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HccaenoBanue cnieKTpoB (hJIyOpeCIeHIUN PaCcTeHHI
pH BO30Y:K/€HUH H3JyYEHHEM IEePBOil U BTOPOil rapMOHHK
THUTaH-canupPoOBOro Jasepa

I0.B. ®enoros, M.JI. Beaos, A.JI. Turo, A.B. CrenanoB*

Mockoeckuil 2ocydoapcmeennoiti mexnuueckutl ynusepcumem um. H.9. Baymana
105005, 2. Mockea, ya. 2-1 bBaymanckas, 5

[Mocrynuna B pepaximio 16.07.2013 r.

IIpescTaBieHbl Pe3yAbTATHI IKCIIEPUMEHTANTBHBIX NCCIEAOBAHNUIT CIEKTPOB (HJIYOPECIEHITNN PACTEHNUI, MOJIY-
YEHHDBIX TPH BO3OYKIEHNN U3JIyUEHIEM TIE€PBOil 1 BTOPON TapMOHHUK MEPECTPANBAEMOTO THTAH-CArdUPOBOTO Jase-
pa. Uccrenyercst 3aBucuMoctb 3 deKTHBHOCTH BO3OYsKIAeHNS (DIYyOPECIEHINN OT [THHBI BOJHBI BO30YKIAIONIETO

n3Jay4eHusd.

Kniouesvie cnosa: masep turan-candupoBblil, PACTUTENBHOCTb, XJIOPOMUILI, CIEKTPBI (hIyopecieHiuy;
Ti:Sapphire laser, vegetation, chlorophyll, fluorescence spectra.

UccaenoBanue ¢uryopeciieHIInN pacTeHUil SIBJISET-
cs OTHUM U3 HamboJjiee MePCIeKTHBHBIX METO/IOB OIpe-
JleJIEeHUsT HAJWYUs WJIA OTCYTCTBUS PACTUTENBHOTO TIO-
KpOBa, a TakKe OIleHKH ero coctostHust [1—4]. B cBsasu
C 9TUM METO/ JIa3ePHO-MH/YIINPOBAHHOU (DIyopeciieH-
U MoXkeT ObITb 3(PHEKTUBHO HUCIIOIB30BAH HPHU Pe-
NIEHUN 33/1a4 B 06J1acTH 3KO(U3NOTIOTUN pacTeHuii [S],
CEJIbCKOTO U JIeCHOro xossiictsa [6, 7], skosiornyecko-
ro MoHutopuara [3, 8].

B nacrosgiiee BpeMs aKTyaJbHOI SABJSETCS 3a1a4a
MCCJIeIOBaHNS 3aBUCHMOCTH CIIEKTPOB (DJIyOpecIeHIInu
PACTUTEJNbHOCTH OT JJIMHBI BOJHBI BO30Oykaenusi. Ha
CETOAHSIIHUN JIeHb HAKOILJIEHBI HKCIIEPUMEHTAIbHBIE
JIaHHBIE 10 CIIeKTpaM (DIIyOpeCIeHITN PACTUTENbHOCTH,
MOJIyYeHHBIE TIPU PAa3HbIX JIMHAX BOJH BO36YK/aroIe-
ro usaydenus. OJHAKO 3TH [aHHDBIE OTHOCSTCS, KaK
MPABIIIO, K PA3HBIM PACTEHUSM, TIOJYIEHDI JJIsI PA3HBIX
UCTOYHUKOB BO30YKIeHUSI (DJIyOpECcIieHIINd 1 3aBUCHU-
MOCTb CIIEKTPOB (DJIyOPECHEHIIUN PACTUTENBbHOCTH OT
JITMHBI BOJTHBI BO3OYKIEHUST OCTAETCS MAJI0 M3yYEHHO.

pyroit akryajabHOIl 3aziaueil ABIsIeTCS U3MepeHue
crekTpoB iryopeciieHIIMA B aGCOJIOTHBIX €IMHUIAX.
Kak npasmio, maMepeHHble CreKTpbl (hJryopecieHInn
MOJIyYEeHBI HA PAa3HBIX IKCIIEPUMEHTATBHBIX YCTAHOBKAX
TIPU Pas3HbIX ycaoBUAX. OHU MPUBOAATCI B OTHOCHUTEb-
HBIX €JIMHUIAX U HE MO3BOJISIOT MPOBOJUTH CPaBHEHHE
UX UHTEHCUBHOCTH.

AGCOIIOTHBIE 3HAYEHHS] BEJIMYNHBI MHTEHCHBHOCTH
duryopeciieHInn HeOOXOAUMBI LIS OTIPE/IeIeHns dHep-
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TeTHYECKOr0 ToTeHInana (hJIyOPECIeHTHBIX JUIAPOB
¥ ONTUMAJBHON JTMHBI BOJHBI BO3OY>KIAIONIETO U3JIY-
yenus. /Iy onpejiesieHnsT ONTUMATBHON JIJTMHBI BOJIHBI
BO3OYK/eHUsT HEOOXOMMO MMETb BO3MOKHOCTb CPaB-
HUBATh UHTEHCUBHOCTU CIIEKTPOB (DIIyOpEeCIeHInH, mMo-
JIy4EeHHBIX MPHU UCIOJIH30BAHNN PA3HBIX JJINH BOJTH BO3-
6y KIAIONIETO U3TyYeHHS.

M3mepenne abCOMOTHBIX 3HAYEHHIT CIIEKTPAJbHBIX
pacnpeieJieHuil UHTEHCUBHOCTU (DJIyOPECIIEHITIN SIBJISI-
€TCsl JIOCTATOYHO CJIOKHON MeTpPOJIOTUYeCKOl 3ajaveil,
Tpebyloleil pa3paboTKN U MPUMEHEHUS COOTBETCTBYIO-
et MeTOANKN KaauGpPOBKH SKCIEPUMEHTATHHOTO 000-
pymoBanusi. IIpu 3TOM Takas METOMKA JOJDKHA BKJIIO-
4aTh B ce0s1 KAJMOPOBKH: MO JIJIUHE BOJIHBI, CIIEKTPAJIb-
HOU YyBCTBUTEJIBHOCTH, MHTeHCUBHOCTH [9—13].

Hawubosee cinoxHOIll TpOIeypoil siBJasieTcs: Kaaub-
pPOBKa 10 MHTEHCHBHOCTH, I[€JIb KOTOPON — OTpe/eie-
HU€e YYBCTBHUTEJBHOCTH CIIEKTpodyopuMeTpa B abco-
JIOTHBIX enuHuiax. JlaHHbli 3Tam KaauGpOBKU TIpe-
rmoJiaraeT, Kak TIPaBHUJIO, HWCIOJb30BAHHUE CIIEINNAIBHO
paspaborannbix craugaproB [10, 12]. [las momxyuerist
XOPOIIeNl BOCIPOM3BOAMMOCTU PE3YJIbTATOB UCIIOJIb3Yye-
MBIH CTAaHJAPT JOJIKEH MMETb TOT JKe JAMHAMUYECKUil
IMAMa30H M3MEPSieMOTO CHUTHAla W TOT JKE€ CIEKTPasIb-
HBIH anamnasoH. IIpm aToM HEo6XOAMMO WMCTOJb30BaTh
TY K€ TeOMETPHIO IIPOBE/[CHNS IKCIIEPUMEHTA, KaK U IIPU
PETUCTPAINH HKCITEPUMEHTATBHO U3MEPSEMbIX CIIEKTPOB
(ryopecuientuu, a 310 JaJEKO HE BCETAA PEATH3YEMO.

3ajlaua uccyae0BaHusT BJAUSTHUS JIJIMHBI BOJIHBI BO3-
6y KIEHUS Ha CIEKTPAJIbHbIE XapaKTePUCTUKU HM3JIyde-
HUst PJIYOPECIEHIIH MOXKeT ObITh YIIPOIIEHA, eCJ BMe-
CTO U3MePEeHUsI CIIEKTPOB (DJIYOPECIIEHINH B aGCOMIOTHBIX
€IMHUIAX UCIIOJIb30BATh X W3MEPeHue MO OTHOIIEHHIO
K MHTEHCUBHOCTH CIIEKTPa (DJIyOpPECIEHINH, TTOJIYYEHHOTO
[P UCIIOJIb30BAHUU XOPOIIO M3YYEHHOW JJIMHBI BOJHDI
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BO30OYyK/eHNs. B atoM ciyuae ormazaer HEOOXOIMMOCTD
KaTUOPOBKY 0O0PYAOBAHUS TI0 UHTEHCUBHOCTH [IJIST IPY-
TUX JIJIMH BOJIH BO36YXKJAloNiero uaaydeHus. OaHuMu
13 HanboJsee M3YYEHHBIX SBIISIOTCS CIEKTPBI (puryopec-
IEHIIUN PACTUTEIHHOCTH, MOJY4YeHHbIE TPU BO3OYK/e-
HUU JIA3ePHBIM HM3JIyYeHHeM C JINHOH BOJHBI 532 HM.

WccnenoBanne CeKTPoOB Jia3epHO-MH/YIIPOBAHHOMN
ryopectieHIIM B 3aBUCUMOCTH OT [JIMHBI BOJIHBI BO3-
6y:K/IA0NIero U3/IyIeHusT TPOBOUIOCh HA 9KCIIEPUMEH-
Ta/IbHO# ycranoske (puc. 1).

B kadecTBe HCTOYHWKA BO3OYKIEHUS WUCIOJIbH30-
BaJICd TUTAH-CAaN(OUPOBBII Ja3ep, BBIMyCcKaeMbIit ¢up-
Mot «COJIAP Jlasepubie Cucrembr» (Bemapycn). Jlasep
COCTOUT M3 IBYX MoayJeii: Moays Hakauku LOS829, Ha
octHoBe Nd:YAG-azepa ¢ reHepaTOpOM BTOPOil rapMo-
HUKH, U cCO6CTBEHHO TUTaH-canguposoro jiazepa LX329
C MOIyJSIMM TeHepaluy rapMoHHUK. Jlasep mo3BoJisger
MOJIYYUTh TIEPECTPANBAEMOe M3JTy4YeHHe B JIHarna3oHax
690—980 u 350—490 uM, a Tak:Ke M3JTydeHHUE HA [TTIHE
BoHBI 532 HM. Permcrparms uamaydeHus ¢yopeciieH-
I[UH OCYIIECTBJISIIACH C UCMIOJb30BAHUEM MOJUXPOMATO-
pa M266, soimyckaemoro dpupmoii « COJIAP Jlazepubie
CucreMbl», U BBICOKOYYBCTBUTEIHHOTO MHOTOKAHAIBHO-
ro NpPHEMHUKA HAa OCHOBE YCHJIHMTENS spKocTH «Mart-
puna 430-HC», TPOM3BOIUMOTO POCCUICKOI (UPMOit
«/lenprarex».

ITepen mpoBemeHMeM M3MepeHHI OCYIIECTBJISAIACDH
KamOpPOBKA 3KCIIEPUMEHTANBHON YCTAHOBKU TI0 [JTHHE
BOJIHBI U CIIEKTPAIBHON 3aBUCHMOCTH 1yBCTBUTEIBHOCTH
C MCHOJIb30BAHIEM COOTBETCTBEHHO JIMHEHYATOTO U He-
MPEPHIBHOTO KaJINOPOBOYHBIX MCTOYHUKOB CBETA.

B kauecTBe 06pasiioOB PaCTUTEIHHOCTH HCIIOJIb30-
BaJIUCh JIUCTbs1 Gepesbl Gopopasuaroii (Betula pendula)
u ay6a uepenrdaroro (Quércus robur), cpesaHHble He-
MOCPE/ICTBEHHO TIePei U3MEPEHISIMU, TIPOBO/IMMBIMU B Tie-
puon ¢ 17 no 28 cenrsi6pss 2012 r. B akcnepumenTax

UCIIOJIb30BAJINCH 3€JIeHbIe JIUCTbS 6€3 BUAUMBIX CJIE/IOB
OCeHHell OKPACKH.

Yacrora MOBTOPEHMS] UMITYJIbCOB JIa3ePa COCTABJISI-
ga 10 T, pmurenpHOCTD MMITYIbca ~ 10 HC. JHeprus uM-
HyJIbca Jiazepa B IJIOCKOCTH 06pasiia KOHTPOJINPOBAIACH
usmepuresieM Momuoctu Coherent FieldMaxII-TOP
¢ m3MepuTeabHON Tos0BKOM J-20MB-LE. IlnotHOCTD
SHEprMM Ha IOBEPXHOCTH o06pas3la He IpeBbIaIa
4 M/lx/cm?. Ilupuna anmnapathoil pyHKIME CHCTEMBI
pPErucTpaIyy cocTapJsijia ~6 HM.

B kanase perucrpanuu UCIOIb30BAINCH UHTEPDE-
PEHIIMOHHBIE 3arpaskJaroniine UIbTPHI, ITOAABJSIONINE
M3JIydYeHre Ha JJIHe BOJTHBI Bo36y:Kaerus. [Ipu Bo36y-
SKIACHNN (PIIyOpecIeHITNH 3 TydeHIeM C JJINHON BOJHBI
532 HM HUCTIONB30BAJICS Y3KOIOJOCHBIN 3arpak/1alomuit
¢uaptp (notch filter) ¢ menTpaabHON AMMHON BOJHBI
532 HM, 10JI0COI 17 HM U OINTUYECKOH ILIOTHOCTHIO 60-
see 6. IIpu Bo36y:kaeHuu (yopecieHIny u3aydeHneM
BTOPOI TAapDMOHHUKHU TUTaH-CarupoBOTO Ja3epa TpuMe-
HSUJICS JUIMTHHOBOJIHOBBIN MPOITYCKAIOMMI (PUIBTD C JIJTH-
HOI1 BOJIHBI cpe3a 440 HM 1 ONTHYECKOH TIJIOTHOCTBIO BHE
TOJIOCHI TIporTycKaHus 6osee 6. V3-3a 61M30CTH [ITIHBI
BOJTHBI PETUCTPAINH (JIYOPECIICHITNH K ANANA30Hy Mep-
BOIl TAPMOHUKHU TUTaH-CA(PUPOBOrO Jia3epa UCIOTIb30-
BaJICS TOJIOCOBOH TPOMYCKAIOMU (DUIBTP € TIEHTPAJb-
HO# mamHou BosHbI 740 HM, moJsiocoir 13 HM U omTuye-
CKOIl TJIOTHOCTBIO GoJiee 7 BHE MOJIOCHI MPOIYCKAHUS.
B arom cayuae peructpupoBajicsi He crekTp ¢Jyopec-
IEHIINU, a WHTErpajibHOEe 3HAYCHWE WHTEHCUBHOCTH.

Crexrpsl ¢uryopectieHimu yepeaasiiuch mo 100 us-
MepeHAM. [losrydeHHbIe crieKTph! DIyopecIieHIny Hop-
MHIPOBAJNCH HA CPEHIOID 3HEPTUIO MMITYJIbCa BO30OYIK-
JTAIOIIET0 WM3JydYeHusi. 3aTeM OCYIIECTBJSIACh HOPMU-
POBKa HAa WHTEHCHBHOCTD W3JIy4eHUs (DIyOpeCIeHIInn
B tosioce (740 + 3) HM, TOJYYEHHYIO NPU BO3OYKACHUN
U3JIy4YeHUEeM C JITUHOW BOJHBI 532 HM.
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Ha puc. 2 npuBenenbl criekTpbl (BJIyopecieHInn
Jqucta 6epesbl, TOJydeHHble TPU BO30Y KIEHNHT N3JTyde-
HUEM BTOPOIl TapMOHHMKHN THUTAH-caripMPOBOTO Jiazepa.
[l cpaBHEHNd TTOKA3aH CHEKTP, NOJIYYeHHDIH IPH BO3-
Oy:KIeHnN U3JIydeHreM ¢ AAuHON BotHbl 532 uM. [Tuku
WHTEHCUBHOCTU B CIIeKTpax (hJIyopeciieHIInu, MpuBe/eH-
HBIX Ha pHC. 2, 6, OGBSACHAIOTCA TPOXOKAECHUEM HETIPe-
06pa30BAHHOTO U3JIy4YeHUS IMEePBOH TapMOHWKU TUTAH-
candupoBoro Jazepa.

NuTeHCHBHOCTD, OTH. el.

MHTEHCHBHOCTD, OTH. en.

Puc. 2. Cnextpsl duryopecieHun aucta 6epe3bl B 3aBHCHMO-

CTH OT PA3HbBIX JJIMH BOJH Bo3GyxieHust (1 — JiMHA BOJHBI

Bo30yxaenust 532 um; 2 — 438; 3 — 428; 4 — 418; 5 — 408;
6 — 398; 7 — 378; 8 — 368; 9 — 358 um)

Ha puc. 3 mnpuBeZena 3aBUCUMOCTb HHTEHCHBHO-
¢t (JIyOpecIieHIINN JHCTheB 1y6a n 6epe3bl B moJoce
(740 £ 3) HM OT JJIMHBI BOJHBI BO30Y K IAIONIETO H3/TyYe-
nuga. Ha puc. 3, @ mpeacraBiena HHTEHCHBHOCTD (PIIyo-
peclieHIy npu BO30YK/IEHUH U3JTydyeHneM BTOPOH rap-
MOHUKHM TUTaH-canupoBOro Jjasepa, a Ha puc. 3, 6 —
M3JIy4eHHeM TepBOil TapMOHUKH.

AHayn3 MOJIyYeHHBIX 3KCIIEPUMEHTATbHBIX Pe3yJIb-
TATOB TIOKA3bIBaeT, YTO 3(PEKTUBHOCTb BO3OYKICHUS
(paryopeciieHIuu CymecTBEHHO 3aBUCUT OT JITMHBI BOJI-
HbI Bo30y:kaenus. Hanbosbliasg WHTEHCUBHOCTD (PJIyo-
pectenuu (8 mosoce (740 +3) uM) HaGmoOmaeTcs Ipu
UCIIOJIb30BAHUN [IJIs1 BO3OY KICHUS U3IyUeHHs C JAJIUHON
BostHbl 690—720 uM (mepBasi rapMOHMKA TUTaH-cardu-
POBOTO Jlazepa), a TAK)Ke M3JAYyYeHHs C AJUHON BOJHBI
430—440 um (Bropas rapMOHUKA THTaH-calpUPOBOro
aazepa). Ilpu mepexoje [JIMHBI BOJHBI BO30YKJACHUS
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Puc. 3. 3aBucuMoctb MHTEHCUBHOCTH (DJIYOPECIIEHIINH B TI0JIO-
ce (740 £3) HM OT JJIMHBI BOJHBI BO30YsKaeHus:: | — JuCT
6epesbl; 2 — nyba

B yabrpaduoseroByio 06sactb 3hGheKTuBHOCTD BO36Y-
JKJeHUsT (DJIyOpPECIeHIIMH PAaCTUTEeJbHOCTH CYIIECTBEH-
HO CHUJKAETCS.
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