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ELECTROMECHANICAL COMPONENTS
O.Sergeev

HARMONIC DRIVE WAVE GEARS
The impartant components of today's high-precision electromechanical systems
are gearboxes, of which the most common are wave gears first introduced to
the market by Harmonic Drive more than 45 years ago The article describes the
principle of operation and, design options of wave gears, features of the key series
and the main parameters of Harmanic Drive products
Keywords: wave gear, Harmonic Drive, wave generator, flexible ring, rigid ring,
gear ratio, nominal moment

D.Bunzel

NEW SOLUTION FOR INDUSTRIAL COMMUNICATION NETWORKS -

M8 CONNECTORS WITH D CODING

To create more compact equipment engineers have to consider the component

that almost every device has: extemnal interface, including connectors of

communication netwaorks. The newly developed M8 compact connector with new
D coding meets all the requirements of industrial networks.

Keywords: industrial network, M12 connector, M3 connector, D coding, size, A

coding, Ethernet, Profinet, CATS/Class D

M. Mendoza
THE USE OF 54 V BRUSHLESS DC MOTORS IN SERVER APPLICATIONS
The article discusses the reasons why server manufacturers are migrating to 54-
V brushless DC mators of fan drives for cooling electronics instead of 12+ BLDC
motors. The design salution based on Microchip’s components for 54-V brushless
DCmotor control is presented.
Keywords: brushless DC motor, cooling fan, server cabinet, synchronous buck
regulator, MOSFET driver

70

76

80

INEKTPOMEXAHUYECKUE KOMMOHEHTDHI
O.Ceprees

BOJIHOBbIE PEAIYKTOPbI HARMONIC DRIVE

BaXHbLIMA KOMMOHEHTAMMW COBPEMEHHbIX BBICOKOTOHHLIX 3NEKTPOMEXEHAHECKMK
CMCTEM CHUTAIOTCH DEyKTOPL, W3 HIX Haubonee pacnpoCTPaHEHHLIMIA ABNAIOT-
(A BOMHOBbIE PRAYKTOPWI, BNEDBLIE NPEACTABNEHHLIE HA PLIHKE KOMNAHWeR
Harmonic Drive Gonee 45 net Hasag, B CTaTe paccMoTpeH MpUHLMN JeRCTBIS 1
BAPMAHTL! KOHCTPYKUMI BOAHOBIX PEAYKTOPOE, OCOBEKHOCTY KAKOYEBLIX CepiiA 1
OCHOBHLIE NADAMETPL! M3AENNA KoMNaku Harmonic Drive.

Kntouesbie cnoBa: E0/HOBOM DEAYKTOP, Harmonic Drive, reHepatop 8oNHbI,
[1EKOe KONbLO, XECTKOR KONLLO, MEPRAATOMHOE YUCO, HOMMHA/bHBIA MOMEHT

[.ByHuenb

HOBOE PEIEHUE A1 NTPOMbILINEHHBIX KOMMYHUKALIMOHHbBIX
CETE - PA3bEMbI M8 C D-KOAUPOBKOW

HY1obu Co3gath Gomee KoMMakTHOE 0BOPYAOBAHWE, MHXEHEPL! OMKHL YHUTbI-
BaTL KOMMOHEHT, KOTOPLIM CHAbXKeHb! NMONTH BCE TWNbL YCTPOUCTB —~ BHELIHWA
WHTEPBEAC, B TOM YACNE PAILEMbI KOMMYHUKAUMOHHBIX CeTen. Pa3paboTaHHbIi
HERABHO MaNorabapuTHLIA pasuen TUNopasmepa M8 ¢ HoBoR D-KoLMpoBKoN OT-
BEY@eT srem TpeboBaHMAN NPOMBILLIEHHBIX CETER.

KntoyeBble cnoBa: MpoMulluneHHas T, pasbes MI2, passen ME,
D-koauposka, Tunopasmep, A-koauposka, Ethernet, Profinet, CATS/Class D

M. MeHpo3a

MPUMEHEHWE 54-BONIbTOBBIX BECKO/IIEKTOPHBIX JABUTATE/IEN
NOCTOAHHOTO TOKA B CEPBEPHbIX MPUNOXEHUAX

B CTarse paccMaTpuBaKOTCH MPMYMHLI, N0 KOTOPLIM MPOU3BOAUTENM CEPBEPOB Me-
PEXOAAT Ha 54-B BeCKOANEKTOPHLIE ABUATeNM NOCTOSHHOND TOKA B INEKTPOMpH-
BOAAX BEHTWAATOPOB ANK OXMAXAEHUS 3NEKTPOHWKM BMECTO 12-B gBuratensit.
MPEaCTaBAgHD CxeMHoe pelueHne Ha Dase KOMMOHEHTOB kaMnaHuyn Microchip
AN8 yripasnexiis 54-B beckonnexTopHuIMm ABUTaTENAMMU NOCTOSHHOMO TOKA.
Kntouesbie cnosa: Gecxo//IeKTOPHEIA ABUTaTENS NOCTOAHHOMO TOKA,
BEHTUIATOD OXNAXEHUS, CEDBEPHLIR LKA, CHXPOHHBIA NOHMKAIOLIMA
crabunusarop, Apavsep MOSFET
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COMPUTER TECHNOLOGY
|. Koptelov, S.Nazarov, M.Yermolova

HORIZONT-VS DOMESTIC SECURE VIRTUALIZATION PLATFORM
An important role in creation of today's IT Infrastructure of state bodies and
companies is played by virtualization software. The article discusses the virtual
environment building on the example of the most common foreign and domestic
software, presents the architecture and mnter-module interaction of Horizont-V/s
domestic virtualization platform, as well as the results of its testing.
Keywords: [T infrastructure, virtualization platform, virtual machine, hypervisor,
special-purpose operating system, Astra Linux Special Edition

MEASUREMENT AND CONTROL
A.Shiganov

NEW GDM-7906X SERIES UNIVERSAL VOLTMETERS FROM GW Instek
New GOM-79061/GDM-79060 line of voltmeters from GW Instek meets high
requirements and demands of complex measurement applications developers
in terms of measurement resources and performance The article considers
GDM-79061/GDM-79060 design features, main modes and differences from their
equivalents.

Keywords: speed, measurement dccuracy, medsurement automation

ELECTRONIC COMPONENTS
P.Maerki

THICK FILM RESISTOR FLICKER NOISE STUDY

The article analyzes the results of experimental studies of thick {ilm resistor's

flicker noise. The information on the measuring equipment and obtained

dependences of noise density on frequency for test samples with different
resistars are given

Keywords: flicker noise, resistor, noise factor

BbIYUCJ/ITUTENIDHAA TEXHUKA
W.Kontenos, C.Hasapos, M. Epmonosa

84 OTEYECTBEHHAS 3ALLULLEHHAS NAATOOPMA BUPTYANTU3ALIMK

"IOPU30HT-BC"
BaxHyio ponk B NOCTDOEHMM COBPEMEHKON NT-WHGPATTRYKTYPL OCOPraHos v
KOMNaHMA 3aHumaet 110 cacTem supTyanulauim. B Cratbe paccMaTpuBaetcs
NOPAROK NOCTPOEHUS BUPTYANbHLIX CPEL HA Npumepe Haubonee pacmpocTpa-
HEHHOTD MO MMNOPTHOMD 1 CTEYECTBEHHOMO NPOM3BOACTBA, NPEACTABNEHA ap-
XMTEKTYDA M MEXMOAYNLHOE B3ANMOARACTBUE OTRUECTBEHHOM NNATHOPMbI BUD-
Tyanusau "TopusoHT-BC", @ Takke peyynsTarsl e TECTUPOBAHKS
Kniouesble cnoBa: UT-n(pacTpykTypa, nAathopma BUpTYanuialmg,
BUPTYANbHAA MALLIWMHA, TUNEDBIAZ0P, ONEPALNOHHAY CUCTEMA CNeUnansHoro
HasHaueHus, Astra Linux Special Edition

KOHTPOJIb U UBSMEPEHUA
A WuraHos

94 HOBbIE YHUBEPCANbHbIE BONBTMETPbI CEPUW GDM-7906X

OT KOMNAHWUU GW Instek

HoBas MAHeRKa BONLTMETPOB NPOU3BOACTBA KOMAAHWM GW Instek — GDM-79061/
CDM-79060 — no n3MepuTeNbHLM Pecypcam W fIpov3BOAUTENHOCTH YAOBAE-
TBOPAET BLICOKYM TDEDOBAHWAM W 3aNPOCAM UHKEHEPOB-PA3PAbOT4UKOB CIOX-
HbIX VIMEDUTENLHBIX NPUROKEHNN, PACCMOTPEHDI KOHCTPYKTUBHLIE DCODRHHOCTH
CDM-79061 / CDM-79060, DCHOBHLIE PEXIMD! K OTNW4UA OT AHANOFOB.
Kioyesbie cnosa: GLICTPOARHCTBAE, TOHHOCTL M3MEPRHIN, ABTOMATM3ALMA
WIMEPEHIN

SNIEKTPOHHAS KOMMOHEHTHASA BA3A
1. Mepku

100 WCC/IEAOBAHUE ONKKEP-IIYMA TONCTOMNEHOYHbIX

PE3UCTOPOB

PACCMOTPRHLI PE3YNLTATLL KCNEPUMEHTA/LHLIX WCCNEN0BAHMA BAUKKEp-LUyMA
TOACTONABHOYHLIX PEIMCTOPOR. NPUBEALHD CBEAEHMSA 0O W3MEPUTENLHLIX YCTa-
HOBKAX ¥ MOAY4EHHBIE JABUCMMOCTY NNOTHOCTH WYMa OT YaCTOThI N1 TRCTOBbIX
06pa3LoB C PAINUYHLIMU PEIRCTOPAMU

Kntouesble cnoBa: Grinkkep wym, pesncrop, KoahpuiyeHT wywa
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CAD&CAE
Yu. Goryachkin, A.Odnolko

MODELLING OF INTEGRATED MAGNETOTRANSISTORS

MANUFACTURED USING CMOS TECHNOLOGY

The article considers modelling of two-collector magnetotransistors

with horizental and vertical arrangement of collectors. The parameters of

magnetotransistors that are optimal for their use in magnetically sensitive
integrated circuits are given.

Keywords: magnetotransistor, CMOS technology, magnetic field, modelling

A.Voronin

SILICON DETECTORS MODELLING IN THE DESIGN OF READOUT

ELECTRONICS

PART1

The article considers the main types of silicon detectors for ionizing radiation

detection, equivalent electrical circuits and expressions for circuit elements

evaluating. Based on the analysis of theoretical and experimental data a

generalized three-dimensional model of a silicon detector for the development of
readout efectronics is proposed.

Keywords: silicon detector, strip detector, pad detector, ionizing radiation,

SPICE, Cadence Spectre, generalized three-dimensional model, primitive, readout

electronics, capactive and resistive components

DIGITAL MANUFACTURING
V.Homchenko

AUTOMATION OF PRODUCTION MANAGEMENT: WHAT IS MES
CAPABLE OF
Before developing technical requirernents for companies that co-execute the
project in the field of process control system (MES. Manufacturing Execution
System), the management of the unit in which it is planned to implement the
system should determine its scope of tasks. The article shows an approach
within which a systematized list of technological and organizational production
parameters controlled by MES as well as information and management
support functions to be implemented in the system is formulated based on the
alitomation goals.
Keywords: production management, automation, CAM, MES, technological
disciphine, quality of management, production efficiency
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114

126

CUCTEMbI NPOEKTUPOBAHUA
FO. FopsidkmH, A. O4HONLKO

MOAE/INPOBAHWUE UHTETPAJIbHbIX MATHUTOTPAH3UCTOPOB,
OOPMWUPYEMbIX B PAMKAX KMON-TEXHONOTUIA

PAcCMOTPEHO MOAEAMPOBAHME [BYXKONNEKTOPHbIX MArHUTOTPaH3NCTOPOB C ro-
PU3OHTANBHLIM 1 BEPTUKANLHLIM PACTIDNOKEHUEM KOANEKTOPOS. Mpueeaers na-
PAMETPLI MarHATOTPAHINCTOPOB, ONTUMANLHE AN WX NPUMEHEHWS B COCTARE
MArHUTO4YBCTBUTENLHLIX MUKDOCXEM

Kntoueble cnoBa: MarkuToTpaHIncTop, KMOM-TexH0norng, MarduTHoe none,
MOAEAMPOBAHUE

A.BOpPOHUH

MOAENNPOBAHWUE KPEMHUEBbIX AETEKTOPOB NMPU PA3PABOTKE
CYUTBIBAIOLLLEM 3IEKTPOHUKM

YACTDb 1

B CTaTbe paccmaTpuBalTCA OCHOBHLIE TWNbi KDEMHIMEBbIX AETEKTOPOB ANR pe-
TUCTPALIMI VOHMINPYIOLMX M3NYHEHWI, IKBUBANEHTHLIE 3NEKTPUUECKME CREMB,
BLIDAXEHMA [NA OLEHKN 3NEMEHTOB CxeM. Ha OCHOBE aHaNM3a TROPeTUYECKIX
W IKCTIEPUMEHTANbHLIX JaHHLIX NPRLOKEHE 000DLEHHAS TPEXMEDHAS MOAENL
KpeMHUEBOTO 4ETeKTOpa ANs DadpaboTki CHUTLIBAIOLIENA INEKTPOHUKN.
KniodeBble CnoBa: KpeMHWEBLIA JETEKTOD, CTPUMOBLIA ASTEKTOP, NAA0BLIA
AETEKTOP, MOHM3MPYIOLLEe u3ny4eHme, SPICE, Cadence Spectre, obobilerHas
TPEXMEPHAS MOARNL, MPUMUTUB, CYUTLIBIIOLLAR INEKTROHMKA, EMKOCTHbIE 1
PRIMCTUBHLIE COCTABASKOLLE

UMNDPOBOE NMPOU3BOACTBO
B. Xom4eHko

ABTOMATU3ALINA YIIPABNEHWSA NPOU3BOACTBOM: YTO AONIXKHA
YMETb MES

MNeped paspabOTKON TEXHUYELKOTD 33[AHWA AN KOMMAHAA — COMCMOAHUTE:
neft NpoeKTa CMCTEMbI YNPABNEHUA MPOVIBOACTBEHHLIMU Tpoueccamu (MES,
Manufacturing Execution System) pykOBOACTBO NOAPA3ALNEHMA, 8 KOTOPOM M-
HUPYETCS BHEADHTH CACTEMY, LOMKHD ONPERENUTLIR € KPYroM ee 33aay. B cTarbe
NOKA3aH NOAXOA, B PAMKAX KOTOPOTO Ha OCHOBE NOCTABNEHHBIX LUENEN 3BTOMATH-
33LMN OPMYANPYETCS CACTEMATUIMPOBAHKbIA MEDEHEHE TEXHONOTMYECKUX W 0P
TAHV3ALNOHHBIX NAPAMETPOB MPON3BOACTEA, KOHTROAMDYEMbIX MES, n GyHKUmMA
VHOOPMALMOHHON 1 YNPABNEHYSCKON NOAARPIKKM, KOTOPLE ODMKHL ObTh pea-
NW30BaHLI B CHCTEME

Kntouesble cnosa: yripasieHie NpovsoacTeom, asTomatusaumns, ACYI,

MES, TexHOMOrAYECKkas ANCLUMNNNHA, Ka4eCTBO yTIpasnenus, 3QdexTueHoTs
NpoM3IBOACTEA
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ORGANIZATION AND MANAGEMENT OF PRODUCTION
A.Nasonov

DIVERSIFICATION. HOW TO AVOID POSSIBLE ERRORS

The article analyzes how to optimally organize the diversification of production

and what equipment may be required for this. It is noted that the most optimal

way of diversification is to use the potential of the enterprise. the presence of

some unique technologies or designers that could create revolutionary new
products.

Keywords: production, diversification, in-circuit testing

EQUIPMENT
|.Novozhilov

INSTRUMENT FOR NON-CONTACT TESTING OF CONDUCTIVITY TYPE
OF SILICON INCOTS AND WAFERS
The article describes PN-100 tester (Semilab, Hungary) for determining the type of
conductivity of silicon wafers (ingots) without the risk of damaging their surface.
The compact and easy-to-use instrument allows you to avoid the large losses of
time and money possible in case of mistake of semiconductor material supplier
Keywords: semiconductor materials, silicon wafers, determination of the type
of conductivity, non-contact testing, Semilab, PN-100 tester

ECONOMY +BUSINESS
M. Makushin, V. Martynov

CURRENT TRENDS IN THE DEVELOPMENT OF MICROELECTRONICS
PART 2
The article considers the economic aspects of the development of microelectronics,
scaling issues, including the possibility of Moore Law's termination or the
extension of its action by Internet of Things. An attemipt was made to analyze the
alternatives of scaling in terms of production and technology, the prospects for
the development of artificial intelligence as a replacement for Moore Law and the
formation of new factors for IC market growth
Keywords: scaling, Electronics Resurgence Initiative (ERI), artificial intelligence
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OPFAHU3ALLMA U YMPABNIEHUE NPOUN3BOACTBOM
A.HacoHoB

OUBEPCUOUKALMA. KAK U3BEXATb BO3IMOXHbIX OLLIWBOK
PACCMOTPEHD, KaK ONMTUMANLHO OPraHiM30BaTh ANBERCHDKALIMIO NPOVZBOACTER
W kakoe 0BopYAOBAHME MOXET 15 3TOF0 NOTPeBOBATLCS. OTMEYEHD, YTO CaMbIl
ONTUMANGHLIA BAPMAHT JWBEPCUdMKALIAM — 3T0 BOCNONLIOBATLCA MMEIOLIAM-
(9 y MPEANPUATIN NOTEHUMANOM, HAMMUMEM KAKIX-TO YHIKAbHBIX TEXHOMOMUi
WM KOHCTPYKTOPOB, CNOCOBHbLIX CO3AAT NPUHUMTIHANBHO HOBEE M3ARNS.
KntoueBble COBa: MpOvIA0ACTAD, AVBEPCHBIKALI, BHYTIUCXEMHOE
TRCTUPOBAHHE

OBOPYAOBAHMUE
M. HoBOoXMNOB

MPUBOP ANSt BECKOHTAKTHOTO KOHTPOIA TUNA NPOBOAUMOCTH
KPEMHWEBDBIX CIUTKOB U NMNACTUH

B crarbe onvcan npuBop PN-100 (komnanua Semilab, Berpus) ana onpegene-
HWS TMMZ NPOBOAMMOCTIA KPEMHHEBLIX NAACTUH (CNUTKOB) Be3 pucka nospex:
[eHVs VX NOBEPXHOCTY. KOMIMAKTHBI W NPOCTON B MCNoNs308aHmy mipubop ne-

_3gonser w3bexarb Gonblumx NoTeps BpeMeH 1t CPECTE, BOIMOXHLIX B C1yHae

OLMBKM NOCTABLKa TIONYMPOBOAHNKOBLIX MATEPUANOR,
Kntoyesbie CoBa: no/yTPOROAHMKORLIE MATEPUANL!, KDEMHMEBLIE NMACTUHY!,
OMPELENEHE THMa NPOBOIVMOCTY, BECKOHTAKTHBIM KOHTPON, Sermilab, npubop PNHOO

3KOHOMMKA + BU3HEC
M. MakywimH, B. MapTbiHOB

COBPEMEHHbIE TEHAEHLIMW PA3BUTUSA MUKPO3NEKTPOHUKKU
YACTL 2

PACCMATPHBAIOTCA IKOHOMUYECKME ACNEKTL PA3BKTUA MUKDOINEKTDOHMKIA, NPO-
BneML MACLITAGUPOBAHKS, BKIOYAS BOIMOXHOCTS IPEKpALLIeHHS 3akoHa Mypa
WA TIPOANEHUA €0 AeACTRIR 33 CHeT MHTEpHETa Beler. MpeanpuHaTa nonbiT-

Ka OUEHWTL anbTepHATUBLI MacllTabupoBaHusl B NPOMIBOACTBEHHO-TEXHONOTH |

YRCKOM NINaHe, MEpCNeKTBL PasBnTA MCKYCCTBEHHOTO MHTENMRKTA KaK “JaMeHs!”
3aKoHy Mypd ¥ OPMUPOBAHNA HOBLIX (JAKTOPOB POCTA PhiHka UC.

Kntoyesble cnosa: Mictitabnposatme, MHULMATIBA N0 BOIPOXSEHUID
nekTpoHmuk (Electronics Resurgence Initiative, ERI), WCKYCCTBEHHDIR MHTENNEKT
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