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Po0oT ni1s BIOJIHEHNA cnieuAJIbLHBIX 3aganuii «KFORTISy
AHHOTAIUSA
Leapb npoekra: PazpaboTka KOMIIAKTHOTO, OIOAKETHOTO, HO MPHU 3TOM MPOXOAUMOIO
1 MHOTO(YHKIITMOHAJIBHOTO poO0Ta ¢ poOOTU3MPOBAHHON PYyKOW Ha 06a3e MUKPOKOHTpOJIIEpa

cemeiictBa Arduino, mpeIHa3HAYSHHOTO JUTS BBITIOJHEHUS CIICIIHATLHBIX 33 IaHHH.
3amavu npoexra:

— W3yuuThb neficTBUS criacatesiei pyu oOpyIIeHUH COOPYKEHHUM U OTTaCHOCTh ATUX
pabor.

— BbIIeauTh OCHOBHBIE Y376l p0OOTa U MyJIbTA YIPABJICHUS.

— Tlomo6paTh 1 paccunTaTh KOMILICKTYIOIIIHE.

— CuopoextupoBath 3J[ Mozens B mnporpamme «Kommac 3J1», M3rotoBuTh
HEOOXOAUMBIE JIETAIH.

— CoOpath KOpIyc W TOAKIIOUUTH AJIEKTPOHUKY po0OTa, a Takke COo3daTh U
HAaCTPOUTH IMYJIbT YIIPABJICHUS.

— Hamnucarts u oT/IauTh MporpamMmy st poOoTa U MyJIbTa YIIPaBICHHS.

— TlporecTupoBaTh Bce y3IIbl, Jo0padoTaTh Haubosee ciaadble Y3IIbl.
MeToabl U IPUEMBI:

— IlpoextupoBanue 31 mojaenu B mporpamme «Kommac 3 1».

— HW3roroBneHrne HEOOXOAUMBIX JETaleh ¢ TOMOIIBIO aIUTUBHBIX TEXHOJOTUNA U
TEXHOJIOTMH JIA3€PHOM PE3KU C UCITOJIB30BaHUEM CTaHKOB ¢ UITY.

— Hanucanme xoma nHa s3pike CH++ nmnust Arduino B cpene mporpaMMUpPOBaHUS
Arduino IDE.

— OTJ'Ia)IKa N TCCTUPOBAHUSA ISJICKTPOHHBIX CxeM B CUMYJIAATOpPAX TaKHX, KakK

Tinkercad, Wokwi.

ITosryuyennsbie pe3yabTarThl: B pesynbrare pa3pab0TKH MOIYYHIOCH CO34aTh poOoTa AJis
BBIMIOJIHEHUSI CIIEUANbHBIX 3aAaHuil. [Ipu 3ToM poOOT UMEeT BBICOKYIO TPOXOAUMOCTD U

MaHUTYJIATOp. Takke poOOT OCHAIIEH amapaTypou ypaBiieHUs U cucteMoin fpv kamep.



BbiBoa: TectupoBanue poboOTa MOKa3ano, YTO OH 00JaAAET BBICOKOW MPOXOAMMOCTHIO,
JOCTaTOYHBIM BpeMeHeM paboTel. B  pe3ynbrare [naHHOE YCTPOMCTBO MOMKET

HUCIIOJIB30BaThCa BOCHHBIMHU M CIIaCaTCIISAMU.
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1. BBEAEHUE

1.1.Ileapb, aKTYyaJIbHOCTh M IPAKTHYECKOE 3HAYEHHEe Pa3padoTKu
[lenbto mpoekTa sBIsETCS pa3paboTKa MajloradapuTHOro podora ¢ JUCTAHIMOHHBIM

YIIPAaBJICHUCM JId BBIIIOJJHCHHUA PA3JIMYHBIX 3aJa49 B 3KCTPCMAJIbHBIX HIJIM OIIACHBIX JJIA

YCJIOBCKA YCIOBHUAX Oprxcanmeﬁ CpCAHbI.

B nacrostiiee Bpemst MUC, BoeHHBIE U COTPYAHUKU APYTUX CIYKO MPAKTUUECKH BCETAa
MIPH BBIMOJIHEHUH padOT MOJBEPratoT CBOKO KU3Hb onacHoCTsIM. Hanpumep: npu oOpyiieHun
pa3INyYHbIX KOHCTPYKUUN coTpynHukn MUC BbeIHYXAEHbI NMpoOupaThCsl MOJ 3aBajbl, IS
noucka yroei. [Ipu 3ToM 3a4acTyro CyliecTByeT yrpo3a oOBaia. A €Ciu MPOHUKHYTbH IO
3aBaJibl BO3MOKHOCTEW HET, TO M BOBCE MPUXOJUTCS KAaTh, IOKA 3aBajbl pa30epeT TsKenas

TCXHHUKA.

[TomuMo pa3zbopa camux 3aBajoB MNpeABApUTENbHO cOTpyAHUKH MUC m0mKHBI
BBITNIOJIHSTh HEKOTOPBIE IEUCTBUS, KOTOPbIE 00€30MacAT HAXOXKAEHUE JIF0/Ield BOJIM3M 3aBajia
(B mpumepe NpUBOAITCS ACUCTBUS TpU pPa3dboOpe 3aBajioB KaKUX-IMOO 3HaHUM WiIH

HCKYCCTBEHHBIX COOPYKEHUM).



[Tocne ycranoBieHust 30Hbl UC u e€ xapakrepa cracaTelnd NEPEeXOnsT K OLEHKHU
COCTOSIHUSI OKPYXKAIOLIEe Cpelpl: HAJIMYME OYaroB MoXapa, paaAuoakTHUBHOIO, XUMHUYECKOTO,

OaKTepuaIbHOTO 3apaKECHHUS.

Jlanee cracaTenu yCTaHABIMBAIOT COCTOAHUE 00bEKTOB B 30He UC - 3T0O paznuuHble

KOMMYHHKAIIUU U CUCTCMBI.

Jl1st moMonu cracaTessiM B JaHHBIX dTanax U BO3HUKIIA ujaes coopatsh poborta. Ha ero
maThopMy MOTYT OBITh YCTAaHOBICHBI JIOMOJIHUTEIHHBIC CKAHUPYIOIIHE CHCTEMBI,
MO3BOJISIIOLIME ONEPaTopy HaXOAUTCS Ha HEKOTOPOM PACCTOSHMM OT poboTa, U C
0€30MacHOCTbIO /IJIs1 CBOEH KM3HU IPOBOJUTH MOHUTOPHUHT U Pa3BEIKY OKPY>KaIoIIel Cpeibl,
B TOM YHCJIE TOUCK JIFOAEH, MOBPEKICHHBIX Y3JI0B U KOMMYHHUKAIMK. Takke OCyIIECTBIISITh

IMOCJICAYIOMNC OTKIIFOYCHHUC KOMMYHHKaHHﬁ, KOTOPBIC IIPCACTABIIAIOT OIIACHOCTD.

Ha naHHbli MOMEHT B apceHayie CHEICTYKO0 €CTh HEKOTOpble POOOTHI, KOTOPHIC
MPEIHA3HAYECHBI JJIsl TYLICHUS MOXapOB, Pa3MHUHUPOBAHUSA WIM pa3Benku. Ho rimaBHbIM
MHUHYCOM BCE€X 3THX YCTPOMCTB SIBJISIFOTCS HMX pa3Mepbl, BEC U CTOMMOCThH (Hampumep
moOmibHbIH PTK Teodor BecuT B MOMHOM cHapsikeHUM 375 Kr). BodbIIMHCTBO MaliuH
YeJIIOBEK MPOCTO HE MOXET IMepeABUraTb CaMOCTOSTENBHO, a ISl 3TOr0 HEO0OXOJMMBbI

CHenuaIbHbIe TPY30BUKHU UIH (PypPrOHBI.

He Bcerma ectb BO3MOXHOCTh NOIBbE37a MOJAOOHBIX MaIIMH B 30HY pPaOOThHI
corpyaarkoB MUC. Takxe B cuity O0JbIINX Ta0APUTOB U BHICOKOM CTOMMOCTH, CIOXKHOCTH
M3rOTOBJICHHSI OOJIBIIUX POOOTOB TaKHE KOMILJIEKCHI €CTh B JAJIEKO HE B KAXKJIOM pervuone PO.
MMeHHO mMOATOMY S MOCUMTal HEOOXOAMMBIM pPa3padoTaTh OTHOCUTENBHO JIETKOrO,
OIOKETHOI0, MIPOCTOI0 B PEMOHTE M YIIPaBJIECHUU POOOTA, HO IPHU 3TOM HE YCTYHAIOLIEro IO
MPOXOAUMOCTU U (PyHKIIMOHATY OOJbIIMM poboTaM. B ciiydae ycriexa gaHHOW pa3padOTKu
000U COTPYIHUK CMOXKET B35ITh poOOTa M CAMOCTOSITEIbHO MEPEMECTUTh €r0 B 30HY
paboThl. A B cllyd4ae MOBPEXICHUS KaKUX JMOO0 Y3JI0B poOOTa €ro MOXHO ObLIO OBl OBICTPO

3aMEHHUTh Ha MECTE U MPOJIOKUTH PadoTy.

[TonoOHBIN pOOOT MOKET BBHITIOJIHITH HEOOJIBIIIKE, HO OYEHb BaXKHBIC 33/1aUl, KOTOPBIC
TPeOYIOT OrepaTUBHOTO perreHus. [IpuMep HEKOTOPHIX 3a7a4, KOTOPhIE JOJHKEH BBITIOIHATH

poboT:



— [Ilouck nrozeii u 10CTaBKy Ipy30B B 30HY OOpYIIEHUS 31aHUI

— H3yuenne mecta UC n aHanm3a oKpysKarolen cpesl

— OleHKa BEpOSITHOCTH OOPYIICHUS 3aBAJIOB

— [IlpoBeneHune paguoakTUBHOIO MOHUTOPHUHTA

— PasmunupoBaHue U nepemeleHre NoJ03pUTEIbHBIX IPEAMETOB

— Y CTaHOBKa PETPAHCIATOPOB

YHUKaJIBHOCTHIO pOOO0Ta OYIYT SABISATHCS €ro HeOobIIe rabapuThl, Bec He 6onee 10kr, a
TaK)K€ BBICOKAs IPOXOJUMOCTh U BO3MOXHOCTb 3a0UpPAThCA MO CTYNEHbKAM U BBICOKUM
HAKJIOHHBIM ITOBEPXHOCTSIM.
1.2.3agaum 1 MeTOaAbI HCCJIET0BAHNA
g co3nanust poOOTa, yIOBIETBOPSIOLIETO BCEM TPEOOBAaHUSAM, HEOOXOJUMO OBLIO

BBITNOJIHUTH CIICIYIOIIUE 3a{aYH:

— OmnpenenuTs OCHOBHBIE y37bl poO0OTa, B COOTBETCTBUM C OTUM T0J00paTh
HEOOXOMMBIC MEXaHUYECKUE U DJICKTPOHHBIC KOMIUICKTYIOIIIHE.

— CocCTaBUTh CTPYKTYPHYIO CXEMY YCTPOMCTBA poOOTa U CXeMY TOJKIIFOUYCHHS BCEX €T0
y3J10B

— Pazpaborarps anmaparypy AMCTAaHIIMOHHOIO YIpaBleHUs M pa3paboTaTh MPOTOKOII
nepenayn JaHHBIX MEXIy POOOTOM U anmapaTypoi

— (COopka, HacTpoiika U KaluOpoBKa BCEX Y3JI0B poOoOTa.

— Hanucanue nporpaMmsl Jjist poOOTa U anmnapaTypbl
MeToabl MCCJIeI0OBAHUA

— HW3ydenune matepuasnoB Mo JACHCTBUIO criacaTeiiedl Mpu OOpYIICHUH 37aHUN M HX
nocieayrniero pasoopa.

— OOpabotka Bceil wuH(OpMaNMK, TOCTAHOBKA OCHOBHBIX TpeOOBaHMM K
CO3/1aBa€MOMY YCTPOMCTBY.

— CO6o0p uH(OpMAaIH O PA3TUIHBIX JIEKTPOHHBIX MOAYJISX, UX XapAKTEPUCTUKH.

— TlpoextupoBanue moaenu podota B CAIIP mporpamme.

— Ortnaaka 3JeKTPOHHBIX CXEM C TTOMOIIBIO CUMYJISIIAMA



— IIporpammupoBaHre MUKPOKOHTpOJUIEpA U OTJaJKa KOAa C MOMOIIBI0 MOHHUTOpA
nopTa.
1.2.1. Onpenesienne 0OCHOBHBIX y3J10B po00Ta, MOAOOP U pacyeT

KOMILJIEKTYOIIUX.
[Tocne moapoOHOro U3ydeHHUs YKE CYIIECTBYIOIIUX PEeICHUH JaHHOU MPOOIEMBbI

OBLIN BBIICJICHBI OCHOBHBIC Y3JIbl, XapPaKTCPHBIC I pO6OTOB, MMpCAHA3HAUYCHHBIX

HJI IIPUMCHCHUA B HOI[O6HI>IX CUTyalu:sIx.

Takumn Y3J1aMU ABJEROTCA:

— XopaoBas 4acTh
— MaHunynsarop
— DJEeKTpOHHBIN OJIOK
— Cucrema kamep

Jlns ABMKeHUs poOoTa HEOOXOAMMO pa3zpadboTaTh XOJOBYIO YACTh, KOTOPYIO
B JIBMYKEHUE TIPUBOJIAT JTUOO0 OECKOUIEKTOPHBIE, TMOO KOJIJIEKTOPHBIE MOTOPBI.
N3yuuB npeuMyIiecTBa U HEIOCTaTKH, a TAKXKe IICHBI ObLTA BEIOPAHBI
KOJUIEKTOPHBIE MOTOPBI C PEIYKTOPOM B CHUITYy MX IIPOCTOTO MOAKIIOUCHHUS,

HEOOJIBIIION OCHBI U y,Z[O6CTBa HCIIOJIB30BaHH .

Pucynoxk 1. Koanekmopuwiit Momop
[Tpu moxbope KOMIUICKTYIOIIMX I MAaHHUITYJISATOpPa, @ UMEHHO MOTOPOB
paccMaTpUBaJINCh HECKOJIBKO BAPUAHTOB, @ UMEHHO: aKTyaTOPbI, KOJJIEKTOPHBIC
MOTOpPHI C YEpPBSYHBIMHU PEAYKTOPAMH, CEPBONMPHUBOIABI W  OOBIYHBIC

KOJUICKTOPHBIC MOTOPEI. HanbGonee xoMIakTHBIM H HaJACKHBIM PCHICHHUEM
7



OKa3ajuch cepBomnpuBoAbl. OHU HE TPEOYIOT MOJKIIOYEHHS JOMOTHUTEIbHBIX
ApaiiBepOB WM YCTAHOBKM BHEIIHUX IOTEHIMOMETPOB, SHKOAEPOB JUIS

OTCJIC)KMBAHMUA ITOJIOKCHUA MAHUITYJIATOPA U YACPKAHUA 3aJaHHOT'O yTJIa.

Pucynok 2. Cepsonpueoo

CaMbIM BaKHBIM U CJIOJKHBIM OBLIT BBI60p OCHOBHOTI'O BBIYHCJIINTCIIBHOI'O U

YIPaBJISIIOLIETO y3ia s podoTa.

CyniecTByeT MHOKECTBO pa3MyHbIX MukpokoHTpoiiepoB (naigee - MK) c
pa3IMYHBIMH NTapaMeTpamMH U BO3MOXKHOCTAMU. Hanbosnee nmomyssipHbl, TPOCTHI

B UCIIOJIB30BaHUU 1 niporpammupoBannu MK nmuneiiku Arduino.

Coznanue poOoTa mpeAnoiaraeT MOAKIIOYEHUs OOJBIIOr0 KOJIWYECTBA
Pa3IUYHBIX YCTPOUCTB W cucTeM, modtoMy MK nomkeH umers Oosbioe

KOJIMYECTBO ITMHOB.

[Tocne cpaBHEeHHs Bcex IuiaT cemericTBa Arduin0 B kavecTBe TIABHOTO
YIPaBJISIFOIIETO ycTpoiicTBa Oblia BeiOpaHa miata Arduino Mega 2560 (kax aust

nyJbTa, TaK U IS poOoTa).
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Pucynok 3. Omnadounas naiama Arduino mega 2560

[Tomumo ocnoBHoro MK HeoOXoaumbl ObUIM W JAPYTHE KOMIIOHEHTHI,
1o100p M pacyeT KOTOPBIX IPUBOIUTCS JaJIee.

Jlns ynpaBineHuss poOOTOM B YCIOBUSAX OTrPaHUYEHHOW BUIMMOCTU Ha
poboT Oyzet ycraHoBJIeHa cucteMa fpv kamep ¢ BupeonepenarankaMu, KOTOpbIe

HMEIOT JOCTATOYHO OOJIBIION paguyC NCHUCTBUS U MPOCTYIO0 HACTPOUKY.

Pucynox 4. FpVv kamepa c nepedamuuxom



2. Pa3paboTka pob6oTta
2.1.0OcHoBHBIE Yy3JIbI po0oTa

Po0oT BKItOYaeT B ce0s CIeAyIONe OCHOBHBIE Y3JIbL:
— XozoBas 4acThb
— MaHunynsarop
— KamMmepsl 1 BUz€onepe1aTunku
— VY3en oOMeHa HHPOpMALMH C ITyJIETOM YIPaBJICHUS
— OCHOBHOH y3€I1 JJIEKTPOHUKH

— V3en pacripezenieHus U npeoOpa3oBaHUs HAMPSXKEHUS

[paiiBepa

MOTOpPOB \ OcHOBHOIA y3en / Papuomopynt

3/IEKTPOHUKU

Mortopbi Cepsonpusogpbl

Y3en
pacnpepeneHus
nUTaHusa

dneMeHT NUTaHusa

Kamepbl > Bupeonepegatumku

Pucynok 5. Cmpyxmypnas cxema poboma
2.2.PacuéT u moa6op HeOOXOAUMBIX KOMILTEKTYIOIIUX
CaMbIM TJIaBHBIM Y3JIOM, OT KOTOPOTO OyIyT 3aBUCETh OOJBIITMHCTBO APYTUX MTOKa3aTeNen
poboTa — 310 X0/10BOi1 y3en. [locne aHanu3a Bcex BO3MOXKHBIX XOJOBBIX YacTell MOl BHIOOP
OCTaHOBHWJICSA Ha 4-X KOJecHOW 0a3e, HO ¢ HEKOTOpbIMH MoauduKanusmMu. T.K. poOOT
IJIAHUPYETCS HUCIOJIb30BaTh B TPYAHOIPOXOAUMBIX MECTaX, TO POOOT IODKEH 00JanaTh
MOBBIIICHHOW MPOXOANMOCTBIO, W TIOMHUMO JTOTO YMETh IIPEOJIOJIEBAaTh BBICOKUE
MPEMNSTCTBUS, B TOM YHUCJIE U CTYNEHbKHU. [103TOMy OCHOBHYIO XO/I0BYIO YaCTh OBLIO PEIICHO

clenaTh M3 YEThIPEX KOJEC C TMOJHBIM MNpuBOAOM. IIpu 3TOM ciaenarh TNepeaHuid MOCT
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HE3aBUCUMBIM, YTOOBI JaK€ HAa HEPOBHBIX MOBEPXHOCTIX Y POOOTA OCTABAJICS KOHTAKT C
MOBEPXHOCTBIO BCeMHU KojiecaMu. Ho HeCMOTpst Ha Bce MPEUMYIIECTBA TaHHAS KOHCTPYKIIUS
HE Mo3BoJIJIa ObI pOOOTY 3a0MpaThCs Ha BEICOKKE MPETIATCTBUS, 00JIee TOTO CYIIeCTBOBAII ObI
BBICOKHH IIAHC ONMPOKHUIBIBAHUS POOOTA, YEro JOMYyCKaTh HeJb3s. [1o3ToMy Ui perieHus
JaHHOW TMpoOJeMBbl pelieHo ObUI0 J00aBUTH 3-10 Mapy Kojec, 3aKpEeIUIEHHBIX Ha
cepBonpuBoax. Takum 00pa3oM pemanoch HECKOIBKO podiiem cpa3y. [Ipu nepeaskeHum
10 TIOBEPXHOCTH TI0J] OOJIBIIMUM YTJIOM OIIEPaTop POoOOTa MOXKET Pas3IOkKHUTh Kojieca U poOOT
CTaHET HAMHOTO YyCTOMYMBEE, a TaKKe TIOBBICUTCS €ro MNpPOXOAUMOCTh. Tarkxke s
MIPEOJIOJICHUS BBICOKHMX MPEIMATCTBHIA HEOOX0AUMO OYJIET CJIOXKHTD 310 Mapy KoJieC U 3aexXaTh
nepeiHe 4acThio po0OTa Ha BO3BBIIICHHOCTD, ITOCIIC YETr0 TPEThEH Mapoi KoJeC MOIHSTH

3aJHIOI0 9acTh poOoTa.

JIJ1s1 OCHOBHOM XO/J0BOM YacTH ObUIA BBIOpaHbI KOJJIEKTOPHBIE MOTOPBI IIOCTOSIHHOTO TOKA C
PENYKTOPOM, BBIXOJHAs CKOPOCTh KOTOpPbIX cocTaBisya 120 o6/MuH. A Koneca ObLIM
BbIOpaHbl AuameTpoM 12cMm. Mcxoas M3 JaHHBIX MapaMETPOB MOKHO OBLIO paccUUTaTh

MPUOJIM3UTENBHYIO CKOPOCTH pOOOTA.

Pucynox 6. Koneca ons poboma

[TepumeTp xoneca: P=2nR P=2%3.14*0.00012=7.5*10"-4 xm
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O6opoToB koseca B 9ac: 120*60=7200
Cxkopoctb pobota U=7200%7.5%10"-4=5.4 xm/u

Crnenyroumm »TanoM HEOOXOIMMO ObUIO MOAOOpaTh JpailBepa s YHpaBJICHUS
MoTOpamMu. B Xxone uccienoBaHusi 3aBUCUMOCTH CHUJIBI TOKa OT HArpy3Kd Ha MOTOpP ObLIO
BBISICHEHO 4YTO OJHMH MOTOp B nuKe mnorpedissierca okoio 3-4A. Ilocne oueHkum Bceex
[apaMeTpPOB pa3HbIX MOJENeH ApaliBepoB ObUIO PELIEHO OCTAHOBUTHCA HAa OJHOKAaHAJIbHOM
npaiteepe BTS7960. MakcumaibHO Ha OJUH KaHaJd OHU MOTYT BBIJIaBaTh TOK A0 43A, 4ero
BIIOJIHE XBaTHUT. J{JIs1 MOJIHOIIEHHOTO yIpaBiieHUs: poOOTOM HEOOXOIUMO OBLIO 2 apaiiBepa —
110 OIHOMY JpaiiBepy Ha 2 OCHOBHBIX MOTOpa. TeM caMbIM MOYHO OBLJIO yNPaBIsATh pOOOTOM
110 TaHKkoBOM cxeMe. [loakmrounB gpaisep k nnHam MK ¢ LIMM M0KHO ynpaBisiTh HE TOJIBKO
HaAIPaBJICHUEM BpAILLEHUS MOTOPOB, HO M CKOpPOCTBbIO MX BpallleHus, Ojarojgaps uyemy
MOSIBJISIETCSI BO3MOXKHOCTh CHEJIaTh HECKOJIBKO PEKUMOB pabOThI poOoTa.

=

0@06,

Pucynox 7. Jlpaiisep momopos BTS7960

Jlanee HeoOXoaumo ObUIO BBIOpAaTh OCHOBHOW MHUKpOKOHTposuiep (mamee - MK),
KOTOpbI OBl 00pabaThiBan BCIO WH(OpMaNUI0O M ynpaBisil BceMu y3inamu. Haumbonee
MTOAXOISAIINM BapraHTOM oka3anach rmiata Arduino MEGA 2560 ona uMeeT 10cTaToOuHOE JIJIs
MOIKTIOYEHUST BCEX Y3JIOB KOJMYECTBO MUHOB, a UMEHHO: 54 1u(poBBIX NUHA, 15 MUHOB ¢
noaaepxkkoit [IHIMM u 16 ananoroBbx BXOJ0B, TaK)Ke BakHbIE HHTEp(ECHl, Takue Kak SPI,

UART u I2C.
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Jlns oOMeHa NaHHBIMU MEXIy pOOOTOM M MYJBTOM YHpaBiIeHUS ObLT BBIOpaH
Pamnomonyns nrf24101 — on umeer unTepderic noakmouenuss SPI u paauyc nedctBus 1o

1000M mMeTpoB 1O NPSAMON BUIAUMOCTH.

Pucynok 8. Paouomooyns Nrf24101+

Jns mepenauud W MOJMy4YEHUs BUJIEOM300paXKEHHUSI pelieHO ObUIO HUCIOIb30BaTh fpv

CUCTCMBI, COCTOAIINC N3 KaMCpP, IICPCAATINKOB U MOHUTOPOB.

Jlist MaHUTyI9TOpa OBUTH BHIOPAHBI CEPBOMPUBO/IBI C KPYTALIUM MOMEHTOM 35 Kr*cMm,
TaK)K€ OHU MMENH yI00HOE KPEIJIEHUE, KOTOPOE MO3BOJSET OBICTPO U HAJIEKHO COECIUHUTH
HECKOJIBKO CEKIMW MaHumyssitopa. s BpareHuss BCIIOMOTAaTENbHBIX Tap Kojec ObLIn
BBIOpaHbI cepBOMPUBOJIBI HA 40 KIr*CM 3TO CEPBOMPHUBOJLI C MAKCUMAIBLHON MOIIHOCTHIO B
CTaHAapTHOM Kopryce. Hcnonb3oBaHue O0osiee KPYNHBIX W MOIIHBIX CEPBOINPHUBOIOB

OTPHUIIATEIHHO CKa3aJI0Ch OBl HA Bece M rabapurax podoTa.

Jlist 2X oceBoro mojiBeca Kamepbl ObLITN BEIOpaHbI CEPBOIIPUBO/IBI MEHbIIIEro (popmara,

T.K. 0CO00¥ Harpy3Kku Ha ATOT y3el He MPEAIoaraioch.

Bce anekTpoHHBIE KOMIIOHEHTHI TAaK)K€ JOJDKHBI MOTydaTh MUTAaHUE OMPEICICHHOTO
HANPSDKEHUS U JOCTaTOUYHOTO TOKA JIJIsl IMOJTHOLEHHOTO (DYHKIIMOHUPOBAHUS BCEX 3JIEMEHTOB.
YroObl pemmTh 3Ty npolieMy HEOoOXOJUMO MOJAKIIOUYUTh HECKOJIbKO MpeoOpaszoBaTenei
HANpsDKEHWsS, B JIaHHOM ClIy4ae Bce IpeoOpasoBareny OyAyT MOHIKAOIIUMU T.K.
HaNpsDKEHUWE MCTOYHMKA MUTAHMS MPEBBIIIAeT Bce TpeOyemble HanpspkeHus. i nmutanus

JIOTUKUA BCEX JJIEMEHTOB HeoOxonumo 5B, s cepBompuBoaoB oT 6.8 g0 7.2 B, a mus
13



OCTaJIbHBIX KOMIIOHEHTOB 12B. UTOOBI paBHOMEPHO pachpeleiuTh MUTaHHE B LENb ObLIN
100aBJIEHbl HECKOJIBKO MOHMKAIOIIMX NpeoOpazoBaTesel, a TakKe IulaTa paclpelesIeHus
OUTaHUs i1 yAOOHOTO TOJKIIOYEHHs] Bcex Mopayied. bouio BweiOpano 3 monenu

IMOHMIKAIOMMNX Hp€06paBOBaTeHCﬁ c HauoOoIee MMOAXOAIIUMHA XapAKTCPUCTUKAMMU.

[TepBoiii nmpeodpazoBarenb 310 XL4015 — nonmwxkaronuit DC-DC npeobpaszoBatens ¢
MaKCHUMAaJIbHBIM BBIXOIHBIM TOKOM 710 SA. B poboTe Oy Iy T NCITOIB30BATHCS HECKOIBKO TAKHX
npeoOpa3oBareseii. SIBHBIM TPEUMYIIECTBOM SIBIIICTCS pPydYHas HACTPOWKA BBIXOTHOTO
HampspDKeHUsT B Auama3one oT 1.25B mo 36B, 4to kak pa3 MOAXOAWT TOJ KOMITOHEHTHI,

BbIOpaHHBIE AJIs1 pOOOTA.

Pucynox 9. Honuscarowuti DC-DC npeobpazosamens XL4015

Taxke B poOoTe wucmosb3oBaics mpeodpaszoBarens UBEK Power System 7.2B,
5A(max8A) stoT mpeoOpazoBaTeIb MUTAT OJIHY U3 CAMBIX SHEPTrO3aTPATHBIX CHCTEM poOOTa

— MaHUIYJISITOP.

B nocnemgHioo ouepennb, UCXOs U3 00IIET0 MOTPEOIeHUsT HY>KHO BBIOpaTh 2JIEMEHT
MUTaHUsA, KOTOPBIA CMOXKET 00€CTIEUnTh BCE y3JIbI pOOOTA CTA0MIHHBIM MUTaHUEM. B kauecTBe
aKKyMyJIATOpHO#M Oarapen Obl1 BoiOpaH 4S Li-PO akkymynsarop ¢ emkocthio 5200mah u
MUKOBBIM TOKOM B 100A.

2.3.IlpoekTUpoBaHue
[Tocne monOOpKU HEKOTOPBIX OCHOBHBIX KOMIIOHEHTOB JIJIsi COOpKM poOOTa Haydamics

MIPOIIECC MPOSKTUPOBAHUS CAMOU KOHCTPYKIIMH poOOTa.
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Oco0eHHOCThIO KOHCTPYKLUMU po0O0Ta SBISUIMCH MOJBWXKHBIE BCIIOMOTAaTENIbHBIE KOJIEca,

HE3aBUCUMBIN TIEPETHUN MOCT U 2X OCEBOM IMOJBEC JIJIsi KAMEPHI.

3J1 Moxens pobota co3maBanachk B mporpamme kommac 3JI. Takoi Mmoaxoj momor
IPaMOTHO Pa3MECTHTh BCE€ KOMITOHEHTHI BHYTPH POOOTa, pacCUMTaTh MPUMEPHYIO Maccy

YCTPOMCTBA.

Pucynox 10. Yepmeoic poboma ¢ paznvix cmopou

OCHOBHBIMM MaTepHaJlaMH I CO3/aHusl poOOTa OBLIM BHIOPAHBI HECKOJIHKO

MaTEpUAJIOB.

Jlnst co3nanust «ckenera» podoTa ObUIM BEIOpAaHbI altOoMUHUEBbIE TTpoduuist. biaromaps

UX HEOOJIBIIIOMY BECY M BBICOKOW MTPOYHOCTH paMa poOoTa OyAeT MPOYHON U JIETKOU.

Btopeim matepuanom Obuia BeiOpana (anepbl TommmHOW 3MM. OHA TOCITYXHUT IS
OOIIMBKHU KOPITyCa U MOBBICUT MPOYHOCTh po00Ta, @ TAK)KE 3aLIUTUT AJIEKTPOHHBIE Y3JIbl OT
BHEIIHUX Bo3nercTBuil. Taxxke (anepy Jierko o0pabaThiBaTh, @ BEIPE3aTh BCE HEOOXOIMMBbIE
3JIEMEHTBI MOXHO € NoMOoMIbIo JazepHoro YUIIY craHka, mpeaBapuTeIbHO KOHBEPTUPOBAB

yeptesku B DXF dhopmat. 3arpyska ueprexeii mpoucxouia B mporpammy Rdworks.

ITocnennum MaTCpruaJIoM JId CO3JaHHsA HCKOTOPBIX J3JICMCHTOB CTall IINIACTHK, a

nuMmeHHo PLA mmactuk. OH IpOCT B MCHOJIB30BAaHUM M C TOMOIIbi0 3]] mpuHTEpa MOXKHO
15



MOJIyYUTh CJIOKHBIE M IPOYHBIE JETAIN 32 HEOOIBIION MPOMEXKYTOK BpeMeHu. 13 mnactuka
CO371aBaJIMCh TaKHE DJJIEMEHTBI, KaK 2X OCEBOM MojaBeC g KaMmepbl, Oammep, 3axBaT
MaHUIYJSATOpa U HEKOTOPhIE Apyrue yactu pobota. B kauecTBe cnaiicepa mist 31 npuHTEpa

Ucroab30Baiack nporpamma Ultimaker Cura

ITocne IMPOCKTUPOBAHUA HAYAJICA 3TAIl U3TOTOBJICHU BCCX HCAOCTAOIIIUX neTaﬂeﬁ. I[J'If[
9TOro NPUMCHAINCH TCXHOJIOTUH J'IEBCpHOﬁ PE3KU (I[J'I?I HU3rOTOBJICHUA HGO6XOI[I/IMBIX z[eTaneﬁ
[0 4YCpTCIKaM H3 CI)aHepBI), a TakKKC aJJUTHUBHBIC TCXHOJIOTHHN OJI1 CO3daHUA HauoOoJiee

CJIOXXHBIX Y3JIOB.

Pucynok 11. Yacmuunasa cooprxa poboma 6 npocpamme Komnac 3/{

2.4.Coopka podoTa
OmHUM M3 caMbIX CJIOKHBIX ATAnoB ObUI 3Tan COOPKHM U MOJKIIOUEHHUS BCEX Y3JIOB.

HeoOxoaumo ObLIO COETMHUTH BCE M3TOTOBIICHHBIE JIETANIM B €IMHOE YCTPOHCTBO, IPU ATOM
napajyieIbHO COCAMHSS DJJIGKTPOHHBIE Y31kl MEXIy coboil. B mpormecce cOopku
PEUMYIIECTBEHHO HMCIIOBb30BaJINCh BUHTOBBIC KPEIUICHUS, Oyarogapsi 4eMmy KOHCTPYKIIHS
MOJIyYlJIach MOJYJIBHOM M 3aMeHa Kakoro — Ju0o y3ia He 3aiiMeT MHOro BpemeHu. Bce
COCIMHEHHE Takke ObuTM 00paboTaHbl (PUKCATOPOM pPE3bObI MJIsi  TPEIOTBPAIICHUS

MIPOU3BOJIBHOTO OCJIa0JIEHUS COCTMHEHUH 13-3a CUJIbHBIX BUOpAIUH.

B nepByto ouepenb Ob110 COOpaHO OCHOBaHME XOA0BOM yacTh. [{1s cOOpKU OCHOBaHUS
MOCITYKWJIH aTFOMUHUEBBIE TPOQIIIs, YTOJIKH U Kpenex. HempocToii 3agaueii Ob110 coOpaTh
MepeHUN MOCT poO0Ta, T.K. OH JJOJDKEH ObLT CBOOOTHO MEPEMENIAThCS BOKPYT OCH, TIO3BOJISIS
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COXPAHATHh KOHTAKT C MOBEPXHOCTHIO MPAKTHUECKHA Ha JIO0O0N MOBEPXHOCTH U MPHU JHOOBIX
HEPOBHOCTSX. Takke Ha ATOM dTane ObUIM IOCTaBJIEHBI AJIEKTPOMOTOPHI U IPOBEIECHBI

MIPOBOJIAa OT HUX JI0 MECTa Pa3MELIEHUs APaliBEPOB.

Pucynox 12. Ilepsviii sman paspabomku poboma

Crenyronmm 53TaroM craja OOMIMBKAa KOpIyca MpeIBapUTENbHO MOKPAIICHHBIMU
AeTansiMu U3 (paHepbl. A TaK)Ke yCTaHOBKA BCEX OCHOBHBIX Y3JIOB AJIEKTPOHUKHU U COETUHEHHE
uX Mexay co0oil. O0mMBKa OCHOBaHMS poOOTa HAYAJIOCh C HUKHEHN YacTu podoTa, 00pa3oBaB
IpU 3TOM MecTa JUIsl Pa3MEILeHHUs MEepBOro YPOBHS DJIEKTPOHHKH — 3TO MpeoOpazoBaTesu
HAIpsDKEHUs, a TakkKe pesie C JUMCTAHIMOHHBIM YIPAaBJICHHEM Ha KOTOpbIE TOK MOCTyMall
HANpPSIMYIO C aKKyMmyJsiTopa. beuta ciasiHa mepBasi maTa pacrnpeaeseHus] MUTaHus, KoTopas

IIO3BOJIsJIA IIPHUITIAATHE ITPOBOAA OT BXOJOB BCCX npeo6pa30BaTeJIeﬁ.

17



Pucynox 13. Oona uz navanvnvlx cmaoutl paspabomxu

[Tocne cOopku ATOTO y351a ObLT YCTAHOBJICH CIASAYIOIINMA CI0M OOIIMBKY, KOTOPBIM SBIISLICS
OCHOBAHHEM JIs TJIAaBHOTO OOKca ¢ 3JIeKTpoHUKON. COOpKa CIEAYIOIIETO y31a JICKTPOHUKH
Hayaiach ¢ COOpKH 3-X ypOBHEBOU IUIATHl pacmpesencHus mutanus. [1mata cocrosina u3 3x
MaKEeTHBIX IUIAT C KJIeMMaMHU, PacoJIOKEHHBIX JIPYT HaJl ApyroM. TakuM 0Opa3oM Ha MEPBOM
YPOBHE BCE KJIEMMbI BbIIaBaIU HANPSHKEHUE HATIPSIMYIO C aKKYMYJIATOPA JIJIs1 OJICOSTUHEHUS
CUJIOBBIX y37I0B. Ha ciienyromniemM ypoBHE HaXOAWINCh KJIEMMbI Ha KOTOpPbBIE MOAABaIOCh
HaIpspKEHUE ¢ BhIXoAa 12 — BOJIBTOBOIO Mpeodpa3oBaresis. A MOCIEIHUN YPOBEHb OTBEUAs
3a NMMATaHUE BCEX JIOTMYECKUX AJIEMEHTOB U UMeJ HarpsbkeHue SB. Jlannas miata mo3Boiauia
yI00HO U OBICTPO MEHATHh WJIM MOJIKJIIOYaTh HOBBIC YCTPOMCTBA U Y3JIbI K pOOOTY, a TaKxke

IMPOBOANUTH JUATHOCTHUKY ITUTAHMAA.

Pucynox 14. 3-x ypoenesas niama pacnpedeneHus NUMAaHus.

Jlanee B TJIaBHBIA OTCEK SJICKTPOHUKN OBLIM YCTAHOBJICHBI 2 JApaiiBepa MOTOPOB, OCHOBHAS
miata — Arduino MEGA 2560, moayne paauocssizu -Nrf24101, a Takxke BugeonepenaTInK.
[ToMmuMo »TOro OBLT YCTAHOBJEH THPOCKOI JJIsi OTCIEKWBAHUS TOJOXKEHUS poboTa B

POCTPAHCTBE.
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Pucynox 15. Omcex snekmponuxu

3aKJIIOUUTENBHBIM 3TallOM cTajla pa3paboTKa MaHUIYJATOpa U €ro mnojakiaoueHue. s
yBEIMUEHUSI 00JIacTH pabOThl MaHUIYJISITOpPa OBLJIO PELICHO CAeNaTh 3 CTENEHH CBOOOJIBI.
[1oBOPOTHBIN MEXaHW3M MAHMITYJISITOpPAa OCYIIECTBIIAETCS 4Yepe3 MOHWKAIOIIYIO Iepeaady,
YTO YBEJIWYMBACT KPYTALIMM MOMEHT cepBonpuBoga. KiemHs wmaHumysisitopa Obuia
CIIDOCKTHPOBAHA M HalmedaraHa Ha 31 npuHTepe. KpyTsammii MOMEHT C CcepBONpPHUBOAA
nepenaeTcs 4yepe3 3yOuaTyro mepefady Ha 2 4acTU KICHIHM MaHUIYJSTOpa — IPaBYyl U
neByto. Jlns muTaHUS MaHUMYJSATOpa ObLI JONOJHUTEIBHO YCTAHOBJIEH MOHWKAIOIINN

npeodpazoBarenb Ha 7.2B.
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Pucynoxk 16. comoeas mooenv poboma

[Tomumo camoro pod6oTa He0OX0AUMO OBLIO COOPATH U alNapaTypy AJIs yIPABICHUS
YT0o0ObI NOBBICUTH YOOCTBO UCIIOJIB30BAHUSI UMEHHO 3TOT0O poOoTa s peini cooparthb
coOCTBeHHYIO amnmapatypy. 3a rimaBHbii MK takoke B3s1 Arduino MEGA 2560.
Paanonepenarynk Tak:ke BHIOpaT aHAIOTUYHBIN, yCTaHOBIEHHOMY Ha pobote — Nrf24101.
OCHOBHBIMU 3JIEMEHTAMH IyJIbTA CTAIHU MOTEHIIMOMETPBI, JHKOUCTUKU U TyMOJIEPHI,
KOTOpBIE OTBEYAJIH 32 YIIPaBJICHNUE BCEMU y3laMu poboTa. J[s BeIBoa HHPOpMAITIH
TeJIeMETPUH UCTIONb30BaICs Auciuiell. Kopmyc mynbra ObU1 H3rOTOBIEH U3 (haHepHhI.

IIntancs myJbT OT IBYX aKkKyMyJsiTopoB 18650.
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ITocne cObopku pobGoTa M mysbTa OblIa COCTaBieHa TabJMIIA

o'
X |
Arduine MEGA
. vouss

- K N . <
E2% _ese ? TR
2242885 33323935 3333331

o O o
J

Pucynox 17. Dnekmponnas cxema nooknoueHus nyivma.

MPUMEPHON ce0ecTOMMOCTH PoOOoTa.

Tabnuya 1. Pacuem cebecmoumocmu poboma.

CO BCCMH KOMIIOHCHTAMH H

H | HaumenoBanue CronmMocCTh Kon-Bo | OOmias
3a  eIUHUILY CTOUMOCTb
(py6.) (py6.)

1 | Arduino MEGA 2560 1000 2 2000

2 | HpaiiBep moTopoBBTS7960 600 2 1200

3 | Pagmomonyns Nrf24101 200 2 400

4 | Komnektopueie Motopel ¢ | 3000 4 12000

PEAYKTOPOM
5 | Koneca ¢ mokpsiiikamu 1299 6 7794
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6 | CepompuBoget 35 «kr c¢|2199 2 4398
KPETUICHUSIMU
7 | CepBompuBosl 40 kr 1200 4 4800
8 | [Nonmxkaromuit 100 2 200
npeobpazoBatenb XL4015
9 | IIpeoGpa3zoBaTenb 1590 2 3180
noHmwxkaroruit UBEC 7.2B 5A
10 | Fpv cucrema ¢ MOHUTOpaMHU 8999 2 17998
11 | AnmromuHUEBBIE mecteprau | 600 1 600
(Habop)
12 | AnmromunueBblie mpoduis 500 py6/m 2 1000
13 | PLA mmactux 500 1 500
14 | ®anepa 893 1 893
15 | [Inater makeTHbIE (HAOOD) 569 1 569
16 | Habop kpenexa 1499 1 1499
17 | CBeroguomHas neHTa 300 py6/m 0.5 150
18 | [Tpunoi 300pyo/ 5 1500
100rp.
19 | IIpoBoga MI'T® 60py6/™m 30 1800
20 | 'mpockon 150 1 150
21 | llung oo Arduino mega 300 1 300
22 | CTsKKY A7l TIPOBOJIOB 199 2 398
23 | Kpacka aspo3oinbHas (uepHas) | 399 1 399
24 | JIKOMCTHK 99 2 198
25 | [ToTreHOMeTpHI 30 5 150
26 | Knomnku ¢ puxcammeii 50 7 350
27 | TymOneps! TpeXmo3uluoHHbIE | 65 2 70
28 | Axkxkymynsitop Li-Po 45 16.8V | 3500 1 3500
29 | Akkymynstopsl 18650 200 2 400
HUTOI': | 67046
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2.5.Hanucanue nporpammsl 1js1t MK, kaauOpoBka u oT/1a1Ka BceX y3JI0B

2.5.1. nporpamma aJist po6ota
[TocnemHuM 9TarmoM Tepea  MOJHOIECHHBIMA HCTIBITAHUAMH poO0OTa OBLIO

HalyMcaHue mnporpammbl. Jljiss HamucaHusi NOporpaMMbl  HCIOJIB30BANIach Cpela
pa3pabotku Arduino IDE. B ocHOBy mnporpammsl Jjier mpumep U3 OHOIHOTEKU
paguomonyisa Nrf24101 — paGora B 1BYCTOpOHHEM peXHUME, TO €CTh caM POOOT Kak
NpUHUMaN JaHHbIE C TMyJbTa YIpaBJICHUS, TAaKKe€ M OTChUIAN HAa HEro JaHHbIE
TEJIEMETPHUH TaKOW MOIXO0] YIPOIIAET YIIPaBICHHUE pOOOTOM U TTIOMOTAET OTCIICKUBATH
cocTtosiHue poOoTa. JlaHHBIE OTIPABISAIOTCS B MAacCUBE, KAXKIBIM 3JIEMEHT KOTOPOTO
OTBEYAeT 3a padoTy omnpenesieHHoro y3na. [locie nomydyenust MaccuBa ¢ janHbiMu MK
00pabaThIBaeT MX U B COOTBETCTBHHM C QJTOPUTMOM OTIIPABIISICT CUTHAIBI Ha Y3JIbI
pobora.
2.5.2. nporpamMma /sl MyJibTa ypaBJjieHuss po60ToM

B ocHOBYy mporpaMMbl myJibTa TaKkXe JIEr MPUMEP C OTHPABKOM U IMPUEMOM
undopmaruu. B ocHoBHOM 1ukiie mporpammbl MK ompaimmBan Bce yCTpoHCTBa,
MOAKJIIOUCHHBIE K MOPTaM U B 3aBUCUMOCTH OT T€X WJIM WHBIX 3HAYEHUU 3aIOJIHSII
JTAHHBIE MACCHUBa, MOCJIE YEro OTIPaBJsUl UX Ha poboTa. B oTBeT mpuHuUMan gaHHbIC
teneMeTpud. OCHOBHYIO POJIb WIpajl JKOMCTHUK, KOTOPBIA OTBEYAJ 3a HAIPABICHUE
JBIOKEHUS poOoTa. Takske 11t yio0cTBa yrpaBiieHUsi poOOTOM UMEIS TYMOJIEP € TpeMst
ITOJIOKEHUSIMU, KOTOPBIM OTBEYA 32 IIEPEKIIOUYEHUE CKOPOCTEN. T .K. B 3aBUCUMOCTH OT
3a1aud PoOOTY HEOOXOMMO JBUTATHCA JIMOO C OOJBIION CKOPOCTHIO, YTOOBI ObICTpEe
MPEOJI0JIETh YYACTOK MYTH WJIM K€ HA00OpPOT — JJisi BHIMIOJIHEHUSI TOYHBIX 3aJlaHUN
poOOT JOJKEH OBUT JBUTaThCSd OYEHb MENJIEHHO W TOYHO, YTOOBI OMNEpaTop MOT
CBOEBPEMEHHO OTpearupoBaTh Ha W3MEHEHHS OKpYXAIIIeH cpeabl U BHECTH
KOPPEKTUPOBKU B paboTy poOoTa. Ha mysnbpTe Takxke MMeENCs MalleHbKUW JKpaH, Ha
KOTOPBI€ BBIBOJUJIUCH HEKOTOPBIC JaHHBIE TeJIeMETpUM. Takke HaIlUCaB CHUCTEMY
TPUTOHOMETPUUECKUX YPAaBHEHUM YJaloCh BOCIHPOM3BECTH TEKYyIIEE TMOJ0KEHUE
MaHHUIYJATOPA HAa OHKPaH MOHUTOpa C TMOMOIIBI 2X TPSAMBIX, HEPa3pbIBHO
COCJIMHEHHBIX OJHUM Y3JI0M, B CBOIO OYepe/b JaHHbIe Mg Busyanuzanuu MK Opan ¢
MOTEHIIUOMETPOB, KOTOPhIE OTBEYAIM 3a MEpeMElIeHue MaHumyJisitopa. biaromaps

ATOMY OIEPaTOpP MOT OBICTPO COPUEHTHUPOBATHCS B KAKOM IOJIOKEHHH HaXOJUTCS
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MaHUMYJIATOP poOOTa M BHECTU Kakue — JIMOO KOPPEKTUPOBKH B €r0 IMOJIOKEHUE.

IToMrMO OCHOBHOTO H}KOﬁCTHKa Ha IMyJbTC HAXOJUTCA U BTOpOﬁ ,Z[)I(OﬁCTPIK C IIOMOIIBIO

KOTOPOI0 orneparop MOXKET IMOBOPAYUBATL XOJO0BYIO KaMCpy AJIsI U3YYCHUSA MCCTHOCTHU

BOKpYT po0OoTa.

OcHOBHBIC JaHHBIC, KOTOPLIC IICPCAABAIUCE C ITyJIbTa YIIPABJICHUA Ha p060Ta:

— HWudopmanus o HanpaBiIeHUH JBUKCHHS

— 4 3peMeHTa MacCHUBa 3aHUMAJTH JAaHHBIC U ITOJIOKCHHUU KaXXKI0I'0 U3 Y3JI0B

- I/IH(I)OpMaHI/I}I O ITOJIOKCHHHU BCIIOMOI'aTCIIBHBIX KOJICC

— Ckopoctb poboTa

— 2 nIleMEeHTa MaccuBa COJACpKadl WHQPOPMAIHMIO O TOJOXKEHHH 2X OCEBOTO

IHoaBcca C KaMCpOﬁ

— Takke HMEIOTCS HECKOJBKO »JJIEMEHTOB MacCHBa 1 BCIIOMOTI'aTCIBHBIX

GyHKUMNA (HampuMep BKIOYEHUE/BBIKIIIOUEHUE ONTUKU POOOTa)

2.6.Ilocsie nmosHOM cOOpPKH ObLJIM MPOBEIEHBI TECThI YCTPOHCTBA
B nepByto ouepeab ObUIM IPOBEPEHBI BCe (PYHKIINHU, 3aJI0°KEHHBIE B IPOTrpaMMy poOoTa.

B pesynbrare TecTHpOBaHMMN ObLIa COCTABIIEHA TECTUPOBaHHAS TaOIMLIA.

Tabnuya 2. Tecmuposanuas mabauya

H Hassanue tecta Hror
TecTa
1 JIBr>xeHue poOoTa Mo pa3IuyHbIM TpaeKTopusiM Ha 1 | PoOoT MIEPEBUTACTCS
CKOpPOCTH MEJJICHHO, Kak u OBLIO
3JI0)KEHO B ITPOrpamme.
2 JIBr>keHue po0oTa Mo pa3auyHbIM TPAaeKTOpHsAM Ha 2 | POOOT uMeeT J0CTaTo4yHO
CKOPOCTH XOpOILY0 MAaHEBPEHHOCTb,
JAHHAsl CKOPOCTbH SIBIISIETCS
OCHOBHOM
3 JIBrkenue poOoTa Mo pa3nudHbIM TpaekTopusMm Ha 3 | XomoBass poOoTa BbIIACT
CKOPOCTH MakcuMyma, poOOT OYeHb
OBICTPO MepEeIBUTAETCS,
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MOTOPBI cJIETKa
HarpeBaroTCs npe
JIIMTENIbHON e311e. bartapes
CaauTCd B HECKOJBKO pa3

OBICTpEe

JIBr>KeHME MAaHUITYJIATOPA BO BCEX HAIIPABIICHUAX

MasunysaTop ABUTAETCA B
COOTBETCTBUU Cc

3aJIO’KCHHBIM aJITOPUTMOM

3axBaT U y/iep:KaHHe Ipy3a, BECOM | KT Ha BHITIHYTOM

MaHUITYJISITOPE

I'py3 Obul € JETKOCTBIO
3aXBayeH W TOJHAT, W3-3a
CHWIILHO  WHEPUUH  TPH
pE3KUX U3MEHCHHSX
MOJIOKEHHUS MaHHITYJIATOpA
CEPBOTIPUBO/IBI

HC3HAYUTCIIbHO I'PCIOTCA.

OTKI/IIII)IBEIHI/IG BCIIOMOTaTEJIbHOM ITapbl KOJCC

CepBonpuBobI
COpPaBISAIOTCI C  BECOM

MOTOPOB M KOJIC Ha KOHIC

pblyara
[logusatue 3amHet wactu poboTa ¢ momolbio | PoboT MOJHUMAETCH,
BCIIOMOTATEJILHBIX KOJIEC. CEpPBONPUBO/IBI npu

JIUTCIBbHOM HaXOXICHHH B
TaKOM ITOJIOXXCHHNH

HC3HAYUTCIIbHO I'PCIOTCA

TecT nucranuun

Paguocurnan AMEET
YCTOMYMBOE COCIUHEHUE B
YCIIOBUSAX pAMON
BuauMoct A0 300 M mipu
UJCAIbHBIX yCIOBHSX. B

YCIIOBUAX 3aCTPOUKHA OKOJIO

50-80 m.
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[TommwiTKa 3aKpPbITb BCHTUJIb MAHUITYJISITOPOM

bnarogaps yI00HOMY
YIIPaBICHUIO

MaHHITYJIATOPOM 32 MUHYTY
ylaeTcs ~ IMepeBecTd B
3aKpBITOE HOJIOKEHHE

pbliar BECHTUIIA

10

[Togbem pobOOTa MO JECTHUIIE
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Pucynox19. Tecmoswiti noovem poboma no recmuuye

Pucynox 20. I'omosviti nynem ynpasienus

B xo/1e OCHOBHBIX TECTOB ObUIM TMOATBEPKIEHBI M3HAYAIBHO 3aJI0)KCHHBIE TEXHUYECKHE
XapaKTepUCTHKU poOoTa. A Takke MOATBEPXkIACHAa PaOOTOCIIOCOOHOCTh M HAJEKHOCTh BCEX

y3JI0B po0OoTa.
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Pucynox 20. Tecmuposanue oanvHocmu césa3u poboma

2.7.CpaBHeHMe Pa3padoOTKH € y:Ke CyIeCTBYIOIIUMH POOOTAMM.

Kak yxe roBopuioch paHHee Ha JJaHHBIA MOMEHT YK€ CYIIECTBYIOT paboune

IIPpOTOTHUIIBI CO CXO0KeH 00J1aCThIO IMPUMCHCHH:, HO OTJIMYAOIIUMUCH ITapaMCTpaMHU.

Hassanue MooOwmnsabI PTK Teodor Po0oT /I BBIIIOJHEHUS CIIELL.
3aganuii Fortis

dotorpadus
Bec, xr 375 8
I'pyzonoasémuocts | 30 3
MaHUITYJISITOPa, KT
I'pyzonoasemuocts | 100 10
poborta, KT
Makc. Cxopoctb, |3 3)
KM/

Koun-Bo kamep 4 2

Bo3smoxxHOCTE HET na

OTJIEJTLHOTO
MOBOPOTA KaMephI
rabapuThI 1,3 *0,68 *1,24 0.45*0.3*0.25
Makc. Yron 45 50
noabeMa, rpaj
Bec anmapatypst | bonee 9 Menee 1 kr
YIPaBJICHHUS, KT
Bpewmst paboter | - Ho2u
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[IpoBenst cpaBuenus ¢ PTK Teodor mMoXHO 3amMeTHTh, 4TO pa3paOOTaHHBIA MPOTOTHUIL
OTJIMYAETCsl 3HAYUTEIbHO MEHbIIMM BecoM. Kak camoro po0oTa, Tak M anmaparypsl, TaKxKe

OOI'OHSET U 10 MAaKCUMAaJIbHOMI CKOPOCTH, YTO HEMAJIOBAXKHO IS IPCOJO0JICHUSA I[I/ICTaHL[I/Iﬁ.

PTK Teodor mamexo He €IWHCTBEHHBIH POOOT, CO3MAHHBIN JJII TOMOINM CHAcaTelsIM M
BOEHHBIM, HO TI0 XapaKTepucTukam Haubosiee MpuOIMKeH K co3ganHoMy oOpasiy. [Tomumo
MIPEUMYIIECTB pa3pabOTaHHBIA POOOT MMEET M PsA HEAOCTATKOB, KOTOPHIE OOYCIIOBIICHBI

MCHBIINMHU pa3sMEpaMu.

I[aHHBIC C CpaBHHTCHLHOﬁ Ta6J'II/IH€ pO6OTLI MOI'YyT HCIIOJB30BATbCA KaK COBMCCTHO,
BBIIIOJIHAA KAKYIO 0o 3aa49y BMCCTC, IICPCKPbIBAA HCAOCTATKHU APYT ApYyTa. Tak u uMerT
BO3MOKXHOCTb CaAMOCTOATCIIBHO BBIIIOJHATL HCKOTOPBLIC 3aJadi, KOTOPBIC OTIHNYANOTCA I10

MacmTa6y H COACPKAHUILO.

bonee mompoOHO O3HAKOMUTBCS CO BCeMHM (PYHKIUSMHU, a Takxke yOenuTbcs B
paboOTOCITOCOOHOCTH POOOTAa MOYKHO, TTOCMOTPEB BHJEO (B BHICO IMPEICTABICH OJWH W3
MIPOTOTHIIOB): https://drive.google.com/file/d/1Nj-
OgKrdC5ejn9itGhQDUAPENiIHgCOks/view?usp=sharing

2.8.IlpakTHYecKoe IPUMEHEHHUE.
PazpabGoTtannbiii  pobOT Omarojaps HAJIUYUIO pAlla  [PEUMYIIECTB  MOXKET

MCIOJIb30BaThCS B pa3iMuHbIX cdepax Juisd BBIIOJHEHUS Pa3sHOro poja 3agad. B mepyro
ouepeb MONYYWIOCh co3AaTh poOOTa, B COOTBETCTBUM C HM3HAYAJIBHO MOCTaBICHHBIMH
LEJISIMU, a CIIE0BATENIbHO POOOT MOXKET UCIIOIb30BAThCS B cPpepax, AJisi KOTOPhIX U3HAYAIBHO
M co3jaBalics. DTO U nomoliu corpyaaukam MUC B pa3Beku MECTHOCTH, 00CJI€I0BaHUE
3aBaJIOB, MOHUTOPHUHI PAJUOAKTUBHOIO MU XMMHUYECKOTO COCTOSIHUS OKpY>Karoulell cpensbl,
J0CTaBKa HEOOJBIIMX TIPYy30B, MEPEKPbITUE BEHTWIEH U OTKIIOYEHHE pa3IMYHbIX
koMMmyHuKalui B 30He YC. Takke poOOT MOXKET CTaTh HE3MEHUMbBIM YCTPOWCTBOM B BOEHHOM
chepe. Ero MoxxHO wHcmonb3oBaTh ISl pa3sBEAKM MECTHOCTH, pa3BEIKH IOMEIIECHUH,
pPa3MHHHMPOBAaHHSA, JOCTABKH TIPYy30B, OTBJICYCHHE BHUMAaHUS IPOTUBHHUKA, YCTAHOBKHU

PETPaHCISATOPOB.

B wutore YAal0oCh CO3aTb po60Ta B COOTBCTCTBHUH C IIOCTABJICHHBIMH 3aJadyaMH.

[TocTaBneHHyo B Hayayie pabOTHI 1IEJIb MOKHO CUYUTATh JOCTUTHYTOM.
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https://drive.google.com/file/d/1Nj-OgKrdC5ejn9itGhQDuAPFNiHqC0ks/view?usp=sharing
https://drive.google.com/file/d/1Nj-OgKrdC5ejn9itGhQDuAPFNiHqC0ks/view?usp=sharing

qIry

MK

PLA

CAIIP

IDE

PTK

3. Yc/joBHBbIE 0003HAYEHHS U COKPAIIleHUSI
YwucioBoe mporpaMMHOE yTIPaBIICHNE

MuKpOKOHTpOJLIEP

Polylactic Acid

Cucrema aBTOMaTH3aIUU IPOCKTHBIX pabOT
Integrated Development Environment

Po0oTOTEXHUYECKUI KOMILJIEKC

4. CHHCOK MCIO0JIb30BAHHBIX HCTOYHUKOB
HetictBuss MUC nipu moucKoBo-cacaTeIbHbIX pab0Tax B YCIOBHSIX 3aBAJIOB.

https://fireman.club/statyi-polzovateley/avariyno-i-poiskovo-spasatelnyie-rabotyi-

v-usloviyah-zavalov/

OcHOBHBIC MOJICIIN U XaPaKTCPUCTUKHU KOMIIJICKCOB PTK

https://fireman.club/statyi-polzovateley/robototehnicheskie-kompleksyi-mchs-

osnovnyie-modeli-opisanie-i-tth/

Caiit muc PO https://mchs.qgov.ru/deyatelnost/press-centr/vse-novosti/4253837
Po6otsr s MUC https://dzen.ru/a/ZGdW2BagVYHc2VsCf
HNudopmanus npo podora Teodor https://vk.com/wall-191160544 1005 ,

http://otvaga2004.ru/na-zemle/na-zemle-11/modern land robots 6/

MskumeB I'. 5. ®uszuka : DnekTpoaguHamuka : YrinyOn€Huslii ypoens : 10—11
kiaccol : yueOnuk / I'. SI. Msikumes, A. 3. CunsakoB. — 8-e u3jl., crepeotur. — M.
: dpoda, 2019. — 476 c.

CaliT uHTepHET Mara3uHa iekTponuku https://amperka.ru/

Omnwucanue U XapakTepucTuku apayuHo merahttps://all-arduino.ru/product/arduino-
mega-2560/

Hcnonp3oBaHre W MpUHIUI padoThl paguoMoayias https://3d-diy.ru/wiki/arduino-
moduli/radio-modul-nrf24101/

5. Ilpuioxkenus

A. JIMCTHHT KoAa I podoTa
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https://mchs.gov.ru/deyatelnost/press-centr/vse-novosti/4253837
https://dzen.ru/a/ZGdW2BqVYHc2VsCf
https://vk.com/wall-191160544_1005
http://otvaga2004.ru/na-zemle/na-zemle-11/modern_land_robots_6/
https://amperka.ru/
https://all-arduino.ru/product/arduino-mega-2560/
https://all-arduino.ru/product/arduino-mega-2560/
https://3d-diy.ru/wiki/arduino-moduli/radio-modul-nrf24l01/
https://3d-diy.ru/wiki/arduino-moduli/radio-modul-nrf24l01/

Fortis.ino

//BUBNINOTEKMH

#include<Wire.h>
#include <SPI.h>
#include "nRF24L01.h"
#include "RF24.h"
#include <Servo.h>
#include <Average.h>

/ /TINHb

#tdefine inl 5
#define 1in2 4
#tdefine 1in3 3
#define 1in4d 2
#define inlz 28
#tdefine in2z 29
#define in3z 30
#tdefine in4z 31
#tdefine R1 Al
#define L1 A®
#tdefine laser 26
#tdefine prepatstvie 27
#define led 7

//OBBEKTHI

Servo servol;
Servo servoz2;
Servo servo3;
Servo servo4;
Servo servo5;
Servo servoé6;
Servo servo7;
Servo servoS8;
Servo servo9;
RF24 radio(48, 49);

/ /NMEPEMEHHBIE

const int MPU_addr=0x68;

intl6_t AcX,AcY,AcZ,Tmp,GyX,GyY,GyZ;
int minVal=265;

int maxVal=402;

double x;

double y;

double z;

//



byte pipeNo;

byte address[][6] = {"1Node", "2Node", "3Node", "4Node", "5Node", "6Node"}; // BO3MOXHbLIE
HomMepa Tpyb6

byte potValue[13]; // MaccuB NPUHATHIX AAHHbIX

int telemetry[4]; // MAacCUB [aHHbIX TenemeTpuu

byte a = 0;

byte sped;

int RL;

int LL;

intm= 9;

int Rdistance;
unsigned long timerl
unsigned long timer2
unsigned long timer3
bool flag2 = 0;

bool mayk = 0;

] I ]
00
e We e

void setup() {

Wire.begin();
Wire.beginTransmission(MPU_addr);
Wire.write(0x6B);

Wire.write(9);
Wire.endTransmission(true);

pinMode(inl, OUTPUT);
pinMode(in2, OUTPUT);
pinMode(in3, OUTPUT);
pinMode(in4, OUTPUT);
pinMode(inlz, OUTPUT);
pinMode(in2z, OUTPUT);
pinMode(in3z, OUTPUT);
pinMode(indz, OUTPUT);
pinMode(laser, OUTPUT);
pinMode(led, OUTPUT);
pinMode(prepatstvie, INPUT);

servol.attach(41);
servo2.attach(39);
servo3.attach(38);
servo4.attach(40);
servo5.attach(32);
servo6.attach(33);
servo7.attach(37);
servo8.attach(36);
servo9.attach(42);
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radio.begin(); // aKTUBMPOBATb MOAY/b

//radio.setAutoAck(1l); // pexvum noaTBepxaeHua npuéma, 1 BKA O BbIK]
radio.setRetries(@, 15); // (Bpema mMexay nonbiTKON [OCTYYaTbCA, YUCAO MNOMbITOK)
radio.enableAckPayload(); // pa3pewnTb OTCbIIKY AaHHbIX B OTBET Ha BXOAAWMN
CUrHan

radio.setPayloadSize(32); // pa3mep nakeTa, 6anT

radio.openReadingPipe(1, address[@]); // xoTum cnywaTb Tpyby ©

radio.setChannel(0x51); // Bblbupaem KaHan (B KOTOpoM HeT uwymoB!)
radio.setPALevel(RF24_PA MAX); // YpOBEeHb MOWHOCTM nepepaTyuka
radio.setDataRate(RF24_2MBPS); // CKOpoCTb ObMeHa [Ao/kHa OblITb OAMHAKOBA Ha MpPUEMHUKE
U nepepatyuke!

radio.powerUp(); // HayYaTb paboTy

radio.startListening(); // HadvHaem cnywaTb 3GUP, Mbl NPUEMHBIA MOAY /b

digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
digitalWrite(in3, LOW);
digitalWrite(in4, LOW);
digitalWrite(laser, LOW);

servol.write(890);
servo2.write(70);
servo3.write(99);
servo4.write(90);
//servo5.write(180);
// servo6.write(990);
servo7.write(990);
servo8.write(990);
servo9.write(180);

digitalWrite(inlz, LOW);
digitalWrite(in2z, LOW);
digitalWrite(in3z, LOW);
digitalWrite(indz, LOW);

void loop() {

while

(radio.available(&pipeNo)) { // cnywaem 3¢up

radio.read(&potValue, sizeof(potValue)); // 4vatem BXOAAWMIA CUTrHAN

//if(potValue[15] == 0){
//goDistance();

if(potValue[12] == 2){ // aBTo3axBaT

digitalWrite(laser, HIGH);

if(digitalRead(prepatstvie) == 1 && mayk == 0){
digitalWrite(in2, LOW);
analogWrite(inl, 50);
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digitalWrite(in4, LOW);
analoghrite(in3, 50);
servol.write(80);

}

else{
del

ay(150);

digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
digitalWrite(in3, LOW);
digitalWrite(in4, LOW);
servol.write(175);

del
//s

ay(500) ;
ervo2.write(99);

servo2.write(20);
mayk = 1;

}
}

else{
X =

giro();

if (potvValue[5] == 1) { //nuHus

ru

}

else
if(

X

u

}

els

nLine();

{

potValue[5] == 3){ // aBTOHOMHbIN MOABLEM
= giro();

pP();
e{

if (potValue[5] == 2){ // aBTOHOMHbIN cnyck

}

e

}

e

}

x = giro();
down();

1se{
if (potValue[5] == 4){ // daps
analoghWrite(led, 30);

1se{
analoghWrite(led, 0);
if (potValue[8] == 3) {
sped = 255;
}
else if (potValue[8] == 2) {
sped = 125;
}
else if (potvValue[8] == 1) {
sped = 50;
}

servol.write(potValue[1]);
servo2.write(potValue[2]);
servo3.write(potValue[3]);
servo4.write(potValue[4]);
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servo5.write(potValue[11]-6);
servo6.write(map(potvalue[11],180,0,0,180));
servo7.write(potValue[9]);
servo8.write(potValue[10]);

if(potValue[13] == 1){
digitalWrite(inlz, LOW);
digitalWrite(in2z, LOW);
digitalWrite(in3z, LOW);
digitalWrite(indz, LOW);

¥

if(potValue[12] == 1){
digitalWrite(laser,HIGH);
mayk = 0;

}

else{
digitalWrite(laser,LOW);

mayk = 0;

}

switch (potValue[@]) {
case 1:

digitalWrite(in2, LOW);

analogWrite(inl, sped);

digitalWrite(in4, LOW);

analogWrite(in3, sped);

if(potValue[6] == 0){
digitalWrite(inlz,LOW);
digitalWrite(in2z, HIGH);
digitalWrite(in3z, LOW);
digitalWrite(in4z,HIGH);

}

else{
digitalWrite(inlz, LOW);
digitalWrite(in2z, LOW);
digitalWrite(in3z, LOW);
digitalWrite(indz, LOW);

}

break;
case 10:

digitalWrite(in2, LOW);

analoghWrite(inl, 50);

digitalWrite(ind, LOW);

analogWrite(in3, 50);

if(potVvalue[6] == 0){
digitalWrite(inlz,LOW);
digitalWrite(in2z, HIGH);
digitalWrite(in3z, LOW);
digitalWrite(in4z,HIGH);

}

else{
digitalWrite(inlz, LOW);
digitalWrite(in2z, LOW);



digitalWrite(in3z, LOW);
digitalWrite(indz, LOW);

}

break;
case 0:
digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
digitalWrite(in3, LOW);
digitalWrite(ind, LOW);
digitalWrite(inlz, LOW);
digitalWrite(in2z, LOW);
digitalWrite(in3z, LOW);
digitalWrite(indz, LOW);
break;
case 2:
digitalWrite(inl, LOW);
analogWrite(in2, sped);
digitalWrite(in3, LOW);
analogWrite(in4, sped);
if(potValue[6] == 0){
digitalWrite(inlz,HIGH);
digitalWrite(in2z, LOW);
digitalWrite(in3z, HIGH);
digitalWrite(indz,LOW);
}
else{
digitalWrite(inlz, LOW);
digitalWrite(in2z, LOW);
digitalWrite(in3z, LOW);
digitalWrite(indz, LOW);
}
break;
case 3:
digitalWrite(inl, LOW);
analogWrite(in2, sped);
analogWrite(in3, sped);
digitalWrite(in4, LOW);
break;
case 4:
analogWrite(inl, sped);
digitalWrite(in2, LOW);
digitalWrite(in3, LOW);
analogWrite(in4, sped);
break;
case 5:
analogWrite(inl, sped);
digitalWrite(in2, LOW);
analogWrite(in3, sped*50/100);
digitalWrite(in4, LOW);
break;
case 8:
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analogWrite(inl, sped*50/100);
digitalWrite(in2, LOW);
analogWrite(in3, sped);
digitalWrite(ind, LOW);

break;

telemetry[3] = giro();
telemetry[@] = analogRead(R1l);
telemetry[1] = analogRead(Ll);
telemetry[2]=telemetry[2]+1;
radio.writeAckPayload(pipeNo, &telemetry, sizeof(telemetry));

/*int distance() {
ave.push(27.728*1.3 * pow(map(analogRead(A2), ©, 1023, 0, 5000) / 1000.0, -1.2045));
return(ave.mean());

}

void goDistance() {
if((ave.mean()) > 30){
digitalWrite(in2, LOW);
analogWrite(inl, 50);
digitalWrite(in4, LOW);
analogWrite(in3, 50);
}
else{
digitalWrite(inl, LOW);
digitalWrite(in2, LOW);
digitalWrite(in3, LOW);
digitalWrite(in4, LOW);
}
y*/

void runLine() {
RL = analogRead(R1);
LL = analogRead(Ll);
if (RL < 830 && LL < 830) { // ecnu navHuM HeT, enem npsamo
analogWrite(inl, 50);
digitalWrite(in2, LOW);
analogWrite(in3, 50);



digitalWrite(in4, LOW);

}

else if (RL > 830 && LL < 830) { // ecnu nvHsAs Ha NpaBoOM AaT4yuke, MOBOpaYuBaeMm BMNpaBo
analogWrite(inl, 50);

digitalWrite(in2, LOW);

digitalWrite(in3, LOW);

analogWrite(in4, 50);

}

else if (LL > 830 && RL < 830) { // ecnu nuHsAs Ha JIeBOM AaT4yuke, MOBOpPaYMBaEM HaneBo
digitalWrite(inl, LOW);

analogWrite(in2, 50);

analogWrite(in3, 50);

digitalWrite(in4, LOW);

}
else if (RL > 830 && LL > 830) { // ecnu nuHAs Ha oboux paTyukax, enem Bnepén
analogWrite(inl, 50);

digitalWrite(in2, LOW);

analogWrite(in3, 50);

digitalWrite(in4, LOW);

int giro() {
Wire.beginTransmission(MPU_addr);
Wire.write(0x3B);
Wire.endTransmission(false);
Wire.requestFrom(MPU_addr,14,true);
AcX=Wire.read()<<8|Wire.read();
AcY=Wire.read()<<8|Wire.read();
AcZ=Wire.read()<<8|Wire.read();
int xAng = map(AcX,minVal,maxVal,-90,90);
int yAng = map(AcY,minVal,maxVal,-90,90);
int zAng = map(AcZ,minVal,maxVal,-90,90);

y= RAD_TO_DEG * (atan2(-xAng, -zAng)+PI);

z= RAD_TO_DEG * (atan2(-yAng, -xAng)+PI);

x = (RAD_TO_DEG * (atan2(-yAng, -zAng)+PI));
return(x);

void up() {
if(x > 190){

digitalWrite(in2, LOW);
analogWrite(inl, 120);
digitalWrite(in4, LOW);
analogWrite(in3, 120);
}
else{
digitalWrite(in2, LOW);
analogWrite(inl, LOW);
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digitalWrite(in4, LOW);
analogWrite(in3, LOW);
}
}

void down() {

if(x < 170){
digitalWrite(in2, LOW);
analogWrite(inl, 80);
digitalWrite(in4, LOW);
analogWrite(in3, 80);

¥

else{
digitalWrite(in2, LOW);
analogWrite(inl, LOW);
digitalWrite(in4, LOW);
analogWrite(in3, LOW);

b. aucTuHr KoJaa JJis1 MyJibTa YIIpaBJICHUI.
Fortis_Pult.ino

//BUBJINOTEKNU

#include <Wire.h>

#include <Adafruit_GFX.h>
#include <Adafruit_SSD1306.h>
#include <SPI.h>

#include "nRF24L01.h"
#include "RF24.h"

#tdefine SCREEN_WIDTH 128 // OLED display width, in pixels
#define SCREEN_HEIGHT 64 // OLED display height, in pixels

#define OLED_RESET -1
#define SCREEN_ADDRESS ©x3C
Adafruit_SSD1306 display(SCREEN_WIDTH, SCREEN_HEIGHT, &Wire, OLED_RESET);

/ /TINHb

#tdefine potl A
#define pot2 Al
#define pot3 A2
#tdefine pot4 A3



#define pot5 A4
#tdefine pinpoty A5
#define pinpotx A6
#tdefine servox A7
#tdefine servoy A8

#tdefine tumbler3 24
#tdefine tumblerl 25
//#define 1lGreen 28

//#define 1Red 31
//#define rRed 32
#tdefine green 33
#tdefine red 35
#tdefine blue 34
#tdefine sw 36

#define linya 27
#tdefine verh 29
#define niz 30

#tdefine wh3 28
#tdefine led 26

#tdefine tumbler21l 44
#define tumbler23 45

// OBBEKTHI

RF24 radio(48, 49); // "co3paTb" MoAy/b Ha nuHax

// TEPEMEHHbIE

int x1 = 0;

int y1 = 32;
int x2 = 84;
int y2 = 32;
int x3 = 84;
int y3 = 32;
int anglel = 0;
int angle2 = 0;
int angle3 = 0;
int angle5 = 0;
int c;

byte address[][6] = {"1Node", "2Node", "3Node", "4Node", "SNode", "6Node"}; // BO3MOXHblE
HoMepa Tpyb



byte potValue[13]; // MaccuB nepecbinaemblX LaHHbIX

int telemetry[4]; // MaccuB MPUHATBIX OT MPUEMHUKA [aHHbIX TesieMeTpuu
byte rssi;

int trnsmtd_pack = 1, failed pack;

unsigned long RSSI_ timer;

byte oldcount = 0;

void setup() {
display.begin(SSD1306_ SWITCHCAPVCC, SCREEN_ADDRESS);
display.clearDisplay();
display.setTextSize(2); // ykasbiBaem pasmep wpudTa
display.setTextColor(SSD1306 WHITE);

pinMode(verh, INPUT_PULLUP);
pinMode(linya, INPUT_PULLUP);
pinMode(wh3, INPUT_PULLUP);
pinMode(niz, INPUT_PULLUP);

//  pinMode(button5, INPUT_PULLUP);
pinMode(tumblerl, INPUT_PULLUP);
pinMode (tumbler3, INPUT_PULLUP);
pinMode(tumbler21, INPUT_PULLUP);
pinMode(tumbler23, INPUT_PULLUP);
pinMode(sw, INPUT_PULLUP);

// pinMode(rRed, OUTPUT);

pinMode(red, OUTPUT);
pinMode(green, OUTPUT);
pinMode(blue, OUTPUT);

radio.begin(); // aKTuBMpoBaTb MoOAYyJb
//radio.setAutoAck(1); // pexum nopTeBepxAeHuMAa Npuéma,
radio.setRetries(0, 15); // (Bpema Mexay NOMbITKOW AOCTYYaTbCA, YUCAO MOMLITOK)
radio.enableAckPayload(); // pa3spewnTb OTCbINKY AAHHbIX B OTBET Ha BXOAAWMN
CUrHan
radio.setPayloadSize(32); // pa3mep nakeTa, B 6antax
radio.openWritingPipe(address[0]);
radio.setChannel(@x51); // BblbMpaeM KaHan
radio.setPALevel(RF24_PA_MAX); // YypoOBeHb MOWHOCTM NepepaTymka
radio.setDataRate(RF24_2MBPS); // cKopocCcTb obMmeHa
radio.powerUp(); // HayaTb paboTy
radio.stopListening();
}
bool flagspedL = false;
bool flagspedH = false;

byte sped = 3;
byte ab;

unsigned long timerl = 0;
unsigned long timer2 = O;
unsigned long timer3 = 0;
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[

unsigned long timer4
unsigned long timer5

]
(o)
e

void loop() {
int servol = analogRead(potl);
int servo2 = analogRead(pot2);
int servo3 = analogRead(pot3);
int servo4 = analogRead(pot4);
int servo5 = analogRead(pot5);
int px = analogRead(servox);
int py = analogRead(servoy);
int x = analogRead(pinpotx);
int y = analogRead(pinpoty);

if(digitalRead(sw) == LOW){

if(ab == 0){
oldcount = potValue[9];
ab = 1;

}

potValue[9]= 180;

}

else if(ab == 1){
potValue[9] = oldcount;
ab = 0;

if(px > 650 && millis() - timerl >= 50 && potValue[9] > 0){
timerl = millis();

potValue[9] = potValue[9]-3;

}

if(px < 450 & & millis() - timer2 >= 50 && potValue[9] <= 180){
timer2 = millis();

potValue[9]= potValue[9]+3;

¥

if(py > 650 & & millis() - timer3 >= 50 && potValue[1l0] <= 180){
timer3 = millis();

potValue[10]= potValue[10]+3;

}

if(py < 450 && millis() - timerd >= 50 && potValue[1l0] > 0){
timerd = millis();

potValue[10]= potValue[10]-3;

}
if(digitalRead(tumblerl) == LOW){
sped = 1;
}
if(digitalRead(tumbler3) == LOW){
sped = 3;
¥
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if(digitalRead(tumbler3) == HIGH && digitalRead(tumblerl) == HIGH){
sped = 2;

if(digitalRead(tumbler21l) == LOW){
potValue[12] = ©;
}
if(digitalRead(tumbler23) == LOW){
potValue[12] = 2;
}
if(digitalRead(tumbler23) == HIGH && digitalRead(tumbler2l) == HIGH){
potValue[12] = 1;

if(sped == 1){
digitalWrite(red, LOW);
digitalWrite(green, HIGH);
digitalWrite(blue, LOW);
¥
if(sped == 2){
digitalWrite(red, LOW);
digitalWrite(green, LOW);
digitalWrite(blue, HIGH);
}
if(sped == 3){
digitalWrite(red, HIGH);
digitalWrite(green, LOW);
digitalWrite(blue, LOW);
}
if (y < 50 && x > 500 && x < 600){
potValue[@] = 1;
}
if (y < 400 & y > 49 && x > 500 && x < 600){
potValue[@] = 10;

}

if (y > 650 && x > 500 && x < 600){
potValue[@] = 2;

}
if (x > 650 & y > 500 && y < 600){
potValue[@] = 3;

}

if (x < 450 && y > 500 && y < 600){
potValue[@] = 4;

}

if (x < 50 && y < 50){

potValue[@] = 5;

}

if (x < 50 && y > 927){

potValue[@] = 6;

}

if (x >927 && y > 927){
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potValue[@] = 7;
}
if (x > 927 && y < 50){
potValue[@] = 8;
}
if (x > 401 && x < 599){
if (y > 401 && y < 599) {
potValue[@] = 0;
}
¥

potValue[1]=map(servol,0,1023,180,0);

potValue[2]=map(servo2,0,1023,180,0);

potValue[3]=map(servo3,0,1023,180,0);

potValue[4]=map(servo5,0,1023,180,0);

if(digitalRead(linya) == 0){
potValue[5]=1;

¥

else if(digitalRead(niz) == 0){
potValue[5]=2;

¥

else if(digitalRead(verh) == 0){
potValue[5]=3;

}

else if(digitalRead(led) == 0){
potValue[5]=4;

}

else{
potValue[5]=0;

}

potValue[6]=digitalRead(wh3);/*
potValue[7]=digitalRead(verh);*/
potValue[8]=sped;

potValue[11l] =map(servo4, 0,1023,0,180);

if (radio.write(&potValue, sizeof(potValue))) {
if (!radio.available()) { // ecnu nonyyaem nycTtoi oTBeT
} else {

while (radio.available() ) { // ecnn B oTBeTe 4YTO-TO ecCcTb
radio.read(&telemetry, sizeof(telemetry)); // 4uTaem

display.clearDisplay();
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anglel =
angle2 =

map(servo3,0,1023,180,0);
map (servo2,0,1023,180,0);

c = map(servo2,0,1023,90,-90);

display.
display.

drawLine  (x1, y1, x2, y2,0);
drawLine  (x2, y2, x3, y3,0);

X2 = 0 + sin(2*PI*angle2/360)*27;

y2 = 32
display.

display.
X3 = X2
y3 =y2

display.

display.
display.
display.
display.
display.
display.
display.
display.

- cos(2*PI*angle2/360)*27;
drawLine (x1, y1, x2, y2,1);

drawLine (x2, y2, x3, y3,0);
+ sin(2*PI*(anglel+c)/360)*27;
- cos(2*PI*(anglel+c)/360)*27;

drawLine (x2, y2, x3, y3,1);

setCursor(60,0);
println(telemetry[0]);
setCursor(60,30);
println(telemetry[1]);
setCursor(60,45);
println(telemetry[2]);
setCursor(60,15);
print(telemetry[3]);

if(millis() - timer5 >= 300 ){
timer5 = millis();
display.display();

}
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