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M . Perlman 
2D METROLOGY- AUTOMATIC 2D MEASUREMENTS 

FORPRECISE VERIFYI NGTHECONDUCTORS 
WITHA GIVEN CHARACTERISTIC IMPEDANCE 

The article substanuates the need for total verifying high-frequency PCB lines 
impedance for digital electronics.The factors innuencing thewave impedance of 
such Irnesaregiven. It describesOrbotech built-in AOI tool for fast and accurate 
measurementsof conductor cross-sectionsduring PCBinspection. 

Keywords: high·frequency electronics, long lines, impedancemeasuring, cross­
section ofprinted conducto rs, fast measurement, AOI 

I.Vasiliev 
FEATURES OFMEASURING THERESISTIVITY 

AND SURFACERESISTANCE BY FOUR-POINT PROBE METHOD 
Thearticleprovidesan overview of modern methodsformeasuring resistivity and 
surface resrstance, describes their strengths and weaknesses as well as possible 
ways to eliminate these limitations. As a ready-made solution manual and 
automatic software and hardware systemsare presented, which areableto solve 
variousproduction taskswhenmeasuringelectrophysical parameters. 

Keywords: resistivity, surfaceresistance, four-point probe method 

CIVIL ELECTRONICS 

A. Ukhov, V,Gerasimov, L.Selivanov , V.Simo n 
IMPROVING THESECURITY AND RELIABILITY OFSMART LOCKS 

The article considers the general principles of smart locks with wireless 
communication. Anew designOfa smart lock with twocommunicationchannels 
is proposed and its energy consumption is calcu lated. The advantage of using 
an additional communication channel to improve thesecu rity and rel iability of a 
smart lock isproved. 

Keywords: smart lock, wireless communication, BluetoothLow Energy (B LE), 
security 
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48	 2D METROLOGY - ABTOMATVl4ECKVlE 2D-Vl3MEPEHVlSI 
AllSlT04HOro KOHTPOllSl npOBOAHVlKOB 
C3AAAHHbiM BOllHOBblM COnpOTVlBllEHVlEM 
060cHoBaHa nOTpe6HoCTb B CTOnpOLjeHTHOM KOHTpone I>1 Mnet\aHca Blj-nI>1 HI>1H 
Ha nnarax I\n ~ Lj I>1¢POBOH 3neKT pOHI>1KI>1 . npl>1Bel\eHbl oarropu, Bnl>1 ~lOll.I l>1e Ha 
eon-osoe conpornenenae TaKI>1X nI>1 HI>1H . On ~ ca H npOI\YKT KOMnaHl>1 1>1 Orbotech ­
BCTpoeHHblH BAOli1 l>1HCTpYMeHTt\Il ~ 6blCTPblX1>1 TOYHblX1>13MepeHI>1Hpasuepoe no­
nepe-uo ro CeY eH I>1~ npO BOI\ H~Ka Bnpouecce I>1HCneKLjl>11>1 nnar, 
KmOyeBble cnoaa: BbICO K O YaCTOT Ha ~ 3neKTpOHI>1Ka,t\Ill>1HHblen ~HI>1I>1 , KOHTponb 
I>1Mnel\aHCa,nonepesaoeCeyeHl>1e neYaTHblXnpOBOI\HI>1KOB. 6blCTpoe 1>13MepeHI>1e,AOIi1 

VI BacV1nbeB 

52	 OC06EHHOCHI Vl3MEPEHVlSI VAEllbHOro VI nOBEPXHOCTHOro 
COnpOTVlBllEHVI~4ETblPEX30HAOBbiM METOAOM 
n p~Bel\ eH 0630P coBpeMeHHblx MeTOI\OB 1>13Mep eHI>1 ~ Yl\enbHoro 1>1 noaepxaocr­
HOro COnpOTI>1BneHI>1H, onI>1CaHbl npel>1MYU1eCTBa 1>1 Het\OCTaTKI>1 KalKAOrO 1>13 HI>1X, 
a Ta K)I(e B03MO)l(Hbie cnoco6b1 YCT paHeH I>1 ~ 3TI>1XHeI\OCTaTKOB. BKayeCTBe roTOBQ­
ro peW eHI>1 ~ npencrasneau pYYHbie 1>1 aBTO MaT I>1 ~eCK l>1 e nporpaMMHo-annapaTH ble 
KOMnneKCbl, xoropue cnoco6Hbi peuan, pa3nl>1YHbie 3dAa~ 1>1 np01>13BOI\CTBa npl>1 1>13­
MepeHl>11>1 3neKTpO¢1>131>1yeCKI>1Xnapauerpos 
KnlOyeBble cnoaa: Yl\enbHoe conpornsneuae. nOBepXHOCTHoeCOnpOTI>1 BneHl>1e, 
yeTblpeX30HI\OBblH MeTOI\ 

3J1EKTPOHIIIKA rPA>KAAHCKOrO HA3HAl.JEHIIISI 

A .YXOB, B. repaCV1MOB.n .CenV1BaHOB. B.CV1MOH 

60 nOBblWEHVlE 6E30nACHOCTVI VI HAAE}f{HOCTVI VMHblX 3AMKOB 
PaccMOTpeHbl 061l.11>1 e npl>1HLj ~nbl ¢YH KLjI>1 0Hl>1p OB aH ~~ YMH blX3aMKOB c 6ecnpo­
BOI\HOH CB~ 3blO . npet\llO)l(eHa HOBa~ KOHCTPYKLjI>1~ yM Horo 3aMKa c I\BYM ~ KaHa­
naMI>1 CB~3 ~ 1>1 paCCYI>1Ta HO ero 3HepronOTpe6neH l>1e. 060cHOBaHO npeI>1MYU1eCTBO 
I>1cnonb 3 0B aHI>1~ AOn OnHI>1TenbH Oro KaHana CB~ 31>1 An~ nO B bIW eHI>1~ 6e30n a c HocT~ 

1>1 HdAe)l(HOCTI>1 yMHoro 3aMKa. 
KnlOyeBble cnoaa: YM HblH 3aMoK, 6ecnpoBo A Ha~ CB!l3b, Bluetooth Low Energy 
(B LE), 6e30nacHoCTb 
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AUTOMOTIVE ELECTRONICS ABTOM06V1nbHASJ 3nEKTPOHVlKA 

D. McGrath fl., Ma k- Tpar 
IlPOEKH1POBAHl-1E 6EcnPOBOAHblX 4l-1IlCETOB SG68 DESIGNING 5G WIRELESSCHIPS ETS FORSELF-DRIVING CARS 

The artide disc sse, the issues related to the design of SC wireless chipsets for Allll 6Ecnl-11l0TH bIXABTOM06l-1IlEVI 
self-rlriving (drs It is noted hat thecontrol and measurement solutionsused to PaCCivloTpeHbl npo6neM bl . C B~ 3 aHHble c npo e KT~ p 0 BaH~eM 6ecn poBoAHbiX L I ~n c eTO B 

t st such chiosetsmust accuratelymeasure and evaluate thesignal characteristics SC AM 6ecn~noTHbl X aBToM 0 6~ne~ OTMe4eHo. 4TOKO H T pon b H o -~ 3 M e p ~ Ten bH b l e pe­
without creatingnew issues. w eH~~, np~M eH ~ e M b l e AJ1~ Tec m p 0 Ba H ~ q Ta K~ X 4~n CeTOB , AOfl>K Hbl T04HO~ 3Mep ~Tb 

Keywords: self-driving cars, SC technologies, wireless chipsets ~ Ol.le H ~ B aTb xapa KTep~CT ~ K ~ c~ rHana, HeropoxnasHOB bl Xnp06neM 
K11104eBbie cnoaa: 6 ecn ~ noT H b l e aBTOM0 6~n~ , Te XH on or~~ SC, 6ecnpoBoAHbie 
4w nceTbi 

TEST AND MEASUREMENTS KOHTPonb VI Vl3MEPEHVlSJ 

Makhasin Fra, V. Belyaev, I. Leoni sova Ma XaC\I1H opa. B. 5en51eB, Vl.JleOHi'l COBa 
ELECTROMAGNETIC POLLUTION FROM RADIO FREQUENCYSOURCES 70 31lEKTPOMAlHl-ITHOE 3A1P1l3HEHl-IE OTPAAl-104ACTOTHbIX 

ANDTHEIR EFFECTSON HUMANS l-ICT04Hl-IKOB l-Il-1X B03AEVlCTBl-IE HA 4EIlOBEKA 
Thearticleconsiderstheintensity orelectromagnetic radiation invarious[requencv Pacc MaTp ~ BaeTCq ~ HTeHC~B HOCT b 3fleKTpOMarHwTHoro ~ 3nY4e H ~~ B pa3fl~4Hbl X 

ranges, its possibledanger to humans and animals. 4aCTOTHbiX Awana30Hax, 06cY >Kl\a e TC ~ B03M O>KH a ~ era onaCHOCTb AJ1~ 4enoBeKa 
Keywords: sourcesor EM radiation , maximum exposure level	 ~ >K ~ BOTH b IX. 

KnlO4eBbie (110Ba: WCT04H ~ K~ 3M-~3nY4eH~~ , npeAenbHbl~ ypoBeHb06nY4eH ~ ~ 

A. lvan ov A. VlBa HoB 
CURRENTSTATUS OFIMPLEMENTING THEBOUNDARY SCAN 76 COBPEMEHHOE COCTOllHl-IE 1l0AAEP>KKl-I 

IN RUSSIAN ELECTRONIC COMPONENTS nEPl-ICIlEPl-IVlHOm CKAHl-1POBAHl-Ill OTE4ECTB EH HOVl31lEKTPOHHOVI 
Tile article provides an overview or supporting the IEEE 11491 boundary scan KOMIlOHEHTHOVI 6A30Vl 
standard by Russian electronic components The problems and obstacles are Bcraree np~BoA~ TC ~ 0630PCOCTO~ H ~ ~ nOAAe p>KK~ oTe4eCTBeHHo~ 3<5 CTaHAapTa 
considered, which slow down implementing the standard as well as possible n ep~epep~ ~ Horo cKaH~ p oB aH~ ~ IEEE11491 PaccMaTp ~Ba lOTCq CYl11eCTBY lO l11 ~e npo­
solutions. 6neMbi ~ npennrcrsus n p ~ B H e Ape H ~ ~ rexaonoran, aTaK>Ke n YT~ ~ x n peoA oneH~~ . 

Keywords: boundary scan. digital electronic components, Russianelectron ic KnlO4eBbie (110Ba: ne plo1 epeplo1~Hoe c KaH~poBa H~e, 1.I lo1 eppo Ba~ 3K5, POcc~ ~c Ka ~ 

components,assembled PCBtesting 3K5,r ecrapoeauaec06paHHbixnesaruuxnnar 

ELECTRONIC COMPONENTS 3nEKTPOHHASJ I<OMnOHEHTHAS1 6A3A 

E. Pavlyul<ovich E. naBIlIOI<oBW-1 
GSI TECHNOLOGY'S RANDOM ACCESS MEMORY: 80 OnEPATl-IBHAllllAMllTb OTGSI TECHNOLOGY: 
RECORD PERFORMANCE AND HIGH RELIABILITY PEKOPAHblE IlAPAMETPbll-lBblCOKAll HAAE>KHOCTb 

CSI Technologyspecializes in thedevelopmentor high performancestatic random KOMnaH~q CSI Technology cnel.l~afl~ 3~pyeTCq Ha paspacone Bbl co Konpo ~3B oAw 

access memory(RAM) and is theworld's leading company in this [ield The article TenbHo~ CTaT~4ec Ko~ onepaT Io1BHo ~ naMm~ , 3a H ~Ma ~ B3TO ~ 0 6naCT~ BeAYl11~e 

provides basic Inrormation about thecompanyanditsproducts. n03~ l.I~~ BM~pe . Bcrarsenp ~B eAe Hbl OCHOBHble c BeAeH w~ 0 KOMnaH~ ~ ~ sunv­
Keywords: CSI Technology, static randomaccessmemory, read latency, data CKaeMblXeo nponvsrax. 

bandwidth, transaction rate, radiation-hardenedchip, IPcontroller, neural KnlO4eBbie CIlOBa: CSI Technology, CTaTIo14eCKaqo n epa T Io1 B Ha~ n aM~Tb, 

network detector for arti0cial intelligence 331\ep>KKa 4TeH~~ . nonoca n po nycK a H ~ q , CKOpOCTb AOCTyna, P3l\~a l.l ~O H H O­

CTo~Ka~ M~KpocxeMa , IP-KoHTponnep, He~poceTe B o ~ AeTeKTOp An~ 

~cKycCTB e H H oro ~H Te fl n eKTa 

>KYPHAnbl AO ClPVlLJ, IlTEXHOCcJ>EPAI) 

«3JlEKTPOH\I1 KA: « HA HO \l1 HAYCT P \l1 ~" «CTAHKO \l1 HCTPYMEHT»
 
Havxa, Texuon or aa, 6 ~ 3He( " HaYYHo-TexHi'lyecl<i'l1ii ~yp Ha fl, nOCB51uueH­ OTpacfle Bolii HayYH O-Te xHi'lYecl<i'l 1ii ~yp­

HayYHo-TexHi'lYe cl< i'l1ii ~<y p Ha fl , nOCB51­ Hbllii HaHOMaTepi'laflaM, HaH03flel<TpOHi'lKe, Hafl, I<O MnfleI<CH O paCCMaTp i'lBalO UU i'llii
 
uueHHbl1ii Wi'lpOI<OMy cnekrpv BonpOCOB HaHO,ll,aTYi'lKaMi'IHa HoyCTp oliiCTBaM, ,qi'la­ np06fleMbi cTaHl< o i'lHcTpYMeHTallbH o lii
 
B06fl aCT i'I paspatior xu i'I i'l3rOTOBfleHi'l51 r uocrmce HaHoCTpYI<TYPi'IHaHOMaTepi'l aflOB, nPOMblw fl eHHOCTi'I ,
 
3fleI<TpoHHolii i'I pa,ll,i'lo3fleI<Tpo HHolii HaH06i'10Te XH OflOr i'lJ'l Mi'Inpi'lMeHeHi'l1O HaHO­ ISSN: 2499-9407
 
annaparvpu i'I ee I<OMnOHeHTOB, a raioxe re xuonornn BMe,ll,i'I Ui'I He.
 
or pacnesux TeH,Il,eHU i'l1ii i'ICOCT051 Hi'l51 ISSN . 1993-8578 « l.\ Li1 <ll PO BA~ 3KO HOM\I1KA»
 
pu-uca. )1<y pHafl opuexr npo aaa I<al( Ha )l<ypHafl , nocBSl ll.\eHH bllii ¢OpMi'lpOBa Hi'l1O
 
pyKoBo,ll,i'lTefleliipa3ni'lYHoro ypoBHSl ,TaK «AHAJl\l1 T\I1 KA» Ui'I¢poBolii 3KOHOMi'l l<i'I BP<ll B«ouuen­

i'I Ha HaYYH blXi'I i'lH>Ke HepHO-TeXHi'lYeCKi'l X Me>KoTpacfleBolii HayYHO-TexHi'lYecKi'l1ii »cvp­ TyaflbHoM, i'lHCTi'lTYUi'l OHafl bHoM i'I TeXHi'I­
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A.l<otyuko v, A. Nikonov, A.Zaslavskv, Yu.I vano v A.I<OTIOI<OB, A. H ~ I<O H O B, A. 3acnaBcl <~~, 10. VlBaHOB 
SPECIFIC FEATURES OFTHEAPPLICATION OFCRYSTAL OSCILLATORS 86 OC06EHHOCT14 np14MEHEH14$1 KBAPllEBblX rEHEPATOPOB 

WITH HIGH TEMPERATURE STABILITY C BbICOKO~ TEMnEPATVPHO~ CTA6l-111bHOCTblO 
Thearticlediscusses theoperational features of temperature compensated crystal B crarse paccMaTp~BaK)TC il oc06e H H oCT ~ 3KcnnyaTa L1~~ Te p MoCTaT~po BaH Hblx 

oscillators, methodsformeasuring temperaturestabilityaswellastheinnuenceof KBapL1eBbiX reueparopoe. MeT OA~K~ ~3M epeH~ il TeMn ep arypHo~ CT a 6~ n bHoCT~ . 

otherfactorson it araexe B n~il H~e Ha Hee APyr~ x <j>aKTOpoB. 
Keywords: temperaturecompensated crystal oscillators, temperature stability	 KJ11O'leBble cnosa: TepMoCTampoBaHHble «sapue aue reaeparopu, 

reuneparvpaas CTa 6~nb H oCTb 

MICROWAVE ELECTRONICS CBl.J-3I1EKTPOH~KA 

V.Gevorkyan , V.l<ochemasov B.ieBopl<>lH, B. I(o yeMacoB 
FERRITE SWITCHES 90 <IlEPPl-1TOBbIE nEPEKllI04ATElll-1 

PART1 4ACTb1 
Tilearticleconsiders ferrite switches. Information on design principles, options and PaccMoTpeHbl <j>epp~TOBble nepeKnIOYaTen~ . n p ~ B e Ae H a ~H<j> opMaL1~ il 0 np~HL1 ~­

characteristicsof these devices isprovided. nax nocrpoeuns. eap uaaraxKO HCTPYK L1 ~ ~ ~ xapaxreparraxax AaHH bixyCT p O ~CTB . 

Keywords: ferriteswitches, isolation, insertion loss. switching time	 KnlO'leBble cnoea: <j> epp~T oB ble nepeKn IO Y aTen~ , pa3Bil3Ka, BHOC~Mble norepn, 
BpeMil nep eKnIOYe H~il 

MICROMODULES AND MICROASSEMBLIES	 M~KPOMOAYI1~ ~ M~KP06110K~ 

O.vert vanov, S. Evstafiev, P.Viklund, V.Sidorenko D. BepT>l HOB , C. EBCTa¢beB, n.BWl<nyHA, B. CWAopeH l<o 
UNPACKAGED ELEMENT'S INTERNAL MOUNTING TECHNOLOGIES AND 96 TEXHOllOr1414 BHYTPEHHEro MOHTA>KA 6ECKo pnVCHbiX 

DESIGN ASPECTS FOR MICROSYSTEMS WITH EMBEDDED CHIPS 311EMEHTOB l-1 OC06EHHOCT14 npOEKT14POBAHl-1 $1 M14KPOC14CTEM • 
PART1 CO BCTPOEHHbIM14 KP14CTAllllAM14 

The article provides an overview of technologies and design and technolog ical 4ACTb1 
solu tions for internal mounting the elements in package and PCB substrate Bcrane npeACTaBneH 0630P T exH ono r~~ ~ KOHCTPYKT~BH O-TexHOn Or ~YeCK~ X pewe­
structure, discusses the problems and ways Of so lving them when implementing H~~ Anil BHYTpeHHero MOHTa>Ka6ecKopnycHbix3neMeHTOB BCTPYKTVPYnOAn O>KK~ KOp­
a prorect with embedded activeand passive componentsusing Mentor. A Siemens nycoB ~ neyaTHblX mar, parcucrpeau np06neMbi ~ cnOC06bl ~x peweH~ il Bnpouerre 
Business CADsystem. pean~ 3aL1~~ npoesra co BCTpoeH HbIM~ aKT~BHbIM ~ ~ naCC ~BHbIM~ 3neMeH TaM~, Bbl­

Keywords: internal mounting technology. unpackaged element. substrate, nonHeHHoro cnOMOll\blO CAnp KOMnaH~~ Mentor, ASiemensBusiness 
embedded component, adhesive, prepreg, laminate, metal foil,Chip First KnlO'leBble cnoaa: rexuonornsBHYTpeHHero MOHTa>Ka, 6ec Kop nycH o~ 3neMeHT, 

technology.ChipLast technology. laser processing nOAnO>KKa. BCTp oeHHbl~ KOMnOHeHT. a):lre 3~B , npenper, naM ~ Ha T. MeTann~YeCKail 

<j>onbra, rexuonoras ChipFirst. rexuonoraa ChipLast,na3epHail 06pa60TKa 

MICRO AND NANOSTRUCTURES M~KPO- ~ HAHOCTPYKTYPbl 4 111 
A. I<amysheva A.l<aMblweBa
 

COMPARATIVE ANALYSIS OFCURRENT-VOLTAGE CHARACTERISTICS 106 CPABHl-1TEllbHbl~ AHAll143 BOllbT-AMnEPHbIX XAPAKTEPl-1CT14 K
 
OF ION-SELECTIVE FIELD-EFFECTTRANSISTORS WITH MEMBRANES 140HOCEllEKT14BHbIX nOllEBbIXTPAH3l-1 CTOPOB CMEM6PAHAM14
 AJ1 

BASED ONTANTALUM, NIOBIUMANDTITANIUM OXIDES HA OCHOBE OKC14AOB TAHTAllA, H140614$1 l-1 T14TAHA 
As part Of a study to crea tea prototype of a sensitiveelement forwater pollution B paMKax ~ cc n eAo BaH ~ il no c0 3Aa H~1O nporornna YYBCTB~ TenbHo ro 3neMeH­ Te:sensors a com parative analysis Of the current-vol tage characteristics Of ion­ ra Afl il AaTY~KOB 3a rpmHeH ~il BOAbr npo~ 3BeAeH cpaBH~ Ten b H b l ~ aHan ~3 sonu­
selective reid-effect transistors with membranes based on niobium, tantalum aunepaux xapa KTe p~CT~K ~O Hocen e KmB Hb lX nonesux Tpa H 3~CTopOB c MeM­
and titanium was made. It has been found that these transistors give the same 6pa HaM ~ na OC HOBe H~06~ il . raurana ~ T~TaH a . YCTaHoBneHo. 'ITO AaHHbie 
response to hydrogen ions. rpa-eacropuAa lOTOA I>\ HaKOBbl ~ oTKn~ K Ha ~OHbl eoaopona. 

Keywords: water pollutionsensors, ion-selectivereid-effect transistors, current­ KJ11O'leBble cnosa:AaTY ~K~ 3a r pmH eH ~il BOAbl, ~ oHocen e Km BH b le nonesue 
voltage characteri stics, gate isolator, membranes, oxidesOf niobium, tan talum rpa-encropu. sonsr-aunepnue xa pa KTep~CT ~ K I>\ , n OA3aT BopHbl ~ A~ 3neKTp~ K , 

and titanium MeM5paHbl,O KC~A bl H ~06~ il , ranrana ~ mTaHa 
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MANUFACTURING EQUIPMENT 
AND PROCESS MATERIALS 

V.Andriyanov, S.Sidelnikov, S.Goryachkin 
SEED ROTARY AND MOVEMENT DRIVE FOR CZOCHRALSKI SILICON 

MONOCRYSTALS GROWTH SETUP 
The rticle considers the design of seed rota tion and movement drive for the 
installJtions for growing silicon monocrystalsby Czochralski method. It is noted 
th t the drive featuresare the use of cyli ndrical differential in the kinematicsand 
theuse of achainasJ [lexible suspension. 

Keywords: monocrystalli ne silicon, Czoch ralskimethocl, drive, seed 

MANUFACTURING TECHNOLOGIES 

N.l<ulchitsky, A. Naumov, V. Startsev 
COOLED IR PHOTODETECTORS BASED ON 

CADMIUM-MERCURY-TELLURIUM: CURRENT STATUS 
AND DEVELOPMENT PROSPECTS 

The article analyzes the market status and development prospects o] cooled IR 
photodetectors based on cadmium-mercury-tellurium. 

Keywords: IRdetectors, cadmium-mercury-tellurium, photodetector arrays, 
Bridgman method, epi taxy 

N Tolochko, V. Lanin 
3D PRINTING IN ELECTRONICS 

The article considers the types of 3D printing technologies used in electron ics. 
The fea tures of theapplication of these technologies for thecreation of various 
electronicdevicesand their componentsarediscussed. Particular attention ispaid 
to the use of multi-material and hybrid 3D printinq technologies in embedded. 
conformal and [lexibleelectronics. 

Keywords: 3D printingtechnologies, electronicdevices. embedded. conformal 
and [lexible electronics 

ECONOMY + BUSINESS 

I. Pokrovsl<y 
HOWTO CHANGE FROM STRUGGLE FOR DOMINANCE 

TOCOOPERATIVE DEVELOPMENT 
The article discusses the use of digital platforms by companies as a tool to 
achieve market dominance as well as the associated negative factors for further 
technological and economic development. It adduces an option to oppose the 
technologica l and economicdependenceon global corporations anddescribesthe 
basicideasof thisoption 

Kevwords: digital platforms. technological platforms. monopolization. global 
corporations. technological and economicdependence, vendor independence 

FOR ENGINEERS 

TEXHOJlOn14ECKOE 060PYAOBAH~E
 

~ MATEP~AJlbl
 

B . A H AP Io1R HOB,C.CIo1AenbHIo1KOB,C . rOpR~KIo1 H 

110	 npt-1BOA BPAU\EHIIUI t-1 nEPEMEU\EHt-1S1 3ATPABKIt1 AIlSI YCTAHOBOK 
BbIPAU\It1BAHt-1S1 MOHOKPt-1 CTAIlIl OB KPE MHIt1 S1 METOAOM 
40XPAIlbCKOro 
Paccuorpeua KOHCTPYKl.I~ ~ np~B OA a Bp al11eH~~ ~ nep e M eU1eH~~ 3aTpaB K~ AJl ~
 

YCTaHoBoK Bbl p aU1~BaH~~ M OH o Kp~CT ann oB KpeM H ~ ~ MeTOAoM YOXPaJlbCKOro.
 
OTMe4eHo, 4TO oco 6e H H ocT~M ~ npnsona ~Bn~ IOTC~ np~MeHeH~e 1.I~n~HA P~ 4e­


ckoro A~¢¢epeHl.I~an a Bero K~HeM amK e, a TaK>Ke ~cnonb30B aH ~ e l.Ien~ BKa4e­
 npOEK 
CTBe r~ 6 Ko ~ nOABe c K~ 

KmO'-leBble cnosa: MOH oKp~CT ann~4e c K ~~ KpeMH~~, MeToA YOXpaJlbCKOro, 
np~BOA , sarpasra 

npO~3BOACTBEHHbIE TEXHOJlOr~~ 

H . l<yn b~ Io1l\ K Io1 ~, A.HaYMoB , B . CTa p l\e B 

114	 OXIlA>KAAEMbIE ll>OTOnpt-1EMHbIE YCTPOVl CTBA t-1K-At-1AnA30HA 
HA KAAMt-1~-PTYTb -TEIlIlYP E : COCTOSl Hl1E 
t-1IlEPCIlEKTt-1Bbl PA3Bt-1Tt-1S1 
AHan~ 3~pyeTc~ CO CTO~H~e ~ nepcnerrneu p a 3B~m~ pblHKa oxna ~<AaeM bI X V1K ¢O­
ronpneu uux YCTPO ~ CTB Ha KaAM~~-pTYTb -Tennype. 

KmO'-leSble cnoaa: V1K-AeTeKTopbl , K aAM~~-PTYTb-Ten n y p , MaTp~4Hbl e (Jlny, 
MeToA 5 p~ A>KM e H a , 3n~Ta KC ~~ 

H.TonOYKO, B.n aHIo1 H 
124	 3D-1lE4ATb B3IlEKTPOHli1KE 

PaccMOTpeHbl pa3H OB~AHOCT~ TeXH onor~~ 3D-ne'-laT~ , np~MeH~eMb I X B3neKTpO­
H ~Ke . 06cy~eHbl oco6eHHoCT~ np~MeHeH~~ 3T~ X rexuonoraji AJl~ C03Aa H ~ ~ pas­
n~'-I HbI X 3neKTpoHHbiXyCT pO HCTB ~ ~X KOMnoHeHToB. Ocoooe B H ~M aH~e YAeneHo 
~cnonb30BaH~Kl TeXHonor ~H Myn bT~ MaTe p~ anbHoH ~ r ~ 6p ~AH O ~ 3D-ne4aT~ BO 
BCTpoeHHOH, KOH¢OPMHOH~ r~ 6KoH 3ne KTpO H ~Ke . 

KJlIO'-leSble cnosa: TeXH on o r~~ 3D-ne4am, 3neKTpOHHbieYCTpO~CTBa, 

BCTpo eHHa~ , KOH¢opMHa~ ~ r~ 6Ka~ 3neKTpO H ~ Ka 

3KOHOM~KA + 6~3HEC 

111 , n OI <p OBCI<Io1~ 

134 KAKIlEPE~Tt-1 OTIiOPblibl3A AOMli1Hli1POBAHli1E 
K COBMECTHOMY PA3Bt-1Tt-11O 
PaccMaTp~ BaeTc~ ~cnonb30BaH ~e KOMna ll ~~ M~ l\~¢POBb IX nnaT¢opMBxasectee 
~ HCTpYMeHTa AOCT~ >Ke H~ ~ AOM~H ~poBaH~~ Ha pblHKax ~ CBmaHHbiecJHIMHera­
T~ BH ble ¢aKTOpbl AJl~ AanbHeHwero rexaonoraseoo ro ~ 3KOHOM ~'-I eC KO rO pa3Bl-1­
T~ ~ . n p~BOA~TC~ sapaaur npoT~BoCTO~H~~ TexHOnOr~ '-IeCKOH ~ 3KoHoM~ 4ecKoH 

3a B l-1 C~ MOCT~ OTrn06anbHbix KOpnOpa l.l~ H , ~ on ~CbI BaIOTC~ era OCHOBHble~Ae~. 

KnIO'-IeSble (nasa: l.I ~¢pOBble nnaT¢opMbl, TexH onor~4e c K~ e nnaT¢opM bl, 
M OH on On~ 3 al.l~~, rn06anbHbie kopnopauan , TeXHOnOr~'-I eCKa~ ~ 3KOHOM ~4 e CK a~ 

3a B~c~MoCT b, BeHAepo H e 3a B~c~ MoCTb 

104	 ~H>KEHEPY .. . 
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B, B~ wH eB c l(~~, C. raMl(pe ll~ 11 3 e , 10. rYIlJ1 eB, r . K p ac H ~ Ko B , M. l<p~TeHl( o,
 

n .I<Yl\bI( O, B. flYI(~Y e B, A. n epeBep3eB, c. n OpTH O~, A. Curo a. B. lllax-roa.
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