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AHHOTALUA

PaccmoTpena MHTAIIMOHHAS MOJIENIb BRIYHCIUTEIBHON CUCTEMEBI, MOCTpOoeHHAs B cpene Simulink (SimEvent).
B cootBeTcTBUU ¢ TeopHeil MaccoBOTO oOCiy)kHBaHUs cucTema kiaccudunupyercst kak G/G/n/oo. [lpu 3TOM B
CHCTEME MPUCYTCTBYET MHOXKECTBO BXOJHBIX IMOTOKOB, X OYepeb OCCKOHEUHA, MPUMCHSIOTCS BE 00paTHBIC
CBSI3U, OTPAXKAIOLINE CUTYALMIO TOBTOPHOW 00pabOTKHU B Cilydae OTKa3a WIIM OTCYTCTBUSI PELICHHsS TPHU MEPBOM
TIOTIBITKE 00PAaOOTKH. APXUTEKTYpa CHCTEeMbl OPHEHTHPOBAaHA Ha MapauleNbHyI0 00paboTKy ONpeneeHHOro Kiacca
3a/1a4, IPHU 3TOM CAMU 3a/1a4d HE3aBHCUMBI 110 JAHHBIM. MOZJENbh UCCIIe0BaHa IPU PABHOMEPHO PACTIPEIEICHHBIX
W 9KCTIOHCHIIMATBHBIX BXOJHBIX IMOTOKaX. MccienoBana CUTyalys HEMPEPBIBHBIX ITOTOKOB HECKONBKUAX THIIOB 3314,
JUTSL KOTOPBIX BapbUPYIOTCSI MPUOPUTETHI U YUCIO (parMeHToB pasdueHns. Ynciao pparMeHTOB 00yciIaBIHBacT
CTEIeHb MapajuieNiu3Ma MPH BBIOIHEHNH 331a4d. [loka3aH crmoco0 aBTOMAaTHYECKOTO ONPEIeNICHHs ONTHMAIBHOTO
KOJM4YeCcTBa (PParMeHTOB 3aa4yu JIJIsl TAPAHTHU €€ BBIMOIHECHUS B TUPEKTUBHBIN cpok. [IpeaioxkeHo ncnonbp30Banme
MEXaHU3MOB CIIOPAAMYCCKOTO YIIPABJICHHS KOTMYSCTBOM (PparMEHTOB 33/1a4, MOCTYAOIINX B HEMPEPHIBHOM MOTOKE,
W YIpaBJIeHHs MPHUOPUTETaMH Ka)XKJI0T0 U3 (pparMeHTOB 3a/1a4. J[aHHBIH MEXaHNU3M MTO3BOJIMT CYLIECTBEHHO YCKOPHTH
MPOXOXKJEHHE 3a/1a4 B AMPEKTHUBHBIM CPOK BbIModHEHHA. CHIDKEHA Harpy3ka Ha BBIYMCIUTEIbHYIO CUCTEMY H
noBbIeHa 3pdekTuBHOCTH ee paboThl. [IpuMeHeHne mpeIoKEHHBIX AITOPUTMOB CYLIECTBEHHO YIIPOCTUT MEXaHU3MbI
IUTAHUPOBAHUS B BBIYUCIIUTENFHOM CHCTEME, UTO TIO3BOJHT HCKIIOYUTh MCIIOTh30BaHNE IITAHUPOBIIHKA.
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Abstract
A simulation model of a computer system built in the Simulink (SimEvent) environment is considered. According to the
queuing theory, the system is classified as G/G/n/o. This means that there are multiple input streams in the system, their
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queue is infinite, and two feedbacks are applied. These feedbacks reflect the situation of the repeated processing in case
of failure or lack of a solution at the first processing attempt. The system architecture under consideration is focused on
parallel processing of a certain class of tasks, while the tasks themselves are data-independent. The model is investigated
for uniformly distributed and exponential input streams. The situation of continuous streams for several types of tasks
is considered, for which priorities and the numbers of partitioning fragments vary. The number of fragments determines
the degree of parallelism in the execution of the task. The paper shows a method for automatically determining the
optimal number of task fragments to guarantee its completion within the target period. The use of sporadic control
mechanisms for a number of the task fragments received in a continuous stream and the priorities managing of each of
the task fragments are proposed. The proposed mechanism of the sporadic management made it possible to significantly
speed up the tasks completion within the target deadline. As a result, the load on the computing system has been reduced
and the efficiency of its operation has been increased. The use of the proposed algorithms significantly simplifies the
scheduling mechanisms in the computer system, which allows you to exclude the scheduler.

Keywords
cloud computing, parallel algorithms, simulation modeling, scheduling, effectiveness of execution, deadline, sporadic
control, SimEvent, Simulink
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BBenenue

PaccmoTrpeHne apXMTEKTYp U alrOPUTMOB pabOTHI
Pa3IMYHBIX OOJIAYHBIX CEPBHCOB, PEATM30BAHHBIX B BUJIE
BBIYMCIUTEILHBIX CUCTEM, ITOKa3bIBAET, UYTO B HHUX CyIIIe-
CTBYET MHOXXECTBO MpPOOJIeM, KOTOpPbIE A0 HACTOSIIETO
BpPEMEHHU HE OBUIH paccMOTpeHHI [1-6].

OpnHa U3 TakuX MPOOIEeM — MEXaHU3M pacrapaiesi-
BaHWS [IOCTYNAIOIIMX 33124 ¥ BBIIIOJHEHUE UX (PPArMeHTOB
Ha OTJIENBHBIX BeIUMCIHATENAX. [Ipyras npobiema — ole-
CTIEYeHHUE BBIITOJHEHUS 3aJ1a4 T0JIb30BaTells 32 TapaHTH-
poBaHHOE BpeMsd (IUPEKTUBHBINA CPOK OKOHYaHUs) [7].
B Hacrosieit pabore paccMOTpEHbI KIIacchl 3a/1a4, BBIOJI-
HeHre (PparMeHTOB KOTOPHIX HE3aBUCHUMBI 110 IaHHBIM [8].
B nocnenHee BpeMsi KOJIMUECTBO 3ajia4 TAKOTO THIA CY-
IIECTBEHHO BO3POCIO. DTO 0OBACHSIETCS TeM (PaKTOM, YTO
YBEITMUUBACTCS I0JIs1 OOJIAYHBIX BBIYHCIICHHH, B KOTOPBIX
MapaJuIeIbHO MOTYT BBIIOJIHATHCS TOUCKOBBIE 3a1a4u [9],
mapaierbHas 00padoTka OONBIIIX KapTOTpadudecKux
MAaCCHBOB; PEMIAIOTCSA 3a1aud MHU(PPOBAHUI U pacmIug-
pPOBaHUs, BEIUNCIICHUS XeII-(YHKIUI; OCYIIECTBIAETCS
NepeBoJT JIOKYyMEHTO000POTa Ha TEXHOJIOTMH, OCHOBAaHHBIE
Ha OnokueiHe u T. 1. [[Js yCIenHoTo BIMTOMTHEHUS 3a71ad,
HE3aBHCUMBIX 110 JAHHBIM ¥ 00Jiaatouux OoJbIIoi Tpy-
JIOEMKOCTBIO, TPEOYeTCsl MOBBIIICHHAS! MOITHOCTD BBIYHC-
JIUTENIBHBIX CHCTEM, a 3HAYMT, YBEJINYCHHE HaKJIaJHbIX
pacxofoB Ha 000pYIOBaHKE, TIOMEIIEHHS U AIIEKTPOIHEP-
ruto. JlaHHbIe yCIIOBUS MPUBOISAT MOJIb30BaTENCH K He-
00XOIMMOCTH TIepexoa Ha oOJadHble BerancieHus. [Ipn
TAKOM IIEPEXO/IE y TIOJIb30BaTENICH BO3HUKAET PsijL IpolIieM,
KOTOpBIE 00YCIIOBICHBI CTICIIM(HUKON THTIA 33129 i HE0OX0-
JVMOCTBIO TTOJYYHTh PELICHUE 3a 33/IaHHOE JUPEKTUBHOE
BpeMsi. /1St BBITIOJTHEHUS! JAHHBIX YCIIOBHH 3a/1a4y pacria-
paJUIeNMBaOT Ha M0/[33/1a4H, ¥, YTOObI HCKIIIOUUTh 3aMe/I-
JieHue npoiiecca Beruncienus [ 10] B cucreme, OTKIIOUAIOT
PEKUM BBITECCHCHUS.

[Tpu aTOM BOTIpPOC O TOM, Ha KaKOE KOJIMYECTBO T0J13a-
Jla4 HeoOX0IMMO pa30uBaTh 3a/1auy, OCTAeTCsl OTKPBITBIM.

IIpenmer ucciaegoBanus

C TOUKH 3peHUs] TEOPUU MACCOBOTO 0OCITYKUBAHMUSI,
MOCTYNHUBINAS 3aj7aua JOJKHA OBITh BBITIOJHEHA 3a He-

KOTOpO€ TUPEKTHBHOE BpeMs, HE3aBUCHMO OT TOTO, Ha
CKOJIBKO YacTel ee MOKHO pa3feiuTh. O4eBUIHO, YTO
€CITH 3a71a9y MOYKHO pa3/IeNUTh Ha ITO3a/1a4H 1 BBITIOTHATD
OJHOBPEMEHHO Ha HECKOJBKUX yCTPOHCTBAX, TO BpeMs ee
BBITIOJTHEHUST COKPATUTCS TTPOMTOPIMOHAIBHO KOJIUYECTBY
yCTpOMCTB (BeTBe 00padOTKM). 3aMETHM, YTO ISl Ta-
KOro turia 3ajgady I/IHTepBaH BpeMeHI/I BBITTIOJIHCHUS MOXKET
cocTaBysITh OT 0 10 MOJHOTO AUPEKTUBHOTO BPEMEHH pe-
mieHust. [Ipu pa3neneHun 3ajauu Ha O/13a1a4M U ToJTyde-
HUM PCIICHUS B OJTHOM M3 HUX, BCC OCTAJIbHBIC TI0/13a1a41
JTOJKHBI OBITh CHSTHI C BRIYUCIICHHUN, TaK KaK PEIICHUE
yIKe TIOJTyYeHO.

B pesymberare apXuTeKkTypa Takol 00JavHOI BEIYHCITH-
tenpHOH cuctemMbl (OBC) nomkHa OBITH OPHEHTHPOBaHA
Ha MapaJuleIbHOE BRITIOHEHHE 0e3 MpephIBaHUs (BBITEC-
HEHUs) Kaxaoi n3 monzanad. [Ipu momyueHnn pemieHus
OJIHOM M3 110/13a/1a4 BBIMIOJHEHUE OCTABIIUXCS M10/13a1a4
npekpamaercs. 3amernm, yto B OBC moctynaer moTok
3a41a4 C pa3HI)IM I[I/IpeKTI/IBHBIM BpeMeHCM BBITIOJTHCHHA,
IIPU 3TOM Bce TpeOoBaHUsI coOI0aTh HEOOXOMMO OTHO-
BpeMmeHHO. Kaxkiast Takas 3ajja4a UMEET IPUOPHUTET, MPO-
MOPIIMOHAJBHEIN ¢e cToMMOCTH. CIIeIOBATEIBHO, PECYPChI
OBC n0omkHBI OBITH pactpeaesiCHbl MKy MHOXKECTBOM
3amad (pa3/IeIeHHBIX Ha 10/13a/1a4i) 10 U3BECTHBIM IIpa-
BHJIAM.

U3 BBIIIIEH3II0KEHHOTO TPEOyeTCs OMPEHICTUTh:

— Ha KaKoe KOJIMYECTBO 1013329 HEOOXOIMMO Pa3aesisaTh
KaXTyTo 3a/1a9y JUTS TOBBIMIEHHS () (EKTHBHOCTH BEI-
MOJHEHMS KaK camMoli 3aaa4dn, Tak u Bceir OBC;

— KakK pacnpeﬂenﬂTL HpI/IOpI/ITeTBI JJIs1 BBITIOJTHCHHU S BCEX
3a1a4 B 3aJaHHOC IJIsI HUX }:[I/IpeKTI/IBHOC BpeMH.
JlanHbie TpeOOBaHUs, HA OCHOBAHUH TCOPUH MaCCOBOTO

00CITy)KMBaHUsI, HC MOTYT OBITh BBITIOJHCHBI B peabHOMN

CUTYaIlUH.

DTO CBSI3aHO C TE€M, YTO YCIICIIHO BBITOJHCHHAS ITOJI-
3aJa4a JOJDKHA BO3aeicTBOBaTh Ha BCio OBC mist cHATHS
C BBIUMCIICHUH OCTaNbHBIX moa3anad. C nIpyroit ctopo-
HBI, JTF00Ast CHCTEMa UMEET M3BECTHYIO HAJICKHOCTB, T. €.
0001 BRIYUCIUTENBHBIN y3€ll UMEET BEPOSTHOCTh OT-
Ka30B, BOSHUKHOBEHHE KOTOPBIX MPHUBOIUT K HEOOXOIH-
MOCTH TIOBTOPHOH 3arpy3KH IOJ3a7a4y Ha BHITIOJTHEHUE.
Taxke MOXKET BOSHUKHYTh CUTyallns, KOT/Ia 3aaHue ObLI0
BBIMOJIHEHO TIOJIHOCTHIO, HO PEHICHHE HE ObLIO HAWICHO.
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M.E. lTonocos, .M. locTes

B arom ciyuae 3ajada TpeOyeT MOBTOPHOTO BBIMOJIHE-
HUS C PaCUIMPEHHBIM/M3MEHEHHBIM HA0OPOM HavaIbHBIX
JIaHHBIX.

Taxum oOpa3om, mapajuieaTu3M BBITOJIHEHUS 3aj1ad,
HaJIM4Ke CIIOKHBIX OOpaTHBIX CBsi3el B HEil, a Tarkke He-
W3BECTHBII 3aKOH moctyiuieHus 3axa4 B OBC u Heomnpe-
JeleHHOe BpeMsi 00paboTKH 33734 pa3HBIX THUIIOB HE TO-
3BOJIIOT MPUMEHUTD JJIS PELICHUs 3TUX IpoliieM, Kak
anmapar TeOpUH MacCOBOIO OOCITyKMBAaHHMS, TaK M Kiac-
CHYECKHE METO/IbI IUTAHMPOBAHUSI YIIPABICHUS 3a/ITaHUSIMU.
B o61em Buje Takoro Tuna 3ajayd B TEPMHHAX TEOPUH
MaccoBOro o0CITy»KMBaHHMs1, KOTOpble B HoTauuu Kenpaia
nmerot Bu G/G/n/co (C MHOKECTBOM BXOJIHBIX MOTOKOB C
IIPOM3BOJIBHBIM pacIpe/ieseHIeM, OECKOHEUHOH ouepe/ibio
1 HECKOJBKUMH OOpaTHBIMHU CBS3SIMU), IPAKTUYECKH HE
UMEIOT (POPMATBHOTO OIHCAHMS.

JUi1st penieHus TakuX 3a/1a4 MOKHO IPUMEHUTh METO/IbI
“MUTArOHHOTO MonenupoBanus [11-13]. C aToif memsio
HEOOXOIUMO CKOHCTPYHPOBATh aPXUTEKTYPY BBIYUCIIHU-
TEJBHON CUCTEMBI ¥ B IIPOLIECCEe MOJICIIMPOBAaHUS oOecIe-
YHUTH pa3JIMYHbIC 3aKOHBI IIOCTYIUICHUS BXOIHBIX 3a/1a4
MeXaHHM3MbI UX 00CIyXrBaHHs. B KauecTBe MHCTPyMEH-
Tapus JJIsl PeLIeHHs TIOCTABICHHOW 3a/1a4i MCIIOJIb3yeM
MATLAB/Simulink ¢ makerom SimEvent [14, 15].

B nacrosiei#t pabore nocrasieHa 3ajada ncclieioBa-
HUsl BO3MOKHOCTH yripasienust OBC npu HerpepbIBHOM
MOTOKE 3aJ1ad C LEeJIbI0 YTOYHEHHUS] MUHUMHU3AINH Bpe-
MEHH HCIOJHEHUS MTOCTAaBJICHHBIX 3aJ1a4, AJISi TapaHTHH
o0ecreYeHns] TUPEKTUBHBIX CPOKOB M MOBBIIICHHS (-
(bexTHBHOCTH pabOTHI Beeil cuctembl. [ mocTmkeHus
9THX LeJel pa3paboTaHbl CIEAYIOMNE CIIOPaJINICCKUE
MEXaHH3MBI:

SumTask

— HM3MCHEHHE KOJIMYECTBA MOA3a[ady B 3aBUCHMOCTHU OT
TeMIla U TUNa noctynaromumx 3aaad B OBC, uro no3so-
JIUT TIOBBICUTB d(PPEKTUBHOCTH PaOOTHI BCEH CUCTEMBI
W YBEIMYHTH €€ MPOITYCKHYIO CIIOCOOHOCTH;

— yIpaBleHUE MPUOPUTETAMU (PPAarMEHTOB BEITIOTHsIC-
MBIX 3aJa4d A 00eCIeYeHIs TapaHTHPOBAHHOTO UX
BEBITIOJTHEHHS 32 TUPEKTUBHOE BPEMs W MOBBIIICHUS
3P PEKTUBHOCTH PAOOTHI BCEH CHCTEMBI.

ApXHUTEKTYpa 00,1a4HOIi BHIYHCIUTETbHONH CHCTEMBbI

CTpyKTypa ¥ alroput™M (GpyHKIHOHUPOBAHUS UMHUTa-
nuonHoit Mmonenn OBC Obimm paccMoTpeHsl B padboTax
[16, 17]. UmuTammonHast MOZIENb pa3paboTaHa CIIeIHAIbEHO
JUTS PEIICHUS 3a1a4, He3aBUCUMBIX 110 TaHHBIM, [TOKa3aHa
Ha puc. 1.

VmuTanmoHHas MOZIENb BKITIOUACT B Ce0s:

— TOJCHCTEMY TeHepaTopoB 3aja4 — Generators;

— ouepenp 3aa1a4 — Entity Queue;

— 4YeThIpe 00CTY)KUBAKOIIUE TIOICKHCTEMbI Subsystem, BbI-
TIOJTHSTIOIINE POJTb UCTIONHUTEIIBHBIX CUCTEM, KayK/1ast 13
KOTOPBIX COJIEPIKUT BOCEMb TTOJICHCTEM, IIPEJICTABIISIO-
mUX co0O0i cepBepHbIE Y3IIbl, OCHOBAaHHBIC HAa aBTOMATE
KOHEYHBIX COCTOSTHUI M NIPE/ICTAaBICHHBIC Ha PUC. 2;

— CHCTEMY YIpPaBICHHUS KOJIWYECTBOM IoOA3anad —
ControlNumPart;

— OJIOK aHaNM3a CPeTHETO BPEMEHHN BEIYUCICHUS KayKIOTO
THma 3a1ad — Avg;

— 6ok Function Block, comeprkamuii iio6aabHbIE TTe-
pEeMeHHbIE, TUCIUICH ¥ HeOoOXOUMble (QYHKIIUU JJIs
paboThI MOJCITH.

[TpuBenem onucanue padOTHI OT/AEIBHBIX OJIOKOB HMH-
TAIMOHHON MOJEIH.

Function Block

I

Outt  In1 f[¢— Outt RepGen(data)

| [y=unirand(v) |y =Readbim0 ] - [7vg]] [rva]

Task1
@_} ?ignal to Message SF6 SF2 ReggDim Avg Avgl
L{out1
Tas2 || 03]2 e s Dim | rep = ReadRep() ] I res = ReadBr(dat,TimeS) | Avg2
|:]I‘ _83:2 Dim ReadRep ReadBr Avg2
L L Outs l WriteBr(dat,TimeS) I | y = readTimer(u) | I Br | |Rep] IKVQQI
|E— SF7 SF10 Br Rep Avg3
@ ControlNumPart LenQ @. InBlock »(In1  Outl
Subsystem1
Generators | -
_r’-l—l /] Subsystem2
o QWait
Sy Bord <)
Out2 _ » Subsystem3
—=prew | | |
i Switch2 Subsystem4
Priority Entity_Queue Y
Server Time T
SumGen 5
y = Cont(u) | Max_Time(u)Outt I_’i |:]|

Switch1

SF1 SF9 Max

Puc. 1. O6miast 0J10K-cxemMa MIMHTAIIHOHHON MOJIEITH

Fig. 1. Simulation model general block diagram
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Simulinkm:unction Display1

- GateCtrl1(cmd) I |Angype(type,extime,slTime) a

IntCer w ouT
IN t CllTEFl

Switch1

S
Gatel Delay Discrete Event Out3
Server IntServer Error
Server
Function Part Control A
Del I | Nextl Quality '
ey ) _—
| t=ReadDel() || WriteDel) | ~Del  Next ‘ ‘
2 IntTerm2 |
ReadDel WiriteDel IntServ Switch2
Numint2 &
| [datn,TimeSn] = ReadNext() ] | WriteNext(d,t) |
ReadNext() WriteNext IntTerm1

Puc. 2. Cxema Chart cepepa

Fig. 2. Chart server diagram

Bbiok reneparopos. biiok reneparopoB Generators ObLT
MOJU(UIMPOBAH TAKMUM 00pa3oM, 4YTOObI T€HEPUPOBATH
3ajJ[a4u B TE€YCHHE BPEMEHU MEHBIIIET0, YeM 001ee BpeMst
MozieIMpoBaHusl. JJaHHOE yCIIoBHE CBA3aHO C OI[EHKOH 00-
el addexrnHoCcTH padoTel OBC npy rapaHTHPOBaHHOM
BBINOJTHEHUN BCEX MOCTYIUBIINX 331ad. B manHOi padore
TeHepaTophl 3a1ad pabotaroT B mHTepBase [0, 500], B To
BpeMs Kak ol1riee BpeMs MoAeTupoBanus coctasisieT 700
YCIIOBHBIX CEKYH]I.

CepBepublii 0;10k. Pazpaborannsiit Chart-cepsep oc-
HOBaH Ha aBTOMare KOHEeYHBIX cocTossHmid (Discret Event
Server), MOy/Ib KOTOPOro uMeeTcsi B makere SimEvent u
B OTJIMYUE OT aHAJIOTMYHOTO aBTOMATa KOHEUHBIX COCTOSI-
Huili B makere Simulink/StateFlow, paboraeT ¢ 00bekTamu
CyIIHOCTSIMU (entity).

OTanuune MpeuIoKeHHOTO cepBepa OT MOJIHOTO OMH-
caHusl, IpUBeIeHHOTO B padore [17], 3akimodaeTcs B J0-
6aBnenny xioda Gate2, KOTOPBIH OTKPBIBACTCS TOJIBKO BO
BpeMs1 pabOTHI cepBepa M HEOOXOANM ISl CHHXPOHHU3ALIUH
paboTsl cepBepa u Oioka npepsiBaHuil. CTpyKTypa cep-
Bepa rokasaHa Ha puc. 2. JlaHHOe OTINYME BaXXHO NPHU

BO3HMKHOBEHHMHU CUTYaIlMH, KOIJIA 10/13a/1a4a BHIIOJHEHA,
W CTEHEpUPOBAH CHUTHAJ TPEPBIBAHUS JUIsL CHATHUS dTOU
MoJ3aJauu co c4eTa, HO OJHOBPEMEHHO Ha cepBep Io-
CTyIHJIA TI0/13a/1a4a Ipyroro Tuma. Torma 3a cueT curHaia
MpephIBaHMS TI0/13a1a4a OyIeT CHATA CO CUeTa, XOTS U HE
OBLITa BBIITOJTHCHA.

Biok ynpaBiieHHSI KOJHMYeCTBOM MOA3agay
ControlNumPart. J{ns yrpaBieHns KOTHYECTBOM MO3a-
Jad B cucTeMy BcTpoeH Monyis ControlNumPart, koTopsrit
moKkas3aH Ha puc. 3. BXogHO# curHam Ha JaHHBIA OIOK
MOCTYMNAaeT CO CTaTUCTUYECKOTO BbIXo/Aa ouepean Entity
Queue, MOKA3BIBAIONIETO KOJTUYECTBO 3a7ad B OUEPEIH.
Jlanee oH HampaBiseTcsl Ha TPU KOMIIapaTropa co 3HaYCHU-
SIMU YCTaBOK B 64, 128, 256. BbIxo/1pI KOMIapaTopos mora-
JIAI0T Ha MEePEeKII0YaTeNd, KOTOPbIE ONPEEIsOT KOHEUHOe
3HaYeHHE BBIXOJHOrO curHana 6moka ControlNumPart,
ciIy»allee BXOAHBIM napamerpoM ¢yHkiuu DimPar().
Oyukmust DimPar() 3agaer 3HaueHue mo0aTbHON Tepe-
MEHHOM crcTeMbl Dim, BemudrHa KOTOPOH B 3aBHCHMOCTH
OT BXOIHBIX 3HaYeHNH QyHKImr DimPar() nMmeer 3HaueHMS:
24, 20, 18, 16. Takum oOpa3oMm, 3HAUCHNE TIEPEMEHHOM

Switch1 [P (E_—
—i Disp1 “ U
L DimPar
Compare E_.p_u F - MATLAB Function
To Constant1 Disp2
Const1 -
2 »
o [2 =
. G (11
Compare —» - F Disp3
To Constant2 Const4 Switch2
=] (2] =T
>= 256 >
Compare > = F
To Constant3 Switch3

Puc. 3. Cxema O51oKa yrpaBiIeHUs] KOTHYECTBOM TTO3a1a9

Fig. 3. Diagram of the control unit for the number of subtasks
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Dim onpenensier KOIMYECTBO 110/133/1a4, Ha KOTOpoe OyeT

pasnensiThesl reHepupyemMast 3a1ada. HaganbHoe 3HaueHue

m1o0aneHOI nepeMenHoi Dim paBHo 24. T u F — cocros-

HUSI TIEpEKITIovaTesei; U — YIpaBIsomuil curaan QyHK-

nuu DimPar (mpuaIMaeT 3Ha4eHus u3 MHOXkecTBa [1-3]).
Takum oOpaszom, anaroputm paboTe OIOKa

ControlNumPart 3axmogaercst B perylInpoBaHHH OOIIETo

konmuecTBa noazanad B OBC B 3aBHCHMOCTH OT JJTHHEI

odepean. Uem Oosnblie [iMHA O4YEpenr, TEM HAa MEHbIIEE

KOJIMYECTBO TOA3a1a4 OyayT pa30OMuBaThCs MOCTYIIAIOIINE

3a/a4uu.

JonoanuresbHble 0J10kH. B pencraBneHHON Moen

B OBC n006aBiieHbI CIICTYFOINE KOMITOHCHTHI:

— AvgControl — 0110k, npe/JHa3HAYEHHBIN JUIs1 BBIYUCIIE-
HUSI CPEHETO BPEMEHH BBITIOJTHEHHS 110 KayK/IOMY THITY
3aJ1a4u, ToKa3aH Ha puc. 4, a. 3HaYCHUE BPEMEHH BBI-
TIOJTHEHMS 33/1a4 CUNTHIBACTCSI CO 3HAYCHUH 1100asb-
HBIX NepeMEeHHbIX Avgl—Avg4, BEIUMCIEHHBIX YCpel-
wsronMu pyHKIusaMu Avg Timel()-Avg Time4(), n
manee moctymnaet Ha auciuien Avg Typel—Avg Type4.
OTtu mo6anbHbIE IEPEeMEHHbIE HHULIHATU3UPYIOTCS
npu oMot Gynkiuii Avg Type(), BbI3bIBAEMBIME 13
kaxaoro ooka Chart Server.

— Cepgep PriorityServ — nmpenHa3Ha4yeH Jisl H3MEHCHUS
3HAYEHUs] PUOPUTETOB 33J1ad B 3aBUCUMOCTH OT HX
CpeHero BpeMeHH BbIoiaHeHus. [IporpaMmublil Koz
yIIpaBJIeHMs IPHOPUTETaMH 1ToKa3aH Ha puc. 4, b. [1pu
CTPEMJICHUH BPEMECHHM BBITIOJIHEHUS K JIUPEKTHBHOMY,
ee TIPHOPUTET CYIIECTBEHHO ITOBBIIIACTCS (B CHCTEME
Simulink HamBeIcIIMi ipropuTeT paBeH 0). Takum
00pa3oM, yBeTn4IrBast IPHOPHUTET 3aa4H, TOOUBaeMCs
YCKOPEHNS MTPOXOKACHHS 3a/1aul 4epe3 O4epelib, TeM

AvgControl Event actions

caMbIM o0ecIieunBasi e BBIIOJHEHUE B TUPEKTHBHOE
BpeMsL.

— buok Time (puc. 1) npegnasHadeH [uist pacuyeTa MakCH-
MaJIbHOTO BPEMEHM BBIYHMCIEHUS BCEX 3a7a4, KOTOPOe
orobpaskaercst Ha nucruiee Max. /lJist 3TOro ucromb3y-
ercs pyaxmus Max_Time().

Pe3yJ'll>TaT[>l MOJECJIMPOBaHUA

[porecc MoaeIMPOBaHUSI BBIIOIHEH B HECKOJIBKO JTa-
OB JIJIsL ABYX THIIOB BXOJHBIX IMOTOKOB — KCIIOHCHIIHU-
aJBHOTO U PAaBHOMEPHOTO. Bpems BEITIONHEHUS YeThIPEX
THIIOB 3a/1a4 ¢ MoMoIIbio Oioka AvgControl HeH3MEHHO
u cocraBuio 160, 128, 64 u 32 ycnoBHbIX enuuul. [lpu
SKCIIOHEHITHATHHOM 3aKOHE MOCTyIIeHus 3axad B OBC
BEIOpAHBI CIEAYIONINE 3HAUCHIS TapaMeTpa A paBHbIC 12,
10, 6, 2, mpy paBHOMEPHOM — MHTEPBAJ TEHEPALINN 32189
cocrasui: [0, 20], [0-15], [0-15], [0-8].

Pesynbrarsl MOJCIMPOBAHUSI IIPUBEICHBI B TAONHUIIE, T7IC
NPUHATHI crefytomue odoznadenus: T, n TQ, . — Mak-
CHUMaJIbHOC BPEMsI BBITTOJIHCHHUS BCEX 3a/1a4 U HAXOXKICHUS
3aga4 B ouepenu; Q. — MAaKCUMaJIbHOE KOJIHYECTBO
3aja4 B ouepeny; LenQ — cpenHee 3HAUCHHE YMCIIA 3a]1a9
B ouepenu; WaitQ — cpemHee BpeMs OXKHIAaHUS 3a7a4u
B ouepenu; Avgl, Avg2, Avg3, Avg4d — cpennee BpeMs
BBINOJIHEHUS 3a1a4 1-4 turos. 3Hauenus 1, 4, 8, 16, 24
COOTBETCTBYIOT KOJTMYECTBY mona3anad. Ctonousr varl u
var2 copepikaT JaHHBIE KOJTMYECTBA 3a/1ad C BKIIIOYEHHON
CHCTEMOH YIIPaBJICHUSI U CO CIIOPAAMYECKUM PEKUMOM
YIPABJICHUS IPHOPUTCTAMH.

Ha mepBoM 3Tame MOeIMpOBaHuUs IPHOPUTETHI BCEX
3a1a4 paBHbI 30.

Entry action:

7 Ws1

Entry*

Service complete

Called after entity has entered this block.
To access attribute use: entity.TimeStamp

if entity.Type == 1

¢ = Cont(1);

if ¢ > 120
entity.entity

]
w

| avg_Time1(u)outt Exit
Blocked
We2 Preempt
Avg Type 1 [Avg2]
Simulink un
| avg_TlmeZ(u)oun Entity structure
v entity
NumSeg
Avg Type 2 - X
Sim Iink% nctiolr:‘;g3 TimeExee
= 4 Value
| ave Timeaw)our ity
Term
) Type
AvgType gt v entitySys
Simulink Fun ld, A
priority
| avg_Time4(u) Qut1
Avg Type 4

end
if entity.Type ==
¢ = Cont(2);
if ¢ > 100
10 entity.entity
11 end
12 end
13 if entity.Type ==
14 c = Cont(3);
15 if ¢ > 40
16 entity.entity
17 end
18 end
19 if entity.Type ==
20 c = Cont(4);
21 if ¢ > 25
22 entity.entity
23 end
24 end

1
2
3
4
5 end
6
7
8
9

Il
wm

1l
w

Il
w

Puc. 4. Cxema 6moxa AvgControl (@) 1 Koz Ciopainv4ecKoro ynpasieHus IPHOpUTeTaMu 3a1ad B cepsepe PriorServ (b)

Fig. 4. Diagram of the AvgControl block (a) and the code for the sporadic task priority management in the PriorServ server (b)
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3HaueHMs BPEMEHH BBITTOJIHEHNUS 3324 U MapameTphbl
3aKOHOB I'€HEpalny BbIOpAaHBl TaKUM 00pa3oM, YTOOEI
IIPH OTCYTCTBHUH JICJIICHUS 33ja4 Ha 4YacTH cUcTeMa Obuia
MaJlo Harpy>xeHa, U cpe/iHee 3HaUCHHE KOIMYECTBa 3a/1ad
B ouepeau paBHO 1. Takoe cocrosaue OBC no3Bomser Bbl-
JICP’)KUBATH ANPEKTHBHBIC CPOKH BBITTOIHEHUS KayKI0H 13
3a1a4, OJJHaKO, paboTa BCEl CHCTEMBI ITPH TaKOH Harpy3Ke
Oynet manodddexrnBrHa. Takke OTCYTCTBYIOT TapaHTHH,
YTO JUPEKTUBHBIC CPOKH BBIOTHEHUS KaXI0W U3 3a1a4d
OyayT cobmonensl. C yBeIMUeHUEM KOJIUYEeCTBA MO/3a 1a4u
ouepeb OyIeT YBEIUYMBATHCS, IPH 3TOM TEOPETUUCCKH
BpEMsI BBIITOJIHEHHUS KaXK/I0H U3 3a]1a4 JIOJDKHO COKpaIlaTh-
Cs1 MPOMOPLUOHANBHO KOJINYECTBY yacTelt 3agaun. OfHaKo

C POCTOM OuepeaM BO3HUKAET M KOHKYPEHIIHS 3a PECYPChl
(cepBepsl) cucteMsbl. BeneactBue 3Toro He BCe TUPEKTUB-
HBIC CPOKHM BBITIOJIHEHUS 3a]a4 OyayT COOJONAThCs, Kak
BHUJIHO U3 TaOJIHIIBI.

Ha puc. 5 (kpuBas /) moka3aHO KOJIMYECTBO 3a7a4d B
odepenn Mpu (PUKCUPOBAHHOM KOJIWYECTBE ()PAarMEHTOB
(24).

[Ipy moAKITIOYEeHNHN CUCTEMBI PETYIMPOBAHUS KOINYe-
ctBa pparmenToB (61okx ControlNumPart) pasmep ouepenn
3a/1a4 yMEHbIIWICA (pHUC. 5, KpuBast 2), HO JUPEKTUBHBIC
CPOKH BBITNIOJIHEHUS 3aJlad — HE BbIJepkKaHbl (Tabiuna,
varl). IIpu nepeBose ouepean B MPUOPUTETHBIN PEKUM
paboTHI U UCTIONB30BaHNUU cepBepa PriorityServ, aist npu-

Ta6ﬂul4a. Pe3yJ'IBTaTBI MOACINPOBAHUS IJI1 SKCIIOHCHIIUAJIBHOTO U PaBHOBEPOSATHOI'O 3aKOHOB BXO/IHOI'O IIOTOKA 3a1a4

Table. Simulation results for exponential and equiprobable laws of the input stream of tasks

o | T T L s e ™ |
T hax 9KCITOHCHIHATbHBII 582,2 612,8 623,5 595,9 578 600 569,7

PaBHOBEPOSATHBII 6154 627,2 628.5 609 5713 565 574

TQax 9KCIIOHEHITUATbHBIN 496,3 587,4 619,2 588 573,6 592 539
PaBHOBEPOSATHBIN 499 601,2 615,2 605,2 570,7 563 563,9

Qumax 9KCIIOHEHIIHATBHBIH 3 231 56,3 859 1186 907 373

PaBHOBEPOSATHBII 1 195 461 823 847 573 325

LenQ 9KCIIOHEHIINAIbHBIH 0,07 75,46 199 270,7 35,8 270 110
PaBHOBEPOSTHBIN 0 72,8 176,6 291,9 267,6 201,8 134,6

WaitQ 3KCTMIOHEHIINAIbHbII 0 27,64 38,42 24,82 21,34 20,87 7,468
PaBHOBEPOSITHBIN 0 38,2 472 38,38 22,10 20,73 13,09

Avg, 9KCITOHEHIIHATbHBII 110,6 106,6 127,1 84,42 71,38 91,46 74,93
PaBHOBEPOSTHBII 120,6 114,8 114,5 102,6 69,79 60,52 82,45

Avg, 9KCITOHEHIIMATbHBII 122,8 99,36 123,6 65,47 64,02 71,36 46,43
PaBHOBEPOSATHBII 123,1 119,1 124,1 111,1 77,93 71,36 16,35

Avg; 9KCITOHCHIIHATbHBII 58,46 78,67 124,2 91,36 77,21 96,14 8,074
PaBHOBEPOSATHBII 61,56 108 116,1 106,2 72,96 63,64 5,097

Avg, 9KCITOHCHIIHATbHBII 31,8 97,17 68.9 90,98 76,46 95,94 2,74
PaBHOBEPOSATHBII 16,25 106,2 118,2 106,7 74,87 64,04 0,9162

1200

800

400

KonunyecTBo 3a71a4 B ouepeaun

MMuranmonHoe Bpems, ycil. ¢

Puc. 5. lloBenenue ouepenn 3a1a4 Mpyu pa3inuHbIX peKUMax MOJICIMPOBAHUS: CTATHUECKOE JIeJIeHUE 3a/1aud Ha 24 yacTu (kpuBas /);
JIMHAMHUYECKOE pa3iesieHue YIpaBieHus 0e3 nmpuopureTa (Kpruasi 2) U ¢ IpHOPUTETOM (KpHBas 3)

Fig. 5. The behavior of the task queue for various simulation modes: static task sectioning into 24 parts (curve /); dynamic control
sectioning without priority (curve 2) and with priority (curve 3)
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Fig. 6. Average task execution time for different operating modes of a cloud computing system: type 1 (curve /), type 2 (curve 2),
type 3 (curve 3), type 4 (curve 4)
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opuretoB 50, 40, 30 u 20 (3agaun Tuna 1—4 COOTBETCTBEH-
HO) — O4epe/ib 3HAUYUTEIbHO YMEHbIIMIAch (puc. 5, Kpu-
Basg 3) U IUPEKTUBHBIC CPOKH BBIJIEP’KAHBI C OOJIBITUM
3amacom (Tabmmia, var2).

[Ipu sToM B Tabiuie NMOKa3aHbl CPEAHUE 3HAUCHUS
BPEMEHH, KOTOPBIE HE MOTYT T'apaHTHPOBAThH BBITIOJIHE-
HUE JTUPEKTUBHBIX CPOKOB. [Tokaskem moBeneHne mapa-
METPOB MOJCITUPOBAHUS B PA3IMYHBIX PeXKUMax (puc. 6).
Ha puc. 6, @ npogeMOHCTPUPOBAHO TTOBEICHUE CPEAHETO
BPEMEHH BBINTOIHEHUS IIPU OTCYTCTBUU PETYIUPOBAHUS
1 pa30ueHMH 3a1a4d Ha 8§ rmoa3anad, Ha puc. 6, b — Ha 24
niozzaiadn. Taxoke moka3zaHo IOBEJICHUE CPEHET0 BPEMEH!
BBINOJTHEHUS TIPY TUHAMUUECKOM pa3OMeHuH 3a1aun 0e3
ynpaBiieHUsI npuopureramu (puc. 6, ¢) U Ui 3a1a4 Ipu
JMHAMHYECKOM Pa30MEHUH M TIPHOPUTETHOM CIIOpajnye-
CKOM yTIpaBiieHHH (puc. 6, d).

B pesymbprate BUIHO, 9TO TONBKO CIIydail Ha puc. 6, d
obecrieunBaeT 331aHHOE TUPEKTUBHOE BPEMs BBHITIOJTHEHHS
¢ OompmiM 3aracoM. IIpu 3ToM pasMeps! ouepenu cyiie-
CTBEHHO YMEHBIIMINCH (PHUC. 5, KPUBAS 3), 9TO CBUICTEIb-
cTByeT 0 Oonee 3¢pdexTuBHON paboTe BCell CHCTEMBI.

Oobcy:xnenne u BbIBOIbI

AHanM3 pe3ynbTaToB MOICITHPOBAHUS MPEIOKCHHON
nmuTannorHoi Moaenu OBC moka3zan ciemyroree:

— TIpW YBEIMYCHHUH YHCIIa (ParMEeHTOB 3a0a9H TIPOHCXO-
JIAT CYIIECTBEHHOE BO3pAcTaHHEe pa3Mepa O9epen, UTo
HE JaeT BBIMTPHINIA B TAPAHTHPOBAHHOM BBITIOTTHEHUH
3a/1a4 3a JUPEKTUBHOE BpeMs. DTOT (PaKT OOBICHIETCS
KOHKYpEHIIMeH 3a1a4 B ouepenu u npaktudecku 100 %
3arpy3Koi «IpoLeccOpoBy. YBEINUYEHNE 3HAUCHUSI TIPH-
OpHTeTa JUIsl OTHOTO M3 THIIOB 3a]1a4 IIPUBOJIUT K HECO-
OJIFONICHHIO JUPCKTHBHOTO BPEMEHU BBITIOJIHCHUS ISt
JPYTUX, YTO SIBJISICTCS HETIPHEMIICMBIM;

— BApPHATHBHOCTb YMCIIA TI0/[33/1a4 TIPU HEOOIBIINX 3HAUC-
HusX (1—16) MPUBOAMT TONBKO K YBEIMUYCHUIO OUSPEIIH,
MTOBBIIIICHUIO HATrPY3KH CUCTEMBI U, KaK CIEACTBHE, K
YBETHMYCHHUIO TUPEKTUBHBIX CPOKOB BBIITOIHEHUS OJI-
HOTO WJIM JIBYX THUNOB 3amad4. [Ipy yBenn4eHNN KO-
yecTBa nmoazanad (bonee 16) MpOUCXOAUT HEKOTOPOE
YMCHBIICHNUE BPECMEHU BBINMOJTHCHUA BCEX 3a1a4, 4YTO
CBUJICTEIBCTBYET O CHI)KEHHM OOIIeH HArpy3KH CH-
creMbl. OJJTHAKO U B ATOM CJly4ae OTCYTCTBYIOT TapaH-
THH TI0 CPOKaM BBITOJIHEHMST BCEX THIOB 3ajad. [Ipu
BKJIIOUCHUH CIIOPA/IMUECKOTO YIIPABICHUSI KOJIUYECTBOM
1107133124 ouepe/ib 3HAYNTEIbHO YMEHBIIAETCS, HO TaK-
K€ OTCYTCTBYET rapaHTHs BBITOJTHECHHUS BCEX 3a/1ad 3a
TUPEKTUBHOE BPEMSI;

— TIpY BKJIIOUYCHHUH CHOPAJNYCCKOTO YIPABICHUS TIPUO-
pHUTETaMH MMPOUCXOANUT HEKOTOPOE KYTIOPSIOUNBAHIEC)
PACTIONIOKEeHHUS 3a/1ad B OUEPEIH, YTO MPUBOIUT, C OJI-
HOH CTOPOHBI, K €€ YMEHBLIEHHIO, a C IPYrOil CTOPOHbI
obecrieurBaeT rapaHTHPOBAHHOE BBIMIOJIHEHUE 33124 B
JUPEKTUBHOE BPEMS;

— CpaBHCHHUE PE3yJbTAaTOB MOJACIUPOBaHUs (Tabyinia)
TIOKa3bIBACT, YTO, HECMOTPSI HA TOT (PAKT, YTO IKCIIOHEH-
LMAJILHOE pacIpe/ielieHne 1aeT MEHbBIIYIO Harpy3Ky Ha

CHCTEMY, TEM HE MEHEE HaJIMYHE «TSDKEJIBIX XBOCTOB)
WHOT/Ia TIPUBOIMT K TCHEPAIMH HECKOJIbKUX OIMHAKO-
BBIX THITOB 33129 IPAKTUYCCKH B HEOOJIBIIIOM OTPE3KE
BpeMeHH. U, HecMOTps Ha HEOOJBIYIO HATPY3KY BCEH
CHCTEMBI, 3TOT (PaKT MPUBOIUT K HAPYIICHUIO TapaHTH-
POBAaHHOTO BPEMEHH BBITIOIHEHHUS [T OTHOTO U3 THIIOB
3anmad. [Ipn paBHOMEpPHOM pacmpeneeHuH TaKkoro -
(hexTa He HaOmMIOMACTCS;

— TIOCKOJIBKY PE3YIIbTaThl SKCIIEPIMEHTOB CO CIIOPaIrye-
CKUM YIPaBJICHUEM MOKa3aiH, YTO CPEAHUE BpeMeHa
OXXKHUIaHWA IJId BCEX 3a4a4 CYHICCTBEHHO MEHBIIC, YEM
JIUPEKTUBHBIC CPOKH, TO B TAKOW CHCTEME BO3MOXKHO
BOJIIOHTAPUCTUYECKH MpHUIaBaTh HEKOTOPOH 3aaaue
MOBBIIICHHBIN MTPUOPHUTET, JJIsI TOTO YTOOBI MUHUMHU-
3UPOBATh BPeMs €€ BBITIOITHCHUSL.

IIpemnoxeHHas cxema yIpaBlICHHS MPOXOXKICHHEM
3a7a9 B OOJTaYHBIX CHCTEMaX MMEET PSI MIPEUMYIIECTB 110
CPaBHEHHIO C CYIIECTBYIOIINMH KIACCHICCKUMH CXEMaMHU
yipasieHus. Bo-niepBbIX, B TaKOH CHUCTEME OTCYTCTBYET
TUTAHUPOBIUK, KOTOPHIH MpH OOIBIINX BXOMHBIX MOTO-
Kax W pa3HOTO THIIA 3a7a4ax OyaeT TpeOOBaTh OTONHHU-
TCJBHOI'0 BPEMECHU Ha pacueT ONTUMAJILHOU CTpaTeruu
00ciTy)KuBaHUsI. BO-BTOPBIX, KaK BUIHO M3 TAOIHIIBI U
puc. 6, d, mony4aercs OOJBLION 3amac 1Mo rapaHTHPOBaH-
HOMY JHPCKTUBHOMY BPEMEHHU OOCITYKHUBAHUS, YTO 1O-
3BOJISIET JIOTIOJIHUTENILHO HArPy3UTh CUCTEMY, U TEM ca-
MBIM TOBBICUTH €€ d((PEKTUBHOCTh. B-TpeThux, uMeeTcst
BO3MO)XHOCTh Ha OCHOBE CIIOPAJUYCCKOTO YIIPABICHUS
BHECTH «BOJIOHTApU3M» B YIIPABIICHUE CUCTEMOH, KOTrIa
B CIUTy KaKHX-JINOO MPUYHH HEOOXOANMO B KpaTdaiirne
CPOKH BEITTOTHUTH HEKOTOPYIO 3a/1ady, He HapymIas padoTy
BCEH CUCTEMBI.

Taxum 00pa3om, MpeAIoKeHHAS] UMUTAIIMOHHAS MO-
JIeNb TI03BOJISIET NMMPOBECTH UCCIIC0BaHUs 110 Hanbolee
3 HEeKTHBHOMY YIIPABICHUIO OOJAYHBIMUA CEPBUCAMHU C MH-
HUMAaJIbHBIMU 3aTparamu. PazymeeTcs, B peasibHOM cilyyae
HEoOX0IMMO M3ydarh THITbI IOCTYMAIOMINX 337134, 3aKOHBI
pacrpe/iesieHns] BXOJHbIX [TOTOKOB, TPOU3BOIUTEIBHOCTD
CEPBEPOB W IMapaMeTphl BPEMEHHU Ha Tiepeaady HHpopMa-
ITUF MEXK]Ty HUMH.

B mpemiokeHHOM MOAEnH 3TO HE OBLIO CHETaHO I
YIOPOIICHNUS ee paboThI, TaK KaK TaKUe 3aICPKKH BBOISTCS
SIIEMEHTAPHO H00ABICHHEM B TPAKT POXOKICHUS 3aTaHHUI
o0prgHOTO cepBepa u3 maketa SimEvent. [Ipu sTom Bpems
00CITy’KMBaHHUS 3TOTO cepBepa OyAET OMPEACTATh 3aACPIKKI
U MOXKET OBITh 3a/1aHO JTF000H HEOOXOMUMOMN (PYHKIHECH.

3akaouenue

PaccmoTrpena nMuTanMOHHAS MOJEINb, TPEJHA3HAYEH-
Hasl JUI PEelIeHUs ONPENENeHHOr0 Kpyra 3a/a4, KOTOPBII
MOCTOSTHHO pactuupsiercsi. Mozenb MOKET ObITh MOAEPHU-
3MPOBAHA BBEJICHUEM DIIEMEHTOB, XapaKTEPU3YIOLIUX TAKHE
pecypchl, Kak OnepaThBHAsI ¥ AUCKOBAs MaMATh. BO3MOKHBI
BapUAHThl C BHECEHUEM PA3IMYHOIO THIIA 3aJIepPKeK, 00y-
CJIOBJICHHBIX IIepeaadeii TaHHBIX B CETAX U T. II.
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