTh MOXIIMBICTh PO3TOPTaHHS B CKJIQTHUX
YMOBaX, 3aBJSKH BIJICYTHOCTI MPOBIJHUX KOMYHIKalli 1 MiHIMaabHUX PO3MIpPIB
CEHCOPHHUX MPHUCTPOIB, TEXHOJIOTISI CCHCOPHUX MEPEXK € HAI3BHUAHHO THYYKOIO 1
PAKTUYHOIO.

Buxopucranuss WSN s mepemaui MOBH Moke OyTH 3arpebyBaHe B
HACTYITHHUX Mporpamax:

— oprasizaiisi 3B'A3Ky 1 mepeaada rojIoCOBUX KOMaH BCepeauHI 0OMEKEHOT
OTEpAaTUBHOI TPYNMH, B yMOBAaX BEJIMKOI TEPUTOPIAIBHOI PO30CEPEIKEHHS 1
MOOUIBHOCTI YJICHIB TPYIH, & TaKOXK 3a0€3MeYeHHsS] MPUXOBAaHOI pOOOTH 1 BUMOT
JIOBrOTPUBANIOi poOOTH MepeaaBaviB 0e3 MOXKIUBOCTI MiA3apsAKH aKyMyJsTOPIB
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(rpynd  CHEUiaJIbHOTO NPU3HAYEHHS, OINEPATUBHOIO pearyBaHHs, TIpyIu
MOXKEKHUX, TTOITYKOBO-PSATYBaJIbHI TPYIIH, Ta 1HIII);

— oprasi3ailiisi ToJIOCOBOTO 3B'SI3Ky Ha OCHOBI BXKe 1ICHYI0UO1 1HQPACTPYKTYpH
WSN, 3 MmeTor0 MiHIMi3allii BUTpAT, ajie pO3ropTaHHs HOBOI MEpex1 Uil TIepeadi
rojiocy (HampukiIala, KOJIM BXKE € PO3rOpHyTa KOPIOpATUBHA Mepeka Ha
OoOMeKeHIl TepUTopii);

— Opraizailisi IeueBoro Oe3MpoBiIHOTO TOJIOCOBOTO 3B'S3KY HA TEPUTOPIAX 3
HEBEJIMKUM MOKPUTTAM (HAMPHUKIIAA: HA TEPUTOPii MPOMHUCIOBOTO MiANPUEMCTBA,
BCeperH1 OyiBeNb, B MEXaxX CEJUIIA Ta 1HII).

OcHoBHUMHU cdepaMu BUKOPUCTAHHS CEHCOPHUX MeEpexX s mepeaadi
TEJIEMETPUIHOTO TpadiKy €:

— NOCHDKEHHSI NpUpOAM (CTEKEHHS 3a arMOC(EepHUMHU TMOKa3HUKaMH,
CIIOCTEPEKEHHS 32 PIBHEM BOJM B BOAOKWMAX, peecTpalisl ByJIKaHIUHOI aKTUBHOCTI
1 170);

— KOMYHaJIbHE TOCIOAAPCTBO  (CIOCTEPEKEHHS 3a BOAONOCTaYaHHSM,
CJIEKTPOCHEPTETUKOIO 1 T.1T.).

MOXIMBOCTI 3aCTOCYBaHHSI CEHCOPHMX MEPEX IS JioKami3alii 00'€KTiB
Ty’e BEJNHKI 3 OISy Ha HEBEIWKY BapTiCTh PO3TOPTAaHHS CHUCTEMHU 1 TOCHUTH
BUCOKY  TOYHICT  BHM3HAUEHHS  MICIENOJOKEHHS — CydacHI  MPHUCTPOi
3a0e3MeuyoTh TOYHICTh BiJ JCKUIBKOX CAaHTUMETPIB JO OJHOTO MeTpa Ta
BHUKOPCHUCTOBYIOTHCSI B TAKMX MICIISIX SIK:

— MOPCBHKI MOPTHU 1 KOHTEMHEPHI MailIaHUYMKH (CTEXEHHS 3a NepeOyBaHHIM
Ta TIEPEMIIIICHHSIM KOHTEHHEPIB);

— CKJIaAu 1 JIOTICTUKA (CTEXKEHHs 3a MepeOyBaHHSAM Ta MEPEMIIIEHHSIM
aBTOMOO1JIIB Ta BAaHTaXX1B Ha CKJIAJChKUX MalJaHUYMKax), Ta Iie 0araro 1HIIMNX

3yNUHUMOCS Ha JESKUX HaWOIIbIIl YacTO BUKOPHUCTOBYBAHUX BapiaHTax
3aCTOCYBaHHSI CEHCOPHHUX MEPEX JJIsl aBTOMATH3allii Oy/1iBelb:

— KOHTPOJIb CTaHy HAaBKOJMIIHBOIO CEPEIOBUIIA BCEPEIMHI 1 30BHI OyAUHKY
(Temneparypa, TUCK, BOJIOTICTb 1 T.11.);

— YNpaBIiHHA OCBITJICHHSM (HANpUKIAJ, pearyBaHHS OCBITICHHS Ha
MPUCYTHICTD JIIONUHHN);

— KOHTPOJIb TOCTYIY B MIPUMIIICHHS;

— CTEKEHHS 3a CTaTyCOM MICI[b 3araJIbHOTO KOPHUCTYBaHHS;

— ITOYKEKHA CUTHAJII3aLis.

Buxonsun 3 1pOro BOPOBAKEHHS OE3MPOBIAHMX CEHCOPHUX MEPEK
MOPOJUKYE IIIMA A HOBUX MOJAENEH HAaBAaHTAXXCHHSA, ISl AOCTIKEHHS SKHX
nOTPiOHO 3aCTOCYBaTH B SIKOCTI 0a30BHUX: MOJENl CaMOIOAIOHUX TPOIIECIB,
MOJIeN1 TaHJEMHHUX MEPEK MAaCOBOTr0 OOCITyrOBYBaHHS Ta 1HIIIL.

[lepenik mxeper:

1. A.B.IIpokonwseB. CamonogoOue Harpy3ku B O€3MPOBOJHBIX CEHCOPHBIX
CeTsIX Juid TMpWIOKeHUuN cOopa gaHHBIX. 65-1  HayuHo-TexHMueckas
xkoHdpepennus. Anpens 2010. C-TletepOypr uznarensctBo CI16 TDTY «JIDTU».

2. A.E.Kyuepssbiii, A.W. TlopamonoB. CeTH CBS3U OOIIETO MOJb30BAHMS.
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Security is a critical part of web applications and must be considered from
the first stage of the development process. In fact, security is all about protecting
your property from unauthorized actions, and several mechanisms are used to
ensure it, including user identification, issuing or revoking access rights to
important resources, as well as protecting information stored on the server and
transmitted over the network. In all these cases, some fundamental platform is
needed to provide basic security functionality. ASP.NET meets this need with
built-in tools that you can use to secure your applications.

The ASP.NET security framework includes classes for authenticating and
authorizing users, and for handling authenticated users in applications. It also
includes a high-level model for managing users and roles, both programmatically
and using administrative tools. Moreover, the .NET Framework itself provides a
set of base classes for ensuring confidentiality and integrity through encryption
and digital signatures.

While the security framework offered by .NET and ASP.NET is powerful
enough, it is worth keeping the basic principles in mind and using these tools
correctly at the right time. In too many projects, security concerns are belated:;
architects and developers don't think about it early on in a project. But if you do
not take security into account from the very beginning, namely, when developing
a design solution and an application architecture, then how can you correctly and
timely use the protections offered by the .NET Framework?

Thus, it is important to consider safety issues from the first moment of
operation. This is the only way to make the right security decisions during the
architecture and design process.

Now let's look at the advanced concept of potential threats. Creating a
secure architecture and design requires a deep understanding of the application
environment. You will not be able to build secure software if you do not know
who has access to the application and where the vulnerabilities are for attacks.
Thus, the most important factor in creating a secure software architecture and
design is a good understanding of environmental factors such as users, entry
points and potential threats with attack points.

This is why threat modeling is becoming increasingly important in today's
software development process. Threat modeling is a structured way of analyzing
an application's environment in terms of potential threats, classifying threats and
deciding on mitigation techniques. With this approach, decisions about security
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technologies (such as authentication and SSL encryption) always have a valid
basis - a potential threat.

However, threat modeling is important for another reason. As you may be
aware, not all potential threats can be mitigated by the use of security
technologies such as authentication and authorization. In other words, some of
them are technically impossible to resolve at all.

For example, an online banking solution might use SSL to secure website
traffic. But how can users know that they are indeed using a bank page and not a
hacker fake website? So, the only way to be sure of this is to verify the certificate
used to set up the SSL channel. But users must be warned about this, and
therefore you must inform them in some way. Therefore, threat mitigation
techniques are not only defense technologies. It includes a requirement that all
users know how to validate a certificate. (Of course, you cannot force them to do
this, but if the system is designed appropriately, you can still encourage most of
them to do so). Threat modeling is an analysis technique that can help identify
circumstances like these.

SSL (Secure Sockets Layer) technology encrypts communications over
HTTP. SSL is supported by a wide range of browsers and ensures that the
transmission of information between the client and the web server cannot be
decrypted by intruders.

SSL is required to hide sensitive information such as credit card numbers
and confidential information of an internal nature, but it is also important for user
authentication. For example, if you create a signup page where a user submits
their username and password, you must use SSL to encrypt this information.
Otherwise, an attacker can intercept the user's identity and use it to penetrate the
system.

The 11S web server provides SSL as a built-in, ready-to-use service. Since
SSL works under HTTP, its implementation does not change the way that HTTP
requests are handled. All encryption and decryption is handled by the SSL
functionality of the web server software (in this case, I1S). The only difference is
that the SSL secured address starts with https: //, not http: //. SSL traffic also goes
through a different port (typically web servers use port 443 for SSL requests and
port 80 for regular requests).

For a server to support SSL connections, it must have an X.509 certificate
installed (the name X.509 was chosen to comply with the X.500 directory
standard). To implement SSL, you need to purchase a certificate, install it, and
configure 11S accordingly. All of these steps are detailed in the following
sections.

Finally, while authentication and authorization are two critical factors in
building secure applications, there is much more to consider. The point is that
.NET has some useful functionality in store. One of the most important examples
Is support for cryptography - the science of encrypting data to ensure privacy and
adding hash codes to detect tampering.
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One of the most important tasks of computer security is the fight against
malicious software (malware) and, in particular, the subtask of its detection. All
detection methods can be divided into 2 types: methods for detecting known
malware and methods for detecting unknown malware. In light of the current
trends in the development of malware, the task of creating an effective means of
detecting unknown malware is becoming more and more urgent. The author is
working to create a similar tool.

The purpose of the development is to improve the detection efficiency by
improving existing techniques. An analysis of the available techniques was
carried out in order to identify their characteristics. The method for detecting
unknown malware can be described using the following parameters: data obtained
about the software under investigation, methods for obtaining this data,
mathematical methods used for data analysis, and detected signs of harmfulness.
The combination of these parameters determines the main characteristics of the
technique: the level of errors of the first and second kind, resource intensity,
computational complexity, algorithmic complexity (labor intensity of
implementation), etc. Therefore, the constructed classification considers the
techniques in the context of each of these parameters. Classification by the nature
of the data received. By the nature of the data obtained, the methods are usually
divided into structural analysis and behavioral analysis. Structural analysis takes
into account the fact that some types of malware (for example, viruses) have
distinctive features in their structure: the location of the entry point, specific
command sequences, as well as many signs found in the so-called heuristic
analysis. This type of analysis mainly detects indirect signs of malware, which do
not directly indicate malware, but are rarely observed in useful software. In most
cases, structural analysis is very fast (due to its low computational complexity).
The main disadvantage of this approach is that not all types of malware are
structurally different from useful software. Thus, not all types of malware can be
detected by this method. Also, this category includes techniques that analyze the
binary similarity of the software under investigation and known malicious
programs. But in practice, these techniques do not give acceptable results.
Behavioral Analysis examines the actions performed by software and their
consequences. Such methods determine the harmfulness of programs by the same
characteristics as a person - by their behavior. Ideally, a system that implements
this approach is capable of protecting against any malware, but in practice it is
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impossible to create such a system. On the one hand, tracking all software actions
is an algorithmically complex, resource-intensive and, in some cases, impossible
task. On the other hand, it is impossible to fully formalize the concept of "harmful
behavior". In practice, such techniques monitor a limited set of actions performed
by software and try to identify a limited set of signs of harmfulness in them.
Thus, The advantages of behavioral analysis include the theoretical possibility of
detecting any type of malware, as well as the possibility of detecting malware at
the time of a malicious action, and the disadvantages - the practical impossibility
of complete control of the system, resource consumption (the more control, the
more the entire system slows down). Among the frequently discussed problems of
behavioral analysis, one can indicate the issue of completeness of information
obtained about software, as well as the problem of analyzing the flow of
information with different requirements. The question of completeness of the
information received mainly arises when trying to find out all the possible actions
that the program can perform. This issue is especially acute when the so-called
"temporary bombs" are detected. This type of malware performs malicious
actions only under certain conditions, for example, on a specific date. Thus, if this
condition is not met, the behavioral analyzer will not be able to detect such
malware, and it will distribute itself freely. Some types of behavioral analysis
impose their own requirements on the methods of analysis. So to study the flow
of execution (for example, analyzing system calls on an end user's computer),
methods are needed that will analyze it as data arrives for a guaranteed period of
time. Otherwise, the antivirus will slow down the system, thereby interfering with
the user. Classification by the method of obtaining data. The existing methods for
detecting unknown malware can be divided into two categories by the method of
obtaining data about the software under investigation: methods that execute and
do not execute the program code. Techniques that do not execute program code
are mainly used in structural analysis, so their main advantages and disadvantages
are the same. The main drawback is the impossibility of detecting malware, the
peculiarities of which appear only when the code is executed. The main
advantages of this approach are high speed, low resource consumption and safety
of use. In addition to the fact that these methods allow you to relatively quickly
detect some types of malware, they can speed up the work of other methods.
Thus, the method of determining changed files by checksums, also related to this
type, allows you to speed up software analysis using other methods, for example,
not to re-analyze the file if it has not been changed. Techniques that execute
program code are mainly used in behavioral analysis. These techniques include
collecting data while executing software on a real system (for example, a user's
computer or honeypot), collecting data when executing software on emulators,
and mixed methods. Therefore, each of these subspecies has its own advantages,
disadvantages and areas of application.
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The main information services of the Internet are the World Wide Web,
file transfer service, file sharing service. The main communication services
include email, forum, chat, and IP telephony. Each Internet service has its own
server program, client program, and its own protocol that ensures the interaction
of the client program with the server. You can use any Internet service only if the
corresponding software (client program) is installed and configured on your
computer.

Obviously, there can be only two modes of communication in the network:
the mode of direct communication in real time, when users are connected during
communication. An analogue of such communication is a telephone conversation.
Sometimes the term on-line is used to refer to this mode. Another mode is the off-
line mode. An example of such communication in everyday life is sending a letter
or telegram.

This system allows Internet and Intranet users to chat in real time. To
receive this service, users must join channels that support different topics of
discussion. Any characters entered through the IRC program appear on the
screens of everyone else on your channel. It is the oldest and one of the most
popular services on the Web. Its purpose is to support the exchange of emails
between users. By its very nature, e-mail is an electronic messaging system in
computer networks (in the offline mode). A mail server is a kind of post office
where incoming and outgoing correspondence of registered users is received. The
server and the e-mail client work under different protocols. The server program
POP3 (Post Office Protocol), among other things, performs the function of
protecting information. During a communication session, it establishes the
identity of the user, provides communication with one personal box. No
identification is required when running the client program. Its task is to send
outgoing letters to the server and receive incoming ones. It uses the simpler
SMTP (Simple Mail Transfer Protocol). Teleconference is a system for
exchanging electronic messages on a specific topic between network subscribers
(in the deferred communication mode - offline). Each participant receives all
materials to one postal address (E: mail). Each subscriber e-mail is published on
the teleconference server and reaches all participants.

Information services provide users with the ability to access certain
information resources stored on the Internet. These resources are either files in
one of the generally accepted formats, or various documents. The use of these
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resources is provided through the appropriate services. This service is often
referred to by the name of the protocol used: FTP (File Transfer Protocol). From
the Network side, the service is provided by the so-called FTP servers, and from
the user side - FTP clients. The purpose of the FTP server is to store a set of files
of various purposes (usually in archived form). Most often these are program
files: system and application software tools. But the sets can store files of any
other formats: graphic, sound, MS Word documents, MS Excel, etc. All this
information forms a hierarchical structure of folders (directories and
subdirectories). A file sharing service is a service that provides the user with a
place to store his files and round-the-clock access to them via the web, usually via
the http protocol (and possibly via FTP). This service allows you to conveniently
"change" files.

WWW is a distributed information system with hyperlinks, existing on the
technical base of the world computer network Internet. This information system is
a network of documents linked by hyperlinks. Such documents are called
hypertext documents. Since links can point to any document on the Internet
anywhere in the world, this system is called the World Wide Web. The smallest
information unit of the WWW is a Web page, which is a collection of text,
graphic and multimedia files linked by hyperlinks. A group of web pages, owned
by the same owner and related to each other in content, make up a web site. A
host is a computer that stores Web pages and Web sites is called a Web server. A
client program designed to view Web sites is called a browser (from English
browse - to view, scroll). Electronic payment systems allow you to pay for a wide
range of services, in particular, to make utility bills. The scheme by which
electronic payment systems work is extremely simple for the user. By registering
in the system, you automatically open your account. Having credited the required
amount of money to it in a convenient way, you can use it for settlements with
partners of this system. This service provides interaction with a remote computer.
It allows you to turn a user's computer into a remote terminal of another
computer. Therefore, this service is also called remote terminal emulation. The
terminal differs from an ordinary computer in that it does not perform its own
calculations. Everything that is entered on the keyboard of the workstation is sent
to the remote computer, and the results are sent back and displayed on the
monitor of the workstation. As remote computers, machines running under the
UNIX operating system are mainly used. Therefore, working in the remote
terminal mode requires knowledge of the basic commands of this operating
system. With the development of graphical operating systems such as Windows,
the command mode has become less popular, and most users do not use the
Telnet service recently.
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The basic principles of building IP-telephony networks, their advantages
over traditional telephone networks are considered. The most commonly used
protocols, the composition of the equipment of networks built on the basis of the
H.323, SIP and MGCP protocols are described. Some typical problems
associated with the use of these protocols are analyzed. A comparative
characteristic of IP-telephony networks operating on the basis of the considered
protocols is carried out.

Ha ceromusinuii nenb cetu [P-tenedonuu Bce Oosibllie BBITECHSIOT
TpaJUIIMOHHbIE TeNe()OHHBIE CETU 3a CYET JIETKOCTH Pa3BEPTHIBAHUS, HU3KOM
CTOMMOCTH 3BOHKA, IPOCTOTHI KOH(DUTYPUPOBaHUS, BHICOKOIO KAYECTBA CBSI3U U
CPaBHUTEIBHOU 0€30MaCHOCTH COETUHEHUS.

st noctpoenus cereit [P-tenedonnu npuMeHsIeTCsl HECKOIbKO Pa3IuYHbIX
MOJXO/0OB,  OTJIMYAIOLIMECS  COCTaBOM  OOOpyAOBaHMS,  NPUHLHUIIAMU
YCTAaHOBJICHUSI COEUHEHUSI, COBMECTUMOCTBIO YCTPOMCTB U Ap. AKTYyalbHOCTb
JAHHOM MNyOJMKalUKU OIpeAessaeTcs OCOOCHHOCTAMM CETEH, MOCTPOCHHBIX Ha
OCHOBE MOMYJIAPHBIX MPOTOKOJI0B VOIP.

Ceru Ha 6asze mpotokosioB H.323 opueHTHpOBaHBI HA HWHTETPAIMIO C
TeraeOHHBIMH CETSAMH U MOTYT paccMaTpuBaThes Kak cetu ISDN, HanoxxeHHbIe
Ha ceTu nepenayud AaHHbIX. OCHOBHBIMHU YCTPOMCTBAMHM CETH SIBJISFOTCSA:
tepmunan (Terminal), mumo3 (Gateway), mnpuBpatHuk (Gatekeeper) wu
yCTpOHCTBO yrpaBieHust KoH(peperusmu (Multipoint Control Unit - MCU).
CewmeiictBo npoTokosioB H.323 BkitouaeT B ceOst TpU MPOTOKOJIA COCTABIISIONINE
€ro OCHOBY:

- mpotokon RAS (Registration, Admission and Status) — mpoTokoi
B3aMMOJIEUCTBUS OKOHEUHOTro 000opynoBanus ¢ Gatekeeper (mpuBpaTHUKOM);

- H.225 — npoToxkoin ynpaBiieHus COeAMHEHUSIMU;

- H.245 — npoToxoun ynpaBieHus TOTUYECKUMH KaHaJaMHu.

H.323 BriroyaeT Takke Takue CTaHAapThl KOAUpOBaHUs peud, kak G.711,
G.722,G.723.1, G.728 u G.729, u3 xoTopsix G.711 sABIsETCS OCHOBHBIM.

SIP — sBasieTcss mpOTOKOJIOM MPUKIIATHOTO YPOBHS U MPETHA3HAYACTCS IS
OpraHu3anuu, MOIU(UKAIIUU U 3aBEPIICHUS CEaHCOB CBS3U (MYIbTUMEIUNHBIX
KoH(pepeHni, TeneOHHBIX COCTUHEHUN W PACTIPEICICHHS MYJIbTUMEIUNHON
uH(OpMAIUH), B OCHOBY KOTOPOTO 3aJI0’KE€HBI CIICIYIONTNE TPUHITUIIBI:
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— TMepCOHaNIbHAas MOOWJIBHOCTH ToJib3oBaTene. Ilomp3oBarenu MoOryT
nepeMeniaThes 6€3 OrpaHUYeHU B MpeJenax CeTH;

— MacTabupyeMocTh CETH;

— pacuIUpsieMOCTh MPOTOKOJIA;

— MHTErpalus B CTEK CYHIECTBYIOIIUX MPOTOKOJIOB NHTEpHET;

— B3aUMOJICHCTBUE C APYTUMH IMPOTOKOJIAMHU CUTHAIIU3AIUU.

OnHolt W3 BaxHeWmux ocobeHHocTel mportokona SIP sBusercsa ero
HE3aBUCUMOCTh OT TPAHCIOPTHBIX TE€XHOJIOTMH. B kadecTBe TpaHCHoOpTa MOTYT
HCITOJIB30BaThCS MPOTOKOJBI X.25, Frame Relay, AALS, IPX u ap.

Cetu, noctpoeHHble Ha ocHOBe npoTokosia MGCP, co3aaHbl M0 MPUHLIUITY
JIEKOMIIO3UIIUM, COTJIACHO KOTOPOMY IILJI03 pa30MBAaeTCs Ha OT/ACIbHBIC
GbyHKIHOHATBHBIE OJIOKH:

— TpaHCHopTHBIN 1uTI03 - Media Gateway, KOTOpBI BBITIOJIHSET (QYyHKIIUN
npeoOpa3oBaHus peYeBOl HHPOPMAIIUH.

— nuro3 curHanmsanuu - Signaling Gateway, koTtopslii oOecrieunBaeT
JIOCTaBKY CUTHAJIBHOW WH(MOpMAIUH.

Bech nHTEIIEKT (PYyHKIIMOHAIBHO PACIPEIEICHHOTO IUTI03a Pa3MEIlaeTcs B
YCTPOMCTBE yMIpaBiieHUs, (PYHKIIMU KOTOPOTO, B CBOIO OuY€pelb, MOTYT OBIThH
pacrpeielieHbl MEXIY HECKOJIbKUMHU KOMITbIOTEpHBIMU TaTGopMamu. OgHO U3
OCHOBHBIX TpeOOBaHUH, MpeabaBiasieMbix K mpoTokoiry MGCP, coctouT B TOM,
YTO YCTPOMCTBA, peaU3yIOMIME ATOT MPOTOKOJ, JOJDKHBI paboTaTh B PEKHUME
0e3 coxpaHeHus HWHGOpPMALMM O TOCIEIOBATEIIBHOCTH TPAH3aKIUNA MEXTY
YCTPOMCTBOM yHpaBJEHUS U TPAHCTIOPTHBIM ITUTFO30M.

Ha cerognsimiHuid JIeHb HET YETKOrO CTaHJapTa, YKa3bIBaroLIEro paboTy
npotokosoB [P-renedonumn.

Ha gansbiii mMomeHT SIP mNpoTOKOJ CTaa OCHOBONOJAraroliiuM B
obopynoBanuu I[P-teneonun, B mepByro oyepenb 3a €ro JaAKOHUYHOCTh U
npoctoTy. Hemgocratkom e mpotokona H.323 mocmyxkuiia ero CIOXHOCTh U
MPUBS3aHHOCTh K Meaua JaHHbIM B oTiauuuu oT SIP. IIporokon MGCP
MOAJCPKUBAET PA3JIMYHBIE CHUCTEMbl CUTHAJIM3ALMM CETEH € KOMMYyTalueu
KaHaJIOB, BKJIIOYas TOHOByr curHammszanuto, ISDN, ISUP, QSIG u GSM.
3akperyieH Kak craHaapTHbeii npotokon IMS, Hapsny ¢ SIP u Diameter.
Hcnonb3yercs B OCHOBHOM ceTsx npoBaiiepa IMS miardgopm.
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With the expansion of cellular technology over the last 15 years, there has
been no way to accurately determine the location of a mobile terminal by
government intelligence agencies, even with the help of telecom providers. The
thesis is devoted to special devices called direction finders, which help the

agencies to find a precise location of cellular terminals.

Every person has a mobile phone nowadays. Every criminal, even if they use
secure applications to chat, rely on a standard phone with a subscriber
identification module (a SIM card) and it is unlikely to find out the location of its
phone. Intelligence agencies need to find the exact location of mobile terminals to
detain criminals. They cannot ask a telecom provider to give them an accurate
location immediately. Firstly, a precise location is not to be obtained from
telecom providers in GSM networks. They can provide only a cell tower location
information. Secondly, in order to ask the telecom provider, permission from
court must be requested. An estimated location provided could be in a 1 km
radius. There is a problem to find a more accurate location in the 1 km circle of
the estimated location.

There is a way to solve the problem. Many different approaches to
determining the origin of a radio transmission exist nowadays. One of them is a
technique that allows finding the precise location of a mobile terminal. Every
cellular phone has a transmitter that emits a signal to reach a base transceiver
station. The technique is to receive this signal by a handheld device and to
compare its receiving level from different locations. The higher the signal level
the closer the handheld device is to the target terminal. However, several
questions may arise:

- how to ask a target terminal what frequency it uses;

-how to filter out signals from other mobile terminals on the same
frequency;

- how to be sure that the terminal is emitting signals continuously;
- how to determine from which direction the signal is coming.

Such cellular modules, which are used in mobile phones, can also be used in
UAV to control their flight from a ground station on long distances.
The technology of direction finding can be used by militaries too.
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In order to answer the first three questions, the explanation follows. There is
a technology that allows you to run a cellular stack on a software-defined radio
platform. Running a specific protocol stack enables to run your own base
transceiver station. If you specify a mobile country code (MCC), a mobile
network code (MNC) and an absolute radio-frequency channel number (ARFCN)
of a local telecom provider, you will be able to catch identifiers of mobile
terminals around, authenticate them to be a service base transceiver station and
send them to a specific ARFCN to have a clear channel for a direction finding
procedure. It will not be very suspicious for the target terminal as you will use the
same MCC and MNC codes as its SIM card provider. To be sure that the terminal
IS emitting signals continuously, the operator of the SDR based system establishes
a special connection asking the target terminal to emit its maximum power
continuously on a specific frequency. As soon as the signal transmission between
this system and the target terminal is established, the direction finding device
operator puts the required ARFCN value to the control software to tune the
device. After that, the direction finder is able to see the signal coming from the
target terminal continuously. Direction finders look like a portable device with or
without a small display on it. The ones without a display usually have a Bluetooth
module to be controlled remotely from a smartphone. Sound indication of the
signal strength is audible in headphones.

To answer the fourth question, the procedure of direction finding is stated
below. A directional antenna has to be connected to an antenna port of the
direction finder. By rotating the antenna, to the left or right, the measured signal
strength reading can be improved or reduced on the control software of the
device, which allows the operator to hear an increased or decreased sound in its
headphones. The signal strength will change depending on the distance and
direction from the signal source. The maximum level of the signal indicated on a
signal bar of the control software is correlated with the target terminal location.
On some direction finders, it might be necessary to change a sensitivity value of
the device when approaching the target terminal, but some devices have an
automatic attenuation control feature. For the manual approach, the operator
usually switches the attenuation level from 0 to 60 dB.

The operation range of such devices is usually from 0 to 500 meters.
The accuracy achieved could be 1 meter. In a room with several people in
possession of mobile terminals, it is possible to determine which of them emits a
signal on the specific ARFCN. In a scenario with UAVs remotely controlled by
means of cellular communications, it will be possible to determine the precise
location of those that collapsed with the help of a direction finder. The cellular
module inside the UAVs has to be active. The SDR based system runs a base
transceiver station to attach a SIM card located in the cellular modem of the
UAV. Then a team searches for the location of the UAV by means of direction
finding.
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AHAJII3 METOJIB MOAYJISILII Y CTAHIAPTAX IEEE 802.11
I'pexos L. C., Xynskos A. [1.
HayxoBuii kepiBHUK — j1011., K.T.H. Tokap JI.O.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH
61166, Xapkis, nip. Hayku, 14, kadeapa IKI im. B.B. ITonoscekoro,
teir. +380950578758, e-mail: grekovv76@gmail.com

802.11 WiFi can use different digital modulation schemes for data
transmission. Environmental factors and protocol will define scheme selection.
802.11n, 802.11ac and 802.11ax use the same modulation principles as 802.11g,
802.11b and 802.11a. 802.11x can negotiate up to 1024QAM if the receiver
sensitivity permits. In addition to modulation schemes, 802.11n, 802.11ac and
802.11ax pair the modulation scheme with other technologies that enable even
faster bit-rates.

QAM — (Quadrature Amplitude Modulation) — meTon 00'eTHaHHS CHUTHAIIB
B OJHOMY KaHaJl JUIs MiJIBUIIEHHS €(EKTHUBHOCTI Ta MIABUIICHHS MPOITYCKHOI
CIIPOMOJKHOCTI.

VY cawmiit mpoctiii popmi QAM — e meron QPSK (Quadrature Phase Shift
Keying — kBaapatypHo-(a3oBa MOIYJIALIS), 16 BUKOPHUCTOBYETHCSA JIBI HECydi
OJTHAKOBI 9acTOTH, 3cyHyTi Ha 90° (77/2) 1 1Ba MOKIMBUX PiBHSA aMILIITY1u. OnuH
piBeHb aMIUTITYAu Bijnosigae — 0, iHmmi — 1.

OcHOBHE 3acTOCyBaHHSI B 0Oe3MpoBOJOBUX JokambHUX Wi-Fi Mepexkax
QPSK otpumas B crangaptax IEEE 802.11b 1 I[EEE 802.11g. Moaynsiiito QPSK
3amiHWia 16-mo3uiiitHa kBajgpaTypHa wmoaymsmis 16-QAM, mo orpumana
3actocyBaHHA B cranaapti IEEE 802.11a.

3MmiHa Moay tor0uoro curnainy mo ¢asi npu 16-QAM BinOyBaeThes B 2 pasu
pimme, HbK npu QPSK-Momymsmii npu ogHAKOBIM IIBUIKOCTI Iepeaadi
iHdopmarlii. 3a paxyHOK IbOrO 3a0€3MeUYyeThbCs MIABUIICHHS CHEKTPaTIbHOI
edpextuBHocTi y K = 10g,M pasis, ae M — uncio mo3uiii s 0araTono3uIinHux
BuiB Moayisiii. ToOTo, crekTpanbHa eexkTuBHICTh Moayssmii 16-QAM y 2
pasu BHUIIle, HIX crieKTpaibHa epekTuBHICTE QPSK-momynsimii.

AHani3 CrneKkTpaibHOl €(EeKTUBHOCTI HAWOIIBII YaCTO BHKOPUCTOBYEMUX
Moyt M-QAM 1 M-PSK no3Bosisie 3p0OUTH BUCHOBOK, 1110 3 MiJBUILICHHSIM
HIUTEHOCTI MOAYJIALIT CHIEKTpaibHa eeKTUBHICTH 3pocTae y K = log,M.

Y crangapti IEEE 802.11n Oyno 3ampoBamkeno wmoayuiro 64-QAM.
[IpomyckHa 31aTHICTh MiABUIIMIACA, SIK MIHIMyM, B 4 pa3d B MOpPIBHSHHI 3
nonepeaHIMUA CTaHAapTaMHU.

[lepeBara BuCOKMX 3HaueHb TOPAAKY QAM He TUIBKM y CHEKTpaJIbHIN
e KTIBHOCTI, ajie 1 B MABUIIESHHI MBHIKOCTI IIepeaadi JaHUX, OCKUIBKA TaKUM
YUHOM OLIbIly KUIBKICTH OITiB 1H(poOpMalii Moxe OyTH HepeJaHo B MpPOTs3i
OJTHOTO ITUKITY Tepeiadi.

Cranmapt 802.11ac BUKOpHCTOBYE KBaapaTypHy Monyisniio 256-QAM.
VY cranpapti 802.11ax, cneuundikaris sikoro Oyina omyOmikoBana y 2019 por,
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HMIATPUMYEThCS KBaapatypHa Moaysisiiis QAM-1024. Bucokuii piBeHb MOIYJIALIIT
MIJBUIIYE TPOMYCKHY 3JIaTHICTh 3a PaxyHOK OUIBIN IIUIBHOTO 3alOBHEHHS
KO)KHOTO  makery jgaHux. Y  1024-QAM  KOXEH CHMBOJI  MICTUTh
10 6iT ganux — npotu 8 OIT y 256-QAM Ta 6 6iT y 64-QAM . Takum 4yuHOM, B
nopiBHSIHHI 31 ctaHgaprom Wi-Fi 5 (802.11ac), emMHicTh makeTra y CTaHAApTI
802.11ax, sxuit BuKopucToBye Monysniio QAM-1024, 36inbmunacs Ha 25%.

OcCkiJIbKU TIepemaeTbess Oiblia KUTBKICTH OITIB HA CHUMBOJ, IIBHAKICTH
nepenavl JaHux 301UTbIIYEThCS. B pe3ynbrari, TeOpeTHYHA IIBHIKICTh Tepenadi
OJTHOTO TMOTOKY JaHUX B KaHam mupuHoto 80 MI'1 npu BUKOpUCTaHHI MOZYJISIIIT
QAM-1024 3pocna go 600 M6iT/c, mo Ha 25% Oinbllie aHaTOTIYHOTO MapamMeTpa
y momnepeaabomy ctaHmapti 802.11ac (480 MOwuTt/c), nuine 3aBOsKU 3MiHI
nuibHOCTI MoAy sl QAM. Po3paxyHOK MpOBOJMBCS BIAMOBIAHO 10 (GOPMYIIH
Haiikgicra.

VY pasi migBUIICHHS UIUIBHOCTI MOJYJAIIl, PIBHI aMIUTITyJAH CHUTHAIY
pO3TAILIOBYIOTECSI OJIU3BKO OJWMH 1O OJHOr0, IMIABUINYIOYM THM CaMUM
BIPOT1/IHICTh HEPO3PI3HEHOCTI JBOX PIBHIB, 1 AK HACHIIOK — I1JBUILYIOYH
YYTJIUBICTb CUCTEMH JI0 IIIyMY.

VY 3aranpbHOMY BUTIAJKY B cucTeMax mnepenadi [IPM o3Hakoro HecnipaBHOCTI
€ 3HUKHEHHA CHUTHAIy a00 TEpPEeBUIICHHS KPUTHUYHO JOMYCTUMOI BEIHYMHU
KoediiieHTa MTOMMJIOK BER. Y 0aratbox CHUCTEMAxX HPM
ne 3Hawenns BER = 107,

[Ipn HegocTaTHIN 3aBalOCTIMKOCTI KaHATY 3B'SI3KY JIOBOAUTHCS 3HU)KYBATH
KpPaTHICTh MOZYJALII 1 MiABMULYBaTH HAAMIPHICTb, NMPU LBOMY, BIJINOBIIHO,
3HMDKYETBCSL TIPOIYCKHA 3MIaTHICTh 1, SK HACIAOK, MaJga€e CIEeKTpaJibHa
edeKTUBHICTh. /{151 cTab11bHOI poO0TH 0€3MPOBOJOBOrO JOKANBHOTO 3B's13Ky Wi-
Fi, npu Bukopucranui HaiBuioi Mmoxyismii 1024-QAM, pienbr SNR noBuHeH
oytu > 36 nb.

TakuMm YWHOM, pE3IOMYIOUM BHINECKa3aHe, TIJIBUIIEHHA MIIJIHHOCTI
MOJIYJIAIIl, y KOXHOMY HoBoMy mokojiaHi WIi-Fi, mo3HayaeTbcsi Ha pPoOOOTI
0e3npoBOIOBOI MEPEXl JIMIIE MO3UTUBHUM YHMHOM, OCOOJIMBO YpaxOBYIOUU TOU
daxT, mo crangaptid Wi-FI miaATpuMyIOTh afanTUBHY MOAYJIALIIO CHTHAIY, sKa
JI03BOJIsI€ 3MIHIOBATH LIUIbHICTh MOJYJIALI, YPaXOBYIOUH PIBEHb 3aBa/l.
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One of the problems that arise when allocating a frequency resource may be
the lack of clear decision rules. In such cases, as a rule, nonparametric algorithms
and methods are used, such as, for example, algorithms based on the
mathematical apparatus of neural networks, or algorithms built on the
mathematical apparatus of fuzzy logic.

Jlis  mpu3HAYeHHs ~— YacTOTHO-4acoBMX  OnokiB  BciMm  AC B
0araTOKOPUCTYBAIIbKUX CHUCTEMaXxX 3B'SI3KY IIMPOKE IMOIIUPEHHS OTPUMAaB ajrOPUTM
MPOMNOPIIKHOTO CHpPaBEIIMBOTO po3noauty ¢izuunux pecypcis (Proportional Fair,
PF) [1,2]. BianoBiiHO 10 [OTO aIrOpUTMOMY JOCTYII JIO YaCTOTHO-YaCOBOTO OJIOKY
orpumye AC 3 MaKCUMaJTLHUM 3HAYEHHSIM METPHUKH , STKa BU3HAYAETHCS BUPA30OM:

I i

PF; ZE’ (1)

I
ne |, - MHTTEBAa WIBUAKICTL mepepaui manux i-i AC, - cepemHs NpOMyCKHA
3natHicTh i-1 AC, sika po3paxoBaHa Jyisl IEIKOTO YacOBOTO IHTEpBATY.

VY pa3si BcranoBneHHs 3B's13ky BianoBigHa AC noBimomisic Ha BC MutTeBy
IIBMIKICTD Iepeaadi faHux |; i cepeqHIo MpomyCKHy 31aTHICTh C;, PO3paxoBaHy
JUIsl Iesikoro yacoBoro iHtepBainy. Moayne Fuzzy Logic B cepenoBui Matlab
J103BOJIsI€ OyyBaTH HEUITKI CUCTEMU JBOX THUIIB - Mamani Ta Cyreno. OcHOBHa
BIIMIHHICTh MIX IIMMH CHCTEMaMM IIOJISiITa€ B PI3HUX CHoco0ax 3aBJaHHS
3HaYEHb BHXIJHUX 3MIHHMX B MpaBWUJaX, L0 YTBOPIOIOTH 0a3y 3HaHb. s
BUPILIEHHS LI€i 3aJa4l BUKOPHCTAEMO aJrOpUTM BuBeAeHHS Mawmpaani. s
Bxony BC3UI 3agani Tpu @I raycoBoro Tumy, KoxHa 3 sSIKUX XapakTepusye BXij,
BIJIMOBIHO, SIK «HU3BKEY», «CEPETHE» 1 KBUCOKEe» B aiarna3oHi Bix -10 1o 40 nb.

Jna Bxoxy PF 3amani takox Tpu @Il raycoBoro Tumy, KoxkHa 3 SKHX
XapaKTepHU3y€e BX1J, BIAMOBIIHO, SK «HU3BKE», «CEPEAHE» 1 «BUCOKE» B Jiana3oHi
Bixn 0 mo 1. Ilpu upomy PF=0mpu I; =0iPF=1mpu=1,=C..

3a J0MOMOroI poO3po0JeHOT IMITAIliHHOT MOJENl MPOBEICHO aHalli3
QITOPUTMY PO3MOAULY YaCTOTHO-YACOBOTO PECYpCy B MeEpEeXi KOTHITUBHOIO
paJio.

Ha puc.7 nagano rpadiku 3aexHOCTI 3anuTyBaHux pecypcis Big BC3II.
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Puc.7. 3anexxnocti 3anutyBanux pecypcis Big BC3III

AHani3 puc.7 mokasaB, IO Jy>K€ BHUCOKY HMOBIPHICTb HAJaHHS peECypcy
MaroTh AC MpH MOBHICTIO IOCTYIHUX pecypcax Ta 3ampollyBaHUX pecypcax, siKi
aexarb y mexax Big 0,1 mo 0,5. Bucoky MMOBIpHICTh HaJaHHSI PeECYpCy MaroTh
AC: mpu MNOBHICTIO JOCTYIIHHX pecypcax Ta 3ampollyBaHUX pecypcax, sKi
aexarb y mexax Big 0,56 no 0,69; abo mpu cepeAHix JOCTYIHUX pecypcax Ta
3ampollyBaHUX pecypcax, ki jexath y mexax Big 0,1 mo 0,19. Cepeanto
HMOBIPHICTh HaJlaHHs pecypcy MaroTh AC: mpu MOBHICTIO AOCTYITHUX pecypcax
Ta 3ampollyBaHUX pecypcax, skl jexarb y mexax Big 0,69 no 1; abo cepenHix
JIOCTYITHUX pecypcax Ta 3alpolllyBaHUX pecypcax, siki Jiexarh y mexax Big 0,19
10 0,8; a0o mpu HU3BKUX JOCTYMHHUX PECypcax Ta 3alpollyBaHUX pecypcax, siKi
aexarb y Mexkax Bim 0,1 mo 0,32. Many WMOBIpHICTh HaJIaHHS PECYpPCy MaroTh
AC: mipu cepeiHIX TOCTYITHUX PECypcax Ta 3ampoIllyBaHHX pecypcax, Kl JexKaTh
y Mexax Big 0,8 mo 1; Ta mpu HU3BKUX JOCTYIHUX pecypcax Ta 3ampoITyBaHHX
pecypcax, siKi Jexarb y mexax Big 0,32 go 1.
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The paper presents the results of a study of quality indicators for channels of
fiber-optic transmission systems (FOTYS) of the optical transport hierarchy (OTH).
For the transmission of digital signals of the OTU2-OTU4 type, it is advisable to
use coherent reception methods. Therefore, a study of the qualitative
characteristics of channels with QAM-4 modulation was performed. According to
the block diagrams of the system, mathematical and simulation models of FOTS
were developed. The influence of the power of the transmitter signal and the
length of the fiber-optic linear path on the Q-factor of the signal in the receiver is
calculated.

BucokomBukicHa nepenada Tpadiky B CYYaCHHX TEJIEKOMYHIKAI[IHHUX
Mepexax NGN 1 IMS BUKOHYETBCS 32 JOMTOMOTOI0 BOJIOKOHHO-ONTHYHUX CUCTEM
nepenaBanHsa. L{udposi cucremu nepenaBaHHs ONTHUYHOI TPAHCIOPTHOI 1€papxii
(OTH) n03BOJISIIOTH CTBOPIOBATH KaHAIM 13 MPOIYCKHOIO 3JATHICTIO BiJ 2,5 10
100 I'GiT/c, TOMYy HOCHIIKEHHS 1X XapaKTEPUCTUK € aKTyaJIbHUM 3aBJIaHHAM. {75
30UTbLIEHHST JOBXUHU JUISsHKM 3R pereHepaiiii JOLIJIBHO BUKOPHCTOBYBATU
METOJM KOTE€PEHTHOTO MPUHOMY ONTUYHUX CUTHAIIB, HAMPUKIIAL, KBAIAPATYPHY
aMIUTITYTHY MOJTYJIAIII0 HEBEJIMKOO KibKicTio o3utlii (KAM-M) [1].

Tomy w™eror0o nmaHoi poOOTH € JOCHIHKEHHS TapamMeTpiB  SKOCTI
(Q-daxropa) kanany korepeataoi BOCIT OTH 3 moayssiiero KAM-4.

Jlns BupimeHHs AaHOTO 3aBaaHHsA B mporpami MatlLab Oyna pospobiena
IMiTaIiiHa MOJIeNTb ONTUYHOI CHUCTEMH TIepeaadl 3 KBaJIpaTypHO aMILTITYHOIO
monayisiiero (KAM-4), sxka MICTHTh TiepenaBad, CEpE/OBHUINE TOIIMPEHHS Ta
npuiiMad onTuYHOro curHainy. Mogaens niniitHoro Tpakty BOCII no6ynoBana Ha
0a31 Dyp'e MeTony posieryieHHs] Ha (i3udHl (HAKTOPHU 1 TO3BOJIIE BHOCUTU B
CUTHAJI JIHIAHI Ta HEeJIHIMHI CIIOTBOPEHHS CEpPEJOBHUIA PO3MOBCIOIKEHHS
curHainy [2]. 3 MeTow 3MEHIIEHHS OOYHCIIOBAJIBHOI CKJIQJHOCTI MOJEII,
dbopMyBaHHS IIyMy ONTHYHOTO IMiJCHIIOBAYa BHUKOHYBAJIOCA  IUISAXOM
BUKOPHCTAaHHSA 3BOPOTHOTO JAHMCKpeTHOro meperBopeHHs @Dyp'e. Ilepeipka
JIOCTOBIPHOCTI  pO3p00JiIeHOT  IMITAIiiHOT MOJIeTi BUKOHYBajacs ILUIIXOM
MOPIBHSHHSA 3 pE3yibTaTaMU aHAJITUYHUX PO3PaXyHKIB Ta MOJICIIOBAHHS B
nporpami Optiwave Optisystem.

Otpumano 3amexHocti Q-dakropa (puc. 1, a) Big piBHS MOTYKHOCTI
CHUTHAIy II€PEJaBava Pye, Ta KUIBKOCTI ONTHYHUX CEKLIH JIHIHHOTO TPAKTY Nee.
Jlnis 301nbeHHs JOBXKUHU AUISHKHE 3R perenepaiiii 3aponoHOBaHO BUKOHYBATU
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ONTUMI3AII0 TOTYXKHOCTI CHUTHAJly IiepefaBaya 3a KPUTEpPIEM MaKCHUMI3alii
BIIHOIIICHHS CUTHAJI/IITYM Yy TIpUiMaYi.
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[TopiBHSIHHA OTpUMaHUX pe3yibTaTiB Mokazano, mo s BOJIT 3 omniero
CeKIicro moxuoka mMonaentoBaHHsa ckiagae 40,7%. 30UIbIIEeHHS KIJIBKOCTI CEKIIN
BOJIT 3 10 o 20 mpu3BOauTh 10 3MEHIIIEHHS MOXUOKU 3 25,4% 1o 7%. Metoro
nocmimkerns mojaem kanany BOCII CPK e Bu3HaueHHsS MOBXWUHU AUISHKH 3R

perenepallii, Tomy BcTaHoBIeHMH 3anekHOCTI Qi (N, ,,,) 1iIKOM 3310BOMBHSE

MOCTABJICHY METY 3 BU3HAYCHHS MaKCUMAaJIbHOI JOBKWHH JIiHII.

[linBosiun MiICYMKH MOKHA BKa3aTH, 10 MMOCTaBJI€HA MeTa 3 JOCTIIKEHHS
napameTpiB skocTi kaHamy korepeHTHoi BOCII OTH BuKOHaHa NOBHICTIO.
3anmpornoHOBaHO METOJM aHAJITUYHOTO Ta iMitarmiiinoro mojentoBanHs BOCII,
K1 JTOIIJIbHO BUKOPUCTOBYBATH HA €Talll MPOEKTYBAHHS CUCTEMU MEpPe/IlaBaHHs 3
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1. Tlemsmr B.B. Briusiaue ¢azoBoit caMOMOIYJISIITUM ONTHYECKOTO CUTHAJIA
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Abstract. Methods of quality control of NB-1oT (LTE) services presented.
One way to improve the performance and quality of 10T services is the NB-IoT
protocol, which uses the potential of modern mobile networks. Methods of
monitoring and testing the quality of NB-IoT deployment are considered. The
method of calculation and estimation of parameters of quality of access to NB IoT
LTE services is presented. NB-1oT is a technology of mobile communication
based on LTE, designed for stationary outbuildings with low fees transferred to
energy services. The NB-l1oT standard is shown to companies that specialize in
telecom services, a wide range of new features.

[HHOBaIIIHOIO TexHousoTiel0 I[HTEpHETY peuyedl € pIlleHHS BY3bKO-
cmyroporo 0T (Narrow-Band Internet of Things a6o NB-loT). Ile
0€3MpOBOJIOBUI BY3bKO-CMYTOBUM PI3HOBHUJ TJI00QIBHUX MEPEXK 3 HHU3BKUM
eneprocnioxxkuBanHsam (Low Power Wide Area, LPWA), skuii B meprry depry
NpHU3HAYCH IS JOJATKIB MiXK-MaIMHHOT B3aemoii (M2M).

Cranmaprom ans NB-I0T BuninstoTecs pecypcu Bcepeauti icunyrodoi LTE
Hecyuoi, ae NB-10T Hecyua mae miiBUIIIEHY MOTY>XKHICTh Ha 61b B MOpiBHAHHI 3
pecypcuumu Omoxkamu LTE. Ileit Bapiant mobpe miaXOAuTh JUIsi MOHITOPHUHTY
€KOHOMIi YaCTOTHOT'O PeCypcy, ajie IpU I[bOMY € MpodiieMa B3aEMHOIO BIUIMBY 3
LTE-mepexero (puc.l).

LTE

o o o

3.5.10.15 ado 20MI 11

E

Pucynox 1 — Po3mimennst NB-10T B pexxumi in-band va LTE mepexi
Kommnanis Kwuisctap cnimbHo 3 Microsoft mepmoro cepen MoOUTBHUX

orneparopiB B YKpaiHi 3ampornoHyBajga YKpaiHCBKUM Ol13HEC-KIIIEHTaM XMapHY
mwiatrpopmy Microsoft Azure. Temep KIi€HTH 3MOXKYTh PO3MIIIYBaTH JaHI B
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Mexax YKpaiHd Mpu po3poOili Ta aJIMiHICTpyBaHHI porpam 1 po3ropranHi LTE-
iH(}pacTpykTypHu KomnaHii (puc. 2).

3‘(_...... I V- Azure Stack 3 Kuimcrap: Dy isor@n xMapsol NnaTpopmn Microsoft Azure Stack Tenep aosTymans y aata-denTpl KuscTap.

Lo Take Binbwe moxxnmusocTen Azure Stack 3 KniBcTap ¢
Azure Stack 3 KuiecTap

Azure Stack )
y aaTa-uecHTpi Kniscrap /

CueHapil 3actocysaHHa Azure Stack 3 KmMiBcTap,

Pucynok 2 - Cruenapiii 3actocyBanus Azure Stack ma mepexi NB-10T LTE

3apnsku pocrymy mo xmapu Microsoft Azure, skuit npornonye Kwuiscrap,
KJIIEHTU 3MOXYTbh PO3pOOJIATH 1 BOPOBAKYBATH TIOPUIHI XMApHI JTOAATKU JJIst
0i3Hecy, 3actocoByBaTH MeTomauku DevOps. biznec-kmientn KuiBctap MOXYTh
3amMoBUTH sK migkmoueHHs a0 NB-loT LTE, tak 1 «po3yMHI» HOpUCTpPOi 1
nporpamMHe 3a0e3MneyeHHs JUIsl MOHITOPUHTY Ta YIIPaBiIiHHS.

3BicHO, 1m0 B 2018 porri kommaniss KuiBcrap 3anmyctus psig 10 T-npoaykris,
30kpema, |0T-aBTocurHanizaIio «aBTOTPEKIHT» 1 CUCTEMY Oe3MeKU JJisi OyAMHKY
SafeHome, sikumu KopucTyBaui MOXXYTh KEpYBaTH 3a BIACHUX CMapTQOHIB.

BucHoBku:

1. KuiBcTap cTpaTteriyHo po3BUBAaE 1 NPOJAOBXKHUTH 1HBECTYBATH B
nepcrekTuBHMI IoT-HaNpsAMOK Ta iHHOBAWiiHi pimeHHs 11 GisHecy. MmeTses
HE JIUIIIE TIPO TPOIIIi, a Mpo MpodsiemMu, 100 HABUUTH KJIIEHTA, TTOKA3aTH BUTOY 1
3py4YHICTb Y BUKOopucTaHH1 Mepexi NB-10T LTE.

2. Y mobinbHOTO omeparopa lifecell minothuit mpoekT mepexi NB-10T
LTE posropayr 3 cucremaumu inTerpatopamu Odine Solutions i1 Affirmed
Networks Ha 0a3i BipryamizoBanoi makeTHoi Mepexi Affirmed Networks i
pamioobnagHanHs Ericsson.

3. B cBoro uepry moOinmpHHMIT omepaTtop Vodafone VYkpaina maroth
CTpaTeriyHl MEePCIEeKTUBU y BIPOBaHKeHH]1 Ha po3BUTOK [oT B YkpaiHi, a Takox
rOTOBI 1HBECTYBaTH B Il MpoekTu Ta OyayBatu mepexi NB-10T LTE rtam, ne €
KITIEHTH.
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MOJEJIb BABE3IIEUEHHS AKOCTI POBOTU CALL CENTRY
Kopneiinosa H.B.
HayxoBuii kepiBHuk — Cabyposa C.O.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH
(61166, Xapkis, ip. Hayku, 14, xad. IHpoxkoMyHIKaIIHHOT 1HXKEHEPIT
iMm. B.B. ITonmosckkoro, tem. (057) 702-13-20)
e-mail: natalia.kornieitsova.cpe@nure.ua,
daxc (057) 702-13-20

New technologies are expanding in the world market and make it possible
to create a single information society where geographical boundaries are losing
their relevance as an economic factor. The work includes problem solving
effective management of enterprises and business processes, which is impossible
without electronic document management and database management systems
(DBMS). The implementation of services by enterprises of any field is a success
of the effectiveness of the functioning of business structures and organizations
based on the CALL CENTRY.

Jist  QyHKIIIOHYBaHHSI CyYacHOTO TMIANPUEMCTBA Ta Oi3HEC-MPOIIECIB
HEOOX1JIHI pO3ray>KeHl IHPOpMalliifHI CHCTEMH Ta MEPEXKI.

be3 Internet TexHonorii (QyHKIIOHYBaHHS  MIANPUEMCTB Ta Oi3HEC-
MPOLIECIB HEMOXKJIIMBO, 1 0€3 OOMIHY JaHMMH TOJIOBHHX OQiciB 3 (unsgMH Ta
napTHEPaMH B KOPIIOPATUBHUX Ta JIOKATBHUX Mepexax 1HPOKOMYHIKAIIH.

EdexTuBHICTh yIpaBiaiHHS MIAMPUEMCTB Ta O13HEC-IPOLECAMU HEMOXKIIMBE
0e3 EJIEKTPOHHOTO0 JOKYMEHTOOOITY Ta CHUCTEM YIpaBlIiHHS Oa3aMu JTaHUX
(CYBJl). 3piiicHeHHsT mOCHyr MiANPUEMCTBAMHU J0001 cdepu € ycmixom
pEe3yNbTaTUBHOCTI (PYHKITIOHYBaHHS bi3Hec-CTpyKTyp Ta opranizamiii Ha 0asi
CALL CENTRY.

CALL CENTRY - me, sk mpaBwmiio, aBTOMaTU30BaHI Cy4YacHI CHCTEMH
oOciayroByBanHs. OHaK MOCTYT ICHYIOYUX Tele()OHHUX IIEHTPIB TesieOHHOT
Mepexki 3 KOMYTAalLI€l0 TPOMAJChKUX MOCIYr HEIOCTaTHbO [JIsl 3aJ0BOJICHHS
noTpeO kiieHTiB B IHTepHeTi. binbmiicte 13 HUX po3poliieHi 6e3 ypaxyBaHHS
B3a€MOJIIi, TOB’s3aHOT 3 MOKynkamMu B [HTepHeTi. Y CBoeMy [OCHIIKEHHI B
po6oti pos3pobiaeno CALL CENTRY migx nHazBoto IMC (IaTepner-
MYJIbTUMEAIMHUI [IEHTp BUKJIMKIB), SKUH MoOke OyTH iHTerpoBaHui 3 IHTepHeET-
TOPTOBHUM IIEHTPOM.

[Tocnyru CALL CENTRY wmosxHa knacugikyBaTh Ha BXIAHI Ta BUXIIHI
Mocayrd. BXigHI TOCIYrd BIJNOBIIAIOTh HA JA3BIHKM KIIIEHTIB, BKJIIOYAIOUU
NPUIHATTS 3aMOBJICHb, OpPOHIOBAHHS, MPUAOAHHS KBUTKIB, MIKIyBAaHHSA IIPO
micasmpoaxHe oOcTyroByBaHHs a00 3amWTH Ha TPETEeH3li Ta HagaHHS
iHdopmarlii mpo ToBapw Ta MOCHyrd. BuxigHa mociyra - 1€ iHimiiioBaHa mis
CALL CENTRY nns 3B’s13Ky 3 KJIl€HTaMH. 3aBJaHHS BKIIIOYAIOTh IMiITPUMKY
MIPOJIAXKIB, MPSMI MPOAAXKI, YIIPABIIHHS TEPUTOPIEI0, OMMMTYBAHHS PUHKY, 3B’ SI3KU
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3 TPOMAJCHKICTIO, peKjamMy ToIO. BUIbLIICTh Cy4acHUX UEHTPIB BUKJIUKIB
BUKOPUCTOBYIOTh TEXHOJIOT1O iHTerparlii komm rotepHoi Tenedonii (CTI).

Ockinbku IHTEpHET-0a3a €NEeKTPOHHOI TOPriBIl PO3BUBAETHCS 1 3aUTH
3aMOBHHKIB CTalOTh OUIBII CKJIAQJHUMM, HDK Yy HIOWHO 3rajaHoMy CIeHapii,
[HTEpHET-TOPrOoBI 1EHTpU NOBUHHI OyTH o0O0NagHaHI OUIBII JOCKOHAIUMU
teneoHHMMU 1eHTpaMu. HaibmmkauM yacoM ImuprHa Mepexi IHTepHeTy Oynie
MOJICpHI30BaHa JOCTAaTHHO MJIA MOBHOIYIUIEKCHOTO TOJIOCOBOTO 3B'SI3KY 4Yepe3
TCP/IP (Transmission Control Protocol / Internetworking Protocol).

Oco6muBocti IMC, mopiBasHO 3 TenmedhonHnmu 1eHTpamu Ha 6a3i CTI,
MOXHa y3araJlbHUTH HacTymHuM uwmHOM: IMC 3abe3medye He e
IHTEJNIEKTyalbHy MapLIpyTH3allil0 I3BIHKIB Ta CIUTUBAIOYU ekpaH 1Hdopmalii
PO KIIIEHTIB - SIK Ha JJAHUW MOMEHT 1€ MOXJIMBO B LIEHTPaX OOpOOKU BUKIIMKIB
Ha 0a3t CTI, - anme takox InTepHeT-TenedoH, crumMBalOyy BeO-CTOPIHKY Ta
KOHTPOJIb BUKOHHASI TIOCTYT.

Takum uwmnom, kimientu CALL CENTRY MoOXyTh MHOYYyTH TOJIOCOBY
BIJINOBIJIb 4yepe3 [HTepHeT-TenedoH, MUBIAYMCH HA BIMOOpaKEHHS BIIMOBIIHUX
BeO-CTOpIHOK (pHcC. 1).

URL-Agent Group Database

Agent Status Database

. Customer

Consultation History Database

Product Database

e "; A
Internemdq Multimedia Dialogue Content

dialogue server Database

—&

U

Pucynok 1 — Mopenb KoHTpOJt0 GyHKIIIOHYBaHHS MYJIbTIMEAIHHOTO
CALL CENTRY

BucHoBku:

1. Monens xoHTpodtO0 (yHKUIOHYBaHHS MynbTimeniiHoro CALL
CENTRY macth MOXJIHMBICTH 32a0€3MEYUTH SIKICHHA MEHEKMEHT TTOCITYT.

2. BiAMiHHOIO PHUCOIO € Te, 10 KOKEH aJITOPUTMIYHUN €JIEMEHT MpOolecy
00pOoOKM TIEPBUHHMX 1 MOBTOPHUX BUKIWKIB BHJIJICHO B OKPEMHH CTaH, IO
dikcyerbes cuctemoro Mmonitopuary CALL CENTRY.
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AJJAIITUBHUM AJITOPUTM IICEBJOBHUIIAJIKOBOI'O
NEPEMUKAHHS POBOUYUX YACTOT PAJIIOJITHIT
B YMOBAX HEPEHIKO/
Myusip B.I1
HayxoBuii kepiBHUK — 1.T.H., pod. Konsaenko FO.1O.
XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaIiOCIEKTPOHIKH
(61166, Xapkis, np. Hayku, 14, xad. [HpokomyHIKaIiiHOT 1HXKEHEPil
uM. B.B. ITonoBcekoro,
ten. (057) 702-13-20) e-mail: bohdan.muliar@nure.ua
The principles of construction and evaluation of the efficiency of the
adaptive algorithm of the radio line with pseudo-random switching of operating
frequencies (PSOF), which operates in the conditions of interference, are
considered. In the game-theoretic formulation, optimization problems are
formulated and an example of an iterative procedure is given, which ensures the
convergence of radio line strategies and sources of interference to the optimal
ones.

Po3rnissHyTO mpUHOMOM MOOYJOBH Ta OLIHKM €()EKTHBHOCTI aallTUBHOTO
QITOPUTMY PaJIOiHII 3 TICEBAOBUIAIKOBUM IMEPEMUKAHHAM POOOYUX YACTOT
(IITPY), mo ¢yHKLUIOHYye B yMOBax MepemKkoA. Y TEOPETUKO-ITpOBUM
MOCTAHOBI Cc(OpPMyYJIbOBaHI ONTHUMI3allifHI 3aBAaHHS 1 HABEAEHO NPHUKIA
ITEpaTUBHOI NpOUEAYpH, L0 3abe3neuye 301KHICTh CTpaTerii paalomiHii 1
JUKepesia IEPEIKOIU 10 ONTUMAIbHUX.

Opnum 13 cnocobOiB  3axucty paapiomiHid (PJI) Big mnepemkon €
TICEBJIOBUIIAIKOBE NTepeMukanHs pobouunx yactot (I1TTPY).

[Tpu BIACYTHOCTI MEpemIKOJ TaK 3BaHUM AaJalTUBHUM aJrOPUTMOM
VOPaBIIHHSA PAAIONiHIA mependavyaecTbcsi BU3HAYCHHS HaWKpamoi 3 TO3MIi
nepeaadi iHGopmarllii 4acTOTH 1 BHUKOPHUCTAHHS ii B SIKOCTI poOOdYOi Ha yxKe
3raJlyBaHOMy 4YacoBOMYy iHTepBami. [Ipu 3MiHI TEpemKoa0BOI cUTyallli
npuiiMaibHa CTOPOHA PAAIONIHIT MOCUIIAE TIepeaaBady CUTHAI PO HEOOXITHICTh
nepexoy Ha 1HITy (ONTUMaIbHY) poO0dy 4acTOTY.

Ha Binminy Binx miHii 3 npoctoi nporpamuoi IIITPY, nani posrasgaerbes
aJanTHBHA pPAIIOJIiHIsA, aIrOpUTM BHOOPY poOOYOI YaCTOTH SIKOi MOXKeE
IPYHTYBATUCS Ha 1H(QOpMaIIi PO CTaH CYKYNHOCTI BUIIIEHUX YacCTOT 3 MO3MUI1
MO>KJIMBOCTI iX BHKOpPUCTaHHS s eexkTuBHOI nepenadi iHdopmarii. [lo cyti
CIPaBH IpH MOOYI0BI afanTuBHOrO anroputmy PJI moknagaeTses, Mo B mpolect
B3aemozii PJI 3 JIII ymoBu, 1m0 BU3HAYalOTh BUXIJAHI JaHI IrPOBOTO 3aBJaHHS,
MOXKYTb 3MIHIOBATHUCS, III0 0OYMOBITIOE JIOIIJIBHICT BIAMOBITHOT 3MIHU CTpATeTin
PJI ta AI1.

[Tpu amantuBHOMY anmroputmi [IITPY micns BXOMKEHHS B CHHXPOHI3M 1
MOYaTKy TMpollecy IepeAadl TMOBIIOMIIEHb 3a 3a3Jajeriip BU3HAYCHOIO
npouenypoto I[IIMPY (Ttobro B 3a3manerigp BU3HAYEHOMY PEXHUMi) poOOTa
panioniHii 3A1MCHIOETbCS HACTYITHUM YMHOM:
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- Ha NIpUHUMAaJIBHIN CTOPOHI PaAioJIiHIT IPOTATOM IIEBHOT'O Yacy MPOBOJIUTHCS
aHaJi3 CTaHy CYKYIMHOCT1 BU/IIJIEHUX YacCTOT;

- 3a pe3yJbTaTaMHl aHali3y 3A1MCHIOETBCA PO3PAXYHOK ONTHUMAIbHOI
(pIBHOB@XHOI B TEOPETHUKO-ITPOBOMY CEHCI) CYKYIHOCTI IapaMeTpiB, IO
BU3HA4YalOTh JouuibHUN pexxum [1T1PY B maHoMy cTaHi cepenoBHINa MOITUPEHHS
CUTHAJIIB,;

- JaHl MpO JOLUIbHUNA PEXUMI MO 3BOPOTHOMY KaHAIy IMEpeAaroThCcs Ha
nepeaaBajIbHy CTOPOHY PaiofiHii;

- B NIEBHUH MOMEHT uacy mnepenaBau 1 npuitmau PJI mepexoasts B HOBHIA
pexum [1T1PY.

ITepariiini mporeaypu MOIIYKY PIBHOBAXKHUX CHUTYalllid, 3 OJAHOTO OOKY,
3a0€3Meuyl0Th MOXJIMBICTh aHajizy €(EeKTHUBHOCTI aJalTUBHUX aJTOpPUTMIB, 3
IHIIIOTO, MOXYTh  0€3MOCepeIHhO  BUKOPUCTOBYBATUCS I YIPaBJIIHHS
pexumMaMu poOOTH paiioiiHii B mporeci ii ¢yHKUiIOHyBaHHSA. MojentoBaHHS
npouecy pyukiionyBanHs PJI 3 agantusaum anroputmom [ITPY, nobynoBanum
Ha OCHOBI ITEpalifHUX MPOUEAYp ONTHUMI3allii, MOKa3aJ0 MOXKIUBICTh MO0
e(eKTUBHOTO BUKOPUCTAHHS Ha mpakTuiii. CiiJl 3a3Ha4UTH HACTYIIHI JIB1 BaXJIMB1
TIHOCTI MOAIOHMX anropuTMiB: 1) mepm 3a Bce, 1€ YHIBEPCAIbHICTD,
00yMOBJIEHa CXOJUMICTBIO /0 ONTUMAJIBLHOTO B TEOPETUKO-ITPOBOMY CEHCI IpHU
HAsBHOCTI MEPENIKoA 1 A0 aJanTUBHOTO BUOOPY ONTHUMAJIBHOI YAaCTOTH - MPH iX
BIJICYTHOCTI 1 2) BUKOPUCTaHHS B MPOLECI (PYHKI[IOHYBAHHS JIMILE JaHUX IPO
MOCIJOBHOCTI HOMEPIB HaWKpallux 3 BHUIUJICHUX YacTOT 0e3 HeoOXiTHOCTI
1AeHTU(IKaLl] IPUCYTHIX B YACTOTHOMY J1alla30H1 MEPEUIKO/.

CnucoK BUKOPUCTAHUX JXKEPEIL:

1. XKomsimckii A.l, Xonpsimckiii M.I. TloTeHIIMHI MOMXJIMBOCTI KOMaH/I-
HUX PaaioNiHIi 3 JUCKPETHO 3MIHIOBAHOIO YacTOTO. PakeTHO-KOCMidHA
texHika, 1973, cep. VI, Bum. 2 (11), C. 15-26.

2. Cook D.B. Interleaving frequency hopping and spread spectrum for finite
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PO3POBKA TA IPOCYBAHHS IHTEPHET-MAT'ASUHY
HA BA3I OHJIAHH-KATAJIOT'Y TECDOC
Hixanenxo . JI.
HaykoBuit kepiBHUK — K.T.H., C.H.Cc Kamoxxauit M.M.
XapKiBChKHMM HAIllOHATBLHUN YHIBEPCUTET PaI10CICKTPOHIKH
(61166, Xapxkis, np. Hayku,14,
Kadenpa [HdhopmariitHo-MepexHOT iHXKEHEPIT)
ten. 0731310763 e-mail: danylo.dikalenko@nure.ua
The paper considers the problem of branching queries to the multimillion
database of automotive products. Ways to develop, optimize and promote the site
in the market of competitive services are given. The main provisions of the online
catalog TECDOC and Allzap.CMS are given.

Po3poOka BHCOKOHABaHTaXEHUX Web-cuUCcTeM I poOOTH 3 JIaHUMH
€ OJHHM 3 HaWOUIbII aKTyaJdbHUX HAIpPSMKIB PO3BUTKY 1H(QOpMaLIHHUX
TEXHOJIOT1H.

Haii6ib111i koMmnaHii npaioTh HaJl CTBOPEHHSIM HOBUX 1HCTPYMEHTAIbHUX
3ac001B i1 POOOTH 3 JyK€ BEIUKUMH OOCSTaMH JaHUX, MPU3HAUYCHUMH IS
po060TH B MOIIOHUX MaciITadax.

[IpoAyKTUBHICTh BUCOKOHABAHTAKEHUX CUCTEM € HEOOX1THOIO CKJIAJ0BO1 iX
ycrimHoro ¢yHKIioHyBaHHA. TeXHIYHA CKJIAJHICTh 1 crerudiuHi 0COOIUBOCTI
porpamMyBaHHsI 3pOOWJIM CTBOPEHHS CAMTIB 3al4acTHH OKPEMHM HAINPSMKOM B
IT-cdepi.

["0510BHOIO METOI POOOTHU € po3podKa bazamo@dyHKYIOHANbHO20 THMepHem-
Mazazuny Ha 6asi ounaun-kamano2y TecDoc, 110 103BOJISIE TIPAIIOBATH B YMOBaxX
0araToMiJIbHOHHOI HOMEHKJIATypH Ta MWOTO MPOCYBAHHS HA PUHKY KOHKYPEHTHUX
HOCITYT.

JIy1st BUKOHAHHS MMOCTaBJIECHOT METH BKpal BAKIIMBO NPaBMWIbHO 00patn CMS
i Basy nanmx. 11]o6 3a6e3neuntr nponayktuBHicTs «ABTOCAHTy», HeoOXiaHO
noa0aTh HE TIIBKM TPO (YHKIIOHATIBHICTh MarasuHy, a W TpO HasBHICTbH
MOTYXKHOTO CEpBepa - Micud JyIsl (13MIHOTO PO3MIIIEHHS 1H(OpMAILi.

Big TexHIYHUX MOXJIMBOCTEH 1 MPAaBUIBLHOTO HAJIAIITYBaHHS CcepBepa
3aJIEKUTh KOPEKTHICTb 1 IIBUAKICTH pPOOOTH IHTEpHET-MarasuHy, IO
PO3pOOISETHCS ISl BAXOAY HAa PUHOK.

OcHoBHa mpoOiieMa TONMsTa€E B TOMY, IO I[HTEpHET WMaraswH IO
aBTO3alm4yacTUHAX - 1€ MUIbHOHM ToBapHuUx mo3uiid. I[1lo6 Ha caliTi
BiJIoOpakanacs IiHa, a KJIIEHTH Majd 3MOry OOpaTu IiHy 1 TEpMIHM MOCTAaBKH,
NOTPiOEH alropuT™M HaUIHOK. JIJisi mpaBUIBLHOTO MiAOOPY 3aMYacTUH MO Maplil,
MOJIEIIi , ABUTYHY HEOOX1AHO PO3POOUTH AJITOPUTM ONTHUMAIBHOTO MiI00DY.

st sxicHoi poOoTu BHKOpUCTOBYEThCs 0aza Tec Doc. Bowa mosBomsie
Mmia0MpaT 3aMm4acTUHU Ha BCl aBTO €BpOMEHCHKOTO PHHKY Ta BKIIOYaE B cebe
ouem 50000000 3anm4acTuH.
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CxJ1aiHICTh MPOEKTY 3aKJI€UA€ThCA B 1HTErpallii Takoi BEJIMKOi 0a3u JaHHX
Ha calT. Jlyig mpocyBaHHS B MOJANBIIOMY Ba)JIMBa HIBUIKICTb pOOOTH 1 Ta
npaBuiIbHA CTPYKTypa. s 11poro HailBaxMBIIIMM MOMEHTOM € BuOip CMS.

B PoGoTi 6ysn0 npoBeaeHo anani3 Bigkputux CMS. BukopuctanHs roToBHX,
oeskomroBHMX CMS migHIMae psa CKIATHUX 3aBJaHb, KIOYOBI 3 SKUX -
1030yTHCS BiJ HEMIOTPIOHOTO 1 JOJJATH HEOOXITHI CKIaI0BI.

Bubuparoun «0s8uscox» 3 TOTOBUX pimeHb pazoM 3 yHiBepcaaniCTIo MU
OTPUMYEMO Macy 3alBUX (YHKIIIN, sIKI HEOJMIHHO 6yJ:[yTL 3aBaKaTH HE TUIbKU
poboTi caiiTy, ame 1 Tmpolecy MpOCyBaHHS, praBHIHHH ACOPTUMEHTOM 1
3aMOBJICHHsIMH. Buxonsuum 3 1poro Oyno NPUNHATO pIMIEHHS i1 JaHOTO
npoekty Allzap.CMS.

Allzap.CMS  Bifpi3HAETbCS BHCOKOIO MPOAYKTHBHICTIO 1 TIPOCTOTOIO
aamiHicTpyBaHHs. [ligTpuMye n'Th BapiaHTIB MOIIYKY aBTO3amyacTuH. Jlo3Boise
JIETKO KEepyBaTH aCOPTUMEHTOM 1 3aMOBJICHHSIMH, 3aBaHTa)KyBaTH 1 T€HEPYBATH
HEOOMEXKEHY KUIBKICTh MpPalC-IMCTIB, MIAKIIOYAaTA OpPUTIHAJIBHI KaTaloTu 1
J0JlaBaTl Kpoc-3B's3Ky. Bona 3a0e3nedye NpOOyKTUBHY pOOOTY I1HTEpHET-
Mara3uHy 3am4acTUH TpH OyAb-SKMX HABAHTAXKEHHSX Ta € aJalTOBAHOIO ITijl
MOO1JIbHI IPUCTPOI.

HonatkoBo mependaueHo edektuBHy SEO-ontumizaiito Ta MOXKIUBA
1HTerpauis 3 INIATHKHUMHU cepBicaMH, porpamamu oosiky, CRM.

Buxopucrtanns B po6oti Allzap.CMS Bupimmio npodsieMy po3raiyKeHOoCTi
3aMMTIB Ta COPOCTUTU HABAHTAKEHHS HA CEPBEPHI MOTY>KHOCTI. BoHA MOBHICTIO
MIIXOAUTh JJISI HAIIMX 3aBJaHb 1 COpPUSE MOAAIBIIOMY €KOHOMIYHO-BUTITHOMY
IPOCYBaHHS Ha PUHKY IHTEPHET-TIOCIIYT.

Crumcok nitepaTypu

1. bnor Allzap CMS - TOTOBBII HWHTEpPHET-Mara3uH aBTO3aIM4acTei
[Enextponnuii pecypc], Pexxum moctymy: https://allzap.pro/blog/ 26.02.2021 —
3aroJIOBOK 3 €KpaHy.

2. Karanor tecdoc - cucrema momyky aBTO 3anm4acTuH [EnexTpoHHuii
pecypc], Pexmm goctymy: https://jak.koshachek.com/articles/katalog-tecdoc-
sistema-poshuku-avto-zapchastin.html 26.02.2021 — 3aroyioBok 3 ekpaHy.
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METO/J YITIPABJIIHHSA HIBUAKICTIO BE3/IPOTOBOI'O 3B'A3KY
HA OCHOBI ITPOTOKOJY ACCEL-BRAKE CONTROL

benennos A.C.

HayxkoBuii kepiBHUK — A.T.H., pod. [locTtko I.C.
XapbKIBCHKHUM HAI[IOHAJIBHIN YHIBEPCUTET PAAI0CICKTPOHIKH
(61166, Xapokis, np. Hayku, 14, kad. [ndoxomyHikamiiHoi iHXeHepil
iM. B.B. ITormoBcbkoro0)
e-mail: anton.bielientsov@nure.ua,

Method Accel-Brake Control (ABC), a simple and deployable explicit
congestion control protocol for network paths with time-varying wireless links.
ABC routers mark each packet with an “accelerate” or “brake”, which causes
senders to slightly increase or decrease their congestion windows. ABC achieves
30-40% higher throughput than Cubic+Codel for similar delays, and 2.2 lower
delays than BBR on a Wi-Fi path. On cellular network paths, ABC achieves 50%
higher through put than Cubic+Codel.

[IBuAKICTH 3B'SI3KY B O€3/IPOTOBUX MEPEKAX MOXKE MIBUIAKO 3MIHIOBATHUCS 3
4acoM; HAMpPUKIIAJl, TPOTIATOM OJIHIE€T CEKYHJIU MIBUIKICTH OE€3APOTOBOTO 3B'SI3KY
MOXe SIK yJABiYl 30UTBIIMTHCH, Tak 1 BABIYl 3MeHIMTHCH[1]. Lle yckmamHioe
poOOTy TPAaHCHOPTHUX MPOTOKOJIIB I JOCATHEHHS SK BHCOKOI MPOIYCKHOI
3JIaTHOCTI, TaK 1 HU3bKOI 3aTpUMKH. J[Jig BUpIMIEHHS 11€i MPOOJEeMU BUCHUMH 3
MaccadyceTchbKOro  TEXHOJIOTIYHOTO  IHCTUTYTYy Oyjo  po3poOjieHO  Ta
MPECTABICHO MPOTOKOJI, SIKUM 3a0e3nedye 3BOPOTHHI 3B'SI30K 3 MepenaBadyaMu,
010 30UIbIIEHHS! 1 3MEHILIEHHS HABAaHTAXXEHHS Ha OCHOBI 0€3M0ocCepeHbOro
3HaHHS MPO MIBUAKICTH O€3IpOTOBOTO 3B'sA3Ky. I[IpocTuii HOBUIT TPOTOKOJ
KOHTPOJIIO YepT JUIsl 3MIHHMX y Yaci 0€3[pOTOBUX MEPEX, 0 Ha3uBaeTbea Accel-
Brake Control (ABC).

ABC mapmipyTu3atopy BUKOPUCTOBYIOTh OJHMH OIT, 1100 MO3HAYNUTH KOXKEH
MakeT 3HAYKOM 3BOPOTHOTO 3B’sI3Ky ‘‘accelerate” abo “brake”, mo 3myrnye
nepeaBadiB  JAenio 30UIBIIMTUCh A00 3MEHIIMTH IIBUKICTh BIATIPABKH MAKETIB
Ha OCHOBI MOTOYHOI MIBUAKOCTI 3B's13Ky. OTpumasiim 1ei Biaryk yepe3 ACK Bin
npuiiMada, repejaBay 30UIbIIYE KIJTBKICTh MAKETIB Ha OAWHUIIIO, Y BIJAMOBIIb HA
“accelerate” (mocunae nBa naketu y Bignosigs Ha ACK), yu 3MeHIIye Ha OJuH y
BiAMOBIAL Ha “brake”, (He mocunae xoaHoro makera). lle mpocto MexaHizm
JTIO3BOJISIE MApIIPYTU3ATOPY CUTHATI3ZYBATH MPO BEIUKHUM TUHAMIYHUHN Jiana3oH
3MiH po3Mmipy BikHa B Mexax ogHoro RTT: Bim perymtoBanns BikHa Ao 0, 10
noABOEHHS BikHA. ['oioBHUM y po60oTi ABC € HOBUIT alrOpuT™M yHpaBJIiHHS 1110
JOTIOMarae MapuipyTuzaropaM HaJaBaTH Ay)Ke TOYHI BIATYKH PO TOCHIIAHHS
BIJINIPaBJIEHH1 y PI13HUI yac.

ABC nepeepiirye Halkpallll ICHyr041 3aCO0M YIIPaBIiHHSA TTOTOKOM Taki K
XCP[3], ame na Bimminy Big XCP, ABC He Bumarae moaudikariii gopmaris
nakeTiB ab0 KOPHCTYBallbKUX TMPUCTPOIB, MO POOUTH WOTO MPOCTIMIKM.
TpaguniitHi TPOTOKOIU KOHTPOJIO Yepr, sIKi YaCTO BHKOPUCTOBYIOTHCS TaKi, SIK
Cubic Ta NewReno mnoxmanaroTbcs Ha BIIKHIAHHS MaKeTiB, 1100 3poOHUTH
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BUCHOBOK  MPO  TMEPEBAHTAKEHHA  Ta  BIAPETyIIOBaTH  IIBUIKICTb.
Taki TPOTOKOJM, SIK TPABUJIO, 3allOBHIOIOTH Oydep, BUKIMKAIOYH BEJIMKI
3aTPUMKH B 4ep3i, OCOOJIMBO B CTIIBHUKOBHX MEpEkKax, SIKi BUKOPHUCTOBYIOTH
rmboki 0ydepu, mod YHUKHYTH BTPATH MaKETiB.

OcHoBHI1 BacTuBOCTI ipoTokoiry ABC:

1. IIBuaka oO6poOKa 3MiH MPOITYCKHOI 37aTHOCTI B 0€3pOTOBUX Mepexkax
3B’SI3KY.

2. Hemae 3MmiH y 3aronoBkax makeriB. ABC mepenpusHadye icHyio4l OiTu
ECN[4] mo curHamizyrTh Tpo 30UIBIICHHS YH 3MCHIICHHS BIKHA
MepeHaBaHTAXKCHHS.

3. CyMicHICTh 3 MapIIPyTHU3aTOPAMH 110 HE MiATPUMYIOTH TPOTOKOJ.

4. CyMICHICTb 3 TPaHCIIOPTHUMHU IPOTOKOJAMH 1110 He miarpumyroTs ABC
IPOTOKOJL.

[Iporokon Oylo MEpeBIPEHO  EKCIEPUMEHTAIBHO 3a  JOMOMOTOIO
npakThyHoi  peamizanii  Ha WIi-FI mapiipyTtuzaropax 10 KOTpUX OyIio
nigkmrodeHo nepenaBayl Ethernet. Koxken mepenapau nepemae nani yepe3 WiFi-
MapuIpyTH3aToOp Ha OJUH NpuiiMad. Bci maketn MaroTh ogHakoBy uepry FIFO Ha
MapHipyTu3aTopi. Y XOJA1 €KCIEPUMEHTY CIIEHapil0 3 OJIHUM KOPHUCTyBaueM
npotokon ABC Oyno mopiBasiHO 3 mpotokonamu Cubic + Codel, Copa, Vegas,
PCC-Vivace Ta BBR. He3Baxkaroun nHa Te mo PCC-Vivace, Cubic Ta BBR
JOCSTIIA TPOXHM OLIbIIOoi mpomyckHoi 3maTtHOCTI (4%), Hix ABC iX 3HavYeHHS
3aTpuMKH Oysio 3Ha4HO Bulle (67%). baraTokopucTyBallbKuid ClieHapiil oKa3aB
nomiOHi pesynbrat, Hampukiang ABC mocsrae nHa 38%, 41% 1 31% Bume
cepeanboi mpomyckHoto 3aaTHOcTI Hixk Cubic + Codel, Copa 1 Vegas. Yce 1e
BKa3ye Ha Te, 1110 npotokoi ABC € nmepcrneKTUBHUM MPOTOKOJIOM.

Cnucok BUKOPUCTAHOI JIiTepaTypu
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10th USENIX Symposium on Networked Systems Design and Implementation,
NSDI 2013, Lombard, IL, USA, April 2-5, 2013, pages 459-471. USENIX
Association, 2013

[2] ”ABC: A Simple Explicit Congestion Controller for Wireless Networks,”
15 Feb 2020. [Online]. Available: https://arxiv.org/abs/1905.03429. [Accessed 21
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[3] F. Abrantes and M. Ricardo. XCP for shared-access multi-rate media.
Computer Communication Review, 36(3):27-38, 2006.

[4] J. C. Hoe. Improving the start-up behavior of a congestion control
scheme for TCP. In D. Estrin, S. Floyd, C. Partridge, and M. Steenstrup, editors,
Proceedings of the ACM SIGCOMM 1996 Conference on Applications,
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MOJEJIb TPAKTY OBPOBKHN CUT'HAJIY
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binokyposa A.O.
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The article attempts to develop a model of the signal processing path of the
Doppler direction finder, which allows to obtain at the output of the demodulator
signal not in the form of pulses, but in the form as close as possible to a sinusoid.
The method of smoothly changing the position of the virtual antenna by
synchronously multipolar change of signal levels coming from two pairs of
adjacent antennas was used. To assess the adequacy of the solutions, the system
operation was simulated using the Matlab / Simulink package.

Beryn. JlonnepiBChbKHi MeIEHraTop BIIHOCUTHCA 10 (Pa30BUX MEJICHTaTOPIB,
K1 BUTATAIOTH 1HQOPMAIlIIO MPO HAMPABICHHS TMOUIMPEHHS €JIEKTPOMAarHiTHOL
xpwii (EMX) 3 mpocTOpoBOIro po3TaliyBaHHs JIiHilA a00 TTOBEPXOHb 3 OJJHAKOBOIO
dazoro. Moro nis rpyntoBanHa Ha edekti Jomiepa. Cyrs edexty Jormuiepa
HOJIATaE B TOMY, III0 BiTHOCHE (B3aEMHE) MEpeMIlllCHHs MpUiiMada i mepeaaBadya
IPHU3BOJIUTH JIO 3MIHM YacToTH (a OTKe, 1 (a3u) KOJUBaHb, IO MPHUAMAIOTHCS.
YacTtoTa KOJIMBaHb, 10 MNPUUMAIOTHCS, CTa€ BIAMIHHOIO BIJl YacTOTH
BUNPOMiHIOBaHUX. OOyMOBJIEHE OOEpPTaHHSIM aHTEHU NPUPICT YACTOTH, IIO
HaBoJIUThCs B Hi, EPC HeratuBHa B MPOMDKKH 4Yacy, KOJIM aHTEHA BiAISETHCS
BiJI mepenaBava, 1 MO3UTHBHA, KOJIM aHTEHA HAOJIMIKAETHCS, 1 JOPIBHIOE HYIIIO,
KOJIM aHTEHA PYXa€ThCS MEPIEHAUKYIISIPHO Hanpsamy nomupeHHs EMX.

3micT gocaigxenHsi. Meroro podoTu Oyna po3podka MoJIeli TPaKTy 0OpPOOKH
CUTHAJy JOTUIEPOBCHKOTO TIEJIGHraTopa, IO JO03BOJISIE OTPUMATH Hi BHUXOI
JNEMOJIyJIATOpa CHUrHal He B (OpMi 3aroCTPeHUX IMIYJbCIB, a y dopmi
MaKCUMaJIbHO HAOMMXKeHO1 10 cuHycoigu. J[js mporo OyJio 3aCTOCOBAaHO METOJ
IUTABHOI 3MIHU TIOJIOKEHHS BIPTyaJIbHOT aHTEHHM IIIIXOM CHHXPOHHOI pPI3HO-
MOJISIPHOT 3MIHH PIBHIB CUTHAJIIB, 110 HAJAXOASTH 3 JIBOX MOMAPHO CYCiIHIX aHTEH.

Jns  OWiHKM aJeKBaTHOCTI pillleHb OyJIo 3I1HCHEHO MOJEITIOBaHHS
(GyHKILIOHYBaHHS CUCTEMH 3a jaornomororo nakety Matlab/Simulink. /Ins ouminku
3aJIEKHOCTI TOYHOCTI (DYHKIIIOHYBaHHSI CUCTEMHU BiJ THUIY BXIJIHOIO CHUTHATY
Oy70 3IIMCHEHO OLIHKY XapakTepy 3MIHEHHS BUXIJHOIO CHUTHAIy KaHaly
0OpOOKM CHUTHAJIB BiJl YUCTOTO TAPMOHIYHOIO CUTHAIIY /10 IIIYMOBOI'O CUTHAILY
MIPY PI3HUX PIBHSIX BXITHOTO CUTHAIY.

1. JI>xepeno BUMIPOMIHIOBaHHS BUIIPOMIHIOE TAPMOHINHUIN curHan. Bximgawuii
CUTHaJ HE MICTUTh IIyMiB. BUAHO mpucyTHicTh Ta (a3oBe CIiBBIJIHOIICHHSA
CUTHAJIIB KOMYTallli aHTeH Ta CUTHAJIy Ha BUXO/1 KaHaITy 0OpOOKH.

MeTta MozentoBaHHS TIOJIATAE B aHATI31 BHY PEKOHCTPYHOBAHOTO CHUTHAIY,
SKUW J1a€ MOXJIMBICTh BU3HAUMTH (Hha30Be 3MIIMICHHS y BXIJIHOMY CHUTHajl B
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3QJIEKHOCTI Bijl pyXy BiOpaTOpiB aHTEHHOI PEIIITKH, III0 KOMYTY€EThCS Ta aHaTi31
3QJIEKHOCTI (POPMI IILOT'O CHUTHAJY BiJ CIIBBIIHOIICHHS CUTHANY JI0 IIYMY, IO
HAJIXOJUTh 3 AHTCHH.

"""l""\""““i""‘
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a) 0)
Pucynok 1 — PoboTa Ha yuCTOMY CHTHAII: a) CHTHAJ Ha BXOJi, 0) CHUTHAJIH Ha
BUXO/Il KOMYTaTOpa Ta BUX1THUN

3 rpadiky BUAHO, IO TSI BIIEBHEHOTO BU3HAUCHHS KyTa HAJAXOIKCHHSI
CUTHAITy Tpeba TpU MOBHUX ITUKIY KOMYTallli aHTEHHOI PEIIiTKH.

2. Jlo aHTEHHOT PENITKN HAJIXOJIUTh CHJIBHO CIIOTBOPEHUM IITyMaMH CUTHAIL.
BiamnosinHo Ha MO/EN1 BUIHO MPUCYTHICTH Ta (pa30Be CIIBBIIHOIICHHS CUTHAJIB
KOMYyTaIlli aHTEH Ta CUTHAJTy Ha BUXOJI1 KaHaly 0OpOOKH.

a) 0)
Pucynok 2 — Po60oTa Ha IlyMOBOMY CHTHaJIl @) CUTHAJ Ha BXO/II,
0) CUTHaJIM Ha BUXOJ1 KOMYTaTopa Ta BUXITHUN

3 rpadiky BUAHO, IO JJIS BIEBHCHOTO BU3HAYEHHS KyTa HAJIXO/KCHHS
CUTHAITy Tpeba YOTUPH MOBHUX IUKITY KOMYTaIlll aHTEHHOI PEIIITKH.

BucnoBok. Po3po6iieHo Mojiens CUCTEeMH Ta MPOBEACHO MOJICIIOBAHHS Ta
MOpIBHSUTbHA OIlIHKAa €()EeKTUBHOCTI 3ampONMOHOBAHOI peaiizaiii mo0ynoBu
CUCTEMHU JJIi CHTHAJIB 3 PI3HUM CIHIBBIIHOIIEHHSM CHUTHAI/IyM. 3 Tpadiky
BUJIHO, IO JIJIi BIEBHEHOTO BHW3HAYCHHS KyTa HAJXO/KCHHS CHUTHAIy Tpeba
YOTUPH MOBHUX LIUKITy KOMYyTAIlil aHTE€HHOT PELIITKH.

Cnucok akepe:
1. N. Cianos, .Low-Cost, High-Performance DF and Intercept Systems.,
Proc. of 1993WESCON Conference, pp. 372-376, September 1993.
2 David Adamy, “EW 101 A First Course in Electronic Warfare” Artech
House Boston London.
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ANALYSIS OF POLARIZATION IN MIMO ANTENNAS AND
ADVANTAGES ON THE EVOLUTION OF 5G WITH MASSIVE MIMO
Tresor M.A.

Scientific adviser: candidate of technical science Martynchuk A.A.
Kharkiv National University of Radio Electronics,
Infocommunications Department,

Nauky Ave. 14, Kharkiv, 61166, Ukraine,
e-mail:mtumbeabitresor560@gmail.com

This article is about the MIMO (Multiple Input Multiple Output) technology
which consists of simultaneously transmitting N information streams on N
transmission antennas and each stream is received by M reception
antennas. MIMO (Multiple Input Multiple Output) technology in 5G NR (New
Radio) will be the specified and the main keys to unlocking 5G users but with
an improvement, we call it Massive MIMO. Network and mobile devices must
have close coordination with each other for MIMO to work. The design of new
networks 5G NR MIMO is "massive" and crucial for deployments 5G NR.

This is all to say that these advancements are all aimed at improving the
performance. Spatial multiplexing is not only the various experiences of the air
channel that are used to improve performance, but multiple messages can be
transmitted simultaneously without interfering with each other as they are
separated in space. Massive MIMO grants fast 5G data rates:

- Increase in network capacity;

- Improved coverage.

Figurel - Massive MIMO uplink and downlink
As the number of antennas increases MIMO system, the radiated beams
become narrower and spatially focused towards the user.
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Table 1 - Comparison Table of MIMO and Massive MIMO using 5G

MIMO Massive MIMO
Number of antennas <8 > 16
Pilot Contamination Low High
Throughput Low High
Antenna Coupling Low High
Bit Error Rate High Low
Energy Efficiency Low High
Link Stability Low High
Antenna Correlation Low High

As mentioned, MIMO has been used in wireless communications for many
years. But now, in the context of 5G NR, massive MIMO is changing
dramatically. We no longer have to worry about whether we are in a good area to
download or transfer large files. Massive MIMO technology bundles the antennas
at the transmitter and receiver level to provide high spectral and energy efficiency
using relatively simple processing. While massive MIMO offers immense
benefits for 5G and 6G networks, there are still various deployment challenges
such as pilots, channel estimation, precoding, user scheduling, hardware
degradation, efficiency. Energy and the detection of signals that must be
resolved before the goal can be achieved.

References:
1. M°'TUMBE A.T.Localization in vehicle networks using radio frequency

identification technology. XIV International Scientific Conference
"Modern Challenges in Telecommunications"” MCT-2020. Conference
proceedings. Kyiv. Igor Sikorsky Kyiv Polytechnic Institute, 2020. p. 381.

2. Tresor, M.A.,A.A.Martynchuk, 2019. Mobile info-communication systems
and wireless 5G and 6G technologies. Tperss MmixkHapoaHa HayKOBO-
TexHlyHa KoH(epeHuis «Komm’rotepHi Ta iHGoOpMaliitHi cucTeMu 1
TexHoJIoT1i». 301pHUK HaykoBuX mpails. XapkiB: XHYPE. 2019. C. 135.

3. Martynchuk O.0. Study of the effect of antenna polarization decoupling of
the quality indicators of the MIMO channel with dual polarization // Ikeza
Obasi Anyaso Destiny, Ajadi Ayodele Tega, M'TUMBE ABI Tresor //
[TpoGnemu eneKTpOMarHiTHOT CYyMiCHOCTI MEPCIEKTUBHUX O€3MPOBOIOBHX
mepexx 3B'si3ky  (EMC-2020): 30ipHUK HAyKOBUX TMpaib IMIOCTOL
MDKHApOJIHOT HAYKOBO-TE€XHIYHOI KoH(pepeHIi / M-Bo OCBITH 1 HayKH
VYkpainu, XapKiBCbKUW HAI[lOHAIbHUN YHIBEPCUTET PaAlOCIEKTPOHIKH. -
XapkiB: XHYPE, 2020.
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IMPROVING THE WIFI MIMO COMMUNICATION CHANNEL BASED
ON DUAL POLARIZATION ANTENNAS
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This paper work provides the basics of MIMO technology, standard of
configuration, antenna polarization choices, benefits of communication channel.
Types of channels and the dual polarization antenna for MIMO and how the dual
polarization signal improves the communication quality.

In recent years, the use of MIMO technology with polarization-orthogonal
channels has been intensively investigated. However, the resulting bandwidth
limitations due to the final isolation by polarization have not been sufficiently
studied. In works Ommoka! McTounuk cchbIKH He HaiigeH. attention is paid to
the polarization decoupling, however, only if there is a 2x2 configuration using
the MIMO. Studies of the possibility of using an increase in the number of
antennas of MIMO systems with polarization-orthogonal antennas have not been
sufficiently conducted.

An important characteristic of the radio wave is its purity of polarization.
For a radio wave transmitted with a given polarization, the ratio of the power
received with the expected polarization to the power received with the orthogonal
polarization is called cross-polarization discrimination (XPD), which is given by

xpDzlo(dxp):lmogPE, (1)

where P+ is the power of the orthogonal interference component caused by the
XPD. When the XPD of the receiving antenna is considered, the receiving SNR
of the signal should be replaced by the signal to noise and interference ratio
(SNIR). The SNIR can be expressed as
— P 1 — Irsndxp
M= = = :
" nB+P 1 1 r4d,
r. d

sn Xp

Fig.1 shows the relationship between the SNIR and the XPD when the SNR
is constant (10, 20 and 30 dB). As can be seen, due to the existing of the XPD, the
performance of the system will be deteriorated, and the SNIR will be less than the
receiving SNR. When the XPD increases, the SNIR will be firstly increased and
then keeps unchanged after approaching the SNR value. Fig. also shows that, if
the antenna has a large SNR, then a high XPD should be provided to guarantee
the receiving SNR. For example, when the SNR is 10 dB, the performance can be
preserved when the XPD is 20 dB, however, when the SNR is larger than 20 dB,
to guarantee the performance, the XPD need to be larger than 30 dB.

(2)
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Figure 1 - Relationship between Figure 2 - Channel capacity with different
XPD and SNIR configurations when the XPD changes

Fig. 2 shows the capacity of 1x2 and 2x2 channels when the XPD changes
while the SNR keeps constant (20 and 30 dB). As can be seen, when the XPD
increases, the capacity is firstly increased and then keeps constant. This is caused
by the relationship between the XPD and the SNIR, as shown in Fig. 1.
Furthermore, we compare the two results of the 2x2 or 1x2 channels, it can be
seen that, when the SNR is larger, to obtain maximum capacity, a larger XPD
should be provided, which is consistent with the analysis results in Fig 2.

So, the proposed method to increase system capacity includes the following:
business division of the transmitted information flow; transmitting of each of the
sub-streams on orthogonal polarizations compensated polarization distortion of
antennas; organization receiving the full polarization orthogonal polarization
antennas with the ability to compensate for polarization distortion; estimate of the
time taken by the correlation of radio waves; adaptive assessment matrix received
vector signal; finding the spectrum and eigenvectors of matrix and their analysis;
preparation of the transformation matrix of the first two eigenvectors of matrix;
converting the received vector signal into its major components; restore the flow
of information through the use of principal component vector signal received.

Reference: [1] Martynchuk A.A. Some limitations of evaluating dual-
polarized MIMO channel capacity / A.A. Martynchuk, Xuan Li // HogitHi
TEXHOJIOT1i — JJii 3aXUCTy MOBITPSHOTO MpPOCTOpy: Te3u nonoBigedn XVI
MIKHApOJIHA HayKoBa KoH(pepeHis XapKiBCbKOT0 HAIlIOHAILHOTO YHIBEPCUTETY
[ToBiTpsinux Cun imeni IBana Koxeny0a 15 — 16 kBitHg 2020 p. — X.: XHVIIC
im. I. Koxkemy6a, 2020. C. 367-368.

[2] Martynchuk O.O. Study of the effect of antenna polarization decoupling
of the quality indicators of the MIMO channel with dual polarization // Ikeza
Obasi Anyaso Destiny, Ajadi Ayodele Tega, M'TUMBE ABI Tresor //
[IpoGnemMu eJIEKTPOMArHITHOI CYMICHOCTI TEPCHEKTUBHUX O€3MpOBOJOBUX
mepex 3B'si3ky (EMC-2020): 30ipHUK HAYKOBHX Mpallb MIOCTOI MIXHAPOIHOI
HAyKOBO-TeXHIYHOT KoH(pepeHIlii / M-Bo OCBITH 1 Hayku YKpaiHu, XapKiBChbKUN
HAI[IOHAJILHUI YHIBEPCUTET panioenekTponiku. - Xapkis: XHYPE, 2020.
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POLARIZATION-FREQUENCY CODING OF SIGNALS
TO IMPROVE THE PERFORMANCE OF COMMUNICATION
CHANNELS WITH MIMO
Ayodele Tega Ajadi
Scientific Supervisor — Prof. Martynchuk A.A.
Kharkov National University of Radio Electronics,
Infocommunications Department,
Nauky Ave. 14, Kharkiv, 61166, Ukraine, e-mail: pastordee245@gmail.com

This paper presents the results of studying the efficiency of orthogonal
polarization-frequency coding of signals to improve the quality parameters of
communication channels with MIMO. The dependences of the channel capacity
and the error probability for various design variations of antennas with MIMO are
shown. MIMO technology can be used to efficiently improve the channel
capacity of the communication system. Note that, this improvement of capacity is
achieved by increasing the complexity of signal processing.

Shannon-Hartley’s channel capacity theorem is applied to provide the upper
bound of the data rate given a certain bandwidth and signal to noise ratio (SNR).
It demonstrates that the effect of a transmitter power constraint, a bandwidth
constraint, and additive noise can be associated with the channel and incorporated
into a single parameter, called the channel capacity. For a single-input and single-
output (SISO) channel, in the case of an additive white (spectrally flat) Gaussian
noise interference, an ideal band limited channel of bandwidth B has a capacity C
given by

C,=B- IogZ£1+ ij =Blog,(1+r,,), (1)
nyB

where P is the average transmitted power and n, is the power-spectral density of
the additive noise, and rg, is the receive SNR. The significance of the channel

capacity is as follows: if the information rate R from the source is less than C,
then it is theoretically possible to achieve reliable transmission through the
channel by appropriate coding. On the other hand if R>C, reliable transmission is
not possible.

For a MIMO channel with m transmitting antennas and n receiving antennas,
when the users transmitting at equal power over the channel and the users are
uncorrelated. Then, the channel capacity is given by

Crn =B-Iog{det(ln+rs—”HHHﬂ:Blog2(1+ e ) (2)
m
where | is an nxn identity matrix, H is the nxm channel matrix, HH is transpose

conjugate.

As a result, when the SNR of the receiving antenna is certain, compared to
the capacity of a SISO channel, the capacity of a MISO channel is slightly
improved when the channel has a gain of hi~1, the channel capacity of a SIMO
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system will be improved logarithmically as the number of receiving antennas
increases, while for the MIMO channel, its capacity can be linearly improved as
the minimum number of receiving and transmitting antennas increases, as shown
in Fig. 1. In the simulation, the receiving SNR is set as 20 dB, and the channel
gain is set as hi=1.

35 . , , > 40 ,
—6—MIMO| 4x4 |
30 - SIMO ....... ............ - 30 2><2
N —"—MISO : N i e s
% 5 | T2 el R S S % 12
Q Q 1x1 |
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5 i * 0 i i i i i
1 2 3 4 5 0 5 15 10 20 25 30
Number of antennas SNR dB
Figure 1 - Channel capacity of SISO, Figure 2 - Channel capacity with
SIMO and MIMO systems different MIMO configurations

Fig. 2 shows the simulation results of the channel capacity with different
configurations when the receiving SNR changes. As can be seen, the capacity will
be improved when the SNR increases. For the SIMO systems, the capacity will be
increased by 1 bps/Hz when the number of the receiving antennas increases twice,
as the results of 1x2 and 1x4 channels shown in the figure. While for the MIMO
system, when the minimum number of receiving and transmitting antennas
increases twice, the channel capacity will be also increased two times, as the
results of 2%2 and 4x4 channels shown in the figure.

Therefore, MIMO technology can be used to efficiently improve the channel
capacity of the communication system. Note that, this improvement of capacity is
achieved by increasing the complexity of signal processing.

Reference:

[1] Martynchuk A.A. Some limitations of evaluating dual-polarized MIMO
channel capacity / A.A. Martynchuk, Xuan Li // HoBiTHi TexHoJOTii — s
3aXHUCTY TOBITPSHOTO MpocTopy: Te3u nomoBine XVI mixHapoaHa HaykoBa
KoH(pepeHuis XapkiBcbKoro HarioHanibHOro yHiBepcutety IloBiTpsaaux Cui
imeni IBana Koxeny6a 15 — 16 xBitHsa 2020 p. — X.: XHVIIC iwm. 1. Koxeny6a,
2020. C. 367-368.

[2] Martynchuk O.O. Study of the effect of antenna polarization decoupling
of the quality indicators of the MIMO channel with dual polarization // Ikeza
Obasi Anyaso Destiny, Ajadi Ayodele Tega, M’'TUMBE ABI Tresor //
[IpoGnemMu eIEKTPOMArHITHOI CYMICHOCTI TEPCHEKTUBHUX Oe3MpOBOJOBUX
mepex 3B's3ky (EMC-2020): 30ipHUK HAyKOBHX Mpallb MIOCTOI MIXXHAPOIHOI
HAyKOBO-TeXHIYHOT KoH(pepeHIlii / M-Bo OCBITH 1 Hayku YKpaiHu, XapKiBChbKUN
HAI[IOHAJILHUI YHIBEPCUTET panioenekTponiku. - Xapkis: XHYPE, 2020.
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OPENSAMM - MOJIEJIb BE3NEYHOI PO3POBKH 113
Hazapenko K.A.
HaykoBuii kepiBHUK — JI.T.H., Ipod. PaaiBiioBa T.A.
XapKiBCbKUI HAllIOHAIIBHUN YHIBEPCUTET PaJi0CICKTPOHIKU
61166, Xapkis, npocn. Hayku,14, Kadeapa indpoxomyHIKamiiHOIT iHXEHEPIT iM.
B.B. ITommoscekoro (IKI), Ten. (057) 702-13-20
e-mail: kseniia.nazarenko@nure.ua.

Standards, models, frameworks and guidelines have been developed for
secure software development such as OpenSAMM. Current standard and model
provide guidance for particular areas such as threat modelling, risk management,
secure coding, security testing, verification, patch management, configuration
management etc. But there is not a generally accepted model for a secure
software development lifecycle.

[IporpamHe 3a0e3neueHHsT CTa€ BCE OUIBII MONIMPEHUM, KPUTUYHO
BOXJIMBUM 1 BpPa3JIMBUM JUJISl 1HIUJICHTIB, TIOB'SI3aHUX 3 OE€3MEKOI0, TOMY BKpai
BOXJIMBO, 100 1HGOpPMAIIHI CUCTEMU Oy HAJIE)KHUM YMHOM 3axHIIEHI 3
CaMoro MoyYatky.

Haii0iiblll BaXXJIMBOIO 3 IUX MPOOJIEeM € Yypa3iauBICTh MNPOTrPaMHOIO
3a0€3MeUYEHHs, BUKOPUCTOBYBAHOIO XaKepaMU 1 HEYCBIIOMJIEHI KOPHCTYBAul.
VYpaznuBocTi — 1€ cl1abKi MiCIlsl B IIporpaMHOMY 3a0e3MedeHHi, K1 JI03BOJISIOTh
XaKepaM CKOMIIPOMETYBATH IIUTICHICTb, JOCTYMHICTh a00 KOH(IACHININHICTD
JAHUX, 10 0OPOOIISIOTHECSA MPOTPAMHUM 3a0€3MeYEHHS.

YpaznuBOCTI MpOrpaMHOro 3a0€3MEUYEeHHS] € BUHUKAIOUUMU BJIACTUBOCTSIMH,
AK1 3'ABIIAIOTHCS TMiJ Yac MPOEKTYyBaHHSA Ta LUKIIB peamizaiii. Takum 4guHOM,
MIAX1T «10, M 9ac 1 Micias» MOBUHEH OYTH PO3TIISHYTHH Ha PIBHI PO3POOKH
IPOrpaMHOTro 3a0€3MeUEHHS.

st po3poOku mporpamMHOro 3a0e3reueHHs] BUKOPUCTOBYIOThCS Oe€3IeuHi
MOJeJll, Kapkacu 1 kepiBHULTBA. [loTouHi Mozeni 3a0e3MeuyoTh KEPIBHULTBO B
NEBHUX OONACTSIX HANpPUKIAL, MOJEIIOBAHHSA 3arpo3, YNPaBIiHHSI PU3UKAMH,
Oe3nevyHe KOJyBaHHS, TECTyBaHHs O€3MeKH, MepeBIpKa YIPaBIIHHS, YIPaBIIHHS
KOH(DIrypaiieo 1 T.1H.

Open Software Assurance Maturity Model (SAMM) — 1ie BiakpuTa MOIEIb,
O J03BOJISIE OpraHizamisiM (OpPMYTIOBaTH 1 peali30ByBaTH CTPATETIIO
3a0e3nedeHHs] Oe3neku MmporpaMHOro 3abe3medeHHs. [l Momens HamaraeThcs
BUPIIIUTH KOHKPETHI PHU3UKH OE3MEKH MPOrpaMHOro 3a0e3TMEeUCHHs, 3 SIKUMU
CTUKAEThCS OpraHizailisa. Y 1bOMY MOXYTh JOTIOMOTTH PECypCH, 10 HATAIOThCS
SAMM:

— OIllHKa ICHYHYMX B oOpradizaiii MeToiB 3a0e3leueHHs] Oe3neKu
MPOTPaMHOIO 3a0€3NCUCHHS;

—oOyioBa 30ajlaHCOBaHOI MporpaMu 3ade3neueHHst Oesneku 113 B 4iTko
BU3HAYCHUX ITEpallisIX:
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— IGMOHCTpaIlisl KOHKPETHUX TOJIMIIEeHb B Mporpami 3a0e3nedeHHs
Oe3IeKu;

— BU3HAUYCHHs Ta BUMIPIOBAHHS MISUIBHOCTI, MOB'SI3aHOT 3 0€3MEeKOI0 y BCIH
oprasizaiiii.

KpiM TOTO, II1 MOJETh MOXe OyTH 3acTOCOBaHAa B MacmiTabax BCi€i
opraH13au11 JUIs BChOTO Oi3Hecy abo OKPEMOTO TPOEKTY. OpenSAMM, npononye
KapTy 1 4YITKO BHW3HAYCHY MOJIEIb 3pUIOCTI Mg Oe3nmedyHoi po3poOKu Ta
BIIPOBAHKCHHS TIPOTPAMHOTO 3a0€3MeYCHHS.

Koxna 613Hec-QyHKIIis BU3HAUYa€e TP MpakTuku Oe3nexku. KoxHa mpakTuka
Oesneku Oyaye rapaHTiiO IS BIANMOBIAHOI O13Hec-QyHKIi. OTxe, B IIJIOMY, €
JIBAaHAIIATH MPAKTUK OC3MEKHU.

Mogaens OpenSAMM nokaszaHa Ha puc.2.

Vipan s wpedins licjengna Hapoes. tacns

ORuinns pornsis Ursd opoeks Josins

Hsaronmm 1 2 Keqry o
B 1) e mese O3t mesty
[T e Lomtan: 1o

Moctitmm ...‘.,.. : Excty 1) fine
O fexesn
e ¢peacatE:

PI/IcyHOK 2 Cxema OpenSAMM

OpenSAMM wmogaens Tuny CoBIT (Control Objective for Information and
Related Technology) anst kiibKicHOTO BUMipy O€3IMEKH KOKHOTO MPOIYKTY. Y
JaH1i MOJIeJTl PiBEHb 3pUIOCTI orepanii 0e3neku npuiiMae 3HaueHHs Mix 0 1 3.

— 0 o3Hauae, 1110 omneparis He 3aCTOCOBYETHCS;

—1 o3Hayae, 0 HEMae CHCTEMHOrO MIAXOMy, ajne € 0a30BUHl pIBEHb
3aCTOCYBaHHS B OpraHi3aiiii;

— 2 o3Hayae, 110 OMeparlisi 3aCTOCOBYETHCSI HA JOCTaTHHOMY PiBHI 3PLJIOCTI
Ha PiBHI OpraHi3arlii;

— 3 03Hauae, 1110 OIepallist 3aCTOCOBYETHCS B OpraHizailii 0e3/10raHHo.

Orxe, mporpamMHi NPOAYKTHM MAalOTh CJIa0Ki 1 BpasjiuBl Miclsl Yepe3
HEJOCTaTHIO O€3MeKy TMpOIEeciB Ta IHCTPYMEHTIB PO3POOKH MPOrpPaMHOIO
3a0e3nedyeHHs. [CHYlOTb MeETOIM YCyHEHHs TmpoOiem Oe3neku Mmij —4ac
MPOEKTYBaHHS, BIPOBAKEHHS Ta TEPMIHY CIYyXOM OpoAyKTy. Y wiil poboTi
posrasinyTo OpenSAMM mozens po3poOku 13, sxa Moke BUKOPHUCTOBYBATHCS B
SKOCTI O€3MEeYHOro KEPIBHUIITBA MO KUTTEBOMY LUKy PO3POOKU MPOTPAMHOTO
3a0e3MeUeHHs 1711 PO3POOHUKIB TOAATKIB.

[epemix mxepen

1. Umxunupuar 0e30macHOCTH cHCTeMbl. Mojienb 3pesocTd MOTEHIMana
[Enextponnmii  pecypc]. — 2003. — Pexum pmoctymy 10 pecypcy:
http://www.ssecmm.org/docs/ssecmmv3final.pdf.
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J1O IIMTAHHSA ITPOBJIEM 3AXUCTY HHEPCOHAJIBHUX JTAHUX
HA TEPUTOPII YKPATHU Y TIOPIBHSAHHI I3 GDPR
ToBkyH 1O.1.
HaykoBuii kepiBHUK — K.T.H., 1011. JJoopunin I.C.
XapKiBChKIM HAIlIOHATLHUM YHIBEPCUTET PAAI0CICKTPOHIKH
61000, Xapkis, npocm. Haykwu, 14, kad. IKI im. B.B. ITomoBchkoro,
ten. (057) 702-13-20, e-mail: yuliia.tovkun@nure.ua
Since the General Data Protection Regulation (GDPR) came into force in the
EU, it has become a flagship in personal data protection. Due to a short privacy
history in Ukraine, our nation has yet to develop a strong privacy culture.
However, forming this culture is no easy task and requires the involvement of
many stakeholders. Ukraine, in turn, has made a commitment to improve the level
of personal data protection and move toward GDPR compliant country. In the fall
of 2018, working groups and public discussions were actively held on the future
draft law, which was supposed to be an analogue of GDPR in Ukraine.

Y cyuyacHomy 1ubpoBoMy CcBiTi, oco0auBOo 3 posurkoMm Big Data Tta
TapreToBaHOi peKJiaMu, 1H(opmalis cTae OJHUM 3 TOJIOBHUX pecypciB, a ii
o0cAry, siKi 30epiraloTbCsi KOMIAHISIMH, € TIPOCTO KOJIOCATbHUMHU. AKTYalbHICTh
JAaHOI TEMHU TIOB’si3aHAa 3 CEpIEl TYYHUX CKaHJAliB CBITOBOro Mmacmraoy,
TIOB’sI3aHUX 3 BUTOKOM TNpuBaTHOI iH(popmarii (Hanpukiam, Uber, SoftServe,
Facebook Ta immmi).

[IpoiiioB mNeBHUH Yac 3 MOMEHTY HaOyTTs YHHHOCTI 3arajJbHOro
pernamenty npo 3axuct Jlanux (GDPR) B €C. Vkpaina, Takoxx pyXar4uch y
cropony GDPR compliant kpainm, B3sia Ha cebe 3000B’s13aHHS BAOCKOHAIMTH
piBeHb 3aXUCTy NEPCOHANbHUX JaHuX. L[1 pobora 3ynmuHMIACH Ha cCTali
3aKOHONPOEKTY 1y TpyaHi 2019 poky BimOymocs ioro yeprope ooroBopenHs. Ha
nanui yac icHye 3akoH Ykpainu «lIpo 3axuct nepconanbHux nanux» Ne 2297-VI
Big 01.06.2010 poky [1]. Bin OyB mpuifHATHI 3 METOI MEBHOI YyHidikarlil
HAI[IOHAJILHOTO Ta €BPOINEHCHKOTO 3aKOHOJIABCTBA B YMOBAaX PO3BUTKY HOBHX
BU/IIB MPABOBIIHOCHH, SIKI HE BPETYJIbOBAaH1 HAI[IOHAIIbHUM 3aKOHO/IaBCTBOM. AJie
3Ma€ThCsl, IO Ied 3akoH MNpuiiMaBcs TMOCIHIXOM, 0€3 TOBHOTO PO3YMIHHS
cnenu@iKd BIAHOCHUH, a TOMY Y HbOMY BIACYTHI 0araTto Ba>KJIMBUX IOJIOXKEHb
(Hanmpukian, 3 OpUBOAY OOpPOOKHM MEPCOHAIBHMX JAHMX HEMOBHOJITHIX 0Ci0).
Axmo mnopiBHaTH mnosoxkeHHs GDPR 1 3akony VYkpainu «IIpo 3axuct
NEPCOHANBHUX JaHUX» MOKHA 3PO3YMITH, IO Il JBa aKTU NpUHAMaNMCS AJis
pPI3HUX IUJIe, a TOMY MICTATh JOCUTH 3HauHl po30ikHOCTI. Tak, GDPR
MpUiiMaBCsa SK 3arajlbHOEBPONEHCHKHUM 3aKOHOMABYMM aKT OOOB'S3KOBOT CHIIH,
SKUW TIOBUHEH PETYJIIOBAaTH MHUTAaHHS 0O0poOKkM mepcoHanmpbHUX mannx. GDPR
peryiitoe MakCUMajbHO MOJJIMBE KOJO BIJHOCHH 1 MHUTaHb ILIOAO 3aXUCTY
NEPCOHAIBHUX JaHMX, a, IK MEXaH13M JI0AaTKOBOIO MEepPECTpaxyBaHHs, BIH Ha/laB
noBHoBaxkeHHs criouaTky Working Party 29, a motim European Data Protection
Board nagaBatu nonatkoBi pos'scHeHHs nonoxkenb GDPR, tum camuMm cTBOpHB
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MO>KJIMBICTh B MallOYTHbOMY yCYBAaTH HEAOJIKH 3aKOHOJABYOTO peryitoBaHHs. B
YKpaiHCBKOMY K 3aKOHOJIABCTBI MPOOJIEMOIO € BIJICYTHICTh YITKOTO BH3HAUYCHHS
3rogu Ha OOpOOKYy TNepCOHAJIBHUX JaHUX 1 OCOOJIMBOCTEH, IOB’S3aHUX 3
HaJIaHHSIM TaKoi 3roJik; BIJICYTHICTh 3aKOHOJIABCTBA 3 MPHUBOY 00poOKM (haiisiB
cookies Ta iHme. Bce e BUCTyHae MEBHOIO MPUIIOHOK HA MUIAXY PO3BUTKY
Ykpainu.

Byno 3po6ieHo BUCHOBOK, 0 BKIMBUM € cKopima imruiemenTariss GDPR
y 3aKOHOJIaBCTBO YKpaiHM 1 OTpUMaHHS HEIO CTaTyCcy KpaiHu, sika 3abe3meuye
HAJICKHUN PIBEHb 3aXUCTY MEPCOHAIBbHUX MaHUX. Tak, 3rigHo 31 crarTero 45
PernamenTy, ocobucTi aHi MOXKHA MepeaaBaTH KpaiHam 3 aJeKBaTHUM pIBHEM
3aXUCTy TMepcoHanbHOi iH(opmamii O0e3  JOAATKOBMX  MOTOMKEHb 3
KOHTpoJtoroYrMu opranamu [2]. [Ipu 1pomy, 3apa3 3MiCT TaKUX IMOBiIOMJICHb
nokazye VYKpaiHy 3 HE HaWlpuBaOIMBINIOW CcTOpoHH: «Bamii mani OyayTh
nepeaani st o0poOku B YKpaiHy, B KpaiHy, /¢ HeMae aJeKBaTHOTO PIBHS
3aXHUCTy MEPCOHANBHUX JAaHUX». A SKIIO JIO IIbOTO BCHOTO J0JIaTH IMepeadayueHi
Pernmamentom mrpadu B po3Mmipi JECATKIB MIJBHOHIB €BpO, TO IIIAHCIB Ha
CHIBIIPAIlIO 3AIMINAETHCA MaJlo. AJIKe 3apas, sIKIO0 KOMIaHIs Mpaltoe 3 JaHUMU
rpomajisin €C — BOHA aBTOMAaTUYHO MOTpAruise mija N0 PerimaMenty 1 3myiieHa
TpaHc(OPMYBATH CBOI MPOLIECH, OO BIAMOBIIATA €BPONENCHKUM BUMOTaM.

Tomy, y mepury uvepry, Ykpaini npomnoHyetbcs oTpumaru cratyc GDPR
compliant, abu npocriiie 0yJo 3amikaBUTH KiieHTIB 3 €C mpailtoBaTi 3 HAIIUMU
KOMITaHISIMH, TaK CaMo, SIK 1 IEPEKOHATH 1HBECTOPIB y BIAKPUTTI odiciB abo R&D
B Ykpaini. [liiroToBKa 70 TaKMX 3MiH BUMAarae BijJ KOMOaH1{ 1HBECTUIIIHN 1 3MiHU
BCiX TPOIIECIB, SIKI XO0U SKMMOCh YMHOM TIOB'sI3aHl 3 JaHUMH, a CaMe, MOXHa
MPOMOHYBATH Taki Jii: BBEIEHHSA aJICKBATHOI CUCTEMHU 3axXUCTy 1H(MOpMAIl;
OPOTHAISATA MOXJIMBUM BHUTOKAM JaHUX; chopMyBath BIIIiia, SKuM Oyne
3aiiMaTHCcs 3a0e3MnedeHHsIM Oe3neKku 1HGOPMAIIItHOTO MPOCTOpYy abo XK HalMaTH
ayTCOPC-MAPSATHUKIB. Y Cl 111 aCTIEKTH MOBUHHI OyTH 000B’SA3KOBO B1I0OpaKEHI Y
3aKOHOJABCTBI YKpaiHW Juisi TOro, mo0 YKpaiHChKUN OI3HEC  TOBHICTIO
BiAMoOBigaB BuMoram Oe3neku ganux €C 1 He moTpiOHO Oylno I0JaTKOBO
MIITBEPKYBAaTH, TOH (PakT, 110 PIBEHb 3aXHUCTY JAHUX B KOMITaHISX 3HAXOAUTHCS
Ha HaJIEKHOMY PIiBHI.

Cunucok Jgitepatypu
1. 3akoH Ykpainu "IIpo 3axuct nepcoHanbHux gaHux" [EnexrpoHHuUi

pecypc] — Pexum JIOCTYITY hi (o] pecypcey:
https://zakon.rada.qgov.ua/laws/show/2297-17#Text.

2. GDPR [Enextponnuii pecypc] — Pexum poctymy a0 pecypey:
https://gdpr-info.eu/.
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MOAEJIOBAHHA CUCTEMMU BIJEOCITIOCTEPEXEHHS
Cemepencoka B.B.
HaykoBuit kepiBHUK — K.T.H., C.H.C. [Imennunux C.B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH
61166, Xapkis, npocn. Hayku,14, kad. Inpoxomynikariii, ten. (057) 702-00-00
e-mail: viktoriia.semerenska@nure.ua.

Using three-dimensional modeling, it is possible to solve problems arising
in the design process in the best way, taking into account complex influencing
factors. For example, it is difficult to take into account obstacles covering part of
the view area and the peculiarities of displaying three-dimensional objects in two
dimensions. Three-dimensional modeling allows to see the final information of
the system already in the process of designing — images on the monitors. This
information will save you from expensive mistakes and allow you to choose the
placement and parameters of the equipment with great accuracy, as well as to find
new non-standard solutions of the set tasks.

Y mpomeci NpOEKTyBaHHS TENEBIZIMHUX CHCTEM BIJIEOCIIOCTEPEKEHHS
1HKEHEepaM JIOBOAUTHCS BUTpadyaTH 0Oarato 4vacy id pO3paxyHKy (POKYyCHHUX
BiJICTaHEH O0O0'€KTUBIB 1 MPaBWIHHUX MICIIb PO3MIIICHHS BiJcoKaMep st
OTPUMaHHA HEOOXITHOro 300pakKeHHs Ha €eKpaHax MOHITOpPIB. JlomaTkoBi
CKJIQIHOCTI BHKJIMKAE PO3PAXyHOK 30H VII3HABAaHHS JIIOAWMHU 1 YHUTaHHS
aBTOMOOITLHOTO HOMEpa. 3aBAaHHA YCKIAJHSEThCS OaratropasoBo, KOJIU
noTpiOHO BHUOpaTH ONTHMAaJIbHE B3a€EMHE IMOJIOKEHHS JEKUIbKOX Kamep abo
OJIHIEI0 B1JICOKAMEPOIO BHPINIYBATH OJIHOYACHO KUJIbKa 3aBJaHb (HampHKIam,
pO3Mi3HaBaHHs OCI0 1 CIIOCTEPEKEHHS 32 IEPUMETPOM).

VY mepmux ASCATHITTSIX LBOTO CTOJITTS BXXKe OyJia MOCTYMHA OlIBIIICTh
GyHKIIM CHCTEM BIEOCTIOCTEPEKEHHS, iK1 aKTUBHO BUKOPHUCTOBYIOTHCS B HaIITl
nul. Cepelnl HUX — pO3Mi3HABaHHsS OOJWY, Tepenaya KoJbOopy 1 0arato IHIIUX.
BiaMiHHICTH CHCTEM B1I€OCIIOCTEPEIKEHHS MUHYJIUX POKIB 1 HAIIUX JHIB MOJISITAE
B TOMY, 1110 e 10 poKiB TOMY TE€XHOJIOT1i, TOCTYITHI ChOTO/IH1, OYIH JOPOKIYNMU
1 CKJamHIIMMU B  peamizamii. 3apa3 K€  MOJICTIOBAHHS  CHUCTEMHU
B1JICOCIIOCTEPEKEHHS MOYKHA OpraHi3yBaTH JEIIEBIIe 1 Ha OLIbII BUCOKOMY PiBHI
32 paXxyHOK BHKOPHUCTaHHS OLIbII JIOCTYIHUX MarepiaiiB 1 BEJIMKOro BHOOPY
MPOrpaMHUX 1 arapaTHUX JTOMOMIXKHHX 3aCO01B.

Y npencraBneHii  poOOTI  MNPOBOAUTHCS  aHANI3  MpOTrpaMH  JJIA
TpuBUMIpHOTO MojentoBaHHs VideoCAD, y sKili MOXHa CTBOPUTH THPOEKT
CHUCTEMH BIJICOCIIOCTEPEKEHHSI OYJIb-sIKOi CKJIAJHOCTI 3a KOPOTKHM MPOMINKOK
yacy. CnerianizoBaHi pO3paxyHKH BiJI€OCIIOCTEPEXKEHHS (30HU OIJISAY, 30HH
BUSIBJICHHS 1 BITI3HAHHSA JIIOJIMHU, 30HM UYWTAHHS AaBTOMOOITLHOTO HOMEDA,
noapoOwuIrl BioOpakeHHS OO0'€KTIB B PI3HMX NUISHKaX 30HU OIJISANY, TVIMOWHA
PI3KOCTi, PO3PAaxXyHKH JOBXKWHU 1 EIEKTPUYHUX TapaMeTpiB KaOemiB) TICHO
iHTerposani 3 Tpaguiiiiaum CAD inTepdeiicom.
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Xoua 3arajbHi NPUHIUIN  TPOCKTYBAHHS CHCTEM  OXOPOHHOTO
tenebadenHns (COT) npu "pydHomy" 1 KOMIT'IOTEPHOMY MOJIETIOBaHHI OJIHAKOBI,
ajsie 0COOJIMBOCTI JIFOJICHKOTO CIIPUUHATTS IrpadiyHUX 300paKEHB 1 MOJACITIOBAHHS
00'eMHUX OO0'€KTIB TPOrpaMHUMH 3aco0aMH MaTEeMAaTUYHOTO MOJICTIOBAHHS
O0OYMOBIIIOIOTh PI3HI MiAXOAUW JO 3aco0iB 1 00'ekTiB TpoekTyBaHHA. Jlami
pPO3TIIAIAIOTECS  JIEAKI  OCOOJIMBOCTI  MPOCKTYBAaHHS CHCTEM  OXOPOHHOTO
TenebadeHHs CTOCOBHO /10 BUKOpucTaHHs nmporpamu VideoCAD.

1. [TamepoBuii maH o0'ekta Moke OyTH  BiJICKAaHOBaHUH 1
Bukopuctanuii B VideoCAD B SKOCTI TIAKIAAKA TSI PO3MIIICHHS Kamep.

2. [Ipsmo ©a migkmamii B VideoCAD cTBOpro€eThCs TONEpEIHE
PO3MIILIEHHS Kamep.

3. 3a nonmomorow VideoCAD po3paxoByeThCsi AOBXKHHA 1 HEOOX1THI
napamMeTpu KOaKCIialbHUX 1 CHJIOBUX KaOeniB. ['eHepyeThcsi TekcTOBHM dain 3
MMOBHHMM OITMCOM BCIX BiJieoKamep 1 kaOeliB.

4, VY npoekti OyAe BiA3HAYEHO BCE, IO HEOOXITHO: 00'€KTUB, MicCIE 1
BHUCOTa YCTAHOBKHM KOKHOI KaMepH, 30Ha OIJISY 1 HaBITh MOJIETh 300paKeHHs
B1J1 BiJICOKaMEPH.

5. Icaye MoOXIHMBICTH BHOOPY HAMOUIBIN MIAXOAAIMIMUX OO0'€KTHBIB,
BUCOTH 1 MICIl YCTAaHOBKM BiJilcoKaMep Ui 3a0e3leueHHsS HEeOoOX1THHUX
mapamMeTpiB 30H OTJIATY, BUSBIICHHS JIFOAWHH 1 BITI3HAHHS JIIOJWHW, YUTAHHS
aBTOMOO1JTLHOTO HOMEpPA 1 OTPUMAaHHS Ha €KpaHi MOHITOpa HEOOX1THOTO PO3MIpy
300paxeHb 00'e€KTa 3 BIIOMUMH PO3MipaMH 1 MICIIEM 3HAXOJKEHHS.

6. Mo’kHa BUMIPSTH CIOTBOPEHHS 30HU OIJISAY, 110 BUHMKAIOTh Yepe3
NEPELKOIH.
7. OTpuMaHHSI KPECJIEHHS, 110 BKJIOYA€ 2 MPOEKIii KOHTPOJbOBAHOI

TepUTOPIi 13 300paKEHHSIMU 30H OTJISAY BiJleOKaMep 3 KOOPIMHATHOI CITKOIO 1
TUTpaMHU.

8. Mo>kHa BUBYHMTH 3aKOHOMIPHOCTI BiZOOpaXeHHsSI 00'€KTIB B PIZHHUX
JIJISTHKAX 30HU OTJISATY 32 JIOMTOMOTOI0 TECTOBOTO 00'€KTa 1 rpadhiyHOTO BIKHA.
9. Bci po3paxyHku BigOyBalOTbCS B pEaJbHOMY 4Yaci, LIO J03BOJISE

0aunTH BIUTUB KOXKHOTO MTapamMeTpa Ha KiHIIEBUN Pe3yJIbTar.
10. VideoCAD — Henmopora i MacoBa mporpama, sika JJOCTyITHA 3a I[IHOIO
HaBITh IPUBATHUM KOPHCTYyBadyam.

Cnucok nitepaTypu:

3. Tsasnoscekuit K.JI. BnagumupoBa T.JI. Bopo6Geit P.I. Cucremu
B1JIEOCIIOCTEPEKEHHS, OCHOBH MpoeKkTyBaHHs — 2012

4, Yr1oukin C. VideoCAD — mnporpamma i mnpodeCCHOHATBLHOTO
POEKTUPOBAHUSA TEIEBU3UOHHBIX cucteMm — 2005
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CTBOPEHHS HIGH AVAILABILITY / DISASTER RECOVERY
IHOPACTPYKTYPU BEB-IOJAATKY Y AMAZON WEB SERVICES
Jo6punin K.I.

HaykoBuii kepiBHUK — K.T.H., 1011. JJoopunin I.C.

XapKiBChKHMM HAIllOHATLHUM YHIBEPCUTET PaII0CICKTPOHIKU
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iMm. B.B. ITonmoscekoro, ten. (057) 702-13-20)
e-mail: kyrylo.dobrynin@nure.ua

The report focuses on the problem of web application accessibility under
high load using Amazon Web Services. The report shows a way to improve the

accessibility of a web application in Amazon Web Services.

OcTanHIM yacoM Bce Oiibiie O13HeCiB KOMIaH1|, MPOIYKTH SKUX MOB'A3aH] 3
1H(}OpMaIIHHUMU TEXHOJIOTISIMH, TIOCTAIOTh TIEpe/l MUTAaHHSIM BHOOPY HaaiitHOTO,
MIPOCTOTO 1 OE3MEYHOr0 XOCTUHTY JUIsl CBOiX BeO-momarkiB. Bee Ginmbie DevOps
1HKEeHEpIB Ta apXiTekTopiB IT-pilieHb MparHyTh CTBOPUTU MPOCTY 1 HEAOPOTY,
ajie B TOM e 4Yac BIJIMOBOCTIMKY CUCTEMY, sIKa TO3BOJIUThH Oe3MedHo 30epiraTu 1
oOpoOJISITH NaHi, a TakoXX OOMIHIOBATHCS HUMM MiX CEpBICaMU 3a JIOIIOMOIOIO
mppoBaHUX 3'€THAHD.

basyrounch Ha OIIIHKaXx €KCHEpPTIB 1 PEUTUHTIB NyOJIYHUX XMapHUX
npoBaiinepiB [1], ogHUM 3 JiAepiB HaJaHHA TOCIYT XMapHHUX TEXHOJIOTI €
Amazon Web Services (AWS). lanuii mpoBaiiaep J03BOJISE OpraHizarisM i ix
Oi3Hec-mapTHEpaM BUKOPHUCTOBYBATH Oe3nedyHe cepenopuine AWS s oOpoOku,
oOciyroByBaHHs Ta 30epiraHHs iHdopMaIlii 3 00MexKeHUM JOCTYIIOM [2], a TaKOXK
CTBOPIOBATH 1 YIPABIISATUA BEIIMKUM CIIEKTPOM PI3HHUX CEPBICIB.

Ha choromuimHii AeHb BCe OLIbIe KOMIAHIM HaMararThCs €(PEKTUBHO
YOPaBISATH JaHUMH 1 3a0e3rledyBaTH iX 3aXHCT, HE3aJIeKHO Bijg oOyacti il
opranizauii. [Tpunycrumo, mo aeska kommadis 3 Ha3Boro "ABCompany" mianye
pPO3rOpHYTU CBiM BeO-10JaTOK 3a JOMOMOIOI0 XMapHOro mnpoBaitnepa AWS. V
JIOTIOBI/II HABEJACHO PEKOMEHAllli 100 CTBOPEHHS BIJIMOBOCTIHKOIO KjacTepy
Ta BOPOBAKEHHS CHCTEM aHalli3y METPUK. 3a JOMOMOTOI0 BEJIHKOTO BHOOPY
cepBiciB AWS naHi il MOKyTh OyTH JOCATHYTI IMBUAKO 1 €PEKTUBHO.

[Toka3zano, mo s gocsrHeHHs High Availability / Disaster Recovery
(HA/DR) pekoMeHay€eThCs:

1. CtBopuTH BIacHY BIpTyaJibHy Mepexy Ta mimmepexi (Virtual Private
Cloud - VPC), sKki 103BOJIATh cepBepaM OYTH 130Jb0BAHUMH 1 B3AEMOMISITA MIXK
co0010 B paMKax OJIHI€] BIpTyaIbHOI JIOKAJTLHOT MEPEXKI;

2. CtBoputu rpymy 6e3mneku (Security Group) B i30mp0BaHiit Mepexi VPC. 3
TOYKH 30py O€3MEeKN PEKOMEHIYETHCS BIIKPUBATH IMOPTH B CBIT TUTHKU

3.80 (HTTP) 1 443 (HTTPS), a mopTu s MIAKIIOYEHHS 0 0a3u JaHHUX
(manpuknan, 3306 - pigs MySQL) Biikputu B Mexkax noTo4Hoi Security Group;

4. CTBOpUTH TpyMy aBTOMATHYHOTO MaciiTadyBaHHs (Autoscaling Group)
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3 HEOOX1THUMHM MapaMmeTpamu nepeBipku nparne3aaTHocTi (Health Check)

5. 1 MmMATpUMKHA pobouux cepBepiB. lle 103BONMTH 3aBXau MaTH
HEOOX1IHY KUIbKICTh MPAIfIOI0YUX CEpBEpPIB 1 CTBOPIOBATH aHAJOTIYHI HOBI,
SIKIIIO, PUITYCTUMO, IESTKUN CEPBEP CTaB HEIOCTYITHUM;

6. CtBoputHu, sx MiHimyM, nBa cepepa EC-2 (Elastic Compute Cloud) B
pi3HHX 30HaX nocTymHOCTI (Availability Zones) y BnacHiit mepexi VPC 1 Security
Group 3 BukopuctranHsM Autoscaling Group. Bximountn mmdpyBaHHS AMCKIB
EBS (Elastic Block Store) Ta oOpaTu OHOBIICHHI TUCTPUOYTHB OMEpAIiitHOI
cuctemu. Lle m03BONMTH 3aBXAM MaTH MPAIlO0YUil BeO-10/1aTOK, HABITH SKIIO
OJTHA 30Ha JOCTYITHOCTi 200 CepBEp CTaHyTh TAMYACOBO HEJOCTYITHUMHU;

7. CtBoputn OanancyBanbHUK HaBaHTaxkeHHa (Load Balancer) i gomatu
roro o Autoscaling Group, 1110 103BOJIUTH PO3MOAUIATU TpadiK, OTpUMAHUI BiJl
3alMTIB KJIIEHTIB, MK CEpBEpaMH, a JOJIaBaHHS MOro B IpyIly MacuiTaOyBaHHS
JTI03BOJIUTH ABTOMATUYHO MIKII0YATH 0 HHOTO HOBI CEPBEPA;

8. BopoBanutu 1 3amiatu BiacHi SSL ceptudikatu mis mudpoBaHOTO
s'ennanna  (HTTPS) wMbk  caiitom 1 kiieHtamu.  PexomeHayeThcs
BUKOPUCTOBYBATH Jiniie octanHi Bepcii TLS - 1.21 1.3;

9. CtBoputu 1HCTaHCH ©0a3M JaHUX B PI3HUX 30HAX JIOCTYMHOCTI 3a
nonomoroto ceppicy RDS (Relational Database Service) Ta BKIIOUHUTH
mundpyBaHHs gaHuX. Pozropranaa Amazon RDS B nekiIbKOX 30HaX TOCTYIHOCTI
3a0e3nedye MiABUIIEHY JOCTYNHICTh Ta y pa3l BigMoBu RDS BukoHYe
aBTOMATUYHE TIEPEMHKAHHS Ha PE3CPBHY PEIUIIKY, IO JO03BOJHTH BiTHOBUTH
poboTYy, sIK TUIbBKK 00poOKa BiIMOBH Oyje 3aBepiieHa [3];

10. BnpoBaautun Ha cepBepax pem KIIIO4Y, AKAW Haexutb AWS mis
3a0e3nedeHHs mu(poBaHOro 3'€IHAHHS MIXK IHCTaHCAaMH Ta 0a3010 MaHuXx [4].

Takum 4YMHOM, palliOHaTbHE BUKOHAHHS BUIIE3raJaHUX PEKOMEHAIlIM
JIO3BOJIUTH 3a0€3MEYUTH JOCTYIHICTh BeO-A0JaTKy, MmudpoBaHi 3'€THAHHS 1
Oesreune 30epiraHHs KOHQPIASHIIIMHNX TaHHX.

CnMcoK BUKOPUCTAHUX JIKEPEIT:
1. Top cloud providers in 2021. [Enektponnuii pecypc] - Pexum moctymy:

https://www.zdnet.com/article/the-top-cloud-providers-of-2021-aws-microsoft-
azure-google-cloud-hybrid-saas/

2. HIPAA in AWS - Overview. [Exektponnuii pecypc] - Pexxum noctymy:
https://aws.amazon.com/compliance/hipaa-compliance/?ncl=h_lIs

3. Amazon RDS Multi-AZ Deployments. [Enektponnuii pecypc] - Pexxum
noctymy: https://aws.amazon.com/rds/features/multi-az/

4. Using SSL/TLS to encrypt a connection to an Amazon RDS Database
instance. [ Enextponnuii pecypc| - Pexxum gocrymy:
https://docs.aws.amazon.com/AmazonRDS/latest/UserGuide/UsingWithRDS.SS
L.html
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CUCTEMM YIIPABJIIHHS IHOOPMAIIMHOIO
BE3IIEKOIO NI AITPUEMCTBA
Pymsunesa O.B.
HaykoBuii kepiBHUK — K.T.H., C.H.C. [Imernunux C.B.
XapKiBChKIM HAIlIOHATBLHUM YHIBEPCUTET PaI10€ICKTPOHIKU
61166, Xapkis, npocn. Hayku,14, kad. IndhoxomyHikariitHoi iHxeHepii
im. B.B. ITonmoscekoro, Ten. (057) 702-00-00
e-mail: olha.rumiantseva@nure.ua
The problem of information security of enterprises and organizations is
undoubtedly relevant, and if viewed in the context of protecting critical
information infrastructure, it is extremely acute. This report is devoted to
modeling the security system of the organization's information system based on
the use of information security audit systems. The report discusses the
methodological position of the system for modeling the protection of information
circulating in information objects in an organization, as well as issues related to
the use of these systems. Feasibility and results of the systems application.
Specific examples of systems of work.

20 pokiB ToMy 3aBHaHHS 3a0e3meueHHs Oe3meku iHdopmarlii BUpinTyBaiacs
3a  JIOOMOrol0  3aco0iB  KpUNTOrpaiuHOro  3aXUCTy, BCTaHOBJICHHS
MDKMEPEKEBUX €KpaHiB, PO3MEXKYBAHHS JOCTYIy. 3apa3 LHUX TEXHOJIOTIH
HEJOCTaTHbO, Oyab-ska 1Hdopmaliss, o Mae (piIHAHCOBY, KOHKYPEHTHY,
BIMICHKOBY YW TMOJITHUYHY IIHHICTh, OMMHSETHCS MiA 3arpo3oro. JlogaTkoBUM
PU3UKOM CTa€ MOKJIMBICTh MEPEXOIUICHHS YMPAaBIiHHSA KPUTHUYHUMHU 00'€KTaMH
iHdopmariiiHoi iHGpacTpyKTypH. Y IIili TOMOBIAI MPOBOIUTHCS aHATI3 TepeBar
SIEM-cuctem, ki B pexuMi pealbHOTO Yacy oOpoOJIOTh MOli Oe3MmeKH, 110
HAJXOJSITh BiJl MEPEKEBUX MPUCTPOIB 1 IOAATKIB.

SIEM (Security Information and Event Management) Cucremu - 11e
porpamMHo-arapaTHi 3aco0u, 10 MPU3HAYEH] JJIs YNPaBliHHS 1HPOPMAIIHHOIO
0€3MeKoI0 B OpraHi3allisix B UJIOMY 1 YIPaBIIHHS TOISIMH, OTPUMaHUMU 3 PI3HUX
mxepen. SIEM-cuctemu 31aTHI B peKHMMI peabHOTO Yacy aHalli3yBaTH MOii, 110
HAJXOATh BiJl MEPEKEBUX MPUCTPOIB 1 pI3HUX JTOAATKIB.

Buxopucrannss SIEM-cucreM HalOUIbII aKTyajdbHO JJIS OpraHizauiid, sKi
IpaiolTh 3 KOHQIICHUINHOW 1HPOpMAalI€l0, 1 AKUM HEOOXITHO peryssipHO
MPOBOAUTH ayJUTH BiANOBIAHOCTI. Takoxk BukopuctanHs SIEM-cucrem
aKTyaJbHO JUIsi KOMIAaHIM, B SIKMX IIOAHS T€HEpPYeThbCA Oe3iy Mol pi3HOTO
pony. SIEM BUKOpPHUCTOBYE BEIMKY KUIBKICTh JDKEpEN JaHuX, 3a0e3nedyrodu
MaKCHUMAaJIbHO ITOBHE OXOIIEHHS MOJiH, 110 peecTpytoThes B Ib-iHppacTpyKTypi 1
J0/1aTKax MiIMPUEMCTBA.

OcnoBuumu mxepenamu SIEM cuctem € [1]:

1. KonTtpones pocryny, ayreHtudikaiis (mpuBiiei KOPUCTYBayiB, KOHTPOJIb
JoCTymy A0 1H(HOPMaLIHHUX CUCTEM, MOHITOPHUHT).
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2. Xypnanu noniii cepsepiB i APM (BiZMOBOCTIHKICTb, KOHTPOJIb AOCTYIILY,
notpuMaHHs HopM Ib kommaniy).

3. AkTUBHE MepekeBe oOJsiagHaHHS (MepexeBUM Tpadik, KOHTPOJb 3MiH,
aBapiifHi L0g-noBi1OMIICHHS).

4. IDS\ IPS. (3miHa koH(irypariiii, MepeKeBi aTaku, JTOCTYII JI0 TIPUCTPOIB).

5. ArtuBipycHuii 3axuct (npane3gatHicts [10 1 6a3 qaHuX, 3MiHA TOJITHK 1
KoHIryparliii, BusiBiIeHHs mKiumBoro [10).

6. Ckanepu BpaznuBocTeil (iHpopmauis mpo cnabki wmicuga [0 abo
MEpEXEBUX MPUCTPOIB).

7. GRC-cucremun (BUSIBICHHS PU3UKIB 1 HAWOLIBII KPUTHYHUX 3arpo3s,
M1JIBUIIICHHS IPIOPUTETY 1HIIUICHTY).

8. Inmi cuctemu b 1 konTpoOIO0, Hanpukiaa, DLP.

9. Cucremu iHBeHTapH3allil (KOHTPOJIb AKTHBIB KOMITaHI1).

10. Cuctemu 001Ky Tpadiky.

SIEM cucrema cki1azaeTbes 3 Kijbka KOMIOHEHTIB [2]:

1. KilieHTChKI areHTH - BOHU BCTaHOBIIOIOTHCA Ha 1HGOpPMAIIIHY cUCTEMY,
110 1HCIIEKTYEThCS (areHT - 1€ PEe3UJICHTHA Mporpama (IeMOH abo cepBic), sika
30Mpae KypHaJIM MOJII Ha JIOKAJIbHIN MalllMHI 1 Iepeaae iX Ha cepBep).

2. Konmektopn Ha areHTax, BOHHM TMPEJCTAaBISAIOTH CO00I0 MOAyJi abo
010J110TeKH JUIsl pO3YMIHHS TOTO YH 1HILOTO KYypHaTy oAl abo cucTemMu.

3. CepBepH-KOJIEKTOPH - CIyXaTh JUIsl TOMEPEeIHBOTO 300py MOiN BiX
0e3114l pI3HUX JKEPET.

4. CepBep-kopenarop - 30upae iHGOpMaIli0 BiJ KOJIEKTOPIB 1 areHTIB 1
00po0uIsie T1 3a MpaBWIIaMH 1 aJITOPUTMAMH, 1110 33/1aH1 B CUCTEMI.

5. CepBep cxoBuma 1 0a3 JOaHMX, HEOOXIMHWM nJisi 30epiraHHsl BCi€l
KOpHUCHOI 1H(popMaIii.

3a nonomoror SIEM Mo’KHa JOMOITHCS Malyke a0COJIIOTHOI aBTOMAaTH3aIll
mpoliecy BUsIBJICHHSI 3arpo3. [Ipu KOpeKkTHOMY BIIPOBA/KEHHI Takoi CHUCTEMU
nigposain Ib nmepexoauts Ha aGCOMOTHO HOBUM piBeHb HagaHHs cepicy. SIEM
JO3BOJISIE aKI[EHTYBAaTH yBary TIJIbKM Ha KPUTUYHHX 1 JIMCHO BaXJIMBUX
3arposax, MpaioBaTH HE 3 TOMISIMH, a 3 IHIUIACHTAMH, CBOEYACHO BUSIBIISTH
aHoMmaymii 1 pus3ukd, 3amnodiraty (IHAHCOBMM BTpaTaM 1 IIiJIBHINYBaTH
e(EeKTUBHICTD 1 6€31eKy poOOTH KOMIIaHii B IIIJIOMY.

Cnucox mKepen:

S5. SIEM kak UeHTp CHUCTeMbl WH(POPMAIIMOHHOW O€30MacHOCTH
[EnexTpoHHUMi pecypc] — Pexum IOCTYITy hi (o) pecypcy:
https://channel4it.com/publications/SIEM-kak-centr-sistemy-informacionnoy-
bezopasnosti-kompanii-14716.html.

6. SIEM: oTBeThl Ha 4YacTO 3aJaBacMble BOMNPOCHl [ENeKTpoHHUI
pecypc] — Pexxum moctymy mo pecypey: https://habr.com/ru/post/172389/.
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BE3INEYHA ABTEHTU®IKAIISA 10 BEB JOJATKY
3 BUKOPUCTAHHSIM JWT TA BROWSER FINGERPRINTING
Masena A./[l., Tapacos A.C.

HaykoBuii kepiBHUK — K.T.H., Jo1eHT PasiBioBa T.A.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA
61166, Xapkis, npocn. Hayku,14, kad. IndhoxomyHikariitHoi iHxeHepii
im. B.B. ITonmoscekoro, Ten. (057) 702-00-00
e-mail: artem.mazepa@nure.ua.

At present, the contemporary methods of authentication have become even
more complex than they were 10 years ago. However, the most noticeable
changes can be seen in the ever-changing world of the web development. Firstly,
this article will discuss one of the many approaches for web authentication
implementation with the usage of such concepts like sessions, JWT and browser
fingerprinting. Secondly, it will analyze the efficiency of the above-mentioned
technics from the security point of view in comparison to other authentication
solutions and approaches. Finally, it will discuss some possible drawbacks and
vector of improvement for that specific method of implementation.

B nHamni gH1I OOJIKOBI 3alMCH BiJl COLIAJIBHUX MEPEX, OAHKIB 1 PI3HUX
maTopM 3HayaTh MJI HAC JyKe OaraTo 1 MOBHHHI OyTH HAaJiMHO 3aXHIIEHI.
BianosizHO 710 3BITY NpO PO3CHiAyBaHHs NOpYyIIeHb AaHuX Verizon, y 2020 poi
Oyno monan 150 000 miaTBepAKEHMX MOPYLIEHb OaHUX, npuyomy 81% wnmx
IHUUICHTIB OyB MOB’S3aHUN 13 BUKPAJACHUMHU ab0 CIaOKUMH MapoyiiMH. Tomy,
NIJIPUEMCTBA TMOBUHHI BJpYre MOIIAHYTH Ha O0e€3MeKy CBOiX BeO-J0JaTKIB,
MTOYMHAIOYH 3 BUBYCHHS O1IbII O€3MIEUHUX METOIIB aBTeHTHU]IKAITii.

MalyTh HaNOUIBII PO3MOBCIOKEHUM MeToAoM aBTeHTU(ikamii € JWT
(JSON Web Token). JWT — 1ie cTpyKkTypa JaHHMX Y BHUIJISAL JOBIOi CTPOKH, sSKa
MOUIAETHCS TOYKaMU Ha 3 MeHI cTpoku. L1 Tpu cTpoku 11e 3aroioBOK, KOpUCHA
1H(DOopMaIris Ta mimnmc.

3aroJjI0BOK 3a3BHYail MICTHTh JIBl Pe4i: THUI TOKCHY, Ta HA3BY aJITOPUTMY, IIIO
BUKOPUCTOBYEThCS JiJisl mianucy (Hampukiazn, {typ: ‘JWT’, alg: ‘HS256°}). 1le
KOJy€eTbes B base64.

Kopucha indopmarttis — e 06’ext ganux JSON. Tyau MokHa MOMICTUTH
Bce, 110 3aBrogHo (Hampukian, {userld: 2} abo, moxnuBo, HaBiTh {userld: 2,
admin: true}). Lle Takox koayeTbes B base64.

[Tlignuc — 1e Xem KOJOBAaHOTO 3arojioBKa, 3aKOJ0BAHOTO KOPHCHOTO
HABAHTAKEHHA Ta "CEKpEeTHHM" KII0Y, sSIKMil O0e3MeYHO 30epiraeThCsi Ha CepBepi,
BUKOPHUCTOBYIOUH aJITOPUTM, BUSHAYEHHH Y 3arOJIOBKY.

Anroput™M  3acTocyBaHHs TOAIOHMI 10 COOKie session, ame 3amicTh
BUKOpHUCTaHHs Session id, BukopuctroByeThbcs JWT, skuii OyB mMmignmucaHuii Ha
CepBepi 3a JOMOMOTOI0 CEKPETHOTOo Kirova. [liamuc no3Bosie mepeBipsaTH, uu OyB
TOKEH 3MIHEHHMH y TIpolieci mepenadi, mo poOUTh MOTO JAOCTATHBO HAIAHUM.
Hanpukian, 3BUYailHUN KOPUCTYBAa4 HE 3MOXKE 3MIHHUTH CBiil Id, skuii Oyno
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MPUKPIIUIEHO 10 MOro TOKEHY Ha cepBepl, ab0 HE 3MOXe IOCTaBUTH uar
iISAdmin: true y 00’ekTi 3 KopucHOIO iH(MOpMaIi€o. [HIIa 0coOIUBICTH LBOIO
METOy II€ Te, III0 TOKEH He MOTP10HO 30epiraTu Ha cepBePl y CXOBUIII JJIsI CECIH.
[licnst cTBOpEHHS, TOKEH IOBHICTIO aBTOHOMHHUMN. BigbIl TOro, Ha TOKEH He
PO3MOBCIOJIKYIOTECS OOMEXKEHHS 3 pI3SHUMHU CepBepaMu, TOMY HOTro MOXKHa
BUKOPHCTOBYBATH SIK Ha PI3HUX CEpBEpax, TaKk U HA PI3HUX JIOMEHAX.

OcnoBuuii Hepomik JWT — me Bpa3nuBicTh 10 XSS Ta 1HMMX arak sKi
MOXXYTh TIOTCHIIIHHO OTPUMATH JOCTYNl JO0 TOKEHY KOPHCTyBaua, SKHMA
MPAKTUYHO HAJA€ MIOBHUHM JOCTYII A0 0OJIIKOBOTO 3aMKCy KOPUCTyBaya.

Tomy Oymo BuOpano mexaHism browser fingerprinting, sikuii y komOiHartii 3
anroputMoM podotu JWT n103BonuTh yoe3neunTy o0IIKOBHUI 3aITUC KOPUCTyBaua
P KPaAKKH TOKEHA.

Browser fingerprints — me crpoka cumBOIiB, chOopMOBaHAa Ha OCHOBI
KoMOiHaIii JaHux 3 Komi 'totepa (mpouecop, Bepcist OC u T.1) Ta Opaysepa
(Ha3Ba Opaysepy, Bepcis). Y AaHOMY BHIAJIKy, OyJie BUKOPUCTOBYBATHUCS METO/]
300py BiOUTKIB yepe3 HTML Ter canvas 3 animarlli€ro, sIKy KOXKEH KOMII I0Tep
Oyze BioOpaxkaTu 1o pisHOMY. TakuM YMHOM, IIPH JIOTiHI F03€pa JI0 CepBEpY, BiH
OyZe BIJMpPaBISATH CBOI JaHHI Ta BiIOWUTKH Opays3epa, siki OyayTh CIyryBaTu
noaaTkoBUM 11eHTUdikaTopoM. [lami Oyae CTBOPEHO HOBHM TOKEH, 3 SKUM
OyIyTh acollitfoBaTUCA BIIOWTKU Opay3epa KopucTyBaua y 0asi jgaHux. Temep,
IpU KOXHOMY 3allUTI HAa CepBep, 3 TOKEHOM OYyIyThb HAJCUIATHCS BIIOUTKU
Opay3epa. TakuM 4YMHOM, KOJM 3JOBMUCHUK, SKUHA BKpaB TOKEH, OyJe
HamMaraTUcsi OTpUMaTH JAOCTymy J0 I1H(opMalii KopucTyBada, Homy Oyne
BIIMOBJIEHO TOMY, IO HOro BiAOUTKM Opay3zepa OyIayTh BIAPI3HATUCS Bij
BIJIOMTKIB KOPHCTYyBaua.

Lleit MeTon AOCTaTHHLO HAMIWHHK, aje MOTPIOHO BIAMITHTH, IO BiIOUTKH
Opay3epa OJHO3HAYHO 1eHTU(IKYIOTh KOPUCTyBada, TOMY 3JIOBMUCHUK TpHU
OTpUMaHI iX MOXE TMPUKUHYTUCHh IIMM KOPHUCTyBaueM, Ta 3a JIONOMOTOIO
BKPAJIEHOTO TOKEHA OTPUMATHU JOCTYII A0 0OJIIKOBOTO 3aIHUCY.

3 1IbOr0 MOYHa 3pOOUTH BHCHOBOK, IO Y I[LOMY METOI 1€ € MPOCTIp AJis
BJIOCKOHAJICHHS, HAIPHKJIA]] peasti3allis XenlyBaHHs BIAOUTKIB y 6a31 qaHuX, abo
BIICTEXXCHHS MII03p1JIOi aKTUBHOCTI 3a jomomororo Al, mo Oyne anamizyBatu
nigo3pii cnpodu aBTeHTU(IKalli. AJie HaBITh 1€ HE 3MOXE TapaHTyBaTH, IO
3JIOBMUCHHUKHU HE 3HAWIYTh IHIIUX MPUHAOMIB JIJIT O0XOKEHHS CY4aCHUX CHCTEM
aBTreHTU(iKanli. Came ToMy y chepi 6e3neku NoTpioHO 3aBkKAM OyTH HAIIOTOTOBI.

[lepenik BUKOPUCTAHOT JIITEPATYPHU:

1. Canvas fingerprinting [Enextponnuii pecypc]. — 2021. — Pexum
JIoCTymy 110 pecypcey: https://en.wikipedia.org/wiki/Canvas_fingerprinting
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Over the past 10 years the market of I0T devices has grew substantially.
Most of the families already own one or two of these devices in their homes,
which are connected to the local network. Thus, it is essential to apply a proper
security measures against possible attackers, who want to gain control over the
0T device for their benefit. Most of the companies do care about the security and
apply some basic measures against common attacks. However, most of these
measures are not covering the DNS rebinding attack, which is a substantial thread
to the end users of 10T devices. This article will cover the general algorithm of
the DNS rebinding attack and will explain how to defend your 10T devices from
It.

Homamusa mepexka WiFi — 1ie 6e3nedne wmiclie, Hall BIACHUM, MaJICHbKUN
paiion kibeprpocTopy. Y AOMaIIHIA Mepexi, MU 3a3BUYail MIAKIIOYAEMO HAaIll
PO3yMHI TIPUCTPOI, SKI 3HAYHO MOKPAIIYIOTh HAIIE JKUTTS. SIK TIOKa3ye OCTaHHE
JOCIIKEHHSI, MPOBeIcHE OPUTAHCHKUM YHIBEPCUTETOM iMeH1 BapBika, 10 KiHIIA
2030 poky cyuyacHi OynuHKH OyyTh ckiangatucs maiixe Ha 80% 3 loT neaiicis,
AKI MOXHa Oy/Je KOHTpOJIIOBAaTH BiAJaieHo. AJie HaBIThb 3apa3 Bxke Oylo
pO3pO0JICHO BEIMYE3HY KUIBKICTh TAKUX J€BalciB. Bim po3yMHHX TeleBi30piB Ta
MeJiaruieepiB 10 JOMAIHIX TMOMIYHHKIB, KaMep Oe3MeKH, XOJIOAUIbHUKIB,
3aMKIB, JIBEpEH Ta TepMOperyisTopiB. Tomy Ha KoMradii, siki BUpoOssitoTh [oT
JIeBaliCH TIOKJIaJIcHa BEJIMKA BIAMOBIIAIBHICTh, IIOJA0 3aXHUCTY iX BiJ PI3HOTO
pony arak. OpHak, HE3Ba)XKal4M Ha BCl CTapaHHS KOMIaHIN 3aKpuTH yci
MOTEHII1TH1 Bpa3NuBI MiCIIs, MOJOBUHA 3 HUX 3a0yBa€ Mpo JyXe CTapy, aje B HaIl
yac epextuBHy ataky DNS rebinding.

DNS rebinding no3BoJisie Biji1laieHOMY 3JIOBMUCHUKY OOXOIUTH MEPEKEBUI
OpaHaMayep KEepTBU Ta BUKOPUCTOBYBATH ii BeO-Opaysep, sk MpOKCi-cepBep AJis
0e3MmocepeTHbOro 3B'I3KY 3 MPUCTPOSIMU B IPUBATHIN JOMAIIIHIM MEpEXk1 KEPTBHU.

Bnepmie DNS rebinding 6yna 3ragana B 2007 porii, ane He OyJa cipuifHsITa
BCEpHO3 uepe3 Maluil CHEKTp 3aCTOCYBaHHs, Ta HE3HA4YHI IIAHCH Ha BJaJe
npoBeieHHs 1€l araku. OaHaK, HE TaK JaBHO, I aTaka HaOyja HOBOI CHJIM 3
po3ButkoMm loT pemaiiciB, Ta KOMIT'FOTEPHHX TWIporpam, $Ki 3aCTOCOBYIOTH
JIOKaJIBHUM CepBEp Ha MallTMHAX KOPUCTYBAUiB.

["'0;10BHOIO OCOONMBICTIO ITi€i aTaku € (paKT TOTro, IO BOHA MOXKE TOJI0JaTH
rpanuiii CORS momituk Opaysepa. Hampukiaz, sKIo KOpucTyBad MEPEXOIUTh
M0 3JIOBMHCHOMY TIOCHJIaHHIO B [HTE€pHETI, TO BEO-CTOpIHKA HE 3MOXKE POOUTH
3allpoCy Ha CaliTH 1HIIKUX JOMEHIB. bpay3ep oOMexye 110 MOBEIIHKY, 1 I03BOJISIE
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pooutu HTTP 3amutu Ha pecypcu B paMKax ILBOTO XK€ JOMEHY, a00 IHIIOTrO
JIOMEHY, SIKHI SIBHO JI03BOJISIE€ CIIJIbHE BUKOPUCTAHHS PECYPCIB.

CraHpapTHUIl  anropuTM Ii€i aTaku BUTJAJAE HACTYIIHUM YUHOM.
31noBMUCHUK KOHTpOt0e DNS-cepBep, sSkHil BIANOBIAA€ HA 3aIIUTH OO0 TOMEHY
websitel. 3m0BMUCHUK OOMaHIOE KOpUCTyBada 3aBaHTAXUTU http://websitel y
cBoemMy Opaysepi. Hampukian, 3a momomororo ¢immHTy. SK TITBKH JKepTBa
NEPEXOIUTh 3a MOCHIAHHAM, iX BeO-Opaysep pobuts 3anut DNS, mrykatoun [P-
anpecy websitel. OtpumaBmm 3anmut DNS  KepTBH, KOHTPOJbOBAHUMN
smoBMucHUKOM DNS-cepBep BimmoBimae peanpHoro [P-ampecoro http://websitel,
9.9.9.9. Bin takox BcTaHoBmoe 3HaueHHss TTL ays BignoBiai Ha 1 cexyHmy, o0
Opay3ep >kepTBM He KemryBaB BimmoBimb Bim DNS Ha mayxke mosro. XKeptsa
3aBaHTaxXye BeO-cTOpiHKYy 3 http://websitel, ska MICTUTh MIKIIJIMBUN KOJ
JavaScript, skuii mouMHae BUKOHYBaTHUCS y BeO-Opaysepi skepTBu. CTOpiHKa
nouynHae HeojHOpa3zoBo podutu 3anutu POST nHa http://websitel/thermostat 3
KopucHUM HaBaHTaxeHHsM JSON, Hampukian {“tmode”: 1, “a heat”: 100}.
CrioyaTky 11l 3alUTH HAJCHJIAIOTHCSl HAa BeO-cepBep 3IOBMUCHHUKA, 1110 MPAIIO€ Ha
9.9.9.9, ane uepe3 neskuii yac Opaysep 3a3Hagae, 1m0 3amuc DNS mis websitel
3acTapinauii, 1 Tomy BiH pobuts me oauH nomryk DNS. kigmusuit DNS-cepsep
3JIOBMUCHUKA OTpuMmye Japyruii 3anut DNS »xepTBu, aje IbOro pasy BIH
BianoBigae IP-agpecoro 192.168.1.77, ska, sk BusiBisieTbcs, € I[P-aapecoro
PO3YMHOTI'0 TEPMOCTATA B JIOKAJIbHIM MEpexi *KepTBU. MalllnHa )KepTBU OTPUMYE
mo  BignoBimk  DNS 1 moumHae  pobutm  3amutu HTTP, Ha
http://websitel/thermostat, ane 3 Ip 192.168.1.77. Lporo pa3y uei 3anut POST
HAJCUJIAEThCSI HA HEBEIMKWW HE3aXWIICHW BeO-cepBep, IO TMpale Ha
TepMmocTtari, migkmodeHomy g0 Wi-Fi. Tepmocrar o006poGmisie 3amur, i
TeMIiepaTypa B OyJIMHKY KEPTBU BCTaHOBIIOETHCS HA 100 rpagycis.

3axuCT BiJg M€l aTakd JOCTaTHBO NPOCTHH. Y 0OararboX BHIIAJKAX,
po3pobnukam [oT neaiiciB moTpibHo mepesipatu mnoje xoct y HTTP 3amwmri.
SAxio mone XOCT BIANOBIAAE CTOPOHHBOMY CalTy, a HE JIOKAJIbHIA MEpEexi, TO
npocTo BiaxwiaTu 3anuT Ha loT nmemaiicu. Onmnak, mpobiiema y TOMY, IO Y
Oaratbox BuMagkax kopuctyBadli [oT geBaiiciB mpocTo HE OHOBIIOIOTH
nporpamMHe 3a0e3MeUeHHs, Ta JeBaliC 3aJUIIAEThCS BPA3JIMBUM JIO aTak, HaBITh
KOJIY TIaT4 B>Ke OyJIO BUMYIIICHO.

[limBoasiun MiACYMKH MOJKHA CKasaTH, IO I aTaka Ie OyJe akTyalbHOIO
SAKUICH Yac, I0KHU YC1 pO3pOOHUKH HEe OyAyTh aJipecyBaTH 1[I0 BPa3JIUBICTh, Ta YCI
KOPHCTYBaui HE OHOBJIATH CBOT CMapT IIPUCTPOI.

[Tepenik BUKOPUCTAHOT JIITEPATYPH:

2. DNS Rebinding [Enexkrponnuii pecypc]. — 2020. — Pexxum noctyimy
10 pecypey: https://en.wikipedia.org/wiki/DNS_rebinding
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The transition from the classical method of storing and transmitting
information in the form of paper data to the digital method entailed problems
associated with information security. Cybersecurity is an activity aimed at
protecting systems, networks and programs from digital attacks. One of the
threats to cybersecurity is malware. The relevance is due to the fact that ignorance
by users of personal computers and other devices that work over the Internet
about the presence of malicious software «Stealer» and ways to protect against it,
can lead to serious consequences, such as disclosure of confidential information,
withdrawal of funds from bank accounts and more.

HuHi OinbliicTh 1HUMAEHTIB 1H(OpMaNiiHOT Oe3NeKu y CBITI MOB'sA3aHI 3
KPaJIDKKOIO TIEPCOHAIBHUX JAaHUX. 3HAYHI PUBUKU CTAHOBUTH MIKIJJIUBE
nporpamue 3abe3nedeHHs (I13). Ikignmuse I13 «Stealer» € omHum 3 HaWOUIBII
MONIMPEHUX THIIB MIKIJJIUBUX TPOTpaM, BHIBICHUX B JaHuWid 4ac. [Ipenmerom
MOJIFOBAHHS 3JIOBMHUCHHKIB € KpaJikKKa SKOMOra OuIbllle MEPCOHAIBHUX JaHUX,
BiJl 0a30B0Oi cUCTeMHOI 1H(OpMAIIil 10 JIOKAIBHO 30€peeHUX IMEH KOPUCTYBaYiB
1 mapois.

®dyHnaMeHT Oyab-sKOi CHCTEMH CTAaHOBUTH MOJIENb 3arpo3. MiKHAPOIHUM
crangaptoM 3 iHdopmaniinoi Oe3nekun  ISO/IEC 27001 mnepenbavaeThest
000B’SI3KOBE BUKOPHUCTAHHS MOJIEIII 3arp03, HA OCHOBI KOO 3/I1MCHIOETHCS BUOIP
3aXMCHUX METOJIIB Ta 3aXOJIB 3 METOK 3alo0iraHHs HECaHKI[IOHOBAHOMY
JOCTYMy J0 TIEPCOHAIIBHUX JaHUX Ta IMepenaadi iX ocobam, sSKi HE MalOTh IpaBa
JIOCTyny a0 Takoi iHdopmartii. [Ipu BusBICHH] 3arpo3u O€3MeKH MepCOHATBHUX
naHux mos's3aHol 3 mkigmMBuM [13 tumy «Stealer» HeoOXimHO BpaxoByBatu ii
P JOTIOBHEHHI YX PO3po0Ill MOJIEII 3arpo3.

OcHoBHUMH 3aco0amu TpoTuAil mKiMBUM [13 Oynum Ta 3anuInaroThbes
aHTUBIPYCHI TPOrpaMH, ajie BUKOPUCTOBYIOYM Taki MPOIEAYpPH Ta 3aco0M SIK
oOdyckaris, Kpuntopu, 00Xia 3aco0iB BipTyatizallii, 0 34aTHI 001MTH METOIU
CTaTUYHOTO, JMHAMIYHOTO Ta EBPUCTUYHOTO aHaNli3y, BUKOPHUCTOBYBAaHUX B
HOBITHIX aHTHUBIPYCHHX MPOAYKTax, OT>K€ HEOOXITHO 3aCTOCOBYBATH J10JIaTKOBI
3ax0]11 OE3MeKu.

AnropuTM it qaHoro Tumny mkiamuBoro [13 sk mpaBuiio HaIICHH Ha JTaHi
Opay3epa, a caMe Ha 30epekeHl mapoJi, 00JIKOBI JaHI OaHKIBCHKHX TOCIYT Ta
¢aitniB  cookie, ski 3a3BuUYall BCTAHOBIIEHI MNUISIXOM 32 3aMOBYYBaHHSM.
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st yHukHeHHs mpobsieM 3 goctynoMm mikianuee [13 pobuth komito daiiny
31 30epexkeHUMHU maposisiMu. [liciist 4oro poOuThes 3amuT 10 0a3u JTaHUX I[bOTO
dany Ha Taki oI K mapojib, iM’s kopuctyBada Ta URL-aapec caiity. Bei mons
30epiratoTbCs y BIJIKDUTOMY BHIJISIII, OKpIM MHapois. 3 3amm@poBaHOro MOJIs
napoJisi BUJIYyYalOThCSl Takli JaHl SK OJHOPA30BHIl KOJ, Mapojib Ta 3aroJioBOK,
HEOOX1/IH1 /Ui anroputMy nemundpysanus AES-256.

Ha cporoanimHii MOMEHT cydacHi Bepcii OpaysepiB Ha ocHOBI Chromium
BUKOPHUCTOBYIOTh anroputM AES-256, B Toil uac, sk kpunrorpadidHuii
iHTeperic mporpamyBaHHs goaatkiB (DPAPI) BukopucToByeThCS TIABKH AJIS
3axucTy Kiroda mmdpyBaHHS Big BOymoBaHOTO cxoBuia. CEKpeTHHH KITIOY
30epiraeTbcs y (ailll HUIAX SKOro 3a 3aMOBUYYBAHHSM BHU3HAY€HO Opay3epowm,
noctyn 1o (Qaitny € BIIKpuTUM, ToMy MikianuBe 113 Bumyuae 3ammdppoBaHmii
itou. s mmdpyBanus Ta aemudpyBaHHS AaHUX Opay3ep BUKOPUCTOBYE 1B
Bukikd Windows APIL: CryptProtectData # CryptUnprotectData [1]. 3a
BukinkoM ¢yHkiii  CryptUnprotectData Ha OCHOBI JIOTIHY Ta TapoJio
KOpPUCTYBa4a CUCTEMH 3alM(PpOBAHUM KIIOU JemUuppyeThes. TakuM YUHOM 3a
JIOTIOMOT'OI0 OTPUMAHUX JIaHUX Ta KJto4a mudpyBaHHs 1emudpy€eThCs mapoib.

JHonatkoBumu QyHkiismu  «Stealer» MoxyTh ciayryBatd (aiam  cecil
MeceHkepiB. OpIEHTYIOUMCh Ha BCTAHOBJICHI NUISIXM 3a 3aMOBUYBaHHSIM
mkiguBe 113 orpumye noctyn A0 akayHTy 0e3 nepemko. Kpim Toro, MoxiuBe
BUJIyYEHHS JIOTIHY Ta Tapojio  OOJIKOBOIO  3amHMcy KOpPUCTyBada 3
BUKOPUCTAHHAM JIaMIly IIaM’SITI CUCTEMHOIO MPOIECY MEPEBIPKH aBTEHTUYHOCTI
JIOKaIbHOI CUCTEMH O€3MEKHU.

3 MeToro 3a0€3MeUYuTH 3aXUCT PEKOMEHJIOBAHO BUKOPHCTOBYBATH HACTYITHI
3aX0/IM: BUKOPUCTaHHS MalcTpa maposist 31 30epiraHdsM Ha JOBIpEHOMY cepBepi
JUISL 3aXHCTy Kiro4ya mudpyBaHHSA; 3MiHA NUIAXIB  ¢ainiB  OpaysepiB Ta
MECEH/[)KEPIB; TPUMMHUTH BUKOPUCTAHHS OOJIKOBHX 3aMKCIB aJMiHICTpaTopa 3a
3aMOBUYYBaHHSIM Ta BCTAHOBUTH PIBEHb KOHTPOJb 00JIIKOBUX 3aHUCIB HA «3aBXIU
MOBIIOMJISATHY; BIIKIOYATH KOoMaHaHy o60osionky cmd Ta PowerShell i
3a00pOHUTHU pPelaryBaHHs PEECTPY; OHOBUTH 0a3H CUTHATYP aHTUBIPYCIB.

PekomeHmoBaHi 3axo/d 3HAYHO 3HU3SITH PHU3UK aTak BiJ JAHOTO THILY
HIKIJJTUBUX TPOTPaM.

[lepenik BUKOPUCTAHOI JIITEpATYpPH:

3. Info Stealers | How Malware Hacks Private User Data
[Enextponnuii pecypc]. — 2019. — Pexum noctymy 10 pecypcey:
https://labs.sentinelone.com/info-stealers-how-malware-hacks-private-
user-data/.
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The latest developments in the sensing capabilities and connectivity of the
electronics devices led to the apparition of a very complex and challenging
domain of Internet of Things — 10T. In this concept all the devices are
interconnected between each another and also are connected to the Internet by
using various standardized communication protocols. The recent DDOS attacks
(October 2016) showed how vulnerable these tiny devices can be [5]. Below

picture shows the 10T device architecture.

Communication

Protocols

Network Mgmt

Hardware Abstraction Layer

Remote

Mgmt

Operating System

Fig 1 — loT Device Architecture.

Some of These Challenges 10T devices present to forensics investigators
are due to their nature of technologies such as RFID,Sensors and Cloud
computing, used in 10T environments together with their small Capacity that
presents mores issues when it comes to logging[2]. Although these challeges
discussed are more sounding like technical 10T also present callenges such as
determining what are 10T devices, How to forensically acquire data and Secure
the Chain of Custody etc [2]. More Tools are Needed That should help Forensics
investigators Tackle these Hurdles[3]. Eyhab in his Conference he proposed
Fog Based loT forensic Framework that solves critical functions such as data
filtering and aggregation.[4]. In this framework frog computing is a network
model in which computing and storage resources are place in the network. It

offers numerous advantages to IoT systems, such as improved scability, reduced
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network latency, faster responsiveness, and potential improvement for security
and privacy. Its useful to filter traffic and data going to loT devices. This
Information can be used as digital evidence in case there is a cyber attack or
threat. By deploying this framework it also helps in troubleshooting which
Devices are not fucntioning properly or have been compromised.

Cloud Cloud Cloud Computing

Fog Computing

- Smar = b WA

Kettle

o

Car Bicycle Travel

Fig 2 — General Framework of internet of things

In this article i illustrated some challenges presented by loT devices mostly
due to their nature. Lastly i illustrated how Fog can be utilised to identify and
mitigate cyber attacks on loT systems at early stages.
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Analysis of the current situation shows that the main reason for the
indecision of the transition to wireless networks is the problem of information
security, the level of which for both individual lines and for the system as a whole
has not yet been determined. Wireless networks use air and space to transmit and
receive information. Ensuring that the confidentiality and integrity of information
is properly protected when it is transmitted between workstations and access
points is a very important aspect of the security of the system as a whole. Due to
the wide availability of wireless devices and their low cost, security breaches
occur. The specifics of wireless networks provide that data can be intercepted and
changed at any time.

be3apoToBi Mepeki BUKOPUCTOBYIOTH IMOBITPSA 1 MPOCTIp AJIA Mepenadi Ta
npuiiomy iHpopmarii. ToOTO cUrHaNM € BIIKPUTUMH JJiA OyIb-KOi 0COOH, LIO0
3HAXOAMUTHCS B 30H1 Aii. 3a0e3MeUeHHs HaJeKHOTO 3aXUCTy KOH(DI1IEHLIMHOCTI Ta
HuTicHOCTI 1H(OpManli npu ii mepegadl Mi>K poOOYMMM CTaHUISIMH 1 TOYKaMU
JOCTYMy € Ay’K€ BXKJIMBUM acIIEKTOM OE3IEeKH BCi€l CHCTEMHU B IlIoMy. Benuka
MOMYJSPHICTH 0€3MPOBIIHUX MPUCTPOIB Ta iX JOCTYIHA BAPTICTh MPU3BOIATD 0
TOTO, 1110 B IEPUMETPI MEPEKHOT O€3MEKU BUHUKAIOTH IMPOJIOMHU.

Crneuudika 6e3nposinuux mepexx (bM) mae Ha yBasi, 110 1aHi MOXKYTh OyTH
MepPEeXOIUIeH]l Ta 3MiHEH1 y Oyab-sKuil MOMEHT. JlJif OJHHMX TEXHOJOTIH JOCHUTH
CTaHJapTHOTO O€3POTOBOTO ajamnTepa, I 1HIIMX TOTpiIOHE crHelliani30BaHe
oOnaaHaHHSA. Ane B OyJb-SKOMY BUIAAKY, Il 3aIPO3U PEa3yIOThCs JTOCTATHBO
MPOCTO, 1 1711 MPOTUCTOSAHHS iM MOTPIOH1 ePEeKTUBHI KpUnrorpadiuHi MeXaHi3Mu
3aXUCTY JaHHX.

CroyaTKy BH3Ha4MMO OCHOBHI TEPMIHHU, Kl OyAyTh BUKOPHCTOBYBATUCS B
MOJIAJTBIIIOMY: «BPA3JIMBICTBY, «3arpo3a» Ta «aTtakay. [1ig Bpa3nuBICTIO cHCTeMHU
3aXUCTy PO3YMIEThCS Taka 1i BJIACTUBICTh, sIKa MOXe OyTH BHKOpUCTaHA
3JIOBMUCHUKOM JUIsl 3J1MCHeHHsI HecaHkiioHoBanoro joctryny (HCI) no
iHdopmartii. Ilpu mpoMy Oynb-sika Bpa3iIHMBICTh CUCTEMH 3aXUCTy Hece B coOi
3arpo3y 3maiiicHeHHs 3noBmucHHKOM HCJ mo indopmariii, 3a JI0MOMOTOIO
peamizaiiii ataku (abo aTak, sIKI B 3arajJbHOMY BHUIIaJKy MOXYTh MPUHIIAIIOBO
BIJIPI3HATHCS) Ha Bpa3IMBICTh B CHCTEMI 3aXUCTy. TakuM YHWHOM, came
ypa3NuBICTh CUCTEMH 3aXUCTY — 1€ O3HAaKa CUCTEMH, & HasBHICTbH (BIJCYTHICTb)
BPa3JIMBOCTEN € XapaKTEPUCTUKOIO 3aXHUILEHOCTI CUCTEMH.
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BoueBup, 1110 B 3arajibHOMY BUMNAAKy MPUYMHOIO BPA3JTUBOCTI MOXKE OyTH
a00 HEKOPEKTHICTh peajizallli MexaHi3My 3axHCTy, ab0 HEIOCTaTHICTh HaOOpy
MEXaHi3MiB JIJIS YMOB BUKOPHUCTaHHS 00'ekTa iH(QOpMaTH3aliii, 1o 3axXyIaeTbesl.
B3arani kaxyuu, BIaCTHBOCTI KOPEKTHOCTI peaiti3allii 1 MOBHOTHU (JIOCTaTHOCTI
JUIsl YMOB BHUKOPHUCTAHHSI) € OCHOBHUMH BJIACTHUBOCTSIMHU OY/b-SKOi TEXHIYHOL
CHUCTEMH, B TOMY UYHCIHi, 1 BIACTUBOCTAMHU CUCTEMH 3axXuCTy iH(opmaii. AHami3
ICHYIOUOTO CTaHy IMOKa3ye, 10 OCHOBHOIO MPUYUHOIO HEPIITYYOCTI MEPEXOay Ha
0e31poToBI Mepexi € mpobiemu iHGopMaliiHOI Oe3MeKu, piBeHb SAKOi AK I
OKpeMUX JIHI{, TaK 1 Il CHCTEMHU B IIIJIOMY, ITOKM HE BU3HA4YeHM. ['0Tyrounch
7o 3abe3nedeHHs Oe3neku Oe3MpOBITHUX MEpexk, Mepll 3a Bce, HEOOXITHO
BCTAHOBUTH, 0 MOKE M 3arpOKyBaTH.

Bigpa3y cnig 3a3HauntH, MmO O€3apOTOBI MEpeki BIAPI3HIIOTHCS BiJl
JPOTOBUX TUIBKH Ha MEPIIUX JIBOX — (I3UMUHOMY 1 YACTKOBO KaHAJIHHOMY PIBHSIX
CEMUPIBHEBOI MOJIEIl B3a€EMOJIi BIJIKPUTUX CHUCTEM. bBIIbII BHUCOKI PiBHI
peanizyloThbCsl BIAMOBIIHO JI0 TUX CAMHMX MPUHIIMITIB, IO 1 B IPOTOBUX MEPEkKaXx,
a peajibHa Oe3IeKka Mepek 3a0e3MeuyeThCsl caMe Ha IUX HIDKYUX PIBHSX.

[IpuiinsaTo BBaXKaTH, 110 6e31eri 0e3MpoBITHUX MEPEXK 3arpOKYIOTh:

- mopyuieHHs (13UYHOI HUTICHOCTI MEPEXKI;
- MIACIYXOBYBaHHS Tpadiky;
- BTOPTHEHHS B MEPEKY.

3arpo3y MepexHiid Oe3neri MOXYTh MNPEACTABISTH MPUPOAHI sBUIIA 1
TEXHIYHI MPUCTPOi, MPOTE TUIBKUA JIIOAM BIPOBAKYIOTHCS B MEpPEXYy IS
HAaBMHCHOTO OTpHMaHHS a00 3HHUIIEHHS 1H(OpMaIlli 1 camMe BOHM CTAHOBIISATH
HaOublry 3arpo3y. Ilpu po3rmsai BpasnuBocTedt Mepex cranmapty 802.11
MO>KHA BHJIUTATH JIBl TPYITH 3arpo3: 3arp0o3d Ha CHTHAJLHOMY PiBHI 1 3arpo3H Ha
1H(pOopMaIIiHOMY PiBHI.

HasiBHICTH Bpa3iuMBOCTEW Ha CUTHAJIILHOMY PiBHI pOOHUTH NMPOOIEMAaTHYHUM
3axUCT 1H(OPMAIIHHOTO PIBHS, HA IKOMY BOHH IMOBHHHI OyTH MOTEpPEHKEHI:

- IIUJIECTIpSIMOBAHE CIIOTBOPEHHS MEPEIaHNX Ta OTPUMAHUX JIaHUX;
- MEepexOIUICHHs YMIPABIIHHSI CHCTEMOIO 3B'I3Ky a00 1H(QOpPMAIIiHO0
CHCTEMOIO.

Kpim Toro, mo mux mip He po3polseHa aeTalbHa MOJACNb 3arpo3, sKi
ICHYI0OTb B 00JacTi mU(PPOBUX MEPEXK OE3TPOTOBOTO floctyy, 1 MeTo.iB
6opothOu 3 HUMHU. [loTpiOHO BiI3HAYMTH, MO BUCOKUNA CTYIHBb 3aXHINEHOCTI
KaHaJly Ha CHUTHAJIBHOMY pIBHI HE € rapaHTti€lo 3a0e3leueHHs HACTUIBKU K
BUCOKOI 1H(POpMAIIAHOT 3aXUIIICHOCTI BC1€T CUCTEMH.

[TEPEJIIK [TOCUJIAHb
1. Bypos €.B. Komn'torepni mepexi. — JIbBiB : baK, 2003. — 584 c.

2. Kmumamm M.M., Ilemimok B.O. IlpoekTyBaHHS €(QEKTUBHHX CHCTEM
0e3mpoBiHOrO 3B'13Ky. — JIBbBIB: «JIbBiBChKa moJiTexHika, 2010. — 224 c.
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AKTYAJBHICTDb TA MIPOBJJEMATHKA KOMIT’FOTEPHOI
KPUMIHAJIICTUKHA
Kpacrokona B.B.
HayxoBuii kepiBHuk — aou. Kymns 1O. E.
XapKiBCKUM HAIIOHATBHUN YHIBEPCUTET PaJli0CIEKTPOHIKH
(61166, Xapxkis, np. Hayku, 14, kad. [HpokomyHiKaiiiiHOT 1HXKEHEPii
imeni B.B. ITonoBcbkoro0)
e-mail: valeriia.krasiukova@nure.ua
With the prolific usage of electronic devices such as smartphones and
computers, the amount of data generated from these devices is vast. As such,
there can be an expectation within almost any investigation for the need to
identify digital evidence. If identified, collected and analysed in a forensically
sound manner, electronic evidence can prove crucial to the outcome of criminal,
civil and corporate investigations. Evidence uncovered through computer
forensics is subject to the same legal guidelines as all other criminal evidence.
It must be legally obtained to be admissible in court.

3 pO3BUTKOM KOMII'FOTEPHUX TEXHOJIOTIHA 3’SBWJINCA HOBI BUIU 3JIOYUHIB,
00’€KTOM 3JIOUMHHOTO MOCSTaHHS AKUX € 1H(opMmalisa 1 npaBa Ha Hei. Bunukae
rocTpa HEOOXIAHICTh 3aXHUCTY TakKoro poay iHQopmailii, MmO TOCIYTyBajIo
OPUBOJOM I PO3MJISIAY HOBMX 3ac001B MO BHUSBICHHIO, PO3CIIAYBAHHIO 1
MOMNEPEKEHHIO 3JI0UYHHIB, SIKI 3[IIHCHIOIOTHCA 3 BUKOPUCTAHHSIM KOMI FOTEPHOI
TEXHIKH.

[MuppoBa KpuMIHATICTUKA — 1€ MIAPO3AUT KPUMIHATICTUKH, MPHUKIAAHA
HayKa MpO PO3CIiIyBaHHS 37I0UMHIB (1HIUIAEHTIB) Ta 301p UGPOBUX T0KA31B, SIKI
nepeOyBaOTh Ha KOMIT FOTEpaxX, CUCTEMax 30epiraHHs JaHUX, B KOMI'IOTEPHUX
Mepekax, Ha MOOUTBHUX 1 IHIUX U(poBUX TPUCTPosix. OCHOBHUM 3aBIaHHSIM
KOMIT'FOTEpHOT KPUMIHAJIICTUKH € 1AeHTHdiKamis (akTiB, sAKi J03BOJSIOTH
noBecTH ab0 CHpocTyBaTH 3BHUHYBAUYCHHS B IIMaxpaiicTBI abo0 1CHYBaHHA
HIuaeHty B cdepi 1HboOpmariiiiHoi Oe3meKd, MiArOTOBKAa BCEOIYHOrO 1
apryMEHTOBAHOTO MIIXOy JO0 BHUSBIICHHA, 30€pEKEHHS, aHali3y, BIATBOPEHHS 1
nepeBipKa eJIeKTPOHHUX JOKa3iB.

[TpoGnemMu KOMIT FOTEPHOI KPUMIHATICTUKYA MOKHA MOJIUIUTH Ha TpHU chepu:
TEXHIYHI, MpPaBOBI Ta MIArOTOBKa (axiBIiB (EKCHEPTIB 3 KOMIT IOTEPHOL
KPUMIHAIIICTUKH).

[[lomo TexHIYHUX, TO MOXKHA BUIUIATA TakKl SK BWIYYEHHS JaHUX 3
nM(pOBUX HOCIIB, BIJTHOBJIEHHS i1H(OpMAIlil, MONIYK, aHaii3 1 1HTeprpeTamis
JaHUX Ta 3a0e3nedeHHs 30epekeHHs MUPPOBUX TOKA3IB.

KoxHMil MyHKT 3 HBOTO CHHCKY Ma€ CBId BIUIMB Ha pO3CIiTyBaHHS
IHIHUIEHTIB.

HenpaBunbHe BWIy4YeHHS JaHUX 3 OJKOPCTKOTO JHMCKY abo (rer-
HAKOMMYyBayiB, MOXKE 3pyiHYBaTH BC1 JOKa3H, sIKI MOTJIM 30€perTucs Ha HUX.
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Tpeba noTpuMyBaTHUCS TaKUX NPaBWI: HEPYHHIBHE KOMIIOBaHHS IaHUX,
BIIMOBIAHICTD KOIIii 0 OpUTiHATY, MOBHOTA KOTIi (SKIIO € IpuXxoBaHi ¢aiiu, To
BOHHU OOOB’SI3KOBO IOBUHHI OYTH IMepeHeceHl, o0 Haxaml iXx MoxHa OyIo
posmudpyBaTH), MBUAKICTH KOIIIOBaHHS (BHCOKAa €MHICTh HAKOIMYYBadyiB),
30€peKEeHHS KOMIN y BIAMOBIIHOMY CTaH1, 3aXUCT JaHUX Ta 3aM00IraHHS BUTOKY
iHpopMaIii.

[IpaBoBi mpobIEeMi CTOCYIOTbCA THX CaMUX JA0Kas3iB ((daimm mo0yTi 13
HAKOMHMYyBayiB Ta 1H.), a/p)kKe HE BCl JIOKa3M MOXYTh B JOCTAaTHIA Mipi
HiATBEP/HKYBAaTH 3JI0YHMH. TakoXK uepe3 HempaBWIbHE BIAHOBIEHHS iH(opmariii,
YacTHHA JIOKa3iB MOe OyIu 3HHIIEHA a00 3MiHEHA, TOMY iX MOXYTb BBa)KaTH
HEJIOCTOBIPHUMHU.

[IpoOGnemaTuka XMapHOi KPUMIHATICTUKU:

— OUIBLIICTh TMPOBAWAEPIB XMAPHUX TOCIYT MIATPUMYIOTH HAIAMIpHY
KUIBKICTh IIEHTPIB OOpOOKM JIaHWX, PO3TAIIOBAHUX B JIEKUIBKOX MICISIX IO
BCbOMY CBITY;

— CTpIMKE 3pOCTaHHS KUIBKOCTI CTUIBHHUKOBUX MPUCTPOIB, SKI
OTPUMYIOTh JOCTYI/3aBaHTAXYyIOTh/CTBOPIOIOTH/3MIHIOIOTh 1 MEPEMINTYIOTh JaH1
B XMapi, TOOTO JaHl MOXYTh OyTH B JEKUIbKOX MICISIX B OJHMH 1 TOW K€ MOMEHT
qacy;

— KOPHUCTYBay He BOJIOJII€ CXOBUIIIEM JaHUX, BiH IIPOCTO OPEHAYE HOro;

— BIJICYTHICTb KOHTPOJIIO 32 JIOCTYIIOM - JIaHl, aHAI30BaH1 B X0/l CYJI0BOi
EKCTEPTU3U, MOBUHHI OyJM O BIAUIATUCS BiJl IHIIUX JAHUX;

—  BIJACYTHICTh (pi3MuHO1 1HGpaACTpyKTypH uis (ikcaiii ad0 BU3HAYEHHS
yacy CTBOpEHHs/Moau(iKalii JaHUX 1 BEICHHS KypHAIly MOJ1i;

— YMOBH JOTOBOPY MIX OpraHi3all€lo 1 IpOBaIEpOM XMapHUX MOCIYT
MO’KYTb HE JIOIYCKaTH CYJOBOi €KCIIEPTHU3H, SIKY HEOOX1JHO IPOBECTH;

— OoTpuMartu Jokasu 0e3 ix Moaudikariii HaA3BUYANHO CKIIATHO;

— PpI3HI XMapHI CEpBICHM YNPABISAIOTh CBOIMH CXOBHUIIAMHM JaHUX 1
yMOBaMH pOOOTH MO-PI3HOMY.

[MuppoBa kpuMiHANIICTUKA — 1€ KPOIITKa Mpalls, sKa BUMArae aeraiizamii
KOXHOTO KpoKy. Bci geTani noBuHHI OyTH BpaxoBaHi, HEOOXITHO JOKYMEHTYBaTU
BCE Mifo3puie, IO MIIJA€TbCS PO3IJSAY, BMITH JyMaTd SIK 3JIOBMUCHUK
(MOzenoBaTH CXeMy 3JI04YHMHY) 1 MaTH BEJIMKHI 3amac TepIiHHS IS TOLIYKY BCiX
noka3iB. Y 1uu@poBiii KpuMiHATICTHINI € Oararo o0JiacTei, sSKi BHMAararoTh
ITMOOKHUX €KCIIEPTHUX 3HAHb.

Crmcok miTeparypu:

1. Mapkycey B. O. Kpuminanictuka. HaBuanbuuii mocionuk — K.:
Kongop, 2007.
2. A6nokos, H.II. Kpuminamicruka B 5 1. Tom 1. Icropis

KPUMIHAJIICTUKY: TIAPYYHUK it Marictpatypu. — Mocksa: FOpaiit, 2020.

71



3ABECHEYEHHS IHOOPMALINHOI BE3IIEKH MEPEXK
IHTEPHETA PEUYEI
Jlapionos B.B.
HayxoBwuii kepiBHUK — 1.T.H., mpod. AreeB J[.B.
XapKiBChKHMM HAIllOHATLHUM YHIBEPCUTET PaTi0CICKTPOHIKH
61166, Xapkis, npocn. Hayku, 14, xad. [HpokomyHikaIiitHOT iHXEHEHPI]
im. B.B. ITonmoBcekoro, Ten. (057) 702-13-20
e-mail: vitalii.larionov@nure.ua.

The Internet of Things (loT) is a relatively new technology, but there are
difficulties in its development that are characteristic of advanced developments.
Among these problems, the most serious is the problem of information security.
Given conference paper analyzes the main factors and threats to the information
security of the Internet of Things. Factors that affect the security of the Internet of
Things include: heterogeneity of devices, or fragmentation and security issues of
obsolete devices. It is proposed to build the security of the Internet on the basis
of: communication security; device protection; control of devices; control of
network interactions.

Beryn

Iareprer peueit (IoT - Internet of Things) - BimtHOCHO HOBa TEXHOJIOTIA, sIKa
o0'eHy€e 0e3Miy «pOo3yMHHUX» TMPUCTPOIB B MEPEXKY, IO J03BOJIAE iM 30HMpaTH,
aHai3yBaTH, OOpOOJIATH 1 mepeAaaBaTd OJMH OJHOMY naHi. Llg ramy3p cTpiMKO
pPO3BUBAETHCS, NPOTE HA MNUIAXY 11 PO3BUTKY 3YCTPIYAIOTHCS TPYJIHOIII],
XapakTepHl JJis MepeoBUX Po3poOoK. Ak 1 Oyab-ska TEXHOJIOTIS, IO IIBUAKO
PO3BUBAETHCS, BOHA BIIUYBA€E DSl «XBOPOO 3pOCTaHHS», Cepell AKUX HaWOLIbII
cepito3Horo € mpobiiema iHGopMaliitHOT Oe3reku. UnM OiIblle «PO3yMHHUX)
NPUCTPOIB MIJKIIOYAETHCS 10 MEPEXKi, TUM BHILE PHU3UKHU, TMOB'SI3aHl 3
HECaHKIIIOHOBAHUM JOCTYIOM B loT-cucteMy 1 BUKOPUCTAHHSIM 11 MOXKJIMBOCTEH
3JI0BMHUCHUKaMHU.

IIpo0aemu 0e3nexn, noB'si3ani 3 [HTepHeTOM peyeid.

He3Bakatoun Ha HEBENUKY KUIBKICTh (YHKIIH 1 OOMEXEHI MOMKJIMBOCTI
INPUCTPOIB, ICHYE PHU3HMK, [0 3JI0BMUCHUKA OTPUMAIOTh KOHTPOJIb Hal
OIAKIIOYEHUMHA J0 MEpeXl KOMI'IOTEpaMM 3arajbHOr0 MpU3HAUEHHS, MOXYTb
MOYaTH IMIMUATYBATH 3a JIOTIOMOTOI0 BiJICOMOHITOPIB JiJIsi KOHTPOJIIO 32 JIThbMH, a
MOXKYTh 1 IepepBaTH poOOTy ciyk0 Ha oOJagHaHHI, MPU3HAYEHOMY JJIsi CUCTEM
xuTTe3a0e3neueHHs. Ilicns OTpUMaHHS KOHTPOJIO 3JIOBMUCHUKH MOXKYTh
BKpPACTH [aHl, NPUIUHUTH poOOTYy ciyk0 abo 3aiiicHUTH OyAb-fKi 1HII
KiOep3mounHn. ATaku 31 3I0MOM 1HPPACTPYKTypu [HTEpHETY peueli MPU3BOISATH
HE TUIBKM 3JIOMY JaHUX 1 HEHAJiWHIA poOOTi, a ¥ (I3MYHOTO MOIIKOKEHHS
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obOnagHaHHS 200, IO III€ TipIe, TPaBM JIOACH, K Ha HhOMY IPAIliOI0Th a00 BiJl
HBOTO 3aJIEXKATh.

o dakTtopi, 110 BIUIMBAaE Ha Oe3MeKy IHTEpHETy pedelt Mo)KHa BITHECTH
HACTYTIHI.

['ereporeHHicTb NPUCTPOIB, abo ¢parMeHTaiis. Y 0araThb0X KOMIMaHIsX
BUKOPHCTOBYETbCA BEJIMYE3HA KUIBKICTh BCUISKAX MPUCTPOIB 3 PI3HUMHU
nporpaMaMu, MIKpocXeMaMHu 1 HaBiTh METOJaMHU MiAKIO4YeHHS. Yepe3 HBOTO
BUHHUKAIOTh CKJIQJIHOCTI 3 BIJHOBJEHHSM BCIX PI3HOMAHITHUX ITIKIIOUYEHUX
IPUCTPOIB 1 YIPABIIHHSAM HUMH.

[Ipobnemu  Oe3meku  3acTapiiux  OpUCTpPoiB. YacTuHa  TPUCTPOIB
BIIPOBAKEHI 1Ie A0 [HTEepHeTy peuei, 1 MO BIIHOUIEHHIO A0 TaKMX HPHUCTPOIB
HIKOJIM HE 3aCTOCOBYBajlacs JOJATKOBUM 3aXWCT, TOOTO iAeHTU(IKAIS 1
YCYHEHHsI a00 3MEHIIICHHs Bpas3nuBocTed. [HIa yacTWHA 3acTapiiuxX MPUCTPOIB
po3po0bJieHi 0e3 ypaxyBaHHs UTaHHs Oe3reku B [HTepHeTI peuei.

Ataku B [HTEepHeTi peuelt MOXKHA B IIIJIOMY PO30OUTH Ha M'SITh KAaTETOPIN:
cnyQuHT, HE3aKOHHA 3MiHa, PO3KPUTTS 1H(opMaIlii, BiMOBa B 00CIyrOByBaHHI 1
M1JIBUIIICHHS MIPaB.

Hixxix ps 3a0e3neuenHs 0e3nexu Inrepuery Peyeid.

besneka iHTEpHETY pedeil MokHa MoOyAyBaTH Ha (PyHIAMEHTI 3 YOTHUPHOX
HapKHUX KaMEHIB:

- Oe3neKa 3B'SI3KY;

- 3aXUCT IPUCTPOIB;

- KOHTPOJIb IIPUCTPOIB;

- KOHTPOJIb B3a€EMO/1I B MEPEXI.

Ha upomy QyHIaMeHTI MOXHA CTBOPUTHU MOTYKHY 1 IPOCTY B pO3TOPTAHHI
cucrteMmy Oe3IeKH, sKa 37aTHa MOCIa0OUTH HETaTUBHUHN BIUIMB OUIBIIOCTI 3arpo3
Oe3MeKu JIsl IHTEPHETY peue, BKIIIOUAI0YH IIJIECIIPSIMOBaH1 aTaku.

BucHoBok

Cuctemu IoT OyBawTh Jyke CKIQJHUMH 1 BUMararTh KOMIUIEKCHUX
3axofiB 3axucty. Cporoani loT Tiibku po3BUBAETHCA, 1, AK 1 Oylb-sika HOBa
TEXHOJIOT1sI, BCE I1€ CTUKAETHCS 3 YUCICHHUMH MPOOJIEMaMH 1 TIEPEIIKOTaAMH.

OpHak y MBUAKOMY PO3BHUTKY 3alllKaBJ€HI K KOPUCTYyBayi, Tak 1 BEJHKI
KOMIIaHii, TOTOB1 BKJIQJIaTH BEJIMKI TpoOIlll B PO3BUTOK 1 JOCTIIKCHHsS OC3MEKH.
[Ipoctoro 1 yHIBEpCaJIbHOTO PINMIEHHS HE ICHYE, TPOTE pPOOJSTYM KPOKH B
NpPaBUIBHOMY HAMNpSAMKY, PEalbHO YCYHYTH Oynab-siKi ypasznuBocTi. MoxkHa 3
YIEBHEHICTIO cKa3aty, 1o [oT yekae Benuke MaiiOyTHE.
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MIJISIXW MIHIMIBAIIL IHOOPMAIIIMHUX PU3UKIB ITPA POBOTI
3 BIPTYAJIBHUMHN MAIINHAMMUA
[Iynsra M. /1.
HaykoBuii kepiBHUK — K.T.H., 1011. JJoopunin I.C.
XapKiBChKIM HAIlIOHATBLHUM YHIBEPCUTET PaI10€ICKTPOHIKU
61000, Xapxkis, mpocm. Hayku, 14, kad. IKI im. B.B. [TonoBckkoro,
ten. (057) 702-13-20, e-mail: mykyta.shulha@nure.ua

The level of penetration of virtualization technologies continues to grow,
respectively, the number of information security threats increases and the
attention to security tools increases. Modern virtualization platforms are
becoming more reliable, and their implementation allows you to solve a wide
range of security problems that are typical for traditional IT - for example, a cable
break, a failure of the physical board of a particular server. At the same time, the
main problems in the field of security of virtualization platforms are related to the
design of end solutions based on them. Obviously, when implementing a
virtualization platform, you need to evaluate different parameters: the criticality
and volume of data, the risks, the cost of deploying and owning a virtual
infrastructure-compared to traditional IT systems.

3aBaHHAM YINpaBIiHHA pu3MKaMu [T-POEKTIB € CBO€YACHE BH3HAYEHHS
dakTopiB, MOB'SI3aHUX 3 BIOPOBAKEHHSIM 1H(OpPMAIIHOI CUCTeMH a00 CUCTEMHU
aBTOMaTH3aIlli, SKI MOXYTh HETaTHBHO BIUIMHYTH Ha peali3alliio TPOEKTY
BITPOBAPKEHHS, & TAKOXK ONTHUMAaJIbHE TUIAHYBaHHSI J1i 3 MiHIMI3aLlli X (aKTOpiB.

3apa3 Oarato opranizailiii BUKOPHUCTOBYIOTh BIPTyaJlbHI MaIllMHH B SIKOCTI
HEOOXITHOTO TPOTPAMHOTO 3a0€3MEUeHHS ISl TECTYBaHHS pillieHb. AKTYaJbHICTh
3aXHCTy JaHUX BIPTyaJbHOI MAIIMHU € HEBIJ €EMHOI0 YaCTUHOK iH(OpMaIiiHO
Oe3meKu MAMPUEMCTBA Y POKHU BIIPOBAPKEHHS BIPTYaIbHOI 1HGPACTPYKTYpH. IcHYye
Oararo pu3MKIB TpU poOOTI 3 BIPTyaIbHUMHU MammHamu. Harmpuxman: aeski
oprasizaifii BUKOPHUCTOBYIOTh mopT 445 a6o 139. 3amumarouu gaHi TMOPTH
HE3aXUIIEHUMH, KOMITaH1sl A€ JIOCTYI Ha CBIM JKOPCTKUM JUCK BIpycam, TPOsSHaM,
yepB'skaM. AJle 3a AKX 0OCTaBUH, KOMIIaHis HE MOXKE 3aKpPUTU LI IOPTH, TOMY
el MOMEHT Tpeba BpaxoBYBaTH MPHU aHaNI31 pU3MKIB. PUHOK BIpTyalbHUX CHUCTEM
3apa3 MPOIOHYEe O€3/iu MPOIYKTIB, SIKi JO3BOJISIOTH BUPIIIMTH BCi 1Ii MPOOJIEMH,
OJIHAK CXEeMa IX BIIPOBA/KEHHS Ta OOCIYrOBYBaHHS 3aBXKIU IHAWBIAyaJIbHA IS
KOXKHOT OpraHi3arlii i BuMarae YnMajimux BUTpar.

Bipryanmizaiis mnopojkye He TUIbBKM TepeBard, a W pU3UKH IS
IT-inppacTpykTypu, TOMYy HEOOXiJHI CHElladbHI 3aco0M, $KI 3aXUIIAIOTh
BipTyamizamito. OIHUM 13 TEPIINX CBOT PEKOMEHAIll MO0 3aXHUCTYy TEXHOJOTIH
BipTyamizamii BuAaB HarioHameHMA iHCTHTYT cTaHAapTiB i TexHomorid CIIA
(NIST). Hmwxue HaBeAeHO MeXaHI3MHU 3aXUCTy JaHUX BIPTyajJbHOI MalllMHU
3anpornonoBani NIST:
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— 130J1A11151 OTepaIliftHUX cucTeM (IO1TI PECYPCIB);

— ayJUT TOCTbOBUX OMEPALIMHUX CHCTEM,;

— KOHTPOJIb 1 IepeBipKa KOIii 00pa3iB 1 3HIMKIB TOCTHOBUX MAIIIUH;

- Mirpallist orepariinHux cuctem [2].

3aco0u 3axuCTy BIPTYaJbHOTO CEpPEJIOBUIA CIPSMOBAaHI HAa CTBOPEHHS
IHCTPYMEHTIB KOHTPOJIIO 1 MPOTUAIT 3MTOBMUCHUKAM a00 3JI0BXUBaHHAM. Takum
YUHOM, (POPMYIOTHCSI YMOBH II0JI0 BU3HAUEHHS JiH, sIKi HEOOX1IHO BUKOHATH JISI
3HIDKEHHS 1H(QOpMAIifHUX pPHU3UKIB 1 3abe3meueHHs O€3MEeKH 3aCTOCYBaHHS
TexHoJOor1# Bipryanizamii IT-indpactpykrypu [2].

B3sBim 3a ocHOBY MexaH13Mu 3axHCTy 3anpornoHoBaHi NIST moxkHa nogatu
mie JesKi pIIeHHS, $KI 3HU3SATh WMOBIPHICTH (Popc-MaxopiB mpu poOOTI 3
BIpTyaJIbHUMH MalllMHAMM:

- BUKOPHCTOBYBAaTHU 6araToakTopHy ayTeHTU]IKaIIiI0 Ta
mudpyBaHHS;

— BUKOpHUCTaHHA SaaS-pimenns (Software as a service) Crowdstrike;

— BUKOPHCTOBYBATH TIPUHITUI HANMEHIIMX TTPUBLJICIB;

— aHani3yBaTH (hailu )KypHaIIB CUCTEMHU;

— noOy/ioBa CHUCTEMU DPO3TOPTAaHHS OHOBJIEHb O€3MEKU olepariiiHux
CHCTEM 1 JOJATKIB;

— BukopucroByBatu DLP-pimenns (Data Loss Prevention).

3acToCcyBaHHS BCIX PEKOMEHJALl CTBOPIOE KOMIUIEKCHE PILIEHHS 3aXUCTY
BIPTyaJIbHOI 1H(PACTPYKTYypu Ha BCIX pIBHAX. BOpoOBaIKEHHS TEXHOJIOT1H
BIpTyaJli3alli Ha PI3HUX PIBHSIX B OpraHizauii siBjse OO0 JOCUTh CKIATHUM 1
TPYAOMICTKHI Tpolec, SKW BHMAara€ may)Xe TpPaMOTHOTO TIIJIaHYBaHHA 1
kBai(ikoBaHOro mnepcoHany. OIIHUTH, SK caMe B TPOIIOBOMY €KBiBaJEHTI
BipTyaumizailisi npuHece e(deKT, 3aBkau Ayxke ckilaaHo. HeoOximHO mpoBecTu
MOBHY 1HBEHTAPHU3AIlII0 Ta aHAJI3 ICHYIOYOT0 MapKy MPOrPaMHOIO 1 amapaTHOTro
3a0e3MneueHHs], BpaxyBaTu crenudiky miatdopM BipTyamizaiii, iX BUMOTH Ta
O0OMEKEHHS, CTTAHYyBaTH CTpaTerii pe3epBHOTO KOIMIIOBAHHS 1 BITHOBJICHHS MiCIIs
3001B, HaJIaroAWTH YOPABIIHHS BIPTyalbHUMHU CHUCTEMaMH 1 [MiJTOTyBaTH
(axiBIIiB.

Crnucok nitTeparypu:

7. Guide to Security for Full Virtualization Technologies
[EnexTpoHHUMi pecypc] — Pexum JIOCTYIy hi (o) pecypc
https://nvipubs.nist.gov/nistpubs/Legacy/SP/nistspecialpublication800-125.pdf/

8. AHani3 pU3MKIB 3aCTOCYBaHHS TEXHOJOrIM  BipTyami3zamii 1

KOHTEeHHepu3allli B XMapHHUX cepBicax [Enekrponnuit pecypc| — Pexxum gocrymy
10 pecypcy: https://con.dut.edu.ua/
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3AT'PO3U IHOOPMAIINHOI BE3NIEKH CUCTEM, IOBYJOBAHUX
O TEXHOJIOI'Il IHTEPHETY PEUYEN
Ceparok A.IO.
HaykoBuii kepiBHUK — K.T.H., Jo1. CHirypos A.B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA
61166, Xapkis, npocn. Hayku,14, kad. IndhoxomyHikariitHoi iHxeHepii
im. B.B. ITonmoscekoro, Ten. (068)194-31-69
e-mail: alona.serdiuk@nure.ua.

The report presents the results of threats and vulnerabilities analysis
identified for systems built on IoT technology. The paper analyzes the possibility
of using for risk analysis of information security systems built on 10T technology,
such risk assessment techniques as CRAMM, GRIF, COBRA, OCTAVE,
presents the results of information security risk analysis for medical systems built
on loT technology, which provide monitoring of vital human parameters.

Kownrenist [nteprery peueii (10T) Ha maHuit yac OXOIUTIOE yCi Chepr HAIIIOTO
*utTa. [lo manum Juniper Research [1] 3araipHa KiabKicTh migkiIoueHb 10T mocsrae
10 2024 poky 83 munbsipau. Lle Oubie TOPIBHSHO 3 OIIHKAMU 1IOJI0 35 MUIbSIPIIB
niakmodens y 2020 potiii, 1 11e 03HaYae 3pocTaHHs KutbKocTi mpuctpoiB 10T Ha 130%
MPOTSATOM HACTYITHUX YOTUPHOX POKIB.

3rinno 3 The American Society of Mechanical Engineers [2] neskumu
HAUMOIIMPEHIIIMMHY TIpUKiIagamMu BUKopucTanHsl TexHojorii [oT y 2020 powi Oynm
HACTYITHI.

1. TTpuctpoi ans 3abe3medenHs home security. IoT BHUKOPHCTOBYE JaTYMKH,
CUTHAJI TPUBOTH, KAMEPH, CBITJIO Ta MIKpPO(OHH AJIs 3a0€3MeUeHHs LIIOA000BOI Ta
Oe3rnepepBHOI OE3MEKH, - BCIMA SIKUMH MOXHA KEPYBaTH 3a JOIOMOI0K0 CMapTQoHa.

2. Tpexepu aktuBHOCTI. Lli ceHCOpHI MPUCTPOI MpPU3HAYEH! JUII HOCIHHS
NPOTATOM JIHS JUUIsi MOHITOPUHTY Ta Tiepeiadl OCHOBHUX IOKa3HMKIB 3JI0POB’S B
pPEKUMI peasTbHOr0 4acy, TaKHX SIK BTOMA, aleTHUT, (PI3UYHI pyXH, PIBEHb KHCHIO,
KPOB’SIHUH THCK, BUSIBJIICHHS MaJ{iHHS Ta TOTPUMaHHS JIKIB.

3. AR-okymsapu. Google Glass - 1e HeBeNMKWH, JIETKAN KOMIT IOTEp, SIKHA
HOCSITh SIK OKYJISIpY 7151 poOOTH B pekuMi “BUTbHI pyku”. [HhopMaltis mpecTaBieHa
B “mH3aX” OKYyJISIPiB, SIKI MOXYTh OTPUMATH JOCTYN JO PI3HOMAaHITHUX [HTEepHET-
nporpaM, Bkimodaroun Kaptu Google ta Gmail.

Hapasi Texnomorii [oT ¢yHKUIOHYIOTP HE TUIBKM Ha PIBHI B3a€MOii 3
JIOIMHOIO, a W Ha MIANPUEMCTBAX, Ta y MacmTadl MicT. [lpukinagamu npunaiis 3
Takux po3ropHytux loT cucrem nHapasi €: loT Cencopu (mpuiaau, siKi 34UTYIOTb,
nepeaoTh 1 30epiratoTh Taky 1H(opMallito, sIK TEMIIEparypa, TUCK, BIOpailii, TOIIO),
cuctemMa BiJACTexeHHs Ta MoHiTopuHry loT (3a momomororo GPS mpuctpois
BIZICTEXKYIOTh O0’€KTHM Ha BEIMKHMX BIJCTAHAX), CUCTeMa YMpaBIiHHA (PpaOpHKOIO,
cucteMa 3B’sI3Ky 0ararbOX IHIIMX CHCTEM, $SIKI BUKOPHCTOBYIOTHCSI Ha PIBHI
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3a0€3MeUeHHS KUTTEASUILHOCTI  (TeHepaTopy  €JICKTPOCHEPrii, JpOoTH Tmepenadi
CUTHAJIIB, CHCTEMH 1X BUKOPUCTAHHS Ta 1HII).

[oT oxorumoe 6arato cdep KUTTA, TOMy MOXe OyTH TyXe PI3HOMAaHITHUM
CIIMCOK TEXHOJIOTIH, siki BUKopucToByIoThcs B IoT: Bluetooth, RFID, Wi-Fi, Thread,
ZigBee, NB-10T, LoRaWAN, LTE-Cat m1, Sigfox Toro.

Pi3HOMaHITTS mipucTpoiB Ta cdep 3actocyBaHHs TexHousorii loT mpusseno
JI0 HAasABHOCTI 3HAYHOI KUJILKOCTI 3arpo3 Ta BpasznuBocted. Y 2018 poii komanaa
npoekty OWASP Bu3Haunia HaitHeOe3neunimnni 3arpo3u ais [oT [3]:

- cna0ki, BrajayBaHi Mmapoi;

- HeOe3MeyHi MOCIyTH MEPEKi;

- HeOe3neuHi IHTep(ercH EKOCUCTEMH;

- BIJICYTHICTbh ME€XaH13My 0€311€4YHOr0 OHOBJICHHS;

- BUKOPHCTAHHS HE3aXUILEHUX a00 3acCTapuUInX KOMIIOHEHTIB,;

- HEJOCTaTHIN 3aXUCT KOH(DIICHIIIHHOCTI;

- HeOe3neyHa nepeaaya Ta 30epiraHHs 1aHuX;

- BIICYTHICTb MEHEJKMEHTY Ta IHIIII.

B poGoti mnpeameromM AOCHIKEHHA € MIIXOAM JIO aHai3y pPHU3HKIB
1H(popMaIifHUX cucTeM, OOy I0BaHUX MO TexHoJorii 10T. B nonoBiai npuBoasThC
pe3yabTaTy aHaji3y 3arpo3 Ta BPa3IMBOCTEH, sIK1 BUSBIICHI PI3HUMH JOCTITHUKAMU
JUISI TaKuX CHCTeM. BpaxoByrodi, M0 pi3HI METOJAUKH OIIIHKA PHU3HKIB
1H(popMaIliiftHOT Oe3MeKH MarOTh NIEBHI 0COOIMBOCTI I IX BUKOPUCTAHHS, B pOOOTI
MPOBEJCHUN aHali3 MOXKJIMBOCTI 3aCTOCYBAaHHS JUI aHAJ3y PH3HUKIB CHUCTEM,
nooynoBanux 1o TtexHoiyorii IoT, Takux meromuk sk CRAMM (CCTA Risk
Analysis and Management Method), I'P®, COBRA (Consultative Objective and
Bi-Functional Risk Analysis), OCTAVE (Operationally Critical Threat, Asset, and
Vulnerability Evaluation).

B nomoBial npuBeneHuil MpuKiIaa OLIHKA PU3UKY 1H(OpMAaIiiHOI Ge3neku
MEIUYHUM CHUCTeMaM, MoOyaoBaHMM 1o TexHonorii [oT, ski 3a0e3neuyroTh
MOHITOPUHT KUTTEBUX apaMETPIB JIFOJIUHHU.

Cnucok BUKOPUCTAHUX JHKEPE:

1. 10T Connections to Reach 83 Billion by 2024, Driven by Maturing
Industrial Use Cases [Enextponnmii  pecypc]. — Pexum mocrymy:
https://www.juniperresearch.com/press/press-releases/iot-connections-to-reach-
83-billion-by-2024-driven.

2. Best 10T Examples in 2020 [Enektponnuii pecypc]. — Pexum gocrymy:
https://www.asme.org/topics-resources/content/10-best-iot-examples-in-2020.

3. OWASP 10T Top 10 List of 10T Vulnerabilities [Enextponnwuii pecypc]. —

Pexxum noctymy: https://sectigostore.com/blog/owasp-iot-top-10-iot-

vulnerabilities/.
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METOAUKA ITPOBEJIEHHS DOS-ATAKH HA MEPEXI CTAHIAPTY
802.11 3A JOITOMOI'OIO ITAKETIB KALI LINUX
TA AIRCRACK-NG 3 METOIO AHAJII3Y iX BPA3JIMUBOCTEM
I'onTaps 1. A.
HaykoBuit kepiBHuk — jo11. CHirypos A. B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH

61166, Xapkis, npocn. Hayku, 14, kad. [HpokomyHikaIiitHOT iHXKeHEpii

im. B.B.ITormoBcwkoro, tem. (057) 702-10-67
e-mail: ivan.hontar@nure.ua.

The report presents a method of a DoS-attack on an end-user, using the Kali
Linux and Aircrack-ng packages. Also, it includes a bash-based script creation
and actions, which can be realized on a wireless network, and existing simple
attacks on it. The results of the experiment on the DoS-attack are attacks on the
experimental 802.11 network.

A denial-of-service (DoS) attack is an attack designed to shut down
machines or networks, making it inaccessible to scheduled users. DoS attacks
achieve this by flooding targeted traffic or sending information that fails.

OxHMM 3 OCHOBHHMX MpOIEeciB MOOYJOBM Ta €KCIUTyaTalil CHCTEM
MEHEKMEHTY 1H(opManiiiHoi O0e3neku opraHizaiiil (yCTaHOB) € ay/IUT, OCHOBHE
MPU3HAYEHHS SIKOTO € BU3HAYECHHS BPA3JIMBOCTEN 1HPOPMALIMHUX CHCTEM (eTam
IUIaHYBaHHS), OIIHKAa SKOCTI CHCTEMHM 3axucTy (eTanm (QYyHKIIOHYBaHHS Ta
MOHITOPUHTY). MeToau mNpoBeAeHHS ayauTy 3ajexaTb Bl TOro, sKi
1H(pOopMaIiiiHI CUCTEMH MEePEBIPAIOTHCS. sl mepeBIpKUA TEXHIYHUX CUCTEM OYXKe
c¢eKTUBHUM € TecT Ha mnpoHukHeHHs (Penetration test, menTecT), sSKUU €
METOJIOM TPOBEACHHS ayauTy. Takuih TecT MpOBOAUTHCS (axiBIeM 3
iHdopmariiHoi Oe3neku (OUTMM  XakepoMm), SKUW MUIIXOM 3JI0MYy CHUCTEMHU
3axucTy 1H(OpMAIIHOT CHUCTEeMH HaMaraeTrbCsli BUSIBUTH BpA3JIMBOCTI IS
Kibeparak JyIs TOAAIBIIOT iX JIKBIIAITI].

Y poboti Oyno posrisiHyTo BukopuctanHs makety Kali Linux Ta ioro
iHcTpyMeHTy Aircrack-ng st po3poOku ckpunrta s DoS ataku Ha Mepexi
crangapty 802.11. Jlani mporpaMHi makeTH CTBOPEH1 CIIEIaIbHO JIJI1 TECTYBaHHS
Ta 3HAXOJPKEHHS BpPa3JIMBOCTEH y cucTeMl PaxiBIsIMU 3 1HQOpMaLIAHOT Oe3neKu
JUIsL 3MEHILEHHS PHU3UKY HECAaHKIIOHOBaHOro poctymy. Ll cucremu € 'y
BIJIKDUTOMY JOCTYI1 T4 MalOTh BEJMKI MOKJIMBOCTI, 3aBASKU 3HA4YHIN KUIbKOCTI
IHCTPYMEHTIB Ta YTWJIT, SIKI JOMOMAaraloTh BUSBIISITU BPA3JIUBOCTI B CHUCTEMI.
Aircrack-ng — 1e moBHMII HaOip IHCTPYMEHTIB JUIsl OLIHKH OE3MEKH MeEpexi
WiFi. Bin ¢okycyeTtbes Ha pizHux odnactsax 0e3nexku WiFi [1]:

— MOHITOPHHT: 3aXOIUJICHHS MAKETIB Ta €KCIOPT JaHUX Yy TEKCTOBI (aiiiu
JUTS TIOJTAJTBIIIOT OOPOOKH CTOPOHHIMU IHCTPYMEHTAMH,

— aTakW: TOBTOPHI aTakW, JeayTeHTHQIKaIlis, CTBOPEHHS IiIpOOICHUX
TOYOK JIOCTYITY TOIIO 3a JOIIOMOTOIO IMAKETHOT 1H'€KITIT;
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— TecTyBaHHs: nepesipka kapT WiFi ta qpaiiBepiB (3axBaT 1 BBEJICHHS);
— 3mom: WEP 1 WPA PSK (WPA 11 2).
Metoauka npoBeneHdss DDOS-ataku Ha 0e3mpoBOJIOBI MEpEeXi CTaHIAPTY

802.11 Mae HacTyIHY MTOCTIOBHICTD JTIH.

1. CkanyBaHHs 32 OMOMOTOI0 airodump-ng ycix TOCTYHMHHX O€3IpOTOBUX
TOYOK JIOCTYIY JJI 3HAXOHKSHHS I[LTi.

2. 3anam’sitoByBanHsa MAC anpecwu 1ii (bssid).

3. BukopuctoByroun airodump-ng ta Bijomy MAC aapecy TOUYKH JOCTYITY
— 3’sicyBanas MAC aapecu KITi€HTa.

4. 3acTocyBaHHS CKPUIITA y BIYHOMY ITUKJIi:

— 1'#/bin / bash

— while true

— do

— aireplay-ng -0 [x] -a [y] -c [z] wlanO

— ifconfig wlanQ down

— iwconfig wlan0 mode monitor

— ifconfig wlanO up

— iwconfig wlan0 | grep Mode

— sleep [K]

— echo pause

— done,

ne [x] — KUIbKICTh MaKeTiB Ha AeayTeHTUdikaiio, [y] — MAC agpeca Touku
noctyny, [z] — MAC aapeca KiHIIEBOTO Kii€HTa, [K] — KIIBKICTh CEKyHH Ha
3aTpUMKY pOOOTH CKpHUIITA.

[Ticns 3amycky CKpUNTa, KIIEHT HE 3MOXKE MIAKIIOYATHCS 10 0€3ApOTOBOi
TOYKH JOCTYIY, a 1HII — 3MOXKYTb.

B nonosizl po3rasigaeTbcs METOUKa poBeneHHss DoS aTaku Ha KiHIEBOTO
KJieHTa 3a gomnomoroto nakeriB Kali Linux ta Aircrack-ng. Takox B 1omoBiji
PO3IJISTHYTO CTBOPEHHSI CKPUIITIB HAa OCHOBI bash Ta mii, siki MOXXHa 3M1HCHUTH
Opy MIIKIIOYEHHI J0 MEpPEeXi, Ta fKI MPOCTI aTakh ICHYIOTh Ha O€31pOTOBI
Mepexi. [IpuBeaeHi pe3yabTaT €KCIEPUMEHTY 10 MpoBeaeHHI DoS — araku Ha
EKCIIEPUMEHTAJIbHY TOUKY J0CTymy Mepexi 802.11.

Crmmcok BHKOPHUCTAHUX JKCPCII:

1. Aircrack-ng  [Enektponnuii  pecypc]. —  Pexumm  moctymy:
https://www.aircrack-ng.org/documentation.html.
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CUHTAKCHUYHUIM AHAJII3 BUXITHOT'O KOJIA TIPOTPAM
3 METOIO BUSBJIEHHS 36IT'IB
Yamapun [.M.
HaykoBuii kepiBauk — ac. Jlyx S.B.
XapKiBChKHMM HAIllOHATLHUM YHIBEPCUTET PAI0CICKTPOHIKH

(61166, Xapkis, npocn. Hayku, 14, kad. EOM, Temn. (057)-702-13-54)

e-mail: illia.chaparyn@nure.ua

Plagiarism has been a serious problem at all times.

However, in the era of rapid technological development, it takes on new and
new forms, which require new solutions. Completely different solutions. Source
code analyzing is not an easy job for a human brain, since it is just adapted for
text in natural languages. While the computer deals with this task many times
better and more accurately. Parsing is a key concept to help us manage this.

OaHuM 3 LEHTpaJIbHUX MOHATH B 00poOIi iHdopMallii € dopmaiizyroua
orepailis, Ka Ha3UBAE€ThCSI CHHTAKCUYHUM aHaIi30M (200 MapCUHTOM).

BXi1HOIO MOCIIJIOBHICTIO € TeBHHHM TekcT. lle Moxe OyTH TEKCT i1HIIOI0
MOBOIO (200 Ha 1HIIOMY piBHI MOBHM), a0O HEIOCTaTHbO a00 30BCIM HE
(dbopmaii30BaHUM TEKCT, HENPHUAATHUN JIsl IPOCTOI aBTOMATHUYHOT OOPOOKH.

[lapcuHr — 1e npouec 31CTaBICHHS JIIHIMHOI MOCTII0BHOCTI JEKCEM MOBU 3
fioro hopmasibHOT rpamaTrKoO[1].

ToOTO 111 BHUKOHAHHS TaKOro poOJYy aHami3y HEeOoOXITHO BHU3HAUYMUTH
rpaMaTUKy MOBHM, a TaKOXX MaTH HEOOXIJTHUN HaOlp pI3HUX TIpaMaTUK AJis
HMOBIPHUX MOB.

PesynpTaTom 3a3Buuaii € 1epeBo po30opy (CHMHTAKCUYHE epPEBO). 3a3BUYAi
3aCTOCOBYETHCS CIIIBHO 3 JICKCHYHUM aHamizoM[1].

CunrtakcuuHHM a”amizaTop (mapcep) — 1€ mporpama abo 4acTHHA MPOTPaAMH,
[0 BUKOHY€ CHHTAaKCHUYHMI aHaji3, TOOTO pO3Mi3HaBaHHS BXiAHOI 1H(OpMAIlii.
[Ipr 1bOMY BXiAHI JaHI TIEPETBOPIOIOTHCA 1O BUIIIANY, NPHAATHOTO JIJIs
noganbinoi oOpoOku. Ilei Bua 3a3Bu4Yail sABIsIE CO00I0 (GOpMaIBHY MOJIEIb
BXi1HOT iH(opMaIlii Ha MOBI IMOABIIOrO Tpoliecy 00poOku iHpopMmarrii[2].

BukopucranHs aHaIi3aTOpiB 3JICKUTH Bl BXIIHUX JaHUX. Y BUIAIKY MOB
porpamMyBaHHsl aHAI3aTOP € KOMIOHEHTOM KOMIIUIATOpa abo 1HTEprperaTopa,
SKUW aHami3ye BUXIIHMA KOJ MOBH KOMITHOTEPHOTO IpOTrpaMyBaHHS IS
CTBOPEHHsSI TMEBHOI (OpPMHU BHYTPIIIHBOIO TNPEICTABICHHS; aHaIi3aTop €
KJIFOUOBUM KpOKOM B 1HTepdelici Kommuigropa. MoBU mporpamyBaHHS, SK
NpaBuiIO, BKAa3yIOThCA B TEPMIHAX JIETEPMIHICTUYHOI KOHTEKCTHO-BIIBHOI
IpaMaTUKH, OCKUIBKH JIsi HUX MOXYTh OyTH HamMcaHi MBUAKI Ta e()EeKTUBHI
aHamizaropu. JIJis KOMIUJIATOPIB caM aHalli3 MOXKe OyTH BUKOHAHUW 3a OJUH
poxijg abo KuTbKa MPOXO/IiB.

SAx mpaBmio, pe3yabTaTOM CHUHTAKCMYHOTO aHaNi3y € CHHTaKCUYHA
CTPYKTypa, MpeJcTaBieHa ado y BUIJISAI AepeBa 3aleKHOCTEH, abo y BUTJIISII
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JepeBa CKJIaJIOBHX, a00 y BHIJIAMI JEAKOi KOMOIHAIll MepIIoro i JIpyroro
coco01B MMOaHHS.

PosrisineMo, SIKUM € YMHOM MO>KHAa BHUKOPHUCTOBYBAaTHM CHUHTAKCUYHHM
aHaji3 s nomryky 30iriB. [loGymoBa moBHOTO AepeBa — JIOCUTh PECYPCHOMICTKA
oreparlisg, KpiM TOro IO BIJHOIICHHIO JO IOCTaBJEHOI 3ajjaul BOHA € TaKOX
HaJIMipHOIO.

KomnpoMicHuM pimieHHSIM B JaHOMY BHUMAAKYy € T00ya0Ba SKOiCh
CIPOIIEHOI CTPYKTYpH, siKa O J03BoJIMJa 30epiraTk piBHO CTUTLKH iH(pOpMarlii
npo (QparMeHT KOAy, CKUIBKH MOTPIOHO Al TOTO 100 BU3HAYHMTH, YU € Il
(dbparMeHT CXOKUM 3 IHITUMH (PparMeHTaMH YH Hi.

[lepen BUKOHAHHSM aHaNi3y TEKCT PO3IUISETHCS Ha JIEKCEeMU (TOKECHHM)
BIJIMOBIHO /IO MEBHUX IMpaBMJI. TakoX Ha IbOMY €Talll MOYKE CTaTUCS BiJCIKaHHS
3aiiBUX 4yacTuH. Hampukiaj, komMeHTapi HE MOBHHHI CIpUMMATHCS SK YacTHHA
KOJy 1 HE TOBMHHI OpaTH y4yacTh B CHHTAKCUYHOMY p0300pi. Y HAIllOMy BUIAJIKY
CJIIJI TAKOK MO30yTHCS Bl CTPOKOBHX KOHCTaHT, TaK SIK BOHU HE BIUIMBAIOTh Ha
CYTHICTh HAIIMCAHOT'O IIPOIPAMHOTO KOJy.

[Ticnst eramy MmoAily Ha TOKEHH BAXKIMBO BU3HAYUTH O SIKOT IpamMaTHKU
HAJICXKUTh BUXIAHUHN TeKcT. Lle MoxHa 3poOUTH MOPIBHSBIIM JAEsKI 3 TOKEHIB 13
KJIFOUOBUMH clloBaMU MOBHU. [Ipu HasBHOCTI 30IriB MOXHa 3pOOUTH BHCHOBOK,
110 BUXIJHUN TEKCT HAJIEKUTH 10 TI€l UM 1HILIOI rpaMaTUKH, a00 K HE HAJIECKUTh
HI 70 OJHI€I 3 ICHYHOUMX. B OCTaHHBOMY BHIIQJIKy CHUHTAaKCHUHUWA aHaji3
HEMO>KJIMBHH 1 CJT1J] 3aCTOCYBATH 1HIII METOJU aHAMI3y.

3anponoHOBaHUI METO/I MOPIBHSAHHS NOJISATAE B TOMY, 11100 MPOBECTU aHAII3
KoAy 1 (popmanizyBatu iH(OpMaIito MPO HHOTO MEBHUM YHHOM.

dopmarizoBanuii onuc Oysae 30epiratu B co61 iHdopMaIlito mpo:

- KUTbKICTh 3MIHHHX B OJIOIIl KOJY;

- KUTBKICTh OTlepaTopiB B OJI0II1 KOY;

- KUTbKICTh KJTFOUOBHX CJIiB B OJIOIII KOJTY.

3 ogHoro OoOKy, Takui 00’eM 1H(opmalli He AyK€ BEIUKHA 1 HE
XapakTepus3ye BUXIAHUHN KOJ 3 YCI1X OOKIB.

Opnak nae HeoOX1AHY JUIsl aHaMi3y 1H(OpPMAIIIIO 1 PU LbOMY TaKUW ONUC HE
3aiimMae OaraTo Miclig, B pa3i SKIIO Horo HeoOxigHo 30epertu. Iliaxig e
e(EeKTUBHUM 1 JOCUTH MPOCTUM B peastizallii.

Cnucok BUKOPUCTAHO1 JIITEpaTypu:
1. Axo A., Certu P., Ynbman JI. Komnunsropsl. [IpuHIMIBL, TEXHONIOTHH,

uHCTpyMeHTHI. — M.: Bunbsmc. — 2001.
2. CeepmiioB C. 3. S3pIku mporpaMMUPOBAHUS U METOJIBI TPAHCIISAIIUN. — M.
[Tutep. — 2007.
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OCOBJ/IMBOCTI TIOBY1OBU TA ®YHKIIOHYBAHHA
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XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaAi0CICKTPOHIKA
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e-mail: kostiantyn.shevchenko@nure.ua

The paper presents requirements for high-density Wi-Fi networks, as well as
features of such devices construction and operation. It was shown also their
differences from conventional office networks. The main problem of network
implementation, its specific characteristics and peculiarity of its use are shown.
The technique that should be implemented in the design of high-density wireless
networks to ensure high throughput are listed. The fundamental differences in
approaches to the design of networks with a high user density in comparison with
traditional architectures are demonstrated.

Mepexi Wi-Fi Bucokoi mijgpHOCTI 0€3CyMHIBHO HAOyBarOTh BCE€ OLIBIIOL
BOXJIMBOCTI Cepell TEXHOJOTIA paaioocTylly, TOMYy B OCTaHHI POKHA 1 JO
ICHytounX O€3IpOTOBUX MEpeX TNOoYalId MPEA'SBIATACA BHUMOTH MIATPUMKH
SAKHANUOUIBINOT KUTBKOCTI KOPUCTYBAYIB.

VY noni6HIM cuTyalli HaBITh HAJA3BHUYAHO IPAMOTHO CIPOEKTOBAHA MEPEka
Wi-Fi, mo mae xoporri piBHI CHUTHaNy 1 CTaBJICHHS CHTHAJI/IIYM Ha IIJIbOBOT
IUIOLI BUSIBJIIETHCA HE B 3MO31 3a0€3M€YUTH HEOOXIHY MPOIYKTUBHICTH, TOMY
[0 PO3CTAHOBKA TOYOK JIOCTYITY 3a3BHUail Moxouia 3 3adesmedennst 10 — 20 M
Ha OJIHOTO KopHcTyBada. A mia Mepexxamu Wi-Fi Bucokoi miiapHOCTI (mam
MBIII) po3ymieTbcsi 0€3apOTOBE CEPEIOBUILIE HE TUIBKU 3 BEIMKOI KUIBKICTIO
KOPHUCTYBayiB, a i 3 BUCOKOIO KOHIIEHTPAIIIEI0 KOPUCTYBauiB, 10 1 KOpUCTyBaua
HAa M°, SIKi IHTGHCHBHO NpAILIOIOTh 3 MEPEXKEBHUMHU cepBicamu. Ll ob6craBmHa
BUMarae OUIBIIOT0 YHClia TOYOK JOCTYIy, II0 B CBOIO Yepry, BeAe A0 BHCOKOI
iHTepdepeHiii.

Takum uymHOM ocHOBHa mipobOimema MBI monsrae B HEOOXiTHOCTI
3a0e3nmeunT Tpane3fgaTHICTh 0e3pOTOBOI  MepeXi B  yMOBaX BHCOKOI
1HTEepEpeHIlii, KOJIM PaaioONOKPUTTA BCIH LIILOBOI IUIOLIl TUIBKM BHUXOASYU 3
BUMOTH JOCTaTHBOTO PIBHS TPUMOMY CUTHQJIy HE BIANOBIIa€ BHUMOTaM
MepexXeBUX cepBiciB. JlJig TaKUX Mepek BBECHA CrellialbHa XapaKTepUCTUKA, 1€
CTaBJIEHHS CHUTHAJ/UHTEPPEPEHIUATIIYM, SIKa BpPaxOBY€ BIUIMB I1HIIMX TOYOK
JOCTYY.
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OcHOBHMM 3aBJaHHSIM TpoekTyBaHHA Mepex MBI € 306inbmieHHS
MOXJIMBOTO YHcjia 00CIyrOBYBaHUX KIIIEHTIB MEPEXKi, PO3MIIICHUX Ha MOXJIHMBO
MeHIIM mionii ocepenky Mepexi. CyKylnmHa JOCTyNHA MPOIMYCKHA 3/IaTHICTb
Mepexki, TOOTO MIBHUIAKICTh Mepefadi KOPUCHUX JaHUX, BUMIPSIHA HA JPOTOBOMY
iHTepdeicl TOUYKH TOCTYMY, BIIHOCUTBCS JO OCEPEIKY MEpPEkKi, TOMY KiJIbKICTh
KOPHUCTYBauiB, a TaKOX XapaKTEPUCTHUKU iX 3'€IHaHb I JAHOTO OCEPEAKY
MepeKi BU3HAYaI0Th MTUTOMY MPOMYCKHY 3aTHICTb.

B imkeHepHiil mOpakTUlll ICHy€ KUIbKa MiJIXO/IB, KOMOIHYBaHHS SIKHX
JTIO3BOJIIE€ MIHIMI3yBaTu ePeKT 1HTepepeHIlii, 11e:

- 3HIDKEHHS PO3MIpy OCEpPEeKIB MEPEXi 10 MIHIMATbHO MOXKIIUBOTO.;
- 30UIbIIIEHHS YHUCJIa TOYOK JOCTYIy, ajge He OuIblle HIK HEoOXiTHO
JUIsl JOCSITHEHB 1IJILOBOI €EMHOCTI (O1JIbIIIE - HE O3HAYA€ KPAIlIe);
- BHCOKE MIOBTOPHE BUKOPUCTAHHS YacTOT;
- BUKOPHCTAHHS CIPSIMOBAaHUX aHTCH;
- BHUKOPHUCTAHHS KOHCTPYKIINA OyAiBIl JUisl 3aracaHHs CUTHAIY 1
MOy OCEPEIKIB MEPEXKI;
- BHUKOPHUCTaHHS creriaiaizoBaHoro [13 ajist MonentoBaHHs paliONOKPUTTS;
- omnTHMI3allii HaTaImTyBaHb 00J1aTHAHHS.

Jnst G1abIIOCTI OpraHi3allii MoMiTHA CTiMKa TeHJeHIiss Mepexx Wi-Fi ms
MIITPUMKH IIJIBHOTO PO3MIIICHHS KOpHCTyBadiB. OgHAK, TaKHMi IM1IX1]1 TOBUHEH
3aCTOCOBYBATUCS 3 OOEPEKHICTIO, OCKIJIBKA OOMEXEHHS ICHYIOUHMX apXITEKTyp
MOXXYTh HEraTMBHO BIUIMHYTH Ha TPOEKTHI PIMIEHHS 1 3pOOMTH HEMOXJIMBUM
JIOCSITHEHHSI IJIbOBOI MTPOTYKTUBHOCTI 1 EMHOCTI 0€3POTOBUX MEPEK.
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CUCTEMA 350PY TA OBPOBKMU BIJII'YKIB BIJI KOPUCTYBAUIB
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Feedback is a one of forms of social approval. Both the quantity and quality
of feedback are important. Customer impressions are important for any business.
The article discusses one of the possible ways to solve this problem by creating a
system for collecting and processing feedback from users, which allows a person
to conveniently and quickly share their impressions of the service, as well as to
track and share the impressions of other users.

BibIIocTi MI0JIeM MCHXOJOTIYHO Ba)JIMBO IMPOYUTATH BPAKEHHS 1HIIMX
J0JIeH mpo AKy-HeOy b mocnyry. Biaryku - e oaHa 3 GopM nposiBy COIIATIBHOTO
cxBajeHHd. [lpu 1pbOoMy 3Ha4YeHHA Ma€ SIK KUIBKICTh, TaK 1 SIKICThb BIATYKIB.
BpaxeHHs1 KJII€HTIB BaXKJIUBI 17151 Oyb-sKoro Oi3Hecy. JItoau cxunbH1 JOBIPSTH
PEKOMEHJIAIlIIM Ta BpPaKEHHAM IHIIUX CHOXKHUBAYiB OLIbIIEe, HDK 3asBaM
CHIBpOOITHUKIB ~ KOMIAHIA, TOMY HEOOXIJHO pO3yMITH 1 OTPUMYBaATH
MaKCUMaJIbHY KOPUCTh 13 BIATYKIB.

VY crarTi po3TISJAEThCS OJMH 13 MOMKIIMBHUX INUISXIB BUPIMICHHS IIi€l
npo0JeMHu MIISXOM CTBOPEHHS CHCTEeMH 300py Ta OOpOOKM BIATYKIB BijJ
KOPHUCTYBayiB, sIKa JO3BOJISIE JIFOJMHI 3PYYHO Ta IIBUIKO TOJUIATUCS CBOIMHU
BPa)KEHHSAMHU BiJl OTPUMAHOI MOCIYTH, a TAaKOXX BIACTEKUTH Ta O3HAMOMHUTHUCS 3
BPaXXEHHSIMHU 1HIIUX KOpPUCTYBadiB. Byno BUpIIIEHO CTBOPUTH BEO-3aCTOCYHOK
JUTS BIATYKIB IIPO KaB'sipH1 XapKoBa.

Jlyis CTBOpEHHS 3aCTOCYHKY IPOTIOHYETHCS BHUKOPUCTOBYBATH (PPEHMBOPK
Django ta moBy mporpamyBanus Python, a takoxx HTML&CSS nnst ctBopeHHs
BeO-cTopiHok i Sqlite myist 30epiranHs ycix HEOOXITHUX JaHUX.

Django[2] - ue BeG-dpeiimBopk Python BHCOKOTO piBHSA, SIKME J03BOJISIE
MIBUJKO po3po0isaTh  Oe3neyHi 1 miarpumyBaHi BeO-caiitu. CTBOpeHHI
JOCBiTUEHUMH po3poOHuKamu, Django OGepe Ha cebGe OublIy YacTUHY TypOOT
Be0-pO3pO0OKH, TOMY MOXHA 30CEPEIUTHUCS HA HAMMMCAHH1 CBOTO 3aCTOCYBaHHS, HE
BUTAyIOuH Bejocuriel. BiH 6€3KOmTOBHUH 1 3 BIAKPUTUM BHUXITHUM KOJIOM, Ma€
IPOILBITAIOYY 1 aKTHBHA CIUIBHOTY, BIAMIHHY JOKYMEHTAIlll0 1 0€3J14 BapiaHTIB
Oe30IIaTHOI Ta IMJIATHOI MIATPUMKH. Apxitektypa Django Haragye mia0ioH
«Monens-Bua-Kontponep» (MVC), ogHak B sSIKOCTI «KOHTposiepy» B Django
(GaKTUYHO BUCTYMA€ «BHUA», a B AKOCTI «BHAY» - «mabmoH». Takum dYuHOM,
po3poonuku Django moaens MVC nHazBamu MVT («MogaensBun-111a610n»)

PoGora Be0-3aCTOCYHKY JOCUTh mpocTa Ta 3po3ymina. KopucryBauy
MPOTMOHYETHCS YBIUTH 7O aKKAYHTY 3a JOMOMOIOIO JIOTIHY Ta MapoJito abo x 3a
JIOTIOMOT0K0 cBOTrO akkayHTy Google. SIkimo kopucTyBad HE Ma€ aKKayHTY, BiH
MOKE 3apeecTpyBaTUCA Ta YBIATH y cucteMy. OCKIIbKM OyJI0 BpaxoBaHO
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CXWJIBHICTD JIFOJICH JOBIPSATH BIATYKAM CIIPaBXHIX Ta MEPEBIPEHUX KOPHUCTYBAUiB,
TO OyJI0 BUpIIMIEHO HE JO03BOJATH MOJIMBICTh 3QJMIIMTH aHOHIMHUM BIITYK,
TOMY TpoIleaypa aBTopu3ailii € HeoOxiaHOo. [Ticig BXOAy B aKKayHT KOPUCTYBau
NOTpaIlIsie y MepCcoHANbHUN KaOlHET, € MOXKE BIACTEKYBAaTU CBOi KOMEHTapi, a
TaKOX JIeSIKy 1H(opMallito nMpo akkayHT.

KopuctyBau Moke mepelTh Ha CTOPIHKY 31 CIHCKOM KaB’SipeHb Ta
BIICTe)KYBaTH 1X PEUTHUHT, MiClle pO3TallyBaHHSA, CEpeAHI OIIHKA 3a
BU3HAUEHUMH KpuTepisiMH (KaBa, cepBiC, 3arajbHE BpAXEHHsS), a TaKOX
COpTyBaTH KaB’spHI 3a moTpiOHUM Kputepiem. Ilicns HaTuckaHHS Ha OOpaHy
KaB ApHIO KOPHUCTYyBad TMOTpaIlisie Ha il MEpPCOHaJbHY CTOPIHKY, /€ MOXE
3aJUIIATH BIATYK Ta OLIHKH, SIKIIO BiH IIbOTO HE 3pOOMB paHille, a TaKOX
MEPErJIIHYTH BIATYKH Ta OLIHKHK 1HIIMX KOPUCTYBaudiB CUCTeMHU. BiAryku mMosxkHa
BIJICOPTYBATH 3a JATOI0 CTBOPEHHS a00 X y 3BOPOTHBOMY MOPsIKY. Takox €
MOJKJIMBICTh JJOJJaBaHHS KOMEHTaplo J0 CBOIO BIATYKY, LIO Ja€ 3MOTY BLIbHO
BUCIIOBUTH CBOIO JYMKY IPO BiJBiJIaHE MICIIE.

30epiranHsi JaHUX MPO KaB’SpHI Ta BIATYKH OPTraHi30BaHO 3a JIOMOMOTOIO
cucteMu KepyBaHHsa Oasamu manux Sqlite [1]. Llg cuctema Hamae MOXKIUBICTD
30epiraHHs CBOIX JIaHWX Y 3BHYAHUX (Daiiyiax, 10 J1a€ 3MOT'y BUKOPUCTOBYBATU
mporpaMy TIOPTaTUBHO 1 IIBUAKO, HE BHUPINIYIOUM TPH I[bOMY TUTAHHS
BCTAHOBJICHHS 1 HaJaIITyBaHHS cepBepy s 0a3u AaHux. BoHa BHU3HAYAETHCS
HAaCTYITHUMHU OCOOJMBOCTSIMU: BHUCOKAa HAAIMHICTh, NPOAYKTUBHICTb, BIJICYTHICTb
CepBepa, a TaKOXk BIACYTHICTh HEOOX1THOCTI KOH(irypauii Ta yctaHoBku CKB/],
BianoBiHO 1HTerpauis sapa CKB/I BukonyeTbes B cam ¢aiin 6a3u nanux. Takuii
MiX11 3MEHIIye HaKJIaJHI BUTPATH, Yac BIITYKY Ta ICTOTHO CHPOIIYE MPOrpamy.
SQLite 306epirae Bcro 0azy maHuX (BKIIOYAIOYM BU3HAYCHHSI, TAOJMII, THACKCH 1
JaHl) B €IMHOMY CTaHAapTHOMY ¢aiai Ha TOMY KOMITIOTEpi, Ha SKOMY
BUKOHY€ETHCS 3aCTOCYHOK.

Jlns peanmizaiiii mpoekTy BHKOpUCTOBYeThcsi PyCharm. Ile iHTerpoBane
cepelloBuIle po3poOKH Il MOBH TiporpamyBaHHsi Python, mo Hagae 3acobu ans
aHami3zy konay, rpadiyHUN BIUIAYUK, 1THCTPYMEHT JJIsl 3aIlyCKy FOHIT-TECTIB 1
niaTpumye Be0-po3pooky Ha Django. PyCharm po3po6nena kommnanieto JetBrains
Ha ocHoBI Intelli] IDEA.

Cnucok BUKOPUCTAHO1 JIITEpaTypu:

1. YueOnuk o SQLite [Enextponnuii pecypc| — Pexum moctyma: www/
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posqlite — 06.03.2019 p. — 3aru. 3 ekpany

2. Tonosartsrit A., Kamman-Mocc [[x. Django. [lonpobnoe pykoBoicTBO, 2-¢€
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Object of research — methods of gender recognition using speech signals.

The purpose of this work is a research and implementation of methods for
automatic gender identification by voice.

The main methods of gender recognition using speech signals are: method
of support vector machines, method of gaussian mixture model. A comparative
analysis of methods has been made. Voice features and a method of their
extraction on a basis of mel-frequency cepstral coefficients were reviewed. Also
algorithms of gender recognition through speech were reviewed. In the practical
part the algorithm of gender recognition was implemented based on the frequency
of the main tone of voice.

Merta pobotu: 1ocmiauTd €(QEKTUBHICTh 3alpOIOHOBAHUX METOIB
aBTOMATUYHOI 1eHTU(IKAIIl CTaTl JIOJUHMU 3a TOJ0COM. Y XOJ1 podotu Oynu
PO3IJISTHYTI OCHOBHI METOJIM PO3IMI3HABAHHS CTaTl JIIOJUHU 3a TOJIOCOM: METO/I
OMOPHUX BEKTOPiB, METOJI FayCOBUX CyMillel. Byiu po3risiHyTi ToJ0COBI O3HAKU
Ta METO/JI iX BWJIYYEHHS Ha OCHOB1 MEJI-4aCTOTHUX KEMCTPaJbHUX KoeilieHTiB. B
MPaKTUYHIN YaCTUHI OYyJI0 peai30BaHO aJITOPUTM PO3Ii3HABAHHS CTATI HA OCHOBI
4aCTOTH OCHOBHOTO TOHY T'0JIOCY Ta 2-01 JOPMaHTHOT 4aCTOTH.

ExcrniepuMeHTanbHl  JOCHIKEHHS  ajIrOPUTMY  PO3MI3HABaHHSA  CTaTl
JUKTOpa 3 OJHOETATHUM BU3HAYEHHSM KUIBKOCTI HYJIIB B CMyrax (QopMaHT
MPOBOJUIIMCS METOJIOM CTaTUCTUYHOTO BHUIPOOyBaHHS Ha BHOIpKax S-TH
CUTHAJIIB JIJISI KOXKHOTO 3 5-X PI3HHUX JMKTOPIB YOJIOBIUOI Ta kKIHOYOI cTaTl. 3a
BUOIPKaMH  OIIHIOBAJIMCA TapaMeTpyd BUPIMIAIBHOTO TMpaBuiia, a TaKOX
KOHTPOJIbHI BHOIPKH peajbHUX CHUTHAJIB BUKOPUCTOBYBAJHUCS JJIS OIIHIOBAHHS
SKOCT1 pO3M13HaBAHHS CUTHAIIB.

JocnipkeHHssT ToKa3ai, 10 HaWOUIbIIMKA BHECOK B PO3Ii3HABAHHS
BHOCUTH Jpyra ¢opmaHTa 1 MOKAa3HUK ii €Kcllecy, /1€ MOXKJIMBE JIiHIAHE
po3auneHHs kiaciB. Ha pwuc. 1 mokazaHo oOTpuMaHe eKCIEepUMEHTAIbHE
30CEPE/KeHHSI Map BUMIPIOBAHb CEPEAHBOrO 3HAYEHHS JApYyroi (HopMaHTHOI
YacCTOTH OCHOBHOTO TOHY Ta KOE(ILIEHTY €KCIeCy i M'SITU XKIHOYMX TOJIOCIB
(TPUKYTHUKH) 1 T'STH 4ojoBiUMx rosiociB (kBampatu). lLle mo3Boise
BUKOPUCTOBYBATH JJI APYTroi (POPMAHTH JIHIWHI PO3AUISIOUl MEX1 MK HUMH.
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Pucynok 1 = 3ocepemkeHHs rmap BUMIPIOBaHb CEPEIHHOTO 3HAUYECHHS JPYTroi
(GbOpMaHTHOT YaCTOTH OCHOBHOTO TOHY 1 KOe(IIi€EHTa eKCIECY ISl )KIHOUMX
r0JIOCIB (TPUKYTHUKH) 1 YOJOBIYUX T'OJOCIB (KBaApaATH)

ExcnepuMeHTanbHe JOCHIPKEHHS TOKa3aJlo TMOMWIKY WMOBIPHOCTI
posmi3HaBaHHs, 1m0 JgopiBHIOE 0. Ilpu momaTkoBii Aili afUTUBHOI 3aBajud THUITY
rayciB OuUlMi IIyM, OTpMMaHa OI[lIHKa CepeIHbOi HNMOBIPHOCTI MPABUIBLHOTO
po3mi3HaBaHHS npH  BigHomeHHi curHam/mym 9 = 20 | g agroputmy
pO3Mi3HaBaHHS M0 YaCTOTI OCHOBHOTO TOHY Ta 2-0i (hopmanTHOi yactot — 0.8.

[IpoBeneHe MOCHIKEHHS MIATBEPIKYE MOMIMUBICTE BUKOPUCTAHHS
3alpPOMOHOBAHOTO AJTOPUTMY PO3Mi3HABAHHS 34 OILIHKAMU MOMEHTIB 4acTOTHU
OCHOBHOT'O TOHY Ta 2-0i ()OPMaHTHOI YaCTOTH.
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The object of research — improving JPEG image compression level.

The purpose of this work is analysis approaches to improve JPEG image
compression level.

The fundamental theoretical techniques of image compression are
considered. Their comparative analysis was performed. Approaches of images
compression level increasing presented in JPEG format will be investigated.
In the practical part, there will be a software implementation of the investigated
approaches and a comparative characteristic.

JlanHa poOoTa Ma€e Ha METI aHaNI3 IUIAXIB MIABUIIEHHS PIBHIO CTHUCHEHHS
300paxens Gopmaty JPEG.

VY mnporeci AOCHKEHHS OyJi0 PO3MNIAHYTO TakKi OCHOBHI TEOPETUYHI
MIIXOAW IO MIABUIIEHHS PIBHIO KOMIpecii 300pakeHb, MPEJICTABICHUX ¥
dopmari JPEG, sik MeTo1 TEOPETUYHOTO BUOOPY MOPOTOBOTO 3HAYEHHS Ta METO/T
BHOOPY MOPOrOBOT0 3HAYCHHS 3 BUKOPHUCTaHHsIM Cross-validation.

Y xomi ekcnepuMeHTy Oylio TmpoaHaiizoBaHo 31 300pakeHHS B
HaIIBTOHOBOMY Jliara3oHi Koiabopy. bynu orpumani nepin HuzbkouacToTHi JIKIT
Koe(DIieHTH (7151 KOKHOTO 3 300paKeHb), 3HAUCHHSI SIKUX OJIU3bKI 10 HYJIS, OTXKE
BOHU OYJIM NPUIHATI 32 HYJIb 0€3 BTPATH SKOCTI 300paKEHHS.

byno noOynoBano 300paxenHss PSNR (koedimieHT miKOBOro cUrHainy Ao
IIyMy) Yy TOpIBHSHHI 31 pO3MIpOM JUIsi LHMX 300pakeHb, CTUCHEHHUX 3
BUKOPUCTAHHSAM HalMX MOporoBux metofiB, 3 RD-OPT kBantyBanusm. Kpim
Toro, 300paxeni rpadiku PSNR-po3mipy s umx 300paxeHb, CTUCHEHUX 3
BUKOPUCTAHHAM TaONMuIlb KBaHTYyBaHHA «3a 3aMmoBuyBaHHsM JPEG». Takox,
rpadiku yactor PSNR Takox mokasani y Bumnagky RD-OPT 6e3 mopory, To0TO
IPOCTO ONTHUMI3allii TaOJUII KBAaHTYBaHHS.

OwmiHKM, TOKa3aHl Ha IUX AUISHKAX, € (PaKTHYHUMHU MMOKa3HUKaAMU, IO
BUHUKAIOTh B pe3ynbTari ctucHeHHs JPEG 3 komyBannsm Xaddmana, a He
OIIHOK eHTpomii. [l KOXHOrO 300paxXeHHS METOJ TEOPETHYHOTO
NOPOTrOBOr0 3HAYEHHS 3 TaOJUIEI0 KBAHTYBAaHHS B BIJHOIIEHHI PO3MIpy-
CIIOTBOpPEHHSI Tpu3BoAUTH A0 30imbmeHHss PSNR no 2 nb (menuGen),
nopiBHAHO 3 anroputMoM RD-OPT 6e3 noporosoi 06podku 1 4 1b nmopiBHSIHO
3 JPEG 3 Tabnuiero KBaHTyBaHHS 32 3aMOBUYBaHHSAM. Y BUIAJKy TOPOTOBOTO
3HauY€HH 3a JonoMorow [Hdpopmaniinoro Kpurepito, Halll aaropuTM Jocsrae
Mmaiike Tiei )k PSNR, sk cxema Oe3rpanuyHoro koayBaHHs RD-OPT B
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HU3BKUX OI1TOBUX MBHUIAKOCTAX. OJIHAK ICHY€ MOMEHT Il 000X TECTOBHX
300pakeHb, 3a AKUMU IPOIYKTUBHICTh MOUYMHAE 3HUKYBATHUCS.

EdexTuBHICTh HAIUX TJI00ATBHUX MTOPOTOBUX METO/IIB, 110 3aCTOCOBYIOThCS
1o 6a3oBoi miHIT JPEG 3 BUKOpHUCTaHHSAM pe3yJbTaTiB CTUCHEHHS, HABEJEHO IS
nBOX 300pakeHb «Lena» 1 «Boaty (puc. 1 1 puc. 2).

Puc 2 — 256x256 300paxkeHHs y rpajaarllisix ciporo «Boat»

3a pe3ynbTaTaMu NPOBEACHOTO AOCTIIKEHHS MOYKHA 3pOOMTH BUCHOBOK, 1110
METOJ, BHOOPY IIOPOrOBOrO 3HAYEHHS 3 BHKOPHCTaHHAM Cross-validation,
no3BosIsie  BHOpaTu HabaraTto OUIbIIE TIOPOTOBE 3HAUEHHS, HIK METOMIY
TEOPETUYHOTO BUOOPY OPOTOBOI'0 3HAUEHHS.

Teopernunuii Metoj 3 BUKOpUCTaHHAM I[HopmamiitHoro Kputepito He
3aJI0BOJIbHUB YMOB IO CTUCHEHHIO 300pa)XK€HHS 1 HE JJaB CYTTEBOIO IMIJBUILECHHS
€(hEeKTUBHOCTI.

[IpoBeneHe MOCTIKEHHS J03BOJISIE 3pOOMTH BHCHOBOK, IO T1IBHUIICHHS
e(eKTUBHOCTI CTHUCHEHHS 300paxkeHb, TmpeactaBieHux y ¢dopmari JPEG
MOKJIMBO. TakoX cii 3a3HAUMTH, IO 3aBASKU peali30BaHUM METOJaM — MOXHa
11e OUTbIIe 3HU3UTH Po3Mip daiiny (MOCWIUTH KoMIpecito ¢ainy) 6e3 MOMITHOTO
3HIDKCHHS SIKOCT1 300paKeHHS.
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EBOJIIOUIA I PO3BUTOK ITOKOJIIHb MOBIJIBHUX CUCTEM
BIJ 3G J10 5G
ITymkapsoB B. B.
HayxoBi kepiBHUKH: - 1.T.H., ipo@. bezpyk B.M., ct. Buki. — Mamninin O. I1.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA
(61166, Xapkis, npocn. Hayku, 14, kad. inpopmartiitHo-MepexHo1 1HKeHepii,
(057) 702-14-29)
e-mail: slavik5320xm@gmail.com, ten. 097-357-81-89
- (5th generation mobile networks or 5th generation wireless systems)
a name used in scientific papers and projects for designations of the following main
phases of mobile telecommunications standards after 4G standards. Currently, 5G is
not official term, use for any particular specifications or in any official documents
prior to publication telecommunications companies or standards bodies, such as
3GPP, WIMAX Forum and ITU-R. 5G telecommunication networks should solve
the problems that are present in 4G networks. The 5G standard is a new stage in the
development of technologies that will provide unlimited access to the network of
users and devices.

- (5-¢ moKOMiHHSI MOOUTPHUX MEpek ad0 5-¢ TOKOJIHHS Oe3IPOTOBHX
CHCTEM) Ha3Ba, SKy BHUKOPUCTOBYIOTh B HAyKOBHUX pOOOTax 1 MpoeKTax i
MO3HAYEHHSI TaKUX OCHOBHMX (pa3 MOOUIBHMX TEJIEKOMYHIKAI[IHUX CTaHAapTIiB
nicis crangaptiB 4G. B nanmit yac, 5G He € opIUIHUM TEPMIHOM, BUKOPUCTaHHS
Ui OyIb-KOi KOHKpETHOI cnerudikaiii abo B Oyab-Ikux o(pIUIHHUX JOKYMEHTaX
0 OIMyOJIKyBaHHS TEJIEKOMYHIKAUIMHUMHM KOMIIAHISIMM a00 oOpraHam o
crannaptu3ariii, Takumu sk 3GPP, WiMAX Forum i1 MCE-R. TenekomyHikarriiHi
Mepexi SG MOBUHHI BUPIIUTH POOTIEMH, sIKI IPUCYTHI B Mepekax 4G.

Cranmapr 5G - HOBUU eTam PO3BUTKY TEXHOJOTIM, SKWUil 3a0€3Me4uTh
HEOOMEXKEHUH TOCTYI JI0 MEPEKI KOPUCTYBAUIB 1 PUCTPOIB. 3 MOMEHTY TIOSIBH 1 JIO
CHOTOJHIIIHBEOTO JIHS MEPEKl MOOLIBHOTO 3B'SI3KY TPOMIILIIM BEIUKHHA IIISIX
PO3BHUTKY; 3'IBUJIMCS HOBI TUTT Aa0OHEHTCHKUX MIPUCTPOIB - CMApTHOHH 1 TUTAHIIIETH.
MOKITUBOCTI, SIKI BiAKPUBAIOTH MOOLITBHI TEXHOJIOTIT CHOTO/IHI, BXKE JAaBHO BUHIIUIN
3a paMKH TOJIOCOBMX IIOCIYT, CTBOPIOIOYM HOBI CIIOCOOW CIUIKYBaHHS, OOMIHY
naHumu. [lommpeHHsT TPUCTPOIB NPUBENIO A0 EKCHOHEHIIAIBHOTO 3POCTaHHS
Tpadiky B Mepekax Mo BcboMy CBITy. OfHaK 11€ TUIBKHM MOYATOK Ti€i PEBOJIOIII,
SKIM CIpUsi€ aKTUBHUNA PO3BUTOK TEXHOJIOT1H.

TexHomorii MpoJOBXkaTh CBIl PO3BUTOK B HAmNpsSMKY 10 OUIbII BHCOKOI
MPOIYKTUBHOCTI 1 BCE OUIBIIN KUIBKOCTI MOXJIMBOCTeH. Ha momatok icHyroUrm
TEXHOJIOT1IM paI[iOI[OCTyHy, 3'ABISITBCS. TAKOXK HOBI TEXHOJOTIi, $IKI JIO3BOJISTH
BUDINIYBaTA Ti 3aBIaHHA, SKi BUpImMTH 3a Aonomoroio 3G / 4G HEMOXIMBO.
[HTerpamiss iCHYIOUMX 1 HOBHMX TEXHOJOIH OyAe CHIpHUATH MiABUIICHHIO SKOCTI
ICHYIOUHMX aOOHEHTCHKHMX MOCIYT 1 IOSIBU HOBUX.

CucreMu Jpyroro MOKOJIHHSA 3aCHOBaHI Ha METOJIl MHOKMHHOTO JOCTYITY 3
TUMYACOBUM Toj1iitoM kKaHaiiB (Time Division Multiple Access - TDMA).
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Onnak yxe B 1992-1993 pp. B CIIIA 06yB po3poOiieHuil craHgapT CUCTEMH
CTUTLHUKOBOT'O 3B'SI3KY Ha OCHOBI METOAY MHOXXUHHOTO JOCTYIY 3 KOJOBHM
nozaiiom kanaiiB (Code Division Multiple Access - CDMA) - cranpapr [S-95
(Hiarmazon 800 MI'm). Bin mouaB 3actocoByBatucs 3 1995-1996 pp. B ['oHkoH3I,
CIIA, IliBnenniit Kopei, npuuomy B IliBgenniii Kopei HallOuIblI 1MIMpOKO, a B
CIIA moyana BUKOPUCTOBYBATHUCS 1 BEpCis I[bOTO CTaHAAPTY Juid Aianazony 1900
MI'. HampsiMok mepcoHanbHOTO 3B'SI3Ky 3HAMIIUIO CBOE MOLIMPEHHS 1 B SIMoHii, e
B 1991 -1992 pp. Oyma po3pobnera i 3 1995 poky mouasa IIHPOKO
BUKOpHUCTOBYBaTHCs cucteMa PHS miamazony 1800 MI'm (Personal Handyphone
System - GykBaJbHO «CHCTEMa MEPCOHATBHOTO PYYHOTO TeNIEOHY» ).

35G - HSDPA (anrm. High-Speed Downlink Packet Access
BHCOKOIIIBHJIKICHA ITaKETHA Tepeaya JaHuxX Bij 0a30BOi CTaHINi 10 MOOLIBHOMY
TenedoHy) - CTaHAapT MOOUTBHOTO 3B'SI3KY, PO3IJISAA€THCS (PaxIBISIMU SK OIWH 3
MEPeXiIHUX €TamiB Mirpamii J0 TEXHOJIOTiHi MOOUIBHOTO 3B'S3Ky YETBEPTOrO
nokomiHHs (4G). MakcumanbHa TeOpeTHYHa MIBHJKICTh Mepeiadl JaHuxX 3a
CTaHJapTOM CTaHOBUTH 14,4 MOIT / cek., mpakTU4HA JOCSHKHA B ICHYIOUMX MEpeKax
- 6m3bKo 8 MOiT / cek. 4G - TexHosor11, K1 MpeTeHay0Th Ha poJib 4G:

- LTE;

- TD-LT,

- Mobile WIMAX;

- UMB;

- HSPA+.

B nanwmii yac 3anyieni mepesxxi WIMAX 1 LTE. Ilepury B cBiTi Mmepexy LTE
B Crokronbmi 1 Ocno 3amyctuB anbsHe TeliaSonera / Ericsson — po3paxyHKOBe
3HAYEHHS MaKCHMAJIbHOT IIBUJIKOCTI Mepeiadi JaHUX JO aODOHEHTa CTaHOBUTH 382
MG6it / ¢ 1 86 M6iT / ¢ - Bix aboneHTa. [llogqo UMB mianm 3acTocyBaHHS HE BiJIoMi,
TaK SIK JKOJEH oreparop (B CBITOBOMY MacinTall) HE YKJIaB KOHTPAKT Ha HOTo
TecTyBaHHs. BapTo Bim3HaunTH, mo crangapt WiMAX He Bci BigHOCATH 110 4G, Tak
SK BIH HE IHTETPOBAaHUI 3 MepekaMu TOTepeIHIX MOKoMiHb Takux sk 3G 1 2G, a
TaKoX uepe3 Te, o B Mepexi WiIMAX cami onepaTtopu HE HAJAIOTh TPAIUITiiTHI
MOCTYTH 3B'SI3KY, TaKi K TOJIOCOBI JA3BIHKK 1 SMS, Xxo4ya 1 KOPUCTYBaHHS HUMH
MOXJIMBO Tpu BukopucTanHi pi3HUX VoIP cepgiciB. Takox, IMT no3Bonus
mepexam HSPA+ HazuBatucs 4G, ToMy 10 BOHM 3a0€3ME€UyIOTh BIAMOBIIHI
[IBUJIKOCTI.

Iepeaik mxeped

1. Mepexi II’AITOTO MOKOJIIHHSI [EnexkTponuii pecypcl:
https://www.itu.int/ru/mediacentre/backgrounders/Pages/5G-fifth
2. Crpykrypa Mepexi 5G [ EnexTponuii pecypcl:

https://www.viavisolutions.com/ru-ru/5g-architecture
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PO3POBKA ADS-B MIYHKTY CHHOCTEPEKEHHS 3A ITOBITPAHUM
IMPOCTOPOM 13 BUKOPUCTAHHSAM SDR TEXHOJIOTII
Ceparox K.M.

HayxkoBuii kepiBHUK — K.T.H. [Banenko C.A.

XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA
61166, Xapkis, npocn. Hayku 14, xad. [npopmariitHo-MepexkHOT 1HKeHepii, Te.
+38 (057) 702-14-29
e-mail: kostiantyn.serdiukl@nure.ua

With the development of technology and microelectronics, it has become
possible to create an ADS-B airspace surveillance point with available to
everyone equipment such as PCs, laptops, single-board computers, and free
software. Also currently available are many models of different SDR receivers
that have the ability to receive radio waves in this range and are suitable for this
purpose, and antenna designs designed for this range, which can be created by the
presence of a drawing that is also available and open source equipment, or buy
ready-made.

21 BepecHs 2014 poxky MIXKHapoJHE NapTHEPChbKE OO'€THAHHS B CKIAJI
I[TAHO 3 Ipnangaii, Itamii, Jlanii Ta Kanagu orosocuno mpo CTBOPEHHS CIY>KOU
BU3HAYCHHS MICIICTIONIOKCHHS TOBITPSHUX CYIEH Ta CTEKEHHS 3a HUMU B
HemtatHux cutyailisix (ALERT) - pimenssi, nepeadadaroTh rio0aibHE CTEKEHHS
B TMO3AIITATHUX CUTYAIlISIX, sIKE JO3BOJIMTh KOOPAMHAIIHUM IIEHTPaM TOIIYKY 1
paryBanna (RCC), ITAHO 1 ynoBHOBaXEHMM KOpHUCTyBayaM, a TaKOX
BIJIMOBITHAM CTOPOHAM 3alMTYBAaTH PO3TAIIYBAHHA 1 OCTAaHHIO JIHIIO MNUIAXY
Oyap-sikoro ocHareHoro 3acobamu ADS-B B pexxumi pagiomoBiieHHs (out) Ha
gacTtoTi 1090 MI'T MOBITPSAHOTIO CyJHA, IO BUKOHYE IIOJIT B OYyab-SIKOMY
MOBITPSTHOMY TTPOCTOPI.

—

Antenne 1090 MHZ

Puc. 1 — Antena nis npuiiomy ADS-B  Puc.2 — Inrepdeiic mpuitomy «rtl1090»

ADS-B — HoOBa TeXHOJIOTISI CIOCTEPEKECHHSI 3a TMOBITPSHUM PYXOM, sIKa
BIIPOBAKYETHCA 3apa3 Ha Tepuropii €Bponu, CIIA Ta inmmx kpain. Came Tomy
aKTyaJIbHUM € O3HAMOMJICHHS 3 I1€I0 HOBOIO TEXHOJIOTIEID CIIOCTEPEKEHHS Ta
BUKOPUCTAaHHSA B HaBYAJIBHOMY TIpolieci 3aco0iB orpumands ADS-B curnamis i
JOCITIJIKEHHS 32 iX JOIMOMOTOIO MOBITPSHOTO TpadiKy.
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[IponoHy€eThCcsl AOCHIIHUIIBKA pPOOOTa 3 MHUTAHHA OUIBII  ITUPOKOTO
BUKOPUCTAHHS JIaHUX aBTOMAaTUYHOTO 3aJIe’KHOTO CIIOCTEPEKEHHS B PEKUMI
paniomoBiieHHss ADS-B. Takum ymHOM, OyJi0 BUSBICHO, 10 TexHoJyoriro SDR
MO>XHa BHMKOPHUCTOBYBAaTH B MOHITOPUHTY LHM(PPOBUX CHUTHAJIIB PallOCUCTEM
ADS-B noBiTpsHUX 00'€KTIB pi3HOro Kjiacy. s mmx e mo0pe miaxoauTh
TIOHEp JJ1s puiiomy curHanis DVB-T.

Obnagnane ADS-B mnepenaBauemM MOBITpSHE CYAHO MPOTATOM YCHOTO
MOJIBOTY TIEPEIa€ B PEATbHOMY Yaci CBOi TOYHI KOOPIUHATH, BUJIKICTh, BUCOTY,
Kypc Ta iHmy iHdopmario. Joctym no ADS-B indopmarii 6e3komToBHHM 1
BUTbHHUN U1l BCiX. ADS-B curHam mMoke mpuiiMathcs Ha 3eMIll IS IIUTCH
cnocrepexkeHHs (ADS-B-out) abo iHIIMME TOBITPSHUME CyJaMU JJI1 OTPUMAaHHS
1H(dopmarii moa0 HaBKOIUITHBOTO Tpadiky (ADS-B-in) 1 3anmo6iraHHs 31TKHEHb.
ADS-B-out cucrema nouana ¢yskiionysatu B 2008 pori, ADS-B-in - B 2011
pori. Cucrema ADS-B-out Moxke BUKOPHUCTOBYBATHUCS JIJIS LIJIEH CIIOCTEPEKECHHS
CaMOCTIIHO, a TakoX pa3oM 3 pagapamu i cucremamu MLAT (multilateration).
Hns nepenaui ADS-B noBiomiieHb BUKOPUCTOBYETHCSI PEXUM TPAHCIIOHJEPA
Mode S Extended Squitter.

ADS-B nyHkT cnioctepexenHst Ha 6a31 SDR npuiimada noTpiOeH it TOTO,
00 JT0AATKOBO NPUMHATUMHU 1 pO3MIKU(PPOBAHMMHU MOBIAOMIIEHHSMH 3 1HILIOTO
MICLS PO3TalllyBaHHsS MPUIOMY, IONOMOITH aBlajucrIeTdyepaM, ekcrnepram ado
JIpPYTUM CIIy’0am 3B’S3aHUM C TOBITPSIHUM pPYXOM Ha Ha3eMHOMY ITyHKTI
CIIOCTEPEKEHHS PyXY MOBITPSHUX CYJICH, TOOAYUTH 3 OLIBIIOI0 TOYHICTIO, HIXK 1€
OyJl0 JOCTYMHO paHillle pPaJapHUMH aHAJOTOBUMHU CHUCTEMaMH, 1 OTPUMYBATH
aepoHaBirauiiHy iHdopmarliro: KOOpJIWHATH MICLS PO3TAIIyBaHHS MPOTITOM
yChOTO TMOJBOTY, Pa3oM 3 IHIIMMH JaHUMH, TaKUMHU SIK Kypc, BHCOTAa,
TOPU30HTAaJIbHA 1 BEPTHKAIbHA IIBUAKICTb.

Ha choroaHimiHiii A€Hh TEXHOJOT1i JO3BOJISIIOTH (PIKCYBAaTH CUTHAIIM JIITAKIB
aBTOHOMHA MPAKTHYHO OYIb Je, 10 JI03BOJISiE€ JAYOJIOBAaTU MPUHOM TeleMeTpil
TOTO abo0 1HIIOrO0 TOBITPSIHOTO OO’€KTa, 1 1€ JO03BOJIIE OXOIMUTU OUIBIITY
TEPUTOPIIO CIIOCTEPEKEHHS, 3 METOIO MIABUIIECHHS O€3MEKH MOBITPSIHOTO PyXY.

Cnucok nitepaTypu:

1. IPYI'A KOH®EPEHIIA BHCOKOI'O PIBHA 3 BE3IIEKU
[TOJIBOTIB 2015 poxy (HLSC 2015) [Enextponnuii pecypc] / Pexum
noctymy: Www/ URL: https://www.icao.int/Meetings/HLSC2015/Docum
ents/WP/wp048 _revl ru.pdf — Hass. 3 expana.

2. SOFTWARE FOR ADS-B DONGLES [Enextponnuii pecypc] / Pexxum
noctymy: www/ URL: https://rtI1090.com/ — Ha3s. 3 expaHa.

3. RTL-SDR DONGLES (RTL2832U) [Enexrponnuit pecypc] / Pexum
noctymy: www/ URL: https://www.rtl-sdr.com/buy-rtl-sdr-dvb-t-dongles/
— Has3s. 3 ekpaHa.
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BIIPOBAI’KEHHSI XMAPHOI MIKPOCEPBICHOI APXITEKTYPHU
HA ITPUKJIAJI OPKECTPATOPA KUBERNETES
XopmakiBcerkuii M. A.

HaykoBwii kepiBHUK: - 1.T.H., mpod. be3zpyk B. M., ct. Buki. — Mamninin O. I1.
XapKiBChKMM HAIllOHATBLHUN YHIBEPCUTET pajiioesiekTpoHiku (61166, Xapkis,
npocn. Hayku, 14, kad. iHpopmariiiHo-MepexHo1 imkeHepii, (057) 702-14-29)
e-mail: mykola.khodakivskyi@nure.ua, Teir. 098-88-61-265

Today there is a problem with speed, complexity and efficiency of
development of the final software product, for many years the developers have written
large web applications with the so-called monolithic method, this is when developing
a large application that stores all the modules and pieces of code, it was and is quite
convenient in writing, but this method has significant disadvantages,
first of all, if an application fails one module or another, the whole application ceases
to function, which is a critical aspect when looking from a business standpoint, a
difficult process debugging and application updates.

Microservice architecture is the architecture of the current lion's fate of all
the most popular resources, or projects that use this particular application building
system. The principle of microservice architecture is that the whole application is
broken down into services, for example, the application is authorized, in the
service architecture it can be made a separate module, etc. The advantages of this
principle are the stability of the application, if one service fails it will be easy to
repair, easy to update the version of the application, also a disadvantage is the
difficult process of debugging and updating the application.

Ha croroanimmHiii neHb iCHye mpoOiiema 31 MBHUIKICTIO, CKJIAJHICTIO Ta
e(EeKTUBHICTIO PO3pOOKH KIHIIEBOTO MPOTrPaMHOTO TMPOAYyKTa, Oarato pokiB
PO3pOOHUKH TIHCANA BEIUKI BEO-0AaTKU TaK HA3BAHUM MOHOJITHUM METOOM,
1€ KOJIU pO3pOOJIAE€ThCA BEIUKUN JOJATOK SIKUW B c001 30epirae BCi MOIyJ Ta
YaCTUHKH KOJy, 11€ OyJIO 1 € TOCUTh 3pYYHO B HAMCaHHI, ajie TAKU METOJ Mae
NEBHI HEAOJIKH, Mepul 3a BCE SKUIO0 B JOAATKY BUHAE 3 JIaly TUH YW IHILUN
MOAYJIb TOJI Tpale3AaTHICTh BCHOTO JOJAaTKa CTaHE I 3arpo30r0, IO €
KPUTHUYHHUM aCIEKTOM, SIKIIO JUBUTUCH 3 TO3UIIT O13HECY TO SIK HEAOJIK BapTO
BIJIHECTH JJOCUTh BXKKUH MIPOIIEC BIIJIATKYA Ta OHOBJICHHS JTOJIATKY.

MikpocepBicHa apxIiTeKTypa — IIe apXiTeKypa ChOTOJIEHHS JIbBUHA OIS
BCIX HaWMONyJSAPHIAIIUX pecypciB, ab0 NPOEKTIB BUKOPUCTOBYE came IO
CUCTEMY METOJUKY T0OY10BH H0AaTKiB. [I[pUHIIAIT MIKPOCEPBICHOT apXIiTEKTypH B
TOMY, IO BECh JIOJATOK PO3MOAUISETHCS HAa MIKPOCEPBICH, HANIPUKIIAJ J10JATOK
Ma€ aBTOPHU3AIlI0, B CEPBICHIN apXiTEKTypl HOT0 MOXKIWBO 3POOUTH OKPEMUM
MikpocepBicoM. [lepeBaru Takoro mpuHIUIY € CTaOUTBHICTD TOAATKY, SKIIO OJUH
MIKpPOCEpPBICOM BHie 3 Jiaay Horo OyJe JIETKO TOJIarOJAUTH, TaKOX JIETKO
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OHOBJTIOBAaTH BEPCil0 MOAATKy. SIK HEMONIK MOXHa BITHECTH JOCHTHh BaXKKE
HaJIAIITYyBaHHS 1 B IIIJIOMY MIKCEpBICHA B3aEMOII.

Kubernetes — notpiben mas ympaBaiHHS MIKPOCEPBICHOIO apXiTEKTYpOIO,.
Ha puc 1. 3o0pakeHa OCHOBHa KOHIIEMIIiS TOOYIOBH MIKPOCEPBICHOI
apxiTektypu Ha ocHoBi kubernetes. OcHoBHUM ejeMeHTOM cuctemu € “Master-
Node” okpema (izmuna mammHa, a0 BipTyalbHa MalllMHA, SIKa KOHTPOIIOE BCi
IPOIIECH IO TPOXOJIAThH B HAIIl cucTeMi, 0a30BUM eneMeHToM Buctymae “Node”
— e ¢i3u4yHa MaiMHa, abo BipTyajbHas MalllMHA, Ha SKi MOXE BHUKOHYBATHCS
pobora Tak camo sk i Ha “Master-Node”. B cepeaeni “Node” e “Pod” — me
00J1IacTh B SIKOMY MOXYTh 30€piratucs Hailll 130Jb0BaHI KOHTCHHEPH 3 HAIIMMHU
MiKpocepBicamu, 3a jonomororo Kubernetes mMu cTBoproemy JIOTIUHY MEpEKHY
apxitektypy B cepeneni “Node” 3a momomoror cymiHOCTI “Service”, Takum
YMHOM CTBOPIOBATH Oi13HEC JIOTIKY Ta MIDKCEpPBICHY apXITeKTypy TaKOX 3a
normomororo Kubernetes MoxiIMBO 3pydHO JyOJIOBATH HAIlli CEPBICH IS OLIBIIT
B1IMOBOCTIHKOCTI.

Kubemeles Cluster

Pucynokl. Konmerniis mikpocepsicHoi apxitektypu Kubernetes

[Ipouec poGoTu Oyae BUIISAATH TAKUM YMHOM, PO3POOHMK MPALIOE HAJ
NCBHUM MIKPOCEpBiCOM, BiH pOOWMTH Tak 3BaHui ‘“‘patch-set” toOro 3MmiHy B
CBOEMY KOJi, KOJ Tmomamae A0 OJIoKy “ci” 10 Ha MAaJOHKY TaM BIH
KOMITUTIOEThCSI, TECTYEThCS, 1 Ha BUXO/II BiH momnaaae B 0110k “‘container-regestry”
, Talli B py4HOMY, a00 B aBTOMAaTUYHOMY PEKHUMIi MOTPIOHO OHOBUTH OKPEMHIA
MIKpOCEpBIC BKa3aBUIM HOMY B HAJAIITYBaHHSAX HUIAX N0 “apTedakra” TakuMm
YMHOM MO’KHA Y€ 3pYYHO Ta O€3MEUHO MOCTYNOBO OHOBIIIOBATH Ta PO3POOIIATH

J0JIaTOK.
Iepenik mxeped

1. Osnaitomienns 3 Kubernetes [Enextponwuii pecypce]:
https://kubernetes.io/ru/docs/concepts/overview/what-is-kubernetes/
2.  Ocnosu Kubernetes [Enexrponuii pecypc]:
https://habr.com/ru/post/258443/
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BJIOKYBAHHS CAMTIB 3 BAKOPUCTAHHSIM METO/IIB
IHTEJIEKTYAJIBHOI'O AHAJII3Y JAHUX
Cemenuenko O. A.
HaykoBuii kepiBHUK — K.T.H. Ao1ieHT OMenpueHko A. B.
XapKiBChKHMM HAIllOHATLHUM YHIBEPCUTET PAI0CICKTPOHIKH
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The rapid development of information technology is gradually transforming
the world. Open and free cyberspace expands the freedom and opportunities of
people, enriches society. But unfortunately, not all information is beneficial fo
person. Therefore, it is necessary to monitor such resources and block. In this we
will help data mining, namely Data Mining.

With the help of Data Mining technologies it becomes possible to solve
many problems the analyst faces. The main ones are: classification, regression,
search for associative rules and clustering.

CtpiMKHi PO3BUTOK 1H(POPMAIIIHHUX TEXHOJOTIM MOCTYHOBO TpaHChopMye
CBIT. BigkpuTuii Ta BUIRHUN KIOEPHPOCTIP PO3MIMPIOE CBOOOTY 1 MOKIUBOCTI
JaroJeH, 30arauye CycniuibCTBO. Ajie HE Bcs 1H(QOpMalisd MOXKE HECTH KOPHUCTb
JIFOIVHI.

Tomy HEoOX1AHO BIJICTEXKYBATH LIKIAMUBI pecypcu 1 6iokyBaru ix. [lupoki
MOXJMBOCTI 3 aBTOMAaTH3allli I[MX TPOIECIB 3 ABJISIOTHCS  BHACIIJIOK
BUKOPHMCTAHHS 3ac00iB IHTEJICKTyajabHOro aHanizy manmx (Data Mining) [1-5],
30kpema Text Mining ta Web Mining.

Maroun Ha pykax 3acoom Text Mining Ta Web Mining moxHa
MpOaHaNi3yBaTH MaTepial Ha HasBHICTh IIKIJIMBOro abo HeOe3meyHoro
Marepiaiy.

Jlo mIKiATMBOTO MaTepialy MOKHa BiHECTH [1]: HEHOPMATHUBHY JIEKCHUKY;
3aKJIMKA JI0 CYilUay; YTHUCKY IIpaB BIPYIOUMX; EKCTPEMICTChKI MaTepialu;
BUKOPUCTAaHHA 00pa3 Ta MaTepiajiid, 0 CIIOTh BOPOXKHEYY 3a PacOBOIO,
HaI[lOHATBHOIO, PENITIIHOI0 a00 CTAaTEeBOIO 03HAKOIO.

Metorwo pobOTH € PO3BUTOK METOJIB 1 3aCO0IB BUSIBJICHHS IIKIJJIMBOTO
KOHTEHTY (HEHOPMATHUBHOI JIEKCUKH Ta CIpPOO TOPTIBJII OpraHaMHu) y TEKCTOBHX
TAHUX, JIJIS TIOJIAIBIIOr0 OJIOKYBaHHS MOB’SI3aHUX 3 HUMHU PECYPCiB.

Jns po3s’sizanHs 3aqa4d 1ext Mining icHyroTh mporpaMHi 3acO0M Ha TaKUX
MoBax mporpamyBanHs sk: Python, R, MatLab, SQL, Java, Scala, Julia, C++,
JavaScript, Ruby, Perl.

VY naniit poOOTI 711 pO3B’sI3aHHS 3a7a4 BUSABJICHHS MIKITMBOT 1HPOpMaIlii y
TEKCTaX BUKOPHUCTAHO MOBY TIporpamyBaHHsS R, ska €  IIHPOKO
PO3MOBCIOKEHOI0, MA€ Y CBOEMY PO3MOPSKCHHI TPUKJIAIHI TAKETH TIPAKTUIHO
Ui OyJb-IKOTO 3aCTOCYBaHHS, 30KpeMa CTOCOBHO 3amad Text Mining.
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JlomaTkoBa 3pYyYHICTh MporpaMmyBaHHS MOBOIO R 3abe3medyeTbest 3aBIsIKU
BUKOPHCTAHHIO CEPEIOBHIIA PO3pOOKH IporpaMHoro 3abesneuenHs RStudio.

VY nmpakTuuHii yacTUHI pOOOTH MPOBOJMTHCS aHATI3 JACKUIBKOX TEKCTIB Ha
HasBHICTh HCHOPMATHBHOI JICKCHKH 3 TOMEPEIHIM TONIYKOM CJICHTOBHX CIIiB.
[Tomryk mpoOBOIUTHCS B CTBOPEHIN mporpami, ska 3a 3aJlaHUMHU TapaMeTpaMu
3HAaXOJUTh CJIOBA UM YACTHUHY CIIiB, 10 BUKIUKAIOTh M103PY.

Crmouatky mporpamMa MpUCBOIOE KOKHOMY CIIOBY MOPSIIKOBHI HOMED 1 TICIS
YOro BKaszye, /i€ caMe Yy TeKCTI 3HAXOIUTHCS 1€ CIOBO a00 KWOTo YacTUHA, sAKa
MoOke OyTH 3aMacKOBAaHOIO (JI0OIaBaHHSIM 3aliBHX JIiTep a0 HAMHWCaHHSM CIiB
pazoMm).

OTpuMaBIIN pe3yibTaT, aHATITUK MOXE BU3HAYUTH, HACKUIBKH CIIOBO HEce
3arpo3y. BigHOCHO TekcTy 3 HeOE3NeYHMM KOHTEHTOM MOXHA MOCTYIHUTH
HACTYITHUM YMHOM: BUHECTH MOTEPEHKEHHS, MIPU SIKOMY BJIACHUK CAalTy MOBUHEH
3HUIIUTH IIKIJJTMBUI MaTepiana abo 0J0KyBaTH pecypc.

Posrisinyto Meroau OnmokyBaHHs pecypciB: OyiokyBanHs mo |P-ampecy, 3a
nonomoror TexHosorii DPI, o6moxyBanns mo URL-anpecy, OinokyBaHHs 3a
nornomororo miargopmu Ta DNS 6iiokyBanHs.

Bukonano 6aratoxputepialibHuii BUOIp HaWKpamoro MeTroay OJOKyBaHHS
pecypcy 3a CYKYIHICTIO TOKa3HHMKIB SKOCTI, IO BPaxoBYIOTh CKJIAJHICTh
IpPOrpaMHOTO 3a0e3MeUYeHHs], 3aTpaTd Ha amapaTrypy, YMOBH OJIOKyBaHHS.
BceranoBneno, mo OnokyBaHHs 3a ponomorord DNS e Halikpammm MeTtomoMm
0JIOKYBaHHS.
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The concept of Next Generation Network NGN (Next Generation Network),
which uses TCP / IP technology as a basis for building multiservice networks,
gives the operator great opportunities to organize a virtually unlimited number of
services. But at the same time it sets new challenges in terms of creating and
implementing new methods of traffic service.

The struggle for resources affects the quality of service for all types of
traffic, including IPTV traffic. The modern model of differentiated service
provides for the division of traffic into classes with giving them different
priorities in service.

The problem of establishing priorities for different types of traffic was
solved by the method of reducing individual quality indicators to a generalized
value function of the additive type using weights.

Konmernisi mepex 3B's13ky HactynHoro mokoiiiHHS NGN (Next Generation
Network), sixka BukxopuctoBye TexHosorirto TCP/IP sk ocHOBy s moOymoBU
MYJIbTUCEPBICHUX MEpEX, /1a€ OMNEepaTopy BEIUKI MOKIMBOCTI MO OpraHizauli
MPAKTUYHO HEOOMEKEHOI KUIHKOCTI MOCHyr. AJie BOJHOYAC BOHA CTaBUTh HOBI
3aBJIaHHS 3 TOYKM 30pYy CTBOPEHHS Ta BIPOBA/DKEHHS HOBUX METOIIB
oOcnyroByBanHs Tpadiky. IlepeBaxkHy wacTuHy Tpadiky MYJIbTUCEPBICHOI
Mepexi 3aiiMae MyJIbTUMENIAHUN Tpadik, TpU I[LOMY ICTOTHA MOTO YacTHUHA
npenacrasieHa Bigeorpadikom IPTV.

bopoTr0a 3a pecypcu BIUIMBAE Ha MOKA3HUKH SKOCTI OOCITYrOBYBaHHS JIJIst
BCIX BUIIB Tpadiky, B ToMy uucii i tpadiky IPTV. lle mos's3ano i3 TuM, 1110
MHO>KHMHA TIOTOKIB JIaHMX TIEPEAEThCI MEPEkKEI0, Pecypcu sKOi HeoOXiJTHO
pPO3MOJIIUTA MK LHMMH TOTOKAaMH 3a TMEBHOK MPOMOpIi€r0. TakuM YHUHOM,
BUHHKAE MpoOsieMa yrnpaBiaiHHSA TpapikoM B MYJIbTHUCEPBICHIA MepexXi B yMOBax
HAsBHOCTI  BEJIMKOI KUIBKOCTI  PI3HOMAHITHUX  JOJATKIB, SKI  1CTOTHO
BIJIPI3HAIOTHCS BUMOT'aMH JI0 TTOKA3HUKIB 00CIyroByBaHHs [1-3].

Ha cphorogni BM3HaueHi OCHOBHI cepBicHI mozaeni QoS, a came, Mojenb
kpamioi moxkiuBocTi Best Effort, momens inTterpoBanux cepsiciB Integrated
service 1 nudepenuiiioBanoro odciyroyBanHsi Differentiated service. Mogenb
nudepeHIiioBaHOr0 00CITyroByBaHHS Mepeadadae moaul Tpadiky Ha Kiacu 3
HaJaHHSIM iM pI3HHX TpIOpUTETIB B 00CIyroByBaHHi. Bona 3abesmneuye
«pO3yMHe» yIpaBiiHHs Tpadikom [4].
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MeTtoto naHoi pobOTH € po3poOKa MPOIeaypy BCTAHOBJICHHS MPIOPUTETIB
JUIS pI3HUX BHUAIB Tpadiky y MYJBTHCEPBICHHMX MEpPEkKaX 3 BUKOPUCTAHHSIM
METO/I1B 0araTOKpUTepiaIbHOI ONTUMI3AIIii.

OCHOBHUMHU TIOKa3HMKaMU sKOCTI QOS, 10 BUKOPUCTOBYIOTHCS MpHU
yIpaBJiiHHI Tpa@iKoM € IMOBIPHOCTI BTPATH MMAKETIB, CEPEIHI MEPEKH1 3aTPUMKH,
JDKUTEp Ta MOTpiOHA cMyTa mpomnyckanHs [1, 2]. 3HaueHHs yacy OCTaBJISIHHA Ta
JDKUTEPY € BOXIMBUMHU MEPEKHUMH XapaKTEPUCTHKAMH [UIsl TOCIYT, IO
HAJAI0ThCS Y peajJbHOMY MaciiTabi yacy.

3amauya  BCTAHOBJICHHSA TMPIOPUTETIB s PI3HUX BUAIB Tpadiky Oyma
BUpIIIIEHA METOJIOM 3BEJICHHS OKPEMHUX IMOKA3HUKIB SKOCTI JO y3araJbHEHOI
(GYHKIIT IHHOCTI aIUTUBHOTO BUAY 3 BUKOPUCTAHHSIM BaroBux KoedimieHTiB [3].
[Tpu bOMY BUKOHYBAJIOCS MONEPEIHE HOPMYBAHHS MMOKa3HUKIB SIKOCTI, @ BaroBl
Koe(DIIieEHTH IS pi3HUX MOKAa3HUKIB sKOCTI QoS obupanucs gx: «1» - He 0cob0
BKJIMBO; «2» - BAKIIUBO; «3» - Ty’K€ BAXKIIUBO.

HaBeneno npukian OGaraTOKpuTepiaibHOI ONTHMI3AIli MPU3HAYEHHS KJIaciB
MPIOPUTETHOCTI. Y HbOMY BUKOPHCTaH1 3HAYEHHS 3aTPUMKH, JDKUTEPY, IMOBIPHOCTI
BTpAaTU TMaKeTa Ta CMYTd NPOMYCKaHHS, IO BHU3HAYEHI SAK MPUIYCTUMI IS
OCHOBHUX THIMIB MYJIbTUMEAIMHUX TOCIYr €BpPONEUCHKUM JIOCIIIHULIBKUM
neHTpoM B obOmacti  tenekomyHikariii (RACE — Research on Advanced
Communication in Europe) [5]. HaBeneHno otpumani 3HaueHHs (DyHKII1 LIIHHOCTI
pi3HHUX BUJIB TpagiKy, 110 BU3HAYAIOTH iX KJIAC MPIOPUTETHOCTI.

Peanizamisi po3paxoBaHUX TNPIOPUTETIB MOBHMHHA OyTH NPONHCAHA B
TPaHUYHUX MapIIPyTU3aTOpax JUIsl KIAcOBOi OOPOOKM MYyJIBTHCEPBICHOTO
Tpadiky. 3HAYEHHS MPIOPUTETY MOXKYTh OYyTH HPONHUCAHI 3HAYEHHSMHU TPbOX
o6itiB B mosi ToS moneni o6cnyroByBanus DiffServ.

Jliteparypa:
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Journal of Reviews in Computing, Sep. 2012, pp. 32-47 20.

3. be3pyk B.M., bignuit FO.M., Omensuenko A.B. [Hpopmatiitai mepexi
3B’s13Ky. U.1. MarematruHi OCHOBH 1H(OPMAIIHHUX MEPEK 3B’ SI3KY: HABY.
nocioauk. — Xapkis: XHYPE, 2011. —292 c.

4. KpeutoB B.B., CamoxBamoBa C.C. Teopus Ttenerpaduka u ee
npuioxenus. — CI16.: BHV. —2005. —288 c.

5. A. Danthine, O. Bonaventure, "From Best Effort to Enhanced QoS",
Deliverable R2060/ULg/CI10O/DS/P/004/b1 of the RACE CIO project, 51 p.
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The spread of information systems is constantly increasing, but they are
becoming more complex. Over time, computer resources began to evolve rapidly
into ideas and mechanisms that began to grow and evolve. It was to ensure the
maximum benefit and performance of information systems that the client-server
architecture was invented, which helped solve many problems at the time.

As the number of these systems continues to grow, so do their requirements.
The complexity of designing and developing such systems requires a lot of time
and effort, and the methods and tools used to implement such projects differ from
the development of standard systems.

[TommpenHsa iH(OpPMAIIHHUX CHUCTEM TMOCTIMHO 30UIBIIYETHCS, ajl€é BOHH
CTAalOTh JeAalli CKIATHIIINMH. 3 9acOM KOMIT IOTEPHI PeCypcH MOYaIH IIBUIKO
CBOJIIOLIIOHYBATH B iJIeT Ta MEXaHI3MH, SIKi TTOYaIM POCTH Ta po3BUBaTHCA.[1]

Came s 3a0e3NeyeHHsT MaKCUMalbHOI BHMIOAM Ta MPOJYKTUBHOCTI
iHdopmariiHux cucteM Oyna BHUHaAWIEHa apxiTEKTypa KIIEHT-CepBep, sKa
JIOTIOMOTJIa BUPIIIUTH O6arato mpobyieM Ha TOi Jac.

Tepmin  "kiieHT-cepBep"  BIAHOCUTBCS JO TaKOrO  apXITEKTYpPHOTO
MIPOTrPaMHOTO KOMILJIEKCY, B IKOMY HOTO (DYHKITIOHAJIbHI YACTUHH B3a€EMOIIIOTH 3
HaWUIPOCTIIIOK CXEMOI0, KIIEHT Ja€ TIOMUT, CEPBEP J1a€ BIATOBIIb.

SIKI10 MM PO3TIISIHEMO KOKHY YaCTUHY B3a€MOJII 3 I[bOTO KOMIUIEKCY, OJUH
3 HMX, KOHKPETHHUH KII€HT, pOOUTHh aKTUBHY POOOTY, TOOTO BOHU YTBOPIOIOTH
MEeBH1 BUMOTH, a 1HIIUN, CepBEp, BIAMOBIAAE.

Ak po3BUTOK 1H(MOPMAIIHHUX CUCTEM, 1l 3aBJAHHS MOXYThb BIAPIZHSATHUCH,
HaIpuKiIaa, po3poOKka OJOKIB OJHOYACHO [ BUKOHAaHHS (DYHKIIN cepBepa Ta
(GyHKLIHA KITIEHTIB Y TOPIBHSAHHI 3 IHIIUMHU OJIOKaMu.

[Ilo6 cTrath CydacHOK apXiTEKTYpOrO, B3a€EMOJIIs KJIIEHT-CEPBEP MPOMUIIIO
JIOBIMM IUIAX, TOYMHAIOYH 3 LIEHTPATI30BaHOI CUCTEMH apXITEKTYPHUX JOJATKIB,
skl Oynu monynsipHi B 70-X poKax MHHYJIOTO CTOJITTSA. 3r0oJIOM TakKi CHCTEMH
NeperuIi Ha HOBUW PIBEHb, PIBEHb NMEPCOHATBLHUX KOMIT'IOTEPIB 1 JOKAIBHHUX
3a/la4y Ha IUX MalluHaX.

3 pO3BUTKOM MEPCOHAIBHUX MAallMH HAa HOBUU €Tam MepeyluId JIOKaldbHi
MepexXi 3 PO3BHHEHOIO (DailIoBO-CEPBEPHOI apXITEKTyporo. Tak 3'sBuiinCs Tepii
OJTHOPAHTOBI MEPEXi, 1 3 PO3BUTKOM IHMX MEPEXK IMMOYAIOCS TEpIIe O
KOMIM'IOTEpIB Ha KIIEHTIB 1 cepBepu.[3] A 3 PpPO3BUTKOM TEXHOJIOTIH 1 iX
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BJIOCKOHAJICHHSIM OyJla CTBOpEHA apXiTeKTypa KIIEHT-CEpBEp, fKa ChOTOJIHI
3aiiMa€e BUCOKI ITO3UII].

AJle B Halll yac Takli CUCTEMH 3pOCTalOTh 1 CTAlOTh HACTIIBKHU CKIIAJHUMHU,
10 HaOYyBaIOTh TJIO0AJIBLHOTO XapakTepy, 1 AISUIbHICTh BEIUKOI KIJTBKOCTI JIOJIeH
noyJaJia 3aJIe)KaTH Bij iX MpaBUJIBHOI Ta HaaiiHOI poboTH. Taki CHCTEMH YacTo
MaloTh JyXK€ CKIaJHy apXIiTeKTypy, I[IO CKJIaJa€ThCs 3 BEIUKOrOo Habopy
KOMITOHEHTIB, KOXKCH 3 SIKUX ITPAIfO€ Ha OKPEeMOMY MPHUCTPOi. [4]

KiieHT-cepBep € kimacudHa apxiTeKTypa, 1[0 Ma€ pO3MOAUISTH TPH OCHOBHI
YaCTMHMU TPOTpamMH Ha JBOX (PI3MYHMX MOJIYJSAX. 3a3BUUail JaHi 30epiraHHs
3HaXOJATHCSA Ha 1H(POpMAIIITHOMY cepBepl, TaKHX SK MEBHUU cepBep 0a3 JAaHuX,
KOPUCTYBIBHHIIBKAN 1HTEpPQEHC - Ha CTOpPOHI KJIi€HTa Ta OoOpoOKa JaHUX
PO3MOAUIIETHCS MK YACTUHAMU KIIIEHTA Ta CEPBEPOM.

OCKUIbKH KUTBKICTh IUX CHCTEM IPOJIOBXKYE 3pPOCTATH, 3pOCTAalOTh 1 iX
BuUMOru.[2] CkJIamHICTh MPOEKTYBaHHSA Ta PO3POOKH TaKMX CHCTEM BUMArae
Oarato 4Yacy Ta 3yCWJb, a METOJIM Ta 3acO0H, IO BUKOPUCTOBYIOTHCS JIJIS
peaizallii TaKuX MPOEKTIB, BIAPI3ZHIIOTHCS Bl PO3POOKH CTaHIAPTHUX CUCTEM.
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A methodology for designing multiservice networks based on a
mathematical model of a network, which is based on set theory and matrix data
representation, has been developed. This mathematical model takes into account
the sets: network nodes, access nodes, network subscribers, tariff plans of the
operator, as well as the speed of access to the Internet according to the tariff plan,
the adjacency matrix describing the network topology, routing matrix, distribution
matrix of subscribers consuming Internet access services, between access nodes
and tariff plans, distribution matrix of subscribers who consume digital television
services.

CoBpeMeHHbIE MYJIBTUCEPBHUCHBIE CETH UMEIOT UEPAPXUUECKYIO0 CTPYKTYpY H
COCTOAIT W3 TPAHCHOPTHOM CETH M CETH JOCTymna. TpaHCHOPTHas CETh COCTOUT U3
y3510B poctyna (Y1), y3710B npeaocTaBiIeHus YCIyT, Y3J0B YIIPaBIECHUs, IUTI030B C
npyrumu cetsimu U kaHanoB cBsizu (KC), coenunsrommx nanubie y3mbl. K V][ mo
CpeACTBaM CETM JIOCTyna [MOJKIIOUEHbl aOOHEHThl CETH,  SBISIOIIMECS
NOTPEOUTENSIMU MPEIOCTABISEMBIX HA CETU YCIIYT.

B HacTos1iee Bpemsi MyJIbTHCEPBUCHBIE CETH B OCHOBHOM IIPOEKTUPYIOTCS JUISI
MOCJICYIOIIETO TPEIOCTABICHUSI HA HUX yCIyT BXoAsmuX B coctaB «Triple Playy.
JlaHHble yciayru siBiseTcst 0a30BBIMM, M BCE OCTaJbHbBIE YCIYIH MOTYT ObITh
NPEICTaBICHbI B BUAE X KOMOMHALIUI.

K omHuM u3 BaXHEHIIMX 3a/1ad, PEIIAEMbIX HA 3Tale MPOECKTUPOBAHMS
MYJIBTUCEPBUCHBIX CETEH, OTHOCATCS 3aJadd BbIOOpa CETEBOrO OOOpPYNOBAHUS U
NPOIYCKHBIX CHOCOOHOCTEH KaHAJIOB CBSA3U CETU. JlaHHbBIE 2JIEMEHThI OTBEYAIOT 3
nepeAadyy M KOMMYTalUi0 HH(OPMAIMOHHBIX TIOTOKOB TI'€HEPUPYEMBIX MPH
NPEJOCTABICHNN YCIyr aDOHEHTaM MYJbTUCEPBUCHOU ceTH. CrenoBarenbHo, Ui
obecriedyeHHss TpeOyeMOro KadecTBa MPEJOCTaBICHUS YCIyI UX BBIOOp JIOJKEH
OCYILIECTBISITbCS HA OCHOBAaHMM 3Ha4eHWM rpymnmnoBoro Ttpaduka B KC
MYJBTUCEPBUCHON ceTu mipu npeaoctaBienun ycnyr «Triple Play». Ilpuuem B
KaQueCTBE MCXOAHBIX JAHHBIX JOJKHBI OBITH MCHOIB30BaHbI IAHHBIE TEXHUYECKOTO
3a7laHHs Ha IPOEKTUPOBAHUE, K KOTOPBIM OTHOCSATCS:

— KOJTMUECTBO a0OHEHTOB KaXI0M U3 YCIIYT U UX pacnpenenenue Mmexay Y/I;

— CKOPOCTH JIOCTyTa aOOHEHTOB K ceTr MHTepHeT A1 pa3snudHbIX Tapu(HBIX
TUTaHOB,
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— KOJIMYECTBO PETPAHCIMPYEMBIX TEJCKAHAJIOB ISl KaXIOTO TapU(HOTO
TUIaHa;
— CTpyKTypa a0OHEHTCKOM 6a3bl yCIyru Tene(oHun.

Takum 0Opa3zoM, BHauase HEOOXOAMMO PACCUMTATh 3HAYCHUS TPYIIIOBOTO
tpaduka B KC myneTHCEpBUCHON ceTr mpu mpenoctapiennn yeyr «Triple Play» B
COOTBETCTBHUH C IAHHBIMH TEXHUYECKOTO 3a/1aHME Ha TIPOSKTHPOBAHNE.

JInist pelieHrs: MOCTaBJICHHOM 3a/1a4i MCTOJIB3YeTCsl MaTeMaTHUeCcKasi MOJIEb
ceTd, 0a3UPYIOMICIOCS HAa TEOPHH MHOYKECTB M MATPUYHOM TIPECTABIICHUN JTAHHBIX.
JlaHHast MoOzeIb YYMTBHIBACT TOMOJIOTHIO CETH, CTPYKTypy aOOHEHTCKOW O0as3bl,
napaMeTphbl ITTAHUPYEMBIX K BHEAPEHUIO HA CETH YCIIYT.

[Mpunnuner  npenocraBienusi ycnyr «Triple Play» Ha cetn cuibHO
OTIIMYAIOTCA APYyT OT Apyra. OCHOBHBIE OTIMYMS B TpefocTaBieHun yciayr «Triple
Play»:

— TMpH TPEJOCTABICHUM YCIYT TEJNEBUACHUS WHGOPMAIIMOHHBIE ITOTOKU
nepenatorcs ot y3na «Headend» x V]I, BenmuunHa KOTOPBIX 3aBUCUT OT TOMOJIOTUU
CETH, MapIIPyTOB Tepeadr IIOTOKOB, KOJMUECTBA a0OHEHTOB MOTYYAIOIMIUX TOCTYTI
K yciyre uepe3 Y/, KonrmdecTBa peTpaHCINPYEMBIX TEJIEKAHAIOB U UX PEUTHHTA;

— TIpU TIPEOCTaBICHUH YCIyT AOCTyna K cetd MHTepHeT MHpOpMaIMoOHHbIE
MOTOKH TEPENAOTCs MexXAy y3ioM «Gateway» u Y], BenuurHa KOTOPBIX 3aBUCHUT
OT KOJIMYeCTBa aOOHEHTOB TOAKITIOYCHHBIX K Y[ ¥ Tapu(HBIX TUIAHOB, IO KOTOPHIM
OHU paboTaroT;

— MPU NPEIOCTABICHUH YCIyT TeaeOHHOU CBSI3U MOTOKH MEPEIAIOTC MEXKITY
V]I, nuto3amu ¢ Ipyrumu cetsiMu TenedoHun, y3nom «Softswitchy, BenmumHa
KOTOPBIX 3aBHCUT OT KOJMYECTBA AOOHEHTOB MOAKIIIOYEHHBIX K Y[, CTpYKTyphI
a0OHEHTCKOM 0a3bl, KomnuecTBa a00HeHTOB cerer: TAOIl u MOOMILHON CBA3U B
JTAHHOM HACEJICHHOM ITYHKTE;

— TIpU TIPEIOCTABIICHUH YCIYT A0CTyMa K cetu MHTepHeT u ycnyr TenedoHHON
CBSI3U TPUMEHSIETCSl TEXHOJOTWUsA unicast, a TpU TPEIOCTABICHUH YCIyT
TEJEBUACHUS TEXHOIOTHA multicast.

Takum 00pa3om, orpeeNieHue 3HaYE€HUI U XapaKTepPUCTUK MH(OPMAIIMOHHBIX
TIOTOKOB, TTEPEIaBACMBbIX 110 KaHAJIaM CBSI3U, HEOOXOIUMO MPOU3BOAUTE IS KK IOM
YCIIYTH OTZIENBHO, a 3aTeM MPOU3BOIUTH NX O0BETMHECHHE.

CHHCOK MCIOJIb30BaHHBIX UCTOUHUKOB:

1.  baknanon, M. I'. NGN: npuHIIUINBI TOCTPOSHUS U OPTaHU3ALMH / O] PE/I.
FO. H. Yepnsbimosa // M. : Okxo-Tpenas. — 2008. — 400 c.

2. ITU-T Recommendation Y.1541 (02/2006) - Network performance
objectives for IP based services.

3.  Tompmmreiin b. C, Ilunuyk A. B., CyxoBuukuii A. JI. [P-tenedponus. — M.:
Panno u cBs3p. — 2003. — 312 c.
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OPI'AHIBALIIMHI METO/IH MIABUIIEHHS TPOJIYKTUBHOCTI
MOBUJIBHOI'O 3B’A3KY HA OCHOBI EOEKTUBHOI'O
BUKOPUCTAHHS PAAIOYACTOTHOI'O PECYPCY
Xauipos E.®., CemniBanos K.O., Mockanens M.B.

HaykoBuii kepiBHUK — 11.T.H, Tipodeccop Jlomakor B.A.
XapKiBChKHUM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKU
61166, Xapkis, ip. Hayku, 14, xkad. IKI im. B.B. Tlonoscekoro,
ten. (057) 702-13-20.
e-mail: mykola.moskalets@nure.ua

It is proposed to solve the problem of increasing the productivity of mobile
networks and efficient use of radio frequency resources, through the optimal use
of unused physical resources, which are respectively determined by the
parameters of signal energy, time, time, space, polarization. The analysis carried
out at the macro- and micro-level against the background of trends in the
development of mobile communications formulates a set of tasks to improve the
efficiency of radio frequency resources, taking into account the introduction of
new radio technologies.

VY cucremax MOOUIBHOTO 3B’SI3Ky Ha €Tanax IJIaHYBaHHS, (QyHKI[IOHYBaHHS,
BUKOpPHUCTaHHA, 3a0e3neueHHs enekTpoMarHiTHoi cymicHocti (EMC) Ta iH.
JIOBOJIUTHCSI PO3rJsSAaTH OaraTOBUMIPHUNA BEKTOPHHUI HPOCTIp MapaMerTpiB, IO
XapakTepu3yTh Oe3/i4 CUTHAIIB, 3aBaj, 3aco0iB 1 TexHojorii. Bci 0Oesmniu
napameTpiB CKIAJaroThCs 3 TaKMX MIAMHOXHUH: {F} - 4acoTHuX, {T} - 4acoBHX,

{G} - mpocropoBux, {p} - monstpusaniiinux, {P} - enepreTuunux [48]:

{PIC}={F®,TF,G", p*, PR} +{F",T".G",p",P"}, 1)

ne 1HAeKCHu R 1 T - BIZHOCSTHCS BIAMOBIIHO J0 MapamMeTpiB MPUUMAIIBHOT 1
repeaaBaibHoOl araparypu.

3 MHOXUHU mapameTpiB (1) s pilieHHS KOHKPETHUX MPAKTHUYHUX 3a7ad
JIOBOJIUTHCSI BUOUpATH Tpymy (IOMyCTUMA MIAMHOKHHA CTaHIB JAHOI CHCTEMHU
{D}), HalibinbII MpUAATHHX, IO 33J0BOJIBHSIIOTH KPUTEPIl SKOCTI Ha iHTEpBai
yacy (YHKI[IOHYBaHHS @(x(t)) —extr. MHoxuHa (1) MOXHa pO3rJAgaTH SK
BEKTOP-(YHKIIIO MapaMeTpiB JUHAMIYHOI cucTemu. JIJiss TUHAMIYHUX CHCTEM,
[0 PO3BHMBAIOTHCS Ha 1HTEpBadi dacy te T =[t,t,], Bekrop (1), mo BU3HAYaE
CTaH MapaMeTpiB CUCTEMH X(t), HEOOXITHO JTOMOBHUTH 1€ BEKTOPOM MapaMeTpiB
YOPABMIHHA u(t), ue U, U — MHOXHHA JONMYyCTUMHUX 3HA4€Hb KEpPyBaHHS, 11O
3a0e3mnedye CTaH JaHOI CHCTEMH Ha HEOOXITHOMY piBHI a0o0 TMepeBeIeHHS
CUCTEMH B NOTpi0OH1 ¢azoB.i CTaHU y BIJIIOBITHOCTI
3 KpuTepieM ®(x,u,t) — extr. He3Baxaroun Ha BEIMKUM MEPENTiK 3aBlIaHb, YUCIIO
MO3UTUBHUX €(EKTIB, IO JOCITAIOThCA 3 MPOCTOPOBO-TIOJSPU3AIHHUMHU
XapaKTePUCTHKAMH, OOMEXYETHCSI, B OCHOBHOMY, MOJIMIIEHHSIM €HEPTeTHKU B
JiHIT 3B 53Ky, 110 3a0e3nedyyeThcsi BUOOPOM KOE(IIIEHTIB MIJCUICHHS aHTCHHU
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G=(S,,, x4n) / 2%, ;e S, =SxK,, —edexTuBHa mioma antenu, K, — xoedimieHT
BUKOPHUCTAHHS IUIONI, A — JOBXKHWHA XBWJII Hecydoi curHamy 3B’s3ky. o
CTOCY€EThCS TMOJISPU3AIlii, TO MPU OpraHizaiii 3B 3Ky JOCSATAIOTHCS y3TOIKCHHS
MoJISIpU3allii aHTeHW 3 TOBHICTIO TMOJSPU30BAHOIO KOMIIOHEHTOI KOPHUCHOTO
curHally. Take TacMBHE BHUKOPHUCTAaHHS TPOCTOPOBHUX IMapaMeTpiB HE €
patioHasibHUM. [Ipu 11boMy, YUM O1JIbIIIE MICIH PO3MIIIICHHS €JIEMEHTIB 3B’SI3KY,
TUM EKOHOMHIIIIE BHUTPAYAETHCS MPOCTOPOBUIM CHEKTP, YUM JUHAMIYHIIIC
VOPaBIMIHHSA  MPOCTOPOBO-TIOJSPHU3AIIMHAMEA ~ TapaMeTpaMH, THUM  BHUIIA
NPOAYKTUBHICTb 1 CTIHKICTb CUCTEM.

[TpoayKTUBHICTH MepeKl MOOIITLHOTO 3B 3Ky 0araTo B 4YOMY 3aJICKHUTh BiJl
¢(DEeKTUBHOCTI  BUKOPUCTAHHS  (DI3UYHUX  PECypcCiB, SAKI  BHU3HAYAIOThCS
BIIMOBIAHUMH MTapameTpamu [25,27,49,50]:

— EHEPreTUKOIO0 PAJIIONIHIT, [0 BU3HAYAETHCS PIBHEM KOPUCHOTO CUTHAY HA

nep

2
. o A . . .
BXOJi IpuiiMaya P, =P G"EPG’”’(HJ 1 3HQYEHHSIM PIBHA IIyMYy B CMY31 4acTOT
T

npuriomy P, =N, XAF;
— YacOBMMHU MapaMeTpamMH: TPUBAIICTIO IMIYJbCIB T, =At, TEPEHOCSTbH

1H(popmaIliro B 0araTonpoMeHEBUX KaHajax 3B’ sI3KY;

— YaCTOTO: HOMIHAJIOM HECIBHIN f, 1 CMyTro 4acTOT KOPUCHUX CUTHAIIB 1
JISTHKOIO CMYTH AF — BHJIUICHIHN 1)1 Tiepeiadi;

— TpPOCTOPOBMMHU TapameTpamu  G;, OOYMOBJICHHMMH $K MiCIIEM
postamryBanHs AC 1 BC, Tak 1 HanpsIMKaMu, Ha SIKUX MOIIUPIOETHCS 1 BIJIMOBIAHO
— pajioCUTrHaJI MPUUMAETHCS;

— TOJISIpU3alifHUMU TIapaMeTpaMH p,, 10 BU3HAYAIOTHCS SIK CTYMEHEM

noJisipu3allii m, Tak 1 eUNNTUYHICTIO roaorpada HampyKeHOCTI eJIEeKTPUYHOI
CKJIQZI0BOI ITOJIA.

O4eBUHO, KOXKEH 13 IUX PECypciB 3IaTHU pOOUTH CBI BHECOK Y
JOCSITHEHHSI BUCOKO1 €(DEKTUBHOCTI BUKOPUCTAHHS (PI3MYHOIO PIBHS 1 BIJIOBITHO
(dbopMyBaHHS HEOOX1AHOTO PIBHS OOCIYTOBYBAHHS CIIO’KHUBAYIB.

Cnucok BUKOPUCTAHUX JHKEPE:

1. TlonoBckuit B. B. D¢ dexTuBHOE MCMONB30BAaHUE BCETO (PUINUYECKOTO
MIPOCTPAHCTBA CUTHAJIOB B MOOWMJIBHBIX TEJICKOMMYHHUKAIIMOHHBIX cUcTeMax / B.
B. Tlomogrckuii, FO. A. Bacunenko // Mexperuonanbubii popym MCD.
HanmonanbHast KoMHCCHS, OCYILIECTBISIONIAs TOCYAapCTBEHHOE PEryJMpOBaHUE
B cdepe cBsa3u u uapopmaruzarnuu (HKPCHU) (r. Kues, 11-13 centsops 2012 r.).
Kues, 2012. C.42-45.

2. Tlpo 3arBepmxenHs [lmaHy BUKOPUCTaHHS PajiovyacTOTHOTO PECypCy
VYkpainnu : [locranoBa Kabinety minictpiB Ykpainu Big 9 gepsas 2006 p. Ne 815
I3 3MiHAMH 1 JOTTOBHEHHSMH, BHECEHUMH MMOCTaHOBaMH Bija 5 BepecHs 2012 poky

Ne 838.
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BUSIBJIEHHS HE3AUHSATUX YACTOTHUX KAHAJIIB
B MEPEXAX KOTHITUBHOI'O PAAIO
ITonomaproB A.K.
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XapKiBCbKUI HAllIOHAIBHUN YHIBEPCUTET PaAi0CICKTPOHIKA
(61166, Xapkis, mp. Hayku, 14, kad. [HpopmamiiiHo-MepexHa iHKESHEPis,
tein. (057) 702-13-06)
e-mail: andrii.ponomarov@nure.ua, +380976501381
Currently, there is a rapid development of radio data transmission systems.
The ever-growing requirements for the speed and volume of transmitted
information induce the developers of such systems to use broadband
communication channels. At the same time, there is a growing need for more
efficient use of the radio frequency spectrum to provide access to information
resources for new users.

B nanuii yac BijOyBaeTbcsi OypXJIMBUN PO3BUTOK CHUCTEM pajiiornepeaadi
nanux. [locTiitHO 3pocTarodi BUMOTH JI0 MIBHAKOCTI 1 00cary iHdopmMariii, 1o
NEPEAEThCSl  CIIOHYKAIOTh PO3POOHUKIB TAaKMX CHUCTEM BUKOPHUCTOBYBATU
IIMPOKOCMYTOB1 KaHaiu 3B'S3Ky. Y TOW € 4Yac 3pocrae norpeda B OUIbII
e(heKTUBHOMY BHUKOPHUCTaHHI PaJlOYaCTOTHOIO CIHEKTPY JUIs 3a0e3nedeHHs
JOCTYITy 110 iH(OPMAIIfHAX PeCypciB U HOBUX KopucTyBauiB [1].

Ha panuii MOMEHT po3MmOJiid CHEeKTpa TPYHTYEThCA Ha BHAUICHHI
KOHKPETHOTO Jiama3oHy dYacTOT nJs KOHKpeTHOi mochnyru. OnHak, Beluka
YacTHHA BUUICHOTO JI1alla30Hy PaaiovyacTOT BUKOPUCTOBYETHCS Yac BiJl 4acy, 110
NPU3BOIAMTD 10 Hee(HEKTUBHOTO BUKOPHUCTAHHS YaCTOTHOTO pecypcey [2].

BusiBieHHs curHaimy 3 HEBIIOMHUMH TapamMeTpamMu € OJIHUM 3 OCHOBHHUX
3aBJaHb MEPEX KOTHITUBHOTO pajio s MiJBHUINEHHS €(QEKTUBHOCTI
BUKOPHUCTAHHSA PAIOCTIEKTPY, SIKUW € HAUIIHHIIIMM pecypcoM. Bupimenns gaHoi
3a/1a4l HEOOX1JHE TMPHU BU3HAYCHHI IPHHAJICKHOCTI BHUSBJICHOTO CHUTHAIY JI0
KJIaCy BTOPMHHHMX YU TEPBUHHUX KOPHUCTYBauiB a00 BU3HAYEHHI IMOSBH HOBHX
CUTHAJIIB JUIsl paHillle HEBIJIOMUX pPaJlOBUIPOMIHIOBaHb. I[lpu 1mpomy ciijz
BpaxOBYBaTHU ICHYBaHHSI CUTHAIIB, sIKUX HeMae B 0a3i manux KP, i1 siki MOXyTb
MOTPAILISATH Ha PO3Mi3HABAHHS, 110 TPU3BOANTH O MOMHUJIOK BiTHECEHHS TaKHX
CHTHAJIIB JI0 Kjacy Bimomux. [3].

MeToro poOOTH € TOCITIIKEHHS HEMapaMEeTPUYHUX aJTOPUTMIB BUSBIICHHS
CUTHAJIIB, iX MOPIBHSUIbHUU aHaNI3 Ta peajizallisi HenapaMeTPUUHOIO ajJrOpUTMy
Ha 0a3i TecTy BinkokcoHa.

Haiiuacrimme 111 BUSBJICHHS CHUTHAJIIB BUKOPUCTOBYIOTH JIBOXBHOIPKOBIM
TecT Binkokcona (a6o ManHna - YiTHi, a00 CyMU paHTiB) 1 BEJIbMH MPOCTHH B
MpaKTUYHIN peamizaiii 3HaKOBUW TecT [4]. Bl MOTYXHUMU BUSBISIOTHCS
paHTOBI TECTH, sIKI Ha BIAMIHY BiJ 3HAKOBOTO BPaxOBYIOTb HE TUIbKH (DaKT,
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ajie 1 CTYIIHb BIAXWJICHHS €JIEMEHTIB JOCIIKYBaHOI BUOIPKU BiJl IESIKOTO PiBHS
a00 eJIeMEHTIB OMOPHOI BUOIPKH. TAKOX.

JIBOXBHUOIPKOBI TECTH OXOIUTIOIOTH OUIBIN 3arajibHi BUNAIKU BHSBJICHHS
CUTHAIIB, HDK OJHOBUOOPOYHIEC, OCKUIBKM MOTPEOYIOTh MEHIIO1 KIUIBKOCTI
anpiopHux Bigomoctei [4]. OOyMOBIIEHO 1€ BUKOPHCTAHHSIM OMOpHOI (abo
NEPEIIKOI0I0) BUOIpKH, fAKka € (akTHUHO «HABYAIBbHOI». be3ymoBHO,
3aCTOCYBaHHS PAHTOBUX AJITOPUTMIB MPU3BOIUTH O HEMHUHYYOI BTPATH YaCTUHH
iHbopMmarllii, oxHaK Tmpu 30UIBIIEHHI O00CATY CIOCTEpeXeHb III BTpaTU
3MEHINYIOThCS [5].

Jlist BUpiIIeHHS 3a/1a4 BUSBJICHHS CUTHAJIIB 1CHYIOThH IIpOTrpamMHi 3aco0n Ha
TaKMX MOBax mporpamyBaHHs sk: Python, MatLab, R. V naniii poGoti mms
BUPIIIEHHS 3a]layl BUSBIICHHS CUTHAJTY B yMOBax IIyMy BHKOPHUCTAaHO MOBY
nporpamyBands MatLab. Bona Hagae 3py4Hi 3aco0u Jist pO3pOOKH aJrTOPUTMIB,
BKJIIOYAIOYM  BUCOKOPIBHEBI, 3 BHUKOPHUCTAHHSIM  KOHIEMNIIA  00'€KTHO-
OpIEHTOBAHOTO MPOTrpaMyBaHHs. ¥ HHOMY € BCl HEOOX1JIHI 3aCO0U THTEIPOBAHOTO
CepelloBUIlla PO3POOKH, BKIIIOUAIOUM BIUIAMYUK 1 mpodaitnep. DyHKI as
poOOTH 3 IUIMMH TUIAMHU JAHUX TIOJIETHIYIOTh CTBOPEHHSI QJITOPUTMIB IS
MIKPOKOHTpPOJIEPIB 1 1HIIMX JOJATKIB, J€ 1€ HEOOXIJTHO. BUKOPHUCTOBYETHCS B
3aJlayax MOJEIIOBAHHS MPOIIECIB Ta Ma€ 6AraTo BHYTPIIIHIX GYHKUIN UIsl poOOTH
3 CUTHAJIaMH.

Y nOpakTHYHIM YacTUHI POOOTH MPOBOJAUTHCA peamsalis alropuTMy
BUSIBJICHHS CUTHAJy Ha TJI IIyMy 3a JONOMOTOIO 3HAKO-PAHTOBOTO  TECTYy
BinkokcoHa. AIrOpuTM HaBYA€THCS HA BUOIPKAxX CUTHAIY, III0 BUCTYIIAE IIIYMOM,
JIe BUKOHYEThCS 0a30Be€ HajalllTyBaHHS, a MOTIM HAa KOPUCHOMY CHUTHajl 3
JOJIaBaHHSAM IIyMY 3311 TEPEBIpPKU BUSBJICHHS CHUTHANy B KaHalll 3 IIyMOM.
OTtpumaBimIM pe3yibTaT, CUCTEMa 3MOKE€ BHU3HAYWTU UM IOBHHEH 11 CTaH
3MIHUTHCS, IJIs HaJaHHS BUIBHOTO KaHaJy KOPUCTyBady, UM Hi.
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The rapid development of information technology is gradually transforming
the world. Open and free cyberspace expands the freedom and opportunities of
people, enriches society. But there is a downside, which is the theft of personal
data, extortion or valuable information.

Having anti-virus programs on your personal computer can, if not prevent,
severely prevent a fraudster from accessing information that is personal.

CtpiMKHA PO3BUTOK 1H(POPMAIIIHHUX TEXHOJOTIM MOCTYHOBO TpaHChopMye
CBIT. BigkpuTuii Ta BUIRHUN KIOEPHPOCTIP PO3MIMPIOE CBOOOTY 1 MOKIUBOCTI
JroJiei, 30arauye CycnuibCTBO. AJie € 1 3BOPOTHSI CTOPOHA, siKa SBISIE COOOIO
KpPaJl’KKy OCOOMCTUX JaHWX, BAMAHIOBaHHS KOUITIB UM LIIHHOI 1H(pOpMAIIii.

Maroun Ha CBOEMY NEPCOHAJIBLHOMY KOMII IOTE€pPl AHTHBIPYCHI MPOrPaMH
MOXHA SIKIIIO HE 3armo0IrTH, TO JIOBOJI CWJIBHO 3aBaJUTH IIaxparo JICTaTUCA IO
1H(popMmalrlii sika € 0COOUCTOIO.

MeTtoto poOOTH € aHaji3 BUJIB 3aXUCTy CBOIX NEPCOHAJIbHUX JAHHUX, aOu
BOHHU HE TIOTPAIWJIM J0 PYK IIaxpaiB Ta He OyJu MpojAaHi Ha TIHBOBUX pecypcax.
Tineku y 2020 pomi y mapkHeTi Oyio omyOiikoBaHO OiibIn Hik 386 MUTBHOHIB
3aMKCiB KOPUCTYBAYIB.

Jlnst BUpilIEHHS 3a/ad  3axUCTy OCOOMCTOI iH(opMalii ICHYIOTH Taki
antuBipycHi nporpamu sk : BullGuard Internet Security, Kaspersky Internet
Security, NortonLifeLock, AhnLab V3 Internet Security, Avast Free AntiVirus,
AVG Internet Security, Avira Antivirus Pro, Microsoft Windows Defender.

JI1st 3HaXOKEHHS KpalliX aHTUBIPYCIB MU OyZIeMO MepeBIPATH iX HA BMIHHSA
3HaXOJIUTU BIPYCHI IpOrpaMu Ta 3aXUIIATH KOPUCTyBada, €()eKTUBHICTh — TEMII
po0OOTH Ta OHOBJIEHHS 0a3 JaHMX 1 BIACYTHICTh COOIB y POOOTI CUCTEMH, a TAKOXK
3pY4HICTh Yy BHKOpecTaHHI. B Xoa1 BHKOHaHHS poOOTH Oyja0 B3SITO &
AHTHBIPYCHUX TpOTpamM Ta B3SBIIM MapaMeTpy 3a3HAuCHI BUIIE TMPHUCBOIB
KOXXHOMY Oanu. Pe3ynbrar npeactaBieHuil y Tabaui.
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Tabmums 1 - TlopiBHsITbHA XapaKTEPUCTHKA aHTUBIPYCHUX MTPOTPaM.

AHTHUBIpYC 3axucr EdexTuBHicTh 3pydHICTh
BHKOPUCTAHHSA
BullGuard Internet Security 5.9 6 6
Kaspersky Internet Security 6 6 6
NortonLifeLock 5.6 5.8 6
AhnLab V3 Internet Security 6 6 55
Avast Free AntiVirus 5.9 6 6
AVG Internet Security 6 6 5.7
Avira Antivirus Pro 6 5.6 6
Microsoft Windows Defender 5.8 59 59

[TinpaxyHOK O6aiiB BUKOHAHO 3a JIOIIOMOT'0I0 (hOPMYIIH :

\ I1 LW"-
ZiNzl x"/HL N

N . .
ne [ ], W, — n0GyTok Beix enemeHTiB cTpoK;

V=

1)

N N . . . .
> ,n[szl 4 — 3arajabHa CyMma BCIX N00YIKiB KOXKHOI CTPOKM MaTpHIIL.

B pe3ynbTaTi Oys0 3HaAICHO Kpally aHTHBIPYCHY MPOrpaMy sika BIEBHEHO
BIIOpAjach 13 MOCTABIICHUMH 3aJladaMU 1 MOKE 3aXMCTUTH HaIll KOMII IOTEP BiA
BipycHux mporpam. Kaspersky Internet Security mamae Haiikpaimid 3axucT i
3/IaTHUM 3aM00IrTH BTPATY BallUX JaHUX a00 3apa)K€HHIO KOMII FOTEpA.

BifHOCHO 1BOrO pe3ynbTaTy MM MOXEMO MPUHTH 10 BUCHOBKY HIO YCi
aHTUBIPYCH CHPSAMOBAHI Ha MPOTHAII0 IIaxpasM Ta iX Nporpam, 1 SKuM OU BU
aHTUBIPYCOM HE KOPHUCTYBaJUCh BIH OyJe BHKOHYBAaTH CBOIO (PYHKIIIO Ta

3aXUIaTy Ballll JaHi.

Jliteparypa:

1. K.€. KnimentneB «Komm’rotepni Bipycu 1 antuBipycu» JIMK Ilpec,2013p.
2. C.B. I'omiko «TexHomnorii 60poTs0u 3 komm torepaumu Bipycamu» COJIOH

ITpec,2010p.
3. C. Mazanuk «besneka Komm totepisy EKCMO, 2014p.
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JOCJIIIKEHHSA METEOPHHUX OB’€EKTIB 3A IOITIOMOI'OXO
IMMACHUBHOI PAJIOJIOKAIIIT

Jasunenko H.B.

HaykoBuii kepiBHUK — K.T.H.,cT.BUKI. kad. IMI [Banenko C.A.

XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA

61166, Xapkis, npocn. Hayku, 14, xad. [HipopmariiitHo-MepexHa iHXeHepis, Tell.
(057) 702-00-00
e-mail: nataliia.davydenko@nure.ua .

The purpose of the work is to predict the possible collision of the Earth with
potentially dangerous objects, which include some asteroids, by studying the
associated meteoric flows with the help of radio-surveillance; forecasting the
conditions for the propagation of radio waves during the design and operation of
meteorological communication systems and synchronization of the time and
frequency standards of the study of dynamic processes in the Earth's atmosphere.

KoxHoro wmicsitii NpOTUPAKETHUMU CIIy)KOaMu BEJIMKUX KpaiH CBITY
PEECTPYIOTBCS JIECATKH, KOCMIYHUX TUI, sIKI MOTPAIUIsioTh B arMmochepy 3emu 1
MOXYTh JIOCATHYTH 1i TOBEPXHI 1 COPUYMHUTH PYHHIBHI HACIIIKU. 3MIHUTH OpOITY
acTepoina, SKAW BXKE 3HAXOAWTHCH JOCUTh OJIM3BKO JOCHTH Bakko. IIpote
OUTBIIICTh 3 HUX HaJEXaTh MEBHUM METECOPHUM IMOTOKaM. ToMy, SKIIO TPUALIUTH
JIOCTATHIO yBary iX BUBYCHHIO, 3aBASKHA THM 3 HHX, IO MIOTPAIUITIOTH B aTMOcdepy,
MOXHa 310paTh TEBHI JaHi, SKI JIOMOMOXYTh BUBUCHHIO Ta 3amoOIraHHIO ITi€l
npoOiaemMu.

Panionokariitai 1OCTIDKEHHS HaBKOJO3EMHHMX acTEPOiJliB JO3BOJUIN PI3KO
30UTBIIUTH HAMIMHICTh OaraTOpIYHUX MPOTHO3IB IXHBOTO PYyXy, HIO0 HAWOLIbIIE
aKTyaJIbHO I, TaK 3BaHUX, MOTEHIIHO HeOe3neyHux actepoiniB. B poboTi
MPOTIOHYETHCSI METOJ JOCHIDKCHHS METEOpPHUX CilifiB 3a gomomoror SDR
YCTaTKyBaHHS Ta METO/I1B TACUBHOT paJll0oKaIlii.

Y sKocTi mepedaBada |y Takiii CHCTeM1 JIOCIDKIJIGHHS TPOTOHYETHCS
BUKOPHUCTAaHHS CHUTHAJIy BiJ TeJIeBi3iiiHOI cTaHmii. MakcumanbHa BIJICTaHb IS
BUKOPUCTAHHS MEpelIaBajbHOl TENEBI31IMHOI BEXI1 JJIi BUSBJICHHS METCOPHOIO
po3citoBanHs ctaHoBUTH 2070 — 2300 kM. Posrmsinemo paaiyc B 2000 kM HaBKOJIO
BEXKI1, po3TamoBaHoi B MicTti XapkiB. g mnpuiiMayiB MpsSMOTO BHUSBJICHHS
METEOPHOTO PpO3CIIOBaHHA MOXKHA BHKOpHUCTOBYBath mniuoT-curHan ATSC,
cnenuiuHui sl KokHOro KaHaimy DTV, Tpoxu HMXK4YE 3a 4YacTOTOl0, HIXK
aHajoroBa Hecyd4a Bifeo. I1[o6 ominutn MakcumanbHui mianazoH (40 — 70 MI')
CUTHAITy, BIIOUTOTO METEOPHOI0 CTEKKOI, MOXKHA BUPINIMTU 3a/ady TeOMETpIi.
MaxkcumaiibHa BiJICTaHb:

D... = 2Racos(R/(R+H)) (1)
R: Paniyc 3emii (6371 kM), H: Bucorta Touku BigouTTs (85... 105 kM)
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[Iporpamue 3a0e3neyeHHs, WIO0 MpaIloe Ha KOMI'IOTEpl, CKIAJAAEThCS 3
nporpammu SDR# Tai ARGO.

[Tpuitmau BukopuctoBye yin Realtek RTL2832U, sikuii BAKOPUCTOBYETHCS ISl
nemonynsamii DVB-T. Opurinaneauii USB-kirou, sikuii npojaetbes sik DVB-T-
npuiiMad, 37aTHUM HaJaBaTH XOCTy HeoOpoOsjeHi 3pasku I/Q, 1 BiH CTBOpUB
nporpamae 3abesneueHHs Open Broadcaster Software (OBS) nmns 3axoruieHHs
BIAMOBIAHOT oOmacti ekpany, ska oxommoe SDR 1 ARGO. wa Linux ans
nemoaysaii FM Ha niboMy npuiiMadi.

RTL2832U BuBoauth 8-0iToBi [/Q-ceMruin, TEOPETHYHO MaKCHMabHA
MOKJIMBA TIBUAKICTH CTAaHOBUTH 3,2 MC/C, TIPOT€ MaKCHMallbHa MIBHAKICTH 0€3
BTpaTH JaHUX, sika Oyia OTpUMaHa Ha MPaKTHUIll ckiana 2,8 mc/c.

Ayniocursana, MoAyJboBaHUK 3a gomomoroto SDR,  HampaBmseThes
BHYTpimHBO 10 ARGO uepes crepeomikiaep Windows.

PesynbpTaTn po6oTH Takoi yCTAaHOBKM Ha BeJIeH1 Ha puc.1.

Eno0oq

0)

Pucynok 1 — a) MoaynboBaHUid ayio cUrHai, 0) ayJlOCUTHAI SIKUM
HanpaBIsAeThCs BHYTPIHLO 10 ARGO.

B po6oti mpoaHanizoBaHO HEAOIIKUA TPATUIIHHOTO MIAXOAY /10 MOHITOPUHTY
METEOpPHOI aKTUBHOCTI Ta 3alpONOHOBAHHMI BaplaHT iX BUPIIICHHS 3a JOTIOMOTOIO
po3po0ieHoi ycTaHOBKM 3 ycTrarkyBaHHsM SDR, a came Bupimena 3agada
3MCHIIICHHSI BHUTpPAT Ha PaJliOMETEOpHI JOCHI/DKCHHS 3aBISKH BHUKOPHUCTAHHIO
ICHYIOUUX TeJe/pamionepeaaBadiB e€pipHOTO MOBJICHHS K JDKEpesa 30HIYyI0UOTO
CUTHAITY.
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1. Tommcon P., Mopan JIx., Cencon [[x. Inrepdepomerpis i cuHTE3 B
pamioactporowmii / Ilep. 3 anrn. - M .: Mup, 1989.

2. Iyneuu B.E. «Teopernueckue ocHOBBI paguonokanuu.» M., CoB.paauo,
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3. benouepkoBcbkuii I'.b. «OCHOBBI paguoJIOKallid M PaJaUOJIOKAIHOHHBIC
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METPOJIOI'TYHE 3ABE3IIEYEHHA,
CTAHZAPTU3ALIA I CEPTUPIKALIA
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NCCIEJOBAHUE METOJA0OB 1 CPEJACTB ITPEIIU3UOHHOI'O
N3MEPEHUS TEMIIEPATYPBI
benbkoB E.A.

Hayunslii pykoBOauTENb — K.T.H., J01eHT Kpymies B.T.
benopycckuii rocyaapcTBEHHbIM YHUBEPCUTET HHOOPMATUKHU U
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(220013, Mumnck, ya. I1. Bposku, 6, kad. UPT, ten. (8017) 293-89-11)
e-mail: zenya.belkov@mail.ru.

Today, precision temperature measurement is a very relevant task in many
high-tech areas. This article discusses the main methods and means of precision
temperature measurement. The purpose of this work is to analyze and select the
most accurate and stable method of temperature measurement. The article
describes the principles of work of each of the methods and provides examples of
their implementation. The advantages and disadvantages of each method are
listed. As a result, it was found that the nuclear quadrupole resonance method is
the most promising for further research due to its high accuracy and good stability
in time.

Ha cerogusmHuii qeHb, CYIIECTBYET HECKOJBKO CIIOCOOOB MPEIHU3UOHHOIO
M3MEpPEHHUSI TEMIIEPATYpPhl, U KXKJAOMY M3 HHUX MPUCYIIM CBOM YHUKAJIbHBIC
MPEUMYIIECTBA U HEJIOCTATKHU.

JIJIs1 TOYHOTrO WM3MEpeHHs] TeMIepaTypbl ¢ IMOMOIIBI0 TEPMOPE3UCTHBHOIO
METO/JIa B KQUeCTBE JJaTYMKA UCIOJIb3YIOT METAJUIMYECKUE U TTOJTYITPOBOJHHUKOBBIC
PE3UCTOPHI, KOTOPHIE 00JIaJal0T JOCTAaTOYHO CTAOMJIBHBIM TeMIIepaTypPHBIM
kodpdummentom  comporuBieHusa (TKC) wu  jguHEeWHOM  3aBHCHUMOCTBIO
CONPOTHUBJICHUS OT TeMIepaTrypbl. B KadecTBe MaTepualioB I TaKHX
PE3UCTOPOB MIPUMECHSIOT IUIATUHY, ME/Ib, HHUKEIIb u T.J1.
Hcmonb30BaHre IUIATHHBI TO3BOJISET HM3MEPATH TEMIIepaTrypy ¢ aOCOIIOTHOM

norpeursoctsio B U, 001 °C

K nocromHCTBaM METaUIMYECKUX TEPMOPE3UCTOPOB OTHOCATCS: BBICOKAs
TOYHOCTh WM3MEPEHUM, MPOCTOTAa U HAAEKHOCTh, yI0OCTBO B »Kcruryatamuu. K
HEIOCTAaTKaM  OTHOCATCS MaJICHbKU U TKC, pe3koe  yMEHBIIECHHE
YyBCTBUTEJIIBHOCTH B OOJACTH CBEPXHHU3KUX TeMmIieparyp (Mg TUIaTHHOBBIX
TEPMOMETPOB), W JIOCTATOYHO OoOJibIIME€ TrabdapuThl IO CPAaBHEHHUIO C
MOJIYNPOBOJHUKOBBIMU TEPMOMETPAMHU COMTPOTUBIIECHUI |1 ].

[ToympoBoauukoBsie TepMopesnucTopsl ([ITP) umeror meHbIre rabapuThl
n oonpmme 3Hauenust TKC. Jlns cpaBuenus IITP um memHoro tepmMopesucropa
MOCTPOEHA TeMIepaTypHasi 3aBUCUMOCTh [2], TpeICTaBiICHHAass HA pUCYHKe 1.
B nannom cimydyae TKC IITP uMmeer oTpuuarenbHOE 3HAYEHUE WM YMEHBIIAETCS
0o0paTHO MPOTOPIIMOHAIIBHO KBaApaTy aOCONMIOTHOW TeMIepaTyphl, YTO SBIISICTCS
HEJIOCTATKOM, KOTOPBI CYIIECTBEHHO CHM)XKAET KAYeCTBO U3MEPEHHUS.

JocTtonncrBamu IITP  sBisgioTcs: OOJIBIIIOE  YIENBHOE JJICKTPUYECKOE
conpotuBjiecaiue 1 TKC, BbICOKass 4yBCTBUTEIBHOCTD, IIUPOKHUI TeMIIEpaTypPHbBIN
JIHAIa30H, MaJbl€ MOTPEIIHOCTH, IPOCTOTA U HaAEKHOCTh. Henocrarkamu I1TP
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SIBJIIIOTCSI: HEIMHEHHOCTh TEMIIEPATYPHOM XapaKTEPUCTUKH W 3HAYUTEIBHBIN
pa30poc HOMHHAJILHOIO COnpoTHUBIcHUA R. M3-3a 3TOro BO3HUKAIOT IIPOOJIEMEI C
MOJYYECHHEM JIMHEWHBIX MIKAJI TEPMOMETPOB, C B3aUMO3aMEHSIEMOCTBIO
TEPMOPE3UCTOPOB, a TAK)KE MOCTPOSHUEM MHOTOKaHAJIbHBIX MPUOOPOB.
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Pucynox 1 — Temneparypnas 3aBucumoctsb [ITP (mynkrupHas nunus) u
METHOTO TEpMOPE3UCTOpa (CIIONTHAS JTUHUS)

Jns u3MepeHus: TeMIIEpaTyphbl C MOMOIIBIO TEPMOIIIEKTPUUECKOTO METO/1a
UCIIOJB3YIOT JIBa MPOBOAHUKA W3 PA3HBIX CIUIABOB, COCIMHEHHBIX HA OJHOM
KOHIIE M O00pa3ylolnX 4acTh YCTpoilcTBa. B pe3ynbraTe pa3HbIX TemmepaTryp
MEX]Iy TOYKOW COCAMHEHUs (TOPSYUM CIaeM) U JIPYTUMHU TOYKAMU (XOJIOJHBIM
cnaeM) Bo3Hukaer OJIC, KOTOpyH0 MOXHO H3MEPUTh C  IOMOIIBIO
COOTBETCTBYIOIICH IICITH.

K OCHOBHBIM TpEeUMYIIECTBAM TEPMOIMAapbl OTHOCSATCA €€ TPOYHOCTb,

IIUPOKUH JHana3oH padoueil TeMrepaTrypbl OT -270 g0 3000 °c , OBICTpOE
cpabaTbiBaHWEe, W HU3Kas CTOMMOCTh. K 4MCIy HEIOCTAaTKOB MOXHO OTHECTH
nesbicokyro TourocTs +0,01 °C i Gonpmroit mrym. OnEAaKo TOBBICHTH TOYHOCTS
TepMonapbl MOXHO METOJOM KOMIIEHCAllMM XOJIOAHOro cmnasd. B aTtom cmydae
CUCTEMa OCHAIAeTCs emE OJHUM TEePMOAATYMKOM (TEPMHUCTOP), KOTOPBIN
YCTaHABJIMBAETCS HA TOYKY XOJIOJHOTO cras [3].

OmHuM W3 TEPMOYACTOTHBIX METOJIOB  SBJSIETCS METOJ  SIIEPHOIO
KBaJpymnojsHoro pesoHanca (SAKP). JlanHbIit MeTOJT OCHOBAaH Ha B3aUMO/ICHCTBUM
rPagyeHTa JIEKTPUYECKOTO MO KPUCTAUINYECKON PEIIETKU U KBAIPYIIOIBHOIO
AIEKTPUYECKOTO MOMEHTa $Spa, BBI3BAHHOTO OTKJIOHEHUEM pacCHpeacsiCHUs
3apsiia sapa oT chepuueckoil CHMMETPUH.

Jlnst msmepennsi temmepatyp B mmamasome 10 — 600K g xagecrse
TepMOMeTpHYeCcKoro BemecTa ucmomssyloT comp HKCI0: B koropoit

onpenensiercs vacrora AKP sanep 3365. [Ipu Temneparypax mo0 870K

63 . _ .
ucnonszyercst AKP suep ofu g Cu:0 ymm smep Re B comn NaReO,
Ha pucynke 2 npencraBnensl 3aBucumoctd  SAKP ot  temmeparypsl
[IEPEYUCIICHHBIX BBILIE SALIED.
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Pucynok 2 — 3aBucumocts yactotsl SAAKP ot Temnepatypsl 11 saep Egm
B KCIO; | nna anep *3CU 5 Cuz0 s simep Re B NaReO,

JoctounctBoM SKP-tepmomeTpa sBIs€TCA €ro HEOIPAHUYEHHAs BO
BPEMEHM CTaOMJIBHOCTh, T.K. 3aBUCHUMOCTb 4YacTOThl OT TEMIIEpaTyphbl
ONPENEIAECTCS TONBKO MOJIEKYJIIPHBIMUA CBOMCTBAMM BEILIECTBA, & TAKKE BBICOKAS
TOYHOCTh, TO3BOJISIONIAS. MCIOJIB30BATh TAKWE TEPMOMETPBHI Il CO3JaHUSA
BTOPUYHBIX 3TaJOHOB Temmeparypbl. M3 rpaduka BHAHO, YTO HEIOCTATKOM
ABJIIETCSI  pe3Kas  HEIMHEMHOCTh WX  XapaKTEPUCTHUKH, HUCKIIIOYAOIIast
BO3MOXXHOCTh TPsAMOro HHUGpPOBOro oOTcuéTa TeMIeparypsl [2], a Takxke
CJIOKHOCTh TEXHUYECKOMN peaM3aliy B 3aBOJCKHUX YCIOBUSX.

3akmrouenue. [IpoBen€HHOE MCCaeNOBAHKME ITOKA3bIBAET, YTO NMPHUMEHEHUE
AKP nis mpenu3uoHHOTO U3MEPEHMs TeMIrepaTyphl Oosee 1esiecooopasHo, T.K.
JAHHBIA METOJ MCIIOJIb3YET CBOMCTBA KPUCTALIMYECKOW PEIMIETKH BEIECTBA
(cocTosiHME PEMETKH CTPOro 3aBUCUT OT TEMIEeparypbl). ODTO MO3BOJISET
HOBBICUTh CTAOMJIBHOCTh XapakTEPUCTUK BO BPEMEHHM U TOYHOCTh HM3MEPEHUs
TEMIIepaTyphl MO0 CPABHEHUIO C IPYTUMU MPELU3UOHHBIMU METOIAMHU.

Chnucok UcnoJib30BaHHBIX HCTOYHUKOB:
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2. DIIeKTpUYECKHE U3MEPEHUS HEJIEKTPUUECKUX BEJIMYUH: yuel. mocooue /
AM. Typuun [u ap.]. JI. : Dueprus, 1975. — 576 c.

3. C. I'ynra. Ilpenu3noHHOE M3MEpEHUE TeMIepaTyphbl B MPOMBIIIIEHHBIX
cuctemax koHtpons / C. T'ynra, V. Kamar // Kondepenuus «ludposas
ANIEKTpOHUKay. — M. : anekTpoHuka meauarpymra, 2011. — C. 32-34.
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KOHIEIIII HEBUSHAUEHOCTI TA IOXUBEKHU BUMIPIB
Amenkos B.O.
HayxkoBwuit kepiBHUK — 1.T.H. npod. Heesxmaxos T1.1.
XapKiBChbKUM HAITIOHATBHUN YHIBEPCUTET PATI0CIICKTPOHIKH
61166, Xapkis, npocn. Hayku,14, kad. Pagiorexniku, Temn. (057) 702-00-00
e-mail:valerii.ashchepkov@nure.ua

It is believed that the term "uncertainty of measurements" has replaced the
term "error of measurement". However, this is not entirely a correct statement. In
fact, the notion of "error" also has the right to exist. The terms "error" and
"uncertainty" are different expressions of the same notion - "accuracy of
measurements”. There are two approaches to the evaluation of measurement
accuracy parameters - the concept of uncertainty and the concept of unambiguity
of measurements. The concept of uncertainty is aimed at obtaining the most
accurate result, while the concept of unambiguity is aimed at obtaining the most
realistic result.

HeBusHaueHicTh BHUMIPIB pPO3YyMIIOTh SIK HEMOBHE 3HAHHS 3HAYCHHS
BUMIPIOBAaHOT BEJIWYMHM 1 [JI8 KIUJIBKICHOTO BHUPaXCHHS IIi€i HEMOBHOTH
PO3MIAIAI0Th PO3MOALT BIPOTIAHOCTI MOXKJIMBUX 3HAYEHB I[I€1 BEJIMUUHU. Takum
YHUHOM, MTapaMeTp 1OTO PO3MOJLTY KUIbKICHO XapaKTepU3y€e TOUHICTh PE3YJIbTaTy
BUMIpIB. 3a3BUYail OCHOBOIO I BBEACHHS HEBH3HAUYEHOCTI BBaXKalOTh
HEII3HaBaHICTh ICTUHHOTO 3HAY€HHs (PI3UYHOI BETMYMHU. ToMy Jy’Ke BaKJIMBO
BCTAHOBUTH CHUIBHICTH 1 BIIMIHHICTH B ITOHATTIX HEBU3HAYECHOCTI 1 MOXUOKH.
Konueniiiss HeBU3HaYeHOCTH mnovana (opmyntoBatuck B 1978 p., koiu Teopis
MOXMOKU BXKE JOCArIa MKy CBOTO po3BUTKY. OUYEBUIHOIO IMEpPEeBaror HOBOI
KOHIICMI[T CTaJ0 TMIiABUINEHHS HAIIHHOCTI 1 SKOCTI pee3y/lbTaTiB BHUMIPIB.
AOCOIOTHO HEBHUITAJKOBO KpaiHW 3 PO3BUHEHOI0 €KOHOMIKOIO MPUNHSIN came
HEBM3HAUCHICTD K HAWKpaILy OI[IHKY TOYHOCTI pe3yJIbTaTy BUMIPIB.

YoMy 3k Teopis MOXMOKK HE MpUKUJIAcs y CBiToBoMy mpoctopi? Camum
OYEBUHUM i1 HEJOJIKOM OyJI0 Te, 10 BOHA 0a3yeThcs Ha MOHATTI “ IcTMHHOTO
3HaYeHHS1 (I3UYHOI BENIMYMHU", BU3HAYUTHU SKE IMPOCTO HEMOXIHMBO Yepe3
HEJIOCKOHAIICTh METOAIB 1 3ac001B BUMIpiB. Ha mpakTuili 3a iICTUHHUM 3a3BUYaii
NpuiiMaroTh JilicHe 3HadyeHHs. KoHIenilis >k HEBU3HAYEHOCTI 3aCHOBaHA Ha
"OIIHIII CEepPEIHBOTO 3HAYCHHS JIESKOI BEJIWYMHH'", SKYy IUIKOM peaibHO
po3paxyBaru, TOOTO Mipa JOBIPH J0 SIKOCTI PE3yJIbTaTy 3pPOCTAE.

[Ile oxHi€r0 HETOCKOHANICTIO KOHIIEMIli MOXMOKU € Kiacudikarlis ii Ha
CUCTEMaTHUYHy 1 BHUMAAKOBY, TOOTO 3a XapakTepoM BHHHMKHEHHA. Toml sk
Kiacudikaiis HEBHU3HAYCHOCTI 3IIMCHIOETHCS 3a CIOCOOOM  OIlIHFOBaHHS.
Buninsrorh HEBU3HAYEHICTh TUMY A - [aHi, [0 OTPUMYIOTHCS METOJOM
CTaTUCTUYHOTO aHai3y psiy CHOCTEpPEkKEHb, 1 HEBU3HAYCHICTh THUIy B, - maHi,
OTpUMaHi  CIOCOOOMHM, BIAMIHHUMH BiJl CTaTUCTUYHOIO aHai3y psay
criocTepekeHb. Po3moiyi HEeBU3HAYEHOCTEHW 3a CIIOCOOOM OIIHIOBAHHS BUTJISIAE
OUTBIII PO3YMHUM, HIK PO3MOALT MOXUOOK HA CUCTEMATHYHI 1 BUITaIKOBI.
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Merton  OLIHIOBaHHS  HEBU3HAUCHOCTI €AUMHUA Yy BChOMY  CBITI.
HeBusHaueHiCTh BUMIpPIB OIIIHIOETHCA MPU 3asBl BIAMOBIAHOCTI MIXXHAPOIHUM
BUMOTaM, IIpM B3a€EMHOMY BH3HAHHI PeE3yJbTaTiB KaliOpyBaHb, 3BIpEHb 1
BUNPOOYBaHb, MPHU 3asB1 PO SAKICTh NMPOAYKINi. Takok BiH BUKOPUCTOBYETHCS SIK
Mipa JOBIpH B 00JIaCTI OXOPOHHU 370pOB'sl, OE3MEKH 1 OXOPOHHU JIOBKIUIA, MPHU
npoBeAeHHI (PyHIaMEHTaIbHUX HAYKOBHX JOCIIIKEHb.

VYkpaiHa Ha CbOTO/IHI 3HAXOAUTHCS Ha MIEPEXITHOMY €Tarll, SKHI 3aTArHyBCS
HA HEBM3HAYECHUN yac. AJe mapajieibHe ICHYBaHHS JBOX CHUCTEM OLIHKH SIKOCTI
BUMIPIB YCKJIAQJHIOE METOAM OLIHKH XapaKTePUCTHK TOYHOCTI 1 CYNEepEeuHTh
0a30BUM TpWHNOWIAM CcTaHmapTu3amii. He wMokHa BH3HATH MNPaBUIBLHOIO
KOMITUISIIO IIUX IBOX cucTeM. KoKHa 3 HMX € CaMOJOCTAaTHRLOIO, alie 3'€THAHHS
iX yacTHH He MoXKe OyTH ycmimHuM. Y YKpaiHi Ji€ HOpMaTuBHA JOKYMEHTAIlis,
ska 0azyeThcs Ha MOHATTI "moxuOka". [IpoTe B OKpeMUX BHIaX METPOIOTTYHOI
JUSITBHOCTI, TaKUX SIK: poOOTa MO MIXKHAPOJHUX MPOEKTAX, MI>KHAPOHI 3BIPEHHS
HaIllOHAJIBHUX E€TaJIOHIB, MyOJIKAIlisl MareplajiB B 3apyODKHOMY ApPYIl, BUITYCK
OPOAYKINi 1 HaJaHHS TOCIYT BIAMOBIAHO JO BUMOT 3apy0iKHOTO 3aMOBHUKA,
aKpeAuTalliss CHUCTEM MEHEDKMEHTY SIKOCTI HaIllOHAJIbHUX METPOJIOTTYHHUX
IHCTUTYTIB, aKpeIUTAIlll BUMIPIOBAIBHUX J1a00paTopiii Ta 1H., MU BXKE BUMYIIICHI
pe3yJIbTaT BUMIpP NPEICTABUTH TUILKU B TEPMIHAX HEBU3HAYEHICTD.

JUiss  MEeTpoJIOTIYHOT B3a€EMOJIi 3 I1HIIMMHM KpaiHaMH Tepexi [0
HEBU3HAYEHOCTI CTAa€ HEMHHY4YUM. €JIHICTh MIAXOAIB 3 MHUTaHHS OLIIHIOBaHHS
TOYHOCTI BIACYTHA. [TOBHICTIO MepelTH 10 KOHUEMNLIi HEBU3HAYEHOCTI JOKH HE
BIA€THCA. .

COucok BUKOPUCTAHUX JIKEPEN:

HcnbiTanus, uaMepenus, aHanu3  llorpemHocTs Wil HEONPEAEIEeHHOCTh?
Bor B uwem Bompoc... “ HO.B. I'pauéBa, WHKEHEp-METPOJOT OTHEIa
koHTpoJIsl kKadecTBa 3A0 «POCA»

I'OCT 34100.3-2017/ISO/IEC  Guide 98-3:2008 HeomnpeneacHHOCTD
usmepernnss. Yacte 3. PyKOBOACTBO IO BBIPAKEHHIO HEOIPEICICHHOCTH

WU3MEpEHUSL.

3axapoB W.II. “HeomnpeneneHHocTh u3MepeHuil. [nga 4YallHUKOB W
Ha4YaJIbHUKOB”.

B.II. Yansii “HeomnpenesieHHOCTh U MOTPEUIHOCTh, UX CXOJICTBO, Pa3Indyue U
ynotpeOieHue B pPa3HBIX METPOJIOTUYECKUX nporeaypax’’//
HeBu3HaueHiCTh BUMIPIOBAHHS: HAyKOBI, HOPMAaTHBHI Ta MPHUKIAIHI
aCIeKTH.

3axapo MW.II. CocraBnenue OrOMKETa HEOMPENECIEHHOCTH COBMECTHBIX

u3Mepenuit // Ykpaincekuii metposoriuamii xypHai. — 2005. — No 3. — C.
15-18.
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Analog filtering is used to obtain smooth dependences during discrete
synthesis. If the conditions of Kotelnikov's theorem are not satisfied, then the
exact reproduction of a continuous signal by its discrete samples is not possible.
Filtration results in some smoothed functions. The synthesis problem becomes
approximation, is solved in the time domain in the class of piecewise exponential
functions. In the discrete synthesis of test signals, which belong to the class of
exponential signals and are described by the same functions as the approximating
functions, exponential splines are optimal. The high efficiency of the synthesis
method with a small number of approximation sites from the point of view of
reducing the measurement error of the parameters of electric circuits in
comparison with other systems of approximating functions is shown.

Jis onepkaHHS TJIAOKAX 3aleKHOCTEH TiJ Yac AMCKPETHOTO CHHTE3Y
3aCTOCOBY€ThCSl aHajioroBa (uibTpanis. Haluacrime me ¢iapTpamis IesiKoro
KYCKOBO-CTYMIHYAaCcTOTO0 CcHUTHanmy, sikuii cdopmoBano [IAIl. Sxmo ymoBu
teopemu KoTenbHHKOBa HE BUKOHYIOTHCS, TO TOUHE BiJITBOPEHHS HEMEPEPBHOTO
CUTHaJTy 3a MOro AWCKPETHUMH BijikamMu He MoxumBo [1]. Dinbrpariis
NPU3BOAUTL JO JACSKUX 3riakeHux (QyHKIIA. 3amaya CHHTE3y CTae
anpPOKCUMAIIIHHOI0 Ta PO3B’A3Y€ThCS Y YacOBiM 005acTi y Kiaci KyCKOBO-
eKCIOHEeHIIanbHUX QyHKIH. [Ipy 1iboMy A1 ofepKaHHS THAAKUX 3aJIeKHOCTEN
JOUIJTPHUM € BUKOPUCTAHHS MATEMaTHYHOTO arapary CIulaiH-QyHkmid [2].
ExcrioneHIianpHi CIUTAMHA € ONTUMAIbHUMU U1 (POPMYBAaHHS BUIPOOYBAIbHHUX
curHaniB (BC) cnemianbHoi popmu, sk TeX OMUCYIOTHCS EKCIIOHEHTaMH, Ta
BUKOPUCTOBYIOTBCA ~ MIJ  4Yac  BUMIPIB Ta  KOHTPOJIO  MapameTpiB
OaraToeleMEHTHUX EJEeKTPUYHMX KUI 3a METOJOM HYJIB Ta moJitociB [3].
CyTHICTh AMCKPETHOTO CHHTE3Y MOJIATAE B MOJAaHI CUTHAIIB, IO (OPMYIOThCS, Y
BUTJISIII CYMH 3MIIIEHHUX Y Yaci PiHITHUX 0a3MCHUX €KCTIOHCHIIATIbHUX CIIJIaiHIB
31 CBOIMHM BaroBUMH KOeQill1€HTaMH.

Sfem(t_)=_§] fIn+1-i]-G,, (i +¢)=

i=—00

= A'(a)[O + f[n+1]-by(e) + f[n]-by(e) + f[n-1]-by(e) +...+ F[1]- b 1(e) + 0]
Crnaiin-yskniss  Sfg,(f) mopsaky M €  OUCKPETHOIO  3rOPTKOIO
pemrituacroi ¢ynkuii f[n] 3 ekcnoneHmianpHuM crutaitnom G, (1) =G, (n+¢),
SKHM € IMIyJbCHOI MEPexXigHOI  XapaKTEPUCTUKOI JIEIKOro  CIUIaiH-
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anpoKcuMyro4oro ¢ineTpy, t=n-+¢€ — BIIHOCHUH Yac, MOB’A3aHUN 3 NIHCHUM
gacom t =t/h; h — piBHoMipHmii iHTepBan auckpermsanii; N=0,12, ... ;
e€[0]]; {b| (8)}:1;)1 — KYCKOBI (PYHKIIi, 110 HA KOXXHIM JUIBHUII YTBOPIOIOTH
CIUIaliH, CKJIAJAlOThCS 3 PO3B’SA3KIB JIEAKOrO JIHIKHOTO AuQepeHIiaTbHOro
PIBHSIHHSL €EKTPUYHOTO KOJa, 3 PO3B’SI3KIB AKOro (OpMYyeTbCs CIUIaH; M —
HOPSAZOK TUudepeHIiaabHoro piBasHas, A’ (a) — HOPMYIOYHMI MHOYKHUK.

Hwkye wHaeneno mnpuknan ¢initHoro 6asucHoro cruakiny  Gg,(t)

Ta €KCIOHEHIIaIbHOI crtaiin-Qynkuii Sfo,, (T) TpeThoro nopsamky.
- _1 —og —
(—1+0L+e ) |:—1+OL8+e ] t €[0,1];

G, (F) = (—1+a+e‘“)_1[1+a+e‘“—(1+e‘“)-oca—2e‘°‘8],t_e[1,2];
31\l) =

(—1+oc+e_°‘) e_“[—1+a(3—1)+e_a(8_1)] te[2,3];

0, t <0, t>3.
-1
5f63,1(t_)=(—1+0t+e_°°) {f[n+1].(_;|_+(18+e—ocg)+
+ f [n]-[l+a+e—0t _(1+e—a).ag—29—a8]+ f[n-1]e [a(s—l)—l+ e—a(s—l):|}’

ne Biptiku f[n] — koedinientn cruaitH-QyHKIL.

Y pobotri HaBeneHO aHami3 matemMaTudyHoi moxeni ¢opmyBanns BC
CIUTafHAMH, YMOBHM CHHTE3Y CIUIalHIB, MPHUKIAAN OJEPXKaHHS PI3SHOMAHITHHX
MoOJieNiell EeKCIIOHEHIIAJIbHUX CIUIAHIB JIPYroro Ta TPEThOTO TOPSAIKIB 3a
MOJEJIIMU NepeaaTHOI PYHKIIT JIHIMHUX eNeKTpUUHuX Kul. HaBeneno BuMoru Jo
nepenatHoi  ¢yHkuii. Ilpukmanu amapaTHoi peanizamii METOQYy CHHTE3Y.
Hageneno Bukopuctanus BC cnemiansHoi popmu, siki copMOBaHO CIIallHaAMH,
1] Yac BUMIPIB Ta KOHTPOJIIO MapaMmeTpiB eNeKTpUuHUX Kil. IlokazaHo BHCOKY
€(EeKTUBHICTh METOY CUHTE3Y ITPU HEBEIMKOI KIIBKOCTI IUISHOK allpOKCUMALIi 3
TOYILIl 30py 3MEHIICHHS MOXUOKM BUMIPIB y MOPIBHAHHS 3 IHIIMMU CHUCTEMaMU
anpOKCUMYIOUMX (DYHKIIIH.

S1.3. Upinkun, Teopus auneunsvix umnyivcuolx cucmem, M.: @uzmatrus, 1963, 968 c.

Brian J. McCartin, «Theory of Exponential Splines», Journal of Approximation Theory,
vol. 66, pp. 1-23, 1991.

Yu. Shumkov, «Exponential splines in electric circuits’ parameters measuringy, in Proc.
of the International Conf. Actual problems of Measuring Technique "Measurement-
98", Kyiv, Ukraine, 1998, pp. 250-253.

B.B. Kyniuenko, ta 10.C. llymkoB, «AHami3 MaTeMaTH4YHOI Mojeni (OpMyBaHHS
CUTHAJIIB €KCIIOHCHINIAILHUMHU CIUIaiiHaMuy», Ha XV Bceykp. nayk.-npakm. Koug.

cmyoenmis, acnipanmie ma mMonooux euenux ‘‘Egexmuenicmo indcenepHux piuieHs
v npunaoo6yoyseanni”’, Kuis, 10-11 rpynns 2019, ¢. 506-509.
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The system objects for quality management at machine-building enterprise.
Developed activities for development, metrology expertise, quality assessment
developed technical documentation for the wheel - shaft, it is estimated the impact of
technological process on the quality of finished products, proposed statistical
methods for quality control of manufactured production, developed a quality
manual. Object of study — the elements of quality management system the machine

enterprise. Purpose — to improve the quality of products.

VY LeHTp eKOHOMIYHOI MOMITUKU JIepKaBH Ha CY4acHOMY eTarll MOCTaBJICHO
3aBJJaHHA BCEOIYHOrO IIJIBUIICHHS TEXHIYHOTO PIBHS 1 SKOCTI HpOI[YKIIIl sKa
MOBUHHA BTUIIOBATH HOBITHI TEXHOJIOTI], 3aJOBOJIGHSTH HAMBHIII TEXHIKO-
€KOHOMIYHI, €CTETUYHI Ta 1HII BUMOIM CHOXXMBayiB. [luTaHHs cTaHmaprTu3arlli,
B3a€MO3aMIHHOCTI 1 TEXHIYHUX BUMIPIOBaHb O€3MOCEPEIHBO TMOB'SA3aH1 3 AKICTIO
MaIllMH, HaJIAHICTIO 1 1X JOBrOBIYHICTIO. B3aeMo3aMiHHICT, BHMara€ BHCOKOT'O
PIBHS BUMIPIOBAJILHOT TEXHIKK Ta METPOJIOTIYHOTO 3a0€3MEeYEHHS.

Bci Buau qisTTbHOCTI JIFOAWHU MIATOPSIKOBAaHI OJTHOMY: T1BHUILCHHS SKOCTI
KUTTA. A B cdepl MaTepialiIbHOTO BUPOOHMIITBA: TOJIIMIIEHHS SKOCT1 MPOMYKIIIi,
110 BUpoOIsieTbes [1]. SIKICTh — rosloBHA MeTa 1 OCHOBHA pYILIHA CHJIa PO3BUTKY
cycmisberBa. 3rigao 1ISO 9000:2015 [2] skicTh — CTymiHb BIATOBIAHOCTI
CYKYITHOCTI MPU-CYIIUX XapaKTEPUCTUK 00'€KTa BUMOTaM.

OcobnmuBe  Mmicile  SKICTh ~ 3aliMae y  BHUPOOHMIITBI  TPOIYKITI
MalmIMHOOYAYBaHHS — TOJIOBHOI Traidy3l €KOHOMIKM Oylb-sIKOT Jep>KaBH.
[TpomyKitisi, 0 BUITYCKAETHCS MAITUHOOYAIBHOIO MPOMUCIIOBICTIO 1€ MAIIMHH,
BEpCTATH, MPUJIAAH, IHCTPYMEHTH 1 MPUCTOCYBAHHS, SIKI CKJIAJIAlOThCS 3 JeTallel
pizHOMaHITHUX (opMm 1 po3mipiB. s MaH_II/IHO6y)Z[YBaHHSI Halle(heKTUBHILLIUMU
MOKa3HUKAMH  SKOCTI € eKcrmyaTaumHl XapaKTepUCTHKN  MAIIWH.
EKCHHyaTaHH/IHl MOKA3HUKMA MEXaHI3MIB 1 MalluH (I[OBFOBI‘IHlCTI) HaJIHICTB,
TOYHICTH 1 T. [.) B 3HAYHIM MIpl 3ajiexaTh BiJ MPaBUIBLHOCTI BUOOPY MOCAJIOK,
JOMYCKIB (hOPMHU 1 pO3TalllyBaHHs, IIOPCTKOCTI TOBEPXHI.

Cucrema ympapiliHHA SIKICTIO MIANPUEMCTBA — IHTETPOBAHMM MeEXaHI3M
YIOpaBIIHHS, TPU3HAYCHHUN IJIs1 peai3allii mijiel B 001acTi sIKOCT1 1 OpiEHTOBAHUN
SK Ha MIHIMI3aI[il0 BCiX BHJIB BTPAT, TaK 1 Ha y3roji>keHe (PyHKIIIOHYBaHHS BCIX
eseMeHTiB. OZHUM 3 TOJIOBHUX €JIEMEHTIB YNPABIIHHS SIKICTIO € YIpaBIiHHA
KOHTPOJILHUM, BUMIPIOBAILHUM Ta BUMPOOYBATLHUM OOJIaJHAHHS BiJIMOBITHO O
MibkHapogHoro cranmapty I1SO 10012 "Measurement management systems -
Requirements for measurement processes and measuring equipment". Ilpu
MPOEKTYBaHHI1 JeTallell MalllMH iX T€OMETPUYHI MapaMeTpH 3aJal0ThCs pO3MipaMu
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€JIEMEHTIB, a TaKoXX (OPMOIO 1 B3a€EMHUM PO3TAIIyBaHHSIM iX MOBEPXOHb.
[Ipu BUTOTOBIECHHI BUHUKAIOTH BIIXUJICHHS TEOMETPUIHUX ITApaMETPIiB pealbHUX
JeTaNeH BiJ 3alPOSKTOBAHUX 3HAYCHb. |[1 BIIXUJICHHS Ha3MBAIOTHCS TTOXUOKaMHU.
BumiproBaHHs € TOJJOBHUM JIKEPEJIOM BIJJOMOCTEH MpO BIAMOBIAHICTD MPOTYKIT
BCTAHOBJICHUM BUMOTaM. J1Jisi KOHTPOJIIO BiAMOBIIHOCTI BCTAHOBJICHUM BHUMOTaM
BUKOPHCTOBYIOTh ~ KOHTPOJBHO-BUMIPIOBAJbHI ~ IHCTpyMeHTH. Tomy  ans
3a0e3MeYeHHs HaJIeKHO1 SKOCTI MPOCKTYBAHHS, BUTOTOBJICHHS JIeTalel, BY3IiB 1
MallliH BAXKJIUBUM € THTAHHS METPOJIOTIYHOTO 3a0€3MEUYEeHHs] KOHTPOJIO Ta
BHUMIPIOBAaHb MTAPAMETPIB SIKOCTI BUPOOIB.

Jlisg Ttoro mo® BH3HAYUTH MPUIATHICTH JETaldl HEOOXITHO BHU3HAUUTH 11
JIACHI po3Mipu. BigxwieHHs TIHCHOrO po3Mipy JeTaji BiJ HOMIHAJIbHOTO IS
3aJIaHOTO KBAJIITETy HE MOBUHHO BUXOIUTH 32 MEXI JOMYCKY, BCTAHOBJICHOTO
cranaapramu [SO 286: 2010 [3].

VY JochipKeHHI 3aCTOCOBAHO CTAaTUCTUYHI METOIM YINPABIIHHS SKICTIO
MamuHOOyAIBHOT mpoaykiii. CTaTUCTHYHE pEryJIOBaHHS TEXHOJIOTTYHOIO
MpolIeCy TPYHTYETHCA HA 3aCTOCYBaHHI KOHTpOJIbHUX KapT. 1106 B HalOuLIbII
MOBHOIO MIpOIO BiAOOpa3WTH TEXHOJIOTTYHHMIA MPOLEC 1 B MOAAIBIIOMY BXKUBATH
3aXO0/1B II0JI0 OT0 perystoBaHHs BUOEPEMO JIBa TUIH KOHTPOJIBHUX KapT: KapTa,
sgKa BIJIOOpakae BIAXWIJICHHS BiJI HOMIHAJIBHOTO pajiaJibHOro OWUTTS (TOOTO
MaT€MaTUYHOTO OYIKYBaHHSI) — KapTa CepedHIX 3HAaueHb; 1 Kapra, WO
XapaKTepU3yeThCsl PO3CIIOBaHHA (po3Max) OKpeMHUX 3HAY€Hb 1 iX 3MiHa B 4Haci —
Kapta po3maxiB «R» (puc.1).

& 4

Pucynox 1 - KonTponbsHa kapTa cepeHix 3HaueHb (a), kapTta po3maxiB «R» (0).

Cnucok BUKOPUCTAHUX JHKEPE:

1. ACTY ISO 9001:2015 Cucremu ympasiinHs sikicTio. Bumoru (ISO
9001:2015, IDT). — Ben. 2016-07-01. — Kuis: YkpHIHII, 2016. — 31 c.

2. ACTY ISO 9000:2015 Cucremu ympaiiHHsA sKicTio. OCHOBHI
nosiokeHHs Ta ciaoBHUK TepmiHiB (ISO 9000:2015, IDT) [Tekct]. — Been. 2017—
01-01. — Kuis: YkpH/HII, 2016, 50 c.

3. 1SO 286-1 : 2010 ISO system of limits and fits — Part 1. Bases of
tolerances, deviation and fits.4.
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The problem of choosing the order of the interpolation polynomial for
constructing the transformation function of measuring devices is considered.
Increasing this parameter increases the accuracy of the approximation, but
significantly increases the number of required calculations. A heuristic algorithm
Is proposed that provides a compromise between accuracy and computational
complexity of the model. Modeling was performed using the system of
engineering and scientific calculations MATLAB to study the proposed
algorithm.

VY METpoJIOriyHId MPaKTUIl JOCUTh YacTO JIOBOJAMTHCS MaTH CIpaBy 3
BUMIPIOBAJIbHUMHU TPUCTPOSAMH, 110 MAIOTh HENIHINHI XapakTepucTuku. s
imeHTudIkamii QyHKIIi MepeTBOPEHHS TaKUX 3aco0iB BUMIPIOBaHb 3a3BUYail
3MIMCHIOIOTH JIiHEapU3aIil0 MaTeMaTUYHOI MOJENl NUIIXOM 3aMiHU 3MIHHUX 3
HACTYITHUM BH3HAYEHHSM 1i TMapaMeTpiB 3a JOTMOMOTOK METOAY HaNMEHIIHMX
KBaJIpaTiB. AJie IpH IIbOMY HEOOX1HO MaTH anpiopHy 1HPOPMAIIiIO PO BUJ III€T
HEeNHIMHOT (yHKIII, TOOTO 3HATH CTPYKTYpY MAaTeMaTHU4HOI MOJENl 3aco0y
BUMIpIOBaHb. OOIpYHTOBaHMI BUOIp 3arajibHOr0 BUY HEIIHIMHOI 3aJ€KHOCTI €
JIOCUTH CKJIQJIHOIO 33/1a4€0, 110 MOTaHo MiIaeThes (hopmaizariii.

VY cyuacHiii MaTeMaTHIll po3poOJIEHO YUCICHHI METOU BUPIIICHHS 3aBJaHb
noOynoBr (YHKI[IOHAIPHUX 3aJIEKHOCTEH 3a EKCIePUMEHTAIIbHUMU JTaHUMH,
nepul 3a BCe — CTaTUCTUYHI METOJM, 3aCHOBAaHI Ha IMOBIPHICHMX MOJENSAX ISt
noXuOOK BHUMIpIOBaHb. HalOUIbII TOMMPEHUM 3 HHUX € METOJ HaNMEHIIHNX
KBaJpaTiB. Y LbOMY METOJIl OLIHKH MapaMeTpiB 3aJIeKHOCTI BU3HAYAIOTH 3
YMOBHM, IO CyMa KBaJpaTiB BIAXWIEHb PO3PAXYHKOBUX 3HAYEHb Bij
EKCIIEpUMEHTAIbHUX  MiHIManbHA. MeTon HaliMEHIIUX KBajapaTiB  Oyiio
pO3po0JIeHO ISl OLIHOK MapameTpiB JHIAHOI Mojeni. Y BHIAAKY CYTTEBO
HEJMHIMHUX (QYHKIIOHATBHUX 3aJeKHOCTEH I ampoKCcUMallli BUKOPHUCTO-
BYIOTbCSI HEJIHIMHI (PYHKIT, SIKI 3BOASTHCS [0 JIHIMHOTO BUTJSALY LUISIXOM
3aMiHU 3MIHHHUX.

OpgauM 13 epeKTUBHHX TMIIXOJIB JIO BHUPIIMICHHS 3a/a4l BiIITyKaHHS
HEIHINHOT (PYHKI[IT MepeTBOPEHHS € 3aCTOCYBaHHS MaTeMaTHUYHUX MoOJieJiel Ha
0a31 anrebpaiyHUX MOJIHOMIB a00 MHOTOWIEHIB. OOTpYHTYBaHHSM JIOLITBHOCTI
TaKoro BUOOPY CIyX UTh TOM ¢akT, Mo mojgiHoMianbHl QyHKIT MalOTh 100pi
anpOKCUMYIOYl BJIACTUBOCTI 1 MPUAATHI JUJI1 BIATBOPEHHS HIMPOKOrO KJacy
HENHIMHOCTeW, iX MOXHa BBa)XXaTH YHIBEpPCAJIbHUMH ampOKCHUMATOpPaAMHU.
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OnTtumanbHl KOe]IIieHTH MOJIHOMIaNbHOI (YHKIlIT BU3HAYAIOTHCS METOJIOM
HaMEHINNX KBaJIpaTiB.

[IpoTe € meBHI TPyAHOI, OB’ A3aHI 3 OOTPYHTOBAHUM BHOOPOM MOPSIKY
MOJTIHOMIaJIbHOT MOJIENl. 3pO3yMIJIO, III0 YMM BHIIE MOPSAAOK 1HTEPIOJALIHOTO
MOJIiIHOMa, THM TOYHIIIE MOJACIbL OyJe BIITBOPIOBATH HENIHIWHY 3aJIeKHICTb.
Opnak, MeToJ HalMEHIIMX KBaJApaTiB mepeadayae poO3B’sI3aHHS CHCTEMU
JTHIAHUX anreOpaiyHuX piBHSAHb, MOPSAIOK SKOT HA OJUHUINIO OUIbIIE TOPSAKY
IHTEPHNOJSAUIAHOrO MoJiHOMa. 3 OAHOro OOKY, II€ MPHU3BOJIUTH 1O CYTTEBOTO
3pocTaHHs 00CIry 004HCIIEHb, a 3 1HIIOIO CUCTEMH PIBHSHb BUCOKUX MOPS/IKIB B
METO/Il HAafMEHIIINX KBaJApaTiB 4acTo OyBalOTh OTAaHO 0OYMOBIICHUMHU.

TakuM YMHOM, MOPSJIOK IHTEPIOJAIIMHOTO MOJIHOMA € KOMIIPOMICOM MIXK
TOYHICTIO allPOKCHMAIIii 1 0OYHMCITIOBAIBHOIO CKIaAHICTIO 3anayi. [IponoHyeThes
EeBPUCTUYHHUI aJIrOpUTM BHUOOPY MOPSAAKY MOJIHOMIAJIBHOI MOJEN, KUK
JI03BOJISIE aBTOMATHU3YBAaTH ITI0 TIPOLIEAYPY. Lnes mondrae y ToMmy, 110 Crovarky 3a
JIOTIOMOTOI0  METOJly HaWMEHIIMX KBajpaTiB OyayeTbes JiHIMHA QYHKIIIS
(moniHOM TEpIIOro HOpHI[Ky) 1 OIIIHIOETHCS CepeTHbOKBAIPATHIHA noxuoka
anmpokcuMartii. Jlami mociioBHO B IMKJII MOPSAOK IMOJIIHOMA 30UTBIIYETHCS Ha
OJIMHULIIO, OIHIOIOTHCS KOE(IIIEHTH HOBOI MOJENl 1 CEpEIHPOKBAPATHYHA
noxuOka anpokcumariii. [lepexia 10 HacTynmHOI iTepallii HUKITY 3A1MCHIOETHCS Y
BUIIAJIKY, KO CEpEIHHLOKBAIpAaTHIHA TIOXHOKA MOJENI TOPSIKY N 3MEHIITY€E€ThCS
B 1,5...2 pa3u NopiBHAHO 3 MOXUOKOI MojeNl MopsaKy N—1 (3HayeHHs LbOro
Koe(dillieHTa 3a/1a€ThCA HA MOYATKy poOOTH MporpaMu). AJITOPUTM 3YIUHSAETHCA,
KOJIM 3OLIBIICHHS TOPSIKY IMOJIHOMIATBbHOT MOJEINI A€ HECYTTEBHM TPHUPICT
TOYHOCTI, HE CIIBPO3MIPHUH 13 30UTLIEHHSM OOUMCIIOBAIBHOI CKIIATHOCTI.

Jns  JOCHDKEHHST  3alpONOHOBAHOTO  aJIrOpUTMy OyJio  TMpOBEJEHE
MOJICJIFOBAHHS 3 BUKOPUCTAHHSIM CUCTEMH 1HKEHEPHUX T4 HAYKOBUX PO3PAXYHKIB
MATLAB. Pe3ynpTaT MOJEIIOBAHHS MIATBEPAWIN €PEKTUBHICTH PO3POOIEHOI
poLeIypyu BUOOPY MOPSIAKY IHTEPIIOJISILIIHHOTO MOJIHOMA.
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AHAJIN3 PE3YJIBTATOB ITMJIOTHBIX N KJITIOUYUEBBIX
CJIMYEHUHA KUJIOTPAMMA.
HAYAJIO HOBOH ®A3bI IEPEJJAYU KNJIOTPAMMA
ITanenko A. H.
Hayunblii pykoBouTeNb — 1.T.H., ipod. 3axapos U. I1.
XapbKOBCKM HALIMOHAIBHBIM YHUBEPCUTET PAAUOIICKTPOHUKA
61166, Xapokos, np. Hayku, 14, kad. MeTponoruu u TeXHUUECKON 3KCIEPTU3HI,
ten. (057) 702-13-31
e-mail: sashapatsenko@ukr.net
The new definition of the kilogram, based on the fixed numerical value of
the Planck constant, came into force on May 20, 2019. The paper analyzes the
results of pilot and key comparisons of kilogram realizations based on the new
definition. Shows the consistency of the results obtained with those expected
according to the roadmap of a complete transition within 10-20 years.

[locme mepeomnpenencHuss KuJIorpamma
HapoHoro mpoTtotuna kuiorpamma (IPK) u

HEOIpPEACICHHOCTh
coctapisgeT 0,010 mr.

MEXKTY-

mMipPK
B Ta6n. 1 mpeacTaBieHbl pe3yabTaThl MUJIOTHBIX U KIIOUEBBIX CIMYCHHM,

BJIMSIOIIME Ha coryacoBanHoe 3HadeHue IPK m ero HeompenenenHocts [1-3]
yepe3 MpoCIeKUBAEMOCTh K TOCTOsSIHHOM [1manka.

[lemn KIIOYEBOTO CIMYCHHS COCTOSUTH B TOM, YTOOBI OTIPECIUTh YPOBEHD
corjacusi MEXAy pean3alisiMid KHJIOTPAMMOB OT Pa3IMYHBIX HAIIMOHAJIBHBIX
meTrposornueckux uHCTUTYTOB (NMI) u mpemocraButh wuHpOpManuw s
pacueTa nepBoro coriacoBanHoro 3HaueHus (CV).

Ta6nuna 1 — Pe3ynbTaThl NWIOTHBIX [ 1] ¥ KIIFOUEBBIX [2] cIMYeHUI

2017 2020
OTKIOHEHHE CranianTHoe PaciuipeHHas Otkionenue ot | CraHzapTHoe Pacmmpennas
oT OTKJII([)HI;HI/IG HeOHpeJIeI?'IeHHOCTL KOHTPOJILHOTO | OTKJIOHEHUE | HEOHPEIeIeHHOCTb
Ne| NM| | 2TanonHoro OTKIOHOHISL 3HAYEHMS OTKJIOHEHUS
3HAYEHUS k=2) KITIOYEBOTO (k=2)
CpaBHEHUSA
: ; (KCRV)
Amifmr u(dm; )/ U(dm;) /e Am;fmr u{Amyi) /mMr U{Amy) /mr
(BIP'\)/Il 0,0006 0,0113 0,0226 - - -
IPK
1| BIPM - - - 0,0252 0,0485 0,0970
2| LNE -0,2038 0,1396 0,2792 - - -
3| NIST 0,0296 0,0274 0,0548 0,0003 0,0259 0,0519
4| NMU -0,0012 0,0218 0,0436 0,0022 0,0201 0,0401
5| NRC -0,0015 0,0119 0,0238 0,0154 0,0091 0,0181
6| PTB -0,0061 0,0165 0,0330 -0,0210 0,0104 0,0209
7 | KRISS - - - 0,0724 0,1070 0,2140
8| NIM - - - -0,0117 0,0449 0,0899
(rI13(:IE’|\<A)2 - - - 0,0188 0,0138 0,0276
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Ilpumeuanue 1. CpenHeB3BelieHHOE 3HadeHUE pesynbTaToB matu NMI.
PesynpraT: Am = —0.0006 mr; cTanAapTHas HeonpenenaeHHocTh: 0,0102 wmr.

DTO 03HAYAET, UTO CPEIHEB3BEILICHHOE 3HAYCHUE PE3YJIHTATOB KaTUOPOBKH
JUIs 9 TAOHOB 1 Kr ydacTHHUKOB Bcero Ha 0,0006 mMr oTiiMyaeTcst OT KaJluOpOBKH,
ocHoBaHHOM Ha IPK.

[locne 3aBepiIeHHs NEPBOTO KIHOYEBOTO CIWYEHUS 3KCHEPUMEHTOB I10
peanu3aluy  [PUHATO COIJJACOBAHHOE 3HAYEHUE KHIJIOTpAaMMa, KOTOPOE
cocraBysieT 1 xr - 0,002 mr. CrannaprHas HeomnpeaeaeHHocTs 0,020 mr [4].

3nauenue Oynet pusmuecku noanaepxuBathesi BIPM, koTopsiii oGecnieunt
MPOCIEKUBAEMOCTh HALMOHAIBHBIX 3TAIOHOB Macchl. [IpociiexnBaemMocTb
eauHulbl Macchl B cucteMe CH Oyner B3siTa U3 COMVIACOBAaHHOIO 3HAYCHUS
Kuiiorpamma, HaunHas ¢ 1 gespanst 2021 roga. [lepBoHayanbHOE COrIaCOBAaHHOE
3HaYCHHE PACCUMTAHO HA OCHOBE CPEIHEro apu(PMETHUECKOTO TpeX HabOopoB
JTAHHBIX:

® JlaHHbBIC, HaNpsIMyl oTciaexuBaembie 10 [IPK (mocnegnuit  pas
UCTIONBb30BaKCh B 2014 roty ¥ MO IepKUBatOTCs padounmu 3tanoHamu BIPM);

® J[aHHBIC MUJIOTHOTO CIMYEHHUS JIKCIEpUMEHTOB mo peanm3arun CCM,
nposeneHHoro B 2016 r. (B cooTBeTcTBUU C pabouumu stasioHamu BIPM), c
MOMpPaBKOM Ha CHIBUT, BBeJeHHBIM KoppekTupoBkoit CODATA 2017, B
orHomieHuu 3HaueHuss CODATA 2014, xoTopoe HCMOIb30BAJIOCh B KaueCTBE
ATaJIOHA B MUJIOTHOM CIIMYEHHH;

® KOHTpoOJIbHOEe 3HaueHue kitoueBoro cpaBHenus (KCRV) xmrodeBoro
CIINYEHUS (OTKJIOHGHI/IC Am = —0.0188 MI 10 OTHOIIEHHIO K €IHHHUIIE MaccChl,

noanepxuBaeMoil  paboummu  stanoHamu  BIPM, co  crammaptHOU
HeonpeneiaeHHocThio 0,0075 mr).
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following redefinition, “Calculation of the Consensus Value for the Kilogram
20207, available from the BIPM web site.
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CUCTEMA BIIJAJIEHOTI'O 3b0OPY EKCIIEPUMEHTAJIbBHUX
TAHHUX 3 BUKOPUCTAHHSIM XMAPHHUX TEXHOJIOI'TH
Mamnsues /1.B., boromaszos C.A.

HaykoBuii kepiBHUK — K.T.H., Jo11. boromazos C.A.
HarnionansHuit TexHiuHUN yHIBepcUTEeT YKpainu « KuiBCbKuil mosiTeXHIYHUN
iHcTUTYT 1MeHi Iropst Cikopcskoroy, M. KuiB, Ykpaina
03056, Kuis, npoct. [lepemoru, 37, kad. Indhopmaniiino-BUMIprOBaTbHUX
TexHoJoriH, Te. (044) 204-98-93, e-mail: malcevdimitriy@gmail.com

The article presents an analysis of the peculiarities of the organization of
experimental data collection systems. Determining the main advantages of using
this concept in modern loT systems. The system is implemented using the
Electric Imp platform. The Electric Imp connects sensors, devices, or systems to
services and loT applications quickly. It securely scales to large volumes. On the
basis of this platform the model of system of collecting and processing of
temperature parameters of diesel engines was developed.

Ha croroanimHii feHb [HTepHET pedeid — OuH 13 TOJIOBHUX CBITOBUX TPEH/IIB
B cdepi iHOOPMAIMHUX TEXHOJOTrIA. 3BUYHI HaM MPUIAJAA CTAIOTh YaCTHHOIO
cucreMu [HTEepHETY peyeil 1 MOKyTh BUKOHYBaTH HOBI (pyHKIIi. BaxxiuBy poib B
TaKMX CUCTEMax BIAIIPalOTh 3aco0M BIAJAJIEHOrO 300py BHUMIPIOBAJIBHOL
iHpopmarii. CximagHi OOYMCIEHHS B TaKUX CHCTeMax B 0ararboX BHIAJIKax
BUKOHYIOTbCS B XMapHoMy cepenoBuil. Ilpy 1boMy BHHUKAaEe HEOOXIJIHICTbH
pPO3pOOKH CHCTEM aBTOMATH3allli BIJAAJIEHOrO 300py E€KCIIEPUMEHTANIbHUX JTaHMX.
Tomy Oys0 MpoBeIEHO aHall3 OCOOJIMBOCTEM peajiizallli TaKuX CHUCTeM Ha 0asi
wiatdopmu Electric Imp[1].

Ha 6a3i miei mmatdopmu Oyna po3poOieHa MOJels CUCTEMH 300py 1 00pOOKH
TEMIIepaTypHUX TMapamMeTpiB NWU3EIbHUX JBUTYHIB. BoHa CKIIaAaeThCsi 3 MOMYIIS
imp001 (mepexxeBoro Bysia 0e31poTOBOTO 3B’s13Ky)[2], matu-Hocis impExplorer,
xmapHoro cepenoBuiia Electric Imp Cloud 1 65oxy BuUMIprOBaHHS TeMIepaTyp.
[lmara impExplorer Bkmtowae B cebe JgaT4MK TeMIeparypd 1 BOJIOTOCTI,
aKCeJIepOMETp, JAaTYUK aTMOC(EPHOTO THUCKY Ta HAJA€ MOKJIMBICTD PO3IIMPEHHS
CBOIX (DYHKIIIH 3a JOMOMOTOK YOTUPHhOX po3’eMiB GroveSystem (1Ba po3’eMu 1Jis
H1AKIIOYEHHS TPUCTPOIB 3a JornoMororo iHtepdeiicy 12C, iHm — 11 MAKITI0OYSHHS
M(POBUX 1 AHATIOTOBUX MTPUCTPOIB)[3].

[Tnardopma Electric Imp cknanaerbcs 3 TpboxX piBHIB. Ha piBHI mpuCTpoiB
(Device Tier) aBTOpH30BaHHM MOIyJIb ImMp JO3BOJSE MIAKIIOYUTH KIHIEBUN
npuctpiii 10 xmapu Electric Imp Cloud. Hactynnwuii piBeHs miargopmu — piBeHb
xmapu Electric Imp Cloud Tier. Xmapue cepenoBume Electric Imp Cloud e
KIHIIEBOIO TOYKOIO JIJIsl BCIX MPUCTPOIB 1 HATa€ HEOOX1THI TOCTYTH JIJIS:

® YIPaBIIHHS PUCTPOEM;
e oHoBJcHHA “Ha ab0TY” (Over-the-Air — OTA);
e ayTeHTU(]IKAIlll TPUCTPOIO B CUCTEMI;
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e 0Oe3MeYHOro 30epeKeHHS TaHUX;
® MOJKJIUBOCTI JIETKOTO MacIITaOyBaHHS CUCTEMHU.

Electric Imp Cloud Hamae BipTyanbHE NMpeACTaBICHHS IPUCTPOIO B XMapi Ta
BUKOHYE JIOTIKY JOAATKY 1 iHTerparii i iMmeHi npuctporo[4]. Koxxuuii mpuctpiii
cuctemu Electric Imp mnoB's3anuii 31 CBOIM NPOrpaMHUM areHTOM, SIKUN
pO3TalllOBaHUN B XMapHOMY CEPEJOBHIII 1 BIJNOBiae 3a Oe3neky 1 0OpoOKy
BXiqHUX nAaHux. Tpertiit piBeHs miatdopmu (Customer Cloud Tier) — 1e
KOPHUCTYBAIIbKUN XMapHUN J10JIaTOK, 110 OTPUMYE HaaiitH1 Ta 00poOIIeH] 1aHl Bijl
xmapu Electric Imp.

Po3pobriiena Mmojenb cUCTeMH peali3ye ITSATh BHUMIPIOBAIBHUX KaHAJIIB
(Temmeparypa BOIM Ha BXOJl JW3eNs, TEMIeparypa BOAMW Ha BUXOJ MPaBOIo 1
JIBOro OJIOKIB W3NS, TEMIEpaTypd Maciia Ha BXOJl 1 TeMmreparypd Maciia Ha
BUXOAl au3ensi). B sxocTi natyukiB TemnepaTypu Oysio BUKOPUCTAHO IUIATHHOBI
TEPMOMETPU  Omopy. MIKpornpouecopHuid OJIOK BHUMIPIOBaHHS TeMIEpaTypu
BUKOHYE BHUMIPIOBaHHS OMOPY Ta pPO3PAXOBYE TEMIIEpaTypy 3a BIAMOBITHOIO
3anexHicTio. OTpuMaHi 3HaUYEHHS TEMIIepaTypu nepenatoTees o iHnrepdeiicy 12C
Ha Monynb Electric Imp. Ilpuctpiii imp001 3uutye i1H(poOpMamito Bix OJIOKY
BUMIPIOBaHHSI TEMIEpaTypd 1 HAJCWIAE ii areHTy B XMapHE CEPEIOBHILE IS
NOJIANTBIIIOT OOPOOKU 1 Tiepeiayl Ha 1HIIMN pUCTpii abo cepsep.

BukopucranHs XMapHMX TEXHOJIOTIHM Ui 300py €KCHEpUMEHTAIbHUX JaHUX
3a0€3MeUmI0 MOXKJIMBICTh TPOBEICHHS BUIIPOOYBaHb JU3EIbHUX JBUTYHIB 13
00pOOKOI0 pe3yNbTaTiB BUMIPIOBAaHb B PEATbHOMY Yaci 1 30€peKeHHSM JaHHX B
XMapHOMY CEPETOBHIIIL.

TakuMm uyuHOM, po3poOiieHa cHcTeMa ISl OTPUMAaHHS EKCIEPUMEHTAIbHUX
JAaHUX 3 BHUKOPHCTAHHAM XMapHUX TEXHOJIOTIH HaJa€ MOMIJIMBICTh IIBHIIKO
HIAKII0YaTH OyAb-IKHI CEHCOp, MPUCTPI abo cucTeMy A0 NOJATKIB IHTepHeTy
peueii. Bukopuctanas xmMapHux TexHojorii Ta miatdopmu Electric Imp crporrye
OpraHizalilo CHCTEM BIIJAIIEHOrO 300py JaHUX, MIJIBULIYE iX HAIIMHICTh 1 HAAa€
BEJIMKI MOKJIMBOCTI [Tl PO3IIUPEHHS CBOTO (DYHKIIIOHATY.
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The report discusses the features of budgeting the uncertainty of the
measurement result in the field of ionizing radiation. As an example, the issue of
compiling the uncertainty budget for the national standard of radon-222
volumetric activity was studied. The budget of the measurement uncertainty has
been calculated and presented, taking into account the half-life and the emanation
coefficient of the mass of the radon generator based on a standard sample of
uranium ore UR-768C. The calculations of the uncertainty of the measurement
result for the reference points of the volumetric activity of radon-222 for several
laboratories for radon monitors have been performed.

OcoOEHHOCTBIO CCOTaBJEHUS OrOKETa HEOMPEACTICHHOCTH B 00JacTH
WOHU3UPYIOIINX H3JIyYCHUH, Ha MpPUMEpPEe HAIMOHAIBHOTO 3TajOoHa OO0BEMHOU
AKTUBHOCTH paJioHa-222 €CTb HEBO3MOXHOCTb TMPEIACTABICHUS B BHJE
KoepuimeHToB uyBcTBHTENbHOCTH [1]. B maHHOM cnydae, umMeeT MecTo
MIPEICTaBIICHUE OIO/KETa HEOIPEACICHHOCTH B BUJE OFO/PKETa MOTPEITHOCTEH,
MEPECUUTAHHBIX B TEPMUHAX TEOPUU HEONpeIeIeHHOCTH (CM. Tab. 1).

Tabmuma 1
U;, % 3HaueHHe
CocraBusronie HeonpeaeIeHHOCTH A B
daxTop dMaHaImK pasioHa-222 U3 CTaHAAPTHOTO 00pasia - 0,393
@daxTop MacChl CTaHAAPTHOTO 00pasna - 0,027
dakTop pacnaja pajoHa-222 - 0,003
@DakTop reOMETPUH €TATOHHOW YCTAHOBKH - 0,076
daxTop TeMITepaTypsl - 0,041
®DakTop JaBICHUS - 0,032
@DakTop OTKAIMOPOBAHOTO 3TAIOHA-TIEPEHOCUUKA 1,743 -
@DakTop reOMETPUH TAIOHA MIEPEHOCYHKA - 0,165
CyMmMapHas CTaHIapTHasI HEOTIPEEICHOCTh, U, 1,797
Pocumpennas HeonpeneneHHocTb, Up 4,629

IIpu 3TOM, CpeIHEKBAAPATUYECKOE OTKIOHEHHE, KOTOPOE XapaKTephU3yeT
CIIy4aiiHyIO OTPENTHOCTh, COOTBETCTBYET CTAHAAPTHON HEOMPEACICHHOCTH THIIA
A. CpeaHekBaIpaTHYSCKOE OTKJIOHCHHE, KOTOpOE  XapakTepU3yeT
HEHCKITIOYCHHYIO CHCTEMATHUYECKYIO MOTPENIHOCTh, COOTBETCTBYET CTaHIapPTHOM
HEOIpeeICHHOCTH ThMa B 1 nepecunTtriBaetcs no dopmyse [2]:

_9o(p)
k/3

131

Ug


mailto:vladimir.skliarov@gmail.com

roe O(p) - JIOBEPUTEIIbHBIC TPAHUIBI HEMCKIIOUEHHON CHUCTEMaTHYECKOMN

NOTPENIHOCTH PE3YJIbTaTa U3MEPEHUS, k=1 ,4 mpu p=0,95.
Pe3ynbTatsl pacuera omopHoro 3HadeHus u3Mepenuii [3] ast rouku 1500 br/m
JUISL YETBIPEX Pa3IMYHbBIX JA00OPATOPHiL, C YIETOM PACIIMPEHHON HEONPEIeIEHHOCTH,

3

MIPEJICTaBIICHBI B TAOIHUILIE 2.

Tabmura 2 R N
JlaGopatopus | X » Bx/m® | © %t ) Br/m® x., Br/m® Y Briv®
1 1474,70 68,26
2 1579,53 143,91
3 1500 & 1666,41 212,60
4 1736,74 286,22
HopmupoBaHHBIC 3HA4eHUs] PE3YJIbTATOB TPEICTABICHUS H3MEPCHHBIX

3HadYeHnH akTHBHOCTH 1500 BK/M® OTHOCHTEBHO ONIOPHOTO 3HAYEHHUS U C YUETOM
HEONPEIEIEHHOCTH MPEICTABIEHO HA PUCHHKE.

1.3
*
1,2
n ]
1.1
pé ?
: -
u L ] L 4
0.9 e
ﬂ,ﬂ T T T 1
1 2 3 4
NaGoparopus
Pe3ynprarsel H3MEPEHHBIX 3HAYEHUN C YUETOM PACIIMPEHHOU
HEOIIPEACIICHHOCTH.
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An integral area of additive technologies is the regulatory framework. The
existing volume of regulations can be divided into three areas: general purpose
standards defining process requirements and applications; standards for materials
that apply; standards that define the requirements for the additive manufacturing
process for various consumers from aerospace to medicine. Harmonization of
regulatory documents of additive manufacturing is a significant task for
Ukrainian scientists in the field of metrology. Because of the metal Additive
Manufacturing (AM) industry moves towards industrial production, the need for
qualification standards covering all aspects of the technology becomes ever more
prevalent.

[lepcriekTUBBl AAIUTUBHOTO MPOU3BOACTBA (AM) NpUBIEKIM BHUMaHUE
MPOMBIIIUICHHOCTH B TaKUX OTPACIAX, KaK a’pOKOCMUYECKas, MEIUIUHCKAS U
oOopoHHas. Hcmonp3oBaHME  TEXHOJIOTMM  aJJUTUBHOTO  MPOU3BOJICTBA
MPMEHUTENBHO IS BBITyCKA METAUIMYECKHX JJIEMEHTOB W3JIEHUs, TO3BOJIUT
COKpPAaTHTh BpeMsl HM3TOTOBJCHHS W3Aenus 0Oe3 yXYyIOIIeHUS  KadecTBa
BBIITyCKAaeMON TPOAyKIuU. [loMUMO 3HAYUTENBHOTO COKpAIIECHUS BpPEMEHU
W3TOTOBJICHHUSI, CYIIECTBYIOT Apyrue OusHec-(haKTOphbl, B TOM YHCJIE CHIKCHUE
BECa, COKpAIleHHWE KOJUYECTBA COCTAaBHBIX DJIEMEHTOB W3JCIUS, BBICOKHIA
YpOBEHb T€OMETPHYCCKOM cliokHOCTH [1]. PackpbiBaromuecss NEpCreKTUBBI U
SBHBIC TIPEUMYIIECTBA AJJTATUBHOTO MPOU3BOJCTBA HE CHIKAIOT, a TOBBIMIAIOT
TpeOOBaHMS K KauyeCTBY M HAJICKHOCTH BBITyCKaeMOW MpoaykKnuu. PaspaboTka
OTpacjeBbIX CTAHIAPTOB M HOPMATHBOBM OCOOCHHO BaXXHBI B OBICTPO
MEHSIOIICHCS Cpelle MPOM3BOJCTBA, JOJDKHBI CIHOCOOCTBOBATH HAJEKHOM
KBTI (PUKALINS BBITYCKAEMOU MPOTYKIIHH.

Jlnst  BBITIOJIHEHHWSI ~ BO3pPACTAOIIMX  TpeOOBaHWUH K  aJTATUBHOMY
MIPOU3BOJCTBY M CTAaHJIAPTH3AIWK aJIUTUBHOTO Tpomn3BoiacTBa, B CIIIA co3man
MEXOTpaciaeBoil  koopauHupytonui  opran  Additive  Manufacturing
Standardization Collaborative (AMSC). AMSC KoOpAMHHPYET COBMECTHYIO
NEATEILHOCTh TI0 CTAHAAPTU3alUA aJTATUBHOTO IPOM3BOJCTBA, SBIISICTCS
MEXKOTPACIEBbIM OpPraHOM, IMEJbI0 KOTOPOTO — YCKOpPEHHE pa3pabdOTKH
CTaHJApTOB C crenudUKanuii aaJIuTUBHOTO TPOU3BOJICTBA B COOTBECTCTBUU C
NOTPEOHOCTHIMU 3aUHTEPECOBAHHBIX CTOPOH [2].

CraHmapTel aIIUTHBHOTO TPOW3BOJICTBA OXBATBHIBAIOT BECh JKU3HCHHBIN
IIUKJI QJIMTUBHON TIEYAaTH JETaJId, OT BXOJHBIX JAHHBIX TPEXMEPHOTO AM3aiiHa
70 BBIOOpA MCXOIHBIX MAaTEPUAIOB, KOHTPOJh KadyecTBa B MpoOIleCCe TeYaTH;
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nocToOpaboOTKy; OIEHKY CBOWCTB TOTOBOTO MaTepuayia; TECTHPOBAHHE,
KBaM(UKaLMA U cepTUUKaIys; 00CIy>KUBaHUE U PEMOHT.

JlopoxxHast kaprta, paspaboranHas AMSC, onuceiBaeTr 9 oOnacteit
(TeXHUYECKHUX HAIMpaBJICHMIA), B KOTOPHIX, B HACTOSIIEE BPEMs, HE CYIIECTBYET
OIMyOJIMKOBAaHHBIX CTAaHAAPTOB WM CHEIUPUKANNNA, KOTOpbIe MOTIH OBl
yJIOBJICTBOPUTH MOTPEOHOCTH KOHKPETHOM oTpaciu. Ha pucyHKe mpencTaBicHbBI
OCHOBHBIC HANpaBICHHUS JUIS CTaHIAPTH3AIMM W OOCCIICYCHHUS KadecTBa
aJITUTUBHOTO Mpou3BocTBa [3].

YnpaeneHue
- -\ TEXHONOTMYECKMM .
Ou3aiiH MNpOLIECCOM MpeanoaroToBka
. r >
' & N
JopoxHas Ceptudpurkaums
MocrobpaboTka kapTa AMSC rOTOBOrO M3Oenva
. . r
4 ™ 'd '
KoHTponb CBOWCTB Toxmiooron Hepa3zpylwawLmii
roToBOrO U3aenua KOHTPOMb W3ENUs
\ J obcnyxrBaHue U1 L y

PEMOHT

PI/ICYHOK - HaHpaBJIeHI/I}I CUCTCMA Ka4CCTBA aAJUTHUBHOI'O IIPOU3BOJACTBA

Kaxnoe w3 HanpaBiaeHUW COAEPKUT PAX  IOJHANPABICHUM I
CTaHJApTU3AlMM, CEePTU(PHUKALUU, OOECHeueHUsT KauyecTBa U HaJAEKHOCTU
aJIUTUBHOIO TPOM3BOACTBA. B wyacTHoCTH, pazden “Hepa3pyllaroliero
koHTtpois”  (NDE)  comepkutr 8  mOApa3aelioB  periiaMeHTHUPYIOIIHX:
TEPMUHOJIOTHIO Juis  ulaeHTh(ukanuu aedektoB AM, o00HapyKHUBaeMbIX
meromgamu NDE; CtangapThl mpOeKTUPOBAHMS M M3TOTOBJICHUS apTe(haKTOB WU
(aHTOMOB, MOAXOIAUIMX JUJISi AEMOHCTpPAlMUM BO3MOXHOCTH HEpa3pyIIAOIIEro
KOHTpOJIs; pyKoBojicTBa 1o mpuMeHeHuto NDE k o0bekTam, TpOU3BOIUMBIM
npoueccamMu AM; pazMepHasi METPOJIOTHS BHYTPEHHUX 3JIEMEHTOB; 00beIUHEHHE
nanHeix; NDE mnomumepoB u Apyrux HeMmeTtaumyeckux wmarepuano; NDE
KOHTpaakTHbIX aetanedl AM; KpUTepuu MPUEMKH Hepa3pylIatolIero KOHTPOJIs
JUISl KPUTHYECKUX JJI paspylueHus yactei AM.

CnucoKk MCTOYHUKOB

1. GE Additive (www.geadditive.com), “GE Additive.” [Online]. Available:
www.geadditive.com. [Accessed: 20-Dec-2016].

2. America Makes & ANSI Additive Manufacturing Standardization
Collaborative (AMSC), “Standardization Roadmap for Additive Manufacturing.”
ANSI, p. Public Draft, 2017.

3. DnekTpoHHBIN pecypc: https://www.ansi.org/portal/amsc/america-makes-and-
ansi-amsc-overview
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MOHITOPUHI' TA BUMIPIOBAHHA ¥ ISO 14001
FOnomes /I.€.
HaykoBuii kepiBauk — nou. kap. MTE Illtedan H.B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKH
61166, Xapkis, npocn. Hayku, 14, kad. MTE, ten. (057) 702 13 31
e-mail: dmytro.yunoshev@nure.ua

After the introduction of the new version of ISO 14001, it became
necessary to change the rules for use of the standard. The version of I1SO
14001:2015 removes the mandatory requirement for full monitoring of locations
where significant environmental impacts exist or may exist. To do so, consider
what the standard itself proposes and the need to documenting monitoring and
measurement in 1SO 14001.

V¥ Bepcii cranmapty ISO 14001:2015 He Mae 00OB’SI3KOBOi BUMOTHU [0
MOBHOTO MOHITOPUHTY THX OOJIacTed, Je ICHye a00 MOKe ICHYBaTH 3HAYHMM
BILJIMB Ha HaBKOJIUIIIHE CEPETOBUILIE.

[Ipore mepernsgHyTuidl cTaHAAPT BUMarae, o0 €KOJIOTIYHI MOKa3HUKHU Ta
HACTYMHI TOJIIMIIEHHS BHUMIPIOBAJIUCS Ta BiJICTeXYyBaIHuCsI. € HEOOXITHICTh
PO3IIIAHYTH, 110 HEOOX1IHO BU3HAYATH, SIKI METOAM HEOOX1HO BUKOPUCTOBYBATH
Ta KOJM HEOOXIHO aHai3yBaTH JaHHI Ta MOBIAOMIISATH MPO HUX. Y SKOCTI
3arajibHOi pekomeHpalli opranizamisiMm, mo BBoaiaTh I[SO 14001, HeoOXimHO
BU3HAUYUTH, fKa 1HQOpMalig iX HEOoOXiJHAa /Ji1 OLIHKKA EKOJIOTTYHOI
PEe3yJIbTaTUBHOCTI Ta €(DEKTUBHOCTI.

[Ticns BBenenHs CEM (cucteMu €KOJIOTYHOTO MEHEKMEHTY), CTaHAapT
BUMAarae moCTIHHOTO MOHITOPUHTY CUCTEMHU, a TAKOXK MEPIOAUUYHUX TIEPEBIPOK.

— OIIIHKH e(peKTUBHOCTI, BipoBamkeHoi CEM;

— 00’€KTUBHOI OIlIHKHM, HACKUIbKH J00pe BHKOHYIOTHCS MiHIMajabHI BHUMOTH
CTaHAApTY;

— TEpEeBIpPKH, HACKIIBKM OyJIM 3aJ0BOJIEHI BHMOTH, IO Npea sBIAIOTHCA 0
oprasizariii, 3aI[iIkaBJIEcHUM CTOPOHAM Ta 3aKOHOJaBCTRBY;

— aHaJIi3 MPUIATHOCTI, aleKBaTHOCTI, epekTuBHOCTI Ta AieBocTi CEM;

— JIEMOHCTpaIllii, 110 MJIaHyBaHHs OYJI0 yCIIIIHO BUKOHAHO;

— otiHku egekTuBHOCTI nporeciB CEM;

— BHU3HA4YEHHSA HEOOX1THOCTI a00 MOJIIMBOCTI 1 nocTiiHoro nosmimneHass CEM.

Bnposamxennss CEM B opranizarisix 6e3 e(heKTUBHOTO MOHITOPUHTY Ta
BUMIPIOBAaHb HE MOXKE IMOKA3aTH KIHIIEBOTO PE3yJIbTaTy CHCTEMH.

Momnitopunr y po3yminai [SO 14001 o3navae, mo oprasizailisi TOBHHHA
MEePEBIPSATH, KOHTPOJIOBATH, I1HCIEKTYBATH Ta CTEXHUTH 3a 3allJTAHOBAHUMU
3axojiaM, 100 MEepeKOHATHUCs, 10 BOHHU MPOBOASATHCS TaK, K 1€ IJIaHYBaJOCS.
OTxe, SKIIO ONEpaliifHUil KOHTPOJIb BKa3ye, 110 BHYTPIIIHIA ayAUT MOBUHEH
MPOBOJUTHUCS JBIYl HA THXKJI€Hb, TO 1€ BBAXKAETHCS MPOLIECOM MOHITOPUHTY.
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MOHITOPUHT Ta BUMIPIOBAHHS JIOTIOMAraroTh y HacTynmHux npouecax CEM:

— OIIHIOBaHHS €KOJIOTTYHUX XapaKTEPUCTUKU;

— aHaji3yBaHHS KOPEHEBUX MPoOJeMm;

— OIIIHKY BIAIIOBIIHOCTI 3aKOHOJIABYUX BHMOT;

— BHU3HAYEHHs 00J1aCTI, 1€ HEOOX1THO MPUMHATH KOPUTYIOU1 MIpPH;

— TOKpAIIEHHS MPOYKTUBHOCTI Ta MiABUIIECHHS €()EKTUBHOCTI CUCTEMH.

Hnsa npane3gatnoi CEM HeoOXiIHO BU3HAYUTH KpUTEpli BUMIPIOBAHHS
(moka3HUKK e(EeKTUBHOCTI) NpOrpamMu, IO JOMOMOXKE OI[IHIOBATH YCHIXU
nporpamu CEM y minomy.

ISO 14001:2015 He BuUMarae BHUKOPUCTAHHS KIIOUYOBUX IOKA3HUKIB
epexktuBHOCTI (KPI). Onnak, myHkT 9.1.1 BucyBae BUMOry BU3HAYUTH, 34 IKUMU
KpUTepisiMU OyJi€ OLIHIOBATHCS €KOJIOTIYHA MISUIBHICTh Ta 3a SIKUMH CaMe
MOKa3HUKaMU HEOOXIJHO BIJICTEKYBAaTH €Kl €KOJOTIYHI MOKa3HUKH, ajieé caM
tepmid KPI nepecraB BUKOpUCTOBYBaTHUCH.

Opnak, SKIIO Opraizaiis CHeIladi3yeTbcsi B Tally3l, sKa BXKe
BukopuctoBye tepmin KPI, To y cucremi mMeHemKkMeHTy opranizaiii abo nae-
HeOyb 11Ie, MOXJIMBO, OyJe Jierue BUKOPUCTOBYBAaTH LIEW TEPMiH, KOJIM MOBa
file Mpo MOHITOPUHI 1 KOHTPOJIb MPOIECIB, 110 MAalTh 3HAYHI EKOJIOTIYHI
ACTIEeKTH.

HeoOxXi1HICTh TOKYMEHTYBaHHS Y MOHITOPUHTY Ta BUMIPIOBaHHSIX

ISO 14001:2015 He BucCyBa€ BHMOTH TpO BEIEHHS JOKyMEHTAIlii Ha
KOKHHI MPOIIeC Ta MPOLEAYPY, ajle HEOOXiTHO MEPEKOHATHCS, III0 BC1 BUMOTH J0
MOHITOPHHTY Ta BHMIPIOBaHHIM 3aJOKYMEHTOBaHI, 1 BKIIOYa€E HEOOXiIHY
JIOKYMEHTAIIif0, JIsl IPOBEICHHS BUMIPIOBAHHS, TaKy SIK: OUiKyBaH1 3HAYCHHS Ta
nepenik oONagHaHHA, [0 BHUKOPUCTOBYETHCS. TakuM YHHOM, 3’ SIBISIETHCA
BIIEBHEHICTh y TOMY, III0 BHUMIPIOBAHHS MPOBOMSTHCS TOCIITOBHO MiX BCIMa
CHiBpOOITHUKAMU, K1 3aJIy4€H1 JIO IIUX MPOIECIB, Ta 1€ TapaHTYE, 10 BaXKIUBI
€KOJIOT1YHI aCHeKTU HE TMEPETBOPITHCS B HAJA3BUYAMHI €KOJIOTIYHI MOfli. A
3amuck O KalmiOpyBaHHI a0o Bepudikailii HEOOXiJHI A MIATBEPKEHHS
BUKOHAHOI pPOOOTH Ta MOXYTh BHUKOPHUCTOBYBATHCS TIpU pPO3CIIAYyBaHHI, Y
BUIIAJIKY BUHUKHEHHS MTPOOJIeM y Mporiecax opraHizarfii.

[Tix xiHeub HeOOX1THO MIJICYMYBAaTH T€, 110 MOHITOPUHT T4 BUMIPIOBAHHS,
aki BkazaHl y peaakuii [SO 14001:2015, matoTh iCTOTHE 3HA4YE€HHS B MpoIEcax
CEM opranizarriu.
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IMPOLIEAYPA OHIEHUBAHUSI HEOIIPEJAEJEHHOCTHU N3MEPEHUI
INIPU KAJIMBPOBKE MAT'ASUHA COITPOTUBJIEHUSA
Cemenuxun B.C., ®omenko B. /1.

Hayunblii pykoBoautesns — npodeccop 3axapos U. I1.
XapbKOBCKUH HAIIMOHAJIbHBIN YHUBEPCUTET PAAUOIIICKTPOHUKHU
(61166, XapbkoB, nip. Hayku, 14, kapenpa MTD, Ten. +38 066-175-1092)
E-mail: valeriia.fomenko@nure.ua

Using the example of resistance calibration on a direct current, the features
of taking into account the distribution of input valuess in the procedure for
estimating uncertainty when using the method of excesses and propagation of
expanded uncertainty are shown. The procedure for estimating the measurement
uncertainty is described, and the uncertainty budget is given. An example of
uncertainty estimation of measurements when calibrating a resistance box P33
class 0.2 using a Fluke 8508A digital multimeter is described.

OlLeHuBaHUWE  HEONPEICICHHOCTH HU3MEPEHMH B aKKPEAUTOBAHHBIX
HCIIBITATeNIbHBIX M KaJIMOPOBOYHBIX  JAOOPATOPHUSAX  PErJIaMEHTHPOBAHO
MexXayHapoaHbIM ctanaapTom ISO 17025:2017 [1]. ITpu aTom [1] npeanuceiBaet
UCIIOJB30BaTh B KAuyeCTBE HOPMATUBHOIO JOKyMmMeHTa PykoBojacTBO 1O

BBIpQXKEHUIO  HeompeaesneHHocTH  u3mepenudt (GUM)  [2]. Onnako
ucnoiib3oBanne GUM conpsiKeHO € psAIoM HEIOCTATKOB, OCHOBHBIM M3 KOTOPBIX
SBJISIETCS HE3aBHUCUMOCTh MOJTy4aeMbIX OIICHOK pacuMpeHHon

HEOMpeACTICHHOCTH OT 3akoHOB pacmnpeneyneHus (PDF) BXoIHBIX BeNWYUH U
HAJIMYWE CMEIICHUS YMCJIOBBIX 3HAYCHUNW U3MEPAEMON BEIWYMHBI U €€
CTaHJAPTHOM W  PACIIUPEHHOM HEONPENCICHHOCTEM NPU  HEIUHEWHBIX
MOJEIbHBIX YPABHEHUSIX.

Nmenno nostomy Paboueit rpymmoit 1 (WG-1) OO0bequHEeHHOTO KOMHUTETA
no pykoBojictBam B Mmetposioruu (JCGM) pazpaborano Homonnenue 1 k GUM
OCHOBaHHO€ Ha Merojge Monte-Kapnmo [3], ycTpaHsiomeM yKa3aHHbIC
HegocTaTku. OJIHAKO CIEAYyEeT OTMETHUTh, YTO J1a)Ke€ NP JIMHEWMHBIX MOJEIIbHBIX
YPaBHEHUSIX M TAayCCOBCKHX pAaCHpEIEICHUAX BXOOHBIX BEIMYMH OLICHKHU
HEOIPEICIICHHOCTH, TOJydaeMble ¢ moMouplo [1] u [2] omnuuarorcs apyr ot
apyra [4].

[IpuunHO  >TOMY  SIBIAIOTCS  pa3HbIe MOAXOAbl K  OICHHWBAHUIO
XapaKTEPUCTUK HEOMpPeNeIeHHOCTH Tuna A B ob6oux nokyMmentax [4]. IlosTomy
npu pa3pabOTKe MpoIEeAyp OLIEHUBAHUS HEONPEIEIEHHOCTH LEIecOo00pa3HO
OMUpaThCsl Ha TMOAXOJbl, MNPUBOIAIIME K pe3yJbTaTaM, COBMECTUMBIM C
pe3ysibTaTamMu, IodydaeMbiIMH MetogoM Monte-Kapno. Takue noaxomsl
orucanbl B pazpaborannoit B HHI] « MHCTUTYT MeTposorumy» mpoienype OleHK:
HEOIPEICIICHHOCTH U3MEPEHUM, OJHAKO 3TOT JOKYMEHT HE COJNEPKUT IPUMEPOB
WCITIOJIb30BAHUS TIPEAIaraeMbIX 1MoAX0A0B. BocnonHsis aToT mpoben, B ctathe [5],
Ha KOTOPOM OCHOBBIBAIOTCS JIAHHBIE TE€3UCHI, PACCMOTPEHBI OCOOEHHOCTH ydeTa
3aKOHOB pacnpeaeneHui BXOJIHBIX BEJINYUH
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IIpun OHOCHUBAHHWKN HCOIIPCACIICHHOCTH I/ISMepCHHﬁ Ha IIpUMCPC KaJ'II/I6pOBKI/I
MarasmvHa COIIPOTUBJICHUAI.

BriBoan!

1. I[Ipu oreHUBaHUM HEONPEACICHHOCTH B KAIMOPOBOYHBIX JaOOpATOPHUIX
HCIIOJIB3YIOT PYKOBOI[CTBO II0 BBIPAKCHHUIO HCOIIPCIACIICHHOCTH I/IBMepeHI/II\/'I nu
JlononHeHue k HeMy, OCHOBaHHOE Ha metoae Monte-Kapio, naroniue pa3ianyHbie
S3HAYCHUSA HCOIPCACICHHOCTH IpH JIMHEWHBIX MOJICJIBHBIX YPAaBHCHUAX U
TayCCOBCKHUX PACIIPCACIICHUAX BXOJAHbIX BCIIMYNH.

2. Jlns yCTpaHEHUs PACXOXAECHWM B OLEHKAaX HEOIPEICICHHOCTH
npempIaracTtcda HCIOJb30BAHUC MCTOJA SKCIHCCCOB M 3aKOHA PACIPOCTPAHCHHA
pacUIMpeHHONM HEONpPEeIeICHHOCTH, OMNUCaHHbie B paspaboranHo B HHI]
«I/IHCTI/ITYT MCTPOJIOTHH mpoucaype O CHUBAHUA HCOIIPCACICHHOCTH
U3MEpPECHUM.

3. PaCCMOTpeHLI npoucaypel OHOCHHBAHHA  HCOIIPCACIICHHOCTH  IIPHU
KaJ'II/I6pOBK€ MaradmHa COIIPOTHUBJICHHUA Ha IIOCTOAHHOM TOKE, COCTABJICHBI
6IOII)K€TI>I HCOIIPCACICHHOCTH, KOTOPBIC MOT'YT CIYKUTDH OCHOBOH HJI1 CO3JaHUA
IIpOorpaMMHBIX CPCACTBA I aBTOMATHU3aAllMKM OLCHHBAHWA HCOIIPCACICHHOCTHU
U3MEpPEHUI MPU KaJTuOpPOBKeE.

4. HccnenoBaHue HEONPEIEICHHOCTH HW3MEPEHUM, IPOBOAUMBIX IIPU
MOBEpPKE Mara3uHa comnpoTuBiieHUuH P33 ¢ momoipio HUPpPOBOro MyJIbTHMETPA
Fluke 8508A moka3ano Xopollee COBNAJEHUE IOJYUYCHHBIX PE3YJIbTATOB C
OLICHKaMH PACIIUPEHHON HEOMPEAECICHHOCTH, MOIYy4YaeMbIMU METOJIOM MOHTe-
Kapmno.
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Energy saving is a priority of the state policy of Ukraine. Implementation of
energy management allows to get a detailed picture of energy consumption, to
determine the optimal required amount of their consumption at the appropriate
quality, to determine the most affordable types of energy, to obtain maximum
economic, environmental and social effects. It also allows you to plan energy
consumption for future periods, monitor targets and optimize limited financial
resources for energy efficiency projects.

ExoHOMIYHA 1 MONITHYHA CHUTyalis B YKpaiHi, NPU3BOAUTH JI0 PI3KOTO
3HM)KEHHSI JepKaBHOI JIOTallli €eHepronocrayalbHUM KOMIAHISM Ta CyOcuain ix
CIOKHMBayaM, L0 TATHE 3a cOOOI0 MiABUIIEHHS Tapu(iB Ha eHeproHocii. B mux
yMOBax HEOOXIJHICTh B PO3POOJIEHHI U peanizalii IiJIeCHpsIMOBAHOI MOJITHKU
eHepro30epekeHHs1 0COOJMBO aKTyallbHa.

Enepretuunuii Menemxment (EM) — cuctema ymnpaBiiHHA MPOIECOM
CHEProCIOKUBAaHHS, CIPSMOBaHA Ha JIOCATHEHHS MAaKCUMAJIbHOTO PIBHA
eHeproeeKTUBHOCTI CTIOKMBAHHS €HEPTrOPECYPCiB MPU MIHIMYMI BUTPAT HA HUX.
ABTtoMatuzoBaHe pobOoue wmiciie (APM) enepromenemxepa (pucyHok 1)
CKIagaeTbcsi 3 mnepcoHanbHOro komm'torepa (IIK), sakuit migkiIro4eHo 10
inTepHety. [IK mepionuuHo 3B'S3yeThCs 3 BIIJAJICHUM CEPBEPOM, Ha SIKOMY
po3MillleHa Tporpama 300py JaHUX 3 «IHTEJIEKTyaJIbHUX» MPHIAIIB OOJIKY,
MIKTFOYCHUX 0 BIAMOBIIHUX KaHATIB 3B'S3KY, SIK1 ITOTIM 0OPOOJIIOTECS 0a30BOIO
nporpamoro. 3rojoM o00poOseHi maHi (QopmyroThes B Tpadiku abo 1udposi
MOKa3HUKHW, 3pY4HI Juid Teperisay Ta adami3dy. Jlana cucrema J03BOJISIE
KOHTPOJIIOBAaTH  CIIOKUBAHHS CHEPrOpecypCciB B ONEPATUBHOMY  PEXHMI,
BHUKJTFOYMTH HaJHOPMATHBHE CIIOKWBAHHS 1 IJIaHYBaTH ¢(EKTUBHE BUTpAaYaHHS
koiTiB. [Iporpamue 3a0e3neueHHs] HAJTAIITOBYETHCS 1HIUBIAYATIBHO JJIsi KOXKHOI
JIOKAIBHOI MEepeX1 1 aAanTy€eThes 11 KOHKPETHOTO CIOKKBaya.

36ip iHpopmariii nus APM eHepromeHemkepa MOKHA PO3AUTATH Ha JBa
piBHs. [lepmmii piBeHb: 30ip iH(OpMaIi PO CIMOXKHBAHHS EHEPTOPECYpCiB B
IIJIOMY TIO O0'€KTYy: €JIEKTPOEHEPTisl; TEIJIOBAa E€HEPris; CIOXKWUBAaHHS IajnuBa
(razy); CIOXUBAaHHS XOJOTHOT Ta Tapsdoi BOJM; 30BHIIIHS TeMIIEpaTypa MoBITpPS;
OpUPOJIHA OCBITJICHICTh; KUIBKICTh BiABIAYyBauiB o00'ekta. J[lpyruii piBeHb
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JIOTIOBHIOEThCST ~ TIOTJIMOJICHUM  JIOCHI/DKEHHSIM ~ CTPYKTYPH  CIIOXKHBAHHS
CJICKTPOCHEPT 1.

TexXHIuHOT 6a3u

Cepsep
KoHTposib 32 BUKOHAHHSM Po3pobkai niaHyBaHHs

p P Y

eHeprozdep iraroumux 3axo/1iB APM eHeprozoepiraroumnx 3axo/1iB
p p | p P
: r eHepro- :

L1010 Ta Hast R <1 menexmepa "N PoGota 3 iHBecTopaMu

€Hepro3oepiraioyuoi NoaiTHKH

MakcumajibHa e(peKTHBHICTL TH 00'€KTA 3 NO3HLIH e Hepro3 0epesKeHHs
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_ PI/IcyHOIE 1. ABTOMaTH3OBaHe_pO60qe MICLIE (APM) E€HEeproMeHeKepa

CroxuTta eJeKTpOCHEPrisi pO30MBAETHCS HA TPYIU: OCBITJIEHHS, KJIIMaTHYHA
TEXHIKA; OPITEXHIKA; CIelmiadbHe oOyiafHaHHs (Tedi, BepCcTaTd, MeEIUYHE
obnmagHaHHs, TOmO). TakoX Ha JAPyroMy piBHI MPOBOASITHCS BUMIpHU
OCBITJICHOCT1, BOJIOTOCTI 1 TEMIIEPATYPH KOXKHOTO MPpUMIIeHHs B OyiBimi. Takox
PEKOMEHIyeThCsl ycTaHOBKa ceHcopiB 3aaumiieHHs 1 CO,. Ha Tpetbomy piBHI
JIOJTAIOTHCS JIaH1 3 €HePronocTadyalbHIUX KOMITaHii (00JIeHepTo, TeIIOBI MEpexi,
BOJIOKaHAI, TOMIO): OOCSTH BIAMYIIEHOT €JIEKTPOCHeprii, Teruia, BOJIU;
CTHIOXXMBAHHS MAJIMBHO-EHEPIreTHYHKUX pecypcis [1].

EBpoiHTerpamiiiii npouecu €KOHOMIYHOI MOJITUKA Cy4YacHOl YKpaiHw,
MOIIMPEHHS 30BHINIHBOEKOHOMIYHUX 3aB'A3KIB 3 KpaiHamu €Bponu Ta CBITY
0€3yMOBHO BIUIMHYJIM Ha CTBOPEHHS HOBHIX ITIIXOJIB JI0 BIPOBAKCHHSI CUCTEMHU
EM Ta iHTerpauii HOpMAaTUBHUX AOKYMEHTIB YKpaiHM 1O MIKHApOJIHOIO Ta
€BpPOMNENCHKOTO piBHA. 30Kpema MikHapojaHoro cranaapty ISO 5001, sxuit
periaMeHTye Ha 3aKOHOJaBUiii OCHOBI BHpOBaKeHHS cuctemu EM B
aAMIHICTPAaTUBHUX OJMHMIIIX 1 HA TMPOMHCIOBUX MIANPUEMCTBAX. 3T1THO
MDKHAPOJIHOTO Ta BITYM3HSHOTO JTOCBITY BIpOBaKeHHs cucteMu EM no3Bostsie
3HU3WUTH BUTpaATH Ha eHeproHocii Big 10 1o 20%.

Cnucok BUKOPUCTAHUX JIKepel
1. Konuenuis opranizamii ciay>KOM €HEpreTMYHOro MEHEHKMEHTY B

KUTIOBO-KOMYHAJIbHOMY rOCIIOIapCTBI Ha piBHI TEPUTOPiaTBHO-
aAMIHICTPATUBHOI OJWHUINL. MeToguyHe KepiBHUIITBO. [loTOYHE 1JIOBOJCTBO
kadenpu IBTC HTY «XIII». 18 c.
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OHNIHIOBAHHS HEBU3HAYEHOCTI BIITBOPEHHSA OJVMHUAUII
OB’€EMHOI BUTPATHU I'A3Y 13 3BACTOCYBAHHSM
YIOCKOHAJIEHOI NOPIIHEBOI YCTAHOBKHU
Kenemyk /1. T.

HaykoBuii kepiBHUK — JI011., K.T.H. BuTBuipbka JLLA.
[BaHO-DpaHKIBCHbKHII HALIIOHAIBHUNA TEXHIYHUI YHIBEPCUTET HA(TH 1 razy
76000 m. IBano-®pankiBchk, Byl Kapmarceka, 15, kadenpa merposorii Ta
1H(bOpMaIIHHO-BUMIPIOBAJIbHOT TeXHIKH, Tes. 0988527814
e-mail: denkepe@gmail.com

The metrological analysis of the developed reference piston installation of
the improved design for reproduction and measurement of a gas expense is
carried out. Factors influencing the accuracy of reproduction and transmission of
the volume and volume flow of gas are analyzed. Based on experimental data, the
values of the components of the total uncertainty, which are associated with
design deviations of the cylinder dimensions and additional effects of changes in
temperature and pressure of the internal environment, are calculated. The
expediency of improving the design of the reference piston installation is
substantiated, as the expanded uncertainty reduced to the control reproducible
volume was 0.025%.

Jlng 3a0e3neyeHHsT €JHOCTI BUMIPIOBAHb, B IIEPIIY YepTry, CTABUTHLCS 3ajada
CTBOPEHHS €TAJOHIB OJUHUIIL BHUMIPIOBAaHUX BelIu4YMH. OOHIEIO 3 OCHOBHHUX 1
Iy’KE€ BaXXIUBUX 3 CGKOHOMIYHOI TOYKH 30py (PI3MYHMX BEIMYMH € 00’€M 1
00’eMHa BHUTpaTa rasy, OCKIIBKH II¢ IIOB’A3aHO 3 mpoOijieMamMu OOJIIKYy rasy,
0COOIMBO B KOMYHJILHO-IOOYTOBIH cdepi. ToMy CTBOPEHHS BHCOKOTOYHHUX
3ac001B iU BIATBOPEHHS, TIepeaayl 1 30epiraHds OJMHUIL 00’ €MY 1 BUTPATH Ta3y
€ aKTyaJIbHOIO 3a7a4clo, sSKka Ha JaHWM Yac BHUPINIYEThCS OaraTbMa pPI3HUMH
METOJIaMH, Cepe/l IKUX OJHUM 3 OCHOBHUX € mopirHeBuit meto [1]. [IpuHiun aii
MOPIITHEBUX €TAJOHHUX YCTAHOBOK 0a3yeThCs Ha BHUMIPIOBAHHI MEPEMIIICHHS
MOPILHS, U0 PyXa€eThCsl B MIPHINA IUISHLI TPyOOIpoBo1y. byso BCcTaHOBIIEHO, IO
OCHOBHMM HEJOJIKOM TIOPITHEBUX €TAJOHHUX YCTAaHOBOK € HAaSBHICTh
HE3TJIa/PKYBAaHUX MYJbCAIM THCKY Ta 3HA4HI HOr0 BTPATH HA TMOPIIHSX, IO
BIJTUBA€E HAa CTAaOUIBHICTH BIITBOPEHHS BHUTpPAaTH. 1OMYy 3alpoOINOHOBaHA
YAOCKOHAJIEHA  KOHCTPYKI[iS  TOPIIHEBOI  yCTAaHOBKM 31  CIHEIlaJIbHUMHU
VIIUTGHIOBAaYaMHd Ta TOYHUM TIPHBOJIOM pyXy TIOpINHIB, fKa 3a0e3reuye
BIJICYTHICTh TIEPETOKIB ra3y 3a paxXyHOK CTBOPEHHSI HaJMIPHOTO THCKY MacTHJIa
JUTSI TIEPEMIIIICHHS TTOPIIHIB.

JIJist BCTAaHOBJIEHHS JOLIJIBHOCTI PO3POOJIEHHS YAOCKOHAIEHOT KOHCTPYKIIii
MOPIIHEBOI €TaJOHHOI YCTAHOBKU 3/1MCHEHO 11 METPOJIOTiYHUN aHali3 Ha OCHOBI
KOHIEMII HEBU3HAYEHOCTI. [Ipouenypy MEHEIXMEHTY HEBHU3HAUEHOCTI
MPOBEICHO Ha OCHOBI aHali3y (aKTOPiB BIUIMBY HAa MPOLEC BIATBOPEHHS Ta
nepegaBaHHss oAUHUIN BUTpaTH. CKIIaJ0BI HEBU3HAYEHOCTI BU3HAYEHI HA OCHOBI
EKCIIEPUMEHTAJILHO OTPUMAHUX JIAHUX TpU BUMPOOYBAHHSIX IOPIIHEBOI
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YCTaHOBKH Ha 0asi JIEPIKABHOTO MiAIPUEMCTBA IBaHO-
dpaHKiBChKCTaHIaPTMETPOJIOTIS [2].

BinTtBopenHs oauHMIl 00’eMy Ta3y 3abe3medyeTbcsi HE3MIHHICTIO Ta
CTaOUIbHICTIO TEOMETPUYHUX PO3MIPIB IIMIIHAPIB MOpLIHEBUX cekIiid. O0’emMHa
BUTpaTa Ta3y € YMOBHOIO TIOXIJIHOIO 06’€My BIJIHOCHO OJIMHMIII dYacy 1
(bopMyeTLCﬂ TITBKH npu nepenaBaHHl OAMHUII 00’eMy razy. Tomy cymapHa
HEBHU3HAYCHICTh BIATBOPEHHS OOWHUII 00’eMy Tra3zy 3aleXuTh BIJ
HEBU3HAYEHOCTI 3aJaHHSI 00’eMy razy i BILTMBY JOJATKOBHX dakTopis,
OCHOBHUMH 3 SIKUX € TemIepaTrypa 1 THCK BHyTplmeoro CepeIOBHIIIA, IO
MPUBOANUTH JO 3MIHM TE€OMETPHUYHHMX PO3MIPIB ITWITIHAPIB, B SKUX PYXaAIOThCS
nopiHi. OCKUTbKY 3arajibHuii 00’€M BUTICHEHOTO MAacCTHJIOM Ta3y y MOPIIHEBIN
yCTaHOBul BM3HAYAETHCS 3 BPAXyBaHHAM maMeTpa OCHOBH Ta BUCOTH KO>XHOTO
IWTHApPA 1 PO3JAUIBHOT 3[aTHOCTI ONTHUYHOI JIHIAKH,3a SKOIO BHU3HAYAETHCS
MIOJIOKEHHS TIOPIITHS, TO CaMe HETOYHICTh BUMIPIOBAHHS ITUX BEJTUYHH 1 BIUIMBAE
Ha HEBHU3HAYEHICTb 33JaHHA 00’eMy. BUXoaguu 3 TEXHOJIOTTYHUX 0COOIMBOCTEN
MOPIITHEBOI YCTAHOBKH, SKa MOXXE€ MaTH  YOTHUPHU TNapaliebHO IMpalloroyl
MOPIIHEB] CEKUli HEOOXIJHO 3BEpHYTHM yBary Ha Te€, II0 Taka KOHCTPYKI[IA
3MEHIIyE CYMapHy HEBU3HAUCHICTh YCTAaHOBKU, OCKIUIBKHM TMpHU TapayieNbHIN

poOOTI 1IEGHTUYHUX 3aC001B TXHS BUIAJKOBA HEBU3HAUCHICTh 3MEHIIYETHCS B Jn
pasiB, e N — KUIbKICTh OJJHOYACHO MPALIOIOYUX MapayIebHUX OIMHHIIb. Tomy
po3paxoBaHa CyMapHa HEBU3HAYEHICTh 3aJaHHS OJUHUILI 00’eMy rasy ckiajia
1,836:10° w°. HeBusnaueHicTs, CHPMMUHEHA TEMIEPAaTyPHUM 00’ eMHUM
PO3IIMPEHHAM MeTally, CKIala 59:10° wm°. HeBusHaueHicts, CTpUYMHEHA
]73HJ§I/IBOM Ha PO3MIpH LWIIHAPIB HAAJTUIIKOBOTO TUCKY 10 1,6 Mlla, piBHa 8,9-10°

3aranbHe 3HAYEHHS CYMapHOi HEBHU3HAYEHOCTI BmTBopeHHﬂ OJIMHUII
00’ eMy rasy TpH THCKY O 1,6 MITa ckmamo 1,93:10° M. Posmmpena
HEBU3HAYEHICTh (MpU KOEPIIIEHTI OXOIUICHHS, PIBHOMY 2 1 MNpU JOBIpYId
WMoBipHOCTI, piBHIM P =0,95) 3 nmpuBeneHHSIM [0 KOHTPOJHHOTO
Bi,[[TBOpIOBaHOFO 00’emy rasy, BUpaXeHa y BijicoTkax, ckiama 0,025%, o
CBIJYUTH TPO BUCOKY TOUYHICTH Bl):[TBOpeHH}I OJIMHULIl BUTPATH, & 3HAYUTh, 1 IPO
JOLTBHICTh p03po6neHH;1 1 BOPOBAKEHHA  MOPIIHEBOI  YCTaHOBKH
YIOCKOHAJIEHOT KOHCTPYKIIIi.

1. Tlerpummmn [.C. TexHiuHI acHEeKTH CTBOPEHHS €TAJIOHHOI 0a3u AJid

METpOJIOTIYHOTO 3a0e3MNedeHHs] JIYWIbHUKIB Ta3zy B ekcmuryatamii / [.C.
[lerpummn, LS. Jxouko, T.I. Ilpucsokuiok, B.A. bac // VYkpaincekuii
MeTrpoJioriuauit xypHai - 2013. - Nel - C. 50—55.
2. Tlpo HayKoOBO-IOCHIAHY Ta JOCIHITHO-KOHCTPYKTOPCHKY POOOTY CTBOpPEHHS
JIep’KaBHOTO MIEPBUHHOTO €TaJIOHAa OJUHHIIL 00’ €My Ta 00’ €MHOT BUTpaTH razy Ha
razoBoMy cepeaoBuili npu Tucky 1o 1,6 Mlla / 1.C. Ilerpumun IL.A. Ixouxo,
O.A. bac, S1.B. besraunrok http://www.ifdcsms.com.ua/ - Caiir AIl «IBaHo-
@®paHKIBCHKCTAHIAPTMETPOJIOT IS,
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METOJUYHWHA N1JIX1 IO OBPOBJIEHHS BUMIPIOBAJILHOI
TH®OPMAIIII ITPO BAJIICTUYHI EJIEMEHTH TOCTPLTY
PN JIATHOCTYBAHHI TEXHIYHOI'O CTAHY KAHAJIIB

CTBOJIIB TA BOEIIPUITIACIB
Menpnikos P.C.
HayxoBwuii kepiBHUK — 1.T.H., ipod. Kprokor O.M.
HarmionansHa akagemiss HamionanbHoi rBapil Ykpainu.
61001, XapkiB, M-H 3aXMCHUKIB YKpaiHu, 3, JOKTOPaHTypa Ta aJi IOHKTYpa,
ten. (067) 584-84-23 e-mail: melnikov85r@gmail.com.

Deviations of the internal geometric parameters of the barrel bore at its wear or
blow-up, leads to irretrievable loss of energy of powder gases at the shot.

Known methods and means of diagnosing the technical condition of the
channels of barrels and ammunition for barrel systems are ineffective, because
they are based on outdated principles and provide for the use of measuring
instruments of limited accuracy.

Proposes a promising method for diagnosing the technical condition of the
channels of barrels and ammunition based on the analysis of ballistic elements of
the shot.

Xin KpuBUX OaJTiCTUYHHX €JIEMCHTIB HOCTle'Iy p(t), v(t) Bu3HauaeThCs
napaMeTrpamM IepeOiry mpouecy MOCTpily 1, 30KpeMa, TIeOMETPUYHUMHU
xapaktepuctukamu  kaHainy crBoia (KC), a Takokx eHepreTuyHUMU
XapaKTEPUCTUKU MMOPOXOBOTO 3apsiAy Ta MIBHIAKICTIO MOro TropiHHS. Mix
reoMeTpuyHUMH xapaktepuctukamu KC Ta xapakTepucTHKaMu TOPOXOBOTO
3apsay 1 BUTTIAI0M KpuBHX s OamictuyHux enemeHtiB noctpity (BEIT) ichye
neBHuii 3B’s30k. Ilpm npomy mneBHum gedekrtam KC Ta Ooenpunacis
BIJIMTOBIIAlOTh TIOB’SI3aHI 3 HUMHU BIAXWJICHHS PEANTbHUX KPHBHUX pa(t) Vy (D).
Hanpuknaz, posayrrs KC BHacnigok npopuBy NOpPOXOBHX Ta3iB 1 BTpaTH
YACTUHU 1X €Heprii NpU3BOIUTH IO MaAIHHS TUCKY MOPOXOBUX ra3iB («IIpOBaILy»
KpHBOi P,(t) Ha MIJISHIN, IO BiAMOBIIA€ MICIIO PO3TAIyBaHHS TAaKOTO NEEKTY.

TakuMm unHOM, 3a BUTIIsAI0M KpuBux P(t), V(t) Mo)kHA BCTAaHOBUTH XapaxTep
Ta wMmicie 3HaxomxkeHHs aeexty KC abo xapakrep 1 cTymiHb Jerpagarii
IIOPOXOBOTO 3apsy.

Jns otpuMaHHs 00’€KTMBHMX HaHMX Npo peaybHi BEIT py(t), Vu(t), sxi
BIJNOBIAAIOTh MOTOYHOMY TexHIYHOMY ctany KC 1 Ooenpumacy, motpiOHa
peamizailis iX BHU3HAYCHHS INUIIXOM BUMIpIOBaHb. i IbOTO MOXYyTh OyTH
3aCTOCOBAHI SIK 3aCO0M BUMIPIOBAHHS MHUTTEBUX 3HAU€Hb THUCKY MOPOXOBHX TIas3iB,
TakK 13aco0M BUMIPIOBAaHHSI MUTTEBHUX 3HAUEHB IIBUIKOCTI PyXy CHApPSILy, TPUHIUIH
NOOYIOBU 1 XapaKTEPUCTUKH SIKUX JETaIbHO PO3MIIHYTI B JIITEpaTypi, 30kpema, [1-
5].

Opnak, y 1UX JDKEpeliax He OTpUMajd PO3BUTKY HAYKOBO-METOJWYHI
OCHOBM aHadi3y 1 IHTepHperTauii pe3ylbTaTiB TaKUX BUMIPIOBAaHb IS
BCTAHOBJICHHS BUY 1 cTymeHo nposiBy nedexty KC abo 6oenpunacis. 3 ormsay
Ha IIe MOCTAa€ aKTyalbHE 3aBAAaHHS, MOB’sI3aHE 3 OOIPYHTYBAHHSIM METOIMYHHUX

143



OCHOB 00pOOJICHHS BUMIPIOBAIBHOT 1H(POpMAILIii po 0aiCTUYHI €JIEMEHTH MTOCTPiTY
IPU J1arHOCTYBaHHI TEXHIYHOTO CTaHy KaHaJIB CTBOJIIB Ta OOEMPUIIACIB.

KnrouoBuM nuTaHHAM Ui IPAKTUYHOT peatizallii JiarHOCTYBaHHS TEXHIYHOTO
crany KC Ta GoempuraciB Ha ocHOBI aHaizy xapakrtepuctuk BEII 3amminaerbes
BCTAHOBJICHHS 3aJIeKHOCTeW Mik BuiaoMm jaedekty KC (6oenpumacy) 1 cTyneHem
Horo mposBy Ta BHNUIIIOM KpuBux pP(t), Vv(t). Taki 3amexHOCTI MOXYTH OYyTH
BCTAHOBJICHI Ha OCHOBI PO3B’SI3aHHS CUCTEMHU PIBHSIHb BHYTPIIIHBOI OAICTHKH 3a
YMOB 1HTerpamii 10 Hei BHpa3iB, SIKI MOJCIIOIOTh BIIXWICHHS BIJINOBIIHUX
reomerpuyHux napametpiB KC Ta eHepreTHuHNX mapaMeTpiB IOPOXOBOTO 3apsay. 3
OTJISIAY Ha MOYKJIMBOCTI Cy4acHHUX 3ac00IB OOYMCITIOBAIBHOI TEXHIKHU, TOIITEHAM
€ OTPUMAaHHS PIIICHHS PIBHSIHL BHYTPIIIHHOI OQIICTUKH YHCEIbHHUM IILIIXOM.
30kpema, 13 3aCTOCYBaHHSIM YHCEIbHUX METOMIB MOXKYTb OYTH BHU3Hau€HI
HOMiHANBHI KpuBi Pn(t), Vo(t), sAxi BigmoBimaroTh cnpaBHoMy cTany KC Ta
Ooemnpuriacy.

Takum 4YHMHOM, 3ampPONOHOBAHUNA METOJMYHUM MIAXiZ 10 OOpOOIeHHS
BUMIpIOBAIbHOT 1H(OpMaIli Mpo OaNICTHYHI €JIEMEHTH TOCTPLIYy TMOJsArae y
orpuMaHHi kpuBux s BEIT py(t) abo V,(t) mosxoM BHMipiOBaHb Ta
CIIBCTABJICHHI iX 3 BIJAMOBITHMMH HOMiHATbHUMHU KpUBUMH (Pn(t) abo Vy(t)), sxi
BIJINOBIJIAI0Th TeXHIYHO crpaBHOMY cTaHy KC Ta Ooenpuracy. BuzHauaeTncs
XapakTep 1 00CAT BIAXWICHb [IMX KPUBHX, 1 3@ MOKA3HUKAMU LIUX BIIXWICHb TA HA
OCHOB1 (pOpMaJi30BaHMX MpaBUJ (KPUTEPIiB) BCTAHOBIIOETHCS BUJI AEPEKTY Ta
CTYIIE€Hb MO0 MpOosBY.

3acToCcyBaHHS 3alpPONOHOBAHOIO METOJMYHOrO IIIXOJYy Ta BiAMOBIIHUX
3ac00iB BHUMIPIOBAHHS BIJKPUBAE€ LUISX IS peani3aulii eKCIUTyaTaliiHOoro
KOHTpOJIO 30poi Ta OoempumaciB B TMOJBOBUX YMOBaX, 110 BUKIIOYATUME ii
TPaHCIIOPTYBAHHS /IO CTalllOHAPHUX MICIb MPOBEJEHHS KOHTpO0. BHacmimok
OTO MOXKe OyTH CYTTEBO MiABUIIEHA ONEPATUBHICTh KOHTPOIIIO.
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This work is devoted to the development of the distribution of IMS
parameters of peat mass. Namely temperature and humidity at different depths. It
simultaneously measures the temperature and humidity of atmospheric air. This
IMS prevents the critical situation of spontaneous combustion of peatlands. And
including the conservation of biosphere resources and natural biodiversity.
Therefore, this system is very useful and necessary for our planet. The need for
such IMS is about thousand a year. This system is very easy to implement.

Maiixke KOXE€H pIK MU CTHKAeEMOCS 3 NOPOOJEMOI0 TOPIHHA TOP(Q’ sTHUX
pPOJIOBHUIL, Ta 3 HACIIJIKAMU TAaKUX KaTacTpod - TreKTapamMu BHUIOpPLIOl 3eMIl,
3aIUMJIEHb, MaJiHb JEPEB, a TAKOX MPOBaJy JIOAEH 1 TEXHIKH MIiJ 3EMIIIO.
[IpyuriHaAMK MOXKEXK € CYTTEBI 3MIHU KJIIMaTy, @ caMe MiJIBUILEHHS TEMIEepaTypH
Ta 3MEHIIIEHHS K1JIbKOCT1 OIaIiB.

Jlns 3amoOiraHHio 3aiiMaHHs 3alpOIIOHOBAHA CHUCTEMa, SIKA CKIIAJA€Thes 3
CYKYITHOCTI CEHCOpIB 3 BIIMOBIIHUM OOJaJHAHHAM (MOMIYJIb 1HTEPHET — peuei),
PO3TAIIOBAHMX HA KOHKPETHIM JOKAIBHII TEPUTOPIi Ta HA TOCTATHIX BIACTAHIX OJWH
Bl ojfHOTO. Ha KOYKHOMY MOyl pO3MIIIAIOTHCS 110 TPY JATYUKU TEMIIEPATYpH, SKi
3arnuOMIoIThCcs Ha 1.8M B 3eMITIO, 1IeH Jk€ MOJYJIb MICTHTh JATYKHMYKK BOJIOTOCTI
IPYHTy Ta JaT4MKU BUMIPIOBAHHS TEMIIEpaTypyd Ta BOJIOTOCTI aTrMochepHOro
TIOBITPAL.

JlaTuMky SKi 3HAXOAATHCA y TIPYHTI pO3TalllOBaHI BEPTHUKAJIBLHO B IPYHTI
yepe3 60cM 1 BUMIPIOIOTh TEMIIEpATypy Ta BOJIOTICTh TOP(QY, BIAMNOBIIHO HA
MOBEPXHI I'PYHTY BUMIPIOETbCS TEMIIEpaTypa Ta BOJIOTICTh MOBITPs. Pe3ynbratu
BUMIPIOBaHb BKAa3aHMX MapaMmeTpiB mepenarThes Ha MikpokoHTponep IBC 3a
nonomororo GSM mopaynis. IBC npoBoauTs 0OpoOKy Ta OLIHKY pe3yJbTaTiB
BUMIPIOBaHb, (hOPMY€ IHTErpAIbHUI BUCHOBOK pPE3YyJbTATIB BUMIPIOBAHHS 1 1O
KaHajax pajio 3B’sI3Ky 1 nepenae 1o iHopmaiiito B ciryx0y JJCHC.

Jlnst mepenadi iHdopmariii Mmu oOpanmu Moayis ctanaapty GSM, 60 BiH mae B
MOPIBHSHHI 3 I1HIIMMHU TakKl TIEpPEeBarv: XOpolla SKICTh 3B’S3KYy NP TIEBHIN
IIUTPHOCTI PO3TalTyBaHHS, BEJIMKA €MHICTh MEpeXi, HU3bKUU PIBEHb MOXUOOK B
YaCTOTHOMY Jliarna30Hi, a TAKOK e(DEKTUBHE KOTyBaHHSI.

Ha pucynky 1 npencraBiena cxema ejaekTpuuHa ctpykTypHa nanoi IBC. Ha
pUCYHKY 2 mpuBeAeHo aiaroput™ pobotu pganoi IBC. Po6ora manoi IBC
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3BOJUTHCS JO MOYEPTOBOTO OMHUTYBAaHHS MOMIYJIIO IHTEPHET- pedeit, 0OpoOKHU Ta
OIIIHIOBAHHS pPe3yJIbTaTiB BUMIPIOBaHHS Ta (DOPMYBAHHIO PE3YyJIbTaTy MO KOXKHIN
TOYIll BUMIPIOBaHHS. MO/yJIb IHTEPHET — pedel npecTaBisie co000 CyKYITHICTh
BUIIIC ONHMCAHMX JaTYMKIB, MIKPOKOHTpOJIEpa, C€JIEMEHTIB MaMm’ sTI Ta 3aco0iB
3B’s13Ky. JKUBICHHS TaKOro MOJYyJsi KOMOIHOBaHE — aKyMYJISTOP ILTIOC COHSYHA

Oatapes.
BBEJICHHSA
BIM GS IBC oY, MTAHWUX

1 M1 Gs CPU — ” v
M | = BHUOipKa i-ro
KaHAIY
BIM GS
2 11 M2 | l *
I0F
<— OIIUTYBAaHHS
i+1ro kaHamy
BIM GS )
n || Mn [ .
\_ 1 >
00poOKa
Pucynoxk 1
GSM — Monynp nepenadi JaHUX

IOF — inTepdeiic

DC —nemmdparop @
10 — MpHUCTpiit BBOY/BUBOIY
Pucynoxk 2

BucHoBOK: BuKkopuctants 3anpornoHoBaHoi IBC 103BoJIUTh KOHTPOJIIOBATH
P1BEHb MOXKEXKHOI Oe3neku Top(d’ THUKIB, BUaCHO pearyBaTH Ha KPUTUYHI
CUTYallii Ta 3a0e3MeYnTh 30€peKEeHHS] HAaBKOJIUIIIHHOTO CEPEIOBUINA Ta
NPUPOAHOTO PI3SHOMAHITTSL.

Jlitreparypa
. https://uk.wikipedia.org/wiki/%D0%A2%D0%BE%D1%80%D1%84
https://fireman.club/inseklodepia/torfyanye-pozhary/
. https://www.i-scoop.eu/internet-of-things-quide/industrial-internet-things-iiot-
saving-costs-innovation/industrial-internet-things-iiot/
. https://wireless-e.ru/gsm/enfora/

. http://edu-mns.org.ua/files/materials.pdf
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INPUMEHEHUE METOJA 9JIEKTPOMATI'HUTHOI'O ITIOUCKA
JJIA OITUMUM3ALIUA I1IJTAHOB
MHOTI'O®AKTOPHOI'O 9KCIIEPUMEHTA

MankoBa A.B.
Hayunsrit pykoBoauTtens — 1.T.H., mpod. Komesoit H.J[. HartmonanbHbIi
aspokocmuueckuii yausepcuteT um. H.E. XKykoBckoro «XAN»

61070, XapwkoB, yi. Ukanosa, 17, kad. UHTEIIIEKTYaIbHBIX U3MEPUTEIIBHBIX
CUCTEM W WH)XeHepun kadecTBa, Tei. (057) 788-43-03 e-mail:
amalkoval58@gmail.com
The cost of the experiment is significantly influenced by the order of alternation
of the levels of change in the factors of the planning matrix. Therefore, an urgent
task is to study and apply methods that will allow alternating experiments in
such a way that the cost of conducting an experiment becomes minimal. For
this, a method has been developed for optimizing a multifactor experiment
using electromagnetic search. This method is based on Coulomb's law and the idea

of the attraction-repulsion mechanism of the theory of electromagnetism.

B Hayke u TexHuke BcE€ OoJsbllle BO3pacTaeT HEOOXOIMMOCTh
PAMOHAJIBHOTO MCIOJB30BaHMS TPY/AA YUEHBIX U MH)KEHEPOB, a TAKXKE CPEJCTB
IPOU3BOJICTBA — TEXHUYECKOr0 O0O0pylOoBaHHMA M MarepuasioB. OIHUM H3
HaITpaBJICHUI TOBBIMICHUS] MPOU3BOJUTEIBHOCTH HAYyYHOTO TpyAa SBISETCS
MPUMEHEHHE MEPEIOBBIX MAaTEMAaTHYECKUX METOJOB M  BBIYHCIHUTEIBHBIX
cpeactB. K TakumM MeTogaM OTHOCUTCA IUIAaHUPOBAHUE SKCHEpUMEHTa. Ero
KAQUEeCTBEHHAs] M ONTHUMaJIbHAsl pealn3alus T[O3BOJISIET YCIEIIHO pelaTh
Hay4yHbI€, IPOU3BOJICTBEHHBIE U TEXHOJOTHUECKHUE TPOOIIEMBI.

Pa3pabotan MeTo[ ONTUMHU3ALMK MHOTO(AKTOPHOTO 3KCHEPUMEHTa C
WCIIOJIb30BAaHUEM AJITOPUTMA BJIEKTPOMArHUTHOTO MOMCKa. MeTol OCHOBaH Ha
aHaJoruu ¢ 3aKkoHOM KyJoHa: areHT — 3TO 3JEKTPUUECKHU 3apsyKEHHAsl 4acTHUIa,
3apsA] KOTOPOM MpSMO MPOMOPIMOHATIEH 3HAYCHUI0 (YHKIMM B TOM TOYKE
o0JacTu MOKUCKa, TJIe €€ 3HaUeHNe MUHUMAaJIbHOE U 00paTHO MPONOPLMOHAIBHO
PaCCTOSIHUIO MEKIY 3TUMH yacTuiiamu [1]. Peanusanms mMeTona 3akirovaercs B
MEPECTAaHOBKE CTPOK MATPHUIIbl TUIAHUPOBAHMS SKCIEPUMEHTA M HAXO0XKICHHS
MUHUMAJILHOTO 3HAYEHHUs] CTOMMOCTH MEPECTAHOBKU MO OTHOIICHHUIO K MEepPBOM
cTpoke Matpuilbl. OJIHOBPEMEHHO C OSTUM, Ha MHMHHUMAJIbHOE 3HAYEHUE
CTOMMOCTH BJIMSIET PACCTOSTHUE MEXKY CTPOKAMU MATPHIIBI.

[Ipn wuccnenoBanuu (HOTOIIEKTPUUYECKUX TMpeodpa3oBaresiell  yrioBbIX
nepemeineHuii [2] B kadecTBe (akTOPOB, BIAMSIOIIMX HA MPOIIECC, 1EIeco00pa3Ho
BBIOPATh: X1 — YIOJI OTKJIOHCHHS IEHTPAIBHOM OCH H3Tydaroriero sieMenTa (MD)
OT IEHTpaJbHOM ocu mpuHUMawmero uemeHta ([19), X; — WHTEpBAT MEXIY
neHTpaibHbIMU ocsiMu UD wu I19, x3 — mucranumss mexay HUD u II0.
Hanpsbxkenne U, MB sBisercs mapamerpom ontuMmuzanuu. [nsi moctpoeHus
maTemaTndeckoit mojemu B Bume U = f (X1, X2, X3) JOCTaTOYHO NPUMEHUTH
nonHelii QakTopHblii skcnepumedt 23, CTOMMOCTM M3MEHEHHMII 3HauYEHMIA
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(dhaxkTopOB MpHBEICHBI B Ta0auUIE 1.
Tabmuua 1 — CroumocTy U3MEHEHUH 3HAaYeHHU (PaKTOpOB

YpoBHH Sx1.y.e. Sy, y.€. Sxs, y.€.
-1 — +1 3,2 6,8 7
+1 — -1 3 5,5 6,4

[Tnan skcriepuMeHTa, NOJYyYEHHBIN € TOMOIIBI0 METO/IA JIEKTPOMATrHUTHOTO
IIOHUCKA, IIPEJICTABJICH B TA0IUIIE 2.

Tabmuma 2 — Ilnan sxcnepuMeHTa, MOTyYEeHHBI METO/IOM
AIIEKTPOMArHUTHOI'O TOMCKA

Homep onbiTa PakTOpHI

X1 X2 X3
1 -1 -1 -1
2 -1 -1 +1
3 +1 -1 +1
4 +1 +1 +1
3 -1 +1 +1
6 -1 +1 -1
7 +1 +1 -1
8 +1 -1 -1

CtouMOCTh  TpPOBEACHWS  O3KCIepuMeHTa  cocTtaBmser 351  y.e.
[lo cpaBHEHWIO C HaYadbHBIM IUTAHOM OJKcrepuMeHTa [3], KOTOphIid uMeeT
CTOUMOCTH peanu3anuu 47,9 y.e., BRIMrphI cocTaBisieT 1,3 pasa.

Pa3paboTan MeTol, KOTOpPBIM peann3yeT ONTUMHU3ALMI MHOTO()aKTOPHOTO
HKCIIEPUMEHTA C MCIOJIb30BAHMEM aJTOPUTMa 3JIEKTPOMAarHUTHOTO IOMCKA.

BBINIONIHEHO ~ MOCTPOEHME  ONTUMAJIBHOTO IUIaHA JKCIEPUMEHTa IS
UCCIeoBaHus (POTONEKTPUUECKUX MpeoOpazoBaTeeil YriloBbIX MEPEMEICHHUM.
[lepcnexkTuBbl  JaJbHEWIIMX Ppa3pabOTOK  3aKIIOYAIOTCS B CO3JAHUM U
NPUMEHEHUH MPOrPaMMHOI0 oOecreyeHus JUisl ONTUMH3ALUU TaHHBIM METOAOM
TUTAHOB MHOTO()AaKTOPHBIX IKCIIEPUMEHTOB ¢ KOJIM4YeCTBOM (pakTopoB K>3.

Cnucoxk aureparypsl

1. Kapnenko A.Il. CoBpeMeHHBIE aNTOPUTMbI TIOUCKOBOW ONTHUMHU3AIIUU.
ANTOPUTMBI, BJOXHOBJICHHBIE MPUPOJION: ydeOHoe mocodue. M.: uzn-so MI'TY
uM. H. O. baymana, 2014. 446 c.
2. Komesoit H. JI., Kocrenko E.M. OnrtumanbHOE 110 CTOMMOCTHBIM H
BPEMEHHBIM 3aTpaTaM IUITaHHUpPOBaHUE dKcrepuMeHTa: MoHorpadwus. [lonrasa:
n3n. llesuenko P.B., 2013. 317 c.
3. Annep HO.I1., Mapkosa E.B., I'panoBckuii 10.B. [InanupoBaHue
HKCIIEpPUMEHTA MPU MMOMCKE ONTUMAaIbHBIX ycioBuid. M.: Hayka, 1971, 283 c.
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XapkiBchbkHi HarlioHanbHUM yHiBepcuTeT [loBiTpsiHux Cuin
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61023, Xapkis, Byn. Cymcbka 77/79, xad. MmeTposiorii Ta cTanaapTHU3aiii,
ten. 0673045784 e-mail: aveprofessor@gmail.com
In this report we will consider the quantintive evulation methods of vehicle
samples condition, in basis of which there are operations of measurement control,
accuracy properties of which are characterized by probability indicators. Existed
measuring methods of complex devices workability control are based on
individual predictive and diagnostic methods of controlling the vehicle condition.
For evulation the probability of which we use the known errors probability for the
first and second type, which are functionally related with vehicles parameters
measurement errors.

B OCHOBI KUIBKICHUX KOHTPOJBHUX METOJIB OIIHIOBAHHS CTaHy 3pa3KiB
TEXHIKU JIeXKaThb omepallii BUMIPIOBAIILHOTO KOHTpoJito mpane3gatHocti (BKII),
TOYHICH1 BJACTUBOCTI KUX XapaKTePU3YIOThCS MOKa3HUKAMU HMOBIPHOCTI.

Koxmna rpyna metoais BKII Biapi3HseThCsl CyKyIHICTIO 3aC001B BUMIPIOBAaHHH,
10 BUKOPUCTOBYETHCS. Y CHUCTEMI KOHTPOJIIO MPAale3JaTHOCTI CKIaAHUX BUPOOiB
MOXYTb OyTH mepeadadeHi METOAM 1HIUBIAYaIbHOIO IMPOTHO3YIOUOTO KOHTPOJIIO
crany (ITKC) i miarHoctuuHoro koHtpoio crany (JAKC). JOKC, sxi
BUKOPHCTOBYIOTh KUIbKICHI (TTapaMeTpuuHi) abo skicHI ((DyHKIIOHAIBHI) METOAH
MOIITYKY M JIOKadi3alli BIIMOB amapaTypH 3pa3KiB TEXHIKH, 3aBXKIU 0a3ylOThCi Ha
oreparisix KOHTpouto. JlJisi OLIHKKM MMOBIPHOCTI SKMX BUKOPHUCTOBYIOTHCS B1AOMI
WMOBIPHOCTI MOMUJIOK TIEPIIIOTO U APYroro poay, o (GpyHKIIOHAIBHO MOB'A3aH1
3 MOXMOKaMU BUMIPIB mapaMeTpiB 3pa3kiB TexHiku. Buznaunmo icayroun BKII.

[Ipu mpoBeneHHI KOHTPOIIO - NEPEBIPKU MPALE3JaTHOCTI 3pa3KiB TEXHIKH 3a
BKII 1 mparie3natHicTh 3pa3KiB TEXHIKM OLIHIOEThCS 3a pesysbratamu BKII ioro
TEXHIYHUX TapaMeTpiB (MeTo/ nudepeHIiiaaibHOoro abo MoeJIeMEHTHOTO KOHTPOITIO).
Cucrema KOHTPOJIIO 3pa3ka TeXHikH, mo peanizye meroau BKII1, € cykymHicTiO
3ac001B BUMIPIOBAHHS KOXXHOTO KOHTPOJBOBAHOTO MapameTpa 3pa3KiB TEXHIKH U
JAHKU KOHTPOJIO, 10 BUPOOJIs€ CUTHAIM “OpUAATHUI” abo “‘HenmpuaaTHUI™ 1O
napameTpax, a TakKoX IO 3pa3Ky TeXHIKH B IIIIIOMY.

[Ipu mpoBeeHH1 KOHTPOJIIO - MEPEBIPKU MPalE3IaTHOCTI 3pa3KiB TEXHIKH, 32
BKII 2 mpane3naTHiCTh 3pa3KiB  TEXHIKM OIIHIOETbCS OE3MOCEepeIHhO 32
pe3yibTaTaMd  KOHTPOJKO  BHXigHHMX  (y3araabHEHHMX)  TmapameTpiB  abo
XapaKTePUCTHUK 3pa3KiB TEXHIKH, IO OTPUMYIOTHCS PO3PAaXyHKOBHUM IUISIXOM, Ha
OCHOB1 BHMIPIOBaHHSI MOr0 TEXHIYHUX MapaMmeTpiB. BiH Mae Ha3By IHTETrpaibHOTO
a00 KOMIIJIEKCHOTO KOHTPONIO. B SKOCTI y3araJlbHEHOTO MapameTpy BHpPOOy
BUCTYIAIOTh MOKA3HUK TOTEHIIATy 3pa3ka TEXHIKH, WOTO HApOoOITOK Ha BIIMOBY,
Koe(illieHT TOTOBHOCTI, KoedimieHT 30epekenHs edexktuBHOCcTi. CHcTema
KOHTPOJIIO CTaHy, sika 3/iicHIoe peamizamito mMerony BKII 2, e cykymnHicTio
3ac001B BUMIPIOBAHHS MapaMeTpiB 3pa3KiB TEXHIKH, MPUCTPOiB 0OpOOKH AaHUX 1
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OOYHMCIIEHHS y3arajbHEHUX MapaMeTpiB 3pa3KiB TEXHIKM W JaHKU KOHTPOJIIO, IIO
BUpOOJISi€e KOHTPOJIBHY OLIHKY “mOpuaaTHui” abo “HempuaaTHUN’ MO 3pasKy
TEXHIKH B IIJIOMY.

[Ipu npoBeIeHH1 KOHTPOJIIO - TEPEBIPKU Mparle3IaTHOCTI 3pa3KiB TEXHIKH, 3a
BKII 3 mpamne3gaTHiCTh 3pa3KiB  TEXHIKM OIIHIOEThCS  O€3MOCEpeHBO 32
pe3ynpTaTaMd TMOPIBHSHHA BHUXIJHMX @apaMeTpiB BUPOOYy 3 MapaMerpamu
KOHTpoJbHOTO  (‘“3paskoBoro”  abo  “erajoHHOro” 3pa3ka  TEXHIKH,
XapakTepucTUKu sikoro B 2 - 10 pa3 TouHimie BIANOBIIHUX XapaKTEPHUCTHK
KOHTPOJIbOBAHOTO 3pa3Ka TEXHIKH.

Y cucremy KOHTpoOdiO craHy, mo peamizye mertoan BKII1-BKII3, BxomuTh
KOHTPOJIbHUN 3pa30K, HAMPUKIIAJ, ONTUYHUI a0o JazepHUil 3acid A KOHTPOIIO,
JaHKa KOHTPOJIIO 13 TPHUCTPOEM OOpOOKM I aHali3y pe3yJbTaTiB MOPIBHSIHHS
BUXITHUX  [apamMeTpiB, 1[0 BUPOOJSAIOTH CUTHAIM  “TipugaTHUK”  abo
“HenpuAaTHUI 1O 3pa3Ky TEXHIKH B LIIIOMY.

[Tpu npoBeieHH1 KOHTPOJIIO - MEPEBIPKU Mpale31aTHOCTI 3pa3KiB TEXHIKH, 32
BKII 4 npane3gatnicte 3pa3kiB OBT oiiHIO€TbCS 3a pe3yibTaTaMH  aHai3y
BIATYKIB BUPOOY Ha KOHTPOJIbHI (CTUMYJIIOIOYI, ICHUTOBI) CHUTHAIU (TECTH)
reHeparopiB abo iMITaTOPiB 3 HOPMOBAHUMHU METPOJOTTYHUMH a00 TOUYHICTHUMHU
xapaktepuctukamu. Cucrema KOHTpOJIIO cTaHy, o peanizye Meroau BKII 4,
MICTUTh JKEpena KallOpOBaHHWX CHUTHAJIB, I1HAMKATOpH abo0 3aco0M BHUMIPIB
napaMeTpiB BIATYKIB Ha (YHKIIOHAJIbHUX BHXOJAX 3pa3ka TEXHIKH, MPUCTPOIO
00poOKH ¥ aHaIi3y BUMIPIOBaILHOI 1H(pOpMaIIii.
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In this report we consider the structural scheme of digital pressure meter.
The following questions will be discussed: using the measuring pressure
converters in the automatized system of parameters controlling of pressure
measuring devices (ASPC); reasoning the structural scheme of digital pressure
meter. For the purpose of developing the structural scheme of pressure meter, in
this report were considered the conceptions about construction the chains of
structural schemes of measuring devices. Based on this analysis the auothors
proposed the structural scheme of digital pressure meter.

B nmomoBinl po3risnaeTbes CTPYKTypHa cxema IudpoBOro BHUMIiproBaya
TUCKY. PO3rnsiaroThCsl HACTYIIHI MUTAHHS, SK: BUKOPHUCTAHHS BHMIpPIOBAIBHUX
NEPETBOPIOBAYIB THUCKY B aBTOMATH30BaHI CHCTEMH KOHTPOJIO IapaMeTpiB
3aco0iB BumiproBaHHa TUCKY (ACKII); oOrpyHTOByHaHHSI CTPYKTYPHOI CXeMHU
M (pPOBOTr0 BUMIpIOBava THUCKY.

OCHOBOIO  BIOCKOHAQJIEHHS 1  PO3pPOOKA  MEPCHEKTUBHUX  3ac0o01B
BUMIPIOBaHHS THUCKY € aBTOMAaTH30BaHI CUCTeMHU KOHTpoJito mapametpiB ACKII
Ta po3poOka HOBUX MHpuiaaiB. Lle 103BoJss€e CKOPOTUTH BUTPATH Yacy 3 METOIO
MIATPUMAaHHS METPOJIOTIYHUX XapaKTePUCTHK 3aco0iB BI/IMipIOBaHHﬂ THCKY Ha
HEOOX1JHOMY (BIJMOBIIHOMY) PiBHI. /(75 mpsiMOro BUMIPIOBaHHSI THCKY P1JKOi
ab0 razomnoaioHo1 cepenu 3 Bl,Z[06pa)KeHH$IM Horo 3HadyeHHs Oe3mocepesHbO 0
HIKani, Tabso abo Ha 1HAUKATOP1 y AKOCTI HEPBUHHOIO BUMIPIOBAJIBHOTO MPHIIALY
BUKOPUCTOBYIOTHCS MaHOMETpU. MaHOMETpH KJIaCU(PIKYIOTh 32 MPUHIUIIOM [li
Ta KOHCTPYKIIi, MO BHAY BHMIPIOBAaHHOTO THCKY, 3a 3aCTOCYyBaHHSIM Ta
MPU3HAYEHHSM, MO THUIY BIJOOpa)XEHHS MAaHHUX Ta IHIIUMU O3HAKaMu. 3a
MPUHIAIIOM JIii MaHOMETPH MOXKHO PO3JUIMTH Ha piauHHI,IepopMariiiiui,
BAHTA)XHOTIOPIIHEB], €JEKTPUYHI (TUCK BH3HAYAEThCS HA OCHOBI 3aJIeKHOCTI
eJICKTPUYHUX MapaMeTpiB Ta 1HIII (TEIJIOB1, OHi3allllHI, TepMONapoBi Ta iHuIl). B
MIPOMUCIIOBOCTI MPH JIOKAJTBLHUX BUMIPIOBAHHSAX TUCKY €HEPrOHOCIIB B OLIBIIOCTI
BUMAJIKIB  BUKOPUCTOBYIOThCA  JedopmamiiiHi MaHOMETpU Ha  OCHOBI
OJIHOBUTKOBOI TpyOuaToi NmpykKUHU-TPYOKH BypaoHa - ajig mpsSMONoKa3yro4Hux
CTPUIKOBHX MpUJIaAiB a00 3 0araTOBUTKOBUMH TMPYKUHAMH JJII CAMOIIMCHHUX
MaHOMETPIB, aJie Ha 3MiHYy M BCE YacTilIe HAIXOATh €JICKTPUYHI MAaHOMETPH 3
M (pOBUM TA0JIO Ta PO3BUHEHOIO CUCTEMOIO 1HTEP(EHCIB.

Ha cphoroanimHii AeHb HAUMOMyJSIpHILNII B CBITI € TeH3ope3uctopHi BIIT.
Tenzopesucropui uytiusi enemenTd TPYE 300paxyroTh co6010 MeTaneBy Ta abo
JIEJIEKTPUYHY  BUMIPIOBaJIbHY  MeMOpaHy, Ha  SKii  pPO3MIIIYIOETHCS
TEH30PE3UCTOPH 3 KOHTAKTHUMU TUIONIAJKAMU /Ui MPOBIAHOTO MiJIKJIFOYEHHS J10
BHYTPIIIHKOI a0O0 3OBHINIHBOI CXEMH — EJIEKTPOHHOMY OJIOKY OOpOOKH.
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Tenzopesucropu (TP) BUKOHYIOThCA, SIK 13 METaly TaK 1 3 HaIIBIPOBIIHUKIB.
Jmst TPUE, oco0nmBO HamiBOpPOBIMHUKOBUX, ICHYE BIUIUB TeMIIEpaTypu Ha
OpyXHI Ta eJNeKTpu4Hi xapaktepuctuku TP, mo mnorpedye 3acTocyBaHHS
CHEIlaJIbHUX CXEM TeMIIepaTypHO1 KOMIIEHCAIII].

3 MeTo0 po3poOKH CTPYKTYpHOI CXE€MH BHUMIpIOBadYa THCKY B JOIOBIJI
PO3TISHYTI MOHSTTA 100 MOOYAOBH JIAHIIOTIB CTPYKTYpHHX cxeM 3BT.

B 3aco61 BuMiproBaHHs, CUTHAM, 10 MIEPEHOCUTH 1HGOPMALIiIO PO 3HAYCHHS
BUMIPIOBAHOT BEJIUYMHM, 3BUYAHHO MPOXOJIUTH PsJ MEPETBOPEHH 3 METOIO
OTPUMaHHsS MOTPIOHOTO BUXIMHOTO curHaixy. KojkHe MepeTBOPEHHsSI CHUTHAILY
MO’KHA YABHTH cOOl OKPEMHUMHU YaCTHHAMHU 1 aTH iM Ha3By “naHku’. 3’€IHAHHA
TaKUX JIAaHOK Y BU3HAYEHUU JIAHLIOT nepeTBopIOBaqu Ma€ Ha3By CTPYKTYpPHOI
cxemu. CTPYKTypHA CXeMa BU3HAYa€ OCHOBHI (byHKuloHam,Hl YacTUHU BHPOOY,
IX MPHU3HAYCHHS 1 B3aeM03B’5130K. OCHOBHUMU JIaHKaMU BI/IMlpIOBaJ'IBHI/IX CHUCTEM
€. BHUMIPIOBAJIbHUN €JIEMEHT;, BUMIPIOBAJbHUI JAHIIOT;, YYyTJIMBHHA E€JIEMEHT;
BUMIPIOBAJILHUN MeXaHi3M; 3BITHUM NpuUCTpiid. B 3anexxHOCTI BiA 3’€IHAHHS KiJ
pOBpiSHHIOTB JIBa OCHOBHUX BHUJY CTPYKTYPHHMX CXE€M: IPSIMOIO MEPETBOPEHHS
(mii) Ta BplBHOBa)KCHOFO (KOMneHcaumHoro) nepeTBopIOBaHHﬂ (mi1). CTpykTypHa
cxema BplBHOBEl)KGHOl Ol TakoXK Ma€ Ha3By CXEMU 3 B1JI’€EMHUM 3BOPOTHUM
3B’3k0M. Ha ocHOBI 11bOro anamizy aBTopamu OyJjia 3allpOHOBaHa CTPYKTYypHa
cxema HU(PPOBOro BUMIprOBaya THCKY.
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AHAJII3 METPOJIOTTYHOI'O 3ABE3IIEYEHHSA 3AKOHOJJABYO
PEI'YJIbOBAHUX 3ACOBIB BUMIPIOBAJIBHOI TEXHIKH B C®EPI
BAXUCTY KUTTS TA OXOPOHHU 310POB’SI TPOMAASTH
Imxenep 3 metpoorii 2 kateropii dyuenko I1.1O.,
imkenep 3 metpoJiorii Cadin B.T.

KepiBHUK — HAUaIbHUK HAYKOBO-BUPOOHUYOTO BIAILITY MPUKIATHOI METPOJIOTIT
¢i3uko-xiMmiuanx BuMiproBanb (BDX) [TorHomaproB A.B.

JIT «XapKiBCbKHI perioHaabHU HAyKOBO-BUPOOHUYHIA LIEHTP CTaHAApTH3AIll,
meTpostorii Ta ceprudikarii» (AI1 «XapkiBcTaHAaApTMETPOIOTISD)

61002, Xapkis, Bys. Mupornocuripka, 36, ten. 0680742511, 0958142162
e-mail: pasha-duchenko@ukr.net, safin31021@gmail.com

The purpose of this work is to analyze the impact of changes to the
Technical Regulations of legally regulated measuring equipment Ne 94 from
13.01.2016, introduced by the Resolution of the Cabinet of Ministers Ne 598 from
10.07.2019 to ensure the unity of measurements in the field of life and health.

Keywords: measurement, metrology, maintenance, means of measuring
equipment, means of medical equipment.

Mertoro 1i€i po6oTH € aHaii3 BIUIMBY 3MIHM JO TEXHIYHOTO perjiamMeHTy
3aKOHOJABYO PETryJIbOBaHUX 3ac00IB BUMIPIOBaIbHOI TexHIKH Ne 94 Bifn
13.01.2016p., BHeceni IlocranoBoro KMY  Ne 598 Big 10.07.2019p. Ha
3a0€e3MeUeHHsI €IHOCTI BUMIPIOBaHb B c(pepi 3aXUCTY KUTTS Ta OXOPOHHU 310POB’S
TPOMaJISH.

VYpsaom Ykpaiau y 2013 pori MmeauuHi BUpoOU 3 (PyHKIIIED BUMIPIOBAHHS
BKJIFOYEHO 0 cdepu peryiatoBaHHsS TeXHIYHOTO pEeryiaMeHTy IOJ0 METUYHHX
BUpOOIB, 3aTBepipkeHoro mocrtaHoBolo Kabinety MinicTpiB YKpaiHu BiX
02.10.2013p. Neo 753, ta TexHIYHOTO perjaMeHTy 11010 MEAUYHUX BUPOOIB s
JIarHOCTUKHU 1n Vitro, 3aTBepkeHoro nocranoBoro Kabdinery MinicTpiB Ykpainu
Binm 02.10.2013p. Ne 754 (mami — Texniunuii permameHt No 753, Texniunuii
pernmameHT Ne 754), 06e3 BiACWIbHOI HOpPMU Ha Oynb-sKI 1HII TEXHIYHI
pErjlaMeHTH 110JI0 BUMIPIOBAIBHOI TEXHIKU.

3 npudHATTSIM TEeXHIYHOTO perjaMeHTy 3aKOHO/IaBUO PETyJIbOBAHHUX 3aC001B
BUMIPIOBAJILHOT TEXHIKHM, 3aTBEp/KEHOr0o TmocTtaHoBor Kabinety MiHicTpiB
Vkpainu Big 13.01.2016p. Ne 94 (nami — Texuiunuid pernameHT Ne 94), miz ioro
PEeryJISTOPHY 110 MOTPANWIN MEIUYHI BUPOOU 3 (DYHKIIIE€0 BUMIPIOBaHHS, HA SIKi
nowmuproerbes A Texuiunoro persnameHty Ne 753 abo TexHIUHOTO perjaMeHTy
Ne 754, yum cTBOpEeHO MPOOIEMy TOJBINHOI OIIHKK BiAMOBIIHOCTI MEIUYHUX
BUPOOIB 3 (PYHKIIE€I0 BHUMIPIOBAHHS BUMOTAM TEXHIYHUX pernaMeHTiB, 10
HETaTHBHO BIUIMHYJIO HA HOpMalbHE (PYHKIIIOHYBaHHS onepaToplB PUHKY.

Ha mouarky 2017 poxy HakazomM MiHicTepcTBa €KOHOMIYHOTO PO3BHUTKY 1
topriBii Ykpainu Bix 02.02.2017p. Ne 129 crBopenHo PoOouy rpymy 3 nutasb
YAOCKOHAJIEHHS OI[IHKK BIJIMOBIIHOCTI 3aKOHOJIAaBUYO PETyJIhOBAaHUX 3acO0IB
BHUMIPIOBAJIbHOI TE€XHIKH, 10 3aCTOCOBYIOTHCS JUIsl 3a0€3MEeUCHHSI 3aXUCTY KUTTS
Ta OXOPOHU 3JI0POB’sI TPOMAISH (Iaiti — pobdoua rpymna).
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PoGouoro rpymoro, chopMOBaHOI ISl BUPIIICHHS MPOOJIeMH, MPUHHSATO
pimenas (mpotokon Bim 11.05.2017p. Ne 2) mimroryBatu MPOEKTH 3MiH [0
Texniunoro perimamenty Ne 94, Ha Ti 3aco0uM BUMIPIOBAJIbHOI TEXHIKH, IO €
MEUYHUMHU BUPOOAMH Ta Ha K1 MOIIUPIOETHCS M1 TexHiyHoro periaMmenty No
753 Tta/abo Texuiunoro periamenty Ne 754. IlocranoBoro KMV No 598 Bif
10.07.2019p., sixa Habpana uyuHHICTH 3 19.01.2020p. Oynu BHeceHi 3MiHU A0
TexHIYHOTO periiaMeHTy 3aKOHOJABYO PETyJIbOBAaHUX 3ac00IB BHUMIPIOBAJIBHOI
texHikd Ne 94 Big 13.01.2016p. 3 AKOTO BUKIIOUWINM MEIUYHI BHUPOOH 3
(GYHKITIEIO BUMIPIOBAHHS.

3 ogHOTO OOKY, OTIepaTopaM PUHKY CIPOCTHIN BUMOTH JIJISI BBEJICHHS B 00IT
MEJIUYHUX BHPOOIB 3 ()YHKIIIE€I0 BUMIPIOBAHHS, OJIHAK 3 1HIIOrO II€¢ HEraTUBHO
BIUIMHE Ha 3a0€3MEUCHHS €JHOCTI Ta TOYHOCTI BHUMIPIOBaHb y cdepl 3aXHCTY
XKUTTS Ta OXOPOHU 370pPOB’Sl TPOMAJSH, OCKUIbKM TexHiunui pernameHt Ne 753
HE MICTHTh BUMOT IIOJI0 METPOJIOTIYHUX XapaKTEPUCTHUK 3aC001B BUMIPIOBAIBHOI
TEXHIKH.

3 mHaBeneHoi Buie 1H(GopMalii MOKHAa 3pOOMTH BHCHOBOK, IO JJIA
3a0e3MeUeHHs €JHOCTI BUMIPIOBAaHb Ta IPOCTEKYBAHOCTI B cdepl 3a0e3necucHHs
3aXUCTy JKUTTA Ta OXOPOHHU 3J0POB’S TPOMASH, 10 TEXHIYHOTO periamMeHTy
No753 HeoOXiHO JOJYYUTH BUMOTH IIOJI0 TEXHIYHOI JOKYMEHTAIlli Ha MEINYHI
BUpOOHM 3 (PYHKIIEI0 BHUMIPIOBAHHS, SKa NOBMHHA OYTH JOCTATHBOIO MIpPOIO
JIETaJI130BaHOIO sl 3a0€3MeUeHHS T0AeP KaHHS TAKMX BUMOT:

1) BU3HAYCHHS METPOJIOTIYHUX XapPaKTEPUCTHK;

2) BIATBOPIOBAHICTh METPOJIOTIUHUX XAPAKTEPUCTUK BUTOTOBJICHUX 3aCO0IB
BUMIPIOBAJIbHOI TEXHIKM 3a yYMOBHM TPOBEICHHS HAJICKHOTO PETYIIOBAaHHS 3
BUKOPUCTAaHHSM MPU3HAYCHUX IJIS1 BOTO 3aCO01B.

Hapeneni BuIle BHCHOBKM € BaXJIMBHMH, TaK SK METPOJIOTIYHE
3a0€3MEUYCHHS] € BAXKJIMBOIO CKJIQJOBOIO SKOCTI HAJaHHS MEAWYHHUX TTOCHYT,
OCKIJIbKA TOYHICTh Pe3yJIbTaTIB BUMIPIOBAHb, SIKA BUKOPUCTOBYETHCS B MEAUYHHUX
3aKianax Oe3MoCepelHbO BIUIMBAIOTh HAa TOYHICTH JIarHO3y Ta MPaBUIIBHICTH
JIKyBaHHS, a OTKE — Ha 37I0POB’S Ta KUTTS MAIlI€HTIB.

Cnucok BUKOPUCTAHUX JIZKEPeJI:

1. Tlpo meTposyoriro Ta METPOJOTIYHY MisUIbHICTH: 3aKOH YKpaiHU BijJ
03.07.2020 Ne 1314-VILI.

2. IIpo TexHiuHI perjJaMeHTH Ta OIIHKY BIAMOBIAHOCTI: 3aKOH YKpaiHu Bij
03.07.2020 Ne 124-VIILI.

3. Kymmnip M. IlpobGiemu MeTposiOTiUHOTO 3a0€3MEUYEeHHS MisUTBHOCTI

3aKJ1a/1iB MEPBUHHOT MEIUKO-caHiTapHol mormomoru // Merposoris Ta npuiaaa. —
2019. — Ne 3. - C. 67-71.
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BIZITBOPEHHS HAIIPYI'U 3SMIHHOT'O CTPYMY
HA E®EKTI 1’ KO3E®COHA
Kupna I'.A.
HaykoBuii kepiBHUK - A.T.H., Ipod. [1aBnenko HO.D.
XapKiBChKHMM HAIllOHATLHUM YHIBEPCUTET PaTi0CICKTPOHIKH
61166, Xapkis, ip. Hayku, 14, kad. MeTposnorii Ta TEXHIYHOT €KCIIEPTH3H,
ten. (050) 619-92-83, e-mail: hanna.zhyrna@nure.ua
The reference base, which currently has 79 national standards, creates
conditions for improving product quality and production efficiency,
environmental control and protection of life and health of citizens, improving the
country's defense capabilities, ensuring the requirements of technical regulations.
Therefore, this article will consider methods for implementing AC voltage on the
Josephson effect.

CTBOpEHH1 €TaJIOHIB TMOCTIMHOI HAampyrd 3 BUKOPUCTAHHSIM e(]eKTy
JIxo3edcoHa 1 OaraTOKOHTAKTHUX MATPHIh CTUMYJIIOBAIU AOCTIIHKEHHS MO0
MOXJIMBOCTI BUKOPUCTaHHS IbOTO €(PEeKTy MJis BIATBOPEHHS HANPYTHd 3MIHHOTO
ctpymy. DopMyBaHHS HANpPYrd 3MIHHOTO CTPYMY 3 BHUKOPHUCTAaHHSM €(eKTy
Jlxo3edcona Moxke OyTU BUKOHAHE:

1. Merogom cuHTEe3y BIJIIKIB abo mporpamoBaHoi matpuil (PJVS-
METON);

2. KomoimmynecanM metomioMm (JAWS-meTon);

3. Metomom 3  BHUKOPUCTaHHSIM  dYacToTHOi  moxmyisamii  HBY-
OTIPOMIHCHHS;

PJVS-meroa monsrae B OTpUMaHHI cepii TUCKPETHUX BITKIB IMOCTIMHOL
HaAIlpyTd 3 BUBOJIB J03€()COHIBCHKOT MaTpuill 1 y (OpMyBaHHI CX14aCTOTO
CUTHAJy 3MIHHOTO CTpyMy. Jlisi BIITBOpPEHHS HAmpyrd 3MIHHOTO CTPYyMY
HEOoOX1THA IIBMJKA 1 TOYHA MEpPEeKOMYyTallis ONopHUX Hampyr Jxo3edcoHa.
[lepexomyTariiss HeMoxumBa 3 mnepexonamu SIS (HaaANPOBITHUK-130JIATOP-
HAJMPOBIIHUK). Taky MOXKJIMBICTh HAJAOTh TUIBKHU JIHIMHI MATpPHUIl CHIJIBHO
3aracatounx mnepexoaiB — SINIS 1 SNS, oagnak npu UHbOMYy 301IbIIYETHCS
HEOOX1THE YHCIIO TIEPEXO/IIB.

Matpuris 3 yactororo onpominenns 70 I'T'y moBunHa matu 6au3bpko 70 000
nepexodiB mis oxepxkanHs Hampyru 10 B, mo y 5 pasiB Ounblme, HIK Y
CTaHAApTHOT MATPHIIL IJIs1 OJIeP>KaHHS MOCTINHOT HANPyTu. SKIO 3 psay mpuduH
MOTPIOHO BUKOPUCTOBYBATH OLIBIN HU3bKY YacTOTy omnpomiHeHHs (Oym3bko 20
['T1), uncmo mepexoaiB HaBITh 301TBITYETHCS MPOMOPIIIMHO 3MEHIIICHHIO YaCTOTH
onpoMiHeHHA. Taki BHCOKOTEXHOJOIIYHI MaTpUIll BUIYCKAlOTh  TUIbKU
metposoriuni iHcTuTyTd CLHA 1 HiMmeyunHu.

Jlanmii mMeron Mae sK mepeBard, Tak 1 Hemomiku. IlepeBara - mama
HEBU3HAYEHICTh PiBHS KOKHOI CXOJMHKH, sIKa He nepesumtye 5+ 107 Ha yactorax
no 1 xl'u, Hemomik - y CHEKTpl TaKOro CUTHAIYy MICTHTBCS BEJIHMKAa KUIBKICTh
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rapMOHIK, IO HE JO3BOJISIE BHKOPHUCTOBYBATH JNAHWH METOJ y JCSIKHX 3aaadax
METPOJIOT].

JAWS-meToa. Henomik monepenHboro METOMy MOKHA BHIIPABHUTH, SIKIIO
BUKOPHCTOBYBaTH K ONPOMIHIOIOUMNA CHUTHAal HE CHHYCOIJalbHUN, a
MOCJTIIOBHICTh IMITYJIbCIB. 3QJIGKHO BiJl TPUBAIOCTI OKPEMHUX IMITYJIBCIB IO
nepexoay Oyjae MPOXOAUTH IEBHE YMCIO KBAHTIB ITOTOKY Ha iMmyibce. HImsaxom
pEryJioBaHHs YacTOTH IMITYJIbCIB Ha MAaTpUIll T€HEPYeEThCS TOYHO BU3HAYEHA
Hampyra 3MiHHOro cTpyMmy. /s 1poro B HAWNPOCTINIOMY BHUMAAKy MOKHA
BUKOPHCTOBYBATH MPOMHCIOBHI BUCOKOIIBUAKICHUI IreHEPaTOp IMITYJIBCIB.

MeTton 3 BUKOPHUCTAaHHSM MPOTPAMOBAHOI JHKO3e(hCOHIBCHKOI MaTpHIIi
(PJVS-meTon) 3abe3neuye BUCOKY BHXiTHY Hampyry (mo 10 B), ogHak i criekTp
MICTUTh YUMaly KUIbKICTh TapMOHIK (TOOTO Mae€ 3HayHI CIIOTBOPEHHS).
Konoimnynecuuii merog (JAWS-meTon) 3a0e3neuye YucTuil COeKTp, ajie piBEHb
BHUXI1JIHOT'O CUTHAITY He TiepeBuiye 1 B.

MeTox 3 BHKOPHMCTAHHSAM 4acToTHOI MoayJasauii HBY-onmpominenHst
Ileit wmeton OGa3yeTbcsi Ha TMpsAMIA  3aJ€KHOCTI HAmpyrd Ha  BHUXOJI
JK03e()COHIBCHKOT MaTPHUIll BiJl YACTOTH ONMPOMIHEHHS. MeTO 1 3apoOnOHOBAaHO B
HHII «IacTuTtyT Metposorii», Ha I1Ied dYac BIH 3HAXOAUTBbCI B CTafli
JTOCITIJIKEHHSI.

MoxmBa KoOMOiHALIA JBOX MeETOAIB, siKa MOEAHYE y €00l MO3UTHBHI
SKOCTI Tepmoro ta apyroro meromay, Tooto (PJVS+JAWS) meron, , sxuii
JI03BOJIsIE  OfiepXaTu piBeHb Hampyru a0 10 B 3 BHCOKOIO CHEKTpaibHOIO
guctoToro. IloeramHo CcUHTE3yIOTh curHaa wetogoM PJVS 1 Ha HbBOTO
HaknanaoTh curHain JAWS (meron cymepmoswuiiii). ExcriepumeHT mokasye, 1o
OpU KOPEeKTHIM peanizamii 1 cuHXpoHizamii curHan JAWS 3pnaTHuili cyrTeBO
3MEHIIUTHA CTPUOKM HANIPYTH, sIKI BAHUKAIOTh y curdai PJVS.

Etanonu 3MiHHOI Hanpyru Ha edekTi J[ko3edcoHa MalOTh CBOE 0COOJIMBE
3HAYEHHA 11 METPOJIOTii, BOHO MOJIATAE B MOJIMBOCTI BIATBOPEHHS HANpPYTH
3MIHHOTO CTPYMY 3 HEBHM3HAYEHICTIO, Ha 1-2 MOPSAJKM MEHIIOI0, HIX I1CHYIOUl
€TaJIOHH, SIK1 MPAIIOI0Th HA METO/II TEMJIOBOI0 KOMIIapyBaHHS.

Cnucok BUKOPUCTAHOI JITEPATYPH:

1. Beryn no xBantoBoi Merposiorii. Iliapyunuk. FO.®. IlaBnenko, C.I
Kongpamos, I1.I. HeexxmakoB Ta iH.; 3a pea. }0.®. IlaBnenka. — XapkiB : ®OII
Mesina B.B., 2017.
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OCOBEHHOCTHU NPO®ECCHUU QUALITY ASSURANCE UHXEHEP
Jlyuenko M.J.
Hayunsrit pykoBoauTens - K.T.H., mpod. Eropos A.b.
XapbKOBCKUH HAIIMOHAJIbHBIM YHUBEPCUTET PAIUOIIICKTPOHUKHU
(61166, Xapbkos, mpocn. Hayku, 14, kad. MeTposaoruu u TEXHUUECKOMN
akcriepTH3sl, Telr. (057) 702-13-31)
e-mail: milana.lutsenko@nure.ua

Quality assurance (QA) is any systematic process of determining whether a
product or service meets specified requirements.QA establishes and maintains set
requirements for developing or manufacturing reliable products. A quality
assurance system is meant to increase customer confidence and a company's
credibility, while also improving work processes and efficiency, and it enables a
company to better compete with others.

CoBpeMeHHOe TOHMMaHHMe oOecnedenus kawectBa (Quality Assurance)
MPOJYKIIMUA BKIIIOYAaeT B ceOs MpEexKJe BCEro MPHUHIMI OTPa)KEHUS KauecTBa
OPOAYKIIMA B TPOLIECCAX, €€ CO3JAIONIUX, YMEHBIICHUE BapUATUBHOCTH
MPOIIECCOB  BCIIEJICTBUE WX CTAaTHUCTHYECKOTO KOHTpOJdS (ympaBieHUs) W
cragpaptuzanuio. OTIaMu COBPEMEHHOTO MEHEIKMEHTa M0 OOECIeUeHHUI0
KauecTBa Oe3ycioBHO sBisitorca Takumm Toinpma, I'enpu Popn, Yoarep
[Tyxapxn u DaBapa JAKkMUHT.

WNuorna ommbouHo cuutarot, uto QA - mmxeHep u TectupoBmuk [10 — 310
ofHO W ToXke. Ha camoM fene TEeCTUPOBIIMK MPOTPaMMHOTO 0OeCredeHUs
3aHMMaeTCsl TecTUpoBKoW yxke roroBoro [10, QA - umxkeHep paboTaeT Haj
(dbopMHpOBaHKHEM ITPOLIECCOB BCETro KM3HEeHHOTO 1uKia [10.

Quality Assurance engineer — 3To CIEIHAIUCT MO0 00ECICYCHUIO KavyecTna,
JeSATeTbHOCTh KOTOPOTO HAIpaBlieHa Ha yJydileHue mpoiiecca pazpadortku I10,
npeaoTBpalicHue A1e(heKTOB 1 BBIABICHHE OIIMOOK B pabOTE MPOIYKTA.

OcHoBHas 3amgaua QA — obecrnieueHne kauecTBa mporeccoB. QA-UHKEHED
dbokycupyer BHHMaHHME Ha mpoieccax  pazpadotku [10,  ymydmaer ux,
npenoTBpaniaeT nosisneHue nedexron u npoodiem (Makes sure you are doing the
right things, the right way).

[Tporecc obecrnieueHust KayecTBa COCTOUT U3 TAKUX JTAIOB:

- IpoBepKa TpeOOBaHU K MPOAYKTY;

- OIICHKA PUCKOB;

- IJJAHUPOBAHUE UJICH MO yIYUYIICHHIO Ka4eCTBA MPOIYKTa,;

- INTAHUPOBAHUE TCCTUPOBAHUS;

- aHaJIU3 Pe3yIbTAaTOB TECTUPOBAHUS.

[Tockonbky QA-UHXKEHEp COTPYAHUYAET C OOJBIINM KOJUYECTBOM JIFOJCH,
OH JIOJDKEH pa3roBapuBaTh C HHUMH Ha OJHOM S3bIKE W B  KaKOU-TO
Mepe 00J1a/1aTh Ka4eCTBaMU ITHX CIIEIIUATUCTOB:

- KaK JIeBeJIOonep - MOHUMATh KOJ M UMETh MPEJCTaBICHUE O TEXHHUYECKUX
pamMKax Ui pean3aliii Pa3IuaHbIX METO0JIOTHIA,
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- Kak Ou3HEC-aHAIMTUK — 3HATh DPBIHOK W IEJEBYIO0 ayIUTOPHIO, JIs
Kotopo# coznaércs 110;

- KaK MEHE/DKep MPOeKTa — BUIETh OOIIYI0 KapTHHY, COCTaBJICHHYIO U3
BCEX YacTeH MPOEKTa;

- KaK KOHEYHBIH MOJIb30BaTENh — IMOHUMATh y100CTBO nojbs3oBanus [10.

K 6e3ycrnoBHBIM II0OCaM MPOPECCHH MOKHO OTHECTH CIICAYIOIIEE:

- BO3MOXHOCTb (M  HEOOXOJMMOCTh!)  TOCTOSIHHOTO  IMOBBIIICHUS
po(hecCHOHANBFHOTO YPOBHS B COOTBETCTBHUH € mporpeccoM IT-otpaciu u cdepsr
ouszHeca. IIpodeccus He MO3BOIAET paccIabUTbCI U YMCTBEHHO JIETPaHpOBaTh,
3aCTaBJsIeT ObITh B KypC€ HOBBIX TEXHOJIOTUH;

- BBICOKAs OIjIaTa TPyAa;

- IPECTHXK U BCE BO3pacTaroliasi BOCTpeOOBaHHOCTD Mpodeccuu B OyayIIeM.

Henocrarkamu npodeccunt siBASIOTCS:

- pYTUHHasT W MOHOTOHHasi paldoTa MPHU MNPOXOKIACHUU TECT-KEHCOB B
PYYHOM TECTUPOBAHUH U pabOTE C JOKYMEHTAIUEH;

- IOCTOSTHHAsL CHUs4asi paboTa 3a KOMIBIOTEPOM;

- OOJIBIIIOE KOJIMYECTBO 3aWHTEPECOBAHHBIX JHI[ B KaXJIOM IPOEKTE, Y
KOTOPBIX CBOM TMOXKEJIaHWs W  TpeOOBaHUS: 3aKa3yMKW, pa3pabOTUHKH,
MOJIb30BATEIH.

[To pamseim IOV, cpenHemy ykpamHckoMmy QA-umHxeHepy 26 Jer.
OH uMeeT ombIT paboThl OT MOJIYroAa (JHKYHUOP) A0 D JeT (CeHbOP) U MOJTydaeT
3aprutaty $600-2700.

Jlureparypa:

1. ACTY ISO 13053-1:2011. Cratuctunudi wmerogd. MeTtomooris
nominmeHHs nporecciB «Ilicts curmay. Yactuna 1. Meronomoris DMAIC/

2. Cratuctudeckoe ympaBieHue mporieccamu. Onrtummzaius OuszHeca ¢
UCIIOJIb30BaHUEM KOHTpoibHBIX KapT Illyxapra / Jlowansn VYwusep, [leBun
Yambepc; [ep. ¢ anrn. — M.: Anpnuna [1abmumep, 2019 — 409 c.

3. https://searchsoftwarequality.techtarget.com/definition/quality-assurance.

4. https://lwww.profguide.io/professions/ga_injeneer.html.

5. https://dou.ua/lenta/articles/qa-engineer-position/.
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METOJIN TA 3ACOBU BUMIPIOBAHHSA HNIBUJIKOCTI
HOBITPSIHOI'O ITIOTOKY
[mxenep 3 metpouiorii 2 kateropii bonagapenko C.B.
KepiBHUK — HA9aJIbBHUK CEKTOPY MPHUKIIAIHOI METPOJIOT1i BUMIPIOBAHb
MeXaHIYHHUX Ta akycTuYHuX BennyuH (CMA) HOpuenko B.M.

JIT XapkiBChbKU periOHATbHUN HAYKOBO-BUPOOHUUMWH IIEHTP CTaHIapTHU3AIli],
meTpostorii Ta ceprudikarii (1 «XapkiBcTaHIapTMETPOIIOTIS»)
61002, XapkiB, Byn. MupoHocuiibka, 36, Ten. 0969787348
e-mail: sergey3bond@gmail.com,

The main purpose of the article is to reveal the reasons for measuring the air
flow velocity and the processes it affects, to classify air flow velocity measuring
instruments. Description of the main types of anemometers is presented. The
article is of great help to choosing an anemometer to solve specific problems.
From this work we can conclude that to choose an anemometer you need to
clearly understand for what purposes it will be used.

Keywords: air flow velocity, anemometer, impeller, hot wire, pressure tube,
ultrasound, laser.

Metoro 1i€i poOOTH € PpO3KPUTTS IIEM BHUMIPIOBAaHHS IIBHJIKOCTI
MOBITPSHOTO MOTOKY Ta MPOIECIB HA SIK1 BOHA BIUIMBAE, HABEJCHHS KJIacu(pikalii
BUMIPIOBAJIbHUX MNPUIAAIB 3a IXHIMH KOHCTPYKTHUBHUMH BIJIMIHHOCTSIMH,
METOJIOM B3a€EMO/II1 3 MOTOKOM Ta MPUHIIMIIOM Jii.

[IBMAKICTE MOBITPSHOTO MOTOKY — L€ AYXKE€ BaXJIMBUU HapameTp, SKUil
BIJIMBA€ HA MPOAYKTUBHICTb JIFOACHKOI Mpalli, CTPOK HAINpallOBaHHS Ha BIAMOBY
MEXaH13MiB, MPOBEACHHS OY/IBEJIBHUX POOIT HA BHCOTI, METEOPOJIOTIUYHI YMOBHU
OTOYYIOUOT'O CEpE/IOBHINA Ta Ha 0araTo IHIIUX TMPOIIECIB, K1 3yCTPIYAIOTHCS Y
HAIIOMY KHUTTI.

Jlnsi BUMIpIOBaHHS IIBHUJKOCTI TOBITPSIHOTO TIOTOKY BUKOPHCTOBYIOTHCS
BUMIPIOBAJIbHI TPHUJIAAH, SIKI HA3WBAIOTHCA aHEMOMETpaMHU. AHEMOMETp — IIe
npuiIajd 1 BAMIPIOBaHHS IIBUAKOCTI TTOTOKIB Ta HANPSIMKY PyXy MOBITps, ra3iB
1 piguH. [lpuHnun poOGOTH aHEMOMETpa MOJSATa€ y BUSBICHHI 3MIHM JESKOi
(G13MYHOI BJIACTUBOCTI MOTOKY, a00 y Al MOTOKY Ha MEXAaHIYHMA TPHUCTPIH,
PO3MIIIIEHUH B MOTOIII.

B 3anexHOCT1 Bii METOY BUMIPIOBAHHS Ta TUIY TPUINMAaIbHOTO MPUCTPOIO
aHEMOMETPU MOJUISAIOTh HAa psan TumiB [1]: MexaHiuHi (KpWjibyaTi, YallKoBi),
TEIJIOBl (TEPMOAHEMOMETPH), AMHAMOMETPUYHI (3 HaANIpHUMH TpyOKaMu),
yJIbTPa3BYKOBI (aKyCTHUYHI1), ONTUYHI (JIa3epHI JOMIUIEPIBCHKI).

VY Kpuip4yaTHX Ta YalIKOBUX aHEMOMETpax pyX IMOBITPsSI CHPUMMAETHCS
YOTHUpMa MOJIMMHU MIBKYJISIMH 200 TUIACTUHKAMU, BUTHYTHUMH y BUIJISIL JIOMATEH.
IxHe oOepTaHHs TepenacThCs CTPIIKAM iHIMKATOPY CHCTEMOIO 3y0UaTHX KOJIC
(anemometpu ACO-3 ta MC-13). Takox MeXaHIYHI YyTJIHBI €JIEMEHTH MOXKYTh
OyTH BUKOPHCTaHI y TOE€IHAHHI 3 €JIEKTPOHHUM BTOPMHHUM IE€PETBOPIOBAYEM
(amemometpu Testo 417, AIIK-10). Mexaniuai aHEMOMETpPH MAalOTh J1ara3oH
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BumiptoBanb Bix 0,1 mo 50 m/c. IlepeBaru: mOpiBHSHO HEBHCOKa I[iHA, TIEBHA
CTIAKICTh 10 TYpOYJICHTHUX IOTOKIB, HE3QJICKHICTh BiJ] TeMNepaTypu MOTOKY.
Henomniku: HeAOBrOBIYHICTh 00EPTAIFHOTO MEXaH13My, HEBUCOKA TOYHICTS [2].

[IpuHiun  poOOTH TEIJIOBOTO aHEMOMETpa TOJIAra€ y BHUMIPIOBaHHI
TEMIIepaTypy TUTACTUHU YU HUTKU PO3’KapIOBaHHS, 3 SIKOIO B3a€MOJi€ MOTIK. B
3QJICKHOCTI BijJ] IMIBHAKOCTI IOTOKY, HEOOXIJHA pi3HA €HEPTris IId TOro, Iod
HiATPUMYBATH TeMIEpaTypy cTanor. ToOTo 3a TeMrepaTyporo IUIAaCTUHU MOYKHA
BU3HAYHTH IIBUJKICTH MOBITPSHOTO MOTOKY (TepMoanemometpu Testo 405, TKA-
[TKM, METEOCKOII-M). [liarra3zon BumiptoBanb Big 0,01 1o 20 m/c. [TepeBaru:
JIOCTaTHBRO BUCOKA TOYHICTh, HEBEIHMKI PO3MIpH, BHCOKA UyTIWBiCTh. Hemomiku:
MEHIIINH Jiana30H BUMIPIOBaHb, BUIIA II1HA.

BumiproBaHHS HIBUJIKOCTI TOTOKY TOBITPS MOKHA TIPOBOJUTH TaKOX
METO/IOM BHU3HAYEHHSI THCKY IMOBITPS BCEPEAMHI HAMpHOI TpyOKW (Hailuacriiie
koHcTpykiii Ilito Ta HUMOI'A3). IIBuiakicTs pyXy MOBITPS OOUYUCITIOETHCS
[UIIXOM MOPIBHSAHHS HAJUJTMIIKOBOTO TUCKY MOBITPSI BCEPEIUHI TPYOKH Ta 30BHI.
Ile Tak 3BaH1 TMHAMOMETPUYHI aHEMOMETpHU. BuMiproBaibHUi fiana3oH Big 2 A0
100 m/c. IlepeBaru MeToNy: BU3HAYEHHSI BUCOKUX IIBHUIKOCTEH MOBITPSHOTO
MOTOKY, IIUPOKUN TEeMMEpPaTypHHUM Jiana3oH, JOBIHIl CTPOK CIy>KOM HamipHO1
TpyOku. Henomiku: HEMOXIMBICTb BUMIPIOBAHHS HHU3bKUX IIBUAKOCTEM,
HEOOXIJHICTh BUKOPUCTAaHHS HaIIpHOI TPYyOKM y B3aemonli 3 JudepeHUiiHUM
MaHOMETPOM, HEOOXIJHICTh IPOBEACHHS pO3paxyHKiB [3].

VY IbTpa3ByKOBI Ta Ja3epHI aHEMOMETPH BUKOPUCTOBYIOTHCS JIJIs1 BUPIILICHHS
CHeniajJbHUX 3aBJaHb. BOHM Xoya 1 MarOTh BHUCOKY TOYHICTh Ta IIUPOKUN
Jianma30H BUMIPIOBaHb, ajieé KOIITYIOTh JyKe 0araTo, depe3 e s KOHTPOJIO
IIBUKOCTI TOTOKY Y TOBCSAKICHHUX 3a/1a4axX X BUKOPUCTOBYBATH HEJIOIIJIHHO Ta
JI0pOro.

3 wHaBemeHoi Bumie iHdopmali MOXHa 3pOOMTH BHCHOBOK, IO
HAWUTIOMIMPEHIIIMMH BUMIPIOBaYaMU MIBUIKOCTI MOBITPSHUX Ta ra30BHX MOTOKIB
€ MEXaHI4Hl, TeIUIOBl Ta TUHAMOMETPHYHI aHemMoMmeTpu. Jjis Toro, mob obparu
NOTPiIOHMM BUMIPIOBAJILHUMN TIPHIIAJl, TpeOa 3HATH Yy SKOMY Jiara3oHi Ta 3 sIKOIO
JTUHAMIKOIO 3MIHIOETBCS MIBUAKICTH IOBITPSHOTO IOTOKY, 3 SKOK TOYHICTIO il
NOTPIOHO BUMIPATH Ta PO3YMITH CKUIBKM KOIITIB BM TOTOBI 3aIlIaTUTH 3a
OakaHuM TIpuIa.

Cnucok BUKOPHCTAHUX JIZKEPeJI:

1. Anemomertp//https://simvolt.ua/anemometr-prilad-dlya-viznachennya-
shvidkosti-ta-napryamku-rukhu-potoku/, 23.02.2021.

2. T'omiaeko B.I. OcnoBu oxoponu mpari: miapyunuk / B.I. T'omiHbkO —
XapkiB : HI'Y, 2014. - 271 c.

3. Tlocynin KO.I. Meroau BuMIpIOBaHHS TapaMeTPiB HABKOJHUITHBOTO
cepenosuma: miapyunuk / FO.1. [locynin — Kwuis: Csit, 2003. — 288 c.
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IMPOBEPKA ITPO®PECCUOHAJIBHOI'O YPOBHSA KAJINMBPOBOYHbBIX
JJABOPATOPUM METPOJIOT MYECKHUM HEHTPOM
I'lT <XAPBKOBCTAHIAPTMETPOJIOI U5
Hosomonusiit O.H., PhD Kopsxos .M.
['ocymapcTBeHHOE peaNpUsATHE «XAPbKOBCKUM PETMOHATIBHBIN
HayT-IHO-HPOI/ISBOI[CTBeHHHﬁ HOCHTP CTaHAapTHU3alluH,
METPOJIOTHH U CEPTUDUKAIIIID
VYkpauna, 61002, r. XapskoB, yi1. Muponocuiikas, 36,
ten. (057) 752-43-82, e-mail: 330@mtl.kharkov.ua, provayder330@gmail.com
Proficiency testing is the most objective tool for external quality assessment
of calibration laboratories. Proficiency testing is performed by a proficiency
testing provider. The Metrological Center of SE "Kharkovstandartmetrology" is
the first in Ukraine accredited proficiency testing provider. The metrological
center of SE "Kharkovstandartmetrology"” has implemented about 100 rounds of
proficiency testing schemes, in which 39 different calibration laboratories took
part. SE "Kharkovstandartmetrology"” implements European and world approach
to recognition of proficiency testing.

[IpoBepka mnpodeccHOHAIBHOTO YpoBHA (TIpoBepKa  KBaIM(UKAIWN)
(proficiency testing) — nHamOosiee 0OBbEKTHBHBIM U (H(HEKTUBHBIA HHCTPYMEHT
BHEIITHEN OIIEHKU OOIIETr0 KayecTBa METPOJIOTMUECKHX PaboT U JeATEIbHOCTH,
KaJIMOpOBOYHBIX JTabopaTopuil B yacTHOCTH [1].

Cormacuo  JICTY EN  ISO/IEC  17043:2017 [2] mpoBepky
1po(hecCUOHATIBHOTO YPOBHI peanusyer [poBanAEp MIPOBEPKH
npodeccuoHanbHOro ypoBHA. JlJisi HE3aBUCHUMOIO TMOATBEPKICHUSA CBOEH
KOMIIETEHLIMM B MPOBEJIEHUU PadOT MO MpOBEpKe Mpo(ecCHOHATBLHOTO YpPOBHS
IIpOBANAED podeCcCHOHATIEHOTO YPOBHA Mertposornyeckui LIEHTP
I'TI «XapbKOBCTaHIAPTMETPOJIOTHS) MEPBBIA B YKpauHE YCIEIIHO IPOLIEN
akkpenuranuMio B HanWoHanbHOM AareHTCTBE aKKpeIWTaluuh Y KpauHbl Ha
cootBerctBue JCTY EN ISO/IEC 17043:2017 [2] B 2018 rony.

I'TT «XapbKOBCTaHAAPTMETPOJIOTHSA», B KAauye€CTBE MPOBaWIepa NPOBEPKHU
npodeccuoHanbHOro ypoBHsS U OTIEN NPUKIaAHON METPOJIOTMH U3MEPUTETBHBIX
cucteM u npoueccoB (OCII), B kauecTBe KOOpAMHATOPA, PETYJISPHO MPOBOISAT
payHIbl POBEPKU MPODHEeCCUOHATHLHON JEATEILHOCTH MO TaKUM HAMpaBICHUSIM
KaK KaTuOpOBKa CPEICTB U3MEPHUTEIbHON TEXHUKH U UCIIBITAHUE TIPOTYKIIHH. 3a
S5-U JNeTHUH Tepuoj] AEeATENbHOCTH TMpoBaiaep —MeTposiorHueckuii eHTp
I'TI «XapbKOBCTaHIAPTMETPOJIOTHS» peanu3oBan okojgo 100 payHmoB cxem
MPOBEPKH MPOGECCHOHATBHOTO YPOBHSA, B KOTOPHIX NPHHsUTM ydactue 39
Pa3TUYHBIX KATMOPOBOYHBIX JIaOopaTopuii pa3inuuHbIX GopMm coOcTBeHHOCTH. B
TOXKE BpEMsi, HA MOMEHT HalMCaHUs CTAaThH, COTJIacHO peecTpy HamioHaabHOro
areHTCTBA 3 aKpeauTarii Yxkpainu (HAAY) [3],
B YKpanHe HACUUTHIBACTCS 35 aKKpeAUTOBAHHBIX KAIMOPOBOUYHBIX JIAOOPATOPHIA,
JUUIS KOTOPBIX y4acTHE B MOJOOHBIX MTPOBEPKAX SBJISIETCS 0053aTEIBHBIM.
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3aMHTEPECOBAHHOCTh K  JACSATENBHOCTH METpOJIOrM4ecKoro LEHTpa
I'TI «XapbKOBCTaHIAPTMETPOJIOTUS» KaK MpoBaijiepa NpOosBIISIOT Ta00paTOpUU U
OpraHu3alliy He TOJILKO B YKpauHe, HO U 3a pyOexom (cM. puc. 1):
Puc. 1 — CratucTuka nocemaeMocTH opuiraaibHoro Web-caiita mpoaiiaepa

Merpomornueckui  neHrp  I'1l «XapbKkOBCTaHIapTMETPOJIOTUSA»  HE
OCTAHABJIIMBACTCS HA JOCTUTHYTOM U pa3pabaThiBacT HOBBIC HaINpaBICHUS
peanu3alyyd payHIOB TPOBEPKH MPOPECCHOHAIBHON JeareapbHOoCTH. Harm
MPEIOKEHHSI OTKPBITHI IIMPOKOMY KPYTY JIabopaTtopuil Oiaroiapsi OCBEIIEHUIO
JEATEeIbHOCTH TpoBaiiiepa B rioOanbHOM cetu UWHTepHeT 1o aapecy
http://khsms.com/primaryactivity/metrology/about/type/remont/id/23/lang/ua [4]

HesarensHocts [Tl «XappKOBCTaHIAPTMETPOJIOTHS» B 3TOM HalpaBJICHUN
peanu3yeT eBpONEeUCKU U MUPOBOM MOJXOJ K MPU3HAHUIO TPOPECCUOHATIBHOTO
YPOBHSI HE TOJBKO B paMKaxX YKpaWHbl, HO M TIO3BOJISIET MOCTABIIUKAM
MPOAYKIIMU U YCIYT BBIXOJIUTh HA MEXIYHAPOJAHBIN YPOBEHb.

Cnucok qureparypsbl:

1. Kopxos I. M. IlepciekTuBH pO3BUTKY TEOPil 1 TPAKTUKH KOHTPOJIO Ta
JIarHOCTYBaHHsS B po3pi3i mepeBipku KkBamidikaiii sabopartopiit // BicHuk
HamionansHoro texuiydoro yHiBepcutety XIII. Cepis: Maremaruune
MOJIEJIFOBAaHHS B TeXHII Ta TexHoJoriax. — 2018. — Ne. 27. — C. 62-67

2. JCTY EN ISO/IEC 17043:2017 (EN ISO/IEC 17043:2010;
ISO/IEC 17043:2010, IDT) Omiaka BIAMOBIAHOCTI. 3arajbHi BHMOTH O
nepeBipKu MPOPECIHHOrO PiBHA

3. Peectp akpenutroBanux OOB HarioHansHe areHTCTBO 3 aKpeauTarlii
VYxpaium URL: https://naau.org.ua/reyestr-akreditovanix-oov/ (mata 3BepHEHHS
23.02.2021)

4. Odiuiiina BeO-cTOpiHKA MpOBaiiiepa nepeBipku NpodeciitHoro piBHs
MeTtponoriunuit nuentp JI1 «Xapxkiscrangaptmerposoris» URL:
http://khsms.com/primaryactivity/metrology/about/type/remont/id/23
(mata 3BepuenHs 23.02.2021)
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PEAJIIBAIIA CTATUCTUYHUX IHCTPYMEHTIB HTUKJTY PDCA
B CMK MAPLE
ITaxomoBa A. O.
HaykoBuii kepiBHUK —K.T.H., cTapiuil Bukiagad Momienko [.O.
XapKiBChbKUM HAIllOHATBHUN YHIBEPCUTET Pall0CICKTPOHIKH,
61166, Xapkis, npocn. Hayku, 14, kad. Metpororii Ta iHpopMmariiitHo-
BUMIPIOBAJILHOI TEXHIKH,
tei.: 0951613590, e-mail: anastasiia.pakhomova@nure.ua
Due to international standards, the quality of products of Ukrainian
manufacturers meets the requirements of international and European standards.
The methodological support of the guarantor of a certain level of product quality
is the introduction of the PDCA cycle, which helps to achieve a certain level of
product quality without the development and application of additional processes
through the principle of feedback. Statistical methods of quality control are used
for effective implementation of this cycle. Computer data processing methods can
be used to increase the efficiency and reliability of statistical quality control
methods.

BiamoBigHICTh  SKOCTI MPOAYKINT YKpaiHCBKMX BHUPOOHHKIB BHUMOTaM
MDKHAPOJHUX Ta €BPOINEHCHKUX HOPMATMBHUX JIOKYMEHTIB 3a0€3MevyeThCs
BUKOHAHHSM PEKOMEHJALN OCHOBOMOJIOKHOTO CTaHIapTy B ramysi skocti JJCTY
EN ISO 9001:2018 Cucremu ynpasiinasa skictio. Bumoru (EN ISO 9001:2015,
IDT) [1]. MeToaonOriyHO MIATPUMKOIO TapaHTy BU3HAUYEHOTO PIBHS SKOCTI
npoaykiii Buctymnae peanizamis nukry PDCA («Plany - «Doy - «Check» - «Acty),
SKUI JIomoMarae 3aBAsSKA BHKOHAHHIO IIOCHIJOBHUX ITEPAIIMHUX oOIeparii 3
IUTAHYBaHHSA, KOHTPOJIO Ta KOPEKIi BHU3HAYEHUX IMapaMmeTpiB MPOIYyKIli abo
TEXHOJIOTTYHOTO MPOILIECy JAOCATTH MEBHOTO PIBHS SIKOCTI MPOAYKIII 6€3 po3poOKu
Ta 3aCTOCYBaHHS JOJATKOBHX MPOIIECIB 3aBASKH MPHHIMITY 3BOPOTHOTO 3B’S3KY.
ToMy BHIpOBaKEHHS MPAKTUYHUX THCTPYMEHTIB, IO 3a0€3MEUyIOTh peatizallito
mukry PDCA y BITYM3HSHIA TPOMHCIIOBOCTI, BHCTYMHAIOTh CBHOTOAHI JTyXKe
BKJIMBUM HAYKOBHUM 1 IPAKTUYHHUM 3aBJAHHSIM HAYKH 1 TEXHIKUA YKpaiHU.

Cxnagnicte mpaktuyHOi peanizaiii nuukany PDCA B ymoBax BUpPOOHMYOTO
OpoLIeCy MOJISITae y MEpIly 4Yepry B TOMY, IO HOro KOpeKTHE Ta e(eKTHUBHE
3aCTOCYBaHHA Tepeadadae oOrpyHTOBAHUM BHOIP Ta BUKOPUCTaHHS CTATUCTHUYHUX
METO/IIB KOHTPOJIIO SIKOCTI, TIEPEJIIK Ta 3arajibHi PEKOMEH Iallli I10/[0 3aCTOCYBaHHS
sakux HaBenaeHo B JICTY ISO/TR 10017:2005 HactanoBu mMI0A0 3aCTOCYBaHHS
crarucTidHuX MeromiB 3rimHo 3 ISO 9001:2000 (ISO/TR 10017:2003, IDT) [2].
[lepeBaxkHa OUIBIIICTG LMX METOMIB Iependadae oOMepyBaHHS 3 MacHUBaMH
CTaTHCTUYHUX JIaHWX, OTPUMAHMUX T Yac 3aCTOCYBaHHS METOIIB OIMCOBOL
CTaTUCTHKH, 1 BHUMAara€ JOCKOHAJIOTO PpO3YMIHHS 1 TMPAKTUYHUX HABUYOK
BUKOPUCTAHHSI METOIB MaTeMaTU4YHOI CTATUCTHKU Ta Teopii MMOBIPHOCTI IS
OTPUMAHHS IOCTOBIPHUX PE3YJIbTATIB.

JIng  migBumieHHS  e(QEKTUBHOCTI MW JOCTOBIPHOCTI IIPH  peami3arii
CTaTHCTUYHUX METOMIB KOHTPOJIO SIKOCTI, Kpalioi Bi3yamizalii OTpUMaHUX
pe3yabTaTIB B yMOBAaX BUPOOHUUYOTO MPOIIECY MOXKYTh BUKOPUCTOBYBATUCS METOIU
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KOMIT'IOTEPHOI OOpOOKHM JaHMX, 30KpEeMa peaii3oBaHl 3a JIOMOMOTOK) CHUCTEM
komm 'toreproi  marematukn  (CMK).  JlocmipkeHHST  3aCTOCYBaHHS — TaKWX
nporpamMHuX cepenosuil, sk, Hampukiag, CMK Matlab, Microsoft Office Excel,
Statistica, SAP, SPSS, Microsoft Visual Studio, mpu peamzamii oxpemux
iHcTpyMmeHTIB nukiy PDCA, HaBezeHO B mpalix HaykoBliB [3]. Ase BiACYTHIN
CUCTEeMHHUH MiJXiJ] 0 KOMIUIEKCHOI peasi3allii IHCTPYMEHTIB KOHTPOJIO SKOCTI B
paMKax OJHOTrO MPOTPaMHOTO CEPEIOBHINA, K€ € HECKJIAIHUM B 3aCTOCYBAaHHI Ta
BUBYAETHCS CTYJEHTAMHU METPOJIOTIYHMX Ta TEXHIYHMX CIEHIATbHOCTEH BHILUX
HaBYAJbHUX 3aKiaaiB Ykpainu. Takum nporpamuaum 3acobom € CMK Maple, sika €
OJTHIEIO 3 HAWOUTBIIT PO3MOBCIOKEHUX B 3aCTOCYBaHHI, 3HAYHI MOMKJIMBOCTI IS
3MIACHEHHS CHUMBOJIbHUX OOYMCIIEHb, BEIUKY 0a3y KOMaHJ MJisi OOYHCIICHHS
CTaTUCTUYHUX TOKA3HUKIB, MOXJIMBOCTI MMOOYIOBM Ta JOCHIKEHHS Oaratoi
KUTBKOCTI 3aKOHIB pO3MOJILTY BUIAIKOBUX BEJIMYMH M T€HEPYBaHHS HOBHUX 3aKOHIB
PO3MOALTY, HAOYHOI Bi3yallizallli OTPUMAHUX CTaTUCTUYHUX PE3YJIbTATIB Y BUTIISAL
JIBO- Ta TPUBUMIPHOI rpadiku.

[Inanyerbcs po3poOUTH  MOAENIb KOMIUIEKCHOI —peanizaiii 0a30BuX
IHCTPYMEHTIB KOHTPOJIO SIKOCTI, IO 3aCTOCOBYIOTBHCSI B IMPOIIEC] 3aCTOCYBaHHS
iy PDCA na 6a31 CMK Maple. Tlepernik cTaTUCTUYHUX METOJIB, 3a SIKUMH
OyIyTh peasi3oBaHi MPOrpaMHi MOy Ha BiANOBiAHUX eramax nukiny PDCA,
HABEJICHO B TA0JINIII:

Eran CyrtHicTh eTamy [HCTpYMEHT KOHTPOIIIO
Ne SKOCTI
1 OniHka BIIXUJIEHHS apaMeTpiB TEXHOJIOTTYHOIO KouTponbni manu,
nporecy abo BUpOOJIEHOT IPOAYKIIIT Bl KOHTPOJIbHI apKy1Ii,
HOPMAaTHBHUX 3HAYEHb ricrorpama siKocTi
2 Ominka (GakTopiB, SKi MOKYTh BUKIMKATH Merton cTpaTudikarii,
BIJIXMJICHHS Jiarpama po3kuuy 1
PUYMHHO-HACIIIKOBA
3 BusHaueHHs HallOUIbII 3HAUYIIKMX (AKTOPIB Miarpama Ilapeto
4 Po3pobxka Ta peanizairis 3aX041B 010 YCYHEHHS -
a00 3MEHIIeHHs BIUIMBY IIMX (aKTOPiB
5 Orminka e(heKTUBHOCTI 3aX0/11B Kontposnbni manu,
ricrorpama siKocTi, Jiiarpama
[Tapeto

Crmcok mitepatypu
1. ICTY EN ISO 9001:2018 Cuctemu ympasminas sikictio. Bumorn (EN ISO
9001:2015, IDT; ISO 9001:2015, IDT). Kuis : AI1 «YxpHIHIL», 2018.
2. JJCTY ISO/TR 10017:2005 HacrtanoBu 1100 3aCTOCYBaHHSI CTaTUCTHUYHHUX
mMetosiB 3rigHo 3 ISO 9001:2000 (ISO/TR 10017:2003, IDT). JIssiB : JAIT «HJI
«Cucremay, 2005.
3. BmacoB A.M., MapkenoB B.B., Cepreea H.A., 3otheBa JI.E. Peammzaius
BU3YaJIbHBIX MHCTPYMEHTOB KOHTPOJISi KauecTBa B cpene Matlab. Meowcoyrnapoonwiii
HayuHo-uccrnedosamenvckuil scypruan. Ne 4 (46). 2016. C. 59-70.
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BCTAHOBJIEHHA Y3I'OAXKXEHHOCTI PE3YJIBTATIB
EKCIIEPTHOI'O OINIHIOBAHHS
ITonomaproB A.B.
HaykoBwuii kepiBHUK — K.T.H., JoueHT Kosznos 1O.B.
XapKiBChKHMM HAIllOHATBLHUM YHIBEPCUTET PaI10CICKTPOHIKA
61166, Xapkis, npocn. Hayku, 14, kad. MeTpomorii Ta TEXHIYHOT EKCIIEPTU3H,
ten. (096) 352-98-04, e-mail: yurii.kozlov83@nure.ua
The approach to solving the problem of checking the consistency of experts'
opinions when considering the tasks of expert evaluation is considered. To do
this, use different indicators. The most used of these is the concordance factor.
But the results of calculations show some of its shortcomings. A modified
concordance coefficient or Spearman's rank correlation coefficient is
recommended. These coefficients are also suitable for use in algorithms for
constructing ranked lists of any objects of comparison using a four-point scale, as
well as in professional selection procedures and in pedagogical qualimetry.

[Ipu BupileHHS 3aBAaHb EKCIIEPTHOTO OIHIOBAaHHS 3 BUKOPHCTAHHSIM
pPI3HMX IIKajJ BUHUKAE MOTpeda y BUSBIEHI 3B’SI3Ky MDK KUIBKICHUMH Ta
AKICHUMHU TOKa3HUKaMM BJIACTUBOCTEW aesikux o0’ekTiB mnopiBHsSHHA (OII),
NOJIaHUMHU, HaIIPUKIAJ, Y BUIJISAL PAaH)KUPYBAHOTO CIMCKY. 3a3BUYail JJIs LIbOTO
BUKOPUCTOBYIOTh PI3HI XapaKTepuCTUKU: KoedimieHT kopensuii Ilipcona a6o
koedimienT kopensiii 3HakiB dexHepa (IS MIKAJ BiIHOIIEHb, 1HTEPBAIIB Ta
KUIbKICHOT IIKaJn), paHroBy kopensiito Crmipmena a6o Kenmamnma (most mikan
MOPSJZIKY), TOOTO NIl BUNIAJAKY BUKOPUCTAHHA JaHUX HeuucnoBoi mpupoau [1]. B
bOMY pa3l HemocTaTHs y3rokeHicth OIl 1 mamuit oOcsr BUOIpKHM HE JAlOTh
3MOTM OTPUMATH OUYIKYBaHUH pe3yabTar [2].

B mpakTtuili eKCepTHOTO OI[IHIOBAHHS 4acTO 3a Mipy Y3TOIKEHOCTI JTyMOK
€KCIIEepPTIB BUKOPUCTOBYIOTh TakK 3BaHUW KoediuieHT koHkoppauii (KK), mio
pO3paxoBy€ThCS B JABa KpOKH 3a Bimomumu (opmynamu [3]. HasiBHICTE y
YUCIIBHUKY MEPUIOi 3 HUX MOCTIHHOTO Koe(illeHTy 12 BUKIMKaAE «IiA03pY» SIK
HaTAK Ha EMIIPUYHICTb. Pe3ynbTaTM aHAMITUYHOIO MOJENIIOBAHHS 13
3aCTOCYBaHHSM TaOiu4yHOTO mporecopa MS Excel mokasyroTs, 1110 IpH PiBHOCTI
paHriB neskux 00’ekTiB 3HaueHHa KK mepeBuniye onuuuiito (o moTpedye
MOTePeIHb0T  OOpOOKM  paHKMPYBAaHOTO  CIIHMCKY), a TIpU  HEAOCTaTHIN
y3TOJPKEHOCTI 00’€KTIB HaBITh MO OJHOMY 3 BHUMIPIB PI3KO 3MeHIIyeThCs. Jlo
peui, HynmboBe 3HaueHHS KK € B3aram HeZOCSHKHMM TpU TapHINH KITBKOCTI
EKCIIepTiB. AJle TOJIOBHUM HEIOJIKOM KoeillieHTa KOHKOpAAIii € HeoOXITHICTh
nia00py €KCHepTHOi IPyNH 1 «TPEHyBaHHS» EKCIEPTIB, 110, Ha HAIly IyMKY,
BUKJIIOYAE OyAb-sIKy OO €KTUBHICTh NpPH BUPIMICHHI 3aBJlaHb EKCIEPTHOIrO
OL[IHIOBAaHHA.

Jlnst mopiBHAHHS BUOiIpok X Ta Y, CKJIAaIEHUX 13 OLIIHOK Y; Ta X;, OTPUMAHUX
3a IIKaJoK TMOPSJAKY 3almpONOHOBAaHO BUKOpPUCTOBYBaTH [4] MonudikoBaHuUM
koedimient konkopaaii (MKK):
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W =1-=_
M ! 1
m(k 1) (1)
ae m — oOcar BuUOIpkH ((PaKTUYHO — KUIBKICTh OO’€KTIB EKCIIEPTHU3H,
OLIIHIOBAaHUX O3HAaK TOII0); K Ta | — BIAMOBIZHO MakCHMAaJbHO Ta MiHIMAJbHO

MOJKJIMBI 3HAYEHHS OIIHOK EKCIepTiB, ToMy MokHa posrisimat (K — 1) = L sx
JOBKHUHY ITKAJK, 3aCTOCOBYBaHY ISl OIIHFOBAHHSI.

Jlerko mepeBiputy, o st Oyab-sikux M, K, | mpu moBHOMY 30iry OIIIHOK
YUCITIBHUK JpoOy mopiBHIOE 0, Tak sk M-Aj = m-0 = 0, 3nagenns W, = 1, npu
IIOBHOMY He30iry YHCITiBHUK IpoO0y mopiBHIOE M-A;, = m-(K — 1), 3Hauenns W, = 0.

Axio onHy 13 BUOIPOK, HanpuKia Y, BUBHAUUTH SIK 3pa3ok (Y1 =Y, = ... =
Y; = Ym = 5 3a yorupubanpHOwO miKaiow), To MKK moxkHa Bukopucratu s
paHXUPYBaHHS OylIb-IKUX OO0’ €KTIB TMOPIBHAHHSA 3a JESIKHUMH O3HaKaMH,
BIIMOBIHI OINIHKK X; SKUX BH3HAUCHI CKCIIEPTHHUM METOJOM 1 IPHUBEICHI 10

4OTUPUOATBHOI IIKaK [5]; po3paxyHkoBa ¢hopmysia NpuiiMae TaKUi BUTIISL
m

21y = x|

W, =1-2
M 3m (2)

Kpim posrisinyroro MKK, st BCTaHOBJIEHHSI Y3rOJKEHOCTI EKCIIEPTHHUX
OLIIHOK 31 3pa3KOM, MOYKHa BUKOPHCTOBYBATH TaKOX KOE(DIIEHT PAHTOBO1 KOPEJIALIIi
Croipmena. Takuii miaxig Moke OyTH TPUNUHATHUM TaKOX JJIS BHUPIIMICHHS
3aBJIaHb MEIaroriyHOT KBAJIIMETPIi 1 MpodecitHOTO BIAOOPY.
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Having single quality indicators in a single (dimensionless) assessment
scale, it is proposed to determine a single integrated quality indicator of a
qualimetry object using integration methods. It is proposed to find the area under
the broken curve, which is constructed as a result of combining the assessments
of quality indicators on a dimensionless scale during a certain observation time. A
method for determining a generalized quality indicator of a qualimetry object is
proposed, which can be considered universal, since it can be used for multi-
criteria assessment of the quality of qualimetry objects of various nature.

BupoOHUIITBO SKICHUX TOBapiB - aKTyaJdbHE 3aBJaHHSA HAI[lOHAJILHOI
E€KOHOMIKM YKpaiHu, TaK SIK SIBJISETHCS TOJIOBHOIO YMOBOIO ISl 3a0€3MeUeHHs
KOHKYPEHTOCHPOMOXKHOCTI ~ IPOAYKUIi  HAallOHAJIbHUX  BHPOOHHMKIB  Ha
€BPOIEUCHKUX Ta MI)KHAPOJIHUX pUHKax. [ 3a0e3mneueHHs sIKOCTI MPOAYKIii Ha
BUPOOHMIITBI ICHY€E PAJl 3aBAaHb, JIs BUPIIICHHS SIKUX HEOOX1JHO 3aCTOCOBYBATU
Cy4yacHI METOJI BUMIPIOBAHHS, OI[IHIOBAHHS, aHAJII3YBaHHS 3 METOIO YIIPaBIIHHS
TEXHOJIOTTYHUMHU MPOLIECaMHU.

[Tpomykiiist XapaKTepu3yeThCsi HA0OPOM MOKA3HUKIB SKOCTI, SIKI MalOTh Pi3HI
OJIMHMIT Ta Jiala30HH BUMIPIOBAHHS, TOMY HEOOXIJHO BOJOMITH ab0 BEIHUKOIO
KUIBKICTIO  IH)KEHEPHUX METOAMK OIIHIOBaHHS iX SKOCTi, abo OJHy,
yHIBEpCalbHYy, sIKa MOrja OM 3aCTOCOBYBATHUCS JJIsi 00’€KTIB KBaJIMETpli pI3HOI
npupoau. B nmanomy Bumagky mia 00’€KTOM KBaliMeTpii PI3HOI MPUPOIU
pPO3yMIEMO pi3HI BUIM MPOMAYKIIii, SIKI MAlOTh Pi3HI MOKA3HUKHU SKOCTI 31 CBOIMHU
OJIMHUIIMU Ta Jl1alla30HaMH BUMIPIOBAHHSI.

Jnst po3poOieHHs Takoi METOAUMKH HEOOXITHO BHUPIIIUTH JEKUIbKa
BOKJIMBUX 33J1a4, Cepe]l SIKUX:

- BU3HAYUTU BUJ] 3aJICKHOCTI MK BUMIPSIHUM 3HAYEHHS MTOKAa3HUKA SKOCTI
00’€KTY KBAJIIMETPIi Ta HOT0 OLIHKOK Ha O€3pO3MIpHI 1IKai;

- 3aIPOIOHYBATH METOl 00’ €HAHHS OIIIHOK BUMIPSHUX MOKA3HUKIB SKOCTI
y €1uHY (KOMIUIEKCHY) OLIIHKY.

[IporoHy€eThcsl METONMKA BHU3HAYCHHS KOMIUICKCHOTO ITOKa3HMKA SIKOCTI
00’€KTY KBAJIIMETPIi, KA CKJIA/Ia€ThCA 3 PALY KPOKIB:

Kpox 1. BumiproroTbest MiHiCHI TTOKa3HUKUA SKOCTI 00’€KTY KBaJIMETpii B
OJIMHULISIX HOTO BUMIPIOBAHHS.

Kpok 2. BukoprcToByrour OAHY i3 3ajekHOCTeH [1-3] BU3HAYAIOTH OI[IHKU
KOXXHOT'O MTOKa3HUKA SIKOCTI Ha O€3pO3MIpHIi IIKai.

Kpox 3. ByaytoTh yacoBuil psl 3MiHH OI[IHKA KOXHOTO MOKa3HUKA SKOCTI 3
4acoM y BUTJIAJII, TOKA3aHOMY Ha PUCYHKY 1.
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Pucynok 1 — YacoBwuil psiJi OIIHOK MOKa3HUKIB AKOCTI

Kpok 4. BuzHauaioThb mionly MmijJ JIaMaHOK JIHI€O, sKa OyIyeTbcs B
pe3ynbpTaTi  00’€HAHHS  OIIHOK TMPOTSATOM IEBHOTO MPOMDKKY  4acy
3aCTOCOBYIOUM METOJI CEpeAHIX MPSMOKYTHUKIB JJIS IHTETPYBaHHS YacOBOIO
pAly 3 METOIO OTPUMAHHS KOMIUIEKCHOTO MOKAa3HUKA SIKOCTI 00’ €KTY KBaJIIMETPIl
3 YacoM:

S:th:xi. (1)

Kpoxk 5. BukopucroByroun (Gopmyiy (2) BU3HA4atOTh 00’€M IiJl JIAMAHOIO
IUIOIMHOIO, sIKa OyIyeTbcsi B pe3ynbTaTi 00’ €qHAHHS YCIX OIIHOK YCiX
MOKA3HUKIB SIKOCTI MPOTSATOM MIEBHOT'O MPOMIXKKY Hacy.

n m
V=h-k3 > X (2)
i-1 j=1

nei=1,2,..n;j=1,2,...m.

Benuunna 06’eMy Mij JIaMaHOIO TUIONIUHOIO OyJe SBJISITUCS KOMILJIEKCHOIO
OLIIHKOIO SIKOCTI OO0’€KTy KBamiMeTpii 3 dYacoMm. Taky METOOUKY MOKHA
3aCTOCOBYBaTH [IJIsi 0araTOKPHUTEpIaJbHOTO OIlIHIOBAaHHA SIKOCTI OO €KTIB
KBaJIIMETPIi Pi13HOI MPUPOIH.
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The paper proposes the application of the relation of fuzzy advantage when
comparing distance learning systems for quality using a linguistic evaluation
scale and fuzzy expert evaluations that characterize the degree of belonging of
system quality indicators to certain gradations or classes of equivalence of the
linguistic scale.

Ha croromnimHi jeHb Bce OUIBIIOrO MOIMUPEHHS HaOyBae IUCTAHIlIHHE
HaBYaHHS, 1 HEBIJ EMHUM HOT0 €JIEMEHTOM TEXHIYHOTO 3a0e3IeUeHHS € CUCTEMa
JTMCTAHIIIHHOTO HaBYaHHS.

Bubip Hailikpamoi s peanmizaiii OCTaBJIE€HUX 3aBJaHb CHCTEMU
JIMCTAHIIINHOTO HABYAHHSI € MPOLEYPOI0 HE TPUBIAIIBHOIO 1 YaCTO 3aJICKUTh BiJI:
a) SIKILIO eKCIepTa, IKUi mpuilMae pilleHHs, OJWH - HOro JIOCBIY, KBamiQikarii 1
psAny Cy0’€KTMBHMX YMHHHUKIB; 0) SKIIO €KCIEPTIB JEKUJIbKa, 110 € CYTTEBOIO
nepeBaror0  — Bl IX KOHCOJIJOBaHOI TO3HIlli, a00 YyMOBHO KaXyuu
«BUPIMIAIBHOTO AITOPUTMY MPUUHATTSA PILICHHS», SKUH TEX MOXe OyTu
HEJIOCTAaTHHO OOTPYHTOBAHUM.

Tomy B myOmikariii 3amporOHOBAaHO 3aCTOCYBAaTH TMIiIXid, SKH T03BOJISE
MPOPAaH)KYBaTH JICKITbKa BapiaHTIB CHUCTEM JUCTAHIIIMHOTO HaBYaHHS 13
3aCTOCYBaHHSM C€KCIIEPTHOTO OIIIHIOBAaHHS Ta TOEJHAHHS OTPHMAaHUX OIIIHOK
EKCIIePTIB 3a AITOPUTMOM HEYITKOTO OI[IHIOBAHHS.

Ha excneptuzy mnojgaHo JeKiIbKa TMPOEKTIB CHUCTEM JHUCTaHIIMHOTO
HaBYaHHA. EXcriepTH3y MpoBOAThE €KCIIEPTH 3a IITKAJIO0 OIIHOK:

Y =(Y1Y2Y3),

ne Y1 - «moBHICTIO BiAmoBizae BuMoram», Y 2 - «BIAIIOBiZac OUIBIIOCTI
BUMOI», Y 3 - «BIJIIIOBIJIa€ MEHIIIN YaCTUHI BUMOT.

VY3aranbHeHl HEUYiTKl OLIHKK TPYNU EKCHEPTIB XapaKTepU3yIOTh CTYIIHb
NPUHATISKHOCTI 10 HaBEIEHWX BHWINE KaTeropii mkanmw, Hampukmang Y1|0,7;

Y2|0,3; Y3|0. Ins BuGopy HaAMKpaIIOTo MPOEKTY 3alMpONOHOBAHO BUKOPUCTATH
BITHOIIICHHS HEYITKOI rmepeBaru [1].
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Mix rpagarissMu JIIHTBICTUYHOI ITKAJIM OOpaHO YITKUN JIHIMHUN TTOPSA0K S,

TOOTO:
Y1 Y2 Y3
Y1 1 1 1
Y2 0 1 1
Y3 0 0 1

3a omiHKaM# TPYMH €KCIEPTIB BU3HAYAETHCS HAOMKEHICTh OIIHKH SIKOCTI
MPOEKTY JI0 Tpajialliil JJIHrBICTUYHOI [IKAJIH.

Hampuknan, mms tpbox mpoekTiB X1, X2, X3 HeUiTKe BITHOIICHHS
F1(XY) cranoBuTS:

1 Y2 e
X1 0,5 0,4 0,1
X2 0,4 0,6 0
X3 0,45 0,55 0
[Ticns mHopmaizartii otpumyemo FN(XY):
1 Y2 v3
X1 0,83 0,67 0,15
X2 0,67 1,0 0
X3 0,75 0,93 0

Jlns oTpuMaHHS BITHOIICHHS HEYITKOI IepeBaru (popMyeMO KOMITO3HIIIIO
HEYITKUX BIIHOLIEHs R:

R=FNT*S*FN,

ne FNT - tpanchopmoBana matpuiis BiHouieHHs FN .

X1 X2 X3
X1 0,83 0,83 0,83
X2 0,67 1,0 0,83
X3 0,75 0,93 0,93
BigHomienHs cyBopoi nepeBaru P (3a dpopmymnoro 3 [1]):
X1 X2 X3
X1 0 1 1
X2 0 0 0
X3 0 1 0

3 BigHOIIEHHS TiepeBard BHTiKae, mo X1 kpama 3a X2 ta X3, a X3
kpama 3a X2, ToOTO CHCTeMH IUCTAHIIMHOTO HaBYaHHS 3a pe3yJbTaTaMH
EKCIIEPTHOTO OI[IHIOBAaHHS Ta 3aCTOCYBAaHHS JIIHTBICTUYHOI IIKAIM MOXHA
NPOPaHXyBaTH 3 TOUKH 30py SKOCTI B Takomy mopsiaky: X1, X3, X2.

Jlitepatypa
1. Heuerkue MHOXecTBA U  Teopus Bo3MoxkHocTel. Ilocnemnue
noctuxenus: Ilep. ¢ anrn./Ilox pen. P. P. Srepa. — M.: Paauo u cBs3b,
1986. - 408 c.
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