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oOpa3zoBaHus. B pexoMeHAanusAX TepeyrclIeHbl 3HAHMs, YMEHUS W HaBbIKH, KOTOpPbIE MOTYT
npuodpecTy o0ydarommecs mpu padoTe C COOTBETCTBYIOIINM 000pYyI0BaHUEM, TaHBI PEKOMEH AN
[0 €ro MHTErpaluu B Y4YeOHBIH MpOLIECC M MPAKTHUECKOMY HCHOJIb30BaHUIO. Takyke MpHUBEACH
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nosicieHusiMu. [Tocobue 3aBepiaercss CHUCKOM CChIIOK Ha HEOOXOMMble UCTOYHUKU UH(DOPMALIUH.

Pexomennaiu copMynupoBaHbl ¢ y4eTOM IMPAKTHUECKOro OmbiTa IpenojaBarerneil LleHTpa
nmwkenepHoro TBopuectBa DI'AOY BO «HaumoHanmpHBINM — HCCIIETOBATENBCKUM  SIIEPHBIN
yauBepcuter “MUOU”» (HUAY «MUDWU») u yuureneit Yuuepcuterckoro jmmes Ne 1511
npeaynusepcurapus HUSAY «MUON».

Martepuaisl peiHa3HauYEHbl YUUTENAM (DU3UKHU U MeJaroraM JOMOJIHUTEIFHOr0 00pa3oBaHus, a
TaKXKe METOJIMCTaM 00pa30oBaTEIbHBIX OPraHU3alMH, PeaT3yIOIUX MPOrpaMMBbl CPETHETO OOIIEro
00pa3oBaHMs U JONOJHUTEIBHOTO 00pa30BaHuUs.

Mertoanyeckre peKOMEHJAIMK pa3paboTaHbl B paMKax rocynapcrBeHHoro 3aaanuss OI'BHY
«UHcTUTYT cTpateruu pa3BuTHs oOpasoBaHus» Ha 2024 r. «OOHOBIIEHHE COJEpkKaHUSA OOIIEro
0o0pa3oBaHHS.

© OI'bBHY «MHCTUTYT cTpaTeruu pa3BuTHs oOpa3oBaHusy, 2024
Bce nmpaBa 3amunieHs!



Conep:xkanue

BBEJIEHIE ..ottt et sae e e e e b e e nn e e nne e s nneenneeenne e 5)
PEKOMEH/JIALIMHA ITO UCTTOJIB30OBAHHNIO B YYHEBHOM ITPOLHECCE
CHEHUAJIM3UPOBAHHOI'O OBOPYJOBAHMUSA ...........cocoiiiiieieeeee e 9
1. KOoMITTEKC JITIS1 3D -MOICITHPOBAHTS ......vveevvveesiiieesiiieasitesassseesbseesbeessnsseesnseessnseesssseessnseessssessnsnens 9
2. Ope3epHO-TPABUPOBATTBHBIN CTAHOK ..vvveiuvvieistriesstesessteeessseessssesssssesssssesssssesssssesssseesssessssessssnes 12
I BT o) 0917 s 0 10 PP PPR PPN 14
O o) (0) Q=15 00y 1% 8102520 1 (PP TR 15
R EET: 01082 128 fes 1 6000 5 R 17
6. YHUBEPCATBHBIM HA0OP PYUHOTO MHCTPYMEHTA . .veeuvvinreeseessreesseeasneesneessreessesssneessessneessesanneens 19
7. HaOOD DTCKTPOMHCTPYMEHTA ...vveerveeureasseessreasseessseessseasseesssessseassssassesssessssesssesssesssessnsesssessnseens 19
8. IlpucraBka-ocmiorpad K KOMIbIOTEPHOMY U3MEPUTEILHOMY OJIOKY, WU ITU(PPOBOi
10163 1170 81 00) iy o - T | PRSP RPPRPR 21
9. Uctounuk nmutanust 1a00PATOPHBIN 30 B. ...vviiiiiiiiiii i 22
10. I'eHepaTOp CUTHATIOB CIICITHATBHOM (DOPMBL. ...vviiisiiieiiiiieiiieesiieesiieessiieesssaeessineessineesssneesssneeans 23
11. AnmapaTHO-TTpOrpaMMHBIN KOMITJIEKC aBTOMATH3AINH (PU3HUECKOTO IKCIIEPUMEHTA.............. 24
12. Ludposas mabopaTopus TPOGUIHLHOTO YPOBHS C HAOOPOM JTATTHKOB. ...ccvveerveeriresvensieeaeenss 25
L T 71035 3 20 (S o J PO PROUR PR OPRRPR 26
14. OGpa3oBarenbHbIi HAOOP HA OCHOBE MUKPOKOHTPOJLIEPA ATdUINO ....c.vvvivveeiriiieecee e 28
15. O6pa3zoBaTenbHBIN HAOOP JJIST 3HAKOMCTBA C MHTEPHETOM BEIIICH. «...vvveevveeeiveeesireeesiieeesineenns 29
16. O6pazoBaTeabHbIN HAOOP 1O OCHOBAM IEKTPOHMKH. .. .ecvvivieiieiriaiiesrieie s sbe e sne e 31
17. O6pazoBaTenbHbIl HAOOP Ha OCHOBE MUKpOKOMIIbioTepa Raspberry Pi. ..., 32
18. KOHCTPYKTOP-TPAHCHOPMED HHIKEHEPHBIM. .....ccviivriiirerisiiiiiieiti sttt 34
PEKOMEHJAYEMBIE TEMbBI [IPOEKTHBIX PABOT ..........ccoooiiie e 36

Tema 1. U3roToBnenue 3ppeKTUBHOTO TBEPIOrO TOIINBA

Ha OCHOBE MPOJAYKTOB NEPEPAOOTKU APEBECHHBI ....cevvvereeenreesieennreenseesreessneaneensnesneesnes 36

Tewma 2. Pazpaborka muan-I"2C, mpenHazHadyeHHOM JI71s1 PaOOTHI

B OTJIAQJICHHBIX TOPHBIX PAMOHAX ..ve.vveesreessreeteessreesseessneesseeasreessessneesseessneessnssneessnesneessns 39

Tewma 3. M3roToBneHue ruipOOHHON YCTAaHOBKH ISl BEIPAIIUBAHUS

MHUKPO3EIICHH B JIOMAITHUX YCHOBHIX .. .uvvreurriessreiesuresessreesssnessssnessssnessssnessssnessssnessssnsssnns 40

Tema 4. Pa3zpaboTka nepcoHaIbHOTO ETEKTOPAa KOCMHUUECKOTO UBIYUCHUS «oovvvvvveeriverreesinennneans 42

Tema 5. MccnenoBanne XapakTepUCTUK KOCMUYECKOTO U3JTYyYEHHUS

C TIOMOIIIBEO CMAPTQIOHA ....vveevieereesieeeiee st esseesiee e e s e e e sse e neesnr e ne e s e e e neennneaneesnneeneen 44
Tema 6. MccnenoBanue xapaktepucTuk 4G/GSM aHTEHHBIX YCHITUTEIICH ....cvvvvvevviiiieniiirinieee 46
Tema 7. CO0pKa MOJIEIH MPOCTEUIIETO CEHCMOTPAPA. ....vveuvirieiivieiiiiiiiieriere s 47
Tema 8. M3yuenne audpakiiuy cBeTa Ha YIABTPAZBYKOBOM BOJTHE ......vvvveririreireerisiisreesresnesieesnas 48



Tema 9. U3yuenue natepdepeHIinu yiabTpa3ByKOBBIX BOJH
U €€ IPUMECHECHHS B (DUBUOTEPAIIHH . ... veveervineesieessesssesseesseasessseesseassesseesssasnsaseesneasnesseennas 50

Tema 10. MccnenoBanue napaMeTpoB CBETa, TPOXOIAIIETO

yepe3 ONTHUECKU HEOTHOPOIHYEO CPECILY ..vveuveeureerersureaseessreaseessesaseessnssssesssnssnseesneanns 52

Tema 11. MonenupoBanue pabOThl KOMIAPATOPA HATIPSIKCHUM «..vvvevvveersreeesiieessireesssieesssneessneenns 53
Tema 12. MccnenoBanue TEMIOBBIX CBOMCTB KOHCTPYKIIMOHHBIX MATEPHAIIOB. ....vvvveeirerreeesinereesss 55
Tewma 13. llIkonpHas MeTeocayk0a (pusnka, HHHOPMATHKA, TEOTPAPH) ..ecvvveeerrrererreesiireesiineenns 56
CCBIJIKN HA HCTOUYHUKHU UHOOPMAIMMN .........cocooiiiiiiiiieieee e 58



BBEJAEHHUE

Hacrosmue METOAUYECKHE pEeKOMEHAaIuu o UCITOJIb30BAHUIO
CHEIUAIN3UPOBAHHOTO OOOpYJOBaHUSI HA 3aHATHSIX B HMHXKEHEPHBIX Kjaccax
MpeHa3HAYEHBI 1J1s1 yuuTenel (U3UKH U 1eIaroroB AOMOJHUTEILHOTO 00pa30BaHuUs,
a TaKXe 1711 METOAUCTOB 00pa30BaTeIbHBIX OpraHU3aIuid, pea3yOUX MPOTPAMMBI
cpenHero oo1ero oopa3oBaHus U JOMOJHUTEIBHOTO 00pa30BaHUs.

B o0pa3oBaTenbHBIX OpraHu3alusiX, PEATU3YIOMIMX MPOrPaMMBbl CPEIHETO
oOmiero oOpa3oBaHus, TMOJTOTOBKa OOYyYalOIIUXCS B paMKax y4eOHOro IulaHa
TEXHOJIOTUYECKOTO  (MHXKEHEPHOTo) mpoduiis o0yueHus, MpeayCMOTPEHHOTO
denepanbHON 00pa3oBaTEIBHON MpOrpaMMor cpeaHero ooOmiero odpaszoBanus [1],
OCYIIECTBISICTCS, KaK TMPaBHJIO, B TEXHOJOTHYECKUX (MHIKEHEPHBIX) KIlaccax.
Co3naHue TakMX KIACCOB COJEHCTBYET PELICHUIO 3a/ay, CPOpMYyJIHpPOBAHHBIX B
CTpaTermueckux JIokymMeHTax Poccuiickoit denepanuu [2, 3], u 1ocTIKEHUIO TIeeh
roCyJIapCTBEHHOM TOJUTUKH B cepe peanusalnuud TOCYIapCTBEHHON MPOTrpaMMbI
Poccuiickoit @eneparuu «Pa3sutre oopazoBanus» [4].

B kayecTBe 0JHOrO U3 OCHOBHBIX HANPABICHUN IOCYJapCTBEHHOU MOJIUTUKHU B
00JIaCTM HAYYHO-TEXHOJIOTHYECKOrO0 pa3BUTHUS 0003HAUEHA OpraHU3allUsl CUCTEMBbI
Pa3BUTHUSI IEPEIOBBIX WHKEHEPHBIX IIKOJ, OMBITHO-KOHCTPYKTOPCKUX MPOU3BOACTB U
CTYJICHYECKUX KOHCTPYKTOPCKHX OIOpPO B IIENIIX 00ecTieueHus: OBICTPOTo Iepexojia K
CTaJUU MPAKTUYECKOI0 MPUMEHEHHUS PE3yJIbTaTOB HAYUHBIX UCCIIEIOBAHUMN.

B Konnenuuu TeXHOIOTHYECKOTO pa3BUTHUSI 0003HAYEHBI TPUOPUTETHBIC TIEITH
Mo 00ECIMEeUYEHUI0 HAIMOHAIBFHOTO KOHTPOJIS HaJl BOCIPOU3BOJACTBOM KPUTHUECCKUX
(MUKpPODJIEKTPOHUKA, CTAHKOCTPOCHHE, OMOMH)KEHEpHs, 00paboTka MaTepuajoB U
JIpYTye) U CKBO3HBIX (MCKYCCTBEHHBIN HMHTEJUIEKT, HOBbIE€ MaTepualibl, KBAHTOBbBIC
BBIYUCIICHUS U KOMMYHUKAIIMHU, HAKOTUJICHUE YHEPTUHU, CUCTEMBI CBSI3U, KOCMUYECKHE
CHUCTEMBbI)  TEXHOJIOTHM, TIepexoJl K HWHHOBAIlMOHHO  OPUEHTHUPOBAHHOMY
SKOHOMHUYECKOMY POCTy, YCHJIEHHWE pOJIM TEXHOJOTHH Kak (akTopa pa3BUTHUSA
SKOHOMUKHU U COLMATILHOU cepbl, o0ecreyeHne yCTONYMBOro (PyHKIIMOHUPOBAHUS U

Pa3BUTHA IIPOU3BOJACTBCHHEIX CUCTCM.



HeoOxomumocTh oOecriedeHruss TEXHOJIOTMYECKOTO CYBEPEHHTETa Hallen
CTpaHbl TIPUBIIEKJA MOBBINICHHOC BHUMaHHE K 3ajade OOECIeYeHHs IMOATOTOBKU
JIOCTaTOYHOTO KOJMYECTBA BBICOKOKBAIM(DHIIMPOBAHHBIX WHXEHEPHBIX KaJpOB B
By3aX, 03 dYero HEBO3MOXXHBI JIOCTIDKCHHE YKa3aHHBIX IIeNied W pellcHHe
COOTBETCTBYIOIIMX 3aAa4. [IepBoii CTYIIEHBIO TOATOTOBKHA COBPEMEHHBIX MHKEHEPOB
MOXKET W JIOJDKHA SBISATHCA IKoJia. OMHUM U3 CEPhE3HBIX MPEMATCTBUN HA MyTH K
ATOMY SIBJISICTCSI HEXBAaTKa XOPOIIO TOJTOTOBJIICHHBIX AOWTYPHEHTOB, CHAIOIIMX Ha
BbicOKHe Oamnsl EI'D mo mpodunpHON MmaTemaTtuke, ¢usuke, mHpopMatuke. Erme
OJIHOM TpOOJIEeMON SIBJISIETCS CpPAaBHUTEIBHO HEOOJBIIIOE YHCIO IIKOJbHUKOB,
UMEIOIIUX BBICOKHM MO3HABATEIbHBIA UHTEPEC K U3YUCHUIO TEXHUKU M TEXHOJIOTHIA,
BBUTMBAIOIININCS B OCO3HAHHOE CTPEMJICHHUE K TTOTYICHUIO HHKEHEPHOU PO ECCHU
B IaJIbHEHIIIEe TPYAOYCTPONUCTBO MO CHEIUATBHOCTHU JJ1s1 PaOOTHI B PEAIbHOM CEKTOPE
YKOHOMUKH.

[ToaroToBKa KaapoOBOTO IMOTEHIMANA JUISI WHXCHEPHH W PEIICHHS HAyYHO-
TEXHOJIOTUYECKHUX 3a/ad, CTOSIIMX Mepe]l Hallled CTPaHOM, JOKHA HAYMHATHCS B
00111€00pa30BaTeIbHON OpraHu3alliid B MEPUOJl OOYy4YEHUSI B TEXHOJIOTHYECKOM
(umkeHepHOM) Kilacce. B pamkax peanmuzanuu TPOrpaMm  CPEAHEro  OOIIero
oOpa3oBaHusi (B TOM YHCJI€ B MPOIECCE BHEYPOUHOU MEITEIBHOCTH U B XOJE
JIOTIOJIHATEIBHOTO ~ O00pa3oBaHMsl ~ HMHXKEHEPHOW  HampaBjieHHOCTH [5,6]) vy
oOydJarommxcsi TaKuX KJIacCOB JIOJDKHBI  (hOPMHUPOBATHCS (PYHKIIMOHAIBHAS |
TEXHOJIOTHYECKAsI TPAaMOTHOCTh, TEXHUKO-TEXHOJOTHYECKOE, TPOCKTHOE, KPEATHBHOE
U KPUTHYECKOE MBIILIEHNE, a TaKK€ OCHOBBI MHBIX KOMIIETEHIIUH, KOTOpBIE OYIyT
HE0OX0AMMBI OYyAYIIIUM MHXKEHEpPaM U KOHCTPYKTOpaM JUisi 00eCIIeUeHus mepexoia K
HOBBIM IPUOPUTETAM HAYYHO-TEXHOJOTUYECKOTO PA3BUTHS HAIICH CTPAaHbBI. 3aHATHSI
WHXEHEPHOW HAIPaBICHHOCTU, MPOBOAUMBIE B TEXHOJOTUYECKOM (MHXKEHEPHOM)
KJlacce, JIOJDKHBI CTHMYJUPOBAaTh Y OOYYAIOIIMXCS HWHTEPEC K IOTYUYSHHUIO
WHKCHEPHOW Tpodeccuu, poXaaTh Yy HUX JKEJaHWE TPOWTH HTOTOBYIO
rOCYyJIapCTBEHHYIO aTTECTAIUIO 10 PO MIbHON MaTemMaTHke, Gu3uke, HHPOPMaTHKE
U KOHKYPHUPOBaTh 3a MPABO CTaTh CTYJACHTAaMH BEIyIIMX BY30B IS OOYUYEHHUS II0

TCXHUYCCKUM, NHXKCHCPHBIM 1 (I)I/I3I/IKO-MaTeMaTI/I‘-IeCKI/IM HaIIpaBJICHHUAM IIOATOTOBKH.
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[ToarotoBka oOydYarouMXcsi Ha 3aHATUAX WHKEHEPHOW HAINpPaBJICHHOCTU B
cucTeMe OOIIEro U JOMOJHUTEILHOTO 00pa30BaHus IETEH HE MOKET OCYIIECTBISATHCS
0e3 HamMuusg HEOOXOJMMBIX TEXHUYECKUX CPEICTB OOYYCHHS U CHEIHAIBHOTO
000pyI0BaHUs, OTBEYAIOLIEIO0 COBPEMEHHBIM 3ajladyaM, [OCTaBJICHHBIM Iepe
CUCTEeMOU 00pa3oBaHUsl. DTH CpelicTBa OOYUYEHUS U 000OPYI0OBAHUE JIOJKHBI OTBEYATh
TpeOoBaHMsIM K  0a30BOM  MOArOTOBKE  OOyYarOIIUMXCS ~ TEXHOJOTMYECKUX
(MHXXCHEPHBIX) KJIacCOB, 00€CIeunBaTh FTOTOBHOCTh 3TUX IIKOJBHUKOB K YYACTHIO B
OJINMITHATHOM JBMKCHUH M B KOHKYPCaX HayYHO-TEXHUYECKOTO TBOPUYECTBA.

B 2022 romy mnpukazom MunnpocBenieaus Poccum [7] Obul yTBepxkieH
NepeueHb CpeACTB OOy4YeHHS M BOCHHUTAHUS, COOTBETCTBYIOIIUX COBPEMEHHBIM
YCJIOBUSAM OOyYEHUs, HEOOXOJUMBIM TMPU OCHAIICHUH OO0Ie00pa30BaTEIbHBIX
OpraHu3alvii B MLENAX peau3allil MEpPONPHUATHN TOCYyIapCTBEHHONW MPOrpaMMbl
Poccuiickoit ®enepanuu «Pa3Butue oOpazoBanus». OgHAKO B JAaHHOM II€pEUYHE
o0opy/soBaHus HE B TOJIHOW Mepe Oblia OTpa)keHa HEOOXOIMMOCTh OCHAILCHUS
COOTBETCTBYIOIINX KAOMHETOB COBPEMEHHBIMU CPEJICTBAMU 00yUEHHUS. YUUTHIBAS 3TO,
®I'BHY «WucTHTYT CcTpateruu pasutusi oOpazoBanus» (MCPO) B 2024 romy
paspaboran «llepeyeHr TUIIOBOrO 000PYI0BAaHUS, PEKOMEHIYEMOTO /I OCHAIICHUS
IIKOJIbHBIX KAOWHETOB C II€JIbI0 MPOBEACHUS 3aHATUH B KJIaccax HWHKEHEPHOM
HalpaBJICHHOCTH TMpU  pealu3alui  padoyux MporpaMM  JOMOJTHUTEIBHOIO
00pa3oBaHUS.

Hanmuuue B  00pa3oBaTeNbHBIX  OpPraHU3alUsAX  BBHICOKOTEXHOJIOTHYHOTO
000OpyI0BaHUsI TO3BOJUT OOYYaIOMUMCS B paMKaxX OCBOCHHUSI OOS3aTENbHBIX H
JIOTIOJTHUTENIBHBIX YYEOHBIX KYPCOB HHKCHEPHOH HAMPABICHHOCTH PEaTN30BbIBATh HA
NIPAKTUKE HWHXKCHEPHBIC MPOCKTHI, CO3/J1aBaTh KOHCTPYKIIMH, MEXaHHU3MBI, MOJICIIH,
pa3BUBaTh CBOM KOMIIETCHIIMM B OOJIACTH TEXHUKHM U IU(QPOBBIX TEXHOJOTHH,
BBISIBJISITh TEXHUYECKHUE CIIOCOOHOCTH, a TakKe JacT BO3MOXHOCTh IOJYYUTh
IpeACTaBlIeHUE O TPEOOBAHUSIX, IPEIBSIBISIEMBIX K YEJIOBEKY, PEIIUBIIEMY MOTYYUTh
mpoQeCcCuio WHXKEHEPHOW HAIpPaBICHHOCTH, W CJejaTh OCO3HAHHBIA BHIOOD

JanbHeIIel TpaeKTOpHH 00yUEHUS.



JlaHHBIE peKoMeHAAIMK pa3paboTaHbl JJIi METOJMYECKOTO COIMPOBOXKICHUS
y4UTeIel W TeJaroroB  JOMOJHUTEIBHOTO  00pa30oBaHUs, IMPUMEHSIOIMINX
obopynoBanue u3 Boieynomsinytoro Ilepeunsi, pazpadorannoro ®I'BHY «ACPO».
PexoMeHmanmy MOTYT TPUMEHSATBCSA Uil HAyYHO-METOJIUYECKOTo obOecredeHus
co37aHusl U pa3BUTHS Ha 0aze 00mEeoOpa3oBaTENbHBIX OPraHW3ali WHKEHEPHBIX
KPY’XKKOB, a TakKe MPU pean3allid COBPEMEHHBIX 00pa30BaTENbHBIX MOJEICH,
obecrieYrBarOIIMX MPUMEHEHUE 00yJaIOIIMMHUCS 3HAHHM, TOJTYyUYSHHBIX TIPU U3yUCHUU
y4eOHbIX TpenMmeToB «Dusukay, «Xumusa», «MuHbpopmatuka», «MaTtemaTukay,
«TexHomorus», a Tak’Ke YMEHUN W HaBBIKOB, IPUOOPETCHHBIX B XO/I¢ IPAKTUUECKOM

JACATCIBHOCTH.



PEKOMEHJIALIMH 110 UCITOJIB30BAHUIO B YHEBHOM ITPOLHECCE
CIIEIMAJIM3UPOBAHHOI'O ObOPYIOBAHMUAA

1. Kommiekc nias 3D-moneanpoBanus

Kommneke mnpeacraiasier coOoit Habop oOOpyAoBaHUS AJIE O3HAKOMIICHHUS
yyamuxcs ¢ TexHojoruer 3D-nevatn u pa3BUTHS IPOEKTHOM 1€ATEIbHOCTH.

CuHTe3 aJINTUBHBIX TEXHOJIOTHI U 00pa30BaTEILHOIO IIPOIIecca CIIOCOOCTBYET
Pa3BUTHIO MHTEPECOB U CIIOCOOHOCTEN B 00JACTH COBPEMEHHBIX MPOU3BOICTBEHHBIX
TEXHOJIOTUWA I Pa3BUTUA HM300pETATEIbCKOrO0 MOTEHIHANAa O0yYaroumxcs
WHXECHEPHBIX KJIaCCOB, TMOBBIIIAET 3aMHTEPECOBAHHOCTH B OCBOCHHHM HMU
WHKEHEPHBIX JUCITUTLINH.

IIpuoGperaemblie 3HAHNUS, YMEHHS] U HABBIKHU

Jlst mewatu Ha 3D-nipuHTEpE HEOOXOIUMO U3YUUTh TEXHUKY 0€30MMaCHOCTH MPU
paboTe ¢ MPUHTEPOM, YCTPOMCTBO M KOHCTPYKIIMIO MPUHTEPA U COCTABHBIX YaCTEM,
MOCJIEI0BATEIBbHOCT ACHUCTBHI MO CTAPTy W 3aBEPIICHUIO eyaTu. JIJisi HOArOTOBKH
MOJIEJIU K MeYaTh HEOOXOAMMO OCBOMTH HABBIKH pabOTHI B clalicepe — CrenuaibHOM
nporpammHoM obOecnieuennn ([1O) ist KOHBepTalMM TEOMETPUM MOJCIH U
napaMeTpoB IeYaTy B KOMaH/bI 1JI IPUHTEPA.

PexoMeHanuu mo MHTErpanuy B y4eOHbI mpouecc

HaubGonee »ddextuBHbiM npumenenrem 3D-mpunTepa siBisieTcss MpOEKTHas
NEeSATENBHOCTh C Pa3pabOTKOM MPOTOTHUNA — MaKeTa WM JEHCTBYIOLIEro oOpasiia
KOHCTPYKIMHU. [10ATOMY KOMIUIEKC PEKOMEHAYETCsS MCIOJIb30BaTh MPU HAIUYHUH Y
oOydJaronmxcsi HaBBIKOB TBepAoTeabHOT0 3D-momenupoBanusi 17 BBITIOJIHCHUS
MHKEHEPHBIX 3371a4 M0 pa3paboTKe MEXaHW3MOB, MaKETOB, J1a0OPATOPHBIX CTEHOB,
TaKMX Kak 3yOuaTeie Tepemaud, pPOOOTOTEXHMUECKHE CXBAThl, KOPITYCHI IS
AIIEKTPOHUKH, JIepKATEIIN TaO0OPATOPHOH anmapaTrypbl U IPOUYHUX.

Komrmnieke MokeT ObITh HCIOIB30BaH JJIsl CO3/IaHMsI HATJIAIHBIX MAaKEeTOB U
MOJIeJIei, KOTOPhIE MOTYT NMPUMEHSTHCA MPU W3YUYEHUU DPsiia yIeOHBIX MPEIMETOB!

HarpuMep, MOJENeH acCTPOHOMHUUYECKHUX OOBEKTOB, MOJAEIEH MJid BHU3yaau3aluu



GuU3NIECKUX TPOIECCOB, MOJACIEH CTPOSHUS PA3TMYHBIX OHMOJOTHYECKUX OOBEKTOB,
MaKETOB apXEOJOTHYECKUX HaXOI0K, MOJICTICH XUMUIECKIX MOJICKY U TIPOYHX.

Monenu ays neuatu Ha 3D-mpuHTEpe, B TOM 4YHCIIC TIEPEUYUCIICHHBIC BBIIIE,
HAXOMATCS B CBOOOJHOM JOCTYIIC Ha TeMaTHYECKHX IutoInaakax [8—10].

Ha 0a3e komiuiekca 3D-nieyat BO3MOKHO IPOBEIEHUE BHEYPOUHBIX 3aHATHUH,
OpraHu3anusl JEeATeILHOCTH HAyYHBIX KPYXKKOB, CEKIMA 10 pPOOOTOTEXHUKE,
naboparopuid TPOTOTUIIMPOBAHUSA W TIPOYMX, a TAKXKE IMOATOTOBKA y4YaIIUXcs K
YYaCTHIO B OJIMMITHAIaX TI0 poOOTOTeXHUKE U 3D-TeXHOIOTHAM.

PexoMeHganum no UCNoJ1b30BaAHUIO

st 0O6yvenust 3D-neyatu peKOMEHIyeTCs UCTOb30BaTh Takue 3 D-npuHTepsh
(puc. 1), koTopble 00NATAIOT MPOCTHIMH HACTPOHUKAMH M JIJISI KOTOPBIX B OTKPBITOM
JOCTYIIE CYIIECTBYIOT O0yUarole MaTeprabl.

[TonroroBka nmeraneil K meyaTH OCYIIECTBISIETCS B ciaiicepax. PekomeHnayercs
ucnonp3oBatek ciaicep UltiMaker Cura wim PrusaSlicer. B o6oux makerax 3apaHee
ompeJeeHbl XapaKTePUCTUKU PEKOMEHIYeMOTo NpuHTepa (radapuThl NEYaTHOU
30HBI, CTAPTOBBIC U 3aBEPIIAIOIINE KOMAH/IbI U T. JI.).

B kauectBe Marepuana (puiameHTa) s MeYaTH PEKOMEHAYETCsS BBIOMpATh
macTuk PLA BBUAY MPOCTOTHI €r0 IPUMEHEHUS JIJIS TIEYaTH U OTCYTCTBUS BPEIHBIX
WCTIApeHUH TIpU  TUTABICHWU. PeKOMEHIyeTcs HCIOoJIb30BaHHE (DHUIIAMEHTOB
cienyromux npoussoautencii: Bestfilament, Esun, REC.

Pacxon miacThka 3aBHCHT OT XapakTepa MPOEKTHOW esTenbHOCTH. [lis
IPUMEPHOMN OLIEHKU MOKHO CUUTATh, YTO JIJIs BHITIOJIHEHUS OJHOU TPOESKTHOM PabOTHhI
B TEYCHHUE OJTHOTO TOTYyTOIUS PACXOAYETCS OKOJIO | KT T1acTuka.

Cnaiicepbl 00pabatsiBaroT daiisiel Moaenelt B popmarax STL, 3SMF, OBJ. [Tocne
3arpy3KH U PacIioIOKEHUS MOJICTTH Ha BUPTYAJIbHOM CTOJIE PUHTEpA HY>KHO BHIOPATH
MaTepHall JJIs TIeYaTH, XapaKTePHUCTUKH TeYaTH B COOTBETCTBUU C PEKOMEHIAITUIMU
POU3BOANTENS (PUIaMEHTa M HavaTh Hape3Ky Ha cjou. B pesynbrare momydaercs
KOMaHIHBIA (aitn B Gopmare gcode, KOTOPbIH HEOOXOAUMO COXPAaHWUTh Ha uierl-

HOCHUTEJIb IPUHTEPA.

10



Puc. 1. 3D-npunmep

J{ns meyaTtv HEOOXOAUMO BKJIFOUHUTH MPUHTEP, MOKPHITH 30HY MEYaTH MOJEIU
TOHKAM CJIoOEM Kies (chenualibHbli Kiei-anresuB g FDM-newatn  wm
KaHIEJIAPCKHUI KIIeH-KapaH/ali ), BBIOpaTh B MEHIO IPUHTEPa CreHepUPOBaHHbIN gcode
Y HayaTh MeYath.

[Tocne 3aBepreHus: meyaTd HEOOXOAMMO TOKAATHCS TOJHOTO OCTHIBAHUS
MEeYaTHOTO CTOJIA TIEpel CHATUEM JIETallu BO M30€XKaHUE MOBPEXKACHUS MMOBEPXHOCTU
m1aThOPMBI U HIDKHUX CJIOEB JIETAIH.

PexoMenayembie HCTOYHUKU HHGOpMaLUU

[Tpumep momaroBoii HHCTpYKImU 1o coopke 3D-mpunTepa [11].

[TpuMep momaroBoi HHCTPYKIKH s TepBoi neuat Ha 3D-nipunTepe [12].

11



2. ®pe3epHO-TPABHPOBAJIBHBIN CTAHOK
®pe3epHO-TPaBUPOBATBHBIN CTAHOK C YMCIOBBIM NMPOTPAMMHBIM YIPABJICHUEM
(UITY) uenecoobpa3HO UCIONB30BATh AJIsI O3HAKOMIICHUS YUaIIUXCS C TEXHOJOTUEH
cyOTpakTUBHOTO Tpou3BojcTBa M padoThl ¢ UIIY-cTaHkamu B pamkax MPOEKTHOU
NEATEIIBHOCTH.

IIpuoGperaemblie 3HAHNUS, YMEHHS] U HABBIKHU

CraHOK TIpeoCcTaBIsieT BO3MOKHOCTHU I 00y4eHHs: 00paboTke Ghpe3epoBKOi
Y CBEPJICHUEM JETajed W3 JAEepeBa, akpuia, Tekcronuta, [IBX u mpounmx nerkux
KOHCTPYKIIMOHHBIX MAaT€pUAJIOB, & TAKKE UX TPABHUPOBKE.

PexoMeHnanuu no MHTErpanuy B y4eOHbI nmpomecc

B npoekTHONl AeATEIBRHOCTH OOOpPYJAOBAaHHME MOXHO TPUMEHSTH  JUJIs
U3TOTOBJICHUS 3JIEMEHTOB pa3palaThIBAEMbIX KOHCTPYKIIMH: KOPIYCHBIX TJIACTHH C
IrPaBUPOBKOM, HECYIIUX KOHCTPYKIIMH, 0OBEMHBIX JI€TAJIC MOBBIIIEHHOW TOYHOCTH,
MEYaTHBIX TUIAT U3 TEKCTOJIUTA, TA0APUTHBIX MAKETOB U MPOYMX.

PaGora ¢ (dpe3epHO-TpaBUPOBAJIBHBIM CTAaHKOM  TIO3BOJIIET  U3YYUTh
MPEUMYILECTBA U OTPAaHUYECHHUS] CYOTPAKTUBHOM OOpPaOOTKM MaTepHalioB, a TaKXKe
npuoOpecTH 00IIHe HaBbIKK paboThl ¢ 006opyaoBanueM ¢ UITY. C momomibio JaHHOTO
000pyIOBaHUs MOXXHO JOCTHYh OOJIBIIEH TOYHOCTH TEOMETPUHM JeTalid, HO TpH
MPOEKTUPOBAHUM  HEOOXOAUMO  YUUTHIBATh, KAKUM HMHCTPYMEHTOM  OyJer
BBITIOJTHATHCS 00paboTKa, KaK OyIeT pacrojaraTbCs JIeTallb Ha CTOJIE U T. 1.

PexomeHnaanuu 1mo Mcmoib30BaHUI0

[ToaroToBka aetaneii 1y hpe3epoBKU HA (Ppe3epHO-TPABUPOBATHLHOM CTaHKE C
YITY (puc. 2) ocymectBisiercs B CAM-cuctemax (Computer-aided manufacturing).
CAM-cucrema moxer ObITh Kak Moxayiem pacmupenus CAD-cucrem, Tak u
OTZIETBHBIM TpOrpaMMHBIM MpoaykToM. [Ipumepsr CAM-cucteM, KOTOpBIE MOXKHO
PEKOMEHI0BATH JIJIsl UCIIOIh30BAHUSL:

e Candle — orkpeiTeiii CAM-makeT, peKkOMeHI0BaHHbIN 1715t paboThi ¢ 3018
PRO;

e Kowmnac 3D Mogyns UITY;

o T-Flex UITY 3D.

12



R L e

Puc. 2. @pesepno-epasuposanvuwiii cmanok ¢ 411y

CAM-cuctemsl oOpabateiBatoT (haiinsl B popmatax STEP, IGES, STL u mpounx
B 3aBUCUMOCTH OT BbiOpanHoro [10.

[Tocne 3arpy3ku neramu HEOOXOAMMO BBIOpAaTh Ta0apUThl 3arOTOBKU U €€
CHUCTEeMY KOOpIWHAT, OINHWCaTh IMapamMeTphl CO3JaHUs TPACKTOpUH 00pabOTKH,
OTpeNeNuB TUI W pa3Mepbl PEXylIero oO0opyJoBaHUs, U 0OpabdaThIBacMbIe
MOBEPXHOCTU. B pe3ysibTaTe MOArOTOBKHU MOJy4YaeTcsl KOMaHAHBINA (aitn B ¢popmare
gcode, KOTOphIii HEOOXOIUMO TIepeaaTh Ha CTAHOK.

[Tocne 3arpy3ku ¢code HeO0OXOIUMO MOMECTUTh 3aroTOBKY, YCTAaHOBHUTH
PEXYIIMA UHCTPYMEHT B INIMUHJCIb CTaHKa, 33J1aTh HAYAJI0 KOOPAWHAT U 3aIlyCTHTh
00paboTKYy.

PexoMenayembie HCTOYHUKU HHGOpMaLIUU

O030pHast cTaThs Ha TeMy (ppe3epoBKU NeyaTHbIX Twiat [13].

[TomnraroBasi MHCTPYKIHS MO COOpPKE, HACTPONKE M HMCIOIH30BAHUIO CTAHKA H

Candle [14].
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3. JIazepHblii cTAaHOK

IIpuoOperaemblie 3HAHUS, YMEHHS] U HABBIKHU

JlazepHBI CTAaHOK MOKHO HCITOJIB30BaTh ISl OOYYCHHS HABBIKAM PE3KUA U
I'paBUPOBKHU MaTepuasoB, Takux kak ¢anepa, MAD, JICII, koxa, akpuil, HOTUCTUPOI,
MOJTMKApOOHAT, CIIOUCTHIC TNTACTUKHA U JPYTHE.

PexomeHnaanum no MHTErpauuu B y4eOHbIN npomecc

O6opynoBaHue MOKET ObITh HCTIOJIB30BAHO B PaMKaX MPOEKTHOMN JeATEIbHOCTH
JUISl U3TOTOBJICHUS PA3JIMYHBIX JETaleil: HapuMep, KapKaCHO-KOPIYCHBIX TJIACTUH C
nepdopaimeit, Mpo3pavyHbIX IUIACTUH WM OKOH IS BU3YaJIbHOTO KOHTPOJIS,
KPYITHOTa0apUTHBIX MakeToB (B ClIydasx, KOIJ/ia UCIOJIb30BaHHUE IPYTUX MaTepHAIIOB
U CIOCOOOB M3TrOTOBJICHUS HEIICIECOO0Pa3HO IO COOOpaKEHUSIM CTOMMOCTH U

JINTCIBHOCTH I/I3FOTOBJI€HI/IH), MAapKHPOBOYHBIX 6I/IpOK, ITOSACHAIOIINX Ta6JII/III )51

IPYTUX.

Puc. 3. Jlazepuwiti epasep
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PexoMeHaanuu Mo MCMOJIb30BAHUIO

JIJis oXJakKJIE€HHUS W OYMCTKHA 30HBI pE3aHUs K JIa3epHOMY CTaHKy (puc. 3)
HEO0OXOAMMO TOJIKIIFOUYUTh KOMITpeccop. Takke HeoOX0MMMO MOIKIIOUCHNE YHiIIepa
JUIS  TIOJIEp KaHUs  ONTHUMAJIbHOM TemmepaTypbl JiazepHoil TpyOku. CTaHOK
HEOOXOJAMMO THUTaTh OT CETH dYepe3 CTAOMIM3aTOp HANPSHKEHUS W 005S3aTElbHO
HCITOJTh30BaTh 3a3€MJICHHE KOPITyCa.

Jlns ynpaBieHUs U 3arpy3Kd YIIPaBIAIONIUX MPOrpaMM CTaHOK HEO0OXOIUMO
MOAKIIOYUTH K IepcoHanibHOMY Kommbiotepy (I1K).

Jlis paboTel co crankoMm ucronb3yercs 1O CorelLaser. Ilepex oOpadoTkoit
r€OMETpUN HEOOXOJIMMO 3aJaTh CBOMCTBO CTaHKa — TOYKY KOOpAMHAT, rabapuThI
paboyero moJist U Mpoyue.

s o6paboOTKM 3aroTOBKM HE0O0XoauMo 3arpy3utTh B [10 koHTyp B dopmate
CDR, DXF, PNG wumu nHOM moanepkuBaeMoM ¢opmare, BbIOpaTh ONTHMAaJIbHBIC
HACTPOUKH PE3KH U TPABUPOBKH M CTEHEPUPOBATH YIIPABJISIIONTYIO TPOTPAMMY.

B nporiecce 00paboTkH KpbIIIKa CTaHKA TOJKHA OBITH 3aKPHITA.

Pexomenayembie HCTOYHUKH MHPOPMALIUH

WHCTpyKIHS 110 IEpBUYHOMY 3aITycKy cTaHka [15].

PykoBoactBo mo Corellaser [16].

WNudopmanus o Ha3HaueHUH uniiepa [17].

4. CTaHOK CBepJIHJIbHBIH

IIpuoGperaemblie 3HAHNUS, YMEHHS] U HABBIKU

CTtaHOK TIPENOCTaBIsIET BO3MOXKHOCTH JIJIsi 00ydeHus oOpabOTKe CBEpICHUEM
JeTaliel U3 MeTalIa, epeBa, akpuia, TekctoyuTa, [IBX u npouynx KOHCTPYKIMOHHBIX
MaTepuanoB. PaboTa co CBEpIMIBHBIM CTAaHKOM I103BOJISIET TaKXK€ O3HAKOMHUTBHCS C
OCHOBaMH MHCTPYMEHTaJIbHOU 00pabOTKM Ha YHUBEPCATBHBIX CTAHKAX.

PexoMeHanuu no MHTErpanumn B y4eOHbI mpouecc

B npoexTHO# nesTenbHOCTH 000pyI0BaHUE MOKHO IPUMEHHUTH JIJ11 00pabOTKU
«B pa3mep» oTBepcTuit mocie 3D-medatn, co3gaHusi OTBEPCTHI HAa METAITTUYECKIX

PO MIBHBIX KOHCTPYKIIHSX, TOATOTOBKY OTBEPCTHI K HAPE3aHUIO PE3bOBI  T. 1.
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Puc. 4. Ceepaunvuviu cmanox

PexoMeH1anuu no UCnoJib30BaHUIO

Jlnst cBeprieHuss HeoOXoauMO 3aUKCUPOBATH PabOYHil CTOJ YHUBEPCATHHOTO
cTaHka (puc.4), yCTaHOBHTH 3arOTOBKY, BBIOpAThb PEKUM OOPaOOTKH, YCTAaHOBHTH
3aIIATHBIN dKpaH, BKIFOUYNTH CTAHOK M, YIIPABIISAsS pYKOATKOM, aKKypaTHO TIepeMeIIaTh
uHCcTpyMeHT. [Ipu HeoOxoaummocTu OOKOBBIM BHHTOM BO3MOKHO OTPAaHHYMBATH
IIIyOMHY CBEpJICHUS.

PexoMenayembie HCTOYHUKU HHGOpMaLUU

O030p KOHCTPYKIIMH U BO3MOXHOCTEH cTaHka [18].

Tabnuua pexumoB 00padoTku [19].
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5. lasibHas cTaHUIMA

IIpuoOperaemble 3HAHUSI, YMEHUS] U HABBIKH

[lasmpHast CTaHIUS TPUMEHSICTCS IS BBIMTOJIHEHHSI PabOT MO MOHTaXY
AJIEKTPOHHBIX KOMIIOHEHTOB 3JIEKTPOHHBIX CXEM.

PexoMeHnanuu nmo MHTErpanuy B y4eOHbIN mpouecc

ObopynoBaHne MOXET OBITh HCIONB30BAHO B paMKax HU3YYEHHUS OCHOB
AIEKTPOHUKH, JIsI COOPKHU TOTOBBIX HAOOPOB MJIM COOCTBEHHBIX YCTPOUCTB. [IpuMepsl
rOTOBBIX HaOOpoB: MeTaymionckarens [20], renepatop curHamoB [21], mHmHMKaTOp
ypoBHs 3ByKa [22], myibTuBHOpaTop [23], cBeTOIMOIHBIN poOOT [24].

PexomeHaanum mo ucmob30BaHUI0

TUNUYHBIA BUJI TAsUVIBHOM CTaHIMU, KOTOPYIO MOKHO HCHOJIB30BaTh IS
03HAKOMJIEHUS C MPOLECCOM MalKU 3IEKTPOHHBIX CXEM, MOKa3aH Ha pucC. 5.

[Ipu naiike KOMIIOHEHTA Ha MEYATHYIO IJIaTy HEOOXOIUMO MPUMEHATH MPUTION
u ¢moc. [lpunoit npumensieTcs AJisi COSAUHEHUS IBYX METANIMYECKUX JeTajiei
(Hanpumep, IBYX KOHIIOB IPOBOJIOB WJIM KOHTAKTHOTO OTBEPCTHS MMEYATHOM IIaThl U
«HOXKW» pe3ucTtopa). I[lpumoli wumeeT 3HAYUTEILHO MEHBIIYI TeMIepaTypy
IJIAaBJICHUS, 4YEeM TEeMIleparypa IUIaBJICHUSA COEAUHAEMBIX MeTamwioB. diroc
MPUMEHSIETCA TpU Mailke Ui yJajJeHUs OKCHIHOW TUJIEHKHM C TIOBEPXHOCTH
COCMHSACMBIX JeTajel, oOecreYeHus XOpOoIlIe CMayuBaeMOCTH TOBEPXHOCTEMH,
0oJiee paBHOMEPHOTO HarpeBa JieTajei.

B 0CHOBHOM B 3JIEKTPOHUKE MPUMEHSIOTCS 0jioBocojiepxantue npumnou: [T0C-
40, TIOC-90 u nmpyrue. B kauectBe ¢umroca 4yacTto NpuMEHSAIOT KaHUGoib. s
CO3/1aHUs HanboJee MPOYHOr0 COSAMHEHHSI YacTo ucnoib3yercs Tpyouatsiii [I0C-61
C KaHU(OJIBI0 — BHYTPHU MTPOBOJIOKHU YK€ COACPKUTCS 0KoJIo 2 % ¢toca.

Jlist maiiku He0OXOMMO HArpeTh MAsUIbHUK JI0 TEMIIEPaTypPhl, MPEBHIIAONIEH
Temrneparypy miaBienus npumnos (250-350 °C), 04UCTUTB €ro ¢ TOMOIIBIO0 BIIAXXHOU
ryOKku (€CTh B KOMIUICKTE), a 3aT€M 3alyJIUTh JKaJIO MasIbHUKA — HAHECTH Ha HETO
¢roc 1 HeOOBIIOE KOJMYECTBO NpUnod. Jlanee HyHO 3alyIUTh I€Tajdu U MPOBOJA
— HaHecTH GIIOC HA TAsIPHUK M MECTa IMalKd, a 3aTéM HaHeCTH HeOOJIbIIOoe

KOJMYCCTBO ITPUITIOA HAa COCAUHSACMBIC 1CTAIHN.
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Puc. 5. llasanvnas cmanyus

Jlisg ocyiecTBiaeHUs] Ipolecca CHailku HEOOXOJWMO COEIMHUThH JeTalld U
MPOUTHUCH MO MECTY NMaWKH HarpeTbiM NasIbHUKAM, PACIUIABIISIS MPUIION Ha 00enx
netansx. [Ipu 3Tom He creayeT mporpeBaTh MECTO CIIaKH CIHUIIKOM J0JT0, YTOOBI HE
[IepEerpeTh 3arOTOBKH.

[TasuyibHAst CTaHUMA YacTO MPENOCTABIAET BO3MOXKHOCTh NMANMKH C MOMOILIBIO
¢dena. [{nst 3TOro mpoOENbIBAIOTCS BCE BBILICONMCAHHBbIE MaHUITYJISLUN, HO HarpeB
neTajed Mpy X COSAUHEHHUM BBIOJHSAETCA MMOTOKOM Tropsyero Bo3ayxa. [lasnpHbiin
(eH TaKxKe 4acTo MPUMEHSETCS IS pa3beIUHEHUS IeTaJel: Ul ’TON0 MECTO CIIAaliKu
HarpeBaeTcsi (peHOM [0 PpaCIUIaBJICHUS MPUIIOS U KOMIIOHEHTHI Pa3zbeAUHSAIOTCS C
MOMOUIbIO TUHIIETA WM OCTPOTyOLIEB.

Pexkomenayemble HCTOYHUKH MH(POpMALUH

OcHoBbI naiku [25].

Buel npumnos u ¢uroca [26].
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6. YHuBepcaJibHbI HA00P PYYHOI0 HHCTPYMEHTA
IIpuodperaembie 3HAHUS, YMEHHS U HABBIKH
HaGop pyuHoro wHCTpyMeHTa (puc.6) HEOOXOoAWMM JUIsI OCHAIICHHUS
MaCTEepPCKOH, MpeAHa3HAYCHHOM ISl COOPKH U ciiecapHoi 00pabOTKH JeTamei.
Habop mo3Bossier oTpabaThiBaTh HABBIKM HM3TOTOBJICHUS 3arOTOBOK IS
MEXaHUYECKOM 00pabOTKH, yMEHHS YCTAHOBKH Kperexka pa3InuHbIX THIIOB, pa0OTHI C

npO(QHUIbHBIMUA KOHCTPYKIUSIMU U T. 1.

Puc. 6. Habop pyunoco uncmpymenma

Pexomenganuu 1mo ucnoib30BaHUIO0
B mpormecce paboTel HEOOXOAMMO COONIIOAATH TEXHUKY OE€30MAaCHOCTH U

HCII0JBb30BaTh CPpCACTBA HHHHBHHyaHBHOﬁ 3aIllUThI.

7. HaOop 31eKTPOMHCTPYMEHTA
IIpuoOperaemble 3HAHUSI, YMEHUSI M HABBIKH
HaGop pyuHoro wuHCTpyMeHTa (puc.7) pPEKOMEHIYeTCs HCIOJb30BaTh IS
O0TpabOTKU HABBIKOB MEXaHUUYECKOW 00pabOTKH JeTanei n3 pa3IuyHbIX MAaTEPUATIOB U

YMEHUM OCYIIECTBIATh COOPKY KOHCTPYKITUH U3 IeTAJICH.
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PexoMeHnanuu mo MHTEerpanuy B y4eOHbII mpouecc

Habop pexoMeHayeTcss IpUMEHSATh B paMKaX MPOEKTHOM JAESTeNIbHOCTU IpHU
MIPOBEICHUH PA3IMYHBIX OTEpaIliid, TAKUX KakK padoTa ¢ METALUTHIECKUM MPOQIIeM
(cBepiieHHEe OTBEPCTHH, OTpe3aHue, NUTM(POBKA, YCTAHOBKA KPETeka), ISl YCKOPEHUs

Hape3aHus pe3bObl B 3ar0OTOBKAX M T. TI.

Puc. 7. Habop snekmpouncmpymenma

PexomeHnaanuu 1mo MCcmoJib30BaHUI0

Jnst paboThl ¢ aKKyMYJSTOPHOW JApEibi0 HE0OX0oAuMo 3aUKCUPOBATH
MHCTPYMEHT (OUTY, CBEPJIO WIIM JPYroif) B 3aKUMHOM NAaTpOHE, BBIOpATh KPYTSIIUNA
MOMEHT, YCTAHOBUTH aKKyMYJIATOP U MMPOU3BECTU ONEPALIHIO.

Jnst paGotel ¢ yrmionuindoBaIbHOW  MAlIMHOW  HEOOXOAMMO  CHSTh
YCTAHOBOYHYIO FaiiKy ¢ OMOIIBIO KJII04Ya, Pa3MECTUTh UHCTPYMEHT (OTPE3HOM JIHCK,
nun$oBaIbHBIA AUCK WM JIPYroii), 3aTSHYTh YCTaHOBOUHYIO TailKy, YCTaHOBHTH
AKKYMYJISITOP Y TPOU3BECTU ONEPALIHIO.

B mnpomecce paboThl HEOOXOAWMO COONIOJATH TEXHUKY OE30MacHOCTH U
HCIIOJIB30BaTh CPENCTBA MHIUBUIYaJIbHOM 3aIUTHI.

PexoMenayembie HCTOYHUKU MHGOpMaLUU

[IpaBuna paboThl M TEXHHKA OE30MACHOCTH MpHU padboTe ¢ AKKYMYJSTOPHOM
apenbto [27].

TexHuka 6€30MacCHOCTH MPH padoTe ¢ yrionuirudoBanbHON MamHoM [28].
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8. [IpucraBKa-ocHWLIOrpad K KOMNBIOTEPHOMY U3MEPUTETHHOMY OJIOKY,
uian uugposon ocuusuiorpag

IIpuoOperaemble 3HAHUS, YMEHUSI U HABBIKH

[Mudposoii ocmmmiorpad (puc. 8) MO3BOASET MPHOOpETaTh YMEHHUS U
O0TpabaThIBaTh HABBIKK U3YUCHUS DICKTPHUUECKIX CUTHAJIOB.

PexoMeHaauM 110 HHTErPallMU B y4eOHbIH npoiece

Ocuumiorpad pekoMeHAyeTCss HCMOJIb30BaTh JJisi  H3ydyeHUs GopM H
XapaKTEPUCTHK PA3TUYHBIX DJICKTPUYECKUX CUTHAJIIOB B pPaMKax BBITIOJHCHUS

71a00pPATOPHBIX U MPOEKTHBIX PaboT.

T Iy

Puc. 8. Ocyunnoepacgh

PexomMeHganuM 1m0 MCMOJIb30BAHUIO

Jlns ananu3a CUTrHajla HEOOXOAMMO MOIKIIOYWTH LIyNbl ociuuiorpada kK
«3eMJIe» M UCCIeyeMONl TOuYKe UENU, YCTAaHOBUTh YYyBCTBUTENbHOCTH (B/men) u
CKOpPOCTHb pa3BepTKu (C/7Aed) B COOTBETCTBUM C TMPEIAIOJIAraeMbIM YPOBHEM
M3MEPSIEMOr0 CHTHajla, C MOMOUIBI0 OPraHOB YIPABJICHUS MEepeMeniaTb CUTHAN 1O

IKpaHy.
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[Io nomyuuBHIEMyCS HM300paK€HWIO M PAa3METOYHOM CETKEe HJKpaHa
ocimiorpadga MOXKHO OINPEAENATh 3HAYEHUS PA3IUYHBIX (PU3NYECKUX BEIUYMH:
aMIUTUTYy, 4aCTOTY, a3y, JNINTeILHOCTh HMITYJIbCA U APYTHE.

PexomenayemMbie HCTOYHUKH MHPOpMaALIMH

Y4aeOHoe mocobue 1mo padore ¢ ocuuuiorpagom [29].

[TpoBenenune u3mepeHuii ¢ moMoInpo ociuniorpada [30].

9. UcTrounuk nutaHus Jadoparopuslii 30 B
PexoMeHnanuu no MHTErpanuy B y4eOHbI nmpouecc
Wcrounnk mnwuranus (puc.9) peKOMEHIyeTCs HCIOJIb30BaTh B paMKax
BBIIIOJIHEHHUSI ~ Ja0OpaTOpHBIX M MPOEKTHBIX  paboT  jid  TeHepauuu

CTa6I/IHI/I3I/IpOBaHHOFO BBIXOIHOI'O HAIIPSKCHHUA U TOKA.

L e

Puc. 9. Hcmounux numanus

PexomeHaanuu no MCno1b30BaHUIO

JIst reHepanuu CUrHajla He0OXOAMMO BBICTaBUThH TpeOyeMble 3HAUCHUS CHIIbI
TOKAa W HaNpSDKEHUSI ¢ TIOMOLIBI0 TPyOOro U TOYHOI'O PETYJIATOPOB U MOJAKIIOYHTH
COEMHUTENbHBIE KaOeIH K rpyIine KOHHEKTOPOB.

PexoMenayembie HCTOYHUKU MHGOpMaLUU

Bupl 1a00paTOpHBIX KCTOYHUKOB MUTAHKUS U UX puMeHeHue [31].
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10. I'enepaTop CUTHAJIOB CIeNHAJIbHON GOPMBI

PexoMeHnanuu no MHTErpanuy B y4eOHbII nmpomecc

['enepatop curHasioB crnenuainbHoi (Gopmbl (puc. 10) pekomeHmayercs
UCIIOJIb30BaTh B pPAaMKax BBIMOJHEHUSI J1a0OpPaTOPHBIX U MPOEKTHBIX padoT IO
BJIEKTPUYECTBY ISl T€HEPAMUA NPSIMOYTOJIbHBIX, CHUHYCOMJAIBHBIX, TPEYTOJbHBIX
CUTHAJIOB.

O6opynoBaHre MOXET OBbITh UCIOJIB30BAHO [UJII M3Y4YEeHHS BHUIOB H
XapaKTEPUCTHK PA3JIMYHBIX TaPMOHHUYECKUX CHUTHAJIOB, A TaKXe Uil NUTAHUSA
aHajoroBbix cxeM. st oroOpaxenust hopMbl U TApaMETPOB CUTHAJIA PEKOMEHIYETCS

UCIIOJIb30BaTh IU(POBOM ocumsuiorpad.

Puc. 10. I'enepamop cuenanos cneyuanvrou gpopmol

PexomMeHIaluM M0 MCMOJIb30BAHUIO

Jlis reHepanuu CUrHajiza HEOOXOIUMMO BKJIIOUMTH MpHOOp, BbIOpaTh (Qopmy
rapMOHHYECKOI0 CUTHAJA, 3a7aTh €T0 MapaMeTphl (4acTOTy, aMIUIUTYy, ha3y u T. 1.),
MCIIOJIb30BaTh KOHHEKTOPHI M3 TPYMITBI OUtPUt ISl OAKITIOYEHHSI COSAMHUTEIHLHOTO
Kabens.

PexoMenayemblie HCTOYHUKH HHGOpMAITUT

Knaccudukanus 1 mpuHIKI paOOThI TEHEPATOPOB crieiinanbHol Ghopmbl [32].

Teopwus snexkTpuueckux curnanos [33].

OCHOBBI CXeMOTEeXHHKH [34].
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11. AnnapaTHO-NPOrpaMMHbIH KOMILIEKC ABTOMATH3ALNHU
(pusnveckoro 3xcnepuMenTa

IIpuoGperaemblie 3HAHNS, YMEHHS] U HABBIKHU

Komrneke nmpezacrapiser co00i YHUBEPCATbHYIO0 HHTEPAKTUBHYIO O0YYAIOIIY IO
CUCTEMY C IIMPOKMM BUPTYaJIbHBIM HHCTPYMEHTapHEM: HU3MEPUTEIbHBIMU
nmpubopamu, reHeparopamu, 0ecripoBOIHBIMU HHTEpdericamu U npounmu. Crucrtema
CaMOJIOCTAaTOYHA I MPOBEIEHHUS JIa0OPATOPHBIX pPabOT MO DBIEKTPOTEXHUKE U
ANIEKTPOHUKE OT 0a30BOTO A0 MPOJIBHHYTOTO YPOBHS W TPEAOCTABIISACT IIUPOKHE
BO3MOXHOCTH JIJIsl (GOPMHUPOBAHUS IIUPOKOTO CHEKTPA 3HAHWM, YMEHUN U HABBIKOB,
HEOOXOAMMBIX JJIs OCYIIIECTBIICHUS aBTOMATHU3AIMN (PU3UUECKOr0 SKCIIEPUMEHTA.

PexoMeHanuu mo MHTErpanum B y4eOHbI mpouecc

Kowmmneke (puc. 11) MOXHO HCHONB30BAaTh MPU PpeATU3ALMHN  PA3TAYHBIX
JIOTIOJIHUTEJIBHBIX 00pa30BaTENIbHBIX MPOrpaMM M MOJATOTOBKE IPOEKTHBIX padoT.
OCHOBHOI MPAaKTHYECKUI UHTEPEC MPENCTABIIAET MIPOBEACHHUE Ja0OPATOPHBIX PadbOT
Mo Kypcy «DJEKTPOTEXHUKa» Il O3HAKOMIIEHHS C 0a30BBIMU MOHSATUAMHU
JTUCLUUIUIMHBI B JIOTIOJIHEHUE K W3YUYEHUIO TEOopeTHueckoro marepuana. Komrmiekc

JOJDKCH COACPIKATh IINHY I IMMOAKIIOYCHUA OKCIICPUMCHTAJIbHBIX KapT.

Puc. 11. Uzmepumenvro-ynpasnsarowuti unmepgetic
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PexomMeHnaanuu 1mo uCcmoIb30BaHUI0

JlabopaTopHbie pabOThI TPOU3BOAATCS C UCTIOIB30BAHUEM IKCIIEPUMEHTATBHBIX
MUKPOCXEMHBIX KapT C MPENapupOBaHHBIMH 3JIEKTPOCXEMAMU W MOHTaKHBIMU
y3JIaMH.

JI71s BKITFOUEHM S SKCIEPUMEHTAIIBHBIX KapT UCIIOIb3YETCS MOYJIb PACIIUPEHUS
UniTrain-Experimenter, moakitodaeMblii kK HHTEpEHCY 4Yepe3 BHYTPEHHIOW IIHHY
UniTrain.

[TopkatoyeHne 3KCIEPUMEHTATBHOW IUIAThl MPOUCXOJUT BCTABKOM KapThl B
MOJYJIb-3KCIIEPUMEHTATOP C COIPSDKEHUEM 96-KOHTAaKTHOrO pasbema. It u3pATHs
KapThl IPEAYCMOTPEH BBITAIKUBAIOIIUNA MEXaHU3M.

PabGora ¢ cucremoii ocymecTBiaseTcss depe3 oOyuwaromee I[10 LabSoft,
COJZIEpIKalllee TOJHBIA MaKeT JTOKYMEHTAllMd Ha KaXKIbli KypcC, MOJIb30BATEIbCKUN
uHTEepeic s yOpaBICHUs W HAaBUTALMHM, HAOOP BUPTYAJIbHBIX MHCTPYMEHTOB H
MAKEThl CUMYJISILIVH.

[TonHOCTBIO COOpaHHas cucTeMa MPEJICTaBIsIeT COO0M MOJKIIOYEHHBIN K CETH
nutanus u [TK uaTepdelic u noakIIoYeHHbIN K HEMY CIpaBa MOYJIb PACIIUPEHUS C
AKCIIEPUMEHTAIBHON TJIATOM.

Pexomenayembie HCTOYHUKH MHPOPMALUH

O030p KypcoB 1 KomIuiekTauu [35].

[Toxpobuee o Hadope [36].

OcCHOBBI cXeMOTeXHUKH [34].

12. llndposas JadGopaTopusi NPoPUILHOT0 YPOBHS
¢ Ha0OpOM JATUYMKOB
PexomeHnanum no MHTErpauuu B y4eOHbIH npomece
Kommnekc mnpenacraBiasier coOOW CBS3KY NPOrpPaMMHOIO OOECHEYeHUs U
IPOCTBHIX B HCMOJB30BAHUM JATYMKOB PA3IUYHBIX (uU3ndeckux BeqnuuH. Ha Gaze
udpoBoil 1abopaTopun PEKOMEHIYETCS MPOBOAMUTH J1abOpaTopHbIE PadOTHI TIO

busuKe, XUMUM, OMOJIOTUH U KOJIOTHUH.
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B xommuekte ¢ mmdpoBoit jgadoparopueii (puc. 12) coaepkuTcsi cOOpHHUK
METOJUYECKNX yKa3aHUH 10 TMPOBEACHUIO JaOOPaTOPHBIX PadOT ¢ HEOOXOAMMBIMU

TCOPCTUICCKUMU CBCACHUAMU U IIPAKTUICCKUMU PEKOMCHAALIUAMMU.

Puc. 12. l{ugposas nabopamopus

PexkomeHnaaluu 1mo MCmoJb30BaHUI0

[Ipouecc noakmrouenus qaTurkoB K [1K v miianmery, kKanuOpoBKU JaTYUKOB,
HacTpoiiku [IO onucanbl B «KpaTkoM pyKOBOJCTBE», BXOZSIIEM B COCTaB Habopa.
Taxke KaXIpli JaTYMK YKOMIUIEKTOBAH OpOIIIOPOM C OMNHMCAaHUEM JaTdyuKa H
M3Yy4aeMOro C €ro MoMoIIbI0 (PU3NIECKOTO MpoLiecca.

PexoMenayembie HCTOYHUKU HHGOpMALIUU

Karasor natumnkos [37].

Wuctpykuus mo ycranoske 10 [38].

Wuctpykuus no sxcruryaranuu [10 [39].

OcCHOBBI cXeMOTeXHUKH [34].

13. MyJabTuMeTp
IIpuoGperaemblie 3HAHNUS, YMEHHS] U HABBIKHU
MyJIbTUMETP MIUPOKO MPUMEHSIETCS B X0JI€ JIJAOOPATOPHBIX U IPOSKTHBIX padoT
10 3JICKTPOHUKE U POOOTOTEXHUKE JUISI M3MEPEHUS PA3IMUHBIX BEJIIMYHMH, IPOBEPKH
PaboTOCTIOCOOHOCTH YIEKTPOHHBIX KOMITOHEHTOB.
[TpakTHueckre  HaBBIKK  pabOTBI €  MYJIBTHMETPOM  OOYYarOIIHUMCS

PECKOMCHAYCTCA HpI/IO6peTaTB B Ha4YaJIC U3YYCHUS OCHOB JJICKTPOTCXHUKMU.
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Puc. 13. Mynemumemp

PexoMeHganum no UCnoJIb30BaHUIO

MynsTumeTp (puc. 13) mo3BoJisieT TPOU3BOAUTh U3MEPEHUSI MOCTOSHHOTO U
MIEPEMEHHOT0 TOKA U HAIPSKEHUs1, COMPOTUBIICHUS, OCYLIECTBIISITh MPOBEPKY AHOJIOB
Y TPAH3UCTOPOB.

[IpoBoja co miynamMu ajii U3MEpPEHUsl MOJKIIIOYAIOTCS K COOTBETCTBYIOIIUM
mopTaMm: YepHBIA MpoBOA (MHUHYC, «3eMiis») Bceraa moakmtouaetcss k COM-mopry,
KpacHBIN MPOBOA MOAKIOUAaeTCs K mopty VQmA s Toka cunoit 10 200 MA, kK mopty
10ADC — ms Toka cuitoit ot 200 MA 1o 10 A.

Jl11s mpoBeieHNs U3MEpPEHUH MepeKIouaTelb MyJIbTUMETPA YCTaHABINBACTCS B
pPEXUM HU3MEPEHHsS HMCKOMOW BEJMYMHBI B ONPENEIECHHOM JAHaNa3zoHe (Hampumep,
pexum DCV 20 no3Bosisietr u3mepsTh nocrosinnoe Hanpsbkenue ot 0 B no 20 B).

PexoMenayembie HCTOYHUKU HHGOpMaLUU

Hcnonws3oBanue myabTumerpa [40].

OCHOBBI CXeMOTEeXHHKH [34].
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14. O6pa3oBaTeibHbIM HA00P HA 0OCHOBE MUKPOKOHTpPoJLiIepa Arduino

IIpuoOperaemble 3HAHUSI, YMEHUS] U HABBIKH

OO0pazoBaTenbHBIA HAOOP TIPEIIaracTcsi UCIOIb30BATh JIJISI PA3BUTHUS HABBIKOB
paboThl C MUKPOKOHTPOJUIEpAMHU M B paMKaX MPOECKTHOW NEATENbHOCTH B YacTH
POOOTOTEXHUKH M HHTEPHETA BEIIEH.

PexoMeHaanuM 10 HHTErPallui B y4eOHbI mpoiecc

PexoMeHyeTcst MCIoNIb30BaHKe HaboOpa ¢ OTNIaA04YHOM miatoit Arduino wim
aHAJIOTOM JIJI 3HAKOMCTBA C MUKPOKOHTPOJUIEPOM U MPUOOpETEeHNsT 0a30BBIX HABHIKOB
B O0JJACTH MHKPODJCKTPOHUKHU. ITO 1EJIECO00pa3HO BBUIY MPOCTOTHI HAMUCAHUS
NpOrpaMMHOTO Koja Ha s3bike Arduino C, Hamuuus OOJBIIOr0 KOJMYECTBA
00yJaronMx MaTepruasoB U JOCTYITHOCTH TOIPOOHBIX HHCTPYKITUH.

JIJ1si mOCTEeNEeHHOro HapallvBaHUs 3HAHUM M KOMIIETEHIIUA PEKOMEH]IyeTCs
MPOBEJICHUE JIA0OPATOPHBIX PabOT MO MCIHOJIB30BAHUIO PA3IMYHBIX KOMIIOHEHT
OTJICNIBHO, Hampumep: 1) ympaBjieHHe BCTPOSHHBIM CBETOJIHOJOM; 2) YIpaBJICHHE
BHCIIIHUM CBETOJUOJIOM; 3) YIIPABJICHHE CHTHAJIAMH C TIOMOIIbI0 KHOIKH H
MOTCHIIMOMETpA; 4) ynpaBicHHE KXUAKOKPUCTAUIMYCCKUM 3KPaHOM; 5) yrpaBiicHHE
MOTOPOM M CEPBOIPUBOIOM U T. II.

Bo3MoxkHO HCIONB30BaHUE OOYyYaIOIIMX MAaTEpHaioB, MPEIOCTaBISIEMBIX B

KOMIUIEKTE ¢ HA0OPOM, B KAUY€CTBE OCHOBBI JIJIsl TPOBEICHUSI 3aHSITHI.

WL

IRR R NP
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Puc. 14. Obpazosamenvusiii Habop
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Kaxmoe 3aHsATHE MOHKHO BKJIHOYATh TEOPETHYECKYI0 OCHOBY IMpoIlecca,
CHMYJISIIIAIO CXEMBbI M KOJla B OHJIAHH-KOHCTPYKTOpE M (DU3UYECKYIO peallu3allHio
CXEMBL.

B pesynbTare OCBOEHHSI OCHOB YIpaBIICHHS BCEMH KOMIIOHEHTaMH Habopa
(puc. 14) obyuaromuiicss MprOOPETET TOTOBHOCTh K COOpKE M MPOrpaMMHPOBAHUIO
MpoCTeNIero podoTa Mo MPUIOKEHHBIM HHCTPYKLHUSM.

PexoMeHIaIMH 110 HCTOJIH30BAHUIO

JI7is KOMITOHOBKH 3JIEKTPOHHBIX CXEM HeoOs3aTesbHa TMaiika: B Ha0Op BXOJHT
MaKeTHas IUlaTa M COCIWHHUTEIbHBIE IPOBOAA. IJTO TMO3BOJSET MHOTOKPATHO
MCIIOJIb30BaTh KOMIIOHEHTHI B Pa3IMYHBIX MPOEKTAX U UCKITIOUUTH BEPOSTHOCTH TOPUHU
KOMITOHEHTOB B MPOIIECCE MaNKH.

B xoMIuIeKTe, KaK IpaBUio, COAEPKUTCI YI€OHUK, B KOTOPOM OIMCAHBI OCHOBBI
paboThI ¢ KOMIIOHEHTaMU Habopa 1 OAPOOHAs MHCTPYKIIUS IO COOpKe.

PexoMenyeMble HICTOUHUKH MH(pOpMAIT

basa 3Hanuit «Amnepkuy» [41].

[Tpumepbl MEHU-TIPOCKTOB [42].

OnaitH-CUMYJISTOP ¢ TIpUMepaMu PoekToB [43].

ANBTepHATUBHBIN OHIAWH-cUMYJITOp oT Autodesk [44].

Pabora ¢ makeTHOM 1UTaToi [45].

[ToxpoGuee mpo Hadop [46].

OcCHOBBI cXeMOTeXHUKH [34].

15. O6pa3oBaTesbHbIil HA00P AJI51 3HAKOMCTBA ¢ HHTEPHETOM Bellei

IIpuoOperaemble 3HAHUSI, YMEHUSI M HABBIKH

OO0pazoBaTenbHBIA HAOOP MPEIaraeTcsi UCMOJIB30BATh B IESIX MPUOOPETCHHUS
HABBIKOB pa0OThI ¢ OTJIAIOYHBIMU TUIATaMU Ha 0a3e MUKpOKOHTposuiepa STM32 kak
NPOAOKEHNE IPOTPaMMBbI 00YYCHHSI MUKPOJJIEKTPOHHUKE.

PexomeHnanum no MHTErpauuu B y4eOHbIH npomece

Pekomennyercss mpuctynate Kk padore ¢ STM32 npu Hanuuuu yBEpEHHBIX

HaBBIKOB pa6OTBI C OTJIaAOYHBbIMH IIJIaTaMH Arduino mam ux aHaaoramu BBUY TOTO,
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YTO MPOrpaMMHUPOBAHUE MHUKPOKOHTposuiepoB cemeiictBa ARM tpebyer Oonee
rTyOOKOTO TIOHMMaHHUsI PabOThl MHUKPOKOHTPOJUIEpA M S3bIKAa MPOrPaMMHPOBAHUS
C++.

MukpokonTposuiepsl Tuna STM32 npousBoauTenbHEe, 4YeM KOHTPOJUIEPHI
ATmega328 (ma 6aze koTophix co3maHa miata Arduino Uno), dro BelpaxkaeTcs B
OompIieM ObICTpOACHCTBUU. TakuM 00pa3oM, ¢ TIOMOIIBI0 HAbOpa MOXKHO CO371aBaTh
0oJiee CIIOKHBIE CHCTEMbI MHTEPHETa BeIIeld. ITO MOTYT OBITh, HAIIPUMEP, CIOKHBIC
CUCTEMBI YIIPaBJICHUS YMHBIM JIOMOM, CHCTEMBI MEKMAITUHHOTO B3aMMOJICHCTBHSI,
CUCTEMBI 17151 pabOThI ¢ 00JIAYHBIMU JIAHHBIMU U JAPYTHE.

JIJist CHUOKEHUST «TIOpOTa BXOXKACHUS» padoTaTh ¢ HAOOPOM PEKOMEHIYETCS B

CBSI3KE C OMEPAIIMOHHON CUCTEMOM peanibHOTO BpeMeHu Mbed.

Puc. 15. Obpazosamenvuvlil Habop 05 3HAKOMCMBA C UHMEPHEMOM euyell

PexoMeHganuu 1mo ucnoJanL30BaHUIO
B nabop (puc. 15) BXoauT yueOHAas MHUKPOKOHTPOJUICPHAs IUIaTa Ha OCHOBE
STM32 Nucleo u nepudepuiiiple yCTpPOICTBA: CEHCOpPHKA, HCIOJHUTEIIbHbBIC

YCTPOMCTBA U MOJLYJIM CBS3H.
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COOpKy CXeM pPEKOMEHAYETCsl MPOBOIUTh HAa MAKETHOW IUIaTe C LENbIO
o0ecreueHHss MHOTOKPATHOTO MCIIOJIb30BaHUSI MOTYJICH.

PexoMeH1yeMble MCTOYHUKHN MH(pOpMaMu

basa 3nanuit « Amnepkuy» [41].

OnnaitH-cUMyYJISATOpP ¢ IpUMEpaMu POeKTOB [43].

OOpazoBaTeNnbHBIA TPEK OT akaaeMuu Samsung (Habop OBUT cO3maH IS
u3ydeHus tpeka) [47].

[ToxpoGHee mpo Habop [48].

OCHOBBI CXeMOTEeXHHKH [34].

16. O6pa3oBaTe/ibHbIi HAOOP MO OCHOBAM 3JIEKTPOHUKH

IIpuoGperaemblie 3HAHNUS, YMEHHS] U HABBIKHU

OO6pa3zoBartesibHBIM HA0OP PEKOMEHYETCSl UCIIOIB30BaTh JIA MPUOOPETCHUS B
paMKax TMPaKTUYECKUX 3aHATHM 0a30BbIX HABBIKOB B OO0JACTHU 3JIEKTPOHHKHU.
KommoneHnTsl Habopa MOTYT OBITh HCIOJIB30BAaHBI B JIAOOPATOPHOW M TPOEKTHOU
NEATEIIBHOCTH.

PexoMeHnanuu no HHTErpanuy B y4eOHbI nmpomecc

C xoMmoHeHTaMu HaboOpa BO3MOXKHO PEAJM30BBIBATH SJECKTPOHHBIE CXEMBbI
Pa3JIMYHON CJIOKHOCTU. DTO MOTYT ObITh, HaIpUMEp, T€HEpaTOp Ha OCHOBE peie,
TPAH3UCTOPHBIN EPEKITIOYATEIb, OXPAHHAS! CUTHAJIU3A1IUS, KOJIOBBIN 3aMOK U JpYyTHE.

PexoMeH1anuu no UCnoJib30BaHUIO

Jnst moBbImeHus 3GeKTUBHOCTH PaboThl ¢ HA0opoM (puc. 16) pekoMeHTyeTCs
ucrosibp3oBath KHUTy [49]. B Habop BKIOYEHBI BCE KOMITOHEHTBI, KOTOPBIC
MPUMEHSIIOTCS] B DKCIIEPUMEHTAX, OMMMCAHHBIX B KHUTE.

JIisi  HEKOTOPBIX DJKCHEPUMEHTOB MOTYT TOHAJAOO0UTHCS JOIMOJTHHUTEIIbHbBIE
MaTepualbl 1 HHCTPYMEHTBI: MasijibHAs CTAHIIUS U PACXOIHbIE MaTEPUaIbI JIJIs TTAlKH,
Oarapeliku Thuna AA u «Kponay, MyasTUMETp, OOKOPE3BI U MPOUKE.

COOpKy cXeM pPEeKOMEHIYyEeTCS MPOBOAWTh HAa MAaKETHOW IIaTe C MOMOIIBIO
COEMHUTEIBHBIX MTPOBOJIOB C II€JIbI0 00ECIIeUeHUs] MHOTOKPATHOT'O MCIIOJIH30BaHUS

QJICKTPOHHBIX KOMIIOHCHTOB.
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Puc. 16. Obpazosamenvuulii HAOOP 011 3HAKOMCMBA C OCHOBAMU DJIEKMPOHUKU

Pexomenayembie HCTOYHUKH MHPOPMALUA

[Tomork B ipoxoskaeHUM 3KcriepuMenToB yactu 1 [50].

OCHOBBI CXeMOTEeXHHKH [34].

17. O6pa3zoBaTenbHblii HA00OP HA 0CHOBE MUKPOKOMIIbIOTepa Raspberry Pi
PexomeHnanumu no MHTErpauuu B y4eOHbIH npouece

OOpazoBaTenbHbIi HA0OP HA OCHOBE MUKpOKOMITIbIOTEpa Raspberry Pi unu ero

aHaJIo PCKOMCHAYCTCA HCIOJb30BaTh [JII BBIIIOJHCHUA IIPOCKTHBIX pa60T,

TpeOYIOIIUX  NPUMEHEHHUs]  OJHOIUIATHOrO  KOMIbloTepa.  Vcmonb3oBaHue

OJHOIINIATHOI'0 KOMIIBIOTEPA II03BOJIACT YCTaHABJIMBATHL Ha HCEro OIICPpallMOHHYIO

CUCTEMY, TTOAKIIOYATh nepudepuiiubie ycTporcTBa (MOHUTOP, MBIIIh, KIABHATYPY U
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npouee), HCIOJb30BaTh CEPHE3HYI0 BBIYMCIMTEILHYIO MOIIHOCTD JUIS CIIOKHBIX
MPOCKTOB.

C nomorkto Raspberry Pi Bo3MOKHO cO31aHUE CIIOKHBIX CHCTEM, TPEOYIOIINX
OOJIBIION BBIYMCIUTEIIFHOH MOIIHOCTH. DJTO MOTYT OBITh, HampuMmep, cUcTeMa
pacro3HaBaHus JIHMIl, POOOTOTEXHUYECKAsh TUIATPOPMa C KOMITBIOTEPHBIM 3PEHHEM,
cucTeMa O0JIAYHOTO XPAaHCHUsS JaHHBIX, CEPBEP JJIS YNPABICHUS YMHBIM JOMOM,
UTPOBasi KOHCOJIb, MEIACEPBEP U JIPYTHE.

Co3aHue CIOXHBIX ~pPOOOTOTEXHHMUECKMX CHCTEM 3adacTyio  TpeOyer
ucnoib3oBanus ROS (robot operation system). ROS coaepuT orpoMHOE KOJIMYECTBO

IIaKCTOB (I)YHKHHFI, B TOM YHCJIC IIAKCTHI JII CUMYJIALIMU IIOBCOCHUA p060Ta.

- .5
/ '~ < SN - 3

Puc. 17. Obpazosamenvuviii Habop Ha ochose mukpoxomnviomepa Raspberry Pi

PexoMeH1a1IUM M0 UCTIOJIb30BAHUIO

HaGop (puc. 17), kak mpaBuiio, COJACPKUT O0YUAIOIIYI0 KHUTY C TOAPOOHBIM
ONMMCAaHWEM YCTAaHOBKM W  HACTPOWKHM  OMNEPAIMOHHOW  CHCTEMBI, OCHOB
nporpammupoBanusi Ha Python u BeO-mporpamMmupoBaHHs ¥ MOMIATOBOE OMUCAHUEC

IMopsAaaAKa BBIITOJTHCHUA PA3JIMYHbIX HHTCPAKTUBHBIX IIPOCKTOB.
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Jlnst paGoThl ¢ TIaTOM HEOOXOAMMO MOAKIIOYUTE (JIeHI-HAKOMUTENb K TUIaTe,
MNOJKJIIOYUTh MOHUTOP M YCTPONCTBAa BBOJA, MOAKIIOYHTH KaOelb MUTaHUS yepe3
CETEBOM ajianTep.

Jliis orpaboTku 0a30BbIX HAaBBIKOB paboThl ¢ Raspberry Pi u Python ymoGmHo
MCIIOJIH30BaTh JIOMOJHHATENbHYIO TaTy «O0maukoy», uaymyo B KoMiuiekre. [lnaTta
HanpsMyto coenuHsiercs: ¢ Raspberry Pi m umeeT BCTpoeHHBIE CBETOAMOBI U KHOIIKH.

JlJis 3amycka TeCTOBOM IpOorpaMMbl JOCTATOYHO IepeiiT Ha caiT [51] wu3
Opay3epa, CKOIUPOBaTh KO, OTKPBITH mporpammy Geany Programmer’s Editor
(npemycTaHOBIIEHA), BCTABUTH KOJI M 3aIlyCTUTh MIPOEKT C MOMOIIbIO KHOTIKH Run.

PexoMenayembie HCTOYHUKU HHGOpMaALUU

baza 3nanuit « Amnepku» [41].

Kopl oOy4aronux mpoektos [51].

[TonpoGHbIe cBeneHMs 0 Habope [52].

[Tpoekt o co3znanuio podota Ha ROS [53].

OCHOBBI CXeMOTEXHHKH [34].

18. KoncTpykrop-Tpancgopmep MH:KeHepPHbIi

IIpuoOperaemblie 3HAHUS, YMEHHS U HABBIKHU

KoHcTpykTOop-TpanchopmMep peKOMEHAYETCS UCIOIb30BATh JIJIsl MPUOOPETEHUS
HaBBIKOB pabOTBl C AKCTPY3UMOHHBIM  QJIIOMMHHMEBBIM MPOPHIEM, MIHPOKO
MPUMEHSEMBIM B MPUOOPO- M CTAHKOCTPOCHUH, NJIsi PA3BUTUS KOHCTPYKTOPCKUX
KOMIETEHIIMA B 00JacTH pa3pabOTKH YCTPOMCTB Ha MeJalbHO-PEMEHHOM U
AIEKTPOIPUBOJIE.

PexoMeHnanuu mo MHTErpanuy B y4eOHbI nmpouecc

B paMkax mnpakTHUeCKMX 3aHATUH PEKOMEHAYEeTCsl cOOpKa YCTPOWCTB IO
MHCTPYKIUSM TMPOU3BOIUTENS Uil TPUOOpEeTeHUs 0a30BbIX HABBIKOB COOpPKU H
Pa3BUTHSI HACMOTPEHHOCTH, a TaK)Ke MPOECKTUPOBAHHE COOCTBEHHBIX YCTPOMCTB Ha
0a3e MOJIy4YeHHOTO OMBbITa B paMKaX MPOEKTHOUW pabOTHI.

[Ipu paboTe ¢ KOHCTPYKTOPOM PEKOMEHIYETCS OOBEAMHATh 00YYalolIUXCs B

rpynisl no 3—4 yenoBeka.
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Puc. 18. Koncmpyxmop-mpancghopmep unsicenepHulti

PexoMeHgaIMM 110 HCIO/Ib30BAHHUIO

Konctpykrop (puc. 18) mo3sonser cobupare u3 neraneit Habopa Oonee 80
KOHCTPYKLUUH pa3lM4YHBIX TPAaHCHOPTHBIX cpeacTB. COopka OCYyIIECTBISETCS
UCKIIIOUUTENIbHO C TPUMEHEHHEM pPa3beMHBIX COCAUHEHUH, YTO TMO3BOJISET
MHOTOKPATHO UCITOJIb30BATh JIECTAIH.

Jl1st cOOpKU yCTPOMCTB HEOOXOAMMBI MIECTUTPAHHBIE KIIOYU pa3MepoB 5 u 6,
KOTOpBIE, KaK NPaBUJIO, ITOCTABIAIOTCA B KOMIUIEKTE C KOHCTPYKTOpoM. Jlis
YCKOpeHUsi cOOpKH B Ciyyae KOMaHIHON pabOThl PEKOMEHIYETCS MCIIOJIb30BAHUE
JOTIOJTHUTENBHBIX KIHOYEH.

Pexomenayembie HCTOYHUKH MHPOPMALIUA

PaboTa ¢ amoMUHUEBBIM TIPOQHIEM 1 ero npuMenenue [54].
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PEKOMEHAYEMBIE TEMbI IPOEKTHBIX PABOT
Hwxe npuBeaeHbl MpUMEPBl TEM MPOEKTHBIX pabOT, KOTOPbIE MOTYT OBIThH
BBIIIOJTHEHBI C HCHOJIb30BAHMEM OMNMCAHHOTO B HACTOSIIIMX METOJIMYECKUX
pekoMeHanusax oOopynoBanusi. Homepa mno3unuii ykasaHbl B COOTBETCTBUU C
paznenom  «PekoMeHIauMM 1O  MCIOJIb30BAaHUIO B y4eOHOM  Mpoliecce

CHEeLUATU3UPOBAHHOTO 000PY10BAHUS.

Tema 1. M3roroBiienue 3¢p(peKTHBHOIO TBEPAOr0 TOILIUBA
HA OCHOBE NPOAYKTOB NepepadoTKu ApeBeCHHbI

O6opynoBanue, pekoOMeHAyeMoOe 1/l BHINIOJHECHUS IPOEKTHOH PadoThI

Ne 6,7, 14

Beenenne

Jns  obOecrnieyeHus: TEIJIOM 3aropoJHBIX YaCTHBIX JIOMOB HEOOXoauma
ABTOHOMHAsl CHCTeMa OTOIUIeHHA. JIJIsI TakKuX CHUCTEM IIMPOKO MPUMEHSIOTCS
pa3ianyuHble BUJIbI TBEpAOIro TorauBa. OOyCTpONCTBO TBEPAOTOIIIMBHOTO OTOIJICHHUS
TpeOyeT yyeTa MHOTMX HIOAHCOB, HAuMHas OT MPAaBWIBHOIO BbIOOpa KOTIa H
3aKaH4YMBas MPOEKTUPOBAHUEM IOMEILEHUs, I7ie OH OyJeT pacnonaraThesi. Kpome
TOTO, BAXXHBIM (pakTOopoM, obecrneunBaroiuM 3(QPEKTUBHYIO pabOTy OTONUTEIBHOU
CUCTEMBI, SIBJIIETCS BBIOOP ONTHUMAJIBHOIO TBEPAOrO0 TOIUIMBA, MO3BOJSIOIIETO
NOJIyYUTh MAKCUMAJIbHYIO TEIUIOOTAAYY IPU MUHUMAJIBHOM PACcXOJe€.

CymiecTByeT HECKOJIbKO OCHOBHBIX THUIIOB TBEPJOTOIUIMBHBIX KOTJIOB,
UCIIOJIB3YEMBIX B COBPEMEHHBIX CUCTEMAX OTOILICHHUS.

Aemomamuueckutl komen pabdOTaeT Ha TPaHyJIMPOBAHHOM TBEPJIOM TOILIMBE.
OcHOBHasi 0COOEHHOCTb U TJIABHOE JOCTOMHCTBO €0 YCTAHOBKHU B YaCTHOM JIOME — B
MaKCUMaJIbHOW aBTOMATU3AlMKA PAOOTHI TOJOOHONW CUCTEMBI OTOIUIEHHUS. B Takoii
KOTEJI aBTOMAaTUYECKH IMOAAeTCcsl TOIUIMBO M ABTOMAaTUYECKU YyHaansercs 30Ja.
HenocTtatkom Takoro KoTia siBASETCS HEOOXOIUMOCTh €r0 YCTAHOBKH B CIIELIUATILHOM
MTOMEIICHUH.

Huponuznoii meepoomonnuensiti Komesl BbIpaOATHIBAET TEIJIO 32 CYET

CXXHMI'aHHMA Ta3a, 06pa3yI01uer00ﬁ IIpu Pas3iioKCHUU TBCPAOro TOIUIMBA IIO4
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BO3JICMCTBMEM BBICOKOW TemIleparyphl. [JlaBHbIE JOCTOMHCTBA TaKOIO0 KOTJIa —
Bbicokuit KIIJI, mocturarommii 90 %, U 10ATOBpeMEHHOCTh (HYHKIITMOHHUPOBAHUS
nocie 3arpy3ku TtomiuBa (o 10 dacoB). HemoctaTkoMm siBIsieTCs JOpOTrOBH3HA
MOHTa)Ka CUCTEMBI OTOIUICHUS C MUPOJIM3HBIM KOTJIOM.

Komnwvl onumenvrnoco 2openus MOTyT UMETh pa3iMuHbIe KOHCTPYKIMU, HO B
IJIaBHOM OHHU CXOXKHM — OJHOM 3aKJIaJIKA TOIUIMBA XBaTaeT MUHMMyM Ha 30 4acoB
ropeHus. CaMple HM3BECTHBIE KOTJIBI JJIMTEILHOTO TOPEHUS — H3TO II€Ub THUIIA
«bynepesta» (Bullerjan) u tBepmororumBHas cucremMa «CrtpomyBay (Stropuva).
I'maBHBIE  HEAOCTAaTOK — OBICTPOE OCTHIBAHHWE BO3AyXa, €CJIM OTaIlJIMBAcTCs
3arOpOJHBIN JIOM C HEPABHOMEPHOM TETUIIOOTAaYe MTOMEIICHUH.

Knaccuueckuit komen no npuHIUITY pabOThI CX0XK ¢ OOBIYHON JJOMOBOI NIEYBIO.
Uepe3 KOJOCHUKOBYK)  PEHIETKY B  KOTEJI IOCTyHaeT IOTOK  BO3/yXa,
nojAepxxkuBaromuii  ropeaue. K 10CTOMHCTBaAM Takoro KOTJIa MOKHO OTHECTH
HE3aBHUCUMOCTbD OT JIPYTHX UCTOUHUKOB YHEPTUU U BO3MOXKHOCTb MPUMEHEHHUS Pa3HBIX
BUJIOB TOIUTMBA. HemgocTaTkoM SIBIISIETCS HEOOXOAUMOCTH PETYJISPHOM 3aKJIaIKu B
KOTEJI TOTUIMBA U HAIMYHS OTACIbHON KOTEJIbHOM.

BriOupas, kakoe TOIIMBO MCIIOJIB30BaTh, YYHMTBHIBAIOT €ro JOCTYITHOCTD,
0COOEHHOCTH MPUMEHSIEMOT0 KOTJIa, a TaKke 3P(HEKTUBHOCTH TOILJIMBA U KOTJIA.

OromieHue Oposamu OTAUYACTCS HKOJIOTUYECKOM YHUCTOTOM M XOPOIIO
MOAXOJUT, €CIHU HYXXHO 00O0rpeTh HEOONBIIOW YAaCTHBIM WIJIM 3aropOJHBINA JOM.
Jlyumieil TemnoTBOPHON COCOOHOCTBIO O0JIaIat0T APOBa TaKUX JMCTBEHHBIX MOPOJ,
Kak Tpab u Oyk. M3 XBOWHBIX MOpO OOJBIIHIA JKap JAIOT COCHOBBIE JIPOBA, HO OHU
0oJiee CMOJIUCTBIC, YTO MPHUBOJUT K HEOOXOAUMOCTH 0OJiee 4acTOTr0 TEXHHUYECKOIO
00CITyKUBaHUS KOTJIA.

Kamennwvui yeons naet B HECKOJIBKO pa3 OoJibllie Terjia, 4eM ApoBa. B To ke
BpeMsl M3-3a MMEIOIIUXCS B yriie MpUMEcCEel MOpoJbl OH NPU TOPEHUH OOpasyer
00JIbIII0€ KOJUYECTBO 30J1bI, KOTOPYIO TPYAHO YAAIATh U yTHIM3UPOBaTh. OTOILICHHUE
7IoMa OOBIYHO MPOU3BOIAT C TIOMOITHIO Ta30BBIX MAPOK YTJISI C BRICOKUM COJIEP KaHHEM
JEeTy4YuX BEIIECTB — 3TO TpedyeT ero mnojadyv HEOOJbIIMMU TMOPLUMSIMHU, YTO

YBCIMYIUBACT YaCTOTY 3aIPpy3KH TOIJIMBA B KOTCII.
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Ilennemyul BBIIENAIOT TEIUIa MPUMEPHO B JABa pas3a 0oJjblle, YeM JApoBa. IDTOT
COBPEMEHHBIM TBEP/AbI TOIUIMBHBIA MaTepuai IMPOU3BOAAT U3 CIPECCOBAHHBIX
mienok, Topda, credbneil KyKypy3bl, COJIOMBI U IPYTHX MaTEpUaoB, CIIOCOOHBIX K
ropeauto.  ®dakThuecku MEUIETl  M3TOTABIMBAIOTCS  IyTEM  IepepaboTKu
ONpENEICHHBIX BUJOB OTXOAOB, MO3TOMY SIBJISIIOTCA DKOJOTMYHOW albTEPHATUBOU
HaTypajJbHOMY TOIUIMBY. [leseTsl HaMHOTrO O€3BpelHee KAMEHHOI'O YIJIsl U IPU 3TOM
[IOYTH HE YCTYNAIOT €My B 3()(PEKTUBHOCTH.

CyniecTByeT OONBIIOE YUCIO PA3IMYHBIX MApPOK MEJUIET, HUCIOJIb3YEMBIX B
OTONUTENBHBIX cuctemax. IIpu 3ToM dacTo 3>(PPEeKTUBHOCTH MEUIET Jajneka OT
TEOPETHYECKH TOCTHKUMOM.

Lesb npoeKkTHOM padoThI

Pa3paboTka TexHOJOTMM  MpOU3BOACTBA A(Q(EKTHBHBIX  NEJJIET  AJA
MCIIOJIb30BaHUS B CUCTEMAX OTOIUJICHUS! HA TBEPJIOM TOILIMBE.

3axa4yu NpoeKTHOM padoThI

1. I3yueHue BHJOB CYLIECTBYIOIIMX INEJJIET, a TAaKXE TEXHOJOTUU HUX
M3TOTOBJICHHUS.

2. [IpoBeeHnEe IKCIIEPUMEHTOB IO ONpeEaeTIeHUI0 dPPEKTUBHOCTU MEIIET O
napameTpam TeIUIOBOM OTJauM, pacxo/a, SJKOHOMHUUECKUM MOKa3aTesIM.

3. Pa3paboTka onbITHOM BepcuU TEJUIET, ABJSIONMXCs Oonee 3¢ (EeKTUBHBIMU
(KaK MMHMMYM I10 OTHOMY TIOKa3aTeJk0), YeM CYLIECTBYIOLIUE aHAJIOTH.

4. DxcriepuMeHTaIbHas mpoBepka 3PGHEKTUBHOCTH pa3padOTAHHBIX MEILIET.

5. AHanu3 MOJY4YEHHBIX PEe3yNbTaTOB M MOJrOTOBKA OTYETA O BBIMOJIHEHHOMN
pabore.

Copaep:xanue oTyera 00yyaromerocs

Teopernyeckoe onmrcaHue MpoOIeMBbI.

CdopmynupoBaHHas TUIIOTE3a, MO3BOJIAIONIAS] PEUIUTH IPOOIEMY.

DKcnepruMeHTaIbHAs MPOBEPKA TUIIOTE3bI.

AHaJIN3 NOJYYEHHOTO pe3yJibTara.
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Tema 2. Pazpadorka munn-1"'2C,
NpeIHA3ZHAYECHHOM AJ1s1 pad0ThI B OTAAJIEHHbIX TOPHBIX PallOHAX

O6opynoBanue, peKoMeHIyeMoe 1/l BHINIOJHEHUS MPOEKTHOMH PadoThI

Ne 1, 3-6, 14, 17

Bsenenue

OueHuBaeMblid TEXHUYECKHHA MOTEHLUHAT Majloil THApO3HepreTuku Poccun
OYEHb BBICOK M COCTaBiSIET OkoJIo 360 mipa kBT-4 B rog, TO €CTh OKOJIO TPETH
notpebisiemoit B Poccun snekrposHepruu. Mamasi THAPOIHEPTreTUKA MOXKET CTaTh
CEpPBE3HBIM MOMOITHUKOM JIJIsl IMYHBIX XO35KUCTB U OpPraHU3allnii, PaCIOJIOAKEHHBIX B
palioHaX C OTCYTCTBUEM pa3BUTBHIX CETEH 3JIEKTPOCHAOXKEHHSI M KPYIHBIX TOYEK
TEHEPALIMH IEKTPOIHEPTHH. 3a4acCTyI0 B TAKUX MECTaX BO3MOXHOCTH CTPOUTEIILCTBA
OrpaHUYEHbl HE TOJIBKO FOPUAMYECKH, HO U (PU3UUECKH (CIOXKHBIN penbed, onmacHbIe
IIOTOJIHBIE YCJIOBUSA U T. 11.).

[Ipumepamu MOTyT CIIy»KUTh TOpHble paloHbl KaBkasza, Anras, Ypama. B
MOJ00HBIX MECTaX OOBIYHO €CTh PEKU, UMEIOLIUE 3HAUUTENIbHBIE ITEPEIaibl BHICOTHI U,
COOTBETCTBEHHO, OOJBINYyI0 CKOpocTh ToToKa (6onee 10-15 m/c). Hcnonbiys
BO3MOXXHOCTH  MaJOM  THAPOIHEPreTUKHM B  COBOKYNHOCTH C  JAPYTHUMH
BO300OHOBJISIEMBIMH HMCTOYHUKAMH D3HEPIHUHM, BO3MOXHO YIYYIIUTh CHaOKEHHE
pabOTHUKOB U KUTellel MOAOOHBIX OTJAJICHHBIX PallOHOB, PaCIIUPUTh BO3MOKHOCTH
JUTSL pa3BUTHS TaM IIPOMBIIIUIEHHOCTH, TYpU3Ma M CIopTa.

eab npoekTHOM padoThI

Pa3paboTka KOHCTpyKIIMM U cOopka oOmnbITHOM Moxenu MunHu-I29C
HOMHUHAJIbHOW MOIIMHOCThI0 He MeHee 10 kBt, He TpeOyroliei KanmuTaabHOrO
CTPOUTEIBCTBA.

3ajauM MPOEKTHOM PadoTHI

1. Uzyuyenne npurImmnoB padotel ['9C, a Takke CyIIECTBYIOIIUX MOJCICH
MuHU-I"9C TpedyeMoii MOIIIHOCTH.

2. AHanu3 ¥ BBIOOP ONTUMAJIBHOM KOHCTPYKIIMU MUHU-T IC.

3. Pacuer u cbopka onbitHOM Moaenu MuHu-1"3C.

4. UccnenoBanue 3p(HEeKTUBHOCTH U MPOOJIEMHBIX TOYEK COOpPAHHON MOJIETH.
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5. Moaudukanys MOJENN C y4eTOM MPOBEACHHBIX SKCIIEPUMEHTOB.
6. AHanIN3 MOTY4YEeHHBIX PE3yJIbTATOB U MOATOTOBKA OTYETA.
Copep:xanue oTueTa 00y4a0LIErocst

1. TeopeTnyeckoe onucaHue MpodIEMBI.

2. ChopmynmpoBaHHas TUIIOTE3a, TO3BOJISIONIAS PEIIUTH IPOOJIEMY.
3. DKcrepuMeHTalIbHAs TPOBEPKA THIIOTE3bI.

4. AHanu3 MOJYy4YEHHOTO pe3yJibTara.

Tema 3. U3roToBiieHre THIPONIOHHON YCTAHOBKH
1J151 BLIPAIMBAHUS MUKPO3€JI€HU B JIOMAIIHUX YCIOBUSIX

OO6opynoBaHue, peKOMeHyeMoe VISl BbINOJIHEHUS MPOEKTHOI padoThI

Nel,3-7, 14, 15

BBenenue

T'uopononuxa — 310 cioco0 BIpaIIMBaHUS PACTEHUI HAa HCKYCCTBEHHBIX Cpeiax
0e3 UCob30BaHMs MOYBEL. [Ipy 3TOM NMUTaHKUE PACTEHHUS MOTYYAIOT U3 TUTATEIBHOTO
pacTBOpa, OKPYKAIOIIETO KOPHH. [ MAPONMOHMKA TMO3BOJISET PETYIHPOBATH YCIOBHS
BBIpAIIMBAHUS PACTEHUMN: CO37aBaTh HA Pa3HBIX ATalax POCTa Pa3IMUHBIC PEKUMBI
MMATaHUsA, TIOJHOCTBIO O0ECIEUHBAIOIINE MOTPEOHOCTH PACTECHUH B MHUTATEIBHBIX
dNEMEHTaX, W3MEHSATh KOHIICHTPAIMIO YTJCKUCIOTO Ta3a B BO3AyXe, CO37aBas
HamOoJiee OJIarompusTHBIC YCJIOBUS M7 (OTOCHHTE3a, a TakKe peryInupoBaTh
TEMIIepaTypy BO3IyXa W KOpPHEH, BIIAKHOCTh BO3AyXa, HWHTEHCHBHOCTh W
IPOJIOJDKUTEIBLHOCTh OcBeleHus. Co3/laHne ONTUMANIbHBIX YCJIOBHM ISl pocTa U
Pa3BUTHS PaCTCHUI JaeT BO3MOKHOCTh MOJTy4aTh OYEHb BHICOKHE YPOKaH, IMOBBIIIIAS
UX KQ4eCTBO U YMEHBIIAs CPOKH CO3PEBAHMSI.

BripamuBanue pacTeHU# ¢ UCMOJIb30BaHUEM THAPOMIOHUKUA MEHEE TPYI0EMKO,
YeM B ITOYBEHHOM KyJIbType. Boia v muTarenbHble BEMECTBA PACXOYIOTCS MTPH STOM
Oonmee SkoHOMHO. Ilomawa mMTaTeNnbHOTO  pacTBOpa K  KOPHSAM  JIETKO
aBTOMaTuU3upyeTcs. B yCcloBHSIX  THIPONOHMKH  MPAKTHUYECKH  OTHAaaeT

HEO0OXOIUMOCTh OOPHOBI C COPHSIKAMU.
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C yd4eTOM COBPEMEHHBIX BO3MOXXHOCTEM aBTOMATHU3alUH, HCIIOIb3Ys
JOCTyIHBIE penieHus Ha ocHoBe Arduino u Raspberry Pi, Bo3M0>XHO c03/1aTh JIeIIEBYIO
M TMPaKTUYHYI THUAPONOHHYIO YCTAaHOBKY [JIi JOMAIIHEro MCIOJIb30BaHMS.
BripamyuBanue 3e1€HM M OBOLIEW B JOMAIIHUX YCJIOBHUSIX IIO3BOJMUT IOJTY4YaTh
MIOJIE3HOE U 3/I0POBOE MUTAHUE KPYTJIBIA IO/ PU HEBBICOKON CTOMMOCTH IPOIYKTOB.

Leab npoeKkTHOM padoThI

CozllaHre KOMITAKTHOM YCTaHOBKH JIJisl BhIpAIllUBaHUSI MUKPO3EJIEHU (caliathl,
YKpOT, TETpyIIKa, JyK, Oa3WiuK ® T.J.) MO TMPUHIHIY THAPOMOHWKU JIJIs
SKCIUTyaTallid B JOMAIIHUX YCJIOBHSIX (MM B YCJIOBHSX IIKOJBHOTO KaOWHETa
OMOJIOTHH) C aBTOMATU3WPOBAHHBIM YITPABICHUEM.

3axa4yu NpoeKTHOM padoThI

1. I3y4yeHue MNPUHLIUIOB THAPONOHUKH, TEOPETHYECKUX OCHOB pPaOOTHI C
MOJOOHBIMM  CHUCTEMaMHU, OCOOCHHOCTEH BbIpalllMBaHUs pPACTEHUNW MeETOAaMu
TUPOTIOHUKH.

2. Bo16op pactenuii, TuTaHUPyEMBIX K BbIpalliiBanuio. M3yueHne ocooeHHOCTeH
BBIpAIIMBaHUS BEIOPAHHBIX PACTEHUM.

3. Be1060Op KOHCTPYKITMY THAPOTIOHHON YCTAHOBKH M HEOOXOIUMBIX JIeTalleh IS
ee COOpKH.

4. TlonroToBKa  MakeTa THUIPOMOHHOM  YCTaHOBKM U  TpOBEpKa €€
PaboTOCTIOCOOHOCTH.

5. Pabota ¢ TrUIpPONOHHON YCTAaHOBKOM M TMOJYYEHHE MOJOKUTEIBHOTO
pe3yibTaTa ee padoThl (BhIpAIICHHBIC PACTEHUS).

6. AHanmu3 MOMYYEHHBIX PE3YJIbTATOB U MOATOTOBKA OTUYETA.

Copaep:xanue oTyera 00yyaromerocs

1. TeopeTudeckoe onrcanue MPoOIEMBI.

2. ChopmMmynrpoBaHHas TUIIOTE3a, TO3BOJISIONIAS PEMIUTH MPOOIIEMY .

3. DKcnepuMeHTalbHasl TPOBEPKA TUIIOTE3HI.

4. AHanmu3 NOJYYEHHOTO pe3yJIbTara.
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Tema 4. Pazpa0boTKa nepcoHAJIBLHOIO AeTEKTOPA
KOCMHUY€CKOTr0 U3.JIy4eHUs

O6opynoBanue, peKoMeHIyeMoe 1/l BHINIOJHEHUS MPOEKTHOMH PadoThI

Nel, 56,8, 11

Bsenenue

Oco0yro 3HAaUYMMOCTh B COBPEMEHHOW Hayke MpUOOpENHd SKCIEPUMEHTHI B
o0nacTu (PU3UKU BBICOKHX 3HEPruil. X MOXKHO pa3fenuTh Ha ycKopumebHble, TIE C
MTOMOIIBIO JICKTPOMArHUTHOTO TIOJIS TIYYKH AJIEMEHTAPHBIX YaCTHI] PA3TOHSIIOTCS 10
SHEPrui, B JCCATKU THICIY pa3 TMPEBOCXOIANIMX WX DHEPrUi0 IMOKOs, W
KocMogusuyeckue, B pPaMKax KOTOPBIX B KPYHMHOMACIITAOHBIX JIE€TEKTOpax
PETHCTPUPYETCSI €CTECTBEHHBIM IMOTOK JJIEMEHTAPHBIX YacTHI], 0OMOapIupyOIIHiA
HaIly IUIaHETy U3 KocMoca. Takue SKCIepUMEHTHI MO3BOJISIOT CO3/AaTh TEMIIEPATYPhI
Y TUTOTHOCTH BEIIECTBA, KOTOPbIE HA0II0IaINCh B TIEPBhIE MOMEHTHI ITociie boibIoro
B3pBIBa, JIYUIIIe y3HATh BHYTPECHHIOI CTPYKTYPY YAaCTHIl U TMIOHATHh WX YCTPOWCTBO, a
TaK)K€ U3y4daTh CBOWCTBA TAKUX pPaHEE HEU3BECTHBIX COCTOSTHUN MaTEepUH, KaK KBapK-
TIIFOOHHAS TIa3Ma.

Oco0EHHOCTBIO KOCMO(DH3UYECKUX DKCIIEPUMEHTOB SBISIOTCS OTPOMHBIE
DHEPTUHA PETUCTPUPYEMBIX YacTUIl. Tak, MpU TPOBEACHUU YCKOPHUTEIbHBIX
sKcrepuMeHToB Ha bonbmom agponHom kosutaiinepe (BAK) B LEPH »snHeprus
IIPOTOHOB B yCKOPsAEMOM ITy4ke cocrasiseT 7-10'2 5B, B To Bpems kak gerexrop Pierre
Auger B ApreHtuHe HcclieqyeT 4acTuubl ¢ sHeprusmu cbime 10%° 5B, 10 ecth
npumepno B 100 muu pa3 OGosbmie. OmHAKO AJisi PETUCTPAIMHM TAaKUX YaCTHIL
OTPe6OBAOCh CO31aTh H3MEPHUTEIBHBINA KOMILIEKC IUIOIIABIO CBHIIIE 3 THIC. KMZ.

Co3naHre HOBBIX YCTAHOBOK [IJIsi TPOBEJCHHS HAYYHBIX WCCIICIOBAaHUN B
00J1aCTH KOCMHYECKHX JTydei TpeOyeT OCBOCHHSI OTPOMHBIX TEPPUTOPHMA, MPOKIIAIKA
COTEH U THICSY KUJIOMETPOB KaOEIIbHBIX KOMMYHUKAIHH. B TO ’ke BpeMsi COBpeMEHHbBIC
TEXHOJIOTUU TO3BOJISTIOT UCIIOJIH30BATh B KAYECTBE JIETEKTOPA MJIEMEHTAPHBIX YaCTHUII
MaTpHIIBI ITUGPOBBIX POTO- M BHACOKAMEP. Y UYUTHIBAS KOJMUECTBO MCIOJIB3YEMBIX B
MHUpE KOMITAKTHBIX BeO-KamMep U KamMep MOOUIBHBIX Tene()OHOB, WX MIMPOKYIO

pacupoCTpaHCHHOCTD B PA3HBIX CTPaHaX, TMIIOTETUYCCKOC BKIIIOYCHUEC 3THUX HpI/I60pOB
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B €IMHYIO0 U3MEPUTEIBbHYIO CETh MO3BOJIMIIO ObI CO3AaTh OeCHpeleIEeHTHO OOJbIION
JETEKTOP JIEMEHTAPHBIX YACTHUII, CIOCOOHBIIN HCCIIeI0OBATh IEPBUYHBIE KOCMUYECKHE
JIy4H B IIOJIHOM auarnasone suepruii ot 10° 5B mo 107! 3B.

eqb MpoeKTHOM PadoOTHI

Pa3paboTka TEXHOJOTHMH M3TOTOBIICHUS MOPTATHBHOTO JETeKTopa anbda- u
OceTa-m3mydeHUsT Ha OCHOBE ToynpoBogHukoBoro pgatumka (I13C-matpuirsn),
MO3BOJISIONIET0 OOHAPY)KUBATh HAJUYHE IMOTOKOB KOCMHUYECKOTO H3JIyYeHHUsS Ha
OoCcHOBe cB000IHO pactpoctpansemoro 10 [55].

HeoOxoaumo onucath TEXHOIOTMYECKUNA MapIIpyT U3TOTOBIICHUS AETEKTOPA, a
TakXKe pa3paboTaTh METOAMKY IPOBEPKU KadecTBa COOPKHM M KOHTPOJS KadyecTBa
COOpaHHOTO JETEKTOpA.

3amauu NpoeKTHON padoThI

1. U3yunth TEXHONOrMYecKne OcoOeHHOCTH ucnoiib3oBaHusi [13C-matpun B
KAaueCTBE JIETEKTOPa KOCMUYECKOT0O U3TyUEHUS.

2. Pa3paboTaTh KOHCTPYKLHIO JETEKTOpa KOCMHUYECKOTO M3Iy4YEHHUsS C
noaxioueHueM K 1K Ha ocHoBe BeO-kamepbl U cBOOOHO pacmpoctpansemoro [1O
[55].

3. Pazpaborath cuctemy ains cOopa NaHHBIX C AETEKTOpa M UX MOCIEAYIOIIEro
aHaJIM3a, MOJIb3YsICh BCTPOCHHBIMU (DYHKUMAMU IPUIIOXKEHUS. /{151 cOopKu Oemexkmopa
Modcem ObIMb UCNONIL308AHA N100as 8eO-Kamepa (HceramenbHO HeHO8As — 8 C8A3U C
0cobeHHOCmAMU COOPKU COBPEMEHHBIX KaMep), Y KOMOPOU MEXHUYEeCKU B03MONCHO
yoanums 3awumuoe cmekno I113C-mampuywl 6e3 ee nospesxicoenus.

4. KoHCTpyKLIMs AETeKTOpa JI0JDKHA 00ecreuynBaTh BO3MOKHOCTh M3MEpPEHUs
yTJia, IOl KOTOPBIM YCTaHOBJIEH AETEKTOP.

5. PazpaboTaTh METOUKY YMEHbBILIEHUS BIUSHUS IIyMOB Ha paboTy JAeTeKTopa
U ONIPEJEIUTh MapaMeTpbl padoThl, IPU KOTOPBIX JOCTUTAETCS HAUMEHBIIUN YPOBEHb
IIYMOB.

6. Pa3paboTaTh TEXHOJIOTHIO M3TOTOBJICHMS JE€TEKTOpAa C ONTUMAaIbHBIM

YYBCTBUTCIIbHBIM 3JICMCHTOM. OHpO6OBaTB HCCKOJIBKO pa3JIMYHbIX YYBCTBHUTCIIbHBIX
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anemeHToB (MK-ceHncopoB) u BbIOpaTh oNTHUMAalbHbIE TAPAMETPHI JIJIs U3TOTOBJICHUS
JETEKTOpA.

7. Pe3ynbratel pa3paboTKu JOIKHBI OBITH OPOPMIICHBI B BHAEC TEXHHYECKOTO
IPOEKTA.

8. Ha ocHOBaHMM TEXHHYECKOTO TIPOEKTa JJaTdyhKa CJIeayeT pa3padoTaTh
TEXHOJIOTHUECKHUI TMPOIECC ero COOpPKH, OTJIAJKH W UCIBITAHWA Ha COOTBETCTBHE
TpeOOBAHUSIM HACTOAIIETO TEXHUYECKOTO 3aJaHus.

Conep:xanue oT4yeTa 00y4aroumerocs

1. TexHuueckuii TPOEKT JaTuMKa, BKIIOYAIOMIMK 000CHOBaHWE BBIOOpA
KOMIUICKTYIOIIUX M KOHCTPYKIIMU, TabapuTHbie W cOopouHble ueprexu. [lpu
pa3paboTKe TEXHUYECKOIO MPOEKTa U €ro OPOPMIIEHUU CIIETYET OPUEHTUPOBATHCS Ha
I'OCT 2.120-2013 u I'OCT 2.120-73.

2. Onicanne TeXHOJIOTHYECKOTO Mmporiecca COOPKH 1 OTIAIKU JaTIHKA.

3. [Iporpamma 1 METOIMKA UCTIBITAHUN TaTYMKa HA COOTBETCTBUE TPEOOBAHUSAM
TEXHUYECKOTO MTPOEKTA.

4. JIeMOHCTpallMOHHBIM 00pa3el] JaT4yvKa, YJIOBJIECTBOPSIONIUNA OCHOBHBIM

Tpe60BaHH$IM TCXHHUYCCKOI'O IIPOCKTA.

Tema 5. UcciienoBanue XapaKTepUCTUK KOCMUYECKOT0 U3JIydeHUs
¢ MOMOIIbI0 cMapT¢oHA

OobopynoBanne, peKoOMeHayeMOe /Il BbINOJTHEHUS MPOCKTHON PadoThI

Nel, 6,18

BBenenue

JlanHast mpoekTHas paboTa sBIIETCS 00Jiee MPOCTHIM U JOCTYITHBIM BapUAHTOM
MpEAbIIYIIeH MTPOSKTHON padOTHI.

Lesab npoeKkTHOM padoThI

N3yuenne BO3MOXHOCTEH KaMmepbl cMapTdoHa B KadyecTBE JETEeKTopa

KOCMHYCCKOI'0O U3JIYUCHM:, d TAKIKC N3YUCHUC XAPAKTCPUCTHK 3TOTO U3JTYUCHH.
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Jns  ucnonb3oBaHus CcMapToHA B KadyecTBE JIETEKTOpa KOCMHUYECKOTO
U3ITYYEeHUs] HCIIOJIB3YETCsl CIHEIUaIbHOE MPOTrpaMMHOE OOecredyeHue Ha OCHOBE
OJHOTO U3 OTKPBITHIX TPOEKTOB:

1. Distributed Electronic Cosmic-Ray Observatory (DECO).

2. CRAYFIS.

3. CREDO Detector.

3amauu npoeKTHOM padoThI

1. U3ydyeHne TEOPETUYECKUX OCHOB (U3UKH KOCMHUYECKOTO W3ITyUCHUS:
NPUYMHBI BO3HUKHOBEHHUS, UCTOYHUKHU W3IYyUYCHHU, TUIBl U3ITyYCHUH, BIHUSHUE Ha
atMocdepHble sABJICHHUS U Jpyrue SO(PEeKTh, HHUIUUPYEMbIE KOCMUYECKUMHU
W3Ty4YCHUSMU.

2. 3yuenue TeopeTHIeCKUX OCHOB MPOIECCOB IETEKTUPOBAHUSI KOCMHUECKOTO
W3JIYYEHUS: TUIBI JETEKTOPOB M MPUHIUIIBI MX palbOThl, OCHOBHBIEC JETEKTOPHI,
HCTIOJNB3YIOIIMECS B HACTOSIEE BPEMS U T. II.

3. Beibop mporpaMMHOTO MpOJyKTa, KOTOPBIA OYyJIET HCHOJIb30BATHCSA JUIs
BBITIOJTHEHUSI OAKCIEPUMEHTAIBHOW 4YacTu paboThl, €ro ONHUCAaHUE U U3Y4YEHUE
PUHIIUIA PAOOTHI.

4. Pa3paboTka 2KCIEPUMEHTATBLHOTO CTEHJAA JIS TPOBEACHUS HU3MEPEHHM C
pa3IMYHBIMU TapaMeTpaMH CHUCTEMBI: HallpaBJICHHE TMpuemMa JAaHHBIX (Yyroa K
TOPU30HTY ), TOTIOTHUTEIbHBIC SKPAHbI WK (GUIBTPHI U T. 1.

5. [IpoBenenue sKCIepUMEHTATBLHBIX UCCIEA0BAaHUN KOCMUYECKOTO U3ITyUCHUS
C TIOMOIILI0 BBIOPAHHOTO MPOTPAMMHOTO TTPOTYKTA.

6. [IpoBeneHne aHanm3a TMOJMYYEHHBIX PE3yIbTaTOB PAOOThI M TOJATOTOBKA
OTYETa.

Coaep:xanue oT4era 00y4aroumerocs

1. Onucanue npouecca co3aHusi U3BMEPUTETLHON CUCTEMBI.

2. [Iporpamma u METOJIMKA UCTIBITAHUN U3MEPUTEITLHON CUCTEMBI.

3. lleiicTBytomuii oOpa3ell U3MEPUTEITbHON CUCTEMBI.

4. OTyeT 0 NMOMYUYEHHBIX PEe3yJIbTaTaX U3MEPEHUN U PEe3yJIbTaTax UX aHaU3a.
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Tema 6. UcciienoBanue XapaKTepUCTHK
4G/GSM aHTeHHBIX yCHJIMTE el

O6opynoBanue, peKoMeHIyeMoe 1/l BHINIOJHEHUS MPOEKTHOMH PadoThI

Ne 1, 3-8, 13, 16, 18

BBenenue

C pa3BuUTHEM MHTEpPHETA, a TAKXKE Pa3JIMYHBIX CEPBUCOB, UCIOIL3YIOIIUX B
pabotre cerb MHTepHEeT, Bce OOJIBIIYIO aKTyallbHOCTh MPUOOpETaeT Haaudue
MOOMIJIBHOM CBSI3M 1 MOOMJIBHOT'O HHTEPHETA B JIFOOOW TOYKE MPOCTPAHCTBA, B KOTOPOM
HaxouTcs yenoBeK. OJIHaKO B paMKax METaroJiuca, re MoCTPOeHbl OETOHHBIE 3/1aHUS
CO CTaJbHOM apMaTypoll U yCTAHOBJIEHO MHOYKECTBO PAa3JIMYHBIX PETPAHCISATOPOB,
QHTCHH W JAPYTUX YCTPOMCTB, CO3JAIONIMX MPENATCTBUE [JIsi PACHpOCTPAHCHUS
ANEKTPOMAarHUTHBIX CUTHAJOB, CYIIECTBYIOT MECTa, TJE€ CBS3b CTAaHOBUTCS
HecTaOWJIBHOW WM HeaocTynHou. To ke camoe MOXKHO HaOoAaTh B OTIAJEHHBIX
pailioHax, IepeBHSX, TI€ 10 OMKAMIIEeH BBIIIKA COTOBOM CBSI3U MOKET OBITh HE OJUH
JIECSATOK KUJIOMETPOB. B MOMOOHBIX CilydasX Ha MOMOIIb MOJIb30BATENI0 MPUXOIST
uHauBuyanbHble 4G/GSM-aHTEHHBI M YCUITUTEINH.

Leab npoekTHOM padoThI

HccnenoBanne XxapakTEpUCTUK CYHIECTBYIOIINX CXeM ycuiieHus curHana 4G u
GSM-cBs131, a Tak)Ke CO3aHNE CUCTEMBI YCHIIUTEIICH /IS TOBBIIIEHUS KAYECTBA CBSI3U
B TIOMEIICHUSIX W JIA0OpaTOpHusix 00pa3oBaTENbHONW OpraHU3allMM, HA TEPPUTOPUU
KOTOPOU BBITIOJIHSIETCS MPOEKTHAs paboTa.

3amauu NpoeKTHOM padoThI

1. 3yueHne CyIIEeCTBYIOUIMX THUIIOB YCUJIUTENEH CHUTHajda, NPUHIUIA HX
padoTHI.

2. Co3manue OMBITHOTO CTEHJIa M U3MEPEHHE TTapaMeTPOB YCHIIUTENCH pa3HbIX
KOHCTPYKLIMH.

3. BeiOOp onTUMaIbHOM KOHCTPYKIMHM YCUJIUTENS [JIs HMCIOJIb30BaHUS B
MTOMEMICHUSIX 00pa30BaTEIbHON OpraHU3AINH, HA TEPPUTOPUH KOTOPOI BHITIOTHACTCS
IpoeKTHas padoTa.

4. 3roToBieHNe MaKeTa yCHIIUTENS BHIOPAHHOM CXEMBI.
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5. DKcrnepuMeHTanbHasi IpoBepKa pabOTOCIIOCOOHOCTH YCUITUTESL.

6. AHanu3 TMOJyYEHHBIX PE3YJIbTATOB U MOATOTOBKA OTYETAa O MPOBEICHHOMN
pabore.

Copaep:xanue oTyera 00yyaromerocs

1. Onucanue npouecca co3gaHusl ONbITHOTO CTEHAA.

2. [IporpaMmMa u METOAMKA UCTIBITAHUHA yCHIIUTEICH.

3. HeticTByromuii 00paserl yCuianuTes.

4. OT4eT O MOJTYUYECHHBIX PE3yIbTaTaX.

Tema 7. Coopka Mogesin nmpocreiiniero ceiicmorpaga

OobopynoBaHue, peKOMeHAyeMoe 1JIs1 BBIIIOJHECHUS IPOCKTHOH PadoThI

Ne 1-7,11, 13, 16, 18

Bsenenue

Poccnst — orpomMHast cTpaHa, permoHbl KOTOPOW PACHOJIOKEHBI B PA3HBIX
MIPUPOHBIX 30HAX, TOITOMY MOTYT CHJIBHO Pa3iMyaThcs KIUMATOM, JIaHTIA(TOM U
OPYTUMHU TPUPOJHBIMU OCOOEHHOCTSIMH, B TOM YHCIE€ M CEHCMOJIOIMYECKOM
o0cTaHOBKOM. MOKeT MoKa3aTbCsl yAUBUTEIBHBIM, HO 1ake B MOCKOBCKOM pEruoHe
MMeeTCs BO3MOXKHOCTh perucrpainuu 3emuerpscenuid. IlpubopoM, mnomorarommm
u3yyaThb 3eMJIETpsiceHMs, dABisieTcs ceiicmorpad. IlpuHuunuaneHas cxema

ceicmorpada rnokaszana Ha puc. 19.

3anuceisaoulee

Bapabau ¢
CEeMCMOrpammon

Puc. 19. Ceticmoepag ons pecucmpayuu nonepeunsvix 011

47



IHeab mMpoeKTHOM PadOTHI

CoOparb  JEHCTBYIOLIYyIO  MOJENb  MpocTediero  ceiicmorpada  c
aBTOMATHU3UPOBAaHHBIM cOOpoM naHHBIX Ha [1K.

3amavyu npoeKTHON padoThI

1. Bemmonuute 0030p JauTEpaTypsl W TOTOBBIX MoOJeNei celicMorpados,
ONKCAHUE KOTOPBIX MOKHO HAWTH B UHTEPHETE.

2.Ha ocHOBe TMOJy4YEHHBIX TEOPETUUYECKUX CBEICHUN BBIOpATh MOJENb
ceiicmorpada u onucaTe IPUINHBI BEIOODA.

3. PazpaboTaTh uepTeku MakeTa U CXeMy €ro COOpKHu.

4. U3roToBUTH JNEUCTBYIONIYIO Mojelb ceiicmorpada. Coop mannbix Ha [IK
JOJKEH OCYIIECTBIATHCS B IOJYaBTOMAaTUYECKOM PpEXKHUME C BO3MOKHOCTBIO
noclenyroieit o00paboTku (HarpuMmep, ¢ MOMOIIBIO JIEKTPOHHBIX TAOJINII).

Conep:xanue oT4yeTa 00y4aumerocs

1. OG30p nUTEPATYPHI, TOTOBBIX MOJIEIEH, MPUUYUHBI BHIOOpA KOHEYHOW MOJIeNn
celicmorpada.

2. YepTe’ku W ONHUCaHWS BHIOPAHHOW KOHCTPYKIIMM M OCOOEHHOCTH €€
peanu3anuu.

3. Paboumnii maket ceficmorpada, moakiarouaemsrii k [1K.

4. CoOpaHHbBIE B HECKOJIBKMX D3KCHEPUMEHTaxX JaHHbIE C MOCTOOPaOOTKOM:
NOCTPOEHHBIMM IHarpaMMaMH U UX OITMCAHUEM.

5. PCKOMGHI{&HI/II/I I10 MOI[I/I(i)I/IKaHI/II/I MakeTa U MPOBECACHHOI'O SKCIICPHUMCHTA.

Tema 8. U3yuenue nudppakuuu cBera
HA yJIbTPAa3BYKOBOM BOJIHE
O6opynoBaHue, peKoOMeHAyeMoOe 1/l BHINIOJHEHUS POEKTHOM PadoThI
No 1-8, 11, 12
Beenenue
VYbTpa3ByKOBbI€ BOJHBI — 3TO MPOJOJIbHBIE YNPYTHE BOJHBI C YaCTOTOM OT
20 xI'u 1o 500 MI'11. CoOTBETCTBYIOIIMM JUATa30H JUIMH BOJIH 3aBUCUT OT CKOPOCTH

pacnpoCTpaHEHHUs BOJIH B CPENIE U, HAIPUMED, IS BOJBI, TI€ CKOPOCTh YJIbTPa3ByKa
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paBHa 1470 m/c, coctaBisieT oT ~7 cM 10 ~3 MKM. PacnipocTpaHeHue yibTpa3ByKOBOI
BOJIHBI  COINPOBOXAAETCA  BO3HUKHOBEHHMEM  HEOJHOPOJHOCTEH  ONTHYECKOIO
MOoKa3aTessl MPEeJIOMJIIEHUST CpeAbl B O0JIACTAX CKaTHS W paspexeHus. B cimydae
CTOsYEH BOJIHBI (BO3HUKAIOIIEH IPU HAJIO)KEHHUHU JIBYX BCTPEUHBIX OETYIIMX BOJIH) 3TH
HEOJHOPOJHOCTH O00pa3yloT B MPOCTPAHCTBE HEMOABMXHYIO MNEPUOIUYECKYIO
CTPYKTYPY, KOTOpasi MPeACTaBIseT cCo00# (a3oByI0 TUMPAKIIMOHHYIO PEIIETKY .

Judpakus cBera Ha ynpyrux BOJHax Obuia mpezckaszaHa JI. bpummosHom
(L. N. Brillouin) B 1922 romxy u oOHapyeHa 3KCIepUMEHTaIbHO B 1932 romxy. D10
SBJICHUE TI03BOJISIET UCCIIEI0BATh XapaKTEPUCTUKU YIPYTUX BOJH C IIOMOIIbIO CBETA
WIN YIIPaBJISITh CBETOBBIMU ITy4YKaMH € IIOMOILBIO YIIPYTUX BOJIH. D¢ ekt nudpakunu
CBETa Ha YJIbTPA3BYKE JIEKUT B OCHOBE PabOTHI LIEJOr0 Kiacca aKyCTOONTHYECKUX
npubopoB — AEPIEKTOPOB M MOIYJATOPOB CBETA, UMEIOIIMX B HACTOSIIEE BpEMs
HIMPOKOE MPAKTUYECKOE TPUMEHEHHE.

Leab npoeKkTHOM padoThI

OKCIIEpUMEHTANIBHOE HCCIE0BaHUE AU(PPAKIMKA CBETa Ha NEPUOAMYECKUX
HEOJHOPOJHOCTSAX TOKa3aTensi MpeIoMJIEHUs, CO3[JaBaeMbIX B BOJE CTOSYEH
FapMOHUYECKOU YIIbTPA3BYKOBOW BOJHOM.

3aa4yu NpoeKTHOM padoThI

1. I3y4yeHue TeopeTH4ecKrux OCHOB (PM3UUECKOM ONTUKHU — MOHATUHI AU paKkuuu
U UHTEepEpEeHILINU CBETa, IPUYMH BOZHUKHOBEHUS JaHHBIX SBJICHUH.

2. zydyeHne ocHOB (DM3HWKH YHPYTUX BOJH, YJIbTpa3ByKa W CIIOCOOOB €ro
rEHEPALH.

3. [InanupoBaHme SKCIIEPUMEHTA TI0 IeMOHCTpaluu dpdexra nudpakiuu ceeTa
Ha yJIbTPa3BYKOBOU BOJIHE.

4. Co3gaHue U HaJIaJKa SKCIIEPUMEHTAJIBbHON YCTaHOBKH.

5. [IpoBeaeHne HSKCIEPUMEHTANBHBIX HCCIEIOBAHUN M3y4aeMOro SBJICHMS,
KaMOpOBKa MapaMeTPOB YCTAHOBKH.

6. [IpoBenenne aHanmu3a W MHTEPHPETALMM TOJYYEHHBIX PpPE3yJbTaToOB,

IMOATOTOBKA OTUYCTA O IIPOBECACHHOM HMCCICIOBAHNU.
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Conep:xanue oT4yeTa 00y4aromerocs

1. Kparkuii 0030p OCHOBHBIX TEOPETHUYECKHUX CBEJICHHM, HEOOXOJMMBIX IS
BBITIOJTHEHUS Pa0OTHI.

2. OnucaHye SKCIEePUMEHTAIbHONM YCTaHOBKH U TIPOIIecca €€ CO3/IaHMs.

3. OT4eT 0 MPOBEIEHHBIX YKCHEPUMEHTAX, MOTYYEHHBIX dKCIICPUMEHTAIBHBIX

pe3yiibTaTrax, 00 UTOrax MX aHajau3a u HHTCPIIPCTALNH.

Tema 9. U3yyenue nHTepepeHUHH YIbTPAa3BYKOBBIX BOJIH
U ee IPUMEHEHUA B (PM3HOTEePANINH

OobopynoBanne, peKkoMeHayeMoe /i1 BbINIOJHEHUS MPOEKTHON padoThI

Ne 1-8, 11, 12

Beenenne

[Ipy OIHOBPEMEHHOM pacHpOCTPAHEHUU B YIPYTrod Cpele HECKOIbKUX
YJIbTPa3BYKOBBIX BOJIH IPOUCXOJUT UX CIOXKEHUE (Cyneprno3uius). Takoe HaTo)KeHUe
BOJIH JpYyr Ha Jpyra HOCUT oOliee Ha3BaHue HHTepdepeHuuu. B pesynbrare
MHTEepPEPEHIIMN B OJTHUX TOYKAX CpPebl MOKET HAOII01aThCsl yCUIICHHE KOIeOaHuid,
a B IPyTHX — UX OCJIa0JIeHHE.

Pesynbrar wuHTEepdepeHunn OyAeT 3aBUCETh OT MPOCTPAHCTBEHHOTO
COOTHOIlIeHUsT (a3 yIbTPa3BYKOBBIX KoJIeOAaHMI B JaHHOM Touke cpeabl. Eciu
YJIBTPa3BYKOBBIE BOJIHBI JJOCTUTAOT ONPEIEIEHHOIO y4acTKa Cpeibl B OAMHAKOBBIX
¢azax (cuH(}a3HO), TO CMELIEHUS YACTUIl CPEAbl UMEIOT OJIMHAKOBBIE HAIIPABJICHUS U
uHTepdepeHrs B TaKUX YCJIOBHMSX CIOCOOCTBYET YBEJIMUYEHUIO aMIUIUTYIbI
yIbTPa3ByKOBbIX KojeOaHui. Ecnum ke yiapTpa3BYKOBBbIE BOJIHBI HPUXOIAT K
HEKOTOPOMY Y4YacTKy Cpellbl B MpOTUBO(A3e, TO CMEHICHUS YacTUl cpeibl OyayT
ITPOTHUBOIIOJIOKHBIMH 10 HAIIPABJIEHUIO, YTO MPUBEAET K YMEHBUICHUIO aMIUIUTYbI
yJIBTPA3BYKOBBIX KOJIECOAHMIA.

NuTtepdepeHiiuss urpaer BaXKHYIO poJib B BO3HUKHOBEHUM SIBJICHUH,
HaAOJII0JITaeMBIX B Cpe/ie BOKPYT YJIbTPa3BYKOBOro u3iydarens. OcoOeHHO Ooiblioe

3HaUYE€HHE MMeEEeT MHTep(dEepeHIUs, BOSHUKAIOIIAs IPU PaCHpOCTPAHEHUH HABCTPEUY
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Ipyr JIpYyry JIBYX YJbTPa3BYKOBBIX BOJIH, KOIJla BCTpPEYHAs BOJHA BO3HUKAET B
pe3yibTaTe OTPaKEHUS] UCXOTHOUM BOJIHBI OT MPEMSATCTBUS.

Paznuunbie 3Q¢eKThl, BHI3BIBAEMBIC YIbTPa3BYKOBBIMH BOJHAMH IPH HX
pacnpocTpaHEeHUU B OMOJOTUYECKUX TKaHIX, HAIIUIY IIMPOKOE TPUMEHEHHUE B OTPACIH
MEJULMHBI, Ha3bIBaeMol (pusnorepanueid. s npoBenenus Gpu3snoTeparneBTHUYECKUX
MIPOIIETYP UCTIOIB3YIOTCS TETIOBBIE U HETEIIOBBIE Y(D(PEKTHI yIbTpa3ByKa.

eab MpoeKTHOM PadoTHI

Wzydenue sBiaeHUs HUHTEpGEPEHIMH YIbTPa3BYKOBBIX BOJIH, H3MEpPEHHUE
CKOPOCTH YJIbTPA3BYKOBOM BOJIHBI, 3HAKOMCTBO C INPUMEHEHHEM YJbTPa3BYKOBBIX
BOJIH B (PU3HOTEpAIIUY.

3axa4yu NpoeKTHOM padoThI

1. I3yueHue TEOpPETUYECKUX CBEACHUNH O SBICHUAX JAUPpPaKIMU U
MHTEepEPEHIIUN BOJIH U MH(OPMAIIUU O IPUMEHEHUH YJIbTpa3ByKa B (PU3HUOTEpAIIUU.

2. [ImanupoBaHMe  HKCIEPUMEHTa IO  HAONIOJCHUIO  HUHTEPPEpeHIINU
YJIBTPa3BYKOBBIX BOJIH.

3. COopKa IKCIIepUMEHTAILHOTO CTEH/A.

4. IIpoBeseHue  SKCINEPUMEHTOB IO  HAOJIOJAEHUIO  UHTEPEPECHIINH
yJIbTPa3ByKOBBIX BOJIH.

5. AHanu3 MOJyYEHHBIX PE3YJIbTATOB M MOATOTOBKA OTYETa O MPOJIETAHHOM
pabore.

Copaep:xanue oTyera 00y4aromerocs

1. KpaTkuii 0030p OCHOBHBIX TEOPETHUECKUX CBEJICHUH O SIBJICHUSX UGPaKIIUN
¥ UHTEPPEPEHITNH BOJTH.

2. O3HaKOMJIEHHE C TMOMOIIbI0 MHTEpHETa ¢ MH(OpManuend O MEIULHUHCKOM
IIPUMEHEHUH YJITPa3BYKa.

3. OnucaHue SKCIEePUMEHTAILHONM YCTAaHOBKH U TIPOIIEcca €€ CO3/IaHusl.

4. OTyeT 0 MPOBENCHHBIX IKCIEPUMEHTAX, MOJYUECHHBIX SKCIEPUMEHTATbHBIX

pe3yibTaTax, 00 UTOTax WX aHAJIU3a U HHTEPIIPETAIUH.
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Tema 10. UccienoBanne mapamMmeTpoB CBeTa,
NMPOXOASIEro Yepe3 ONTHYECKH HEOJHOPOAHYIO Cpeay

O6opynoBanue, peKoMeHIyeMoe 1/l BHINIOJHEHUS MPOEKTHOMH PadoThI

Ne 1-8, 11, 12

Bsenenue

Ontuuecku OJHOPOJHOM HAa3bIBAETCS Ccpella, B KaXIOW TOYKE KOTOPOM
a0COJIOTHBIN TTOKA3aTelb MPEJIOMIICHUSI UMEET OJIHO U TO K€ 3HaueHue. B ontuuecku
OJHOPOJIHBIX CpPENaxX CBET PACHPOCTPAHAECTCA NpsAMOJUHENHO. [Ipumepom Takou
Cpenbl SBJSIETCS YHCTas >KUAKOCTh. Hambonee pmocTtymHa [jIsi MpPOBEICHUS
AKCIIEPUMEHTOB BOJIa, AaOCOJIOTHBIM TMOKa3zaTrelb MPEIOMJICHUS KOTOpPOW B
HOPMAJIBHBIX YCJIOBHSX COXPAHSAET MOCTOSHHOE 3HaYEHUE (1711 MOHOXPOMATUYECKOTO
ceera). OQHAKO €ro MOKHO YBEIUYUTh WK YMEHBIIUTD, PACTBOPSIS B BOJIE pA3JIUYHbIC
BEIIECTBA, HATPEBAs UJIM OXJIAXK/1asi BOAY. DTO MO3BOJISIET B OJTHOM U TOM K€ KUJIKOCTH
co3JaBaTh OOJIACTM C pPA3HBIMM 3HAYEHUSMU I[IOKa3aTessl mpejaomiieHus. Mexay
yKa3aHHBIMH 00JacTsIMU 00pa3yroTCs EPEXOAHbIC, ONTUYECKU HEOJHOPOIHBIE CIIOH,
B KOTOPBIX MMOKA3aTeJIb MPEIOMJICHHUS IABHO U3MEHSETCSA OT TOUKH K TOUKE.

eab npoekTHOM padoThI

N3ydyenne W JIEMOHCTpalMsi paclpoOCTpaHEHUsS CBEeTa B  ONTHUYECKHU
HEOJIHOPOJHOM Cpeie.

3amauu NpoeKTHOM padoThI

1. TeopeTuueckoe M3yye€HUE T€OMETPUUECKOW ONTUKU U OCHOB (PU3HUECKOU
ONTUKH, MPUYUH BO3HHUKHOBEHHUS ONTUYECKUX HEOJAHOPOAHOCTEH, MPUBOISALIUX K
M3MEHEHUIO Kod(PUIeHTa MPEeTOMIICHUS CBETA.

2. 3yuenue cnocoOOB CO37aHUsl ONTUYECKH HEOJHOPOJHOM cpeabl. Bribop
ONTHUMAJIBHOTO CIIOC00a IEMOHCTPAIIMH U N3YUEHUS SIBJICHUS.

3. [InaHupoBaHue JKCIEPUMEHTA, IMOKA3bIBAIOIIET0, KaK H3MEHSIOTCS
napaMmeTpbl CBETOBOTO JIyda IPHU €ro MPOXO0KIECHUHU Yepe3 ONTUYECKH HEOAHOPOIHYIO
cpeny.

4. CO0opKa 3KCIEPUMEHTAIILHOTO CTEHA U MPOBEACHUE U3MEPEHUH.
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5. AHanu3 Moy4YeHHBIX pPe3yJIbTaTOB, UX UHTEPIPETAIU U MOJAr0TOBKA OTYeTa
0 MpojIeNIaHHOM padoTe.

Coaep:xanue oT4yeTa 00y4aumerocs

1. KpaTkuii 0030p OCHOBHBIX TEOPETHUECKUX CBEACHHM, HEOOXOAMMBIX IS
BBITIOJTHEHUS Pa0OTHI.

2. Onucanue SKCIIEPUMEHTAIFHON YCTAHOBKH U IIPOIEcca €€ CO3TaHMs.

3. OTyeT 0 MPOBENIEHHBIX YKCHEPUMEHTAX, MOTYYEHHBIX SKCIEPUMEHTAIBHBIX

pe3yiibTaTrax, 00 UTOrax MX aHajau3a u HHTCPIIPCTALINH.

Tema 11. MoaenupoBanne padoThl KOMIIAPATOPA HANPSIKEHNH

OO6opynoBaHue, peKOMeHyeMoe VISl BbINOJIHEHUS MPOEKTHOI padoThI

Ne 1,11, 13, 14, 16

BBenenue

KomnapaTtop — 3To onepanuoHHbIA YCUIUTEIL 0€3 00paTHOM CBSA3U ¢ OOJIBIIINM
koahunrenToM ycusenust. Kommapatopbl UMEIOT Ba BX01a — IPSIMOM M1 UHBEPCHBIM.
B 3aBucMMOCTH OT ’kelaeMoro pe3yJsibTaTa OIMOPHOE W CPaBHUBAEMOE HAMPSIKCHUS
MOTYT MOAKII0YATHCS K TI000MY BX0y. Eciiu BXogHOE HanpskeHne Ha TPSIMOM BXO/J1€
MIPEBLICUT HANPsHDKCHUE WHBEPCHOTO BXO/a, BBIXOAHOW TPAH3WCTOP KOMITapaTopa
OTKPBIBACTCSI, €CIIM CTAaHET HIKE — 3akpbiBaeTcs. ClieoBaTEIbHO, KOMITAPATOP
«CpaBHHMBAET HATPSIKEHUS.

Hampumep, eciaum mojaTh Ha HHBEPCHBIM BXOJ KomImaparopa Kakoe-1rdo
MIOCTOSIHHOE OIOPHOE HAmNpshDKeHHE, a Ha MPSAMOW BXOJ TOJATh W3MEHSIOIIUNCS
CUTHAJI, BBIXOJHOE HAIpPSIKEHUE HM3MEHUTCS CKAa4KOM — OT MHUHHMAJIBHOTO IO
MaKCHUMaJIbHOTO — B TOT MOMEHT, KOTJIa YPOBEHb BXOJHOTO CHTHala TPEBBICHT
YPOBEHB OMOPHOTO HAIMPSHKEHUS, yCTAHOBIEHHOTO Ha APYrOM BXOjI€, U HA000POT.

B coBpeMeHHO# 37IeKTpOHUKE SISl CO3/IaHUS U U3YUYCHUS TTapaMeTpOB PabOThI
AICKTPOHHBIX CXEM aKTHBHO MCIIOJIB3YIOTCS Pa3IMYHBIC CPEIb MOACIIUPOBAHUS, YaIIle
BCETr0 MOCTPOEHHBIC Ha OCHOBE Tak Ha3biBaeMbix SPICE-mopeneii. OgHolt U3 HHX
SBIIIETCA CBOOOIHO pacmpocTpansiemas cpeaa [56]. Mcnoab3oBaHue IMOI00HBIX

MpOrpamMM TO3BOJIIET TOJHOCTBIO H3YYUTh MapaMeTphl OYIyIIETO SJIECKTPOHHOTO
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YCTPOMCTBA U OTJIAUTh €r0 paboTy nepea COOPKOM «B HKEJIe3€», UTO MOJTOKUTEIHHO
CKa3bIBACTCs Ha MPOIEHTE OTKA30B YCTPOMNCTB.

Leab npoeKkTHOM padoThI

Co3naHue BHUPTYyaJlbHOM MOJENM KOMIAparopa HANpsUKEHUHM W U3yueHue
0COOEHHOCTEM ero padoThI.

3agaum NpoeKTHOM padoThl

1. 3ydyenue npuHmuna paboTel KoMIaparopa HalpsKEHUN C MOJIOKUTEIbHON
00paTHOM CBS3bIO.

2. 3HAKOMCTBO ¢ mporpammoii [56] u n3ydeHune ee BO3MOKHOCTEH.

3. Bbibop 1 pacuer cxeMbl KoMIlapaTopa HANpsSHKEHUH € IOJIOKUTEIbHON
00paTHOM CBS3bI0, MOJIEIUPOBAHUE BHIOPAHHOM CXEMBI B IPOIPaMMe.

4. IlonyyeHne OCHOBHBIX XapaKTEPUCTHK KOMIapaTropa — IEpeXxOJHOU
XapaKTePUCTHKH, OIpeIeJICHHEe TOPOTOBBIX 3HAYCHHWHA HAMPSKEHUS U OIMOPHOTO
HaNPsDKEHUs, TIOTy4YeHne rpaduka TucTepe3rnca U onpeesieHue ero muPHHBIL.

5. COopka makeTa KOMIIapaTopa HaIlpsDKEHUH Ha MAaKETHOM IulaTe W MpoBEpKa
paboTOCIIOCOOHOCTH B CPABHEHHH C MMOCTPOECHHON U U3yYEHHON MOJIEIIBIO.

6. COopka (QuHaNBHOTO MakeTa Ha T[€YaTHOM TUIaTe MW IpPOBepKa
paboTOCIOCOOHOCTH FTOTOBOIO YCTPOMCTBA.

7. AHanu3 TONyYEHHBIX PE3yJIbTaTOB W IMOATOTOBKA OTYETa O MPOBEICHHOMU
pabore.

Copaep:xanue oTyera 00y4aromerocs

1. TlpeacraBiieHne OCHOBHBIX MOJIEJIBHBIX XapaKTEPUCTUK KOMIIapaTopa.

2. Onucanue pe3ynbTaToOB TECTUPOBAHUS MAaKeTa KOMIIapaTopa U CPaBHEHUE €T
XapaKTePUCTHK C MOACIbHBIMH.

3.0t1uer 00 OKCHEpUMEHTaX, MPOBEACHHBIX Ha (PUHAIBHOM MakeTe, O
MOJMyYEHHBIX OKCIIEPUMEHTAIBHBIX pe3yibTarax, 00 HTorax HX aHaluW3a |

MHTEPITPETALNH.
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Tema 12. UcciaeaoBaHue TEMJIOBBIX CBOMCTB
KOHCTPYKIIHOHHBIX MATEPHAJIOB

O6opynoBanue, peKoMeHIyeMoe 1/l BHINIOJHEHUS MPOEKTHOMH PadoThI

Ne 1-7,11,12, 18

Bsenenue

OKkunaxx W Tpy3bl, BoO3Bpamaromuecs ¢ MexIyHapogHOW KOCMHUYECKOM
CTaHIMU, JTOJDKHBI OBITh 3alIUIIEHBI OT MEperpeBa BO BpeMsl CIIyCKa KOCMHUYECKOU
karcynel. TemmepaTypa ee Kopilyca MpU BXoJie¢ B arMocdepy MOKET IOCTUTaTh
2200 °C, B CBsI3M C 4YeM I TIOKPBITHS KarcyJbl HEOOXOAMMO HMCIOJIb30BaTh
MaTepuaibl ¢ 0COOBIMU TEIJIOBBIMU CBOWCTBAMHU.

Lesb npoeKkTHOM padoThI

W3yuuTh KIIIOUEBbIE TEIJIOBBIE CBOMCTBA, KOTOPBIE XapaKTEPU3YIOT Pa3InYHbIE
TEIJIOU30JIMPYIOIINE MaTepUaIbl.

3axa4yu NpoeKTHOM padoThI

1. Co31aTh 3KCHEPUMEHTANbHYIO YCTAaHOBKY JJIsSi U3yUEHUS TEIUIOBBIX CBOWCTB
KOHCTPYKIMOHHBIX MaTEPHAJIOB.

2. C noMoIipio COOpaHHON yCTAaHOBKHU MPOBECTU U3YUEHHUE ITUX CBOUCTB. COOP
JAHHBIX JOJDKEH OCYLIECTBISATHCSA B MOJyaBTOMATHUYECKOM PEXKUME C BO3MOKHOCTBIO
nocyenyroumen oopadoTku (HarpuMep, ¢ MOMOIIbIO AIEKTPOHHBIX TAOJIHII).

Coaep:xanue oT4eTa 00y4aroumerocs

1. Teopetnueckuii  0030p  TEIUVIOM3OJSLUMOHHBIX  MaTe€pUaloB,  YacTo
UCIIOJIb3YEMBbIX B IPOMBIIINIEHHOCTH U OBITY.

2. OnucaHue KIIOYEBBIX TEIUIOBBIX CBOMCTB MaTepUaloB C TEOPETUYECKUM
0o0bsiCHEeHHEeM (PU3MKH JTaHHBIX CBOKCTB. HeobXxoaumo mpuBecT OCHOBHBIE (DOPMYJIBI
1 6a30BbIE TEOPETUUYECKUE PACUETHI, ONMCHIBAIOIINE YKa3aHHbIE CBOWCTBA.

3. MeTouKy SKCIEpUMEHTAIBLHOTO M3yYEHUs YKa3aHHBIX CBOWCTB, a TaKXe
000CHOBaHUE BHIOOpa JABYX-TPEX OCHOBHBIX MapaMeTpOB, KOTOpPbIE MOXHO Oyjaer
MIPOBEPUTH Ha COOPAHHOM PKCIIEPUMEHTAIBHOM CTEHJIE.

4. OnucaHve HKCIEPUMEHTAIBLHOTO CTEHJa, COOpaHHOIrO HJisi H3yYeHHs

TEILUIOBBIX CBOMCTB MaTCpHUAIOB.
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5. Pe3ynbrarhl NpsAMbIX U3MEPEHNUN OMMCAHHBIX MMAPAMETPOB I HECKOJIBKUX
Pa3IMYHBIX TEIIOM3O0JALMOHHBIX MAaTEPUATIOB C YUETOM OJHOTO «KaJTHMOPOBOYHOIO»
MaTepuana, MOKa3bIBAOIIET0 MPaBUILHOCTD (DYHKIIMOHUPOBAHUS YCTAaHOBKHU.

6. PacueTsl 3KCIEpUMEHTAJIbHBIX JaHHBIX, TPa(UKH U T. JI.

7. Anamms IMOJIYYCHHBIX Ha SKCIICPUMCHTAJIIbHOM CTCHAC JIaHHbIX.

Tema 13. llIkoabHas MeTeOCTYy:KOA
(¢pu3uka, nupopmatTuka, reorpagus)

O6opynoBanue, pekoOMeHAyeMoOe 1/l BHINIOJHECHUS IPOEKTHOM PadoThI

Ne 1-7,14,15,17, 18

BBenenue

B yuebnbix mnporpammax Ttemy «lloroma u kiauMmaT» H3ydalOT B Kypce
dbusznyeckoii reorpaduu Ha YpoBHE OCHOBHOTO 00I111eT0 00pa3oBaHusl. DTUX 3HAHUHN HE
XBaTaeT TEM IMKOJbHUKAM, KOTOPBIE XOTAT 3HATh OOJBIINE, XOTAT yMETh TTOHUMATH
XO0Ts Obl OJMDKaIIe U3MEHEHHUS TOT0JIbI, OT KOTOPBIX YAaCTO 3aBUCUT CAaMOUYyBCTBHE
YeJjoBeKa, €ro paboTOCOCOOHOCTh, HacTpoeHwe. Ho, B OTiMuMe OT HACTPOCHHS
YeJI0BEeKa, «HACTPOCHME» TOTO/bl MOAAeTCd TOYHOMY H3MepeHuto. [Ipexne Bcero
peub wuueT 00 M3MEpEeHWH TeMIEepaTypbl BO3Ayxa, aTMOc(epHOro aBICHHUS,
aOCOJIOTHOM M OTHOCUTENBHOW BIJIAXKHOCTH BO3AYyXa, a TaKkKe 00 OIpeAeseHud
HaIPaBJICHUS U CKOPOCTHU BETpa.

Lesab npoeKkTHOM padoThI

O3HaKOMJICHHE C YCTPOMCTBOM METEOCTaHIMU U 0a30BbIMH HAyYHBIMHU
MpUHIUTIAaMU (HOPMHUPOBAHUS TIPOTHO3A ITOTOTBI.

3aauM MPOEKTHOM PadoOTHI

1. Cobpath TPOCTEUITYyI0 METEOCTAHIIMIO (BapuWaHT — OPraHU30BaTh COOP
MacCHBa JTAaHHBIX C HECKOJIBKUX JIFOOUTEIIBCKUX METEOCTAHITUH, CO3JTaHHBIX IPYTHMHU
00y4JaroImUMUCS M YCTAaHOBIICHHBIX B palilOHE IIKOJIBI).

2. Opranmn3oBaTh WH(OPMAIMOHHBIA pecypc Uil  OJHOKJIACCHUKOB €
(dbopMHpOBaHHEM €KETHEBHOT'O IIPOTHO3a MOTOBI 110 yTpaM (TIEpe.T BBIXOIOM B IITKOJTY

Ha YPOKH).
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Conep:xanue oTyera 00yyaromerocs

1. O630p METOAMK U 0OOPYIOBAHUS ISl cOOpa METEOPOJIOTHUSCKUX JaHHBIX.

2. Teopetrueckuid 0030p MPUHIUIIOB (OPMHPOBAHHUS METEOPOIOTHUSCKUX
HPOTHO30B.

3. Co3maHHBIi MaKeT METCOCTAHIIMM C OCHOBHBIMH JaTYWKaMH | (WJIH)
OIMCaHNEe METOJIUKN cOOpa TaHHBIX ¢ HECKOJIBKUX METCOCTAHIINH.

4. ITpoBeieHHBIN aHAN3 JaHHBIX, TOJYYSHHBIX C ITOMOIILI0 METCOCTAHIIHH.

5. ChopmupoBaHHas cHCTEMa €XKEIHEBHBIX IPOTHO30B ITOTOMABI, a TaKKe

AHAJINTHYCCKHUC JAaHHBIC O KAYCCTBC (1)0pMI/IpyeMI>IX ITPOIrHO30B.
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CCBbIVIKM HA UCTOYHUKHN NTHOOPMAIINU

[Mpukaz Munnpocsemenus Poccun ot  18.05.2023 Ne 371 «O6
yTBEPXKJIeHUU (eaepalibHOi 00pa30BaTeIbHONM MPOTPAaMMbl  CPETHETO
00111eT0 00pa30BaHUMD.

Vka3 Ilpesupenta Poccuiickoit ®enepaunn ot 28.02.2024 Ne 145
«O Crparerud  Hay4YHO-TE€XHOJOTUYECKOro  pa3BuTus  Poccuiickoi
denepanum».

Pacnopsixkenue I[IpaButensctBa Poccuiickoint @enepanuu ot 20.05.2023
Ne 1315-p «O6 yTBepxkaennn KoHnenum TeXH0JI0OrHueCKOro pa3BUTHsI Ha
nepuon 10 2030 roma» (Bmecte ¢ «KoHuenuueil TEXHOJIOTHYECKOTO
pa3BuTHs Ha riepuoj 10 2030 romay).

[TocranoBnenne IIpaBurtenscTBa Poccuiickon ®@enepannn ot 26.12.2017
Ne 1642 «O06 yTBepkIIeHUH TOCYJapCTBEHHOM mporpammel Poccuiickoit
®enepanuu "PazButue oOpazoBaHus'y.

[Tpukaz MunoOpuayku Poccuun ot 17.05.2012 Ne 413 «O06 yTBEpKIAeHUU
denepanbHOT0 rocy1IapCTBEHHOTO 00Pa30BaTEIHLHOTO CTaHIapTa CPEAHETO
00111er0 00pa3oBaHUMD.

Pacnopskenune I[IpaButensctBa Poccuniickont ®enepaunu ot 31.03.2022
Ne 678-p «O06 ytBepxknenun KoHuenuuu pa3BUTHS JOMOJHUTEIHEHOTO
oOpa3oBaHus JAE€Te W MPU3HAHUM YTPATUBIIUM cuily PacnopspkeHus
ITpaButensctBa P® ot 04.09.2014 Ne 1726-p» (BMecte ¢ «KoHuenmuei
Pa3BUTHS IOMOJIHUTENHLHOTO 00pa3zoBanwms nereit 10 2030 rogay).

[Ipukaz MunnpocBemenus Poccun ot 06.09.2022 Ne 804 «OO6
YTBEPKJICHUH  TEpPEYHS  CPEeACTB  OOydeHHWs W BOCIUTAHUA,
COOTBETCTBYIOIIMX COBPEMEHHBIM YCJIOBUSAM OOYUYEHHMS, HEOOXOIMMBIX
IpyU  OCHAIIEHHH OO0Ie00pa30oBaTebHBIX OpraHu3aluii B LEJIX
pealn3alu MEpPOIPHUITUNA TOCYJApCTBEHHOW IporpaMmmbl Poccuiickoi
Oenepanuu "Pa3Butre oOpa3oBaHus", HANpaBICHHBIX Ha COJCHCTBHE

co3manuio (co3mganue) B cyObekTax Poccwuiickoit demepanuu HOBBIX
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10.
11.
12.
13.
14.

15.

16.
17.
18.
19.

20.
21.
22.
23.
24.
25.

26.

(IOTOTHUTENBHBIX) MECT B 00I1Ie00pa3oBaTEIbHBIX OpPTraHU3alMIX,
MOJIEpHHU3AIMI0 HH(PPACTPYKTYphl 00I1Iero o0pa3oBaHUs, IIKOIbHBIX
cucteM oOpa3oBaHUs, KpUTEPUEB €ro (OpMHUpPOBaHUS M TpeOOBaHUU K
(YHKITMOHATILHOMY OCHAIIEHHUIO 0011Ie00pa3oBaTeIbHBIX OpraHu3alui, a
TaK)Xe OMpEEICHUH HOPMAaTHBAa CTOMMOCTH OCHAIEHUS OJHOTO MECTa
00ydJaromerocs: yka3aHHbIMHA CPEACTBAMU OOYICHHS M BOCTIMTAHHUS.

https://www.thingiverse.com/

https://www.printables.com/
https://cults3d.com/

https://amperka.ru/page/creality-ender-3-v2-assembly-instructions

https://amperka.ru/page/creality-ender-3-v2-first-print

https://top3dshop.ru/blog/circuit-board-cnc-machine.html

https://www.youtube.com/watch?v=fd07-
OfCsAk&ab channel=Minh%27smancave

https://virand.ru/2018/09/24/instrukciya-po-pervichnomu-zapusku-stanka-

na-baze-platy-m2-nano/

https://www.cnc-club.ru/forum/download/file.php?id=100987

https://infolaser.ru/stati/chto-takoe-chiller-dlya-lazernogo-stanka-s-chpu/

https://www.youtube.com/watch?v=nCbRmHUL Xzc

https://www.mir-krepega.ru/tablitsa-skorosti-sverleniya-razlichnykh-

materialov/
https://clck.ru/3ATLTJ
https://clck.ru/SATLW?2
https://clck.ru/SATLXE
https://clck.ru/3ATLY3
https://clck.ru/3ATLaZ

https://www.vseinstrumenti.ru/publication/kak-nauchitsya-payat-

payalnikom-pravilnaya-tehnika-dlya-nachinayuschih-2846/

http://elektronika-muk.ru/blog/vidy-pripoya-i-flyusa
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https://www.thingiverse.com/
https://www.printables.com/
https://cults3d.com/
https://amperka.ru/page/creality-ender-3-v2-assembly-instructions
https://amperka.ru/page/creality-ender-3-v2-first-print
https://top3dshop.ru/blog/circuit-board-cnc-machine.html
https://www.youtube.com/watch?v=fd07-OfCsAk&ab_channel=Minh%27smancave
https://www.youtube.com/watch?v=fd07-OfCsAk&ab_channel=Minh%27smancave
https://virand.ru/2018/09/24/instrukciya-po-pervichnomu-zapusku-stanka-na-baze-platy-m2-nano/
https://virand.ru/2018/09/24/instrukciya-po-pervichnomu-zapusku-stanka-na-baze-platy-m2-nano/
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