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M'MnoTtesa o MexaHU3Me pacnNpoCcTpaHeHUA CBeTa Yepes TKaHU YenosekKa

[naeHasA (pyHKYUA NO3HAHUA 3aKAI04Yaemcs
He 8 MoUCKe UHopmayuu,
a 6 eé 0b6obweHuU.

M.A.llyaHKkape

Llenbto pgaHHOM paboTbl ABNAETCA UCCAef0BaHME MexaHM3Ma W 0CoBeHHOCTel
PacnpoOCTPaHEHMA KPACHOrO CBeTa BHYTPU TKAHEW 4YenoBeYecKoro Tena gas onTMmu3auuu
napameTpoB BblinycKkaemMblx dupmoin «MoHanut TekHonogxm» RLT-nodAcos uM ana cospaHua
Hanbonee appeKTUBHbLIX NPMOOPOB cBETONEYEHMA.

B sKcnepumeHTasbHbIX UCCAeA0BaHUAX CNEKTpa CBeTa, MPOXOAALLEro 4yepes TKaHU WU
KPOBb YenoBeKa, NpoBeAeHHbIXx paHee Ha 6asze AO «HUU «MNontoc» mm. M.®.Crenbmaxa»
(onybnvKoBaHHLIX B BUAE NpeaBapuUTeNbHOro oTdeTa' Ha caite www.trinitas.ru), 6bin10
YCTaHOBNEHO, 4YTO CBeT OT pas3HbIX WCTOYHWKOB, MonagaA B TKaHW, nNpesBpaliLaeTca B
OAMHAKOBbIM, NO CYyTM Aena, CNeKkTp KpacHOro CcBeTa  ABYX  Pa3HOBUAHOCTEMN
MY/NbTUMOLANbHOCTU. Yepe3 TKaHM NPOMycKanca CBeT 3e/IeHOro Jflasepa, cuHero u bHenoro
CBETOAMOAa, KPaCHbIX CBETOAMOAOB C PAa3HbIMU 3HAYEHUAMWU MOLaMt, 0ObIYHOTO MCTOYHMKA
cseTa (namnbl HakanuBaHWA). Pe3ynbtaT O6bl1 NPaKTUYECKU OAMHAKOBBIM — MbBO ChnekTp
620/685, nnbo cnekTp 625/690 (puc. 1).
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Puc. 1. [iBe Bapuaumu cnekTpa KpacHOro CBeTa, KOTOPbIA MPOXOAWUT Yepe3 TKAHM U KPOBb YesoBeKa npwu
MPOMNYCKaHMM Yepes HUX CBETa OT Pas/IMUYHbIX MCTOYHMUKOB. MepBas (KpacHbI rpaduk) — cnektp 620/685,
BTOpas Bapuauma (CMHWI rpadmk) — cnekTp 625/690

1 http://www.trinitas.ru/rus/doc/0023/001a/1104-shn.pdf.



BblI0 BbICKa3aHO NpeAnofoXKeHMe, YTO NPUUYNHOM TaKOM «CTaHAAPTU3aLMN» BCEX BUAOB
M3y4EeHUA BHYTPM TeJia YeNIOBEKA U MpeBpalleHue oboro M3iyd4eHms B CBET AuManasoHa oT
620 no 690 HM ABNAETCA LBET KPOBU, KOTOPLI 0bycnoBaeH UseTom 3puTpounTos (oo 40% ot
COCTaBa KpoBW), T.K. Nnasma MMeeT C/1abo-Kentbli UBET, JNeWKoUuUTbl 6ecuBeTHbl, a

TpombouumToB o4eHb mano (puc. 2).

1.00

Puc. 2. KpoBb COCTOMT U3 ABYX OCHOBHbIX KOMMOHEHTOB: MAa3Mbl U B3BELIEHHbIX HEMPODOPMEHHBIX 3/1EMEHTOB
(cneBa). OTCcTOABLIAACA KPOBb COCTOUT U3 TPEX C/IOEB: BEPXHWUI C/I0M 0O6pa3oBaH XKenToBaTol naasmon
KPOBW, CPeAHWUI, CPaBHUTENbHO TOHKUIA CEpblIi C/OM, COCTaBAAIOT NEeMKOUMUTbI, HAKHUI KPacHbIA ciok
06pasytoT 3puUTpoUMTbI. Y B3POC/IOro 340P0BOMO YesioBeKa 06bEM nnasmbl gocturaet 50-60% LenbHOM
KpoBM, @ GOPMEHHbIX 3/IeMEHTOB KPOBU cocTaBnAeT okono 40-50% (cnpasa). CnieBa HanpaBo: 3pPUTPOLLUT,
TPOMBOLMT M NENKOLUT (CKaHMPYIOLLAA SNEKTPOHHAA MUKPOCKONMUA)

KpacHbIi UBET KpPOBM NPUAAIOT MMEHHO 3PUTPOLMUTbI, KOTOPblE BbINOJHAIT GYHKLMIO
NepeHOCYMKOB KMC/IOPOZa U3 /IETKMX K TKaHAM M Bo3BpaTHOro nepeHoca CO,. B otyeTte 6bin0
NOKa3aHo’, 4YTO BMAUMbIN CBET ¢ N06ON A/MHOM MeHblle KPacHOro JuanasoHa BOJH,
OTParkasicb OT 3PUTPOLMTOB, NMPOXOAMT Aajblue B TKAaHM Y)Ke B BUAE KpacHOro cseta. 3To
HarNA4HO AEeMOHCTPUPYET NPOCTOM 3KCMEepPUMEHT ¢ POHAPMKOM, CO3JalolWmMmM opeon 6enoro
cseTa (puc. 3).

Puc. 3. Opeon KpacHOro cseta C 6enbiM GAMMKHUM KOAbLOM OT NPWMMKATOrO K PyKe MCMnbiTyemoro 6enoro
¢doHapuKa

2 http://www.trinitas.ru/rus/doc/0023/001a/1104-shn.pdf.



B sTom e oTuyeTe 6Gblna BbiCKasaHa rMnoTesa O TOM, YTO B OTAE/bHbIX cayyaax (cseT
3e/1eHOro fnas3epa U CUMHEro cBetToaModa) NPOUCXOAUT HE OTParKEHME, a JIIOMUHECLEHUUS B
AnanasoHe AsnH BoH oT 620 Ao 690 Hm

Taknm 06pasom, MOXKHO caenaTb 0606 AWK BbIBOA O TOM, YTO B XOA€ 3BOMOLUU
6ONbIUMHCTBA TENIOKPOBHbIX KUBOTHbIX Obll CO34aH MexaHM3M TMpeBpalleHus B Tene
MBOTHOrO Ntoboro ceeta B KpacHbii cBeT. MOKHO, KOHEYHO, AOMYyCTUTb, YTO 3TO MpoCTan
CNy4aMHOCTb. HO NornMyHee npeanonoXKmMTb, YTO MMEHHO KPACHbIN CBET BbIMOJIHAET KaKylo-TO
BaXKHYl0 QYHKUMIO B MpoLeccax, Naywmx B OpraHuM3me, ABAAACb, HAaNpUMep, KaTasinm3aTopom
Ba*KHEMLLMX BMONOrMYeCcKMX NPoL,ECccos:

«[Mo00epxcka meopuu 38070UUU: eCmb NAMb YKA3aHuUli HA Mo, Ymo npeumyuwecmeo
KpacHo20 u 6auxcHe20 UHGPAKPACHO20 ceema — 3mo He Cay4aliHocmes, a o4eHb «yMHbII» u
ecmecmeeHHblli  pe3ynbmam 3eomoyuu. [lokaszaHuamu Aeadomca: 1) npomoHHsili Hacoc
A8719emcA nocaedHUM 8 cepuu U3 mpex HaCocos, KOMopebili nomeujaem e2o 8 803MOMHO ny4liee
mMecmo, 4Ymobbl 8bIMAWUMb MPOUECC KOHBEPCUU MUUWU MNymemM «MOJAKAHUA» KOHeYHbIX
2/1eKMPOHO8 Yepe3 yerb. I3mo co30aem XUMUYECKYIHO «MA2y»... HA 3/1eKmMpoHax ewe dansuie 8
uens, YMo Moxem npedomsepamums ymevky peakmugHo20 KUC/A0p0o0a, ecsu He CAULKOM MHO20
ceema; 2) Hacoc rnoaaouw,aem npeumyuecmeeHHo KpacHsll u 6auxcHuli uH@pakpacHslili ceem, a
ocmasuwiueca cosHevHble ayvu 6aoKupyromca eo0oli U Kpoebto; 3) Hacoc A68a159emcsa OCHOBHbIM
noazsomumesem amux 071UH 80/H 8 mese, NPpuMepHo Ha 35%;

4) oKcueeHHbIli 2eM02106UH uUMeem O04YeHb pPe3Koe CHUMeHUe e20 CcrnocobHocmu
rnoesnowams KpacHeili u 6auxcHUli UHPPAKPAcHbLIl criekmp, 4mo yKasbieaem HA Mo, 4mo
2emo2n106uH passusaemca crneyuasabHo, Ymobbl 103807AUMb 3MUM OAUHAM 80sH npolmu. Hacoc
CCO umeem 6osee OUHHYH 380/0UUOHHYH UCMOPUIO, YeM 2eM0o2s106UH, MomMmomMy 4mo OH bbin
yHacnedosaH om 6akmepull, Komopsle GopMuposaau cumbuomuyeckue OMHOWEHUA 8
MUMOXOHOpUsX (8niepssie A Hanucan 06 amom 8 2006 200y, Ymobbl 360AHOUUOHHO «0OBACHUMbY,
rnovyemy Kpoeo KpacHas). Jemexkmopsl amux 6akmepuli sce euje cyuwyecmsyrom Kak ¢puosnemossoie
bakmepuu, Komopble UCMOAb3YHMCA 8 UccnedosaHuax Ha Hacoce CCO; 5) TuHa Kapy
MPoO0eMOHCMPUPOBAaAA HOYHbIE YPOBHU MENAMOHUHA, HO He OHEeBHble YpPOo8HU, 4Ymobbi
MoAHOCMbIO  UH2UubUpPOoBaAMb  MOAOHUMENbHbIE 3(hheKmbl UHPPAKpPAcHo20 ceema. 3mo
yKa3bigeaem HA Mo, Ymo MesdMOHUH U e20 WUpOoKue KonebaHus 8 mevyeHue 24 4acos moaznu
380/110UUOHUPOBAMb, UMObbI He Npensamcmeosams fnpeumyu,ecmesy cosnHeyHozo ceema. Xoms
KpynHble 3UeomHble mo2ym umems mosavKo 10% Knemok, s¢pdhekmueHo nodeepzaroujuxca
eo30elicmeuro ceema, nocmynarWe20 8 UX mend, d MesKue MUBOMHble, Komopble
cywjecmeoeanu, Ko20a noasusadce Kpoeb, nodeepaasnuce eo3delicmeuto Ha 100% ux Knemok,
nosmomy y Hee 00aXHO 6blA0 6biMb CUAbHOE 380MHOUUOHHOE 0assieHue, Yymobbl noay4ume
«MpPasuUbHYO» KPOB...

B «npobupKe» aHTMOKCMAAHTbl OTPULAIOT AENCTBME CBEeTa, a CBeT OTpuuaeT 3pdeKThbl
oKuUcauTeneil. B HEKOTOPOM CMbICe 3TO MOXKeT 6biTb NOoAOB6HO TOMy, Kak CBeT ABasfeTca
aHTMOKCMAAHTOM. [pyrve paccy*KAEeHUA YKasblBalOT Ha TO, YTO 3TO MOMOraeT, byayuu nerkum
NPOOKCMAAHTOM, TaK e KaK yrnpaHeHMe NOMOraeT: peakLma opraHnama AenaeT ero «CUabHee»
pa3NnYHbIMK cnocobamu.

...CuMTaeTca, YTo KpacHbl cBeT paboTaeT, npon3soga buoxummnuyeckunii adpPeKkT B KaeTkax,
KOTOPbIV YKpennser MUTOXOHAPUU. MUTOXOHAPUU ABAAKOTCA MCTOYHUKOM SHEPTUM KNeTKU —
MMEHHO TaM CO343€eTCs 3Heprus Knetku. MoneKkyna, Hecylas 3Hepruio, HaigeHHas B KneTKax
BCEX KMBbIX CyLLecTB, HasbiBaeTca ATO (apaeHo3nHTpudocdar).

Yeenuuusas pyHKUUO MUmMoxoHOpuli ¢ nomowbio RLT, Knemka moxem npou3sooums
bonbwe AT®. bnazodapsa boavbwemy Koaudecmsy sHepauu KAemixu mo2ym yHKUUOHUPOB8AMb
bonee aghghpekmusHo... AnuHel 80aH om 600 6o 900 HM NPoxodam uyepe3 Kposb U 800y 8 MKAHU
bonee nezKo, Yem Opyaue O0auHbl 80sH. OKoso 35% sHepauu 8 smom OuanaszoHe rnoaaouiaemcs
crneyugu4yeckuM  «MPOMOHHbIM  HAcocom»  (yumoxpomokrcudassl, CCO, «Kkommnaekc [1V»)
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8 MUMOXoHOpuAx. Ceem HA 4Yembipex KOHKPemHbix OaUHAX B80sH «3arnyckaem» Hacoc CCO,
Komopbili No380aqem npou3sodums 6osbwe comosoli sHepauu, AT®»>,

Bo MHOMMX WMCTOYHMKAX YKa3blBAae€TCA Ha TO, 4YTO KpacCHbIA CBeT yJjydwaeTr paboty
MUTOXOHApPUIM. Hanpumep, B ctatbe npodeccopa MeHa Axkedpdppu (JloHAOH):

«Y MUTOXOHAPUWN cneumdUUecKme XapaKTEPUCTUKKN NOTOLLEHMA CBETA, BAMAIOWME HA MUX
paboty: 6bonee ANMHHbIE BOMHbI B AManasoHe oT 650 go 1000 HM noraowarTca U yaydlatoT
paboTy MUTOXOHAPUIA, NO3BO/IAA MM BbipabaTbiBaTb 60/bLLE SHEPTUM»*,

«KpacHas csetoBas Tepanusa (RLT — Red Light Therapy) ncnonbsyet aHepruio ¢oTOHOB
KpPacHOro cBeTa — 3TO UenebHas cTpaTerns, KOTopas UCMO/b3yeT KPacHbI TOHMPOBAHHbIM CBET,
YTOObI CTUMY/IMPOBATb €CTECTBEHHbIE CUCTEMbI 3aLLMTLI OPraHU3MA M NPUHOCUTL o0baeryeHue ot
pas3snyHbIX 3aboseBaHui. OCHOBa 3TOrO0 TWMA JIeYEHWUA CBA3aHA C TeM, YTO KpPACHbIM CBeT
nomoraet  aKkTMBMpoBaTb  CUHTE3  AT®  (ageHO3UHTpUdochopHytdO  KUCAOTY,  wuau
aAeHOo3UHTPUbOCHaT) B MbILLEYHbIX TKAHAX, BbICBODOXKAan 6o/blue SHEPTUM O1A UCNOIb30BaHMSA
OpPraHM3MoMm...

Kpome moezo, u3zeecmHo, 4mo 8 [Mpoyecce 3aXUB/AEHUS PAaH aKMUBHoe y4yacmue
ApUHUMarom Kaemku nelikoyumapHo2o 3eeHa» ° [Whelan H. T., 2003].

«Ysenu4usaa ¢yHkyur MumoxoHopuli ¢ nomowbto RLT, Knemka moxem npou3sooume
bonbwe AT®. bnazodaps 6oabuwieMy Koaudecmsy sHepauu Kaemku moz2ym (hyHKUUOHUPOBAMb
6onee 3gppekmusHo...»°.

AT® urpaeT B GYHKLMOHMPOBAHMM OPraHM3Ma OFPOMHYIO PO/b, ABAAACL, NO CYyTU Aena,
YHUBEPCA/NbHbIM 1 BE34ECYLLMM UCTOYHMKOM 3HEprum ana 6onblMHCTBA npoueccos (puc. 4).
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Puc. 4. Cxema NOTOKa sHeprum B 9yKapMOTM‘-IECKOl7I KNeTKe, HAYMHAA OT eé UCTOYHMKOB U A0 €€ UCNOAb30BaHMA
ONA BbINOJIHEHWUA TON UK UHOMN pa60TbI

B o630pHOM paboTe «Ponb Kucnopoga. MCTOUHMKM 3HEpPruM B opraHusme» ' nokasaHa
Ba*KHeMLan sHepreTuyeckasa ¢pyHkuma ATO:
«AT® MOMKHO CPaBHUTb C aKKYMYJATOPOM, KOTOPbIA perynasapHo 3apsaxaerca W
paspsskaetca. Kak npovcxogut 3apag ATO?
AT® — 370 BeLEeCTBO afeHO3MH, K KOTOPOMY npucoeanHeHbl docdaTHble ocTaTku. B aTom
C/yyae CoeAMHeHMe 3apAKeHO 3Hepruein. Ytobbl HaM MNOAYYMTb SHEPrUIo ANA PaboTbl MbilL,
Mmo3ra u ap., ot AT® otwennsetca oanH GOCHOPHbLIA OCTAaTOK, U Mbl MONYHaEM KBAHT YMCTOM

https://nebolyachka.ru/2019/05/08/lechenie-krasnym-svetom-pravda-vymysel-pobochnye-effekty/.
https://www.gazeta.ru/science/2020/06/29_a_13134793.shtml.

Tam ke.
https://nebolyachka.ru/2019/05/08/lechenie-krasnym-svetom-pravda-vymysel-pobochnye-effekty/
https://thermalwater.com.ua/hypoxia/istochniki-energy-v-organizme-rol-kisloroda/
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sHeprum (ot 40 go 60 Kx/Mmonb). ECnn HyKHa elle 3Heprua, To OTLLENIAETCA eLle OAMH OCTaToK,
W Mbl NONYYaeM YyKe 2-i YNCTbIA KBAHT 3Heprumn ot storo ATO.

Otpava dochopHbIX OCTaTKOB paspsrkaeT AT® — oH cTaHOBUTCA afeHo3MHAudbochaTom
(AQD), a 3aTem HeopraHuyeckum docdatom (PH). AAP 1 PH — coeanHeHUs, n3pacxonoBasLUMe
SHEPrMil0 U  HyXgalowueca B BOCCTAHOB/JEHMM; AN 3TOMO afeHO3WH BO3BpalLAeTcA B
MWUTOXOHAPUN, TAE K HEMY NPUCOEAMHAIOTCSA ABA OTLLEMNAEHHbIX OCTaTKa, U OH CHOBa CTAaHOBUTCA
Tpudochatom (ATPD). 3agaya MUTOXOHAPUA KaK pa3 M COCTOUT B TOM, YTODbl BOCCTAaHOBWUTH
monekyny AT® nnum cosgatb HoByto ATO.

ATO > AP — aKKyMynaTop paspAxaercs;

ALD SATO — akKYMyNnATOP 3apArkaeTcs.

Takou uukn 3apsadku AT® Hasbigaemcsi okucnumesibHoe ¢hocgpopusniuposaHue. OH
OormkeH npoucxodumse 8 XUueol Kremke HernpepbieHO — Moriekyrna AT® e knemke, Haxodsujelics
8 aKmu8HOM COCMOSIHUU, fpodesibisaem amom Yukil Kaxoble 50 ceKyHO».

MNTak, KpacHbIli CBET Yepes3 aKTUBALUMIO BbIpaboTkn ATP-monekyn gaet AONONHUTENbHYIO
SHEpPruto OpraHM3my, KOTOpbI HaNPaBAAET ee B TOM YUC/Ie U Ha peLleHne KaKUX-To npobnem,
CBA3aHHbIX C HapyweHnem GYHKLMOHUMPOBAHNA MU3-3a HEAOCTATKA 3Heprum. OcobeHHO, Kak 3To
OTMeYaloT aBTopbl 0630pHOM cTaTbh «Ponb Kncnopoaa. ICTOYHUKM SIHEPrUK B OpraHM3me», 3Ta
«NoANUTKa» KPacHbIM CBETOM BaXKHA A/1A CTapetoLwero opraHmM3ma.

OfHaKo, HECMOTPSA Ha TO YTO POJiIb KPACHOFO CBETA He C/ly4aiiHa, U 3TO 04YeHb «yMHbIl U
«ecmecmeeHHsbili  pe3ynbmam  380/t04UU»,  BO3HMKAET HEACHbIA  acrneKkT, KOoTopbli
YNOMWHAETCA, HO HE aHANU3UPYEeTCA, — OTMEYAETCA, YTO KPYMHbIE }KMBOTHbIE MOFYT NOy4YaTb
cBeT ToNbKO ana 10% KNeToK, KoTopble HaxoAATCsA 61M3KO K NOBEPXHOCTM Tena, B TO BPEMA KaK
MeJIKME KMBOTHbIE «MPOCBEYMBAIOTCAY MNONHOCTbIO:

Bo-nepBbix, 3TO «3BONOUNOHHAA ANCKPUMUHALMA» KPYMHbIX *KUBOTHbIX MO CPAaBHEHUIO C
MENKUMM, KOTOpble MOryT OblTb «MNPOCBEYEHbI» KPACHbIM CBETOM HACKBO3b. BO-BTOpbLIX,
HEMOHATHO, @ MOYeMy [AaHHbIN MeXaHW3M 3BOJOLMOHHO HACTO/IbKO HECOBEPLUEHEH, YTO
ocTaBnAeT 6e3 cBETOBOM NOALEPKKM KNETKU, Hanpmumep, BHYTPEHHUX OPraHoB?

Taknm 0bpa3om, No MHEHUIO BONbLUMHCTBA YUYEHbIX, KPacHbIA CBET, KOTOPbIN 06pa3syeTca
n3 6enoro CONHEYHOro CBETAa W PaACNPOCTPaAHAETCA Janblie 4Yepe3 paccenmBaHue W
NOMMWHECLLEHLMIO 3PUTPOLIUTAMM B BUAE KPACHOIO CBETA, ABNAETCA XU3HEHHO HEOHX0ANUMbIM
KOMMOHEHTOM KNETOYHbIX NPoLeccoB. [loyemy »Ke Toraa «o4eHb YMHbIM pe3y/ibTaT 3BONOLUU»
oCTaBua 6€3 NoaAepP KKN BaxKHENLMNE TKAHN U OpraHbl BHYTPU KPYMHbIX XMBOTHbIX, @ CHabamn
NOALEPKKOWN TO/IbKO MPUMNOBEPXHOCTHbIE TKaHU?

MorKeT OblTb BAMAHME KPACHOTO CBETA HACTO/IbKO HEeCYLLeCTBEHHO, YTO OpraHM3m
HY»KJAeTCA B HEM INLWb NPWU NOBEPXHOCTHbIX MNOBPEXAEHUAX, HANPUMEp, paHax, A3Bax M T.n.?
34eCb CONHEYHbIM CBET OKa3blBAeT CBOE MONOXMUTE/NbHOE AEeWCTBME B TOM YMCNe U 33 cyeT
KpPaCHOM 4acCTu CneKTpa W Bbi3blBaeT 3PPEKT YCKOPEHHOIO 3aXKMBNAEHUA 33 CYET CTUMYAALMUM
BblpaboTkn AT®-monekyn (cm., Hanpumep, amcceptaumio H.H0. Lypaesoir®).

MOXHO, OAHaKO, MNPeAnONOXWUTb, YTO KpaCHbIA CBET BCe-TaKM  MomoraeT
GYHKUMOHUPOBAHMIO KNETOK U FNy6OKO BHYTPU OPraHU3Ma, @ He TO/IbKO HA €ro NOBEPXHOCTHOM
cnoe. 34ecb MOXKHO BblABUHYTb ABE rTMNOTE3bl — NENKOLMUTHYIO U CBETOBOAHY!HO.

1. «J/leMKouUTHaA runoTesa»

B ecTecTBeHHbIX YC/NIOBUAX CONHEYHbIA CBET MonaAaeT B TKaHW, U B NeEPBYIO oyepeab B
KPOBb, TaK KaK 0OblYHbIEe TKAHW CBET HE NPOBOAAT (puc. 5).

8 https://search.rsl.ru/ru/record/01002974780
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Puc. 5. CnekTp u3ny4yeHus oT «benoro» cCBeToAMOAa, MPoLleawero Yyepes najel 4YesioBeKa: CUHUN rpaduk —
naneu, He NepPeTAHYT 3NACTUYHBIM KIYTOM, KPACHbIM rpaduK — nanew, NepeTaHyT 31aCTUYHBIM KIYTOM
(skcno3smuma — 1 cek)

370 6bI10 YCTAHOB/IEHO B 3KCNEpUMeHTe®, Koraa nyy ceeta 6e10ro cBeToanoaa, nNpoxoas
yepes nasnew, NPEeBPALLAICA B KPACHbIN CBET C YETbIPbMS YETKO BbIPaKEHHbIMW MOZaMMU (CUHSAA
KpuBaa Ha puc. 5). Ho nocne Toro Kak nanel, sKcnepumeHTatopa 6bin nepexKar XKrytom u
NIMWNACA KaNnUANAPHOTO KPOBOTOKA (NOCUHEN), OH MepecTan nNponyckaTb CBET (KpacHaa KpuBas
Ha puc. 5). icHO, YTO NPOBOAHMKOM CBETA B Te/IE Ye/I0BEKA AB/AETCA NPEUMYLLECTBEHHO KPOBb.

B opraHmMame okono 200 TMNOB Pa3INYHbIX KNETOK. MOMKHO 40NYCTUTb, YTO NPAKTUYECKM
BCE OHW MOYTM HE MONYYaAOT KPACHbIW CBET, TaK KaK OH NPOHUKAET NNLWb B NPUNOBEPXHOCTHbIE
cnou Tena. 34ecb CBET MonagaeT uyepes3 Kanuanapbl B KPOBb, r4e paccemBaeTca KpacHbIMU
3PUTPOLIUTAMU N OCBELLLAET NIEMKOLUTDI:

«J1eKOLMTbI BbINOAHAIOT PO/b 3aLUMUTHMKOB OpPraH13ma OT BCEBO3MOMKHbIX HEHYKHbIX eMy

BO3JENCTBMIN 1 3aLMLLAIOT ero OT BparoB. AKTUBALMA MX AEATENbHOCTU C NOMOLLLIO KPacHOro

cBeTa — O4YeHb BaXKHasA 3a4aqa 4na nboro opraHmama» (Bukuneaus).

B KpoBM eCcTb TPU OCHOBHbIX TUMA KAETOK: 3pUTPOLMTBI, NENKOLMUTLI U TpOMBOUUTBI (Cm.
puc. 2). IpUTpOLMUTbI OTPAXKaKOT KpacHbIi cBeT, 6osee TOro, B HUX HET MUTOXOHAPUM, U OHU B
HemM He HyxpgatTcAa. MUTOXOHAPUM eCcTb B TpombouuTax W NerKouuTax, KOTopble MOryT
MCNONb30BaTb KPACHbIM CBET ANA nog3apaakn AT®-monekyn.

PaccmoTpum mogenb ynydleHUA KU3HeOeATeNbHOCTM OpraHu3ma KpacHbIM CBETOM,
OCHOBbIBaACb Ha rMnoTese akTueaumun ATP-cuHTE3a B IEMKOLMUTAX.

JlelikounTbl TEOPETUYECKM A0/KHbI XOPOLIO NOT/IOWAaTh KPACHbIN CBET (AaHHbIX 06 3TOM
aBTOPbl HAWTU HEe CMOT/AN), TaK Kak OHM MMEHT B OCHOBHOM Oesnblit LBET M MOYNPO3PaYHbI
(puc. 6).

9 http://www.trinitas.ru/rus/doc/0023/001a/1104-shn.pdf



Puc. 6. NenkoumnTbl (OT Ap.-rpeyd. AeUKOG — 6enblil U KUTOC — BMeCcTUAULLE, Teno; byKBanbHO 6enble KNeTkn) —
HeogHopoAHan rpynna Pa3ANYHbIX no BHELHeMyY BUAY " bYHKUMAM KNeToK
KPOBW YENOBEKA U KMBOTHbIX, BblAE/IEHHAA N0 NPU3HaKaM HaMYMA A4PA U OTCYTCTBMA CaMOCTOATE/IbHOM
OKpacku. O6pasyloTcs B KPAaCHOM KOCTHOM Mo3re, 06HapyKMBakTCA BO BCEM OPraHM3Me KMBOTHOTO.
MPOAOMKUTENBHOCTb KU3HU IeMKOLMTA KOEeBNETCA OT HECKO/IbKMX YacoB A0 HECKONbKUX neT. [NaBHan
dYHKLMA NEeMKOLMTOB — 3alLMTa OpraHM3ma OT NaToreHoB M yaaneHue NPoAyKTOB PaspyLleHUsa TKaHew.

B pamkax nepsor runotesbl, «NOA3aPAAMBLUMCL» B MNOBEPXHOCTHBLIX Kanuanapax,
NenKoumnTbl NONaAaoT U3 KanUANAPOB B BEHO3HYKO CUCTEMY M OTTyAa Yepes cepaue v Nnerkve
no BTOPOMY KpYyry WAYT B KanuAnApbl, NpUYEm YyKe He TONIbKO MNOBEPXHOCTHble, HO U
rnybuHHble. Takum 06pa3om, COracHO Halwen runoTese, NENKOLMTBI, NONaBLLIME B KAaNUANAPDI,
6/M3KMe K MOBEPXHOCTW, MOA3APAXKAKTCA OT KPACHOrO CBETA M MOTOM YK€ C MOBbIWEHHOM
SHepreTMKon pacnpedenaromca o ecemy Op2aHU3MY. 34eCb MOMKHO MCNONb30BaTb
CNeaylowyo anneropuio - KWUTbl BbIHYXXAEHbl MHOrAA BCM/bIBAaTb HAa MOBEPXHOCTb, YTOObI
HabpaTb B nerkMe BO34yXa, a JIEMKOUMTbl MEpUoOAMYEcKM MOMNaZaloT B MOBEPXHOCTHblE
Kanunnapel, rae Noay4yatoT AONOAHUTENbHYIO CBETOBYIO IHEPrUIo.

3Ta MmoZenb MMeeT HEeCKOIbKO TpyAHOCTeN. MonyyaeTcs, YTO NeNKOLMUTbI NOA3aPAKAIOTCA
TONbKO Ha MNOBEPXHOCTM Tena, a MOTOM MNPOXOAAT AJIMHHBLIA NYyTb MO KPOBOTOKY, 4TOObI
MCNO/b30BaTb CBOK NOA3APAAKY OT KPAaCHOro cBeTa B Apyrux mectax. OYeHb C/I0XKHAA CXema.
Tem 6onee He SCHO, Ha KaKoe BPemMA KpacHbIM CBeT A00aBnAeT /eMKouMTam 3SHepPruu.
Bnpouem, npeaBapuTesbHaa OLLEHKA NMOKa3bliBAaET, YTO 3TO BO3MOXKHO. [Jeno B TOM, YTO LUUKA
3apAAKUN-PA3PAAKM KaxKaon ATD-monekynbl, N0 HEKOTOPbLIM AaHHbIM, paBeH 50 cekyHAaMm:

«Takol UMK 3apaakn AT® HasbiBaeTca okucauTenbHoe ¢pochopunmposarHmne. OH JoMKeH

NPOUCXOAWUTb B KMBOW K/EeTKe HenpepbiBHO — Mmosiekyna AT® B KneTke, Haxogslleilcs B

dKTUBHOM COCTOAHWUU, NpoAdenbiBaeT 3TOT LUK KaXable 50 ceKpr,»l".

CnepnoBaTesibHO, 3apPAAMBLUNCL B Kanuanapax, 6/IM3KMX K MOBEPXHOCTU, OT CONHEYHOro
ceeTa, ATP-Monekyibl NEMKOLMUTOB MOTYT aKTUBMPOBaTb MX PaboTy B Kanuanapax BCero Tena,
TaK KaK KPOBOTOK Mo 60oablIOMY Kpyry KpoBoobpalleHns npoxoauTt Bcero 3a 20 cekyHa, a no
ManomMmy — 3a 4 ceKyHabl.

NTaK, Mbl MOXXeM MPeAnoNoKnTb, YTO POSb KPACHOrO CBeTa CBOAMTCA K «Noa3apaaKe»
NPenMyLLeCTBEHHO JIEMKOLMTOB (M TPOMOOLMTOB), KOTOpPbIE MCMO/b3YIOT €e B «/1e4ebHbIX»
Lenax no BCeEMy OpraHusmy.

Ho B Takolt mozenn ectb nornyeckne wmsbaAHbl. [onydaerca, 4To Aulib Hebosbluoe
KONMYECTBO NENKOUUTOB 06/1a4aeT MOBbIWEHHOM aKTUBHOCTbIO, @ WMMEHHO Te, KoTopble
nobbiBaM A0 3TOr0 B MNPUNOBEPXHOCTHLIX Kanunanapax. OcTanbHble NeMKouuTbl He
«aKTUBUPYIOTCA». KaKOB NPOLEHT aKTUBUPOBAHHbIX NeMKOUNTOB? TPYAHO BbIYUCAUTBL TOYHO, HO
ACHO, YTO HebonblOM, a cnegoBaTenbHO, 3GPEKTUBHOCTb TAKOM CBETOBOM aKTMBALMKM BECbMA
HU3Ka.

10 K. CseHcoH, I1. Yabcmep. Knetka. Mup, Mocksa, 1980, c. 149-150.



Mo3TOMYy MOMKHO PACCMOTPETb APYryld MOAEeNb, B KOTOPOM aKTMBALMA He TOJIbKO
NEeNKOLUTOB, HO M OCTa/IbHbIX KNETOK OpraHn3ma Ha NopsAoK BblLle.

2. MpoHML,aeMOCTb TKaHEN TeNa Yesl0BeKa ANA CBeTa

B pasHbIX MCTOYHMKAX AaeTcAa pa3Haa rnybuHa NPOHMKHOBEHMA KPACHOrO CBeTa B TKaHWU
yenioBeka. Ho BO MHOIMX UCTOYHMKaAxX rNyburHa orpaHnuYmMBaeTca 2,5 caHTUMeTpamm:

«KpacHbIi U 6ANKHUIA MHPAKPACHDBIA CBET — 3TO «OKHO» AJIMH BOJIH, KOTOPOE MOMKET

NPOXOANTb CKBO3b TKaHb rybuHol go 1 atoiima (He 6 A0MMOB, KaK yTBEPXKAAIOT HEKOTOPbIE BE6-

cantbi)»™,

Hapo oTmeTuTb, YTO KOrga nuwyT o rybuHe B 25 Mm, TO pedb naet o6 MCKYCCTBEHHOM
cBeTe OT CBETOAMOAHbIX MCTOYHMKOB. Ha camom pene rnybuHa NPOHMKHOBEHWA B TKaHU
3aBUCUT OT MHOIMX GaKTOPOB: ANMHbI BOMHbI (puc. 7—8), NHTEHCMBHOCTU 061y4eHuns (puc. 9) n
LWMPUHbBI NATHA 061yyeHus (puc. 10).

YO uanyuetve Buaumblit ceer
—\ ;J/—m‘ WMudppakpacHoe nanyyerue
AL B |
A, i

4 5 10 3 mm

Y

v

nyBuHa NpoHUKHOBEHUA
WK nany4yexus B Teno Yenoseka

Puc. 7. I'ny6MHa NPOHUKHOBEHMA CBETA B T€/10 Ye€/10BEKA B 3aBUCMMOCTU OT AJZINHbI BOJIHbI CBETA

Excimer NdYAG  CO; ] Ruby Alexandrite Diode  NdYAG
wanm 2940 nm 1mnmm14un 532 nm 585-800nm E94nm  755nm  BOONm 1064 nm

HTPPQL

Stratum
comeawm

TN

Epidermis <

Dermis 4

Dermal vessals

Puc. 8. CTpYKTypa KOXM U r1yBuHa NPOHUKHOBEHUSA CBETOBOTO M3/TY4EHUA Pa3NINYHBIX AAUH BOJH

11 Tam Ke.



«lMpn B3aMMOAENCTBUN C NOBEPXHOCTbIO Te/sa YesI0BEeKa YacCTb OMTUYECKOro W3/ay4yeHusA
OoTpakaeTca, Apyraa paccenBaeTcsA, TpPeTbA MOrNOoWAeTcA, a uYeTBepTad MpPOXOAUT CKBO3b
pa3niMyHble C/1I0M BMONOrMYECKUX TKaHel. Yale Bcero o6beKTOM B3aMMOZLENCTBMA OMNTUYECKOTO
M3/ly4eHUA OpraHM3Mom fABAAeTcA KoXKa. KoadduuMeHT oTparkeHus u3nydeHua cnabo
NUrMEHTUPOBAHHOM Koxel gocturaeT 43—55% u 3aBUCUT OT MHOTMX NPUYMH. TaK, Hanpumep, Yy
MYXUYUH OH Ha 5-7% HUXKe, yeM y XeHWUH. NTUrmeHTUPOBaHHAA KOXa OTpaXKaeT cBeT Ha 6—8%
cnabee. CKonb3flee MafeHWe CBETa Ha MOBEPXHOCTb KOXWM yBenuumMBaeT KoadpdpuumeHT
oTparkeHns Ao 90%. XapakTep B3aMMOLENCTBMA OMTMYECKOrO M3y4YeHMsa c BUonormyeckumm
TKAHAMM ONpeaenseTcs €ero MpoHUKatoWwen cnocobHocTblo. PasnuyHble cion  BUMOTKaHM
HEOAMHAKOBO MOI/IOWAOT  ONTUYECKOE  M3/lydeHWe PasHOM  AJIMHbI  BOJIHbL.  [nybuHa
NPOHWKHOBEHMA CBETA HapacTaeT Npu Nepexoae oT yAbTPaduoaeToBOro n3ayveHna ao 6anKHero
MK gmanasoHa c 1 mKkm 8o 2,5 mm, a B cpeHem 1 AanbHem gMana3oHax pe3ko cHuxkaetca go 0,3—
0,5 MM. OKCUTEHUPOBAHHbIA FEMOFN0OUH MHTEHCUBHO MOT/IOLLLAET CBETOBOE U3/IyYEHUE, HAUMHAA
c Y® obnacTv 1 40 AAvHbI BOAHbI 600 HM € MaKCUMyMOM B 585 HM» *2,

rNYBUHA NMPOHUKHOBEHUWUA NA3SEPHOIO
M3NYYEHUA B TKAHU

XonogHweii Nasep BbicOKOWH
nasep MHTEHCUMBHOCTH

a8 8

Anupepmuc
Aepma
MogkowHo

HUpOBan
KIETYaTKa

MelweyHan
TKaHb

Koctb

Puc. 9. Fny6MHa NPOHUKHOBEHWNA B TKAHW Na3epPHOro n3ny4yeHna B 3aBMCMMOCTU OT MOLLHOCTU N1a3epa

Eonbwoit pazmep

Pasnwuraa raybuna
NpOHUKHOBEHWA

T

Puc. 10. CBs3b rnybuHbI NPOHNKHOBEHMA KPACHOTO CBETA B TKAHW B 3aBUCMMOCTM OT NiowWwaam obayyeHus

12

Mypasnes B.K. Ponb onTUKK Npu n3yyeHun napametpos Kposu/ B.K. Mypasnes, I.O. MyKaTait. TeKcT:
HenocpeAacTBeHHbIN // Monogoi ydenbii. 2017. Ne 25 (159). C. 187-190. URL:
https://moluch.ru/archive/159/44826/ .
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«BnunaHne pasmepa nATHa Ha rAyOMHY NPOHUKHOBEHWA NA3epHOro usny4veHuda. B xope
NPOHUKHOBEHWA U3/TYYEHMA B KOXKY OHO pPacceMBaeTcs, NO3TOMY Npu yBeandeHun pasmepa nATHa
rnybuHa, Ha KoTopon b6yger AocTUrHyto 3ddeKkTuBHoe 3HayeHue awoeHca, byaer
yBesmumnsaTbea» .

Ecnn paccmaTtpuBatb rybuHy NPOHUKHOBEHUA CpeAHEero no MoOLLHOCTU CBETOAMOAHOrO

MCTOYHMKA KPACHOro CBETa B TKaHM Ye/I0BEKA, TO OHA AENCTBUTENIbHO He MnpeBbiwaeT 25 mm
(puc. 11).

Puc. 11. CBeT OT KpacHoro ¢oHapuKa, NpUKaTOro K pyKe WUCMbITYeEMOro, co34aeT Opeos BOKPYr GpoHapuKa Ha

paccToaHun Ao 15—20 mm. MOXKHO NPeanoioXKUTb, UTO BrAybb CBET NPOXOAMT Aanbliue — 40 25 Mm

Ho TakKoe WHTEHCMBHOE OCBelieHUe ABAAETCA MCKYCCTBEHHbIM U HE MOXET 6bITb

PAcCMOTPEHO A1 eCTeCTBEHHOro 3BO/IIOLMOHHOIO MeXaHM3Ma BO3AENCTBMA CONHEYHOro CBeTa
Ha cTUMynaumio cuHTesa AT®P-monekyn. CoNHeYHbI CBET MMeEeT BCEero NMLb YacTb CNeKTpa
(meHee 30%) B anana3oHe KpacHoro ceeTa (puc. 12). Moatomy BpAA M OH NPOHUKAET r1yboKo
noz KOXy, Hanpumep, 6osee yem Ha 5 mm.

MHTEeHCUBHOCTb uanyueHus B Br/m’

2500 -
Maxkcumym
2000 -
U3ny4yeHne BHe aTMoctepbl 3emnu
1500 -

U3ny4yeHune Ha NOBEPXHOCTU 3eMnu

1000 -

500 4

250 500 750 1000 1250 1500 1750 2000 2250
AnuHa BonHbI U3nyvyeHus ConHua B HAHOMeTpax

Puc. 12. VHTEHCUBHOCTb CO/THEYHOIO N3NYYEHMA B 3aBUCMMOCTU OT A/IMHbI BOJIHbI

13

https://semilukskaya-crb.ru/uhod-za-volosami/4-vida-apparatov-dlya-lazernoj-epilyatsii-ih-tehnicheskie-
harakteristi-i-sravnenie-diodnyj-aleksandritovyj-rubinovyj-i-neodimovyj.html
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Mpuyem HeKoTopble UcCAeaoBaTeNU MOJaraloT, YTO COJIHEYHbIN CBET NPOHMKaEeT B TeNo
yepes TKaHMW, a He Yepes3 KPOBb U Ha OYeHb HEBO/bLUYIO TYBUHY: « BUAMMbIE Iy4M NMPOXOAAT
yepes C/10M TKaHW B HECKO/IbKO MUNIMMETPOBY.

Manas NPOHMLLAEMOCTb TKaHell Ye/I0BEeYECKOro OpraHusMa Aaske ANA AJIMHHbIX nydeit

COMHLA 0BBACHARTCA TEM, YTO HalUK TKaHW, B TOM YMCNE M KOXKa, (NpeacTasasioT coboit MyTHYHO

cpefy, COCTOALLYIO U3 HEOAHOPOAHbIX KNETOK C HEOAMHAKOBbIM KO3DPULMEHTOM MpesoMAeHMA.

M yem panblie yrnybaaTbca B Hall OpraHM3m, Tem Bce bonee yBenuumsaetca 3Ta MyTHOCTb

BCNeACTBME pa3HOODBpasua KAETOK, MOAO0BHbIX 3MNUTENNI0, COeAMHUTENbHOM TKaHW, Xupa,

KPOBEHOCHbIX COCYA0B U T. A. B UTOre BbILLEN3I0KEHHOTO MOXHO CYHUTaTb [0 U3BECTHOMN CTeneHn

BEPOATHbIM, YTO 1) MHPpaKpacHble Nyunm 06nafatoT CNOCOBHOCTBbIO MPOHMKATb Yepe3 TKaHW

YeNOBEYECKOro OPraHM3ma, Jaxe Npu TOLMHE UX B HECKOIbKO CAHTUMETPOB; 2) BUAMMbIE Nyum

NPOXOAAT Yepes C/I0M TKaHN B HECKOIbKO MUAIMMETPOB; 3) yabTpadunonetosble Nyun NPOHMKAKOT

yepes CNou TKaHM, M3MepsAemMble COTbIMU U AeCATbIMUA A0AAMU MUNIUMETPA.

McTouHuK: https://meduniver.com/Medical/profilaktika/1326.html MedUniver

C TOYKM 3peHus aBTOPOB 3TOT BbIBOA, ABAAETCA YMCTO YMO3PUTENbHbIM. MO3TOMY MbI
npegsaraem «CBETOBOAHYIO» TMMNOTE3y MPOXOMKAEHUSA CBETA Yepe3 KPOBEHOCHYIO CUCTEMY MO
BCEMY OpraHu3my cpasy.

3. «CBeToBOAHAA rMnoTesa»

AnbTepHaTMBHbIA  BapWaHT  PacnpoOCTPaHEHMA  3SHEeprMnm OT  MPUMNOBEPXHOCTHbIX
KanuAAPHbIX COCYA0B MOXHO NPeACTaBUTb B BUAE YNCTO GU3MYECKOM MOLENN NPOXOKAEHNA
CBEeTa Yepes3 CUCTEMY KPOBEHOCHbIX COCYAOB MO BCceMy Teny. ApTepuUM U BeHbl MOTYT ObITb
«CBETOBOAAMW Y, Yepe3 KOTOPbIE KPACHbI CBET CO CKOPOCTbIO CBeTa (MPaKTUYECKN MIHOBEHHO)
nonagaeT BO BCe KannANApbl B opraHname u3 ntoboi Toukn obayyeHus.

OcHOBaHMe p[/s TaKoW BepcuM ecTb. ITO pe3ynbTaTbl IKCMEPUMEHTA C NepexKaTbim
nanbuem. Ecnn oo neperkaTtma oH NPonycKan A0CTaTOYHO 60/1blOe KOIMYECTBO CBETA, TO Noc/e
TOrO KaK MCNbITYyEMbIN MCNOMBb30BA/ KIYT M Nanel, nocMHen (Kanunnapbl octanucb 6e3 Kposw),
CBET Yyepes nasel, NpoxoauTb nepectan (cm. puc. 5). B To e Bpema naneu, NOACBEYEHHbIN
CHM3Y 6e/bIM UK KPACHbIM UCTOYHMKOM, CUAET KpacHbiM cBeTom (puc. 13).

Puc. 13. MNanew, UCNbITyeMOro, Yepes KOTOPbI MPOXOAMUT KPACHbI CBET OT MCTOYHMKA

Mpw 3TOM Ba*KHO OTMETUTb, YTO CBET NPOXOAUT MMMO KOCTU, TaK KakK OHU HE OCTaBAAIT
CBOEM TEHW, TeHb OCTaBAAT NUWb BeHbl Ha pyKe (puc. 14). MpuunHa, NO KOTOPOW BEHDI


https://meduniver.com/Medical/profilaktika/1326.html
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OCTaBNAOT T€Hb, OYEHb NPOCTAa — HaJj, BEHAMMU Y¥Ke HeT KanuaiApHOW CETKM, OHU MPOXOAAT
Cpasy noz Koxen. MMeHHO NO3TOMY OHWM 3KPAHUPYIOT BHYTPEHHUI CBET B TKAHU PYKM.

Puc. 14. KpacHblii CBET OT MCTOYHMKA NPOXOAMUT Yepes PyKy UCMbITYeMoro, ormbas KocTu. TeHb OCTaBAAIOT TObKO
BEHbI

3TO CBUAOETENbCTBYET O TOM, YTO CBET MAET He NPSMbIM NMyTEeM CKBO3b TKaHW PYKM, a
ormbaer Koctu. HO NOCKONbKY CBET PACnpOCTPAHAETCA TO/IbKO NPSAMOJIMHENHO, €CN OH He
BCTpPEYaeT NpenaTcTBuA, TO ormbaTb KOCTM OH MOMKET /IMLb MO CreuuasibHbIM «CBETOBOZAMY.
JIorMyHoO NpeanonoXKuTb, YTO OH PACMPOCTPAHAETCA BHYTPU KPOBEHOCHbIX COCYA0B Kak yepes
B6uonornyeckme «CBETOBOAbI» U KBbIPbIBAETCA» HAPYKY TONIbKO Yepes Kanuansapbl.

MTaK, aKCNepumeHTbI C NPOXOXAEHMEM CBETA Yepes Masiblibl MOKa3bIBAOT caeaytouee:

Mepsoe. KpacHbIi cBET pacnpocTpaHAEeTCA TO/IbKO N0 KPOBEHOCHbIM COCYAaM, eCiv OH U
NPOHWKaeT Yyepes 06blYHbIe KNETKM, TO 0YeHb Clabo.

BTropoe. KpacHblii CBET pacnpocTpaHAaeTca, MUHYs KOCTU (MHaye Obl Mbl BUAENU MUX
«TEHbY»), He NPAMOJIMHENHO, @ NO KPMUBLIM TPAEKTOPUAM, BHYTPU COCYZ0B.
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TpeTbe. HapyKy OH BbIXOAUT TONbKO Yepe3 CTEHKU KanWANspoB, KOTOpble WMET
TONLWMHY B OAHY KNETKY. B KannunnapHoOM ceTke OH NpocaymMBaeTcsa B TKaHW, NMOACBEYMBas UX.
3To HanoMMKHaEeT CBETOBOAHYIO namny (puc. 15).

Puc. 15. CBeToBOAbI, KOTOPbIE MPOBOAAT CBET, M3/YYalOLLMIACA TONbKO HA MX KOHUYMKaX (aHasor «CBETOBOAHOM»
CUCTEMbI KPOBEHOCHbIX COCYA,0B)

KanunnapHaa cuctema NPOHWU3bIBAET BCE TKAHWM OPraHM3Ma, CHabyKaa KarKayl KAeTKy
KMCNopoAom M 3abupas obpaTHO yrnekucabiit ras. OHa umeeT GpaKTasibHYO CTPYKTYypy (TMna
BETBMCTOro rpada) ¢ MHOMKeCTBOM pasBeTBAeHWUn (puc. 16). WU, ecTecTBEHHO, CBET U3 Hee
BbIXOAUT HapyXKy TO/IbKO TaMm, rAe CTeHKM KanuANsipoB CTAHOBATCA MPO3PayHbIMU O1s ero
NMPOHUKHOBEHUA B TKaHU. A UX TO/ILUMHA MMHUMA/IbHA, OHU MMEIT B CAMOM TOHKOM MecTe
OAVH CNOW KneTok (puc. 17).

K rONnoBe W pyKam

KpOBEHOC HadA CUCTeMa

BEPXHAA Nonas sexHa

neroyHas aprepus

nerkue

nesoe npeacepawve

NeBbii Xenyaoyex

npasoe npeacepaue

npasbii Xenyaouek

6plowHasn aopra

HUXHAA NOoNas BeHa

K HOram
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Puc. 16. O6Lwwan cxema KpOBEHOCHOW CMCTEMbI YesloBeKa (BBEPXY) M Cxema pa3BeTBAeHMs COCYA0B OT apTepuin 4o
Kanunnapos (BHWU3Y)

CTpoeHune Kanmnnnapa

* B cocTaB KanUANAPHOWM KNETKN BXOAAT NEPULMTbI (KNeTKM
Py»Ke) — KNeTKU COeAUHUTEIbHON TKaHWU, KOTOPbIE NIETKO
MOryT NpeBpaTUTbCA B dubpobnacTbl, ragKoMblLLIEeYHble
KNETKN nan makpodaru.

Kanunnapel nerko npoHuuaembl N4 rasoB U NnUTaTeNIbHbIX
BelwlecTts, B HUX NPOUCXOAUT razoobmeH mMmexay KpoBbO U

BO34yXOM

Puc. 17. CTpoeHue Kanunnspa ¢ TOAWMHOW CTEHKM B OA4HY KNETKy

Taknm 0bpa3om, KPOBEHOCHaA cUCTEMA, KPOME BCEX M3BECTHbIX MeauuuHe QyHKLUUN,
MOXET BbINOMHATL ewe U GYHKUMIO Mo0c8e4uB8aHUA BCEX KNETOK, YTO NPUBOAMUT K YAYYLLEHUIO
AT®-cnHTe3a BO BCex 6&3 MCKAKYEHUA TKAHAX OpraHM3ma, Aaxke camblx rnybokux. Kanuanapbl
MMEIOT A0CTaTOYHO Pa3BETB/IEHHYIO CETb M MOTYT «OCBeLLLaTb» BCe TKaHU (puc. 18).
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¢+ OBMeH BellecTBaMu Mexay
KPOBBLIO U
WHTEpCTULMANBHON
XKUAKOCTHIO MPOUCXOANT
yepes npoHuLaeMyro
CTEHKY Kanwinspos —
MEeSIKUX COCyAoB,

COeANHSAIOLNX
apTepvanbHyto 1
BEHO3HYIO cucTembl. 3a
OAHY MUHYTY YEpe3 CTEeHKMU
BCEX Kanunasapos
yesioBeka npocauvBaercs
okoso 60 nuTpos
MUOKOCTH.

Puc. 18. CeTb KanunnapoB BHYTPU TKaHeN

Onupanck Ha Bce 3TN GaKTbl, MOXKHO BbIABUHYTb CAeAYIOLWYO rMnoTesy:

ConHeyHbIW CBeT NajaeT Ha NOBEPXHOCTb TeNa M NPOHUKAET B KanuAnApbl, a 3aTtem
yepes HUX pacnpocTpaHaeTca no aptepuam (M/mnamn BeHam) BO Bce OCTaNbHble KanuAnapbl
OpraHM3ama, noAcBeuYMBaA 4Yepe3 HUX TKaAHM BCEX CUCTEM WU OpPraHoB, UYTO NPUBOAUT K
CTUMYNALUKU cuHTe3a ATD-monekyn no Bcemy OpraHuUsMy U Aaet emy AONOAHUTENbHYIO
3Hepruio.

TaKkas Mmofefib MOXET He OTPMLATb «NEeNKOUMTHYIO» rMnoTesy, a AO0MNOMHATb ee. B aton
MOZENn BCe NeNKOUMUTbl «MOoACBEYMBAIOTCA» KPACHbIM CBETOM MpPU HAXOMXAEHUM YenoBeKa B
OCBELEHHOM npocTpaHcTBe. [puyem pJa)ke HEBaXKHO COJIHEYHbIM /M CBET 3TO UM
NCKYCCTBEHHOE OcBellleHue. J1lob0ol CBeT KPOBb NPEBPALLAET B HYXKHYIO ANA cebs A/NMHY BOJIHbI
— 620..690 HM — B KpacHbli cnektp. lNpuyem Hambonbluee KOAMYECTBO KanuUANApoB
HaXOAMUTCA Ha KOHYMKaX NanbLeB, HA Nieyax U Ha anue (puc. 19).

06LwWwan NPOTAXKEHHOCTbL BCEX COCYAOB
Hawero Teaa 100 000 km, a UX NnAoOLWAADL
- 7000 m2, uyro paBHAeTcA naowaau 10
$yT60ABHBIX NOAEH.

YKUCAO COCYAOB OT a0OpThi A0 KanUAASPOB
BO3pacTaeT NpUMeEepHo B 3 MUAAMAPAA
pas.

Ha Kaxabli KBaApaTHbIN CAHTUMETP
MbILUIEYHON TKaHH NPUXOAUTCA OKOAO
5000 kanuanspos.

U3 3THX coCcyAOB NOCTOAHHO
PYHKUMOHUPYIOT AL 10%, oCcTaAbHbIe
"oTABIXaOT", ABAAACH 3aKPbITbIMU. OHU

% noAKAlOYaloTcA K pabote AMWIb BO
BpeMA 60AbLIMX GPUINUYECKUX HArPY30K,
Au60 BO BpemMsa MaccaXXHbIX NpoLeAyp.

Puc. 19. Cocyanctoe gpeBo Tena vyenoseka.
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Mo3ToMy, ecnum BblABUHYTaA rMMNoTe3a BePHa, HalM PYKU U IULLO ABAAIOTCA CBOEro poaa
OKHaMW AN NonajaHus CBeTa B KPOBEHOCHYK CUCTEMY M PacnpoCTpaHeHMA ero no Bcew
KanuANspHOM cucteme BHYTPW Tena. Mo3ToMy HaxoXAeHWe Ha Co/Hue sABnsetcs Haubonee
MONE3HbIM U NPOCTbIM BAPMAHTOM NONYYEHUA 3TOW A0NONHUTENbHOMN 3Hepruun (puc. 21).

Puc. 20. HO,D,CTaBﬂﬂ‘il COTHUY PYKMN U nnUOo, Mbl obecneunBaem yepes Kanunaapbl NpoxoxaeHne cBeta no scemy
OpraHM3my M TEM CaMbIM CTUMYAALUIO CUHTe3a ATD-moneKyn BHYTpM opraHusma. M nonydaem 3a cyet
3TOrO A,ONOJIHUTENbHYIO 3HEPIUto. 3aKPbIBaA PYKM MepyaTKamm, a IMLLO MACKOW, Mbl obecToumnBaem cBoM
OpPraHn3m, Tem CaMbiM CHUXKaA ero UMMYHUTET

Ecnn cocyabl KPOBEHOCHOM CUCTEMbI ABAAKOTCS «CBETOBOAAMMY, TO 3TO A0OCTATOUYHO JIETKO

NpPoOBepPUTb SKCNEPUMEHTAIbHO. Hanpumep, MOXKHO BBECTM B BEHY CBETOMPUEMHMUK HA KOHYMKE

Wbl C PEFrMCTPATOPOM cnaboro ceeveHma. M nocne sToro HanpaeAATb Ha Nanblbl PYK U Na0HU

MOLLHbIA CBET, *KenateNbHO KpacHbliM, Auana3oHom 620-690 Hm. Ecam patumkm 6yayt

pearmpoBaTb Ha BK/IOYEHME CBETA U NOC/AeAyHOLee OCBELLEHME PYKM, TO Hawa rmnoTtesa byget

noATBeEpPKAEHA.
KcTaTn, MOXHO NpeanonoXuTb, YTO CBET BHYTPWU COCYA0B OTParkaeT OAMH M3 C/I0EB

CNOXKHOM MHOTOC/IOMHOM CTPYKTYPbl KPOBEHOCHOTO cocyaa (puc. 21).

JHaoTENNA S
BHyTpaHHAR BazansHas Membpana %f Z
OBanoHKa Mg

MNAEHACTEMNANBHE CNofR oty

BHyTpeHHAs anacTieckan
MemMipana

MisoLpaTe

CpeaHas

chantika JnacTHdeckne

BONOKHE

Konnarenoswie
BOAOKHD

Hapywian anacTuieckan
memMOpana

Hapysuaa

ofiono<ka

BonoksucTan (puixnan)
COBOMHUTENLHAR TEaHE

KpoRBHOCHES COCYE

Puc. 21. MHorocnoliHas CTpyKTypa KpOBEHOCHOTO cocyaa
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Kakoi uMeHHOo 37O Cl'lOVI, NOHATb YUCTO TEOPETUYECKU C/I0XKHO, HO CKOpee BCero 3To nmbo

WHTUMa (BHYTPEHHWIN cnoi), nNMbo CcnoK, KOTOpbIA NEeXUT noa MHTUMOW, — 6as3anbHas
membpaHa. BeposaTHee Bcero, 3To Bce-Taku 6asanbHaa membpaHa:
«baszanbHass wMembpaHa — mMOHKUL b6ecknemoyHbll crot monuwuHol 20-200 Hwu,

omlensWUl coeOUHUMESbHYI0 mKaHb OmM KIemoK pas3fuyHo20 2eHe3a (anumeruanbHbX,
MbILWEYHbIX, WBAHHOBCKUX — pa3HOo8UOHOCMU HEPBHbIX). ba3anbHas membpaHa nodcmunaem ece
8u0bI anumersus, sHdomenul Kpo8eHOCHbIX cocydos» (Bukunedus)

B ee CTpyKType ecTb NAOTHbIW C/I0W, T.H. «NIOTHAA NAacTMHa» (puc. 22), KOTOPbIA U MOXKET
BbINONHATL GYHKLMIO BHYTPEHHErO OTPaXKatoLLEro CBET CNOA.

Ba3zanbHasa MmeMbpaHa
I

CIl - ceetnag nnacrtuHka, MM - nnoTHas nnacTtuHka,

PN - petukynapHasa nnactuHka, NMA - nonyaecMocoMmsl,

KM - kneto4yHasa membpaHa, A®M - aKopHble PunaMeHThl,
ADPB - akopHble dubpunnel, K® - konnareHosble pubpunneol

Puc. 22. CTpykTtypa 6a3anbHo MembpaHbl

EcTecTBEHHO, UTO AaHHYKO TrUNoTesy HeobXxoAMMO NPOBEPUTb 3IKCNEPUMEHTA/IbHO U
YCTaHOBUTb, AENUCTBUTENbHO NM KPacCHbIA CBET PacnpoCTPaHAETCA MO BeHam, apTepuam u
Kanunnapam, BbIXOAUT U3 MOCNEeAHUX B OpraHM3m M aKTuBMpyeT npouecc ATd-cuHTe3a Bcex
TKaHen.

5. Kakylo ponb urpaet ¢popma 3pUTPOLIUTOB 418 OTPAXKEHUA U paccemBaHuA ceeta?

Ecnn B3ATb 332 OCHOBY «CBETOBOAHYHO» BEPCUIO, TO KpOMEe Bomnpoca 06 oTparkeHuu ceeTa
BHYTPU KPOBEHOCHbIX COCYZ0B OT UX CTEHOK BO3HMKAET BOMPOC O po/iv pOpmMbl 3pUTPOLMTOB B
NpoLLecce OTPaKeHWUA KPacHOro CBeTa. JPUTPOLUTbI MMetoT Gopmy ABOSKOBOTHYTOro AMCKa
(puc. 23), 6AM3KYyID K BOrHYTbIM 3€pKasiam, KOTOpble WCNOAb3YyTCA AnA (POKYCMPOBKU
nsnyyenusa (puc. 24).
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Puc. 23. TIOTOK 3puUTPOLMTOB BHYTPM KPOBEHOCHOIO cocyaa

BornyToe cpeprueckoe 3epkajio.

\

Sy

T

A

OTpakeHHe NMapaIeNLHOrO MyyKa Ayuel oT BOrHYTOro ceprueckoro 3epkana.
Touka O — onrmiueckuii LeHTp, P —nontoc, F — riiaBHbN (DOKYC 3epKana;
OP — raBHas onTHYecKast ock, R — pagiyc KpUBU3HBI 3epKaia.

Puc. 24. AHanor ¢popmbl 3pUTPOLUTA — BOTHYTOE Chepuyeckoe 3epKanio, KOTopoe GOKYCUPYEeT CBET U TEM CaMbiM
MOBbILAET ero APKOCTb

Bo3HMKaeT 3aKOHOMEpPHbIM BOMPOC O TOM, KaKyld po/ib MOXKeT wurpate ¢opma
3pUTPOLUTOB B BUAE [ABOAKOBOFHYTOrO 3epKasa. BO3MOXHO AKM, 4YTO 3TO «reHnanbHoe
nsobpeteHne NpmMpoapl» ANA NOBbIWEHWA NAOTHOCTU CBETOBOIO MOTOKA, €ro KOHLUeHTpauuun? B
yem OGU3NYECKUIA CMbICA TaKoro «usobpeTeHua»? [Ana nepepaym CBeTa MO KPOBEHOCHbIM
COCyZ,aM 3TOT CMbIC/1 HE OYEHb ACEH. A BOT NPU NPOXOXKAEHMM CBETA U3 KAaNUANAPOB HapYKy U
OCBELLEHUM UM OKPYKAKOLWMX KNETOK TKaHWU Le/ib POKYCUPOBKU MOXKET ObiTb B TOM, YTO, YEM
MOLLHEee NOTOK, TeM TNy6Ke OH NMPOHMKAET BHYTPb TKaHel (cm. puc. 9). NMosTomy 3puUTpoLMUTHI
6narogapa cBoen BOrHyToM dopme MOryT KOHUEHTPUPOBATb KPacHbI CBET B cxodAlinecs B
Pa3MbITbl1 GOKYC NMYYKM M TEM CaMbiM MOBbIWATb €ro APKOCTb W, CAef0BaTeNbHO, TNyOuHY
NPOHUKHOBEHUA B KNETOYHYIO TKaHb.
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6. Bcerpga v noneseH KpacHbiii ceet?

B «neMKouMTHOM» BEPCUU-TUNOTE3E Mbl MPEANOMIOKNUAN, YTO KPACHbIA CBET CTUMYANPYET
NenKoumuTbl, 4YTO MPUBOAWUT K WX aKTMBaUWUKW, 4TO, 6e3ycnoBHO, KpaliHe nonesHo Ans
U3HeAeATeNbHOCTN OpraHM3ma.

Bo BTOpOW BepcuuM-rMnoTese, «CBETOBOAHOM», Mbl MPEANONONUAN, YTO KPaCHbIA cBeT
NPOXO4MUT MO KPOBEHOCHOM cCUCTEME WU CTUMYAMPYET TEM CaMbiM aKTMBHOCTb 8CeX KIeToK
opraHusma, KoTopble cogepxaT ATd-monekynbl. B cBA3M C 3TOM Bepcuelt BO3HUKaeT
3aKOHOMEPHbIN BONPOC — CTUMY/IMPYET /IN KPacHbli cBeT paboTy naToNorMyeckux, B TOM
ymncne PakoBbiX, KNETOK, BpeaHbIX baKTepuil N NapasnTos?

AICHO, YTO B 3aBMCMMOCTM OT OTBETa Ha 3TOT BOMPOC MPUMEHMMOCTb KPaCHbIX CBETOBbIX
NOACOB MOMET MOJYYUTb CYLLECTBEHHbIE OrpaHMYEHUA. YUCTO NOrMYEeCKM MOHATHO, YTO
MCKYCCTBEHHAA CTUMYNAUMA OpraHM3mMa MCTOYHMKAMM KpPacHOro CBeTa B pPamMKax BTOpOM
rMNoTesbl MOMKET MNPUBECTU M K HeraTMBHbIM MOCNEACTBMAM, TaK KaK MOryT ObITb
NPOCTUMY/IMPOBAHbI U PaKOBble KNETKU, BoNe3HeTBOPHbIe 6aKkTepuun u T.n. Ho, BO3MOHO, 4TO
coyeTaHuWe NoNesHoro v BpeaHoro 3gpPeKTa OT UCKYCCTBEHHOIO OCBELLEHUSA KPacCHbIM CBETOM
TAaKoBO, 4YTO MO3MTUBHOE BO34ENCTBME MONHOCTbIO KOMMEHCUPYET HeraTMBHoe (3a cuet
aKTUBALIMM TeX }Ke NeMKoUMTOB) 1 ANA 3A0pO0BbIX NtoAen (6e3 oyaroB pakoBbIX OMyX0/ei) Takoe
BO34eNcTBME OyaeT TONbKO nosnesHbiM. Bo BcAKOM cnyyae, B HacToslee Bpems CyllecTsyeT
MHOXECTBO MeAMUMHCKUX LEHTPOB, KOTOpble MCNoNb3yloT GoToTepanuio ANa JedYeHus
OHKOJIOTMYECKNX BOJIbHbIX.

OTBET Ha 3TOT BOMNPOC MOTYT A4aTb TO/IbKO KOMMJIEKCHbIE UCCNen0BaHMA C NPUBAEYEHMEM
H6MONOrMYECKUX U MEANLMHCKUX 1abopaTopuii U KOMaHA,.

BbiBOAbI:

KpacHblli cBeT ABAAETCA BaXKHbIM CTUMYAMPYOLWMM GaKTOpoM cuHTe3sa ATD-monekyn, Ho,
cornacHo obwmm npeacTtaBNeHUAM, OH OKasbliBaeT BO3AENCTBME TO/IbKO Ha MOBEPXHOCTHbIE
Kanunnsapbl U B eCTECTBEHHbIX YC/I0BMAX Ha rybuHe He bosiee 5 mm.

BO3MOHO ycuneHne ero no3MTUBHOIO BO3AEUCTBMA C MOMOLLbIO PA3/IMYHbIX UCKYCCTBEHHbIX
MCTOYHUKOB, B TOM YMC/NEe W C MOMOLLBI KPACHbIX MOACOB, KOTOPble 3KCMEepMMEHTaNbHO
BbINycKatoTca GUpMoi «MoHanUT TEKHONOAKM». DTU UCTOYHUKU MOTYT MOBbLICUTb TNYOUHY
NPOHWUKHOBEHMA KPAacHOro cBeTa 40 25 mm.

MpeanoxeHbl ABe rMNOTe3bl BO3MOMHOW aKTUBALMW OMONOrMYECKMX NPOLLECCOB BO BCEM
OpraHn3mMe 3a CYeT: a) aKTUBHOCTU NEMNKOLMUTOB, KOTOPbIE, NOAYy4an AONOJHUTENbHYIO SHEPTUIO
B MPUMNOBEPXHOCTHbIX KanWANAPHbIX COCyAax, Pa3HOCATCA MOTOM 4Yepe3 KPOBOTOK MO BCemy
opraHusmy; 6) pacnpocTpaHeHMA cBeTa B KPOBEHOCHbIX COCydax NyTem OTpPaKeHua ero ot
CTEHOK COCYAOB M pacCceuMBaHMA 3pUTPOLMUTAMM — «CBETOBOAHAA» runoTtesa. B nocnegHem
Cny4Yae CBeT NonagaeT B KanuANspbl BCEro opraHM3ma MrHOBEHHO.

MpeanonaraeTca, YTO OCHOBHbIMM «BXOZaMM» CBETa fABAAKTCA PYKM U AMLO YEe/0BEKa,
KOTOpble MO NAOTHOCTM KanWANAPOB CYLWECTBEHHO MPEBOCXOAAT OCTa/ibHble YYaCTKM Tena co
CXoXKel naoLaabio.

MpepgnonaraeTtcs, YTO ABOAKOBOrHyTas Gopma 3pUTPOLUTOB AaNEKO He C/yyaliHa M ABaseTca
«reHrManbHbiM KM30b6peTeHMem npupoabl», obecrneunBas (GOKYCUMPOBKY KpacHOro cCBeETa W
NoBbILIEHME NIOTHOCTU CBETOBOro NOTOKa (APKOCTH), 4TO cnocobcTByeT 601ee MHTEHCUBHOMY
NPOHMKHOBEHMUIO CBETA B KNETKU OpPraHM3ma 13 Kanuanapos.



