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Geehy SEMICONDUCTOR

* [IpogiOHul ceimosuli BUPOBHUK
MIKPOKOHMponepis

* llJopiyHO nocmaensiemscs
450 minbUoHI8 MIKpOCXeM

» 20 pokie doceidy 8 po3pobui
MiKpocxem

APM32 MCU #ARM Cortex #BLE SoC

GEEHY SEMICONDUCTOR ¢ pouiptboto komnatieto Apex Microelectronics 3 20-piusim Geehy 3a
foceigom poapobku mikpocxem. Komnauia Geehy nparse HagaeaT BUCOKOAKICHI NpoaykTy Ta POKU ICHYyEeaHHA
pilUEHHRA ONA CTEOPEHHA IHTENEKTYankHOT Ta BeanevHoi HOBODT BKOCKMCTEMW ANA pozeuTry loT. 20
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APM32 3aranbHuit MCU npomucnoBoro knacy  Bluetooth Low-Energy SoC

* Ha ocxoei agep ARM Cortex-MO+M3/M4/M7 « Ha ocHoei ARM Cortex-M4F | neorgepHol apxitekTypw
* Bucoxa NpoayKTUBHICTL, HU3LKE EHEPIOCNOXMBAHHA  « CreopuTh dyHKUio Be3npoToBoro 38'Aky 3 HaRHUAMOI BapTicTio BOM
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Mepeppyk matepianis, ony6nikoBaHnx
8 xypHani «CHIP NEWS», moxe 6ytn
37iNCHEHNM TiNbKM 3 MUCbMOBOTO [O3BO-
ny pepakuji. 3a peknamuy iHdpopmauito
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EGT: eKOHOMI4YHO edeKTUBHe,
BUCOKONPOAYKTUBHE PilLeHHA ANA po3pobKu
rpadiuHux iHTepdencis nig OC Linux

Ensemble Graphics Toolkit {(EGT) - Le rpadiuHa nporpadya NRatPopMa 3 BiJXpUTHUM BUXIAHKMM KOAOM,

Aka JO3BOMRE CTBOPIOBATH CyHacH| Ta afaan Tyuenl rpadidsi inTepdeicn xopuctyeada (GUI) ans BBy 0BaHWX
AoAaTkiB, AKI NPAW0INTL NI yNpasaiHHaM Linux, EGT He BuMaras xojHnx AlUgH3IMHMY BigpaxyBaHb

Ta MAATEXIB 33 KOPUCTYBAHHE, LB KOMMAEKCHR rpadiyHe pilueHHR Ha piBHi A0OaTEIB, AKE NIOBHICTIO
IHTErPOBaHo B OCHOBHWI aucTpubyTie Linux sia Microchip. EGT gonosmarae po3pobHKkam CTBOPKBATI Cao0l

BUCOKONPOLYKTWERI rpadivHi gogatew i3

NPOUSCoOpaMy, WO M30TL HUM3LKE SHEDTOCNOXMBAHHA TA HU3LKY BapTICTL,
Y MEHLUMM OBCRrOM NamaTi,

LACOM 33BAHTEXHEHHA, AKMIA HE Nepeeulye 2,5 cexyHaw,
' HEBKMOHD BaDTICTHD 38raneHoro cnucky mMatepianie (BOM),
Y LUBWALLIMM Y3COM BUXOAY KIHUEBOrO NPOAYETY Ha DUHOK

EGT zabesneuye edekruBHY Ta BROHOMIYHO BUTiaHy po3pobKy rpagiudmnx HTepdencis M PiHOMaHITHIX
AcAatkie, 3okpena gna nodytoaal asToMabineHol, NPOMUCIDEG! Ta MeduuHol rany3en. EGT € Hafkpauyam
svBopoM ANA CTROREHHA BHCOKONPOOyKTMEHO! rpadikit nig Linux 3 H1M3bX0r 3aranbHoM BapTICTHO, Aka BUrNALaE
| pearye Tak Camo, Ak | NPoaykT Bl CTOpOHHIX BpoBHMKIB, WO CTBOPEH] 33 AOMNOMOrCH NNaTHMX W A0SO/
,'}'ﬂi:]l:}’.'l.-‘.l' |'|:]€I¢.I'-IHL-‘.X I'-ZL1F_E",I'-‘-.‘€5'H'|IB_
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CNELIANI3OBAHI CTEKU
PILLEHb POLARFIRE®
Ang naicisoc

BIA MICROCHIP

POEKTYBAHHS CUCTEM ANS iHTe-

NEKTYANLHOTO  NepUdEPINHOro
obnagHaHHS e Hikonu He 6yno
TOKMM  CKNOAHUM. PuHKOBI  BikHO
3BYXYIOTbCSl, BAPTICTb i PU3UKM HO-
BMX PO3POOOK 3POCTAIOTh, TEMIOBI
OBMEXEHHS | HOMIMHICTL € NoaBiii-
HUMK NpiopuTeTamM, a notpeba B
6e3neLLi ((Biﬂ, KOJIUCKKN OO MOTUIU»
npogoexye 3poctati. OaHoyacHe
3000BONIEHHSI LMX BMMOT BMMArQe
CrneuianbHUX 3HAHb Yy ranysi TexHOo-
norii i poceigy pobotn Ha BepTu-
KanbHOMY puHKy. Hemae yacy noun-
Hat1 3 Hyns. Komnawis Microchip
Technology nopana aes’sitb Ho-
BMX CTEKIB PilleHb, OPIEHTOBAHMX HA
KOHKPETHI TexHonorii Ta AoAAaTKM,
no ceoei apoctatoyoi konekuii MJTIC
CepenHboro Knacy Ta MiATPUMKM
cuctem Ha kpuctani (SoC). Creku
OXOMMIOTL  NPOMUCIOBI  Nepude-
PifHI cuCTeMM, iHTENEKTyanbHI BOY-
LNOBOHI CUCTEMM TEXHIYHOTO 30pY T
nepudepinHi KoMmyHikawji.

«Mu 3HQUYHO cnpoLLyeMo cTBO-
PEHHS NMPOBIAHUX MPOMWUCIIOBUX T
KOMYHIKQLIMHMX MPOEKTIBY, — roBO-
putb LWakin Mipa (Shakeel Peera),
BiLle-Npe3unaeHT 3i cTpaTerii nigpos-
ainy MNIC komnanii Microchip. —
| Haw dokyc Ha iHTEeNneKTyanbHMUx
nepubepiiHUX MPUCTPOSAX  KOPK-
CTYETbCS 3HAYHMM MOMUTOM CEPEn
NPOBIAHWUX PO3POBHMKIB  CUCTEM,
OCKiNbKM BOHW OTPUMYIOTb BCi Mne-
peBarn HenepesepLUEHOi eHepro-
edekTnBHOCTI, Beanekn Ta Hamini-
nocri MJ1IC PolarFire».

«Po3mip, Bara i moTyxHicTb
€ HOO3BMYAWHO BOXKIMBMMM aK-
TOPAMM MPU  MPOEKTYBAHHI  Te-
NNOBI3IMHOT CUCTEMM, — BBAXAE
Depepik O6pyH (Federic Aubrun),
FOMOBHUIA BUKOHABYMIA [MPEKTOP
KoMnaHii Xenics, nioHepa B ranysi
iHbpayepeoHOi  Bidyanisauii, wWwo
NPONOHYE KPALLi B CBOEMY KNACi
NPOAYKTM AN KOPOTKO-, CEPEAHbO-
i DOBroxBunbOBMX TEMnoBi3OpiB,
anep i kamep. — MJIIC Microchip
SmartFusion® ta PolarFire sa6es-
neyyioTb HAMKPaLmit 6anaHc Mix
Manm GOPM-PAKTOPOM, EHEepro-
edeKTUBHICTIO Ta 0BYMCIIIOBANbHM-
MW PECYypCamu Npu HAA3BMYANHO
HM3bKOMY BIOLXETI EHEProcnoxXu-
BAHHA B HALWMX NPOAYKTAX NMOTOY-
HOro Ta HACTYMHOIoO MOKOMiHbY.

4

«Mu  Bukopucrosyemo TJIIC
PolarFire yepes ix many nnowy Ta
eHeproedekTUBHICTb, — TrOBOPUTHL
Markn  9MNoAbCbKMM, 3ACHOBHMK
i renepanbHui  aupektop KAYA
Instruments. — Bonn possonsitoTs
HOLWMM KOMEPOM BMWCYBATUCS B
obMexeHun npocTip, 3a6e3neuyio-
YU MPU LOMY BUCOKY SIKICTb, H13b-
KU pPiBEHb LWYMY, BIGMIHHMIA OMHO-
MiYHUIA AIANA30H i WWpoKumit Habip
YHKLjH, BUKOPUCTOBYIOUM HOBIT-
Hio TexHonoriio CMOS-cencopis.
Bukopucranna MIIC PolarFire Ha
HaWiM NNATGOPMi LO3BOMSE HAM
LWBMAKO BMBOAMTM HA PUHOK HO-
BITHi TEXHONOri TexXHIYHOro 30py
ANs 30[40BOMIEHHs MOTPe6 HaLumx
knientis. KAYA pospobnae obnag-
HOHHS Ans O0BpobkM 306PAXKEHD
NPOMMCIIOBOrO KNACY, B TOMY YUCi
ManorabapuTHi i ManonoTyxHi Ka-
MepMU i 3axONIIOBAYI KAAPIB, AKi 30-
6e3neuyioTs BiMIHHY SKICTb Bigeo B
CepepHix i eKCTPeManbHUX YMOBAX
HOBKOJIULLIHBOTO OCBITIEHHSY.

HoeuHa npo  poswwmpeHHs
Konekuii crekis piweHs Microchip
cnigye 30 YEPBHEBMM GHOHCOM
NPOMUCIIOBOTO  nepudepPINHOro
crexy ans OPC/UA (Open Plat-
form Communications/Unified Ar-
chitecture) Ta wupokux pecypcis,
AKi BOMOMOXYTb KIIEHTAM NEepenTH
Ha MJIC ta SoC Ha 6asi PolarFire.

Ha BigmiHy Big anbTepHaTHBs-
HUX PilleHb, fKi NPOMOHYIOTL 6a-
30BYy MIATPUMKY A8 HOATO LUMPO-
KMX KOTEropii 3aCTOCYBAHb, CTEKM
iHTenekTyansHux  nepudepinHmx
piwenb ans MJIC PolarFire uitko
QAANTOBAHI A0 KOHKPETHWX TEXHO-
NOTiN | BUMOT BEPTUKANBHOTO PUHKY
i BKIIOYAIOTb AEeTanbHy iHbopMma-
Lito MPO IHTENeKTyanbHy BAACHICTb
(IB), eTanonHi spasku, Habopw ans
PO3POBKM 3i 3PA3KAMM KOHCTPYK-
i, IHCTPYKUii MO 3aCTOCYBAHHIO,
AEMOHCTPAUiMHI nocibHukM Ta 6a-
raTo iHWoro.

www.microchip.com

32-PO3PAAHUNA
MIKPOKOHTPOIJIEP

3 BBYAOBAHMM
AMAPATHUM MOAYJIEM
BE3MEKU

03POBHMKI MPOMMCIIOBMX TA MO-
6YTOBUX MPUCTPOIB MOBUHHI PO3-
TSHYTU MOXIIMBICTb BNPOBAAXEHHS
dyHKui 6esnekn B CBOI NpUCTPOI

nig Yyac npouecy po3pobku, OcKinb-
KM 30rpo3n Gesnekn PoO3BMBAKOTLCS
i cTatOTb BCE BinblL BUTOHYEHUMM.
Ulo6 poseonutM po3pobHUKaM
nerko iHterpysatv dyHkuii  6es-
nekn B CBOI MPOAYKTM, KOMMOHIA
Microchip Technology oronocu-
N0 Npo BUMYCK HOBOTO CIMEWCTBA
32-po3psaHuX  MIKPOKOHTpOnEpiB
PIC32CZ CA 3 npouecopom Arm
Cortex-M7 3 TOKTOBOIO 4ACTOTOIO
300 My, iHTerposaHnm anapar-
Hum moaynem 6esneku (HSM), a Ta-
KOX LLIMPOKMM CMIEKTPOM MOXIMBO-
CTEN MIgKINIOYEHHS TA BreL-Nam’ aTi
N9 [OAATKOBOT HYYKOCTI.

Hose cimeitctBo npucTpois
PIC32CZ CA skmouce PIC32CZ
CA90 3 HSM abo PIC32CZ CA80
6e3 sbynosaHoro HSM. HSM s
PIC32CZ CA90 — ue MoHonitHe
pileHHs, ske 3a6e3nedye PoO3LUM-
PEHUI 3AXMCT ANS MPOMMUCIOBUX i
nobytoeux npuctpois. HSM npa-
LIIOE SIK 30XMLLEHA MIACUCTEMA 3 OK-
PEMMM MIKPOKOHTPONIEPOM Ha Bop-
Ty, IKMIA 3ANYCKAE MIKPOMPOTPAMY i
dyHKuji Gesneku, BKNOYAOYM ana-
pPATHE 30XMLLEHE 3ABAHTOXEHHS,
36epiraHHs KnodiB, KpunTorpadiy-
HE MPUCKOPEHHS, reHepaTop ic-
TUHHMX BMNAAKOBMX Yncen | 6arato
iHLWOro.

[na npoaykTis, aki notpe-
byloTb  poaaTkoeoi 6esneku, Ha
PIC32CZ CA90 poctynHa ¢yHKuis
3ABOACHKOTO HAMALITYBAHHS, NiCst
30BEPLUEHHA SKOi KNIEHTN OTpU-
MYIOTb MOMEPEAHBO HANALTOBAHI
NPUCTPOI, FOTOBI AO BMKOPMUCTAH-
Ha. Trust Platform Development
Suite 8ig Microchip — ue BHy-
TPIWHINA  IHCTPYMeHT 6esneyHoro
3abesneueHHs, akuit 306e3nedye
6e3neyHuit KaHAN MOCTAYAHHS B
macwrabax abo B ymoBax ApiGHO-
CepifHOro BUPoBHMLTEQ.

«Mikpokontponepu PIC32CZ
CA norerwyioTs HALWKMM KITIEHTAM
BMPOBAMKEHHS BOYAOBAHMX yHK-
ui 6esnekn B CBOI PO3POBKM, —
ckasas Pog [penk (Rod Drake),
KOPMOPATMBHUIA  Bille-NPe3naeHT
nigpo3giny MCU32 komnanii Mic-
rochip. — Lle HanseuualHO yHi-
BEPCANbHI  MIKPDOKOHTpONEpH 3
MOXXNMBICTIO  3QBOACHKOrO  HAMA-
WITYBOHHS  Ans  ApibHOCepiiHoro
BUPOBHULTBA TA iHWMMM KOHDI-
TyPALisiMM, IO HANALUTOBYIOTbCS,
TAKMMM K MIBKTIOYEHHS TA MAM AT,
o6 BIANOBILATH PI3HUM BUMOTAMY.

[ns koHdirypauii MikpoKoHTp-
onepis PIC32CZ CA moxHa Buko-

PUCTOBYBATH LUMPOKMIM CMIEKTP BA-
PIOHTIB NIAKIIOYEHHS, BKIIIOYAIOYM
USART/UART, 12C, SPI, CAN FD,
sucokowsuakicHuin USB i rirabit-
Huit Ethernet. Onuis Ethernet sknto-
yae 8 cebe Audio Video Bridging
(AVB) i Precision Time Protocol
(PTP) Ha ocHosi cranaapty IEEE
1588. Ui npuctpoi macwtabyiors-
cs 3a ponomoroto 2, 4 a6o 8 Mb
sbynosaHoi dnew-nam’sti, 1 Mb
SRAM i komy Kkopekuii MOMMIOK
(ECC) mns saxucry Big noLkoaxeH-
HS1 AAHMX.

Mikpokontponepu PIC32CZ
CA — ue HOBITHI 32-po3psaHi
MIKDOKOHTPONEPM, aKi MNOMNOBHU-
N WKMpoKe NopThONio CIMENCTB
PIC32 i SAM, wo sabesneudyiots
BMCOKY MPORYKTUBHICTb, yHKLiO-
HAMbHI MOXAMBOCTI | 6e3niy dyHK-
LM ANs HQNALWTYBAHHS | CTBOPEHHS
iHHOBALMHMX NPOAYKTIB.

www.microchip.com

BUCOKOIMIKOBI ADKEPEJIA
XXUBJIEHHS

KOMI‘IOHiﬂ MEAN WELL pos-
pobuna Hosy RiHiAKy axepen
xuenenHs LRS N2. Txus ocHosHa
nepesara — 3AATHICTb MNIATPUMY-
satu Bucokmi (no 200 % HomiHamnb-
HOI MOTYXHOCTI) MyCKOBWI CTPYM.
Mogeni cepii BMKOHAHI B KOpnyci,
MiOKNIOYAIOTC A0 OAHOPA3HUX
MepexX 3MIHHOTO CTPyMy i Nigxo-
OATb AN 306€3MNeYEHHs KMBIEHHS
NPOMMCIOBUX CMCTEM CBTOMATH-
3auii T yNpoBAiHHA, eNeKTponpu-
BOAIB, PI3HOrO TEXHONOTYHOrO 06-
NOAHAHHA TQ NPUCTPOIiB, 30KPEMA,
POBOTU3OBAHMX PYK, KEPYBAHHS
JBUIYHOM, KQBOMALUMH, CUCTEM
QBAPINHOrO OCBITNEHHS TOLLO.

9k mpasuno, mxepeno
neHHs Mae 3abeanevysaTy
BUWY (NikoBY) MOTYXHICTb MpM
BKJTIOYEHHI  HO  iIHAYKTMBHE  HO-
BAHTCXKEHHS, HANPWKNQA nif 4ac
3anycky asuryHis. [xepena xus-
nenHs LRS-100/200/350/600 N2
306€e3neuyioTb  CMOXMBAYIB  XKMB-
neHHam 3 muttesoto 200 % niko-
BOIO MOTYXXHICTIO (HOBOHTAXEHHS
<35%) npotarom 5 cekyHg, wo
[O3BONAE BUPILLUTU NpoBnemu nig
4AC Y3rofKeHHs JKepen XUBNEHHS
3 OBNOAHOHHAM 3 PI3HUMM BMCO-
KUMM MYCKOBMMM CTPYMOMM. 30B-
AAKM LBOMY KIIEHTAM HE NOTPIBHO
KynyBATM [XKEPENO XMBNEHHS 3

KNB-
HaM-

www.chiphews.com.uad
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3aMN0COM MOTyXHOCTI ans 3a6e3-
NeYeHHs! MiKOBOrO HABAHTAXEHHS.
Lle He Tinbkn 3HMXYE BAPTICTL 30-
KyniBAi [XKepena XWBAEHHs, ane
M [ONOMArae KMIEHTOM BUPILLIMTK
npobnemu npu poboTi 3 pisHUM
06NanHAHHAM.

Y cepito BxoauTb NiHilka nepe-
TBOPIOBAYIB 3 BMXIAHOIO HAMPYrolo
12/24/36 i 48 B, signosigHo mo
BENMYUH HAMNPYTK, SKi 303BMYAN BK-
KOPMUCTOBYIOTHCS B MPOMMCIIOBOMY
obnagHaHHi. abapuTHi posmipm
mxepen xuerneHHs cepii LRS N2 e
BiAPI3HAIOTLCS Bif PO3MIPIB Axepen
nonepeaHsoi cepii LRS, wo goseo-
NISE NPOCTO 3AMIHIOBATH X HO Xe-
pena HoBOI cepii.

Bci mopeni cepii  ceptudi-
koBaHi 30 craHgaptammn UL/EN
62386-1 i EN 61558-1 OVC llI
(KoHCTPYKUisS AnA  NPOMMCIIOBOTO
€NekTPONOCTaYaHHs). 9k  npasu-
no, eupobu 3 koHcTpykuielo OVC
Il Ginbwe nigxopats ans npomuc-
NOBOrO OBMAAHAHHS, OCKIMbKM X
MOXHQ nigkmniounTH 6esnocepes-
HbO Bif, PO3MNOLAINLHOT KOPOBKK Ta

MW

>
[}
MEAM WELL =

300LWWAAnNTH BUTPATU HA BUKOPU-
CTAHHS LOAATKOBOrO i3015UiMHOrO
TpaHchopmaTopa. 3aBASKM TOMY,
Lo cepis cepTudikoBaHA 30 ABO-
MQ CTQHAAPTAMM, 30MOBHUKM BU-
TPAYATUMYTb MEHLLE YACy HA cep-
TdikaLii BNIACHWUX NPOAYKTIB.

www.meanwell.com

YJIbTPAKOMMAKTHI
DC/DC-NMEPETBOPIOBAYI

EL 6 i TEL 6WI — ue asi HoBI ce-

pii izonsosanmx DC/DC-nepe-
teoptosauis Big TRACO POWER
notyxHictio 6 B, siki BupobnsioTs-
Csi B YNbTPAKOMMAKTHOMY MeTare-
somy kopnyci DIP-16. Boru maiots
rycTuHy notyxHocTi 1.6 Br/cm3, wo
Maiixe BABIY Binblie B NOPIBHAHHI
3 6-BATHMMM NMEPETBOPIOBAYAMM B
kopnycax DIP-24. TEL é i TEL 6WI
MQIOTb LUMPOKKMI AIANA30H BXiAHOT
Hanpyrm «2:1» abo «4:1» signo-
sigHo Ta eucokuin KKI po 87 %,
wo 3abesneuye poboTy Npu Tem-

T

Tpu¢3|-|i

R)Kepena XXuene
MOTYXHICTIO

7,5Ta 15 KBT

RST-7K5-HV l 2
RST-15K-HV '

nepatypi go +70 °C npu nosHo-
My HaBaHTaxeHHi Ta go +85 °C 3
HaBaHTaxeHHam go 60 %. 3aranom
BOHM € EKOHOMIYHWUM PiLLIEHHSM Ans
KPUTUYHUX [O MPOCTOPY 3ACTOCY-
BaHb y npunagobyaysanHi, IT Ta
NPOMMCNOBIN ENEKTPOHILL.

www.tracopower.com

IAEANIbHUN BAJIAHC
MDK MOTYXXHICTIO,
NMPOAYKTUBHICTIO
TA BAPTICTIO

KOMI‘IOHiﬂ Geehy nHeuwopnas-
HO MPEACTaBMNIA HOBY CeEpIlo
APM32F411, ynockoHaneHun mik-
POKOHTPONEpP, PETENbHO PO3PO6-
neHwit ana 30a0BONEHHA noTpeb
eHeproedekTUBHUX TA EKOHOMIY-
HO YYTIIMBUX NMPOMMUCIIOBUX PHHKIB
CEpPEemHbOro Ta BMCOKOTO KIaCy.
CreopeHuit Ha 603 NoTyxHOro
anpa Arm® Cortex®-M4F Ta HosiT-
HbOI 55-HM TexHomoriyHoi TexHo-
norii, uen MiKpOKOHTpONep rapaH-

» TpudaaHuwid Bxig 196...305 B AC («TPUMKYTHMK») abo 340..530 B AC («3ipkan)
« HomiHany exxigHmux Hanpyr: 115, 230, 380 B DC

« Bucorumin KK no 95%

« MoMnueicTe BogaHoro oxonogxeHHa (RST-TKS)
« PerynioeaHHa BUXigHOl Hanpyrk B Mexax 1..120% eig HoMiHany

« PerynieaHHa pieHA NocTiKHoro cTpyMy B Mexax 20-100% sig HomMiHany
- (hyHKUWIa napanensHol poboTH - 36iNblUeHHA NoTyXHoCT Ao 28,5 kBT

« 3axMCT Bif NepeHanpyri, NepeHasaHTaMeHHA, HOPOTHOrO 3aMUKaHHA

- BeypoeaHui DC-OK, curHanizauia neperpiey, HECNPaBHOCTI BEHTUNATOPA | BTRATH MHUBNEHHA Ha Bxoal

- 5 pokKie rapaHTil

TYE MAKCUMOmbHY —ebeKTUBHICTL
Ta 6e3n0raHHE KEePYBAHHA KMB-
neHHsMm. binbw Toro, Horo wupoki
BOYLOBOHI pecypcH, BKNIOYAKOYM
BENMKY  KifbKiCTb  dreLu-nam'sti,
SRAM i pisHomaHiTHI nepudepinHi
NPUCTPOI, NIABMLLYIOTb MOFO  YHi-
BEPCANbHICTb | HOQIMHICTb, LLO PO-
6WTb HOrO BiAMIHHUM BUGOPOM ans
NPOMWCNOBUX JOAATKIB.
MikpokoHtponep APM32F411
MOXE LIMPOKO 30CTOCOBYBATUCH
y Pi3HMX ranyssx, BKIOYQOUM
npunagy, NPOMMCIOBE KOHTPOSb-
He OBNOAHAHHS, [HTENEeKTyanbHY
noGYyTOBY TEXHIKY, LXEPEena XMB-
neHHs 6a30BMX CTAHLIM, LWAIO30BI
npuctpoi Ta 3D-npuHTepwm.
[Npauoroun Ha  MakcMmans-
Hit  vactoti 120 MTlu, cepis
APM32F411 nigtpumye iHCTpyKuil
FPU ta DSP oguHapHoi TouHoCTi,
nocuneHi psoma  BOYROBAHWMM
6nokamm DMA 3 8 notokamu ga-
Hux koxeH. Kpim Toro, obumcnio-
sanbHui 6nok CRC32 poswmpioe
0BUMCIIOBANLHI MOXAMBOCTI. 3aB-
OAKM  BAPIGHTOM  drewu-nam’sTi

KomnaHia CEA — odiuinHuin anctpub'iotop MEAN WELL Ha TepuTopil ¥KpaiHK
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o6’emom 512/256 Kb ta 128 Kb

SRAM, a Takox migTpMML pidHMX

TUNIB 30BHILLUHLOT NAM'ATI, TAKMX

ak CF-kaptkn, PSRAM, NORFlash

Ta NANDFlash yepes SMC, MCU

MOXE MOXBANIMTUCH YyLOBOKO EM-

HiCTIO Nam’sTi gns  BUMOMMMBMX

nporpam. [Ons ontumisauii eHep-

roedeKTUBHOCTI BiH MPOMOHYE TP

PEXMMM HU3LKOTO EHEeProCrnoXm-

BAHHS: COH, 3yNUHKQ TA PEXMM OYi-

KYBOHHS, 306e3r|el4y+oql4 LBMaKe

NPOBYAXEHH B YMOBAX HW3bKOTO

€HEProCnoOXM1BAHHS TA TMM COMMM

36epiraloun eHeprito.

[nsa 30p00BONEHHS BUMMOr O
nepcoHanisauii Ta  pPo3LIMPEHHS
MPY OLHOYOCHOMY 3HWXEHHI BU-
TPAT HAa 0BNApHAHHS ON1s KNieHTiB
MikpokoHTponep APM32F411 oc-
HOLLEHWM LUMPOKMM HOBOPOM 30B-
HiLLHiX pecypcis:

o USARTx4, UARTXx2, 12Cx3,
SPIx5 (6aratopasoswii ak 125),
QSPIx 1, CANx2, SDIOX 1;

e 1o 81 inTepdency ssepeHHs-
BMBOLY, KOXEH 3 AKUX MOXe
ByTv 3iCTaBNEHMM 3 BEKTOPQA-
MM 30BHILLHIX NEPEPUBAHD;

e B6ynosanmit USB_OTG i3 86y-
AOBAHKMM BHYTPILHIM PHY;

e 18a 16-6iTHUX pO3WMPEHUX
Taimepa, asa 32-6itosux Tai-
Mepw 3aranbHOro MPU3HAYEH-
e, Bicim 16-6iTHUX Talmepis
3AranbHOro NpU3HA4YeHHq, Asa
CTOPOXOBi Taimepu i 24-6iTo-
BUI CUCTEMHMI TAMMEP 3i 3BO-
POTHUM NiYUNBHUKOM;

e 180 12-po3psgHi BUCOKOTOUHI
AUM nigrpumytots 16 308-
HILLHIX KQHONIB 3 MAKCMMOSb-
HOIO 4ACTOTOIO AMCKPETU3ALLi
2.4 MSPS;

® [IBO He3anexHi KoMnapaTopu
306e3neuyioTs  pyHKLiIO  30-
BHILUHLOrO NPOBYAXEHHS.
Cepis APM32F411 npauioe B

aianasoni Hanpyr 8ig 1.7 go 3.6 B

i OCHALEHO CXEeMOMM CKMAAHHS

npy yBiMkHeHHi xuenerHs (POR),

CKMAQHHS MPU 3HUXEHHI HANpYyru

(BOR) i ckmparHs npw BigknioUYeHHi
xuenenns (PDR). MikpokoHTtponep
TAKOX OCHALLEHMI NPOrpamoBa-
HUMK petektopamu Hanpyru (PVD)
ons  3abesneyeHHs  HOgiMHOro
KEPYBAHHS KMBNEHHAM. 3OBASKM
BU3HOYHUM XAPAKTEPUCTMKOM 30-
XMCTY Bif, 3a0BAf, CTIMKOCTI O enek-
TpocratnyHoro pospaay 4000 B
Ta crpyMy dikcauii 200 MA, a Ta-
KOX poboTi B AianasoHi Temnepa-
Typ 8ig —40 go 105 °C, MCU s3a-
6esneuye cTabinsbHy poboTy HaBITL
y CKNogHux ymoBax foskinns. Ha-
ABHICTb AEKiNbKOX BAPIAHTIB KOPMYy-
cie, skmoyatoun LQFP48/64/100 i
QFN48, we 6insLue nigeuuLye oro
YHIBEPCANBHICTb ANs 300BONEHHS
Pi3HMX BOAATKIB KOPUCTYBAYA.
Geehy napae Benuky nigTpum-
Ky PO3PO6HMKAM, sIKi BUKOPWCTO-
sylotb cepito APM32F411. MCU
MOBHICTIO CYMICHUI 3 NPOrPAMHUMM
TG QNAPATHUMM  IHCTPYMEHTAMM
Geehy Ta ekocucremHolo nnat-
dopMoIo,  NPOMOHYOUM  NAATH
PO3POBKH, IHCTPYMEHTH MACOBOTO
BUPOBHWLTBA T NOBHY HTErPALiO
3 iHCTPyMEHTaMM pPOo3pobKkM Npo-
rpamHoro 3a6esnedeHHs, TaKumu
ak Keil Ta IAR. letansHa gokymen-
Tauis, SDK Ta nocibHuku 3 nopty-
BAHHA NErko [OCTynHi, Wwob aono-
MOITH KOPUCTYBAYAM OMTHUMI3YBATH
NPOEKTYBAHHS MPOAYKTY, 3HM3UTK
BUTPATK HA PO3PObKY TA [OCAMTH
ONTUMANbHOT NPOAYKTUBHOCTI.

https://global.geehy.com

OBOAIAMA3OHHUA
GNSS-MOAYJb

IS MO3ULLIOHYBAHHS
B MICbKMX YMOBAX

KOMI’]OHiH u-blox arorcyeana
u-blox NEO-F10N, csiit HosiT-
Hilt MOoZynb nosuuioHyBaHHs. Llei
Moaynb 6a3yeTbcst Ha fobpe Bino-
momy dopm-dpaktopi u-blox NEO
i BMKOPWCTOBYE [BOAIANA3OHHY

CanTumMeTpoBa ToOYHIcTL GNSS
TENEp AOCTYNHA Ona BOQeeTHUE NPOrpamM,

npocra i wakngea peanizayin

Nepeaipasa puxkom BncosotodHa GMES cuoTama

B npoainmxa Tex
@ gy ni
| @p

@

2) PaintPadac

1 NEO-FAF | ZED-FBF — HosiTHl npaamadi GNES HPG
18 L-Di0XK: IANATEHTOBAHI ANMOHATAE TE “MNCETA
MES paenpaRnEds PointParect
iBaHE 380MoTY! B5% BNeBHEHOCTI B NOIMLOHYBAHHI
ZED-FER: pepcin 2 IMU (ripockon; akcenspomaTp)

CHOTEMS ROPEKL)l

GNSS-rexHonorito u-blox F10. Bin
nigTpumye gianasoru L1/L5 GNSS
Bifl MAEKiNbKOX rpymn CymyTHMKIB
(sxmouro 3 NavlC), sabesneuyioun
HOAIMHY TOYHICTb MO3WLIOHYBAHHSA
HQ PIiBHI METPA B MICbKMX YMOBQX.
Moro B6ynoBaHe NporpamHe 3a-
6e3MeYeHH MOXHO OHOBMIOBATH i
nerko koHdirypyBaTH Ans nigTpum-
k1 6esniui BMNAAKIE BUKOPUCTAH-
HSl, TOKMX SIK TENEMATUYHI CUCTEMM
nicnSNPOAAXHOrO  06CyroByBaH-
HS OBTOMOGINiB, PUHKM MOBINbHMX
NPUCTPOIB i MPOMMCIIOBKX 3QCTO-
CYBQHb, WO BMMAraloTb METPOBOI
TOYHOCTI NO3ULIOHYBAHHS.

30BAAKM NIOBMLLEHIM  CTiMKO-
CTi o 6AraToNpPOMEHEBMX 3aBAg,
u-blox NEO-F10N nigeuitye Tou-
HICTb MO3MLIOHYBAHHS B MICbKMX
ymoBax. Bukopucrosyioun curHa-
nn 3 obox gianazonis L1 i L5, uei
MOOYNb [OCAra€E 3HAYHO  BMLLOIT
TOYHOCTI, HiX MpPU BUKOPMUCTAHHI
nuwe pianasony L1. MMpuimayi 3
nigTprmkoto aianasony LT moxyTts
BM3HAUYATK JOPOrY, SKOK PYXAETb-
€A TPAHCNOPTHUI 3aci6, a npuima-
yi 3 nigTpumkoto aianasois L1 i L5
MOXYTb HOBITb PO3MNI3HABATU KOH-
KpeTHUM Bik soporu.

KopucryBaui, ski Hapasi Bu-
KOPWCTOBYIOTb Mpuimadi Ha 6a3i
Takux mogynis, ak u-blox NEO-M8
Ta NEO-M9, moxyTb nerko nepei-
T Ha Hose nokoniHHa NEO-FTON.
Mopgyrnb NigBuULLYE TOUHICTb, 3HUXKYE
€HEeProCrnoXMBAHHS | MPOMOHYE
QnNbTEPHATUBHE PIlLEeHHS Ang KAi-
€HTiB, AKi He BAXaloTb PoO3ropTaTH
cucremn DR (dead reckoning).

«3aBAskM nepeain pagiodac-
TOTHIM YOCTMHI 3 NOABIMHUM inbT-
pom SAW i ManoLyMH1Mu nigcusio-
sasammn (LNA), u-blox NEO-F10N
3a6e3nedye  BUHATKOBY  CTIMKICTb
[0 NO3CACMYrOBMX PAMiOHACTOTHUX
3aBaf, WO pobuts ioro ocobnu-
BO MPMACTHUM /15 30CTOCYBAHb 3
MOLEMOMM CTIIBHUKOBOTO  3B's3KY,
PO3TALIOBAHMMA NOGIM3Y», — rO-
soputb bepra Xaiatmann (Bernd

Heidtmann), menenxep no npo-
AyKTOM,  MPOAYKTOBA  CTpATeris
cranaaptHmx npeumsintux THCC s
komnaHii u-blox.

u-blox Takox npeacrasnse
Hosy aHteHy ANN-MB5 L1/L5 pa-
30m 3 u-blox NEO-F10N gns nocu-
NEeHHs [BOAIANA30HHOMO PillEeHHs
u-blox F10. Lls cneujanizoaHa aH-
TEHA NPOMNOHYE KNIEHTAM NPOCTUI
i HO@IHUIA BAPIOHT ANs [OAATKIB
METPOBOTO piBHs, siki NOTPEBYIOTH
6araTogianasoHHOT MiATPUMKM Ta
NiATPUMKM BEKINBKOX Py CynyTHU-
KiB, HOBITb Y CKNQAHMX YMOBQX.

www.u-blox.com

HOBE NOKOJIIHHS
MEAIAKOHBEPTEPIB
ETHERNET

KomnoHiﬂ Phoenix Contact
BMMYCKAE TPWU HOBI MiHiIMKM Me-
NiGKOHBEPTEPIB, KOXHA 3 AKMX NPU-
3HAYEHA AN KOHKPETHMUX MPOMMC-
NOBUX YMOB | 30BAHb.

Ui npuctpoi, pospobneri ans
3a6e3neueHHs BUCOKOT NPOaYKTHB-
HOCTi, AOBrOBIYHOCTI TA THY4YKOCTI,
BiANOBIAAIOTb PI3HOMAHITHUM NPO-
MMCITIOBUM BUMOTOM — Lie HEAOPOTi
pilleHHs, ski nigxoasTb Ang cepen-
OBMULL, i3 BUCOKMMM TEMNEPATYPAMM
1 MQIOTb BUCOKMIA PIBEHb €NEKTPO-
MQArHITHOT CyMICHOCTI.

Megiakonseptepyn cepii MC
1000, pospobneHi ans ranysei,
e UiHO MAa€E BAXIMBE 3HAYEHHS:
BOHM MPOMOHYIOTb AOCTYNHE 3a
LiHOWO, ane HagiHe pilleHHs ans
3’epHanHs. KoHsepTepn pobnats
Mmoxnmsoto nepenady Ethernet ye-
pes oNTOBONOKHO i 306e3mnedyioTs
6esnepebiituii 38’930k 6e3 wkoam
Onst AKOCTI.

Koneeprepu cepii MC 1000T
MAIOTb  PO3LUMPEHMM  AianasoH
TemMnepaTypu, a TAKOX € HOAIMHUM
PiLUEHHAM ANs BUKOPUCTAHHS B Cy-
BOPMX YMOBAX ekcnnyarauii. Bonu

* " COMPETENCE & RELIABILITY

www.chipnhews.com.ua
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3a6e3neuyiots 6eanepebiline 3'en-
HOHHS HOBITb Y CKNAAHUX YMOBOX.

Cepia MC 1000E 6yna cre-
uianbHo po3pobneHa ana cepe-
[OBULL, 3 ENEeKTPOMATHITHUMM
ne-peLKofaMn TA NMOTEHLIMHO BK-
ByxoHebesneuHnx cepesoBmLL i 3a-
6esneuye crabinbHmit 06MiH  aa-
HumK. Kpim Toro, npucrpoi marots
NOBHMM NAKET BOKYMEHTIB AOMYCKIB.

Megiakonseptepu cepii MC
1000 ignosigaoTs CyBOPUM BUMO-
raM MPOMMCIIOBOrO CEPELOoBMLLQA,
BCTAHOBSIIOIOYM HOBMIA CTAHAAPT
6esnepebiiiHoi nepeaadi AaHmx.

Hosuit acopTumeHT MegiakoH-
BEPTEPIB € MPOAOBXEHHSM YCRiLL-
HOI niHilkn komyTaTopis Ethernet
Bin Phoenix Contact i Bknioyae B
cebe BinbLL WMPOKMIt CNekTp ONTo-
BOJNOKOHHMX iHTepdencis, dyHKLiH,
OPIEHTOBAHMX HO KOHKPETHI 30CTO-
CyBaHHs, cepTudikaTie BignosigHo-
CTi T MiCLIb BCTAHOBJIEHHS.

www.phoenixcontact.com
KOMMAKTHUA
JIIMUIIbHUK EHEPTTi
MOCTINHOIO CTPYMY

| |OBM131 KOMMQKTHUM  Ni4UABbHUK
eHeprii  MOCTIMHOrO  CTpyMy

MaginbioH 9B

EMpro ein Phoenix Contact
3a6esnedye  MOXMBICTL  6esno-
CcepeaHbOro  KOMMAKTHOTO  BUMI-
PIOBAHHS CTpyMiB i Hanpyr ao 650
A/1000 B nocriitHoro ctpymy i3
BMCOKOIO TOYHICTIO TO 30XUCTOM Bif,
HECAHKLIOHOBAHOIO BTPYYAHHS.

Mepesipenwit iHTepdeic RS-
485 i3 nporokonom SLIP y dopmari
naHmx OCMF  Tta  signosigHicTio
30KOHOAABYMM BMMOTOM LLIOAO KO-
ni6pyBoHHﬂ niaxoauTb AN BUCTAB-
NEHH POXYHKIB B iHPPACTPYKTYpI
30PSAKH.

JliunnsHuk exeprii nocTiHoro
cTpyMmy 3abesneuye knac TOYHOC-
Ti B (EN 50470-3) eumipiosarHs
MNOCTIMHOTO ~ CTPYyMy | HaANpyru
6e3 HeobXinHOCTI  BUKOPUCTAHHS
[04ATKOBOTO TpaHchopmaTo-
pa ctpymy. 3aBgasku rabapuTHi
wupmHi Becboro 107.2 mMm Bupi6
3aimae Ha DIN-peiiui nuwe wictb
posginiosanbHux oguHuus (TE). Ona
306€3MneUeHHsi MOXIMBOCTI BUKO-
PUCTAHHS 3 METOK BUCTABMEHHS
PAXyHKiB NiYMAbHUK eHeprii NOCTiN-
HOro CTPYMy MQE BiAMOBIAHICTb Hi-
MELbKUM 3AKOHOACBYMM BUMOTGM
LWOAO KanibpyBAHHS, WO BKIIOYAE
B cebe KOpMyc, MEXAHIYHO 3aXM-
LIEeHMIA  BiA HECAHKLIOHOBAHOrO
BTPYYQHHS, O TAKOX KOZYBAHHS
3HAYEHb NiYUABHMKA TA CUMHXPOHI-

3auilo yacy niumnbHuka. Pagiatop
OXONOMXEHHs BUPODY i3 BOYROBA-
HWUM LUYHTOBMM BUMIPDIOBOHHSAM 30
6esneuye Hagility poboTy B po3-
LIMPEHOMY [iana3oHi TemnepaTyp
gin 40 no 80 °C. B6ynosaHuit iH-
Tepdeitc RS-485 sukopucrosyersb-
Cst ANA OBMIHY AOHUMM BUMIDIOBAHD
i3 CUCTEMAMM KEPYBAHHS BMLLOTO
PiBHS 30 JOMNOMOTOIO CMPOLLEHOTO
npotokony «Touka-Touka» SLIP.
Kpim Toro, BukopuctaHHs ¢op-
mary gaHnux OCMF i moxnusicts
KOMMNEHCaLii BTPAT Yy 3apsgHOMY
kabeni pobnsTb NiUMNbHKUK eHeprii
EMpro uikaeum ans pospaxyHkis
y NpoLecax 3apsaaxaHHs B iHGpa-
CTPYKTYPpI €nekTPOMOBINbHOCTI,
0CcobMMBO ik MOMEPeaHLO 3anpo-
rPAMOBAOHE CUCTEMHE PilLEHHs Y
B3AEMOLIi 3 KOHTPONEPAMM 3aPAL-
XaHHs nocTiiHum ctpymom CHARX
control Big Phoenix Contact.

www.phoenixcontact.com

KOHTPOJIEP 3APSIDKAHHS
MOCTINHUM CTPYMOM
ONS CTAHLLIA LUBUAKOIO
3APSADKAHHS

KOHTponep 30PABKAHHS MOCTIM-
Hum crpymom CHARX' control

integrated sig Phoenix Contact
noeaHye B cobi BCi byHKUiT KOHTP-
onepa Ta MoHiTopuHry 19-gormo-
BOI 30PAAHOI KONOHKM B OfHOMY
NPUCTPOI.

PosymHuit mogynb kepyBaHHS
KEPYE M'ATbMA CMITOBUMU MORYSISIMM
notyxnictio 30 kBt pna wewuakoro
3APALKAHHSA NOCTIMHUM CTPYMOM A0
150 «Br. Lle cnpotuye npoektyBaH-
Hsl, BCTAHOBMEHHSA 1 TexHiuHe obcy-
rOBYBOHHS 3APSAHOI KONOHKM, LLO
[03BOSISIE CTBOPUTM EKOHOMIUHY Tal
LIMPOKOMACLLTABHY IHPPACTPYKTY-
Py LIBMAKOTO 30PAIKAHHS.

Mogyni CHARX y crangaptHO-
My 19-mioitmoBomy dopmaTi ontu-
MIi3yIOTb MNCAHYBAHHS, BCTAHOBNEH-
HR TQ E€KOHOMIYHYy ekcnayaTaLiio
30pABHOI  KOMOHKM.  Y3romkeHa
MiX CcOBOIO MOTYXHA ENeKTPOHi-
ka 3abesnedye edekTuBHe nepe-
TBOPEHHS, PO3nogin i 36epiraHHs
eHeprii. Ik NOPIBHATU 3 KNACKYHUM
KOMMNEKTYBAHHAM KOMMOHEHTAMM
DIN-pefiku, MoaynbHA KOHCTPYKLA
i3 cuctemoro CHARX y crangapt-
Homy 19-mioiimosomy bopmari cyT-
TEBO 3MEHLLYE CKNAAHICTb 3apsf-
HOI KONOHKM MOCTIMHOTO CTPyMy.
LUIsuake BCcTaHOBNEHHs Ta ob6Cny-
rOBYBOHHS e Bifblue CNpOLLyeTb-
cs 3aBaskM 19-moMmMoBOMy CTOH-
JAPTY TA LBMAKOMY NifKMIOYEHHIO

BENUKUMN BUBIP
PAAIOAETANEN!

IHTepHeT-MarasuH eyn. Isana Csitnnunoro, 4

(044) 39222 T

(044) 242 20 79

CHIP NEWS, #3 (223), 2023

(067) 445 77 72

MaginbioH 9B+

(068) 599 56 99

(067) 46222 N

«Pap.iopuuou». Kapaeaegi [1auvi, Byn. YwuHcbeKoro, 4

MagineuoH 176
(063) 105 90 01
(096) 303 90 01

RADIODETALI.COM.UA

HOBWUHU



HOBUHU

CHIP NEWS I

Push-in — sk ans BcTaHOBNEHHS,
TOK i Ans 3amiHM Mogynie. Takum
YUHOM, enekTPoMObBini MOXHA 3a-
PALKATU PO3YMHO TA LUBUAKO.

www.phoenixcontact.com

MOHITOPUHTI 3AXUCTY
BIA NEPEHAMPYT

CVIFHOJ‘IbHi npoeoan nogibHi no
HEPBOBMX LUMAXIB Y TEXHIYHMX
cnctemax. Tomy fyxe BQXIMBO
30XMCTUTM Ui  YACTUHM  CUCTEMM
Bil NepeHanpyr, CNPUYUMHEHMUX
nepemmnkaHHamn  abo  ynapamu
6nuckasku. TAKMM 3AXMCT MOXHQ
peanisysat 0cobamMBO KOMNAKTHO
30 JOMOMOrOI0 NPUCTPOIB 3AXMCTY
Bl MepeHanpyr 3 niHikkKu npo-
aykuii TERMITRAB complete &in
Phoenix Contact.

Yacto  KOMMOHEHTM  3axXMCTY
BCTQHOBMIOOTb Y feKinbka Lwad
kepyBaHHs abo B nomi. Tomy no-
CTIMHWA  BI3yQNbHMIA  KOHTPOSb
NPUCTPOIB 3AXMUCTY HA Micui ayxe
TPYAOMICTKMM, O NOAEKYAM M 30BCIM
Hemoxnveui. Mogayni  aucTaHwjn-
HOI curHanisauii nikikku npoaykuii
TERMITRAB complete naiots amory
koHTpontoeaty go 50 npucTpois 3a-
XWCTY Big, nepeHanpyr. TyT peectpy-
€TbCA CTAH YCiX MOAYNIiB 3AXMCTY,
Yy Pa3si BMHUKHEHHS HECMPABHOCTI
CUrHAN TPUBOTU BUBOLAMTHCA HA LEeH-
TPANbHWMI CUTHANBHMM KOHTAKT. Kpim
TOro, Ui MOAyni AUCTAHLIMHOI CUrHA-
Ni3auii MOXHO BUKOPUCTOBYBATH Aflst
MOHITOPUHIY MPUCTPOIB 3aXUCTY Bif,
nepenanpyr niniiku Clixtrab.

www.phoenixcontact.com

BEYZAOBAHUN
BE3APOTOBUM MOAYJ1b
CMPOLLLYE 3'€EAHAHHS
BLUETOOTH LOW ENERGY

TM32WB1MMC sig STMicro-
electronics — ue komnakTHMM
6e38pOTOBMI MOAYNb, AKuit 306e3-
nevye LWBMAKMI Ta NPOCTUI Cnoci6
iHTerpauii MepexeBmx MOXIMUBO-
crert Bluetooth Low Energy y kin-
uesui npoaykt. Mogyns nocras-
NAETLCS i3 BE3KOLITOBHAM CTEKOM
npotokonis Bluetooth v5.3.
Llert ceptudikoaHuit momyns
2.4 [Tu, sacHoBaHWi Ha 6e3apo-
Tosomy MK STM32WB15, 3a6es-
neyye YyaoBi PafiOYACTOTHI XaPaK-
TEPUCTUKM 3ABASAKM FAPHINA YyTAMBO-
CTi NPMIMaYa TA BUCOKIM BUXIAHIN
noTyxHocTi. PyHKwji HU3bKOTO eHep-
rOCNOXMBAHHS MOAYNS NPOLOBXY-
10Tb Yac poboTu Bin 6aTtapei, f03-
BOSISIOYM MPOrPAMAM MPALIOBATH
HQ Hesenukux GaTtapeikax Tumny

8

«Tabnetka» abo HaeiTb 36MpPaTH
eHeprito.

|HTerpoBaHuit Mogynb € nos-
HOLIHHOIO ~ PaBIOCMCTEMOIO,  LLO
BKIIOYAE YUM-AHTEHY, MOXMBICTb
NiAKMOYEHHS 30BHILUHBOI QHTEHM,
HOOIMHY CXEeMY Y3TOAKEHHS QHTEH
TQ IMMYNbCHUM BOK XMBNEHHS.

STM32WB15, Ha sikomy 3acHo-
saHuit STM32WBTMMC, € pgos-
LEPHUM BE30POTOBMM MIKPOKOHTP-
ONepPOM, SKMIM MOXe MNIATPUMYBATH
komnnekcHe 3’earanHa Bluetooth 3
HU3bKIM EHEPrOCMOXMBAHHSIM, A TA-
KOX 3anyckarm xocT-goaatok. MCU
Bknoyae pagiomoayns 2.4 [Ty, ke-
POBAHUIM BUAINEHUM MPOLECOPHMUM
agpom Arm®  Cortex®-M0+. [na
30MycKy OCHOBHOI MPOrPAMM  BiH
ocHaweHuit sgpom Cortex-M4 i3
yacrtotoo 64 My, wo 3abesnedye
6e3nepebiiiiy poboTy B pexumi pe-
QANbHOrO HACY.

Baratuit Bubip aHanorosoi ne-
pudepii Bknouae 12-6itosui ALIMM
TG  MOAOMOTYXHUIA KOMNAPATOP.
Mogaynb TaKoxX MaEe Kinbka uMdpo-
Bux iHTepdencis Ta fo 37 Wenakmux
BXOJJ,iB/BMXOJJ,iB, 35 3 akux cTikki go
Hanpyrm 5 B.

Moayns STM32WBTMMC nig-
TPUMYETLCS NEPEBIPEHOIO MPOrPAM-
Holo ekocuctemolo STM32Cube,
AKA NPONOHYeE BOYAOBAHI MPOrPAMHI
6ibniotexn Ta iHcTpymentu. Kopnyc
monyns LGA Ha 77 BuBoais Mae pos-
mipn 10x6.5 mm.

www.st.com

AKCEJIEPOMETP
13 HAAHU3bKUM
EHEPTOCMOXXUBAHHAM

kcenepometp LIS2DUT2 &ig

STMicroelectronics  ocHa-
weHun HoBum npoxigHnm LC-dins-
TPOM, O TAKOX }ifbTPOM 3rnamXy-
BaHHs Ta  3abesneuye  Binbl
BMCOKY TOYHICTb, HiX mnonepegHe
NOKOSIHHS.

Hosuit npoxiaHuin  LC-dinstp
y LIS2DU12 nornuHae enektpuuti
30B0AM, O GINbTP 3rNOAXKYBAHHS
3anobirae nomunkam Bubipku. Lli
bYHKUIT NOKPALLYIOTb  AKICTb  CHr-
HAny, He BUKIMKAKOYM 3HAYHOIO
36iNbLEHHA CMOXMBOHHS €Hepril.
CnoxwuBaHHS  CTPYMy CTAQHOBWTb
450 HA, WO MOXHQ MOPIBHATU 3
KOHKYPYIOUMMM  QNibTEPHATUBAMM,
aki cnoxuBaloTb 6amn3bko 1 MKA, a
bINbTP  3MAMXYBAHHS NPALIOE 3
CMOXMBAHHSIM CTPYMY, SIKE € OfHUM
i3 HOMHWXYMX HO PUHKY.

JliHifHmi  3-ocboBuM  akce-
NepoOMETP MNPOMOHYE PO3LUNPEH]
undposi yHkuii. LIS2DUT2 mae
nosHi wkanu +2g, +4g, £8g i£16g,
O BUOMPAIOTLCA KOPUCTYBAYEM, |

BUMIDIOE MPUCKOPEHHS 3 YOCTOTOO
BuxigHux aarux eig 1.6 ao 800 lu.
B6ynosanui  128-pieHeswit
6ydep FIFO possonse 36epiratu
LUIMPOKMIA CNEeKTp AQHMX, O 3HM-
XY€E EHEPrOCMOXMBAHHS CUCTEMM.
B6ynosaHy moxnusicTs camotec-
T\/BOHHH MOXHQ BMKOpMCTOByBOTM
on8  MepeBipkM  NPALEe3AaTHOCTI
LATYMKA Y KIHLEBOMY AOAATKY.
BHyTpiwHii mexaHism obpo-
6NA€ BUABNEHHS PYXy TA MPUCKO-
PEHHS, BKMIOYAIOYM BiflbHE MNAMiH-
Hsl, NPOBYLXEHHs, PO3NI3HABAHHS
OOMHOYHOrO TA MOABIMHOIO AOTU-
Ky, QKTMBHICTb Ta 6e3aisnbHiCTb, a
Takox opienTadiio y 6D Ta 4D.
9K oaMH 3 HOMMEHLLMX aKCenepo-
metpis, LIS2DU12 BukoHaHui y
NAACTUKOBOMY KOPMYCi 3 HA3eM-
Hoto peuwitkolo (LGA) posmipom
2.0%x2.0 Mm i npodinem 0.74 mm.

www.st.com

32-PO3PSIAHUN MK

I3 HAA3BUYANHO
HU3bKUM
EHEPTOCMOXXUBAHHSAM

MiKpOKOHTponep STM32U585
ein STMicroelectronics no-
€aHye€ B COBi HaAHW3bKE EHEProCno-
XMBOHHS 3 BUCOKOIO NPOAYKTUBHIC-
Tio 3aeasakn Arm® Cortex®-M33 ta
6esneui TrustZone®.

[Mpauotoun  Ha  vactoti  go
160 Ml ta yactoti 240 DMIPS,
AAPO  NPOMNOHye 610K  onepauii
i3 PYXOMOIO KOMOIO OAMHAPHOT
TouHocTti (FPU), nosmwuit Habip in-
CTpyKWit undposoi 06pobku cur-
Hanis (DSP) Ta 6nok saxucry nam’sti
(MPU). B6ynosana nam’ats Bknio-
4ae po 2 M6ait Flash i 786 K6arit
SRAM i3 THY4KMM KOHTPONEPOM
308HiWwHb0i nam’aTi (FSMC) ansa cra-
TUYHOT NaM’siTi.

DyHkuii 6esneky, Wo BigNoB.i-
LQIOTb APXITEKTYPI AOBipEHOT He3-
nekun (TBSA) ein Arm, BkmiouyaioTs
GesneyHe  30BAHTOXEHHs, 6es-
neyHe 36epiraHHs aaHux, 6esney-
He oOHoBneHHs BGymosaHoro [13
i dyHKuilo 6e3neyHoi yCTaHOBKM
86ynosaHoro 13, a Takox ¢yHkuji
saxucty B6ynosaHoi nam’sti. Ta-
KOX € OKTUBHE BUABJIEHHA HECAHK-
LiOHOBAHOTO JOCTYMY TA 30XMCT Bif
TUMYQCOBMX ATAK TA QTAK 3 GOKy
HOBKOMULUHLOTO CEPEOBMLLA.

[o npuctpoio popaHuit Be-
MKUA  HaBip aHanoroeoi nepu-
depii Ta ¢inbTpiB, NpUckopioBaY
Chrom-ART ana rpadiunmx gopat-
KiB, MOTEMOTMYHI NPUCKOPIOBAYI
TA 22 €MHICHI KQHANW 34NTYBAHHS.
CraHaapTHI Ta PO3LWMpPEH iHTEP-
demcn 38'a3Ky BKIIIOYAIOTL IHTEP-
deiic umdpoesoi kamepn (DCMI),

FDCAN ta nosrowsuakicHun USB
OTG, a Takox koHTponep nogadi
xuenerns USB Type-C®,

Exonomia eHeprii  3a06eane-
UyETbCS 30 PAXYHOK CBTOHOMHO-
ro pOHOBOTO PEXMMY 3 HM3bKMM
eHeprocnoxusarHam (LPBAM), s
akomy 6arato nepudepiiHx npu-
CTPOIB 3QNMLLIAIOTLCS PYHKLIOHAMb-
HUMM | GBTOHOMHWUMM QX 4O PEXM-
My 3YMWHKM 3 NPAMUMM SOCTYNOM
10 nam’aTi.

www.st.com

CBITJ10 3 HI3BIAKU

KOMI‘IOHiﬂ ams OSRAM npeg-
cTaBuna po3pobky TexHonorii
ALIYOS cBiTnogioa-Ha-dbonb3i
(LED-on-foil), sixa sinkpueae abco-
NIOTHO HOBi MOXNMBOCTI AN CBO-
6041 AM3QiHY | TBOPYOCTI B QBTO-
MOBINEHOMY OCBITNEHHI.

Bukopucrosytoun TexHonorito
ALIYOS, aBTOBUPOGHHMKM 3MOXYTH
BUPOXATH iHAMBIAYQNbHICTE BpeH-
[y 30 [OMOMOrOIO 30BHILLHBOrO i
BHYTPILLUHBOTO OCBITIEHHS  HEeAo-
CTYNHUMM paHiwe cnocobamu, a
TAKOX BNPOBAMKYBATH aBCONIOT-
HO HOBI TPMBMMIPHI CBITNOBI TA QHi-
MauinHi edekTn ans BiJJ,O6pO)KeHHﬂ
OMHAMIYHMX  IHOMBILYQNbHMX MOBI-
LOMIEHD TA IHOOPMALMHUX CUTHO-
NiB, AAPECOBAHUX BOAISAM TA iHLLMM
YHOCHUKAM LLOPOXHLOTO PYXY.

TexHonoris ALIYOS pae amory
ams OSRAM HaHocuTH MiHiaTIOpHI
CBITNOAIOAN HA TOHKY, FHYYKY i NpO-
30py NigKNoaKy. 3'€AHAHI MaXe He-
BAOVMUMU METONEBUMM LOPIKKAMM,
MIHI-CBITNOLIOAM MOXHQ 3 BEMKUM
cTyneHem cso6oau rpynysaTi B iH-
AMBIOYQNbHO QAPECOBAHI CErMeHTH
Byab-akoi  popmu. Born  moxyTb
6YTM PO3TALIOBAHI TOKUM YMHOM,
o6 BMKOHYBATWU CTOHACQPTHI CBIT-
nOBi PyHKLIT, AK-OT cTon-curHan abo
MOKAXXYMK MOBOPOTY, A€ 3 YHiKAMb-
HUMM, HECTOHAAPTHUMK GOPMaMM
Ta edbektamu aHimauii. MiHi-citno-
AioAM MOXYTb TAKOX BMKOPUCTOBY-
BATUCS ANs Bi,D,O6p0)KeHHﬂ CUMBOSIB,
cnie, 306paxeHs 6o aBCTPAKTHMX
Bi3EPYHKIiB Anst NPUKPAcK, iHpopma-
uii abo nonepeaxeHHs.

[Mpo3opicts — BMAATHA OCO-
6numeicts TexHonorii ALIYOS — vy
NOEQHAHHI 3 MiHi-CBITNOAIOAAMM O3-
HQYAE, LLIO CBITNO MOXE BUXOAUTH 3
Hi3Bigku. Kpim Toro, kinbka ¢onsro-
BUX 36iPOK MOXYTb BYTH PO3MILLEHI
OfHQ 3 OfHOIO OIS CTBOPEHHS HO-
BMX BPOAXKAIOUMX €PEKTiB TPMBUMIP-
HOTO OCBIT/IEHHS TA AHIMALLT.

Hapasi ams OSRAM cnisnpa-
LIOE 3 NPOBIAHMMM CBITOBMMM NO-
crayansHmkamn i OEM-Bupo6Hu-
KaMWM OBTOMOBINLHOT TexHikM ans

www.chiphews.com.uad
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BMBYEHHSI  HOBWMX  MOXIMBOCTEN
OBTOMOGBINEHOrO  BHYTPILLHLOMO i
30BHILLIHBLOrO OCBiITNEHHA. B opwin
3 JEMOHCTPALIMHMX KOHCTPYKLLM
npo30picTe GONLroBol MiAKNAAKM
ALIYOS  Bukopucrosyetbes  ans
ctBOpeHHs Hosux 3D-edektis 8
304HIX NIXTApsSX: NPO30pui  Ma-
CMB 3 TPbOX CBITNOAIOAHMX MAIBOK
ALIYOS, scraHoBsneHnux opHa 3a
OLHOIO, CTBOPIOE BIgUyTTA MUOUHM.
|lHWa  KoOHCTPYKUis  MOKA3YE,
O CBITNOAIOAN-HA-PONb3i MOXYTb
6YyTH 30CTOCOBAHI A0 BUrHYTHX Na-
Henen Ky30Ba | CTABATM HEBUANMN-
MU Y BUMKHEHOMY CTQHI, CTBOPIOIO-
un ebeKT CBITNA 3 HI3BIAKM.
3aBAsKM YHIKANbHIA NPO30pOo-
CTi, TOHKOLLi TA FTHYYKOCTi TEXHONOTIT
ALIYOS nepen aBToBMPOGHUKAMM
Tenep BiAKPUTO TUCAYI IHLLIMX HOBMX
MOXIMBOCTEM An3aitHy. TexHonoris
ALIYOS signosignae HOpMaTUBHWUM
BMMOram, Hanpuknag, [lpasuny
OOH Ne 148 8 yactuHi sckpasocTi
3a4Hix NixTapiB i CTOM-CUrHAnis,
TAKOX MOKAXKYMKIB MOBOPOTY.
[Mouanacs nigrotoska go npo-
MMUCNIOBOTO BMPOBAAKEHHS TEXHO-
nor ii. Meta nonsarae 8 Tomy, wo6
10 kiHug 2025 poky ocHacTUTH Tex-
Honorielo ALIYOS nepuwi astomo-
6ini i B0 UBOro X yacy cepTudiky-
BATU TEXHOJSOTIO HA BiAMNOBIAHICTbL

Cepil
100-1000 B

« b porie rapaHTii
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IHHOBALLT TA
EPEKTHUBHICTE

cTaHaapTam  akocti Ta  6eaneku
asTomobinis.

https://ams-osram.com/

HOBA EPA B AUHAMIYHOMY
OCBITJIEHHI CAJIOHY
ABTOMOBINSA

KOMI'IOHiH ams OSRAM npexcra-
BWIO HOBY TEXHOMOTIO, IKA AACTb
3MOry 3HQYHO CMPOCTUTU BNPO-
BAMKEHHS OMHAMIYHMX MATPMUb i3
coteHb RGB-csitnogiopis, wo 3mi-
HIOIOTb KOMIP TA IHTEHCUMBHICTb, B
OCBITNEHHA CanoHy asTomobins.
Hoewit RGB-caitnogion OSIRE
E3731i ocHatueHuit undposum aa-
pOM, sike 3a6e3neuye BUCOKOLLBMA-
KiCHWI 3B'S30K 30 CTAHAAPTHUM
iHTepdENcoM NOCNIBOBHOT  LUMHK
3 Byab-KMM  MIKDOKOHTPONEPOM.
Takox uen umn Moxe B3AEMOAIATH
3 MIKPOKOHTPONEPOM 30 [OMOMO-
rO0 HOBOTO BiAKPUTOTO CUCTEMHOTO
npotokony (OSP), pospobneHoro
ams OSRAM. Bukopucrosytoum

OSP, 6yab-skuit  MIKPOKOHTPONEP
MOXe nepepaBaTH HCTPYKLIT 3 Mo-
Lynauii ACKPABOCTI TA KONbOPY iHAK-
BilyQnbHO AN KOXHOrO CBITNO#io-
na. OSP moxe BukopucToByBaTUCS
Byab-9kMM BUPOBHKMKOM aBTOMOGI-

be3BeHTUNATOPHI BNOKM XKUBNEHHS
0,N9 CYBOPUX YMOB eKcrnnyatauil

- BeageHTUNATOPHE BMKOHAHHA | NOBHICTHO repMeTHUYHKI Kopnyc
- Bucoka edreKTHBHICTE

- Wupokui pianasox poBoynx TemnepaTyp
« BurpumytoTe sibpauii no 106

- Mopens 3 BuxinHow sanpyrow 100 B (cepis HEP-1000)

1iB, CBITNOAIOMAIB, CUCTEM OCBITIEHHS
ab0 MikpokoHTponepis 6e3KoLITOB-
HO 3 BIAKPUTOIO NiLKEH3IEI0.

Bukopucrosytoun  caitnogiogn
OSIRE E3731ii OSP, aeToBUpo6HU-
KM MOXYTb CTBOPIOBATM HOBI AMHA-
Mi4Hi CBITNIOBI €EKTH B CANOHI OBTO-
Mob6ins. Y nocnifoBHMIA NAHLIIOXOK
moxHa nigkmoumt go 1000 ceit-
nofiofis, KEPOBAHMX 3Q AOMOMOTOI0
OJHOrO MiKPOKOHTPONEPQA.

3a cnosamu epmana CeHHil-
repa (Hermann Senninger), crap-
LIOTO MeHemkepda 3 NPOoAyKTiB ams
OSRAM,  guHGMiYHE — OCBITNEHHS
O6ilsE MiBULMTU CMOXMBYI AKOCTI
QBTOMOBINIB NOEAHAHHAM 3MIHW KO-
NbOPY | ACKPABOCTI 3 MyNbCyOUUMM,
IUXQIOYMMM QB0 PYXOMUMM CBITO-
BUMKM ebekTaMM Ans AEKOPATUBHMX
abo dyHkuionansHux wineir. OSIRE
E3731i i OSP paiots 3mory peaniay-
BOTU IMHAMIYHE BHYTPILLHE OCBITNEH-
He 3 BiNbLL NPOCTOIO APXITEKTYPOIO,
3 MEHLLOIO KiNbKICTIO KOMMOHEHTIB i
NPOBOAIB 3Q HMXYOI BAPTOCTI cncTe-
mu. Lli nepesaru Bxe npueabnioioTs
KNIEHTIB, | OUIKYETLCA, Lo HE306apPOM
npopykT GyAe BNPOBOMKEHO B CEpilt-
Hi aBTOMOBINI.

Pospobka HoBoro iHTenek-
TYQnbHOrO  CBITNOAIOAA  3ACHO-
BAHO HA BEMMKMX MOXIMBOCTAX
ams OSRAM & obnacti ontuuHmx

Komnania CEA — asTopw3osaHnin gucTpub'ioTop MEAN WELL Ha TepuTtopii YkpaiHm

TEXHOMNOTA, MNPOEKTYBAHHA | BM-
pobHuutea  mikpocxem.  OSIRE
E3731i — ue BucokoedekTHBHMI

RGB-citnogion, 06'egHaHMi i3 un-
MOM, SKMM MICTUTb TPM CBITNOAIOAHI
apareepy, iHTepdenc NnocnigoBHOI
wmhm 3 nigrpumkoto OSP, patumk
TemnepaTypu i B6YAOBAHY NaM’ATb.

[MapameTpu KOXHOro iHTEneK-
TyansHoro RGB-csitnogioga sumi-
PIOIOTLCA HA 3ABORI-BMPOBHMKY, i
[AHI NPO MOro OMNTUYHI XapaKTe-
PUCTMKM 3aNMCYIOTLCA Y BEYAOBAHY
nam’ats. Lle nonerwye supobHu-
KOM QBTOMOGINIB BUKOHAHHS HQ-
CKPI3HOro  KaNiBPYBAHHA  CUCTEM
BHYTPILUHBOTO OCBITNEHHS | 306€3-
neyye gyxe BMCOKY OMTMYHY OfHO-
PIOHICTb i Y3rogKeHiCTb B MOCMBOX i3
cotenb caitnogiogis OSIRE E3731i.

https://ams-osram.com/

KOHTPOJIEP CUHXPOHHOIO
NIABULLYBAJIbHOIO
MEPETBOPIOBA4A

KOMHOHIH Halo Microelectro-
nics oronocuna Npo  BUMyck
KOHTPONEPA CUHXPOHHOTO MiaBM-
LLyBQMLHOTO MEepeTBopioBAYA 3
HU3LKUM CTPYMOM CMOXMBAHHS i
PO3LIMPEHHSAM CMeKTPa, LWO Biano-

Yipaiva, 02094, m. Kuie, eyn. Kpawiacexa, 13-6

Ten./darc: 438 D44 330-00-88

infofisen . comua, WwwW.Sea.Com.ua
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Binae sumoram Pisrs 1 cranpapTty
AEC-Q100.

HL8021 — wue Bucokoedek-
TUBHMI KOHTPONEp MifBULLYBASb-
HOro MEepeTBOPIOBAYA, WO Kepye
MOTYXHUM CUMHXPOHHWUM MiABMLLY-
BASIbHMM KACKAAOM HA N-KAHQASb-
Hux MOSFET, akuit npauioe B Lm-
POKOMY AiANA30HI BXiAHWMX HaNpyr
gig 4.5 po 40 B. Ykwo koHTponep
OTPMMYE 3MILLIEHHS Bifl BUXIOHOI HA-
npyr1, TO MiCAs 3Anycky BiH MOXe
NPALOBATH  Big, BXigHOI HaNpyru
Bcboro 1 B. Yacroty nepemukaHHs
MOXHQO 30[0BATM PE3UCTOPOM HaA
BMBOfi NPOrPAMYBAHHS Y4ACTOTH, O
APXITEKTYPA KEPYBAHHS 30 CTPYMOM
Apocens 3 NOCTINHOIO YOCTOTOIO AAE
3MOry CUHXPOHI3YBATM MPUCTPIN CHr-
HQIOM 30BHILLHBOTO reHepaTopa 3a
BXOLOM 30BHIiLLIHbOT CUHXPOHI3aLi.

Ina ontumizauii KK 3a ner-
koro HaeaHTaxeHHs B HL8021
nepenbayeHo Tpu PisHi Pexumm
POBOTU — MyNbCYBANLHUA PEXMM,
PEXMM NPOMYCKY iIMMNYNLCIB | pEXIMM
6e3nepepBHOro CTPyMy ApOCens.
Bubip i KepyBaHHS LMK pexmnma-
MU 3AiMCHIOIOTLCA 30 JOMOMOroIo
CneLianbHOro BUBOAY MIKPOCXEMM.

Y HL8021 peanizosaHo pe-
KMM  PO3LUMPEHHS  CNekTpd, LWo
AQE 3MOTy 3HM3UTU MIKOBI PiBHI BU-
NPOMIHIOBAHWX | HOBEAEHMX enek-
TPOMQTHITHWMX 30BAA TA MOMErLUUTMI
KOHCTPYIOBAHHSA CMCTEM, siKi Bigno-
BifAIOTb CTAHAAPTOM LWwogo EMII.
LleW pexum Takox KepyeTbcs 30 LO-
NMOMOTOIO OKPEMOTO BMBOLY MiKPO-
cxemn. OKpemmit BXif, 30BHILLHLOTO
XKMBMEHHS MOXE BWKOPWUCTOBYBA-
TUCA ON9 XMUBJIEHHSA BGyJJ,OBOHOFO
LDO-crabinisatopa, wo npauoe
Ha sHyTpiwHio wuHy VCC. La knio-
4oBa OCOBAMBICTL [ACE WE OaHy
MOXIIMBICTb 3HUXEHHS BTPAT eHep-
rii Ta nigemwierHs saransHoro KK,

https://halomicro.com/

3-AMMEPHUM NMPUCTPIN
3APSAKU
LI-ION AKYMYJIITOPIB

KOMI‘IOH]H Halo Microelectro-
nics oronocuna npo  BMMycK
KOHTPONEPA 30PSAXAHHS OfHO-
enemeHTHUx 6atapeit i3 gsoma
LDO-perynstopamu, KePOBAHOrO
3a iHTepdericom 12C.

HL7095 — ue BrockoHaneHwi
IMMYNbCHWI 30PSAHUIA NPUCTPIN Ans
NiTIR-IOHHUX OKYMyNSTOpIiB 3 iHTep-
deitcom 12C, ocHaweHmit cunosmmu
MO -TpaHsncTopamy,  cucremoro
KEPYBAHHS MOTOKOM MOTYXHOCTI Tl
bYHKUIEIO PEBEPCMBHOTO MiABMLLLY-
BANLHOrO nepetsopeHHs. Lle nosHi-
CTIO IHTErPOBOHE PilLEHHs, NPU3HA-
YeHe 419 BUKOPUCTOHHS B LUMPOKOMY
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CNEeKTPi NPUCTPOIB, BKIIOYHO 3 nepe-
HOCHMMM MPUCTPOSIMM, CMAPTOHA-
MM, MIGHLIETHUMM KOMM IOTEPAMM,
nagepbaHkamMu TA HLWOKO NopTa-
TUBHOIO ENEKTPOHIKOIO.
Mikpocxema HL7095  cymic-
HQ Ik 3 OQHOENEMEHTHUMM, TAK i 3
6araToenemMeHTHUMM NiTi-IOHHUMM
TA NITIN-NONIMEPHUMM  AKYMYNATO-
PaMM, BKITIOYEHUMM MAPANENLHO.
IMnynbcHUI pexrm poboTH i HU3b-
KOOMHMI CUNOBMIM TPaKT 3a6e3ne-
4yloTb OMTUMANbHUI 30PAA, PO3PAA,
i KKI nigsuwyBansHoro nepetso-
PEHHS1, CKOPOUYIOUM HYAC 3APSAMKAH-
Hs i NOAOBXYHO4YM HOC BUKOPUCTAH-
HS QKYMyNSITOPA Mif 4ac po3psgy.
HL7095 nigTpumye pisHi axe-
pena BXigHOI HaNPYru, AK-OT CTAH-
naptHi xoct-noptv USB, sapagni
noptv USB i AC/DC agantepw.
Mikpocxema npauioe 3 BXigHUMM
Hanpyramu 8ig 3.9 no 12 B, wo nae
3MOTY XWBUTU CUCTEMHY LinHy 6e3
BMKOPWUCTAHHS KYMYNSTOPA.
HL7095 Mmoxe aBTOHOMHO
KEpyBATM MOBHMM LMKIIOM 3apPsA-
XAHHS NiTIR-IOHHOrO aKymynsaTopa
sk 3a gonomoroto 12C xocta, Tak i
6e3 Hboro. [lpuctpint edekTnsHO
BM3HQYAE HAMPYry OKyMynsTopa i
NOCNIAOBHO BMKOHYE 4OTUPU $Ha3u
3APALKAHHA:  KpAnnMHHE  30pag-
XKAHHA, nonepenHe 3apsaiXaHHSA,
3APSAKAHHS MOCTIMHUM CTPYMOM i
3aPSAKAHHS NOCTIMHOK HAMPYrOtO.
HL7095 eupisHsierbes nigsuie-
HOIO 3PYYHICTIO M YHIBEPCANbHICTIO
3aBAsSkM yHKU{i PEBEPCUBHOIO Mif-
BULLYBQJIbHOTO  MEPETBOPEHHS],  LLIO
306e3neyye NPOrpPaMOBaHY BHXIAHY
nanpyry Big 4 po 10.3 B Ha sueogi
VBUS/PMID. Mikpocxema nigtpumye
pexum USB OTG i pexwm popart-
KOBOrO 0BNAAHAHHS, ACIOYM 3MOTY
QKYMynSTOPY BIAAGBATM B HABAHTA-
xeHHs ctpym go 1 A. Kpim Toro, y Hitt
€ gea DO perynstopy, wo aaiots
3MOry XWBWTM [OLATKOBI MPWUCTPOI,
AK-OT rapHiTypu abo  csitnogionm,
abo eukopuctosyioun VBUS, abo
6e3nocepeaHso Yepes PeBepCHBHE
NepeTBOPEHHS BXIAHOI HANPYru.

https://halomicro.com/

PO3LUMPEHHS JIIHIAKWN
MIKPOCXEM KOHTPOIJIIO
TEMMNEPATYPU

omnatis Toshiba Electronics

Europe 3HauHo poswwmpuna
QACOPTUMEHT MIKPOCXEM KOHTPO-
no neperpisy cimencrea Thermo-
flagger, BunyctMBwM we wicts
NPUCTPOIB | AOBIBLL IXHIO 3AranbHy
KinbKicTb 80 BOCbMM. HOBI npucTpoi
B MOEAHAHHI 3 TEPMICTOPAMM, LLIO
MQIOTb MO3WUTUBHUIA TemnepaTyp-
Huit koediuient (PTC), npusHadeHi

ONS BUSBNEHHS MiABULLEHHS TEMNE-
PATYpPU B ENEKTPOHHUX MPUCTPOSX.

Hosi Mikpocxemu BusIBNEHHS
neperpiBy KOHTPOMIOIOTL BHYTPILLI-
HIO Temnepatypy, 3a6esnedyioumn
WTATHY POBOTY CUCTEM i, TUM Ca-
MMM, FAPAHTYIOUM GE3NEKY, LLIO MAE
NepLUIOPAHE 3HAYEHHs B 6AraTbOX
LOAATKAX. TMMOBMMM LOAATKAMM €
MOobBinbHi NPUCTPOi, NnobyToBa Tex-
HiKQ, NPOMMCIIOBE OBNOAHAHHS TQ
6araro iHworo.

Poswwuptotoun niiriky npunagis
Thermoflagger no Bocsmu, Hosi npu-
crpoi (TCTHO11AE, TCTHO12AE,
TCTHO21AE, TCTHO22AE, TCTHO11BE
i TCTHO12BE) ponosHioots pai-
we eunywieri npunagyn TCTHO21BE
i TCTHO22BE, ponatouu we oaHe
3HQYEHHS BMXIGHOTO CTpyMy 36y-
IKEeHHs1 TepmicTopa, WO Jopis-
Hioe 1 MmkA. KopucHuit curHan
PTCGOOD (repmictop y Hopmi)
LOCTYMHWUM SK HO IBOTOKTHOMY BM-
XOfi, TaK i HA BMXOLi 3 BiAKPUTUM
CTOKOM; TAKOX € MOXIIMBICTb ikca-
uii curnany PTCGOOD.

Mpuctpoi  cepii  TCTHOxxxE
MOXYTb  BM3HAYATM  MiABMULLEHHS
TEMNEPATYPU LLUNAXOM BUABNEHHSA
3MiHM OMOpPy TEPMICTOPA Nifg BNAK-
Bom Temnepatypu. [locnigosHe
3’egnanns PTC Tepmictopie pae
3MOry KOHTPOMIOBATU TEMMEPATY-
PY B KiflbkOX TOYKAX.

Hosi npoaykT1 3gaTHi npauio-
BATW 30 TEMMEPATYPU HOBKOMMLL-
Hboro cepeposuwa ig —40 po
+125 °C. BoHu xuBnatbcs Hanpy-
roto B gianasoHi Big 1.7 no 5.5 B
i BUPISHAIOTLCA HU3bKMM CTPYMOM
cnoxusarHs 1.8 mkA (tun.). Mpwu-
nlagn BUNyCKAKOTbCA B HEBEIMKOMY,
CTAQHAAPTHOMY Ans ranysi kopnyci
SOT-553 (ESV) poamipom Bcboro
1.6x1.6x0.55 mm.

https://toshiba.semicon-
storage.com/

YKOPCTKI AUCKMN
CEPIi MG10F
€MHICTIO 22 TB

KOMI‘IOHiﬂ Toshiba Electronics
OroNocHna Npo BUMNYCK XOPCT-
koro gucka cepii MG10F emnictio
22 Tb 3 TPAAMUIMHUM MATHITHUM
3anucom, wo mictuts 10 nnactuH y
rePMETUYHOMY KOPMYCi, 3aNOBHE-
HOMY reniem.

Bynyun kniouosrm enemeHTom
iHbpaACTPYKTypU XMapHUX OBUMC-
NeHb i 36epir0HH9 OCHKUX, MOZENb
MG 10F 22TB 3a6e3neuye Ha 10%
GinbLUy MICTKICTb NOPIBHAHO 3 NPU-
ctpoem Toshiba nonepearHboro no-
konins mictkictio 20 TB. Xopcrki
anckn MG 10F 22TB, pospobneHi 3
YPOXyBAHHAM 3pOCTalouMx NoTpeb

HOMBINBLUMX PO3POBHMKIB CHCTEM
36epiraHHs AaHMX, CYMICHi 3 LIMPO-
KMM CMEKTPOM 30CTOCYHKIB | pobo-
YMX HABOHTOXEHb AK A1 XMAPHKX
obuncneHs, Tak i ans TPABMLIMHMUX
LeHTpiB 06pOBReHHs faHux. 36inb-
weHa go 22 Tb mictkictse MG10F
ONOMAra€e CTBOPIOBATU  XMAPHI
IHPPACTPYKTYPH 3 BULLOIO LLLiMbHI-
CTIO, O AO3BONSIE BUKOPUCTOBYBA-
TH XMAPHI iHPPACTPYKTYpH 3 BinbLu
BMCOKOIO LLNbHICTIO.

XKopcrki anckn cepii MG10F
MQIOTb  WIBMAKICTE  OBepTaHHa
wrnuHaena 7200 o6/xs, pospaxo-
BAHI HQ HOMiHQMbHE poboue Ha-
saHTaxeHHs 550 T Ha pik i 306e3-
neyyloTb MOXIMBICTE BMOOPY Mixk
iHTepderncammn SAS i SATA.

https://toshiba.semicon-
storage.com/

HOBUM MOAYJb
LLC-MEPETBOPIOBAYA

KOMI‘IOHiﬂ EPC oronocuna npo
sunyck  mogyns LLC-nepetso-
posaya EPC9159 48 B/12 B,
NPU3HAYEHOro Ana [xXepesn >Xue-
nerns cepsepis i DC/DC nepe-
TBOPIOBAYiB. Matoun mnouy BCbo-
ro 17.5%22.8 MM, us KOHCTPYKLUis
30aTHAQ Bi,lJ,,ElOBOTM B HOABOAHTAXEH-
Ha 1 kBT npu ryctuHi notyxHoc-
1i 5130 Br/cmd. Lle pocaraetsca
30BOSKM  3ACTOCYBAHHIO  CUIOBMX
kniouis i3 Hitpuay ranito (GaN), sxi
npauioTs HO BMCOKMX HACTOTAX
NePEMUKAHHS K Y NePBUHHOMY, TAK
iy BTOPUHHOMY KONQOX.

Y cxemi mxepena XuBneHHs
EPC?159 BukopucTosyetbes pe-
3oHaHcHa LLC texHonoris. Cxema
CKNOAQETHCS 3 MOBHOMO MOCTA HA
NEPBUHHIN CTOPOHI, MNAHAPHOrO
TpaHchopmaTopa 3 GiKCOBAHUM
koediujeHTom TpaHcopmaui i
CHMHXPOHHOIO BUMNPAMIAYA 3 Bi,D,’
BEIEHHSM B, CepefHbOi TOuYKM
HO BTOPMHHIM CTOPOHI. Y noBHO-
MOCTOBI CXeMi MNepBMHHOI CTO-
POHM  BMKOPWCTOBYIOTb  YOTUPH
80-sonbToenx GaN TtpaHancTropu
EPC2619 3 onopamu BigkpuTux
karanis 3.3 MOM, @ HQ BTOPUHHIM
cropoHi — wictb 40-BonbroBMX
GaN tpansucropis EPC2067 3
onopamu kaHanis 1.3 MOM.

KKL, cunosoro kackagy mogynst
EPC9159 nocarae 98% npu crpy-
Mi 25 A, o npu NOBHOMY HOBAHTA-
xenHi 83 A i uxigHin Hanpysi 12 B
craHoeuts 96.2%. Llen npuctpiit
ileanbHO MigXoAMTb AN XMBAEHHS
OG‘-IVICJ'IIOBGJ'II:HMX ,D,Oﬂ,OTKiB, TAKMX
fK NPUCKOPIOBAYI LUTYYHOrO iHTe-
NEKTY TA CYHYACHI irpOBi KOHCOI.

https://epc-co.com/

www.chiphews.com.uad



Po3nopin eHeprii

MopyneHa cUCTEMA po3nNoineYnx npucTpoi Rittal ons seoay Ta posnoginy eNeKTPoSHERM BIANOBIAAE YMHHUM CTaHRapTaM |
Hopram, Big TpadcihopmaropHol nigeTanuil go sapagHal cTiiky, Bonra nigxoguTes QN8 3acTocyBakkA B glanazoni sig 125 A oo

5.500 A,

MopyneHa cucTema RidPower
ao 5500 A

MomyieHa CHETEMA NA
HHALKEOBONETHUE DOAMIIINEHE
npw:‘;rp-u'l'u. I NEPeRipKON
ROHCTRYALT HE BANOBIAHGCTE
craspapras [EC 61 43%9-1/-2 | DN
EN 61 439-1/-2, 2 TAKCHK CHETEMHI

[RILLEHHA ANA POANOMENEHAN
APMCTROIE 3 pO3nineHsMAM 38
popso 1-30.

FRIEDHELM LOH GROLE

Poanoginesa wadha ISV,
Peanoginei wade ISV gna
SNERTRANACTIMAHRA B Dy IIRRAK 1
NposMwenasocT, wo signosipae
cTarfapran, THyyxa Kovdirypaus 3
APYHHAMA MODYNAMK ROANOIINY
enaxrpoarsapri. JooTynHi Ak
HACTIRoA | TiR | OXDEMD CTOR Wadn
TR THGMBIYANBHO T BAKORWCTaHHA
B MCEYFEHAME BREMEHTEMIE,

Cucrema 3anabixHuKis

TomMaqi 3anoGi=MUKiB QA MoHTAMY
HE LIHHT CACTEMA, PO3'ELHYRAM 3
zancdixHuana | TpUmEHi
agnofimrexin MH, agantapn gns
BETOMETAHHLK BAMaKaHIR T3 OM
ANANTEPM,

LUwnHi cuctemu Riline i RiLine
Compact

Big, rixeniakig poanooiicye npncTpais,
IHIEEBI LY ANBHIAY, DOFNERINEHUX NEWCTPOIR |
MHASCTOOIE KEEYBAHHA 00 HEA3RMHARHD
FHyRAx POSNONINMEMAE ARHC TR
BEMMKOTD CTEYMY BNA IHDRACTRYKTYRHAN
i NDOMACAOBMX BACTOCYBAME, MpocTwA,
HARHLA MORTRN, B TAKDW SyHE 08
KOPWCTYBE4YE NNAHYBEHHA 3 NEPEBIDKD
MpOEKTY = OCs DEGMIHFT DUEH LA CHCTEW

Aocsipg Rittal y po3nopaini enektpoeHeprii Ta cekTopi
Blnl-loamoaaum €HepreTuku

Bema

B EopMRencH! CACTEMM DILSHHS INA NOTY MUK
NEPETROPICRAHIS HBCTOTH, BRACHMBIONA KEMET-ROH-

Tpons.

B Llladw kegysares B rosoni Ta GeEnooepedness
HE POToRE, 400 HARIAHD BUTPUMYBATH HaBiT.
HAREALL OWHAMHHI HABAMTAMEHHA,

= I B
e | &

i

36epiranus eneprii
B Thoyki MACITABOBAM] MOOYNEHE PILLEBHKHA 108

sfepiramns erepril, W ITNAAMYE NKoB! HREBAHTR-
B,

CoHaYHa nasens

B Hagifsl, KOMNAKTHI 3'EQHYBANLHL KORTYCH
FEHEpATORIE T3 KONEKTORME NOCTIRHOMD CTRMY
GeanocepeqHen HAE COHRYHIR naHeant.

IveepTop

www.rittal.com.ua =« office@rittal.com.ua

FRIEDHELM LOH GROUP

B |llada, ocHalaHa posnoimsHes NpWCTpoEM Ta
KNMAT-KOHTRONEM, 3a08arneYye MOMCRHCKY
[HEEQTODY BUCORWA plaaqs ianaono 3axecTy,

T-incbpacTpysTypa
B Mosxa dizvqqa T-ikdpacTpysTypd, AK 4R

MELTMX, TAK | QNA Gyas Banuskmx
LEHTRIE DOPOBKA [aHux.

RITIAL[S
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(lpocKkm gunamivnoi 3aMinu Kondi2ypauii
NIC ciMeiicmea MAX10

Amutpo lanHeko

Y crarti po3rnsHyTO peani3auilo 3aBAHTAXKYBAYA TA OCHOBHOI o

koH¢irypauii Ha mikpocxemi MJIIC cimeiictea MAX10 xopnopauii
Intel. MJIIC cimeiicrea MAX10 Mae MOXXNUBICTbL OPraHisyBaTu ABi
abconmoTHO He3aneXHi KoHdirypauiHi cxemu. Takum YUHOM,
OAHY MOXXHO BUKOPMUCTOBYBATU K 3GBAHTCDKYBAY, A APYry — §IK
OCHOBHY po60uy KoHirypauito. CTtarra agpecoBaHA i HOBAYKAM,
AisnbHicTb Ta iHTepecu akux nos’asaHi 3 MJIIC. Y nepuwii yacTuHi
uiei po6otu npegcraesneHo ocobnueocri MJIIC cimeinctea MAX10,
BHYTPILLHIO CUCTEMY NMEPEMUKAHHSA MK KOHirypauismm, a Takox
HaBepeHo RTL-kop Moy ng BepXHbLOro piBHS MPOEKTY MOBOIO ONU-

cy anaparypu SystemVerilog [1].

OCOBJIUBOCTI MJIC
CIMEACTBA MAX10

KOpOTKO posnosimo npo JIIC cimeit-
ctea MAX10 (puc. 1) i ioro nepesarm.
Pani cimerictea MAX manu apxitektypy
CPLD, BsogHouac octaHHs cepia MAX10
€ 30 APXITEKTYpOK 84pA MOBHOLIHHUM
FPGA, no Toro x kinska pisHosumais [1J11C
MAX10 36epiratots aesxi nepesarn CPLD,
ak-oT single-supply (noTpibeH oanH HOMI-
Han xwueneHHs ana pobotu sciei MIIC) i
86ynosaHa koHpirypauiiHa flash-nam’sTs.
Llert cumbios BurigHO BMAINSETLCA HO TAI
iHworo cimencrsa Brogxethux MIC —

Puc. 1. MAIC cimeircrea MAX10
12

Cyclone, aki BMmaraioTs TpU HOMIHANM
HAMPYrM XMBREHHA (sapo, nepudepis,
DAIMY) i HaABHOCTI 30BHIWHLOI KOHI-
rypauinitoi nam’sTi. Kpim iHworo, MIIC
UbOro CiMencTea Mae Ha 6Gopty 6noku
AL, BHYTPIWHiA TOKTOBMM reHepaTop i
TEPMOUYTIIUBMI Ai04 SIK LATYMK Temnepa-
TYpH, Qne METOIO MPOEKTY € HACAMMNEPEL
peanisauis 4BOX A6CONOTHO HE3ANEXHMX
KOH}Irypauin Ha OAHOMY KpPUCTATI.

He sci Bapiantu BukoHanHs JIC ci-
merctea MAX10 matoTs MoXnmMBICTb Opra-
Hi3aLiT ABOX HE3ANEXHMX KOHIrypaLifHUX
CXEM, TOMY PO3ITIIHEMO CTPYKTYPY HOMME-
nysanHs MJ1IC uboro cimenicTea (puc. 2):

Hamerysarns cimercrea MJIC:
10M — MAXT0.

o Kop npomyKTy, WO NO3HAYAE KinbKiCTb
NOTIYHMX enemeHTiB (okpyrneHa):

e (02— 2000;
e 04 — 4000;
e (08 —8000;
e 16— 16000;
e 25 __25000;
e 40 — 40000;
e 50— 50000.

o Tun XMBNEHHA MIKDOCXEMMU:
e S |(Single Supply) — oanH HomiHan
HAMPYrU XUBNEHHA,;
e D (Dual Supply) — mBa HomiHanm
HANPYrY XUBNEHHS.

Y eapianTi BukoHaHHs S Ha MJIC pos-
TALWOBYETLCH BOYAOBAHUI NiHIHMIA peryns-
Top Hanpyru (LDO), wo popmye 3 BxiaHoro
XMBREHHS HEODXiaHI Hampyrv sgpa i ne-
pudepii. BignosigHo, y BapiaHTi BUKOHAH-
Ha D BOynoBaHMit CcTABINI3ATOP BIACYTHIM.
Cnin BpaxoByBaTH, LLO BAPIAHT S CnpoLlye
npouec po3pobrneHHa ApyKOBAHOI NiaTH,
3MEHLLYE KinbKiCTb OBB'S3KM MIKpOCXEMM,
ane BOAHOYAC MAOE W NEBHI HERONIKK, 30-
KPEMQA 3MEHLLEHHS MAOKCUMASbHOIT YHOCTOTH
poboTn aapa Ta nepudepii, a TaKox no-
MPLIYIOTBCA XAPOKTEPUCTUKM BOYAOBAHMX
aHanorosux 6nokis MJIC.

10M |8 |S|A

E144 |C|8

HaiimeHyBaHHs
cimeiicTea
nnic

Koz npopykty

Tnn XUBNEHHs
Mikpocxemu

[onatkosi
yHKuUii (onuii)

Mapametp
wenakogii MNIC

[lianasoH po60o4unx
Temneparyp

Tun kopnycy
Ta KiNnbKicTb
BWBOAIB MIKPOCXEMM

Puc. 2. Crpykrypa HaiimeHyBaHHs MJNIC cimeiicrea MAX10

www.chipnews.com.ua



HHIKEHEPHAA MUKPOINEKTPOHHKA

HopaTkosi dyHkuii (onuji):

e Compact — 6a30Be BUKOHAHHS;

Flash — moxnusicts peanisauii asox
KOHIrypauiiMHMX CXxem i3 CaOMOOHOB-
NIeHHSM TA iHiuianisauis B6y,u.OBoHo'|'
RAM nig yac nopaBaHHA XMBREHHS;

e Analog — Bce Te came, Wo iy BapiaHTi
Flash, nnioc 86ynosanui 6nok ALIIM.
lMpumitka. Takum umHOM, HeobXxis-
Ho Bubupamu [1IC sukoHaHHs abo
Flash, a6o Analog.

e Tun kopnycy i KinbKiCTb BUBOZIB MiKpO-
cxemu. Tunu Kopnycis y LbOMY CIMeN-
crei MNIC — E (EQFP), M (MBGA),
U (UBGA), F (FBGA). 3ynuHatucs Ha
KOXHOMY BQpiaHTI Kopnycy He Gyae-
MO, OCKinbku BCIO aeTanbHy iHbopma-
L0 MOXHQ OTPUMATHU B MEPEXI.

e [lianasoH pobounx Temnepatyp, K
npasuno, I'IO,D,iJ'IFIGTbCﬂ HQ:

e C(Commercial) — T,=0..485 °C;
e | (Industrial) — T,=-40..+100 °C;
e A(Automotive) —T,=—40..4+125°C.
lMpumitka. 3assuyari BapiaHT BuKO-
HaHHa Industrial mae makcumansHy
mexy temnepatypm 8 +85 °C, ane ans
cimesictea IJIIC MAXIO gonycruma
makcumansHa Temnepatypa +100 °C.

e [lapametp weuakogii MJIC — wo
MeHLWUIM napameTp, To Ginblia Makcu-
MQfIbHO 4OCTOTA MPOEKTY, AKA MOXE
ByTH foCATHYTA.
3anwunocs BM6PATH «3aNi30», HA

akoMy aBTOp byme peanisoeysatv 304y-

MaHUit npoekT. [ng umx uinen nigiige Gio-

oxeTHa HanarogxyeansHa nnata MAX10

10MO08 Eval Kit Board (puc. 3) sin Axelsys.

Ha uit  HanaromxysanbHii  nnaTi,
kpim camoi TUTIC  TOMO8SSAE144C8,
PO3TALLOBYIOTHCS TAKTOBMM TEHEpATOp

50 Mlu, pos’em IDC-10M ans nigknioye-
Ha JTAG-kabeno, n'saTb NPU3HAYEHMX anst

CHIP NEWS, #3 (223), 2023

Puc. 3. Mnara ana HanarogxexnHs MAX10 10M08 Eval Kit MAX10 10M08 Eval Kit

KOPWUCTYBOYQ CBITNOAIOAIB, WICTb NEPEMM-
Kayis (op,MH i3 HUX Nig’egHaHO 0O cneujani-
sosanoro nina MIC, ane npo ue Huxue) i
po3’em mini-USB (Ha xans, nvwe ans noaa-
Yi XKMBMIEHHS HA HONATOAXKYBAMbHY nn0Ty).

Ockinbku gpaitsepa Virtual COM Ha
nnati He nepepbadeHo, sk iHTepdeitc
B30EMOAji BMKOPUCTOBYBATMMEMO 30B-
HILUHIO MAOTY PO3LWMPEHHS, Aka B Gesni-
Yi NPenCcTaBNEHA HA PUHKY €NeKTPOHHMX
KOMMOHEHTIB.

BHYTPILUHA CUCTEMA
MEPEMUKAHHS MDK ABOMA

KOH®II'YPALLIIMU
aragaemo, wo iHigianizauia MJIC

HBi,u6yBoeTbcs| TAK: KOHGIrypauinHuii
dbain (configuration data) suutyersea 3
koHdirypauiiHoi nam’ati (configuration
flash memory, CFM) y koHdirypauiity
eHeprosanexHy nam’ate (CRAM). [ns
[MIC cepit Cyclone koHirypauinHoo

NOM'ATTIO € 30BHIWHA Mikpocxema (Tak,

YUTAY MOXE 3AABMTH, LLLO MPOLLMBKY MOX-

Ha sanucatn depes JTAG abo mikpo-

KOHTpOnep, ane fani CTAHE 3PO3yMino,

4OMYy QBTOP MMLIE CAME MPO BAPIAHT i3

nam’stmo). Oprak Haragaemo, wo s [MJ1IC
cepii MAX10 nam’ate Tuny CFM posta-

LLIOBYETbCS BCEPEAMHI CAMOI MIKPOCXEMM,

TOMy Crlig, PO3MIAHYTH ii CTPyKTYpY (pHc. 4).
9k 6aummo Ha pucyHky 4, B obnac-

Ti flash-nam’sti TIIC cimertictea MAX10,

kpim CFM, € i kopuctysauska flash-nam’sts

(user flash memory, UFM), wo cknapo-

€TbCS 3 [BOX CeKTOpiB. Takox KoHdiry-

pauiiHa obnacte Nam’sTi MICTUTL Tpu
cextopu: CFMO, CFM1, CFM2. Mpuyomy
3anexHo sig pexumy kondirypauii (internal
configuration mode) nam’ste Moxe Gyt

OPraHi30BAHA MO-Pi3HOMY, HAMPUKNOA:

o Yca CFM-o6nacts nam’sti moxe B6yTn
BUOINEHA Mg OAHY KOHbirypauii-
HY CXeMy 3 MOXIMBICTIO iHiuianisa-
uii parux eHyTpiwHsoi O3M1 (single
uncompressed/compressed image
with memory initialization).

o Tinbku OBQ CEKTOPM MOXYTb BYTH BMUAi-
neHi nig KOHIrypauiiHy cxemy, a opmH
CEeKTOp — AK AOAATKOBA KOPWCTYBALL-
ka flash-nam’sts (single uncompressed
image).

o Tinbku 0anH cexTop moxe 6yTu Buaine-
HO Mig KOHGIrypauiiHy cxemy, a ABQ,
WO 3anMumMnnca, — nig AOAATKO BY
kopwmcTtysaubky flash-nam’ats (single
compressed image).

o Cektop CFMO BupineHo nig nepuy
KOH}IrypauiHy cxemy, a CeKTo-
pu CFM1 i CFM2 — nig apyry (dual
compressed image).

TOKMM 4YMHOM, AN HOWMX Uinen nig-
xopuTb Tinbku pexum dual compressed
image. Yutay MOXe Linkom CNpaBemMBo
MOCTABMTM 3ANUTAHHS: YOMY Mifl OfHY CXe-
MY BMOINEHO TiNbKM OOMH CEKTOP nam’sTi,
a nig apyry Winmx gga, Y O3HAYAE LE, WO

User Flash Memory ) .
Internal Configuration Sectors Configuration Flash Memory Sectors
Mode UFMT UFMO CFM2 CFM1 CFMO
Dual Compressed Image | UFM | | Compressed Image 1 | |Ct1rrrr11;;;eesged
I
|
Single Uncompressed | | | Additional | |
Image UFM UFM Uncompressed Image 0
I |
- | I
Single Uncompressed U T 1mage 0
Image with Memory | UFM | | Jncompressed Image |
Initialization : W|thI Memory Imtnahzaltmn
: I I [
Single Compressed Com
h pressed Image 0
Image with Memory | UFM | | with Memory Initialization |
Initialization T T
I |
Single Compressed | | | " | |Compressed
Image UFM Additional UFM Image 0
I I
Puc. 4. Cxema opranisauii flash-nam’ari 8 MJIC cimeiicrea MAX10
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= Fiash Memory
! Secher ID Acoesa Mode Adcress Mapping Tyoe
[ < and) write 00K -
12 iRtbdandﬂ'HlJE Coo-4000 - D T LFM
i |Read and write 08000 - G 1c 74 CFM (Image 7)
4 Read and write |0 2800 - O 2afFF CFM (Image 7}
i$ |Read and write O 200D - D AdITF CFM (Image 1)
Puc. 5. Tabnuusa posrawyeanHs o6nacreii CFM i UFM
Intepdeiic cxemn Remote System Upgrade Circuitry
HaiimeHyBaHHs | HalimenyBanHs | Bxip/ Onuc
curHany nopry Buxin
) ) Bxin 3cysHoro perictpa Shift Register. Mpu SHIFTALD = 1 pani
s el regin S 30CyBAIOTLCA B PEricTp 3a GpoHToM, wo 3poctae RU_CLK
RU DOUT reqout Busd Buxig scyeroro perictpa Shift Register. SHIFTnLD = 1 gani
= 9 | BicysatoTses 3 perictpa 3a pporTom, wo 3poctae RU_CLK
RU nRSTIMER rsifimer Byi CK1pQHHSI CTOPOXOBOTO TAAMEPA 30 GPOHTOM, LLO CNAAJE.
= A | Imnynsc nosuHer ByTi He menwe 250 He
s ’ [ossin un PosainbHa 3paTHicTb KOHIrypaLii.
RU_nCONFIG rconfig Bxip AKTUBHMIA PiBEHb — HU3bKMI
RU_CLK clk Bxin | TakTosuit curtan (knok)
KepysansHi curanv (3a dportom, wo spocrae RU_CLK):
RU SHIFTALD shiftnld Bxin |°® TPV RU_SHIFTnLD = 1 npawoe 3cysHuit perictp
- BiZl CTOPLIOTO PO3pPsAAY AO MOJIOALIOTO;
o npu RU_SHIFTnLD =0 i RU_CAPTnUPDT = 0 gaHi
3i 3CYBHOrO PEricTPA 30BAHTAXYIOTCA Y BXiAHMMA
) perictp Input Register;
AULCAPIRLIDT | coimpe BXia 1o npuRU_SHIFTLD =0iRU_CAPTAUPDT =1 o
3 MynbTMnnekcopa Mux 3aBAHTAXYIOTCA B 3CyBHMM PEricTp

koHdirypauiiHi gani (RTL-npoexT) pisHoro
PO3MIPY MOXHQ B HUX MICTUTUE Bignosias Ha
ue 30nuTaHHs Oyae 3pOo3yMino micis Bu-
BYEHHS TABNMLI, HOBEAEHOT HO PUCYHKY 5.

Ona TJIC 10MO8SAE144, wo o6-
paHa Hamu, posmip cektopa CFMO ans
koHdirypauinHoi cxemu Image 1 craHo-
euTb 143 360 6anT, a posmipu cextopis
CFM1 i CFM2 — 59392 i 83968 6aiir
BignosigHo. Jlerko momitmTH, WO B CyMmi
posmipu cexktopis CFM1 i CFM2 popis-
HIOIOTL poamipy cektopa CFMO, tomy
PO3MipU 060X KOHPITYPALIMHUX CXEM,
sanucanunx y TJIIC, moxyTs matn ogHa-
KOBWI PO3MIp.

Tenep posrnaHemo, wWo BinbyBaETb-
ca nicna nopayi xmenerHs Ha MAXI0,
aka ckoHdiryposaHa B pexumi dual
compressed image (puc. é).

3anexHo Bif HONALWTYBAHbL MPOEKTY
€ [1BA BOPIOHTM MOYATKY NpOUecCy iHiuia-
nisauii TIIC. 9kwo BCTAHOBNEHO pPexum
Configure device from CFMO only (Hano-
wrysaHHs pexumise MAX10 sgificHiooTs
y menio Convert programming files nic-
na komninsauii RTL-npoekty, npo ue 6yae
PO3KA3QHO HAAAMi), Micna NOAABAHHS
xusnenns Ha [JIIC aestomat soeawTa-
XEHHsI ODOB'I3KOBO MOYHE HAMATATUCA
iHiuianiayBat KoHdirypauilo i3 cektopy

CFMO (Image 0 Ha puc. 6). Fxwo x pe-
xum Configure device from CFMO only
HE BCTOHOBMEHO, OBTOMAT 30BAHTOXEH-
HS MepeBipaTMME CTAH CMeLiani3oBAHOro
nina CONFIG_SEL. 9kwo cran CONFIG_
SEL = 0, TO MOYHETHCH 3ABAHTAXEHHS
Image 0, akwo x CONFIG_SEL = 1, 7o
MOYHETLCS 30BAHTAXeHHs Image . Takum
YMHOM, AKLLO HALI MAMBYTHIM 30BAHTAXY-
Ba4 poatawosaHo B Image 1, a ocHosHa
koHoirypauis — 8 Image 0, moxHa ana-
paTHO 0BMPaTH, AK iHILIANI3yBATUMETLCS
MNC nicns nopaui xuenenns. Haranae-
MO, WO Y HONATOAXYBASbHIM NNATI aBTOPA
(puc. 3) nin CONFIG_SEL BuBepeHo Ha
NepemuKaY, WO AACTb 3MOTY MEpesipuTH
uem pexum pobotu.

Hani asTomMaT 30BaHTOXYBAYA Ai€ 3Q
TAKOKO CXeMOt0. JIKLLO B Mpoueci nepsuH-
HOTO 30BAHTAXEHHS, Hanpuknag Image 0,
crasca akmics 36in (First Error Occurs),
Byae 3aiMCHIOBATUCA CNPOBA 3ABAHTAXEH-
Ha 3 Image 1, i Hasnaku. Y pasi x skwo
cranacs nomunka (Second Error Occurs) y
npoueci 30BAHTAXEHHs CycigHboi Image,
OBTOMAT 30BOHTOXEHHS nepeige B CTaH
Tanm-ayty (Wait for Reconfiguration),
nicns 4oro noYHeTbcs cnpoba 3aHOBO
30BAHTOXMTH  NOTPIBGHY  KoHbirypauio
(Reconfiguration).

[ns  OMHOMIYHOrO MEepemuKaHHS 3
opHiei KoHIrypauiMHOi cxemu Ha iHLY
KOPWCTYBAYEBI HOBAHO iHTEpdENC LOCTY-
ny AO YOACTMHM OBTOMATO 3ABAHTOXKEHHS,
dYHKLIOHAMbHY CXEeMy SIKOTO NPEeAcTaB-
neHo Ha pucyHky / — Remote System
Upgrade Circuitry.

Lla cxema poe smory 34MTaTH MOTOY-
HU cTaH koHdirypauii (Status Register —
Current State Logic), nepemkrytica Ha
iHwy kondirypauito (Control Register), a

Power-up

Sample CONFIG_SEL pin

CONFIG_SEL=0  CONFIG_SEL=1

Perictp crarycy (Status Register)
-
-3 -~
a2 HaiimeHyBaHHS Onuc
- X} S
a8 N
&
TOTOUHMIA CTAH: S
0010 — saBaHTaxeHo koHirypatiio Imagel Flow when §
0011 — sasaHTaxeHo koHdirypauio Image ::onfng::;&iewlce &
33:30 msm_cs nicns HeBaanoi cnpobu sasaHTaxerHs Imaged o i only
0100 — 3asanTaxeHo koHdirypauio Image | s e\na e
0101 — saBaHTaXeHO KoHGirypauio Imagel 1 Power-up
nicng Hesaanoi cnpoby sasaxTaxerts Image ENR \J\
29 ru_wd_en [panop cropoxosoro Taimepa \\\\\
28:0 wd_timeout_value [oTOUHE 3HAYEHHA CTOPOXOBOTO TANMEPQ \\ N Image 0
BxipHuit perictp (Input Register) \
g8
-3 -
a2 HaiimeHyBaHHS Onuc
- X}
aa
38:14 = 30pe3epBoBaHO
) 0 — saBaHTaxeHHs koHdirypauii Imaged Reconfiguration
13 ru_config_sel ; -
- — 1 — 3aBaHTaxeHHs KoHdirypauii Image |
12 | ru_config_sel_overwrite | [ossin amiHu kordirypauii
11:0 - 30pe3epBoBaHO

Second Error Occurs

First Error Occurs

First Error Occurs

Second Error Ocgurs

Wait for Reconfiguration
Reconfiguration

Puc. 6. MocnigoBHicTb ABTOMATA 3ABAHTMKEHHS
koHdirypauinHoi cxemm
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Status Register (SR) Internal Oscillator
Previous Previous Current Control Register
State State State Bit [38..0]
Register 2 Register 1 Logic
Bit[31..0)q Bn[31..0}<_| Bn[sa 0]
[ Iy
Input Register
Bit [38.0] ypdate
RU
l Master
State
Logic Machine
- - RU
Shift Register i geconiiguration timeout | User
{din dout din . dout} late
i Bit [38..0 Machine P Timer
| Bit [40..39] [38.01_ture <|I j —I
[
[cikout camure update
T tooe clkin
RU_DIN RU_SHIFTALD  RU_CAPTnUPDT RU_CLK  RU_DOUT RU_nCONFIG RU_nRSTIMER
Logic Array
Puc. 7. ®yHkuionanbHa cxema Remote System Upgrade Circuitry
B PA3i MOMWIIKM — MOBEPHYTUCS HA BUXiL- CHOPMYBATU  MOCMILOBHICTL  CMrHANIB,

Hy koHdirypauito. 3acobom KepyBaHHs
€ 3cyeHui perictp (Shift Register) i kinbka
curHanie, WO KepyloTs. IHTepdeic kepy-
BAHHS CXEeMOt0 HaeeneHo B Tabmuj 1.

HeobxigHo 30 ponomoroilo moayns,
306PAXEHOr0 HO PMUCYHKY 7/, npouuTa-
TM HOMEep MOTO4HOI KoHbIrypauii i, sKwo
Oyne NOTPIGHO, NEePEMMKHYTUCA HA No-
TpiGHY koHdirypauito.

Homep  notouHoi  koHdirypauii
3bepiraeTbca B pericTpi cratycy Status
Register — Current State Logic (tabn. 2),
a Ansa TOro, Wob NepemKHYTUCA Ha iHLY
KOHGIrypawito, HeobXigHO CKOPUCTATUCS
perictpom kepysarHs Control Register,
AKMI NOB'A3AHMIA i3 BXIAHMM PETICTPOM
Input Register (rabn. 3).

Takum 4mHOM, WO6 NPOYNTATH HO-

306paxeHy Ha pucyHky 8. Cnouatky He-
OBXILHO 3CYHYTM Yy ABA CTAPLWIi PO3PSam
(40:39) scyBHOrO perictpa Take nonoxeH-
HSt MyTIBTUANEKCOPQA, WO6 HA HOro BUXOLI

@ @

RU_DIN V

TpaHcnosanocs 3HaderHs Current State
perictpa Status Register, notim eusHaue-
Hoto kombiHauiero RU_SHIFTnLD i RU_
CAPTnUPDT saxonutu sHauenHs B Shift
Register[38:0] i pani BMBAHTAXMTU uen
perictp 3 suxogy RU_DOUT.

Mepwmmn geoma Gitamu (bporHtr RU_
CLK — 1§ 2, npu RU_SHIFTnLD = 1) na
BMXOﬂi MYINbTUNIEKCOPA BCTAHOBIOETLCA
3Hauenns Current State. Pportom Ne 3
(mpv RU_SHIFTnLD=0iRU_CAPTnUPDT=1)
sHavenHs Current State 3aBaHTOXYETLCA B
3cyeHui perictp Shift Register[38:0]. Oani,
3a ymosu RU_SHIFTnLD = 1 nactynwi 39
taktis RU_CLK (cnagn Ne 4-42), sasan-
TaXeHi B 3CYBHMM perictp naHi GyayTs
supasatmca 3 suxoay RU_DOUT.

Ons Toro, wob nepemukHyTMCa Ha iH-
wy KoHdirypauirivy cxemy (Image0 abo
Imagel), HeobxigHo cdpopmysaTh nocni-
LOBHICTb CMIHQJIB, NOKA3AHY HQ PUCYHKY 9.

Mepwi 41 6it (3a RU_SHIFTnLD = 1
i RU_CAPTnUPDT = 0) sasaHTakyemo
LOHI B 3CYBHWMM pericTp, 3i BCTOHOBNEHUM
3naueHHam ru_config_sel overwrite i Ho-
mepom obpaHoi koHdirypauii (ru_config_
sel = 0 — Image0, ru_config_sel = 1 —
Image1). Dani, 41-m pportom RU_CLK (3a
RU_SHIFTnLD = 0 i RU_CAPTnUPDT = Q)
30BAHTAXYEMO AAHI 3CYBHOTO Perictpa B
Input Register i Ha 43-my pponti RU_CLK
30BEPLLYEMO NpoLec.

@Q@ ‘Q.

,,

RU_SHIFTnLD /
RU_CAPTnUPDT \

T
/_Y_

ru_config_sel

ru_config_sel_overwrite

Mep noToYHOI koHdirypauii, HeobxigHo | Puc. 9. Tumuacoei giarpamu nip yac 3aBaHTAaXKeHHS HOBOI KOHirypauii
@ ® 06 @ © @ @ ® @ Q ®
RU_CLK I I ] ] l l
o THYE L ?
RU_SHIFTALD 7 \_/ \
RU_CAPTNUPDT
RU_DOUT v\ YAYAEE
; ¥ v/( v v %y v)@( vy ® v)\
i \ ' '
mux msm_cs  ru_wd_en  wd_timeout_value
Puc. 8. Tumuacosi giarpammu ynTaHHS Homepa NoTouHoi kKoHpirypauii
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CTPYKTYPHA CXEMA
MPOEKTY NEPEMUKAHHS
MDK KOH®IF'YPALLIIIMU
TA AOrO KoAa

HA SYSTEMVERILOG

enep MOXHQ NepenTM [o po3pobku
RTL-kopy npoekty. Ons nodatky Heob-

XiBHO CPOPMYBATH CTPYKTYPHY CXEMY MPO-

€KTY, HA AKiM ByyTb NO3HAYEHI OCHOBHI MO-

ayni Ta ixHil 38"a30Kk Mix coboto (puc. 10).
9k BugHO Ha pucyHky 10, Tonoesum mo-

Aynem npoekTy € Top.sv, A0 SKOTO BKIIIO-

yeHo Taki mogyni: Reset.sv; Receiver.sy;

Transmitter.sv; Memory.sv; MainControl.

sv; ImageControl.sy; fiftyfivenm_rublock.
Ina nawwux uinent y MJIC matots Gytn

CKOHIrypoBaHi TaKi NOPTH:

e inclk — TakToBMt BXiR reHepaTopa
50 Ml'y;

e rxd_vart — Bxig, Wo npuimMaloTL no-
CnifOBHI NOCKUIKM Bif ApaMBEPA BIPTY-
ansHoro COM-nopry;

. fxd_uort — BMXif, BigNOBiAHI NOCNiAOB-
Hi NOCUNKM HO AparBep BiPTYANbHOrO
nopty;

o led [4:0] — Buxia Ha n'aTb ceiTROMIOAB,
[Ns Bi3yQNIbHOTO KOHTPONIO.
Posbepemo npusHAueHHs KOXHOMO 3

mopynis, 306paxeHux Ha pucyHky 10.
€nmHa dyHkuia moayns Reset.sv — nig

yac nopaeaHHs xmenexHs Ha MJ1IC npots-

rom nepwmx 10 TakTis inclk Buaatv Ha BCi
iHLWi MOAYNi NPOEKTY CTPO6 CKMAAHHS BCiX
pericTpiB y BuxigHWi cTaH. TakToBi curHa-

M i cTPO6 CKMAAHHS NI’ €AHAHI MPAKTUYHO

1o Bcix Mmogynis RTL-npoekTy, Tomy astop

16

Puc. 10. CTpyKTypHa cxema NPOEKTY 3 MOAYNSIMU BEPXHbOTO PiBHS

HO CTPYKTYPHMX CXEMOX BigoBpaxaTh ix
He CTaB, WOB6 HEe YCKNAAHIOBATY MATIOHOK.
Moayne Receiver.sv BukoHye dyHkuii
npuitmants UART-naketa, Buginse komaH-
Ay, BOBXMHY NAKETA | MAPAXOBYE KOHTPONMb-
Hy cymy. CKnaaae npurHATI AAHI Yy BHYTPILL-
Hio O3, onucany B moayni Memory.sv.

Moayne Transmitter.sv BukoHye ¢yHk-
uii opraxizauii UART-naketa Ha signpas-
nenHs. Yutae pami 3 BHyTpiwHboi O3
(Memory.sv) i ninpaxoBye KOHTPOMBLHY CyMy.

Moayns Memory.sv mictuts gea aso-
noptoeux mogyni O3l pns 36epirans
NPUAHATUX | BIBNPABNEHUX LAHMX.

Moayne  MainControl.sv  BukoHye
byHkujlo «apbitpa» npoexTy. Busnauae,
AKi Aii Cnig BUKOHYBATM 30M1EXHO Bif, Npu-
MHATOT KOMOHAM.

Mogyns ImageControl.sv Bukorye agi
onepauii: YUTAHHS MOTOYHOT KOHIrypawii
[TJIIC i BCTGHOBMEHHS KOMOHOM Mepemu-
KQHHS Ha HeobxigHy KoHdirypauiio. [Hwmmu
CIIOBAMM, 3ANEXHO Bif, NPUIHATOT KOMAHAM
3aicHIOE Aii, 306paxeni Ha pucyHkax 8 9.

Moayne fiftyfivenm_rublock — BHy-
TPIWHIA AnapaTHMIt MOLYNb, CXEMATUYHO
306paxenunit Ha pucyHky 7. Lleit moaynb
HE NOTPIGHO OKPEMO OMUCYBATH Y BMUIMIS-
ai RTL-komy, BOCTOTHLO NMLWE NMPABUIBLHO
nin’€nHaTV MOro [0 MPOEKTY 3rifHO 3 LOKY-
menTauieo Ha MTIC [1].

MMin yac nogasanHs xuenexts Ha MITIC
XOIHMX OiK He Biﬂ,6yBO€TbCﬂ, i cuctema ye-
kae npuitmansHoi nocunku 3 [K. LLoiHo
Moayrnb Receiver.sv BiporigHo npuimae no-
CUIIKY, TO 3AMUCYE NPUAHATI AAHI B NaM'sITb
mopyns Memory.sv i nOR0€E KOMAHAY HA BHK-

koHaHHs moaynio MainControl.sv. Mogyns
MainControl.sv BusHauag, aka KoHKpeTHO
KOMQHAQ HagiMwna (Hopasi ix Asi — Homep
NOTOYHOI KOHbIrypauii Ta 3MiHO KOHIry-
pauii), i smywye momyns ImageControl.sv
BUKOHOTK BIiANOBIOHI Aii, Nicna 3aKiHYEeHHs
aknx mopyns MainControl.sv nae curnan
moaynio Transmitter.sv HO HOACUNAHHS Big-
NOBiAHMX AAHKX (kWO noTpibHo) Ha K.

Tenep moxHa nepentn go Ginbw ae-
TANBHOTO PO3ISAY KOXHOTO 3 Nepepaxo-
BAHMX MOAYNIB.

Moaynb Top.sv

Mounemo pospobky RTL-kogy 3 mo-
OynemM COMOTO BepxHboro pisHs. Hase-
AEMO WAmNKy MOAYNs, O MICTUTE OMUC
nopTie BeeaeHHs/susenerHs [J11C:

“include “inc_define.vh”

module Top
#(
parameter int CLOCK = 50_000_00,

parameter int BAUD = 115_200,
parameter PARITY = “NO”,
parameter FIRST_BIT = “LSB”,
parameter NUMBER = 256,
parameter RX_TIMEOUT = 10,

parameter TX_PAUSE = 0
)

(

input inclk,
input rxd_uart,
output txd_uart,
output [4:0] led

)i

Y nepwomy psiaky OMMCAHO MigKio-
yenns danny inc_define.vh 3 onucom na-
PAMETPIB | PYHKLIM, siKi BUKOPUCTOBYIOTLCS
B 6AraTbOX MOAYNsSX MPOEKTY, TOMy BCi
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BILOMOCTI OPOPMNEHO B OAMH A, AKMiMA
Oyne nigKkmoYaTUCS B KOXHOMY MOZYII.
3MicT usoro danny asTop Haseae nicnsa
po3msagy Moayns Top.sv.

[MpusHaueHHs NopTiB BBELEHHS/BMBE-

AeHHs po3maHyTo Ha pucyrky 10. Y ko-
MEHTAPSAX HABMPOTU HAWMEHYBAHHS MOpP-
TiB BkazaHo Homepw niHis [JTIC i koHTaKTH
PO3’EMY HQ HANATOAXYBASbHIM NAAT.

Takox y wanui Mogyns HOBEAEeHO OC-

HOBHi NOPAMETPU NMPOEKTY:

CLOCK — yactota TOKTOBOrO reHe-
patopa & [y =50 Mly;

BAUD — wewuakictb nocnigoBHOro
nopty B 6iT/c, ana opraxisauii ynpas-
ninns 3 MK = 115200 6it/c;

PARITY — wnasieHicTb nepesipku na-
puteTy 6aNTa, WO NPUIMAETbC abo
nepepaetscs no UART, nepesipka Ha
napHicTs/HenapHicTs BincyTHa = «NO»;
FIRST_BIT — nopsimok nepeaaui pos-
psagis y 6aiTi, MONOALIMM BITOM yne-
pen = «LSB»;

NUMBER — makcumansHmit poamip
UART-nocunku ans npuitManHs ta ne-
penasarHs = 256;

RX_TIMEOUT — Tpusanicts Tanm-ayTy
(y xinbkocti UART-cnig) ana npuimans-
HOT nocunku. Y pasi NOMMIKKM Mig 4ac
NPUAMOHHS MOCKUIKM — MiCNs 3aKiH-
UEHHS LbOrO TAMM-AYTY MPUAMAHHS
NOCUIKM CKUHETBLCS;

TX_PAUSE — naysa mix UART-cnosa-
mu (y kinbkocTi poapsaais UART-cnis) nig
4OC NEPEAABAHHS MOCHIKM.

KopwucHo BukopucTOBYBOTH Mapame-

TPM3OBAHI MOAYMi, OCKiNbKK LEe AAE 3MOTyY
BECTM Binblu THy4YKe HAnarogxeHHs. [Hak-
e KAaXy4u, AOCUTb MOMIHSTM NAPAMETPU
B FOIOBHOMY MOAYSTi NPOEKTY, | NOPAMETPH
IHLKMX MOAYTIB ABTOMOTMYHO 3MIHATLCS Mif,
yMOBM, WO 3Mminunmcs. Llen nioxig nons-
rae B TOMy, WO6 MIHIMI3YBATH MOMMIKM
PO3POBHMKA Mg H4AC 3MiHM NAPAMETPIB
NPOEKTY.

Hani onmnwemo NOBEAiHKY CBITNOAIOAIB

NiaKItOYEeHHS mMopyng CUCTEMHOTrO CKU-

naHHa Reset.sv:

ifdef image0

assign led[

0]
assign led[1l] = 1'bl;
2]

assign led[

assign led[3] = 1'b0;
‘elsif imagel
assign led[0] = 1'bl;

assign led[
assign led[
[

1] = 1'b0;
2] = 1'b0;

assign led[3] = 1'bl;
“endif
assign led[4] = 1'bl;

///// RESET /////
wire reset;

Reset Reset (

.clk (inclk), .reset (reset));
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Yutaua moxe 3BEHTEXMTU KOHCTPYK-
uia ifdef ... elsif ... “endif i nos’azanui 3
Hel PisHUit CTaH ceitnogioais. Ane cnig
HAOrapaT™, WO MeTa CTaTTi — peanisyBa-
™ Ha MJIC ggi KOHIrypauiiHi cxemu, 3
MOXIUBICTIO MEPEMMKATUCH MiIX HUMM i
pobuTi nepesanuc Byap-akoi 3 HMX. Tomy
PO3PI3HATK HA HANATOLXYBANbHIM NNATi,
KA 3 KOH}Irypauii 30BAHTAXEHA B LEN
MOMEHT, MIAHYETLCA 3Q PI3HUMM CTAHAMM
ceitnogionis. Koncrantv image0 i image
onucaniy danini inc_define.vh, akui, nara-
LAEMO, Byaie NPeacTaBneHo HmMxYe.

MigkmoueHHs [0 MPOEKTY  Mogyns
Receiver.sv, wo 3abesnedye npuimMaHHs
nocunku 3 [MK:

///// RECEIVER /////

wire [7:0] cmd_rx;

wire [clogb2 (NUMBER)-1:0] len_rx;
wire [7:0] wr_rx_data;

wire [clogb2 (NUMBER)-1:0] wr_rx_addr;
wire wr_rx_clock;

wire we_rx;

wire rx_done;

defparam Receiver.CLOCK = CLOCK;
defparam Receiver.BAUD = BAUD;

defparam Receiver.PARITY = PARITY;
defparam Receiver.FIRST_BIT = FIRST_BIT;
defparam Receiver.NUMBER = NUMBER;
defparam Receiver.TIMEOUT = RX_TIMEOUT;
Receiver Receiver

(

.clk (inclk), .reset (reset),
.rxd (rxd_uart),
.cmd (cmd_rx), .len_rx (len_rx),

.wr_data (wr_rx_data),
.wr_addr (wr_rx_addr),
.wr_clock (wr_rx_clock),
.we (we_rx),

.done (rx_done)

[MTOACHUMO MPU3HAYEHHST OMUCAHMX

BMLLE CUIHANMIB:

e cmd_rx — HOMep KOMAHAM, NPUIAHATOT
3 [K. Came umm curHanom BusHauaTm-
MYTbCS NOAANbLUI Aii;

o len rx — [OBXMHQ NMPUAHATUX ACHMX.
PosMipHICTb WKMHW BU3HAYQETLCS Yepes
dyrkuio clogb?2(), onuc skoi Haseane-
Ho y daini inc_define.vh. PosmipHicTb
WMHM [AHOTO CHIHAMY BM3HQYAETHCA
napamerpom NUMBER, wo scraHos-
MIOETHCA B LUAMLI FONOBHOTO MOAYNs, a
byHkuis clogb?() susHauae, axkoi pos-
MipHOCTI Ma€ ByTn curHan, wob aape-
CyBATH BCi 303HAYEHI AAHI;

e wr_rx_data, wr_rx_addr, wr_rx_clock,
we_rx — iHTepdeinc sanucy B nam’ats
oans npunHatux sig MK ganmx. 9k suagHo
Ha pucyrky 10, nam’ate ans nocunok
PO3TALIOBYETLCA B MOayi Memory.sy;

e rx_done — curHan 3aKiHYeHHs npu-
nmanHs nocunkum eig MK,
9k BuaHO, HeobXxigHi ans poboTh Mo-

OyNs NAPAMETPU NepeaaioTcs HUXYe 3a

pisHem 3a gonomoroto defparam. Popmat

nocunkm sig MK 6yne npeacrasnero nig yac
LOKnagHoro posrnsaay mogyns Receiver.sv.

[MigknioueHHs [0 MPOEKTY  MOgyns
Transmitter.sv, wo 3abesnevye nepenayy
nocunku Ha [1K:

///// TRANSMITTER /////

wire start_tx;

wire [7:0] cmd_tx;

wire [clogb2 (NUMBER)-1:0] len_tx;
wire [7:0] rd_tx_data;

wire [clogb2 (NUMBER)-1:0] rd_tx_addr;
wire rd_tx_clock;

defparam Transmitter.CLOCK = CLOCK;
defparam Transmitter.BAUD = BAUD;
defparam Transmitter.PARITY = PARITY;
defparam Transmitter.FIRST BIT = FIRST BIT;
defparam Transmitter.NUMBER = NUMBER;
defparam Transmitter.PAUSE = TX_PAUSE;
Transmitter Transmitter
(

.clk (inclk), .reset (reset),

.txd (txd_uart),

.start (start_tx),

.cmd (cmd_tx), .len (len_tx),

.rd_data (rd_tx_data),

.rd_addr (rd_tx_addr),

.rd_clock (rd_tx_clock)

Curnanu:

e start_tx — cTpob no4aTky NnepeaaBaHHst
nakeTa;

e cmd_1x, len_tx — Homep KOMQHAM i kinb-
KiCTb OQWT AAHUX AN nepenaui;

e rd ix _data, rd_tx_addr, rd_tx_clock — in-
TEPPENC YATAHHS AAHMX 3 NAM AT AAHKX
ans signpasnenns Ha K. Mam’ats gns sin-
MPOBNEHHS OMMCAHO B Mogyni Memory.sv.
MigkmoyenHs moayns Memory.sv, wo

MICTUTb OMUC ABOMOPTOBOI nam’siTi ans npwu-

MMOHHS TQ NEPEACBAHHS MAKETIB AAHUX:

///// MEMORY /////

wire [7:0] rd_rx data;

wire [clogb2 (NUMBER-1):0] rd_rx_addr;
wire rd_rx_clock;

wire [7:0] wr_tx_data;

wire [clogb2 (NUMBER-1):0] wr_tx_addr;
wire wr_tx_clock;

wire we_tx;

defparam Memory.NUMBER = NUMBER;

Memory Memory

(
.wr_rx_data (wr_rx_data),
.wr_rx_addr (wr_rx_addr),
.wr_rx_clock (wr_rx_clock),
.we_rx (we_rx),
.rd_rx_data (rd_rx_data),
.rd_rx_addr (rd_rx_addr),
.rd_rx_clock (rd_rx_ clock),
.wr_tx_data (wr_tx_data),
.wr_tx_addr (wr_tx_addr),
.wr_tx_clock (wr_tx_clock),
.we_tx (we_tx),
.rd_tx data (rd_tx_data),
.rd_tx_addr (rd_tx_addr),
.rd_tx_clock (rd_tx_clock)

Curnanm:
e wr_rx_data, wr_rx_addr, wr_rx_clock,
we_rx — iHTepdeinc ans 3anucy B

nam’ate npuitHaTux sig MK gaHmx;

17
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e rd_rx_data, rd_rx_addr, rd_rx_clock —
IHTEPENC ANA YUTAHHSA NPUMHATUX Big
MK paHux gng noganbLumx Oin;

e wr_ix_data, wr_tx_addr, wr_tx_clock,
we_tx — iHTepdeiic ans 3anucy B nam’sts
LaHUX nepeq signpasnexHsam ix Ha [1K;

e rd_tx_data, rd_tx_addr, rd_tx_clock —
iHTepdENC ANa YNTAHHS AHUX i3 NaM’s-
Ti nig Yac nepepasaHHs ix Ha K.
Migkmioyerns moayna MainControl.sy,

OCHOBHMM 30BLOHHAM SIKOTO € 3QMyCK TUX

un HLWKMX [iK 3anexHo Big npwmitHsToi 3 11K

KOMQHAM:

///// MAIN CONTROL /////
wire start_setimg,
wire [1:0] setimg;
wire [3:0] getimg;
wire done_getimg;
wire start_rx = rx_done;

start_getimg;

defparam MainControl.NUMBER = NUMBER;
MainControl MainControl
(
.clk (inclk), .reset
.start_rx (start_rx),
.cmd_rx (cmd_rx), .len_rx
.start_tx (start_tx),
.cmd_tx (ecmd_tx), .len_tx
.rd_data (rd_rx_data),
.rd_addr (rd_rx_addr),
.rd_clock (rd_rx_clock),
.wr_data (wr_tx_data),
.wr_addr (wr_tx_addr),
.wr_clock (wr_tx_clock),
we (we_tx),
.start_setimg (start_setimg),
.start_getimg (start_getimg),
.setimg (setimg), .getimg (getimg),
.done_getimg (done_getimg)

(reset),
(len_rx),

(len_tx),

)i

CurHanu:

e start_rx — cTpob sig moayns Receiver.
SV, WO CUrHANI3YE NPO NPUAHATUI Na-
ket i3 panmmu sig MK;

e cmd_rx, len_rx — Homep komaHm i
LOBXWHA NAKETA AAHMX, MTPUAHSITUX Bif,
[1K, signosigHo;

e start Ix — ctpob ana  mopyns
Transmitter.sv ans iHiuiouii nepepo-
BaHHa naketa Ha [1K;

e cmd tx, len_tx — HoMep komaHaM i
LOBXWMHA NOKETA AGHWX s nepeaadi
Ha [1K signosigHo;

e start_setimg, start_getimg — ctpob
HO NEepPe3aBaHTAXeHHSs KoHbIrypauii i
CTPO6 AN1s YUTAHHS NMOTOYHOT KOHIry-
pauii MJIC signosigHo;

e setimg — Homep koHdirypauiji gns i 3a-
BAHTAXEHHs y popmari 6iT ru_config_sel
i ru_config_sel_overwrite 3 Tabnuui 3;

e getimg — HoMep NOTO4HOI KoHdIrypawii
[MNIC y popmati msm_cs 3 Tabnuui 2;

e done_getimg — cTpob 30KIHYEHHS un-
TaHHa notouHoi koHdirypauii MJIC.
CurHanu iHTepdericis nam’sTi Bxe 3ra-

LYBONNCS BULLE.

Ha 3aBepeHHs ronosHoro mopy-
nsi NPOEKTY TOP.SV 3QNULLIMIOCS HABECTH

18

nig’eaHanns  Moaynie  ImageControl.sv,
fiftyfivenm_rublock i Tectoewit mogynb
tb_RSU_Block.sv:

///// IMAGE CONTROL /////

wire RU_CLK;

wire RU_DIN, RU_DOUT;

wire RU_SHIFTnLD, RU_CAPTnUPDT;
wire RU_nCONFIG, RU_nRSTIMER;

ImageControl ImageControl (
.clk (inclk), .reset (reset),
.start_setimg (start_setimg),
.start_getimg (start_getimg),

.setimg (setimg), .getimg (getimg),
.done_getimg (done_getimg),

.RU_CLK (RU_CLK),

.RU_DIN (RU_DIN), .RU_DOUT (RU_DOUT),

.RU_SHIFTnLD (RU_SHIFTALD),
.RU_CAPTnUPDT (RU_CAPTnUPDT),
.RU_nCONFIG (RU_nCONFIG),
.RU_nRSTIMER (RU_nRSTIMER)

)i

‘ifndef SIM
fiftyfivenm_rublock RuBlock (
.clk (RU_CLK),
.shiftnld (RU_SHIFTnLD),
.captnupdt (RU_CAPTnUPDT),
.regin (RU_DIN),
.rsttimer (RU_nRSTIMER),
.rconfig (RU_nCONFIG),
.regout (RU_DOUT)
)i
“else
tb_RSU_Block tb_RSU_Block (
.RU_CLK (RU_CLK),
.RU_SHIFTnLD (RU_SHIFTnLD),
.RU_CUPTnUPDT (RU_CAPTnUPDT),

.RU_DIN (RU_DIN),
.RU_DOUT (RU_DOUT)
“endif
Endmodule

Haropaemo uutauesi mpuaHAYeHHs
umx moaynis. Mogyns ImageControl.sv
BMKOHY€E OBi onepauii — iHiuiauis 30BaH-
TOXXEHHS OfHi€i 3 OBOX KOHc])irypou,iﬁme
CXEM | YUTAHHS HOMEPA MOTOYHOI KOH-
¢irypauinHoi cxemu. Lli onepauii mogyns
BMKOHYE 30 JOMOMOTOIO A, 306PaXEHMX
Ha pucyHkax 8 i 9. Mogyns fiftyfivenm_
rublock — BHYTpiWHIA anapatHui mo-
OyNb, WO peanisye cxemy, 306paxeHy Ha
pucyHky 7. [Migkmodatv ueit mogynb [0
NPOEKTY HEOBXIAHO CaOME 3 TAKMM HaMMme-
HYBAHHAM Moayns i Moro noptis. Ockinbku
pospobnenmit RTL-npoekt nepen 3asan-
TaxenHam y [JIC 3asegeHo cnovatky
MOAENIOBATH, O MOAENI NOBEAIHKN MOAYNS
fiftyfivenm_rublock astop He mag, supi-
weHo Byno nig’eaHaTn TecTbeHY-Momynb
tb_RSU_Block.sv, y skomy astop onucas
3PA3KOBY MOBEMIHKY CXEMM, 300paxKeHOl
Ha puvcyHky 7. OupektnBamu npekomni-
natopa ifndef ... “else ... “endif nig uwac
MOAEMOBAHHA (FKWO BM3HAYEHO napa-
meTp SIM) cnig BMKOpHCTOBYBATM MOAYTL
tb_RSU_Block.sv, a nig yac komninauii pe-
anbHoro npoekty — fiftyfivenm_rublock.

®aiin inc_define.vh
Llei 3aronosHmit daitn mictnTs onmcu
bYHKUIM | AMPEKTUB MPEKOMMINATOPA:

“timescale 1lns/lns;

// define image0
“define imagel

“define SIM

function automatic int clogb2 (input

int number);

int calc;
begin
for (int i = 0; 2**1 < number; i++)
calc = 1 + 1;
clogbh2 = (number == 0) ? 0
(number == 1) ? 1 calc;
end
endfunction
function automatic [7:0
funcReverse8bit (input [7:0] in_word);
int i;
begin
for (i=0; i<8; i=i+1)
funcReverse8bit[i] = in_word[7-i];
end
endfunction
function automatic [31:0]
funcReverse32bit (input [31:0] in_word);
int i;
begin
for (i=0; 1<32; i=i+1)
funcReverse32bit [i] = in_word[31-i];
end
endfunction

Oupextea “timescale HeobxigHa cu-
MynSTOpY AN rpoaauii 4acy MOAEMOBAH-
na [3] npoexty. Oupextven “define image0 i
image 1 NoTpiGHI Anst BUSHAYEHHS, sIKy 4aCTH-
Hy KOfly HEOBXIOHO BPAXOBYBATH MPM KOMi-
nauii opHiei 3 aBOx koHdirypauin. dupektu-
soto define SIM ekasyetbca yactHa koay,
HeobXigHa Tinbku ans CUMYNALT NPOEKTY.

MpusHauenns dynkuii clogb?() 6yno
OMMUCAHO BULLE — BOHA BM3HAYAE, AKOI PO3-
MipHOCTi Mae 6yTn wuHa abo perictp, wob
aapecyBatv BC 3a3HadeHi aaHi. Pywkuii
funcReverse8bit() i funcReverse32bit() pesep-
CyI0Tb APryMeHT posmipHictio 8 i 32 pos-
pAaM BiONOBIAHO.

Binbw peranbHy iHdpopmauiio
MOXXHa oTpumaTtu B komnaxii TOB
«Biakom»:

Ten.: (044) 507-02-02,

e-mail: site@biakom.com

http://www.biakom.com
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Komnakmue BigoGpamenns
YygoBoi igei MaiiGymubozo
y napky All Electric Society

Mapen lFacr (Maren Gast), npoaykr menegxep y TechEducation,

Phoenix Contact GmbH & Co.KG

E-mail: va-office@phoenixcontact.com

Konuenuia All Electric Society (MosHictio Enektpudikosane Cyc-
NinbCTBO) ONUCY€E MANBYTHE, B IKOMY eNeKTPUYHA eHepris, BUpo-
6neHa 3 BigHOBMRIOBAHMUX A)Kepen, 6yae AOCTYNHA B YCbOMY CBiTi
Ik OCHOBHMI BUJ, €Heprii B JOCTATHIX KiJIbKOCTAX TA 30 AOCTYMNHU-
mu uinamu. Came Taky mety komnaHia Phoenix Contact nocrasuna
cobi i akoi NnparHe pocartu nporarom pecarunirta go 2030 poky.

KOHLl,eI'ILI,iﬂ Ba3yeTbC HA KOMMAEKCHIN
enektpudikauii, 06’eaHaHHi B mepexi
TA ABTOMATM3ALLT BCiX rany3ei eKOHOMIKK
Ta indpactpyktypu. Jinwe 3a ymosu 6e3-
NepepBHOro AOCTYMNy 40 BCiX HEOBXiAHMX
LOHWUX Y PEXUMI PEANBbHOrO YaCy MOXHA
CGBTOMOTUYHO KEPYBATHU MOTOKAMM €Hep-
rii BiANOBIAHO AO MOMUTY, FAPAHTYIOYH,
wo obnagHaHHs OTPUMaE HeobxiaHy
oMy eHeprito.

Mapx All Electric Society, posTtawosa-
HUI HO TEPUTOPIi TONOBHOTO OdICy KOM-
naxii Phoenix Contact y micti briom6epr
(Himewunna), inoctpye ak Takui cueHa-
pi Mmoxe Byt peanizosanmit. Ha nnouyi
noHan 7800 kBaapaTHMX METPiB MOXHQ
HQO4YHO NOBAUMTM WX Bif BUPOBHMUTBA
BIJHOBMIOBAHOI eHeprii, il NepeTBOpPEeHHs
Ta 36epiraHHs [0 PO3Moainy Ta CNoXu-
BaHHA. BigHoBnioBaHa enekTpoeHepris

Puc. 1. CoHsiuHi Tpekepm BifcnifKoBYIOTb COHLIE MO OfHIN Oci, ToMy PpoTOENeKTPUUHI
naHeni 3aBXAu iAeanbHO BUPIBHIOIOTHCS LLOA0 COHLA

reHepyeTbCs CoHueM i BiTpom. Harcyuac-
HiWi akymynatopHi 6atapei Ta cucTemu
CMHTE3y BOAHIO [03BONSOTH 36epirat
eHeprilo ans NOAANbLIOrO BMKOPUCTAH-
Hs. BigsimyBaui napky MoxyTb HO BRACHI
o4i NobAUMTU edEeKTUBHE BUKOPUCTAHHS
eHeprii HO 30PAAHUX CTOHUISX Ans enek-
TpoMOGinie, Yy BUPOBHUUMX NMPUMILLEHHSX
TA TPAHCMOPTHIK iHPpacTpykTypi. Y He-
BENUKMX NPO30OPUX CKISHUX MABINbMOHAX
NPEACTABMEHI PILLEHHS AN Pi3HUX 3ACTO-
CyBQHb, PO3POBNEHI TAKMM YMHOM, WO6
OyTU IHTEPAKTUBHUMM TQ 3PO3YMINMMM.
3aBasku iHTENEeKTyansHoMy 06 eqHAHHIO
BCiX CEKTOPIB Y MEPEXY, CUCTEMA 3ABXAM
3HQE, CKiNbkM eHeprii OCTYNHO i ge B Aa-
HWI MOMEHT € HQ Hei NOomMuT.

COHSAYHI NAHEJI HA TPEKEPAX
1 BAXAX, HA ®ACAJAX
TA TPOTYAPAX

napky All Electric Society 6nm3bko

550 coHsiuHMx naHenei BUPOGNAOTHL
155000 kinoBaT-rogMH «3eneHoi» enek-
Tpoeweprii Ha pik. PoToenekTpuuHi cuc-
TEMMW BCTAHOBIIEHI MO BCbOMY NAPKY — HA
LOXOX OKPEeMMX MABIMbMOHIB TG B 30HAX
30pAAXAHHS enekTpomobinis, Ha dacagai
NaBiINbAOHY ANs BiABIAYBAYIB TG HABITb iH-
TErpoBaHi B TPOTYAPM Yy BUMISAi BpyKiBKM.
A 30BASKM BUKOPUCTAHHIO LBOX COHSUHMX
TpekepiB, ki BiLCTEXYIOTb COHLE MO OAHIM
OCi, CTANo MOXMBMM OTPUMATH Ha 45 Big-
coTkis Binblie eHeprii, HiX 3i cTauioHap-
HUX Moaynis (puc. 1).

[lns ubOro BUKOPUCTOBYETLCSH TEXHONO-
ris kepysaHHs PLCnext i nporpamHa 6i6-
nioteka Solarworx 3 BignosigHnmu byHk-
wioHaMbHMMKM Bnokamu. Hanpwknag, skwo
NOTOYHA LWBKMAKICTb BITPY 3QHAATO BMCOKQ,
TEXHONOTI OBTOMATU3ALIT BMBOAUTL Tpe-
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Kepu 3-nig BITPY, Wob He nowkoanti dbo-
TOENneKTPUYHI MaHeni.

Bupobnera coHsuHa eHepris BUKOPUC-
TOBY€ETLCA 6E3M0CepeaHbO ANst KUBEHHS
COMOTO Mapky. AKWO B SKWMIACb MOMEHT
enekTpoeHeprii BUpo6naeTbca Binblue, Hix
CMOXMBAETLCS, BOHA 36EPiraeThes B cucTe-
Max 36epiraHHs eHeprii Ans NoaanbLWOro
BukopucTarHs. CucTeMa eHepromeHenx-
MEHTY B MNAPKY OBTOMATMYHO pErynioe
NPOLECH CMOXMBAHHS, 36EepiraHHs Ta PO3-
noginy enektpoeHeprii. Y BUMNQAKY, AKLLO
cnctema 36epiraHHa 3anOBHEHA | COHAY-
HOI eHeprii BMpOGnAeTbCs Binblie, Hix
NOTPIBHO, NMPUCTPIA KOHTPOMO XMBNEHHS!
3a6e3nedye nepenayy eHeprii B Micuesy
enekTpoMepexy Ta, y pasi HeobxigHoCTi,
MOXE 3HWU3UTM NOTYXHICTb IHBEPTOPIB.

llle opuH BHecok y BMPOGHMUTBO
BIIHOBNIOBAHOT eHeprii pobuTb aepeso-
BiTpAK (puc. 2), akuit Mae BCTAHOBREHY
notyxHicts 10.8 kinosat-nik!. Bucota pe-
PEBA CTAHOBUTb AECATb, O AiIOMETP — BIiCIM
meTpis. LLsuakocri sitpy 2.5 metpm Ha ce-
KYHLY AOCTATHLO ANs TOTO, Wo6 NpusecTy
B pyx 36 BepTUKANbHO O0BEpPTOBUX Nona-
TEN, SKi AiloTb 9K HEBENMKI BITPAHI TYPBIiHM.

Y napky All Electric Society Takox
NPeAcTaBleHa rOHAONA BITPOreHepaTo-
pa (puc. 3). Bigsimysaui moxyTb 30itTH B
cepeamHy i AeTanbHO PO3AMBUTUCL O6-
NIOQHAHHA, gKe 303BMYOaM BiANOBIAGE 30
po6OTy BITPOreHEePaTOPA HA BENMKIN BU-
coti. Ins uboro B peanbHUx yMOBOX Bu-
KOPUCTOBYIOTBCS TEXHONOTIT KepyBAHHS,
Moayni BBOAY-BMBOAY, AATYMKM, 3OAXWUCHI
pene, MapLIpyTU3aTopH, 6e3npoToBI CHc-
TEeMM, 30XMCT Bif, NepeHanpyru, nxepena
XMBNEHHSA, PO3 €M Ta kKabeni 3 LWMPOKOro
acoptumenTy Phoenix Contact.

CUCTEMA 3BEPITAHHSA
EJIEKTPOEHEPTIi K MIACUITIOBAY
AKYMYJIITOPA A1 LUBUAKOI
3APSAKU ENEKTPOMOBINS

NapKy, BUKOPUCTOBYIOTLCS Ana 36epi-
FOHHS HOAJIMLLKOBOT €NeKTPUYHOI eHeprii.
OpaHa 3 HMX — niTik-3ani30-pocdaTHa em-
HicTio 1.2 MerasaT-rogumH, a iHWa — AiTik-i-
oHHa emHicTio 281 kinosaT-rogmH. Menwa
3 1BOX cuCTEM 36epiraHHs, PO3TALOBAHA
B 30PSAHOMY MAPKY, BUKOHYE GYHKLUIIO
BycTepHoi baTapei ans 3apamKAHHA enek-
Tpomobinie (puc. 4). Bona nossonse saps-

ﬂlsi cucTemm 36epiraHHs, BCTAHOBNEHI B

T [NpoayKTUBHICTb COHAUYHMX HOTOENEKTPUUHMX CHUC-
Tem BUMIpIOETbCs B KinosaT-nik (kilowatts-peak).
Lleit TepmiH NO3HAYOE MAKCUMAIbHY MOTYXHICTb,
AKY MOXe [OCArTM GOTOENEKTPUUHUI  MOAYSb
30 ONTUMANBHUX YMOB MOMIMHOHHS COHSYHOTO
BUMPOMIHIOBAHHS.
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IXKATU enekTpomobini, HaBITb AKLLO Micue-
BA €NeKTPOMEPEXA He AO3BOJISE LbOrO B
LAHWA MOMEHT.

CUCTEMA EHEPTOMEHEDKMEHTY
Ang oOulHK EHEPTETUMHUX
MOTOKIB

POAHCHOPMATOPHA CTAHLIS € LEHT-
PAnNbHUM E€NEeKTPUYHUM BY3NTOM MApPKY
All Electric Society. Ciopn HapxoauTb yca
enekTPoeHepris, BUPOBNEHA COHAYHUMM
CUCTEMAMM TA BITPOTEHEPATOPOM, | PO3-
NOMINAETLCS MK NMPUCTPOAMM. 30Kpema,

3cepeauHn

Puc. 2. Jlucra pepeBa-BiTpsaka reHepyioTb €NEKTPUUHUIA CTPYM HABITH
npu cnabkomy BiTpi

Bifl Hel XMBNATbCA 3APAAHI CTAHLii, na-
BifIbMOHM, 30BHILLHE OCBIT/IEHHS TA CUCTE-
ma nonwmey. LLlo6 sabesneuntu HaginHui
KOHTPOMb i MOHITOPMHI MOTOKIB eHeprii
B MAPKY, BCi BMXiAHI NOTOKWM Bif TPOH-
CHOPMATOPHOT CTAHLii  PEeECTpyoThCS
30 JOMOMOrOIO MPMUCTPOIB BMMIPIOBAHHS
eneprii EMpro sig Phoenix Contact 3 nig-
TPUMKOIO [HTEpHETY peuyeit i ouiHITLCS
LEeHTPaNi30BAHO Y BIACHIN CUCTEMI eHep-
roMeHemKMeHTy napky. Ha ocHosi uiel
iHpopMaLii cMcTeMa MOXe ePpEKTUBHO Ta
6e3nepebiiHO kepyBATH NAPKOM.
TpaHCHOPMATOPHA CTAHLIS TOKOX BM-
KOPWUCTOBYETLCS AN NIAKMOYEHHS NApKy

Puc. 3. BigipyBaui MaioTb MOXXIMBICTb PO3AMBUTUCH TOHAONY BiTpOreHeparopa
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Puc. 4. Cuctemu 36epiraHHs eHeprii
AO3BONSIOTb NOBHICTIO
3a6e3ne4nTn napk

Bif} Bi{HOBNIOBAHMX A)Kepen

All Electric Society no kopnopatusHoi me-
pexi Phoenix Contact. 38’830k Mix napkom
i CTQHUI€IO 3MOiMCHIOETBCA 30 [OMOMOrol0
smartRTU sig Phoenix Contact. MogynbHe
6e3npoTose piweHHs 6yno pospobneHo
CMeuianbHO AN MOHITOPUHIY TA KEPYBAH-
HS' PO3MOLIBYMMU MEPEXAMM, O TAKOX SIK
W03 AN KEPYBAHHS «3ENEHUMMU» TEXHO-
NOTiIAMK - AN AELEHTPANI30BAHUX CUCTEM
renepauii enektpoereprii. SmartRTU ne-
PEeRaE NOBILOMNEHHS NPO CTAH | MOMMAKK

Ll Ly — ..F—,H

Puc. 5. Tema exo.
uiei nigcranuii

B IMCMETYEPCbKYy B MABIMbWOHI, O TAKOX
MOXeE NPUAMATHY KOMAHAMN KEPYBAHHS.

EKOJION4YHICTb

HABITb Y BYAIBEJIbHUX
TA OXOJIOMKYBAJIbHUX
MATEPIAJIAX

3BiKOH TPAHCHOPMATOPHOT MiACTAHUIT
BMAHO PO3MNOAINbYI NPUCTPOi cepea-
HbOT TA HM3bKOI HAMPYMU 3 TPAHCHOPMa-
TOPAMM CTPYMY, PYyOUIBHUKAMM TA 3aMo-
Gixrukamu. [sa senuki TpanchopmaTopu
notyxsictio 1600 i 1100 kinosonst-am-
nep BiANOBIAHO PO3TALUOBOHI B OKPEMMX
NMPUMILLEHHSX.

Ocobnusy ysary npu 6yaiBHALTBI CTAH-
uii 6yNo NPUAINEHO MUTAHHAM EKOMOTIYHO-
cTi (puc. 5). Hanpuknag, 8 posnoginbiomy
NPUCTPOI CepefHbOi HAMPYrM He BMKO-
PUCTOBYETLCA LIKIANMBA ANS KNIMATY CMo-
nyka rekcadpropmay cipkn SF6 — 3amicts
Hel BUKopuCTOBYETLCS nositps. Kpim Toro,
LN OXONOAXEHHS TPAHCPOPMATOPIB He
BMKOPUCTOBYETLCS 3BUYAMHE MiHEPAnbHE
MQACnO, O PIiGMHA HA OCHOBI CKIAAHMX
edipi, WO 6iONOrYHO PO3KNAAAETHCA.
3amicTb 3ani306€TOHY BMKOPWUCTAHO BYT-
neuesnnt 6eToH, TOBTO 3aMICTb TUNOBOI
CTaneBOi APMATYPMU CTiHW YKpIinneHi no-
NOTHOMM 3 BYIMELEBMX BONOKOH. B pe-
3yNAbTATi BALANOCH 3MEHLUMTM TOBLUMHY CTiH
3 YOTUPHOAUATU 0O BOCbMU CAHTUMETPIB,
OCKiNbKWM BYrneueBi BOMOKHA MilHiWi 3a
cTanb i He NoTpebyioTb 30XMCTY Bl iPXi.
TaKMM YMHOM BAANOCH 300LWAANTH BNN3b-
KO TPETMHU HeobXigHOro 6eToHy.

e

T S
]

noriyHocti 6yna nocnifgoBHo peanizoBaHa npu 6yAiBHULTBI

3eneHb Ha dacapax i faxy TpaHchop-
MOTOPHOI CTAHLii He NpPOCTO Ang Toro,
wob munysatn oko. Pociuuu cnpusiots
NONINWEHHIO MIKPOKMIMATY, G TAKOX 30-
6e3nedyioTs CepeoBULLE THI3AYBAHHA TA
NPOXMBAHHA Ana 6AraTbox APiIGHUX NTAXIB
i TBOPUH.

Y MainbyTHbOMY Taki TpaHchOpMaTOP-
Hi migcTaHuii, Ak ug, 30ebinbWoro posTa-
LLIOBYBATUMYTbCS Y MICTOX, i€ BOHM Cpus-
TUMYTb MOKPALLEHHIO AKOCTi MOBITPS Ta
OXONOAXKEHHIO Y CNEKOTHI NiTHI AHi.

MABULLEEHHS OBIBHAHOCTI
MPO TEXHIYHI MOXXJIUBOCTI
EJIEKTPUDPIKOBAHOIO
CYCNILCTBA

( :MCTeMO KepyBAHHS eneKkTpoeHepri-
€10 BA3YETLCA HA BIAKPUTIN TEXHONOTIT

PLCnext Technology. 9k yxe sasHauo-
NOCs, BOHA TAPAHTYE, WO BCi NPUCTPOI
B MAPKY HAZIMHO 306e3neuyioTbcs enek-
Tpoeneprieto. [loToku eneprii, 3adikco-
BAHI 30 AOMOMOrOK MPUNALIB ANS BUMI-
PIOBAHHA eHeprii, OUIHIOTbCS, | eHepria
ONTUMANBHO PO3NOAINAETLCA MO BCbOMY
napky. [lpuctpoi napky — Taki sk iH-
BEPTOPM, CMCTEMM 30EPIraHHS enekTpo-
eHeprii, 3apagHi CTOHUii Ta BCi iHWI re-
HepaTopwu i OBNAAHAHHA — IHTErpPOBAHI
B CUCTEMY €EHEeproMeHemXMeHTy uyepes
MQTT mo ueHTpansHoro nymsta. 3sigTH
LQHI TQ 3HAYEHHS MOXYTb BYTU [OCTYMHI
AN BCIX NPUCTPOIB.

3a [DONOMOro  MapkKy KOMMAHis
Phoenix Contact xoue nowmproBatit 3HaH-
Ha npo ManbytHe 6adenns All Electric
Society, a Takox BTinMTM Le 6ayeHHs B
peanbHictb. Komnawis xode nigsmwumtu
0BIi3HAHICTb CBOIX CNIBPOBITHMKIB, KIIEHTIB
i WMPOKOI rPOMOACHKOCTI MPO TEXHIiYHi
MOXIMBOCTI, SiKi PEani30BAHI BXe CbOroa-
Hi. Mapk All Electric Society y nocrynHin
dOPMi LEMOHCTPYE, WO TAKE KOHLUenuis
All Electric Society i sk BoHa npautoe. Pe-
QIbHi PiLUEHHS TA OCBITHA MPEe3eHTAaLId BU-
KOPUCTOBYIOTBCA N4 iNOCTPAUIl TOro, K
MOXE BUIMARATU MANBYTHE, B IKOMY BAPTO
XUTH, | fKi mepeBarn CycninbCTBO MOXE
otpumatu Big usoro. Mapk All Electric
Society Bigkpve CBOT aBepi Ana BiaBigyBa-
uis 1 BepecHs 2023 poky.

Ang OTPUMAOHHS AOQATKOBOI iH-
¢$opmauii nepexopbre, 6yab nacka,
3d NOCUNIAHHSAM:

https://www.phoenixcontact.
com/uk-va/pidpryyemstvo/
korporatyvna-kultura-staviennya/
all-electric-society/park-all-
electric-society CN

www.chipnews.com.ua


http://www.phoenixcontact.com/uk-ua/pidpryyemstvo/korporatyvna-kultura-stavlennya/all-electric-society/park-all-electric-society
http://www.phoenixcontact.com/uk-ua/pidpryyemstvo/korporatyvna-kultura-stavlennya/all-electric-society/park-all-electric-society
http://www.phoenixcontact.com/uk-ua/pidpryyemstvo/korporatyvna-kultura-stavlennya/all-electric-society/park-all-electric-society
http://www.phoenixcontact.com/uk-ua/pidpryyemstvo/korporatyvna-kultura-stavlennya/all-electric-society/park-all-electric-society
http://www.phoenixcontact.com/uk-ua/pidpryyemstvo/korporatyvna-kultura-stavlennya/all-electric-society/park-all-electric-society

Empowering the All Electric Society[ﬂ

BeamerkHi MOXAMBOCTI eAeKTPUYHOIrO MalMbyTHLOrO CBITY

All Electric Society — we Hawe BavenHa MalbyTHBOTO, AKE NPOMNOHYE
HayKoBO ODrpyHTORAHI BIANOBIAI HA BeAMKI raoDasbHI BUKAMKM Haworo
YACY: 3MiHW KAIMATY Ta BCECBITHE NParHEHHA AQ CTAAOTO PO3BMTKY.

Yei TexHivHi NPOAYKTH Ta pilleHHA AaR snposaseHHs All Electric
Society exke roTosi. Bia Hac ycix 3aAeXMTh, YW CKOPHUCTAEMOCA MW HUMM
3apa3. Tomy WO pasom MK MOMKEMO AOCATTH GIABLLOTO Ha LWAAXY AO
CBITY, ¥ AKOMY BAPTO XMTH KOXMHOMY.

AsTasbHilwe:
TOB “"Devive KouTtaxt”

https:/f'www.phoenixcontact.com/uk-ualpidpryyemstvolkorporatyvna-kultura-stavlennyalall-electric-society

@COC @@ OOC ) [XeoNaa
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YHiBepcanohe guepeno
Geanepediiino20 Wusnenny

Ansa HapiiHOro >XUBJIEHHS O6NAAHAHHSA Y NPOMMUCIIOBOCTI, KOMY-
HAJIbHOMY FrOCMOAAPCTBI TA OcensX, po3po6reHi yHiBepcanbHi Mo-
AYnbHi gxepena 6e3nepebiliHOro XMBNEHHA HO OCHOBI COHAYHMUX
iHnBepTopiB Big SRNE. Bxke 3apas gocrynHi ogHo¢dasHi pilleHHs no-
TyxHicTio 3.0 kBt i 5.0 xBr. Komanga CEA BUKOHYE BECb LIUKI PO~
6iT: NPOEKTYBAHHS, BUPOGHULITBO, MOHTCK, MYCKOHAJIArOAXKEHHS

TA BBei€HHS B eKCnayarayito.

FOXMBNEHHS OBNAAHAHHS MPOMMCIO-
BOCTi, KOMYHQNIBHOTO TFOCMOAAPCTBA TA
npueatHux ocens Komnanis CEA supobnae
yHiBEPCANbHI MOAYNbHI fxxepena besnepe-
BIiHOrO XMBNEHHS HA BA3i YHIBEPCANbHUX
coHaYHmMx iHBepTopiB BupobHMuTBa SRNE.
Hapasi goctynHo anst 3aMoBneHHs opHo-
$a3HI PILLEHHS 3 HOMIHQMBHOIKD MOTYXHIC-
10 3.0 kBt 060 5.0 kBT (puc. 1).

Ixepena 6e3nepebitHOro xmsneH-
Ha Komnawii CEA 36upaiotbca Ha 6asi
ribpuaHux  iHBEPTOPIB, SKi  MPALIOOTH
3 6atapesmu Hanpyroo 24 abo 48 B.
3LOTHICT MPAWOBATH 3 BYAb-SKUM TUMOM
AKYMYNSTOPA, BKMOYQIOYM NITIEBI OKyMYy-
NATOPU 3 MPOTOKONOM OBMIHY LAHWMM
CAN, pae moxnueicts 3abesnedvysatu
BesnepebiitHe XMBNEHHS AN 0BNAAHAHHS!
3 MIHIMONBHUMMU BKIOAEHHAMM. 3opﬂ,u,HMF1
ctpym o 80 A 3abesnedye wemaky iHTe-
NeKTyanbHy 3apaaKy aKyMynsTopis.

Komnarisi CEA BUKOHYE MOBHUI LMKN
pobiT:

ﬂ‘ﬂﬂ 306esmneyerHHs HA@iMHOro eHep-
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NPOEKTYBAHHS;

BUIOTOBINEHHS;

MOHTAX Ha 06 €kTi;

MyCKOHANAroaxyeansHi poboTy;

BBELEHHSA B €KCNIyaTaALiiO.

OcHoBHI nepesaru:

e ana 3a6e3neyeHHs yHIBEPCAMbHICTI
LOAO AXepena enekTpoeHeprii €
MOXIMBICTb MNiOKIIOYATUCA OO 3ATOSb-
HOT MepeXi eNeKTPOXMBIIEHHS, COHsIY-
HUX naxeneit abo reHepaTopa;

®  MOAYMbHICTb PILLEHHSA 4O3BONSAE HAPO-
UyBATM ABO 3HMKYBATM EMHICTb QKY-
MyRaTOpIB;

®  HQOSABHICTb MOPTIB BIAAGNEHOTO MOHI-
TOPWHIY JO3BOMSE 3ABXAM KOHTPOMO-
BATM CTOH BALUOI MEPEXi XMBNEHHS 3
6y,qn;-sn<o'|' TOYKM CBITY 30BAAKM MOX-
NMBOCTI 30CTOCYBOHHS OMLOHANIBHOMO
Wi-Fi mogyns.

Komanaa pocsiguerux ¢axisuis gono-
MOXe€ BAM BMOPATH ONTUMASIbHE PiLIEHHS
KOMMNEeKTy OBNafHAHHA Ans BAWMX MNO-
Tpeb. YHisepcanbHe MOOynbHE OXEepeno

Gesnepebintoro xuenenns sig CEA —
ue edekTMBHE pilLEHHS, ske po3B’a3ye
KOMMAEKCHI 30A8Q4i €HEProXmMBNEHHa nig
Byab-siki noTpebu.

B yHiBepcanbHux opHOoda3HMX  axe-
penax 6e3nepebifHOro XWBMEHHS BUKO-
PUCTOBYIOTbCS  IHBEPTOPU HOMIHANBHOIO
notyxnictio 3300 Bt 3 Hanpyroto 6atapeit
24 B. 30 HeoOXipHOCTI 36inbLUEHHS HOMI-
HOMBHOI MOTYXHOCTI YHIBEPCANbHUX OJHO-
basHux pxepen 6e3nepebiitHOro XMBeHHs
no 5000 Br, BMKOPUCTOBYIOTHCS iHBEPTOPM
tny HF4850S80-H 3 Hanpyroto 6atapen
48 B. TexHiuHi xapaKTepUCTUKK iHBEPTOPA
HF4850S80-H HasepeHo y Tabruui 1.

Oxepena xwuenenns sig Komnanii
CEA ocHaweHi noTyxHWmM iHBEPTOPA-
MM 3 BUCOKOIO HOMIHOSIBHOIO MOTYXHICTIO,
O AO3BOMSE HOMIMHO XMBUTU Pi3HOMO-
HITHI NpUCTPOi Ta obnagHaHHs. 3axmct
Bifi MEPEBAHTAXEHb, 3BOPOTHOIO CTPYMY,
KOPOTKOrO 3AMMKAHHA TA iHWUX Hebes-
NEeYHUX CUTYALiM rApPaHTYE OOBIMUIA TA HO-
LiMHWA POBOYUI TEPMIH.

WWo6 pisHaTUCL BAPTICTb UM OT-
pUMaT [QOAATKOBY KOHCYJIbTALIO
woao AaHOI npoaykuii, 3Beprai-
Tecb A0 BiaAiny Nnpoaaxy enekrpo-
TexHiuHoi npoaykuii Komnanii CEA
BU3HAHOIO MOCTAYANIBHUKA TA BU-
po6Huka:

(044) 330-00-88,

e-mail: info@sea.com.uva CN

|5|'|:.|.

Puc. 1. OgHodasHe yHiBepcanbHe moaynbHe gxepeno 6esnepebiiHoro xueneHHs Big Komnanii CEA

www.chipnews.com.ua
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TexHiuHi xapakrepucrukm insepropa HF4850S80-H

Mapametpu

3HaueHHs

XXuBneHHs Big mepexi

HominansHa exigHa Hanpyra

220/230 B aminHoro crpymy

[JlianasoH exigHoi HaNpPy K

(170~280 B AC) +2%

Yacrota

50 'u/ 60 Iy (aBTOMATMYHE BU3HAYEHHS)

[lianasoH yactor

47+0.3 Ty~ 55+0.3 Ty (50 )

3QXMCT Bifi NEPEBAHTAXEHHS /KOPOTKE 3AMMKAHHS

ABTOMATUYHWI BUMUKQY

KKO

>95%

Yac nepemmkants 6ainac /iHeeptop

10 mc (tvnosuii)

30XMCT B 3BOPOTHOTO XORY 3MIHHOTO CTPYMY

B HassHOCTI

MakeumansHa sennumHa crpymy 6arnacy

30A

IuBepr

OPHUIA PEXUM

BuxigHa Hanpyra

Yucra cunycoina

HominansHa BuxigHa notysxsicts (BA/W)

3300/3300

KoediuieHt notyxHocri

1

HominansHa suxiaHa Hanpyra

230 B aminHOro crpymy

BigxunenHs BuxigHOT Hanpyru 5%
BuxiaHa yacrora 50 My£0.3My
Makcumanbhmi KK, >92%

3axucr Bif NepPeBAHTAXEHHA

(102% < HosanTaxeHHs < 125 %) £10 %: nosigomnerHs
MPO NOMMIIKY TQ BUMKHEHHS BUXIZHOT HAMPYTY Yepe3 5 XBUmnH;
(125% < HasanTaxenHs < 150 %) £ 10 %: nosigomnerHs
MPO MOMMIIKY TO BUMKHEHHS BUXiaHOT Hanpy depe3 10 cekyHp;
nasanTaxerHs > 150 % +10 %: nosinomneHHs npo nomunky
TQ BUMMKHEHHS BUXIAHOT HANPY M Yepes 5 cekyHa

[NikoBa noTysXHicTb

6000 BA

HomiansHa Hanpyra akymynstopa

24 B (minimansHa novaTkosa Hanpyra 22 B)

[JlianasoH Hanpyrv akymynstopa

CurHanizauis 3HWKeHoT Hanpyr1/HANPYra BiaKIoYeHHs/
CUrHamI3aLst nepeHanpyri/BiGHOBEHHS NepeHanpyim
HanawTosyetbes Ha PK-ekpati

Pexum eHeprosbepexeHHs

Hasantaxents <50 Br

3apapKaHHS 3MIHHUM CTPYMOM

Tun 6arapei CBIMHLEBO-KUCTIOTHUI A0 NITIEBUM AKYMYNSTOP
MakcumansHui 3apsa cTpymy (HanawToByeTbCA) 0-80 A
Momunka 3apagHoro cTpymy +5ADC

[JlianasoH Hanpyrv sapagy

20-33 B nocriitHoro crpymy

30XUCT B KOPOTKOTO 3AMUKAHHS!

ABTOMATHYHMI BUMUKQY | NAQBKMI 3AMOBIKHNK

TexHiyHi XapaKTEPHUCTHKM GBTOMATUYHOTO BUMMKQYQ!

30A

3axucT Big nepesapsay

3BYKOBE NONEPEMKEHHS! | BUMKHEHHS 30PSIXAHHS
yepes | xeununy

3apapKaHHS Bif COHAYHNX GaTtapen

MakcmansHa Hanpyra consurmx 6atapei (PV)

500 B nocriitHoro ctpymy

Po6oua Hanpyra PV

120-500 B nocriitHoro crpymy

[JianasoH Hanpyr MPPT

120-450 B nocrittHoro crpymy

[JlianasoH Hanpyrv akymynatopa

20-33 B nocrirHoro crpymy

MakcumansHa BXigHa noTyxHicts PV

4000 Br

PV sapsianmit crpym (Hanawrosyerscs)

0-80A

3QXMCT Bt KOPOTKOTO 3AMUKAHHS Kifl 3APAIKAHHS

Inaekmit 3ano6iXHUK

3axucT NpoBOAKH

3aXUCT Bif, 3BOPOTHOI MONSPHOCTI

Fi6puaHe 3apafIKAHHS, MOKCUMANbHUIA CTPYM 30PSAHOTO NPUCTPOIO
(3apsaHMiA NpUCTPil 3MiIHHOTO CTPYMY + GOTOENEKTPUYHMIA 3APSAHNIA NPUCTPIN)

MakermanbHuit 30psigHmit CTpym (HanaLTOBYETbCS) | 0-80A
IHwe
Ceprudikauis CE (IEC 62109-1)
EMC ceptudikauis EN61000, C2
Po6ouya temneparypa -10°C~+55°C
Temnepatypa 36epiraHHs -25°C~+60°C
Jonyctima sonoricts 5% ~95%
PiBeHb wymy <60dB
OxonopxeHHs BeHTunatopHe, 3 perynioBaHHsIM WBMAKOCTI

IHTepdelicn nepeaaBaHHs LaHUX

USB/CAN/RS485(WiFi/cyxui nepexnarmit KOHTaKT)

Poamipu (IxLLIxT)

378 mmx 280 mmX 103 mm

Bara

7.4 xr
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DJIIOC-TENDb ANg JIIOBUTENIB
TA NPODECIOHAJIB
Skwo Bu  30AMAETECA  MAKKOKO

BGA-mikpocxem i peboniHrom, SkocTi
BQLUIOro rioCy-refo  Crig npuainaTm
ocobnusy ysary. Came 1yt Interflux
IF 8300, excknosmHa pospobka Big
benbrisicekoi komnarii Interflux, su-
SBIISIETECS HEMEPEBEPLUEHUM 3HAPSA-
A9M Yy PYKQX CrPABXHbOTO MAHCTPA.
Komnania CEA nporioHye HaviBurig-
HiLLy MpOno3nuito Ha PUHKY YKpaiHm Ha
pnoc-rens Interflux IF 8300.

Interflux, sk caitoBmsi nigep y Bupo6-
HUUTBI GrOCiB Ans naviku, Mae 6araro-
PivHMI BOCBIA | 6esﬂora/-//-/y penyrauito
HagaiviHoro napTHepa.

Y ¢noc-reni Interflux IF 8300 sig-
CYTHI TQIOreHu, 1O MOXYTb 3QBAATH
LKOAN APYKOBAHIVM MaATi TQ BUKIMKA-
TH KOPO3IO YM KOPOTKE 3AMMKQAHHS.
Lle rapaHTye 6e3npobnemHy Ta [OB-
roTpusany poboTy rAATH MiCis MNAaKKH.

Takox, BiH mae ontumarnsHy pobo-
vy temneparypy sig 18 go 25 °C i cry-
nirb 8’askocti npu 20 °C — 210 kcps,
wo 3abesnedye nerke 1A PIBHOMIP-
He PO3MOJINEHHS HA MOBEPXHI MAATH.
Drtoc-resib MOXHQ HAHOCHTH 3 BUKO-
PUCTAHHSIM TpagapeTy, Jo3aTopa abo
NeH3mmka. ALQnNToOBaHMH A 6e3CBuH-
LeBOi navkH.

3aBaskn BUCOKOMY PIBHIO 3MOUYY-
BAHOCTI NOBEPXOHb 1akiky, 3a6e3neyy-
€TbCA HAAiViHMK KOHTAKT Mixk BGA-mik-
POCXEMOIO TA APYKOBAHOK MAATOIO.
Bin TakOX yHEMOXIMBIIIOE YTBOPEHHS
MOCTHKIB | KyJIbOK 3 MPUIOKO, Ki MOXYTb
CPHYMHNTI HECTIPABHICTb B 71EKTPMNY-
HIN cXemi.

lNepesaroto ¢roc-reno € Takox
7€, O BiH 3QNIMLLIQAE MIHIMATIbHMI MPO-
30pMI 3QIMLLIOK, AKub He noTpebye
[OJATKOBOro BiamuBaHHs. Lle 3HauHo
3EKOHOMMTB BALL 4AC | pecypcy, 36epi-
raroym npm LbOMY YACTOTY APYKOBAHOI
naTm.

| ocranHs nepesara ¢noc-reno
Interflux IF nonarae B Tomy, wo BiH
QAANTOBAHMMI SIK A1 CBMHLUEBOI, TAK
i ans 6esceuHuyesoi navikm. Lle nosso-
JIS€ BMKOPMCTOBYBATH OAMH | TOH Xe
pnioc-rens s Pi3HUX TUMIB MPUIOIO |
BGA-mikpocxem.

3amosutn ¢aoc-rens Interflux IF
8300 moxHa npamo 3i cknagy y Kuesi
Big Komnanii CEA, aka € ogiuisiHmm
npeacrasHmkom Interflux 8 Ykpaini.

Cepmuikar skocTi Bin BUPOGHUKA
FQPAHTYETLCS 30 BALLMM 3AMUTOM.

www.sea.com.ua
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Omap Xapmon (Omar Harmon), ®panuecko ai lomeniko (Francesco Di Domenico),
Wpisarca ParxyHrarx (Srivatsa Raghunath), Infineon Technologies

3apsgHa iHpacTpyKTypa ang enekrpomobinie 3 6arapeiHnm XXu-
BneHHsm (BEV, a6o EBXK), siki 3aiAcHIOIOTb NOI3AKM, 30Kpemd, Ha
Aaneki BigcTaHi, 6araro B HoMy Mae 6yTi CXOXXOI0 3 TPAQULLIHHOIO,
SIKa 3GCTOCOBYETHCS AJIS GBTOTPAHCMNOPTY 3 ABUTYHOMMU BHYTPILL-

HbOTIO 3ropsiHHS.

€ MOXHO He MOMITUTH, O MICbKi BYNK-

Li Ta aBTOMOOBIinNbHI NAPKIHMM 303HAIOTH
NOBINbHOT TpaHCchOpPMaLi, sKA CBigUUTHL
MPO HACTAHHSA enoxu enekTpomobinis.
Y Mipy LUIMPOKOTO MOLIMPEHHS ENEKTPOMO-
6inis 3 6aTapeittnm xuenerHsm (BEV, abo
EBX) spocrae nonut Ha inppacTpykTy-
Py, WO BMKOPUCTOBYETLCA ANA iX 3APAAKM.
| xoua GinbwocTi Takmx enektpomobinis
e TinbkWM HANEeXuTb KOHKYPYBATM 3 TpA-
OMUIMHMM QBTOTPOHCNIOPTOM i3 ABUIYHOMM
BHYTPiWHbOro 3ropsaHHs (OB3), saspaHks
306e3ne4nTH NepemilleHHs Ha aaneki sig-
cTani byae supiwene, akwo EBX cranyTs
3aPALXKATUCS 30 HAC, KM MOXHQA NOPIBHS-
M 3 yacom obcnyrosysanHa Ha A3C.

Y nobyrosux ymosax Ginbwicte EBX
3aPALKAIOTECA QB0 Bif LXEPEn XWBNEHHS
3MIHHOTO CTPyMy, ab0 30 AOMOMOTOK HO-
cTiHHOrO 3apsgHoro npucrtpoto. Pospaxo-
BAHi HO HOMIHANBHY NOTYXHICTb go 22 kBT,
TOKi PiLLEHHS AAKOTb 3MOTY 3APSAUTU OKYMY-
nsTopu asTomobing npubnusHo 3a 120 xeu-
mvH, wob BiH npoixae HactynHi 200 km.
Llboro 3apsmy UinkoM HOCTATHLO ANS KO-
poTkux noizgok. OaHak wob sapsantv 6a-
Tapeto NnpubnmsHo 3a 15 xBunuH, notpibeH
3apSAHUNA MPUCTPINA MOCTIMHOTO CTPyMy 3
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HomiHansHoto noTyxHictio 150 kBt. Mocny-
M i3 30PSAKM 3 TOKOIO MOTYXKHICTIO MOXYTb
HOAOBOTUCA HO CMNELiani30OBOHMX CTOHLLSX
3 HEODXIOHOI EenekTPOTeXHIYHOK iHdpPa-
CTPYKTYPOIO, MPUYOMY if€aNbHUMM NPETEH-
OEHTOMWM HO L0 POfb € OBTO3AMNPABKM,
CTOSIHKM TOKCI TO BEH30KOMOHKM.

Of0 30PAAHMX MPUCTPOIB YXE AiloTb
PEerioHanbHi CTAHAAPTH TAKUX OPra-
izauin, ak CharlN y €sponi, CHAdeMO
8 dnonii Ta GB/T y Kurai. Ui crangaptm
BM3HOYQIOTb YCi KOMMOHEHTH TA XAPAKTe-
PUCTMKM, NOYMHAIOUM 3 PO3’emis, kabenis
i 3QKIHYYIOYM 3HAYEHHAMM HANPYT i CTPY-
mie. Hogpatkosi ctaHpaptv nepepbaya-
IOTb 3QranbHi NUTAHHA enekTpobesneku
(IEC 60950), izonauii kin 3a gonomoroio
onmmuHoi isonsuii (UL1577), a takox 30-
CTOCYBOHHS €NEKTPOMATHITHMUX | EMHICHMX
(VDE V 0844-11) TexHonorii ranseaHiqHmx
p038'a30K. TAKUM YMHOM, Y PO3POBHMKIB €
MOXIIUBICTb BUBPATM HOAMKPALLUMIA BAPIAHT
peani3auji 3apsAHOro NPUCTPOID MOCTIM-
HOrO CTPyMYy.
Ha Bubip KOHCTPYKLiT NPUCTPOIO BRAK-
BAIOTb 6ArATO YMHHMKKIB, 30Kpema rabapu-

lanbBaHi4Ha

lepBuUHHA CTOPOHA izonauis
DC/DC-

nepeTsoproBada

e

Puc. 1. CrangapTHa Tononoris sapsaHoro cyémopyns 3 HOMiHaNbHOIO NoTyXHicrio 15-40 kBr

T, 30BHIWHIM BumMag, i uina. OpHak, nonpw
Ui BUMOTM, 30PAAHI MPUCTPOI 3 HOMIHOSMb-
Hoto noTysxHictio 50—150 kBt 6yayiotsea 3a
MOZYNbHUM NPUHLMMNOM. BoHu 38’a3ytoTbes
NO LWKHI AAHMX i3 LEHTPANBHOIO CUCTEMOIO
KepyBaHHS, KA 3gikcHIoe BiniHr. Kpim Toro,
BOHO BMKOHYE QOBTEHTUOIKALIIO 30BHILLHIX
MepEeX OAHUX i MIATBEPAXYE CMPABXHICTb
MOAYNIB-30MIHHMKIB 3APSAAHOrO NPUCTPOIO.
Ha pucynky 1 npencraeneHa craHpoptHa
TOMOMOTA 30PABHOTO CyGMOaynst 3 HOMI-
HanbHoto noTyxHictio 15—40 kBr. CyuacHi
50-kBT 3apsgHi npucTpoi cknagaloTecs 3
TPbOX OKPEMMX ANAPATHUX CyBMOmYNiB MNo-
TyxHicTio npubnmsHo no 16.5 kBr.

HaTomicts cybmomyni peanisyoTbest
KOMBIHYBAHHAM TPbOX BIOKIB NOTYXHICTIO
5.0 «Bt koxeH. Takui mMoaymnbHUIA NpuMH-
urn nobypoen 3abesnedye eKOHOMIYHE
MacwTabyBaHHA 3QBAAKU MOBTOPHOMY BU-
KOPWCTAHHIO HOSIBHUX CyBmopmynis i npo-
€KTYBAHHIO 6nokiB BiANOBIZIHO OO BMMOT
HOBMX KIiEHTIB. Y pA3i BIAMOB MOAYIbHWMMA
NPMHUMN CMPOLLYE TexHiyHe o6Cnyrosy-
BAHHA TA PEMOHT. 3 YypPAXYBAHHSM TEH-
LEeHUii 1O CKOPOYEHHS YACYy 3APABXKAHHS
MOTYXHICTb, WO NMOAAETHCH, 3POCTAE, WO
NPEM3BOANTL O MIABULLEHHA MOTYXHOCTI
KOXHOro cybmomyns ans niaTpMmaHHs 6a-
NAHCY MiX MPOAYKTUBHICTIO, MOTYXHICTIO i
NPOCTOTOO eKCnyaTaLji.

Cy6bmoayni nobygoBaHi HO OCHOBI
edekTBHMX BaraTopisHesux i HaraTo-
$A3HMX TOMOMOriM, 30BASKM YOMY TEMo,
O BMAINAETLCS, PO3MNOAINAETLCH 30 HANAB-
HUM OBCSrOM, O TAKOX [OCATQETLC MOCLL-
Ta60BaHICTb. MOaYNbHUIA NPUHLUMN TAKOX
LOE 3MOTY BUPOBHUKAM LUBMIKO peaniay-

QinbTp
BTopuHHa cTopoHa noCTiHOro
DC/DC- cTpymy
nepeToptoBaya

T
T
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12x 1200-B giogis LLotTki CoolSiC CoolSiC 16x 600-B CoolMOS CFD7
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12x 600-B CoolMOS P7 16x 650-B piogis LWotTki CoolSiC
“actora . f Kinbkicts,
Kackan KomyTai Mpucrpoi Bupi6 Homep komnoHeHTa .
600-B CoolMOS P7 IPW60R024P7 12
AC/DC 40 Ty 1200-B piog LLIoTTki CoolSiC IDWD40G120C5 12
IC ppaiieepa  EiceDRIVER 1ED 1EDI40112AH 6
600-B CoolMQS CFD7 IPW60R024CFD7 16
DC/DC 10 300 Kl 650-B pioa LLIoTTki CoolSiC IDWD40G65C5 16
IC npaiieepa  EiceDRIVER 2ED 2EDS8265H 8
MK 4x LWNM-Taimepa XMC 4000 XMC4400-F100K512 BA 2
Puc. 2. MponoHoeaHa cxema 30-kBT cy6bmopayns sapsigHOro npucTpoio

BATM MACMB 3APSAHMX MPUCTPOIB i3 Pis-
HUMM 3HOYEHHSMWU BUXIAHOT MOTYXHOCTI
BIANOBIAHO 40 NOTPEDH 3AMOBHMUKIB.

TOMOJOTrIi 30-KBT CYEMOAYJIB

y,u.ionosoHi notyxHocti  15—40 «Br
PEKOMEHAYETLCA  BUKOPWMCTOBYBQ-
™M B CyOMOLYNAX OMCKPETHI KOMMOHEHTH
(mme. puc. 2) 3 meToro 3abesneuntn KK
y mexax 93-95% npu suxigHin Hanpysi
200-920 B DC (supobu komnanii CharlN).
BxigHa Hanpyra, sk npaeuno 3-basHa se-
nmamnoo 380 B AC, sunpamnsetbca 30
nonomoroto 3-pasHoi cxemu Bienna.

Hani BUKOPMCTOBYIOTLCS i30MbOBAHI
opnHapHi DC/DC nosHomocToBi peso-
naHcHi LLC-nepeTsopiosaui (pospaxosa-
Hi Ha 1200 B) abo crek moctosux LLC
(Ha 600—650 B), sxi 3a6e3nedyioTs 3miHio-
BAHY BUXiIAHY HAMPYry NMOCTIMHOTO CTPYyMY.
9kwio He NoTPIBHO, Wo6 3apAaHI NPUCTPOT
NOCTIMHOrO CTPyMy MOBEPTANIM EHEPTito
B Mepexy, B Kackagi kopekuii koediui-
enta notyxHocti (KKM) sactocosyetses
BienHa-sunpsamnsy.  Llbomy 3-dpasHomy
3-pisHesomy LUIM-Bunpamnsdy HeobxigHi
TiNbKM TPU GKTMBHI KITIOYI. Moro suxigHoto
HaNPYroo MoxHa kepysaTu. Llei sunpam-
NS4 NPAUIOE HOBITH 30 HE36ANAHCOBAHOT
Mepexi xuBneHHs abo B pasi BTPATH Of-
Hiei dasm. Bin Takox 36epirae cTikicts go
360iB 30BAAKM TOMY, LWLO B pasi 36010 cxe-
MM KEPYBAHHS HE BUHWUKAE KOPOTKE 3AMM-
KQHHsl HO BUXO4i B0 Yy BXAHOMY KACKAM.
BxioHui cTpym Mae curycoinansHy popmy.
KoediuieHT noTtyxHocTi pisHux BapiaHTis
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BMKOHAOHHA Bunpamnsuis pocarae 0.997;
KOE]ILEHT HeNiHiiHUX cnoTBopeHb: 5 %;
KK: he menwe 97 %.

Taka Tononoris edbekTvBHO peanisy-
€TbCA LUAAXOM KOMOBIHAUIT KpemHiesoi Ta
kapbigokpemHiesoi Texronorii. 1200-B
piogn LLotrki CoolSiC 5-ro nokoniHns 3a-
6e3nevyioTb He 3anexHy B TeMnepaTypu
KOMYTALiMHY XAPAKTEPUCTUKY, CTIMKICTb
[0 BUCOKMX 3HauYeHb dv/dFi many npamy
Hanpyry senuunHoto 1.25 B.

Y pesynbTaTi 3HUXYIOTECS BUMOTM O
OXONOMAXEHHS BCIEl CUCTEMM, | NIABULLYETL-
Cl HOAIMHICTb 30 AyXe BMCOKOI LUBUIAKOCTI
komyTauii. Ina peanisauii epektmBHMX pi-
LeHb 3 OMNTMMI3OBOHOIO BAPTICTIO B NAPI
3 UMMM LIOAOMM BUKOPUCTOBYIOTLCS KITHOYi
650-B IGBT TRENCHSTOP 5 3 manoto
HOMPYro HacuueHHs Vg, | HU3bKUMM
KOMYTAUIMHUMM BTPATAMM. 9K aQnbTepHa-
TUBHMI BAPIAHT, WO LAE 3MOTY MiABULLMTH
KK, miogm sactocoeytoTh ChinbHO 3 KImto-
uamu cepii CoolMOS P7 y komyTauinHomy
KACKAfi i3 3yCTPIYHNM YBIMKHEHHSAM, 3ABAS-
KM YOMY 3HOAYHO CKOPOYYIOTLCS BTPATH HO
NEePEMMKAHHS 3ABASKM MANIOMY 3HAYEHHIO
Eoss Binbliomy 3apsgy 3ateopa Qg i Ma-
nomy Rpson 3086inbwkm scsoro 24 mOm.

Y OBOPIBHEBMX PE3OHAHCHMX MOBHO-
moctosux LLC-nepetsopiosadyax Buko-
puctosytoTbca npuctpoi CoolMOS CFD7
i3 BHYTPILWHIM LUBMAKOAIMHMM OiOAOM, 30B-
OAKM HOMYy 300€e3MedyeTbCs 30XMCT ynpo-
LOBX KPUTUYHMX pOBOoUMX a3 3apaaHOro
npuctpoto EBX, ocobnuso nig wac sanyc-
Ky ABUIYHQ, Y PA3i KOPOTKOTO 3AMMKAHHS
Ha BMxOfi 6O B PEXMMI MIKOBOT NPOAYyK-
TMBHOCTI. TOKQ CTIMKICTb OOCATQETLCH HE

Oco6nuBocTi Ta nepesaru:
— Bucokuit KK[ 3asgskn SJ CoolMOS
— cninbHe BukopucTaHHs SiC-gioga CoolSiC
— NOTYXHiCTb Buwa Ha 10 kBT
npK TOMY X CMUCKY mMarepianis
— MpOCTOTA CXEMOTEXHIYHOTO PiLLEHHS
— CKOPOYEHHS Yacy BUBEJEHHs BUPOGiB
Ha PUHOK

Bumoru no 3actocyBaHb:

— 30 kBT, 75 A npn 400 B

— MOBITPSIHE OXONOKEHHS

— BieHHa-Bunpsamnay ans KKM

— 2-pisHesuii FB LLC-nepeTBoptoBay
i3 ABO(ha3HNM HepryBaHHAM

— Hanpyra naHKu NoCTiHOro CTPyMy:
840 B

30BAAKM SKUMOCH LOAATKOBUM 3CAXOAOM,
Q BMKITIOYHO 30BAAKM MOIMM 3HAYEHHAM
Eossy Qg T 30psimy 3BOPOTHOTO BiBHOBMEH-
Ht Qpe. Kntoui uboro cimeitctsa 3 pisHumm
3HaueHHAaMK Ry AQIOTH 3MOTY nigibpa-
TM HOUGINbLW NPUAHATHWUI NPUCTPIN AN
KOXHOTO KfIACY MOTYXHOCTI. BunpsamHmit
KQCKQA HO BTOPMHHIN CTOPOHI nobyno-
BaHumit Ha 650-B miogax LLotrtki CoolSiC.

NIABULLEHHSA KKA
30-KBT CYBMOAYJIB

|—|epeﬁu.|oal.um 0O pilLUEHHs, B SKOMY
yactka KapbigoKPEMHIEBUX NPUCTPO-
iB Ginbwa, moxHa 36inbwmntn KK Tiei x
TOononorii. KpiM TOrO, MiABULLYETLCS HOLIN-
HICTb CXEMM 30 JOMOMOTOKO MEHLLOI Kifb-
KOCTi KOMMOHEHTIB, TOMY LLO 3HMXYIOTbCA
Tennosi BTPATW. 3aMICTb BaratopisHEBKX
piweHs 3 sucokosonsTHUMKM DC/DC-ne-
PETBOPIOBAYAMM 3CACTOCOBYIOTb NAPQA-
nenbHo BCcTaHosneHi nosHosarosi LLC-ne-
peteoptoeaui. ns pobotn 3 Binbummu
HOMPYramMuM NAHKM MOCTIKHOrO  CTPYy-
MY HO NEPBUHHIM CTOPOHI 30CTOCOBYIOTLCA
1200-B CoolSiC MOSFET (gue. puc. 3).

Ins poboTu 3 BULLMMM HAMPYraMM
HO BTOPMHHIM CTOPOHI 3ACTOCOBYIOTHCA
1200-B npuctpoi CoolSiC. MoeaHaHHs
MEHLLOI KifIbKOCTi KOMMOHEHTIB i3 MEHLLIMM
3HA4YEHHAM Rpgon) KOXHOTO NpucTpoio Aae
3MOTy CKOPOTUTM BTPATM HA MPOBIAHICTb.
3aranom, y peanisoBaHux 30 LMM MPWH-
UMNOM CyBMOaYNiB — TPMBAMILLMKA TEPMIH
Cnyx6u, BALLA HAGIMHICTb, NYCTUHA NOTYX-
HOCTI TQ KOMYTALMHI HOCTOTH.
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BUBEIP ONTUMAJILHOTO
OPAVUBEPA 3ATBOPA

CMFHOJ‘IM KEPYBAHHS Bifi MIKDOKOHTPO-
nepa XMC4000 abo undposoro cur-

nansHoro npouecopa (DSP) nogatotscs
HO CWMNOBI NMPUCTPOI Yepes3 BiANOBIAHMM

npaneep sateopa. PiwenHs Ha 6asi Tex-
nonorii Kul (kpemi-Ha-isonsTopi) 3 pea-

NiI30OBAHMM Y MIKPOCXEMi 3CYBOM PiBHS

rONbBOHIYHMM MOLINOM CMUIHONMIB 30 AOMO-
MOTOI TPAHCHOPMATOPA 3 MOBITPSAHUM

ocepasm 3a6esneuyioTs HEOBXiaHy edek-
TMBHICTb Mif, YOC KEPYBAHHS HAMIBMOCTO-

3axuct
Bify
0fjHO-
4acHoro
po3mu-

GNDZq

VCC2

KaHHA

RX Kniovis

uﬁ ouT+

o
L

16| vCC2

1—[7] GND2

uvLo

VDDI uvLo
SLDON SLDO
INA —ﬂ—lb—
Brok
INB : D KepyBaHHs
KepyBaHHs
Ve — «M%TBMM»
4acom
GNDI =S

(999N

=
5
Eig
S
==
S MixkaHanbHa
§ 5 i30MaLis
~ig
B
} { OUTB
j— GNDB

Puc. 4. CTpyKTypHi cxemn ogHo- | ABOKaHANbHOro apaiiBepiB sarsopis EiceDRIVER
i3 TpaHcpopmaropamu 3 NOBITPSIHMM ocepasam

GHIP NEWS
12x 1200-B giogis LLoTTki CoolSiC 16x 1200-B CoolSiC MOSFET
Makc. 840 B DC
400 B, Q Q "
BT )S by JS Ds ZIS Ds f o s A Oco6nmeocTi Ta nepesarn:
L1 i 1L — HaiiBuwmit KK[ 3aaskun
T o50- TexHonorii CoolSiC
Lo ! 750BDC  — MEHLUWIA CIMCOK MaTepianis
{ = — BWLLA HagiNHICTb
— MNpOCTiLle CXeMOTEXHIYHE PiLLeHHs
L3 — MEHLUVIA Yac BUBEJEHHS BUPOGIB
Ha PUHOK
D D. Q Q
ZIS 2 ZIS 4 o | 10 | D; [0k
12x 600-B CoolMQS P7 8x 1200-B piopis LLoTTki CooISIC
Kackan Kl;?wc;ro;:ﬁ Mpuctpoi Bwpi6 Homep KomnoHeHTa Ki”:uKTiCTbv BUMOTH 110 33CTOCYBaHb:
. - 30 kBT, 75 A npn 400 B
600-B CoolMOS P7 IPWBOR024P7 12 — NIOBITPSAHE OXONOIKEHHS
AC/DC 40 Ky 1200-B giog LWotTki CoolSiC IDWD40G120C5 12 — BieHHa-BunpaMnaY
IC ppaiisepa  EiceDRIVER 1ED 1EDI40112AH 6 - 2 napanenbHo BCTaHOBMEHNX
- FB LLC-nepeTBOpIOBaYa
1200-B CoolSiC MOSFET MW120R045M1 16 — Hanpyra nakw NOCTIAHOTO
DC/DC 10 300 Ky 1200-B giog LLoTTki CoolSiC IDW40G120C5B 16 cTpymy: 840 B
IC ppaiisepa  EiceDRIVER 1ED 1EDI40112AH 8
MK 4x LLIIM-Taiimepa XMC 4000 XMC4400-F100K512 BA 2
Puc. 3. PesoHaHcHmit noBHOMocTOBMIi LLC-kackaa, noBHicTio no6yaoBanmii Ha SiC-komnoHeHTax, we 6inbLioio mipoio
Aae 3smory nigeuwmtn KK cucremm

BMMM i MOCTOBMMM Kackagamu. o uwmc-
Na KPUTUYHO BAXIIMBMX NAPAMETPIB, WO
BMMIPIOIOTBCS, HANEXATH 3ATPUMKA HO
NMOLUMPEHHS, CTPYM KEPYBAHHS, CTiMKiCTb
0O CTPUBKiB HANPYrK, BTPATU Nif 4aC 3Cy-
BY PiBHS, KOMYTALiMHA YOCTOTA TA iH.

Y po3msaHyTUX CXEMAX 30CTOCOBYIOTb-
ca npaieepw asox cimeicts — 1ED i 2EDi.
1EDCx0I12AH — ogHokaHanbHi i3onsosa-
Hi BparBepu 3aTBOPA 3 TPAHCHOPMATOP-
HOIO PO3B’A3KOK0, AKi BUMYCKAKOTb Y PI3HMX
KOPMyCaX, BOHM BiAMOBILAIOTL BMMOTOM
crangapty UL-1577. lMepenHHa cTopoHa
NIATPUMYE LUMPOKY HU3KY HAMPYT, 3ABAAKM
HOMY CMPOLLYETLCA Nif’ €AHAHHA [0 MIKPO-
koHTponepa abo DSP, a sTopuHHa cTtopo-
HQ NIATPUMYE pexumn pobotu 3 Ginonsp-
HUMM TQ YHINONSAPHUMM CUTHQIAMM.

BuxioHuit ppaiisep i3 nosHum pianaso-
HOM HanpyrM cnpoye Bubip pesuncTopa
3aTBOPQ, N036ABNAE Bif, HEOOXIAHOCTI B 308B-
HILUHBOMY CMIIBHOCTPYMOBOMY 3BOPOTHOMY
4ioai Ta NOKpALLye KepyBaHHs dv/dty koH-
dirypauisix i3 BEPXHIM i HUXKHIM Mieunma.

2EDS8265H — wBupkomiiHmi gso-
KQHQNMbHWIA AparBeEp 34TBOPA 3 i3055-
W€D MK MEPBMHHUM | BTOPUHHMM GOKa-
MM, O TAKOX i3 MIDKKOQHQMbHOI i30M5ILIEID
Ha suxoai. Mpuctpoi CoolMOS CFD7
i CoolSiC, saki BuKOpUCTOBYIOTBCS HO Nep-
BuHHOMY 6oui ctekosoro LLC-nepetsopio-
BAYA, BIAMIHHO MPMAYLIYIOTE CUHOA3HMM
curian, 3abe3neyyioTb WBMIKE NOWUPEeH-
HSl CUTHOIY | BUCOKWMIA CTPYM KEPYBOHHS.

LLIBMakomifHuit  30paaHUA  MpUCTPIn
ons EBX obnagHaro dyHKuielo 3ynuHku
HO Ti BMMNOAKM, KOMW BUXILHUWA NPUCTPIN

www.chipnews.com.ua
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HEe nig’€AHAHO 00 AXEpPenda XMBMEHHS, d
30XMUCT Bifi NPOCIAAHL HAMPYMU XMUBIEHHS
(UVLO) sa6esneuye Hagiity poboTy BCbO-
ro npunagy. BukopwucranHs ontumansHoi
Tononorii, y ki, HaNpuknag, Po3s’a3y-
BOSIbHI KOHAEHCATOPWM BCTOHOBMIEHO MO-
PyY i3 BUBOAAMM XMBNEHHS, O NAPA3UTHY
IHOYKTUBHICTb 3MEHLUYIOTb 30 [OMOMOrOK
303EMMTI0BANbHMX LWapiB, 3abesnedye xo-
pOLLi TENNOBI TQ €NeKTPUYHI XapaKTepu-
CTUKH (CTIMKICTb 8O WwyMmy).

Ha pucyrky 4 npeacraeneHo ctpyk-
TYPHi CXEMM OHO- | ABOKAHANBHOTO APAM-
sepie 3atsopis EiceDRIVER i3 Tpancdop-
MOTOPOMM 3 MOBITPSAHUM OCEPAAM.

BUCHOBKHU

OT)KG, wob enekTpomobini 3 6aTa-
PENHUM XMBNEHHSIM MOXHA 6yno
NMOBHOLHHO BMKOPWUCTOBYBATHM Mif, 4aC ne-
PEeCYBAHHSA HO HEBENWKI Ta Aaneki BigcTa-
Hi, MOXIIMBOCTI 30PSAHMX CTAHLIM MAIOTb
6araTto B YoMy 6YTU CXOXUMM 3 TUMM, LLLO €
B GBTOMODINIB i3 ABUIYHAMM BHYTRILLIHLOTO
3ropAHHA. 3 LiEI0 METO POo3pPobnsioTbCa
30psfHI NPUCTPOI NOCTIMHOMO CTPYMY Be-
NIMKOT NOTYXHOCTI, B T.4. Ha 150 kBr.

3apsaaHi NpPUCTPoi 3 Takumm rabapura-
MM BYRYIOTHCS 30 MOZAYSBHAM MPUHLMIOM,
TO6TO NOEAHYIOTL Y COBI KinbKa CUNOBMX
mogynie, wWob 3a6e3neunT HeobxiaHy Bu-
XiZHY MOTYXHICTb. 9KLLO PO3MAnATH 3aPAa-
Hi npuctpoi 3 Bucokmm KK, nigemweHoro
HOLIMHICTIO, XOPOLUMMM TEMNOBUMU XAPAK-
TEPUCTUKAMM, MANTUM PO3MIPOM i BOPTICTIO,
CTOE O4YEBMAHMM, WO KAPOIROKPEMHIEBI
KOMMOHEHTU CTAHYTb BIGIrPABATM BOXKIIM-
BY POnb y po3pobui HEOBXiAHUX PilLEHb.
X MOXHO KOMGIHYBATH 3 HOSBHUMM KpPEM-
Hiesumm MOSFET-kniouamm a6o 3 kapbi-
DOKPEMHIEBMMM KIIOYAMM B TUX BUMALKAX,
KONM HEeobXigHO 306e3MeUUTH MAKCUMAb-
wmii KK 30 nopieHsSHO manoi kinbkocTi
KOMMoHeHTIB. Moayni 3 MOBITPSIHKM OXO-
nopxeHHam notyxHictio 30 kBT i Buwe, 8
SKMX 30CTOCOBYIOTbCS BifNOBILHI ApANBEPU
30TBOPIB | KEPYBANbHA €NEKTPOHIKA, BigMNO-
BifAIOTb BUMOTAOM MIKHOPOAHWX CTAHAAP-
TiB i3 3APAAKAHHS.

Binbw paetanbHy iHdopmauiio
MOXHO OTPMMATH, 3BEpPHYBLUUCH
A0 naptHepa komnaHii Infineon
Ha Teputopii YkpaiHm — komnasii
Rainbow Technologies:

04112, Ykpaina, m. Kuis,

Byn. Aerrapiecbka, 62, od. 46,

ten./¢dpakc: (044) 290-41-69,

(044) 290-41-82,
e-mail: svi@rainbow.com.uaq,

www.rainbow.com.ua (N
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A PERFECT ALLIANCE.

HactynHe noKoniHHA po3HimvadiB
ANA mMmoaepHisaull BIMCbKOBOI TEXHIKWN —

po3Himaui cepii ODU AMC

MepcoHAnbHIR Ko oTep
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APYKOBAHI NAATU

CHIP NEWS

NoKpauenns mepMope2ynioBanny
(PUKOBAHUX NNAMm MiKpOXBUNbOBOZ0
gianasony 3 BUKOPUCTMAHHAM
CYYacHuX Mamepianis

Doxon KyHpopg (John Coonrod), Rogers Corp.

B crarTi, W06 npoinocTpyBATM TEPMOPEryNiOBaOHHA APYKOBd-
HUX MAAT HA NMPAKTUL, AeTANIbHO ONMUCAOHO eKCMEePUMEHT, KU
NoKasye TENJOBMUI NOTIK B APYKOBAHIN Naarti npu pisHMX piBHAX
MOTY)KHOCTi i3 BUKOPUCTAOHHAM MaATepiasniB 3 pi3HUMU TeNNOBUMMU

BJZICCTUBOCTAMM.

3| 3POCTAHHAM BEMYMHU MOMUTY HA
CYYOCHMI PIBEHb iHTErPALi BY3NiB Mik-
POXBMNBOBOI PABIOENEKTPOHHOI anapa-
TYPU, TG NOB'SI3AHUM i3 UMM MiABULLEHUM
PiBHEM TYCTUHM MOTYXHOCTI APYKOBOHMWX
NAaT, HA NepLWi MNaH, K HIKOMKW PaHi-
we, BUXOAMTL Mpobrema onTumisauii ix
Harpisy. Cnpasa TyT nofarae 8 TOMy, WO,
fK BiAOMO, TEMNEepPATYPa MAE BMPILLAMb-
HWIA BMNMB HA HOGIMHICTE ANApATYpU B
uinomy. PO3yMiHHsS HANEXHOro BUPILLEHHS!
npobnem TEeMNepaTypHOro PEXHUMy Mik-
POXBMILOBOI APYKOBAHOI MNATM BUMO-
ra€ Bifi MPOEKTYBANbHMKIB 3HOHHA NEBHOT
603080 TEOPIT WOAO TEMNOBOTO MOTOKY
B [PYKOBGHIM MNATi, O TAKOX TEMnmIoBMX
BIACTMBOCTEN MATEPIaNiB, WO B Hil BU-
kopucToBytoTbcs. ns HQO4YHOT AeMOoH-
CTpaUii KepyBAHHS TEMNOBMM MOTOKOM B
LPYKOBOHIM MnaTi, B XOAi eKCnepumeHTy
MOPIBHIOETHCA 3ANEXHICTb MOKA3HMKIB Bif
PiBHA NOTY>XHOCTI, A TAKOX iX 30MEXHICTb
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Puc. 1. Basosi moaeni Tennosoro noroky
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L Tenno-
MNPOBIAHNK

Bif TMNYy 3aCTOCOBAHOrO Matepiany (Moro
TENNONPOBIAHNX XAPAKTEPUCTHK).

Ins posrnagy Takoro npuknagy HAM
3HOLOBUTLCS 3BMYANMHA MIKPOCMYXKOBQ
cxema. BoHa gonomoxe Binobpasutu xig
NOTOKY Tenna 4yepes3 [pyKOBAHY MnaTy,
BKIIOYAOUM edekTM HACKPI3HOTO nepe-
X0fy uyepes nepexigHi OTBOPWU, AKi BMKO-
PUCTOBYIOTHLCA A1 3’€AHAHHS i3 «3eMneto»
i30N1bOBAHMX 30H APYKOBAHOI NAATH.

Basosa Tennosa mogens xapakrepw-
3YETLCA HASBHICTIO rapsaymx 17a XOnogHux
obnacrei (30H), 3’€AHAHMMM Mix cOBOIO Te-
NNONPOBIAHUM MATEPIANOM, IKMM HOCTiLLE
BCbOTO CTAE Migs (ave. puc. 1). Tennonpo-
gigHicTb migi npubnmsHo 400 Br/m/K, wo €
Ly>Xe XOPOLUMM NokasHukom. Hns mogeni,
aka Binblle HAramye TENNOBMM NOTIK Y Mi-
KPOCMYXKOBIW APYKOBQHIM NnaTi 3 nepe-
XIZHUMKM OTBOPAMM 3 BEPXHBOI [O HUXKHBOI
4acTuHu Nnatv, 6a3oBa Mogens MoandIKo-
BAHA 30 AOMOMOTOIO TEMNOBMX i30NATOPIB,

lapsya 30Ha
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AKi Tenep OTOYYIOTb TENNONPOBIA Y BUMAAI
MigHOT cMyxku. [lepexigHuit oTeip € meTa-
Ni30OBAHMM OTBOPOM B APYKOBAHIK mnaTi,
O CYXUTb 45 ENEKTPUYHOTO 3 €LHAHHS
NPOBIAHMX CXEM, FKi BHOXOAATCA HA PiI3HUX
NPOoBIgHMX Wapax (Mg NPOBIAHUM LWAPOM
APYKOBOHOI MNATH PO3YMItOTb MPOBIAHY
CXEMY [PYKOBQAHOI MNATHU, PO3TALLOBAHY
B ofHii nnowwni). [MNpu uboMmy i3onauiiHmi
MaTepian BPyKOBAHOI MAATH € TEMnoi3o-
natopom (puc. 16). Takuin matepian, 3a-
3BMYAN — L CKIOTEKCTOMIT HONbroBaHUM
mapkn FR-4, mae tennonposignicts (T1)
npubnuano 0.25 Br/m/K. Tpu creoperHi
mogeni ana MIKPOCMYXKOBOI APYKOBAHOI
nnati (pucyHok 18) BEPXHIN MigHWA wap
BBOXAETLCA CUTHAMBHUM LUAPOM (rapsuoio
30HOI0), TO@I AK HWXHIN MigHW WApP BBO-
XAETLCA MAOLMHOIO 3A3EMIEHHs (xonoa-
HOIO 30HOIO).

Y uin 6a30BiN Tennosii mogeni cnis-
BIJHOLLIEHHA 4Nnd nepepadi Tenna Mix ra-
PAYOIO TA XONOAHOIO 30HAMM E€:

H = ka2l
[
H = —kA#,

ne H — tennosui notik, kK — Tennonposia-
HiCTb, A — MIOLWLA HO MEXI i3 Tennonposia-
HUKOM, AT — pisHuus TemnepaTtyp HOCist
T, Ta cepenosuwa T, L — poexuHa Te-
MAOMNPOBIAHMKA, WO 3'€aHyE 30HM. Y Wi
mogeni nepenbadyaeTbcs, WO TemnepaTy-
pa B TEMNONPOBIAHUKY AOCATNA PIBHOBATM.
MNpocTta Mogens i HOBAHI PIBHAHHSA NOKA3Y-
IOTb, WO A% TENNOMNPOBIBHMKA i3 HU3BKOIO
TENNONPOBIAHICTIO MiXXK 30HOMM Bi,u.6yBOTM-
MeTbc MeHwuit TennoobmiH. LLlo e oue-
BUAHMM. Bigctams Mix 30HOMM (wapamu
APYKOBAHOI MNATH) TAKOX BANMBATUME HA
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MopiBHAHHS NiABMLLIEHHS TEMMEPATYPU MIKPOCMYXKKOBUX JTiHi/ ANS APYKOBUHUX NAAT Pi3HOI TOBLYMHM Ta 3Ha4eHb TN
ToswwmHa, TennonpogigHictb, Dk Df Yacrora, | BY noryxHicts, MiaBuLLEeHHS TeMnepaTypy BigHOCHO
Min Br/m/K Mry Br HABKOJIMLUHBLOTO cepepoBuua, °C
Marepian A 20 0.25 3.50 0.0023 3000 30 45
Marepian A 10 0.25 3.50 0.0023 3000 30 36
Marepian b 20 0.50 3.50 0.0023 3000 30 23
M 3naveHHs TN gnsa HAW6GinbLW
] Apyeosaa ara (°CE) ] e A Teapa nowmMpeHUx marepiasnie BUCOKO-
N\ ToHkwi wap YACTOTHMX APYKOBUHMX Naar
Pagjarop TEPIEEELY Papjiatop TN, Br/m/K
High Tg FR-4 0.24
a) 6) igh g
Nearly Pure PTFE 0.20
Puc. 2. MonepeuHwuii nepepis MiKpoCMyXXKOBOI APYKOBAHOI nnaTu: 6e3 nepexigHnx Ceramic Filled PTFE 0.50
oteopiB (a); 3 nepexigHumu otBOpamMu AN nepepadi renna (6) RO4350B™ Laminate 0.62
RT/duroid® 144
KiNbKICTb MEPERaHoro Tenna, Tohi K TOH- Yepes3 nepexigHi OTBOPW, ane MiaBULLEHHS 6035HTC Laminate i

LW NPOBIAHUK TEMNA MiX WAPAMMU 3MEH-
LLYE PE3UCTEHTHICTb TEMNOBOMO MOTOKY.

[Tpn anpokcumauii uiei  cnpoweHoi
mogeni A0 MIKPOCMYXKOBOI APYKOBOHOI
NNATU CUTHONBHWUM LAP APYKOBAHOI NNaTh
BBODKAETLCH FAPSYOIO 30HOK, O MNOLLMHA
303E€MNEHHA APYKOBAHOI MNATM — XONOA-
Hoto (ame. puc. 2). Takox nepepbadaeTses,
IO NAOLMHA 3A3EMNEHHS, AN NiATPUMKM
NOCTIMHOI TeMNepaTypu, TEPMIYHO NPUER-
HOHO [O edEeKTMBHOrO pamiaTopa, Tem-
nepaTypa §KOro € 3HAYHO HWUXYOIO, HiX
TEMNEepaTypa CUTHANBHOTO LAPY.

Lapu MikpocMyxkoBoi LpPYKOBAHOT
NNATM MOXYTb BYTW 3 NEpPexigHUMM OTBO-
pamu abo 6es Hux. Mogenb, wo signo-
BiAAE MIKPOCMYXKOBIM [PYKOBQHIM nnaTi
6e3 nepexigHux OTBOPIB, MOKA3AHA HQA
PUCYHKY 20, TOAI AK MOAernb, WO npeg-
CTOBMAE MIKPOCMYXXKOBY APYKOBAHY NAATY
i3 303EMNIEHHAM Yepes3 YNCIIEHHI NepexigHi
OTBOPM, NOKA3AHA Ha pucyHky 26. Lli
OTBOPW BUKOPMCTOBYIOTLCH st 3’ €AHAHHS
LBOX MiGHUX MOBEPXOHb NIATH. Mogaens Ha
pUCyHKy 26 € 3aranbHOK ana MiKpOCMy-
XKKOBMX OPYKOBAHMX MIAT, HA AKMX BCTA-
HOBJIEHO OKTUBHWI E€NEMEHT, HAMPUKIAgA,
CUIIOBUI TPAH3UCTOP, SIKUM TEHEepYye Te-
nno. YucrexnHi oTBOpM Mg TAKMM Tenno-
reHepaTopoOM B QHITIOMOBHIN NiTepaTypi
Ha3MBaIOTL «a via farm» (gocnisHo — «ne-
pexiaHa bepma).

[Tou nopisHaHHI MaTepianis pi3Hoi TOB-
WMHM (MOETLCA HO YBA3i TOBLUMHA Aienek-
TPMYHOI OCHOBM MaATepiany nnaTth), 3 pis-
HUMKM 3HAYEeHHsMKM TT1, gk Uue nokasaHo
y Tabnmui 1, ane 3 HE3MIHHWUMM THWWMM
KMIOYOBUMM NAPAMETPAMM, TAKI K TECTOBA
MOTYXHICTb | YOCTOTA, MOXHA NOBAYUTH 30-
NEXHICTb 3MIHW TEMNEPATYPM Bif, TUNY MOTE-
piany. Hanpwuknag, Tpu matepianu 8 Tabnu-
ui 1 MOIOTb OLHOKOBE 3HAYEHHS BiGHOCHOI
pienektpuyrHoi nponmkHocTi (Dk) i koediui-
enta anernouii (DF), a Takox eukopucrosy-
10TbCA Ha Titt camin yactoti (3000 M) Ta
3 Takmum xe pisHem notyxHocTi (30 Br). Y
KOAHOMY 3 MATEPIAniB HEMOE 3A3EMIEHHS
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TEMNEPATYPH BILHOCHO TEMMNEPATYPU HO-
BKOJTULUHbOTO CEPEROBMLLA J1St BCIX TPbOX
marepianie pisHe. 9k MOXHQ 6AYUTH, BOHO
LiNKOM 3QNexXuTb Bifi TOBLUMHM MATepiany
Ta 3HayeHHs ioro T, Hanbinswe spocran-
Hs TemnepaTypu BIHOCHO TeMnepaTypu
HOBKOMMLLIHBOTO CEPEAOBMLLA BinOYBAETHCS
B HOMTOBLLOMY MaTepiani APyKOBAHOI Nna-
TM 3 HAUHWXYMM 3HaYeHHsM TT1. 3asHauu-
MO, WO Y UK Mogeni, fKa, fK BiAOMO, € AO-
CUTb KOHCEPBATMBHOIO, ANle CMPABELIMBOIO
HOBITb AN TAKOrO MPOCTOrO MOPIBHAHHS,
He 30CTOCOBYETLCS TEXHONOTiS 303EMITEHHS
yepes nepexigHi OTBOPU.

9k nokasano B Tabmuui 1, maTepianm
L151 LPYKOBAHMX MAAT i3 HUXKYUM 3HAYEHHSIM
TI, npu 0AHAKOBIN BENMUYMHI MPUKNAAEHOT
NOTYXXHOCTI, MPU3BOAATE O 3HAYHOrO Mif-
BULLEHHS TEMNepaTypu HOA TeMmnepary-
PO HOBKOMULLIHLOTO CepefoBuLLa. Tomi
K MATepianu 3 BULWMM 3HAYeHHsm T[]
NPU3BOAATb O MEHLIOTrO MiABULLEHHS
TEMNEPATYPU HAA TEMMNEPATYPOIO HABKO-
JIMWHLOTO cepeposulad. [leaki 3HaYeHHs
TN maTepianie, ki 303BMYAM BUKOPUCTO-
BYIOTbCSl Y BWCOKOYOACTOTHUX APYKOBOHMX
nnaTox, HaseaeHo B Tabnuui 2. Ha xans,
BiNbLICTE MATEPIANIB APYKOBAHMX NAAT, AKi
BUKOPWCTOBYIOTbCS B MIKDOXBMILOBIN Cdhe-
pi, MQIOTb BIGHOCHO HW3bKi 3HaueHHs T[],
WO NoB'A3aHO i3 HEOBXIAHICTIO focAraTh
BanaHcy Mix BCIMO NOPAMETPAMM i30MALLI-
MHOro mMaTtepiany NnaT y Wik ranysi TexHiku.

3 Touku 30py TEMNONpPOoBIAHOCTI Byab
AKMIA i3 3QranbHOBXMBAHMX Y BUPOOHULTBI
BMCOKOYACTOTHMX MNNIAT MATepian Tuny
FR-4 mae ripwuit nokasmuk TI nopisHsiHO
3 RO4350B™ a6o RT/duroid® 6035HTC
eupobHuutea Rogers Corp. Tum He meHww
3HaveHHs T nposigHukoBOi Migi, ke
cranosuts npubnusio 400 Br/m/K, 6yae
HO [eKinbka NOPAAKiB BULLMM 30 6\/J2l.b ake
iHwe 3HaderHs T iHwWx TMniB maTepianis
i3 BkaszaHux B Tabnuui 2. Lle 6eszanepedHo
LOBOAUTL HACKINBKM €EKTUBHO MeTani3o-
BOHI MepexigHi OTBOPM MOXYTb BMAMBATH
HO PO3MO&iN TENNOBOrO NOTOKY.

Ulo6 3sposymitn snnue pisHa T ans
pisHMX MaTepianie ApykosaHux naat, Gyno
nNpoOBefeHO JOCAIAXEHHS X TennoBoro
306paxeHHs. 3 uielo meToo 6yno BUKOpK-
CTAHO MIKPOCMYXKOBI KOHCTPYKLIi HO OCHO-
Bi MIAKNAAOK 3 PI3HUX AIENeKTPUYHUX MaTe-
pianie 3 aBCOMOTHO PISHUMM 3HAYEHHSMM
Tr. Bnnve reHepoBaHOro Tenna ans uMx
maTepianis AOCNIAXYBABCS i3 NEPEXiAHNMM
otBopamu («bepmamm») Ta 6es Hux. Harpi-
BOHHS BMKOHYBONIOCH MOCTIMHUM CTPYMOM.
304anst yCyHeHHs! BMAMBY MIKDOXBUILOBOTO
CUTHANY | 30CEPEMKEHHS NULWE HA PAKTO-
pax snmumsy 11 maTepiany BCi fpykoBaHi
nNaTM B AOCHIAXEHHI MANM OBHAKOBY TOB-
wpry 20 Min i3 HOBAHTOXEHHAM KIHUEBMM
pesuctopom HomiHanom 100 Om i ogHa-
KOBMMM 30 GOPMOIO CTPYMOMPOBIAHAMM
MIIHMMW ENEMEHTAMM (0 TaKOX 3 MPOBig-
HOIO MiAAI0 OFHAKOBOI CTPyKTypH). Ak BXE
Byno CKA3AHO, B HUX BMKOPWCTOBYBOMCS
pi3Hi i3onsuiHi matepianu. [licns nogaui
>KMBAEHHA Bif, AXXepena Hanpyri NoCTinHOro
CTPYMY KOXHOMY KOSy TQ KiHLEBOMY pe3u-
CTOPY AABAMM AOCTATHLO YACY AN [OCAr-
HEHHs Tennosoi pisHosar. Ha pucyrky 3
NMOKA30HAO Pi3HMLA HATPiBY NNATH BIAHOCHO
TEMMNEPATYPU HABKONULLUHBOTO CepefoBu-
wa (25 °C). PisHuua nokasaHa gna nnar,
BMFOTOBNEHMX 3 PIi3HMX TMMIB maTepianis
6e3 30CTOCYBAHHS nepexigHux oTeopis. Ak
306paXXeHO Ha pUCyHKy 3 i 6yno HaBeaeHo
paHiwe B TabnMui 2, MaTEPIANM 3 HAMBULLK-
M 3HaYeHHaMHU TTT LeMOHCTPYIOTh HOMMEH-
Wwe nigBuLLEHHs Temnepatypu. Akwo no-
PIBHATY Wi KpUBI 3 rpadikamu A4ns niaT, wo
BMKOPMCTOBYIOTb MEpexiaHi oTBopu, TO6TO
AKi MOXYTb HANPABNATHU HACTUHY Tenna HA
paniaTop Ang TennOBIABOAY, TO 3POCTAHHS
TEMNEPATYPU TYT € MEHLLMM, XOHA 3ArasbHI
TeHOeHLUiT OJHAKOBI.

Ha pucynky 4 nokasaHi Mikpocmysk-
KOBi CxeMu B nepepisi: 6e3 nepexigHwx
oTBOpiB (0); 3 NepexinHMmu oTsopamu (6);
3 HACKPI3HMM MEPEXOAOM, Y BUMALI «nap-
kaHy» (8). Mikpocmyxka 6e3 HackpisHux
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OTBOPIB, AK MPOBMIO, € CXEMOIO i3 pafi-
OYACTOTHUM CUTHOSIOM, fie OKTUBHO LOPIXKA
(curHanbHa popixka abo curHansbHWit wap)
He Moxe ByTu Mig €AHaHA A0 MNOWMHM 30-
3emnenHs. Y LbOMY BUMOAKY 3MEHLLEHHSA HO-
rpisy BinOyBsaeTbCs 30 paxyHok 1T enactu-
BOCTEM CAMOrO [ieNneKkTPUYHOro martepiany
nAaTw. 3BMHOﬁHO, YMM TOHLIO MigKNamka,
TYM KOPOTLUMI LUASX BiABOAY TEMNA i Bigno-
BiIHO MEHLLUI HArpiB LPYKOBAHOI MNATH.

[ns MiKpOCMYXKOBMX MNAT 3 BCTAHOB-
NEHUMM OKTUBHUMM E€NEMEHTAMM, LLO re-
HepyoTb TEMNO, ANS NOKPALLEHHS PO3Cito-
BOHHS TENNA 303BMYAM BUKOPUCTOBYETLCS
KOH}Irypauisi 3 HACKPI3HMMU OTBOPAMM,
K Le MOKA3AHO Ha pucyHKy 46. Aktue-
Hi enemeHTW, BCTAHOBMEHI HA NnaTi, 3a-
3BMYOM 303EMIIOIOTLCS, TOMY NepexigHi
OoTBOPM — Ue HaedeKTUBHIWMIA cnoci6
3anobiraHHIo neperpisy NATU.

Ha pucyrky 48 306paxeHa pocuTs
PifKiCHO  KOH}Irypauis MiKPpOCMYXKOBOIT
apykosaHoi nnatv. B nepepisi soHa Ginb-
e CXOXd HA 303eMNEHUH KOMNAHAPHUMA
XBUAEBIf, HIXX HO MIKDOCMYXKY, 3 Ti€l0 ne-
pPEeBAroio, LLIO BOHA AO3BONSE BiABOAUTH Te-
M0 Bifl GKTUBHMX ENIEMEHTIB, fKi HE MOXYTb
Oyt 3a3emneHi 3a [OMNOMOrolo MeTani-
30BAHMX HACKPI3HMX/NEpexiaHnx OTBOPIB,
Y PO3CIIOBATM TEMAO Yy MAOWMHI X-y 3
ypaxyBaHHsM 3HaueHHs 1M1 Y usomy Bu-
NAAKY KPUTUYHUM 0519 ONTUMANBbHOTO PO3-
CiIlOBAHHS TeNNna € 3HavyeHHs 111 isonauinHo-
ro marepiany nnatu. B Takomy BUKOHQHHI
NNATH BIACTAHb MiX OKTMBHOIO TPACOIO TA
KOMNOHAPHOIO «3EMEIO» 3 HACKPI3HMM ne-
PEXOLOM MOPIBHAHO 3 TOBLUMHOKO MNATH

0 v v r
2.0 3.0 4.0 5.0
MoTyXHicTb, BT

6.0 7.0

Puc. 3. MopiBHAHHS NiABULLEHHS TeMNepaTypy naar ToBuuHoto 20 min i3 martepianis
3 pisiumu Tl BigHOCHO TEeMNEepPaTYpPU HABKOMMLLHLOTO CEPEAOBULLA

Mmae 6yTn Hesenukoto. Bona moxe 6yt B
pianasori 125 mkm (5 min). 3aeasku Mini-
Mi3aLii Wnsaxy TennoBOro NoToky nepepa-
4a TENNa Bif CWMrHAMBLHOMO Wapy (Tpacu
PARioYaCTOTHOTO CHrHANy) A0 3a3eMNeHoT
nosepxHi ctae Ginbw edektusron. OaHak
y uiit koHdirypauii HeobxigHO BUPILLMTH
BEeAKi enekTpuyHi Npobnemu, ski Noe’A3aHi
i3 6nmabkicTio KOMMAQHAPHOI «3emni» o
CUrHanbHOT NoBEpPXHI (Tpack curHany).
OpgHielo 3 4ACTUH HANEXHOrO BMPI-
WEeHHs Npobremu HOAMULLKOBOrO HArpisy
MIKDOXBMITbOBUX JPYKOBAHUX NNAT € PO3Y-
MiHHSI B3OEMO3B’A3KYy MiX BTPATAMM B KO,
NPUKNOAEHOK MOTYXHICTIO TA CNPOBOKO-
BAHWM Harpisom. BucokouacrtotHe Harpi-
BAHHS KOHTYpy B OCHOBHOMY MOB’si3aHe
3 BTPATOMM, AIKi B HBOMY BinbysaoThCA. A
B MIKDOCMYXKOBMX CXEMAX, TAKMX AKi BU-
KOPWCTQHI B LM CTATTI ANs NPUKNagy, iCHye
Kifbka TUMIB BTPAT, BKMIOYAIOYM BTPATH B
NpoBiaHKKy (BTPATM HQ MPOBIAHICTL), mie-
NEKTPUYHI BTPATKU TA BTPATU HA BUMPOMI-
HioBaHHs. Lli BTpath nos’sasaxi 3 ausaiHom
CAMOI NaTH, a TAKOX 3 BMOOPOM ii maTe-
piany. PisHoBMaM maTepianie ApPyKOBAHMX
NNAT BIAPI3HAIOTLC TOBLUMHOK TA TUMOM
Migi, 9KQ 3BICHO BMAMBAE HA PiBEHb BTPAT.
Hanpwvknag, MigHi NpOBIGHUKK 3 LLIOPCTKY-
BATOIO MOBEPXHEIO 303HAIOTH BULLIMX BTPAT,
HiXX MigHI MPOBIOHWKM 3 TMOAKOIO MOBEPX-
Heto. JKiCTb KpInneHHs Migi A0 mienekTpuka
TOKOX MOXE BMAMBATM HA PiBEHb BTPAT
MIKPOCMYXKOBOI IDYKOBQAHOI MAATU.
[Hwoto BnacTueicTiO MaTepiany, ska
BMIMBAE HA BTPATH, € 3HadeHHs Df marte-
piany apykosaHoi nnat. Hukue Df npu-

Papiatop
a) 6)
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Puc. 4. MonepeyHuii nepepi3 APYKOBAHOI NAATH i3 MiKPOCMYIKKOIO:
6e3 nepexigHux oTeopis (a); 3 nepexigHumn oreopamu («dpepmammu») (6);
3 HOCKPIi3HMM NEPEXOAOM, Y BUrNsAi <NApKaHy» (B)

3BOAMTb O MEHLLUMX AIENEKTPUYHUX BTPAT
i MEHLLOT reHepaLji Tenna, Wwo BUAINAETLCA
B apykosawii nnati. Kpim Toro, gpykoBaHa
MAaTa 3 MOTEPIANY 3 HU3bKUM 3HAYEHHSM
Dk Ttakox 6yme moBATM MeHwe BTPAT i
MEHLUe reHepyBATUME TEMna, HiX NnaTa 3
marepiany 3 BULLMMM 3HaueHHammu Dk. Ymo-
BA MOTMME MICLE MPM 30CTOCYBAHHI KOH-
CTPYKLUii KONG 3 KOHTPONbOBAHUM OMOPOM,
a MaTepian 3 MeHLwnm nokasHmkom Dk pos-
BOUTb BMKOPUCTATM LUMPOKI MPOBIAHMKM.
3P0O3yMiNno, WO WUPLLI NPOBIAHMKM AQIOTH
MEHLLI BTPATK B MPOBIAHMKAX, HIXX BY3bKi.
o nepeniky ocHoBHMX BRAcTUBOC-
Tel maTepiany 3 HOMOINbLW MNO3UTUBHUM
BMJIMBOM HQ PiBEHb TEMIONPOBIAHOCTI
yBiayTs: Hadeuwa TI1, HaiHmkumi DI,
HOMMEHLL LIOPCTKA MOBEPXHS Mifli, TOB-
CTiLUMI AienekTpuKk Ta HAMHMXYMIA 30 NO-
kasHukom Dk. 3BmyaiHo, y npakTuuHMx
KOHCTPYKLIfIX 30ABXAM € Ti 4M iHLWI KOM-
npomicu. HactynHuit npuknag ue HaouHo
LeMOHCTpye. B HbOMYy BMKOpPUCTOBYETHCS
MikpocMyxkoBa fiHis nepegadi 20 min Ha
nienextpuky 3 Dk 3.5 B ymosax 3abesne-
yeHHs 30 BT pagiodactoTHOi NOTYXHOCTI
Ha yactoTi 3 [MTu. Ockinbku Take pilleHHs!
noTpebye AOCATHEHHS XOPOLIOI NPOayK-
TUBHOCTI 3 HU3bKUMM BTPATAMM, TO B MOrO
ocHoBYy MaB 6M 30KNOATMCA MaTepiasn
Ha 6asi PTFE pienektpuka 3 kepamivHUm
nanosHiosadem 3 Df npubnusno 0.0023
(Polytetrafluoroethylene — noniterpad-
Topetunen, PTFE (MTDE), sinomwit, ak
broponnact-4). Ane PTFE matepian no-
PIBHIHO AOPOrMi, TAK CAMO fiK i MOro no-
nanbwa obpobka, BUKOPUCTOBYBATH LEM
matepian cknagHo. ToMmy st NpuKnagy
Oyno PO3MSHYTO [ELEeBLly ONbTePHATH-
By — ByrnesoaHeswit naminat 3 Df 0.0037.
Bukopucrosytoun npocty mogens gnst
NOPIBHAHHA MiAKNA[OK, MPOrHO30BAHE Mif-
BULLIEHHS TEMMEPATYPU HOL TEMMNEPATYPOIO
HOBKOMULLHLOMO CEPENOBULLO CTAHOBMUTH
npubnmsHo 45 °C gna PTFE ta npubnusHo
21 °C pnsa sByrnesogHesoro namiHary. He-
3BaXAIO4YM Ha Te, Wwo nigknagka 3 PTFE mae
Hxay Df, Hix y ByrnesoaHesoro naminary,
OCTOHHIV MAE MEHLLWI NIAAOM TENNA Yepes
csoe 3Hayenns 1M 0.62 Br/m/K nopisHaHo
mwe 3 0.25 Br/m/K ans naminary 3 PTFE.
MakcumansHa poboda Temnepary-
pa MIKPOXBMABOBOI APYKOBAHOI MNATU €
BODKIIMBMM MAPCAMETPOM, SIKMI Crip BPO-
XOBYBATW MPW MNAAHYBAHHI AOMYCTUMOrO
Harpisy koHcTpykuii nnatv. Lle nos’ssaqo
3 TMM, LLO BIANOBIAHO [O YMOB MOXEXHOI
Gesneku, sKi BM3HAYEHI 30 CTAHOAPTOM
Underwriters Laboratory (UL), nepesmiue-
HA MAKCMMabHOT pobouoi Temnepatypa
4nd mMaTepiany i KOMMOHEHTIB MnaTM He
nonyckaetecs B3arani. Lle He crocyetbes
KOPOTKOYACHUX MiABULLEHb TEMMNEPATYPH,

www.chiphews.com.uad
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AKi MOB'SAI3CHI 3 MASIHHAM MPU  CKNOAAHHI
BY3MiB ANAPATYpU. TyT MAIOTLCS HA yBASI
BMK/TIOYHO AOBrOCTPOKOBI BMMMBM, AKi MO-
10Tb Micue 3a Bucokoi Temnepatypu. Came
BOHM MOIOTb BMKIMKATM 3OHEMNOKOEHHS.
DAKTUYHO, 3HAYEHHS [OMYCTUMOI Temne-
pPATYpPU NAMIHATY MOXHA BMKOPWCTOBYBQA-
TM B MPOCTIM Mogzeni, ue AAE MOXIMBICTb
NPOINIOCTPYBATH AEAKI BIAMIHHOCTI B MATE-
pianax npu po3rnsagi MiKpOCMYXKOBOI MiHiT
nepenayi Ha matepiani TosuHoo 20 min.

[TonnyckaeTbes, WO MAKCUMANBHO [oO-
nycTMmMa poboya Temnepatypa B LbOMY
npuknaai cxemu popisHioe +105 °C, a tem-
nepaTypa  HABKOMMULIHLOTO CEPEROBULLA
craHosuts +25 °C. MeToto usoro npukna-
DY € YHUKHEHHS MiABULLEHHS TemnepaTypu
Ginbw Hix Ha 80 °C, He nopyLuyloum Bnac-
TMBOCTI MaTepiany. 9k MOKA3aHO HA PUCYH-
ky 5, Bubip maTepiany APyKOBAHOI MnaTH
3HQYHO BMAMBOE HO MOTYXHICTb, SIKY MOXe
nepenaTi MIKPOXBMNBOBA CXEMA, NP LIbOMY
MmaTepiant MaioTh Binbwe 3HadeHHs T11 i
menwe Df. Mpuknag npusoauTbes ans vac-
Totn 800 Mlu; Ha BULLIMX YaCTOTAX, 3a TOTO
CAMOTO PIiBHA MOTYXHOCTI PAAIOYACTOTHOTO
cUrHany, BinOYBATUMETLCA CUIbHILLE HArpi-
BAHHS. X044 LWOPCTKICTb MIAHOTO MPOBIAHM-
KQ, NPO Ky 3rafaHO PAHILLE, MOXE MATHU Mi-
HIMONBHMI BNAMB HA HUXYMX YACTOTOX, Ane

MPY LbOMY BOHO MOXe Binblue BNMBATH HA
BTPOTK HQ BULLMX YACTOTAX, NEPETBOPIOO-
4MCb HQ [LOAATKOBE TEMNO, LLIO BUAINAETLCS B
LPYKOBQHIM MAATi 3 MIHUMM NMPOBIOHUKAMM,
fKi MQIOTb LUOPCTKY MiAHY MOBEPXHIO.
[TincymoBytoun, BCe LLO CKA3AHO BULLE,
NPOXOAXEHHS TENNOBOrO NOTOKY Yepe3 BU-
COKOYACTOTHY [APYKOBAHY MAATY MOXHC
NPOAHANi3yBATM 3Q [OMOMOrOK AOCHTb
npocToi mogeni. Bukopwucrtanhs npoctoi
Mogmeni BeMOHCTPYE nepesarn martepiany
3 BMCOKMM MOKA3HMKOM TEeMnonpoBiAHOCTI
Ta ponomarae obpatn Hanbinbw edek-
TUBHY CTPOTETIIO KEPYBAHHS PiBHEM HArpi-
By ApykosaHoi nnatv. [pu ubomy, nocmTs
edeKTUBHUM METOLOM MOKPALLEHHS BifBO-
Ly Tenna Bif, APYKOBAHOI MAATH, MOXE CTA-
TW 3ACTOCYBAHHS rPYN NEPEXiAHMX OTBOPIB.
Ane 8 uboMy Bunagky Tpeba NposenaTu
nesHy 0BEpPexHiCTb, OCKINbKM TAKMIM Miaxig,
He 30BXAM MOXIIMBO 3ACTOCYBATU 3 OKTMUB-
HMMM TPACAMM PABIOYACTOTHOTO CUTHAY.
3aranom, ysara go eubopy matepiany
NnAaT 3 BiANOBIGHUMM XAPAKTEPUCTUKAMM,
TakMMK K xopowa T, H13bkui koediui-
€EHT PO3CIOBAHHSA, MAAKA MOBEPXHSA Mif-
HOrO MPOBIAHWMKA TA HU3bKA AIENeKTPUYHA
NMPOHMUKHICTb, LOMOMOXE He TiNbk1 Mpw
PO3pObUI BUCOKONPOAYKTUBHOI i3 pamio-
YACTOTHMUX MiIPKYBOHb OPYKOBAHOI MNATH,

HIGH Tg FR-4
R04350B™ LAMINATE

” Lis piarpama € TeOPETU4HOK .

i 6a3yeTbCA Ha AOCUTDL CTAHAAPTHIM

Tennosiit Mogeni
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Puc. 5. Mpuknapg 3anexHocTi piBHs
HarpiBy MiKpOCMYXXKOBUX JliHi#
20 min, BUrOTOBNEHUX HA OCHOBI
pi3HuMX isonsuiiiHux marepianis

ane TAKOX MOKPALWMTb ii Tennosui pe-
XWMM, AKWi BesnocepenHbO BMNAMBAE HA
HOAIMHICTb BY311A B LiNOMY.

Binbw pAeranbHy iHdopmauilo
wopo npoaykuii komnaxii Rogers
MO)XXHO OTPMMATH, 3BEPHYBLUUCb A0
ii Toproeoro npepacrasHuka B YKpai-
Hi — TOB «€EBpokoHTakT JITA.»:
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BUCOKOWBNGKICHUX gPYKOBAHUX nAam?

3akapaiia MetepcoH (Zachariah Peterson)

CboropHi MOXXHO CTBEPAXKYBATH, WO GinblUicTb APYKOBAHMX NAAT
niaaaioTbca pU3NKy BUHUKHEHHS npo6nem i3 uwinicHicrio curHany,
AKi 3a3BMuYA BUHUKAIOTb MiJ 4aC BUCOKOLIBUAKICHOro unu¢ppoBo-
ro npoekryBaHHs. Mia Yac NpoekTyBaHHS Ta KOMMOHYBAHHS BU-
COKOLUBUAKICHOI APYKOBAHOI NJIGTU OCHOBHA YBArA NMPUAINAETLCS
CTBOPEHHIO KOHCTPYKLil, ki MeHLU cXunbHi A0 npo6nem winicHo-
cTi curHany, uinicHocti >xueneHHs ta EMI/EMC. Xoua >xogeH npo-
€KT HEMO)XKJIMBO MOBHICTIO 3aXUCTUTU Bif 3A3HAYEHUX MNpobrnem,
MM MOEMO HAAII0, WO peKoMmeHaauii, aKi HagaHo B Win cTarTi, go-
MOMOXXYTb 3HU3UTHU iX [0 PiBHA, HO AIKOMY BOHU 6yAyTb HENOMITHI
i He cTBOpATbL NPO6EM i3 NPOAYKTUBHICTIO B KiHLLEBOMY NPOAYKTI.

icna TOro 9K BW CTBOPWIAM CXEMM i

rOTOBi MEpPenTM [O KOMMOHYBAHHS
APYKOBQHOI mnaTv, Bam noTpibHo 6Gyae
BMKOPWCTOBYBATH MEBHI yHKUIT BALIMX
IHCTPYMEHTIB MPOEKTYBOAHHS AN npa-
BM/TbHOTO KOMMOHYBAHHA | TPACYBOHHSA.
Y nporpamHomy sabesnedeHHi ana npo-
€KTYBAHHS APYKOBAHMX MnaT y Bac Gyne
MOXMMBICTb MIArOTYBATU PO3TALUYBAHHS
CMINOBMX | 303EMITIOBASIBHUX MOMIrOHIB Y
cTeky wapis, po3paxyBatv npodini im-
nNefaHCy BALWIMX MPOBIAHMKIB | neperns-

KO [PYKOBAHMX MNAT i TPACYBAHHA AN
306e3nedyeHHs  UinicHOCTI  curHany Ta
XWBMNEHHS, | NMPABWUIbHE MPOrPAMHE 30-
6esneuenHs ECAD moxe gonomortu 3a-
GesneunTu ycnix y umx ranyssax [1].

TXe, WO O3HAYOE MPOEKTYBAHHS
BMCOKOLIBUAKICHUX  OPYKOBAHMUX

HYTM BAPIAGHTM MOTEepianisa BPYyKOBAHOT
nnoTM pna creka. binbwicte acnekTis
BMCOKOLLUBUAKICHOTO PO3pOBneHHs pos-
ropTaloTbCi HABKONO KOHCTPYKLii cTe-

nnate BucokowsuakicHe NpOEKTyBAHHS
HONEXUTb JO CUCTEM, AKi BMKOPMUCTOBY-
OTb BMCOKOLUBMAKICHI UMPPOBI CUrHAMM
ANg nepenaydi AAHWX MK KOMMOHEHTAMM.

Bigneo: What Are High-Speed PCBs? Answering Your Questions!

Mexa Mix BUCOKOLUBMAKICHUM LdPOBKM
NPOEKTOM i MPOCTOIO LPYKOBGHOIO Mna-
TOK 3 MOBIMbHIWKWMK UUMPPOBUMM MPO-
TOKOMOMM HEYITKA. 3aransHUiA NOKA3HKK,
KM BUKOPUCTOBYETLCH [N MO3HAYEHHS
KOHKPETHOI CUCTEMM $SIK «BMCOKOLLBMA-
KiCHOT», — ue wemakicte dpoHTy (abo
4AC HOPOCTAHHS) LMGPOBUX CUTHANIB, WO
BUKOPUCTOBYIOTLCS B cucTemi. Y Binbwio-
CTi UMPOBMX MPOEKTIB BUKOPUCTOBYIOTbH
uMdPOBI NPOTOKOMM SIK i3 BUCOKOIO LLUBMA-
KiCTIO (BMCOKG LWIBMAKICTE PPOHTY), TaK i
3 HU3bKOIO LLUBMIKICTIO (HMSbKO LIBMAKICTb
bpoHTy). Y cyuacHy enoxy BOymOBaHMX
cuctem Ta lHTepHeTy pedeit GinbwicTb Bu-
COKOLUBMAKICHUX APYKOBAHMX NNAT MAIOTb
BY-iHTepdenc ana 6e3npotosoro 3s’asky
T WBKUOKMX MEPEX.

Xoua BCi MPOEKTM MOYMHAKOTLCS 3i
CXeMW, OCHOBHO YACTMHO MPOEKTYBOH-
HS BMCOKOLUBMAKICHOT BPYKOBOHOI NnaTH
30CepemkeHa Ha CTBOPEHHI HeobXigHOoT
CTPYKTYpM ii 3'€AHAHb, CTEKA APYKOBAHOT
nnat Ta TpacysanHi [2]. 9kwo Bu go-
csrHeTe ycrixy B neplumx gsox chepax,
TO, MMOBIPHO, LOCSrHETE yCrixy i B Tpe-
Tit. O3HaMOMTECS 3 PO3MINAMM HUXKYE,
wo6 [i3HATUCA NPO KOHCTPYIOBAHHS BU-
COKOLLBUAKICHUX APYKOBOHMUX NAAT i BAX-
SIMBICTb MPOrPAMHOTrO 3a6e3neyeHHs ans
NPOEKTYBAHHS APYKOBAHMX MNAT.

TeK APYKOBAHWX NNAT, SKMA BU CTBO-

PIOETE ANS BUCOKOLUBMAKICHOI APYKO-
BAHOI MNAATM, BM3HAYATUME IMMNEOAHC, d
TAKOX NErkiCTb NPU BUKOHAHHI TPACYBAH-
Hs. CTek ApykoBAHOT NATH MICTUTL HABIP
LapiB, NPM3HAYEHMX ANS BUCOKOLUBMAKIC-
HWX CMTHAMIB, XMBNEHHS TA 303EMIEHHS,
i € KiTbKQ MOMEHTIB, Ki CNif, BPAXOBYBATH
nifl 4aC MPMU3HAYEHHS LIAPIB y CTEKY:
e Posmip nnatu i kinekictb Kin: Ha-

cKinbku Benukolo Byne nnata i Tpa-
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CYBOHHSA SKOI KiflbkOCTi Kifl NOTPIGHO
ons apykosaHoi nnatv. Ha ¢isnuHo
BENUKMX MIaATax Moxe ByTu gocrat-
HbO MiCUS AN TPACYBAHHS | KOM-
NOHYBAHHA APYKOBAHOI MNATH, 3Q
YMOBU BMKOPUCTAHHS NULLE KinbKOX
CUIHOMbHUX LIAPIB.

e LUlinbHicTe TPACYBQHHS: Mpu BenNukin
KINnbKOCTI Kin i oBMexeHOMy pO3Mipi
NAaTH MOXE BYTU MANO MiCUs 4ns TPa-
CYBOHHS B 30BHILHbOMY wWapi. Tomy
noTPIGHa BinblIA KiNbKICTb BHYTPILLHIX
CUTHAMbHMUX LWIAPIB, HA fKMX MNPOBIA-
HUKM PO3TALLIOBAHI Bnnxye OfMH RO
opHoro. BukopuctanHs nnatv mew-
LOTro PO3MIpy MOXe NpM3BECTU A0
36iNbLIEHHS LWiNbHOCTI TPACYBAHHS.

®  Yucno iHtepdeicie: iHoai pekomeHmy-
€TbCS TPACYBATH TiflbkM OMH ABO ABA iH-
Tepdeicu Ha LA 3aNeXHO Bif, LUMPUHM
wuHK (nocnigosHa abo napanensHa) i
pO3Mipy nnaTu. 36epexeHHs BCix CUrHa-
N8 y BMCOKOLUBMAKICHOMY LMPPOBOMY
iHTepdeici Ha oaHomy wapi 3a6e3ne-
YYE Y3rofKeHWM iIMNefaHC i 3pO3yMminicTb
3CyBY NS BCIX CUTHANIB.

e CurHanu 3 HM3bKOWO wWBMaKicTio i PY
curHanu: un GyayTb y uMdpoBomy
NPOEKTI HM3bKOLWBMAKICHI abo PY cur-
Hanu? ko ByayTs, BOHKM MOXYTb 3Q-
MMATU MiCLle HO NOBEPXHEBOMY LLAPI,
KE MOXHQ BYNO BUKOPWUCTATH AN BU-
COKOLLBUAKICHOT LWMHM 06O KOMMOHEH-
TiB; Yy TAKMi CNOCI6 MOXe 3HOBOBUTHCS
LOAATKOBWI BHYTPILLHINM LWap.

o LlinicHicTe XMBREHHS: opMH i3 KO-
YOBWX ENIEMEHTIB LiMICHOCTI XMWBNEH-
Hf — BMKOPWCTAHHS BEMMKMX LLAPIB
XMBNIEHHS | 303EMNIEHHS AN KOXHOrO
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PiBHA HANPYT, HEOOXIAHUX ANA BENMKMX
MIKPOCXeM. Ix HEoBXiaHO PO3MilLlyBa-
TW B CycCiHix wapax, wob 3abesneqm-
TM BUCOKY EMHICTb LLAPY ANS NiATPUMKM
CTOBINBHOMO XMBNEHHA Yepes Po3gi-
NOBI KOHAEHCATOPM.

BAPIAHTU MATEPIAJIB
OPYKOBAHOI MJIATH,
KUIbKICTb LWAPIB | TOBLUMHA

|—| epef NPOEKTYBAHHAM CTEKA APYKOBA-
HOI MAQATM BM3HAYTE KiNbKiCTb LWAPIB,
HEOBXIOHUX AN PO3MILLEHHS BCIX UMd-
POBMX CUrHANiB Y NPOEKT. € Kinbka cno-
cobiB BM3HOYEHHS LBOrO, ane BOHW 30a-
CHOBQHI HO MATEMATUYHUX OBUMCTIEHHAX |
LOCBifi MPOEKTYBAHHSA BMCOKOLLIBUAKICHUX
nnat. KpiM 303HQYEHWMX BULLE MOMEHTIB
BM3HQUEHHS 4YMCNa LWAPIB, HEODXiaHMM
PO3MIp MNATU MOXE BM3HAYATMCA BENM-
KMMWM BUCOKOLLUBUAKICHUMMU MIKPOCXEMAMM
3 nocaakosummn micuammu BGA/LGA. TMpu
BMKOHAHHI TpacysaHHa BGA, Ti 3a3suuai
MOXHQ BMICTUTM B ABA PSAM NMPOBIGHMKIB
HQ CUMIHOMBHWM LIAP, NPM CTBOPEHHI CTeka
HEOBXifHO BKIIIOYMTH B YUCIIO WAPIB LWAPK
XMBNEHHS | 3a3emnerHs (puc. 1).
3aseuuait matepianm knacy FR4 mo-
XYTb BMKOPWUCTOBYBATUCS Y BMCOKOLLBMA-
KICHUX UMPPOBKX MPOEKTAX, AKLLO MPOBIA-
HUKM MK KOMMOHEHTAMM KOPOTKI. Ko
NPOBIAHMKM 30HOATO [OBTi, Y BUCOKOLUBKUA-
KICHOMY KaHani OyayTb BEnuki BTPATH, i
KOMMOHEHTU HA MPUUMANbHOMY KiHLj Ka-
HaMy MOXYTb HE MATU MOXIMBOCTI BigHO-
eutn curHann. OCHOBHA BNACTUBICTB, Ky
HeobxigHO BPAXOBYBATM nig 4ac subopy

Puc. 1. Po3rany)xeHHsi MaTpuMLi KyNIbKOBMX BUBOAIB HA NPOrpaMOBCHIi NOriuHii
iHTEerpanbHii cxemi 3 BEIMKUM NOJIIrOHOM, LLIO BUKOPUCTOBYETLCA AN nogavi
)KMBJIEHHS Y BUCOKOLUBUAKICHOMY BUKOHAHHI

MaTepianis, — Le TAHFeHC KyTa Aienek-
TPMYHMX BTPAT MaATepiany APYKOBAHOI
nnatu. [eomeTpis nposigHuka Takox Byae
BUKIIMKATK BTPATH, aNe, K MPABMNO, MATE-
pian FR4 3 HMxuMM TaHreHCoM kyTa BTPAT
PEKOMEHAYETLCS NS HEBEMMKMX NNAT.
kWO Tpacu 3AHOATO [OBri, MOXe
3HAROBUTUCA BiNbLL CNeuiani30BaHMIT Ma-
Tepian 5K OCHOBA AN BUCOKOLUBUAKICHUX
npoekTie. Martepianu 3 namiHaTOM Ha
ocHosi PTFE, naminaTom 3i ckna Ta iHWwmx
GinblWw cneuianizoBaHux MaTtepianis nig-
XOAATb AN NiATPMMKM BUCOKOLLIBUAKICHMUX
UMPPOBMX NNAT BiNbLWOrO PO3MIPY, AKLLO
NPOBIAHMKM AyXe [oBri, i noTpibHO 3a-
6e3NeunTH HU3bKI BTPATH, LLLO BHOCATLCS.
Xopowwum BM6Opom maTepiany noyaTko-
BOTO PiBHA 3 BUCOKMM Tg ans manoraba-
PUTHMX BUCOKOLLUBUAKICHUX APYKOBOHMUX
nnat 6yae 370HR. Ona nnat 6Ginbworo
PO3MIPYy MOXHO BMKOPWUCTOBYBOTWU NAMI-
Hat Megtron abo Duroid. lMepen npo-
LOBXEHHSM NMPOKOHCYNbTYHTECS 3 BUPOO-
HUKOM, L6 NEPEKOHATUCSH B MOXITMBOCTI
BUTOTOBIIEHHS 3 BUKOPUCTAHHSM OBPAHMX
maTepianis i 3aNPONOHOBAHOrO CTeka.

KOHTPOIJIb IMNEAAHCY

MNefaHC BU3HAYAETLCA TifIbKKM NICNs CTBO-
PEHHS 30MPOMNOHOBAHOrO CTeka i Moro
nepesipku BUPOBHUKOM. BupobHmk moxe
3aNPOMNOHYBATH 3MIHM ANs CTeka NnaTH,

TAKi K QNbTEPHOTMBHI MATEPIANM NNATH

abo ToewmHa wapy. icns saTsepmkeHHs

CTeKkq, WO BUKOPUCTOBYETLCS, i OCTATOM-

HOTO BM3HOYEHHS TOBLLMHW MOXHA 064MC-

NUTK 3HAYEHHS IMNENAHCY.
303BUUQ IMNEAAHC OBYUCTIIOETLCS 30

LONoMoroto bopmynn abo KanbkynsTopa

3 aHanisatopom nona. HeobxigHe 8 npo-

€KTi 3HAYEHHS IMNEefaHCy BM3HAYAE PO3-

Mipu niHii nepepayi Ta BiACTAHb LO HOM-

BAUXUYMX WAPIB XMBEHHS ABO «3emMni».

LLnpwuHy niHii nepeaayi MOXHA BU3HAUUTH

30 AOMNOMOTOI TAKMX IHCTPYMEHTIB:

o ®opmynun IPC-2141 i Bapgenna: su-
CTynatoTb BIANPABHOIO TOYKOK ANs
OUHKM IMNEefaHCy i HOZAKTb TOYHI pe-
3yNbTATHU HA HU3BKMX YOCTOTAX.

e [lporpamu ananizaropu nonie 2D/3D:
BUKOPUCTOBYIOTBCS AN PO3B A3QHHS
piBHAHb Makceenna 3 ypaxyBAHHSAM
reomMeTpii niHii nepepadi, BM3HAYEHOI
OS5 BUCOKOLLBMAKICHOI MNATH.
Bukopucranusa iHctpymenty Layer

Stack Manager pasom i3 3acobom arani-

3y nons 3abesnedye HaMTOYHILWI Pesysb-

TATK | HOBITb BPAXOBYE LIOPCTKICTb Mifi,

TPABNEHHS, ACUMETPUYHE POITALLYBAHHSA

ninin i andepenuiansHux nap (puc. 2) [3].

Micna obuncnenHs npodinio iMneaaHcy
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AN NPOBIAHKKIB BiH Ma€ ByTW BCTAHOBNE-
HWI 9K NPABUNO MPOEKTYBAHHSA B IHCTPY-
MEHTAX TPACYBAHHS AN 306e3neyeHHs
HeobXigHOro iMNeaaHCy NPOBIAHMKIB.
Binbwicte npoTokonis nepeaasaHHs
BMCOKOLWBUAKICHUX curHanis, ak-ot PCle
abo Ethernet, Bukopucrosyiots TpacysaH-
HA aMdbepeHuiansHMX nap, Tomy Heobxia-
HO BM3HAYMTHM IMNEAAHC ANdEePEHUIANbHMX
nap, BMPAXYBABLUM LWMPUHY TA BiACTAHb
MiX MPOBIAHUKAMU. |HCTPYMEHTM awanisy
nosis — Ue HaWKPaLL 3acobu ans obumc-
NEHHS IMNefaHCy andepPeHUIanbHMX nap
y Bymb-akiil reomeTpii (MiKpOCMyxkoBaQ,

Puc. 2. Po3paxyHOK NOBHOro onopy Ansi NPOEKTYBAHHS fiHii nepepauyi
Ha BUCOKOLUBUAKiCHI nnari. IHctpymenT Layer Stack Manager B Altium Designer
BKJIIOYAE KANbKYNSTOP MOBHOIO ONOPY, SIKUii BPAXOBYE LWOPCTKICTb MiAi

Puc. 3. BucokowBugKicHe KOMNOHYBAHHSI MaKCMManbHO edekTuBHe, konm IC
roJIOBHOrO KOHTpOJiepd PO3TALIOBAHA 6ins LeHTPY NnaTH, 3 iHWMMK
BMCOKOLUBUAKICHUMU nepudepiiHMmMM NPUCTPOSMM, PO3MILLLEHMMMU HABKOJO
Hei. Lie oaHa 3 NpyumH, Yepes IKy MaTEPUHCLKI NIATH MAIOTb BENIMKUIA
npouecop, po3TALIOBAHUIA Y LIeHTpi nnartn

CMyXKOBA 60 KOMAAHAPHQ). [HLWKMi BaX-
SIMBUI PE3YNbTAT BUKOPUCTAHHA 30CO0Y
QHONI3y MNOniB — 3ATPUMKA PO3MNOBCIO-
LXEHHsI, aka Byne BUKOPUCTOBYBATUCS Mig
4aC BMCOKOLUBWMAKICHOTO TPACYBAHHS ANs
NPMMYCOBOTO HANALLTYBAHHS AOBXMHU.

NMJIAHYBAHHA
BMCOKOLLUBUAKICHOI
OPYKOBAHOI MJIATU

| |eMoe nesHux npasun abo craHaap-
TiB PO3MILLEHHA KOMMOHEHTIB HA

BMCOKOLUBMAOKICHIM APYKOBAHIA nnaTi.
3a3Buuai HAMBIiNbWyY MIKPOCXEMY LEH-
TPANBHOrO MPOLECOPA PEKOMEHAYETb-
Cq PO3MICTUTM B LEHTPI MAATH, OCKiNbKM
303BMYQit BOHO MAE 3'€QHYBATMCH 3 iH-
LIMMK KOMMOHEHTAMM HA NNATi ofpHa-
KOBO. MiKpOCXeMM MEHLIOro PO3MIpY,
WO NpUeRHyOTbCs HesnocepenHbo A0
LEHTPONLHOrO npouecopa, MOXYTb
PO3MILLLYBATUCA HOBKOMIO MIKPOCXEMM B
UEHTPI, Wo6 TPAcK MK KOMMOHEHTOMM
Oynu KOpOTKMMM | npsmumn. [lepude-
PifHI KOMMOHEHTU MOXHA PO3MICTUTH
Ha nnati g4ns 3a6e3nedYeHHs HeobXigHMX
bynkuin (puc. 3). Mpoekt MiniPC & Altium
Designer mae BnacHi nepwdepiiHi npu-
ctpoi PCle, DDR4, USB 3.0 i Ethernet,
PO3MIilLLEeHI HABKOMO LEHTPANBHOI OAHO-
KPUCTANBHOT CUCTEMM MPOTrPAMOBAHOT
NOTIYHOT IHTErpPANbHOT CXEMM, LLO 3HAYHO
CMPOLLYE MOPLIPYTM3ALLIO.

[Micns pO3MILLEHHR KOMMOHEHTIB MOX-
HO HONALWTYBATM iHCTPYMEHTM MPOEKTY-
BOHHS | PO3MOYATU TPACYBAHHS MPOEKTY.
Lle Baxnu1Ba 4OCTUHO NPOEKTYBAHHS BUCO-
KOLIBMAKICHOT LUMPPOBOI CXEMM, OCKINbKM
HenpaBunNbHE TPACYBAHHS MOXE MOPYLLM-
™ uinicHictb curHany. OpaHak, sKWwo no-
nepeaHi Kpoku Byno BUKOHAHO MPABMIb-
HO, LOMOITMCS UINICHOCTI curHany 6yae
Habarato npocriwe. HeobxigHo sapath
npodinb NOBHOrO ONOPY B MPABKIAX MPO-
€KTYBOHHA APYKOBAHOI nnati, wob yci
NPOBIAHUKM B MPOEKTI MONKU MPABUIBHY
LMPKUHY, MPOMIXOK i iHTepBAn Ana nig-
TPUMKKM KOHTPONbOBAHOrO NMOBHOTO OMNOPY
nif 4aC TPACYBAHHS.

TPACYBAHHS, LJTICHICTb
CUTHANY TA LINICHICTb
XXUBJIEHHSA

iNiCHICTb CUrHANY MOYMHAETHCA 3i BCTA-
|—|.|HOBJ'IeHHﬂ NEBHOrO 3HAYEHHSs imne-

AQHCY HQ NNaTi Ta Horo 36epexeHHs nig

4AC KOMMOHYBQHHS | TPACyBaAHHS. Huxue

HaBeneHo iHwWi crpaterii 3a6e3nedeHHs

LiniCHOCTI CUrHONY:

e [lparHits 4O 3MEHLIEHHS LOBXMHM NPO-
BIOHMKIB MK KOMNOHEHTOMM Ans 306e3-
MEeYEeHHS BUCOKOI LUBMAKOCTI CUTHANIB.

e Hamaraitecs 3sectv 4O MiHIMyMy TpO-
CYBOHHS Yepe3 nepexigHi OTBOpMH, B
ineani NoBMHHO BYTM ABA NepexigHMX
OTBOPM A1 BXOAY i BUXOZY 3 BHYTPILL-
HbOTO LIAPY.

e Bupanaiite HeBukOpMCTAHY Migh B OT-
BOPAX HA BMCOKOLUBMAKICHMX LUMHOX
(Hanpuknag, 10G + Ethernet), Bukopuc-
TOBYIOYM 3BOPOTHE BMCBEPLSIIOBAHHS.

o [lpupinante ysary HeobxigHOCTI BuM-
KOPUCTOHHSA KIHLEBMX PE3UCTOPIB ANd

www.chipnews.com.ua



CGHIP NEWS

3anobiraHHs BigOWUTTa CUrHaniB; Bigo-

MOCTI Npo HasBHICTb BOYAOBAHOrO

TEPMIHYBAHHS AMBITBCA B OMMCAX KOM-

MOHEHTIB.

e YTOuHITb y BMPOBHMKA, sIKi MaTepianu
TA MPOLECH MOXYTb AOMOMOITU YHMK-
HYTM edeKTy BMAMBY TUMY MAETiHHS
BOJIOKOH.

e Bukopucrosyite rpybe obuncneHHs
nepexpecH1x 30eag ab6o MOAENoBaH-
HA N8 BU3HAYEHHS BignoBigHOT BigCcTa-
Hi Mi>K KONOMM APYKOBAHOT MAATH.

e Cknagitb CAMCOK WWH i Kin, fKi no-
TPEBYIOTh  Y3rOAXEHHS  LOBXMHMU,
wob MoxHa 6yNo HANAWTYBATH iXHIO
CTPYKTYPY A4Sl YCYHEHHS Nepekocy.

Lli BaxnuBi MOMEHTM MOXHA BM3HQA-
YUTU SK NPABMNA NPOEKTYBOHHS LNS iH-
CTPYMEHTIB TPACYBAHHSA, WO [LOMOMOXE
306e3NeunT SOTPUMAHHA PEKOMEHAALIN
3 NPOEKTYBAHHSA BUCOKOLLBUAKICHMX MNAT.

TPACYBAHHSA
BUCOKOLUBUAKICHUX
APYKOBAHUX NMJAT

POBMNA MPOEKTYBAHHS, BCTAHOBEHI

B MPOEKTI BMCOKOLUBMAKICHOI APYKO-
BaHOI nnatu, 3abesnedyioTb IMNEAaHC,
3030p i AOBXMHY Mif 4YOC TPACYBAHHS NPO-
exty. Kpim TOro, mig yac TpacysaHHs ou-
dbepeHuiansHOT Napu, Ao Hel MOXYTb ByTH
30CTOCOBQHI CneuianbHi NPaBMna, 30Kpe-
MQ, 3MEHLLEHI HEeBiAMOBIAHOCTI LOBXMHMU
ons 3anoBiraHHA NepeKkocy i NPUMYCOBI
iHTEpBONK MiX TPACAMM AN BOTPUMOH-
H LiNbOBMX 3HAYEHb AMPEPEHUIansHOro
iMnenancy. Havikpawi iHCTpymeHTH Tpa-
CYBOHHS ACIOTb 3MOTY BCTAHOBUTU OBMe-
KEHHS reomeTpii NPOBIHUKA K MPABMAQA
NPOEKTYBAHHS Ans 3a6e3neyeHHs npoasyk-
TMBHOCTI (puc. 4).

OpHuM i3 HOMBAXIMBILLMX MOMEHTIB
Yy TPOCYBOHHI BMCOKOLUBMAKICHOI APYKO-
BAHOI MNATHU € PO3MILLEHHS LLAPIB 303EM-

nexHs nopyd i3 nposigHukamu. Crek wa-
pie Ma€ ByTH CKOHCTPYMOBAHMI TAK, WOO
Wapwn 3a3emneHHs nepebyBanu B LLOPAX
CYMDKHMX i3 LUOPOMMU, B GKMX € CUTHANOMM
3 KOHTPONeM iMNEeaaHCy, ANnd MiaTPUMOH-
Hsl MOCTIMHOrO IMNERAHCY TA BM3HAYEHHS
HEPO3PMBHOTO 3BOPOTHOrO LUASXY MPO-
TiKQHHS CTPYMy. [TpOBIAHKMKM HE NOBMHHI
NPOKNOAATUCA Y4epes 3030pH (MPOMIXKM,
nodTr) abo pospisn B NONIFOHAX 3a3eM-
neHHs, Wob YHUKHYTY HEOAHOPIAHOCTI iM-
NeaaHcy, WO 3a3BMYAN MNPU3BOAUTL OO
MOSBM ENEeKTPOMArHiTHMX 3asad. Posmi-
LLEeHHS LIAPY 303EMIEHHS HE OBMEXYETLCA
306e3ne4eHHaM LiniCHOCTI CUrHay, BOHO
TAKOX BOXIMBE O LiNICHOCTI XMBNEHHS
TQ MOro CTABINLHOrO NOCTAYAHHS.

LLTICHICTb XXUBJIEHHSA

QCNeKTIB i BiAIrpAE BOXIMBY POMb Mif,
4aC NPOEKTYBAHHSA BUCOKOLLBMAKICHMX ApPY-

| |iJ‘IiCHiCTb XMBAEHHA oxonnioe H6arato

Ouctpub'iotop Altium B Ykpaini
softprom.com/ua/vendor/altium

altiumasoftprom.com
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Puc. 4. HanawryBaHHS AOBXNHN BUKOPUCTOBYETLCS MiDK NAPANENbHUMU LUIMHAMKN
i Mk Tpacamm B agudepeHuianbHUX Napax Ans y3sromKeHHs 4acoBoi
3ATPMMKM T YCYHEHHS NepeKoCcy MidK CUrHANIaMU Ha npuiimadi

KOBAHMX nnat. 3a6esneyeHHs cTabinsHOro
NOCTOYQHHS XXMBJIEHHSI HA BMCOKOLLUBWA-
KiICHi KOMMOHEHTM BMHATKOBO BOXIMBE
ANg NPOEKTIB APYKOBAHMX MAQAT, OCKiNbKM
NPOBAEMM LINICHOCTI XMBIEHHA MOXYTb
BUNMBATUCA B NPOBMEMM LiNICHOCTI cur-
Hany. LlinicHicte xuBnewHs Hacamnepepq
306e3ne4yeTbCs 3ABASKM NMOAAYT XUBEHHS
O KOMMOHEHTIB i3 HU3bKMM PIBHEM LLYMY.
CrpykTypa wapis ApPyKOBAHOI mnatu i
KOMMOHYBOHHS Mepexi NOoAayi XMBMEH-
Hf — OCHOBHI YMHHMKM, LLO BM3HAYCQIOTb
piBEHb UiINICHOCTI XMBNEHHS B LMPPOBOMY
MPOEKTYBAHHI. Y PAMOTHO BUKOHAHOMY
NPOEKTI XUBNEHHs Oyne NOAABATMCA HA
LBMAKICHI UMPPOBI KOMMOHEHTU 3 HW3b-
KMM PIBHEM LWYMy i LAyXe HEe3HAYHUMM
nepexifHUMMU KONMBAHHAMM HO LUMHOX XM-
BneHHsl. [ TpOEKTYBAHHS BUCOKOLLBUAKICHUX
LPYKOBOHMX MAQT 3 XOPOLUOIO LiMiCHICTIO
XUBREHHS 306e3neyye HM3bKMIA piBeHb 3a-
BAQ | WYMIB TQ YCYHEHHS HU3KM npobnem
LiNiCHOCTI CUrHANY, O BUHUKAIOTb Y BUCO-
KOLLUBUAKICHWUX MiX3 EOQHAHHSIX.

MPOEKTYBAHHS APYKOBAHUX MAAT
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PO3LUUPEHI IHCTPYMEHTU
a9 BUCOKOLWBUAKICHOIO
NMPOEKTYBAHHSA | TPACYBAHHSA

Hoﬂkpou.l,e nporpamHe 3abesneyeHHs
AN MPOEKTYBAHHS BUCOKOLLBUAKICHUX
OPYKOBQHMX mnaT ob6’eaHye BC Ui MOX-
NMBOCTI B OfHINM NpOrpami, No3basnsoym
Bifi HEOOXIAHOCTI BMKOPUCTOBYBATM OK-
pemi poboui npoueck ans PO3s’A3AHHS
3aBAAHL NPOEKTYBAHHSA (puc. 5). MpoexTy-
BOSIbHWUKM BUCOKOLLBUAKICHUX APYKOBAHMX
MAAT MOBWMHHI BUKOHYBOTH BENMKMI obcar
poBOTH HA MOYATKOBOMY eTani ans 30-
Be3neyeHHs LiniCHOCTI CUrHAny, WinicHOCT
XKUBMEHHS TA ENeKTPOMArHiTHOI CyMmic-
Hocti. EdbektuHi iHcTpymeHTv pobotu 3
BMCOKOLUBMUAKICHUMM CTPYKTYPOAMM AOMO-
MOXYTb AOCAITM MNOTPIOHMX PE3ynbTaTis,
CNUPAIOYUCh HO NPABUNA MPOEKTYBAHHS,
AKi TAPAHTYIOTb OYiKyBAHY €PEKTUBHICTb.
Binbw cyuyacHe nporpamue sabesne-
YEHHs AN NPOEKTYBAHHS APYKOBAHMX NNOAT
Oyae B30EMOAIATU 3 MPOrPAMAMM /R MO-
LEMOBAHHS, WOG AOMOMOITU Y BUKOHAHHI
QHOMI3Y BiANOBIAHO A0 XOPCTKMX ray3€BmX
craHpoprie. Heski nporpamu ans mogae-
TIOBOHHSA CMELianbHO NPU3HAYEHi Ana ouj-
HIOBAHHS LNICHOCTI CUIHANY TA >XMBAEHHS
B MPOEKTi, O TAKOX ANs MepeBipkM enek-
TPOMATHITHUX 3CaBAL Yy APYKOBAHIM nnaTi.
MogentoBaHHs ayxe KopucHe Mig 4ac npo-
€KTYBAHHS BMCOKOLLBMAKICHUX APYKOBAHMX
nnaT, OCKiNbKM MOXeE LOMOMOITU BUSBUTM
nesHi npobnemun SI/PI/EMI po sanycky
NPoekTy y BupobHMuTBO. Heski npwukna-
OM MAIOTb MOXITMBICTb BIACTEXEHHS LLUNAXY
NPOTIKAHHS 3BOPOTHOrO CTPYMY, BUSIBIIEH-
HA PO3PMBIB IMNEAAHCY B MPOBIAHMKOX i
3AATHICTb AOMOMOITM BU3HAYUTK ifE€ANbHE

Puc. 5. Po3po6nsiite ¢pisMuHy CTPpyKTypYy 3a AONOMOrOI0 HAWKPALLOro NPOrPAamMmHOro
3a6e3ne4yeHHs Ans BUCOKOLUBUAKICHOTO NPOEKTYBUHHS

PO3TALLYBAHHS PO3AINOBUX KOHAEHCATOPIB
419 3an0GIraHHS eNeKTPOMArHiTHUX 3aBa,.

Jkwo noTpibHO PO3pPObUTH Nepenosi
BMCOKOLLBMAKICHI UMPPOBI cnctemu, 3abes-
neyyloun BOAHOYAC LiMICHICTb CUTHAMIB | XK=
BIIEHHS, BMKOPUCTOBYMTE HAMKPALLMI HABID
IHCTPYMEHTIB AN KOHCTPYIOBOHHS TA KOM-
NOHYBAHHS BUCOKOLLBUAKICHUX [PYKOBAHMX
nnaT, CTBOPEHMX BIANOBIAHO AO 300AHMX
npaBun NpoekTysaHHs. HesanexHo Big Toro,
NOTPIOGHE BOM KOMMOHYBAHHS KOMMOKTHO-
O OAHOMIATHOrO KOMM IOTEPA YK CKNOAHOT
LPYKOBOHOI MNATH 3i 3MILLAHUMM CUTHONIAMM,
HAMKPALL| IHCTPYMEHTM KOMMOHYBAHHS ApY-
KOBOHMX NNAT OMOMOXYTb BAM 3QMLIATUCS
THYYKMMM Mif YOC CTBOPEHHS BUCOKOLLBMA-
KICHOI APYKOBQHOI MAATH.

KoHcTpykTopH cxem, iHxeHepu 3 Kom-
noHyBaHHs Ta iHxerepu SI/Pl posipsaioTs
NnepefoBUM IHCTDYMEHTAM MPOEKTYBAHHS
Altium Designer® [4] pna npoekTysaHHs
BMCOKOLUBUAKICHUX MPOEKTIB.

TOB «Co¢dprnpom ContoumHs» —
Auctpu6’iotop komnadii Altium B
YkpaiHi:

e-mail: altivm@softprom.com,

https://softprom.com/va/
vendor/altium

Jlirteparypa:

1. https://youtu.be/yZoWmWaxRPM

2. https://www.altium.com/altium-
designer/features/high-speed-design

3 https://www.altivm.com/
documentation/altivm-designer/defining-
layer-stack/

4. https://softorom.com/uva/vendor/
altivm/product/altivm-designer N

ALTIUM 365 BOM MANAGER

[licns ycniwHoro erany BiKPUTOroO
bera-TecTyBaHHa kommnaria Alfium su-
nycruna Ha puHok Altium 365 BOM
Manager. O6’enHarite an3avi i 3akyrnis-
11i, 1406 CKOPOTHTH BUTPATH HA Mepepob-
Ky AM3QUIHY | CKOPOTHTH HAC BUXOBY HA
PMHOK 3Q JOMTOMOrOIO HEMNEPEeBEPLLIEHO!
QHANITUKK BAHUX PO BETAN | PyHKUIV
CrinbHOI POBOTH 3 MOMEHTY POSMILLEHHS!
MepLIMX KOMMOHEHTIB Ha cxemi. [To4HITs
ONTUMIZYBATU MPOLUEC PO3POOKM ana-
PATHOrO 306€3MeyYeHHs BXe CborogHi!

CkopoTits BUTPATH HQ [MOBTOPHE
MPOEKTYBAHHs TA CKOPOTITb H4AC BUXOLY
HQ PUHOK 3QBASKMU HEMNEepeBePLLEHIV aHa-
NITMLi BAHUX PO AETAsTi Ta MOXIIMBOCTAM
cninbHOi pobotu. [TpoaKTMBHO 3HKYHITE
PUBMKM B TIGHLIOXKY MOCTABOK MPOTAOM
YCbOIoO XUTTEBOrO LMKITY MPOAYKTY, a TA-
KOX AN1S1 BCIX crieumugikauii i getanes.

Bukopucrosysite poswmperi aaHi
npo AeTasni Ta NAHUIOMM OCTABOK IS
MPMAHATTS  GinbLy  OBrPYHTOBAHMX  Pi-
weHb wogno cneundikauiid. Crisnpaus
MK KOMOHAAMM iHXEHEPIB | 3aKyniBesb-
HUWKIB HQ PAHHIX CTQAIAX rQPAHTYE, LUO
6yayTb BPAXOBAHI HAHHOBILWI crneupudi-
Kawii geranes, iHpopmMawis npo Bignosig-
HICTb CTAHAQPTAM i AAHI PO JAHLIOXOK
[MOCTQBOK, TAKI K XUTTEBUI LMKIT BUPOD-
HMKQ, BOCTYMHICTb i uiHu. Lle sgonomarae
MPUCKOPUTH YAC BUXOZY BALUOMO MPO-
BYKTY HQ PHUHOK 6€3 LUKOAM L[S IKOCTI T
EKOHOMIYHOI ePEeKTUBHOCTI.

3abesneyte  cTabibHICTE  CBOMO
JIQHUIOr MNOCTAYQHHS TA MATPUMYMITE
CBOI pO3pObKK, WO BXE nepebysaroTs
Yy BUPOOHUUTBI. KOmMBAHHS B NIQHLIOXKY
MOCTABOK MOXYTb BIUMHYTH HA [OCTYI-
HicTb petanes | Butpamm. 3aexam Gyab-
7€ Ha KpoKk nonepeny, ockinbku BOM
Manager npoakmsHoO BigcTexye BaL
JIQHLIOXOK MOCTQYAHHS AeTanes i none-
pPenxae npo MoMUIIKM HA OCHOBI QKTy-
QNIbHOI IHPOPMAUIT PO TAHUIOXOK MO-
CTQYQHHS, JO3BONISIOYM BOM ONEPATMBHO
BUPILLYBATH MPOBIEMU JO TOrO, K BOHM
YCKITQBHATLCS | 3YMUHATS BUPOGHHLTBO.

Ynpasnsiite Ta pegarysite cneumngi-
Kauii 30 [OMOMOro eneKTpoHHOI Ta-
6y Ta HOZIFIHOT CUCTEMM YNPABITIHHS
AokymeHTamu. 36epirasite AaHi B Qpxi-
BAX | NAMKAX TQ BIEBHEHO [iMTiTbCA HUMMU
AK 3 BHYTPILUHIMM, TOK [ 3 30BHILLHIMM 3Q-
LiKQBIEHUMM CTOPOHAMM 30 SOMOMOTOK0
saxuLernx onuivi obmiHy. Cteopiosite Ta
3b6epirarite Bepcii creumdikauisi Gk ok-
pemi peBi3ii 3 HaCTPOBAHUMM CTAHAMM
xutresoro umkiy. CrpocTite yrpaBIiiHHS
creungikauisimm, BUKOPUCTOBYIOHYM 1e-
PEBAM POILLMPEHOI YHKLIOHATLHOCTI.

https://www.altium.com
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Po3Begenns gpyKoBanoi nnamu

gna 3numenns EM3 ua npuknagi
YOMUpbOXKAIOY0BOZ0 NiGBULIYBANbHO-
JHUNYBANbHOZ0 KOHMpONEPA 3 DJUHAPHUM
i nogBiiiHUM «2apAuuM» KOHMYpOM

Ex XeaH Yo (Yong Hwan Cho), Kit Conywa (Keith Szolusha)

Mepexnap: €ereH IBaweHko

B aBTOMOGIiNbHMX 3ACTOCYBOHHNAX €MEKTPUYHI KOJNa NOBUHHI Bipg-

MnoBiAaTM CYBOPMM CTAHAAPTAM

eJIeKTPOMCrHITHOI CyMicHOCTI,

Wo6 YHUKHYTM 30BAf Y AiGNA3OHAX YACTOT PAAIOMOBJIEHHS TA
MoGinbHoOro 38’a3ky. Y 6ararboxX BUNagKax pilieHHs Ha 6asi Tex-
Honorii Silent Switcher i Silent Switcher 2 mo)xyTb icToTHO BNAMHYTH
Ha BignoBigHicTb uMm crangapram. Mporte Heob6xigHO NpuginaTn
0co6nMBY yBAry PO3BEAEHHIO APYKOBAHOI nnartu. Y crarti pos-
rMapaeTbcsa ABA MOXJIMBUX PilLIeHHS AN NigBULLYBAIbHO-3HU)KY~-

BAJIbHOIO KOHTPOJiepd 3 YOTUpMA
3ynbTATU TECTYBAHHS B 6e3eXOoBii

OTMPbLOXKIIOYOBKUIA  NifBMULLYBONBHO-

3HMXKYBQIbHMIT KOHTpPONep 06’ eaHye
byHKUIT NIABULLYBANBHOTO | 3HWXYBQIb-
HOTO KOHTPOJNEPIB B OAHIM MIKPOCXEMI,
nepeTBOPIOBAY NPALLIOE K 3HUXYBANbHUMA,
KOMM BUXIOHO HAMPYra HMXYa 3Q BXigHY, i
K NiABULLYBONbHUM, SKLLO BUXiL BMLLMKA 30
Bxia. Y npukoppoHHii obnacti, ae BxiaHa
i BMXiOHO HaNpPyrM 36iraioTbCa, MOXYTb
NPALOBATK BCi HOTUPM KITIONI.

Hocrighnuska rpyna Analog Devices
BMBUMINA  €dEKTUBHICTb  OPUTIHANBHOrO
PO3BEAEHHS NAATH 3 MOABIMHUM KOHTYPOM
«rapa4yoi» netni Ta 3'acyBanq, uM 3mo-
Xe BMKOPUCTOBYBATUCA CNbTEPHATUBHE
posseaeHHs ana 3meHwerHs EM3, wob
30[0BOMBHATU BMMOTM CTAHAApPTiB. Bu-
npobyeaHHs nposoaunucs Ha 6asi enac-
HOT Be3nyHHOI kamepw, PO3TALIOBAHOT B
m. Canta-Knep, KanidopHis.

Cxema nogagiiHoi  «rapsiyoi»  netni
nepeabayae CUMETPUYHE PO3TALLYBAH-
HSi KEPAMIYHMX KOHAEHCATOPIB KOHTYPY
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KJIIOYOMMU TA NOPIBHIOIOTbCA pe-
Kamepi.

Haskono cunosmx MOH-TpaHsucropis
0N NPUOYLIEHHS eNeKTPOMATHITHUX 3a-
eaa. Komnaris Analog Devices nponowye
YHiKQnbHE PO3TALYBAHHS pe3ncTtopa —
nopyY i3 KOTYLUKOIO iHAYKTMBHOCTI Ta 3Q
MEXAMM «TAPAYUX» KOHTYPIB, L& 3MEHLLYE
PO3MiIp COMOI NeTNi Ta MiHIMI3y€E QHTEHHMNM
edekt. [Ina pocarHenHs cumeTpii Ta npwu-
€OHAHHS KMIOYiB A0 iHAYKTOPA MOTPIOHI
nepexigHi OTBOPU KOMYTALIMHOrO By3na,
AKi MOXYTb 3BIMbLIMTH MAOLLY «TAPSYOro»
KOHTYpY. Bukopucrosytoun Gesexosy ka-
MepY, WO BiANOBIAAE BUMOTAM CTAHAAPTY
CISPR 25, pocnigHuubka rpyna susasmna,
LLIO HASABHICTb MEPEXiAHMX OTBOPIB i BEMM-
KO NAOLLA «rapsiyoro» KOHTYpy MPW3BO-
AATb 8O HEBAXAHWX KOHAYKTUBHMX 30BAL,
ocobmmeo Ha yactoTi 30 Ml (FM-giana-
30H), OCKINbKM B UbOMY YOCTOTHOMY Aiana-
30HI BOCKTL CKNAAHO NOCNABUTH 3aBAAM.
OpuriHanbHe KOMMNOHYBAHHS MiABULLLY-
BOSIbHO-3HMXYBAIbHOIO KOTPONepa, LWo
MCOE OAMH KTAPSYNIAY KOHTYP, 300THE 3MEH-

LUMTK PO3MIP KOHTYPY LUNAXOM NepecTa-
HOBKM MOrO CUINOBMX TPAH3UCTOPIB i KOH-
neHcaTopis. Lle komnonyBaHHs Binome sk
OOMHAPHUIA «rapsyMit» KOHTYP i SBNSIE CO-
600 AHANOT NOABIMHOTO KFAPAYOrO» KOH-
Typy. [lepesara oanHapHoro «rapsdo-
ro» KOHTYPY NONSAra€ He TifbKK B MEHLLUMX
BTPATAX Nifl 4HOC NEPEMMUKAHHS, A 1y TOMY,
LLLO KOHABYKTUBHI 3GBAAM HA YOCTOTI NOHOA
30 Mly ckopouytoTbcs Hepes MiHIManbHY
NAOLLY «rAPSAYOro» KOHTYPY i 3MEHLLEHHS
BMAMBY KOMyTauiiHOro Byana. Edexrtus-
HICTb LbOrO PiLLEHHA NEPEBIPAIOTb Mif 4ac
NOPIBHAHHA €NeKTPOMArHITHMX 3ABAA,
B 060X CXEMOX 3ACTOCOBYIOTb OfHAKOBI
KOHTpONEpM TA KOMMOHEHTU CUIIOBOTO
kona. [Ins nposepeHHs ekcrnepumeHTis
Byno NPOTECTOBAHO [Bi HAMATOAXYBANb-
Hi NAATM NiABULLYBONBHO-3HMXXYBANbHO-
ro kontponepa LT8392 (DC2626A rev.2
i DC2626Arev.3).

a pucyHky 1 HoBegeHo cxemun Ta ¢o-

Torpadii NNAT i3 NOABIMHUM | OaMHApP-
HUM «rapsiunm» koHTypom. Koxna nnata
MOE HOTUPM LLIAPU, NPOTE NMOKAIAHO Tiflb-
KM BEPXHIM i HUXHIM Wwapwu. 9k BUAHO HA
pucyHky 1a, KOHAEHCATOPW «rapsyoro»
KOHTYpY PO3TALOBAHI NiBOPYY i NPABO-
pyy Big ueHtpansHux MOH-TpaHsucTopis
i YTBOPIOIOTb IIEHTUYHI «TAPAYi» KOHTYPM.
[MepexigHi oTBOPWM NpPM3HAYEHi Ana nig-
kmoueHHs Byanis komytauii SW1 i SW2
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OfINHAPHOIO «FAPSYOro» KOHTYpY (e)

[O CMNOBOI KOTYLLUKM iHAYKTMBHOCTI Yepes HukHiM wap (puc. 18) i
wap 3. BepxHi MigHi nonironu sysnis SW1 i SW2 maiots senmky
nnoLwy ANS KPAWoro PO3CItOBAHHSA BTPAT MOTY>XHOCTI CMNOBMX
KOMMOHEHTIB CXxeMM (TpaHaucTopu, KoTywka). BogHouac Hee-
KpaHoBaHi komyTauinHi Bysnu SW1 i SW2 craiots pxepenamu
BUMPOMIHIOBAHHS €NEKTPOMArHITHMX 30BOA. AKLWO MiaTa pos-
TAWOBAHA NOGNKM3Y 303EMIEHOTO KOPMYCY, MiX 3A3EMIEHHSM
i MAMACGHYMKOM KOMYTALIMHOTO BY3Na YTBOPIOETHCA NAPA3MTHA
emHictb. Lle ctBOplOE MOTIK BMCOKOYACTOTHMX 3GBOA Bif BY3NA
KOMYTQaUii 4O «3E€MNi» | BIMIMBAE HA iHWI Kona B cuctemi. Y Ges-
NYHHIN kamepi, wo signosigae crangapty CISPR 25, sucokouac-
TOTHWM LIYM MOLUMPIOETLCS YEPE3 3A3EMIEHUM CTin, YCTAHOBKY
T eKBiBANEHT Mepexi. BiokpuTuit koMyTauiMHUIA BY30n TAKOX Ai€
fK OHTEHd i, BiAMOBIAHO, BUMPOMIHIOE €NEKTPOMATHITHUM LUYM.
OpHaK CXeMa 3 OAMHAPHUM «TaPSIYMM» KOHTYPOM HE MQE nepe-
XiIHUX OTBOPIB i 3'€AHYBANBHOrO MOMIFOHA HA HUXHLOMY LLAPI
OPYKOBAHOI MAATH, K MOKA3AHO HA PUCYHKY 1T.

Ha sepxHbomy wapi (puc. 16) koHaeHcaTopu «rapsdoro»
KOHTYPY PO3TALIOBAHI TiNbKM 3 OAHOTO 6OKY CUNOBMX TPAH3UCTO-
PiB, LLO ACE 3MOTY MIAKMOYATU BY30/ A0 iHAYKTOPA 6€3 BUKOpPH-
CTAHHS NepexifHUX OTBOPIB.

Y cxemi 3 OLMHOPHMM «TaPSIYMMY» KOHTYPOM BEPXHIM | HUXKHIM
MOH-TpaHancTopn He BUPIBHAHI, OAMH i3 HUX NMOBEPHYTHI HQ
90°, Wwob 3pOBUTH «raPAUMI» KOHTYP AKOMOTa MeHLWUM. Posmip
NOABIMHOIO «raPS4YOro» KOHTYPY M OLMHAPHOIO «raps4Oro» KOH-
TYyPY NOPIBHIOIOTLCS HA PUCYHKAX 141 Te, BOHM BUAINEHI XXOBTUMM
NPSMOKYTHUKAMK. MoxHa 6aunTh, Wo po3Mip OBMHAPHOTO «ra-
PAYOro» KOHTYPY BABIYI MEHLUMA.

LI T

LI T N R R R
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Puc. 1. Cxemu i poTorpadii 3i6paHoi nnatu 3 noaBiHHUM | OAMHAPHUM KFAPSAYMMY» KOHTYPOM: NOABIMHUI «rapsiuni» KOHTYP,
BEpXHii Wap (a); oAMHAPHUIA Krapsaumii» KOHTYP, BEPXHiii wap (6); noaBiiiHMIA «rapsumniiy KOHTYpP, HWXKHIi wap (B);
OAVHUPHUIA KrapsYMii» KOHTYP, HWKHIN Wap (r); KOMNOHEHTU NOABIAHOrO KrapsS4Y0ro» KOHTYPY (A); KOMNOHEHTH

Cnif 303HQYUTH, WO ABA KOHAEHCATOPM NOABIMHOIO «raps-
yoro» koHTypy 0402, nokasaHi Ha pucyHky 1a, He BuKopHCTO-
BYIOTbCAl, 3AMICTb HMX KOHpeHcaTopu poamipom 1210 nputmc-
HYTI 1O TPAH3UCTOPIB, WO6 CTBOPUTU HOMMEHLLMIA MOXITMBMA
«rAPSYUA» KOHTYP.

[MosnbHA MOCKQ MOPYY i3 KOHTAKTHUM MOMAAHYMKOM KOHAEH-
catopa 0402 30umiieHa ang HOAIMHOMO MIAKNIOYEHHS KOHAEHCA-
topis 1210. Kpim Toro, BnaaneHo Macky nopyy i3 KOHTAKTHUM
MQMOAHYMKOM KOTYLIKM iHAYKTMBHOCTI, WG MOXHA 6yno BMKO-
PUCTOBYBATH TOM CaMMHM iHAYKTOP. MeHLwuit posmip «rapadoro»
KOHTYPY O3HQYAE, WO 3AranbHA iHAYKTMBHICTE KOHTYPY MEHLLQ.

VouT

LM5176

GND

GND

Puc. 2. PekomeHpgoBaHe po3BefeHHs Ang KoHTponepa LM5176

www.chipnews.com.ua



MPOEKTYBAHHA APYKOBAHUX MAAT

— 0, A «rapaunin> KOHTyp || = 0AvHapHUi «rapamnit> KOHTYp
70 = [lo il «rapauni»koHTyp |1 50 — Noikuit <rapsami-kontyp 11|
60 =)
= : E 40
Y 50 =
= = 7
5_ w g§_ %
e / = g% - |
- = = =
£E5 N ‘ ‘ 55 20
ES N £ &
2= o 2= &
S e
= 10 T
g \ C g, H
E 0 IREEN [ LI [ LI 3 ‘ e
o N A
s s it i i I N R |
0 P N A
0.1 10 100 0.1 1 10 100
Yacrora, My a) Yacrota, Mry
— 0, 7 «rapaqnit> KoHTyp | —— OAvHapHUi «rapaqunit» Koutyp |
50 — o, il «rapauni»koHTyp || 30 = [lofBiitHNi «rapa4nit»KoHTyp ||
g 40 g 20
I 30 = 10
= 5
g I g 0 ]
Ehs s
EE 10 g2 -0 A —
e o gL =
2 of—+ :‘l r | g M 3 —
z i ] £ & -
g i ] " g @ il maatii . Y
£ - i g ==
= -20 { - 8 - (&} 40 ]
NN M m e LT
-30 T T ] -50
LT I
" [ T T &
0.1 1 10 100 0.1 10 100
Yacrota, MI'y 6) Yacrota, MI'y
60 —T —— 40 ——T T ——
- 0, Ml «rapsumit> koutyp — | = OfMHapHWI «raps4uit» KOHTYp — ||
50 — ToagiitHwit «rapsumitkorTyp | 30 — TOABIAHWII «Tapa|Mit>KOHTYP ]
% 40 g 20
2 30 'i( 10
=
F g 0 -
sz S=
; = 1 T =
ig " T == —
E e -
= o =
= 0 ¥ A S .
T g i
s -0 \Ml y E
g A A = LT o
= 0 Y S H
| ]
_30 . N ‘ _50
[
T [T D
0.1 1 10 100 0.1 10 100
Yacrora, My B) Yactota, Mry
60 50
— 0 i «rapsuunit> koHTyp | | | ||| — OpuHapHuit «rapsuit> koutyp | || |||
= = [10ABIliHNIA «raps4mnii»KOHTYp § = [ofBiliHNI «raps4mnit»KOHTYp
] 50 E 40
& T 4
5 T =
S W 1 == gz aEi
83 - S5 1
x 2 X2 g
zE -t 3 -
s 30 g€ 2 g
2e T e e ——
= Zg A
22 2 25 10[ v
DN 2 f H
3 v £2 M
T = a T~ T TIT]
g P E iy o
2 2 b4
g 0 § -0
= 3
-10 -20
0.1 1 10 100 1k 0.1 1 10 100 1k

CHIP NEWS, #3 (223), 2023

Yactora, My

r

Yacrota, My

Puc. 3. EnekTpomMarHiTHi 3aBagm NoABiNHOrO «rapsiyoro» KOHTypPY i OAMHAPHOrO «raps4oro» KOHTYpPY: cepefHi Ta niku
KOHAYKTMBHMX 3ABAZ 30 METOAOM Hanpyru (a); BukKuamu 50 MM nNikoBoro Ta cepeAHbOro 3HaYeHHs! KOHAYKTUBHUX
3aBap 30 METOAOM 30HAYBAHHS (6); BUKMAU 750 MM NiKOBOro Ta CepPeAHbOro 3HAYEHHSI KOHAYKTUBHUX 30BAA
30 MeTO,0M 30HAYBAHHS (B); BePTMKANbHMUIA MiK i cepeAHe 3HAYEHHSI BUNPOMiHIOBAHMX 3aBap (r)
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TakuM YMHOM, 3HMXYIOTbCS BTPATH nepe-
MMKQHHS | NOCNABI0ETLC KOMYTAUIMHMMA
n38iH. KpimM TOro, smeHLeHuit «rapsymit»
KOHTYP POBUTL BHECOK Y 3MEHLLEHHS KOH-
LYKTUBHWX 30BOA Y AIANA30HI HOCTOT BULLIE
30 MTu, ockinbkn BUNPOMIHIOBAHI 3aBOAM
BM/IMBAIOTb HO KOHAYKTMBHI 30BOAM B LibO-
My LiONA30HI 4ACTOT.

30 [OMOMOroK MiABULLYBANEHO-3HU-
xyBansHoro koHTponepa Analog Devices
i3 YHOTUPMA KIIOYAMM MOXHA CHOPMYBATH
«TAPSYMI» KOHTYP i3 MIHIMANbHUMM PO3-
MIpOMM 30BASKM 3AMATEHTOBAHIN CXEMi
KepyBAHHS MikoBuM cTpymom (peakbuck/
peakboost). Pesncrop ans sumipiosan-
HSi CTPYMy 3'€OHAHMI MOCNIGOBHO 3 OC-
HOBHWM IHAYKTOPOM. Ha BigmiHy Big uboro
PilLEHHS, KOHTPONEPM IHLWMX BUPOBHUKIB
MIKPOCXEM BUKOPUCTOBYIOTb iHLLY CXEMY
kepyeaHHs ctpymom (valley buck/peak
boost), y kil WyHTOBMI pesucTtop Mae
OyTU BCTAHOBNEHUIA MiIX BUTOKOM TPQH-
3UCTOPIB HMXHBOTO MAEYA | «3EMNEION.
Ha pucyHky 2 nokasaHo pekoMeHLoBaHyY
CXeMy OAHOrO 3 TAKMX MOHMXKYBASbHO-Mif-
BULLYBANbHMX nepetsoptoBadis. MoxHa
MOMITUTH, LLO KOHTYP «rapsyoi» neTni, no-
3HOYEHWIH XOBTUM KOMbOPOM, MaeE Binb-
LMK PO3MIp, MOPIBHAHO 3 PO3MSHYTUMM
paHilWe MNOoABIMHUM i OAMHOPHMM KOHTY-
pamu. binbw TOro, mapasuTHA iHAYKTHB-
HICTb CTPYMOBMMIPIOBONBHOTO Pe3ncTopa
36inbLIy€E 3aranbHy iHAYKTUBHICTb «rapaYo-
ro» KOHTYpY.

MOPIBHAHHA
BUNMPOMIHIOBAHUX
EM3

Byno NPOBEAEHO BUMPODBYBAHHA HA
€NeKTPOMArHITHI 30BOAM MOABIMHOIO
«rApPSYOro» KOHTYPY W OAMHAPHOrO «ra-
PAYOro» KOHTYpy B 6esnyHHit kamepi,
aka signosigae cranaapty CISPR 25, pe-

a)

3ynbTATH NPEACTABNEHO HA PUCYHKY 3,
HO SKOMY TOKOX MO3HAYEHO OBMEXEHHS
arigro 3 CISPR 25 knacy 5. Cunim konbo-
POM MOKA3QHO Tpadik Ans MOABIMHOMO
KOHTYPY, YEPBOHUM — OMsi OAMHAPHOO
KOHTYPY, Cipa MNiHis — piBEHb LUYMY, SKUIA
6yno BUMIPSIHO B YMOBOX HOBKOMMLLHBOTO
CEepPemoBMLa. AK BMAHO HA PUCYHKY 4,
BiOKPUTI KOMYTALiMHI BY3NM HUXHIX LLAPIB
MOABIMHOrO «rapsYOroy» KOHTYpy eKkpa-
HOBQHI MiHOK CTpiukolo, Wob nokasa-
M, HOCKINbKM — ePEKTUBHUIA «rapsumi»
KOHTYP MEHWOro po3smipy. BunpomiHio-
BOHHS MOABIMHOMO «rAPSHOTO» KOHTYPY
6e3 MigHOro ekpaHa HabaraTo BuLLE, HixX
PE3yNbTAT, MPEACTABNEHUI HO PUCYHKY 3.
BuxigHa Hanpyra craHosuts 12 B npwu
CTPYMi HOBQHTOXXEHHs 8 A, BxigHa Ha-
npyra BctaHosneHa Ha 13 B, wob cxema
NPALIOBANA B PEXMMI NMEPEMMKAHHS 3
HYOTMPMA KITIOHAMM.

Ha pucyHky 3a nokasaHo pesynstaT,
OTPUMOHI METOAAMM 3MIHWM MIKOBKX i Ce-
peaHix 3HadeHs Hanpyru 3asag. OpuHap-
HUI «rapsiumniiy KOHTYP Mae 3anac 5 nbmkB
Ha uyacToTtax, suwmx 3a 30 MMy, i 3ago-
sonbHae crangapty CISPR 25 knacy 5 sk
N4 NiKOBOro, TAK i ANg cepefHbOKBAAPA-
TUYHOTO METOAY BUMIPIOBAHHS HAMPYIU.
[NoagiiHi «rapsayi» KOHTYpM MAtOTh nepe-
euwerHs B8 YKX-gianasoni (68—108 Mlw),
BMAINEHO XOBTMM MPAMOKYTHUKOM (BEPX-
Hi NPABMIA MAMIOHOK).

Criig 3BEpHYTM YBATY, WO 3HWUXEHHS!
Ha 5 nbmkB y ubomy pianasowi uacrtor
CTA€E AiMcHO cknagHum 3aspanHsm. Opu-
HUUYHMI  «rAPSYUt» KOHTYD epeKTUBHMM
He TiNbkW Yy BUCOKOYACTOTHOMY AiANA30Hi
30 Mru, sakui € Harcknagrilo 0bnacTio
0Ns OCcnabneHHs, a M HA HUMXYiIA yac-
ToTi (2 M), wo oxonmoe CX-gianason
(0.53—-1.8 MTlu). 3aexan 6axaHo mMat
HUXYi BUKMOM, OCOBMMBO SIKLLO Lie KOHLYK-
TMBHI 30BOAW, OCKIiNbKM BOHM BMAMBAIOTb
HQO BCIO ENEKTPUYHO MOB S3AHY CUCTEMY.
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Puc. 4. EkpaHyBaHHS ans noasiliHOro
«rapsivyoro» KOHTypy

Meton BMMIpIOBAHHS  CTPYMOBHMMM
NPOBHUKAMU — Lie OaMH CnocCib BUMI-
PIOBAHHS, WO BU3HAYAETCH CTAHAAPTOM
CISPR 25 «xnacy 5. 3a #oro monomo-
rOK BUMIPIOIOTECH CUHOA3ZHI KOHAYKTUBHI
BUNPOMIHIOBAHHA Ha BigctaHi 50 mm i
750 MM Big NpUCTPOIO, LLO TECTYETbCA
(DUT), y Toi 4ac sk meTon Hanpyr BUMi-
PIOE 3MILLAHI CMHOA3HI Ta AMbepeHLianbHi
3asagn. Ha pucyrky 36, B nopisHIOOTb-
CA BUMPOMIHIOBAHHS, BMMIPSHI METOAOM
CTPYMOBMX MPOBHUKIB Y CXEMAX 3 NOABIM-
HUM | OAMHAPHMM «rAPSYUMY» KOHTYPOM.
BoHu nokasyioTs, WO oaMHApHUIA «rapsi-
UMY KOHTYP MQAE HUXYi BUMPOMIHIOBAH-
HA B gianasoHi yactoT suwe 3a 30 Mlu,
ocobnuso B gianasori YKX, ak nokasaHo
B MPSMOKYTHUKAX, BUAINEHUX XOBTUM KO-
nsopoM. Ha sigminy Bin nonepegHsoro
MeTOLY BMMIPIOBOHHSA, HEMAE 3HAYHOI ne-
PEBATN OAMHAPHOTO «rapPSYOro» KOHTYpy
nepen noasinHum koHTypom y CX-giana-
30Hi 4OCTOT.

HapewrTi, Ha pucyrky 3r nokasaHo
BMNPOMIHIOBOHI 30BAAM ABOX Pi3HMX CXEM
NifBMLLYBANTbHO-3HUXXYBANIbHUX NEpPeTBO-
ptosadie. Pesynstatit maixe ineHTMYHI, 30
BMHATKOM TOrO, LLO Yy MOABIMHOrO «raps-
4Oro» KOHTYPY € MK HA 4aCTOTI, BAKU3bKiM
10 90 Mlu, akuit Mae 3HauYeHHa Ha 5 obm-
kB/M BULLE, HIX AN9 OAMHAPHOTO KOHTYPY.
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Puc. 5. TennosgiziiiHi 3HiIMKN ABOX KOHTYDIB: TENNOBE 306PAXXEHHS NOABIHHOIO KraPSYOro» KOHTYpY (a); Tennoee 306paXKeHHs
OAMHUPHOrO KraApPS40ro» KOHTYpY (6)

www.chipnews.com.ua



CGHIP NEWS

MPOEKTYBAHHA APYKOBAHUX MAAT

MOPIBHAHHA TENJTIOBUX
XAPAKTEPUCTUK CXEM

I_l a PUCYHKY 5 LAHO MOPIBHSIHHSA Temne-
paTypy NAAT 3 NOABIMHUM i OOMHApP-
HUM TOPSAYMM» KOHTYPOM. 1ennosisiiHi
306paXEHHS 3HIMAIOTb 3a BXIAHOI HaNPy-
m 9.4 B 3 ysiMkHeHMM pexmnmom SSFM.
Hanpyra 9.4 B € npukopaorHoio nig 4ac
nepexony 3 YOTUPbLOXKIIOYOBOTO PEXM-
My B OBOKJIOHOBMI MiABULLYBONbHUIA pe-
XUM, ANS BOPIAHTA 3 BUXIAHOKO HAMPYroo
12 B. Takum uMHOM, yMOBU BMNPOOYBAH-
HA € MOKCMManbHO >XopcTkumu. Komno-
HEHT MOABIMHOrO «rapsyoro» KOHTYPY,
KU BUOINSE HOMBINbLIE TENNA, — HUXHIN
MOSFET nigeuitysansHOro KOHTYpY, oaum-
HOPHUI «rapsiunny KOHTYP MOE Maixe
TAKY COMy Temneparypy. Xo4a OauHap-
HWUI «TAPSYUM» KOHTYP HE MAE NepexigHUX
OTBOPIB i 4OAATKOBOrO MOMIFOHA HA HUX-
HbOMy Goui nnatM gna sigsomy Tenna,
MOro BTPATU Mif 4OC NEPEMMKAHHS HUXYI,
HiX Yy MOABIMHOrO «rapsyoro» KOHTYPY,
uepes meHwwuit poamip. Kpim Toro, saeas-
KM BIACYTHOCTI NepexifjHUX OTBOPIB OAM-
HAPHWUIA «rapsaYmnity KOHTYp 3abesnedye
KpalLle PO3CilOBAHHS TEMNA HO BEPXHBOMY
Lapi, OCKiNbKM MMAOLWA KOHTAKTY BMUTO-
ky MOSFET-TpaH3ncTopa i KOHTAKTHOrO
MQMAAHYMKQ BY3MQ KOMYTAUIT BinbLua, HixX
Y NOABIMHOTO «raPSYOro» KOHTYPY.

BMCHOBOK

3OI'IpOI'IOHOBOHO HOBO TOMOAOriA Nig-
BUMLLYBQNbHO-3HUXYBANBHOTO  Me-
PETBOPIOBAYA 3 OAMHAPHUM TAPSYUM»
KOHTYPOM PEKOMEHAOBAHA Afs HOBMX
BUCOKOMOTYXHUX 30CTOCYBAHb. 3ABASKM
MiHIMi3aLii BNAWBY KOMYTAUIMHOTO BY3-
na i «rapg4yoi» netni BAAETbCA 3HWU3UTH
KOHOYKTUBHI TQ BMMAPOMIHIOBOHI 30BOAM
6e3 NOripWeHHs TennoBMX XAPAKTEPUC-
TvK. MPUMITHO, LLO 3MEHLLYIOTLCS KOHAYK-
TMBHI 30BAAM B AIGNA3OHI YACTOT NMOHOA
30 M, akuit € HacknagHiwo chepoto
yacTtoT ans ocnabnerns i dinstpauji. 3as-
Osku GIpMOBIN PyHKUIT KEpYBAHHS CTPY-
mom peakbuck/peakboost y koHTponepis
ADI 3 yotupma nepemukavamu (LT8390/
LT8390A, LT8391/LT8391A, LT8392,
LT8393, LT8253 towo), «rapaumii» KOHTYp
MOXE BYTU 3HAYHO MEHLLMM, HIXK Y IHLIMX
BUpo6HUKiB Mikpocxem. PyHkuis KepyBaH-
Hs 306e3neuye BULLY eHeproedekTUBHICTL
i HKYMIA piBEHb €NEKTPOMATHITHUX 30BAL,
wo pobuts buck-boost-koHtponepn ADI
3 4OTMPMA MEPEMMKAYOMM HARKPALLMM
BMOOPOM A1 ABTOMOBINIbLHMX 3ACTOCY-
BaHb DO Byab-AKMX 3ACTOCYBAHb, YyT/M-
BMX [1O €IEKTPOMArHITHUX 30BA,. (N

CHIP NEWS, #3 (223), 2023

ANNPLEON

Komnadis Ampleon —
Baw npoBigHWiA rnoGansHMA
napTHep B o6nacri
pagiovacToTHOI eHepreTuKn
(RF Power)

CropucTaifTecs piweHHAMK RF
Power Big Ampleon AnA cucTem
MOBNEHHA, NPOMKUCIOBOCTI,
HaYK¥ Ta MEQMLIMHW,
aepokocMmivHol Ta oBopoHHOl
npomucnoBocti, MoBinsHoro
LMpOKOCMYroBOro 4OCTYNY,
TOLWO

VIAGIEK

ABTOopn3oBaHMK aMcTprb'oTOp
Ampleon B YkpaiHi

info@mastek.com.ua
www.mastek.com.ua

M. Kuie, npoe. 0. Matywaka, 3, og. 307
Ten. +38 (044) 451-60-80, mob. +38 {067) 919-51-15
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Li-Fi noBuii konxypenm Wi-Fi
"E|IE!|3'IEI fJdHUX 3d NONOMO2OH ceimna

Crarra noscHioe nepeBaru Li-Fi nepen Wi-Fi, Taki sk wBuakicrs,
6e3nekda, BiACyTHiCTbL 3aBap i MOXJIMBICTb BUKOPUCTAHHSA Oypb-
fKoro py)kepena ceitnogioais sk Touku pocryny. HasegeHo npmH-
uunu po6otu Li-Fi Ta noreHuiliHi 3acTocyBaHHa uiei TexHonorii B
pisHUX ranyssx pasom 3 Heob6xigHolo cepTudikauicio craHpapTy
Li-Fi, axa cnpuse ii komepuianizauii Ta iHHOBaALigm.

3 cepmudikauiero crangapty Li-Fi (light-
fidelity), 802.11bb-2023, sigkpunacs
HOBO epa Ans NIOKANLHOro 6e3APOTOBOrO
38’a3ky. Li-Fi nanexwuTs no texHonorii 6e3-
LPOTOBOI NepeaaUi AaHMX 30 LOMOMOro
CBiTNQ, O HE PAAiIOXBMIb, fKi BUKOPUCTO-
sylotecs Wi-Fi (puc. 1). Bin wengwwuii,
3AXMLLEHUI Bif €NEKTPOMArHITHUX 30BAL
i Moro Baxkye nepexonutn. Bin npaukoe
WASXOM MOAyNAUii CBITIORIOAIB BIMXHLO-
ro iHbpa4epPBOHOro, BUAMMOTO abo Brmx-
HbOTO YNbTPAdIONETOBOrO NPOMEHIB, LLO
pobuTh Byab-ake [LKepeno CBITNoaioais
NOTEHLIMHOIO TOYKOIO JOCTYMY.

NMEPEAAYA AAHUX 31 CBITJIOM
HE € Y4AMOCb HOBUM

I_lescmeXHMﬁ 38'930K HQ KOPOTKIM Bif-
CTQHI 4yepes CBITNO iCHyBAB 3Q[0BrO
no euHaxopy Wi-Fi — wasite po pagio-
nepenad Byap-aKoro TMNy — i 3anuwa-
€TbCA Y BMKOPWCTAHHI poHuHi. Csitnosi
30cobu 38'a3ky 6ynm sunpobysaHi Lie
B 1867 poui BilicbkoBo-MOpCEKMMM CH-
namu BenmkoBputaHii 3 BUKOPUCTAHHAM
nonepegaHvka asbykn Mopse, ska Buko-
PUCTOBYBONACH B PEXMMI KPAMOK i TUpPe.
Y 6inblw NpakTMYHOMY ceHci 6e3apoTo-
BUI UMDPOBMIT 3B'930K HO OCHOBI CBITNA
YBIMLLIOB Yy KOMEPLIMHE BUKOPUCTOHHS 3
WMPOKMM BMPOBOLXKEHHAM iHPAYepBO-
HUx ceitnogionis HanpukiHui 1970-x po-
KiB. MOI’O BMKOPUCTOBYBANK ON4 TAKKUX
NPUCTPOIB, K MyNbTU OUCTAHUIMHOTO Ke-
PYBOHHS TENEBI3OPAMM TA MPUIAAAMMU,
6e3npOTOBI KNABIATYPM Ta 3B'A30K MiX
NPUCTPOSIMKU 3 HU3BKOIO LLBUAKICTIO Nepe-
IOYi OAHMX.

OpHok 0BMeXeHHs! LBMAKOCTI nepe-
LAYi LOHKUX | TPYAHOLL 3 HAAIMHO nepe-
LAYelo NPU3BENN A0 TOrO, WO BOHM B OC-
HOBHOMY BiiHECEHI AO HM3bKOLUBMAKICHUX,

HeBaxxnusux npuctpois. Wi-Fi 3'ssusca Ha-
npukiHui 1990-x pokis i 3po6us notpeby y
BMCOKOLLBMAKICHMX, Nerkux 6e3npoToBux
MEPEXAX A0 HEAABHLOIO YACY B OCHOBHO-
My CMiPHOIO.

Wi-Fi, wo signosinae crangapty IEEE
802.11, 6yB HOBOIO TEXHONOTIEKD, LLO 3Mi-
HUNQ CBIT, KOMM BOHAO 6yna BunyweHa
B 1997 poui. Bnepwe cepeaHiit kopmc-
TYBAY MEPCOHANBHOTO KOMM loTepa  Mir
nepepisaTM MepexeBuin LIHYP i BiNbHO
NepPEeEMILLLOTUCS B MEXAX AiANA30HY Cur-
Hany. [icns wect OCHOBHUX OHOBREHS i
OHOBNEHUX 3'€QHAHb AN Nepenayi LAaHUX
CMapTdOHIB Tenep MoaM MOXyTb ByTH
NiAKIOYEH] NPAKTUYHO 6y,u,b-,u,e HQO NnaHe-
T1i. OpHak, nonpw te, wo Wi-Fi € 3pyunum,
BiH MOE OBMEXEHHS TA HWM3KY HeBWpille-
HUX MUTAHb.

WI-FI MAE CBOI MEXI

CbOI’O,EI,Hi Wi-Fi ctukaetbes 3 obme-
XEHHAMM  OOCTYNHOTO  CNekTpy,
OCKinbKu BCe Binblue NPUCTPOIB KOHKYPY-
IOTb 30 AIM Y POBIOYACTOTHOMY CMEKTPI.
BiH Takox CxunbHWIA OO BEAMKOI Kinb-
kocTi Bpasnueocten 6esnekn. OgHum
i3 HaMbinbwmx puankis Wi-Fi € norano
saxuwera todka gocryny. Ockinbkn Wi-
Fi npoxoanTs kpisb CTiHW (xoua iHkONM
He Tak nobpe, aK xoTinocs 6 AOMALLHIM
KOPUCTYBAYAM), 3NOBMMCHUKM MOXYTb
3namaTn cuctemm Wi-Fi, aki He saxuweHi
HANEXHUM HYUHOM. BIH TOKOX CXWITbHUM
[LO 30BOA Y LWYMHOMY PABiOYOACTOTHOMY
abO EeneKTPOMArHiTHOMY CepefoBMLLI,
WO NPM3BOAMTb AO YMOBiNbHEHHA ABO
nepepuBaHHA Nepenadi.
Bucokowsuakicha nepegava  pa-
HWX HO OCHOBI CBITNO 3HOBY BMHMLLNA HA
CLUEHY TPOXM MOHOA AEeCATb POKIB TOMY
3 yTBOpEeHHsM koHcopuiymy Li-Fi. Tep-
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Puc. 1. TunoBa apxirekTypa Touku

pocryny Li-Fi

min Li-Fi 6ys Beepenmit lapanspom Xaa-
COM | NMPEeACTABNEHUI CBITOBI y BUCTYMI
Xaaca Ha TED talk y 2011 poui. MisHiwe
Xaac crae cnissacHosHukom PureliFi,
4NEHO-30CHOBHMKA KOHCOPUiyMy TA Of-
HOTO 3 KJIIOYOBMX PYLUIMHMX CUN Y KO-
Mepuianisauii KOMYHIKALii Yy BUOUMOMY
cgitni (VLC), kniouoBoto TexHOnNorieo skoi
e Li-Fi (puc. 2).

BIAMIHHOCTI MIDX WI-FI TA LI-FI

H anbinbwa pisHmus mix Wi-Fi ta Li-Fi,
3BMYAMHO, € CEPEefOBMLLEM NEPEaa-
yi. Wi-Fi nepenaersca yepes pagioxsuni
B gianasowi yactort [Tu, a Li-Fi nepena-
etbcs csitnom. Cranpapt 802.11bb e
MICTUTL HOBMX MpoToKofie. Xoya ¢isuny-
Huit pisers (PHY) sigpisnsetsca, npoTo-
Konu sanmwaTses cninsHumm 3 Wi-Fi. Lle
306e3neunTb B3AEMOAIID MiX NPUCTPO-
amm Wi-Fi ta Li-Fi. Hanpuknog, Hewo-
nasHo sunywera Light Antenna One Big
PureliFi (puc. 3) moxe 6yTu iHTerposaHa
3 TenepiwHiMu ynncetamm Wi-Fi Ta sigo-
OPaXAETLCA B CMCTEMI AK iHWMIA aiana-
30H Wi-Fi.
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Puc. 2. Li-Fi npauioe y Bupumomy cnekTpi pasom i3 6nmxHiMm iHppauepsoHum Ta 6nmxxHim ynbtpadionerosum

Y tunosii ycranosui Li-Fi IHtepHer i
NOKANbHI Mepexi NigKMIoYaoTbCA [O CBIT-
nogiogie i3 nigtpumkoto Li-Fi yepes xwms-
nenns yepes Ethernet (POE) abo 38’asok
no ninii enektponepeaad (PLC). Ceitno-
pion 6yne OCHALLEHMH MIKPOKOHTpOne-
POM i poTORETEKTOPOM ANt 306e3MNeUeHHs
ABOHANPABNEHoro 38'asky. Yepes Touky
noctyny Li-Fi moxe cninkysatucs 6esniy
MOBinbHMX NpUcTpois abo NPUCTPOIB, WO
XMBNATLCA Bif HATApPENok.

Li-Fi momynioe ceitnogion Ha uacTo-
Tax, HABAraTo BULLMX, HIX MOXE Crpwit-
MaTU noacbke oko. BHoui ceiTnogioam
BMOMMOrO CMekTpa MOXyTb 6yTu cnab-
KMMM, TOMY LOHI BCE LE NPOXOAsTh, ane
CBITNO POKTMYHO BUMKHEHO ANS JOf4-
CbKMX Uinewn.

Li-Fi moxHa mMopynioBaTtH 3a 4ONOMO-
rolo 3BMYAMHOI MOAynsLii 3 OfHielo Hecy-
yoto (SCM) i Mmogynaui€to 3 Kinbkoma Hecy-
unmn (MCM). Mpote Haveuwi wemakocTi
pocTynHi 3 noxigHoto Bin MCM, wo Ha-
3MBAETHCA MYNbTUMIIEKCYBAHHAM 3 OpPTO-
roHanbHUM YactotThum noginom (OFDM).
OFDM BMKOPUCTOBYE LWIMPOKMIA AOCTYM-
HWI CnekTp CBiTNa Ans peanisauii nigHe-
CyuYMnx oNa Nepepadi Kinbkox napanenbHmx
noTokis panux. JocnigxysaHi weuakocTi

Puc. 3. OauH i3 nepwmnx KomepuinHux
npogaykris Li-Fi: Light Antenna One
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MPOBIAHMX CBITOBMX BUPOOHMKIB.

Komnaris CEA 3 1990 poky 3a/MaeTscs onToBoto Toprisneto Ha puHKY Ykpaiuu

EJ/IeEKTPOHHHUMHN KOMITOHEHTAMM )14 [TPOMHCITIOBHUX ﬂigﬂQMEMCTB. B o6nacri 6es-
APpOoTOBUX TEXHOJIOrN MM NporioHyemMo monemm, MOﬂyﬂi 3Blﬂ.3Ky Ta akcecyapm Bia

pocarae 224 [6it/c, xo4a B peanbHUx cu-
Tyauisx BOHA Byae HMXYOI0.

LI-FI: KOMMNAHbVAOH WI-FI
3AMICTb KOHKYPEHTA?

unbHi Ta cnabki ctoponu Li-Fi Ta Wi-

Fi nocuts pobpe LOMOBHIOIOTE OAMH
ogHoro. Lle, y noegrawnki 3 8GyposaHoO
cymichictio, pobuts Li-Fi He Tinbkm kom-
naHbitoHom Wi-Fi, ane 1 konkyperTtom. Wi-
Fi moxe 3abesneunTu 3aranbHe NOKPUTTS
BCepeamHi abo Haskono Byaisni, koM NPo-
Gnemn 3 6e3NEeKo0 TA 30BAAM 3HAXOASTHCS
B LOMYCTUMMX MEXAX, TOAI K TOUYKM BOCTY-
ny Li-Fi moxyTs 3abesneuysatn 38'asok y
MexXax npamoi abo Maike NPAMOT BUaM-
MOCTI 8 HOBAraTo Binbly OBMEXEHIH 30Hi.

MaptrHepw Li-Fi okpecnvnu Husky Ha-
nawTyeaHs, y skux Li-Fi moxe npauiosatu
kpawe, Hix Wi-Fi, a6o ne Wi-Fi npocto
Hemoxnvewnin. Hanpuknog, ceitno moxe
MPOHWKATH B MOPCHKY BOAY HA rUOUHY
no 200 metpis, Tomy Li-Fi sBinkpusae mox-
JIMBICTb BMCOKOLLBMAKICHOrO 38's3ky 6e3
NPUB’S3KM MiX NiIGBOAHMMM ANAPATAMM 3
OMCTCHLIMHMM KEPYBAHHSM i onepaTtopa-
mu. Li-Fi Takox mMoxHa BukopucToBYBATH
B MeauuHux kabinetax ana xipyprii a6o
obnagHaHHs ans 06pobku 306paxeHs, e
Wi-Fi He MOXHaQ BMKOPUCTOBYBATH Yepes
MOXIIMBI 30BOAM A1 OBAGAHAHHS.

Okpim TaKOro cneuianisoBaHoro su-
KOPUCTAHHSA, MEHLUMI PO3MIp KOMIPKH,

akui nigtpumye Li-Fi, nossonse suko-
PUCTOBYBATH Binbluy KiNbKiCTb TOYOK 4O-
CTyny, WO MoxXe 306e3MeUnTH OLHOUACHY
NPOMYCKHY 3AATHICTb AnA Binbloi Kifb-
kocTi npuctpois, Hix Wi-Fi. Lle pobuts
MOro Kpalum BAPIGHTOM ANS  LWLiNbHUX
incranauin loT.

LI-FI CEPTUDPIKOBAHO —
HACTAB YAC

Tenep, konu crangapt Li-Fi ceptudiko-
BAHO, Binblue NOCTAYASbHUKIB MOXYTb
Binuysatn cebe B Gesneui, iHBECTYIOUM
KOLUTU HO JOCNIMKEHHS Ta PO3pobKu, He-
obxigHi ans po3pobku Ta BUPOBHULTBA
npoaykTis Li-Fi. 36inbwenHs BupobHMuTEa
NEU3BEAE [0 3HUXKEHHS BUTPAT i NOAANb-
wux iHHoBauin. [losciogHe NOLWMPEHHS
CBITNOMIOAIB O3HAYAE, WO NOTEHLUiMHI TOY-
KM goctyny € Bctogu. | ockinbku cTiHu €
xopctkum 6ap’epom beanekw, Li-Fi moxe
CTOTM OCTAHHIM iHrpemieHTom, wob 3po-
BUTU yHIBEPCANbHE MIAKMIOYEHHS LOMALL-
HiX | odicHMX NpPUCTPOiB GesneyHol Ta
NPAKTUYHOIO PEANLHICTIO.

Ana OTPMMAHHA AOAATKOBOI iH-
¢$opmauii Ta sanuty datasheet 38’s-
XiTbcs, 6yab nacka, 3 BigAinom npo-
ACKY 6e34pOTOBMX KOMMOHEHTIB
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flkuio BM xoueTe [OCArTU CBOIX LiNnew, AOTPUMYIOUYUCb TEPMIHIiB
i 6l0a)KeTy, BAXKIMBO 3GXMCTUTU NMPUCTPOI Bif NoOwWKOKEHb nif
Yac TeCTyBAHHS. AKLO PU3MK NOLUKOADKEHHS NMPUCTPOIO € Npepn-
METOM 3HUYHOrO 3CHENOKOEHHS, Mif Yac NAAGHYBOHHS TECTYBOH-
HA Chig BpaXyBATKM CcTparterii Ta OGNAAgHAHHSA, WO AAIOTb 3MOry
3HMU3UTK Lel pusuk. Bubip pxepena xusneHHs 3 B6yfoBaHMMMU
GYHKLIIMMU 3aXUCTY, TUKUMMMU K 3AXUCT Bifj NepeHanpyru 4m nepe-
BULLIEHHS CTPYMY, Ay>KE BAXKJIMBUN ANs 6e3neku NpUcTpolo Ta Ade
MOXKJIMBICTb CKOPOTUTU iHBECTULiI B PO3PO6KY CUCTEMM TECTYBUHHS
LUJISIXOM 3MEHLLUEHHS 3arasibHoi KifibKOCTi CUCTEMHOro o6nagHaH-
H4. Y UWi# cTaTTi po3rnapaeTbcs, 9K nepeBipeHi Metoagu aBToMaTuy-
HO 3AXMLLAIOTb BALU TECTOBAHUM NPUCTPIl Bif YLWKOAIKEHb.

NOCTAHOBKA NMPOBJIEMU

KOHTpOJ‘Ib BMXIOHOT HOMpPyrn Ta CTPyMy

IXEPENa XWMBMEHHA AN 3anobiraHHs

nepeHanpyrM TECTOBOAHOTO MNPUCTPOIO B

YMOBOX, HABMMXKEHUX 1O BIAMOBM, BUMArQe

WBMAKOI Ta edeKTUBHOI peakuii Ha pisHi

entyauii. OCHOBHUMM NPUYMHAMM BIIMOBM

TECTOBAHOTO MPUCTPOIO € MEPEBAHTOXKEHHS

30 HOMPYTOHO | CTPYMOM, A€SKi 3 AKUX MOXYTb

ByTH ay>ke HETPUBANI, O fesKi — TPUBATH X

[0 TOTO MOMEHTY, NOKK He ByayTb BUABMEHI.
[MepesaHTaxeHHs 3a Hanpyrow abo

CTPYMOM MOXYTb BIZOYBATUCS 3 PI3HMX

NPUYMH, 30KPEMA:

®  BiAMOBQA BHYTPILLHLOI CXEMM MOXE NPU-
3BECTU JO NIABULLEHHS BMXIAHOI HONPY-
™ 8O HeBAXAHOTO PiBHS;

®  HOSBHICTb [EKINbKOX OXepen eHeprii,
HOMNPUKNAA, LLE OJHOrO AXEepPena Xns-
neHHs abo akymynaTopa;

® pO3iMKkHYTE 3'€EQHOHHS CEHCOPHOro
npoBoay;

® IOKQNIbHE 34YMTYBOHHS HAMPYTW 30-
MICTb AUCTAHLIMHOIO;

® BiIMOBQ KOHTponepa cucremu abo
NMOMMWIKA MPOrPAMYBAHHS;

®  BiAMOBQ [Xepena HAMnpyru, Wo npa-
LIOE B pPeXumi MNOCTINHOI Hanpyrm
napanensHo 3 opHUM abo Kinbkoma
IKepenamu, Lo NPALoTh Y PEXUMI
NOCTIMHOTO CTPYMY;

®  MPOTUAIA YMOBI NEPEBAHTAXEHHS 30 HA-
NMPYroto WASXOM 30MMKAHHA HOKOPOTKO
BUXIOHUX TEPMIHOMIB IKEPENna XMBNEH-
HSI, O MPU3BOAMTL 4O CTPUBKA CTPyMy
po3psay 3 TECTOBAHOTO NPUCTPOIO;

® BefMke 3HAYEHHS MYCKOBOrO CTPyMy
TECTOBOHOTO NPUCTPOIO;

®  HAMMLIKOBWMM CTPYM B pe3ynbTaTi
NepeBAHTAXEHHS TEeCTOBAHOrO npw-
CTpoIo;

®  HOOMLIKOBWMI CTPYM, MOB'S3QHMMA i3
6113bK010 060 PAKTUYHOIO BIAMOBOIO
B CXEMi TECTOBOHOIO NPUCTPOIO;

®  KOPOTKE 3AMWKOHHS NMPOBOAKM B CUC-
TEMi TECTYBAHHS.

3AXUCT BIA HAQJTULLKOBUX
HAMPYTU TA CTPYMY

: ; QXWUCT TECTOBAHOTO MPUCTPOIO Bif HOL-
NULWKOBOI abO HeBiANOBIAHOT Hanpyrm

i CTPYMy XmBREeHHs Moxe byTn 3a6esne-
4EeHO 30 AOMOMOTOK IXKEPENA XMBIEHHS,
O MOE PO3LWMPEHi PYHKLIT 3aXMCTY i no-
KPAOLLEHY CUCTEMY peakLii Ha Ui nogii.

3axucT Bi YMOB NepeBaHTAXKEHHS
3a Hanpyroio (3MH)

Mporpamosaruit 3MH gucranuinHoro
34MTYBAHHS 3 CEHCOPIB 3 DYHKLiSIMK BUAB-
NEHHS MOLUKOAXEHUX abO nif’ €eAHAHMX y
3BOPOTHOMY MOPSIAKY CEHCOPIB HAMPYTH
TA KEPOBAHOIO BUMKHEHHSA BUXOAY OKepe-
NA KMBNEHHS MOXE AOMOMOITH 30XUCTUTH
TECTOBOHWIA NPUCTPIN Bif, BNIMBY HOAMMLL-
koBOI Hanpym (puc. 1).

3IMH 3 AncTAHLWiITHUM KePYBAHHIM
TecToBaHMI NPUCTPIN, LWLO CMOXUBAE
3HAYHY KiNbKICTb CTPYMY 4Yepes AOBri ApO-
TU XXMBIEHHS 3 BIBHOCHO BUCOKMMM OMOpPQ-
MM, MOXe CTBOPIOBATK BENWKI nepenanu
HaNpyrM Ha BMBOAGX. bes amcraHuiMHoro
3UMTYBAHHA OTPUMAHHA MNOTPIGHOI Ha-
npyrM HO TECTOBAHOMY MPUCTPOI MOXe
BMMAraTM HONALUTYBOHHSA BUXIAHOT HONPY-
T OXepena XMBAEHHS AN KOMMeHcauii
nepenagy HanpyrM HA BMBOAAX Mif 4aAC
CNOXMBAHHA MPUCTPOEM MOKCUMOSTbHOTO
CTPyMy. FKLIO CTPYM, WO CMOXMBAETHCS
NPUCTPOEM, NEPEPUBAETLCS ABO 3HAYHO
3HMXYETLCA, B PE3YNbTATI MOXE CTBOPIO-
BOTWUCS HAMPYra, WO MEepeBuLLy€E AOMy-
cumy. Ouctanuinauin 3MH 3a6esneuye
koHoirypyemuit 3MH, sxkuit HanawTosyeTs-
Cl HO OCHOBI HAMPYTKU HO BUBOAAX CEHCO-
pis. KoHTponb cxemoto 3axucTy Hanpyru
HO BMBOAOX CEHCOPIB 30GMICTb HAMpPYru
BMXIOHOrO TepmiHany 3abesneuye Ginbuy
TOYHICTb KOHTpOMO Hanpyru 6esnoce-
penHbo HA HasaHTaxeHHi. PyHkuia no-
KAQNbHOTO 3AXUCTYy Biﬂ, NepeBAHTAXEHHSA
30 Hanpyroto 3abesnedye AOAATKOBMM
3axuct. BoHa sigcrexye sanporpamosaHe
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3d HANpPYroio

HONALWTYBOHHA 3AXMCTY Bi, MNEPEBAHTA-
KEHHA 30 HAMPYrow i CNPAaUbOBYE, AKLLO
HAMPYra HA BUXIAHUX TEPMIHANAX «+» i «-»
niginmaerbes Ha Ginbw Hixk 1 B + 10% sig
HOMIHONBHOT HAMPYTU NPUCTPOIO BULLIE 30~
NPOrPAMOBAHOrO HANALWTYBAHHS 3AXMCTY
Bif, NEPEBAHTAXEHHSA 30 HAMPYrOIO.

BusaBneHHs NOLWKOAKEeHUX
a60 nigKnoYeHNX y 3BOPOTHOMY
nopaaKy CEHCOPIiB HANpPYru

AKWO AMCTAHLIMHI CEHCOPM BMMKA-
OTbCS Mif, 4AC Nif’ €EGHAHHS BMBOLIB CEHCO-
piB OXEpena XMBAEHHA A0 TECTOBAHOrO
NPUCTPOIO B TOYLi, AO AKOI nig €gHAHO
LPOTH XMBIEHHS, BOXKIMBO NEPEKOHATHCS,
Wwo 3'€gHOHHA BMBOAIB CEHCOpIB BMKO-
HOHO KOPEKTHO. SKkwo oamH abo kinbka
BMBOJIB CEHCOPIB HE MigKMIOYEHI abo He-
CNPaBHI TA BIACYTHINM Oyab-aKMi 30XMCT
Bif, CEHCOpPIB HAMPYIKU, HONPYra HA TeCTo-
BAHOMY MPWUCTPOI MOXe MiABMLLYBATUCA
O HECMOAIBAHMX | MOTEHUIMHO LWKiOAMBUX
piBHIB. Ons 30XUCTY Bif, BTPOTM 30ATHOCTI
0O AWUCTOHUIMHOIO 34YMTYBOHHS HAMpPYrn
oxepena xusnenHs Keysight Advanced
Power System (APS) sukoHyioTs nepe-
BipKY HO MPEeAMET PO3IMKHYTUX BMBOLIB
Ha oaHOMY 60 060X CEHCOPHMX APOTAX
nepen YyBIMKHEHHSM i MPOTArOM YCbOrO
yacy TtectysaHHa. PyHkuis 6esnepeps-
HOi BiQrHOCTMKM BMBOAIB CEHCOPIB [JAE
3MOTY AXEepeny XMBAEHHA PearyBati Ha
NnepepmBAHHA CUTHANY 3YUTYBAHHS Nif 4OC
TectyBaHHs. [lpuctpin pearye Ha ymo-
BY BigMOBM npoTsrom npubamsHo 50 mkc.
Kpim BHsIBIEHHS PO3IMKHYTHX BUBOLIB CEH-
copiB, GyHKList BUSIBNIEHHS HECNPABHOCTEM
CEHCOPIB OXEePena XWBMEHHS BUMKHE BU-
Xifl, KO 34MTYBQAMbHI BUBOAM BMNALKOBO
30MKHYTb HOKOPOTKO aBO AKWO APOTH
Oyae nin’€4HAHO Y 3BOPOTHOMY MOPALKY.
3BepHITL yBArY, WO, AK | PAHILLE, BOXIUBO
NEPEKOHATUCH B HOANEXHOMY nig’ €qHaHHI
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JlokanbHe 34NTYBaHHS:

JlvcTaHuiitne BUMIpHOBaHHA:

V pasi HanauToBaHoro OKaNbHOro
CEHCOPY [DKEPENO XKMBMEHHS
perynioBaTiMe Hanpyry Ha BUXiaHuX
TepMiHanax, a Hanpyra TecTOBaHoro
MPUCTPOIO 3MIHIOBATUIMETLCS Pasom

DUT  3i 3MiHOIO CTPYMY, LI CMIOXMBAETLCS

VY pasi HanaLwToBaHOr0 ANCTAHLHOMO
BIMIPIOBAHHA Hanpyra Ha TeCTOBaHOMY
NPUCTPOI HE 3aNeXMTb Bify 3MiHU CTPYMY.
[bxepeno XuBneHHs 6yzae 3miHoBaTh
BUXIZHY Hanpyry, pearyio4n Ha 3amiHy

CINV CTPYMY Ha TECTOBAHOMY NPUCTPOT

i Hanpyry Ha onopi ApoTiB ANs Nif'efHaHHS
HaBaHTaXeHHs

DUT

Puc. 1. JlokanbHe Ta AUCTAHLUiiHE BUMIPIOBAHHS 30XUCTY Bifi NEPEBUHTAKEHHS

CEHCOPHMX [POTiB, OCKiNbkK yHKUis 30a-
XUCTY HE MOXE BUSABNATM HEMNPUBUILHO
g’ €AHAHI 3YUTYBASbHI BUBOAM, HE BMMUKQ-
tOUM BUXifl, HO KOPOTKMI YOC CMIPUUYMUHSIIOUM
HenepenbayyBaHe MiABULLEHHS HAMNPYIU.

Lllo dyHKLiO TAKOX MOXHA BUMKHYTH,
AKLLO BOHA CTBOPIOE HebaxaHi nepeboi
B POBOTI NPUCTPOIO, WO TECTyeTbCs, abo
AKLLO KOHQIrypauis BMBOAIB YW AMHAMIKQ
HOBOHTOXEHHS MPU3BOASTL OO MOMMI-
KOBOrO CMpPALbOBYBAHHS CUCTEMM. IKLLO
d)yHKLLiro BUSBNEHHSA MOLLKOIXEHb BMBOLIB
oxepena sxuenedHs APS He BBiMkHEHO
M ogMH abo obuasa CEHCOpHi BMBOAM
He nin’eqHaHo abo Big'eaHaHO nepen
YBIMKHEHHAM, [KEPENo XMBreHHs Oyae
NPOAOBXYBATH npauosatv. Hanpyra Ha
BMXiIGHWX TEPMIHONOX Y LbOMY PA3i CTAHO-
euTUME Npubn3Ho Ha 1% Binble 3anpo-
TPAOMOBAHOIO 3HAYEHHS.

MocnipoBHe Ta KepoBaHe
BUMKHEHHS Buxopy (6e3 wyHTy)
[ns peskux TeCcToBAHMX NPUCTPOIB
LUBMAKE KOPOTKE 3AMUKOHHS BUXOLY [Xe-
pena >XWBMEHHS 3 BUMKOPUCTOHHSM LLUYH-
Ty Oyne mocTtatHiM 060 €OMHUM OiEBUM
METOLOM 3CXMCTY Bifi MEPEBAHTAXEHHS
3a Hanpyroto. [lns 3axucTy Big nepesaH-
TQXKEHHS 30 HAMPYroo iHLWKMX MPUCTPOIB
HeobxiaHMi Ginbw keposaHmit niaxia. Kow-
CTPYKLi BMXIGHOTO KACKQAY MOTY>XHOCTI
mxepena xusnerHs APS nae smory sumu-
KOTM BUXig ON9 NONEerweHHs NnocrigoBHOro
KEPOBAHOrO 3ynMHeHHs. BuMKHeHHs Buxo-
Ly IKeperna XMBIIEHHS 3aMICTb 3AMUKAHHS
HOKOPOTKO BMXIIHOrO KACKGAY 3Q AOMOo-
MOTOIO LUYHTYBASIBHOTO BEHTUIIS MOXE A0-
MOMOTTU 30XMCTUTH AESKI TUMM NPUCTPOIB,
LLIO TECTYIOTbCS, Bifl MOLUKOIXKEHHS.
KopoTke 3amukaHHs Brxody mxepena
XMBMNEHHS MOXE MPU3BECTU A0 CMOXMBAH-
HS HOLJMLIKOBOTO LUKIANIMBOrO CTPYMY ne-
PEBAHTOXEHHS 3 TECTOBAHOTO NPUCTPOIO,

AKLLIO MICNst BUABIEHHS TA YCYHEHHS YMOBM
NEePEBAHTAXEHHS 30 HAMPYrOl0 HA HbOMY
36epiraeTbCa 3HAYHMIA 3apad. Akwo axe-
PENo XMBREHHs He NnepebyBae B CTAHI 30-
XMUCTY Bifi NEPEBAHTAXEHHS 30 HAMPYroo
abo CTPYMOM, @ MOro Hanpyry HeobxigHo
WBMOKO 3HM3WNTU, WOB 3AXMCTUTU TeCTo-
BAHMI MPUCTPIN, MOXIUBICTb MOMMHATU
CTPYM MOXe 30a0e3neunTV WBMOKE 3HU-
XEHHS HANPYr1 30 AONMOMOTOKO CMOXUBAH-
Ha cTpymy obcsarom ao 10 % sig HOMIHOMb-
HOro 3HauYeHHs mxepena. [na weuaworo
3HMXEHHS HAMNPYrM MOXHO AOAQTM 30B-
HiLLIHIM PO3CiloBAY MOTY>XHOCTI, 3AATHUM
cnoxmeat po 100% Big HOMIHQNbHOTO
3HQUEHHS CTPYMY [DKepena xusneHHs. Bu
MOXEeTe HANAWTYBATH BHYTPILIHE HABAH-
TOXEHHS | 30BHIWHIM PO3CiloBAY HA NoO-
TPIGHUIA piBEHb CTPYMY.

3AXUCT BI YMOB
MEPEBAHTAXXEHHSA
3A CTPYMOM

3OXMCT Bifl NEPEBAHTAXEHHS 30 CTPY-
MOM [OMOMArae 30XWUCTUTH TECTOBO-
HWIA NPUCTPIN Bif, CNOXMBAHHS HOQJIULLIKO-
Boro ctpymy. Y mxepenax xusneHHs APS
us PyHKLS NPOrPAMYETLCA KOPUCTYBAYEM
i MOXe ByTH AK BMMKHEHQ, TAK | BUMKHE-
Ha. 9kuo dyHKUiO BBIMKHEHO, BUXia Byae
BMMKHEHO, KOMM CTPYM HQ BUXOAI JOCATHE
FPAHUYHOrO 3HAYEHHA. dkwo TecTtosa-
HUI NPUCTPIA CNOXMBAE, 060 OYIKYETLCH,
Wwo BiH Byae CNOXMBATM MUTTEBI CTPMO-
KM CTPYMY, 30QTHI NEPEBMLLMTH FPAHUYHE
3HQUEHHS, CNPALbLOBYBAHHSA 3QXMCTY Bif
NEPEBAHTAXKEHHS 30 CTPYMOM MOXe ByTh
nporpamuo sigknogeHo Ha 0-0.255 ¢,
Wo6 YHUKHYTU MOMMIIKOBOTO BMKOHAHHS.
Ha purcyHky 2 noKasaHo 3HIMOK i3 axepe-
na xwmenenHs APS, Ha skomy cTpym HOBOH-
TaxeHHs wenako nigsmwmecs 3 0 go 12 A.
[paHMyHe 3HaueHHs cTpyMy — 5 A, saxumcT
Bifl NTEPEBAHTAXEHHS 3Q CTPYMOM YBIMKHE-
Ho. Buxin mxepena xusnerns APS sigknio-
yaeTbcs MeHWw Hixk 3a 500 Mkc, | 3HaUEeHHs
BuxigHOro ctpymy noeeptaetscs go 0. Ha
PUCYHKY 3 MOPIBHIOIOTLCA 3AXMCT Bif ne-
PEBAHTAXEHHS 30 CTPYMOM | 4acC BCTQ-
HOBJIEHHS [KEPENQ XMUBIEHHS 3AranbHOro
npusHaueHHs (BepxHa niwis) i wxepena
xuenenHs APS (HvoxHs ninis). Mogens APS
NPAUIOE HO NOPAROK LUBMALLE.

LWBupkicTb peaxuii Ha ymoBu,
L0 WBMAKO 3MiHIOIOTbCS

[nst 306e3nedeHHs HOGIMHOTO 30XUCTY
TECTOBAHOIO MPUCTPOIO AXEPENY XUBEH-
HSt HEODXIAHI: DYHKLIS KOHTPOMO B PEXMMI
PEAnbHOrO Yacy i LWBKMAKA PeakLUis Ha
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PesnctusHe HaBaHTaxeHHs: 12 A
paHn4He 3HaueHHs cTpymy: 5 A
3axucT Bifl NEPEBAHTAXEHHA 32 CTPYMOM: YBIMKHEHO

2 [or

BUMMKOAE BUXig

15A

Puc. 2. 3axucr Big nepeBAHTAXKEHHS 30 CTPYMOM fKkepena xueneHHs APS

L8

10A

BepxHs NiHif: 3BU4aiiHe [KEPEN0 XMBNEHHS
HuxHs niHis: pkepeno xueneHHs APS
Huabke pe3ncTuBHe HaBaHTaxeHHs: 10 A
Bucoke pe3ncTuBHe HaBaHTaxeHHs: 15 A
[paHN4He 3Ha4eHHs cTpymy: 12.5 A

15A \

10A

o Slege
¥

BUHUKHEHHS yMOB Bigmosu. Komu ctpym
ab0 HaNPYra, Wo NOAaIOTLCA HA TECTOBA-
HWIA NPUCTPIN, LOCArATb HEMPUMYCTUMMX
yMOB 060 BUXOAATL 30 MEXi BCTOHOBIE-
HOTO LiaNA30HYy POBOUMX PEXUMIB, MOXE
3HOBOBUTUCS HeralHa peakuis. Kontpons
Yy PEeXWMi peanbHoro 4acy B MOEQHAH-
Hi 3 cuctemoto sanycky APS sabesneuye
LWBMALIKMIA BIAryK MOPIBHAHO 3 BUKOPMC-
TOHHSAM 30BHILLHIX [HCTPYMEHTIB, 4K-OT
CTPYMOBWI LUYHT, BOMLTMETP, KabensHa
PO3BOAKA i KOHTPONEP.

3AXWUCT BIA NOPYLUEHHA
3B’13KY MDK KOHTPOJIEPOM
1 AKEPEJIOM XXUBJIEHHS

Konw 6e3neka TECTOBAHOMO MPUCTPOIO
nos’asaHa 3 poboTolo Nporpamu
(application) Ha 30BHIWHLOMY KOHTPONE-
pi, a nporpama abo KOHTponep NpPMMK-

Puc. 3. MopieHsaHHS PyHKLi# 06MEXXEHHS CTPyMY

HSIOTb NMPALOBATH HAMNEXHUM YMHOM, AN
30XWUCTY TECTOBAHOMO MPUCTPOID MOXHA
BMKOPUCTOBYBOTH CTOPOXOBUIA TaAWMeEp
Buxoay mrkepena xusnerHs APS. Y cknag-
HUX TECTOBOHMX MPUCTPOSIX, O BUKOHY-
0Tb YHKLT, sIKi 301€XATb Bif 4acy, KOIm
NOPAMETPU AXEPENA XMBIEHHS CUCTEMM
TECTYBQHHA NOTPIGHO HANALWTYBATH Big-
MOBIAHMM YWMHOM, HECMPABHO MPOTrPAMC
abo KOHTPONEP MOXYTb 3ABAATH LLKOAM.

CTopOX0oBMit TAMMEP MOXE [OMOMOT-
T NOM’AKLIMTM HACHIAKM TAKOI HECnpaB-
Hocti. CTopoxoBuit TaiMep BMxomy ne-
PEBOANTL YCi BUXOAM B PEXMM 3AXMCTY 30
BIICYTHOCTI QKTMBHOCTI BXiAHMX/BUXILHNX
komang SCPl na iHTepdeiicax kepysaH-
na (USB, LAN, GPIB) npotarom nepioay
4aCy, 303HAYEHOTO KOPUCTYBAYEM. 3Ha-
UEHHS 30TPUMKM CTOPOXOBOTO TaMMepd
Moxe 6yTi BCTOHOBMEHO B Mexax Big |
no 3600 cekyHa i3 KpOKOM MigBMLLEHHS
B 1 c. lNig yac nocrauaHHs mxepen xwms-

nenHs APS i3 3aBofy cTOpoxoBUiA TaMMEP
HONALUTOBYIOTb HO BUMKHEHHS BMXOfIB MiC-
N BICYTHOCTI OKTMBHOCTI BBOAY/BMBOLY
npotarom 60 c. [Micna 3akiHyeHHs upO-
ro nepiogy 4acy Buxoau Oyae BUMKHEHO.
Y pasi nepexogy 8O YMOBM 3AXUCTY BHACI-
[OK BIfICYTHOCTI OKTMBHOCTI BBOAY/BMBOLY
MOXHO BMKOPWUCTOBYBOTM IHTENEKTYANbHY
CUCTEMY 3anycky mkepena xusneHHs APS
ONS 3AMYCKY HWKWX IHCTPYMeHTIB abo cur-
HQMY TPMBOTM B CUCTEMI TECTYBAHHS (AKLLO
cUcTEMa MaE aBapiiHy curHanisauiio). Ta-
KOX MOXe ByTW HONALUTOBAHE BUMKHEHHS
BCI€i CUCTEMM TECTYBAHHS.

BHYTPILLHIN KOHTPOMbHUWIA TAMMEP LXe-
pena xueneHHs APS ycysae HeobxigHicTb
Yy BMrOTOBMEHOMY HO 30GMOBIEHHS He3a-
NIEXHOMY 30BHILLHBOMY ABO TAKOMY, LLO
npauoe Ha 6asi MK, cropoxosomy Tam-
MePi, AKMA KOHTPOSIOE MIANBHICTb BXiAHUX,/
BuxigHux komang (K. Bin Takox smeHLye
CKNOJHICTb | PU3NKM CUCTEMM TECTYBAHHS.

LiBuake NPUNUHEHHS TECTYBAHHS
B pasi BAHUKHEHHS YMOB,
IO BUKJIMKAIOTb CYMHIBU

[HTenexkTyansHa cMCTEMa 3anycKy axe-
pena xueneHHs APS npusHaueHa ans npu-
MMQHHS TO HOACUIAHHS Tpurepis. BxigHwii
TPUrep MOXe YBIMKHYTM aBO BUMKHYTH
BMXifl, BUKITMKATU Nepexif 4O HOBOTO HANA-
LITYBAHHS BMXIGHOT Hanpyru/ctpymy abo
3QMNyCTUTH BUMIPIOBAHHS. Buxighuii Tpurep
MOXE 3QMyCTUTU LilO HLWOrO IHCTPYMEHTY
HO BunpobosyBanbHOMY cTeHai. Bukopu-
CTOHHS KOMBIHALM BXILHWX | BUXIGHWMX TPU-
repis AN KOHTPOSMIO AXEePenda XWMBIEHHS
i CMHXPOHI3AL|i 3 CMCTEMOIO TECTYBAHHS
MOX€ BOMOMOITU 3AXMCTUTU TECTOBAHMM
npucTpin. [na Bu3HaYEHHS YMOBM 30XMCTY
B mxepenax xusneHHs APS Habip BxigHMx
CUrHaNIB Bif, MiACMCTEM CTAHY, 3QMYCKy TA
UMDPOBHMX NMOPTIB MOXHA NMOERHYBATH 3 N1O-
rivimm onepatopamu «l», «ABO», «HE».
HaseHicTs gocTyny A0 cUrHanis peansHoro
4acCy BCEPEMHI AXEPENT XMUBIEHHS MOXE
CNPUSTU 3MEHLLEHHIO 4YACy PEearyBaHHS
HO YMOBM TECTYBOHHS, LIO BUKIMKAIOTb
CYMHIBM, MOPIBHAHO i3 CUCTEMOIO 3AXMCTY
TECTOBAHOrO MPUCTPOLIO, KA 3ANEXWTb
Bif, 30BHILUHIX BONBTMETPIB, AMMNEPMETPIB,
CTPYMOBMX LLIYHTIB | KOHTPONEPIB.

Ha pucyHky 4 nokasaHo npuknag iH-
TenekTyanbHoi cuctemun sanycky APS, ska
CTBOPIOE CUIHAN AS18 3AMYCKYy BU3HAYEHOI
KOpUCTyBa4em nogii 6o cneuiansHoi no-
Lii 3axucTy.

KoHTtpons i peaxuisa Ha nogii
B peanbHOMYy Yaci Ang 3axXmucTy
TECTOBAHOrO NPUCTPOIO

[MokpaleHa CcUMCTEMA BMMIPIOBOH-
H TO iHTEnekTyanbHA CMCTeMa 3anyc-

www.chipnews.com.ua
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Mopir TEHEPATOP BEKTOPHUX
S Mapuwpymsauis 3axMCT, CKOH(irypoBaHuit CUrHANIB
>2458 Mapupyrsaia , BNS WMPOKOCMYTrOBUX
e MapuupyTu3aist BATATOKAHAJIbHUX
[Mopir « »
—~ W P o 3ACTOCYBAHb
<235B . . .
b Komnaris Keysight Technologies,
Mopir Mopist kopucTysaya Inc. npescrasnse HoBui KOMMOKTHMM
MepupyaaLn HOTHPHKAHOTbHMN TEHEPATOP BEKTOP-
>15A Hux curHanis (VSG), snatHmsi reHepysatm
Mopir curvam go 8.5 [Ty 3i cmyroto mogynsuii
v «ABO» 960 My Ha kaHan. N5 186A MXG — ue
<14A sucokonpogyktmsHmi VSG  HactynHo-
Puc. 4. MNpuxnapg iHTenekTyanbHoi cucremu 3anycky APS, aka cTBopiloe curHan o HOK‘_J”'I’;HH B ZO'D Td)?j;éo renep gro,o 5
ANs 3anmycKy BU3HAUEHOT KOPUCTyBa4eMm nogii a6o cnewiansHoi nogii saxucry curHanis Keysight cepii X, wo sabesne-

Ky mxepena xuenewHs APS moxe po-
NMOMOITU 3HU3UTU PU3UKM TECTYBAHHS
30BASKM MANOMY 4ACY PEearyBaHHsS Ta
MEHLLIM CKNOBHOCTI CUCTEMU TECTYBAHHS.
LLlo6 pocartu piBHS KePYBAHHS BUXOAOM,
€KBIBANEHTHOrO PIBHIO IXEPEn XMBAEH-
Ha APS, noTpibHa iHamBigyansHa abo
OMCKPETHO CUMCTEMA BUMIPIOBOHHS, LLO
MICTUTL Yy COBI CTPYMOBMIM LWYHT, OAMH
abo kinbka BOMbTMETPIB, KaBensHe pos-
BEEHHS | KOHTpONnep i3 NPOrpamHum
3abesnedyeHHam i ppansepamn. OpgHak
pearyBaHHg HA YMOBY BIiAMOBM Mif 4aC
BMKOPUCTAHHS 30BHILLHBOTO OBNAAHAHHS
LJ15 BUMIPIOBAHHS TA KEPYBAHHS 34iMCHIO-
BATUMETBLCA MOBINbHILLE.

Konu nig wac uukny TecTyBaHHs creo-
PIOETLCS BHYTPILLHIMA TpUrep, ue moxe 6yTw
KPUTUHYHO BOAXITMBUM ONa 663I'IGKM BALLOro
TECTOBAHOTO NPWUCTPOIO 3 NOMMSAAY CUHXPO-
Hi3auji i3 cMCTEMOIO TeCTyBaHHA ab0 nopin
CUMHAOMY HA IHLLOMY TECTOBOMY OBNOAHAH-
Hi. Ixepena xwvenenHs APS moxyTb cteo-
PIOBATU TPUrepu Ansi HOBOPIB BHYTPILLIHIX
nogin. JJo TakmMx nomii HANexaTb: 3MiHA
crary 3 CV na CC, nepexin Buxoay B kiHue-
BE 3HAYEHHS | 3MIHO BUMIPSHOI BEMYMHM
BUXOLY HO KOHKPETHE 3HAYEHHS, WO nepe-
BMLLY€E BCTAHOBNEHUH nopir abo BUXOANTL
30 MEXi KOHKPETHOTO Aiana3oHy. 3axucT
TECTOBAHOrO NPUCTPOIO HE 30BXAM 3ane-
XWUTb Bif, OKTMBALLT 3AXMCTY Bif NEPEBAHTA-
XEHHS 30 HANPYrol abo CTpyMoM. kLo
TECTOBAHMM MPUCTPIN MAE NPALOBATU B
MEXAX BCTAHOBEHOTO [ianNa30oHy 3HAYEHb
Hanpyr1 Ta/a60o cTpymy, a GAKTUYHO BM-
MIpAHO POBOYA TOUKA BUXOAMTH 3Q MEXI
UbOro Aiana3oHy abo MoTPANSE HA KOH-
KpeTHe 3HAYEHHS, Le MOXe CBIluMTU Npo
HecnpasHicTs npuctpoto. LLLob saxuctuty
NPUCTPIN, AXEPENO XMUBNEHHS MOXE CTBO-
pUTK TPUrep ANs nepexony B CTAH 3AXM-
CTY, 3MIHW HQNALWTYBAHL HAMPYMM/CTPYMY
abo 3anycKy HEOBXIAHMX Al YCTATKYBAHHS!
BMI'IpO6OByBOJ'IbHOI'O cTeHpqa, Hanmpuknag,
30CTOCYBAHHSA HLWMX [AXepen XWBAEHHS
TA HOBAHTAXEHb.
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Dxepena APS moxyTb B3aemomisti 3
HWKMM OBNAAHAHHAM HO BMNPOBOBYBASL-
HOMY CTEHfi TA HOBITb i3 TECTOBAHUM MpU-
CTPOEM, AKLO BiH MOXe npuitmatn abo
CTBOPIOBATH TPMrEpHi CurHamu. 3 noms-
Oy 30XMCTY TECTOBAHOMO MPUCTPOD, AKLLO
YMOBM LBOro npucTpoto abo iHworo o6-
NQAHAHHA  BMNPOBOBYBAMBHOMO  CTEHAA
BKA3YIOTb HO HABIMXKEHHA MOTEHUIMHO He-
6e3neyHol yMoBH, mxepena xueneHHs APS
MOXYTb MPUMAHSTU TPUTrEpP, 3AATHWI YBIMKHY-
™M 060 BUMKHYTH BMXiA DO 3MIHWMTK Hana-
LUTYBOHHS BUXIAHOT HAMPYMU YK CTPYMY.

BMCHOBOK

Xeperno XWMBIIEHHS MAE LUBMOKO M
ﬂ|e¢)eKTMBHO pearyBaTM HA PIi3Hi Cu-
Tyauii, wob YHUKHYTU  NOLUKOAXEHHS
TECTOBAHOIO MPUCTPOIO 30 YMOB BiIMOBM
abo 6nusbkux po Hei. Bubip mxepena
XMBNEHHA 3 BOYAOBAHUMM PO3LLMPEHUMM
DYHKUISIMM 30XMCTY — HOWKPALLMI Cro-
Ci® YHUKHYTM MOWKOMKEHHS TECTOBAHOIO
MPUCTPOIO, MOB'A3AHOTO 3 MOTYXHICTIO, i
CKOPOTUTH IHBECTMUIT B PO3PODBKY CUCTEMM
TEeCTYyBAHHA 3ABAAKM 3MEHLUEHHIO 3Arasnb-
HOT KiflbkOCTi CMCTEMHOTO OBNAAHAHHA.
Dxepena xwuenennss Advanced Power
System NpOnoHYIOTL KOHTPOMbL Y PEXUMI
PEANbHOrO YACy TA IHTENEeKTYANbHY CK-
CTeMy 3anycky, 306e3nedyoum LWBMALLINA
BiAyK MOPIBHAHO 3 BMKOPWUCTOHHAM 30B-
HIiLLHIX IHCTPYMEHTIB.

Binbwy petranbHy iHdopmauiio
wopno npoaykuii komnaxii Keysight
Technologies mo)xHa oTpumarn,
3BepHyBLUMCb A0 odiuinHoro auc-
Tpn6’totopa B YKpaiHi — KoMnNaHii
OHirtecr:

04053, m. Kuis,

Byn. Onecs lNoHuapa, 6,

Ten. +38 (044) 272-60-94,

e-mail: web@unitest.com,

http://unitest.com (N

Yy€ CTBOPEHHS YMCIIEHHMX, [HAMBIAYQsb-
HO CKIQAHWX CUrHAIIB, HEOOXIaHMX IS
LLUMPOKOCMYroBux 6AraTOKQHAIbHUX 3Q-
CTOCYyBAHb B YMOBQX LUiIbHOI 3QHATOCTI
CNeKTPy 4acToT.

TexHonorii  6e3apOTOBOro 38 93Ky
i pagionokauii, WO pPO3BMBAIOTLCS, BU-
MQraoTb YACTOTHOMO MOKPUTS B BiflbLL
BMCOKOMY YQCTOTHOMY QJIQNQA30HI 3 BM-
KOPHUCTAHHAM CKIIQAHMX CXeM MOAY/ALil,
Taknx sk MIMO, ¢opmysarHs npomers
i MySIbTUIIEKCYBQAHHS, 151 MOKCUMI3AUi
nponyckHoi 3aatHocTi ganmx. [ns tec-
TYBOAHHS UMX AOAQTKIB norpi6H/' npunaau
M1 FfeHepaLii CUrHariB, ki MATOMMYIOTb
BIGMIHHY SKICTb MOZYRaUiT rpu poboTi 3 Be-
JMKOIO CMyrolo rponyckarHs. [ns gocar-
HEHHSI BULLWX YOCTOT, GibLLIOT MPOMTYCKHOT
3AQTHOCTI | CKITAAHILLIMX CXEM MOAYALT iH-
KEHEPAM-PO3POBHHKAM MEPEX | KOHCT-
PYKTOPAM 3Q3BM4Q¥i MOTPIGHO binbLue
MiCLSi HQ CTeHAI Ans AOAATKOBOro BUIMPO-
6YBALHOIO OBONIAAHAHHS | IPHUCTOCYBAHS.

Keysight N5186A MXG supiwuye uro
npobnemy LIFXOM CHPOLUEHHS CKIaA-
HHMX HQIQLLTYBAHb 30 JOTOMOIO MEHLLIOI
KIFIbKOCTI 30BHILLIHIX MIAK/TKOYEHb | JO YOTH-
PbOX KQHQIB B KOMITQKTHOMY OPM-aK-
Topi 2U. Ockinekn N5186A MXG e
MEPLUMM Yy CBITI FreHEPATOPOM CUTHQJIIB 3
BOYNOBAHUM PEPIEKTOMETPOM, BiH 30-
besrnedye Hag3BUYQHHO TOUHI CHIHQUH 1S
npucTporo, wo tectyerscsa (DUT).

3abesneuyioum crabinbHi Ta NOBTO-
PIOBAHI pe3ysnbTaTH, reHEPATOP BEKTOP-
Hux eurHanis N5 186A MXG € ineasbHim
PILIEHHAM A8 PISHOMQHITHUX KOMep-
UIFHMX TQ QEPOKOCMIYHMX OBOPOHHMX
3acrocyBaHb. CrneuianbHi  iHTErpabHi
cxemu (ASIC) LUATT MXG Bukopucrosy-
tote DDS ang nepenaui tourmx curHaris,
o6 MIHIMI3yBATH CIOTBOPEHHS | BIAMO-
BiIQTU HOBMM CTQHAQPTAM POEKTYBAH-
HSI KOMIOHEHTIB | mogynis. Kpim Toro,
BOYAOBAHMI PEPIEKTOMETP MPUCKOPIOE
rpoLec HaNALUTYBAHHS, KOPUIYOYM Bia-
nosigHicts DUT, wo possonse ckoporm-
TH YaC TECTYBAHHSI.

https://www.keysight.com
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Mon Apekcxenpx (Paul Drexhage), menepxep 3 TexHiuHoro mapketunry, Semikron Danfoss
ApanToBaHuM Nepexknag YKpaiHCbKOIO Ta TEXHIYHe peAaryBaHHS:
Bonopumup MNaBnoBcbKUMK, K.T.H, C.H.C., IHcTUTyT enektpoguHamikn HAH Ykpainu

KopucryBaui noty)xHux HaniBnpoBigHUKIB B OC-
TGHHI POKM NOYANM NOTepnaTu Big npo6nem ue-
pe3 HectabinbHe NOCTaYaHHSA KOMMOHEHTIB. Tomy
NoLwyK asnbTePHATUBHUX MOCTAYASIbHUKIB 3aBXAU
€ BADKJIMBUM MOMEHTOM MpU po3pobui cunoBux
neperesopioBayvie. Komnanis Semikron Danfoss,
K HOWGINbLUMIA HE3AJIE)XHUIT BUPOBHUK CUNOBUX
MopayniB, MA€E YHIiKasnbHi MOXJIMBOCTI Anga Bupi-
WeHHs uiei npo6nemu. Paszom 3i cBoim pgaBHIim
naptHepom komnaHieilo ROHM Semiconductor
BOHO AOACE A0 CBOEI NiHiiKM mopayniB manoi
MOTY)XHOCTI HOBUI MOBHICTIO CyMiCHMA mMopaynb
1200 B IGBT. Lle ponomoke 3meHwunTn gediyur
CUNOBUX MOAYNIB i 3pO6GUTU NAHLIOT NOCTAYCHHS
TAKUX MOAYJIB GiNbLu CTAGINbHUM TA HAAIAHUM,

H €BMWHHE 3POCTAHHS TEXHOJOTIN Y ranysi enekTpoeHepreTnku
cTBOpMNO 6e3npeueneHTHH NonNMT Ha cunosi moayni. Ane
4OCTO CaMe MPOLEAypPa MOCTAYAHHA MOAyns obMmexye Horo
LOCTYMHICTb. Hessaxawum HO MOTOYHI iHBECTULIT Bmpo6HMKiB
4KniB Y BUPOBHMUYI NOTYXHOCTI CUTYaLis 3 NOCTAYAHHAM MOIYIB
3anuwaeTbes HanpyxeHoto. Ha usomy tni komnania ROHM
npeacrasuna Hoewmit mogynb 1200-B RGA IGBT sk anstepHaTusy
moaynam IGBT octanHboro, 7-ro noKoniHHA, Ans 3aCTOCYBAHHSA B
npomucnosocTi. Bnpopoex 6aratbox pokis komnaris ROHM e
HOAIMHMM napTHepom komnanii Semikron Danfoss 3 noctayanHs
kapbigkpemniesmx npunagie. 3apas ROHM poswwmpioe ceoi
nponosuuii ans komnawii Semikron Danfoss wono kpemHiemx
KPUCTANIB, NO3ULIOHYIOUM cebe fK CyuacHy QnbTEPHATUBY TPO-
IULIMHUM NOCTAYONBHUKAM YMMIB.

RGA — ue HewonasHo pospobneri IGBT 3 kanaskosoto
cTpykTypoto 3ateopa (french gate structure) Ta makcumansHo
AonyctMmolo Temnepatypoto p-n-nepexomy — T, = 175 °C.
XapaKTEPUCTHKM MPOBIGHOCTI, KOMYTAUiMHI MOKA3HWKKM Ta Te-
NNOBi XAPAKTEPUCTUKM TPAH3UCTOPIB OMNTUMI3OBAHI Ang 3QCTO-
CYBAHHS MPOMMUCIIOBUX ENEKTPOMNPUBOLAIB Y AiANA30HI HWU3bKOT TA
cepenHboi notyxHocTi. Y Ton xe yac RGA mae 6ytu cymicHum
3 icHytoummu IGBT, 3a6e3nedyioum MOXNMBICTL NErkoi 3amiHm
TpaHsucTopis. JaHa craTrs imocTpye ue 3a LOMOMOrolo mno-
PIBHAHHA OCHOBHMX XOPOKTEPUCTMK, SKi OTPMMOHI B PE3yNbTaTi
TECTYBAHHSA ABOX MOAYMIB IAEHTUYHUX 30 PELUTOD NAPAMETPIB.
Mogyns IGBT 1200-B RGA 6ys npotectoBanuii B Kopnyci
MiniSKiiP 6es 6a3osoi nnactuHn. B akocti etanony ana no-

pieHsHHS BukopucToBysamnu moaynb SKiilP24ACT2T7V1 7-ro
nokoninHs (I, = 35 A). B 060x Mopynsix cxemu BUMIPIOBAHHS
napameTpis Bynu igeHTUYHI TQ BMKOPWMCTOBYBOMM 3BOPOTHMIA
pion Semikron Danfoss CAL4F.

CTATUYHUNA PEXKXUM

Cyuocwﬁ an3aitH RGA 3 kaHaBKOBOK CTPYKTYpPOIO 30TBOPA
TA TMN HOCITB BUOPAHi TaK, Wo6 306e3neunT mane nagiHHs
HAMPYIM HO TPAH3UCTOPI Y BIAKPUTOMY CTAHI. 9K y BCIX Cy4aCHMX
kpemHieanx IGBT, RGA mae noanTUBHMI TeMnepaTypHmit koedi-
uienT (PTC) ans npamoro nagiHHa HANPYrM HO BEPXHIN Mexi aia-
Na3oHy po60oYOro CTPyMy. Xo4a KPYTU3HA L€l XOPOKTEPUCTUKM
PTC y RGA 6inblia, Hix y IGBT 7-ro nokoniHHs, Tpoxu 36inbLie-
He NpsMe NafiHHA HaNPyru 3a BUCOKMX TEMNEPATYP YACTKOBO
KOMMEHCOBAHE MEHLUMM MNALIHHAM L€l HANPYrM 30 KIMHATHOI
Temnepatypu (puc. 1).

3 pucyHky 1 BMAHO, WO NpsMi NagiHHA Hanpyry ana obox
IGBT maitxe omHQKOBI MPM HOMIHQIBLHOMY CTPRYMi, MPUYOMY
moaynb RGA mae poskua uiei Hanpyrm £4 % BigHOCHO NpUcTpoio
7-ro NOKONiHHS B 304AHOMY AIONA30HI TeMNepaTyp. 3aranom, sk
i IGBT 7-ro nokoninxsa, moayns RGA pemoHcTpye Habarato Hux-
ye npame NaFiHHSA HaNPYyru, HixX NonepeaHi NOKONIHHA MOAYIB.
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Puc. 1. 3anexHocri npsmoro nagiHHg Hanpyru (chip level),
npuBeAeHi 10 HOMIHANBHOTO CTPYMY
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Puc. 2. 3anexHocti npsmoro nagiHHg Hanpyru (chip level)
AN BUCOKOTO CTPYMY, NPUBEAEHI 0 HOMIHANIbHOTO
cTpymy

Mosepinka mopyna RGA IGBT npu npotikanHi Benmkoro
cTpyMy BigpisHseTscs Big moaynst IGBT 7-ro nokoniHns. 9k noka-
3aHO Ha pucyHky 2, moaynb RGA IGBT euxoants 3 HaCUYeHHS
npu Ginbliomy cTpymi. Lle nossonse kpawe cnpasnatmcs si cnne-
CKOMM CTPYMIB, SIKi BUHMKQAIOTb B YMOBOX €KCMYATALT 3 HOCTUMM
NEePEBAHTAXEHHAMMU, HAMPUKNAL B €nekKTponpmuBonax. HOBin
npu Temnepatypi unna 150 °C moayns RGA moxe sutpumysa-
TW MIKOBI CTPYMM, LLO B TPU PA3K MEPEBMULLYIOTE HOMIHAMbHMINA.
Lle noTeHuiMHO BO3BONSE BUMKOPMCTOBYBATM MOLYNI 3 HOMI-
HOMbHWAM MIKOBMM MOBTOPIOBAHMM CTPYMOM |y = 3%l ., WO
NiAXoOANTb AN1F YMOB €KCMAYyaTalii 3 OYiKYBAHUMKU NEPIOANYHUMM
MEePEBAHTAXEHHAMM.

[MigeMLeHa 3AATHICTL 0O MEPEBAHTAXEHHS CUMIOBKMX BY3NiB
3 moaynamm RGA IGBT possonsie excnnyarauilo npu Takux xe
BMCOKMX Temnepatypax, sk i 3 mogynamu IGBT 7-ro nokoniHHs:
LOMYCKAETLCA NepiogMyHa pobOTa NPM MAKCUMAIbHIR Temne-
patypi una po 175 °C. binbw aetansHO [O3BONEHMI Temne-
pPaTypHuit npodins HasepeHwit B posaini 2.3 [1]. Ona pexumy
BesnepepBHOi POBOTH CUMNOBUX BY3MiB, OCHALLEHUX MOOYNAMM
RGA IGBT, cnig 8OTPUMYBATUCH TUX COMUX PEKOMEHAALLM, LLO H
NS icHyloumx Moaynis: 3anac 25 K Big MakcMManbHO A03BONEHOT
Temnepartypu p-n-nepexody (ro6to T, =150 °C).

XAPAKTEPUCTUKU 3ATBOPA

YMO,IJ,yJ'IﬂX IGBT 7-ro nokosiHHA 3QCTOCOBYIOTb KOAHABKOBY
CTPYKTYPYy 30TBOPQ 3 METOIO OTPUMATM MIHIMOIBHO MOX-
nmeuit kpok komipku IGBT i Bucoky enexktponposigHicts (To6To
Hu3bke nagiHHa Hanpyrk). OaHaK HEeRONiKOM TAKOi CTPYKTYpH
€ Te, WO BOHA MAE 3HAYHO BULLLY EMHICTb 3ATBOPA MOPIBHAHO,
Hanpuknag, 3 mogynsmu IGBT 4-ro nokoniHns. Bucoka emnicts
30TBOPA CMPUYMHAE Mif, BULLEHI BUMOTU JO BUXIAHOT NOTYXXHOCTI
CXeMU [PAMBEPA NPM NEPEMMKAHHI. 3QranbHOMPUIHATA Ka-
HOBKOBA CTPYKTYPO 3ATBOPQ, KA BUKOPUCTOBYETLCH B MOLYISIX
RGA IGBT, ycniwHo npoiwna Tpueany nepesipky i AO3BONAE
Ha 18 % 3meHWwHTU 3apaa 3aTBOPA NOPIBHAHO 3 EKBIBANEHTHUM
moaynem |IGBT 7-ro nokoniHHs. Y To# xe 4ac Noporosa Hanpyra
3aT80PA, Vg, 30MMWaETCA nogibHolo (Hanpuknaa, 6.0 B) no
iHwmx cyuyachux IGBT, sabesneyyioun onTMManbHMi 6anaHc Mix
CTIMKICTIO O HECAHKLiOHOBOHOIO Nepexofy MOoLyns y BioKpUTUM
CTGH TQ MPOCTOTOK KEepyBAHHs. PekomeHposaHa Hanpyra ke-
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PYBQHHAM 30TBOPOM Taka X, sk i ang 6inswocti IGBT moaynis, a
BMNPOBYBAHHA MOAyNiB NpoBoAMMCA 3 Hanpyramu Vg = 15 B
i Vo = —8 B.

MOBEAIHKA MOAYIB NPU NEPEMUKAHHAX

I_losimi nokoninHa IGBT, ak npasmno, AEMOHCTPYIOTb BMLL
pisHi dv/df (nanpuknaa, noHan 7 kB/mkc) yepes smeHweni
KOMYTQLiMHI BTPATH 30 PAXYHOK 30iNbLUEHHS LUBUAKOCTI MPOUECB
BIIKDMBOHHS | 30KPUBAHHS. T€ X MOXHQ CKA3ATH i MPO MOAyi
RGA, ane sk i ana IGBT 7-ro nokoniHHs, WBMAKOCTI HOPOCTAH-
Ha dv/dt Ta di/df Ha eTtani BIAKPMBAHHA TPAH3UCTOPA MOXHA
3MIHIOBATM LUASXOM 3MiHM OMOPY PEe3MCTOpa Yy KOoni 3aTBOPA.
Tak MoxHa pocsrtv pisHis dv/df, npuitHaTHUX Ans poboTH enek-
Tponpusoay (Hanpuknag, <5 kB/mkc), ocobnmeo Ha 3HAYHMX
CTpyMax. 3aranom noTpibHo 36inbLyBATM 3HAYEHHS Ry, wob
moayns RGA signosinas Takmum 3HadenHam dv/df ta di/dt, sxi €
TUMNOBMMM ANt MOAYAIB 7-ro nokoniHHs (puc. 3).

36inbWeHH WBMAKOCTI NEPEMUKAHHS TA POSib PEe3UCTOPa
y KOni 30TBOPA BMOHO MNPM AOCIAXEHHI MPOLECYy BiAKPUBAHHS
moayna RGA i moayna IGBT 7-ro nokoniHHs 30 TMx Xe yMOB i
3 OAHAKOBWMM peanctopamu y koni satsopa (Rs,, = 8.2 Om,
puc. 4). Y Takii cutyauii nikosuit ctpym y mogyni RGA npubnmsHo
Ha 22 % Buwmit, Hix y Moayni 7-ro nokoniHHs. OpHak senuka
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Puc. 4. Hanpyra Ha TpaH3UCTOPI Ta CTPYM Yepes TPAH3UCTOP
B npoueci BiakpuBaHHs; R, , = const, ocuunorpama
CTPYMY BifjLleHTPOBAHA BigHOCHO |
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Puc. 5. Ocumnorpamm HaNpyru Ta cTpymy Ha etani
BiAKPMBAHHS ANg pisHUX 3HaveHb R, .,
OoCLMOrpamu CTpyMy BifiLleHTpoBaHi BigHocHO I,

WBMAKICTb di/df y NOENHAHHI 3i WBMAKMM MNOG4IHHAM HANPyrm
KONEKTOP-EMITEP O3HAYAIOTH, WO [OBYTOK CTPYMY i HaNpyru Ta
NiACYMKOBI BTPATM NPU NEPEMUKAHHI € MEHLLMMU.

fkwo Bucoka wewmakicts dv/df € npuiHaTHOK (Hanpuknag,
Y BMCOKOLUBMAKICHUX CEPBOMPMBOAAX), TO MPWU BUKOPUCTAHHI
moaynis RGA IGBT moxHa gocartn 25 % sHuxeHHs BTpaT eHeprii
HQO eTani BiAKPUBAHHS TPAH3UCTOPA.

| HaBnaku, akwo NoTpibHO, WOH WBMAKICTL NEPEMUKAHHS
TpaHsucTopie 6yna nogibHoo go IGBT 7-ro nokoniHHa, To no-
ABOEHHSI OMOPY PE3UCTOPA Yy KOS 3aTBOPA [O3BONSE OAEPXKATHU
ueit pesynbtaT. PucyHok 5 pemoHcTpye, wo nnasHi, maixe 3
noBHUM 36iroM, OCUMIIOTPAMM HAMPYrM Ta CTPyMy AOCSra-
IOTbCS Y PA3i NIABMLLEHOrO OMOPY PE3MCTOpPa Yy KOMi 3aTBOPA
(Rgon = 16 OmM). Huxua wemakicts nepemukarHs 36inbluye BTpa-
™, ane ang po3rmaHyToro suule Npuknagy 3HA4eHHa eHeprin Ha
eTani BigkpueaHHs y moayni RGA ta y etanoHHomy moayni 7-ro
NOKOMIHHSA MAMXe OJHOKOBI.

IGBT 7-ro nokoniHHs, sik i GinbLUiCTb CY4ACHUX KOHCTPYKLM
IGBT 3 KOHQBKOBOK CTPYKTYPOIO 30TBOPA, MEHLUE PearyioThb
HO BMJIMB HEBEJIMKMX 3MiH OMOPY 3ATBOPA HA €TAMi 30KPUBAHHS
TpanaucTopa. Lle Takox sipHo ana moaynie RGA IGBT, y akux
enbip onopy pesucrtopa 8 gianasoHi euwe ~20 Om possonse
OTPUMATH HE3HAYHI 3MiHM sK y weuakocTi di/df, dv/dt, Tax i
y 3HQuYEeHHi eHeprii Ha eTani 3akpueaHHs. [lopisHanHsa 3 IGBT
7-r0 MOKOMIHHS HA €TANi BUMKHEHHSI TPAH3UCTOPA 3 BUKOPUC-
TAHHAM TOro camoro onopy 3ateopa 8.2 OM nokasye maixe
IIEHTMYHE 3HAYEHHA NepeHanpyru, He3BaxXaloyM Ha Binblly
WBMAKICTL HapOCTaHHA Hanpyrk (puc. 6). Moayns RGA IGBT
AEMOHCTPYE MOHOTOHHO CMAAHWIA, ane JOBMUM «XBICT» CTPYMY,
wo 36inbwye pobytok Hanpyra-ctpym. OgHak uei edekT uya-
CTKOBO KOMMeHcyeTbea Binbwoto weuakictio dv/df. Kinueswni
pesynbLTaT nonarae 8 Tomy, wo 8 moayni RGA enepris Ha eTani
30KPMBAHHS nvwe Ha 5% BULLQ, HIX Y €TANOHHOMY NPMCTPOT
7-ro MOKOMiHHS.

MOPIBHAJIbHUIA AHAJI3 MOAYJIB
3A OOQHAKOBUX YMOBAX EKCITYATALLIT

CyMopHMﬁ edekT Big BTPAT HA MPOBIAHICTL | HO KOMYTALIIO,
Q TAKOX TEMnOBMI PEXMM MOAYNS HAMKPALLE BUABMSAETLCS
LLUASIXOM PO3PAXYHKY MiACYMKOBOI TEMNEPATYPU pP-N-Nepexony
ANS 3000HUX YMOB eKCryaTauii Mogyns. 4k npuknag posriaHyTo
TPUAsHMIt 2-piBHEBMI iHBEPTOP HAMPyrM 3 mogynem MiniSKiiP
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Puc. 6. Ocuunorpamu HANpPyr1 Ta CTPyMmy Ha eTani 3aKPUBAHHS
ansa R;_, = const, ocumnorpamm cTpymy BifLLeHTPOBAHi
BigHOCHO |
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B sixpack Tononorii; NApaMeTpu 3aCTOCYBAHHA HOBEAEH! B
Tabnmui 1. Ina nopisHaHHa 06paHO oBa MOayni 3 HOMIHQMb-
HUM ctpymom 35 A. Llei tun mogyns nigiige ana opradisauii
€NEeKTPOXMBIIEHHS ENeKTPOABUIYHA 3 MOTYXHICTIO B AIGNA30HI
5.5—11 «Br, sanexHo Big 30aQHOTO pPiBHSA NEPEBAHTAXEHHS.

MapameTpu 3actocyBaHHS ANs NPUKAAAY TENNOBOrO

PO3PAXYHKY
Napametpu 3HaueHHs

Hanpyra noct. crpymy, Vpc 650 B

JlininHa Hanpyra, V 400B

Koed. notyxHocri, cos(0) 0.85

Yacrora ocHosHOI rapmoniky, f, 50Ty

BuxigHmi crpym, |, 25.9 A (Bux. notyxnicts 15.3 kBr)
Yacrora WIM, f,, 3MiHHa
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Puc. 7. Po3paxoBaHa Temneparypa nepexopy Ta koedilieHT
NOTYXHOCTi ANS GiKCOBAHOro BUXiAHOro cTpymy
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[ns nposeneHHs NOPIBHANBHUX PO3-
POXYHKIB  BMKOPUCTOHO n'aTy Bepciio
CTOHOOPTHOT  MPOrpaMuM  PO3PAXYHKY
SemiSel sig Semikron Danfoss. Oaun
moaynb MiniSKiiP smoHTOoBGHO Ha rino-
TETUYHOMY POAIATOPI 3 BMKOPMUCTAHHAM
BucokoedekTnsHoi Tepmonactu (HPTP)
TA NPUMYCOBUM OXOTMOIXEHHAM MOBITPSIM
3 Temnepatypoio 45 °C. Temnepatypy
p-N-nepexomy PO3PAXOBYIOTh Ifs CUTya-
Lii, KOIM CXema iHBEPTOPA MA€E napame-
TPM TQ NPALIOE B PEXMMOX, fKi HOBELEHI
y Tabmmui 1. Y signosigHocTi no npuse-
LEeHOro paHiwe, ans kona sarsopa RGA
IGBT BubpaHo pesnctop 3 NigBMLLEHWM
OnopoMm, Wob 3a6e3neynTr TaKy X WBMA-
Kictb dv/dt Ha eTani BIOKPUBAHHSA, AK Y
IGBT 7-ro nokoninns. Hani subupaiots
CTPYM, kUit 3abesnedye Temnepatypy p-n
nepexopy 125 °C ansa Haieuwoi o6paHoi
yactotn nepemukaHHs. Lis temnepartypa
BM3HAYAE OBMEXEHHS TUMOBOT TPMBANOCTI
BesnepepsHoi poboTn ans knacudikauii
MOZYNIiB Y CUCTEMOX ENEeKTPONPUBOAIB ye-
pe3 HEraTUBHMMI BMAMB LMKIIYHUX PEXMMIB
poboTn Ha cTpok cnyxbu momynis. [lig-
CYMKOBO TEMMEPATYpa p-n-nepexomy Ta
KOEILIEHT MOTYXXHOCTI B 3QNEXHOCTI Bif,
4aCTOTH 306PAXEHI HO PUCYHKY 7.

30 TMX COMMX YMOB ekcrnyaTauii pos-
POXOBOHA TEMMepaTypa p-n-nepexopy
IGBT RGA & cepenHbomy Ha 6 K Huxua,
Hix y IGBT 7-ro nokoniHHa (CyuinbHi ninii
Ha pucyrky 7). Lle € pesynbtatom ontumi-
3auji posmipy uvna y momyni RGA IGBT,
WO NPU3BOAMTE 4O 3HUXKEHHS TEMIOBOrO
Onopy BiA P-n Nepexofy A0 PALiaTOpa HA
14 %. Huxua temnepatypa p-n-nepexony
LOE MEHLLY TEPMOMEXAHIYHY HOMpyry B
CMIIOBOMY MOZLYNi | 3MEHLUYE HEraTUBHMMI
BMNMB TEPMOLMKIIYHUX PEXMMIB pobOoTH
HQ CTPOK CITy>6K MoaysiB. 9KUIO TaKa TeM-
nepaTypa p-n-nepexopy € MPURHATHOIO
ana RGA IGBT, MOXHO 3MEHLUTH BUMOTH
0O oxonomxeHHs mogyns. Lle moxe 6yTtu
y GOpMi 3MEHLLEHHS BAPTOCTI pagiaTopa
abO 3HUKEHHS WBUAKOCTI BEHTUNATOPA.

36inblwerHe NagiHHg NPAMOI HANPYTU
y RGA npu Bucokux Temnepatypax Bnmu-
BAE HA Koed>iu.ieHT NOTY>XHOCTI HO HU3bKMX
4aCTOTAX KOMYTALi, A€ AOMIHYIOTb BTPOTH
MPOBIAHOCTI. | HOBMAKK, 3MEHLLEHA eHeprist
HO yBiMKHEHHs moayns RGA nae iomy ne-
peBary B KOEILEHTI MOTY>XHOCTi HO BULLMX
yacrotax nepemukanHs. OpHak y Hasepe-
HOMY MPWKIAAI 30CTOCYBAHHS KOEDiLEHTH
MOTY>XXHOCTI HOMIBNPOBIAHMKIB B AiANA3OHI
1...10 klu ans ABOX 4mMnMiB NO CyTi OAHAKOBI
(mvB. NyHKTVMPHI NiHiT Ha pUcyHKy 7).

Kpim Toro, MoXHa CkopucTaT1cs gyxe
XOPOLUMMK TEMIOBUMK XAPAKTEPUCTHKA-
mu RGA ans toro, wob otpumath BinbLumi
BMXiLHUIM CTPYM 6e3 nepexoay L0 Moayns 3
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Binbwoto noTyxHicTio. PospaxyHok Tenno-
BOrO pPexumy mMoayns nokasas, wo RGA
IGBT 3paTHWiA BiBAABATM BUXiAHMI CTPYM
Ha 2..9% suwmit y pianasoni 1...10 k[,
Hix |GBT 7-ro nokoniHHg, LiHOW AesKoro
SHMKEHHS KOEDILIEHTY NOTYXHOCTI.

CTIAKICTb MOAYNIB
[0 KOPOTKOIro 3SAMUKAHHSA

Boroano TEHAEHLIS O 3MEHLLEHHS PO3-
MIpPIB YMMiB 3MEHLUMAA TEMNOBY MOTYX-
HicTb cydacHmx IGBT matpuup i, oTxe, cTin-
KiCTb BO KOPOTKOTO 3AMMKOHHS MOPIBHAHO
3i crapumm nokoninHamu IGBT uumnis. Mo-
oyns 1200-B RGA IGBT signosinae sumo-
raM Cy4OCHOTO CTAHAAPTY MO HYACY CTIMKO-
CTi A0 IMAYNBCHOTO KOPOTKOTO 3AMMKAHHS
t..., Wo nopisHioe 8 mxc npu 800 B nocriit-
Horo ctpymy Ta Temnepatypi 150 °C, akuit
Takox € YuHHum ans IGBT 7-ro nokoniHHs.
Bucoka wewuakicts di/dt y moayni IGBT
RGA o3Hauae€, Wo nig 4oC KOPOTKMX 3AMM-
KOHb BMHMKQIOTb 3HQYHI CMIECKM CTPYMY,
AMMAITYAA fKMX Y N'STb PA3iB NepeBuLLyE
HOMIHAMbHWI CTPYM ... Hessaxatoun
HO Ue, NPOLEC BUMKHEHHS MOZYNs 3Q5u-
LIQETLCS KOHTPONbOBAHUM, 6e3 Byap-sKmx
BMCOKOYACTOTHUX KONMBAHb.

BOJIOTrOCTINKICTb

ywpy TOrO, K BUKOPUCTAHHS NEPETBO-
PIOBAYIB €HEPrii MOLMPIOETLCS HA HOBI
30CTOCYBAHHSI MO BCbOMY CBITY, BCe BinbLue
CMIIOBMX HOMNIBNPOBIAHUKOBMX MPUCTPOIB,
iMOBIpHO, ByayTb MIAAGBATMCS BMAMBY HQ-
BKOJIMLLHBbOTO CEPEROBMLLA 3 BUCOKOIO BO-
norictio. Lle# dakT, B noeaHaHHi 3 kpawmm
PO3yMiHHSM npouecis 360i8 y Momynsx,
NiAWTOBXHYB ray3b A0 NPOBEAEHHS BirbLL
CyBOPMX KBAMIPIKALIMHUX BUNPOBYBAHB.
30KpemMa BMCOKOBOMbTHWIA, 3 BMCOKOIO
BOMOFICTIO TO BMCOKOIO TEMMEPATYPOIO
(HV-HSTRB) tect Ha 3BOpOTHE 3MilLeHHS

X3 K3 K3

K3 K3 K3

— i

1I0 1I5
Puc. 8. MiniSKiiP 1/2/3, ocnawenuit RGA

CTOB CTOHAAPTOM AJ1% BUMIPDIOBOHHS AOBrO-
TPUBANOI CTIMKOCTI MOAyniB 4O BOMOrOCTI.
Y uboMy TecTi nigaatoTb XXOPCTKIM Nepesip-
ui kinuesy crpyktypy IGBT uuna wnsxom
nogadi Ha mopyns 80% sin nacnoptHoi
Hanpyr 6nokysanHs (Hanpwknag, 960 B
NOCTIMHOTrO CTpyMmy) y BUMNPOBYBAMbHIV
Kamepi npu Temnepatypi nositps 85 °C
i BigHOCHIM Bonorocti 85%. Moayni oui-
HIOIOTbCS HO OCHOBI TOTO, CKiNbKW FOAMH
(Hanpwuknaa, 168/504/1000 roa.) BoHK
MOXYTb BUTPUMYBOTH TOKI YMOBM EKCMya-
Tauii 6e3 nepesBuLeHHs 3QAAHOMO CTAH-
LAPTOM CTPYMY BUTOKY A1 AAHOI HAMPYrK
BNoKyBAHHS. TecTyBOHHS, npoBeaeHe y
dipmi Semikron Danfoss, nokasano, wo
moayni RGA IGBT sutpumytots 1000 ro-
OVH i Binblue, WO CTABMTL iX B TOW COMMII
knac, wo 1 IGBT 7-ro nokoniHHs.

PEAJIIBALIA MOAYIB

Cl)ipMo Semikron Danfoss moxe 3a-
npononyeat mogyni 1200-B RGA
IGBT y BCbOMY AiQNQA30HI HOMIHAMLHOTO
crpymy Big 10 no 150 A. Takuit gianasoH
CTPYMIB Yy NOEAHAHHI 3i 3PYYHICTIO 30CTOCY-
BaHHs ynnie RGA o3Hayae, Wo cimencTso
MiniSKiiP € ineansHum Bubopom moaynst
ans enektponpusogis. Moayni MiniSKiiP
3 MPYXWMHHUM KOHTOKTOM | 6e3 6a30801
NNACTMHU LUMPOKO MPEACTOBMEHI HA CBi-
TOBOMY PMHKY €NeKTPONPUBOAIB i MICTATb
IGBT ocrtanHboro nokoninHa. Tomy ans
UbOTO MPOAYKTY BAXIMBO MATW anbTep-
HaTuBHe pxepeno noctayarHs IGBT ans
amBepcndikauii naHuoxka nocrasok. Ci-
mencteo kopnycie MiniSKiiP  oagHakosoi
BUCOTH (puC. 8) TaKOX MPOMOHYETLCA HA
PUHKY; Le pPOobuTb Oyab-sKWi anbTepHa-
TmeHmi Tmn IGBT BurigHuM BapiaHTOM ans
supobHukis. MNepwi moayni MiniSKiiP, o6-
nagrani RGA, 6ynyts goctynHi B sixpack
Tononorisx («AC») i Tononoriax converter-
inverter-brake («NAB»), wob 3abesnedntm
MOXIIMBICTb NErkoi 3amiHu Moayris, 06-
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nogHanmnx IGBT 7-ro nokoninna. [na mo-
ayna MiniSKiiP nigxoauts Takuit camuit Tmn
BMCOKOEhEKTUBHOI TEMIOMNPOBIAHOT NACTH
(HPTP), sxui BukopmcTOBYBGBCA Y BMLLE-
PO3MIAHYTUX MOPIBHANIBHUX PO3PAXYHKAX
YMOB 30CTOCYBAHHS.

[ns 3acTtocyBaHb 3 KpiNneHHIM MOZYSs!
NPUTUCKAHHSM aBO NARKOIO MPU3HAYEHMI
mogynb SEMITOP E y kondirypauisix, cy-
MICHUX 3 HYMEPAOLIEO KOHTAKTIB Ans iCHY-
tounx moaynis IGBT 7-ro nokoninHs. Y 8u-
We3raaaHOMy CiMelicTBi kopnycie (puc. 9)
Takox ByayTs nepenbaudeni sixpack («GD»)
cxeMHi  KoHdirypauii Ta  koHeirypauii
«converter-inverter-brake» («DGDLy).

Koncrpykuis moayns SEMITOP E nos-
HICTIO CYMICHO 3 MOLYNAMM iHLLIMX KOHCTPYK-
TMBIB, | MAE YAOCKOHQNEHHS Y BUIMAL iH-
TErPOBAHUX MOHTQXHMX BKIOAOK 3AMICTb
MeTtanesux 3atmckadis. Bonu crBopiotoTb
MIABULLEHUIA MOHTOXKHUIM TUCK y Micui 3'en-
HOHHSI, O MPU3BOAMTb OO 3HWXKEHHS Te-
nnosoro onopy. [loninwennit wtudt 3
NPECoBOIO MOCAAKOI 306e3nedye 3HATTA
MEXQHIYHOT HanpyrM ana Binbluioi Hagik-
HOCTI MEXAHIYHOro kpinnexHs. Mogyns
SEMITOP E nocraensioTs i3 nonepeaHso
HOHECEHOIO  TEMONPOBIAHOK  MACTOO
HPTP 060 HOBMM eKCKIO3UBHKMM BUCOKOE-
EKTUBHIMM PA303MIHHMM MATEPIANOM dip-
mu Semikron Danfoss (HP-PCM), wo no-
nerwye MoHTax moayns. Moayns 1200-B
RGA IGBT 6yne mati nosHaueHHs « 12RA»
B OMWCI LbOrO MOAYMS: HAMPWKIAL MOAYIb
Mini-SKiiP CIB 3 HomiHanbHum cTpymom 35
A 6yae HasusaTtucs SKiiP 24NAB12RAVT.

anysb CMNOBOI E€NEeKTPOHIKM NPOAOBXKYE

BiHOBMIIOBATUCA TA 3ACBOIOBATM YPOKM
3 npobrem MOCTAYaHHS, Lo Manu Micue
B OCTAHHI POKM. 3PO3YMINo, WO AMBEPCH-
obikauis K y BUPOOHMUTBI HOMIBNPOBIAHU-
KOBMX 4MMiB, TAK i Y BUPOBHMUTBI MOayNiB
noTpibHa ans Toro, Wwob 3a6e3neunTH Binb-

t t t
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Puc. 9. Moayns SEMITOP E1/E2, ocHaweHuit RGA

HUI BOCTYN JO CUNOBMX MOAYMIB 3Q MPWH-
LMNOM «3 Kinbkox axepen». [na moaynis
IGBT 1200-B 7-ro nokoniHHs Tenep fAo-
CTYMHWIA HOLIMHWI eKBIBANEHT Bif, OBTOPU-
TETHOrO BMPOBHMKA Y AIANA30HI HU3bKUX
notyxHocren. Mogyns 1200-B RGA IGBT
gin Komnanii ROHM € ineansHoto anbtep-
Hatusoto moaynam IGBT 7-ro nokoninng, i
LUNAXOM HEBENMKOTO PErynioBAHHS OMopy
pPEe3UCTOPA Y KOS 3aTBOPA LbOMY MOLYIIO
MOXHQ BCTAHOBUTU PEXUM POBOTH, B AKO-
My 3a38m4ai npauoiote moayni IGBT 7-ro
nokoniHHs. Hesenuki BigMiHHOCTI y BTpaTOX
NPOBIAHOCTI MOAYNS MNOBHICTIO KOMMEH-
CylOTbCA MOTO MOKPALLEHUMMU TEMNNOBUMM
xapaktepuctukamun. Lle pobute Moaynb
1200-B RGA IGBT nosHicTio cymicHum 3
mogynamu IGBT 7-ro HaiHoBiworo noko-
RiHHA. 30BAAKM CTIMKOCTI [O BOMOMM, KO-
POTKOrO 3AMMKAHHS TA NiABULLEHOT Temne-
patypu mogynb 1200-B ROHM RGA IGBT
NO3ULIOHYETLCA AK AyXe HamiitHWiA BubIp,
AKLO MOro BMKOPMCTOBYIOTb B KOMMMEKTI
3 cunosumu moaynamu Semikron Danfoss.

Binbw peranbHy iHdpopmauiio
wopao npoaykuii Semikron Danfoss
MOXHO OTPUMATHU, 3BEPHYBLUUCH
Ao odiuinHoro aucTtpub’iotopa B
Ykpaivi — TOB HBIN «TexHocepBic-
npueig»:

03057, m. Kuis,

np-1 Bepecreiicbkui, 56,

odic 335,

Ten. +38 (044) 458-47-66,

e-mail: sp.tsdrive@gmail.com,

www.tsdrive.com.uaq,
https://semismart.com.ua

Jlirteparypa:

1. lpeacrasnenns Hosoro IGBT 7-ro
nokoninng (AN 19-002).  httos://www.
semikron-danfoss.com/dl/service-
support/downloads/download/semikron-
application-note-introduction-of-new-igbt-
generation-7-en-2019-10-10-rev-01.pdf
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HOBEJIBCbKY MPEMIIO

3 OI3UKU NPUCYAUTU

3A MPOPUB Y AOCHNIAKEHHI
ENIEKTPOHIB

LocninxenHs [M'epa Aroctini, Pe-
perua Kpaywa v Anr JT'IOnke gosso-
JINTb BUBYATH HACTINIbKM LLIBUAKI [TPOLIECH,
30 SKMMM CIIOCTEPIraTH PAHILLE BYEH HE
6y B 3MO3i. 3MiHKM y CBITI €neKTPOHis
BinOyBAIOTHCA 30 KifIbKA AECATHX QTTOCE-
KYHAM — OBHIEI KBIHTMIIbIOHHOI 4aCTKM
CeKyHa (ysBiTb, TOKMX BIGPI3KIB y CeKyHai
MPHOIINIHO CTINbKM X, CKITTbKM MPOMLLITO
3aranom CekyHa 3 MOMEHTY HAPOLXEH-
Hs Bececsity) — i parile He 6yno mMoxim-
BOCTI IX MPOCTEXMTH.

J'fOnve, npopecopka JlyHacbkoro
yHisepcutety y LLsewii (aka crana mawe
5-10 xiHKoto, Ky BinaHawmm Hobenis-
CbKOKO MPEMIEIO 3 Pi3nKu) BUSBMIA HOBMK
edekT Big B3AEMOZII IA3€PHOro CBITIA 3
aromamu B rasi. A AroctiHi, npogecop
Yrisepcutery wrary Oravio, i Kpayu,
npogecop IHCTUTYTy KBAHTOBOI OmTvkm
Makca [Nnarka 8 HimewunHi, nposemoH-
CTPYBQUIH, LLO HOTO MOXHQ BUKOPHCTOBY-
BATH A/151 CTBOPEHHS KOPOTLLIMX iMITyIIbCiB
CBITQ, 5K BUMIDAIOTLCS B QTTOCEKYHAAX.

«lenep mu Moxemo BigKpUTM IBEPI
Y CBIT eneKTpOHIB. ATTOCeKyHAHA @i3n-
KQ [QE HOM MOXIMBICTb 3PO3YMITH Me-
XQHI3MM, SKUMU  KEPYIOTb  EIIEKTPOHM.
Hacrynrmm kpokom 6Gyze ix sukopu-
craHHs», — kaxe €sa OrnccoH, ronosa
Hob6eniscokoro komitety 3 iz,

[NoTeHuian ans 3acTocyBaHHs Takux
KOPOTKMX iMMynbCiB CBITIIQ 3Qrasiom €
y 6aratbox 0bracTax, ane y nepLuy 4epry
6yae KOPUCHMM B ENIEKTPOHILI Ta [AeH-
THIKQUIT PIBHUX MOEKYS, HAMPMKIAZ,
Y MEAMYHIV BIarHOCTMLI.

[pemis y posmipi 11 minsiioHis Lwseg-
CbkMX KPOH Oyne po3nogineHa nopisHy
MIX 1QypeaTamm.

Topik Hobeniscsky rnpemito 3 Gizmkm
npucyannn Anery Acnexty, [xorny Kna-
yaepy ¥ AHToHy Llavininrepy 3a excriepu-
MEHTH i3 3QnTyTaHUMM KBAHTOBMMM CTQ-
Hamu, y 2021 poui — [xopaxo Napisi,
Ciokypo Marabe ta Knaycy Xaccensma-
Hy 30 MOZAEIOBAHHS CKITOBHMX CHCTEM,
a y 2020-my sinsHaumwmm Poaxepa [er-
poyza, Pasixapaa leHuens ta Axgpea
[e3 — 30 BOCHIAXEHHS YOPHUX Jip.

Sk tano sinomo, Pepery Kpayuu
TIQHYE BUTPATHTH CBOIO MPEMito Ha 6ria-
FOBIAHICTL TA JOMOMOTY YKPQIHUSM. 30-
Kpema, BiH nepenacts KOLTH IHILiaTUBI
Science4People, ska ponomarae sigby-
B[OBYBATHU yKpPAIHCbKI Likonu. Levi ¢poHg
y 2022 pouji 3acHysas cam Kpayuu.

www.nobelprize.org

www.chiphews.com.uad
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Mon Wumensb (Paul L. Schimel), ronoexuii iHxeHep i3 cunoBoi enekTpoHiky,

Microchip Technology

fiki yHKuLUii BUKOHYIOTb papiauiiiHo-cTilki npucrpoi? Wo BusHa-
yae ixHIO cTilKicTb A0 paagiauii? Sk BpaxoByBaTtw ii nig Yac npoek-
TyBaHHA? Sk npauioloTsb Wi komnoHeHTU? fK ix TecTyBaTu Ta nepe-
BipsaTK Ha BignoBigHicTb? Yci Wi Ta iHWI NUTAHHS po3rnaaaoTbca B

Lili ny6nikawii.

QLA eNeKTPOHIKA, LLO eKCNAYaTyETbCS
HO MOBEPXHI 3eMni, BENMKOIO MIpOIo
30XMWEHA ATMOCHEPHUM  «EKPAHOMY,
abo «wmtom». OAHAK CNOBO «EKPAH» He
30BCIM TOYHO BIBOOPOXAE CyTb CNPABM.
Hanpwknag, y kamepi ans sunpobysaHs
HO eNeKTPOMArHITHY CYMICHICTb 3QCTOCO-
BYIOTbCS CYLiIbHi €KPAHM, 9K NPABMIIO,
3 Ay>Xe MAnuMm MUTOMUM OMOPOM.
ATMOChEPHUI «EKPAH» NPALIE 30
HWMM NPUHUMNOM. 3aPSIKEHT HQCTUHKM,
Wo 3'IBUIMCS B PE3yNbTaTi AREePHOT peak-
uii Ha CoHui abo B rmMMBOKOMY KOCMOCI,
B3QEMOAIIOTb 3 MONEKYNaMM rasis, npo-
XOmsuM vepes wap atmocdepun. Y Mipy
3POCTAHHS KiNbKOCTi 3ITKHEHb Ll YACTUHKM
BTpPaYaioTs BCe Binblwe eneprii. Ha mo-
MEHT, KOMIM YACTUHKM BOCAral0Tb 3EMHOI
NOBEPXHi, BOHM BTPAYQAIOTH HAMBINbLLY Ya-
CTUHY CBOET eHeprii abo X IxHIA pyx npunu-
HAETBCA B HUXHIX Wapax atmocdepu. [ig
4ac ekCcnnyaTauii enekTPOHHMX NPUCTPOIB
HO [JOCMUTb BEMMKIM BMCOTI BOHM 4YOCTilWE
NigaATECA BNAMBY 30PAAXKEHMX YOCTUHOK
NPOTArOM YCbOrO TEPMIHY CITy6MU.
Bigomo, wo ninoTu nitakis HagaraoTb
COHLE30XUCHI KO3UPKM | BXMBAIOTL IHLLMX
3anoBiIKHUX 30X0fiB, AKi 303BMYAN HE BU-
KOPUCTOBYIOTBCA, HONPWKNAA, Nif YOC Big-
nounHky Ha mopi. Lli 3axoan 3ymosnei
THUM, LLO HQ BENMKMX BMCOTOX ATMOChEp-
HWMA LWIAP CTAE TOHLUMM, i MOrO 30XWCHI
BNACTMBOCTI noripwytoTbcs. Ha uux Bu-
COTOX MOMITHMI BIJIMB TAKOX ynbTpadio-
NEeTOBOTO  BMMPOMIHIOBAHHS  Binblumx
eHeprii, HiX BeTa-NPOMEHI 3 LOBXMHOK

xeuni 315-280 Hm 060 KOPOTKOXBUNLOBI
npometi (280—100 Hm).

3a Mexamu 3emHoi atmMocdhepH, ae no-
UMHOETLCS OBNACTL HU3LKOT HABKOMO3EM-
HOT OPBITH, LLLO MAE BUCOTY HOf, MOBEPXHEIO
nnaHeTu B gianasoHi 160—2000 km, saxmc-
Hi BNIACTMBOCTI ATMOCHEPH MPAKTUYHO Bif-
CYTHi, ane ponb eKPAHA BUKOHYE MATHITHE
none 3emni. BoHo yTBOpIOE MarHitocdepy,
wo npocraraetees Ha 70—80 Tuc. km y
nanpamky CoHus. Marxitocdepa ekpa-
HYE MOBEPXHIO 3emni, 3axuaoum ii Big
LLIKiJ:I,J'IMBOI'O BMIIMBY 3APAOXKEHNX HACTUHOK
BEJIUKMX EHEPTiM | KOCMIYHMX MPOMEHIB.

Y marHitochepi 3emni € aBa pagiauinHi
NOSICH i3 3APSAAKEHUMU YOCTUHKAMM COHSIY-
HOTO BITPY, 30XOMIEHUMM MATHITHMM MOMEM
HOLWOT NAAHETU. AMEPUKAHCHKMIA YUEHMM
BaH-AnneH Biokpve BHYTPILWHIM pagiauin-
HWI NOSC, KM PO3TALLOBAHMMI HA BMCOTI
3-12 tnc. km Hap nosepxHeto 3emni i ckna-
LOETBCA MEPEBAXHO 3 ENEKTPOHIB | MPOTO-
HiB Benukmx eHeprii. Bueni C. H. BepHos i
A. €. Hynakos eigkpunu 30BHiWHIA pagio-
LiMHMIA nosic Ha BucoTi 18—57 Tuc. km, akui
30eBiNblLIOro  CKNOACETLCA 3 ENEeKTPOHIB,
LLLO MQIOTb MANY EHEPTIIO.

pusa bperra onucye 3anexHicts BTpa-

TM eHeprii 3apagXeHOi YaCTUHKM Bif
TAMBUHU NPOHUKHEHHS Y 3PA30K, WO BM-
npobosyeTbcsa. [Ana anbda-yactuHok Ta
iHLUKX iOHIB KPMBA MAE BUPAXKEHMM MiK, LLLO
3'ABNSETLC HE3ALOBIO 0 iXHbOT 3YMUHKN.
Llei nik 3asegeHo Ha3MBATM MIKOM Bperro
30 iMam cepa Binbama lenpi bperra i

oro cuHa Binbama Jloypenca Bperra. 9k
npaBunoO, y BUNOAKY 3 HAMIBNPOBIAHMKO-
BMMM MPUCTPOSIMM 3PA3KOM, WO BUMPO-
BOBYETLCS, € MPUCTPIN, LLO TECTYETbCS,
OCHOBHY MACY SIKOFO CTOHOBMTH KPEMHIM
(Si). TrbKMHA NPOHUKHEHHS 3aNEeXHTL Big
PO3MIpY YOCTUHKM.

Ha nepwwui nornsia, cknogaeTscs Bpa-
KEHHSI, LLO YACTUHKM BinbLIOro posmipy
i BinbWOT eHeprii NPOHUKAKOTL Ha BinbLuy
rMbuMHyY, ane ue He Tak, OCKinbku Binbwa
BAXKQ YOCTUHKA CTUKAETLCA 3 HOBarato
BiNbWOIO KINbKICTIO YACTMHOK Yy 3PA3KY,
AKUIA BUNPOBOBYETLCS, HiX YACTUHKA MEH-
woro poamipy. Benuka uacturka nepe-
Aa€ HOBaraTo Binblue eHeprii YOCTUHKAM,
3 AKUMM BOHO CTUKOETHCS.

YactuHku 3paska, wo sunpoboByeTsb-
Csl, 3 AKUMM 3ITKHYIUCA 4YACTUHKM OOMm-
6apAyBANLHOTO My4YKa, PO3CIOIOTLCA 3
BESIUKOIO LWBMAKICTIO. Y pe3ynbTaTi eHeprist
LbOTO MYYKA LBMAKO 3MEHLLYETLCS, O MOTO
YACTUHKM MPUMMHAIOTE PYX, MPOHWUKHYBLLM
HO NopiBHAHO Mmany MubuHy. Hanpuknag,
4ACTO BOHM 3YMUHSIOTLCH NOCEPEMHI Ka-
Hany MOSFET a6o 3omu apendy binonsp-
HOTO TPAH3UCTOPA.

HaTtomicTe 4acTuHKM BiGHOCHO Ma-
7IOr0 PO3MIpy HE BWUTPAYAIOTb BESTUKOIT
KiNbKOCTi €Heprii Ha 3iTKHEHHS, WO JA€E iM
3MOTYy MPOHUKATK rubLlue y 3pasok, wo
BUNPOBOBYETLCA, A IHOAI HOBITH MPOXOAM-
TM KPi3b HbOTO.

QpiauifHO-CTiVKi HaMiBNPOBIBHMKM NPO-

XOOsTb YOTMPU OCHOBHI BUNPOBYBAHHS,
METOIO IKMX € BCTAHOBUTU 30ATHICTb MPU-
CTPOIB MPOTUCTONTU BMNIIMBY PARIALIMHOTO
BUMNPOMIHIOBAHHA Pi3HUX Tunie. Bunpoby-
BOHHS HO BUHWKHEHHS! MOOAMHOKUX edek-
Tis (single event effect, SEE) npusHaueni
0N BOCHIAKEHHS MOOAMHOKMX 36078 nif
BM/IMBOM OKPEMMX BCXKKMX 3APAAXKEHUX
yactHok. BunpobysaHHs Ha CTiMkiCTb Ao
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HOKOMMYEHOI [03M iOHI3yBANBHOIO BU-
npominiosarHs (fotal ionizing dose, TID)
NPOBOAMTLCA 3 BMKOPUCTAHHAM Pagiauii
HOBAraTo MEHLLOT IHTEHCUBHOCTI. Y LbOMyY
TECTi 30CTOCOBYIOTHCS FAMMO-MPOMEHI Bif
oxepena pagioaktmeHoro kobansty-60.
[Mpu ubomy BUNPOBYBAHMI NPUCTPIN Nig-
LAETbCS TPMBAMOMY BMIMBY BMMPOMIHIO-
BAHHS 019 BUSBNEHHA HOCNIAKIB.

Bunpo6osysaHi npuctpoi pearyioTbh
HE TiNbKM HO piBeHb HABPaAHOI [o3u, d
% HO LUBMAKICTb 1 HOBOPY — LWLO MOBiMb-
Hilwe HABMPAETLCA 0030, TO ripwa CTik-
Kicte. Bnnue uboro edekTy 3miMcCHIOETLCS
B pamkax sunpobysanHs TID i Hosuso-
etbcs ELDRS (Enhanced Low Dose Rate
Sensitivity). [Mpu ubOMy iIHTEHCHBHICTL BO3M,
ab0 ryCTMHA BUNPOMIHIOBAHHS, HOBAraTo
Huxya 3a TID. TectyeaHHs 6ombapaysaH-
HAM HEMTPOHAMM BUSIBISE Tinbku ehekTH,
NOB A3AHI TiNbKM 3 BMIMBOM LIMX YACTMHOK
Ha BuNpobysanuit npuctpin. L sunpo-
OyBAHHA AQIOTb 3MOTY BM3HQUMTM PI3HI
XOPAKTEPUCTMKM, MOUYMHAIOUYM 3 LOBFOTPH-
BANOI Aerpaaauii i 3aKiHYYIOYM MUTTEBUMM
3609MM TA KATACTPOMIHHUMM BIIMOBAMM.
3FO,D,OHi TECTM BM3HAYAIOTb BMSIMBU TiNlbKM
LBOX BMAIB: iOHHI i Ti, IKi BUKITMKAIOTb MOPY-
LUEHHS CTPYKTYPWU KPUCTONIYHOT PEeLLiTKM.

BunpobyBaHHA HQ BMHUKHEHHS MOO-
OMHOKMX ed)eKTiB NPOBOAATLCA 30 LOMNO-
MOTOIO NMiHIMHUX MPUCKOPIOBAYIB 3apamXe-
HMX YOACTMHOK 30 MOCTIMHOrO 3HAYEHHS
eHeprii, Wo NpUNoAgaE HO ATOMHY OAu-
Huwio macw (a.0.m.). Hanpuknaa, enepris
YOCTUHKM 3 ATOMHOKO Macow 4 op. 3a
15 MeB/a.o.m. craHosutume 60 MeB.
Arne K us eHepris NepefaeTbCs y BUNPO-
BOyBAHOMY NPUCTPOI2

LLlo6 3posymitTn ueit MexaHism, cnig
CKOPUCTATUCH TAKOIO XAPAKTEPUCTUKOIO
aK niniiHe nepeHeceHHs eHeprii (linear
energy fransfer, LET), aka BusHauae Be-
JIMYUHY TOHI3ALIMHMX BTPAT eHeprii Ha
OOMHML WWNSXYy B PEYOBMHI | MAE pPO3-
mipHicTe MeB/mr/cm2. 3rigro 3i ctanpap-
tom JESD57A, tect SEE € netpueanmm.
[yctvHa notoky B ommHMuio vacy nepe-
6ysae B mianasoHi 103—10% ioHis/cm?/c,
a CYMOPHQ TYyCTMHO 4ACTO [OPIBHIOE
107 ionis/cm2. Edext SEE 8 ocHosHOMy
BM3HAYOETLCS IOHHOIO B3AEMOIEIO.

9k i B GinbwocTi BUNPOBYBAHL HA
gnnve pagiouii, y tecti SEE no-pisHomy
BM3HAYAETLCA BMNIMB BMI'IpOMiH}OBOHHﬂ HQ
Pi3Hi KOMMNOHEHTU. Y BMNOAKY 3 AMCKPET-
Hum cunoemm MOSFET 3 BepTukanbHMm
KQHQSOM, KM 30CTOCOBYIOTb Y BiNbLIOCTI
KOMYTOLMHWUX pilleHb, CNoCTepiralTbCs
0BA OCHOBHI edekTn: npobiit BUTOKO-
BOi obnacri (single event burnout, SEB) i
npobiit okeugHoro wapy 3ateopa (single
event gate rupture, SEGR).
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Puc. 1. NMpoHukHeHHs BaXkkoro ioHa B 06nactb N+ Ha noyarky BuUnpo6yBaHHs

Mapa3uTHa n-p-n-CTpyKTypa
0fiHaKoBa no 06uasa 60ku 3aTBOpa
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Y 6BinbWwOCTi  Cy4ACHWMX  CMNOBMX
MOSFET edekt SEB cnocrepiraerscs pia-
we, Hix SEGR. BunpobysanHs SEB npo-
xoguth y Asa etanu. CnouaTtky BAXKMM
iOH, LLO NeTUTb 0O NOBEPXHi BUNPOBOBY-
BAHOTO MPUCTPOIO TMif KYTOM, BrM3bKum
L0 HOPMani, TPOHWKAE B ainaHky N+, ska
nepebyBae Mig WAPOM MeTanisauji BUToKy
(ame. puc. 1).

Hani ioHn, oTpumari B pesynbTari
AAEPHOT PeakLii, NPOXoadaTb BEPTUKANbHO
uepes kpucran. Y Mipy iX NpoXomxXeHHs
yepes KPUCTOn HABKOMIO TPOKTIB iOHIB
YTBOPIOETLCS KOAKCiAnbHA 0BOMNOHKA 3
€MeKTPOHHO-AIPKOBUX NApP. 3AyBAXMMO,
wo MOSFET npu usomy nepebysae y
BMMKHEHOMY CTAHI, BNOKylO4M HAMPYyry
crik-gxepeno (VDS). Y usomy crawi knio-
4Q eNeKTPOHU MPUTSIYIOTECS L0 304HLOT
CTOPOHM KpucTana, abo Ao BUBORY CTOKY,
a pipku (nosuTueHi ioHM) — po BuBOAY
BUTOKY.

Ha pucyrky 2 nokasaHo wnsx npo-
XOAXEHHS IOHA | BHYTPILHIO N-p-n-CTPYK-
Typy. Le ayxe Baxnmeuin enemeHT
n-kaHansHoro MOSFET, wo npauoe & pe-
XUMi 36araderHs. 9kuo soHa nepebysae
y BBiMkHeHomy ctaHi, MOSFET saexam

Puc. 2. Ha gpyromy etani Bsunpo6yeaxHs SEB 060n0oHKa 3 enekTpoHiB i Aipok,
YTBOPEHU HABKOJIO LUASXY NPOXOAKEHHS iOHA, MPUTAryE YHACTUHKU
3 NONAPHICTIO, KA NPOTUAIEXXHA Hanpysi V .. Y pe3ynbTarti BMMKAETbCS
NAPA3UTHUIA TPAH3UCTOP N-p-N, WO NPU3BOAUTb A0 BBIMKHeHHS MOSFET

3AMKHEHWI HE3ANEeXHO Bifl BENUUYMHU HO-
npyrv aatsop-mxepeno (Vss) abo Hanpyru
KepyBAHHSA 3ATBOPQA.

IMnegaHc wapy MmeTanisauii BUTO-
Ky Mae Byt AyXe Manui HO nepexomi
6a3a-emitep N-p-nN-CTPyKTypu. 9kuio no
0bnacTi p-30HU MPUTATHYNACA AOCTATHS!
KiNbKICTb AIPOK, HMXHS YOCTMHO Nepexoay
6a3a—eMiTep CTPYKTYpM MOXE BUABUTU-
cs npsmo amiweHoo. Mpu uboMy BOHG
BMMKQETbCA. TaK BiaOyBAETbCA HA aes-
Ki BIOCTQHI BiL, METANi30OBAHOI MOBEpPX-
Hi, WO 30KOPOYYE BHYTPIWHIM nepexin
n-p-n-cTpyktypu. Mpu ubOMy npuUCTii
BMMKAETLCS HE3ANEXHO Bif, HANPYTU Kepy-
BaHHs Ve Tak npauioe mexariam SEB, wo
ans GinbLIOCTI 30CTOCYBAHL HEMPUHNHATHO.
3ayBAXMMO, OAHAK, WO Yy Cy4aCHWX pa-
BiAUiMHO-CTIMKMX MPUCTPOIB MMOBIPHICTb
BuHUKHEHHS edekTy SEB miHimanbHa.

Edekt SEGR sigpisHserscs sin SEB
TMM, WO BuHUKaE B cydacHnx MOSFET 3
Ginbwoto MmosipHictio. SEGR takox snnu-
Bae Ha MOSFET y BMMKHEHOMY CTQHI.
Ockinbku MAKCMMONBEHO AOMYCTUMA Be-
AMYMHG Hanpyru Vs Y TECTi, sk NPaBuio,
OBMPAETLCA BIAMNOBIAHO [O 3A3HAYEHO! B
TEXHIYHOMY OMMCi, a HaNPyra Vg € Bin em-
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BOXKKOFO iOHa

HOIO, MPUCTPIN TAPAHTOBAHO nepebysae y
BMMKHEHOMY CTQHi.

30yBAXMMO, LLO BENMYMHA HAMPYTU HA
CTOLj € NO3MTMBHOIO, O HA 3ATBOPI — He-
ratneHolo. Hanpyxericts enexktpuuHoro
nons B PO3MAHYTIM BEPTUKAMbLHIN CTPYKTY-
pi € Bucokoto. [lyxxe Benuka nosuTmMBHA HA-
npyra Ha NigkNAagLi i By>ke Mana HeraTMeHA
HONPYra HA 34aTBOPI 30 MANOI BIACTAHI
M NigKNaaKoio | 3aTBOPOM 3a6e3neuyioTh
MOKCUMAIbHY HAMPYXEHICTb eNeKTPUYHO-
rO MONsl, WO BUMIPIOETHCA B OaMHMUAX B/M.
Y umx YMOBOX BQXKMI iOH MPOXOAUTb Ye-
pes3 30TBOP, NIA3ATBOPHWMM LIAP Aienek-
TpMKa i kaHan kmoyva. Ls yactuHka moxe
3YNUHUTMCS B KQHANI, B Nigknaaui abo npo-
MTH kpisb npucTpin. Haskono wnsaxy npo-
XOIXKEHHS IOHA YTBOPIOETHCS OBONOHKA 3
eneKTpOHHo-mpKOBMX nap (,IJMB puc. 3).
I'IO,I],IJ'I €NeKTPHUYHOro nonq. EI'IITOKCIOJ'IbHMM
wap N— pisko nigiMMaeTecs go 3aTsOpa
(avB. puc. 4), Wwo 3meHwye BinCTaHb MiX
CTOKOM i 3QTBOPOM i, OTxe, we 6inbloo
MIpOIO  MIABMULLYE HAMPYXEHICTb enek-
TPMYHOTO MNONSA, FPOJIEHT SKOTO MOMITHO
36inblyeThcs He3nocepenHbo Nig 3aTBO-
POM. 9IKLLO BENMUMHA UbOTO MO AOCUTH
BENIMKA, BMHMKAE NPODBIA MiA3ATBOPHOrO
pienektpuka i sigmosa mpuctpoto. Pagi-
auinHo-cTiki MOSFET npoextytotbca 3
YPOXYBAHHAM L€l 06CTABUHM.

HuHi penoni wrple 30CTOCYBAHHS K
OCHOBHI NpUNaaM Ans NOTY>XHOI NepeTso-
poBANbHOT TexHiku 3Haxoaats MOSFET
Ha ocHoei kapbigy kpemHio (SIC). Y umx
KIIO4iB — MEHLUKI ONip BiBKPUTOrO KAHA-
Ny 3 PO3PAXYHKY HA OAMHMLIO MAOLLi, d
MaTepian, 3 4KOro BOHW BUTOTOBNEHI, Npa-
wioe 3a Habarato GinbWOoi HANPYXeHOCTI
enekTpuyHoro nosns. Lle osrnauae, wo npu-
CTPIM MEHLIOrO PO3MIPY YHKLIOHYE MpU
BMLLOMY CTPYMI i HONPY3i.

Puc. 3. Edpext SEGR y MOSFET: wunax npoxogKkeHHs

OpHaK aKTYyanbHi Ha PUHKY Nepesaru
SiC-kniodis HEFrATUBHO MPOSBAAOTLCA Mif
yac sunpobysanrs SEGR. lMigsatsopHuit
pienekTpuk 3asHae Habarato Binbworo
HOBAHTAXEHH: B KOPOIZOKPEMHIEBUX NpH-
CTPOSAX 30 HOMIHAMbLHOIT HAMPYTK | B YMO-
Bax npoeegerHs Tecty SEGR, a Hanpyxe-
HICTb €NeKTPUYHOrO Nonst HAbAraTo BULLQ.
Came 3 ui€i npuumnmn cysacHi SIC MOSFET
HOCUITy 3ACTOCOBYIOTb Y PARIALIMHO-CTiM-
KMX PILUEHHSX.

[eOMETPUYHI  NOPAMETPU  CyHACHMX
SiC-kntouie pobnsiTs X myXe BPASNMBUMM
ans sunpobysanns SEGR, ane i npuctpoi
YCMILLHO MPOXOAATh TECT 34 MEHLLIMX HOMi-
HOMbHKUX 3HAYEHb HAMPYXEHOCTI eNeKTPUY-
HOroO Mons, WO BiANOBIAAIOTE MPUCTPOAM
Ha ocHosi kpemnito. CydacHi 1200-B SiC
MOSFET mornu 6 ycniwHo npomTth Tecty-
BanHs SEE 3a Vg y aianazoni 200—-250 B.

Yucno nooamMHOKMX BUNOAKOBMX edek-
Tis (SEE) y GinonapHux TpaHsuctopax mi-
HiManbHe. BunpoByeaHHa nokasanu, wo
noopmHoki nepexigHi edexn (single event
transient, SET) y umx TpaHsncTopax 3mi-
LYIOTb iX Y NiHIMHMIA pexxnm. BeaxaeTscs,
WO ui nogii € nepexipHMM NpPouecoMm i
TOMy Hewwkignuei. [pu rpy6omy mopento-
BOHHI NepexifHOro npouecy BOXKWMA iOH
npoxoauTh yepes obnacts apeidy abo
MPUMNUHSE B Hi CBOE NpocyBaHHs. Ls no-
0isi MUTTEBO 3MIHIOE po3nogin Hodciis. [1pu
LIbOMY HO KONEKTOPI CMOCTEPIrAETLCS LWYM.

Bsaxanoca, wo piogn LWotTki He
oxmnbHi go snnmeis tiny SEE. OpHak su-
NPoBYBAHHA NMOKA3QNM, WO 34 BiAHOCHO
BMCOKMX HOMPYT Y UyX AiofAax BigOyBaiOTb-
Cca MOOAMHOKI nogii. Y BMCOKOBOMBTHO-
My miogi LLloTTki Baxkuit ioH, Wwo nagae,
3MILLYE YACTUHKM METaNy B 30MMKQNBHO-
My nepexofi B AiNfHKY HAMBAPOBIOHMKA,
BHOCNIOOK YOro HOBKOJO BifMNOBiAHOI 30HM
BMHMKAE ENEKTPUYHE NONE BUCOKOI HaNPYy-

Puc. 4. Mosisa rpapieHTa eneKTpUYHOro nons nig yac
Bunpo6yesanHa SEGR

xeHocTi. BoHo pyriHye HanisnposigHuk (ue
ABMLLE HA3MBAETBLCA ENEeKTPOMIrpauieto)
LOTU, AOKM HE BUHUKHE KOPOTKE 30MUKAH-
Ha. Y Hm3bkosonbTHMX piogis LLoTTki Taka
npobnema He CnocTepiraeTses.

| sHoBy nopisHsemo SiC-gioan LLoTTki,
WO NPAUOTb 3 ENEeKTPUYHUMMU MOMAMM
BMLLOI HONPYXEHOCTIi, 3 KPEMHIEBUMM LiO-
namu. [Ing ycnilwHOro npoxomKkeHHs TecTis
SEE nanpyry SiC-piona Wottki cnig Ha-
6arato smMeHWuTU. 30Kpema, HOMIHANbHY
nanpyry 1200 B SiC-piona LLoTTki Heob-
xigHo ckopotutn go 200—250 B.

Hiogn 3 p-n-nepexomom BiAHOCHO
cTirki go snnmeis Tuny SEE.

NMPOEKTYBAHHSA 3 YPAXYBAHHSAM
EDEKTY SEE

|_|i,u. 4aC PO3POBNEHHS 3 YPAXYBOH-
Ham noopmHokux edextis (SEE) cnig

peTensHo posibpaTncs B MEXAHI3MaX X
BUHUKHEHHS, WO6 3pO6UTH NPABMIIbHMA
Bubip cunosux MOSFET i miopis LLloTTxi.
Hanpuknaa, 6yne noTtpibHO 3MeHWUTH
ponyctume sHauerHs Voo MOSFET y aBa-
Tpu pasu. 3okpema, ana pobotu 3i 120-B
wmHoo MoxHa Bubpatn 250-B MOSFET.

Kpim Toro, cnig Tak BMGpPaTH Cxemy
KEPYBQHHS 3AQTBOPOM, LWOD NpUCTPIN 3a-
JMLLABCA BUMKHEHWM 30 MOKCUMANbHUX
WBMAKOCTEN 3MIHU CHHPA3HOT HAMPYTU.
[Mip yac Wwenakoi kKoMyTaLiT BUXIAHA EMHICTb
Coss knmosa MOSFET, sika 6yna BBiMkHeHA
B HYNbOBWI MOMEHT 4OCY, LUBMAKO BW-
MMKOETbCA. T1OTIM BOHO 30PABXAETLCA 3
HYIOBOTO PIBHA IO HAMPYTU WUHM.

AKLio ue BinbYBAETHCA AOCUTD LLBMAKO,
3apsa HoaxoauTb Y emHicTb Cigs vepes Crgs.
L"lCICTO Take yBiMKHeHHﬂ MO3HAYAETLCA 4K
Cdv/dt. ImneaaHc apaisepa y BUMKHE-
HOMY CTQHI M€ BYTH LOCKUTL MANUH, WO
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MOSFET 6ys BuMKHEHMI 30 TAKOT LWBMA-
koi komyTauii (ame. puc. 5-6).

BUNPOBYBAHHS TID

BMI‘IpO6yBOHHﬂ TID spifcHiOETHC 30
HOBAraTO MEHLLOI IHTEHCUBHOCTI pPa-
piouiiHoil noau, Hix SEE. Y ubomy TecTi su-
KOPWCTOBYETLCS FAMMO-BUMPOMIHIOBAHHS
BMLLOI N'YCTMHU MOTOKY HA OCHOBI POAIOAK-
TmeHoro kobaneTy-60. Lleit Tect, wo imitye
LOBIOTPWMBANMIA BMAMB BUMPOMIHIOBAHHSA
HQO 3PA30K, BUKOHYETHCS 3MIAHO 3 METOLOM
TM1019 3a cranaaptom MIL-STD-750.
Y ubomy BUNPOBYBAHHI PO3MARAIOTHCA
iOHHI B3aEMOi.

Brnnus Tecty TID wa MOSFET mini-
ManbHUA. HaMNnoMITHILLIMM epekTom € 30-
XOMAEHHA [IPOK | MiACYMKOBE 3MiLLEHHS
Hanpyrv Vo, [ig BniMeom ramma-sunpo-
MIHIOBOHHS HO OKCMIHWM LIAP 3AaTBOPA
HO NOBEPXHi HAMIBMPOBIAHNKA BUHMKAIOTH
nipku Ta enektpoHmu. OcKinbku enekTpoHu
PEKOMBIHYIOTh WBMALIE 3Q LIPKM, BUHM-
KOE HOQMMLIOK OCTaHHIX. Yepes ui mipku
3MILLYETBCA MOPOroBA HAMPYra npu 36inb-
LUEHHI NyCTUHM NOTOKY.

Y n-xanansHoro MOSFET sinbysaets-
Csl HETATUBHUI 3CyB MOPOTOBOT HAMNPYTHU, A
y p-kanansHoro MOSFET — nosutmerui
3cys VTH. LLLo6 npuctpint Bys cTitkum oo
pagiauii, uen scys mae 6ytm 6nmseko 1 B
3a ryctunn notoky 100 kpaa. Pewry Bnu-
BiB MOXHQ BBOXATU HECYTTEBMMM, MPOTE
CTPYMM BMUTOKY 3rerka 30inbwyioTscs 3i
3POCTAHHAM TYCTUHM NOTOKY (HANPWKNAA,
cTPYM lpgs).

Bnnue TID Ha 6inonspHi TpaHaMcTOpH
Habarato Ginbwui. bazoBuit mexaHism
TOM camuit, wo iy sunaaky 3 MOSFET:
€neKTPOHM | fipkM 36MpaKoTbCca HA NO-
BepxHi npuctpoto. Y GinonspHoro Tpawx-
3UCTOPA BIACYTHIM OKCUMIOHUM LIAP, SKUA
3axonmosas 61 gipku. Bonu Hakonmuy-
IOTbCS Y BUMSAAI PE3UCTMBHOIO LIAPY HA
nepexofi 6a3a-eMiTep, WYHTYIOUM CTPYM,
Wwo kepye 6a3010. TAKUM YMHOM, Y LbOMY
Bunaaky 6a3oBuin CTpyM mae 6ytn Ginb-
WKM, WOH KONEKTOPHMIA cTpym ByB Tiei x
BenuunHm. Llei mexaHism ameHiuye koedi-
uieHT nocunenns (ame. puc. 7).

PosrnsHemo peski Tonkowi po6oTu
usoro mexawiamy. Hanpymm Voo i Vo
NoB’A3aHi 3 NOKA3HUKOM hee. Vi, XTO, MOX-
fMBO, MAM'ATAE, IK BUMKOPUCTOBYBANM 6i-
NONSIPHI TPAH3UCTOPU At BUCOKOBOSBTHUX
CHNOBUX KIOYIB, 3HAE NPO LEM B3AEMO3B s
30K: WO MeHLWH hg, TO BinbLLIOIO € HAMpPY-
ra konektop—emitep Vo WOAO HAMPYry
konektop—6a3a V. L Hanpyr nos’s3a-
Hi 3 YOCOM HOKOMUUYEHHS B nepexoai 6a3a—
emitep. Yum Ginbwa sennumHa hg Gino-
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NIAPHOTO TPAH3WUCTOPA, TUM Binblumii yac
HOKOMUUYEHHs B nepexomi basa—emitep.
Lle osnayae, wo 3a Ginbworo koediujeHTa
hee BinbLue HociiB y nepexopi 6asa—emitep
i NOTPIBHO Binblue Yacy Ans iXHLOT PeKom-
GiHALiT NOPIBHAHO 3 NPUCTPOEM, Y KOTO hi
MEHLUMI (30 IHWMX PIBHKUX YMOB).

Puc. 6. CurHanu y ABoOiMNyNbCHi# cxeMi BUNPO6YBaHHS. Y MOMEHT yacy 3
cnocrepiraerbca weuaka komyrauis. Hanpyra V¢ knioua y BepxHbomy
nneyi € NO3NTUBHOIO B Lieli MOMEHT 4aCy 3aBASKM LBUAKOMY
3apAAXKAHHIO KOHAEHcaTopa i 38'93Ky Yepes emHicTb Cpgg

Ulo meHwuit uen koediuieHT i yac
HOKOMWYeHHs B nepexoai Hasa-emitep,
TO WBMALWE PEeKOMBIHYIOTb HOCIT B LbOMY
nepexodi i Buwa Hanpyra Ve lMicns Tec-
TyBaHHs TID BennunHa Vi, 3a3BMyait 3a-
JIMLLIOETLCS MOCTIMHOW, O Vo HE3HAYHO
36inbLYeETbCA. 3a BULLMX HANPYT CNOCTEpI-
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Puc. 7. Bunpo6yeanHs TID 6inonspHoro
TpaH3ucropa. bnakurHa
CTPiNKa No3Ha4ae ramma-
MNPOMiHIOBUHHS, L0 BIJIMBAE,
d YepBOHA — WYHTYBANbHUA
TPAKT CTPYMy 6a3u

V_D1

a)

FOETLCA Pi3ke 3POCTAHHS Vo 3QNEXHO Bif,
FYCTUHM MOTOKY. 3PO3YyMINo, WO HAMpyra
Vo HiKOMM He nepeBuwnts Voo, ane
MOXe HaBIU3NTHCA KO MOTO 3HadYeHHs. Ha
3POCTAHHS CTPYMIB BUTOKY B BinonapHOMy
TPAH3UCTOPI BMAMBAIOTb iHLLT epekTH, KPIM
TID i 36inblIEHHs ryCTHHM NOTOKY.

Edextn TID y miopax LLloTTki He3HauHi.
Brinveom umx edektie Ha p-n-gioan yac-
TO HexTyloTb, Qe OMHAMIYHI NapameTpu
LiOAQ, WO 303HOB BNAMBY Paiauii, AEWO
BiAPI3HAIOTHCA Bif BIANOBIAHNX NAPAMETPIB
LiOAQ Y BUXIGHOMY CTQHI.

Hasenemo npwvknag. B ogHomy npoex-
Ti BUHUKNQ NOTPE6a Y BUKOPUCTAHHI aiogis
i3 M'IKUM 3BOPOTHUM BigHOBMEHH M. Y pe-
3ynbTaTi 6yno 06paHo ayxe WBMaKI gioam.
Y umx npuCTPOiB — [OCUTH TPUBAMMIA YAC
t, i Byxe KopoTkuit yac ty. Kpim Toro, y Hmx
LyXe BENMKMI CTPYM lgp (KMit 4aCTO B N'ATH
pasis Ginblmit 30 IF) i, BIANOBIAHO, BENWKMNA
3apsia 3BOPOTHOTO BigHOBNEHHS Qpe. Bu-
KOPUCTAHHSA UMX AIOAIB BMKIMKANO NEBHI
Tpyarowi. Ons toro wob 3abesneuunty
IMAYNbC CTPYMY | | KOMNEHCYBATU 3APSA,
3BOPOTHOTO BiAHOBMEHHS, HO BMXif HOBKO-
no gioga 6yno ectaHosneHo cHabepw 6e3
BTPaT (ame. puc. 8).
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Puc. 8. Cxema nigBMLLyBANBHOTO NEPETEOPIOBAYA 3i cHU6epom (cTpym nepebysae
B peXXumi 6e3nepepBHOi nposigHoCTi)

6)

B ycyHeHHi 3a3HaueHMx npobnem
6paB y4acTs Aioa 3 p-n-nepexomom. 3a-
[HS CTOPOHA NigKNaakM gioga Gyna onpo-
MIHEHQA Mif YaC MOro BUrOTOBAEHHS. TAKMM
unHOM Bynu cTBopeHi obnacti pekombi-
HaUii i CXOAMHKM B 3060pOHEHiN 30HiI. Ll
obnacti pekombiHauii HEBENUKOID MIpOIo
nigenwmMnn Hanpyry V., icTOTHO ckopoTHaK
BeMMUMHM | | Qpe, AELLO 3BIMBLUMAM HAC 1.
[pn UbOMY CUrHQAM CTANU 3MIHIOBATMCS
Habarato meHw pisko (ams. puc. 9).

OT1xe, onpomiHeHHs aioaa 3 p-n-ne-
PEXOLOM, [LIMCHO, MEBHOIO MIpOlo Mo-
3HAYAETBCH HA Horo poboTi. Hanpyra V;
MOXe TPOXW MigBuWMTMCS, a obnacTi pe-
KOMBIHALIT, WO 3'9BMAMCa BHACAILOK On-
POMIHEHHS, MOM AKLLIYIOTb 3BOPOTHE Bifl-
HoBneHHs cTpykTypu. Lli 3miHKn He moxHa
BBAXATM OCHOBHMMM B BiNbLIOCTI 30CTO-
CyBQHb, Qe NPO HWX HE BAPTO 3a6yBATH.

NMPOEKTYBAHHSA 3 YPAXYBAHHSM

EDEKTY TID

|—| in 4ac sukopuctaHHs MOSFET Heo6-
XilHO BENWKY yBAry NPUAINUTH BUNPO-

6ysaHHam SEE, Hacamnepen —apaiisepy

Puc. 9. CurHan 380poTHOrO BigHOBREHHS: BUXigHOro Aioaa (a); Aioaa 3 oNPoMiHEHOIO TUNILHOIO CTOPOHOIO (6).
Y apyromy BUNaaKy cTPYM 3MiHIOETbCS 6inblLu NAABHO 3a Yac t,, a 3HaueHHs L, Q,; i E,, cranu Ha6araTto
meHwWwumK. YHacnigok uboro Bignana Heo6XxigHicTb y niaBuLLYBanbHOMY cHa66epi

3aTeopa. [lig yac kepyBaHHS N-KAHAMb-
Hum MOSFET HanpukiHui TepMiny cyx6m
npu BUCOKIM TeMNepaTypi Cnifi BDAXOBYBA-
TH, LLLO NOPOroBA HAMPYra MOXe He nepe-
suwysati 1 B. Lla Hanpyra smeHwyeTbes
3i 3POCTAHHAM TEMNEPATypH Lie Binblwoio
MIPOIO Mif BNIMBOM MEXAHI3MY 30XOMIEH-
Hs aipok nig yac TectysanHs 1ID. Oparieep
3aTBOPA MOBMHEH YTPUMYBATM LEN Mnpu-
CTPIA Y BUMKHEHOMY CTOHI NPU BUHUKHEHHI
nogin Cdv/dt nig yac komyTauii.

CxeMHi pilueHHs 3 BUKOPUCTAHHSM Bi-
NOASPHUX TPAH3UCTOPIB 3ANEXATbL Bif, BU-
KOPWCTAHHS. 9K HOMBINbLL HOOYHMI Npw-
KNaf MOXHO HOBECTU 3BOPOTHOXOHOBWM
NepeTBOPIOBAY, Y SKOMY 30CTOCOBYETLCS
BINONSPHUI TPAH3UCTOP AK CUIOBKHA KITHOY
(mme. puc. 10).

Y cxemi HO UbOMY PUCYHKY Peanisosa-
HO TaKe KepyBAHHS BINONAPHUM TPAH3M-
CTOPOM, 30 AKOTO BiH b0 HacKyeHuit, ab6o
BUMKHEHMI. Ha nouatky TepmiHy cnyx6u
KOeiUiEHT NOCHMNEHHs BINONAPHOrO TPAH-
3ucTopa Bucokui. KepyBaHHs TpaHaucTo-
POM Y PEXMMI HOCMYEHHS AACTb 3MOry
3MEHLLMTK BTPOATM NPUCTPOIO HA MPOBIfA-
HICTb 3QBASKM ICTOTHOMY 3POCTOHHIO KO-
MyTauiiHKx BTPaT. Byae notpibHo yumano
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nepeTBoploBaYi

yacy, wob no3byTMcas HEOCHOBHMX HOCITB
3apsaay B nepexomi Hasa-emitep nig yac
BMMKHEHHS, WO NPU3Bene 4O AOAATKOBUX
KOMYTALIAHUX BTPAT.

Cxema Ha pucynky 10 nig Hassoio
«O6mexysay berkepa» nae amory 36e-
piraT NOCTIMHO HAMPYry HACUMYEHHS KO-
nekTop-emiTep Vegsar YNMPOLBOBX YCbOro
TEpMiHY cnyxbu Ta gerpagauii Koediui-
€HTA MigcuneHHs npuctpoto. Jkwo 6asoro
KEPYBATU TaK, WOG HANPYra Vs Oyna
LY>X€ HWU3bKOIO, HOLULLKOBUI CTPYM Kepy-
BAHHS noTede yepes konekTop. Hanpukix-
Ui TEPMiHY CyX6M MPUCTPOIO PO3MIAHYTA
cxema byge BigaasaTH B KONEKTOP CTPYM
MEHLLOT BEMMUMHM, | MPUCTPIN CTaHE yHK-
LIOHYBATU MPW JOCUTH MOCTIMHOMY 3HO-
deHHi Vgsar: st 3a6eanedenHs criltkocTi
no snnusy sunpobyearb TID miogam 3
p-n-nepexonom i giogam LLottki He no-
TPIBHI siKicb OCOBAMBI CXEMHI PilLEHHS;
MPY LbOMY, MOXIMBO, HEBESTMKOIO MIPOIO
3MIHIOIOTbCS AMHAMIYHI TAPAMETPHU AiofaiB.

BUNPOBYBAHHS ELDRS

9' K yxe sragysanocs, tectysanHs ELDRS
€ CK/IQAOBOIO  YACTMHOK  BWUMPO-
6yeanns TID. Tect ELDRS eukoHyeTbes
TUM COMMM YMHOM i 3 BUKOPWUCTAHHAM
iOHIB. |HTEHCMBHICTE MOTOKY YQCTMHOK i
oro ryctuna Huxui: 0.5—10 mpan/cm?/c
i 5-50 kpag, BignosigHo.

Beaxaerbcs, Wwo 30 BULWOIT IHTEHCMB-
HOCTI MOTOKY HO MOBEPXHI NPUCTPOIO HA-
KOmMuyeTbes Binbwui 3apsag. MNpu usomy
LipKM, BiALUTOBXYIOUYMCb OAHA Bif OAHOI,
PiBHOMIpHillEe PO3NOAINAOTLCS MO BCiM
HeBenwukiin obnacti. 30 NMOTOKY MEeHLOoi
IHTEHCMBHOCTI BiALITOBXYBAHHA NPOABASA-
€TbCH MEHLLOI MIPOIO, WO MPU3BOANTD
0O YTBOPEHHs cKynyeHHs 3 gipok. Lle
O3HQAYAE, WO feski npucTpoi Binblwo
MIpOIO 4yTAMBI AO MOTOKIB MEHLWOI iH-
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Puc. 10. BinonspHuii TPAH3UCTOP K CUAOBMIA KJTIOY Y 3BOPOTHOXOA0BOMY

TencusHocTi. La obcraeuHa craHoBWTb
ocHosy edexty ELDRS.

MOSFET, p-n-gioan ta giogm Lott-
Ki BIIHOCHO HECMPUIHATAMBI O edekTy
ELDRS, Ttogi sk uytnueicts 6inonsipHmx
Tpanauctopis go ELDRS sanexwuts Big
TEXHONOTIT BUrOTOBNEHH Ta poboYoi Ha-
npyrv. Lo meHwi posmipu enemeHTis, TO
BMLLLA IXHA YyTIMBICTb. 3ax0aum, Wwo 3a6e3-
MevyloTb CTIMKICTb MPUCTPOIB [0 edekTis
ELDRS, Ti cami, wo # wogo TID.

BOMBAPAYBAHHS HEATPOHAMMU

pu 6oM6APAYBAHHI HEXTPOHOMM NpPw-

CTpiit nepebyBae B HE3MILLEHOMY CTO-
Hi. Bunpo6oByBaHi 3pa3ku 4aCTO NOMILLA-
lOTb Y MiABILUEHWUIA NAKET, KMI NiLACETLCS
BMAMBY My4YKa YACTMHOK. Y pesynsTaTi Ta-
KOro 6omMbapPAYBAHHA BUHMKAIOTb ebekTH
3miwenHs. Lle sunpobysanHs 3aifcHIOETb-
ca arigHo 3 metopom TM1017 cranaapry
MIL-STD-750.

SK BILOMO, HEMTPOHWM HE MAKOTb 30-
psay, HQ BIOMiIHY Bif MPOTOHIB, IOHIB |
ramma-npomenie. LLnax ranbmysaHHs
HEeWTPOHA HABAraTo GinblUMMA, HIX Yy raM-
MO-MPOMEHIB Bifi AXepena pafioaKTUBHO-
ro kobansTy-60 abo Baxkux iowie. Hen-
TPOHM MPOXOAATL KPi3b BUNPOBOBYBAHMMA
NPUCTPIN.

[yCTMHO NOTOKY HelTpoHie nepeby-
sae B gianaszoHi 10— 1013 HenTpoHis/cm2.
OcCKinbkn y UMX 4OCTUHOK HEMAE 3apsay
i IXH8 mMaca Ayxe Mana, HA HUX MEH-
Wwoto Mipoto BrnmeatoTs nosicu Ban Ane-
Ha i 3emHa atmocdepa. Lo obcrasuny
HeOoDOXiAHO BPAXOBYBATM MiA 4OC PO3-
POBNEHHS KOMMOHEHTIB AMs OBIOHIKM.
3axoau, wo 3abesnedyioTb CTIRKICTb
NPUCTPOIB A0 HeUTpoHHOro Bombapay-
BOHHS, CXOXi 3 TUMM, SKMX BXMBQAIOTb Nif,
YOC NPOEKTYBAHHS CXEM 3 YPOXYBAHHAM
edexty TID.

R2

KATOA

Puc. 10. Mpoctuit p-n-p-n-crek
3UMMKAETLCS Nif, BNIMBOM

paaiauii

IC 3 BULLIUM CTYTNEHEM
IHTErPALLI

TPULWOPOBI NPUCTPOI Ak aioan, Bino-
napHi Tpansuctopu ab6o MOSFET. Lo
CTAHETbCA npu ,D,OJJ,OBOHHi B KOMMNOHEHT
yeTsepToro wapy? Hanpuknog, npu Bu-
KOPUCTAHHI p-N-p-N-CTEKA BENUKA MMO-
BIPHICTb TOrO, WO BiabyaeTbcs edekT 3a-
MUKaHHs (ame. puc. 11).

MmosipHictb 36010 6aratowaposoi
MIKPOCXEMHW, BUIOTOBIEHOI 304 TEXnpo-
uecom BIKMOH, ekcnoneHuiansHo 3po-
cTaE BHaACNpok edekTis 3amukarHs, SEE,
ELDRS, HeitpoHHoro 60mMbapayBaHHs
abo TID. Y Takux Bunagkax noTpiGHO
BM3HAYUTU BIOMIHHOCTI MiX pagiauifHoo
cTivikictio (radiation hardened) i pagiauin-
HOO «TonepaHTHicTio» (radiation tolerant).

KoxHa KoMmipka, kOxHe 3'€mHaHHS i
KOXEH nepexis pamiauifHoO-CTIMKUX npu-
CTPOiB PO3POBAAETLCS 3 BUKOPUCTAHHSIM
nobpe BMNPOBYBAHMX | BIBOMMX METOAIB.
PagiauifiHo-cTilki MpUCcTpOi CTBOPIOIOTLCS
NS eKCnnyaTauii B KOMEPUiMHMX, Npo-
Mucnoemx abo aBTOMOBINbHUX 3QCTOCY-
BanHsx. Lli npuctpoi npoxoaste petenb-
Hi BUNPOOYBAHHS, e B SIBHOMY BUMALi
BOHM HE MPU3HAYEH] ANt BUKOPUCTAHHS B
PARIaLiMHUX YMOBOX.

ﬂ‘oci Mn obrosoprosanu Taki Aso- ab6o

BUCHOBKMU

I\/\M PO3MMAHYIM AesKi 3aranbHi Tep-
MIHM | BUOM TECTiB, O TAKOX CXEMHi

pileHHs ana BuNPOBYBAHHA MNPUCTPOIB
B YMOBQOX BMJIMBY FAOMMO-TNIPOMEHIB, BOX-
kmx ioHis i HenTpoHis. Cnopisoemocs, us
ny6niK0u,iﬂ NONOMOXE c])oxiBu.ﬂM Biano-
BIHWX rQny3en po3pobnsT cxemu, npa-
BUIIBHO YMTATM Crieundikauii Ta posymiTu,
K KOPEKTHO BMKOPMUCTOBYBATU MPUCTPOI
B YMOBAX pagiauji. CN

CUAOBA EAEKTPOHIKA
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bazamoyacmomui KBagpudinaphi cnipanbHi
aHmenu gna moyxo20 GNSS no3uiosanny

Jlam6epT BanHivrep (Lambert Wanninger), MenaHi Timir (Melanie Thiemig),

®donbkep Ppesepr (Volker Frevert)

ApanToBaHMiA Nnepexknap yKpaiHCbKOIO Ta TEXHIYHE peAaryBaHHS:

Bonoaumup PeHTiOK

B>xe aekinbka pokie ang noTpe6 TOUHOro No3uLilOBAHHS B rino6anb-
HUX CYNMYTHUKOBUX cuctemax nosuuitoBaHHsa (Global Navigation
Satellite System, pani — GNSS) gocrynHi 6ararouacToTHi KBagpu-
dinapHi cnipanbHi aHTeHM i3 BiAXUNEHHIM BUMIPIOBAHHSA BCbOro
Y AeKinbKa caHTUMeTpiB. ABTOPU NPOEKTY TA MPONOHOBAHOI CcTATTI
BUKOHOJIM TECTOBi BUMIPIOBAHHSA 3 ABOMA TUNAmM 6araroyacror-
HUX KBaapudinapHUX AHTEH Ta NOPIBHANM iX i3 eTaNoOHHOIO reope-
3uuHolo patch-aHteHolo. He3Baxkaioum Ha Te, wWo ¢azoBumii Wym
HOCIMHOI YacTOTH, MOMMUAKM Y KOAi Ta YyTNUBICTb A0 BUCOKOYaC-
TOTHOI 6araronpomMeHeBOCTi, MOPIBHAHO 3 reofEe3UYHOI0 GHTEHOIO,
6ynu 6inbLIMMMK, ane TOYHICTb BUMIPIOBAHHS LUBUAKUX CTUTUMHUX
ropU3OHTANIbHUX KOOPAUHAT BCE XX 3CIMLUMIAACA HO TOMY CAMOMY
PiBHI T 4€MOHCTPYE MOXKJIMBICTb AOCAITU MOXUGKM NO3ULIIOBAHHS
YCbOro B AeKiJibka CAHTUMETPIB. ABTOpHU CTATTi Y XoA4i AoCnigHULb-
KMX eKCnepMMEeHTIB BCTUHOBUIIM, L0 OAMH i3 TUMIB GHTEH npoje-
MOHCTPYBOB NifgBULLEeHY YyTnuBicTb A0 edekTie 6araronpomeHe-
BOCTi GMMIXHBOrO MONS, O MPUSBENO [0 NOripLWeHHS TOYHOCTI
Y BUMiPIOBOHHI BEPTUKANBHOI CKNIAA0BOI KOOPAUHAT, ane iHLWui

NoKa3daB B LiisIoMy NPUAHATI pe3ynbTaTu.

BCTYN
BOAPMOINAPHA  CMipanbHa  GHTEHA
(aHrn.  Quadrifilar  Helix  Antenna,

nani — QHA-aHTeHa) cknapaetbes 3 yoTu-
PbOX PE3OHOHCHMX AHTEHHUX ENEMEHTIB Y
BMINAAi CMiPANbHUX BUNPOMIHIOBAYIB, PO3-
TALWOBAHMX 3 KYTOBMM 3CYBOM HA AEB’AHO-
CTO rpapycCiB, fiKi HOMOTOHI HOBKOMO UM-
niHApa i3 aienektpuyHoro marepiany [6,
4]. Ons 3MEHLEHHs BTPAT €M1EMEHTU TAKOT
OHTEHU MOXHQ BUTOTOBNATM 30 TEXHONOTI-
€10 3BMUYAMHMX ApyKoBaHMX mnaT. Posmip
QHTEHW 3QNexuTb Big BMOOPY TOro uM
iHLLIOrO AienekTpUYHOro mMaTepiany.
Bukopucranns QHA-anTen sk npw-
manbHux anted GNSS-npuiimadis obro-
soptosanocs we 8 1990 poui [9]. Li an-
TEHW, Yy MepPLUy Yepry, BUKOPUCTOBYIOTLCS
Y CKIQAI KOMMAEKCHUX PARIOTEXHIYHUX CUC-
TEM, LLIO CKIIAAAIOTLCS 3 CYKYMHOCTI HO3EM-

HOrO TA KOCMIYHOTO OBNOAHAHHS, sIKe Mpw-
3HQYEHO /19 BUSHAYEHHS! PO3TALLYBOHHS B
NPOCTOPI (MiCLE3HOXOMKEHHS B reorpadiy-
Hil CUCTeMi KOOp,D.MHOT) i B 4aci, a Takox
ANS BU3HAYEHHS NAPAMETPIB Pyxy (wsua-
KOCTi, HOMPAMKY TQ iH.) HO3EMHWX, BOA-
HUX TQ NOBITPsIHMX 06 ekTiB. OgHOYACTOTHI
QHA-aHTEeHM LUIMPOKO BUKOPUCTOBYBAUCH
8 GNSS-cucremax anst nopratmermx npw-
“mauis [4], ane HewopaBHO AnNs TOYHOrO
NO3MLIIOBAHHS Nerkmux 6e3ninoTHUX NiTanb-
Hux anaparis (BIMJTA) 6ynu sanponoHosaHi
6araToyacToTHI (MynbTUHACTOTHI) QHTEHM.
[TopiBHSHO i3 IHWMMKM TUMAMM QHTEH, TAKi
QHA-aHTeHM yepes ix many Bary 4ynoBo
nigxoagats came ans bIJA.

lMpum. nepeknagaya. Mowimay GPS
6yB PO3POBNEHWI NULe ANS [PHAOMY
CUrHay i3 CymyTHUKIB yrpyrnOBaHHS (Cy-
3ip’a) GPS (24 cynytrukn). Ha sigminy sin
GPS, GNSS — ue cymicHe obnagHaHHs,

fIKE MOXe BMKOPMCTOBYBATH HABIrQUIVIHI
cynytHmkn 3 iHwmx mepex [JIOHACC,
BeiDou (Kurasi), a takox poswmperHs
Galileo (Espona). Ockinsku koxHa Taka
mepexa, skmoyaoumn GPS, koHTponoe
8ig 24 go 30 cynyTHukis, NO3ULIOBAHHS €
MPOCTILLUMM TA TOYHILLMM.

QHA-anTeHa mae Hanischepuury ai-
QArpamMy CrpPSIMOBAHOCTI 3 KPYrOBOIO MOfsi-
PU3ALIEI, NPUYOMY OBEPTAHHS KPYroBoi
nonapu3auii  BU3HAYAETCA HAMNPAMKOM
dopmyBaHHs MoHodinsapis. [pu npoek-
TYBAHHI TAKOI QHTEHM, Ans TO, Wwob npu-
imatu curdanmn GNSS i3 MmakcumanbHm
piBHEM BKPAM BAXIMBO, LLO6 TONOBHMIA
nentocTok i Aiarpamu  CNpsSMOBOHOCTI
6yno HanpasneHo B Hebo. 3 iHworo 6oky,
s QHA-anTeH € xapakTepHumu Biyi
(ssBopoTHI) mentocTkM, WO NOPiBHAHO i3
HWMMKM TUNOMKM QHTEH MOXe 3pobuTH
TAKy QHTEHY BiNbLL YyTIMBOIO A0 NPUHOMY
BAraTONPOMEHEBNX CUTHAMIB, OTPUMA-
HUX BHACNILOK iX BiAOMUTTA Big NOBEpxHi,
KA NEeXWUTb HUXYE TOPU3OHTY AIArpamu
HOMPABNEHOCTI OHTEHM, Hacamnepen ue
KOHCTp\/KTMBHi €NeMeHTn TA MNOBEPXH4,
HO AKy BCTAHOBNEHa aHteHa. Mocnabutw
HebaxaHi Biuni nemoctkn QHA-aHTeHw
Moxe 36inbLueHHs Ti goBxuHK [6].

OpHak umniHapuyHa popma QHA-ak-
TeH Ta ix 6inbWa JOBXMHA MOPIBHAHO 3
patch-aHTeHamm (ski BUKOPUCTOBYIOTLCA
K reOAe3nYHi AHTEHI, a TAKOX HA MiTAKax
Ta KOCMiYHMX anapaTax) pobuts QHA-ax-
TEHU He AyXe NPUAATHUMM Npu ix 3aCTo-
cyBaHHI ans konicHoi Texniku [4]. Mig yac
TectysaHHsa asox Tvnie QHA-aHTeH asTo-
pu Manm Ha ysasi knacuury GNSS-siomky
B PEXMMI PEAnbHOrO 4acy ab0 B PEXMUMI
noctobpobku. MMpu umx 3acCTOCYBAHHAX
UMNIHAPMYHA GOPMA TA POIMIP AHTEHM HE
BUKIIMKAIOTb OBMEXEHb, TOAI SK MANA BAra
aHTeHN Moxe ByTu nepeearoto. LLle ogwi-
€10 NEepPeBarolo Ans BUKOPWUCTAHHs 6ara-
TtoyactotHux QHA-anTen, aki 3'asunucs
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30 OCTQHHI Kiflbka POKiB, € iX HEBENMKQ
pPOo3apIGHA UiHa.

[Ticnst 03HOMOMNEHHS 3 QHTEHAMM, HO
AKX ABTOPKU LUbOTO I'IOpiBHFIHHﬂ npoBsoau-
M BUMIPIOBAHHS, TA BMKOPUCTOHWUM [O-
AATKOBMM OBNOAHAHHAM, y CTATTi ByayTh
NPEeACTABNEHI Pe3ynbTATU BUMIPIOBAHD
AKOCTI NpuioMy Ta nepenadi kogy i ¢asu
HOCIMHOI 4aCTOTH, WO Bynu OTPUMAHI 3a
nonomoroto QHA-aHTeH Ta Big eTanoHHoT
reogesnyHoi patch-antenn. dani 8 TecTi
QBTOPM BM3HAUYWIAM YYTIMBICTL (CIPUItHAT-
AMBICTB) UMX TWRiB aHTeH po HaraTonpo-
MEHEBOCTI BAMXHBOrO MONA | BUKOHASM
BU3HAYEHHS LEHTPY PA3U AHTEHM.

llpum. nepexnagava. bararonpo-
MEHEBICTb — L€ SBMLIUE, KOIM B QHTEHY
nPMIMQYa HOAXOAATb XBUITI, LLIO OTPHUMAOHI
besnocepenHbo Ak Big nepeaasaya CyryT-
Huka, Hanpuknag GPS, Tak i BigbuTi Big
pi3Hux nosepxors (3emns, otouyioui 6y-
aisni). bawxre none abo Gnanseke none —
Le enekTpOMArHiTHe nosnae HA BIACTAHI Bif
AXEePena BUIPOMIHIOBAHHS, MEHLUIH 3a
AOBXuHY xBuwii. Ha uivi Bigctari enektpo-
MQrHITHQ XBWAS e He CpOpMOBaHa, i
r10/1e BUNPOMIHIOBAYA MOXHQA PO3ITISAATH
B KBA3ICTATUYHOMY HABTMKEHHI.

HapewrTi, wob susHaunt edekTus-
HICTb TUMIB QHTEH Yy TOYHMX LUBMIOKICHMX
CTOTUYHUX 3QACTOCYBAHHSX, Oynu npose-
AeHi MacwTabHi Nonbosi BUNPOBYBAH-
na. Leuakichi cratmuni GNSS  3iiomkm
KoopaMHAT noaibHi no cratnurux GNSS
3MOMOK, afe 3 KOPOTWMMMK MNepioaamm
cnoctepexerHs (mpubnmstHo sig 5 o 10
xeunuH). Tpoueaypu WBMAKOI CTATMYHOI
GNSS sitomku BumaraioTs Ginblw [OCKO-
Hanoro obnagHaHHa Ta MeTopmis 06pobku
OOHMX, HIXXK CTATUYHI METOLM OLHKM.

[o BCbOMyY TEKCTY QBTOPU CTATTI HA3U-
BAIOTb CUMTHAMM BigMOBIAHO 0O KOHBEHL,M
RINEX 3 [7] i mns GNSS nomiuatoTs ix oa-
Hieto senmkoto nitepoto: G, R, E, C ana cuc-
tem GPS, TNIOHACC, Galileo, BeiDovu,
BiANOBIOHO. TAOKMM YNHOM MM MAEMO: OAHA
undpa — ana yacrotv eig 1 go 8, i ogHa
BENMKA NITEepa — AN PEXMMY CTEXEHHS
nanpuknog, C, I, P, R, W. [Ina otprmaHHs
JOJATKOBOI ichopMou,i]' npoO Ui CKOPOYEeH-
Ha, Byab nacka, 3sepHiTbea ao [7].

OBJIAAHAHHA

ﬂK Bxe 6yno CKa3OHO BMLUE, Y LbOMY
LOCHIAXEHHI ABTOPW NPOEKTY NPOBENU
TectyBaHHa gsox Tunie QHA-awTeH Ta
NPOGHAMI3YBANM iXHI MOXIMBOCTI LWOJO
nosumuitosaHHa. [na uporo y astopis Gynu
nBi aHtern Maxtena M7HCT-A-SMA [12]
i yotupu antenn Tallysman HC975 [13].
Kpim TOro Hummu Byno BUKOPUCTAHO ABi
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Texniuni aani geox Tunie QHA-aHTeH Ta reopesuyHoi patch-aHTenn
NavXperience NAX3G+C
MapameTtpn AHTeHa
MTHCT-A-SMA Tallysman HC975 ARG
. 1192-1231 Mly, npu6n. 1164=1240 MI'y 1150-1300 Ml
Hianason poBox actor 15591606 MIa | now6n. 1559-1610MMy | 1525-1610 My
Posmip (aiametp X B1coTa) 3.4%5.1 cm 4.4x6.2 cm 12.7%7.2 cm
Bara 25+ 42 ¢ 385
Po3s’em SMA, ueHTpoBaHHit SMA, ueHTpoBaHHit TNC, HeueHTpOBaHMI
KpinnenHs = 3 rauni (2.5 M) Pisb6a 5/8”

GNSS patch-antenn nporpamHoro tuny
NavXperience NAX3G+C [5, 14]. Bonu
BMKOPUCTOBYBANMCA aB60 ANs MOPIBHAH-
HA XAPAKTEPUCTUK CNOCTEPEXEHHA OBOX
tmnis QHA-aHTeH y nopisHsaHHI i3 xa-
pakTepucTukamm patch-aHteru, a6o ans

BU3HAYEHHA OMNOPHKMX KOOPAMHAT NONbO-

BUX CTQHUiK. Y MNOAQMLLIOMY ABA TUMU

QHA-aHTeH HasusaTumemo sk M7HCT i

HC975, a patch—anteny NavXperience

NAX3G+C ak 3G+C.
lpum. nepexnagaya. basosa (reoge-

3MYHQ) CTAHLIS — MPMIMQAY, BCTAHOBAEHMW

HQ MyHKTI 3 BIJOMMMM KOOPAMHATAMM |

nepenae pupepeHyiansHi nonpasku 3a

HOMOMOro JOAATKOBOTO PAAIOKAHATY

HQA PYXOMI PMImai.

Y 1abnuui 1 HaBegeHo peski TexHiuHi
XAPAKTEPUCTUKM LMX TPbOX TUMIB QHTEH,
ki 6yno B3STO 3 TEXHIYHOI AOKYMEHTaLT
ix BupobHukie [12, 13, 14], a ix 30BHiLWHIM
BUIMISIA NMPMBEAEHO HA pucyHKy 1. Yci Tpu
QHTEHM MPU3HAYEHI ANS NPUHOMY LUIMPO-
koro gianasory uactor GNSS curnany.
OpHak gianasonm yactoT unx QHA-aHTeH
He BKIOYAIOTb TAKI AIANA30HM HYOCTOT:

o M7HCT: G5/E5/C5 (1176.45 Mru),
R2 (npubnmsno 1246 MIu), Cé
(1268.52 MIu)i E6 (1278.75 MIu);

o HC975: R2 (npubnusno 1246 Mru),
C6(1268.52 MTTu)i E6 (1278.75 MIu).
TUM HE MEHLU, OCKINbKM QHTEHWU MpU-

MMOIM CUTHANM TAKOX | HO LUMX 4ACTOTAX,

TOMY QBTOPM AOCTIIKEHH: TAKOX 06po6u-

M Ui CNOCTEPEXEHHS, AK i BCI iHLWI pe3ynb-

Puc. 1. Tpu TMNK aHTeH, sKi 6ynu BuKopuctaHi y gocnigxenHi: Maxtena M7HCT (a);
Tallysman HC975 (6); NavXperience 3G+C (B)

TatM. MoXHO OuikyBATH, LWLO 303BUYAI HA
LMX BUKITIOYEHMX YACTOTAX AHTEHWU MPALO-
tOTb FipLUIE NOPIBHAHO 3 TMMKM YOCTOTAMM,
NS AKUX Ui aHTeHn Byno pospobneHo.
QHA-aHTenn ta patch-aHtenn cyt-
TEBO BIAPI3HAIOTLCA CBOEKD KOHCTPYKLIEIO,
a omxe, posmipom i sarowo. QHA-an-
TEHU HE MICTATb BHYTPIWHLOI 60 308-
HILWHBOT MNAOWMHU  3A3EMIIEHHS, TOMY
BOHM HaBArato MeHWi, a ix sara cra-
HoBMTb nuwe 6nmseko 10% Big BarK
3BMYAMHOT reopeanyHoi  patch-aHtenu.
Ockinbkn gea i QHA-aHTer He Gynu
PO3PO6NEH: Ans BUKOPUCTAHHS HO TPUHOSI
i rHi300 Kabenio TakMx aHTEH PO3TALLIOBA-
He B LEHTPI IX HUXHBbOI YACTUHM, TO 3 iX BU-
KOPUCTAHHSAM BMHWUKIW MNEBHI HE3PYYHOCTI.
Tomy QBTOPK PO3POBMAM T BUIOTOBMIM
apantepu' ans gsox Tvnie QHA-aHTeH
i CNpoOCTUNM HANALUTYBAHHS QHTEHW, HO-
NPABMBLUM QHTEHHUI Kabenb BOIK.
BinbwicTe reopesnyHnx aHTEH MaIOTb
NMO3HAYKM, $Ki BKA3YIOTb, KA 4YACTMHA
QHTEHU MOBMHHA OYyTM OPIEHTOBAHA HQ
CNpaBXHIO nigHiv. HasiBHiCTb TOUHOT OpieH-
TaUii € BAOXIMBMM HOAKTOPOM AN MPABUIIb-
HOrO 3ACTOCYBAHHS MOMPABOK $HA30BOrO
LEHTPY OHTEHM A0 AOHUX CMOCTEPEXEHHS.
GAkwo Takmit Mapkep BigcyTHiN, 6yno po-
CArHYTO AOMOBIIEHICTb NMPO BUKOPUCTAHHS
HELEHTPOBAHOI TOYKM KPIMAEHHS QHTEH-
HOro kabesnio AK NiBHIYHOrO MAPKEPA, HA-

' Anantepu Gynu BUrOTOBAEHI 3 MONIOKCUMETUNEHY

[POM).
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Puc. 2. 3anexsicts C/NO Big kyTa nipgiiomy
CYNYTHUKQ Haf, FOPU3OHTOM CNOCTEPEIKEHHS
ans curHanis E1Ci E5Q

npuknag, sk ue onmncaro 8 [11]. [ea TMnM BUKOPUCTAHMX y LbOMY
pocnipxeHHi QHA-aHTeH He MaloTb HOBITb | TAKOrO MAPKEpY,
60 ixHi KabenbHi PO3’EMM BIALEHTPOBAHI, TOMY HE MOXYTb BUKO-
PUCTOBYBATMUCA 5K MOrO 3AMIHA. TAKMM YMHOM QBTOPOM ANs TeC-
TYBOHHS TOKMX QHTEH LOBENOCH BUOPATH LOBIMbHMI HANPAMOK,
AkKuN | Oye BMKOPUCTOBYBATUCS SIK FOPU3OHTANbBHMI OMOPHMIA
HANPAMOK st KOXHOT okpemoi QHA-aHTeHu.

Yci cnocrepexenHs Ta eumiptoBarHa napameTtpis GNSS
NPOBOAUIMUCA 3 BUKOPUCTOHHSM npuimadis Septentrio PolaRx5 3
OJHOKOBMMM HOMALITYBAHHAMM. TeCT HO 3aBaau Big Haratonpo-
MEHEBOCTI BMKHBOrO NonA i KANIGPYBAHHS QHTEHM BMMArasM
nokansHoi onopHoi craxwii GNSS. 3 uieo meTolo asTopamm BuKo-
pucrtosyeanacs antera tuny Javad RingAnt-DM JVDM, aka 6yna
nigkmiodeHa ao npuitmada. Bea o6pobka aanmnx GNSS nposoau-
NACh 30 LONOMOTOO MOAYNs nporpamHoro komnnekcy WaSoft.

MEPLUI EKCMEPUMEHTU TA KAJIIBPYBAHHSA AHTEHU

OuiHKa IKOCTi CnocTepe)XeHHs

Ins nepwwux kpokis aHanisy 3a gonomoroo geox QHA-aw-
TeH Ta AoAaTKOBO 30 gonomoroto patch-antenn 3G+C 6ynm
3i6pani 0608 (24-ropnHHi) HOBOPU AAHWX CTATUYHMX CMOCTE-
pexeHb. AHTenn Bynu BCcTaHoBNEH Ha aaxy Byaisni 6e3 3asaa
NS CUTHQMY TG B YMOBAX HM3bKOTO PiBHS BAratonpoMeHeBoro
PO3MNOBCIOAXEHHS, TOBTO 3Q BIACYTHOCTI PAAIOYACTOTHOrO Bif-
6uTTa (exa). Yci Tpu aHTeHn BGyno BCTAHOBNEHO HA OAHY i Ty X
CTOHLIiIO, O Pe3yNbTATU BiBCTEXYBAIMCS TA HOKOMUYYBANMUCh NPO-
TATOM HACTYNHUX 24-rognHHunx nepiogis. [igknoyenmit npuitmay
Septentrio PolaRx5 6ys HanawTosaHui Ha 36ip yCix AOCTYNHUX
curnanis GPS, INTOHACC, Galileo ta BeiDou.

3anucani sHaveHHs cniseigHowerHs curHan/wym (C/Ny) ans
BCIX CMFHAMIB i OHTEH NOKA3YIOTb TUMOBY 3ANEXHICTb Bifi BUCOTH
Haf ropu3oHToM, BigoMy ans GNSS aHteH reogesnyHoro tmny i3
CNABLWMMM CUTHANAMM MPM HMKYUX KYTAX MIAAOMY CynyTHWUKA HOL,
FOPU3OHTOM CMOCTEPEXEHHS, TQ MAKCUMATNbHWUM PIBHEM CHUrHAMY
NPY NPUIOMI CUTHANY Bif CYMYTHUKA i3 KyToM NpubnmsHo 60 rpa-
nycis. byno sussneHo, wo asa sukopmctarnux Tun QHA-aHTeH
NOBOAATLCA MOJIGHUM YMHOM. 3anucaHi ans Hux 3Hauerts C/N,
4ACTO [EWO MeHLWI, HiX 3Ha4YeHHs patch-aHTeHu, omHak npu
HMU3bKMX KYTOX MIAAOMY CYMyTHWKA BIGHOCHO TFOPWM3OHTY CrMo-
CTEPEXEHHS LS Pi3HUUA CTAE MEHLLOK, A MOTYXHICTb CUTHANY
(piersb curnany) umx geox QHA-aHTeH HaBiTb NepesuLLye piBeHb
curnany sig patch-antenu (puc. 2).

o6 NOPIBHATM BNACTUBOCTI OHTEHM AN BCIX JOCTYMHUX CUr-
HONIB | YOCTOT, ABTOPM AOCHIAXEHHS OBUMCTIUIN CEepeaHi 3HAYEH-
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Puc. 3. CepepHi s3HauenHs C/N, y nopsaaky Yacror curHanis
ANY fianasoHy KyTd niaiioMy CynyTHUKA HOf, FOPU3OHTOM
cnocrepexxeHHs Big 10 go 30 rpapycie

Hs C/N, fns KOXHOro CUrHany y BianasoHi KyTa nigiomy cynyT-
HUKa Hag ropusoHTom cnoctepexenns Big 10 go 30 rpaaycie. Ha
pucyHky 3 nokasaHo pesynstatv ansa umx 16-tu GNSS curnanis
3 [OCTATHBOIK KiNbKICTIO CyMyTHUKIB Y KOCMOCI. 3BEpHITL yBary,
WO AesKi CUrHAMM BUKOPUCTOBYIOTH IAEHTUYHI YOCTOTH, ane, He-
3BOXKAKOYM HA Lie, BIAPI3HAOTHCA CBOEIO MOAYNALIEID TA PEXMMOM
BIACTEXEHHSA MPMMMAYA. |LEeHTMYHI 4OCTOTU BMKOPMCTOBYIOTH-
ca Takmmn rpynamn curHanis: G5Q/E5Q/C5P (1176.45 M),
E7Q/C71(1207.14 MI'y)i G1C/ET1C/CI1P (1575.42 MIu).

Y HmxHi cmysi wactort sig 1176.45 MIy (G5Q/E5Q/C5P)
no 1278.75 MIy (E6C) sHauenns notyxHocTi curdany QHA-aw-
TeH Huxui, Hix y patch-antenn 3G+C. Y Binbw BUCOKOHACTOTHO-
My BiQna30Hi 4ACTOT BOHM 3Q3BMYai TPOXM Binblwi. Haibinbuwi
BIIMIHHOCTI B 3HQYEHHI MOTY>XXHOCTI CUTHONY CNOCTEPIrAOTLCS 41N
npeaknx curHanise QHA-aHTEH 3 4OCTOTAMM, AN SKMX Ui QHTEHM
He 6ynu pospobneHi, ue, Haragyemo — R2C, Cél, E6C. Antena
M7HCT takox aemoHcTpye cnabky cuny CUrHany ans 4acToTu
R1C (ue npnbamsHo 1602 MIw).

Bukopucrosytoun opHakosi HABOPM AAHWMX, ABTOPU AOCHI-
IXKEHHS BU3HAYMNM PIBEHb KOLOBOIO LYMy Ta pieHi 6aratonpo-
MEHEBOTO PO3MOBCIOLXEHHS ans BCiX 16-Tm curHanis. Bowwu
BUKOPUCTOBYBANM NiHikHy kombinauiio MP (sig multipath — 6a-
FOTOI‘IpOMeHeBiCTb) KOLOBWUX CNOCTEPEXEHD | ABOYACTOTHMX CNO-
cTepexeHb Gasn HOCIMHOT YaCTOTH, SIKY IHOLI TOKOX HO3UBAIOTL
nininHolo kombinauielo CMC (sig anrn. Code Minus Carrier —
KOAOBA 4ACTOTA MiHyC HociHa yactota) [1, 3]. Y yacosux pagax
uiei 6aratonpomMeHesoi KOMBIHALIT NePEeBAXAIOTb KOLOBUI LYM
i 30BOAM Big 6AraTONPOMEHEBOCTI CTOCOBHO iX BMAMBY HA KOA.
Konn us iHpopmauis oTPMMAHA, TOAi € MOXIIUBICTE OBYUCIUTH
CepeAHbOKBAAPATUYHI 3HOYEHHS, LLLO 30N1EXATb Bif BUCOTM BCTA-
HOBNIEHHA aHTeHuW. Pesynstatn nokasaHo Ha pucyHkax 4 i 5.

TyT BiBMIHHOCTI MiX TPbOMO MPOTECTOBAHWMM QHTEHOMM
NOPIBHAHO 3i 3HAYEHHAMM NOTYXHOCTI CMrHany HabaraTo GinbLui.
MopieHsHo 3 patch-aHteHolo QHA-aHTEHHA 3aBXaM nokasye
BMLLUMI pPiBEHb BiIHOLLEHHS KOJOBOTO LLYMY TA 3ANEXHOCTI Bif 30-
Ba 6AraTONPOMEHEBOCTI Bifl KyTA MIAMOMY CynyTHUKQA HOA ropu-
30HTOM CMOCTEPEXEHHS NOPIBHAHO 3 patch-anTeroto. Kpim Toro,
sHauyeHHs MP ana antern M7HCT, nopisnaHo 3 HC975, saexam
Ginbuwi. Y TOM 4ac sk patch-aHTeHa AeMOHCTPYE HiTKy 3aexXHICTb
ii MP 3HOuEeHb Bif, BUCOTM 3 MEHLLUMMM 3HOYEHHSMM ANS BinbLUMX
KYTiB MigMOMY CYNyTHUKA HAL FOPU3OHTOM CMOCTEPEXEHHS, ane
LS 3QIEXHICTb BXE HE HACTINbKM ACKPABO BUPAXEHA Ana 0box
QHA-aHTeH (puc. 4).

CepenHboksaapatmyHi 3HaueHHs MP sig nigiiomy B8 miana-
30Hi KyTiB MiAMOMY CYNyTHUKQA HOA FTOPU3OHTOM CMOCTEPEXEHHS
gin 10 no 30 rpagycis (puc. 5) peMoHCTPYIOTL HiTkMit mOpAROK
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M7HCT HC975 ——  3G+C Curnan
Puc. 4. CepepHbOKBOAPATUYHE CNIBBiIAHOLUEHHS Puc. 5. CepepHbokBagparnuHe BigHoweHHs MP B nopsaky yacrotr
MP curnanie E1C i E5Q Big KyTa nigiiomy CUrHaniB AN Aianas oHy BUCOTH NiANOMY GHTEHU B YMOBAX
CYNYTHUKGO Haf, TOPM3OHTOM CMOCTEPEIXEHHS KYTa NiffiomMy CynyTHMKA Haf, FOPU3OHTOM CMOCTEPEXKEHHS
i BUCOTH BCTUHOBJIEHHS! GHTEHU Big 10 po 30 rpapycis

PAHXYBAHHS TPbOX Tunis anTeH: patch-antena 3G+C nokasye
piBeHb k0goBOro Wymy/6aratonpomeresocti 0.4 M B cepeaHbo-
My ans BCix curHanis. byno BcTtaHoBneHo, WO BiANOBIAHUIA piBeHb
ans antern HC975 suwe 8 cepenHbomy npubnmsHo Ha 30 %,
a piserb antedn M7HCT suwe B cepeaHbomy npubnmnsHo Ha
70%. Y suwomy pianasoHi yactot pisHuusg mix 3G+C i HC975
HaBAraTO MEHLLIQ NOPIBHAHO 3 HMXYMM AIANA30HOM Y4ACTOT.

Llo6 BM3HAUMTU HA3OBMIA LLYM HOCIMHOT YOCTOTH TQ B/IUB BU-
COKOYACTOTHUX PiBHIE HArATONPOMEHEBOTO PO3MOBCIOLXEHHS ANst
BCiX TPbOX QHTEH, ABTOPW LOCMIOKEHHS 3BEPHYNM YBAry HA BMKO-
PUCTAHHS B CTATUYHOMY PEXMMI KOPOTKMX 6A30BMX NiHii NAp aHTEH
ogHoro Tuny. TyT 3HOBY aHTEHM Bynu BCTAHOBREHI Ha aaxy Ges
30BAL CUTHANY TA 3 HU3bKMM PIBHEM 30BAA Big HAraTONPOMEHeBo-
cTi. Yci Tpu napwm aHTeH Byno BCTAHOBIEHO HA Ti X CaMi CTAHUT, MO-
HITOPUHT BiAGYBABCA NPOTATOM HACTYNHUX 24-rOAMHHUX NEPIOAIB.

Ha kopoTkux 6a308BMx MiHIAX MK NOPAMM QHTEH HEORHO-
3HAYHICTb $a3M HOCIMHOT BIKCYBANACS 4O LWiNUX 3HAYEHb, O NOTIM
QHANI3yBANMCA 3ANMULIKM 3 INLIE OFHIEIO PI3HULEIO WOAO iX PIBHA
BIIHOLWEHHS WyMy/BAraTonpOMEHEBOCTI, 3QNEXHOrO Bifl BMCO-
TH. Y UbOMY TQ B YCiX NOAQMbLUMX AHAMI3AX CNOCTEPEXEHb $Ha3u
HOCIMHOI 4OCTOTM, QBTOPM OCHIIKEHHA OB €EQHANM CUTHAMM 3
OAHOKOBMMM YOACTOTAMM | TOKMM YMHOM MPEACTOBUAM PE3YIb-
TATU K GYHKLIIO Bif, YACTOTU CUTHAMY. 3QNEXHICTb PiBHS LyMY
$asm HOCIHOT Pa3M | BMCOKOYACTOTHOrO HAraTONPOMEHEBOTO
CUTHANY Bify BUCOTM NOKA3QHO HA PUCYHKY 6 Anst ABOX OBPAHMX
yactot: 157542 Ml (G1/E1/C1)i 1176.45 MI'u (G5/E5/C5).
B ob6ox sunapkax eumiptosarHa ans QHA-anTeH nokasyioTs
BULLMIA PIBEHb LUYMY, HX BUMIPIOBAHHS 3 patch-anteHoto. Mpwu
uboMy anteHHa M7HCT pemoncTpye Hamnbinbly 4actoty no-
munok. CnocrepexeHHs $hbasm HOCIMHOT YaCTOTH Ans BCIX TPbOX
QHTEH TEX AEMOHCTPYIOTb HiTKY 30NEXHICTb — Bifi BUCOTU QHTEHMU
TQ KyTA CYNYyTHMKA BiGHOCHO FOPMU3OHTY.

ABTOPM JOCNILKEHHA 3HOBY PO3MAHYM BCi YOCTOTU CUrHANY
B 4iANA30HI BUCOTM 4J1 KYTA NIAAOMY CYNyTHUKA HAL FOPU3OHTOM
cnocrepexents Big 10 no 30 rpapycis. CepeaHbokBanpaTUUHi
3HOYEHHS MOKA3YIOTh YiTKE POHXYBAHHSA TPbOX TWMIB QHTEH:
ons BCix yactot patch-antena 3G+C pemoHctpye dbasosui
LWYM HOCIMHOT TO BUCOKOYQCTOTHMI piBeHb 6AraTonpoOMEHEBOro
PO3MNOBCIOAXEHHA B CEPEAHbOMY HA BMCOTI 4.6 MM, NpH LbOMY
BignosigHWi piserb ana antern HC975 suwmit y cepenHbomy
maike Ha 40%, a pisexb ans antenn M7HCT suwmi 8 cepen-
HboMy maike Ha 70 %. Y HUXHIM CMy3i 4aCTOT BigMIHHOCTI GinbLui.
Y BMLLOMY LiANQA30HI 4ACTOT CEPefHbOKBAAPATUYHI 3HAUEHHS
ans Ga30BOro LWyMy HOCIMHOT 4acToTW Ta BRAMBY 6aratonpo-
MEHEBICTI, WO 3aNIeXMTb Bif KYyTA MigHOMYy CYynyTHUKA HOL rOpu-
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30HTOM CMOCTEPEXEHHS, Y KOPOTKii 6a3osin ninii y QHA-aHTeH,
nopieHaHo 3 patch-anteHoto, npubnmsHo Ha 30 % BinbLue.

Tecr Ha cTilikicTb A0 3aBapA Big 6araronpomeHeBOCTi
6NnV)KHBLOrO nons

Brnme 6aratonpomeHeBoCTi Ha cnocTepexeHHs dbasm HOCIH-
HOI YOCTOTH, K BM3HOYEHO B MOMNEPEfHbOMY PO3AiMi, CTOCYETbCA
nmwe edekTis HAraTONPOMEHEBOCTI ANA CUTHANIB i3 BUCOKOIO 4aC-
ToToto. Borun CMPUYMHEHI BISAANEHNUMM (1 Mi 6inb|_|_|e) BiAOMBAYAMM
(pednexTopamu), sxi cTeopioioTs ana curHanis cynythukis GNSS,
PO3TAWOBOHMX HQ CEPEAHIX HABKONO3EMHMX Op6IiTaX, BMCOKO-
4aCTOTHI edekTM 6araTonPOMEHEBOCTI 3 NEPIOAAMM Bif KiNbKOX
Ta Ginblwe XBUAMH. 9KWO pednekTopy posTawosaHi Gavxye fo
QHTEHM, TO TOKA 6AraTONPOMEHEBICTL CTAE AOBrONEPIOANYHOIO i
T BAXKKO BiIOKPEMMUTH Bif, OBUUCTEHMX KOOPAMHAT, TOBTO edekTy
6araTonpPOMEHEBOCTI AIl0Tb AK 3CyB peanbHux koopamHat. Lla
6araTonpPOMEHEBICTb BIIMXKHBOTO MONS MOXE 3HAYHO 3MIHIOBA-
TUCS 30MEXHO Bifi BUCOTU QHTEHM, TOOTO 3MIHA BMCOTU QHTEHM
CMPMYMHSIE 3MIHY BAraTONPOMEHEBOCTI BAMXHLOrO MO i, TAKMM
YMHOM, MM MOEMO CMPAaBYy 3i 3MILLEHHSM BAraTonpoOMeHeBoCTi,
WO BMNAMBAE HO OBUMCNEHi koopaMHATH, ame. Hanpuknag [2, 10].

LLlo6 Bu3HQUMTH BNNMB L€l BArATONPOMEHEBOCTI BAMXHLOIO
nons ANs KOXHOMO TUMY QHTEHU, ABTOPAMM NPOEKTY Byno npose-
LEHO HACTYMHUM ekcnepumeHT. Ha naxy 3 HU3bkum pisHem Bara-
TOMPOMEHEBOCTI BOHM ABIYI BU3HAUMIM KOPOTKI 6A308I MiHil MixX
ETANIOHHOIO OHTEHOIO TA KOXHOIO TECTOBOK AHTEHOI. [lepLumii
KiNbKArOAMHHMI Nepiof, CNoCTEPEXeHb NMPOBOAMBCSA 3 TECTOBOIO
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Puc. 6. 3anexHicTb ¢pazoBoro wymy HociiHOI Bif BUcOTH
Ta 6aratonpoMeHeBicTb Y KOPOTKUX 6a30BUX JliHisgX
iAeHTMYHUX TUNiB aHTeH ansa curHanie G1/E1/C1
(1575.42 Mly) i G5/E5/C5 (1176.45 MI'y)
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Puc. 7. ®azoBuii ym HocilHOT Ta BNAMB 6aratonpomeHeBoCTi
(y cepeAHbOKBAAPUTUYHUX 3HAYEHHSX) HO KOPOTKUX 6a30BUX NiHiAX
OAHAKOBMX TUNIB GHTEH ANA AiANA30OHY BUCOT i KyTa NiAAOMY CynyTHMKQ
Hap ropusoHTOM cnocrepexxeHHs Big 10 ao 30 rpaaycie Ha BUGpAHNX
4YaCTOTAX CUTHAIB i3 AOCTATHBLOIO KiNbKiCTIO AKTUBHUX CYNMYTHUKIB

QHTEHOIO B i HM3bKOMY MOMOXEHHI, NOTIM
LPYTMi KinbKArogMHHWIA nepiop cnocrepe-
XEHb MPOBOAMBCH 3 TECTOBOIO AHTEHOIO
BXE Y BUCOKOMY MONOXeHHi. PisHuus Bucot
MK HM3BbKMM | BUCOKMM MOMOXEHHAM, KO
6yna pPeanisoBaHA CMOMYYHOK MAAHKOI,
cknana pisHo 1.2658 m (puc. 7 i 8). 3osHiw-
Hill BMMSA BMMIPIOBOSIbHOT YCTAHOBKM MO-
Ka3aHO Ha pucyHky 9. Lia pisHuus y BucoTi
Oyna BM3HQYEHA HQA OCHOBI PI3HMLI ABOX
6asoemx pesynbtatis GNSS nosumuiosa-
Hs. [MopiBHAHHS BU3HAYEHOT TA BIZOMOI pis-
HUL Y BUCOTI A€ IHPOPMALLIIO MPO CTIMKICTb
QHTEH OO 30aBOA Big 6ArATONPOMEHEBOrO
PO3MOBCIOLXEHHS.

Edexr Bin Hacniakis aii 6aratonpome-
HEBOCTI BIIUXHBOTO MOMSA 3MIHIOETLCA MiX
HMU3bKMM | BMCOKMM MONIOXEHHAM QHTEHM
3QnexHO Bi 0BPAHOT PI3HMLI BUCOT i [OB-
xuH xBunb curHany. OauH Takui ekcnepu-
meHT i3 ogHodactotHum GNSS cnocrepe-
XKEHHAM MOXe BMMOAKOBO [AATM ifedanbHe
BM3HAYEHHS PI3HMLi Yy BMCOTI. ToMmy Taki
eKcnepumeHTH noTpibHo abo nosTopio-
BATM 3 KifIbkOMA PI3HUUAMM Y BMCOTI, a6O

Puc. 9. KeagpudinapHa cnipanbHa aHTeHa B HU3bKOMY (niBOpYyY)
TA BUCOKOMY (NMPUBOPYY) NONOXKEHHI

OLIHIOBATY KiflbkQ CUMFHANIB 3 Pi3HWUMM [OB-
XUHOMM XBWITb. ABTOPM LbOTO BOCTILKEHHI
3QCTOCYBANM HLMK MiAXid i BUSHAYMIU Pi3-
HULIO Y BMCOTi OLHOYACHO HO AECATU Ao-
CTYNHMX HA AaHW MOMeHT yactotax GNSS
i3 poBxuHamu xeunb Big 18.7 po 25.5 cm.

MoxHa cnogisaT1Cs, WO QHTEHM, §Ki
noKasyoTb ayxe fobpy CTiMKICTb 40 30-
BaA Bi BAraTONPOMEHEBOCTI BIUXHLOTO
nosns, LEeMOHCTPYBATUMYTh | Binblwi BApi-
auii NOMMNOK PI3HMUi Y BMCOTI. 3 iHWOro
BOOKy, QHTEHM, CUIbHO 3anexH Big 3a-
Bag Big BAraTONPOMEHEBOCTI BIUXHLOTO
nons, LEMOHCTPYBATMMYTb BENMKI BApiaALii
NMOMMIOK Pi3HMLI BUCOT.

Tok Tpw pi3Hi TECTOBI AHTEHM NMOKA3Y-
10Tb ayxe pisHi pesynbtath (puc. 10). Xoua
noxmbku pisHuui y BMCOTI patch—aHTenn
3G+C He nepesuwyots 1.5 mm, Haba-
rato Ginbwi noxubku piskmui ans HC975
KONMMBAKOTLCS Y Mexax Big —5 no +5 mMm.
[Moxnbku BuCOTH Bynm BU3HAYEH] Ans 06ox
QHA-anTen. Ona antenn M7HCT maken-
MyM flocarHyTo Ha BucoTi 10 mm. Y pesynb-
TQATi MOXHA 3pOBUTU BUCHOBOK, LLO YCi TPK
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Puc. 8. HanawrysaHHs BUcoko-
HU3bLKOTO TECTY HU OLiHKY
BNAMBY 6araronpomeHeBoOCTi
6nMKHBOrO Nonst

TMNM QHTEH YyTIKBI 1O BNAMBY Haratonpo-
MEHEBOCTI 6IIMKHBOTO NOMS, Ane Ha Ayxe
pisHmx pisHax: 3G+C 3a3Hae HaMMeHLWoro
srnmsy, HC975 sinuysae Ginbwi edektn
6araToNPOMEHEBOCTI, A BMIIMB LUbOTO ABU-
wa Ha M7HCT e Hanbinbwmm.

KaniépyBaHHs aHTeHM

3 iHauBigyanbHux kanibpysaHs QHA-
QHTEH 30 MOMemM Ans BCIX LWECTU OHTEeH
Oynu BU3HAYEHI 3MmilleHHs Ga30BOrO LeH-
tpy (Phase-center offset, aani — PCO)
Ta Woro Bapiauii (Phose-center variation,
aani — PCV).

[ns  uboro BUMIpPIOBGHHS QABTOPM
NPOEKTY BMKOPUCTOBYBANM POTALIAHUA
npuctpin DRB2 (puc. 11), akmit gossonse
NPOBOAUTM CMNOCTEPEXEHHS B YOTUPLOX
A3UMYTONbHUX OPIEHTALIAX 30 XBUAMHY,
ane He BUKOHye Haxun aHtenun [8]. Cno-
CTEPEXEHHS B PI3HUX A3MMYTANbHUX Opi-
EHTALiAX [O3BONSIOTb BU3HAUMTM BApPiaLi
$QA30BOTO UEHTPY AN MOBHOI BEPXHLOI
niBKyni, a TAKOX AONOMAralTb NOCHA-
6utn Bnnue 6aratonpomeHesux edekTis
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Puc. 10. Moxm6km no pi3HMLLi BUCOT HU3bKOI YCTGHOBKM
MiHyC BUCOKO YCTAHOBKA B KOPOTKii 6a30Bii niHil
A0 ONMOPHOI CTaHLLii B 3a/Ie)XHOCTI Bif 4acToTH
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Puc. 11. OpHa i3 QHA-aHTeH
Ha Kani6pyBanbHOMy
npucrpoi DRB2

¢$a3M HOCIMHOT YOCTOTI HO TOPU3OHTANbHI
cknaposi PCO. OgpgHak Ha Ui cknapgosi
BCE LWe BMIMBAE nokansHa 6Garatonpo-
MEHEBICTb, AIKa 3anexwuTs sig sucotu. Pe-
nepom y UbOMY BOCHIIXKEHHI Cnyrysana
NIOKQSIbHA OMOPHA CTAHLS, OCHALLEHA aH-
ternoo JavRingAnt_ DM JVDM. Ockinbku
60308BA NiHIA MiXX ETANOHHOK AHTEHO
Ta QHA-QHTEHOIO CTAHOBUTL NMLLE KinbKa
METpIB, TO YCi ATMOCHEPHI BMIMBM YCYBO-
OTbCS | HE MOripLWYIOTh PE3yNbTATH Kani-
6pysaHHs. KoxeH ceaHc kanibpyeaHHs
TPUBOB WOHANMeHWEe 24 rognHu.

llpum. nepeknagava. basosa niHia
[y CynyTHUKOBMX BU3HQYEHHSX), BEKTOP
6a30BOI NiHIT — TPMBUMIDHMI BEKTOP rpu-
POLUEHb MPOCTOPOBUX KOOPAMHAT MiX
CYMDKHIMM [TYHKTOMM CYMyTHUKOBMX CIO-
CTepeXeHb, BUKOHAHMUX NPOTArom O4HOIro
ceancy (baseline vector).

Paynstati kanibpysaHHs cknogaoTscs
3 sumiptosanrs PCO Ta PCV. Pesynbtatu
PCO ana scix mpoctyniux yactor GNSS
306paxeHo Ha pucyHkax 121 13. 3nauen-
Ha PCO cyMixHUx 4acToT 3’ €AHAHI NiHisMM.

A Ha pucyHky 14 nokasano cepenti
3naueHns PCV gna nsox obpanmux yactor
ans koxHoro tuny QHA-aHTeH.

Ockinbku kopnycrt QHA-aHTeH € pota-
LiMHO-CUMETPUYHMMI TA B HUX HEMOE MAp-
Kepa s BUSHAYEHHS OMOPHOTO HAMPSMKY,
OBTOPM MPOEKTY 3MyLLEHI Bynu KoaaTM 00
KOXHOI OKPEMOI aHTeHu, Wwob BoHa Byna
BMPIBHAHA HO CMPABXHIO MiBHIY, JOBINbHUMA
Mapkep. TAKUM YMHOM, TOPU3OHTANBHMUM
PCO, sk nokasaHo Ha pucyHkax 12a, 13a,
MOxe ByTu ckpyueHuit. Pesynbtatn opHak
noKa3yoTh, Wo BCi ropusoHTansHi PCO
MEHLLI 30 KifIbKa MINIMETPIB, O OCKINbKM Ai-
arpama PCV He BusBUNG XOAHMX 3HAYHMX
QA3MMYTQIbHUX BAPIAL, TO MOXHQ 3p0bu-
TM BMCHOBOK, LLO O3MMYTANbHO OPIEHTALS
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OKPEMMX OHTEH HE MAE 3HAYEHHS, SKLLO
FOPU3OHTANBHA TOYHICTb Y KiNbKa Minime-
TPIiB € HOCTATHLOIO.

KpimToro, septukansHi PCO (puc. 126,
136) okpemux QHTEH OEMOHCTPYIOTb AO-
6py ysropxeHictb mix QHA-anTeHamm og-
HOrO ¥ Toro camoro Tmny. AnteHa M7HCT
LEMOHCTPYE 4iTKy 4YACTOTHY 3QNeXHIiCTb
csoro septukansHoro PCO (puc. 126),
Qane aBTOPM Y LbOMY A0 KiHUA HE BNEBHEHI
i TOMy He paAsaTb BBOXKATH, WO Ui BApiawji
nopsiaky 1 CM BUKIMKAHI Tinbku ehekTamm
6araTonpPoOMeHeBoCTi  BAMXHBOTO Nons.
Bupobhumk anten M7HCT ana sucokouac-
TOTHOrO AiaNAa3oHy ONyBNikyBAB 3HAYEHHS
septukansHoro PCO ak 36.2 ta 34.8 mm
ANA  HwxK4oro pianasoHy uactot [12].
Lli sHa4yeHHs MoxyTb ByTU BUKOPUCTAHI,
ane npu NPAKTUYHUX 3ACTOCYBAHHAX Crif,
OuiKYBATM 3QNMULLKOBI NOXMBKM BUCOTH e
HQ KinbKa MINIMETPIB, HE3ANEXHO Bif TOrO,
CMPUYMHEH] BOHU HEBM3HAYEHICTIO $a30-
BOrO LEHTPY Y4 HACIIAKAMM Bif BMAMBY
6araTonPOMEHEBOCTI BAMKHBOTO NOSS.

3anexHICTb 3HAYEHHS BEPTUKAMBHOTO
PCO antenn HC975 sig yactotv 3n0€Th-
ca meHwoto (puc. 136). Wo crocyertses
cepeanHboro septukansHoro PCO, 1o y
HUXHIM CMY3i YOCTOT i, 30 BUHATKOM 4QCTOT
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Puc. 12. Pesynbratn kani6pyBaHHs aBox okpemux auteH M7HCT Ha 10 yacrorax:
3MiLeHHs $pa30BOro LLEHTPY NO rOPU3OHTAi Ta BUCXiAHA CKNafoBa

45 e
B
(¢ -
| B
40| -
= i
S| g
= i
xR i
o 1
-
30 =
“a
6)

25 ' +
1100 1200 1300 1400 1500 1600 1700
Yacrota, MI'y

Puc. 13. Pesynbrartu kani6pyBaHHs 4otupbox okpemux HC975 Ha 10 yacrorax:
3milLleHHS $a30BOro LIEHTPY NO rOpM3OHTAN Ta BUCXiAHA CKNAA0BA

E6/C6, Bin craHosuTs 36 MM 3 iHaMBILY-
QANBHUMM BIOXMNEHHAMKM MAKCUMYM Y KinbKa
MiniMeTpiB. Y BULLIM CMy3i 4OCTOT CepenHit
septukanbhmit PCO cranoeuts 28 mm. Bu-
pobHuk anten HC975 onybnikysas 3Ha-
yenHs ans septukansHoro PCO sk 38 mm
AN HWKHBOT CMyrM 4acToT i 32 Mm ans
emyrn Buumx qactot [13]. Takum ynHoMm,
K MOXHO BQuMTH, pPesynsTaTh Kanibpy-
BAHHS LOMM TPOXM MeHLWi 3HadeHHs. Kpim
TOTO, OTPUMAHI ABTOPAMM MPOEKTY pe-
3yNbTATY AN BEPTUKAMbHKX 3HaueHs PCO
ons yactotm E6/Cé anauHo BigpisHaoTbCa
(32 mm). Ane cnig nam’aTaTi, wo BMpobHMK
HE PEKOMEHAYE BUKOPWUCTOBYBATH LieH THM
aHTeru B aianasoni yactot E6/Cé.

Lo crocyerbea antenn M7HCT, 10 BU-
3HaueHi 3HayeHHs PCV ons Hei gocsraioTs
npnbnunsro 1 cm, Togi sk ana aHtenn HC975
BOHM HE MEPEBMLLYIOTb KifTbkOX MIIMETPIB.
36anaHcoBaHICTb Mix 3HaueHHamn PCV ana
OKPEMMX OHTEH ByNa HACTIMbKM XOPOLLOIO,
O ABTOPU NPOEKTY 3MOrM 06’ €aHaTH ix 3a
PCV angs ycix tunie awten (puc. 14).

KanibpysaHHsa aHTEH NOKA3AN0 XOPo-
LY Y3rOMKEHICTb PA30BUX LEHTPIB OKpe-
MMX QHTEH KOXHOTO TUny. [opu3oHTanbHI
PCO pocuts mani i He noTtpebyioTs ko-
pekuii And no3uuiloBAHHS 3 TOYHICTIO JO
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cantumeTpa. BeptukansHi PCO sanexats
Bif, HOCTOTM CUTHANY | A8 OTPUMOHHS COH-
TUMETPOBOT TOYHOCTI MAKOTb BYTU CKOPU-
rosaHi. PCV anten tuny HC975 nactinbku
Mani, Wo M Taka Kopekuis He noTpibHa.
Ogptak sanexnicte PCV M7HCT sig euco-
TM BCTOHOBJIEHHA BIJHOCHO HOCiS QHTEHM
BCE X BUMArae Kopexkuji.

NnoJibOBI BUMIPIOBAHHSA
TA JOCSXKHA TOYHICTb
NO3ULIIIOBAHHA

OIbOBI BUMIPIOBOHHS MPOBOAMUINCS HO
15-T1 CTAHUIAX 3 BUKOPUCTAHHAM YCiX

06’'eKTMBA «pPUG’aue OKO»
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TPLOX TuMiB aHTeH. Ha koxHiin craHuii
KOXEH i3 TPpbOX TMMIB GHTEH MPALIOBOB
npotarom asox rogmt. CraHuii 6yno obpa-
HO TAKMM YMHOM, WO6 cepen HUx Bynu Ak
cnpuatnmsi ana GNSS micus 3 HesHAYHUMM
30BAAAMMU, TOK | HECMPUATANBI, € CUTHANMK
30ropPOMXYIOTbCA POCIUHHICTIO Ta Byais-
NAMK, Qe MPK LbOMY NMPUAATHI 418 NO3u-
WiOBAHHS 3 TouHiCTIO 1o cM (puc. 15). Yci
CMOCTEPEXEHHS MPOBOAMUNNCA 3 OHTEHA-
MM Ha cTidkux wraTtueax (aus. puc. 1). Mpu-
maui Septentrio PolaRx5 3a6esneuysa-
nm cnoctepexerHs Beix 4-x tunis GNSS:
GPS, MOHACC, Galileo i BeiDou.
Pesynbtati nosuuitoBaxHs 6ynu otpu-
MaHi B pexumi noctobpobku. B uieo

Puc. 15. Mpuknaam oToueHHs pyXOMOi CTaHLi Ans cnpuaTameoi cutyauii (a)
Ta HecnpusTaneoi cutyauii (6). Pororpadii 6ynu 3pobneHi 3a ponomoroio
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45 10
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0.6/0.5/36.7

Puc. 14. Cepepni pe3ynbratu kani6pysanHs asox aHteH M7HCT (nisopyu) i yotupbox anren HC975 (npaeopyu)
Ha yacrotax G1/E1/C1 ta G5/E5/C5

METOIO OBTOPW MPOEKTY, SIK €TANOH ANs
BiJHOCHOIO MO3MLIIOBAHHA HO OCHOBI CMNO-
cTepexerb 30 Ga30t0 HOCIMHOT 3 dikco-
BAHOIO HEOAHO3HAYHICTIO, BUKOPUCTOBY-
BaMM BipTyanbHi onopwi craHuii (virtual
reference station, VRS). VRS 6ynu o6umc-
neHi Ta 3MoaenboBaHi i3 6eanepepBHO
Lilo4OT ONOPHOI CTAHLT HIMELBKOT Mepexi
SAPOS (puc. 16). Yci pyxomi cTaHuii y Bu-
rmagi posepis OynM PoO3TAWOBAHI B MiB-
LEHHIN 4acTuHi parory micta lpesaeH, Ha
gigcTaHi 8ig 3 4O 6 KM Big NMOCTIMHO fitoyoi
onop+oi craruii DRE4 i B mexax TpukyT-
Huka WALD-DRE4-SAYD abo B mexax
SAYD-DRE4-ALDO.

VRS 3a6e3nedye 6aratoyactoTHe cno-
CTEPEXEHHS BCIX 4YOTMPLOX CTOHAAPTIB
GNSS. Y cnpusatneux micusx 6yno po-
CTynHO B cepeaHbomy 28—29 cynyTHukis,
aki BynM BMLLE KyTA MiAMOMY CymyTHMKQ
HOL TOPM3OHTOM CMOCTEPEXEHHS LLLOHAW-
merwe y 10 rpapycie. Ha Hecnpuatnmemx
AINSHKAX LE YMCNO MEHLIE i OCarae nuwe
24-25 cynytHukie. XoaHWx iCTOTHUX BiA-
MIHHOCTEN O[O KilbKOCTi CnocTepexyBa-
Hux curHanis GNSS Mix Tpboma aHTeHamM
He BuasneHo. basosi pesynbtatn VRS-po-
Bepa 6a3yI0TbCs HA 4BOYACTOTHIN 06pob Ui
AQHUX YCiX YOTUPLOX BOCTYMHMX CYMyTHUKIB
GNSS. JoaaTkoso GBTOPU NPOEKTY Yy BCiX
CMOCTEPEXEHHSIX 3ACTOCOBYBANM KOPEK-
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Puc. 16. MocriitHo gitoui GNSS-cranuii
Himeubkoi mepexi SAPOS,
LLLO OTOUYIOTb Micus
NoJsIbOBMX BUMIPIOBOHB
i BUKOPUCTOBYIOTbCS
Ans o6uncnens VRS i,
BiANOBIAHO, ANA OTPUMAHHS
6a30BUX pe3ynbrartie

uito dpasosoro ueHTpy aHtenn. Cnocrepe-
xeHHs QHA-aHTen 6ynu ckopurosani 3
BMKOPUCTOHHAM PE3yNnbTaATIB, BiAMNOBIAHMX
ANS TOrO TA iHWOrO TUMY GHTEHM, AKi HYOCT-
KOBO MOKA3AHO HA PUCYHKY 4.

Pesynstatit goroamnHHmx ceaHcie cro-
crepexerHs 3a patch-anHtenammn 3G+C
Oynu BUKOPUCTAHI K OMOPHI KOOPAMHATH
Ons BCix nopanblmx ouiHok. KoxHuit 2-ro-
OMHHWI ceaHc 6yB po3butuit Ha 24 ko-
poTkmx ceaHcu no 5 xeunmu koxeH. Kox-
HUM N ATUXBMAKMHHKIA CeaHC 0Bpobnsascs
HEe3aNEeXHO i MOro pPesynbTaTM MOPIBHIO-
BAMUCS 3 ETASIOHHUMM KOOPAMHATAMM.
TOKMM YMHOM, ANS KOXHOTO TUMY CHTEHM
€ 360 BMBIPOK N ATUXBUAMHHMX CEQHCIB.
Mpwu ubomy 216 3paskis, siki Byno sigibpa-
HO HO MiCUsX, OUIHEHMX fK CIPUATNMBI, i
we 144 3pa3ku HO MiCusx, OUIHEHMX SIK
HecnpusTivei. Kpim Toro, astopam npo-
exty ans aHted M7HCT, HC975 i 3G+C
posenocs suganut 0.6 %, 0.3% 1a 0.6 %

Y CaOHTUMeTpax
9 cnpusTanemx craHuin (n =216) 6 HecnpUATAUBKX CTaHLN (n = 144)
Tun aurenn niBHiu/cxig/Bucora niBHiu/cxig/Bucora
M7HCT 0.73/0.42/2.08 0.70/0.42/2.50
HC975 0.49/0.41/1.02 0.70/0.33/1.51
3G+C 0.48/0.39/0.80 0.46/0.32/0.93

yCix pe3ynbTaTie, BianNosigHo, ki Gynu oui-
HEHO, K BMKMAW. YCi BOHM 6ynM BUKITMKQAHI
HEMOBHOI IKCALIED HEOAHO3HAYHOCTI
HO OfHIM i3 HECTIPUATIIUBUX CTAHLNA. Takum
UMHOM, piBeHb ycnixy ¢ikcauii HeogHo-
3HQYHOCTI BYB MAMXe IEHTUUHUM NS BCiX
TPbOX TWMiB aHTEH. binbw BUCOKWI piBeHb
WyMy Ta BMAMB BAraTONPOMEHEBOCTI HA
CMOCTEPEXEHHsT KOAy Ta $a3n HOCIMHOT
yactotm ana QHA-anTeH, 3paetbea, He
CMPUYUHSIE Y LUBUAKOMY CTAOTUYHOMY PEXM-
Mi XXOAHWX HETOTUBHMX BMJIMBIB HO BUNPAB-
JNIEHHS HEOOHO3HAYHOCTI.

Y ropm3oHTAMbHUX CKIAAOBMX 4iarpa-
MW HOMPOBAEHOCTI QHTEH PO3MOAIN NOXM-
BOK KOOPAMHAT N ATUXBUIUHHUX CEQHCIB
NOKA3Y€E JOCUTb HEBEMMKI BIAMIHHOCTI MiX
Tpsoma TMnamu awnten (puc. 17). Mepe-
BAXHA BiNbLIICTb YCiX PilLEHb MAE NOXMOKM
TOPM3OHTANBHUX KOOPAMHAT MeHwe 1 CM.
KopHux 3MmilLeHb TeX HE CMOCTEePIraeTbCs.

llpum. nepexnagaya. [lpoueHTuns
(aHrn. Percentile) — ue sHayenHs, ske 3a-
AQHQA BMNQAKOBA BETMYMHA HE NepPeBHLLYE
3 QPIKCOBAHOKO HMOBIPHICTIO, 304AHOK Y
BiJCOTKQX.

[na BCix TpbOX TUNiB AHTEH Y BEPTU-
KQMNbHIM CKNOOOBIM OIANA30HM MiX MiHi-
MQIIBHOIO TA MAKCMMASBHOK NMOXMBKAMM
koopaMHaT ayxe cxoxi. OpHak € noxmbku,
ocobnmeo Benmka noxmbka pesynsTaTia
M7HCT 3 megiaHoio —2.0 cm. Moxubku
BEPTUKANBHOI KOOPAMHATM QHTEH Tuny

HC975 maiots mepiany meHwe 0.7 cm.
Beptukanshi  pesynstati  patch-avte-
HM 3G+C He OEeMOHCTPYIOTb 3MiLLEHHS.
OpHOK ue He OMBHO, OCKibkM OMopHI
KOOPAMHATH Bynu BU3HAYEHI 30 TUMM X
Habopamu garux 3G+C.

ABTOPM MPOEKTY MAIOTb AYMKY, WO
TAKE BEJIMKE BEPTUKANbHE 3MiLLI,eHH9| pe-
aynetatie aHtedn M7HCT cnpuunnene
BNMBOM 6AraTONPOMEHEBOCTI BAMXHLO-
ro nong. BMCOKO ‘-I\/TJ'IMBiCTb LbOro tmny aH-
TeHu 1o 6AraTonpPOMEHEBOCTI BAMKHLOTO
nons 6yna NoKasaHa B Wik CTATTI paHiwe.
Edbektn 6aratonpomeHesocTi GruxXHLOrO
nons BiAPI3HAIOTLCA Bif, PE3YNbTATIB KAni-
BpPYBAHHS BUKOPUCTAHOT aHTeHu Ha DRB2
i NONbOBMX BUMIPIB HO LUTATUBI TA TPUHO3I.
na anteH, He HaaTo uwyTMBMx go 6ara-
TOMNPOMEHEBOCTI BAMXHBOrO NoNA, Taka
3MIHQ CepefoBMLLa BIMXHLOrO NoNA aH-
TEHU HE BUKIMKAE 3HAYHMUX BEPTUKANBHUX
amiwens. OpHak y sunagky M7HCT nig-
CYMKOBE 3MILLEHHS MEPEBULLYE NMOPOroBe
3HAYeHHs B | CM.

Ha nactynHomy kpoui asTopu gocni-
IXEHHS MOPIBHANM PE3yNnbTaTH N'ATUXBU-
NIMHHUX CEQHCIB CMPUATAMBMX CTAHUIA 3
Pe3yNbTATAOMM HECTIPUATIIMBMX  CTAHLIN.
CepefHbOKBAAPATUYHI  3HAYEHHS  Anst
HECNPUATAMBKMX CTAHLINM, SK MOKA3AHO B
Ta6M1Li 2, AEMOHCTPYIOTb AELLO BULL 3HA-
YEHHA Y BEPTUKANbHUX CKNAQOBKX O5ia yCiX
TPbOX TUMIB AHTEH. Ane 3aranom asTOPH

Active qaudrifilar helix antenna for
RTK applications

Concurrent GNSS reception on

L1: GPS, GLONASS, Galileo, Beidou
L2: GPS L2C, GAL E5B, GLO L30C

L5: GPS (M8HCT-A-SMA)

L-Band (MIHCT-A-SMA)

Rugged IP-67 rating with SMA
Dimensions (mm) @ 35 x H 57

I High performance passive

GPS or GPS/GLO antenna

Very low axial ratio

IP-67 mounted and unmounted
Ultra light weight - 10 grams
Ground plane independent
Dimensions (mm) @ 18.5 x H 38
SMA connector

Internal version available:

© 12.85 x H 24.30, only 2g weight
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M7HCT-A-SMA

Standards

MAXTENA MPA-254-WIFI

WiFi, Bluetooth, ISM

Frequency
2400-2500 MHz
5700-5870 MHz
e Waterproof

options available

M1575HCT-22P-SMA (GG)

e Various mounting

Efficiency over 60%

Y

MAXTENA MEA-2400-UWB-SM

_»

MAXTENA MEA-2400-MM
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NPoekTy Bynu 3aMBOBAHI, NOBAYMBLLM, LLIO
3aranbHA NPOAYKTUBHICTb QHTEH HE AyXe
CUNBbHO BIAPI3HAETBCA MK CNPUSTIMBUMM
Ta HecnpuatiMeMmu ctaHuismu. Lleit pe-
3yNbTAT MOXHO MOSICHUTM BENIMKOIO Kilb-
KiCTIO BOCTYMHUX CYNYTHUKOBMX CUTHANIB.
CepenHboKBOAPATHYHI 3HAYEHHS MO-
xmbok, HasegpeHi y Tabnuui 2, we pas
LEMOHCTPYIOTh, O Af18 TOPU3OHTANBHUX
KOMMOHEHTIB BCi TPM TUNM QHTEH AONU
PEesynsTaTM OFHAKOBOI sKocTi. Edextus-
HICTb Y BEPTUKANbHUX KOMMOHEHTAX MO-
KQA3y€ 3HAYHI BiBMIHHOCTI B OCHOBHOMY
yepes BEPTUKANbHE 3MILLLEHHS 41 OHTEHM
M7HCT, npo wo Awnocs paxiwe.

BUCHOBKHU

Xouo obuasi BunpobysaHi Garatouac-
totHi QHA-aHTEHM npauioioTs aewo
ripwe 3a reogeanyHy patch-anteny wopo
KOOOBMX | PA3OBMX LWYMIB HOCIHHOI Ta
BMCOKOYACTOTHUX  BAraTonpoOMeHeBux
curHanis (BMCOKOYaCTOTHOrO Haratonpo-
MEHEBOTO PO3MOBCIOMXKEHHS), PE3YNbTATH
LUBMAKOrO CTATUYHOTO TFOPMU3OHTANBHOTO
NO3MUItoBAHHA NepebyBaloTb HA O4HOMY
sIKicCHOMy pisHi. Peaynbtatu ropusontans-
HOrO MO3MLIIOBAHHS 3 CAHTUMETPOBOIO
TOYHICTIO MOXYTb BYTM NErko AOCArHyTI
NPWY BUKOPUCTAHHI BCIX TPbOX TUMIB AHTEH.

OpHOK y BEPTMKANbHIN CKNOgoBin pe-
3yNbTATH ICTOTHO BiAPI3HAIOTLCS, ocobnu-
BO ana ogHoro 3 Tunis QHA, akui Bussus-
CA CWILHO CIPUMIAHATIMBUM (4yTnmBMM) 8o
edekTiB HAraTONPOMEHEBOCTI BAMXHBOTO
nons. Bonn MoxyTb BMKIMKATM cucTema-
TUYHI MOMMITIKM BEPTUKANBHOI KOOPAUHATH
nopsaaKky Bif OQHOTO A0 KiNbKOX COHTMME-
tpiB. lHwui Tvn QHA 6yB MeHwWw YyTnneum
0O BrAMBY 6AraTONPOMEHEBOCTI Gmx-
HbOTO MONS | NOKA3AB KPALL PE3yNbTATU Y
BEPTUKANbHIM CKNALOBIMN.
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Takvm 4MHOM, 3 Ornsgy Ha npoge-
MoHcTpoBsaHi xapaktepuctikn QHA i ixHi
nepesary WoAo MACK i po3apibHOT LiHK,
iX cnif po3rnagaTh SK ANbTePHATMBY re-
ofesnuHMm patch-antenam ana senukoi
KinbKOCTi 3QCTOCYBOHb.

AoparkoBy iHpopmauiio wopao
npoaykuii komnaxii Maxtena moxx-
Ha oTpumatu y odiuiliHoro aucr-
pu6’iotopa B YkpaiHi — Mikpogic
EnexkrpoHikc Tm6X:

ten.: (067) 475-81-86,

Roman.Prokopets@microdis.net,

www.microdis.net
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bopombia 3 cunfazHuML
ENeXmpoMazHimuuMu 3asagamu
B CMAHOBKAX 3 ENEKMONpUB0jOM

Mapkyc Xepain (Markus Herdin), menepxep 3 mapkeTtuHry, komnanis Rohde & Schwarz

Y Wi cTatTi po3rnaaaioTbcs OCHOBHI BACGCTUBOCTI
TA MPUYUHU BUHUKHEHHS CUHEPA3HUX CTPYMIB.
Ha npuBegeHoMy npuxknagi BUBUAIOTbCS NMPUH-
LMY BUMIPIOBOHHS TA 3A0XMCHI 3axoau 3 npuay-
weHHs cMHPa3HUX 3aBap B O6NaAHAHHI 3 enek-
TPONpPUBOAAMM.

BCTYN

CMHd)osHi CUFHAMM 4ACTO BMHUKAIOTb B YCTAHOBKAX i3 4ACTOT-
HO-perynboBaHWUM npreopom. Hacamnepepn BUCOKOYACTOTHI
CUMHPA3HI HAMPYTH, WO BHOCATLCS MEPETBOPIOBAYEM, POPMYIOTL
€MHICHI CUHGA3HI CTPYMM, LLO MPOTIKAKOTb Y ABUIYHI Bif, 0OMOTOK
CTATOPA A0 «3EMITI» PI3HUMM TPAKTAMM. BOHM He TinbkM 3HOWYIOTL
Lapw izonsuii, a M cepMo3HO NMOLLKOAXYIOTb NiALLMIHUKM ABUTYHA,
O NPU3BOAUTL O 3HAYHOTO CKOPOUEHHS HOTO TEPMIHY CITyX6Mu.

CUHDA3ZHUN LUYM

( :MH¢O3Hy CKNOAOBY HO BMXOAI €NeKTPONPUBOAA MOXHA PO3-
PAXYBATM HO OCHOBI OKPEMMX MIHIMHUX HANPYT TOKUM YUHOM:

Vow= ]/3(V0+vb+vc)' (M

wo 36iraeTbcs 3i CKNAAOBOIO HYLOBOT NOCAIROBHOCTI ha3 y pasi
BMKOPUCTAHHS CUMETPUYHMX CKITAAOBUX.

Toai K HM3bKOYACTOTHI CUHBAZHI TAPMOHIKM MOXHA KOHTPO-
MOBATH 30 LOMOMOrOIO QAAMTUBHUX CXEM MOAYNALIT, BUCOKOYOC-

T
Craro|
lom P Cus
> Dl = | ..
For o 06MmOTKM cTaTopa
PoTop i}L
Ban
N |
PoTop MoawmnnHnkn
— 06MOTKM CcTaTopa
Cratop — Kopnyc
L
Puc. 1. TpakT BUCOKOUACTOTHUX CUHPASHUX CTPYMIB,
HUBEAEHUX Y ABUIyHi
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TOTHI CKNOAOBI, BUKITMKOHI CUHPA3HUM CTPYMOM Yepes ABMIyH,
3HAYHOIO MIPOIO 30MEXATb Bif, CAMMX CKNABOBKX, A TAKOX iXHbOIT
B30EMOAIT M coboto Ta napameTpie ycraHosku. OTxe, ans mi-
HIMI3QUIT BUCOKOYACTOTHOTO CUMHGA3HOIO LWyMy 4ACTO NOTPIBHA
[OAATKOBA ONTUMI3ALIS CUCTEMM NICNIS MOHTAXY.

[Monpu Te, Wwo B 6inbLIOCTI BUNAAKIB ABHMMA WNAX 418 CUHPA3-
HWX CUTHONIB BiICYTHIM, NAPA3UTHI EMHOCTI, MOKA3AHI YEPBOHUM
KONbOPOM HA PUCYHKY 1, BOMYCKAIOTb BUHUKHEHHS CUHPAZHMX
CTPYMIB 30 HOSIBHOCTI CMHQA3HUX HAMPYT.

Ha npaktvui B 6inbliocTi BUNARKIB NAPA3KUTHI EMHOCTI, imMne-
LNOHCK AiHiT 060 HOBAHTAXEHHS HE iBEHTUYHI. TOKUM YUHOM, CUH-
¢$a3HA HAMPYra NpPU3Beae 4O HEOAHOKOBOTrO PO3MOAiNy CTPYMIB
Iy 21, #15, TOBTO 0O Pi3HKX 3HOUEHB NOAIHHSA HANPYTU HA BY311AX
HOBAHTOXKEHHS, SIKi MOXHQ BUMIPSITU Y BUMSAI AMEPEHLIANbHUX
3aBaa. BignosigHo, ue fBMLLE HO3MBAETLCS MEPETBOPEHHSM
cundasHoro pexumy B aubepeuiinnin (CMDM). Ananoriuno,
ImndepeHUianbHi 30BaaM MOXHAO NEPETBOPUTU HA CUHPA3BHI Cur-
Ham (DMCM).

3ayBaxmmo, WO dINbTPM ENEKTPOMArHITHUX 30BAA, SIKi 303841-
YAl BCTOHOBIIIOOTb MiX NIHIEID | NTEPEeTBOPIOBAYEM, TOKOX MOXYTb
npuseectn fo nepetsopenns euagy CMDM a6o DMCM.

MPOBJIEMU 13 CUHDA3HUM LLYMOM
Y CUCTEMAX CUJIOBOro nNPUBOAY

CMH¢)O3Hi CUrHanM NoBUHHI Bignosigatv ctangaptam EMC ana
cuctem cunosoro npwusogy. Lii curHanm moxyTts npussectu
[0 CEPHO3HUX MOLIKOIXKEHb ABUIYHA. 9K BUAHO 3 pUCyHKa 1, ya-
CTMHQ cMHBA3HMX CTPYMIB Teye Big OBMOTOK CTATOPA 4O POTOPA
yepes napasutHi emHocti. OpHa YacTMHa cMHBA3HOTO CTPYMy
(nosHOYEHO CHHIM) TEUE HO «3EMIIO» YEPE3 EMHICTL Mk OBMOT-
KOIO CTATOPA i COMMM CTATOPOM, iHWA YOCTMHA — AO POTOPa
yepe3 0BMOTKY CTATOPA A0 eMHOCTI potopa. Hani ctpym abo
NOTEYE HA «3EMIIO» YEePe3 EMHICTb CTATOPA-POTOPA (3eneHuii),
060 npoiae Yepes NiaLWMIHUKM ABUIYHA (KOBTHIA).

Yepes yTBOpEHHs i30MauUifiHOI MiBKM MACTUABHOTO MATEpPIa-
Ay NPM BUCOKIM WwenakocTi obepTants potopa (suwe 100 06./xs)
IMNEAAHC NIALMMHMKG B OCHOBHOMY € eMHicHum. OgHak Bunaa-
KOBI KOHTOKTM ab0o npoboi AienekTpuka Npu3BoasTb 4O pan-
TOBUX edeKTIB PO3PALY LUMX EMHOCTEN Yyepes3 chepu BCcepeamHi
NIAWKMNHKKIB. Y pe3ynsTaTi Yepes TOUKY KOHTAKTY MiX KynbKOK
NiAWMAHKMKG TQ AOPIKKAMM KOYEHHS MPOTIKAIOTb BENUKI CTPYMM,
yepes WO YTBOPIOIOTLCA HOPO3eHKH, WepbuHu, TPiwmHKM ab0o
ckomu. Lli nowkomkeHHs 3 4acom HOKOMUYYIOTLCS, LLO, 3PELLTOIO,
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Puc. 2. BumipioBaHHs cuHdasHoro
CTPYMY 30 JOMOMOTOI0 TPbOX
pisHux noscis Poroecbkoro
Big PEM UK [8]. Jlisopyu —
PEM CWT Ultra mini;
no ueHtpy —PEM CWT miniHF;
npasopy4 —3amoBHuii PEM
(nBi 06MOTKM)

NPU3BOAMTb O BUXOLY 3 NAAY MiALUMMHUKIB
i PI3KOTO CKOPOUEHHSI TEPMiHY Cryx6m
OBUIyHQ, TOBTO BMCOKMX BMTPAT Yepes
npPoCToi 06NaaHAHHS.

BUMIPIOBAHHA CUH®A3HUX
CUrHAJIB

( :MHCI)O3HM171 CTPYM MOXHQ Nerko i Touy-
HO BMMIPSTM HO MiCLi 30 AOMOMOrO

nopTaTveHMX ocuunorpadis, HANPUKNAL
R&S RTH1004, i wupokocmyrosmx noscis
Poroscbkoro [7]. CundasHui ctpym MOXHQ
BUMIPSITH Be3nocepenHbo, 3AMKHYBLLM NOSIC
Poroscbkoro Haskono Bcix Tpbox ¢as, Ak
NOKA3QHO HA PUCYHKY 2. 3ayBAXMMO, WO
AN19 NPOBUIIbHOTO BUMIPIOBAHHSA HeobxigHO
BMKITIOUMTH EKPOH KOBENIO 3 BUMIPIOBAHHS,
TOMY LLO B iHLLOMY PA3i €EKPAHYBAMbHI CTPY-
MW BMIIMHYTb HO PE3YNbTAT BUMIPIOBOHHS.
3 pucyHka 3 BMAHO, WO LE MOXHA NEerko
3pobuTH BesnocepenHboO HA BUXOAI Nepe-
TBOPIOBAYA 1 aBO Ha BXOAI ABUIYHA 2.
BucokouacTotHi cuHdasHi ctpymu 30-
3BMYAW CKNALAIOTLCS 3 MOCTIAOBHOCTEN iM-
nynbcis. HeobxigHo peTensHo HanawTysa-
TW 3QMyCK 30 NIKOBUM 3HAUYEHHSIM. B iHwomy
pasi ocumnorpad Moxe BigoBpPaXATH MaK-
CMMANbHE 3HAYEHHSA HKMXYe d)OKTM‘-lHOI'O.

cTpymoBux apocenis (6)
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Kabens/nuuns

Lle ogHa 3 HORYACTILLIKMX NPUYKMH 3AHKEHOT
OUIHKM CMHDAHKX CTPYMIB.

3AXOAMU 3AXUCTY

bEKTUBHMI CNOCi6 3MEHWNTH CMHbA3HI

CTPYMM Y [BMIYHI — 36inbLIMTH NOBHMMA
cundasnmit onip (imnepanc). Lporo mox-
HO LOMOITUCS 30 OMOMOTOIO APOCENIB i3
KOMMeHcauielo cTpymy. Y TakOMy pasi BCi
Tpu $a3M NPOXOAsTh Yepes Kinbuesi cep-
OEYHMKM 3 BUCOKOIKD MOTHITHOK MPOHMK-
HicTio. Ockinbkn audepeHuianbHi CTpyMM
HEWTPaNi3yTbCs, APOCENb MAE IMNEAAHC
TiNbKK ANS CUHPAZHOTO CTPYMY.

3anexHo Bif chepu 3aCTOCYBAHHSA
BMKOPUCTOBYETLCS MEBHA FEOMETPIA Kifnb-
LLeBOro CepAeyHMKa, martepian i KinbkicTb
0BMOTOK, WO6 AOCTATHLOI MIPOIO 36inb-
WwnT cuHdasHui iMnepaHc gpocens. Ons
NPOBMALHOTO BMOOPY OCEPAs 30CTOCO-
BytoTbCa Tabrmui [1—-2] abo iHCcTpymeH-
™ oHnaiH-mopentosarHs [3]. Ha pucyn-
Ky 4 4OTUPU BUCOKOMPOHUKHMX KiNbLEBMX
ocepaa sBin MAGNETEC sukopucrosysa-
M 9K Apoceni 3 KOMMEHCALIEID CTPYMy i
[BOMa OBMOTKAMU KOXEH. IxHIO poBoTy
NOKA3QHO B YQCOBIK OBNACTI HA PUCYH-
Ky 5. 30yBOXMMO, WO MiKOBE 3HAYEHHS
3HmnxeHo 3 13.77 go 3.15 A, 10670 6inbLu
HIX Yy YHOTUPU PA3H.

Puc. 3. BumiploBaHHsi cMH(U3HOTO CTPYMY 30 AONOMOTOI0 NosCiB POroecLKOro (CuHin),
Ha Buxopai nepetsopioBaya 1 a6o Ha BxoAi ABUryHa 2

i

Puc. 4. Yotupm nocnifoBHO 3'€QHAHNX
KinbLEeBMX ocepas 3 BUCOKOIO
MOrHiTHOIO MPOHMKHICTIO,

W0 NpAwioloThb K Apoceni
3 KOMMEHCALLIEI0 CTPYMY

3 ABOMA OGMOTKaMM

LLle oaHMM KOPUCHMM CNOCOBOM Bidy-
anisauii BNAMBY 30CTOCOBAHMX 3AXMCHMX
saxogis € ¢yHkuis LMD (wemake ne-
peteopeHHs Pyp’e) ocumnorpada, ska
L€ 3MOTy AOCMIANTU BMIMB KOHKPETHOTrO
30X04y B 3040HOMY AianasoHi yactot. Ha
PUCYHKY 6 MOKA3AHO BMIMB YOTUPLOX [PO-
cenis y 4aCTOTHIN 06nacTi. 306paxkeHHs!
OTPMMAHO 30 gonomoroo dyHkuii LLIM®
ocuunorpada.

BumipioBaHHs wyacTtoTHOro cnekTpa
€ OCOBNMBO BAXIUBMM, OCKINbKM KOXEH
dINbTp €NeKTPOMATHITHUX 3ABAf, BKIOY-
HO 3 APOCEnsMM 3 KOMMEHCALIE CTPy-
MY, BBOAMTb HOBi PEOKTMBHI KOMMOHEHTH
y BUMISAi eMHOCTEN aB0 iHAYKTUBHOCTEHH,
O MOXYTb CMPMYMHATU AOAATKOBI KOMM-
BAHHS, PE30OHAHCKH 06O HOBITE CNPUATH

ey R
7 [T jorm CE T

F1EY

Puc. 5. TunoBa nocnipoBHicTb imnynbciB cuHA3HOro cTpymy: 6€3 3axXMCHUX 3aXOAiB (a); nicns BCTAHOBNEHHS
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Cnekrp: go (a); nicna BcraHoBneHHs apocenis (6)

BUHUKHEHHIO HecCTinkoro pexumy. Omke, Brnus dinbTpyBanbHUX
€MEMEHTIB HO NOBEMiHKY CUCTEMM MAE BYTH PETENLHO BUMIPAHMIA
ANs BCiX pOHOUMX TOYOK.

BUCHOBKU

CMH¢03HI CTPYMW € OIHI€I0 3 OCHOBHMX MPUYMH BIAMOB Mif-
LUMMHUKIB |, TOKUM YUHOM, MOXYTb 3HOYHO CKOPOTUTU TEPMIH
cnyx6u enektponpueogis. CuHdpasHi nepelwkoan HeobxigHO
peTenbHO AOCHIAXYBATH HQ MICL MICS MOHTAXY CUCTEMM. 3 L€
METOI 30CTOCOBYIOTb TAKI €PEKTUBHI IHCTPDYMEHTH, IK MOPTATHB-
Hi ocumnorpadmu B noeaHaHHi 3 npobHukamu Poroscekoro, wo
LQIOTE 3MOTY NIErKO BUSIBIATU Ui CTPYMM TA BUMIPIOBATH €deKTHB-

Kounnekcuwi 1axucT
Hip NepIRANTAMEHKE NO CTRYMY
i AMCoui# Tew nepar,-p.
oin BTU nomyssicTs § 2 By

Ten. 044-3-922-911

E-mail: sales.inti@altwaygroup.com

Li MJ ‘1J.dy Dchrumuuu avctpub'roTop

Of ToRMaaTy pM
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Puc. 6. Bisyanizauis yacrotu cuidasHoro ctpymy 3a gonomoroio ¢pyHkuii UMD ocuunorpada.

HICTb 30XMCHUX 3axomdis. My onucanm npouesypy BUMIPIOBAHHS
CUHPA3HMX 30BAA | BCTOHOBMEHHS APOCENIB i3 KOMMEHCALJED
CTPYMY K eekTUBHUIA 3axia 30xuCTy. BumiptosarHs 3acsigumnu,
WO Mif YOC BUKOPUCTAHHSA HOTUPBOX MATHITHWUX KillbLIEBMX OCEPAb,
SKi NPALIOKOTb K CTPYMOBWIA LPOCENb, NMIKOBUM CTPYM 3HUXKYETHCS
GinbLU HIX Y 4OTUPU PA3MU.
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MikpoKonmponepu cimeiicms
RK72T 1 RK72M Big Renesas

Ceprinn Hapexain

CHIP NEWS

Y crarti posrnspgaiotbcs MikpokoHTponepu cimenctB RX72T i
RX72M Big komnaHii Renesas. BoHu 6a3yloTbcsi HaO BAACHOMY NPO-
LecopHomy aapi Renesas RXv3 octaHHboOro nokoniHHg. O6uaea ci-
MeCTBA CXO0XKi 30 apXiTeKTypolo, a BiAHOCHO HeBeNuKi BigMiHHOCTI
MiDK HUMM 3YMOBJIEHi Pi3HUM NPU3HAYEHHSIM: MIKPOKOHTpOepu
cimerictea RX72M npusHayeHo AN BUKOPUCTAOHHS B MPOMUCIOBUX
3acrocyBaHHaXx, a MK cimerictBa RX72T opieHTOBaHiI HaO KepyBaHHS

€NIeKTPONpPUBOAOM.

omnaHiss Renesas npoposxye posium-

PIOBATH NiHIMKY MIKDOKOHTPONEPIB, LLO
6a3yI0TbC HA BIACHOMY MPOLECOPHO-
My aapi RXv3. Cnigom 3a MK cimeiictea
RX66, npo aki Mu BXe nucanu, KOMMaHis
BMBENA HA PWHOK Bifpa3y ABA CiIMEMCTBA
MK — RX72T i RX72M. Hapasi & rpyny MK
RX7000 exopate tpu cimeictea MK; ixHi
OCHOBHi O3HAKM HaBeaeHo B Tabnuui 1.

MK cimerictea RX72M  opieHToBa-
Hi HO 30CTOCYBAHHS B MPOMMCIOBOCTI.
o cknagy upx NPUCTPOIB BXOAMTL iHTEP-
denc Ethernet, npomucnosmit iHTepdenc
EtherCAT, mynstumeninHi iHTepdeicu, a
TAKOX BAOCKOHANEHa ¢yHKuia 0Bpobku
nepepmearb. MK cimerncrea RX72T mae
BY>XX4YYy Creuianisauilo i nNpusHaveHi ang
KepyBAHHA CKNAAHMMKU BUCOKOMPOAOYK-
TUBHWMMM EMEeKTPOMNPUBOAAMM, O CKIAZY
AKUX MOXYTb BXOOMTU OO HOTUPLOX €NneKk-
TPOABUIYHIB.

Hessaxatoum Ha pisHi chepwm 3acTo-
CYBAHHS, O OTXE, i BIAMIHHOCTI B CKNa-
Oi nepudepiiHux Momynis, METOLOMOriA
nobynosu apxitekTypu o060x CiMencTs
CXOXQ, WO i AAE NPUBIA PO3rNaaaTH iX B
ofHii cTatTi. Mu He 6yaemo moOKNagHO

onucyBaTH fobpe 3HAMOMI YMTaYEBi MO-
ayni, Hanpuknag DMA a6o cranaapTHi
iHTepdenicu, ane aKUEHTYEMO YBAry Ha
Mogzynsx, Tunosux ans poarnaHytux MK.
Y pasi HeobxigHOCTI MM Bynemo Bka3sy-
BaTH, 00 akoro came MK HanexwuTs TOM
un iHWKMM Mogynb. [Ing 3pyyHOCTI YUTAHHS
nouHemo ny6nikauilo 3 MK cimeitctea
RX72M 3i CTpyKTypHOIO CXeMOlo Ha pu-
cyrky 1. ionason poboyoi Temnepatypu
ctanoeutb —40...85 °C pns BukoHaHHs D
i —40...125°C — gna G.

apo RXv3 saBaskm HM3UI nokpalleHs,

y T.4. 36iMbLIEHHIO epeKTUBHOCTI BU-
KOHOHHS KOMOHA, QM0 3MOTY MiABULLMTH
npoayktueHicte MK no 5.81 CoreMark/
My (Haraaaemo, wo B agpa nonepeaHLo-
ro nokoniHHs RXv2 BenmunHa uboro no-
kasHuka crtanosuna 4.55). Takum umHom,
NPU MOKCUMOIbHIM YACTOTI TAKTYBOHHS
240 My npoayktusHicte MK cimerictsa
RX72M  pocarae HeimosipHOro uucna
1396 CoreMark.

Ipyna MK RX7000
CimeiicTBO ¢ne3-6nf:n:n'nri, %63:# K;:;:;:i? Hanpyra I::::::, fiapo
K6aiir K6aiir Kopnycy Musnenns, B Mry
RX7 1M 2048-4096 512 100-177 2.7-3.6 240 RXv2
RX72M 1024 1024 176-224 2.7-3.6 240 RXv3
RX72T 512-1024 128 100-144 2.7-55 200 RXv3

o cknaay agpa sxogsts 16 32-pos-
PAAHMX PEriCTPiB  3AranbHOro MNpPM3HA-
yerHs, 10 32-6iT perictpie KepyBaHHS i
nea 7/2-6iT perictpu akymynatopa. Ycbo-
ro sukopmcrosylotsca 113 komaHa — Ha
yotupu Ginblue, Hix y agpi RXv2. Y aapo
86YNOBAHO CNiBNPOLECOP IS BUKOHAHHS!
onepauii 3 NOABIMHOIO TOYHICTIO 3 YMCNa-
My 3 nnasatouoto komoro. Cnienpouecop
Bignosigae sumoram cranpapty |EE 754,
Kpim Toro, y LI € anapatHmit nomHoxy-
Bay 32x 32 i anapatHuit ainbHuk 32/32, a
Takox 32-6iT perictp 3cysy.

Moxnusi asa pexumn pobotu: kopwu-
crysaua (User Mode) i cynepsisopa (Su-
pervisor Mode). Y pexumi cynepsizopa
LOCTYMHi BCI PECYPCH | KOMAHAMW. Y pPeXMMI
KOPMCTYBAYQ AOCTYN BO OKPEMUX PETICTPIB,
neskvx BiTiB pericTpie | KOMAHI OBMEXEHMH.
Mpwusinenosani komanan (RTFl, MVTIPL,
RTE, WAIT, SAVE, RSTR) moxyTb BMKOHYBO-
TUCA TiNbKK B PEXMMI CynepBi3opal.

AnpecHuit npocTip ctaHosuTb 4 [6aiT.
Y HbOMY BMAINEHO AAPECHWM NPOCTIp Ans
30BHILLHIX KOMMOHEHTIB, SKMM, CBOEIO Yep-
roto, noginderbca Ha obnacti CSO-CS7
i obnacte SDCS ana SDRAM. KoxHa 3
obnacren CSO-CS7 signosinae curHanam
subopy kpucrana CS (Chip Select).

ApundmeTnunuin cnisnpouecop TFU su-
KOHYE Taki onepauii:

e  06YMCNEeHH KOpPEHs KBAAPATHOrO i3
CyMM KBOZPATIB VX2 + y2;

OBUYMCNEHHS CUHYCQ;

OBUYMCNEHHS KOCUHYCQ;

OBYMCNEHHS APKTAHrEHCa.

Yci 3a3HaueHi oBuMcneHHs npoBo-
aTbca 30 14 umknis. Pesynstar nogoersca
y $OpPMATi 3 MAABAKYOK KOMOK 3 OAM-
HapHoto ToyvHicTio. [puuomy, obumcneHHs
CMHYCQ | KOCUHYCO MOXYTb 3LiIMCHIOBATUCS
OfIHOYACHO, AIK | OBYMCNEHHS APKTAHrEHCa
VX2 +y2

Cxema 06pobku gaHmx DOC sukoHye
onepauii NOPIBHAHHSA, AOAABAHHSA i BigHi-
marHs 16-6it ganux. Moayns DOC dop-
MY€E NEPEPMBAHHA B PA3i NEPEenoBHEHHS
abo npwu 36iry/Hesbiry ganux. 3a umMmu x
O3HAKAMM POPMYIOTLCS | MOAIT.

www.chiphews.com.uad
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AN
> CAC
> Icu
> ELC
> MTU 9 kananis
> POE3
> GPTW 4 kaHanm
> POEG
> TPU 6 KaHanis, Mogyns 0
B PPG
> PPG
> TMR 2 kaxanu, Mogynb 0
> TMR 2 kaxanu, Moaynb 1
> CMT 2 kaHanu, Mogynb 0
> CMT 2 kaHanu, Mogynb 1
> CMTW 1 kaHan, mogyns 0
> CMTW 1 kaHan, Mogynb 1
> RTC
> WDT
> IWDT
© > ETHERC 2 kaHanu
> EPTPC
s> PMGI 2 Kananu
3
= ESC
§> USB 1 nopt
£ SCIh 1 Kaan
2> SCli 5 kaHaris
§ > SClj 7 KaHanis
A 2> RIIC 3 kaHanu
/N < DMAC 8 kaHanis <] &[> CAN 3 KaHanu Mopr 0
<1 [ <] DTC <l SSIE 2 kaHanu Mopr 1
03n <1 [ < EDMAC 3 kaHanu <] [ RSPI 3 KaHanu Mopr 2
< < GLCDC <l > QSPI Mopr 3
i <] DRW2D < CRC opr 4
Po3wuupeHuii g — ::i MS“[A)EI:F Mopr 5
o3n — MopT 6
< = N By PDC Mopr 7
o & g ] TFU Mopr 8
03n < = 5 > Trusted Secure IP*1 MopT 9
3 kopekuien K| el e % > DSMIF 3 kananu, mogyns 0 MlopT A
koay <] E{E g > D§MIF 3 KaHanI/I,.MOp,yJ'Ib1 MopT B
3 = > 12-6iT ALM 8 kaHanis, moaynb 0 Mlopr C
<l [ E > 12-6iT ALM 21 kaHan, Mogynb 1 n
nan — = —— opT D
<l [ C:::. > 2-kaHanbHuit 12-6it LIAN MopT £
< > [Llatuuk Temnepatypu Top F
| - By bac Mopt G
o TR e > Standby RA HoprH
MPU > E] > dnew-nam'aTb Mopr J
£ Mopt K
8 EXDMAC <_ nofn L
Cxema E — Mopt M
TaKTyBaHHA 2 BSC 30BHLLHS LWKHA Mopt N
= Mopt Q
[aa]
Puc. 1. CrpykrypHa cxema MK cimelictea RX72M

LWNHN
9' k 3aBxau, y scix MK komnanii Renesas
YMMAny pPOfb Y BOCATHEHHI BWCOKOI
NPOAYKTUBHOCTI BIfIrpae CTPYKTYPQA LLUMH.
Bora Bino6paxeHa Ha pucyHky 2. Taka
LOCUTb CKINQAHA KOHirypauia 3abesnedye
FHYYKY 4QCTOTY TOKTYBOHHS i MiHIMQNbHUA
4aC BIANOBIAI HO NEPEPUBAHHS.
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LInna komaHa wupmHolo 64 6it 3'en-
HY€E MpouecopHe aapo 3 dnew-nam’aTTio
KomaHg i 3 ycima obnactamu O3[T; wuHa
Taktyetbes yactotowo ICLK. Oarak npame
MiOKMIOYEHHs 0o drew-nam’sTi Moxnmee
TiNbKM 015 YUTAHHS — MPU CTUPAHHI abo
NPOrpPamyBaHHi dnew-nam’sTi 3 eqHaHHs
3MINCHIOETECA Yepes NepudepinHy LWnHY.
LLInHa onepaHgis TOKOX TAKTYETbCA 4aC-

tototo ICLK i 3’ennye LM 3 ycima obnacta-
mu O3, 64-6iT wnHm nam’sti 3abesnedy-
IOTb Nin’€AHAHHS Pi3HUX obnacTei nam’aTi
0O WKMH KOMOHA | ONepaHfis. 3po3ymino,
BOHM TAKOX TakTytoTbes YactoToro [CLK.
[onoBHI BHYTPIWHI WKHKM 3a6e3nedy-
t0Tb 3'€AHAHHA NMPOLECOPHOrO AAPA i BCiX
obnacrei nam’sti 3 nepudepinHumm 6no-
kamu. FonosHa wrHa 1 cnyxuTs ans Komy-
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TakTyBaHHs ICLK
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KepyBaHHs 30BHILUHbOIO LWHOK

Bydbep ans 3anucy

SDCLK BCLK
TakTyBaHHs TaKTyBaHHs
4acTOTOK 4acToTON

|
|
|
SDRAMC [ |
|
|
|

v A 4

30BHilLHA WWHA

TAUii MPOLECOPHOro AAPa 3 NnepudepinHu-
MM MOLYNSIMK. 3AMUTM HA BUMBIPKY KOMAHL,
i poctyn fo onepaHais 0b6pobnaTLC
uepes ronosHy wuHy 1. MNopsgok onpa-
LIIOBOHHS 30MMTIB BiANOBIAAE NPIOPUTETAM
3AMUTYBANBHUX MPUCTPOIB. AKLLO 3anUTH
HO LOCTYM A0 NAM’SITI HOAXOAATL A7 TPOX
PI3HUX LWMH NAM'SITi, TO HOAQETbCA OAHO-
YACHWIM JOCTYN JO BCiX TPbOX LUMH.

[MepudepinHi wuHM peanisyiots nig-
KIIOYEHHS OKpPEMUX nepubepiiHmx Mopy-
NiB 0O TOMNOBHMX LWMH. 3OBHILIHI LUMHM
nPU3HAYEHi ana 3'€AHAHHSA 30BHILWHIX 06-
nacreint nam’sti CSO-CS7 i SDCS 3 BHy-
TPILHIMKX FONOBHUMM LUMHOMMU.

|CHYIOTb ABA TMMU MOMMNOK LIKH:
®  HenpunycTMMa afpeca;

NepeBULLEHO 4AC OYiKYBOHHS BigMno-

Billi, BEIMYMHA TAMMAYTY CTAHOBWTH

768 upknis.

Henpunyctuma appeca BuHMKaE nig,
4aC 3BEPHEHHs A0 OBNACTi 30BHIHLO-
ro aApecHoOro NpocTopy, AOCTyn A0 SKOi
BigknodeHo/3aboporeHo. Lis x nomunka
bIKCYETBCS B TOMY BMMAAKY, KOMW PEECTPY-
€TbCA 3AMMT HA AOCTYN AO HENPUMyCTu-
Mux agpec. [lossonenuit gianasoH agpec
obnacTen aapecHoro NPoCcTopy BKA3AHO
B OOKymeHTauii BUMpo6HMKa. Peectpauis
NOMUIKM TaMMayTa mMoxe Byt 3abopo-
HEHO KOPUCTYBAYEM. SKLLO X peecTpauiio
MOMWIIKM JO3BOMEHO, TO nicns i dikcauii
4ac JOCTYNy A0 LUMHM NPU3YNUHAETLCH HO
256 uuknis BIGNOBIGHOI AKTOBOI 4ACTOTH.

76

nam'ato
JiaHuX

nam'satb

MoAynb nporpam

I

TakTyBaHHs yactototo PCLKB

Puc. 2. Kondirypauis wuH MK cimeiictea RX72M

[Tpy BUHUKHEHHI MOMMIKM HE TAPAHTYETb-
CA KOPEKTHE 30BEPLUEHHS onepauji.

NAM’ATb

6ynosarna O3l noginsetbcs Ha Tpwu
obnacri:

512-K6ant O3[7;

512-K6ant poswmnpene O3[1;

TakTyBaHHs YacToTolo PCLKA

TakTyBaHHs YacToToro FCLK

o 32-K6amt O3 3 kopekuieto koay ECC

(ECCRAM,).

KoxHa 3 umx obnacrten moxe 6yTu
HE3ANEeXHO 0380OMeHa abo 3060poOHEHT.
Hocrtyn no O3MN ana umtanHs abo sanucy
30iMCHIOETLCS 30 0auH umkn. loctyn go pos-
wuperoro O3I moxe 3aifcHIOBATUCA 3Q
0auH 060 ABA LMKNM 3ANEXHO Bif, BCTAHOB-
NeHHs BIANOBIAHOro 6iTa B KOHGIrypPALIMHO-
My perictpi. JocTyn npoTsrom ABOX umMknis

< BHyTpiluHA nepudepiitHa wuHa 6 un
I__[___Z____‘}___'
32 K6aint I
i I chnew-nam'atb I
I — AaHNX |
| iI g | |
FIFERR 4—| E] 2 M6aiit -§
FRDYI ES threw-nam'sTb s
I —_— g_ — nporpam s
£ |
| S
FCU
I 2 Mé6ant
I naw-namaTs
— nporpamMm
I $ L
I___T____________
. KepyBaHHs
LRI pexumamu
Puc. 3. Opranisauia ¢pnew-nam’ari MK cimeiictea RX72M
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MOXHO peanisyBaTv Mg 4aC TAKTYBOHHS
wurn ICLK yacrtotoio nonan 120 Mrwu,.
3a subopom kopmctysaua obnacts O3[
ECCRAM Moxe npauioBaTtv i 3 kOpekLi€o
kony ECC, i 6e3 kopexuii. [Ina smeHweHHs!
EHEepProCnoXMBAHHA B KOXHIM 3 obnactein
NOM'SITI MOXHQ BIOKIIOYUTM CUTHAN TAKTY-
BAHHA. Y pexumi mrbokoro cHy AaHi y BCix
Tpbox obnactax O3 He 36epiraioTbes.
Makeumanshuit obcar bneww-nam’sTi
nporpam craHosute 4 M6ait, a obcar
dnew-nam’ati garux — 32 Kéait. Crpyk-
TYPHO CXemMa opraHizauii ¢new-nam’sTi
NOKA3AaHA HA pucyHky 3. [Mam’aTb nporpam
CTMPOETLCA | NPOrPAMYETLCA BNOKAMM NO
128 6aitT; Nam’sTs AAHMX NPOrPAMYETLCS
BOKAMM MO 4OTUPKM BANTH, A CTUPAHHS
30iACHIOETBCA 30 BMOOPOM KOPUCTYBA-
ya Gnokamu 64/128/256 6Gaitr. Prew-
nom’aTb 3GXMLLEHA Bif, HECOHKLOHOBAHO-
ro AOCTyny i Bif, MOMWNKOBOTO 3AMMUCY.
Ons npuckopenHa goctyny po obnac-
Ti NOM'SITI KOMOHS, BUKOPUCTOBYETLCS KELLI.
Y pasi noTpannsHHg B KELW 4ac AOCTyny
3anmae 1 umkn 30 Byab-AKoi 4aCTOTM Tak-
TyBanHs wurn ICLK. Y pasi npomaxy kewa
4ac BOCTYMy MOXe 3pOCTH 0 2 LuKnie 3a
yactot wuhHm ICLK menwe Hix 120 Ml i
0o 2-3 uuknis — 30 ii 4ACTOTH, BULIOI 3Q
120 MIu. Y pasi 3060poHm kelwa Ha Hac ao-
cryny no obnacti nom’sti notpiber 1 umkn
3a yactot wuHn |CLK menwe Hix 120 My,
i 2 umknm 30 yactotm norag 120 Mlu.
Y nam’sTi paHux kew He nepeabayeHui.
O6nacts Nam’sITi KOMAHA MOXHA PO3-
OiNUTM HO [OBO He3anexHi 6aHku nam’s-
Ti, WO MONEry€e OHOBMEHHA MNPOrPAMM.
Y npoueci ctupaHHa a6o NporpamyBaHHs
nam’aTi AaHUx obAACTb NOM STi KOMAHA, AO-
crynHa ans uutadHs. Obnacts nam’sTi ga-
HWX JOCTYNHA i B MPOLUECi NPOrpamMyBaHHS
abo cTupaHHa drew-nam’sTi komana, 3a-
NEXHO Bify AIPEC 3BEPHEHHS OKPemi Broku
Nam’sTi KOMAHZ MOXYTb 6YTH AOCTYNHI Anst
UMTAHHA B MPOUECi NPOrpPamyBaHHs abo
CTMPAHHS IHLIKMX OBNACTEN NAM'STi KOMAHA,
o cknapy npouecopHoro sapa Bxo-
oMTb mopynb 3axmcty nam’ati MPU. Bin
MOXe 30XMLATM [0 BOCbMM obrnacten
afpecHoro Npoctopy. YMOBK BOCTYNy A0
KOXHOT 06MQaCTi BCTAHOBIOIOTLCS KOPUC-
TyBauem. Y pasi HEKOPEKTHOrO 3BEPHEH-
HA 0o obnacti nam’ati moaynb dopmye
CUTHAN MOMMIKM. 30XMCT nam’ssTi 3acTo-
COBYETbCA B PEXMMI KOPMCTYBAYA | HE
BMKOPUCTOBYETLCS B PEXUMI CynepBi3opal.

TAKTYBAHHSA, CKWOAHHSA
I BHUXKEHE EHEPTOCINTOXXUBAHHSA

MiKpOKOHTpOJ‘Iep MOE BefbMW PO3-

ranyxeHy CXemy TAKTYBOHHS, B SiKii

CHIP NEWS, #3 (223), 2023

TOB «A[C TIM» — BNACHE BUPO
B YKPAIHI MOTOUYHMX BUPO
BI'I'EII-IB ﬂﬂK?HEHTAU,II ABO 3A TEXHIHHMH
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sukopucTosyioTsca marmxe 30 niHin Taktosoi wactotn. [ns
NiAKMIOYEHHS 30BHILLHIX OCUMNATOPIB | BUMBELEHHA TAKTOBMX
CUrHaniB nepeu6oquo neB’aTb 30BHILLUHIX BMBOLIB MIKPOCXEMM.
Kpim Toro, 8 MK BBynoeBaHa cxema KOHTPOSIIO 4OCTOTU TAKTOBMX
curtanis. Y pasi po3bixkHOCTI 4HOCTOTHU KOHTPONbOBAHOI TAKTO-
BOT MOCMIAOBHOCTI i3 30AQHUM 3HAYEHHSIM POPMYETLCA CUrHAN
nomunku. [NepeabayeHo nes’saTb axepen CKUAaHHS:

®  CKMOAHHS Bifi 30BHILLHBOrO CUrHANY;

®  CKMOOHHS Mig 4QC YBIMKHEHHS XMBIEHHS,;

®  TDU CUMHAMM CKMAAHHS, LLO GOPMYIOTLCH TPBOMA AETEKTOPA-
MW HAMPYTH;

CKMOAHHS Nif 4aC BUXOMY 3 PEXMMY MUBOKOro CHY;
CKMIQHHS Bif, HE3ANEXHOrO CTOPOXOBOTO TAMMEPQ;
CKMIQHHS Bif, CTOPOXOBOTrO TaWMepQq;

NPOrPAMHE CKMAAHHS.

3anexHo Big oxepena BiJZL6\/BO€TbCﬂ CKMAOHHS TUX YM iHLIMX
mogynis. Hanpuknag, nig 4yac CKMAAHHS Bif 30BHILUHLOTO CUrHA-
ny abo nif, 4OC YBIMKHEHHS XUBMEHHS CKMAQIOTHCA BCI MOmyi,

CHIP NEWS

OKpIM OKpemux BiTiB pericTpa NiYMNbHUKA PEeansHOro Yacy, a
B PA3i NPOrPAMHOrO CKMAGHHS TA Mif YOC CKMAAHHS, CMPUYK-
HEHOTO BMXOZOM i3 PEXMMY MMBOKOro CHY, CKUAQIOTH MEHLE
NONOBKUHM MOAYTIB.

Y MK nepenbayeHo pisHi Cnocobu 3MEHLLEHHS eHeprocno-
xveaHHs. Cepen HUX — MPUNUHEHHS TOKTYBOAHHS OKPEMMX MO-
OYNiB | BUMKHEHHSI XMBNEHHSA OEAKUX LOMEHIB. |CHYIOTb YoTMpH
PEXUMM 3HUKEHOTO EHEPrOCNOXMBAHHS:

® COH;

e 3ynuHka TakTyBaHHA BCix moaynis (all-module clock stop
mode);

® NPOrPaMHMIT Nepexia y CTaH ouikyeaHHs (software standby
mode);

® POrPAMHMI Mepexip y CTAH OYiKYBOHHS 3 MIHIMANbHUM
eHeprocnoxusarHam (deep software standby mode).
Kpim nepepaxosarux cnocobis MOXIMBA 3yMMHKA TAKTY-
BAHHA (]60 BUMKHEHHSA XMUBNEHHA OKPEMUX MOJZL\/J'IiB, a He BCbOTo
LNOMEHY.

DTC

KoHTponep
nepepuBaHb

|¢——  Bianosige DTC

Homep BekTOpa nepepuBaHH ————————»

3anut TpaHchepy ———————P|

MRA

MRB

Perictpn > MRC
KEpYBaHHS CRA /N2
N—112
CRB s
=
SAR ‘_§
=
T DAR 2
oo

KepyBaHHs
iHiuiani3auieto

IHTepdeiic WwuHu

Puc. 4. CrpyKTypHa cxema KOHTponepa

DTCCR
DTCVBR DopmyBaHHs
Bignosini DTC
DTCADMOD
DTCST
—/ DTCSTS
DTCIBR
DTCOR
DTCSQE
DTCDISP
~=
BHYTpiLuHs nepucpepiiiia WwiHa 1 BHyTPilLHs OCHOBHA LUNHA 2
BHYTPILLHSA OCHOBHA LuMHa 1 30BHiLUHIN BHyTpiLHA LLnHa nam'sri 2 LLnxa nam'ari 3 [LnHa nam'ati 1
BHYTpIilUHs OCHOBHA LUMHA 2 KOHTpOnep nepudepiinta ii
LUMHY LuMHa
OneLu-nam'aTh Poswmpenuii RAM
nporpam 03n Dari
npo TpaHcdep
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el KOHTpOnep NPU3HAYEHMI ANs Nepeaadi AAaHUX MiX nepw-

depintnmm mogynamu MK, a Takox 38"s3ky MK i3 308HiLLHIMM
npuctposmu. [MNepepara inbopmauis mae 6ytn sanucana 8 O3[1.
Y perictpi kepysaHHs DTCCR koHTponepa 3anucyeTbcs BekTop
3 NOYATKOBOIK OAPECOID, 3 AKOT MOYMHAETLCH MEPEfAYT AAHMX.

CTpyKTypHO CXeMQa KOHTPONepa MOKA3AHA HA PUCYHKY 4.
Kontponep DTC, a Ttakox kowtponep nogin ELC, npo skui
ITUMETBCS  HUXYE, AQIOTb 3MOTY 3AIMCHIOBOTM OOMIH BENMKMMM
06’€EMOMM AAHUX | BCTAHOBIIOBATHU 3B'A3KM MiX nepudepiiHmmm
npucTpoamn 6e3 yuacti LM, wo sHauHo 36inbluye NposyKTMBHICTL
MK nig yac poboTH 3 BENUKMM MACMBOM AAHMX | 30BHILLIHIMM NPU-
crposmu. Came cknagHa koHdirypauis WWH 4ana 3MOry KOMMIAHIT
peanisyBati noaibHi moayni 8 MK. Astopy Hesigomi aHanoriyHi
moayni B MK iHLMX BUPOGHMKIB.

Kontponep DTC moxe 3gifcHIOBATM nepeaady aaHWX y Ta-
KUX PEXMMOX:
®  HOPMQNbHUN;
®  OBTOPIOBAHWN;
® nepenaya 61OKIB AAHMX.

Y mogmdikauii kontponepa DTC ana cimerctea RX72M mox-
NIMBMIA NOCNIAOBHUIA CNOCI6 NEPEAaBAHHS AAHWX, KOMM B 3QAAHINA
KOPMCTYBAYEM MOCMIOBHOCTI KOMBIHYIOTBCA HaBEfEH BULLE pe-
XMMM NEPEnaBAHHS AAHUX. Y HOPMANbHOMY PEXMMI BinOYyBAETLCA
OJHOPA30BE MEPEAABAHHS ACaHUX. Y MOBTOPIOBAHOMY PEXMMI
nicns 3aKiHYEHHS NEPEefaHHs LAHUX KOHTPONEP 3HOBY 3BEPTAETLCS
3a nouatkosoto agpecoto O3[1, 3 akoi nouMHanocs nonepeaHe ne-
penaHHs. dkwo ans nepenasaxts aaqux 3 O3[1 BukopucToByeTbCH

OfHA 1 TO COMA MOYATKOBA OAPECA, TO ONepauis 3anucy CTapTo-
BOI agpecy He 0608 s3koBa. MakcmarsHe uncno nostopis: 256.

3 ornaay Ha Te, Wo 30 oaMH TpaHchep MOxXHA nepeaath 32
6iTH, 30ranbHA KinbKiCTb NEPesaHux AQHWX Yy NMOBTOPIOBAHOMY
pexumi ctanoeutume 256x32 6itn = 1024 6aittu. Mpu nocni-
JOBHOMY Cnocobi nepenadi AAHUX MAKCMMQIbHUIA CYMOPHMIA
obcar nepepadi Takox He Moxe nepesnwmtn 1024 6ait. Mini-
MQNbHUI PO3MIP MEPEAaHUX OAHWMX CTAHOBUTL | GaitT, 2-6aiT
cnoso i gosre 4-6aiT cnoso.

Y pexumi KopOoTKOi aapecauii LOCTYMHUIA KOHTpOnepy
aapecHuin npoctip ctaHosute 4 MGaiT, a B pexumi nosHOT
appecauii KOHTponepy AOCTYMHUI BeCb OAPECHMI MPOCTip
4 T6aiT. Micna sakinyeHHs TpaHcdepy aaHmx konTponep DTC
dopmye curHan nogii. [na sMeHWweHHs eHeprocnoXmneaHHs
KOHTPONEP MOXHA BUMKHYTH.

oHTponep nogii ELC sukopucTosye curHanm nepepusaHHs,

Wo GOPMYIOTECH NEPUPEPIMHMMM MOLYNSIMM OISt BCTOHOB-
neHHs 3'€AHAHb MiX HWMMM. 3Qranom KOHTPOMEep MOXe BCTa-
HOBNIOBATU 3'€nHaHHa 3a 137 nogiamu, y T.4. yepes noptv B i
E MOXHO BCTQHOBMIOBATH 3B'A30K i3 30BHILLHIMM MPUCTPOSMM.
Y pesynbTaTi CKOPOYYETHCH YAC BUKOHAHHSA OMEpPAUii, i He Bu-
KOPWCTOBYIOTLCA pecypcu npouecopHoro sapa. CrpykTypHa
cxema koHTponepa ELC nokasana Ha pucyHky 5.

[Mpy BUHWMKHEHHI NEpPepuBAHHA KOXeEH nepudepiHmit Mo-
aynb ¢opmye agi nogii. Nepwa 3 HUx — npanop y pericTpi
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CTOHY, SIKMIH BKA3YE HO NEPEPUMBAHHA, O APYra Mogis — BNACHE
BekTop nepepveaHHs. Kopuctysay moxe 3a60poHHTH npanop
Yy PEricTpi CTaHy, i TOAI NPOoLEecop He PearyBaTUME Ha Nepepu-
sanHs. Kontponep nogint ELC He unTae npanop nepepusaHHs B
pericTpi CTaHy, ane Moxe GOPMyBATH 3 €AHAHHA TiNbkW 30 BEK-
TOPOM NepepmBaHHs. Moro po6oTy nobpe inocTpye pucyHok 6,
HQ AKOMY NOKA3aHO B3aemogito koHTponepa ELC 3 iHwmmm mo-
aynamn MK, 9k suaHo 3 pucyHka, koHtponep ELC yepes noptu
BBOAY/BMBOMY MOXE B3QEMOAIATH i3 30BHILLHIMM NPUCTPOAMM.

3ayBaXMMO, LLO, NO-NEPLIE, € MOXIMBICTb BCTAHOBMUTM TiflbKM
ofHe 3'€QHAHHS Ana KOXHOro nepudepinHoro mogyns. MNo-gpyre,
y perictpax ELSRn koHTponepa Heobxiano onucatn (cneundi-
kyBaTH) 3B'A3kM nepudepiittnx mogynis. Akwo nepudepinHmii
Moaynb He onucaHo B perictpax ELSRn, To koHTponep He pearye
HO NepPepPUBAHHS Bif, LbOrO MOLYIS.

aratodyHkuioHansHuin  koHtponep GLCDC konboposoro

rpadivnoro PK-gucnnes exoauts go cknagy Tinbkn MK cimen-
ctea RX72M. Kontponep GLCDC nigtpumye konipHi dopmaTn
16- i 32-bpp (6iT Ha nikcens) i 1-, 4- i 8-6iT Tabnnui KopyBaHHS
KONMbOPY, fAKi iHOAI Ha3WBaOTE Tabnmusmu komsoposocti CLUT
(color look-up table). Tabanui CLUT npeacrasneni y dopmari
256 cnis x 32 6iT ana obox rpadivHmx naHenen. AnapaTtHo
KOHTPONEP HANAWTOBAHUA AN NIATPUMKM [BOX KONbOPOBMX
rpadiuHUx naHene i OQHOKOMIPHOTO NiACBIYYBAHHS.

KonTponep GLCDC nigTpuMy€e npakTM4YHO BCi BUAM nporpe-
CMBHOI PO3ropTkM TA anbhA-3MILLAHHS KOMBOPIB Yy CriBBIAHO-
wenni 0-255 ana pocarnents edekty nposopocTi. MakcumansHa
pO3MipHiCTb ekpaHa ctaHosuTs 1024 x 1024 nikcenis. Moxnuei
Taki GOp MATH AAHMX:

e napanensHuit 24-6iT npu RGB 888;
e napanensHuit 18-6it 3a RGB 666;
e napanensHumit 16-6it npu RGB 565;
e nocnigosHui 8-6it 30 RGB 888.

Y npoueci 3ramkyBaHHA 300PAXEHHS BUKOPUCTOBYETLCA
YCiYEHHS, OKpYMeHHs, amsepuHr 2X2. Ha suxoai koHTponepa
30ranoM MoOXHA CHOPMYBATHU YOTUPU CUTHAMM BEPTUKANTHOT TA
TOPM3OHTANLHOT CUHXPOHI3aUiT. MOKCMMANbHA YACTOTA CUHXPO-
Hisauii kontponepa GLCDC cranosuts 30 Mlw,.

OpHOKAHOMbHWIA MOZYMb OMPALIOBAHHS BekTOpHMX 2D-30-
6paxeHs DRW2D mae gea Bxoam (UMTAHHS TEKCTYpH 306paxkeH-
Hs i Bydbepa kaapy) i opmH Buxig Ans sanucy 3o6paxens y Bydep
kagpy. Llei moayns 86ynosarui Tinbku 8 MK cimerictea RX72M.

Puc. 6. OpraHisauis B3aemogii kontponepa ELC 3 iHummu moaynamn MK

Mogyns nigrpumye 8-, 16-, 32-6it popmart nikcenis i BBEAEHHS 10-
HUX TekCTypu 3 paay 1—32 6it. Moxnusi aBa pexumu sisyanisauii.

o cknagy MK exopate asa 8-6iT OBOKAHANBHMX TAMMEPH

TMR, KOXeH 3 AKkMx MICTUTb ABA KAHANM 8-6iT niunnbHuKiB.
Tanmepu TMR MoXHO BUKOPHUCTOBYBATH st MIAPAXYHKY 30BHiLU-
HiX NO&iM,  TAKOX 4nst GOPMYBAHHS CUTHAMIB CKUAAHHS, 3ANUTIB
HO NEePEPUBAHHS TA iHLUMX AHOMOTIYHMUX 3ABAAHb.

[ea 16-6it Taiimepu saxonnenns/nopisHaHHa (CMT) moxyTb
bopmMyBaTH NEPEPUBAHHS B PA3i 36iry 3HAYEHb, 3AMUCAHKUX Y pe-
riCTPi NOPIBHAHHS | CTAHY NiumnbHMKA. Bynb-skuit i3 umx Tamepis
bopmye curian nogii ans koHTponepa nogin ELC. Mpu ubomy
KOHTpOMEep 3'€AHYE MUMNBHMK 3 iHWMM NepudepinHUM BY3NOM
BIANOBIAHO 10 ACQHMX, 3aMUCaHMX y perictpax ELSRn.

ImnynscHui Taimep TPU cknopaertscs 3 wectu 16-6iT Tarime-
pig; K i BCi iHwWi Taimepn MK, BiH popmye curHanm nepepusaHs
(mo 26 nepepmsanb) i noain (oo wectn nogii) | Moxe peanisysaTw
byHKUiT 30xonneHHs i nopisHaHHS. Cnig 303HAYUTU MOXIMBOCTI
OJHOYACHOTO 3AMUCY TA OYMLLIEHHS BCiX LUECTU KAHANIB TAMMEPAQ.

baratodyrkuioHansHuit Taiimep MTU cknagaeTbes 3 BOCbMM
16-6it Tamepis i ogHoro 32-6iT TanMmepa. Taimep 3aQTHWA
dopmyeatn no 43 nepepwmsarsb. Jk i 8 Tamepi TPU, y 6araTo-
byHkuioHansHoMy Taimepi MTU MOXIMBKIA CUHXPOHHMIA 3aNUC
i ounwerHs. Bukopucrosyioun Bicim 16-6iT Taimepis, MOXHA
chopmysatn 12-dpazmui LLIM.

Tanmep LWIM saransroro npusHauents GPTW cknapaetsest
3 4OTMPbLOX 32-6iT TAMMEPIB, 1O TOrO X AN KOXKHOIO 3 HUX MOX-
HO HesanexHo BubpaTtu mxepeno TakTyBaHHs. KoxeH kawan
TaMMepa nig'€qHYETLCS [0 ABOX 30BHILLHIX BUBOLIB NOPTY BBOAY/
eusofy. [Ins 0BpaHMX KaHANiB MOXHA PeanisyBaTh CUHXPOHHMI
CTApPT, 3ynmHKy abo ouuiieHHs. Taimep moxe GOpMyBATH [0
BOCbMM CurHanis nogin. 3emuaito, ao cknagy MK sxoauts Tam-
Mep PeansHOro Yacy i ABa CTOpoxosi Tamepu. Kpim Taimepis,
no cknagy MK Bxoaats 4B NPOrPAMOBAHI reHEPATOPM IMMYNLCIB
(PPG), poboTa akmx 30CHOBAHA HA 4ACOBKX NOCHIAOBHOCTAX, WO
dopmytotees Tanmepamn MTU i TPU. 3aranom, koxeH i3 aBox
renepatopis PPG spatHuit dopmysatn curHanu Ha 16 Buxopax.
TaKMM YMHOM, MOXHA OTPMMATKH 32 BUXIAHI CUTHANM.

ckinbkm go cknagy MK cimerncrea RX72M exopats nobpe
BiIOMI CTAHOAPTHI KOMYHIKQUiHHI iHTEpdEicH, Mu He CTa-
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HEMO 3YMUHATMUCS HA IXHBOMY OMMCi, O NULIE NEPEPAXYEMO iX,

3rafaBLUM OCHOBHI NAPAMETPM.

e JlgokaHanbhuit koHTponep Ethernet ETHERC peanisye ne-
peanady aaHux 3i weuakictio 10 a6o 100 M6it/c i signosiaae
sumoram cranpapty |[EEE 802.3. Bin nigtpumye inTepdericu
MIl i RMII 3a npotokonamu IEEE 802.3u. Y MK s6ygnosaro
mogynb PTP, wo nae smory nigTpMmyBaTH NPOTOKON TOYHOTO
yacy crangapty IEEE 1588.

e 2-noprosui koHtponep ESC npomucnosoro iHtepdeiicy
EtherCAT nigTpmmye pexum BeAeHOro NpMCTPOoIO | PO3Ni3HAE
kappu Ethernet 88A4h, cranpapthi kappu Ethernet, kanpm
EtherCAT 3 VLAN Tag i EtherCAT UDP/IP.

e USB 2.0. Y nosHOWBKMAKICHOMY PEXMMI WBUAKICTb Nepenadi
AAaHMX cTaHoBUTL 12 MBiT/C, y HusbkowsuakicHomy — 1.5
M6it/c; 6ydbep nannx mae obcar 2 K6ar.

e SClj, SCIh, SCIli. 13 kaHanis nocnigoBHUX iHTEPdENCiB, WO
NPAUIOIOTE Y CUHXPOHHOMY OBO ACUMHXPOHHOMY PEXMMAX,
a TAKOX Yy pexuMi iHTepdency cmapt-kapT. [ligTpumyersbes
intepdenc LIN.

e [2C. Tpu kaHQMM 3 MOKCUMQNBHOIO LWBMAKICTIO nepenadi
1 Mé6it/c.

o CAN. Tpu kaHanu, signosigae crangapty ISO11898-1.

e RSPI. Tpu kaHanu, ananoriyHmit iHTepdeicy SPl. 3a oaun
TpaHcdep MOXHA NePenaTH MAKCUMYM YOTUPU kaapu, 06’em
AKUX He MOBMHEH nepesuilysatn 32 6aiTh; € BOYAOBAHMI
Bydep emnictio 128 6aiir.

o QSPI. MpusHaueHWit ans KOMyTauii 30BHILIHLOT NOCNIAOBHOT
dneww-nam’sTi.

e SSIE. Isa kaHanu nepepadi ayaioaaHmx.

SDHI. Weuakicts nepepnaui nanmx no 25 M6it/c.
MMC. MynbTumeaintui iHTepdeic, Wo Bianosiaae crTaHaap-
1y JESD84-A441.

o DSMIF. [Isa moayni iHTepdeicy curma-gensta nepeTsopio-
BAYIB MPU3HAYEHI A1 KOMYTALT i3 30BHILUHIMW CUTMO-BENbTA
MOLYNATOPAMM. Moxxnmee nig’€AHOHHA OO LWECTU 30BHILLHIX
MOJynaTopiB.

O cknagy aHanorosoi nepudepii Bxoasts asa 12-6it AL
nocnigoBHOro Habmmkenns, gsa 12-6it LAI i gatumnk Tem-
nepatypu 3 noxubkoio sumiptosarHs £1 °C. AUIM npauioioTts
y 8-6iT pexumi (yac nepetsoperns: 0.42 mkc), y 10-6it pexumi
(4ac nepeteopenns: 0.45 mkc) i B 12-6iT pexumi 3 yacom nepe-
tBopeHHa 0.48 mkc. Moxnusi Tpu pexxMmmn ONUTYBAHHS KAHAIB!
®  OIMHUMYHUM;
e 6esnepepsHuit;
®  PYMNOBUN.

Y nepwomy pexumi BinbyBAETHCS OAHOPA3OBE OMUTYBAHHS
BCiX 06paHux kaHanis. Y pasi 6e3nepepsBHOro onuTysaHHa 06paHi
KOHQMM OMMUTYIOTBCA 0OTH, AOKM HE HOAIMAE KOMOHAO HO MPWnW-
HEHHSI OMUTYBAHHS. Y rPYNOBOMY PEXMMI KAHANM NOMINSIOTECH HA
TOW TPYMU, | PEXMM OMUTYBAHHS ANsS KOXHOT 3 HWUX BUOUPAETLCS
HesanexHo. 3anyck AL sinbysaetsca nporpamuo ab6o 3a curHa-
NTOM TOMMEPIB YW MOLIM, 30KPEMA THX, LLO HOAXOAATb i3 30BHILLHIX
npuctpois. 3aranom obuasa ALIM moxyTs onutati go 29 kaHanis.

Buxigni curnanm obox LIAT sa eubopom kopuctysada mo-
XyTb OYGEpU3yBATUCS, L0 MONIMUMTE IXHIO HABOHTOXYBAMbHY
30aTHICTb. [lng 36inblIEHHS 30BAAOCTIMKOCTI Mix nepeTBopPeEHHS-
mu AL i LATT eeoamTbes 3cys dasu. dianasoH suxigHoro cur-
nany LA cranoeuts 0.2...(AVSS — 0.2 B), ne AVSS — nanpyra
xumenerHs LIATT.
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CNOBHMK

BCLK — wyacrora TakTyBaHHS 30BHILLHIX MPUCTPOIB

CAC — mogyrnb BUMIPIOBAHHS TAKTOBOI YOCTOTH
CACCLK — uacrora taktysaHHs mogyns CAC
CANMCLK — qacrora taktysarHs mogyns CAN

CLUT — tabnnus koaysaHHs konbopy, abo Tabmmus
KOJIbOPOBOCTI

CMT — Tavimep 3axonneHHs/nopiBHAHHS

CRA, CRB — perictpu paxyHKy uucia TpaHcgepis
koHTponepa DTC

CRCA — monyns nepesipku 3a JOMOMOrow LMKITIHHO
HOAMLLIKOBOrO KOZY

CS — 30BHILLHIV QBPECHMH MPOCTID

CSC — KOHTpOep 30BHILLHLOTO QAPECHOrO MPOCTOPY
DAR — perictp aapecy npm3Ha4eHHs TPAHCHEPY AAHMX
koHTponepa DTC

DOC — cxema 06pobkm garHmx

DRW2D — monyns 06pobkn 2D-306paxets

DSMIF — inTepperic curma-aensTa nepersoprosayis
DTC — xoHTponep nepemierHs ganmux koHtponepa DTC
DTCADMOD — perictp pexumy agpecauii koHTponepa DTC
DTCCR — perictp kepysatHs koHTponepa DTC

DTCST — perictp crapty koHTponepa DTC

DTCSTS — perictp crany koHTponepa DTC

DTCVBR — sextopHusi perictp koHTponepa DTC
ECCRAM — o6nacrs O3[1 3 kopekuiero kogy ECC

ELC — xoHTponep noaivi

ELSRn — perictpu kontponepa ELC, y skux cneungikytotscs
3'€aHaHHS nepumepisiHnx Moaynis

ETHERC — kontponep Ethernet

ESC — koHtponep npomucnosoro iHteppesicy EtherCAT
ICLK — cucremHa TakToBa yacToTa

ICUC — koHTponep nepepmBaHHs

IWDT — HezanexHuii cTopoxosusi Tarimep

IWDTCLK — yacrora taktysaHHs mogyns WDT

FACI — iHTepgeric pre-nam’ati

FCLK — yacrora takTyBaHHS Mogyns dreL-nam ati

FCU — moagynb kepyBaHHS gpneiu-nam’arro

GLCDC — xoHTtponep rpagidHoro PK/

GPTW — ravimep moayns LLIIM saransHoro npmsHayeHHs
HRPWM — moayns LLIM sucokoi posainsHoi saatHocTi
MPC — 6aratodyHKLIOHABHMI KOHTPOEP BMBOLIB
MPU — mogynb 3axucty nam ati

MRA, MRB — perictpu BCTQHOBIEHHS PEXMMY
koHTponepa DTC

MTU — momyns 6aratodyHkLioHansHOro Tasimepa 3
OFSM — nam’ats, 1o OMUiOHAILHO HANALLTOBYETLCS
PCLKA-PCLKD — taktoBa yacrora nepugpepivitmx wmH A—D
POE3B — nossin suxoan nopty 3

POEG — possin susegerHs nopty ang GPTW

PPG — nporpamoBaHmsi reHeparop imryssCcis

RIIC — monyne iHtepersicy 12C

RSPlc — monyns iHTeppesicy SPI

SAR — perictp pxepena ganmx koHTponepa DTC

SDCS — 06nacts 30BHILHLOIO GAPECHOTO MPOCTOPY,
BuaineHoro ans 308HiwHboi nam’ati SORAM

SClj, SCIh, SClii — nocninosHi kKomyHikauisiHi IHTEPGesicH
TFU — apugmetnarmi cnisnpouecop

TMR — 8-6it ravimep

WDTA — cropoxosusi Tarimep

UCLK — qacrora takrysarHs USB



MiIKPOKOHTPOAEPU

MIKPOKOHTPOJIEPU CIMEMCTBA RX72T

CprKTypHy cxemy MK cimeitctea RX72T HaseneHo Ha pu-
cyHky 7. [ig yac nopisHaHHS ii 3i cTpykTypHOKO cxemoro MK
RX72M, a takox 3a ponomoroio tabnumui 1 MoXHAO nepekoHa-
™MCS, WO icToTHMX BigMiHHOCTen MK obox cimeicts HebaraTo.
Hassemo gesaki 3 Hux, HO Haw nornsg, Hansaxameiwi. Y MK
cimeictea RX72T 36inbweHo po Tpbox uvcno 12-6it AL i
BBELEHO WICTb QHAMOrOBMX KOMNApATOpie. [lnsa kepysaHHs
€neKTPONPMBOAOM BOYLOBAHO BUCOKOLIBMAKICHWHA moaynb LLIM
HRPWM 3 sucokoto posginsHoto saathicTio ax go 195 nc.
Moayns LUIM HRPWM dopmye 1o 4OTUPLOX KOMMNEMEH-
TapHux euxodis LLUIM. Tpueanicte dpoHTy HapocTaHHs i cna-
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Puc. 7. CrpykrypHa cxema MK cimeiictea RX72T

[y MPOrpPaMY€ETbCH KOPUCTYBAYEM 3 PO3[INbHOIO 3[ATHICTIO
1/32 nepiopy 4actoti TaktyeaHHs 8 Mexax 80—160 Mlu,

3 iHworo 6oky, 8 MK cimernctea RX72T sigcyTHi koHTponep
GLCDC rpadiunoro PKI, i moayns DRW2D 06pobku 2D-rpadi-
kn, a Takox intepdeitcu Ethernet, EtherCAT, SSIE, SDHI, MMC,
QSPI i DSMIF. Pishuua y cknagi nepudepiiHnux momynis MK
obox poanH obymosneHa pisHum npmsHadeHHsm MK, Ha naw
nornsg, iHtepdenc Ethernet ne 3asaame 61 sk onuis i ana MK
cimerictea RX72T.

Takmm umrHOM, MOXHA 3pobuTK BUCHOBOK, WO MK cimeiictea
RX72T matots Byxuy chepy sactocysaHHs, Hix MK cimencrsa
RX72M. Mikpokortponepwu RX72T npusHadeHi, 8 OCHOBHOMY, 4
KEPYBAHHS CKIOAHMMU CUCTEMAMM ENEKTPONPUBOLIE. N
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HA AONMOMOTY PO3POBHUKY
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Jaxucm HubKOWBUGKICHUN inmepdeiicis
i [MEpeNn WUBNEHHY

Topp Pinninc (Todd Phillips)

Lla ctarTa € TpeTbolo* B cepii ny6nikauiin npo npuHuunu no6yposu
3axMcTy nopriB i iHTepdeliciB. Y HilA MU pO3rnssHEMO HU3bKOLUBUA-
KicHi iHTepdeiicu Ta gxepena xueneHHs, sk-or DC/DC-neperteo-
proBayi Ta iHWi BMUPO6GU, HOBEAEMO pi3Hi MeToAM IXHbOTO 3aXMUCTY.

BCTYN

leonepe,u,Hix YACTUHAX Cepii MM po3rns-
HYNM 30XUCT BUCOKOLLBUIKICHWUX IHTEP-
dercis Power-Over-Ethernet, USB, HDMI,
Display Port i eSATA. Y tpetiit 4actuHi
3YMUHMMOCSH HO HMU3bKOLLBMAKICHUX HTEP-
¢dercax, a 4OJATKOBO PO3rNAHEMO 3AXUCT
NiHiN XnBReHHs amiHHoro ctpymy AC, a Ta-
KOX Kin XMBReHHs nocrtiiHoro ctpymy DC.

o umcna HUsbKOLWBMAKICHMX iHTepdeit-
CiB, ONUCAHMX Y Wik CTATTI, BIAHOCATLCS LUM-
pOBe Ayfio, AHANOroBE BiAEO i KNABIATYPA.

HusbkowsuakicHi iHTepdencu YyTnuBsi
[O ChneckiB HaMpPyrM BHACAIAOK nepexia-
HUX NPOLECIB, O TAKOX [O eneKTpocTa-
TuHmux poapsaais (ESD). BogHouac pxepe-
1A XMBIIEHHS YyTAMBI 4O CMNECKIB HANPYTY
TG NEePEBOHTOXEHb 30 CTPYMOM, iHAY-
KOBQHMX NiHIAMM XMBneHHs. Pospobnen-

* Iue. CHIP NEWS, Ne 2, 2022; Ne 2, 2023.

HS HOBIMHOT Cxemu iHTepdeicy, 34aTHOI
BUTPMMOTHM LUKIANMBI Nepenagnm Hanpyru
nig 4ac nepexigHWx NpoueciB, BUMMArae
30CTOCYBOHHA PIi3HUMX METOAIB 3AXUCTY
CXemMH, Wwo pospobnaetecs. Y craTTi Ha-
LOHO peKkoMeHaauii nobynosu 3axXMCTy
iHTepdeicis i gkepen XWBNEHHS, WO 30-
GesnedyioTb EHEpPrieln, 30KPema, 1 PisHi
cxemu iHTepdeicis.

3AXUCT LUDPPOBOTO
AYJIOIHTEPDENCY

Cxemo aymiokoAeka, KM 3Qa3BMYA
CTOE KMOYOBMM BY3NOM UMPPOBOI
aymiocxemu, HOBEAEeHA HA pMCyHky la.
Ay,D.iOKOJ:LeK MOXe nifaaBATMCA BMAAMBY
K NepexigHuMx Mpouecis, TAK i enekTpo-
cratmunnx pospsaais ESD. Ha wacts ans
PO3POBHMKA, LOCUTL 3ACTOCYBATU BChO-
rO OAMH KOMMOHEHT [fif 3AXUCTY BMXOAY

nisoro i npasoro kaxany. Y umx 36ipkax

PEKOMEHYETLCA 3QCTOCOBYBATHU NAPY 3Y-

cTpiuno 3'enHanmx TVS-gioais 3enHepaq, ak

NOKA3AHO HA PUCYHKY 2.
Mepesaru TVS giogHoi 36ipku:

e 3aaTHICTL noruHaHHg o 40 A weuna-
KOro nepexigHoro npouecy;

e 6GeaneyHe MNOMMHAHHA €NeKTPoCTa-
Tunoro pospsagy £15 «B;

®  BUCOKO LUBMAKOZIS HA piBHi 1 HC;
HQOHU3bKMIA CTPYM BMTOKY 6nM3bKO
0.5 MkA;

®  HM3bKA EMHICTb He Binbwe 6 nd npak-
TMYHO HE BHOCWUTb 3MiH Yy NnepenaHui
curHan.

5 4

Puc. 2. iBoHanpaBneHa 3aBOEHA
AioaHa 36ipka ans 3axucry
Bif} CTATMMHUX pO3psaaiB
undposoro aypioiHtepdeicy

Video Port Video Port

Left Y Luninance
Audio _Rigth c Chrominance

Port Audio
| | Codec Video Composite
[ ]
1| RF Coaxial
IC [ ]
1| ic
[ ]
il ks
a) 6) -

Texuonoris DYHKUIT, O BUKOHYIOTbCA Cepis Mepesaru Oco6nuBocTi

’ ) MornnHaHHs noBTOPIOBaHMX po3psais ESD ’ .
TVS piogHa 36ipka (Eiggmcr 2YAI0 KOAEKA BIA ENIEKTPOCTATUKY SP1002 MaKCUManbHoro pisHs 6e3 Aerpagavii Ex:‘(:’:ag'gH“;CKTA’ ?A?H%Tmmamm(:(fym c
napameTpiB CXeMU, KOMMAKTHE BUKOHAHHS ¥ 0 ’ P pry
) [ornuHaHHs noBTOPtOBaHMX po3psais ESD . o
TVS pioaxa 36ipka Sﬁgrﬁﬁ;ﬂg:ﬁ;ﬁﬁ%ﬂ?”;jm ESD SP3019-04HTG | makcumanbHoro pisHs 6e3 Aerpagaulii Qﬁﬂiw”'c“ 81D, manuit cpym
P POSPAA; napameTpiB CXeMU, KOMMAKTHE BUKOHAHHS Y
Puc. 1. 3axucr aygio- Ta BigeoiHTepdeiicie Big cnneckis Hanpyru nig yac nepexigHux npouecis: audio line (a); video line (6)
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Ha popatok icHye Bepcis giogHol
36ipkun, ceptudikosanoi AEC-Q101 ansa
30CTOCYBOHHA B ABTOMOBIMbHIN enekTpo-
Hiui. Cranpapt AEC-Q101 Bukopucrosye
PI3HOMQHITHI CTpec-TecTn gns Toro, wob
YNEBHUTUCA Y BIAMOBOCTIMKOCTI KOMMNO-
HEHTIB B QBTOMODINbHMX 3ACTOCYBAHHSAX.
Posrnanyti TVS piogHi 36ipkm gocTynHi 8
kopnyci SC70-3 ana noBepxHEBOro MOH-
TaXy. TOKMM YMHOM, HOZIMHWIA 3AXMUCT Qy-
pioinTepdeitcy Moxe ByTM peanizosaHo 3
MiHIMQMBbHUMKM TABAPUTOMM HQ OPYKOBQ-
HiM nnaTi.

3AXMCT BIAEOIHTEP®ENACY

|_| onibHo fo ayaioiHTepdency, Bineoin-
TepdEenC CXMIbHUIA O BMIUBY LLIBUAKMX
nepexigHnx NPOLECIB | eNeKTPOCTATUHHUX
pospsagis. Ha pucyrky 16 HaseneHo npu-
KIQA BieOiHTEPDENCY 3 YOTUPMA NHISMM:
Y, C, video i RF (cumxponizauis). 3axuct
exony sineo AL moxe 6ytn peanisosa-
HO 30 AOMOMOTOK OfHOTO KOMMOHEHTQ.
Y ubOMY BMMNQAAKY PEKOMEHAYETLCS 3ACTO-
cosyBaTi 4-karansHyTVS giogHy 36ipky,
306paKEHy HO PUCYHKY 3.

DNiogHa 36ipka 3abesneuye Taki xa-
PAKTEPUCTUKM:

fi44

PINT O
PIN3 O
PIN4 O
PIN6 O—

L X,

Puc. 3. YorupukanansHa TVS pioaHa
36ipka 3 giogamu 3eHHepa

7'y

O
GND (PIN 2)

o MNOMUHAHHSA WBUMOKMX nepexi,u,HMx npo-

uecis po 40 A;
®  30XMCT Bif CTATUYHWMX PO3PAAIB [O

15 «B nositpam i £10 B 3a npsmoro

KOHTAKTY;
®  Manui cTpym BUTOKY 6nm3bko 10 HA,;

MONQ BAACHO EMHICTb BXiA-«3emnsay

6nm3bko 0.3 nd;

IcHytoTs Bepcii uiei 36ipku, cepTudi-
kosani 30 AEC-Q101 ans asTomMoBinbHMX
3acTocyBaHb. Bowu pgoctynHi B kopnyci
SOT23-6 NoBEPXHEBOrO BMKOHAHHS AnA
MiHIMI3aLii Micus Ha gpykoBawii nnarti. Ho-
TMpukaHansHa TVS piogra 36ipka 3abesne-
uy€e HeobXiaHMI 30XMCT BIAEOMNOPTIB 3 Mi-
HIMQNbHOTO BMIMBY HO NEPERAHMI CUTHA.

3AXUCT KJIABIATYPU

KnoaiOTypo BMKOPUCTOBYETLCH AK MPU-
CTPii BBEAEHHS iHPOPMALIT TA KOHTP-
OfI0 B PI3HUX NPOMMCIOBMX | NOBYTOBMX
3acTocyBaHHsx. Ha pucyHky 4 nokasaHo
TUMOBY CXeMmy iHTepdeitcy knasiaTypu.

Mig yac poboTtn 3 knasiatypoio no-
CTIMHO MPUCYTHIW NPSMUI KOHTOKT, YHOC-
NigoK FKOrO MOXE BWHWKHYTU EeneKkTpo-
CTATUYHUIA BMIIMB HOA KIIABIATYPHY CXEMY.
na saxucty ninin inTepdency knasiatypm
BMKOPMCTOBYIOTL 6ArATOLLIAPOBI BOPUCTO-
pu (MLV), ski MOIOTb TaKi XOPAKTEPUCTUKM:
®  MOMMWHOHHSA IMNYNBLCIB 3i CTPYMOM A0

500 A 3a eneprii 2.5 Ix;
® LWMPOKWMM [iANA30H TEeMNepaTypu:

—40..+125 °C;
®  PO3LWMPEHUA AIANA30H PobBouMX Ha-

npyr sig 3.5 B.

Baratowaposi Bapucropu gonomara-
}OTb MPOMTM TECTM HA BiANOBIAHICTb AVPEK-
tmei IEC 61000-4-2 i matoTs mani rabapu-
™ 8 kopnyci 0402.

3AXUCT BJIOKY
AKYMYJIITOPHUX BATAPEN

BJ‘IOK aKyMynaTOpHMX BaTapen npusHaye-
HUIM ONs XMBIIEHHS €NEKTPUYHOI CXEMM,
Ttomy |IC koHTponepa 6artapei notpebye
30XMCTY Bif, NEPEBAHTCAKEHHS 30 CTPYMOM
i Big cnneckie Hanpyru. Ha pucyrky 4 Hose-
AeHO BnoK-miarpaMy KOHTpoOnepa 3apsmy
Batapei 3 curHanamm kepysarHs. Ockinbku
aKyMynaTopHa 6atapest ciyrye axepenom
MOCTIMHOrO CTPYMY, OJis 3AXMCTY Bif nepe-
BOHTOXEHHS 30 CTPYMOM HOMKpALLE BW-
KOPUCTOBYBATH LUBMUAKOAIAHMIA 3ANOBIKHUK.

LLsmnakomifHuit 3anobixkHUMK NOBUHEH
3a6e3neuyBaTu:
e wBuake sumkHeHHs nopsaaky 0.2 ¢ npu

nepesantaxerHi 300 %;
e gianasoH ctpymy: 0.25-5 A;

PiBEHb BUMKHEHHS CTPYMY HE MeHLUe

32 A 3a Hanpyrm go 32 B.

na saxmcrty Big cnneckis Hanpyr1 nig
4aC NEepexigHMX MPOLECB PEKOMEHLYETb-
cs 3actocoeysati TVS piogHi 36ipku Ha
3PA30K PO3MISAHYTOI paHiwe 4-KaHANbHOT
36ipku ans 3axmcty sigeoinTepdericy. Taka
36ipka 3abesneunts saxmct IC koHTpo-
nepa 6atapei Bif CTATUYHWMX PO3PSAIB.
ICHerTb BAPIAHTM LMX 36ip0K ans aBTOMO-
BinbHOro 30CTOCYBOHHS, WO BigNOBIAAOTb
sumoram AEC-Q101.

3AXUCT ADKEPEJ1 XKUBJIEHHSA

K MEPEBAHTOXEHb 30 CTPYMOM, TAK
i cnneckie HaMpyrM BHOCNIAOK nepexif-
HWX NPOUECIB Yy NiHIAX €NeKTPOXMBIEHHS
3MIHHOTO CTPyMy. TaK, 30XMCT MiHii XMB-
NEHHSA 3MIHHOTO CTPYMY BUMMATAE HE TifbKM
HOSIBHOCTI 3aNODIKHMKA Ans 30XMCTY 30

ﬂ‘xepeno XMBMEHHS CXMITbHI JO BRNMBY
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3axucT IC Ta iHLWMX KOMMOHEHTIB THyuKiCTb NiA Yac po3po6MeHHs 3aBAskM | HU3bKa EMHICTb i BIANOBIAHICTb BUMOram
MLV-sapuctop Bif} €M1EKTPOCTATU4HOIO PO3PSAY V5.5MLAQ402 O0JHOKaHaIbHOMY BUKOHAHHIO AEC-Q200
. 3axucT Bifj NepeBaHTAKEHHS o CTpym BUMKHeHHs 32 A 3a 32 B nocriitHoro
BanoGixHuK 3 CTPYMOM Y KO XMBNEHHS 435 KownakTHuit Kopnyc CTPYMY, KOMNAKTHE BUKOHAHHS
) . 3axucT Bif CTaTM4HMX PO3pAAiB HapiitHuit 3axucT y pasi 6e3nepepBHOCTi | Hu3bka BXifjHa EMHICTb, BUCOKA LUBUAKOAIA
TVS pioawa sbipka Y NiHIAX XKUBNEHHS Ta KepyBaHHs SP3019-04HTG pexumiB nepeaaBaHHs curHanis meHwwe 1 H, BignosigHicTs AEC-Q101
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Puc. 4. 3axucr aynio- Ta BigeoiHTepdeiicis Big cnneckis Hanpyru nig yac nepexigHux npouecis: audio line (a); video line (6)
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Texuonoris DYHKUIT, 40 BUKOHYHOTLCA Cepia Nepesaru Oco6nusocTi
) 3axuCT Bifi KOPOTKOr0 3aMUKaHHS 3axucT Bify NOLIKOKEHHS 06N1afiHaHHS, ) Lo M-
3anoGixHuK Ta NepeBaHTAXEHHS 3a CTPYMOM 313 KOMNaKTHi PO3MipHt, eHeproedeKTUBHICTL BianosiaHicTb cTaHAapTaM, HU3bKWA onip
. : CKOPOYeHHS Yacy Ha BUNpOGYBaHHs 3patHicTb A0 NOTMNHAHHS BENUKOI eHepril,
Bapuctop 5::;;:;“” ICTOTHUX CTINECKIB UltraMOV | Ta cepTudikaliito 3a paxyHoK BianoBigHOCT HEBENMKMIA KOPNYC, BUCOKA po6oya
cTaHzapTam 6esneku Temneparypa o +125 °C

CTPYMOM, O 1 BAPUCTOPA Ofs 3AXUCTY
Bin cnneckis Hanpyru. [esiki 3acTtocyBaH-
H NepeabauaioTs BUKOPUCTAHHS iHLUMX
KOMMOHEHTIB 3aXMCTYy, Takmx ak TVS-gio-
au, saxmcHnx Tupucropie SIDA Ctors abo
rasopospsaarukis (GDTs). detanbhiwy iH-
GOPMALID MOXHA OTPUMATHU B LOKYMEHTI
IEC62368-1. Ha pucyHky 5 HasepeHo
TUMOBY CXEMY 3OXMCTY NiHil XXMBNEHHS.

Ons AC/DC-pxepen xueneHHs peko-
MEHLYIOTHCS 3AMOBIKHUKU 3 «MOBINbHUM
CMNPALBLOBYBAHHAM» Y CKISAHOMY KOPMYCi.
BoHu He BigknousiTe KONO y pasi BKIOYEH-
HS! 4K BUKIIOYEHHS IHAYKTUBHOMO HABAHTA-
KEHHSA B NiHIiT XMBMEHHA 3MIHHOTO CTPYMY.
|HWi 0COBNMBOCTI LMX 3aNOBIKHUKIB:

e pianasoH ctpymy: 10 MA—30 A;

e Hanpyra: go 250 B AC i suwe;

® CTPyM BUMKHeHHs: He MeHwe 10 kA
ona cxem 120 B AC.

Puc. 5. PekomeHpOBaHMI 3aXMUCT ANS NiHii JXUBNIEHHS 3MIHHOTO CTPYMY.
Mpumitka.* MNotyxHi TVS-gioau cepii AK moxxyTb 6yTn

Lla rpyna 3anobiXHUKIB BignoBigae
sumoram UL i CSA, wo cnpouuye ceptudi-
Kauito 061anHaHH:A 3 6OKY KOHTPOMIOKOUYMX
OpraHis.

MeTtanookenari sapuctopr MOV ma-
IOTb 3AATHICTb MOMMHATK ICTOTHY EHEPTrito
Ha sxoai AC/DC-nepetsopiosaya, ska
MOXe BMHMKATM BHACI[OK NepexifHnX Npo-
uecis y ninii xmenenns AC, edpekTmeHO 3axm-
watoun cxemy AC/DC-nepetsopiosaya Big,
ixHbOro Bnnmey. lcHyioTs sepcii MOV-sa-
PUCTOPIB, 3AATHUX BUTPUMYBATH CTPYM AO
10 KA B iMNynbCi, 3 EHEPTIEI0 NOTIUHAHHS!
400 Ox B imnynbcHoMy pexmmi. Kpim Toro,
BoCTynHi BucokoHagiiHi eepcii MOV-sa-
pUCTOPIB, 3AATHI MPALIOBATM B LUMPOKO-
My pianasoHi Temnepatyp —55..4+125 °C.
Tak camMo AK i y BUNAAKY 3 3aN0BIKHMKAMM,
PEKOMEHAYETLCS BUKOPUCTOBYBATU BAPUC-
TOopM, Wo eignosigatots sumoram UL i CSA.

3AXUCT IDKEPEN NOCTIMHOI
HAMPYTU

30J‘I6)KHO BiL pobouyoi HanpyrM, cxe-
MOTEXHIKM Ta cdepu 30CTOCYBAHHS
NOTPIBHI PI3HI BAPIAHTKM 3AXMUCTY TAKMX
mxepen. Ons pisHux cxem icHyioTb iHaMBI-
LyQnbHi pekoMeHAaL;i.

Ona saxucty sxopi i3 Hanpyroo 12 i
24 B noCTIMHOTO CTPYMy PEKOMEHOYETHCS
3acrocosysatv Bapuctop MOV i TVS-gmion
(piweHHs, QHaNOriYHE MOKA3AHOMY BMLLE
Ans niHii xuenenHs sminHoro crpymy AC). Ha
PUCYHKY 60 MPEACTABNEHO CXEMY Mif'€aHaH-
Ha Bapuctopa MOV napanensHo ninii xus-
nenHs noctinHoi Hanpyrv DC. Take piweHHs
3[ATHE 30XMCTUTU CXEMy Bify CTPUDKIB CTPY-
my no 10 A 3a tTemnepatypu po +125 °C.
Takox sapuctop MOV 3a6esnedye nosro-
TPMBAMI 30XUCT CUIIOBUX CXEM.

+24V e DC
Power Power Power m Power
0 Plug Module Plug “ Module
a) r) N
Texxonoris DYHKUT, 40 BUKOHYHOTLCA Cepia Nepesaru Ocob6nuBocTi
. . Clll, [MoKpaLLeHHs HafiiHOCTi NPOTAroM - o
Bapuctop s:;gﬁr i'fﬁ:n:)zm:wiagpg”gcig LV Ultra MOV, | TpuBanoro 4yacy ekcnnyarauii, 3aaTHicTb nggig':;mi”;g““: c;pj;\néssggom
A pexial pou LA NOMANHYTI BUKMAN 3 BUCOKOK EHEprieto P patypa A
. . N o B N Bucokuit immynbCHWiA CTPYM, LUMPOKNIA
la3opoapagHuk GDT | 3axuct izonsuji Ha «3emnio cG HapHW3bKii CTPYM BUTOKY Ha «3eMito fiana30H poBoHMX HanpyT
" 3axuCT Bif NepeBaHTKEHHS 3ano6iraHHs NOLLKOMKEHHI0 06nafHaHHs, | Mani po3mipu 3a BUCOKOI BifKNKOHANbHOI
3ano6ixXHNK 32 CTpyMOM 477, 505 Mani poamipn 3arHocTi
CaMOBIAHOBNIOBANsHUI | 3AXUCT Bify KOPOTKOTO aMUKaHHS LWiBuaKa peakLis Ha nepesaHTaKeHHs HapHu3bkuit BNacHui onip, wupokui
3an06iHNK PPTC | NEDEBAHTKEHHS 32 CTDYMOM LoRho 33 CTPYMOM, KOMNAKTHi po3mipu, [liana3oH CTPYMY Y MiHiaTIOpHUX
P Py CYMICHICTb i3 nopTaTMBHUM 06nagHaHHaM | SMD-kopnycax
TVS niona 36inka 3axucT Bif cnneckis Hanpyru SP11xx g:;Tmc:Hainag:a:HiZ gle.llsl?_;T;g'OBaHMX HagHu3bKuit cTpym BUTOKY 61113bKO 100 HA,
Aloa P i CTaTM4HUX PO3PAAIB Ha po6oTy Empgﬁg Y marni rabapuTi, LWMPOKWUA BUBIP HAnpyri

Puc. 6. PekomeHpauii Woa0 3axucty gykepen NocTiiHOro cTpymy pisHoi koHgirypauii
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| | TexHonoris DYHKLi, L0 BUKOHYHTbCA Cepis Nepesarn OcobnusocTi
MMiaBNLLEHHA HALIAHOCTI CUCTEMM LLNSIXOM
TVS-pgioamn 3axucT Bify CNNecKiB Hanpyru SMBJ 3aXUCTY YYTNMBUX EIEMEHTIB CXEMU Yyznosa 06MexyBasnbHa 34aTHICTb
Bifl NEPEXiAHNX NPOLECIB Y KONi XIBNEHHS
Puc. 7. PekomenpgoBaHa cxema 3axucty Buxoay DC-prxepena xxueneHHs

na saxmcty Bxomy mxepen nocTinHo-
ro ctpymy 48 B i Buwe pekomeHayeTbcs
BcTaHoBMOBATH TVS-gioa y napanensHo-

3QMMAIOTh HO APYKOBAHIM MNATi, Wo ocob-
NMBO BQXKMNMBO ANS MOPTATUBHOI TEXHIKM.
Y ubOMy pasi ans 30XUCTy Kin NOCTIHHOrO

PEJIE YTOBOIO PO3PAAY

4719 OBMEXXEHOIO NMPOCTOPY

Komnaris Littelfuse sunycruna ce-
pito AF0025 — ekoHomiyHO epekTmsHe
PILLIEHHS Ans 3aXUCTY Bifi AYrOBOro pPo3-
PSRy B HOVMKOMMQKTHILLOMY KOPMyCi Ans
OEM-npoaykuii. Pene ayrosoro posps-
Ay 3HQYHO 3MEHLLYE MOLUKOLAXEHHS Bif
AyroBux 3amuKaHb y BIACIKOX 3MIHHOIMO
TQ MOCTIVMIHOrO CTPYMY, BUSBIISKOYM CBITIIO
B yrOBOro po3psAy TA LUBMAKO MOJAIO-
Y CUrHQI BIAKIIOYEHHS. 3aBaASKM MMOUHI
Bcvoro 1.82” (46.23 mm), komnaktHa
KOHCTPYKUiSI MOXe OyT BCTQHOBIEHA
Ha nosepxHio abo Ha DIN-peviky B Havi-
ByXxumx micusx. Le pO6/4Tb voro inearsib-
HUM 47151 3QCTOCYBAHHS Y BiIHOBIIOBAHMX
IXepesax eHeprii, Takmx Sk KOMOIHOBAHI

CTPYMy Bif, CrneckiB HAMPYr1 KpALle Bu-
kopuctosysath He sapuctopu MOV, a
TVS-gioaun. TVS-gioau 3enHepa 3aaTHi 30-
6e3neunTi 3aXMCT Bif CTATUYHUX PO3PALIB
130 kB nositpsm, 0 TAKOX NOMMHYTU iM-
nynsc go 80 A nig yac pospany 6rMCKABKM.

Buxin mxepena XMBNEHHs NOCTIMHOrO
CTPYMy TAKOX noTpebye HOZiAHOro 30Xu-
cty. Pekomerpyetbca BuKOpPMCTOBYBATH
TVS giog, sk NOKA3QAHO HA PUCYHKY 7, WO
30XMCTUTb ni,u,'e,tuBOHy CcxeMy Bif cnne-
CKiB HAMPYrH, BUKIMKAHWX MEPEXiqHUMM
npoLecamu, oBMEXYIoUM X HA LOMyCTH-
MoMy pisHi. Taki TVS-giogn poctynHi sk
B OAHOMONSPHOMY, TAK i B BONONSPHOMY

My BKmiodeHHi (puc. 66). TasopospaaHmk
30ATHUA BUTPUMATM IMMYSIBCHUI CTPYM
0o 20 kA ¥ ONTUMQMBHUI N8 3QXMCTY
CXemM Bif Apeidy «HyNbOBOI TOYKUY» [O HE
6es3neyHoro piBHS BIGHOCHO «3emfli», 3
IKOTO MOXE CTATUCA PO3PAL. 30 BIACHOTO
onopy 10 TOM rasopospsagHuk crnoxusae
meHwe 10 HA B HOPMANTBHOMY PEXUMI.
Ixepena nocritHoro crpymy 3i cxe-
MOt KOpekLUii KoediLiEHTa MOTYXHOCTI
(KKIM) noeuHHi matv 3anobBikHuk, BCTO-
HOBJIEHUI NOCNILOBHO 3 BAPUCTOPOM Ans
30AXMCTY Bifl NEPEBAHTAXEHHS 30 CTPYMOM
i Hampyrow. Ha pucyHky 6B nokasaHo
«MOBIIbHUMY 3ANOBIKHMUK, KM MOBUHEH

HE BMMMKATM KOMO Yy PA3i BUHUKHEHHS BMKOHOHHI. 6710KM TQ iHBEPTOPHM, B MPOMMUCIOBO-
’

MyCKOBMX CTPYMIB B IMNYNIbCHOMY [iXepen! My 3QCTOCYBQHHI, BKIIIOHQOYM IKepena

xuBneHHs. PexomeHayetbcs 3acTtocosysa- 6esnepebisiHoro xuenerns (bX) i vac-

™ 3ano6ixHKkK B kepamidyHomy kopnyci BUCHOBOK ToTHO-peryoBaHi npmsoam (YPr1), a Ta-

Ha ctpym 10—30 A, 3pathi BigkmoumTu
20 kA 3a Hanpyrn 500 B DC. Bapucrop,
30CTOCOBAHMM Yy LM Cxemi, 3aMMae Mi-
HIMQMbHY NNOLY, OCKINbKM BUKOHOHUM
y kopnyci posmipom nmwe 6.3X32 mm.
OpuH i TOM Camuit TMN BAPUCTOPIB peko-
MeHLoBaHMI ans Hanpyr 12, 24 i 48 B.
na 3axucty mxepena nocTinHOi Ha-
Npyrv B NOPTATUBHUX MPUCTPOSX NOTPIOHO
BPAXYBATM Le Kinbka dakTopis. Ak i B
IHLWX BUNOAKOX, TYT |'|0Tpi6eH 30XMCT i Bif,
NEePEBAHTAXEHHSA 30 CTPYMOM, i Big cnne-
CKiB HOMPYMK, NPOTE KPALLe 30CTOCOBYBA-

KOX B PO3MOAITbHIX KOPOBKAX | MaHEssx
3 OBMEXEHNM MPOCTOPOM.
BukopucrarHs opHoro abo [Box
Aarumkis pobuts cepito AF0025 npu-
AQTHOO AN MQIMX | CEPERHIX NAHENeH,
3 MoxmmeicTio B6ynosaHoro abo Big-
AanerHoro ckmparns. na pene AF0025
He noTpibHe JOAATKOBE HAMALLTYBAHHS.
«lloLkomxeHHs, CripuymHeHi ayro-
BUM [PO3PSLOOM, MOXYTb AOPOrO KOLL-
TyBATU K 478 [EPCOHAY, TaK | Anf
06110AHAHHS. 3aNeXHO Bif MOTYXHOCTI
AYroBOrO PO3PSAY, PEMOHT MOXe 3a4-

MO)KHCI PO3POBUTH HAJIMHY | CTikKy
CXeMy, BKITIOYMBLUM B HET KOMMOHEH-
T 30XMCTY HO eTani NpoekTyBaHHs. [na
UbOrO He 3HaROBMTLCS 6AraTo KOMNOHEH-
TiB, O KOH}Iirypaujst iXHbOro Mg’ €AHAHHS
LOCUTb MPOCTA ANs PO3YMIHHS Ta pea-
nisauii. 9k Po3pobHKKY, BAM AOCTYMHO
Gesniy TexHonorin saxucty. [pu usomy
BUPOBHMK KOMMOHEHTIB 30XMCTYy HOAAE
TEeXHiYHy NigTPUMKY npu BMGOPI Ta nepe-
BipUi HO BIANOBIAHICTL Be3niyi cTaHAAPTIB
M 4OC PO3POBAEHHA ENEeKTPOHHMX BM-

TM COMOBIAHOBNIOBAMLHI 3aMOBiXHMKM 3 pobis. [leski BMpobHUKM HapaloTs pos- | HATM MICAL, — 304B4B Pisapn Hevin,
MO3UTUBHWMM TEMNEPATYPHWUM KoediujeH- LuMpeHe TEeCTyBAHHA Ak Ans nepesipku | MEHEAXEP 3 NPOAYKUI IPOMACIIOBO-
Tom PPTC (puc. 6r). 305BNEHNX NAPAMETPIB | pexumis, Tak i | (O MHBPOSAITY Littelfuse. — Komnaxrre

ayrose pene AF0025 sussnse npobnemy
MPOTATOM 'ATH MiniCeKyHa | Hagcunae
CHIHQI HQ BIBKIIOYEHHS XMBIEHHS, OO
SMEHLLMTH Q6O HABITb YCYHYTH PH3NK [JIST
nepcoHany Ta O6NaaHAHHS — PATYIOM
KMTTS, 3aM0BIraloym JOPOrM PEMOHTAM
i CKOPOUYIOYM 4aC MPOCTOIO.

CaMoBIgHOBMIOBANBHMM  3ANOBIKHUK
PPTC nae MOXNMBICTb HE 3GMIHIOBATH MOTO
B PO3i BUHMKHEHHSI MEPEBAHTOXEHHS 3a
ctpymom. Llei tmn sanobixHukis mae ma-
JIMI BNACHWIM OMip Bif BECATKIB AO COTEHb
MINIOM | MONUIM YOC BMMKHEHHS — MeHLLe
5 c. 3anobixnukun PPTC poctynHi B kop-
nycax sig 0402 gns minimisauii micug, wo

HO MNpPeaMeT PO3LMPEHOTO TECTYBAHHS
HO BIAMOBIAHICTb rANY3€BUM i PErioHanb-
HMM CTAHOOPTAM. BknioyenHs komnoHew-
TiB 30XMCTY CKOPOTWUTb BUTPATM Mif 4aC
FAPAHTIMHOrO Ta CepBiCHOro obCnyrosy-
BAHHS | CTBOPUTbL BALUIMA KOMMNAHIi peny-
TAUiIO BUPOBHUKA SKICHOTO TA HALIMHOIO

0BNAgHAHHS. CN www.littelfuse.com
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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 [0CAIAHUX
3paskis npunagis

~ KOHTPaKTHe BUpOOHULTBO

FTHYuKi WiHM - NepeTBOpIOBaYl HacToTH
L AI POH I KC . 6op11 kBm (YKpaiHa)
TOB "AAC TIM" KOMANEKCHI PIlieHNA § ENeKTPoIuI 90 220 KBm (Kumati)
YkpaiHa, 03680, m. Kuis
npos. Paauiesa, 6ya. 3 Ten.: +38 044 384-17-55 .
+38 (044) 361-46-78, 206-22-52 138044 £01-07.29 (02 LI, (R Ch( XTI, &
W +38 (067) 249-77-58, (050) 464-22-52 info.aironics@gm;:il.t-:om www.aironics.prom.ua

www.adcgr.com

Altway Electronics, Inc
CRITWRY e £, Brmmucw (prennoncvee @ X
Secrones ) www aitwaygroup.com & TOB «HBMN ACTEPA»
m awpextop TEPEMKOBCBKWA
OlNEPATUBHI NNOCTABKH Agrem Comeronu

EJIEKTPOHHUX KOMITOHEHTIB B? awEocysp, oAl SrowoTH

3 GA0TE, Yipaaus, Xapon, Byn. Tolanecess 42 of. 222
Ten. 044-3-922-911 \',
E-mail: sales.int@altwaygroup.com

T DL TLT-2808, anc 0O 7-T2H- 1800
050-323-3783, 08T-5T5-4440, DEB-B16-TTTT
hitp e lemite comun  E-mail: ferrilegBukn net

SONIEN sesenre STE  OAMKDODS  CSRAM  samsume MOBNSUN .
* €J1IEKTPOHHI KOMIMOHEHTU

* @/1EKTPOMEXaHiYHi KOMMOHEHTHU

; VD MAIS
+ ENeKTpoHHI KOMMNOHEHTH e o

. . , [MCTPHBIOLIA + * NPOMUCJI0BA aBTOMaTU3aLL,if
- CeiTnogiogHe ocBiTNeHHA KOHTPAKTHE - BUMIpIOBA/IbHI MPHAaaY
. : BUPOGHHLITBO A
2l s % - 061agHaHHA Ta MaTepiann
+ KoHTpakTHe BUPOGHMUTEO 03061, Kuis, A1 BUPOOHULTBA €/IEKTPOHIKMU

ByN. Muxaiina [loHus, 6

Ten.: +380 (44) 201 02 02 . ApYKOBaHi njaaTtu

- : info@vdmais.
(D) vistectronics () OBsetectronic  bisgbi-etievise | bis-aicom wwwcimals.ua » KOHTPaKTHE BUPOGHULITBO
oE0 (L] £B0-F5-59

BEPIKOM KOMIOHEHTC

- BupobHMuTBD ApyKOBaHWX nnat eig 1 wTt

- KOHTpaKTHE BUPODHUUTED

- BnacHWi cknaf enexTpoHHWX KOMNOHEHTIR
- MOKPATTR NNAT NAKOM | KOMINayHOIaMH

- Bignoeipacmo BuMoram cTangapty IS0 9001: Emﬁ

Wipaina, w. Kals idpance (#3500 44-501 G335
oo Mpikascr b on i TIC | {40 BT-S00-0220
LIRL: warw wrikiam ke e Eumailt  salesiiomys kievua umummz m%mml!

AN «FanbBaHOTEXHiKa» nar «Kviiscukyti 3a80a

aaap'»

(044) 5036112
(067) 2983455
MpodecinHuii pemonT (050) 2665517  «

® ENeKTPOHHI KOMMOHEHTK

© MopayniTa faTyMKu 415 po3pObHVKIB eNeKTPOHIKK
e Mogyni pns peMoHTy TB, KoMn'loTepis, NiaHLWETiB, KOMM'toTepiB
© P03'eMW Ta KOHEKTOPK

o Po3pobka eneMeHTIB afibTepHATVBHOI eHepreTUKu

© PeMOHTYCiX BUAiB e/1eKTPOHiKM Ta NobyTOBOI TEXHIKK

03150, Kuis, Byn. Benuka Bacunbkiscbka, 80

TOB «HBL, ppykoBaHux nnar»
BurotoenenHs APYKOBAHUX NAAT.

O OAHO-, ABO- Ta 6araTowaposux 3"— 5° KAACiB CKAGAHOCTI;
O XOPCTKOTHYYKMX APYKOBAHMX MAQT, THYMKMX KaGeAiB;
O APYKOBAHMX MAQT HO METAAI (QAIOMIHIN, MiAb).

Lsuake BurotosnexHs (Big 3-x AHis).
Bucoka skicTb. ONTUMAAbHE CMiBBIAHOLLUEHHS LiHA/AKICTb.
MNoenyrn no moHTaXy nNnar.

i

www.wintex.com.ua

. MpeacAasy Ka, 3 http:/ /plata.com.ua
528 8, 528-3656 order@plata.com.va
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MpaMi noctaBkK BiA BUpoGHUKa

rp\ni commaniit A5
(} ]j FLUKE. rou p

Electronic
KomnnekcHi noctaBkn
€JIEKTPOHHUX KOMMNIEKTYH4YUX

* AsTomaTuka
38 (044) 239-96-06 ° Natuunku

38 (044) 498-01-68 ° [xepena }XUBNEHHs

° KomnoxeHTu i mopyni CBY
www.grandelectronic.com + Mikpocxemu
office@grandelectronic.com * Pene

* Cuctemu 6e34poTOBOTO 3B'A3KY
Bynbsap Baunasa lasena, 8 * Cuctemu BigobpaxkeHHs iHdopmauii
™. Kuis, 03124 .

XimiuHi fxepena cTpymy

HesanexHWi nocTasansHk
ENeKTPOHHKX KDMFH:IHEHT'E

2 ocom

TOB “JEJIII”

MOHTA’K SMBAA SHIY
EJEKTPOHHHX
KOMTIQHEHTIB

'QIM JIbBiB,
layiosa, 5-A, kopn. E
+38 (032) 245-75-72
- +38 (067) 672-27-40
’ .E-.I'Ilal.l basarab@delly.info
'

APYKOBAHI NNATH

BMpoGHUUTBO 0AHO-, ABO-, GaraTowapoBux
IPYKOBAHUX MNIaT, NaT Ha aNtoMiHieBI OCHOBI
3 TeXHOJIOTiYHUMY MOKA3HUKAMM BiZINOBIAHO

110 BUMOT MixkHapoaHoro cTtaHaapTy IPC-A-600
www.pcbetal.com

Mem6paHHi KnaBiaTypu
— MemOpaHHi KnagiaTypHi naHeni
— JNLeBI | HaKNaAHi NaHeni

TOB «PCB-ETAJ1» L5 3aMOBNeEHHS:

28000, KipoeorpaacbKa o6a., Ten.: +38 (066) 872-60-65 Ll,iHI/I 3HUNXKEHO
M. Onekcanzpis, Byn. 3asoacska, 1 A e-mail: pcb@etal.ua

5] EUROCOM
COMPONENTS

OMCTPYG'IoUis eNeKTPOHHNX KOMMOHEHTIB
KOHTpaKTHe BUPOBHNLTBO

08298, cmT. KouobuHcbke

Byn. [loHomapboBa, 7 Ten. +38 044 33 44 575

www.eurocom-c.com E-mail: info@eurocom-c.com

BY- ma HBY-KOMANERTYHIYI | KOMAOHERTH

MIKPOCXEMM © TPAH3UCTOPM ° KOAKCHAnbHI pinbTpu
KOOKCHMAnbHi 3'€AHYBANI © KoakcuanbHi kabeni
marepian ans BY-nnar - tennoposnoginbui matepianu

EBPOKOHTAKT
www.eurocontact.kiev.ua
T/ +380 44 500 7991
info@eurocontact.kiev.va

IHTerpanbHi- KomnnekcHi Cuctemm
KOHTpaKTHe BUPOOHULITBO €NEKTPOHIKN

L. +38 (050) 469-12-07 & info@incos.kiev.ua @ www.incos.kiev.ua

? Kuis, Byn. Bopucninbcbka, 9, kopnyc 111

= EneKkTpoHHi[KoMIoHeHT v
L MPOBIAHNX{CBITOBNX Bupoﬁumaa
L 1’ '|.._. 31 CKnagy B KneBijra Ha 33M03ﬂe El

& 03113, Ykpaina, m.Knis
By”n. LUyroaa 9, ogpic 211

& Tesn. (044) 495-21-09, 490-91-59
?al{c (044) 495-, 21-10
mail: imrad@imrad.kiev.ua

www.imrad.com.ua

PapiopeTani 3i cknapy — 35 000 HaliMeHyBaHb!

Yce ans po3pobku,

PEMOHTY Ta BUPOOHMLITBa

E€AEKTPOHIKH!

Bia pe3uctopa Ao MikponpoLlecopa, pasioMOHTaXXHUN

iHCTPYMEHT Ta BUMipIOBaAbHi MpUAAAM, Niabip aHanoriB
Ta KOHCYyAbTaUii.

HBI1 /IMC

www.ims.kh.ua Ten.: (073) 757 25 22 (23), (098) 028 89 17
e-mailimskharkov@gmail.com (057) 732 04 50, 732 01 76
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Boce pne aMpobHULTaES
T pEMOHTY 3l chAaay
Ta HA 3aMoBnNeHHA
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Kopnyca nnacruxonl. Knaslarypa nninkosa.,
KabensHo-nponigHmKosa NpogyKuin.
i [044].503.3323 HORPUSKIEV@GMAIL.COM
- Hoae: 28 TER-FTT
v/ korpus kiev.ua

" [paa).s9e.7550
03113, m Kwis, syn. Opymincsica, 12 &

M. Kuim, npop. Paguiensa, 3, odcic 307
Ten. +38 (044) 451-60-80 Infe@mastek.com.ua
mob. +38 (067) 919-61-156 www.mastek.com.ua

ABTOpPMIOBAHMA OHCTpHE OTOR
NXP, AMPLEOHN, WeEn B Yxpaidi

MICR%DIS

Microdis Electronics GmbH
Rheinauer StraBe 1

68766 Hockenheim
Germany
Anctpunb’rotop
EeAEeKTPOHHUX

PomaH Mpokoneub .
KOMMNOHEHTIB

MeHeaXkep 3 MPoAaxy

M +380 67 475 8186
Roman.Prokopets@microdis.net

www.microdis.net

m.uM

ApToMaTHaoBaHMn SMD moHTaM
APYHOBAHWX NAAT

PpezepysaHHa naHensh
KOpNYCcIB Ta NNAacTHKE ! :

3ID-gpyK

«.ﬂ‘;ﬁumn

&

 JE

* KOHTPAKTHE BUPOGHULTBO
* APYKOBAHI nnatn

* MOHTCDK

* KOMnneKTayis

http://spcb.com.ua
e-mail: info@spcb.com.ua
Ten./dakc: (044) 369-53-67

http://melsys.com.ua

* KOHTpPaKTHe BUPOGHULITBO
€NIeKTPOHIKM

* MOHTaX | BUTOTOBJIEHHSA
OPYKOBaHUX nnart

* BUrOTOBJIEHHA TpadhapeTiB

TOB "Mencuc”
Kwis, Byn. HoBosabapcbka, 2/6, o. 204
info@melsys.com.ua

+38 04457818 15
+38 096 926 70 69
+38 063 43568 10

MaprrnepcTeo MIKPO
8 enexTpoHiui AW AR

Evalue -{...:_h mesalhan
¥ TR M 1 .
WASE L7 W ¥ Bikoar OziAcAN
03142, m. Kuie, syn. Omenana Npidaxa, 4, odic 101
392-93-86, akc: 044 392-9

bor.com.ua

nicropribor.com.

— CepBiC 3 ekcrnpec
BMPOGHMLITBA NPOTOTUMIB
i HEBENWKMX MapTii OAHO-
Ta ABOLLAPOBUX APYKOBAHWX
nnart

L2

TOB «KpieiTiB JTogKike»
www.pch24.com.ua
info@pcb24.com.ua

_ pcbprint24@gmail.com
BnacHe B1po6HMLTBO Y M. J1bBIB I IIPEER)

3a 24 roguMHn BUroTOBUMO
Balue 3aMoBeHHs1

KOHTPAKTHMI
BUPOBHWK ENEKTPOHIKW
Mg 3AMOBJIEHHA

-
==& PCBA
] +38044 3389773
info@pcba.com.ua

pcba.com.ua

3pyyHuii oHnaH PCB-kanbKynaTop
MiHiManbHe 3aMOBNeHHA - 5 WT.
[NocmayvaHHs:
- OpykoeaHi nnamu FR-4;
- anromiHiesi OpykoeaHi nnamu;
- mpaghapemu Onsi nasisIbHOI nacmu;

- nasisibHa nacma; o

- npunit. CanTt: pcbtut.com
e-mail: pcbtut@pcbtut.com
+38 (067) 674 99 14

www.chipnews.com.ua
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Bﬁyp,OBaHl npoLuecopHI nnatu www.proxis.ua

+380(44)4675977
COMexpress ™ +380(44)5995977
|
Qseven n
PC-104 NPOKCHUC
ETX

I'IpOMVICﬂOBi KOMI'I'}OTepVI Ta cuctemu

m [laansHe
afnagHaHHA

® BeHTHNATOPH

= TpaHcthopMaTopH

mPe3ncTopM

sCeiTnogiogHe
ofnagHaKHA

mAKYMYNATOPK

u Pene mEnoKK MHENEHHA

m KoHpeHcaTopu mMoGineHi akcecyapu

RADIODETALI

MEPERA MATAIAHIE PAOICOETANEW ~ MEPGCEBWN

E T
« o § bl sicToe

. XapKl B csu ces crrs

Kuin - AT DML

o R0 B Nk (RRL HE

JHINPO  Gnom zmneve
Opeca - nlcand moweT

Gamipiing TH acyay AT

www.rcscomponents.Kiev.ua “rauaiare mors
F18(044)299-77-55 sales{@radiomag.com.ua

JleBiB

MII "PEMIKC"™
WWW.remix.com.ua
OdiLiMHMIM AUCTPUG'IOTOP B YKpaiHi
FineTek, Venanzetti Vibrazioni, Nivelko

MponoHye paTymKu piBHA

PiAMH Ta cuny4nx matepiani
- AATYMKU TUCKY,
pi3HOMaHiTHi perynaTopu,
3 naHe/b METpH,
MHeBMO Ta eleKTpoBi6paTopy &
Ten/dakc +38 04563 99-760, 99-926, 99-775

Npomucnosi Ta IT-wadm, WHTH, enNexKTPOHHI
CHCTEMM, CHCTEMMH KOHTPOMK MiKpoknimaTy,
cTpymopoanogineye oBnagHaHHA, BcenorogHi wacu
Ta komnnekcHi piwensa gna OO, N3 EPLAN

Semisvit

Cipotir wills ui

TOB "CEMICET" ErexTpoHH] KOMIOHENTH
By b Xsmoabumuseoro, 16-22 och, 504-1 | 2§ BCboro ChiTY.

D180, m. Kiis, Yepaiiea

TeA /roxec: + 380 44 5856-2580
www. semlsvil.com.ua
info@sembsvit.com.uva

CreoprdTe 3 Homel
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X KYNYA BUrIHO
NBOW
E |: || NOLOGIES

Ralnbow Technologles — Od)lLlIMHVIM

OMCTPUG'IOTOP | NOCTaYanbHWK 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

www.rainbow.com

TOB “PUYET" " a.

MocTaBku eneKTPOHHUX KOMMOHEHTIB
ACOpPTVUMEHT 3i cknady Ta TexHiyHa niagTpumka

Byn. CemeHa CknsipeHka, 9, og. 401
04073, m. Kuis

info@rekkon.kiev.ua
http://rekkon.kiev.ua

Ten.: +38 (044) 490-92-50
dhakc: +38 (044) 494-27-08
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ENEKTPOHHI KOMNOHEHTH
TA SMD UKRAINE

EOHTPAKTHE BHPOBHHMLTED
SCS0S0GEOOS002
“;I'JT_. aw, Kb, eve, Alzawiosa, 24, TEA:D  (044) 223-12-42

w7, sl 303 (073} 705-70-05

[O2E} 705-70-05

www.smdua.in.ua
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HBII TEXHOCEPBICIIPUBI/J
BCE N1 CUNOBOI ENEKTPOHIKWU TA ENEKTPOTEXHIKU

4 SOFTPROM

[Lioan Ta mMicTku,
I'OC VALUE ADDED IT DISTRIBUTOR niogHi, TupmctopHi, IGBT moayni,
cunosi HaniBnpoBigHWkn (SEMIKRON),
KOHAEHCATOPU KOCUMHYCHI, iIMNYNbCHi, MOTOPHI
. (ELECTRONICON)
AncrouEiorop Altium s Yicpaiki Mpoaax, PEMOHT NEPETBOPIOBAYIB YacTOTH,
www. softprom com/ua/vender/altium npucTpoie nnasHoro nycky (DANFOSS)
altiimesoftpram.com wTn: 04211, Kuis-211, a/c 141
Ang nowTk: , Knis- ,ale
Ten./dakc: (044) 458-47-66, 456-19-57
Fl R e ere—

E-mail: tsdrive @ ukr.net, Web: www.tsdrive.com.ua

. ' Poswimasi F'earysavi @ TMS PROIJECT

KoxrparTie srpofuyrec
Ceprudikosans 1509001
W ipSs. com.ua Focrsnunn m"'“m

TOBE KM aTexnparpecs Wapaina, Ksin

04070, m. Kala, iy Mapli Banuict, 2o, od, 114

Byn. lropiscesa, BM10-A, ob. 38 Tenidarc [044) 5019335
LRL: woanee tmsproject.omm,ua

E-madl: salesdtemyskisviua

_‘l-
@ (044) 461-91-00

'"""“"'J-n-q- f

<Y ELFA DISTRELEC

;;‘— = l.I' '"""T f 1-
K EN HE FOMNT EHTE -F E E
R e I HEETS / by rO Gre
&) rok EAEKTPOHIKC ' MonimepHi Tpadapery ana SMD moHTaxy

www.trafaret.net.ua
e-mail: order@trafaretnet.ua
Ten, 063-851-12-76, 098-871-58-T6

!

PIAYP

PHGNIX = EAEKTPUK

EnekTpoHHi KOMNOHEHTH
EnekTpoTexHiyHa npogykuin
TexHonoriyHe oGnagHaHHA, IHCTRPYMEHT, MaTepianu

-
in
o

i

CONTACT

: 1-# noe., ayn. Nonyopedsa, 2214, m, Kuia wwnwl filur.net
ph oenixcontact.com Tan, 044 485 75 75, mob. 068 486 TS5 75 office@filur.net

w “ry TOB “IOHITECT”
L) .// Byn. Onecs MoHyapa, 6 D@ TA c
04053, M. KuiB, YkpaiHa

IOch Ten: +38 (044) 272-60-94 EnexmpoHui KOMIOHEH RPOaiHUY Caimoeux aupobHikia:
Ten./r:baKc. +38 (_044) 272-60-95 KONGEHCAMOPU SCix MUME, MPaNIUCMOpLY, MEepUCMOopU,
e-mail: web@unitest.com Hodu, Hodwi

7FX [ \\\‘“ http:/Awww.unitest.com '.'”'m"' ' Macme, KeapL,

—— T L L TR T T
KOHTPOJIbHO- KEYSIGHT Justs Betonet ypxanivnil enewenmy, kabensna npodywuis
BUMIPIOBAJTbHI MPUNALK TECHNOLOGIES Maraisn “EReKTROHHAR KOMIOHEHTIE™ http:ljustas-electronics com.ua
ABTOPU30BAHWN AVCTPUE'IOTOP B YKPAIHI TROTE, s Mliwia, wyi. Cepola ¥ITA, 40, +36 (093) 020-40-51
NpoAaXx * HaB4YaHHS * CEpBiC L Aemopusosanuti ducmpu6'iomop mimw L ?f r""ﬂi’gﬁ’: 9,"._‘:;
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HU3bKOBOJIbTHOI €NeKTPOTEXHIKHN

Ta eNeKTPOHIKK | /

ELECTRO
INSTALL2023 - '.!T;

: M V MixHapopHa cneuianizoBaHa BUCTaBKa

MoBTeHb 17-19

K

MI)KHAPOLIHMI/I
BUCTABKOBUI LIEHTP" .

YKpaiHa, m. Knig, bpoBapcbkumn np T, 15
Ten.: +38 (095) 268-05-84

e-mail: lyudmila@iec-expo.com.ua
www.iec-expo.com.ua



http://www.iec-expo.com.ua/ei-2023.html

HABJINMKAEMO EHEPTETUKY
MAWUBYTHbOIO CbOrogHI

XV MIXKHAPOOHA
CMNMEUIANII3BOBAHA BUCTABKA

BIAHOB/TIOBAHOI EHEPTETUKW, EKOJIOTII,
EHEPTOEQEKTUBHOCTI

EcoEnergy
Expo’2023

17-19

KOBTHA

MIXHAPOOHUMN

BUCTABKOBWUMW LEHTP @ +38(095) 268-05-84
m. Knis, Bpoeapcbkuit np-7, 15 B lyudmila@iec-expo.com.ua
cTaHuyia metpo «Jliso6epemHar $ www.iec-expo.com.ua



http://www.iec-expo.com.ua/ee-2023.html

I MIPXKHAPOLHA
CHEUIATIISOBAHA BUCTABKA

g]

E-Comps
+

DigiTec

17-19 XxoBTHA 2023

i“} MIHAPOOHWNI

' BUCTABKOBWW LLEHTP @ +38(095) 268-05-84

M. Knie, Bposapcokuin np-1, 15 lyudmila@iec-expo.com.ua
CTaHuia meTpo «JliBo6GepexHar & www.iec-expo.com.ua



http://www.iec-expo.com.ua/ecd-2023.html

XX MIXXHAPOAHA CNEUIANNI3OBAHA BUCTABKA

EHEPIETHRA
B NPOMUCIIOBOCTI 2023

17-19

OBTHA

m MIKHAPOOHUM
BUCTABKOBUM LLEHTP T +38(095) 268-05-84

m. Kuis, bpoBapcbkui np-71, 15 B3 lyudmila@iec-expo.com.ua
cTaHuyia metpo «JlisobepexHa» & www.iec-expo.com.ua



http://www.iec-expo.com.ua/ep-2023.html

Vil MIXXKHAPOAHA
CMELUIAJTI3OBAHA BUCTABKA

MINING &
MINERALS EXPO

TEXHONOTIi, OBNIAAHAHHSA, MATEPIANU ANA
rIPHUYOA0BYBHOI TA BYTI/IbHOI TPOMUCIOBOCTI

. .-

i[‘ MI}KHAPD,E[HMI?I
BUCTABKOBWI LLEHTP B +38(066)921-47-51

m. Kuie, Bpoeapcokunii np-1, 15 sher@iec-expo.com.ua
cTaHyina metpo «Jliso6epexHa» { www.iec-expo.com.ua



http://www.iec-expo.com.ua/mining-2023.html

BUCTABKU 2023

Haszea Caiir OpraHisarop Micro Aara nposefeHHs*
SECURITY 2.0 (sucraeka «besneka) www.bezpeka.ua €spoiknexc Kuie 04.10-05.10.2023
Electro Install Www.iec-expo.com.ua MBL, Kuis 17.10-19.10.2023
EcoEnergy Expo WWW.iec-expo.com.ua MBL Kuis 17.10-19.10.2023
E-Comps + DigiTec WwWw.iec-expo.com.ua MBLY Kuis 17.10-19.10.2023
EnepreTuka B npomucnoBocri WWw.iec-expo.com.ua MBL| Kuis 17.10-19.10.2023
Mining & Minerals Expo Www.iec-expo.com.ua MBL, Kuis 17.10-19.10.2023

* Indpopmauis oTpUMaHa Bip, opraHisatopis BUCTaBOK. MOXNIMBI 3MiHM B 3aN€XHOCTI Big cuTyaLlii.

PO3MIPU PEKJIAMHUX BJIOKIB * [Ins ycyHeHHs HeTO4HOCTeH npu obpi3aHHi, PO3MIp peknamu, ika NoAAETbCs,
nosuHeH 6yt 210x280 mm (Aoo6pisHMIA popMaT 3 ypaxyBAHHSIM KBMALOTIBY
I 1 5 . 2 KoxcHoro Goxy, aKi KpGlle 3AMORHATH OGHORKMM boHOM peKnaKY)
1 cTopitka (200%x270 mm)* 3HAYMMI CUMBONK (TeKCT, NOroTMN Ta iHWI eneMeHTH oopPMNEHHS, sKi rapaHTosa-
2/3 cropinkn (112x240 mm) HO He MOBMHHI MOTPANMTH i 06pi3Ky) He NOBMHHI NIAXOAUTM AO KPAIO CTOPIHKM
1/2 cropinku (170x 120/83.5x 240 mm) MeHLwW HiX Ha 10 MM (nicnao6pisHuin popmart cropiHku 200X 270 Mm).
1/3 cropinku (54%240/112x120/170x 80 mm) Pepaxuis xypHany «CHIP NEWS» npuitMae go po3MmilLeHHs Tinbku NOBHOKOMbO-
1/4 ctopinku (112x 100 mm) POBi peknamHi 610KkK, PO3MipK SKMX MOBMHHI B TOYHOCTI BiANOBIAGTM PO3MipaM,
1/6 cropinkn (54x120/112x60/127 x55 mm) HaBeAeHMM y Tabnuui.

«Bisukan (80x 40 M) TeKcT peknamm NoBMHEH 6yTH BUK/IOYHO YKPAiHCbKOIO MOBOIO.

BMMOIU A0 PEKJIAMHUX | ABTOPCbKUX MATEPIAJIIB

Peknamui marepianu npuitmaiotbcs TiNbKU YKPAiHCbKOIO MOBOIO B popmartax «.eps» abo «.tif» (300 dpi). Konsopoea mo-
nens — CMYK. Cymaphuii npoueHt ¢papb — He 6inbe 300%. Akwo B dopmari «.eps» € BIPOBAAXKEHI pACTPOBi 306pAXEHHS, BOHW TAKOX
noBMHHI MaTh po3gainbHy 3aatHicte 300 dpi i konboposy mogens CMYK. Bcei upudg i 060B’93k0BO NOBUHHI 6yTH NepeBepeHi B KPUBI.

ABtopcbki matepianm. Texcr cratti npuimaetbes B popmari «.doc» (Microsoft Word). Bci pucyHkn nosuHHi 6yTi nigrotosneHi TisibKu
B popmarax «.eps», potorpadii — & bopmari «.tif» (300 dpi), konsoposa moaens — CMYK i HapaHi okpemumu dainamn. Koxuui pu-
CYHOK NOBMHEH MATM MiAPMCYHOUHMIM NIANMC | NOCUNAHHS HA HBOTO B CTATTI. IKLWO B CTATTI € TABAML, TO KOXHA TABAMLS NOBUHHA MATH HA3BY,
NOCUNAHHSA HA Hei B cTaTTi | HapasaTHck B popmatax «*.doc» abo «*.xls».

www.chipnews.com.ua
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SEMIKRON  HBIM TEXHOCEPBICNPUBIA
DANFOSS OdbiuinHuin NnpeacTaBHUK B YKpaiHi

Hose nokoniHHA moaynis SEMITRANS 10
i undpposux gpavisepi SKYPER PRIME

Dianazon noTymHocTen 500 kBr-1,5 MBr

Moyl IGET & CTasfanm-Hos M CORD MY Kopnyc

HEHEWN FIRMTTEDY T8 SR CTEyMoM 50'A

reope 8 LI Moy ELED

>

Motopsl AnsTeprampnll Mepeteopobadl  EnexTpotpacnopt
NOWBOGW  [ECDEna eHepri| NOTYARHOCT]

www.semikron-danfoss.com

03057, m. Kuie, np-m Bepecmetickkul, 56, oghic 335 E-mail: sp.tsdr.fve@gmaﬂ.mm
Ten.: (044) 366-2559, 366-2517, ®axc: (044) 458-4766 WWW.tSd rive.com.ua




WeEn Semiconductors « rmosanstono kounarieo — Le cninbHe nignpremcrso,
creopeHe B 2016 poui komnanismk NXP Semiconductor N.V. Ta Beijing JionGuang Asset Management Co. Ltd
3 Kutaio, lonosHWi odic komnanii poarawosarii y LWaknxai, Kutai, EnemenTi, spobneHi komnaxieo Wekn
Semiconductors, CTBOPIOIOTLCA 3OBAAKM YHOCTI QOCBIAYEHOrO KONeKTMBY, ki go 2016 poky Bys “actMHo©
ronnaHacskoro erpoGHvka HanisnposinHukie — komnawii NXP (paHiwe Philips).

WeEn 3aiimaeTses BinonspHolo TexHonoriern, poipobnge Ta Bupobnse ( t{\'
LWUMPOKY ramy TMpMCTOpRIB, ckmictopie, piogis ly Tomy wicni cMNoBmx), _ j o
BMCOKOBONBTHMX TPOHIUCTOPIB, KOMNOHEHTIB Ha Basi SiC Ta iHWKx -‘.. '
EnemeHTiB, WO LWMPOoKO BUKDPUCTOBYIOTECA B NPOMMCNOBOCTI, . :
aetomobinebynysanHi, TenexomyHikauii, oceitneHHi, nobyTosin .
enexTpoHili Towo. Lis npoaykuis HOpomKyeTLCH

BesnocepenHLo y NXP.

WekEn mae sasonw B Kutal, Haykoso-aocnigHi ~ I ‘.‘% )

LeHTpK [RE&D) y Bamumkin bBpuranii Ta Waxxai, \'1', .
0 TAKOX TOProBensHY NiIOTPUMKY B Bararteox \\( S
KpaiHax cBity. %\.

=5

o

M. Kuis, npos. 10, MaTywaka, 3, od. 307
Ten. +38 (044) 451-60-80, mob. +38 (067) 919-51-15

ABTOpPU3OBaHWUIA ANCTPUB oTOP info@mastek.com.ua
WeEn B YkpaiHi www.mastek.com.ua




