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11 Japic

TAKBIpbIOBI: ZKapbIK AMOATAPBI MEH JiasepJiep. ZKyMbIC IPHHIMIIL HKIHE
KYpPbLUIbIMBL. JKapblK JAHOATAPbIH KJIHE JiazepAi Kocy cxemachbl. 7KapbIK
AHOATAPBIHBIH TYpJiepi. ZKapbIK AMOATAPBIH 6J11IeY.

JlapicTiH MaKcaTbl MeH MiHIeTTepi:

Japictin makcatsbl: JKapblK TMOATaphl MEH Ja3epiepAiH KYMbIC IPUHLHUITIH,
KYPBUIBIMBIH, TYPJIEPIH KOHE KOCY €pEKIIENIKTepPIH TYCIHIIPY, OJapAblH ©JllIey
oliCTepIMEH TaHbBICY APKbUIbI OYJI KYPBUIFBUIAPABIH KOJIJIAHBUTY cajlajapblHIarbl
MaHBI3AbUIBIFBIH KODY.

Minjaerrepi:

1. JKapsIk quoaTapbl MEH JTa3epiiep IiH )KYMBIC IIPUHITUITIH )KOHE KYPBLIBIMBIH
TYCIHAIpY.

2. YKapbIK THOATAPBIH KIHE JIa3ep TUOATAPBIH KOCY CXeMajlapblH KapacThIpy,
KOPFaHBIC 3JIEMEHTTEPIH KOJIJIAHY €PEKILIEIIKTEPiH MEHIePY.

3. Kapplk  JHOATAPBIHBIH  TYpPJCPiH, KONJAAHY  callajlapblH  JKOHE
AJICKTPIIIK/ONTUKAJIBIK CHUIIaTTaMajlapblH aHBIKTAY.

4. YKapbIK AUOATAPBIH OJIIICY OAICTCPIMEH TAHBICHIN, OJAPABIH Carachl MCH
TUIMJIUIITIH OaFajay JaFablIapblH KaJbIITACThIPY.

Tyiiinai yFeIMaap MeH TepMUHJIEP:

o LED (Light Emitting Diode) — >kapbIK HmIbIFapaTbiH O

o Jlazep (LASER — Light Amplification by Stimulated Emission of Radiation)

o P-N erneci, pekomOuHaIus, GoTOH MIBIFAPY

« bencenni opra, pe3oHaTop, MHAYKIHSIIAHFAH COYJIE IIBIFapy

o Forward Voltage (U_f), Reverse Voltage (U _r), Forward Current (I f)

o Kaprik arpiabl (Luminous Flux, Im), Tonkeia y3eiaasirsl (Wavelength, am),
CRI, CCT

o PWM (Pulse-Width Modulation) 6ackapy

o HHuterpamusuibik cdepa, CIIEKTPOMETP, MyABTUMETP, OCIUILIOrpad

o Kopranbic 3meMeHTTEpl: TOK MIEKTEYIIl PE3UCTOpP, TOK TYPAKTAHJIBIPFHIIIL,
TEPMUSUTBIK OaKpLIay, optocoupler
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Japic xocnapbl

. JKapplKk AMOATApBIHBIH JKOHE JAa3epiepAiH >KYMbBIC MPUHIUII

KYPBUIBIMBI
XKapbik quOITApBIH KOHE Ja3epl KOCY CXeMachl
XKapbik quOATapBIHBIH TYPIIEPi

JKapbIK 1uoaTapbiH eamey

butimai 6exityre apHaiFaH cypakrap
KopbITbIH 1B

Onebuerrep TiziMi

KOHC



1. ’KapbIK AMOATAPBIHBIH KIHE Jia3epJiepaiH KYMbIC NPUHLMIN KIHE
KYPbLIBIMbI

1.1 XKapwvix ouoowt (LED — Light Emitting Diode)

XKapbik AMOMBI — 3JEKTp TOTBl OTKEHJAE >KaphIK IIBIFAPAThIH >KapThUIal
OTKI3r1I 37eMeHT. OHbIH >KYMBIC MPUHLMUII KBAHTTHIK KYOBUIbBICTApFa — AJIEKTPOH
MEH KEMTIKTIH peKOMOMHAIMACH HOTUKECIHI€ (POTOHHBIH OOJIIHYIHE HEri3/1eIIIeH.

JXKapbIK AMOABIHBIH KYMBIC TIPUHITHITI:

KapblKk AMOATHIH HETI31HIE p-h eTmeci 0ap >KapThUIall OTKI3TIIl KYPhLUIBIM
KAaTBIP.

« P-001bIchI (positive) — apThIK KEMTIKTEPMEH (JIbIPHICTAPMEH ) KaHBIKKAH.

< N-001bICHI (negative) — epKiH AMEKTpOoHAapFa Oail.

<+ byn exi kabar KochUIFaHja, OJapiAblH TYHICKEH >KEpiHJe oTmesl KadaT
(depletion layer) nmaiina Gomaspbl.

DJeKTp TOTHIH Typa OarbITTa OepreHie (aHOIKa — «+», KaTOIKa — «—»):

< DJIEKTPOHIap N-00JIBICTaH P-00JIbICKA OTE/I].

< OHJ1a onap KEMTIKTEPMEH Ke3/IeCil, peKOMOUHAIIHS TIPOIIEC KYPE/Ii.

< PexoMOuHanus ke3iHe apThIK HEprusi GOTOH TypiHAe OeiiHenl — SFHU
’KapbIK IIbIFapbLIaIbL.

@DOTOHHBIH YHEPTHUACHI KAPTHUIAM OTKI3TIll MaTepUANIbIH THIBIM CallbIHFaH
30HachIHBIH eHiHe (bandgap) OaiimaHbICTI, al OyJI KAPBIKTHIH TYCIH aHBIKTAW bl
(KBI3BLI, J)KaChLI, KOK JKOHE T.0.).

G
AHop Katop

-+

XKapblk TUOIBIHBIH KYPBLIBIMBI:

1) ’Kapmeinait emxizeiut kpucmani:

¢ ApHaiiel Matepuanuapaan (Meicasbl, GaAs — rammid apcenumi, GaN —
raJuTiid HUTPHI1) XKacaabl.

¢ Byn MarepuaniblH THIMBIM CaJIBIHFaH 30HACHI (DOTOHHBIH HEPTHSCHIHA
acep erei.

2) P-n emneci:

+¢ Heri3ri sxapbIK MIbIFapaThiH aliMaK,

+¢ DJIEKTPOH MEH KEMTIKTIH PEeKOMOMHAIIMSICHI 191 OCHI XKePAC KYpeIi.

3) MeTtamnabIiK 31eKTpoaTap:

+¢ Tok ke3iHe KOCy YIIIiH apHaJIFaH.

+¢ Bipeyi KpucTalablH TOMEHT'1 JKaFbIH/Ia, EKIHIIIC] YCTIHAC OpHaacaibl.

4) Penexrop (1IaFbUIIBIPFBILI):

** JKapbIkThl Oip OaFbITTa MIBIFAPY YIITIH.

+ JKapbIKThIH THIMIUTITIH apTTHIPAIbI.

5) Kopnyc »xoHe nHH3a:

+* JKapbIk TUOATHIH CHIPTKBI KOPFAHBIIIBI.



+¢ JIun3a xapeIKTHI (POKYyCTaAy YIIiH KaXKeT.

¢ Kemn sxarnaiifia TNTaCTUKTEH HEMeCE MOJIIp STTOKCUITEH jKacaia ibl.
KapbiK TUOATHIH apTHIKIIBLUIBIKTAPHI:

<+ ¥3ak kp13Met ety mep3simi (50 000 caratka aeilin)

< TeMeH TOK TYThIHY

< Kimkenraii exmem

< CeHIMJIUTIK )KOHE MEXaHUKAJIBIK OEpIKTIK

< JKorapsl kapbIK TUIMIUTIT1

Mnactukosasn
nuH3a

Kpucrann

PedhnekTop by
POBOAHWUK

Katon \_/Auou
v

1.2 Jlazep (LASER — Light Amplification by Stimulated Emission of
Radiation)

Jlazep — JKapBIKTBHI KYIICHTY apKbLIbl OarbITTaFaH, KOTEPEHTTI J>KOHE
MOHOXPOMATTHI COYJIE IIBIFAPAThIH KYPBUIFHI.

Jlazep ce3i arbUIIIBIH TiTIHEH aymapraHna — <« OKapbIKThl HHIYKIWSIaAHFAH
coyJie IIBIFapy apKbUIbI KYIIEHTY» JIeTeH MaFbIHAHBI OUTIIpei.

-

JlazepniH >KyMBIC IPUHITHUIII:

JlazepniH )KYMBICHI YIII HET13T1 KBAHTTHIK MPOIIECTEH TYPAIbI:

1) OHepreTukanbIK JeHrennep:

¢ ATOM Hemece MOJIeKyla OenTiii Oip PHeprus JCHreiHIe 00Ia bl

% OFaH CBIpPTTaH dHeprusi Oepisice (KBUTY, )KaAPBIK, AJIEKTP), OJ1 KO3FaH KyHTre

0 5 Y, Y
eTel.

2) Uanykuusananrad (epikciz) coyne mbirapy (Stimulated Emission):

¢ Ko3ran arom erep mon CoHIail SHeprusibl (POTOHMEH COKTBIFBICCA, JIOJ
COH/Iall eKiHIl (POTOH HIBIFAPAIbI.

% Ex1 ¢potoH na O1p OarwiTTa, O1p (ha3a MEH KHUIIKTE 00J1aJibl — KOT€PEHTTI1

*E oip 0 0 0

coyle.
3) Kepi GaiinanbIc MieH pe30HaTop:



¢ Exi >xarpiHa aliHa OpHATBUIAJBI — Oipi TOJIBIK HIAFBUIABIPFBINI, €KIHIIICI
XKapThUIal ©TKI3TII.

s @otoHmap OYJI KEHICTIKTE ajFa-apTKa KO3Fajica, ojap kaHa (HOTOHIapPIbI
TyabIpa Oepeni.

¢ Ocpunaiiiia, >kapblK KYIISHin, KapThulaid ©TKI3TilI aifHa apKbUTBI CHIPTKA
HIbIFapbLIa/IbL.

JlazepniH KYpbUIBIMBI:

1) bencenni opra:

¢ XKapplk mIbIFapaTelH Marepuan (KapTbulal OTKI3TiNI, Ta3, KPHCTall,
CYMBIKTBIK).

¢ Byn sxepie Ko3AbIpbUTFaH aToOMIap OpHAIACAIBI.

2) DHeprus ke31 (Hacoc):

¢ Benceni opTanbl KO3ABIPYyFa apHAJIFaH.

¢ Ko3npipy o/1ici: SIEKTPIIIK TOK, )KapbIK HMITYJIbCI, XUMUSIIBIK PEAKIIUS.

3) Pe3onarop (aiina xyiieci):

+¢ JKapbIKThI KYIIEHTETIH aliMaK.

+¢ YKoFraphb! marbUIBICTHIPATHIH €Ki aifHaIaH TYPaJbl.

4) lsirapy Tecirt:

+¢ Bip aiiHa >xapThuTail MOJIIIP, COM APKBUTHI JIa3ep COylIeci ChIPTKA IIBIFaIbI.

JlazepmiH HEri3ri KacuerTepi:

< KorepeHTTik — ToaKbIHIAp O1p hpaza MEH KHULTIKTE.

< MOHOXpOMAaTTBUIBIK — OIp FaHa TOJIKBIH Y3bIHIBIFBIMEH KapbIK IIbIFAapaibl.

< barbITTasFaHABIK — CcoyJde oTe Tap opl KalIbIKThIKKA IIallbIpaMai
Tapaaaibl.

« JKorapbl KyaTThUIBIK — SHEPTUSHBI HIOFBIPIAHABIPY KaOUIET1 JKOFapHI.

2. /KapbIK 1MOATAPBIH KIHE Ja3epli KOCy cXeMachl

Kapelk guonTrap MEH jaszep IUOATAp — CE3IMTa JKapThUIadl OTKI3Till
KYPBUIFBLIAP, OJIap TYPAKTHI TOK TIEH KEPHEY/IIH HAKTHI IEKTEPiH/Ie FaHa TUIMII 91
Kayirnci3 >kyMbIc icTed anmanabl. COHABIKTAH OJapAbl AJICKTP Ti30eriHe KOCKaH7a
apHalibl KOpFay JKoHe 0acKapy JIEMEHTTEP1 KOJIaHbLIa/IbI.

2.1 Kapwbix 0uoowvin Kocy cxemacol

JKapwIk quos emkanrad Tikeneh kepHey Ke3iHe KocbuiMaiasl. OFaH opKalliaH
Ti30€KTeH pe3ucTop KalFaHaabl, OYJI apTHIK TOKTaH KOPFAy YIIiH KaXKET.
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Pesuctopas! ecenrey popmynacsl:
R=(UKOpeK_ULED)/ I
MyHnarsl:
# Ukxopex — KOpEK K031 KepHeyi (Mbicaisl, 5 B)
# ULgp — apbIK JUOATHIH KepHey1 (Mbicabl, 2 B)
« [ — xapbIK A0 apKbLIbl 6TY1 THIC TOK (9aeTTe 10-20 MA)
Kapuoik 0uoomsi Kocy cxemanapvinvly mypiaepi.
1) Bip >kapbIK TUOATHI TIKEIEH KOCY:
¢ EH kapamaiibim o1tic, 6ip pe3ucTopMeH.
2) bipHere )KapblK JUOATAPBI MapaJIeb KOCY:
+ Op KaAPBIK TUOJKA KEKE PE3UCTOP KAKET.
3) XKapbIk nuontap/sl Ti30eKTeH Kocy:
¢ XKanmer Tok aranapl, Oipak Kopek kepHeyi Oapnblik LED yiriH >KeTKUTIKTI
00JTyBI KEpPEK.
4) PWM (impulse-width modulation) 6ackapy:
¢ ApHaiibl KOHTPOJUIEP HEMECEe MUKPOKOHTPOJIIEP aPKBLIBI KAPBIK TUOITHIH
KAPBIKTBIFBIH OacKapyra MyMKIHIIK Oepel.
2.2 Jlazep 0uoowin Kocy cxemacwl
Jlazep nuon Typaibl €CKEpTy:
Jlazep nuon — >KapbIK TUOIKA YKCAC KYPBUIFBI OOJFaHBIMEH, OJ1 ©T€ CE3IMTall
’KOHE TYPAaKThl TOKTHI KakeT ereai. Kyar mieri conm raHa aprca, oJl JKaHBIN KeTyi
MYMKIH.
COHJIBIKTaH JIa3ep AUOATHI OacKapy YIIiH:
+ Tok TypaKTaHIBIPFHIII CXeMaJap
+ Kopray Ti36exrepi

< AHaJOTITHIK HEMECE CaHMIBIK 0acKapy KYPBUIFbUIAPHI KOJIIAHBLIAIBI.
I 1

W [ 2-50n
= ) : W%
—— 18 YO0 100- 10 =
Nasep

T

Jlazep AMOATHIH iMIKi KeAeprici eTe ToMeH. Erep Tek pe3nucTopMeH KOChLICa,
KbI3y MEH TOK XKbUIJAaM apTajbl — KYPBUIFbl 3aKbIMAaHaJbl. COHIBIKTaH TOKTBI
HAKTHI IIEKTEHTIH aKTUBTI OacKapy AJIEMEHTTEP1 KaKeT.

Jlazep nuONTHI KOCY YILIiH NaijaJaHbUIaThIH cXeManap:

1) LM317 perrerimiiMeH cxema:

% LM317 — TypakThl TOK K631 peTiHJIe KOJIJaHbLIa Ibl.

+¢* ToxThI aHBIKTANTHIH pe3ucTop TaHgamanp: [=1.25/R

2) MOSFET apkpbinel PWM-6ackapbuiaTblH cxema:




+ Jlazep KyaTbl UMITYJIbCTIK CHUTHaJMEH OacKapbUIblll, KyaTThl PETTE€y MEH
KOPFaHBIC KY3€re acajbl.

3) Apnaiisl na3ep apaiisep Mmoayibaepi (mpicaisl, TTL input):

< byn Monmynpaep iliHEH JalblH KOPFAHBIC, TOK IIEKTEYy, TeMIeparypa
OakpL1aybl Oap.

TypakTbUIBIK IIEH KOpFay Iapajapbl:

< @eppuT GUIBTPAEP — TOK IIYbl MEH UMITYJBCTIK apTHIKTAP/IbI KOS b

+ Tepmusiiblk OakplIay — JIa3ep/iH KbI3YbIH IIEKTEH/II.

< OnTukanelK okKmayiarbiurap (optocouplers) — CBIPTKbI Ti30€KTepAeH
OKILIayJ1ay.

3. ’KapbIK THOATAPBIHBIH TYPJIepi

Kapeixk muoarap (LED) typmi TycTepae, eieMjae KoHE KOJIJAHY
curarTaMaliapbiHaa mbiFapbutaabl. OapblH OpKaChICHl HAKTHI MIHAETTEP YIIIH
Oeitimaenred. TeMeH/Ie KEHIHEH TapajfaH apblK TUOATAPIbIH HETri3ri Typiepi
YKOHE OJIAPJIBIH EPEKIIETIKTepl MEH KOJIJIaHy caliajiapbl OepiJIreH.

1) Crangapttsl xkapsik quon (Standard LED)

2) SMD xapsik quonsl (Surface-Mount Device LED)

3) RGB xapeik nuoast (Red-Green-Blue LED)

4) Undpakp3sul xkapsik quoabl (Infrared LED)

5) Yawrpakyinrin xapeik quoasl (Ultraviolet LED)

4. JKapbIK TUOATAPbIH 6JIIIEY

Kapwix nuonrapeiabiy (LED) camackl MeH THIMIUIITT OMApbIH AJICKTPIIIK
KOHE OITHKAJBIK CcHUNaTTaMajiapblHa OaljaHbICTBI. by cumarramanapabl o7
eJley — jko0ajay, ChIHAKTaH OTKI3y KoHE calaHbl OakKplaay IPOIECTEpiHIH
MaHBI3IbI OOIITI.

Herisri mapamerpiep:

1) Typa xepuey (Forward Voltage, Uy)

< Bynm — apbIK TUONTHI KOCY YIIIH KaXKETTI €H a3 KepHEY.

< OJIeTTe KbI3BUI XKapblK amonarapaa ~1.8—2.2 B, am kek koHE aK TycCTi
nuoatapaa ~2.8-3.6 B.

< Ommey YIIH )XapblK JTHOATHI TOK KO3iHE Ti30eKTeH KOCHIN, MYJIBTHMET]P
apKBUTBI KEPHEY1 OJIIICH/II.

2) Kepi kepuey (Reverse Voltage, Uy)

<« byn — okapelKk AWOgKa pyKcar eTUIMEHTIH TOJSApIBIKTAa OepieTiH
KEepPHEY/IIH MEKT1 MOHI.

< Kepi kepHEey THOATHIH OY3bUTYbIHA AJIBIIT KETyl MYMKIH.

<+ Kebinece 5-30 B apanbireiama 6omambl.

< Omey apHalibl Kepi KepHEY Ko3/Iepi apKbUTBI ’KY3eTre achIPhLIAIbI (KOFAPHI
JIOTIIIK KaXKeT).

3) Tok TyTeiny (Forward Current, Iy)

< JKapbIK 1101 apKBIIbI OTETIH TOK OHBIH JKapPBIKTHIK JICHIeHiHE ocep STe/i.

< Crangaprtel LED ymiin: 10-20 MA.

< Kyartel LED ymin: 350 MA, 700 MA, tinTi 1 A-naH xorapsbl.



< Oniey yiH Ti30eKTel KOChUIFaH TOK PE3UCTOPbI HEMECE 1971 MYJIBTUMETP
KOJIJIaHbLIA/IbI.

4) XKapwik arbiabl (Luminous Flux, nromen — Im)

< BbyJ1 — >KapbIK TMOATHIH HAKTHI )KAPBIK MIBIFAPY MYMKIH/ITH CUIATTal THIH
MaHbI3/Ibl ONTHKAJIBIK MTApaMETP.

+ JIroMeH MoH1 HEFYPJIbIM KOFapbl 00JICa — KapbIK COFYPJIBIM >KAPBIKbIPAK.

< Ax tycti SMD xapeik nuonrapaa ~10-200 mroMeH apaliblFbIHAQ OOTYbI
MYMKIH.

< Onmey wuHTerpauMsuiblk cdepa  (integrating sphere) kemerimeH
KYprizuieai.

5) Kywmpbic y3akroirsl (Lifespan)

+ Kaszipri xapbik nuonrapasiH xymbic Mep3imi: 30 000-100 000 carar.

< HakTbl yakpITTarbl eJiey MyMKIH eMec, O1paK KbUIAaMAaTbUIFaH KapTako
ceiHaKTaphl (accelerated aging test) KomgaHbLIAIbI.

+ TemmepaTypa, TOK IaMachl K9HE CHIPTKbI 9CepIiep MaHbI3/bI.

6) TonkerH y3eiHABIFE (Wavelength, Hum)

+ ByJ1 — KaphIK AMOA HIBIFApaThIH XKAPBIKTHIH TYCIHE JKayallThl MapaMeTp.

< MpIcansr:

e Kp3pu1: ~620—-630 M

e Kacbur: ~520-530 um

e Kok: ~460—470 um

e AK JKapblK — CHEKTPIIK KYpPaMbIHBIH KOCBIH/IBICHI.

< Oey yuIiH CneKTpoMeTp NaiaaaHblIIaIbl.

Onwey Kypanoapwi:

1) Mynsrumerp

< EH KeH TapanraH ejiiey Kypajbl.

< Typa KepHEy MEH TOKTHI aHBIKTayFa KOJIAJIbI.

< Jluontel "muon" pexxuMIiHIE TEKCEPIll, OHBIH OTKI3TIIITITIH XKoHE IITaMaMeH
KepHEY TYCYiH aHBIKTayFa OOJIaIbl.

<+ Kepi kepHey pexxumi yIIIiH xapamainisl.

2) Ocuumorpad

+ [lynpcamuss MEH UMITYIBCTIK PEXKUMAEPACTI TOK MEH KEepHEY ©3repiciH
KOpCEeTyre MYMKIHIK Oepei.

<+ PWM OackapbutaTblH JKapbhlK JHOA  JKYHENepiHJeri > KapbhIKTHIH
KeIbLIBIKTAYBIH (flicker) Garanayra KOJIaHBLIABI.

+ Tuimai )KapbeIKTaHABIPY KYHeIepiH xKobatayna KaxKeT.

3) CnekrpomeTp

+ JKapbIk 1o IBIFAPATHIH KAPBIKTHIH CIIEKTPIIIK KYPaMbIH aHBIKTAMNTBI.

+ TonmkprH y3eIHABIFBI, TyC Temmeparypackl (CCT), Tyc kepceTkim mHIeKCl
(CRI), ciexTpitik Kyar THIFBI3BIFBI CHSKTHI KOPCETKIIITEP OJIIICHE/].

« TycriH camaceiH OarajlayFa >KOHE MEAWIIMHAIBIK HEMECe apHalbI
AKaAPBIKTAHBIPY YIIIH AUOJ TaHJayFa MYMKIHJIK Oepe/l.

4) Nnrerpaunsuibik cepa (Integrating Sphere)

+ JKapbIK aFbIHBIH TOJIBIK YKMHAT, OHBIH JKaJIIbI )KAPBIKTHIK KyaThIH (JITIOMEH )
aHBIKTayFa KOJMAaHBIIAIBI.



< [mki Oeri KapbIKTbl IUPPY3UsIIBIK TypA€ LIAFbULABIPATBIH  aK
MaTepUaJIMEH KallTaJIFaH.
< CrnexkrpomMeTpMeH OIpirin KyMBbIC iCTeM 1.

Binimai OexiTyre apHajiran cypakrap:

1. XKapblk AUOATApBIHBIH KapblK IIbIFapy MNPUHLUINI KaHAall (QU3MKaIBIK
KYOBLIbICTapFa HET13/1eJTreH?

2. P-N erneci kaHjmaii peiyl arkapajbl >KOHE PEKOMOMHAIMS Mpoleci Kaiail
xKypeai?

3. JlazepniH KOTepeHTTi, MOHOXPOMATThI KOHE OarbITTajFaH Coyje IIbIFapy
KacHeTTepl HeIeH Toyeni?

4. LED mneH naszep JauOABIH SJEKTp Ti30eriHe KOCKaHAa KaHAal Kopray

AIEMEHTTEP1 KAXKET KoHEe Here?

Pe3ucTop apKbLIbl )KapblK TUOATHI KOCY (POpMYIachiH TYCIHAIPIHI3.

PWM oGackapy apkbuibl LED skapbIKTBIFBIH Kasiail e3repTyre 0oabl?

7. LED xoHe nazep AMOATApBIH OJIICY Ke31HIe KaHAal mapameTrpiepre KOHLI
0oy kepek?

8. Crammaprrel LED, SMD, RGB xoHe uH(Qpakp3bUl TUOATAPIBIH HETI3T1
€pEeKIIeNIKTepl MEH KOJIaHy cajlajiapbl KaHan?

9. Xapwik arpiHbl (TFOMEH) MeH >XyMbIc y3akToirbl (lifespan) LED canacwin
Oaranayna KaHjai pes arkapajibl?

10.JTazep muoarapein  PWM Hemece LM317 apkpuisl  GacKapylbiH
apTHIKUIBUIBIKTAPhl MEH KAyITCI3/IIK Iapajiapbl KaHaan?

SN

KopbIThIHABI:

XKapolk auoaTapbl MEH Jazepiep — Kas3ipri 3aMaHFbl DJCKTPOHHKAHBIH,
KAPBIKTAHIBIPY/IBIH JKOHE OalJIaHBIC JKYHENepiHIH MaHBI3Ibl 3JIEMEHTTEP1 OOJIBII
TaObuiafpl. OJapAblH KYMBIC TPHUHIMII SKapThiIal OTKI3TIMTIK (U3UKACKIHA
HETI3/IC]ITeH JKOHE D3JICKTPOH-KEMTIK PEKOMOMHAIMUSICHI apKBLIbI JKAPBIK IIBIFApy
KYOBUTBICHIHA CYHEHE].

JXKapbIk TrONTapBIHBIH TYPJIEPl ONApABIH KOJIAAHBLTY calachlHa TIKEIeH acep
eTeni — KapamaWblM WHAMKATOpJIapAaH Oactam Kypedi >KapbhIKTaHIBIPY >KOHE
nucIier skyhenepine neiin. JKapelk AguoAaTap MEH Jiaszepiiepli KOocy Ke3iHJe
AIIEKTPIIIK KAYIMCI3AIK TIEH Y3aK MEP31M/Ii KYMBICTBI KAMTaMachl3 €Ty YIIiH THICT1
cxemajap MEH KOPFaHBIC SJIEMEHTTEP1 MIHJETTI TYPAC KOJIJAaHBUIABI.

Bys1 KypeUTFBIIAPIBIH HET13T1 CHUTIaTTaMaIapblH OJIIIeY — OJIap/IbIH CalachiH,
TUIMIUTITIH JKOHE CEHIMIUIriH OarajmayFa MYMKIHAIK Oepeni. MynbsTumerp,
CIIEKTPOMETP, UHTETPAIMUIBIK c(epa ChIHIBI Kypaiaap OCHI MPOIECTe MaHBI3IbI
PO aTKapaibl.

byriari Tapma >kapeIKk THOATAphl MEH Ja3epiep FhUIBIM MEH TEXHUKAaHBIH
KOITETeH cajajapbliHAa KeHIHEH KOJJAHBUIBII, SHEPTUS YHEMICY, IIIaFbIH Tabapur,
y3aK OJKYMBIC Mep3iMi CHSKTHI  apTBHIKIIBUIBIKTAPBl  apKachlHAa OoJaliak
TEXHOJIOTHSJIAPABIH HET131HE aifHAJIBII OTBIP.
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