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B nanno#i paGote moka3aHbl BO3MOKHBIE CITOCOOBI YBETMYSHHSI MOIIIHOCTH, BhIpada-
ThIBa€MOW (OTOMAHENSIMH, C MOMOIIBIO CUCTEMBI «COMHEUHBIA Tpekep». OnpenencHsl ee
JIOCTOWHCTBA U HEJIOCTATKH.

Hapsnay ¢ npon3BoJICTBOM 3JEKTPOIHEPTHH MOCPEICTBOM MepepaboTKU HEBO30OOHOB-
JSIEMBIX PECYypCOB 3€MHBIX HEAP CYIIECTBYIOT aJIbTEPHATHBHBIC UCTOYHHUKH dHeprun. On-
HUM W3 HUX SIBJSIETCS COJHEYHAas dHeprus. OIHaKO HEBO3MOXXHO TOBOPHTH O KaKOM-TO
KOHKPETHOM BHJIC SHEPTHH WM OTPACIH SHEPTeTUKH, HE YIOMSHYB 0a30BbIC MPUHIIMITBI
U UX 0COOEHHOCTH.

B 370 ke BpeMsi 2JIEKTPOIHEPreTHKA CTAaBUT Mepe]] COO0H cleTyromune BOPOCH:

— Kak BeIpaboTaTh 2HEpruto?

— Kak nepenats sHepruto?

— Kaxk npeoGpa3oBaTh sHEpruo?

PaccmoTpuMm  (pH3HUECKYI0, TEXHOJIOTHYECKYI0O M 3KOHOMHUYECKYIO COCTABIISIOIINE
COJIHEYHOM 3HEPreTUKHU:

— u3uYUecKas COCTaBIISIOIIAS: dHEPIHs JieTsmero (GoToHa nepeaaercs (HOTOMAHETIO
1 peoOpasyeTcs B 3JEKTPHUYECKYIO SHEPTHIO C IIOMOIIBIO KPUCTAIIIOB KPEMHUS C p—H-TIepe-
XOJIOM;

— TEXHOJOTHYECKAs COCTABIIONIAS: 10 3eMJIH JOXOMUT IpuMepHo | KBT/M” sHeprun,
HO (OTOIIaHENN CITIOCOOHBI PUHSTH JIMIIb HEKYIO 4acTh, orpanndennyro KI1/, yriom mo-
BOpPOTa OTHOCUTEIILHO COJIHIIA, pa3MepaMy MaHeeH;

— SKOHOMHYECKAsi COCTABIISIONIAS: BBICOKAs CTOMMOCTh M CPOK OKYIIaéMOCTH BHe-
JPEHUs] COJHEYHBIX MaHENeH COYeTaeTcs ¢ BO3MOXKHOCTBIO IPOU3BOACTBA SKOJIOTUYECKH
YHCTOTO BUJ SHEPTHUHU.
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Paccmotpum monpoGHee Bompoc 3 (HeKTUBHOCTH COMHEYHBIX MaHenei. s ee yBe-
JMYEHUs He00X0UMO:

1. YBennuenue HomuHanbHOro KIIJ[ 3a cuer mpumeHeHHs] 0ojee TEXHOIOTHUHBIX
MaTepUasoB.

2. YMeHblIIeHHe yTiia MOBOPOTa K COJHILY WJIM KOHIIEHTpAIMs CBETa Ha MaHesX.

B nacTosiiiee Bpemst UCMONB3YIOT 00a 3TUX crioco0a. 3aBUCUMOCTh BhIpabaThIBaEMO
MOIIHOCTH COJIHEYHBIX 3JEKTpocTaHIii oT HomuHaibHOro KIIJ[ comHeuyHblx maHemneit
oueBHU/IHA. B TO ke BpeMs JJOCTaTOYHOE BIMSHUE HAa BHIPAOATHIBAEMYIO MOIIHOCTH OKa3bl-
BaeT U YroJl OTKJIOHEHUS COTHEYHBIX JIy4e OT HOpMalH CONHEYHBbIX maHenei (puc. 1, a).
Kpowme toro, cymiecTByeT HECKOJIBKO MyTel AOCTHXKEHUS ONTHUMalbHOro yria [1].

Puc. 1. CxemaTruHOE OTIpe/ie]IeHHe yTrila OTKIOHEHHS COTHEYHBIX JIy4den
OT HOpPMAJI COJTHEYHBIX TaHeNel (@); ONbITHAS yCTaHOBKA (0)

B Pecny6nuke benapyck pacnpocTpaHeHHE MOJyYMJI METOJ| a3UMYyTHOI'O OTKJIOHE-
HUS. DTOT METOJ] [I0JIpa3yMeBaEeT YCTAHOBKY COJIHEUHBIX MaHENeH Mo ONPEIEIeHHbIM yT-
JOM (Ha KpBbIIIax 3JaHUHA WM NOJAEP)KUBAIOIINX KOHCTPYKIMAX) M 3aBUCSIIUM OT IIUPO-
ThI ¥ ce30Ha [1]. JauHbIH criocoO moBsimaeT 3p(EKTUBHOCTh BHIPAOOTKH YHEPTUU U HE
TpeOyeT MOCTOSTHHOTO 00CTYKUBAaHUS M JOMOJHUTENbHBIX 3aTpaT dHEPruu A QyHKIHO-
HUPOBaHUs yCTaHOBKU. OJHAKO OH HE CIOCOOEH MOCTOSIHHO 00ECeunBaTh ONTUMAIIbHBII
yToJl aJIeHHsI COJTHEUHBIX JIyuyeil Ha OaTapeu.

MeTo COTHEYHOTO TpeKepa MO3BOJISIET U3MEHUTh YIroJjl MaJeHUsl COJIHEUHbIX JIyden
Ha YCTaHOBKY 3a CUET €€ M0BOPOTa BOKPYT OJHOW WJIM HECKOJBKMX Ooceil BpameHus. Tpe-
kep (ot anry. track) o3HauaeT «ycTpoOHCTBO ciexxeHus». JJaHHbBIIH crioco0 kpaiiHe nHTEpe-
CEH TeM, 4YTO OH I03BOJIIET 00ECNEUNUTh MPAKTUUECKU MPSAMON Yrojl MajieHusl COTHEYHbBIX
Jaydei Ha ycTaHOBKY. OJHAKO B YHCIIE €0 HEJOCTAaTKOB — HEOOXOAWMOCThH MUTAThH JIBU-
KyLIHe YCTpoicTBa (CepBONPUBOIbI, ABUraTenn). [IpenMyiiecTBo 3Toro MeTosa — yBeu-
yeHrne d(P(HEKTUBHOCTH COJHEYHBIX IMaHENeH M0 CPAaBHEHHUIO C MPEIbIIYIIUM JaJIeKO HeO -
HO3Ha4YHO. MIMEHHO 03TOMY Ul NPOBOJUMOTIO MCCiel0BaHus ObUT BBIOPaH UMEHHO OH.

s uccnenoBaHys HEJOCTATKOB MPUMEHEHUS HA IPAKTUKE METOJIa COJIHEYHOI'O Tpe-
Kepa Obul coOpaH ombITHBIN cTeHn (puc. 1, 6) U mpousBeneHsl ucnbiTaHus. K kauecTse
CUCTEMBI yTpaBlIieHUs OBLI WCIOJB30BaH MHUKpPOKOHTpoiuiep ArduinoUno. B kauectBe
JATYMKOB CBETa OBLIO UCIOIB30BAHO YEThIpE (POTOpE3NCTOpPA C TEHEBBIM COIIPOTHBICHUEM
500 kOM, pacnonox’eHHbIX M0 KpasiM MAaKETHOM IJIAThl, U YEThIpE pPe3UCTOpa HOMHUHAIIb-
HbIM conpoTuBieHreM 220 OM, COEIUHEHHBIX 10 CXEME JEJIUTENS HANPSKEHUs C UCTOY-
HUKOM TOCTOSIHHOTO HamnpspbkeHus S5 B. OyHKUMM JBMKYIIMX YacTE€d YCTAaHOBKHU BBINOJI-
HAIOT cepBonpuBoabl TowerProMG945. JIBmkumasi 4acTh NpEACTaBIEHA KapKacoM H3
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QIIOMUHUS U MOMEUICHHBIMU Ha Hero (poTomaHensiMu, MakeTHOM miaToi. Ilporpammuoe
obecrieuenne cTeHaa ObUIO COCTaBIIeHO Ha s13bike C++ ¢ momombsio ArduinolDE.

Pa0oTa ombITHOIN yCTaHOBKM OCYLIECTBIISIETCS 32 CUET U3MEHEHUs CONPOTUBIICHUS (o-
TOPE3UCTOPOB, a BCIIEICTBUE ATOTO U TMaJICHHs HANpsDKeHUs Ha HUX. CUrHansl ot (oropesu-
CTOpPOB TOCTYHAIOT Ha BXOJbl MUKPOKOHTPOJUIEPA, OLM(POBBIBAIOTCS U CPAaBHUBAIOTCS IO-
napHo. 3aTeM Ha OCHOBE IMOJYYEHHBIX JAHHBIX MHUKPOKOHTPOJUIEP MPUHHUMAET pEIIeHHue 00
U3MEHEHUH yIJla MOBOPOTa Mo ocsiM. Eciu pa3Huna B CUrHanax HeAOCTaTOYHA, TO MOBOPOTA
HE TIPOMCXOJINT, €CIIN JKE Pa3HHIIA CYIIECTBEHHA, TO MPOUCXOIUT IIOBOPOT JIBIKUMOM YaCTH.

B nporecce ucnpiTaHuil ycTaHOBKM OBbIITN 3aMEUYEHBI CIEYIOIINE MPOOIEMBI:

1. Hu3kast H3HOCOCTOMKOCTDh M HEJOJITOBEYHOCTh OCHOBHBIX Y3JIOB CT€H[A, YTO IMPH-
BOJIWJIO K Pa3pbIBy U HAPYIIEHUIO KOHTAKTOB B CXEME.

2. MI3HOC MastHBIX COCMHEHUH 3a CYET MOCTOSTHHOTO KPYUYEHHS ITPOBOJIOB.

W3 onucaHHOro BbIIIE MOXKHO CAETIaTh BBIBOA, YTO JJI MPaBUWIBHOW M JJOJITOBEYHOU
paboTHI TaKO# CHCTEMBI HEOOXO MBI

1. KauecTBeHHbIE U Ha/IEXKHbIE MasHbIE COCMHEHUS.

2. M3omsmust, peoTBpaarolas H3HOC POBOIOB.

3. IloaxonsAmumii 3alUIEHHBIN OT epe0oeB UCTOYHUK MUTAHUS I JBUTATeNIeH WIn
CEpBOTPUBOJIOB.

4. CBoeBpeMeHHOE 00CITyKUBaHHE.

Takske xenaresbHo:

— MCII0JIb30BaTh JaTYUKHU MOBBIIIEHHON YyBCTBUTEIIBHOCTH;

— HMCIIOJIb30BaTh MUKPOKOHTPOJUIEPHI 00JIee BBICOKOH TOYHOCTH;

— HE3aBHCHUMBIA UCTOYHUK MUTAHUS IS IBUKYIIHUX YacTel KOHCTPYKLUH.

Takum 00pa3oM, MOYKHO OLIEHUTH NMPEHMYINECTBA W HEIOCTATKH ITOTO METOJa IO
CPaBHEHHIO C METOJIOM a3UMYTHOI'O OTKJIOHEHHUS.

Henocratku merona:

— MOBBILLIEHUE CTOUMOCTH YCTaHOBKHU;

— HEOOXOAMMOCTh OOCITYKUBaHUS;

— NOTpebIeHNE YHEPTUU Ha COOCTBEHHBIE HYKbI.

IIpenmyecTBa meTona:

— noBbItieHHEe 3((HEKTUBHOCTH (OTO MaHETEH;

— IPOCTOTA B YCTAHOBKE.

B HacTosiiiee BpeMsi METOJ COJIHEYHOTO TpeKepa MCIOJb3yeTCs JOCTATOYHO PEIKO.
3T0 00YCIIOBIICHO TOTIOJIHUTEIFHBIMU 3aTpaTaMH Kak Ha 3Tale YCTAaHOBKHM, TaK M Ha dTare
00CITy>)KHBaHUsl, MOHWKEHUEM HAaJIe)KHOCTH KOHTAKTOB M IMPOBOJHUKOB. OJHAKO CTOMUT
YUUTBIBATh, YTO HA CETOAHSALIHUNA JI€Hb aKTUBHO pa3pabaThIBAIOTCSl MAaTEpUAbI ISl Y3KO-
HalpaBJICHHBIX 1€JIeH, U HA JaHHBII MOMEHT KpOME€ KPEMHMEBBIX CYILECTBYIOT Oojiee 3-
¢dexTrBHBIE U OoJiee AOpOrue IUIEeHOYHbIE (POTOMAHENHU. Y CTaHOBKA BBINICYKAa3aHHBIX Ia-
HeJle MOXKET clielaTh 3TOT METOJ BIIOJIHE aKTyaJbHbIM, YMEHBILIMB JOJIO 3aTpaT Ha
JIBUTATENIM U MUKPOKOHTPOJUIEP B OCHOBHOW CTOMMOCTH YCTaHOBKH. Takke CTOUT yUUTHI-
BaTh, YTO Ha 3(PPEKTUBHOCTH COJIHEYHBIX NaHEIEeH BIUSAET U KOJIMYECTBO COJTHEUHBIX THEH
B TO/ly: YeM HUX OOJIbIIIe, TEM METOJ COTHEUHOTO Tpekepa 3 (eKTUBHEM.
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