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Poszenaoaromoca nepesacu pospaonux anamn muny /[PJI nopienano 3 inmumu 0ixcepenamu 6unpoMiHIO8aAHHsA, W0 OCHOGAHI HA
0y2080My po3padi eucoxozo mucky. Ilpoananizoeani nepcnekmueu 600CKOHANEHHA 6 2any3i GUKOPUCMAHHA OAHO20 MUNY 1AM

Paccmampuearomca npeumywecmea paspaousvix namn muna JAPJI no cpagnenuio ¢ opyzumu UcCmoYHUKAMU U3AYYEHUA OCHO-
GAHHBIX HA 0Y2080M Pa3psade blcoK020 oagnenus. Ilpoananuzupoeanst nepcneKmugsl co6epuieHCmMeoanus u obnacmu npume-

HeHUus paccmampueaemozo muna iamn.

Pazpsigabie namnbl BeicOkoro aasienusi tumna JIPJI
HOJIyYHJIM HauOoJIblIee paclpoCTpaHEHUE CPeAr HCTOY-
HukoB cera (MC) BbICOKON MHTEHCUBHOCTH. briaronaps
BBICOKOW CBETOBOW OT/Aa4e, OOJBIIOMY CPOKY CIIyXOBI,
YJIOBJIETBOPHUTEINILHOM IIBETOIIEpEeiaue, NPUCIIOCOOIEHHO-
CTH Ui pabOThl B CTaHJAPTHBIX DJIEKTPHUYECKUX CETSIX
HanpsbkeHueM 220B u mmpoxoMy nuama3oHy NpOU3BO-
JuMbIX MotHocTel ot S0Bt no 2xBrt, sammer tuma J{PJI
IIMPOKO MPUMEHSIOTCS U MPOMBIIUICHHOTO M HapyX-
Horo ocBemieHus [1]. lllupokoe mpuMeHEHHE B TEXHHKE
OCBEIICHUS JIaMII JAHHOTO THIIA, OOBSICHIETCS WX OTHO-
CUTEIBHO HH3KOW Ce0ECTOMMOCTBIO, YTO OOYCIIOBIIEHO
HaJIMYMeM BBICOKONPOU3BOIUTENBHOIO 00OpYAOBaHUS
JUIA UX IPOM3BOJCTBA [2].

CymecTBeHHBIM MpenMytiecTBoM Jamm JIPJI nmepen
ApYTruMHU HCTOYHHMKAaMH CBETa SABJIACTCA HUX KOMIIAKT-
HOCTb, HaAEXKHOCTb, MPOJODKUTENIBHBI CPOK CITyKOBI
(mo 15000 yacoB) u BBICOKAs IJIOTHOCTh CBETOBOT'O MTOTO-
ka (cBbime 60JIm/Bm ). Cnemyer TakKe OTMETHTD, 4TO

samnel tana JIPJI skcmtyatupyroTcst B IIMPOKOM Juana-
30HE KoyeOaHHs TEMIIEPaTypbl OKPY)KaroIEH cpeisl OT
—40°C 10 +40°C ¥ 3aXHrafoTcs MPH STOM HPAKTHYECKH
CEeTEeBBIM HamNpsDKEHHEM Oe3 NPUMEHEHUs JONOJIHUTENb-
HBIX UMITYJIbCHBIX 3aKHTrarmux ycrpoiicts [3]. Croco6-
HOCTBIO 32)KHTaTbCs NPU HU3KUX TEMIEpaTypax JIaMIIbl
tumna JIPJI 3apexoMenoBanm ceds ¢ HaWIyqIeld CTOPOHBI
HMMEHHO B CEBEPHBIX palioHax.

Ha coBpemeHHOM 3Tare HabIIONAEeTCsl HEYKIOHHOE
YBEIMYECHUE IPOM3BOACTBA W TOTPEOICHHS BIICKTpHUC-
CKOH »HEpruu, Kak HauOojee YHUBEpPCAIBHOTO THIIA
sHeprun. C Bo3pacTaromieid mpooieMoll SKOHOMHH DJIeK-
TPOIHEPIUH, BCTAI BOIIPOC 00 HCIIOJIL30BAHUH B OCBETH-
TENBHBIX YCTAHOBKAX PA3IMYHOrO Ha3HA4YEHHs HamOolee
9KOHOMHUYHBIX HUCTOYHHKOB cBeTa. OCOOEHHO 3TO aKTy-
QJIBHO ISl CTpaH C OrpaHUYCHHBIMH NMPHPOTHBIMH 3ama-
CaMU SHEPrOHOCUTENIEH, K KOTOPBIM OTHOCUTCSI U Y Kpau-
Ha. MHOTOUHCIIEHHbIE TEOPETUYECKHUE U OSKCIEPUMEH-
TaJIbHBIE HMCCIIEAOBAHUS W IPaKTHYECKHEe pa3pabOTKH B
910l obmactu [4, 5, 6] yKa3bIBalOT Ha INPENMYILECTBA
MetauoratoreHHsIx (MI'JI) n HaTpHEBBIX J1aMI BBICOKO-

ro gasnerns (HJIB) nepen mamnamu tuma JIPJI. Oxna-
KO CPOK CIIy»OBI METaJUIOTJIOI€HHBIX W HATPHUEBBIX JaM
ropa3io MEHbIIE, a IIeHa CYyIIeCTBEHHO BbIme. Kpome
TOT0, HEOOXOIUMO OTMETHTH HECTAOMIHPHOE BKIIIOUYCHHE U
paboTy HATPHEBBIX JIAMII B YCIOBHSX HECTAOMIBHOTO
HapsOKCHUA NUTaHWS. PaSpﬂI[Hble JIaMIIbI BBICOKOI'O J1aB-
snenus tuna JIPJI Ha ceropHsIIHUI I€Hb OCTalOTCA ca-
MBIMH MACCOBBIMHU CPEIU BHICOKOWHTCHCUBHBIX UCTOYHU-
KOB CBETa, KaK B MPOW3BOJICTBE, TaK M B MPUMCHCHUU B
YCTaHOBKAaX MPOMBIIUICHHOTO W HapY)XHOTO OCBEIICHUS.
[Toxa3aTenpbHBIM B 3TOM OTHOIICHHH SBIIICTCS WCCIENO-
BaHHUE POCCHHCKUX CHEIHAINCTOB [7], TPOBOIUBIINX
aHaIN3 CTPYKTYPHI MapKa CPEICTB OcBemIeHus1 B Poccun
mo cocrossHuio Ha 2000 rox W caelaBIIMX MPOTHO3 Ha
nepuon 10 2020 rona. Pe3ynpTaThl ncciegoBaHUN Mpen-
cTaBjeHbl B Tabm. 1.

Tabnuma 1.
ITEPCITEKTHUBA CTPYKTYPhI ITAPKA CPEJICTB
OCBENIEHNA B POCCUUA
KoanuecTBO CBETHILHUKOB C JAHHBIM
Tun UC TunioMm VIC, B % ot 0011ero Koam4yecTsa
2000 r. 2010 . 2020 .
JIH 64 54 40
JIT 26 29 34
JIPJI 9 8 7
KJIJI 0,05 6 12
MI'J1 0,08 0,8 1,5
HIIB]], 0,4 1,3 4
T'JIH 0,47 0,9 1,5

OTmeuaeTcsl MMOCTENEHHAs TEHACHIMS K YMCEHBIIe-
HUIO TTOTPEOJICHUS] CBETHIBHUKOB ¢ JamraMu tuma JIPJI
1, COOTBETCTBEHHO, YBEIIMYCHUIO €TO B OTHOIICHUH KOM-
MaKTHBIX JroMuHecTieHTHBIX Jamn (KJIJT), MI'JT u HJIB/I.
Opnako B 2000 roxy, cpeau pa3psgHBIX JaMIT BEICOKOTO
nasienus (puc. 1) mammsr Tuma J{PJI yBepeHHO 3aHUMAIOT
MEpPBOE MECTO, YTO TOBOPUT O HEBO3MOXHOCTH B KpaT-
qalIe CpoKH MX MOBCEMECTHOW 3aMeHBl Ha 0ojiee 3Ko-
Homuunbsle MI'JI u HJIB/I. IIpuunHoii aToro ssisercs, B
NepBYIO0 OYepelb, HecTaOMIbHAsS SKOHOMUYECKasl CUTya-
uus B ctpanax CHI', He mo3BosisiroIas 3a KOPOTKUM oTpe-
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30K BPEMEHHU BOIUIOTHTH B MPOU3BOJCTBO MHOTOYHCIICH-
HbIE pa3pabOTKU Pa3psAHBIX JAMII C YIyYIICHHBIMUA KO-
JorudecKuMH (0e3pTyTHBIE) M CBETOTEXHHYECKHMH Xa-
PaKTEPUCTUKAMH.
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Puc. 1. Ctpyxrypa napka cpeacts ocseuienus B 2000 r.

ITo coctosHmio Ha 2000 rog B Poccuu B Takux OT-
pacisix HapOJHOTO XO3SICTBAa KaK HPOMBIINIJIEHHOCTh H
CEIIbCKOE XO3SMCTBO CpPEeIU Pa3psJHBIX JIAMIT BBHICOKOTO
naiaeHus gons Jiamm tana JIPJI B obiieM CBETOBOM ITO-
TOKE COCTaBJIIET COOTBETCTBEHHO 56,3% m 67,0%, cooT-
BETCTBEHHO, YTO Ha MOPSIOK MPEBHIIACT MTOKA3aTEIH s
snamn tuna MI'JT u HJIBJI. B xuinom cexTope mo mpex-
HEMY Mpeo0IIaIaloT TPaAUIMOHHBIC JIAMITbI HAKAIWBAHHMS
(JIH), 97%. Cdepa yciayr mpeArmovnTaeT JTIOMUHECIIEHT-
ueie Jgammbl (JUI), cBemme 96%. B Ykpamne u ctpanax
OJIIOKHETO 3apyOeKbsl CUTYAIIHs CXOXKasl.

K 2010 rony (puc. 2) npociexuBaeTcsi TEHACHIHUS K
yBenuyeHuto mnorpebuienus samn tuna KJIJI. Opnako
TIOBBIICHHBI MHTEPEC K 3THM JIaMIIaM IPOUCXOJHT 3a
CUET CHIKEHHUsS] MOTPEOJICHUS] MOpPaJbHO yCTapeBIIUX
nmamn HakanuBaHus. [loTpebnenne >xe mamm tuma JPJI
TpaKTHYecKu He m3MeHuTCs qaxke k 2020 roxy (puc. 3).
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Puc. 2. IlepciextuBa napka cpencts ocsermeHus k 2010 r.

B crpane ¢ HecTaOMIIEHBIM 3KOHOMITYECKHAM TIOJIOXKE-
HUEM BOIUIOTUTH B MAacCOBOE IPOM3BOJCTBO IEPEIOBBIE
TEOPETUUECKHE Pa3pabdOTKH MPAKTHYECKA HEBO3MOXKHO.
3arpaTel HA OCBOCHHE HOBOTO H3IENHS MOTYT HE TOJIBKO
OKa3aThcs OeCTPHOBUTEHBIME, HO Ja)Ke HE OKYIHTH 3aTpa-
Thl Ha BHEJJPEHUE B IPOU3BOJCTBO. B CBA3M C 3TUM J1aMIIbl
tuna J[PJI BeIMSIIAT mpennouyTuTeNibHEE Cpeiu ra3opas-
PAAHBIX JIaMIT BBICOKOI'O JIaBJICHUS. Hx IpoOn3BOACTBO Ha-

CTOJIBKO OTJIAKEHO, YTO C€0ECTOMMOCTh MX MHUHHMAJbHA.
Takum 00pa3oM MaccoBbIi NOTPeOUTENb OyIEeT CKIIOHEH
ucrnojb3oBathk Oonee xpewesbie JIPJI nammsl, kKoTOpbie MO
HaJIeKHOCTH HE YCTYyMaroT 0oJiee TOPOTrHM aHaioram, a Ha
CTaJM1 3aKUTAHNS 1aKe HaTeKHEe.
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Puc. 3. IlepcriextBa mapka cpeacts ocBemeHus k 2020 r.

B ycnoBHSX PBIHOYHBIX OTHOLUEHUH Ba)KHEHUIINM
JIOCTOMHCTBOM SIBJISIETCS HU3Kas II€Ha JIaMITbI, KOTOpas B
3HAQUUTEIbHON CTENEHU 3aBUCHUT OT TPYAOEMKOCTU H3rO-
TOBJIGHUSI M CHIDKCHHS pacxoa JHEpromnpoaykroB. B
MnocjeagHee BpEMsS HCEKOTOPbBIMM HAayYHbBIMU OpraHu3a-
IUsIMHA OBUT TIPOBEAEH sl TEOPETUUECKHX U JKCIEepH-
MEHTAaJIbBHBIX I/ICCHC,}IOBaHI/Iﬁ HalpaBJICHHLIX Ha YyJydilue-
HUE DIICKTPUYCCKUX U CBETOTCXHUYCCKUX XapaKTEPUCTUK
namn tuna JIPJI.

Tak, cnenuanuctamu OAO «Jlucmay, r. Capanck [3]
JUISL TIOBBIIICHUST CTA0OMIIBHOCTH CBETOBOTO IMOTOKA JIAMIT
JPJI B mpotecce cpoka CITy>KOBI, a TaK)KE CHIDKCHHS TPY-
IOEMKOCTH WX M3TOTOBJICHHS OBLT MPEIOKEH U BHEIPEH
Croco0 HAHECEHUS OKCHIAHOTO IMOKPBITHS Ha 3JICKTPOJIBI
mamn J{PJI momuocTteo 250 n 400 Bt Ge3 3ameHsI cyte-
CTBYIOIIIMX KOMIIOHCHTOB — OKHCU HTTPUA U HUPKOHATa
Oapusi. AHaU3 MOKa3aj, YTO CBETOBOM MOTOK 3THX JIAMIT
I10CJIE MHHHMaﬂLHOﬁ MMPOAOJLKUTCIIBHOCTHU TOPECHUA IIpEe-
BBIIIACT CBETOBOW IOTOK, HOPMHUPYEMBIH TEXHIUYCCKUMHU
YCIIOBMSIMH JIJIsl JTaMIT 0a30BOM KOHCTPYKIWHU. Tarkke B
pe3ynbpTare paboThl OBUIO TOCTUTHYTO YMCHBIICHHE pac-
X0Jla SHEPTOMPOAYKTOB B pacdyeTe Ha OJHOTO pabdoTaro-
LIEro 4esioBeKa NMpu M3rotoBieHuu jamn JIPJI moumiHo-
cteio 250 u 400 Br. Pa3paboransr mammer JJPJ1250(8)-1,
JIPJ1400(8)-1, umerolyie MOBBINICHHYIO CTaOUIIBHOCTh
CBETOBOTO ITOTOKA B TE€YCHHE BCETO CPOKA CITYKOBI.

Jlammer Tuma JIPJI cranu riaBHbIM OOBEKTOM IO MC-
CJICAOBAHUIO BO3MOKHOCTH MCIIOJIb30BaHUs CIICUCHHBIX
AJIEKTPOJIOB B MAacCOBOM MPOM3BOJICTBE PA3PSAIHBIX JaMIT
BBICOKOT'O J1aBjieHus [8]. DIIEKTPO/I COACPIKUT BOJIbHpamMo-
BB CTEP)KCHb, BBIIBUHYTHIN B HAIPABICHUH IPOTHBOIIO-
JIOKHOTO 3JICKTPOA, HA KOTOPOM 3alPeCcCOBaHa CIICUCHHAS
Macca Bosib(pama 1 smutTepa. CrieYeHHBIE AIEKTPOIBI IS
Pa3psAAHBIX JIAMIT BBICOKOTO JABJICHUS MTOBBIMIAIOT HAIEX-
HOCTP JIaMII Ha CTAIW{ 3aKUTaHUSA. DJIEKTPOABI M3TOTaB-
JIUBAIOTCSI 0 OC30TXOJHOM TEXHOJOTHMH, OJHAKO HMEIOT
BBICOKYIO ce0eCTOMMOCTh. B Xo/e crienuanbHbIX AKCIIepu-
MEHTOB Oblla YCTaHOBJICHA MEHBINAsl YyBCTBHTEIBHOCTh
JIaMIT CO CTEYEHHBIMH 3JIEKTPOJIaMH YCOBEPIIIEHCTBOBAH-
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HOW KOHCTPYKIIMH K II€Perpy3KaM IO MOIIHOCTH W KOJe-
OaHMsM HaMPSHKEHUS MTUTAOIIEH CETH, 9TO OCOOCHHO BaXK-
HO, YUHMTbIBas pPCaJIbHOC COCTOSHUE IMUTAIOMIUX CeTeﬁ B
VYkpauHe 1 ctpaHax OyvkHero 3apyoexss. Craduiusars
HAIMPSDKCHUS 32)KUTAHUs TI03BOJIMJIA HCKIIFOUUTH JTOPOro-
CTOSIIUIA TEPMOPE3UCTOP, TEM CaMBbIM CHH3HUTH CEOECTOM-
MOCTb JIAMITHI.

B OAO «JIucma» pazpaboTaHa KOHCTPYKLIUS JIAMIT
tuna JIPJI250ITH moBsrmenHo#t wanéxxoctu. [Ipm wnc-
MTOJTE30BaHUU CTIEYCHHBIX SJIEKTPOJOB YCTPaHEHHBI omepa-
[IUH, CBS3aHHBIC C IIPUTOTOBICHUEM OKCUIHOW CYCIICH3UH
Y HAaHECEHHEM €€ Ha CIEeUHAIbHBIC 3JEKTPOIBI C ITOCIie-
IyIomeid TepMooOpaboTKkoi B BakyyMHOU cpene. M3ro-
TOBJICHO W PEaIIM30BaHO TMOTpeOHTENsIM OOJiee MUJUIMOHA
HITYK JlaMII 3TOr'0 THUIIA. HpOBO,Z[)ITCH TUIIOBBIC HCIIbITA-
Hus jgami MoinHocTeio 400, 700 u 1000 Br. Ilo MHeHuto
POCCHHCKMX YYECHBIX B OOJACTH CBETOTCXHHUKH, B OJIH-
JKAWIIe TOABI HElb3s TOBOPUTH O KapIUHAIHLHOM H3Me-
HEHUH KOHCTPYKIUHU HamboJiee pacipoCTpaHCHHBIX Ta30-
pa3psmHBIX JIaMI. B BBIMTpHIIIE OCTaHYTCS JIAMIIBI C
BechbMa YETKOH IMEPCIIEKTUBON CTAOWMIIM3AIMK IIPOIIecca
3KUTAHUS U YBEJIWYCHHUS TPOIOIDKUTCIFHOCTH TOPEHUS.
Kpome Toro, ykasaHHoe yIydIIlEHHE MapaMeTpOB UL
namn tuna JIPJI mocturaeTrcs mpu CHUXEHHH ceOecTOM-
MOCTH M3TOTOBJICHUSI.

OTHOCHUTENBHO HUCHONb30BaHus jamn tuna JPJI B
00JTy4yaTeNbHbIX YCTaHOBKaX JJIsl CBETOKYJIBTYPBHI pacTe-
HHUM, a Takke B JAPYTHUX OTPACIIX CEIBCKOIO XO34HCTBa
(’KHBOTHOBOJYECKHUE MMOMEIICHUS, NTUICHAOPUKI) MOXK-
HO TOBOPHUTH O HEKOTOPOU ABOsSIKOCTU cutyanuu. C oqHOM
CTOpOHBI, yCTaHOBKU ¢ jamnamu JIPJI mo cBouM TexHU-
KO-3KOHOMHUYECKAM XapaKTEPUCTHKAM YCTYIAIOT JIaMIIaM
JAPU n JJHaT u mocTeneHHO 3aMEHSIOTCS MOCIEIHUMU
[5, 9]. OnHako, OCHOBHOE HAIMpPABJICHHUE MOBBIIICHUS (-
(eKTUBHOCTH OOJy4aTeJIbHBIX YCTAHOBOK IJISI OINTHYE-
ckux TexHosioruid B AIIK cocrout B mepexoae kK mepe-
MEHHOMY 00JyueHHI0 00bekToB [10] 1 B COBMELICHHOM
HCII0JIb30BAHUN Ppa3IMYHbIX HCTOYHUKOB O6Hy’{eHl/Iﬂ B
YCTaHOBKAX C IENIbI0 PETyJUPOBAHUS CICKTPAIBHOTO
cocrasa [11]. Jlamnsl JIPJI umeroT B CBOEM CHEKTpe U3-
Jy4eHHsT COCTABIIAIONINE, TaKWe KaK CHHE-(hHOJeTOBas
00acTh, HEOOXOMUMBIC JUTSI TIOTYYCHUS B YCIOBHSX 3a-
IIUIIEHHOTO TPYHTa BBICOKOYPOKANHBIX COPTOB HaMOO-
Jilee MAacCOBBIX OBOIIHBIX KYJNBTYyp — TOMaTa W OTypla.
Otmeuaercst 6ornee HanEKHOE BKIFOUCHHE U paboTa Jamir
JPJI o cpasrenuto ¢ HJIB/] B ycnoBusx HecTaOMIBHOTO
HaIpsHKCHHS TPH NPOBENECHHHM HCCICIOBAHUN pPabOTHI
CBETHJILHMKOB ¢ jamnamu tumoB JPJI125 u IHaT70 B
’KUBOTHOBOJUECKUX MOMeIeHusIX [12].

B 3akmroueHnH OCTaHOBHMCS Ha BOIPOCAX MCCIENO-
BaHUS TEMIEPATYPHBIX XapaKTEPHUCTHK BHEITHUX KOJO
namn tuna J[PJI u co3ganus ycnoBuil 1uisi mpenoTBpaile-
HUS UX pa3pylieHus. AKTYaJbHOCTh NPOOJIEMBI TIPOIMK-
TOBaHAa HETAaTHBHBIM JCHCTBUEM YIBTPa(UOICTOBOTO
M3IYYCHUS, BO3HUKAIOIICTO TPU Pa3pyIICHUH BHEITHEH
KOJIOBI TOPETIKU Ha PacTeHHS U TJa3 yeiaoBeka. [1og00HbIe
HCCIICIOBAHMS MPOBOMIATCS B HaIIed cTpaHe W 3a pyOe-
oM [13]. Co3man makeTHBIH oOpaszer mamnbl Tumna JPJI
C 3aNIUTHBIM HEPa3pyIIAIOMIMMCS MTOKPHITHEM, a TaKXkKe
HCCIJIEIOBAHO BIMSHHUE MOJMMEPHOTO HOKPBITUS Ha DJICK-
TPUYECKHE W CBETOTEXHHUYECKHE IapaMeTphbl JIaMII THIa
JPJI momrHOocThO 80, 125 1 250 BT 1 npoBepeHa npod-

HOCTh KOJIOBI C STHM IOKpEITHEM. VcclenoBaHUSIMH B
JAHHOHM 00NacTh M pa3padOTKOM 3alIUTHBIX OTKIFOYAI0-
HIMX YCTPOWCTB MpPU pa3pylICHUH BHEUIHEH KOJIOBI JIaMIl
tuna J[PJI [14] 3aHuMaroTCst aBTOPBI ATON CTaThH.

Takum 00pa3oM, ¢ OOJNBIIONH J0JIeH YBEPECHHOCTU
MOKHO YTBEpXKIaTh, YTO pa3psaHble yammbl Tuma JIPJI
ené MpOAOJDKUTEIBHOE BpeMsi OYyIyT BOCTpeOOBaHBI B
OCBETUTEIHFHBIX YCTAHOBKAX Pa3IMYHOI0 HA3HAUCHHUS.
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