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YK 669.331/333
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N COJEPKAHIA MEIV HA INIOTHOCTD

MEJEIUTABVIbHBIX HIJTAKOB

IOcynxomxaen A.A.
JJOKTOp TeXHMYEeCKUX HayK, Ipodeccop

TanrkeHTCKMII TOCYAapCTBEHHBIN TEXHUYIECKII YHUBEPCUTET

Xoxkues 1. T.

TamkeHTCKMII TOCYapCTBEHHBI TEXHUYECKII YHUBEPCUTET

Xaiipynmaes I1.X.

TaIKeHTCKMIT TOCY/JapCTBEHHbIN TeXHIYECKNI YHUBEPCUTET

MyTtanu6xanos M.C.

TanrkeHTCKMII TOCYAApCTBEHHBIN TEXHUIECKII YHUBEPCUTET
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MIOTHOCTD, BS3KOCTb, IIITENH.

Keywords: Copper slag, processing, copper loss, slag properties, density, viscosity,

matte.

BBupy OTCYTCTBMA OIIYOIMKOBaHHBIX
IaHHBIX, U3MepeHNe ITIOTHOCTHU BbICOKO-
MEOUCTBIX HNIJIAKOBbIX paCHHaBOB OT CO-
OEp>KaHUA Me[M, IPeAIOIOKUTEIbHO
MOYKHO OO'BSCHUTD C TIO3MIIMIT K/TACTeP-
HOI TCOPI/II/I CTpoeHI/IH OKCUIHBIX pacrma—
BoB. COITIACHO 3TOIl TEOPUM C POCTOM
KOHL[EHTpaLMyl KAaTMOHOB MeTanna, B
YACTHOCTU M€Y, IJIOTHOCTD IIJIAKOBOTI'O
pacilaBa yBeIMYMBAETCS 3a CUET pasy-
prHHeHI/IH erMHeKI/ICHOpOHHbIX KOM-
II7IEKCOB  60JIee TUTOTHBIMM KaTMOHAMMU
MeJi, COTMPOBOXKMIAOIeecss 6oree TIoT-
HOJl YNaKOBKOJ MOAMUIVPOBAHHBIX
KOMITJIEKCOB OKCHUJHO CHCTEMBI TIPK Off-
HOI 1 Toit XXe Temmeparype [1]. OxHako, ¢
BO3pACTaHMEM OSHEPTeTMIECKOTO MOTEH-
LMaja KOHKPETHOI HIIAKOBOW CUCTEMBI,
KOTJIA COTep)KaHMe KaTMOHOB MeIM OCTa-
€TCA ITIOCTOAHHDBIM, a TeMr{epaTypa yBeHI/I-

YMBAETCs, IPOUCXOAUT OCTab/IeHNe MOH-
HBIX CBSI3€ll MEX[Y KPEeMHEKVCTIOPOLHBI-
MU CMOOTAKCUYECKMMI TPYINUPOBKAMIL,
9TO HPUBOAUT K «PaspbIX/IEHUIO» CTPYK-
TYPHBIX eMHNL] X POCTY YAEIbHOTO (MO-
JIIPHOTO) 0ObeMa paciiaBa U, Kak CJef-
CTBUeE, K CHIDKEHNIO eTo IIoTHOCTH. [Tpu-
4yeM, 4eM BBbIllle COREp)KaHMe KaTUOHOB
Mefy B MCCTIEfyeMOM AManasoHe COCTaBOB
IJIAKOB, TeM MeHbIIle abCOMIOTHAS BN~
YMHA TeMIepaTypHOro Koag¢uiueHTa
WwIoTHOCTK paciiaBos dp/Dt. [l mora-
KOB COCTaBOB 1-5 TeMIlepaTypHBIl K03-
¢uiyent mwiotHoctu dp/Dt Haxomutca B
UHTepBae (-0,16)-(-0,28) 1021/
(cm*rpagm), a @IS IITAKOB COCTaBOB
6-10 ero sHaueHne cHipkaercs g0 (-0,03)-
(-0,1) -10%r/(cm*rpan) [2-3].

B tBepmom cocrosinun (mpu 25°C)
IJIOTHOCTh BBICOKOMEIMCTHIX IIIAKOB

6



TECHNICS AND TECHNOLOGY. #16

yBeIM4MBaeTCsA MPAMO MPONOPLMOHAI-
HO C TIOBBIIIEHNMEM COJiep>KaHMSA B HUX
Mefiy, YTO MOATBEp)K/laeT paHee BBICKA-
3aHHBIE TIPEATIONOXKeHNA O BIUAHUN JI0-
6aBKJ OKCHJ]a MeIM K KaJIbIIMeBBIM JKeTle-
30CHUIMKATHBIM IJTaKaM [4].

Bo BceM mMccneloBaHHOM JyamnasoHe
u3MeHeHus copepkauus menn (10-27%
macc.) u Ttemmeparyp (1300-1400°C)
IVIOTHOCTD KUAKUX HMIIAKOB M3MEHACTCS
or 3,57 mo 3,87/cm?) ¢ MMHUMAIbHOM
KoHILeHTpanueit mexu 10% macc [5].

OTMedeHO, YTO B MHTEpBajIe TeMIIe-
patyp ot 1300 mo 1350°C nabmopaeTcs
30Ha aHOMAa/lTbHOTO M3MEHEHUs IIIOT-
HOCTU BBICOKOMEIMCTBIX HITAKOBBIX
pacmmapos. Tak mpm Temmeparype
1300°C n10THOCTD pacIIaBOB HECKOJIb-
KO CHIDKAETCS C YBeIMYEeHNMeM KOHIIeH-
IIpn Temmeparype
1320°C nI0THOCTD PacIIaBOB OCTAETCs
MpaKTUYeCKM MOCTOSHHOI ¥ He3Haul-
Te/IbHO 3aBVICUT OT COflep>XaHUA B HUX

Tpauum Mean.

Mefy. BpIABIIEHHYI0 aHOMA/INIO MOXKHO
OOBACHUTD TeM, YTO IIPU pacCMaTpuBa-
eMBIX TeMIlepaTypax KOHIeHTpanus
Mefly He OKa3bIBaeT CYIIeCTBEHHOTO
BIMAHMUA Ha CTPYKTYpy ULIIaKOBOIO
paciiaBa, ero yAelabHbII 00beM U, co-
OTBETCTBEHHO, He OTpakaeTCs Ha Be-
JN4MHE ero IVIOTHOCTb. MOXXHO KOH-
CTaTUpPOBATh, YTO TOJABKO IPHU TeMIIe-
parype 1350°C mpeBanupyoIIyI0 BIKs-
HII€ Ha IJIOTHOCTDb Ha4MHAET OKa3bIBaTh
U3MEHEHIE COflep’)KaHMsA MeJu B pac-
II71aBe, O YeM HaIJIATHO CBUJETENbCTBY-
10T BIJ, KPUBOIL.

I[Ipu Temmeparype pacmmaBos 1400°C
IVIOTHOCTD KMZIKMX IIVIAKOB VIMEEeT YeTKO
BBIPQXEHHYIO IPAMOJIVMHENHYIO 3aBUCK-

MOCTb OT COAEp)KaHMA B HUX MeIMU, 4TO
TOBOPUTb O CTAOMIBHOCTU CTPYKTYpBI
M3ydaeMbIX 00pasIoB, B KOTOPBIX IIPe06-
najaeT OMVDKHUI TOPSOK CBSISU CTPYK-
TYPHBIX eMHUIL [6].

MaremaTu4eckoit 06pabOTKOI IKC-
[IepPUMEHTAIBHBIX JAHHBIX IIOTy9IeHO pe-
TPECCUOHHOE YypaBHEHUe 3aBUCUMOCTHU
IVIOTHOCTM CMHTETHYECKUX IIIAKOBBIX
PacIIaBOB OT COfIePXKAHNS MeM B IIIaKe
B UHTepBaje Temmeparyp or 1300 mo
1400°C, xoTOpO€e B Jja/ibHEIIeM IIpYMe-
HEHO JI/ISI TEXHOJIOTMYIECKOTO0 MOJIE/IIPO-
BaHMA IIPOIlecca HeNPepbIBHOTO KOHBEP-
TUPOBAHMUA.

B ofmeM Bupe 3Ty 3aBUCUT MOXXHO
[IPefCTaBUTb IOIMHOMOM TpeTbeil CTe-
nenn (xoadduument koppemsuun 0,94)

(po)=A(Cu)*+B(Cu)*+C(Cu)+D

Ime (Cu)-copeprxanue mMenu B uake %;

A, B C n D-amnupnuyeckre koadpdu-
L[VIEHTBI HOJIMHOMA, TeMIIepaTypHBbIe 3a-
BUCUMOCTL.

Jist yno6cTBa MCIONIb30BAHNS B pac-
yertax koo dunuent A, B C u D, asnsio-
mecst GyHKIMEN TeMIepaTypsl, MOKHO
[IPeACTaBUTD B AHATUTIIECKOM BUJE:

A=0,000000000015-T*-
0,000000081606-T%+0,000165114825-T2-
0,148480255 - T +50,07066;

B=-0,000000001059-T*+0,0000057195
48-T*-0,011588491169-T?
+10,429807548333-T-3520,94029399997;

C=0,000000024992-T*-
0,000135177912-T%+0,274163692069-T>-
247,116370922484-T+83520,1650534945;

D=-0,000000197934-T4+0,001071706
34.T3-2,175725007312-T?
+1962,85956357533-T -
663956,196139887.
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YcTaHOBNIEHO, YTO [/ M3ydYaeMBbIX
mnakoB cucrem Cu, O-Fe O,-5i0,-CaO
K09puImeHT 006BEMHOTO TeII0BOTO
pacumpenust [ 9KCIOHEHLIMATBHO
YMEHBIIAETCSI C POCTOM COAEPXKAHUS
MeRM ¥ AJISI PaslIMYHOIO COMEePXKAHMS
CuO xopomio omnmceIBaeTcss dMIUpuUye-
CKVMM YPaBHEHUAMI:

Bx10=14,431e72Y, ipu comeprka-
Hun B make CaO-7%

Bx10=34,175e 154, ipu comeprka-
Huu B mmake CaO-10%

I'ne (CuO)-conep>kaHuu Mefn B IUIa-
Ke.

Cuxenre K03ppuieHT 06HeMHOr0
TEIUIOBOTO PACIIMPEHUsI BBICOKOMEMM-
CTBIX IITAKOB [3, BEPOSITHO, CBS3AHO C pas-
YKPYIIHEHIEM KPeMHEKVCTIOPOFHBIX KOM-
IUIEKCOB TIPM yMEHbIIEHNsI KOHI[eHTpa-
nuu SiO, B IIIAKOBOM pacIUIaBe 3a CYeT
yBemmuenusa cogepkanna Cu,O u CaO n
ycuneHrs UX MOAMQUIMPYIOLIETO Jeii-
ctBus [6]. B pesynbrate 6omee mpouHble
cBasnu Si-O-Me. IlosBieHNs TaknX CBA3eM
YIUIOTHSET TPEXMePHYH0 ceTKy SiO, m co-
OTBETCTBEHHO, YMEHBIIAET YHe/IbHBII
00DbeM 1 CHIDKaeT K09 ULMEHT 00beM-
HOTO TEeIVIOBOTO PacUIMpPEeH 1IIaKa.

PesynmbraThl 9KCIIepYMEHTANTbHbIX MC-
CIe[[OBaHMsI 110 M3Y4YEHWUIO IUIOTHOCTH
BBICOKOME/IUCTBIX IITAKOB B XKMIKOM CO-
CTOSIHMM B COYETAHNMU C AAHHBIMU IO
U3MEPEHNUI0 [IMHAMUYECKOI BSI3KOCTHU
HO3BO/MIN KONMMYECTBEHHO OIpPee/NTh
UX KMHEMAaTUYeCKYIO BA3SKOCTb.

Xop, onnTEpM KMHEMATIIeCKOI Bs3-
KOCTY BBICOKOMEJVICTBIX IITAKOB JI€MOH-
CTPUPYET ee CHIDKEHIE KaK C POCTOM CO-
Iep>KaHMsl Me B IIJIAKAX, TAK M POCTOM
temreparypsl. [Ipudem, ee abcomorHas

BeMYMHA, HAXO/ACh B MHTEPBase oT 1 1o
44-10°m/c, roBOPUT 06 MX BBICOKOII Te-
Ky4eCTH ¥ IPOHMKAIOIIEl CIOCOOHOCTH,
4TO HpeNbsAB/IAET 0cOOble TPeOOBAHNS K
BBIOOPY (YTEepOBKM IIEYHOTO arperara.
ITpoBeeHHBIe MCCIE[OBAHNS IOKA3aN,
YTO HAWIy4LIeN CTOVKOCTDIO II0 OTHOILIE-
HUI0 K BBICOKOME[UCTBIM IIIAaKOBBIM
paciraBaM 0067affaloT HU3KOIIOPMCTbIE
OTHEYIOpPHbIe MaTepUaIbl.

[Tony4yeHHble 9KCIIEPUMEHTAIbHbIE
[aHHbIE II0 IVIOTHOCTYU XOPOIIO COITIACY-
I0TCSL C pe3y/IbTaTaMyl paHee IPOBefeH-
HBIX MCC/IEIOBAHMII IO U3YYeHNIO PM3U-
KO-XMMMYECKUX CBOICTB KOMOMHMPO-
BaHHBIX LITAKOBBIX CUCTEM.
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Annomauyus. B Oannoii pabome npedcmasnen Kpamxuii 0030p COBPeMEHHDIX
3HAMULL O PACHPOCMPAHEHUU AKYCIMUYECKUX B0TH 6 BeHMUNAUUOHHBIX KAHANAX C
yuemom OsuxceHus 6030yxd. Ilokasauvl pasnu4Hvie N00X00bl MAMEMAMUUECKO20

MO@C/ZMPOBC!HMH MAaKux npoyeccos.

KnroueBbie crmoBa: CKOpPOCTh BO3[1yXa, ypOBE€Hb 3ByKOBOI7I MOHIIHOCTU, METO[

KOHEYHBIX 37IEMEHTOB, 3d MofenupoBaHue.

Annotation: This article presents a brief presentation of current knowledge about the
propagation of acoustic waves in ventilation ducts, taking into account the movement of
air. Different approaches to the mathematical modeling of such processes are shown.

Key words: air speed, sound power level, finite element method, 3d modeling.

OpHi€ro 3 yMOB 30epeXKeHHsI 30POBOTO
HOBITPsIHOrO 6a/IAHCY € IpaBUIbHE IIPO-
eKTyBaHH:A CHUCTeMM BeHTWrALil. Koxxna
YacTVHa MepexXi NOBITPOOOMiHY NOBMHHA
OyTy minibpaHa, BUXOLAYM 3 0OCATIB Ipu-
MillleHHA 1 XapaKTepUCTUK IOBITPsA B HbO-
my. IIBupaKicTb pyxy MOBITPA TiCHO
B3a€MOIIOB 5I3aHa 3 TAKUM IOHATTAM, SIK
piBeHb NIYMy Yy BEHTW/IALIHIN CHCTeM.

ITpobnemaTnka HAyKOBUX MOCTI-
JDKEHb IIOJIATAE Yy BiICYyTHOCTI yHiBep-
Ca/IbHOI CTaHJAPTU30BAaHOI aBTOMATH3a-
Lii po3paxyHKiB IlapaMeTpiB BEHTUJIA-
LiTHUX CUCTEM.

Micist my6mikanii 3HaMeHUTOI Teopii
3ByKy y 1878 p. JI>xonom Binmbamom
CrperroM y 1969 p. 3’aBumaca po6oTa
IpuropsiHa 3 cepi€io po3B’sI3Ky piBHAHD, a

y 1970-x pokax 6yno HammcaHo 6arato
BOXIMBUX IIpallb 3 BUBUYEHHA TOMOBHUX
XapaKTEePUCTUK PYXY 3BYKOBOI XBUII, 32
BiZICyTHOCTi CepeflHbOrO IOTOKY NOBIiTps
Yy KPMBOJHIIHMX KaHa/Jax i cucremax
KaHa/iB 1[0 MiCTATb JIiKTi.

Ha cporopHinHin meHp NIUTaHHA € JO-
CUTb aKTya/IbHUM, He3Ba)KalouM Ha Te,
o € 6arato HampaijloBaHb BiTOMMUX 3a-
PYODLKHMX Ta YKpalHCBKMX KOMEKTHUBIB i
mocnigaukis: [LJI. OcumnoBa, €.4. FOmina,
B.IL I'ycesa, }0.®. Yctunosa, MLIO. Jlem-
Ka, €.A. JleckoBa, H.I. IBaHoBa, B.1. Jleme-
HeBa, JI.JI. bepanexa, ®.II. Mexens,
C.B. ®pemeHa, [I. Konppamosa, A.IL. Ko-
HoHenka, M.O. JIucwoka, B.C. [limkoB-
cpkoro [1], BIL 3arusa [1], M. Tpoxu-
MeHKa, [. Papenroka [2].
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Puc. 2. EeKTUBHICTb LLIYMOrMyLUEHHS

Y pobori po3paxoBaHi piBHi BTpaT 3BYy-
KOBOI ITOTY>KHOCTI Ha BUXOJi BEHTVJIALIIN-
HOI cucremy 6e3 BUTpaT MOBITPA Ta 3 IX
ypaxyBaHHAM 3a Iep>KaBHUM CTaHAAPTOM
[2] Ta MeTOmOM CKiHYEHHMX €IeMEHTIB Y
COMSOL Multiphysics 5.2 [3,4]. IIpu no-
PiBHAHHI 3HaYeHb OTPMMAa/M IX BiJIHOCHY
BifmoBigHicTD [5] (puc. 1, puc. 2).

3’acyBany, 1mo piBeHb WIYMy Mif{BU-
IyeTbCsl TpY 30ibLIeHH] 4YacTOTH Ta
HIBUAKOCT] MOBITPs, a epeKTUBHICTD L1y-
MOTTTyIIeHH, AKa BusHaueHa y COMSOL
Multiphysics 5.2 cknagae 52,9%.

Hamu sannponioHoBaHa MOJIE/Ib BEHTH-
JALIHOrO KaHajly, KA MiTBEPIKYE, 10
COMSOL € edexkTuBHUM HOZATKOM [0
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Iep>XaBHOTO CTaHJApTy Ta JO3BONAE
MIPOEKTYBATH Cy4YacHi MaJIOUIyMHi cucTe-
MM KOHIUIiOHYBAHHSA Ta BEHTMJIALLI.
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3AKJIIOYEHUE BPAKOB POCCUVICKIX I'PAJKIAH
CIHOCTPAHIOAMMU HA TEPPUTOPVN POCCUN

IlTaraeBa A.A.,

CTyJIeHTKa

4 Kypca, IOpUANIECcKOro GakynibreTa
CrepimraMakcKkoro Qumana

bBammkmnpckoro rocyjapcTBeHHOIO YHUBEPCUTETa

bepperynosa JI.A.,
TOLIEHT KaHAMMIAT I0PUAMIECKUX HayK

CrepnuramMakckoro ¢ummana bamkupckoro rocyjapcTBeHHOTO YHUBEPCUTETA

AnHoOmayus: 6 0aHHOL cMamove paccmampusaencs npoyedypa saxknoueHus opaxa
poccuiickux epaxcdan ¢ uHocmpanuamu Ha meppumopuu Poccuiickoii Dedepayuu, a

maxice ycnosus 3aKntoueHus maxkux 6pa1<06

KnroueBpie cmoBa: 3akiIiovyeHme 6pa1<a, MHOCTpaHHbI€ TpaXXJaHe, YCIOBUA

3aK/TI0YEHN, PETUCTpaL A

CONCLUSION OF MARRIAGES OF RUSSIAN CITIZENS WITH

FOREIGNERS IN RUSSIA

Abstract: this article deals with the procedure for the marriage of Russian citizens
with foreigners in the territory of the Russian Federation, as well as the conditions for

concluding such marriages

Keywords: conclusion of marriage, foreign citizens, conditions of imprisonment,

registration

B coBpeMeHHBIX YCTOBUAX MeXyHa-
POJIHOTO COTPYHHMYECTBA HabmofaeTcs
yBelM4eHne KOMMIecTBa OPakoB MeXIy
MHOCTPAHHBIMM M POCCUIICKMMU TpaXxk-
ImaHaMu. 3aKToYeHne TOToOHBIX 6PaKoB,
BJIeYeT 3a COOOIT yBe/IMUeHNe YNCTIa CIIy-
YyaeB PasHOTO TpaK[JaHCTBa JeTell M UX
ponurenei.

B Hacrosmee BpeMsA 3aKOHOJATENb-
ctBo Poccuiickoit Pemepanun He ycTa-
HaBIMBaeT TaK TaKOBOIO 3allpeTa JJId
BCTYIJIEHMS POCCUIICKMX TPaKJaH B
Opak ¢ MHOCTPaHHBIMU IpaxkflaHaMu. B
9TON CBA3KM Ha Tepputopum Poccuii-

ckoit demepanum perucTpUpyoTCA
Opaky KaK MeXAYy OTeYeCTBEeHHBIMMU
rpaxjaHaMyl M MHOCTPAaHIIAMM, B TOM
qKcie M MEXAY TpaKaHaMU pPasand-
HBIX TOCYHapcTB [2].

3axsmoueHne Opaka ¢ y4acTyeM MHO-
CTpaHHBIX TPaXK/IaH Ha Tepputopun Poc-
cutickoit Pepmepanuyu, TPOU3BOIUTCA C
cobmonenreM GOpMBI U HOPsIAKA peru-
cTpaunmu 6paxa, KOTOpble OIIPefesIITCs
CemeitabiM Komexkcom Poccuiickonr ®e-
mepauun (nm.1 cr.156 CK P®) u Depe-
pabHBIM 3aKOHOM «O6 aKTax IpakgaH-
CKOTO coCTosgHUs» [3].

13
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Cormacro 1. 1 ¢1.156 CK PO dopma
3aKmodeHns Opaka Ha teppuropun PO,
HE3aBMUCMMO OT IPaKIaHCTBa /ML, BCTY-
HamuxX B 6pak, OMpene/sIIoTCs 3aKOHO-
matenbctBoM P®. OTcrozia cienyert, 4To Ha
teppuropun PO 6pak Bo Bcex crydasx
JOJDKEH 3aK/IIUaTbCs B OpraHax 3aIucu
aKTOB TPKHAHCKOr0 cocTostHuA [1].

Poccuitckum  3aKOHOIATeNbCTBOM
oIpefieNIAeTCA U TOPAMOK 3aKTIOUeHU
6pakoB Ha Teppuropunu Poccunm. Kak
IpaBUIO, OH IPVMEHAETCA B CIy4asx,
ecnmu ogHM M3 OyAyIIMX CYIPYrOB VHO-
CTpaHHBI TpaXJAaHVH WIM Jaxe oba
OymyLIMX CYIpyra MHOCTPAaHHbIe IPax-
naHe. bpak 3ax/mo4aeTcsa B IMYHOM IIpU-
CYTCTBMU JINLI, BCTYHAIOIIUX B Opak, o
UCTEYEHNN MeCsIa CO MHS TMOmadM VIIu
3alNCU  AKTOB
Tocynap-
3aK/TI0YEeHNU S

3asAB/IeHNSI B OpTaHbI
TPaXZAHCKOTO COCTOSHMAL.
CTBEHHAasA perucTpanus
Opaka IPOMSBOAUTCSA B IMOPSIfKe, yCTa-
HOBJIEHHOM JIJISl TOCY/IJapCTBEHHON pern-
CTpaluy aKTOB T'PaXK[JaHCKOTO COCTOS-
Hus [4].

Cront oTMeTUTD, 4T0 CeMeifHbIM KO-
nexcoM Poccmiickoit @epepanun He pe-
IJIaMEHTUPYeTCA TepedeHb NOKYMEeHTOB,
KOTOpble He0OXOAMMO MPEACTABUTD HO-
CTPaHHOMY TP)XJAHUHY IIPM 3aK/II04Ye-
Huy Opaka Ha Teppuropun Poccmiickoit
Depmepauyn. B 3T01 CBA3M MOTYT HOTpe-
60BaTbCA JJOKYMEHTBI YIOCTOBEPAIOLIIIE:

1) MMYHOCTDb BCTyIAMOLEroO B Opak, a
VIMEHHO TIaCIOPT WIN HOKYMEHT, €ro 3a-
MEHSIOIII I

2) OTCYTCTBME IPEIATCTBUI K BCTY-
IUTEHNIO B Opak.

B cootBercTBuM ¢ m.2 c1.156 CK P®
YC/IOBUA 3aKIII0YeHMs OpaKa Ha TeppUTo-

puu P® ompepnensaiorcs A1 KaXIOro U3
NI, CTYHAINX B OpaK, 3aKOHOJATEIb-
CTBOM TFOCYAapPCTBa, TPaKFAHNHOM KOTO-
POro JIMI[O SIB/SIETCS MOMEHT 3aKIII0Ye-
Hus O6paka, ¢ cobroeHneM Tpe6oBaHst
cr.14 CK P® B orHoueHunm o6¢TOs-
TE/IbCTB, IIPENATCTBYIOINX 3aK/II0UCHIIO
6paxa.

V3 aToro cnexyer, 4TO Ha TEPPUTOPUN
P® He momyckaercs sakIoueHne 6pakxa
MEXTY:

1) 61m3KuMM POACTBEHHUKAMIM, HOJI-
HOPOJHBIMM HEIOIHOPOHBIMM OpaThsi-
MM ¥ CECTPaMIi;

2) YCBIHOBUTEIIAMM Y YCHIHOBTICHHBIMUI;

3) Mu1jaMu, U3 KOTOPBIX XOTS OBl OTHO
JINIIO Y>Ke COCTOUT B PYyTOM 3apernucTpu-
pOBaHHOM Opaxe;

4) muuamu, U3 KOTOPBIX XOTsI OBl O/{HO
JIMLO IPU3HAHO CYAOM  HeJeecrnocoo-
HBIM BCIIEICTBME IICUXMYECKOTO pac-
cTpoiicTsa [1].

PacropixeHre 6paka MeXxAy poccuii-
CKMMM U MHOCTPAHHBIMU TPaKFaHAMIU
Ha Tepputopun Poccuiickoit ®Oenepannu
IIPOM3BOAUTCSA Ha YCIOBUAX U B IOPAJKe,
npenycMoTpeHHbIX CeMellHBIM KOfeK-
coM (1.1 ¢1.160 CK P®D).

Taxum obpasom, O6pak rpaxnan PO ¢
MHOCTPAHHBIMI IPAXXAHAMY WIN JINLIA-
M1 6€3 TPOKIAHCTBA, MOXeET OBITH pac-
TOPTHYT Ha Teppuropun PP B opranax
3aIIMCY aKTOB I'PAXKJAHCKOTO COCTOAHUA.

CylIecTBYIOT OIIpefielieHHble CIydan,
KOIZla BO BpeMs 6paKopasBOLHOIO IIPO-
Ijecca, MOXeT INPUCYTCTBOBATb TOJIBKO
onuu us cynpyros. K npumepy, poccuit-
CKWIT CYJ, MOXeT pacCMaTpUBaTh [e/o O
pasBofie C MHOCTPAHHBIM I'PaKIaHIHOM,
He IpOXXUBAKLUM Ha Tepputopun PO B
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TOM CJ/Iy4ae, €C/IM JICK TOflaH IpaKJaHM-
IPOXMBAWIMM Ha TEpPPUTOPUU
Poccun. B maHHOM ciyyae paccMOTpeHue

HOM,

Zema O pa3Bofe BO3MOXKHO 6e3 IpuCyT-
crBusi orBer4nmka. OTBETYMKY B CBOIO
odYepenb, TO €CTb MHOCTPAHHOMY TPaK-
IAHVHY, JO/DKHBI OBITH OTIIPAB/IEHBI BCE
HeoOxopuMble CyfeOHble JOKYMeHTbI[2].

CToUT OTMETUTH, YTO CYLIECTBYIOT
crieluajibHble IPABUIA O PACTOPXKEHNU
Opaka, copep)aujuecs B JIOTOBOpax O
IPaBOBOII TIOMOIIM, 3aKTIOUeHHBIX Poc-
CMelt ¢ TAKUMU CTpaHaMu Kak Bomrapus,
BoerHawm, [oblia 1 pyrumu cTpaHaMIiL.
ST ZOroBOPHI YCTAaHABINBAIOT:

1) pasBoji IPOUBBOLUTCS OpraHaMim
TOTO TOCYAAPCTBA, TPAXK/JAHAMI KOTOPO-
TO SIBJISIIOTCS CYIIPYTI;

2) ecnu CyIpyryu MPOXKUBAIOT B APY-
TOJI CTpaHe, TO OHJ MOTYT OOpaIaThCs B
CYJ 9TOJI CTPaHBI;

3) mpu pacTop)KeHum Opaxa IpyuMe-
HSETCs1 3AKOHOJIATEeNIbCTBO CTPAHbL IPaK-
IaHCTBA CYIPYTOB;

4) B Tex C/ydasx, KOIjfa CYIpyru He
MMEIOT OOIIEro TPaKIaHCTBA MPOXKMBA-
10T Ha TEPPUTOPUY PA3HBIX TOCYHAAPCTB,
€710 O Pa3Bojie MOXKET ObITh BO3OYXK/IEHO
B Cygme mo60ro U3 JOroBapMBAIOLIUXCS
FOCYHApCTB, IpuYeM KK/ ¢y Oymer

IpU/EeP)KUBATHCS
cBoeit cTpaHbI([5].
Takum 06pasoMm, HpU 3aKIIOYEHUN

3aKOHOOATE/IbCTBA

Opaxa MeXXy POCCUIICKIM TPaXKAAHNHOM
M VIHOCTpaHIeM Ha Tepputopun Poccuii-
ckoit Demeparyy, yCIOBUsI 3aK/TIOYEHIISI
Opaka OIpefe/sIoTCs I KaXJOro 13
JIL, BCTYIAIOLVX B OpaK, 3aKOHOMATENb-
CTBOM TOTO TOCY[APCTBa, TPAXAAHNHOM
KOTOPOTO JIMIO SIB/SIETCS B MOMEHT 3a-
KmodeHnst 6paka. OgHAKO 00s3aTeNbHBIM
YCIOBUEM 3aK/IIOYeHms1 Opaka sIB/IseTCs
cobrofieH1e TpeOOBaHMII O HMPeIATCTBI-
AX K BCTYIUIGHUIO B Opax.
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EVENT-BASED DISTRIBUTED COMPUTING

Hamenxkos [I.C.
CryneHT Kadenpu mporpamMHoi iHxeHepil

Xapkiscokuit Hantionanpauii YHiBepcuteT Pamioenekrponikn

Keywords: distributed computing, event sourcing, command query responsibility
segregation, domain driven design, software architecture, data storage.

Introduction

Many modern software systems are
designed for distribution. A distributed
system is a software system which is exe-
cuted on many different computers si-
multaneously. In such a system, compo-
nents which run on different computers
may send each other requests over a net-
work to perform a certain part of the
business logic. An example of a distribut-
ed system is a typical public service, such
as an e-commerce system.

Often, a software system can be easily
described in terms of facts which are true
at a certain point in time. These facts are
called events. Events are communicated
via events messages—data structures
which describe the event and contain
some of the detail information intrinsic to
the event in question. Different events in
the real world are reflected in different
types of event messages. It is common to
name the event message structures as a
verb or a verbal expression in the past
tense.

This paper analyzes the benefits of us-
ing event-based architecture patterns in
distributed systems.

1. Event-based architecture

According to M. Fowler, there are
4 main types of event-based systems [1]:

1.1. Systems use events in order to
send notifications to other systems about
a change within their domain. In such
cases, the sender does not rely on a re-
sponse to the event. Events merely pro-
vide information.

1.2 The event-carried state transfer pat-
tern describes a system which allows the
event-receiver systems to change their state
according to the event broadcast. This is
implemented by enriching events with a
certain amount of viable data, as opposed
to only internal identifiers. This approach
requires careful planning in terms of the
network load, since large event messages
may potentially overflow the network
threshold. Also, storing event messages
into a database may cause a quick pile-up
of redundant denormalized data.

1.3 Event Sourcing is a pattern of do-
main driven design which dictates that all
the changes to the system state should be
recorded in the form of events and those
events can be used to restore the complete
state of the system at any point in time.
This pattern builds upon the event-car-
ried state transfer pattern and widens it by
promoting events to the source of truth of
the system. [2, 160] The key benefit of an
event sourcing system is the possibility to
manipulate events in order to construct
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Command

Write-Side Entity

Events

Read-Side Entity

Fig. 1. Event-based data flow in a CQRS system

hypothetical situations which never hap-
pened in the system or to reconstruct
historical situations which did happen in
the system at some point in time [3].

1.4 CQRS-Command Query Respon-
sibility Segregation, is a pattern which
dictates that the system should have two
separate data models, one for reading the
data and one for writing the data. It is the
events which transfer the updates from
the write-side to the read-side entities.
This pattern serves two major objectives.
The first objective is to allow to optimize
client requests, as the clients don’t have to
construct different pieces of a normalized
domain model on each read operation.

The second objective is to allow different
parts of the model to have the names and
structures that reflect their nature, but not
the technical names and structured
adopted from, for example, an SQL JOIN
output.

While the first and the second ap-
proaches to event-based systems can be
found, at least partially, in most modern
software systems, event sourcing and
CQRS patterns form the whole paradigm
in which systems are built. Moreover, it
is easier to design and implement a sys-
tem which uses both patterns together,
than one which uses only one of the pat-
terns. [2, 140]
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In a system which combines event
sourcing and CQRS, a typical data flow
would look as seen in figure 1.

2. Applications for event sourcing

In real-world systems, the event-based
approach is often adopted in complex
domains and in cases when history has a
domain value. The most obvious example
of such a domain is accounting and finan-
cial institutions. The distinctive features
of the event sourcing pattern fit the needs
of many aspects of working with money.
One of such aspects is traceability. [4]
When working with many financial trans-
actions, it is important to be able to tell
where the money come from and go to.
Not only it is required by law in many
countries for the banks to store the trans-
action history, but it is also beneficial for
such purposes as building credit scores,
promoting special bank features to the
customers who may require them, etc. As
such, the feature of prediction of custom-
ers needs based on the actions that the
customers perform in the system is ubiq-
uitous. Systems which work in retail, so-
cial networks, online games, all benefit
from such predictions.

Another use case for audits based on
event sourcing is found in identity and
access management systems. These sys-
tems are required to display the actions
made by a certain user and, more impor-
tantly, help their users find the person
who performed a certain action.

In a distributed system, events which
belong to a certain entity should be pro-
cessed on a single server instance. This
way, the order of the events is preserved
and no lost events are encountered. The

system typically deploys a special mecha-
nism in order to distribute events in such
a manner. For example, this can be imple-
mented in an orchestration service. An-
other solution to this problem is to rely on
a database sharding mechanism, which
would distribute stored events by their
target entity. When an event is stored, the
instance responsible for the entity in
question replays it upon the entity. Such a
mechanism may be implemented with the
Apache Kafka streaming platform or its
alternatives. [5]

3. Applications for CQRS

There are two main reasons to apply
CQRS to a system:

- support a use-case oriented user in-
terface;

- optimize requests to the system.

A use-case oriented Ul is an interface
which allows the users of the system to
perform certain actions within the system
without concentrating their attention on
the entities in which the system itself op-
erates. Such an interface requires the sys-
tem to be built in CQRS manner, as the
commands which the users produce natu-
rally belong to another abstraction level
from the queries which the users perform.

Also, even in cases of entity-oriented
UI, CQRS comes in handy when it is re-
quired to optimize the user requests to the
system. For example, the read-side model
may be designed in a way that the users
can obtain information about a certain
group of entities with just one query in-
stead of a query per entity. This property
of CQRS is especially helpful in distrib-
uted systems. If the commands and the
queries are processed on different server
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instances, it becomes easy to scale those
instances differently. For example, a sys-
tem may have 20 read-side instances and
only 5 write-side instances if queries oc-
cur more often than commands.

Conclusions

A software system can employ the
event-oriented approach at a different in-
tensity, from a simple notification chan-
nel to full-fledged event sourcing solu-
tions. In a distributed system, it is often
easy and natural to establish communica-
tion between server instances with the
help of events. However, software archi-
tects should be aware of the trade-offs of
such solutions, which are greater storage
requirements, network load, and a new
set of mind in which the developers must
operate in order to work on such a sys-
tem.

Different domains have different re-
quirements. If the system targets a do-
main which values the history of changes
to the data, probably, the event sourcing
pattern is suitable for it. Also, the CQRS

pattern often comes naturally with event
sourcing. It is though worth remembering
that there is no one good solution for all
the software architecture problems, so all
approaches should be carefully evaluated
upon the domain in question.
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TPAHCIATINA IIOTOKOBOI'O BUTEO HA OCHOBE
IVMHAMUYECKUX 3AIINMO®POBAHHDBIX BJIOKOB

Yepkac b. 1.

Xapbkosckuii HanyonanbHelil YausepcuteT PainosneKTpoRuKy

KmroueBple coBa: IOTOKOBOE BHUfCO, IMbpOBaHME TPAHCALMH, afalTUBHBIN
BIICOIOTOK, KOHTEHT-OPUEHTUPOBAHHAA CETh
Keywords: Broadcast Encryption, Dynamic Adaptive Streaming, Video on Demand

B 971011 cTaThe 5 MIPEACTABIISAI0 CTPYK-
TYpy IOTOKOBOTO BIi€0, KOTOpasi obe-
crieduBaeT 6e30macHy0 1 3G PeKTUBHYIO
Hepefavy JaHHBIX KOHEUHOMY IIO/Tb30Ba-
Teto. Moit mozxoy; Tpe6yeT COBMECTHOTO
UCIO/Ib30BAHNUS TPEX PA3HBIX TEXHOJIO-
ruit. IlepBasg — KOHTEHT-OPMEHTNPOBAH-
Hasl ceTh (TaK)Ke M3BECTHA KaK JMMEHO-
BaHHAsI CeTh [JAHHBIX). JTO ceTeBas ap-
XUTEKTypa, KOTOpas MpefCcTaBsAeT MMe-
HOBaHHbIE JaHHbIE KaK Hanbosee IIeHHBII
97IEMEHT B CETI ¥ IeINT UX Ha TaK Ha3bl-
BaeMble (pparMeHTbl KOHTEHTA, KOTOPbIe
SIBJISIIOTCST OJIOKaMM JAHHBIX, CIIOCOOHBIX
UAEHTUNUIMPOBATh ¥ ayTEHTUPUIIPO-
Barh camux cebs. Bropas KoHierms,
KOTOPYIO s MCIIONb30Baj, OCHOBaHA Ha
HOfIXOfe MAMHAMUYECKON afjallTUBHOI
mepefiaun MotokoBoro Buaeo nmo HTTP,
KOTOpasi MO3BO/IsAET KIMEHTaM AUHAMMU-
YeCKM BBIOMPATh Ka4eCTBO IPUHIMAEMO-
r0 BUJEONOTOKAa B COOTBETCTBUM C JIO-
CTYHmHBIMU pecypcamu. Haxkonern, =
ajlanTupyoo KoHmenumio Broadcast
Encryption, utobs! chopmupoBars uH-
CTPYMEHT JAJIsI YIIPaB/IEeHUs JOCTYIIOM K
IPeOCTaB/IeHHbIM IIOTOKAM KOHTEHTA.
KoMOmHAIsT 9THX TEXHOTIOT I II03BOJIS-
eT HaM paspaborarh CTPYKTYpY, IIO3BO-

JISIONIYIO TTOCTABIMKAM II€Pefady II0To-
KOBOTO BUJIEO TI€peaBaTh JAHHBIE KITNU-
€HTaM B BUJE IMHAMMYECKUX aJalTUB-
HbIX (parMeHTOB 3aumndpOBaHHOIO
COIEP)KMMOTO, ITO SABJIAETCS 9PPEKTNB-
HBIM, THOKUM ¥ MacIITabyMpyeMbIM CIIO-
coOOM Iepefady My/IbTHMENNITHBIX [JaH-
HBIX.

BBengenne

Ha ceropHAmIHMII ieHb, My/IbTYIMEIVA
pasBiiedeHVs] CTIi OCHOBHBIM MCTOYHM-
KOM TpaduKa B COBpEMEHHOM MHTEPHETE.
Hanpumep, B AMepuke caMbIM KPYITHBIM
ucroyHukoM Tpaduka ssmrgercsa Netflix
(28,8%), KOTOPBIII IPENOCTABIIACT YCIYTU
npocmotpa Bupeo. Netflix B 3HaunTenn-
HOII CTeIeHM 3aBUCKT OT CETell MOCTABKU
KOHTEHTa, 4YTOObI [OCTABIATH [JaHHbIE
cBouM KimeHTaM. Kpome Toro, mepemada
MYIbTUMEUA B PeaIbHOM BPeMEHM SIBJIA-
eTCA CJIOXKHOW 3afiadell M IpembsBIACT
XKecTKue TpebOBaHMA K ceTeBOI MHpa-
crpykrype. Ilo atoit npudnHe 6bUIM pas-
paboTaHbl pas3nuyHble IPOTOKOIbI, BKIIIO-
Yasi TPAHCIIOPTHBII IIPOTOKOJI PeabHOTO
Bpemenn (RTP) m 6ornee HOBBIE TIpeyIO-
SKeHUsI, TaKMe KakK OUHaMM4YecKas ajiarl-
TUBHAs ITepefiaya IIOTOKOBOTO BUIEO IIO
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HTTP (DASH), B KOTOpOII UCIIONb3yeTCs
IPOTOKOJI IIepefiady TUIePTeKCTa I J10-
craBKM My/nbTuMenua. Ha nepsbiii B3Af,
9TO He KaXKeTCs IOHATHBIM, Tak Kak HTTP
ObUI pa3paboTaH He COBCEM LA TpPaHC-
[OpPTa MY/IBTYMEUITHOTO KOHTEHTA B pe-
alpHOM BpeMmeHn. TeM He MeHee, Cylie-
CTBYeT HECKOJIbKO ITPUYVH, TI0YeMY CTOUT
paccMOTpeTh TaKOJ BapMaHT. A IMOKa fia-
BaliTe KPaTKo 0OCYAMUM, YTO MOXKET OBITh
HOPUYMHOI [T paspaboTKM TaKMX KOH-
eI,

ITepBOHAYaIbHO, MHTEPHET-aPXUTEK-
Typa He ObUIa TIpeJHa3sHA4YeHa JUIA Iepe-
Jauy HOTOKOBBIX faHHbIX. CeropmHs eé
KOMMYHUKAI[VIOHHAs TapafiuryMa He O4eHb
yno6Ha, 0co6eHHO KOr/ja pedb UET O H0-
craBke My/bTuMenua. [IInpoko obcyxpia-
eMbIM IIPEeIOKEHIEM A/l apPXUTEKTYPBI
SB/SIETCS  KOHTEHT-OPMEHTMPOBAHHAS
cetb (CCN). HoBas upes 5TOI KOHIIEII-
LMY 3aK/II0YAETCS] B TOM, YTOOBI yCTaHO-
BUTb JIaHHbIE B KaueCTBe IIEHTPATbHOTO
9/IeMEHTa B CeTi. XOCTBI OOILIAIOTCS Yepes
3aIIPOCHI C HEOONIBIIVIMYL TOPLSIMIU KOH-
TEHTA, KOTOpPble MEHTU(UIMPOBAHBL IO
uMeHN. ITOCKONBKY KaKAblil OJI0K KOH-
TEHTA YHMKAIbHO UAECHTUPUIMPYETCA O
MMEHM M 3allMIeH OT MaHMIY/IALNI
1QpoBoOil MOAMNCHIO, JAaHHBIE MOTYT
OBITb K3UIMPOBAHBI B CeT. JTO obecre-
4yBaeT ropasfio 6onee saQpPeKTUBHYIO Me-
penady KOHTeHTa HECKOIBKMM IIOTydaTe-
JAM, 4TO ABJAETCA PACHPOCTPaHEHHBIM
cTy4aeM Iy GONBIIMHCTBA MYIIbTVIMeE-
JVIVIHBIX IIPYJIOYKEHUIL.

OcHOBHas KOHIIETIIVIS ¥ TEXHOIOTUN
OCHOBHBIM Y3KIM MECTOM COBpPEMEH-
HOJ apXMTEKTYpbl MHTEPHETa ABJIAETCA

Hepefaya IaKeTa CTPOTO OFHOMY IIONy-
YaTesTio, XOTsI OH MOXKET COfepXKaThb fjaH-
Hble, KOTOPbIe aKTYa/IbHBI /ISl HECKO/b-
KIX YYaCTHUKOB. JTO IOBEJeHIEe BbI3Ba-
HO MHTEpPHET-IPOTOKO/IOM, KOTOPBIl He
[I03BOJIsIeT OOBEAMHITh MOTOKM IIPO-
CTBIM CIIOCOOOM, JjaXkKe eC/u HeCKOIbKO
3aIIPOCOB C OJVHAKOBBIMIL IaHHBIMI CO-
BMECTHO JICIIO/NB3YIOT OOIyye MyTH Ha-
3HadeHus. Takum obpasom, sddexTus-
Has CTPYKTypa [OCTABKU MY/IbTMMENNa
TpebyeT CeTeBOl apXUTEKTYPbI, KOTOPas
[IpefjlaraeT BCTPOEHHYIO (DYHKIMIO KI-
mupoBaHusi. KOHTEHTHO-OPUEHTUPO-
BaHHasl CeTb CIOCOOHA Hambomee YeTKO
BBIIIONIHUTD 9TO TpeGoBaHue. TOT MOf-
XOfi pasjenseT AaHHble HA MAaJleHbKIE
VIMEHOBAHHBIE KYCKIL.

YT0oOBI HOMYYUTh JAHHbIE, XOCT CO3-
[aeT IIaKeT, KOTOPBI BK/IIOYAET B CeOs
MMs 3aIpOLIEHHOTO KOHTeHTa. CeThb Ha-
IIPaB/IsieT MaKeT K JT060MY OTEHIA/b-
HOMY JVICTOYHMKY, KOTODBII Oymer BO3-
Bpamarh fanHele. O6BEKT KOHTEHTA ay-
TeHTHGUIUpyeTcsa ¢ IMOMOWbI0 Ludpo-
BOIl HOAMUCH. ITO I03BOJISIET TI0OOMY
YYaCTHUKY CeTVM KOIIMPOBaThb OOBEKT
[aHHBIX U IlepefiaBaTh KOIUIO JIHOOMY
3alpallyBaplleMy UCTOYHKKY. Ilomyya-
Te/Ib MOXeT ObITh YBepeH, YTO KOMUsI He
UM3MEHEeHa U, CJIefOBATe/IbHO, SKBIBA-
JIeHTHA OPUTMHAJY, eCIM TIOAINCH JIell-
CTBUTebHA. Pesy/bTypyloliee Mpenmy-
I[ECTBO IIOAINCK 3aKIIOYaeTCA B TOM,
9TO KOHTEHT MOXKET OBITH KOILIMPOBAH B
cety, 4T0 obecmeunBaeT 3PPeKTUBHYIO
Hepefayy My/IbTUMELUITHBIX JAaHHDBIX He-
CKOJIBKIM IOy 4aTeIsIM.

Eie ofHMM MOMEHTOM, KOTOPBII fe-
JIA€T 3Ty TEXHOJIOTMIO VHTEPECHOIT, SIB/ISI-
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eTcsA ee MOJiep)KKa MOOMIBHOCTY KOHed-
HbIX Tonb3oBareneil. CTpyKTypa, Hpen-
CTaBJIeHHasl B 9TOM JOKyMEHTe, JJO/DKHA
HO3BO/IUTb MOOWIBHBIM K/IMEHTaM IIO-
Tpeb/IsATh TIOTOK 6e3 Kakux-mmbo mpepbl-
BaHUIT, JAXKE eC/M OHM IIePEeMEIIA0TCS
MeX/y pasmmaHbiMu cetsimu. CoBpeMeH-
HbIil M3alfH MHTePHETa CUIbHO 3aBUCUT
oT MecTononoxenus. IP-afgpec npencras-
nsteT coboit MMIHOCTD B ceTu. Ecmm mo-
OWIbHBI KIMEHT M3MEHUT CBOE reorpa-
¢duyeckoe NONIOKEHUE, OH B KOHEYHOM
UTOre BOJJIET B HOBYIO CETh, IIOIYYNUT HO-
BbI1 IP-afipec 11, cegoBaTenbHO, MI3MEHNUT
cBoto upeHTH¢MKanyuo. Hampumep, ns-
MeHeHUe WAeHTU(UKaTOpa IpUBERET K
HOTepe BCeX TPAHCIIOPTHDIX COEAVNHEHNIL,
e KIneHT OyfeT IepefaBaTh NAHHbBIE
yepe3 Habop mpotokonos TCP/IP. Jto
OIIpefie/IeHHO NIPUBOANUT K HEYIOB/IETBO-
PUTENTBHOMY KadeCTBY JVCIIOb30BaHNUA
I/ MOOVJIBHBIX HOJIb30BaTeelL.

Ectp nBe mpobiembl, co3faBaeMble
MOOWIBHOCTBIO K/IMEHTOB, KOTOpBIE He-
06X0VIMO 0053aTe/IbHO YYUTHIBATD IIPU
cosmaHuy MHQPPACTPYKTYPhI Iepefadn
HOTOKOBOTO Buzeo. IlepBas mpobnema
3aK/TI0YaeTCs B TOM, 4TO MOOVIbHbIE
K/IMEHTbI MOTYT CTAJIKUBATbCS C M3MeHe-
HMAMU IIPOIYCKHOI CIIOCOOHOCTH IIpU
HepeMelLIeHNN MeX/y PasIUIHbIMU Ce-
TsiMu. Bropast mpobiema — MOGUIBHBIM
K/IMEHTaM JZOCTYIIHO 3HAYNTE/IbHO MEHb-
me pecypcoB. MoOWMIbHBIE YCTPOMCTBa
IDO/DKHBI OBITH 9HeproadeKTUBHBIMIL,
ux CPU/GPU o6bryHO paboTaioT Mef-
neHHee. Pasnuunble TpeOoBaHMs, KOTO-
pble reTeporeHHble KIMEeHThI TPeOYIT OT
CITy>XOBI TPAHC/LIINY IOTOKOBOTO BUJIEO,
TpebyIoT, YTOOBI c/Ty>ba Oblla afanTuB-

HoI1. Bupieo pasbuto Ha cerMeHTBI, KOTO-
pble MOXXHO W3BJIEKaTb U OTOOpPa’KaTh
He3aBICHMO.

st peanmsanum s MCIONTb3OBAs
CCNx B KadecTBe HA/JIOXEHUS dUepes
UDP, a He yepe3 TCP, uTo6bl He cTON-
KHYTbCs ¢ Ho60ouHbIMU 3¢ deKkTaMmu Ha
ocHoBe TCP (moBTOpHas mepepnaua,
TaiM-ayThl U T. [I.) ¥ BBECTU TOJIBKO
MUHUMa/IbHble HaKIaJfHble PaCXOJBL.
Knnenrckoe mporpammHoe obecmede-
HIe OCHOBaHO Ha Meamameepe VLC,
IpesOCTaBIeHHOM  COO0IIeCTBOM
VideoLan, u mmarmHe, KOTOpBLI 00e-
creurBaeT (YHKIMOHAIBHOCTh IIOTO-
KOBOJI Iepefayl BMJeO Ha OCHOBE
DASH 4yepes CCN, a nHe uepes HTTP.
Jlornka ajanTannu, KOTOpas OTBEYaeT
3a [TOTOKOBBIE PEIIeHNs], ONMUCHIBAETCS
KpaitHe npocro. Knnenr xpanur B 6y-
¢depe cnepyromue 30 ceKyHJ BHUAEO.
Ecnn 6ydep 3amonHeH MeHee yeM Ha
30%, normka aganTanuy BeIOMpaeT Bu-
le0 C HaMMEHBIINM BO3MOXXHBIM Kade-
CTBOM [/IsI IIPefOTBPAIeHNsI ITOBTOP-
Hoil 6ydepusanyu. CoObITHE HOBTOP-
HOil Oydepusanuum IPOUCXOAUT, €CIU
Bupeobydep kameHrta oummjaercs. B
TaKOM CIIy4ae, BOCIPOM3Be/eHUE BUIE0
IPUOCTAaHABINBAECTCS 10 TeX IOP, MOKa
6ydep He 3aIIOTHUTCS 11 CHOBA He OyHeT
[LOCTYIIHO HOCTAaTOYHO [AHHBIX /IS
BOCIIPOM3BeeHMsI. DTOTO COOBITIS He-
06xoxMo 136eXarTh, IIOCKONBKY 3TO
HAaVXYJUINII ClieHapuil I/ moTpebuTe-
neit. OpHako, ecnu 6ydep 3amonHeH
IOCTaTOYHO, OymeT BBIOpaH Criefyo-
ML CETMEHT B COOTBETCTBUU CO CPef-
Heil CKOPOCTBIO 3arpy3Ky BCEX paHee
3arpy>kKeHHBIX CETMEHTOB.
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BriBoap! U ganpHeine MCCIeJOBaHNA

B sTOI1 cTaThe A NMpEeNIOKUN CTPYK-
TYPY A/ ZOCTABKY MYIbTUMeaMa. bpim
o6benunenn kounenuu CCN n DASH,
4TOOBI CO3[aTh AVHaMM4yeckye 3ammmnd-
pOBaHHbBIe (parMeHTBHl NAaHHBIX, KOTO-
pble MOTYT K3IIMpoBaTbcs B ceTu. Pe-
3y/IbTAThl OLIEHKM ITOKAa3bIBAIOT, YTO Ce-
TeBOe K3ILIMPOBaHMe MOXKET OIlpefe/eH-
HO MOBBICUTD 3¢ (HEKTUBHOCTD HOCTABKA
mynbrumenya. OFHAKO, IpM MCIOIb30-
BAHMM aJJalITUBHBIX KOHIIENILINIT BO3HMU-

KaeT BOIIPOC O TOM, KaK CHXPOHU3NPO-
BaTh K/IMEHTBI, YTOOBI B IIO/MHOI Mepe
MCIIONIb30BATDh IPEUMYIECTBA KIUINPO-
BaHHBIX JaHHBbIX. [loKck pemeHns aToin
npo6eMbl  3HAYUTEABHO  YAYUIINT
CTPYKTYPY JAHHBIII KOHIenuuu. Takum
obpasoM, Oyxyias pabora [JO/DKHA pe-
INTH IPO6IEMY OTCYTCTBISA CUHXPOHM-
3aUMM MIyTeM M3YYeHMs HOBBIX IMOMAXO-
IOB K 6ojlee CIOXKHOI JIOTMKE ajarTa-
UM AJIs1 KIMEHTCKOTO IIPOrPaMMHOTO

obecrieueHn.
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CETEBAS ATATITAIIVS H.264/SVC /I TPAHC/ISILIUT
HD BUIEO IIOCPEJICTBOM CETEV CTAHIAPTOB 802.11G

Yepkac b. 1.

Xapbkosckuii HanyonanbHelil YausepcuteT PainosneKTpoRuKy

KmroueBnpie cnoBa: H.264, SVC, TpaHcnAnua Bueo, BHyTpuUceTeBas afjalTalius
Keywords: H.264, SVC, In-network Adaptation, Video

B aro11 cTaTbe s MpefCcTaB/IAI IOIXO0],
O BHyTpuceTeBoll agantanum H.264 /
SVC B KOHTeKCTe 0eCIIpOBOIHBIX ceTell
802.11g. OH oCHOBaH Ha Moeil IpeabIAy-
meit pabote o agantusHoi RTSP / RTP
IPOKCH, KOTOPBIil TO3BO/IAET afjallTUpO-
BaTb BWJ€O IOTOKM IIOJ [OMAIIHUe
MapILIPyTU3aTOPbl, KOTOPBII paboTaror
Ha Linux-cmcremax.

[TpepnaraeMblil IOAXOX YCTpaHsET
U3MeHEeHM s IPOITYCKHOI CIIOCOOHOCTH,
BO3HMKAKOIIMe BCIECTBUE afalTalyun
ckopocT B obopymoBanun 802.11g.
Couerass MOHMUTOPMHI MH(OpPMALNSI
DOCTYIHA UCKITIOYUTEIBHO Ha Oecrpo-
BOJHBIX MapIIPyTU3aToOpax, CII0CO0-
HBIX aJalTMpOBaTh MacliTabupyeMble
BUJIEOIIOTOKY Ha JIETY, IPeIOKEeHHbIN
HOAXOJ afallTallM MO3BOMAET OBICTPO
HACTPOUTb CKOPOCTb Nlepeilaul BULEO B
COOTBETCTBUM C TeKYLIVIMY YCTIOBUAMMU
coefHeHMsI. BMecTo TOTO, 4TO6BI pea-
TMpOBaTh Ha IOTEPI0 IaKeTOB, MOII
HOAXO0J, MCIIO/Nb3yeT YBeIMYeHMe 3a-
Tep>KKM B o4epely Ha MapLIpyTHU3aTo-
pe mas obuapyxeHus a3 CHIDKeHUs
IPOIYCKHOJ CIOCOOHOCTI. DTO 0be-
crieunBaer 6ojiee BBICOKYIO CKOPOCThb
pearupoBaHMA 110 CPAaBHEHUIO C TPaju-
LVIOHHBIMJ IIOAXOHAaMM, KOTOpbIe IIO-

JIaTal0TCA UCKTIOUUTENBHO Ha 06paT-
nyio ceasb RTCP.

IToBegenne MOero HOBOTO IOAXOMA
OIIEHMBAJIOCh B HECKOJbKUX ClieHaPIAX
MOOWM/IBHOCTM Ha 3KCIEePUMEHTaTbHOM
UCIIBITaTeIbHOM CTeHpie. PesynbTaTsl, mo-
Jlyd4eHHbIe IIPU IIOTOKOBOJI Iiepefade I
aflanTanyy KOHTEHTa BBICOKOM YeTKO-
CTM, YeTKO JIeMOHCTPMPYET BBIIIOTHMU-
MOCTD U TIPEVMYILECTBA STOTO MOAXOfA.

MoTuBanus

[MosiBneHne pacumMpeHns MacuTabu-
pyemoro koguposauusa Bupeo (SVC)
H.264/AVC npuBHeC/I0 HOBBIE BO3MOX-
HOCTM B KOMMYHUKAIIUIO MeIMa-CUCTEM.
B ormmure OT IpembIAYIIMX IIOAXOMOB,
H.264/SVC obecneunBaeT MacmTabupy-
eMOCTb II0 pPaslINYHBIM IIapaMeTpaM
ajanTaunu (BpeMeHHas, IPOCTpPaH-
crBeHHadA, SNR) Ipy cpaBHUTENIbHO HU3-
KIX M3Jlep>)KKaX Ha CKOPOCTb Iepefadn
JaHHBIX.

Bt mpepnpuHATEL 3HAYMTENbHBIE
YCUIMA B TeUeHNe TIOCTIeHero JiecATuIe-
TUA /I Pa3BUTHA IIOTOKOBOTO BUIEO U
cereit 802.11g. OmHaKO OJHOI U3 OCHOB-
HBIX IPOO/IEM SIB/LIETCS CXeMa JOCTYIa K
cpege cranpapra 802.11: PacnpeneneH-
Haa ¢yukuusa xooppunauyuu (DCF)
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aflanTUPOBaHa [/ IPeOCTaB/IE€HN BbI-
COKOKaueCTBEHHBIX yCIyT. JJocTym K 06-
1leMy HOCHUTENIO, OTCYTCTBME LIeHTPalb-
HOJI TOYKYM KOOPIVHALMY U HeHafle)KHas
6ecIIpOBOIHAS CBA3b CO3[AI0T HOCTATOY-
HO BBICOKO€ KOYECTBO 3a/1ad IO ONTHU-
Musanuu. MHOro paboTsl Ha OCHOBE TeO-
PeTMYECKOTO aHaIu3a, MOJEIMPOBAHNSA
MO0 IKCIIEPUMEHTANBHOI OL[EHKN MO-
>KeT OBITb HAI[IEHO B IUTEpaType, KOTO-
pasi IpefoCTaB/sAeT OTBEThl Ha TaKue
BOIIPOCHI, KaK IIPONYCKHAsI CIOCOOHOCTD,
obcnyxuBanue nuddepeHnmann n T. .
Ho Bce eme HeT cpefcTs [id pelleHNs
Bcex pobyeM, cBsi3aHHbIX ¢ 802.11 ceTs-
mu. Crefmyst 9ToMy HaOIIOfEHNIO, MOs
paboTa mpefoCTaBIieT pelleHne A pa-
6OTBI C pa3/IMYHOI IIPOITYCKHOI CIIOCO6-
HocThIO B ceTax 802.11g. H.264/SVC-
aflanTanys B CeTU BBINOJHAETCA Ha pe-
albHBIX MOMAIIHMX MapLIPyTU3aTOpax
BMmecTo wiatrpopm MPEG-2 B coueTanun
¢ peweHusamu Ha 6ase ITK. Moit mopxoxn
BHYTPMCETEBO} aJaNTalyy IPOU3BO-
IWTCSL HETIOCPeCTBEHHO Ha MapIIpyTH-
3aTope U [aeT iBa OCHOBHBIX IIpeNMYyIIie-
cTBa. Bo-TiepBbIX, IMOy4eHMe JOCTyma K
MHGOPMALMU MOHUTOPUHIA IOCTYIIHO
TO/IbKO JIOKa/lbHO. BO-BTOPBIX, Hammu4me
9TOil MH(OPMALUN O3BOJIsIET HAMHOTO
ObICTpee pearMpoBaTb Ha Jierpajalyio
CCBUIOK BMECTO TOTO, YTOOBI I0/IaTaThCA
Ha TpajfiNI[MOHHbIE OTYETHI, TaKMe Kak
RTCP-coobienus.

BuyTpucereBas agantanus

Bupeonoroka H.264/SVC
I mopmep>Xku

ajalTaluy BUJEOIOTOKA B COOTBET-

BHYTPUCETEBON

CTBUM C U3MEHAIOLIENCSA IPOIYCKHON

croco6HOCThIO KaHama 802.11, s pacum-
PWI apXUTEKTypy IpoKcu-cepsepa RTSP
/ RTP ¢ moMoIp0 KOMIIOHEHTA afialiTa-
LUV IPUHATUAA PelleHNIT ¥ MOHUTOPUH-
ra. Ero 3agaua 3axogaeTcs B yIpasiie-
HUY afjanranyell MaclTabupyeMoro Bu-
[e0-KOHTEHTa Ha OCHOBE TEKYILIMX YCIIO-
Buil 6eCpOBORHOI MHMYU CBs3U. s
3TOII Lie/IM MCTIONb3yeTCs MHGOPMALNA O
MacuTabupyeMocTu, KOTOpoil oOMeHM-
BAlOTCA BO BpeMA YCTAaHOBKM CeaHca
RTSP, 4robbl y3HaTh, Kakue ypoBHM (1
pesy/IbTUpylolue OUTPENThl BULEO) CO-
Iep>karcad B OMTOBOM IIOTOKe Bufieo. B
3TOil paboTe s [ieNal0 ymop TONBKO Ha
IIPOCTPaHCTBEHHYIO afanTanuio. Tem He
MeHee, 9Ta KOHIIETIUS MOXeT ObITD Jier-
KO IpMMeHEHa K BpPeMEHHON WM Kade-
CTBEHHOJI MacCIITaOMPyeMOCTIL.
MOHUTOPUHT OCHOBaH Ha MHTepdeli-
ce MOHMTOpMHra Linux, KOTOpbIi uc-
HO/Ib3yeTCsl MHOTMMMU JApaiiBepamu bec-
IIPOBOZIHON CeTH. DTO INO3BOAET IIONY-
4aTh MHpOpMALMI0 060 BCeX IAKeTax,
KOTOpBI€ ITepefaloTCs VIN IPUHIMAIOTCA
MapIuIpyTU3aTOPOM 4Yepe3 6eCIpOBOJHON
nHTepdetic. ITa MHPOPMAIVA BKIIOYALT
B cebs cBefieHNA 0 (QU3MIECKOI CKOpO-
CTU, KOIMYECTBE JCIOIb30BAHHBIX IIO-
BTOPHBIX Ilepefiad 1 T. I. B MoeM mopxope
IIPOKCH-CepBep UCIONb3yeT 3Ty obpart-
HYIO CBSI3b JJIA OLIEHKIU TOTO, KaK JJO/ITO
IIaKeT HaXOAWICA B O4epefy B CETEBOM
CTeKe Ha MapIIpyTu3aTope. ITa OlleHKA
BBINIOIHACTCA IyTeM OTC/IeKMBAHUA OT-
MeTOK BpeMeHM, KOTfa MakeT ObUl OT-
npasyeH depe3 API coketos u ero mop-
TBepX/leHNe ObIO YBeJOMJICHO dYepes3
uHTepdeiic MoOHMTOpUHra. Pasnuuns
MeX[ly 00eyMU BpeMeHHBIMY MeTKaMI,
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OYEBMJHO, TAKXe COMIep>KaT 3afiep>KKU
cepuanM3anyy U pacHpocTpaHeHus Gec-
npoBofHoit mepemaun. OZHAKO OKasa-
JI0Ch, YTO OTCIEKMBaeMast 3aJeP>KKa MO-
JK€T COCTaB/IATDH IIOPANKAa HECKOJIbKUX
COTEH MIJUIMCEKYHJI, YTO He/aeT 9TU ABa
KOMITIOHE€HTAa JOBOJIbHO HE€3HAYUTEC/IIbHbI-
mu. Takum 06pasoM, pasHMIIA BpeMeH-
HBIX METOK PaCCMaTPUBAETCs KaK OLIeHKa
3aJIep>KKM B OYepelM M OTCIIeKUBAETCS
IS KXKJIOTO MaKeTa.

CpenHAA 3amepXKa B O4YepenM JIC-
IIOJIb3YETCA AJIA YIIpAaB/I€HNA afaliTallni-
eil B ceTy IOTOKa 6MTOB Bupieo. B otnu-
Yye OT TPafMIMOHHBIX IOAXONOB K
aflanTanyu, KOTopble OCHOBAHbI Ha IO-
Tepe MaKeTOB B Ka4eCTBE 0OPATHOII CBs-
311, VICIIONIb30OBAaHNUE 3aJIeP>XKKU B odepe-
IM II03BOJIAET HAMHOTO ObICTpee pearu-
poOBaThb HAa UISMEHEHNE HpOHYCKHOﬂ CIIO-
ITpoxcu-cepsep
O0OHAPYXUTb CHIDKEHUE IPOMYCKHOI
CIIOCOOHOCTH 3a CYET PE3KOTro yBemnde-

COOHOCTMU. MOXKeT

HUA 33Jlep>XXKI B O4epeny M HeMeJIeHHO
CHM3UTD CKOPOCTbD Ilepefadyy Bigeo. ITo
IpefoTBpallaeT UM, 10 MEHbIIEN Mepe,
YMeHbIIIaeT NMOTEePIo MAKeTOB allpUopH, B
OTJINYME OT IOTEPU MAKETOB JJIA 3aIly-
CKa amocTepuopHoil ajanTanyuyu. Kom-
noHeHT «[IpmHATHME pelmleHMIT M MOHM-
TOPUHT aJjalTalluy» CIAeHyeT JJ0BOTbHO
IPOCTOMY, HO 3G eKTUBHOMY MeXaHU3-
MYy YIIpaBlleHUs CKOPOCTbIO Iepefadn
BUJIEO B 3aBMCUMOCTY OT OOHapy>KeH-
HOJI 3a7iep>KKu B odepenu. Eciu sagepx-
Ka B Ouepefiy IpEeBbIIIAET OIpefeneH-
HBIi1 TIOPOT, IPOKCK-CEPBEp OnpefienserT
IPOIYCKHYIO CIIOCOOHOCTD KaHajIa B Te-
yeHMe nocnefHnx 200 Mc. ITOT CpaBHU-
TeJIbHO KOPOTKMII MHTepBan ObLI BBI-

OpaH Ha OCHOBe MOMX HaOJIOIeHN, KO-
TOpbIE ITOKa3bIBAIOT, YTO HET CMBbIC/IA
BK/II0YaTh MCTOPUIO IIAKETOB CTapiue
150 Mc u3-3a OBICTPO MEHSIOMINXCS yC-
noBuit 6ecrrpoBopHoit cBsisu. Ha ocHose
3TOJ TeKyllell IPONYCKHON CIIOCOOHO-
CTU IPOKCHU-CEPBEP pellaeT, KaKue Mpo-
CTPaHCTBEHHbIE YPOBHU B 3aBUCUMOCTI
OT ero Tpe6OBaHMIT K CKOPOCTH Ilepefa-
9M BUJEO B HACTOAIllee BpeMsA MOIYT
06CTyX1MBaTbCA. DTO pelleHMe TaKKe
YYMTHIBaeT HaKIaJHble PacXOfibl, BHO-
CUMBbIe TAKETUPOBAHMEM U Iepefavels, a
TaK)Ke 9acTh OCTaBLIENCs IIONOCHI MIPO-
IIyCKaHWA i1 MOBTOPHOTO MCIIONIb30Ba-
HIA o4Yepenn B MapuipytusarTope. Peie-
HIEM ABJIAETCA HEMEJIEHHOE CHVDKEHIE
CKOPOCTHM Ilepefiauy BUIEO /IS MPENOT-
BpallleHNsA OTEPU MTAKETOB.

BriBogb1

B aroit cTaTbe A MpeAcTaBMUI TOAXOf
II0 BHyTpuceTeBOIl afanTanuu H.264/
SVC B 6ecripoBogubix cetsix. ITo cpaBHe-
HUIO C TPAaAVIMOHHBIM KOAMPOBAHUEM
Bumeo, H.264/SVC obecmeunBaeT [elire-
BYI0 BBIYMC/IUTENbHYIO afaNTal[ui0 BU-
fleo IO CpaBHEHUIO C TPafiNLIVIOHHBIM
KOflMpOBaHNeM BUAEO. ITO JenaeT BO3-
MOXKHBIM aJJalITaIliI0 TIOTOKOB BBICOKOI
YeTKOCTM B MapuipyTusaropax. IIpena-
raeMblil MHOI IIOAXOJ, MCIIO/NIb3YeT WUH-
dbopMany0 MOHUTOPMHIA, JOCTYIIHYIO
JIOKaJIbHO Ha MapUIpyTusaTope, A/ Ha-
CTPOVIKM CKOPOCTU Ilepefiaull BUJIEO B
COOTBETCTBUM C M3MEHAWIIelcsa Ipo-
IYCKHOI CIOCOGHOCTBIO KaHama. B aToit
pabote 51 poxycrpoBascs HA M3MEHEHN-
SIX HPOITYCKHOI CIIOCOOHOCTH, BBI3BAH-
HBIX MOOVJIbHOCTBIO OJHOTO KJIMEHTa B
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COYeTaHMM C MHOTOCKOPOCTHOII oImepa-
nueit 802.11. ITpenmyiecTBO MOETO MOJ-
XOfla COCTOUT B TOM, YTOOBI MCIIONb30-
BaTh MHGPOPMALNIO MOHUTOPUHTA, B
YaCTHOCTM 3aIep)KKy B oOuepeny, Ha
MapHIPyTH3aTOpe AJIA YIPaBIeHNA aJal-
tanuer. B oraMume OT MeXaHM3MOB
yIpaBJieH)s, KOTOpble MCIONb3YIOT II0-
TEpIO MAKeTOB B Ka4eCTBe 0OPATHOI CBsI-
31, MOJI IIOAXOJ 0OHAPY>KUBAET M3MeHe-
HJe IIPOITYCKHOI CIIOCOOHOCTM KaHama
paHbIIIe ¥ IpeFOTBpAIaeT W, TI0 Kpaii-
Hell Mepe, YMeHbIIAeT IIOTEePI0 MaKeTOB.
9ta uHpopManys KOCTymHa Onaropaps
uHTepdeiicy MOHUTOPUHIA, KOTOPBIi
MIO3BOJIAET IPUIOKEHNAM MIOTyYaTh yBe-
TOMJIEHMs O KaHA/IbHOM YPOBHE.

OCHOBHBIMM IIpEMMYLIECTBAMM BHY-
TPUCETEBOII aflallTalluM 110 CPAaBHEHUIO C
TPaJUIIVIOHHBIMM TOAXO/laMM ABJAIOTCA
nHpOpMaNMA O MOHUTOPMHIE I ee OIle-
PaTMBHOCTD. DTO 3HAYUT, YTO OH MOXKET
UCIIONIb30BaTh MHGOPMALNI0 MOHUTO-
PUHIa, KOTOpas JOCTYIIHA TOJBKO JIO-
Ka/JIbHO, HampyuMep, (PaKTUYecKyl 3a-
JEpXXKy B odepel, ¥ pearuposarh Ha-
MHOTO0 OBICTpee II0 CPABHEHNIO CO CKBO3-
HBIMM TOAXOfaMH, KOTOpbIe MOTYT
ncnonb3osarb Tonmbko RTCP. B cmyvae
cereit 802.11, rme ¢usmueckas CKOPOCTh
U3MEHAETCSA JOBOIBHO OBICTPO, TUIINY-
Has obpatHas cBsi3b RTCP, mpepmocTas-
nfgeMas ¢ MHTepBajlaMM TopsAfKa 5 ce-
KYH/], 0O4€BUTHO, CTIVMIIKOM MeJ/IEHHAs.
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H.265: we understand what and why

The H.264 video compression stand-
ard was adopted in 2003, but was only
widely used in video surveillance prod-
ucts six years later. The same story and his
successor H.265: it was officially approved
in 2013, and only last year they began to
actively introduce it into the camera. Un-
doubtedly, with increasing resolution of
the camera will grow, but the spread of
H.265 will depend on the presence of a
number of problems - as inherent in the
protocol itself.

Today, H.264 accounts for the lions
share of the entire video recorded by sur-
veillance cameras. In particular, Ultra-
HD. A highly efficient video coding
standard, better known as H.265, doubles
the compression rate of files. 4K +: if the
video in 1080p (HD) resolution is about
25%, then for 4K + - 75%.

H.265 is being developed for use in
consumer electronics, but due to the ad-
vantages in compression efficiency it can
also be used in the field of physical pro-
tection, where all the time you have to
find a compromise: on the one hand, the
picture should be as good as possible (af-
ter all, in notes it makes little sense if you
can't see the details), on the other hand,

the costs of infrastructure for transferring
and storing videos should be minimized.

4K resolution significantly increases
bandwidth and storage bandwidth re-
quirements, and data transfer speeds are a
serious technical issue. H.265 promises to
find a way out of this controversial situa-
tion. The new codec is compatible with
the previous one, which should ease the
transition to it from H.264.

However, the widespread use of
H.265 is hampered by a number of prob-
lems, both intrinsic to the protocol itself
and external to it. If prices and require-
ments for computing power and the re-
sulting circumstances are small, then
there are unjustified requirements for the
development of processes and sales
growth. H.265 may face competition from
alternative codecs, both open and propri-
etary.

Why H.265 better than H.264

H.265 uses the same compression
principle as H.264. The background im-
age does not change often. This can sig-
nificantly reduce the bandwidth require-
ments and storage capacity.

The IP camera first shoots an optional
video in accordance with the specified
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recording mode, and after processing the
image, encode it. Prediction with motion
compensation. While H.264 has a maxi-
mum block size of 16 x 16 pixels,
H.265 uses tree block encoding (CTU)
macroblocks with up to 64 x 64 frames
for information processing. 4K +.

In addition to block size changes,
H.265 is distinguished by the presence of
an improved smoothing filter for elimi-
nating non-standard blocks (deblocking
filter). In addition, a new motion vector
prediction algorithm (Motion Vector Pre-
dictor, MVP) is used to improve intra-
frame prediction. Higher prediction ac-
curacy, moreover, due to the fact that
within the frame instead of 8 require-
ments are available, as in H.264, 36 are
available.

Parallel processing capabilities for the
counter support for the extended AVX /
AVX2 instruction set for Intel / AMD
processors. Square areas can be obtained
accurately. In addition, H.265 supports
wave parallel processing (Wavefront Par-
allelel Processing, WPP): a kind of deci-
sion tree that improves compression per-
formance. This is not the only way to im-
plement a more powerful processor.

H.265 pitfalls

The H.265 standard, as noted, is more
resource intensive than H.264. This
means that the new generation equipment
does not have enough technological ca-
pacity to support H.265. Dedicated equip-
ment will be needed for decoding. It is
worth saying that decompression requires
significantly less computational resourc-
es. You can even use free software, such as
VideoLAN, to (de) encode video to

H.265 format, but the equipment allows
you to do this much more efficiently. In
some VMS, to offload the CPU, integra-
tion with the GPU for working with
H.265 is supported, so you can not pur-
chase a separate NVR, but install a power-
ful graphics card into the server. This will
allow processing a larger amount of video
on a computer and reducing the cost of
the solution (although, after miners be-
gan actively buying video cards, their
prices increased and the benefit may not
be so obvious). Of course, resource-inten-
sive equipment with H.265 support turns
out to be more expensive. At the same
time, the offer of corresponding cameras
was very limited for a long time, and the
VMS standard was not supported at all.
The situation began to change only in
2016, and now all leading manufacturers
have models of cameras with H.265 sup-
port. And with the expansion of the mar-
ket — the emergence of mass demand - we
can expect further price reductions.

However, there is one major obstacle
to the proliferation of H.265 - the tricky
licensing situation, and recently it has
only worsened. HEVC contains dozens, if
not hundreds of proprietary technologies.
The same holds true for any MPEG co-
dec, but, for example, all patent holders
for H.264 are represented by one trustee,
MPEG-LA. In the case of H.265, it ex-
presses the interests of only part of the
patent holders, the rest are combined into
two competing pools. In addition, Tech-
nicolor SA has its own patents, which is
not included in any of the pools.

In principle, the licensing problems of
H.265 directly affect only video content
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providers, such as Google, Amazon, Net-
flix, but not the manufacturers of video
surveillance equipment that do not profit
from broadcasting video from cameras.
However, there is one potential problem.
In the case of cloud video surveillance
solutions, Video Surveillance as a Service
(VSaaS), the provider provides customers
with access to camera-generated video on
demand. This can be considered as using
H.265 for profit, and patent holders may
require license fees. So in matters of
H.265 application, much depends on the
development of the situation in the adja-
cent markets. And this is not just a licens-
ing issue.

H.265 alternatives

One of the pool of license holders —
HEVC Advance - prefers the licensing
model, which implies deductions from rev-
enues received for content that was “created
by any device that supports H.265” This
intention caused a sharply negative reaction
from the largest content providers, and they
joined in Alliance for Open Media to de-
velop an alternative to H.265.

The alliance includes Adobe, Amazon,
Google, Intel, Microsoft, Netflix. The
AV1 codec developed by them should ap-
pear in February of the current year, and the
equipment for decoding AV1 - in the sec-
ond half of the next. AV1 is based on
VP9 codec offered by Google and borrows
coding tools from other open source co-
decs, such as VP10 from Google, Thor from
Cisco and Daala from Mozilla / Xiph.org.

AV1 has higher computing require-
ments than HEVC. According to the MSU
Computer Graphics and Multimedia Lab-

oratory’s annual research, this codec is
superior in quality to HEVC and VP9,
radically inferior to them in coding speed.
The main advantage of AV1 is the absence
of royalties, but without optimization it is
unlikely to be suitable for practical use.
However, if the alliance keeps its promis-
es, wait until the final version appears for
a very short time.

In the meantime, the International
Organization for Standardization ISO and
the international telecommunications in-
dustry union are developing another co-
dec — JEM. It is claimed that it will be
much more efficient than HEVC (by more
than 25%) and at the same time not as
resource-intensive as H.265. True, its
adoption is expected only in 2020.

A number of vendors, such as Axis,
HikVision, Samsung, are developing their
own modifications of H.264 and H.265.
So, for example, Axis ZipStream technol-
ogy provides traffic savings in the range
from 30 to 70% compared to H.264, that
is, in this respect it is not inferior to
H.265. ZipStream is an add-on over
H.264, and its implementation does not
require any infrastructure adaptation.
Moreover, ZipStream can equally well be
used on top of H.265, and Axis has al-
ready released H.265 cameras with the
implementation of this technology.

“Estimated 50% traffic savings for
H.265 are given for ideal conditions and
for other applications, such as streaming
content in multimedia applications,” ex-
plains Denis Lyapin, technical trainer in
Russia, CIS and Eastern Europe, Axis
Communications. “In the case of video
surveillance, taking into account real-
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world conditions, such as backlighting,
image noise, etc., such a compression ra-
tio is hardly achievable” As shown by the
tests of the Fraunhofer Heinrich Hertz
Institute, developer H.264, HEVC actual-
ly provides a bandwidth reduction of only
38% with a similar image quality.

HikVision adapted H.265 for its ap-
plication (recall that HEVC was not de-
signed specifically for video surveillance).
According to the company, the modifica-
tion of H.265 + reduces the transmission
speed by another 67% (compared to
H.265) when transmitting Ultra HD vid-
eo.

Prospects of application

HEVC has already become quite
widespread in the consumer market. Last
year it was implemented by Apple, and
now all new iPhones — and many Android
smartphones — can decode HEVC up to
UHD. New T'Vs also have built-in support
for HEVC. So the question is rather for
the widespread use of H.265 in business
solutions.

However, if complicated licensing
issues are not resolved, the situation may
turn in favor of open standards, such as
AV1. (Its unlikely that users will be
pleased if they are brought to court for
using unlicensed products - and such
precedents occurred when, instead of
manufacturers, held
accountable.) Because, at the beginning of

users are

the year, Apple suddenly joined the
Alliance for Open Media By adopting a
standard, you can expect the AV1 to
appear on the iPhone.

As for the market for video surveillance
systems, licensing problems affect it only
indirectly. However, ONVIF is developing
a new video profile, Profile T, so that it is
not tied to the compression format. In
other words, it will be able to support not
only H.265, but also any video and audio
compression formats that may appear
later.

Although H.264 has been on the
market for more than 10 years, it still
remains relevant for most applications.
H.265-enabled IP cameras are designed to
support UHD-enabled video, so you can
fully utilize their capabilities when you
need to control large open spaces:
construction sites, car parks, storage
yards, etc. To monitor more limited areas
H.264 cameras are quite enough, since the
resolution of 440p / 1080p allows you to
see the facial features, vehicle registration
number and much more.

Even if for most tasks an immediate
upgrade of the video surveillance system
is not needed, the UHD cameras,
becoming more accessible, will be
increasingly used. Therefore, it is
necessary to think about the prospects in
advance: prepare infrastructure in time
for support of H.265 or another successor
of H.264
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In the age of modern technology, no
one will be surprised by wireless devices:
we actively use Wi-Fi on phones and lap-
tops, connect wireless mice and key-
boards to computers, and listen to music
through Bluetooth headphones. And here
there is a hitch - and how to choose the
best headphones specifically for your de-
vices, because the BT sound transmission
protocols are quite a few, and not all of
them are supported by the headphones,
or by the device itself?

Bluetooth profiles for sound transmis-
sion

The very first profile appeared along
with the Bluetooth 1.2 standard more
than 15 years ago — even then the devel-
opers of the standard had the idea that
wireless sound is great. Alas, the standard
itself, called HSP — Headset Profile — was
poorly suited for listening to music: the
sound was transmitted in mono format
with a bitrate of up to 64 kb / s. This was
more than enough for headsets to work
with - this profile was created for them in
general — but the music transmitted in
this format sounded much worse than the
crooked 128 kb / s mp3 played through
the speaker of the phones at that time.

The next profile was called HFP

(Hands-Free Profile), and, as the name
implies, it was again intended for head-
sets — all the same mono sound with poor
quality. Of the improvements — a more
advanced work: for example, when you
call you could transfer sound from the
phone to the speakers of the car, and use
the microphone in the car to answer. But
we are interested in the transfer of music,
and for her, for obvious reasons, this pro-
file is absolutely not suitable.

The first profile designed specifically
for the transmission of stereo sound, was
A2DP - Advanced Audio Distribution
Profile. It was in it that the polling func-
tion of the headphones connected to the
device appeared in order to find a com-
mon codec for them, and, most impor-
tantly, it was in this profile that the ability
to control audio compression appeared:
alas, compression cannot be avoided due
to the low bandwidth of Bluetooth, but
Compression is highly dependent on the
codecs used and the BT version, so the
final sound quality can vary greatly.

What codecs are there and how are
they different?

SBC is the very first Bluetooth codec
that appeared simultaneously with A2DP
and is supported by absolutely all devices
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that use this profile. Its characteristics are
rather modest: the bitrate is 328 kbps at a
sampling rate of 48 kHz. This is enough to
transmit sound in mp3 format, but not
enough for any more or less high-quality
recordings.

aptX is the second chronological co-
dec, developed by Qualcomm, originates
long before the advent of Bluetooth. Its
characteristics are only slightly better
compared to SBC: aptX allows you to en-
code sound at a frequency of 44.1 kHz at
16 bits, providing a bitrate of up to
352 kbps. Despite this, aptX has already
been able to get close to CD audio in
terms of the quality of transmitted sound.
One of the extensions of this codec was
aptX Low Latency, which reduced the
audio latency from 100-150 ms for SBC
to only 40 ms, which is important when
watching videos and playing games with
Bluetooth headphones. Now support aptX
can be found in a huge number of devices,
with the exception of Apple products.

aptX-HD or aptX Lossless is an im-
proved version of the aptX codec that
meets the minimum requirements for Hi-
Res audio. This codec uses dynamic audio
coding, in which most of the audio is en-
coded without loss, and when this is not
possible — with minimal losses. aptX HD
uses a sampling rate of 48 kHz, which, at
a bit depth of 24 bits, gives a bandwidth of
576 kbps. This codec was introduced only
last year and has not yet acquired a large
number of supported devices. AptX HD
can be found in the flagships of LG, Sony,
Huawei and some others, but none of the
Samsung gadgets have yet received codec
support. Of course, for aptX HD you will

need appropriate headphones, but for
now you can literally count them on your
fingers.

AAC is the codec used in Apple prod-
ucts. Unlike the other codecs listed in this
article, AAC is not limited to Bluetooth
and is used in a variety of devices to en-
code audio. However, the apple company
gave preference to AAC, which in its
Bluetooth implementation provides a bi-
trate of 264 kbps at a sampling rate of
44.1 kHz. Initially, the codec was not at all
tasked with listening to high quality mu-
sic: it only had to provide better, com-
pared to mp3, quality with a lower bitrate
and file size. The sound quality of AAC
can be compared with aptX, but head-
phones with this codec support are not so
well distributed, so you should definitely
check for its support before purchasing.

So which codec is better?

Of course, the best codec should be
considered the one that can provide the
highest quality audio transmission. Strict-
ly speaking, there is no unambiguous
definition of Hi-Res (High-Resolution)
audio, but most experts believe that high-
resolution audio should be superior in
quality to CD-audio. The latter, as we re-
call, has a sampling rate of 44.1 kHz and a
bit width of 16 bits. However, some ap-
proach the definition of Hi-Res audio
more strictly, referring to it records made
with a sampling frequency of at least
88.2 kHz and having a bit width of 24 bits.
So, of the available Bluetooth codecs, only
the low-profile LDAC corresponds to the
strictest definitions so far. AptX HD,
which is more modest in its characteris-
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tics, falls under the definition of Hi-Res
audio in part, but is more common, and
therefore in the near future it will surely
become the main high-resolution Blue-
tooth codec.

But is it worth pursuing the maximum
performance? Any codec, including
LDAC, with lossy compresses the sound
in order to lower the bitrate to the maxi-
mum allowed for a particular codec.
Lossy compression is done in two ways.
The first one is cutting the inaudible fre-
quencies of the human ear. The second
way is to use variable bit when encoding
sound. The peak of human perception of
sound is in the 3 kHz region - this region
in the Hi-Res codecs is encoded with
24 bits, while at the limits of hearing, the
bit depth can be reduced to 12 bits. Per-
haps a certain percentage of people with
perfect hearing and will be unhappy with
the result, but do not forget that Bluetooth
is designed to listen to music at home and
on the road, and not for studio quality.

The SBC codec can now safely be con-
sidered the last century. Therefore, even if
you only listen to music in mp3 format,
we advise you to choose smartphones and
headphones that support at least the aptX
codec, since at present it is widespread

among various equipment and will not
force you to overpay. If you are using Ap-
ple products, then you have no choice -
you'll have to look for headphones with
support for the AAC codec. The needs of
most fans of lossless audio will surely sat-
isfy aptX HD. This codec is quite young,
but quite a few devices already support it,
both among smartphones and among
acoustics. If you are a audiophile and con-
sider the price of a few hundred dollars
for headphones to be normal, you should
take a closer look at Sony products, which
offer players, smartphones and phonics
with the support of the most progressive
LDAC codec at the moment.

As a result, we see that the sound over
Bluetooth has developed so much that it
will satisfy any wishes: for undemanding
listeners with simple headphones and
music in MP3 with a bitrate of 128 kb / s,
there is SBC. For those who are used to
listening to music from iTunes or MP3 at
320 kb / s, there is AAC and aptX. Well,
for music lovers with flac, there is aptX
HD and LDAC. However, do not forget -
both devices must support the codec you
need - otherwise you will listen to flac
with the SBC codec, which you obviously
won't like.
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AKTyanpHicTb.Y cyyacHOMy CBiTi Bce
6inplie iHpopmanii 36epiraloTh B enex-
TPOHHOMY BUITIAML — dinpm, MY3UKa,
moxyMeHTH, ¢ororpadii Ta inme. IcHye
npobema y IIBUAKIN mepepgadi Oymb-
AKUX DaHUX MDK piSHMMU IPUCTPOSMM.
OpHe 3 pilreHb mpo61eMy — BUKOPUCTAH-
HS «XMap». BOHU HamaoTb MOXIUBICTH
36epiratu ¢darim B XMapi, MOMUPIOBATH
TOCTYII, ajle € IUIATHYMU, IO CTBOPIOE
pan oOMexeHb IIpM Bifmpasii daiiris.
Inesa poboTy monArae y CTBOpeHHi Ipo-
rpaMy 1A BigmpaBku ¢aiiiB 6ymb-
AKOTO PO3MIpy MK Pi3HUMM IPUCTPOS-
mu (Bxmodaroun Android), Bukopucro-
BYIOUM VHIKaJIbHUI ifeHTU(IKaTOp Ipu-
CTpOIO.

AHaji3 OCTaHHIX JOCTiTXKeHb i my-
6mikaniin. Y 1971 poui 6yB cTBOpeHMIt
npoTokon Iepepaui ¢ariis FTP - Bin
nepen6avaB 0OMiH MDXK K/Ti€EHTOM i cepBe-
POM HOBiJOM/IEHHAM, IO CKITAJAI0ThCA
3 3aronoska (72 6it) i JaHKX 3MiHHOI 10-
Bx1HU. B poborax dosroro C.O., Bopo-
6ienxo ILII., I'ynaesa K.[I., Bunraescbko-
ro B.M. ra inm. [1-2] poskpuBaroTbcs

IIMTaHHA PO3BUTKY HOBMX IIOKOJIiHb Cy-
YaCHMUX Te/IEKOMYHIKaL[ilHUX Mepex, a
TAKO)X aCIIEKTU BIIPOBA[KEHHSA HOBITHIX
TEXHOJIOTII.

MeTo CTaTTi € JOCTifI)KEHHS IIpO-
OnemMu nepemaui dairiB MK pisHUMMK
npucrposmu y NAT Tta o cydacHux
TEXHOJIOTIIA, 1110 HeoOXifgHi /11 peanisanil
pitreHHs 1i€l mpo6nemMn, a TAKOXX aHajIi3
npobmem mporokony FTP, «xmap» Ta
wiatrpopmu.NAT [6,7].

BuxnameHHa OCHOBHOrO Martepiamy.
Tema moBioM/IeHHs BK/IIOYae B cebe 3a-
mut go FTP-cepsepa abo Bipmosinp Bif
HbOTO0, TUII i JOBXIHY IepefaHuX JaHKX.
SIK maHi mepemanThCA MapaMeTpy 3aluTy
(mampukiiag, nULix i iM's gaitny), indop-
Mallif Bif cepBepa (HaIpuUKIIaJ, CIOVMCOK
¢aiiniB y xaranosi) i cami ¢arm. Takum
YIHOM, KOMaHJI/ i [JaHi IepefjaloThCcs 10
ogHOMY i Tomy x KaHany. Ane y FTP €
Cepito3HMIT HeRoiK — BiH moTpebye mpa-
BIJIbHOTO HA/IAIITYBaHH:A IIepeHaIpaB-
JIeHHs1 TIOPTIiB [4-6] Ha KoMITIOTep, IO
CTBOPIOE IIpo6IeMy Iipu Iepenayi daiinis
Ha Android i3 30BHilIHBOI Mepexi (puc
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Port Forwarding

Destination: 10.5.0.1
TCP port 80

PCA
Portd0
// g

" ( Web Server A
Destination: 10.5.0.1 192.168.10.5
TCP port 8080 oce
- = _ Portsn
v
T M
7 WAN IP: 10.5.0.1 ™
//’ \\ Web Server B
/ pcc \ 192.168.106
/" Destination: 10.5.0.1
TCP port 25

«[lMepenpuaHayeHHs NopTiB» PUCYHOK 1

1.). Ins BupimeHHs 1iei mpobmemn Bu-
KOPVICTOBYETHCS LIeHTPAIBHIIL CepBep Ta
texHonorisgs ASP.Net. Ile mo3BomuTh Kiti-
€HTaM HajcwiaTu Qaii HaBiTh 6e3 Ha-
JAIITYBAaHHS IepeHaNpaB/IeHHs MOPTiB
[7-8].

C# - 00’eKTHO-Opi€HTOBaHa MOBa
IPOrPaMyBaHHsI 3 6e3IIeYHOI0 CUCTEMOIO
tunisanii pisn mnarpopmu.NET. Pospo-
6nena Anpepcom leitnc6eprom, CxoTom
Bintamyrtom Ta Ilitrepom Tonbae mip eri-
moro Microsoft Research (mpm dipmi
Microsoft). Cunrakcuc C# 61M3bKMit 10
C++ i Java. MoBa Mae CTpoOry CTaTU4Hy
THUIi3alilo, mifTpuMye nonimMopdism, me-
pEBaHTaKEHHsI OIEPATOPIB, MOKAKIMKI

Port 25 \‘

Email Server
192.168.10.7

Ha QyHKIi{-4IeHn Kacis, anM6yTM, mo-
nii, BmacTuBOCTi. IlepeltHABIIN 6araro
IO BiJj CBOIX IONepefHMKiB — MOB C++,
Delphi i Smalltalk, moBa C#, cimparounch
Ha IPaKTUKY IXHbOTO BUKOPUCTAHHS, BU-
KIIIOYa€ JeAKi MOJei, 10 3apeKOMEH]TY-
Bamu cebe K mpobIEMAaTUYHI TPy pos3-
poO1Ii IPOrpaMHMX CHUCTEM, HALIPUKIIAL,
MHO>XIHHe CIIafIKyBaHH: KlaciB (Ha Bif-
Miny Big C++). Y cepmri 2000 Microsoft
Corporation, Hewlett-Packard ta Intel
Corporation BUCTYNMIN CIIOHCOPaMM
craHfapTusauii cenndikanii mosu C#, a
takoxx Common Language Infrastructure
(CLI) B opramizamii 3i crangaprusanii
ECMA International [4]. ¥V rpyzni
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2001 ECMA Bunycruma ECMA-334.
Mosa mporpamysanHa C# craja cTaH-
mapToM ISO'y 2003 ISO/IEC 23270:2006 -
Information technology - Programming
languages - C#). Jlo toro ECMA e
BCTUIIA afJAalITYBaTM €KBiBa/JeHTHY CIe-
nudikaniro Ak Apyry pepmakniio C# y
rpynHi 2002,

Moga C# po3po6rsamach Ik MOBa Ipo-
rpaMyBaHHA INPUKIAZHOTO piBHA [
CLR [5] i TOMy BOHa 3a/Ie>KUTb, IIEPLI 3a
Bce, Big moxamBoctenn camoi CLR. Ile
CTOCYETDCS, MEPIII 3a BCe, CUCTEMU TUIIB
C#. IlpucytHictp ab0 BifCyTHICTb THX
abo IHOIMX BMPA3HMUX OCOOIMBOCTE
MOBH JAMKTYETbCS TUM, 4M MOXKe KOH-
KpeTHa 0COOMMBICTD 6YTU TPAHCIbOBAHA
y Bigmosigui koHcTpyknii CLR. Tak, 3
possutkom CLR Bix Bepcii 1.1 5o 2.0 3Ha-
4yHO 36aratuBcs i cam C#. [Ipore, 114 3a-
KOHOMIpHicTb 6yJie OpyIlIeHa 3 BUXOIOM
C# 3.0, 1110 € pO3LUIMPEHHAM MOBH, SIKE He
CIIMPAEThCST Ha PO3IIMPEHHs IUIaTdop-
M. NET. CLR nagae C#, Ak 1 BCiM IHIINM.
NET-opieHTOBaHNM MOBaM, 6araTo MOX-
JIMBOCTEN, AKUX I1030aBJIeHI «KIacUYHi»
MOBM IporpaMyBaHHA. Hampukmiapm,
36ipKa CMITTs He peani3oBaHa B CaMOMY
C#, a npoBogutbca CLR mna mporpam,
HamucaHux Ha C# TOYHO TaK, fAK Iie po-
ourbcss mna mporpam Ha VB.NET, J#
TOIIO.

Ins pospobxu Android mporpammu
OymyTb BUKOpMCTaHi TexHonorii Mono i
Xamarin [4]. Mono - 6arato-mnmatdopm-
He BiJIbHE BiIKpUTE BTilIeHHA CUCTEMI.
NET, saxe Bignosifgae crangapram ECMA,
BK/IIOYAI0YM Cepeft iHIIOTO i KOMIIATOP
C#, i Common Language Runtime.

Mono BK/IIOYaEe KOMIIIATOP MOBHU

C# - dmcs, cepemoBullle BUKOHAHHS.
NET - mono (i3 migrprmkoro JIT) i mint
(6e3 migrpumkm JIT), i psan 6i6miorexk,
BK/MOYa4y peanisanito ADO.NET i
ASPNET. ¥V Mexxax IpOeKTy TaKOX PO3-
poOIAIOTbCA HpUB'A3KM I rpadivHoi
cuctemu GTK+ na mmargopmi. NET.

CepepnoBuilie BUKOHAaHHA MONO MOXe
BMKOHYBaT/ MOAY/i, HamMCaHi MOBaMU
C#, F#, Visual Basic.NET, Java, Boo,
Nemerle, Python, Forth, JavaScript, PHP i
Object Pascal (3a HaABHOCTI KOMIII/IATO-
pa y cepenosuie.Net/Mono). Ovikyers-
cs Takox migTpumka mMoB C, Ada 2005 i
Eiffel.

Xamarin.Forms - fo3BojAe cTBOpIO-
BaTy MOOIIbHI ZOTATKY Iif pi3Hi Iwat-
¢dopmu, Buxopucrosyioun C # iNET. ITo
cyTi BiH € HambymoBOIO Haf yKe icHyIo-
yuMy 1o Hboro Xamarin.iOS, Xamarin.
Android i Xamarin.WinPhone. I, na Big-
MiHY BiJj HUX, BiH JO3BOJI€ CTBOPIOBATU
VI OFVH IPOEKT, B AKOMY MO>KHA OIN-
caTu BCIO JIOTiKy po6OoTH mporpamu Tta
itoro Ul A moTiM mpoCTO KOMITiTIOBAaTI
itoro mip pisHi maatdopmu.

IlepeBarn Xamarin.Forms:

ITipxin fo cTBOpeHH: i poboTu 3 mpu-
3HAYEeHUM [JIs KOpuCTyBava iHTepdeii-
com 6muspkuM mo Windows. Xamarin
Forms migrpumye po6ory 3 XAML.

Mo’kHa TTOBTOPHO BUKOPUCTOBYBAaTU
B)Ke HAIMCAHUI KOfI. Y OiMbIIiit yacTuHi
BiH Oype mIpamoBaTy IpaBuIbHO. € y
wiathopM 0OMeXXeHHsI, ajle BOHU He Ha-
CTiIBKI BETMKI.

3 Toro, 1m0 Xamarin.Forms cxoxuii 3
WPE BumnmBae nepesara 1ii€i mwiargop-
MU — MOXKHa BMKOPYCTOBYBAaT!U IIa6JIOH
MVVM.

IIPOEKTYBaHHA IincHo,
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Xamarin.Forms mae XAML [7,8], Bisy-
ampHi enemenTn Maroth BindingContext
(amamor DataContext B WPF), €
BindableProperty (amanor Dependency-
Property).
nos'asyBatn View 3 ViewModel anamo-

Takum 4MHOM, MOXHa
riyHO TOMY, AK B WPE

Ille omHa mepesara fanoi mwiaTdopmn
B TOMY, 10 TaK AK Ul onmcyerbcs Tinbku
B OJJHOMY MiCIli, TO JOJATKM i Pi3HUMM
cucrtemamiu OyAyTb BUITIIAATU LyXKe CXO-
xe. IlJo Moxe OYTM BaXIMBO, HAIpU-
KJIaJl, B KOPIIOPaTUBHYX PO3pOOKax.

[ns cepepHoi peanisanii 6yne BUKO-
puctoByBarucs TexHosnorist ASP.Net [8] -
TEXHOJIOTisl CTBOpeHHs web-omaTkiB i
web-cepBiciB Bif kommanii Maitkpocodr.
BoHa € CKIaZoBOI0 4aCTMHOK ILIaT(Op-
mu Microsoft.NET i possutkoMm crapinroi
texnonorii Microsoft ASP. Ha et uac
OCTAaHHbOIO BEpPCi€r0 Iii€l TeXHOJIOril €
ASPNET Core 2.0

ASPNET 308BHi 6arato B YoMy 36epi-
ra€ CXOXKicTh 3 TexHosoriero ASP, 1o mo-
3BOJIAE PO3POOHMKAM BiJHOCHO JIETKO
neperitn Ha ASP.NET. ¥ Toit e dac BHY-
TpimmHiit ycrpii ASPNET icroTHO Bin-
pisHAeTbea Bim ASP, ockinbku BoHa 3a-
cHoBaHa Ha mwrardopmi. NET i, orxe,
BUKOPUCTOBYE BCi HOBi MOXX/IMBOCTI, 1[0
HAJATHCS L€ II1aTGOPMOIO.

Xoua ASPNET 6epe cBo HasBy Bin
crapoi texuHonoril Microsoft ASP, Bona
3HAYHO Bif Hel BigpisHserbcs. Microsoft
noBHicTio nepedynysana ASPNET, rpyn-
Tyrourch Ha Common Language Runtime
(CLR), sxkuii € OCHOBOIO BCIiX [OMIaTKiB
Microsoft.NET. Po3po6HMKI MOXYTb I-
catn xop a1t ASPNET, BukopucToByooun
IPaKTUYHO OYAb-SAKi MOBM IIpOrpaMyBaH-

HfA, WO BXO#ATb y KoMIUIeKT.NET
Framework (C#, Visual Basic.NET, i
JScript. NET). ASPNET mae mepesary y
LIBUIKOCTI B IOPIBHAHHI 31 CKPUIITOBYMU
TEXHOJIOTiAMM, TOMY IO IIPU IIEPLIOMY
3BEPHEHHI KOJ KOMIIITIOETHCA 1 TIOMilla-
€TbCS B CHelliaJIbHUIA Kelll, i 3TOIOM Tilb-
KIf BUKOHYETbCS, HE BMMArarody BUTpaT
4acy Ha IIapCUHI, ONTUMi3alilo, i T. .
ITepeBarn ASPNET
o ASPNET mae mepepary y IIBUIKO-
CTi B IIOPiBHAHHI 3 IHIIMMM TE€XHO-
TIOTiAMM, 3aCHOBAaHMMM Ha CKPMUII-
tax (PHP, Towo);
o posupeHmit Habip
ympaBmiHHs i 6i6mi0Tex KmaciB fo-
3BOJIsIE IIBUJIIE PO3POOIATH [O-

eJIeMeHTiB

TaTKI;

o ASPNET cnmupaerbca Ha 6Gararo-
moBHI MOKnBOCTL.NET, 1110 mo3Bo-
nfe mmcaTu Koj, crtopiHok Ha C#,
VB, C/C++ rain;

o Ilopin BisyanpHOI yacTuHM Ta 6i3-
HeC-JIOTiKu;

e po3IlIMpeHa MOJIeNb 06POOKI 3a1-
TiB.

JIns criinKyBaHHA KIIi€HTa Ta cepBepy
B po6OTi BUKOPUCTOBYETHCS Cepiasisanis
06’exTiB Ta JSON.

Cepianmisania (y mporpamyBaHHi) -
IIpOLieC TIepeTBOPEHHs OYAb-SIKOI CTPYK-
TYpU JaHUX y IOC/IiIOBHICTD 6iTiB. 3BO-
POTHOIO [0 omepalii cepiamisanii € ore-
pauis jgecepiamisanii — BiTHOB/IEHHA I10-
YaTKOBOTO CTaHy CTPYKTypM J[aHuUX i3
6iTOBOI IIOC/TIJOBHOCTI.

Cepianisallis BUKOPUCTOBYETbCA A
mepefaBalHs 00'€KTIB Mepexew i s
36epexxeHHs ix y aivtax. Hanpukmag,
HOTPIOHO CTBOPUTM POSHOAUIEHUI HO-
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JaTOK, pi3Hi YacTMHM SKOTO MAIOTh 06-
MiHIOBATHCSA JAHUMMU 31 CK/IaJTHOIO CTPYK-
Typolw. Y TakKOMy BUIAJKY I TUILB
JaHMX, SIKi IepenOadaeThCs epesaBary,
IUIIETbCA KOJ, AKUI 3[iICHIOE cepiati-
3amio i gmecepiamisaniro. O6'ekT 3amo-
BHIOETbCA HEOOXiHMMM [aHMMU, MIOTIM
BUK/IMKAETbCA KOJ cepianmisanii, B pe-
3y/IbTaTi, BUXO[UTb, Hanpukiaag, XML-
JIOKYMEeHT. PesynbTar cepiamisanii mepe-
JAETbCS NMPUIMAJIbHINA CTOPOHI, HaIlpu-
K/Iaf], €/IEKTPOHHOI0 IOLITOK ab0 Uepes
HTTP.

Ins HajleeKTUBHIIIOTO BUKOpMUC-
TaHHA JaHUX MOX/IMBOCTeNl HeoOXifHO
HOiTPUMYBaTy HE3aJIeXXHICTh Bifl apxi-
tektypu. Hampuknag, Heob6xifHo Maru
MOX/IMBICTb HaJ[ifIHO BiJTBOPIOBATU Ce-
piani3oBaHMUM IOTIK JaHUX, HE3AIEXKHO
Bifl mopAnKy 6ailTiB, 110 BUKOPUCTOBY-
eTbcA B il apxiTekTypi. Lle osHauae,
1[0 HabimpII mpocTa i MIBUKA MpoLie-
Jypa IpsAMOIO KOIBaHHA JIiNAHKU
HaM'ATi, B AKOMY PO3MIIIy€eTbCA CTPYK-
Typa JaHMX, He MO)K€ IpaljloBaTy Ha-
mitHO A1 Bcix apxitextyp. Cepiamiza-
Lis CTPYKTYp JAHMUX B ApPXiTEKTYpPHO-
HesaJe)XHUI Qopmar osHayae, 10 He
MOBMHHO BUHUKATY IIpo6ieM depes pis-
HUII TOPATOK MPOXOKEHH 6aiiTiB, Me-
XaHi3MiB posnoginy mam'sri ab6o BigMmin-
HOCTEN IpeJCTaBIeHHA CTPYKTYP JaHNUX
B MOBaX IporpaMyBaHHA. Bynb-akii 3i
CXeM cepiajisallil BIaCTUBO Te, IO KO-
JOyBaHHA JaHUX IOCTiJOBHO 3a BM3Ha-
4YeHHsM, i Bubipka Oymb-sAKOI 4acTHMHU
cepianisoBaHOl CTPYKTYPHU JaHUX BUMa-
rae, o6 Bech 00'ekT OyB 3UMTAHMUII Bif
IOYaTKy 10 KiHIA i OyB BigHOB/IeHMIT. Y
6araTpboX mporpamMax TakKa JiHIHICTb

KOPMCHA, TOMY 11O JI03BOJII€ BUKOPUC-
TOBYBATH IPOCTi iHTepdericy BBeneHHs/
BMBEJECHHA 3arajJibHOTO0 IpU3HAYEHHSA
mast 30epexxeHHsl 1 Iepemadi CTaHy
o6'exrta. Y momarkax, fie BaXK/IMBa BIUCO-
Ka IIPOAYKTUBHICTb, MOXINBO Oyzie Ho-
peuHillle BUKOPUCTOBYBATU CKJIafHILTY,
HeMiHiNIHY opraHisanio 30epiraHHA fa-
HIX.

JSON  (aHurm.
Notation,  yxp.
JavaScript) - 1e TexctoBuit Gpopmar 06-
MiHy gaHuUMM MDK KoMl 'forepamu. JSON
0a3yeTbcsi Ha TEKCTi, SAKUII MOXe OyTH
IIPOYNTAHUM /ofVHOW0. PopMmar 03BO-
Jis€ OMNCYBATy 06'€KTH Ta iHIIi CTPYKTY-
pu manmx. Lleit popmar, romoBHUM 4u-

Object
00'exTiB

JavaScript
3amuc

HOM, BMKOPMCTOBYETBCS MJIA Iepefadi
CTpyKTypoBaHoi iHpopManii yepes Mepe-
XKy (3aBEAKM IIPOLeCY, 110 HasMBAaIOTh
cepianisaniero). Pospo6us i momymapusy-
BaB ¢opmar [yrmac Kpoxdopza. JSON
3HAJIIIOB CBOE TOJIOBHE IPU3HAYEHHA Y
HanucaHHi web-Imporpam, a came IIpy BU-
KopucTanHi TexHonorii AJAX. ®opmar
JSON, mo BukopucroByerbcs B AJAX,
BUCTYIAE 5K 3amina XML (BUKOpUCTOBY-
eTbcst B AJAX) mif yac acMHXPOHHOI Ite-
permaui cTpykTypoBaHoi indopmanii Mk
KIIieHTOM Ta cepBepoM. IIpy npomy rme-
pesaroro JSON mepen XML € Te, mo BiH
TO3BOJIAE CKITAfIHI CTPYKTYpM B aTpuby-
Tax, 3aJIMa€ MeHIIEe MicIiA 1 TpsAMO iHTep-
IIPETYEThCA 3a JonoMmorow JavaScript B
00’exTi. 32 PaXyHOK CBOEI TaKOHIYHOCTI
B mopiBHsAHHI 3 XML, ¢dopmar JSON
Mo>Ke Oy Gi/IbII IPUAATHUM AT Cepia-
misanii CKIagHuX CTPyKTyp. AKIo roso-
puTH PO Be6-3aCTOCYHKM, B TAKOMY
K04l BiH JOpeuHWIT B 3afjadyax oOMiHy
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2aEaHTEKEHHA thanny

] T

BianpazHik

OTpumMaHHA yHikansHoro 1D danna

Bianpaska yHikansHoro 1D Maitna Ta IeHTHENKETOPY NpHiMaa

3anuT ainy 3a 1D

<

OTPUMaHHA thainy

dainoewi cepeep

OTpumanHA 1D dainy

«Anroput™ nepegadi anrnis» pUCyHoOK 2

HDaHMMM K MDK OpaysepoM i cepBepoM
(AJAX), Tak i MbK camumm cepBepamu
(mporpamui HTTP-inrepdeiicn). Dop-
mat JSON Tax camo fo6pe mifXoauTh Ay
30epiraHHs
CTPYKTYp B pesALiitHux 6asax faHux abo
daroBoMy Kertri.

Ha xo>xHOMY npucTpoi Heo6xifHO 3a-

CKIagHUX ]II/[HaMiLIHI/IX

peectpyBarucsa y mnporpami. KoxeH ko-
pUCTyBaY MOXKe JOfaBaTu APy3iB abo
IpUCTpOi 3a yHikampHIM ineHTHUdiKaTo-
poM, 1110 6710 OTPUMAHO Y IIpoIieci pee-
crpauil. Ilporpama 6yme BigmpaBisaTH
bailn o cepepy Ta fopaBaTu y 6asy ma-
Hux (B]]) sanuT Ha npuitom aivry npu-
crpoeM. Ilepen saBaHTaxXeHHAM aiiny
KOPUCTYBad Ma€ HO3BONMUTU abO CKacy-
BaTyu npuiiom dainy. [Ina peanmizaumii
IIbOro (PYHKIIOHANTy BUKOPUCTOBYETHCH
MoBa C#. Anroputym nepenadi ¢aitnis Ha-
BEJIEHO Ha puc 2.

BucnoBknu. B pesynbraTi nposefeHnx
HOCTIIKeHb 6Y/I0 POSITIAHYTO MPOOIeMy
nporokony FTP ta namamrysanna NAT,
Cy4acHi TeXHOJOTrii pO3pOOKM KITi€HT-

MNpuimay

LleHTpansHui cepsep

CBKUX IIporpam i cepsepy. Takox 6ymo

PO3IJIAHYTO ITOPUTM POOOTH KIIEHT-

cbKol yacTuHU nporpamiu. e nporpamue

piurenHss 6yme [O3BOJLSITY IepeCHIaTH
¢aitm O6ynb-sAKoro 06cAry MiX pisHUMU

IpUCTpOsAMU 6e3 TOJATKOBOIO HA/MAIITY-

BaHHA nopriB y NAT. HoBusHoro npose-

LEHOTO NOCTIPKEHHA € CTBOPEHHA IIPO-

rpaMHOI cucTeMy, 1o mparfioe y.NAT 6es

JOMIaTKOBOTO HAJAIITYBaHHA IIOPTiB Ta

MO)Ke IepefiaBaty Gaiyii BeIUKOro 00-

CATY MDK PiSHUMM IIPUCTPOSMH, BKIIIO-

varoyn Android.
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CICTEMA MAIIMHHOTI'O HABYAHHSA OLITHIOBAHHA

AKOCTI KOY

Ocranenxo /[I. C.
bakamnasp

XapkiBcbkuii Hanionanbunit YaiBepcurer PagioenekTpoHiku

Kadenpa IIporpamuoi [mxeHepii

KnrouoBi cmoBa:

MainHHe HaBYaHHSA, AKICTb, IPOTPAMHMIT KOJ, a0CTPAKTHI CHHTAKCUYHI [lepeBa.

Keywords:

Machine learning, quality, software code, abstract syntax trees.
aMepMKaHChKWit BYeHut Tom Mitdert sanpoBajyB MMPOKO HUTOBaHe (HGOpMaIbHi-

1€ BU3HAYCHHA aHI‘OpI/ITMiB, 1o J.IOC)'Ii,Z[)KyIOTb y ranysi MaIllMHHOTO HaBYaHHA: «Ka-

XKYTb, 10 KOMIT J0TepHa ITporpaMa BUUTh-
¢ 3 JocBify E 1O BiJHOLIEHHIO [0 AKO-
roch Kjacy sajgad I Ta Mipy OpomyKTUB-
HOCTi P, AKImO il NPOAYKTUMBHICTH Y
3ajjayax 3 71, BUMipoBaHa 3a JIOIIOMO-
roto P, mokpaiyerbcs 3 focsigom Ex [1],
BUXOIsAYM 3 BU3HaYeHHs Toma, MOXXHa
cKasaTy, 1o OyAb SKMIl BUJ SisUIBHOCTI,
10 MOYKHA TIePeK/IacTy y Iomuny «Ma-
TEMATIYHOTO HOCBiny» Oyme MaTy IIOTeH-
LiJTHe MicLe JI/I1 BUKOPMCTaHHA a/ITOPUT-
MiB, METOJ[iB Ta IIPaKTMK MALIVMHHOIO Ha-
BYaHHA J/Is1 aBTOMaru3auil mporecis abo/
Ta OTPMMAaHH:A KpalllX pe3y/IbTarTiB.
SkicTb po3pobxm mporpamMHOro 3a6es-
IIeYeHH 3aJIEKIUTh Bi] 6araTboX acIeKTiB,
ajie yepes NeAKUI Jac iCHyBaHHA Ta PO3-
BUTKY IPOTPaMHOTO IPOAYKTY, OHUM 3
HaJITOJIOBHIIIMM KDUTEPIiiB AKOCTI IIPO-
IPaMHOro 3abe3neyeHHs € JI0ro Iporpam-
HUIT KOJ| HAIMCaHWiT KOMaHJO0K po3poo-
HUKIB. JKiCTh KOJy — Ije MaTeMaT/4Ha Ta
00YMC/II0OBa/IbHA BEIMYMHA, TaK K € 6ara-
TO IIPaBMJI, TEXHIK, IIAOIOHIB, TOIIO, SKi
OMUCYIOTh CTAaHJAPTY HAMIMCAHHA FApHOTO

[IPOTPaMHOrO KORY, OOUMCIIEHHS CKIaf-
HOCTI, BUSIBIEHHSI CTTAOKMX MICIIb, TO TIPO-
671eMy HaIMCaHHS TAPHOTO IIPOIPAMHOTO
KOy MOXKHA BUJUINTUA y OKPEMMII Kiac
3aBfjaHb 1, KOKHa 3 IIif] 3aja4 Hece y co6i
fiesIKy Mipy IpofyKTUBHOCTI P, (y KOHTeK-
CTi SIKOCTi TPOrPaMHOTO KOAY — 1ie OyAyTh
3arajibHi IpaBM/Ia, O3HAKM Ta METPUKU
YICTOrO JIETKOTO Y MifTPUMMYBaHOCTI
KOJ[y), BUXOJSIIM 3 I{bOTO, Pi3Hi KOMOiHa-
i BUpilIeHH 3agad OyfyTh faBaTy pisHi
BE/IMYVHHA I0CBify E.

Y aKkocTi mKepena HaBYaHHA BUKOPUC-
TOBYIOTbCsI 3a37a/Ierifib MifrOTOB/IEH] ab-
CTPaKTHI CMHTAaKCU4Hi IepeBa, SKi OINCY-
10Th Ti 4 iHmIi maboHM a60 MPAKTUKU
HaIlJICaHHA NPOTPaMHOTO KOAY, a Ha Jaji
BUKOPUCTOBYBaTM BXX€ HAaTPEHOBaHi MO-
[eTi Ipy aHaJIi3yBaHHI KOZOBOI 6asy KiH-
LeBUX KopucTyBadeil. JJocuTb BaromMum
IUTIOCOM CUCTEeM MAIlITHHOTO HAaBYaHHS €
THYYKiCTb, TOMy KOPMCTYBadi MOXYTb 3
JIETKICTIO 3aIIpOBAJUTY CBOI NIPAKTUKY Ta
mabJIOHN CTaHAPTU30BAHOIO KOLL.

OCHOBHMM METOIOM BUKOHAHHS aHa-
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i3y y CUCTeMi MalllHHOTO HaBYaHHS BU-
KOPMCTOBYETbCA MiAXiJl «/lepeB pillleHb».
IHyuKicTh Ta IIBUAKICTH H€peB pillleHHA
TO3BOJISIE CTBOPIOBATH JIy>Ke CK/IafIHi /1aH-
IF0)KKI AHAJTi3y 3 MOYK/IMBICTIO TOBTOPHO-
TO BUKOPUCTAHHA Ta po3mMpeHHs. JIucr-
KaMJ LIUX JiepeB € MpeaukaTy, abo Habip
IpenMKariB, siKi 6a3y04nch Ha BXiZHOMY
abCTpaKTHOMY JiepeBi B 3MO31 BI3HAYUTHU
HOPYIIeHHs TV 4Y IHIINX 1a6/IOoHIB, Ipa-
BIJI UM CTAHJAPTiB HAIMICAaHHA CTaHJAP-
TU30BaHHOTO MiTPMMYBaHOTO IPOTrpaM-
HOTO KOy i cTBOpUTH Habip HeoOXifHMUX
KPOKiB /11 pe)aKTOPUHTY.

JlaHHa cycTeMa MallVHHOTO HABYaHHSA
MoXke OyTM BUKOPMCTaHa B HACTYIHMX
ramysax:

Jvnamivni ananisaropu xony. Ia cuc-
TeMa Moxke OyTu npencraBieHa sk CLI
YTWUIiTa, IKa CKaHyBaT/Me IIPOEKT Ta BI-
BOJMUTUME 3HAJ[IeHi OMWUIKM Y PO3rop-
HyTOMYy opmaTti Ha Be6 CTOpiHIL;

IHTerpyBaHHsa y posmnopineni cucreMu
KOHTpO/I0 Bepcilt, Taki sk Atlassian
Bitbucket, GitHub, GitLab, Tomugo. ITro crmc-
TEMy MOXKHa BMKOPMCTOBYBAaTHM IIiJj 4ac
OITLANY KOIY KOMaHJOI0, 1[0 MOKe 3HaYHO
CIIPOCTUTH Ta CKOPOTUTM CaM IIPOILEC, a
TaKOXX CYTTEBO 3MEHIINTH KiZIbKiCTb IT0-
MWJIOK, IONYII€HHNUX JTIOfIHOIO;

Ak Bxe OyI0 3a3Ha4eHO, LA CUCTEMa
TOCUTh THYYKA i MOXKE «IIifITaliTOBYBa-
TUCb» MiJ| CTaH[APTH, IPAKTUKMY, MIA6TIO-
HI, TOIO, 3a/JaHi KOHKPETHOI0 KOMAaHT 00
PO3POOHUKIB I/ KOHKPETHOTO IPOAYK-
Ty, TOMY 1€ BiIKpMBa€ Ije Oi/Iblite aBepeit
70 HAIMCaHH:A YMCTOTO Ta CTaHJAPTU30-
BaHOTIO KOfTy.

Takox iy 3a3HAYNTH, 1O BUKOPYIC-
TaHHA aOCTPAKTHUX CUHTAKCUYHIX IepeB
Ta poboTa 3 06 EKTHO-OPIEHTOBAHUM Ce-
PenoBMILEM BiIKPUBA€E JesAKi MOX/INBOCTI
I/ TIOKPAllleHHA 3arajibHOrO KiHI[€BOrO
TOCBily KOPUCTYBaHHS, HAITPUK/IaJ, TeHe-
pyBaHHA fiarpaM KimaciB Ta 06’extiB, Ha
AKUX Gy yTb 3a3HaYeHi 3B’A3KM MK KOM-
IIOHEHTAMM Ta JIeTa/JIbHO OIMCaHi HOopy-
IIeHHS TesIKUX TIPaBuit abo MmabyIoHiB.

IIle omHMM JOCUTD LIiKaBMM BapiaHTOM
MOKpalleHHA 1iel cucrtemu € «IIporuosy-
BaHHSA», aHa/li3ylouyu KomoBi 6asm Gara-
THOX ITPOEKTIB Ta OOUNCITIOYM iX 3arajb-
HUJ piBEHb AKOCTi, MOXKHA HABYUTU IJIO
CHCTeMY 3a3[ajIeTi/ib IIPOTHO3YBATY AEAKi
MOTEHIIIHI 3MiHi y CTPYKTypi Iporpam-
HJX KOMIIOHEHTIB Ta CBOEYACHO IIOIEpefi-
XKaTV BJIACHUKIB KOZOBMX 6a3, LIOJO TUX
3MiH, Halarou KOPMCHI IIOpajyl Ha OCHOBI
B)XXe ITPOaHa/li30BaHMX IIPOEKTiB, TUM Ca-
MMM 3HaYHO MiHIMi3yBaTy pU3MK IIifj 4ac
PO3pOOKNM Ta MiBULINTY 3arajbHy 0es-
NeKy Ta HaJiliHiCTh YChOTO IIPOTPAMHOIO
MIPOAYKTY i IOr0 KOMIIOHEHTIB.

PobnA4n BUCHOBOK, CIIifi 3a3Ha4MTI,
110 HAaNMCAHHA fAKICHOTO IPOrpaMHOrO
KOJy € MaTeMaTMYHOK 3aJadyelo, TOMY
MOXKe OyTH IepeHeceHO Y MaTeMaTUYHY
IUVIOLUIMHY, BUXOfAYM 3 I[bOTO, € MOXK/IM-
BiCTh ITIOKPAIlEeHHA Ta CIPOIIEHHA IIPO-
1leCy HaNMCaHHA 3a JIOIIOMOTOI0 ITPaKTUK
Ta METOJiB, IKi IPOIOHYE Ta/ly3b MaIllVH-
HOTO HaBYaHHS.

Jlireparypa
1. Nils J. Nilsson, Introduction to Machine
Learning, Stanford University

Stanford, 2005, 180 c.
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Abstract: In this article we looked at existing gamification solutions of romantic rela-
tionships and we proposed new ways to improve the mutual understanding of couples

using game design techniques.
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Gamification is the application of
game-design elements and game princi-
ples in non-game contexts. [1] Today
gamification is widely used in various
tields of human activity: marketing, edu-
cation, technology design, health care,
crowdsourcing, authentication etc. [2] A
rarer field is love and romantic relation-
ship. It also found its place in the field of
social interaction in the network, in web
and mobile applications for couples.
However, a relatively narrow list of tech-
niques was used in this sphere yet. [4; 5]

Examples of mobile application using
common gamification techniques:

“Love days” - application for couples
in love, which allows you to track impor-
tant events. Most important part is count-
down from the date of the beginning of
the relationship, which shows anniversa-
ries be years and days. “Love days” is ex-
ample of simple system of achievements,
that are reached by staying in relationship
and providing statistic of user’s activity.

“Couple” - social network, where only
two people can communicate with each

other. Has a lot of functions similar to
popular social networks and web services
but also offers more unusual features, like
drawing simultaneously the same picture
on different smartphones together. Inter-
esting feature is «The Thumbkiss mode» in
which on of users have to place a thump on
the screen so that a fingerprint appears on
the partner’s screen. If the second user
touches the screen exactly in the place of a
print and does not take away the finger for
one second, then smartphones vibrate.
This way “Couple” provides a rule of com-
munication only with your partner, coop-
eration and feedback which allows lovers
to feel close even from a distance.

“Happy Couple - love quiz” - is quiz
game application, in which you must
guess your partner’s answers and so you
will get points for matches. Gaining more
points, you will unlock new levels of the
game and get new challenges. This appli-
cation uses elements of competition, re-
ward and unlockables.

“Cozi Family Organizer” and “Wun-
derlist” are task managers which allow
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Table 1

Color indicators

Green: 80 — 100 points
Yellow: 60 — 80 points
Red: 40 — 60 points
Purple: 1 — 40 points

you to
plan your vacation, make important
notes, including discussing them with
your partner. These applications and sim-
ilar to them provide cooperation for users
and create possibilities for role playing
and quests, that can only be created only
by the desire and effort of users but not
with applications by themselves.

After considering existing solutions,
we can offer a new solution of gamifica-
tion in the field of romantic relationships,
which includes competition between us-
ers, challenge, reward system, providing
statistics for user. The objective of solu-
tion is development of mobile application
which provides game-based ways improve
the mutual understanding of couples.

Main feature is evaluation of gifts
made by each of couple. Every gift must

create to-do and shopping lists,

be entered into a system by taking a pho-
to. After this each of couple evaluates a
gift. One who gives makes “expected eval-
uation” - his guess how his partner will
evaluate the gift, from 1 to 100 points, and
one who is given makes “real evalua-
tion” — how much he likes the gift, from
1 to 80, and from 1 to 10 for: surprise
(unexpected and surprising gift) and rel-
evance (gift matches the tastes) — in total
from 1 to 100 points. Next, we find coin-
cidence of evaluations — we subtract ex-
pected and real evaluations and the result
from 100. To show users coincidence of

each gift we use indicators of a certain
color for different intervals. User will see
indicator on a picture of gift, but not the
number of points.

Another way to evaluate partner’s care
“sudden evaluation” If your partner did
something nice for you, you can reward
him with extra points (from 1 to 100) and
send him a message with gratitude and
indicate what we are grateful for. Partner
can't see how much points he is given. In
order to users know how to make their
partner happy a guide based on popular
psychology works will be made.

To show how well partners under-
stand each other, we make identical bar-
indicators which can be seen at any mo-
ment by each of couple. Value for each bar
can equal from 5 to 1000 points and is
calculated in the following way.

All coincidences of gifts for last
30 days are taken and summed up. If there
were more than 5 coincidences, there av-
erage is found and multiplied by 5. In this
way we get up to 500 points. We do the
same operations for sudden evaluations
for 30 days and get up to remaining
500 points. Users don't see values on bars,
only degree of filling. To simplify the task
for users, the maximum of bar will be
reached on 900 points.

Conclusion: We offered a solution of
gamification of romantic relationship
which contains in-game rewards for
knowledge, understanding and care of
your partner, graphical display of results
which will encourage both competition
and cooperation to achieve a real-life
goal - strong joyful relations. Further the
solution can be improved by adding new
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features (advanced training system, quiz
system), balancing coefficients in calcula-
tions for each gender according to psy-
chological research and adding features of
social networks and calculation the over-
all rating for a couple.
Reference list:
1. Huotari, K, & Hamari, J. (2012). Defining

gamification. Proceeding of the 16th Interna-
tional Academic MindTrek Conference on —

MindTrek ’12. doi:10.1145/2393132.2393137
https://en.wikipedia.org/wiki/Gamifica-
tion

Best Android apps for couples. 2017. Oc-
tober 19. https://androidappsforme.com/
apps-for-couples/

John, Spacey. 2015. 39 Gamification Tech-
niques. Simplicable, December 20. https://
simplicable.com/new/gamification
Bogost, I. (2011b). How to do things with
videogames. Minneapolis, MN: University
of Minnesota Press.
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Contextual modeling is an estimate of
the probability of a symbol (element, pix-
el, sample, reference, and even a set of
qualitatively different objects) appearance
depending on the immediately preceding
it symbols or the context.

In general, for each context of a finite
length 0 < N, encountered in the sequence
being processed, a context model (CM) is
created. Any CM includes counters of all
characters encountered in its correspond-
ing context, that is, immediately after the
context line. After each occurrence of a
symbol s in the considered context, the
counter value of the symbol s is increased
in the corresponding CM.

Langdon and Rissanen’s Double-
Adaptive File Compression algorithm
(DAFC) played a major role in the devel-
opment of contextual methods. It is one of
the first methods blending in an adaptive
data compression scheme. DAFC is a
partially-blended model consisting of z
order-1 contexts and an order-0 contexts.

When the
der-0 model is used since no characters
have yet occurred in any order-1 context.
In a complete order-1 model, when a char-
acter occurs for the first time it becomes an
order-1 context. In this algorithm only z
context will be constructed: corresponding
to the first z characters that occur at least N

encoding begins or-

times in the text being encoded. For rea-
sons of memory savings it is suggested us-
ing z=31 and m = 50.

DAFC employes neither explicit
blending nor exclusion. Explicit blending
is not required because once a model is
activated it can predict any character in
the input. That is, every model contains a
frequency value for every character in the
input alphabet. If character z occurs in
context ¢ and context ¢ has occurred N
times then x is predicted by c. Otherwise
x is predicted by the order-0 model.

The Abrahamson Adaptive Depend-
ency Source Model Algorithm (ADSM) is
an example of an interesting approach to
implementing the idea of context mode-
ling. Here a pure order-1 context mode-
ling is carried out but the actual assess-
ment is based only on one frequency dis-
tribution common to all CMs. This is
achieved as follows. In each CM(1) char-
acter counters are stored as an ordered list
of frequencies. The counters are ranked
so that the symbol with the highest fre-
quency has the lowest rank 1, and with
the lowest frequency it has the highest
rank. When processing the current char-
acter its rank is found then the score is
determined by the frequency of using this
rank. Frequency ranks change after en-
coding each character. Thus statistical
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f ADSM DAFC WORD

" Bib 2.07 2.08 3.65
Bookl 2-11 2.17  2.96
Book2 2-03 2.04 3.19
Geo 1.46 1.72  1.58
News 1-84 1.84  2.60

:Objl 1.60 1.55 1.78

' Obj2 1.81 1.39 1.84

: Paper] 1.96 1.90 3.10

' Paper2 2-08 2.08 3.35

" Pic 7.77 8.89 8.99

- Proge  1-90 1.81  2.95

_Progl  2-18 2.22  4.21
Progp 2-14 2.08  4.17
Trans 2-06 1.95 4.19

_Total  2.36 2.41  3.47

Figure 1 — The extent of compression
of the CalgCC file set

resentative of a special family of the con-
textual methods.

The algorithm uses the CM not only
for characters but also for sequences
(lines) of finite length. The entire alpha-
bet of the block is divided into “letters”
and “non-letters” The sequence of letters
is called “word”, and non-letters - “non-
word”. CMs of the Ist and Oth order are
used for evaluation where the letter is
predicted by the letter, and the word by
the word similarly for non-letters and
non-words. If the word being processed
has never been met in CM(1) for words,
then it goes to the CM (0) level. If evalua-
tion is impossible there (it means the
string was encountered for the first time)
then the word is transmitted as a se-
quence of letters. To do this the word

length is being encoded first and then its
letters using the CM of the 1, 0 and -1 or-
ders. The handling of non-words and
non-letters is similar. Thus in WORD
only 12 types of CM are used: 1st and Oth
order for words (non-words), 1st, Oth and
-1th order for letters (not letters), Oth or-
der for word lengths (non-words).

Solving the problem of comparing al-
gorithms according to the stage of com-
pression they achieve requires the intro-
duction of a certain criterion since it is
impossible to compare the performance
of implementations on an abstract file.
You should be careful about theoretical
estimates as they are calculated to within
constants. The values of these constants
in practice can vary in very large limits
especially when compressing small files.

In 1989 a group of researchers suggest-
ed estimating the compression ratio using
a set of files called Calgary Compression
Corpus2 CalgCC). The set consists of
14 files, most of which are texts in English
or programming languages. Later 4 more
English texts were added to these 14 files.

Figure 1 presents information about
the extent of compression of the CalgCC
file set by compressors that implement the
corresponding context modeling algo-
rithms. The first line contains the name of
the algorithm, the “Total” line shows the
average compression-size weighted size of
the entire CalgCC.

The best result was shown by the
ADSM algorithm, then - DAFC and in
the last place took WORD. Thus sophisti-
cated large order models provide better
data compression but the difference in
performance is usually only tens or even a
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few percent. Therefore a reasonable
choice of the simulation algorithm should
be made on the basis of a comprehensive
assessment that also includes the amount

of memory used, the encoding and de-
coding rates, and of course calculated
precisely for the data that needs to be
compressed.
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This article is devoted to software modelling of sound wave propagation in a closed
space. A grid of points was used as an environment model. The motion of each point is
modelled in accordance with the physical laws of sound waves propagation. The resulting
model can be used to demonstrate sound phenomena in physics lessons, when modelling
the architecture of concert rooms, theatre and cinema halls, as it clearly demonstrates the
propagation of sound waves, as well as the phenomena that arise in this case.

Keywords: wave, sound, oscillator, space, oscillation.

JavaScript was used as a programming language to develop the model and canvas
to display it.

An acoustic wave is a mechanical longitudinal wave that occurs due to oscillations
of medium particles induced by an oscillator (sound source), which leads to the
propagation of changes in the state of the medium (compression - rarefaction) with a
certain velocity. It is enough to take one particle of the medium and move it from the
equilibrium position in order to disturb the equilibrium of all neighbouring particles.
In this case, the sum of the forces that interact between the particles for each of the
particles will become different from zero, and the neighbouring particles will start
moving.

The propagation of sound waves in a closed space depends on the room geometry
and the objects that emit sound in it, as well as on the presence of obstacles in the path
of the wave propagation and their characteristics.

A rectangular grid is used as a wave propagation space. The points are the particles
that will be brought out of equilibrium.

An oscillator with an oscillation amplitude of 1 and an adjustable frequency is used
as a source of sound waves. The oscillator emits harmonic oscillations described by the
following function (f. 1):

x(t) = Asin(wt)

Formula 1 - Function that describes the harmonic oscillations
At each moment of time the current state of all points is recalculated, after calcula-
tion the display is redrawn. The degree of deviation from the equilibrium state of each
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Figure 1 — Reflection and partial absorption Figure 2 — Reflection, diffraction and
of waves interference of waves

specific point depends on the degree of deviation of the four adjacent points. Thus, for
each point, the current amplitude is calculated as follows (f.2):

Xee = (xr—lc + Xr+1lc + Xy c+1 + Xpe—1— 4xrc) [ 4 W

Formula 2 - Calculation of the points amplitude

where r and c are the row and column indices, respectively, and W is the absorption
coefficient of the medium (0 <W<1).

The waves crests and troughs are displayed using different colours.

Using this model, the following phenomena can be observed:

absorption (fig. 1);

reflection (fig. 2);

diffraction (fig. 2);

interference (fig. 2).
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HITy4Hmit iHTeNeKT — Iie Traaysb iH-
dbopMaTHK, 110 3a/IMAETHCS BUBYEHHAM
MO>K/IMUBOCTEN OOYMCTIOBA/IBHUX CUCTEM
Opatu Ha cebe okpeMi QyHKIII iHTeIEKTy
nmropyHNY. [0O7I0BHOI0 METOIO 1i€l HayKn €
JOCIIJPKEHHS Ta MOJIe/IIOBAaHHSA IHTeJeK-
TYa/IbHOTO IIPOLECY TIOACHKOTO MO3KY Ta
pillleHHs iHTeNTeKTyalbHMX 3afad Oinbll
eeKTUBHO, YNM Lie POOUTDH MTIOAMHA.

OpuuM i3 6araTbox METOJIB Ta MOJe-
el MOCIiPKEHHA MITYYHOTO iHTE/IEKTY €
iHkeHepia 3HaHb. Hampsamok imxeHepil
3HaHb BUpIlIy€e 3aBJaHHA OTPVMMAaHHA
3HaHb 3 JAHUX, X CUCTeMaTu3allii Ta Imo-
JA/IbIIOTO BUKOPUCTAHHSA, 11O JO3BOJIE
PO3pOOTIOBATI €KCIIEPTHI CUCTEMHU Ta
6asu 3HaHb.

3uaHHs - 1e iHdopmauis 3a Fomomo-
rOI0 AKOI MO>KHA ITPOBOAUTH MipKYBaHHA
i po6UTK BUCHOBKM, KOTPA CK/IA/[AETHCS
3a gaHux. JonoBHa npo6nema popmyBaH-
HS 3HaHb IIOJISITa€ y TOMY 100 IpefcTa-
BUTY 3HAHHS B IHTENEKTYa/IbHIil cucTeMi
y $opMani30BaHOMY BUIIALL, 3PYIHOMY
I aBTOMATU3allii MipKyBaHb.

OCHOBHMMV MOZIE/ISAIMMY IIPEICTAB/ICH-
Hs 3HaHb € JIOTi4HA MOJIe/b, 1[0 BUKOPHUC-
TOBYE OOYVIC/ICHHSA NPENUKATIB MepIIOro

MOPAAKY, IPOAYKLilIHA MOJe/lb, CEMaH-
TUYHI Mepexi Ta ¢pperimu.

JloriuHa Mofiernb — 1ie Taka MOfIeNb IIpef-
CTaBJIeHHsI 3HaHb, OCHOBHOIO iJIE€10 SIKOI € Te
1110, BCsI iHopMaLiis, HeoOXifHa IS BUpi-
LIeHH IPUK/IAJHIX 3aBJJaHb, PO3I/LANAETb-
cA SIK CYKYIHICTb (paKTiB i TBepmKeHb, sAKi
HPENCTAB/LAIOThCA K (OpMYyIM y JesKii
yorini. 3HaHHA B Takiil Mogerni BifoOpaxa-
I0TbCSL CYKYITHICTIO POPMYIT JIOTiKHA, & OTpH-
MaHH: HOBJX 3HaHb 3BOJUTHCA [0 peaisa-
il IIpOLeRyp JIOTi9HOTO BUBONY.

JloriuHa MOpenb BUKOPUCTOBYE MOBY
JIOTiKM IIPEIMKATIB 110 BK/IIYAE:

e TpeMeTHI KOHCTAHTH (iMeHa iH[u-

BifyymiB: 06’€KTiB, mOpii);

e mpenMeTHi 3MiHHI. [X 3HaueHHs -
npenMeTHi KoHCTaHTU. KodxxHiit
3MIiHHII BifIIOBiflac 1MeBHa 061aCTh
3Ha4YeHb, KOTPi MOXYTb IpU3Ha-
YeHHI IIeBHill 3MiHHUMU;

e IpeAMKATHI KOHCTAHTY;

o (yHKUiOHa/MbHI iMeHa;

o JIOTiuHi 3B’53K1, KBAHTOP;

o TIpaBWIa CTBOPEHHs JIOTiYHUX (Hop-
MYIL

OcHoBoOI0 TIepeBaro Iiiei mopeni €
BMKOPMCTAHHA KJIACMYHOTO anapary Ma-
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TEMATUYHOI JIOTiKM, METOIU SIKOI TOCUTh
zobpe BuBYeHi i popManbHO OOIPYHTO-
BaHi, TOMY IIpe[CTAB/IEHH: 3HaHb 3a Jl0-
MIOMOTOI0 IIi€l MoOfeni € MOCUTDH Hafiii-
HUM.

ITpomykuiitHa MOJIENb — 1ie TAKOX MO-
Jie/Ib IPeJCTaB/IEHHA 3HaHb, iTIe€I0 KOl €
IIpe/ICTAB/IEHHA 3HAHb Yy BUIJIAAM IIPO-
oykuiit - Bupasis Burmaay: AKIIO
<ymoBa> TO <pia> ta AKIIO <ymosa>
TO <gis> IHAKIIE <miss>. Takuit 3ammc
CXOXKUMIT Ha IMIUTiKamio (JTOTiYHMIT BU-
C/IiB, CTBEPIKYIYMN, IO, AKILO JIiBa
YacTMHA iCTMHA TO iCTMHA i IIpaBa YacTu-
Ha), ajle MPOAYKLisA CKOpillle CXOXa Ha
IHCTPYKIil0 aHAJIOTIYHY YMOBHMM OIlepa-
TOpaM MOB IIporpamyBaHHs. TOOTO SIKII0
JliBa YacTMHA iCTMHA TOMI HEOOXiTHO BU-
KOHATH JIeAKY JiI0 y IpaBili YaCTHHI.

Tpapuuiino 6ynb-sAka IpPORYKIiiHA
MOJie/Ib BK/IIOYA€E B cebe HACTYIHi KOMITO-
HEeHTHU:

1. Habip mpomyxuiit, 1110 IpemcTasis-
10T 623y 3HAHb IIPOAYKIIITHOI CUCTEMIL.

2. Pobouy mam’site (6asy gaHux), B
SIKift 30epiraloThCsl BUMXIiJHI 3HAHHI, a
TaKOXX 3HaHHA, cPOpMOBaHi 3 IHIIKX
IIpaBIJI 3a IONIOMOI'OX0 MEXaHi3MY JIOrid-
HOT'O BUBOJY.

3. MexaHi3M JIOTiYHOTO BUBOZY, W10
TO3BONIAIOTH 3 iCHYIOUMX 3HAHb, STiHO 3
npaBrIaMu GopMyBaHHS, (GOpPMyBaTH
HOBIi 3HaHHS.

KoyxHe mpaBuio mpefcTaBiA€e YacTh-
Hy 6a3)1 3HaHb IPOAYKLITHOI cuCcTeMI Ta
CK/IAJIA€ETbCSA 3 YMOBHOI Ta 3aK/IIOYHOI
yacTMHM. B yMOBHIiNI 4yacTMHi IpaBuIa
3HAXOAUTHCS a60 OAMHOYHMIT BakT, abo
KinbKka QaxTiB. Y 3aKIouHiit 4yacTuni
IpaBUIa 3HAXOJATbCA NIPOLERypH, AKi

MOBVHHI OyTV BUKOHaHi, AKIIO YMOBHa
YJacTVMHA IPaBUIa € iICTUHHOIO.

[MpopyxkiifiHa Mofenb Mae 6araro Ie-
peBar, HallpUK/Iaf: IPOCTOTa CTBOPEHH:A
OKpeMUX IIpaBIIL, IpocToTa Mopgydikanii
6asy 3HaHb, IPOCTOTA MEXaHi3My JIOTid-
HOTO BUBOJly Ta MOXXJIMBICTb Iapajenb-
HOI i aCMHXPOHHOI 06pOOKY MPaBIIL.

[e opHieo MOAENIIO NMpeCTaBIeHHA
3HaHb € MOJeNb Ha OCHOBi (peiMiB.
@periMu — 1ie CTPYKTYpU JaHMX, B AKUX
NIpeNCTaB/IeHI 3HAHHA NIPO BIACTUBOCTI
¢dpeiimis
HIBMJKO PO3SBUBAETHCSA i PO3MIMPIOETHCH,
3aBIAKM PO3BUTKY METOJiB 06 €KTHO-
OpiEHTOBAHOTO IPOTrPAMYBAHHH.

o6’ekta. Huni xoHuemiis

[udopmanis, mo BiXTHOCUTBCI [O
¢dpeitmy, MicTuTbCA B itoro cnorax. Cio-
T - Le JeAki 3MiHHI ¢periMa, KoTpi,
MiC/Is1 3alIOBHEHHS JJAHWMH, TO3BOJATDH
(peitMy IpefCcTaBIATY TY UM {HILY CUTY-
aiio, sBUIe M 00’€KT IpeaMeTHOI 06-
JacTi.

QpeliM1 yTBOPIOIOTH i€papXilo, 10
HOPOIXKYE €fUHY 6AaraTOpiBHEBY CTPYK-
TYPY, OIUCYI0uM 260 00’ €KT, AKIIO CJIOTY
ONNUCYIOTHb TiIbKU BJIACTMBOCTI 00’€KTa,
ab0 mpoliec, AKI0 OKpeMi CTIOTH € iMeHa-
MU [IPOLIEAYP, IPUERHAHUX O Ppeiimy.

DpeiiMoBa MOZTeIb MAa€ 3HAYHY IIepe-
Bary TaK fAK JO3BONAE IIPefCTABIIATU
CKIafiHi 06 eKTI Y BAIVISA/IL €4VHOTO TUILY.
@DpeiMOBY MOJieNb TOCUTb YacTO pearti-
30BYIOTb, BUKOPMCTOBYHYM 00 €KTHO-
Opi€eHTOBaHi MOBY IPOTPaMyBaHH:A, TaK
SIK OCHOBHUII KOHIIENT IIPe/iCTaBIeHHs
3HaHb y (PPeiMOBUX MOJEIIAX CXOXKUIL 1O
0CO6IMBOCTEN IIPENCTABIEHHS TIPO6/IEM-
HUX o6racTeil B 06’€KTHO OPIEHTOBAHO-
MY IIPOrpaMyBaHHi.
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OCTaHHBOI Ta HANOLIBII MOIYIAp-
HOI0 MOJIEJIII0 IPEACTaB/IeHHA 3HAaHb €
MOJie/Ib Ha OCHOBI C€MaHTUYHOI Mepexi.
B ocHOBi ceMaHTUYHUX Mojienel TeKUTh
opieHTOBaHMII Tpad, yTBOPEHMII BepIly-
HamMy Ta pebpamu. BepuimHu Mepexi
NpECTAB/ISAITh [esKi MOHATTA (ab-
CTpakTHI ab60 KOHKpeTHi 00’eKTH, Hpo-
necu), a pebpa — BiFTHOCMHY MDK HUMH,
sIKi BOHU TIOB’SI3YIOTD (3B’3KM TUITY «1je»,
«Ma€ YACTUHOIO», «HAJIEXKUTDY )

B sanmexxHocTi Bif TMITB BigHOCU MiX
BeplUIMHaMu Ta pebpamMu pO3Pi3HIIOTH
TaKi BUIY MeEpex:

o xracudikariiiai, B AKUX BUKOPUC-
TOBYIOTBCS BigHOCKMHU (Lime, pif,
BUJ, iHAMBIf), IO OIMCYIOTD CTPYK-
TYpy NIpeMeTHOI 0671acTi Ta 703BO-
nsie BimoOpakatu B 6asax 3HaHb
pisHi iepapXiyHi BiFHOCMHM MIiX
iHpopMaiiiHIMM OFUHNLIAMY;

o ¢yHkuioHanpHi (IX YacTO HasuUBa-
I0Tb OOYMCIIOBAIBHUMI MOJEISI-
MU), IO JO3BOJIAIOTH ONNCYBAaTH

HpOLeflypy «OOUNCIIEHb» OHUX iH-
dbopMaLiiiHX OOVHNUIb Yepes iHIi;

e 3MilllaHi, [0 BUKOPUCTOBYIOTH Pi3-

HOMAaHITHI TUIIM BifHOCKH.

Bubip moperni mpefcraBieHHsT 3HAHb
3aJIOKUTH BiJ TUIIy Ipo6ieM, L0 HeoO-
XiZJTHO BMPIlINTH, a TAKOXX Bij KOHKpeT-
HUX 3aC00iB, 1110 6YAyTh BUKOPUCTAHI Iix
4ac peajisanil Tiel 4u iHIIOI IPOrpaMm.
Tax, HanpuK/af, I/ TpOLefyPHOI MOBI
nporpamysBaHHsa C Haibinpm 3pydyHa
Oygme IpORyKLiiiHA MOJenb, a A
00’€KTHO OPi€HTOBAHUX MOB IIPOTpaMy-
BaHH: Kpalua Oyzie Java abo C#. Bci wortu-
Py MofieJli MalOTh CBOI IlepeBaru i Heflo-
KU Ta ABJAIOTLCS MOTYXHUMM 3acoba-
MU CTBOPEHH: NPOTPaMHMX CUCTEM, KO-
TPl MOZE/IOITD JTIOICbKNI IHTEIEKT.
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Groats and cereal products, along
with bread, are traditional food products
and represent a significant part of the
human consumption. Due to balanced
amino acid composition, presence of vi-
tamins and minerals, dietary fiber most
types of groats can be classified as die-
tary products. In the modern structure
of nutrition human cereal products take
about 20...30 % of the total consumption
of grain products.

The peculiarity of the groats produc-
tion is the presence of a wide range of raw
materials. In cereal plants traditionally
processing eight major cereal crops: rice,
millet, buckwheat, oats, barley, corn,
wheat and legumes — peas, and well as
small quantities of sorghum, lentils and
chickpeas.

In Ukraine over the past decade prod-
ucts of oats processing become traditional
for the majority of population. Oats crop
among other cereals characterized by the
most valuable chemical composition -
high content of protein, fat, digestible
carbohydrates, vitamins, minerals etc. In
oats grain are present all essential for hu-
man body amino acids which indicates
the high biological value of products de-

rived from it. Oats grain and its products
contain a high mass fraction of fat
(5.0...7.0 %) while the mass fraction of
important for the human body polyun-
saturated fatty acids is 70-80 %, which
suggests a high biological effectiveness of
oat grains. Among the carbohydrate com-
plex, except starch and other substances
great value has non starch polysaccharide
B-glucan. This substance refers to the
soluble fibers which have the ability to
regulate degree of cholesterol and sugar in
blood and affect to regulation of weight,
etc., so is a necessary ingredient in the hu-
man diet. According to various sources
oatmeal among other cereals and cereal
products on the content of dietary fiber
holds one of the leading positions having
them mass fraction of 7-8 %.

Processing oats grain by existing tradi-
tional technologies through the use of
complex and extended of technological
process does not allow using all potential
inherent to oats crop. Standard products
of processing oats in Ukraine are not
crushed oats groat of which during fur-
ther processing produces flaked groats,
flakes "Hercules", "Pelyustkovi". Separate
oat products are flakes "Extra" and "Tolo-
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kno" (special prepared oats flour). Not
crushed oats groats are products derived
from whole kernel they are divided into
grades by quantitative content of benign
and crushed kernel and presence in the
product not hulled grain. Flaked groats
and all kinds of oats flakes through the
passage during their producing additional
special treatment can be referred to the
instant foods.

Numbers of flakes "Extra" propor-
tional to the size and shape of previously
prepared raw materials due to what they
have a high uniformity which is provided
by passage and overtail of defined num-
ber of sieve. "Tolokno" by its properties
are very important food product. As
stand-alone product "Tolokno" widely
used in dietary nutrition. "Tolokno" and
different kinds of oat flour due to the ab-
sence of gluten as separate products is al-
most not applicable but in mixtures with
wheat flour oats flour widely used in the
baking industry in the production of
bread bakery and confectionery products
and as in improver in other areas of food
processing industry.

The existing technologies do not allow
getting a high yield of finished products
by processing of oats, which does not ex-
ceed 55-65 % even when using the most
modern hull oat varieties with improved
properties. Also there is need for ware-
housing, storage and utilization a signifi-
cant amount of husk the amount of which,
depending on the varietal characteristics
of processed grain, can reach 20-40 % .

The technological processes of pro-
cessing hulled oats are amongst the most
difficult in cereal production include wa-

ter heat treatment by method of hot con-
ditioning, hulling in several systems, sort-
ing of hulling products, complex groats
separation stage, pearling etc, all this
leads to significant energy costs of tech-
nology and the need for large production
areas for its implementation.

At different stages of processing, espe-
cially at the steaming stage decreases the
nutritional value of grain and accordingly
products of its processing observed de-
crease in the mass fraction of protein,
starch, vitamins etc. By dehulling and
pearling of grain formed significant
amount of by-products as husking bran
and particles of crushed kernels (15-35 %)
which are formed by external and internal
parts of the oat kernel and reduce the
mass fraction of protein, B-glucans, vita-
mins, minerals etc., in aggregate with low
values of a finished products allows to
speak about low efficiency of existing
technologies for production modern ori-
ented food.
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IIpoananizosaro uwymnusicmo memooié 6UAENEHHS CHONUBAUIS, AKI NO2IPULYIOMD
cumempito ma cuHycoiOHicmo Hanpyzu po3nodinvHux enekmpuunux mepexc. Ilokasaro,
W0 HatibinoW YymaueUM € Memoo yMOBHUX NOMYHHOCEN 360POMHOT Ma HYTbOBOT
nocnioosHocmetl, AKuil 3abesneuye HaolillHe 6UABNEHHA CHOKUBAUIS, CMPYM
CNOMBOPeHHS siKUX cmanosums 10% 6i0 cmpymy cnOmMeE0opeHHs Peumu cnoXueayis
(cucmemuy). bibn. 16, puc. 6, mabn. 1.

KnrouoBi cnoBa: enekTpuyHi Mepexki, HeCMMeTPMYHI HECHMHYCOITHI peXumu,
aHaJi3 9y TAMBOCTI.

Keywords: electrical networks, asymmetric non-sinusoidal modes, sensitivity
analysis.

ANALYSIS OF PERCEPTION OF METHODS
OF DETERMINATION OF CONSUMERS WHICH MAKE
THE QUALITY OF ELECTRICITY

Burbelo M. J.!, Melnychuk L.M.}, Stepura O. V.2
! Vinnytsia National Technical University,
Khmelnytske shose, Vinnytsia, 21021, Ukraine.
E-mail: burbelomj@gmail.com

> ITC «Energy Accounting» Ltd.,

Pirogov, 151A, Vinnytsia, 21008, Ukraine.
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The sensitivity of methods of detecting consumers, which impair symmetry and
sinusoidality of voltage of distribution electric networks, is analyzed. It is shown that
the most sensitive method is the critical impedance method, which provides reliable
identification of consumers whose distortion current exceeds the total distortion cur-
rent of the remaining consumers. Bible 15, rice. 6, table 1.
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ITocranoBka mpo6memu. Oco6nmBoi aKTyaabHOCTI B OCTaHHI pokm Habyma
npo6eMa CTUMYTIOBAaHHA HEIHIMHUX 1 HeCUMETPMYHUX CIHOXKMBAYiB O SKOMOTa
MEHIIIOTO MoripiIeHHs sIKOCTi enekTpoeHeprii (IEE) B HM3bKOBOMBTHUX €TEKTPUYHIX
Mepexxax. Heinilini Ta HecMMeTpUYHI HaBaHTa)KEHHA € JpKepelaMyl CTPYMiB BUILIUX
rapMOHIK i cTpymiB TpudasHUX CUMETPUYHUX CKIAJJOBUX 3BOPOTHOI Ta HY/IbOBOI
HOC/IiJOBHOCTe], SIKi 3HIDKYIOTD AKICTb e/IeKTPUYHOI eHeprii, 3011b1IyroTh 1i BTpaTn.
I moOynoBy CHCTEMM CTUMYTIOBAHHA HeOOXiHMM € BU3HAYEHHs Ta OLiHIOBAaHHS
BIIZIMBY CIIO>KMBaya B 3HIDKeHHA SIEE.

JInsa eKcriepyMeHTaNbHOTO BM3HAYEHHs BIUIMBY CIIO)KMBaya 3a noripmenns JEE
6es iforo BUMKHeHHs B [1, 2] 6yB 3ampomoHOBaHuUIT MeTOf 6GaNaHCy aKTUBHUX Ta
PeaKTUBHMX IOTYXHOCTeH WA s-1 cuMeTpuduHOi ckitagosoi (CC) 3sBoporTHOI Ta
HY/ZIbOBOI ITOCTIOBHOCTeN Ta #-1 rapMoHiuHOi ckmagosol (I'C) Ha mexi 6amaHCOBOI
HaJIEKHOCTI, 3Ti/IHO 3 AKMM BBa>KaIOTh, 1IJ0 OKPiM OCHOBHOTI'O IIOTOKY €HEPTil 3 Mepexi
70 HaBaHTa)KEHH, 1[0 BU3HAYAETHCA CUMETPUYHOIO CK/Ia/I0BOXO IIPSMOI HOCTiIOBHOCTI
OCHOBHOI TapMOHIKM, Il HECMMETPUYHMX Ta HEJiHIIHMX HaBaHTa)XEHb iCHye
BTOPMHHUIA ITOTiK €HePril, AKMII HAIIPABJIEHUIL B €IEKTPUYHY MEPEXKY, 1110 3yMOBJIEHNI
CUMETPUYHMMM CKIaJOBMMM 3BOPOTHOI Ta HYJIbOBOI MOCiJOBHOCTEN IIPOMUCIOBOI
YacTOTM Ta BUIIVIMM TapMOHiKamu. Brupasu 114 BusHauYeHHA BTOPMHHOI aKTMBHOI Ta
PeaKTUBHOI HOTYXHOCTeJ MalOTh TaKuii BUIAp [1]:

Fom =3U3p 151 cos@yy +3U0 111 cos@gp +

+ 23Ul cOs 0y, + 2(30"211[211 cos @y, +3Ugyul o, cOS (P()n‘); 1)
n n
Oem =3Ua11p151n 921 +3Ug 111 5in Qg1 +
+ Z?’Ulnfln sin O T 2(3[)'2?1]271 Sin(PZn i3 30?071[07? sin Pon ): (2)
n n

e Usn’lsn — HaIpyra i CTpyM s-i IOCHiZOBHOCTI #1-1 FAapMOHIKM Ha MeXi

6amancosoi Hanexnocti; P, - Kyt scyBy ¢as Mix Hampyroo i crpymom s-i
IIOCTIJOBHOCTI #1-1 TApMOHIKI.

Ko cKmaHUKM aKTUBHOI Ta peaKTUBHOI IOTY)KHOCTEN $-1 MOCHiIOBHOCTI n-1
TapMOHIKM Bifi'€MHi, TO BOHM HallpaBJIeHi Bifj cio)kuBaya B Mepexy (Bif mxepena
CIIOTBOPEHHSI) 1 CIOXKMBayYi MOBMHHI HECTM BiJOBiJA/IbHICTD 32 3HVDKEHHS [TOKa3-
Hukis JEE.

PosrisiHeMo cxemy 3amilieHHs Bysna Mepexi (puc. 1, a). Ha cxemi nosHaueHo:

Ig(n)m — KOMIIJIEKCHUI CTPyM cIIOoTBOpeHH:A n-i ['C #isa m-ro nprefHaHH;

VA (nym ~ KOMIIJIEKCHMII OIlip HaBaHTa)KeHHA Ha n-itt I'C 11 m-ro npuenHaHHs;

Z (n)r ~ KOMIUIEKCHMII omip TpaHcopmaropa Ha n-iit I'C. Onip Tpanchopmartopa
BU3HAYAETbCA 3 YpaXyBaHHAM TOI0, IO CTpyMn 4, 7,..., 2, 5,... FTADMOHIK YyTBOPIOIOThH
BiJJITOBiIHO IIPAMY Ta 3BOPOTHY IOC/IiJOBHICTD, @ CTPyMH 3, 6,... TapPMOHIK — HY/IbOBY
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Zinye I
Ui (n)
Ty Liny2 Lym
Syt Zmn1 Jn2 Zinp Tl Zwm J(”)C <> Z(Vl)c U(”) Z(")H <> J(”)"‘
a) 6)

PucyHok 1 — MoBHa Ta cnpolieHa cxemu 3aMmillleHHs By3na mepexi ansa n-i C
Hanpyra n-i 'C Ha mexi 6anaHCcoBOi HAaNEXHOCTi AOPIBHIOE CyMi (pakTUYHUX BHECKIB CUC-
TEMU | HaBaHTaXXeHHSs

nocnigosHicTh. B omopi Tpancdopmaropa 3a HeO0OXiZHOCTI MO>KHA BpaXyBaTH OIIip
JIiHil IPAMOI Ta 3BOPOTHOI IIOC/IiIOBHOCTI.
BigHOCHO Oyzb-SKOTO CIIOXKMBaYa CXeMy 3aMilljeHHA MO>KHa cIipocTuT (puc. 1,6).

JI>Kepeno CIIOTBOPEHHA CIOXKMBaYa IOJAHO JyKEePENIoM CTPYMY HaBaHTa)KeHHs J (n)n
, @ PELITY CHOKUBAYIB — JPKePENIOM cUCTeMN J () . OTIOpY HABaHTAKEHHS CIIOXKUBA-
4a i CHCTeMI TIO3HAYEHO Z (1),> Z ()¢~ Omip Z(n)c BI3HAYAETbCA AK PE3y/IbTAT IIapa-
JIeTIBHOTO YBIMKHEHHsI OLOPY TpaHC(HOPMATOpa i OMOpiB HABAHTAXKEHHSI PELITH CIIO-
JKMBaYiB.

ZiLe , 5 ZmuLie

—— 3)
Z(n)ﬂ JrZ(r.r)c e Z(?’I)H +Z(??)C

T @B DB ;
Uty =Ulmye + Ulnyn = (m)e
Crpym n-i I'C Ha Mexi 6aTaHCOBOI HAJIEKHOCTI JOPIBHIOE Pi3HUI (PAKTUIHUX
BHECKIiB CHCTeMN i HaBaHTa)KeHHS
Z(n)c J( ) Z(K’)H
= 5  Ymrs 5 -
Zimyn + L (n)e Zimn + L)

Crpymn n-i ITC HaBaHTaxeHHA J§,, i cucremu J s)c HeBimomi. Bigomumn e
Hampyra i crpym n-i I'C Ha Mexi 6anancoBoi HanmexxHocTi. Omip cuctemu npubIN3HO

Ly =185 = 1854 = T tmpe )

BifoMuii. BiH IpakTYHO BUSHAYAETHCSI OIIOPOM ITOHIDKYBAIBHOTO TpaHchopMarTopa.
Omnip HaBaHTa)XeHH:A HeBigoMmuil. BigoMmit nuiie AianasoH 3MiHM ONOPY CIOXKMBAYa,
AKUI 33/IEXUTD Bifl CK/Ialy Ta Jialla30Hy 3MiHM HaBAaHTA>KEHHS.

Ipyna excnepuMMeHTAaNbHUX METOJIB [/ BUABIEHHSA TapMOHIYHMX [DKepen
HO/Arae y BUMIPIOBaHHI TapMOHIYHMX HAIpyr i cTpymiB Ha Mexi 6amaHcoBol
HAJIOKHOCTI, YTOYHEHI ONOpPIiB CHCTeMM i HaBaHTaXXEHHs, a IOTIM 004MCIeHi
(baKTMYHOTO BHECKY TapMOHIYHMX mKepen [3-11]. PosrisiHeMo cxeMy samilieHHs
Bysma Mepexi (puc. 1,6). Crpym n-i I'C Ha Mexi 6a/aHCOBOI HAJIeKHOCTI MOXXHA
BUPA3NUTH 4epe3 CTPyMM CIIOTBOPEHHSA HaBaHTa)KeHHA J%n)H i cucremn J%ﬂ &
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u:
. () . ()
In_'fnyf > In _7‘11?(: (5)
(n) =“(n) - (n) () ()C

3 (5) BUIUIMBAE, [0 Y Pa3i CTA/IOro 3HAYCHHA CTPYMY CHOTBOPEHHS HaBaHTXKEHHSA

i 3MiHM CTPYMY CIIOTBOPEHHA B CUCTeMi MOYKHA BM3HAYNTH OIIip HaBaHTa)KEHHH, a Y

pasi cTanoro sHa4YeHHA CTPYMY CIIOTBOPEHHA B CUCTEMI i 3MiHM CTPYMY CHOTBOpPEHHSA
B HaBaHTa)KeHHI MOKHa BU3HAUUTH OIIip CUCTEMIU:

Yiny _ AU

- A -
Z(H)H T > (n)c AI( )

(6)
Al ()

J (e =var J(mn=var
3 ypaxysaHHAM (5) CKITagHUKY BUpasy (3) 1A GaKTUYHNX BHECKiB HABAHTKCHHSA

i cucTeMu B 3HIDKEHHS SIKOCTI €/IeKTpOeHepril Haby[yTh BUILIAY:

pos _ Ut lZun Ve . yop _ Ui =L Zone Fin
n)H > E

: : : (7
Zimyn + Znye e Zyn + Zinye

OcHoBHa 1po6yeMa 3aCTOCYBaHHS 1IbOrO METOAY Ha IIPAKTHUII IIO/ISITAE B TOMY, 110
3HAUEHHsI OMOPIB MOXXHA BM3HAYNUTH TLIBKM 3a ZOIOMOTOIO 30BHILIHIX 30ypens (yBi-
MKHEHHsI 260 BIMKHEHH:I KOH/IEHCATOPHOI Oarapel, yBiMKHEHHs TpaHCopMaTopis Ha
Hapaje/ibHy poOOTY, lepeMIUKaHHA PEry/II0BaIbHOTO Bifiray>keHHs TpaHcdopMaTopa
3 PITH, 3MiHeHHs aKTMBHOTO ONOpPY (GiTbTPOKOMIIEHCYBA/TbHOTO MPUCTPOI0). Takuit
crioci6 orpuManHs iHboOpMAaLii 3 METPOTOTiYHOI TOYKY 30PY € HEHANIHUM.

OOrpyHTyBaHHA pe3yNbTaTiB. 3aJIeKHOCT] Ai0YMX 3Ha4eHb HAIPYIU i CTpyMy
Z (e = 0,002+ j0,050M, Z (), =1+ j2,50m, J%n)c =5¢/0
A, Je )= _ 50/9A sx GyHKUil KyTa § 300paXkeHOo Ha puc. 2. OCKiIbKY Olip HaBaHTa-

n=5I'C gnsa Bunagxy 7

>KeHHsI IIpubmm3Ho B 50 pasiB 6ibIunii Bif omopy cuctemn, To ctpym n-i I'C Ha Mexi
6a/1aHCOBOI HA/IeXKHOCT] IIPAKTUYHO BU3HAYAETHCSI CTPYMOM CIIOTBOPEHHSI CITOKMBA-
va (guB. Bupasu (5)). Otxe, HasBHIiCTb cTpyMy n-i ['C Ha Mexi 6anaHcoBOI HalTexX-
HOCTI CUCTEMH 1 CIIO>KMBa4a CBiIYUTD IIPO HasABHICTb CIIOTBOPEHHS B HABAHTA)KEHHI
CIIOKMBaYa.

Ha puc. 3 306paskeH0 3aTeXHOCT] aKTUBHOI ;) Ta peakTuBHOI J(;;) MOTYXHOC-

Tein [CBifKyTa § WA BUNAAKY Z () = 0,002+ j0,050M, Z ), =1+ j2.5 OM,J‘%”)C =5¢/0

A, SO = 5e/A . Ockinbxu Hampyra ['C BU3Haua€eTbcA CTPyMaMi CIIOTBOPEHHA K
CHCTeMM, TaK 1 HABaHTa)XeHHsI B PiBHill Mipi (auB. Bupasu (3)), To 3HaUeHHs aKTUBHOI
i peaKTUBHOI IIOTY>KHOCTEJ He XapaKTePU3YIOTh OJIHO3HAYHO BHECOK CIIOXKMBaya B
sumxeHHs SEE.

3a piBHNMX CTPyMiB CIIOTBOPEHHs CHCTeMM i HaBaHTa)KeHHA 3HaYeHHA aKTUBHOI
HOTYXHOCTI MOYXKe MaTH SIK JJOfjaTHe, TaK i BiJ €MHe 3Ha4eHHs B 3a/IeKHOCTI Bifj KyTa
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Ty A Yoy B
I
4 / 04
of (n) 02
0
0 2 4 d, pan

PucyHOK 2 — 3anexHocTi Ailounx 3Ha4eHb Hanpyru i CTpyMy Bif KyTa 0

0. OTKe, aKTUBHY IIOTY>KHICTh He MOYKHA BUKOPYCTOBYBATH /s BUSB/IEHHS JKepe-
Ja cioTBopeHHs [12, 13].

3HaueHHs PeaKTUBHOI MOTY>KHOCTI 3a PiBHMUX CTPYMiB CIIOTBOPEHHS CUCTEMU
i HaBaHTaXXeHHsI Ma€ Bif'€MHe 3HaYeHHs 3a OYAb-IKOrO KyTa O OKPIM BY3BKOI
30HMU, KOMM CTPYMM CIIOTBOPEHHs 3HAXOAATbcA B mportudasi. 31 30inblieHHAM
3HaYeHHA MOJY/A CTPYMY CHOTBOPEHHS HaBaHTaKeHHA Tpadiky mepeMilfyoTbes
BHU3,

Orxe, peakTUBHA IIOTYXKHICTb MOXe OYTI BUKOPUCTaHA AJIs BUAB/ICHHS CIIOXKN-
Baya, 110 Ma€ IIepeBa>KHUI BIUIMB HAa CIOTBOPEHHA AKOCTI e/IeKTPOeHepril.

Ha puc. 4 306pa>keHO 3a/I€)XHOCTI peaKTMBHOI IOTY>KHOCTI Bifj KyTa O Is HBOX
BUTIA/IKiB Z(n)c =0,002 + j0,050mM, Z(n)H =1+,2,50m, J%) _5@1 A,

ﬁ(n),' = SejaA (xpusa 1) Ta J%n)u = leJSA (xpuBa 2). 3i 36inblIeHHAM 3HAYE€HHS
MO/ CTPYMYy CIIOTBOPEHHsS HaBaHTaKeHHs rpadikyl IepeMilllyloTbCs BHUS, a 3i
3MEHIIEHHSM CTPYMy CIIOTBOPEHHs HAaBaHTAXEHHs — rpadiky IepeMilyloTbcs
BBEpPX i CTUCKYIOTbCA.

B [14, 15] MeTox peaKTMBHOI IOTY>KHOCTI pO3IIMPEHNII KOHIEIIi€I0 KPUTUIHOTO
iMmnemancy. Kmo4oBy imelo IIbOro MeTORY MOXKHA MiZCYMYBaTV TAaKUM YJMHOM.
lapMOHiuYHa peaKTMBHA IOTY>KHICTb, IO T'€HEPYETbCA MepPeXKelo, OLiHIOETbCA B
neputy 4epry. IlotiM Bu3HaualTh eKBiBaleHTHUIT omip (ab0 MPOBIAHICTD), KU
Ha3UBA€ETHCS KpUTUIHMUM iMItenaHcoM (abo agmitancom) (CI a6o CA). ITopiBHIo04UM
CI (abo CA) 3 Bimomum piamasoHoM immenancy (abo agmiTaHCy) cmucTeMm Ta
HaBaHTA)XEHH:, MOXKHA 3HANTY PO3TALIYBaHH:A JOMIHYIOYOTO [XKepe/a FapMOHiK.

Kputmunmit imneganc CI Ta xputwuHuit apgmitanc CA BM3HAYAOTbCA 3a
dbopmynamu
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PucyHok 3 — 3anexHocTi akTMBHOI Ta peakTUBHOI MNOTYXXHOCTEW Bif KyTa 8 3a piBHUX
CTPYMIB CMOTBOPEHHS CUCTEMW | HABAHTaXXEHHS

Omn)s
Bap
2
0 /
1

-1

—Z

-3

0 2 4 d, pan

PucyHoK 4 — 3anexHoCTi peakTUBHOI MOTY)XHOCTeI! Bi KyTa O 3a piBHOro Ta Marnoro
CTPYMY CMOTBOPEHHSI HaBaHTaXXEHHS BiJHOCHO cucTemMu

2-0 2O
C](n) =—= CA(H) =— . (®)
In? Uy
(n) . .

[Io cTocyeTbCA KPUTUYHOTO afiMITAHCY, TO iCTOTHMM HeHO/MiKOM JOr0 3acToCy-
BaHHsI € pisKe 361/IbLIIEHHS 32 HY/IbOBOTO 3HAYEHHsI HATIPYTY TAPMOHIKIL.

Ha puc. 5 HaBeleHO 3a/IeKHOCTI KPUTUYHOTO IMIIEfaHCY SIK QYHKII KyTa § s
JIBOX BUIIAJIKIB Z ), = 0,002+ j0.05OM, Z(,, =1+ j2.50M, /&) =5¢/°A, J& ) =5¢/°A (xpuBa
1) Ta &), =1e°A (kpusa 2).

XapaKTepHOI 0COOIMBICTIO KPUTUYHOTO iMITeAHCY Ta KPUTUYHOTO aIMITaHCY €
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PUCYHOK 5 — 3anexHOCTi KpMTUYHOrO iMMnedaHcy Bid kyTa & 3a piBHOro Ta Marnoro cTpy-
MYy CMOTBOPEHHS HAaBaHTaXXEHHS Bi4HOCHO CUCTEMM

IX CTaJIiCTh y pasi OIHAKOBOIO CIiBBiIHOLIEHHS CTPYMIB CIIOTBOPEHHS HaBaHTaXKeH-
Hs1 1 cucremn. OfHAK, OCKiNbKY rpadik 2, M0 I0OYL0BaHNIT 34 MaJIOTO 3HAYEHHS 110-
TYXXHOCTI CIIOTBOPEHHsI HAaBAHTAXXEHHs, Iepecikae rpadik 1, 1o moOygoBaHuit 3a
BEJIKOT'O CTPYMY CIIOTBOPEHHS HaBaHTaXXeHH:, TO 3a Ma/IUX BiJf eMHuUX 3HadeHb CI B
OKOJIi TOYKM NepeTHHY 3aJIeXKHOCTENl 3pOOUTH OfHO3HAYHI BUCHOBKY IIPO IXKEPeNo
CIIOTBOPEHHA HE MOXKHa.

J1a oTpMMaHHA OJHO3HAYHOI BiJIIIOBi/Ii IIPO JI)KEPEIO CIIOTBOPEHHA BBENEMO pe-

aKTUBHY HOTY>KHICTb Ome =1 (zn)X (n)c, sIKa XapaKTepu3ye peakTUBHY IOTYXXHICTD,
110 T€eHEPYEThCA HaBaHTa)KEHHAM 1 CIIOXKMBAETLCA B cucTeMi. Posrnsanemo puc. 6, Ha
AKOMY 3006paXKEHO 3a/Ie)KHOCT] peaKTUBHOI IOTYXKHOCTI O, Biff KyTa g /IS IBOX BU-
NaJIKiB Z (). = 0,002+ j0,050M, Z ), =1+ 2,50m, J‘%n)c =5¢/0 A, _}t%n)H = 6¢/0A (xkpuBa 1)

Ta —1¢/9A (kpuBa 2), @ TAKOXK 3a/IEXKHOCTI O(n)c (xpuBi 3 1 4) s 1ux e ABOX

n)n.
BUIIAJIKIB.

JIng Manux Biff EMHUX 3HaueHb Q(,,) MO)KHa BBeCTM Taki mpaBumia ifeHTrgiKamii
IpKepera CIIOTBOPEHHS: AKILO Q(n) <O(n)c» TO CIIOKMBAY He CIIOTBOPIOE AKICTD e/eK-
TpOEHePTil, AKIO O,y > O(yy)c» TO CaMe CHOKMBAY € JPKEPEIOM CIIOTBOPEHHAL.

B pesynbraTi MO>XHA IPUIATH [JO BUCHOBKY, 1IJ0 YYT/IMBiCTb METOMy KPUTUYHOTO
iMmeaHCy 0OMEXYETbCS BUABICHHAM CIIOKMBAYiB, CTPYM CIIOTBOPEHHA SAKMUX IIepe-
BUIIYE CYMapHUIl CTPYM CIIOTBOPEHHS PeIITU CIIOXXIBaYiB.

B [16] 17151 BUsIB/IeHHS Ta OLiHIOBaHHS FAPMOHIYHNX CIIOTBOPEHb KOHTPOIbOBAHO-
IO CTIO>KMBaya 3aIIPOIIOHOBAHO METOJ, YMOBHMX IIOTY>KHOCTEN 3BOPOTHOI Ta HY/IbOBOI
nocnigosHocTelt. Sk inpopmaruBHi napaMeTpy BUKOPUCTAHO CepefHbOKBA/IPATIYH]
3HaueHHA chi2 , Qc,d2 Ta PCKiO , Qc,do, SIKi BUBHAYAIOTh LIJIAXOM yCEPEJHEHHs MUTTE-
BUX IIOTY>KHOCTe, BiANOBIfHO, Pj, = O,5(ua —u‘ﬁ Xia + i'ﬁ), 9i, = O,S(u'a —uﬁXia +i'ﬁ)
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PucyHok 6 — 3anexHocTi peakTUBHOI MOTYXHOCTI BiA kyTa O 3a BenuKoro Ta Manoro
CTPYMy CMOTBOPEHHSA HaBaHTAXEHHS BiAHOCHO CUCTEMM

Ta Pj =iglly, 9ig =—iglg, a /I OLiHIOBAHHA TAPMOHIYHMX CIIOTBOPEHD iHLIMX CIO-
JKIBAYiB (CMCTEMM) — CepefHbOKBAPATUYHi IOTYKHOCTI chuz s chuz Ta, /I BU3Ha-
YeHHA  AKUX  BUKOPUCTOBYIOTbCA  MUTTEBI  IOTYXXHOCTi, BifmoBifHO,
Puy = O,S(M(x +u'g Xi(x —i'B), Qu, = O,S(M‘a+uﬁ1ia —i'B) Ta Py =—lglo, qu, =ipio. TyT
IITPUXOM [IO3HAYEHO HAIIPYTH i CTPYMI, AKi yTBOPIOIOTH LIIAXOM (pa30BOro 3CyBY Ha
-90 en1. rpanyciB (3aTpMMKM B Yaci Ha YBepTbh IePiOAY) BITHOCHO OCHOBHOI TapMOHIKM
Hanpyr i crpymis. CepefHi 3HaUeHHA LMX Ke BEeIMYMH BMKOPMCTOBYIOTD /IS OL[iHIO-
BaHHA HECMMETPII CTPYMiB i HAIIPYT Ha OCHOBHII YaCTOTi 32 3BOPOTHOIO Ta HY/IbOBOIO
MHOC/TiTOBHOCTSAMI.

PosrnanemMo HECHMHYCOIJHUII PeXMM, 32 AKOTO CTPyM HaBaHTa)XEHHA Mic-
TUTb TPETIO, ATy Ta CbOMY apMOHIKM, aMIUIITyu AKUX CTAaHOBJIATDH BifIo-
BimHO 1 %, 5 % Ta 4 % Bif aMIUIITYAM OCHOBHOI rapMOHIKM cTpyMiB ¢as:
i =1k (sinof+0,01sin 3wz £ 0,05sin Sof p 0,04sin 7ot), (k=A, B, C), mo xa-
PaKTEPHO Il HEKEPOBAHUX BUNPAMIIAYIB. [I0Ty>KHICTh HaBaHTa)KEHHA HAa OCHOBHIII
rapMoHini: §; =113+ j65 kB-A. HaBaHTa)XeHHs >KUBUTBCS depe3 TpaHCPOpMATOp
noTysxHicTio 400 KB-A 3i cxeMo10 3’€fHaHHS 0OMOTOK «TPUKYTHUK / 3ipKa 3 HyZIeM».
B Tabmmii HaBeeHO 3HaYeHH:A iHPOPMATUBHUX ITapaMeTpiB (kB'A) 3a pisHoro cis-
BiJTHOIIEHH:A CIIOTBOPEHb CUCTEMU BifIHOCHO CIIOXKMBaya.

CepenHbOKBaIpaTIYHi 3HaYeHHA iHDOPMaTUBHUX ITapaMeTpi (KB'A)

STh)e Pcm'z Qcm'z Pcm'o Qcm'o PCKu2 chuz Pc,mo Qc;cuo

60 [102 |130 [130 |07 |09 |01 |01
J%n)c’:o

62 |106 134 [134 |20 |27 |02 |02
J%”)&z]%”)’f
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J n)c=1 0J§‘I’l)H1
55 9,3 1,20 (1,20 |20 2,7 0,2 0,2
J%ﬂ)cz_g n)u

6,9 11,9 1,47 |1,47 |74 9,8 0,7 0,7

3,6 6,2 0,85 |085 |74 9,8 0,7 0,7
J%n)c =10 I’l)H

3 Tabmuui BUAHO, IO METOJ YMOBHMX HOTY)XXHOCTEl 3BOPOTHOI Ta HY/IbOBOI
HOCIiOBHOCTelT 3a0e3medye HafiiliHe BUABACHHS CIIOXKUBAYiB, CTPYM CIIOTBOPEHHS
AKMX cKIafae 10% Bifj cyMapHOTo CTPyMy CIIOTBOPEHHS YCiX CIIOKMBAYiB (CUCTEMN).

BucnoBku.

1. CrioxmBadviB, sIKi CIOTBOPIOIOTH SIKICTb €IeKTPOEHepril, HabiIbII TOBHO
xapakrepusye ctpyMm n-i I'C. PeaktuBHa mnotyxHictb n-i I'C xapaxrepmsye
CTIIOTBOPEHHA He B NOBHIill Mipi. AkTuBHa NOTyXHicTb n-i ['C B3arami He Hece
inopmaii mpo croTBOpeHH.

2. MeTop, BU3HaYeHH: JO/IbOBOTO BHECKY, 1110 OCHOBAHNII Ha ITPOBEJIeHi aKTUBHOTO
eKCIIepMMEHTY 3 BUKOPMCTAHHAM YBIMKHEHHs a00 BMMKHEHHs KOHJIEHCATOPHOI
Oarapei, yBIMKHeHHs TpaHC()OPMATOPIB Ha MapajenbHy POOOTY, IepeMUKaHHs
PeryIoBaIbHOrO BifframyxeHHs TpaHcopmaropa 3 PITH, perymoBaHHA aKTUBHOrO
onopy ®KY, mae HelOCTaTHIO METPOJIOTIYHY HAifIHICTb.

3. IlokasaHo, 1110 Hat61IbLI Yy T/IMBYM € METOZ, YMOBHUX HOTY)XHOCTEI 3BOPOTHOT
Ta HY/IbOBOI IIOCTIZOBHOCTEN, KMl 3abe3ledye HajiliHe BUSBIEHHs CIIOXKIBAdiB,
CTPYM CIIOTBOPEHHA AKMUX CKnagae 10% Bij cymMapHOTo CTpyMy CIOTBOPEHHS yCiX
CrIo>kuBaviB (cucremn).
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Modern scientific calculations of various electrical circuits and systems can't be
executed without learning system’s transitional process. Operational calculation is a
convenient instrument of analytical studies of transitional process and introduction
with it. In this article was conducted the numerical calculation and research of voltage
and amperage with a discharged condenser on the open-circuit line using dAlembert
method with the use of single function.

To the line without loss and open-circuit at the end (fig. 1) while t=0, condenser C,
charged to voltage E_, is attached. Let’s find voltage and amperage in line using an
expansion theorem. Using technique [1] and assuming that in initial moment in this
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Figure 1 — diagram of voltage and amperage in x=0 (a); x =//10 (b)
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line there’s no voltage and amperage, let’s write down representation of functions of
voltage and amperage

U(p):E pChp(’c_Tx) I(p):ECO pShp(T_Tx)
0 pehpt+ashpt’ p pchpt+ashpt

where a=1/CZ(p); C is a capacitor capacity; Z(p) is a characteristic resistor of the
line in operational form; T is time of wave spreading with velocity v through all line; T_
is the time of reflected wave spreading with velocity through all parts of the line with
length x; T-7_is the time of reflected wave spreading from the end of the line to the
observation point.

Let’s find originals of expressions using d’Alambert method with the use of a single
function. Let’s write down expressions of voltage and amperage as a sum of an expo-
nential manner.

Decomposition of the representation of U(p) gives us

T, t+e (2‘: ‘CX) p—a e—p(2'r+‘rx) _
pt+ta

2 2
_ p—a e—p(4't—‘fx) + [p _(X‘J e_p(4r+rx) +[ﬂj e_p(6T+TX) —jl
p+a p+a pra

Decomposition of representation of the amperage I(p) is similar to voltage

U(p)=Ec '
p+a

Zc(p) pto pro
Expressions of originals of voltage and amperage

u==~Eq [efa(rft") . l(rx) 4o @) 1(2r - rx) -

i 2y) (1 _ 2a(t —(2t+7 ))) A(2t+1,)-

1
_e—m(t—(4r—T o) (1 2a(l 41: T, ))-1(4‘L'+Tx)+ v
e olimtrry) (1 4a(t 441, ))+2a (t—(4‘t+’tx))2-1(4‘C+‘Ex)+...:|
= Zf?;) [efa(rfrx) ) I(Tx) +efa(tf(2'rf‘cx)) . 1(2‘[7 _ Tx) _
_e—a(t—(21+rx))(1_2a(t_(2T+Tx))).1(21+1x)— @)

—aft—(47-1,)) (1 —2a(t—(41- TX))) A(4t+1, )+

o) (1 —4a(t—(4t+ rx)))+2a2 (t=(4r+ rx))2 A(4t+1, )+ }
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With expressions (1) and (2), let’s build graphs of change in time of voltage and
amperage with a discharged condenser with capacity C = 1 uF on a perfect open-circuit
line with length [ = 1000 m, using a program MathCAD.

Conclusion. Oscillation of voltage and amperage with a discharged condenser on
the open-circuit line without loss has a complex non-stationary character. Electrical
energy, which was accumulated in condenser, returns back to the line, this means that
because of absence of loss in the line doesn't allow charging the condenser, as the pro-
cess in an electrical circuit is not set.

References:
1. Ginzburg S.G. Methods for solving problems of transients in electrical circuits
[Metodyi resheniya zadach po perehodnyim protsessam v elektricheskih tsepyah].
Moscow, 1967. 387 c. (rus).
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BU3HAYEHH 3A/ITMITKOBOTI'O PECYPCY CMJIOBOTO
MAC/IIHOTO TPAHC®OPMATOPA HA BA31 HEUITKOI
JTIOT'IKU

Poszsomrok M.II.
IOLIEHT, KAaHAMAAT TEXHIYHNX HayK

Osuapyk B.B.

Crapmmii BUKIaja4d

BnoBuuyenko B.€E.
MariCTpaHT (aKy/IbTeTy eleKTPOEHEePreTUKIL Ta eJIEKTPOMEXaHIKI
BinHMLbKMIT HallilOHa/IbHUI TEXHIYHUI YHIBEPCUTET

Osuap I.M.
Buxnmamau
BiHHUIIbKMTT TeXHIYHUIT KOJTEX

Kirouosi cnoBa / Keywords: tpanchopmarop / transformer, samimkosuiit pecypc
/ residual life, Hewitka morika / fuzzy logic.

Beryn. HapiiinicTh ekcruryatanii cuoBoro Mac/isgHOro TpaHcopmaropa
3aJIKUTD Bif| I0T0 3a/IMIIKOBOrO pecypcy. B poborax [1 - 5] 3armpononoBani miaxonu
I/Is1 AiarHOCTYBAaHHSA CMJIOBUX TPaHC(OPMATOPIiB, B TOMY UMCII i1 3 BUKOPUCTAHHAM
HeuiTKoi yoriku. OffHaK BOHM He BPaXOBYIOTb JieAKi IapaMeTpHt, sAKi BHOCATDb CBill
BIUIVB Ha 3MEHIIEHH 3a/IMIIKOBOTO Pecypcy TpaHcpopMaropa.

Marepian i pesynbrarM BOCTifyKeHHA. 3aIMIIKOBUII pecypc R cmmoBoro
MacJIAHOTO TpaHCHOpMaTOpa 3a/IeXXUTD Biff 6araTboX YMHHMKIB. Buxonsauu 3 aHamisy
(haxTOPpiB, sKi HaOIBII CYTTEBO BIUIMBAIOTD Ha JI0T0 3MiHY, 00paHO Taki mapameTpu:
crpyM B o6MoTHi TpaHchopmartopa (x,); Hampyry Ha o6MOTKax (X,); TeMIeparypy
Haif6i/bIl HarpiToi TOYKM O6MOTOK (X,); TemmepaTypy Mmacnma (x,); Temmepatypy
HaBKO/IMIIHBOTO cepefioBuia (x,).

Ockinbkn TpaHcHOPMATOPY BUKOHYIOTBCS Ha Pi3HI HOTY>KHOCTI Ta KJIacy HAIIPyT
(ctpymiB), To mna ymidikauii Bi3bMeMO BITHOCHI 3HayeHHA BuIle BUOPAHUX
napameTpiB. s KOXKHOI 3 BXiJHUX 3MIiHHUX Bi3bMeMO IIO TpM TE€pMU: HU3bKMUIL,
cepefHiit Ta Bucokuii. JliamasoHyM 3MiHM KOYKHOI 3 BXiTHMX 3MiHHUX Ta iX MTiHIBiCTMYHI
OIIiHKM 3aITPOTIOHOBaHI B Tab7. 1, B sAKiil IpUBefieHi MO3HAYeHHsA: [ — MaKCUMAJIbHO
MOX/IMBUIA CTPyM B o6MoTKax; U, ~ HOMiHa/lbHAa HAalpyra Ha OOMOTKax; f, .. 1

in’> “06_
— MiHiMasIbHA Ta MaKCMMaJIbHa TEMIIEpPaTypa 06MOTOK; ¢, — MiHiMaJIbHa
max M_min’ ~m_max
Ta MaKCUMajIbHa TeMIIepaTypa Macya.
3agaeMo piBHI 3MiHM 3anMIIKOBOro pecypcy (repmm) TpaHcdopmaropa (Ha

CKiNIbKV LIBUJIKO 3MEHIIYETHCA 3a/MUIIKOBUI Pecypc): iyske Husbkuit (d,); Hu3bKumit
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Ta6bnuus 1
[iana3oHn 3MiHM BXiOHUX 3MiHHMX Ta iX NIHIBICTUYHI OLIHKK
MapameTpu | Hazea BxigHOro napa- | fjianasoH 3aMmiHn Tepmun
MeTpy
X, Ctpym B obmoTui Tpame- |0 ... 1 HU3bkun (H)
chopmatopa cepegHin (C)
Bucokuii (B)
X, Hanpyra Ha obmoTkax 0..U,, Hu3bka (H)
cepegHs (C)
Bucoka (B)
X, Temnepatypa Hanbinbw |t ..t Hu3bka (H)
HarpiToi To4kM 06MOTOK - - cepeans (C)
Bucoka (B)
X, Temnepartypa macna L S Hu3bKa (H)
cepenHs (C)
Bucoka (B)
X TemnepaTypa HaBKo- -30°C ... +50 °C Hu3bka (H)
JIMWHbOrO cepenosMla cepenHs (C)
Bucoka (B)
Tabnuusa 2
HeuiTka 6a3a 3HaHb ANS CUCTEMW HEYITKOrO BUBEAEHHS
BxigHi napameTpun BuxigHun napametp R
X, X, X, X, X, d
H H H H H d,
H H H H C
H H H H B
H C H H B
H H H C H d,
H H H C C
H H H C B
H C H C B
C C H C H d,
C C C C C
C B C C B
B B B B B d,
B C B B B
B C C C C
B C C C H

(d,); cepenniii (d,); Bucoxmit (d,). Tepmu BUXiTHOI 3MiHHOI 3a71€XaTh Biff HOETHAHHA
BXIiIHUX 3MiHHUX: d]. = d(x), mo possonge chopmyBaTn HediTKy 6asy 3sHaHb,
IpeACTaB/IeHy B Ta0mI. 2.
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Fuzzy Logic Designer: Resurs = O X
File Edit View
Mapruga — Resurs
tobm (rmamdani)
tmask
s R
trroami
FIS Name: Rezurs FIS Type: mamdani
And method — - Current Variable
Or method max " Name Strum
S Type input
Implication - V
Range [o1]
Aggregation max "
Defuzzification centroid ~ Help Close
Opening Rule Editor

PucyHok 1 — Fuzzy-perynatop Ans BU3Ha4eHHS 3anuLLKOBOrO pecypcy TpaHcdopmartopa

HeudiTki TepMy mpefcTaBMMO y BUIVIAJ] TOTiYHUX PiBHAHD:

w () =" () 1T () -w () -1 (x) p () v
vt ) pT (e) rf () w (k) pC () v
v o) () nt (g) 1 () 1B () 1

w2 () =[" (x0) 1! Cn) -1 () 1€ ) -l () v
v () T ) T () p () n () v
vt ) () M () nS () 1P () v
v () n () n () nS ()1 (x)];

(2.9)

(2.10)
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Rule Editor: Resurs

File Edit View Options

If {Strum iz H} and (Napruga is H} and (tobm iz H} and (tmaslo is H} and (tzzovni iz B) then (Ris d1) (1) ~
If (Strum iz H) and (Mapruga iz C) and (tobm iz H} and (tmaslo iz H) and (tzzovniis B) then (Ris d1) (1}

If {Strum iz H} and (Napruga is H} and (tobm iz H) and (tmaslo is C) and (tzzovni iz H) then (R is d2) (1)

If (Strum is H} and (Napruga is H} and (tobm iz H} and (tmaslo is C} and (tzzovni is C) then (R is d2) (1)

If (Strum is H) and (Mapruga is H) and (tobm iz H}) and (tmaslo is C) and (tzzovniis B) then (R is d2) (1)

If {Strum is H} and (Napruga is C} and (tobm iz H} and (tmaslo is C} and (tzzovni iz B) then (R is d2) (1)

If (Strum iz C) and (Mapruga iz H) and (tobm iz H} and (tmazlo iz H) and (tzzevni iz H) then (R iz d3) (1)

10. If (Strum iz C) and (Napruga is C) and (tobm iz C) and (tmaslo iz C) and (tzzowni iz C) then (R is d3) (1)

11. If (Strum iz C) and (Napruga is B) and (tebm is C) and (tmaslo iz C) and (tzzowvni is B) then (R is d3) (1)

12. If (Strum is B) and (Mapruga is B} and (tobm iz B} and (tmaslo is B) and (tzzowvni is B) then (R is d4) (1)

13. If (Strum iz B} and (Napruga is C) and (tebm is B} and (tmaslo iz B} and (tzzowvni is B) then (R is d4) (1)

14, If (Strum iz B) and (Mapruga is C) and (tobm iz C) and (tmaslo is C) and (tzzowvniis C) then (R is d4) (1)

15. If (Strum is B) and (Mapruga is C) and (tobm is C) and (tmaslo is C) and (tzzovniis H) then (Risd4) (1) ¥

Do N ®H

If and and and and Th
Strum is MNapruga is tobm is tmaslo iz tzzowvniis '
~ - ~ - ~
C C C C C 2
B B B B B 3
none none none none none d4
ndg
] W ] W W
[ not [ nat [ not [ nat [ not L]
_ Connection Weight:
(Jar
®) and 1 Delete rule Add rule Change rule ‘ | ==
FIS Name: Resurs Help ‘ Close |

PucyHok 2 — Npaeuna fuzzy-logic perynatopa

wB(d) =[( (x) -1 () 1" (%) 1S (%) 1" (x)v
v () n () 1 (5) 1 (x) 1 () v (2.11)
V() 1P () 1S () 1 () 1P (%)
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Surface Viewer: Resurs

File Edit View Options

MNapruga

X {input): Strum w ¥ (input): Napruga £ (output): ) -
X grids: 15 ¥ grids: 15 Evaluate

Ref. Input: [NaN NaN 0.5 0.5 10] Plot points: 44 Help | Close |
Ready

PucyHok 3 — 30BHiLLHI BUMA 3anexHocTi R = f(x,, Xx,)

d B B B B B
R =117 () 17 () 17 ()17 () -0 (%) v
B C B B B
V() () () 1 () (X5) v
B C C C C
V(T () pT () ()1 (X)) (x5) v
B C C C H
V() () () 1 () ()]
HIna peamisanii 3anpomoHOBaHOI MOJeNi BMKOPMCTAaHO PENAKTOP CUCTEMMU
HeuiTkoro BucHOBKY FIS B rpadiuHomy pexxumi matemarnyHoro naketry MATLAB
(puc. 1).
[TpaBumna fuzzy-logic perynstopa npueneHi Ha puc. 2.

Pesynmbrar po6otu fuzzy-logic perynsiropa npusefeHo Ha puc. 3 ta puc. 4.
Bisyanisanis pesynbrary MOTiYHOrO BUBENEHHSA IPUBEJEHO Ha PUC. 5.

(2.12)
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Surface Viewer: Resurs

File Edit View Options

X (input): Strum ¥ (input): tobm - Z (output): ) -
X grids: 15 f grids: 15 Evaluate

Ref. Input: [Nah 0.5 NaM 0.5 10] Plot points: 474 Help | Close |
Ready

PucyHok 4 — 3oBHiwWwHii BUrMAL 3anexHocTi R = f(x,, X,)

BucnoBku. Po3po61eHo MaTeMaTUYHy MOJie/Ib BI3HAUYeHH 3a/IMIIKOBOIO Pecypcy
CMJIOBOTO MAaC/IsTHOTO TpaHCOpMaTopa 3 BUKOPUCTAHHAM TeOpil He4iTKUX MHOXVUH
Ta HE4iTKOI JIOTiKM, fIKa BPAaXOBYe CTPYM B 0OMOTIIi TpaHc(OPMATOpa; HAIPYTy Ha
Jloro 0OMOTKaX; TeMIepaTypy Haibilpin HarpiTol TOYKM OOMOTOK; TeMIEpaTypy
Macjia Ta TeMIIEPAaTypPy HaBKOIMIIHHOTO CePEJOBUIIA.

Jliteparypa

1. Tpabko B.B. [liarHocTyBaHHsA TpaHC(HOPMATOPIB BIACHKX HOTPeb Ta CUCTEM TEXHOMOTIYHNUX
3aXUCTiB eHepro610Ka TeIIOBOI eleKTpocTaHlil: MoHorpadia / B.B. Ipabko,
JI.0. Bepesnnmpkuit. — Binauma: BHTY, 2010. — 124 c.

2. Ipabko B.B. MareMaTyyHa MOJie/ib JIA JialHOCTYBaHHA OOMOTOK CHMJIOBOTO MAC/ISTHOTO
TpaHchopMaropa 3 ypaxyBaHHAM QakropiB 3oBHimHboro BBy / B.B. Ipabko,
L.B. Banp3an // EnexTpoMexaHiuHi Ta eHepros6epiraroui cucremu. Bumyck 3/2011 (15). -
2011. - C. 134-136.

3. Jlexuiok ILJ. JliarHOCTYBaHHSA CM/IOBUX TPaHC(OPMATOPIiB 3 BUKOPUCTAHHAM HEUITKMX
muoxuH / IL]T. JlexxHiok, O.€. Py6anenxo, I.A. JKyx // Bicuuk BiHHUIIBKOTO HOJTiTeXHIYHOTO
iHcTuTYyTYy. — 2005. — Nel. — C.43-51.

76



TECHNICS AND TECHNOLOGY. #16

Rule Viewer. Resurs

File Edit View Options

Strum=1 Mapruga =1 tobm = 0.809 tmaslo=0.664 tzzovni=-4.07 R=0.83
1 | ] o 1 [l 1 B O |
2 [ | [ I N N I e e N O |
a1 1 [ N = N s AN
a1 O 1 O 1 N = N s VAN
s | O 1 O =D B=S_1 | |
6~ ] I [ | N (- | AN
7| | 1] - | N = | [/
8 | | [ —— [ — ] | — AN
N [~ L—N ] L1 [
7] [~ I [ =1 7] LAl
nl__~] [ — [ [ =[] [
12 /| [ L— [ A [_4d
w7 = L= [ =] [_4

0 i 0 i 0 1 0 1 -2 50 4
0 1
Input:  14:1:0.3091:0.5535,-4.074) Plot points: 44 Move:  jeft | n‘ght|dnwn| up |
Opened system Resurs, 13 rules Help | Cloze |

PucyHok 5 — Po3paxyHOK 3anmLiKoBOro pecypcy TpaHcopmartopa

4.

Pospopiok M.II. CuHTes CTPYKTypy IPUCTPOIO [l KOHTPOIO TEXHIYHOTO CTaHY CUIOBOTO
MacstHoro tpaHcdopmaropa / M.UIL Possogiok, C.C. Jleamos // Tesu pomosimeit
BceykpaiHcbkoi HayKOBO-IPAKTUYHOI IHTepHeT-KOHdepeH i CTy[eHTiB, acmipaHTiB Ta
MOJIOIIMX HAyKOBLiB «Mosoib B HayIli: JOCTiIKeHHs, npobnemu, nepcrextBm» (MH-
2019), M. Binauusg, BiHHMIbKMIT HaliOHA/IBHUI TeXHIYHMIL yuiBepcuret, 11-30 TpaBHA
2019 p. - Pexxum pgocrymy: https://conferences.vntu.edu.ua/index.php/mn/mn2019/paper/
view/6231 [lara 3BepHenHs 23.04.2019).

IMar. 57719 UA, MIIK GOIR 31/06. IlpucTpiit [y KOHTPONMIO TEXHiYHOTO CTaHY
tpancdopmaropa [Texcr] / M. IT. PosBopiox (Ykpaina). — Ne u201009853; 3asty1. 09.08.2010;
omy671. 10.03.2011, Brom. Ne 5. — 4 c. : KpeciL.
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MATERIAL'S ELECTRONIC STRUCTURE
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Annotation: The article aims to consider the electronic structures of various materials

and their properties. Special attention is paid to semiconductor structures and their prop-
erties. It is shown that in semiconductors the Fermi energy level is defined as the energy
at which an electron has a 50% occupation probability and this electron and hole distribu-
tion is described using the Fermi-Dirac distribution.

Keywords: metal, semiconductor, insulator, Fermi energy level, Fermi-Dirac distri-
bution.

SJIEKTPOHHAS CTPYKTYPA MATEPUAJTIOB

Annomayus: B cmamve cnasumcs 3adaua paccmompenmv I1eKmpoHHble CHIPYKINY -
Pl pasnuuHbLx mamepuanos u ux ceoiicrmea. Ocoboe sHUMAHUE 00paLU4AEMC HA NOTTY-
npoBOOHUKOBble CIPYKMYpbL U ux ceéoiicmeam. Iloxasamo, umo 6 nNomynposooHUKAX
aHepeemuueckuii yposenv Pepmu onpedensiemcs Kax sHepeuss, npu Komopoti anexmpor
umeem 50% -1y10 8epPOAMHOCHb 3AHAMUS U SO pacnpedesierue INEKMPOHO8 U ObIPOK

onucamo ¢ nomouspro pacnpedenerus Gepmu-Jupaxa.
KnroueBble cmoBa: IpOBOJHMUK, IIOTYIIPOBOJHUK, U3OMATOP, 9Hepruu Pepmu, pac-

npepenenne Pepmu-JInpaxa.

In an individual atom, electrons reside
in orbitals (e.g., s, p, d, f) around the nu-
cleus which are represented on an energy
diagram as discrete energy levels. The
outermost electron orbit of an atom is
known as the valence orbital and it is re-
sponsible for much of an element’s chem-
ical properties. Electrons residing in the
valence orbital may be excited (through
various means such as electrical, thermal,

or photoexcitation) to higher energy lev-
els. As atoms combine to form molecules,
new energy levels are formed. At equilib-
rium, the highest energy electrons reside
in the highest occupied molecular orbital
level. Electrons from the highest occupied
molecular orbital level can be excited to
higher energy levels, the lowest of which
is referred to as the lowest unoccupied
molecular orbital level. As in atoms, these
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Figure 1. Diagram of the electronic structure for metals, semiconductors, and insulators.
Semiconductors and insulators have a bandgap (Eg) in which no energy states exist.
Metals have an overlapping valence and conduction band which means that many of a
metal’s electrons are free to move and conduct electricity. EF is the Fermi level.

molecular energy levels are discrete states.
However, as more atoms are incorporated
into a material, the discrete energy levels
get closer together and start to form a
continuous band structure. The highest
energy levels occupied by electrons make
up the valence band and the band directly
above the valence band is called the con-
duction band. The conduction band is so
named because electrons residing there
are free to conduct electricity.

Materials can be classified into three
categories based on their electronic struc-
ture: metals, insulators, and semiconduc-
tors. The energy diagram for these three
types of bulk materials is shown in Figure
1. Insulators are characterized by a large
bandgap (Eg) between the valence and con-
duction bands in which no electron energy
states exist. In metals, the valence and
conduction bands overlap each other,
causing free electrons to exist in the con-
duction band. These electrons are free to

move throughout the material and are the
cause of high electrical conductivity in
metals. Semiconductor materials have an
electronic band structure intermediate be-
tween metals and insulators. Bandgaps less
than ~4 eV are generally classified as semi-
conductors while materials with bandgaps
greater than 4 eV are considered insula-
tors. In semiconductors, the Fermi level
(E,) is defined as the energy at which an
electron has a 50% chance of occupying.
The Fermi level lies within the overlapping
bands in metals, and within the bandgap in
both semiconductors and insulators as
shown in Figure 1. The electron and hole
distribution in a semiconductor can be
described through the Fermi-Dirac distri-
bution function (equation 1).

10=—g)
k,T

(1)

exp +1
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T is the temperature of the semicon-
ductor and k is the Boltzmann constant.
The electron populations are determined
by the product of the Fermi function
(equation 1) and the density of states at
that energy. In semiconductors and insu-
lators there are no actual states (density of
states = 0) at the Fermi level due to the
fact that E_ lies within the bandgap. Con-
sequently, no electrons reside at the Fermi
level in these materials. The Fermi-Dirac
statistical behavior in semiconductors
also dictates that more free carriers (elec-
trons in the conduction band and holes in
the valence band) are created with in-
creasing temperature.

The relatively small bandgaps in sem-
iconductors is what gives rise to their
useful properties. Silicon, arguably the
best-known semiconductor material, is
used to make the vast majority of inte-
grated circuits and other electronic com-
ponents, without which we wouldn’t
have such powerful or affordable com-
puters. Additionally, silicon-based pho-
tovoltaics dominate the commercial so-
lar panel industry. Silicon possesses a
bulk bandgap of 1.1 eV and can be doped
either n-type (electron rich) or p-type
(hole rich). The abundance of silicon, its
minimal environmental and health con-
cerns, and excellent electronic properties

have caused the semiconductor industry
to be based around silicon.

However, silicon is not the best mate-
rial choice in all scenarios. If the desired
application is producing a certain color of
visible light, for instance, bulk silicon
would be a poor choice. First, silicon has
an indirect bandgap, which typically
means that a material will be a poor pho-
ton emitter, and is indeed the case in bulk
silicon (recombination is usually non-ra-
diative). Second, the small bandgap of
silicon corresponds to infrared photons.
Thus, semiconductors with direct and
wider bandgaps are typically employed
for these kinds of applications (e.g., GaN,
ZnSe). These are just a few of the charac-
teristics that make bulk semiconductors
such useful materials. In the past few
decades, researchers have been studying
the properties of n0-anomaterials as well
as their feasibility in applications. Inter-
estingly, a peculiar yet incredibly advanta-
geous behavior is observed as semicon-
ductors change size at the nanoscale.
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Annotation: In the present work with the help of the scintillation gamma spectromet-
ric method the specific activity of 137Cs and 40K, 226Ra, 232Th in cotton seeds obtained
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The main sources of radioactivity in
the Earth are the naturally occurring radi-
onuclides of the uranium-thorium family
“K and ¥Rb as well as cosmogenic and
technogenic radionuclides formed in nu-
clear fission [1,2]. The natural radionu-
clides are among the elements of primary
origin, existing in the Earth’s crust since its
creation. Most of the technogenic radionu-
clides are the result of nuclear weapons
tests and accidents in nuclear plants in the
1960s. At present, their activity in the envi-
ronment is mainly due to the long-lived
¥7Cs and *Sr. 7Be, which is formed in the
upper atmosphere by cosmic rays, falls in
the form of aerosols, together with dry and
wet precipitation, onto the Earth’s surface.
On the whole, the radioactivity of objects
in the environment depends on the bio-
logical particularities of the object itself,
the geographical characteristics of the lo-
cale, and the degree to which the environ-
ment is damaged by anthropogenic activity
[3]. Therefore, determining the amount of
technogenic radionuclide Cs-137 in envi-
ronmental samples and monitoring its
change is one of the important problems
for people’s health. The natural radioactiv-

ity of environmental samples is low. How-
ever, the effect of irradiation of small doses
on a living organism is collected and ac-
cumulated in the body. This effect is called
cumulation. Changes in the blood flow
occur, even when living organisms have a
small daily dose of 0.002-0.005 Gray.
Therefore, the study of the migration of
trace elements, including the determina-
tion of the amount of radionuclides, con-
trol of changes, their effect on living organ-
isms that may be present in mineral and
cotton seeds, is one of the most pressing
problems in the ecological context. One of
the most widespread elements in the sam-
ples is the environment potassium. Potas-
sium is present in large quantities in the
earth’s crust (2.4%) with a relatively high
level of all specimens of nature. Natural
potassium consists of a mixture of K-39,
K-40, K-41 isotopes containing a radioac-
tive isotope of potassium K-40. Potassium
in plants, especially in carbohydrate and
protein metabolism, plays an important
role in controlling the function of en-
zymes, and the insufficiency of potassium
in food sharply slows down the growth of
the young organism. In the body, the activ-
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Table 1.

Specific activity of 137Cs and 40K, 226Ra, 232Th, Bq / kg.

N¢ | Samples 226Ra 232Th 40K 137Cs

1 |Ishtikhan district Soil 41,216 38,062 621,08 14,96
Cotton seeds |8,419 6,872 304,69 3,735

2 |Pastdargom district | Soil 35,011 40,731 708,24 16,637
Cotton seeds | 11,97 9,556 605,49 5,203

3 |Jambay district Soil 42,198 35,695 796,83 14,979
Cotton seeds |9,03 7,405 407,54 4,006

ity of nerve tissues is determined by the
amount of potassium in it. When a person
is nervous in his nervous tissue, the amount
of potassium decreases, the heart muscle,
tired muscles are characterized by a de-
crease in potassium. Potassium also has a
significant effect on metabolism of living
organisms [ 4].

In the present work with the help of
the scintillation gamma spectrometric
method the specific activity of *’Cs and
YK, #*Ra, #’Th in cotton seeds obtained
from ecological test areas in the fields of
different regions (Pastdargom, Ishtikhan,
Jambay districts) was determined. The
samples for the measurements were ob-
tained from the Pastdargom, Ishtikhon,
Djambay districts of the Samarkand re-
gion. The samples were dried at room
temperature, carefully cleaned by remov-
ing contaminants, and packed in one-liter
Marinelli beakers.

The duration of the individual meas-
urements of the sample spectra was 2 h.
The activity of the samples was deter-
mined by systematic decomposition of
the spectra into separate components.
The results are shown in the table 1.

What stands out from the data given
in the table that the largest quantities of
potassium were detected in the tested

soils. This can be attributed to the history
of the formation of the Earth’s crust, the
content of the natural radionuclides is
much higher in the soil belonging to po-
tassium (2.4%).

It can be seen that the amount of po-
tassium accumulation in cotton seeds is
proportional to the amount of potassium
in the soil. The difference between the
amount of ?*Ra and ***Th natural radio-
nuclides found on different soils is insig-
nificant. Likewise, the difference in the
amount of accumulation of these radio-
nuclides in the cotton seeds is insignifi-
cant. The identified amount of *Ra, ??Th
radionuclides found in cotton seeds is
proportional to the amount of soil in the
soil. The identified amount of techno-
genic radionuclide Cs-137 in cotton seeds
is proportional to the amount of Cs-
137 in soil. In the soils obtained from
three different regions, the specific activ-
ity of 'Cs varies slightly from one an-
other (from 14 Bq / kg to 16 Bq/ kg). This
is due to the fact that as a result of nuclear
weapons tests and accidents in nuclear
plants the half-decay of '*"Cs, which is
equals to T,, = 30 years, in the environ-
mental samples (soil, rocks, perennial
plants and etc.) can be stored for many
years. The ¥’Cs found in the cotton seeds
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is based on the values given in the table,
and its concentration in plants is propor-
tional to its soil content. In some cases,
however, the accumulation of radionu-
clides in cotton seeds can be attributed to
such proportionality, which can be attrib-
uted to the amount of radionuclides in the
water irrigation of the plant. In plants,
chemical elements, including radioactive
elements, can be accumulated from the
mineral fertilizers mainly through soil,
irrigation, air, soil. Moreover, the accu-
mulation of various elements in plants is
determined by the biological properties of
the plant, the structure of the plant.
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The initial information for the assessment and prediction of the optimality of the
technological energy complex modes are the following parameters, which, for the
convenience of subsequent processing, can be presented in vector or matrix form.

T(t) _ vector of power consumption predicted or set by the dispatcher
(R™™ < 7(t) < R™} per interval t for example, t can be between 1 and 24 hours.
The values of the vector Ttt) are based on estimates of possible relative and absolute
changes in the volumes of consumption and energy production.

Crar = (ep) _ prime cost matrix of the energy complex technologies
j» j=1,...,J, in mode f; f=1,...,F, used during simulation for several set values

of discount i.

OpF = (835) _ technological parameters matrix of the energy complex.
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Py _j -technology installed power.

Upsr = (a5) _ matrix of installed capacity utilization rate.

YH _ nnual hours.

Ejr = {Bf s(PypYH)} matrix of available annual generation volumes;

Prar = {pff Py} matrix of permissible load capacities;

t [t
Crwr = {':.rf (P wyr) ¥ matrix of the power supply costs per interval £

BFltl — {bFIfI]
IxF if 7 _ binary matrix of optimal sets of modes of generating and accu-

mulating technologies, in terms of minimizing the total cost of the supplied electricity
as function of load power r(t)
Elements of the prime cost matrix (e5s) for the technology j in f mode were

calculated by the formula (1):

Jcap | const{ ) ey
oY Lt +07 i

e
_ (14T
(e6) = 77
B ()
e fmp . const(f)
where: if — annual energy amount; “  — investment; ©= — constant
. var(f) . ) T .
operating expenses; €z — variable operational costs; “4 — of the j-technology life

cycle, years; T — current year.
The permissible load capacities Pif was determined by the formula:
Byp = By )
Annual generation volumes I by the formula:

eﬂ-=P‘r*trﬂ-*}’H. 3)
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t
Power supply costs Cir per ¢ interval:

|
Cif = 1 * Pir (4)

Flel
The binary matrix elements /f , which provides the optimal set of modes of

generation and accumulation in terms of minimizing the total cost of energy on the ¢

interval, were defined as the solution to the optimization problem (5):
t Fit) ]
Ej €ip* b” = min ) 5)

if performing restrictions of technological admissibility.

t
The result of solving the formulated optimization problem is the matrix Lo

of the optimal values of using generating and accumulating powers.

P°F

r
The matrix contains the number of columns ™ equal to the number of differ-

ent elements of the vector F{t]. For each of the ™ different values of the vector r(t)
Flel
, a separate binary matrix with elements Jf is calculated , which minimizes (5).

T
Each column of this matrix is calculated for the interval # for a given value of PR and

contains the following optimal elements:
— total relative load ( % ) of technological complex (TC) - P E'L;
—  total absolute load (MW) TC - Pl = PR~ E.J; By
—  the used power of the each TC technologies j :
vy | PR = ST« pyp)
— total used power of the TC:
PL = Ty IPRL),

>

— the power supply costs for the each TC technologies j :
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i lPRY = TR(hL" o fy),
— the total cost of supply energy TC:
€t = T} o} {PR.
—  prime cost of energy supplied by the TC per ¢ interval:

¢t = Ct/P}

The generalization of the described procedure for calculating the forecast sce-
nario for the development of the TC described in [1] and presented below.

For this purpose, time series of results obtained by formulas (6 - 10) are cal-
culated, which taking into account quasi-dynamism and are modifications of formulas
(1 = 5) . In particular, to calculate the values of the parameters of the functional of

economic and technological influence [2] next formulas are used:

F(j.t) = FIPPF(z). ET(j.7), FCF(j. ). EGR(7)] PPF

, where — regional purchas-

E FCF EGR

ing power factor, r_ efficiency of technology, — final cost factor, -
economy growth rate.

In turn, each of the parameters, which is included in formula, is now a member
of the stochastic time series. It conventionally denote with %f7 and calculate as
apr = ayp F{j.ﬂ’ for example, P,=P; = F{j.ﬂ.

Now, using the modified formulas, the following stochastic elements of matri-

ces are calculated:
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T.J.II r_'l;lm_ r_.t;n "'":fi_r_-;’nr:f_u}
= - :1.-|r_,r

I:['”-T] = T
o )
Pir = Pﬁ. # trjﬁ’ )
gff'.l' = P}T #* 'ﬂ;rf.r # FHT, (8)

 J—

Cifr = Cife * Pifr. N

and at each step of the forecast horizon 7, the problem of finding the optimal set of
generation and storage modes (10) is solved:
E}T[‘;ﬁ' wb L = 'i‘i‘lf'i‘l.

it (10)

The result of the solution of the formulated optimization problem is the set of
. pt . .. . .
matrices © = of optimal conditions of generation and accumulation.

The procedures proposed in the work can be used to optimize the modes of

similar technological complexes on the forecasting horizon.
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