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ee4yr4efi opraHu3a\vv OfSOy BO <<VlxeecKnft rocyAapcreeHHutil rexHhvecxhfi

)/HhBepchrer ilMeHh M. T. KanaulHnKoBa)D Ha ArccepTaqhoHHylo pa6ory

Soauulrua PonnaHa [eHna4ueBhqa <floebruJeHhe a$$exrraaHocrl4 o6nyveHrn

MeprcreMHbtx pacreHrafi xaproQeln cBeroAl4oAHbtMh (LED) $raroycraHoBKaMh)),
npeAcraBneHHylo Ha cohcKaHhe yvenoil creneHr KaHAhAara rexHhqecKhx HayK no

cneqhanbHocrt4 05.20.02 3nexrporexHo.norilh v 3neKrpoo6opy4oaaHre B

ce,nbcKoM xognilcree

Axryan uxocrb reM bt Al,tccepTaq'uu
Kynurypa xaproQenb nonb3yercn a HauJefi crpaHe BbrcoKl4M cnpocoM.

llonyveHrae BbtcoKl4x ypolKaeB xaproQenn Bo MHoroM onpeAenfiercn Kat{ecrBoM

nocaAoqHoro Marepila.na, xoropuril oqeHb qacro noABepraercn BhpycHbtM

sa6oneeaHhflM. B Hacronu{ee BpeMn eAilHcrBeHHbtM nporpeccLlBHblM MeroAoM

hs6aeneHhn nocaAoqHoro Marephana xaproQe.nfl or Bl4pycoB RBnnerctl Bblpau4hBaHhe

MephcreMHbtx pacreHrafi xapro$enn. B V4nnyprcxofi Pecny6nraxe MepncreMHble

pacreHhn xaproQenn Bbtpau{hBaor B OfEHy V4nnyprcxr,rfi Hl4lACX, xoroputfi hMeer

cneu,hanbHyto MepilcreMHyto aa6oparopta]o. Snonorn cqhrator, t{To y pacrenrfi,

Koropble nepBoHaqa.nbHo npoh3pacranh B Apyrhx reorpa$raqecKhx 30Hax, Ho B

HacToffu_{ee BpeMn Bo3AenbrBa}ou-lilecn B coBepueHHo Apyrhx ycnoBhflX, cyqecTByer

reHerhqecKafl naMrrb K ycloBhflM hx nepBoHaqarbHoro npoil3pacraHhn. flpr aronn,

ecnv Ann raKhx pacrenrfi rcKyccrBeHHo cbrMl4Tl4poBarb vcnoBun MHKpoKnhMara hx

reHer[qecxofi poAraHbt, To MoxHo noryr{l4Tb MaKcilMa.nbHbte ypo}Kah erofi xynuryput. B

nnepncrennofi na6opatopuu Bce napaMerpbr Mr4KpoKnnMara noAAeplKhBatorcn B

rpe6yennutx Ahana3oHax v ro.nbKo cneKrp n3nyqeHhfl .ntoMnHecqeHTHblx .naMn He

coorBercrByer cneKrpy co.nHeqHoro r3nyqeHhn rocyAapcrBa l-lepy - reHernqecxolr

poAl4Hbt xaproQenn. B BnAv roro, qro pacreHhe flB.nRerctt aKKyMynnrhBHblM

6uonorurlecKhM o6texronn, To ero npoAyKTr4BHocrb 3aBncAT or Ao3bl orAenbHblx

cocraBrRfou-ll4x 30Hbr $orocrnrerhLtecKlt aKTilBHofi pa1naq:r'n (OAP). flpn 3roM

hcno/tb3yn Aocrt4xeHhR coepenneHHoil cBerorexHrKn A npilMeHRr cBeroAl4oAbl

pa3nhltHoro cneKTpa/tbHoro cocraBa v perynvpYn Anvre.nbHocrb rax pa6orbl, MoxHo

cbrMhl4poBarb npaKTHqecKh rpe6yeruule Ao3bl 30Hbr OAP. f'looronny noBbtuJeHne

a$QexryeHocrh cBeroAl4oAHbrx (LED) QnroycraHoBoK Ann MephcreMHoro xaproQenn



3a cqer HayqHoro o6ocHoaaHmR Han6onee oQQexrraanurx Ao3 cneKrpa.nbHbrx

cocraBnflpul4x 3oHbr OAP, no3Bonnlou{r4x yBenuvvrb BbrxoA 3AopoBoro 3.rtxrHoro
nocaAoqHoro MaTephana - MephcTeMHoro xaproQenn ra cHh3t4Tb norpe6leHne
aneKTpo3H eprvn n ph ero Bbr pa u4n B aHnvl fl B.n R ercn a KTyan bHofi aa4ave il.

Hayvxan HoBl43Ha

fl ra ccepra Hr n peAna raer cBeroAr4oAHyto ( LED) $oroycra HoBKy c Bo3MoxHocrbro
perynilpoBaHVA Ao3bt cneKTpa.nbHbrx cocraBnfftou-{hx 30Hbl QAP; npeAnaraer
MareMarhqecKyro MoAe.nb, ycraHaBnrBapu{y}o cBfl3b Me}KAy 4oaoil cneKTpanbHbtx

cocraBnRtor4r4x 30Hbr OAP c yqeroM cneKTpanbHbrx cocraBnFrcu4hx v3nyveHnfl,
xapaKTepHbrx A A reHernqecxofi poAl4Hbr pacreHrafi, v npoAyKTl4BHocrbro

MephcTeMHoro KapTooenfl; npeAnaraeT MeToAl4Ky pacqeTa Ao3 cneKTpanbHbtx

cocraBrflrouil4x 3oHbt <DAP co,nHeL{Horo h3nyLteHVA 14 paapa6arbtBaer anropilTM pa6orur

LED QraroycraHoBKtA, a raKxe nporpaMMbr AnA nporpaMMhpyeMoro .rtorhqecKoro
r{oHTponnepa c hcno,flb3oBaHheM HHcTpyMeHTa,rrbHoro nporpaMMHoro KoMnneKca

npoMbnuneHHoil aBroMarh3aqttv <CoDeSys>, n03BonRtoulhe noAAepxhBarb
ueo6xo4uMbre Ao3br cneKTpa.rlbHbtx cocraB.nRtou\t x t ttMltTtlpolaru rpe6yennurfi cneKTp

n3nYv.eHnq.

,{,ocroeepHocrb
noATBeplKAeHa:

HayqHbrx nonoxeHuil n o6ocHoeaHHocrb BbtBoAoB

o ilposeAeHHbtMh 3KcnephMeHTaM14 c hcnonb3oBaHheM ilccneAoBarenucxoil
annaparypbr c c npoBeAeHneM ee raphpoBKvl n Kanra6poexra;

o KoppeKTHo ilcno,nb30BaHHblM14 MeToAaMh MaTeMaThqecKoro aHaflh3a,
q hcneHHoro pe[ueH rn aa re6pahqecKHX ra Ara$$epeH qil an bH urx ypa aneH ra fi ;

o Ha.nrLlheM npoToKonoB npoBeAeHhfl rcnblTaHh it u aKToB o BHeApeHrn
pe3yn braroB Al4 ccepra qh oH Hofi pa6orur.

flpaxrrvecKaf, LleHHocru pa6orur

Paapa6oraHa cBeroAl4oAHan (LED) $lrroycraHoBKa c Bo3MolKHocrbro t Mlra\vn Ao3
cnexrparuHofi cocraBnRtoLqr4x 3oHbr OAP. Paapa6oraH artrophrM ynpaBneHhn

cBeroAr4oAHbrx (LED) $raroycraHoBoK, noaaonnrcu4rfi noAAepxhBarb Heo6xo4rnnure

Ao3br cneKTpanbHbrx cocraBnrFcu{14x 30Hbr OAP t4 hMhrhpoBarb rpe6yennuri

cneKTpanbHoft cocraB n3nyqe+ttn. Pesynurarut A14ccepraLliloHHbrx uccne4oaaHr,lil

ilcno/fb3oBaHbr nph npoeKTLlpoBaHvlt| LED QrroycraHoBoK, nphMeHneMbtx B Ol-6H)/

YHV|VICX u hcnonb3yrorcn a yve6HoM npol{ecce a Of6Oy BO hxeecxoil [CXA, qro

noATBepxAaercn flporoxonannm ucnaranuil, Axrannr o BHeApeHhLl tA

cooTBeTcTBylo ur,14 M14 cn pa B Ka Mil.

O6qan xapa Kre p ncrvKa pa6orur

,[,NccepraqiloHHan pa6ora cocrol4T v3 nnrn rnal, h3,nox(eHa na I37 crpaHnqax,

BK.nOqaer cnrcoK nhreparypbl 143 178 HaranneHoeaHilfi.



Bo aee4euuvl Altccepraqhh h3.nolxeHa crpyKTypa pa6orur, onpeAeneHbt qenn h
3aAaqh hccneAoBaHVA, HayqHan HoB143Ha il npaKThqecKafl 3HaqhMocrb nonyqeHHbtx
pe3ynbTaToB, n pr BeAeH br ocHoBHble no.noH(eH hfl , Bbt HochMbt e Ha 3a u.\hTy.

B nepeofi rnaBe paccMorpeHbt onrhLrecKhe ceoficrea pacreurafi, Bo3MoH{Hocrb
ynpaBneHnn SorocrHTerrqecxoil 4enre.nbHocrbp pacreHnil u hx npoAyKrr4BHocrbto,
cAenaHo o6ocHosaHhe eul6opa Kynbrypbr (nnepracreMHoro xaproQenn), npoae4€H
aHanu3 cyu-{ecrBytol4tlx LED SnroycraHoBoK c Bo3Mox{Hocrbto h3MeHeHhF
cneKTpanbHoro cocTasa. C4enaHo 3aK,ntoqeHhe, qro nphMeHeHhe nporpaMMhpyeMbtx
.norilqecKhx KoHTponnepoB (nnK) no3Bo.nilT ynpaBnnru LED QnroycraHoBKaMn v
nonyqarb rpe6yennyro Ao3y cneKTpanbHblx cocraBnfftou-lhx 30Hbt OAp, Ltro 6y4er
cnoco6creoBarb Har6oluutenny BbrxoAy npoAyKr-thh npr yMeHbueHhh 3arpar Ha

Bbrpau{hBaHre.

Bo eropoil r.naBe npeAnox{eHa MareMarhqecKan MoAenb no onpeAeneHh19
Har6onee eQ$exrraaHoro hcrottH14Ka v3nyuetu+, yqhrbtBatou4afl BnunH.4e Ao3bl
cneKTpanbHbtx cocraBnFtot4l4x 30Hbr OAP Ha npoAyKTt4BHocrb MephcreMHoro
xaproQenn (xonrvecrBa pacreHuil), xoropain noKa3a.rta, qro npn vMJlra\nu Ao3
cneKTpanbHbtx cocraBnRtotql4x 30Hbr flepy npohcxoAl4T coKpau4eHhe cpoKoB
roroBHocrh MephcreMHbtx pacreHrfi Ha 4 4Hn h yMeHbueHhlo yAenbHbtx 3arpar Ha

BbrpaqrBaHhe s 1,3 pa3a.

Paspa6oraHa MeroAVKa pacqera Ao3 cneKTpa,rrbHbtx cocraBnnloLqhx 3oHbr OAP
co,nHeqHoro v3nYveH|"/'n, noKa3aB[IJafl, qTo B TeqeHhe Ka]KAoro BeceHHero MecFqa
pacreHHtl nonyqa}or a flepy npaKThqecKh oAHHaKoByro Ao3y h3nyqeHHR 3oHbl OAP, r. x.

B Mapre, anpene u B Mae MaKchMa,rtbHafl Bbtcora conHL{a cocraBnfler 80".. B

KpacHo4a pe pacreHilfl ilcn blrbl Ba CIT HeAocraroK B Ao3ax cneKTpa.n bH btx cocra BnF toulr4x

3oHbt OAP, T. K. B Mapre MaKchMa.nbHafl Bbrcora conHlla cocraBrfler 400, a B Mae - 600.
B rperuefi rnaBe nphBeAeH anrophrM pacqera Ao3bt o6lyveHrn e

aBToMarilqecKoM pexhMe c hcnonb3oBaHheM n,/.|K. flporpannnna Ann l-lepy
o6ecne.{naaer pa6ory LED QnroycranoBKt4 B reqeHhe 30 4nefi no l-6 qacoB B cyrKh,
t4MVTt pYA cneKTpanuHutfi cocTaB 3roro per14oHa. l-lporpannnna Ann KpacHogapa
pa6oraer 10 4Hefi vMVTtApyA cneKrp Mapra, cneAyrorqrae 10 4nefi - cneKrp anpeng r
nocneAHhe 10 4Hefi - cneKTp Mafl TaKlKe no 16 LracoB B cyrKh. Paapa6oraHHbte cncreMbl
ynpaBneHrn cBeroAl4oAHofi ycraHoBKofi na 6ase n/lK no3Bonflor t4Mt4l4poBarb

cneKTpanbHblil cocraB h3nyqeHh fr Ann nn6oit MecrHocil4 B TeqeHue AHn il Ha

n porfl )KeH n r rpe6yeMbrx Mecn qeB.

B .reraeprofi rnaBe nphBeAeHbr pe3ynbrarbr npoh3BoAcrBeHHblx rcnurraHril, B

MepilcreMnofr na6oparopttu OfEHy yHlAlACX, h3 Koropbtx BhAHo, qro Han6oluuan
nnoqaAb /n4crbeB y MepncreMHbrx pacreHrfi xaproSenn 6urna nph nw.Aragn Aa3
cneKTpa.nbHblx cocraBnRtou-ll4x 3oHbr OAP flepy, rrro n03Bo.nh,no coKparnrb cpoKl4

co3peBaHnr pacreHhil na 4 gna.

B nnrofi rnaBe nphBeAeHa oLleHKa rexHhKo-3xoHonnrqecxori a$QexrraaHocrh
hcno.nb3oBaHVA npeAnaraeMbtx rexHhqecKhx pelueHnh. llphMeHeHhe npeAnaraeuori
LED $raroycraHoBKh c vMurar4lefi cneKTpa l-lepy n03BonRer coKpan4rb cpoKh
roToBHocril MephcreMHblx pacreHnfi xapro$ena ua 4 AHn v nonyqhrb 3a cqer arot-o 3a

roA nprMepHo na t5%o pacreuril 6onuue no cpaBHeHilHc c KoHTponena. Oxrgaennurfr



3KoHoMl4t{ec\Vn e$$exr cocraB.nfler oKo.rro 76 tarc. py6., AoxoA or c3KoHonnneHHofi
sneKrpo3Hepfwvl paBeH 148 rulc. py6., npw cpoKe oKynaeMocrh oKo.no 4 net.

3a xn pqeure coAepx{hr ocHo BH br e Bbr BoAbt Al4 cce pra qr o H uorZ pa 6orur.

3anneqauuf, t4 Bonpocbt no pa6ore:

t. B gneKTpttttecxofi nphHqhnnaauHofi cxeMe npeAcraB.rreHbr BocnphHr4Maoqhe
a.neMeHTbr BL1...BLn (pmc.3.15).3To, cKopee Bcero AarLl4Kh, yr{r4rbrBaCIu4he
pa3nhqHble cneKTpbl cocraB,nflou-U4x Ao3bt OAP. B 4anuHefiu:enn, na pa6orsr He
noHRTHo xaxofi MapKh ?TV Aar'uv<tt vtntt KaKhe caero$rnbrpbt hcno.nb3oBaHbl AnR
roro qro6bl pa3AenttTb pasnnqHutfi cneKTp Anfi yqera no orAenbHocrl4.

2. Az pa6orul He coBceM noHFTHo, no KaKoMy
cBeroAt4oAHoro cBerh.nbHhKa, n KaK 6amu
caethnuHnxe?

nprHqNny 6srr aur6paH pa3Mep
paccTaBneHbt cBeToAr4oAbt B

3. floncHnre, noqeMy Bbl npoBoAnnv hccneAoBa+nn Ha npilMepe MephcreMHoro
xaproQeln? BosA oxHo, cyt4ecrBytor Apyrhe Kynbrypbl, Koropbte raKlKe Moryr
MllKpoKnoHanbHo pa3MHolKarbcfl. Moxer 6uttu, no4o6noe Bocnpoh3BoAcrBo
p>t<tl nnv n[ueHilLlbr 6y4er 6onee BbtroAHbtM, LteM xapro$enu.

4. B natoil r.naBe B pa3Aene rexHhKo-3KoHoMhqecKoro pacqera a$SexlaeHocrh
hcno.nb3oBaH4n npeAnaraeMblx QraroycraHoBoK, xe.narenbHo 6urno 4o6aaNru
3aTpaTbt Ha oAHo pacTeHhe.

Ily6n ra xa r.1nf, pe3yn braroB Al4cce pra qH h, coorBercrB r e a aro pe6e para ee
coAep}r(aHhto

Peaynurarut Hayt{Hbtx hccneAoBanwi,t, v1x npaKTht{ecKafl 3HaLrhMocrb h HayqHaB
BaxHocrb orpaH{eHbl B 2t crarbe, cpeAu Koropbtx 5 pa6or B nepiloAl4qecKrx
)'l{ypHanax l,13 nepeqHn BAK. flonyveH oAt4H flarenr PO Ha none3Hyro MoAe.rtb, oAHo
car4erenbcrBo o rocyAapcreeHHofi perhcrpaL{ilh nporpaMMbr 4nn 3BM.

Aarope$epar BKntoLtaer Bce ocHoBHbre no,flolxeHhn Ahccepraqnvt: aKrya/rbHocrb
TeMbf, qenb h 3aAaqh nccneAoBaHl/,fl, HayLrHyro HoBl43Hy h npaKThLtecKyro 3HaqhMocrb,
aHanuTvlqecKylo h SKcnephMeHTa.nbHyro qacrb, pe3ynbrarbt, BbtBoAbl h B Aocraro.{Ftoli
Mepe pacKpblBaer coAepxaHhe pa6orur. ,Qnccepraqran Bbtno,nHeHa Ha xopolueM
HayqHoM ypoBHe, ocHoBHas L{acrb nonyqeHHbtx pe3ynbraroB hMeer
sKCneprMeHTa.n bHoe h n pa KThqecKoe noATBepxAeH 14e.

3axntoqeHre

[nccepraqroHHan pa6ora Sonuu"rrHa PonnaHa [eHHa4uearva Ha reMV
<<iloebluJeHhe eQ$exnaeHocrr4 o6nyueHrfl MephcreMHbrx pacreHnfi xapro$enn
cBeroAt4oAHblM14 (LED) $raroycraHoBKaMil)) npeAcraB.nffer co6oh 3aKoHqeHHylo,
caMocroffTe.nbHo BblnonHeHHyto Hayt{Ho-r4ccneAoBarenbcKyto pa6ory, a xoropofr
h3,nolKeHbl HoBble Hay..lHo-o6ocHosaHHute rexHhqecKhe, TexHonorhqecKhe vl
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opraHh3aqhoHHbte peuJeHhfl, BHeApeHne KoTopblx BHOCI4T 3HaqnTeIbHblil BKnaA B

pa3BilTh e cen bcKoxo3n il crBeH HO rO n pou3BoAcrBa B CTpa H e'

fl pra ee4eHH ble Bbl ue 3aMer{aHilfl He HOCRT n phH l-{14 n haI bHOrO Xapa KTepa'

flraccepraqhoHHaR pa6ora Bblno.nHeHa Ha AOCTaTOqHO BblcoKoM HayqHo-

TexHhqecKoM ypoBHe, orBeqaer rpe6oaaHnnnn BAK Po, npeAbtlBnfleMblM K

KaHArAaTcKhMAl4ccepTaqhnM,aeeaBTopSonuurnHPonnaxFexnaAueeuv
3acnyxnBaeT nprcyxAeHhn eMy yqeHofi creneHn KaHAhAaTa TexHhqecKhx HayK no

cneqha/tbHocTl4 05.20.02 - gneKTpoTexHo.norvn v ?neRTpOO6Opy4oBaHhe B ce'nbcKOM

xosnilcrae.
p,raccepra r-pan o6cyxAeHa, or3bl B

<(Drgnxa h onrorexHhKa)) 27 ttaan2Ot6

paccMorpeH n op,o6peH Ha 3aceAaHhra xaQep'put

r., nporoKon Ne 9.

3aeegyoupafi xa$egpofi <Qusv*a u onrorexHhKaD

,[oxrop Qrara xo-nnareMarht{ecKhx HayK

Of SOy BO <14xee ct<ttti,r rocyAapcreeHHutil

TexH hqecxn fi YH r eePchrer

r4MeHn M.T. Kana[uHl4KoBa))

A4pec: 426069, l4xeecx,

yn. Cry.qeHqecKafl, 7, xopn' 1, aYA' 427 A

3nexrpoHHaR noqra : lqzqt @iq!q".qu

Tene$oH: (3412177-60-55 Ao6' tt27

VqeHuril ceKperaPb

OFSOY BO <l4xeecxui't rocyAa

TexHhr{ecxrfi YH neePchrer

l4MeHh M.T. KalauHhKoBa))

floxroP TexHhqecKhx HaYK, n

xaQe,qpur <<Qvtsuxa w

A4pec : 426069, l4xescx,

yn. Cry4eHr{ecKar, 7, xoPn' t,
3nexrpoHHaR noqra : al gklegvv

TeneSoH: (3412\77-60-55 go6' tt23
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Co6oneg
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