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Oyenenvl pucku onepamopos, HaxoOAUWUXCsl 8 MOOUTbHBIX 30aHUSX, 8 YCI08UsAX Apkmuueckozo cesepa. OOHUM u3 8adicHel-
WuUx Paxkmopos oo6umaemocmu, cnoOCOOHLIM NPUBECTIU K PA3GUMUIO PASTUYHBIX NAMON0UYECKUX COCIOSAHUL, CONPOBOHCOAIOUUX-
€Al CHUDKCEHUEM PADOMOCNOCOOHOCIU, ABTAEMCA HeadeKeamHoe oceewjeue. B npusedennom 0630pe 6030eticmeus Ha ONepamopos
JIIOMUHECYEHMHO20 U CBEMOOUOOHO20 OCBEUEHUS BCKPLIMbL NPUYUHLL «IPPerma nociedelicmsusy c6emoou0OH020 0CEEUeHUs
6 uacmu yeenuvenus aamenmuocmu Ne 95 nammepna-snekmpopemunoepammel (IIDPI), komopas xapakmepuzyem cocmosHue
2aH2NUO3HBIX KNIeMOK 3pumenbhozo ananuzamopa. Copmynuposana sunomesd, 4mo ymeHviueHue 2PHeKmueHoCmu «mopmoxice-
HUAY 00YC0IEHO no2NowjeHuemM cuneeo céema 6 ouanasone 380—450 um, a ysenuuenue amnaumyovt P50 [IDPI 06ycnoeneno oo-
noanumenshuiv yeenuuenuem nomoxa uornoé Na', Ca' npu noznowenuu enxom ChR2 usbuimounoii 0o3u cunezo ceema 470 um no
CPABHEHUIO ¢ D0301 CUHE20 6 CNeKMpe TIOMUHECYEHNHOU IAMNbI.

Tokaszano, umo cocmosiHue onepamopos noce npebbiBaHus 6 YCI0BUAX OUHAMUUECKO20 CBEMOOUOOHO20 OC8CUEHUsL NPAK-
MUYecKu He UMEHSNIOCh, OOHAKO ) 6CeX VUACMHUKOS IKCnepumenma 0vlio obuapysiceno W-obpasnoe pazosoenue nuxa P100
6 3BKII (3pumenvhble bi36anHble KOPKOBbIEC NOMEHYUAIbL) 8 OMBEN HA CIMUMYIbL C PASHIMU Y2N08bIMU pasmepamu. B ycrosusx
6030eliCMBUs CUHE20 C8ema HA 2AH2IUO3HbIE KAEMKU NPOYECC 83auMOo0eliCmeus ux 0ecpaoupyouux MUmoxoHoputl U acmpoyumos
ABNAEMCS 0YeHb BadCHBIM. TIpu c8emoOUOOHOM OcseweruU NPOUCXo0Um NOPadICerue MUMOXOHOPULL 2aHeIUO3HBIX Kiemok. Mumo-
XOHOPUU HANPABTAIOMCA OIS YIMUTUZAYUU 8 0OIACTb 20NI08KU 3PUMENLHO20 HepBd, 20€ OHU NO2TIOWAIOMCS ACPOYUMAaMU U TUKEU-
oupylomea ux auzocomol. Ecmu ckopocmv npumoxa 0ecpadupyiouux MumoxoHOpuil NPesvicum CKOpoCHs Ux Ymuausayuu, mo
6 BOIOKHAX 207I06KU 3PUMENbHO20 HEPEA 603HUKHYM MEXAHUYECKUE HANPAXCEHUS U3-3d IPPeKma «MUmMOXoHOPUATbHOU NPOOKUY,
MO MOJCEM NPUBeCcHu K ONUMENbHbIM HAPYWEHUAM 8 20JI08Ke 3PUMENbHO20 HEPBA U PA3BUIMUIO 2LAYKOMBL.

Chopmynuposanvt pexomenoayuu I'OCT 23274-84 «30anus mobunvusie (unsenmapuuie). dnekmpoycmanosxu. Obwue
mexHuuecKkue yciogusy no NPUMeHeHUIo 8 HUX NOAYNPOEOOHUKOBbIX UCIOYHUKOE Del020 céema ¢ OUON02UYeCKU a0eK8aAmMHbIM
CNEKMPOM UBTYYEHUSL.

Kntouesvle cnosa: mobunvHvie 30aHUs, C6EMOOUOOHOE OCBeWeHUe, CUHUL C8em, 3PUMENbHbII Heps, MUMOXOHOPUS,
acmpoyum, enayKoma, 6UOL02UecKy Ad0eK8AMHbLI CNEKMpP U3LYYEHUs.

ApKTHKa — 30Ha €CTECTBEHHOTO pa3BuTHs Poccum.
OcBoeHHe 3THX NMPOCTPAHCTB HAIICH CTPAaHOH aKTyallb-
HO W TIPEIIIoJIaraeT He TOJBKO NEpCIEKTHBHI CTPAHbI,
HO U pEIIEHHE TeKYIINX SKOHOMHUYECKHX 3amad. bosb-
Ioe 3HaveHue mpupaercs ApKTHKE Kak (opmocTy, 3a-
IIMIIAIOIIEMY HAId CEBEPHBIC PYOEXH. YXKE CeroqHs
Ha ocTpoBe 3emid AJIEKCaHApHI apxumenara 3eMIIH
Opanna-Hocuda nocrpoeHa ogHa u3 6a3 MUHUCTEPCTBA
000pOHBI «APKTHYECKUI TPUIHCTHHUKY, & BCETO B ApK-
THUYECKON 30HE TUIAHUPYETCsI IMOCTPOMUTH IIECTh BOEH-
HBIX TOPOAKOB, 13 a’poapoMOB, Ha3eMHBIH aBUALMOH-
HBIM ONUToH, 10 TEXHUYECKUX MO3ULIUN AJIST PaTuosio-
KaI[MOHHBIX CTaHLMH W IMYHKTOB HaBEJCHUs aBHAIHU.
[Ipennonaraercs, 4ro Ha 3TUX 0Oa3ax OyneT pasme-
IIaTHCS] HECKOJIBKO THICSY BOCHHOCIYXKAINX, KOTOPbIE
OONBIIYI0 YacTh BPEeMEHH rojma OyayT HaXOAHUTHCA
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B YCJIOBHSX TOJISIPHOH HOYM WIM B TOMEUICHUSX TIPH
HCKYCCTBEHHOM OCBELIEHHH, CIIEKTP KOTOPOTO HE aJieK-
BaTEH CIIEKTPY COJIHEYHOTO CBETA.

W3BecTHO, YTO HENOCTATOYHOE KayecTBO OCBEIIe-
HUSI MOXKET TIPUBECTH K Jpeidy MUpKaIHOH (a3bl, 0CO-
OCHHO B COYETaHWHU C HapyIICHHEM CHA HOYbK. bonee
HHU3KHE YPOBHHU CBETA B TEUEHUE JHS TaKKe MOTYT BBI-
3bIBaTh COHJIMBOCTb. Hamr opranusm TpeOyeT kak Ie-
PHOJOB SIPKOCTH, TaK U TEMHOTHI B TEUCHHE AHS IS
MOJ/IepKaHKs ONTHMAIBHOTO CYTOYHOTO PUTMA, IHC-
rapMOHHM3aIMs KOTOPOTO MOJXKET IMpPUBECTH Kak K ¢u-
3HOJIOTHYECKUM H3MEHEHHSM, TaK M K HapyIIEHUSIM
3I0pPOBBSI M, KaK CJIEICTBUE, K CHIDKCHHIO paborocmo-
COOHOCTH 1 MHTEJUICKTYaJIbHOH eI TeTbHOCTH.

YTBepKIatoT, YTO TAIAHTHI JPEBHETPEYECKOrO (H-
nocoda Jlnorena pazBUBaNKCH Onaromapst KU3HA B 00dY-
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Ke. JlecaTkn ThICSY palOTAIOMMX Ha «CeBepax» JIoAeh
YIOOHO M TETUIO KU, KUBYT U OYAyT *KUTh B METAILIH-
4Yecknx OO0YKax — IeNbHOMETAUIMYECKOM LMIHHIpHYe-
ckoM yHupuimposanHoM Oioke (L[YB), unu B «1ryOrkax»,
Y JIMIIIb HHOT/IA «9yBCTBYsI ce0st Jlnorenamm». .. [1].

JKuBoTBOpsilmid cBET mpeBpamiaeT OOYKy B IKUIbE
YeJloBeKa M OJIaronpusTHO BIMSET Ha €ro 3J0pOBbE U TBOP-
YECKYIO pabOTOCIIOCOOHOCTb.

Wnest uUTh B OCBEIICHHBIX HWJIMHIAPHYECKHX JO-
Max OKa3ajach XKHUBYUYEH M MpakTudHOU. Eif mokopunuch
MIPOCTOPEI CeBepa, KOcMOca W MOpCKue TiryOmHbL. -
TUHApUYECKas GopMa oOecleunBaeT BBICOKYIO Ha/IeXK-
HOCTHh IPH TPAHCIIOPTUPOBKE O OE310POKBI0O U MHUHU-
MaJIbHBIE METAIOEMKOCTb, TPYAOEMKOCTh H3TOTOBICHUS
U CTOUMOCTb.

[Iupokoe pacrnpocTpaHeHHne MONy4YHT JO0M-OoYKa
IIYB-2M — xwuaoii MOAyNb CO BCEMH HEOOXOIMMBIMHU
KOMMYHaJIBHBIMU yJOOCTBaMHM, PacCUUTaHHBIA Ha MpO-
JKMBAaHUE YETHIPEX 4eJIOBEK NpH (POPMUPOBAHWH BAXTO-
BBIX ITOCEJIKOB Ha CEBEpEe M MHBIX OTJAJICHHBIX MECTHO-
csix CCCP. B apmuu LIYDB ucnons3yrorcst B KauecTse
JKWIMLL U YKPBITUH NIPU pa3MEILEHUH BOMCK BHE Hace-
JICHHBIX TYHKTOB. llempHOMeTaIMYecKie yHUPHIIPO-
BaHHBIE OJIOKHM TIOJTHOM 3aBOJCKOM TOTOBHOCTH IUIS
BOCHHBIX 00J1a[al0T MPEUMYIECTBOM HEMEIJIEHHOW To-
TOBHOCTH K 3aCEJIEHHIO, TaK KaK UMEIOT BHYTPU HEO00XO-
JIIMOE BCTPOCHHOE O00OpYNOBaHHWE — OTKHUAHBIE TOJIKH
JUIS CHA, CTOJIBI, CAHUTApHO-TEXHUUECKHE YCTPOHCTRA.

Bce nepeuncnenHble 0COOEHHOCTH TIO3BOJISIIN CO3-
JlaBaTh MaKCHMaJIbHbI KOM(OPT MPOKMBaHMS B OJIOKax
I[IYB-2M B TpaccoBBIX yCIOBHUSIX CeBEepa, KOrja OCHOB-
HBIM UCTOYHHKOM CBETa OBLIN JIaMITbI HAKaINBAHHS.

Ha puc. 1 mpuBeneHa coBpeMeHHas IJIaHHPOBKA
MOOWIIFHOTO 3MaHUA IS TPOKUBAHHUS BOCEMH YeEIO-
Bek — mojzienb «CABA A8y, 8,0x2,4, umn «CABA A8y,
8,0x2,8 [2].

B paznoe Bpems misi ocemenus OmokoB LIYDB
MPUMCEHSUIACh MCTOYHUKH CBETa OT JIAMIT HaKaJTMBAHUS
JI0 JIFOMUHECIIEHTHBIX U 9HEeprocOeperarolnx Jamil, Ha
CMEHy KOTOPBIM IMIPHIIJIO CBETOIMOIHOE OCBEIICHHE.
Jlnst atoro o6patumcst k TOCT 23274-84', apTops! koTO-
pOro MpeayCMOTpeId NPUMEHEHHE CBETOJUOJHOTO OC-
Beulenus. B noanynkre 3.4.4 gaHHOTO JIOKYMEHTa yKa-
3aHO: «Jlsl 2MEeKTPUYEeCKOro OCBEIIEHHs IOMeEIleHUH
30aHUH CllelyeT, KaK IpaBWIo, IPUMEHSITh OCBETHUTEINb-
HBle MPUOOPBI C JIFOMUHECIIEHTHBIMU M CBETOANOIHBIMHU
WCTOYHUKaMH cBeTa. JlomyckaeTcsi NMpUMEHEHHE JamIl
HaKaJIMBaHUS B CIIy4asXx HEBO3MOXKHOCTH IIPHMEHEHUS
YKa3aHHBIX BBIIIE THIIOB HUCTOYHHKOB cBeTa». [Ipu 3ToM
BO3HUKAET BOIIPOC MPABOMOYHOCTHU HCTIONH30BAHUS SIPKIX

Puc. 1. Bapuant nnanupoBku 1IYD Ha Bocemb uenoBek
¢ IByXbSIDYCHBIMU KOWKaMH U IIpH SHeprocoeperaromem
OCBELICHUN

CBETOJMOIHBIX HCTOYHHKOB CBETa B HU3KOIMOTOJIOYHBIX
nomenienusx mo I'OCT 22853-862, B COOTBETCTBHH
C KOTOpPBIM pa3Mepbl KOHTEWHEPHBIX 34AHUH JTOJIKHBI
COOTBETCTBOBATH 3HAUCHUSM, IPUBEICHHBIM B TaOI. 1.

JIJiss HU3KOTIOTOJIOYHBIX MOOWJIBHBIX 3JIaHUH (BBI-
cora 2200 MM) O4YEeHBb Ba)KHO OLIEHUTH (OTOOMOIOTHYE-
CKyI0 0€30MacHOCTb JIOMHHECIHCHTHBIX Jiamn u LED
Tubes Ha cootBercTBue cramapra IEC 62471:2013°.
[Ipu BeicoTe momemnierns 2200 MM CBETIIIFHUKH HAXO-
IIATCSL Ha OJIM3KOM PAcCTOSHHUH OT TJa3 4denmoBeka. [lpu
9TOM ISl OLIEHKH (POTOOE30MACHOCTH OYEHB Ba)kKHA 3a-
BHCHUMOCTh TIOKa3aTelsd IPUBEICHHOM SPKOCTH CBe-
TWIBHHAKA OT PAcCTOSIHUA A0 Tia3. Takue 3aBUCHMOCTH
ObutK TOJTy4eHbl Juis pacctosiHus 200 MM U nanee 1o
1000 mm B pabotax F. Leccese u ap. [3], a pe3ynbrarsl
MIpeCTaBIEHHI Ha puc. 2, 3.

Ha puc. 4 npuBeneHa 3aBUCUMOCTh B3BEILIEHHOM
SIPKOCTU L CHHETO CBETa OT PaCCTOSIHUS OT UCTOYHHKA
cBeTa JI0 TJas.

IIpu pocte uenoseka 180-190 cM u BbICOTE mO-
tonka 210-220 cm (2100-2200 MM) MHHHMANBHO TO-
IyCTUMOE C TOYKH 3peHHs (HOTOOHMONOTHUECKOH 0e30-
MTACHOCTH PAcCTOSIHHE J0 CBETOAMOIHON JAMITBI JOJIK-
HO ObITh He MeHee 50 cm. [lamuple pasmepsr L[YDB
COM3MEPHMBI C KHJIBIMH OTCEKAMH KOCMHYECKHX CTaH-
Ui 1 KopabenbHBIX KatoT. B crathsix JI.B. ba3suieBoit
u np. [5], B.H. bonexana u ap. [6] yka3eiBaercs, 4TO
pa3paboTka ONTHMAJIbHBIX PEKAMOB OCBECIICHUS M Ha-
y4HOe 00OCHOBAaHHE BO3MOXKHOCTH UX TPOJOIKHUTEITb-
HOT'O TIPUMCHEHUS B 3aMKHYTHIX 00BEKTaX MPEICTABIISI-
€T co00# BaXHYI0 MPAKTHYECCKYIO 3a7ady HE TOJBKO
IUTSE KOCMIYECKOW OTpaciy, HO U Uil OpyTux cdep de-
JIOBEYECKON AEATEIILHOCTH.

'"TOCT 23274-84 3manns MobuIbHbIe (HHBEHTApHbIE). DNEKTPOYCTAHOBKH. OBIINE TEXHHYECKHE YCIOBHS [DNEKTPOH-
HbIi pecypce] // baza TOCTos. — URL: https://allgosts.ru/91/140/gost_23274-84 (nata obpamenus: 12.04.2019).

2TOCT 22853-86. 3manns MOOHIbHbIC (MHBEHTApHBIC). OOMIME TEXHHYCCKHE YCIOBHS |DIeKTpOHHBIA pecypc] //
KOJIEKC: anexTpoHHBIH (OHI HpPaBOBOMl M HOPMaTHBHO-TeXHHYecKoil mokymeHtammu. — URL: http://docs.cntd.ru/docu-

ment/gost-22853-86 (nata obpamenus: 12.04.2019).

*TOCT IEC 62471-2013. ®oTOOHOTOrHYCCKas GE30MACHOCTh JIAMIT M JIAMITOBEIX CHCTeM [DIeKTpOHHEI pecypc] //
Normaks. Crucrema HopmatuBoB. — URL: http://www.normacs.ru/Doclist/doc/12080.html (zaTa o6pamenus: 12.04.2019).
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Tabnuma 1

JmmHa, MM Bricora
HaumenoBanue 31aHust [mpuna, [TOMELIEHUI*
MM 3000 6000 9000 12000 M ’
Bykcupyempie** ¢ HecheMHOI XOIOBOI 4acThIO 2500 + + + - He menee 2200
TlepeBoznmbie™*** 1 GyKkcHpyeMbIe CO CHEMHOM 3000 - + + + To xe 2400
XO0JIOBOH YaCThIO 3000 + + + +

[Ipumevanus:

* — BBICOTA TIOMCILICHUSA 6J'IOK-KOHTCI71Hepa — pacCTOAHUC OT YUCTOI'O I10JIa A0 HOTOJIKA. B City4ae HerS{MOHHHeﬁHOFO
0O4Y€pTaHUsA MOTOJIKa BbICOTA NMOMCUICHUS 6HOK-KOHTeﬁHepa MIPpUHUMACTCA T10 CPEAHEMY MEKIAY HAHOOJIBITUM ¥ HAUMEHBIIUM

3HAYCHUSAMH,

** _ OykcHpyeMblIe 31aHHs — 3JaHNs, UMEIOIIIE COOCTBEHHYIO ChEeMHYIO MIIH HECHEMHYIO XOJJOBYIO YaCTh;
*** _ [IepeBO3UMBIC 3AaHHs — 3aHUsI, HE MEIOLINe COOCTBEHHOM X0J0BOM YacTh (OJI0K-KOHTEHHEPDI).
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Puc. 2. O6mme xapaktepucTuku cBeToAroMHOH Jamiiel Led Tube U TIOMHHECIIEHTHOM JIaMITBI
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Puc. 3. CpaBHeHHE IPUBEACHHON IPKOCTH Ly B ANAIa30HE
CHHETO CBETa MEXKIY CBETOIUOIHBIMU (TEMHO-CEPHIi) U
JIIOMUHECIIEHTHBIMU JIAaMIIaMH (CBETIIO-CEPBIi) ¢ pa3IMIHbEIMU
L[BETOBBIMH TeMIIepaTypamu Ha pacctosHuu 0,20 M

6000

ITpuBeneHHast ApKocTh Ly, W/m?sr

0 , : , r
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OT paccTosHusA [4]

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163  ISSN (Eng-online) 2542-2308

80 90 100

Paccrosinue ot J1amiibl J0 I1asa, CM

Puc. 4. 3aBucuMocTb NIPUBEJICHHOM SIPKOCTH Ly
CBETOJMO/HBIX TPYOOK M JIIOMUHECLIEHTHBIX JIAMIT
¢ 11BeToBoil Temmnepatypoit 6000 K B 3aBucumoctu
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CeromHs XOpOIIO M3BECTHO, YTO OXHHM M3 BaX-
HeWux (aKTOpOB 0OUTAEMOCTH, CIOCOOHBIM MPHUBECTH
K Pa3sBUTHIO Pa3IMYHBIX IATOIOTHYECKHX COCTOSHHH,
COIPOBOXKIAIOLIUXCS CHIDKEHHEM PabOTOCIIOCOOHOCTH,
SABIIAETCS HEaeKBaTHOE OCBeIeH e,

[TockosbKy B CHEKTPE M3IYUCHHS COBPEMEHHBIX
OeNBIX CBETOAHMOJIOB MPe0o0IaaeT CHHUI KOMIIOHECHT
(440-460 uM), uMmeromuii HanOOIBIIYI0 (OTOXUMHU-
YEeCKYl0 aKTHBHOCTh B OTHOLICHUH PETHHAIBHOTO
MUTMEHTHOTO 3MUTENHsI, MHOTHE HCCICI0BATENN yKa-
3bIBAIOT Ha BBICOKYIO IOTEHIHAJIbHYIO OIACHOCTb
ceeroanonoB [7]. IlomaBnsromiee OOJBIIMHCTBO JIH-
TepaTypHBIX JAaHHBIX, YKa3bIBAIOIIMX Ha IOTEHLH-
aNbHYI0 (OTOXMMHYECKYIO OIACHOCTh CBETOJMOIHO-
IO OCBEIIEHHS, ONMUPAIOTCS Ha Pe3yJIbTaThl ONBITOB
C )KHBOTHBIMH.

Tak, WccnenoBaHusi, BHIOJHEHHBIE HA SIIOHCKUX
nepenenax (Coturnix japonica), moKa3ajid, 4YTO TOJ
JICHCTBHEM CBETa CHMHUX CBETOJHOIOB IPOUCXOJST W3-
MEHEHHS B COCYyIUCTOH 000JI0UKe IJa3a, a Takxke (oTo-
WHIYLIPOBAaHHbIC H3MEHEHHUS CYOKJICTOYHBIX CTPYKTYP
PETHHAIBHOIO MUTMEHTHOTO SNHTENHsA. B naHHBIX Mc-
CIICIOBAaHUAX TaKKe OBUIO TOKa3aHO, YTO yMEpPEHHOE
cuHee ceeronuogHoe ocsemierne (440—460 HM) BBI3HI-
BaeT Y MOJIOABIX JKUBOTHBIX 1,5-KpaTHyI0 IeperpysKy
MeTaboNu3Ma ceTyaTKH (10 CPaBHEHMIO C JIaMIIaMHU Ha-
KaJIUBaHWA), NPUBOAAIIYI0O K €€ YCKOPEHHOMY cTape-
HUIO W CHIDKCHHIO (DYHKIHOHANBHOH aKTHBHOCTH
CTPYKTYp reMaTopeTHHaIILHOTo O0apbepa [8].

PesynbraThl JTaHHBIX HCCIEIOBaHWW TOATBEp-
JKIAIOT TUTIOTE3Y O TOM, YTO CHHE-TOIy0ast 4acTh CIIeK-
Tpa obOnamaer OoJiee BBIPAXKCHHOW CIMOCOOHOCTBIO BBI-
3bIBaTh (POTOXMMHYECKOE MOBPESKICHUE CETYATKH, YeM
JKEJITO-3eJICHast M KpacHasi YacTH.

OpmHako psin 3apyOeKHBIX U OTEUECTBEHHBIX JKC-
nepToB [8] CUMTAIOT, YTO Pe3yIbTATHl SKCIEPUMEHTOB
Ha JXMBOTHBIX HE MOTYT OBITh HANpPsIMYIO 3KCTParoiu-
pOBaHbBI Ha YeJoBeKa M3-332 BBIPAKEHHBIX MOPGHO(DYHK-
LIUOHAJIBHBIX PAa3IMYMi MX 3pUTENHHOTO aHalh3aropa
W 4EJIOBEYECKOT0, a TAKKe M3-3a HECOOTBETCTBUS J1a00-
PaTOpHBIX YCIOBHH €CTECTBEHHOW CBETOBOH cpelie 00u-
TaHUsA JIOAEH.

DKCIIEepUMEHTHI C YYacTHEM 4YelIoBeKa HEMHOTO-
YHCJICHHBI U B OCHOBHOM CBSI3aHBI C MCCJIEJOBAHUSIMH
YPOBHEN Me€NaTOHMHA B HOYHOE BpeMs. llepBeiMu Bo-
IpOC O CepTHU(HKALNU CBETOJNOIHBIX CBETHIIEHUKOB
M0 MEAMLUMHCKMM HOpMaMm IOJIHSUIO PYKOBOJCTBO
LleHTpaJIbHOTO Hay4HO-HCCIIEAOBATENbECKOI0 HHCTUTY-
Ta Munuctepctsa 06oponsl Poccuiickoit denepannu
(LITH1UU MO P®). Ho npoBecTr Takyto padoty B 2007 .
3a cpeactBa MunucteperBa oboponsl PO He ymanocs.
B 2008 r. Boennoe BemomctBO CIIIA WHHIHIPOBAIIO

paboty mo Teme «CrieKTpabHO JHHAMHYECKUN CBET UL
aKTHBHOTO YIIPABJICHUs CYTOUHBIM IUKIoM» (SB082-055
«A Spectrally Dynamic Berth Light for Active Circadian
Cycle Management») [9]. CroumocTs paboThI cocTaBmIa
98 990 nomnapoB. DTU HUCCIEAOBAHUS YETKO MOKA3aiH,
YTO TI0J] BO3JCHCTBUEM CHHEH YacTH CIIEKTpa CBETa Ha
KOPOTKHH CPOK 3HAYMTENIBHO MEHsIach paboToCrocod-
HOCTB JITYHOTO cocTaBa o0bekta BM® [10, 11].

Jna BM® CIIIA cBeToarOIHbIE CBETHIBHUKU
paspabatsiBana pupma Energy Focus, kotopast momy4n-
ma koHTpakT Ha 1600 000 000 mommapos. Roger Buelow —
BEAYIIHUH crienuanicT 3Toi Gupmer ormeyan: «IloBrop-
Hoe mccnenoBanne DARPA BvIssBHIIO pasBUTHE CyTOU-
HOTO PUTMA O] BIMSHNUEM YIIyUIICHUS OCBEIICHUS IS
BOCHHO-MOPCKOTO ()JI0Ta. DTH MCTOYHHUKH CBETa PEry-
JIMPYIOT UX CIEKTP B TEUCHHUE JHS JUIA YJIydIlIEeHHs CHa
U TIPOU3BOAUTENILHOCTH. B apMuu 3T0 0cOOEHHO Ba)KHO
JUIst OOMIIOB, YbHM OOSI3aHHOCTH BKJIIOYAIOT 24-4acOBYIO
ONepaTHBHYIO TOTOBHOCTHY [12].

OnHoli W3 TmocieoHUX pPadoT, MOCBSIIEHHBIX
BJIIMSIHUIO CBETOAMOJOB Ha MCHXHMYECKyI0 paborocmo-
COOHOCTBH OIepaTopa, KOTOopas HPUBJICKJIA Hall WHTE-
pec, crana muccepranus A.E. CMoneesckoro”.

Wccaenosanus BeIMoIHSIKCH, Ha O6aze I'HI[ P®
WuCcTHTYT Memmko-Omonmorndeckux mpodnem PAH
B iepuog 2014-2015 rr. U SBISUIACH 9acTHIO MHOTO-
JICTHEH KOMIUIEKCHOM IPOTrpaMMBbl 3KCIEPUMEHTANb-
HBIX MCCIEeAOBaHUN «l'€pMOKaMEpHBIE HCIBITAHUS
CBETOJMOAHBIX CBETHJIBHUKOB JJIs1 KOCMUYIECKHX JIeTa-
TEJBHBIX aNnapaToB C OLEHKOW Ncuxo(u3nosoruye-
ckuxX 3¢ QEeKTOB UX HUCIONB30BaHUS». lccienoBaHue
BBINOJIHSJIOCH Ha BBIOOPKaX, COCTOSIIIMX M3 3/I0POBBIX
JI0OPOBOJIBIIEB MYKUHUH, W TPOBOIMIIOCH B JIBA dTara —
IIPU TIOCTOSIHHOM M JIMHAMHYECKOM OCBEIEHHH B Te-
yeHue 12 cyToxk.

@OHOBBIE 3HAYEHUS MOKa3aTeiedl MCUXUYECKON
PpaboTOCIOCOOHOCTH U TICHXO3MOIMOHAIHHOTO COCTOSI-
HUSI OIICHUBAINCh B YCJIOBHAX JIIOMHHECLIEHTHOTO OC-
BemieHus ¢ neTHocthio 4000 K («He#TpaabpHO-0enbIi)
cBeT). JlaMmbl pacrnosaraiuch B KaMepe OrpaHHn4eHHOTO
o0beMa TakuM O00pa3oM, 4YTOOBI CO37aBacMbie HMHU
YPOBHH OCBEIIEHHOCTH COOTBETCTBOBAIM TPeOOBaHU-
AM® M GBUIM COIOCTaBUMBI 10 3HAYEHHIO C YPOBHAMH
ocselieHHOCTH 200 JIOKC, CO31aBa€MbIMH IKCIIEPUMEH-
TIFHBIMA CBETOJMOJHBIME CBETHWJIbHHKaMHu. OreHka
«(hhexToB TOCHeneCTBUS» CBETOJHOMHOTO CBETa
TaKKe MPOM3BOJMIACE B YCIOBHUSIX JIIOMHHECLEHTHOTO
OCBEIIICHMUSL.

Ha nepBom 3Tame oneHnMBanuch ncuxodusnomno-
rudeckue 3(GQGEeKThl MOCTOSHHOTO CBETOIUOIHOTO OC-
BEILEHNUs, CO3JaBacéMOro OOPTOBBIMH CBETHJIBHUKAMH
CCJ1301, CC1305 u CC307. Cerunpuauxku CCJII301

* Cmomeerckuii A.E. Icuxmdaeckast paboTocmocoOHOCTh omepaTopa B yCIOBUSAX CBETOAWOJHOTO OCBEILCHHS C pa3iind-
HBIMH CIIEKTPAIEHO-OHEPTeTHUCCKIMU XapaKTePUCTUKAMHI: JHC. ... KaHd. MeA. Hayk. — M.: THL PO-UMBIL, 2018. — 133 c.

STOCT P 50804-95. Cpema OOGHTaHMS KOCMOHABTA B IHIOTHPYEMOM KOCMHYECKOM ammapate. OOILIME MeIHKO-
TexHu4yeckue tpedoBanus [Dnexkrponnsiii pecypce] / KOJEKC: anekTpoHHBIH (OHI NPaBOBOil 1 HOPMAaTHBHO-TEXHUYECKOM
nokymentauuu. — URL: http://docs.cntd.ru/document/gost-r-50804-95 (mata obpamenus: 12.04.2019).
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ObUTH YCTAQHOBIJIEHBI B TyaJleTaX M MEPEXOJHOM OTCEKe,
ceetunbHUKH CCJI305 u CCJ1307 — B sKHIIOM U JIeued-
HOM oTcekax. KoppenupoBaHHas LBETOBasl TeMIEpaTy-
pa (KLT) cucremsl ocsemenust cocrasimuia 4000 K,
aypoBeHb ocBemeHHoctd 200 mrokc. Ilockonbky
CHEKTPaJbHO-YHEPTeTHUECKHE XapaKTEPUCTUKU CBe-
tunbHUKOB CCJII311 BO BpeMs pabOThI U3MCHSIIHCH B
IIMPOKOM JAMaria3oHe, IMCHXHYeckas paboTocmocos-
HOCTbH OIIEPaTOPOB OLIEHNWBAJACh IPU JBYX 3HAYCHUSIX
KIIT: 4000-5000 K u 8000 + 800 K*.

K coxanenmto, B pabote He ObUIH MPUBEICHBI CIICK-
TPaJIbHO-YHEPTETHIECKNE XAPAKTEPUCTUKN CBETOANOIHBIX
ceetmibaukoB CCJ[301, CC305, CC307 u CC/311,
a MPEJICTaBIIEHb! TOJIBKO THUIIBI CBETOJMOAOB, NPUMEHEH-
HbIX B cBeTiiIbHHKax, pupM CREE u Seoul Semiconduc-
tor. Iyl THTMEHWYecKOil OLIEHKH CIEKTpajbHOM XapakTe-
PHMCTUKH TPUMEHEHHBIX CBETHWJIbHUKOB MBI IPUBOIHM
criekTpsl Ha cBeroauoabl pupmbl CREE (puc. 5).

MOXXHO TIPEATOI0KHUTh, YTO CIIEKTPHI NPUMEHEH-
HBIX CBETOJMOHBIX CBETHJIHHUKOB MaJl0 OTINYAINCH OT
TaKOBBIX BBIICYKa3aHHBIX (upMm, ecian pa3paboTduk
yka3aHHBIX cBeTmibHHKOB 3AO HIIL HUM mukpomnpu-
0GOpOB HE NMPUMEHSI CIICHUATIBHBIX MEP KOPPEKTHPOBKH
CIIEKTPOB CBETOJUO/IOB.

W3 npencraBiaeHHOro Ha pUcC. 5 CIIEKTpa CBETOANO-
noB pupmel CREE BusHO crienyronee:

— CIEKTp MMeEEeT MOBBIIICHHYIO 103y CHHETO CBETa
M0 CPaBHEHUIO C TMTHEHUYECKH Oe30MacHbIM COJIHEY-
HBIM CBETOM IIPU TOM K€ YPOBHE OCBEILICHHOCTH;

— B CIIEKTPE MaKCUMYM IIPUXOJUTCS Ha J103y CHHE-
ro cera 450 HM — BO3JIEHICTBHE HA CETYATKy (Ha CHHAIl-
CBI JICHAPUTHOTO TIOJIS TAHTJIMO3HBIX KIIETOK 3PHUTEIHHO-
T0 KaHaJla CeTYATKH);

— YPOBEHb CHHETO CBETA, BO3CHUCTBYIOIIMII HA TaHT-
JIMO3HbIE KJIETKH TJIa3a, Haxogutcss Ha ypoBHe 60 % or
MAaKCHMaJIBHOTO 3HaueHHs cuHero 450 HM — He O4YEHb BbI-
paXEHHOE BO3JCHCTBUE HA TOPMOHATBHYIO CHCTEMY
(YpoBHS MeJTaTOHHHA, KOPTH30J1a) 1 KOM(OPTHOCTH CHa;

— ucxoAs U3 (U3HMOJIOTHMHU TJia3a, MEPBBIMH BOC-
NPUHUMAIOT CHHHMW CBET TaHIVIMO3HBIE KIETKH U HX
JIeHIpuTHOE Tmoje. M30bITouHas 103a CHHEro CBeTa
BJIMSCT Ha PabOTOCIIOCOOHOCTh T'aHIJIMO3HBIX KIETOK,
KOTOpBIE BOCHPHHHUMAIOT CHUTHAJIBI APYTHX (OTOUYBCT-
BUTEJIBHBIX KJIETOK CETYaTKH, pearupyrolyx Ha CBETO-
BBIC CTUMYJIBI;

— B cmekTpe ecth yeTkuil mpoBan 480 am. Do-
TOHHBI MOTOK romyboro csera 480 HM OTBeuaeT 3a
yIpaBlIeHUE AMaMETPOM 3padka Ijla3a U ero yaepika-
HHUE B 3aKPBITOM COCTOSIHUM. PaciiupeHHbIH 3pavyok
IIPY CBETOJHMOJHOM CBETE HE OIPaHMYMBAET CBETOBOM
MOTOK C N30BITOYHOH /10301 CHHErO CBETa.

B crarbe [13] BBIABIEHO, YTO Ui CBETOAMOMAOB,
CIEKTp KOTOPBIX IPUBEJICH HA PUC. 5, OblIa yCTaHOBIIE-
Ha 3aBUCHMOCTb JMaMeTpa 3padka OT sIpKOCTH (pHc. 6).

[Ipu obmeit ocBemenHoctu 200 JIOKC YpOBEHB
SPKOCTH OT Oeyoro jimcra Oymarun OyIeT MeHee deM
100 cd/m*. D10 3HAYMT, YTO AMAMETp 3payka Iia3a
Oyzner pacmupeH 6onee 3,5 mwm. Ilpu Takux ypoBHSX

ISSN (Print) 2308-1155 ISSN (Online) 2308-1163

ISSN (Eng-online) 2542-2308

OCBCIIECHHOCTH M CIIEKTpaxX H3JIyYeHHs MOXKHO Tpel-
MOJIOKHUTh HAJMYME TOBBILICHHOTO pHCKa «3(h(deKToB
HOCJIEACHCTBUS» NPH padoTe aKKOMOAAILMOHHOTO aIl-
napara, a TakKe HaJhuue CTOXacTH4ecKux 3¢ (exToB
pU paboTe KIETOK CETYATKH M MICUXHUYECKHX H3MEHe-
HUI B COCTOSIHUH YE€JIOBEKa, BBI3BAHHBIX MOBBIIICHHOM
J030i cunero ceeta (o1 4500 o 8000 + 800 K).

B Tabn. 2 npeacrasiena o6ob6menHas nadpopma-
[UsI O IICUXUYECKOM COCTOSIHHH ONEPaTOPOB B YCIOBHU-
X CBETOXMOIHOTO OCBELICHUS IPU Pa3IMIHBIX PEXKHU-
Max paboTsl ocBemeHus. PaboTa mpoBoamiace Mo me-
toauke «[Ipoduns HaCTpOSHU — POCCUICKUIT aHATIOT
BorpocHuka Profile of mood states, mupoxo npume-
HSEMOTO B M3OJSIIUOHHBIX M KOCMHYECKUX JKCIIEpHU-
MEHTaXx.

[puBescHHBIC [aHHBIC HATJISAHO TIOKA3bIBAIOT,
YTO CBETOMUOMHOC OCBEUICHHE 3HAUMTEIHHO BIHSICT HA
MICUXHUYECKOE COCTOSIHHE HEKOTOPBIX ONEPaTopoOB, YTO
MOXKET BBI3BaTh HETAaTHUBHBIC IOCICACTBUS B MAJBIX
KOJUICKTUBAaX B 3aMKHYTHIX NpPOCTpaHCTBax. [loHMMa-
HHE 3TOT0 BBIBOJA OYCHb BAXKHO VIS COXPAHCHUS J00-
poskernaTenbHOH aTMOc(ephl Cper JINL, BBITOITHSIONINX
OTBETCTBEHHBIE 3aJaHUI B TSDKENBIX ycioBHsax Ceepa
WA Te€PMOOOBEKTOB.
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Puc. 6. 3aBrcUMOCTb AMaMeTpa 3padka rinasa
oT sipkocTH [13]
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Tabauma 2

IloxazaTenn MCUXUIECKOM pa6OTOCHOCO6HOCTI/I OIepaTopoB MpH CBETOAUOJAHOM OCBCHICHUU

OrniepaTopsl, Y KOTOPBIX M3MEHIINCH 3HAUSHS TIOKa3aTeNeH, yCiI. exl.,
10 CPaBHEHUIO C JOHOM (B YCIIOBHSX OCBEIICHNUS JJIOMUHECLICHTHBIX JIAMIT)

IIIxana
MoKazarenen

4000 K)

TICHXUYECKask pab0TOCTIOCOOHOCTD B YCIIOBHSIX
CBETOMO/IHOIO OCBELEHHMS C IIOCTOSHHLIMHU CIIEK-
TPATbHO-YHEPIeTUYSCKUMH XapPaKTEePUCTHKAMHE
(TIOCTOSTHHOTO CBETOIMOHOTO OCBEIICHHS —

NIPOQHIIL HACTPOCHUS YeJIOBEKa-0IIepaTopa B YCIIOBHSIX
CBETO/IMO/IHOTO OCBELIEHNUS C BAPbUPYEMBIMU BO Bpe-
MEHH CTIEKTPaJIbHO-YHEPTeTHUCCKIMH XapaKTEePUCTH-
KaMH (IMHAMHYECKOTO CBETOAUOHOTO OCBEILCHHS —

4000-5000 1 8000 + 800 K)

V 2 noBeicuinack Ha 3 yciL. efL.,
y 3 cHu3miack Ha 24 yci. e,
y 5 ocrasnack 6e3 I3MEHEHHI

«I'HeB — BpaXkIeOHOCTE

VY 5 Bo3poc Ha 10-20 ycn. exn. (B 2-3 paza),
y 2 cHu3mMIICA Ha 2-3 ycIL. ext.,
Y OJJHOTO OcTajicsl 0e3 H3MEHEHHUIT

VYV 2 cuusunack Ha 1-3 yeu. e,
y 2 moBblcuiack Ha 1-3 yci. exn.,
y 6 ocranachk 6e3 n3MEHEHHI

«Jlenpeccust — yHbIHUE»

V 2 cuuzmiicst Ha 3-6 ycit. en.,
y 3 noBeicuncs Ha 1-3 yen. e,
y 3 ocracs 6e3 n3MEHEHHUIt

V¥ 4 nosbicunack Ha 2-9 yci. en.,

V 3 noBeicuics Ha 2-9 yci. e,

«¥Ycranocts —
MHCDTHOCTEY y 4 cHusmwiace Ha 1-3 yc. e, y 3 cHmsmiics Ha 2—4 yco. e,
P y 2 ocranach 63 H3MEHeHHI y 2 ocracs 6e3 I3MeHeHUH
BONDOCTE VY 6 cHusmiack Ha 28 yciL. exn., V 3 cuusuiics Ha 2-8 yci1. exn.,
aKrI/fg)HOCTL» y 3 nosblcuiiach Ha 1-6 ycir. e, y 2 noBbICHICS Ha 2—5 ycIL. efL.,
y OJJHOTO OCTaJIach 0e3 H3MEHEHHIt y 3 ocrasicst 6e3 M3MEHEeHHs
VY 4 yeenmumnace Ha 14 yen. e, VY 4 yeesmumics Ha 5-12 yen. en.,
«HanpspkeHHOCTD —
. y 4 cHusunach Ha 1-7 ycit. en., y 2 cuu3wics Ha 1-3 yci. en.,
6eCrIoKOHCTBOY
y 2 ocranach 0e3 H3MEHEHUS y 2 octacst 6€3 U3MEHEHHUs
¥V ogHOro noseicwiIack Ha 3 yci. exl., V¥ 4 Bospoc na 1-10 ycu. en,.,
«PacrepsiHHOCTB —
y 5 cHm3mnack Ha 1-2 yen. en., y 3 cHu3mics Ha 1-2 yen. ent.,
3aMeIIaTeNbCTBO»

y 4 octanace 6€3 H3MEHEHHUS

Y OJJHOTO OcTajicsi 0e3 N3MEHEHHS

WnrerpanbpHblii okasa-
TeJb HACTPOCHMUS —
«O01mee M3MeHeHNE
HACTPOECHHUSD

V 5 BeIpocia Ha 5-25 %,
y 4 cumsunack Ha 15-20 %,
Y OJJHOTO OCTasIach 0€3 W3MEHEHHI

V 5 Beipoc Ha 30-230 %,
y 3 camsuics Ha 5-30 %,
orepaTopoB 0e3 N3MEHEHHI HeT

Ilo pe3ynbraTraM NpOBENEHHBIX UCCIEIOBAHUMN aB-
TOpPOM PabOTHI OBUIO OTMEYCHO CHMKEHHE OTACIHHBIX
(DYHKIIMOHATFHBIX ITOKAa3aTeTICH:

— 3araca OTHOCHUTENIbHOM akkomomaruu (Ha 14,3 %
10 MeMaHe);

— CyMMapHOH I'paHuLbl NOJISI 3pEHMsI HA CUHUU U
3eneHbIi 1BeTa (Ha 6,3 u 9,1 % 1mo MenuaHe COOTBETCT-
BEHHO) 0e3 pa3BUTHUSl CYOBEKTHBHOW CHUMIITOMAaTHKH.
Opnako y 25 % omepatopoB mocie npeObIBaHUs B CBe-
TOAMOJHON CBETOBOH Cpefie MPOU3OIIIO YMEHBUICHHE
MOKa3aTelsl KpUTHIECKOW YacTOTHI CIHMSIHUSL METIbKaHUH
(KUCM) (y omepatopa 3 — Ha 4YeThIpe SHOUHHIEI (10
42/42 nocne 38/38), y omeparopa 6 — Ha TPHU €AUHUIIBI
(mo 45/45 mocie 42/42)*.

[IpencraBnsieT WHTEpEC HCCIECIOBAHHUE IaTTEP-
Ha OPT" (IIQPI'), xapakrepusyiomiero pyHKIUIO MaKy-
nsipuoit obonactu (PS50) M raHrJIMO3HBIX KIIETOK CeT-
gatku (N95) [14]. IlarrepH-37€KTpOpEeTHHOTpaMMa
(IT9PT") siBnsercst HauboJiee YyBCTBUTEILHBIM TECTOM
JUIS OTIpeieNieHus] QYHKIIUH FaHTJINO3HBIX KIeToK. [Ipu
nepuyHoil Taykome (ITOYT) nepBuyHO mopakaroTcs
ranriauo3Hble kietku [15]. B maHHO#W pabote mpuBe-
neHbl 3HaueHus mokaszareneit (P50) u (N95) y manmen-
TOB C HayaJbHOHM TiaykoMoil. VMccrnenoBanue BBINOJI-

HEHO Ha 0a3e KOHCYJNbTATUBHOW MONMKIMHHUKE ['AY3
PKOBb M3 PT. B uccnenoBannu ydactBoBanu 21 ma-
nueHT ¢ [TOYT. OGoOmeHHbIe pe3yIabTaThl MEPBBHIX
HW3MepeHuil npuBeeHs! B Tabm. 3.

Tabaunma 3

[Nokazaremu [IOPI" y marpieHTOB ¢ Ha4AIEHOM TI1ayKOMOM

[Tapamerpst [IOPT Jlo neuenus nauueHTa
Jlarentrocts P (50), Mc 74+33
Jlatentnocts Ne 95, mc 118142

®opma orknuka curnana [IOPI" 6buta cranpapTu-
3oBaHa ISCTV (International Society for Clinical Elec-
trophysiology of Vision)’. CranzapTHbIi BHA OTKIHKa
MIPUBE/IEH Ha pHC. 7, HA KOTOPOM H300pa’KeHbl YPOBHH
P (50) u Ne 95 nnist HagampHOW CTAIMH TIAYKOMBIL.

B pabore B.B. Eroposa u ap. [18] npuBexeHs
HOopMainbHBIe OTKIHKH [IDPT (puc. 8).

[JanHas ¢opma OTKIHKA COOEP)KUT IBA OCHOBHBIX
KOMIIOHEHTA: MOJOXHUTENbHBIA mpuMepHO B 50-55 mc
(P50) u orpunarensHelii mpuMepHo B 85-90 mc (Ne 95).

B namewm ciiyyae HanGonee MH(GOPMATHBHBIM SIB-
nsietcsi mapaMeTp JsateHTHoctd. OOpamiaer Ha ceOst

8 Standards, Guidelines and Extended Protocols [mextpornsiit pecype] // International Society for Clinical Electrophysi-
ology of Vision. — URL: https://iscev.wildapricot.org/standards/ (rata obpamenus: 12.04.2019).
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BHUMaHHE, YTO 3alac 10 JAaTEHTHOCTH CTAHJApTHOTO HCKYyCCTBEHHOTO CBETa PaBHOW MHTEHCHBHOCTH, KOTOpas
IIOPI" mokazatenss Ne 95 oueHb MalieHBKHII M paBeH COXpaHSAETCA U IMPHU MOBHIIMIEHHH YPOBHS OCBEIIEHHOCTH
23 Mc, uto com3zmepumo s okazarens P (50) —24 mMc. 0T MCKYCCTBEHHBIX HCTOYHUKOB cBeTa [19].

O1H 3amacsl MOTYT OBITH M3PACXOMOBAHBI 32 TOJBI XKU3-
HH MalMEHTOB.

B Tabn. 4 npuBeneHsl 000OIIEHHBIE PE3YIIBTATHI
uccnenoBanus [1OPT.

W3 mipeacTaBieHHBIX TaHHBIX BHIHO, YTO TIPH CBE-
TOJIMOJTHOM OCBEIICHWH C L[BETOBOW TemIrieparypoil 0o-
nee 4000 K, no menee 8800 K, mo mokazaremo Ne 95
BpeMs JTATEHTHOCTH YBEIHMYMBAJIOCH OT 2 10 19-28 mc.
OTOT «3hEKT MOCTEOCHCTBHUDY COXPAHIIICS TIPH H3Me-
PEHHSAX, KOTOPBIE IIPOBOJMIN CHELHAIUCTBI OTAENA KIIH-
Hudeckoi ¢uznonorun 3perust uMm. C.B. Kpaskosa ®I'BY

Awmmuutyna, pV

/.
LI L | Trrr]rrrrrrrrrg1¢
«MockoBckoro HUWM rnasueix Ooje3Hedn uMm. I'enpM- 0 100 200

ronbela» Munsapasa Poccun.

. Bpewms, mc
Uznydyenne OUOJIOTHYECKOTO IEHCTBUS CBETA Ha
YellOBeKa OCTAeTCS aKTyallbHOM MpoOIeMoil THrHeHb Puc. 7. Cranpapraas $opma OTKIMKA ¢ HAHECEHHBIMH
OCBEIIEHUs. DKCIIEPUMEHTATLHO HA KJIETOYHOM, OHoNo-  3HadeHusAMHu P (50) u Ne 95, xapakTepHbIMH JULsL Ha4alIbHOR
THYECKOM M ICUXO(U3HOIOTHIECKOM YPOBHSX JOKa3a- dopmbl rmaykomet [16, 17]

Ha OHOJIOTHYECKAs HeadeKeamHOCHb €CTECTBEHHOTO U

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

[y . . 10 mc 2 MmxB

P50

‘ * IlpaBsIit
: ™
Ne 95
Puc. 8. ITarrepu OPI" B Hopw™me [18]
Tabnuma 4
O06001meHHbIe pe3yabTaThl uccnenoBanus [1OPT
Pa3zmep siueex Pa3mep stueex
Omneparop I'na3 ITopsinok Bo3neicTBUS 0.8° 0.3"
P50 Ne 95 P50 Ne 95
T (M¢) T (Mc) T (mc) T (Mc)
Tpassiii Ho 48,3 81,7 55,7 98,3
1 Tlocne 53,9 101,4 55,7 105,7
et Jlo 52,8 96,5 50,4 95,5
ITocae 52,1 108,1 55,3 105,3
Tpabiii Jlo 50,4 88,4 50 92,3
5 ITocne 50,4 108,1 58,1 111,8
et Jo 51,1 87,7 54,6 92,6
ITocne 50,7 108,1 56 98,3
Tipasst o 53,9 108.5 54,2 97,9
3 ITocne 57,1 98,3 50 89,5
et Ho 52,5 89,8 54,6 96,9
Tlocne 55,3 1173 60 98,3
Tpassiii o 53,2 92,6 53,5 96,9
4 ITocae 52,5 108.8 53,9 98,3
et Jlo 49,3 92,6 53,5 97,6
ITocae 52,1 104,6 51,4 87,7
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3T0 TOBOPHUT O TOM, YTO CleIyeT IPOBeCTH 0o-
Jee TiyOOKHe HMCCIIeNOBAHUS II0 W3YyYCHUIO YCTOWYH-
BOI1 paboTHI BOJOPOIHOI, HaTpueBoi n XJjopHoil AT-
(ha3pl B cXxeMe HaTpHii-KaJblUEeBOT0, XJIOPHOTO TPaHC-
nopra B KIeTKax (MX ACHAPUTAX M MHUTOXOHJPHSIX)
[20] B ycnoBuAx BO3IEUCTBUS M30OBITOYHOW O3Bl CH-
Hero cBeTa 450 HM.

W3MeHeHne KOHIEHTpPalMM HWOHOB MPHUBOIUT
K M3MEHEHHUIO TIOTOKOB BOBI Yepe3 MeMOpaHy KIIETKH
n m3meHernro ee pH [21]. Ha nepeHoc yka3aHHBIX HO-
HOB 3HAQYUTEJIBHO BIMSET CBET, BO3ACHCTBYIOIIMN Ha
OenKkyu COOTBETCTBYIOLIMX pelenTopoB. B paborax
R.J. Sizemore u ap. [22], B. llleBuenko [23] roBopurcs,
YTO KIACCHYECKUMH ONTOTCHETHUYECKUMH MHCTPYMEH-
TaMH SIBJISIFOTCSL O€JIKM T'aJIOPOAOIICHH, apXeapoI0TICUH
W KaHaJbHBIA pojorncuH (puc. 9). Tamopomoncux
W apXeapoJOICHH HCHOJB3YIOTCS ISl Je€aKTHBALUH
HEpOHOB, OHU OJIOKHMPYIOT Iepefady HEPBHOTO HM-
nynbca. [Tox neficTBueM cBeTa rajlopoJIOTICHH IEpeHo-
CUT OTPHUIATEIbHO 3apSKCHHBIE MOHBI XJIOpa BHYTPb
KIETKH, TEM CaMbIM BbI3bIBAs THUIIEPIOIAPH3AIMIO
HelipoHa. ApXeapoJOINCHH BBIKAYHBACT IPOTOHHI (II0-
JIOXKUTENbHbIE 3apsiibl) U3 KIETKH, 4TO, €CTECTBEHHO,
TaKXe TUIEepHoJIsIpU3yeT HeWpoH. U ramopoporcus,
U apXeapoJOICHH — 3TO TaK Ha3bIBa€Mble HACOCHI,
nomnsl. Ecii BOKpYT ecTh HyHBI UM HOH (a OH eCTh
MOYTH BCET/a), TO, MOTJIOTHB KBAaHT CBETA, 3TH OENKH
aKTUBHO NEPEHECYT MOH C OJHOH CTOPOHBI MEMOpPaHEI
Ha JIpyTyIo.

Cunuil cBeT ¢ yIMHHON BOnHBI 470 HM CTUMYNIH-
pyer 6enok ChR2 ny1s nepenoca noxos Na' u Ca'. Ilpu
3TOM HEOOXOIUMO OTMETHUTH, YTO XJIOP MOTJIOMIAET CBET
B oOmactu mimuHbB! BOH 250—450 M [24]. Uorb xmopa
COBMECTHO C  TaMMa-aMHHOMACISHOM  KHCIOTOH
('AMK) BBICTYHarOT TOPMO3SIIIUM areHTOM IPOBOJIH-
MocTH HeipoHoB. [yramunoBas kucnora (Glu) —
rJIaBHBIA BO30OYxnaronuii Mmeauarop (okono 40 % Bcex
HelipoHOB). ['amma-amunomacnsiHas kuciora (TAMK)
(B nmaruHckoil Tpanckpunuu Gamma-Amino Butyric
acid (GABA)) — rnmaBHbI TOPMO3HOI MeanaTop (Takxe
oxoio 40 % Bcex HelipoHos). Hapymenue atoro 6anan-
ca (KaK IpaBwiIo, B CTOPOHY YMEHBIIEHHUSI TOPMO>KCHH )
HETaTHBHO BIMSIET HAa MHOTHE HEPBHBIE IIPOIECCHI.
Hopwmansnas gestensrocts LIHC oGecrieunBaeTcst TOH-
kuM Oamarcom Glu u TAMK, koTopbie sBhstOTCS HEl-
poMenuaTropamu B ceTyaTke riasa (puc. 10).

[Ipy nornomieHHH HOHAMHU XJOpa H3OBITOYHOM
JI03bI CUHETO CBETa CJIEAyeT MOHWKEHUE KOHIIEHTPaluu
MOHOB XJIOpa

2CI —2¢ — CLT,

U, KaK CJIEJCTBUE, IIPOUCXOJUT MOHIKEHUE d(PPEKTHB-
HOCTH TOPMOJKEHHUSI — BO30YKIEHUS, TPOIECCHI OTKIIU-
Ka Ha BO30YXIAIOIINI CTUMYJI 3aTSTHBAIOTCSL.

Ha memOpanax HeHpOHOB M acTpOUUTOB (yHK-
MOHHUPYIOT MOHHBIE OOMEHHHKH, B (PU3NOJIOTMYECKUX
YCIOBHAX TOAJICPKHUBAIOIINE HEOOXOIUMBIH TPaJUCHT
KOHIICHTPAlMi XNMHYECKHX BELIECTB MEXIY BHYTPH

184

ChR2 ClV1 NpHR ArchT
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Puc. 9. IIpuHIMITEL pabOTHI KITACCHYECKHX ONTOTCHETHYECKHX
WHCTPYMEHTOB: KaHAJIBHOTO POJIOIICHHA, raJIOPOJOIICHHA
Y TIPOTOHHOTO Hacoca (apXeapoIoICHHA)
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Puc. 10. O6mas cxema pa3MeIeHHs] CHHAIICOB MEXLy
HeilpoHamu ceTdyatku [25], Ha KOTOpOI HaHECEHa cxeMa
nepeHoca GABA u noHoB xJ10pa, a Takke Glu u noHos Na,
Caunk

KJIETOYHBIM M MEXKJICTOUYHBIM HPOCTPAHCTBOM (MOHBI
kamus K u ryramara Glu — HakamimMBaioTcs BHYTpH
KJ1eTKH, a noHb! Kanbims Ca®’, xopa CI™ i Hatpust Na' —
cHapyxu) [26, 27].

KonuyectBo actpouutoB B 20 pa3 mnpeBbIIAET
KOJINYECTBO HEHPOHOB. ACTPOLIUTHI Y4acTBYIOT B rop-
MOH-UHIIyIUPOBAaHHBIX TEPECTPOHKAX CHHAIICOB, BbI-
TIOJTHSIOIIMX PHIOKpUHHBIE QyHKIMH [28].

VYuenste Ilxonsr Menunuasl KanmmpopHuiickoro
yauBepcurera B Can-Zluero (University of California,
San Diego School of Medicine), IIIkoibl MeIUIIUHBL
VYuusepcurera Jxonca Xomkumaca (Johns Hopkins
University School of Medicine) u Uacturyra Kennenn
Kpurepa (Kennedy Krieger Institute) nponemoHcTpH-
pOBaJIN, YTO HEKOTOPBIE HEHPOHBI MEePeAaA0T (PYHKIUIO
YTUIU3ALUHM HEHYXHBIX UM MUTOXOHJAPHH — Kpoleu-
HBIX BHYTPHKIJIETOYHBIX OJHEPreTUYECKHX CTaHLUUH —
KJIETKaM TJINW, U3BECTHBIM KaK acmpoyumsl. YYeHbIE
COCpeOTOYMIIM CBOE BHMMAaHHE Ha aKCOHAX TaHTJIHO-
HapHBIX KJIETOK CETYaTKH — HEHPOHOB, IepelaroIinX
BHU3yaJIbHYI0 HMH(OpMaIuio OT TIJla3a K TOJOBHOMY
Mosry [29].

Amnanus pucka 310poBbio. 2020. Ne 1



HeparmmoHanesHOE OCBEIIEHNE KaK PUCK 3A0POBBIO B YCIOBHSIX APKTHKH

BHyTpuHEHpOHANBHBIM HOHHBIA COCTaB SBIISETCS
BOXHBIM (DaKTOPOM, OTpEeIessIonuM (yHKIIMOHUPOBa-
HHe Mo3ra. CyliecTByeT J[0Ka3aTelbCTBO TOTO, 4YTO
aQHOMAaJIbHBIA TOMEeOoCTa3 KJIETOYHOM KoHIeHTpanun CL™
([CL"1i) Bei3biBaet coBmectHO ¢ Na'™ i Ca®' Hapymenne
BO30yIMMOCTH HEHPOHOB M HEPBHOMW INepeaayd U TeM
CaMbIM CHOCOOCTBYET Pa3BUTHIO HEBPOJOTUYECKHX CO-
crostuui [30-33].

Bce HeiiponerenepariBHble 3a00J€BaHNs 00BEAN-
HSIET HECKOJIBKO MPU3HAKOB: TEHIEHIHUS K IPOTrPeccHpo-
BaHMIO C MEIJICHHOW moTepeil (QpyHKumil, cenmexThBHAs
MOTEPs. ONPEACICHHBIX MOMYJIALUNA HEMPOHOB B PE3Yb-
TaTe arnonTo3a; TPAHCCUHANTHYECKAs! AereHepanus (mep-
BUYHAs, BTOPUYHAs); OOIIME MEeXaHW3MbI KIETOYHOI
CMEPTH — OKCUAATHUBHBIH CTPECC U 2IymaAMamHas nokK-
cuunocms’. HaxorieHue «Mycopa» BHYTPH KIETOK MO-
JKET OBITh NMPUYMHOW pasBUTHs HEHPOJEreHepaTUBHBIX
npoueccoB [29]. Kierku ceryaTku Inia3 MMEIOT Iojie
JCH/IPUTOB, U MOXKHO NPEIIOJIOXKHUTh, YTO TATOJIOTUS
CHHAIICOB JICHJPHUTOB SIBIISIETCSI OJTHAM M3 CaMbIX PaHHHX
MPU3HAKOB TJIAyKOMBI. [Ipy 3TOM TraHIIIMO3HBIE KIETKH
CeTYaTKl C H3MECHEHHBIMU JEHAPUTAMH IIOKA3bIBAIOT
ocabIeHHBIN OTBET HA 3PUTENBHBIE CTUMYJIBI, YTO TIOJI-
TBEP)KAAET TPSIMYIO CBSI3b JETEHEpaluy JIEHIPUTOB M
3PUTENILHON TUC(OYHKINY, a CHHAICH! SBJIAIOTCS Hanbo-
Jiee ysI3BUMBIM MECTOM IIpU JIETCHEpaTUBHOM IIpoIiecce,
TIPUBOJISAIIEM K THOEIH KIIETOK .

B ornnune ot snekrposHuedantorpaMMel, oTpa-
JKarollell aKTUBHOCTh KOPHI TOJIOBHOTO MO3ra, 3pH-
TeJNbHBIE BBI3BaHHBIE KOpKOBble moteHIuansl (3BKIT)
MPEACTaBISIIOT CcO00W CyMMapHBIH OTBET OOJBIINX
HOMYJSIMA HEMPOHOB KOPBHI Ha MPUXOIALINM K HUM
CUHXPOHHBIM IMOTOK HMITYJbCOB, BO3HHUKAIOIIHUNA MOJ
Bo3meiicTBeM addepeHTHOTO pasapaxuTend. Pas-
HOCTh NOTEHIMATIOB, BO3HHUKAIOIIAs MEXIYy BHE- H
BHYTPHUKJIETOUHOW CpENOil, perucTpupyemMas Ha MeM-
OpaHe HelipoHa, 0OyCIIOBI€HAa Pa3HOCTHIO KOHIICHTpa-
uuu uonos Na', K™ u CI” B skcTpakneTouHoit cpene u
B [IPOTOIJIa3Me HelpoHa.

ABTOp paoTsl’ oT™Meuan, uto ammuTysl 3BKII
(3puTenbHBIE BBI3BaHHBIE KOPKOBBIE ITOTEHIMANBI) MO-
cyie TpeObIBaHUs ONEepaTopoB B YCIOBHAX JAWHAMUYeE-
CKOTO CBETOJMO/HOTO OCBEIEHHUS NPAKTHIECKH HE U3-
MEHSUINCh, OHAKO y BCEX yYacTHHKOB AKCIIEPUMEHTA
0puT0 00Hapy)keHo W-00paszHoe pa3aBoeHue nuka P100
B OTBET HA CTHMYJIBI C PA3HBIMH YIJIOBBIMH pa3MepaMHu.
B nureparypHBIX HCTOYHHMKAX TOJOOHBIE HM3MEHEHUS
mopdosoruu 3BKII y 310poBBIX JIHI, HAXOJUBIIHXCS
B YCJIOBUSIX T€PMOOOBEKTA MM MOABEPTIINXCS] BO3ACH-
CTBHIO JMHAMUYECKOT'O CBETOJMOIHOTO OCBELICHUS, HE
OIMCAaHBI, 4TO 3aTPyJHSET MX OLEHKy. BeposTHO, naH-
HBIH pe3ysbTaT MOXHO paccMaTpuBaTh KaK CBHJETEINb-
CTBO IOTPAaHUYHOTO BIIMSIHUS AMHAMUYECKOTO CBETO/H-
OJTHOTO OCBENIeHUS Ha (DYHKIMOHAJIBHOE COCTOSHUE
3pUTENBHOTO aHanu3aTopa. JleranbHoe M3ydeHHe IaH-

HOro ()EHOMEHA W BBISICHEHHE €r0 CBs3M C (PyHKIHO-
HallbHOM aKTHBHOCTBIO CETYATKU M TOJIOBHOTO MO3ra
notrpedyer Ooniee MPOIOKUTEIBHOTO HCCIIECIOBAHUS
C ydacTueM OOJIbIIero KOJIMUeCcTBa BOJIOHTEPOB.

MUTOXOH/IPDHH SIBJISIOTCSI OpraHeNIaMH, KOTOpPbIE
BBITIOJIHAIOT MHOTHE BaKHblE (YHKIHH, B TOM YHCIE
NpEeOoCTaBlIeHNEe JHEPruu KieTkaM. Kietku ynansor
MOBPEX/ICHHBIE MHUTOXOHAPHH dYepe3 Mpolecc, Ha3bl-
BaeMblii MuTodarueid. Mutodarust cauraercsi IOAMHO-
JKECTBOM IIpoIlecca, Ha3bIBaeMOTo ayTodarued, ¢ mo-
MOIIIBIO KOTOPOTO TOBPEXICHHBIE OPraHEIUIbl JOCTaB-
JSIFOTCSL B JIICOCOMBI JUIsl IeTpajanuy. TeM He MeHee
[IOKa3aHO, YTO B MECTE, Ha3bIBAEMOM T'OJIOBKOW 3pH-
TENLHOI0 HEpBa, OOJBLIOE KOJMYECTBO MHUTOXOHAPHI
BBIXOJUT M3 HEWPOHOB, YTOOB! OBITH IErpagupOBaHHBI-
MH JIM30COMaMH TPWIETAIOINX TIIHATBHBIX KIIETOK.
OTOT BBHIBOJI CTaBUT MOJ COMHEHHE IPEIIOJIOKECHUE
0 TOM, YTO KJIETKa 00s3aTe]IbHO AErPaIupyeT CBOU COO-
CTBEHHbBIE OPTaHEILIBI.

Baxneiimei QpyHKunei acTponnuToB SBISIETCS JIN-
KBHAALMS JIETPaUPYIOIINX MHUTOXOHAPHHA TaHTIIHO3-
HBIX KJICTOK ISl TIOAJEP)KAHHS UX >KH3HECTIOCOOHOCTH
W HaZEXKHOTO yCTOHYMBOTO (PYHKIMOHHUPOBAHUS B yC-
JIOBHUSAX CBETOBOM Harpy3ku riasa. [lompobHo MexaHU3M
MOTJIONIEHUs] MUTOXOHAPHUN TaHIVIMO3HBIX KIIETOK pac-
cmotper B padborax T.C. Burdett et al. [34], N.N. Os-
borne et al. [35], S. LaFee [36]. OToT nporecc B3aumo-
JIEMCTBHUS MUTOXOJPUH M aCTPOLMTOB MPHHIMITHAIBHO
Ba)XEH B YCIIOBUSIX BO3JECHCTBHS Ha TaHTJIMO3HBIE KIIET-
KU CHHETO CBeTa.

[IpoBeneHHBIE aBTOPOM HCCIIEAOBAHUS MOKA3aIH,
YTO NPUMEHEHHE CBETOIHMOJIHOIO OCBEIIeHHS] Ha Oaze
CBETOMOIHON TEXHOJOTUH «CHHHMH KPHCTAJUI, MOKPHI-
TBHIHA JKENTHIM JTFOMHHO(OPOM» COIPSDKEHO ¢ OONBIINM
PHCKOM HapyIIEHHUs] pabOThI 3pUTEIBHOIO aHAIN3aTOpa
B nepcnektuBe. B uacTHocTH, OH yKasbiBaeT: «Ecin
IUIAaHUPOBKA U raGapuThl repMoOOBEKTa IPENOIaraloT
HPOJOIDKUTENIBHOE COBMECTHOE NPeObIBaHHE HECKOJIb-
KHX YJICHOB JKHIIaKa B OJHOM IIOMEIIEHHH, TO JKeJa-
TEIBHO OOECIEUUTh JKUNAK OYKAMU CO CHEKmpAb-
HbIMU AuH3amu. Taxue O4YKM MO3BOJIAT HE TOJBKO 00-
JIETYUTH aANTAIMI0 WIEHOB SKHMNaXKa K CIIEKTPAIBLHO-
SHEPreTUYeCKUM XapaKTEPUCTUKaM CHCTEMBI OCBelle-
HUSI, HO ¥ CHIDKAIOT 3pUTENIFHOE YTOMJIEHHE Omeparopa
mpu pabote co cpencTBaMH OTOOpakeHHS HH(popMa-
uum». Takxe aBrop oTmeuaeT: «IIpu ucnonbp3oBaHUU
pEeXHMa CBETOJMOAHOTO OCBEIIEHHS C JOTIOJHHUTEINb-
HBIM IPUCYTCTBUEM CHHEH COCTAaBJISIOLIEH B CIEKTpE
U3JIy4eHHs CBETWIIbHUKA CIIELyeT COOMI0NaTh OCTOPOXK-
HOCTb. JITHTENbHOE PeryJIsipHOe HCIIOIb30BaHUE TAKOTO
pEeKMMa OCBEIIEHHS MOXET MpHUBECTH K MOpGhOodyHK-
LIUOHAJIBHBIM HM3MEHEHUSIM 3PUTEIBHOTO aHaln3aTropa
(moBpexIeHNe XpyCTAINKa U CETYAaTKH IJla3a), N3MeHe-
HUSIM HacTpoeHUs (TIOBBIIIEHHAsm BO30YAMMOCTb, pas-
JIPaKUTEIBHOCTD, THEB, BPaXKIEOHOCTH), Pa3BUTHIO MH-
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B.A. Kamnios, B.H. [leiinero

COMHHH (3aTpyIHEHHE 3acChIIAHUs, HApYIICHHE CTPYyK-
TYpBI U KQ4ECTBA CHA)» .

OTo 3aKit0YeHHe OCOOEHHO Ba)KHO, MOCKOJIBKY
HEPCOHANl CEBEPHBIX MOOMJIBHBIX TOPOAKOB M BOEHHO-
CITy’Kallliieé HaJBOJAHBIX M TOJBOIHBIX Kopabied OyayT
HAXOJUTHCS B 3THX YCJIOBUIX TOpa3ao Oosbline 12 cyTok
MIPOBEICHUS SKCIIEPHMEHTA.

OoOpataer Ha ceOsi BHUIMaHHUE, YTO aBTOpP HCIOJb-
30Ball 3apyOeXHBIE MCTOUYHHKH CBETa, KOTOpHIE, 10 Ha-
IIeMy MHEHHIO, OyIyT HEHOCTYIHBI JUIi 000pYyJOBaHUS
CEBEPHBIX BOEHHBIX TOPOJIKOB B CIydae YCWJICHHS Ha-
NPSDKEHHOCTH MEXIy HallMMU cTpaHamu. XoTs B Poc-
cun crneumanuctamu BHUVDKD Pocnorpe6ramsopa u
3A0 «3JITAH» B MHMIIMATUBHOM MOPsiIKE ObLIH pa3pa-
0oTaHBl TEOPETHYECKHE OCHOBBI KOHIIEILNH «CBETOIH-
OJTHBIX MCTOYHUKOB CBETa C OMOJOTMYECKH aJeKBaTHBHIM
cnektpom» (puc. 11) [37].
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Puc. 11. Cnektp cBera nopaboTaHHOI peTpoduTHOI
nammel 3A0 «2JITAH»

Pa3paboTanHass TEXHOJOTHS 3aMaTCHTOBAHA, YTO
obecrnieunBaet mpuoputer Poccuu B 00IacTh co3maHuUs
9HEPro3PPEKTUBHBIX CBETOIUOIHBIX NCTOYHHKOB Oe-
JIOTO CBETa C OMOJIOTMYECKH aJeKBATHBIM CHEKTPOM
n3mydeHus. J{ns ymeHbmeHus dQQexra BIUSHAS HHU3-
KOHMHTEHCHUBHOI'O «CHHIOIIHOI0» CBETOIMOIHOrO CBETA
HE00XOANMO, 9TOOBI CIIEKTp Oeoro cBeTa CBETOAMOI-
HOT'O MCTOYHHKA M3IYYEHHs MPUOIKAICI K TAKOBOMY
JIaMITbl HaKaJIWBaHUS, a €Ile JIydlle — K CIIeKTPY COJ-
HEYHOI'0 CBETA C T'MI'MEHUYECKH O€301macHOM LBETOBOM
temmnepatypoii 3000 K.

DTOT CHeKTp OEJIOro CBeTa HE MMEET HeIOCTaT-
KOB, MPUCYIIUX CTaHAAPTHOMY OEJIOMY CBETOTUOIY
(cHHUH KpHUCTAI, MOKPBITHIA XEITHIM JIIOMHHO(O-
pOM) — HaTWUYUS 3HAYUTEIBHOW O3Bl CHHETO CBETa
u npoBasna B obmactu 480 HM NpU HE3HAYUTEIHHOU

J103€ KpacHOro cpeta. J[aHHBIN CHEKTp SABISETCS He-
MPEPBIBHBIM U TI0 COCTAaBY COOTBETCTBYET CIEKTPY
COJIHEUHOT'O CBeTa Ipu 0e30IacHO IBETOBOU TeMIe-
patype 3000 K.

MpI cunTaeM, 4To MPUMEHEHHE MOTYIPOBOIHHKO-
BBIX UCTOYHHUKOB O€JIOro CBETa ¢ OMOJIOTMYECKUM aJleK-
BaTHBIM CIIEKTPOM U3JTy4EeHUS 00ECIICUHNT:

— YMCHBIICHHE HEraTHBHOTO BIIMSHMS CBETa Ha
3pUTENIGHBII aHAIN3aTOp W TOPMOHAIBHYIO CHCTEMY
YEeJIOBEKa;

— YCIOBHUS [UISl TOMOJTHUTEIBHOW 3KOHOMHH 3JIEK-
TPO3HEPTHHU 32 CYET CHI)KEHHS YPOBHS OCBEIIEHHOCTH
Ha paboyMx MecTax NpU 3aZaHHOW NPOHM3BOJUTEIHHO-
CTH TpyJa MOYTH B 1B pa3a;

— CTaOWJIBHOCTH CBETOBOTO IOTOKA M 3a/laHHbBIE
MOKa3aTelN HaJIe)KHOCTH JIJIsl CUCTEMBI OCBEIIICHHSI.

BrIBOADBI:

1. B Poccun pa3zpaboTaHa OpUrHHaibHas TEXHO-
JIOTHS, TTO3BOJISIIOIIAST CO3/1aBaTh CBETOMOIHBIE JTAMIIBI
0eoro cBera ¢ OMOJIOTMYECKH afeKBATHBIM CIIEKTPOM
cBeta. MUpOBOM MPHOPUTET ATONW TEXHOJIOTUU 3alLIU-
IIIEH MaTCHTaMH.

2. Moxuo pekomernoBath aBropam ['OCT 23274-84
«3nanus MOOMITEHBIC (MHBEHTAapHBIE). DIEKTPOYCTaHOB-
ku. OOIIMe TEeXHUYECKUE YCIOBHUS» B MOANMYHKTE 3.4.4
JAHHOTO JIOKYMEHTa YKa3aTh: «Jlis 31eKkTpuueckoro
OCBEIICHHUS MOMEUICHHH MOOWJIBHBIX 3[aHHUH CIIeJyeT,
KaKk MNpaBWIO, NMPUMEHATh OCBETUTENBHBIE MPUOOPHI C
JIFOMHUHECLIEHTHBIMH JIAMITaMH ¥ CBETOJIOTHBIMU HCTOY-
HUKaMH OeJloro cBera C OWOJIOTMYECKH aJeKBaTHBIM
CIEKTPOM H3ITyUEHHSD).

3. Bri6op MeXIy CBETOJHOIHBIM OCBEIICHHEM C
MIOCTOSTHHBIMH  CIIEKTPaJIbHO-9HEPTEeTHIECKIMHI  Xapak-
TEPUCTUKAMH W TUHAMHYECKHM OCBEIIECHHEM 3aBUCHT
OT KOHKPETHBIX YCJIOBHH M PELIAeMbIX 33/a4: ONTHMH-
3anus 6ajyaHca MPoLEecCOB BO3OYKACHHUS U TOPMOXKEHUS
B IIHC nnu Gonee BbIpakeHHOE aKTHUBHUpYIOIIee JIeicT-
BHE Ha OOJIBIIMHCTBO IMOKa3aTeaeld ICHX0IMOLUOHANb-
HOT'O COCTOSIHUSL.

4. HeoOXxoquMoO pacIIpUTh HCCIEIOBAHHS HOBBIX
HCTOYHUKOB OCBEILEHUsI IPIMEHUTENBHO K 33/1a4yaM Me-
JMLUHBl TPyJa, BOGHHOW M KOMMYHaJbHOH THIWEHBI,
o0meld 1 mpodeccnoHaIbHON MAaTONOTHH B HHTEpEcax
COXpaHEHUs 37I0POBbsI HACENICHUSI U YKpeIIeHHs: 000po-
HOCIIOCOOHOCTH HAIIICH CTPAHBL

®dunancupoBanue. VccienoBanue He UMEJIO CIIOHCOP-
CKOH MOJICPIKKH.

KoH(paukT mHTEpecoB. ABTOPBI CTaTbU 3asBISIOT 00
OTCYTCTBHHU KOH(JIMKTA HHTEPECOB.
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IRRATIONAL LIGHTING AS A HEALTH RISK OCCURRING IN THE ARCTIC
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We assessed health risks for operators who had to live in mobile houses in the Arctic regions. Inadequate lighting is a
most significant factor related to housing conditions that can cause various pathologies resulting in decreasing working
capacity. We revised data on impacts exerted by luminous and LED lighting on operators and it allowed us to determine
reasons for “aftereffects” produced by LED lighting regarding an increase in latency in No. 95 pattern electroretinogram
(PERG); this latency characterizes a situation with ganglionic cells in the visual analyzer. We put forward a hypothesis that
lower “inhibition” efficiency was caused by absorption of blue light within 380—450 nanometers range, and an increase in
PERG P50 amplitude was caused by an additional increase in Na', Ca" ions flows when ChR2 protein absorbed excessive
470 nm blue light against a blue light dose in a luminous lamp spectrum.

We showed that there were practically no changes in operators’ health after they had been exposed to dynamic LED
lighting,; however, all the participants in the experiment had a W-like splitting in P100 peak in visually induced cortical po-
tentials as a response to stimuli with different angle sizes. When ganglionic cells are exposed to blue lighting, interaction
between their degrading mitochondria and astrocytes becomes very important. LED lighting results in damage to mitochon-
dria in ganglionic cells. Mitochondria are moved to the optic nerve head to be utilized where they are absorbed by astrocytes
and eliminated with their lysosome. Should a speed of degrading mitochondria inflow exceed a speed at which they are util-
ized, it will cause mechanic strains in fibers of the optic nerve head due to “mitochondria jam”; this, in its turn, can lead to
long-term disorders in the optic nerve head and glaucoma occurrence.
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We formulated recommendations for the State Standard 23274-84 “Mobile houses. Electrical appliances. Overall
technical conditions” and advised applying semi-conductor white light sources in them as they had a biologically adequate
irradiation spectrum.

Key words: mobile houses, LED lighting, blue light, optic nerve, mitochondrion, astrocyte, glaucoma, biologically
adequate irradiation spectrum.
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