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1
A

1.1

1.2

1.3

1.4

1.5

BBegoeHue

I BHumaHwme! I'Iepep, Ha4vyalioM pa6OTbI pekomMmeHOyeTca 3arpy3nTb nNocreaHon BEPCUO JOKYMEHTa.

HanmeHoBaHue n 0603HauvYeHue mn3genusa
HaumeHoBaHue usgenusa: Moayrnb NoNe3Hom Harpy3km ¢ MMKPOKOHTPOSMEPHbIM KIlacTepoMm
O6o3HauyeHue usgenusa: YKTS-PL-EDU16-SPTX

HasHauyeHue n cocTaB pykoBoacTBa

PykoBOOCTBO MO MHTErpaumMmM COOEPXUT HeobXoaumyl WHopMauuio Ons MHTerpaumm usgenust ¢
nnartcgpopmon MKA — onucaHne nsgenus, TEXHUYECKNE XapakTepUCTUKN, NpoLeaypbl No cOopKe 1 ycTaHOBKE,
TpeboBaHMs K yCIOBUSIM TPAHCMNOPTUPOBKX, XPaHEHUS M3Oenus.

O6nacTb NpUMeHeHUs1 pyKOBOACTBA
HacTosiwee pykoBoacTtso npumeHumo k nsgenuio YKTS-PL-EDU16-SPTX npu nHterpaumm ¢ nnatgopmonm
MKA SXC1 ot OO0 «CIMYTHUKC».

TpebyemMbin ypoBeHb cneuunanbHOW NOAroTOBKM OOCyXMBaloLero nepcoHana

HacTtosilee pykoBoACTBO mpegnonaraer Hanuuve y obcnyxuBaroLwero nepcoHana 3HaHui no cbopke
n akcnnyataumm nnatgopmbl MKA SXC1. lMNMepen Havanom paboTbl pekoMeHAyeTcsl O3HaKOMUTLCH C
JokymeHTaumen Ha nnatgopmy MKA SXC1.

BHumaHue! Uspenue cogepXUT KOMMNOHEHTbI, YYBCTBUTESbHbIE K 3NIeKTPOCTaTUYECKMM paspsgam.
O6cnyxmBarLWmn nepcoHan AormkeH ObiTb 03HAKOMITEH C PEKOMEHAALMAMM MO 3aLLMTE SNEKTPOHHbIX
YCTPOWMCTB OT 3MeKTPOCTaTUYECKNX pa3psifoB.

MepeyeHb [OKYMEHTOB, peKOMeHAYeMbIX K O3HAaKOMIIeHUIO

1. NHTepencHbI KOHTPOMbHBIN AOKYMEHT Anst nnatgopmbl «Opbukpadt-MNpo» SXC1 (SXC ICD);
2. PykoBogcTBo no akcnnyatauum ansa nnardopmbel « Opbukpadt-MNpo» SXC1 (SXC PJI);

3. UHTepakTuBHbIN cbopoyHbiv YepTex mogyns NH YKTS-PL-EDU16-SPTX (YKSA-469001);

4. 3Onextpuyeckasa cxema mogynst NH YKTS-PL-EDU16-SPTX (YKSA-469002).

D,OKyMeHT COAEPXKUT NHTEPaKTUBHbIE BO3MOXHOCTW. Ccbinkun Ha pasaenbl U BHeWHne UCTOYHUKK
OTMeYeHbl CUHMM uBeToM. Ccbinkn B cogepXxaHnn UHTEPaKTUBHDbI. D,J'Iﬂ 6bICTpOFO nepexona K
cogepXXaHn, HaXXMUTe Ha Ha3BaHWe OJOKYMEeHTa Ui Ha3BaHne pasaena B BepXHEeM KOJNMOHTUTYyne.
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2 — OnucaHve n3genus

2.2

OnucaHue nsgenud

HasHauyeHue usgenus

WN3penve npegHasHavyeHo 4N UCMONb30BaHUsA B KadecTBe nonesHon Harpysku MKA Ha nnatgopme SXC1
oT OO0 «CIMYTHUKC».

W3penvne npepocTtaBnsaeT norb3oBaTensamM BO3MOXHOCTb 3arpy3kv U BbIMOSTHEHUS 3KCMEPUMEHTamNbHbIX
MUKPONPOrpaMmMm Ha Knactepe MUKPOKOHTPOMMEPOB C AOCTYNOM K YCTPONCTBaAM MOME3HOW Harpy3ku u
B6opToBON WKHe AaHHbIX MKA. Pe3dynkraTtbl BbIMONIHEHUS MUKPOMPOrpaMM COXpaHSsloTCs BO dneLu-namMaTu
MH n mMoryT GbITb NpoYMTaHbl Yepe3 6opToBYHO WNHY AaHHbIX MKA. N3genne mMoxeT NpMMeHSATbCs Ans
00y4eHus1 CTYOEHTOB UM LLUKONbHWKOB OCHOBaM NPOrpaMMmnpoBaHus B KOCMUYECKMX CUCTEMAX.

TexHUYeCKne XxapaKTepuCcTUKn

W3penve BbINOMHEHO B COOTBETCTBMM C TPEBOBaHMAMN UHTEPENCHOTO KOHTPOSbHOIO AOKYMeHTa SXC
ICD un npenctaBnseT cobon Habop neyaTHbIX NnaT ¢ pasbemMamu A58 NOAKMHYEHUS BHELLHUX YCTPONCTB U
pa3bemMoM Ansa nogkniodeHus k nnatgpopme MKA SXC1.

Ha pucyHke 2.1 (c. 5) npuBeaeHbl rabapuTHble pa3mMepbl U3genus.
Ha tabnuue 2.1 (c. 5) npuBegeHbl TEXHUYECKME XapaKTEPUCTUKN N3LENus.

Ha tabnuue 2.2 (c. 6) npuBeaeHbl npeaenbHble 3KCnnyaTalMoHHbIE XapakTepUCTUKU.

PucyHok 2.1 — lNabaputHble pa3mepbl mogyns MH
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Tabnuua 2.1 — TexHnYeckne xapakTepucTnku nsgenms
NAPAMETP 3HAYEHUE NMPUMEYAHUE
MUH. TUN. MAKC.
HanpsikeHne nutanus, B 3.8 24
MabapuTHble pasMmepbl, MM 95.3 OnvHa
90.2 LnpuHa
13 BeicoTa
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TexHn4ecKne xapakTepuCcTMKN naenms (MpogormkeHo)

NMAPAMETP 3HAYEHUE NMPUMEYAHUE
MWH. TAN. MAKC.
Macca, r 66
MoTpebnsiemas MoLWHOCTL, BT 0.1 1 2
Pabounii gnanasoH Temneparyp, -40 85
°C
CTabunbHOCTb YaCTOTbI TAKTMPOBA- 10 20 50
HUS, ppm
O6bem dnew-namatu, M6 4

BHeLuHWe nHTEepdencol

CAN 2.0B, 12C, UART

BHewwHue pa3beMbl

PC/104

CoeaunHeHune ¢ nnatgopmon MKA,
nMTaHue

Molex 53048-0510 6 wr.

[laTymkn ocBeLleHHOCTU

Ta6nuua 2.2 — lMpegenbHble aKCnnyaTaUMOHHbIE XapakTePUCTUKN U3aenus

NAPAMETP 3HAYEHUE NMPUMEYAHUE
MUH. TUNN. MAKC.
HanpspkeHne nutaHus, B -0.5 30
HanpsikeHvne Ha BbIBOgax LUMHbI -6 12
CAN, B
HanpsixeHne npoyunx BbiBogax, B -0.5 3.6
Cratuyeckum paspsg, kB 2
Pabounn gmnanasoH Temneparyp, -40 85
°C
JInHenHoe KBa3ncTaTU4eckoe ycKo- 10 20 50
peHue, g
LLinpokononocHble cryyvaiHble BUO- Mo 3anpocy
pauuu, cpegHekBagpaTu4Hoe 3Ha-
yeHue, g
YaapHble Harpysku, g [No 3anpocy
CwvHycovpanbHas Bubpaums B gua- [No 3anpocy
nasoHe yactot 1-5u, g
CwvHycovpansHas Bubpaums B gua- Mo 3anpocy
nasoHe vactot 5-30 'y, g
CuvHycovpanbHas Bubpaums B gna- Mo 3anpocy
nasoHe yactot 30-100 Ny, g

CocTaB nspgenusa

Tabnuua 2.3 — basoBas koMmnnekTaums nagenus

B Tabnuue 2.3 (c. 6) ykasaHa 6a3oBas koMnnekTauusa ngenus.

B cocTtaB usgenusa BxogaT 16 nnat knactepa MUKPOKOHTPOMNMEpPOoB, Hecywasa nnata gpopmata PC/104
C vHTepdercamn nnaTtgopmMbl U pasbemMamn BHELUHMX YCTPOWCTB, Niarta-paclumpuTenb ¢ KOMMNIEKTOM
BHELUHNX AaTYMKOB OCBelleHHOCTU. CoCTaB BKMOYEHHbIX MMaT MOXHO W3MEHSATb B COOTBETCTBUW C
noTpebHOCTAMYM 3aKa3uuka.

Ne HAMMEHOBAHUE Kon-BO NMPUMEYAHUE
1 | Hecywas nnata PC/104 1
2 | MNnata MK knactepa 16 MpunasaHbl Ha HecyLLyto nnaTty

YKSA-469010 sep. BO ot 14.08.2023
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BasoBasi komnnekTaumsi nsgenusi (NPoaoSHKEHO)

Ne HAMMEHOBAHMUE KOn-BO NMPUMEYAHUE
3 | MnaTta-pacwmpuTens (Nnata 4aT4nKoB) 1 Pasbembl onsa gaTtynkoB OCBELLEHHOCTU
4 | [aTyuKk OCBELLEHHOCTU Mo ocun X+ 2 C kabenem, 2 BapnaHTa NOAKIMOYEHMS
(LSENSE_X+)
5 | JaTtynk ocBelleHHOCTM No ocn X- 2 C kabenem, 2 BapnaHTa NOAKMOYEHUS
(LSENSE_X-)
6 | Datumk ocBelieHHOCTM No ocun Y+ 1 C kabenem
(LSENSE_Y+)
7 | daTtymk ocBelleHHOCTM No ocn Y- 1 C kabenem
(LSENSE_Y-)
8 | Hdatumk ocBelleHHOCTM No ocn Z+ 1 C kabenem
(LSENSE_Z+)
9 | JaTuymk oCcBELLEHHOCTM No ocu Z- 1 C kabenem
(LSENSE_Z-)
10 | OTnagoyHbI aganTep 2 OnumoHanbHO
11 | Kabenb c koHBepTepom UART-USB 2 OnuuoHansHo
12 | Kabenb oTnagoyHOro nuTaHus 1 OnumoHanbHo
13 | MacnopTt usgenus 1
14 | PyKoBOACTBO MO UHTErpaumm 1

2.4 YcTponcrtBo nspgenus

241 PacnonoxeHue pa3beMmoB

Ha pucyHkax 2.2 (c. 8) n 2.3 (c. 8) nokasaHo pacnonoXxeHue pa3beMoB Ha cobpaHHOM m3genuu. NepeveHb
ncnonb3yeMbiX pa3beMOB NpmBeadeH B Tabnumue 2.4 (c. 9).
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PucyHok 2.2 — PacnonoxeHue pasbemoB Usgenus

Pasbem otnapgouHoro nutanusa 3.3V
(DEBUG_PWR)

Pastem LSENSE_Y-
Pa3bem LSENSE_Y+

Pasbem LSENSE_Z+

IS

Pasbem gon. ycTponcTe
(TWI_EXT)

PucyHok 2.3 — PacnonoxeHune pasbemoB M3genns, obpaTHasi CTopoHa

Pa3bem LSENSE_X-

Pa3bem LSENSE_X+ Paszbem LSENSE_Z-

Mnarta gaT4ymKoB

Pastem gon. ycTpoucTs
(TWI_EXT)

Pa3bem otnagouHoro nutanus 3.3V
(DEBUG_PWR)
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2.4.2
2421

2422

Tabnuua 2.4 — NepeyveHb pasbeMOB M3genus

OBO3HAYEHUE MOLOEJb NMPUMEYAHUE

J1 Molex PicoBlade 53048-05 Pasbem otnagoyHoro nutanus 3.3 B
(DEBUG_PWR)

J3 N/A Pasbem nnatbl-paclumpunrens

J4 Samtec ESQ-1-32-14-G-D Pasbem PC/104 ona coeguHeHna ¢ nnar-
dopmoi

J5 Molex PicoBlade 53048-05 PazbeM [JoOnNonHUTENbHbIX YCTPOWUCTB
(TWI_EXT)

J6 (JTAGO) N/A OTnago4HbI pasbemM BEPXHETO MUKPOKOH-
Tponnepa Hecywen nnarbl, He yCTaHaB-
nueaetcs

J7 (JTAG1) N/A OTnagoyHbIn pasbeM HUKHEr0 MUKPOKOH-
Tponnepa Hecyllen nnatbl, He ycTaHaB-
nueaetcs

J8 (UARTO) Molex PicoBlade 53047-03 Pasbem UART BepXxHEro MMKPOKOHTPO-
nepa Hecyllen nnatbl

J9 (UART1) Molex PicoBlade 53047-03 Pasbem UART HWXHErO MUKPOKOHTpOsIe-
pa Hecyllen nnatbl

LSENSE_X+ Molex PicoBlade 53048-05 Pasbem gaTumnka ocBeweHHOCTM ocn X+

LSENSE_X- Molex PicoBlade 53048-05 Pasbem gaTumnka OCBELLEHHOCTU OCK X-

LSENSE_Y+ Molex PicoBlade 53048-05 Pasbem gaTtumnka ocseleHHOCTM ocu Y+

LSENSE_Y- Molex PicoBlade 53048-05 Pasbem gaTymnka ocBelleHHOCTU ocu Y-

LSENSE_Z+ Molex PicoBlade 53048-05 Pasbem gaTtumnka ocBeLleHHOCTU ocun Z+

LSENSE_Z- Molex PicoBlade 53048-05 Pasbem gaTtumnka ocBeLleHHOCTU ocu Z-

HasHa4yeHue BbI

BOAOOB pa3bemMoB

Pasbem J1 (DEBUG_PWR)

Pastem J1 (DEBUG_PWR) npegHasHadeH ans nogknioveHnss nutanusa 3.3 B npm otnagke mnsgenus.
HasHaveHne BbiBogoB pasbema J1 npusegeHo B Tabnuue 2.5 (c. 9).

Tabnuua 2.5 — HasHayeHue BbIBOAOB pasbema J1

Ne BbIBOJA

CUrHAN

OMUCAHUE

1

+3V3 Mutanue 3.3 B, 1 A makc.

+3V3 Mutanue 3.3 B, 1 A makc.

GND

GND

N[ |W[IN

GND

Pasbem J3 (pa3bem nnartbi-pacinpuTens)

Pasbem J3 npegHasHayeH Ans NoAKMYeHus nnatbl-pacumputens. MNnata-paclumpuTens ycTaHaBnNnBaeTcs
narotoBuTenem nsgenuvs. HasHayeHne BbIBO4OB pasbema J3 npmBeaeHo B Tabnumue 2.6 (c. 9).

Tabnuua 2.6 — HasHadeHne BbIBOOOB pasbemMa J3

Ne BbIBOOA CUrHAnN OMNMUCAHUE
1 GND
2 SDA CurHan SDA obwer wuHbl 12C
3 He nogkn.
4 +3V3 Mutanue 3.3 B, 0.25 A makc.
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2423

2424

2425

10

HasHauyeHue BbIBO4OB pasbema J3 (NpogormkeHo)

Ne BbIBOOA CUrHAnN OMNMUCAHMUE
5 EN CwvrHan BKINOYEHMS NUTaHWA NnaTbl-pacumpuTens
6 SCL Cwurnan SCL obuwen wuHbl 12C
7 GND

Pasbem J4 (pazbem PC/104)

Pasbem J4 npegHasHayeH onsa coeaunHeHus mnagenus ¢ nnatcgopmon MKA. HasHavyeHue BbIBOLOB CM.
B MHTEP(ENCHOM KOHTPONbHOM AOKyMeHTe ansa nnatdopmbl «Opbukpadt-INpo» SXC1 (SXC ICD). B
Tabnuue 2.7 (c. 10) npuBeaeHbl TONbKO UCMONb3yeMble U3OENMEM BbIBOAbI.

Tabnuua 2.7 — HasHa4yeHune BbIBOOOB pasbema J4

OMNMUCAHUE CUIrHAN | Ne BbIBOOA | CUTHAN OMNUCAHUE
Kanan 4 kommyTatopa nutanunst | PCH4 B9 A9 PCH4 KaHan 4 kommyTatopa nuTaHug
OO6wun npoeog GND B10 | A10 | GND O6wmn npoeog
BoptoBasi cetb CAN — nonoxut. | CAN1-H | B13 | A13 | CAN1-L | BoptoBasi cetb CAN — oTpuL.

Pasbem J5 (pa3bem gon. ycrponcts TWI_EXT)

Pasbem J5 npegHasHayeH AN NOLKITHYEHUS OOMOMHUTENBHBIX YCTPONCTB Mo wuHe [2C. HasHaveHue
BbIBOAOB pasbema J5 npuBegeHo B Tabnmue 2.8 (c. 10).

Tabnuua 2.8 — HasHauyeHune BbIBOOOB pasbema J5

Ne BbIBOOA CUrHAnN OMUCAHUE
1 +3V3 Mutanue 3.3 B, 0.25 A makc.
2 SCL CurHan SCL o6uwet wuHbl 12C
3 SDA CurHan SDA obuwetn wuHbl 12C
4 1WIRE CurHan BHewHen wuHbl 1WIRE
5 GND

Pasbembl J6 n J7 (JTAGO n JTAG1)

Pasbembl J6 1 J7 npeaHasHayeHbl AN NOAKNIOYEHNST OTNaAYMKOB K MUKPOKOHTpONNepaM Hecyllen nnarbl.
HasHauyeHwue BbiBOogoB pasbemoB J6 n J7 npueeaeHo B Tabnuue 2.9 (c. 10).

Tabnuua 2.9 — HasHayeHue BbIBOAOB pasbema J6/J7

Ne BbIBOOA CUrHAN OMNMUCAHUE
1 DBG_RX CurHan RX otnagoyHoro nHtepdgenca UART MUKpokoHTponnepa
2 DBG TX Curnan TX otnago4dHoro nHtepdernca UART MUKpoKoHTponnepa
3 GND
4 VCC Mutanne 3.3 B, 0.25 A makc., ToNbKO ANst MMKPOKOHTpornepa
5 ISP_MOSI Cwurnan MOSI ocHoBHOM WKWHbLI SPl MUKpOKOHTponnepa
6 ISP_SCK Curnan SCK ocHoBHoW WnHbl SPI MUKpOKOHTponnepa
7 ISP_MISO Curnan MISO ocHoBHOM WKHbLI SPl MUKpOKOHTpoOnepa
8 RESET CurHan cbpoca MUKPOKOHTponnepa
9 JTAG_TDI Cwurnan TDI otnago4yHoro untepdenca JTAG
10 JTAG_TDO Curnan TDO otnago4Horo nHtepdenica JTAG
11 JTAG_TMS | Curnan TMS otnagodHoro uHtepdenca JTAG
12 JTAG_TCK CurHan TCK otnagoyHoro nHtepderica JTAG
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24.2.6 Pasbembl J8 uJ9 (UARTO u UART1)

Pazbembl J8 1 J9 npegHasHadeHbl 4ns nogkntoveHns otnagodHblx nHtepgencos UART K MUKPOKOHTpOMSe-
pam Hecywewn nnatbl. HasHayeHve BbiIBOgoB pasbemoB J8 un J9 npueegeHo B Tabnuue 2.10 (c. 11).

Ta6nuua 2.10 — HasHadeHwne BbIBOgoOB pasbemMa J8/J9

Ne BbIBOOA CUrHAn OMUCAHUE
1 DBG_TX CurHan TX otnago4dHoro nHtepdgerica UART MUKpOKOHTponnepa
2 GND
3 DBG_RX CurHan RX otnagoyHoro nHtepdenca UART MUKpOKOHTponnepa

2.4.2.7 Pasbembl gaTinkoB ocBeweHHocTn LSENSE

Pasbembl gatunkoB oceleHHocT LSENSE npegHasHayeHbl 4ns nogknioYeHnst 4aT4MKOB OCBELLEHHOCTU
K nnarte-pacwuputento. HasHavyeHne BbiBogoB pasbemoB LSENSE npuBegeHo B Tabnuue 2.11 (c. 11).
PasbeMmbl Ans Bcex AaT4nMKoOB OCBELLLEHHOCTU OOWHAKOBHI.

Tabnuua 2.11 — HasHadeHune BbiBOgoOB pasbemMa LSENSE

Ne BbIBOOA CUrHAN OMNMUCAHUE
1 +3V3 Mutanue 3.3 B, 0.1 A makc.
2 SDA CurHan SDA BblgeneHHou WwinHbl 1I2C cooTB. ocu
3 He nogkn.
4 SCL CurHan SCL BblgeneHHou WwinHbl 1I2C cooTB. ocu
5 GND

243 [aTymkn ocBelleHHOCTU

[aTtyunkn ocBeLLeHHOCTHN NpeaHasHavYeHbl 4N MOHTaxa Ha conHevHsle naHeny MKA. [laTumku ocBeleHHOCTH
N3MepPSIOT OCBELLEHHOCTb B TPEX OPTOrOHarbHbIX HarnpaseHusX.

[atuunkn ocseleHHoCTM nogkntovatoTes K pasbemam LSENSE X+, LSENSE_X-, LSENSE_Y+, LSENSE_ Y-,
LSENSE_Z+, LSENSE_Z- cooTBeTcTBEHHO. Kabenu 4aTtunkoB OCBELLEHHOCTU NpunasiHbl K KOHTAKTHLIM

nrowaakam. Ha pucyHkax 2.4 (c. 12), 2.5 (c. 12) n 2.6 (c. 12) nsobpaxkeHbl JaTYNKN OCBELLEHHOCTU C
0603HaYeHNIMN BapnaHToB.

[abapuTHble pa3mepbl 4aTYMKOB OCBELLEHHOCTU NpuBedeHbl Ha pucyHkax 2.7 (c. 13), 2.8 (c. 13) n 2.9 (c. 13).

B tabnuue 2.12 (c. 13) npuBeaeHbl napaMeTpbl kKabenen 4aTYMKOB OCBELLEHHOCTH.

) HasBaHus ocei 4aTyMKoB OCBELLEHHOCTH MOryT He coBnagaTtb C OCAMMN KOCMUYECKOIro annapara. |_|pl/l
l' HeobXo4MMOCTX OCY OAaTYMKOB OCBELLEHHOCTM MOXHO NOMEHSTb nporpamMmmMHo.
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PucyHok 2.4 — [1aTunkn ocBeLLeHHOCTM ocn X
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(b) BapuaHt X+ (Bug c3agwn)

(c) BapuaHT X- (Bug c3aagmn)

3ameuaHue: JaTuYMKM OCBELLLEHHOCTN OCM X MMEIOT ABa BapuaHTa pacnonoxeHus kabenen ans
pa3MeLLEeHUsI C NEeBOW UM NPaBOW CTOPOHLI CONHeYHon naHenu. MogpobHee o BapuaHTax

pa3melleHus cm. B pasgene 4.1 (c. 15).

PucyHok 2.5 — [1atumku ocseLeHHOCTM ocn Y

(a) O6wmn BYA

@«1

(b) BapuaHT Y+ (Bua cnepean)

@q

(c) BapwaHT Y- (Bug cnepeam)

PucyHok 2.6 — [latunkn ocBeLleHHOCTM ocn Z
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(b) BapuaHT Z+ (BMA c3aau)
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(c) BapuaHnt Z- (Bug c3agn)
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PucyHok 2.7 — MNabapuTHble pasmepbl AaTtynka OCBELLEHHOCTM ocn X
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PucyHok 2.8 — MNabapuTHble pa3mMepbl AaTtynka ocBeLleHHOCTM ocn Y

0,85 . _
by 40
w/
B s0gEp O K Eﬂ
- wn
@220 2 omb./ 17,80 11,10 | 167

PucyHok 2.9 — MNabapuTHble pa3mepsbl AaTymka OCBELLIEHHOCTM ocu Z
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Tabnuua 2.12 — NapameTpbl kabenen AaTYNKOB OCBELLEHHOCTH

OBO3HAYEHUE KABEIb NMPUMEYAHUE
LSENSE_X+/ WX+ | 20 cm, MI'T® 0.05 mm? (d=0.75 mMm), 4 wr. | Molex 51021-05
LSENSE_X-/WX- | 20 cm, M'T® 0.05 Mm? (d=0.75 mm), 4 wT. | Molex 51021-05, nepesepHyT

LSENSE_Y+/ WY+ | 20 cm, MI'T® 0.05MMm? (d=0.75 Mm), 4 wt. | Molex 51021-05, xunbl 2-3 nepesep-
HyTbl

LSENSE_Y-/WY- | 20 cm, MI'T® 0.05 Mm? (d=0.75 mMm), 4 wt. | Molex 51021-05, »wunbl 2-3 nepesep-
HyTbl

LSENSE_Z+/W2Z+ | 30 cm, MIT® 0.05Mm? (d=0.75 mm), 4 wT. | Molex 51021-05

LSENSE_Z-/WZ- | 30 cm, MI'T® 0.05 mm? (d=0.75 mMm), 4 wt. | Molex 51021-05
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NMoaroroBka nsgenus K MOHTaXy

Mepbl NPeaoOCTOPOXHOCTHU
I'Iepe/:\ Ha4vyaromMm pa6OTbI mn3genne HeO6XOD,I/IMO 3a3eMJTNTb Yepe3 MOHTaXXHble OTBEPCTUA Hecyu_Le|7| nnarthbl.

CeteBble po3eTky, NpegHa3Ha4YeHHble ANs NOAKTYEHMS UCTOYHUKOB NMUTaHWS, AOMKHbI UMETb 3a3eMIsoLLmMe
KOHTaKTbl. PekomeHayeTca Hanuume ranbBaHUYECKON pa3BsA3KUM MeXAy BHELUHWMMK YCTPOWCTBaMU U
OTNagoYHbIMKN NHTEpdENcamMn nsgenus.

BHumaHume! Bce paboTtbl ¢ usgenmem HeobxogMmo MpoBOAUTL B 3a3€MJSIEHHOM aHTUCTaTUYECKOM
Opacnere.

KaTeropuuecku sanpeLyaercs npukacaTbCsi K KOHTaKTaM coeanHuTenei 6e3 3aseMneHHoro aHTucTaTu-
Yyeckoro bpacnerTa.

lNMpoBepka KOMMNIIEKTHOCTHU

Mepen Hayanom paboTbl HEO6XOOUMO NPOBEPUTL KOMMMEKTHOCTb M3aenusa no Tabnuue 2.3 (c. 6), a Takke no
nacnopTy M3aenusi, BNIOXXEeHHOMY B KOMMMEKT. KomnneKkTaums n3aenus MoXeT U3MEHSATLCS MO COrnacoBaHuio
C 3aKa34MKOM.

BHewHun ocmoTp usgenus

nOpH,CI,OK npoeeneHna BHeLWWHero ocMoTpa n3genund:

OcmoTpeTb NocagoyHble MOBEPXHOCTU U KPENEXHbIE SMEMEHTbl Ha NpPeaMeT OTCYTCTBUA CredoB
yAapOB UMK 3aMETHbIX Ha rMa3 gedopmauun.

OcmoTpeTb pasbeMbl Ha NpeAMET OTCYTCTBUSA CNeAOB yAapoB (Aedopmaumsa pasbema, nospexaeHne
nsonsatopa, gedopMauusa KOHTAKTOB M T.4.) 1 Mycopa.

OcmoTpeTb NevaTHbIe NNaTbl HA NPEAMET OTCYTCTBUS MyCOpa Ha KOHTAKTHbIX Niowaakax 1 BblBogax
MUKPOCXEM.

MpoBepuTb NevaTHble NMaThl HA HANMYNE NOBPEXOEHHbLIX KOMMOHEHTOB (CKOMbl HA KEPaMNYECKNX
KoHAeHcaTopax, Aedhopmauns BbIBOOOB MUKPOCXEM U T.4.).

NMpoBepka paboTocnocobHOCTU uspgenus

1. TpoBepuTb KOMMMEKTHOCTb U34ENUs B COOTB. C pa3gernom 3.2 (c. 14).

2. MNpoBepuTb BHELLIHWI OCMOTP U3Aenusa B COOTB. ¢ pasaernom 3.3 (c. 14).

3. MoaknounTb NCTOYHMK NuTaHua k pasbemy J1 (DEBUG_PWR) komnnekTHbim kaberem (cwm.
pasgen 2.4.2.1 (c. 9)).

Y6eanTbcs B OTCYTCTBUM KOPOTKOrO 3aMblkaHus (K3) no uensm nutaHums.

Ha ncTtodHrke NnuTaHusa ycTaHOBUTL orpaHndeHue Toka 1 A u HanpskeHue nutaHus 3.3 B.

MogaTe NuTaHue Ha nagenue n yoeauTbcs, YTO NOTPEONAEMbI TOK HE MPEBbLILLAET 3aSBIIEHHOMO
3Ha4eHus.

JoxpaTtbeca BkNoYeHus ceetoanoaos nuamkauum STATUSO n STATUSH.

OTKMIOYNUTb UCTOYHWK NUTAHWSA, U OTKITOYUTL Kabenb OTNago4YHOro NUTaHUA OT U3aenus.
MoaknounTb UCTOYHMK NUTaHUSA K pasbemy PC/104 (cMm. pasgen 2.4.2.3 (c. 10)).

Ha ncTtodHrke NnTaHusa yCcTaHOBUTL OrpaHndeHue Toka 1 A u HanpskeHue nutaHus 8.4 B.

Cwm. n. 6—8.
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4.2

4.3

4.4

MoHTax nspenus

PacnonoxeHue faTtynkoB OCBELLEHHOCTH

I He npukpennante aatymku ocseleHHocTM K MKA Ha gaHHoOM aTane.

lMepen Hayanom MOHTaxa usgenuss HeobxogumMo onpeaennTb PacnonoXeHne AaT4YMKOB OCBELLEHHOCTMU.
Jencteme pekomeHayeTcs npou3sBoanTb Ha maccorabaputHon mogeny MKA. [datuukm pekomeHayeTtcs
pa3smeLlaTtb Ha MakcManbHOM paccTosiHUM Apyr oT gpyra. Ha pucyHkax 4.1 (c. 16) n 4.2 (c. 16) npeacrasneH
OOVIH N3 BapMaHTOB pacrnoroXeHns AaTYMKOB OCBELLEHHOCTM.

OT pacnonoxeHnsi 4aTYNKOB OCBELLEHHOCTM 3aBUCUT MCNOMb3yEeMbI BApuaHT gatymnka no ocu X. BapnaHT
HeobXxoaMMOo BbIOMpaTb NCXOAS M3 pacnonoXeHus, kabenu HenpaeunbHO BbIOpaHHOIO AaTymka 6yayT MmeLarb
yctaHoBke MKA B nyckoBOW KOHTENHEP.

MoaknioyeHne 4aTYNKOB OCBELLEHHOCTU

Mocne onpeaeneHnst Mecta YCTaHOBKM [aTYMKOB OCBELLEHHOCTU MOXHO NPUCTYMUTb K MX MOAKITIOYEHUIO K
nnate-pacwmputento. Onepauuio HeobxoaAMMo NPOBOANUTL A0 CTLIKOBKM U3aenusa ¢ nnatdgopmoit MKA u oo
NPUKPENneHns OaTYNKOB OCBELLEHHOCTM Ha BbiBpaHHble NocagoyHble MecTa.

[aTunkm ocBeLLEeHHOCTY NOAKMNYATCA NONapHO No ocaM. BapnaHTbl A4aT4MKOB ANS NONOXMTENBHOIO (+) 1
oTpULLaTENBLHOrO (-) HanpaBneHWi MO OCK OTIANYAKTCA MAPKUPOBKON (CM. pUCYHOK 2.4 (c. 12)).

Jonyctumo nogknioyaTe SaTyvKn C pa3HOM MapKUPOBKOW Ha HecoBMagaroLme ocu (HanpuMep, Aatinku X+
n Y- Ha ocb X), ecnu 3TO YNPOCTUT Npoknaaky kabenen. HasHayeHne ocert MOXHO U3MEHUTb B MPOrpaMMHOM
obecneyeHnn.

BHumaHue! YcTaHoOBKa ABYX AaTYMKOB C OQMHAKOBON MapKMpPOBKOM Ha OAHY OCb MOXET NPUBECTU K
HEeKOPpPEKTHOW paboTe usgenus.

Ha pucyHke 4.3 (c. 17) nokasaH cnocob NoAKYEHNS 4aTYMKOB OCBELLEHHOCTU K NiiaTe-pacLuMpuTerto.

I'Iepep, nogkrtodeHnem kabenen pekoMeHayeTCcA HaHeCTun HebornbLLoe KONM4ecTBO Cbl/IKCI/IpleLU,eFO
COCTaBa Ha Kpad pa3beMOB riiaTbl-paClUMpUTEn4.

CtbikoBKa usgenusa c nnatrgopmon MKA

[Mocne noakntoYeHUsa AaTYMKOB OCBELLEHHOCTW K NriaTe-pacLUMpUTENntio MOXHO MPUCTYMUTL K CTbIKOBKE
nsgenusa ¢ nnatgopmont MKA.

CTbIKOBKa usgenusa ¢ nnatgopMon Npou3BoAUTCA B COOTB. C PYKOBOACTBOM MO 3KChfyataumm ans
nnartdgpopmbl «OpbukpadT-Npo» SXC1 (SXC PJ).

Mpoknagka kabenbHOM ceTn

Mocne cTbikoBKM M3genus ¢ nnatgopmori MKA MOXHO NpUCTYNUTL K Npoknagke kabenbHon ceTu. MNMpu
npoknagke kabenbHOM CeTM NPUMEHSIOTCS CneayoLmMe peKoMeHaaunmn:

1. Kabenu npoknagbiBaTb Yepes Lwenu Mexay HUKHeN (BepXHen) CoONHeYHon naHensio n kopnycom MKA.
2. Tpy HEBO3MOXXHOCTU NPOKIAAKN Yepes Lenu, kabernu JonyckaeTcs 3aXknmarb Mexay CONTHEYHbIMU
naHensamm u kopnycom MKA.

[ns gatunkoB ocu Z kabenv NpoknagbiBaTe Yepes OTBEPCTME B NMOASOXKKE COMMHEYHOW NaHenu.

Ons gatuukoB ocn Y moxeT notpeboBatbecsa gopaboTtka kopnyca nnatgopmbl MKA.

HonyckaeTcs 3akpennaTb kabenu Ha kopnyce MKA ¢ nomMoLLblo Knes nnm KanToOHOBOW NEHThI.
W3beraTb HaTsbkeHUs kabenen. N3anuwku kabens CKpyTUTb B NETMIO U 3aKPENUTb Ha HEeCyLLen nnare
n3genus KanToHOBOW NEHTON.

Ha pucyHkax 4.4 (c. 18), 4.5 (c. 18), 4.6 (c. 19), 4.7 (c. 19), 4.8 (c. 20) n 4.9 (c. 20) nokasaHbl NPUMepbI
MapLUPyTOB KabenbHOW CeTw.

o 0k w

000 «AKC» — https://yktaero.space 15



PykoBoacTBo no nHterpauum — YKTS-PL-EDU16-SPTX

PucyHok 4.1 — PacnonoxeHune 4aTynkoB OCBELLEHHOCTH

J[aTuynk ocBeleHHOCTN ocu Z+
LSENSE_Z+

e f‘ '
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JaTynk ocBeleHHOCTH ocu X+ =
LSENSE_X+

[aTtunk ocBeleHHOCTH ocH Y+
LSENSE_Y+

PucyHok 4.2 — PacnonoxeHue JaTynmkoB OCBeELLEHHOCTU, obpaTHas CTopoHa

[aTumk ocBeleHHOCTN ocu Z-
LSENSE_Z-

X+ [laTumk ocBeLyeHHOCTH ocK Y+
[laTumMK OCBELEeHHOCTN OCU LSENSE_Y+

LSENSE_X+

[aTtumk ocBeleHHocTH ocu Y-
LSENSE_Y- [aTumnk ocBeLeHHOCTN ocu X-|

LSENSE_X

\\8%

SML 0

[laTumMK OCBELEeHHOCTN ocu Z+
LSENSE_Z+
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PucyHok 4.3 — lNogknioveHne JaT4nMKOB OCBELLEHHOCTH
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PucyHok 4.4 — MapupyTbl kabenbHOW ceTu, 4aT4nkn ocn X+
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4 — MoHTax nsgenus

[nsa yctaHOBKM AaTunkoB ocu Y Heobxoaumo caenarb Nponunbl pasmepom 7.5 mm x1 mm. PacnonoxeHune
MPOMUITOB NMOKa3aHO Ha PUCYHKaX HUXeE.

PucyHok 4.6 — MapLpyTbl kabenbHoM ceTu, gatymkn ocn Y+

LSENSE_Y+

Heo6xoauM Bbipes nog npoeoaa
Pa3mep: 1 Mm x 7.5 Mmm

Heo6xoaum Bbipe3 noa nposoaa
Paamep: 1 MM x 7.5 mm
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PucyHok 4.8 — MapupyTbl kabenbHOW ceTu, aTtyinku ocn Z+
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4.5 MoHTaX AaTYNKOB OCBELLEeHHOCTU
|_|pl/| MOHTaXe AaT4ynKoB OCBELLEHHOCTU NPUMEHAIOTCA crieayoume pekoMmeHgaunn:

1. ,[laTLII/IKVI OCBeLWeHHOCTN Mo ocAM Xnz 3aKpennaTb Ha NoCagOYHbIX MeCTax 3MOKCUAOHbIM KreeMm.
Knewn HaHOCUTb PaBHOMEPHO HA HMXXHIOK MOBEPXHOCTb AaT4UKa. He O0nyCKaeTcd nonagaHue Knesa Ha
BEPXHIOK NOBEPXHOCTb AaTymnKa.

2. [atynk ocBeLLeHHOCTU No ocK Y 3aKpennaTb Ha Nocago4yHOM MeCTe C MOMOLLBIO ABYX BUHTOB M2.

3. Ha mecTta coeamHeHus kabenen u OaT4YMKOB OCBELLEHHOCTW HaHeCTU Heborblloe KOonMyecTBO
domKempytoLero coctasa.

Ha pucyHke 4.10 (c. 21) nokasaH cnocob MOHTaxa A4aT4yMKOB OCBELLEHHOCTMW.

PucyHok 4.10 — MoHTax gaT4yMKkoB OCBELLEHHOCTH

(b) Oatumk ocu X (anbT. BapuaHT)

BuHT
M2x5

(c) Datumkm ocn Y (d) Aatymkm ocn Z
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4.6 NMpoBepka paboTocnocobHOCTM COOpaHHOro uspgenus

Mocne 3aBepLleHVs MHTerpaunm ngenus ¢ nnatgopmMoii HeoGXoAMMO NMPOBECTH NPOBepPKY paboTocnocob-
HoCTW. [1na 3TOro Heo6XxoAMMO BLIMOMHUTL CrieayoLLne AeNCTBUS:

1. MopanTe nutaHue Ha nnatpopmy MKA B COOTB. C pykOBOACTBOM MO 3KCMnyaTauumn Ans nnatgopmbl
«OpbukpadT-MNMpo» SXC1 (SXC PJI).
. oxguTecb 3aBepLUeHNs MHMUManu3auumn nnatdopmbl MKA.
. MopanTe nuTaHne Ha n3genue, BKNOYMB 4 kKaHan kommyTatopa nutannsa C3AIN nnatdopmbl MKA.
. DoxauTecb BkNtoveHust ceetoanoaos nHamkaumm STATUSO n STATUS1.
[MpoKOHTpONMpPYITE BbINONHEHME CNEAYIOWNX KOMAHA:
5.1. OTtnpaBuTtb 13 Houston Control Center komaHgy 42-FFEQ (3anpoc Bepcun MUKpONporpaMmei),
OTBETOM [J0SKeH ObITb NakeT ¢ kogom 42-FFEL.
5.2. TpoBeputb nons naketa 42-FFE1 Ha COOTB. C NAacnopToOM U3genus.
5.3. Otnpaeutb 13 Houston Control Center komangy 42-FAQQ (3anpoc pe3ynsratoB CamoanarHocTu-
Ku), AoxaaTbes nakeTa ¢ kogom 42-FAOQL.
5.4. MpoBepuTb Nons naketa 42-FAQL:
— [MNone Uptime gormkHo GblTb GonbLue Hyns.
— lMone Result gomKHO GbiTb paBHO HyrHO.

— Mone Checks gomxHo 6bITb paBHo OXOOFFFFFF.
6. OTknouynTe NUTaHue.

arwN
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5 — XpaHeHue 1 TpaHcnopTupoBKa

5 XpaHeHue n TpaHCNoOPTUPOBKA

5.1 XpaHeHue

B ynakoBke M3roToBuTeNs B BaKkyyMHOM MakeTe npu cobniogeHun COOTBETCTBYIOLLEro TemnepaTypHOro
AvanasoHa (ot -40 go +60°C) xpaHeHue gonyckaetcs 6e3 AONOMHUTENbHbLIX OFPaHUYEHUA B TeYeHue
rapaHTUNHOro nepuoaa.

B ynakoBKke U3rotoBuUTENs BHE BaKyyMHOIO NakeTa XpaHeHUe JOMycKaeTcs B TEYEHNE rapaHTMIHOIO neproaa
npu ycrnoBun cobntogeHns TeMnepaTypHOro pexmuma XxpaHeH1sl U Npyu OTHOCUTENBHOW BRAXXHOCTM BO3Ayxa B
avanasoHe 20-60%.

BHe ynakoBKW M3roTOBUTENSA M3Oenve AOIMKHO XPaHUTLCS B XXECTKOW ynakoBKe, UCKIoYatoLen nobblie
MexaHu4Yeckune NoBpexaeHus, nonagaHvue Bnarv u Mycopa.

5.2 TpaHcnopTupoBKa

TpaHcnopTMpoBaHWe W34enusi NPou3BOAST B YNakoBKE W3TOTOBUTENS MMM B cOCTaBe M3Oenuvsi, B
KOTOPOM MNpubOop YCTaHOBIEH, NpK TeMMepaType oKpyxatoLlein cpeabl oT -40 go +60°C aBTOMOGUIbHBIM,
)Kene3Ho4oPOXKHbIM, BO34YLUHLIM UM BOAHBLIM TpaHCNopToM 6e3 orpaHuYeHnsi CKOPOCTEN, PACCTOSHUI U
BbICOTbI MonéTa.

B ynakoBke 13rotoBuTENs BHE BaKyyMHOrO nakeTa TpaHCNopTMPOBKa M3Aenus OonyckaeTcs NiobbiM BUAOM
TpaHCMnopTa Ha HeorpaHMYeHHOE paccTosHMe ¢ cobrogeHemM TeMNepaTypHOro AnanasoHa XpaHeHu s npu
OTHOCUTENbHOM BnaXHoCTn Bo3ayxa 20-60%. ObpasoBaHue KoOHOEHcaTa He gonyckaeTcs!

BHe ynakoBKu N3roToBUTENSI BHE 3aBUCUMOCTM OT Hanmnuyns BaKyyMHOro nakeTa TPaHCMopTUPOBKa AOMMKHA
NPOBOANTBLCH B XXECTKOM YMaKOBKE, WCKMIOYAKLLEN MexaHu4yeckume MnoBpexaeHus. YnakoBka OOIKHa
cofepxaTb yaaponorfoLiatoLne HanonHUTenu.
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UcTopusa nameHeHnun

BEPCUA OATA ABTOP CMUCOK UBMEHEHWHA
A0 06.08.2023 | Metpos A. H. HavyanbHas Bepcus.
BO 14.08.2023 | lMeTpoB A. H. — [obGasneH guameTp npoBoAoB B Tabnuuy 2.12 (c. 13).
WnnapuoHoB T. A. | — [JobaeneH pasgen «[lpoknagka KabenbHOW CceTuy,

HOMepa criefyoLmX pasfenos U3MEHEHbI.
— Hob6asneHbl pucyHkn 4.4 (c. 18), 4.5 (c. 18), 4.6
(c.19),4.7 (c. 19), 4.8 (c. 20) 1 4.9 (c. 20).
— Mernkue ncnpasneHus.
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Cnuncok HegopaboTok

Cnucok HegopaboTok

BEPCUA CMUCOK HEQOPABOTOK
A0 — E/SP-1: He 3aBepLueH pasgen «[lpoBepka pabotocnocobHocT cobpaHHOro ngenusy».
BO — EISP-2: OtcytcTtByeT pasgen «llepeyeHb BO3MOXHbIX HEUCNPABHOCTENY.

E/SP-3: OTcyTcTBYyEeT OnucaHue JOCTyMHbIX TernekomaHs, winHbl CAN.
E/SP-4: OTcyTtcTByeT onucaHue npolenypbl O6HOBNEHNS MUKPOMNPOrpamMMbl.
E/SP-5: OTcyTcTBYyeT onucaHue npoLeaypbl NpoOBEpKU JaTYMKOB OCBELLEHHOCTHU.

000 «AKC» — https://yktaero.space
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PykoBoacTBo no nHterpauum — YKTS-PL-EDU16-SPTX
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MpunoxeHue A. Moccapun

MKA

CuHoHumbl: KA, ciymHuk. Manbii KoCMUYecKuin annnapar.

Mnardopma MKA CuHoHumbI: nnamgopma. KOMNNeKT BCnoMoraTenbHbIX CUCTEM (CUCTEMA 3NEKTPONn-

nMH

P3
MK
can
ICD
CAN

12C

SPI
UART

1WIRE

JTAG
ISP

TaHusl, PaanoCBs3n, OpMEeHTaLMK 1 T.N.) OT CTOPOHHErO NOCTaBLUMKa, obecneymBaloLLnn BCe
HeobxoamMble cpencTea Ansa pyHKUMoHnpoBaHus MNH.

CuHOHUMBI: nonie3Hasi Haepyska, mMoOynb [TH. YcTponcTtBo wunm Habop ycTponctB KA,
obecneunBarolmn BbinonHeHne 3agad muccum KA. YctaHaBnuBaetcst Ha 6opTt KA u
WHTErpmpyeTcs ¢ nnaTtgpopmoin.

PykoBoacTBo no akcnnyataumm.

CuHoHumbl: MCU. MyKpoKoHTponnep.

Cuctema sHepronmTaHus.

Interface Control Document (MHTepdencHbin KOHTPOnbHbIN [JOKyMEHT).

(Controller Area Network — ceTb KOHTPONNEPOB) — CTaHAAPT NPOMbILLEHHOW CETU, OPUEHTUPO-
BaHHbIN Ha 00beaNHEHNE B €OUHYI0 CETb UCMOMHUTENBHbIX YCTPOWUCTB U OAaTYMKOB.

Cunonumbl: TWI, Two-Wire Interface. Inter-Integrated Circuit — nocnegosaTtensHas acummeT-
puryHaa WnHa Ona ceA3n Mexay nHterpanbHbIMU CXeMaMuy BHYTPU SNMEKTPOHHbIX I'Ipl/l60pOB.

I/IHTepd)eﬁc Ans nocnegosaTenbHOro obmeHa AaHHbIMU Mexay MUKpocxemMmamu.

Universal Asynchronous Receiver-Transmitter — YHuBepcarnbHbIi aCUHXPOHHbI NpUEMonepe-
AaT4MK, y3€en BblYUCTIUTENBbHbIX YCTPONCTB.

OpHonpoBogHon uHTepdenc Ans OABYXCTOPOHHEW nepedayn AaHHbIX, pa3paboTaHHbIV
komnaHuen Dallas Semiconductor.

(Joint Test Action Group) — oTnagoyHbIn nHTepdeinc Ha 6ase ctaHgapta IEEE 1149.1.

In-System Programming — npouecc 06HOBNEHNS MUKPONPOrpaMmbl B MUKPOKOHTPOSIEpE, He
TpebyoLwuin ero 3BneYeHns us nnatbl, U OGHOMMEHHbIN NHTepdENC.
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