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CucrtemMa pa3roHa ¥ TOpPMOXKEHHUSI 1JI1 MATHUTOJIEBUTAIIMOHHOTO TPAHCIIOPTA C
pekynepareit sHepruu. Co3maHue NporpaMmmbl, yhpasisoome Arduino, s

KOHTPOJIMPYEMOI'O Pa3roHa U TOPMOKEHUS.

AHHOTAILIA

[IpoekT HampaBlIEeH Ha CO3JaHUE CHUCTEMBI pa3sTOHA WU TOPMOKECHHUS C
peKylepanyen DJHEPruM Uil MakeTa MAarHUTOJIEBUTALMOHHOIO TPAHCIIOPTA,
(GYHKIMOHUPYIOMIETO IO MPUHUUITY B3aUMOJEHCTBUS IOCTOSIHHBIX MAarHUTOB
JOPO>KHOTO TIOJIOTHA M CTOMOK BBICOKOTEMIEPATypHbIX cBepxnpoBopsaumx (BTCII)
JICHT, 3aKPEIJIEHHBIX HA TPAHCIIOPTE.

B xome paboThl ObLIM M3y4Y€HBl CTAaTbU W JIUTEpaTypa MO ATOW TeEMeE,
pa3paboTaHa MoaUpUKaLMs MaKeTa TPAHCHIOPTHBIX MMy TEH U JIEBUTHPYIOIIEH TETICKKH,
CIIDPOCKTHUPOBAHA M pPEAJIM30BaHa DJIEKTPUYECKAas CXeMa pPasrOHa-TOPMOKEHUSA U
peKynepanuy, co3iada mporpaMma, ymnpasistomas Arduino, [uisi KOHTPOJIUPYEMOTO

pa3roHa U TOPMOKEHUS.
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BBeaeHue.

MarauToneBUTallMOHHBIN TPAHCIIOPT — 3TO UHHOBALMOHHBIN BUJ TPAHCIIOPTA,
OTIUYUTEIBHBIMU UYEpPTaMH KOTOPOTO SIBISIOTCA BBICOKAst CKOPOCTh, OOJBIION
YKU3HEHHBIM MK, 0€30MacHOCTb, SHEProdPPeKTUBHOCTh, KOMPOPTAOETHLHOCTD H

9KOJIOTMYHOCTh.

PVICYHOK 1 ®oto MarHMTos1€BUTaLMOHHOroO noe3aa.

[TocKoJIbKY MOJBMXXHOM COCTaB, MO CYTH, JICTUT HaJ JIOPOKHBIM MOJOTHOM,
YIAEPKUBAEMbIA CUJIOW 3JIEKTPOMArHUTHOTO B3aUMOJIEUCTBUSA, CKOPOCTh IBUKECHHS
MoXxeT Jjerko mpesbimate 200 kM/4, a B Teopun gocturath 500-600 xm/4. Ilpu
MOJIOOHBIX CKOPOCTSIX KJIACCHUYECKOE TOPMOKEHHE C HMCIOJb30BAHHEM TOPMO3HBIX
KOJIOJOK U MEXAaHMYECKOr0 KOHTAaKTa HEBO3MOXKHO. K Tomy ke jeTsmuid moesq
o0siajaeT OrpoOMHOM KHHETHYECKOW DHEPrueu, KOTOPYI pa3yMHO coOupaTh H
IIOBTOPHO HCIOJb30BaTh, a HE paccenBaTh W NIPEBpAIlaTh B TEIUIO B IPOLECCE
TOPMOXEHHUA. YKe ceilyac CUCTEMbl peKylepaluuud 5SHEPrud HCHOJIb3YIOTCS B
KEJIE3HOJOPOKHOM TpPAHCIOPTE. DHEPrus, BO3BpAIIEHHAS] B CETh, PACXOAYyETCs Ha

TATY IOC3A0B JAPYIMMHU JIOKOMOTHBAMH, a TAKKC I IPHUBOJAA BCIIOMOI'aTCIbHBIX



ANEKTPUYECKUX  MalluH, JUII  OCBEIIEHUWS W OTOIUICHWS,  MOBBIIIAS
sHEProdhHEeKTUBHOCTH MEPEBO30YHOTO Mpoliecca. [Ipu Hanruuyu MHAYKIIMOHHOTO WX
KMHETUYECKOTO HAKOIIUTEIIS SHEPTUU HA CTAHI[UU, YHEPTHS TOPMOKEHHUS MOKET OBITh
coOpaHa, a 3aTeM BO3BpallleHa MOJIBI?KHOMY COCTaBY B IPOIIECCE pa3TOHa.

B cimyyae BBICOKOCKOPOCTHOTO  MAarHUTOJIEBUTALIMOHHOTO  TPaHCIOPTA
OTCYTCTBYET MEXAHUYECKUN 3JIEKTPUUECKUN KOHTAKT MEKIY TOABUKHBIM COCTABOM U
anekTpoceTbto. CrucremMa pa3roHa M TOPMOXKEHUS YacTO PEAIU3YETCS CXOXKEH C
YCTPOMCTBOM JIMHEWMHOTO 3JEKTpoABUraresiss. B Ccuily ONMCaHHOrO  BBIIIE,
IIPOCKTUPOBAHUE CHUCTEMBI pPAa3rOHa U TOPMOXKEHUS C pEKyllepaluerd >SHEpPruu
MIPEICTABIISIET UHTEPEC JJI PA3BUTHS TPAHCIIOPTHOU UH(PPACTPYKTYPHI.

Takum 00pa3oM, HayyHas U MPaKTHUYECKasi 3HAUMMOCTb ITPOEKTA 3aKIII0YAeTCs B
MCCIIEIOBAHUM MAarHUTHBIX M JIEBUTALMOHHBIX XapakTepucTuk jeHTOuHbIXx BTCII
KOMIIO3UTOB, IPAKTUYECKOW pean3alvy JIEBUTAMOHHOIO IOJBECA HAa OCHOBE
MOJIyYEHHBIX 3HAHUM, CIOCOOHOIO COBEpPIIATh KOHTPOJIUPYEMOE JBHKEHUE C
peKyInepanuen SHEpruu.

Kpome Toro, B Hacrosmee BpemMs kommanusi «PocMarmeB»  mnpennaraer
KpyITHOMACIITa0OHBI WHGPACTPYKTYPHBIM MPOEKT CO3/IaHUS B MEPCHEKTUBE HOBOM
WNurerpanbuoit  Tpan3utHoil Tpancnoptaoir Cuctemsl (MTTC), mno3Bossrommii
pemth B Poccum mpoOiemMy TpaHCIOPTHOW JOCTYMHOCTH peruoHoB Cubupw,
JHansaero Bocrtoka, KpaitHero ceepa, a tak ke Kuras m teppuropuit Oymyiero
EBpasuiickoro cor3a. OcHOBHbIMM TexHHYecKMMH KommnoHeHTamu UTTC Poccumn
cranyT ayieMeHTbl  Poccuiickoro  «BakymHoro  Maraurto-JIeBUTalimoHHOTO
Tpancnopra». Kommnanus «PocMarneB» XIeT NpU3HAHUS CBOETO NPOEKTA HA
roCyJIapCTBEHHOM YPOBHEM M BKJIOUEHHE €ro B «CTpaTeruto pazBUTHUS TPaHCIIOPTa
P® na nepuon 1o 2030 roga»

Heab npoekTa:

Co3paTh cucTEMY pa3rOHa U TOPMOKEHHUS C pEKyIIepalved SHEPTUH JIJIs1 MaKeTa
MarHMTOJICBUTALIMOHHOTO  TPAHCHOPTa, (PYHKIMOHUPYIOUIETO IO  MNPUHIUILY
B3aUMOJECHCTBUSl MOCTOSHHBIX MAarHUTOB JIOPOKHOIO IIOJIOTHA M CTOIOK

BbICOKOTEMIEPATYpHBIX cBepxnpoBoasmux (BTCII) neHT, 3akpeni€éHHbIX Ha



tpancnopre. Cozanue nporpaMmsl, ynpasistomeid Arduino, uisi KOHTPOJIUPYEMOTO

pa3roHa 1 TOPMOIKCHHU.

3agauu:

o N3ydenue craTeil u auTepaTypshl IO TEME MIPOEKTA;

o Moaudukaiys MakeTa TPaHCIIOPTHBIX ITyTEH U JICBUTUPYIOIIEH TEIEHKKHU .
pa3sMeIIeHUE MOCTOSSHHOTO MArHUTa Ha TEJIEKKE; Pa3MEIIEHWE MAacCUBOB KaTyIIEK
MHIYKTUBHOCTH Ha JOPOXHOM ITOJIOTHE;

° Pa3paboTka ynpaisioniei cxeMbl

o IIpoekTnpoBka © peanm3anusi dJICKTPUYECKOM CXEMbl pas3roHa-
TOPMOYKEHUS U PEKYIIEPaALIUK;

° Cozpnanue nporpammel, ynpasisitonied Arduino, Ajisi KOHTPOJIUPYEMOTO
pasroHa u TOPMOKEHUS;

° [IpoBepka (YHKIIMOHUPOBAHUS PA3TOHHO-TOPMO3HOM CHUCTEMBI U

CUCTCMBI PCKYIICPALlUH.



OcHOBHag 4acThb

Ha 6a3e unctutyra HUAY MU®U pa3paboTan MakeT JIEBUTUPYIOLIEH TEICKKH

Y TPAHCIIOPTHBIX MyTEN, KOTOPBIN MPEICTABIECH HA PUCYHKE 2.

PUCYHOK 2 ®OTO MaKeTa NeBUTUPYIOLLEN TEXKU U TPAHCNOPTHBIX NyTeil.

Hns pazpabotku BTCII noaseca 6sutn ucnosibzoBanbl BTCII neHThl BTOpOTO
nokosieHus: Ha ocHoBe Marepuana (GdBa2Cu307-x mpousBoactBa Poccuiickoit
komnanuu SuperOx. OcHOBaHUE MTOJBECA U3TOTOBIICHO C UCIIOIb30BanneM 3D neyatu
Y TEIUTOM30JUPYIOIIUX MAaTEPUAIOB. DKCIIEPUMEHTAIBHOE UCCIEA0BAHNE MATHUTHBIX
xapakTepucTUK KOMMNO3UTHBIX BTCII 5ieHT ObUIO BBINOJHEHO C HCIOJIb30BAHUEM
METOJIOB ~ CKAaHMPYIOLIEW  XOJUIOBCKOM  MarHutoMerpuu. Cuia  J€BUTAlUU

npotsokeHHBIX BTCII anemMeHTOB, SBISIFONTUXCSI 4aCThIO KOHCTPYKITUU TTOABECA, ObLIa



M3MEpeHa TPU OXJAKICHUM >KUJIKUM a30TOM C MCIOJIB30BAHHEM CHEUAAIBHOTO
AKCIIEPUMEHTAJIBHOTO CTEHJA WU COCTaBIAECT 15 Kr il JAHHOW JIEBUTAIMOHHOU

m1aThOpMBI (PUCYHOK 3).

PucyHok 3 ®oTo npouecca 3aiMBaHUA }KUAKOFO a3oTa.

Cucrema paboTaeT 3a CHET CBOMCTB CBEPXMPOBOAUMOCTU. CBEPXIIPOBOAUMOCTD
- CBOICTBO HEKOTOPBIX MaTepuajoB 00JalaTh CTPOTO HYJIEBBIM 3JIEKTPUUYECKUM
CONPOTHUBJIIEHUEM TPH JOCTH)KEHUM HMH TEMIIEPATYPbl HWKE OIPEAEIEHHOTO
3HaYeHUs (KpUTUYecKas TemrmepaTypa). Takke CBEpXIPOBOAHHKH OOJIAJaI0T eIle
OJTHUM HMCKJIFOUUTEJIbHBIM CBOMCTBOM — OHH BBITAIKHABAIOT MarHUTHOE I10JIE U3 CBOETO
o0beMa, MOITOMY Ha MOBEPXHOCTh CBEPXIIPOBOJHHUKA HE yHaJeT MOMEIIEHHBIH HaJ
HUM MarHuT, OH OyJeT mapuTh Ha HEKOTOPOH BhICOTE. B criy KBaHTOBOM MpUpOAbI
CBEPXIPOBOMAIIETO  COCTOSIHMS, MAarHUT W CBEPXIPOBOJHUK  CTAHOBATCSA
«MPUBSI3aHHBIMU» JIPYT K APYTY, HE3ABUCUMO OT MEPEMEIIEHNI OTHOCHTEIBHO JIPYT
apyra. OTO SBJICHHE HA3bIBAIOT MArHUTHOW JieBuTanuen (pucyHok 4). Ha mannbIi

MOMEHT TeJIeKKA JIEBUTHUPYET HEKOHTPOIUPYEMO.



PucyHok 4 ®oTo npouecca NeBUTauun.

bein IMPOBCACH OKCIICPUMCHT B KOTOPOM ITPOUCXOANIIO ITOAKIIIOUYCHUIO KATYHICK U

IIPUTATHBAHUIO MAI'HUTA K HUM B 3aBUCHUMOCTH OT HaAIIPaBJICHUA CHUJIOBBIX JIMHUU B

karymikax. [Ipu nmpoBeaeHNM 3KCiepruMeHTa ObLT HCIIOh30BaH KyOMYECKU MarHUT

co ctopoHoil 1 cm u3 mareprnana N42. HaMarHn4eHHOCTh NEPIIEHANKYIAPHA OJHOU

W3 IJIOCKOCTEH. KaTYHII(H YCTAHOBJICHBI TaK, YTOOBI IICpBasd 11apa InpuTiaAruBaia

Mar"mT, a BTOpas mapa OTTaIKHBaia MarHUT. Takoe pacmoioskeHne ObUI1o

YCTaHOBJICHO AKCIIEpUMEHTaIbHO (Tabmuia Nel), Tak Kak UMEHHO C TaKUM

HaIIpaBJICHUCM JOCTUTACTCA HauOoIbIIEe YCKOPCHUC MAaruuTa.

Tabnauua 1 [laHHble 3KCNnepMMeHTa.

MNogKntoyeHue Katywek

Cwna ToKa, KoTopas
nopasanacb(A)

PaccrtoaHue, Ha KOTOpoOM
NPUTArMBAETCA MarHuT oT
LeHTpa KaTyweK(Mmm)

BbITa/IKMBAOT MarHuT (pncNe6)

CUI0BbIE IMHUM CO HAaNpaB/ieHbI U 50 35
BTAMMBAIOT BHYTPb(puc No5)

CMNOBble IMHUKM PA3HO HaNpaB/aeHbI 50 17
CMNOoBble IMHUU CO HanpaB/ieHbl U 50 35




PucyHoK 5 MNputarusaHne marHura. PucyHoK 6 OTTankusaHne marHura.

I[J'DI pasroHa U TOPMOKCHHA HCIIOJIB3YIOTCA KaTyIIKH, PACIIOJIOKCHHBIC Ha
TPAHCIIOPTHBIX IIYTAX (pI’ICYHOK 7) Kamz[aﬂ N3 J9TUX KaTyHICK IIOJAKIIIOYCHA K
HCTOYHHUKY TOKaA. Ha Tenexke HaXOIHUTCA MOCTOSIHHBINA MarHuT. Korz[a HaJ10 Pa3rOHATh
TCJIICIKKY, KaTyllKa, Haxoadmasicsa Craepean TCIICKKH IIOAKIIIOYCHA TakK, YTO
MOCTOSIHHBI MarHuT MNPUTATUBACTCA K €C HOXKHOMY IIOJIOCY, U OTTAJIKHMBACTCS OT
CCBCPHOI'O IMOJIIOCAa KATYIIKH C3a/IU. 3a cyer yero MMPOUCXOAUT PAa3roH U TOPMOKCHHC

TCIICKKH.

enenve | Ananusuposars | Jobasnenma SOLIDWORKS | MBD | COMSOL Multiphysics | SOLIDWORKS Inspection |

LPEedg @ ©-FoR 2

PucyHoK 7 CXema cuCTeMbl KaTyLLUEK, PacrnoN0MXeHHbIX BAOAb TPAHCNOPTHBIX NyTeiA.
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Karymiku paGoTaroT 1o npuHIUIy 3yekTpoMaraetusma. Korna B karyuike
TEHEPUPYETCST TOK, JMHUMA MAarHUTHOTO IIOTOKAa KOHLEHTPUPYIOTCS B
CEpJIEYHUKE, YTO YBEJIMYMBAECT MHAYKIHMIO KaTyIIKd [0 CPaBHEHUIO C
BO3JYIIHBIM CEPICYHUKOM. BOJbIlIasi 4acTh MOTOKA COCPENOTOUYEHA TOJIBKO B
CEpJIEYHUKE, MPU STOM HEKOTOpas YacTh IOTOKA IMOSBISETCA HAa KOHLAX
KAaTylIKd M HeOosbllIasg 4YacTh IIO0TOKA MOSBISAETCA CHAPYXH KaTYyIIKH.
MarHuTHy0 CUJIy MOKHO YBEJIHYHUTH, YBETUYUB KOJMUYECTBO BUTKOB UJIU CUITY
TOKa B Karymke. MarHuTHbIE MOJS KaTyLIEK, PAaCHOJOKEHHBIX Ha OJIHOU
CTOPOHE COHAIIPaBJI€Hbl W OPHUEHTHPOBAHBl MEPHEHIAUKYISIPHO JIMHUM
JBHYKEHUS ITOCTOSIHHOTO MAarHMTA.

Cama cuctemMa COCTOMT U3 Map PsAOB KaTylIeK, NAaTYMKOB Xoiia U
TPaH3UCTOPOB, MPOrPaMMHUPYEMON IIaThl, UICTOYHUKA SHEPIHMH, HAKOIUTEISA
sHEeprun. PaccMOTpUM OJMH 3JIEMEHT YCKOPUTEIbHO-TOPMO3HOW CHUCTEMBI,
COCTOSIIIMMA W3 JABYX KaTylIeK, JaTYMKOB XOJla, W  TPaH3UCTOPOB.
(mpeacraBneHa Ha puc Ne8). TpaH3UCTOp NMOJKIIOUEH CPEIHUM BBIXOJOM K
KaTyumke (YepHbId TOJICTBIA MPOBOJ), MpPaBbIM (BTOPOM TOJCTHIM YepHBII
MIPOBO/I, YXOJISAIIUN BHU3) U JIEBBIM K KOHTAaKTHOM uiatopme Arduino (ToHKu
rony0oii npoBox). Kpome Toro, B cuicteme NpUCyTCTBYET NaTYMK XO0JIa, IEBBIM
MIPOBOIOM MOJIKIIOYEHHBIN K TUTaHuio OT Arduino (KpacHbI TOHKUN MPOBOJ),
CpPEIIHUM TIPOBOJI — «3eMJIs»» (TOHKHMM YEpHBIA TPOBOJ), MPaBbIi MPOBOJI —
aHAJIOTOBBIM BBIXOJl, MOAKIIOYEH K OJAHOMY M3 NMUHOB Ha Arduino (Oemblii
TOHKUN TpoBox). [IpuHIMI pabOTHl CHUCTEMBI 3aKIIOYAETCS B HEMPEPHIBHON
POBEPKE NaTYMKOM XO0JIjIa 3HAUEHUSI MarHUTHOTO T0JIsl B IU(PPOBOM (popmare.
[Ipu MPEBBIIICHUH YCTaHOBJIEHHOT'O nopora (ompenesneHHOro
HKCIIEPUMEHTAJILHO U UCXOJIS U3 ITapaMeTPOB PACCTOSIHUS MEXKTY KaTyIlIKaMu U
BEJIMYMHBI TOKA) CUTHAJ MOJAETCS Ha JpaiiBep, U TOK HAUMHAET MO/aBaThCs B
karymkd. Ilpy yMeHbIIEHWM 3HAa4YEHUS HWXKE YCTAaHOBJIEHHOIO MOpora

TPAH3UCTOP OTKIIFOYAET M0/1a4y TOKa.

11



= Ectb peknama >

PucyHok 8 MogknioueHne 4aTiMKoB X013 M TPAH3UCTOPA (TaKXKe CXema Ha pUCyHKe 9).
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PucyHok 9 Cxema ana c60pKu Kaxkaoi napbl KaTyluek.
Cucrema Oyet paboTaTh B YETHIPEX PEIKUMAX:
1) TOpMO’KEeHHUE MPH JIBUKEHUH BJIEBO. (prCyHOK Nell)
2) TOPMOXKECHHUE TPU IBUKCHUU BIPaBO. (pUCyHOK Nel2)
3) yckopeHue MpH JABMKEHUH BIIeBO. (prucyHokNel3)

4) ycKkopeHue TpH JABH)KCHUHU BIIPaBo. (pucyHokNel4).

['eoMeTpuyeckue mnapaMeTpbl KaTylIeK M MarHuTa M300pa)KeHbl Ha PHUCYHKE

Nel10.
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PucyHok 10 FleomeTpuyeckue napameTpbl KaTylleK U MarHnTa

JATHHK XOJLIA

PucyHok 11 [isuxkeHue BneBo. TopmoxkeHue.

o<

V1
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JATHHK XO/LIIA

+ <lI

i

PucyHok 12 [BuxkeHue BnpaBo. TOpmoKeHue.

JATUHK XO/LIA

\\///

P

PucyHok 13 [iBuxkeHue BneBo. YCKOpeHue.

14



JATHHK XO/LIIA

E\\1/74

b

PucyHok 14 [isnxkeHue Bnpaso. YcKopeHue.

Pexynepanus — 310 BO3BpallleHUE 4YaCTH Y3HEPTUU, PACXOIYEMOU B TOM UM UHOM
npoliecce, sl IOBTOPHOTO UCIIOIBb30BaHUS B TOM K€ caMoM npouecce. Kak padoraer
pekynepanusa? 3a c4eT B3aMMOJECHUCTBHUS MOCTOSIHHOIO MarHuTa, 3aKpPEIUICHHOTO Ha
TEJIEKKE C KaTylIKaMHi ¢ MEIHONW OOMOTKOM KaTyIlIeK, B KOTOPBIX OyJeT HaBOJAUTCS

ANEKTPUYECKUI TOK 32 CYET TOTO, YTO TENEKKa OyJIE€T 4aCTh SHEPTUH TEPSATh.

B MOMEHT TOpPMO’KE€HUS KMHETHYECKasi SHEPrus HE pacceuBaETCs TEIUIOM, a
peoOpa30BbIBAETCS B AJIEKTPUUECKUN TOK, KOTOPBIA UCIIOIB3YETCs ISl IPOAOIKEHUS
JIBUKEHUS. DTOT 0a30BbIN MPUHLIUI UCIIOJIB30BaH B MPOEKTE: MPU ABUKEHUU MarHuTa
HaJ| KaTYIIKOW, a KaTylIKa 3TO 3aMKHYTBI KOHTYp, B KaTyIIKE IEPEMEHHOE IOoJe

nerkyuerocs: Marauta Hapoaut DJC, DJ1C BbI3bIBAET ANEKTPUUECKHI TOK B LIETIH.

@®parMeHT Koja TporpamMmbl (MOAKIIOYEHHE W paboTa JaTYMKOB XOJIJIa)

IIPEACTABIIEH HU)KE HA PUCYHKE 15.
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int led = 13
int analogPin = Ae;
int digitalPin = 12;

int koef=608;

void setup() {
pinMode(led, OUTPUT);
pinMode(digitalPin, INPUT);
Serial.begin(9660);

}

void loop() {
int digitalValue = digitalRead(digitalPin);

if(digitalvalue>=koef or digitalValue2>=koef):
digitallWirite(led, HIGH);

else:
digitallWrite(led, LOW);

¥
PucyHoK 15 ®parmeHT Koga Nnporpammbl.

3aK/IloueHue

B nanHO# paboTe CipOeKTHPOBAHA U peaT30BaHa CHUCTEMa KOHTPOIUPYEMOTO
pasroHa W TOPMOXKCHHsI JUIsi MaKeTa MarHuUTO - JICBUTAIIMOHHOTO TPAHCIIOPTa C
peKymepareii sJHeprui. MakeT MarHUTO - JICBUTAI[MOHHOTO TPAHCIIOPTA MPEICTABIISIT
coboif Turaropmy, comepkairyro BHyTpu cronku u3 BTIIC nenrt, mapsimnyro Hax
pelIbcaMu, BBUTOKEHHBIMH M3 TIOCTOSIHHBIX MarHuToB. Ha mmardopme ObLT pasmeniéx
MIOCTOSTHHBIA MarHuT, a BJIOJIb PEJIhC BBUIOKEHBI KATYIIKA MEIHBIX AJICKTPOMAarHUTOB.
[Tnardopma yckopsiiach ¥ TOPMO3HIIA 3a CUET B3aUMOJICHCTBHUS IIOCTOSTHHOTO MarHUTA
U DJICKTPOMAarHUTOB. AKTHBAIMS OTACIBHBIX AJICKTPOMArHUTOB OCYINECTBIISIIACH
Arduino Mega. IlapamienbHO Jia3epHbIC JATYUKH OTCICKHUBAIM ITOJIOKECHHUEC
miaThopMbel. Pexynepanusi SHEPrHHM OCYIIECTBISIACh 3a CYET HABEICHHUS TOKa
MOCTOSTHHBIM MAarHMUTOM Ha KaTYIIKaX, 3aMKHYThIX Ha HAKOITUTEJIC SHEPIUH.

Takum oOpa3zoM, OBUIO pean30BaHO TpPHU pPEKUMA PpabOThl MarHUTO-
JICBUTAIIMOHHOMN CHCTEMBI: PEKUM KOHTPOJIUPYEMOTO pPa3roHa M TOPMOKCHHUS 3a CUET
OTCJIC)KUBAHUS TTOJIOKCHHSI TEJISKKH M aKTHUBAIMM COOTBETCTBYIOIIUX KaTYIIICK;
PSKUM C aKTHBHBIM PAa3rOHOM M ITACCHBHBIM TOPMOXKCHHEM, KOIJIa KHHETHYeCKas
SHEPrus MmIaThOoPMbl YMEHBIIIACTCS 3a CYET B3aUMOICHCTBUS MIOCTOSTHHOI'O MarHuTa u
AJICKTPOMArHUTOB, 3aMKHYTBIX Ha HAKOMHUTENb SHEPTUU; THOPUIHBIA PEKUM, KOT/Ia

pE€aln30BaHbI AKTUBHBIN pa3rod, akTUBHOC TOPMOXKXCHHC U PCKYIICpalus SHECPIrUH 34
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CUET OTCICKHUBAHUS IOJIOKCHUS U CKOPOCTH TCJICKKH M IICPCKIIOYCHUSA PCIKUMOB

pa6OTBI QJICKTPOMArHuTOB.
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