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OBOAIAMA3OHHUNA,
BUCOKOTOYHUA
GNSS MOAYJb

3 NIATPMMKOIO
TEXHOJIOTIN RTK TA DR

omnanis Quectel Wireless

Solutions oronocuna npo caii
HOBMWM, ABOMIANA30OHHWUM, BUCOKO-
TouHmit mopyns GNSS — LC29H.
Bin nobymosanmit Ha nnatdopmi
unnceta AG3335, supobHuuTea
Airoha. Mogynb 3pathuii npauo-
BATM 3 CMCTEMAMM MOBANBHOrO
nosuuioHysanHs GPS, GLONASS,
Galileo, QZSS Ta BDS. Moayns
LC29H poctynhuit y aekinbkox sa-
PIGHTOX, AesKi 3 AKMX (HoanKnop,
LC29H-BA) nigtpumyiots  dyHKLiT
Real Time Kinematic (RTK) ta Dead
Record (DR). Cepist mopynis LC29H
NPOMNOHYE BUCOKOMPOAYKTUBHI Ta
eHeproedekTUBHI PiLLeHHs Ans 3a-
OOBOJIEHHA PUHKOBUX n0Tpe6 BU-
COKOTOYHOTO MO3WLIOHYBAHHS HA
COHTUMETPOBOMY TO AELMMETPO-
BOoMy piBHsx. Lli Moayni ineansHo
NigXoasTb ANs BUPILLEHHS 3ABAGHb
BMCOKOTOYHOTO NO3ULOHYBAH-
HS y Takux chepax sk 6esninoTHi
NiTANbHI ANAPATH, TOYHE 3emne-
pobCTBO, KEPYBAHHS POBOTAMM Ta
TPAHCNOPTOM Yy chepi BOCTABKM, O
TAKOX y 6Aratbox iHWKX NPOMMC-
JIOBMX TAQ ABTOHOMHMX ranysax.

«BucokoTouHe nosuuioHyBaH-
HSl 3 TOYHICTIO 4O COHTUMETPOBOrO
piBHA CTAE BCE BirnbLL XUTTEBO BAX-
JNMBUM ONs 6OFOTbOX HOBMX 0OAAT-
kie loT. PobotoTtexHika, BIJIA Ta
NPOMWCIIOBI NMPOrPAMM, fiki MOTpe-
OyIOTb TOYHOI HABIrAWji, AMKTYIOTb
HOBI BUMOTW PUHKY, | MM AyXe pagi
30nyCTUTU HALUE HOBITHE MOKOMiH-
Hsl BUCOKOTOYHMX MOAYNIB NO3MLO-
HyBaHHs GNSS, — ckasas NaTpik
Usnb (Patrick Qian), reHepanbHuit
avpektop Quectel. — Haworo
METOIO € HOAAHHS HAWKPALLMX Y
CBOEMY KNACI Pill€Hb, MPOCTUX Y
BMKOpMCTOHHi TA [OCTYynHWUX Ona
KOXHOTrO HALIOrO KiEHTA, MM BBA-
XOEMO, WO puHOK loT rotosmit o
MQCOBOrO BMPOBAAXKEHHS MOAYNiB
NO3ULIOHYBAHHS HQ COHTUMETPO-
BOMY PiBHi».

Moayns LC29H opHouacHo
MQE 3MOry NpUIMaTH | 0BpoBAATH
curnany sig ycix cysip’is (GPS, Glo-
nass, Beidou, Galileo Ta QZSS), wo
B noeaHaHHi 3 migrpumkoio Satellite
Based Augmentation System (SBAS)
MOKCUMI3Y€E BOCTYMHICTb CYMyTHUKO-
Boro curHany. Moaynb nigrpumye

4

[IBOJIANA30HHMI NPUIAOM CUrHANY
LT i L5, ™vM camum rapaHTyioum
NiABULLEHHS WBWAKOCTI TA TOYHOCTI
no3uuioHyBaHHs. [BogianaszoHHui
NPUMOM curHany 3abesnedye Ha-
LiMHI  MOKO3HWKM  MO3WULIOHYBAHHS
T 3HAYHO MOM’SKLUYE HEraTMBHMM
epekt poboTH Bif, MAPA3UTHMX HA-
KNageHUx Ta BiABUTHX XBUIb CymyT-
HMKOBOTO CWFHANY, LLO CKTYQSbHO
y BOXKWX YMOBOX POBOTH, HAMPM-
Knag, y BENuKkux Mictax 3 6aratono-
BEPXOBMMM 3a6YL0BAMM.

Y Bepcii mogyns LC29H, wo
MICTUTb 6-OCbOBI IHEPLMHI ATYMKM
IMU (3-ocboBmit akcenepomeTp Ta
3-0CbOBMI TiPOCKON), MOEAHYETLCS
nosuuionysanHs RTK ta texHono-
ris DR, wo possonse 3abesneyntu
6esnepepeHe TOYHE MO3ULIOHY-
BAHHS TO BIROBPOXEHHS TPOeK-
TOPii  PyXy, KOMW CymyTHUKOBMI
CUrHAM YOCTKOBO 06O MOBHICTIO
NepPeKkpUTUA, HANPUKNAA, NiA3eMHI
NAPKIHMM, TyHeni, micbki 306yanoBm
abo nicu. [Mpu nosTopHOMY Npuio-
Mi CynyTHUKOBOTO CUFHANY MOAYIb
LC29H o6’enrye nami iHepuiiHux
natumkis 3 curHanamn GNSS, a
IHTErpOBAHA HOBIrALA MOXE 30~
6e3neyYnT! TOYHICTb PO3TALIYBAH-
HS! leUMMETPOBOTO piBHs. [lns Toro
Wwob NoNINWUTH  NPOAYKTUBHICTL
NPK BUKOPUCTAHHI MOAYISt 3 MOCKB-
Hoto anteroto, LC29H mae s86yno-
saHui nigcuniosad (LNA) i BHyTpiLw-
Hin SAW dinbTp, wo sabesneuye
BMCOKY YYT/IMBICTb MPUIAMAYA.

Y  mopynax LC29H  Buko-
pucToByeTbcsl 12-HM mpouec Bu-
pobHuuTEa, Wo 3a6e3nevye ABO-
[iQNa3OHHOMY — YMMy  MPUIAMAYQ
BUCOKY eHEProedpekTUBHICTb, THM
camrm possonsioun 3abesnednty
HOOHM3bKE CMNOXMBOHHSA  eHepril
B peXumMax mnowyky Ta dikcauii
nonoxenns GNSS. Lle pobuts
MOAYIb INEANbHUM PILLEHHAM N5
€HEeProHesanexXHWX NpPUCTPoiB Ta
NPUCTPOIB 3 BMKOPMUCTAHHAM QKY-
MynSTOPIB, BKNOYAKOYM NOPTATMBHI
NPUCTPOI, TPEKEPU AT TPAHCNOPT-
Hux 30cobis Ta iHwe. Moayns mae
craHgapTHuit dopm-dpaktop LCC 3
poamipamu 12.2 X 16 X 2.5 mm, wo
[IO3BONSAE Nerky iHTerpauito y Hosi
pO3pObKM Ta Monerwye Mirpauio
3aCTAPINNX NPUCTPOIB [O HOBITHIX
BrcokoTouHMx TexHonorin GNSS.

Moayni cepii LC29H uynoso
MigXOAATh AN LUMPOKOTO CMekTpy
3actocyBaHb GNSS, y Tomy uucni,
e KOHYe HeobxigHa miaTpuMKa
texHonorii RTK yu DR. Mogyni no-

CTYMHi Y HOTMPbLOX BAPIAHTAX BUKO-
HOHHS, KOXEH 3 KMUX CMPAMOBAHMM
HO Pi3Hi CUeHapii 30CTOCYBAHHS.
9IKLLLO y BOC € NPOEKTH, WO NOB A3a-
Hi 3 HOBIrALIEID, TO PEKOMEHAYEMO
B3ATM HA 30MITKY, MOXIIMBO, CaME
mogyns LC29H crane igeansHum
pilleHHAM AN peanisauii Bawmx
TEXHIYHMX 3004,

www.quectel.com

HOBWM LTE CAT 1 MOAYJIb

G915U — ue cepist HOBUX MO-

nynis LTE Cat 1, ontumizosarmx
cneuiansHo  ans gopatkis M2M
ta loT Big BcecsiTHbO BigOMOro
supobHuka Quectel Wireless
Solutions Co. Ltd. Bcroro cepis
CKNOACETLCH 3 TPbOX PI3HOBMAIB
mopynis EG915U-EU, EG915U-
LA, EG915U-CN, saki signosipa-
I0Tb  JIONA30HY YACTOT  Pi3HMX
KPQiH i perioHiB TG AOE MOXIM-
BIiCTb BMKOPMCTOBYBATU MOAYSb B
6aratbox kpaiHax csity. Moayns
EG915U 3abesneuye makcumans-
Hy weuakicte 10 M6it/c ans npu-
omy Ta 5 M6it/c ana nepegpaui
naHux. 3ibpaHui Ha 6asi yunceta
Unisoc 89 10DM. Mogynb BukoHa-
HUI B KOMMOKTHOMY TA YHidbiKOBa-
HoMy dopm-dakTopi LGA Ta mae
po3smipn 23.6 X 19.9 x 2.4 mm.
EG915U cymichuit 3 Takumu no-
LWIMPEHUMM  CEPISMM  MOAYNIB K
EG?1/EG?5/BG95/BG96, ta
3a6e3neyye MOXMBICTL POBOTH B
mepexax 2G ta 4G ana 3agoso-
feHHs NoTpe6 PIsHWUX ranysesux
HONPSAMKIB.

Quectel EG?15U mae 6ara-
M HabBip  IHTepHeT-npoTokonis,
CTOHAAPTHUX HTEPdENCE Ta Be-
NIMKY  KiNbKICTb  PYHKLIOHQAbHMX
moxnmeocter  (aparsepn  USB
ans Windows 7/8/8.1/10, Linux,
Android), sxi poswmpioloTs 3pyu-
HICTb  BMKOPWCTOHHS MOAyNs s
wmpokoro kona gogatkis M2M ta
loT, Takux sk POS/PoC/ETC, tene-
meTpis Ta 36ip aaHux, Gesneka Ta
30XMCT, KOHTPOSb TA MOHITOPWHF
eneprii, npomucnosi KMNK ra itwe.

Mogyns EG915U mae gocrar-
Hi HaBip OCHOBHUX yHKLIK Ta
XAPAKTEPUCTUK, TO HAAOE MOX-
AMBICTb BXE CbOroaHi nobyaysaTu
NPUCTPOI, KOTPI 3MOXYTb NPALO-
Batn ak B 2G, Tak i B 4G mepexax.
Bpaxosytoun Hesucoky BapTiCTb
mogyns EG915U, y Hboro € &ci

LWIQHCKH CTATM XITOM, fIK, HAMPU-
knag, ceoro yacy crae GSM mo-
nyns Mé6.

www.quectel.com

HOBI 3’€AHYBAMI
AN SINGLE PAIR ETHERNET

KOMI‘IOHiﬂ Phoenix Contact
PO3LUMPIOE ACOPTUMEHT 3€aHY-
BQYIB A1 Nepeaadi AaHmx cepii
ONEPAIR ana Single Pair Ethernet.

3'eqryBayi  Ans  OPYKOBAHMX
nnat IP20 i naty-kabeni, Wwo signo-
BigatoTs crangapty I[EC 63171-2, —
ineansHe pilleHHs ans edekTUBHOT
nepeaayi AaHWX y CMCTEMAX ABTO-
MaTU3auii NignpuemcTs i Bynisens.
ACOPTMMEHT BKIIOYGE siK Mome-
peaHbo 3ibpaHi naty-kabeni pisHoi
LOBXMHM, TOK | KOMMNOKTHI pO3’emu
ANS NiGKTIIOYEHHS NPUCTPOIB, Npu-
3HQYEHI s MAsHHS  OMNaBIEH-
HSIM, Y PI3HMX BMKOHOHHSX. Tenep
LOOAOBCS 3'€QHYBAY i3 HOXOBOIO
Texronorielo 3’egHants IDC. Miu-
Hi KOpMyCM, WO CKNaJaloThCa 3
ABOX YACTMH, MOXHQ fiyXe MpOCTO
KOMMIEKTYBATU €3 BUKOPUCTAHHS
IHCTPYMEHTIB.

[lo acoptumerTy eupobis i3
30XMCTOM OBOMOHKM Y BUKOHAHHI
M8 BignosigHo no crangapty IEC
63171-5 takox Hanexats no-
nepeaHbo 3ibpani naty-kabeni 3
PisHUMM TUNAMK KabBenis i pisHOO
JOBXMHOIO AJ1 PI3HMX CUCTEM i
PO3’EMM ANs  MIOKMIOYEHHS MPK-
CTPOIB Yy CTOHAAPTHOMY BUKOHOHHI
M8. LLoiHo momanuit 3’egHyBau
naHensHoro agantepa  SPE-M8
3abesneuye nepexig Big NOALOBOI
KabenbHOI PO3BOAKM i3 3AXMCTOM
0BONOHKM [0 3AXMLLEHOT PO3BOA-
K1 B Wwadi kepyBaHHs. JonosHeHHs
acopTMmeHTy BapiaHTom M12 oui-
KYETbCS LIbOTO POKY.

www.phoenixcontact.com

3'€AHYBAMI

ANg APYKOBAHUX MJIAT
I NATY-KABEJI

ANg USB | HDMI

06  3040BONBHATM aepani
Ginbwui nonuT Ha Binbluy
KiNbKICTb  iHTEpdEHCiB, KOMMAHis
Phoenix Contact poswmpioe
QCOPTMMEHT 3'€mHyBaYiB Ans ne-
penaui aaHux, Wwo 3abesneyyioTs

www.chiphews.com.uad
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HagiiHui 38'a3ok. Cepen HOBMHOK
QCOPTUMEHTY, 30KPEMA, 3’ €aHyBaui
AN APYKOBAHMX MNAT i naTy-kabeni
y dopmarti USB tuny A i tuny C, a
Takox y popmati HDMI tuny A.

Bapiahtn y  dopmari  USB
tuny A i uny C oCTynHi y BUKOHQH-
nax USB 2.0, a Ttakox USB 3.2
nok. 1/USB 3.0 i USB 3.2 nok. 2/
USB 3.1. 3’enHyBadi ans nepepadi
naHux Ha wemakocti go 10 T6it/c
NPUAATHI [O BUKOPUCTAHHS i3 cep-
BicHUMK iHTepdeiicamn abo  ans
NOCTIMHOI Nepefayi AAHWX Yy 30Xu-
LIEHWUX CUCTEMOX. 3QBASKM TPbOM
HAMPAMKAOM BiABOAY 3'€nHyBAYIB ANst
APYKOBAHWUX MNAT, MPUOATHWUX Ans
NAsHHS XBMIEKD MPUMOKO | MAsHHS
OMMIOBMEHHSIM, BOHWU MQIOTb LUMPOKI
MOX/TMBOCTi 3CTOCYBAHHS.

3'eqryBaui AN APYKOBAHMX
nnat HDMI 2.0 i eucokowsuakicHi
naty-kabeni 3abesnevyioTs Haaid-
HYy Nepenauyy aynio- 1 BileoaaHmx, a
Takox Ethernet (HEC) y saxuiuermx
cuctemax. 3'enHyBaui Ans 4pyKoea-
HUX NNAT AOCTYMHI 3 ABOMA PI3HUMM
HANPAMKaMK BiABOAY | MPU3HAYEHI
ans obpobku B QBTOMATM3OBAHMX
ﬂpOLl.eCOX OMNABJIEHHA 3 TEXHOJIO-
ri€I0 MOHTOXY HO MOBEPXHI.

Ha pomauwy no eupobis ans
USB i HDMI acopTumeHT npogykuii
MICTUTB SIK TPOAMLIMHI 3'€qHyBaYi Ana

nepegavi aanux, sk-ot D-SUB, tak i
HOBI 3'€aHYBAY AN NEPEeAaYi AAHNX
nna RJ45, USB, HDMI, koakciansHo-
rO | OMTOBOIOKOHHOTO 3 €AHAHHS, A
Takox ans Single Pair Ethernet. Yci
APTUKYNIK  BUPIZHAKOTLCS  BUCOKOIO
AKICTIO | HOSBHICTIO AOAATKOBMX MO-
CIIYr i3 MPOEKTYBAHHS.

www.phoenixcontact.com

3’€AHYBAMI A9 NEPEAAMI
AAHUX Ang BCIX
NPUJNIAAOBUX IHTEP®ENCIB

KOMI‘IOHiﬂ Phoenix Contact no-
CTIMHO PO3LUMPIOE ACOPTUMEHT
3'egHyBaUiB ANs nepenayi LAHMX,
wo 3a6e3nedyioTs HAAIMHUI 38'-
30K. 3aBAAKM PO3LIMPEHHIO BUPOG-
HMYOI MPOTPAMM TPAAMLINHI 3'€n-
HyBQYi Ang nepepaudi AaHMX, SK-OT
D-SUB, cranu Takoko X 4acTUHOK
QCOPTUMEHTY MPOAYKLIi, fK i HOBI
3'eqHyBaui Ans nepenayi oaHMX ana
RJ45, USB, HDMI, koakciansHoro
i ONTOBONOKOHHOTO 3'€gHaHHA, a
takox Single Pair Ethernet.
30BaAKM PO3MAITTIO KOHCTPYK-
Ui, KOAYBQAHHA TA MNPMU3HAYEHHS
koHTakTie Phoenix Contact npo-
NMOHY€E YHIBEPCANbHE PilleHHs Ans
MILHMX | ONTOBONOKOHHMX KabeniB.

AcoptumeHT npogykuii ans RJ45
BKNIOYAE Ik BAPIAHTM ANs BUKOPU-
CTaHHs B odicax i ByamuHkax, TaK i
BUPOGK, NpuaHaueHi ans Gesneu-
HOI mepeaauyi AAHMX Y NPOMMCNO-
BMX 30HAX.

Ocobnunea yBara npuainserscs
pO3pobui HOBKX pilueHsb ans Single
Pair Ethernet. Acoptument P20
ana SPE Bkniouae nonepenHso 3i-
6pani naty-kabeni pPisHOi AOBXM-
HM, G TAKOX KOMMAKTHI PO3’emu
ANA NiGKNIOYEHHS NPUCTPOIB, Npu-
3HAYEHI AN19 NASHHS OMAABNEHHSM
B PI3HMX BMKOHAHHSX. 3'ABMBCS
TAKOX HOBWM NPEACTABHMK JiHiN-
KM — 3'emHyBaY i3 HOXOBMM 3'€a-
HarHsm IDC ana MoHTaxy y noni.
[lo acoptumeHTy BUpOGiIB i3 30xM-
CTOM OBONOHKK y BukOHaHHI M8
TAKOX BXOASATH MOMNEPEAHbO 3i6pa-
Hi naTy-kabeni 3 PisHUMM TUNAMM
kabenis ana pisHUX cucTem i pos’e-
MU ANa NIGKNIOYEHHS NPUCTPOIB Yy
CTAHAAPTHOMY BUKOHAHHI M8.

Yci 3’egrysavi Phoenix Contact
rogaTbCs ANs HOAIMHOrO M JOBroBiY-
HOro 3B'A3Ky 3 MPUCTPOEM. YKicTb
BMpOGiB nigTBEpIKEHA NaGOPATOP-
HUMM BUNPOBYBAHHAMM, LLO BUXO-
[STb 30 MeXi CTAHAAPTIB, O TAKOX
MDKHOPOZHUMM CepPTUIKATAMM.

www.phoenixcontact.com

PAAIATOPU OXOJIOADKEHHS
M 3ATNYLUKU PALIATOPA
AJid KOPNycCiB
EJIEKTPOHHOIO
OBJIAOHAHHS

KOMI‘IGHiH Phoenix Contact
NPOMNOHYE PI3Hi PilLeHHs pagi-
ATOPIB OXONOAXEHHS ANs KOPMyCiB
enekTpoHHoro obnaaHaHHs ICS.

Komnakthi  sarmywku pagio-
Topa 306e3nedyioTb CenekTMBHe
oxonogkeHHs  npuctpoto.  Kpim
TOro, AOCTYMHMI BENMKUIA ACOPTH-
MEHT NACUBHMX PARIATOPIB OXONO-
IPKEHHS AN 30CTOCYBAHHS Y CKNAf-
HUX TEMNOBMX YMOBOX.

MonoxerHs 6asu pagiatopa
OXONOMKEHHS  MOXHA  3MIHIOBATM
NS NiAKNOYEHHS eNEKTPOHHMX KOM-
MOHEHTIB 3 KOHCTPYKLIMHOIO BKUCO-
Toto o 13 abo 15 mm. 3anexHo Big,
|'|0Tpi6Ho'|' KiNbKOCTI MicCLSs BiACTAHb
MiX APYKOBGHOKO MNATOIO Ta pPagi-
ATOPOM  OXONIOJKEHHS  CTAHOBUTH
Big 0 go 11 mm. Pagiatop oxono-
IKEHHS MPOEKTYIOTb | BUTOTOBNSIOTH
iHOMBIOyQNbHO — Ana  BigNOBIAHOTO
PO3TALLYBAHHS ENEKTPOHIKM. TaKe
MPOEKTYBAHHS 3MJHO 3 0COBNMBOC-
TAMM 30CTOCYBOHHS FAPAHTYE ONTU-
MarbHe OXONOAXEHHS NPUCTPOLO, a
OTXe, NOAOBXEHHS CTPOKY eKCrTya-
TaLii eNeKTPOHHNX KOMMOHEHTIB.

—
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€HEepreTuKu.

TOB “®enikc KonTakt”
(044) 594 55 22

phoenixcontact.com/uk-ual

oI E@SiI@aoes@a

PHCENIX
CONTACT

50 pokie COMBICON

Cepis COMBICON sias, PHOENIX CONTACT,
HaNGiAbWKMA ¥ CBITI ACOPTUMEHT KAEM AAR
APYKOBaHMX MAAT i IUTEKepHUX 3'€AHYyBauiB,

Bia3Hayvae 50-piunnii oBirei.

CooroaHi COMBICON — ue 3eaeHuid CBITOBMI
CTaHAAPT PO3'€MIB AAA ADYKOBAHMX MAAT, LLO
33CTOCOBYETHCA MPAKTUYHO ¥ BCIX ranysax
NMPOMUCAOBOCTI, OYAIBHULITBA, IHGPACTPYKTYpPH Ta

Lle icTopis ycnixy, HanucaHa pasom i3 Bamu, Hawmmm
KAIEHTaMK Ta MapTHepamu.
3a ue mu kaxxemo eam AAKYEMO!

INSPIRING INNOVATIONS
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Hosi  piwenHs  pagiatopis
oxonomxerHs |CS  ponoeHioOTH
HOSIBHWM QCOPTUMMEHT pafiaTopis
OXONOMKEHHS TA  GYHKUIM  Tem-
nepaTypHoro moaenoBaHHs. Kom-
nanis Phoenix Contact Bxe Ha
PaHHLOMY eTani po3pobku Npomno-
Hy€ BEG-NNATGOPMY 3 IHTYITUBHMM
KEPYBAHHAM AN8 QHAMI3y TepMiy-
HUX XAPAKTEPUCTUK ENEKTPOHHMX
npucTpoie. 3a notpebu uio und-
poBy nocnyry moxe 6yT1 gonos-
HEHO [HAMBIAYANbHOIO KOHCYNbTA-
uiero. TaKMM YMHOM, PO3POBHMKM
NPUCTPOIB MOXYTb CKOPWUCTATUCS
nepeBaramu AeTANbLHOrO MOAENIO-
BAHHSA 30N1€XHO Bifi YMOB 30CTOCY-
BAHHA M OTPUMATKU peKkomeHAaLl
wono sMbopy KOpMycy, KOHCTPYK-
uii Ta po3TalyBAHHA pagiaTopa
OXONOAXEHHS.

www.phoenixcontact.com

DUILTP EMC

Aanga 3ACTOCYBAHHS
Y BUMIPIOBAJIbBHOMY
OBJIAAHAHHI

Hoamﬁ obinbtp EMC i3 86ygo-
BAHOIO CXEMOIO 3AXMCTY Bif,
nepeHanpyr TTC-6-SFP-24AC-PT
LOMOBHIOE ACOPTUMEHT BUPOGiB
TERMITRAB  complete  komnaii
Phoenix Contact.

Hoeuit dinstp EMC 0bmexye
Ta BindINbTPOBYE BUCOKOYACTOTHI
30BOOM HQ CUTHAMBHMX MPOBOAAX.
B6ynosaHa cxema 3axucty Big ne-
peHanpyr 3abesneuye  HagilHe
BilBElEHHS NepexigHUX iMMNynbCiB.
3aBasku raBAPUTHIA LUMPKHI NnLe
6 Mm dinbTp EMC BUpisHSIETBCS KOM-
NAKTHICTIO MOHTCXKY. BiH 306e3ne-
UYE 3OXMCT SIK Bifl BUCOKOUQCTOTHMUX
3aBaA, TOK i Bif nepexigHux nepe-
HANpyr nuwe B OAHOMY NPUCTPOI i
MPUAATHWIA 4O 3ACTOCYBAHHS B Ci-
cTemax 3 Hanpyroio Big 24 B amiHHo-
ro ctpymy a6o go 38 B nocriliHoro
ctpymy. [na BctaHoBneHHs inbtp
EMC tpeba npocto sadikcysati
Ha DIN-penyi. LLsuaka texHonoris
3’eaHanHs Push-in cnpoluye npouec
€NEKTPOMOHTAXY.

www.phoenixcontact.com

DC/DC-KOHBEPTEPU
NS XXUBJIEHHS
OPAMBEPIB KJIIOYIB

KOMI‘IGHiﬂ RECOM aHoHcye
Hosy niniiky DC/DC-koHeep-
Tepis RA3, pospobneny ans xus-
newHs gpansepis kmouis IGBT, Si,
SiC ta GaN. Komnanis RECOM
POS3LUMPUNA ACOPTUMEHT BromkeT-
Hux Hectabinisosannux DC/DC-

6

KoHsepTepis cepieto RA3 3-BaTHMx
mopynie SMD ans 3a6e3neueHHs
ONTUMANBLHOI  HAMPyrK 3aTBOPA
knioua. JoctynHi BapiaHt 3 og-
HononspHum suxogom 8 i 9 B abo
acumetpuuHum +7/=1,+15/=3 ta
+20/=5 B. dawi Hanpyrv 3akpu-
BAIOTb BUMOrM Ao HOBITHIX IGBT,
kpemHieanx KMOI tpansucTopis
Ta enementis GaN HEMT. Mogy-
ni 30663neqy}0Tb MiLHICTb i3onauii
5.2 kB/1 xs. i ceptudikosaHi Big-
nosigHo no UL/IEC/EN 62368-1,
CAN/CSA-C22.2 62368-1, a
takox EN 61204-3. Knac A 3a
EMC gignosigHo no EN 55032
306e3neuyetbca 6e3 0bs’asku, a
knac B 3 HarnpocTiwmm dinbTpom
LC. 3 Bt BuxiaHoi noTyxHocTi nig-
xonsTb sk ans notyxHuux GBT, ane
1 kmouie SIC i GaN Ha Bucokmx
yacTtoTax nepemukanHs. docryn-
Hi BAPIGHTM 3 BXIAHOIO HAMPYroo
+5,+12i+24 B 3 gianasoHom +/—
10 %, a KK[ 3a3emuar nepesuilye
80 %. MictkicTb izonauii cTaHoBMTb
merwe 10 n®, wo 3abesneuye
CTiMKICTb 8O KPYTUX PPOHTIB BUCO-
KOI HaMpyru, Lo CNOoCTepiraTbes
Yy BMCOKIiM CTOPOHI ApanBepa oco-
6nmeo ang SiC i GaN npucrpois.
[ianasoH po6ounx Temnepatyp
cranosuts —40 °C..+85 °C 6e3
nerpanauii (80 °C ana sepciit i3
suxogom 1, 8 Ta 9 B). Cepis RA3
npusHaveHa ans SMD moHTaxy,
po3MipK  KOpMycy  CTAHOBAATL
23.4 x 15 x 8.5 mm, 3a06e3neuy-
oun 35% ekoHomilo 3a Micuem
Ha nnati Ta 60 % 3a obcarom, Wwo
30MMAE, B MOPIBHAHHI 3 KOHKYPEH-
Tamu. SMD kopnyc 3 Benukumu
BiACTAHSAMM  MiXX MAMOAHYMKAMM
3a6e3neyye HeoOXinHM PisndHMI
nogin ans nigBMLLEHOT i3onauii Mix
sxogom DC/DC ta iHwumu ua-
CTUHOMM CXEMM, WO MiAKMOYEeHi
10 BepxHboro wapy. Lupokwit
4ianasoH pobounx Temnepatyp
cepii RA3 nigxoautb ans xopcrkmx
YMOB ekcnayaTauii, Hanpuknag,
IXepena BigHOBIOBAHOI eHeprii,
COHSIYHI  iHBEPTOPM, IHAYKLUiMHE
HarpisaxHs, TenekomyHikauii, 3Y
NS eNeKTPOTPAHCNOPTY Ta Ke-
pyBaHHS enektpoasuryHamu. Ko-
menTye Metsio [layTepis, meHen-
xep 3 npoaykuii DC/DC komnanii
RECOM: «Mu TicHo cnisnpauio-
€MO 3 MPOBIAHUMK BUPOBHWUKAMM
HONIBNPOBIAHMKOBMX  KIlOYiB i3
LUIMPOKOIO 3060POHEHOIO 30HOIO,
Wo6 rapaHTYBATM  OMTUMAbHY
NPOLYKTUBHICTb MPU 3ACTOCYBAH-
Hi Hawwx DC/DC ansa xusneHHs
OCTOHHBOrO MOKOJIHHA NPUCTPOIB.
BoHu 3HauHO MeHLLi 3a po3mipom
TQ BMMOrQIOTb MEHLLOI KifbKOCTI
30BHILLUHIX KOMMNOHEHTIB, HiX KOH-
KYPEHTHI PILLEHHS HA PUHKY, LWO
CMPOLLYE NMPOEKTYBAHHSY. 3PA3KM

TG UiHM And 3GMOBHMKIB JOCTyn-
Hi Bi yCiX OBTOPM3OBOHWX [MC-
Tpub6 ioTopie abo GesnocepeaHLo
sig RECOM.

WWW.recom-power.com

JAXKEPEJIA XXUBJIEHHS
HA DIN-PEVIKY AJ1 CUCTEM
BE3MEKW 180 BT

xepena xuenenHs MEAN

WELL cepiit DRC-40, DRC-60,
DRC-100 po6pe 3apekomeraysa-
nun cebe Ha puHKY cucTem 6esneku
TG MQIOTb LUMPOKE 3ACTOCYBAHHS
B CUCTEMAX OXOPOHMW, MNOXEXHOI
6esneku, QBAPIMHOMY OCBITNEH-
Hi, CUCTEMOX KOHTPOMIO JoCTyny i
T.4. Lo6 poswuputn chepu 3a-
crocysanHs MEAN WELL nouas
cepiliHe BUPOBHWLTBO HOBOI cepii
notyxHictio 180 Br — DRC-180.
BOHVI ﬂi,D,XOJJ,ﬂTb OJ11 BCTAHOBJIEHHA
Ha piH-pediku tuny 1S-35/7.5 abo
TS-35/15.  Lupokuit  gpianaszoH
BxigHux Hanpyr 90~264 B aminHo-
ro CTpyMmy Ta ABi MOLENi 3 BUXOAOM
13.8 B DC ta 27.6 B DC pobuts
X nigxoaaLwmmm ans GinboCTi 3a-
pad. Ha suxopi 610k XMBEHHS
mae 2 kaHanu: ocHosHui (CH1) ana
XMBIIEHHA OBNAAHAHHA | BOAATKO-
sui (CH2) akuit moxe B TOi e yac
sapamxatn 6atapeto. Kpim Toro,
BoHM MatoTb iHgukatop AC OK,
CUTHANI3AL{IO NPO HU3bKY HAMPYry
AKKYMYNATOPQA TA PA3OM i3 30BHILL-
HbOIO BATAPEEID MOXYTb YTBOPIO-
satn DC-UPS cucremy.

www.meanwell.com

«PO3YMHI» BJIOKU
)XXMBJIEHHS HA DIN-PEVIKY
240 TA 480 BT

2000 poky MEAN WELL noc-

TIMHO  BUMYyCKaE HOBI  Bnokw
XMBMNEHHS T OKCECYApH 3 KPIMneH-
Ham Ha DIN-pefiky. Huni us ninirika
NPOAYKLIi BXe AOCUTb PI3BHOMAHIT-
HO TG 30BOIOBANA 3HAUYHY YACTKY
puHKy. Y BIONOBigb HAQ CTPIMKMi
PO3BMUTOK CKNOAHOI apXiTekTypu
Gynisens, ypsan Esporu, CLLUA
Ta Kutalo oronocunu HoBi npasu-
na ans cucrem 6esnekn Ta Npo-
TunoxexHoro 3axucry (EN54-4/
UL2524/GB17945). Ona 3anoso-
NIEHHS NOTPEG BENMYE3HOTO PUHKY,
MEAN WELL nouae supobHmuTeo
HOBMX «PO3YMHUX» [KEPEN XMB-
nenns cepin DRS-240 i DRS-480.

Hai6insw npusabnmsoio oco-
6nusictio DRS-240 ta DRS-480 e
ix  6aratodyHKLIOHANLHICTb, [KA
sknouae  AC/DC-nepetsopiosay,
sapsaaky ans 6arapeir, DC-UPS i

NPOTOKOMM 3B'A3KY B OLHOMY KOM-
naktHomy kopnyci. OkpimM uporo
BOHM MQAIOTb LUMPOKMIA AIANA30H
exigHux Hanpyr 90~305 B 3miH-
HOrO CTPYMy, WO PobuTh ix npu-
OOTHYMM IO BMKOPMUCTOHHS Yy BCiX
4acTMHax cBiTy. HoBMHKM MatOTb
B6y,D,OBOHV|171 KOMYHIKQUIMHUI  iH-
tepdeitc MODBus, a napame-
TPOMM 3APSAKM MOXHA KEPYBATH
yepes SBP-001. 2-/3-ctrynenesy
KPWBY 3APAAXAHHS TA PiBEHb CTPY-
My 3apsagy (20%~100%) Ttakox
MOXHQ HONAWTYBATH BPY4YHY 30
LOMOMOTOI0 MEePEeMUKAYa HA ne-
pegHin nadeni. DRS-240 ta DRS-
480 MOXyTb BUKOPUCTOBYBATUCH 3i
CBMHLEBO-KMCIAOTHUMM 1 NITIEBUMM
60Topeswn4. HosuHka BigMiHHO ni-
ainne ans cUCTeMM NPOTUNOXEXHOT
6e3neku, QBAPIMHOTO OCBITNEHHS,
CUCTEM KOHTPOSIIO JOCTYMY TOLLO.

www.meanwell.com

D)KEPEJIO )KXUBJIEHHS
2300 BT AJ19 CYBOPUX
YMOB EKCMAYATALYlI

imeitictreo  HEP  sin MEAN

WELL ue cneuianbHi mxepe-
A XMBAEHHS ANS CYBOPUX YMOB
ekcnnyaTauii 3 3aXMCTOM Bif BOAM
Ta nuny no crawgapty IP67, ax-
TueibpauiiHoo 3patHictio 106G,
6E3BEHTUNATOPHUM AM3ANHOM, WO
[AOCArQETbCA 30 PAXYHOK QSTIOMIHI-
€BOTO  eKCTPYAOBAHOTO  KOPMycCy
3 KOHAYKTUBHUM OXOSIOAXKEHHSIM.
BoHu nigxoasTb Ans BUKOPUCTAHHS
B MPOMWCIIOBOMY i TENEKOMYHIKQ-
LiHOMy 06napHaHHI, po3MmiLLeHo-
My 330BHi npumitLeHs. Kpim Toro,
HEP-2300 matots mogeni 3 Buco-
KoBonbTHUM Buxogom 115 B, 230 B
i 380 B, ski MOXHA BUKOPHCTOBYBA-
TM ANS HOBMX 3ACTOCYBQHb, TAKMX
AK NPUCTPOI ANs 3apsaaku, ons na-
3EpHOr0 PI3aHHS Y OBNAAHAHHS
L1 eNeKTPONizy.

Cepis HEP-2300 skntouae mo-
neni 3 BuxigHolo Hanpyroo 55 B,
115 B, 230 B i 380 B, akoio moxHa
KepyBATH 30 LONOMOroko B6YA0BA-
HOrO 3MIHHOrO pPe3ncTopa, dyHK-
uit PV/PC uun 3a ponomoroto und-
POBOTO 3B’A3KY 4Yepes MPOTOKOMU
CANBus, PMBus a6o0 MODbus.

Okpim pizHUX BAPIAHTIB MO BYK-
XigHin Hanpysi, cepis HEP-2300 3a-
NEXHO Bif, MOLEN MAE TPM MeTOAU
NIKIOYEHHs, TAKi fK TPAAULiMHa
KNEMHQ KOMOAKA, BOAO3CXMLLEHI
kabeni Ta BOAO3AXMLLEHI PO3’EMM.
3okpema, BOJO3AXMLLEHNH PO3’eEM
MOXHQ BUKOPUCTOBYBATH ans
TenekomyHikauiiHoro  papioo6b-
nagranns 4G RRU (Remote Radio
Unit) Ta aktusroi aHtern 5G AAU
(Active Antenna Unit), aky moxHa

www.chiphews.com.uad
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BMKOPUCTOBYBATM HA  30BHILLIHIX
6a308BMx CTaHUisX. BoHW Takox ma-
I0Tb [EKiNbKA BAPIAHTIB MOHTAXY.
3a notpebu MEAN WELL takox
MOXe HOAATH NOCyr1 3 MoandIKa-
Lii kabenio.

www.meanwell.com

YNIbTPATOHKUA
AC/DC-NMEPETBOPIOBAY
MOTYXXHICTIO 350 BT

Komnouin Mornsun npegacra-
suna  ynetpatorki  AC/DC-
nepeTBopIoBAYi B KOXYCi MOTYX-
Hictio 350 Bt — cepia LMF350-
23BxxUH. [Hani mxepena xus-
NIEHHS  MQIOTb  LUMPOKMUM  BXIAHMIM
gianasoH 85—305 B aminHoro crpy-
my Ta aktueHui PFC. Mepetsopio-
oy  Mornsun  LMF350-23BxxUH
BUKOHOHMM Y KOMMNAKTHOMY KOPMYCi
220 x 62 x 31 MM, MO€E BUCOKY NO-
TyxHicte 350 Bt i 3patHui BuTpK-
matn 150% HaBaHTaxeHHs npo-
Tarom 1 ¢. Hessaxatouu Ha Bucoky
LLMABHICTb  MOTYXHOCTI, AXepeno
XMBMEHHS] MAE edEKTUBHICTb [0
94 % npu MAKCUMANEHOMY HOBQOH-
TaxeHHi. [lacuBHe oxonomkeHHs
[O3BOMNTbL 3ACTOCOBYBATU MOrO B
Mmicusx, oe n0Tpi6Hm71 HWU3bKMI i~

BeHb LWyMmy. [xepena kueneHHs ce-
pii LMF350-23BxxUH sunyckatots-
Cq B [eKinbkox BAPIGHTOX BUXiIAHOT
Hanpyrv: 5, 12,24, 36, 48 B nocrin-
Horo Hanpyu. EMS-cymicricts EN/
UL62368, EN61558, EN60335,
GB4943 1a wupokuit BxigHwit aia-
nasoH 85—305 B noctirHoro crpy-
My [O3BONSIOTb MOrO BUKOPUCTOBY-
BATW B NPOMWCIOBOCTI, eHepreTuLi,
OCBITNIEHHI, TENeKOMyHiKaLiax Ta
cuctemax 6esneku. [ianazon po-
60ouoi Temneparypu —40..+85 °C,
NPUCTPIN MAE 30XMCT Bif, KOPOTKO-
roO 3AMWKAHHS, BUCOKOT HAMpyrv Ta
Bif} BUCOKOI TemnepaTypu. Isonsuis
MiX BXOAOM i BMXOLOM CTAHOBUTb
4000 B amiHHOrO CTPYMY.

www.mornsun-power.com

YHIBEPCAJIbHI
AC/DC-MEPETBOPIOBAYI

KOMI’]OHiﬂ Mornsun sunyctuna
yHisepcanshi AC/DC-pxepena
xuenenHs cepii LM(F) y koxyci, siki
BiAPI3HAIOTLCA BUCOKOIO FHYYKICTIO
30CTOCYBAHHS, WMPOKMM BUEOPOM
BMXIAHOI HANPYrM Ta MOTYXHICTIO
15-1000 Br. [lepetsopiosaui
cimencrea LM(F) npuaathi ans eu-
KOPUCTAHHS Yy MPOMUCIOBIM QBTO-

matuzauii, LED-ocsitnenHi, po6o-
ToTexHiui, y Byaisnax Ta cnopyaax
Towo. [JaHa niHiika MAe LWMPOKMi
BxigHui gianazoH 85—305 B amin-
Horo crpymy i 100—400 B nocri-
Horo crTpymy. BuxigHa Hanmpyra
NMOKPMBAE BCi BMMOIM  Cy4QCHOI
NPOMMCNOBOCTI TO ABTOMATU3ALI:
3.3;5;9;12;15;24;27; 30; 36; 48
i 54 B nocTifHoi Hanpym1 Ta WKpo-
kuit B1ubip notyxHocti 15—1000 Br
npu nocrinHomy 100% HaeaHTa-
xeHHi. [xepena MaoTb KOMNAKTHi
PO3MIpKU KOPMYCY, LLO MOHTYETLCS
HQ LLIACi NPK BUCOKIM ebekTUBHOCTI
10 94 % Ta 30910 MiXK BXOAOM i
suxogom 3000 i 4000 B sminHo-
ro crpymy. Mogeni notyxHicTio
no 200 Bt matots nacueHe oxo-
nomxerHs, a mopeni sig 300 Br
MOXYTb OCHOLLYBATUCS OKTUBHUM
OXONOIXKEHHSM Afs BCTAHOBMEHHS
B BOXKMX TEMMEPATYPHUX YMOBOX
o +70 °C. HuxHin nopir temne-
PATYPHOTO Aiana3oHy CTAHOBMTH
—30 °C. [llepetsopiosaui cepii
LM(F) ocHaweni saxuctom Big ne-
perpiBy, KOPOTKOTrO 3CAMMKAHHS,
BMCOKOI HAMpPyri, a mogeni 3 cydik-
com F — LMF nopatkoso maiots ak-
THBHWI kopekTop noTyxHocTti PFC
[Ns BiANOBIAANBHUX 30CTOCYBOHb.

www.mornsun-power.com

BLUETOOTH CHK
HACTYNHOIO NOKOJIIHHA
3 dYHKLUIEIO
NMO3ULIIOHYBAHHS

KOMI‘IGHIH STMicroelectronics
npeacrasuna Bluetooth CHK
(cuctemy Ha kpucrani) Tpetsoro
MOKOJMiHHS, ~ AOMOBHEHY  pyHKLi-
€0 neneHrauii  3a  AONOMOro
Bluetooth Ta npusHaueny ans go-
LATKIB BiICTEXEHHS PO3TALLYBAHHS
TA MO3WLIOHYBAHHS B PEANIbHOMY
yaci. BusHauaioun Hanpsmok cur-
Hany Bluetooth Low Energy (BLE),
CHK BlueNRG-LPS, ceptudikosa-
HO Ha BIGNOBIgHICTL cneundikauii
Bluetooth 5.3, mMoxe oujiHOBOTH
nepeMmilleHHs i MiCLe3HaxXOmKeH-
HA 3 TOYHICTIO LO CAHTUMETPA.
Y CHK BrkopucToByeTbcs onMcaHa
cranpaptom Bluetooth TexHonoris
BM3HAYEHH: KyTiB npuxogy (angle-
of-arrival, AoA) i Buxoay (angle-of-
departure, AoD), wo obumcniooTs-
€Sl 30 CUTHANAMM, OREPXXYBAHUMM
QHTEHHOIO PELUITKO. 3ABASKM Uil
moxmmsocti CHK tenep noseonse
CTBOPIOBATH LUIMPOKMIM CMEKTP L4O-
OOTKIB, WO BMMAralTb Hagirauii
BCEPEAMHI MPUMILLEHb, [E030HY-
BAHHA TA BiACTEXEHHS NepeMilLeH-
Ha O6’€KTiB, O TAKOX BM3HAYEHHS
B PEXMMI pPeanbHoro 4acy posTa-

BENVKUMY BUBIP
PAAIOAETANEN!
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LUYBAHHA IHCTPYMEHTIB, QKTUBIB T
ToBApPIB. 30BAAKM ONTUMI3aUii ap-
XiTekTyp Ta nepudepitHux npu-
CTPOiB BBOLY—BMBOLY, O TAKOX
nam’sti nporpam Ta aarux (192 Kb
eFlash Ta 24 Kb SRAM, eignosia-
HO), PO3PAXOBAHOI HA CNPOLLEHI
kiHuesi npogyktv, BlueNRG-LPS
ineanbHoO nigxoaMTb AN HEAOPO-
X NPOTrPaM 3 BENUKMMM OBCs-
ramu Bunycky. [o Hux Hanexats
6e3npOTOBI  AATYMKM 3ArANLHOrO
NPU3HAYEHHS, MEAWYHI npunagu,
cucTemn Ge3KITIoYOBOTO  BOCTYMY,
nynbTM AUCTOHLIMHOTO KEpYBAHHS
TQ IHTENeKTyanbHi AUCTAHUIMHI ni-
umnbHuku. Kpim Toro, iHTerposaHi
8 CHK BucokoedekTmBHMI NOHK-
XXYBQIbHMI NEPETBOPIOBAY | CXxemMa
3aXMCTy e Binblue CnpoLLyioTh i
CKOpOUYIOTh Nepenik  HeobXiaHWxX
KOMMOHEHTIB | [O3BONAOTL pea-
Ni3yBATM KOHCTPYKLIIO HA 3HAYHO
AELeBLii [ABOCTOPOHHIN ApyKO-
ganin nnati. Apxitektypa CHK
NiATPUMYE HOBITHIO creundikaLiio
Bluetooth LE Power Control, wo
[O3BOMSE TOYHO HAMALUTOBYBATH
BUXILHY POAiIOYACTOTHY MOTY>XHICTb
no +8 nbm 3 kpokom 1 abm, wo6
36inbLINTK YaC ABTOHOMHOI Po6Oo-
. Kpim Toro, ¢yHkuia Bluetooth
Path-Loss Monitoring nokpatuye
AKICTb Pagioss’sasky Ta 3anobirae
BMHWKHEHHIO nNepelwkod, 3abes-
neyyloun HaginHe 3'€qHaHHS ans
NOKPALLEHHS B3aemopmii Mix npu-
CTPOSIMM HOBITb Y MiCLIAX CKYMYEHHS
NIOAEN, A TAKOX MEHLLIMI YacC Biary-
ky. Migtpumka Bluetooth 5.3 pane-
KOro pagiycy Aii, BUCOKQ LUBMAKICTb
nepegavi panux 2 M6ir/c, nepi-
OfMYHE OMOBILLEHHS, OfHOYACHE
NigKMNIOYEeHHS  KiNbKOX NPUCTPOIB
Ta 6aratodbyHKuioHansHiCTE  Ta-
kox 306e3ne4yioTb KOPUCTYBAYEBI
BMHATKOBY 3pY4HiCTb po60oTH 3 06-
nagHaHHsm Ha ocHosi BlueNRG-
LPS. Kpim wusoro, € cneuianbHi
anapaTHi Ta NPOrpamHi - GyHKLiT
NigTPUMKKM  NigBULLEHOT 6e3nekn.
[na cnpowenHs susdyenHs CHK
BlueNRG-LPS ta pospobku kiHue-
BOrO NPOAYKTY NPOMOHYETLCS OLLH-
Ha nnatdopma STEVAL-IDBO12V1.
CHK BlueNRG-LPS exe sanyuieni
B MACOBE BUPOBHWULTBO B 32-KOH-
TakTHux kopnycax QFN poamipom
5% 5 mm.

www.st.com

HAMMEHLLUWNA Y CBITI
moayIb GPS

KOM[‘IOHiﬂ u-blox aHorcysana
CBOIO MIHIOTIOPHY HO CbOrof-
HILWHIA feHb Cepilo NPUIAMANbHUX
moaynis GNSS  (mobansHoi  Ha-
BIrQUiMHOI  CymyTHMKOBOI  cucTe-

8

mu) — u-blox MIA-M10. Moaynb
u-blox MIA-M10, no6yaoeanuii Ha
nnarpopmi GNSS u-blox M10 i3
HAAHM3bKMM E€HEProCMOXMBAHHSIM,
3a6esneuye HabinbW  eHeproe-
$eKTBHE PILLEHHS AN KOHTPOJIO
nepemilleHHs ob’ektis.  Moaynb
OPIEHTOBAHMIA HA PUHOK MPUCTPO-
B CTEXEHHS 3a NOAbMM, LOMALL-
HiMKM  TBapUHOMM | xysoboto, a
TOKOX MNPOMMCNOBMX AATYMKIB i
cnoxuBumx  ToBapis.  MiHiaTiop-
Huit kopnyc MIA-M10 posmipom
4.5 x 4.5 Mm — npubnusHo Bagivi
MEHLLIWMI, HIX Y KOHKYPYIOUMX NMPO-
LYKTIB — [O3BONSE PO3POBHUKAM
CTBOPIOBATH Ginbl NpuBabnvei Ta
3PYYHI PiLLIEHHS, CMPUSIOYM NOAANb-
LUIOMY BMPOBAAXEHHIO TEXHONOTIN
MO3ULIOHYBAHHS Y CMOXMBYMX TA
NPOMUCIOBKX  pilteHHsx. Mogynb
3a6e3neuye HOHNU3bKE EHEProCo-
XMBAHHS 6€3 LUKOAM XApaKTepuc-
ik GNSS. Kpim Toro, 1oro pexumu
eHeprosbepexeHHs  [03BONAIOTL
NOABOITY YAC ABTOHOMHOI pO6OTM
30 PAXYHOK OMTUMANLHOTO 6anaH-
CYy MiX TOYHICTIO MO3MLIOHYBAHHS
TA €HEeProcrnoXuBaHHsM. Ak i BCi
npuctpoi u-blox cimeiictea M10,
mogyns MIA-M10 ogrouacHo npu-
MMaE  iHbOpMaLio  Bif HOTUMPBLOX
rpyn GNSS (GPS, Galileo, BeiDou i
[MOHACC) ans makcumansHoi go-
CTYMHOCT CynMyTHUKOBOTO CUrHAY.
Y No€aHaHHI 3 4ygoBOKO pagioyac-
TOTHOIO YYTIMBICTIO MOAYSb 3a6€3-
neyvye HagiMHe NO3NLIOHYBAHHS Ans
pilleHb 3 HEBENUKMMM CHTEHAMM,
a TAKOX ANs NPUCTPOIB, LLO Mpa-
LIOIOTb B YMOBAX CIABKOTO CUrHA-
ny, HANPWKNa4, MMOOKUX MiCbKMx
kaHbioHax.  [Migrpumka  GNSS
cnyx6oio  u-blox AssistNow, wo
noctaense opbitanbHi aaHi Yepes
IHTepHeT, ckopouye uac, Heobxia-
1t MIA-M10 ans BusHaueHHs ceo-
rO MOYATKOBOTO MOMIOXEHHS MpU
3QnycKy, LO3BOMAOUM MOZYMIO He-
FAMHO MOYMHATM BIACTEXYBATU Cy-
MYTHWKM, HE YEKAIOUM 3ABEPLUEHHS
MOBIMbHOrO 30ABAHTAXKEHHS CymnyT-
HUKOBMX AQHMX. A MPOrpamu, Lo
BMMOrQlOTb  HOATPMBANOTO  CBTO-
HOMHOTO >KMBMIEHHS, MOXYTb BMKO-
puctoeysatn cepsic CloudLocate
komnaHii u-blox, skuit npoposxye
TepmiH cnyx6u nporpam loT, ne-
PEHOCAUN EHEPTOEMHI OBUYUCTEHHS
PO3TALLYBAHHS B Xxmapy. [oToBuit
10 BukopucTaHHa mogynb GNSS y
KOPMNyCi 3 PO3MIPAMK KPUCTANA He
noTpebye 30BHILLHIX KOMNOHEHTIB,
LLIO CKOPOYYE BUTPATH HA MPOEKTY-
BOHHA TA TECTYBAHHS, €KOHOMWTb
KOLITM TA PEeCypcu Ta MPUCKOPIOE
BMXif, HO PUHOK.

MIA-M10 Bunyckaerscs y aBox
BapiaHTax sukoHaHHs. MIA-M10Q
OPIEHTOBAHMIM HO PUMHOK MPUCTPOIB
CTeXeHHs 3 6ATAPEHHUM XXMBNEH-

HIM | yXe OOMEXEHMMU PO3Mi-
pamu. Hesenwuki po3smipu, Hu3bke
€HEepProcnoXmBaHHS | BIAMIHHI xa-
paKTEPUCTHKM  poBASTE  MOAYSb
NPMPOAHUM BUEOPOM AN NPUCTPO-
B, LLO BMKOPMUCTOBYIOTbCA A1 CMO-
CTEPEXEHHS 30 MICLE3HAXOMXKEH-
HAM | 6J'IOFOI'IOJ'IyHl-IﬂM niten, niogen
NOXMNOro BiKy, JOMALUHIX TBAPUH i
xynobu, a TAKOX [ BUCOKOAMHA-
MIYHMX AOAATKIB, TAKUX K HEBENUKI
LPOHM, KOMEPM, BENOKOMI IOTEPH
i naTYnKK 3 60Topel71HMM KMBMNEH-
Ham. [pyruit BapiaHT npopykty —
MIA-M10C — npwusHadeHwit ana
CMOXMBQYIB, AKMM NOTPIGHO BinbLue
rHY4KOCTi Ang 06’ €AHaHHA Moayna 3
QKTMBHOIO 060 CXEMOIO QHTEHMU, LLO
HOCTPOIOETHCA.

www.u-blox.com

HOBWM NMOPTDEJb
MIKPOKOHTPOJIEPIB MCX
IJ19 HOBOI EPU
NEPEAOBUX
MPOMUCIIOBUX

TA NEPUDEPIMHUX
OBYUCJIEHD IOT

omnanis NXP Semiconduc-

tors aHoHcyBana HoBui NOPT-
¢denb  mikpokoHTponepis  MCX,
NPU3HAYEHUIA NS NPOCYBAHHS
iHHOBALi Y PO3YMHWX BYaMHKAX,
PO3yMHUX HABPUKAX, POZYMHUX Mi-
CTax Ta 6AraTbOX HOBKX MPOMMCIIO-
BMX | nepudepintmnx gopatkax loT.
[MopTdonio Bknouae Yotupw cepii
NPMCTPOiB, NOByaOBAHMX HA 3Q-
ransHii nnatdopmi Ta NigTpUMyBa-
HUX LUMPOKO MOLIMPEHUM HOBOPOM
3acobis po3pobku Ta NPOrPAMHO-
ro 3a6esneyeqHs MCUXpresso. Lia
KOMOIHOBAHO MPOMO3MLiA [O3BO-
N€E PO3POOHUKAM MAKCHMI3YBATH
NOBTOPHE BUKOPUCTAHHS NPOrPaM-
Horo 3abeaneyeHHs nopTponio ans
npuckopeHHs  po3pobku.  [opt-
donio TAKOX BKIOYAE MEPLUMIA
eK3emnisp HOBOro cCrewianisoBa-
HOTO HelpoHHoro npouecopa NXP
(NPU) anst npuckopeHHs norivHmx
BUCHOBKIB Ha nepudepii, 3a6e3ne-
qytoun o 30 pasis Ginbl BUCOKY
NPOMNYCKHY CNPOMOXHICTb MOLLUMH-
HOTO HABYOHHS MOPIBHAHO 3 OAHMM
nuwe sgpom LM

3aBASKM  LWBMAKOMY  MOLUK-
peHHIO nepudepiiHmx NpPUCTPO-
B, MIKPOKOHTpPONEPK  3Qa3HaNM
3HAYHMX 3MiH MPOTATOM OCTAHHIX
Kinbkox pecstunits. Hessaxaiouu
HQ Te, LLO BOHW NEeXATb B OCHOBI
6araTbOx Cy4acHuMx nepudepinHmx
LOAATKIB, IHTENeKTyanbHi LOAATKM
HACTYNHOro NOKOMIHHSA BUMAraTH-
MyTb  MIKDOKOHTPOMEPIB  HOBOrO
Knacy, ki [O3BONATL PO3PO6HU-
KOM OPIEHTYBATUCSA Yy CKIIQAHOMY

naHAWadT BUMOTr AO MOTYXHOCTI,
NPOAyKTMBHOCTI Ta 6esneku, a Ta-
KOX MOXIIMBOCTSIX  MiAKIOYEHHS,
npy ubOMy 6aNAHCYIOUM MiX 3a-
ranbHOK BAPTICTIO cucTeMn Ta i
eHeproedekTusHicTio. [lopTtdonio
MCX, nobygosaHe Ha 3aranbHii
603i OCHOBHMX TEXHOMOiM TA Mig-
TPUMYyBAHE  YHIDIKOBAHMM  MpPO-
TPAMHMM MAKETOM A1t MAKCUMAITb-
HOTO MOBTOPHOMO BMKOPUCTAHHS
NPOrPAMHOro  3a6e3neyeHHs, 3a-
6e3neunTs rHyuKiCTb, HeOOXiaHY ans
BUPILUEHHS UbOro 3aBAaHHS. LLlu-
pota noptdonio MCX possonse
PO3POBHUKAM BUBMPATH NPUCTPOI,
AKi HaMKPALLE BiANOBIAAIOTL NOTPE-
6am ix foAATKIB, 3BiNbHAIOUM iX AN
IHBECTMUi Y Pi3Hi aCneKTH iXHbOro
AN3ANHY.

Hotnpu cepii B noptdonio
MCX npusHaueHi ana npoctotu
BMKOPWCTAHHS, CMPOLLEHHS Mirpa-
uii Ta 36inblueHHs aBO 3MEHLLEH-
Ha MacwTaby npu HeobxigHOCTi 3
MOKCUMOIbHUM MOBTOPHUM BUKO-
PUCTAHHSIM MPOTPAMHOrO  3a6€e3-
nevyeHHs Ans MiHimisauii BUTpaT Ha
po3pobky. MopTdonio 3acHosaHe
HO  BMCOKOMPOAYKTMBHMX  SAPAX
Arm Cortex-M Ta Bktouae NoBHwA
Habip nepudepiiiHnx  NPUCTPoIB
ons rHydkocTi koHcTpykuii. [pu-
ctpoi MCX matots go 4 MB s6yno-
BAHOT dreL-nam’sTi, Kew-nam’ats
3 HU3bKMM EHEPTrOCMOXMBAHHSM TA
BOCKOHQNEHI KOHTPONEPH ynpas-
NiHHg nam’sTTio, a Takox ao 1 Mb
s6ynosaHoi SRAM ana nopans-
LLOTrO MiABMLLEHHS NPOAYKTUBHOCTI
nepudepiiHnx NPOrpam y peans-
HOMY Yaci.

MalwmnHHe HaBYGHHS TA BM-
CHOBKM Mif, 4OC BMKOHAHHS GyayTh
NiATPUMYBATUCh cepefoBuLLEM
po3pobku nporpamHoro 3abesne-
yeHHa NXP elQ® ML. PozpobHukm
MOXYTb BUKOPUCTOBYBATM MPOCTI Y
BUKOPUCTAHHI IHCTPYMEHTU, MPOMO-
HosaHi elQ, ang HaBYAHHA MoOae-
nen MALLMHHOTO HOBYAHHS, HaLine-
Hux a6o Ha NPU abo Ha aapo LU, i
posroptatu ix Ha MCU. Cimelictea
MCX, cTBOpEHI BignoBigHO KO PO3-
pobneroro NXP nigxopy no 6es-
neku, NPOMOHYBATUMYTb GesneuHe
3QBOHTAXEHHST 3 HE3MIHHUM KOpe-
HEM [OBipM, QAMAPATHO-MPUCKO-
peHolo KpunTorpadieio i, B Aeskmx
cimeitcteax, BBynosaHolO 6esneu-
noto niacucremoto Edgelock®.

WWW.Nnxp.com
KOMMAKTHI 3'€AHYBAuI
«KABEJIb-IJIATA»
KOMI‘IOHiﬂ Hirose Electric pos-

pobuna  KOMMAKTHI,  HOAIMH
po3’emn i3 kpokom 1 mm cepii GT50

www.chiphews.com.uad
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AN NigknioYeHHs kabenio Ao NAaTy.
3aBASKM  BMCOKIM TEPMOCTINKOCTI
no +125 °C ta miuHii koHcTpyKuii
Ui BMPOBYM MOXYTh BMKOPUCTOBYBQ-
TUCb B OBTOMODINbHI eNeKTPOHiLi.

Yepes nepexia Ha enekTpuyHi
TPAHCNOPTHI 3aCO6M 3piC NOMMT HA
po3’emn ans nigknioyeHHs kabenis
4O NNAT ycepeamHi Moaynis aBTO-
MobinbHOT  enektpoHiku.  Ockinbku
NPOCTIp As uMx NpucTpois obme-
XEHWH, NOTPIBHI Binblu KOMNAKTHI
Ta nerki 3’egHyBsaui. Y TOM xe uyac
BADKIIMBMMM BUMOTOMM 3QNULLAIOTb-
€A CTIMKICTb B0 Tenna, Wo sBupobs-
€TbCA KOMMOHEHTAMM MPU BUCOKIN
LLLNIBHOCTI MOHTQXY, | BMCOKQA HO-
OiMHICTL 3'€nHaHHsA npwm Bi6pou,iﬂx,
O BMHWMKQIOTb Mig 4YaC MOi3Qok.
OgHok € He Tak 6arato pos’emis,
O BiANOBILAOTb UMM BMMOTQM, i
KOPUCTYBQYI  3MyLLEHi  BUOMPATH
ab0o senkorabapuTHi aBTOMOGIb-
Hi, 60 MeHLi po3'emu ans NobyTo-
BOI €NeKTPOHIKM, HE NPU3HAYEH Ans
30CTOCYBAHHS B ABTOMOBINAX.

[ns  BUpilIEHHs 3a3HAYEHMX
npobnem 6yna pospobnera cepia
GT50. XapaktepHi ocobnueocTi
3’eqHyBauis uiei cepii: mani raba-
putH, kpok 1 MM, Bucota 5.97 mm.
Bukopucrosyetbca  kabens i3
NoNepeYHMM  MNepepi3om  BCbO-
ro 0.08 mm2, akuit NnpubnuaHo Ha

75% nerwe kabenio 3 nepepizom
0.3 MM2, L0 4OCTO 3ACTOCOBYETLCH
A9 BHYTPILWHIX 3'€AHAHb B QBTOMO-
BiNbHAX NPUCTPOAX.

Hessakatoun Ha mani po3ami-
PM, | KOHTOKTH, | KOPMNYC OCHALLEHI
dikcatopamu anst 3ano6iraHHs Bu-
NAAAHHIO KOHTOKTIB, WO 3abe3ne-
yye Binbluy cuny X YTPUMAHHS nig
yac npoknagaHHs kabeno. Kpim
Toro, pos’emn cepii GT50 xapak-
TEPU3YIOTbCH JOCTATHLOKO MILHICTIO
dikcauji Ta MiLHICTIO HO BigpPUB Bif
APYKOBAHOI MAaTH, WO pobuTb ix
HOZIMHVMM 15 BHYTPILLHIX 3" €AHAH.

TepmocrTiiknit  matepian  Ta
KOHCTPYKLIA OBTUCKHMX KOHTOKTIB
3a6e3neuyioTb TEPMOCTINKICTE A0
+125 °C. Kpim uboro, crabiniza-
TOP He J03BOSIE KOHTAKTAM 3pPY-
LLYBATUCSH BCEPEAMHI KOpnycy, Lo
FOPAHTYE BMCOKY BIOPOCTIMKICTb,
nigTBEPAXEHY PEe3ynbTATAMM B~
npobyBaHb, Mig 4ac Akux He Byno
30biKCOBAHO 3MiH y OMOPI KOHTOK-
Tie. [laHi po3’emun MOXyTb ekcrya-
TYBATUCS 5K B YMOBOX BUCOKMX TEM-
nepartyp, Tak i B QABTOMOGINbHMX
€NeKTPOHHMX BIOKAX, CXMIbHUX A0
CUnNbHUX BIBPALLi.

HewonasHo pospobnera ce-
pis 3’eaHyBauis GT50 moxe wwm-
POKO BMKOPMUCTOBYBATMCb Yy QBTO-
MobBinbHUX npucTposx. Bxe 6Gynu

BunyLLeHi mogeni 3 2 i 16 koHTak-

Tamu. B aBTOMOBINbHIM enekTpoHi-

Ui TOKOX NOTPIGHI PO3'€MM 3 iHLLIMM

uncnom koHTakTie. [ns 3agoso-

JIEHHA UbOro nomnuty 3arniaHoBAHO

pOo6OTH 3i CTBOPEHHS LOAATKOBMX

mogenei 3'emHyBAuiB, BILOMOCTI

Npo AKi HOBEAEHI HMXYe.

e 3annaHoBaHO Po3pobky Mmo-
fenen 3 TaKOK KifbKICTIO KOH-
TakTie: 4, 6,8, 10 ta 12.

e Po3smagaerbcs TAKOX AOUINb-
HiCTb PO3POBKHM TakUX MOAMI-
KaUii: po3’eM BEPTUKABHOTO
™ny.

HagifiHa  koHcTpykuis  3apo-
BOJIbHE BUMOTGM A0 QBTOMOOinb-
HUX KomnoHeHTis. [ani pos’emu
MOXYTb BUKOPUCTOBYBATUCS B TPAH-
CMOPTHHX 3aCOBAX 3 ABTOMATHUYHWM
kepysaHHam (Automated Guided
Vehicles — AGV), 8 aBTOHOMHMX
MobinbHux poboTax (Autonomous
Mobile Robots — AMR) ta & enek-
TPOIHCTPYMEHTAX, fKi  ekcrnayaTy-
IOTbCS B XOPCTKMX YMOBOX.

www. hirose.com

BIALEEHTPOBI BEHTUJIITOPU

KOMI‘IOHiH Evercool, Bupo6-
HUK MOMYMSPHWUX BEHTUNSTOPIB

Ta Kynepis ana obnapHaHHA Ta
KOMN IOTEPHOI TEXHIKK, Oronocuna
NPO MOYATOK BUPOBHWLTBA HOBOI
NiHIMKK NpOAYKUIT — BiALEHTPOBMX
BEHTUNATOPIB.

BigueHTpoBi BEHTUASTOPU LLM-
POKO 30CTOCOBYIOTbCA B MPOMMC-
NOBOMY YCTOTKYBAHHI B CUCTEMAX
BEHTUNALIT, CYLiHHA, OYMLLEHHS,
HarpiBy, APYKAPCbKMX MALUMHOX,
npwW BUPOBHULTBI NNACTMKY, B NAKY-
BANbHOMY O6NAAHAHHI Ta iH. BiTps-
Ha Typ6iHa BeHTunsTopie Evercool
NPOXOANTL BUNPOBYBAHHS HA CTA-
TUYHUIA TA  AMHAMIYHWMA  BanaHc,
6esnepebiiHictb poboTH, cTabins-
HICTb MOBITPAHOrO NOTOKY, TUCKY TQ
crinkicts go Bibpauii. Ocobnumsa
YyBAra NPUAINAETLCA PIBHIO LUYMY.
BeHtunatopu npauioiots Ha  BK-
COKOedEKTUBHIMX MPUBOAAX, LLO
BUTPUMYIOTb BMCOKI pobodi Tem-
nepaTypu, i XapakTepusylTbcs
crabinbHicTio poboTH T BUCOKMM
KKO. Conno gna nopaui nositps
MOE pi3Hi GOpMK Ta OpieHTaLIO,
3QNeXHO Bif NPMBOAY, LIO BUKO-
puctosyeTbes (kpyrne, nig kytom 0,
90 abo 180 rpagycis). BinueHTposi
seHTunaTopn Evercool maiots ce-
pito CY/CYZ, nicna akoi ipe und-
POBMI KOf PO3POBKM.

www.evercool.com.iw

JANTZEN AUDIC

www.jantzen-audio.com

PIAYP
= EAEKTPUK

» KoHgeHcaTopu
* [HOYKTUBHOCTI
* Peauctopu

« Kabeni

www.filur.net

KomnaHisa ®inyp EnekTpuk € oidinHum guctpub’rotopomM npoaykuii
Jantzen Audio B YkpaiHi Ta 340iMCHIOE NPsAMi NOCTaBKU Big BUPOOHUKaA

* Aygiopos'eMu Ta akyCTUYHI TepmiHanm
+ 3BYKOI30nALiAHI MaTepianu
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Hosi Mikpoxonmponepu PIC32CM Lx
Bif Microchip Technology

€sreH Terepes, Rainbow Technologies

E-mail: ted@rainbow.com.ua

Hogi mikxpokoHTponepu Microchip PIC32CM Lx € po3BuTKOM cimeit-
ctBa SAM L10/L11, ake pekinbka pokiB TOMy Habyso LUMPOKOro
nowiMpeHHs y cBiTi IHTepHeTy peuei. TaKMUM YMHOM, cimelcTBO
PIC32CM Lx, He3Baxaloum Ha abpesiatypy PIC y cBoiit Ha3Bi, mae
B ocHOBI aapo Cortex i moxxe BBaxKaTUca cnagkoemuem 32-6iTHuUx

MikpokoHTponepis Atmel.

3ATAJIbHA XAPAKTEPUCTUKA

Heo6xi,u,HiCTb y CTBOPEHHI HOBOrO Ci-
MEWCTBA BMHMKNA 3 HACTYNHOI npw-
umHu. 3 opHoro 60oKy, MIKPOKOHTpOnepu
SAM L10/L11 3aBotoBanu senuky nony-
NAPHICTb 30BASKM HOLHU3bKOMY CMOXMBAH-
Hio eHeprii (o 25 MkA Ha 1 My TakTosoi
4OCTOTU B OKTUBHOMY PEXmMi) i ocobnu-
Bum Bnactusoctsm sapa Cortex-M23, axke
MoxHa posmaaath sk agpo Cortex-MO 3
TexHonorielo Trust Zone. 3 iHworo 6oky,
cepis SAM L10/L11 mae obmesxeni pecyp-
CH: KinbKiCTb BUBOAIB KOPMYCy HE NepeBu-
wye 32, nporpamHa nam’ste — He Binblue
64 kb i onepatveHa nam’ate — He Binb-
we 16 kb.

Y wnosomy cimenctsi PIC32CM Lx
KinbKicTb BMBOfB CTAHOBMTL Bif 48 no
100, nporpamHa nam’sTe poswmMpeHa
no 512 kb, a onepatvsHa — no 64 «b.
MakcumanbHa TakToBa yactota npoue-
copa Cortex-M23 36inbweHa 3 32 po
48 Mlu. Takox poswupeHa nepudepis:
36iNbLIEHO YMCNO CEHCOPHMX KAHAMB Ta
intepoenchmnx nivin UART/SPI/I2C, po-
naHo iHtepdencn USB ta 125, 3'asueea
12-6ithun LIATM. 3piicHeno nepexin Ha
HOBWI piBeHb Besnekn — aeaki mogeni ci-
meitctea PIC32CM Lx BrkoHaHi y Burnsai
CUCTEMM HQ KPUCTAT, KA MAE KPUMTO-Mi-
kpocxemy ATECC608. Lis mikpocxema €
QNAPATHUM CXOBMLLEM Kiodie Gesneku
3 pisHem saxucty JIL «Highy, BoHa saxu-
LLOE KoY Bif, YCiX BMAIB MPOrPAMHKUX TA
di3nuHMX aTaK.

Cimencrso PIC32CM Lx mae wnpokmit
CMEKTP 30CTOCYBAHHS TA MOXe OyTu Bu-

KOpWCTaHe B IHTepHeTi peyeit, npommcno-
BOCTI, MEAMYHMX TA NOBYTOBMX MPUCTPO-
ax, fie NPiopUTETAMM € BMCOKO Heaneka,
HU3bKE €HEProCrnoXmMBAHHA TA HOSBHICTb
CEHCOPHOro iHTepdency. 3 KOHKPETHMX
XOPOKTEPUCTMK LUMX  MIKPOKOHTpONepis
MOXHA HaseaTi Taki [17]:

e 3aransHi BIACTMBOCTI:

o ganpo Cortex-M23, no 48 Mlu,
AnapaTHE MHOXEHHA Ta ﬂiﬂeHHﬂ;

e xuenenHs Big 1.62 go 3.63 B;
kopnycu: 48 esusopis (TQFP i
QFN), 64 sueopn (TQFP i QFN)
ta 100 susopis (TQFP);

® POMMUCIOBMI  TEMMNEPATYPHMM
pianason (—40...485 °C).

o [lam’ars:

e 1o 512 kb nporpamHoi nam’sTi
flash;

e 10 64 kb nam’ati SRAM;

e 512 6ait 3axmuieHoi onepatme-
Hoi nam’ati (Trusted RAM);

e 1o 16 kb nam’sTi flash ans paxmx;

e 32 «b 3aBaHTaxyBANBHOT NOM'STI.

e besneka:

® HagBHICTL TexHonorii Trust Zone;

® reHepaTop ICTMHHO BMMAAKOBMX
yncen;

®  KPWMNTO-MPUCKOPKOBAY  Ans  an-
roputmie . AES256, SHA256 Ta
GCM;

e 3axuuieHnit 3aBaHTaxysay [13,
PO3TALIOBAHMIA Y CreuianbHin ob-
nacTi nam’sTi Ta HEe#OCTYMHUI Ans
CTUPQHHS B0 3MiHW;

® TEexXHONOris  30aXMULWEHOro  3a-
BAHTOXEHHS Ha ocHoBi SHA Ta
HMAC-anroputmis;

® nigTpUMKa CTaHAAPTY 6esneku
Microsoft DICE [2];
®  TAMMEPHI BXOAM;
CKPEMBIIIHT 3aXMLEHOT ONepaTmB-
Hoi nam’sTi Ta flash-nam’sTi gaHux
3 KJIIOYEM KOPUCTYBAYQ;
e B6YNOBAHA KPMMNTO-MIKPOCXEMA
ons 36epiranHsa knouis Gesneku
(mesiki mogeni);
o yHikanbHuit 128-6iTHuit cepinHuit
HOMeEp.
Bkasani saxoan 6e36ekun [03BONSIOTH
KOPUCTYBAYEBI:
e edekTMBHO 3aMOBIrATH MPOrPAMHKM
TA Gi3UYHUM ATAKAM HA MPUCTPIN;
®  MOTM 3AXMCT Bifi KITOHYBQHHS TQ BMMYC-
Ky HE3QKOHHMX KOMii HOoro Bupoby;

e 3pifictioBat  6HesneuHe 30BAHTA-
KEHHA MNEPEeBIPEeHUX MNPOrPaAMHMX
OHOBJEHD;

®  30XWCTUTW CBOIO IHTENEKTYANbHY BAAC-
HICTb (TPOrPAMHI ANrOPUTMM) Big HE3a-
KOHHOTO BUKOPUCTAHHSI.
o [fHeprocrnoxmsaHHs:
e 10 54 mkA Ha T MIy TakTosoi Yac-
TOTM B QKTUBHOMY PEXMMI;
e 1o 13 mMkA Ha 1 Ml TakToBOi Yac-
TOTU B PEXMMI OYIKYBAHHS;
e MmeHwe 1.4 MKA B pexumi cHy
(3si sbepexeHHam BMmicTy onepa-
TMBHOI nam’aTi Ta poboTol ni-
YUIBHUKQO PEANBHOTO Yacy);
®  4acC BMXOAY 3 PEXMMY OYiKyBOH-
Ha —1.5 mkc;
®  4aC BWMXOZY 3 PEXWUMYy CHY —
75 mkc.
o [lepuepiviHmii CeHCOpHW KOHTpoOnep:
e TtexHonoria Driven Shield Plus, wo
3a6e3neyye BMCOKMIt PiBEHb BO-
LOCTIMKOCTI T CTIMKOCTI JO LUyMiB
curHany;
e pexwum Parallel Acquisition, sxuit y
4 pasu 3MEHLLYE 4aC BIAryky cuc-
TEMM HO [LOTUKM;
e 10 32 KQHQTIB i3 BIACHOK EMHICTIO
ab60o o 256 kaHanis i3 B3AEMHOIO
EMHICTIO.
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3oBHiLHI iHTEppesicu:

USB Full Speed Host and Device;
no 6 kananis SERCOM, koxeH 3
AKMX MOXE MPALIOBATM B PEXM-
mi USART, SPI, 12C, LIN, RS-485,
1SO7816;

12S ans po6OTH 3i 3BYKOBMMM CUT-
HONAMM.

Ananorosa nepugepis:

12-6ithmin AU, 1 MSPS, 24 ka-
HONK;

12-Githmit LLAT, T MSPS, npauioe
ak 2 HesanexHi LIAIM 3 ogHocTo-
POHHIMM BMxOaaMM 06O AK OAMH
LIATT 3 gudepeHuinHmm BUXoaoMm;
3 onepauiiHi nigcuniosadi;

4 komnapaTtopu.

IHwa nepugepis:

7 Taiimepis;

mopyns CCL (kondiryposara nori-
KO KOPWCTYBQAYQ), KU MOE YOTUPH
komipku. KoxHa komipka Bkiovae
3-Bx000By TAGIMUIO ICTUHHOCTI
TG LO3BOMSE PEANi3yBATH SIK KOM-
Ginatopry noriky (AND, NAND,
OR, NOR, XOR Ta in.), Tak i nocni-
nosry noriky (RS-tpurep, D-tpu-
rep, JK-Tpurep Ta in.).

CTPYKTYPA CIMENCTBA
PIC32CM LX

C

imencteo PIC32CM Lx ginutecs Ha
TPM OCHOBHI Cepii, AKi BiAPI3HAOTLCS

Mix coboto Habopom dyHkuil 6esnexu.
XApOKTEPUCTUKM KOHKPETHUX MOZENen B
MexXax KOXHOT cepii HoBeaeHi B Tabamuj 1.
PIC32CM LEOO. Ue mikpokoHTpone-
pu 3aransHoro npusHauerHs. Habip
byHKUj Ge3neku BIAHOCHO HEBENUKMI
i BKIOYaE B cebe:

HassHicTe 512 60T 30xuLEeHOT
onepatneHoi nam’ati  (Trusted
RAM);

reHepaTop iCTUHHO BMMAAKOBMX
uncen;

CKpeMBIHT  BMICTY  3axuLLEHOT
ONepaTUBHOI NaM’aTi;

TAMNEPHi BXOAN;

yHiKaneHui  128-6itHuit cepiituit
HOMeEP.

PIC32CM LSOO. Lle mikpokoHTponepm
3 poswMpeHumMn dyHKLiaMK Gesnexu.
Bonu BKnioyaioTh BCe HaBeaeHe BuLLe

ons PIC32CM LEOO, a takox:

TexHonorito Trust Zone ans npoue-
COPHOTO Aapa;
KPUMTO-NPUCKOPIOBAY AJ1s anro-
putmie  AES256, SHA256 Ta
GCM;

ckpembninr flash-nam’sTi aarmx;
30xuLLeHuit 3asanTaxysay 13;

CHIP NEWS, #3 (213), 2022

Ta6bnuusa 1.

CeHcopHi kaHanu

Axanorosi MM

Intepdeiic
12

USART | SPI

Boot
ROM
(xB)

Trusted
RAM
(6aiir)

Data
Flash
(xB)

Flash | SRAM
(xB)

(xB)

Yucno
ninin
BX./BUX.

Kinbkictb
BUBOAIB

HalimeHyBaHHS




MiKPOKOHTPOAEPU

CHIP NEWS

® TEXHONMOro  30XULLEHOrO  30-
BAHTOXKEHHA Ha ocHoBi SHA Ta
HMAC-anropwutmis;

® nigTPUMKy CcTaHmapTy 6Gesneku
DICE.

o  PIC32CM LS60. Ue cncrema Ha kpuc-
Tani, WO CKNAAAETbCH 3 MIKDOKOHTPO-
nepa PIC32CM Lx ta kpunTo-mikpo-
cxemn ATECC6H08 ana 3bepiranHs Ta
poboTn 3 knodamm 6esnekn. DyHkuii
Gesneku BKIIOYAKOTbL BCE HABEAEHE
BMLLE, O TAKOX Be3npeueaeHTHU pi-
BEHb 3AXWCTY KIIOYIB, 3yMOBEHMI HO-
ABHICTIO KPMNTO-MIKPOCXEMM.

EHEPIrO3BEPIrAlOU41 BJIACTUBOCTI

CiMeﬁCTBO PIC32CM Lx mae psa eHep-

rosbepiraoumx  GyHKLH, CNPAMOBA-

HUX HO MOAOBXEHHs POBOTH MPUCTPOIO

Bin 6aTtapei:

o Texronoris Sleep Walking. Bona no-
3BONsE  nepudepinHUM  NPUCTPOSM
BMKOHYBQATU 0BPO6KY CUrHAniB y TOM
4ac, K npouecopHe aapo nepebysae
B PEXMUMI CHY.

e /lsa pisHi npogykmeHoCTI. B aktmeHo-
My pexumi PIC32CM Lx moxe matu
piseHb npoayktusrocTi PLO (raktoea
yactota 12 Mlu) abo PL2 (raktosa
yactota 48 MIu). MikpokoHTponep
MOXE NMEePEMMUKATUCS MK LMM PEXM-
MMM «HQ NbOTY», Wob Kpalue Biagno-
BiJATU PIBHIO QKTUMBHOCTI MPOrpamu
KOPWCTYBAYA TA LOTPUMYBATUCH Oa-
NAHCY MiXX MPOAYKTUBHICTIO TA CMOXM-
BAHHSAM MOTY>XHOCTI.

3. Cucrema nogis. Ls dyHkuis nossonse
nepudpepinHUM NPUCTPOSIM B3AEMO-

nisTM Mix coboto GesnocepenHbo, a
He uyepes3 npouecopHe aapo. Takui
Nigxig 3HUXKYE HOBAHTAXEHHS HA NPO-
Lecop i 3MEHLLYE KiNbKiCTb MPOrpam-
HUX UMKNIB ONS BMKOHOHHS OiNbLIOCTI
30BAAHb.

4. YnpasniHHS [BOMEHAMM  XKMBIIEGHHS.
HeBukopucTtaHi  noOMeHU XUBREHHS
MOXHO BifIKIIOYATH, WO [O3BONSE AO-
LOTKOBO 3HM3UTU CMOXMBAHHS MIKPO-
KOHTPONEPA B PEXMMI CHY.

5. AsToHOMHa aHanorosa nepugepis.
HassHicTb BOYR0BAHKMX KOMNAPATOPIB
TQ ONepauiiHMX MiACUMITIOBAYIB 3MEH-
LWIYE KiNbKiCTb Mikpocxem y Bupobi, a
3HOUYMTBL | MOrO 3aranbHe eHeprocmno-
xuBaHHs. Kpim Toro, Bcs aHanorosa
nepwuoepis, 8 Tomy uncni ALLM i LIATT,
MO€E ABTOHOMHO 06POBNATH CUrHANM
Bif, NiAKMOYEHNUX ATHYMKIB, Y TOM 4AC K
npouecop nepebyBae B pexumi CHy
i MPOKMAQETBCA TiNbKM NPU NEpPEBU-
LEHHI BXIIHUMM CUrHONOMKM 3OAAHMX
NOPOroBMX 3HAYEHD.

TEXHOJIOTIS TRUST ZONE

TeXHOJ'IOI'iSI Trust Zone € anapatHmMm
PO3AiINEeHHAM NPOLECOPHOro fApd,
nam’sTi Ta nepudepiiHnx NpUCTpPoie Ha
30XMLEHY (30HY, BMICTY KO MOXHQ fO-
BIPATM MOBHICTIO) | HesaxuweHy (30Hy,
BMICTY AKOI MOXHQO AOBIPATM 3 LEAKUMHK
nepectoporamu) 3onu. Enementn saxwu-
LEeHOI 30HM MalOTh AOCTYN AO BCiX pe-
cypcis  MikpokoHTponepa. Enementu
HE3AXMLLEHOI 30HM MAIOTb JOCTYN nuLle
0O [esKkMX pecypciB, ki BM3HAYQIOTbCS
kopwucTysauem. Ller nocryn sgivicHioeTbes

He 6e3nocepeaHbo, O yepes CrneuiasbHi
APl-iHTepdeiicn, wob nosHICTIO BUKNIO-
MU 3MIHY Q6O MOLLUKOAXEHHS Koay Ta
NaM’sITi 3AXMLLEHOT 30HM.

Take posgineHHs [O3BONSE BNPOBA-
I)KYBATU PI3HI BUAM 30XMUCTIB Bifi NPOrpam-
HWUX QTQAK | BTPYYAHHS CTOPOHHIX OCi6.
Hasenemo aexinbka npuknagis.

3axumcT Big NporpamHux arak
Ha pucyrky 1 HoBeaeHa cuctema amc-

TaHUiHOrO (6€38pOTOBOrO) MOHITOPMHIY

NALEHTA NIKAPHI TA BiACTEXEHHS MOro

KUTTEBO BCKIMBUX NMOKA3HMKIB!

e MiKpOKOHTPONEP BMKOHYE MPOrPAM-
HWI KO, IKMIA 3HOXOLOMTHCS Y HE3AXM-
LeHin 30Hi. g 3oHa mae 38’s30k i3
30BHILUHIM CBITOM (Hanpuknaa, yepes
IHTepHeT) i noTeHuiiHo Moxe 6yTu
BPCXKEHA NPOrPAMHUMK OTAKAMM.

e Konis OBTEHTUYHOrO NPOrPAMHOTO
Kofy 36epiraeTbCs TAKOX Y 3AXMLLEHIN
30Hi MikpokoHTponepa. Bowa nosHi-
CTIO 30XMLLEHA Bif 3OBHILLHIX BTPYYOHb.

e [lpu BUSIBNEHHI NPOTPAMHOI ATAKK HA
NPUCTPIN, MIKPOKOHTpONep CTUPAE
KOA, PO3TALLUOBOHWUM Yy HE3AXMLLEHIN
30Hi | 3aMUCYE TyAW ABTEHTUMYHWIA KOA,
i3 3axmweHoi 3oHu. MMicna usoro pobo-
TQ NPUCTPOIO BiGHOBIMIOETHCS.

3axmcT IHTEeNeKTyanbHOI BAACHOCTI
OCTaHHIM 4aCOM BCE uaCTiWE BM-
HWKQIOTb CUTYALi, KONKM 3AranbHUIA Npo-
TPAMHMI KO, NULLETLCS HE OHIEID, A ABO-
Ma i Binblue KOMNAHIAMU-PO3POBHMKAMM.
Burunkae HeobxigHicTs B i3onauii dpar-
MeHTiB koay, wob 3anobirtm kpamixui
iHTenekTyansHOi BnacHocTi abo BMnaako-
BOMY BTPYHYQHHIO B MPOLUMBKY CTOPOHHBOT

BiomeTpuyHunin
JatyuK

KoHdpineHuinHi
JaHi

ABTEHTUYHUIA
NpOrpamHnin KOA

3axuweHa

CucTema AUCTAHLIRHOr0 MOHITOPUHIY nauienTa

PIC32CM LS00
AnapaTtHe po3AineHHs 30H MiKDOKOHTponepa

Bigmosa
aoctyny
HE3aKOHHUM
3anuTam

X

loT-gopatok

)

He3axuwexa

Papio-
mMoaynb

Puc. 1. 3axwucr Big nporpamHux arak

3aBaHTaxeHHs Konii kogy B pasi
BUABNEHHA Aii 3noBmucHoro M3
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Cucrema 06po6ku curHanis gaTumka

Komanaw ctupaxHs nam’ati PIC32CM LS00
3aXULLEHI KntoYamu

n3

CepLeBoro
puTMy

3axuwena
30Ha

AnaparHe po3gineHHs

Ang faryuka M3 KiHueBoro

BUPO6HMKA

Hesaxuwena
30Ha

MoxHa Bukopuctosysatu DAL1

(piBeHb mocTyny [0 HanaromxkeHHs Ne 1).
3aBAAKN 1OMY MOXHA J03BOSUTI NPOrPaMyBaHHS
Ta HanaroWKeHHA TiNbKN AN HE3aXULLEHOi 30HM

,
o o

=)

JlaT4uK cepueBoro putmy,
BOYOBaHWi B HABYLLHNK

Komnasis A — MpoLumeka, Wwo micTuTL
iHTeNeKTyanbHy BacHICTb

o [losHicTio 3axuiLeHa

© BifcyTHA MOXNUBICTb 34NTYBAHHA
o Komnanii b BigKpuTO KOCTYN TiNbKK

Komnanis b — N3 kinuesoro Bupo6HuKa
e [locTyn f0 nporpamyBaHHs
Ta HanarofKeHHs HaaaeTbCA TiNbKMN
NSl HE3aXMLLEHOT 30HM
e JlocTyn 40 NPOLIMBKM KOMNaHii A

MiKPOKOHTPOAEPU

1o Heob6xigHux APl ans po3po6ku
KiHLEBOro 3acTOCYHKY

Puc. 2. 3axucr iHTenekTyanbHoi BAACHOCTI

komnaHii. 3 TexHonorieio Trust Zone Takui NpoLec MOXHa opra-

HI3YBATM HACTYMHUM YWHOM (pUc. 2):

e KOMnNaHis A po3pobnsie CBOIO YACTUHY KOALY TA 3AMUCYE HOro
B 3axuLLeHy obnacte nam’sTi. Tenep uen koa moxe 6yTh 3mi-
HEHMI, CKOMIMOBAHUI ABO CTEPTUM NULLE CRIBPOBITHUKAMM
KOMMQHIT A;

®  MIKDOKOHTPONEPH 3 MPOLUMBKOIO KOMMAHIT A mepeaaioTses 8
Komnawito b;

e omnaHia b BMKOpUCTOBYE ANa CBOEI YACTUHM KOAY HE30XM-
weHy obnacts. B Hel € goctyn no npowusku komnawii A,
AKLLO Ue HeobXigHO ansg poboTH NPOrpPamMM, ane uei 4OCTyn
spincHioeTbes yepes APl-intepderncn. 3pilicHioBati npo-
FPAMYBAHHS TA HQNArOMKEHH KOy 3 30XMLLEeHOT obnacTi
komnaHia b He moxe. BoHa pospobnse ceoto yactuHy koay,
30MUCYE MOrO B HE3aXULLEHY OBNacCTb MIKPOKOHTponepa,
NPOBOAMTL TECTYBAHHS TA 3AMYCKAE BUPIO Yy BUPOBHMLTBO.

Be3neyHe 3aBAHTAXKEHHS NMPOrpaMmHUX OHOBJIEHb
Maitxe KoxeH cydacHmMit npucTpiin NoTpebye NepiogMyHOro

oHosnenHa [13, ake, 303BMYAN, BMKOHYETLCS 4epes |HTepHer.

Ane B UbOMY BMMAAKY KOXHY HOBY NPOLLKBKY TPEOA nepesipaty,

wob NepekoHaTUCs, WO BOHA HEe MICTUTbL 3nosmucHoro 13 Ta

€ CNPaBXHLOWO KOMi€ Big BUPOGHUKA. B mikpokoHTponepax

PIC32CM Lx anroputm nepesipkn Npauoe Tak:

o KOXHEe MNpOorpamHe OHOBNEHHA MOYATKOBO 3AMMUCYETbCA B
HE3AXMLLEHY 30HY NAaM’aTi, 3BIAKM BOHO HE MOXE BMMBATH
Ha pobOTy MPUCTPOID;

® [POrPOMHE OHOBMEHHS MICTUTb, OKPIM MPOrPAMHOrO KOAy,
TOK 3BAHWM AAMAXECT, 9KMit OBYUCTIOETHCH 3a JOMOMOTO
cexpeTHoro koda Ta xew-dyHkuii SHA 256;

® B 30XMLUEHIM 30HI MIKPOKOHTPONEpPd PO3TALIOBAHO Cre-
uianbHy nporpamy — 3sasaHTaxysad 13, akui nepesipse
CMPABXHICTb TA UiNiCHICTL NpOrpamumx oHosnews. Llein 3a-
BAHTOXKYBAY MiCTUTL anroputm SHA 256 Ta csoto konito
CEKPETHOro KMoYa, Wob CaMOCTIMHO OBYUCITH AAMIKECT
M3, sike nignarae nepesipuj;
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Puc. 3. Ouinouna nnara PIC32CM LEOO Curiosity Pro
Evaluation Kit
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® 30BOHTOXYBAY BNACHOPYY CTBOPIOE
0ONOXKECT MPOTrPAMHOTO OHOBIIEHHS
TA MOPIBHIOE MOTO 3 AAMOXKECTOM, LLO
HOOIMWOB 330BHI. 9KWO BOHM chis-
nanaioTs, 13 BBAXAETCA CNPABXHIM
Ta uinicHum. BoHo sanmcyetbes B npo-
FPAMHY Nam’Tb MIKPOKOHTPONIEPA Ta
3QMYCKAETLCS HO BUKOHOHHSI.

3ACOBU PO3POBKUA

N KOXHOI 3 TPbOX Cepil CiMencTsa
PIC32CM Lx Bunyckaetbes ceos oui-
HOYHQO MNATA:

e PIC32CM LEOO Curiosity Pro Evalua-

tion Kit [3];

e PIC32CM LS00 Curiosity Pro Evalua-
tion Kit [4];

e PIC32CM LS60 Curiosity Pro Evalua-
tion Kit [5].

Lli nnatv BigpisHAOTLCS TinbKKM TUNOM
30CTOCOBAHOTO MikpokoHTponepa. Ha
KOXHiM i3 NNQT BCTAHOBEHO HAMGINbLL NO-
TY>XXHWIA KOHTpONep BiAMOBIAHOI cepii, Wwo
mae 512 «b flash-nam’sti, 64 kb SRAM Tta
100-suBignmit koprnyc TQFP (pucyHok 3).

HopaTkosi dyHKUiOHANbHI MOy NnaT
NPEACTABNEHI HOCTYMHUM CMTIUCKOM:

e B6YLOBAHMI  NPOrpPaAMATOpP-HaNa-
ropxysay (EDBG);

e pos’emmn USB Host/Device;
po3’em Arduino Uno;

Tpu po3s’emn Xplained Pro, aki € cran-

LAPTHUMM ANS OUIHOYHMX NnaT Micro-

chip nig 32-6iTHi MikpokoHTpONepu

3 agpom Cortex (SAM D20/21, SAM

L10/11, SAM D5x/E5x Ta in.);

e pos’em mikroBUS;

CXEMA BUMIPIOBAHHS CTPYMy LLO CMO-

>KMBAETHCA B PEANIBHOMY YACH;

® efemMeHTH iHTepdEency KOpUCTyBaYa
(ceHcopHa kHOMKA, noTeHUiomeTp Ta
iH.).

[ns 30BHiWHIX NporpamaTopis-Hana-
rogkysadis nepeabayeHo 2 noptu:

e Cortex Debug — po6ota 3 nporpa-
matopamu Atmel (Atmel ICE, Power
Debugger);

e |CSP — poborta i3 nporpamaropa-
mu Microchip (MPLAB ICD4, PICKit4,
Snap).

MPOrPAMHI 3ACOBM

OCHOBHMMM 3acobamm po3pobku ko-

ay € Be3KOLTOBHI MPOrPAMHI IHCTPY-

meHTH Microchip:

e cepeposuule pospobkn MPLAB X [6],

e xomninatop XC32 [7],

e nporpamHa nnat¢opma  MPLAB
Harmony [8], no akoi exoants KoHdI-

rypatop kody, 6arato npOrpamHMx
BibnioTEK TO AEMOHCTPALMHUX NPU-
Knagpis;

e nporpamua nnatpopma Trust Platform
Design Suite [?] ana pobotn 3 kpun-
To-mikpocxemamm ATECC608, siki Bxo-
AaTb JO CKNOAy CUMCTEM HA KpucTani
PIC32CM LS60.

Hopatkoso € MoxnmeicTb poboTH

3 NPOrPAMHMUMMU IHCTPYMEHTAMM CTOPOH-

HiX KOMMQHIM:

e |AR Embedded Workbench;

e Arm Keil MDK.

Binbw peranbHy iHdpopmauiio
MOXXHO OTPUMATHU, 3BEPHYBLUUCH
Ao odiuiliHoro pucTtpu6’loTOpa
Microchip Technology Ha Tepwurto-
pii YkpaiHnm — komnadii Rainbow
Technologies:

04112, Ykpaina, m. Kuis,

Byn. Aerrapiecbka, 62, od. 46,

Ten./¢axc: +38 (044) 520-04-77,

520-04-78, 520-04-79,

e-mail: ted@rainbow.com.ua,

www.rainbow.com.ua
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5. PIC32CM LS60 Curiosity Pro Eva-
luation Kit. https.//www.microchip.com/
en-us/development-tool/EV76R77A

6. MPLAB X Integrated Development En-
vironment. httos://www.microchip.com/
en-us/tools-resources/develop/mplab-x-ide
7. MPLAB XC Compilers. https://www.
microchip.com/en-us/tools-resources/
develop/mplab-xc-compilers

8. MPLAB Harmony v3 Embedded Soft-
ware Development Framework for 32-bit
Microcontrollers and Microprocessors.
https.//www.microchip.com/en-us/tools-
resources/configure/mplab-harmony

9. Trust Platform for the CryptoAut-
hentication Family of ICs. https://www.
microchip.com/en-us/products/security/
frust-platform N

MEPLUUIA Y CBOEMY POJI 4Mn,
O BUKOPUCTOBYE
AKYCTUYHI KOJINBAHHS

ANa NEPEAAYI TA OBPOBKU
AAHUX

Yci 06uncioBanbHi unnv nepeaaioTs
Ta 06PO6NSIOTE AAHI, MOBYIIIOIOYM MEB-
He cepenosuiLe. Y 3BUYHUX HOM KOMT 10~
TEPHMX MMPOLECOPAaX LM CEPEROBMLLEM
€ eNIeKTPUYHMI CTPYM, PyX Ee/IEKTPOHIB,
AKUE MOBYTIIOETHCS TPAaH3ucTopamu. Po-
TOHHI MPOLECoOPH MOLYIOIOTL MOTOKM
(OTOHIB, K UMPKYIIIOIOTb CRELIQTIbHMMM
TOHKMMM KQHQIaMM, 3BAHUMM CBIT/IOBO-
gamu. A HewjozasHo BueHi 3 [apsas-
CbKOrO  yHIBEpPCUTETY MPOAEMOHCTPY-
BQUIM 4y HOBOrO BUAY, SKMH [O3BOJIAE
onepyBaT AAHUMM, SKi MICTATECS B MO-
Bynauii QKyCTHYHMX (3ByKOBHX) KOMBQHb.

AKyCTuyHmi Tun dyHKLioHye 6arato
B YOMy MOJIGHO BO POTOHHOrO 4Mra,
TifIbk BMKOPMCTOBYE QKYCTMYHI XBWJII
3amictb caitna. B skocti mogynstopa
BUKOPUCTAHO MPUCTPIV 3 HIabaTy AiTito,
marepiany, Lo 3MIHIOE CBOIO enacTuy-
HICTb Yy BIfINOBIAb HA 3MIHY €l1eKTPHYHOro
noss, WO MPHUKIGRAETLCS, O [O3BO-
JISE BUPOOSTH QKYCTHYHI KOMBAHHS.
Peryntotoun napametpu enektpuiHoro
10115, MOXHQ 3 BMCOKOIO TOYHICTIO Ke-
PyBaTH PA30IO, AMINITYHOIO [ 4ACTOTOO
QKYCTUYHMX XBMITb, LLIO FEHEPYIOTHCSH, LLO
JO3BOJISIE 3QKOAYBATH B HMX AQHI | HO-
npasmTH ix B HeOobXiaHWI XBUneBin.

Buyeni 3assnsioTe, Wo uum, WO Bu-
KOpMCTOBYE 3BYKOBI XBWJ/l, MOE PAL Me-
peBar nepes Yanamm, Lo BUKOPHCTO-
BYIOTb E€/IeKTPOMArHITHI XBMII  PI3HMX
Tmnis, BkmoYaroum csitno. [lowmpeHrHs
QKYCTHYHMX XBMITb JIETKO OOMEXYETb-
CH MPOCTOPOM XBMIEBOAIB, BOHM MQJIO
BM/IMBAKOTL OAMH HA OAHOro, ane 3a-
6e3neyyoTs JOCUTL CuITbHI B3AEMOIT 3
THLLIMMM YQCTUHAMM CUCTEMM, LLIO CrieLi-
QJIbHO PO3PAXOBAHI ANS LUbOro.

«AKyCTHYHI xBUni 34QTHI HA 6arato
B 0bnacti cepenosma nepenayi iH-
popmauii ans KIQCHYHUX | KBAHTOBMX
obuncnosansHux  TexHonorin. OpHak
rnosiBi QKYCTMYHMX MPOLEeCcopIB [OBMMH
Yac rnepeLuKoAXana BIACYTHICTb TEXHO-
J10rii BUCOKOTOYHOIrO KEPYBAHHS 3BYKO-
BUMM XBMIIAMA TA IX NEPERAY] 3 HU3bKMM
piBHem BTpaT, — posnosigae Mapko
Jlorkep (Marko Loncar), nposigrmsi go-
cnighmk. — Y Hawivi poboti mu npose-
MOHCTPYBQIM, LLO QKYCTUYHUMM XBMIIS-
MU MOXHQ KepyBaTH 3a [OMOMOrok
crieuianbHMX pUCTPOIB 3 H/o6ary JITito,
i e pobuTs KPOK BrIMxKYe JO CTBOPEHHS
pearnbHuX QaKyCTMYHMX POLEecopiB Ta
IHLLAX IHTErPAIbHUX CXEMY.

https://newatlas.com
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OdiuinHnn guctpun6’iotop B YKpaiHi
rMI N Bow @ MicROCHIP

HoBa KoHuenuia nobygosu 8-6iTHMX MiKpoKOHTposepis Big Microchip
Po3ymHi nepudepiHi moayni,
LLO B3aEMOAIIOTb MiX coboto
6e3 BTpy4yaHHA agpa

* CNpoLYETHCA Ta NPUCKOPIOETLCA PO3POOKA HOBUX NPOEKTIB

® 3MEHLYETbCA PO3MIp MPOrpamHOro Koay

® SHUMKYETbCA €HEeProCnOXXMBaAHHA 33aBAAKN 3HUKEHHIO HaBaHTAXXeHHA Ha A4PO

e CymicHa poboTa nepudepii 3abesneyyetbcs HaBiTb Nig Yac nepebyBaHHA A4pPa B PEXKUMI CHY
e MOXUBICTb p.O6OTVI CUCTEeMM Ha YacToTi, Wo nepesmu.l,ye TAaKTOBY YaCTOTYy MiIKPOKOHTpoOepa

B 4ECATKM pasis
e [IpocTe HaNaWTyBaHHA 33 AONOMOTO0 MPI_AB Atmel ‘ START

I:EINFIEL] RATDR

microcontroller

Timer
« Counter

' Type B

__../’
CoRE NOT USED»

PeanizoBaHO B HOBUX CimeMncTBaX

e ATTINY202-214 / 402-417 / 804-817 / 1604-1617 / 3216-3217
e ATMEGA808-809 / 1608-1609 / 3208-3209 / 4808-4809
® PIC18FXXQ10 / PIC18(L)FXXK42 / PIC18(L)FXXK83 / PIC16(L)F184XX

[OoknagHiwe Ha microchip.com/cip

Rainbow Technologies
www.rainbow.com.ua

04112, YkpaiHa, M. KuiB, Byn. [lertapiBcbka, 62, od. 46
Ten./dpakc: +38 (044) 290-41-69, 290-41-82

ted@rainbow.com.ua
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Mikpoxoumponepu cimeiicmea RZ/62
Bifj Komnanii Renesas Electronics

Ceprin Bonkos, iHxeHep

B cTarTi kOpoTKO onUcaHi MikpokoHTponepwu cimeiictea RZ/G2 Big
komnaHii Renesas Electronics. OcHoBHaO yBara npugineHa Hainpo-
AYKTUBHIiWIii mikpocxemi — RZ/G2H. MikpokoHTponepu mdioTb
BiAMIHHI MynbTUMepAiliHI MOXXJIMBOCTI T MOXYTb BUKOPUCTOBY-
BATUCH ANl CTBOPEHHS PO3LUMPEHOro JIOANHO-MALLUMHHOIO iHTEep-
deiicy. O6uncnioBanbHi MOXXIIMBOCTI MiKpOKOHTpOJEpiB fo3Bons-
IOTb 30CTOCOBYBATHU iX y HAOMCKIAAHILIMX B6YAOBYBAHUX CUCTEMAX
ynpasniHHA Ta Ha Beix piBHax ACY.

BCTYN

KOMHOHiﬂ Renesas Electronics sroTpe
NOMOBHUIA CBOIKO BUPOBHMYY iHINA-
Ky MmikpokoHTponepie (MK) cimeiicteom
RZ/G2. TonoeHOWO BIAMIHHICTIO HOBOrO
6araToanepHoro CiIMEMCTBA € BUKOPM-
ctanHHs 64-6it apxitektypn ARMVS-A 3
npouecopHumm  aapamn  Cortex-A53 i
Cortex-A57. MK HoBoro cimenctsa Mox-
HO BMKOPWUCTOBYBATM Y CUCTEMOX, LO
BOYROBYIOTLCA, AN aBTOMATM3AUIT Byai-
genb, Ha BCix pisHax ACY. Ha ix ocHosi
MOXHQ CTBOPIOBATU JTIOAMHO-MALLMHHMMA
iHTepderc Hosoro nokoninng. o cknamy
cimeicTsa BXoasTh YoTupy rpynu MK, Ixwi
OCHOBHI BiMIHHOCTI TG NOPAMETPU HOBE-

OgpHiero 3 ronosHux nporpam MK ubo-
ro CiMENCTBA € NIOAUHO-MALUMHHWUI iHTEp-
deiic i3 PO3LWMPEHNMM TPADIYHUMM MOXK-
nmoctamu. Ha pucyrky 1 inloctpytotsea
rpadiuHi moxnmeocti MK cimerictea RZ.
Moxnusicte MK cimerictsa RZ/G2 ynpas-
natv gucnnesmu 4K surigHo euginge ix i3
HU3KKM KOHKYPEHTIB.

LLle oaHieto nepesarowo MK € pos-
roTpMBaNa MATPUMKA MAATGOPMM PO3-
pobku Civil Infrastructure Platform (CIP) 3
yacom obcnyrosysaHHs Ginbwe 10 pokis.
MpuHarigHo 3aysaxmmo, wo sapo CIP
SLTS Linux nigtpumye Geaneky Ta 3meHLwye
BPA3MMBICTb CUCTEMM.

CrpyktypHa cxema nnatpopmu pos-
pobku MK cimericts RZ/G npencrasnena

Y nopansbwomy BUKIGAT MM MepeBax-
Ho nocunatumemocs Ha MK RZ/G2H 3
Haibinbwoto npoayktueHicTio. OgrHak oc-
HOBHA BigMiHHICTL uporo MK nonsrae B
O6‘-|MCJ'||OBOJ'|bHVIX MOXINMBOCTAX 30BOAKU
yotpbom agpam Cortex-A57 i yoTupbom
anpam Cortex-A53. IHwi sigmiHHOCTI He
cytresi. dapa Cortex-A57 TakTyioTbes yac-
tototo 1.5 [Ty, a sagpa Cortex-A53 — yac-
Tototo 1.2 M.

CrpyktypHa cxema MK RZ/G2H hao-
BEAEHA HA PUCYHKY 3.

MPOLLECOPHUMN BY30J1 AP
I TAM’Tb

CprKT\/pHi CXEMMU TMPOLECOPHUX Aaep
TO OOKMOOHMA OMUC TXHBLOI po6om
MOXHQ 3HOUTM Ha caiTi komnaHii ARM.
Mu 0Bmexmnmocs TUMm, Lo Haseaemo aeski
iX OCHOBHI MAPAMETPM, §Ki, HO HAL MO-
rnsg, NOBUHHI AATU BOCTATHE YABIEHHS NPO
YHKLIOHAMbHI MOXIIMBOCTI TG NMPORYKTUB-
HicTb anep. Mounemo 3 aapa Cortex-A53:
e TakToBa yactoTa (makc.): 1.2 Ty;

e Keww-nam'aTs komaHg pieks L1: 32 K6aiir;
o kew-nam’ate ganux pisHa L1: 32 K6anr;
e Kew-nam’saTe  AaHwux  pisHa  L2:

neHi B Tabnmyi 1. HQ PUCYHKY 2. 512 K6aiir;
OcHogHi BigmiHHOCTi Ta napametpu MK cimeiictBa RZ/G2
Napametpn RZ/G2E RZ/G2N | RZ/G2M RZ/G2H
Ocobnmsocri ExoHomiuHHit BapiaHT CepepnHs NPOAYKTUBHICTb Bucoka npogykrueHicts

CymicHicTb no BMBOAAX -

€

MpouecopHi sapa

2% Cortex-A53, 1.2 Ty,

2% Cortex-A57, 1.5 Ty,

2xCortex-A57, 1.5 Ty,
i4xCortex-A53, 1.2y

4xCortex-A57, 1.5 Ty
i 4x Cortex-A53, 1.2 Ty

B6ynosara O3Y, K6air

128

384

384

384

IHTepdelic 30BHiLIHBLOT Nam'sTi

DDR3L-1866x32-bit; (ECC)

LPDDRA4-3200x32-bit; (ECC)

LPDDR4-3200x 64-bit; (ECC)

LPDDRA4-3200x 64-bit; [ECC)

FHD resolution;

4k resolution; H.265 Decoder;

4k resolution; H.265 Decoder;

4k resolution; H.265 Decoder;

HpEoinge: H.265 Decoder; H.264/AVC H.264/AVC H.264/AVC H.264/AVC
3D rpadika PowerVR GE8300@600 MHz PowerVR GE7800@600 MHz PowerVR GX6250@600 MHz PowerVR GX6650@600 MHz
P 2xLVDS wn 1xLVDS, 1HDMI, 1xLVDS, 1HDMI, 1xLVDS, 1xXHDMI, 1xLVDS,

P W 1xDigital RGB 1 x Digital RGB 1xDigital RGB 1xDigital RGB

PCle

1 karan (Rev2.0 1Lan)

2 karamv (Rev2.0 1 Lane).
OpnnH 3 2 kaHonis MOXHa
BMKOpUCTOBYBATH s SATA

2 karanu (Rev2.0 1 Lane)

2 karanu (Rev2.0 1 Lane).
OpnuH 3 2 kaHanis MOXHA
BUKOpUCTOBYBATH Ang SATA

SATA

1 kanan

1 kaHan

Kopnyc

552-susignuin FCBGA,
21x21 mm, kpok 0.8 mm

1022-susigHmin FCBGA,
21 %21 mm, kpok 0.8 mm

www.chiphews.com.uad
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J0ANHO-MaLLMHHNIA
iHTepdeiic

4K
(3840x2160)

Full HD
(1920x1080)

WXGA
Ta HDKYe
(1280%768)

MokoniHHga 2, 64-6iT MK

RZ/G2H

Mokoninns 1,

[Lucnneit [Lwcnneii

I
1
I
1
I
I
1
i
I
I
Ta 32-rpacpika :

Bepudpikosannii
naket Linux (VLP) i3 sgpom CIP

‘ CIVIL
INFRASTRUCTURE
—— PLATFORM ——

-

8 : N3 3 BiAKPUTMM BUXIZHUM KOAOM
@ : MponpieTapHe M3 Renesas

: MponpietapHe N3
CTOPOHHiX KOMNaHil

niaTpumka sektopHoro cnisnpouecopa NEON/VFP;
niaTpumka koay kopekuii nomunok ECC;

B6YROBAHUI MOaYb 3axucTy nam’sti MMU;

PEXMMM 3HIKEHOTO EHEPrOCMOXMBAHHS.

[ani nepepaxyemo aeski napamMeTpu NPOLECOPHOro Aapa
Cortex-A57:

TakToea yacrora (makc.): 1.2 TTy;

Kew-nam’stb komaHg pisHa L1: 48 K6anr;

kew-nam’stb aaHmx pisHa L1: 32 K6anr;

Kew-nam’sTb aaHmx pisHa L2: 2 M6anr;

niaTpumka sektopHoro cnisnpouecopa NEON/VFP;
niaTpumka koay kopekuii nomunok ECC;

B6YROBAHUI MOaYb 3axucTy nam’sti MMU;

PEXMMM 3HKEHOTO EHEPrOCMOXMBAHHS.

LlikaBoto 0cobnusicTio € KOorepeHTHe 3'€aHaHHS Keww-nam’s-
Ti, IKe MOEAHYE DYHKUIT KOr@PEHTHOCTI Kewy TA MiXX3 €EaHAHHS.
CrpyktypHa cxema npouecopHoro syana (AP) npeacrasneHa

CHIP NEWS, #3 (213), 2022

GUI Framework (Q/HTML5)

Gstreamer

[emonnarta RZ/G2

[ucnneir, 3D-rpadpika, Bigeo

Puc. 1. Tpadiuni moxxnueocrti nioguHo-mawmHHoro iHtepdeiicy 3 MK cimeiictea RZ/G

T
SLTS

Mnatcpopma Kl
* CepefosuLLe po3pobku nporpam Qt
« cepefjoBuLLe po3pobku nporpam HTMLS

HTML

MynbTumegia
« kofek H.264
« nekogep H.265 ansa 4k UHD
« 3D-rpachika

=

?
=
=
<<
=
w

Beaneyne N3 ﬁ

* KOJOBaHE 3aBaHTAXEHHA ffpa
« 6e3neyHi KOMyHiKaujii
« 6e3neyHe 36epiraHHa KNo4iB

BepudpikoBaHuii naker Linux
Mpuknagwn nporpam Renesas
lporpamHi Mopyni CTOPOHHIX KOMNaHi

B : AnapatHe 3a6e3ne4eHHs
@ : Mporpama KopucTyBaya

Puc. 2. CrpyktypHa cxema nnardpopmu po3po6ku MK cimeiictea RZ/G

Ha pucyHky 4. Okpemuint moaynb ynpaeniHHs xusneHHam APMU
NPOLECOPHOrO BYy3na i Kew-nam’aTTio pisHa L2 peanisye vo-
TUPU PEXMMM EHEeProCMNOXMBAHHA npouecopHoro sysna AP
(anB. T06N. 2).

Kpim kew-nam’sTi, y scix MK RZ/G2, kpim MK RZ/G2E, € 86y-
nosaHa O3Y o6'emom 384 K6airT. Mam’atb TAKTYETLCA 4ACTOTOKO
400 Mlu, wuvpuHa wmen — 512/236/128 6it. B ekoromiuin

eHeprzgl)'::l;::auHHu Tu“ﬂ?.lu""“ )K"Bd'ﬁ HHA (SCE?;:?;?—I:(:E aTb
n pieHs L2)

AKTUBHMI BKJ1. BKJ1. BKJI.

Com BIOKI BKJI. BKJI.

3ynuHka appa BIOKN BIOKIT. BKJ1.

gmzHLeQHHﬁ KeL-Nam’sti BIOKS BIOKJ. BIOKI.

MiKPOKOHTPOAEPU
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15 x 32-6iT iHTepB. Taim.
WDT

7x WM )
Po3sgnineHHs oo

Aygio

Puc. 3. CrpykrypHa cxema MK RZ/G2H

Koutponep nepepusanb

IRQ/FIQ 4

Bineokopek

KomyTauiini
Cucrema iHTe[};IbIE-lVICVI
CucTeMHuin KOHTpONEp 4 x Cortex®-A57 1.5 ITu | 4 x Cortex®-A53 1.2 Ty 2x PCle (Rev.2.0, 1 gop.)
Cuctemue 03V 384 K6aiit [ a8-K6ai kew vomarn L1 ||| 32-Keair vew xowana L1 |l | SATA (Rev.3.2) (cosm. ¢ PCI)
,ﬂaT‘WIK Temneparypu } 32-K6aitt kew pannx L1 } } 32-K6ait kew gaxux L1 } USB3.0/2.0 (DRD)
NEON/VFPv4 NEON/VFPv4
. 4 B2.0 (2H, 2H/F/OTI
Biananka JTAG I 2-M6aiiT Kel I 512-K6aiiT kew I xUsB2.0 ( , 210 G)
12 ¢ ECC 12 ¢ ECC Ethernet AVB (1Gbps)
Taiimepn 3D-rpacpika 2> CAN2.0B
26 x 32-6iT Taiimepis PowerVR GX6650 6 UART, 5 x H-UART
2D/3D-TakTyBaHHs 600 My 4% SPI

7% 12C; 1 x DVFS ctrl
IHTepdencn
30BHILUHBOI Nam'ATi
32 6iT, 2 KaHanm

LPDDR4-3200 (ECC)

4K (2 kaHanm)

AypiomapLupyTisatop Bineo Keww goctyny
10 ASRC, ami ) ’ :
*1012C (6 xan. TOM). 3xDisplay out | 4xpotscop ospacur 16-6iT ExtBus/SRAM
90-KaH. aynio-DMA TxDigitalout, 1x VDS 5 2 101 ecop sogpaeia 1% QSPI 6ip 4/8 6i
1 X HDM' BWCOKOI AKOCTI X (Ha BU Ip IT)
Beaneka 8 x Video in a60 1 x Hyperflash
2 x MIPI-CSI2
KpuronpHCKopiosasi i 4 SDIO (SDR104)
(AES, DES, Hash, RSA, TRNG) 2 x Digital 2 x eMMC (5.0, HS400)

KoHTponep nepepuBatb

IRQ/FIQ

34UTYBaHHS Taimepa

v

I

TlivnnbHnK

3aranbHoro
Cortex-A57 NPU3HAYEHHs
Knactep LM

OuiKyBaHH: nepepuBaHHa
[lo cuctemHoro

Cortex-A53

Knactep LN
Anpeca 3aBaHTaKEHHSA T T
RESET A

»
> puliep

A

(CCl - 500)

IuTepcheiic Cache Coherent Interconnect

«— [lomeH ronosHoi nam'ati AXI

! !

[omen ronosHoi nam'ati AXI

mogudikauii MK RZ/G2E emnicts O3Y

MeHwa i ctaHosuTb 128 K6ant. Ons nig-

KIIOYEHHS 30BHILLHBOT NMAM'SITi BUKOPUCTO-

BYIOTbCA TOKI BOYAOBAHI iHTepdercu:

e EX-BUS 3 16-6it wuHowo i yactoToto
TakTyBaHHa 66 Mlu. lMigTpumye 308-
HiwHi O3Y Ta M3Y.

e RPC-IF 3 yactotolo TakTyBAHHA A0
180 Mlu. MigTprmye oo nsox momynis
30BHILHBLOI NOCMIAOBHOIT drew-nam’s-
Ti 30 WBMAKICTIO nepefadvi  AAHMX
160 M6iT/c koxHOro momyns nam’s-
1i. CymapHa wemMakicTs nepepadi —
320 Méit/c.

e KoHTponep 30BHilWHbOT WWHKU ANs nig-
knoyerHs nam’ati LPDDR4-3200. [ga
KQHQMM i3 WWPMHOIO WkHK no 32 BiT.
CymapHuit 06'em nam’sTi, Wwo nigkmo-
yaetbcs, — go 8 6ant. 3aysaxmmo,
wo LPDDR4X (JES D209-4-1) He nig-
TPUMYETLCS.

!

Mo nepudpepiiinoro gomery

Puc. 4. CTpyKTypHa cxema nNpoLecopHOro Bysna

MYJIbTUMEAIA TA TPADIKA
9|K rpadiynmit npuckopiosay (3DGE)
y MK RZ/G2H sukopucrosyeTbcs
PowerVR GX6650 Ha wacroti 600 Mlwu,
Apxitektypa npuckoptosayis  PowerVR
Seriesb6XT 6asyetbes Ha Seriesé. Ha tene-
PILUHIM MOMEHT, B T.4. 3ABASKM BUKOPMC-
TaHHio rpadiyHoro iHTepdeicy OpenGL
ES, us apxitektypa mae Hamkpaumit no-
KA3HWMK Y ranysi WOAO ChiBBIAHOLWEHHS
€HEepProCrnoXmBAHHA 0O 3AMMAHOI MAOLLi
(MBT/MM2). Lo Toro x, us apxitektypa nob-
pe MacWTabyeTbC | MOXE MIATPUMYBATH
[0 BOCbMK OBYMCIIIOBAMBHUX KIACTEPIB.
o ocHoBHMX OCOBMMBOCTEN NPUCKOPIO-
saya 3DGE sigHocaTbes:
® fofinweHa Bi3yani3auis 3 OgHoO4YaC-
HOIO 06POBKOIO AEKINBKOX CErMEHTIB;
®  HAraTONOTOKOBMI MEXAHI3M 3 yHidiKO-
BaHOIO LenaepHoto apxitektypoto USC;

e & apxitektypy USC sxoguts AJIMM, wo
[O3BOMAE NIATPUMYBATU BEKTOPHY O6-
pobky (SI MD);

® NoBHO BipTyanisauia agpecauii nam’s-
Ti AO3BOMAE MIATPMMYBATH YHibiKOBO-
HY QpXITEKTYpy nam’aTi;

® piBHOCTPYKTYpHA 06pOobKa AO3BO-
NAE NEPEMMKATUCA MK 3QBACHHAMM
ana 6AnaHCYBAHHS HOBAHTOXEHHS i
CnpoLeHHA yI'IpOBJ'IiHHﬂ XUBNEHHSAM,

® POrpPAMOBHE 3MAMKYBAHHS 306pa-
XeHb;

®  KOMMpECis TEKCTYp Ta NnapameTpis 6e3
BTPAT.

Y MK 86ynoBaHi iBa NoCcninosHi iHTep-
deitcn kamepu CSI2 Ha gei Ta YoTUpK ni-
Hii. MigTpumytotbes crangaptv MIPI CSI-2
V1.1 ta MIPI D-PHY V1.1. [lo cknaay mo-
ayna CSI2 sxogate PHY ta LINK. Moaynb
PHY npwitmae curianm, Binokpemnioe oaHi
306pakerHs Big cnyx608oi iHdopmauii
i nepepnae ix mogymo LINK, akuit dopmye
CUrHANKM BEPTUKANBHOT cuHxpoHisauii VD,
rOPM30HTANBHOI cHxpoHizauii HD Towo.
Y mogynsa LINK € inTepdeiic nepudepinHoi
wwunn APB, y mogyns LINK Takoro Hemae.
3ayBOXMMO, WO WBMAKICTE Nepeaayi Big
Kamepu He mae nepesmwysatu 1.5 [6it/c,
TAK §K NEPEBULLEHHS NPU3BEAE OO BTPA-
T OAHMX.

Mogayne sineosxomy VIN sgilicHioe
30XOMNMEHHS BIAEOAAHMUX, AKi NEPEAAOTb-
cs 'y 30BHiWHIO nam’aTte. daxi y dopmari
YCbCr-422 nepepatotbcsa yepes iHTep-
deiten ITU-R BT.601, ITU-R BT.656 abo
ITU-R BT.709, aaniy dopmaTi RGB — ue-
pes intepdencu ITU-R BT.601 a6o ITU-R
BT.709. Moaynb Ma€ BiCiM He3anexHmx
KQHQNIB, MO KOXHOMY 3 IKUX MOXE 3LiNC-
HIOBATMCb 3AXOMEHHA 306PAXEHHS PO3-
miprictio 4096x4096 nikc. Oani dop-
maty YCbCr-422 nepertsopioioTscs Ha
dopmat RGB. Y pexumi ogHopaszosoro
30XOMNeHHa Biﬂ,6yBO€TbCﬂ 3AXONNEeHH4
OfHOrO Kaapy, a B pexumi 6esnepeps-
HOrO 3QaXOMMEHHs — BCIX KAAPIB, WO
HOOXOOATb.

Bineonekopep iVDP1C sgiiicHioe ne-
KOLYBAHHS 306paXeHb 4O PO3MIPHOCTI
1920%x 1080 3a wsemakocti 60 kapp./c
abo 120x960 3a 120 kagp./c. Mpouec
BinOYBOETLCA 3 MANOKD 3ATPUMKOK TA
3a6e3neyye BMCOKY TOYHICTb BIATBOPEH-
Ha ¢opmaris cranpaptie H.264/AVC Ta
JPEG. MakecumanbHa WenakicTe CTAHOBMUTH
40 M6it/c npu 4oTupbox notokax abo
160 M6it/c — npu ogHoMmy.

Bineonpouecop VCP4 € nabopom
[eKiNbKOX KOAEeKiB, WO 3AiMCHIOITL KO-
LYBOHHSA | OEKOAQYBAHHSA LEKiINbKOX Bif€O-
dainis popmartis H.265/HEVC, H.264/
AVC. Jo cknany VCP4 sxopats asa agpa:
VDPB ta VCPLF. 9apo VDPB npusHauere
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Ti, a nicna 3aBepleHHs 0bpobku 3HOBY
nepenaqe ix y 30BHiWHIO nam’ste. Mogyns
nepeaadi komaHa CTU moxe 3septatmcs
6e3nocepeaHbo 40 PEriCTPIB TA 3UMTYBATH
napameTpn 06pobku 306paxeHHs. Mo-
aynb pactpoemx onepauiit (ROP) sukorye
onepauii HaKNAaAHHA 306paxeHb, a nNpPu
HeoDXigHOCTI MOAYIb KOMIPHOTO KOAYBOH-

GOPMATYBAHHSA  Mikcenis
RPF suntye pani dparmerta, wo obpo-
OnAeTbCa, i3 30BHIWHLOT NAM'ATI, BUTArYE
AOGHI 3 APXiBY, BMKOHYE KOMIPHI KOHBEP-
Tauii. Moayns dopmatysaHHs nikcenis
WPF otpumye 32-6itHi paHi 306paxeHHs
(YCbCr444 a60 RGB888 + 8bit-0) i nepe-

GHIP NEWS
< MepudepiitHa wuHa APB >
A A A A A A 4
vYvY A\ 4 VCP4 vy
iVDP1C VCPLF VDPB
VAN 4 A
] [ ~z 4 HA 3AMIHIOE KONip.
. FCPCS Monyns
MposigHuit nopt AXI, kaHan 0 @ Mposianuit nopt AXI, kaHan 1
< LLInHHa maTpuus >
Puc. 5. CrpykrypHa cxema Bigeonpouecopa VCP4 Ta ioro 38'930K 3 iHLUMMHK
MoAynaIMHU

ons nekopysarHa H.265/HEVC, a VCPLF
peanidye onepauii KOAYBAHHS TA [EKO-
OYBOAHHS 3 AEKiNbKOMa Kogekamu. Ha pu-
CyHKy 5 npeacTasneHa CTpykTypHa cxema
sineonpouecopa VCP4 ta ioro 38'a3ok 3
IHLLMMKM MOAYTIIMM.

[MpomykT1eHICTL Bigeonpouecopa y
dopmati H.265 cranoents 3840x2160
3a 60 kagp./c abo 1920x1080 s3a
120 kagp./c. Weuakictb 0bpobku pa-
Hux aapom VCPLF cranoents 30 M6it/c
MO KOXHOMY i3 4OTMPbLOX NOTOKIB aBO
120 M6it/c — no ogHoMmy. AKwo BXigHMMA
noTiK He BIANOBIAAE CTAHAAPTY Bigeokone-
KiB, MOXIIMBE iXHE 3ABUCAHHS.

[Mpouecop 06pobku sigeocurHanis
VSP2 nigtpumye 1D ta 3D Tabmuui ne-
PETBOPEHHS, MOCLITABYBAHHS, NOBOPOT T
3LWMBKY 300pakKEHD, iHTEPdENHC 3 aMcnnen-
Hum mopynem (DU). Lo cknamy npouecopa
VSP2 sxoauTs Kinbka moaynis. Bci Boru 3ain-
CHIOIOTb OBPOBKY 30 MPUHUMMIOM NaM’sTb-
nam’sTb, He BUKOpUCTOBYIOUM pecypcu LT,

Mogynb VSPI agificHioe MacwTabysaH-
HA Ta obepTaHHs 306paxeHHs. Moaynb
VSPBC peanizye Tabnuui nepetsopex-
Ha, nobygosy 1D-ricTorpam Ta 3wmeky
306paxeHs. Mogyns VSPBD  spiiicHioe
3wmeky 306paxeHs, a moayns VSPD, kpim
3WMBKM 300paXeHb, peanisye iHtepdeinc
3 AUCTNENHMM Moaynem. Hasepemo aesiki
OCHOBHI YMCENbHI NOPAMETPU NPOLECOPA
06pobku sineocurnanis VSP2:

o ob6pobnaoTbca popmatn: YCbCrd44/

422/420, RGB, RGB;
® po3mMipHicTb 06pobnosaroro 306pa-

xenns (makc.): 3840x2160 nikc,;
® MPOAYKTWMBHICTb: ABA  KAHAMW

500 Mnike./c;
®  MpK NPSIMOMY MIAKMIOYEHHI 4O MOAYNS

avcnnes nepepada go 4096 nike. no

rOPU30HTANI.

Poboty B pexumi nam’atb-nam’stb
306e3neuye MOAynb AOCTyny AO Nam’aTi
MAU. Bin € nposigHum GNOKOM LWMHMK,
30BAHTAXYIOHYM AGHI i3 30BHILIHBOT Nam’s-

no

TBOPIOE KOMIPHUIA NPOCTIP, KONbOPOBICTH i
OPMAT LAHKX, O TAKOX NEPERAE Pe3ynb-
TaTM 0BPOBKM 306PAXKEHHS Yy 30BHILLHIO
nam’sTs yepes moayns MAU.

Mapwpytusatop DPR kepye notoka-
MM AaHMx Mixk mogynem RPF, dyHkuioHans-
Humn mopynamu ta WPF. Bin, sokpema,
3abesneuye HesnepepsHicTb 06pO6KM
306paxeHHs 6e3 BUKOPUCTAHHSA 30BHILL-
HbOI NMaM’sITi 30 PAXYHOK MepeHanpas-
NEHHs BAHUX MK QYHKLIOHAMBHUMM MOY-
namu. Biganaummo we mopyns SRU, akui
3abe3nedye 06pobky 306paxeHsb Haa-
BMCOKOI PO3AINbHOI 34ATHOCTI, i MOAynb
macwTabysaHHa 306paxers UDS.

Onuc sineonpouecopa VCP4 saeep-
LWMMO 3ragkoto d)yHKLI,iOHOJ'IbHMX mognynis
SHP, ILV ta cnyx6osoro moayns LIF, wo
3a6e3nedye iHTepdEenc i3 AMCnNenHumM Mo-
aynem DU. Mogynb SHP perynioe piskicTs
306paxeHHs, a ILY nepetsopioe popmatn
306PAXEHHS HO TPMBUMIPHE 306PAXEHHS.

[BokaHanbHU Npouecop 306paxeH-
Hs Bucokoi skocti FDP1 nepetsopioe Bi-
LEOACHI 3 HOAPAOKOBOO PO3TOPTKOI B

— FDP1

32

> <I'Iepmpepi|7|Ha WK1Ha APB>

256

FCPF

LnHHa matpuus AXI

256 128

<

128 ABI
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\
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[MoTo4He 306paxeHHs
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Puc. 7. CrpykrypHa cxema mogyns DU

AGHi 3 nporpecusHoio (paakosoto) posropTkoto. [pouecop

BUTArYE AAHI i3 30BHIWHLOT Nam’sTi Ta nicna 0b6pobku nepenae

06pobneHi AaHi y 30BHIWHIO NaM'aTb. TpaHcdep AaHMX 3aiHCHIO-

etbcs mopynem ABI, akuit € inTepdeiicom wmHHOT maTpuui AXI.
CrpyktypHa cxema npouecopa FDP1, npeacrosneHa Ha

pucyHKy 6, Kpalle 3a 6yab-sKi CoBA CKAXe NPO MOro NPUCTPIN,

TOMY M NIULLIE HABEAEMO AEAKi OCHOBHI MAPAMETPH NpoLecopa

FDP1:

po3mip 306paxerHs (makc.): 8190x 8190 nikc,;

weuakicts 06pobkun garux: 500 Mnike./c;

konipHi dopmaTh (Bxig):

YCbCr444-PL, SP, IL V;

YcbCr422-PL, SP, ILV;

YCbCr420-PL, SP;

po3mip kaapy (x8.): 32x 32 nikc.;

konipHi dopmatn (euxig): RGB ta YCbCr.

Ha sxig mogyns DU HopxonsTs BuxigHi curHanm npouecopa

06pobku sigeocurHanie VSP2. Ha suxopi amcnneniHoro moayns

GOPMYIOTEC CUTHANM MEepPenadi Ha auMcrnen yepes iHtepdencu

LVDSI F, HDMI=IF, undposuin RGB. CrpyktypHa cxema mogyns

DU nokasaHa Ha pucyrky 7. Moaynb Moxe KepyBaTH TpbOMA

OUCTINENHUMM MAHENAMM, MPUYOMY MOXIIUBE HAKIAAAHHS 306pa-

XEHb ABOX NaHenen. YNPaBiHHa KOXHOI 3 HWX BifOYBOETLCS OK-

pemo. [apameTpu ynpasniHHA KOXHOK NAHENTIO MPOMUCYIOThCS

Y BHYTPILHIX PEricTpax AMCnierHoro moayna. Y umx perictpax

BUOMPAETLCA OAHA 3 TPbOX TMMYQACOBMX AIQrPAM KEPYBAHHS i

PEXUMM PO3rOPTKM. Y HUX 30ACIOTBCA MAPAMETPU KOMIPHOTO

NepeTBOPEHHS TA PAL IHLWMX YCTAHOBOK.

Ayniomoayns mae suaineri kanann DMA — Audio-C, Audio-
DMACpp. Bin 6esnocepenHbo 3'€qHaHMM 3 MOAYIEM CUHXPOHI-
sauii aygionanmnx ADG Ta Moaynem nocnigosHoro iHtepdeicy
aygionarunx SSIU. o cknagy moayns He BxoasTb BIACHI pericTpum.
Kananu Audio-DMACpp 3gificHiooTs 38'930K MiX ayaioMomynem
TQ 30BHILLHBLOIO NAM ATTIO.

IHLUI PECYPCU MK

yLLbOMy KOPOTKOMY po3aini sragaemo aeski moayni MK, aki He
YBIALLAM 60 ManM iHWI GYHKULIOHANBHI MOXIIMBOCTI y CKNAA]
iHLLIMX CIMEMCTB.

KoHTponep ¢yHKLIOHANBHOrO MPU3HAYEHHS BUBOLIB MIKpPO-
cxemm PFC cknapaetbcs 3 perictpis, B AKMX MPOMMCYIOTHCA
MPU3HAYEHHS MYSIbTUMIEKCOBAHMX BMBOMIB, O TAKOX KEPYBAHHS
(MimkmoYeHH A0 WMHM XMBREHHs abo 3emni) MIATATYIoUMX pesu-
CTOpIB NiHiM BBOAY/BMBOAY.

Cucremnmit koHtponep SYSC kepye xuBneHHam npouecop-
Horo syana, mogynis 3D-rpadiku, BiaEONPOLECOPOM, MOAYIAMM
BiLEOKOAEKIB. 9KLLO SKICb i3 MEPEPAXOBAHUX MOLYIIB HE AKTUBHI,
KOHTPONEP BIAKIIOYAE IXHE XMBAEHHS, 30 PAXYHOK YOO 3HMXY-
€TbCA EHEPTrOCNOXUBAHHS.

BigknioueHHs xueneHHs — edekTUBHIWMIA cnocib, HiX npu-
MUHEHHS TOKTYBAHHS, TOMY WO B OCTAHHbOMY BMNAAKy 36epi-
ratoTbes cTpymu Butoky. Kpim toro, kontponep SYSC kepye no-
CNIAOBHICTIO BKITIOYEHHS TA BUMKHEHHS MOAYSiB. 3PO3YMino, npu
BUMKHEHHI XMBIIEHHS MOAYNSA MPUMUHSIETLCA MOTO TAKTYBAHHS.

www.chiphews.com.ua
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3DGE — 3D-rpagiurmsi npuckoprosay
ABI — iHTeperic wmHHOi maTpmui AXI
ADG — mogynb cuHxpoHizauii
aynioaaHmx

AP — LeHTpansHWi npouecop

APB — nepuepiviHa wmHa

APMU — moaynb ynpasniHHs
XKMBIIEHHSM MPOLECOPHOrO BY3/1a

Ta KeL-nam’aTi pisHs L2

FDP1 — npouecop 306paxeHHs
BUCOKOI AKOCTI

CPG — reHepatop TaKTOBUX iMIYIIbCIB
CSI — nocnigosHwi iHTEPGEsC Kamepm
CTU — monynb nepenayi KOMaHs

DPR — mapLupytmsatop noToky AaHMX
DU — gucnnesinmi moayb

EX-BUS — koHTponep 30BHILLHBOI LLHM
ILV — monynb neperBopeHHs
Popmaris 306paxeHHS

HQ TPUBUMIDHE 306DaXEHHS

INTC — xoHTPONREP NEpepmBaHs
INTC-AP — koHTpOnep nepepmsaHs
ansa LI

INTC-EX — koHTpoOnep 30BHILLHIX
nepepmBaHsb

iVDP1C — Bineonexkonep

LIF — inTeperic i3 pucnnetiHm
moaynem DU

MAU — 6ok gocryny no nam’ari
FCPC — moayns komnpecii kagpy
FCPC| — crneuianizosaHmii moaysib
KoMrpecii kaapy Ans Bigeoaekoaepa
iVDPIC

FCPCS — crieuianizoBaHmsi mogyss
KoMnpecii Kagpy

CJIOBHUK

HD — curHanu ropmzoHTansHoi
CHUHXPOHI3aUii

HDMI-IF — mynbstumenivinmii intepgesic
BUCOKOI pO3AiNbHOI 30ATHOCTI

PCCU — mogyrnb xusneHHs
MPOLECOPHOro By3na TA KeLU-rnam aTi
pisHs 2

PFC — koHTpOnep ¢yHKuUioHanbHOro
MPHU3HAYEHHS BUBOLIB MIKPpOCXEeMM
ROP — mogysnb pactposux onepauisi
RPC-IF — nocnigosHmi iHTepgesic
J18 MiAKIKOYEHHS 30BHILLIHbOT
pneww-nam’sati

RPF — moaynb popmatysaHHs nikcenis
SCU — kepyBaHHS LBMAKICTIO BUOIDKM
SHP — mogynb perymoBaHHs YiTkoCTi
306paxeHHs

SSIU — moayne nocnigosHoro
iHTepgesicy ayaionaHmx

SRU — monyns 06pobku 306paxeHs
HQABMCOKOI pO3AIMbHOI 3ATHOCTI
SYSC — cucremumii koHTponep

WFI — ouikyBaHHS nepepusaHHs
WPF — moayns popmatyBaHHs
nikcenis

UDS — moayns maclutabysaHHs
306paxeHsb

USC — yrigikosara wesnepHa
apXiTekTypa

VCP4 — sineonpouecop

VD — curHanm BepTrkaibHOT
CHMHXPOHI3aUIi

VIN — moaynb Bineosxony

VSP2 — npouecop 06pobku
Big€OCHMIHAIIB

INTC

NMI g'—}
INTC-EX

INTC-AP *—> un

Nepudbepiitni
moayni

Y MK BUKOPHCTOBYIOTBCA TPU KOHTPO-
nepu NepepuBaHHS: KOHTPONEP 30BHILLHIX
nepepusarb INTC-EX, konTponep nepe-
puaHb ana LM INTC-AP ta cuctemnnit
korTponep nepepuaaHb INTC. IxHs B3ae-
Mogist NoKasaHa Ha pucyHky 8. KonTponep
nepepusaHb INTC-AP iHTerpoBaHui y BHY-
tpiwHio mepexy ARM Corelink GIC-400
(rOp0). Bin 06pobnse nepepuBaHHs cUCTEM-
HOrO [OMeHYy Ta Mae 32 NPOrpamHi pis-
Hi npiopwuTeTty. 9k HEBAXKO 3mOrafaTMCH,
koHTponep INTC-EX obpobnse nepepw-
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Puc. 8. 3'egHaHHSA KOHTpONEpiB NnepepuBAHHS

BAHHA Bifi, 30BHILLHIX MPUCTPOIB, TOMY HQ
Oro BXOAOX ANS LIYMO3QAMYLUEHHS BCTO-
HOBEHMIt aHTURPEOEe3rosui GinbTp.

Y MK B6yROBAHO LIMPOKO BIZOMI KO-
MyHIKQUilHi iHTepdencn. Mu BigsHaUMMO
mwe HasisHicTs iHTepdericis PCle i SATA,
fKi HE YOCTO 3yCTPIYAIOTLCA B MIKPOKOHT-
ponepax. CninbHo 3 BOYAOBAHWM iHTEP-
deiicom Ethernet 1 Gbit Bonn gossonsiots
sukopucTosysatv MK B HakcknagHiwmx
CUCTEMOX KEPYBAHHS, LLO BOYLOBYIOTLCS, i
Ha BCix pisHax ACY. (N

32-PO3PSIAHI
MIKPOKOHTPOJIEPU

3 BUCOKOIO NMPOAYKTUBHICTIO
TA BIAMIHHOIO CTIMKICTIO

A0 NEPELLKOA

Kopropauis Renesas Electronics
aHoHcysana RX660 Group — nepiumii
MPOAYKT, CyMicHwi 3 Hanpyrowo 5 B ce-
pen BUCOKOMPOARYKTUBHMX MIKDOKOHTP-
onepis 3arasnsHoro npmsHayeHHs RX600
i RX700. 3 uieto nigtpumkoro 5 B BiH 3a-
be3snedye BIaMIHHY CTIFKICTb O LyMy | HE
BMMQrQ€ HIsIKMX 30BHILLIHIX KOTYLIOK AJisi
MPMAYLLEHHS LLIYMY, LUO CIIPHSIE 3HMKEH-
HIO 3aranbHOI BapTOCTi cuctemu. Snpo
RXv3 npautoe Ha yactori 120 Mly 6e3
OUIKYBQHHS HOCTYMy RO reL-nam’sTi,
wo 3abesneyye cTabinbHy apUPMETHY-
Hy 06pObKy Ta 4yHoBY MPOAYKTHBHICTb
y peansHomy yaci. Kinbkicts egpextms-
HUX KOHTQKTIB BBEHEHHS-BUBELAEHHS
3QranbHOro  npM3HayeHHs Oyno 36ib-
weHo npubmmzHo Ha 10% nopisHIHO
3 nonepeaHim RX210, cymicHum 3 Ha-
npyroto 5 B, wo possonse 36inbLumtm
KIIbKICTb AQTYMKIB, SKI MOXHQ MiAKITKOYM-
TM O OBHOIO | TOro X KOPMycy, LO
CrpHSE NErLLIOMY OHOBIIEHHIO CHUCTEMM.
Lo crocyersca nepmgepivinnx @yHk-
uivi, ue nepimi npuctpivi cepii RX, wo
skmoyae CAN FD, wo possonse pearni-
3yBATU MEPEXi HACTYMHOIO MOKOSIHHS,
TaKi 9K npommucnosi mepexi. Kpim toro,
ToyHicts komsaHs HOCO 1.0 % moxe
6yT1 BrepLUE rQPAHTOBAHA Y MPOAYKTI
BMCOKOIO K/IACY, LU0 JO3BOJISIE SMEHLLIM-
TW KIJIbKICTb 30BHILLHIX reHepaTopis 1a
CrPUSIE 3HMXKEHHIO BAPTOCTI CHMCTEMM.
OnurH unn i3 ninivikoto kopnycis LFQFP
Big 48 no 144 koHTOKTiB, G TAKOX [O
1 Mb ¢new-nam’ati Ta 128 Kb SRAM
MOXE BUKOHYBATH LUMPOKMK CHEKTD KIli-
€eHTChkMX nnargopm. Lle nerxo nigsumiye
MPOAYKTUBHICTb TA POILLUMPIOE PYHKLIO-
HQUIbHI MOXITMBOCTI MOBYTOBOI TEXHIKM
TQ MPOMUCIOBOrO O6NCAHAHHS.

Kopropauis Renesas  Electronics
MPOMOHYE NEePEBIPEHI IHHOBALII B rasy-
3 BOYAOBAHMX CUCTEM 3 KOMITIEKCHUMM
HQaNiBAPOBIAHUKOBUMM ~ PILLIEHHAMM, SKI
JO3BOSIAIOTL MINIbSPAOM MIAKITKOYEHMUX [H-
TENIeKTYQNIbHMX MPUCTPOIB MOKPALLYBATH
YMOBM POOOTH Ta XMTTSA toaex. Renesas,
CBITOBMV n1igep y rasny3i MiKpOKOHTPO-
JIEPIB, QHQUIOrOBMX, CMIIOBMX TA OLHO-
KPUCTQUTbHMX MPOAYKTIB, MPOMNOHYE KOMIT-
JNIEKCHI PILLEHHST 411 LUMPOKOro CrekTpy
AOAQTKIB AR aBTOMOGILHOI, MPOMUC-
J10BOI, MOBYTOBOI €NIEKTPOHIKM, OQicHOT
ABTOMATH3AUII TA IHPOPMALIFIHO-KOMY-
HIKQUIVIHWX TEXHOJIOTIV, SKi JOMOMArarTh
popmysaTi beamexHe MaribyTHE.

www.renesas.com
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D2nag npucmpoia MIC-730A1 NVIDIA
Jetson AGX Kavier Al Edge

B win crarTi mm nokaxkemo gk npauoe MIC-730Al
TA 9K Oro MOXXHO BUKOPUCTOBYBATH.

orngan osJIABHAHHA ADVANTECH MIC-730Al

I_l a nepepnii naneni 6noky Advantech (puc. 1) postawosani
BCi BXOOM/BMXOAM — BOHM € BAXKIMBMM DAKTOPOM B Nepw-
depirtHux cnuctemax Takoro Tumy. Pyxatoumce 3nisa HaNpaeo, mu
BAYMMO KHOMKY XMBIIEHHA TA CNOT PO3LUMPEHHA 3HM3Y. TAKOX
6aummo 16-6ithmit 6nok DI/DO seneHoro konbopy. MNMopsa i3
Humn gsa COM-noptu. O6ugea noptv LAN rira6uthi. Ogun —
Marvell 88E1512, a apyrvit — Intel i210.

Takox € no gea noptv USB 2 1a USB 3. 9k 6aunmo, 3 obox
BOKiB € OTBOPM AN HECTAHAAPTHUX PO3’EMIB, AKi JONOMAraIOTH
yTpumysaTn wrekepn USB Type-A. Takox npucyTHi Bineoswmxin
HDMI Ta Toukm nogadi xmeneHHs /3a3emneHHs.

Becb 6ok mae posmipm 192 mm X 230 mm X 87 mMm, i Ginblua
MOro 4aCTMHG € PAfiaTOPOM MACMBHOTO OXONomxXeHHs (puc. 2),
WO AO3BOMSE CUMCTEMI NPALIOBATH OE3 BEHTUNSTOPIB B YMOBAX
poboyoro gianasoHy Temnepatyp ao 55-60 °C B sanexHocTi
Bin pexumy. Llen papiatop B ocHosHOMy oxonomkye SOM
NVIDIA Jetson AGX Xavier, ska po3TQWOBAHA HA OCHOBHiM
CUCTEeMHIM nnari.

NVIDIA Jetson AGX Xavier SoC pospobnena ans sabesne-
UEHHSI MPUCKOPEHHS MalwuHHoro 3opy cuctem LUl Ha opHomy
unni 3 sBickMoma sapamu Arm v8.2 Carmel Ta npuckopeHHsm ko-
AYBAHHS/[EKONYBAHHSA BIiIEO PA3OM i3 rpadiyHUM NPOLECOPOM
nokoninHa Volta.

LM Takox otpumye 32 B nam’sti LPDDR4X Ha mogyni. [les-
KOIO MIpOIO Lie He 3aHOATO BinpisHsaeTbcs Big Bepcii unna NVIDIA
Apple M1, 3a sukniouennam toro, wo NVIDIA dokycyetbes Ha
BifEO ANA WTYYHOrO iHTEnekTy, a Apple — Ha PUHKY HACTINbHMX
K. 9apa CPU NVIDIA He ayxe wewmaki, uinodmMcensHa npoayk-
TMBHICTb NpMBU3HO Taka cama, sk i B Intel Xeon E3-1240. 3 in-
woro 6oky, GPU nokoninna Volta osnadae, wo mu oTpumyemo
B6ynosaHi TeHsopHi aapa. Llen npouecop He npusHayenuit ans

Puc. 1. NMepepHsa nanens 6noxy Advantech MIC-730Al

3aminm HactineHux MK, ckopiwe CPU creopenui ana smukopu-
cranHs GPU ta npuckopiosauis.

Ckopouera cxema postawysarHs LT NVIDIA Jetson
AGX Xavier HasefieHa Ha pucyHky 3. MoxHa nobauntn 2 Mb
kew-nam’ati L2 Ha asa agpa NVIDIA Arm Carmel, a nortim 3a-
ransHnit kew L3 06’emom 4 Mb.

Ha musxHilt cropoHi matepuHcekoi nnatv (puc. 4) postawo-
BAHO 6AraTO BHYTPIWHIX BXOAIB/BUXOMiB PO3LLIMPEHHS. 3A3BMYA
MM MOYMHOEMO 3rOPH TA MEPEXOAMMO BHM3, arne 3apa3 mu byae-
MO PYXATUCb HOBMAKKM — 3HU3Y BrOpY.

3HM3y MM BAUUMO NAATY KMBAEHHS MOCTIHHOTO CTPYMy. Mmo-
BIPHO BM HAUMNK BXif KMBIEHHS MOCTIMHOMO CTPYMY B PO3AINi Or-
nagy noprie. Lle BHyTpiwHsa ctopoHa uporo pos’ema. Onsa neakux
4nTauiB, MeHW OBI3HAHMX Y BOYAOBAHWMX CUCTEMAX, 3AYBAXUMO,
WO afanTep 3MIHHOTO CTPYMY AJ1f HOCTIIbHOTO BMKOPUCTAHHS
MOXHQ BMKOPUCTOBYBATM HOBITb 3 MPOMMCIOBMM PO3 €EMOM
XUBIEHHSA, A He 3 BoYkoobpasHUM. [Tpommcnosa Bepcis NPoCTo
po3pobneHa ana Ginbwoi HOAIMHOCTI Ta 3anNO6iraHHs BUNAAKO-
BOMY BUIYYEHHIO.

Hap uieto nnatoo XMBAEHHS 3HOXOAMTLCH MIOKIIIOYEHHS A0
OCHOBHOI ApyKoBAHOI nnaTtv. Haa Het 3HOXOAATLCS CrOTH PO3-
wupenns PCle x8 ta x16, ane ans ix BUKOPUCTAHHA HEObXiAHO
BUBYMTM ONLT, AKUX y HAC HE ByNo Ana TECTYBAHHS.

Jlisopyy Bropi € HeBenmMka O0COBUBICTb, HA AKY MM XOTin BK
3BepHyTH yeary. [1ig BHYTPILHBOIO KHOMKOK CKMAAHHS 3HAXOAMUTb-
cst nopt OTG MicroUSB, akuit MOXHA MOMITUTU HO PUCYHKY 4.

Mpasopyy sHaxomsTbes po3’emu SATA ana nepenadi AaHUx
TA XUBNEHHA.

MoxHa pogatn 2.5” puck, Takui sk SSD, nigkmounsun kabe-
ni go umx pos’emis. Cama cucrema mae Tinbkn 32 b cranpapTHoi
nam’ati eMMC, Tox ue moxe ByTu OBOJI BArOMO.

Ha BepxHii rpaHi MATEPUHCBKOT MAATH B HALIOMY OMafi —
niBoOpyY 3HaxoamTbCA cnoT ana kapt nam’sti SD, a Takox cnot
MiniPCle 6inoro konsopy (puc. 4).

3 onepauifiHoi ToYkK 30py BAXKIMBO, WOG B cUCTEM He Byno
BEHTUNSTOPIB. BeHTUnaTopn B NMpPOMMUCIOBMX YMOBOX MOXYTb
306pYAHIOBATHCH TG CTATU MPUYMHOKO BIGMOBU POBOTH CUCTEMM,
TOMYy MOCMBHE OXONOMXEHHA € KPALWMM BApiaHTOM. Baxnuso

Puc. 2. PapiaTop nacuBHOro 0XonomKeHHs 6noky
Advantech MIC-730Al
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CPU COMPLEX

Carmel Carmel Carmel Carmel

Carmel Carmel Carmel Carmel

Puc. 3. CkopoueHa cxema posrawysaHHs LI NVIDIA Jetson
AGX Xavier

NiLKPECNTH, LLO Len NPUCTPIN BXE BUKOPUCTOBYBABCS AEKiNbKA
pPa3iB — HO AEAKMX METANEBKUX MAHENAX MOMITHI Clifn 3HOCY, 1K,
HOMPWKNAL, B KyTax HA pucyHky 4. [Mpote cuctema sce ogHo
BIAMIHHO MPALLIOE.

TUM He MeHW MK xoTinu cnpobyBaTH BIGTBOPUTM MPMKNAL,
BMKOPUCTAHHA NoaibHoT cuctemu. [ani mm 36Mpaemocs nepeTso-
PUTH CTYLIIO B TEKCTUIbHY GabpUKy.

ONTUYHE PO3MI3HABAHHS 3 AVANTECH MIC-730Al
TA SMASOFT

Konw MM BUPILLIMAK 3POBUTH UEM OrMAL, OOHUM 3 TONOBHUX M-
TaHb Byno — «i Wwo aanig». 303BM4AN Y HAC € PO3AIN NPOAYK-
TUBHOCTI, Qrne NPOAYKTUBHICTL Npouecopa cxoxa 3 Xeon E3-1240
i ue He BMMALAE LiKABOK TEMOIO ANs PO3misay. 3a PiBHEM Npo-
AYKTUBHOCTI CUCTEMA 3 MACUBHUM OXOMOKEHHSIM ¥ MOTYXHICTIO
30 Bt Hikonu He carHe pisHa npouecopie notyxHocti 280 Bt ta
rpadivnmx npouecopie notyxHictio noHaa 500 Br, wo posnos-
CIO[PKEHHI HO CborofHi. B pesynbTtati My BUpiLIMAM NepeTBOpUTH
Howy cTyaito Ha Gabpuky 3 iHcnekuii TekcTunio (puc. 5).

Puc. 5. ®abpuka 3 iHcnekwii TekcTunio
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Puc. 4. MarepuHcbka nnara Advantech MIC-730Al

Lle saransHa ycranoska. Ocobnmea nogaka cnisBpobiTHUKAM
Advantech Ta Smasoft 3a gonomory — mu 3Hany, Wo nparHemo
NPOAEMOHCTPYBATH B PILLUEHHI | BOHW fyXe AOMNOMOIMM 3 peani-
3ALJEI0 LbOro NPOEKTY.

9k 6aummo — y Hac He oauH, a asa npuctpoi Advantech.
OgHouacHo 3 MIC-730Al Ha 6asi NVIDIA Jetson, y Hac 6yno
piwenHs Advantech MIC-7700 na 6asi Intel, wo npauroe nig
ynpasniHHam Windows Ta nporpamHoro sabesneuerHs Smasoft.

3aysaxmmo, wo MIC-7700 6ys [oBONI ry4HUM TG BUKOPHCTO-
BYBOB BEHTUNATOPM, TOX Lie PisHi knack sbynosysaHmux cuctem. Oc-
HOBHQ ifiest nonarae B Tomy, Wwo cnissigHowenHa Advantech MIC-
730Al Ta x86-6noka He 06os’s3koso mae 6ytn 1:1. 3amicTs Toro
wob popasath kowToeHi Ta eHepromictki GPU B koxHy cuctemy,
MOXHQ BUKOPMCTOBYBATH | MacwTabysBaTh pileHHs Ha 6asi Jetson.

[ani pe kamepa. Lle npomucnosa kamepa 3 PoE, aka sagikco-
BAHA Ha nigcTasu. lcHye 6arato cnocobiB OTPUMAHHS XMBIIEHHS, | Y
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Puc. 6. TkaHUHO PO3TALLOBAHA
nia kamepoio

komnarii Advantech Takox € piwenns PoE,
npoTe TyT y HAC NPOCTMiA iHxekTop PoE.

MporpamHe 3abesneueHHs Smasoft
TAKOX BMKOPUCTOBYBAMO KAMepPy. 3a3BM-
4Qit BOHQO BCTAHOBIOETHCA HA BUPOBHMUIN
niii, ane y Hawomy sunaaky IP-kamepa
BCTOHOBMEHA HA BUNPODBYBANBHOMY CTEH-
i, wob mu Mornu Ti poTorpadysaTu.

[Min kamepoto € kinbuesa namna, wob
OTPUMATH BOCTATHBO CBITNA A1 KAMEPMU.

Huxue 3Haxogutecs mpocTip, Ae mu
30MNYCKAEMO HALY «TEKCTUIbHY MiHilOY»,
a Takox 3pasok cropitkn OCR (onTuune
PO3MNi3HABAHHS CMMBOJ‘IiB), AKQ OCBITMIO-
€TbCA | 3HIMAETLCA kamepoto (puc. 5). Mo-
Tim piwenHs Smasoft sukopucTosye wo
YCTAHOBKY Ans ineHTUdbIKauii CMMBONIB.

TkaHWMHO pO3TAWOBAHA Mifg KAMe-
poto. MoxHa ysaBWTH, fK TKAHWHA NpPO-
XOAWTb MOB3 KAMEPY BOBroOI0 NiHi€l0, ane
IS5 BEMOHCTPALT Y HOC NULLE HEBENUKKIA
knantuk (puc. 6). Piwenna Smasoft moxe
ineHTUdIKYBATU AedPEKT TKAHUHU uM BU-
3HQYEHMN HABIP TEKCTY 3 AeMOHCTpauii
OCR, a noTim BUKOHOTM fii Ha AiHiT Ans
MOPKYBAHHSI TOTO, LLO MPOXOAUTL MO Hil
(puc. 7).

Take MapKyBAHHSI MOXHQ BUKOPUCTO-
BYBOTM AN OBTOMATM3OBAHOMO Bif6O-
py aedekTHOI metani 3 niHii. Y HaC He
6yno pobota-maninynatopa. Ha wacts,
y Smasoft 6ys emynatop pyku pobota

& pyee B Lomdgurens -G
fha Ve !
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Puc. 7. lpentndikauia pedpekry TkKaHuHmn

e B Conbiuns 480

Pie Vs

Puc. 8. Po6o-pyka Advantech Smasoft

(puc. 8), sxui moxe BrkoHyBATH BinOip HA
ocHosi OCR-poscnisHasaHHsa 306paxeHs.

Buinomy, ue posoni uikase piwen-
H | MOXHQO YABMTM sk Oyae BMMSAaTH
KOMIMIEKCHE PILUEHHS BENMKMX MACLITA-
6ie. Y komnanii Smasoft € piwenns ans
PI3BHOMOHITHUX rany3en NpPOMUCIOBOCTI,
L0 30CHOBAOHI HA OBYUCIIIOBANBHMX MAAT-
dopmax Advantech, Takux sk sanyueHmit B
Hawomy npoexti MIC-730Al.

EHEPFTOCMOXXUBAHHS TA PIBEHb
LUYMY ADVANTECH MIC-730Al

I_leBerMKe 30YBAXEHHS: 30 YMOBMU XW-
BIEHHS BiJ, MEPEXi 3MIHHOTO CTPymy
120 B y Hawii gemoHcTpauji cnocrepira-
nock eHeprocnoxmeanHa go 30 Br. Jlinin-
ka NVIDIA Jetson mae HanawTosysaHe
TDP, ToMy MOXHQO 3HU3UTH EHEPrOCMOXM-
BAHHS 30 POXYHOK AE€AKOT MPOAYKTUBHOCTI.
Xoua 30 BT — ue Makcumym, B pexu-
Mi MPOCTOIO MM CMOCTEPIrAnM 3HAYEHHS
6nusbke o 15 Br.

LLlo crocyeTbest wymy, TO ueit npucT-
pii 6ys myxe TMxum. Y Hac Byno nacusHO
OXONOAXYBAHE LWACH | apanTep 3MiHHOrO
ctpymy FSP i3 nacueHMm OXOnomxeHHam.
B HaBkOMUWHLOMY Cepeposuil 3 piBHEM
wymy 24 nba mu He 3mornu sapeecTpyBaTH
Hasits 1 aba mpupocTy Big WyMy KOTYLIKM
Ha HagiiHoMy Wwymomipi Extech, Tomy arig-
HO 3 HALUMMM LiNSMM MK MOXEMO HO3BATH
UM NPUCTPIN 6E3WYMHUM.

BUCHOBOK

Bu,inow\y, ue 6yno uikase piweHHa ans
ormagy. Mu XOTinu HamOTH ysABNEHHS!
He TinbkM MPO BNACHE PIllEHHs, d 1 Npo
Te, K Moro MoxHa sukopucratu. [iricHo,
nonynsapHa nnatdopma NVIDIA Jetson
AGX Xavier BUXOAMTb 30 PAMKM KOMMEK-
Ty PO3POBHUKA | MOXE BYTH PO3LLMPEHQ.

Hapasi mu xusemo 8 yaci, ae 6arato
YBArM MPUAINSETLCA TPAHUYHUM CUCTEMAM,
B TOMY YUCNi BMKOPUCTAHHIO HABYEHMX
mopeneit LLtyunoro intenexty (LUI). 3apas
LUl BXe He HOBMHKQ, O NPEAMET WOAEH-
HOTO BMKOPWCTAHHS | Le YyfoBe none s
sacrocysanHs MIC-730Al.

3aranom ue ayxe kpyTe piwenHs. Ha-
ABHICTb GE3BEHTUNATOPHOI BOYNOBYBAHOT
nAaTGOPMM, MPUSHAYEHOT AN WMPOKOTO
CNEKTPY CEPEAOBHLL, O3HAYAE, LLLO MOXHA
Busectn obuncnerHs 3 GPU-npuckopen-
HAM HO TPAHML.

Marepian Hagano MPOKCUC™,

https://www.proxis.ua/uk/show-
article/504/ CN

www.chiphews.com.ua



Mepwi B iHAycTpii cynepwBuaki USB 3.0
moayni LupoBoro BBoOAy-BUBOAY

Cynepweupkuia USB 3.0 Hapiittwia pusaitd THy4ke poawwpedHs  Midimym sigvmos  Jlerke oGenyrosyBaHHA

ADVANTEC

Cynepwsuaki USB 3.0 uudposi moayni BBoay-Busoay S A

ONs pi3HMX 3a4a4y NPOMUCNIOBOI aBToMaTu3auil

Binblue i opmavii

| USB Modules

Hoea cepina cynepwenpkix USB 3.0 mogynie undposoro seogy-smsogy Advantech USB-5800 nigxognts
ANA BUPiLEHHA WWPOKOro KoNa 3a0ady B NPOMWCNOBIA asTomaTu3adii, Ae noTpibHi nerka ycraHoeka,
KOMMaKTHI PO3Mipy, Ta BIACYTHI cnoTh po3wwvpenHa PCI/PCle, USB 3.0 mogyni eeopy-emeogy Advantech
USB-5800 HapaiwTh eKCTpEMankHY WBMAKICTL Nnepegadi Ao 5 M6/c, po3WMPKTL CUCTEMHI DYHKLT
BBOAY-BUBOAY Ta NIATRPUMYIOTE NOCNIAOBHE NIAKNIYEHHA ANA NErKOro HapoLYBaHHA CUCTEMM.

HdocTtynHi mogeni

USB-5830 USB-5850 USB-5860 USB-5855 USB-5856 USB-5862

Loy,

Honen oy Ly 28y OUN DS O
LT

lzonkosaHi uwdposi BxinHI KaHanm 16 16 8 32 32 16
I3onsoBaHi UWppPOoBI BUXIAHI KaHanu 16 = - - 32 =
Peneiini BuxiaHi kasanu PhotoMOS - 8 - 16 - -
PeneitHi BixigHi karanm - - 8 = - 16

www.advantech.com .
WwWWw.proxis.ua

sales@proxis.ua F. )Y\ \ijJel Industrial IoT m |

MpomMucnoBi KOMM'KOTEPU Ta CUCTEMMU
+380 (44) 467-5977, 599-5977 Channel Partner npokcuc
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Hosi 20pu3oHmu MikponoKauii:
Bluetooth 3.1, UWB ma Wi-Fi 802.11az

€ea AaHens (Eve Danel)

Mepeknap ra ponoBHeHHs: Bonogumup PeHTIOK

3 pO3BUTKOM CUCTEMM rNO6aNbHOro nosuuioHyBaHHa GPS mic-
LLe3HOXOKEHHS CTAJIO BAXKJIMBOIO i nonynsapHoio pyHKLUiElo 6e3-
APOTOBUX NPUCTPOIB. OfHAK Tenep CNOXXUBAYI XOUYyTb OTPUMATU
nepeBaru Mikposnokatii, TO6To BUSHaAYEHHS TOYHOrO PO3TALUYBAH=-
H4 nopaen Ta 06’ ekTiB B 06Me)XxeHoOMy NpocTopi, i cborogHi 6esgpo-
TOBi TeXHONOrii B)Xe afanTyloTbCs AO Li€i noTpebu, a piBeHb Tou-

HOCTi PO3TALUYBUHHS 3POCTAE.

BMKOpMCTCIHHﬂ 6e34pOTOBMX TEXHONOTIH
Ang MO3WLIOHYBOHHA HE € HOBMHOIO.
OpHak 3 MOsIBOKO HOBMX BAPIAHTIB 30-
CTOCYBAHHS, 30CHOBAHWMX HA MiCLE3HA-
XO[KEHHI, HEOBXIAHWA pPiBEHb TOYHOCTI
3minoeTbea [1].

Hanpwknoa, sanexHo Big skocTi cumr-
Hany cuctema GPS moxe BuaHauuTM no-
3UULIOHYBAHHS 3 TOYHICTIO NMPUBAM3HO [0
5-20 m. Liporo uinkom goctaTHbo, konu Bu
BMPYLLOETE HA MOLLYKW KOHKPETHOT Byaisni,
ane piseHb ToyHocTi GPS moxe BussuTUCS
HE3Q0BIMbHUM, AKWO MNOTPIGHO 3HAMTH,
CKQXIMO, MEBHY MOMMUIO B MarasmHi abo
KAPTUHM Nif, HOC My3EMHOI eKCKYpPCil.

BusHaueHHs posTalyBaHHs B MpUMI-
LeHHi HQ PiBHi, AOCTATHBOMY A8 TAKMX

uwB

@ Bluetooth's.1

TouHicTtb (5-20 m)

bauabkicts (1-10 M

0OOATKIB, 9K BUABAEHHS 6nM3bkoCTi 06 ek-
Ta 060 NOAMHU B MEXAX KifbKOX METpis
(ua Texwonoria oTpumana Hassy Micro-
Location — «mikponokauisy), MoxyTb 30-
6e3nedyBaTM Cy4ACHi CUCTEMM MO3MUIO-
HYBOHHS, 3QCHOBAHI HO PIBHI MOTYXHOCTI
curnanis Bluetooth Ta Wi-Fi, wo npuitma-
KOTbCA. TMM HE MeHL, HaCTynHe MOKOSIHHS
TEXHOSOrM HAUINEHe HA OOCATHEHHS Lie
BinbLWOT TOYHOCTI, Ha piBHI Big, OAHOro
MeTPpa A0 Aekinbkox caHntumertpis. Bona
BiKPMBOE HOBE MOKOMIHHA BAPIAHTIB BU-
KOPUCTAHHSA, SKi BO3BONAOTb KOPUCTYBA-
YaM AyXEe TOYHO B3CEMOMIATU 3 PI3HUMM
YHOCHMKOMM B CEPEAOoBMLLI, Bif ynpas-
niHHA pocTynom 6es mgonomorn pyk 4o
BIACMIAKOBYBAHHS Pyxy Ta 6Arato iHWoro.

/%

@
€ Bluetooth

MosuuioHysaHHs (<1 m)

Puc. 1. Bukopucranns Bluetooth 3aBasiku nigTpMmui HAAWMPOKOCMYTOBOrO 3B'93KY
AO3BOJIUIIO NEPENTH Bifj HU3bKOI TOYHOCTI NO3ULLIOHYBAHHS O BUSHOYEHHS
po3TalyBaHHS 06’eKTa 3 po3ainbHOIO 3aaTHiCTIO MeHwe 1 meTpa

Cucremu, 3aCHOBAHI HO cneumdikauiax
Bluetooth 5.1 Ha 6asi cranpapty IEEE
802.15.4z pna mepex HAAWMPOKOCMY-
rosoro 38'ssky — UWB ta Wi-Fi Next
Generation Positioning signosigHo po
cranpapty |EEE 802.11az, sigkpusatoTs
MOXJIMBOCTI A 30CTOCYHKIB TOYHOrO no-
3ULIOHYBAHHS B pamkax TexHonorii Micro-
Location (puc. 1). UWB (Ulira-Wide Band —
HOoawMpoka cmyra) — ue 6e3npoToBa
TEXHONOTisA 3B'A3KY HO MQMX BiACTAHAX 30
HU3bKMX BUTPAT €Heprii, WO BUKOPUCTO-
BY€E B AKOCTI HECYYOi HAALMPOKOCMYrOBi
CUIHONM 3 BKPAW HM3BKOIO CMEKTPASbHOIO
winbHicTio noTyxHocTi [2].

MIKPOJIOKALLIA
YEPE3 BLUETOOTH 5.1

neupdikauia Bluetooth 5.1 Bluetooth

Special Interest Group (SIG) onosu-
na ocHoeHi xapaktepuctukun Bluetooth,
BKJIIOYQIOYM MOMIMWEHHS ong BU3HAYEH-
Ha Hanpsmky. Bin nonepegHix Bepcii
Bluetooth 5.1 sigpisHsieTbca TMM, Wwo Te-
nep KOPWUCTYBAYi MAIOTb MOXIMBICTb BMU-
3HOYOTU MICLLE3HOXOLXKEHHS TA HAMNPSMOK
3 MaKcumanbHo TouHicTio. Lo Bumycky
usoro penisy Bluetooth [3] exe wwupoko
BMKOPUCTOBYBOBCS MPW BIICTEXEHHI PO3-
TALWYBAHHS BCEPEAMHI NPUMILLEHb 30 AO-
MOMOTOIO TEXHONOTIT HO OCHOBI MOKA3HUKA
pisHs curnany (Received signal strength
indication, RSSI). Cytb #oro & ouiHui Big-
CTQHI MK NepeaaBaYem Ta NPUMMayYem 3a
LOMOMOTOK BUMIPIOBOHHSA 3rACAHHS CUr-
HQMy HA LUNSAXY MOro NPSMYBAHHS.

OpHOK NPUIAMaY MOXE BUSIBUTH NWLLE
Te, WO nepefaBay 3HAXOAMTLCS B KPYroBii
30Hi, | He M€ IHPOPMAUIT WOAO HAMPAB-
nenns curnany. Cneupmdikauii Bluetooth 5.1
LOAQIOTb CMPSIMOBAHICTb BXIGHOTO CMIHA-
ny, HOBAKYM iHGOPMALIO NPO KyT Orfs-
ay. Cuctemu ans sincrexxeHHs pyxy abo
NPOTPAM 47151 MOLLYKY LUASXY MOXYTb 6yTw
pPeani3oBAHi 3 BMKOPUCTAHHAM METOfiB

www.chiphews.com.uad
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Bluetooth 5.1 3 kytom npuxopy (noeepHenHs) pagioxeuni (angle
of arrival, AoA) abo kyTom Buxoay (BMIPOMIHIOBAHHS) paaioxemsi
(angle of departure, AoD), sk ue npeacrasneHo Ha pucyHky 2.

Hanpamok sanexwuTs Big kyTa BxigHoro curHany. Ons nenex-
rauii npuctpoi Bluetooth 5.1 nepepnaiots nakett, no akux no-
NOETbC curHan i3 pogaTkoenm nonem Constant Tone Extension
(CTE). Mone CTE € 6iToBOKO MOCNIROBHICTIO HEMORYNbOBAHMX
OfiMHMUL 3i 3MIHHOIO TPMBANICTIO, AKA CNPOLLYE OBYMCIIEHHS
dasm Ha npwuitmaui. MNpuitmayi Bluetooth 5.1 sukopucTosyioTs
QHTEHHY PELLITKY AK MIHIMYM 3 IBOMA QHTEHAMM TA OBYUCIIIOIOTH
KYT MOAIHHA PAAIOXBUAT HQ OCHOBI Pi3HMLI A3 MK QHTEHAMM,
LOBXMWHM XBUI CUFHANY TA BIACTAHI MiXK OHTEHAMM.

Y noegHarHi 3 BumiptosarHam RSSI indopmauis npo kyT
[O3BOSISIE MPUCTPOSIM BU3HAYATH CBOE MICLIE3HOXOXKEHHS 3 Binb-
LLIOIO TOYHICTIO, Hix 3a meTogom RSSI.

OpHak TOYHICTb cucTem Ha ocHosi Bluetooth 5.1 sanexuTs Big,
Ge3anivi GaKTOPIB, BKIKOYAKOYM KiNbKICTb AQHTEH Y PeLwiTuUi Ta giarpa-
My CNPSMOBQHOCTI GHTEHM, O TAOKOX Bifl QNrOPUTMY NOCTOBPO6KM
ANs BUM3HAYEHHs kyTa 3a iHbopmauieto dasu |/Q. Tononoris 6es-
nocepefHbO CAMOI 30HU BUSBIIEHHS HE MEHLL BOAXIMBA, OCKINbKM
Kk RSSI, Tak i TOUHICTb BUMIPIOBAHHS BA3K MOXYTb MOTIPLLYBATUCS
yepes HOABHICTb TMX uM iHWUX nepewkos. OaHAK BUMIPIOBAHHS
MO>XHQ 3HOYHO MOKPALLMTM, SKLLO ANd TPMNaTepalii BUKOPUCTATH
Kinbka nokatopis. Tpunatepauis — oauH i3 CNOCOBIB BU3HAYEHHS
KOOPAMHAT HQ MICLEBOCTI, CNOCIH BM3HAYEHHS PO3TALYBAHHS
FEOME3NYHMX MYHKTIB LUNAXOM NOOYn0BM HA MICLEBOCTI CMCTEMM
CYMDKHMX TPUKYTHMKIB, Y SKMX BUMIPIOIOTLCA AOBXMHM iX CTOPIH.

3anexHo Big peanisauii, cuctemun Ha 6asi Bluetooth 5.1 no-
BMHHI MOTH CyBMETPOBWIt piBEHb TOYHOCTI, BYKBANBHO [0 AECAT-
kis cantumeTpis. CborogHi nigtpumka Bluetooth 5.1 Bxe nopara
BCIMO OCHOBHMMMW BUPOBOHUKAMM YMMNCETIB.

MIKPOJIOKALLIA YEPE3 UWB

exronoris UWB He HoBsa. 9k BusnaueHo B8 crangapri [EEE

802.15.4, sBora 6yna snepuie posropHyta Ha nodatky 2000-x
pokis. [Nepenbayanocs, WO BOHA 3AMIHWTL BMCOKOLLBMAIKICHY
nepeaady USB, ane tak i He HOBYNa WMPOKOro KOMEPUIMHOMO
nowwupenHs.. B ocranni poku pisHi MAC i PHY 6ynu nokpatuei s
nonpasui [EEE 802.15.4z pnst parxysaHHs.

Ha sigminy Bin Bluetooth pna ouinkm sincrani UWB suko-
PWUCTOBYE HE PIBEHb CUIHASY, A YAC MOMLOTY — LE TEXHONOTis
time of flight, a6o ToF, po6pe sinoma y nigapax Ta cucremax
mawunHoro sopy [4, 5]. ToF eumipioe yac posnosciomkxeHHs
curHany Big nepenosada fo npuimada. Ockinbky pagiodacToTHi
CUFHANM MOLUMPIOIOTLCS 3i LUBMAKICTIO CBIiTNA HE3ANEXHO Bif
HOBKOSIULIHBOTO CEPEAOBMLLA, OUIHKA BIACTAHI Ha ocHOBi ToF €
BinblW HARIMHOIO A1 HABKOSIMLLHLOTO CEPEAOBMLLA, HIX METOL,
RSSI, nepenbayenmit y Bluetooth (puc. 3).

Texronoris UWB sigpisHsersca sin Bluetooth ta Wi-Fi. To-
NOBHQ BIOMIHHICTb Y TOMY, LLLO B Hilt nepeaaya iHdopmadii BuKo-
HYETbCS HE MOLYNbOBAHMMMU CUHYCOIAANBHUMMU XBUSMM, O SKLLO
rOBOPUTU TOYHILLE i 3PO3yMiniLie, MOAYIbOBAHMMM MOCNIAOBHO-
cTamu iMnynscie, npudomy UWB-imnynbcu matoTs gyxke kopoTky
TPMBAICTb, NOPSAKY HAHOCEKYHAMW. Y UbOMY il nepesaru ans 3a-
crocysaHHs B TexHonorii ToF. Kpim Toro, Bnactmeocri sukopucro-
sysaHoro 8 UWB curtany pobnstb Lo TEXHONOrIO CTiAKIWO
[0 BAraTONPOMEHEBOrO MPUIMAHHS, TUMIOBOTO 1S BHYTPILLHIX
NPUMILLEHDb, OCKinbKK kopoTki imnynscr UWB GinbLu cTikiki go cno-
TBOPEHb Bi BIAOUTUX curianis, Hix curianu Bluetooth abo Wi-Fi.

BumiptosarHs sincrani 3a TexHonorieio ToF yepes UWB moxe
ByTH LOMNOBHEHO iHGOPMALIEID NPO KyT, WO 3abe3neyye we Binbuw
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Bluetooth 5.1

| 8|

0 \[ KyT npuxogny pagioxsuni
{1
J
]
1

Puc. 2. Nenenrauis Bluetooth BUKkoHyeTbes wngxom
BU3HAYEHHS KyTd Npuxoay papioxsusni
BiA npucrpoio Bluetooth

UWB ToF

Mitka bazosuii

npucTpiin UWB

T, - Ty = Bignosiab

To
T3-To=RTT

RTT - Bignosigp
B 2

ToF

BiactaHb = ToF x WwBnAKicTb cBiTNa

Puc. 3. MpuHuun BU3HAYEHHS BiACTAHI Nif Yac NporoHoBoi
TexHonorii UWB

TO4YHE BM3HAUYeHHs posTawwysaHHs. 9k i 8 Bluetooth 5.1, ans Toro
wob obuncnntn kyT npuxopy pagioxeuni (AoA), y npuimavi sinbu-
Toi xBuni 6asosoro npuctpoto UWB sukopucTosyeTbca aHTEHHA
pewitka 3 gBox abo Ginbwe aHTeH. [ns BUSHAYEHHs KyTa BXiAHOTO
CUMHOMY B PO3PAXYHKOX BPOXOBYETHCA YAC NMPUXOAY BIAOUTOT XBUI
(AoD) Ha koxHy aHTeHy Ta iHPOPMALR MPO BIACTAHb MiXX QHTEHAMM.

Cucremu, sacHosani Ha TexHonorii UWB, moxyTs, 3anexHo
Bif, HOBKOMULLIHBOrO CEPEfOBULLA, AOCATATU TOYHOCTI B AIANA30HI
10 cm. Kinbka Benukux BUPOBHWMKIB UMNCETIB BXE MPOMOHYIOTH
piwenHs UWB, Ta npuitHsTTa L€l TexHonorii aekinskoma Bupob-
HUKOMKM CMOPTHOHIB € JOKA3OM 3POCTAKYOT AMHAMIKM 3ACTOCY-
BOHHS L€l TEXHONOTII.

MIKPOJIOKALLIA YEPE3 WI-Fl 802.11AZ

P03p06|<0 HOMHOBILLOT T HOMMEHL BiZOMOT 3 OBrOBOPIOBAHMX
texronorin, ctangapty Wi-Fi 802.11az [6] Next Generation
Positioning (NGP), Habnmxaetbea no sasepenns. Gk i Bluetooth,
TexHonoris Wi-Fi ans BusHaueHHs Micus po3TallyBaHHS AESKMI 4aC
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BMKOPUCTOBYBAMACH 3 METOAOM Ha ocHosi RSSI. Ane crawngapt
NGP 3acHoBaHMIt HO NPOTOKONI TOYHOTO BMMIPY Y4ACY Nif HO3BOK
Fine Timing Measurement (FTM). FTM ana ouiHku sinctaHi mix
craHuismm 3 nigtpumkoto Wi-Fi Ta Toukamm goctyny BukopmcTosye
iHbopmauio npo yac npuimarHs-nepeaasarts (RTT). MexaHism
RTT sacrocosye TMMYQCOBI MO3HAQuYKM YACY BigNpoBneHHs (fime
of departure, ToD) Ta npubyta (time of arrival, ToA). CranaapTt
802.11az pospobnenuit ana nokpauwieHHs sactapinoi FTM 3a
paxyHok HoBWx dyHKUi ctanaapTy 802.1Tax (Wi-Fi 6) (puc. 4).

Ons soockonanenns 802.11az BMKOPUCTOBYIOTLCS NepeBaru
LUMPLLIOT CMYTM NPOMYCKAHHS KAHAMY, kA AOCTYMHA B HOBKX MOKO-
nitHax Wi-Fi. Lle crano moxnueso 3asasikm Tomy, wo curdanm Wi-Fi 6
NIATPUMYIOTb CMyTy NPONycKaHHs kaHany ao 160 Mlu, a Wi-Fi 7 —
no 320 MIu. Binbl wmpoka cmyra nponyckaHHs 3a6e3neuye euLy
pOo3ainbHY 3aaTHiCTb, a TexHonoris MIMO creopioe kpatwy cTirkicTs
no edextis 6aratonpomeresoro nowupenHs. MIMO  (Multiple
Input Multiple Output — MHOXWHHI BXOmM, MHOXMHHI BUxOM) —
METOA NPOCTOPOBOTO KOMYBAHHS CUrHAUTY, WO AO3BONAE 36iMbLUMTH
CMYTy MPOMYCKAHHS KOHANY, NPu AKOMY Anst Nepeaadi 4aHUX Heob-
XiaHi [Bi | BirlbLIE QHTEHM | TAKQ X KiNbKiCTb QHTEH AN NPUAMAHHS.

Ons nigeuwenns edexktmsrocti 8 npotokoni NGP e kappu
Hynsosoro naketa aanux (null data packet, NDP), aki sxe Bu-
snayeni B ctanaapti 802.1Tax ans 30HAYBAHHS 3 GOPMYBAHHAM
Aiarpamu CnpsmMoBaHocTi. Hoeuit ctaHpapT Takox nepenbadae
moxnmeocTti Wi-Fi 6, pospaxosani Ha 6arato kopuctysadis. [pw
BMKOPMCTAHHI paHXyBaHHs Ha ocHosi Tpurepa 3 OFDMA sucxia-
HOT | HM3XIAHOT NiHiM 3B'A3Ky TOYKQ AOCTYMNYy 30 OAMH CEAHC nepe-
0QY4i MOXE ePEKTUBHO OTPUMYBATH IHPOPMALLIO MPO PAHXKYBAHHS
Bin Gesniui cranuin. OFDMA (Orthogonal frequency-division
multiplexing) — pospaxosana Ha 6arato KopucTyBauis Bepcis
undposoi moaynauii OFDM, ogHa 3 HAMBAXAMBIWMX PYHKUIA Y
Wi-Fi 6 ons nigeuiierHs npoayKTMBHOCTI Mepexi. 3aCTOCYBAHHS
OFDMA 3Ha4HO CKOpPOUYE HOKNAAHI BUTPATH, HEObXiaHI Ans 0OMmi-
Hy iHPOPMALIEID NPO AAMBHICTb, TA NOKPALLYE MACLITABOBAHICTL
00 6inbLOT KiNbKOCTi CTAHLM.

[Mokn wo maHi NPO KOMEPLiMHI PillEHHs MO3WLIOHYBAHHS 3
sukopuctaHHam texHonorii 802.11az NGP pocuts obmexeHi.
OpHaok iHbopmauis Npo TecTyBaHHs, wo onybnikosaHa s Wi-Fi
Ranging [7], nokasye nepcnekTusHi XQPAKTEPUCTUKM AN YMOB
NPAMOI TG HENPAMOT BUAMMOCTI, ie MOXe BYTH LOCATHYTHIt PiBEHD
TOYHOCTI AO AeuMMeTpa.

MOPIBHAHHSA TEXHOJOTIN ANF MIKPOJIOKALLIT
HOBOTI'O NOKOJIIHHA

ﬂ KLLIO MOPIBHIOBATU MOXMBOCTI MO3MLIOHYBAHHSA TPbOX TEXHO-
noriit, To came UWB moxe gocartv HaMBULLOrO piBHSA TOYHOC-
Ti HO canTumeTposomy pisHi. Cuctemn Ha ocHosi Bluetooth 5.1,
MabyTb, MNOBMHHI BYTH 30ATHI BOCATATM CYOMETPOBOI TOYHOCTI,
Tomi sk posroptanHs Wi-Fi Ha ocrosi 802.110z noeuHHi matu
MOXIMBICTb JOCATATM AeunmmeTposoi ToyHocTi. OpHak npu 06-
FOBOPEHHI TOYHOCTI MO3MLIOHYBOHHS HEODXIAHO BPAXOBYBATH
6arato acnekTis. Lle i HaskonuwHe cepenosuie, y TOMy uucni
€r1eKTPOMArHITHA OB6CTAHOBKA, KOHCTPYKLIA CUCTEMM, 3ATPUMKA
B QHTEHHOMY TPOKTI i Le paj iHLWMX NTApPAMETPIB, AKi MOXYTb NO-
TiPLWMTM HOMIHQNBHY TOYHICTb.

KpiM TOYHOCTI MO3MUIOHYBAHHS, HO PilUEHHS MPO iHBECTY-
BAHHS B HOBY TEXHOMOTIIO BNuBae 6e3niy hbakTopis, i Ui kputepii
30eXaTs Bif 30CToCyBaHHsA. Hanpuknag, Ho NpUiHATTS pilueHHs
MOXYTb BNIMBATK 6E3MneKa, eHeProcnoX1BAHHS, BAPTICTb, iCHY-
040 IHPPACTPYKTYPA, AAMLHICTL Mepeaadi Ta GYHKUIOHANEHA
CyMicHICTb. Y 6yab-aKOMy BAPIGHTI, HE3QNexXHO Big 0BpaHOI

GHIP NEWS
Hac NpoxomKeHHs
curHany Wi-Fi Tyan i Ha3apn
((T))
t1 = ToD (M1) “
12 = ToA (M1)
% t3=ToD (M2)
t4 = ToA (M2)
*
064MCneHHs
M2 BiICTaHi
0641CnEHHs /
BifiCTaHi

ToF = [(t4 —t1) - (13- t2))/2
BigctaHb = ToF X WBMAKICTb CBiTNA

Puc. 4. MpuHumn BusHauyeHHs Bigcradi Wi-Fi Ha ocHoBI

NPOTOKOJy TOYHOTO BUMIPIOBUHHS Yacy

TexHONorii, NOTPIGHe peTenbHe TECTYBAHHSA MPOEKTY, Wwob 3a-
6e3neunTr HaMKPAaLLy NPOAYKTUBHICTb | 3PELUTOI NPU3BECTU 40
ycniwHoro posroptanHs. [logatkosa iHbopmauis Wopo uboro
MUTAHHS LOCTYMHA 30 nocunaHHamu [8—12].
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Cborop,HiLUHiH PUHOK CUIIbHO 3Qarasb-
MOBQHUWI noTouHnm 6pakom (BipcyT-
HICTIO) HQMIBNPOBIAHMKOBKX MIKPOCXEM,
WO 30BAXAE HAWMWM BUPOBHUUMM FiHIAM.
Lle BuaHO 3 obmexeHoi nponosuuii fo-
crynHmx npogykris. Hanpuknag, 3 2020
no 2021 poky ckopoTMIOCA BUPOBHUUTBO
aBTOMODINIB, O TAKOX CMOXMBYMX TOBO-
piB, TAKMX K CMAPTPOHM. 3AMycK HOBMX
NPOAYKTIB TAKOX BiAKNAAAETLCSA, OCKiNbKK
BUPOBHMKM 3'ACOBYIOTbH (HONATOMKYIOTb)
HOBI NOHLIOXKKM MOCTAYAHHA TA MNOCTA-
YanbHKKIB, WO6G MOJONATM Ui NepeLuko-
av. HuHiwHS gymka nonsirae B TOMy, WO
nediumMT HAMIBNPOBIAHKUKIB TPMBATUME SIK
MiHiMym fo kiHus 2022 poky, a MOXIUBO,
i posLe.

OpHuM i3 Heporikie NPUCTPOIB, WO
MQIOTb CEPUO3HMIA BIMIIMB HA JIAHLIOXOK
NOCTABOK i, OTXe, HA BUPOOHWUUTBO, €
MikpokoHTponep. MikpokoHTponep — ue
KOMMOKTHO iHTErpanbHa CXemd, Mpu3Ha-
4EHQ AN BUKOHAHHS onepauin, noaibHmx
0O Mikponpouecopa, i 303BMYAN BUKO-
PUCTOBYETLCS Yy BOYLOBAHMX CUCTEMOX.
Bu MmoxeTe yaBuTH, LLO Ui NPUCTPOT po3Km-
ACHI NO BCbOMY BALLOMY GBTOMODBIMO, Bif
CMNOBOrO ABWIYHA [IO €NeMeHTIB ynpas-
NiHHA IHPOPMALHHO-PO3BAXANBHOK CUC-
Temoto (pagio), aonomaraioun B Gesnedi,
KepyBaHHI Ta possarax e asTomobini. bes
UMX MIKPOKOHTPONEpiB BMPOBHWUUTBO Ta
NOCTAYAHHS OBTOMODBINIB CKOPOUYIOTHCS.
Orxe, Ki QnNbTEPHATHBY € Y iHXEHepis Ta
MEHEIKEPIB 3 NOCTAYAHHSAS

Ockinbkm MIKpOKOHTPONEPU, MO CyTi,
BMKOHYIOTb JOTI4YHIi KOMOHAM BUKOHAHHS
onepauii, anbTEPHATUBOIO MIKPOKOHTPO-
Nnepam € NPOrPAMOBAHA BEHTUIBHA MOT-
puua (FPGA). FPGA — ue interpansHa
CXeMQ, WO CKNOAAETHCA 3 MATPMLI KOH-
biryposaHux noriyHmx 6nokie. Omke, Ha-
nawtysaswu MMJIC, 81 3smoxete no cyTi
BMKOHYBATM Ti COMi onepalii, Wo M Mik-
pokoHTponep. € Tpu MeToaum, Ha aki cnig
3BEPHYTM yBary nig 4ac posmsaay FPGA
AN 30MiHM MIKPOKOHTpONepa:

30

o FPGA moxe samiHnTu npocty poboty
MIKDOKOHTPOMEPA LLAISIXOM MPOrpamy-
BAHHS KOMBIHATOPHOT noriku abo KiH-
LLEBOrO ABTOMATA B KOHMIrypOBAHMX
nori4HMx BrIoKaX.

o FPGA moxe 6yt 3anporpamoBaHa
3 BOYLOBAHUM MIKPOKOHTPONEPOM B
KOHIrypOBAHMX NOTIYHMX ENEMEHTAX,
ANf 3AMycKy TOrO X MNPOrpPAMHOro
306e3Mne4eHHs, AKe BMKOHYETbCA HQA
NOTOYHUX MIKDOKOHTPOMEPAX. |HLLIMMK
CNOBAMM, XOIHMX 3MIH Y NPOTPAMHO-
My 3a6e3nedeHHi He NoTPIGHO.

o FPGA moxHa npuabati 3 anapatHo
BOYNOBAHUM HQ KPUCTAS MIKPOCXEMM
MIKPOKOHTPONEpPOM. Moro moxe 3a-
MyCKATU Te X CaMe NporpamHe 3abes-
NeYeHHs, ike BUKOHYETbCS HO OKPEMO-
My MIKDOKOHTPOMNEPI, ane 3a3BMYai
BiH MPAUIOE WBMAWE, WO MNOB'3AHO
3 TEXHONOTIEI BUPOBHUUTBA.
lcHye 6arato nepesar BUMKOPUCTAH-

Ha FPGA y nopiBHSIHHI 3 MIKPOKOHTPO-

nepom. [ns iHxeHepa-npoekTyBanbHUKA

BOYLOBYBAHMX CUCTEM Ui Mepesarn mo-

XyTb BOYTU CIYLIHAMM ANst BOCSTHEHHS Li-

nev Wopo 30inblUEeHHS NPOAYKTUBHICTI TQ

NPOAOBXEHHS TEPMIHY XMTTS NMPUCTPOIO.

Mo-nepie, ue rHyuYKiCTb MPOrPAMOBHO-

ro seegerHa-ueenerts (I0), aky moxe

sanpononysat FPGA. Y Toit yac sk mik-

POKOHTpONEep Mae dikcosaHe i obmexe-

He BBepeHHsa-sueeaerHs, FPGA moxHa

30NPOrpaMyBATH ANS PI3HUX CTAHAAPTIB

iHTepdeiicy seenerHa-susenerts (12C, 125,

RGB, MIPliT.4.), TUM CaMUM gitoum ik MiCT,

PO3LWMPIOBAY BBEAEHHSA-BMBEAEHHA ADO

arperatop curHanis. [oTiM MikpOKOHTPO-

nep BMKOHYE CBOI OnepalLii 30 ONOMOroto

NPOrPAMHOro 3a6e3nedeHHs y Nocnifos-

Hil yHkuii. LLsuakicts onepauii kKoHTpo-

JIOETHCS AOBXMHOIO KOAY TA CUCTEMHMM

roauMHHWMKoM. 3 iHworo 6oky, onepauii B

FPGA BUKOHYIOTBCA HO NAPANENbHUX KOH-

BEEPOX , LLO B PA3M LUBMALLE HIXX NOCNIAOB-

HE BMKOHOHHS PAAKiB KOLY MIKPOKOHTPO-

nepa.. Kpim Toro, 81 MoxeTe CTBOPIOBATH

OKPEMi CXemMM B KOHIrypOBAHMX NOTIYHMX
6J‘IOKOX ana napanenbHOro BWMKOHAHHA
onepauiin. MikpokOHTponep He Moxe
peanizyBati TOKi NAPAnenbHi KOHBEEPM.
HapewTi, MiKpOKOHTpONEp CNOXMBAE aK-
TUBHY €Heprito y CTAHI O4YiKyBAHHS; MOMY
30BXOM NOTPIGHO 3aMycKATW KO Mg 4aC
OUYiKYBAHHS NEPEPUBAHHS.

Komnanis  GOWIN  Semiconductor
NPOMOHYE PILLEHHS AAS TPbOX Nepepaxo-
BAHWX BULLLE METOLIB 3AMIHU MIKPOKOHTPO-
nepis. MIC sig GOWIN nocrasnsiotscs 3
Pi3HUMM PO3MIPAMK KOHDIYPOBAHUX N1O-
riuHux 60KIB | THYYKMMM KOHPIrypaLiamu
ssony/susogy. GOWIN nponoHye 6ara-
TO NPOrPAMHUX SAepP AN MIKDOKOHTpOne-
pig, sknouatoum cepito Cortex M i RISC-V.
Hapewti, GOWIN npononye FPGA i3
XKOPCTKUMKU MIKDOKOHTPONEPAMM Y KPEM-
Hii ANS AOCATHEHHS HOMKPALLLOTO MOXIM=-
BOrO 3HAYEHHS NPOAYKTUBHOCTI.

PosyMiHHs TOro, WO icHyIOTb anbTep-
HOTMBM AN MOAONAHHA HECTA4i Mikpo-
KOHTpOnepie, MOXe ByTU KOPUCHWUM ans
BUPOBHULTBA, MEHEIXEPIB NAHLIOXKA NO-
CTOBOK TQ PUHKY 3Aranom. TAKUM YMHOM
iHXEeHEepPU-KOHCTPYKTOPU 3PO3YMIlOTb, LO:
®  IHyuKi iHTepdENCH, MOCTH, PO3LIMPEH-

HA BBEOEHHA-BMBEOEHHSA TA orperou,iﬂ

CUrHani.,
® npuckopeHHs/napanensHa obpobka,

30BXAM BKIIOYEHI onepauii 3 HU3bKUM

€HEeProCnoXmnBAHHSAM.

Bce ue moxe 6ytm nepesaroo ans
Oyab-akoi  BOYOOBYBAHOT CUCTEMM, LIO
nparHe JOCArTM Linen 3a NPOAYKTUBHICTIO
ta saptictio. Komnanisa GOWIN Semi-
conductor rotoea AOMOMOITH TUM, XTO
noTpebye NPOCYBAHHA CBOrO BMPOOHM-
LUTBO TO 3AMYCKY NPOAYKTIB i3 MPOAYKTAMM
FPGA menw Hix 3a 1 gonap.

Binbw peranbHy iHdpopmauiio
MOXXHO OTPUMATU Y NpPeacTaBHU-
ka komnadii Rutronik B Ykpaini —
Muxaiina €Enisaposa:

Ten.: +38 (050) 312-01-07. N

www.chiphews.com.uad
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EAEKTPOMEXAHIYHI KOMMNOHEHTA

3’cqnysayi komnanii Fischer Connectors
gnd 3axuuenux supobis ma kabenbhi
36ipKu Ha ix ocHoBi

IH)XeHepHa AYMKA NOCTYNOBO PYXUETbCA Brepep, HE3BAKAIOYM HA
AesKi TexHi4YHi Ta eKOHOMIuHI cknapgHouwi. 3'9BngI0TbCa HOBi poO3-
PO6KM, NOKPALLYIOTLCA TEXHOJOrii BUrOTOBNEHHS BUpPOGiB, noner-
wyeTbces ixHa ekcnnyarauis. MoBHOIO MiPOIO Lie CTOCYETbCS | PUHKY
eNleMeHTHOi Ta KkomnoHeHTHoi 6a3u (EKB) pna nopraruBHoOi 3axu-
LLLleHOi eNeKTPOHHOI anaparypu 3B'93Ky, O6UMCNIOBANIBHOI TEXHi-
KM, HaBirayii Ta astomaruku. OgHielo 3 060B’A3KOBUX NO3UL i NpU
CTBOPEHHiI 6yAb-9KUX 30XULLLEHUX MPUCTPOIB € ENIEKTPUUHI 3'egHYy-
BAYi, WO PO3MiLLyIOTbCA MO30 FEPMETUYHMM KOPNYCOM i XapakTe-
PU3YIOTbCH NiJBULLIEHOIO CTIUKICTIO A0 30BHILLHIX BNANBIB, BUCOKOIO

HAAiWHICTIO Ta AOBroBiyHicTIO.

Komncmiq Fischer Connectors (LLseiua-
pisi) MPOMOHYE WMPOKY HOMEHKIATYPY
3'enHYBAYIB AN 3AXMLLEHWX TPUCTPOIB, WO
BiAMOBIACIOTH XXOPCTKMM €KCMNYATALIMHUM
BMMOram. B nanmit yac y BMpoGHmyin npo-
rpami komnaii Hanivyetbes nornag 30 Tmc.
mogpenen 3’eqHyBauis, OCHOBHI Cepii KUX
paHiwe 6ynn NPeacTasneHi Ha CTOPIHKAX
HaAWOro xypHany. He Tak 4aBHO iHXeHe-
pu komnaHii Fischer Connectors sanpono-
HYBQNIM TBOPUAM 3AXMLLEHOT anapartypw
pSA HOBMHOK, AKi iCTOTHO BIAPI3HAIOTHCA
Bif, POHile NPeACTaBNEHMX 3PA3KIB.

Y cepii UltiMate 3’asunucs miniaTiopHi
3’egHyBaui Hosoro iy 80 (posmip 08)
(pmc. 1), MeTolO CTBOpEHHS AKMX CTANO
3MEHLLEHHS TXHbOI MacK npu 36epexeH-
Hi BMCOKOi HQLIMHOCTI TA 3AXMLLEHOCTI
Bifi 30BHILIHIX OKTOPIB, WO BMAWBAIOT.
OcHoBHI  xapaKTEPUCTMKM  3'€QHYBAYIB
UltiMate 80 naseaeHo y Tabnmui 1.

Lli 3’emHyBsaui, ocHaweHi 3auiinkoto
Push-Pull, 3abesnedyiots nepepady enek-
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TPOXMBIEHHS TO BMCOKOLUBMAKICHWUX CHT-
HOMIB Y HAWMCYBOPILWMX YMOBAX. BOHM MiHi-
QTIOPHI, MiLHI TG nerki 3a PAxXyHOK HOBOTO
QMIOMIHIEBOTO  KOPMYCy, MPOCTO KOHIry-
POBQHI, MOBHICTIO €KPAHOBAHI, repmMeTny-
Hi, HOAIMHO 3QXULLEHi Big HEnpPaBMIbHOI
KOMYTALii 30 PAXYHOK MEXAHIYHOrO KOmy-
BAHHA (30 LOMOMOTOIO TPLOX KMOYIB THMy
«MA3—BWCTYM»), QHANOMYHOTO TOMY, WO
PEeanizoBaHO B PAHILLE BUMYLLEHUX 3 €aHy-
sadax cepii UltiMate. Kpim antominiesoro
KOPMYCY 3 YOPHWUM QHTUBIBOIMCKYBANBHMM
(MaToBMM) nOKpWTTAM, 3'€aHyBaYi MaIOTL
€NACTUYHMI XBOCTOBMK 3 TEPMOMIACTUY-
noro enacromepy (TPE), wo sabesneuye
36epexeHHs LiNiCHOCTI 3'€aHyBAYA NPU He
merwe Hix 5000 surunie Ha 90 ° (puc. 2),
QA TAKOX KOHTOKTAMM 3 IATYHI i3 MOKPUTTAM
30M10TOM (TOBLUMHG LUAPY CTAHOBMTb Gnn3b-
ko 1 mkm 3a crangaptom MIL-DTL-45204D
Type 1). Kpim kabensHux sunok UP81 y ce-
pii UiMate 80 takox e kabensHi Ta 6m0-
kosi posetkn (URBO ta UR8B1 signosiaHo).

575

OCHOBHi XQPUKTEPUCTUKKN
3’epHyBauis cepii UltiMate 80

E1EKTPUYHMA CTPYM

Mapametp 3HaueHHs
KinbkicTs koHTOKTIB 6
Maca 21r
HomiHanbHui 5A

Onip koHTaKTiB

meHwe 10 MOm

Onip izonsuji nonan 100 Om
EnextpomartitHe 360°
€KPOHYBAHHS

Hanpyra npo6oio

He meHwe 750 B

lepmeTnuHicTb

IP68, saHypeHHs
Ha mnBuHY 2 M/24 roa

[JionasoH po6oymx

3ycunng po3’enHaHHs

e =55 +11852C
: o C.k.3. BiBpO-
BibpocriiikicTb npHcKopenHs —7.79
YnapomiuHicTb 100g
(55%15)H

(tunose sHaueHHs)

Cririkicts fo koposii

COMbOBMIA TYMOH
npotarom 500 rog

KinbkicTb upknis
3'€AHaHHs /P03’ EqHAHHS

10000 umknis

Onip BuruHy kabenio

5000 surunis Ha =90 °©

Hosi 3’egHyBsaui cymicHi 3i 3'enHyBayamm
cepii UltiMate posmipy 08 3i cranesmm kop-
MYyCOM, WO BXE BMMYCKAIOTLCA, Qne B MO-
PIBHAHHI 3 HUMM XOPAKTEPU3YIOTLCA ICTOTHO
MEHLLOK MAcCOio, WO OCOBNMBO BAXIMBO
AN NOPTATUBHOI | HOCMMOT ANAPATYPM.
3HAYHO PO3LUMPHAACA Cepis HU3bKO-
npodinsHux 3'eaHyeauie Fischer LP360 ans
HOCMMOI | MOPTATMBHOI ANAPATYPM, LWO
Bx0aaTb B cepito Freedom i peanisyiots
koHuenuito LPWC — Low Profile Wearable
Connector (puc. 3). Tenep cepia micTuTb
BMIKM TG PO3ETKM ABOX PO3MIpIB (pO3MIp
08 3 yotvpma koHTaKTaMM Ta po3amip 14

25.35

14.25

—I— Max.
|

@h_

212.6

Puc. 1. Ka6enbHa eunka cepii UltiMate 80: 1 — xBocToBUK; 2 — KOPNYC; 3 — KOHTAKTU

27.95
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Puc. 2. THyuKkuii XBOCTOBUK 3'€AHYBaYT
3axuwae kabenob
Bifi NOLUKO/KEHHS NPU 3TMHAX

i3 CIMOMQ KOHTOKTOMM) 3 METANEBUMM TQ
NNACTUKOBUMM KOPMYCOAMU ANS MOHTOXY
Ha kabens Ta Ha 6nokosi naweni (tabn. 2).
Meta pospobku 3’earyBadis cimencrsa
Freedom — nonerwmtu KOMyTaUji Ta NigBM-
LLMTK 3PYYHICTb BUKOPUCTAHHS anapaTypu
30BASKM MPOPMBHUM 3AMNATEHTOBAHUM Pi-
weHHam y ranysi cnonydenHs (360-rpany-
CHe BinbHe cnonyyerHs (3'eaHanHs/pos’en-
HOHHS), BIACYTHICTb  KNIOYOBOTO  KOAY),
GNOKYBAHHS  (FEPMETUYHUI  HEMOTHITHUIA
WBMAKOPO3 EMHMI 3AMUKQIOUMI MEXAHI3M),
maTepianis  (repMeTnsauis  MembpaHHuUX
KOHTQKTIB 3i cTyneHem saxucty IP68). Buko-
PUCTOHHS B SKOCTi KOHTOKTIB PO3ETKM KOH-
LEHTPUYHMX MAOCKMX Kineub 30MICTb THI3g,
WO HAKOMMYYIOTb 3Q0PYAHEHHS, TA MiHIa-
TIOPHMX, I305IbOBAHMX, MPYXHMX MEMOPAH,

CHIP NEWS

3asBuyan
BMKOPUCTOBYBAHMNIA
3'e[HyBay

3'eaHyBay
Fischer LP360

18.5

Puc. 3. MopiBHAHHSA ra6apuTH1X
po3MipiB HU3bKONpodinbHOro
3’egHyBaYA i 3'€EQHAHHS,

1110 3a13BUYAI BUKOPUCTOBYETbCS

PO3TALLOBAHMX HQ MEBHMX BIACTAHAX Bif
OCi BUIKHM, 30MICTb LUTUPIB, SIKi MOXYTb BYTH
3namaHi, 3abesneuye yHIKQmbHI XapakTe-
PUCTUKM 3'e,u,HyBoqu MO NerkocTi 3’€AHAHHS
TA OYULLLEHHSA KOMYTYBQITbHUX ENeMEHTIB.
AHanis 3anuTiB CNoxwueadis, Nposeae-
Hui paxisuamu komnanii Fischer Connec-
tors, nokasas, wo 3’eaHysadi Fischer LP360
MOBHICTIO BiANOBIAAIOTb BUMMOIAM OO KO-
MyTaUiHKMX BUMPOBGIB BIMCBKOBOrO, NPO-

MWCIIOBOTO, MeAMYHOrO mpuaHauenHs, loT
(Internet of Things, «lHTepHeT peueity) i
T.4. na nigTeepmxeHHs uboro 3'egHysaui
Fischer LP360 ycniwro npoiwnu cysopi
TQ peTenbHi BUNPOOYBAHHS BiAMNOBIAHO 4O
MIXXHAPOAHUX MPOMMUCIOBMX TA BIMCHKO-
eux crangaptis, Takux sk [EC, EIA, MIL-
STD-202 ta MILSTD-810.

KoncrpyktueHi ocobnumsocTti 3'eaHysa-
uis Fischer LP360 3aGesneuyiots wmpoky
iHTerpauilo ix y CTpykTypy npogecitHoro
eKinipyBaHHs GaxiBuis, peaniayioun iHHO-
BALiMHY KOHLEMNLjlo iHTeNeKkTyansHoi nnaT-
dopmu exiniposku Eleksen, sky pospobnsie
xomnanis Fischer Connectors y naptHepctsi
3 pipmoro Wearable Technologies Ltd. 3 su-
KOpMCTaHHaM 3'eaHysaudis Freedom B pam-
KOX IAHOT KOHUEenNLji po3poBHMKM CTBOPUIM
IHTENEKTYANbHUIA XMIET, WO € KOHUEHTPO-
TOPOM A9 AEKINbKOX MEPEHOCHUX | HOCUMMX
NPUCTPOIB, NIAKIIOYEHMX AO 3ArAnbHOI LUMHK
LOHWUX | €NEKTPOXMBIEHHS. Bracnigok uboro
saspakm 3'enHysavam Fischer LP360 nin-
BMLLYETLCA 3PYYHICTb ekcnnyaTauii obnag-
HOHHS, 3MEHLLYIOTBCA MO0 MACOrabapwmTHi
MOKA3HWKM, CMPOLLYETLCA HAMALUTYBAHHS.

Ons nonerweHHs posmiweHHs 3'enHy-
BQUIB HO MOBEPXHI XuneTy komnaia Fischer
Connectors nponoHye signosigHi Habopu
KOHCTPYKTHMBHUX aeTanen (puc. 4).

Cnig 303HQYMATU, LLO HARIMHICTL, ep-
FOHOMIYHICTb, 30XMLLEHICTb Bif, 30BHILLHIiX
BMAMBIB, MACOrABAPMTHI NOKA3HKKM NOP-
TATMBHOI | HOCMMOT anapaTypu, i, 3okpe-
M0, 3'€QHYBANBHUX LKTYTIB, MPOBOAIB i KO-
Genis € CUCTEMHUMM XAPAKTEPUCTUKAMM,

BapiaHTu 3'egHyeauie Fischer LP360

Ka6enbHi Bunku FLPO1

BnouHa sunka FLPO3

Ka6enbHa posetka FLR50

Bnoxkosi posetku FLRO1

©

Posmip 14 (metan) Posmip 08 (nnactuk)

Posmipu 08.14 (meTan) Posmipu 08.14 (metan)

Posmipu 08.14 (metan) Posmip 08 (mnacmvk)

Apantep

I°

Mnarchopma

32

TkanuHa (opsr)

CTONOpHe KinbLie 55

Puc. 4. Komnnekr geranei ansa posmilieHHs 3'egHyBaYa Ha oaasi
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Napamerp 3HaueHHs
Po6oua Hanpyra #o 1008
TNosxuHa kabenio Tm
[LliomeTp kabenio HoMIHaNbHMI 5.35 mm

Konip ka6ento yopHuit (RAL9005)

30XMCHMH KOBMQYOK
a60 3anmeka

lepmetvaauis nonimepom
nif TUCKOM

(overmolding)

- H HLL

_ | cratnunmit © N:teO e
PexomeraosaHui HDK AU MM
Panlyc BUTHY: s He MeHLe
Hix 60 Mm

Po6oya Temneparypa =40..490°C

npPU aHanisi AKMx HEOBXIAHO BPAXOBYBATH
BCi eleMEeHTH i IeTani, 3 9KMX CKINaaatoTbCs
kabenbHi BUpobu.

Hanpuknag, $yHKkuioHanbHI xapakTe-
puctukm 3'egHysadis Fischer Connectors
LOCATQIOTHCA BUCOKOIO TOYHICTIO iX BUrO-
TOBIEHHS, O TAKOX LWABHICTIO YMNAKOB-
KM KOHTOKTIB. Yepes ue mpu CTBOPEHHI
kabenbHUx BUPOGIB HO OCHOBI MOMIGHMX
3'€nHYBAYIB MOXYTb BMHMKATU CKIQAHOCTI
WOAO PO3NAIOBAHHS XM 3'€AHYBANBHOMO
kabenio. Bignosigaloum Ha 3anutM cno-
xusayis, komnaria Fischer Connectors
30NPOBAAMNG BUPOBHMUTBO KABENbHMX
36ipOK HO OCHOBI BNACHMX 3'€AHYBQYIB 30
TEXHIYHUMKM BMMOTOMM KOHKPETHOTO 3a-
mosHuka (tabn. 3). Lo nepesar kabenbHmx
36ipOK HaNexaTb:
®  3HUKEHHS BUTPAT CMOXMBAYA HQ MOH-

Tax (ocHoBHG nepesara ana po6oTu

Ha Bigaanerux o6 exTax);
®  BMCOKQ AKICTb CEPIMHOrO MOHTAXY [y

TOMY YMCITi HELOCTYMHI B ymoBax 06 €k-

Ty METOAM KOHTPOIO, WO FAPAHTYIOTh

AOBrOTPMBANY HAZIMHICTL BUPOOY);
®  eKOHOMIS HO MOHTOXXHOMY OCHOLLEHHI

TQ KOMMAEKTYIOUMX (MTOPIBHAHO 3 BUKO-

HOHHAM MOHTQXY Ha 06 exTi).

PosrnsHemo oaumH i3 npwuknagis euro-
TOBMEHHA TakMx kabenbHux 36ipok. Buro-
TOBMEHHA KABEnbHUX 36ipOK BUKOHYETLCS

BMCOKOKBANIIKOBAHUM MEPCOHANOM | HC
CYy4aCHOMY OBTOMATM3OBAHOMY Crieuia-
Ni30BAHOMY YCTATKYBOHHI 30 HOPMATMB-
HO-TEXHOMOTIYHOK LOKYMEHTALEID KOMMNA-
Hii Fischer Connectors. Npu BurotosneHHi
KaBenbHUX 36iPOK MOXIIMBE BUKOPUCTAHHS!
AK CTAHAAPTHMX, TAK | 3AMOBHMX kabenis, y
TOMY 4ucni onToBONOKOHHMX. Kabenb ana
kabenbHux 36ipOK HAPI3AETHCS HA QABTO-
MQTU3OBOHIM YCTAHOBL MIPHOTO PIi3AHHS
3 ToYHicTIO o 1 MM, 30KnaaaHHs kabernio
B 3'€AHYBQYI 3AIMCHIOETHCA NMTTAM MONi-
MEpHOro MaTepiany nig TUCKOM (cnoco-
6om Overmolding). 3aeaskn signpauwo-
BQHIM TexHonorii 306e3ne4yeTbcs HamiHa
repmeTnauis kabenbHux 3'eaHysavis 6es
NOBITPSIHWX BKIIOYEHb, MOPOXHUH TA O6-
nacrei HeogHopiaHoi nonimepwmsauii. Oc-
HOBHWIT MaTepian s XBOCTOBMKA 3'en-
HYBAYIB — TEPMOMIACTUYHUIA MONiyPETAH
Estane 58887 NAT038, katanor Lubrizol.
Marka kabeno po KoHTakTiB 3'€mHyBa-
ya suKoHyeTbes npunoem LF 217. Mepen
3QIMBKOIO MOMIMEPHMM MATEPICIOM MOH-
TAXKHMI NPOCTIP 3'€QHYBAYA 3ANMOBHIOETLCA
repmetnkom UHU Plus Endfest 300 (apr.
UH45735). BianosiaHo 0 BUMOT 3GMOBHM-
KO 30MICTb 3QIMBAHHS MOMIMEPHUM MATE-
PiaNOM MOXIIMBE BUKOHAHHS repMeTusauii
30 [OMOMOrol  TEPMOYCALXYBANbHOMO
30GXMCHOTO KOBMAYKA.

HaHi, oTprMani 30 pesynbTaTamm ekc-
nnyatauii kabenbHux 36ipoK Cnoxueaya-
MU, CBifl4OTb MPO MAKCUMABHO MOXIMUBY
repmeTMsauiio kabensHoro 3’enHysaya,
O 3AXMCTUTL BMPI6 Bifl 30BHILLHIX BMIMBIB
cepenosuwa (sonorw, Gpyay Ta iH.) Ta
BAXKKMX E€KCMTYATALiMHMX YMOB (nepesaH-
TAXeHb, BIGPALii, MEXAHIYHMX BnnMBiB).

Haibinbly cknagHummu ans MOHTaXy €
MiHiaTiopHi 3'enHyBadi cepii MiniMax, npu-
3HQYEH And BMCOKOLUBMOKICHOI nmepepadi
naHux 3a intepdeiicamn USB 3.0, HDMI,
10 Gigabit Ethernet Ta iH. npu weuakocTi
nepenaui inbopmauii go 10 I6it/c (puc. 5).

30BAAKM OPMIIHAMBHUM KOHCTPYKTMB-
HUM pilleHHamM kabenbHi 36ipkyM, y cknagi
akmx € 3'enrysadi cepii MiniMax, nossons-

Mikpoaic EAeKTpOHikKCc TM6X —

odiuinHmm auctpub’roTop

Fischer Connectors B YKpaiHi

CHIP NEWS, #3 (213), 2022

EAEKTPOMEXAHIYHI KOMIMOHEHTU

Puc. 5. NMpuknap ka6enbHoi 36ipku
3i 3’egHyBauem MiniMax

0Tb 3aowaant 80 45% Ha MOHTOXHMX
obcarax Ta CkOpOTUTM mMacy Bupobis [y
yactuHi 3’eaHysavis) Ha 75% nopisHsaHo
3 BMKOPUCTAHHAM HAMBAMXYMX  dyHKLiO-
HOMbHMX GHAMOTIB i3 TIED CAMOIO KiNbKiCTIO
koHTakTie. 3’enHysaui MiniMax moxyTb
MaT 4—24 KOHTQKTM, BUMYCKAKOTHCS PO3-
mipom 08 abo 06 (poseTka miameTpom
10 abo 12 mm). Y Hux peanisosaHi Tpu
MEXAHI3MM 3'€QHAHHA: ABOTAKTHA 3ALLiMKA
tmny Push-Pull, pissbose 3'enHanns Tuny
Screw-Locking Ta weuakopos’emHe 3'en-
HarHa Ty  Quick-Release.  3’epnysaui
repmeTnaHi (cTyninb 3axucty P68, nepe-
BIPSIETLCS LUNSIXOM 3AHYPEHHS 3 €AHYBAYA
HO mnbury 2 M npotarom 24 rop), MaioTs
HOLIMHY KOHCTPYKLilO, WO MPOTULIE OChO-
BOMY OBEPTAHHIO 3 MOMEHTOM BinbLu Hix
4 Hm i natary 3 cunoto po 40 kr. CrikkicTs
no koposii — He merwe 1000 rog npw aii
QArPECUBHMX ATMOCHEPHUX YMOB, AIANA30OH
poboumnx Temneparyp —40..+85 °C. 3asags-
KU PETENbHOMY KOHCTPYKTOPCLKOMY Onpa-
WOBAHHIO 3'€AHYBQYIB BUDOBHMKOM rapaH-
Tyetbca He merwe 5000 umknis 3'egHaHHs
6e3 NoripLeHHs eNneKTPUYHUX NAPAMETPIB.

Y 38’93Ky 3i CKNQAHICTIO MOHTAXKY MiHi-
aTiopHux kabenbHux Bunok MiniMax, wo
NPU3BOAMTL 0O BENMKOTO BiACOTKA Bpaky
y CMOXMBQYIB NMPU BMIOTOBNEHHI Kabenb-
HUx 36ipOK camoTyxkm, komnanis Fischer
Connectors NpoOMoOHye BUKOPUCTOBYBATH
roToBi kabenbHi 30ipKM, sIKi BUTOTOBASIOTH
HO OBTOMATM30BAHOMY NMPELMU3IHHOMY 06-
nagHanHi. barato cnoxumeadis nepekoHa-
JIUCS, WO 3ACTOCYBAHHS TOTOBMX Kabenb-
HUX 36IPOK, BUTOTOBNIEHUX Y MPOMMCIIOBHX
YMOBQOX, AOLMbHILLIE 9K 30 CYKYMHOIO BApP-
TicTio PO6IT, TAK | 301 WBMAKICTIO, AKICTIO T
HagirHICTIO. (N
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NocMixnimbes, Bac thomozpadiyomb

Mixaenb Xan (Michael Hahn), inxeHep sigainy npogaxy 3’egHysauis gns npucrpois,

Phoenix Contact Deutschland GmbH
E-mail: va-office@phoenixcontact.com

B aaHii crarti po3rngaHyTo nepeBaru npu 3acro-
cyBaHHi 3’egHyBauie komnaHii Phoenix Contact B
MPUCTPOSX AN MOHITOPUHIY AOPOXXHBOrO PyXYy,
HA 06’ €KTAX TPAHCMOPTHOI iIHPPACTPYKTYpPHU TOLLO.

ﬂ KUM [OPOXHIi pyx 6ys 61 6e3 Hux? Boru 3asaxaioTs Tum,
XTO LWBMAKO i3AMTb, ane noTpibHi ana 3aransHoi 6esnekm
Ha goporax. Mu roBopuMo Npo Kamepwu KOHTPOSO LUBUAKOCTI.
LLlo6 sabesneuntn HanexHy i 6Ge3noraHHy poboTy LMX BUMI-
PIOBCBHWUX MPUCTPOIB HABITb Yy HOMHECTPUATAMBILLMX YMOBOX
HABKOMMWHbBOrO cepenosumwa, komnaHis VDS Verkehrstechnik
NOKNQACETLCA HA MigHI 3'€QHYBQYI AN NEPEnaBAHHS AQHMX Bif
Phoenix Contact (puc. 1).

Yxe noHag 21 pik komnarisa VDS Verkehrstechnik GmbH
i3 micta Jlebay, CakcoHis, po3pobnse Ta BUrOTOBSE BMCOKO-
TOYHE OBNQAHAHHS s MOHITOPMHIY AOPOXHbOro pyxy. VDS
Verkehrstechnik GmbH e pouipHim nignpuemcrsom International
Road Dynamics Inc. (IRD) — komnaHii, aka cTBOpIOE NpomykTH
i pileHHa AN IHTeNeKTyAnbHMX CUMCTEM KOHTPOMO AOPOXHLO-
ro pyxy (ITS) i Beae csoio gisnbHiCTb MO BCbOMY CBITY. Matoum
25 npauisHukis, VDS € BU3HAHWM rpaBLEM HO pUHKY, O obnag-
HQHHS Ui€l KOMNaHIi gonomarae GopoTUCS 3 MNEPEBULLEHHAM
LUBMAKOCTI i, TOKUM YMHOM, MiABULLYBATH 3ATANBHUIA PIBEHb 6es-
NeKn HA ABTOMODINbHMX Waxax. YBAra 3aBXAM 30CEepemKeHa
HO TOMy, WOG 3ANPONOHYBATM OOBrOBIYHI M HAMIMHI TEXHIYHI
PilLEHHS, AKi BIANOBIAAIOTb CYYACHOMY PIBHIO TEXHIKM, O TAKOX
HALOHANBHMM | MDKHOPOLHUM CTOHAAPTOM.

Puc. 1. Mpomucnosi 3'egHyBayi ans nepeaaBaHHs AAHNX
Ha 06’€KTaX TPAHCNOPTHOI iHPACTPYKTYpU:
MiLHO KOHCTPYKL s Ans 3a6e3ne4yeHHs NocTiliHOro
¥ HapjiHOro 3B'13KYy B CMCTEMAX KOMEP KOHTPOJIIO
LWBUAKOCTI pyxXy

Puc. 2. Mpucrpoi Ans MOHITOPUHIY fLOPOXXHLOTO PYXy
XUPAKTEPU3YIOTbCS 0COBNMMBUMM BUMOTTMMU
A0 BCTOHOBJIEHMX KOMMOHEHTIB, a HagiliHe
nepeAaBaHHS AUHUX € BAXK/IUBOIO YMOBOIO
6e3noMunKoBoi po6oTn

OCHOBOIO KOXHOTO MPUCTPOIO 30BXAM € AATYMK KAOMEPU —
UM TO KAMEPW KOHTPOJIO LUBMAKOCTI, 4M TO caitnodopa. Llei
BUCOKOYYTIMBMI GOTOAATYMK MAE BYTU 3LATHUM 30 4O CEKYHAM
3pOBUTU NPUAATHY AN OPUANYHOTO 3ACTOCYBAHHS GoTOrpadiio
06’€KTa, L0 WBMAKO PYXAETLCS, | POBUTH e HE N1LIE 3a AeHHOTO
OCBIT/IEHHS 1 30 CNPUATIIMBMX MOTOLHWX YMOB, O W NMig H4AC AOLLY,
cHiry Ta Tempssu. LLLo6 npuctpiit sHosy 6ys roToBMM L0 Heramn-
HOTO 30CTOCYBAHHS, TPeba AKOMOTa WBMALLE Nepesat AaHi,
3iBPaHi 30 4ONOMOTOIO BiAMNOBIAHOIO BUMIPIOBANBHOIO AATYMKA
abO BUMIPIOBAMBHOMO MPUCTPOIO, AO TOMOBKM KOMEPH 1 enek-
TPOHHOTO 6110KA OUIHIOBAHHS (KOMN'IOTEPA), G NOTIM HAZICNATH
iX y MegiakoHeepTep. 38iatH 3ibpaHa iHpopmauis nepeaceTbes
6e3nocepeaHbo Yy BIANOBIAHWUA KOMNETEHTHUI OPIaH Yepes me-
pexy LTE (puc. 2).

MOAYJbHICTb HABITb Y CTALIOHAPHOMY
3ACTOCYBAHHI

BHY YBAry HOAQHO 3MEHLLUEHHIO BWUTPAT i 30[0BOJSIEHHIO
nepcnekTueHMx notpeb, komnaria VDS sactocosye y cOix BrMi-
PIOBANBbHMX NPMAALAX QAANTOBAHY MOAYIbHY KOHCTPYKUiO. Y pe-
3yNbTATI NPUCTPIN HOBITb Mi3HILLE MOXHA YKOMMNEKTYBATH M OC-
HQACTUTU BIANOBIAHO 4O KOHKPETHUX BUMOT i NOTPED 3AMOBHMKA.

[Mpn UbOMY BMMIPIOBAMbBHI CUCTEMM MOXYTb MPALWIOBATH Lif-
KOBUTO CAOMOJOCTATHBO HABITb Y CiNflbCbKili MICLLEBOCTI, e HEMAE
iHbpacTpykTypm eHeproszabesnederts. LLL o6 ameHwmntn ekcrnnya-
TALMHI BUTPATH M BUTPATHM HA NEPCOHAN, KM, HANPUKNAL, 34iNC-

| | | 06 HOBATM CBOIM 3GMOBHMKOM PILLEHHS, B AKOMY OCHO-
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Puc. 3. Po6epto Kennep, iHxxeHep-po3po6HMK KOMNAHii
VDS Verkehrstechnik GmbH, Bu6pas miuHi Ta npocri
Y BUKOPUCTAHHI 3'€QHYBAYi 3 ACOPTUMEHTY
Bupo6ie Phoenix Contact

HIOE PErymnsiPHUI MOHITOPWHT, € BOLATKOBWI MOAYMb 3BITHOCTI MPO
TEXHIYHUIA CTAH OBNAAHAHHS, SKMit npauioe 3a TexHonorielo GSM.
Lle# npucTpiit cam NOCTIHHO MOHITOPUTL, Y4 HE BUHWKIIG HECMPAB-
HICTb, 4M HE NEPENOBHEHO MOAYSIb MAM’ATI, 41 He Biabynacs ataka
HO CUCTEMY, | B pasi noTpebu HeraiHo iHGopMye onepaTtopa.
38’A30K ycepeamHi NpUCTpoto 3a3BM4ai 3a6e3nedyioTs ApOTOBI fi-
Hil NepefaBAHHS AHUX. Y NOAAQNBbLLIOMY AAQHI NEPefatoTb HO3OBHI
AK NPABMIIO 30 JOMNOMOroo 6e3APOTOBOT TEXHOMOTII.

YMOBU HABKOJINLWLHbLOIO CEPEAOBULLA,
AKI CMPUYUNHAIOTbD 3HOLUYBAHHSA
BbYAb-AKOro ObJIAAHAHHSA

«CknagHo yaBuTH, AKi e GAKTOPK HABKOMULLHLOTO cepe-
[OBMLLA MOXYTb MOTW TPUBANWI BMME HA TAKe OBAAAHAHHS, SIK
MEBHMI CTALIOHAPHMIA MPUCTPIN. HABAHTAXEHHS HO BCTAHOBMEHY
€NEeKTPOHIKY M KOMMOHEHTU CTBOPIOIOTb HE JIULLE E€KCTPEeMArbHi
TEMNEPATYPHI KOMIMBAHHS, O M CTPYCH TA BIbpALis, — MOSCHIOE
Po6epto Kennep, sianosinansHuit pospobhuk, (puc. 3). — Yasite
cobi Micue Ha BIACTAHI 2 METPIB Bif GBTOMATICTPANI HALIOHABHOTO
3HAYEHHS 3 HAMPYXXEHMM PYXOM, kot KoxHi 10 cekyHa npoixkaxa-
1o 40-ToHHI BaHTOXIBKM. HEnpocTo 3HanTM Ginbl BAXKKI yMOBH
eKkcnayaTauii HaBiTb Y CYyBOPOMY MPOMMUCIIOBOMY CEPEROBMLLIN.

«HabyTui [OCBiA HOBYMB HOC TOMY, LLO BAXIMBO 3ACTOCO-
BYBQTM 3’ €QHYBAYI, NPMU3HAYEH] A1 EKCMIYaTaLii B NPOMUCIOBMX
ymoBsax», — Bege pani P. Kennep. — 3 ornany Ha ue komna-
Hin VDS yxe posmsgana MOXIUBICTb 30CTOCYBAHHS KPYIIWX
PO3 EMIB, MPUIHAYEHMX N5 BICHKOBOI TEXHIKM, Ane BUTPATH —
rOMOBHUI GAKTOP HOBITH A MPUCTPOIB i3 TAKOK BMCOKOKO
BapTICTIO. TAKOX 3AIMCHIOBANU BUNPOBYBAHHS 3 Binbll CTIMKUMM
CTAHAAPTHUMYK pierHHammn RJI45, ane 6Gesycniwno. 3 ogpHoro
Boky, yxe B naboparopii Binbynacs sTpata garux. A 3 iHWOro
Boky, Tpmeani BUNPOOYBAHHA MOKA3ANM, LIO 4Yepe3 ABA POKM
ekcnnyatauii 3’egHyBayi GyKBANbHO PO3BAMIOIOTHCS Y.

FHYYKICTb HA MICLII EKCIUTYATALLIT
TA MPOCTOTA B MOHTAXI

BMpiLLIeHHﬂ uiei npobnemu 3abesneumnu migHi 3'eqHyBadi ans

nepeaaBaHHa AaHmx, ctBoperi komnaxielo Phoenix Contact.
«BryTpiwHs nporpama ennpobysaHs Gyna NpocTo NPUrono-

mwnueoto, — sraaye P. Kennep». BunpobysarHs Ha cTifkicTs o
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Puc. 4. Mig yac po60TH B NOSIbOBUX YMOBAX TAKOXX BAXKSIUBO,
1106 KOHCTPYKLis 6yna SKOMOra npocriLo —
Lie A03BONSE YHUKHYTU MOMUAIOK Yepes HenpaBusibHe

NOBOAKEHHSA

Bibpauii 3 yactortoro go 2000 My, Ha cTpycH 3 NPUCKOPEHHAM 1O
50 G i BMNpOBYBAHHA HQ 3TMHAHHA i3 3ycunnam yTpumanHs 30 H
He 3aNMULMAK CyMHIBIB. Tenep Hillo He 30BAXAE 30CTOCOBYBATH
NepCnekTUBHI BMCOKOLUBUAKICHI kabeni 3i LWBMAKICTIO nepena-
sarHa 0o 10 [6it/c. Ockinbku BCI KOMNOHEHTM Y3TOAXEHI MixX
CcoB0I0, MAKCUMASTbHA HAIMHICT NEPEaaBAHHS AAHWX TAPAHTO-
BAHQA HABITb Yy HAMCYBOPIWUX yMOBAX. OKPIM OCHOBHMX TEXHIYHMX
BIACTMBOCTEM, Npommucnosi 3’ earysadi RJ45, wo sactocosyioTs-
¢ i 36MpaIOTLCA HA Micui (B NONBOBMX YMOBAX), TAKOX 3a6e3ne-
4YIOTb BUCOKY MHYYKICTb i3 NOMIAAY NPOKNAAAHHS kabenis Ha Micui
MOHTQKY. 3anexHO Bin kOoH}Irypauii Ta 4OCTYNMHOrO MOHTAXHOIO
NPOCTOPY, MOXHQA MPUEAHATM NPAMMIA KabenbHui Buxia abo
BMBECTM Kabenb Mig KyTOM y ABOX pPidHMX Hanpamkax. OgHokom-
NOHEHTHA KOHCTPYKUiA Ta 36ipka (MOHTOX), ki He NoTpebyioTh
cneuianbHUx HCTPYMEHTIB, 3a6e3neqyioTb NPOCTOTY BMKOPU-
CTQHHS! AN MOHTAXHUKA HQ BUPOBHMUTBI 060 HO ByaisenbHOMY
maiaanumky (puc. 4).

[Micna Toro, sk 6yno 3HANAEHO TEXHIYHE PillEeHHs, CTANA o4e-
BuaHO we oaHa nepesard. OcKinbky 30 TEXHIYHUMM YMOBOMM
BCEpeamnHi npuctpoto notpiber nuwe 3axuct crynedio P20,
TO HEMa€E noTpebu BUKOPMCTOBYBATH BIMCbkOBI OO NMPOMMC-
noBi PO3’eMM, LWLO MPU3HAYEHT Ans BAXKMX YMOB eKCriyaTauii,
BOAHOYAC MOxHA 3aowaauti 6rusbko 30 BigcoTkis micus, a
3meHLWweHHs suTpaT nepeemuye 70 BiaCOTKIB, AKLLO NOPIBHIOBATH
3 BAPIAHTAMM 30CTOCYBAHHS KPYTIMX PO3 EMIB, AKi TAKOX pO3rs-
LANUCS paHiwe.

nAacymok

enani BULWi BUMOTM 00 TEXHOMOrYHUX 3acobiB NoTpebyoTh
ﬂlge,uoni NPOAYKTUBHILIMX 3'€EAHYBQUIB.

Baxnueo 3asHauuth, wo Tpeba 6pat OO yBArM BMMOTM
BINOBIAHMX CTAHOAPTIB | HE3MIHHO 306e3nevyBaTM 3BOPOTHY
cymicnicte. Komnanii Phoenix Contact sganocs potpumarucs
BCiX BMLLE303HAYEHNX POAMKOBUX BMMOT i CTBOPWTM KOHLEMLiO
NPMUCTPOIO, ONTUMIZOBAHY 30 LIHOIO TA OPIEHTOBAHY HA Nepcnek-
TUBY, IO TOTO X HOAIMHY TA NPOCTY Y BUKOPUCTAHHI.

Binbw pgetanbHy iHpopmauilo moxxHa gisHartucs,
3BepHyBLIMcb B TOB «®enikc KoHTakT»:

Ten.: (044) 594-55-22,

daxc: (044) 594-55-21,

www.phoenixcontact.com/uk-ua/

Ny
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Onmuvyki po3’cMu 06’cgHYBANbHO
nnamu; inmeptheiicna mexxono2ig

Mepexknan: Bonogumup PeHTiOK

OnTuUuHi po3’emu Ha 06’egHyBanbHIl nnari (Bigomi sk backplane
connector) AO3BONSAIOTb ii €NEeKTPUYHUM pO3’eMam 3’'€gHYBATH
OoNTUYHI BONMOKHA uYepe3 rnyxi cnonyuHi iHTepdericu. Mportarom
AecaTuiTh Lii BUCOKOTEXHOJIOriYHi iHTepdeiicn 3 BUCOKOIO L iNbHi-
CTIO ONTOBOJIOKHA YCNiLLHO 3CCTOCOBYIOTbCS ANl CTBOPEHHS CUCTEM
3 MACLUTAGOBAHOIO EMHICTIO, aJie 0CO6GNMBO NONyNsAPHi Ang 3acTo-
CYBGHb Y MAPLUPYTU3ALii, ONTUMHUX KOMYTATOPAX i TeNIeKOMYHi-
Kkauii. Y cTarti iTumeTbCca NPO Te, YMM NPUBAGNUBI ANa cCUCTEMHUX
apXxiTeKTOPIiB T KOHCTPYKTOPIB TAKi ONTUYHI MK3'€AHAHHSA TaA AKi
BMMOTHU A0 iX NPOEKTYBAHHSA. OnNucaHO po3’eMu Ans ONTOBOJIOKHA
3 BUCOKOIO LUiNbHICTIO HOrO PO3MilLleHHs, NPOo6NemMU TexHiuHOro
06CNYroByBaHHS, O TAKOXX TeHAEeHUii po3BuTtky ranysi. Kpim Toro,
npepacraeneHa aymka komnaxii Molex wopo maitbyTHix notpe6 y

nopi6Hux pileHHaXx.

ﬂ K1Yy BUNQAKY 3 ONTUYHMMM 3 EAHAHHAMM
Ha nepeaHin nareni, mogyni Tuny OBO
(On Board Optic — «ontuka Ha nnati», TyT
i pani nig TEPMIHOM «OMNTUKA» CMPOLLEHO
MQIOTbCA HO YBA3i 3AranbHi PIiLUEHHA HO
OCHOBI OMNTOBOJOKOHHOI TexHonorii) ner-
KO MIAKIIOYAIOTHCA [0 ONTUYHMX PO3 EMiB
304HbOI NaHeni Yepes craHaapTHi 6ara-
TOXUNbHI kKabeni 3 uuniHgpuyHolo ob6o-
FIOHKOIO, CTPIYKOBE ONTOBOMIOKHO abo no-
nepenHbo COPMOBAHY MAPLLPYTU3OBAHY
CTPiYKOBY OMNTOBONOKOHHY TEXHOMOTIO, O
cnoyatky npukpinneHa no OBO-moaynis.

3 ONTUYHKMMM CMIONYYHUMMU ENEMEHTA-
Mu, cneundidHumm ans 06 €nHyBANbHOT
NAaTH, TAKOX BMKOPWCTOBYETHCS MPOMO-
HOBAHO komnawielo Molex yHisepcanb-
HO THYYKO OMTOBOSIOKOHHA CUCTEMA
FlexPlane, aka sabesnevye nepenady aa-
HUX 3 BMCOKOIO LUIMLHICTIO TA MOXe OyTu
OCHOLWIEHA AMCKPETHUMM BUBOLAMM LSt
KOXHOTO OMTOBOMOKOHHOrO kabento. 3a
ponomoroto cuctemun FlexPlane nerko i
NPOCTO 3AIMCHIOBATU 3'€EQHAHHS TUMY KO-
Benb—kabenby, «nNATA-NNaTa» TA «KA-
Genb—nnata». B ubomy Bunagky Ha og-
HOMy KiHui 3HaxoamTbca FlexPlane i Ha

iHwomy — OBO. Takum 4nMHOM, B enemeH-

TAX CUCTEMM MOXE BYyTH BUKOHAHO AyXe

LinbHe 3 nornagy BBEAEHHS BOJMOKOH i

Ly>Xe CKNafHe 3iCTABMIEHHS ONTOBOMIOKOH-

HUX nopTis. Po3pobHuku 0bnagHaHHs Ta

CMCTEMHI apXITEKTOPM BiAAAIOTL Nepesary

UMM IHTEPDENCHUM TEXHOMOTISIM | BUBUPa-

OTb iX ANS CBOIX MPOEKTIB 3 LinOro psagy

NPUYKH, cepen aKnx:

®  3BiNbHEHHS MNPOCTOPY HA NepenHin
naHeni ans 36inbLeHHs NOBITPSAHOTO
NOTOKY TO MIABULLEHHSA KiNbKOCTI Kni-
EHTCbKMX YU MEPEXHUX MOPTIB;

e 306e3MNeYeHHs WBMALLOTO PO3rOPTAH-
HA, NPOCTOTA OHOBNEHHS TA PEMOHTY
CMUCTEMM 30 POXYHOK BUKITIOYEHHS PyY-
HOT YCTOHOBKM KABENbHUX 3'€AHAHB HA
nepenHin naxeni;

e 36inblIEHHS LWiNbHOCTI MiX3 €AHAHb TA
CMPOLLEHHS NPOKNafaHHA Kabenis y
NOPIBHAHHI 3 TPOAAMLIMHUMKU ONTUYHM-
MW PO3’EMAMM TA TPAHCUBEPAMM HA
nepenHin naxeni;

e 306esnedyeHHs BinbWOI MOAYNLHOCTI
KOMMOHEHTIB CMCTEMM 30 JOMOMOTOO
BOYNOBAHUX CMCTEMHUX KOHDIrypawin
NiSKIOYEHHS, TAKMX SIK ONTUYHA nepe-

CTOHOBKQA, §KA CTOHOOPTU3YE MiHiMHI
KQpTK TA BUCYBHI MAHENI, WO JO3BONAE
BMKOPUCTOBYBATM 30BHILLUHI MO BigHO-
LEHHIO A0 LWACI CTOHAAPTHI CTPYKTY-
poBaHi kaberni.

TN ONTU4YHUX PO3’'EMIB
OB’E€EAHYBAJIbHOI MJIATU

€ Kinbka [ecaTuniTb TOMY OMTUYHI
|_|_|.|3'€JZLHyBO‘-Ii HO OCHOBI KEPAMIYHMX
HakoHeuHuKiB (pepyn) Bnepwe 3'aBunucs
HQ PMHKY | 303BMYAN BUKOPUCTOBYBAMMCS
B KOHEKTOPAX MPOMWCIIOBOrO CTAHAAPTY
O7sl CTOPOHU KOpMCTyBAYa, Takux sk MU
(Miniature Unit — 6ykeansHo «miHiaTiop-
Huit Bysony), SC (Subscriber Connector —
«aboHeHTcbkmit pos’em») ta LC (Link
Control — «kepyBaHHs KaHANOM 3B'53Ky»),
i HO KOPWCTYBALbKMX BEPCIAX HA OCHOBI
KIHLEBMX MPUCTPOIB AA8 MNPOrpam, cne-
undivHMx ana nocradansHukie. Kepamidni
O[HOBONIOKOHHI 3'€aHyBaNbHI MydTH Ma-
IOTb  UMAIHAPUYHUIA HAKOHEUYHUK-pepyny
HO KOXHIM CTOPOHI iHTepdeiicy, Bupis-
HAHWI yCepeanHi KepamiyHOi pPo3ainoBoi
BTYJIKM, WO YTPUMYETLCS B CrOSTyHEHOMY
KOPMYyCi, Ik NPABUIO, BCTAHOBIEHOMY HQ
ob’eaHaBYIM NNATi | NPU3HAYEHOMyY AN
NPOBUIBHOTO CNOJMyYEHHs Kabento 3 kop-
nycom po3’ema.

OnTHYHI XaPAKTEPUCTMKM TA WINBHICTL
PO3MILLEHHS OMTUYHMX BOJIOKOH € CTQH-
OAPTHUM PO3’€MOM 3i 36inblueHnmm raba-
PUTHUMM PO3MIPAMM, LLO MOB’A3GHO 3 AO-
LOTKOBUMM EMEMEHTAMM ANst MOTo pikcauii
Ta MoHTaxy. KinbkicTs nopTis pos’emis
303BMYAM BAPIIOETHCA B MexXax 2—8 3 Bu-
KOPUCTAHHSIM HAKOHeuHuKiB-bepyn aia-
metpom 1.25 abo 2.5 mm. Ounuienns
TQ MepeBipKka TyT CTOHAAPTM3OBAHI Ta
LO6PE NATPUMYIOTLCSH 3ABLASAKM LLIMPOKOMY
30CTOCYBOHHIO CAME CTAHAOPTHUX, O He
yHikanbHux pos’emis. CborogHi iHTepdeic
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cninoro cnonyderHs 3 pos’emamm tuny LC
nin pepyny 1.25 mm BigpisHaeTbca npoc-
TOTOKO BCTAHOBNEHHS TA dikcauii, 3pyyHi-
CTIO KOMYTAUT | € NePEBAXHUM MPU HMCTTi
nopris 2, 4 ta 8. Pos’emn tuny LC yHisep-
CanbHi, BOHM MIATPUMYIOTL Ak 6GAraTomo-
[oBe, TAK i OAHOMOAOBE ONTOBOMOKHO.

IHTepdencn ontuyHoi 06 eaHyBans-
HOI MAOTU HO OCHOBI MYNbTUBOMOKOHHMUX
onTuyHMx po3’emis MT cborogHi ayxe no-
nynapHi i 30BASKM BMKOPWUCTAHHIO Kinb-
KOX BOJNIOKOH HA OAMH HOKOHEYHMK i Kiflb-
KOX MOPTiB Ha 3’eaHyBaY 3aHe3nevyioTh
3HQYHO Ginbly LINLHICTL BONOKOH, HiX
KEPAMIYHi HOKOHEYHMKM OLHOBOSOKOHHI.
KinbkicTb nopTtie kabenbHUx HAKOHEYHUKIB
iny MT 3aseuuait craHosuts 1—8, wo ans
48 BOMOKOHHMX HOKOHEYHMKIB AO3BONSE
BuKopucToByBa™M 00 384 BOMOKOH Ha
3’enHysad B aneptypi 16 X 55 mm. L in-
Tepdencn fOCTyNHi Bif KinbkOX BUPOBHM-
KiB Y PI3HMX KOHIrypaUisx T CTUINX MOH-
TAXY, WO BiANOBIAAIOTb CTUMASAM KAPKACY
KOPT, KOHKPETHUM CUCTEMHMM MEXAHIY-
HUM MOTPEBAM TA TUMAM KOPMYCYBAHHS.

B o6TuckHmux HakoHeuHnkax Tuny MT
nepenbadeHi GpopMoBaHi NPeumnsinHi no-
niMepHi 0BTUCKHI HAKOHEYHMKM, BUPIBHSAHI
MO METANEBUX HAMPSIMHUX LUTUGTAX B KOH-
dirypauii «sunka». OaHAK X BKIIOYEHHS!
0O KOPMNycy po3’emy onTmyHOi 06 emHy-
BANbHOI MAATH AN NMPOBMIILHOTO yHKL-
OHYBQHHSA BMMATQE AETANBHOTO PO3rnagy
B YOACTMHI MEXQHIYHOrO BWMPIBHIOBAHHSA
Ta dikcauii.

ONTUYHUN PO3’EM
OB’EQHYBAJIbHOI NMJIATU
3 nornaay MEXAHIYHUX
BUMOT

OCKianM BUMOTM CUCTEMHOI APXITEKTY-
pu, dismyHoro kopnycy 3’€aHysaud
i TMNY iHTEepdeicy, a TAKOX YCi€i cxemu
OMTOBONIOKOHHOTO 3B'A3KY CMCTEMM TICHO
NOB’A3QHI, BMPILLQMbHE 3HAYEHHS B XOmi
BMKOHOHHA MPOEKTY MAE Birbl PAHH: B3A-
EMOLiA MiXK CUCTEMHMMM APXITEKTOPAMM TA
iHXEHEePaMM, BIANOBIAANbHMMM 30 BUGIP
ONTUYHMX po3'emis 06 eaHyBaANLHOT NNa-
. KinbkicTb BONOKOH, 3'€AHAHMX NO BCil
cucTemi, moxe ByTn BennyesHoto i obunc-
THOBATMCS TUCAYAMM, LLLO CTAE fy>Ke CKNaf-
HOWO Npobnemoto Yepes Beanid PisHUx me-
XQHIYHUX TQ ONTUYHMX NTPUCTPOIB, kKabenis,
a TAKOX PEernameHTis 3 0bniky Tennosmx
pexumie Ta 6e3N0CepPenHbO YMOB EKCrTy-
aTauii Ta cepeaoBmLLa 3ACTOCYBAHHS.
CknagHicTb pilieHHs TyT NoMsrae we
My TOMy, WO yepe3 OBPAHMIA MEexaHid-
HWMIA MOHTQX, KPOK MAATM TG BUMOT [0
KOHCTPYKLIT KOpMyCy BX€ MPAKTUYHO He-
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MoxuBo 6yne 6e3 3Ha4HO nepepobku,
AOLATKOBMX BUTPAT YaCy Ta 3acobis foaa-
TW ONTHYHI po3’emun 06 €aHYBANBHOT NNATH
B KOHCTPYKLjIO CMCTEMM 060 3MIHUTU OaHi
MK iHTepdeiicis Ha iHwi. OaHum 3 ayxe
THYYKMX BAPIGHTIB Yy LbOMY HAMPSMKY €
KiNbKiCTb BOJTOKOH HA 3'€4HYBAY, COME Ye-
pe3 Gesniy onuji, AOCTYNHUX Y MYSbTUBO-
NTOKOHHUX OMTUYHMX HOKOHEeYHKWKax MT Ta
ONTUYHMX 3'€EQHYBAYOX, LLO MIATPUMYIOTH
Kinbka MOpPTiB 3 HOKOHEUHMKaMK Tuny MT.
Komnpomicom TyT cryxaTb OnTuuHi xapak-
TEPUCTUKM, AKI SMEHLLYIOTLCS 3i 36inbLUeH-
HSIM UKMCIIA BOSMIOKOH Ha 060oMMy Ta kepy-
BAHHS BOJIOKHOMM, KOMM OOMH OMNTUYHMIMA
KOHEKTOp 06 €aHYBANbHOI MNATM MOXe
MATH COTHI OMTOBOMOKOHHMX 3" €LHAHD.
3HAYHOIO MIPOIO HA KOHCTPYKLO WA
Yyepes reoMeTpito CMOMYYEHHS TA HIOAHCH
y sycunnax ikcauii T yTPUMAHHS, He-
obXigHMX 3anexHo Big Tvny 3'€aHyBaYaq,
BMIMBOIOTb MEXAHIYHA KOHCTPYKLIS TQ BU-
MOTM O MOHTAXY OMTUYHUX 3'€nHyBAUYIB
06’epHysansHoi nnatn. Ockinbkn kabenbHi
HOKOHEYHMKM OKPEeMO MIANPYXMHEHI, L
3ycunns MOBMHHI BPOXOBYBATUCA a60 B
pPO3’eEMi ONTUYHOI 30AHBLOT NaHeni, abo 8
30CKOYKOX NepefHbOi NaHeni ONTUYHOI
KapTu. 3ycunna npyxuHn Ha MT-Hako-
HEUHUK 3HOXOAMTLCS B Aianasoni sig 10 H
(12 BonokoHHMx HakoHeyHukis) no 20 H
(mns cucTem 3 Ginbw Hix 24 BONOKHAMM),
NpPY LbOMY OfHE 3YCWANs HA HOKOHeY-
HUK MHOXMWTbCS AN KOXHOTO nopTy 3'eq-
HyBaua. Bpaxosyioun onTtuuHuin pos’em
06’enHyBANLHOI NNATH 3 BicbMa 24-onTo-
BONOKOHHMMU MT-po3’emamu i yotrpma
po3’eEMaMM Ha KapTy, HeobxigHe 3ycunns
yTpumants gocarae Tyt 640 H. Cnig B3sTu
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[0 yBATK i T€, WO ONTMYHi po3’emn o6'en-
HYBQNbHOI NNaTH OYBAKOTL [BOX TUMIB: TAKI,
o camobnokytoTbes abo He PikCyoTbCs.
[Mpn BUKOPMCTOHHI OCTAHHIX AN YTPU-
MQHHSI MNATH TA PO3 EMIB y CMOMyYeHOMY
CTQHI 3aCKOYKA NAATU TA CTPYKTYPU waci/
06’€AHYBANBHOI MAATH MOBUHHI CTUCKATH
cneuiansHo nepeabayeHi, OKPemo BMKO-
HQHI OBTUCKHI NPYKMHMU.

Ontnyni po3s’emn 06’ egHyBaNBHOT NNa-
TH, LLLO MOIOTb MEXAHI3M CaMOdIKCaLi, Ans
KOMMEeHCcAUii BiAXMNeHb MAATU MPOEKTHUX
LOMYCKiB MQIOTb MAGBAIOYY KOHCTPYKLIIO
abo §ofaTKOBMI enemeHT, Wwo 3abesne-
uye iM BepTukanbHe nepemiwerHs. Kom-
NPOMIC MiXX OBOMO BEPCIIMMU NEBHOIO Mi-
POIO 30MEXUTb Bif, KOHCTPYKLII OKPEemMoro
3’€HYBAYQ | BIMIMBAE HA LINBHICTb, CKNAA-
HiCTb 3’€mHYBQUYA | BAPTICTb, TAK AK 30-
CKOYKM 36iMbLUYIOTb PO3MIP, YCKIAAHIOIOTb
KOHCTPYKLIO T NiABMULLYIOTb KiflbKIiCTb KOM=-
noHenTis 3’egHysaya. Lle ogHa 3 mpuumn
NPUBAGAMBOCTI TEXHONOTT PO3LMPEHHS!
NMPOMEHS TA ANbTEPHATUBHUX iHTEPdECIB
¢dbepyn, HanNpuknag, 3 noBiTPSHUM 3030-
POM, OCKiflbkM BOHM 3HAYHO 3MEHLLYIOTb
CUNY CTUCHEHHS MPYXUHM, KA HEOBXigHA
AN YTPUMAHHS Gepyi y LinbHOMY KOHTOK-
Ti i yacto B 5—10 pasie meHwa, npuyomy
HE3ANEeXHO Bif, KiTbKOCTI BOMOKOH.

Ontuyni  pos’emn 06’ epHyBanbHOT
NNaTH 3A3BMYAW MOHTYIOTbCS HO 3QLHIN
NaHeni, sKka MA€E BMUIMKM 18 BCTAHOBNEH-
HA PO3’€EMy BCEpEeaMHi Hel, WO A03BONAE
BOJIOKHOM ferile npoxXoauMTn AO 304HbOT
CcTOpoHU Kopnycy. Ak iy BUNaaky 3 enek-
TPUYHMMM PO3'€EMAMM, HO 30fHIA naHe-
ni iCHYIOTb iX ONTWYHI BEPCIi, WO NigTpU-
MYIOTb  KOMMIQHAPHY, OPTOrOHAMbHY TA

Puc. 1. KonnaHapHa (110 nexxursb B 0AHii NAOLWMHI), OPTOrOHANBHA TO CTAHAAPTHA
KoH}irypauii pos’emis gns onTMYHOI 06’€eAHYBANBHOI NAATH
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CTaHAAPTHY Ans o6 €aHyBANbHOI NnaTh
koHdirypauii pos’emis (puc. 1). Kpim Toro,
ICHYIOTb | HOBI QPXITEKTYPK BUCYBHMX Ma-
Hene Ans CTiNKoBUX Wwad, siki BIAPI3HAOTb-
C YHIKONbHUMU METOLAMM MOHTAXY Ta
BINACHWMU MEXAHIYHUMM BUMOTaMM. MOH-
TOX BMKOHYETHCS 30 JOMOMOTOK TBUHTIB,
3aKnenok, 3atnckavis abo 3aCcKoYOK, i
Ang BiANOBIAHOCTI AOMYCKAM CMOMyYEeHHS:
nnat abo awmka B 360pi 3 06’ eaHABYOIO
nnatoo/waci nepenbayaeTbCs NeBHe me-
XQHIYHE 3MILLLEHHS KOPMYCYy PO3 eMy.

AKWwo MexaHiuHi [omnycku Kapkacy
abo HaNPsIMHI PEK-CTIMKK HEe 3HAXOAsATb-
CA B MEXAX AiaNA30HY, WO NiATPUMYETLCS
PO3'€EMOM, TO ANA MIABMLLEHHA TOYHOC-
Ti NAPYBAHHS YACTO BMKOPUCTOBYIOTLCS
HanpsmHi wtndTr. TyT HeobxigHo Bpa-
XOBYBATH, WO OCKifIbkM ONTUYHI po3’e-
MM 303BMYAW [OBLI i NEPLIMMM CrOny-
YOOTbCA B MNOCNIJOBHOCTI MiAKIOYEHHS
NOPTIB, €NEeKTPUYHI PO3'EMM HE MOXYTb
BUKOPUCTOBYBATUCS ik HanpsmHi. Kpim
TOro, nicns d)iKcou,iT BCTOHOBMEHI HO Nna-
Ti eneKTPUYHi PO3’EMM BXE HE MAOThb
NNABAKOYMX ENIEMEHTIB, TOMYy Wo6 Bu-
KITIOUMTU KOPCTKY MPMB’s3KYy AEKinbKox
iHTepeicis, ONTUUYHMI PO3 €M MOBUHEH
MOTH NnaBatouy KOHCTpyKUito. KoHcTpyk-
TOPOM CRif PETENbHO PO3MMAHYTU BCi Li
aCMekTM Ta BPAXyBATH ix npwu BubOpI
TUNY KOHKPETHOTO FHI3AA AN OpraHisauii
ONTUYHOTO iHTEpdECy.

Kputepii TectysanHa Ta keanidika-
Uil gns nigTBEpPAXEHHS MEeXAHIYHMX Ta
€KOJOTIYHMX  XAPAKTEPUCTUK  ONTUY-
HMX PO3’€MiB BCTAHOBMEHI Yy CTAHAQPTI
GR 1435 CORE, skuit 9kpas oxonmoe
3aranbHi BUMOTU 4O MYNbTUBOTOKOHHUX
ontnyHux pos’emis [2] Ta pospobneHnit
komnanieo Telcordia (CLUA), wo saitma-
€TbCS CTOHAOPTU3ALIEID HU3KM ObnacTen
NPOMMUCNOBOCTI, B TOMY YMCAi BONOKOH-
HO-OMTUYHMX TENeKoMyHikauin. Tyt He-
0BXiIHO BPOXOBYBATH, WO AOBrOBIYHICTb
TQ eKCMIyOTAUiMHI XAPAKTEPUCTUKM LMX
PO3’eEMiB B Meplly Yepry BU3HAYAKTLCS
eKCNNyaTALIMHUMK  XAPAKTEPUCTUKAMM
OBTUCKHOTO KinbLg, npu AKMX ONTUMAIbHI
ONTMYHI NAPAMETPU MOBUHHI NIATPUMYBA-
T™MCh Ak MiHIMym 50 umknis cnonyyexHs.
[lepesipka MpABUNBLHOCTI MEXAHIYHOTO
Ta KQBEnbHOro KepyBAHHS Ans KOHKPET-
HOI CUCTEMM € KIIOYOBUM (PAKTOPOM Y
npoueci po3pobku.

OpHak TYT HEe BCe TAK MMAAKo, i cne-
undiKa 30CTOCYBAHHS OMTUYHMX PO3 eMiB
06’€nHYBANLHOI MAATU MOMATAE B TOMY,
LLLO HMHI € Ay>XX€e MANO rany3esux CTaHAapP-
TiB, AKi 306€3MeYyioTb raPMOHI3ALII0 UM
B30EMOAIIO MK MOCTAYANBHUKAMM Yy LM
chepi. Hesxi, xou i Bkpan obmexeni 3y-
cunna 3i cTaHaapTM3auii (UM saimanmncs
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Taki opranisauii, ak VITA i ARINC), 6ynu
30CepenkeHi NepeBaxHO HA aepokoc-
MIYHMX 30CTOCYBAHHAX, NOTPEBYIOTL BUCO-
KO rapaHTOBAHOI HARIMHOCTI, MPK LbOMY
NPOAYKLIA HM3KWM MOCTAYanbHUKIB Byna
CYMICHQ, ane 3 He NMOBHICTIO Y3rofAXeHa B
KOHCTPYKTMBHOMY nnani. PisHi BMpobHuKkm
PO3POBAAIOTL BAACHI MIAXOAM 4O 3AXMCTY
TQ CTIMKOCTI KaBenbHUX HOKOHEYHUKIB-be-
pyn y CBOiX ONTMYHMX 3'€QHYBQYAX TA B
KOpnycax po3’€miB, O KOHCTPYKTMBHO
CUNbHO pPi3HATbCA Mix coboto. Lle nos’s-
30HO 3 TUM, KOXEH BUPOBHUK, May4u HA Ti
YW iHLI KOMMPOMICKH, HOMOTQETHCS JOCATTH
ONTUMANBHOTO BANAHCY MK XQPaKTepUC-
TUKOMM MPOAYKTUBHOCTI, LWNBHICTIO pPO3-
MILLEHHS BOMOKOH, HOMIMHICTIO i 3pYyyHi-
cmio excnnyatauii. [lesiki Bepcii 3 HU3bKOW0O
LNBHICTIO sK IHTEPhENC, WO CrNONy4aeTb-
Csl, BUKOPUCTOBYIOTb CTAHAAPTHI 3'€AHY-
saui MPO/MTP, B To#t 4ac sk B 6inbwiocTi
BMNOAKIB 30CTOCOBYIOTLCH 3AMNATEHTOBAHI
30TMCKaYi | 3'egHyBQYI, B PE3ynbTaTi 4Oro
CYMICHICTb | B3OEMO3OMIHHICTL BUPOGIB
gigcyTHs. Ina po3pobHukie cucTem Ta ko-
PUCTYBAYIB BAXKIMBO PO3YMITH, AK OMTUYHI
HOKOHEYHMKN YTPUMYIOTBCS B- MOHTCXKHMX
30TMCKAYAX, [K X BCTOHOBIOBATU i K
BOHM IKCYBATUMYTb KOPMYC OCHOBHOTO
pO3’eEMy nif 4aC BMrOTOBNEHHA 06 €aHy-
BAMbHOI MNATM Ta X OBCIYroBYBAHHS, A
TAKOX Te, aK OyayTb PeanisoBaHi NOTeH-
LifHI npouecn NepeBipki YW OYULLEHHS
GesnocepenHbo B HaMbInbW nepeabaudy-
BOHIM CUCTEMI.

B naHuit yac ans BUpILLEHHS NUTAHDL
HOLIMHOCTI Ta 3py4YHOCTI ekcnnyaTauii
KiIHLEBMM KOPUCTYBAYEM, A TAKOX 3HM-
KEHHS 3aranbHOi BAPTOCTI CUCTEMM B
uinomy (To6TO BAPTOCTI 3 yPAXYBAHHAM
XMUTTEBOTO LMKNY) PO3POBASIOTLCA Aflb-
TEPHATUBHI MYNbTUBONOKOHHI OMNTUYHI
kabenbHi HakOHeuHWkW. Bonu sabesne-
4ylOTb NEPEBATU, MOB S3AHI 31 3HUKEHOIO
YYTAMBICTIO 4O MUY TA CMITTS, MEHLLUUMM
3YCUNNAMM CTUCHEHHS MPYXWHM, Pi3HM-
MM 3UCKOMM MEXAHIYHOTO CMOMyYeHHs
TQ BMPIBHIOBAHHSA.

9k iy Bunagpky 6yab-skoro ¢isnuHoro
iHTepgency, ans ONTUYHUX XAPAKTEPUC-
TUK | 30NOBIraHHS MNOLWKOAXEHHIO MO-
BEPXHI BOMOKHO BMPILLANIbHE 3HAYEHHS
MQ€E NIATPUMOHHA YUCTOTU HA MNOBEPXHI
OBTUCKHOTO Kinblg, WO HeobxigHOo ans
306e3neyerHHs CTanocTi i HAZIMHOCTI
KOHTOKTYy BOMOKHA 3 BosnokHom. Cka-
30HE OCOBMMBO BOXIMBO AN OMTUYHMX
po3’emis 06’ €aHYBANBHOT NNATH, Ae Oo-
cTyn po iHtepdeitcy, T06T0 A0 HAKO-
HEYHUKA, ANS MOro OYMLLEHHS Ta ornagy
CKNAAHIWKMMA. Y UbOMY HAMPSMKY CriocTe-
PIraeTLCs NiABMULLEHMI iHTEPEC 10 0BTMC-
KHUX iHTEepdENCiB 3 BiANOBIAHUMU depy-

NOMM | TOKMM CKONOM BOMOKHO, SKUI He
BUMArae ¢isuyHOro CrosnyyYeHHs BONOKHA
3 BOJMIOKHOM, WO MOXYTb 306€3neunTy
OBTUCKHI HOKOHEYHUKM 3 PO3LUMPEHNM
npomeHem, Tak i depynu 3 sasopom. Og-
HOK MM — | PO3POBHMKM, | KOPUCTYBAYT —
MOBWHHI 3HOBY MOPYLUMTKU MUTAHHS CTQH-
AAPTU3aLii, OCKINbKM Yy BMMNAAKY, KOMW
QNbTEPHATUBHI MYNbTUBONOKOHHI ONTUYHI
HOKOHEYHMKM 30CHOBOHI HO rany3eBOMy
CTOHAAPTI, BOHKM MOXYyTb ByTW peanizo-
BaHi B Oyab-akoMy po3’emi 06’eaHasyoi
MAATU HO OCHOBI HOKOHeuHMKa Tuny MT,
PO3LIMPIOIYM Chepy 3aCTOCYBAHHSA 3'€a-
HYBQYIB TQ 3HMXKYIOYM 3AranbHy BAPTICTb
CUCTEMM B LINOMY.

OYMLLEHHSA TA orngaa PO3’'EMy

OCKianM po3’emu onTuyHoi 06’en-

HYBQMbBHOI MAATM 4ACTO PO3TALLO-
BYIOTbCA TMOOKO B kopnyci, abo cTinui,
ab0 Ha TICHO PO3TALIOBAHMX KAPTAX,
yepes 0bMexXeHU LOCTyn Nepesipka Ta
OYMLLEHHS OMTOBOMOKOHHMX HTEpdhE-
CiB 3HAYHO YCKNAJHIOIOTLCA. KpiM TOrO,
KpUWKK aBO WOPKHM, sIiKi BCTAHOBMEH] HA
ONTUYHMX PO3 eMax 06 eaHyBANLHOT NNa-
TM Ons 30n06IiraHHS 3AXMLLEHUM iHTEep-
dbefcam HAKOHEYHMKA, 4acTo pobnaTth
HEMOXITMBMM MOBHE OYMLLEHHS Bif Nuny.
OpaHaK HOABHICT TAKOT KPULIKM KOPMC-
Ha 3 TO4YkM 30py Besneku ana oden, i 3
i1 MPUCYTHICTIO AOBOAUTHCA MUPUTUCS.
3BOXAKOYM HO CKO3AHE, MW MPUXOAUMO
[0 BUCHOBKY, LLLO HO BigAQNEHMX MONLAH-
4YMKOX TA B Lexax NiAnpPUEMCTBA |'|0Tpi6Ho
BMKOPMCTOBYBATH ONTUYHI PO3 €EMM, KOH-
CTPYKTUBHE BUMKOHAHHA AKKMX LO3BONAE
BMKOHYBATK iX MOKCMMOMbHO Nerke uu-
LEeHHA Ta ornag.

MpucTpoi ana ounweHHs Ta nepe-
BIpKM, fAKi [OCTYMHI Bif, NMPOMMCNOBUX
NOCTAYANbHUKIB, MOXYTb BYTH BUIOTOB-
neHi y BUMIAAI CneuianbHUX NPUCTPOIB
ons po3'eMiB, HOOIMHO BCTOHOBIEHUX HO
CUCTEMHMX 3ArNYLIKAX. 3-3Q CKNAAHOLIB,
O NpW UbOMY BUHMKAKOTb, BEMKA YyBA-
ra NpUAINAGeTbCa MOCTAYAHHIO €NeMEHTIB
CUCTEMM 3 YXKE MEPEBIPEHUMM HA 3ABOAI,
OUMLLEHUMM | 3aXULLEHMMM iHTEpderca-
MM, WO [O3BOMAAIOTL BNeplle BCTAHOB-
NEeHii CcUCTemMi LOBECTW LUBMAKICTb nepe-
0aYi AOHUX 0O LyXe BUCOKMX 3HAYEHb i
NiATPUMYBATK i HQ MPUAHATHOMY PIBHI.
Lo, BTiM, HE BMKIIOYAE MNOAANBLLUIOIO
TPUBANOTO PEMOHTY TA MNEepPEeBipkM, ski
noTpebytoTs 3Ha4HUx 3ycune. Lli npobne-
MW € CEPUO3HUM CTUMYNOM MiABULLEHHS
iHTepecy A0 TEXHOSNOriM 3 PO3LIMPEHUM
NPOMEHEM | QNbTEPHATUBHUM HOKOHEY-
HUKOM (ak 6yno 3a3HQYEHO, HANPUKNAA
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Puc. 2. Mpuknaau ontTnyHKx po3’emis komnaHii Molex Ta pilueHb ix nigKnoYeHHs:
BLC — 2, 4, 8 nopris LC (a); HBMT — 4 noptu MT (6); Vita 66.1 — 2 noptu MT (8);
cimeiicteo VFI — 2, 4, 6, 8 noprie MT (r); ontuuHa cxema FlexPlane (g);

9 nopris MT — oproroHanbHe nigknioueHHs (€); MTP-CPI — 1 nopr

Ans nigknioyeHHs MTP ()

OBITPAHMM 3030POM), OCKINbKM BOHU

6araTo B YOMy MONErWyiOTh NEPEBIpKY,
OYULLEHHS W Yy pPe3ynbTaTi 3MEeHLYIOTb
BAPTICTb CAMOI CUCTEMM B ULINOMY An4
KiHLLEBOrO KOPMCTYBAYQA.

nornagy MAMBYTHE
TA MOTEHLIIAHI NPOBJIEMU,
SKI NTOTPEBYIOTb BUPILLEHHSA

06’€qHABYOT MAATU MOBWMHHI MICTUTK

ﬂlopoxm KQPTU NS ONTUYHUX PO3 EMiB

KinbKQ QCMeKTiB:

Bepci'l', O NiATPUMYIOTb HOBI BAPIAH-
TM 3QCTOCYBOHHA, TAKI AK QPXITEKTy-
pa CTiloK, Wo nepenbayae ceprosHi
MEXQHIYHI Jonycku npu 3abe3neyeHHi
BMCOKOI HOMIMHOCTI ANg BEUKMUX, Ha-
CMYeHUX nnatamu kopnycie Ta/abo
pilleHb HA OCHOBI 3HIMHMX BCTABHMX
6nokis.

Bepcii 3 HMXuUMM crnonydeHnm 3ycur-
nam Ha oboimy abo BOMOKHO ans
E€KOHOMIYHMX KOHCTPYKLiM KapT Ta
06’ enHyBANLHOT MNATH.

BKJ'HO‘-leHHﬂ ANbTEPHATUBHUX TEXHO-
norin MYNbTUBOJNTOKOHHUX  OMTUYHUX
HOKOHEYHMKIB, LO CMNpOLLYIOTh PO3-
FOPTAHHS TA BWKOPWCTOHHS MPU Of-
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HOYACHOMY 3HWXEHHI BUTPAT HA OYM-
LEeHHS TA MepeBipKy, WO CKOPOYYE
3aranbHy BAPTICTb CUCTEMM B LIOMY.

e [loniNWEHHS B TEXHOMOMAX OUYMLLEHHS
TQ NEPEBIPKM.

. Hi,u,TpMMKo HOBMX TMMIB BOJSIOKOH O/s
36iMbLIEHHA  WiNbHOCTI, 3MEHLUEHHS
obBCAry BOIOKOH.

e [loTeHuinHi sycunna 3i cTaHOapTH-
3auii, wo 3a6esnedyoTs Heaneky Ha
CTOPOHI NPOno3unuii Ta 36inbLYOTL
obcArM 30 PAxyHOK Binbl WWPOKOrO
BNPOBAOXKEHHSA.

Y 3B513Ky 3 YCIM CKA3AHMM Yy CTATTI KOM-
naria Molex nponoHye wupokuin cnekTp
ONTUYHMX MiX3 €AHAHL 06’ €NHABYOT NNATH,
AesKi 3 NPUKINAAIB NOKA3AHO HA PUCYHKY 2.

Jlirteparypa:

1. Optical Backplane Connectors. Dense
i Highly Engineered Interface Technology.

www.literature.molex.com/SQLImages/
kelmscott/Molex/PDF_Images/987652—
1151.PDF

2. Generic Requirements for Multi-Fib-
er Optical Connectors. www.telecom-in-
fo.telcordia.com/site-cgi/ido/docs.cgi?
ID=236363873SEARCH&DOCU-
MENT=GR 435 (N
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HOBWW PEKOPJ, LUBUAKOCTI
NMEPEAAYI JAHUX

[pyna nocnighmkis 3 Snowii crana
BOJIOAQPEM HOBOIO PEKOPAY LLUBMAKOCTI
nepenayi garmnx, akmvi craHosus 1.02 ne-
Tabiry 3a cexyHay. binbw TOrO, UKOrO
pekopay 6yno OCAHYTO 30 ZOMOMOIo0
OMNTOBOIOKOHHUX KAGEJIiB, MOBHICTIO Cy-
MICHHMX 3 [CHYOHOKO KOMYHIKQUIMHOK iHG-
pactpyktyporo. [na nosigku, 1 netabit
JOPIBHIOE MiTIbHOHY rira6itis, i ue o3Ha-
YQE, WO AOCATHYTA LBMAKICT NEPERAYi y
100 m1cay pasis wemaLie, Hix HOALLIBIG-
LUQ LIBMAKICTb JOCTYY 4O IHTEPHETY, AO-
CTYMHQA 3BUYQHHMM CrIoxXxmBayam. Takoi
LUBMAKOCTI BUCTQYMTH HA T, 106 nepe-
AaBaTv oaHo4YacHo 10 MinbHOHIB KaHaB
Bineo 3 posginsHoro 3aatHicTio 8K.

Hoswi pekops wsmnakocTi nepesayi
AQHUX BY110 BCTAHOBIEHO BYEHMMM TA iH-
KeHepamu 3 SnoHcbkoro HavioHansHo-
ro IHCTUTYTY IHPOPMALITHO-KOMYHIKALiVi-
HUX TEXHOJIOrIX 3Q JOMOMOroK KiflbkOX
iHHOBaUi¥iHux TexHonoriv. [lo-nepuue,
Y ONTOBOJIOKOHHOMY Ka6es, Lo BHKO-
PHCTOBYETLCA, BYIIO YOTUPHM CKASHI Ka-
Hany, 4Yyepe3 ki NepenaoTsCs ONTUYHI
curHanm. |, no-gpyre, LUMPHMHA KOXHO-
ro kaHany 6yna posuwmpera go 20 Ty
30 PaxyHOK TEeXHOJIOrii CHeKTPaIbHOro
MynbTUIIEKCyBaHHs (wavelength division
multiplexing, WDM). Taky sucoky npo-
nyckHy 3patHicte 3a6esnedye 801 ka-
HQU1 Nepenayi AaHUX, LLO 3QHUMAE CBOIO
YACTUHY B TPLOX OCHOBHMX CHEKTPASIb-
HUX CMYrax, LLUMPOKO BUKOPHUCTOBYBAHMX
C- i L-ecmyrax, 1a ekcrepumeHTanbHik
S-cmysi. Bce ue nmoc Hosi TexHomorii
MTOCHIIEHHS OMTUYHMX CHUTHQTIB MTOC HOBI
TEXHOJIOrIT MOAYNALII AO3BOMIN OTPH-
matu weuakicts nepegayi 1.02 Pb/s Ha
BIAPI3KY OMNTOBOIOKOHHOI JiHii, AOBXM-
Hoto 57. 1 Kinomertp.

3asHaummo, wWo ue He Breplue B
icropii, kommn iHxeHepu NICT B3smm
6ap’ep 8 1 Pb/s. Y rpyani 2020 poky
BoHm oTpumann wemgkicts 1.01 Pb/s 3a
L[OMOMOTOI0 OMTOBOIOKOHHOIO Kabeso
3 oaHmm gapom i 15 mogamum. Ha xans,
TQKMM  Miaxig BUSBMUBCS HEXMUTTESAAT-
HHMM, OCKIrnbKu BiH NOTPEBYE ayxe ckias-
HOI 06pObKM CUrHay 30 [OMOMOroK
Creuiani3oBaHmMX MIKPOCXEM.

BukopucroBysarmii ogHomonosusi
ONTUYHWI CHIHQ CYMICHMHA 3 ICHYIO-
YUMM OMTUYHUMM [PMIIMQYOMM, O COM
kabernb MaE 9Apa, JIOMETPOM B CTAH-
gaptri 0. 125 mm. Lle osHauae, wo Hosa
PEKOPAHA TeXHOIOTIS MAe ByTH CyMicHa
3 eIEMEHTAMM ICHYIOYOI KOMYHIKQLIMHOI
IHGPACTPYKTYPH TA 3 TEXHOMOMNYHMMM
BUPOBHUYMMM [IPOLIECAMM.

https://newatlas.com
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Onekcanpp Camapin, Bikrop €ropos

3M (konuwHg Ha3ea Minnesota Mining and Manufacturing Compa-
ny) — amepuKaHCcbKa XimiuHa KopropaLlis, Lo NPALIOE B ranysi npo-
MUCNIOBUX TOBAPiB, TOBAPIB MNOBCAKAECHHOrO NONUTY TA AJIS OXOPOHU
3A0pOB’s, d TAKOX 6ararboXx iHWKUX NPOAYKTIB, AKi MAIOTb perynsap-
HMIA NonuT ang XurtesabesneueHHs moauHu. Haleigomiwmii i Tpa-
AVUIAHWIA NPOAYKT KOMMAHIi, 6e3cyMHIBHO, yHiBepcanbHa CTpiuka
Scotch, wo kneirb. Mporte B aaHuii yac komnaHia 3M cyTTeBo po3Lum-
puvuna chpepu CBOEI AiNbHOCTI Y 6iK BUPOGHULITBO BUCOKOTEXHOJOriU-
HUX MaTepiasniB Ta KOMMOHEHTIB Ansa eneKkrpoHiku. OgHum 3 ycniw-
HUX HANPSMIB, LLIO PO3BUBAIOTLCS, CTAJNIO BUPOGHULITBO eNIEKTPUUHUX
3’egHyBauiB. 3'egHyBaui TMny MDR (Mini D Ribbon) xomnanii 3M
KOPUCTYIOTbCS 3ACY)KEHOIO AOBipOIO CMOXXUBAUIB 3ABAAKU BUCOKIN

SAIKOCTi Ta HaZINHOCTI.

ICTOPIS KOMIAHIi 3M

KOMI‘IOHiﬂ 6yna sacrosana B 1902 poui
8 CLLUA 8 wrati MinHecota n'atema
NIATPUEMLAMM 3 METOIKO OPraHi3aLii BUAO-
OyTKY TG BUKOPUCTAHHS MIHEPANY KOPYHA
K aBPA3MBHUX Kifl, HAXAAKOBOTO mane-
py Ta wnipysansHux matepianis. Hogani
KOMMQHI PO3LWMPMIA HOMEHKNATYPY TA
CEKTOPM 3ACTOCYBAHHSA CBOEI MPOAYKLI.
Hacamnepeg ue 6ynn matepianu Ta npu-
CTPOT Ans opraHisauii nobyTy: GpinbTpu ans
OYMLLIEHHS BOAM TA MOBITPS, KAHLENAPCHKI
TOBAPM AN AOMY Ta odicy, nobyTosa xi-
Mif TO CUCTEMM KPINMEHHS, KyXOHHI MUIOYI
30C0O6M, ABTOKOCMETMKA, MOAIPONi TOLWO.
BuHaxin nposopoi cTpidku ckoTy npuHec-
110 KOMMNAHIT CBITOBY monynapHicTs. bpera
«CKOTY» CTOB KIIOYOBMM N8 KOMMQHII.
Croxwueaui y BCbOMY CBITi CTAMU LUMPOKO
BMKOPMCTOBYBATU CKOTY [ANf MAKYBAHHA
TOBAPIB, PEMOHTY KHMI, mebnis, nobyTo-
BMX MPMNQAIB TA TEXHikW. 3 yCix 3apee-
CcTpoBaHMX Toprosux mapok 3M Scotch
€ HaMBIgOMIWO0. 3a AEAKMMM OLIHKAMM,
L0OHO TOProBA MOPKA 3aMMaE 76-e micue
y CIUCKy Haibinblumx GpeHais caity, a ii
BAPTICTb cTaHOBUTL $5413 mnH. 3arans-

HUM OBCAr NMPOACXKIB KOMMNAHIT y CBITi B
2020 poui nepesnums $33 mnpa, wo
pobuts Ti 95-010 y cnmcky HARGINbLIMX
kopnopauin CLUA. Cranom Ha 2021 pik
y komnawnii npautoe noHan 94000 oci6 y
70 kpaiHax csity.

Y NOBOEHHI POKM KOMMAHis ONAHYBANA
BUMYCK MArHITHOT CTPIYKM )15 MOTHITODO-
His. Y 1960-80-1i poku 3M surotosnsna
ayfio-, BiAeoKaCeTH, rHyYKi MArHITHI BUCKK
ans komn'loTepis. Brpata puHKy MarHiTHMx
KQCeT, HO AKOMY CTQNIM LOMIHYBATH AMOH-
cbki BpobHukmn TDK ta Maxell, smycuna
3M pectpyktypusysaTtu GisHec. Y pesynb-
TATi YTBOPMANCA HOBI CEKTOPM, 30KPEMA
BUPOBHULTBO €M1EKTPOHHUX KOMMOHEHTIB.
BurotosnenHsa enektpmuHmx 3’emHyBa-
Y4iB TAKOX CTONO YCMIWHUM HAMPSMKOM
komnanii 3M. Lli npuctpoi kopuctyioTb-
CA  3QCNYXEHOK [OBIPOIO CMOXMBAYIB
Ta 306e3nevyioTb BUCOKMIA pPiBEHb SKOCTI
TA HOA[IMHOCTI enekTPOHHOI anapaTypw.
3’enryBaui NpoBoAis, WO NPAWOIOTL 30
npuHuunom U-nogibHoro npokonioiouoro
KOHTQKTY 3HOMLUAM HAWLWMPLUE 3ACTOCY-
BAHHS B MPAKTULL €NeKTPUYHOTO MOHTAXKY
ak cunoewx nanuoris (Scotchlock), Tak
i enekTpoHHOT anapaTypu.

KJIIO4OBI TEXHOJOri
3’€AHYBAYIB MDR

CbOFOﬂHi 3’epgHysadi Tuiny MDR — wue
LUMPOKO TMOLLUMPEHWUIA TUM enekTpuy-
HOro PO3’eMy ANs PI3HUX MPOrPAM, HONPK-
KNQA, Y KOMN I0TEPHOMY TQ TENEKOMYHIKQ-
UIMHOMY O6NaAHAHHI.

Bunka i posetka pos’emHOro 3’eaHan-
HS MAIOTb ABA NAPONENbHI PAAM KOHTAKTIB
ycepeamHi kopnycy xapakrtepHoi D-no-
Ri6HOT POPMM, AHANOTIYHOT TiM, L0 BUKO-
PUCTOBYETLCS B HOAMiHiaTIOpHUX D-pos’e-
Max. Ak Nprknag Ha pUCyHKy | MOKa3aHMiA
saranbHuit Burmnag 20-KOHTAKTHOT BMIKM
MDR y BMKOHQHHI 3 E€KPAHOBAHWM KOP-
MYCOM, G HO PUCYHKY 2 — 14-kOoHTAKTHQ
PO3EeTKA Ans NMOBEPXHEBOrO MOHTAXY HA
LI PYKOBOHY MAATY, BUKOHAHO B €KPAHOBA-
HOMY KOPMYCi 3 3ACKOYKOIO.

KoHTOKTOMM BUIIOK TG PO3ETOK € Hese-
NMKI NNOCKI MeTaneBi CMYXKH, fKi HA3MBA-

Puc. 1. 3aranbHuii BUrnspa eKpaHOBAHOI
20-koHTakTHOi MDR-BUANKK
KomnaHii 3M

Puc. 2. THizpo (po3etka) Ha 14 KoHTAKTIB
ANS NTOBEPXHEBOr0 MOHTAXY
3 eKPAHYBAHHSIM TO 3ACKOYKOIO
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tOTb CTPIYKOBMMM KOHTOKTAMM. HomeHkna-
Typa 3'€QHYBOYIB MPEACTABIEHA BUIKAMM
TG PO3ETKAMM 3 PI3HUM YUCIIOM KOHTOKTIB.
Komnanis 3M sunyckae MDR-pos’emn 3 14,
20, 24, 36, 40, 50, 64, 68, 80 ta 100 koH-
Taktamu. Boru moxyTb ByTi BCTQHOBNEHI
HO OPYKOBAHMX NAATAX, NAHENSX NPUNOAIB
abo kiHuesmx kabensx. [nsa kabenbHmx Bu-
NOK € BUKOHQHHS AN MOHTAXKY (HaKOMKM)
HO cTpiukoBuit kabenb (Ribbon), a Takox
IANA MOHTOXXY naikolo abo obnpecysaH-
Ham. s 06’ emmHux (kpyrmnx) kabenis gpoTw
KPINAATLCA MPUNOEM aBO OBMNPECYBAHHAM.
A NpyY MOHTOXXI HO MAOCKMIM CTPIYKOBUI KO-
Genb BrkopucToByeTbcs TexHomnoris IDC —
CTBOPEHHSI TEPMETUUHOTO ENEKTPUYHOTO
KOHTOKTY 30 AOMOMOTOIO 3MiLLEHHs (mnac-
TMYHOTO 3CyBY) i3onauii GAraTOXMALHOMO
apoty. Bunku (plug) matots sawinHi (3o0-
CKO‘-IHi) 30MKM Ana HOLIMHOrO 3 €AHAHHS
3 posetkoto (receptacle). [na dikcauii
3'€AHAHb TAKOX MOXHQO BMKOPUCTOBYBATH
reuHTH. Basosumu TexHonoriamu, wo su-
3HAYAKOTb XAPAKTEPHI 0COBAMBOCTI AAHO-
ro 3'egHyBaYQ, €
e TexHonoris cTpiykosoro kabenio (Rib-
bon);
e TexHonoria crpivkosmx U-nopibHux nig-
MPYXUHEHWX KOHTOKTIB y P03’ €MaXx;
o texronoria IDC Hakonkm BUAKM Ha
CTpiukoBMI Kabenb.

IcTopis cTpiukoBoro ka6enio

Crpiukoeuit kabens 6ys BUMHANAEHMA
1956 poky komnanieio Cicoil Corporation.
[HXeHepu KoMNaHIT 3aNPONOHYBANU BUKO-
PWCTOBYBATU CUIIKOHOBY rymy ffisi GOpmy-
BAHHS MIOCKOTO KABeno, Wo MICTUTL ae-
KiflbKO MPOBIAHMKIB OAHAKOBOTO PO3MIpY.
MeTa uboro BuHaxogy — 36inbLieHHs npo-
LYKTMBHOCTI, TEXHOMOTYHOCTI BMIOTOB-
NEHHA, O TAKOX HAZIMHOCTI KabBenbHoro
nposigHoro montaxy. Crpidkosuit kabenb
WBMAKO HABYB MOMYNAPHOCTI y CMOXUBA-
uyis. 30KpemMa, DO3BOMME TAKMM KOMMQHi-
am, sk IBM ta Sperry/Univac, saminmmu
FPOMI3AKI XXOPCTKI Kpyri Kabeni rmagkumm
FHYYKMMM CTPIYKOBUMM KaBenamu.

Mepuwi cTpiukosi kabeni BUKOPUCTOBY-
BANMCA Y KOMM IOTEPHIN MPOMMUCIOBOCTI.
Crpiukosi kabeni BUPOBASIOTECS PAAOM
PI3HKMX KOMNQaHIK, y Tomy uuncni 3M. Bynu
po3pobneHi MeToaM Ta martepiand ans
CMPOLLEHHS TA 3HWXKEHHA BAPTOCTI CTPiY-
koBMXx Kabenis 30 PAXyHOK CTAHAAPTH-
30Uii KOHCTPYKLii TO BIACTAHI Mi>XX NPOBO-
OOMM, O TAKOX TOBLUMHM izonauji, wob ix
MOXHO Byno nerko MigkmounTH 30 4omno-
Moroto pos’emis amiwenns isonsuii (IDC).
Mpoctota kabenis, ix HU3bKMI Npodink
TG [OCTYMHA BAPTICTL 3a6esneunnu wu-
POKWI CNeKTp 3ACTOCYBAHb CTPIYKOBMX
kabenis y KoMn'loTepax, MPUHTEPOX Ta
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6araTbox HWMX ENeKTPOHHUX MPUCTPO-
ax. Ha pucyrky 3 nokasanuit 30BHiwWHiINA
BUIMSL TMMNOBOrO CTPIYkOBOro kabesno
komnanii 3M. Crpiukosi ka6eni 3a3suuai
30CTOCOBYIOTHCS /1S BHYTPILUHIX 3'€AHAHb
y KOMN'IOTEPAX, NepUPEpPitHmMX NPUCTPO-
X, TAKUX SK XOPCTKi AUCKKU, MPUBOAM KOM-
NAKT-AUCKIB TQ BUCKOBOAN THYYKMX AMUCKIB.

TexHonoris IDC

KontakT amiwenns isonsuii (IDC), To-
KO BILOMM SIK KOHTAKT 3 MPOKOMOBAHHSAM
isonauii (IPC), asnse coboio enekTpuyHuit
3'enHyBAY, NPU3HAYEHUI ANS MIAKITIOYEHHS
0O NPOBiAHMKG aBO NPOBIAHMKIE i30M1bO-
BAHOTO kabenio 30 JOMOMOrol MPOAAB-
MIOBAHHS 3aTOYEHUX V-NOAIBHNUX HOXOBKX
KOHTQKTIB 4yepes i3onduito 3'e,u,HyBc1Horo
nposigHuka. [lpu UBOMY HOXOBMI KOH-
TAKT i3 3ycunnam OBTUCKAE BHYTPILLHIN
MIgHWIA NPOBIL 6E3 BUKOHAHHA 3AYMCTKM.
CTBOPIOETLCA FA30HENPOHUKHE ENEKTPUY-
He 3'eaHaHHA Be3 NasHH:, 3ArBUHYYBAHHS!
abo 3HaTTa izonauii (puc. 4).

Texwonoris IDC 6yna pospobnena
3aeaakn pocnipxerHam Western Electric,
Bell Telephone Labs ta Husku iHWMX kom-
nawii. Cnoyatky Texronoris IDC npusHa-
4aNACs Tinbku A 3’ €AHAHHS OLHOXMIbHUX
NPOBOAiB, Ane 3rofom Byna PosLMpPeHa
i ANA MOHTOXY OGAraTOXMIbHUX MPOBO-
ais. Cnouatky IDC-texHonoris MOHTaxy
BMKOPWCTOBYBANACA NULLE Y AOAATKAX 3i
CNABKOCTPYMOBMMM  CUTHANAMM  HU3BKOT
Hanpyrv. Tenep TexHonoria nowupe-
HO B MOBYTOBMX | MPOMMUCIOBUX HM3bKO-
BONbTHMX (cMnoBmx) npuctposx. Ha pucyH-
Ky 5 npepcrasnexi gsa cnocobu MOHTAXyY
CTPiYKOBOrO kabeno Ha Po3’em.

TexHonorisa cTPiYKOBUX KOHTAKTIB

3’enryBansHa cuctema MDR mictuts
CTPIYKOBMIM KOHTOKT i3 KPOKOM KOHTAKTY
0.05" (1.27 mm). 9k poseTka, Tak i Buaka y
BIANOBIAb MAE NIANPYXUHEHI KOHTAKTM ANg
HOAIMHOrO 3 €AHAHHS Nig 4aC LMKIiB BCTAB-
KM Ta BUnydeHHs. Y kabenbHux po3’emax
BMKOPUCTOBYETLCA V NOAiIGHUIA HOXOBMMA
KOHTOKT Ans 3CyBy (3MilleHHs) isonauii B
30HI KOHTAKTY 3 MPOBOAOM.

KOHTOKT LWITAOMNOBAHMIA 3 BUCOKOSIKIC-
HOro MigHoOro cnnasy, wo 3abesnedye
BiAMIHHE MOEQHAHHS MEXAHIYHOT MILHOCTI,
eneKTPONPOBIAHOCTI TA KOPO3iMHOI CTiN-
KOCTI.

KonTakTHi napu 3’eaHyBasa — Ha
Bunui Ta posetui U-nomiGHi  cMyxKoBi
nignpyxuHeni. [pu 3’egHanni cnovatky
BiIOYBAETLCH KOB3AHHS KOHTAKTHUX CMy-
xkoBux nap (wiper-to-wiper) no dikcauji
3 YTBOPEHHAM HAAIMHOI MAAMM KOHTAKTY
enekTPUYHOro 3’eaHaHHa. MakcumansHmi
CTPYM BJ19 OJHI€l KOHTOKTHOI CMYXKOBOI

EAEKTPOMEXAHI4YHI KOMMOHEHTA

Puc. 3. Crpiukoeuii 3M-ka6enb:
nnockuii, Kpok 1.27 mm,
6araroxunbHuii, Cu,9 X 26 AWG,
kpyrna NBX-o6onoxka

T

Puc. 4. MpokonioBaHHs isonsauii
cTpiukoBoro Ka6enio, a NoTim
dikcauis nnacrukosoio

NJAHKOIO 3aTucKkaya

Puc. 5. iBa cnoco6m MOHTaXY
NPOBOAOBOro Nnockoro wnendy.
3niBa: 06po6ka NposoAOBOro
wneiidy nig naiky;

CcnpaBa: 3anpasnsiHHA wnendy
Hakonkoto Ha UDC-po3’em

napu — po 1 A. Marepian koHTakTiB —
npy>Ha 6poH3a.

[TOKPUTTS KOHTAKTHUX CMY>KKOBMX MAp:
sonoto (0.76 mkm) 3 6ydepHnm niguapom
HiKenio ans obmexxeHHs audyHIYBAHHS QTO-
MIB Mifli B 30710T€ MOKPUTTS TA NEepPeLLKOan
npouecy cynbdianHi3auii Migi KOHTOKTIB 3
arpecuBHoOi  atmocdepu. [apaHToBaHMIMA
YOCTOTHMIA [iONA30H CUrHOAMIB, WO 3a6e3-
NevyeTbCsi KOHTAKTHOWK napoto, — o 1 [Ty,

ICTOPIS1 PO3POBKU
MDR-3'€AHYBAYIB

a30BA  TEXHOMOTiA TA KOHCTPYKUIA
MDR-3"egryBauis 6ynum BUHAMAEHT KOM-
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naniero Amphenol. Mpoaykuis 3apeko-
MeHaysana cebe K BUCOKOHAAIMHA i Tex-
HOMOTYHA | HEe3abapPOM CTaNa WMPOKO
30CTOCOBYBATUCA HA PUHKY NOOYTOBOI
TA MPOMMUCIIOBOI enekTpoHiku. [lonut Ha
3’eHyBAYI LBOrO TUMY MOCTIMHO 3POCTAE.
B naHmit yac wupoky HomeHknatypy 3'en-
Hysadis My MDR sunyckaiots 6arato
komnain, Takmx sk 3M, TE Connectivity
(paniwe Tyco Electronics), Hirose Electric
Group Ta YMCEHHI KUTARCbKI BUPOBHMKM.

CEPIi 101 TA 102 3'€QHYBAYIB
MDR KOMIMAHIi 3M

3'ep.HyBoqi UMX Cepiit MQIOTb KPOK BM-
sogis 1.27 mm (0.05”). Ha 6asi MDR-
3'€AHYBAYIB MOXHA PEanisyBaTH TPU THMK
3’eqHaHb:

e nnara-nnata (board-board);

e kabenb-kabens (wire-wire);

e nnara-kabens (board-wire).

Bunka 3’enrysavis (cepis 101) moxe
MOHTYBATHC HO kabenb, HA APYKOBAHY
nnaty a6o Ha nadens npunaais. Yactu-
Ha 3’eaHyBada — posetka (cepia 102) —
MOHTYETbCA HA MNOCKMit kabenb abo Ha
apykoeany nnaty. Cepis 101 mae mogeni
3 KOHCTPYKLEID BWIKM [f1 MOHTOXY $K
Ha nnockmit kabens (IDC), Tak i ans 3su-
YAHOrO MPOBOAOBOTO O6'EMHOTO MOH-
Taxy kpyroro kabenio. Y HOMeHKNaTypi
cepin 101 ta 102 € 3’enHyBaui 3 uncnom
susogis 14—100.

Honyctummit pan susopis ansa 3'enHy-
sadis MDR supobruurea 3M: 14, 20, 26,
36, 40, 50, 68, 80, 100. Mpu subOPI cnig
BPOXOBYBATH, LLLO A71S1 PI3HUX KOHCTPYKTHB-
HMX BMKOHOHb MiATPUMYETLCS HE MOBHWMA
PS4, TMNOPO3MIPIB MO BUBOAOX.
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Puc. 6. Bapiantu koHcTpyKuii ka6enbHux MDR-Bunok cepii 101

101 cepis MDR-3'egHyBauiB (BUNKU)

KabenbHi BUMKM BUMYCKAIOTLCS B TPLOX
BAPIAHTAX: 15 MOHTOXKY HQ MAIOCKUHM Lneid
(Bunka 6es ekpaHy), MOHTAX HO MAOCKMMA
wneid (BUNka 3 EKPAHOBAHUM KOPMYCOM)
TG BMIKQ, WO EKPAHYETLCH Mg 06 EMHMI
NPOBOAOBMI MOHTOX Kpyroro kabento. Ha
pUCyHky 6 MOKA3GHO TPW BAPIGHTM KOH-
cTpykuii kKabenbHux eunok cepii 101.

Ina cammx nposoposux kabenis Ta-
KOX MOXIIMBE BUKOPUCTAHHA EKPAHYBAH-
Ha (puc. 7).

102 cepis MDR-3’egHyBOuiB
(posetkm)

Moxnuei gea BapiaHTM po3eToK 3
MOHTaxem 6esnocepenHbO HA APYKOBA-
Hy nnaty abo Ha npunagosy nadens. Y
APYroMy BMNOAKY HO KOHTAKTHY rpyny Ha-
KOMIOETLCA MIOCKMIA MPOBIAHUA Luneind.
YactuHo-signosiab kabensHoro wnendy
Moxe 3'€HYBATMCA AK 3 PO3 €EMOM, BCTA-
HOBJIEHUM HO APYKOBAHIM NnaTi, TAK i 3
IHLUMM BHYTPILLHIM MOBYNBHUM MPUCTPOEM
npunagy. Hanpuknag, i3 Hakonuyysadvem
HO XOpCTKOMYy Aucky. [ns BapianTa 3
NASHHAM KOHTOKTIB PO3eTkKn Ha nniaTy €
BMKOHOHHS Mifi NAWKy BMBOAIB B OTBOPMU
TG AN NOBEPXHEBOro MOHTAXY. [ns 060x
BUKOHOHb NepenbayeHi BapiaHTH MOHTO-
Ky 3 PI3HOIO OPIEHTALIEID KOHTAKTYIOYOI
rpynmM — BUINKA 3 BEPTUKANTbHUM NOJNOXEH-
HAM i BUINKQ 3 KOHCTPYKLIEIO «MPSMUIA KYT».
Ha pucynky 8 ak npuknan nokasaHui
BAPIAHT KOHCTPYKLIi €KPAHOBAHOI po3eT-
k1 (cepis 102) pns MoOHTaXy HO naHens
npunagis. 3 6oKy NPUNAsY HOKOMOETLCSA
nnockui IDC-wneind. Ha pucyHky 9 Hase-
LEHO NPUKNAA KOHCTPYKLIT €KPAHOBAHOI
PO3€ETKM, MOHTOX B OTBOPM HA MAATY, 3
BepTMKanbHO opieHTauieo (cepia 102).

Puc. 7. BararoxunbHuii nposip 3600B-
50 — kabenb, 25 X 2 x 28 AWG,
ekpaHoBaHwmiA, B IBX-06050HLi

Puc. 8. Pozetka cepii 102, MOHTaX
Ha NaHenb NpunaAais,
nnockwuii IDC-ka6enb

Puc. 9. BeptukanbHa posetka
€eKPAHOBAHA HA NAATy,
MOHTCK B oTBOpM (cepis 102)

3’€eAHYBAYI «MJIATA-MJIATA»

3'6JJ,HOHH$| E€NEeKTPUYHUX CUTHOMIB MiX
LIBOMA IPYKOBOHUMM MIAATAMMU MOXYTb
OyTM pPeanisoBaHi 3QCTOCYBAHHAM Cepil
MDR-po3’emis — Bunox (cepis 101) Ta po-
setok (cepia 102). Ha pucynky 10 noka-
3QHi BAPIQHTM CNONYYyBAHMX 3 €AHYBAMIB
cepin 1011 102.

Puc. 10. 3'egHyBavi ANS 3UNEHYBUHHS «MAATA-MAATAO»: BUIKA EKPAHOBAHA HA NAATY, NPSIMUIA KYT, MOHTAXX B oTBOpHM (cepis 101) (a);
pO3eTKa eKPAHOBAHA HA NAATY, NPSIMUIA KYT, MOHTCX B oTBOpM (cepis 102) (6); po3eTka HEEKPUHOBAHA HA NAATY,
NpSIMUIA KYT, MOHTCK B OTBOPM, 6€XXeBuii NNACTUK Kopnycy (B); pO3eTKa HEeKPAHOBAHA HA NAATY, NPSIMUIA KYT, MOHTCDK
B OTBOPM, YOPHMUIA NAACTUK Kopnycy (r)
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OBJIACTI 3ACTOCYBAHHSA
MDR-3'€AHYBAYIB

3/€J1HyBC|l-Ii 3M MDR — sigmiHHe pi-

LEeHHS AN BUCOKOLIBMAKICHUX UM-

POBUX [HTEPdENCIB 3 BUKOPUCTAHHAM

HU3bKOBOMLTHUX AMMEPEHLIANbHUX CUrHA-

nie, Hanpuknaa, ans Bumornneux LVDS-in-

Tepoeiicis. TMNOBI CepiiHi 30CTOCYBAHHS

MDR-3’earyBauis:

e 24-suinHui konekTop: IEEE 488 (GPIB)
iHTepdenc;

o  36-suBigHnit konekTop: IEEE 1284 na-
panenbHuit iHTepdpenc aanux;

o 50-suBigHunit koHekTop: SCSI-1 iHTep-
deiic;

e 50-suBigHuit koHekTop: RJ2TX telco
connector ans TenedoHHUX CUCTEM;

o 20-suBigHnit VESA/DFP, MDR mowTy-
€TbCA HA NPMUCTPOI XOCTq;

e xonektopu Panel Link/TMDS-inTep-
¢eitcy PK-moniTopis;

e 3'eaHyBOY AN UMPPOBUX AUCMIEHHUX
inTepdericis, cektopa Datacom- ta
Telecom-popaTkis;

e koHektop ansa LVDS FP Link, Flat Link,
Channel Link;

®  KOHeKTOpM iHTepdeiicie andepeHLians-
HUX CUTHAIB i3 GOMLrOBUM EKPAHOM;

®  BHYTPIWHI unbpPOBi NPUNAKOBI iHTEP-
deicn 3 expaHyBaHHaM | Bes;

e kabenbHi MDR-wnedidu ans xopcrkmx
YMOB eKCrnayaTauii.

Pos’em MDR moxHa no6aunti Ha Bu-
npobyeansHoMy obnagHaHHi  Tektronix,
TAKOMY sIK QHANI3aTOPK CnekTpy cepii RSA,
nanpuknan RSA3408, RSA5103.

Blank = Stand., PBT Insulator _T

N = High Temp. Option, PCT Insulator

Y1cno KoHTaKTiB
A0 =100

BUBIP 3'€AHYBAYIB TA CUCTEMA
MO3HAYEHDb AJ19 3AMOBJIEHHA

ns oNTUMansHoro sMbopy napu 3’ea-
ﬂ‘HyBOLIiB TG AKCecyapis 4O HMX BIANO-
BilHO OO MPWM3HAYEHHS TA KOHCTPYKTHB-
HUX BMMOT MOHTOXXY CHifi KOPUCTYBATHCS
nocibrukamu [1, 2], cneuiansHo pospo-
Gnenumn komnariero 3M. Hacamnepen
NOTPIBHO BPAXOBYBATM HOSBHICTb MOX-
NUBUX BAPIAHTIB KOHCTPYKTMBHOIO MOEA-
HOHHSI NAp «BUIIKA—po3eTka». BignosigHo
0O PEKOMEHAALH BUOMPAIOTL KATANOXHI
HOMEpW BMIOK TA PO3ETOK Aflsi KOXHOrO
KOHKPETHOTO PO3’EMHOTO 3'€AHAHHS.

Ha pucynky 11 nokasaHo sapiaHT
nosHaueHHs posetkn MDR (cepis 102).
I_Iepu_lmﬁ iHOEeKC — TUN AienekTpmka (nnoc-
TMKQ) OCHOBM BMIKKM 060 poseTkn. Mox-
nvei BapiaHT1 (tabmuus 1) — sukopucTo-
syeTbea PBT (cTaHpapTHuMin BapiaHT, iHaekc
NOPOXHiN) a60 GinbLu CTIAKUIA NPU BUCOKIi
temnepatypi PCT — inpekc N. PBT —
nonibytuneHtepedTanarT, BiH CTIMKWA A0
YyOApPIiB, 3HOCOCTIMKWI, BIPI3HAETHCH BU-
cokolo MiunicTio Ta xopctkictio. PCT —
TepmonnacTuyHui noniedip, ananor NMET
(@60 TET®, nonietunentepedtanary).
[TET — nposopwit matepian, Mae BUCOKY
MILHICTb, XOPOLLY NAACTUYHICTL (9K y HO-
PITOMY CTQHi, TAK | B XONOAHOMY), XiMi4HY
crivikicts. [ani 8 no3HayeHHi cToits Homep
cepii (tvn) 3’emrysaua: 101 — sasxam
sunka (plug); 102 — posetka (receptacle).
[Ticns Homepa cepii BKO3AHO YMCIO KOH-
TakTis, Hanpuknag, 24. Ons uucna kow-
takTie 100 BUKOPHCTOBYETLCS NO3HAYEHHS

X102 XX-62X2PC

Pi3b6bneHHs

FBUHTIB KPiNAeHHA
0=M 2.6 (Special)
1=M 2.5 (Standart)

Puc. 11. Cucrema nosHayeHb MDR-3’eaHyBauiB nig 4ac 3amoBNeHHS

OCHOBHi XapaKTEePUCTUKM MaTepianiB, L0 3acTOCOBYIOTbea Y 3'eaHyBa4yax MDR

Marepian pienekrpuka

Mnacrtuk (noniecrep PBT a6o PCT i3 nopowkosum
CKJIOHAMOBHIOBAYEM, L0 3a6e3nevye BUCOKi

po6oui Temneparypm)

Bornecrivikictb

knac UL 94V-0

Konip nnactuky

YopHuii (PBT) abo 6exeswit (PCT) —

BMCOKOTEMMNEPATYPHE BUKOHAHHS

Marepian KoHTaKTIB

MpyxHa 6poHsa

BydbepHuit nigwap koHTakTiB

Hikenb 2.5 mkm

30HQ 3UNEHYBAHHS

3onoto 0.76 mkm

MokpuTTs 30HK 0OCIYrOBYBAHHS

301070 3 NiAWAPOM HiKeno

Marepian kopnycy

LinHkosui cnnas

[MokpwuTTst KOpNyCY

Hikens

EnemeHTy kpinneHHs

Marepian — cranb; NOKPUTTA — Hikenb

TemnepaTtypHuit 4ianNas3oH, TUMOBHIA

—20..485 °C

Po6oua temneparypa

=55..4105 °C ans kabenbH1X BUIOK 3 NAAHHAM NPOBOAIB,

Hanpuknag ans cepii 101
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Puc. 12. 3aranbHuii BUrnap,
NAGCTUKOBOrO KOXYXa
Anga ka6enbHoi 14-niHoBOI
Ka6enbHOI BUNKK
3 EKPUHYBAHHAM

A0. HacrynHa upndbpa — 3aBOACHKMIA HO-
mep mogeni. Okpema nosuuis ans subopy
HOMIHANY Pi3bONEeHHA KPIMMUAbHUX TBUHTIE:
0 — pissbnenns M2.6 (noitmosa) Ta 1 —
CTaHAAPTHE MeTpuyHe M2.5.

KOXYXU Ang KABEJIbHUX
BUJIOK

Koxyxm ans KaBenbHUX BMIIOK MOCTAB-
NSOTbCA TA 3AMOBASIOTHCS OKPEMO.
MoxnuBi BapiaHTH KOXYXiB 3 eKpaHyBAH-
Ham Ta 6e3. MaTtepian Koxyxa — nnactuk
abo metan. Y HomeHknatypi 3M e koxyxu
N9 KABENbHUX BMMNOK i3 YMCIOM KOHTAKTIB
14-100. Mepenbaueri Bubip KOHCTPYK-
Uil 3 pi3HOKO OpPIEHTALIEIO BUXOAY MNPO-
BOJOBOIO kaBENo — MPAMA 4M KyTOBQ.
[na Bm6opy BIANOBIAHOT MOAENi KOXyXa
cnip kepysatuca matepianamu [1, 2]. Ha
pucyHKy 12 NokasaHwi Npuknag nnactm-
KOBOro Koxyxa ans 14-kontaktHoi MDR
Ka6enbHOT BUIKM.

IHCTPYMEHT AJ19 3AKJIAGEHHSA
LUNEA®DIB B MDR-3'€AHYBAYI

ﬂKiCTb TG AOBrOBIYHICTb €NEeKTPUYHOTO
3'€AHAHHS B 30Hi 3uneHyBaHHS (Hakon-
k1) IDC-konHTakTis MDR-3’earysadis Ha
NPOBIAHMIA Wwnend 3anexuts Big sKOCTI
nposeaeHHs onepauii kabenbHoro 3a-
npaenaHHa. [oTpibHo 3a6esneunTu pis-
HOMIPHICTb TUCKY i3 3QLAHWM 3YCUIIAM.
bes sactocyeanHs cneuiansHoro Habopy
IHCTPYMEHTIB HEMOXJIMBO TFAPAHTYBATH
BMCOKY HaaiiHicTb 3’ earanns IDC. Bupob-
HUKW 3'€AHYBQYIB BMMYCKAIOTb BIANOBIAHI
HaBGopU IHCTPYMEHTIB, Wwo 3a6e3neuyioTs
TEXHONOTMYHWIA  PernameHT KabenbHoro
3anpaBnsHHA. [HCTpyMeHTH ana 3anpas-
NAHHS KOHTAOKTIB, Takox Bigomi sk IDC
Tools, BukopucTOoBYIOTECA 3 PO3’ema-
mu IDC ana sHatTa, o6TMcKy (3'emHaHHs
asox abo 6Ginbwe metanis pasom) abo
3ANPOBAAHHSA (I'Ii,l],KJ'HO‘-IeHHﬂ kabenis oo
iHWKx kabenis abo NpucTpois) nposogis,
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EAEKTPOMEXAHIYHI KOMIMOHEHTU

Kpuwka ctonopy

K h
o
bo

:

LWecTurpaxnuit kntoy

ka6enis MDR-Bunok

Puc. 14. 3anpaensiounii kabenbHuiA
npec moaeni 10960
KomnaHii 3M

Mepexesux kabenis abo enekTpUYHMX
KOMMOHEHTIB, sIKi MigkioYeHi 1o po3’emy
ICD. basosum npuctpoem € npec (pyy-
HUIA un HacTinbHW). [TpucTpin 06XUMHMIA
(Crimper) npusHaderui ans o6TUCKAHHS
(Hakonku) pos’emie (tuny IDC, IDM, FDC,
DIP, IDCC) na nnockmit kabens. [danwit
NPUCTPIN MOXe ByTU KOPUCHUM Ons Bu-
POBHUKIB BENMKMX MNAPTIA ENEeKTPOHHO-
ro OBNagHAHHS, A€ BUKOPUCTOBYIOTHCS
nnocki kabeni 3i BCTAHOBNEHUMU OOHWUM,
nBoma Ta Ginbwe pos’emamu. Komnawis
3M nocrauae ans MoOHTOXY 3'€aHyBQYiB
Ta 3anpasnsHHs kabenis HAGIp ans pyu-
Horo monTaxy Tny 3829 (puc. 13), a
TAKOX Ginbly CEPHO3HUI IHCTPYMEHT Ha
6asi HacTinbHoro npeca tvny 10960. Ha
pucyHky 14 nokasanuit npec tuny 10960
komnaHii 3M. [HcTpykuito 3 poboTu 3 npe-
com onucano B [7].

BMCHOBOK

KOMHOHiﬂ 3M mae Binbw Hix 20 pokis
[OCBifly pOBOTU HO PMHKY 3’ €AHYBAYIB i

Kani6pysanbHa nnatuka

CHIP NEWS

3anacHi nesa
AnA pizaka

| CnpamoByto4a nnacTuHa

Puc. 13. Cknap iHcTpyMeHTanbHOro Ha6opy 3829 ang py4yHOro MOHTAXy

€ HOAIMHUM NOCTAYANBHUKOM BUCOKOKNAC-

HOT Mpoaykuii B faHOMy cekTopi. 3'eaHy-

gadi MDR komnaHii 3M maioTs wupokui

nonuMT 30BASKW BiBMIHHOMY MOEAHAHHIO

KOHCTPYKTUBHUX OCOBIMBOCTEN:

e ExparoeaHi kopnycu 3abesneqyioTs
3AXMCT Bifl €NEKTPOMATHITHMX TA enek-
TPOCTATUYHMX PO3PAAIB.

e [lonepeaHbO MEXAHIYHO HOBOHTAXEHI
CTPIYKOBI KOHTAKTM 306Ee3MneYyioTh ra-
PAHTOBAHO HOMiMHE 3'€EAHAHHS.

e U-nognibHi KOHTAKTM LOMNYCKAKOTb BENM-
KU PECYPC UMKITIB CMOMYYEHHS.

o llupoka Homenknatypa 3’eaHyBadiB
i3 Pi3HUM YNCITOM BUCHOBKIB, BAPIAHTIB
MOHTQXY Ta popM-bakTopis 3a6esne-
Yy€E rHy4YKiCTb 30CTOCYBAHHS 3 €AHYBA-
YiB ANS PI3HUX CEKTOPIB AOAATKIB.
9k ogHG 3 HAMIHHOBALMHILLMX KOM-

nawii y ceiti, 3M nocTiiHo BROCKOHAMOE

CBOI NPOAYKTH, WO6 3a[0BONBHUTH NOTOY-

Hi NOTPebu puHKy.

Jlirteparypa:

1. MDR Connector. Selection Guide. 3M
Interconnect Products.

2. 3M Interconnect Solutions. Mating
Guide.

3. www.3M.com/interconnects

4. 3M Mini D Ribbon (MDR) Connectors.
050" Boardmount Through-Hole Vertical
Receptacle — Shielded 102 Series. Data-
sheet TS-0427-B.

5. 3M Mini D Ribbon (MDR) Connectors.
0507 Solder Plug Connector — Shielded
101 Series. Datasheet TS-0669-C.

6. Kepisrmuyrso 3M. MDR Hand Tool Kit
3829 Instructions ans assembly of 3M
Plug Connector 101XX-6000XX Series on
3M Round Jacketed Discrete Wire Cable
3600 or 3644 Series.

7. loci6hmkx 3 3M. Instructions For the
Assembly of the MDR 101XX-6000 Wire-
mount Plug using the 10960-2000 MDR
Assembly Press and Related Accessories. (N

CTBOPEHO TPAH3UCTOP,
KU CAMOTY)XKKU

MO)KE 3AMIHUTU BA3OBUI
JIOTNYHWUN ENEMEHT

SAnorcwki ByerHi 3 HauioHansHoro
iHcTuTyTy matepianozHasctea (NIMS)
1a TOKiVicbkoro yHisepcnteTy po3pobu-
JIM HOBMKI TUI OPraHiYHOro TPAH3MCTO-
pPa — QHTUAMBIONFPHUI TPAH3UCTOP
(AAT), 3atHw/i BukoHyBaTH Oyab-5KY
3 n'aTm onepauivi NoriyHMX 3aTBOPIB,
PEerynowyn BXigHy Hanpyry Ha noABik-
Hux sateopax. Y usomy 6 He 6yno
HIYOro AMBHOrO, SK6U ek TPAH3NCTOP
30 PAxyHOK OCOBIIMBOCTEN KOO CTPYK-
TYpH TQ HQSBHOCTI ABOX KEPYIOYMX E/1EK-
TPOAIB HE MIr CaMOCTIVIHO BMKOHYBQATH
GyHKUIT 6A30BMX TIOMYHMX ETIEMEHTIB
AND, OR, NAND, NOR a6o XOR,
AKI 3a3BMYaK MICTATb MO KiIbKA 3BM-
YOUIHMX TPAH3NCTOPIB. Y MasibyTHEOMY
TPQH3UCTOPHM 3 MOBIOGHOK CTPYKTYPOKO
MOXYTb BUKOPHCTOBYBATUCS 1S MOBY-
[OBU JIOMYHMX CXEM, O PEKOHPIry-
pyioteca. Lle sigkpue psa abconotHo
HOBMX MOXITMBOCTE/ 1P KOHCTPYIO-
BAHHI BUCOKOEPEKTUBHMUX MIHIQTIOPHMX
i MOBInbHMX MPHCTPOIB.

OpraHiuHmii  aHTHambinonspHmi
TOAQH3UCTOP 3 [JABOMQA  KEepyoYmMmmu
enektpogamu, 3arsopamu (dual-gate
organic antiambipolar transistor, DG-
OAAT), mae pyxe HesnyariHy nepe-
AQTHY xapaktepuctuky. Kom Hanpyra
HQ MOro 3aTBOPAX MEPEBMULLYE MEBHMMA
rnopir, CTPyM, LLO /ige 4epe3 TPaH3H-
CTOp, 3MEHLLYETLCA. Bapitooun Hanpy-
M CUrHQsIB HA KepyYux enekTposax,
BEPXHbOMY TQ HMXHbOMY, MOXHQ 3My-
CUTH TPAH3NCTOP AIATH K OaMH 3 6A30-
BUX JIOMYHMX €/TEMEHTIB 3 ABOMQ BXOAQ-
MM TQ OBHMM BUXOLOM.

Llns posigkn: ans peanizauii 3a
JOMOMOrOK  [ICHYIOYMX TEXHOMOrIN iH-
TErpQIbHUX CXEM HQKMPOCTILLIOro J10-
rivnoro enemernta NAND notpi6rHo
YOTUPKM 3BUYQKIHI TPQH3MCTOPK, A A/
peanizauii HaUCKNaaHILLIOro 0rYHoro
enementa XOR — 12 tparsucropis.

Po3pobHKu HOBOTO THITy TPAH3MC-
TOpPa 6Q4ATH HOrO MAHOYTHE Y MOXITH-
BOCTI CYTTEBOrO MIABMLLEHHS LWiSIbHOCTI
IHTerpauii cxem HQ OCHOBI OPraHiYHMX
€/1eMEeHTIB, 1O O OCTAHHLOrO Yacy
6y710 OCHOBHOK MPOGAEMOIO y Uik ra-
71y3i. A HQLAsi SMOHCLKI BYEHI 3QFMYThb-
Cq PO3POBKOIO IHTErPALHIX CXEM, LLO
EJIEKTPHYHO PEKOHPIrypytoThCs, 6a3o-
BOKO OAMHMLEIO SKMX AKPA3 | Byae TpaH-
3UCTOP HOBOIO THIY.

https://scitechdaily.com
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Inipacmpyxmypa gy enexkmpomoGinis:

Anppin Tumodees, Mukura banaweHko

Y crarTi HaBegeHO 3arasbHUI OrNsapg eNIeKTPUYHUX 3apPIAHUX CTAHLLIA
(E3C) ana enekTpomo6inie Ta ctaHy puHKy enektpomob6inie Ta E3C.
BukoHaHo knacudgikalito pisHUX BUAIB Ta TUMNIB e5IEeKTPUYHUX 3apas-
HUX CTAHL,i 3 ONUCOM KJ1IOUYOBUX BiMiHHOCTEMN.

BCTYN

BOCTOHH€ LECATUNITTA eNeKTPUYHI aB-
Tomobini  30BOMOBYIOTL BCE Binbluy
NONYNSPHICTE y BCbOMY CBITi. [loTeHuin-
Hi KOPMCTYBQYi NepecTaioTb CNPUAMATH
ENEeKTPUYHMIA TA MBPUAHMIT TPAHCMOPT AK
MQNONPUAATHWIA A0 NOBCAKAEHHOT ekCrny-
aTauii 3ac¢ib NepecyBaHHs Ta PO3MISAQIOTH
MOro sik rifjHy QnbTEPHATUBY KITACHYHUM
OBTOMOGINSAM i3 ABMIYHOM BHYTPILLIHLOTO
3rOpsiHHA. 3riAHO 3 PI3HUMK NPOTHO3AMM,
no 2030 poky y CBiTi HaMiYyBATUMETHCA
6nmsbko 120 MnH enekTpuyHmx i ribpua-
HUX GBTOMOGINIB HO BOPOraX, MPU LbOMY
B AedKMX KPATHOX YOCTKA NPOACXIB enek-
Tpomobinis pocarHe 30%, a saranbHui
nonuT HA eHepI’i}O ANnA 3AapAOXAHHA enek-
TPUYHUX ABTOMODBINIB Y OCHOBHUX KPATH —
nigepie purky (y Kurai, €sponi ta CLLUA)
3moxe 3poctu npubnusHo 3 20 mnpa
no 280 mnpa kBr-rog [1].

Pasom i3 36inblieHHsM npogaxis
EneKTPUYHMUX Ta TibpuaHUx asTomobinis y
BCbOMY CBITI 3pocTae i noTpeba y Bigno-
BifHIM iHbpaCTPYKTYpi Ta, Nepw 3a BCe,
B enexkTpuuHux 3apaaHux ctanuiax (E3C).
3a nepiog 2014-2020 pokis y «kpai-
Hax €spocoiosy (EC) Ta Benukobputanii
kinbkicte nybnivHmx E3C pisHux Tunis
spocna 3 34000 mo 250000 craHuin,
3 Hux 35000 craHuin niaTpumytoTh 3apaa-
xawHa noctintum crpymom (DC). 3rigHo 3
npuitHaTtoto 8 2020 poui €sponeiicbkoo
KOMicieto cTpaTerii CTikoi Ta iHTenek-
TyansHoi mobinsHocTi (Sustainable and
Smart Mobility Strategy), 8 pamkax skoi
NOTPIBHO [OCAITM CKOPOYEHHS BUKMAIB
NAPHUKOBUX TA3iB, CTBOPIOBAHMX TPOH-
cnoptom, Ha 90%, nnaHyeTbca BCTQ-
HOBUTK 6nmabko 3 mnH nybnivnux E3C
no 2030 poky.
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BUAU 3APSADKAHHSA
EJIEKTPOABTOMOGIJIIB

Bip.nosip,Ho 1o craHgapty MixHapoaHoi

enektpotexHiuHoi komicii IEC 61851-1,

30QnexXHO Bifi BUAY ENEKTPUYHOTO CTPYMY,

AKMM 3QPAIKAETHCA ENEKTPUUHMIA ABTOMO-

6inb (3MiHHWIA a6O NOCTIMHMI), Ta cnocoby

di3MUHOro 3’ €QHAHHS ENeKTPUYHOTO TPAH-
cnopty (ET) 3 Mepexeto xmeneHHs npouec
3APALKAHHA eJ'IeKTpOMO6iJ'Iﬂ nominatoTh

HO AeKinbka BMUIIB:

o  3apsamxanns tmny 1 (Mode 1) 3'en-
HaHHs ET 3 mepexeto smiHHOro cTpymy
BIiIOYBAETHCA 3 BMKOPWCTAHHAM LUTE-
ncenbHoi poseTku (B ToMy uucni noby-
TOBOI) HQ CTOPOHiI MEPEeXi XMBAEHHS
Ta cunosoro kabenio. Y upomy Bunag-
Ky 306e3nedyeTbcs Cuna 30psaHoro
cTpymy He Ginbwe 16 A i 3MiHHAO Ha-
npyra He Ginswe 250 B (ogHodasHa)
abo 480 B (rpudasHa). KepysaHHs
NPOLECOM 30PAIKAHHS PEani3yeTbcs
camum ET.

o  3apsamxanns sugy 2 (Mode 2): uen
BUA QHAMOTIYHMI 3APSAIKAHHIO BUaY |
3 Tielo BigMiHHICTIO, Wwo 6esnocepen-
HbO B CMIIOBMI KaBEnb BMOHTOBAHO
NPUCTPIN, WO 3abe3nedye KepyBaHHA
NPOLECOM 3APSAIXAHHS TA CUCTEMOIO
NEePCOHANBHOTO 30XMUCTY Bif, YPOXKEH-
HA ENeKTPUYHUM CTPYMOM. 3aBAAKM
UbOMY [OMYCKOETHCA  3APALKAHHA
3MIHHUM CTPYMOM cunoto 0o 32 A.

o 3apapxannsa tuny 3 (Mode 3): sapsa-
XAHHA 306€3Ne4yeTbCa CneuianbHUm
€NeKTPOTEXHIYHUM NPUCTPOEM — 06-
NOAHOHHAM pxepena xuenedHs ET
(electric vehicle supply equipment).
EneKTpmuHMﬁ aBTOMObINL NigKIOYa-
€TbCS 30 JOMOMOTOIO CUIOBOTO Ka-
Geno Lo 0BNAAHAHHS AXEPena Xus-

nenns ET (OLKET), ake y csoto uepry

nigknoyYeHe [O Mepexi XMBAEHHS

3MIHHOFO CTPYMY, Kepye MnpoLecom
30pAAXaHHS Ta 3a6es3nevye 30axXMCT

Bifl YPQXEHHS ENeKTPUYHUM CTPYMOM.

3apamkarHsa Buay 3, 9K i 30PAIKAH-

HA BMAY 2, MOE BIOMKET MOTYXHOCTI

1o 22 Br.

e  3apsmxanns euay 4 (Mode 4): saps-
oxanns ET sinbysaerses sin OLXKET,
O BiANOBIAQE 30 kepyBaHHs Ta 6e3-
neky npouecy. Kmoyosa BigMiHHICTb
y TOMYy, LLO Yy BCiX NONEPEeLHiX Cnoco-
60X NepeTBOPEHHS 3MIHHOTO CTPYMy
B MOCTIMHMI CTPYM (FKnM BinByBaETHCS
nig3apagka akymynatopHoi 6atapei
enekTpomobins) 3aBXAM BUKOPUCTO-
BYBOBCSA BWMPAMAAY, BCTAHOBEHMM
BCEPEOMHI enekTPUYHOro aBToMObI-
N8, NPU UbOMY Mif 4AC 3APAIKAHHS
Buay 4 BMKOPUCTOBYETbCA No3a60p-
TOBWW BUMPSIMIAY, BCTAHOBMNEHWW B
kopnyc ODKET. dane piwenHs nos-
BOMAE 3HAYHO 36IMbLIMTU MOTYXHICTb
NpOoLECy 3APSAXAHHS TA CKOPOTHUTU
4acC 3apAmKaHHA enekTpomobinis. [e-
AKi CTAHAAPTH, LLO OMUCYIOTb NPOLECH
30PAMKAHHA 3 BUKOPUCTAHHAM 3Qps-
mkaHHsa Buay 4, 3nathi 306e3nednTu
GromkeT notyxHocTti go 350 kBr. Hai-
yacTiwe nif TEPMIHOM «enekTPUYHA
30pAAHA  CTAHLIS» MOIOTb HA YBA3i
came OIPKET, wo nigtpumye 3aps-
pxaHHa Buay 4 Ta (a60) 3apasxaHHs
Buay 3.

LLle ogHuMm BaknueuM knacudikaTo-
POM ANs 3APSAHMX CTAHUIM € cnoci6 di-
3MYHOTO MiAKITIOYEHHS eJ'IeKTpOMO6iJ'Iﬂ no
OKET abo mepexi 3MIHHOTO CTPyMy.
3anexHo Big Tvny npuenHarHa ET i3 3a-
CTOCYBQHHAM KQ6€enis Ta BMNOK CTAHAAPT
IEC 61851-1 Bu3Hauae kinbka BMNGAKiB
(pmc. 1):

e Bunamok A (Case A): nigknioueHHs
€M1eKTPUYHOrO ABTOMODBINS A0 Mepexi
3MIHHOTO CTPYMy BiOYBQETLCA 30 [O-
NOMOTOIO KABESIO XMBIEHHS TA BUIKM,
nocTinHo npwmkpinnenmx go ET. 3acro-
COBYEMO A5 3APAIKAHHS Bray 1.

EAEKTPOTPAHCIMOPT
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Puc. 1. Bugm sapapixaHHs

e Bunagok «B» (Case B): nigkniodenHs
ET no mepexi smiHHoro crpymy Big-
OyBOETHCA 30 AOMOMOrO KABensHOT
36ipKM, AKA HE MAE MOCTIMHOrO Mpw-
KPIMNEHHA Hi 4O enekTPOTPAHCNOPTY,
Hi 1O Mepexi amiHHoro ctpymy. danui
cnocib noginaoTb HA ABA LOAATKOBI
sunanky: Bunagok «B1» nepenbadae
npueaHarHs ET po Hactivwoi poseT-
KM | 30CTOCOBYETHCA ANS 30PAOXKAHHS
euay 11 2; sunapok «B2» nepenbadae
3’€AHAHHA 3i CNeuianisoBaHo 3apaa-
HOIO CTAHLIEIO Ta 3ACTOCOBYETLCA AN
3APAMKAHHS BUaY 3.

e  Bunapok «C» (Case C): enextpuunuii
aBTOMOGINb Mg €AHYETHCA 0O Mepe-
Xi 3MIHHOrO CTPyMy 30 LOMOMOTO
Kabemo XMBAEHHA TA MNEepPeHOCHOT
pPO3€eTKM, MOCTIMHO NPUKPINIEHUX A0
OKET. 3apamxants suay 4 ponyc-
KQETbCS IULIE B AAHOMY BUMOAKY.

CUCTEMMU 3APIAIKAHHSA

APAOKAHHA  €eNneKTPpHUYHOro aBTOMO-

6ina — ue cknagHWit baraToeTanHuin
NPOUEeC, B OCHOBI AKOTO NExuTb 6e3niy
PIi3HKMX MiXHapOoaHUX cTanaapTie. OCHOBHI
pEerioHn, WO NiAMPYIOTb HO PUHKY enek-
TPWYHOTO QABTOTPAHCMNOPTY, 3A3BUYAM
MQIOTb BIACHUI HABIp CTAHAAPTIB, WO
OMUCYE BUMOTM JO ANAPATHOI TA TEXHiY-

Bunapok «A»
| @ Bua 1
AC
Bunapok «B»
- ® Bun 2
ODKEN
AC
Y
Bunagok «B»
| (-] Bun 3
OPKEN
AC——— DC
=-
Bunagok «GC»
0 Bun 4
|

HOI CKNaKoBOI Npouecy 3apsamxaHHs. Lle
NPM3BENO [O CUTYALii, KOMM HA PUHKY
€NeKTPOTPAHCNOPTY TA BIAMOBIAHOT iHb-
PACTPYKTYPHM OAHOYACHO iCHYIOTb Kilbka
CUCTEM 3APSAIXAHHS 3 PISHUMM TEXHIYHUMM
TG ANOPATHUMK XAPAKTEPUCTUKOMM, SIKi
BesnocepenHbo HeCyMICHI Mix coBoI0.
OpHielo 3 OCHOBHMX TA HAMGINbLW SB-
HMX BIOMIHHOCTEM MiX CMCTEMOMM 3aAps-
IXKOHHS € KOHIrypauis BuikM Ta LuTe-
ncensHoi posetkm ans nigknoyerHs ET no
OKET. Hanbinbw npocti Ta nowupeHi
CUCTEMM  3APSAXAHHS BMKOPWCTOBYIOTH
3’enHyBaYI TPAHCNOPTHOrO 3aCOBY KOHI-
rypauii uny 1 (Type 1) Ta uny 2 (Type 2)
[3]. O6unsa BapiaHT npusHayeHi ans
3APAMKAHHA 3MIHHUM CTPYMOM BMay 2 i
eay 3 y sunagkax «B» i «C». Kondiry-
pauis My 1 HobByna Ha#ibinbWoro no-
wwmpenns 8 CLUA Ta Asii, Togi ax tvn 2
BMKOPUCTOBYETbCA B Esponi. aHi Tmnu

CHAdeMO GB/T Tesla

Puc. 2. Cuctemu 3apspKkaHHs

CCS Combo 1

BIIHOCATb A0 TAK 3BOHWX MOBINbHMX 30PA4-
XQAHb — MOBHE 30PALKAHHSA €N1eKTPOMOBI-
na moxe saimatn 8—12 ropunn. Y sapsaui
iy 1 peanizosaHe ogHoda3He Migko-
YeHHs 3MiHHOTO cTpymy go ET, B sapsaui
My 2 — TpudasHe.

HacrynHum etanom possutky enek-
TPOTPAHCMOPTY TA 3APAAHOIT IHPPACTPYK-
TYpY CTQna MnosiBa CUCTEM 3APALKAHHS
nocTiHum ctpymom. [lawi cuctemu ysa-
ranbHEHO HO3WMBAIOTL LWIBMOKMMK 3APAd-
Kamu. 9K iy BUMNOAKY 3 MOBINbHWUMM 30-
PAAKAMM, HO PUHKY € KiNbKO PEriOHAnbHMX
CUCTEM.

Y Kutai Habyna wupokoro nowmpen-
Ha cuctema GB/T, B 9noHii sunyckaoTb-
Csl eNneKTPOKapU 3 MiATPUMKOID CUCTEMM
CHAdeMO, y CLUA sigoma Tesla pospo-
61Na Ta BNPOBAAXYE BAACHY NPOnpieTap-
Hy TexHonorio Tesla Supercharger.

€spona niwna Wwnsxom rmobansHoi
yHidikauii Ta BNIPOBAXYE CUCTEMY LIBMA-
koi sapaakn CCS (Combined Charging
System), ocHoBHOWO ine€o aKkoi € yHidi-
kauis pos’emis ana nigkmouenns ET po
OIXET. Cucrema CCS possonse, 3 oa-
Horo 6oky, 3apaaxaT enekTpomobini Ges
NepPEexigHMKIB Bif BXeE iCHYIOUMX KOHPIrypa-
uit Tuny 1§ TMny 2, 3 iHWOro — BNPoBa-
OUTU TEXHOMOTIIO 3APALXKAHHS MOCTIMHUM
CTPYMOM.

[oBOpsiuM npo  yHidikauilo cuctem
30PAMLKAHHS, HE MOXHA He 3rafaTu
ANOHO-KMTAMCbKMIt NPOEKT nig  pobo-
yoto Hassoto Chaoli (3 kut. — «cynepy).
Mertolo garoro npoekty € yHidikauis no
2030 poky BCix 3apPABHMX CUCTEM MOCTiMN-
HOrO CTPYMY, WO iCHYIOTb HO CbOTOAHI, Y
€aMHMit rmobanbHuit ctanHaapT. Y KBiTHI
2021 poky byna sunywera cneuudikauis
cnctemn ChadeMO 3.0 (Chaoli type2),
KO 30 CBOEIO CYTTIO € YHidikaLi€o anoH-
cokoi enctemn ChadeMO 3 kutaiicbkoro
GB/T [4] (puc. 2).

MincymoBytoum BCE CKA3AHE BMLUE,
MOXHQ BWOINUTU KiNbKA BWAIB 3APAAHMX
cTaHuii Ta cnocobis sapamkanHa ET, wo
iCHYIOTb HO CbOTOfHI.

e 3apamxarHa ET 3a monomorowo ka-

Geno Ta NobyTOBOI pPO3ETKM — e

sapamxants suay 1 (Bunapok «A» abo

CCS Combo 2 Type 1 Type 2

P B N pEo
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«B1») i Bugy 2 (eunasok «B1») — wa-
NOBINbHILLMIA cnoci6 3apagxanHs. Ons
3QPALKAHHSA NOTPIBHO Nuwwe kabens 3
komnnekty nocrasku ET ta nobytosa
po3eTKka.

o  CraHuii 3apamkaHHs Ana NpUBATHOTO
30CTOCYBAHHA (30pPABXaHHS Buay 3,
sunapok «B2» i eunapok «C») — ue
HEeBEeNnuWKi  HACTIHHI  NpPUCTPOI: aB-
TOBNACHUK MOXeE BCTAHOBWMTH CODBI
TAKy CTQHUIIO Ha CTiHy rapaxa abo
Oyamnky. [puctpoi 3acTocosyoTbCS
NS MALUMH 3 KOHIrypauieto 3'eaHyBsa-
uie vy 1 i tuny 2. ToTysxHicTs 3aps-
IKAHHS (i BIANOBIAHO TPUBANICTb NPO-
uecy sapsmxarHs ET) Gyne obmexeHa
NoBYTOBOIO ENEKTPUUHOIO MEPEXEID.

o [lybniuHi CTAHUiT 30PSAXAHHA 3MiH-
HOTrO CTPyMy (3apsamxanns Tuny 3) —
HOMMOLWMPEHILLUMIA BUL TPOMOACHKMUX
30PSAHMX  CTAHUIK. € HeBenukumu
CTiMKaMn ab0 KOMOHKAMM, BCTAHOB-
NEHUMM B MyBRiYHMX Micuax (MapKOBKH
TG CTOAHKM AnA OBTOTPAHCMOPTY), 3
MmoxnmeicTio nigkmoyeHHs ET 3 nig-
Tpumkoto Bunaakis «B2» i «C». Cranuii
30CTOCOBYIOTHCS NIt MALMH 3 KOHI-
rypauieto 3’eaHysauis Tvny 1 i tuny 2.
MakcumansHuin GromkeT noTyxHOCTI,
WO HapaeTbes, — 22 kBT.

o [lybniyHi CTAHUT 3QPABXAHHS NOCTIMN-
HOrO CTPYMy (3apsamkanHs Tuny 4) —
LLIBUOKI €NeKTPMYHI CTAHLIT 3apsaaxXaH-
Ha. Ons nigknioderHs enektpomobins
LO CTOHUIT 30CTOCOBYIOTHCA BUMOAKM
«B2» 1a «C». binbwicts TakMx cTaH-
LM Bi3yaNbHO CXOXi HQ 3BMYHI Nanue-
Ho-3anpaeni kononkn A3C. [Migrpu-
MYIOTb BECb CMEKTP 3APAAHUX CUCTEM:
CCS, CHAdeMO, GB/T, Tun 1, tun 2.
Kondirypauis ninTprmyBaHux cucrem
KOHKPETHOIO CTAHLIEID 3APSAXAHHS
BM3HQYAETLCH BUMPOBHMKOM Ta/abo
30MOBHMKOM CTaHLii i Moxe 6yTu
Oy ab-AKOI0.

BUCHOBOK

PeTpocneKTMBHmm nornsg  nokasye,
O PO3BWUTOK | BNPOBAAXEHHA enek-
TPOTPAHCNOPTY B HALWE MNOBCAKAEHHE
XUTTA BiAOYBAETLCA 3 HAPOCTAIOUYUM TEM-
NOM, G NOTIM PO3BMBAETHLCS | BIANOBIAHA
iHppacTpykTypa. MoxHa 3 ynesHeHicTio
CKO3ATH, WO PO3rMMAHYTI TMAKM, BMAW TA
CUCTEMM 3APALXKAHHA NMPOAOBXATb €BO-
MOLIOHYBATH Y PI3HMX HAMPAMKAX, LLO He-
MUHYyYe nNpu3sene A0 NOsSBU HOBUX CUCTEM
TQ CTAHAOPTIB.
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Doxox Mpigei (John Priday), xox Jliad (John Leafe), Teledyne Labtech
Mepexknap: Cearocnae 3y6apes

3aBASIKM 3POCTAHHIO NMPOAYKTUBHOCTI MPOLLECOPIB TA PO3BUTKY
TEeXHONOri MOAENIOBAHHSA, B XOAi MNMPOEKTYBUHHS APYKOBAHMUX
nnar gng npucrpois HBY-gianasoHy BAAETbCS CTBOPIOBATH Mmoaeni
Aepani 6amxui 30 XaApPAKTEePUCTUKAMM A0 iX peanbHUX NPOTOTU-
nie. OgHak, 9K i paHilwe, icHye 6e3niu NigBOAHMUX KAMEHIB, SKi He
BPOXOBYIOTbCS PO3POGHUKAMM i 30ATHI BASIMHYTU HA NAATY Nig Yyac
BUrOTOBJIEHHS 160 po60TU NpuUcTpolo. Y cTarTi po3rnsHyTO TUNOBI
MOMMIIKM, NOB'A3CHI 3 NPOLLECOM NMPOEKTYBUHHS, CNOCO6U 60pOThb-
61 3 HUMU, O TAKOXX AesKi KOPUCHI NPUAOMHU, L0 AO3BONAIOTb Nif-

BULLMTHU IKIiCTb NPOAYKLii.

I_lo pucyHky 1 CTMNI30BAHO MOKA3QHI

3aranbHi NPobnemu, o BUMHUKAKOTb

np¥ BUPOBHULTBI APYKOBAHOT NAATH, 300T-

Hi BMAMHYTM HQ i XQPOKTEPUCTMKM | AKMX

MOXHQ Byno 6 YHWUKHYTM NPW NpPaBUIb-

HOMy npoekTysaHHi. dani npobnemn po-

knagHiwe 6yayTb PO3MsHYTI Yy HACTYMHMX

po3ainax CTaTTi.
[o ocHosHMX Npobnem Hanexars:

1. 3MilLeHHs NOCALOYHMX MICLb KOMMO-
HEHTIB Yepe3 3AaCTOCYBOHHS MaATepi-
anie 3 HELOCTATHLOK CTABINbLHICTIO
PO3MIpiB (3MiHO PO3Mipy MNaTH B Mpo-
ueci BMpoGHUUTEA).

HBY-pianaszoHy

w

[MTigMOM KOHTAKTHOTO MAMAAHYMKA.
BigwaposyBaHHs gopixok.

3MIiLLLEHHS eneMeHTiB nig Yac BMKOPWU-
CTQHHSA TEPMOMNACTIB.

Burvn wapie nnatv yepes Hesignosia-
HICTb KOE®ILJEHTIB TEMNMOBOrO PO3LUK-
PEHHS.

HeMOXIMBICTb CTBOPEHHS Myxux ne-
pexigH1X OTBOPIB.

BuHukHeHHs Bigsoais (stub) B anTeHHO-
MY NAHLIO3I.

BuKopuCTaHHS APYKOBAHUX PE3MCTO-
piB Ay>XX€ MONEHbKOI MNoLLi, HegoCTaT-
HbOT ANS NIATPUMKM TOUYHMX 3HAYEHD.

Puc. 1. MowmpeHi npo6nemu, 110 BUHUKAIOTb NPU BUPOGHULTBI APYKOBAHMX NAAT

9. Tloraxe nasHe 3’enHaHHA Yepes Kpux-
TYBOHHS 30M0TQ.

Cyuacri apykosari nnatv (PCB) ans
HBY-npucrpois, sk npasuno, cknagaioTscs
3 BEKINbKOX CMPECOBAHMX | CKITEEHNX M CO-
6010 WapiB AIeNeKTPUKa Ta CTPYMONPOBIA-
Horo matepiany. Lapu nnatv popmytoTtscs
3 6asosoro matepiany (base laminate) 3
MIgHUM DONBIOBAHUM MOKPUTTSIM 3BEPXY
Ta 3HU3Yy. Y NpOUECi BUIOTOBAEHHS MaaTH
BinbLUy YACTUHY MILHOTO MOKPUTTS BMAANS-
{OTb, 3QMMULLIAIOYM NULLE MNEBHUMA PUCYHOK,
3000HWA PO3POBHMKOM | CKNOAQETLCA 3
KOHTQKTHMX MAWAAHYKKIB, BOPIKOK TG NO-
niroHis. na 3'€QHAHHS CTPYMONPOBIAHMX
JOPIKOK MK LIAPAMM BUKOPUCTOBYIOTHCA
meTanizosani nepexiaHi oteopu (PTH). Oes-
Ki KOMMNOHEHTH, TAKi IK PE3NCTOPU, MOXYTb
6yTn B6YROBAHI B CTek Wwapis abo CTBOPeEHi
LUNSAXOM YKNOAOHHA PE3NCTUBHOTO MATEpi-
any, NPOTe OCHOBHWI MACKMB KOMMOHEHTIB
PO3MILLYETBCA HA BEPXHLOMY TA HUXKHBO-
My LIAPAX BPYKOBAHOI NNATH, MPUYOMY iX
3’€HOHHS 3 MNATOIO BUMKOHYETHCS 30 [O-
NOMOTOIO NaMkK ABO APOTAHOrO MOHTAXY.
Cknag i CTPYKTYPA WAPIB MAAT MOXE MATH
3HOYHMIM BB HA XAPOKTEPUCTUKK TA PO-
6oty HBY-npucrpois.

[na Toro wob posibpatucs, Wwo came
MOXE BMIIMHYTU HO XAPOKTEPUCTUKK MNNa-
TM, MM KOPOTKO MPOAHANI3yEMO MATepi-
anu, WO BWKOPMCTOBYIOTBCS B LIAPOX, i
PO3rMSHEMO OCHOBHI onepauii, Wo npo-
BOLATLCA HO HUX (puc. 2):

1. basoswmit matepian. Crpyktypa 6aso-
BOrO MATepiany Wapy MOXe iCTOTHO
BMIMBATK HA NPOAYKTMBHICTL MNif Yac
pobotn 8 HBY-mianasoHi 8 3anex-
HOCTI Bif, BENIMYMHM BiOHOCHOI Aienek-
TpuuHoi nponukrocTi (Dk) Ta TaHrency
kyTa gienektpuunmnx stpar (DF).

2. XapoKTepuCTHKM MIGHOTO MOKPUTTS
Lapis NAATH.

www.chiphews.com.uad
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Puc. 2. NMopsagok o6roBopeHHs
CTPYKTYPM NAATH

3. Tpenpern Ta maTepianu ana ckneto-

BAHHS LLAPIB.

CrBOpEHHS CTEKA 3 KiNbKOX LIAPIB.

5. CTBOpPEHHS PISHOMAHITHUX TUNiB ne-
pexigHux OTBOPIB.

6. B6ynosaHi pesncrtopm.

7. DiniwHe nokpuTTS.

Y cTaTTi po3manaioThCs OCHOBHI AC-
nekTH, gKi Crif, BpaxoByBATKM Mif YAC NpPO-
€KTYBAHHS apykosaHux nnat ana BY/HBY-
NPUCTPOIB, 3BAXKAKOYM HO TEXHOMOTIYHI BM-
morn (design for manufacturing, DFM).
CraTTa He € BUYEPMHMM NOCIBHUKOM i npu-
3HAYEHO NULWe Ans 3aranbHOro O3HAMOM-
NIEHHS 3 ICHYIOYMMM MPOBNIEMAMU.

OpHUM 3 HANYACTIWUKMX MUTAHbL, WO
CTABMATLCA Mif 4AC PO3POBKM NAAT, € Nu-
TOHHS, HO LLO CNif 3BEPTATHU yBATY HACAM-

e
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nepemn ans 3HWKEHHS BUTPAT HA BUPOOHM-
uteo. Bignosigb Ha ue NUTAHHA He Moxe
OyTM OAHO3HAYHOI, OCKINbKM 3ANEXUTH
BifL TUMY BMKOPWUCTOBYBOHOIrO maTepiany,
KinbKOCTI nepexigHWx OTBOPIB, CTyMeHiB
LOMyCKy TOLWO, MPOTE HUXYEe MU pPO3-
FASHEMO KinNbKa HOMBINbL Oi€BUX METOIB
CKOPOYEHHS BUTPAT.

BA30BUI MATEPIAN

MOTepicm aienekTpuka ApyKOBAHOI nna-
TW € OfIHWM i3 nepLuMx GaKTopiB, 300T-
HMX BMAIMHYTM HO MPOAYKTUBHICTb TQ BAPTICTb
KiHUeBOro piweHHs. Ha ceorogHi goctynHo
Gesniy pisHMx maTtepianie, ane cnig BPAxy-
BaTH, WO ans npuctpois BY/HBY-gianaso-
HY BM3HQUYAMBHOIO BAACTMBICTIO MmATepiany
cnyxatb 3Havenns Dk i Df. Kpim toro, Tos-
LLIMHO MiBHOTO NMOKPUTTS BIENeKTPUKA TAKOX
MO>E 3HAYHO BMNAMBATH HA XAPAKTEPUCTMKM
nnatv. MiHiMisawist TOBLUMHM NOKPUTTS — ue
OAMH 3 HOUMONYNSPHILLUMX METOAIB 3HUXEH-
HS BTPAT y NposigHux wapax. Lani Hosege-
HO CMMCOK XQAPQAKTEPUCTMK, fKi HEOOXigHO
BPOXOBYBATH Nig 4ac BHGOPY 6A30BOrO Ma-
Tepiany APyKOBAHOI MNATU:

e cTabinbHiCTL PO3MIpIB;

®  BUKOPMCTAHHS TA TN METANEBOI Mif-

KIQOKK: Miflb, TATYHb YW QIOMIHIN;
®  BU3HOYEHHS KOeQiUiEHTA TEennosoro

poswuperns (KTP, CTE), ocobnueo

Ans 6AraToWaApOBKX NNAT;

e Temneparypa cknyearHs (Tg) Ta Tem-
nepatypa abo gectpykuii (Td);

®  TUM TA NPOLEHTHUI BMICT MaTepianis y
nigKnoaLi.

CrabinbHiCTb PO3MIPIB € BAXIIMBUM
bAKTOPOM, OCOBAMBO, KOMM CNPABA CTO-
cyeTbes rabapuTHUX naaT. | xoda 3miHy
pO3MipiB y Npoueci BUpOBHUUTBA (Ak Npa-
BMIO, ycaaka) moxe 6yTW BPAXOBAHO Mif
4OC MPOEKTYBAHHS, BMCOKWMIA PiBEHb CTa-
BiNbHOCTI CTAE OAHMM i3 KIIOYIB A0 BUMYCKY
AKiCHOT NPOAYKLUii, 0COBNMBO AKLLO HAETb-
ca npo senwmki cepii. Hanbinbw crabinbHi
MOKA3HMKM MOIOTb APMOBAHI MATEpiany,
HAMNPUKNAA, CKNOTKAHWHA.

Tak sk cTabinbHICTb PO3MIpiB MOXE
BMAMHYTM Ha poboTy npucTpoio? Bukopw-
CTaHHA MaTepianis 3 NoraHolo crabinbHi-
CTIO TATHE 30 COBOIO 3CYB MOCALKOBMX MiCLb

KOMMOHEHTIB Bifi NNATU [0 NAATH, FKUK [0
TOTO X HE 3ANEXMTb Bif MACLUTABYBAHHS.
Hanpwuknaa, da3osaHi aHTEHHI peLuiTku
MOXYTb mocaratt posmipis 1.2x1.2 m i,
AKLLO MPEACTABUTM TAKY PELLiTKY HA MAaTi
(puc. 3), cxunbry mo aedopmauii (ycamkm)
B Npoueci BUPOBHULTBA, CTAHE OYEBUAHO,
O BMMNPOMIHIOIOHI ENlEMEHTH HA Hilt ByayTb
3CYHYTi LWOAO BCTAHOBOBAHOI METANEBOI
KOHCTPYKLUIT (Bifi NPABMABHOTO PO3MILLEHHS
B To4ui A 1O 3HQYHOTO 3MilLeHHs B Touwi b),
O HEeMMHyYe CMPUYMHUTL 3HMXKEHHS Xa-
POKTEPUCTUK AHTEHM.

[HWwa, ane TAKOX AOCKUTL MOLWMPEHT
npobnema Wopo PO3MIpiB MNaTM — Bu-
Gip po3pobHuKamMu MaTepiany 3 BMCO-
KOKO CTABINLHICTIO, NPUYOMY B AQHOMY
BMNAAKY Ai€ BKA3IBKA XOPCTKMX AOMYCKiB
ONS NNOTH, CNOAIBAIOYMCh, WO Le [OoAdT-
KOBO 3QXMCTWTb i Bif, 3MiHM rabapuTis y
npoueci BUpOBHULTBA. XOUa B AESKMX BU-
napkax TaKi 3aX0AM BUMPABAAHI, HOMYAC-
Tile TakMM nigxig nuwe 36inbluye BApPTICTb
BUIOTOBNIEHHA TA KinbkicTe Gpaky. Kpim
TOrO, MOJAENIOBAHHSA 3 BUKOPMUCTAHHAM
GinblW BiNbHUX LOMYCKiB NOKA3YE, Wo 6a-
raTO ENEMEHTIB KOHCTPYKLIi HE TOK CUMITbHO
CXMIbHI 1O 3MiHM PO3MipiB, a nocnabneH-
HS QOMYCKiB ANS HMX ICTOTHO MOMErwnTb
npouec BMpobHUUTBA.

BukopwucTtanHa nnat 3 metanesoto
nigknopkolo — SBULLE HE MOOAMHOKE Y
HBY-o06napHaHHi. OgHok Toki nnati mo-
XYTb BUKIMKATH NPO6GRemMM nig 4ac Bupob-
HULTBO, NOB’A3QHI 3i CKNaaHIcTIO 06PO6KM
ToBCTMX wapis metany. Y HBY-nnatax
meTanesa Mifknagka, sk NPAaBwno, MAeE
TOBWMHY 6—8 MM, a Cama KOHCTpyKuia
MOoXe nepeabayaTi sK HACKPI3HI, TaK i
rAyxi METANI30BAHI OTBOPM.

HacTynHum  BOXIMBUM  GOKTOPOM,
30ATHUM BIIMHYTM HO POBOTY KiHLEBOro
NPUCTPOIO TA HA MPOLEC BUPOBHUUTBQ,
CTAE KOEDILIEHT TENNOBOrO POLWMPEHHS.
Hesignosignicts KTP maTepiany nepean6a-
UyBAHMM YMOBAM eKCnyaTauii Ta BUpob-
HULTBO MOXE ByTH NprymHoio aedopmauii
(BMrMHY) MnaTH, @ TAKOX MOSBM HATArY B
nasHmx 3’egHanHax, ae KTP komnoneHTis
3HAYHO BigpisHaeTbCs Big 3aransHoro KTP
NNaTH, WO HEMMHYYE 3HW3UTb HOMIMHICTb
NPUCTPOIO | MOXE CTATU MPUYMHOIO BU-
HUKHeHHs 360i8 y Horo poboti. OpHum i3

Puc. 3. HakonnyeHHs NOMUAOK NO3ULLIOHYBAHHS €JIEMEHTIB Yepes HU3bKY
cTabinbHicTb PO3MipiB MaTepiany APyKOBAHOI NAATH

APYKOBAHI NAATU
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KoHTakTHMi
EVREGETTS

NPUAOMIB, 3AATHUX 3MEHLLNTH NPOBNemu,
nos’s3ani 3 KTP, € BukopuCTaHHSA ofHMX i
TUX COMMX MATEPICNIB Y BCIX LUAPAX MAATH.
Y peanshux npoektax HBY-cxemu yacto
MOyTb MAiY-0-nniy 3i CXEMAMM KEPYBAHHS
HQ OCHOBI UMPOBOI eneKkTPOHikM, | ans
€KOHOMIT PO3POBHMKU BUKOPUCTOBYIOTH
NS OCTaHHiIX Binblu aewesi martepiany,
nHanpuknag FR4, wo crsopioe npobnemu,
nos’azani 3 KTP, skwo ginsHku nnatm 3
PI3HMX MOTEpPIaniB BUABAAIOTLCS HECUME-
Tpnurumu, a posnogin KTP nepoctratHbo
36anaHCOBAHUM.

LLle oamH pakTop, Wo BRAMBAE HA NPO-
uec BMPOBHMUTBO, — TEMNepaTypa ckiy-
Bannsa (Tg). Ons matepiany FR4 Tg sassu-
yai crarosuts +120..+140 °C. Y ceoro
yepry, Ang BMCOKOSKICHMX MaTepianis, WO
BMKOPUCTOBYIOTHCS 1St BUroTOBNEHHs HBY-
nnat, Tg cranosuts +170 °C i suwe. [na
Ginbwocti HBY-piweHs noTpibHi matepianu
3 BMCOKMM 3HAYEHHsSM 1g, Big 4oro 3arne-
uTb i KTP, npo sikuit M1 rosopunu pasiwe:
npw 3pOCTaHHI Tg MOXHA COCTepIraTi cTy-
niHuacty sminy KTP, inogi 8 3 abo 4 pasu.
SKLLO BPOXYBATH, LLO AN1s NASHHS 34 AOMO-
MOroto 6e3CBMHUEBMX MPMMOiB HeobXxigHa
Temnepatypa nopsaaky +230 °C, 36inbwen-
Hst KTP Buwie Tg Moxe 03HAYaTH 3pOCTAHHS
HOBOHTAXKEHHS HO MepexiaHi OTBOPM, KOH-
TAKTHI MAWOQHYMKM TA iHLLII CKNOAOBI MNATH,
0cobMBO MO OCi Z, WO MOXEe NPU3BECTH 10
NigMoMy MAMOAHYMKIB MICNS OXONOIXKEHHS.
[Touknag nigiomy KOHTOKTHOTO MAMAAHYH-
KO MOKa3aHuit Ha pucyHky 4. TMepexigHuit
OTBIp HO PUCYHKY 40 3ANOBHEHMI NPUNOEM
y pesynsTaTi BUNPOBYBAHHA HA MAABYYICTb.
Mighom maigoHumka BinbyBOETHCA Yepes
te, wo KTP nigknagkn Habarato suwe KTP
MigHMX CTIHOK OTBOPY, G MAATA  MifAQHA
BMCOKOTEMMNEPATYPHOMY HOBOHTOXEHHIO,
MPU AKOMY TOKOX MOXe OyTH NepesnLLEHO
Tg nigknaaku.

OcTaHHIM PAKTOPOM, WO CTOCYETb
ca 6a30BOrO MaTepiany € BigHOCHA fi-
enekTpuyHa npoHukHicts Dk. Marepianu

MoBiTpsa
(komnayHp)

200 MKM
— T

Puc. 4. Mpuxknag nigiiomMmy KOHTUKTHOrO MAMAGHYMKA, IKUI MOJKE CTATUCS
npy TepMiYHOMY HOBAHTAXKEHHI (NnaBneHHs npunoio npu +288 °C
nporarom 10 c): smoaenbOBAHMIA NPUKNAA NiAKOMY MaiaaH4YuKa (a);
¢doto nonepeuHoro nepepisy nnaru npu nigiomi mailgaHumka (6)

Ta 36inbweHa o6nacrb nnatv 3 gedektom (B)

3 6inbw Bucokowo Dk 3assuuar maioTs
BMCOKMIM BMICT JOMILLOK, siKi MOXYTb CTATH
CBOEPIAHMM QOPA3MBOM Ons CBEPAN Ta
dpes. Xoua ue Hisk He BNIMBAE HA XAPAK-
TEPUCTUKM MNATHM, LEH NAPAMETP MOoxe
30iNbWKUTH BUTPATM HA BUPOBHMUTBO,
NOB’'A3QHI 3 HEODXIOHICTIO BMKOPUCTAHHS!
BinbWOT KiNbkOCTi CBEPAN TA ppes.

MIOHE NOKPUTTA

|_|OKpMTTFI LienekTpuka NpPOBIAHMM LLQ-

POM MIgHOT donbrn Moxe OyTh Bu-

KOHOHO PIi3HUMKM METOAAMM, HAMMOLWM-

periwnm € enexktpoocamkerHs (Electro

Deposited). Bukopucrosysanuit metog

HOHECEHHS! 3PELITOI BMIIMBAE HA BUCOKO-

YACTOTHI XAPAKTEPUCTUMKM Cxemu. Huxue

HOBEAEHO OCHOBHI CNOCOBK HAHECEHHS!

MigHOT GOnbrv Ta BIAMOBIAHI IM 3HAYEHHS

LLIOPCTKOCTI MOKPUTTS:

e Enextpoocapxenns (Eleciro Deposi-
ted, ED), cepenHbokBOAPATHUYHE 3HO-
yeHHs wopcrtkocTi 1.5 MkM, ane moxe
pocaratv sHadeHHs 3.0 Mkm.

o Donbra 3 06pobNEHNM 3BOPOTHUM
6okom (Reverse Treated, RT), cepean-
HbOKBAAPATUYHE 3HAYEHHSA LWOPCTKOC-
i 0.7 MKM.

e Karana donbra (Rolled Annealed
RA), cepeaHboKBaapATUYHE 3HAYEHHS
wopctkocti 0.3 Mkm.

Arne siK 3HQUEHHsS LOPCTKOCTI BMAMHE

Ha xapaktepmctukm cxemne Ocb Kinbka

npuknagis:

e [lpu nopiBHsHHI ABOX NnaT 3 Marepi-
any RO3003 roewmHoto 0.02 grorma
3 migHum nokputtam 0.5 yHuii, HaHe-
ceHrm RA-meTomOM i TOKMM COMMM
NoKpUTTSM, HaHeceHnm ED-metopom
npu yacrtoti 25 [Tu, sTPaATM NOTYX-
Hocti ctanosutumyTs Ha 0.1 nb/noim
6inbwe ana ED-nnatu, Hix ana RA.

e |HWUIt NPMKNAA:  BUKOPUCTAHHS

RO3003 3aetoswku 0.005 groiimu,

iHWi XOPAKTEPUCTUKM 3ANULLIAIOTLCA
1i % (0.5 yHuii migi, yactota 25 [Tu).
B naHoMy Bumagky BTPATM ans nnatu
3 ED-meTonoM HaHeceHHs CTaHOBNATL
exe Ha 0.35 nb/nronm Binswe, Hix ana
aHanoriyHoi 3 RA-nokputTam.

TOKMM 4YMHOM, BUKOPUCTAHHS TEXHO-
norii HoHeceHHs 3 BGiNbLIOID LWOPCTKICTIO
CNPUYMHSAE 36INbLUIEHHS BTPAT NOTYXHOCT
nepenadi. [laHi BTpaTM 36inbLyBATUMY T
€A 31 3POCTAHHAM YaCTOTH Ta,/ab0o 3i 3MeH-
WeHHAM ToswmHM nigknagku. Llei ¢ak-
TOP 0COBAMBO BAXIUBKIA ANs TABAPUTHUX
nnaT i3 nosrmun gopixkamu. OaHak, konu
MOBQ 3AXOAUTb MPO BUPOBHULTBO, TYT, AK i
y BUMNQAKy 3 6Aratbma iHWMMM ACNEKTAMM,
3HOXOAMTLCS MiCLe BWMCIOBY «nanuus 3
IBOMO KiHUAMUY:

e [lo-nepwe, HaHECEHHS MigHOT dONbIU
3 MEHLLOIO LLOPCTKICTIO BUMArAE Npo-
BEeAEHHS BinbLIOi KinbKOCTi iTepauin
NPU BUPOBHULTBI, OCKINbKMA HACTYMHI
LIapK NNATH CTAE CKNOAHILWE CKeto-
BATM MixX COBOIO, WO y CBOIO Yepry
36inbluye BapTicTs (puc. 5).

e [lo-gpyre, MEHLWA WOPCTKICTb 3HUXYE
onip AOPIXOK HA BiALIAPOBYBAHHS,
LLIO MiABMLLMTE MMOBIPHICTb YTBOPEHHS
Bpaky Ta ycknagHuTh nepepobky abo
YHEMOXUBUTL Ti. I_lpMKnop, UbOro —
HEeCYMICHICTb Aeskux maTepianis, Ta-
kux sk Rogers 4000, 3 nokputrsim, Ha-
HeceHnm meTtogom Rolled Annealed.

MPENPErU TA MATEPIAJIN
A9 CKJIEKOBAHHS

cHye Gesniy BapiaHTis npenperis’ i mate-

pianis Ana CKNEOBAHHS LWAPIB APYKOBA-

HOI nnaTw. ,D,J'Iﬂ CTBOPEHHA ONTUMANbHOIO

PiLLEHHS 3 TOYKM 30PYy NPOLECY BUPOOHM-

UTBA TA €NEeKTPUYHUX BIACTUBOCTEN MpPU

BubOPI MaTepiany po3pobHuky Heobxia-

HO BiMOBICTW HA TAKI MUTAHHS:

e TepmopekTonnacT (TepMOPEaKTUBHUIA
NAACTUK) Y4 TEPMONNACTS

e Temnepatypa ckneoBaHHa. Yu Bu-
TPUMAIOTb KOMMOHEHTW MAAaTH, TaKi
AK J'IOMiHOTVI, nacrta gngd 3AanOBHEHHA
OTBOpPIB, IHTErPOBAHI KOMMOHEHTH,
npwWnii, CMONA 3 BMICTOM cpibna i T. 4.,
TEMNEPATYPY CKIEIOBAHHAS

e Yy BUTPUMAE KNEMOBMI MaTEpian Ha-
cTynHi etanm 36uparHa? Yu Byae nna-
TA OPIEHTOBAHA HA TMOBEPXHEBMUIA 4
HQBICHUIA MOHTOX?

! Prepreg sBnsie oGO0 TKAHMHY 3i CKNOBONOKHA, NPO-
couery cmonoto y craaii B (cmona y npomixHin crogii
peakuii nonimepusauii, po3m'sKLEHA, ane He pPo3-
nnasneHa). Mpu HarpiBaHHi nig TMCKOM npenper nna-
BUTbCA | 3B'SI3YE LIAPM PA3OM, YTBOPIOIOYM JIAMIHAT
nicns 3aTBepAiHHS.
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Puc. 6. Mpuxnap 3cyBy nepexigHoro
OTBOPY HU BEPXHbOMY LUAPI
NAAaTY Yepes NAaBAeHHs
Tepmonnacry

e HawneceHHs knetoyoro marepiany sia-
OyBOAETHCA Yy Kinbka eTanis? Jkwo ue
TOK, TEPMOPECKTUBHI npenperu, sk
NPABUIIO, NOMErLLYIOTh MPOLEC BUPOD-
HuutBa. BukopwucranHs Tepmonnacty
TEX MOXE BYTH HEMOTAHWUM BOPIAHTOM
Y TUX BUNQAKAX, KOMK 3ACTOCOBYIOTHCS
CMOMYYHI MATEPIaNM 3 PI3HOK TEM-
nepaTypolo MNABAEHHS, d maTtepian
i3 HQMHWXYOIO TEeMNEPATYPOIO HAHO-
CUTbCSH B OCTAHHIO Yepry.

e Yy notpibHO 3QnNOBHMTM nepexigHi
otsopu? [Mpu nocnigoBHOMy ckneto-
BAHHI LIAPIB 4ACTO BUHMKAE noTpeba
30MOBHMUTU HACKPI3HI NepexigHi OTBO-
pu. 3anexHO Bif KiNbKOCTI i pO3Mipy
OTBOPIB i Mpenpera, WO BUKOPUCTO-
BYETbCS, OAHWM 3 BOAPIAHTIB € 3AMO-
BHEHHS iX MOTOKOM CMOMM 3 npenpe-
ra, Wo BMHMKAE Mif, 4OC CKNEIOBAHHS.
OpHok akwo ob6’'em OTBOPY 3QHAATO
BENMKUI, AN 3AMOBHEHHS HEobXiAHO

'paHnyHNn
BMNaf0K
BUTMHY LWapiB
nicns 3HATTA
cybnnatn
3 npecy
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Puc. 5. Mpuknapg BigwapoByBaHHe AOPiXXKKU Nnatu. PUsuK BiALLIAPOBYBAHHS
NiABULLYETLCA NPY BUKOPUCTAHHI GONbIY 3 MEHLLIOIO LLIOPCTKICTIO

LOAATKOBO BMKOPMCTOBYBATM Crielli-
anbHy NacTy.

e 9lKWO HO MAATI NPUCYTHI BMPI3K, Ak He
NOBMHHI OyTW 3QNOBHEHI CMONOIO Nif,
4aC CKNEIOBAHHS, Crifl, BUKOPUCTOBYBA-
T NPenperu 3 HM3bKMM CTyMEeHEeM Teky-
yocTi 060 30BCIM HE CXMIbHI 4O He.
[licns  HarpieaHHA  TepMopeakTus-

Hi MaTepianu CTATb HE CXUNbHUMK [0

NMABMEHHS, B TOM Xe 4acC Npu HATPiBAHHI

TEPMOMIACTH PO3M AKLLYIOTHCS, | Wapw,

nobyaoBAHi HA iX OCHOBI, MOXYTb MQTK

TeHAeHLilo 1o 3cyBy abO HaBITL po3sany,

AKLWO Mg yac BupobHuuTBa Oyae nepe-

BULLEHA BCTAHOBNEHA Temnepartypa. [le-

perpis TEPMONNACTY He TAKWUIA CTPALLUHMM,

AKLLO BMKOHYETLCH NOCNIAOBHE CKIEIOBAH-

Hs LIAPIB: CNOYATKY CKNEOOTLCS LWapn 3

TEPMOMNINACTIB 3 BUCOKOIO TEMMNEPATYPOIO

NAGBAEHHS, NMOTIM 3 HU3bKOIO — Le A03-

BOSIUTb YHUKHYTK MOBTOPHOTO MNABEHHS

BXE CKIIEEHMX LUAPIB. ACKPABUM MPUKIa-

LOM HEKOHTPOMNBOBAHOIO NEPErPiBY € 3Mi-

LLIEeHHS MepexigHOro OTBOPY HA LIAPAX

MAATH, SIK MOKA3AHO HA PUCYHKY 6.

CTBOPEHHS CTEKY
3 KJIbKOX LUAPIB

| |M>qu HasepeHi 6a308Bi NpaBMna, 4o-
TPMMOHHS SKMX LO3BOJSIUTb YHUKHYTH

npobrnem nig 4ac CTBOPEHHs nnaT, cTek

AKMX CKNAJAETCS 3 AEKINbKOX LLIAPIB:

e BukopucrosyBatu oauH i Toi xe ma-
Tepian gng wapis T4 npenpera, Lo
LO3BOMUTb MIHIMI3YBOTU PU3NK BUHMK-
HEHHS MPOBNEM NPU CKNEIOBAHHI.

e Ykuio NOTPIGHO BUKOPMCTOBYBATH Pi3-
Hi MaTepianu, pPeKkomeHayeTbca 30e-
PiraTM CUMETPUYHICTb HAPOLLYBAHHS
NAMIHATIB TG Npenpera.

e Jkwo XomeH 3 BWLLEHABEAEeHUX BaA-
PIAHTIB HEMOXJIMBMIA TA iCHYE 3HAYHA
Pi3HMUA MK CTPYKTYpPOIO MaTepianis,
PEKOMEHAYETBCA 3ACTOCYBATU CMIBBIA-
HoweHHs 1:>2.5, ue nossonuts 3p0bu-
TM OAMH MOTEPIAN AOMIHYIOUYMM TA MiHi-
Mi3yBOTH BMMB PidHMX 3HaYeHb KTP.
Konu mpykosaHa nnata 6ygpyetscs 3

Kinbkox cybnnat, To6To nif 4ac BUPOGHM-

UTBA MPOXOAUTH Kiflbka €TAmMiB 3'€AHAHHS,

BAXKIIMBMM QCMEKTOM CTAE IXHA CUMETPUY-

HiCTb TQ BigNoOBiAHICTL po3mipis. Bimcyt-

HICTb CUMETPIi MOXeE CMPUUNHUTM CEPHO3-

Hi npobnemu Npu GOPMYBAHHI KiHLEBOTO

creky. Hesignosignicts KTP matepianis,

L0 BUKOPUCTOBYIOTLCA B CyONiaTax, 34aT-

HO BMKIIMKATM ii BUIMH | MOPYLUEHHS CMU-

MeTpii, nicns yoro noaanswa o6pobka

3HAYHO YCKNAAHIOETLCS aBO CTAE 30BCIM

HEMOXIIMBOIO (puC. 7).

Mpuknag CUnbHOTO BUTMHY Wapis cy6-
nnatv yepes HesignosigHicte KTP matepi-
anie NOKA3aHWA Ha pucyHky 8. Ha pucy-

Puc. 7. Burux wapy ApyKoBaHoi naaru

Po3BopoT «cyBot0»,
LLi0 YTBOPMBCA 3 LLIAPIB,
CBi[j4MTb NPO CMOTBOPEHHS
Ta 3pYLUEHHs!

Puc. 8. Mpuknap cunbHOro BUrMHy LWapis cy6nnaru yepes HesignogigHicts KTP martepianis
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cTyneHs nornu6neHHs (6)

Ky 306paxeHo cybnnaty nicnsa BUAANEHHS
3 nNpeca: AK TiNbKWM TUCK HA mnaTy ocnab,
[BQ BUMHYTMX LIAPWM 3rOpPHYnucs nopi6-
HO mo cyeoto (a). PosropranHsa wapie Ta
npoBeaeHHs aHanisy (6) niaTeepanno Toit
dakT, wo aedbopmauia Byna BUKIMKAHA
HesignosigHicTio KTP.

MEPEXIAHI OTBOPU

'€AHAHHS NPOBIAHMX LLIAPIB NAATH Bif-
OyBAETLCA 30 AOMOMOTOIO MEPEXIAHUX
OTBOPIB. 3anexHo Big CKNAZHOCTI Ta ™Y
NNATH NepexiaHi OTBOPM MOXYTb BYTH pis-
HOT MMBUHKM TA MATM HACKPI3HY YW FIyXy
KoHCTpykuito. Ha pucyrky 9a Hasepe-
HO MPWKNQL PEeanbHOI MNATU 3 KiNnbKoMa
nepexigHnmu oteopamu. Ha pucyrky 96
306pAXEHO KOHLENT MiaTH, HA SKOMY
NOKA3GHO BAPIAHTU MEepexifHMX OTBOPIB
3 pisHum cTynernem normbnenns (B1-B4).
rlOpﬂ,D,OK TA TEXHONOria BUTOTOBMEHHS
OTBOPIB € OAHWM i3 BAXIUBUX HAKTOPIB,
WO BMAMBAKOTL HA MPOLEC BUPOOHULTBA

TQ 3rofOM HO NPALE3[ATHICTb MNATU.

e [lepexighuit oteip L1-L4 npocsepg-
neHo Ha cybnnati nnatv (B3) 3 meta-
NIEBOIO OCHOBOIO TA 3AMOBHEHO CTPY-
MOMPOBIAHO NACTOO?,

e  Orsip L12-L13 npocsepanero nase-
pom Ta 3anosHeHo miaaio (B1).

e  Orsip L11-L15 npocsepaneHo Ha cy-
6nnati nnatv (B2) 3 metanesoio ocHo-
BOIO T 3AMOBHEHO CTPYMOMPOBIAHO
nacToto.

e Ortsip L1-L10 cnouatky 6ys npo-
CBEPLJIEHUI Yyepe3 BCIO MNaTy, MOTiM

3anosHee
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3BOPOTHE CBEPANIHHS

3BOpOTHE
CBEPASIHHA

ioro yactuHa (L10-L15, B4) 6yna su-

LONEHO 3BOPOTHUM BMCBEPANIOBOH-

Ham (back drill).

e L1-L12 ananoriuno L1-L10 npoceepa-
NeHO Yepes BCKO MATY, MOTIM WMOro
yactuna (L10-L15, B4) 6yna suaanera
3BOPOTHWM BUCBEPAMIOBAHHSAM.

e Oreip L1-L15 (B4) npocsepanero ye-
pes BClO NnaTy.

BukopuctarHs cybnnat  possonse
NPOCBEPANIOBATM HACKPI3HI OTBOPK ne-
pef, OCTATOYHUM CKNAAAHHSAM, 3BOAAYM 0O
MIHIMYMy HEeOBXigHICTb y ryxmux nepexia-
HWUX OTBOPAX.

HesanexHo Big BUKOPMCTOBYBAHOI
TEXHONOTIi Nif YOC CTBOPEHHS OTBOPY He-
06XiAHO BPAXOBYBATU CMIBBIGHOLIEHHS
oro rmubuHu po giametpa. Mnyxi nepe-
XifIHi OTBOPU MOBMHHI MATM MAKCUMOINbHE
BigHoweHHs 1:1, a HackpisHi OTBOPU He
Ginbwe 12:1. JotpumaHnHa uporo cnissia-
HOLEHHS MOXe OyTH Aaneko HEeTPUBIab-
HUM 30BAAHHSAM, OCOBGAMBO MPU MAmMX
rabapuTax NNaTH, WO Nos’a3aHO 3 Nona-
OQHHAM B OTBIp TeKyumx,/pO3nnaBieHmnx
maTtepianis i PO34MHIB, AKi BUKOPMUCTOBY-
0TbCAA B NPOLECi BUPOBHWUTBA, LLO NOpy-
LLIYE MOTO PIBHOMIPHICTb.

X04a BUKOPUCTAHHS HACKPI3HUX Nepe-
XiHUX OTBOPIB € KPALWMM i MPOCTUM ANs
BUPOBHULTBA BAPIAHTOM, B AEAKMX BUMOL-
KaX HEMOXITMBO OBIMTUCA BE3 ryXMx OTBO-
pis. KOMNpOMICOM CTAE BUKOHAHHS FIyXMX

2 [pu 3an0OBHEHHI OTBOPY CTPYMOMPOBIAHOIO Na-
ctoio (plug paste) minimansHa TOBLUMHA Migknanku
nosuHHa craHosut 0.254 mm i Gytn ykpinneHa
CKIIOTKAHMHOIO, WOG YHUKHYTU Npobnem 3i cTabink-
HICTIO PO3MIPIB NPW BUPOGHULTBI.

Puc. 9. Mpuknap peanbHoi nnaTi 3 nepexigHMMMU OTBOpaMM (a); KOHLIENT NAATH 3 NepexXiAHMMU OTBOPAMMU Pi3HOTO

OTBOPIB CMNOYATKY Yy BMIMAAI HACKPI3HUX, O
NOTIM BMKOPWUCTOHHA TEXHOMOTIi 3BOPOT-
Horo suceepaniosanHa. OpHak npu 3acTo-
CyBQHHi IAHOT TEXHONOTT BAXIMBO 3a6e3-
neynTn BOCTATHIO TOYHICTb CBEPASIHHS,
TAK IK HOATO BENWKEe MOrmUbNeHHs npo-
pi>ke KOHTAKTHMIA MAMAAHYMK, MOPYLUMBLLK
nepenbadyBaHe enekTpuyHe 3'€QHAHHS;
NPY HEAOCTATHIN MWUBKHI CBEPANIHHA MAM-
LOHYMKM 3QNULLIAIOTECS HELOTOPKAHUMM,
ane 3'ABNAETLC PU3UK BUHUKHEHHS 30MBO-
ro NPOBIAHMKA, WO BUKOHYE POb BiABOAY
B QHTEHHOMY NOHLIOTY, WO BMWHE HOA
eneKTPUYHI XaPAKTEPUCTUKM MPUCTPOLO
(puc. 10). OnTumansHUM € 3anMWeEHHs
BiBOAY nepen LiNMbOBMM LIAPOM MNAATH
toswmHoto 100 mkm 25 mkm. Hopart-
KOBO PEKOMEHAYETbCA nepef, Mo4YaTKOM
3BOPOTHOTO BMCBEPAMOBAHHS 3AMOBHUTH
HOCKPI3HMI OTBIP MACTOIO 3 MOAASbLUMM

A

1’__—:

Puc. 10. HegocrartHa rnubuHa
BUCBEPAJIIOBAHHS, L0 3CSULLAE
BifBiA B AHTEHHOMY NAHLIOTY
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Puc. 11. Bunagku, Konm BUKOPUCTAHHS
FAyXuX nepexigH1x oTBopiB
HEeMOXXNnuse

3ateepaiHHaM. Lle ocobnmeo akTyanbHO
y BUMAAKAX, KOMM BUKOPUCTOBYIOTLCS Mig-
knagku Ha ocHosi [TPE.

Crig TaKOX BPOXYBATH, LLO B AESKMX
BMMNOAKAX BMKOPUCTOHHS TYXUX Mepexif-
HUX OTBOPIB i 3BOPOTHOTO BMCBEPAIO-
BAHHS MOXe OyTW Hemoxnmsum. Ha pu-
cyHky 11 nokasaHi npuknagn Takmx
BMNALKiB: (Q) BOPIXKM HO BEPXHLOMY LLAPI
OBMEXYIOTh MOXIIMBOCTI 3BOPOTHOTO BM-
CBEPASIOBAHHS A8 CTBOPEHHS NyXOro
NepexigHoro OTBOPY NOTPIGHOT rMUBMHK;
(6) — nokasye HeMOXIUBICTL CTBOPEHHS
NepexigHoro OTBOPY MiX ABOMA cybnna-
TAMM, TOMY LLO B AGHOMY BUMOAKY BUHMK-
He NepeKkpUTTS NPOBIAHUX LWAPIB.

BBYAOBAHI PE3BUCTOPU

BMKOpMCTOHHﬂ KOMMOHEHTIB, iHTerpo-
BAHWX Y BHYTPILHI WAPKM NAATH, HO-
NpWKNag, APYKOBOAHWX PE3UCTOpiB, CTAE
OEefani YOCTILMM SIBULLEM. TWUMOBMIM mpu-
knan — GOPMYBAHHS 3 TAKMX PE3UCTOPIB
ninbHKUKA YinkiHCOHA B cucTemi 3 Gpas3oBa-
HOIO PeLUiTKO, Ae PO3MOAin MOTYXHOCTI

CHIP NEWS, #3 (213), 2022

BMKOHYBATUMETBCS MK [BOMA LLUAPCMM

nnatv. B6ynosysanHa pesuctopis sinby-

BOETBCS 30 AOMOMOrOI0 HAHECEHHs pe-

3UCTMBHOTO MATEPIGNY HA Wap nnaTt,

TAKi Pe3nCTOpPM [O3BONAIOTL 3MEHLLMTH i

rabaputM Ta OCOBNMBO QKTYQSbHI B CH-

CTEMAX 3 BEMKOIO KiMTbKICTIO KOMMOHEH-

tis. OpgHak Ui peanctopu He naHaues, i

OCTATOYHO NO36YTMCS Binbl TPAAMUIMHMX

UNN-PE3UCTOPIB HEe BAACTLCS. 30Kpema,

BMKOPUCTAHHS [OPYKOBOHWX PE3NCTOPIB

CTUE HEMOXITUBMM, SIKLLLO MOTO MOTYXKHICTb

poscitosanHs nepesuutysatume 200 mBr

abo Oro HOMIHOM MOBMHEH MATH MiHi-

ManbHy NOXMBKY.

Komnanis Teledyne Labtech npononye
CBOIM KNIEHTOM TOKi BAPIAHTM BUKOHOHHS
pesncTopis:

o JluCKpeTHI Ynn-pesucTopm, siki KpinasTb-
€S L0 NNATM 30 AOTIOMOTOO MASIHHS.

e JluckpeTHi uun-pesmcTopw, sKi Kpi-
nAsTbCs JO MAATM 30 AOMNOMOTOIO
CTPYMONPOBIAHOrO kneto (enokenaHa
CMONA i3 BKPANNEHHAMK Cpibna).

e JlpyKOBOHI pPE3UCTOPU, BUrOTOBNEHI
3a TexHonorismn OhmegaPly abo
Ticer Ta BOYAOBAHI y LWIAPKM NNATH.

e JluckpeTHi opyKOBAHI pesucTopw, Bu-
roTtoeneni 3a TexHonorismu Ohmega-
Ply abo Ticer.

KO BUKOPUCTOBYIOTbCS OMCKPETHI
KOMMOHEHTU, KPIMNEHHS SKMX HA APYKO-

L

nnouyeto onopy (npaesopyu)

Mpenper/
Knetoya nniska

BAHY nnaty nepenbayae 3aCTOCYBAHHS
NpUNo, BAXIMBO, WOH HOro Temnepa-
Typa nnaenexHs 6yna Ginbw Hix Ha 40 °C
BULLE TEMNepaTypu 3’ €QHAHHS npenpera
TQ AienekTpuka wapis nnatv. 3acTtocy-
BAHHS [MCKPETHUX YUN-pPE3UCTOPIB CTAE
HEMMHYUMM, AKWO HeobXxigHui ponyck
BenuunHm onopy MeHwe +10% sig HOMI-
HQMLHOrO 3HAYEHHs Ta/abo NOTYXHICTb,
wo poscitoetbea >0.2 Br. Mpu Bukopwmc-
TAHHI APYKOBAHWX PE3MUCTOPIB MNOTYXHICTb,
WO PO3CHOETLCS, BU3HAYAETLCA MAOLLEIO
PE3NCTUBHOI NMOBEPXHI i, HANPWKNAL, Ang
nosepxHi 3 onopom 50 Om Ha ksappaT
(square), BurotosneHoi 3a Texwonorieo
OhmegaPly, cnissigHOWweHHs noTyx-
HocTi no nnowid (A §o MM2) cTaHOBWTBL
MBT = 173X A3, 3actocyBaHHs TexHO-
norin OhmegaPly abo Ticer Ta matepiany
3 onopom 50 Om Ha kBampaT [o3BONSE
pocaratv ponyckis go £10% Big HOMI-
Hany. 3 iHAHCOBOI TOYKM 30PYy BMKOPM-
CTOHHS TOKUX PE3NCTOPIB AAE ABHY mne-
pesary, 0cobnMBo Konu y cxemi € 6esniy
komnoHenTie (puc. 12). Ina pocarHeHws
ONTUMASBHUX 3HOYEHb MOXMOKK BENUUMHM
Onopy Cifl YHUKATH ENEMEHTIB i3 NAOLLED
meHwe 0.2x0.2 mm 3a onopy 50 Om
Ha keagpar. Llikaeum sapiaHTOM Takox
€ BUKOPUCTOHHS OMCKPETHUX OPYKOBAHMX

3 Ixepeno: Ohmega Technologies. Inc.

,_.-—""d—‘-

Puc. 12. inckpeTtHuii uun-pesucrop (nisopyu) Ta APYKOBAHMIA PE3NUCTOP 3 MAJIOIO

PesncTuBHMiA Wap npucyTHiA
TiNbKI MK KOHTAKTHIMI
MailfaH4uKkamm penctopa

[opixka,
L0 NPOBOANTL

[pocBepanenuii nazepom oTeip
AnA 3'efHaHHS pe3ncTopa

3 OPKKOIO, LLI0 NPOBOANTL 50 MKM

Puc. 13. Mpuknap B6yaosaHoro umn-pesucropa (a); aApykosaHoro peaucropa Ohmega-Ply (6)

APYKOBAHI NAATU



APYKOBAHI MAATU

CHIP NEWS I

PEe3nCTOPIB, BMKOHOHWUX 3C TEXHOMOrIE
OhmegaPly abo Ticer: Taki pesucropu
LO3BONAOTb 3BECTM JO MIHIMyMy BTPOTH
npw pobOTi HA BUCOKMX YOCTOTAX, OCKimb-
KM BMKIIOYQIOTb HASBHICTb PE3nCTUBHOIO
Lwapy nig npoBiAHMKAMM, MO AKMX MPOXO-
nate papiocurdanu. Ha pucyrky 13 no-
KO3QHUI NpMKNAL, iHTEerpaLii AMCKPETHOro
unn-pesncropa (a) Ta sbygosaHoro ppy-
KOBOHOrO PEe3nCTopa, BUrOTOBIEHOrO 3
TexHonorieto OhmegaPly (6).

DIHIWHI NOKPUTTA

q)iHiLUHe NOKPUTTA MPOBIAHMKIB APY-
KOBQHOI MNATU — BAXKIIMBUI ACNEKT
npu BUpobHUUTBI npucTpois HBY-giana-
30HY | BOHO 380THE 6e3nocepenHsOo Bm-
BATU HA X XOPAKTEPUCTUKM. THUM MOKPUTTS
30QMEXNTb Bif TOrO, AKi CUIHOMBHI BOPIXKM
€ HQ 3O0BHILWHIX MOBEPXHAX APYKOBAHMX
nnat. [nati, wo peanisytoTs CMyxKo-
BY NiHilO nmepepadi, MAlOTb HA MOBEPXHI
NULLE HEBENUKI KOHTOKTHI MOMAAHYMKM, i
ANg iX NOKPUTTA JOMNYCTUME BUKOPUCTAHHS
imepciiroro sonotinHa (ENIG, Electroless
Nickel Immersion Gold). OgHak y Tux
BMNAAKOX, KOM HO MOBEPXHiI pO3TALIO-
BYIOTbCS AOPIKKM, LLLO MPOBOASATH, BBAXA-
etbed, wo nokputtas EniG mae sanaaro
BENWKi BTPATU, OCOBNMBO SIKLLO LOBXMHA
LOPIXKKM MNEPEBMLLYE KiNbKA MINIMETPIB.
Brpatn yepes ENIG spocraiots 3i 36inb-
LIEHHSM YOCTOTM TA 3MEHLUEHHAM TOBLLM-
Hu nigknagkn. Mpu eukopuctanni ENIG
He Cnifi HOHOCKUTU HO AOPIKKKM MNASNbHY
MACKy, OCKifbku ue npussene Ao 36inb-
LLIEHHSs BTPAT.

Binbwicts NOKPUTTIB, WO HOAHOCATb
raNbBAHIYHUM METOAOM, MAIOTb MEHLUY
NPOBIAHICTb, HIX Mib, TOMYy 30inbLUYIOTH
BTPATH Yy NPOBIAHKKY. BuHatkom crae xi6a
Wo iMepcinHe cpibno — BOHO He MAE He-
FOTMBHOTO BMIIMBY HA MPOLYKTMBHICTb, ane

Puc. 14. NMasgHe 3'egHAHHSA HO HAATO
TOBCTOMY LUAPi 30/10TO MOXKE
NPU3BECTU A0 KPUXTYBUHHS

(Hikenb)

3onoto
=

MosiTps
(komnayHg)

- - ny

noTpebye OBEepexHOro MOBOMKEHHS, «
oro nepepobKa € BUTPATHWUM MPOLECOM.

IMepciitHe 30M0TiHHS NO MNigwapy Hi-
kenio Ta nanagito (ENEPIG) noseonse po-
cartu meHwux sTpat nopisHsHo 3 ENIG
i pEeKOMeHAyEeTbCa AN 3AaCTOCYBAHHA B
npuctposx Ka- ta 6inblw BUCOKMX giana-
30HiB, OCOBMMBO AKLIO KOMMOHEHTM Ha
APYKOBAHY MAATY LbOro NPUCTPOIo ByayTs
BCTAHOBNIOBATUCA 30 gonomoro SMT-
abo APOTAHOrO MOHTAXY.

Y scix Tpbox sunagkax ENiG, imepciite
cpibno ta ENEPIG asnatots coboto npoue-
CM XIMIYHOTO OCOAXEHHS MeTany 3a Jono-
MOTOI0 KOHTPOMIbOBAHOI OKMCHO-BILHOBHOI
peakLii, Npu Kk MeTan, WO OCAAXYETbCS,
MOKPMBOE BCi MOBEPXHI BIiAKPUTMUX MPO-
BiJHMKIB, BKIIOYQIOYM KpPQAi AOPIKOK, WO
306e3nedye PiBHOMIPHY TOBLUMHY. SKLIO
FOBOPUTM MPO BAPTICTb, TO HAMAELWEBLINM
Yy UbOMY BMMQAKY € imepciitHe cpibno, a
Hangopoxium — ENEPIG, ronoshmum um-
HOM 30 PAXYHOK YTPMMQOHHS NANagiio.

PiBHOMipHE MOKPUTTS 3070TOM HAIA-
YacTiwe 3aCTOCOBYIOTb MPU APOTAHOMY
MOHTO)Ki, TOBLUMHA MNOKPUTTA B AAHOMY
BMNQAOKY CTOHOBUTb 3—5 MKM i HaHO-
CUTbCH MOBEPX LIAPY HiKeNo 3GBTOBLLKK
1-3 MKM. FKLWO KPIM APOTAHOTO MOHTAXY
BMKOPUCTOBYETLCA NMAMKA, 3010TO HAHO-
CUTbC BMOIPKOBO HA AINAHKM 3’ €AHAHHS
OPOTY i MOE HO UMX LINSHKAX TOBLUMHY
3-5 MKM, HO peLTi NOBEPXHi TOBLUMHA
CTOHOBMTL MeHwe | MKM, LIO A03BONAE
YHUKHYTHM Npobnem, NoB'a3aHux i3 Kpux-
TYBAHHAM 30J10TA B MNAAHUX 3I€,D,HCIHH$IX
(pnc. 14). 9x npaeuno, Takuit TMR no-
KPUTTS HEOOXIOHO HAHOCMTM HA MOYATOK
nNpOLECy BMTPABAEHHSA JOPIXOK, OCKINbKM
ranbBAHIYHMIA MPOUEC BMMArae, wob Ha
Kpasx JOpiXoK Gyna oroneHa migs. Ha
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Puc. 15. MonepeuHwuii nepepis nnartm i3 3010TUM NOKPUTTAM, HAHECEHUM
HA NPOLUAPOK HiKeso, IKUi HAHEeCEHUIt Ha MiAHY AOPiXKKY naaTk,
nigknapaka akoi mae Bucoky Dk. Ctpykrypa nigknagku mae Tunosi
Ans marepianie 3 Bucokum Dk BkpanneHHs okcuay antomiHiio,

LLIO O3BOJISIE NiABULLUTY 3AranbHy AieNeKTPUYHY NPOHNKHICTb

pucyrky 15 nokasaHo nonepeunuit ne-
pepi3 nNaTh i3 3010TUM MOKPUTTAM, HOHE-
CEHMM MOBEPX MPOLLAPKY HiKeo, K y
CBOIO Yepry HOHECEHWM HA MiHY [OPiXKY
nnaTM, Nigknogka akoi mae sucoky Dk.
Take ¢iHilHe NOKPUTTA MAE BinbLL BUCOKY
BAPTICTb, QHIX MPOCTUI enekTponis abo
imepciiHe sonoderHs ENIG.

Y tix micugx, oe MNAHYETLCA BCTAHOB-
NEHHs Topueswmx (Kpaiosmx) pos’emie ab6o
NPYXWUHHWUX KOHTAKTIB, 30M10TO MOXe ByTw
LOLATKOBO MOKPWTE HiKeNnem, Wo [O3BO-
ANTb 306€3NeYUTH MILHILLY NOBEPXHIO.

BUCHOBOK

|_|i,u, 4OC NPOEKTYBAHHS MNAT AN Npu-
ctpoie HBY-gianasory pospobHukis
yekae 6e3niy NacTok, OCHOBHI 3 AKMX Bynn
PO3MsHYTI B AAHIA CTATTI. XOUa OCTAHHIM
4aCOM 3aCObM NPOEKTYBAHHA TA PO3POH-
KM MAAT CYTTEBO MOKPALUMIUCS, BOHM BCE
e He BPAXOBYIOTb yCi npobnemu, ski
MOXYTb BMHUKHYTU Y MPOLECI peanbHOro
BUpOGHULTBA. Y CTaTTi Byno posmsHyTO
KOXeH eTan TaKOro BUPOBHMLTBA, MOuw-
Hatoum Bin BM6OPY maTepiany 6a3osoro
wapy po diHiwHoro nokputTa. barato
CICI'IeKTiB, 30ATHMUX BIMJTMHYTU HOA XAPAKTE-
PUCTUKKM NNATK, Ti BAPTICT Ta/abo Hamin-
HiCTb, NOB’A3aHI 3 BUOOPOM MaTepianie Ta
IXHbOIO pPeaKuielo Ha dismyHy abo XiMidHy
06pobky. Mpu nowyky BupiEeHHs Npo-
6nem, WO BUHUKAIOTL NMPU BUMPOBHWLUTEI,
4ACTO BiIACYTHI OOHO3HAYHI NPABUIbHI abo
HenpPaBWMbHI BigNOBIAI TA BUXIA i3 cuTyaUil
LOCATAETHCS KOMMPOMICOM, OMTUMAbHE
3HQUYEHHSI AKOTO MOXe OyTM JocarHyTe
fMLWe 3a TICHOT cniBnpaui po3pobHuka Ta
BMPOBHMKA NNAT. CN
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Kepysanna KapGigom KpeMmui:
naiisep gna Mogyna Sic MOSFET 62 Mm

Aunppin Konnakos
TexHiuHMn koHcynbTaHT: Tapac Mucak, k. 1. H.

3a cBOiMM XxapakTepucTukamu saresopa TpaHsuctopu SiC MOSFET
NOMITHO BifpisHsAIOTbCS BiA AO6Gpe BUBYUEHMX KpemHieBux (Si) kmnio-
yiB. Kap6igokpemHieBUM CTPYKTYpam NPUTAMAHHI aeski cneuundiuHi
oco6nueocrti, Hanpuknap apeid noporosoi Hanpyru 3areopa Vi,
SiC npm TpMBanin excnnyarauii Ta gerpagatiss OKUCHOrO WApPy Npu
BUKOPMUCTAHHI HEraTUBHOI HAMPYrY BUMKHEHHS.

MpoBeaeHi ocTAHHIMM pOKaMU JOCHIZXKEHHS [03BOIUIIUN AOCUTb [06-
pe BUBYMTM BJIGCTUBI LM CTPYKTYpPOM TemnepatypHi edpextu, 3okpe-
ma HectabinbHicTb 3cyBy 3arsopa (BTl — bias temperature instability).
BusHavyeHHs Hanpyru kepyBaHHs V;; Mae npoBoaMTUCS 3 YPAXYBAH-
HaM ycix unx ¢pakropis. Bubip ontumanbHoro pesucropa R, Takox
BMMArdeE peTesibHOro nigxoay, ockinbku SiC-cTpykTypu maioth Benu-
KW# BRAacHui onip R,

Y 6aratbox Bunagkax ansa kepyeaHHs SiC MOSFET BUKOpPUCTOBYIOTb
cranpapTHi gparisepum IGBT 3i amileHum pieHem V. Mpuknagom ta-
KOro pileHHs moxe 6yt agantepHa nnara 3 sapom SKYPER 42 LJ,
ONMUCAHA B Ll CTATTI.

KEPYBAHHA SIC, 3ATAJIbHI
MOJIOXXEHHA

I_l QMYaCTIlE ONTMMANbHI  XapaKTepUC-
kn SiC-kmiouie 3a6e3neuytoTbcst nMpu
Hanpysi Ha 3ateopi V= 18—-20 B, wo nig-
TBEPAKYETHCH KPUBMMM, MOKO3AHUMM HO PU-
cyrkax 11 2. 9k euarHo 3 rpadikie, y kapbigy

KPEeMHilo HaBAraTo BULLMIA edekT moaynauji
Hanpyru kepysanhs. Lle cnpasepnveo anst
pexuMmiB, A€ HaniBNPOBIAHWMKOBMI NpWUnag,
NOBOAMTLCA K AKTMBHWIM OMIp, SKWMIM Kepy-
€TbCA HANPYrolo abo Ak [XEPeno CTpymy,
IKE KEPYETLCS HAMPYrOk, LLO 3ANEXUTb Bif,
Vps Y BIGKPUTOMY CTOHI HONPYra CTiK—BKTIK
Vs SIC MOSFET, sik npasuno, 6inbwa, Hix

120 120
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Puc. 1. TunoBa BuxigHa xapakrepucruka SiC MOSFET 3a Temneparypu kpucrany
T,=+25 °C (a); npu T,=+125 °C tpansuctopu SiC MOSFET pemoHcrpyioTh

Vi Si IGBT. Leit dakt Bnnmeae Ha po-
BOTY CXEM KOHTPOMIO BUXOZY 3 HOCKMYEH-
HSl, OCOBNMMBO AKLLO BPAXYBATH Crieumdiky
nepexogy MOSFET & pexum crabinisauii
CTPYMY NP NEPEBAHTAXEHHI.

TUNOBOIO MOMUIKOIO € BUBIP NPUCTPOIO
KepyBAHHA MO HANPY3i Ha 3aTBOPI 6e3 ypa-
XYBQHHS BUXIAHOrO OMOpYy TA BIIACTUBOCTEWM
wono HasaHTakeHHs. O4YeBMaHO, WO, KPIM
BIANOBIAHMX 3HAYEHb Vi, TA Vi BPOIA-
BEP MOBMHEH MOTM BMCOKMIA MIKOBMIA CTPYM,
MOnUIA BUXIGHWMIM IMNERAHC | MOTYXHICTb,
LOCTATHIO Ol KEPYBAHHS 3ATBOPOM HA
30AAHIM YOCTOTI KOMyTaLi.

Mepenaa Hanpyr kepysaHHs AV,
SiC-kmouis — He meHwe 22 B, npu ubomy
PEKOMEHROBAHI 3HAYEHHs Vg . (+20 B) i
Viss o (8in =2 0o =5 B) sinpisHsioTscs sin
BENMYMH, sKi TPOAAMLIAHO BMKOPUCTOBY-
0TbCs ans koHTposio kpemHieanx MOSFET
i IGBT. Takox BiABHAYMMO, WO CYMAPHWMHA
sapsa sateopa (Q, ) y SiC MOSFET
3HAYHO MEeHLWKWK, BIAMOBIAHO, MEeHLWa |
eHepris kepysaHHs (nobytok AV, Ha 3a-
pan Q). OpHak ue Baxko HA3BATH Nepe-
saroto SiC MOSFET, aka npusHayeHa ans
pPOBOTH HA NIABULLEHWX YOCTOTOX.

TUNOBQ TPAHMYHA HAMPYTA BMUKAHHS
SiC MOSFET cranosuts 2.5 B, ane kap-
BiROKPEMHIEBMI KINIOY HE MOXE BIAKPUTU-
Csl MOBHICTIO [OTH, NOKM Vs HE BOCsrHe
18-20 B. Taknm YMHOM, AiGNA30OH 3MiHM
Hanpyru Ha 3aTBopi SiC NOMITHO WKMPLLKIA,
HiX y kpemHiesnx TpanHanctopis MOSFET i
IGBT. Bucokuit mogynioounit edbekt sea-
XOETLCS OAHUM i3 HELONIKIB KAPBIZY Kpem-
HilO, OCKiNbKM MOrO HACHIAKOM € HWM3bKA
crinkicts SiC-knioYiB 4O WYMOBMX CUrHQ-
nis. bymb-ake apiboTinHg (Mpum. pepak-
TOopa — ue BinbWw TOYHUIA AHANOT AHMIN-
CbkOMy TepMminy chattering), wo BuHukae
HO KEPYIOYOMY BMBOLI, MOXE MPM3BECTH
L0 MOMMWIIKOBOTO BMMKOHHA abO 4acTKo-
BOTO BUMKHEHHS MPUCTPOIO.

Benukoo nepesaroio SiC MOSFET
BBODKQETLCS BIACYTHICTb XBOCTOBOIO CTPY-
My, enactveoro IGBT-mogynam. Tum He

www.chiphews.com.ua
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MEHLU, Uer NapasuTHWiA edekT Ginonap-
HUX CTPYKTYpP 3a6e3nedye NesHUN CTymiHb
nemndyBaHHa (MPMM. PEAAKTOPA — MOX-
HO 30CTOCYBATH YKPATHOMOBHUIA TEPMIH —
NPUTIYMAEHHS) nepexiaHnx npouecis. [pu
30MiHI KPEMHIEBMX KmodiB Ha kapbigo-
KPEeMHI€BI 4acTO 3'9BNAETLCA AOAATKOBE
APIBOTIHHA | CMieckM HanpyrM BMCOKOT
amnaiTyamM Npu NEPEMUKAHHI, PIBEHb AKMX
MOX€e BUABMTUCH AOCTATHIM Ans npoboio
HanisnposigHukosoro npunagy. na su-
PillEHHs UMX NPOBNem Crif ONTUMI3yBATH
CXEMY KEPYBAHHS, MIHIMI3yBOTU NAPA3UTHI
IHOYKTMBHOCTI B NAHLIO3I KOMyTaUii Ta B
pPsAi BUNOAKIB BUKOPUCTOBYBATHU AOAATKO-
Bi cCHa66epHi kona.

MJIATA KEPYBAHHS SIC MOSFET

pospobneHomy SEMIKRON apante-

pi Board SiC Module SKYPER 42 LJ
BMKOPMCTAHO CTAHAAPTHE HAMIBMOCTOBE
anpo SKYPER 42 LJ. Mnata moxe 6esno-
cepenHbo 3 eaHyBaTUCH 3 Moaynem 62 Mm
(xoncTpyktre SEMITRANS 3), sukopucro-
BYBOTMCb SIK BEPTUKANBHO PO3TALLIOBAHWMA
nepexigHmnk abo MigKIoYaTMCA NPOBOAA-
mu po eusogais kepysarts SIC MOSFET (y
UbOMY BMNOAKY HeobxigHO 3a6e3nednTn
HU3bKOIHAYKTMBHE 3 €AHAHHS).

Opaiteep SiC Ha 6asi agpa SKYPER
42 1) spatHuit kepyBaTH KapBInoKpemHi-

CHIP NEWS, #3 (213), 2022
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Puc. 2. Tunoea nepegasanbHa xapaktepucruka SiC MOSFET 3a temneparypu

eBumMn momynamu 12- ta 17-ro knacy 3a
Hanpyrn DC-wunm go 1200 B ta makeu-
maneHoi yactotn nepemukarHs 30 klu.
Po6ota Ha Binblu BUCOKMX 4ACTOTAX MOX-
NMBA 3 YPAXYBAHHAM BMMOT LLIOAO i30M4Lii
Ta obmexenb pexumis SKYPER 42 LJ.

Cxema saxucty SKYPER 42 LJ ge-
TekTye Buxia i3 HacuuerHs (DESAT) o6ox
KIIO4iB HAMIBMOCTY, G TAKOX KOHTPO-
o€ CTaH poBada (ceHcopa) Temnepa-
Typn NTC. Mpu susenenni crany DESAT
npareep 6nokye obuaBa TPAH3UCTOPU
TQ BMAGE CUTHAN MPO MOMUIKY. Te came
BiNOYBOETLCA Y BMMNAOKY, KOMU CUrHAM 3
NTC-pasaya nepesuulye 3aaaHe 3Ha-
YeHHs (BCTOHOBMIOETLCA KOPWCTYBAYEM
HO NAaTi aaanTepa). 3a 3aMOBYYBAHHAM
dynkuia Interlock (sabopora omHouac-
HOrO YBIMKHEHHS [BOX TPAH3UCTOPIB HA-
NIBMOCTQ) BIAKMIOYEHA ANA PO3WMPEHHS
dYHKLIOHAMBHUX MOXIIMBOCTEN Apanse-
pa. Y ABOPIBHEBMX IHBEPTOPAX KOHTPO-
fep MOBUHEH BMKIIOYATH TAKY CUTYALIO,
WO NPU3BOAMTL A0 3aMMKaHHS wuH DC+
i DC—, a Takox 3a6esneuvysat Heobxia-
HWUM «<MEPTBUIAY YaC.

[Mnata kepyBaHHS MPM3HAYEHA Ans
CNPOLLEHHs PO3POBKKM ABOPIBHEBMX iH-
septopis Ha 6asi SIC MOSFET. Anantep
Board SiC Module SKYPER 42 LJ sunpo-
OyBaHMI NO HANPys3i i3onauii, npoTte BiH
HE NMPOXOaUTb GYHKLIOHAMBHUIA TECT, AKMMA
Cnif, NPOBOAUTH Y CKIAA] BUPOODY.

Puc. 3. Apantep SiC Module SKYPER 42 LJ (a); moaynb SEMIKRON 62 mm (6)

OcHOBHI oco6nuBoOCTi agantepa

Anantep Board SiC Module SKYPER
42 U (puc. 3a) npusHauenwmit ans kepy-
sanHs moaynsmu SiC MOSFET 3 po6ouoio
nanpyroto go 1700 B. Hanpyra satsopa
perynioetscs B aianasoHi sig =5 (V) no
+18 (V,,,) 30 BONOMOroI0 CXeMU 3MILLEHHS
PiBHA, KOHKPETHA BENMYMHA SKOTO BUOM-
paeTbcs 3 ypaxysanHam cneuudikauii SiC
MOSFET. Lle nossonse BukopucToBysaTh
cranpapTHui gparisep IGBT (SKYPER 42
LJ dbopmye Hanpyry Ha saTsopi —8/+15 B
BIANOBIAHO) ANA kepyBaHHA KaP6inOKkpem-
Hiesumm kmiouamun. KoHcTpykTueHe pileH-
Ha 3abe3nedye MNigKIOYEHHs aaganTepa
6esnocepeaHbo o SiC-momynis y KoH-
ctpykTmei 62 mm (puc. 36).

AnapartHa peanisauis

Anantep Board SiC Module SKYPER
42 L (puc. 4) senae coboro apykoBaHy
nnaty (PCB, aptukyn 45126301), Ha it
BCTOHOBMEH] PE3nCTopu 3aTBOPa Ry, Aio-
IN-CyNpEeCOopU, KOHEKTOPM AN NiAKIIOYEH-
Ha aapa SKYPER 42 LJ, iHwi koMnoHeHTy.

3anexHo Bif HOMIHQMLHOT MOTYXXHOCTI
Ta yMOB ekcnnyaTauii (Hanpyra, CTpym,
iHaykTmBHicTb  DC-wuhmn)  BMGKMpPaIOTLCA
HOMIHQNM R, HAMPYra GKTMBHOTO OOMe-
KEHHS TO MOPOrOBi PIBHI CXEMM 3AXMCTY.
Gerber-baitnu HopaoTbes Ha 3anuT, Ans ix
OTPUMAHHS CAifi, 3BEPHYTUCS 1O Odicy Tex-
HiyHoi nigtpumkn SEMIKRON' (npum. pe-
AQKUT — OCKiNbku BUPOBHMK 30KPUMB CBOIT
odicK B KpaiHi-arpecopi, 3a TEXHIYHOW
NiIATPUMKOIO 3BEPTAMTECH AO BITYUM3HSAHMX
cneujanicTis).

TEXHI4YHI XAPAKTEPUCTUKU

Bnok-cxema

Ha 6nok-cxemi anantepa (puc. 5) no-
KO3GHO APYKOBQHY nnaTy (BuaineHo 6na-
KMTHUM KOMbOPOM) 3 CUTHOMbHUM PO3’e-
MOM, PEe3UCTOPaMM 3aTBOPA, AIOAAMM
cxemn DESAT ta sppom SKYPER 42 LJ
(BuaineHo senerm Konbopom).

EnexTpuuHi Ta MexaHivHi
XAPAKTEPUCTUKU
BinnosigHo no enekTpuyHOi cneundi-
kauii, anantep Board SiC Module SKYPER
42 LJ npusHadenuin ans poboTh B HACTyn-
HUX PEXMMOX:
®  MOKCMMAmbHQ
Vo= 1200 B;
®  MOKCUMMQ/bHO — BUXiAHQ — HaNpyra:
V,.c= 690 (niniiiHe sHa4eHHs);
®  MOKCMMQNIbHO 4ACTOTA  KOMYTALi:
f.,=30«lu;
e Ttemneparypa goskinns: 7,=0..+40 °C;
knac saxumcry: [POO.

Hanpyra DC-wmhu:
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Ta 6e3 Hboro (Bup 38epxy)

Puc. 4. Apanrep i3 BctaHoBneHum sapom SKYPER 42 LJ (Bup 360ky)

Board SiC Module SKYPER 42 LJ

[paisep TOP

Po3’em kopucTyBaya
SKYPER 42 LJ R

[paiisep BOT
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[MepesuiueHHs UMx OBMeXeHb Moxe
npu3BecTH Ao Biamosw Bupoby. Enektpuy-
HQ i30MsLis MiX IHTEPDENCOM KOPHUCTYBO-
4a (MepBMHHMI KaCkaa) | BUCOKOBOMbTHM-
MW RQHWOraMK  (BTOPMHHMIA  kackaa)
3a6e3neuyeTbca TPAHCPOPMATOPOM A4pa
SKYPER 42 LJ. HosxuHa wnaxy crpymy
BMTOKY MOBITPSAM i i30M4Lii Mi>X NEPBUHHM-
MU | BTOPMHHUMM KACKOACOMM QpanTepd
cranosuts 12.2 mm. Crig Bpaxysatu, wo
30CTOCYBAHHS MOHTAXHMX CTIMOK i3 enek-
TPOMNPOBIAHUX MATEPICNIB MOXE MOTIPLUK-
TW i30NSLIMHI BNACTMBOCTI.

[Mnata mae posxury 106 Mm TG WwK-
puHy 65 MM, 3aranbHa BMCOTA 3 YypaXy-
sanHam SKYPER 42 LJ cranosuts 42 mm.
[ns HagiHoro Big'eaHaHHA aganTepa Ta
anpa SKYPER 42 LJ nepenbaueHi moH-
TOXKHI OTBOPMU ONa BCTAHOBJIEHHA ONOPHMUX
CTIMOK i3 MOABIMHOK diKCAUIEO.

Anantep nigkno4YaeTbCs AO CUIIOBOTO
Moaynsa 62 MM LLNIAXOM MPECOBOI NOCAAKM
HQ CUrHONbHI BMBOAM. Bupi6 MoxHa BuM-

Puc. 5. Bnok-cxema apantepa SiC Module SKYPER 42 LJ

kopuctosysath 3 SiC-mopynsmm B iHLWMX
KOHCTPYKTMBAX, 3 €AHAHHS MPU LbOMY BM-
KOHYETLCA 30 AONOMOTOIO NPOBOAIB.

Maitgatnkm Ans Bcraqosnents Voo (Coa R )
[1Bi napyn MOHTaXHUX

- OTBOPIB ANS PE3NCTOPIB
4N KOHZEHCATOPIB BKIHOYEHHS
[1Bi napn MOHTXHWUX 0TBOPIB
ANa Pe3nCcTopiB 411 KOHAEHCATOPiB
BUKITIOYEHHS
MaipgaH4uk ans peaucropa
«MN1aBHOT0» BiAKIIOYEHHS
MaiigaHunk ans HanawTyBaHHs
nopora TepMo3axucty

- MigkntoyenHs Tepmoaasaya NTC

- MigKNt0YeHHS 10 KONEKTOPA/CTOKY
BEPXHbOrO KNi04a
MaitaH4ukn Ang BCTaHOBIGHHSA
€1EMEHTIB CXeMM 3aXUCTy
MaiigaH4nkm ans BCTaHOBNEHHS
enemenTiB cxemn Interlock
MaiifaH4uKi N9 BCTAHOBIIEHHS ENeMEHTIB
BXifiHOrO (hinbTpa

KOJIbOPOBMMU PUMKOMU

3axucHi GyHkuii

Anantep Board SiC Module SKYPER 42
LJ saBesneuye BCi OCHOBHI byHKUjT 30XMCTY
CMNIOBOTO KJIOYA Bifi OBAPIMHUX CUTYALM.
Cranpgaptimnin NTC-gasau  temnepatypu
MOXHQ KOHTpOmMoBaTM 3a Bxogom ERROR
kanany BOT. Mpu pocarHenHi 3opaHoro
kopwmcTysauem nopory ko BOT 6noky-
€TbCSA TA MOMMIIKA TPAHCIIOETLCS 3 BUCOKO-
BOJIbTHOrO KACKAAY APAMBEPA HA MOTO BXif.

MOHITOpPMHT CTAHY NMEePEeBAHTAXEHHS
CTPYMOM 3MIMCHIOETBCS LLUISXOM BUMIpIO-
BAHHA MAAIHHA HOMNPYTM HO BiIKPUTOMY
TpaHaucTopi Vg .. AK Tinbku BennuuHa
Vi on MOCAFQE 3CAAHOTO 3HAYEHHS (Bid-
MOBIAHOTO BUXOMY 3 HACUUYEHHS) APAMBEP
BMACE MOBIAOMAEHHS NPO MOMUIKY i 6no-
KY€E BiANOBIAHMI KIIOY B PEXMMI NMICABHOTO
BiAKITIOYEHHS.

[Moporose 3Ha4YeHHs MPSAMOT Hanpy-
™M Vpsser | 4OC BNOKYBAHHS Ty, CXEMM
30XMCTY BCTAHOBIIIOIOTLCS B QfAnTepi 3a
AOMOMOTOI0 pesncTopa Rys i KOHAeHCa-
Topa Cp,g (vnoposmip 0805) signosiaHo
00 GOpMyn, sKi TPOXM BIAPISHAOTHCS Bif
HOBEOEHWUX B TEXHIYHOMY OMNWCi AparBepd
SKYPER 42 LJ [5]:

15 B x Ry,

=—— 05138,
39301 kOM+ Ry

_ Cpsx30.1 kOm X R
Bk 30.1 kKOm+ R

L (30.1 kKOM +Ry5) = Rps

15B
30.1 kOm

X

X In

VCE(IN)Z
_ 30.1 kOm X Rpg o
30.1 kKOm+Ros+(30.1 kOM+R,5) x 3 kOm

X[Vt (Vipee—1.505 B)x30.1 kOmx R, J+3B.

Puc. 6. Mnara agantepa, Bup 3eepxy. Enementy, ski no6upaiorbcs, BuaineHi
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Hanpymm Vissior i Vg BiBHOCATSCA AO
konTakty 2 pos’emy X102 (kmoy TOP) i
konTakty 1 pos’emy X202 (kmou BOT) sig-
nosigHo. BaaemHe nonoxerts Ry ta Cpg
HE MOE 3HOYEHHS, OCKINbKM BOHM 3’ €QHAHI
NOPANEnbHO (ENEMEHTU BUAINEHI XOBTOK
PAMKOIO HA puC. 6).

3eepHiTh yBary, wo dyHkuis DESAT He
BIAKIIOYQETLCS, TOMY MOTEHLIAN KONEKTO-
pa/croky BepxHboro (TOP) tpaHsucTopa
mae 6ytv nigkmodennin go X050 (pione-
TOBO PAMKA Ha pUC. 6, OBUABA KOHTAKTH
3’eqHaHi napanensHo).

EJIEMEHTU APYKOBAHOI MJIATM,
AKI NOTPEBYIOTb OKPEMOI'O

AOBOPY
I_l a APYKOBQHIM NIATI apanNTepa € KOM-
NOHEHTW, MPM3HAYEHI AN apanTa-
Uil CXemMu [JO KOHKPETHMX YMOB 3QCTO-
cyBaHHS. Bonu BuaineHi konmboposumu
PAMKAMM HO PUCYHKY 6; dpyHKLiOHANbHE
NPU3HAYEHHA TA MOXITUBI 3HAYEHHS OnNU-
CaHi gani.

HanawrtysaHHg nopora
TepPMO3axXuUCTy

[ns MowiTopuHry Tennosoro nepe-
HOBOHTOXEHHS CMIOBOTO KACKAAY BMKO-
PUCTOBYETLCS BOYAOBAHMIA MOaynb abo
soeHiwHin NTC-gasay. [MNpwu nepesuiierHi
30AQHOTO 3HAYEHHs TeMnepaTypu Cnpo-
uboBye komnapaTop (puc. 7) i euxig ERROR
npareepa  SKYPER 42 nepemukaersca
Ha piseHb noriynoro 0. Mopir cnpaubo-
BYBOHHS TEPMO3AXMCTY HANALITOBYETHCS
pesuctopom R52 (Buainenmit yepsoHoOO
PAMKOIO HA puC. 6).

CranpapTHe 3HabeHHs R52 crano-
sute 475 Om (Bimnosinae Temnepartypi
+100 °C), 6es nigknoyerns NTC-po-
Baya ao koHektopa XT2 (kopuyHesa
PAMKA Ha puc. 6) TENnOBMI 3aXMCT He
npauioe. 3anexHicts onopy NTC-gasa-
ya Big TemnepaTypu B gianasodi +70

. 4150 °C nokasaHo Ha pucyHky 7,

ToMy Hominan R52 (tunoposmip Mini
MELF a6o 1206) HeobxigHo BUEUPATH
BiAMOBIAHO.

Pe3sucropm 3arsopa

Ha nnati gpaiieepa SKYPER 42 LJ ne-
peabayeHi OKPeMi MOHTAXHI MAMAAHYUKM
L5 BCTOHOBNEHHS PE3UCTOPIB YBIMKHEHHS
Rion BUMUKQHHS R, TO M'SKOTO BUMMKOH-
v R, (puc. 8). Pesucrop R, HomiHan
akoro npubnusHo B8 10 pasis nepesuLlye
Reo BUKOPUCTOBYETLCS MPU BIOKIIOYEHHI
ctpymy K3. Ons npasmnbHoi po6oTh cuc-
TEMM BCi MOHTOXHI MOMACGHYMKM MAIOTb
OyTH 3aaiaHi.
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Puc. 7. Cxema nigknioyeHHs NTC-gaBaya Ta iforo po6oua xapakrepucrmka

X100:6 / X200:6, turn-off pin of driver

SKYPER 42 LJ R

X100:8 / X200:8, emitter pin of driver

RGon
t1_Reoft
X100:9 / X200:9, soft-turn-off pin of driver EJ
soft

Ha nnati apantepa nepeabayeHo
NO TPU MOHTCXHI MAMOAHYMKM HOA KOXEH
KMoy Ans BCTAHOBMEHHS peaucTopis Rg,,
Ta Ry (CvHS TO NOMapaHueBa pamku
Ha puc. 6) Tmnoposmipy MELF. Takox e
OTBOPU A1 BCTAHOBNEHHA ABOX I'IpOBiJJ,HMX
komnoreHTie. [ns mMoHTaxy pesucropa
NNABHOrO BigkmoderHs R_, nepenba-
YEHO OAMH MAMAGHYMK (3eneHa pamka
Ha puc. 6). Hominanu onopis/emHocTeit
(pesncTopis/koHaeHcaTopis) HeobxigHO
BMOMPATH BIAMNOBIAHO 1O POBOUMX PEXM-
miB (Hanpyra Ta iHaykTveHicTs DC-wmHu,
YACTOTA NEPEMMKAHHS, BUHAMIYHI BTPATU
Towo). Cnig npuainutn ocobnuey yeary
PO3PAXYHKY BTPAT NOTY>XHOCTI PE3MCTOPIB
3QaTBOPIB B IMMYNIbCHOMY PEXMMI.

Puc. 8. MipknioueHns pesuncropis sarsopa R, R

R
O6po6ka curHasnie NOMUIIKU
y apaiiesepi SKYPER 42 LJ

MpusHayerHs peanctopis R12-R17
tmnoposmipy 0805 onwucaro y Tabnumui.
Pesucropwu R13 ta R14 (xosTa pamka Ha
puc. 6) BUSHAUAIOTb B3AEMOAIIO MiX KAHA-
namu apareepa SKYPER 42 LJ sa curHa-
nom nomunku. BukopuctanHa Gyab-akux
iHWKx kombiHauii (Hanpuknag, Bci = 0
abo BiACYTHI) MOXE NMPWU3BECTW [0 BiAMO-
BM CUCTEMM.

Peancropu R16 i R17 (6nakutHa pam-
KQ Ha puC. 6) NpuU3HaYeHi Ans akTMBaLi Ta
neaktveauii ¢yHkuii Interlock. Mpu 3amini
R16 na nepemuuky (R = 0) Interlock sia-
KIIOYQETLCA, TOBTO OBMABA KAHAMM APAK-
BEPA MOXyTb MNPALIOBATM OAHOYACHO.

CUAOBA EAEKTPOHIKA
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Hynbose 3HauenHs R17 3apae «mepTeui»
4ac t, TPUBAMICTIO 2 MKC.

Peancropu R12 i R13 (senena pamka
HO puc. 6) no3sonATL BUEPATU Pexmm
uncdposoi abo aHanorosoi ¢insTpauii
gxinHoro LUIM-curnany. BcranosnewnHs
nepemunukm samicts R12 aktusye aHanoro-
euit dinbTp, R13 undpoemit dinsTp. BinbL
OETANbHY IHGOPMALIIO MOXHA  3HANTH
y TexHiuHomy onmci SKYPER 42 LJ [5].

IHTEP®EAC KOPUCTYBAYA

nantep Board SIC SKYPER 42 LJ moxe

Oy nigknioYeHnit 6esnocepeaHso 1o
moayns SEMITRANS 3 sa gonomoroto ko-
Hektopis X102 ta X202, postawosaHmx
HO HWXHIM cTOpoHi nnaTty (puc. 9).

OBMEXXEHHS TA TEXHIYHI
BUMOIu

Yubomy PO3AiN ONUCYIOTbCA OCHOBHI
OBMEXEHHS! T BMMOTU, AOTPUMAHHS
AKUX LO3BONAE YHUKHYTU MNOLUKOLXEHHSA
nnaT apaneepa Ta CUNOBOrO MOAYNS.

DopMyBAHHS CUrHANY
HeCcnpaBHOCTI

[Tpw BUXOAI TOAH3UCTOPA 3 HACUYEHHS
BiH NoBMHEH OyTH 3aBNOKOBAHMI NPOTA-
rOM KOPOTKOrO 4acy f,., AKuit HaBeaeHo
B cneundikauii cunosoro mogyns. B iHwo-
My BMMAAKY BUHUKAE MEPEHABAHTAXEHHS,
300THE 3PYMHYBATWM HAMIBNPOBIAHMKOBI
unnu. PexomeHmyeTbcs LOTPUMYBATMCH
NPABUABHOI MOCNIBOBHOCTI BIAKITIOYEHHS,
AKA yCyBAE BUHUMKHEHHA He6e3|'|e‘-IHMX KO-
MyTauiiHmMx nepeHanpyr. Kopucrysayesi
HEOOXIAHO BIAMOBIAHMM YMHOM PEaryBaTH
HQ MOBILOMNEHHS MPO MOMMIKM, WO re-
HepyIoTbCs LPAMBEPOM: Chif, BUKOHYBATH
QNTOPUTM  BIIOKYBAHHS, WO PEKOMEHAY-
€TbCA, TAKOX € OOOB’A3KOBUM BUMMKQHHS!
TPOH3UCTOPA MPOTATOM 4ACY, MEHLIOTO
1. OCTaHHS BUMOra 0COBNMBO BAXMBA,
AKLWO kepyBaHHs cxemoto 3axucty SKYPER
42 L) HanawTOBAHO TiNbKM HA BUAAYY CHT-
Hany nonepemxeHHs (tabn. 1).

Pe3ucropm 3arsopa

MinimansHuit onip 30TBOPA BM3HAO-
YOETbCA MEpPenapomM BMXIAHOI HaAMPyru
LpaiBepa npu KOMyTALii: Hanpuknag,
npu Vo, = +18/=5 B pistuus Hanpyrw
crarosuts 23 B. Mikoeuit crpym SKYPER
42 1) — 20 A, TOMy MiHIMQIbHUIA HOMIHQN
peanctopa R, . =1.15 Om.

CymapHwit onip 3aTBOPA CKIOAAETLCS
3 BHYTPIWHLOTO Ry, (HOBOAUTLCA B Cne-
umdikauii MOaynsa) Ta 30BHILHLOrO Pe3n-

Puc. 9. 36ipxa apantepa SiC Module SKYPER 42LJ ra mogyns SiC SEMITRANS

Mpu3HaueHHs pe3ucropis R12-R17

R14 0 (nepemmuka) He BcTaxosneHmit
R15 He scraHosneHuit 0 (nepemuuka)
KoHkpeTHuit kaHan aparsepa reHepye
] KoHkpeTHuit kaHan apaiteepa reHepye
CHHON NOMMIKM MPH BUABNEHHT MOMUIIKA P PHRIGESSE? Py
; N CHUTHOM MOMMIKM TQ HETAMHO BUMUKAE
y BTOPUHHOMY KOCKQZ, ONE BIBMOBIAHHI R e e 0 e
TPAH3UCTOP He BIIOKYETLCS. 1P P 1epes p P
. = . NNCBHOTO BIBKMIOYEHHS Y PA3i BUHMKHEHHS!
[lpaiteep He pearye Ha 30BHILUHIA cHrHan; :
. ) ; NOMUIKM Yy BTOPUHHOMY KOCKOA.
DyHKUiA | BiH 30MWOETLCA B NIONEPEAHbOMY CTAHI AOTH, ) 5 !
o IMig yac nogaui 30BHiWHLOro curHany ERROR
noku He 6yne snato sxianmit LUIM-curtan Apaiinep BMOKYE TPAHHCTOD
NP1 NOBTOPHIH NOMMAL BUKOPUCTOBYETLCSA o )
(np peSMCT%p HﬂOBHOrLlO Bi,IJ,KJ'I’I)O‘-IeHHZ) beanepepsHuii curHan nomunku
z : 30n06irae yBIMKHEHHIO ApaiiBEPa.
beariepepeHii cuHan noMHIIK 3a somosy BY]HHHM( eKofA%Hnoa%Ho)
3an06irae yBiMKHEHHIO APAlBEPQ. Y P :
R16 0 (nepemmukal) He scranoeneHuit
R17 He scranosnenuit 0 (nepemmukal)
Interlock BumkHeHO, 0bmaBa KaHanm
DyHKuis MOXYTb NPALIOBATH OAHOYACHO. Interlock akTuBHwI, <MepTBMIt» YaC 2 MKC.
YCTaHOBKA 30 30MOBYYBAHHSM.
R12 He scranosnenmit 0 (nepemuuka)
R13 0 (nepemmuka) He BcraxosneHmit
. Axtuera undposa dinstpauis LLUIM-curHany. ; .
DyHKuis wihpoBa dinkTpaL Y AxTveHa aHanorosa dinbtpauis LLIM-curHany.
YCTQHOBKA 30 30MOBYYBAHHSM.

CTOPA  YBIMKHEHHS/BUMKHEHHS Rs. /Ro
Minimanery senuumny Re,, o Ta Ry
MOXHO PO3PAXYBATH 30 GOPMYTOLO:

R = RGoH,min =1.150m- RGW

Gon,min

dkwo oTpumane 3HauveHHs < 0, To
Re,, TO Rg ; MOXYTb BYTH 30MiHEH] nepe-
muukamm (0 Om) 6es Hebesnekn nepe-
HOBAHTOXEHHS apaieepa. B iHwomy su-
NCAKYy Chif, BUKOPUCTOBYBATH PE3UCTOPM
3 HomiHanom He meHwe Rg, . /Reoymm
wo rapanTtye criky poboty SKYPER 42
LJ. Bubip ontumansHoi senuumtm R, ska
3a6e3neuye HEObXifHMIT KOMMPOMIC MiX
BTPAOTOMM HA [AMHAMIKY TA PIiBHEM KO-
MYTALMHUX NEepeHanpyr, BUKOHYETbCS €
PO3POBHUKOM.

Crif yBAXXHO NMOCTABUTMCA IO HOPMY-
BAHHS MOTYXHOCTI PE3NCTOPiB 3ATBOPIB,
AKi MOBWMHHI BUTPMMYBATM BMCOKE iMMYSb-
CHEe MEPEeBOHTAXEHHS, WO BUHWKAE MPU
KomyTauii eMHocTei 3ateopa. Hogatkosy
iHbOPMALIIO NPO e MOXHA 3HANTH Y MO-

cibrmky AN-7003 [3].

IsonauiiHi xapakTepucTukmu

Anantep Board SiC SKYPER 42 LJ npo-
XOmmMTb nepesipky Hanpyru isonauii (3200 V
AC npotarom 1 ¢) Ta TecT HO 4ACTKOBMI
po3psia.
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EnexmpoGe3anexa onmuvHux i3onsmopis
B JMOBAX MONNUBUX BigMOB | CUNOBUX
NepemeopioBaYyax

Bnapan Mirtos (Vladan Mitov), YyH Keonr Ti (Chun Keong Tee)

Y crarTti onucaHo BNAMB MOXIUBUX BiamoB HesaxuweHux IGBT
Ha i3onauiiHuii 6ap’ep gpalieepiB 3aTBOPA 3 ONTUYHOIO i3oNsLi€l0

komnaHii Broadcom.

BCTYN

paiBepu 3aTBOPA 3 OMTMYHOK PO3-
B'asko0 Broadcom wwupoko suko-

pucToBytoTbC Anst kepysarHs IGBT ans
TAKWX 3ACTOCYBAHb, K COHSAYHI iHBEPTO-
pU, CUCTEMU KEPYBAHHS ABUIYHAMM i T. 4.
OntnyHa poss’saska € nepesipeHolo Ta
HOAIMHOIO TEXHONOTIEI A9 3a6e3NeyeHHs!
izonauii mixx cunoeum IGBT Ta nanuioramm
KEepPYyBAHHS, O KPIiM TOrO, BOHA AO3BONSE
3HM3uTH Bnme cuHdasHoro wymy (CMR)
HO KEPYIOUMIt CUTHAM TA 3aM06IrTU NOMUA-
kKoBOMY 3akpuTTio/BinkputTio IGBT.

Ing sabesneverHs npauesnaTHOCT
Ta 36epexeHHs UiNiCHOCTI i30nauUifiHOro
6ap’epy cnifl yHUKATU BUHUKHEHHS ONTMY-
HOI PO3B'A3KM HAMPYTM BEMMUMHOIO, LLO
nepesuLLye HoMiHanbHe 3HaveHHs. Og-
HOK Le LOCWTb CKIIOAHO OPraHi3yBATH Y
pasi BiAMOBM, BUKIIMKAHOI KOPOTKMM 30~
mukarHam IGBT.

ONTU4YHA PO3B’'A3KA
TA CTPYKTYPA I30JIATOPA

NTUYHA pO3BIﬂ3KO B KOMMOHEHTAX

Broadcom 3abesneuye BuCOKMiA
piBeHb i30onauii 3aBASKM i30NALIMHOMY
6ap’epy, WO CKNOAAETLCH 3 TPLOX WAPIB
30ranbHOK TOBLUMHOIO, WO MepesepLuye
QHANOTIYHMA NAPAMETP KOMMOHEHTIB HQ
OCHOBI IHLIMX TEXHONOTIN. Tpw LWapK i3ons-
uiHoro 6ap’epy € CTPYKTYPOIO KPEMHIR —
noniimigHa nniska — kpemniit (puc. 1).
[ToniimigHa nnieka cTBOpPEHa crneuiansHo
Ans TOoro, Wob NPOTUCTOSTU PYHHIBHOMY
BMAMBY YACTKOBOrO PO3PALY, AKMA MOXE

CNPUYMHUTM IOHI3ALLIIO TA PYUHYBAHHS i30-
nauiMHOro Marepiany. YHikanbHi BNACTU-
BOCTiI Moniimigy, WO NonsaraloTs y BUCOKIM
eneKTPUYHIM MILHOCTI i LLMPOKOMY Temne-
PATYPHOMY OianasoHi po6oTH, 103BONA-
lOTb 30CTOCOBYBATH MOTO B KOMMOHEHTAX
ons 306e3nedeHHs isonauii B LWMPOKOMY
CMeKTPi 30CTOCYBAHb: Bifi TOKOMOTUBIB i
noi3aie 4O aepOKOCMIYHOI TexHiku. [lo-
niiMigHO NAIBKA, WO BMKOPMCTOBYETLCS B
komnoHeHTax Broadcom, mae aienexktpuu-
Hy miunicts 300 kB/mMMm i 3paTHa BUTPMMY-
satv temnepatypy —200...+400 °C.
[MPUKIQAOM KOMMOHEHTA, WO MAE Y
CBOEMY CKNQfi MOMIMIOHY MNiBKY AK OAMH
i3 wapis i3onduii, MOXe CIyXUTWU Lpai-
BEpP 3AaTBOPA 3 OMTUYHOK PO3B'A3KOIO
ACPL-337J). [danuin ppaiieep mae ToB-
wuHy isonstopa (distance through solid
insulation, DTI) 0.5 mm 3 nikoeum 3Ho-
yeHHaM npobueroi Hanpyr go 1414 B
(Vo= 1414 V,.,J) i Binnosinae cranaap-
Tam 6esnekn IEC/EN/DIN EN 60747-5-5.
Crangapt IEC/EN/DIN EN60747-
5-5 € NpomMMCIoBMM CTAHAAPTOM, PO3-

Kopnyc koMnoHeHTa

BxifHi KOHTaKTH

POBNEHUM CNEUianbHO 41 KOMMOHEHTIB
i3 ontuyHoto isonsuicio. [lokymeHT pery-
MIOE TEMNEPATYPHI TA MEXAHIYHI BUMOTH
KOMMOHEHTIB, TX CTIMKICTb A0 BIGpAUIMHMX
BMNAMBIB, BONOrO3AXMLLEHICTb, CTIMKICTb
O YACTKOBOTO PO3psAy T4 NepeHanpy-
™, O TOKOX METOAMKM TecTysaHHs. [le-
pen TECTYBAHHSM HO YACTKOBWMW PO3PSA
KOMMOHEHTH NPOXOAATb BUNPOOYBAH-
HA HQ BIANOBIAHICTL BMMOram Gesneku
BXOAIB | BUXOLIB MIKPOCXEMM MPOTATOM
72 roauH. [Nepesipka Ha BignosigHiCTb
303HAYEHMM HOPMATMBAM [LO3BONSE ne-
PEKOHATUCS, WO CTPYM B KOHTOKTAX,
PO3CiIlOBAHA MOTYXHICTb | TemnepaTtypa
KOpMyCy He MNepeBMLLYIOTb BCTAHOBNEHI
MeXi | He 3A0THI BMAMHYTM HA LiNICHICTb
isonauinHoro 6ap’epy. MNepesaHTaxeH-
HA HQ [iNAHUI 3 ONTMYHOK PO3B’A3KOIO
MOXHQ YHUKHYTM 3Q AOMOMOTOIO  LUYH-
TYBAHHA [IKEpena XUBIEHHA, 4 TAKOX
BKIIIOYEHHS O NAHUIOra 06MEXyBANbHO-
ro fioga Ta pesuncropis. Y TOM xe 4ac ne-
PEBAHTAXEHHSA, BUKIMKAHOTO BiﬂMOBOIO
sucokosonbTHoro |GBT, Takmm sk kopoT-
Ke 30aMMKAHHS 060 xubHe BiAMMKAHHS
TPAH3UCTOPA Yepe3 HANBHICTb EMHOCTI
Minnepa, moxHa 3anobirtt 3a gonomo-
roto GyHKUiT BUSBAEHHS NAAIHHS HANPYTK
nacuyenns (IGBT DESAT) ta dywkuii ak-
TMBHOrO npuaywenHs edekty Minnepa

< I

CaiTnoBig6mearo4mi
KpemHii

e
7%

BuxifiHi KOHTaKTK

Puc. 1. CTpyKTypa onTUYHOrO i30NSTOpPA 3 TPULLAPOBUM i30NIOI0UMM 6ap’epom
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Pexxumu sipmoeu IGBT Ta meToam TecTyBUHHS

Pe>xxum sigmosu IGBT

MoXxnusa npuunHa
BUHUKHEHHS BifiMOBM

Mo>xnusi Hacnigkm

3axucr ACPL-337)

MeTtopn TeCTYBOHHS

Koportke 3amukarHs

Recarypauia IGBT B NAHLIO31 XMBNEHHS

Bucokuit ctpym TpaHsmcTopa,
LLLO BUKNMKAE NEPETPIB KOMNOHEHTA

DyHKLUA BUSBAEHHS NAAIHHS
Hanpyr HacuyenHs (DESAT)

TecT Ha KOPOTKE 30MMKAHHS!
3 BIKIOYEHOI0 DYHKLED
DESAT

Crpubok Hanpyrm Kopcrke BigknioyenH

xonextop-emitep (VCE)

nig yac poboTM TpPAH3UCTOPa

CUnbHMI BUKNE, WO BUKIMKAE
nepeHanpyry B NAHLIO3I
KOnekTop-emitep

A

[MnasHe BigknioYeHHs
(Soft shutdown)

[oBTOPHMI TECT HO KOPOTKE
30MUKAHHS 3 YBIMKHEHOIO
dyHkujero DESAT

Henpoamane BiAIMMKQHHS

TPAH3UCTOPa 8 cTpykTypi IGBT

HassHicTs emHocti Minnepa

CunbHuit BUKMA CTPYMY
B ApaiiBep 3aTBOPA

[nasHe sigknioyeHHs
(Soft shutdown), dyHkuia
QKTUBHOTO NPUAYLLEHHS edekTy
Minnepa (Active Miller Clamp)

Bukua crpymy 3 IGBT
B OMTUYHY PO3B'A3KY

(Active Miller Clamp), aki npucytHi B
npaisepi ACPL-337J. Y uin crarTi, kpim
MeTOmIB 3axuCTy, Byne ONMCaHO CTyMiHb
nii BigmoBu Hesaxuweroro IGBT wa uj-
nicHicTb ionauiHoro 6ap’epy apareepa
30TBOPA 3 ONTUYHOIO I30NALIEI0 HA NPU-
knaai komnoHerTis Broadcom.

PEXXMUMM BIAMOBMU IGBT
TA METOAUN TECTYBAHHS

CHYE Tpu OCHOBHI NpuumHm Biamosu IGBT,
fKi MOXYTb CNPOBOKYBATKU MOABY BMCOKOI
HAMNPYrM HO ONTUYHIM PO3B A3 TA CNPMYM-
HUTW PYIHYBAHHS i3onsauinHoro 6ap’epy:
e necatypauia (Buxig i3 Hacuuenns) IGBT;
CTPUBOK HAMPYMU  KONEKTOP-emiTep
(VCE);

x1OHE BIOMMKOHHA TPAH3UCTOPA Ye-
pes3 HAfBHICTL eMHOCTI Minnepa vy
crpykrypi IGBT.

Moxnusi npuumHu BigMoB Ta MeTOaM
TecTyBaHHs HasegeHi y Tabmuui 1. 9k sua-
Ho 3 Tabnuui 1, apareep sateopa ACPL-
337J) mae saxuchi dyHkuii ans 3anobi-
FTOHHS MOXIMBMM HOACMIAKAM NPW BIAMOBI
IGBT: dyHKuia BUSABNEHHS NOAAIHHS HANPY-
m Hacuuenns (DESAT), nnaexe sigkmio-
yenHs TpaHauctopa (Soft shutdown) Ta
DYHKLI OKTMBHOMO MPMAYLUEHHS epeKTy
Minnepa (Active Miller Clamp). Mpwu npo-
BefleHHi TecTyBaHHs Ha aii sinmosu IGBT
Ha i3onauiiHMit Bap’ep mpaisepa AaHi
byHKUiT ByayTh Bigkio4YeHi. TecTyBaHHs
NPOBOAUTLCS Y TPW €TANM:

o tect IGBT Ha KOpOTKE 3GMMKAHHS i3
BUMKHeHOO dyHkuielo DESAT;
NMOBTOPHMM TECT HO KOPOTKE 3AMMUKAH-
Hs i3 BKloYeHoo dyHkuiero DESAT;
eukna ctpymy 3 IGBT B ontuuny
PO3B’A3KY.

TECT IGBT HA KOPOTKE

3AMUKAHHSA

|_|i,u 4aC NMPOBELEHHS TECTY HA KOPOTKE
30MWKOHHS st KEPYBAHHS 30TBOPOM

IGBT Ha 1200 B/150 A sukopuctosysas-

ca pparisep ACPL-337J, skuit s06esne-
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Puc. 2. Cxema nigknioueHHs apaiisepa 3arsopa o IGBT ans nposeaeHHs Tecty
HO KOPOTKE 3OMUKAHHS
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UMB FQNbBAHIYHY PO3B’A3KY MK BMCOKO-
BOSILTHOIO TA FOMYHOIO YACTMHAMM CXEMM
TA MQB XXMBNEHHA Bifl OAHOrO MONAPHOrO
15-B nxepena xusneHHs. Mix konektopom
i emitepom IGBT 6ys nigkniodermit koH-
nercatop Ha 5600 mk® ana creopeHHs
KOPOTKOTO 3AMMKQHHS MPW BKITIOYEHH XMB-
NIEHHS, O CaM NAHLIOT XUBMUTbCA Bifl fKepe-
na 600 B. Buein DESAT npaiieepa ACPL-
337) 6ye nigkniodeHuin Ha «3eMnio» Ans
Bif'€AHQHHS BIANOBIAHOT BYHKUIT 3aXMCTY TQ
3an06iraHHA QBTOMATMYHOMY BIKIIOYEH-
Hio IGBT nin 4ac kOpOTKOro 3aMMKQHHS.
Cxemy nigkniouerns apansepa ACPL-337)

Puc. 3. 3amip ctpymy Ta Hanpyru IGBT npu npoBeieHHi TecTy Ha KOPOTKE 3AMUKAHHS

Puc. 4. PyitnyBanHs IGBT nicns recry
HO KOPOTKE 3GMUKAHHS
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[lo npoBefeHHs TeCTy
Ha KOPOTKE 3aMUKaHHS

Micns npoBeAeHHs TecTy

Puc. 5. Mnara gpaiieepa sareopa ACPL-337J po Ta nicns Tecty Ha kopoTke

30MUKAHHSA
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HCO KOPOTKEe 3GMUKAHHS

no IGBT HaseneHo Ha pucyHKy 2, y cxemi
BIOCYTHI OOMEXYBANbHMIA iOA.

[Tpn BUHKMKHEHHI KOPOTKOTO 3AMM-
KaHHs cTpym emitepa (/) cknas 7 KA,
TPOH3WUCTOP HE YBIMLLOB OO PEXMMY Ha-
cuuenns (V) i Hanpyra satsop-emitep
(Vo) sHauro spocna (puc. 3), BHacnigok
4oro CTaBcs neperpis Ta BUBYX KOMMO-
HenTta. Hanpyra sateop-emitep Takox
Oyna npuknaaeHa ao isonsauinHoro 6ap’e-
pa ACPL-337J.

Heseaxatioum Ha Te, Wo kopnyc Apai-
sepa 3atsopa ACPL-337J He nignasae-
CA HEeratMBHMM BIJIMBOM, 34 BUHATKOM
OniKkiB, OTPUMAHUX B PEe3ynbTati BUMOYXY
IGBT (puc. 4), 6arato apyropaaHmnx KOm-
NOHEHTIB NNATH APaiBEPa 3aTBOPA Gynu
NMOLWKOAXEHI | BOHO BTPATMAA NpALE3faT-
HicTb (puc. 5).

[Ticns nmpoBepeHHs TecTy Ha kopoTke
3amukarHs apaisep satsopa ACPL-337)
LOAGTKOBO MPOMLLIOB  ENeKTPUYHI  Bu-
npobyBaHHA HQ 4YACTKOBMI  pPO3PAL
(1.88 kB(RMS)/c) Ta Bnnws Brcokoi Hanpy-
™ (6.2 kB(RMS)/c) pns BusHaueHHs cTyne-
HA MOLWKOMKEHHSs i3onsauiiHoro 6ap’epa.
Motim Byno NnpoBeaeHo Bi3yanbHUI ormsg,
BHYTPILLUHbOI TA 30BHILLHLOI YOCTUHU KOM-
noHeHrTa (puc. 6).

BisyanbHuit ornsn noniiMigHoT nnisku
He BUABMB MOLUKOAXEHb, O i30M4Lid 3aIu-
LIMNACA HEMOLLUKOAXEHOK, WO CBigYuTh
NpO yCnilHe NPOXOAXKEHHS TECTY.

Puc. 7. Cxema nigknioueHHs apaiisepa sarsopa go IGBT gns noBTOPHOro TecTyBaHHS

MOBTOPHWM TECT IGBT
HA KOPOTKE 3SAMUKAHHSA
3 YBIMKHEHUM DESAT

xema nigkniodeHHs apansepa ACPL-

337J no IGBT ans nposeaeHHs gaHoro
TECTY MOE TOKWMI CAMUIA BUMIAL, sK | B none-
PEnHbOMY BUNPODBYBAHHI, 30 BUHATKOM TOTO,
wo suein DESAT gpaiisepa He Gy 30MKHY-
TUI HQ «3EMI0», O 3QMLIABCA B MIABAIO-
YOMY MONOXeHHi (byHKUis BUABNEHHS no-
[iHHA HANPYXXEHHS HAOCUYEHH: AKTMBOBAHA)
(puc. 7). ACPL-337J sigkmouatume IGBT
MNPM BUHMKHEHHI KOPOTKOTO 3AMMKAHHS NPO-
tarom 1 mkc. Motpibro 10—20 umknis Tecty-
BAHHS 3 Nepiogom 6nmsbko 2 ¢, wob cnpo-
BOKYBATM BMKMI, HAMPYMM KONEKTOP-EMITED

ACPL-337J
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Puc. 6. MoniimigHa nnieka ACPL-337)
nicns npoBeAeHHs Tecty
HO KOPOTKE 3UMUKAHHS

Puc. 8. MoniimigHa nniska ACPL-337J
nicns npoBegeHHs NOBTOPHOrO
TeCcTy Ha KOPOTKE 3UMUKAHHS

(VCE) Ta suknmkatn nowkogxenHs IGBT.
Micns nposeaeHHs BUNPobyBaHHs Apareep
ACPL-337J Takox npoWwos TeCT Ha 4acT-
koeui pospsag (1.88 kB(RMS)/c) ta snnve
Bucokoi Hanpyr (6.2 kB(RMS)/c).

[Mnata ppaiiBepa 3aTBOPQ BTPATH-
Na NPAULe3faTHICTb Yepes MOLLUKOAXEHHS
APYropaaHNX KOMMNOHEHTIB, NPOTE Bi3yasb-
HWIA OrnsA 3HOBY HE BMSBMB MOLLKOAXEHb
noniiMigHOT NAiBKKM, WO CBiAYMTL NPO Te,
WO i30NnaUis 30NMWKUMNACA HEenoLKOoaXe-
Hoto (puc. 8).

BUKWUA CTPYMY 3 IGBT
B OMNTUYHY PO3B’'A3KY

B,u,oHOMy TECTi HO BuMXifL AparBepd 30-
teopa ACPL-337J 6yno nogaHo ctpym
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Puc. 9. Cxema nigknioueHHs apaiieepa 3arsopa o IGBT ang nposeaeHHs Tecty
HO BMJIMB NOCTIHHOTO CTPYMY HO ONTUYHY PO3B’A3KY

www.chiphews.com.ua
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Puc. 11. NoniimigHa nniska ACPL-337J
nicns npoBefeHHs TecTy

HA BMAMB NOCTIHHOTO CTPYMY
BMCOKOTO 3HAYEHHS

3 emitepa IGBT. TpaHancTop, 3anyuieHmn
imnynscom 15 B, Ha exomi apaiisepa 3a-
TBOPA MIATPMMYBCBCS BUCOKMIA JOTIYHUM
curHan, a po konektopa IGBT 6ys nig-
KnodeHmit koHaencatop Ha 5600 mk® 3a
nanpyrv wunn 600 B (puc. 9).

Y MOMEHT BWMHMKHEHHS HQ 3ATBOPI
IGBT nanpyru 15 B nigkniodermin ocupno-
rpad 3adikcyBas cTpMBOK CTPYMY HO eMmi-
Tepi sennuntoio 6nmsbko 700 A (puc. 10).
Ller TecT € HOMBINbL PYMHIBHUM, OCKINbKM
cTpym GesnocepeaHbo BTIKAB (MOAABABCS)
y BMBIL APAMBEPA 3ATBOPA, BUKIMKAKOYM
CEPMO3HI MNOLIKOLXEHHS NMIATH.

MMicns  nposeaeHHs BUNPODYBAHHS
nparisep ACPL-337J) npoiiwos Tect Ha
yactkoeuit pospaa (1.88 «kB(RMS)/c) ta
BB Bucokoi Hanpyrm (6.2 kB(RMS)/c).
BisyanbHuit ornan nomiiMigHoT nnisku, sk i
B MOMEPEAHIX BUNPODBYBAHHAX, HE BUSABUB

BUCHOBOK

oniimigHa

Puc. 10. Ctpn6ok cTpyMy Ha eMiTePi B MOMEHT BKITIOUYEHHS TPAH3UCTOPA

nniska Ta

i3onauinHumn

bap’ep apaitBepis 30TBOPA 3 ONTMY-
Holo poss’askoto Bin Broadcom posenu
CBOIO HQLMHICTb HABITb MPW BUCOKMX HA-
BAHTOXEHHSAX, BUKIMKOHWUX BiAMOBOIO Mif-
kmoueroro IGBT (kopoTke samukaHHs 3
yBiMKHeHUM Ta Bigkmoderum DESAT, su-
KWL CTPYMY BMCOKOTO 3HQYEHHS B OMTUY-
Hy po3s’asky). Hessoxaioun nHa Te, wo
nnaTM ApanBepa 30TBOPA B Pe3ynbTaTi
BMNPOBYBAHL BUILWAM 3 NAAY, COMi Apai-
BEPM YCMIWHO MPOMWAM BUNPOBYBAHHS
HO 4ACTKOBMIM PO3pPSA TA BMAMB BUCOKOIT
Hanpyrv, a oTxe, 36epernu HAnexHmi
piseHb i3onauii, 34aTHWI 3a6e3neunTu
Besneky onepaTopa Ta OBNAAHAHHS CUC-
Temu. Pesynbratu Bunpobyeans HaBeneHo

y Tabnuui 2.

ABTOMOBUIbHI
MYJbTUTITABITHI
ETHERNET-KOMYTATOPU

Komnanis Broadecom aroHcysana
cimericteo npuctpois BCMEP58x, wo €
CbOMMM OKOJTIHHAM MOBHICTIO IHTErpPO-
BaHux GAraTopiBHEBMX KOMYTAUFiHUX Di-
weHs Broadcom 2+, wo sinnosigaiots
asTomobinsHm sumoram (AEC-Q100) ra
TeMIEPATYPHOMY KIIQCy ANis QBTOMObIrb-
Hix mepexHmx gogarkis. CiMescTso npo-
aykris. BCM8958X nigHimae nnarky ans
KOMYyTQTOPIB 3 BE3NIIYI0 KPALLUMX Y CBOE-
My KIIQCi pyHKLIV 118 QBTOMOBINbHOT po-
MMCIIOBOCTI, Takux 5K BOYBOBAHI QyHKLUIT
6esneky, 36inblIeHa MponyckHa 3AAaT-
HICTb MIAKIKOYEHHS O XOCTA T QnapaTHI
MOXITMBOCTI MOPLLPYTH3ALT PiBHS 3.

KOMBIHOBAHWM YUNCET WI-FI 7
TA ABOSAEPHUM BLUETOOTH

Komnanis Broadeom arorcysana
BCMA398 — manonoryxHmy, BUCOKOIH-
TerpoBarmii kombiHosarmi ymn Wi-Fi 7 i
Bluetooth 5.2, onmumizoBarHmii ans npo-
amM MOBINbHUX TENEPOHIB, fE KITKOHOBU-
MU BUMOTGMM € BHCOKQA MPOAYKTUBHICTS,
MQQ  3QTPHMKQ, HU3bKE EeHeprocrno-
XKMBQHHS | HEBEJTMKMI POSMID PILLIEHHS.
Cucrema-Ha-ynni BCM4398 mictums oa-
HouacHwi aBogianadoHHmi (SDB) 2x2
pagioss’asok, cymickwii 3 IEEE 802.1 1be,

KomnoHeHTH, ski BUKOPUCTOBYIOTH
QNbTEPHATUBHI TEXHONOTIT i3onauji (iH,ELyK-
TUBHA TA EMHICHO i3OJ‘IFILLi$I), MQIOTb 3HAYHO
MEHLY BenuumHy isonauiiHoro 6ap’epy
(MeHwe 17 mkm) i He 3moxyTb 3abesne-
UMTU HANEXHWA piBeHb Gesnekn y pasi

HOCTOHHS OIHOTO 3 OMWCAHMX Y Ui CTaTTi

AsospepHwi  pagioss’asok  Bluetooth
(BT) 5.2 1a creuiansHe s8po0 ckaHyBaH-
HS,, K& POBLUMPIOE MOXITMBOCTI CHCTEMM
Bluetooth ta WLAN.

YNNN 4x4 TA 2x2 802.11BE

pexumie sigmosmn IGBT.

Jlirteparypa:

1. ACPL-337J 4.0 Amp Gate Drive Opto-
coupler with Integrated (VCE) Desatura-
tion Detection, Active Miller Clamping,
Fault and UVLO Status Feedback, Broad-

nowkoaxews (puc. 11). com, AV02-4390EN. (¢]
Pe3ynbrartn Bunpo6yeaxb Ha Bnnue Bigmoeu IGBT Ha onTuuHy po3e’a3ky
niAKIOYeHoro ApanBepa 3aTreopa
Mpauesparhictb |  TecTyBaHHS TecryBaHHs | . Llinic.u_icn
;ex:;:' BizyanbHuit nnarn HO YUCTKOBMI |HA Ail0 BUCOKOT '3%':""!":"7"
flgBT ornsap, Apaiteepa pospsn Hanpyru n OHEMi':'KI oi
3arsopa 1.88 kB (RMS)/c | 6.2 kB (RMS)/c .
nniekn
[ecarypauis IGBT | Mpoiigero [Mposanero [MpoitaeHo [MpoiaeHo [MpoitaeHo
Crpubok Hanpyr1
KonekTop-emitep MpoitaerHo Mposanero [MpotineHo [MpotineHo [NpotineHo
(VCE)
XubHe BIgMUKAHHS
TPAH3UCTOPA . . . .
. lMpoigeHo [Mposanero [MpoitaeHo [MpoitaeHo [MpoitaeHo
emHocti Minnepa

WI-FI 7 AN KOPMOPATUBHUX
TOo4YOoK poctyny

Komnanis Broadeom arorcysa-
na BCMA43740 — npucrpivi 4x4 IEEE
802.11be Wi-Fi 7 MAC/PHY/pagiocu-
crema-Ha-uuni (SoC), Ta BCM43720 —
npuctpivi 2x2 [EEE 802.11be Wi-Fi 7
MAC/PHY/pagiocucrema-ra-amni (SoC).
BCMA43740 ra BCM43720 moxys npa-
uosat B gianazoHax 2.4 [Ty, 5 [Ty ta
6 [Ty BHBIPKOBO 3i CMyrolo MPOIyCKaHHS
karany 5o 320 Ml ta 160 Ml signosia-
Ho. Bukopucrosyroumn nepesarn Multi-Link
Operation (MLO) Ha noaatok go pospa-
XOBaHuX HA 6arato KOpMCTyBadYiB Tex-
HOJIOrIV, TOKMX SK HU3XIOHMI [ BUCXIAHMMI
OFDMA i musxigHwi i sucxinHmi MU-
MIMO, BCM43740 i BCMA43720 3a6es-
neqyroTh KpaLLy MPOMyckHy 3AATHICTS,
MEHLLY 3QTPUMKY | BUCOKY HOAIMHICTD.
Li mpuctpoi onmumizosaHi ansi Bukopumc-
TOHHS B KopriopatmeHux Toukax Wi-fi.

www.broadcom.com
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BucoxkoediexmusHi cunosi Mogyni
Ha ocHoBi SiC gna wupoKo2o
CNeKmpYy 3acmocyBanb

PeHe CneHke (Rene Spenke), Hinc Contay (Nils Soltau),
Topy Marcyoka (Toru Matsuoka), Biktop Toncron’stos
ApanToBaHMI Nepexknag YKpaiHCbKOIO Ta TEXHIYHE pefaryBaHHS:

AHnppin MoBuaHIOK, soueHT, kadeapa npuknagHoi pagioenektpoHiku, PTD, HTYY «KIl»

B paHmii yac cunoBi TPAH3UCTOPHI moayni Ha OCHOBI kap6igy
KpeMHito (SiC) sSHaxoaaTb Bce WMpLUE 3ACTOCYBAHHS TAM, Ae no-
Tpi6HMIt nigeuweHuit KKJ nepeTBoploBaua a6o 3HMXKEHHS HOro
MacorabapuTHUX NOKA3HMKiB. [iana3soH NOTY)XHOCTI TaKUX 3d-
CTOCYBOHb fAly)Xe Pi3HOMCHITHMIA: Big NO6yTOBUX KOHAULIIOHEpIB
Ta 3apSAAHUX NPUCTPOIB A0 MPOMMUCIIOBUX TA HABITb TArMOBUX 30~

Ni3HUYHUX NPUBOAIB.

Y crarTi HaBoaUTbLCA akTyanbHA iHGOpPMALLiS NPO OCTaHHI PO3p06-
ku komnatii Mitsubishi Electric y ranysi SiC gna wmpokoro giana-
30HY pO60UYMX HANPYT TA MNOTY)KHOCTEN Y KOHTEKCTi BUKOPUCTAHHS

MopayJiB y pi3HUX 3A0CTOCYBAHHSIX,

BCTYN

3HM)K6HH$I BMKUIIB BYINEKUCNOro rasy i
PALIOHANbHIWE BUKOPUCTAHHS enek-
TpOeHeprii — ue CbOTrOAHILHI TeHAEH-
Lji, gKi BCe MIiUHiWe 3aKpinIoTbCA B
cyyacHomy cycninbcTei. [lossa TOKOrO
HONIBAPOBIAHMKOBOrO MATEPiany, fK Kap-
6in kpemnito (SiC) 3 Horo yHikanbHMMM
dI3MUHMMM BNACTUBOCTAMM, YYLOBO 3040~
BOJTbHSIE UMM MPATHEHHSM 3 MOTNSAY 3HM-
KEHHS eHepProCnoOXMBAHHA TA MiHIMI3aLi
rabapuTie NEPETBOPIOBAYIB (3MEHLLEHHS
KinbKOCTI eTane Ta maTepianis).
[onoBHAO BigMIHHICTBL HANIBNPOBIAHMKIB
Ha ocHosi SiC Bif KNACMYHMX KPEMHIEBMX
NPUCTPOIB — BENMKA LUMPMHA 3060POHE-
Hoi somu. Lle nossonse nocartn 10-kpatHo-
ro 30iNbLUIEHHS HANPYXEHOCTI eNeKTPUYHO-
ro nons B SiC-kpucranax. Bignosigro, ans
3a6e3neyeHHs oaHiel i Tiel x 6roKylo4ol
3gaTHOCT kpuctanu Ha ocHosi SIC ByayTb
MOTW MEHLLY TOBLUMHY, O OTXE, | MEHLUMUM
enekTp1uHMit onip (BTpaTa nposigHOCTI).
Binbw Toro, saspakM wmpokin 3abo-
POHEHIN 30Hi BUCOKOBONbTHI TPAH3UCTO-

p¥ HQ OCHOBI KaPBIgY KPEMHIIO 3 HAMPY-
roto npoboto ax go 6500 B moxyTs MaTh
He 3suuny |IGBT-ctpyktypy, a nonsosy
MQOSFET. 3a paxyHOK BMCOKOI LBMAKO-
CTi NMEePEMMKAHHS MOMbOBI TPAH3UCTOPMU
MQIOTb HWM3bKi BTPATU NPU MNEPEMMKAHHI
TQ [O3BOMAKOTL CYTTEBO 36inNbLUMTH YaC-
TOTYy KOMyTaUii. Y 6inbWwOCTi 3aCTOCYBAHb
NiABMLWEHHA 4QCTOTH POBOTM CUIOBOrO
nepeTsOpOBAYA  A03BONAE 36inblnTH
LLIABHICTE MOTY>XHOCTI iHWWX KOMMNOHEH-
TiB: QinbTPIB, TPAHCHOPMATOPIB, ABUTY-
HiB. IHLWWMM CrIOBOMM, CUNOBI MepeTeo-
ptosadi 3 BukopucTanHam SiC craroTb
KOMMOKTHILLUMMM.

3 1990 poky komnaris Mitsubishi Elec-
tric HokonWuMnNa BeNWKUI JOCBIA y ranyai
BUPOOHULTBO TA 3ACTOCYBAHHS CUIIOBMX
mogynie Ha ocHoei SiC. CeorogHi mogyni
HQ OCHOBI KAPBIify KPEMHIIO YCNilWHO BM-
XOAATb 3 Tany3i TEXHOMOTMYHOrO HOy-Xay
i HaByBaIOTbL BCE 6INbLIOrO MOWMPEHHS!
B PEanbHMX 30ACTOCYBOHHSX, MOYMHAIOUM
Bif, I'IO6yTOBl4X KOHAMUIOHEPIB | Axepen
KMBNEHHS | 3AKIHYYIOYM MNOTY>XXHUMM MPO-
MWCITIOBMMM MEPETBOPIOBAYAMM | HOBITb

TATNOBUMM  3ANIBHUYHUMM  NPUBOLAMM.
Bumorn no SiC-momynis TQKOX Pi3HATLCS
30MEXHO Bif, 30CTOCYBAHHS, WO HABEAEHI
y Uit CTaTTI.

rOJIOBHUIA KOMMOHEHT:
HOBE NMOKO/JIIHHA SIC-KPUCTAJIB

BQKTyoaniﬁ RiHIAL kap6ig-kpemHiesmx
moaynis Mitsubishi Electric Bukopucro-
ByeTbC apyre nokoninHa SiC-kpucranis,
WO BUMYCKAKOTLCA 30 HOBOK TEXHOMOri-
€10 HO LWECTMOIOMMOBMX MAACTMHAOX. JK
NOKA3QHO HA PWCYHKY 1, Apyre noko-
nitng SIC Mae nokpauleHy nnaHapHy
MOSFET-ctpyktypy. CneuiansHa TexHo-
noria nerysanns JFET-obnacti cnpuse cyt-
TEBOMY 3HWXEHHIO npsamoro onopy R,
(pvc. 2) po piBHA OCTAHHIX MOKONIHL YMnis
3 TpaHWeMHUM 3aTBopom (puc. 3). Binbw
Toro, nerysaHHa JFET-obnacti ameHwye
npoxigHy emictb kpucrana C_, Wo Bu-
3HAYAE WBKAaKiCTs nepemukanHs SiC-npu-
nagy. Mernwa C_ 36inbwye yacroty ne-

PEMMKAHHS, O TAKOX MOKPALLYE CTiKICTb

N BUTIK

P KOHTaKT

4H-SiC n-substrate

Crik

Puc. 1. Crpykrypa SiC MOSFET-uuna
APYroro NoKosniHHs

www.chiphews.com.uad
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AUCKPETHI SIC-NMPUJNIAAU
AN 3APAAHUX NMPUCTPOIB
ENEKTPOTPAHCMOPTY,
KOHAULUIOHEPIB

TA TENNOBUX HACOCIB

OCHOBHMMM BUMOrOMM [IO CUIOBMX
KIoYiB Ang TAKMX 3ACTOCYBAHb, 4K
30pSAHI  NPUCTPOI  eneKkTPOTPAHCNOpP-
Ty, KOHAMLIOHEPM Ta TENNOBi HACOCH, €
LDOCTYMHICTb HQ PWHKY, YHiBEPCANbHMUM
B3QEMO3AMIHHMIA 3 THWMMKU BUPOBHMKA-
MM KOPMYC, A TAKOX HOMIHOMbHUI pPO-
6ounit ctpym oo 100 A. na umx 3acro-
CyBAHb KOomnNaHielo pospobnerna N-cepist
OMCKpeTHWX npunaais y kopnyci TO-247
Ha 1200 B 3 sukopucranHam SiC-kpuc-
Tanis gpyroro nokoninHa [1, 2]. Hanun
TMN KOPNyCiB, AK i paniwe, 3aTpebysa-
HUM y BAraTbOX 30CTOCYBAHHAX HWU3bKOT
TO CepenHbOi MOTYXHOCTI 30BASAKM CBOIN
YHIBEPCANbHOCTI: BUCKPETHI TPAH3UCTOPMU
TQ [ioaM HO3BONAOTH 3iI6pPATM NepeTBo-
poBay Byab-sKOi Tononorii. 3a PaxyHok
npocToi koHCTpykuii kopnycy TO-247
(pmc. 4) Ta Bennknx obcaris BUPOOHUUTBA
amckpetHi SiC-KOMNOHeHTH € HaibinbL
LOCTYMHUMM 3 TOUkM 30pY UiHu. Kpim kop-
nyciB 3 TPbOMQ BMBOLAMM, Y MiHiMLI Npo-
noHytotecs kopnycn 10O-247 3 yotupma
BMBOAGMM, BTPATHM HA MEPEMMKAHHA B
aknx sumxeHo Ha 30% [3]. Y tabnmui 1
NPEACTABNEHI XQPAKTEPUCTUKM AWUCKPET-
Hux MOSFET tpaHsucTopie Ha oOcCHOBI
SiC. Kpim TUNOBMX BUXIGHMX TECTiB NpM
BMPOBHUUTBI, PAL TPAH3UCTOPIB CEPTH-
dikosaruit 3a cranpaptom AEQ-Q101,
WO POBUTE MOXIIMBUM X BUKOPUCTAHHS B
€NeKTPOTPAHCNOPTI.

30BAAKM HU3bKUM KOMYTOLMHUM BTPQA-
tam N-cepia SiC-TpaHsucTopis pekomeH-
OYETbCA OJ1a 3ACTOCYBAHHA B OXepenax
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Kpaiie

Mitsubishi IElectric - TpaHi.UeVIHVIVI ™n (plospoﬁnﬂemcq)
1

2 3

N-cepisi B TpbOXBMBIZHOMY KOpNYyCi
(TO-247-3)

»
>

4 5

Vy;, — MoporoBa Hanpyra 3atsopa, B

Puc. 3. MopiBHAHHSA NAAHAPHOI Ta TPAHLLENHOI CTPYKTYpHM pisHux SiC MOSFET-uunis

N-cepifi B YOTMPbOXBMBIZHOMY KOPMYCi
(TO-247-4)

Puc. 4. AuckpetHi SiC-tpansucropm Ta giogu N-cepii Ha 1200 B

Jlinivika puckpetHux SiC-tpansucropis Mitsubishi Electric N-cepii
Mogens BMO8ON120S(J) | BMO4ON120S(J) | BMO022N120S(J)
Voo B 1200
| Rosiony MOM 80 40 22
[— 38 68 102
Kopryc TO-247-3
Poamip, Mm 15.9x41x5

KMBMIEHHS, LWLO JO3BOSMAE 3MEHLLMTH PO3-
Mipr aB0O BUKIIIOYMTM 3i CXEMM HACTUHY
NOCUBHWX enemeHTiB (TpaHchopmaTopis,
apocenis) 30 paxyHok 36inbLUEeHHs 4aCTo-
M NEPEMUKAHHS.

OCHOBHI XAPAKTEPUCTUKU

pyre nokoninHa SIC MOSFET-kpucra-
ﬂnis Mitsubishi Electric mae nnanapHy
CTPYKTYpy 3 neryeaHHsm obnacti JFET.
Lls TexHonoria Mae psa nepeear nepeg
nonepeaHim nokoniHHam SiC. Tak, nobpe
BIJOMO, LLO 30 PAXYHOK BMCOKOI HAMPYru
npoboto Kapbiay KPEMHIIO CTANO MOXIM-
eum cteoperHs MOSFET-TpansucTopis Ha
1200 B 3 HM3bKMM ONOpOM 0BRACTi apeit-
by (R),). Ane IHWOK 3HOYHOIO YACTUHOO
nutomoro onopy MOSFET-tpansucropa

€ onip akymymiotoyoro wapy JFET y ioro
CTPYKTYpPi. 30 PAXYHOK HOBOI TEXHONOTril
nerysanHs obnacti JFET y SiC-kpucranax
OPYroro noKOMiHHA ByB TAKOX 3HMKEHMM
nutommit omip JFET.

LLle oaHa 3 HOMBOXIMBILLMX XApOKTE-
puctk MOSFET-TpaHancTopa, wo su3Ha-
YAIOTb XAPAKTEPUCTHMKM HOTO MEPEMMUKAH-
Ha — cnissigHowWweHHs BxigHol emHocTi (C,)
[0 NPOXiaHOI emHoCTi (emHocTi Minnepa,
C._). YBiMkHeHHS poboyoro cTpymy TpaH-
3uctopa HwxHboro nneda Q2 seme 1o
sucokoro dV/dty TpaH3UCTOpPi BEPXHLOTO
nneya Q1 (puc. 5). B pesynstati ctpym
3QTBOPY /, MOUMHAE TEKTH B 30TBOP TPAH-
auctopa Q1 uepes emHicts Minnepa (C_).
SAKWO NOZIHHSA HANPYTH, BUKIMKAHE AAHUM
CTPYMOM, NEPEBULLMUTL TPAHMYHY HAMNPYry
v ) BinOyneTbCA NAPA3UTHE BIAKPUTTA

gs
BepxHboro TpaHsuctopa Q1 i, sinnosiaHo,
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KOpOTKEe 3aMMKaHHS. [pu LUbOMY BEnMuK-
Ha cTpymy [, nponopuiina C Ta dV/dl.
3a paxyHok 3meHwenHs napametpa C_,
pesyneTylounit  nobyTok  Onopy TPAOH-
3MCTOPA HA 30PAA 30TBOP-CTOK CKANO
1450 mOm-HKn. Lle 36inbLuye crifikicts no
NOPA3UTHOrO yBIMKHEHHS (MpubnusHO B
14 pasis) y nopisHanHi 3i 3BuyaiHmm SiC
MOSFET. Taknm 4MHOM, OBHOYACHO JOCS-
raeTbCsa BMCOKQA LIJBM,D,KiCTb nepemMmnKaHHA
TO HW3bKMI OMip KaHany.

Knioyosmm napametpom 8 cneundika-
uii anckpethmnx SiC MOSFET-tpansucTopis
€ onip Rpg,, WO BKA3YETbCA ANs Temnepa-
Typu T,=+25 °C. OpHak y peanbHux ymo-
BOX BMKOPMCTOHHS TEMNEPATYpa Nepexo-
ny T carae +100 °Ci suwe, npu upomy onip
Rosion 3P0CTaE. Ang N-cepii TpaHaucTopis
Mitsubishi Electric ueit edekt cnabo su-

AHog
JBS
(Junctiory Barrier Schottky)
N
Karop

Puc. 6. Crpykrypa pioga JBSD

Mitsubishi
Electric

Iesm

|HLWi BUPOGHMKM

Bmc} .

NPOAYKTUBHICTL

>
Ve
Puc. 7. MopiBHAHHA XQPAKTEPUCTUK
pioaa (napinHg Hanpyru V,
TA MAKCUMAIbHUI NPSMUi
cpym I;g,)

lg | Cad Q1
|_
el “‘} ﬁdt
|_
Cgs
Y Y Y\
Q2
off—on —
_/::—{ by Crss = Cgd
|_

Ciss = Cgs + Cgd

Puc. 5. EdpexT napasuTHOro BKIOYEHHS BEPXHbOIO TPAH3UCTOPA

PAXEHWH, | 3POCTAHHSA OMOPY CTAHOBWTHL
nmwe 6nmzbko 10% npu nigeuLLeHH Tem-
nepatypwm nepexoay no +100 °C. Lle 3Hu-
KY€ BTPATU MPOBIAHOCTI B NEPETBOPIOBAYI
i 103BONSIE 3GINBLUNTK OTO BUXIAHY NOTYX-
HICTb, BMKOPWCTOBYIOUM TPAH3UCTOPU 3
TM COMUM NOKAZHUKOM Rpg .

Kpim  kapbia-kpemniesux MOSFET-
Tpananctopis N-cepii komnanis Mitsubishi
Electric Takox Bunyctuna Ha pwuHOK fi-
Hiviky BignosigHux piopis Wottki (SBD —
Schottky-Barrier Diode). 3aseuuait aiogm
LLoTTki MaoTb HMxXYe npsame NagiHHA Ha-
npyrv V. NOPIBHAHO 3 KTACUYHWUMM AIOAAMM.
OpHak nig yac po3pobku KpucTana aioaa
3ABXAM ICHYE BANAHC MK HU3bKMM MPSIMUM
NOAIHHAM Hanpyru V. Ta cTiikicTio go yaap-
Horo npsmoro ctpyMy. LLLo6 ontumisysatw
obuasa napameTpu, Komnawis Mitsubishi
Electric pospobwuna Tak seany JBSD-ctpyk-
Typy (Junction Barrier Schottky Diode), 8
akin Ha popatok no 6ap’epy LWoTTki na-
panenbHO AOAQHUWA p-n-nepexif, CTIMKKM
[0 BENMKMX YAAPHUX CTpymis (puc. 6, 7).
Ninivika gioais skmovae npunagm Ha 600
i 1200 B 3 HomiHanbHummM ctpymamu 10
i 20 A B pIi3HUX AUCKPETHUX KOPMYCOX:
TO-247, TO-220FP-2, TO-263S [4].

3BUJIbLUEHHS EPEKTUBHOCTI
KOHAULUIOHEPIB 3A PAXYHOK
BUKOPUCTAHHA

SIC DIPIPM-MOAYJIB

Ti komnaris Mitsubishi Electric npea-
crasuna kapbig-kpemniesi mogyni DIPIPM
(inTenekTyanbHUI  CUNOBMI  MOaynb B
kopnyci DIP) 3 6nokytouoio Hanpyrowo
600 B i HomiHanbHM cTpymom 151 25 A,
Hani iHTenekTyansHi NpucTpOi MaloTh Y
OfHOMY KOPMyCi LWiCTb TPAH3MCTOpPIB 3
QHTMNOPANENbHUMK aiofamu (TpUdasHUii
MICT), i HOBITb IHTErPAMbHI CXemMM APaK-
sepie (puc. 8). MMin «iHTENekTyansHUMM»
GYHKUISIMM B JOHOMY BMMNAAKY MAIOTb HA

ﬂ‘ﬂﬂ iHBEPTOPIB HEBENWKOT MOTYXHOC-

YBA3i CUCTEMM 3AXMCTY, KU MICTUTb MO-
aynb: 3axmct sig K3, saxuct Big neperpisy,
a TOKOX 3AXMCT Bifi MPOCOAKM HAMNPYru
XMBNEHHA. 9K NMOKA3QHO Ha pUCyHKy 9,
MOAYNi BUKOHAHI 3Q TEXHOMOTIEID MOHO-
nitHoro kopnycy (Transfer Molding), aka
LO3BONSE MIABULLMTM NPOAYKTUBHICTb TQ
CTIMKICTb MOLYNS [O ArPECHBHOTO 30BHILL-
HbOTO cepenosumLd. Burpaw 3a paxyHok
sukopuctarHsa SiC-kpucrtanis ocobnuso
MOMITHWMIM Y 3ACTOCYBOHHSX i3 rPAdikom
poboTH «24x7», TAKUX AK KOHAMLIOHEPH
un Hacoen. Ha pucyrky 10 nopisHioeTbes
KITACUYHUI KPEMHIEBUIA MOAYMb 3 AHAMO-
rivimm SiC. BuaHo, Wwo 3HuxeHHs BTpaT
y MOgyni 30 TUX CAMMX YMOB CTOHOBWTb
6nmsbko 70 %.

SIC-moAynl ang aeXx,
CTAHLIN LUBUAKOI 3APIAKU
TA NEPETBOPIOBAYIB

ang BIAHOBJIIOBAHOI
EHEPTETUKMU

TOKI sactocysarHs, sk OBX, cranuii
LBKAKOI 3ApsSAKM TA MepeTBOploBAYi

HVIC

LVIC

Puc. 8. DyHkuioHanbHa cxema
SiC-mopnynsa Super Mini DIPIPM

Puc. 9. InTenekTyanbHwmii
SiC-mopnynb Super Mini DIPIPM i
BOYOBAHUM ApaiiBEPOM

www.chiphews.com.ua
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L1 BiAHOBIIOBAHOT €HEPreTUKM, 3a3Bnyam
BMMArQIOTh BiNbLUKMX BUXIBHWUX CTPYMIB, HiX
y BMNA@Kax, sKi 0broeoploBanucs pai-
we. CneuianbHO ANg TAKMX 30CTOCYBOHb
Mitsubishi  Electric poswupuna  niniviky
moaynis Ha 6asi SiC-umnie gpyroro noko-
NiHHS, AOACBLUM A0 ICHYIOUMX MOAYNIB HA
1200 B npucrpoi Ha 1700 B 3 po6ounm
ctpymom o 1200 A [5]. 9k nokasaHo Ha
pucyrky 11 gpyre nokoninHg SiC-moaynis
MQOE Ti XX KOPMyCH, WO i neplie, [O3BONS-
04N 3OMOBHMKOM 3AMIHUTM CMIOBI MOfY-
ni 6e3 3MiHM OM3QIHY NEepeTBOPIOBAYA.
[TosHa niHilika mogynis npeacTaBneHa B
Tabnmui 2.

OcHoBHi oco6nuBocTi

Minknagka SiC-mopynis, Matoun pos-
mipu kopnycy 122x76.9 MM, TO4HO nos-
Toptoe reomeTpito moaynis cepii NX. [Mpo-
Te AN19 3HMXKEHHS BHYTPILWHLOI NAPA3UTHOI
iHOYKTUMBHOCTI MOAyns Byno 3MiHEHO PO3-
TALUYBOHHS CWUIIOBMX BMBOLIB MPUCTPOLO.
Lle possonuno oTpMmaTH MAKCHMATBHO
HM3bKi KOMYTALiMHI BTPATH TA NepeHanpy-
™. Kpim Lporo, kOHCTpyKList OCHOBK MOAY-
nie Ta cxema postawysarHs MOSFET- Ta
SBD-uunie 6ynu onTMMi3oBaHI ans KpaLLo-
ro PO3Mnoginy Tenna no NigknaaL.

30 paxyHOK TeXHONOTT NerysaHHs ob-
nacrti JFET, onucanoi pawiwe, apyre no-
koniHHa SiC-MogyniB MOE CYTTEBO MeHLUI
BTPATHK: Y NOPIBHAHHI 3 NepLUIMM MOKONiH-
HAM 3HWXEHO K BTPATM NPOBIAHOCTI, TAK i
OMHOMIYHI BTPaTH [6].

Pospobnena komnaxiero Mitsubishi
Electric dyHkuis koHTpOmMO B peansHomy
yaci RTC (Real-Time Control) cnpouwye
CXeMy 30XMCTY MOLYNS Bif KOPOTKOrO 3a-
MukaHHs. CTBOPEHHS CXeMM 30XUCTY BIf
K3 € HeTpuBianbHMM 3aBAAHHAM Npw ne-
pexoai 3 IGBT na SiC MOSFET, ockinbku
CTOHAAPTHUA METO[, SKMW BUSBISIE BUXIL,
TPOH3UCTOPA 3 HACKMYEHHS, A0 OCTAHHIX
HEe 3aCTOCOBYETLCA. Lnst MOAONAHHS LUbOro
obmexenHs cuctema RTC petextye ctpym
K3 3a gonomoroto pasada crpymy, BGyao-
saHoro 6esnocepeaHbo B unn MOSFET.
Y pasi susenenHs K3 kepyioda Hampyra
30TBOPY OBTOMOTMYHO 3HWUXKYETbCS AJ1s
OBMEXEHH CTPYMy Ta 30iNbLUEHHA MAK-
CMMOIIBHOTO HACY O Neperpisy KPUCTAnNis,
30 sike [paiBEpP MOXe 3pearyBaT Ha
curnan nomunku Big RTC Ta BigkniounTy
ctpym (puc. 12).

BMCOKOBOJIbTHI SIC-MOAYJI
ansg 3ACTOCYBAHHA
Y TPAHCNOPTI TA 3AJIIBHULI

YTCIKMX 30CTOCYBAHHSIX, SIK BUCOKOLUBMA-
kicHi noisaun, SiC-Moayni 0o3BONSIOTH
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Si IGBT DIPIPM
15 A/600 B

T=+125°C)

1200 B/600 A, 800 A yonnep
1700 B/ 300 A 2 B 1, 4onnep
B6ynosaHa cyHkuis RTC

1200 B/1200A 2 B 1
B6ynosaHa chyHKuis RTC

Tr-DC
FW-DC

H Tr-SW
| FW-SW

3HWKEHHS
Ha 70 %

Full SiC DIPIPM
(PSF15892F6)

Puc. 10. MopieHsHHg BTpart y DIPIPM-mopynsax (V, =300B, £.=15«kl, /,=1,5A,

1200 B/200A 4 B 1
B6ynoBaHa chyHkuis RTC

1200 B/400A 48 1
1200 B/800A 2B 1

Puc. 11. 3oBHiwHiii BUrnsag saranbHonpomucnosux SiC-moaynie Apyroro NoKoniHHS

Jlinilika saransHonpomucnoBux SiC-mopyniB APyroro NOKoniHHA

Mogpennb Hanpyra, B Crpym, A Tononoris 3axucr RTC Po3mipu, mm
FMF400BX-24B 400 481 .
FMF800DX-24B 800 281 i 1217923
FMF300BXZ-24B 300 481
FMF400BXZ-24B 1200 400 ¢ 129796
FMF600DXZ-24B 600 :
FMF800DXZ-24B 800 281 Tak
FMF1200DXZ-24B 1200 122%152

5 122x79.6

FMF300DXZ-34B 1700 300 281
FMF300E3XZ-34B Yonnep

nobyaysaTh Ginbl epekTUBHY TA KOMNAK-
THY cMCTemy Tarnosoro npwmeoay. Hanpu-
Knag, Y BUCOKOLBUAKICHMX noiznax «LLnH-
kancen» (Shinkansen) Tarnoswit npusig Ha

ocHosi SiIC mae Ha 20% menwy macy,
WO [03BONSE ONTUMI3YBATH KOHCTPYKLIIO
BaroHa. Kpim sHmXeHHs macu 3 Sonomo-
rolo CKOPOYEHHS BTPAT Mif, YaC nepexony

CUAOBA EAEKTPOHIKA
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Mpuknaa cxemu gpaiisepa

Mogynb i3 3axuctom RTC
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Ha SiC cucTtema OxonoaxeHHs iHBepTopa
Oyna TAKOX 3MEHLEeHA — MifCYMKOBMIA
PO3MIp TAMMOBOrO iHBEPTOPA CTAHOBMB
nnwe 50% sig novatkoesoro [7].

Kpim tarnosux iHeepTopis, npu nepe-
xoni Ha SiC surpaw y BTpatax nepertso-
prosauis BnacHnx notpeb (MBI1), sapaaHmx
npuctpois 6atapei Ta DC/DC-nepetso-
PIOBAYIB CTAE LLEe CYTTEBILUMM 3Q PAXYHOK
36inbLIEHHS YOCTOTU NepemMmnkaHHs. Benu-
ka vyacrota LWIM, ak npasuno, possonse
3MEHLLMTM PO3MIPU MACUBHUX KOMMOHEH-
TiB: TPAHCHOPMATOPIB, APOCENIB, KOHAEH-

Puc. 13. SiC-mopynb TpaHcnopTHOro
BUKOHaHHS Ha 3300 B y kopnyci
LV100 3 isonsuieio 6 kB

Ay

PeanbHa ocumnorpama Bigkno4deHHs K3

Puc. 12. Edpexktuere BigknioueHHs K3 cucremoro RTC, B6yaosaHolo B moaynb

caTopis. binbw TOro, 3 BUCOKOUACTOTHOO
LUIM 303BMYai MOXNMBE BUKOPUCTAHHS
HWMX, MarHiTom’skux ocepab. Lle Takox
0Q€ WMPOKui noteHuian 36inbwenHs KK,
i 3HMxKeHHs BapTocTi [8, 9].

KpiM BERMKMX 3HAYEHb HOMIHAMBHO-
ro CTPyMy TG HOMPYrM CUIOBKMX MOAYNIB,
TAKi 30CTOCYBAHHS K 3QMI3HUYHMI TPOH-

CMOPT TA ENeKTPOEHEPreTUKA, BUMAraioTh
Bifl NPMNOAIB BMCOKOI NPOAYKTMBHOCTI TA
HagiiHocti. Komnanis Mitsubishi Electric
BuBena Ha puHok SiC-mopyni Hanpyrowo
10 3.3 kB TpaHCNOPTHOrO BUKOHAHHS, WO
CneuianbHO MPU3HAYEH] ANd TAKMX 3ACTO-
cysaHb. Bxe 8 2015 poui B Bucokowsma-
KiCHI noi3aM, WO CEepiMHO BUMYCKAKOTHCS,
no4yanu BCTOHOBMOBATMCS MOBHI CUMOBI
SiC-moayni (TpaH3UCTOP | 3BOPOTHMI Aion
Ha 6asi kapbiay kpemnio) [10]. Takum
YMHOM, HOLIVHICTb LAHMX Npunagis nepe-
BipEHA y peanbHii ekcnnyaTalji LWoHAan-
MeHLE NPOTArOM BinbLu HixX N'ATU POKiB.

Mitsubishi Electric sunyckae Hosi mo-
ayni 3.3 kB knacy Hanpyrm B kopnycax
LV100 (puc. 13). Y usomy knaci Hanpyru
LOCTYMHI MOAYNi ABOX HOMIHAMIB CTPYMY:
3751750 A (puc. 14).

Kpim nosrux SiC-momynis 3 u4mnamu
nioAiB TG TPAH3MCTOPIB HO OCHOBI kaAP6I-
ay KPemHito, y NiHinui komnaHii € ribpuaHi
moayni. Y kopnyci LV100 sunyckaerses ri-
Gpuaruin moaynb Ha 3.3 kB 3 HOMiHAMbHKMM
ctpymom 600 A. Januit npunop noeaHye
kpemnieauin IGBT-unn HOBOro NOKOMiHHS
(cepia X) i3 SiC-mionpom. Ha sigminy sin
KPEMHIEBOTO, AAHMI OiOf HEe MAE mpouecy
3BOPOTHOTO BIAHOBNEHHA SK TAKOTO, 34
PAXYHOK YOTO AMHAMIYHI BTPATU B HbOMY
3HAYHO MeHwWi. binbL Toro, auHaMiuHI BTPa-
B IGBT Takox 3HMXEH] Yepes BiaCyTHICTb
BUKMOY CTPYMy 3BOPOTHOTO BIAHOBNEHHS.
9k GaunMmo Ha pucyHky 15, BTpath Bknio-
uenHs Eon y TpaHsucTopi 3MeHweHi Ha
38%. Lle pobuts Moxnmemnm 36inbLIEHHS
4QCTOTU NEPEMUKAHHS LS AAHOTO MOAYIs!
(mo 2 klu). Fxkwo x noTpibHa we Ginbw Bu-
COKQ YOCTOTA | MEHLLI BTPATH, TO BIAMIHHMM
snbopom 6yae Full-SiC-monyns.

Kpim icHytoumx pileHb Ha 6asi kapbigy
kpemHito, Mitsubishi Electric sepe aktusny
po3pobky Hoemx SiC-umnis ans noaanb-

Tun
Tun Cxema Kopmycy 3300 B

G} 750 A
& 375 A
i LV100 N
2-8-1 nnm Vigo= 6 KB 600 A
600 A
450 A

Puc. 14. Niniiika Si- i SiC-mopaynis Ha 3300 B kopnycax LV100

www.chiphews.com.ua
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—— Hanpyra KonekTop-emitep

Ctpym 380pOTHOTO
BiZIHOB/IEHHS

Si
[500 A/div; 500 V/div]

LIOro MOMINWEHHS MAPAMETPIB CUNOBUX
moaynis. OauH i3 HANPAMIB AOCIIXEHb —
TEXHONOrif NOEAHAHHSA KPUCTANA 3BOPOT-
noro giopa Lotrki 3 MOSFET-ctpykry-
poto. 3a3BMUQM QHTUNAPANENbHUIA AioA
BMKOPUCTOBYETLCA AN 3ANOBIraHHA Npo-
TIKOHHIO 3BOPOTHOrO CTPyMy Yepes na-
pasuthuin gion MOSFET-cTpyktypH, wo
LO3BOJSISIE YHUKHYTU MOsiBU fedekTiB yna-
KOBKM. Y HaACTynHMx nokoniHHax SiC-mo-
aynis piogn LWottki Gyayts iHTerposai

-,

3axucT

HTRMEHHA NO CTPYMY

KomnnekcHuM 3axvcT

i BUCOKIW TemnepaTypi

Ten. 044-3-922-911

Bifi NepeBaHTaKeHHA NO CTPYMY

(cepin BTU noTysHicTs 0.5, 112 BT)

—— Ctpym

—— Hanpyra 3arsopy

Hybrid SiC
[250 A/div; 500 V/div]

Puc. 15. MopisHsHHS ocuunorpam BKJoueHHs Si-, ripuaHoro SiC- i Full-SiC-mopynis (V,,

6esnocepeaHbo y SiIC MOSFET-tpaHau-
ctop (puc. 16). Kpim sincytHOCTI nedekTis
YNOKOBKM, TAKE PILLEHHS 3HMKYE OUHAMIY-
i sTpaTm [11, 12].

TexHonoris BOYLOBAHOTO B TPAOH-
suctop gioga LUoTtki BMKOpUCTOBYETH-
ca n y npototuni Full-SiC-mopyns Ha
6.5 kB [13]. HaHui KoHUenT BMKOHAHMM
y kopnyci HV100 (puc. 17) ta mae Ho-
miHansHuin ctpym 400 A. 9k BugHO 3
pucyHky 18, OMHAMIYHI BTPATM B LBOMY

3axucT Bij BUCOKOT TEMnepaTypu
(cepin sanoixHukie Ta
cepis TepMOCTaTIa)

Axcecyapw anAa 2anoBixHukiB

Full Sic
[250 A/div; 500 V/div]

=1800B, /,=600 A, T.=+150 °C, L,=65 Hl'1)

moayni craHosnate nuwe 1/10 sig aHa-
noriunoro kpemniesoro IGBT-moayna. Lle
nae SiC-moaynsm Ha 6.5 kB sennyesnun
NOTEHLIAN 30CTOCYBAHHS 3 BUCOKOIO 4aC-
TOTOIO NEPEMUKAHHS.

BUCHOBOK

YCTQTTI NPEeACTABNEHi HOBITHI CMNOBI
moayni komnawii Mitsubishi  Electric

3axucT Bia nepeHanpyru
(cynpecopu oDMesxyBsaqi
EMeKTPOCTaTUNHOND 3apAaY
Ta Hanpyru)

(TepMiHanu, kninch Ta
TPUMasi 3ano0iKHUKB,
YTPUMaYyi NaHenen)

Altway Electronics, Inc.
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Puc. 17. Full-SiC-monynb Ha 6500 B
y kopnyci HV100
3 isonsuieto 10.2 kB

Ha OCHOBI KapP6igy KPEMHII0 B LWMPOKO-
My [ianasoHi poboumx HANpyr i HOMI-
HQMbHUX CTPYMIiB, PO3PAXOBAHI HA
30CTOCYBAHHS Yy BENMKOMY CMnekTpi no-
TyxHocTten. OnMcaHo OCHOBHI xapakTe-
pUcTUKM HosiTHiX nokonine SiC, a Takox
TEXHONOTriT, WO BMKOPWUCTOBYIOTLCA MpPWU
CTBOPEHHI KaP6ia-KpEMHIEBMX KPUCTANIB.
[Mepetsopiosaui Ha 6asi SIC komnawii
Mitsubishi Electric sa6esneuyiots 6Ginbu
BMCOKY €hEeKTUBHICTb, O TAKOX HOAMKPALL
MACOrabapUTHI MOKA3HUKM.

Puc. 16. Crpykrypa knacuuHoro MOSFET-uuna ta MOSFET i3 B6yaoBanum SBD

Jlirteparypa:
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Npocmuii MMy KepyBaHKA WBNGKICMIO
HapoCMmaKns Hanpy2u gna NigBULEHNS
EHep20ediekmuBHOC]

Bonbdraur Ppank (Wolfgang Frank), Infineon
ApanTtoBaHuM Nnepeknag YKpaiHCbKOIO TA TEXHIYHE pefaryBaHHs:
Anppin MoBuYaHIOK, aoueHT, kadeapa npuknagHoi pagioenektpoHiku, PTD, HTYY «KIl»

3MEeHLWNT AUHAMIYHI BTPATU B €NIeMEHTAX CUJIOBOI eNIeKTPOHIKMu
MO)KHO 30 PAXYHOK KEPYBOHHS LUBUAKICTIO HOPOCTAHHS HANpyru.
BoHa Tako)x noe’ssaHa 3 piBHeM enekrpomarHitTHux 3asag (EMC).
Heo6xigHa LIBMAKiCTL HAPOCTAHHA HAMPYrU, K NpaBusno, 3a6es-
neyvyeTbcs WASXOM BMGOPY onopy pe3sucropd B KOJii KepyBUHHS
30C/IOHOM CUJIOBOro Kimoud. OgHaK, HOro He MOXXHA 3MiHIOBATH Y
npoueci po6oTu npuctpoio. Y wiii cratTi po3rngaadeTbcs BAPiaHT BU-
pilweHHs Wi€i Nnpo6nemu 3a paxyHOK naApasnenbHOro BBIMKHEHHS

IC ppaiieepiB 3acnoHy.

BCTYN

Bw6ip BEMMYMHM ONOPY pPe3ncTopa B
KONi KEpPYBOHHS 3ACTOHOMM CUITOBUX
KIIOYiB 3LIMCHIOETLCS 3 METOK OMTUMI3A-
Uil NPOUECIB MEPEMUKAHHA. 3MEHLLEHHS
Onopy PesncTopa 36inbLIye WBMAKICTL Ne-
PEMMKAHHS CHMNOBOrO TPAH3MCTOPA, WO
3MEHLUYE AMHAMIYHI BTPATHM i, BIANOBIAHO,
CyMapHi BTPATK. 36inbLueHH: ONopy pesu-
CTOPA B KOJIi 3ACNOHY AO3BOJISE 3MEHLLIUTH
WBKAKICTb HAPOCTAHHS Hanpyrn dv./dt
un ctpymy di-/df cunosoro kmioua. B pe-
3yNbTATI 3MEHLUYIOTBCA OMMAAITYAA KO-
BOHb HAMPYIX, WO BMHMKAIOTL Y4epe3 na-
PA3UTHI iHaykTMBHOCTI Ta emHocTi. OTxe,
N8 KOXHOI OKpemoi 30404 Cnif WyKaTh
CBOE KOMMPOMICHE PilLEHHS.

OpHoK, HKOIM JOCTATHBO MPOBECTH
OMTUMI3ALIIO KONA KEepPyBOHHS nuLIe Ans
NEBHMX PEXMMIB POBOTH CUNOBOIO KACKA-
Ly, HANpWKNag, oJis pexumy MAKCUMAmb-
HOrO CTPYMY B HOBOHTOXEHHI TA HEAOBAOH-
TaXeHoro pexmmy pobotn. Taki ymosu
LO3BONUNU 6 3MEHLUUTU OUHAMIYHI BTPATH
MOPIBHAHO 3 BAPIGHTOM, KOSIM ONTUMI3ALLIA
NPOBOAMUTLCA AN HOMIHAMBHOTO CTPYMY B
HOBOHTOXEHHI.

Sk TUMOBMI MPUKNAL MOXHAO HABECTH
po60Ty eNeKTPONPMBOAY B YMOBAX MASIO-
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rO HABAHTAXEHHS. [1epemmnkaHHs mManoro
ctpymy piona Ha IGBT moxe cnpwum-
HUTU CyTT€Bi KONMMBAHHA HAMPYrK, 4KWwo
ekmoderHs gpyroro IGBT sinbysaeTbes
HOATO WeMaKo. Llei konveansHmit npouec
MOXHO 3HQYHO 3MeHLKTH aBO MOBHICTIO
no3ByTUCA, AKLLO BENUUMHY MPSIMOTO CTPY-
My 3ap0Tm Ha pisHi 25% abo suwe Big
HOMIHANbHOT BenuumHmM [1].

BAOCKOHAJIEHHS METOAY

KEPYBAHHS 3ACJIOHOM

Ho PUCYHKY | HOBEOEHO TUMOBY Cxe-
My kepyBarHs 3acnoHom. OpunH BuBig

ApaiBEPa 3ACNOHY € AXEPENOM CTPYMY
ioyrs WO BMUTIKAE, A IHWWIA — NpUAMAYEM

CTPYMy, LLO BTIKAE in,r. B 060X Bunaakax
BESIMUMHA CTPYMY BM3HAYAETHCS PE3UCTO-
pamu B Kkoni 3acnony. CTpym iy, 3aps-
IXKOE €MHICTb 3ACIOHY TPAH3UCTOPAd, d
CTPYM ipyr. — PO3PABXKAE.

Ha siominy Big cknagHilwmx cxem kepy-
BaHHs 3acnoHom [ 1] abo IPM[2], nponoty-
€TbC CMCTEMA KEPYBAHHS, LLO CKIIAAAETHCS
3 peox ctanpapTHux |C ppaiieepis 3acnony.

Ha pucyHky 2 npencrasneHa Hosa
CXeMO KepyBAHHS 3ACMIOHOM 3 YAOCKO-
HOMEHUM KONOM CTPYMy, LLO BWTIKQE.
Y uit cxemi mBG gparBepu  3ACIOHY
1EDI60IT2AF  npauiooTs  napanensHo.
Kondirypauist Bxogis IN+ 1a IN— nossonsie
BukopwmcTosysath eusoau IN+ ans nopaui
crangaptHoro LUIM-curnany kepysaHHs.
Bxin IN— gpareepa sacnoHa IC2 kepye
NIAKMIOYEHHIM YM  BIOKITIOYEHHAM BUXOAY
IC2 o 3aCnoHy TpaH3ncTopa, No iHBepTO-
saHomy curHany gossony/EN. Llei curnan
DOPMYETLCH 30BHILLHIM MOLYTIEM KEPYBAH-
HA B pe3ynsTati 0bpobku curHanis, WO
NPONOPLiMHI CTPYMy uYepes CUMOBI KItoui
abo ix Temnepatypi Ta iH. BeimkHerHs 1C2
A0OLCE CTPYM g py AO CTPYMY KEPYBAHHSA
30CNOHOM i NEPLIOro ApaiBeepa.

PucyHok 2 intoctpye cutyauiio, konu
Ona BUMKHEHHSA TPAH3UCTOPA BMKOPMUCTO-
syetbcs nuwe apaneep IC1. Y gaHomy Bu-
NAfKy HE MOXHAO OLHOYACHO BMKOPWCTO-

1EDIGOI12AF
[] veet VCC2

LM
IN+ ouT+
IN- ouT-
GND1 GND2

j_AL'oup

Puc. 1. TunoBa cxema KepyBUHHS 34C/IOHOM 3a lonomorolo ofHiei IC
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BUTIKAIOYMM CTPYMOM

BYBATM O6MABO APAMBEPH ANA BUMMKAHHS
TpansucTopa. 9kuio apaieep IC2 npauioe
3 BTIKQIOYMM CTPYMOM, MOXIMBUIA BMMO-

e,

Puc. 3. Yacora giarpama crpymie apaiieepie IC1 Ta IC2 3 nigeuweHum

H_I_t>

nok, ko IC1 € mxepenom BUTIKAOHOro
cTpyMy. B pesynbTaTi ue moxe npueectu
0o BMxomy 3i ctpoto pesuctopis abo IC

30 POXYHOK BWMAINEHHA HOAMMLLIKOBOI MO-
TY>XHOCTI.

YacoBa piarpama CTpymy 3QCHOHY
is(t] HaBepera Ha pucyrky 3. 9k Buaro 3
BEPXHbOI YACTUHM LiArPaMM, NPK MATNIOMY
HOBOHTOKEHHI CTPYM 3QCHOHY AN BMM-
KQHHS | BUMUMKAHHS 306€3NedyeTbCs Tirbku
nparisepom IC1. 3nadeHHs napametpis
BMMKOHHS, HAMPWKNOL, MOKCUMOIbHY Be-
mmunHy dv/dt, moxHa obupatn 3 ypa-
XYBOHHAM  iHAMBIAYQNbHMX MNAPAMETPIB
npuctpoto abo 3rigHo pekomeHaauin [3].
Mepexia Mix pexmmamm poboTH 3 BENMKUM
b0 MAMMM HOBAHTAXEHHAM 3AIMCHIOETHCS
NOAQYELO IHBEPTOBAHOTO CUTHANY LO3BOMNY
Ha exin IN— gpaiisepa IC2 (ame. puc. 2).
[Py LBOMY OKTUBYETLCS BMXIA 3 BUTIKAKOUYMM
ctpymom 1C2, wo npmuckopioe BBIMKHEHHS!
CMNOBOTO KNKOYA. 3HAYEHHS OMOpPYy AO-
LOTKOBOTO PE3MCTOPA 3ACOHY HO BUBOAI
OUT+ ppaisepa IC2 obupaerbes 3a ymos
306e3ne4eHHs HeOBXIgHMX AMHAMIYHMX Na-
POMETPIB BBIMKHEHHS CMOBOTO KIOYA A4
BMPILLEHHA KOHKPETHOIT 3a4aui.

AHAJI3 PE3YJIbTATIB

BUMIPIOBAHb
Ho puCyHKy 4 MpenctasneHo ekcne-
PUMEHTAsbHI Pe3ynsTaTi poboTH 30-
MPOMNOHOBAHOI cxeMu kepyBaHHs. [lig yac
PO6BOTU BU3HAUANMCH EHEPris BBIMKHEHHS!
Eon TG LUBMAKICT HAPOCTAHHS HAMPYTHU
v/ dt MpK PIBHUX 3HAYEHHAX OMOPY pe-
3UCTOPIB 3ACNOHY TA CTPYMIB KONEKTOPY.
3aTBOPHI PE3UCTOPM 3MIHIOBANKM B Aia-
nazoHi 10—47 Om (cyuinbHumm Kpreumu
NO3HAYEHI Pe3ynbTaTi Ans TUNOBOTO Pi-
WEHHs), O CTPYMM KOMEKTOPY B MEXAX
10-100% Bin HOMIHANBHOTO 3HAYEHHS.
B cneuianisoBaHoMy nporpamHomy 3a-
GesnedyeHHi 6yno po3pPAXOBAHO BEMMYUHY
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LWBMAKOCTI HAPOCTAHHS Hanpym dv/dt B
mexax 90%/10%. B axocti cunoemx kinio-
uis 6yno sukopucrano IGBT tpamsucrop
IKW40N120T2 (40 A/1200 B) sig Infineon.

LLIsmpkicte  HOpOCTAHHS  HAMPYTU
Ve, /dt 3pocTae npu 36inblIEHHT KO-
NEKTOPHOTO  CTPYMY. EAMHMM BUHATKOM
crana kpusa ans sunagky R; = 10 Om
npu .= 10 A, xonu cTpubOK HANPyru Ha
NAPA3KTHIM IHAYKTUBHOCTI LLyMiB BUMIpIO-
BAJIbBHOTO CTeHAy, rlpl/I3BiB 0O BUHUKHEHHSA
OBTOKOJSIMBAHb, LLLO YHEMOXIIMBMUIO KOPEK-
THE BUMIPIOBAHHS AV, /dl.

Te x came cnocrepiranocs nig yac
TECTYBAHHS APOMBEPA 3 XOPAKTEPUCTU-
KOO, MO3HAYEHOK YEPBOHMM KOSIbOPOM.
Y xoai BUNpobyBAHb BMKOPUCTOBYBANMCA
ABA OPAMBEPU 3ACIOHY 3 PE3UCTOPAMM
Ry =18 Omta Ry, =47 Om.

Y 30npOnoOHOBAHOMY MeTOmi Kepy-
BOAHHS 30CIOHOM, PE3ncTop R; MOXHA
BMKOPWUCTOBYBATM MPU MOPIBHAHO MANUX
KONEKTOPHUX CTpymax. Ak 6aymmo, se-
nexa kpuea ans R; = 20 Om Ha pucyH-
Ky 4 LEeMOHCTPYE CXOXi pesynbTaT, sk

i ans R; = 18 OM npu 3HAYHO MeHLwo-
My 3HaueHHi dv/dt Tepexia Ha nao-
panensHy poboty asox IC gpaitsepie 3
Rs =18 Om ta Rg, = 47 Om moxnmswit
npu KONEKTOPHOMY CTPYMI, WO AOopiB-
Hioe 50% Big HOMIHONBHOrO 3HAYEHHS
(/-=20 A). BukopucraHHs sanponoHosa-
HOTO METOAY KEPYBAHHS [LO3BONSE 3MEH-
LINTU eHeprilo BBIMKHEHHS TPAH3UCTOpP-
Horo knoua (puc. 46) 3 4.8 po 3.6 mx
NPY HOMIHOMBHOMY CTPYMI. TAKMM YMHOM,
BEIMYMHA Li€i €Heprii CTae MEHLLOIO Npu-
6m3HO Ha 25 %.

BUCHOBKHU

BMKOpMCTOHHﬂ [BOX [paiBepiB 3acno-
HO 0N KEPYBOHHS  OAHWMM CUITOBUM
TPAH3UCTOPOM — MNPOCTMIt cnoci6 nia-
BULLMTH edEeKTUBHICTb POBOTU CUIOBMX
KITIOYiB, OCKINIbKM 3HAYEHHS PEe3NCTOpiB B
KOMi 3QCNOHY HA [BOX BMXOLAX MOXHQA
3MIHIOBOTM HE3ANEXHO OAMH Bif, OQHOrO.
[ei IC possonaoTs Nerko Ta HEe3anexHoO

3MIHIOBOTM BEMNYMHY CTPYMIB KEPYBOHHS.
binbwe Toro, saeasku IC T1EDI60IT2AF
gin Infineon ckopouyeTbea TpynomicTkicTs
PO3PODBKM Yy MOPIBHAHHI 3 AUCKPETHWUMM
PILLEHHAMM, WO BUKOHYIOTb QHANOTIY-
Hi- dyHkuii. OCKinbkM 3MeHLeHHs eHeprii
BMUKAHHS HO 25% i 36inblueHHs cTpyMmy,
LLO BUTIKAE, 306€3MevyeThCst CTAHAAPTHUM
METOOM, 3aNPONOHOBAHY KOHLUEMLIO Ke-
PYBOHHS 3QCNOHOM MOXHQO BiHECTM [0
pPO3psAay LyXe ePEKTUBHMX.

Jlirteparypa:
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(IPM). Bodo’s Power Magazine. Ed. 3.
Germany. 2017.

3. Gambica Association: Motor Insula-
tion Voltage Stresses under PWM Inverter
Operation, Technical report No. 1. 3rd
ed. UK. (]
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NigBuuIEHHA edieKmuBHOCMI CUCMEM
i3 GamapeiiHum XuBNEHHAM 32 [ONOMO20i0
NepemsopiBayis 3 nocmiiiHuM KoedriyicHmom

Tom Kypatono (Tom Curatolo), ronoeHui iHxeHep Bigainy TexHiuHoi niarpumkm, Vicor

Koneeprepu Hanpyru 6e3 ¢pyHkuUii ctabinizayii 3 pikcoBaHum ko-
ediuieHTOM NnepeTBOPEHHS NPALIOIOTb K «TPpaHcpopmaTopu» no-
cTiliHOro cTpymy. BoHu MaioTb OCUTL BUCOKY NMUTOMY NMOTYXKHICTb,
KKA i rHyukicTb, fKi fO3BONSAIOTL CTBOPIOBATU 6inbw edekTuBHI
cxemu nopgaui xxueneHHs (PDN) HagiTb npu BUKOpUcTaHHi gxxepen
)XXMBJIEHHS 3 WWMPOKMUM Aiana30HOM BUXiAHOI HANPYru, HaONPUKIAg
aKymynaTopis a6o BigHOBNIOBAHUX gxepen eHeprii. Ha Bigminy
Bif Wupoko nowmpeHux perynboBaHux DC/DC-nepeTeopioBauis,
nepeTBopioBayi 3 nocriiium K gossondiots po3pobndaru ra ontu-
misyBatu PDN-cxemu pna nigBuuieHHa e¢deKTUBHOCTI cucremm.
PospineHHs pyHKLUi nepeTBOpeHHs, i3onsuii Ta perynioBaHHs 3a-
6e3neuye nomitHe nigBuLLeHHS epEeKTUBHOCTI Ta BiguyTHi nepeBa-

v yciei cucremu.

Cy‘-ICICHi CUCTEMU  ENEKTPOXMBIIEHHS
asTomMobinie, nerkux enektpomobinis
(LEV), po6ortis, BINJIA (npoHis) Ta npo-
MMCIIOBMX CUCTEM, LLO CMOXMBAIOTL Binb-
L€ eHeprii, BCe 4aCTille BUKOPUCTOBYIOTb
NEepPBUHHI OXepena 3 BULLOK HAMNPYroto
100, 400, 800 B, a posnogain enektpoxms-
NEHHs 3OIMCHIOETECA 30 OiNbll BUCOKMX
3HQYeHb 6e3neyHOl HM3bKOBOMLTHOI Ha-
npyru (SELV) y pianasoni 48—60 B. barato
3 UMX CUCTEM, LLLO BUKOPUCTOBYIOTL HaTa-
pei, BIAHOBMIOBOHI AXepena eHeprii Ta
NANUBHI ENEMEHTH AK NEPBUHHE IKEPENno
eneKTpoeHeprii, MaIOTb OfAHY 3AranbHy
npobnemy: ix BUXIAHA HAMPYra 3MIHIOETb-
CA B JOCUTb LUMPOKOMY AiANA30Hi.

3 ui€i npuunHK HaMbinbW 3aTpebysa-
HMM MEepPeTBOPIOBAYEM BUCOKOBOMbTHMUX
IKEPENn XMBNEHHA 3 LWMPOKMM Lianaso-
HOM BWXIZHOT HaMpyrM € CTaBiNi30BAHMIA
DC/DC-nepeTsopioBay 3 ranbBaHiYHOK
PO3BA3KOI0 Yy BUMALI EOAMHOTO dYHKLO-
HaMbHOTO 610KY.

Oaprak DC/DC-nepetsopioBay 308-
CiM HE MOBMHEH BUKOHYBATU dyHKLIT ne-

76

peTBopeHHs, ctabinisauii Ta po3s’a3ku
B ogHOMY dyHKUioHansHoMy Broui. Mo
CyTi KOXHQA 3 Umx PYHKLINA 3HUXYE edek-
TUBHICTb NepeTBopioBAaYa, 36inbWyOYM
BTPATM €Heprii y BMrAsAi Tenna — oc-
HOBHOTO GAKTOPQA, O BU3HAYAE MUTOMY
notyxHicte DC/DC-nepeteopiosaua,
a TAKOX WOro BAPTICTb TA HALIMHICTB.
OcKinbku PiBHI MOTYXXHOCTI CUCTEM MifgBH-
uytoTbCa 4O BAraTbox AecATkie KinosarT,
BTPOTM HACOAMMEpPEer MO3HAYATHCH HA
MOCOraBapPUTHUX MOKA3HKUKAX NMepeTBo-
ptoeayis. 3acobu KepyBAHHSA TEMIOBUM
PEXMMOM TOKOX 3HAYHO 36inblyioTh
PO3MIp TA BAPTICTb MEPETBOPIOBANBHO-
ro kackagy.

ANBTEPHATUBHA APXITEKTYPA

MipKyBaHb 306e3snedeHHs Gesneku
BinbWOCTi cucTem NoTpiIGHA izonauis
M)XK BUCOKOBOJNbTHUMM | HU3bKOBOJbTHM-
mu vactuHamm PDN-cxem; npu upomy
MOXHO PO3ainuT1 $yHKUii nepeTBopeH-

HA TQ perynoBaHHa/cTabinisauii Buxia-
Hoi Hanpyru. [licna 3HuxeHHs BXigHOI
HAMPYrn CUCTEMM ENEKTPOXMBNEHHS 3a
LOMOMOTOIO MePEeTBOPIOBAYA 3 MOCTIM-
Hum K go  HeobxigHoro pienst SELV (eu-
snadysaHoro K) notpibHo BcTaHOBKTH,
[e HaWKpalle 3LiIMCHIOBATM NepeTBOPEH-
HA | PErynioBOHHA HAMPYTM, HEObBXigHOT
19 CMOXMBAYIB.

Ockinbkn piBeHb NOTYXHOCTI 3POCTAE
B TAKMX 30CTOCYBQAHHAX §K BMCOKOMPO-
AYKTUBHI OBUYMCIIOBANLHI NPUCTPOT Ta
€nNeKTPUYHI TPAHCMNOPTHI 3acobu, B AKO-
cTi 6e3neyHOi HU3bKOBOJSILTHOI HAMPYrk
PO3NOAINBHOI WKMHM BCE YACTILLE 3AMICTb
12 B BukopucTosytoTbCs HOMIHAM 54
i 48 B, signosigHo. [Npu 6Ginbw Buco-
KMX HOBOHTCXKYBAMbHUX CTPYMOX L BULL
3HAYEHHS A03BONSAIOTh CYTTEBO 3MEHLLM-
™ BTpat notyxHocti (I2R) y posno-
OiNbYiM Cxemi Ta NigBULMTM 3ATANbHUM
KK, a Takox ckopoTuti macorabaput-
Hi MOKOA3HMKM 3Qa PAXYHOK 3MEHLUEHHS
po3mipis kabenis, Nposofais, Po3 emis
TA MIGHUX LIAPIB XMBNEHHS APYKOBAHMX
nnat. OpHaK KNoYemM A0 BUKOPUCTAHHS
nepetsoptosayie 3 noctinHum K Ha sxogi
UMX CUCTEM € 3[0ATHICTb Byab-SKOro no-
LANBLIOTO MPOMIXKHOrO NepeTBopioBAYA
i Pol-ctrabinisatopa npauiosatv B -
POKOMY AiaNA30HI 3MiHM BXiAHOT HANPYTK
NPy UMX Binbl BUCOKMX HOMIHONOX Ges-
MeYHOi HU3bKOBOMLTHOI Hampyru. [loHu-
XKYBQIbHI T MOHMXYBAbHO-MIABMLLYIOYI
cTabinizatopu 3 NEPEMUMKAHHAM NPU Hy-
nboBi Hanpysi (ZVS) matoTs nepesarm
30 PaxyHOK Bisbll BUCOKOT €PEKTUBHOCTI
NepeTBOPEHHS TA PEryNOBAHHS HinbL
BMCOKMX HAMPYT.

Posrnanemo Tpu popatky, edektus-
HICTb SKMX 3HAYHO MIABMLLYETLCA 30 PAXY-
HOK PO3MOgiNly WX TPbOX yHKLiM:
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a) 3apasxaHHs enektpomobinis;

6) pPOBOTOTEXHIKA ANA CiNbCLKOrO rocno-
[ApPCTBO;

g) BIUIA.

MEPETBOPEHHS BUCOKOI
HAMPYTU BE3 FAJIbBAHIYHOI
PO3B’A3KU AJig 3APAAKAHHSA
EJIEKTPOMOGIJIIB

I_lo PUHKY enekTpoMOobinis sk OCHOBHE
OXEepeno XMBNEeHHA BCe yacTilwe Bu-
kopucTosytoTecs batapei Ha 800 i 400 B.
[MinBMwEHHs WBMAKOCTI 3apPAAKM HOPTOBMX
QAKYMYNSTOPIB MPK TAKUX HAMPYTrax Crpuse
3POCTAHHIO MNOMYNAPHOCTI TA NOLMPEHHIO
TexHonorii enektpomobinis. OgHak xoaHa
30PABHA CTAHUS HE MPALIOE OAHOYACHO 3
uMmn oboma Hanpyramu 6atapen. B pa-
HUI 4aC BUPOBHMKM ABTOMOGINIB NPOEK-
TyIOTb BOPTOBI CUCTEMM 3APAAKM, Aki aBO
nigeuLLytoTs Hanpyry cranuii 3 400 B ans
800 B akymynatopa asTomobins, abo sHu-
xytotb 800 B no 400 B ana sabesneuents
CYMICHOCTI i LUBMAKOT 30PAAKM.

PisHi noTyxHocTi uux 6opToBMX ne-
PETBOPIOBAYIB 3MIHIOIOTHCA B AIGNA3O0HI
50—150 «Br. Ockinbku 3apsgHa CTaHUist
MQE i30MbOBAHY TA PErynboOBAHY BUXIAHY
HaNpyry NOCTIMHOTO CTpymy, a 6atapes
Ha 800 abo 400 B ocHaweHa isonbosa-
HUM BMCOKOBOJIbTHUM MNEPETBOPIOBAYEM
NS ENEeKTPOXMBAEHHS HACTYMHUX CUCTEM
(mvB. puc. 1), mBOoHaMpaBnEeHoMy nepe-
teoptosavy 800/400 B isonsuis Ta pery-
NIOBAHHS He NOTPIGHI. [Mpu BUKOPUCTAHHI
TONONOTIi 3 BUCOKOKO YACTOTOIO KOMyTAUi
KK Habnauxaetsbcs go 99.3 %, wo sHayHo
3HWXYE PO3MIp i BAry MNepeTBOpPiOBAYA
UbOTO THMY.

130JIbOBAHI TA HEI3OJIbOBAHI
NMEPETBOPIOBAMI

a9 CUIbCbKOroCnoaAPCbKUX
POBOTIB

CiﬂbeKOI’OCI‘IOJ:LCIpCbKi pobotM — Bse-
UK MALKWHAU, ONa XUBNEHHA SKUX, FK
npaewno, sig 6atapei Ha 800 B notpibro
no 20 kBt notyxrocTi. Ockinbku Big edek-
TUBHOCTI ENEKTPOXMBIIEHHA 3ANEXNUTb HAC
pPOBOTH MiX 3CAPSAKAMM, LEH MOKA3HMK
BCQXKIIUBMIM AN LOAATKIB AAHOTO KIACy.
|30MbOBAHUI  WKMHHMI  NepeTBOpPIOBAY
abo nepetsoptosay 3 nocTiHum K 3Hu-
XYIOTb BMCOKY Hanpyry Ao 6e3neyHoro
pieHa 48 B, saeaskm yomy 3abesnedyerses
HaMBINbWa epEeKTUBHICTL MOAAHI XMBEH-
Ha kabenamu i pos’emamu (ame. puc. 2).
MoxnmBicts nerko CTBOPIOBATU MACKBK
napanesnbHO BKITIOYEHUX LUMHHUX KOHBEP-
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Ti cami 3apagHi craHuii

TOpiB JO3BONAIOTH MCICLLITO6yBC]TM BXiOHMM
Kackag Ta MNigBULUMTKM THYYKICTb BCbOrO
piweHHs. [1psme nepetsopeHHs Ta CTa-
Ginisauia 48 B 3a6esneuyioTtbca 3 ypaxy-
BAHHAM PIi3HWX HOBAHTOXEHb Y CUCTEMI 3Q
LOMOMOTOI0 BUCOKOEMEKTUBHMUX MOHMKY-
BQMbHO-MIABULLYIOUMX TA MOHUXKYBANbHUX
ZVS-crabinisatopis. Hanpuknag, ans xus-

Puc. 1. Ana 3a6e3ne4yeHHs CyMiCHOCTi eneKTpoMob6iniB i sapsaaHMUX cTaHLii
HEe3IEXHO Bifj TOrO, 44 OAHAKOBA Y HUX HAMPYrd, CXeMd noaayi
eNeKTPOXXUBIIEHHS] BUKOPUCTOBYE HEi30NbOBAHMIA MOAY b LUMHHOTO
nepeteopiosaua 3 nocriiinum K (NBM) Bupo6HuuTea Vicor ans nepeTsopeHHs
800 B & 400 B a60 Ha3ap npu noTyxHocTi 6 KBT. Lle BucokoedekTueHe
MaclTaboBaHe PilieHHS 3 BUCOKOIO MUTOMOIO NOTY)KHICTIO fLO03BONISIE
eneKTpomoGinsm 3 pisHolo HanNpyroio 6arapei BUKOPUCTOBYBATH

Puc. 2. Ang po60TH 3 LUMPOKUM PSAOM HABOHTAXKEHb T EKOHOMIi 3apsagy 6arapei
y cxemi nofaui XXMBAEHHS CiNbcbKOrocnoaapcbKoro po6ora 3acToCoBYETbCS
Mopaynb LUMHHOTO nepeTeoploeaya 3 noctiiiHum K (BCM) eupo6Huuyrea Vicor
Ans reHepauii Hanpyru 48 B, w0 miHimi3ye BTpaTi NOpiBHAHO 3 LUMHAMM,
PO3PUXOBUHMMM HO MeHLLY Hanpyry. EnekTpoxxueneHHs edpekTusHo
PO3NOAINAETLCA 30 HABAHTCIKEHHAMM 30 JONOMOTOI0 NEePeTBOPIOBAYIB
3 nocriiiium K a6o perynboeaHux Pol-nepeteopiosauis, Hanpuknag NBM,
PRM, noHmnxyioumx ZVS-nepeTBopIOBAYiB T NOHWXYBANIbHO-MiABULLYIOUNX
ZVS-crabinisatopis komnaii Vicor

NEHHS CUCTEMHOT MaTepuHcbkoi nnatu LM
Hanpyroto 12 B HaledekTUBHIWMM pilueH-
HAM 3 HOMBINBLIOKO MUTOMOIO MOTYXHICTIO
€ HeizonboBaHMIM nepeTsopiosay 48/12 B
3 noctintum K. Nopanswe perynioBaH-
H 3AIMCHIOETBCS 30 gonomorolo bara-
TodasHoro kackagy 12 B nowmxylodoro
Pol-crabinisatopa.
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3MiHHOrO cTpyMmy f0 48 B

MIABULLLYIOYE NEPETBOPEHHS
BE3MEYHOI HU3bKOI HAMPYIU TA
MOHWU)XYBAJIbLHE NEPETBOPEHHS
ANS XXUBJIEHHS NMPUB’I3HUX
APOHIB

pPUB'A3HI  [POHKM  3ACTOCOBYIOTHCA

OXOPOHHUMM, MOXEXHUMU TA PATY-
BASBHUMM CITYXXOOMM 1Sl CTALIOHAPHOTO
CNOCTEPEXEHHs, 3B'93Ky TA OCBITNEH-
Ha. [BoHampaeneHuit nepetsopioBay 3
nocTiHnm K Mae ayxe edpektmsHy yHi-
BEPCANbHY CXEMY, SIKO [O3BOMSE BUKO-
PUCTOBYBATW BATAPENHE LXKEpeno xwms-
NEHHA 3 HWU3bKOIO BEe3neyHo Hanpyrow,
MIHIMI3YBATM MACOrABAPUTHI MOKA3HWKM
kabeno, Wwob MAKCUMAMLHO 36inbLMTH
yac 6e3BiAMOBHOI POBOTU TA KOpPMUCHE
HOBOHTOXEHHA.

Y [oAaTKAX UbOro KAACy WUWHHMI ne-
petsoptosay 3 K = 1:8 migsuye Hanpyry
3 48 po 384 B gna nopaui xmeneHHs no
kabenio; Npu LbOMY BUKOPUCTOBYETHCS KO-
6enb MEHWOT TOBLWMHK | CKOPOUYIOTLCS
OMiYHi BTpaTH. TOM Xe nepeTsoproBaY 30-
crocosyeTbest Ha BIJTA ans nepetsopeHHs
384 & 48 B pnst 6opTOBOI ENEKTPOHIKM | pO-
TopHOi cnctemun apora. Taka PDN-cxema
306e3mnedye MAKCUManbHy edekTUBHICTb
TA MUTOMY MOTYXHICTb (30 PAXYHOK CKOPO-
YeHHs MacorabapuTHUX MOKA3HKKIB) nepe-
TBOPIOBAYA 3 nocTiHum K, a Takox nos-
BONSE 3BINbHUTU YACTUHY NPOCTOPY APOHY
Mif KOPUCHE HABAHTOXEHHS. Y ManByTHix
OOAATKAX 3'SIBUTHCS MOXJIIMBICTb MiABMLLY-
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Puc. 3. LLLo6 cyTTEBO CKOPOTUTU BiaMETP i Bary Ka6esnio NpUB’I3HOro APOHA,
Y cxemi nofayi eNeKTPOXXUBNEHHS! BAKOPUCTOBYETbCS MOAY b LUMHHOTO

nepetsopiosaua 3 nocriiinum K (BCM) komnasii Vicor, sikuii nigsuwye
Hanpyry ka6ento go 800 B. flk i B iHunx PDN-cxem, 48-B wmHa
BUKOPUCTOBYETbCS SIOKAIbHO, W06 MiHiMi3yBaTH BTPATH HO 3eMni

Ta B noBitpi. BCM-Moaynb TaKO)X 30CTOCOBYETbCA ANS i30NALii TA 3HWKEHHS
BUNpSMIEHOI BUXiAHOI HaNpPYru Bif oaHO- a60o TpudasHoro pxepena

BaTv Hanpyry 3 48 o 800 B (K = 1:1¢),
wob 36iNbWKMTU JOBXMHY KaBeno ana po-
6OTH HA BENMKMX BUCOTAX, 3MEHLLIMTU HOrO
TOBLYMHY Ta BAry (ave. puc. 3).
EdbektuHicte T muTOMA MOTYXHICTH
CUCTEMM ENEKTPOXMBIEHHS MAIOTh BMPI-
WANbHE 3HOYEHHS Ans NPAUesAaTHOCTI,
AKQ 3QNEeXMTb B 4acy OEesBIAMOBHOTO
YHKLIOHYBAHHS TA 30PSAKM, NMPOMAEHOT
BIICTOHI, KOPWMCHOTO HOBOHTOXEHHS, He
KOXKYYM BXE MPO iHWI BAXMBI XApOKTE-
PUCTUKM BOAATKIB AN1F PUHKY asTomobinis,
poborTis Ta apoHis. byno HaoyHo npope-
MOHCTPOBAHO, O HOBITb MPW BUKOPMUC-
TAHHI 9K [KEPENa XUBMNEHHS 3 LUMPOKUM
Aiana30HOM BUXIOHOT HONPYTX, HAONPKUKNAS,
AKyMynSTOpHUx BaTapei, edeKkTUBHICTb
PDN-cxemn 3pocTae 3aBgsku nepeTtso-
prosayam 3 nocTinHum K. Y umx ta iHwmx
L0OAATKOX PYHKUIT ranbBAHIYHOT PO3B A3KM
Ta crabinisauii HaNpPyrM MOXyTb BUKOHY-
BATUCS Y BUCXIAHOMY QOO HMU3XIAHOMY HQ-
NPSMKAX TAK, W06 BUKOPUCTAHHS BinbLuoi
HANPyrM nNpu3soaMno 6 A0 CKOPOYEHHS!
po3mipis kabenis, po3 emiB | TOBLUMHM Mif-
HUX LUOPIB CUCTEMHMX APYKOBOHMX MAAT,
MPU3HAYEHMX A9 NIABEAEHHS HAMPYMU A0
HOBOHTOXEHHS. POSI’J‘IﬂHyTi B LK cTaTTi
NPUKNOAM PO3MOLINY ENeKTPOXUBIEHHS
PDN-cxemamu nokasyioTb, sk nepetso-
ptoeadi 3 nocTinHrm K y noeaHaHHi 3 Bu-
cokoedextmeHumMn ZVS-cTabinisatopamm
LO3BONAOTb CTBOPUTM iHHOBALLMHI BUPO-
61 TQ BMCOKOAKICHI PilUEHHS 3 KOHKYPEHT-
HUMM NEPEBAramM. (N

EHEPFOHE3AJIEXXHA
EJIEKTPOHIKA:CUCTEMA BFREE
MO3BABUTb AEBAUCU

Bl BATAPEMA

KomaHaa iHxeHepiB-nporpamicria
i3 ronnargcekoro Lengrcskoro texHiy-
HOro yHIBEPCUTETY TQ OMEPHUKAHCLKOIO
[liBHiYHO-3axiaHOroO yHiBEPCHTETY PO3-
pPO6nAIOTL ragxetu, 4ac poboTu AKux
He OOMEexXyBaTMMETLCA €eMHICTIO 6a-
Tapei. HewonasHo ¢axiBuyi nokasamm
npucrasky Game Boy, ska otpumysana
XMBIIEHHS Bif oToenemenTis Ta BOYy-
L[OBAHUX [E@HEPATOPIB, sKi BMPOGSIM
EeHeprito 30 PAXyHOK HATHUCKAHHS HA
KHOMKM MpucTpoto. Tenep iHxeHepu
MPEeACTaBMIN CUCTEMY, KA [O3BOJNTH
BMHOXIAHMKOM, €1EeKTPOHIKaM-OMAaTO-
pPaM | HQaBITb MPOrPAMICTAM-TOYATKIB-
LSIM COMOCTIFIHO MOAM@IKYBATH 6y,ab—ﬂ/</'
camopobHi aesasicu, 1wob BOHM npa-
LIOBQIM HE Bifl AKYMYNIATOPQ, A Bif 361-
PaHOI 6e3mocepesHbo Mg 4ac pyHk-
LIOHYBAHHS eHeprii, Ka B TOMYy YMCI
HOAXOANTbL NePEPHBHACTO.

[natpopma BFree — ue npuctpisi
BFree Shield, npnsHauerwi ansa npwi-
MQHHS CTPYMy BI [AXepena XuBIeH-
Hf, TQ CTivike 4O 360iB XMUBIEHHS MPO-
rpamHe 306e3MNeyeHHs, HAMMCaHe HAa
Python — ogHivi 3 HaknOMyNAPHILLIMX MOB
nporpamysaHHs. Metoro komaran 6yno
CTBOPEHHSI MPMAATHOrO A/ MACOBOroO
BUKOPUCTAHHS MPOAYKTY, KM SO3BOSIMB
61 MOEAHATH B CaMOPOBHMX MPUCTPOSX
LLIBMAKICTb BUIOTOBIIEHHSI 3 €KOJIOriy-
HicTio. Ha BigmiHy Big aKymynsTopis,
OﬂbTepHOTMBHI. Axepesnia XXUBJIeHHS,
HarMpuMKIas, GOTOENEeMeHTH He 3BATHI
crabinsHo sunasam eHeprio. Cuctema
BFree nokmkaHa 3po0buty uesi Heaonik
HECYTTEBMM, TOMY LLO BOHQA MPH3HAYe-
Ha creuiansHo ans onTumizauii pobotu
AEeBayCiB, 4O AKMX €1eKTPMKQA HOAXOANTb
ypusdacrto. [lou BiaKIOYEHHI XMBIEHHS
MPOrPamMa MpM3ynuHIE 0BYMCITIOBATIbHI
npouecu Ta 36epirace iHpopmauito npo
HMX B He3anexHiv nam’sti. Le nossonse
MPUCTPOIO  MiC/S BIAHOBAEHHS MOAQYI
CTPYMy BiBPA3y MPOROBXHTH POBOTY
3/ CTaHy, B KoMy BiH nepebysBas [O
NEpepMBaHHs PobOTH, HE BUTPAYAKOYM
YQac TA EHEPrilo Ha 3QBAHTAXEHHS. [ns
BUKOPUCTAHHS TIATHOPMU [JOCTATHLO
nig‘eaqamn BFree Shield no mikpokoHT-
ponepa Adafruit Metro MO, a notim
3QnporpamyBaTH AEBAKC CTAHAQPTHMM
cnocobom. [licna Hesemkoi mogmpika-
Uil cMCTeMy MOXHQ MOEAHATH 3 IHLUIMM
MPUCTPOEM, KOAM U1 SKOrO [MMLLYTHCS
Ha CircuitPython.

https://acm.org
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Crie Po6eprc (Steve Roberts)

EdpekTUBHE O6GCNYroBYBOHHSI CKJIGAHMX MPOMMUCIIOBUX NpoLeciB
€ Kno4YoBuM GAKTOpOM Ang NiATPUMKMU BUCOKOI NPOAYKTUBHOCTI
Ta 3HMXKEHHS BUTPAT. TexHiuHe 06cnyroByBaHHS B pasi noTtpe6m
(Condition-Based Maintenance, CBM) € anbTepHaTUBOIO perynsp-
HOMY MJIGHOBOMY TEXHIYHOMY OGCNYroBYBOHHIO, MPU SKOMY BU-
KOPUCTOBYIOTbCS ACHI 3 AATYMKIB Mepexx npomucnoBoro IHTtepHeTty
peuyeil Ang po3nisHOBAHHS TeHAEHUii A0 3HMIKEeHHS NMPOAYKTUB-
HOCTI, W0 Bif6yBaeTbcsa nepen 360em. Y cTartTi He nuwue o6roeopio-
€TbCH L5 Npo6nemarTuka, a i AAioTbCs peKomeHaauii woao Bu6o-
PY MoAYyiB XXUBJIEHHS! TUKUX AATYMKIB.

CBIT, LLIO PO3BMBAETLCSH, PYXAETHCH AO
BCe BinbLOro PiBHS NPOMMUCIOBOT AB-
TOMQTM3aUji, HaPOLLYOUYM OBCATM BUMYCKY
NPM MEHLUMX BUTPATOX | PO3LUMPIOIOYH
YHIBEPCONBHICTb  CYYOACHMX MNPOAYKTIB.
CoorogHi 6arato o6’exTiB iHppaCTpyKTy-
PW, HAMPUKIQL LUEeHTPU AaHMx abo pos-
NOAiINbHI Cknaau, CTaBnaTb cobi 3a MeTy
NPALIOBATY MPU BUMKHEHOMY CBITHi 3 MiHi-
MANbHUM BTPYHYAHHAM NIOOMHU TA HACTKOO
PYYHOI Mpaui, 30aBAAKM TAKMM TEXHOMO-
riam, sik «lHaycTpis 4.0» 6o npomucroswit
«IHTEpHET pevei», WO CTAE YACTUHOI
npoLecy, NPU SKOMY MOHITOPMHT TA KOH-
TPOSb MPOBOAATLCA TAM, € Le HeobXiaHO
ans weuakoro pearyeanHs. Ciogm MOXHa
BIIHECTU | MEPEXY 3B A3KY MiX AATYMKAMMK,
BMKOHOBYMMM €NEMEHTAMM | LEHTPAmb-
HUM MyNbTOM. Takuit nigxin mMoxe 6yTu
PEeani3oBAHUIA | 30 AOMOMOrOI0 XMAPHMUX
TEXHONOTIN, fie BinOyBAETLCA 36MPAHHA Ta
QHONI3 IAHWX, O BUKOPUCTOBYIOTLCA ANS
QArOPUTMY ONTMMI3ALIT HO «KPO3YMHMX»
NiANPUEMCTBAX.

[Mepesaru «po3ymHUx» BUPOBHULTE
UYUCNEHHI, WO MNPUHOCKUTL YMMANY eKo-
HOMIlO pecypciB Ta eHeprosutpart. Ane
AKWIO WOCh nige He Take Mwu He pos-
MAgAeEMO MUTAHHA «MOBCTAHHA MALUMHY»,
MOeTbCs NPO NPOCTY MEXAHIYHY MOMOMKY,
abo Npo oaMHUYHWIA 36ii y BY3ni Npoue-
Copa Bifi BMAMBY BUMPOMIHIOBAHHS, 060
npo OfHy 3 6AraTbOX iHLWMX BUMAAKOBMX
BiIIMOB. TepMiH ekcnnyaTauii Benukoi ya-
CTUHK enekTpudikoBaHOT iHbpaCTPyKTy-
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pv y cBiTi nepesuuye 25 pokis, Tomy
36inblUEHHS KiNbKOCTI BiAMOB BMKIIMKAE
LISIKOM 3PO3yMifle 3aHENOKOEHHs. Xoua
PO3POBHMKM | BKIIIOYAKOTb PE3EPBYBAH-
HS KPUTMYHO BOXKIIMBMX ENEMEHTIB Ang
KOMAEHCALii OAMHMYHUX a60 HABITL NO-
IBIMHMX BIOMOB B 3QNEXHOCTI Bif 0OOAT-
KQ i NPOBOAATb OLIHKY KOMMOHEHTIB, WO
BMKOPMUCTOBYIOTbCS, 3 BEMMKMM 3AMACOM
ans 30inblWEHHS HAAIMHOCTI, NPOTE 3HOC
€ naHicTio Byab-AKOT MEXQHIYHOT | HABITL
€NEeKTPOHHOT CUCTEMM — QfXKE KOHAEH-
CATOPM BMCUXQAIOTb, 0BMEXYBAYi nepeHa-
npyr BUXOAATb 3 Nafy, G B HAMIBAPOBIA-
HMKOX HOKOMMYYIOTBC 3 YACOM aedeKTH
KPUCTANIYHOT PELUiTKM.

TEXHIYHE OBCJTYTOBYBAHHS
HIXTO HE CKACOBYBAB

Teopequo MO>HQA MPOCTO [OYEKATUCS
HECMPABHOCTI TA YCYHYTH i 30 GAKTOM,
KEPYIOUMCh MPUHLMMOM «MPALIOE — He
4inaM», ane HeCnpPABHOCTI MOXYTb BUHMK-
HYTM y Byab-akui yac. Take kopwuryode
OBCNYroByBAHHA € LINIKOM MPUAHATHUM
METOAOM [Nd HEKPUTUHHMX cI)yHKu,ilZ, Ha-
nPUWKNaL CBITNOAIOAIB, WO Mneperopinu B
matpuui ab6o B cuctemax 3 Garatopa-
30BMM PE3EPBYBAHHAM, MPO AKi MM BXE
3ragyBanu. MOHITOPUHT CTAE KTIOYOBUM
MOMEHTOM, OCKifbkM HEOBXifHO HiTKO po-
3ymiTH, wo sigbynacs sigmosa. O6cnyro-
BYIOUMIA MEPCOHAN MOBMHEH OyTW HaMo-

rOTOBI, MOXIMBO | B PeXuUMi «24X7», ak
KQXYTb, MPO BCSK BUMNALOK.

[ns GinbwocTi npouecis HAMKPALLUM
CNocoBOM B BAXAETLCA MPOBEAEHHS ne-
pioanyHOro NpodinakTMyHOro o6cnyrosy-
BAHHs Ta nepesipok. [Ina npocroi cuctemu
ue mMoxe 6yTM perynapHa 3amiHa inb-
TPiB TG MACNQA, NEPEBIPKA TA OUYMLLEHHS
NIAWKWAHKKIB, G TOKOX iX PEerynoBOHHA
NS KOMMeHcauii 3HowysaHHs. B enek-
TPOHIUI — 3aMiHa CTapux 3anOBiXHUKIB,
oBMexXyBQUiB HAMPyrM TA enekTPOosiTiB.
TyT BMHUKOE CKNQAHA OMNEMA: OyXe 4ac-
TG 30MIHQ MPU3BOAMTL AO HEMOTPIOHMX
BMTPAT K MATepianis, TAK i BUTPAT Ha
pobouy c1iy, a HEYACTa MOXE CTATH MPK-
4MHOIO BIAMOB. TOKMM YUHOM, PO3PAXYHOK
NepioanYHOCTI € CKNAAHMM 3ABAAHHAM, A€
6epeTbca 0 yBArK MUHYIUI Y4ac poboTH,
XAPAKTEP BMKOPUCTAHHSA, A YACTO iHTYiLis
TG JOCBIA BiGirpAlOTb HE OCTAHHIO POSb.
[ns cucrem, pe NnpauespaTHICTb CTAE KO-
4OBMM PAKTOPOM, 303BMUYAIN NMPOBOAUTHCS
QHONI3 PEXMUMIB, HOCTIAKIB TA KPUTUYHOCTI
siamos (Failure Modes and Effects and
Criticality Analysis, FMECA), wo6 3posy-
MITH, K 4OCTO BIAOYBAKOTLCA BIIMOBM TA SIK
BOHM BMAMBAIOTb HA BECL Npouec. 3a Ta-
KOro aHami3y MOXHQ NNAHYBATH HASBHICTb
30MACHUX YACTWH 3a3garnerigs, a poboTu
NPOBOAMTU Y 3PYUHMI HYaC.

TEXHIYHE OBCJIYTOBYBAHHS
3A CTAHOM

yBenmex TQ CKNAAHMX NPOLECAX JOCUTh
CKNOAHO MAAHYBATM MPOGINAKTUYHE
OBCNYroByBAHHA, TOMY BMKOPMCTOBYETb-
Cs QnNbTEPHATUBHUIM METOL — TEeXHiuyHe
obcnyrosysanHs 3a ctanom (CBM). Lle
ONTUMANbBHUI BAPIAHT, MPU SKOMY MNpPO-
BOAMTLCS 3AMIHA ABO HANALWITYBAHHS 30
bAKTUYHO BUMIPAHOTO TEPMiHY Cyx6u.
Mpu UbOMY HEOBXIAHO 3HATU MOTOYHMM
CTAH AeTani, HOBITb AKWO BOHA MPALOE
6GE3[0raHHO, ane NoYaBCsA NPOLEC 3HOCY.
Hanpuknaa, macnsuuit GinbTp BTRATHB
nponyckHy 3aaTHicte Ha 10%, a 3a 50%
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MOro MpPOAYKTUBHICTb BXE BBAXAETHCS
HENPUIHATHOK. 30 XxApPAKTEPOM POBOTH
uer crad 6ype pocsriyto 3a 10 TwxHis,
BIANOBIAHO, MiHATM Tpeba 3aspanerigp,
HANPUKNQaa, Yepes 8 THxKHIB. AHANOMYHMM
UMHOM, QHOMI3YIOUM XApakTep BiGPaALii
OBUryHO OO MEXQHI3MY B PEXMMI peasb-
HOrO 4aCy TA eKCTPAMOMooYN Pe3yrb-
TATM, MOXHA CYyAMTM MPO 4AC BiAMOBM
NigWMNHUKA.

[nsa BUMIPIOBAHHS Ta OUiHKM POBOTH
MOXHO BMMIPIOBATU PIiBEHb TEXHOMOTIY-
HUX PIOMH, XAPOKTEPUCTMK Ta BIGPAUIX,
BM3HAYATM TEMMNEPATYPY 34 LOMOMOTOO
6e3koHTakTHOro |Y-BMMipoBaHHS, NPO30-
PICTb MACNA, XAPAKTEPUCTUKM CTPYMY T
HANPYr1 B JIGHLIOTAX XMBEHHS, MPOBO-
OUTK yNbTPA3BYKOBY AIArHOCTMKY BMUTOKIB,
BM3HQYATK HASIBHICTb O30HY (OuiHKa ic-
KPIHHA TO BMHUKHEHHS po3psaais) Ta 6a-
rato iHwmx ¢aktopie. [Mpu 3acTocysaHHi
AOHOTO MiAXOAY AO BXE MPALIOIOUMX CUC-
TEM BAPTICTb MOYATKOBMX BUTPAT AN Op-
FOHI3ALiT TAOKOrO CKNAAHOrO MOHITOPUHIY
Moxe Byt 6rokylourm GakTopoMm, Npo-
Te AOBrOCTPOKOBA €KOHOMIsi MOXe CTATH
BUpilWanbHMM  aprymenTom. Ha wacrs,
BMKOPUCTAHHS CUCTEM NMPOMMCIIOBOTO «IH-
TepHEeTy pedei» Hogae Gesniy AaHux, aki
MOxHa BukopwmcTosysaTh i ana CBM-aHa-
nizy. [loaaTkoBi 4ATYUMKM ANS BUMIDIOBOHHS
npouecy, HeobxigHi ana CBM, 3assuuait
nerko BCTAHOBMTM B CMCTEMY. 3Q CBO-
€0 npupoaoto aaHi, notpibHi ana CBM,
3MIHIOIOTbCSA MOBINbHO, TOMY iX Mepesaya
(ak 6esnpoToBa, TOK i MO MiHiAx 38'a3Ky) i
06pobKa AOACE HE3HAYHI BUTPATH Yy 3Q-
ranbHy BAPTICTb CUCTEMM MPOMMCIOBOrO
«lHTepHeTy peueity. [opisHAHHS pPi3HKX
NIAXOMIB Y TEXHIYHOMY OBCIYrOBYBAHHI HO-
BEAEHO Ha pucyHKy 1.

anga CACTEMU CBM
MNOTPIBHE HAJIAHE )KXUBJIEHHS
anga AATYUKIB

>KMBJ'IeHHﬂ BiAQNEHUX OATYMKIB TA iH-
Tepdeiicis moxe ByTu 3abesnedeHe
sysnamu lloT (Industrial Internet of Things)
gin wuru DC, akymynstopis, moaynis
360py eHeprii abo AC/DC-koHeepTepa.
Cami patumkm, syanu cuctem lloT Ta moay-
i KMBIEHHS MOXYTb 3HOXOAWUTUCS B XOp-
CTKMX YMOBQOX ekcnnyaTtauii yepes kua-
KW HAMPYrM Bif MOTYXHOrO OBNOAHAHHS,
TOMy HEODOXigHO 3a6e3nedysaTH ranbea-
Hiuny isonauio sk DC-, tak i AC-pxepen.
Kpim Toro, dyHKLiS MOHITOPUHTY MOBUHHA
NIATPUMYBATM HOAIMHY POBOTY HABITb NPK
Lerpafgauii OCHOBHOIO NPOLECY, MOXIMBO
npw BiNbLI BUCOKMX TEMNEPATYPAX | PiB-
Hax BIGpauii, OCKinbkM OBNAAHAHHS, LIO

MpoayKTuBHi
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3abesneuye npouec CBM, mae dyHkuio-
HyBaTH 6€3 LOAATKOBOTO OBCNYrOBYBAHHS
TG MATU TPUBANMIK TEPMIH eKCnnyaTalii.
ToMmy HORIMHICTE MAE BUPILIAMBHE 3HAYEH-
Ha, a piseHb KK mae 6yth BUCOKMM, OO
3MEHLUMTM BTPATM EHEeprii TA BUKITIOYUTH
CKOPOYEHHS TEPMiHy CnyxBu Big Camo-
Harpisy.

Mpwuknagom isonsoeanoro DC/DC-
KOHBEPTEPA 3 BMCOKOK TEMMEepAaTypolo
HOBKOJMWHBLOTO  CEPeaoBMLa  (MaKCH-
manbHo +140 °C) cnyxuts cepis RxxCT (E)xx
gin komnaHii RECOM, sa6esneqyioun 0.5
abo 1 Bt suxigHoi notyxHocti npu 3.3 a6o
5 B Ha Buxogi i 5 B Ha Bxogi B HU3bKOMPO-
oinsHomy kopnyci SOIC-16. BuxigHa Ha-
npyra nigxoputb Ans BiNbLLIOCTI AKTUBHMX
AATYMKIB, MIKPOKOHTPOMEPIB | LUPPOBUMX
curHanbHux npouecopie. [pu sukopuc-
TaHHi isonbosanmx iHTepdeicis CANBus,
MODBus a6o PROFIBus 3a6esneuyetscst
nocuneHa ransbeaHiyHa isonauia 5 kB AC
(onuino 3 kB AC gna popartkis 3 6inbw
M AKUMM BUMOTOMM).

SKWO HOMPYra JOCTYyMHOro mxepend
3MIHIOETBCA B LUMPOKMX MEXax, Hanpu-
knap, Bif coHsuHoi Gatapei, notpibeH
crabinizosanmit DC/DC-koneepTtep. 3au-
YAWHMIA NIHIMHWIA perynaTop € Henpui-
HATHUM pierHsm yepes manuin KK, no-
AaTKOBO BUTPaAYatoun akymynstop. Cepia
R-78Exx-1.0 komnanii RECOM 3 KK, wo
nocarae 97 %, — ue onTUMAanbHMIt MOAYSb-
HWI IMNYNBCHUIA PEryNaTOP ANs BUPILLEHHS

T_T T_ KiHeupb

) XKUTTEBOTO LMKy
BigmoBsa

Puc. 1. Bnnue TMRNy TexHiuHOro 06cnyroByBaHHS HA HOAIMHICTb | NPOAYKTUBHICTD

UbOTO 3ABAGHHS, 30KPEMA MPW XKMBNEHHI
Bifl COHAYHMX BaTapeit abo HA PyXOMOMyY
YCTATKYBAHHI (MOHITOPMHT CTaHY nigwmn-
HUKIB HQ OCAX 3ANI3HUYHOTO TPAHCTOPTY).

KomnaktHi AC/DC-koHsepTepu Hait-
4OCTiWE CTAIOTb 3PYYHUM PilLEHHAM AN
306e3ne4eHHs eneKTPOXMBNEHHS Bif Me-
pexi, 3a3B1nyan 3 HomiHanom go 277 B AC.
Moayni moxyTb ByTn 06’€aHaHI 3 LWKMHOW
|O-Link gna npomMmMcnoBux [ATYMKIB, AKA
MQE LBOHANPABMNEHMI NOCNIBOBHUI iHTEP-
deinc i ctanpaptHi pos’emn M12. Ons xu-
BreHHs noTpibHa Hanpyra 24 B, a makeu-
MQrbHE HaBAHTAXKEHHS CTaHOBUTL 410 MA
Ha syson, Tomy cepii AC/DC-moaynis Ha
nnaty komnawii RECOM RACT0, RAC20
Ta RACM40 notyxnictio o 40 Bt sakpu-
BatoTh notpebu yotupsox noprtis |O-Link.
Hanpuknag, manonotyxHa cepis RACO3
MOxe ByTH BUKOPUCTAHA AN KOHTPONEPa
npouecy 3 86ynoBaHMM 6e30pOTOBUM nifg-
KIIOYEHHSM TA BIAAANEHOTO MOHITOPUHIY
NEPEBMULLEHHA TEMNEPATYPM.

Mpuknan, NOKA3AHUA HA PUCYHKY 2
Moxe ByTM peanisoBaHuit B rabapuTHMX
posmipax npubnmano 40xX25x25 mm.
[Hbopmauis Npo TexHonoriYHui npouec
HEODOB'I3KOBO OBMEXEHA N1We Temne-
PATYPOIO, MOXHA BOYAYBATM AATYMK AKYC-
TUYHOTO LUYMY, LUBMAKOCTI MOTOKY, ra300-
HaNI3aTOP TOLO.

Yacro temnepatypri I4-gatumkm, cen-
COpW BMTOKY A3y TA QKYCTMYHOTO LIYMY
BCTAHOBJIOIOTLCA HA CTeNi MPUMILLEHb, Q
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eneKkTpOMarHiTHI, BibpauinHi abo Temne-
paTypHi rpagieHT. Hanpyra Ha suxogi
aXepena Moxe 6yTU HU3bKOK, TOMy He-
oBXigHUA edpeKTUBHMIA MOaySb NepeTBo-
PEHHS Ana NiABMLLEHHS HANPYrM A0 PiBHSA,
AKUI NOTPIOHMIA ANA XMBAEHHS NPOLECOPa
abo aatumka. RECOM REH-3-31.8 cneui-
QNbHO PO3POBAEHUH ANA TAKUX 30BAAHS i
nie npu BxiaHin Hanpysi sig 50 MB ana nin-
TPMMaHHs noasinHoro suxoay 3.3/1.8 B.
REH-3-31.8 srmiodae dyHKuUito BinCTEXEH-
HS TOUKM MAKCMMAnbHOT noTyxHocTi (MPP)
s poboTu Big poToenemeHTiB i Moxe
6y 3’eaHanmnit 3 6atapeeio abo cynep-
KOHAEHCATOPOM Ans 36epiraHHa HaKOMw-

Tak 3BaHE TexHiuHe OobBCIyroByBAHHS
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Puc. 2. Komnakrhuii AC/DC-KoHBepTep AN XXUBAEHHS AATYMKA, MIKPOKOHTponepa
Ta ABOHANPUBNEHOro 6€3ApOoTOBOro 3B'a3Ky

XMBNEHHA 306e3nevyeTbcs Big NiHii OCBIT-
nenns 115, 230 a6o 277 B AC (Hanpy-
ra $asa-HenTpanb B 3-PpAsHMX CUCTEMAX
480 B). Mepenaya panmx Moxe 3aifcHIo-
BaTMcs 3a npotokonom LPWAN parne-
koi aii (LoRa, sigfox, KNX-RF Towo) abo
Mepexamu CTinbHukosoro 3s'asky (5G,
NB-loT, GSM Towo). Cnoxusara noTyx-
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HICTb 303BMYAM HE BMCOKA, TOMY MOAYIb,
LLIO BCTOHOBMOETLCS HA NNATY, HAMPUKNAA,
RECOM RACQ5-K/277, Gyne sigMiHHMM
BUOOPOM.

[na 306e3neyeHHs MAKCUMORbHOT
QBTOHOMHOCTI [esKki By3nuM TA AATYMKM
XUBNATLCA BiA Moaynis 36opy eneprii. Lle
MOXe OyTM COHsYHE CBITIO, QKYCTUYHI,

30 YMOBOMM — L€ ONTMMASNbHUI Cnocib
MIATPUMKM Npouecy y poboyYomy CTaHi 3
HOMMEHLUMMKU BUTPATAMM, SKUIA 3PYYHO
IHTErpPy€ETbCS Y KOHUEMLIO NPOMUCIOBOTO
«lHTepHeTy peueny». HapinHi Ta GlogxeTtHi
NepeTBOPIOBAYI XMBAEHHS € KIOYOBUM
enementom cuctem CBM, a acoptument
NPOAYKLii, WO BUMYCKAETHCA KOMMOHIEIO
RECOM, noBHicTio 3040BOMLHSAE BCi BUMO-
M 3ACTOCYBOHb. CN

BENVKUMY BUBIP
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EAEKTPOMATHITHA CYMICHICTb

CHIP NEWS

LWein O'KonHop (Shane O'Connor), po3pobuuk, Bourns

Jo Heponikie iMNynbCcHUX pdKepen >XUBJIEHHSA BifHOCUTbCA reHe-
pauis rapMoHiK, L0 BUHUKAIOTb MPU KOMYTALLii CUJIOBUX KJTIOYIB, O
TAKOXK Yepe3 HecUHycoiaanbHy GpopMy HaNpPyru i CTPyMy nepeTeo-
proBaua. Ha ixHi0o BenuunmHy 6e3nocepeaHbO BMJIMBAIOTD O6GpaHa
Tononoriga Ta cxema komytauii. Llinb wiei crarri — osHalomuTu um-
Taua 3 OCHOBAMM TECTYBAHHSI HO HASIBHICTb KOHAYKTUBHOIO BUNPO-
MiHIOBaHHSA 3 BukopuctaHHam DC/DC-neperBopioBayYa 3 HU3bKUM
piBHem enekTpomarHitTHux nepewkop (EMM). Peaynbratu Bumipio-
BOHHS E€NEeKTPOMArHiTHUX mnepeLllKkop AHAMI3yloTbCd HA npuxknagi
Tpancpopmaropie HCTSMS8 cepii Big Bourns.

HEOBXIAHICTb MPOBEAEHHS
BUMPOBYBAHDb

HA EJIEKTPOMATHITHE
BMMPOMIHIOBAHHSA

06 BUMBECTU ENEKTPOHHMIT BUPIO HA
|_|_||pMHOK, NPOBOAMTLCA TECTYBAHHS
HO KOHAykTMBHI nmepewxomm (conducted
emissions, CE) 3 metoto ouinkm EMI. Me-
PELUKOAN Bifi MPUCTPOIO HE MOBWHHI ne-
PEBMLLYBATH BCTAHOBNEHOT Mexi. Bunpo-
MIHIOBOHHS €NEKTPOMArHITHUX MepPeLLKOS
BM3HQYAETbCA AK Oyab-aka HebaxaHa
eNeKTPOMArHITHO eHepris, WO PO3MNOBCIO-
[KYETHCS MPUCTPOEM. X MOXHQ PO3AINUTH
HO ABi KATeropii: KOHOYKTUBHI T4 BMNPO-
MIHIOBQHI. KOH,uyKTMBHi nepewkoam no-
LUMPIOIOTHCS Yy MPOBIAHMX CEePEefOBULLAX,
HAMNPUKNAA, NO NPOBOAAX, AOPIKKAX APY-
KOBAHMX MnaT Ta po3’emax. Bunpomineni
nepeLwKkoan MOLWMPIOIOTECA MOBITPAM MiXX
CBOIM IKEPENOM i MPUIAMAYEM.

[MapasuTHi enemeHtn TpaHcopmaro-
pa, HONPUKNAA, IHAYKTMBHICTb PO3CIOBAHHS
i Mi>)XOBMOTYBANBHA EMHICTb, MOXYTb 3HQY-
HO BMMBATK HA BUMPOMIHIOBAHHS enek-
TPOMarHiTHMX nepetukod. MixobmoTysans-
HO EMHICTb YTBOPIOETHCA MiX MEPBUHHOIO
Ta BTOpMHHOKW ObBbMOTKaMM. Hanpyra Ha
NEPBUHHIN OBMOTUI NPUKICACETLCA A0 L€l
EMHOCTI, BMKIMKQIOUM nepebir cuHdpasHmx
cTpymis uepes 6ap’ep. JsoTaktHa TOno-
NOris [O3BOMSE BEMMKOIO MIPOIO BUPILLMTH
wio Nnpobnemy 3a PaxyHoOK 36ANAHCOBAHOT
KOHIrypaLii NepeMuUKaHHs, KoM cuHdpas-

Hi CTPYMM B KOXHiit NONOBKMHI OBMOTKM
B3QEMHO TACAT OAMH opHoro. PosrnsanyTa
HOMM CXEMQ CKIOAAETHC 3 MOCHILOBHO-
ro tpaHcpopmatopa HCTSM8 komnanii
Bourns Ta geotaktroro aparsepa SN6501
gig Texas Instrument. Pasom soHu gosso-
NAOTb PEanisyBaTH BiAMIHHWIA OBOTAKTHUM
DC/DC-nepeTBoptoBay i3 HU3bKMM PiBHEM
€nNeKTPOMArHITHUX NEPELLKOA,

TECTYBAHHS HA HASIBHICTb
KOHAYKTUBHUX MEPELUKOA

PiBeHb EMIT perynioetbes ctanpapTa-
Mu. BupobHukn nosuHHi ceptudiky-
BATM BMPOOM BIANOBIAHO OO CTAHAAP-
TiB. TecTyBaHHS — HOAMBOAXIMBILLKMIA eTan
cepmcbimu,i'l'. CTOHp.opT BCTAOHOBIOE
MOKCUMANbHUI PiBEHb JOMYCTUMMUX enek-
TPOMOTHITHMX MNEepPeLIKof, fKi MOXe BM-
NPOMIHIOBATU MPUCTPIA 30 HOPMANbHOT
pobotu. BiH Takox Bu3HAuaE BUNPODY-
BANbHE BCTOHOBMEHHS Ans 06 eKTUBHOI
OUiHKM pe3ynbTaTie BuMiptoBaHb. [asait-
Te NOAMBUMOCS, K BUKOHYETCS TECTYBOH-
HS BIANOBIAHO JO CTAHAAPTY.

Bunpo6yBanbHa ycTaHOBKA
BumipioBaHHs piBHS €nekTpoMarHiT-
HUX MepeLukos 3AIMCHIOITLCS 3 LOMO-
MOTFOIO CXEMM HA pUCyHKy 1. TecTyBaHHs
LUbOro TUMY HA3MBAETLCH MOMNEPEfHIMM
BUNPOBYBAHHAMM HQ BIANOBIAHICTb. BoHK

| 200mm |
| |
50-0M HaBaHTaXeHHS| CTvpodhom,
HU3bKa €r,
50 Mm
BIM Py
|
Ixepeno ExBiBaneHT mepex i
XKUBJEHHA
S
HaBaHTaxeHHs ° S
=1
N
Meranesa
3a3eMJtor04a nioLinHa

BignosigHo po cranaapry CISPR 25

MoBepxHs cTony
po3TalloBaHa Ha BUCOTi
900 + 100 mm Big piBHs
nignorn

AHanizartop
CNekTpy

Puc. 1. YcraHOBKA Ansi BUMIPIOBOHHS KOHAYKTUBHUX NEpeLuKop,
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LAIOTb YSBAEHHA NPO Te, 4M BIANOBIAAE
npucTpin BumMoram crangapty EMI, i
LO3BONAOTb BHECTM 3MiHM B KOHCTPYK-
uito go etany ceptudikauii KiHuesoro
eupoby. Ha pucyrky 1 nokasaHo suko-
PUCTOBYBAHA BMNPOBYBANBHA YCTAHOB-
Ka. AHQNI3ATOP CNEKTPY BUMIPIOE BUMPO-
MIHIOBAHHA BUMNPOOYBAHOINO MPUCTPOIO
(BIM), piseHb skoro nopisHIOETLCS 3 rpa-
HUYHUMU 3HAYEHHAMU, BCTAHOBINEHMMU
CTAHAOPTOM.

ExBiBaneHT mepexi

[ns TectyBaHHS NPUCTPOIO HA KOH-
OYKTMBHI MEpewKkoan 3aCTOCOBYETLCA
eksisaneHt mepexi (Line Impedance
Stabilization Network, LISN), sk no-
KQ3aHO Ha pucyHky 2. Bin rapaHTye,

WO IMNEAaHC AXEepena BM3HAYEHO Ta
Y3rOAXKEHO 3 BXIAHWM IMNELAHCOM QHa-
nisatopa cnektpa (50 Om). binbw TorO,
€KBIBQNIEHT NOBMHEH 3a6e3neunT Tou-
HE BMMIDIOBAHHS WyMy BMNPOBYBAHOrO
3paska. EksiBanenTt 6Gnokye Oyab-akui
BMCOKOYACTOTHMMA WYM, IO HOAXOAMTb
no NiHIAX XWBAEHHS Bif AXepena, a Ta-
KOX 3an0Birae 6yab-aKoMy LYMy, WO iX
s3anmwae. [Mpu ubomy exsiBaneHT mepexi
NPOMYCKAE HU3bKOYACTOTHI CUTHAMM.

CISPR 25

[MepeTBOPIOBAYI MOTYXHOCTI 47151 ABTO-
MOBINbHMX MPOrPAM NPOXOAATL BUMPOBY-
BaHHs BignosigHo no cranaapty CISPR 25,
KM BUM3HQUQETbCs sk «Papionepewkoay.
Mexi Ta MeToam BMMIPIOBAHHS XapaKTe-
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Puc. 2. Cxema ekBiBaneHTa mepexi

Mikosi Ta kBasinikosi rpaHuyHi pisHi CISPR 25
PieHi, pBMKB
Cepeic/nonoca qaﬂ'ﬂ:’ ar Knac 1 Knac 2 Knac3 Knac4 Knac5
nik. KBa3iniK. nik. KBa3inik. nix. KBa3inik. nik. KBa3inik. nik. KBa3inik.
LLnpokosilieHHst
[B 0.15-0.30 110 97 110 87 90 77 80 67 70 57
CB 0.53-1.8 86 73 78 65 70 57 62 49 54 41
KB 5.9-6.2 77 64 71 58 65 52 59 46 53 40
YKB 76-108 62 49 56 43 50 37 44 31 38 25
TB-1 41-88 58 52 46 40 34
MoGinbHi cepsicu
Ejjf(‘}”j;g;g‘f’ 26-28 68 55 62 49 56 43 50 37 44 31
OBY 30-54 68 56 62 49 56 43 50 37 44 31
OBY 64-87 62 49 56 43 50 37 44 31 38 25
Cepepwi rpannyHi pisxi CISPR 25 PUCTHUK AN 3AXMUCTY NMPUAMAYIB, BCTOHOB-
Pieni, nbmxB neHux Ha BopPTy TPAHCNOPTHMX 3acobis,
Cepsic/nonoca quﬂ'r‘::u' Knac 1 Knac 2 Knac3 Knac4 Knac5 cyneH Ta mawuHy. CTaHaapTt BM3HAYAE
Cepepniii | CepepHiii | Cepepniii | Cepepniii | CepepHiii pisti knacu. Knac npucrtpoto snbupaerscs
LLIMpoKoBiLLeHHS! 30MEXHO Bif, TOrO, A€ BiH BMKOPUCTOBY-
1B 0.15-0.30 90 80 70 60 50 €TbCA Y CUCTEMi TPAHCMOPTHOrO 3acoby.
CB 0.53-1.8 66 58 50 49 34 IcHytoTe N'aTb knacis, 3 akmx knac 5 mae
KB 59-6.2 57 51 45 39 33 Hancysopiwi obmexeHHs. [onycTumi mexi
VKB 76-108 42 36 30 24 18 BKA3QHi B TaBMUsX 1-2.
TB-1 41-88 48 42 36 30 24
MobinsHi cepsicu BuMipIloBaHHSA KOHAYKTUBHUX
BeaniuensiiHa 26-28 48 42 3 30 o4 nepeLwkopn
Gl SeEweNr [etekTop 3acTtocosyeTbcs ans nepe-
OB4 30-54 48 42 36 30 24 TBOPEHHS BUXIGHOTO CUIHANY, LLO 3MiHIO-
OB 64-87 42 36 30 24 18 €TbCA B 4YACi, €KBIBANEHTA MepEeXi B CUr-

Han GiKCOBAHOTO PIBHS 1S BUMIPIOBAHHS.
3038KMYaN AN AETEKTYBAHHS BUKOPWCTO-
BYIOTbCA TPWM METOAM, WO [O3BONAIOTH
BctanosuTv: keasinikosi (QP), nikosi (Pk)
Ta cepenti (AV) sHadenns. CraHpapT Bu-
3HOYOE TPAHMYHI 3HAYEHHS ANS KOXHOrO
meTomy. [lns nonepenHboro TectyBaHHs
HQ BIANOBIAHICTb KPALLE NOYATH 3 ETEKTY-
BAHHS MIKOBMX 3HAYEHb. AKLLO pesynbTaTi
LNETEeKTYBAHHSA MIKOBMX 3HAYEHb BMABNSA-
IOTbCA  HMXYMMKM 30 BCTAHOBMIEHY MEXY
QP, To TECTM HO AETEKTYBAHHS 3HAYEHD
QP i AV g 6inbwocTi Bunaakis sasepluy-
OTbCS YCMILHO.

Mpuknap TeCTOBAHOro NPUCTPOIO
TpaHchopmaTopu Ans  ABOTAKTHMX
nepeteoptosadis  cepii  HCTSM8  sig
komnanii Bourns 3actocosyioTbcs B i30-
NbOBAHMX APAMBEPOX 3QTBOPIB ABO Cu-
ctemax ynpasninHa 6atapeamu (BMS) B
0BNAJHAHHI NPOMKUCIIOBOI OBTOMATM3ALT,
KEPYBQHHI BUPOBGHMYMMM NPOLECaMM TA
IKEpPenax >XMWBMEHHS 3 i30NbOBAHUMM iH-
tepderncamm CAN, RS 485, RS 422, RS,
SPI, 12C. Bonu 6ynu npotectosaHi Ta 3a-
TBEPIXEHI KOoMnaHieo Texas Instruments
(T) nns BMKOPWCTAHHA 3 [BOTAKTHUM
aparisepom SN6501 Tl. Ina otpumanhs
xapaktepuctuk EMIM 6yno nposegpeHo
BINOBIAHE TECTYBAHHSA ABOTAKTHOI CXEMM
3 BukopumcTarHam aparsepa SN6501 ta
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TpaHchopmatopa HCTSM8. Ha pucyrky 3 nokasara eunpoby-
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BANbHA CXeMa Ans TecTysaHHs EMI.

Mpoueaypa TecryBaHHs

CxeMy TeCTyBaHHS NOkA3aHO Ha pucyHkax 4—5. Ycranoska
signosigae cranpapty CISPR 25. JliHiiHe mkepeno XuereHHs
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Puc. 4. ExBiBaneHTH mepexi Ta BUNPo6yBaHuMi NpUCTpiii
B YCTGHOBL,i ANS BUMIPIOBUHHS KOHAYKTUBHOTO
BUMPOMIHIOBAHHS
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Puc. 3. Cxema 1

nopae Hanpyry 5 B. Y KOXHil niHii XuBNEHHs BCTAHOBNEHO
MO OOHOMY €EKBIBANEHTY mepexi. Ons ysromkeHHs 3 iMnenaH-
COM 3BOPOTHOIO MOPTY E€KBIBANEHTA MEPEXi BUKOPUCTOBYETHCS
50 OM HOBAHTQXEHHS, G WYM iHWOTO eKBIBANEHTA B NiHii XMB-
NEHHS BUMIPIOETLCS aHanizatopom cnektpa. o Bl nigknoyero
pesuctusHe HasanTaxeHHs 100 Om. Mepen yBIMKHEHHAM XuB-
NIEHHSI CKAHYIOTbCS MEPELLKOAM HABKOMMLIHBOTO CEPEfOBULLA,
MOTIM 3AIMCHIOIOTBCA BUMIDIOBAHHS MIKOBMX PIBHIB. 3 BUMOraMM
CTAHAAPTY NOPIBHIOIOTLCA HAKGINbLI AMMNITYAM FAPMOHIK.

Pesynbratu tecryBaHHs

Pesynbtati BMMIpIOBAHHS MIKOBMX 3HAYEHb MOKA3AQHI HA
PUCYHKY 5 KPMBOIO 4EPBOHOTO KOMbOPY, O CHHA KPWBA BIKOBPa-
XAE BUMIPSAHI CepenHi BenmnumHu. 3ayBAXKUMO, WO AN AHAi3y
6yno obparo crangapt CISPR 25 Class 5. 3enena ninis Ha
rPadiKy BCTAOHOBIOE TPAHWMYHUIA KBASIMIKOBKI PiBEHb ANA KOH-
KPETHOT CMYT¥ YACTOT, O CHHS NiHI — IPAHUYHWI PIBEHB CEPELIHIX
3HQYEHb KOHKPETHOI CMyrM 4acToT. Pesynbtati BUMIPDIOBOHHS
MIKOBMX 3HAYEHb TA MPAHMYHI PIBHI KBASIMIKOBMX 3HAYEHb OOrO-
BOPIOIOTHCA AANI.

Pe3ynbTat BUMipPIOBAHHSA KOHAYKTUBHUX
nepeLwxopn

L{OCTOTHO XAPAKTEPUCTUKA KOHAYKTUBHUX MNEpPELLIKOL
tpaHchopmatopa HCTSMB0304BAL nokasaHa Ha pucyH-

Viy =5.00 B, Isyppry = 99 MA, HaBaHTaxeHHs = 100 Om, Vi gap = 6.249 B
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Puc. 5. Peaynb'ru'm CKAHYBOHHS nepelkoa HaABKOJIMLLHbOIO cepeaoBULLa
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Puc. 6. Pesynbtati BUMipIOBOHHS KOHAYKTUBHUX Nepelukopn TpaHcdopmaropa HCTSM80304BAL

Viy =5.00 B, Isyppry = 99 MA, HaBaHTaxeHHs = 100 Om, Voap = 6.249 B

80

70

60

50

40 WW,

ky 6. [i HeobxigHO oTpumaTM nepen
TECTYBAHHAM. 30 HOABHOCTI FAPMOHIK 3
BENIMKOIO QMMMITYAO BUNPOBYBASbHMIA
NPUCTPIN BIAHIMOE X Bif YCiX BUMIPAHMX
pes3ynbTaTis.

BumiptoBaHHs nposoamnucs 30 Ha-
cTynHmx 3HadeHs napametpis: V, =5.00 B,
lsuppry = 99 MA, HasaHTaxeHHs = 100 Om,
Vioap = 6.249 B.

Ha pwucynky 7 nokasaHo pesynb-
TATM  BUMIPIOBAHHA  €NEKTPOMArHITHMUX
nepewkon TpaHcopmaTopa Bourns
HCTSM80304BAL. KomyTauinHa yactota
cranoeuts 420 «luy. Omxe, Ha uacToTi
840 «lu, aka KpaATHA 4ACTOTI Nepemu-
KQHHS, Y TOPMOHIKM BENMKA aMMAITyAqd.
Y pianasori 1-10 Mlu sigcyTHin curian,
wo suknkae 360i. Ha vacroti 100 Mly
BIAHIMQETbCA BENMKA MIKOBA QAMMAITYAA
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FOPMOHIKM, SKLLIO BOHA € Yy Pe3ynbTaTax
CKOHYBOHHS MepeLLKon HABKOMMULLHBOTO

CepenoBMLLA.
BumiptoBaHHs  mposoamnucs  3a
HACTYMHMUX 3HAYEHb NapameTpiB:

Vi = 5.00 B, Igyppy = 18 MA, HasaHTO-
xertst = 100 Om, Vigup = 1.632 B. Ha
PUCYHKY 7/ HOBEOEHO PEe3ynbTaTu BUMI-
PIOBAHHS EMNEKTPOMArHITHUX NepewKom
TpaHchopmatopa HCTSMB80O80O3AAL.
Ha vacroti 840 «klu cnocrepiraetses se-
MK OMMAAITYAO TAOPMOHIKM, SKA KPATHO
OCHOBHIIt 4ACTOTI, WO MNEPEBMLLYE rPa-
HMuHe kBasinikose 3HayeHHs 41 abmkB.
Y pianasoni 1-10 Mly 3607 sigcyTHi.
Ha yacroti 100 MIu BigHiMaeTbCs BENMKAQ
niKoBA GMMAAITYAA FAPMOHIKK, SKLLO BOHA
€ Yy PEe3ynbTaTaX CKAHYBAHHS MEPELKOf,
HOBKOSIULIHBOTO CEPEfOBMLLA.
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Puc. 7. PesynbTatu BUMipIOBOHHS KOHAYKTUBHUX nNepelukop TpaHcdopmaropa HCTSM80803AAL

BUCHOBKMU

PO3pO6HMKOM cunosux DC/DC-nepetso-
PIOBAYIB MOTPIOHA TAKA CXEMa, KA He
Tinbku 3a6e3nedye HeoOXiaHy NOTYXHICTL TA
ePEKTMBHICTb 30 KOHKYPEHTOCMPOMOXHOT
BAPTOCTI, O M BIANOBILAGE BCIM 3ACTOCOB-
HMM HOPMOM E€NEeKTPOMArHITHOI CYMiCHOCTI.
Mw npeacrasunm KopoTKUi OrMAL BUMOT AO
EMC, y T.4. onucanu sunpobysaHHs, npo-
BefneHi komnawielo Bourns 3 BukopucTaH-
HAM i30MbOBAHOTO 5-B pierHs Ha OcCHOBI
Tparcopmartopa HCTSM8 sig Bourns Ta
mikpocxemn pparsepa SN6501 komnanii
Tl. Pesynbtatvt BMNpoOYBOHL CBIAYATL NPO
Te, Wwo kombinauis aparsepa SN6501 ta pi-
wenns HCTSM8 3abesneuye signosiaHicts
CTAHAAPTAM | AO3BOMSE 3PELUTOI0 CKOPOTH-
M YaC BUBEAEHHs npoaykuii Ha puHok. (N




AATYUKA
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InocKonanennhi gemexmopu
(EHM2BHIBCbKO20 BUNPOMIHIOBAHHA
Komnanii BOE; mexnono2is

Onekcanpp CamapiH, Bikrop €ropos

OpauH i3 KNOYOBUX GizHEC-HANPSAMKIB KUTAKCb-
koi komnaHii BOE — cmapr-meguumna. 06’exra-
MM pO3pO6KM KOMMNAHII € MeguYHe OGNagHAHHS,
iHTenekTyanbHi cuctemm, o6nagHAHHA ANS OXO-
POHM 3A0PORB’S, d TAKOXX NJIOCKONAHENbHI AaTum-
ku uudposoi pagiorpadii (Digital Radiography,
DR) [1]. B panuit yac nnockonaHenbHi uudposi
PEHTreHiBCbKi AATYMKM LLUMPOKO 30CTOCOBYIOThCS
B CY4OCHMX KOMM'IOTEPHUX PEHTIEeHIBCbKMUX ana-
parax Ta cuctemax y cromaronorii, opronegii,
anaparax mamorpadii, ¢pmooporpadii, peHrre-
Hockonii Ta B kappaioxipyprii. KomnakrtHictb cy-
YACHUX PEHTIeHOCKOMIYHUX anapdariB [O3BOJNSE
Nerko nepemiwarm ix y nanarax Ta BCTAHOBJIIO-
BaTU y Mmo6inbHux wnuranax. EpektusHicts 3a-
CTOCYBOHHS T KOMMOKTHICTb CYYOCHUX PEeHTre-
HIBCbKUX anapartie 6arato B YHOMy BU3HAYAETbCS
BUKOPMUCTOHHSAIM TMJIOCKONAHENbHUX LUUPPOBUX
peHTreHorpadiyHux AaTymkiB, AKi TAKOX ycnilu-
HO 30CTOCOBYIOTbCA i Yy cdpepi npomucnoBocti Ta
6e3neku — Hanpuknag, pns gedekrockonii mare-
pianiB i npucTpoiB, B anaparax peHTreH-KOHTPOo-
nio Ha BoK3asax i aeponoprax.

PEHTTEHOTPA®IA TA PEHTTEHOCKOMISA

PeHTreHorpcd)iﬂ BBOPKOETLCS HAMMOLLUMPEHILLUMM PEHTIEHOSO-
FYHUM BOCTIAXKEHHSIM, OCKiNbKM HAAAE BAXIMBY iHGOPMALO
MpO CTaH opraHis. B ocHOBI ubOro metomy nexuTts peHTreHis-
CbKMI 3HIMOK, 30BASKM SKOMY MOXHO BUSBUTM NEPENOMM KICTOK,
3AMNAnNeHHs NereHis Ta iHLWi 3aXBOPIOBAHHS. | TOMy 30 foNMoMorow
30BHILLHbOIO AXEPENa PEHTIEHIBCbKOrO BUMPOMIHIOBAHHS BMKO-
HY€ETbCA Npama (ornagosa) peHTreHorpadis. dkwo pesynstaTw
npamoi pentreHorpadii HegocTaTtHi, pobutbca HidHa Npoekuis,
ane Take focnigxeHHs 3actocosyeTbcs pigwe. Ornsnosa peHTre-
Horpadis BiIGHOCKTLCA A0 HAMGINbW NOWMPEHKX cnocobis gocni-
IXeHb, NPOTE TPAMMSOTLCA BUMNAAKM, KOMU MOTPIBHO NMpoBecT
KOHTPACTHY peHTreHorpadito. [Mpu KOHTPACTHIN peHTreHorpadil

B OPraHi3aM 0O AOCIAXKEHHS NMOBUHHA 6yT|4 BBEAEHA CrewianbHa
PEYOBMHA, KA MOXE PO3NOAINATUCS NO CTPABOXOAY, KULIEYHMKY,
KPOBOHOCHUX CYAMHAX, LLAYHKY 06O CeY0BOMY Mixypy. 3aBASKM
4OMYy 3'ABISIETHCS MOXITUBICTb BUABUTU PIi3HI MOPYLLUEHHS, OLIHWATK
CTPYKTYpY Ta npoxigHicTs oprany. Came 3anpoBamkeHHs TaKoi
PEYOBMHM € OCOBMMUBICTIO KOHTPACTHOI peHTreHorpadii, Lo
MPOBOAUTLCS Y PEXUMI PEANIbHOTO Hacy. AKWO NpU PEeHTreHis-
CbKOMY [JOCHIAXEHHI BMBYAKOTBCA MOKA3HWKM B OUMHOMILI, Take
JOCNIAXEHHS HA3MBAETHCA PEHTITEHOCKOMIEIO TA BUKOHYETLCS AK 3
BMKOPUCTAHHAM KOHTPACTHOT PEYOBMHM, TaK | Be3 Hei.

Ictopia po3Butky TexHonorii peHtreHorpadii

IcTopist peHTtreHonorii Ta peHTreHorpadii NOYUHAETLCS Y
1895 poui, konu Binbrensm Konpag PenTren snepuwe sapeectpy-
BOB 3ATEMHEHHS CI)OTOI'IJ‘IOCTMHKM nif, Li€I0 PEHTTEeHIBCbKOrO BU-
NPOMIHIOBAHHS. [1eplmMm PEeHTIEHIBCEKMM 3HIMKOM HAMPMKIHL
1985 cras 3HIMOK BONMOHI pyku Horo apyxuHu beptu. Y uepsHi
1896 poky BificbKOBI NiKapi NOYANM BUKOPUCTOBYBATH NaBOpPATOpP-
Hi PEHTIeHIBCbKi QNapATH BUABAEHHS MONOXEHHS KyMb Y MOPAHEHNX
congarie. [HTepec po peHTreHorpadii WBMAKO 3PiC y BCbOMY CBIT.

[TounHaoum 3 MOABK NEPLIOrO PEHTIEHIBCLKOTO 3HIMKA i AOCI
ans dikcauii Ta 36epiraHHa PEeHTTEeHIBCbkOro 306paXeHHs 3a-
CTOCOBYETHCS PEHTTEHIBCbKA POTOMMIBKA TA CYMYTHI TEXHOMOTT
npouecy Npossy Ta GiKCyBAHHS 300PAKEHHS.

3 1981 poky posnodanacs enoxa Komn'toTepHoi pagiorpadii.
[lns nepeTBopeHHs PEHTrEeHIBCLKOro 306paxeHHs Ha udpose Ta
BBEAEHHS AaHUX y komn'ioTep BukopucTosysanacs [133-kamepa
TA NAOCKOMNAHENbHUI AETEKTOP PEHTTEHIBCHKOTO BUMMPOMIHIOBAH-
HA. 306paXeHHs 3 MNAcTMHK cuuHTMnaTopa (ue 6ys Toai DR-ge-
TekTop) 3untyBanocs ontukoio [133-kamepu. Y 1992 poui 6yno
po3pobneHo nepuwi 3pasku nnockonaHensHux DR-petexTopis,
y SKMX 30CTOCOBYBQNACH MATPWUS POTOCEHCOPIB HA OCHOBI
TeXHOMorii aMophHOrO KpemHio. BrkopuctanHs Gesnniskosoi
pagiorpadii 4O3BONUIO 3HAYHO CKOPOTHUTU BAPTICTb MPOLEYPH,
NiABULLMTM €PEKTUBHICTb TA ONEPATUBHICTL AHANI3Y 300PAKEHHS
TA NPUIHATTS MPABUIBHOTO PILLEHHS Mif, 4aC BiArHOCTUKM.

KOHCTPYKLUIA NJIOCKOMAHEJIbHUX DR-AETEKTOPIB

| |J'IOCKOI'IOHeJ'IbHi DR-petekTopn KOHCTPYKTMBHO BMKOHYBAM
y $OpPMATi KACET PEHTreHIBCbKOI MiiBKM AN CYMICHOCTI 3
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Puc. 1. BﬂpiaHT KOHCTPYKTUBHOINO BUKOHUHHSA
NNOCKONAHEeIbHOro I.lml)posoro
PeHTI‘eHiBCbKOI'O AeTeKkropa

PEHTrEHIBCbKUMM QANAPATAMM TOTO HACY, LLO BUKOPUCTOBYIOTH
NNiBKOBI KACETM.

Tomy posmipn Byab-skmx nnockonarensHux DR-geTekTopis,
WO CcepiiiHo BURycKaioTbea (puc. 1)y BCbOMy CBITi CTpOro cram-
L0OPTU30BAHI | ICTOPMYHO NPKMB’A3aHI A0 GOPMATIB PEHTTEHIBCLKMX
kaceT. Y Ha3si Byab-sKOi MOAEni AeTekTopad € kof BMPOBHMKA,
cepia BMpoby Ta PO3MIp KOPMyCy AeTekTopa B moimax. Hanpu-
knag, mogens getektopa 1717 mae posmip 17X 17 pioiimie.
OcHOBHI XaPAKTEPUCTHKM NockonaHensHux DR-getekTopis:
PO3MIp aKTMBHOT OBNACTI AETEKTOPA;
$AKTOP ONTUYHOT CMPUIAHATIMBOCTI NOBEPXHI AETEKTOPA;
PO3MIp/KpPOK ToukM (nikcens) unbposmx 306paxeHs;
FPAHMYHA NPOCTOPOBA 3AATHICTb;

PO3MIP MATPULI 306PAXEHHS;

rPOAALIMHA PO3AINbHA 30ATHICTb;

Bara.

B1pOoBHMUTBO NNOCKOMAHENBHWUX PEHTTEHIBCHKUX AATYMKIB —
OfivH i3 cekTopiB MeanyHoro Hanpsmy GisHecy BOE. Moxnuso-
CTi TexHonorii — po60Ta 3 FHYYKMMM T XOPCTKMMM MiAKNAAKA-
mu, 6asosi onepauii KMOH, amopdruin kpemHin, HaHeceHHs
TOBCTMX MAIBOK, CKNAAAHHS 3 MIKPOCXEM HA MOMiiMIAHMX HOCIAX.
Bce ue nosBonuno KomnaHii HaNAropuTM BMMYCK MIOCKOMA-
HenbHMX feTekTopis. HUHI HO LbOMY PUHKY NPALIOIOTL AECATKM
KOMMQHIM i, BiAMNOBIAHO, iCHYE AOCUTb XXOPCTKA KOHKYPEHLs.
Popmatv npunagis, 3a4aHI B 4IOMMAX, BU3HAYEHI HEOBXIAHICTIO
CYMICHOCTI 3 PQHIlIE CTBOPEHWM PEHTTeHIBCbkMM O6naaHaH-
HAM, PO3PAXOBAHMM NPALOBATH 3 dikcauielo 306paxeHHs Ha
peHTreriscbkin dotonnisui. OpHAK TAKUI METOA BXE 3ACTAPIB:
maTtepian goporuit, 36epiraHHa 06’ EMHMX 3HIMKIB TG APXiBYBAH-
Ha Baxkko. Ins komn’toTepHoi 06pobkm notpibHa umudposisauis.
[lna KoMn t0TEPHOro aHAMI3y Cy4ACHUX METOMIB AIArHOCTMKM TAKI
HOCIT HEe 3PYuYHi.

besppoTosa cuctema undposoi pagiorpadii HOAAE HAMIHHO-
BALMHILWI TEXHONOTIT AN 0BPOBKU PEHTIEHIBCHKMX 306PAXKEHD.

[na nepenadi oundpoBaHOro 306pPaXeEHH B NAM'ATb HOYT-
Byka abo Ha ekpaH aucrnes, ana adanisy, obpobku Ta 3be-
PIrQHHA BMKOPMCTOBYIOTLCA CTAHAAPTHI iHTepdencn USB abo
Ethernet. OctanHim vacom obuasa iHTepdencr cTanu LoNoBHIO-
satncs 6esnpoTtosum wenakichum Wi-Fi-intepdeitcom.

Komn'totepHa peHTreHorpadiuHa cuctema Mae HACTYMHUA
cknag:
® [XEpeno XWBNEHHs (MepeTBOPIOBAY) AN PEHTTEHIBCLKOrO

BMMPOMIHIOBAYQ;
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®  [1KEepeno PEeHTreHiBCbKOro BUMPOMIHIOBAHHS;

e nnockonaHensHuit DR-gatumk 3i cxemamm 34nMTyBAHHS AHMX,
AL ta intepdeitcom 3 komn'oTepom;

e xomn’totep (HoyTOYK);

e nporpamHe 3abesnedeHHs ana sisyanisauji, ananisy, 3be-
pexeHHs 3HiMkis. OBNACTi 30CTOCYBAHHA MNIOCKONAHENbHMX
DR-getekTopis:

® BigfineHHs iHTEHCMBHOI Tepanii, onepauiiHi, peaHiMaLinHi

nonaTu;

PEHTIEHIBCbKI ANAPATH CTOMATONOTII;

30HK BOMOBMX Al Ta MOBINbHI rocniTani;

Micus aBapIN Ta KATACTPOD;

BETEPUHAPIS;

BIIALUTYBAHHS HEPYMHIBHOTO KOHTPOSIO MATEPIAniB;

na6opaATOPHI ANAPATH PEHTFEHOCKOMIT;

cucTemmn 6esneku Ha BOK3ANaxX TO 0eponopTax (paaiauiiHui

KoHTpOnb 6araxy).

LUNDPOBI AETEKTOPU NMPIMOTO
TA HEMPSIMOI'O NEPETBOPEHHS

EHepriﬂ PEHTIEHIBCbKOTO BUMPOMIHIOBAHHS, MPOXOAAYN Yepes
Pi3Hi OPraHM MIACLKOrO TiNA, MOMMHAETLCA MO-PI3HOMY.
[Ticns npoxopxeHHs uepes cepefoBMLLE 3 PIZHOK LWINLHICTIO T
KOEeILIEHTAMM MOTIMHAHHSA BUXIOHUIA PEHTIEHIBCbKUIA ABOBUMIP-
HUIA NOTiK (YMOBHO PIBHOMIPHMI) MEPETBOPIOETHCA B EHEPreTHY-
HWI NOTIK 3 PO3MNOAiNomM asoeumipHoro npodino. [likcensbHuit
NNOCKONAHENbHUIA AETEKTOP NEPETBOPIOE PEHTTEHIBCbKE BMMPO-
MIHIOBAHHS (PUC. 2), WO NPOXOAMTL Yepes NIOACHKE TiNo, B enek-
TPUYHI CUTHANK, 3YUTYE 3APSAL KOXHOrO Mikcens, nepeTBOpioe
QHQNOTOBMI CUrHAN HA UMPPOBMI i Bianpasnse oro Ha FPGA.
Micna 0bpobku Ta dinbTpauii Ha ekpaHi aucnnes dOPMyETLCS
306paXEHHS, SKe aHAI3y€E PEHTTEHONOr Yu NiKap.

[TnockonaHenbHi BeTeKTopU PO3PI3HATEC 30 MPUHLMIOM
NepeTBOPEHHSA eHepPTii PEHTTEHIBCBKOTO BUMPOMIHIOBAHHS.

Y petektopax 3 HEMnpPsiMUM NMEPETBOPEHHAM PEHTTEHIBCbKE
BUMPOMIHIOBAHHSA MPOMIKHOIO MAIBKOIO CLMHTUASTOPA CNOYAT-
Ky TPOHCHOPMYETLCS HA BUMPOMIHIOBAHHS BMAMMOrO CNekTpa,
qaKe MOTIM 3Q LOMOMOrol MATPpMLI GOTOLETEKTOPIB KOHBEP-
TYETbCA B ABOBMMIPHWMI MpPOdinb eneKTpuuYHMX CurHanis. 9k
NiKCenbHi CEHCOPU MOXYTb BMKOPUCTOBYBATMCSH TOHKOMMIBKOBI
TPAH3UCTOPU aMOPHOro kpemHito abo pin-potomioam, ki
3abe3nedyoTb Ginblly LWBMAKOMLIO | BUMArQOTb MEHLLIOTO 4aCy
ekcnosuuii.

Mpsme nepetBopeHHs — MmeTon, Akui 6e3 MPOMIKHOro
CUMHTUASLIMHOTO KPOKY NEepeTBOPIOE MOMMUHEHUIA PEHTreHiB-
CbKMI MPOMIiHb B €NIEKTPUYHUI 3PS MPONOPLIMHOrO PO3MIpy.
Y petextopax npsMoro nepeTBopeHHs ABOBUMIPDHOTO NPodinio
PEHTTEHIBCLKOTO 300PAXEHHA ENEeKTPMUUHI CUTHANU B AKOCTI
PEHTreHOYYTNMBOrO MATepiany, sk MPABMNO, 3ACTOCOBYETLCA
nnieka amopdHoro cenery (aSe). Cuctemmn npamoro nepeTso-
PEHHS CTANM BOCTYMHUMM 3ABASAKM TOMY, LLLO TEXHONOTIYHI foCsr-
HEHHS 3MEHLLIMIU edEKTH 3ATPUMKHM, BUKITUKAHOT 3AXOMIEHHSM
30paay B HANIBNPOBIAHKKY, TA ByNY PeanizoBaHi CXEMM 3AXMCTY
Bl nepesapanku. PEHTreHiBCbKMI NPOMIHB HE NEePEeTBOPIOETLCS
HQ CBITNO, TOMY HEMOE MAPA3UTHOIO PO3CIIOBAHHA CBITNA HA
wnaxy no ¢otoceHcopa. Lle sabesnedye Ginbw yitke 306pa-
XKEHHS | BMLLMIM KOHTPACT, HiX Y BUMNOAKY 3 HEMPAMUM TUMOM
nepeTBOPEHHS, O3BONAE KOHBEPTYBATU PEHTIEHIBCbKE BUMPO-
MiHIOBAHHS 6e3nocepenHbo B UMPPOBMIA cUrHan 6e3 CUMHTMNS-
Topis abo pocdopy. Yepes BinCyTHICTb BNMBY PO3CIOBAHHA TA
ONTUMONBHOTO BIHOLLEHHS CUIHAM/LIYM 306PAXEHHS [OCAraEe
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AKOCTi, XOPAKTEPHOI AN CepepHbo3ep-
HucToi nniskn. OBMEXEHHAM CENeHOBOrO
OETEKTOPA CTAE BYy3bKWM [iANA30H PO-
Bounx Temnepatyp. 9k ana poboTu, Tak
i npu 36epiraHHi getektop NoTpibHO nia-
TPUMMYBOTHU B TEMNEPATYPHOMY AiANA30HI
+5 ... 430 °C, wob yHUKHYTU PYiHYBAHHS
wapy ceneHy. TAKOX Npu BUCOKMX eHep-
risx (>180 keB) cenen cxunbHmit fo yTBO-
PEHHA GAHTOMHUX 306PAXEHb.

Bci ui obmexerHs pobnats gonyctu-
MMM 30CTOCYBOHHS aSe-naHened y pyxe
cneundivHUx yMOBAX, ieé MOXHAO CyBOPO
KOHTPOSMOBATH HEOBXIAHI ANA UMX naHe-
nen ymosu pobotu. letektopHa cuctema
npamoro nepetsoperHs Ha ocHosi CdTe
BiNMbHO Bif HW3KM HEJONIKIB CMCTEMM HQ
OCHOBI aSe i MOXe NPauoBATH B 3HAYHO
LWMPLIOMY TEMNEPATYPHOMY AiANA30HI
NPW EHEepPrifax PEeHTreHIBCbKMX KBAHTIB
no 300 keB, matoun B kinbka pasie Ginb-
LY YYTAMBICTb.

Ha pucynky 3 nokasano Ttunosy
crpyktypy DR-gatumka. Oxepeno pextre-
HIBCbKOTO  BMMPOMIHIOBAHHS  HOPMYE
TECTOBMI MOTIK, SKUIA, MPOXOASYM Yepes
KOHTPONLOBAHUI 06’ekT (Tino noanHK,

88

= Cxema

CeHcopiB
T

R S S N K

MNepeaniacuniosay |‘—|

AUN nnic/
CUTHANbHUI
npoecop

ba3oBi KOMNOHEHTH

MmaTepian, NpUCTPii), NPONOPUifHO no-
CNabBMIOETLCA  NOKAMBHOK  WiNbHICTIO
NOFAMHAHHSA €HEeprii MPOMEHIB, WO Npo-
XOmATb. TAKMM YUMHOM, POPMYETLCSH OBO-
BUMIPHMI 06pas3 TiHi, a60 Npodinio Winb-
HocTi, o6 ekTa.

CunHTUNSTOP MepeTBOPIOE eHeprito
PEHTITEHIBCbKOTO BUMPOMIHIOBAHHSA HQ
BuaMMuit cnektp. [Nniska pagiauinHo yyT-
NUBUX CUMHTUIISLIMHMX MATEpPianiB HOHO-
CUTbCS NMOBEPX MATpMUi dOoTOCEHCOpIB.
OTprmare 306paXEeHHs BUAMMOTO Crek-
TPy Bif MMIBKOBOrO LWAPY CUMHTUAALIT
OO KOHBEPTYETHCS B CWUIHAN HAMPYry
MaCHMBOM GOTOAATUMKIB. TexHomoris Bu-
pobHmumx ninitiok BOE, wo sukopucro-
BYIOTbCS Ans popmysaHHs TFT-matpuub
AMChneiB, LO3BONSE OTPUMYBATU MATPUL
¢dotopatunkie ana DR-gerextopis senu-
KOi nmowi Ta 3 6iNbWOK PO3AILHOI
30ATHICTIO.

CTPYKTYPA MATPULI CEHCOPIB

YCprKTypi KOXHOTO MiKCenst MiCTUTbCS
YYTAMBMI [O BUNPOMIHIOBOHHS CEH-

MOTIK PEHTTEHIBCbKIIX MPOMEHIB —
Pe4oBuHa, WO Ma€ 3[aTHICTb BUNPOMIHIOBATY CBITNO
NPy NOMMNHAHHI PEHTFEHIBCbKOrO BUNPOMIHIOBAHHS

CBITIO —
1140 NePETBOPIOIOTH CBITNO Ha eNeKTPOHHMIA CHrHan

AHanoro-uudpose nNepeTBOpPeHHs —

Lincpposa indopmatis

Puc. 3. MpuHUMN nepeTBOPEHHS PEHTreHiBCbKOro BUNpomiHioBaHHs y DR-getexropi
3 HENPSIMUM NepeTBOPEHHSIM eHePrii PEeHTreHiBCbKUX NPOMEHIB

\.  Mopyns fetekTopa
N

Cuctemu nepepadi
Ta apxisauii
DICOM-306paxeHb

Po6ouya cTaHuis
peHTreHonora

Puc. 2. ApxiTeKTypa peHTreHiBCbKOi anaparypu Ha ocHoBi nnockonaxenbHoro DR-garunka

cop (boTomion abo TpansucTop), Koy
agpecauii paaka MaTpuui Ta NigCMoBaY
BMXIOHOrO curHany. 36upaHHa 3apsaay B
TAKOMY [€TEeKTOPI BiiOYBAETHCA BIAHOCHO
weunako i sanmae 6amssko 100 He. [so-
BUMIPHMI MaCKB $OTOCEHCOPIB MATPMUI
34MTYE KOXEH KAAp i3 304AHOK 4ACTO-
Toto. Hani 3a gonomoroio AU axanorosi
3HAYEHHs MPOdIND 306pakeHHs nepe-
TBOPIOIOTLCS HA UMPPOBUIA KO | Yepes
iHTepdeiic komn’totepa (nposigrmit USB
abo Ethernet a6o 6esnpotosuit Wi-Fi) ne-
PEAaioTHCA B NAM'ATb KepPYyr4oi Nporpa-
mu. TMporpama 3a6esneuye nonepeaHio
0BpobKy ans ycyHeHHs apTedakTis Ta
wymie 306paxeHHs. BukopuctosyeTbes
IHTErPYBAHHS KiNbKOX MOCNIAOBHMX KAAPIB
CKOHOBAHOTO MNpodinio, Wo A03BONAE
3HAYHO MOKPALUMTH KOHTPACT TA PO3-
LinbHY 3AQTHICTE 306pakeHHs. Pobouni
UMK NiKCens MiCTUTb Tpu dasm — basy
CKMAAHHS 3QMMLLKOBOrO 30PsiAy HO EMHO-
CTi ceHcopa, a3y IHTErpyBAHHS 30PAIB,
O YTBOPKOIOTLCS NPW BMBI GOTOHIB BM-
NPOMIHIOBAHHS, a3y nepeaadi aHano-
FOBOTO CMIHONY Yepes3 KoY agpecauii.
3UMTYBAHHSA OAHMX i3 30NAM ATOBYIOHOrO
enemeHTa BinOYBOETLCA OAHOYACHO, MO-
CNOBHO, PAOOK 3a PAaKOM; 12-6iToBui
AUl oundposye nopsakoBoO aHANOrOBMIA
CMTHO KOXHOrO nikcens.

KOHCTPYKUISA MOAYNA
DR-AETEKTOPA

OHCTPYKTHMBHO Mogynb DR-getextopa

(puc. 4, 5) BUKOHAQHWIA y BUMAAAT MNOCKOT
KaceTH, WO MAE PO3MIpH, CTAHAAPTM3O-
BAHI Nif, KOCETU PEHTIEHIBCbKOI MIIiBKM.

Y maTpuusx agpecauii MOxe BMKO-
PUCTOBYBATUCS TEXHOMOTI TOHKOMMIBKO-
BUX TPAH3UCTOPIB HO OCHOBI AMOPGHOTrO
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Kopnyc

PeHTreHiBCcbKmil ekpaH

CMOS-ceHcop

EnexTpoHika, Lo 341Tye

Puc. 4. KoHctpykuis mopynsa DR-gerekropa

kpemHito a6o KMOH-texHonoris. [NopisHansHui aHanis umx
TEXHOMOTiM NMOKA3YE, WO KOXHA 3 HUX MAE MEepeBAT i Hepo-
nikn. Hanpuknag, TOHKONNIBKOBI TPAH3UCTOPHI CTPYKTYpH do-
TOMPUIMAYiB HO OMOPPHOMY KPEMHIT PaAiauifHO CTikKiwi, i 3a
LIi€IO TEXHOMNOTIEIO Nerwe BUroTOBUTM NAHENT BENMKMX PO3MIpIB.
Y KMOH tpaHsucropHmx ab6o giogHnx GOTONPUIAMAYIB MEHLWI
QAMTUBHI LIYMM, BOHU JO3BONSIOTH 300E3MNEUUTU BUCOKY LUBKA-
komito. Baxnusowo nepesaroro KMOH-dboTonepetsopiosauis
€ MOXNUBICTb BUMKOHAHHSA NOHLIOTIB KEPYBAHHSA, NiACMMTIOBAYIB
TO QHONOTO-UMPPOBMX NMEPETBOPIOBAYIB HA OAHIM MiAKnaaui B
pamkax opHiei i Tiei x TexHonorii. IGZO (Indium gallium zinc
oxide) — oKeumg iHgis, ranito Ta umHky. Llei HanisnposigHukosuit
MOTEPIan 3aMiHIOE OMOPOHMI KPEMHIN, WO BUKOPUCTOBYETHCS
B TPOH3UCTOPHMX MATPULSX TOHKOMIIBKOBKMX OTOTPAH3UCTO-
pie. Knioyosoto nepesaroio € paankansre (oo 40 pasis) smen-
weHHs yacy siaryky. [Npu BukopuctanHi TpaHsuctopis Ha IGZO
MOXHQ 3HAYHO CKOPOTUTU HAC BN €KCNO3MLIT | 3HM3UTK PiBEHD
PAniauiMHOroO HOBAHTAXEHHS HA MALIEHTA.

KOHCTPYKUIA CYMACHUX PEHTTEHOTPA®IYHUX
KOMN'IOTEPHUX CUCTEM

30MICTb FPOMI3LAKOrO PEHTreHIBCbKOro OBNAAHAHHA, TPAaM-
UiMHQ KOHCTPYKLUia akmx 6yna pospobnena nornan 50 pokis
TOMY, 30pA3 30CTOCOBYIOTBCH KOMMOKTHI HEAOPOTri 3PYy4Hi
KOMN IOTEPHI PEHTIEHIBCLKI anapaTy.

Cy4acHuit  MOBINbHUIA  PEHTIEHIBCbKMI  anapaTt  MAE
Mmani rabaputM — BECb ANAPAT MOXE BMICTUTMCA Yy 3pyud-
HOMy keici Barowo po 40 kr, akuit nerko TPAHCNOPTYBATH
un nepemiwatu Byaisneto. [oTyxHicTb BCi€l cnctemu, wWwo
cnoxmsaetbca, ctaHoBuTb 6amsbko 300—500 Br. Binbuwicts
CNOXMBAHOI NMOTYXHOCTI MNOCIAAE KOMNAKTHMI® BRoK mxepena
PEeHTreHiBCbkoro sunpomitiosarHs. OcHoea mpxepena — pop-
MYBQY BUCOKOT HANPYTU ANS XMBAEHHSA KOTOAHOT PEHTIEeHIBCbKOI
BakyymHoi Tpybku. Lia Hanpyra npubnusHo 100—300 «B. Ka-
CEeTa NIOCKOMNAHENLHOTO AETEKTOPA, IHTEPhENC CNOMyYeHHs 3
KOMN'tIoTEpPOM Ta Komn'ioTep (3BMuyaiHmii HoyTOYK) cnoxmsa-
ot Tpoxu Ginbwe 100 Br. Ona xusnenHs pentreHorpadiyHoi
KOMN IOTEPHOT CUCTEMM MOXE BUKOPMCTOBYBATUCH MEPEXHA
nanpyra 11-230 B, 50/60 Iy a6o akymynatopHe mxepeno,
WO 303BMYAM NOTPIOHE ans POBOTM B MOMLOBMX YMOBAX, A€
HEMAE MEepEexHOro xuenerHs abo 6GeHsorenepatopa. Bcs
cUcTeMa Moxe ByTW PO3MILLEHA HA NAOLW KiNbKa KBAAPATHMX
MeTpiB y Byab-akomy npumileHHi. [Mpu notpebi HagiTb y HOMETI
NONbOBOrO LMUTANIO.

Ha pucyrky 6 nokasaHo pobouye micue CydacHOro peHTre-
Honora. Ha pucyHky 7 npeacrasneHa anapaTtypa mamorpada 3
KACETOK UMPPOBOro BBEAEHHS 306PAXEHHS.
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Puc. 5. 3aranbHuii Burnag DR-garumkis

BUBIP MATEPIANY AJ11 CUMHTUNATOPA

CLLMHTMJ‘IS!TOpM — KJIIOYOBMI KOMMOHEHT PEHTIEHIBCbKOI Bi-
syanisauii. BOE 8u6upae ontumansHi matepiany cumH-
TUNATOPIB ANs AOCATHEHHS HOMKPALLOi pO34inbHOT 3AATHOCTI,
YYTAMBOCTI TA WBKMAKOCTI AN KOHKPETHUX 30CTOCYBAHb.

CupHTUnaTOPM — Ue MaTepianu, 34ATHI NepeTBOPIOBATH
PeHTreHiBCbki 60 ramma-pOTOHM HA POTOHM BUAMMOTO CBIT-
na. TexHika 3’ €AHAHHA CUMHTUAATOPIB 3 GOTOAIOAAMM HA3MBA-
€TbCS «CUMHTUAALISY. [1if CUMHTUNATOPOM 3HAXOAUTHCSH AATUMK
CMOS a6o CCD, akuit 30iACHIOE 30XONNEHHA NEPETBOPEHMX
BUAMMKX DOTOHIB A1 CTBOPEHHS 306PAXEHb, LLIO BUBOAATLCS
3 petekTopie. Y AEAKUX BUNOAKOAX CUMHTUASTOP GYBAE TOHKMM
i LOCUTb YYTIIMBMM, OB OTPUMYBATU NPOdINbHi 300PAKEHHS!
3 BUCOKOIO PO3AITbHOIO 30ATHICTIO. Y Mipy 30iMbLUEHHS TOBLMHM
CUMHTMAATOPA Binblie NPOosBAAOTLCS ePeKTH CBITNIOPO3CIOBAH-
HS TQ NEPEXPECHMX nepeLukos — GaKTopw, siki MOXYTb BIIIMHYTH
HQ YITKICTb 306PAXEHHs TA PO3AINbHY 3AATHICTb AETEKTOPA.

Puc. 7. Mamorpad (tun C-Arm) i3 kaceroio uudpposoro
BBEJIeHHS 306PaKEHHS
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[esiki XxapakTepucTMku CUMHTUASTOPIB:
®  CBITNIOBMI BMXiO, — KiNbKiCTb d)OTOHiB, O BMMYCKAKOTLCA HA

NOFAMHEHY EHEPTIIO;

e yac saracanHs (c) — yac, HeobxigHuWi ana Toro, Wob CUUHTK-
nsLifMHE BUNMPOMIHIOBAHHSA 3MEHLLMNOCS JO €71 MOKCUMYM;

®  MiCNACBITIHHA — 3QMMULWKOBKUIA CBITNOBMM MOTIK, WO BUHWKAE
nicns NepPBUHHOTO 3raCAHHS;

®  [ANIbMIBHO 30ATHICTb — Koed>i|_|,ieHT ocnabneHHs NorMMHEHOro
BMMNPOMIHIOBOHHS ANs 304AHOT TOBLLUMHM MaTepiany;

e Modulation Transfer Function (MTF) — nepenaTHa xapakTe-
PUCTHKA, LLIO BU3HAYAE €PEKTUBHICTb NEPETBOPEHHS eHepril
PEHTIEHIBCbKOrO A60 NPOTOHHOMO BUMPOMIHIOBAHHS Y BUAM-
MMM CnekTp.

Moaun uesito (Csl) asnse coboio CLMHTARSLIRHMIA maTepian
3 BMCOKOIO FOfIbMIBHOIO 30ATHICTIO O TAMMQA-NMPOMEHIB 3ABAAKM
CBOIM BIAHOCHO BMCOKIM LUINbHOCTI TG ATOMHOMY HOMepy. Hene-
rosaHuit Csl Mae iHWI CUMHTUAALIMHI BNACTUMBOCTI NOPIBHAHO 3
6Ginbw nowupernmu Csl (Tl) i Csl (Na), aktmeosarmx Taniem abo
HOTPIEM BiAMOBIAHO.

Yuctmit Csl 3aCTOCYBETLCA TOMOBHMM YMHOM Y I3MUYHMX
EKCMEePUMEHTAX 3ABASKM KOMBIHALT LIBMAKOrO CNagy i BIGHOCHO
gucokoi winbHocti matepiany. Cunntunatop Csl mae HesHau-
HYy FirPOCKOMIYHICTb, TOMY CRif YHMKATM KOHTOKTY 3 BOAOIO TA
sucokoto sonorictio. Henerosaruin Csl Mmae makcmym eunpo-
miHtoBarHs npu 315 Hm 3 iHTeHcumshicTio 0.1 Big iHTEHCMBHOCTI
BUNPOMIHIOBAHHS nerosarux kpuctanis Csl. Mpwu KiMHaTHIR Tem-
nepaTypi CBITIOBWUI BUXiL, AyXe HU3bKMM, Ane NPU OXONMOLKEHHI
no —77 °C 36inbwyersca B 10 pasis. PoToenekTpoHHMit Brxin,
y kKomb6iHauji 3 potokatogom PEY cknapae 6mmsbko 400 do-
ToenektpoHie/MeB npu kimHaTHIN Temnepatypi. Ona Hesenu-
KMX KPUCTANIB €HepreTMyHa PO3AinbHA 3AATHICTb CTAHOBMTH
17-18%, no ninii 662 keB moxe 6yTh BuKOpUCTAHQ NpPU BMK-
FOTOBMIEHHI CUCTEM BI3yanisauii B komn loTepHMX Tomorpadax.
CUMHTUNALIAHWI MOTEPIaN MICTUTL MOAUDIKOBAHMIA OKCHCynbdig
ragonitiio (GOS), B akomy npubansro 25—75% ragonivio (Gd)
3amiweHo nantaHom (La) abo npubnustHo He Ginswe 50 % rago-
ninito (Gd) samiwero moteTiem (Lu).

Cuprmunatop Csl: Tl mae wytnmsicte 40% npu 140.5 «keB
nopisHaHo 3 54% y cumntunatopa GOS. BnacHa npocroposa
pO3ainbHA 38aTHICTL MikcensHoro aetektopa GOS craHosuna
1.09 mm, Binbw Hix y 4 pasu GigHiwa, Hix ana Csl: Tl. Takox
6yn0 BMABNEHO, WO WBUAKICTL MIAPAXYHKY 3HAYHO HUXYA, KOMM
sukopuctosysasca cumHtunatop GOS. OgropigHicts 6yna no-
piBHaHHG Ana ob6ox cumHTMnsTOpiB. YyTnmeicTb metektopa i3

MaHenb 3 TPaH3UCTOPHOK @
matpuuero

[ ] ]
[

cumnTunstopom i3 Gadolinium Oxisulfide 6yne sanexatv sin
ToBLMHKU nokpuTTs. OaHAK NPy 36IbLWEHHI TOBLLUMHU NMOKPUTTA
yepes PO3CiIlOBAHHS CBITNA MNOTIPLUYETHCS MPOCTOPOBA PO3AINbHA
30ATHICTb AEeTEKTOPA. [NesHotO MIpOIO Bif, LUbOrO HELOMIKY BiflbHI
naneni 3 nniskoto Csl.

Komnais BOE sukopucTOBYE WMPOKMIA AIANASOH CUMHTU-
NATOPIB B 3QNEXHOCT Big 06naCTi 3aCTOCYBAHb. Y AETEKTOPAX
manoi eneprii 25—130 keB, ak npasuno, sactocosyoTs NOpo-
wkonomibHuit okeucynbdin raponinito (GOS: Th). Lesin, nero-
saHui Taniem Hoama (Csl: Tl), 3a3BMual BUKOPUCTOBYETLCA TAM,
1€ NOTPIOHMIT TOBCTMI CLUMHTUASTOP 3 BUCOKOIO CBIT/IOBIAAAYEIO.
Kpucran sonsdppamary kapmito (CdWO4, CWO) mae sucoke
edekTusHe Z-4ncrno, BUCOKY LWiNbHICTb, 3a6e3nedye BinbLu BUCO-
KWI CBITNOBMM MOTIK TA Ay>e cnabke NicracBiTiHHs.

AETEKTOPU NPSAMOIO NEPETBOPEHHSA
HA OCHOBI AMOP®HOTIO CEJIEHY
ABO TENYPUAY KAOMIIO

y,u.eTeKTopox NPSMOro NEPETBOPEHHS BUKOPUCTOBYETLCS QK-
TMBHQO MATPMUA agpecauii GOTOCEHCOpIB, KA MICTUTb TPAH-
3UCTOPM HA OCHOBI OMOPGHOTO KPemHito. Y MnepcrnekTMBHUX
po3pobkax ana GOPMYBAHHS TPAH3UCTOPIB MATPMUI Byae 3ami-
ana TexHonoris LTPS, wo sabesneuye Ginbwy pyxnueicTb HOCITB
i, BIANOBIAHO, Binbly WBMAKOAIIO NPM CKAHYBAHHI BCIET MATPUL.
3amicts nonikpemnito BOE nnanye sanposaanti nepcnektneHmi
HanisnposigHukoeuit matepian IGZO. Bucoka pyxnusicts HociB
LUbOrO MaTepiany [O3BOMUTL 3BiNbLWMTH YACTOTY 3YMTYBAHHS
Kanpis 306paxXeHHS.

Y neTEeKTOPHIN MATPUUHIN CTRYKTYPI NPSIMOTO NMEPETBOPEHHS
HAHOCKTBCA NAIBKA HANIBNPOBIAHWMKA — aMOpdHOro ceneHy abo
Tenypuay Kaamito, Wo 3abesnedye npsame NepeTBOPEHHs PeHT-
TEHIBCbKOTO BUMPOMIHIOBAHHS HO enekTpuyHuid 3apsa. [lig yac
€KCMOHYBAHHS Mifi BMIIMBOM PEHTTEHIBCbKOrO BMMPOMIHIOBOHHS
Bi,u.6yBoeTbcs4 iHOYKUis 3apsgy Ha obknagkax CI)OTOI'IiH-J:LiOJ:LO
nikcens. PiseHb 3apafy KOXHOrO MiKCens npoOuMTYeETbCS yepes
TPAH3WUCTOPHUI KoY paaka i nepenaetbea Ha ALM. 3 suxomy
AUl undposnit NocnigoBHUI KOA PALOK 30 PAOKOM Mepena-
€TbCS [O CXEMM IHTEpPdENCY, O MOTIM | B NaM’siTb KOMM tIOTEPHOT
cuctemu. [lai npoxoasTts nonepeaHio 06pobKy AN OYMLLEHHS
LIyMiB, NOB'A3AHMX 3 NOXMOKAMM nepeTsopeHb. Ha octaHHii
crapii dopmyeTbca Gaitn Kaapy 306PaKeHHs Bisyanisauii peHT-
reHiBCbkOro 306paXxeHHs.

Hanithabpukar @ loToBMit MORYNb ®
mogayns getekTopa DR-petekTopa

Csl

[psime ocamKeHHs

marepiany

MoHTax Ha naHenb Matpuui MoHTax Ta cknaganHs

MiKpoCcxem agpecauii nieTeKTopa
Onepais hopmyBaHHs PisanHns CKaHyBaHHA
TPaH3UCTOPHOT MaTPyLi Ha okpemi GOS-namiHyBaHHs Ha nomiiMigHIX HOCiAX
Ha nigknapui nneTn
BOE BOE//3amoBHuKiB
o Mpopykuis BHYTPilLHLOIO CekTop

BXUTKY

* OEM-npoaykTu
TPeTiX CTOPiH

© 3aMOBHi NPoAYKTH

JINlLe 3aMOBHUKA

Puc. 8. TexHonoris Bupo6HuuTBa DR-AeTeKTOpiB TG BAPIGHTM NOCTAYAHHS KOMMNOHEHTIB AATYUKIB ANS 3AMOBHUKIB
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TEXHOJNOrIa BUPOBHULITBA
LNDPPOBUX MJITOCKOMAHENbHUX
PEHTTEHIBCbKUX

AETEKTOPIB BOE

PEHTIEHIBCbKMX AETEKTOPIB KOMMAHIS
BOE BukopucToBye Ti X TexHONOriyHi ni-
Hivikm, wo i ans eunycky TFT PK-gucnneis
senukoro dpopmaty. Ha pucyHky 8 noka-
30HI OCHOBHI TEXHOMOrIYHI onepauii nig
yac surotoenerHss DR nnockonaHensHux
netektopis BOE.

ﬂlnﬂ BMPOBOHMUTBA MIOCKOMNAHENbHMX

AETEKTOPU HA YXOPCTKIN
TA THYUKIA OCHOBI

KOMHOHiﬂ BOE sunyckae DR-petex-
TOPW, BUKOPWUCTOBYIOYM PI3HI HeCyui
NIAKNAAKM — XOPCTKi Ta rHyuKi (MniBKoBi).
To6To i nniska marepiany, i MaTpmus
$OTOAATUMKIB MOXYTb HOHOCUTHCS SIK HA
XOPCTKY (K NPABMAO CknsHy) MigKnaaky,
Tak i Ha rHy4Ky (puc. 9). Sk rayuki nigknag-
KM MOXYTb BUKOPMCTOBYBATUCS MOSNIMEP-
Hi MOTepianu, a TAKOX HAATOHKE THy4ke
ckno. [lo nepesar geTekTopis HA rHy4KMX
NigKNaAKax BIAHOCKUTLCA B MeEpLUy yepry
BMCOKO MEXAHIYHA CTIMKICTb | HOBIMHICTb
npu exkcnnyatauii. letektopu HenpocTo
3N1AMATM NI 4AC TPAHCNOPTYBOHHSA TA
MOHTOXY. Y MOPIBHAHHI 3 AETEKTOPAMM
HO >KOPCTKIM nigknapui, AeTekTopu Ha
FHYYKIM nigknagui MaoTs meHwy Ha 17 %
Bary. [HyukicTb geTektopa psigy 30CTOCY-
BOHb MAE BUPILLANbHE 3HAYEHHS, JO3BO-
NAOYM OTMHATK MOBEPXHIO [OCNIAXYBA-
Horo o6’exra.

[TopisHsHHA NapaMeTpiB A4BOX TEXHO-
nori IEMOHCTPYE MOBHY nepesary Ta

Puc. 9. DR-petekTop Ha rHyukin nnieui. Ha ¢oro npasopyuy nokasaHo
CKNEeloBAHHS GOTOUYTAMBOI MATPULI 3 NIIIBKOIO CLLUHTUASTOPA
TA CXeMU PO3rOPTKM HA FHYYKMX Lneidax ans 3UUTYBAHHS
aHanoroeoro ¢poropenbedy 306paKeHHs

MopiBHsHHS OcHOBHMX napameTpis DR-feTeKTOpiB HA rHYYKUX TA KOPCTKUX

nigknaakax
KoHcrpykuis ToBwmHa Bara Po6oui MexaHiuHa CI'W!.I.(iCI'b
AeTeKTopa AeTeKTopa Temneparypu KOHCTPYKLii
[Hyuka nigknagka 100 mMkm <2.5«r 5-45°C cTifika
Xopcrka nigknagka 700 mkm >3.5«r 10-40°C KPUXKQ

NepCneKTUBHICTb PO3BUTKY KOHCTPYKLT
DR-petektopie HO rHYyukux MigKNamKox
(avB. Tabn. 1).

MOPT®OJ1IO DR-AETEKTOPIB BOE

CHOBHI 0OBCArM NPoAyKUii KOMNaHii
BOE opieHToBaHi HO puHOK aeTek-
Topis dopmartis 1717 i 1417 (puc. 10).
PopmaT xapakTepmsye PO3MIP AKTUBHOI
nnowyi getektopa y monmax. Hanpwknag,
netektopw cepii 1717 matoTe posmip ak-
mmeHOI nnowi 17X 177, abo 432x432 mm.
KomnaHis Takox nnaHye posLwmpmTu niHii-
Ky pO3MIpiB AETEKTOPIB AN BUBEAEHHS HA
puHok okeunaHnx |GZO Ta nepcnekTmeHMx
LETEKTOPIB HA THYYKMX MiAKNOAKOX.
OcHosHi xapakTepuctkn DR-petek-
Topie cepii 1717:

® pDO3MIp OKTMBHOI MNAOL AEeTeKTopa:
17%x177;

o dopmat matpuui: 4302x4302 nikce-
nis (18.5 mnn nikcenis);

e High MTF>10% 3a 5 lp/mm;

®  HK3bKWI PIBEHb LWYMY;
High DQE > 12% 3a 5 Ip/mm.
[etexTop ui€i cepii moxe 6yTn peko-

MEH[IOBAHWI 15 OpTONeLii, HepPyMHIBHOTO

KOHTPOSIO TOLLLO.

HIGHLIGHT 4317 —
NEPCNEKTUBHA CEPIA
DR-AETEKTOPIB

CbOI’O,IJ,Hi U Ccepis CeHCopiB MaE
HOMGINbLY y CBITI OKTMBHY MIIOLM-
Hy metektopa posmipom 43x17”, abo
432x1092.2 mm. Taka nnowa petek-
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Tun Mopens
1m7 1417 1210 1008
Standard@MP
Panel
csl 6os [rowp [ |
Poswip 1717 LWar nikcenst | 140 mkm
CTaHﬂapTHi LWar nikcens 140/100 mMkm
cepio Toua_| 5050 T T
BATyCKaOTHCA T
LWar nikcens 140/100 mkm
ToBLMHA 300~600 MkM ! Poawip 4317
LWar nikcens 140 mkm
. Tat4nkn Tan 1620
CraHaapTHi Tun Ha rHyuKiit nigKnagui
B pO3po6Li LWar nikcens 140 M
Bara, 233
YacTota 230fps (1x1)
Flex/IGZ0 ToBwwHa, 0.52 KaapoBoi 260fps (2x2)
MM (Film 0.02) PO3ropTkM >100fps @ FOV (1x1)
Puc. 10. MopenbHuii pap naHenei DR-getekropis
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Puc. 11. MutTeBMit peHTreHiBCbKUIA
3HIMOK xpe6Ta (npama Ta GiuHa
npoexdii) 3a ofHe CKAHYBUHHS
6e3 TpuBanoi ekcnosuuii

Topa B 6inbwocTi BMnaakis 3abesnedye
CKaHYBAHHS O6’eMy rpyaHoi kniTkn 6e3
CKNEIOBAHHS Kinbkox 306paxeHs (puc. 11).
306paxkeHHs BUXOAMTb 3Q OOHY eKCro-
auuito (one shot), sabesneuyioun Buco-
KWi piBEHb papiouiinHoi 6esneku nig Yac
pocnigxerHs. Y MOTPUYHOMY AETeKTOpi
30CTOCOBYETLCA TPAH3UCTOPHA MATPULA
$OTOAETEKTOPIB HO AMOPPHHOMY KPEMHII.

[pu BUKOPUCTAHHI CTOHAAPTHOTO ae-
TEKTOPA KBOAPATHOI GOpPMM anst undpo-
BOi peHTreHorpadii AOBromipHux 06’ ekTis
(Hanpuknaa, scvoro xpebra) posBoOAMTL-
cs poBUTU Kinbka 3HIMKIB. JOBromipHui
AETEKTOP [03BOMAE 3HAYHO MOKPALLMUTH

poboumit npouec peHTreHorpadii, 3axo-
NMoIOYM BCE 300PAXEHHS 3a OfHY eKC-
MO3ULUiMHY [O3Y B Kinbka cekyHa. Yepes
IO 3HMXKYETbCS MMOBIPHICTb BUHUKHEHHS
aptedakTie 306PAXEHHS, BUKIMKAHMX
pyxom nauieHta. CkopouyeTbes yac, npo-
TATOM FKOTO MOLIEHT NOBUHEH 36epir0TM
HEPYXOMICTb. 3MOMKA 3 OAHOPA30BOIO
EKCMOo3ULIMHOI [030t10 306e3nedye CKo-
POYEHHs 4ACy OTPUMAHHS 306paxXeHb
MOPIBHAHO 3 MPUCTPOAMM LMPPOBOT PEHT-
reHorpadii (DR) 3 kinbkoma excnosuuiamm.
Minsmwyerbes 6esneka Ta komdopT Nauj-
€HTIB 30 PAXYHOK LUBUALLIOTO 30BEPLUEHHS
OBCTEXEHH TA 3MEHLUEHHS [03M, Ofep-
>KYBOHOI MALIEHTOM Mif, 4AC €KCNO3uMLii.

MEPCNEKTUBU BMNPOBAAXKEHHSA
HOBUX TEXHOJIOTIA

MAOCKOMAHENBHUX PEHTreHorpadiy-
HUX LEeTEeKTOPiB MOTPIGHO 3a6e3neynTy
HOMBMLLY SKICTb TA HOAIMHICT HO  PiBHI
OCTQHHIX JOCSrHEHb Y AAHOMY CekTopi. A
Tomy komnaHia BOE mae Hamip HanBnmx-
YUMKM POKAMM OCBOITM TO BNPOBAAWUTH
HOBITHI TexHonorii BMpO6HMLLTBO nnocko-
naHensHx DR-petektopie. 3 uieo meTtoro
komnania BOE nnanye:

e [ligBMiLeHHA pPO3AINLHOT 3AATHOCTI
LATYKKIB 30 PAXYHOK 3MEHLLEHHS PO3-
mipie nikcenis 8ig 140 no 76 Mkm.

e [lepexin HO rHYuYKi MiAKNAAKM.

e  3MEHWEHHA [O3M BUMNPOMIHIOBAHHS
nig 4aC eKkcnosmuii — BUKOPUCTAHHS

ﬂ‘ﬂﬂ YCRILWIHOT KOHKYPEHLii HO PUHKY

HOBWMX MATEPIANIB CUMHTUAATOPIB, Q
TAKOX TEXHOMOrIi NPIMOro nepeTso-
PEHHS i3 CEHCOPAMM HO AMOPPHOMY
ceneHi abo Tenypuai Kaamiro.
36inblueHHs weuakoaii ana 3abeane-
YEHHS peecTpauii AMHAMIYHMX NpoLe-
CiB MPU AiArHOCTHLI 30 PAXYHOK BUKO-
PUCTAHHSA MEPCNEeKTUBHMX MATEPIanis
ANS MNiBOK CUMHTMASTOPA — HAMPU-
knag, Csl 3 nigeuuieHoO YyTIUBICTIO,
ranoreHinis abo NepoBCkiTy.

Minepan nepoBckiT, TUTAHAT KanbLiO,
MQAE 30ATHICTb NEPETBOPIOBATH CBITNO
HO enexkTpuky i pobutb ue edekTus-
Hile 30 MaTepianu, ki BUKOPUCTOBY-
toTb 3apas. XKypHan Science sko4me
nepoeckit y Ton-10 npopwueis 2013 ak
NepPCnekTUBHMIA MATEPIaN NS COHSAY-
HOI EHepPreTuku.

[MigBMLEHHS KOOPOBOI YACTOTM CKO-
HYBOHHA MOTpMLLi MJIOCKOMAHENbHMX
LETEKTOPIB 30 PAXYHOK BUKOPUCTAHHS
HanisnposigHukosoro |GZO-martepia-
ny B TPAH3UCTOPHUX KIKOYAX MOTPULL
agpecauii Ta MiH-BiOAHUX CEHCOPIB.
MaTepian 3abesneuye 3Ha4YHO 6Ginb-
LYy LWBMAKOA[IO TPAH3UCTOPHMX KO-
yis. B manuit yac iHTEHCMBHO BMKO-
PUCTOBYETLCA Y MATPULAX OKTUBHOI
appecauii PK-gucnneis. MiH-doTogio-
oM 306e3nedyioTb Kpally YyTIUBICTb,
30aBAAKM HOMY MOXHA CKOPOTWUTM 4acC
eKCrno3uLii ceHcopa.

3HOYHO nOMINWKTU edEeKTUBHICTL Ae-
tektopis BOE nnanye sasasku snposa-
IKEHHIO TEXHOMNOrIi AKTMBHOIO Mikcens
(APS — Active Pixel Sensor) samicts

171417 117 n1417
a-Si a-Si
Poamip nikcens 140 Mkm Poamip nikcens 100 MkM
GOS/CSI GOS/CSI
.| .|
1217 1210
ST :;)S:;Mip nikcens 140 Mkm :;)S::Mip nikcens 100 Mkm
EERVINEHO 60S/CSI G0S/CS
KoHTpOnI0 — THyuka
nigknagka
4317 1417un1210 141711210
a-Si > - a-Si+Flex a-Si+Flex
Poamip nikcens 140 Mkm Poawip nikcens 140 Mkm Poawip nikcens 100 Mkm
GOS GOS/CSI GOS/CSI
.| I
117 1m7
m asi 1620 CBCT
[uHamivHmi Poawip nikcens 140 Mkm Poamip nikcens 140 Mk 1616 (TBD) C-Arm
papiauinHui csl csl 1620
— —— Poawip nikcens <120 ukm 0909

KOHTpONb

1620
Poamip nikcens TBT

1008 1210 (FFDM) 1210 (FFDM n DBT)
a-Si 1620

a-Si -

Mawmorpachis Po3wmip nikcens 75 Mkm Poamip nikcens 70 Mkm Po3mip nikcens <70 MKm
csl csl sl
.| I

Puc. 12. MepcnexkTuBHMIA NNAH po3po6ku Ta BUMYcKy HOBUX moaenei DR-getekropis

EmmE  (epiiiHo BUNYCKAETLCS
N B po3po6ui
[naHyeTbCs 40 OCBOEHHS

www.chiphews.com.ua
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[TporHo3 noTpe6u CBITOBOr0 PUHKY B CEKTOPI PEHTIEHIBCbKUX AETEKTOPIB
3000
2500 - iyHwiA Temn 3pocTa
CyKynruv oepenubopHH
2000
1500
1000
500 CyKynHuit
0 cepeHbOoPiYHMiA
2018 2019 2020 2021 2022 2023 2024 TEMN 3pOCTaHHA
CekTop 6e3neku
(PeHTreHiBCbKi anapat 259 285 315 347 382 422 465 10.3%
KOHTpONIO 6araxy)
BeTtepuHapis M 45 49 54 59, 65 7 9.3%
QEK-TIWMMEAHHH—HB&HKIB
MpoMKCIOBICTb 185 201 220 240 262 286 312 91%
MeguuuHa 1482 1543 1612 1690 1768 1844 1926 45 %

PPS-texHonorii  nacueHoro  ceHco-
pa. BigMmiHHicTb nonarae B ToMy, WO
B8 APS y koxHomy nikceni ans nocu-
neHHs cnabkoro curiany GoToceHcopa
cpopmosaro KMOH-nincuniosay. La
TEXHONOrIA CKNAAHILWA, | AATYMKM TAKOrO
THNYy fopoxui. Paxiwe TexHonoris Buko-
PWCTOBYBANACS BUKIKOYHO HA KPEMHIE-
Bux backplane y dotoceHcopax umd-
posux kamep. Matpuui APS-petekTopis
HOBOrO MOKOMIHHA Oyae peanisosaHo
Ha LTPS-texHonorii. BOE mae TexHono-
TiYHI NiHIAKK, Y SKUX BUKOPUCTOBYIOTHCS
nai texHonorii. Miniku LTPS 6ynu npu-
3HQYEHI ANs BUPOBHMUTBA AMCMNENHOT
npoaykuii. YactuHa notyxHocTen byne
300i9HO AN BMPOOHMUTBA NnOCKona-
HenbHux DR-getexTopis.
Ha pucynky 12 nokasano nepcnek-
tmeHui nnan BOE sunycky Hoeux Moaenen
nnockonaHensHx DR-petexTopis.

CTPATETIS1 PO3BUTKY
PUHKY 3ACTOCYBAHHA
DR-AETEKTOPIB BOE

€TEKTOPU PEHTIEHIBCLKOrO BUMPOMI-
HIOBAHHS MOLUMPEHi B PI3HMX rany-

39X MEAMUMHM, BEeTepuHapii, 6esnekn Ta
NPOMMUCIIOBOCTI, MPUYOMY PUHOK MEAMYHOT
Bisyanisauii € HaMBINbLWKMM TA HAKPO3BM-
HeHiwmm 3 Hux. [1pomucnosi Ta BeTepu-
HOPHI NPOrPAMKM — Lie HOBI NPOTPAMM, SKi
PO3LIMPIOIOTL ICHYIOHI PO3PO6KM, 3aBAAKM
YoMy TxHil BizHec Binblue He OBMexyeTb-
Cs MLIE MEeIMyHOo npomucnosicTio. Ha
pucyHKy 13 MOKA3QaHMIA NPOrHO3 Ta TeH-
LEHUii PO3BMTKY CBITOBOrO PMHKY MIOCKO-
NAHENbHMX AEeTEKTOPIB.

B pmamuit yac y csiti icHyloTs pecsT-
k1 BMpobHMKiB sk cammx DR-petektopis,
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aHanoriyHmx 3a napametrpamn BOE, Tak
i TOTOBMX PEHTIeHIBCbKMX ANApPATiB HA iX
ocHosi. Hacamnepen ue senuki SnoOHCbKi
BUPOOHUKM, K BUHALLMW HO PUHOK LWie B
1990-1i poku. Bunyckaiots DR-getekTo-
pu niBaeHHOKOPEWChKi  GipMM, KOMMAHIi
y CLUA ta €sponi. KoHkypeHuis y ubomy
CEeKTOPi BOCUTH XOPCTKA. TUM HE MeHLU,
komnania BOE mae Hamip HanBamxumm
YOCOM 3HAYHO PO3LIMPUTH PUHOK 3ACTO-
CYBQHHS CBOEI NPOAYKLii B CEKTOPI AATYM-
kis DR Ta iHTerpanbHux piwerb Ha ix oc-
Hosi. Hacamnepen nnaHyeTbcs ocCBOITH
purku Inaii, CLUA, Kanaau, Ppanuii. A ue
LY>KE BENMKi TQ NEPCNEKTUBHI PUHKM 36yTY.
bisnec BOE B paHumit yac socepepxeHunit
HO KUTAWCbKOMY TA KOPEWCbKOMY PUHKAX,
B Toi yac sk €spona Ta CLUA scrynunu 8
crafito po3pobku Ta BANAAUT NPOAYKTY,
SnoHia 3HOXOAMTLCSH Y mpoueci samigauii
TexHonorin, a BisHec y ranysi meauuHol
Bi3yanisauii MoCTynoBO NOLUMPIOETHCA 3
Kutato no 3apyBixHux kpaiH.

BOE nnaHye noctauatv sk roTtosi
peHTreHisceki cuctemm Ta DR-patumnku, Tak
i OKPEMi IX KOMNOHEHTH K HaniBpabpmka-
T AN BUPOOHMKIB QHANOMYHMX AATYMKIB,
a came:

e okpemi TFT-naHeni;
e TFT-nanens + nniBka CuMHTMASTOPA

(samoermit maTepian);

o TFT-nanens + cumrtmnatop + COF (mik-

POCXEMM CKAHYBAHHS Ta iHTepdeic-

HWit KaGenb) — BIOKPUTHIF OCEPEROK.

Jlirteparypa:

1. Medical Imaging Business Introduction.
Medical Image Business BOE. www.boe.
com/en/Enterprise/Medicallmaging

2. Application Note: Scintillator Selection.
X-scan Imaging, 2020. (]

Puc. 13. MporHosu Ta TeHAEHLii PO3BUTKY CBITOBOro pUHKY ninockonaHenbHux DR-petekTopis

232-LUAPOBA 3D NAND NAM'ATb

Ha Cinranypcskivi pabpmui sigo-
moi komnawii Micron posnowaro ma-
COBE BMPOBHULTBO TQA BiABAHTAXEHHS
cnoxmsayam Hosux yunis. 3D NAND
preLw-nam’aTi, Wo MaroTb TPUBUMIDHY
ctpyktypy i3 232 wapamu. Larwi su-
nagoK € nepLmm B ICTOPIi, KO BM-
POBHUKAM Nam’aTi BAQIIOCA MOAOAATH
nosHayky 200 wapis i ue BiakprBaE
wax go nossu SSD-puckis, emHicTio
sig 200 Tb i 6Ginbwe. [ng nopisHsHHS,
EMHICTb HAWBINBLIOrO HA ChbOrOAHILLHI
aeHb SSD-nucky, Nimbus Data ExaDrive,
cranosute 100 Th.

Jlo HemasHa Ha¥ibINbLLY EMHICTH
nam’ati mas yun komnarii Micron, o
mictme 176 wapis. Hosa 232-waposa
3D NAND nam’ate mae npornyckHy 3qaT1-
Hicte 2.4 [b B cekyHay, Ha onepauisx
3armCy BOHQ OBraHaE NONepeHmMka Ha
100%, a Ha onepauisix YMTAHHS — HA
75%. [NokasHuk LWinbHOCTI 3ammcy iH-
popmavuii Hosoi nam‘sTi cknagae 14.6 ri-
rabiT Ha KBABPATHWA MITIMETD, | ue
HQUBULLMK TOKA3HMK Y rasy3i Ha Terne-
PILLHIY Yyac.

Hessaxaioun Ha macose BHpobHM-
utBo uunis Hosoi 3D NAND nam’ari,
3BUYQUIHI JIIOAM HABPSA Y4 MOXYTb PO3-
PAXOBYBATU HQ MEMAGAHHS BUCKIB 3 HEHO
/1S MOAEPHI3aUii CBOro komn'toTepa.
SSD-pyck ExaDrive Ha 100 Tb mae Bap-
icte 40 TMCIY aMEPUKAHCHKMX AOIAPIB,
a anckn Ha 200 Tb, 3a HasBHOIO iHpOpP-
MQLIEIO, KOLUTYBATUMYTb LUE HOPOXYE.
Tomy SSD-auckm 3 3D NAND nam’ateio
OyayTb BUKOPHCTOBYBATHCH [AOBMMH 4AC
TifbkM B AATA-LEHTPAX TA CepBicax, no-
OyH0BAHMX HO 6A3i XMAPHMX OBYNCIIEHD
TQ TEXHOJIOT IV LUTYYHOIO IHTENEKTY.

https://gizmodo.com

AATYUKU
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Paw JlaCenb (Rush LaSelle)
MNepexnap: Ceprin LLinxos

Te, Wo moxxHa 3po6uTtk 3a gonomoroio 3D-ApyKy, Ginblue He € TeO-
peTUYHUMMU [OCNIfPKEHHIMU — Tenep e BUPOGHUUA HEOBXIgHICTD.

ByKBOJ'IbHO Kiflbka POKiB TOMYy nepesarm
QAMTMBHOTO BMPOBHULTBG Bynu ayxe
amckyciiHumu. barato cynepeyok iwnocs
Npo Te, 4M € PIHAHCOBI YM TEXHOMOTIYHI
NiACTABM LN NEPEXopy Bif, TPAAMLIMHMX
BENUKOCEPIMHMX NPOLECIB IO OAMTUBHMX.
CoorogHi x 3D-gpyk Mo3uuioHyeTbCa K
OCHOBHQ BMPOBHMUA TexHonoris y 6ara-
TbOX Chepax, Ae BOHA [JO3BOSISE CYTTEBO
MigBULLMTH ed)eKTMBHICTb BMpO6HMLLTBC|,
CKOPOTHBLLM TUMYACOBI BUTPATH, HEOb-
XiHi 019 NPOEKTYBOHHA TQ BMIOTOBNEHHS
npoaykuii. AIUTUBHE BUPOBHMUTBO HA6M-
pae obepTis i CTAE ONOPOIO A4S PO3BUT-
Ky, a maibytHe 3D-apyky BaumTbca ayxe
NepCnekTUBHUM.

barato ranysei, skmouyaroum oxo-
POHY 3A0POB’A, AEPOKOCMiuHY Ta 060-
POHHY iHAYCTPIi, 3HAXOAATLCS B Mpoueci
TPAHCHOPMAUIT, FKA BUKIMKAHO PO3BUT-
koM umdposizauii 6izHecy, AKTUBHOWO
PO3PO6KOID TA BNPOBAXEHHAM Y BM-
pO6HMLI.TBO HOBMX MATEPIONIB TA 3MiHA-

MM B NOHLOXKAX MOCTAYAHHS, A TAKOX
BEMMKOIO MIPOIO PO3LIMPEHHSM Ccdep
30CTOCYBAHHS TEXHOJNOTIM QAWTUBHOTO
BMPOBHMUTBQ.

Tak, B QepoKOCMiuHiit ranysi Buro-
TOBMIEHHA BHYTPILIHIX YACTMH JNITANbHKUX
anapaTiB — 30KPEMA, NOBITPOBOLIB, BEH-
TUNALIMHUX OTBOPIB TA AEPOAMHAMIYHOTO
OBNAAHAHHS — 3 BUKOPUCTAHHAM QOMTMB-
HOrO BUPOBOHMUTBA AO3BONAE KOHCTPYKTO-
POM 3MEHLUYBATU BAry TA KifbKICTb KOM-
MOHEHTIB Y BY3M1AX, WO AAE MOXIMBICTb
MOKCUMONBbHO €hEKTUBHO PO3MILLYBATH
BCe OBNOAHAHHS Yy TICHOMY MPOCTOPI Ka-
GiHn. Kpim TOro, nig 4ac NpOEKTYBAHHS!
netanen 3D-gpyk Hopae po3poBHMKAM
cBoboay eKCnepuMeHTyBaT, niabupati
HOMBINbW  ONTUManbHy dopMy BUpobLis,
3HMXYBATM KiNbKICTb MOTEHUIMHUX TOYOK
BIIMOBM TA MOKPALLYBATH iX PYHKLIOHAb-
Hi BNQCTMBOCTI.

Ha Tni CKOPOYEHHS LMKNIB CTBOPEHHS
HOBOTO NMPOAYKTY MOXIIMBOCTI AAUTUBHOTO

BMPOBHMUTBA ACIOTb BMPOOHMKAM Hemo-
CTYMHWI PaHile piBeHb THYYKOCTi y Npo-
LeCi NPOEKTYBAHHS, BUTOTOBIEHHS TA MO-
CTAYAHHS NPOAYKLUi.

Y xomi Tpetboro pocnigkeHHs «leH-
neHuii 3D-gpyky», ske NnpoBoauTL KOMMNa-
His Jabil pas Ha gea poku, 3'acysanocs,
O 30 OCTAHHI Napy pokis 06nacTi 3acTo-
CYBAHHS QAUTUBHOIO BUPOBHWUUTEBA MOMIT-
HO po3wmpmnnca. CboroaHi KOMNAHii Haw-
yacTiwe BAATbCA O TEXHONOTIT 3D-,u,py|<y
HO eTanax [OCHimKeHb TA MPOEKTYBAHHS
HOBOI MPOAYKLii, TOAI AK paHie HaMBInNb-
woro nowupenHs 3D-gpyk oTpUMyBOEB B
npoueci npototunysaHHa. ocnipkeHHs
noka3ano, WO CyTTeEBe 3POCTAHHA 3Qa-
crocyeanHs 3D-gpyky sinbynocs y ranysi
CTBOPEHHSI TEXHOJIOMNYHOrO OCHALLEHHS
(37% y 2019 npot 57% y 2021 poui),
BUroTOBNEHHA MOCTiB (3 39 1o 56 %) Ta Bu-
pobruutea aetanei (puc. 1). Mpu upomy
Binblue MNONOBUHM PECMOHAEHTIB BBAXA-
oTb 3D-ApyK PEeanbHo «CTPATeriyHO
MOXITMBICTIO» A1 CBOEI KOMMNAHIi, WO CBia-
4nTb NPO nO6pPI NEPCnekTMBM PO3BUTKY
QOUTUBHMX TEXHOSOTIN.

[MpoBiBWKM [OCHIMKEHH:, CAHAMITUKK
komnaHii Jabil saaymanuca npo e, sik Bnnn-
He 3POCTAHHS 3ACTOCYBAHHA QAMTMBHOIO

DocnipxeHHs Ta po3po6ku (R&D) € Ha cborofHi HanbinbLw Po3NOBCIOAKEHUMM Cthepamu 3acTocyBaHHs 3D-apyky.
SIKUM YMHOM BaLLA KOMMAHif HA CbOrOAHi BUKOPUCTOBYE 3D-ApyK?

L

© 9

Puc. 1. Pesynbratu pocnigxeHHs «TengeHuii 3D-gpyky»

= ©
[locnipxeHHs [poToTunyBaxHs BUroToBNEHHS OCHACTKK, Bupo6Huuteo Bupo6HuuTBo PemoHT
Ta po3pobku (R&D) CKNafanbHUX NpucTpois MOCTiB netaneil Bupoois Ta 06CNYyroByBaHHA
Ta HWNX IHCTPYMEHTIB
2017 - 69% 30% 23% 27% 14%
2019 53% 66% 37% 39% 52% 38%
2021 73% 12% 57% 56% 62% 46%

www.chiphews.com.uad
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BMpO6HMLI,TBO HO iHWIi ronysi Ta acnekTtu
BMPOBHMLTEQ, | Lo came yekae 3D-gpyk y
MmanbyTHboMy. Hixye npencrasneHo n'stb
nporHosie, 3pobnermx Jabil.

1. BIA WBUAKOro
MPOTOTUNYBAHHSA
40 MACOBOIo
BUPOBHULITBA

A,D.MTMBHe BMPOBHMUTBO [O€ Nepesarm
HQO KOXHOMYy eTani po3pobku npo-
OYKTY, AO3BOMSIOYM ePEKTUBHILLE YyNpaB-
NATU MOr0O XMTTEBMM LMKIOM i LUBMAKO
MacwTabysaTi npouecu nig 4ac nepe-
XOfly Bifi MPOTOTMMIB BO MOCOBMUX CEPIM.
A B UbOMY i NOMATAE CyTb MPOMMUCIIOBOTO
BMPOBHMUTBA.

Konu obcarm sunycky supobis nopis-
HAHO HEBMCOKI (HOI‘IpMKJ‘IO,EL, AKWO nna-
Hyetbcs Happykysatv 100 petanen ans
PI3HOBIYHOrO TECTYBAHHS X XAPAKTEPUC-
TMK B0 AN 3AMYCKy MINOTHOrO NPOAAXY
HO PEriOHANbHUX PUHKAX), OAWMTUBHE BM-
POBHULTBO [OE MOXIUBICTE BUPOBHUKAM
BMIOTOBNATM HEBENWKI MAPTii 3 BMCOKMM
CTyneHem MOBTOPIOBAHOCTI MPOAYKLi.
Binbwe Toro, skwo noTpibHO 36iNbLUMTH
obcar Haeite y 3 a6o 4 pasu, 3D-apyk
[03BONAE 3p0bUTH e 6e3 [OAATKOBMX BU-
TPOT HO NEPEHANATOAXEHHS OBNAOHAHHS.

AmUTMBHE BMPOBHMUTBO TAKOX CTAE
ONTUMASBHUM PILLEHHAM 411 NIANPUEMCTB,
WO BUMYCKAIOTL APIGHI Ta cepenHi obcsrm
NOpTiK, ane MaKTb HEOBXIAHICTE POBUTH
BENMKI BKIQAEHHS B HANArOMKEHHS BUPOD-
HWYMX TTiHIM, WO, MPWPOLHO, YCKNALHIOE
BMBEAEHHS MPOAYKTY HA PUHOK. Y TaKik
CUTYaLii NPOAYKLiS HA MOYATKOBMX ETAMNAX
BMroTOBNSETLCS 30 gonomoroo 3D-apyky,
a HO@ani NepeBoaMTLCA HA CTAHAAPTHE
30BOACHKE OBNAAHAHHS NS BENMKOCEPIN-
Horo Bupo6HuuTtea. [pu npasunbHOMY
MNGHYBOHHI TEXHOMOMYHMX MPOLECiB, No-
YMHAKOYM 3 €TANIB CTBOPEHHA MPOEKTY TA
po3pobKkKu MaTepianie, LeH nepexia 3minc-
HIOETLCA NEerko, 6e3 Byab-aKMx HECTUKOBOK.

ALMTUBHI TEXHOMOTT TAKOX [LOMOMO-
rQOTb BUDOBHUYMM KOMMAHISIM CKOPOTUTH
CBOI CKNAACHKI 3ANACK i UMM ICTOTHO eKO-
HOMMTM IHAHCOBI pPecypcu, WO BUTPO-
yatloTbcs Ha 36epiraHHa aetanei. Tenep
NiANPUEMCTBY HE NOTPIOHO LLOPA3Y 3BEP-
TATUC JO MOCTAYANBHUKA, KOMM BUHMKAE
notpeba y TiM uM iHWIA geTtani, nocuTh
npocto HaapykysaTh ii Ha 3D-npuHTepi.
Lle ocobnmeo akTyansHo ans asTomobine-
OyaisHOT ranysi, ae 3a paxyHok 3D-gpyky
CKNOACHKI 3aMacK aetanei MoxyTb 6yTu
sHuxeHi Ha 90 %.

[MepesenerHs BUPOBHMUTBA AEAKMX
AeTanen 3 TPAAMUIMHOro cnocoby Ha aau-
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TWUBHI TEXHOTOTIT [OBIB CBOK €PEKTUBHICT i
B cyaHobyayBaHHi. Tak, 3a 4aHUMM 4OCnia-
XeHHst [AMHCBKOTO MOPCBKOTO YHIBEPCH-
Tety B [lonblui, BUrOTOBNEHHS METANEBOi
neTani 30 CTAHAAPTHUMKM TEXHOMOTIAMMU
30MMaE B cepenHboMy 12 TUXHIB | kowwTye
6mmsbko $20000, o npu BUKOPUCTOHHI
3D-apyKy TEPMIHM BUrOTOBAEHHS TAKOT X
AeTani ckopouyoThes 1o 72 roa, a i sap-
TicTb He nepesuutye $1250.
O6rosopIooYM  AANUTUBHI TEXHOMOTII,
BUPOBHMUKM NEPEXOAATD Bifl MATAHHA MOX-
NMBOCTEN O PO3MOBM MPO MOTYXHOCTI.
Hesabapom 3D-ppyk craHe Hesin'em-
HOIO YACTMHOIO HO BCiX €TANAX BBEAEHHS
y BMPOBHMUTBO HOBOTO MPOAYKTYy (new
product introduction, NPI), wo nossonuts
NiANPUEMCTBOM JOCATATH LiNbOBOI BAPTO-
CTi IPOAYKLii HO MOYATKOBMX €TANAX BUXO-
ny ToBapy Ha pwuHok. Lle, y ceoio uepry,
3MEHLLNTb PU3UKM, NOB A3QHI 3 HOBMM NPO-
LYKTOM, i [O3BOMMUTL KOMMOHISM BigKNACTH
MacwTabysaHHs 0bcaris BUPOOHUUTBA 10
HONCNPUATIUBILLOTO MOMEHTY.

2. AAUTUBHI TEXHOJOTIi

1K CrocCIis UMPPOBI3ALLI
BUPOBHULTBA TA NIABULLEEHHSA
FHYYKOCTI JIAHUIOXXKIB
NOCTABOK

ﬂKLLI,O NAaHLEMis KOPOHOBIPYCY HAC YO-
MyCb i HOBYMNQ, Le TOMY, LLO 3BWUYHA
HanaromkeHa pPoboTa NAHLIOXKIE NO-
CTAOBOK MOXE PANTOM CTATM aBCOMOTHO
HenepenbadysaHoo. Tak CKNanocs, Wwo
NpY GOPMYBAHHI TAHLIOXKIB MOCTABOK, AK
NPABMIO, HA YinbHe micue Byna nocrasne-
HQ X MOTEHUIMHA eEKTUBHICTb, A MUTAHHS
cTabinbHOCTI 6yNo APYroPsAHMM, | ek nia-
Xif, XOPOKTEPHWUIM ANs BCIX rany3en npomMmuc-
nosocTi. He guBHO, Wwo 6arato naHuioxkis
NOCTQYAHHA Oyno MOPYWeHO, KoM CBi-
TOBO €KOHOMIKQA 3iTKHYNACs 3 TAKOK cep-
osHoo npobnemoto, sk naHaemis. Bnnus
KOPQHTUHHMX 30XOAIB HA MOCTAYAHHS fAe-
Tanein Ta matepianis 6ys ayxe CEpHO3HUM
y BCiX ranyssx, ane ocobmmBo BAXKMM
BMSIBUNOCS CTAHOBMLLE MIAMNPUEMCTB, LLIO
NPAUIOIOTh Y Chepi OXOPOHM 3A0POB s Ta
BUPOBHULTBA MeamuHmx npuctpois. Lle
BOXKKMI [OCBiL, MOKA30B, WO CTBOPEHHS
CTABINBHUX NAHLLIOXKIB MOCTAUCHHS € BAX-
SIMBMM 3QBAGHHAM AN KOXHOrO BMPO6-
HUKA. Ane MOKM KOMMAHIT BUPILWYIOTb Le
MUTAHHS, BUMPOBHMYI NiHiT MOBMHHI Npo-
LOBXYBATH MpauosaTu. | TyT Ha gonomory
NPUXOAATb AAMUTUBHI TEXHONOTII.

Tak, 3D-gpyk cToB cnpasxHiM no-
PATYHKOM Yy cuTyauii, konu 36ii y nau-
LIIOXKKAX MOCTABOK MPM3BIB AO HecTaui
petanei anapaTiB WTYYHOI BEHTMNAL

MEPLUMA B CBOEMY POAI
BUCOKOEDEKTUBHUN
OPrAHIYHUA BINOASIPHUN
TPAH3UCTOP

Komm B8 1947 poui suHaviwnm nep-
L TPAH3MCTOP, L€ CTAIO MOYATKOM
epu  MIKpOEnekTPOHIKM | [AOKOPIHHO
3MiHnno xutrs mopen. Nlepiumii BuHai-
AeHui TpaH3ucTop 6yB  6inonspHUM
TDQH3MCTOPOM, y CTPYKTYPI SKOro yep-
rytoTecs 06QaCTi HANIBNPOBIAHUKOBMUX
marepianis pPi3HOro Tumy npPoBiAHOCTI.
Yuinonspri (monbosi] TpaHsncTopy, Ha
OCHOBI fIKMX 30pPa3 CTBOPIOIOTLCS BCI
Mikponpouecopu Ta GinbLUICTb YuiB iH-
LUMX BMAIB, 3 ABMIIMCA AELLO Mi3HILE.

OgHak, Hi 6inonspHi, Hi AOALOBI
TPAQH3UCTOPM, BMIOTOBJIEHI 3 KPEMHItO,
yepes TBEepAiCTb | KPUXKICTb LibOro Ma-
Tepiany, He Ayxe Ao6pe MiaXoAaTs AN
BUIrOTOB/IGHHS, HAMNPMKIQL, [HY4YKHUX
E/IeKTPOHHMX PUCTPOIB, EKPQAHIB, SKi
MOXHQ 3ropHy™M B TPY604YKY, ab0 Me-
AMYHMX iMnaHTaTie. [na Takmux obnac-
Tes 3QCTOCYBAHHS [A€QAJILHO MiAXOAATh
TPQH3UCTOPM, BMIOTOB/IEHI HQ OCHOBI
OpraHidHmx XimidHmx crnonyk. [lepuui op-
FQHIYHI MOTLOBI TPAH3NCTOPM 3 IBUINCS
we 8 1986 poui, ane poci ix wemngkozia
TQ iHL XQPAKTEPUCTHKM ByXe [OCTy-
MAKTLCA XQPAKTEPUCTUKAM KDEMHIEBMX
«106paATUMIBY.

| HewonaBHo rpyna ByeHux i3 Tex-
HonoridHoro yHisepcutety B [pesne-
Hi (TU Dresden) sgisichuna npopus y
ranysi CTBOPEHHs OPraHidH1X TPAH3M-
cropis. CTpyKTypa CTBOPEHOrO HUMM
6inongpHOro TPAH3MCTOPA CKIAAA-
ETbCA 3 KiNIbKOX LUQPIB KPHUCTANIYHOrO
pybpera (C42H28) 3 nobaskamu, wwo
3a6e3neyyioTb Pi3HWI T MPOBIAHOCTI,
p abo n. Takwi nigxig 3a6e3neuns koe-
QiuienT nepenayi (mocunerts) TpaH3mM-
cropa 8 pasiori 100 | BuLy 1BuaKOAIIO.
BnepLue opraHidHmii ToaH3MCTOP MOXE
NPALOBATH HA YACTOTAX B 06AACT] O4-
Horo rirarepua, To6TO. 3AIHCHIOBATH
6NIM3bKO OBHOTO MINbSPAQ NEPEMMKAHb
Ha cekyHAy.

«CTBOPEHHS NepLUOro OPraHiyHoro
binonspHoro TpaHsucropa b6yno Be-
JIMKOIO POBGIEMOIO 3 TEXHIYHOI TOYKH
30py», — CTBEPAXYIOTb JOCIIAHMKA.

lNossa oprawiyHoro 6GinonspHoro
TPAH3MCTOPA  BIGKPMBAE QABOCOMOTHO
HOBI MEePCreKTMBM B rasy3i rHy4koi op-
rQHIYHOI EeNeKTPOHIKM, KA Ternep 3Mo-
Xe CAaMOCTIVIHO BMKOHYBATH 3ABAAHHSA
woAo nonepeaHoi 06pobku AAHMX TA
nepenayi umMx AAHMX 34 [OMOMOrot
PI3HUX TEXHOMOTI/.

https://techxplore.com
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nereHis, TOAI Ik BUPOBHULTBO anapaTie
LLIBJT 6yno 6e3 nepebinbLueHHs XUTTEBO
BOXKIMBMM ANs JIOAEN Y BCbOMy CBITi. Y
Toi nepion komnawis Jabil nigTpuma-
na po3pobky iHHOBAUIMHOI TexHonorii
BMPOBHMUTBA PO3ranyXyBadie anapaTy
LWITYYHOI BEHTMNAUIT NnereHb 30 LOMOMO-
roto 3D-gpyky. Lle possonuno suko-
PUCTOBYBATH OAMH QNAPAT AN KifbKOX
NAUIEHTIB OAHOYACHO. 30BAAKM QAWUTUB-
HOMY BMPO6GHMUTBY OYNO BMUIOTOBNEHO
noHan 60000 posranyxysauis nuwe 3a
TPWM TWXHI, MPU UbOMY SKiCTb JeTanew
3QMWANaca Ha BMCOKOMY piBHi, Heob-
XIAHOMY N5t AOCATHEHHS MO3UTUBHUX pPe-
3yNbTATIB Y NiKYBOHHI NALIEHTIB.

Bukopuctanns 3D-gpyky, Kpim iHLWO-
ro, NPMCKOPIOE UMPPOBI3ALI0 BUPOBHM-
UMX NPOLECIB, QIKE QANTUBHE BUPOOHML-
TBO — Ue CyTO UnMdpPOBA TEXHOMOTIS.
Bora Bumarae 3acobie TexHomnoriyHoro
OCHOLLLEHHS:, OTXe, AO3BONAE 3HWU3UTH
Yu B3Arani BUKITOYUTHU BUTPATM HA ne-
PEMMUKAHHA BUMPOBHUUTBA MiX PI3HUMMM
TUNOMM YCTATKYBOHHS M KiflbkOMA LinsiH-
Kamu 3asogmy. Lle paaukansHuii Bigxia Big
TPAAMLIMHUX TPYLOMICTKMX METOLIB BU-
POBHUUTBA, LLO 30CTOCOBYIOTLCH OCTAHHI
150 pokie y npomucnosii cdepi, konu
NS JOCATHEHHS LiNbOBOroO PiBHSA BUTPAT,
0COBIMBO HA PMHKY CMOXMBYMX TOBAPIB,
YYTAMBMX OO UiHK, Byna noTpibHa arpe-
rauis Benukux obcaris BUPOOHUUTBA HQ
OLHOMY MAMOAHYMKY.

Hacnpasgi HaltpesomouinHimMi ac-
NEKT AAUTUBHOTO BUPOBHMLUTBA MAE MANO
cninbHoro 6esnocepeaHbo 3 3D-npun-
Tepamu. Kniouosuit MOMEHT y TOMy, WO
QAMTMBHI TEXHONOTIT [O3BONAOTH NEPEBO-
oMU umbposy Gopmy y isUYHKMIA Npo-
nykt. @ain gna 3D-gpyky € Bxe roto-
BMM KiHLEBMM NMPOAYKTOM, TOLi K MPOEKT
(npoToTHN) — Ue MEeBHWIT KOMIPOMIC Mix
NiACYMKOBUM, BAXAHWUM NPOAYKTOM | MOX-
NIMBOCTAMM TPAAMUIMHOTO BMPOBHUYOro
npouecy. TaKMM YMHOM, MOXHQO rOBOPHTH,
wo 3D-apyk — 3HAYHMI KPOK HA LLASXY
KAPAMHANBHOT LumMppPOoBOI TpaHchopmatii
BMPOBHULTB.

Mpuuomy umdposisauia BUPOGHMUTEA
3Q4INCaE K €TAnNW BUIOTOBMEHHS MPOAYK-
Ui, TaK i BCi CyMiXHi mpouecu, 3okpema
i NAHUIOXKM MOCTABOK, i cnocobu 36epi-
ranHs petanen. Cknagu, NepeBaHTAXEHI
KOMMOHEHTAMM, AKi MOXYTb 3QCTAPITH i
3QIMWUTUCA HE3aTPEeBYBAHMMM, BIIXOAATH
y MUHyne. AouUTHBHE BUPOBHMUTBO NEpeso-
I1Tb Kynn kOPOBOK, WO 3'IAatoTh GisUuHUM
npocTip, B uMdposi bainm, aki MoxHa 36e-
pIraTH B XMAPI | MATH IO HUX OCTYN Y Oyab-
KM MOMEHT, SIK TiflbkM 3HAZOOUTLCS.

Okpim upndposoro 36epiranHs, 3D-
OPYK HOOOE LWe OfHY BOXIIMBY MOXIU-

BICTb — PO3LUMPEHHST Mepexi nokanisavin
BUPOBHMYMX MAMACGHYMKIB, WO O0O3BONAE
KOMMQHIsIM PO3IMSiAATY BIPOBALKEHHS Q-
TUBHMX TEXHONOTIN Yy PO3pPI3i CTPATErYHOrO
nnaHyBaHHs GisHecy.

PoswuperHs mepexi nokanisavii Bu-
POBHUUMX MAMAAHYMKIB, BIACHE, € AEUEH-
TPONI3AUEID BUPOBHMUMX MOTYKHOCTEH,
NPOCTIilEe KAXY4YM, OPraHi3auilO KiflbKOX
HEBENMKMX BMPOOHMUTB MOPYY i3 MOTEH-
LiIMHUMM  CMOXMBAYAMM 3AMICTb OJHOTO
BENWKOrO 3QBOJY, A€ 30CEPENXEHO BCE
YCTATKYBOHHA | pecypcu komnawii. Tak,
komnania Jabil sukopmcrosye moxnmso-
CTi OAWMTMBHUX TEXHONOTIN ANs OpraHisauii
Mepexi 30BOAIB, WO AO3BOMAAE LUBMAKO
NePEeMiLLLyBATH BUPOBHMYI HAOBAHTAXKEHHS!
3 OIHOTO reorpPAIYHOrO PUHKY HA IHLIMMA,
npu LbOMY BUTPATHU HA NEPEHANATOAXEH-
HSi TEXHOMOTIYHMX MPOLECIB TA HA «Mif-
NALWTYBAHHA» MPOAYKTY Mif, KOHKPETHOro
CMOXMBAYA BUABASIOTLCA MIHIMANBHUMM.
Lle 6yno 6 Hemoxveum 6e3 LMdpPOBKMX
TexHonorin 3D-apyky.

TaKMM YMHOM, QAMTUBHE BUPOBHM-
UTBO [03BONAE e€PEeKTUBHO KOMBIHYBATH
pearnbHi MOCTABKM KOMMOHEHTIB i3 |.u4c|>-
posumu (paitnamu aetane), Wo AaE Wwi-
POKi MOXIUBOCTI MEHEAXMEHTY NMPOAYKTY
HO BCIX €Tanax MOro XMTTEBOrO LMKIY,
Bif CTBOPEHHSA KOHUenuii A0 3aKiHYeH-
HA TEPMIHY cnyx6u. BupobHuui npouecn
MOXYTb ByTH ONEPATUBHO NepeMmilLeHi Ha
Oyab-aKMIA MAMAAHYMK, IO MAE NOTPiIGHE
uMdpose 0B6NAAHAHHS, AN LbOro Heob-
XiIHO NWLle 30BAHTAXWUTM TA HOAICNATH
noTpibruin ¢ann! BupobHuuteo Hinbwe
He NpuB'a3aHEe XOPCTKO 4O OAHOrO 3a-
BOAY TO [O HANArOAXEHMX JIAHLIOXKIB
noctasok. A ue 03HA4a€E, WO y pasi
Oyab-akoi rmobanbHoi npobnemu, noaib-
HOT 10 HUHILWHbBOT NAHAEMIT, Y BUPOBHMKAQ
€ 6inblue MOXIMBOCTEN A1 ONEPATUBHO-
ro Ta rHY4YKOro pearyBaHHS: PEOPraHi3a-
Uil NOHUIOXKIB MOCTOBOK TA MepeHana-
FOAXEHHS BUPOBHMYMX NPOLECIB B IHLWIMX
TOuKax BUpOBHMYOT mepexi. Lis rrydkicTs
LOE NPOMMCIIOBOCTI «3AMNAC MILHOCTI» Y
CKNOOHUX E€KOHOMIYHWMX YMOBQOX, LIO, B
CBOIO Yepry, MiflBULLYE HOAIMHICTb CBITO-
BOrO PUHKY 3ArQsiOM.

Y CBiTNi LUMPOKOTO 3ACTOCYBAHHS M-
TUBHMX TEXHOMOTIH MANBYTHE NPOMUCIO-
BOCTI BMMISAQE AK riOpua KinbkOX Benn-
KMX Merasasopis Ta 6e3nidi ManaaHumKis,
OBNAAHAHMX 3 YPAXYBAHHAM BUMMOT Umc-
poBux TexHonorii, Takmx sk 3D-gpyk, i
He TinbkW. 3arNgaaoyM We 4O, MOXHA
NPOrHO3yBATU BUMKOPMCTAHHA 3D-npuHTe-
piB Y CEPBICHUX LEHTPAX, MyHKTOX BMAAYI
TOBAPIB | HOBITb Y XUTNOBWX OyauHKaX. Tak
QOMTUBHE BUPOBHMUTBO 3MOXE 3POBUTH
el «OCTOHHIM KPOK» [O KiHLEBOro cCrno-

XMBaYA. ANONOreTn QaUTUBHUX TEXHOMOTIM
BBAXQIOTH, WO 3D-apyk BXE CKOPO CTaHE
HOCTINbKM JOCTYMHUM, IO JIOAM 3MOXYTb
MPOCTO KYMUTH GAinu NPOAyKTY TA HOAPY-
KYBATKM MOr0 CAMOCTIMHO, BYKBANBHO 3
napy Knikis.

[MpoMMCIOBICTb BXE BCTYMUMA HA LEe#
LOBIUIM LLNSX, WO BEAE O TAKOI MipU THYyu-
KOCTIi, Ky CMOXMBQAYI OYiKYIOTb Bifi PUHKY,
nogibHo no Toro, wo komnaxii Google i
Amazon cteopunu y cdepi iHpopmauin-
HMX TEXHONOTIM TA €NeKTPOHHOT KOMepLi.

3. 3D-APYK ANA NEPCOHANMIBALYI
TOBAPIB

Ho CyHQCHOMY CMOXMBYOMY PUHKY Me-
PEBOXAE TEHAEHLS, LLO OUKTYE 3MiHM
y 6aratbox BUPOBHMUMX ranyssx. MaeTbcs
npo nepcoxanizaujto Tosapis. CboroaHi
NIOAN BXE HE XO4YyTb KYMyBATM MPOAYKT,
BUIOTOBMIEHMI Y PAMKAX MOCOBOTO BUPO6-
HUUTBO, MOKYMUi BCE YACTiWe LWYyKAOTb
YHIKQNbHWIA TOBAP, CTBOPEHMI CreLianbHO
ON9 HKX, LLIO BiANOBIAAE iX OCOBUCTUM CMO-
KQM TQ ynogo6aHHAM.

[NepcoHanizauito Ta yHiKanbHiCTb Npo-
OyKUii nerko 3a6esneynTi 30BasKM aau-
TUBHMM TEXHOSMOTAM Y APIBHOCEPIMHOMY
BMPo6HMUTBI. 3amicTb Toro, wob Hanos-
HIOBOTU PUHOK BEIMKOIO KIiMbKICTIO OAHO-
KOBWX TOBAPIB, BUPOOHMKM 3MOXYTb [O3-
BOMMTM COBI BUMYCKATW Hesenwuki napTii
npoayKuii, aKy NoTiM MOXHAO Byae nerko
BAOCKOHQIIIOBATA B MIPy BWMBYEHHS HO-
CTPOIB CNOXMBAYIB TA IXHIX BIAryKis LLOAO
TOBAPIB, HE BTPAUYAIOUM NP LibOMY EKOHO-
MIUHOT ePEKTUBHOCTI.

Y «omnawii Jabil Beaxatots, wo ue
e nUTaHHa 4acy, KOomu CI,EIMTMBHi TA
MONEKYNAPHI TEXHOMOTIT [AOCArHYTb TAKO-
ro PiBHA PO3BMTKY, LLIO KOXEH BONOAAP
3D-npuHTEPa 3MOXE HOAPYKYBATH CBOIO
BNIACHY ONPABY ANg OKYyNApiB, YK Xy, YM...
Ta BCE LLO 3aBrogHo!

4. MAUBYTHE AJUTUBHUX
TEXHOJIOTI 3AJIEXXUTb
BIA MATEPIAJIB

Ane NOBEPHEMOCH 3 MAMBYTHLOTO 3
oro 3D-npuHTEPAMM B KOXHOMY Oy-
OMHKY IO TenepilwHboro yacy, ae 3D-apyk
NOKM O 3QMULWAETLCA CHEPOIO MPOMMC-
JIOBOTO 3QCTOCYBAHHS.

Hessaxaioun HO 3pOCTAHHS iHBEC-
TAUIM B QOMTMBHE BMPOOHMUTBO B pi3-
HUX rany3sx NPOMMCIOBOCTI, ICHYE HM3KA
CTPUMYIOUMX  BAKTOPIB, WO 3ABAXAIOTH
QKTMBHOMY BMPOBALXKEHHIO TEXHOJOTIN
3D-npyky. dpyrm nicns sucokoi BapTocTi
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obnagHaHHs GaKTOpPOM € MaTepianu, aki
NOTPIOHI ANS QOMTUBHOTO BUPOBHMUTBA.
CborogHi Ha PUHKY € Pi3Hi TUNKM MaTepianis
ans 3D-apyky, ane nuwe aeski 3 HUX nos-
HICTIO BIANOBIAQIOTH BMMOTAM AKOCTI Ta,/
060 HOPMATMBHMM BMMOTAM KOHKPETHOT
ranysi. binbwe nonosuHM npomMMCIOBMX
KOMMQHIN, WO BUKOPUCTOBYIOTb OAWMTUBHI
TEXHONOrii, roBOPATbL NPO Te, WO Came
TPYAHOLL 3 MATEPIaNAMM HE LO3BONAOTH
iM wupwe sactocosysatv 3D-apyk y Bu-
POBHUUMX NPOLECAX.

Ha xanb, y HuHiWHIA cknagHii eko-
HOMIYHIM CUTyaUii NOCTAYANbHUKK TA BU-
pobHukn matepianis ana 3D-gpyky He
3auikasneHi y po3pobui HOBOI NpoayKuii
30 UMM HAMPSMKOM. Arne cnig posymit,
WO CBiTNEe MANBYTHE QAUTUBHOIO BUPOG-
HULTBA 3'SIBUTHCS TiNlbkM B TOMY BMMQAKY,
akLLo ByayTb CTBOPIOBATMCA HOBI MATeEPI-
anu, 0cobnuBO Le QKTYAnbHO ANs iHXe-
HEepHWX maTepianis, HeOOXigHMX Ana By-
3bKONPOMINEHUX 30CTOCYBAHb. 3ATANOM,
PIBHOMAHITHICTb ranysein notpebye Takoi
CAMOT i HaBITb BiNbWOI PISHOMAHITHOCTI
maTepianis. PuHku cropuueto sMHAropo-
OATb Ti KOMMQHIT, AKi 3MOXYTb MPUCKOPUTH
npouecu po3pobKM TA BNIPOBALKEHHS HO-
Bux Matepianis ana 3D-gpyky, ocobnuso
ans cneundivHmx BMPOBHMUTB Ta cneui-
QNBHUX IHXEHEPHMX 30BAAHb.

Y cBotO 4epry BNpOBAMXKEHHS HOBMX
iHXEHEepPHMX MaTepianis 3po6UTb EKOHO-
MiYHO BMNPABAOHWM CTBOPEHHS HOBMX ra-
Ny3eM 3aCTOCYBOHHS AAMTUBHUX TEXHONO-
rif Ta UMPPOBI3ALLT BUPOBHMUTE 3Aranom.

5. 3D-APYK HA BAPTI
EKOJION4YHOI BE3MEKU

HOpeLTi, PO3rMaHEeMO LWe ABA BAXIMBI
ACMeKTM apUTUBHOTO BUPOBHWLTBG — Lie

BnbepiTb HanbinbLL NiAX0Xy BiANOBIAb.

ekonoriyHa 6esneka Ta OXOPOHA HABKO-
mwHboro cepepoemwa. OpHielo 3 Hesa-
nepeurux nepesar 3D-gpyky € ckopoyeH-
Ha a60 NOBHQ BIACYTHICTb BIAXOAIB Yepes
Bpak npogykuii. 9k 303HQYAIOTL Yy CBOE-
My ece «AuTUBHE BUPOBHWUTBO TA €KO-
noriyna 6esneka: JoCnimKeHHs nepesar
Ta TpyaHouwisy» Cumon Popa ta Menani
[ecneiic, apntMBHe BMPOBHMUTBO iMiTyE
GionoriYHi NPoLecH 30 PAXyHOK CTBOPEH-
HA O6’€KTiB WAP 30 LWAPOM, HA BigMiHY
Bil TPaaMuiiHoro crnocoby, 3a AKOro B
BinbWOCTI BMNOAKIB HEOBXIAHO CrnoYaTky
BUTOTOBMTM rPOMI3AKMI O6'€KT, a MNOTIM
BIAPI3ATM B, HbOrO 3HAYHI LUMATKM Ang
OAEPXAHHA NPOAYKTy nOTPIGHOT dop-
Mu. ABTOpPU ece BBOXAIOTb, LLO OCKiNbKM
3D-ppyk cTBOpIOE HABArATO MeHLWe Big-
XOfjiB, HiX 3BMYQIHI METOAM BUPOBHULTBA,
BiH MOTEHLIMHO MOXE LLOMOMOITH BifOKpEe-
MWTKU Y CBIBOMOCTI CMOXMBAYIB CTBOPEH-
HSl COLQNbHUX TA EKOHOMIYHMX 6rar Big
HEraTMBHOrO BMMBY MPOMWMCIOBOCTI HA
HOBKOMNULLHE CEPEOBHLLE.

KpiM 3MeHwWweHHs KinbkoCTi Bigxoais
3D-apyk saowamxye eneprito. Penepa-
Ui ranysen MeTaneBux MOPOLLKIB MpPO-
BENA AOCHILXKEHHS, B SKOMY MOPIBHANQ
BMPOOHMUTBO  LIECTEPHI  BAHTAXIBKM
CyBTPAKTUBHUM METOLOM i3 CTBOPEHHSIM
L€l geTani 3a JONOMOTOIO AAUTUBHUX TEX-
Honorii. Y neplomy BUMAAKY MPOLAYKTY
HeobxigHo npoit 17 etanis BUMPOOHM-
UTBA, TOOI $IK y APYromy nwuwe wicTs!
3D-apyk BUTPAYAE BABIYI MeHLIE eHeprii,
HIXX TpaamUirHi TexHonorii. A nokanisauis
Mepexi QAUTUBHMX BUPOBHUYMX MAMLAH-
umkis Gnuxue 0o cnoxwmeadis Garatopa-
30BO 3HWMXYE KinbKiCTb TPAHCMNOPTYBAHb
MaTepianie Ta rOTOBOI MPOAYKLii, 3MeH-
LIYIOYM UMM LIKIANMBUIA BNAMB NMPOMMC-
NOBOCTI HO HOBKOJIULIHE CEPEefoBULLE.
TOKUM YMHOM, UMPPOBI TEXHOMOTIT B3Arani

TG QAMTHBHI 30KPEMA MPW3BEAYTb HAC [0
eKonoriyHo 6e3neyHoro ManbyTHLOTO.

BUCHOBOK

MVI € CBIIKAMM MOBOPOTHOrO MOMEH-
Ty B icTopii npomucnosocTi. Ceo-
rogHi Hawi inei, po3pobkun Ta NPOAYKTH
MOXYTb BYTW NPAKTUYHO MOBHICTIO Npea-
CTOBNEHi Yy UMPPOBOMY MPOCTOPI, i MK
HABYMNMCA NepeTBopioBaTH B6iTh iHpOop-
mauii Ha ¢isnuHi 06'ekTn. Mu 3HaEMO,
K 3pOOUTH LE EKOHOMIYHO BUFIAHMM,
TEXHONOMNYHO epEeKTUBHUM TA EeKONoriy-
Ho 6GesneuHmm cnocobom! 9k nepwa
MoO-CNpaBXHLOMY UMGPOBA TEXHOMOris
BUMPOBGHMUTBA, QAWMTMBHE BMPOOHMUTBO
LEMOHCTPYE CBill PEBOMIOLIMHUN XaApaK-
Tep i BXe epekTMBHO BMOO3MIHIOE BisHec
3 PA3IOYOIO LBUAKICTIO.

3rigHO 3 AOCHIAKEHHAM  KOMMAHIT
Jabil, 87 % komnaniit nnanyoTs poswm-
PUTU BUKOPUCTOHHSA AAUTUBHUX TEXHONO-
rilt HO CBOTX BUPOBHUUTBAX WOHANMEHLWE
Bagivi, a 6nusbko 40 % pecnoHpeHTis —
y n’ate i Ginbwe pasis (puc. 2). Y mipy
BMNPOBAXEHHS QAMTUBHUX TEXHOMOTIN
BUPOOHMKM 3MOXYTb 3MEHLLYBATU PO3-
MipM MAPTIK, WO NPUCKOPWUTL MPOLLECH
BMBELEHHS HA PUHOK HOBUX PO3POBOK Ta
NpPOoAyKTiB, a 3pewTolo 3pobuTs 3D-apyk
OCHOBHMM HCTPYMEHTOM CEPINHOrO BMU-
pobHMUTBA. 30pA3 3QBAAKM PO3BUTKY
QOMTUBHMX TEXHOMOTIN 3AKNAAAETHCH TOM
OYHAAMEHT, HO IKOMY KOMMAHIT 3MOXYTb
nobynyBaTM HOBI BMPOGHMYI TEXHONOrIi,
1110 AO3BONSHOTb CTBOPIOBATH IHHOBALIMHI
NPOAYKTH, NOMINLIYBATH XAPAKTEPUCTUKM
TOBOPIB i MiABMLLYBATH iX €EKTUBHICTL.
He notpibHo mat kpuwTanesy Kysio,
wob nobaunt: 3D-gpyk vekae csitTne
ManbyTHel (N

K, Ha BaLw nornag, 3MiHATLCA chepy 3aCTOCYBAHHA afMTUBHUX TEXHOJIONIN B BaLLiit KOMNaHIi B Hal6MXYi 2-5 pokiB?
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[ Piako BupocTe
(B 5 Ta 6inbLue pasis)
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Mpunywexns woao Bukopuctaus 3D-apyky B MainbyTHbOMY:

[ Bupocre HecyTTeBO

a3n) (He 6inbLue HiX B 2 pasn)

Puc. 2. Pesynbraru pocnigxeHns komnanii Jabil

Il He 3wmikuTbes
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TOB Ai i
EAEKTPOHHI KOMMNOHEHTH OB AipoHikc

BiA MPOBIAHMX BUPOOHWMKIB CBITY,
3i CKAQAY TA MiA 30MOBAEHHS

- €NEeKTPOHHI KOMMOHEHTN

- APYKOBaHi nnatu

- BUrOTOB/IEHHA [0CNIAHUX
3paskis npunagis

FHY K LiHM - KOHTPaKTHe BUPObHULITBO
- NnepeTBOpIOBaYl YacToTH
AI POH I KC do 11 kBm (YKpaita)
TOB "AAC TIM" KoMANEKCHI pilieHHA & eneKTpoIui 90 220 kBm (Kumati)
YkpaiHa, 03680, m. Kuis
npos. Paamiesa, Oya. 3 Ten.: +38 044 384-17-55
+38 (044) 361-46-78, 206-22-52 +38044 501-07-29 M Kuiz, By O Aowwetkd, 3
—_— +, - |
TEAM +38 (067) 249-77-58, (050) 464-22-52 info.aironics@gmail.com www_aironics.prom.ua

zapros@adcgr.com www.adcgr.com

Altway Electronics, Inc

o 5970 Unity Drive Suite E,
nl]"wnv Norcross, GA 30071, USA

www.altwaygroup.com
electronlw ygroup

Po3po6ka BY Ta HBY npunanis

BiZ i€l Ta Tex-3aBAaHHs 40 NPOTOTMNA Ta BUPOGHULITBA

+ AHanoroBa Ta undpoBa YacTUHM

* [HTerpauisi 3 KOpPMNycHWMU enemMeHTamu
OlNEPATUBHI NTOCTABKU + BUMIDIOBAHH# Ta TeCTH
E”EKTPOHHMX KOMnOHEHTIB Lonomora y Bu6opi KOMNOHEeHTHOT 6a3u.
[lonomora y npoxoaxeHHi TecTis Ta CE/FCC cepTudikadii.

+380 577 300 650
Ten. 044-3-922-911 .
E-mail: sales.int@altwaygroup.com 61003, Xapkis info@ag-rf-engineering.de
nn. Konetutyuii, 1, o¢. 85-05 www.ag-rf-engineering.com

2 Qe=mne (g FERROXCUBE @ ) ¢ SOMISN mmewirs -STE DARKCO' QSEAM  SAMSUNG MOKNSUN
05 TACED COMPANY 3 SHIRSHTESH
TOB «HBM ACTEPA» + ool owoney @y @)
AnpeKTop TEPEMKOBCLKUI . CBIT.nOﬂIOJEl.He OCBITNEeHHA
Aptem CemeHoBNY « [OpykKoeaHi nnatv E !% e
beppuToBi OcEpas, - |
B> AKCECYapW, IHOYKTUEHI @NEMEHTH KOHTpa KTHe BHPOGH"U‘TBO - '
y 61072, Ykpaiva, Xapkie, Byn. ToGonkceka 42 odh. 222
\'/ Ten.: 057-757-2859, tharc; 057-728-1808 bis_electronics () I i is@bis-el.kiev.ua | bis-el.com

050-323-3763, 067-575-4440, 068-616-7777

+38 (044) 490-35-99
http:/fwww.ferrite.com.ua  E-mail: ferrite@ukr.net

Weidmiiller § - @/1eKTPOHHI KOMMOHEHTH

Npeacrasumurso ,Baiiamionnep Intepdeiic vD MAIS * €/IEKTPOMEXaHI4HI KOMMOHEHTH
mbX & Ko. KI' [VCTPHE 1OLIA + * MPOMUCJ/I0Ba aBTOMaTM3aLlis

:a';;';ﬁ';mgo - BUMIipIOBasIbHi Npunaam
g\;;ifo;“ﬁizmscwa, 70 (kopn. ¥), o, 414 . oGnap,HaHHﬂ Ta MaTepianM
T +a8 0 5307 20 03061, K, 19 BUPOGHULITBA €/1eKTPOHIKM
F +38044 57497 20 ByA. Muxaiina [oHus, 6

Ten.: +380 (44) 201 02 02 . p.pYKOBaHi naaTtu

info@vdmais.ua
info.ua@weidmueller.com www.vdmais.ua * KOHTpPaKTHe BMpOGHMLI,TBO
www.weidmueller.com

. o SMD.

(a0 2.5 mnH Ha goby)

L0 MOHTYIOTLCS ¥ OTEOPH
- nnar -
= 100% asto A on akocTi - BupoBHMUTBO ApykoBaHMX nnar Big 1 wr
o ; in spotis - KoHTpakTHe BUpoGHMLTBO

ﬁtmmrﬁx1°-phmﬂ mcll.llmrrpalmmm - BnacHui cknaj eneKTpOHHWX KOMMOHEHTIB
= ,"mmﬁ" sKoCTI NpoAYKUiT - MMoKpUTTA NNaT flakoM i komnayHgamu
GGM Uis Ha BianoBinHICTs BY -

e s A I Bignoeipaemo Bumoram ctaHgapty ISO 9001 2015
JATF 16949:2016 1a 180 13485:2016,
e o I Yepaina, u. K Adepane: (+380)44-501-9335
M Ten. Al & 2 -

e 03?01 }K:z“t;? 1903 "('05?) 715"?;?18 u 8yn. Mapil Kansicr, 2a, od. 114 !._! _g (+380) 67-508-0229
(0562} 319-128, (032) 245-5478, (048) ‘.-'34-1954 URL: www.verikom.kiev.ua ek it E-mail: sales@temys kisv.ua
info@vdmais.ua; www.vdmais. us : : i -

www.chiphews.com.ua
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(044) 5036112
(067) 2983455
MpodecinHnin pemonT (050) 2665517  «

® EneKTpoHHI KOMMOHEHTU

© MopyniTa faTunku 415 po3pobHYIKIB eNeKTPOoHIKM

e Mopayni anst peMoHTy TB, koMM'toTepiB, MnaHLLeTiB, KOMM'loTepiB
® P03'eMW Ta KOHEKTOPK

© Po3pobka eneMeHTIB anibTepHATVBHOI eHEpreTUKu

© PeMOHTYCiX BUAiB eNeKTPOoHiKK Ta nobyToBoi TEXHIKK

03150, Kuis, Byn. Benuka Bacunbkiscbka, 80

www.wintex.com.ua

AN «FanbBaHOTEXHiKa» nar “Kyiachiori 3080

aaap'»

TOB «HBL, ppykoBaHux nnar»
BurotoeneHHs APYKOBAHMX NNAT:

O OAHO-, ABO- Ta 6araTowaposux 3°— 5 KAACiB CKAGAHOCTI;
O XOPCTKOTHY4KMX APYKOBAHUX MAQT, FTHYYKMX KQGeAiB;
O APYKOBAHWX MAGT HO METAAI (QAIOMIHIN, MiAb).

Lsuake BurotoBneHHs (Big 3-x AHiB).
Bucoka sikicTe. ONTUMAAbHE CNIiBBIAHOLUEHHA LiHA/AKICTb.
I'Iocnyru MO MOHTAXY fANaT.
Q http:// plata.com.ua

order@plata.com.va

R, Trxcom m“-" - D

J pasiokomnoHeHTn

XTD  MeRocwe

HOPERF'

nuvoaTon

([7) FUZETEC

d » &

-------- (056) 745-46-65, (0562) 36-07-92
FTAMMA YKPAIHA (044) 494-35-72, (044) 223-84-63
www.microchip.ua

sale@microchip.ua

MpaAMi nocTaBkK Big BUpoGHUKa

rp)nd KoMnde ﬂ ELUKE. /@giroup
= Blomedical

Electronlc L
KomnnekcHi noctaBkn
€JIEKTPOHHUX KOMMNJEKTYH4YUX

* AsTomaTuka
38 (044) 239-96-06 * Jatuynkm
38 (044) 498-01-68 ° [xepena }XUBNEHHs
KomnoneHTH i moayni CBY

f Mikpocxemu
www.grandelectronic.com Posnimaui

.
.
.
office@grandelectronic.com * Pene
* Cuctemun 6e34poTOBOro 3B'sI3KY
* Cuctemu BigobpaxeHHs iHdopmaulii
* Ximi4Hi gxepena cTpymy

Bynbeap Baunasa [aBena, 8
M. Kuis, 03124

Hayxoao—Bnpoaa,umyaaana tDlpMa 'TpaHato"
e 044-453-44-04, 453-44.06

E Iuﬂu ua, kigv.ua
H \w-w ranato.comua, hitpiwiww multipar. com ua
M. kuiz. syn. Baunal A nucTis: 03067, aic 63, HED Mpaxaro

TPAHATO

IHdbOpMaLiiiHi TPAaHCNOPTHI cUcTEMI
P03{306Ka T8 BUrOTOBNEHHA

Ha OCHOBI EJ'IEKTPOMEXBHI'-IHHX
Ta CBITNOL4IOAHWX IHOWKATOPIB.

BopToBi komn'toTepu, NepeaHi,
OOKOBI, 3aaHi, BHYTPILLIHI Tabno,
aynioiHpopMaropu.

EAEKTPOHHI KOMMNOHEHTH
BiA MPOBIAHMX BUPOOHWMKIB CBITY,
3i CKAQAY TA MiA 3OMOBAEHHS

FTHYuKi LiHM

TOB "AAC TIM"
YkpaiHa, 03680, m. Kuis

npos. PaauLLesa, 6ya. 3

+38 (044) 361-46-78, 206-22-52

+38 (067) 249-77-58, (050) 464-22-52
zapros@adcgr.com www.adcgr.com

TEAM

BCE [J151 CUNOBOI ENEKTPOHIKU
TA ABTOMATUKU

Aioaw, TupucTopw, Tpiaku, IPM, IGBT;
fasayi cTpymy Ta Hanpyru LEM;
3anobikHrkn BUSSMANN;
KoHAeHcaTopu enekTponituiHi BHC, nniBkoBi, BUCOKOBONLTHI;
pe3ncTopu cepeaHbOT Ta BENUKOI NOTYXHOCTI;
HaniBnpoBiAHNKOBI, ENEKTPOMEXaHI4Hi pene;
BEHTUNATOPY pafiianbHi Ta LIeHTPOBIKHI;
obnagHaHHs Ans wadis;
KiHLIEBi BUMMKaYi, AaBai TUCKY, PiBHS, BOMOTOCTi;
CBIT/NOBI Ta 3BYKOBI CUrHanisatopu;
UF Ta IR npomucnosi namnu PHILIPS.

02090, m. Kuig, Byn. CHoBcbka, 20
E-mail: kiev@dacpol.ua, www.dacpol.ua
T./cp: (+380 44) 501 93 44, GSM: (+380 50) 447 39 12

E3pacpoL

Mpomucnosi kKomn’totTepu
Ta MOHITOpPMU,
MoAyAni BBOAY BMBOAY

(eI

ekzot.com.ua

ask@ekzot.com.ua @
Kuig, M. [loHus, 6, od. 102 6 @
+38 (050) 807-97-62 O

(JEK30T +38 (068) 972-95-70

HezanexHuin noctadansHWK
ENEKTPOHHMX KOMMOHEHTIB

Www.evocom.ua

ENAEKTPOHIKA ¢ EAEKTPOTEXHIKA « ABTOMATUKA

CHIP NEWS

HAYKOBO-TEXHIHHU YKXYPHAA
BUAAETbBLCS 3 2001 POKY
(044) 490 74 99
(044) 490 74 30
info@chipnews.com.ua
www.chipnews.com.ua

03061, Kuis,
npocn. BigpagHui, 10
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5] EUROCOM
COMPONENTS

AMCTPYG'IoLis €NeKTPOHHNX KOMMOHEHTIB
KOHTpPaKTHe BUPOGHNLTBO

08298, cmT. KoLtobrHCbke

Byn. [loHomapboBa, 7 Ten. +38 044 33 44 575

WWwWw.eurocom-c.com E-mail: info@eurocom-c.com

EneKkTpoHHI| KOMﬂOHeHTM £
npoBIAHNX; cslrosux BMp06H

e 03113, Ykpaina, m.Kunis
BY/I. LLiy'roaa 9, ogpic 211

® Ten. (044) 495-21-09, 490-91-59
?al{c (044) 495-21-10
mail: imrad@imrad.kiev.ua
www.imrad.com.ua

IHTerpanbHi- KomnnekcHi Cuctemn
KoHTpaKTHe BUPOBHULTBO €/IEKTPOHIKMN

L, +38 (050) 469-12-07 & info@incos.kiev.ua @ www.incos.kiev.ua

9 Kuis, ByN. Bopucnineckbka, 9, kopnyc 111

PapioaeTani 3i cknapy — 35 000 HaliMeHyBaHb!

Yce anst po3pobku,

PEMOHTY Ta BUPOOHMLITBa

EAEKTPOHIKH!

Bia pe3ucTtopa A0 MikponpoLecopa, pasioMOHTaXXHUM

iHCTPYMEHT Ta BUMiptOBaAbHI MPUAaAM, NipbGip aHanoriB
Ta KOHCYAbTaLLi.

www.ims.kh.ua Ten.:(057) 732 04 50, 732 01 76

HBIl /IMC

e-mail=imskharkov@gmail.com (073) 757 25 21 (22, 23)

<« HKOMTEX-NIPOEKT

R .
Q-/\:‘\ €NEKTPOHHI KOMIMOHEHTH
o‘é ENEeKTPOMEXaHi4Hi KOMMOHEHTU
& KOHTPaKTHe BUPOGHULITBO
npPoMKcIoBa aBToMaTn3aLlist
Ykpaina, 04050, m. Kuis, Ten.: (+38 044) 230-01-81

Byn. lepuena, 17-25, od. 9
e-mail: office@i-p.com.ua
WWwWw.i-p.com.ua

(+38 044) 486-25-37
¢axc: (+38 044) 483-95-11

TOB ° KOMI’IAHIFI O!\bBIH"

Kopnyca nnacruxosi. Knasiarypa nniexosa.
KaGensHo-npoBigHMKOBa NPoOAYKUinA.

7 [044].599.7550 % [044].503.3323 (<] KORPUS.KIEV &

+268-782-777
03113, m. Kuiis, Byn. Apymuisceka, 12 A

[
% ko rpus.kiev.ua

VISSA GROUPR

M. Kunie, npoe. Paguweea, 3, odic 307
Ten. +38 (044) 451-60-80 info@mastek.com.ua
mob. +38 (067) 919-51-15 www.mastek.com.ua
ABTopW3cBaHWA AUCTpUG'loTOp
Microelectronics, AMPLEON, WeEn 8 Ykpal

Wb
info@cogito.com.ua

* KOHTPAKTHE BUPOGHULTBO
* APYKOBGHI nnaTu

* MOHTOX

* KOMnneKTayis

http://spcb.com.ua

e-mail: info@spcb.com.ua
Ten./dakc: (044) 369-53-67

http://melsys.com.ua

* KOHTPaKTHe BUPOOHMLTBO
€NIeKTPOHIKM
* MOHTaX | BUTOTOBJIEHHSA

OpyKoBaHux nnat
* BUrOTOBJIEHHS TpadhapeTiB

TOB "Mencuc”

+38044 5781815
Kuiig, Byn. HoBo3abapcbka, 2/6, od. 204 +38 096 926 70 69
info@melsys.com.ua +38 063 43568 10

www.chiphews.com.ua
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Microdis Electronics GmbH
Rheinauer StraBe 1

68766 Hockenheim
Germany

MICR%DIS

AncTpub’rotop
eAeKTPOHHUX

PomaH Mpokoneub .
KOMMNOHEHTIB

MeHeaXKep 3 MPoAaxy

M +380 67 475 8186
Roman.Prokopets@microdis.net

www.microdis.net

OMNTOBWUI NMPOJAX ENIEKTPOHHMUX KOMIMOHEHTIB

KOHTPAKTHUI
BUPOBHWK ENEKTPOHIKN
Mg 3AMOBJIEHHA

MNMaprTHepcTBO_
B enekTpoHili

€ value L \

Teuch

wAaGo (7 *frlmmﬂz n

Sonuortechnik

03142, m. Kvig, Byn. KpxuxaHoecskoro, 4, ochic 101
Ten: 044 392-93-86, ®akc: 044 392-93-87
www.micropribor.com.ua sales@micropribor.com.ua

adka.com.ud

ABTOoMaTuM3oBaHuM SMD MOHTaX
OPpYKOBaHWX nnaTt '

®OpeaepyBaHHA NaHenel |
KOpNycie Ta NnNacTUky :

3D-npyk

ww.otl

38 050 447-12-5 +38 098 661-97-97

EAEKTPOHHI KOMMNOHEHTH
BiA MPOBIAHMX BUPOOHWMKIB CBITY,

3i CKAQAY T4 MiA 30MOBAEHHS

Bi3NTKU

[ 1] . .
FTHY4Ki LiHK
=== PCBRA =
11— 38044 33897 73 TOB "AAC TIM"
+ 44 77 YkpaiHa, 03680, m. Kuis
. npos. PaauLLesa, 6ya. 3
info@pcba.com.ua +38 (044] 361-46-78, 206-22-52
T A +38 (067) 249-77-58, (050) 464-22-52
pcba.com.ua TEAM www.adcgr.com
PC BOYZL0BaHi NPOLLECOpPHi niaTu W proxis.ua
3pyqum.7| oHnanH PCB Kaanynsrrop +380(44)4675977
MiHiManbHe 3aMOBREHHS - 5 WIT. COMexpress m " +380(44)5995977
[Nocma4aHHsi:
- dpykoeaHi nnamu FR-4; Qseven
- anromiHieei OpykoeaHi nnamu;
- mpagpapemu lelm nasinsHoi nacmu; PC"I 04 NPOKCHC
Cpania e Cait: pcbtut.com ETX

e-mail: pcbtut@pcbtut.com
+38 (067) 674 99 14

NpPOMMUCNOBI KOMI'I'IOTepVI Ta cuctemun

m [lasinbHe
obnapgHaHHS

mPe3nctopu
mCgiTnopiogHe

® BeHTUNATOpPMU o6nagHaHHs
mTpaHcopMatopu  mAkymynaTopu

m Pene mbB10KM XMBNEHHSA

m KoHpeHcaTopu mMob6inbHi akcecyapu

KYNYW BUT1AHO

£ RADIODETALI

radiodetali.com.ua
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MEPEXA MAFASUHIB PALIOAETANEN - MiKpoCXeMu y
- TPAHIMCTOPK
- glogam i gioaui mictiw
K ‘. - GSM, GPS, GPRS
- naAnkHe obnagHaHHA
HIB = - BUMiploBanbHe oBnagHaHHA
- GNOKM HUBENEHA
I[Hll—[po = posHimasi

0 eca - IHCTpYMeHT

Jl - NACHBHI KOMNOHEHTH

GaTapedkn Ta akyMynAaTopH

www.rcscomponents.kiev.ua "2 siae imworo
+38(044)299-77-55

sales@radiomag.com.ua

MII "PEMIKC”

wWww.remix.com.ua

OdiLiHMIM AUCTPUG'IOTOP B YKpaiHi
FineTek, Venanzetti Vibrazioni, Nivelko
MponoHye faTymKu piBHA
piaMH Ta cunyumx matepiani

JaTYMKU TUCKY,
pi3sHOMaHiTHi peryaatopu,

naHe/ib MeTpH,
NHeBMO Ta e/IeKTpoBi6paTopy

Ten/dakc +38 04563 99-760, 99-926, 99-775

ARAINBOW

TECHNOLDODGIES

Rainbow Technologies — odiuinHni
AMCTPUB'tOTOP | NoCTauanbHMK B YkpaiHi:

MICROCHIP, MAXIM, INFINEON,
WINBOND, ALTERA, SAMSUNG (LED),
LEDIL, VISHAY, ANALOG DEVICES,
TEXAS INSTRUMENTS
04112, YkpaiHa, M. Kuis, Byn. [lertapiscbka, 62, 0. 46
Ten./dakc: +38 (044) 290-41-69, 290-41-82
e-mail: cov@rainbow.com.ua

.rainbow.com.ua

TOB “PUMEIT”

MocTaBkW €neKTPOHHNX KOMMOHEHTIB
ACOpPTUMEHT 3i cknafy Ta TexHidHa niaTpumka

Byn. CemeHa CknspeHka, 9, og. 401
04073, m. Knis

mfo@rekkon.klev.ua
http://rekkon.kiev.ua

Ten.: +38 (044) 490-92-50
dbakc: +38 (044) 494-27-08

SFA ‘ IHHOBALLIT TA
n EQEKTUBHICTE

Wilhelm Fleischhauer = Hanisnposigsi
Country Manager ®  MaCHBHI KOMNOHEHTH
Phane: +49 7231 801 1403

ikt L = Enentpomexasixa 13 kabensHi
Mad: Wilhelm. Fleisch

Jer@rutronik.com pluseHHr

Ducnnei Ta moHiTops
Mpomicaosl Kosn'saTepi
Piwensr no DOR i 550
Besaporosl Texwonoril

Muxaiino Enizapos
npeacTasHuK B Yrpaini

Ten. +038 (050) 312 01 07
Mail; Mykhaylo, Yehzarov@rutronik.com

MocTauanHA: EnexTpOHAI KOMNOHEHTH « [lKepena KHENEHHR » CBITNONI0ARE NPOLYRUIA

Ta ONToeNexTpokiKa » OGAagHaHHA LNA EHETETHKK » EREKTOTEXHIHA NpOAYKUIA
KafiensHa-nposigHukoea npoaykiyia » 06RafHaKHA BAA NPOMMCAOBO] ABTOMATHIAUIT
BrMipioeansHi npunagn « NaAnske 0GnagHanea Ta Matepiany AnA naitki » Co HA4Ka eueprmna
BupoGHHULTEO: CaiTnodopH Ta Texniuxi 3acobi kep POMKHIM pyxom « Mapry
0finagnantn | cHCTes » CUCTEMa YNPRBAIKHA MICEKIM OCEITNEHKIM o CCTeMa nurﬂmeauaauumﬁms
Mnatu 3i ceitnogionask ans LED ocaitnedss « WIM - cHCTEMM ARKAMIYHOTD 3B3KYBAHHA TRHCDPTHAX
3acobia

NMocayru: Komepuiiini pospobicn « [poeKTYEaHAA T3 BHTOTOBAEHAR APYKOBANNX ANET
KontpaxTe supobrnyTen » Mogepkisauin ta obcnyrosysanKs napxinris

Xapxis: kharkividsea.comua  [winpo: dniprofisea.comua  Nosis: vividsea.com.ua IO}

. * 3
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Semisvit

Creafe with us

TOB “CEMICBIT” EAeKTPOHHI KOMMOHEHTH
BYA. B. XmMeasHHLbKOTO, 16-22, och. 504-T |  3i BCbOro CBITY.

01601, m. Kuis, Yxpaika
Tea./cpakc: +380 44 586-2580
www.semisvit.com.ua
info@semisvit.com.va

Creoploiite 3 Hamu!

YKpaiHa, Kuis

By/. €. CBepcTioKa, 13, od. 903
Ten. 044 239 20 65 6araToKaH.
e-mail: kiev@symmetron.ua
www.symmetron.ua

CimmeTpoH
YxpaiHa

ENeKTpoHHI KOMMOHEHTH 3i cKknaay
MpsamMa odiuinHa anucTpub’iolin

ENEKTPOHHI KOMTMOHEHTH i i i i * i i

TA SMD UKRAINE
KOHTPAKTHE BUPOGHULTBO

CoDOSO0@OE00DD

03057, v, Kuis, ey, Kewsbosa, 2-A, Ten. (044)223-12-42
wopn. 7, kiv. 303 (073) 705-70-05
(096) 705-70-05

info@smdua.in.ua

www.smdua.in.ua

BCE )1 CUNOBOI ENEKTPOHIKW TA ENEKTPOTEXHIKU

HBII TEXHOCEPBICIIPUBI/

Lioan Ta MicTKu,

niopgHi, TmpuctopHi, IGBT mopyni,

cunosi HaniBnpoBigHWkn (SEMIKRON),
KOHAEHCATOPW KOCMHYCHI, IMNYNbCHI, MOTOPHI
(ELECTRONICON)

Mpopax, peMOHT NepeTBOPIOBaYiB 4acToTH,
npucTpois nnaBHoro nycky (DANFOSS)

Ans nowTtu: 04211, Kuis-211, a/c 141
Ten./thakc: (044) 458-47-66, 456-19-57
E-mail: tsdrive @ ukr.net, Web: www.tsdrive.com.ua

www.chiphews.com.ua
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< TRANSFER MULTISORT ELEKTRONIK
{; . c) TEH“II Il rPE[: [:) neo BIAHH:-(":HH:OAEI?H?{E:I:
El,

www.tpss.com.ua novaa 160 000

TOB «KIM «Texnporpec» NPOAYKTIB Electranic Companents
04070, m. Kuie, = ENEKTPOHHI KOMNOHEHTH =
gyn. Iropieceka, 8/10-A, od. 38 = ENEKTPOTEXHIKA = NPOMMCNOBA ABTOMATHKA =

. = BUMIPHOBANEHI NPHAALM  IHCTPYMEHTH =

’ ‘\ ‘.-
(044) 461-91-00 Lodz, Poland, +48 42 645 54 44, export@tme.eu
Fg‘% TMS PROJECT Y ELFADISTRELEC ==~/
NOCTABKW ENEKTPOHHUX KOMMNOHEHTIB H‘:'
KouTpakTHe BUpobHNLYTED 31 CKnAQY ¥ EBPONL. &
Ceprudikosano 1509001 -t

MocTayaHHA eneKTPOHHNX | i
o/ TOK EAEKTPOHIKC
1. Mapii Kannicr, 2a, od. 114
Ten/dakc: (044) 501-9335

URL: www.tmsproject.com.ua
E-mail: sales@temys. kiev.ua

EAEKTPOHHI KOMMNOHEHTH
Em: BiA MPOBIAHMX BUPOOHWMKIB CBITY,
=..'..=T|’OfC| re-l- 3i CKAGIAY TQ MiA 3GMOBAEHHS
MonimepHi Tpadapet ans SMD MoHTaxy THY4Ki LLiHK

www.trafaret.net.ua
e-mail: order@trafaret.net.ua
ten. 063-851-12-76, 098-871-58-76

TOB "AAC TIM"

YkpaiHa, 03680, m. Kuis

npos. PaauLLesa, 6ya. 3

+38 (044) 361-46-78, 206-22-52

T A +38 (067) 249-77-58, (050) 464-22-52
TEAM

s zapros@adcgr.com www.adcgr.com

)

PIAYP

PHGNIX = EAEKTPUK P
CONTAa EneKTpoHHi KOMMOHEHTH
EnekTpoTexHi4yHa npoaykuis

TexHonoriyHe o6nagHaHHA, iHCTPYMEeHT, MaTepianu

-
n
(=)

¢

H 1-# nos., Byn. Monyapexka, 22/14, M. Kuis www.filur.net
Phoen Ixconta'Ct'ua' Ten. 044 495 75 75, mo6. 068 496 75 75 office@filur.net

People - Power - Partnership
EAEKTPOHIKA » EAEKTPOTEXHIKA « ABTOMATUKA

HARTING

CHIP NEWS
Sp. zo.0.
Kateryna Bodaratska Pushing Performance

ueness Henager HAYKOBO-TEXHIHHUM KYPHAA
BUAAETbBLCS 3 2001 POKY

(044) 490 74 99
03061, Kuis, (044) 490 74 30
npocn. BigpagHuia, 10 info@chipnews.com.ua

ul. Duriska 11 - 54-427 Wroctaw, Polska - kateryna.bodaratska@HARTING.com www,chipnews.com.ua

@ +48(71)3528171int. 9 - mobile +48 607 078 277 - www.HARTING.com
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PO3MIPU PEKJIAMHUX BJ1IOKIB

LIIHA NEPEAMJIATU HA 2022 pik

1 ctopitka (200x270 mm)*

2/3 cropinkn (112240 mm)

1/2 cropinkn (170x120/83.5x240 mm)

1/3 cropinku (54%x240/112x120/170x 80 mM)
1/4 cropinkn (112x 100 mm)

1/6 cropinkn (54x120/112x60/127 x55 mm)
«Bizutka» (80 x40 mm)

* [Ina ycyHeHHs HeTOYHOCTEN Npu OBpPi3aHHI, PO3MIp PeKknamM, sKa NOACETbCS,
nosuHeH 6ytn 210x280 MM (A006pisHMIt GOPMAT 3 yPAXYBAHHSIM KBMALOTIB»
no 5 MM 3 KoxHoro 6oKy, fiKi Kpallue 3anOBHMTU OCHOBHMM OHOM peknamu).
3HauMMI CUMBONK (TEKCT, NOrOTMN Ta iHLWI eneMeHT 0dOPMIEHHS, SKi FAPAHTOBA-
HO He MOBWHHI NOTPANMTK nig 06pisKy) He NOBMHHI NIAXOAMUTU AO KPAIO CTOPIHKM
MeHwW Hix Ha 10 MM (nicnao6pizHnin popmart ctopiHku 200X 270 MMm).

Pepaxkuis xypHany «CHIP NEWS» npuitMae go posMilLeHHs Tinbku NOBHOKOMbO-
POBi peknamHi 6nokM, po3MIpH SKMX NOBMHHI B TOYHOCTI BIANOBIAATM PO3MIPaM,
HaBefeHUM y Tabnuui.

TexcT peknamm NOBUHEH 6yTH BUKJTIOYHO YKPAiHCbKOIO MOBOIO.

3BMYAMHA
Ans cTypexTis i 6ibniotek

550 rpH
450 rpH

* NAB He obknapaeThbes.

NMPU O®OPMIJIEHHI MEPEAMJIATU HA XKXYPHAJ YEPE3 PEAAKLIIO,
NMOYUHAIOYMU 3 BYAb-IKOro HOMEPA, HEOBXIAHO:

nepekasaTM Ha BKO3GHMWA HMX4Ye po3paxyHkoeuit paxyHok TOB «Bynaeia-
Mocap n.1.8.» cyMy, 3rigHO 3 LiHOIO HO Nepeannaty.

[Ons ismunmnx oci6 obos’'sskoso nepepatn dakcom (044) 490-74-99 abo
Ha email: peredplata@chipnews.com.uaq, a6o e1cnatn nowroto Ha appecy
Penakuii 3anoBHEHMI TANOH YW KOMIlO MAATIXHOrO AOPYYeHHs, abo iHworo ao-
KYMEHTQ, SIKMiA NiATBEPAXYE onnary.

BaHkiBcbki pekBisuTH:

p/p N2 UA403510050000026008572392300 & MAT «YkpCn66aHk», m. Kuis
M®O 351005, kop no EAPMNOY 21500793, INH 215007926586
Orpumysay: TOB «bynasia-Mocap n.1.a.»

MpusHavenHs nnatexy: MNepepnnara Ha xypHan «CHIP NEWS»

TyT Takox BKaxiTb TouHy nowToBy aapecy (iHaekc 060B’93KOBO),
tenedoH, MN.1.6. ocobu, signosigansHoi 3a nepeannary.

BUMOTIU A0 PEKJIAMHUX | ABTOPCbKUX MATEPIAJIIB

Pexnamui marepianm npuitmatotbes TisIbKM YKPaAiHCbKOIO MOBOIO B popmarax «.eps» abo «.tif» (300 dpi). Konboposa mo-
aens — CMYK. Cymaphuii npoueHt ¢papb — He 6inbe 300%. Akwo B dpopmarti «.eps» € BIPOBAAKEHI PACTPOBi 306pAXEHHS, BOHW TAKOX
noBMHHI MaTh po3gainbHy 3aatHicte 300 dpi i konboposy mogens CMYK. Bcei wipudgp i 060B’93k0BO NOBUHHI 6yTH NepeBefeHi B KpUBI.

AsTtopcbki marepianu. Tekcr crarti npuimaetscs B dopmari «.doc» (Microsoft Word). Bei pucyHku nosuHHi 6yTu nigrotosneHi Tinbku
B popmarax «.eps», botorpadii — & popmari «.tif» (300 dpi), konsoposa mogens — CMYK i HapaHi okpemmmu darnamun. Koxuui pu-
CYHOK NOBMHEH MATM MiAPMCYHOUHMM NIANMC | NOCUNAHHS HA HBOTO B CTATTI. AKLWO B CTATTI € TABAML, TO KOXHA TABAMLS NOBUHHA MATH HA3BY,
MOCUNAHHSA HA Hei B cTaTTi | HagasaTuck B popmatax « *.doc» abo «*.xls».
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seEMIKRON HBIN TEXHOCEPBICIPUBIA

innovation +service OiuinHmin npeacTaBHUK B YKpaiHi

Hose nokoniHHA moaynis SEMITRANS 10
i unpposunx apaneepis SKYPER PRIME

Aianazox notyxKHocTeit 500 kBr-1,5 MBT

MoTopHi AnsTepHatueHi  [lepetBoptoBadi  EnekTpoTtpaHcnopT
npuBogn  Amepena eHeprii noTyKHOCTI

www.semikron.com shop.semikron.com

03057, m. Kuie, np. Mepemoau, 56, och. 335 E-mail: sales@semikron.com.ua

Ten.: (044) 366-2559, 366-2517, ®axc: (044) 458-4766 www.tsdrive.com
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HacTtynHe nokoniHHA po3HimauiB
ANA MoaepHi3auii BINCbKOBOI TEXHIKN —
po3Himaui cepii ODU AMC

A PERFECT ALLIANCE.
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MepcoHanbHWiA Komn'toTep

o Manuii po3amip

e Mana Bara

® MonuBee KofipHe KoayBaHHA
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Brok ynpaeniHHA, WO HOCUTbCA
o 3'egHaHHA Kabenb—Kabernb
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Rainbow Technologies

www.rainbow.com.ua

GPS aHTeHa
o KoakcianbHi posHimayi poamipy "O"
® Push-pull 3ackouka

20 30
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O6miH gaHuMK 3 aBTOMOGINem

e 3'eOHaHHA-PO3'eaHAHHA
nig HaBaHTaeHHAM

\

04112, YkpaiHa, M. KuiB, Byn. [lertsapiBcbka, 62, od. 46

Ten./dakc: +38 (044) 290-41-69, 290-41-82
esp@rainbow.com.ua




