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MHHHUCTEPCTBO OBPA3OBAHUSA 1 HAVKH
XabapoBckoro kpas
(Muno6pnayku XabapoBckoro kpas)

PACIHIOPSI)KEHHUE

. Iy 1 £) Vo
O L No A4
1. Xabaposck

b— NpHOOpETeHHH 000pyI0BaHHS, ];;icxonnmx MaTepHalioB, CPEACTB 00ydYeHHS
¥ BOCIIMTAHHA B paMKaX pealn3allid MEPONpPHUATHH IO CO3NaHUIO U (YHKIMOHH-
POBaHHUIO B 0011€00pa30BaTEIBHBIX OPraHU3alKAX, PACIIOIOKEHHEIX B CEJIbCKOIL
MECTHOCTH M MAalblX TOpPOJAX, IEHTPOB OOpa30BaHHMS €CTECTBEHHOHAYYHOM
U TEXHOJIOHYECKOH HanpaBleHHOCTed "Touka pocra" B pamkax (eaepaabHOTO
npoekta "CoBpemeHHas InKona" HalHOHAIBHOrO mpoekTa "ObpasoBanue"
B 2022 rogy

Bo wucrnonHenue pacropskeHus IIpaButensctBa XaGapoBCKoro Kpas
oT 23 nexabps 2020 r. Ne 1372-pn "O KoHUenuu# (MEPONPUATHSX) 110 CO3AAHHIO
1 (yHKIMOHMPOBaHHIO B 00111e00pa30BaTebHBIX OPraHU3alHAX, PACIIOI0KEHHbIX
B CEeJIbCKOM MECTHOCTH M MallblX Iopofax, LEeHTPOB 0O0pa3oBaHHsS €CTECTBEHHO-
HayYHOH M TEXHOJOrWYecKo# HampapneHHocTeil "Touka pocra" B pamkax tene-
panbHOro mpoekra "CoBpeMeHHas IIKoja" HalMOHATBHOTO MpoekTa "O6pa3opa-
aue" B 2021 — 2023 ropax", cornmameHus Mexay MHHHCTEPCTBOM MPOCBEIICHHS
Poccniickoit ®@enepaunu u [TpaButensctBom XabapoBCKoro Kpas 0 MpefocTaBiIe-
HUH CyOcuaunit u3 penepanpHOro Gromkera GromKeTy XabapoBckoro Kpas Ha pea-
nu3alrio GenepanbHoro mpoekra "CoBpeMeHHas 1IKoJa" HAMOHALHOTO MPOEKTa
"ObpasoBanue" B paMKax rocyJapcTBeHHON mporpammsl Poccuiickoit ®eneparin
"PazButne obpasoBanus" ot 27 nekabps 2021 r. Ne 073-09-2022-861:

1. YTBepauTh NpuaraeMele:

1) nepeyens o6GopynoBaHHA, PAaCXOAHBIX MAaTEPHANOB, CPEICTB OOYdeHHS
Y BOCIHTaHMS Ul OCHAIIEHHS OJHOIO LEHTPA €CTECTBEHHOHAYYHOM M TEXHOJIO-
TUYecKoil HampaBieHHoCTeH "Touka pocTa" B 06IIeo6pa3oBaTebHBIX OpraHU3a-
[UAX, PACIIOIOKEHHBIX B CEJIbCKOH MECTHOCTH M MaJIbIX roponax kpas B 2022 ro-
ny (manee — MudpactpykTypHslit 1uct, Llentp "Touka pocra");

2) mepeyeHs 06me00pa30BaTEIbHBIX OpPraHM3alldii — MOIydaTeleidl KOM-
IIEKTOB 000pY/I0BaHMs, PACXOJHBIX MAaTepPUANIOB, CPEICTB OOYUEHHS W BOCIHTa-
HHUs JUI OCHAlIEHWS OJHOIO ILIEHTpPAa €CTECTBEHHOHAYYHOM M TEXHOJOTHYECKOM
HanpasjeHHocTer "Tovka pocta" B 00IIe06pa3oBaTeNbHBIX OpraHM3allMAX, pac-
TIOJIOXKEHHBIX B CEIBCKOW MECTHOCTH M MaJlblX ropozax kpas B 2022 roxy (nanee —
Ilepeuens nomygareneii).

2. VrpaBIeHNIO NPaBoBOH paGOTEI M OPraHW3aLMK IOCYIaPCTBEHHBIX 3aKy-
IOK COBMECTHO C YNpaBJIeHHEM O0IIero 06pa3oBaHUs OPraHW30BaTh OCYIIECTBIIE-
HHUE 3aKyINOK 000pyIOBaHHUs, PACXOIHBIX MaTepPUAlOB, CPEACTB OOyHIeHHS U BOC-
MUTaHUA C yeTOM N0CTaBKH Kaxkaomy Llentpy "Touka pocta" cornacho Iepeunto
nony4arenedt, MHGbpacTpyKTypHOMy JHMCTy H TEXHWYECKHM XapaKTepPHCTHKAM .
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0GOpyI0BaHUS B COOTBETCTBHM C METOIMYECKHMMH peKOMeHAauusiMu MUHHCTEp-
cTBa mpocBemmerus Poccuiickoit @exepanuy, pacopssKeHHEM MHUHHCTEPCTBA 00-
pasoBaHus ¥ HaykH kpas oT 9 anpess 2015 r. "O6 opraHu3anuy 3aKyIoK TOBapoB,
paboT, yciIyr Juis TOCYAapcTBEHHBIX HYKJ MMHHCTEPCTBA 00pa3soBaHUS W HAayKH
Xabaposckoro kpas'.

3. KoHTpOJIb 3a BBIMOTHEHUEM HACTOSILETO PACIOpPsHKEHHS BO3JIOXKHUTE Ha 3a-
MECTHTEIS] MUHUCTPA.

MuHuCTp B.I'. Xnie6HukoBa




YTBEPX/IEH

pacropsoKeHHeM
MHHHCTEPCTBA

OapoBcKoro Kpas

oT " U° S

ITEPEYEHB

o)6(pa30BaHHg Y HayKH
a
8 "

2022 1. Ne 119

000py10BaHHsl, PACXOJHBIX MaTEPHAIIOB, CPEICTB O0OYIEHHS H BOCITHTAHHS
JUISL OCHAIIEHHSA OJJTHOrO LIEHTPa €CTECTBEHHOHAYYHOH U TEXHOJIOTUYECKOH
HarnpasjieHHoCTel "Touka pocta" B 001e00pa30BaTe/IbHBIX OpPraHU3alMsAX,
PAaCITOIOKEHHEIX B CEJIbLCKOM MECTHOCTH M MaJlbIX ropoaax kpas B 2022 roay

Enu-

Ne | HaumenoBanue | KpaTkue mpuMepHble TeXHHYECKHEe | HMIA K‘cl)g_n-
n/m | obopymoBaHus XapaKTepHCTHKH wame- | o
peHHUs
1 2 3 4 B

1.1

Lodicd

HanmenoBanue pazzena: "ba3osas (00s3aTenbHas 4acTsb)"

HaumeHoBanue HanpasieHus: "EcTecTBeHHOHaYy4YHas HANpaBIeHHOCTD"

[{udposast ya- oOecreuyrWBaeT BBIMOJHEHHE 3KCIIEPH- ILT
OopaTopus IO MEHTOB IIO TeMaM Kypca ¢usuku. Kom-
¢uszuke (yde- IUIeKTauus: O€CIIPOBOAHON MYJIBTHIAT-

HUYeCKas)

YUK 10 (u3MKe ¢ 6-F0 BCTPOEHHBIMH
naTYMKaMU: HU(GPOBOH AAaTHUK TeMIIe-
paTyphl C AWana3oHOM H3MEPEHHs He
yxke yeMm oT -20 no 120 C; uudposoit
JaT4YUK abCOITIOTHOrO NaBJIEHUS C Aua-
a30HOM HM3MEPEeHHUs He YXKe YeM OT
0 mo 500 kI1a; maTynk MAarHUTHOTO MOJIA
C OMana3OHOM H3MEpPEHHs HE YXKE 4eM
ot -80 no 80 MTu; gaTyukK HaNpsHKEHUs
C AMana3oHaMu U3MepeHHs He YXKe YeM
oT -2 mo +2B; ot -5 no +5B; ot -10 mo
+10B; ot -15 no +15B; naTtuuk TOKa He
yke 49eM oT -1 go +1A; natyuk akcene-
POMETp C MOKa3aTeSIMH HE MEHee YeM:
+2 g; £4 g; £8 g. OtnenbHble yCTpOH-
cra: U ocuwuiorpad He MeHee
2 KaHaua, +/-10 B. Akceccyapsl: kabens
USB  coenuHMTENbHBIH;  3apsAOHOE
ycrpoiicTBo ¢ kaberem miniUSB; USB
Anantep Bluetooth 4.1 Low Energy.
Koncrpyx'mﬁ IUIsl TIPOBEJIEHUs 3KCIle-
puMeHTOB. KpaTkoe pyKOBOACTBO IIO
3KCIUTyaTanuu nudpoBoil n1abopato-
pun. [Iporpammuoe obecniedenue. Me-
ToaMuecKue pekomeHaauuu (40 pabor).
Hanuuue pycckosi3pIMHOrO caita mof-
IEeP>KKH, HATMIHUEe BUIEOPOIHKOB
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1.1.2. Iludposas na-

Oopatopus TIO
XUMUHU (y4eHH-
qyecKas)

1.1.3. Lludposas na-

1.2,

OopaTopusi 1O
Ouosoruu
(yueHuveckas)

HaumMenoBaHue Hampasienus: "KomnsroTepHoe o6opynoBaHue"

obecrnieunBaeT BEINIOJIHEHHE TabopaTop-
HBIX paboT M0 XMMHH Ha YPOKax B OC-
HOBHO# IIKOJIE ¥ POEKTHO-HCCIIEA0Ba-
TEJIbCKOM [JeATEeIbHOCTH Yy4allluXCs.
Kommuiekrauus: 6ecripoBOJHONW MyJib-
THAATYUK MO XMUMHH C 3-MS BCTPOEH-
HBIMH JaTYuKaMu; gaTduk pH ¢ guama-
30HOM M3MepeHus He yxe ueM oT 0 1o
14 pH; nat4uk 37eKTpONpOBOAUMOCTH
¢ AMara30HaMU U3MEpPEHHS He YKe YeM
ot 0 o 200 MxCwm; oT 0 10 2000 MxCwm;
ot 0 o 20000 mxCMm; naT4uK TeMmepa-
TYpPBbI C AUANA30HOM U3MEPEHHS He Yxe
yeM ot -20 no +140 C; oTneneHele gaT-
YUKH: JAaTYUK ONTHYECKOH IUIOTHOCTH
525 uM. Akceccyapsl: kabens USB co-
e IUHHUTENbHBIH; 3apsAAHOEe yCTPOMCTBO
¢ kabememM miniUSB; USE IX,z[aHTep
Bluetooth 4.1 Low Energy. KpaTkoe py-
KOBOZCTBO IO J3KCIUTyaTallud LHpo-
Bo# nmaboparopun. Habop nabopatop-
Hoi ocHacTku. [IporpammHoe obecre-
yeHHe. Meroauyeckue peKOMeHIalluu
ne meHee 40 pabor. Hanuyme pyccko-
A3BIYHOTO CcaiiTa MOANEPKKU, HAIUIUE
BHIEOPOIIHKOB

oOecriedrBaeT BBINOIHEHKE 1abopaTop-
HBIX paboT Ha ypokax mo OHOJIOrHU
B OCHOBHOM IIIKOJIE U MPOEKTHO-UCCIIe-
JOBaTEIbCKOH  JEATEIBHOCTH  yd4a-
mxcs. Kommtexranus: 6ecripoBogHoH
MYJbTHAATYHK MO OHONOrHH C 5-10
BCTPOEHHBIMH  JaTYUKaMH; JaT4YMUK
BIIQXKHOCTH C JHANa30HOM H3MEpEeHHUs
0 — 100%; pmaT4MK OCBEIIEHHOCTH
C AMara30HOM H3MEpeHHs He yXKe 4eM
ot 0 mo 180000 nx; gatuuk pH ¢ quamna-
30HOM HM3MepeHus He yxe deM ot 0 1o
14 pH; nat4uk TeMmmepaTypsl ¢ quamna-
30HOM U3MEPEHHA He yxKe 4eM oT -20 10
+140 C; naTyuk TeMmepaTypsl OKpy»Ka-
IOLIEH Cpelbl ¢ JHATa30HOM U3MEepeHUs
He yxe 9eM oT -20 go +40 C. Akceccy-
apbl: 3apsAAHOE YCTPOHCTBO ¢ Kabenem
miniUSE; USB ‘Anantep Bluetooth 4.1
Low Energy. KpaTkoe pykoBOJACTBO II0
3KCIUTyaTallud Hu(poBoi s1abopato-
pun. Lludbposas Buaeokamepa ¢ MeTal-
JIMYECKUM IITaTHBOM, pa3pelleHHe He
menee 0,3 Mmukc. [IporpamMmmHoe obec-
nedeHne. MeToau4YeCKHe pPEeKOMEHa-
nud He MeHee 30 pabor. Ymakoska.
Hanwdue pyccKOS3BIMHOIO caiTa IoA-
JIEP)KKH, HATMYUE BUIEOPOTHUKOB
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1.2.1,

V2.

Sasalia
2.1.1.

MOV (mpuH- THI yCTpoOHCTBa: MHOTOMYHKIIHOHAIb- IIT

Tep, CKaHep, Hoe ycrtpoiictBo (M®YV). llBeTHOCTH

KOIHp) ne4aTy: 4epHo-Oelas; TEXHOJOTHSA Iie-
4aTH: 3JeKTporpaduyeckas (azepHasd,
CBETOAMOAHAA); GOpMaT MeyaTu: He Me-
Hee A4. Tun ckaHHPOBaHHS: MPOTIHK-
HBIA/TUTAaHIIETHBIH; BO3MOXXHOCTB CKa-
HUPOBaHHUA B popMaTax: He MeHee A4,
Cnoco6 mopxmouenus: LAN, Wi-Fi,

USB
HoyTtbyxk popMm-akTop: Hoirrfign(; pa3Mmep Auaro- IIT
Hainu: He MeHee [5.6 mroiiMmoB; paspe-

menue 3kpana: Full HD, Quad WIH
Ultra HD; o6uuii o6beM ycTaHOBIIEH-
HOM OIIEpaTUBHOW IaMsTH: HE MeHee
8 I'GaiiT; MaKCHMMaJIbHBIH OOIIHH mOm-
JEepKUBaeMBbIil 00beM ONepaTUBHOM Ia-
MATH: He MeHee 16 I'GaiiT; 06bem SSD
HaKOIIMTENIA: HE MEHEe 246 ["0aiiT; Oec-
npoBonHas cBA3b: Wi-F1. KonmudectBo
BCTPOEHHBIX B Kopityc noptoB USB: He
MeHee 2, U3 KOTOpBIX HE MeHee
1 momwkHO ObITh USB Bepcuu He HUXKe
3.0. Pa3pemenue B36-kamepnl, Mnuk-
cenb: He MeHee 0.3; BCTpoeHHBIH MUK-
podoH; knaBHaTypa C pacKIaJKoH
g MapkupoBkoi kimaBuim QWERTY/
EH. Ilogmepxka cTaHgapToB
6ecnpoBoaHoii cBa3u: 802.11a/b/g/n/ac;
IPOU3BOAUTEBHOCTh npoleccopa
(3nauenue nokaszarens "CPU Mark" mo
TeC "Laptop & Portable CPU
Perfomance"  http://www.cpubenchm
ark.net/laptop.html): we wmernee 5000
eOVHHUI[; HaTW4YHe  MAaHHUITyJIATOpa
MBIIIb B KOMIUIEKTE: J1a. YCTaHOBJIEH-
Has OTepallMOHHAas CUCTeMa ¢ rpaduye-
CKHM IIOJIb30BaTEIIECKUM HHTepdeii-
COM, CBEIEHHs O KOTOPOM BKJIFOYEHBI
B €IHWHBI DPEEeCTp POCCHHUCKHMX IIpO-
rpaMmM i 3JICKTPOHHBIX BBITHCIIH-
TEJIbHBIX MAalIMH U 0a3 JaHHBIX; ycTa-
HOBJIGHHBIN MakeT OQUCHOrO Mpo-
rpaMMHOTO ofecrieueHusi, COBMECTH-
MOrO C yCTQHOBJICHHOW ONEpalOHHON
CHCTEMOH, CBEEHHS O KOTOPOM BKIIIO-
YeHbl B €JUHBIM peecTp POCCHHCKHUX
IporpamMM JUIsl 3JIEKTPOHHBIX BEIYHCIIH-
TEJBHBIX MAITWH U 0a3 JaHHBIX

HawnmenoBanue HanpasieHus: "J[onoTHHTETEHOE 000pyq0BaHHE"
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HaumeHnoBanue HanpaBieHHs: "TexHolorudeckas HalpaBJIEeHHOCTh"

OGpasoBatenb- 00pasoBarebHbIA HAOOP JOKEH OBITH IIT
HbIM HAaOOp /ISl TIpefHA3HAYeH IJis M3y4eHHus poboTo-
H3yYeHUS MHO- TEXHHUYECKHUX TEXHOJOTHH, OCHOB HH-
TFOKOMIIOHEHT-  (DOPMAIIHOHHBIX TEXHOJIOTHH W TEXHO-

23
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HBIX poDOTO- JIOrMM IIPOMBILUIEHHOM aBTOMAaTH3a-
TEXHHYECKMX  LIHMH, a TAK)XKE TEXHOJIOTHH MPOTOTUIIH-
CUCTEM H Ma- EOBB.HHHH&IU:[HTHBHOI‘O IIPOM3BOJICTBA.
HHUITYJIALHOH- coctaB Habopa IOMKHBI BXOIHUTH

HBIX poOOTOB

KOMILJIEKTYIOIME W YyCTPOMCTBa, 00Omna-
AaroIIe KOHCTPYKTHBHOM, annapaTHOH
1 [IPOrpaMMHOM COBMECTHMOCTBIO IpYT
¢ apyroM. 1) KoMmiekT KOHCTPYKTHB-
HBIX 3JIEMEHTOB U3 MeTaJUla U IUIacTUKA
misi cOOpKH Mojenedl MaHHUITYJISIIHOH-
HBIX pOOOTOB C YITI0BOH KHHEMaTHKOMH,
[IJIOCKOINAapaJUIeJIbHOW  KUHEMaTHUKOH,
Delta-kunematukoi. 2) HHTemnekry-
aJIbHBIM CEpBOMOMYJE C HHTETPHPOBaH-
HOHM CHCTEMOH yIpaBIeHHUS — HE MEHee
7 wt. CepBOMOMYJIb NOJKEH 06/1a1aTh
UHTEIrpUPOBAaHHON CHCTEMOH yIIpaBiie-
HUsA, obecneduBapIied 0OpaTHYIO
CBS3b MJIH KOHTPOJIb NTapaMeTpoB — T10-
JIO)KeHHE Bajla, CKOPOCTh BpALLEHHS,
Harpyska MpUBOJia, a Takke obecreyu-
BarOILIe BO3MOXKHOCTB I10CJI€10BATE b~
HOTO IIOAK/IIOYEHHSA APYr C Jpyrom
¥ YIpaBJIEHUs] CEPBOMOIYIISIMH IO IIO-
CJIEIOBATEIbHOMY  IOJIy AYILIIEKCHOMY
acHHXpoHHOMY HHTepdeiicy. 3) Pobo-
TOTEXHUYECKHA KOHTPOIUIEp, Mpel-
cTaBsIFOIIMA ~ co0oil  MOAyJbHOE
YCTPOWCTBO, BKJIIOYaroIlee B cebs of-
HOILIATHBIA MHUKPOKOMITBIOTED IJIS BEI-
TIOJIHEHUS CJIOKHBIX BBIYHUCIUTEBHBIX
onepanui, nepupepHUitHBIH KOHTPOJI-
Tep AN YOPABIEHHS  BHELIHHMH
yCTpOMCTBaMM M IUIaTy paclIUpEeHHUs
IUTSt HOJKTIOYeHHS BHEIITHUX
ycTpoiictB. Momynmu poGoToTeXHHYe-
CKOT'0 KOHTpOJUIepa IOJDKHBEI 001a1aTh
OJHOBPEMEHHOM KOHCTPYKTHUBHOM, am-
NapaTHOM M IPOrPaMMHOH COBMECTH-
MOCTBIO JIpYT C ApyroM. Po6oroTexHu-
4EeCKHH KOHTpPOJUIEp JOJDKEH YJOBIe-
TBOPATE TEXHHYECKHM XapaKTePHCTH-
KaM: KOJI-BO SiZIEp BCTPOEHHOTO MHUKPO-
KOMITbIOTEpa — He MeHee 4, TaKToBas
yacTtoTa sgpa — He MeHee 1,2 ITm,
00bseM O3V — He MeHee 512 MO, Hau-
Yyhe HHTE (%91‘&003 — SPI, I2C, 1-wire
TTL, UA}I){ , PWM, nudpoBele — He
MeHee 16 IIT. ¥ aHaJIOTOBbIE OPTHI — HE
MeHee § IIT. IS MOOKIFOYEHUs BHEIl-
HHUX YCTPOWCTB, BCTPOEHHBIM MHKpPO-
¢boH, a Takxe WiFi win Bluetooth mis
KOMMYHHKAL[M¥ CO BHEIIHHUMH yCTpPOH-
ctBaMH. PoboToTexHM4YeCKUI KOHTPOJI-
nep noKkeH obecrnedWBaTh BO3MOXK-
HOCTB ITIPOrPaMMHUPOBAHUS C TTOMOIIBIO
cpenctB s3pikoB C/C++, Python u cBo-

OIHO  PACIpOCTPaHAEMOH  Cpelbl
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‘Arduino IDE, a Taxke ynpaBieHus Mo-
JensAMH pOOOTOTEXHHYECKHX CHCTEM
¢ nomomero cpeasl ROS. 4) Iporpam-
MHUPYEMBIH KOHTPOJUIEp — HE MeHee
1 wrt. IIporpaMmupyeMblid KOHTPOILIEP
JOJDKEH NPECTaBIATh COO0M BEIYHCIIH-
TENIBHBIM MOAynb, obnajaroumm Hud-
POBBIMHM IIOPTaMH — HE MEHee 8§ IIT.
M aHAJIOTOBBIMH IIOPTaMH — HE MeHee
16 wr., untepdeiicamu UART, 12C,
SPI, TTL, a taxxe Moxaynem Gecrpo-
BOAHOI cBs3u Tumna Bluetooth wim WiFi
JUIs CO3[AaHUA alapaTHO-IIPOrpaMM-
HBIX peleHHd ¥ "yMHBIX/cMapt"
— YCTPOHMCTB Ul pa3paboTKu peleHuni
"WnTepHeT Bemen". 5% Ilnarta pacmupe-
HHS TIPOTPaMMHpPYEMOro KOHTPOJLIEpa
— He MeHee | mT. [lnata pacmupenus
IOJDKHA OOECIeYHBaTh BO3MOXKHOCTH
NOJKI/IIOUEHHUS] YHUBEPCAIBHOTO BEIYHC-
JIATENIBHOTO MOJIYJS K CETH IOCpen-
ctBoM uHTepdeiica FEthernet. ITmara
paclIMpeHuss AokHa oOnagaTh Iop-
TaMHU BBOJa — BBIBOJA IS TTOIKITFOYE-
HUA  UUOPOBBIX W aHAJOTOBBIX
YCTpOMCTB — He MeHee 40 IIT., HHTep-
deiic SPI 1 BO3MOXXHOCTBIO TIOJIKITIOYE-
HUS BHEIIHeH KapTel mamstu. 6) Mo-
IAyJb TEXHUYECKOIO 3peHus, NpeIcTaB-
NSIOMAR co00H ycTpoicTBO Ha 0ase
BBIYUCIMTEIFHOT0O MHUKPOKOHTpOJLIepa
U MHTETPUPOBaHHOM Kamepsbl, obecrie-
YHBAIOIEe paclio3HaBaHHE IIPOCTEH-
IIMX KU300pakeHWi Ha MOZyJse 3a cuer
COOCTBEHHBIX BBIYUCIIUTEIBHBIX BO3-
MOXHOCTeH — He MeHee 1 mT. Moayine
TEXHUYECKOI0 3peHUsl JODKeH obecrie-
YHBaTh BO3MOYKHOCTh KOMMYHHKAalUU
C aHAJIOTHYHBIMH MOXYJISIMH TIOCPEI-
CTBOM IIMHEI Ha 0a3e IrociexoBaTelb-
HOTO uHTepdelica ¢ LeNblo JalbHei-
1eil nepenaydu pe3yJIbTaTOB U3MepeHHIl
rPYIIBI MOJYJIEH Ha YIPAB/IAIOLIEe BbI-
YHCITUTENFHOE YCTPOHCTBO, MOJKITIO-
YeHHOEe K JaHHOW IHHe. Moaynp Tex-
HHUYECKOro 3peHus IO0JDKeH olecredu-
BaTh  BO3MOXHOCTh  OCYIIECTBIISTH
HACTPOMKY MOZYJs TEXHUYECKOro 3pe-
HUS — HAaCTPOHKY 3KCIO3UIMH, OaaHca
Oenoro, MBETOPA3HOCTHEIX COCTABIISIO-
IIMX, TUIOMAnyd OOHapy»XuBaeMol 00-
n1acTH u300paxkeHus, OKpYyTIocTH oOHa-
pyXuBaeMoi 001acTH H300pakeHwus,
NOJIO)KeHHe OOHapyXHUBaeMbIX o00ia-
CTell OTHOCHTENBHO JApYyr Ipyra. Mo-

Jb TEXHHYECKOTO 3PEHHS IOJDKEH
obecrieyrBaTh BO3MOXKHOCTH HacTpOM-
KH Ha OJJTHOBpEMEHHOe 00HapyKeHHe He
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MeHee 10 pasuyHBIX OJMHOYHBIX O0B-
eKTOB B CEKTOpe 0030pa, 1160 He MeHee
5 cocTaBHBEIX O0OBEKTOB, COCTOSIIMX H3
He MeHee 3 pa3M4YHBIX rpaduyecKux
NPUMUTHUBOB. MOIylb TEXHHYECKOIO
3peHusi JO/DKeH o0lagaTh BCTPOEH-
HeIMH MHTepOeiicamun — USB, UART,
1-wire TTL, I12C, SPI nnsa xoMmmyHuKa-
IIMA CO BHEIIHHUMH ITOJKIIIOYaEMBIMH
ycTpoiictBamu. 7) B cocraB Habopa
JOJKHBI BXOIUTH ITU(poBEIe HHOpMa-
LIHOHHO-CEHCOPHEIE MOJLYJIH, IIPE/ICTaB-
astome coboit ycTpoilcTBa Ha 0ase
IPOrpaMMHUPYEMOT0 KOHTPOJLIEpa U H3-
MEPHUTENBHOrO 3ieMeHTa. [ludposoit
MOJYJIb TOJKEeH 001aJaTh BCTPOSHHBIM
MHUKPOKOHTPOJIJIEpOM  (TakToBas dYa-
cTOTa — HE MeHee 16 11, IITHHA JaH-
HbIX — He MeHee 8 KOaiit), uHTepdeii-
caMd Ui TMOJKIIOYEHHS K BHEUIHHM
yCcTpoicTBaM: HHU(pPOBEIE W aHAJIOTO-
Bble MopThl, 1-wire TTL, pasbem Tuna
RJ. udposoit Momyns momkeH obec-
neYrBaTh BO3MOXKHOCTH KOMMYHHKa-
IUH C AHAJIOTHYHBIMM MOXYJIAMH IIO-
CpelCcTBOM IIMHBEI Ha Ga3e ImocienoBa-
TEJIbHOTO WHTepdeica ¢ UeNblo Nalb-
HeWIleN repenayd pe3ysbTaToB M3Me-
pPEHUH IpYIIEI MOAYJIEH Ha YIIPaBJIsaIO-
miee BBIYMCIUTENBHOE YCTPOMCTBO,
IIOJKJIFOUYEHHOE K JaHHOH IIHHe. B co-
cTaB Habopa MOJDKHO BXOIHUTE: H(PO-
BOM MOJYJIb TAKTOBOM KHOIIKH — HE Me-
Hee 3 wWT., TUHPOBOH MOIYJIb CBETOIH-
oa — He MeHee 3 IIT., HHPPOBOH MO-
IlyJIb KOHIIEBOI'O IPEPhIBATENA — HE Me-
Hee 3 1T., UUPPOBOK MOIYJb JAaTYMKa
1[BeTa — He MeHee | 1T., [HOPOBO# MO-
nyns RGB cBeromuona — He MeHee
1 wT. 8) B coctaB Habopa 10KHBI BXO-
JWUTh 3JIEMEHTH! [Uli COOpKH BaKyyM-
HOro 3axpara. BaKy}’MHaSI IIpHUCOCKa
— He MeHee | IUT., 3JIeKTPOMarHUTHBIN
KJIamaH — He MeHee | IIT., BaKyyMHBIH
Hacoc — He MeHee | wmrT. 9) B cocras
Habopa JoKeH BXOUTh y4eOHBIH KOM-
IUIEKT, BKIIOYAIOMUK B cebs ydeOHOe
nocoGue, Habop OuOmHOTEK Tpexmep-
HBIX JJIEMEHTOB MJI IPOTOTHUIIHPOBA-
HHSA MOJeJed MaHHUITYJIALHOHHBIX PO-
00TOB, a TaKXKe MporpaMMHoe obecrie-
4eHHe I gaSOTLI ¢ Habopom. Ilpo-
rpaMMHOe oOecreueHHe JTODKHO obec-
Ne4YUBaTh TPEXMEPHYIO BHU3YaIH3aLHIO
MOJENM MaHHUITYISIIHOHHOro poboTa
(c  yrioBoH, IUIOCKOMapasLIebHOH
1 JeNTbTa-KHHEMAaTHKO# ) B ITpoLecce pa-
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2.1.2. Yetsipexoce-
BOH  y4eOHBIi
po6oT- MaHHU-
MyJISITOP C MoO-
OyJTBHBIMHA
CMEHHBIMHU
HacaJKaMH

0OTEI, 00ecrieuynBaTh NMOCTPOEHHUE MPO-
CTPaHCTBEHHOH TPaeKTOPHH ABHIKEHHS
MCIIOJIHUTENNEHOTO MeXaHU3Ma MaHHITY-
JSLUOHHOTO podoTra, BO3MOXKHOCTh 3a-
IaHUs TIOCIIeJOBATEIBHOCTH TOYEK IS
IPOXOXKIEHHS Yepe3 HUX UCITOTHUTE b~
HOT'O MEXaHHW3Ma MaHUITYISIIHOHHOTO
pobora. IlporpammHoe obecneuenue
NOKHO (PYHKIIMOHUPOBATh, Kak B OT-
JEeNBHOCTH B BHJE CPelibl MOJEIHUpPOBa-
HHUS, TaK U B peXHUME MOHHTOPHHIA
B peaJbHOM BpPEMEHH IpH TMOAKIIoYe-
HUM MOZENH MAaHHUITYJATOpa IMOCpe-
CTBOM DPOOOTOTEXHHYECKOTO KOHTPOJI-
nepa. [IlporpamMmmHoe ofecneueHue
JIOJDKHO 00ecrevrBaTh BO3MOXKHOCTB
MIOCTPOEHHUA rpadUKOB, 3aTaHHEIX U Te-
KyIIUX 0000LIEHHbIX KOOpANHAT MaHH-
MyJSALHAOHHOIO poboTa, rpaduKoB 3Ha-
YEHHMH CKOPOCTEH M yCKOpEHHs, rpadu-
KOB pacueTHBIX 3HAY€HHWi Harpys3KH.
[TporpamMHOe obecnedeHHe IOIDKHO
TMO3BOJIATh 3aJaBaTh IIOCIeJOBaTelb-
HOCTh II€pPEeIBMKEHUH MaHUIYJIATOpa
IOCPEICTBOM Habopa KOMaH]I
B OnouyHO-rpaduueckoM HHTepdeiice.
Y4eOHOe mocoOHe HOMKHO COAEPIKATh
MaTepHaibl 10 pa3paboTke Tpexmep-
HBIX MoJeneii MOOMIBHBIX pPOOOTOB,
MaHMITYJISILIUOHHBIX pOOOTOB € pa3iuy-
HBIMH THUIIaMH KHHEMaTHKH (yTJIoBas
KUHEMaTHKa,  IUIOCKO-TapaluieibHast
KHHEMaTHKa, nenbTa-KUHEMaTHKa,
SCARA wunmu pelyakHas KHHEMAaTHKa,
wiathopma CTroapTa ¥ T.I1.), HHCTPYK-
IIMH 110 IPOEKTUPOBAHHUIO POOOTOB, UH-
CTPYKLMH ¥ METOAUKH OCYIIECTBICHHUS
HHXEHEPHBIX pacyeToB IPU IPOEKTH-
pOBaHMH (pacdeTsl Harpy3KH U MOMEH-
TOB, pac4yeT MOIIHOCTH IIPUBOJIOB, pac-
4eT [apaMeTpoB KHHEMAaTHKU U T.IL.),
HHCTPYKIIHH II0 pa3paboTKe cHCTEM
yIpaBlIeHHUS U MPOrpaMMHOro obecrie-
YeHUs U yIpaBieHus poOoTamu, HH-
CTPYKLIHH H METOJVKH IO pa3paboTke
CHCTEM YIIPaBIICHHs C JIeMEHTaMH HC-
KYCCTBEHHOTO HMHTEJUIEKTa M MalllHH-
HOro 00y4eHus

y4eOHBIH poOOT-MaHUIYJIATOP MpeIHa-
3Ha4YeH I OCBOEHHUS O0y4daroIIUMUCS
OCHOB pOOOTOTEXHHMKH, I IIOArO-
TOBKH OOydYaroIUXcs K BHEAPEHHIO
U IOCIIEAYIOIIEMY HCIIOJIB30BAHUIO pO-
00TOB B NPOMBILUIEHHOM MPOU3BOJI-
crBe. KonnuectBo oceil pobora MaHHU-
nyasTopa — 4eTeipe. [lepemerienne uH-
CTPYMEHTa B TNPOCTPAHCTBE IO TPEM
OCSM JIOJDKHO YTIPaBIISATHCA I1arOBBIMHU

mT
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ABUTATEIIMU. HamnpsbkeHue NUTaHuS
LIaroBeIX JBUrareined He Oomnee 12 B.
CepBoJBurarenb 4eTBEPTOil OCH HOJI-
KeH obecrneyuBaTh MOBOPOT HHCTPY-
MEHTAa. YTOJI IOBOPOTa MaHMITYJISATOpA
Ha OCHOBaHHMHM BOKpPYI' BEpPTHUKaJIbHOU
ocu He MeHee 180 rpagycos. [{ns onpe-
JIeJIeHHs] TOJIOKEHUsS. MaHMITYJIATOpa
IpU IOBOPOTE BOKPYT BEPTHKAILHOM
OCH JOJKEH HCIIONB30BaThCs IHKOIEP.
Yron noBopoTa 3aJHEro Iieya MaHHUITy-
nstopa He MeHee 90 rpamycoB. Yron
IIOBOPOTA MEPEHErO IIiedya MaHHUITYJIs-
topa He MeHee 100 rpaxmycoB. lus
ONpEAENeHUs] TOJOXKEHUs  3aJHero
1 NIepeIHEro IUIeY MaHHUITyIATopa J0JI-
’K€H HCIIOIb30BaThC TMPOCKOM. YTOJ
[IOBOPOTA IO YETBEPTON OCH HE MEHEee
180 rpanmycoB. JlomkHa OBITE BO3MOXK-
HOCTh OCHAIIEHUs CMEHHBIMH Haca-
KaM{ (Hampumep, IepXKaTelb KapaH-
nama wid - (¢uomacTtepa, IPHCOCKa
C CepBOJBHraTelIeM, MEXaHH4YEeCKOe 3a-
XBaTHOE YCTPOMCTBO C CEpBOIBHIraTe-
JIeM, YCTPOMCTBO IJIs JIa3epHOM I'paBH-
POBKH MM YycTpoiicTBo ansa 3D-me-
qaTh). MUHUMalbHas KOMILUIEKTaLUs
CMEHHBIMH HacaJKaMH: ITHEBMaTHye-
CKHMH 3axBaT (TIpHUCOCKa), MeXaHWYe-
CKHUH 3axBaT, HacaJka Jep)Kareib I
KapaHJama/MapKkepa/pydkH, Hacaaka
NEPEXOAHUK IS KDETUIEHHS COBMECTH-
MBIX KOHCTPYKTHBHBIX A€Tallell U KOH-
CTPYKLHMH, HacajJka JIa3epHOH IpaBuU-
OBKH, Hacagka 3D-medatu (s pa-
EOTH ¢ ruiactTukoM PLA ¢ nuamerpom
HuTH 1,75 Mm). JlomkeH OBITh OCHAIIIEH
CEPBOIPHBOJIOM JIJIsi THEBMAaTHYECKOTO
¥ MEXaHW4YeCKOro 3axBaToB, o0ecreyu-
BAIOLIUM BpallleHHe 3aXBaYeHHOI0 00b-
€KTa BO BpeMs IepeMEIIEeHHs, TOBOPOT
nepeMeIiaeMoro oObpeKTa BOKPYT Bep-
THKJIBHOH ocH. JIna olecredyeHus
GYHKIIMOHHPOBAHUS THEBMATHYECKOTO
3axBaTa JIOJKEH OBITh OCHAIllEH BCTPO-
€HHOM B KOPIIYC MaHHUIYJIATOpa IIOM-
noi. /lomkHa OBITE BO3MOXKHOCTE I10/I-
KJIFOUCHHS JNOTIOTHUTEIBHBIX
YCTpPOMCTB (Hampumep, TpaHCIIOpPTEpa,
pensca Uil TepeMelleHds poboTa,
IyJbTa YOpPaBJICHUS THIA KOUCTHK,
KaMepbl MAallMHHOIO 3pPEHHUs, ONTHYe-
CKOr0o JaT4yuKa, MOJI6)'JIH OecnpoBo-
Horo poctyna). Pobor-manumynsrop
NOJKeH o0ecrednBaTh IepeMeleHue
HacaIKd B IPOCTPAHCTBE, aKTHBALHIO
HacaJKHd, BO3MOXHOCTb IOJyYEHHS
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.13,

OG6pasosares-
HBIM Habop 1o
MeXaHuKe, Me-
XaTPOHHKeE

U pobororex-
HUKE

CUTHAJIOB OT KaMephl U JaTYHKOB, BO3-
MOXXHOCTh YIpPaBJIEHHS IOMOJHHUTEIb-
HBIMH YCTpOWCTBaMU. Matepuan Kop-
myca — amoMuHHH. [[namerp paboueit
30HBI (0e3 y4deTa HaBECHOIO HHCTPY-
MEHTa W YETBEPTOil OCH) He MeHee
350 mm. HuTtepdeiic noaxmoueHHs
— USB. JlomkeH HMeTh BO3MOXKHOCTH
aBTOHOMHOM paboTel W BHENIHEro
yTIpaBlIeHHUA. BHEIIIHETO yTIpaBlie-
HUS JODKEH OBITh IpeayCMOTpeH

JBT, MOAKIIIOYAaEeMBIH K pobOTy o
Bluetooth. Ynpasnsromuit konTposiie
JOJDKEH OBITh COBMECTHM CO CpeoH
Arduino. VYmpaBnsmoOIIHi KOHTpOILIEp
COBMECTHM CO CpeJIo¥ TpOorpaMMHpPOBa-
HHs Scratch u s3p1KOM porpamMmmupoBa-
Hus C. JlomwkeH obecnieduBaTh IOBOPOT
I10 TIEPBBIM TPEM OCSIM B 3aIaHHBIH yToJI
¥ Ha 38[aHHBIA YToJI, IIOBOPOT MO 4YeT-
BEPTOH OCH Ha 3aJIaHHBIH YTOJI, IBHXXE-
HHE B KoopauHaTh X, Y, Z, lepeMelie-
HHE Ha 33JaHHOE€ PacCTOSHHUE 10 KOOp-
nuHataM X, Y, Z, nepegady HaHHBIX
0 TEKylleM IIOJIOXKEHHH YIJIOB, Iepe-
Aady JaHHEIX O TEKYIIHX KOOpAUHATax
MHCTpyMeHTa. JlokeH moanep)kuBaTh
NepeMeIlEHHE B JI€KapTOBBIX KOOPIH-
HaTax M yIJlax I0BOpOTa OCeH, ¢ 3a/1aH-
HOM CKOpOCTBIO U YCKOpeHHeM. THIIbI
NepeMelleH’ii B JeKapTOBBIX KOOPIIH-
HaTax: ABMJKEHHUE 10 TPAeKTOPHH, IBH-
)KEHHE I10 NPSAMOH MEXIy IBYyMs TO4Y-
KaMH, TepenphruBaHHe W3 TOYKH
H TO4Ky (mepeHoc obbekta). Kopmyc
NOJKeH OBITh B 3alTHIIEHHOM HCITOJTHE-
HHUe (knacca He Huxke [P20)

Habop 10/KeH OBITh MpeHa3HAYEeH /IS
[IPOBEJICHUS Y4eOHBIX 3aHATHIH MO H3Y-
YEHHUIO OCHOB MEXaTPOHUKH U pob6OTO-
TEXHHUKH, [PAKTHYECKOro MpUMeHEeHHUS
0a30BBIX  3JIEMEHTOB  JJIEKTPOHHKH
H CXEMOTEXHHMKH, a Takxe Hauboiee
pacrpoCTpaHEHHO! JJIEMEHTHOH 0a3bl
H OCHOBHBIX TEXHWYECKHX pEeICHHIA,
NPUMEHSEMBIX IIpH IPOEKTHPOBAHUU
1 NPOTOTUINMPOBAHUM PA3IHYHBIX HH-
’KEHEPHBIX, KHOEPHETUYECKUX U BCTpa-
HWBaeMbIX cHcTeM. B cocraB Habopa
JOJKHBl  BXOJAUTh KOMIUIEKTYIOIIHE
M YCTPOHCTBA, 00J1a/1af0Llie KOHCTPYK-
THBHOM, SJIEKTPUYECKOH, ammapaTHOi
1 IIPOrpaMMHON COBMECTHMOCTBIO IPYT
¢ OpyroM. B cocraB Habopa momkeH
BXOJHUTh KOMIUIEKT KOHCTPYKTHBHBIX
3JIEMEHTOB U3 MeTajlla Uil COOpKH Ma-
KeTa  MaHUIYJIALHOHHOrO  pobora

mT

23
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1 KOMIUIEKT METa/UIM4eCKUX KOHCTPYK-
THUBHBIX 3JIEMEHTOB 715 cOOpKH MakeTa
MobunbHOro pobora. B cocraB Habopa
JOJIKHBI BXOJIUTH MIPUBOJA PA3IUYHOTO
THUIIa: MOTOPBI C HHTETPUPOBAHHBIM HITH
BHELIHUM JaTYUKOM IMOJIOKEHUS — HE
MeHee 2 MIT., CEpPBONPHBOJ OOJBIIOH
— He MeHee 4 IIT., CepBOIIPHBO/] MaJIbIH
— He MeHee 2 IT., IPUBOJ C BO3MOXKHO-
CTBIO YIIpaBIIEHHS B IIarOBOM pPEeXHUME
— He MeHee 2 mT. B cocraB Habopa
JOJKHBl ~ BXOAMTH  OJJeMEHTHl  IJIf
cOOpKHM BaKyyMHOIO 3axXBaTa: BaKyyM-
Has MPHUCOCKa — He MeHee | MIT., SIek-
TPOMAarHUTHBI KjanmaH — HE MeHee
| mT., BaKyyMHBIi Hacoc — HE MEHee
1 mT. B cocraB Habopa no/kKHA BXO-
IUTH dJIeMeHTHas 0a3a JUIs IPOTOTHITH-
poBaHHs: IU1aTa Ansa OecrnaeqHoro mpo-
TOTUITMPOBAHHS, KOMIUIEKT IPOBOJOB
Pa3IMYHOTrO THUIA U JUIMHBI, KOMIUIEKT
PE3UCTOpPOB, KOMILIEKT CBETOIHMOJOB,
CEMHUCErMEHTHBIM MHAUKATOP, AUCILICH
JKK-Tumna, KHOIIKM — He MeHee S5 IIT.,
MOTEHLIHOMETPHI — He MeHee 3 IUT., HH-
(pakpacHBbIi JaT4YHUK — HE MEHee 3 IIT.,
JBTPa3ByKOBOM HaT4YHK — HE MeHee

IIT., JaTYUK TEMIIEPATYPhl — HE MEeHee
1 mT., JaTYUK OCBELIEHHOCTH — HE Me-
Hee | mrT., moxyns Bluetooth — He Me-
Hee 1 wrt., mogyns UK-npuemMHuka — He
meHee 1 mrT., Mmoxyns UK-niepegatunka
B BHJE KHOIIOYHOIO IyJbTa YIpaBle-
HUs — | WIT., aKKyMyJIATOp — HE MEHee
1 mT., 3apsAIHOE YCTPOHCTBO — HE MeHee
1 wr. B cocraB Habopa AOKEH BXO-
OUTh MYIBTHAATYMK [N H3MEpPEeHHUs
TEMIIEpaTyphl U BIaXXHOCTH OKpYXKaro-
mei cpensl — He MeHee 1 mT. MynbTH-
JaTYUK JOJDKEeH 001a1aTh BCTPOSHHBIM
MUKPOKOHTPOJIJIEPOM  (TakToBas 4a-
cToTa — He MeHee 16 1, IIHHA JaH-
HbIX — He MeHee 8 KbaiiT), natepdeii-
caMH JUIS TIOOKITIOYEHWS K BHEIIHHM
yCTpoiicTBaM: LUGpPOBBIE U aHAJIOro-
Bble nopThl, 1-wire TTL, passeM Tuna
RJ. B cocraB Habopa nomkeH BXOIUTH
KOMIUIEKT YHHBEPCAIbHBIX BBIYMCIIH-
TEJIBHBIX MOZYJEH, IMpeACTaBIAIOLINX
co6Go# 6a30ByI0 TIIATy, IJIATY paclIkpe-
HUS JUIS CETeBOro B3aHMOJEHCTBHUS
M IUIaTy TNOAKIIOYEHHS  CHJIOBOH
Harpy3kd. Bxopsmue B KOMILIEKT
YCTPOMCTBA JOJDKHBI 00NagaTh OIHO-
BpEMEHHON KOHCTPYKTUBHOM, 3]IEKTPH-
YeCKO#, anmapaTHOH H MpOrpaMMHOMN
COBMECTHUMOCTBIO ApYT ¢ Apyrom. ba3zo-
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Bas IUIaTa YHUBEPCAIbHOIO BBIYHCIIH-
TEJIBHOrO0 MOJIYJIsS JOJDKHA IpeAcTaB-
IATh Co0OH TPOrpaMMHpPYeMbId KOH-
tpoiuiep B cpeae Arduino IDE unu ana-
JIOTHYHBIX CBOOOIHO 6pacnpocrpa}me-
MBIX cpenax paspabotku. bazoas
IU1aTa J0JKHA 00J1agaTh BCTPOEHHBIMHU
HHTepdeiicaMH Ui MOAKIIOYEHHS
IU(PPOBBIX U aHAJOTOBBIX YCTPOMCTB,
BCTPOEHHBIMH HHTepbeiicamu USB,
UART, I2C, SPI, 1-wire TTL,
Bluetooth, WiFi. [lnata pacmmpenus
JO/KHa obecnednBaTh BO3MOXHOCTH
MOJIKJIIOYEHHS] YHUBEPCAIEHOTO BEIYHC-
JIATENIBHOTO MOJYJISl K CETH IOCpe-
ctBoM wuHTepdeiica Ethernet. Ilnara
paclIupeHus OOoJKHa obnajarh mop-
TaMH BBOJIa-BBIBOJA JUIS MIOAKIFOYUEHHS
IUPPOBEIX M AHAIOTOBBIX YCTPOMCTB,
uHTepdeiic SPI u BO3aMOXXHOCTEIO MOA-
KJIFOYEHHs BHEIIHEH KapThl NaMSTH.
[Inara pacmmpenus Wi NOOKIOYEHUS
CHWJIOBOM Harpy3ku JOJDKHa obecriedyu-
BaTh BO3MOXXHOCTb IPAMOTO MOJIKIIO-
YEeHHUs BHEIIHeH CHUJIOBOH HarpyskH,
a TaKXe perylMpyeMOW Harpy3Kd Io-
cpenctBoMm PWM uHTepdeiica. B co-
cTaB Habopa JI0JKEH BXOAUTh IPOrpaMm-
MHPYEMbIH KOHTpOJLIEP, 00ecreunBaro-
MK BO3MOXHOCTH OCYIIECTBIIATH pa3-
paboTKy MporpaMMHOTr0 KOja, HCIIOJb-
3ys MHC MeHﬁpHﬁ cpen pa3paboTKu

duino IDE u Mongoose OS u s1351k0B
nporpammupoBanusi C\C++, JavaScript.

porpaMMHUpPYEMBIH KOHTpOJUIEp A0J-
’KeH 00J1anaTh MopTaMu JUis TOAKITIOYe-
HUS  UUQPOBBEIX H  aHAJIOTOBBIX
YCTPOMCTB, BCTPOCHHBIMH IPOTrpaMMH-
pPYEMBIMH KHOIIKaMH U 3JIEKTPOMeXaHH-
YEeCKMMHU MOIYJSMH ISl OpraHH3alliu
CHUCTEMBI PYYHOI'O yIpaBJieHHs, BCTPO-
€HHBEIMH ITIpOrpaMMHPYEMBIMH CBETO-
OUOJaMHU Ul HHIUKaUU paboyero pe-
’KMMa, BCTPOEHHBIMH HHTepdeilicamu
USB, USART, 12C, SPI, 1-wire TTL,
ISP, Ethernet, Bluetooth, WiFi. B co-
craB Habopa NOMKEH BXOOWTH MOMYJIb
TEXHUYECKOTO 3peHHs, IpeICTaBIIsIO-
K cobol BBIYMCIUTEIBHOE YCTpPOWi-
CTBO CO BCTPOEHHBIM MHKpPOIIPOLIECCO-
poM (KoJI-Bo siiep — He MeHee 4 IIT., Ya-
crora siapa He MeHee 1,2 [T, 00BeM
O3Y — He menee 512 M6, o6BpeM BeTpo-
eHHOM mamaTh — He MeHee 81°0), uHTe-
IPUPOBaHHOM KaMepol (MaKCHMAaIEHOE
paspelleHHe BHIEONOTOKa, NepeaaBae-
Moro 1o unTepdeiicy USB — He MeHee
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2592x1944 en.) ¥ onTHYeCKOM CHCTe-
MOH. MoIyJib TEXHHYECKOTO 3pEeHHs
NIOJDKEH 00J1alaTh COBMECTHMOCTEIO
C Pa3IHWYHBIMH IIPOrPaMMHPYEMBIMH
KOHTPOJUIEpaMH C TIOMOIIBIO HHTEP-
]cgeIYICOB — 1-wire TTL, UART, I2C, SPI,

thernet. Moxynp TexHH4YecKoro 3pe-
HHUS JIOJDKEH obecreduBaTh BBIMOJHE-
HUE BCEX H3MEPEHWH W BBIYUCIEHHUH
IIOCPEICTBOM COOCTBEHHBIX BBIYHCIIH-
TEJIBHBIX BO3MOXHOCTEH BCTPOEHHOIO
MHKpoIponieccopa. Moaynbs TexHHYe-
CKOro 3peHMs JO/DKeH 00JanaTh BO3-
MOXXHOCTBIO KOMMYHHKALIMH C aHalo-
TMYHBIMU _ MOJIYJSMH  IOCPEICTBOM
IIUHBI Ha 0a3e 10C/Ie10BaTeIbHOTO HH-
Tepdeiica ¢ UeNbl0 NanbHeHel nepe-
flayi pe3ysbTaTOB M3MEPEHHH TPYIIIbI
MOJyJIE Ha YNpaB/AIOLIEE BBEIYHCIIH-
TETbHOE YCTPOMCTBO, IMOAKIIIOUYEHHOE
K JaHHOH 1uHe. Moy1p TEXHUYECKOTO
3peHUs NOJDKEH obecrnieunBaTh
HaCTPOHKHU PEXKHUMOB paboTsI
— HaCTPOMKY 3KCIo3uLMH, OanaHca Ge-
JIor0, ILBETOPAa3HOCTHBIX COCTAaBIISIO-
IMX, IUIOIagy oOHapyXHBaeMoit 00-
JIaCTH U300pakeHHsl, OKpYTJIOCTH 0OHa-
pyXuBaeMoit o0nacTH H300pakeHus,
NOJIO)KeHUe OOHapy>XKHUBaeMbIX o00Ja-
CTell OTHOCUTENIBHO Opyr Apyra, Ma-
IIIMHHOE o0y4eHHe  ImapameTpoB
HEHpOHHBIX ceTel I oOHapyXeHHS
00BEKTOB, %opMy ¥ 3aKOOHUPOBaHHEIE
3Ha4YeHHs 00OHaPY)KMBAaE€MbIX MapKepOB
tuna Aruco, pa3Mmepsl OOHapyXHBae-
MBIX OKPYXHOCTEH, KBaapaToOB H Tpe-
YTOJIBHHKOB, ITapaMeTPOB KOHTPaCTHO-
CTH, pa3MepOB, KpUBU3HEI 1 IIOJIOKEHHUSA
pacrno3HaBaeMbIx nuHUE. Habop moin-
KeH obecrieynBaTh BO3MOXKHOCTB 6paz-
paboTkd Monend MoOHIBHOro pobora,
ynpasnsiemo B FPV-pexxume mocpen-
CTBOM IIPOTPaMMHOr0 oOecrneYeHHs
U1 IEPCOHAIBHOTO KOMITBIOTEPA U MO-
OunpHBIX ycTpoiictB Ha ©6aze OC
Android mwm 10S, obGecneunBaromiero
BO3MOJKHOCTB YIIPaBIeHHS MOOMIEHBIM
pobOTOM M BCTPOEHHBIM MaHHUITYJISATO-
pOM TOCpencTBOM TIpadHUyecKoro HH-
Tepdeiica, BKIIOYarOIMM B cebs HaGop
KHOIIOK M MEpEeKItoYaTelieH, JHKOUCTHK,
obnacte JUIsi OTOOpakeHHsS BHIEO.
Habop nomxen obecriednBaTs BO3MOXK-
HOCTb H3Y4E€HHUS OCHOB pa3paboTKu
MpOorpaMMHEIX H allllapaTHBIX KOMHJ’ICK:
COB HHXXEHEPHBIX CHCTEM, PpeLIeHHH
B chepe "HHTepHeT Bemleit", a Takike
pelieHu# B 00IacTH POOOTOTEXHHKH,
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OGpa3zoBarens-
HBEIH KOHCTPYK-
TOp IUIS Tpak-
THKHA OJIOYHOTO
TIPOrpPaMMHpO-
BaHUSI C KOM-
IUIEKTOM  JaT-
YHKOB

HCKYCCTBEHHOT'O UHTEJIJIEKTa U MAlllHH-
HOoro oOyueHus. B cocraB HaGopa
JOJDKHO BXOJIUTH INocoOue Mo u3yde-
HUIO OCHOB 3JICKTPOHHKH U CXEMOTEX-
HHKH, pelienuii B cdhepe "UHTEpHET Be-
mei", pa3spaboTKH U HPOTOTHITHPOBA-
HUIO Mojeneil pobortoB. B cocras
Habopa MODKHO BXOIHUTh IIOCOOHE IO
H3Y4YEHHUI0 OCHOB pa3pabOTKH CHCTEM
TEXHHYECKOI0 3pEHHS H DIIEMEHTOB HC-
KyCCTBEHHOT'O MHTEJUIEKTA

poboToTexHUYeCKu Habop MpeaHa3Ha-
4YeH I H3y4YeHHS OCHOB pPOOOTOTEX-
HHUKH, JleTajleii, y3JI0B U MEXaHH3MOB,
HEOOXOIUMBIX [UIs CO3JaHHs PoOOTO-
TEXHHYECKUX ycTpoiicTB. Habop npen-
CTaBJIsIeT COOOHM KOMIUIEKT CTPYKTYp-
HBIX 3JIEMEHTOB, COEAUHHUTEBHBIX dJle-
MEHTOB U 3NEeKTPOTEXHUIECKHX KOMIIO-
HeHToB. Habop mo3BonseT mpoBOAMTH
3KCIIEPUMEHTHI 110 INpeaMeTy (QH3HKa,
co3laBaTh M IMPOTPaMMHPOBATH COOH-
paeMsle MOJIeNIH, U3 KOMIIOHEHTOB, BXO-
ISIIMAX B €r0 COCTaB, pabovyre MoJeH
MOOUJIBHBIX U CTAllHOHAPHEIX pOoOOTO-
TEXHUYECKHX YCTPOHCTB C aBTOMAaTH3H-
POBAaHHBIM YIIPaBJIEHHEM, B TOM YHCIIE
Ha KOJIECHOM M TYCEeHHYHOM XOLIY,
a Tak)Xe KOHCTPYKIIHH, OCHOBaHHBIX Ha
HCIOJIB30BaHUU PA3IUYHEIX BHAOB IIe-
penad (B TOM 4YHCjIe YepBSIYHBIX H 3y0-
4aTBIX) a TaKXKe peYaros. BeTpoeHHble
OecnpoBoHEIE ceTeBble pemeHus (Wi-
Fi u Bluetooth), Bo3aMo>xHOCTh HHTETpa-
nud ¢ OecrmmatHeIM oOmadneiM IO,
00eCreyrBarOT BO3MOXKHOCTb TMPAaKTH-
YECKOTO M3y4EHHS TEXHOIOTHH HHTEp-
HeTa BeIleH M OCHOB HMCKYCCTBEHHOI'O
uHTesuiekTa. ObecrnedynBaeTcss BO3MOXK-
HOCTh 00beIMHEHHsI HECKOJIBKHUX po0o-
TOB, COOpaHHBIX M3 MOAOOHBIX Habo-
POB, B IPYIIEI C CETEBEIM B3aUMOJEH-
cTBueM. lIpenxycMmoTrpeHa ommmoHa b-
Hasi BO3MOXHOCTb pacIIMpEeHHs JOIOJI-
HUTEJIbHBIMH KOMITOHEHTaMH (HE BXO-
ISIMMHM B CTaHIApTHYIO KOMILIEKTa-
U0 ), TIO3BOJISFOLIUMH H3y4aTh TEXHH-
YeCcKoe 3peHHe W NPOMBIILIEHHYIO Po-
botorexHuky. IIpemycMoTpeHa BO3-
MO>KHOCTb paboThl Habopa C IOMOJIHH-
TENbHBIMH OONIaYHBIMH  CEpPBHCAMH.
[IpexycMOTpeHbl MHHHMYM [Ba IIpO-
rpaMMHpYeMBIX KOHTpoOJUlepa B ILia-
CTHKOBBIX KOpITycaX, ITO3BOJISIOIINX
OJHOBPEMEHHO CO3[1aBaTh 2 BapHaHTa
poGOTOB pa3sIUYHOrO Ha3HAYEHHUs, HMe-
IOLUX BO3MOXKHOCTE PabOTHI KaK B I10-
TOKOBOM peXHMe, TaK H aBTOHOMHO;

T
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3.1.

Selals

TIO3BOJIAIOIUX peali30BaTh ODyYEHHE
IPOrPaMMHPOBAaHHIO B  HECKOJBKHX
cpenax pa3paboTKy Ha pa3IMYHBIX SA3bI-
Kax (kK mpuMmepy, B cpemax Mblock,
Arduino IDE, Ha s3pikax Scratch, C,
Python, micro Python). Kak munnmMym
OJIMH U3 KOHTPOJJIEPOB UMEET BCTPOEH-
HYIO OIEpalMOH CHUCTEMY, BCTpO-
enHsle Wi-Fi u Bluetooth, nopr mns
MOJK/IIOYEHUsI TOCIeI0BaTeNEHO CO-
eIUHAEMBIX BHEIIHUX YCTPOHCTB (He
MeHee 20 OHOBpPEMEHHO IMOIKIIIOYae-
MBIX ycTpoHcTB). Kak MHHHMYM OonuH
13 KOHTPOJUIEPOB MMEET BO3MOKHOCTh
OJIHOBPEMEHHON 3allUCH HEe MeHee
8 mporpamMm, ¢ BO3MOXHOCTEIO Tiepe-
KIIIOUEeHHS Mex 1y HUMHU. Kak MUHHUMYM
OJIMH M3 KOHTPOIUJIEPOB MMEET IT0JHO-
useTHeld aucried (IPS), mosBonsro-
IIMH BBIBOOUTH JaHHBIE C JaTYHKOB
B BUie TabnuIl U rpaMKOB, a TAKXKe CO-
3[1aBaTh BCTPOCHHbIE B KOHTPOJLIED BH-
peourpsl. KosnuecTBo ceHCOpoB U Hc-
MOJIHUTENIBHBIX YCTPOMCTB, BCTPOEH-
HBIX B OJIUH U3 KOHTPOIUJIEPOB, — HE Me-
Hee 10 mwr. Obmee KOTH4ECTBO JIEMEH-
TOB B Habope He meHee 400 wT., B TOM
quciie TIOAKIFOYaeMble  MOJYJIH:
— Bluetooth Moy e, — TBOMHOM HaTYHK
JIMHMH, — yIbTPa3ByKOBOH NaTYUK pac-
CTOSIHHS, — 1aTYUK L[BETa, — JaTYHK Ka-
CaHUs dJIeKTpoMexaHudeckuid, — IR Mo-
1yJ1b, — MOTOP IIOCTOSTHHOTO TOKa C pe-
TYKTOPOM — He MeHee 2 IIT., — CEPBO-
OpUBOI, — IbT _JAUCTAaHIIHOHHOI'O
ynpasnenus IR. Habop nmomxeH OvITh

KOMIUIEKTOBaH  aKKyMYJSTOPHBIMH

atapesmH. [IporpammHoe obecrieye-
HHE, UCITOJIb3yEeMOe ISl IIPOrpaMMHUPO-
BaHMUsA COOMpaeMbIX pOOOTOTEXHHYE-
CKHX MOJeIeH WU YCTPOMCTB, HOJDKHO
6BITB AOCTYIIHO JIs OCCIIaTHOI'O CKa-
4yMBaHUA U3 ceTH VHTepHeT U nmociemy-
IOLLEro UCIOJIb30BaHUS

HaumenoBanue pasznena: "bazoBas (o6s3arenbHast 4acTh) (MaJOKOMILIEKT-

Has 1mKoJja)"

HanmeHoBanue HanpapieHus: "EcTecTBeHHOHay4Has HanpaBIeHHOCTb
(MaToKOMIUIEKTHAs 11Koa)"

Hudposas na-
Gopatopus 1o

¢usuke (yue-
HU4ecKas) (Mma-
JTOKOMILIEKT-
Has LIKOJIa)

obecrieydBaeT BEITTOJHEHHE OKCIIEpH- IOT

MEHTOB I10 TeMaM Kypca Qusuku. Kom-
IUIEKTalus: 0eCIIpOBOHOM MYJIBTHIAT-
YUK 10 ¢GHU3UKE C 6-10 BCTPOEHHBIMH
JAaTYMKaMH: HUGPOBOI MAaTYHK TeMIle-
paTypel ¢ JMarla30HOM H3MEPEHHS HE
yxke 4eM oT -20 go 120 C; uudposoii
JaTYHK abCOJIFOTHOrO JAaBJICHUS C OUa-
Ma30HOM H3MEPEeHHs He YKEe dYeM
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3.1.2. LludpoBas na-
OopaTopusi 1O
XAMHH (y4EeHHU-
yeckas)

3.1.3. Lludpoas na-
Ooparopusi 1O
Ouonoruu
(yueHuveckas)

ot 0 mo 500 xIla; naTyuk MarHUTHOrO
TIOJIs C IMaNa3oHOM U3MEpPEHHUs He yKe
4yeM oT -80 no 80 MTn; matuuk Hamps-
KEHUsl C AUana3oHaMU HM3MEPEHHs He
y>Xe 4eM oT -2 10 +2B; ot -5 1o +5B; ot
-10 go +10B; ot -15 nmo +15B; marumx
TOKa He yXe 4eM oT -1 no +1A; natuuk
aKcellepoMeTp C NOKa3aTelsIMH He Me-
Hee ueM: +2 g; +4 g; +8 g. OTnensHele
ycrporictea: USB ocunmtorpad He me-
Hee 2 kaHana, +/-10 B. Akceccyapsl: ka-
6ens USB coenuHUTENBHEIN; 3apsaHOoe
yCTpO#cTBO ¢ Kabenem miniUSB; USB
Anantep Bluetooth 4.1 Low Energy.
KOHCTpYI{TOE 11 TIPOBEJEHUs JKCIIe-
puMeHTOB. KpaTkoe pyKOBOJCTBO II0
3KCIulyaTauuud LuppoBoit saboparo-
pun. IIporpammuoe obecneuenue. Me-
ToAM4YEecKHe pekoMeHaauuu (40 pabor).
Hanuyue pycckos3pIMHOrO caita Imoj-
NEPKKH, HATHYHE BHIEOPOJIHKOB

obecneynBaeT BBINIOJIHEHHE JTabopaTop-
HbIX paboT M0 XMMHM Ha YpOKaX B OC-
HOBHO# LIKOJI€ M MPOEKTHO-KCCIe10Ba-
TENBCKOM JeSTeNIbHOCTH  YYaIluXcCs.
Kommiekranus: OecripoBOJHON MYyJib-
THOATYUK 110 XMUMHH C 3-MsI BCTPOEH-
HBIMHU JlaTYMKaMH; AaT4uk pH c amuamna-
30HOM U3MepeHHs He yxe uyeM oT 0 1o
14 pH; naTduK 371€KTPONpPOBOIUMOCTH
C AMana3oHaMU H3MepeHHs He yKe 4eM
ot 0 1o 200 MxCwm; ot 0 mo 2000 MxCwm;
ot 0 110 20000 MxCM; gaTauk TeMIiepa-
TYpPBI C JHAa30HOM H3MEPEHHUS HE YiKe
yeM oT -20 no +140C; otnensHBIE OaT-
YUKH: JAaTYUK ONTHYECKOH IUIOTHOCTH
525 M. Akceccyapsl: kabens USB co-
eJUHUTEJIBLHBIN; 3apsiHOE YCTPOHCTBO
¢ kabeneM miniUSB,; USﬁ lXuanTep
Bluetooth 4.1 Low Energy. Kpartkoe py-
KOBOJCTBO II0 JKCIUIyaTallid_LU@po-
BOoH naboparopun. Habop na6oga'rop-
HOM ocHacTkH. [Iporpammuoe obecme-
yeHHe. MeTtoandeckue peKoMeHAaluH
He meHee 40 pabor. Hanmuuue pyccko-
A3BIYHOTO CaiiTa MOJAEPKKH, HATHUHE
BUJIEOPOJIMKOB

obecreqnBaeT BBINIOJIHEHHE JTabopaTop-
HBIX paboT Ha ypoKax 10 OHoJoruu
B OCHOBHOW ILKOJIE ¥ NTPOEKTHO-HCCIE-
JOBAaTEIbCKONH  OeATeNbHOCTH  y4a-
muxcd. Kommiexranus: 6ecripoBoiHO#
MYJIbTHAATYMK IO OWOJIOTHH C 5-F0
BCTPOCHHBIMH JaTYHKaMH, JaTYHK
BIIQ)KHOCTH C JHANa3oHOM H3MepeHHs
0 — 100%; maTyHK OCBEILIEHHOCTH
C IHana3oHOM M3MEpPEHHS HE yKe 4eM

mT

T
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3.,

321

3:2:2:

ot 0 no 180000 nk; natyuk pH ¢ quana-
30HOM H3MepeHHUs He yxke ueM ot 0 1o
14 pH; naT4yuk TemmepaTypsl ¢ qUama-
30HOM H3MepEHHUs He yxKe 4yeM oT -20 10
+140C; maTtuMk TeMIepaTypbl OKpyka-
IOLIEHN Cpelbl C AUAa30HOM U3MepeHus
He yxe 4eM oT -20 go +40C. Axkceccy-
apsl: 3aBHI[HOG YCTpPOMCTBO ¢ KabeneM
miniUSB; USB Anxanrep Bluetooth 4.1
Low Energy. KpaTtkoe pykoBOACTBO 1O
9KCIUIyaTallud Lu@poBoit maboparo-
pun. Lludporas Buneokamepa ¢ mMera-
JTHYECKUM IITaTUBOM, pa3pelleHHe He
meHee 0,3 Mnukc. [Iporpammuoe oGec-
nedeHue. MeTtoaudeckue peKoMeHHa-
nud He MeHee 30 pabot. YmakoBka.
Hannuue pycckosi3pIYHOTO caita moi-
NEepKKH, HATUYHE BUAECOPOTHKOB

HaumenoBanue HanpaBneHus: "KomnbroTepHoe 060pymoBaHue (MalOKOM-
IJIeKTHas mKoJja)"

M®Y (npuH- THN ycTpoHcTBa: MHOTO(YHKIIMOHAb-
Tep, CKaHep, Hoe ycTpoictBo (M®YVY). llBetHOCTB

KOIIHP)

HoyTtOyx

nevyaTH: 4epHo-Oenas; TEXHOJIOTHS Tie-
94aTH: 3JeKTporpadudeckas (nasepHas,
CBETOAHOIHAA); hOpMAaT MeYaTh: He Me-
Hee A4. Tun ckaHUpOBaHMS: MPOTSIK-
HBIH/TUIaHIIETHBIN, BO3MOXXHOCTh CKa-
HUpOBaHUS B ¢popMarax: He MeHee A4,
8%103006 mogkmrodenus: LAN, Wi-Fi,

¢dopMm-pakTop: HOf/Tﬁg/K; pasMmep auaro-
Hajau: He MeHee 15.6 mroiiMoB; paspe-
menue skpana: Full HD, Quad WA
Ultra HD; o6muii o6beM ycTaHOBIIEH-
HOH OIlepaTMBHOM NaMATH: HEe MEHee
8 I'0aiiT; MaKCUMaJIbHBIH OOLIMNA MOxI-
Iep KUBaeMblif 00BeM OrepaTHBHOM ma-
MATH: He MeHee 16 ['GaiiT; 00bem SSD
HaKOIMTEJIA: HE MEeHee 246 ['GaiiT; Gec-
nposoaHad cBa3b: Wi-Fi. Konndectso
BCTPOEHHEIX B KopIryc rnoptoB USB: He
MeHee 2, W3 KOTOpbIX HE MeHee
1 nomxHo 66ITe USB Bepcuu He HiKe
3.0. Paspemenue B30-kameps!, Muk-
cenb: He MeHee (.3; BeTpoeHHEIH MUK-
podoH; KiIaBHaTypa C pacKIaJKoH
g Ma KIiI_FOBKOfI kiaBumr QWERTY/
HIIYKEH. Ilognepxka cTaHZapToOB
OecripoBoHOM cBsizu: 802.1 la/b/g/g/ac;
MPOU3BOAUTEIEHOCTD Iporeccopa
(3Hagenue nokaszatens "CPU Mark" 1o
TeC "Laptop & Portable CPU
Perfomance http://www.cpubench
mark.net/laptop.htmls): He MeHee 5000
€IMHHUI; HaJM4YHe  MaHHUITYJIATOpa
MBIIIb B KOMIUIEKTE: 1a. YCTaHOBJIEH-
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HavanbHuK ynipaBieHus
obmrero o0pa3oBaHHA

Has OIlepallMOHHas CUCTeMa ¢ rpadude-
CKUM IIOJIb30BaTEeNIECKUM HHTepdeii-
COM, CBEJEHHS O KOTOPOM BKITIOYEHEI
B €IWHBIM peecTp POCCUHUCKHUX Tpo-
rpaMM Ui 3JE€KTPOHHBIX BBIYHCIIH-
TEIbHBIX MAallMH U 0a3 NaHHBIX; ycTa-
HOBJIEHHBIH IakeT oOQUCHOro mpo-
rPaMMHOTO  00€CIeYeH s, COBMECTH-
MOTO C YCTaHOBJIEHHOM OIepaldOHHOM
CHCTEMOH, CBEJIEHHS O KOTOPOM BKJIIO-
4YEeHbl B €IMHBIH DPEecTp POCCHHCKHX
MPOrpaMM JUIsl SJIeKTPOHHBIX BEIYHCITH-
TENBHBIX MaIllMH U 6a3 JaHHBIX

s

E.B. Marapxyx
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