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CJIOBO PEOAKTOPA

YBAXAEMDIE HATATEJIN!

ITepen BaMHU o4epeAHOU 195-H BBIIIYCK HAy4YHO-TeXHH-
YeCKOro M3JaHus «3JIeKTPOHHAs TexHHKa. Cepus 3.
MUKPO3/IeKTPOHUKA?Y .

B maHHOM HOMepe BHHUMaHHe YHUTaTeslel KypHasa
IIPUBJIEKYT TeMaTHYeCKHe MaTepUaIbl, OITybIHKOBaH-
HbIe 11oJ] pybpuKkamu: «Pa3paboTka U KOHCTPYHPOBa-
Hue», «[Iporeccel ¥ TeXHOIOTHA», «TeXHOoIoru4yeckoe
1 MU3MepHUTe/lbHOe 000pyoBaHHe”, «MaTeMaTHUecKoe
MOJIe/IMPOBaHUE”.

BhIIyCK >KypHajia IIPe[CTaB/JIeH BOCEMbIO OPHUIH-
HaJIbHBIMU CTaThIMH, IIOCBALIEHHBIMHU pe3y/JIbTaTaM
aKTyaJIbHBIX Hay4YHBIX UCCIeJOBAHUU.

Homep oTKpeIBaeTcs pasnenom «Pa3paboTKa U KOH-
CTpyHpOBaHMe», B OOHOM U3 My6IHKALIUE KOTOPOIO
IIpefiCTaB/IeHbl Pe3y/lbTaThl pa3paboTKH, B IOPSAKE
MMIIOPTO3aMeIlleHHsl, CePUU IIPEeLM3HOHHBIX UCTOY-
HUKOB OITIOPHOro HanpsikeHUs (MOH) B MHTerpasbHOM
ucrnonHeHuu: 1111EHO013, 1111EHO014, 1380EC025...
1380EC095. Bo BTOpOI CTaThe JAHHOIO pa3/iesia IIPOBO-
JATCS SKCIIePUMEHTAJIbHBIE U TeOpeTHYeCKHe UCCIeI0-
BaHUS paboTsl 6ecTpaHCHOPMATOPHOTO JeIUTeNs Ha-
IIpSKeHUS C TPAH3UCTOPHO-AHUOAHOM KOMMYTAllHek,
IpeHa3HAUYEeHHOro 15t paboThl B COCTaBe MaJIOMOLI-
HBIX MUKPO3JIEKTPOMEXaHHUYeCKHUX CUCTEeM U aBTOHOM-
HBIX 3JIEKTPOHHBIX CUCTEM C IIOHUKeHHBIM BbIXOJHBIM
HaIlpsbKeHHeM. B TpeTbell CTaThe JAHHOTO 6710Ka Ipes-
CTaBJIeHBl Pe3y/IbTaThl pa3paboTKU BeJOMOIO yCTPOK-
cTBa SPI o TexHOJOIHMH 6a30BBIX MATPUYHBIX KpH-
ctannos (BMK), KOTopble 3aHUMAIOT IIPOMEKYTOUHOe
II0JIOKeHHEe MEXKIY IIOJTHOCThIO 3aKa3HBIMH H IIPO-
rPAMMHMPYEMBIMH JIOTUYECKMMM HHTErpaJbHBIMU
CXeMaMH.

B mepBoii my6aMKaLMK Cefyomero paszena «IIpo-
LlecCBl M TEeXHOJIOTHS» HCCIemoBaH Bosch-mpomecc
r71ybOKOro aHU30TPOITHOTO IJIA3MEHHOTO TPaBIeHUS
KPeMHHEBBIX CTPYKTYP C MajbIMM aCIIeKTHBIMU OT-
HOIIeHUSIMH. Bo BTOpOH CTaThe PacCMOTpPeH MeXa-
HHM3M MeMOPaHHOIO 371eKTPOJIK3a BOAHBIX PaCTBOPOB
YeTBepTHUUYHBIX aMMOHUEBBIX COJel )i BbIOOpa Ha-
IIpaBJIeHUs Pa3paboTKU MeTo[a CHHTe3a KOHIeHTpaTa
TMAT.

B mepBou cTaThe pasfena «TeXHO/MIOru4ecKoe 1 H3-
MepHTeTbHOe 060PyI0BaHHE» PACCMOTPEHBI HECKOJIb-
KO BAPUAHTOB BAaKyYMHOI'O TeXHOJIOTHYEeCKOro 0bopy-
JIOBaHMUS K/IACTEPHOI'0 TUIIA U UX COBEPLIeHCTBOBAHM A
10 Mepe IIOBBIIIEHUS TEXHOIOTMYeCKUX TpeboBaHUH

K BBIXOJly TOAHBIX H3MeIHMN B IIPOM3BOACTBE HHTe-
rpanbHbBIX cxeM (MC) ¢ BBICOKOH CTeIleHBIO MHTerpa-
LMK U C 6oJIee CJIOSKHOM TOIIOTIOTHEH . Bo BTOPOI CTaThbe
JAHHOTO pasziera BBIOPAHBI COCTAB U KOHOUTYPALUS
IIPOM3BOAICTBEHHOI0 KJIaCTepPHOro 0bOpymOBaHHUS Ha
6a3e IpoLeCCOB MarHEeTPOHHOrO HaHeceHUs 1Sl Gop-
MHPOBAHHS CUCTEM UIIOMUHHEBOU U MeJHOU MeTa-
nusanuu MMC ¢ ypOBHAMHU TeXHOJIOTHH (500-45) aM.

B 3aK/II0YUTEIBHOM pasfesie «MaTeMaTH4YeCKoe MO-
JleTUPOBAHUe» ITPeJIosKeH OOHOBJIEHHBIN JITOPUTM
B3BeIleHHOM 6aIaHCHPOBKHU C BO3MOSKHOCTBIO €r0 3a-
JeFICTBOBaHMSA [JIs pacrpefieleHUsl IIOTOKOB B IIPO-
rpaMMHO-KOHUTYpUpyeMbIx ceTsix (ITKC).

ITpurnamaem BcexX 3aMHTEPECOBAHHBIX YU TaTeNIeH
K COTPyOHHYeCTBY!

CysaxkeHuem,
2Aa8Hblii pedakmop KypHana,
akademuk PAH
I'.4. KpacHukos
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AHHOTALNU

ABSTRACTS

MPELM3MOHHBIE PARUALIMOHHO-CTOMKME AUCKPETHBIE

W UHTETPAJIbHBIE UCTOYHWUKM OMOPHOI O HAMPSXKEHUS

MpeacTasneHbl pesynbTathl pa3paboTkit B MOPAAKE MMNOPTO3aMELLEHs Cepun npe-

LM3MOHHIX MCTOYHWKOB OMOPHOTO HanpsxeHust (VIOH) B MHTErpanbHOM UCTIONHEHWH:

1111EHO013, 1111EHO014, 1380EC025...1380EC095. OCO6eHHOCTbIO pa3paboTaHHbix

WHTErpanbHbix MIOH 4BASeTcq T0, YTO OHW paspaboTaHbl B BIAAE TUEPUAHBIX MUKPO-

CXeM, COAePXALLMX ABYXKPUCTANbHDIN MPELM3NOHHDI TEPMOKOMNEHCUPOBAHHBIA CTa-

BUAMTPOH 11 4MM C COOTBETCTBYIOLLE 06B43K0I. OCOBEHHOCTLIO pa3paboTaHHbix MIOH

ABASIETCA TAKKE TO, YTO BLICOKAA X PAAMALIMOHHAA CTOMKOCTb AOCTUTAETCS 33 CHET

BbICOKOW P3AMALIMOHHON CTOAKOCTM BK/KOHEHHOTO B MX KOHCTPYKLIO MPELIM3MOHHOTO

CTabWAMTPOHA.
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PRECISION RADIATION-RESISTANT DISCRETE AND INTEGRATED REFERENCE

VOLTAGE SOURCES

The results of the development of a series of precision reference voltage sources (RVS)

in integrated design in the order of import substitution are presented: 1111ENO013,

1111EN014, 1380EC025..1380EC095. A feature of the developed integrated RVS
is that they are designed in the form of hybrid chips containing a two-crystal precision
zener diode and a chip with an appropriate binding. A feature of the developed RVS
isalso that their high radiation resistance is achieved due to the high radiation resistance
of the precision zener diode included in their design.
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AHHOTALUU

ABSTRACTS

/

TPAH3UCTOPHbIA AEAUTEND HAMPSDKEHNS ANS MAJIOMOLLHBIX M3MC
MpoBezeHb! 3KCMEpUMEHTaNbHbIE 11 TEOPETUYECKME NCCNeA0BaHWS PaboThl becTpaHc-
$OpMATOPHOrO [eNUTens HanpskeHns C TPaH3WUCTOPHO-AMOAHOW KOMMYyTALMeR,
MpeaHa3Ha4eHHOro A5 paboTbl B COCTaBE MANOMOLLHbIX MUKPOINEKTPOMEXaHNYECKIX
CUCTeM 11 @BTOHOMHbIX 31EKTPOHHbIX CACTEM C MOHVKEHHbIM BbIXOAHbIM HANPSHKEHNEM.
M0Ka3aHo, 4To Npy paboTe AeNUTeNs HANPSKEHWS C TPAH3MCTOPHO-ANOAHON KOMMY-

TaLMei nepex/iyaemblx KOHAEHCATOPOB OT UCTOYHMKA HANPSKEHNS OrpaHUYeHHON

MOLLHOCTY, MOAKNIOYAEMOrO K AiennTento nepuogmyecki, KMJ moxet gocturato 40%.

Ha 0cHoBe pa3BuBaeMblx NPeACTaBAEHNIT 0 GYHKLMOHMPOBAHUM AENMATENEN MONYYEHDI

QHaMMTIYECKE BbIPAXEHNS, NO3BONSIOLLIE PACCYUTATD XapaKTEPUCTUKM MCCNEL0BaH-

HOW CXEMbl AENNTENS B LWMPOKOM AWana3oHe NapameTpoB CXembl.

Kntoueble cnosa: fjennTesns HanpsxeHns, CobCTBEHHas EMKOCTb AMO/0B, CONpO-
TUBNEHIE Harpy3KK, NEPEK/TIYAEMbIE KOHAEHCATOPbI, aHAMMTUYECKIE BLIDAXEHNS.
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PEANM3ALLSA BELOMOTO YCTPOACTBA MOCAEAOBATE/ILHOIO

MEPUGEPUAHOrO UHTEPOEICA MO TEXHOOr MU BA30BbIX

MATPUYHbBIX KPUCTA/I/IOB

NHTepderic SPI - 0ANH 13 LWKPOKO MCMONb3YeMbIX MHTEPOECOB MEXAY YIpaBASioLM-

MV 1 neprGepUIHLIMM YCTPOACTBAMM, OTANYAIOLLMACS NPOCTOTON, BbICTPOAEICTBIEM

1 3Hepro3hdEKTUBHOCTLIO. B CTaTbe NpeACTaBAeHb! pe3ynbTaThi pa3paboTku BELOMOTO

yCTPOiACTBa SPI MO TEXHOAOT MY 6330BbIX MATPUUHbIX KpUCTanNoB (BMK), KoTopble 3aHH-

MaloT NPOMEXYTOYHOE MONOXEHMe MEXZY MOAHOCTbIO 3aKa3HbIMU 1 NporpaMmupye-

MbIMM JIOTUYECKIMI UHTEr PaNbHBIMU CXeMaM. MICTbITaHUS M3rOTOBNEHHON MUKPOCXe-

Mbl OKA3a7W COrNacoBaHue C pe3yabTaTami MOAENMPOBAHIS, NOMEXOYCTOAYMBOCTL

W BO3MOXHOCTb paboTbl Ha YacTote 40 5 Mrw.

Knioyesble cnoBa: yHTepdenc SPI, 6a3oBbI MATPUYHbLIM KpUCTanA, LMdpoBas
WHTErpanbHas MUKpOCXeMa, CUCTeMa aBTOMATW3MPOBAHHOTO MPOEKTUPOBAHMSA
Kovcheg, Verilog.
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TRANSISTOR VOLTAGE DIVIDER FOR LOW-POWER MEMS

The operation of the transformerless voltage divider with transistor-diode switching

designed to work as part of low-power microelectromechanical systems and

autonomous electronic systems with reduced outputvoltage s studied both theoretically
and experimentally. It is shown that during the operation of the voltage divider with
transistor-diode commutation of switchable capacitors from a voltage source of
limited power connected to the divider periodically, the efficiency can reach 40%. Based
on the developed theory about the divider operation, analytical expressions are obtained
enabling to calculate the characteristics of the studied divider circuit in a wide range
of circuit parameters.

Keywords: voltage divider, intrinsic capacitance of diodes, load resistance,

switchable capacitors, analytical expressions.
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IMPLEMENTATION OF A SERIAL PERIPHERAL INTERFACE
SLAVE DEVICE USING UNCOMMITTED LOGIC
ARRAY TECHNOLOGY
SPI is one of the commonly used interface between control devices and peripheral
devices, which is simple, fast, and energy-efficient. Results of the SPI slave device
design based on the uncommitted logic arrays (ULA) technology are presented in the
paper. ULA occupy an intermediate position between fully custom integrated circuits
and programmable logic integrated circuits. The tests of the fabricated microcircuit
showed anagreement with simulation results, noise immunity and possibility to operate
with frequency up to 5 MHz.
Keywords: SPI interface, Uncommitted Logic Array, digital integrated circuit,
Kovcheg computer-aided design system, Verilog.
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WNCCNEAOBAHUE BNUAHWA TEMNEPATYPbI KPEMHUEBBIX NNACTUH
B BOSCH-NPOLIECCE HA XAPAKTEPUCTUKIU ®OPMUPYEMbIX ITYBOKUX
CTPYKTYP C MA/IbIMW ACMEKTHbIMW OTHOLLEHWAMM
Wccneposan Bosch-npouecc raybokoro aHM30TPOMHOTO MAa3MeHHOro TpaBieHus
KPEMHEBLIX CTPYKTYP C ManbiMu aCnekTHbIMU OTHOLIEHWAMM. 10Ka3aHO, YTO OCHOB-
HOW NMPUYMHOW HePaBHOMEPHOCTY TPaBAEHHSA, OTKAOHEHWS NPOdUAS NPOTPaBNeHHON
CTPYKTYpbI OT BEPTUKANLHOMO W NPOSIBAEHNS 3ddeKTa K4epHOro» KpeMHUA ABNSETCS
neperpes nacTuHbl B0 Bpema npouecca MAMT KpemHug. YCTaHOB/eHb! 3aBUCMMOCTH
CKOPOCTY TPaBNEHNA KPEMHWS, Yriia HaKNOHA CTEHKW 371eMEHTOB, NOATPaBa U Hanu-
41 K4EPHOrON KPEMHMS OT TemMnepaTypbl NOAN0XKN BO Bpems Bosch-npoviecca. Pas-
paboTaH NpoLecc rybokoro aHU30TPOMHOMO NAA3MEHHOTO TPABNEHUS KPEMHMUEBbIX
CTPYKTYP rNY6UHOM nopsiaka 380 MKM B aCMeKTHOM OTHOWeHWM 1:30, NCnonb3yoLLi
WHTEPBaNbHOE Pa3bueHye LKI0B TPaBAEHS 1 MO3BONSIOLLM GOPMUPOBATH FybOKMe
V1 CKBO3HbIE OTBEPCTVA AN TexHON0rnin MIMC 1 TPEXMePHOW MHTErpaLv KpUCTaNNOB.
KntoueBble ¢noBa: npouecc rnybokoro aHM30TPOMHOrO TPaBMeHUst KPeMHMS,
Bosch-npoLiecc, acnekTHoe OTHOLUEHME, UCTOYHIK UHAYKTUBHO-CBA3AHHOW NAa3Mbl,
TEXHONOrUS TPEXMEPHON MHTErPaL KpUCTNNoB.
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INVESTIGATION OF THE INFLUENCE OF SILICON WAFER TEMPERATURE

IN THE BOSCH PROCESS ON THE CHARACTERISTICS OF DEEP STRUCTURES
FORMED WITH SMALL ASPECT RATIOS

Bosch is a process of deep anisotropic plasma etching of silicon structures with
small aspect ratios. It is shown that the main reason for the uneven etching, the
deviation of the etched structure profile from the vertical and the manifestation of the

‘black silicon” effect is the overheating of the plate during the silicon DRIE process.

The dependences of the silicon etching rate, the angle of inclination of the wall of the
elements, the etching and the presence of "black silicon” on the substrate temperature
during the Bosch process are established. A process of deep anisotropic plasma etching
of silicon structures with a depth of about 380 microns and an aspect ratio of 1:30 has
been developed, using interval splitting of etching cycles and allowing the formation
of deep and through holes for MEMS technologies and three-dimensional crystal
integration.

Keywords: deep anisotropic etching of silicon, Bosch process, aspect ratio,

inductively coupled plasma source, technology of three-dimensional crystal

integration.
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TEOPETUYECKME ACMEKTbI CUHTE3A KOHLIEHTPATA TETPAMETU/TAMMOHMSA
TMAPOKCWAA MEMBPAHHBIM 3/IEKTPO/IU30M BO/IHbIX PACTBOPOB
YETBEPTUYHbIX AMMOHUEBbIX CONIEN
B MpOMBILLNEHHOM MACLTabe KOHLEHTPAT TeTpaMeTUnamMMOHNS MMAPOKCMAA Nony-
4al0T MeMbpaHHbLIM 31eKTPOAM3OM BOAHbIX PaCTBOPOB X10pUAa TeTpameTnnammo-
HWS AW 61KapboHaTa TeTpaMeTUNaMMOHKS. [Lnsh BbI6Opa HanpaBneHns pa3paboTki
MeTOZa CMHTe3a KOHLeHTpaTa TMAT paccMOTpeH MexaHn3m MemMBpaHHOr0 31eKTpou-
33 BOAHbIX PAaCTBOPOB 3TVX YETBEPTUYHDIX AMMOHMEBbIX CONEN.
KntoueBble ¢n10Ba: MeMOPaHHbIA 31eKTPOM3, TETPAMETUAAMMOHIA TUAPOKCHA,
6e3meTanbHbIA NPOSBUTEND.
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e-mail: dvarlamov@niime.ru

3TAMbI CO3,AHNA OTEYECTBEHHOIO BAKYYMHOIO TEXHO/JIOTMYECKOIO
OBOPY/JJOBAHWA KIACTEPHOIO TUMA 411 MUKPOSJIEKTPOHUKU
PacCMOTPeHbI HECKOMbKO BapUAHTOB BaKyyMHOMO TEXHOAOM4ECKoro 060pyA0BaHNS
KNACTEPHOrO TUMA W 11X COBEPLUEHCTBOBAHMSA MO Mepe NOBbILIEHNS TEXHONOTUYECKIX
TPeBOoBaHMIA 1 BLIXOZA FOAHBIX M3NENNIA B NPOM3BOACTBE MHTErPanbHbiX cxem (MC)
C BbICOKOW CTeNeHbH0 MHTErpaLuy v ¢ 6onee CNOXHOA TONONOrMeN.

KntoueBble cnoBa: k1actepHoe 060pya0BaHMe, NNAa3MOXMMUYECKOE TPaBeHMe,

yaaneHue OTope3ncTa, TpaBneHue NOANKPEMHIS, DEAKTUBHO-MOHHOE TPaBAEeHKe.
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THEORETICAL ASPECTS FOR SYNTHESIS OF TETRAMETHYLAMMONIUM

HYDROXIDE CONCENTRATE THROUGH MEMBRANE ELECTROLYSIS

OF AQUEOUS SOLUTIONS OF QUATERNARY AMMONIUM SALTS

In the industry the tetramethylammonium hydroxide (TMAH) concentrate is manufac-

tured through a membrane electrolysis of aqueous solutions of tetramethylammonium

chloride or tetramethylammonium bicarbonate. The mechanism of the membrane elec-

trolysis of aqueous solutions of these quaternary ammonium salts has been considered

to choose the direction of development of the TMAH concentrate synthesis method.
Keywords: membrane electrolysis, tetramethylammonium hydroxide, metal-free
developer.
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STAGES OF CREATING DOMESTIC CLUSTER-TYPE VACUUM TECHNOLOGICAL
EQUIPMENT FOR MICROELECTRONICS
Several options for cluster-type vacuum technological equipment and theirimprovement
as technological requirements increase and the yield of suitable products in the
production of integrated circuits (ICs) with a high degree of integration and a more
complex topology are considered.

Keywords: cluster equipment, plasma-chemical etching, photoresist removal,

polysilicon etching, reactive ion etching.
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CUCTEMbI METATU3ALUA UHTET PANIbHBIX MUKPOCXEM.

Yacrb 2. Mpotiecchbl ¥ 060pyA0BaHME MArHETPOHHOTO PACTbIEHUS

B TeXHONOrMM GOPMMPOBAHUA cucTeM MeTanusaummu UMC

PaccMOTPEHbI OCHOBHbIE MPOLIECChI MATHETPOHHOTO HAHECEHNS MPOBOAALLIMX MNEHOK

11 KOHCTPYKLIW MArHETPOHHbIX PACbIATENbHbIX CUCTEM ANS X peanu3aLmu. Mpose-

[ieHa KNaccUUKaLms MarHeTPOHHbIX PacMblaUTENbHbIX CUCTeM. MepeyncneHbl Tpebo-

BaHMA K NMPOLIECCaM OCAXAEHMS METOLOM MArHeTPOHHOTO PacrbleHus BCeX MNEHOK,

MpUMeHAeMbIX B CUCTeMax MeTannu3aLmu. CHOpMyaNPOBaHbI OCHOBHbIE TEXHONOT NYe-

CKMe napameTpbl POLECCOB MArHETPOHHOTO HAHECEHNS 11 OCHOBHbIE KOHCTPYKTUBHbIE

napameTpbl CUCTEM A5 UX peanu3aLumn. OnpefeneHbl PeXUMHbIE 1 KOHCTPYKTUBHbIE

napameTpbl TeXHOAOMNYECKMX MOAYNEN MArHETPOHHOTO HaHeCeHUs ANS peann3aLmm

TpeboBaHNI K CCTEMaM amioMMHWEBON W MefHOI meTanam3aum UMC ¢ ypoBHS-

Mu TexHonoriu 500...45 HM. TpuBeseHbl MOZEN NPONU3BOACTBEHHOMO KAACTepHOrO

060pyA0BaHNS MarHeTPOHHOT0 HaHeCeHS ANs GOPMIUPOBAHMS CUCTEM aMIOMUHWEBON

1 MeHON MeTanan3awm VIMC € pa3nyHbIMU YPOBHSIMM TEXHONOT M.

Kntouesble cnoBa: yposeHb TexHonoru UMC, cuctema MeTanansauinm, Marde-
TPOHHOE paCrblfieHIe, PeaKTUBHO® MArHETPOHHOR pacribleHme, MarHeTpoHHas
pacnbiAUTeNbHas CUCTEMA, aAre3voHHO BapbepHast CTPYKTYpa, KOHTAKTHOe OT-
BePCTYeE, aCnekTHOe OTHOLEHIe, KOHPOPMHOCTb 1 PaBHOMEPHOCTb HaHECeHHbIX
MIEHOK, NNACTUHA, NOASIOXKOAEPXATENb.
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METALLIZATION SYSTEMS OF INTEGRATED CIRCUITS.

Part 2. Magnetron sputtering processes and equipment in the technology

of forming ic metallization systems

Based on the analysis, the composition and configuration of production cluster

equipment based on magnetron deposition processes for the formation of aluminum

and copper metallization systems of IC with technology levels (500-45) nm were
selected. The main processes of magnetron deposition of conductive films and the
design of magnetron sputtering systems for their implementation are considered. The
classification of magnetron sputtering systems is carried out. The requirements for the
deposition processes by magnetron sputtering of all films used in metallization systems
are listed. The main technological parameters of magnetron deposition processes
and the main design parameters of systems for their implementation are formulated.

The operating and design parameters of technological modules of magnetron deposition

for theimplementation of requirements for aluminum and copper metallization systems

of IC with technology levels (500-45) nm have been determined. Models of industrial

cluster magnetron deposition equipment for the formation of aluminum and copper

metallization systems of IC with different levels of technology are presented.
Keywords: IC technology level, metallization system, magnetron sputtering,
reactive magnetron sputtering, magnetron sputtering system, adhesive barrier
structure, contact hole, aspect ratio, conformality and uniformity of the deposited
films, wafer, substrate holder.
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BEPOSITHOCTHbIA A/IrOPUTM B3BELWUEHHOIO PA3JIENEHNS MOTOKA
B NPOrPAMMHO-KOH®UTYPUPYEMBIX CETAIX
MpennoxeH 06HOBNEHHDIA ANrOPUTM B3BELIEHHOW 6anaHCMPOBKM C BO3MOXHOCTLI
€ro 3afe/CTBOBAHNS ANS PACNPeSENerIs NOTOKOB B NPOrPAMMHO-KOHUIYPUPYeMbIX
ceax (MKC). Lienbio MccnenoBaHms crana HeobXxoauMocTb B afianTaluu CyLLecTayio-
LYVX 3ATOPUTMOB K 33/4a4aM NOUCKA PeLLeHMiA B MOAENSX TPAHCMOPTHOTO PaBHOBECKS.
B paspaboTke 1CMONL30BANNCL METOALI TNYBOKOV aHNOrMM, TeOpUM BEPOSTHOCTEN,
MaTeMaTUYeCKON CTAaTUCTUKA. B pe3ynbTate NpeACTaBAeHHbIN anropuTi MOXeT bbiTb
MCNONb30BaH NPUMEHNTENLHO K 33a4aM MOAENPOBAHNS W MPOTHO3MPOBAHNA NOTO-
koB B ceTax MKC. B kayecTse TeOpeTUYECKOro BbIBOAA MOXHO OTMETUTL COCTOATE b
HOCTb MPEANOXEHHOrO NOAX0Aa K Npobaemam ynpasaeHns Tpadukom 1 oxmuaaemyo
BOCMPOM3BOAMMOCTb IKCNEPUMEHTaNbHbIX Pe3yNbTaTOB MCCEA0BAHMS.
Kntouesble ¢n10Ba: NporpamMMHO-KOHGUIypupyemas ceTb, CUCTeMa MaccoBoro 06-
CNYXMBaHKS, 6anaHCMpoBKka Tpaduka, B3BELLEHHbIM PaHAOMU3MPOBAHHbIA BbIGOP,
B3BELLEHHOE pa3fe/eHme noToka.
CsepieHus 06 aBTopax:
3bik0B Ceprevi BUKTOpoBUY, SOKTOP TEXHUYECKUX HayK, DeaeparibHoe
[OCY/AaPCTBEHHOE BIOAXETHOE 06pa30BATENbHOE YIPEXAEHNE BbICLIErO
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PROBABILISTIC ALGORITHM FOR WEIGHTED STREAM SPLITTING IN SOFTWARE-
DEFINED NETWORKS
An updated algorithm of weighted balancing with the possibility of its use for flow
distribution in software-defined networks (SDN) is proposed. The aim of the study was
the need to adapt existing algorithms to the problems of finding solutions in transport
equilibrium models. The methods of deep analogy, probability theory, and mathematical
statistics were used in the development. As a result, the presented algorithm can be
used in relation to the prablems of modeling and forecasting flows in SDN networks.
As a theoretical conclusion, it can be noted the consistency of the proposed approach
to traffic management problems and the expected reproducibility of the experimental
results of the study.
Keywords: software-defined networks, queueing system, load balancing, weighted
random selection, weighted flow splitting.
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