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Abstract

The influence of stimulated electromagnetic radiation in optical part of spectra (visible,
UV and IR) to materials is for almost half a century the issue of research including a lot of
unexplained processes and stances. From one point of view represents new form of source
and from the other the relation to spontaneous sources in the same spectral area as well as the
power. The issues could be divided into theoretical-experimental processes from
biomodulation to destruction and to the area where coherent radiation is used in diagnostic

methods for material study.

In this thesis the subject was approached from theoretical-experimental side. The
observation of materials was forwarded trough material response functions, meaning trough
their collective role expressed using optical characteristic materials. In experimental part of
the thesis a series of experiments was conducted, determining certain optical parameters for
chosen samples along with spectroscopic approach. That would be the first approach for
following series of experiments in which plant samples namely seeds (wheat, corn, spinach,
basil, thyme) where axposed to various types of laser beams (He-Ne, Nd*":YAG,
semiconductor) on basic transitions and according to laser possibilities at higher harmonics.
The results of sample irradiation with given parameters, were monitored until the end of
vegetation periods. The morphological characteristic of irradiated and nonirradiated samples
were monitored as well as quantitative indicators of induced modifications. In given area of
energy densities and exposition doses, almost all samples shown positive influence of

coherent radiation. For some of the samples a change in FT-IR spectra was observed.

For use of lasers in main processes, occurring in metrology where linear and nonlinear
characteristics of materials occurs, scattering, absorption and fluorescence of materials
including materials of the live world (tissue, cells and their parts). These processes are
observed and used for optical defining of objects, and from their values (characteristic) and
from wavelength of the used light depends which effect will overcame including resonance.
In the area of techniques based on static and dynamic scattering angular distributions play a
considerable role in determination of objects by size and shape. So in this thesis, using chosen
software, a number of angular distribution simulations was done for microorganisms, typical
particles and water. Given approach could using data bases or newly measured values,
without modifications, be used for other adequate samples, simplifying the experiments in

advance including characteristic maxima at certain angles for chosen samples.



Ecological side of laser application viewed through accidental (fire) processes contains
multitude of approaches from use of lidars to sensory role of much simpler systems. In this
thesis the approaches to monitoring of certain area (ground, earth, different covers, water
areas, atmosphere phenomena) are perceived trough analysis of possible remote devices lidar
based. It’s a principal including fire processes here analyzed, searching for possibilities of
software support, covering certain experimental settings. The nature of combustion products

could be also viewed by simulation of scattering processes (propane and acetylene sooth).
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IIPEJITOBOP

Hoxmopcka oucepmayuja ,, [Ipumena nacepckux mexuuxa 3a oopehusarbe onmudKux
napamemapa mamepujara” noceehena je unmepaxyuju koxepenmuoz (CMUMYIUCAHOR)
3pauerba K6AHMHUX 2eHpamopa y OeUHUCAHUM ONCe3UMda 2yCMmuHe CHaze, pasiutdumux
u3eopa u epemena eKcno3uyuje ca mamepujaiuma paziudumoe nopekia. Tesa je npooykm

dyzococunre2 paoa y 0amoj ooaacmu.

Hempaocusarsa ¢y y okeupy 0okmopcke oucepmayuje ypahena noo HenocpeoHum
PYKogoocmeom menmopa npogh.0p Hebojwe Mumposuha, pedosnoe npoghecopa
Daxyimema mexuuuxkux Hayka y Yauxy, Yuusepsumema y Kpazyjesyy, kome cam neusmepho
3ax68anHa HA NOMOMU, KOPUCHUM CA8emumMa U KOMEHMAapumd, Koje Mu je npyicao moKom

uspaoe oucepmauyuje.

Komucuju: op Cmanxy Ocmojuhy sanpeonom npoghecopy Texnonowko-memanypuroe
Gaxynmema, Yuusepzumema y beocpady, op Cnobodany Byxuhy, pedoenom npogecopy
@axynmema mexuuukux Hayka y Yauxy, Vuueepsumema y Kpacyjesyy, op Anexcanopu
Kanesuh-I'nuwosuh ooyenmy ®axynmema mexuuukux nayka y Yauxy, Yuueepsumema y

Kpazyjesyy ce 3axeamyjem na kopucnum cyzecmujama u KOMeHmapuma.

Hp Munecu Cpehxosuh, pedognom npoghecopy y nenzuju cam HeusmepHo 3ax6aina 3da

nomoh u cmpnsbere, CeUux oux 200UHA.

Hucepmayuja je 3axmesana pasiuuume npucmyne u KapaKxmepuzayuje;, aKyeHam je
CMAasmeH HA Onmuuke 0cobuHe mamepujara u yio2y Jjdcepa y MOOVIAYUOHUM U
oujaznocmuukum  npucmynuma. Excnepumenmu ¢y 6épuieHu 'y uuie UHCMUMYYUja.
3axeannocm dyzyjem konecunuyama u korezama. op Bewxy 3apyouyu (Analysis d.0.0.), op
Cyzanu Honuh (LUK), op Anexcanoepy Kosauesuhy (Mncmumym 3a ¢pusuxy), op [Ipeopaey

Josanuhy (Mucmumym 3a Myimuoucyuniunapua UCmpaxicuarod).

Toxom ceux ucmpasicusared, Koja cy npemxoouna OOKmopamy u 600uld Ka Hemy
8eNUKy nomoh cam 0oouna u 00 KoarecuHuya u Kouead, 00 Kojux 080e NOMurbem camo Heke:
op Ceemnana Ilenemuws (Texnonowrxu c¢axynmem 36opuux, Ynusepszumem Hcmouno
Capajeso) mp Anexcanoap bByeapunosuh (Tenexom Cpncke, bujemuna) u op Auya

Januhujesuh (Texnonowxo-memanypuwiku paxynimem, Ynueepsumem y beoepaoy).

Cama JeTuh



Hajeehy 3axsannocm oyeyjem uumasoj ceojoj nopoouyu, a nocebHo ceojoj oeyu
Kamapunu u Hcuodopu, mysrcy, majyu, oyy u b6pamy na cmpnvery, pasymesarsy, boopery u

noopuwiyu. buno je y30y0/6u60 kao kao uepa penpezenmayuja.

,,Tlopoouya je éeza ca nawom npownowhy u mocm ka nawoj 6yoyhnocmu' Anexc Xejiu
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1.YBOA

Marepujanu (y HajIIMpeM CMHUCIY pEYd) HEOpPraHCKe M OpraHcke MpHUpOJIE,
yKJbYdyjyhu JKMBH CBET Cy Yy HEPAacKMIWBOj CIHpe3n ca 3padewmeM. JlejcTBo
€JIEKTPOMArHeTHOT 3pavyea je MPeAMEeT MHOTOOPOJHUX MPOYyYaBamka, MOCEOHO y ONTHIKOM
JeNny, KOju YKJbydyje BUIJBUBY, yATpalbyomuacty W uH(pparnpBery ooOiact. CaBpeMeHU
NPUCTYN MOXKe Ja Oyle M ca CTAaHOBHUINTA CIIOHTAHE M CTUMYJIHCAHE CBETJIOCTH, Ia je
pe3yiTarte W CTaBOBE Ha 0a3M CIOHTAaHMX M3BOPA MOTPEOHO YHNOPEIUTH ca pe3yiTaruMa

JOOWjEHUM CTHMYJTHCAHUM JICjCTBOM.

CBeTJIoCT je 0J1 HEMPOIICHUBE BAXKHOCTH y CABPEMEHUM MEpPHHUM MeTojama. CuctemMu
ca U3pPAKEHOM [WHAMHKOM, TMPHUIAajy pEIaTUBHO CIOXKEHO] NpoOieMaTh 3a
MojenoBame. thuxoBo mpaheme W gajbu pa3BOj MOJENOBama, MOTY Ja ce 00Jbe ONMHILY
YHOIIICHEM ONTHYKUX MapameTapa y jeJJHAYMHE U aJrOPUTME, KOJH Cy Y OCHOBH HUXOBOT
dyHkuMOHKCama. JKUBU CBET je Y TOM CMHUCIY CKYIl Pa3HOJMKHX Mamepujaia, KOju ce
yKIIanajy y oBakBy ¢uio3odujy pasmunbama. be3 003upa i1a mm ce mpoydaBa reHepucame
CBETJIOCTH, KOHTpOJIA JIACEPCKHX M APYIHMX CBETIOCHHX H3BOpa, MEPEHE CBETIOCHHX
BEJIMYMHA, CBETJOCT Kao NMOMOhHM ajar Ouoiora wid MeIuIMHapa, AHEBHA CBETJIOCT,
CBETJIOCT y CIeUU(pUYHO] CPEMHU, UTH., pa3yMeBame I10jaBa, JUHEAPHUX/HEINHEAPHUX
edekara, mapameTapa, npaeosa Pa3NUUUTHX JI€jCTaBa, j€ MPECYAHO 3a J100pe Mojene u
npeaukiyjy. [luse je na ce monazehu ox Mukporuiana u mpoiieca (arncopmiyje, pediekcuje,
pacejama, EKCIO3MIMje y30paka CBETIOCHOM 3paucky) 00Jbe pasymMe U KOHTPOJIMIIEC
MaKpoIUIaH (ZaJbUHCKO MpPENO3HaBamke, KOHTPOJIAa BEIMKHX MOBPIIMHA O] OWJBHHM
IMMOKpHUBA4Y€M, KOHTPOJIa KBAJIUTETA BCIIMKNX BOACHHUX W KOIMHCHUX MOBPUIMHA, MOHUTOPUHI

nymMa y crieliuuIHuM ycIoBUMa moxapa u Jip.).

N3abpaHo kapakTepHUCTUYHO IOHAIIalke M pa3jlKe Be3aHe 3a TUIl y3opaka, Ouhe

pasmarpaHe y MojeJuHIM JIeIOBUMa pajia.

KBantHu renepaTopu, KOju pajae y ONTHYKO] 00JacTU Cy OAWUTPAJU U Jlajbe MUMajy
3Ha4YajHO MECTO y MpoOIeMaTHIIM HHTEPAKIIHje KOXEPEHTHOT 3pauema ca Mmarepujaiauma. Ha
6a3u sacepa, MOCTaBJbEHO j€ MHOTO MEpPHHUX TEXHMKa, KOje MpPEeICTaB/bajy OECKOHTAKTHE
METO/I€ U 3aXTEBajy CaMO MUKPOKOJIMYHMHE y30paka. [lopesn muX, MOCTaB/bEHO je U HEKOIUKO
MEpHUX METOJia Ca MHHHMAJIHHM pa3apamiMa y30paka, KOjuMa ce MOXke no0utu Op30 u

Npeu3HO MHOI'0 KBAJIUTATUBHUX W KBAHTUTATHUBHHUX ,Z[I/Ijal" HocTtuka. U1 I/IHTepaKI_II/Ija u
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METpOJIOTHja TYTEM Jiacepa, ce IMUPOKO KOPUCTE 3a MOAYJIANHUjy KapaKTepHCTHUKa
MaTepujana, 100Hujamke HOBUX THIIOBA MaTepHjalia, OCTBAPUBALE XEMH]CKUX peaKilnja, Koje
HUCY Moryhe KIIaCHYHHMjHUM TyTeBHMa W Ap. Y METPOJIOIIKOM IMpuiasy, yBoheme u3Bopa
KOXEPEHTHE CBETJIIOCTH y MOCTOjehe onTuike mMerosie Mepema (ca CIIOHTaHUM H3BOPHMA),
JIOTIPHHEINO j€ T0jeTHOCTAaBJbEHY araparype, nosehamy pe3oiyluje, CMambehy KOJINIHHE
MepHOT y30pka u 1ip. PasBujene cy u Mertoje, Koje HuCy Moryhe ca u3BoprMa CIIOHTaHOT

3padema (HertzoBa criekrpockoruja).

Y Te3m cy pa3marpaHe NpPHMEHE JIACEPCKUX TEXHUKa 3a OJpehuBame ONTHYKUX
napaMerapa mMarepujaia M achekTH OHMoMOojylaldje Ha y30pluMa OUOJIOIIKOT MOpeKiia U

y3opaoumMma o4 HHTEpPECA 3a CKOJIOFI/ij.

Jloktopcka nucepranuja je ¢GopMamHO H3JIO0KEHAa KpO3 YBOAHH, TEOPHJCKU U

CKCIICPUMCHTAJIHU ACO.

Y yBOAHOM Jeny Cy pa3MOTpeHe M aHanu3upane melycoOHe crpere maTepujaia u
3pauema. CIIOHTAaHO W CTUMYJHMCAHO 3padei-e, HEMajy WCTE MOCJIEIUIle Ha Marepujal,
HEOPraHCKOT, OPraHCKOI TOpeKJia WIM Marepujan Owuosomkor mnopekia. Konmenmuja
UHTEPAaKIMje je TPeTHpaHa 3a y30pKe pa3luuuTOr mopekia [1-7], Ha UCTH HAYMH, KPO3
MOjMOBE IIpolleca M HHHUXOBOT MOJIEJIOBalka, y3 TMOIITOBakE U YBOhEHE HEOMXOIHHX
napamerTapa, 3a BHXOBO pa3MKoBame. [IpuMeHa KOXEpeHTHOT 3padera OBOAM JI0 HH3a
pe3oHaHTHHX edekara, KOju MPOY3pOKYjy Mpoliece, KOju Ce He youyaBajy ca CIIOHTAaHUM
3padermneM, 300T YNHEHUIIA 1a 10J1a3U 10 KOXEPEHTHHX, BUIIe(OTOHCKHX edekaTa U edekara
HeJlMHeapHe onTHKe. MepHU €0 ylore KBaHTHUX FeHepaTopa Jjaje MHOTO JIeTaJbHUJU OIHC
MaTepHjaja myTeM INIaBHUX ONTHYKUX 0COOMHA, KOje Cy mupe nedpuHucane myrem QyHKIIja
o/3uBa Marepujana. Kinacuunuje ynaxeme y OMOJIOIKY MpoOIeMaTUKy HUj€ YKIbYUHBAJIO
MHOI'O ONTHYKHUX OCOOMHA, Ma ce MPUMEHOM Jlacepa W HOBOPA3BHjEHHUX METOJa Mepema

n001ja MHOIITBO TapaMeTapa, KojuMa je Moryhe pa3iuKoBaTy - perno3HaBaTi MaTepHjae.

Teopujcku €0 je M3IOKEH KPOo3 jelaHaecT IMOTiaBJba, Koja 00yXBaTajy OINTHYKE
napameTpe MaTepujana M ONTUYKE METOJIe 3aCHOBaHE Ha KOXEPEHTHO] U HEKOXEPEHTHO]
cBeriocTH (mormaBiba 1. m 2.). Ymora jacepa y JECKpPUIIIMJH W TPETMaHy Yy30paka
Pa3IMYUTUX THUIIOBA, carjie/laHa je y IWJby OMOMOMYNAIMOHHMX Tporieca (MmorjaBibe 3.).
[To3HaBame ONTHYKMX BEJIMYMHA MaTepujana, Hajpa3InuMTHje BpCTe, YKIbyuyjyhu Hu
OMOJIOIIKE Y30pKE je Y CaBpEeMEHO] MEPHO] TEXHUIM BaXXHO, UMajyhul y BUAY BETHKHU Opoj
pa3IMYUTUX THIOBA Jiacepa, Kojuma ce TokpuBa menokynHa UV (ynarpassyOuyacta),

BuvbrBa W U1l (uH(panpBera) obmact u TUME oMoryhyje pasmaTpame JHUCTep3Hje
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Marepujana. OBaj acmekT yjore Jiacepa je MOoCeOHO O] MHTepeca 3a METOJE NaJbMHCKE
aHanu3e, OMOMEeIMIIMHCKE TPETMaHe M MOJIeNIOBAakhe HHTEPAKIIM]E CHOTIOBA Ca MaTepHjaInMa
OpraHcKor W japyror mopekia (mornasibe 4.). Cucremuma Ha 0a3w TUAAPCKUX TEXHHUKA,
nocBeheHo je moriasjbe 5. 3aBHCHO O] MHTCH3UTETA JIACEPCKUX CHOIIOBA, IMOjaBJBbYjy Ce
HeJMHEapHH e(PeKTH, KOju Cy NeUHHCAHM CICHU(PUIHUM MparoMm. Y TOTJaBiby 6. Cy
aHaTM3UpaHu u3abpaHu HelMHeapHH e(eKTH, ’BUXOBO MOJAEIOBAE M JOMYHA JTMHEAPHUX

KapaKTEepHUCTHUKA MaTepHjaia (moraasibe 7.).

VY3opuuma OHOIOUIKOT TIopekia (OMJ/BHOT U KHUBOTHUEGCKOT), TTIABHUM IMOKa3aTe/hiuMa
WHTEpaKIHje ca JJACEPKUM CHOTIOBHMA, pa3jinKaMa M 3ajeTHIYKUM OCHOBaMa, nmocBehena cy
noriasiba 8. u 9. Exonoruja, koja naHac mokpehe BETMKH JI€0 HUCTPAKHUBaba KOPUCTH
MPUMEHE JIACEPCKUX TEXHUKA Y MHOTO €KOJIOMIKHUX TpobiieMa, ma je TOj MpoOieMaTHIIH
noceeheno mornasibe 10. Ox moceOHOT 3HAUaja je MpobdieMaTHKa y BE3W ca NMPHUMEHOM

Jlacepa ys3 CO(l)TBepCKy INOAPUIKY Y PAHOM OTKpHBAKY U MOHUTOPHHTY ITOKAPHUX ITpOLECA.

JIuteparypa, y TOMEHY HHTEPAKIIHje JIacepa ca MaTepHjajoM M pa3HUX METPOJIOMIKUX
npuiasa, rie Cy Jacepu y OCHOBU METO/Ia 3a JIECKPHUIILIU]y MaTepujaia, Beh Iyro je akryeiHa
1 00yxBaTa IKUPOKO MYITHIUCHMIIMHAPHO [10JbE UCTPaXKHBamba. 300r cBera Tora, Hako je
TJIaBHA Te3a, Jla Cy JeJIoBamka KOXEPEHTHOT 3paucha Be3aHa 3a HacTajame edekara, Koju ce
HE MOry JOOWTH CIHOHTAaHUM 3payeHheM, IOCTOJU MHOILITBO HEYCArJIallleHOCTH |
JUBEpreHiyje pe3yaTara o3pauMBama MaTepHjaja, IMOTOTOBO 3a Y30pKe OHOJIOLIKOT

IMopeKJIa.

ExcnepumenTtanu neo oBe Te3e je mocBeheH M3abpaHOM KpYry eKCIEepUMEHTaIHUX
MIOCTaBKH, Koje cy Ousie nocsehene crnennduyuuM THIOBUMa OMIbaka, ajll ¥ HEKUM y30pIMa
wii gamuiiMjaMa y3opaka, koje ce mory uemthe Hahu y nutepatypu. Tpaxene cy mro
IpeLu3Huje MEeTO/Ie 3BOhema eKCliepuMeHara y3 aHaJlu3y ImapaMmerapa, 0 KOjuMa ce 4ecTo
HE BOJIM pauyHa. Y METpPOJIOIIKOM IIPUCTYIy, Oupane cy Mmoryhe MeToie 3a OlleHy ONTHYKUX
napameTapa y JJMHEapHOj U HEeJIMHEapHO] 00JIaCTH U TPAXKEHHU CY Pa3o3u 300T KOJUX MOXKE
nohw 110 pa3NuYMTUX WHTEpIpeTalfja WCTHX H3Ja3a eKIepuMeHaTa HW3BPIICHUX IO
CIIMYHUM ycJoBUMA. [IpuMemeHu Cy CUCTEMH, KOJU Cy Y JaTUM TEXHUYKO-TEXHOJIOIIKUM
ycinoBuMa 6 Moryhu, kao u u300p Apyrux napaieaHuX TEXHUKA MEpema, 0] KOJUX HeKe

He noctoje y Cpouju.

Y mwby mpoydyaBama O3pauyHMBama MaTepujalia pazIUYUTUM THUIIOBHMA Jacepa,
eKCIIEpUMEHTAJIHU JIE0 je MOJEeJbEH Ha paj ca y30pLKMa OMJBHOT MOpEKya, )KUBOTHHEHCKOT

nopekjia M y30pIMa Marepujajiia O HWHTepeca y ekosoruju. [lapanenHe TexXHHKe

Cama JeTuh



Yeoo

HUCTpaXWBama Cy yBeK Owie aHanmmsupane. OBaj maTtepwjan je pacmopeheH y Tpu
onrosapajyha mornasiba. MHOTO eKCIieprMEHaTa, Koje Ou Tpedano cripoBecTy 3a AeUHICAH
npoOJiieM, y TPUHIUITY, 3aXTeBa M MHOTO EKCIIEPUMEHTAIHUX YacoBa, Mame WU Behe
CJIO)KEHOCTH W 3HAaTHO BpeMe pajia KBaHTHUX reHeparopa. Y IHJby oJadupa TMOTOIHHX
nmapamerapa 3a eKCIIEpUMEHTE ca pacejabuMa M TPAaHCMHCHJOM, OJHOCHO HMEP3UOHUM
TEXHHKaMa | JIp., Yy OBOM JIeTy Te3e, U3BPIICHE CY U OpojHE cuMmynalyje, koje he ce Be3atu
3a ckpaheme BpeMeHa npeauKIrje U 100rjame PpelaTuBHO OP3UX OATOBOpa O ONTUMAITHUM
TCOMETPHUJCKUM U JAPYTHM ITapaMeTprMa BE3aHUM 3a Y30pKe, TOCTAaBKE eKCIIePHUMEHTATHIX

KOMIIOHEHTH U AP.

VY npBOM NOTIaBJbY, KOjU c€ OaBU €KCIIEPUMEHTHUMA Ca Pe3yITaTUMa U JTUCKYCH]OM Cy
OuMpaHu y30pIH Pa3IMIATOT TIOPEKJIa 32 aHATU3y MPoOJIeMaTHKa, 0 KojuMa je OWio peun y
TeopHjckoM neny. ONMucaHu Cy eKCIEPHUMEHTH ca MIIEHUIIOM, KyKypy30oM H cranaheMm, u
EKCIIEPUMEHTH ca apOMAaTUYHUM Ouibkama (00CHIBKOM U MajUHHOM qymuiiomM). O3padrBama
CEMEHa MIIEHUIIE ¥ KyKypy3a Cy MpHIMalaiy BUILIETOJUIIBEeM Mpaheny pasnuduTux cepuja
y30paka, y pa3IMuuTUM TOAMIIKBUM J100KMMa, y3 npahewmhe BereTaTuBHUX Mepuoja. 3a npBa
JIBa TUMA y30paka, pedepeHie Cy ca pa3sHHX CTpaHa MOTBphHBajie MO3UTHBHA JEjCTBA
O3paunBamba CEMEHA U OIIITHU TPEH] je UIIao Ha Behy MPOAYKTUBHOCT. ApoMaTU4YHe OUIbKE
Cy Mam€ TpeTupaHe y pedepeHiiamMa 1 YMHHU Ce J]a Ha ’brMa Tpeba Jajbe paJuTi 3a 100ujame
MOY3/aHUX TI0J]aTaKa O €KCIMO3WIIMOHUM M arCOPIIIMOHUM J[03aMa W YHETUM IpOMEeHaMa

(MopdoroiIke, OpraHoNIENTUYKE U €BEHTYAIHO HEXKEJbEHE MyTareHux edekxara).

ExcriepuMeHTH Cy JIeTaJbHO TPEICTaB/BEHHU (3a apoMaTHYHE OWJBKE Cy BPEMEHCKH
3HaTHO Kpahw), a rmaBHU Wb je Ouo omabup u mpaheme 00jeKTMBHUX TapameTapa 3a
nopehema y3opaka ca acrekra OHOJOIMIKO-MOP(MONOMIKMX MOAyJaluja. YodaBa ce H
MoryhHoCT mpuMeHe 3a TmpenBubame pe3ynaTara upaaujanuje y u3adpaHoM pexuMy paja

KBaHTHUX IeHepaTopa y BuaspuBoM u M1 nemy cnekrpa.

Pesynratn mMepema cy naté y taberapHOM U rpa)iiuKoM IMpHKa3y, AUCKYTOBaHE CY
KapaKTepUCTUYHE BEITMYMHE, TTapaMeTPH M MeToie oleHe. Jlureparypa je penaTHBHO Majio
3aCTyIJbEHA Ca CIIEKTPOCKOICKUM MOJAIMMa, KOjU TpaTe ceMeHa OMJbaka M3JI0XKEHUX U
HEHM3JIO)KEHUX KOXEPEHTHOM 3pauewmy. 3a moTpebe oBe Te3e, u3abpana je FT-IR
CIEKTPOCKOMNHUja 3a apoMaTH4yHe Ousbke: OOCHJbaK M MajuuHy Iymuny. ExcnepuMeHT
MOKa3yje pasliuKe CIeKTapa y30paka, KOju Cy MOABPTHYTH PA3THYUTHM E€KCITO3UIIHOHOM

J03ama.
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V30piu KUBOTHUECKOT TOPEKIa Cy HMCIUTHBAHH MPEKO MapaMmerapa MO3HATHX W3
nuTepatype. BpineHe cy cuMmynanuje pacejama, npaheHe cy MaTpuile pacejama U HBbUXOBU
HOPMAJIM30BaHU 4WIAHOBU. J[UCKyTOBaHE Cy aHryJapHe pacmojeie y BHIIEC HOTaluja
napameTapa u aquMeHsuja. Kao napanenna aHaausa, [ate ¢y aHryJIapHe pacioelie 100ujeHe

Ha aHAJIMTUYKO-HYMCPUYKHU HAYHH.

Cumynanuje mpojaykara moxkapa, 3a CIydaj aleTWICHCKe M TpomaHcke dahu cy
IPUKa3aJId METOJIE 3a Pa3IMKOBamE y30paka OJf MHTepeca y ekosnoruju. Jlare cy mHUXoBe
aHT'yJapHE pacIofeie 3a MPEeTIOCTaB/bEHE YCJIOBE O3padMBama M JaTe Cy MaTpule
pacejama. Pacejambe O OBakBe UECTHIIC IONPHHOCH IO3HABamky IOXKAPHUX IIpoleca.
Cumynanuje pacejamba O IOJIMCTUPEHCKE Y30pKe JONPUHOCH IPOBEPH KAIMOPALIMOHUX
ocoOMHA Kyriuia, Koje ce 4eCTO KOPUCTEe 3a KauuOpanujy TUHAMUYKUX U CTaTHUYKHX

cHucTeMa.

VY 3aKkibydyKy Cy CyYMHpaHH pE3YJITaTH JOKTOPCKE HCEpTaluje, MOABYYEHH CY
3aKJbYYIIM U3 TIOjEMHUX eKCIIepUMeHaTa JUCKYTOBaHUX y MOCEOHUM IOTIaBbuMa. M3HeTn
Cy IJAHOBU JaJbUX HCTpaKMBama, KOojUMa OM ce YHNOTHYHWIAa M MpoayOusia M3BpIICHA
Mepema. MctakHyT je yTHlaj [ojelMHIX apaMeTapa Jlacepa Ha IOoCiIeJulle MHTepakLuje U

y30paka.
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2. TEOPUJCKH JEO

WuTepakmyja CBETIOCTH Ca MaTepUjaIMMa Pa3IMIUTOT TIOPEKIIa Y CBOjOj OCHOBH YBEK
UMa CIIMYaH CKYIl 3aKOHHUTOCTH, pa3nuuuTux (opmynanuja. MaTepujan Ha KOjU JEITyjeMO
CBETJIOMNY Yy CYIITHHH PEMETH TPOCTUPAE CBETIOCTH (peduiekchja W Ipelamame,
aricopIiyja u pacejame ciuka 2.1). Y HenmpoBuaHuM MeanjuMa edeKaT IpelaMarba je TEIIKO

Pa3lIBOJUTH YCJIE]I allCOPIIIIHjEe U pacejama.

TPaHCMHCHja pediercuja npe1aMame
[ ]
[ . .
[ . .
(Y .
aagpaxnHja ancopnmHja pacejame

\y
«— O
/1>

Cnuka 2.1. I'eomempuja mpancmucuje, peghnexcuje, nperamarea, ougpaxyuje, ancopnyuje

u pacejaroq.

Koju o edexara je toMuHaHTaH — pedIiekcuja, arncopIilyja Wik pacejambe 3aBUCH 01

TUIIa MaTepujaja U TaJlacHe AYKHHE yraJiHe (MHIUIEHTHE) CBETIOCTH.

Hexu ox y3opaka, koju he 6uTu npeameT oBOT pajaa Hajuemhe cy y 00JIMKy YeCTHIIa,
WM Cy Y CBOjOj MPBOj ampokcumaiuju cpepHor odyimka. Hajyonmmrennju MakpOCKOIICKH
NPUCTYT je oapehuBame arcopIiyje U pacejama eJIeKTPOMAarHeTHOT Tajiaca O yecTuiy [8,
9]. To 3Hauu jJa je JOrMyYaH MOYETaK TEOPH]CKOT periema mpodiaema cuctem Maxwell-oBux

jemHaynHa:
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= , 0B _
VXE-I_E_O (22)
V-B=0 (2.3)
VxH=Jp+2, (2.4)

—_ > — — .
rae cy D, E, H u B BeKTOpHU €JIEKTPUYHOT II0MEpaja, eIEKTPUYHOT 110Jba, MATHETHOT 110Jba

¥ MarieTHe WHAyKUuje, perom. OBaj cUCTEM jeHaYMHA TOCTaje MOTIYH, Kajia ce JOIMyHHU

cieaehum jeqHauyMHaMa:
D =¢,E +P, (2.5)
ﬁzg—ﬁ, (2.6)
Jr = o, 2.7)
B =uH (2.8)
P = & )(ﬁ, (2.9)

rjae cy ﬁ, PuM T'YCTHHA CTpYje, eJIeKTpUYHa Mojapu3alnja U MarueTusanuja (ycpeameHu
JUIIOJTHU MOMEHAT TI0 JeIMHULM 3allpeMUHE), €0, W0, L, O U ¥ €JIEKTpUYHA epPMEa0MIHOCT
BaKyyMa, MarHeTHa IMepMeabMIIHOCT BakyyMa, MarHeTHa NEpMEaOWIHOCT MaTepujana,
cnenuduyHa eJIeKTpUYHA MPOBOJHOCT U €JIEKTPUYHA CYCHENTHOMIHOCT, PECIEKTHBHO. 3a
BEJIMKHU OpOj clyyajeBa ce MPeTIoCcTaBiba Aa Cy G, L U { HE3aBUCHH OJI M0Jba (JTMHEApHOCT
MeJijymMa), HE3aBUCHH OJ1 IO3UITH]e (MEIU]yM j€ XOMOTEH) M HE3aBUCHH O/ ITpaBlia (MeI1jyM
je usotpomnaH). Pemema cucrema jeqHauMHA 3aBUCE U OJf KOOpJWHATA M OJ BPEMEHA.

[IpernocTaBKa je 1a ce 3aBUCHOCT MOKE PA3I0KHUTH Ha ciefehn HauuH:
E(z,t) = E,(2)E.(t) = E,E,. (2.10)
Ommrra pemema oBe jeJHaYMHE UMajy ciieaehn o0IuK:
E, = C,e!®m7 4 ¢ e~ 1("/v)z (2.11)
E = D;e'®t + D,e~ i@t (2.12)
Koncrante Ci, Co, D1 u D2 cy oapehene rpanmunuM yciioBuMa. M3 mpeTxoHor je

pelieme:
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E(z 1) = E;(n)E,(D)~eH@/M7ehior = oHilhrFo  (213)

CUCTEMY, TIE€ je CMep Tajaca YCBOjeH (HIIp. c'JIeBa Ha IECHO) IPEOCTaje jeIHO
v eMy, Tlie j€ cMe e e e e je

peleme:
E(z,t) = Cellkzz—0Y (2.14)
e je k; mpormarannona KOHCTaHTa, Tj. TalacHU Opoj 1e(UHUCAH Kao:
k, ==, (2.15)
v
T7€ je ® - KpYXKHa y4eCcTaHOCT a v - je Op3uHa.
JlaTo pelieme npecTaBiba Tajac, KOju 3a CBaKy BPEIHOCT Z MMa UCTY aMILUIUTYAY 3a

CBE BPEIHOCTH X U Y (paBaHCKU Tajlac y IpOCTOpY) - ciuka 2.2.

paBaHCKW Tanac E=E,@e —ifk; z - wt)

Cauxa 2.2. [lujacpam pasanckoz manaca enekmpuidHoe nosoa.

Kako je amnaumyoa BekTOopa €INEKTPUYHOI M0JbAa BEKTOp, KOJU JIEKH y paBHU
HOpPMaJTHO] Ha MpaBall KpeTamwa, aMuaumyod ce MOKE Pa3JIOKUTH Ha JIBE OPTOrOHAJIHE

KOMIIOHEHTE, KOje OAroBapajy ocaMa X uy.

E(z, t) = Eye i(kez—wb) (2.16)
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E = E0xi>e—i(kzz—a)t) + Eoyfe—i(kzz—wﬁrp) (2.17)

VYrao @ yommrapa ciy4aj, Kaja JIBe 0JIBOjeHE KOMIIOHEHTE HHUCY Y da3u. Y ciydajy
KaJa je yrao Hyna, KOMOMHOBAaHU Tajacu NPEACTaBJbajy jeAaH Tajlac, YMjH je€ BEKTOP
aMIUTUTY/IC YBEK OPHjCHTHUCAH y UCTOM TpaBily (paBaHcku Tajnac). OcTalie BpeHOCTH yIiia,
NpeJCTaBIbajy ClIydajeBe, Kaja BEKTOP aMIUTHTYye GopMUpa MUPKYJIAPHY WU CIUITHYHY
noJlapu3alyjy y mupeM cMuciy (ma ce paad O MUPKYJIapHO, Tj. SMUNTHYHO IMOJIAPUCAHO]

CBETJIOCTH).

v CUCTEMY Y KOME CC BEKTOpP nponaraunje HC IIOKJIara ca HEKOM OJf 0Ca pCHICHC

CaJipKU CBE TPU KOOpJAUHATE X, Y, Z:

E(x,y,z.t) = Eje~(xxtkyythzz-a0) (2.18)
E(x,y,z.t) = Ee~i(k7-0) (2.19)
k= ki +kyj+k,k (2.20)
7=xi+yj+zk (2.21)

—
Yy MNpEeTXOAHUM J€AHAYNHAMA k J€ BCKTOp HIpomnaranvje, a 1_"> J€ BECKTOp IOJIOXKAja. Axo

ce 3aBUCHOCT exp (-imt) mpeTocTaBy 3a CBa M0Jba, OCHOBHE peJiallfje ce TPAHCPOPMHUIILY Y

V- (¢E.) =0 (2.22)
VxE, =iwuH, (2.23)
V-H. =0 (2.24)
VxH, = —iweE, (2.25)

rJie je KOMIUIEKCHA MepMeadriTHOCT Aata ciefaehum uspaszom [8, 9]:

e=¢e(1+y+ i% (2.26).

IIpocTtupame cBeryiOcTM 'y Marepujajdy (amcopnuuja #W  pacejame).
HajjennoctaBHMju CiTyda] je Kaja CHOM Majaa Ha MEIUjyM, KOju aricopOyje (Hema pacejama).
VY cnektpodoromerpuju, pediiekcuja ce Hajuenthe U3 OBUX H3pasza YKIara Tako, IITO Ce
nopeze y3opiu ca peepeHTHUM KuBeTaMa (ca IpHOIMKHO HCTOM pedIeKCUBHOIINY, Ko U

KHBeTa y30pka). Ha nyOunu X y y30pKky, upaaujanca he Outu nara uzpasom
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I, = I,e &%, (2.27)
rae je K nuneapHu koeduimjeHt ancopruuje. OBa penamuja je mo3nara kao Lambert-oB
3aKOH M J00Mja ce U3 YCIIOBa Jla C€ CBETIIOCT MPOCTUPE y TIPaBIly X OCe U Ja je BepoBaTHOha
ancopniyje (hOTOHa UCTa CBYIa Y Y30pKYy. Y criekTpodoTomeTpuju, kopunihemeM Beer-oBor
3aKOHAa MOXKe ce moja ojpeheHuMm yciaoBumMa Hahm K W TO Kao MPOU3BOA MOJApHHUX
KOHIICHTpalldja CYICTaHIle, Koja ancopOyje W HEHHX MOJApHUX KoeduiljeHara (Uiu y
CiIy4ajy BHUIIE CYICTAHIIM KOje arcopIryjy, Kao cymMa HEKOJHKO MPOU3BOJa). Y cCiy4ajy
IPOCTHpama CBETIOCTH Yy JKMBUM TKHBMMA, MHTCH3MBHO pacejarbe HM3a3uBa pPaziIHuUTe
yTUIaje Ha KOHCTPYKILHM]y CHCTEMa 32 MEpEHme, a KBAHTHTATUBHO TyMayeme pacejama je
KOMIUTUKOBAHO TOJMKO Jia Yy MHOIITBY CiIy4ajeBa HUje Moryhe H3IBOJUTH KOpPHUCHE
unpopmanuje. IlojemHocTaBibeHa TeopHja, Koja je JaTra Kao MpBa alpoKcHMaluja je
Kubelka-Munk Tteopuja, KOprCHa caMO 3a MaKpO-XOMOTeHe oOjekTe (Ha MaKpo CKajlu
XOMOT'€HE U M30TPOITHE 00jeKTe ca KoeHIIijeHTHMa ariCOPIIIHje U TapaMeTprMa pacejama,
koje je moryhe yrBpautH). Seyfried u Fukshansky [10] (umtupano y [11] ctp.10) cy
nokasaiu Jia je Moryhe monudukoBatu Teopujy 3a o0jekar, KOju ce cacToju O]l HEKOJIUKO
XOMOTEHHX cliojeBa. Mozen je JTOBOJbHO J00ap /a ce BUM MOTY aKIIEHTOBATH OCHOBHA

CBOjCTBa CBETJIOCTH, KOja ce MPOCTUPE KPO3 METUjyM, KOjU U aricopOyje U pacejaBa CBETIOCT

[11].

dayopecuenumja. ExcriuToBaHN MOJIEKYJ MOXKE Jla M3TyOH J1e0 CBOj€ €Hepruje Ha
pa3IuuuTe HAayMHE Yy OOJMKY CBETJIOCTH (JeekcuuTaiuja) - (QuyopeclueHnuja win
dochopecrenumja. ['yourak eHepruje je mMoryh u Kpo3 mpenajy €Hepruje CyceaHUM
MOJIEKYJIMMa, XEMHJCKUM IpOIeCUMa; TaJl HA OCHOBHHM HUBO IpaheH je u mehynpenazuma
(uecto mpahenu dochopecuenimjom), uta., cauka 2.3. OBH mpolecH JEEKCIHUTAIH]e CEe
YOOTIYHY]y ca (IyopecleHIInjOM Ha BPEMEHCKO] ckaiu (y mopehemy ca MpOoCEeYHUM
BPEMEHOM >KMBOTa TOKOM KOjer MOJIEKYJ OCTajeé y €KCLUTOBAHOM CTamy). To cpeime
(npoceuno) Bpeme TpeACTaBiba EKCHEPUMEHMATHU BPEMEHCKU NpOo30p 33 MOHUTOPHUHT
nuHaMuukux mporeca (tad.2.1). Kapakrepucrtuke ¢iayopecuenuyje (crnekrap, KBaHTHU
JOTIPUHOC, BpEME KHBOTA), Ha KOje yThye OUII0 KOjU MPOLEC Y eKCIIUTOBAHOM CTamy, KOJU
YKJbYy4yj€ MHTEpaKIMje eKCIIUTOBAaHOT MOJIEKYJIa Ca HeTOBUM OKPYXKEHEM, MOTY Jia TpyKe

3Ha4ajHe HHPOpPMAIHje O TAKBOM MUKPOOKpYKemY [12].

Cama JeTuh
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MeljycucTeMcxn OLIOXEHA
b- -
npenasu . duryopecuenmi)a

HHTepHa
dayopecuenTra :
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HHETPaMONIeKYNapHH
Tpancdep HaenexTpHCARma
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npoMeHa
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doroxemmjcxa _ NPOTOHCKH
Tpancopmamja Tpanchep
SKCHIUTEKC
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@pnamqa eKCHMED o Cpl'ﬂ] e

dopuau)a

Crnuxa 2.3. Mocyhu deexcyumayuonu MexaHusmu eKcyumosanoz Moiexyid.

3a emucujy GoToHa, KOja MpaTH penakcanujy Si1—So, Tpeda HarJacHTH Ja C€ 4eCTO
jaBipa (hiyopecleHlMja ceM y Map cllyyajeBa Kaja ce jaBjba ca S1 cTama. laja meHa
KapaKTepUCTHUKA HE 3aBUCH O] TaJlaCHE MY)KMHE eKCIUTaIuje (MOCTOjU caMo jeIHa JHHUja
OCHOBHOT cTama). I[Ipenasz 0-0 je oOuuHO MCTH 3a arcopriyjy u uryopecuenyjy. Mmnaxk,
criektap (IyopecieHITje je JIOIUPaH Ha HIKUM (peKBEHITMjaMa (HHUXKa EHEPruja) y OJTHOCY
Ha ariCoOpIILMOHU CHEKTap, jep 10J1a3u 0 I'yOuTKa eHepruje y eKCIUTOBAaHOM CTamy ycliea
BUOpAIIMOHUX penakcalyja. Y ckiany ca Stokes-oBUM MpaBUiIOM (€MIIMPH)CKO OCMaTpame
Hactaso mipe Perrin-Jablonski mujarpama cnmka 2.4), TamacHa myxuHa ((ppexkBeHIHja)
¢dryopecieHTHEe eMHUCHje YBeK Tpeba aa je ayxka (a peKBeHIrja HIKa) OJ] OHE Be3aHe 3a
arcopIuujy.

Y MHOWITBY CllyyajeBa ce ariCOPILUUOHU U (DIyOpPECIIEHTHH CIEKTPH MpeKianajy (J1eo
CBETJIOCTH je Ha HIKHUM (hpeKBeHIIMjaMa of aricopboBaHe cBeTsIocTH ). OBakaB 3aKJbyyaK je,
Ha MPBH TOTJIE]] Y KOHTPATUKIIM]U ca IPUHIIMIIOM KOH3epBalje enepruje. OBaj aedexr je
KOMITEH30BaH (MPBH je ykazao Einstein) YynmeHUIIOM J1a je Ha COOHO] TeMIepaTypH MajH Je0
aHcaMm0iia MoJieKyJia y BUOpaIMoHOM cTamy BuiieM oa 0 (auctpulyuuja je y ckiaxy ca

Boltzmann-osum 3akoHOM).
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Cnuka 2.4. a) Perrin-Jablonski oujacpam u 6) npuxas penamusne nosuyuje ancopnyuonoe,

pryopecyenmnoe u pocpopecyenmnoe cnexkmpa [12].

Tabena 2.1. Kapaxkmepucmuuna epemena npoyeca [12].

KAPAKTEPUCTUYHA BPEMEHA

ancoprmja  10%%s

BuOparmona penakcamuja  1072-10"1%

BpEME KMBOTA eKCIMTOBaHOr cTama S1 107°-107s — ¢dyopecueHuuja
uHTepcucTeMcku mipesas  10710-108%s
untepHa kousepsuja  10711-10%

BpEME KMBOTA EKCLIMTOBAHOT cTama T1  107°- 1s —>»  ¢ochopecueHnmja

Cama JeTuh
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Onnoc 6poja monekyna N1 u No Ha 1 u 0 BuOpanuonom HUBOY (HIp. ciuka 2.5) ca

HuBouMa enepruje E1 u Eo mo Boltzmann-oBowm 3akony je
N
= exp[—(E, — Eo) /KT, (2.28)

rae je k Boltzmann-osa xoncranta um usHocu 1,3807-10%J-K?, nox je T amcomyrna

TeMIieparypa.

2
1
S, 0
: 2
S 1
' 020-10-001102 -

P AR

: N (B 1

(SO
A J ! ] .
aricoprimja I IR li HE :. eMMCHja
v A

Cnuka 2.5. Ilpuxaz eubpayuonux onceaa y ancopnyuoHom u (ryopecyeHmmuom cnekmpy

apomamuunux xuopokapbona (xuopoyemenuka) [12].

Paznuke usmel)y HUBOaA Cy CIMYHE Y OCHOBHOM M €KCIIMTOBAaHHMM CTamHMa, TaKko J1a
¢iryopecleHTHH creKTap 4ecTo nojaceha Ha IpBU alCOPNIMOHM orcer. Pa3mak (n3paxeH y
TaJacHUM OpojeBMMa) M3Mel)y MakcHMMyMa TpPBOT arCOPMI[MOHOT OIcera M MaKCUMyMma
dyopectiennuje, Stokes-oB momepaj, 1aje KOpUCHE HHPOpMaIHje.

Emucuja u ancopriuja $potona je pena ~107° s, anmu excuuroBanu Monekysu ocTajy y
S1 cTamy 0J1 HEKOJIMKO AEI0Ba PS 10 HEKOJIMKO CTOTHHA NS, Y 3aBUCHOCTH OJ] TUIA MOJIEKYJIa
¥ MEJIjyMa, TIpe HeTo ITO Ce eMUTYje (DOTOH MM ce aKTUBUPA HEKHU JPYTH ACCKCIIUTAIIHOHU
nporec. [locie ekcruranuje Momynanyje MOJEKyJla KPaTKHUM CBETIOCHUM HMITYIICOM
UHTECH3UTET ()IIyOpecleHIMje Olaa eKCIIOHEHIINjATHO ca KapaKTePUCTUYHUM BPEMEHOM,
KOje KapaKTepHIle BpeMe >KMBOTa MOJIEKYla y Si1 eKCIHUTOBaHOM cTamy. OBaj mpoliec je
cnionTanu npouec. [Tox ogpehenum yciaosuma, Moryhe je u3a3BaTi U CTUMYJIMCAHY EMHUCH]Y

(macepu Ha 60jama) [12].
Y MHOWTBY cHUTyalyja MOJEKYJ ce MoHama Kao 3acebaH cucreMm. Omucyje ca
KOHCTaHTaMma Op3MHE MPBOT pejia, Kao CyMa BHILE OBUX KOHCTATHTH 3a PAa3JIMUMUTE MpOILIECe.

Cama JeTuh
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k =ks+ ke + kic + kep, (2.29)
A€ HWHISGKCH O3HayaBajy, peaoM (GIyopecleHId]y, TepMalHy JACCKCIHTAIH]Y,
MHTEPCUCTEMCKH TIpeyia3 U XeMHjCKy jAeekcuuTanujy. [1on KOHCTaHTHOM HITyMHHAIIH]OM
nonasu A0 crabuiHe KoHurypamnwje, ma Op3uHa amncoprimje (GoToHa TocTaje jeaHaka
TOTANHO] Op3uHU neekcrutanyje. OmHoc Opoja (GoToHA €eMHTOBaHMX KpO3 TIpOIeC

dayopecieHIje y oqHoCy Ha Opoj aricopboBanux (PpoToHa je

o, = "1 /= (2.30)

kr
/ (kf + ken + kic + ken)’
KBantHn nompunoc ¢uayopecuenuuje ¢k ce, Hakie, U3pakaBa Kao [€0 YKYIIHE
JeeKcuuTanyje. Pa3nnuutu npouecu AeeKCuuTaIrje YIeCTBY]Y Y YKYIIOj JeeKCIHUTAUjH Y
onpehenum nporentuma. OnyopecieHnuja xiaopoduia ko Oribaka, Koja je yoOuuajeHo Ha
HHCKOM HHUBOY M Hajuemhe Heguo.busa, pacTe yKOJIUKO JOAAMO y CHUCTEM aIUTHB, KOjU

crpeuana orocuntesy [12].
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1. OnTuyku napamMeTpu MaTepujaJia

Onmuuka ceojcmea mamepujana. ONTHYKA CBOjCTBa MaTepHjaja Cy HEPACKUIHBO
B€3aHa 3a IJaBHe (yHKIHMje OA3MBa, OJHOCHO 3a JUEJIEKTPUYHE, NIPOBOJHE M MarHeTHa
CBOjCcTBA M MOMIEKY KiacuuHoj Maxwell-oBoj Teopuju y moapydjy JUHEapHE ONTHKE U
CEeMMKJIACHYHOT TpHIIa3a. 3a cllydaj IpBOT Npujla3a HEJIMHEPAHO] ONTHIM IMPUMEHA UCTOT
npuIiasa Tpaxku pa3Boje 1o riaBHUM BennunHama Maxwell-oBor npuiaza y crenene penose.

ITonazehn ox mpoueca KOju ONUCY]y MHTEPAKIM]Yy €JIEKTPOMArHeTHOI 3payerma ca
MarepujajioM  Hajuemhe ce  cnoMmumby:  peduieKcHja,  pacejame,  arncopIiuja,
doronymMuHucIeHIUja, GayopeciieHyja u ap. [13], a To Baxu U 3a IPOCTUPAE CBETIOCTH
y Ouonomkom TkuBY. IIpema n3zabpanom npuiasy, KOju ONUCYje WHTEPAKIU]y CBETIOCTH U
MmarepHjaia 6upajy ce BeJIMUYMHE O]l MHTepeca Y MaKPOCKOIICKOM U MUKPOCKOIICKOM OMHCY
u mehy \wuMma cy:

e Uupexkcu npenamawa n (L) - penaTHBHH W arCONyTHH; W OBa M Jpyra ONTHYKA
CBOjCTBa, MMajy jauu WK cl1a0uju JUCTIEP3UOHU KapakKTep,

e Edukacuu npeceru (pacejama, arcopiiiuje,..) os, Oa ,

e Jludepenuujanau npecenu (pacejarma pa3HUX BPCTa €NACTHYHHUX U HECNACTHYHUX,
arcoprimje,..) dosi/dQ,

e Koeduuujentu cnabspema U 1nojavyama,

e Bennuune, xoje OmuCyjy IMOJIAPU3AIMOHO CTamke€ CBETIIOCHOT CHONA W HErOBE
Tpanchopmarmje.

Edukacan npeceun kBaHTHU(UKY]y (Ha pa3He HauyMHE) CBOJCTBEHY (YHYTpalliby)
BepoBaTHONY J1a 1ohe A0 HEKOT mpolieca, Kaja yrnaaHu (MHIUACHTHH) CHOI MMajia Ha o0jeKkat
cacTaBbeH O] NUCKpeTHHX dectuia (Hajuenthe). EdukacHuM npecenuma ce OMHCY]jy
KBAaHTUTATUBHE Mepe Kojuma ce mpeaBubha Heka uHTepakinuja. Kpo3 muxoBe aHrymnapHe
3aBHCHOCTH C€ CIpEeXe U CTame Moiapuszanuje ogabpaHor cHoma. JludepeHuujanHu u
TOTATHU e(QUKACHU TMpeceld NpeAcTaBbajy CYIITHHCKE HH(pOpMalHje O HHTEPHO]
CTPYKTYPH YECTHIIC METE.

[Tocroje cTaBoBH, /a cy camMO HM30TPOIHU CHUCTEMH, CUCTEMU Yy KOjuMa je Moryhe
pemaBatu 3agarte napaMerpe. CaBpeMEHH TEOPUJCKM U EKCHEpUMEHTAIHU Mpujasu ca
KBaHTHUM IeHepaTOpHMa y3 MHOIITBO KJIACHMYHUX M HOBHUX Ipoleca ca (OTOHHMA, YIIPaBo
CIIy’)ke J1a Ce W aHHW30TPONHH CHUCTEMH MOTY JETajbHO HW3ydaBaTH (JETajbHH OIHC
eKCIIEpUMEHTa, TPETIOCTaBKe M alpOKCHMAIlMje Cy BakHEe 3a MoryhHocTt mopehema

pesyiTara pa3IMYUTHX ayTopa). YBoleme mocmarpama OUOJIOIIKUX MaTepHjaja MyTeM
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nedUHICaHNX MMapaMeTapa, KojuMa ce KBaHTH(DHUKY]y CBH YCIIOBH €KCIIEPUMEHTA CY yIPaBO
npaBIy Ha KOjuMa ce JaHac paau [13].

CpojctBa TKMBA. HHoekc npenamama (ancoaymuu-peramusenu). WVHIEKc
npeaMama Meaujyma aeduHuine Op3uHy MpoCTHpama CBETIIOCTH (OJJHOCHO AHEICKTPUYHA
U MarHeTHa CBOjCTBAa MaTepHjaia), aju MPOMEHE MHJEKCa TpeliaMarbha, KOHTHHYATHE WU
Harne (TpaHWYHH YCJIOBHM), YKa3yjy Ha HacTajame IIpoleca pacejama, Npelamama,
peduiekcuje u np. Kako cy TKuBa XeTeporeHa Io cacTaBy, HEOIMXOJHO j€ 3HATH WHICKCE
npeaMama pa3IMIuTUX KOHCTUTyeHaTa TKWBa (Tj. MPOpadyH CBOjCTaBa pacejama) WIu
ycpeoreHe BPEIHOCTH 32 TKMBO Kao LeIuHY (Kammbeme oarucmuuxkux porona). EGextuBan
MHJIEKC TpesiaMarba TKUBA je Hajuyenhe anpoKCHMUpPaH Kao cpeliba BPEIHOCT 110 3alIPEeMUHU
y 3aBUCHOCTH OJ BPEOHOCTH 32 KOHCTHUTYEHTE, IITO je Yy MHOLITBY Cly4ajeBa pa3yMHa
npoueHa. Boga unHu 3Hauajan npoiieHaT BehuHe TKHBa, a beH HHIEKC Ipeiamama (n = 1,33,
Hajuemhe kopuinhema cpeama BpeaHocT Ha Nap TamacHO] IDy)KWHU) TpeAcTaBiba
MUHUMAJIHY BpEAHOCT 3a QuIyuae W KOHCTHTYCHTe MeEKOr TkuBa. Mehy ocramum
KOMITOHEHTaMa MEKOT TKHBa, YECTULIEC MEIaHWHA, KOje ce MOTY HahM y enuaepMaTHOM CII0jy
KOXKe Cy Ha CYIPOTHOM Kpajy CKaje HMHJCKCa IpelaMara Ca BPEAHOCTHMA JaTHM Y
autepaTypu u usHan 1,6 [13].

CaojcrBa TKUBA. Ceojcmea pacejarva.

3a ONTHYKM HEXOMOTCHH MEIHjyM, W3pa3d 3a KBAaHTHTATHBHY aHAIN3y CE MOTY
M3BECTH M3 jelHaYMHA W3BEJEHUX 3a ONTHUYKO NpOydyaBame MOBPIIMHA ca AUPY3HOM
pednexkrancom. [IpemackoMm on mojmena ca nBa Audys3Ha (iaykca, KOju C€ MPOCTUPY VY
pa3IUYUTUM MpaBIIIMa KpO3 Tac, ¥ mocMaTpajyhu yKyInHy yHa3zaa pacejany CBETJIOCT, MOJIEN
je najbe yHarnpel)eH u TpeHyTHO je Yy OCHOBH MHOIITBA HOBHX Mojena. Kubelka-Munk (K-M)
npelcTaB/ba HU3 KOPHUCHUX jelHA4YMHA, Koje 00e30el)yjy OCHOBY 3a najbe MpoydaBame
aricopIiyje, pacejamba U Mpoleca JyMUHUCICHIU]E Y MEAUjyMy, KOjU TMoKa3yje Tudy3HO
pacejame y meaujymy [13].

[ToMeHyTH ONTHYKH TApaMETPH Cy CaMO BPX JedeHoe Opeea. MonenoBame y30paka
JIOHOCH ca coO0OM OJITYKY O TUITY anpokcuMariiyje. [Ipumena orpannvaBa Mojien Ha ofpeheny

oOact u napameTpu (morpedan Opoj U TUI), KOje KOPUCTUMO ce Hamehy camMuM poGsieMoM.
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2. OnTHykKe MeTOo/1e 3aCHOBAHE HA KOXEPEHTHOj M HEKOXEPEHTHOj CBETJIOCTH

Cnekrpockonuje — CrieKTpOCKOIICKH MPHIIa3 MaTepujaliMa CBUX arperaTHUX CTama
npyka MHOTO BHIIE WH(OpMAaIHja O] TOCMaTpama y YCKOj CHeKTpanHoj obmactu. lanac
IIOCTOjH BHIIE MOJEa CHEKTPOCKOIHUja: CIEKTPOCKOINH]ja Ca CIIOHTAaHHM M CTUMYJIMCAHUM
3payermeM, CIEKTPOCKOIMja ca KOXEPEHTHOM M HEKOXEPEHTHOM CBeTJIomINy, KiacH4Ha
CIEKTPOCKOITHja ca ONTUYKOM PEIIETKOM U IIPU3MOM, CBE JI0 CIIEKTPOCKOIHja ca mpolecuma
nzbujama Qorona (Xeprosa crekTpockonuja). Mel)y caBpeMeHHM TeXHHKama MOCEOHY
yJIOTY MMajy CIEKTPOCKONHje, KOje Tpake MHHHMAJHE KOJIWYHMHE y30paka WM Koje Cy
MOBE3aHEe ca MUHMMAIIHOM JCCTPYKIIMjoM Marepujaia, kao mro cy LIBS, LAMMA, u ap.
CaBpemMeHe eKcriepruMeHTalIHE MOTYhHOCTH MpyXKajy CIIpery eleKTPOHCKE MUKPOCKOIIH]je ca
CIIEKTPOCKOIIMjOM BpEeMEHa TpoJieTa W CII. 3a IOjeJIMHE IMPOIece pacejama, ariCopIIHje,
dnyopecuennuje, Beh o0JaBHO TMOCTOjU HHU3 KOMepuMjamHuX ypehaja, koju wumajy
BUILIETOIUINLY Tpaaunujy [14]. 3a nabMHCKE TEXHHUKE MEpEHha, MPEIyCIIOB je 1a MOCTOjU
mupoka 0a3a mojaTaka CHUMJBCHHX Yy JabopaTopHjcKuM ycioBuMma. [lapanenuzam
KOMITAPaTUBHUX M KOMIUIEMEHTAPHHUX TEXHUKA U BUIIECTPYKE TTOBE3aHOCTH Pa3HUX OCOOMHA
Martepujajia cy JaHac BHIIE HEero uKas, Moryhe.

Texnuke Be3aHe 3a HMH(QpAIPBEHE CIEKTpe, MH(PALPBEHO 3payeke Cy IMperMeT
npoy4aBama y MHOTO 00JIaCTH MCTPaXMBamka U Y CBAKOJIHEBHO] MPUMEHH, a WHPPALPBEHU
CHEKTPHU C€ MOTy JUPEKTHO MOpPEAMTH ca pe3yiTraruMa Raman-oBor pacejama. AHaiuza
MaTtepHjajia OMJbHOT MOPEKIIa, Ha 6a3u HHPALPBEHOT 3payera, ce IUPOKO KOPUCTH; TpeMa
n3abpaHoM OMOY30pKY, 3aBHUCH NpUIpeMa y3opka (Kopumiheme XeMHjCKUX CpelcTaBa U
moaudukaiuja 3umoBa henuja). busbke ce cacroje ox 10 80% cyBe Matepuje (yribeHH
XUApaTH), Tie Cy Mel)y HajBaKHUJUM: LIENyn03a, cKpoO, mekTuHU U mehepu (Taykosa u
caxapo3a). Cpeama uHdppalpBeHa o01acT 3a npoceyHy OMIbKy Hocu cienehe nHpopmanuje
nate y Tabenu 2.2.1.

bnucka nnppanpsena obaact (ma U CEKTPOCKONHMja) je Jodap ajaT 3a MCIUTHBAKE
TkuBa Ousbaka. Kao u y cpenamoj uHdparpBeHoj o01acTi, OMIbKe MOKa3y]y aKmueHocm y
OBOj 00JIaCTH yCIIe]] MPUCYCTBA YIJbEHUX XHUApaTa. AHaM3a ca BUIIE MPOMEHJBUBUX OJIMCKE
uH}palpBeHe 001acTH Pa3IMUUTHX BpcTa OUJbaka, MOXKe c€ HCKOPUCTUTH 32 Pa3yuyuBambe
y3opaka [15], Tj. mpeno3HaBame. Amapatd 3a IpENO3HABake OMJbaKa ca JACEPCKUM
TEXHWKaMa Cy OJIaBHO y CTamy Ja pasziuKyjy ¥ Buie oa 80 BpCTa JIMCTOBA, MTO MOXE Ja

Oyze on UHTepeca y eKOJIOTHjU, KOHTPOJIU CTama yceBa, UHIYCTPHUJU XpaHe, UT/.
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Tabena 2.2.1. I'nagne obnacmu ancopnyuje y cpedroj ungpaypeeroj ooaracmu cnekmpa 3a

yemene xuopame oumaxa ([16]yumu

pano y [15], [17] yumupano y [15]).

Tun yribeHux Xuapara Tanacuu 6poj (cm™)
o-D rimykosa 915, 840

B-D riyko3za 915, 900

emnymnoza 1170-1150, 1050, 1030
Jluraun 1590, 1510
XeMHUIIenyio3a 1732, 1240

[MexTun 1680-1600, 1260, 955

Eauncomerpuja — Enuncomerpuja mpumana KIaCHYHHjUM ONTHYKHM MeTOAama
Mepema, Koje Cy ca yBohemheM KBaHTHUX IeHepaTopa, ayrToMaTu3aluje 1 yBohema paayHapa
y online oOpaay u3MepeHux mojaTaka mpepacie y cj0KeH MEpHH CUCTEM, KOjU TIPYyKa BaKHE
HOJIaTKE O Y30pKY, He3aBUCHO oJ] mopekia. [locroje u Ty pasnuunte MoanpUKaIyje TIaBHUX
MeTo/la M3BOlErba, alli je KOMILICTHOCT METO/e Be3aHa 3a ¢opmanu3aMm pasBujeH Stokes-
oBuM Bektopuma u Muller-opum marpunama.

Jlunapcka mepemwa (LIDAR - Light Detection and Ranging). /labuHcke KOoHTpoOIe
U Mepema Cy Be3aHa Ca jeJlHe CTpaHe 3a pa3MaTpame CHOIHUX TEXHHKA, IJIe CY 3ajeTHHYKU
(GOTOHM pa3IMYUTHX EHEepruja W MOpEeKJa U YeCTHIe YKJbYyuyjyhu HykieapHe, aKyCTHYKe
cHomoBe u ipyro. Ca Ipyre cTpaHe OBakBa Mepema ce BE3yjy 3a MPUMEHY ONTHYKHUX IpoIieca
npu onpehuBamby KBaHTHTATHIHMX IOKa3aresba Mere, (Kojy morahja cHON KBaHTHOT
reHeparopa) WM [OJaTaka O IMpOLeCHMa, KOjeé CHOMOBH MPOY3POKYjy TOKOM CBOT
npocTHpama Kpo3 aTtMocdepy, a Koja ce y 3eMaJbCKUM YCJIOBUMaA (TE€PEeCTPUUYKUM, Ha
pacrojamiMa KapaKTepUCTHYHHUM 32 JIHape) MEpPH BEJIMUMHAMA KHJIOMETAPCKUX PACTOjarba
[18, 19, 20].

IIpema mpuHuMny paga nocroju Bume nojena mehy xojuma cy DIAL, LADAR,
COLIDAR, (Dlfferential Absorption Lidar, LAser Detection And Ranging, Coherent
LIDAR) nunap ca 6enom cBetiomihy, JTuIapy ca KOHTHHYATHUM CHOIIOM WJIA MMITYJICHOT
THUIIA, Ca HEKOJIMKO KapaKTePUCTUYHHUX MIMPHHA UMITyJIca. Mory fa Oyay MOHOCTaTHYHU U
OHCTaTUYHM, ali MOpajy Ja uMajy (QopMupaHe NpopecHOHATHE OINTHYKE CHUCTEME 3a
(dopmupame M3Ta3HOT CHOMA U JIeTeKIHjy BpaheHux (OoToHa, KOjU Cy MpEeTpHenu paszHe
npoliece Ha ONTHYKOj CTa3M M CHUCTeM Koju mpenBuba neunHucany oOpaay CUTHaia 3a

no0ujame KOPUCHUX MoAaTaka O METH WM O YTy CHOTIA.
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3. Yuaora nacepa y JecKpPUNUKjH U TPETMaHY y30paKa pa3jMYMTHX THIOBA

y HHWJbY OMOMOIY/JIALMOHMX MpolLeca.

WuTepaxiyja gacepa ca MaTepHjalioM ce pa3mMarpa Kpo3 pasindure GopMaan3me, KOju
00yxBaTajy TpeTMaHe KJIaCHYHOM (M3UKOM M KBAaHTHOMEXaHWYKHM TeopHjama. 3aTo je U
noTpeOHO UMaTH JePUHUCAHE BEIUYMHE y30pKa KPO3 ONTHYKE BEJINYMHE, MAKPOCKOIICKOT
WIA MHKPOCKOIICKOT THIIA, IpeMa wu3abpaHoMm wMojeny. M3a3BaHu mpouecu Uy Of
PEBEP3UOMITHIX W HEPEBEP3MOMIIHMX Tpolieca, 10 JECTPYKIHMje MaTepHjaja 3aBUCHO O]l
OCETJPMBOCTH y30pKa W HEroBE OTIIOPHOCTH Ha M3a0paHU CTUMYJIHMCaHU CHoOIl. [Ipumena
Jacepa y Mepemy U ISCKPHIILIU)U Y30paKka, IPBEHCTBEHO MMOIpa3yMeBa jlacepe Maje CHare u
HEJIECTPYKTHBHE IPOLIECE, AT CABPEMEHE MEPHE METO/IE YKIbYUY)y B MPOLIece MUHIUMATHUX
JIECTPYKIIMja MaTepujaia y IHJbY HEroBOT onuca. Tume ce mupu Opoj THIIOBA W OICET
eHepryja (cHara), GpekBeHIMja KBaHTHUX FeHepaTopa, KOju Cy OJ1 MHTEpeca 3a MPOoyyaBame
(ucTpaxuBame) y TOApPYydYjy HHTEpakiuje ca Omoancambimma. [lemoBame nacepa ce
nmocMarpa Kpo3 JelIOBake Ha MHUKpOCKOrnckoMm HHBOY (henwja m WweHU 1eoBH) W Ha
MaKpOCKOIICKOM HUBOY (MHTEpaKildja ca TKHUBOM, IPEICTaBJbCHUM Ca EKBHUBAJICHTHUM
napaMeTpuma Matepujaia: KoehuiujeHT pediiekcuje, KoepUInjeHT TpaHCMUCH] e, TepMallHa
MPOBOAHOCT, KoedulujeHT crnabibema U Ap.). [Ipema WHTEH3UTETy U NYKUHU Tpajama
UMITYJICHOT CHOIIA, Pa3JIMKyje c€ HEKOJHMKO THUTIOBAa MOJIENIa U HEKOJIIMKO THIIOBA MPUPOJIEC
nejcraBa. Jeman o Hajuenrhux nmpusiasa cy TepMaiiHUA MOJIEITH, KOJT KOJHX j€ 32 OMOMEIUIINHY
U OMOJIOTH]Y 01 MHTepeca OMoTepMallHa jeJHauYnHa. Y JIelly, TJIe ce JIACEPCKU CHOIl KOPHCTH
Ka0 COHJIa, K0ja (MakpOCKOIICKH/MUKPOCKOIICKH) OIUCYje METY — Y30pak, ocToju Oorara
JUTepatypa O ONHCY OakTepWja, BHpyca, CAacTaBHUX KOMIIOHEHTH KpBH u ap. [21].
[TokpeT/pUBOCT, AWMEH3HWje, AUHAMHKA KpeTama Ce CKOpO IMMojla BeKa OIMHUCYjYy IyTeM
KOpENalMOHUX TeXHHKa. MaKpOCKOICKEe MPOMEHe, KOje YKJbYUyjy MPOMEHY TeMIepaType,
n3a3uBame (POTOXEMH)CKUX PeaKiyja u Ap. IpeMa HHTEH3UTETY 3pauemha MOTY Jia Ce 3aBpIlie
ca TpollecuMa CTEepWIH3allije U JCCTPYKIHje U Y IIHMPOKO] CY yHoTpeOu y CaBpEMEHO]
onomenuian. Ty ce TpaIuIMOHAIHO TOBOPH O OMOCTHMYIIAIMOHOM, JTHjarHOCTUYKOM,
XUPYPIIKOM yTHUIIA]y CHOMIOBA KBAHTHUX T€HEPATOPA, AU U O /MeXHOIOUIKOj CTPaHH, T1Ie Ce
OHH KOPHUCTE y MPOTETUYKE CBPXE WM 3a IPOMEHY CBOjCTaBa MaTepHjana y cMUCTY OoJber

NpUXBaTama 0O CTpaHe TKuBa [22].
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4. OnTHuke KOHCTAHTE M H-HXOBA yJjora y MmeroaamMma Ja/bHHCKE aHAJIU3E,
6I/IOMEJII/IIIHHCKI/IM TpeTMaHUMa, MOACJI0BaAILY I/IHTepaKIII/Ije CHOIIOBa Ca

MaTepHjajuMa OPraHcKor H APYror mopekJja

VY mporuecy onpehuBama ONTHYKAX KOHCTAHTH, Ka0 M KOJ Mepema INapamerapa o
MHTEpeca y EKOJIOTHjH, y TpolecuMma mpeasubama u mpahema y peasHOM BpeMEHY,
HeonxoaHo je ¢opmupatu mogaene (Tabena 2.4.1). Monenu cy y Behoj mnm Mamoj Mepu
HCOIXO/IHH, a lbUXO0Ba CJI0XKEHOCT hie 3aBucuTH o1 npumene [23, 24, 25]. dorobuonoruja je
u aeduHUCAaHA, KaKO OM C€ YKJbYYHMO BEIMKH Opoj OMOJIONIKMX TOjaBa YKJbydyjyhu u
HejoHm3yjyha 3padema. CBaku O MOjJella, WMa CBOje KapaKTePUCTHYHE BEIHYMHE H
napameTpe, Kao 1 IpeMuce MoJi KOjuM Baku. ONTHYKH MapaMeTpH, Y TOM CMUCITY, 100Hjajy
Ha 3Ha4ajy y 3aBUCHOCTH OJ1 MPHJIa3a MOEIA.

Tabena 2.4.1. Kameeopusayuja mooena onmuuxux céojcmasa auutha [23].

Tun mopena HazuB Www

Beer-Lambert PROSPECT http://opticleaf.ipgp.fr/index.php?page=prospect [26]
Moaesu n-Tor nporoka - FTR http://photobiology.info/Jacg_Ustin.html [27]

N-flux models http://psi.cz/ftp/publications/antoc/aussois223.pdf [28]
Moxeau KOMIAKTHE LIBERTY http://www.geos.ed.ac.uk/homes/s0455489/LIBERTY.
cepHe yecTuue - html [29]

Compact spherical http://www?2.geog.ucl.ac.uk/~mdisney/teaching/3010/d
particle models awson_et_al.pdf [30]

Teopuja ca tpancpepom LEAFMOD  http://geo.arc.nasa.gov/sge/johnson/leafmod/RSE_v63.

3pavera pdf [31]
CroxacTuuku mogean -  SLOPE [24] Modeling the radiative transfer in leaves in the
Stochastic models 300 nm to 2.5 um wavelength region taking into

consideration chlorophyll fluorescence - The leaf
model SLOPE, PhD Thesis, Deutsches
Fernerkundungstagsdatenzentrum, Technische

Universitat Minchen, Oberpfaffenhofen (Germany)

Mopaenu Tpacupama ABM, http://www.npsg.uwaterloo.ca/models.php [32]
CHOIA RAYTRAN  http://rayference.eu/1_old/rtm_ray.php [33]

Ray tracing models

buno na ce panu o MojienoBamby HaHOCTPYKTYpa, pahelhy KBaHTHOKMHETUYKHX HITH
BUIIeOTOHCKUX Tporeca, (opMupamwy ueruynux JieloBa, MTPUMEHH Jlacepa Yy
pedpakrorpaduju WM HEKOj o1 MpUMeHa y (GopMuparmy BHIIECIOjHHX CTpyKTypa [34],
MpUMeHa Jiacepa (M yOIIIITe CBETIOCTH) U3 TOJMHE y TOAWHY 00rja Ha 3Hadajy. TexHuke
Mepema, KOje MOTY JIaTH pa3jInyuTe MOoAaTKe — JeJMHCTBEHE OCOOMHE Jlacepa yKibyuyjyhu u

Jacepe ca mnojemaBameM PppekBernyja [35, 36] To omoryhyjy.
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Teopujcku oeo

Kao mpBu mapameTrpu cBakor y3opka youaBajy ce KoedumujeHTH peduiekcuje,
ancopniuuje wix pacejama [1, 37]. Y nuHeapHOM NOAPYY]jy 3a pEIaTHBHO Majie HHTE3UTETE
3padema TO Cy KOHCTAaHTHE BEJIMYHMHE. 3a Cllyyaj BEIMKHX WHTEH3HTETa, IM0jaBJbYjy ce
HeJIMHEeapHe 3aBUCHOCTH U ()YHKIIMOHAIIHE 3aBUCHOCTH OJ] UHTEH3UTETA 3padyeba, a TO BaXKU
W 3a Jpyre BelWuyuHe (TepMOIMHAMUYKE, MEXHHUYKE), Koje cy mehycoOHo cnpernyte. 3a
nocMaTpame TKUBA, BAXHU MapaMeTpu Cy OAHOCH DPE(ICKCHOHUX M arCOPHIIMOHUX
npolieca, Kao U pacejarma eJacTHYHOT U HEeeJTaCTUYHOT THma. Pacejame ce Moke BHIETH U
Kao mporec Kpasmamcopiiuje (typoumomerpuja) [22]. Mepewa mnyrem mpahiema
TpaHCIapEHIIMje CHOIIOBA CY JIaKIlIa, alli Cy U Mamhe OCETJbUBE METOE Y OJTHOCY Ha METO/IE
pacejama. Yecto ce ykynaH koeQuIujeHT ciaad/bema (TIpecTaBba CyMy CBUX M3a3BaHUX
nporieca ciadJbema, alli Ce OBJIC Y MOJICITY OCTaBJbajy caMmo JIBa WJiaHa; a 3a Iera je Be3aHa
Cpelba BPEIHOCT CIIOOOJHE MyTame ymaaHuxX (OTOHA) M3pakaBa Kao CyMa camo JBa
mpoleca, Koju MpeoBiaiaBajy 0JJHOCHO CyMa Koe(ulljeHaTa arncopiiyje U pacejama:

ar = a+ as. (2.4.2)
Y TypOugHOM MeIujyMy — MYTHOM MEIHjyMy, Cpella BPEIHOCT CJI00O0JAHe ONTHYKeE

nyTame ynajaHux ¢oroHna je:

L, =— (2.4.2)

at
VY TKUBHMa, KOja MPAKTUYHO HE AICOPILY]y y AATOM CIEKTPATHOM IMOAPYYjY, j& Os =0 .

Onruuky andeno ce nepuHUIIE Kao:

a="= (2.4.3)

ae

AKO ce rmocMarpa KOHKpETHa BpETHOCT OBOT TlapaMmeTpa, BUIHU ce Aa 3a a = () mpeosnahyje
aricopriuja, 3a a = 1/2 oba ¢heHOMEHa Cy paBHOIIpaBHA a 3a a=1 1MoCToju camo pacejarmbe [22].
YBohewe KBaHTUTATUBHUX MoOjeNia y OMOJOIIKa pa3MaTpama ca TIIEIUIITa WHTEPaKIIH]je
3padyema U MaTepHjania, YOrITe JOBOJAU J0 pa3Boja aHAIUTUYKUX TEOpHja ca pa3IndyUuTHM
0a3ama, TpaHCIIOPTHUX Teopuja u ap. Knacuunu npuinas ca Maxwell-oBum jeqHaunHama nma
3aTBOPEH CKYIT KOHKPETHUX aHAIMTUYKUX PEIICHha, Al CE€ MOPa BOJUTH padyHa O BEITHKOM
Opojy MHUKpPOCKOTICKUX oOjekaTa (OakTepuje, BUPYCH, MOJTYEHTH) U HUXOBUM Pa3IUYUTHM
pacmojienamMa, moTpeOHUM 3a TIOBE3UBamE ca peanHolhy. J[pyre Bpcte Mojiena ce 6aBe camo
TpaHncnoptoM (oToHa u morahajuma amcopmije (ryoutak (oToHa), pacejama (IpoMeHa
mpasiia (POTOHA M HECTajarhe U3 CHOMA), UT/I.

dyHIaMeHTaTHEe BEIMYMHE Y CBUM MOJIeNTMMa Cy Be3aHe 3a pajJiujaHce, HHTEH3UTeTe
U pe3y/ITaHTHE CUTHaJe, KOjU C€ MOTY JETEKTOBATH Y3 CBE mexHuuke aTpuOyTe Be3aHE 3a

MpoIiece JETEKIHje U T1ajbe 00pae.
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I'maBHM po6ieM y TeopujaMa TpaHCIIOPTHE MPHUPOJC j€ KBaHTH(UKAIIM]a PaujaHCH,
KOje ce mpeTxoaHo aeduHuiny (KoxepeHtHa, nudy3unona u ap.). Kopucre ce anpokcumarnmje
Y CTaTUCTUYKH MPHUCTYIU y 3aBUCHOCTH o]l anbena (pacejame npsor pena, Kubelka-Munk
Teopuja, audys3Ha anpokcumanuja, Monte Carlo cumynanwuja, inverse adding-doubling

Mmerona,...) [23, 38].
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5. Cucremu Ha 0a3M JTHIAPCKUX TEXHUKA

HctpaxkuBaun y obmactu, koja ce Oau ammapuma (lidar — Light Detection and
Ranging) cy oayBek Omii yKJbydeHH y pa3Boj jiacepa. MHOTH HHCTPYMEHTH KOPHUCTE Jlacepe
crienu(pUYHO TU3ajHUPAHE Ja OJArOBOPE HA BUCOKE 3aXTEBE OJpel)eHUX THIapCKUX TEXHUKA.
Hexke o1 OMTHUjUX KapaKTEpUCTHKA Cy: CHAra Jiacepa, TajJacHa JyXXHHA, IIUPUHA UMITYJICa,
OOJIMK CHOIA, CIEKTpaJiHa YMcTOha, U OHE OOMYHO HUCY UCIYHCHE HAa HUCTOM HHBOY Y
KOMepIHjaTHuM ypehajuma. Y3 jtacepe 3a moy3aas U aeKBaTaH paJl CaBpEMEHUX JINJAPCKIX
CHCTEMa, HEOITXO/IHU Cy: ONTHYKH (DUIITPU BUCOKE TPAHCMHCHUBHOCTH, YCKOT OIICETra, OLITPE
CHEKTPAIIHE KapaKTePUCTUKE H/MIM ca BUCOKMM IIOTUCKHUBAKCM BaH PAJHOT OIICEra;
epUKaCHH JETEKTOpU 3a IIMPOKE 00JacTH TaJacCHUX IYXKHHA, CHCTEMH 3a aKBHU3HIIU]Y
nojiataka ca JUHaMHYKUM OIICErOM HEKOJIMKO PE0Ba MAarHUTY/Ia, KA0 U pauyyHapy BUCOKHX
nepopmaHcu ca MOryhHOCTHMa MpolecHpama BEIUKOT Opoja IMojaraka ca BHCOKHUM
Op3unama penetunuje. To je, uamel)y ocranor, pasjior, mTO je auaap 61O U y3poyHUK U

KOPHUCHHUK MHOIITBA TCXHOJOIKHUX I/IHOBaHI/Ija.

IIOCTABKA JIH/IAPA
Jlacep. Y MepHOM cHUCTeMY JIMJapa, KOPUCTE ce Hajuenrhe UMITYJICHU JlacepH (CIuKa

2.5.1). 'maBHa mpeHOCT je /1a ce Tako Mepe: cactaB aTMocdepe (110 BUCHHH), aJld U CacTaB
Ti1a (HOBpILKHE, TyOMHCKa MEpera) Ha OCHOBY Ipolieca Ha KOM Ce 3aCHHMBa pajl n3abpaHor
TUNa JIuaapa (pacejame, arcopiuuja, peduekcuja, duyopecueHuja,..). [Ipatu ce o30H,
BojieHa mapa, CO2, Temmeparypa, Op3uHa BeTpa, MPUTHCAK, KOHTHHYaJHO caoOpahaj y
Ba3IyXy, Ha Ty 1 Boju. Jly>)kKHHA UMITyJIca UTpa BaXKHY YIIOTY U paJiv CE ca CUCTEeMUMa peaa
BenmnurHe 10 m 100 ns. Kpatku nmnyscu ce nobujajy pexumuma ca Q npexuaamem (Q
switch) mu pexxumom cuaxponusanuje moaosa [19], [39] y [18].

JleTeKTOpCKH cucTeM. BakaH 1€0 ONTHYKOT CHUCTEMa KOjU PEryluiie MHTEH3UTET
MOBpaTHOT CUTHaJA je Teyieckor. Boau ce pauyHa o reoMeTpuju, Kako Ou ce 00e30eamiio
mTo 00JbE CaKyIJbalhe YHA3aJ] pacejaHux (OTOHA. Y3 KOPUCTAH CUTHAJI, YBEK CYy IMPUCYTHHU
U HeXeJbeHU curHaiu. Jla Ou ce cMamUO YTHIA] HEXEJbeHUX e(ekaTa JTHEBHE CBETIIOCTH,
Mepema C€ BpIlle YIIIaBHOM HONhy. VYHa3aj pacejaHd curHan je Hajuemthe cmabor
WHTEH3UTETA, Tla ce Kopucte GoTomMynTurimkaropu. M360p ¢poroMynTuiinkaTopa 3aBUCH
0l HaMeHe, a n300p ce BPIIM MO OCETJHMBOCTH W ONCETy TaJlaCHUX TYXXHHA y KOjeM ce

KOpHUCTH.
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Jleo nacepcror cHona
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Cnuxa 2.5.1. Ipunyuncka nocmaegxka auodapckoe cucmema [40].

TanacHe nyxuHe nUmapa 3aBUCE O] MPUMEHE J1acepa M KapaKTepPUCTHYHO je Ja Cy y
orncery o1 250 nm o 11 pm. Jlok cy ce 80-ux rojguHa mpoIior BeKa KOPUCTUIN PYOUHCKH,
CO2, a30THH ¥ Jacepy Ha mapama 6akpa, eKCUMep JlacepH Bemukux cHara u Nd°":YAG,
J¥CTa Ce MPOUIMpWIa W APYTUM Jlacepuma M mporecuma. Excumep nacepu page y UV
noapydjy, nok Nd*:YAG xpucran paau y uHdpaunpBeHOM jely CHEKTpa Ha TalacHOj
nyxuHu o7 1064 nm. YaBajame QppekBeHLrja (HenuHeapHu edektu 2., 3. U 4. XapMOHUK)
HEIIMHEApHUM KpHCTAIMMa j€ IIUPOKO PACHpPOCTPAEHO DPaal KOHBEp3Wje NPHUMAPHOT
Nd**:YAG 3pauema y 532 nm, 355 nm u 266 nm (Bumm xapmoruin). Jlacepn ce KOpHCTe y
JUJAPCKUM CHCTEMHMMa, HE CaMO Kao JHMJIAPCKU eMHUTEepH Beh M Kao mymre. 3pademe je
Moryhe nmomepuTH ka BehuM TaxacHUM ayKMHaMa CTUMYJIMCAHUM WM CIIOHTaHUM Raman-
OBUM pacejameM y racoBuMa (BOJOHUK, ICYTEPHjyM | 1p.). JIumapcka TexHuka je demrhe
KopuinhieHa 3a Meperme KOHIICHTpAIMje O030HA IMyTeM AarCOPIIIMOHUX Tpoleca (0Zone
differential-absorption lidar), a namac mocroju Raman-oB imaap HEOCET/HMB Ha CyHYEBY
ceetoct (solar blind Raman lidar) y Bapujantu DIALa (Differential Absorption Lidar).
Tako ce mapajerHO KOPUCTE CUCTEMH, KOjH TIOpe] MPUMEHE pacejama pajie Ha MPUHITHITY
pasJMKa arcopriyje JABe TajJacHe Ty)KHUHE, Ka0 Mepe KOHICHTpalrje crenu(uIHor raca y
¢ynkumju pacrtojama. Jlacepu Ha Oojama (dye lasers), mymmanu exkcuMmep JlacepoM WM

Nd*:YAG nacepom ce xopucte Beh 1yro 3a mpou3BoEkY CHeIU(pHIHIX TATACHUX TyKHHA
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Heonxomuux 3a pang DIAL-a w nummapa, kKoju paae Ha MPUHIUIY PE30HAHTHE
dnyopecnennuje. JlaHac ce OHHM CBe BUIIE 3aMEHYjy JacepumMa Ha YBPCTOM Tely ca
moryhHomhy moneniaBama TanacHe ayxkuHe, Tj. Oasupanux Ha Ti':safir-y wim
QICKCAaHJAPUTHUM KpHCTAIMMa W TapamMeTapcKuM Jacepuma. Jlomupamem KPUCTATHHX
pemeraka Ha ipumep YAG, YLF, LuAG, uiu crtakana ca akTUBHUM LIEHTPUMA, Kao IITO CY
Nd, Ho, Tm, Cr, Er uimu Yb, cTBapa ce mupok crexkrap uH(panpBeHUX TAIACHUX TYXKHHA,
0J1 KOjUX Cy HeKe u3y3eTHo norojaHe 3a Doppler-oB nmunap. Tunosu nacepa, kao mro cy Slab,
microchip, waveguide u Raman-oB jacep Ha YBpPCTOM TeIIy Cy Y TOKY ca HCTPaKHUBabUMa O
BHUXOBO] IOTEHIIMjaJTHO] YIOTPEOH y JUAapCKUM cucteMumMa. Mako cy iacepcku CHOIOBH
Beh BHCOKO KOJIMMHCAHU, FbIXOBA JIUBEPTECHIINjA CE 1aJbe CMAabyje CHCTEMUMa KOJIMMATOpa
Ha BpeaHoctu A0 pena 100 urad. Tama ce obnact Ha Kojy je pOKyCcHUpaH MpHjeMHH TEIECKOI
Moke u3abpatu na Oyae 10 peaa HeKonuko ctotuHa prad. OBuM ce A00Hja HEKOJIHUKO
IPEIHOCTH — HA TIPBOM MECTY IMO33IMHCKO 3pauermhe U3 aTMocdepe ce 3HauajHO cMamyje, a
Ha JPYroM MECTY C€ JETeKTyje Mamu Opoj GoToHa, KOjH CYy ,,000cugenu’ BUMICCTPYKO
pacejame y atmocdepu. Ha kpajy, Mame obnactu pokycupama TeJIECKOIOM Cy HEOIXOIHE
KOJ JIMJAAPCKUX MeToJa Oa3upaHMX Ha JICTEKIHjH CHTHajla ca BUCOKOM CIICKTPAJIHOM
PE30ITYILINjOM yCIIea MaJINX MIPHjEMHUX YTI0Ba ONITUYKUX ypehaja ca CeNneKTUBHIM TaJaCHUM
OyXHHaMa. Y 3aBHCHOCTH O]l CBpXE [W3ajHUpama Jugapa, IdjamMerap IpHUMapHe
Tesieckorcke ontuke ce kpehe y omcery ox 0,1 m 1o Hekonuko merapa. Bennka Behnna
Juapa KOPUCTH Teneckorcka orneaana. CouynBa ce MOTY KOPUCTHUTH caMO KO IIPHjeMHUKa
ca mManuMm amneptypama. O6nact dokycupama ce AehUHHUILIE 3aCTOPOM Y KUIKHO] PaBHHU
npujeMHe onTuke. JINIapcku CUCTEMH 3a CTIMTHBAE BUIIUX CII0jeBa aTMOC(epe KOpUCTe
qorepe y 0BOM cliyuajy. Homnep oTBapa 3acTop camo KaJj 10 iera Jol)e CBeTI0CT 01 UHTepeca
U TUMe OJIOKHMpA jak CUTHAJI YHA3a/1 pacejaHe CBETIIOCTH U3 JOHBHX cilojeBa atMmocdepe, Kako
6u ce u3berno npeonrtepeheme nerekropa.

I'eomeTpujcku paciopesr eMUTEPCKE U TPUjEMHE ONTHKE ofpel)yje cTereH KoMIpecuje
CUTHaJa Ha pa3fablHaMa OJucKuM nuaapy. Ha OmuckuM pazgasbuHama JIacepcKy CHOM ce
HE MOXe€ Y OTITYHOCTH npeciukamu Ha JeTeKTOp, YUMe Ce MEpH caMo €0 yHa3a][ pacejaHor
mugapckor curHaia. OBaj 1eo 3aBUCH OJ1 pacTojama, AUjaMeTpa JIaCepCKOT CHOMA, FleroBOT
o0mmKa, cBojcTaBa Tesneckomna (0IHOC KMUKHE JTaJbUHE U TijaMeTpa), 00JIacTh Ha KOjy MOXKe
na ce (oxycupa mpujeMHu j1eo ypehaja (BUIHO M0Jbe), pelaTUBHE JIOKAIMje 0ca EMUTEPCKE
U TIpHjeMHE ONTHKe. Y KOAaKCHjaJHUM MOHOCTAaTHMYKHM CHCTEMHMMA, JIACEPCKU CHOI Ce
MPOCTUpPE AYXK ONTHYKE OCE NPHJEMHOT TejlecKona. Y OuaKCHjaTHUM OWCTaTUYKUM
CHUCTEMHMa, ONTHYKE OCE Cy MPOCTOPHO pa3MaKHyTe 3a NYKUHY Oap jeTHOT paaujyca

TCJICCKOIICKOI OTJICaIa, a JIACCPCKU CHOII yJIa3h Y BUJHO ITOJbC O[] UHTEPCCAa 3a TCICCKOII
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(BumHO TIOJBE) ca cTpane. DyHKIMja, pe3ysITaT KOMOMHAIM]E CBUX T€OMETPH)CKHUX edeKara
ce 30Be YHKIUja npexianarba 1acepcKor CHOIla U mpujeMHOT moJba (laser beam receiver-
field-of-view overlap). tbena BpeHOCT je HyJ1a Ha caMOM JIMAAPY, a IIOCTaje [EIOBUTA, Kaia
Ce€ JIACEPCKH CHOI y TMOTITYHOCTH MPOIYCTH KPO3 3aCTOP. 3a BEJIMKE TEJIECKOIe, (PYHKIH]a
IpeKiIanama MOXKE J1a yTU4e Ha JIMAAPCKU CUTHAM 0 pa3/iajbHHA O HeKOJINKO KHJIOMeTapa.
OnTryka aHanM3a yHasaJ pacejaHe CBETIIOCTH C€ OOMYHO BpPILIM Ipe AeTeKuuje. Y
HAjjeJHOCTAaBHUJEM CJy4ajy, MHTepPEpeHIHUjcKH (GUITEp Ce TMOCTaBJha MpEe JIETEKTOpA.
@dunrep TpaHCMHTYjE CBETIOCT y oipel)eHUM POITyCHUM OTIce3uMa OKO TajlacHe Ty>KHHE OJ1
MHTEpeca M IMOTHUCKYje CUTHAII BaH OBe 00JIaCTH, Tj. MO33ANHCKO 3paueme. Jpyre npumene
3axTeBajy couCTHIMpaHMja peliema crekrpainHe anaimmse (Hertzova cmekrpockomnuja,
n3bujambe (QoroHa, Memame (OTOHA, BHUIMIECPOTOHCKH W HEIMHEAPHU e(eKTH).
[Tonapuzaropu, crieKTpoMeTpu ca Au(PaKIUOHUM penieTkama u GUITPH (ca mporecuma Ha
aTOMCKHM I1apama) Cy eJIEMEHTH MOJICHCTEMa, KOjU Ce KOPHCTE y TJIABHOM CHCTEMY.
Jlereknuja curHasia ce peanusyje  (OTOMYITHIUIMKATOPCKHM IIE€BHMa WA
¢dorommonama. Ca FMC (Siemens) u TaBUHCKHM AHOAaMa, Koje pajae y Geiger Mmozy, GoToHH
ce Mory mnojeauHadyHo Opojutu. TexHuka Opojama (OTOHA je BHCOKE OCETJBHMBOCTH U
KOPHCTHU Ce KaJia je KaJla je CUTHaJl M03aIMHCKOT pacejama ciiad, Kaja je pe3ynrar ciador
mpolieca o3aJIMHCKOT pacejama 1 Kajia je 00J1acT, Koja ce UCTIUTY]je JaJIeKO O HHCTPYMEHTA.
bpoj ¢otona y jenuHuinm BpemMeHa, Koju ce Opoje Mocie eMHUCHje JJacepCKOor UMIysca ce
Oenexu. BpemeHncku mHTepBan At, 10 Kor ce 0jia3u 0AroBapa aTMoc(hepckoM pacTojamy
AR =c -At/2, rne je c Op3uHa CBETIOCTH, a (GakTop Y2 ce yBoau Ja 6u ce nobumiia mpasa
Jy’KuHa (CBETJIOCT Mpeia3u UCTH T y ABa cMepa). CKIIaIuIITeHhe ogaTaka ca BpeMEHCKOM
pesonyuujoM oa 100 ns, pe3ynTyje y pe3onyuuju atMochepcKor pactojama 15 m, yKOIHUKo
je macepcku umiync kpahu ox AR. 3a jaku CuUTHaJN MO3aJIMHCKOT pacejara aHaJOTHO
CHUMamE je MeTOJ1 1300pa, Tj. Cpemhe BPEAHOCTH CTPY]je, KOjy Ipou3Boau hopmupanu GpoTto
UMIIyJIC, ce mpaTe oarosapajyhom oOpajgoM curHanma. Y oBoM ciyyajy, Op3uHa A/D
KOHBep3Hje, oapelyje orncer pe3onyiuje cucreMa. bp3uHa perneruimje acepckor uMirysica
Bapupa OJl HEKOJHMKO JI0 HEKOJIMKO XHJbaJla MOHaBJbamka y ceKyHau. Kako onromapajyha
BpPEMEHCKA pe30JIyliuja Hema cMucaa, TMIAPCKU CUTHAIM CY HOPMAJTHO YCPEIHheHU TOKOM
BPEMEHCKOT MHTEpBaJla 0J1 HEKOJIIMKO CEKYH/H, 1a OM ce CMamuiia KOJIWYHMHA oJaTaka 3a
ckmamumTeme. Heke on ammkanuja 3axteBajy oOpaday Tpe ycpeamaBama U Op3y

KoMITjyTapcky oopany [39, 18, 19].
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Jluoapcka jeonauuna
AKO TIpocTHpame CBETJIOCTH Y JHIAPCKOM CHCTEMY KBAaHTH(HUKYjeMO, TO CE pajH

JTUIAPCKUM jeaHaunHama. JIugapceka jeqHaurHa 3aBUCH OJ1 HEKOJIMKO YMHHJIAIA!
P(R) = KG(R) S(R)T(R) - (2.5.1)
Chara P, oBako u3pakeHa, mpuMJbeHa ca JajbuHe R ce cactoju ox uetupu Qakropa
(ciuka 2.5.2). TlpBu dakrop K aedunuime nepdopmance nuaapckor cucrema, apyru G(R)
OTHCYje MEPEeHY reOMETPHjy 3aBUCHY o1 padaasbuHe. OBa qBa (akTopa Cy y MOTIYHOCTH
onpehena mocTaBkoM Jmaapa u Mory ce koutponucaru. Madopmanuje o atmochepu, camum
TAM W CBE MEpJbHBE BEIMYMHE, Cy CaJpKaHe Y IOCleama JBa (GakTopa MpPEeTXOIHE
jeaHaunHe. PakTop A(R) je KoeUIHUjEeHT CBETJIIOCTH pacejaHe yHa3al Ha pacrojamy R.
[TpencraBiba criocoOHOCT aTMocdepe a paceje CBETIIOCT yHa3aj Iy IpaBlia, KOjUM je
CBETJIOCT CTUTJIA. T (R)j€ TPAHCMHCHOHU WIAH U OIHCYj€ MEIUjyM O JINAAPA 10 PacTojarmba
R 1 Hazan. O0a koedunmjenta B(R) U T(R) Cy IPEeaIMET UCTPaKUBaKkba, U 3aCIyXKY]y Jajby

JTUCKYCH]Y, Y CKJIaJly ca MHOIITBOM pe(epeHId, U Y IPUHLHUITY CY ,,HenosHamu''.

YKOJIMKO ce PeTXO0/IHE YNHHCHHIIC TIPOIIUPE 32 CHCTEMCKH (PAKTOpP BaXKH:

K=P, C—ZTAn, (2.5.2)

e je Po - Cpe/ba CHara jeJTHOT JIACePCKOT UMIyJica, a T - mupuHa nMiryica. Kako je

E, =Rz (2.5.3)
¥ O3HauaBa eHepruja ummyJca, a C7 je TMHHjCKa TUMEH3Hja 3alIpeMUHE pacejarma napajeiiHa
yImaJHoOM cHoiy, (hakTop %2 ce mojaBibyje yciea clarama JIacepckor UMITyJIca Kpo3 Mpoliec
pacejama, Kao IITO je MpuKazaHo Ha ciuiu 2.5.2. TokoM JeTeKnuje JHAAPCKH CUCTEM Yy
TPEHYTKY BpEMeHa t, Mociie eMUTOBaka y3J1a3He UBUIIA UMITYJICA, CBETJIOCT pacejaHa yHa3a[

(on y3na3He uBuIle uMITyica) ce Bpaha ca pactojama

R, =ct/2. (2.5.4)
VY HCTO BpeMe CBETIIOCT, Be3aHa 3a CUIIa3Hy UBHILY UMITYJICA, J0JIa3U Ca PacTojama
R,=c(t—7)/2. (2.5.5)
Taxo je
AR=R —R, =cz/2 (2.5.6)

JOyXKHHa 3alpeMHHE MpOCTOpa U3 KOje ce JeTeKTyje YHa3aJl pacejaHa CBETJIOCT, IITO
npeJicTaBba €EeKTUBHY WU IPOCTOPHY IYKUHY UMITyJca. A je o01acT mpuMapHe npujeMHe

ONTHUKE OJIrOBOpHA 3a MPUKYIJbalkhe€ CBETIOCTH pacejaHe yHazal, JOK je 7 TOoTalHa

epukacHocT cucrema. OHa yKJbydyje U ONTHUKY €PUKACHOCT CBUX €JIeMeHaTa, Kpo3 Koje ce
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TPaHCMHUTOBaHa W pe(IIeKTOBaHAa CBETIOCT MPOCTHUPY, Kao M e(UKACHOCT IETEKTOpA.

Teneckorncka o0yactT A u eHepruja JIacepCKor UMITYJICa, Eo WIH JIpyrayuje AaTto
P=E,f,, (2.5.7)

ca pEKBEHIINjOM PETICTHUIIN]E UMITYJICa frep Cy MpUMapHHU MapamMeTpu JAu3ajHa JIUJapCKOT

cucreMa. TpeHa je onTHMM3alMja CBEYKyNHE e(pHKaCHOCTH CHcTeMa, Kako Ou ce 10010

ONTHUMAJIaH JIMJApPpCKHU CUT'HAJL.

nacepckd

IATIpeMHHA
l pacejamsa 2 |
l, ed;oezcmmlaa
' MmHpHHA

\ HMITYIICA

! T
Y 7
\ yrao nepuenuuje /

Teneckoncka obnact

Cnuka 2.5.2. Ipuxa3z mudapcke ceomempuje [18].

I'eomeTpujcku pakrop
O(R)
R* | (2.5.8)

G(R)=

yKJbydyje QyHKIHM]Y IpeKIIanama JJAaCEPCKOT CHOIIA U 110Jba BUl)eba pHjeMHe oNTHKE O(R)

omucane wiaHoM R ™. KsajparHo omajame MHTEH3UTETa CHTHAja ca PacTojaleM je
MOCJIEIMIIA TOTa, ITO MpPHjeMHa TeJeCKOIcKka obiacT ynHu 1eo chepe R, Koja okpyxyje
3aMpeMHHY Y K0jO] c€ OJIBH]ja pacejame (ciuka 2.5.2). AKO IpeTHoCTaBUMO J1a j€ y TUTamby
M30TPOITHH pacejaBad Ha pacTojamy R, Teneckorncka obmact A he mpukynutu 1eo

I, A

| 4R?’

S

(2.5.9)

CBEYKYITHOT MHTEH3UTETa |s y mpoctoproM yriy 4sr . Ilpoctopru yrao A/R? je yrao

nepreniyje (BUIHU yrao) Jinjiapa 3a CBETJIOCT pacejaHy ca pacrojama R. daktop 4z ce He
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M0jaBJbyj€ EKCIUIMIUTHO Yy JHAAPCKO] jeIHAYMHHU, jep Ce€ TOHMINTaBa JIeHUHHIINjOM
koeuIMjeHTa pacejama yHazan 3. [lpumapHo je R 3aBUCHOCT OJrOBOpHA 3a BEJIMKH
JMHAMUYKH OIICET JIMAAPCKOT CHCTeMa. YKOIWKO jaerektyjemo curaan ca O(R) = 1 Ha
pacrojarby 1m, curnan he Outu 3a 6° Mame MarHutye Ha pacrojay 10 km, camo ycnen
edekara reomerpuje. Jlo Koje TpaHMIE je JTUIApCKa TEXHUKA CIOCOOHA Na paznyuyje
pacmojarba N TEXHUKA HA Od/buUHy, 3aBHCU O] HAIlle CIIOCOOHOCTH Jla KOMIIEH3YjeMO OBaj
epekar. Kommpecuja TEOMETPHUjCKOT CHTHala Ha MaJUM pacTojalbuMa je jeaHa O
moryhHoctu (cnuka 2.5.2) Ha KO0joj je MpuKa3aHa apOUTpapHa, peanHa QyHKIHja
TIpeKIIanama, TOMHOKeHa ca hakTopoM R2 . CHaXKHM CUTHAN y GIIHCKOM TOJbY jé HOTUCHYT
32 HEKOJIMKO CTETICHM MarHUTyIe. Y HEKUM ciydajeBuma atMocdepa he momohu npuinmkom
KOMIIpeCHje CUrHaia, TumMe mrto he ce moBehatu pacejame CBETIOCTH yHa3aa Ha Behum
pasnasbuHama. Y BehmHU ciydajeBa, aTMochepa YHOCH JTOJaTHO ClIa0Jberhe CUTHaa ca
pacTojameM.

Koeduuujent pacejama ynazan F(R, A) je IpUMapHO aTMochepcKy mapamerap, Koju
onpehyje jaunny Jmmapckor curaana. Omnucyje HHTEH3UTET CBETIIOCTH pacejaHe yHa3al, Tj.
Ka mnpujeMHUKY jmnapa. KoedumujeHT pacejama yHa3aa je CHelu(pUYHA BpPETHOCT
Koe(HIHUjeHTa pacejama 3a yrao pacejama ¢ =180°. Heka je Nj koHIeHTpalja yecTra Ha

KOjHMa Ce BPILIU pacejame TUIA j y 3alPEMUHH OCBET/HEHO] JJACEPCKUM UMITYJICOM, a HEKa je
do j.sca (7T , ﬂ) / dQ nudepennnjanau epUKacCHH MPECEK pacejama YECTUIIA 3a MpaBail yHa3as

Ha TajacHo] ny>kuHu A . Taga ce KoeQuIMjeHT pacejama yHa3a MOKE U3PA3UTH Kao
daj,sca

ﬂ(R,i)=ZNj(R)W(7z,/1), (2.5.10)

I7Ie Cé CyMHMpame BpIIM [0 CBUM THIIOBMMa pacejaBada. Kako je KOHILEHTpauuja jaara y

3, a mudepenumjanHu epUKacHH Hpecek y mZSIl, koepumujeHT pacejama

jeauHUIaMa m’
yHa3aj ce uspaxkana y msrl. OBo je jenan o[ HauMHA M3paKaBamba MApPaMeTapa pacejama,
epUKacHMX MpeceKa u Cil.

VKOIMKO ce BpaTMMO Ha II0jeHOCTaB/bEHY CIMKY M30TPOIIHOI pacejamba U
MPETIIOCTAaBUMO Jia TOCTOJM CaMO jelaH TUI YeCTHIa y 3alpeMUHH Yy KOjOo] ce€ BpIIU

pacejame, 0JTHOC YHa3aJ pacejaHe CBETIIOCTH M M30TPOMHOT eUKACHOT MpeceKa pacejama
O je,

4718 = NPBqeq . (2.5.11)
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Mpexnanawe

107"

PenaTuBHW MHTEH3UTET CUrHana
=

1072

PacTojatbe [km]

Cnuka 2.5.3. Ymuyaj ¢pynkyuje npexnanarwa na ounamuxy cuenana [18].

HHuTen3urter pacejaHe CBCTJIOCTHU O[] OCBCTJbCHC 3aIlIPpCMUHC
V=AAR=A cz/2 (2.5.12)
ca edUKacCHMM MPECEeKOM JIaCepPCKOr CHoma AL je MpOMOpLUOHANaH MOBPLIMHH, , Tj.

eduKacHU TIpecek pacejama cBuxX dectuna y 3ampemunu V : Ag = N gg., V . Tako je

pPCIaTUBHAU UHTCH3UTCT pacejaHe CBCTJIOCTH

Is  As _ Nogqct _ 4mfct

o A 2 2

(2.5.13)

W3 oBe u MpeTxoHUX jeJHauYnHaA C€ MOXE JOOUTH OJIHOC MHTEH3UTETa CaKyllJbeHE U

C€MHUTOBAHEC CBCTIOCTU

I. _ ABcrt
I,  2R?°

(2.5.14)

JlecHa cTpaHa omucyje J€0 JHAApCKe jedHauWHe, KOJU JAUPEKTHO YKa3yje Ha
reoMeTpujy pacejama. Caapku BeIMUHHY U CBOJCTBA pacejama yHa3a[l, pacejaBadya U BUIHU
yrao Jujapa.

Y armocepu, TacepcKy CHOII CE pacejaBa 0 MOJIEKYJIe Ba3ayXa U YeCTHIIE PA3THIUTHX

martepuja, 1j. (R, A) ce uspaxana xao

BR,A) = Brmot(R,A) + Baer (R, A). (2.5.15)

MornekysapHo pacejambe (uHaeke Mol) ce yrimaBHOM JfermiaBa 300r MoOJieKyJia a30Ta U
KHCeoHHKa. Ha mpBOM MecTy 3aBHCH O] TYCTHHE Ba3jyXa M CAaMUM THM OTIaJia ca opacToM
BHCHHE pacejama yHa3as (01ajia ca pacTojambeM YKOIHKO CE MEPEHhE BPILHM €A TJIA, alli PAcTe
y cllydajy mocMaTpamba HaHWKe, Kaja ce Mepema BpIIe ca JeTeIula WIH M3 CBEMHpA).
Pacejame Ha uyecTuama (MHICKC aep 3a aepOCOJIHE YeCTHIle) ce (DYHKIMOHAIHO MeHa y

aTMocgepu Ha CBUM BPEMEHCKUM M MPOCTOPHUM cKajlama. UecTulle npeicTaBibajy BEIUKH
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Opoj pacejaBaua: cyndaru, yal), OpraHcKa jeIUIbBCHA, KPYIHHU]E YECTHIIC MHHEPATHE
npanivHe, Kao U ynopeaHo Behu xumpomereopu, Kao MITO Cy 00JaIy, KpUCTAIH Jiesla U Tpal.

Kao nmocnenmy wian TUAapCKUX jeTHaYnHA, MOpa Ce Pa3MOTPUTH JIEO CBETIIOCTH, KOjJH
ce TyOM Ha TyTy OJ JIJapa Ka pacejaBauy (3allpeMUHH y KOjO] je pacejaBay) W Hazajl.

Tpancmucuonu unan 7(R), moxe umaTtu BpeaHoctu oA 0 10 1 u gar je uspazom:
T(R,1) = exp [—2 foR a(r, A)dr]. (2.5.16)
Osgaj unaH je mocneauna cuenuduure popme Lambert-Beer-Bouguer-osor 3akona [39]
3a nunape. Materpan pasmarpa nyTtamy oJ Juaapa 10 pactojama R. @akrop 2 yka3yje Ha
JIBOCMEpHY IyTamy TpaHncmuchje. CyMa CBUX TPAaHCMHUCHOHHUX T'yOMTaKa ce YecTO Halla3H
kao excrunkuuja, a (R, A1) kao koeduuujent excrunxuuje. Jeunuiie ce CIUYHO

Koe(UIMjeHTy pacejamba yHa3aJ, Kao MPOHM3BOJ KOHIEHTpaluje U e(UKACHOT IMpeceKa

eKcTuHKIuje 0 jext 3@ CBE TUIIOBE pacejaBaua j,
a(R,2) =D N (R)T; (1) - (2.5.17)
j

ExcTuHKIMja ce aemaBa YCiel pacejama M arcopIiyje CBETIOCTH Of CTpaHe
MOJICKYJIa M YEeCTHIIA U CacTOju ce ox 4 riaBHe kommoHeHTe [19, 18]:

AR, D) = Cmorsca(Ro D) + morans (R ) + taer sea (R ) + Taerans(R,2),  (25.18)

T7Ie MHJIEKCH sca U abs O3HAUABA]y pacejame (scattering) u ancopmiujy (absorption). ITomro

pacejaH,e Yy CBUM IIpaBIIUMa OOIIPHUHOCHU GKCTI/IHKLII/IjI/I CBCTJIOCTHU, UHTCTPAJIHU CCI)I/IKaCHI/I

npecek pacejama Oy, 3ajeHO ca eheKTUBHUM MpecekoM arncopriuje O ,ps unHe eheKTUBHU
IIPECEK EKCTUHKIIH]E - C1a0Jbemba,

0(A) = 05ca(A) + 045( ). (2.5.19)
£ 1 Q 3aBuCe O] TaJIaCHE AY>KHHE JlacepcKor cHoma. OBa 3aBHCHOCT O TaJacHE JTyKHHE

je oapehena TuMeH3MjamMa, MHJIEKCOM IpeiaMama U 00JMKOM IIeHTapa pacejama.

Jenau o morogHuX o0NMKa MUAAPCKUX jeqHaunHa je [39,18]:

O(R)
RZ

P(R,A) = PO%An B(R, 1) exp [—2 fOR a(r, A)dr]. (2.5.20)

OBa jeHauMHA Ce KOPUCTHU y HEKOj OJ1 BapHjaHTH y pPa3IMYUTUM ONMUCHMA JTUAAPCKUX
TeXHUKa. JleTeKTOBaHM CHUTHAJ YBEK CaJApKH M TMO33AMHCKU IIyM Ppg , kKao momartax
JIUIApCKOM curHany. TokoM JaHa, MO33AMHCKAM CUTHAJIOM JOMHUHHMpa JAUPEKTHA WIIH
pacejaHa CyHYEBa CBETJIOCT, JIOK HOhy Mecell, 3Be3/leé M BEIITaYKW H3BOPH CBETIOCTU
npeosnanarajy. lllym nerekropa je jour jenan u3Bop HeXKeJbeHHX curHana. CUrHaII ce Mopa
KOPUTOBaTH, MIPe HEro IITO Ce MPHUCTYNHU AaJb0j aHAIM3M JUAapckor curiaita. O6u4Ho ce

onpehenn Opoj MepHUX Tadaka ca OJNMKEr WIM JlaJber Kpaja CHTHala, I/Ie c€ HEe OYeKY]y
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(GbOTOHM pacejaHW yHa3aJ WU U3 NEPHOJia KOjU MPETXOAU EMHUCHJH JIACEPCKOT UMITYJICA,

KOPHUCTU 32 M3payyHaBambe€ CPEAb€ BPEIHOCTH MO33JMHCKOT IIyMa Pbg u oaromapajyhe

rpeuike APbg .

Hexe o1 OCHOBHHMX JHMIApCKUX TEXHHUKA, KOje KOpUCTE crenn(uuHe MHTEPAKIMOHE
npoliece EMHTOBAHOT 3pauckha U KOHCTUTYyeHaTa atMocdepe cy [19, 39, 18]:
e Jlupmap ca enacTUYHHM pacejambeM yHasal,
e Jludepenunono-ancopniponu auaap (DIAL - ANAJT),
e @uyopecueHTHH (PE30HAHTHH) JIUJIAP,
e Doppler-oB munap,
e bexu (White light) mumap.

Jlupmap, ca eNacTHYHUM pacejarbeM YHa3aJ] jeé KIACHYHH JIUJap, a O NPHHIHUIY
HBETOBOT (PYHKIMOHHKCaka je Beh Omio peun. Mako ce y OCHOBH cacToju O jeTHOT Jiacepa,
KOjU eMUTYje Ha jeOHOj manacHoj OydcuHu W JeAHOT AETEeKTOpa, KOjU MEpH 3payucHe
€JIaCTUYHO pacejaHo yHa3aJ, OBaj THI JHaapa Aaje uHpopmMallije o MpUcycTBY U JOKAIUjU
aepocoJia u cjojeBa obsiaka U yecto ce HazuBa U Rayleigh-Mie mumap.

Rayleigh-eBo pacejame ce MOxe qeUHHCATH Ka0 €JIACTHYHO pacejame O] YECTHIIE,
KOje Ccy Bpiio Maie y mopehemy ca TaJacHOM IIy)KHHOM CBETJIOCTH, KOja ce pacejaBa. Y
KOHTeKcTy aunpapa Rayleigh-eBo pacejame ce KOpUCTH Kao CHMHOHMM 3a MOJIEKYJIapHa
pacejama [39]. Kako a3oT u kuceonuk umHe 99% 3eMJbHHE MOJEKyjlIapHe aTMmocdepe,
yoOHYajeHo je Jla ce MOXKe CMaTpaTd Ja Cy OBa JBa €JIEMEHTa M3BOPH OBAKO pacejaHe
ceeriiocTr. IHTeH3MTET CBETIIOCTH pacejane Rayleigh-eBum pacejambem je mponopiuoHaiad
L* u foMuHMpa Ha KpaTKUM TanacHUM AyxuHama. KopucHe nH(OpMaIuje HOCH U TIPOIeC
npommpema CrnekTpadHe mupuHe Rayleigh-eBe nmuuje. TemmepaTypa, mpuTHCaK H
KOJIGKTUBHO KpETame MOJIeKyjJa BOJIe Ka CIEKTPaJHOM IIUPEHY pacejaHe CBETIOCTH.
PesynrantHa aucTtpuOylvja HWHTEH3WTETa €IACTHYHO pacejaHe CBETIIOCTH YHa3al je
Cabannes-oBa muHHMja; crekTpamHe mupuHa pena Hekommko GHz (0,1 cm™). Axo ce
pacejaHl CHUTHAJ JIETEKTYje HHCKOM CIIEKTPaJIHOM PE30JyILHjoM, poTalmoHo Raman-oBo
pacejame ca gocta Behum nomepajuma, pema 100 CM™ 3HauajHO JONPHHOCH MEpEHOM
uaten3utety. Ca apyre crpane, Raman-oBo pacejame je HeeTaCTUYHH IPOIEC pacejamba,
KOJU YKJbydyje U NPOMEHE €HEeprujcka crama Mojekyna. Ca Tayke TJeAuIlITa Teopuje
Raman-oBor pacejama, Rayleigh-evo pacejame je nepuHHCaHO Kao €lacCTMYHO pacejame
CBETJIOCTH 0€3 NMpoMeHe BHOPAIMOHO-POTAIMOHOT KBAaHTHOT CTamba MOJIEKyJa ca Kojuma

CBETJIOCT MHTEparyje 1 Kao TakBO He YKJbydyje poTaimoHO Raman-oBo pacejame.
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Mie-Bo pacejame ce Kao Mmporiec, Takohe, 4eCTO KOPUCTH Y HEEKCIUTUIIUTHOM CMHUCITY.
Pa3Bujena Teopuja /aje aHAIUTUYKO PEICHE 32 pacejaHy CBETIOCT MPOU3BOJHHE TalacHE
OyXHHE O cdepy NPOU3BOJBHOT pajjyca M TPOM3BOJHHOT KOMIUIEKCHOT HHJEKCa
npenamama. Tako Mie-Bo pacejame HHje OTpaHHYeHO Ha oJipel)eHe BEIMYHMHE pacejaBava 1
Ka0 TaKBO YaK YKJbydyje U pemicie 3a Rayleigh-eBo pacejame [41,42]. Yecto ce kopucTu 1a
OTIUIIE pacejare O YeCTHILY AUMEH3Hja pea BeIMYNHE TalacHe Iy>)KUHE yIaJHe CBETIOCTH
Wik 4ak U Behux nuMeH3Wja. 3aBHCHOCT TajacHE IY>KWHE O] MHTEH3WUTETa pacejama je
byHKIIM]ja paaMjyca 4ecTUIla y OJHOCY Ha TallaCHY JY)KHUHY, Ka0 U KOMILJICKCHOT WHJEKCa
npenamama dyectuie. Mamu (Rayleigh-eBr) pacejaBaun moka3syjy A 3aBucHoct. Y o6macTy,
i€ Payjyc YeCTHIIC U TajJacHa AYKMHA HUCY CIMYHOT pela BeIUYMHE, 3aBUCHOCT TaJlacHe
IyXXHHE OJf MHTEH3UTETa pacejara Baphpa MHOTO BHIlE. JleTeKiuja 3aBUCHA O] TaJacHe
Jy’)KHHE pacejaHe CBETIIOCTH C€ MOXE KOPUCTHTH KaKo O ce JIoNuIo J0 WH(popMaiuje o
BCJIMYMHHA M JIPYTUM IapaMeTpuMa aTMOC(HEepCKe aepoCOIHE YECTHIC ca pajujycuMa y
orcery oa 50 nm g0 Hekonuko um. [IpuMeHa OBe TEXHHKE 3aXTeBa €MHCH]Y HEKOJIUKO
TaJaCHUX Iy)KMHA W HE3aBHCHO ojpehuBame Koe(UIlMjeHTa pacejama yHa3ad, Kao H
KOeQHIMjeHTa eKCTUHKITH]E.

Yecruie y armochepu MOTy HIMaTH MHOTO pa3IuuTHX o0snka. To 3Haum na ce Mie-
BO pacejame Y MPUHIUIY KOPUCTH Kao rpy0a anpokcuMmariirja. Kaa ron cy yectuie maie y
nopehemy ca TallacHOM JYXWHOM, MpaBU OOJWK HE Wrpa 3HA4YajHy yJOTY KOJ CBOjCTaBa
pacejama, Koja TOKazyjy HechepuyHu pacejaBavyd. YKOJUKO Cy 4YECTHIIC 3Ha4ajHUX
JTUMEH3Hja U HecepuuHe, Kao IITO Cy KPUCTAIH JieAa, ,,nanepjacmu” anramomeparu dahu,
MUHEpaTHa MpalliHa WM YeCTUIE MOPCKE COJIM HE MOXEMO KOpPUCTUTH Mie Teopujy
pacejama [8]. ITlpucycTBO Benmmkux HechEepUYHHUX UYECTHIIA Yy aTMOChepH Cce MOXKe
npoyuyaBatu KopuinheweM mupapa. PacejaBaum cdepHux o0nMka He Memajy CTame
noJiapu3alje JIMHEapHO TIOoJiapucaHe CBETJIOCTH, YKOJUKO ce pacejaBa Ha 180°, mok
HecpepuuHM pacejaBayd BOJAE Ka JIEMOJIapu3alliju  CBETJIIOCTH pacejaHe yHa3al.
[Tonapu3anmoHo 3aBHCHA JAETEKIMja CBETIOCTH je MOCeOHO KOPHCHA KOJ HCHUTHBAMbA
HUpPYCHUX 00J1aKa U cliojeBa MpaliuHe.

VY npencraBibamky NPETXOAHUX TEOPH]ja CE MPETIIOCTABIbA U /1A j€ CBAKH JCTEKTOBAHU
¢dboTOH TpoITao caMo Kpo3 jelaH Mpolec pacejama y arMocdepu. Y ciaydajy BHCOKE
KOHIIEHTpAllKje YeCTUIa, a TOCEOHO KOJ YeCTUIa BETUKUX JUMEH3H]ja, Kao IITO je CIyyaj
KoJ o6isaka, GOTOH MOXe OMTH BHUILECTPYKO pacejaH, Ipe Hero Imto gohe 10 mpujeMHHUKa
nuaapa. luMeHsuja yecTrila pacejaBavya urpa 3HaudajHy yJaory. Bemuke dectuiie mokasyjy
3Ha4yajaH BpX CBETJIOCTU pacejaHe yHampena ycien nudppaxnuje. PoToHU pacejaHU MO

yrioBuMa 6muckum 0° octajy y o0nacTu Kojy ,,6uou’’ Muaapcku JeTeKTop, MPOCTUPY ce ca
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$boTOHMMA YMAJHOT JACEPCKOT MMIyJica M MOTY OWTH pacejaHd yHa3aj, TMa CIEId jOII
HEKOJIMKO IPOIIEca pacejarmba yHaIpel, Ipe Hero IITO ¢e CTUTHE J0 JAETEKTOpa.

JBe crenmuduyHe IpUMEHe JUaapa ca eJIacTHYHUM pacejarbeM yHasaJ Cy MEpemne
BUJIJBHBOCTH, Ka0 U Meperhe BUCHHE 00aka. OBe MPUMEHE HUCY TEXHUYKH M TEXHOJIOIIKH
IPeTepaHo 3aXTEBHE U KOPHCTE ce 3a KOHTPOIy caoOpahaja, moceGHO Ha aepopoMuMa.

[Toceban oOnMK Uapa je Tuaap ca eIacTHYHUM pacejambeM yHazaa. Ca M3y3eTHO
YCKUM (DPUIATPOM MPOMYCHUKOM OIICera peain3oBaHuM kopuinhemeMm Fabry-Perot eramona
WM amncopriuoHe henuje (aToMcCKe Mape WM MOJIeKyJapHe mape), €JacTUYHO pacejaHu
curHaia yHaszaj (0 aepoCOSHY YECTHIly) C€ MOXKE pa3[BOJUTH WM HMCKJbYYHTH W3
MOJIEKYJIapHE KOMIIOHEHTE pacejaHe yHas3aa. OBaj KOHIENT Ce 3aCHMBA HA YHILCHUIM Ja
yclieq] MalTuX Op3vHa YeCTHUIla, CIIEKTPATHA IMPUHA pacejama yHa3a]l 01 YeCTUIIC j€ 3HATHO
mama on Cabannes-oBe nuHmje. Kako ce Rayleigh-eBo pacejame u koedwurmjeHt
EKCTHHKIIMje aTMOcepe u3pauyHaBajy U3 MPUTHCKA M TEMIIEPaType, jeIMHA HEMO3HAHUIIA
YHCTO MOJIEKYJIAPHO pacejaHor CUTHANA je KOS(UIIM]eHT eKCTHHKIIHN]E YeCTULe, KOju Tpeda
na ce onpenu. KoeunmjeHT eKCTHHKIM]E YeCcTUIle je Moryhe He3aBUCHO OJIPSIUTH WIIH U3
curHaina TpancmutoBanor FP (Fabry-Perot) eramonom, koju campu camo Mai €0
MOJICKYJIApHOT CUTHAJIA WJIH Y CIIy4ajy aTOMCKOT WJIM MOJIEKYyIapHor henujckor guirepa u3
HeuiTpupaHor curHana. Mcru mpuHmmn ce kopuctd konx Raman-oBor mupapa. Y Tom
Clly4ajy CUTHAJ pacejaH yHa3aj] je pe3yJsiTaT HeelacTUYHUX Raman-oBux npoiieca pacejama
yHa3aJl 0 @30T WK KUCEOHUK, YHje Cy BPEAHOCTH I'YCTHHE YECTHIIa y aTMOoc(hepy o3HaTe.

Raman-oBo pacejame ce KOpUCTH Kao HEeIaCTUYHU MPOILIEC pacejama, KOju YKIbYdyje
U TIPOMEHE BUOPAIIMOHO-POTAIIMOHUX HUBOA eHepruje moiiekyna. [lomepaj dpekBeHiuje
pacejaHe CBETJIOCTH OAroBapa paszjiukama eHepruja uszMel)y HMHUIHMJAIHOT U KpPajHbUX
SHEPrHjCKHUX CTama M Kao TaKaB je Crienu(prIaH IMpolLec 3a MOJIEKYII ca KOjHM ce HHTeparyje.
[IpomMeHa y pOTallMOHMM €HEPTHjCKUM CTamkuMa BOJIU Ka GopMmupamy 004HMX RamanoBux
orcera. Kako momynaiuja eHeprujckd HuUBoa mnpatd Boltzmann-oBy pacmogeny [39],
pacrioziena MHTEH3WTETa y OKBHPY Raman-oBux omcera caapxu u HHPOpManujy o
TeMIIepaTypu 3alpeMUHE y K0jOj ce BpIIM pacejame. 13 mpeTxoaHor ce BUIH, Ja je jeIHa 011
npuMeHa Raman-oBor u Jpyrux THIIOBA JIMJapa M MEPEHE TeMIepaTypHUX mpoduia
atmocdepe. [IpoMeHna BHOpanMOHUX €HEPTHUjCKUX HUBOA PE3yATyje Y (DpeKBEeHTH moMeEpa]
0J1 HEKOJTMKO CTOTHHA 10 HEKOJIMKO XMJbaJa TalacHuX 6pojesa (cm™), 3aBucHo o Monekymna.
CrnexTpaliHa aHaiM3a CBETJIOCTH pacejaHe yHaszax oMmoryhyje, y NpUHIHMITY, IETEKLHUjy
oapehenor 6poja arMocdepckux Bpcra. Manm Raman-oBu eprkacHu npeceny orpaHu4YaBajy
3HaYajHy TMPUMEHY Ha TacoBe NMPHCYTHE Yy PEJIaTHBHO BHUCOKHM KOHIeHTpanujama. OBa

JUIapcKa TEXHUKA ce IMIMPOKO KOPUCTH 3a Jle(huHUCamkE caipikaja BOJACHE mape.
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Jereknuja racoBa y armoc(epu ca BUCOKOM OCET/pUBOIINY je Moryha kopumhememM
nudepeHnujaaHo-ancopnironor auaapa uian DIAL-a. DIAL texHuke KopHuCcTe WM CaMo
jeAHy ancoOpIIMOHY JUHH]Y WM IIMPOKE allCOPIIIMOHE orcere racosa. [I[pumeHom 3pauema
Ha JIBE TaJlacHe, O] KOjUX Ce jeJiHa BHUIIIe aricopOyje o apyre, oapehyje ce audepeHimjaaTnu

MOJICKYJIAPHU alCOPIIIHOHU KOCPHUIMJEHT Ag YKOIMKO je To3HaT AuQepeHIIN]jaTHH

mol,abs*

arcopnIroHN epEeKTHBHY IIPECEK 3a BE TaJlacHe Ty)KUHE Ao, KOHIICHTpalyja aTomMa raca

mol,abs !
WJIM MOJIEKYJIa c€ MOXe AUpPEKTHO u3pauyHatu. DIAL ce kopuctu 3a Mepeme racoBa Tuma
03, NO2, NO, N20, SO, CHa, HCI, NH4 u npyrux. DIAL je Takohe o/ BeJMKOT HHTEpeca 3a
Mepeme BojicHe nape. Ycien onuckux ancopnuuonux smanja HoO monekyna, DIAL y oBoj
NPUMEHHU 3aXT€Ba BHCOKY CTAaOWUIHOCT M CIEKTPaJHy YHMCTOhy €MUTOBAHOI JIAaCEPCKOT
CHOIA, Kao U pasMarpame Doppler-oBor npommupema CBETIOCTH pacejaHe yHa3aln. Hosuje
TEXHUKE KOPUCTE TEMIIEPATypHY 3aBHCHOCT arCOPIIUOHE JIMHUje KHCEOHUKA. Y OBOM
ClIy4ajy KOHIIEHTpallMja raca je mo3Harta, a IudepeHIrjaiHO ancopniuuoHu e(heKTUBHU
IpeceK Ce MEpH, jep OH Caapu TpakeHy uH(popMaIiujy o Temmeparypu [39].

VYxonuko cy nBe tanacHe nyxxuHe DIAL-a Ha pacTojamy 0J1 HEKOJIMKO Nm, Kao IITO
je cimydaj xox ozoHckor DIAL-a, nudepenmnujanHo pacejame yHa3ajn yciea 3aBUCHOCTU
pacejamba O YeCTHUIly O]l TaJlaCHe AYXXHHE CBETJIIOCTH, MOCTaje BEJIMKU HU3BOP T'PEIIKE OBE
texHuke. Edekar je Temko KOMIIEH30BaTH, YKOJMKO Cy CBOJCTBA pacejama O YECTHUILY
HEJI0OBOJHHO Mo3HaTa. AnTepHaruBa je Raman-oB DIAL. Koz oBe Texnuke, 1Ba Raman-osa
CHTHAJIa pacejaHa O KHCEOHHK M a30T M y3UMame Y 003Hp arcCOPHIIMOHOT OTICera 030Ha ce
KOpHUCTe, Kako O ce oapenno nudepeHuujanrHu koeguuujeHT ancopmuyje. Koedurujent
JTuQepeHIMjaTHOTr pacejamka yHas3a/l je Y OBOM Ciydajy MOo3HaT.

DIAL cucremu, y UV obnactu (UVDIAL) cy pa3Bujanu u mymitaHu y paj TOKOM
BpeMeHa pajau npahema 3aral)ema U UHAYCTPUjCKUX emucHja. Heke panuje Bepsuje cy oumie
GasupaHe Ha 1Ba nacepa Ha 6ojama (ca Nd*":YAG nymnom). ITocenosanu cy enemMenTe 3a
Manupame KOHIIEHTpallMje IOoJlyaHaTa Yy XOPWU30HTAaHUM U BEPTUKAIHUM IIpecerrMa,
ckenupane artmochepe. Pedepenme [18, 39] mokasyjy Mepeme caapikaja JKUBE Y
eJIeMEHTapHOM CTamy (JKMBa C€ cMmaTpa JeaIHUM O]l HeyoOmdajeHux monyaHara). DIAL
CHCTEM 3a MEPEHmE KUBE C€ JIOJaTHO KOMIUIMKYje M0jaBOM pe30HaHTHE (iryopeciieHIuje.
CucteM je TecTUpaH Ha MOKapPHOM CTY0y HacTajaoM TOKOM I0Kapa MOCTPOojerha 3a mpepary
XJIOpa, Yy KOM ce JKHMBa KOPUCTHU y mpolecy npepane. Jenna ox Bapujantu UVDIAL-a nox
nmeHoM ARGOS (Advances Remote Gaseous Oxides Sensor) je qu3ajaupan 3a mepeme Os,

NO2u COz. lllemarcku npuka3z ARGOS lidara je mar Ha ciurm 2.5.4.
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Hexka o1 Mepema OBOT JH1apa Cy BpIIeHa TOKOM IIPOBEPE EMHCH]e TOTTMOHMIIE IITHKA
y Hemaukoj, kao u yenmuane y bpasuny. Cuctem OPAL (Ozone Profile Atmospheric Lidar)
je Iou3ajHupaH paiau JoOujama BepTUKATHUX auctpuOymmja camo Oz. Jlumap kopuctu
xapmonuke Nd*":YAG-a, Raman-ov momepaj ca Hz u D2 (06a raca y mcroj hemuju) u
Melame OBUX (pPEKBEHIM]a, KaKO OM ce reHepucale TajacHe ayxkuHe 266, 289, 299 u
355 nm. CBe ¢pekBeHIIMje ce UCTOBPEMEHO EMUTY]y M pa3liBajajy Ha mpujemy Guiatpuma u
cnektpoMerpoM. TanmacHa gykuHa 355 nm ce KOPUCTH 3a MEpeme Mpoduiia aepocoa.
OPAL je xopumheH TOKOM pa3IMYUTHX KaMIlamba IMPETXOJHUX JeleHH]ja (y3 CTalaHa
1mo0oJbIIaka ONTHYKE KOH(DHUTYpalnje).
tt 4
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Cnuka 2.5.4. ARGOS nuoapcku cucmem: J{J{C ouxpouonu oenrumess cnona, IHKC

noaapu3ayuonu Komounamop crona, /[ - oujagppaema, @ - gpunmpu, C - couuso

DM - pomomynmuniuxamopcka yes [43] y [18].

Cucrem Oaszupan Ha KrF excimer nacepy kopuimiheH je Takohe, 3a Mepeme
BepTukaHux mpodmia Os. Bapujanra UV nmpmapa ca ontuukuM mapaMmeTapCcKuM
ocuunatopom OPO (Optic Parametric Oscillator) je xopumihena y Buile pa3iInyUTHX
cucrema Mepema. OcobuHe oBor cuctema (Jlaka ynorpeba, HUCKa IIeHa, MOJIECUBOCT, yCKa

IIMPHHA JINHUj€ U CTAOMIIHOCT TaJlacHe AYKHMHE) Cy IPOIIUpHIe orcer npumene osor DIAL
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cucreMa. Y pedepenmama je moryhe Hahu u mojatke 0 eMUTOBaBY 011 25 mJ Mo UMITYIICY Y

UV o6nacru (ciuka 2.5.5) [18].

uv
A SFM

OO nymna
532 nm

M1

SFM nymna
355 nm

el

Cnuxa 2.5.5. Ilocmaska onmuukoe napamemapckoe ocyunamopa (OI10) ca mewarvem

ppexsenyuja y pesonamopy (cabupare sum-frequency mixing SFM) [44] y [18].

Jupapcku cuctem NEXLASER (NEXt Generation Laser Atmosheric sensor for the
South Eastern Region) je 6o npeasuler camo 3a 3aeahene rpaacke oonactiu. MakcumanHa
npojekroBaHa BucuHa je 3 Km. Tpebaio je na cucteM paau y MpexH, Kako 0u 00e30ema1o
npoduiie 030Ha y peaJlHOM BpeMeHy Kpo3 ypOany obuact (MHTepHeT KoHekuuja Ka
HeHTpanHoj jokanuju). [IpBa Bep3uja je Ouna 3acHoBana Ha OPAL konuenry (pe3ynraTtu cy
natv Ha ciunm 2.5.6) [18].

DIAL cucremu y BUABMBOj 00JaCTM Cy yIjJaBHOM OWJIM KOHLIEHTPUCAHU Ha
UHAYCTpUjcKy emucH]jy u To Ha NO2, ca MakcumyMoM edekTuBHOT mipeceka Ha 440 nm. NO2
je MpOAYKT caropeBama, aju je U JupekTHH nperxoanuk Os. Jenna on Bapujantu DIAL
cucTeMa y BUJJBMBO] 00JaCTH KOPUCTH TajacHe AyXuHe O6iaucke 448 nm, mITO ce moka3ao
3HaTHO 0O0JhE Yy TMPAKCH, HETO IITO je OWII0 MpeTnocTaB/beHo. KacHMja ucTpakuBama Cy
ykspyunia aetekiujy NO2 mo uuBoa ox 10 ppbv (parts per billion by volume époj-uecmuya
Ha MUIUjapoy no jedurnuyu sanpemune) Ha BucuHama 1o 6 km, ca cucremom na 450 nm. Pau
Cce ca M3JIa30M Ha JIBa TOTOBO HCTOBPEMEHA MITyJICa Ha JIBE TaJlacHe JyXHHe. Pa3BujaH je u
koHient Mepera NO u NO; ca mapoM TanacHUX IyxuHa y Onu3unn 454 nm, yJIBOJeHUX ca
napom ¢pexsennuja (~ 227 nm). Kacruje je ykpyuen u Ti®*: Al,Os nacep Ha 447,9 nm (on)
u 447,2 nm (off) Tanacaum xyxunama. Osaj muaap (6asupan Ha Ti**: Al,03) je kopumhen y

OCHOBH CHUCTCMaA 3a npaheH;e HU31YyBHOT' CTY6a racoBa U3 AU3CJI I'CHEPpATOPa HA paCToja}by on
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125 m (merexuuonn mumMut 200 ppbv). TperyTHO je ciruan auaap (y orncery 6e306em1HoM 3a
JbYIICKO 0KO) y ynoTpebu y EBponu 3a mepewe NO2. Tpenytno je y EBponu y ynorpeou
NO nuzap, y umjoj je ocuosu Ti®": AlO3 macep. OBa konpurypamuja je 6e36emuuja 3a
JbyZICKO 0KO. Pe3ynTatu Mepema 1nokasyjy MepHe HECUTYPHOCTH peia 5 ppbv Ha pacTojamy
on Hekonuko km ca pesomynujom pena 100 m. Cucremu 0Oe30eqHH 3a JbYACKO OKO CY
KOPUCHHM 3a pyTHHCKa mnpahema y 3araheHnM ypOaHuM OKpyXemwuma, riae je aueBHa NO2

KoHIeHTpanuja o1 S0 ppbv yobuuajena (cnuka 2.5.7).

180.00

120.00

90.00

60.00

Hagmopcka sucuHa (km)
" (Aqdd) eHoco eliediHoTHOY

30.00

0.00
5 8 7 8 2 10 11 12 13 14 15 18 17 18 18 20 21
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Cnuxa 2.5.6. NEXLASER cucmem — npuka3s 030HCKUX NpOGUIA y pearHom 6pemeHy

(npogunu dodujenu y3 nomoh NEXTLASER-a) [18].
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Cnuxa 2.5.7. Cnexmap NO; [45] y [18].
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DIAL cucremn y cpeamoj mHppaupsBenoj ooaacru (mid-IR) cy y mouerHum
¢dazama pazBoja MEpUIIM KOHIIEHTpAIIHje XJIOPOBOJOHMKA pea 1 ppm y Ba3IylIHOM CTyOy
ynorpebom DF macepa paau renepucama jauHuja y 0ausuan 3,6 um. Heka oa TeXHUYKHX
permema cy kopuctina Co®*:MgF; ca mojemasameM TagacHUX JyKHHA Y orcery ox 1,5 —
2,3 um ca eHeprujoM ummysica y omcery oa 10 mJ xao u 3 Hz ¢pexBenuujom penerunyje.
[Tpujemuuk nuaapa je ca teneckonom Ha 0,3 m ca xsahenum InSb nerexTopom.

MepeH je yhTaB HU3 OPraHCKUX M HEOPTraHCKUX y30paKa MeTaH, MpomnaH, OyTaH
yKJbY4dyjyhu npyre racoBe, KOjU C€ MOTY JETEKTOBaTH JuaapckuMm merogama y UV u
BUJJbMBO] oOmactu. To ce TOCTUINIO MelIameM CUTHala (PEeKBEHIMja y OICEry Of
785 - 851 nm (nacep Ha 60jama ca IoJleIIaBamheM TalacCHUX AyKKuHa) ca u3nazoMm Nd**: YAG
nacepa, kako 6u ce goomno Ul 3pademe y odmactu 3,0 — 4,2 um, kKoje ce Aajbe mojadana y
OINITUYKOM TI0javyaBayvy.

Ti*: AlLO3 muaap ca Raman-oBum momakoMm y cpenmwoj ML obnactu mopecus y
orcery ox 680 nm - 3,2 um je xopurthen 3a racoe CHs, CO2, CO u N2O (makcumaina
BUCHHA ce KpeTaia 2 — 3 km 3a cBa yeTHpu raca). 3ak/by4ak caMux koHcTpykTopa DIALa je
na je cpenma ML obmact mpuimdHOo g00ap M300p 3a OBaKBa Mepema, jep Cy IMOJCCHBU
JacepCKH M3BOPH MOCTAIN JOCTYMHH. Y ope 0BUX ONTHMUCTHYKHX TpeaBul)ama MoCToju
MaJio Mepema (cucteMa) y oBoj 00JIacTH.

DIAL cucremu y najexoj nHgpanpBeHoj 001aCTH Cy ONMCAaHU Kao CUCTEMH ca
MpPETHOCTUMA TPUIUKOM JETeKIMje racoBa, ykbydyjyhu moctymHoct CO: nmacepa ca
MOJIECUBUM JIMHUjaMa Iy Beher nena CHEeKTPaJHOT OIcera, YWECHUIY Ja MHOTH
UHAYCTPUJCKH TacOBM HMajy jeIUHCTBEHE crmekTpe y nanekoj WL obnactu, xao u
mpancnapenmuocm atMochepe y OBOM JIey CreKTpa. J{eTeKToBaHU Cy pa3jiHnuuTH TacoBH,
any je 3a BehnHy OBUX Mepema 3ajeIHMYKO Ja Cy Mepema Tj., JIETEeKIMje 3aCHOBaHe Ta
MPUHIIMITY UCIIUTUBaKkha YBPCTUX META, A C€ Kao pe3yiTaTu no0ujajy KOHIIEHTpAIH]e 10
MyTarbH.

3abenexxeHo je Mepeme KOHIEHTpalje amoHujaka kopuinhemem CO2 macepckor
cuctema kopuitheweM tomnorpadckux mera. TexHuka je ykibyumia 10P(30) nuHujy Ha
10,69 um u 10P(32) nuaujy wa 10,71 um (on/off nuuuje, pecnekTuBHO). Mepena je
koHieHtpanuja NHs y onicery 5 - 20 ppbv ca 30 s ycpeamaBamem. Kopumthena je u R(30)
auHMja Ha 9,22 um kao u R(26) nuuuja Ha 9,24 pum 3a mepewme NH3 koHIeHTpanuja ca
5 £ 15 ppbv kopurrhemeM perpopedaekTopa Ha pacTojamy 2,7 km.

CO2 DIAL cucrem (ca nBe TanacHe qyxune) ca oko 300 mJ mo umMmyscy 1eTeKToBao

je Ozu H20 no 1 km paznasbune.
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Haxo CO2 nacepu mory na o0e30ee Bulle tuaAja y orcery 9 - 11 um, mrym noBe3an
ca TPEHYTHO JIOCTYITHUM JIETCKTOPUMa/TIpe/IIiojayaBayrMa 3a JUPEKTHY JETEKIIH]Y j€ BUCOK,
a Koe(UIMjeHT MOBPATHOT pacejama je reHepaliHo Maiu. M3 oBuX pasziora, jqugapu ca
JUPEKHOM JAeTeKiujoM y aanekoj M1 obmactu cy Mame HeoceT/bUBH U mpakTuaHo ¢y DIAL
Mepema OrpaHrYeHa Ha pa3fgasbuHe o 1 km unn Mame.

DIAL-u ca Bume tanacHux AyuHa, kao 1 DIAL-u yomre, Mory ce mocMmarpartu
Ka0 TEXHUKE Ca CIIEKTPOCKOIICKOM AaHaJM30M pEAyKOBaHE Ha AalCOIYyTHH MHHHMYM
CHEeKTpaNHUX enemeHara (nBe wim Bume ¢pexkBeHnuja). Kopumheme Bume on aBe
dpekBeHnyje je ounraenHo npomupemne DIAL TexHuKe, alli ce 10 CKOPO OBO MPOIIHPEHHE
HUje KopucTuiio. Kao noarak mpuimkoM JeTeKIrje BUIIE O] jeIHOT raca Kopuirheme BUIIe
TaJIACHUX JY)KMHA MO’KE AaTh 00JbU YBUJ| y OIITUYKE 0COOMHE aepocoiia, mTo he mobospIaTu
TA4HOCT KOpEKIKja 3a aepocosie. HoBe memMe onTuMu3amje 1 HOBU aJITOPUTMHU aHanu3e he
OWTH HEONMXOJHH 3a OJa0dHMp ONTUMAIHUX TaJlaCHUX MY)KMHA, Kao U 3a arCOJyTHO
UCKOpUINNEHE JI0IaTHUX T0/IaTaKa.

Kopamu y pa3Bojy OBHX TEXHHKa YKJbY4Yjy JIMAAPCKY TEXHHKY Ca TPU TaJacHe
Ty)KUHE 32 030H, y KOjOj ce CIMMHUHUIIE aepocoiiHa Kopekmnuja u unrepdepenimja SOy;
CHUCTEMHU Ca TPU M YETHPHU TajacHEe IY)KWUHE, INTO MEpeHha YHMHH WMYHUM Ha JICjCTBO
UHTEPPEPEHTHHUX I'aCOBA M 3HAYAJHO ce MO00IbIIIaBA TAYHOCT MEPEHHa; KA0 M CUCTEM Ca BHIIIC
TaJIACHUX JYKWHA, KOJU HCTOBPEMEHO MEPH KOHIICHTPAIIH]Y J1Ba MJIM BHIIIE TacOBa.

DIAL cucrem ca nBe mojecuBe TajacHe MyXHHE (Jacep Ha 0ojama) je ycmeo aa
oTpaBja O4eKuBama U pu Mepewy SO2 nocturao 1 ppbv Ha 2400 - 3000 m ca mpocTopHOM
pesonynujom ox 300 m. Cuctem je Hazean MDIAL ox Multiwavelength DIAL. dame
no0oJblIalkbe OBOI CHUCTEMa je MpaTwio MoOoJbllIakbe TeXHUKAa (UTOBamka KPUBHX.
Kopumiheno je nert TaiacHuX QyXHUHA Y OKOJMHU BpXa Kpuse arncopriuje SOz (ciauka 2.5.8).

DIAL cucremu ce ycmemHo KOpuUcTe W 3a Tpaheme BojeHe mape. JemaH of
3aHUMJBMBHUjUX cilydajeBa Ou Ouo yrBphuBame (¢yHKIMje IUCTPUOYLMje TYCTHHE
(koHIIEHTpaluje) BojeHe mape (cnuka 2.5.9.). Ha HmkuM BucuHama qucTpulyiivja mokasyje
nocra omrap Bpx. Ha Behum BucuHama nuctpuOynMja mokasyje MPOLIUPEHE 3a HIKE
BpeaHocTn Biare. Ha Behwm BucuHama IucTpuOylHMja Cc€ MOHOBO JIOKAINM3Yje 32 HUKE
BPEIHOCTH BJIAXKHOCTH, TIpe pacumnama ycieq myma. OBaj nmpumep nokasyje J1a cy npoduiu
¢yHkuMja aucTpuOyIMje IOBOJBHO JOOpPH 3a KapakTepu3alHjy Ipolieca Mellama Y

TPaHUYHHUM CJIOj€BHMA.
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Cnuka 2.5.8. Ancopnyuonu epuxacnu npecex 3a SOz u O3 u manacue oyxicune kopuuihene

¥y Memoou umosarwa ca nem manachux oyscuna sa SO» [46] y [18].
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Cruxa 2.5.9. @ynxyuje pacnooene seposammnohe 3a KOHYeHMpayujy 600ene nape Ha

uzabpanum sucunama. Gotland, 13. Cenmembap 1996 [47] y [18].
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Jomr aBe ,,ersoruune” mpumene cy BELINDA (Broadband Emission Lidar With
Narrow Band Determination of Absorption - numap ca HIMPOKOIIOjaCHOM €MHUCHjOM H Ca
YCKOM 30HOM ojnpehuBama arcopriuje) u (EeMTOCEKYHIHHU Juaap ca 0eiaoM cBeriomhy.
BELINDA wmu wnBep3nu DIAL je 6a3upaH Ha €MHUCHJU Jjacepa IOTOJHE CIIEKTpaliHe
mupuHe. JIBa DIAL curnana ce no6ujajy guirpupameM MHTEH3UTETa CBETIOCTH pacejaHe
yHa3aJ y LUEHTPY U Ha KpajeBuMa arcopruuone jguHuje. Ca OBakKBUM MPUCTYIIOM, YTUIA]
IPOIIMpPEHA JIMHUja ce MOXKe CMambUTH. HeraTuBHA CTpaHa OBE TEXHHKE j€ BEJIMKH I'YOUTaK
CHTHAJIa pacejaHor yHa3aJl y mpoiecy Guiarpupama.

HoBa TexHuKa ca JocTa W3a30Ba je M TEXHHKA (PEMTOCEKYHIHOT JHIapa ca
kopuinhemem Oesie cBersioctu. Kako je eHepruja sacepckor ummmynca y fs omcery
OrpaHMYeHa Ha BeOMa MaJld MHTEPBAJI BPEMEHA, CHara UMITyJica MOKe JJOCTHhU BpeIHOCTH
Hekonmuko TW. Ca Tako BUCOKMM BPEIHOCTHMA CHAre, J10Jla3u e O KBAIMTATUBHO HOBHUX
UHTEpaKIja JIacepcKor cHoma ca meaujymoMm. Henmneapuu Kerr-oB edekar Boau ka
camo(oKycupamy JacepcKor CHOMa y Ba3ayXy, MTO je nmpaheHo reHeparyjoM Imia3mMe, Koja
nedoKycHupa CHON M TeHepHIle Oely CBETIIOCT AYXK IyTame MpocTupama. bena cBerinoct ce
YIJIABHOM MIPOCTHPE Y CMEPY YHA3a/l, IIITO 3HAYH JIa j€ OJIJIMYaH U3BOP 32 JIMJAPCKY TCXHUKY.
Y cMmepy Ka IpHjeMHHKY, Oella CBETIIOCT MHTeparyje ca arMoc(epcKuM arcopOepuma.
CriekTpanHa aHajW3a y OKBHPY JHIAPCKOT NPHjeMHHKa YUHH MOTYhHM HCTOBpEMEHY
uAeHTU(PUKAIM]y U KBaHTU(]UKAIM]y BUIIE aTMOC(EpCKUX KOHCTUTyeHaTa. Mako mocrtoju
JOII MHOULITBO TEXHOJIOIIKUX U TEOPHJCKUX acleKkaTra oBe TEXHHUKE, KOjU TeK Tpeba na ce
paspeliie, oBa TEXHUKa C€ YMHH Ja MpeICTaB/ba NEPCHEKTUBHY TEXHUKY €a MHOTO IIHPOM
NPUMEHOM 3a UCTIUTHBame aTMocdepe [18, 19].

VY ob6mactu armocdepe ox 80-110 km, y xojoj ce mory Hahu TaHKH CJIOJ€BH, KOJU
cajip)ke aToMe MeTaiia U joHa kao 1o cy Na, K, Ca, Ca*, Li u Fe, otBapajy ce MmoryhHocTu
3a MpHUMEHY pPE30HAHTHOI (ayopecueHTHOr nuaapa. Pe3oHaHTHa dQuiyopecueHnMja ce
MOCTHKE, YKOJIMKO C€ €Hepruje Joj1a3Hor (POTOHA MOKJIaa ca EHePrujoM Ipesias3a ca jeJHOT
HHBOA Ha JIPYTH y OKBUPY HUBOA aTOMa, JOHA WM MoJieKyna. [[oBopu ce o ¢uryopecieHIuju,
jep eMucHja CBeTIIOCTH MOXe Jia ce jJaBU Ha BehMM TalacHUM JAyKuHama. Y 0BOj NPHUMEHHU,
peeMucHja je OOMYHO Ha TaJacHO] JYXHHM Jlacepa. 3aTo ce TeXHHKa 4eCTO Ha3uBa U
JUIapCcKa TEXHUKA ca PE30HAHTHUM pacejameM. M3y3eTHO BeNWKH ePUKACHH MPecerH
pacejama 3a PE30HAHTHO pacejambe pe3ylTyjy y WHTCH3WBAaH JIMJAPCKH CUTHAI |
103BOJbaBAjy Ja KOHIIEHTpallija aToMa MK joHa Oyze Mama of 108 m™ 3a pacrojama Beha
on 100 km. Homatno, DoppleroBo mpommupewme u nomepaj Napz JIMHUje c€ KOPUCTH 3a

oJpehuBame TeMneparype u napamerapa BeTpa.
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TypOyneHnuja u BETpOBU Cy MaKpOCKOIICKe MaHU(]ecTaluje KOJEKTHBHOT KpeTama
aTMOC(epCKUX MoJIeKyJa W uyecTuna. KoMIoHeHTe MHTEH3UTETa pacejama AYXK JIMHHUja
nocMaTpama Jlacepckor cHoma u Doppler-oBux momepaja CBETJIOCTH pacejaHe yHasaf,
moMepajy ce kKa BUIIMM (pEeKBEHIIMjaMa, YKOJIHMKO CE€ pacejaBaud Kpehy ka numapy Wiu
00pHYTO. Y ONTHIIM Ce KOHCTATYje TpaHCBEP3aJIHH M JOHTUTYAuHAIHU Doppler-os edpekar
[0 MpPaBUIMMa DPa3BHjEHUX TEOPHja y PENATHMBHCTUYKOM (opMaTu3My, KOjU ce mpema
Op3uHama KpeTama IEHTapa pacejarba M OKOJHOT (UIyHIa PpazIduuTO AImpOKCHUMHpA.
OnpehuBambeM (pEeKBEeHTHOT MOMEpaja, MOXKE CE MEPUTH Op3WHA BETpa YK JUJapCKe
JWHUje TmocMaTpama. OPEeKBEeHTHH TIOMEpaj je TPOMOPIUOHATIAH OJHOCY Op3MHE BETpa W
Op3uHe cBeTyocTH (Bpio je Manu). JleTeknuja Tako Manor (peKBEeHTHOT IIOMepaja 3axTeBa
cnenupuIHe HCTPYMEHTE U TexHUKe nereknuje. Koxeperntnu Doppler-oB mumap ce 6a3upa
Ha EMUCHjH MOHOMOJIHOT - jeOHO)peKeeHmuoe TacepCKOT CHOIA M JICTEKIUje KOXCPCHTHE
CBETJIOCTH pacejaHe yHa3all O MOKpeTHe uectuile. CUTHAJI ce Ha JETEKTOpy Melia ca
CHUTHAJIOM JIOKAJITHOT OCIMJIaTopa-jacepa, na ce oxapelyje pasnuka y ¢ppexkBernnjama. Kako
Ou ce o/1peIno U MpeI3HaK MoMepaja, a He CaMO HeroB HHTEH3UTET KOPUCTHU CE XETEPOANHA
JeTeKIH]ja, Tj. ppekBeHTHA pazdewenocm (0ffset) ce yBoau n3Mel)y eMUTOBAHOT J1acepCKOT
UMITYJICa U JIOKAJTHOT ociiiiiatopa. Doppler-oB muaap y cMepy AMPEKTHE AETEKINje KOPUCTH
MOJIEKyJIapHy KOMIIOHEHTY pacejaHy yHa3all 1 MepH (PPEKBEHTHHU ITOMepaj MPUMEHOM YCKUX

CIIEKTpaTHUX GuiITepa.
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6. JIluHeapHU U HeJIMHeAPHH edeKTH

Kako cy 3a oCHOBY OBe Jucepraliuje u3abpaHu crieluGUIHN y30pIH, KOjU ce Y TOKY
MOJICJIOBakba HE MOTY Y CBaKOM CIIydajy MpPEJCTaB/baTH Kao Marepujajl yHU(POPMHUCAHUX
napamerapa 0e3 BUIIE cll0jeBa, TO ce M300p MoOjena, KOju 3aJ0BOJbaBa CHUCTEM 3HATHO
CykaBa. Y JaTuM ciydYajeBMMa, MO3HABaWkE IapaMeTrapa alcopiidje W pacejama je

HCOIIXOAHO 3a IIPaBHUJIHO HpCI[BI/IljaI-LC HCXO0lld, PA3JIMUUTUX ICJI0OBAbA.

Jeman mpmia3 MojenoBamby NIPU TPETHPAy KUBHX Y30paka je Be3aH 3a JIOMEH
¢doToxemujcKux mporeca. AMCopIiyja CBETIOCTH U e(EeKTH U3a3BaHu 3paueHeM MOKa3yjy
JUHEapHEe W HeluHeapHe 3aBUCHOCTH. JKuBH ,,y30pyu’ WMajy BUIIE BpCTa TKHUBA, KOja
MelyycoOHO HuCy He3aBuCHA. TkuBa moceayjy cnenudruyHa ONTUYKa CBOjCTBA (arcopmiiyja,
peduiekcuja, TpaHCMHCHja, pacejambe) U crenupuyHa TOIUIOTHA CBOjCTBAa (Kao IITO CYy
TOIIJIOTHA IPOBOTHOCT, TOIJIOTHH KalalMTeT, EMHCUBHOCT | Jp.). MI3BopH 3pauema, Takole,
yBOZIe ozpeheHe mapameTpe y CHCTEM: TajacHa JyKHWHA, BpeMe eKCIO3HIHje, TPUMEHhEeHa
€Hepruja, IyCTHHA €Hepruje W TyCTHHA CHare. JeqaH o OMTHHX Mapamerapa je Bpeme

eKCIIO3UIIHje.

YBoheme nacepa y pa3nuunTa HCTpaKUBamba, I0BEJO je 10 3HaYajHOT Opoja KaTeropuja

UCIUTHBAa O] KOJUX je IaHaC JIOMUHAHTHO HEKOJIHUKO:
e doToxemMHjCcKa MHTEPAKIIH]a,
e ToIIOTHa HHTEpaKLyja,
e doroabmanmja,
e AbGnanuja nza3BaHa IJIa3MOM U
o  doromucpymnuuja.

@Ou3NUKK TPOIECH, KOjU CY y OCHOBH OBUX WHTEpaKIHja Cy Pa3HOPOIHU M CBaKU
cllyuyaj mocefyje crnenuduyan cerT 3aKOHUTOCTH M ycioBa. CBe ce CBOJM Ha NMPOyYaBambE
MHUKPOCKOIICKMX MeXaHH3aMa y OKBHMpY Ipolleca KOHBep3Hje jlacepcke eHepruje. CBaky
MHTEPAKIM]y je MOoTryhe IpaTUTH MaKpOCKOIICKUM MOocMaTpamUMa Toka rporeca. [lomenyre
MHTEpaKIMje 110 TYCTUHY eHepruje ce kpehy y momeny ox 1 J/em? mo 1000 J/cm? y Mmeaumuem
u Oouonoruju [22]. OBoO je 3HaYajaH MojaTaK, jep mapaMeTap, Kao IITO je TYCTHHA EHEepTHje

U3 OBOT'a HUje MpecylaH MapaMeTep 3a pa3rpaHudehe HHTEPAKIIH]a.
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ITocToju rpymna ¢GOTOXEMHJCKUX HHTEpPAKIMja, KOj€ Kao TMOCISAMIE JeIoBamka
CBETJIOCTH, MHYKY]Y XeMHUjCKe eeKTe M peakiuje y MaKpoMOJEeKyJluMa, Ha helnjckoM
HUBOY WJIM Ha TKUBHMA. JeJaH O] HajBXHHjUX mporeca je GorocuHTe3a. Y MEAUINHH,
dboTOXEeMHjCKa MHTEpaKIMja Urpa BaXHY yJIory TokoMm ¢doromuHamuuke tepanuje (PDT
photodynamic therapy). buoctumymanuja npumnajga oBOM TUITY HHTEPAKIIU]€, HAKO TPaHUIIA
HUje jouI yBeK jacHO nedunucana. @OoToXEeMHUjCKe HHTEPAKIIM]je ce BE3y]jy 32 YCIOBHO BPJIO
Majie TycTune cHare (Tunuuno 1 W/cm?) u 3a nyra Bpemena excrosunuje (o 1 S 10 ayrux

u3Jlaramba y KOHTUHYAITHOM PEXUMY paja).

[MaxxsbuBY M300p JTaCEPCKUX MapamMeTapa, TOBOAH JI0 JKeJbeHE TUCTPHOYIIUje 3pauctmha
y caMoM TKuBY. Y BehuHM cilydajeBa ce npeABHl)EHH MPOIECH y3 WHTEPAKIIH]Y MOTOTHO
penuctpudyupajy. Uecto ce KOpPUCTH 3padyeme y BHIJBUBOM [Ny CIIEKTpa, jep je
e(pUKacCHOCT u qyOMHA ONTHYKOT MPOIUpama 3a10BoJbaBajyha. [lpyra kapakrepucTrka je,
U3y3€THO 3Ha4ajHa, YKOJMKO je LWJb Jla ce JOompe a0 Nyospux ciojeBa TkuBa. PDT
nojpa3zymeBa na ce y ojapeheHo TkuBo (Tymop, Oakrepwje,...), Ha HEKM HAYMH, yHeEce
aiekBaTHO (DOTOOCET/bMBA CYIICTAHIIA, J]a CE 3aTHM OCBETJbABAEHEM IOTOJHO O/a0paHuM
JACEPCKUM CHUCTEMOM H3a30BE peakilfja y JAaToj PETHUjU U Ja Ce THME M3a30BYy PA3THUUTH
CTETICHU 3arpeBama TKUBA yKJby4yjyhu u Hekpo3y. OBO ce He pUMeEmYje caMo Ha TyMope,

Beh 1 Ha GakTepHje y ICHTATHOM IUIaky, ciuka 2.6.1 [22].

buoctumynanmja mouumme ca BeOMa HHUCKMM CHaramMa W TIpUIajga TpyHu
doroxemujckux uUHTepakiuja. M3pa3 Ouoctumynanuja caMm 1o cedOM HHUje €r3aKTHO
nepunucad. MoryhHocTu kopuirhewa Maiaux cHara Jiacepckor 3pauema (1 -5 mW) Ha
OMOJIOIIKA TKUBA j€ MPEeIMeT Pa3IIUTUX pa3MarTparma U KOHTPaBEP3HUX TBPIHBH. [ TaBHO
NUTambE j€ Ja JIU j€ 32 OBAKBY HHTEPAKIM]y OUTHU]U N300p TajlacHE Ny KHUHE, IUPHHE JHHHU]E,

noJjiapu3alyje Wik HeKu JIpyTry napamerap.

Takohe, octaje na ce moTBpAM na Jiu je Moryha, 6ap 3a Heke Ipolece 3aMeHa
KOXEPEHTHUX W3BOpa HeKoxepeHTHUM. On MpBUX MNpHMEHa KBAaHTHUX TeHepaTropa y
MEIUIIUTHA HETBOCMHUCIICH j€ CTaB, 1a Cy MOI'YNHOCTH 1 KBAJIMTET HHTEPAKIIN]E HEYITOPEINBU
ca JIeNIOBalkbeM CIIOHTaHUX U3BOpa. JleTasbHa Mepema, HMCTpaXHBamba U TOHOBJBUBHU
eKCIepUMEHTH Yy o0JacTu cy BeoMa OHTHM 3a pas3llydyuBambe OHOCTHMYyJaIUje OJf

doToxemujcke HHTEpaKuuje yormre [22].

TomnoTHe WHTEpakiyje, KOje MPeACTaBJbajy BEIHWKY TpYIy THUIIOBA HHTEpAKIIH]a,
KapaKTepuIlle TIOpacT JIOKAJTHE TeMIeparype, ITO je YyjeIHO W jeJaH O] mapaMmerapa

uHTepakiyje. TormoTHu edekTu ce Mory uHIykoBaTH CW (CONtinoUS wWave — KOHTHHYaTH!
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PEKUM) WU UMITYJICHUM PEKHUMOM paja jacepa (neduHucane GpeKkBeHIM]e pereTuinje u
amumatyne). Jlok cy QoroxemHjcku Tpolecd YecTto BoheHu crnenupuuHOCTHMA
M0jeIMHAYHHUX PeaKIlnja, TePMAITHU €eKTH Cy y riobany HecrienupuuHu. Y 3aBUCHOCTH O]
BpEMEHA Tpajarmba M MaKCHMaJHE BPEIHOCTH MOCTUTHYTE TEMIIEpaType TKUBA, jaBJbajy Ce
pa3nyuTH ePeKTH, Kao IITO Cy: HCIapaBame, YIJbEHUCAHE, TOIJBCHE. 3a OBY TPYILY
WHTEPAKIIMja U3Yy3eTHO je OuTaH u300p Mozena (TeHepucame TOIUIOTE, TPAHCIIOPT TOILIOTE

Y TIOBE3aHU €PECKTH).
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Cnuxa 2.6.1.a) Egpexam memunena u/unu He-Ne nacepa (cnaea 7,3mW) na oopacusocm
Streptococcus sangius. b) Egpexam xemamonopgpupuncku ecmep u/unu He-Ne nacep (cnaza

7,3mW) na oopacusocm Streptococcus sangius (cencumajzep — 4ecmo ce KOpucmu u uspas

xkoumpacm) [48] y [22].

Kako je xapakTepuCTHMUHOCT y30pKa O] BEJIMKOI 3Hayaja, y OBOj T€3U MOTPEOHO je

MOMEHYTH YHTaB CIIEKTap HOBUX IpaHa Hayke, KOjeé Cy 3ajeJHUYKUM HMEHOM Ha3BaHe
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¢dboTobuonoruja, a 6aBe ce MHTEPAKIIM]jOM CBETJIOCTH (HejoHHM3yjyher 3padema, TpaHuIa je
oko 10 eV) ca xuBuM opraHm3sMuMa u 00yxBaTajy: (oTocuHTE3y, (poTomMopdoreHesy,
BU3YEIIHO Tpolecupame (Bua), nupkaauaiaau (circadian - circa a day) pwuram,

OMOJIYMUHHUCLICHIIN]Y U €(DEeKTe YyATPasbyOn4acTor 3payuckha.

[Iponiec doTtocunTe3e mpunaga AePUHUTHBHO jJETHO] O]l HAj3aHUMJBbHBH]JUX I10jaBa y
eBonynuju 3emibe. DOTOXEMHUjCKH TPOIIECH TPEHONICHA CHEPruje TOKOM (HOTOCHHTE3E
Mounky ca (OTOMHUIM]AIM30BAHOM PEAKIMjoM eleKTpoHcKkor Tpancdepa. Cam mporiec

dorouHuIMjalM]je ce HAa3UBa U Jcemea ceemaocmu [11].
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7. IparoBu cneuupUYHUX Mpoleca, MATEPUjaIH U MOIeJIH

AxumnoHa cnekTpockonuja. AC je Merona, koja ce 0aBU yTBphUBameM UHUIIU]AITHAX
nporeca y oToOHoIONKUM U POTOXEMHUJCKUM TporiecuMa. [[pyrum pedrma, MeToa CIIyKu
Jla ce YTBPAM U UISHTU(HUKY]e, KOjH MOJIEKYJIH, O]l MHTEpeca, ancopOyjy cernoct. Lto ce
BHIIIC CBETJIOCTH arcopOyje, Behu je yTuiaj Ha cucteMm, Koju ce ucnuryje. [lopehemem
epekaTa W3a3BaHMUX CBETIIONINY, MEPEHE PEJIaTUBHOT AalCOPIIUOHOr CIIEKTpa Ha
pPa3IMYUTUM TaJlaCHUM AY)KMHaMma, J1aje KOpUCHE MH(pOopMaluje O UCIUTHBAHOM Y30PKY
(amcopriuoHM CIIEKTPH CMEIIA | CIL.). YKOJIUKO Cy MEpeha aJIckBaTHO M3Be/ieHa, Moryhe je
UIEeHTU(UKOBATH KOMIIOHEHTE, KOj€ arlcopIyjy CBETIIOCT Y OKBUPY (poTorporieca, KOju ce
ucnuTyje. YKOJIMKO ce camo nopene edextu oapehene ceernoctu (oapehene upaaujance),
Ha Pa3IMYUTHM TaJaCHUM JIy)KMHaMma, OBH €(PEeKTH HeMmajy MCTH Mel)ycoOHM OJHOC, Kao

onrosapajyhu xoedpurujertn arncopruuje (ciuka 2.7.1 a, 0).

Nl

i3
§ CTaHIapa &
g A - | » |
) \
e
i A dn | _ _ §
TANACHA OVEHHA ! . 2
. HpanmHjanca
a) 0)

Cnuxa 2.7.1. OcHoge akyuoHe cnekmpocKkonuje: a) KOHYyenm akyuonoe cnekmpa,  0)
ehexam paznuuumux eKCno3uyuja y30pKa (UCmoe y30pka Kao noo a) c8emiocmu maidcHux
oyarcuna A1 u A2. Egpexam axyuje ceemnocmu je oam na éepmuxantoj ocu. Ilopeherve
KOJIUKO je c6emoCcmu HeOnxo0Ho 0a ce nocmueHe oopelienHu eghekam unu akyuja -
cmanoapoua axkyuja (npae). Ilpumep noxasyje oa je 0sa nyma eeha ,,akyuja'’ neonxoona Ha
A1 Heeo Ha Ap. 3axmyuyje ce 0a cucmem nocedyje akmMuBHU NUSMEHM 08a NYMa MAarbe

eguxacan na A1 neeo na Az [11].

!

AKIIMOHA CHEKTPOCKOIMja je OTKpuhe MUrMeHTa, KOju je y OCHOBM CUCTeMa ,,8uda’
OusbKe — uToXpoma. Y MOYETKY Ce 3HAJIO J1a C€ HeKU e(DEeKTH ,,ypgene’ CBETIIOCTH Ha OUIbKE
MOTY TOHHUIIITUTH U3JIaralkbeM OMJbKE TalieKoj IPBEHOj CBETIOCTH (ITOCIIe H3j1arama PBEHO]
cBetnoctH). Heka cemeHa He kinjajy mocje u3jarama LPBEHO] CBETIOCTH, OCUM YKOJHKO

npe Tora HUCY Omia y Boau. LlpBeHa CBETJIOCT je OBJe MoKa3ana HajuspakeHHju edekar.
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Knujame ce MOXe CIpeunTH H3IaraleM CEMEHa J1aiekoj pBeHoj ceetaoctH (720 - 740 nm)
[11].

IIparosu. Kox y3opaka HeOpraHcKor Mopekia, MOoCTOjH BHILIE PA3IMIUTHX JIEjCTaBa
JacCepCKOr 3pauemha Ha Marepujas. JeqHO O OCHOBHHX j€ TOIUIOTHO J1ejcTBO. TOIUIOTHO
JIejCTBO JIACEPCKOT CHOIIA Ha Y30paK (pa3iu4uTH MaTepujait), MOXKe Jia Ce OIHIIIE TOTNIOTHUM
jennaunnama. Ilpe nedunmMcama camor mpara akmnuje OWJIO KOr THMA, MOTpeOHO je
pasTpaHUYUTH y OKBUPY KOpPHUIINEHOT MaTeMaTHYKOI amapara y Kojoj oOmactu (y
3aBUCHOCTH O] MapaMeTapa JIejCTBa) ce BpIlle, KOje alpOKCUMAaIlhje U KOJU MaTeMaTHYKH
Mozaen he HajooJbe (ONTHMAIHO) OMMCATH JEjCTBO JIACEPCKOT 3padema Ha MaTepujall.
WuTepecanTHO je a ce 0aln Mepenhe YHUBEP3THUX KPUTUYHUX TTapaMeTapa (3a MaTepujaiie)
pelaBa myTeM JIMHAMUYKOT pacejama JlacepcKux cHomosa [49].

Moaenan. MonenoBame HHTEpaKIHje JJaCEPCKOT 3padyeha ca MaTepHjaIuMa YKIbYydyje
IIMPOKH OIICET T'YCTHHA CHare, BpeMeHa MHTEepaKIMje U 10jaBe TOKOM TPAHCIIOPTa, a MOpa
na ce 0aBM pa3IMYUTHM BelIMYMHama o0jekata, Koju ce oopal)yjy (omces3u ce kpehy og nm
10 m). M3pauyHaTy ¥ M3MEpEeHU NMParoBU MOTY Yy PEaTHHM CHCTEMHMa Jla CE€ 3HA4YajHO
Pa3NHUKYjy M 3aTO je MOTpedaH Jajby pal Ha MOJEIIOBAKY U JETAJbHOM HCTPaKUBamy. Y
OBOM CMHCITY, TOTPEOHO je BEIMKE KOJIMYMHE MEPEHUX BPEIHOCTH MOJCIUTH Ha 00JIacTH, Y
KOjUMa Cy JOMHWHAHTHU 1ojennHu edekt (y uniby yrpomrhaBama cucrema). [Ipexnanama
JaTUX 00JaCTH HE JI03BOJbABAJY TAKO JIAKO 3aHEMapHUBakE MOjeIMHNX edekara.

Matepujanau. Cse Behu Opoj MeTo/1a HCTIUTUBakba MaTepHjaia y BUAJbUBO] U OJIUCKO]
UH(QpaLPBEHO] 00JIaCTH CIIEKTpa Ce 3aCHUBA HAa KopHUIIhewy (GaHTOMCKUX TKHMBA, KOj€ CYy Y
naToj o0nacTu cnekTpa onmuuku exeusaienmu. ONTHYKU €KBUBAJIEHTH, Tj. (paHTOMU Cy

UjicaliHa 3aMeHa 3a UCIIMTUBAka y KOjUMa je HeOMXOHO BPIIUTH IN VIVO Mepema [11].
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8. HcnuTuBame y30paka OW/bHOT MOpPeKJIa

HcnutuBame y30paka OHJBHOT TOpEKJa 3axTeBa CBEOOyXBaTaH MPHCTYI Pa3IUYUTHM
npoOiiemrMa. Kako Ou mpoydaBame OCTaNIO y TOMEHY UHTEPAKIIHje ca MaTepHjalioM, MOTPEOHO je
aJICKBaTHO pa3yMeTH NPEIMCTOPHjY y30paKa, MPaBUIIHO MOJEIOBAaTH y3poke (koju he kao cucrem
pearoBaTH Ha O3pauuBamke W TapaMeTpe 3padea YBPCTUTH y CBOje ,,JIpeHOCHE (yHKuuje"),
JUCTAHIIMPATH C€ O] MPETIOCTaBKU M3 JOMCHA OHMOJIOTHjE M CTaTUCTUYKH OOpAJMTH pe3yliTare.
OBakBO HCTpaXXMBambE je MOAYXBAT, KOjU 3aXTeBa UCIPIIHE pecypce (BpEMEHCKe, MaTepujaaHe U
JbYJICKE) U HUje Ta Moryhe cripoBecTH 0€3 AyroTOAUIIKET paga. Y TOM CMUCITY, HCIIUTHBAKE Y30paKa
OuJbaka, Kao CIIOKEHUX KMBHX CHCTEMa, HacTaBJba ce aabe [50, 51, 52, 53].

Hanpemak y wucnutuBamy MOXE Ce IMOCTHNM KaKO MPOUIMPEHEM Yy30pKa, TaKo W
poayOJbUBaKEM MaTeMAaTHUKE aHanm3e y3opaka. [IpomyOspuBame moapa3yMeBa JOIUPHUBALE ca
cpoaHuM obsiacTuMa OGuonoruje. Kako 0u ce u3berie rpemike y Te3u ce KOPUCTE, KaKo pe3yJsiTaTH

Mepeba, Tako U pe3yiraT u3 pedepennu [41, 51, 54, 55].

Ymuuyaj nacepa na 6uoopeanuzme, penapayuonu mexanusmu u Kopenayuje

Paznuuutu amapatu Hayka, Koje ce OaBe ¢oTomporecumMa y pasjIudMTHM BpcTaMa
OuoopraHuzamMa Ha MaKpOCKOIICKMM CHCT€MHMa, TKHBY M MHUKPOCKOINCKOM HHUBOY (hemujcku u
mehyhenujcku npoctop), oboraheHn KOXepeHTHUM U3BOpHUMA ca MHOILITBOM HOBHX edekara, npegeiu
Cy UCIIUTHBAaKka OMOOpraHr3ama y jeIHO CAaCBUM HOBO 71004, y KOjeM CE€ UCTIUTHUBAMa BPIIIEC HA )KUBUM
OpraHu3MuMa M y KOjeM pacrpaBibaMo o ,, Xamunmonujamny sxcusoma [56].

borarctBo edekara ca KOXepeHTHUM H3BOpHMa Tpeba pa3jacHUTH, Kako OM ce HelnHeapHe
Hayke, Koje ce 0aBe eheKTHMa y ONTHUKHUM, aKyCTUYKUM U JIpYTUM I0jaBaMa, OJICTaKIIe 1a o0jacHe
nopesl MaKpOCKOTICKHX M KBaHTHE edekre. Ty Cy u InHeapHH U HeTMHeapHH e(heKTH U cariie1aBame
ca CTpaHe aHM3OTpoIHje, nucrepsuje. HenmHeapHu TONPHUHOCH Cy BE3aHW Ca MHOIITBOM €JIEKTPO-
ONTUYKHX, ONTO-aKYCTHUKUX U MarHeTHO-ONTHUYKUX edekata. HepeTko ce 00jeKTUBHO OMUCHBaHbE
UHTEpaKIyja (GU3NYKUM 3aKOHHUMA JIOJIATHO YCIIOKIbaBA Y3UMAEM Y pa3MaTpame U eNeKTPUYHHUX
KapaKTepUCTHKa y30paka (HIp.0akTepuja), BUIIE(POTOHCKHX Mporieca, uTa [57].

Hu3 cnexkTpockomnckux TeXHUKA, 0 KOjUMa je OWIIo peud, yKIbydyjyhu MeToje, Koje KOpHCTEe
MpoIiece arcopIiyje, eTaCTUYHOT M HEeeJaCTHYHOT pacejama, oMoryhyjy MHOTo 00jeKTHBHH]E

UCTIUTUBAE Jfcueoe céema. Ilomohy WUX je pa3BUjeHO MHOTO HEIECTPYKTUBHUX CHEKTPOCKOMCKUX
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MeToaa. Y MHOIITBY Mepema, OMTHO j€ YOUMTH MOTYNHOCTH W PE30JIyIlHje TOJeTUHUX TEXHHUKA,
omnoce UV, IC, nmanexke IC obmactu m Ramanovog pacejama, €IEKTPOHCKHX CIIEKTapa,
pedpakromerpuje. [TocebHa ncTpaxuBama cy nocsehena nerekropuma u u3Bopuma [58, 59, 60, 3,
61, 62, 63, 64].

Ca apyre crpaHe, MUKPOOHOJIOIIKHA, OMOPU3UYKH MOJICIIH JACEPCKOT JIEjCTBA CY CIIPETHYTH ca
Oonodu3MUKIM MoaenuMa panoIoOMKUX edekara, jep cy mojaBe pereHepalyje u aabe HEAOBOJLHO
pasjanmeHe.

buononuMepu u yormre MOJUMEpU Cy YBEK aKTyelHEe TeMe KOJ pa3MaTpama Marepujajia
OPraHCKOT IMOpPeKJIa, TI0jaBJbyjy C€ Y MHOTO MO/IelIa HHTEPaKIIMje, a TaHaC U Kao MaTepH]jalii 3a 3aIrc

[65].
Ynoza pumoxpoma y ouonozuju

DUTOXPOMHH MPOLIECH Ca CBOjOM CTaHIApIAHOM IIIEMOM HAaroBeIITaBajy Ja ce IOJ| JICjCTBOM
dorona hvi nemasajy npenasu Ha HecTaOuinaH HUBO putoxpoma b, miTo je mpaheHo 3arpeBameM uin
emucHujoMm cetsioctd. [locmaTpameM BpeMeHa mpeniacka u3 A y b, pa3Buja ce ONTHYKU MPUHIIHIT
¢duToxpoma (Cruka 2.8.1.). CBe peakiyje y OnoeneMeHTrMa (JIUCT, OKO) MOpajy OMTH peBep3UOHITHE,
y CYIpPOTHOM OpraHu3aMm He Ou mpexkuBeo. PazmaTpaHa BpeMeHa ce MPOCTUPY OJ1 Jielia CeKYH/Ie 110

MHHYTa. Broxemujcku nporecu Mory tpajati u 24 h.

[m—————— razgradnja u mraku ----

|
| | razgradnja
I I
sinteza v crvena svetlost ! _—
> Posn < ~P730
tamno crvena svetlost fiziolosko
dejstvo

Cnuka 2.8.1 @umoxpom npoyec [66].

[Iporiec y paznuuutum OMOCUCTEMUMA HHUJ€ pa3jalllibeH y MOTIYHOCTH, HAKO je J0cTa paleHo u
TEOPETCKU U eKcriepuMeHTanHo. Moryhu cy pasHu cneunduyHu epeKkTu 3a pe30HaHTHE IMpoLece.
VYTH1aj Temneparype je 3HadajaH, ajid je 0cTao MpodeM MOHOBJBUBOCTH ekcriepuMenTa. [locebHo je
MOoTpeOHO pa3jaCHUTH PAa3IUKE JI€]CTBA KOXEPEHTHOT U HEKOXEPEHTHOT 3payeha U FlhUX0Ba MEIIOBUTA
JIejCTBA.

VY neny GpoTOOMONOMIKUX Ipoleca ce AepuHHUIIe caMo ONMCHO IpBeHo, ML, TamMHO LpBeHO

3paueme, UTA. Tek y peraTUBHO HOBHjO] JIUTEPATYpPH c€ UACHTU(DUKY]y KapaKTepUCTUUYHE TallaCHe
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nyxuHe. DOTOXpPOM-IMTMEHT BUIIMX OMJbaKa je OJroBopaH 3a (horonepuou3am. Bunspnusa cBeTiioct
(660 nm) u3aszuBa oxpeheny mo3y mepuoausma, a IC 3pauewe n3asuBa ramerme edekra. Hahen je
IUTMEHT ca alcopIuujoM Ha 660 NM u koeduumjeHToM excThHKIHMje 7,6-10. IlpBeHa ceTioct
nomepa MakcumMyM oBor nurmenTa ka IC obmactu Ha 730 nm. Y Mpaky, MakCHMyM JIaraHo OIaja.
Yop3ame npenasaka je uzazpano npumeHom IC 3pavema. AHanmu3upahe ce caMo HEKOJIHMKO MpUMepa
n3abpaHux U3 BETUKOT Opoja doTorporieca.

JlerasbHHjE€ pa3MaTpame arCOPMIIIMOHOT CIIEKTpa TMoKa3yje 1a MATMEHT arncoplyje y MmiaBoMm,
I[PBEHOM ¥ TaMHO IIPBEHOM JIEJTY BHJIJBUBOT €JICKTPOMArHETHOT CIIEKTPa, KA0 U J]a Cy MAaKCUMYMH Ha
660 u 730nm.

®dUTOXPOM je XPOMOINPOTEHH Ca KOBAJICHTHUM Be3ama XpoMO(OpMHE Tpyle M OTBOPEHHM
nanmem xjopodwia. [Ipaheme mporeca y GuTOXpOMHOM CUCTEMY MOKe OUTH 01 TOCEOHOT HHTEepeca.
3a caia HUje moy3aHo NoTBpheHo fa T GUTOXPOMHU UMAjy yTHIIaja Ha 00a MpoIeca - TPaHCKPHITLN]Y
u npeBoheme (RNK) u 1a nmu mocroju kackagHa akTUBaIHja reHa.

[TpoMEeHIBUBUM 03paYMBABEM Ca YPEEHUM U MAMHO YPEEHUM 3paderbem, Kpajibu e(heKTH 3aBHUCce
O]l KBAJIUTETA TOCIEAET MPHUMEHEHOI 3pauema, npe cieneher (oTtopeBep3nOMIHOT mporeca
(HepeBep3uOUIIHE IpOMEHE y OnJbKama h3a3BaHe CBETJIONmhY).

W3narameM HEKOXEPEHTHO] CBETJIOCTH, €PEKTH TaMHO I[PBEHOT OICera Cy CKCIIOHCHIIUjaTHO
3aBUCHH 0J Opoja ¢QoroHa (mo3a wu3narama), a 3aKOH KOJHMYMHE EKCLHTaluje Baxku. Edextu
¢oromporieca cy MOBe3aHU Ca WHTCH3UTETOM CBETJIOCTH W BPEMEHOM EKCIO3WIHje, INTO Ce Y
OMOJIOTHjU OofjpaXkaBa Kpo3 JHHeapHe 3akoHe. Y omcery 0 + 40°C, edexTu npBeHe  TaMHO IPBEHE
CBETJIOCTH Cy He3aBUCHHU o1 Temneparype. [locne knujama, npyre ¢poromopdoomike npoMeHe Ha
O6usbkama (MM JenoBuMa Ousbaka) cy OpojHe. Hajsehe mpomeHe HacTajy Ha MHTEH3UTETY JUCamba
6uibaka, nmoBehanoMm crapamy RNK y korunenonuma, nmosehaHoj rpaimu NpoTenHa, €BOITYLH]H
npumapHor suitha, nosehawy BepoBaTHOhE HEraTMBHUX OMOTI€OTPOICKHX peakiija XUIIOKOTHIIA,
CUHTE3U aHTOLMjaHa, MoBehaHoj AeCTPYKIH]U pe3ePBHUX JIUINIA U IPOTEUHA, UTA.

3a HOpPMalHy yMEIIAaHOCT MOP(OTrEeHETCKHX Ipolieca y €BOJIYLHUjU OHMJbaka, WHTEepakiuja
¢uToxpoma u rubenuHa je 3HayajHa (TMOEIMHU Cy XpOMO30MH OMJbaKa XEMH)CKU OKapaKTepPHCAHU
MPUCYCTBOM TMOEIMHCKOT MPCTEHA Y MOJIEKYILY, YHj€ OCHOBHO (PM3HOJIONIKO TIPABUIIO j€ J1a yTUUY Ha
npoykaBame Onsbke). BpeMeHcku pacniopes mpolieca, KOju ¢e pa3BHjajy MmoJ| yTuiiajeM rTudennHa y
JIIEYPOHCKOM CJI0]y KYKYpPY3a je U3y3e€THO BakaH.

[IpernocraBsba ce a ce MpUMapHO J1ejCTBO (PUTOXpoMa y OuIbKaMa OCTBapyje MOCpeCTBOM

IIpOMEHE HUBOA XOpMOHa. CBETIIOCHO 3payerhe y IPBEHOM OIICETY yTHUE Ha KOHIIEHTPAIl1]y XOpPMOHA
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y Ouspkama. CTUMYJIATHBHO M HHXHOUTOPHO JICjCTBO CBETJIOCTH MMa KBaHTHTAaTHBaH Kapaktep. OBo
JIBOjaKo J1ejcTBO oMoryhyje ¢puroxpom.

dUTOXOPMOHHU MMajy 3Ha4YajHy YJIOTY Y CBUM (a3zama pacrta u pa3Buha Ouspaka. OHU Cy yjenHO
U jelHa O] 3HA4YajHMX KapHKa y MEXaHH3My KOHTpoJie Kiujama. Jlureparypa [56, 58, 59, 60, 61]
yKa3yje Ja OHHM y4YeCTBYjy y INpOIECY pasrpaimbe pPe3epBHUX MaTepHja y TOKY Kiujama. Y TOKY
KIMjamka JOoJla3u JI0 CUHTe3e rubepenuna. [lejcTBo rubepenuHa Ha mpoiece y Oubkama je
BumiectTpyko. OHH Jenyjy Ha: BUCHMHY pacTa OuJbKe, 00pa3oBame I[BETOBA, MUPOBAIE CEMEHa U

IIyroJbaka, uTH.

Mooenu o3pauusarsa 6UOI0WKUX CIIPYKIYDA

Hekxonmuko mozena je 0a3wpaHO Ha TEPMOAWHAMHYKOM IIPHCTYIy M Ha TEHEPAIHCAHUM
TEPMaITHUM jeHauYnHaMa. Jeaan oj mpodiiema je peIyKOBaH Ha TPAHCMHCH]Y 3pavyeiha Kpo3 CJI0jeBe
TKHBA, IITO j€ ONMHCAHO BHUXOBUM TOIUIOTHUM OCOOMHaMa (IIPOBOIHOCT, CHeM(pUIHE TOIUIOTE, UT/I. ),
TYCTHHOM M CIEUU(UYHOM TYCTHUHOM CHEpPruje 3pavycwa (IMOBPIIMHCKOM WU 3alPEMUHCKOM).
Mo/ienioBame je 3aCHOBaHO Ha pa3MaTpamy MOP(OJIOIIKKUX, TOIUIOTHUX U APYTHX cBojcTaBa [41, 42,
55, 67, 55, 68, 59, 60, 69, 70, 71, 72, 73].

Koedunujentn pedrekcuje, mMajy BpIO BaxHy yiory, jep oapelyjy amcopboBany u
TPAaHCMHUTOBaHy CHAary, a 4ecTo c€ y JHUTepaTypu O TOME H€ BOJUM MHOTO pauyHa. 1o YHHH
Hen30exxHUM Tpaheme (aykceBa amcopOoBaHe, TPAHCMUTOBAHE M pe(dIEKTOBAHE CBETIOCTH U
YKJbYUHBaKk€ HEKOJIUKO PA3IMYUTHX METO/1a Mepema, Mel)y KojuMa Ou OMII0 OKEJbHO YKIbYUUTH U
aKyCTHUKe, OJJHOCHO omnToakycthuke mapamerpe (Sreckovic et al, 2015a; Sreckovic et al, 2015b;
Sreckovic et al, 2104b).

VY mpeTxoaHOM pa3MaTpamy ce TOMHUbY pa3IndnTa CTAaHOBUINTA H300pa Mojena. Y30pak cam
1o ceOu yHOCH CIIeU(PUIHOCT y MOJIEN. Y CiIy4ajy Milajie IICHUIIE, MOKe C€ YOUUTH 7 CJ0jeBa, Te
je jenaH oJ] OBUX cJI0jeBa MepHKapIl (CIIOJbHU 3U]] ceMeHa). Y 3peioM CEMEHY MIIEHUIIE, CIIOJballlbH
3UJI CEMEHA Ce cacToju oj 3 cioja. 3uja mocraje aAe0Jbu, unMe MTUTH ceme. OCHOBHH pe3epBHU
MaTepHjalii, UMK, YTIJbeHH XUIPAaTH ¥ MPOTEHHH C€ Haja3e y €HIO0CIepMy, JOK je eMOpHOH Ha
nepudepuju eHaocIepma.

MexaHu3mMu Jacepcke pemnapaiyje Ousbaka, )KUBOTHIHA U OMOOpraHu3ama yoIIITe, Ha Koje je
JIEIIOBAHO HYKJIEAPHUM 3payeHheM Cy HHTEH3UBHO MPOyYaBaHU, Kao M e(heKTH JTaCePCKUX CHOMOBA Ha
TeHeTCKy eukacHOCT. To yKIbydyje 03paunBame JJACEPCKUM CHOTIOBMMA, TIPE M TIOCIIE HYKJICapHOT

3payera. OBU MOJICNIN CYy KOMIUICKCHHU]JU O IPETXOJHUX [74].
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Jlacepcku cHomoBH M edeKTH MoAyJaluje pPa3InYUTUX MyTareHa. Edextu myraunumje y
henujaMa WHIYKOBAaHU JTAaCEPCKUM CHOMOBUMA CYy 00JIACT MHTEH3MBHOT U3ydaBama. Gubpobdractu u
IUIUIOUIHE XyMaHe henuje cy u3naraHe pa3M4uTUM THIIOBHMA Jiacepa (JJacepr Ha YBPCTOM TeEIy,
MOJIYIIPOBOTHUYKH JIACEPH, JJaCepH Ha TEYHOCTUMA, JIACEpH ca IIyIJboM Katojom). Kopunrhenu cy
pyouHcku (v mweroBu Buiik xapmonui), dye, He-Ne u He-Cd nacep. Excrosurmje mnokasyjy
HajBUIIIE MPOIICHATa XPOMO3OMCKHX abepalryja y ciydajy MpuMEeHE IPYror XapMOHHUKA PyOUHCKOT
nmacepa 20+ 30 min HakoH wuMIyicHe ekcrosunuje. UV 3pademe NmoMaxe y penapaTHBHUM
nponecuma. He-Ne sacep m3a3uBa moBosbHEe edekre, kao Moauduxyjyhu ¢akrtop Ha JbyJCKe
¢bubpobdracTe NPETXOAHO U3I0KEHE HEYTPOHCKOM (PIIYKCY. Y OUEHU Cy TO3UTUBHU €(PEKTH.

Edextu UV u BumsuBe cBemioctd Ha JIHK penapanmjy cy mocmaTtpanu kopuimhemeM 3pHA
NIICHUIIE CYIICHHX Ba3yXxOoM M KOMOHWHaIHWje 3payema PYOMHCKOT Jlacepa M HErOBOT APYror
xapMoH#uKa [74]. AHanu3e GppekBeHIIrje XPOMO30MCKUX abepanyja cy BpiieHe 30 min u 48 h HakoH
03pavyHBambA.

KombOunoBanu edextn He-Ne nmacepa m rama 3padema Cy yOUYCHH Yy TPOKIHjaJIOM CEMEHY
nenure y Tabenu 2.8.1. Ctumynarusau epextu Ha JJHK penaparujy henuja nperxoaHo nznaranmx
rama 3pauemy cy norsphenu Ha henujama KopeHa MIIeHUIIE.

ITosutuBHu edextn He-Ne nacepa cy nmpumeheHHm Koja MPOKJIHMjaJlor CeMEHa MIICHHILE Yy
henrjaMa KopeHa U KO/ CYIIEHOI CEMEHa jeuma, IPETXO0IHO U3JI0KEHOT TaMa 3payewy. Y pedepeHu
[63] je mpoyuaBana (pekBeHIHMja CTPYKTYPHHX XPOMO3OMCKHX MPOMEHA y KOPEHYy IIICHHIIE Ha
henujckoM HUBOY.

ExcriepuMeHTH ca CyINICHHM CEMEHOM jeuma, MOTBPAWIM Cy HeratuBaH yruiaj He-Cd
Jacepckor cHorma (0poj XpoMo30MCKHX adepaliija pacTte, ako je JJaCepCKOM 03padiBamy MPETXO0IUIIO

rama 3pademe).

Edexmu nacepckux cnonosa na moougukayujy mymazene epukacnocmu

YCTaHOBJbEHH CY TMO3WTUBHHU, KA0 M HETAaTUBHU €(EKTH JIAaCEPCKUX CHOIMOBA HA MyTareHy
epukacHocT jouusyjyher 3paudema. He-Cd macep (cBemnio mmaBa A = 441,6 nm) moehaBa
BepoBaTHOhy edekara MmyTamuje yciesn joHusyjyher 3padema (y MEIUIIMHCKO] TEPMUHOJIOTHJU CE
JIACEPCKO 3paderhe He YKJbyUyje y joHu3yjyha 3padema, Hero caMo HyKJeapHo, rama u Jip). C o03upom
Jla BEJIMKE TYCTHHE CHAre JacepCKUX CHOIOBA M3a3WMBajy JOHU3ALMOHE €PEeKTE, TO TEPMHHOIOTH]a

joumzyjyhe u HejoHmsyjyhe, 3acmyxyje moceOHy nauckycujy. V3BpiieHH cy €KCHEpUMEHTH ca
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CEMEHOM jeuMa M CEMEHOM IIIeHule (Tum Jlenunepaoka) u3noxeHor nocedHo 3pavewmy He-Cd u
rama 3payemy, Ka0 1 KOMOMHALIMjU OBa J[Ba TUIA 3paycrma. Pe3ynTaTtu mokasyjy CIuuHe ald Mambe
u3paxene edekre 3pauema He-Cd nacepa Ha edekre myranuje on X 3paka.

Tabena 2.8.1. Kombunosanu epexmu He-Ne nacepa u eama 3pauera y npokiujaiom cemery
nuenuye [74].

bpoj anammsupanux anadaza wu
tenodaza
Bpcra 3pauemwma Jo3a - ekcno3unuja
n IMpouenar
abepauuja (%)
KonTponHo - 1375 0,9+0.2
raMa 3paycrhe 0,5 C/kg 515 30,0+2.1
He-Ne macep (A = 632,8 nm) | 20 mW/cm? x 30 min 1596 1,4+0.3
rama 3paucme + He-Ne macep | 0,5 C/kg +
) 804 16,0+ 1.3
(L =632,8 nm) 20 mW/cm? x 30 min

CynpotHu edekTu, TIOe Jacepcko 3pavyee CMamyje TeHETCKe MyTalWje HHIYKOBaHE
joHM3yjyhuM 3payemeM Cy yOUeHH y eKCIIEpUMEHTHMa ca CEeMEHOM jeuma Tun Haoua, tne je

KopuiheH Ipyru XapMOHUK PYOHHCKOT Jiacepa.

YTHnaj KoXepeHTHOr 3pavyema Ha OmoopranmsMe m Omocucreme. JKMBU OpraHusMu cy y
TOKY CBOT ’KMBOTa M3JI0)KEHU PA3TUUYUTUM YTHIIaJUMa OKOJIMHE. Y cllyyajy OMJBHOT CBETA, TEIIKO je
reHepaTHO KBAaHTUTATUBHO OLIEHUTH CBe e(eKTe, KOjU yTHuy Ha pa3Buhe Ousbaka. TexxnHa npodiema
je Be3aHa 3a KOMIUTMKOBAHO OCTBAPEHE PEMPOAYKTUBHOCTH (ITOHOBJBMBOCTH) €KCIEPUMEHTAITHOT
paJia ¥ Ha TO Ja CBE aHaJIM3€ U3BPLICHUX MoAM(UKaLKja Tpeba MpaTUTH METoJjaMa HeIeCTPYKTHBHE
npHUpoze. 3aTo je y OBOj Te3u M3adpaH yTUIIa] KOXEPEHTHOT 3padeha Ha pacT u pa3Buhie Ousbaka [63,

74].

YTuuaj cBersiocT Ha Ousbke - poronepuoauszam u porocunresa. Kimacuuna pazmarpama
yTHIIaja €JIeKTPOMAarHeTHOI 3padema Ha OWJbKE, y OICery, Koje MOKpPHBA MPBEHCTBEHO CYHYEB
CIIEKTap je pa3MaTpaH y CBETIIY JI¢jCTBA CIIOHTAHOT 3padyema. Tako cy nedpuHucanu Goronepruoan3am

U GOoTOCHHTE3A.

doroneproanszaMm ce oJHOCH Ha Mopdo3e, KOje HHUIUPA ocsemmenocm OUIbaka y TOKY JaHa.

N3znoxenocrt, potonepuona, oapelyje npenazak OusbKe U3 BEreTaTuBHE y TeHepaTUBHY (azy. OBakaB
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npucTyn jAehUHHUCAkA YTUIAjJa CBETJIIOCTH j€ IIMPOKO pPacHpoCTpameH. Y KBAaHTUTUBHOM
NpoydYaBamy Mpolieca HACTAIMX 03pauyuBambeM OMJbaKa WM CEMEHA, MOPajy CE€ YKIJbYUYUTH BEITHUUHE
Kao IITO Cy: €Hepruja, TyCTHHA CHAre WM eKcro3uiuja, uta. OBae 01 GoToMeTpHujcKka Mepema ana

OATOBOPE HA IMPEHU3HE IIOAATKE O ,Z[C(l)I/IHI/ICEIHI/IM mapamMeTpumMa aM6HjeHTa M U3JI0)KEHOCTHU OHJBKE.

VY ciydajy aa ce He UCIyHH crienn(UvaH 3aXTeB MpeMa TyKUHH JaHa KO MHOTHX Orsbaka Hehe
Cce€ OCTBapuTH od4ekuBaHO pa3Buhe. OCHOBHM OHWOJIOIIKK 3Ha4a] (oTomepuogusmMa je y
npuiarohaBamy yCIOBHMA CIIOJBAIIKBE CPEAUHE, Tj. HCKOPUITheny MOBOJFHUX €KOJIOIIKUX YCIIOBA Y
TOKYy roauHe. J{y>)xuHa nana u Hohu, yTude Ha OpojHE Mpolece Y TOKY OHTOTeHe3e OMJbKE: Ty)KUHY

MHTEPHO/AM]ja, OTIIOPHOCT IpeMa Mpasy, caJip:kaj MUITMEHTa, onajame Juutha u ap.

Tpajame THEBHOT OCBETIbEHA CE HAJBUIIIE OJpakaBa Ha MHIYKIIUjy [[BETamba, 300T yera ce Kao
OCHOBHHU KpHUTepHjyM (GoTomeproau3Ma y3uMa HajBeha wiM HajMama Jy)KUHa JaHa, MOTpeOHa 3a
nperna3ak y reHeparuBHy ¢a3y. Mako je mykWHa IaHa 3HAa4YajHA 32 MHULUPAHE IBETamba, CaMo
[[BETamE Ce KACHUjE O/IBHja HE3aBUCHO 0] poTtomnepuose. [Ipema Tome Kako pearyjy Ha ITyXKUHY
naHa, Ousbke ce nmene Ha: Owspke mayror (BJIJI), 6wbke kpatkor nana (BKJ/]) u gHeBHO HeyTpaiHe

omwnbke (Tabena 2.8.2).

Tabena 2.8.2. 3asucnocm undykyuje ysemarba 00 gpomonepuode pasnux oumaxa [75].

buwre dyeoe oana Inesno neympanue bumke buwre kpamxoe dana

* Avena sativa Agrimonia eupatoria Cannabis sativa

* Tricium Aestivum Crdamine amara * Chrysantemun indicum

* Secale cereale Cucumis sativus * Chrysantemun hort.

* Alopecurus prantesis Euphorbia lathyris * Coffea Arabica

* Anthoxanthum odorantum Fagopyrum vulgare Dahlia variabilis

* Festuca elatior Helanthus tuberosus * Lemna perpusilla

* Lolium temulentum Pastinaca sativa * Euphorbia pulcherrima

* Phleum prantense Soja hispida s * Soja hispida s

* Poa prantensis Solanum tuberosum s * Solanum tuberosum s
Zea Mays s * Zea Mays s

* - xeanumamusne (ancorymue) oumxe B/, oonocno BK/I, cee ocmane peaeyjy keanmumamugHo; S— oopelene copme

Oga mojena OMJbaka Ha TPU TPYIIE je JTOCTa MojeTHOCTaB/beHa. CaMa mojiena je Moryha u Ha
KBAIMTATHBHE, Tj. allCOJIyTHE WJIM KBAaHTUTATUBHE OMJbKE AYror U OWJbKe KpaTkor naHa. Kako 6u ce
MOKPEHYJIO IBeTame, MoTpeOHo je moctuhu oapehenn Opoj MHAYKTHBHUX IMKIIyca, Tj. CMEHA JaH —

Hoh (mepuon ceéemnocmu U mame y TOKy JeHOT JaHa, aKo HHUjE€ y MUTamY MPUPOTHO OCBETIHEHE -
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CyHUEBO 3pademe). bpoj mukimyca morpebaH 3a WHIYKIM]y I[BETamka 3aBUCH W OJ Tpajarka

NOjeIMHAYHHX IHUKITyCa.

Taxo je 3a onpehene Ousbke mpaBmiIHUje pehu 6ubke dyee Hohu, HETO bumke kpamkoe oana. Ha
ciuny 2.8.2. je mpuMep Kaj OMibKa KpaTKOT JlaHa He 1IBETa, YKOJIHMKO ce MOoTpedaH nepuox aAyre Hohu
npekuHe nopemehajuom cpernomrhy. Takohe, Ousbke Ayror naHa y YCJIOBHMa KpaTKOT TEpHoia
OCBETJbCHA, Y TOKY JaHa he mpoIlBeTaTH, yKOJIHMKO ce OyT MEepUOJ TaMe MPEKUaa KPaTKOTPajHUM

OCBETJhAjHMA.

BKD
N CVETA
" \NE CVETA
[ TN W \E CVETA

BDD
[ NE CVETA
laii M CVETA

N CVETA

0% B 12 W) 0 2 sati

Cruka 2.8.2. Ymuyaj ceemnocmu mokom pazoob./6a Mpaxa Ha UHOYKYUjy yeemarba Koo Ou/baxa

Kpamkoe u dyeoe oana [66].

3a oaBujame GOTOXEMH]CKUX peaklirja y Ousbkama, moTpeOHu cy oapehenu poropenentopu u
onrosapajyhe enekTpomMarHeTHO 3padewme ojpeheHe TamacHe ayxuHe. Ilox (oTocHMHTETHUKU
aKTUBHOM paJiijalijoM ce cMaTpa OICer TaJacHUX JY)KMHA, Y OKBUPY KOra ce BpIiu (poTOCHHTE3A.

Kon Bumux 6uspaka ce oBaj orncer kpehe ox 390 go 710 nm.

[Tomohy cBojux (oTopenentopa, OUIbKe arncopiyjy A€o CBETIOCTH BUJHUBOT Jieja CIEKTpa U
Kopucte je y ¢orocunTe3n. EHepruja enekTpoMarHeTHOT 3padera, KOja JIOCTeBa Ha MOBPIIUHY
OWJbKE ce jJemTHUM JesoM arcopOyje, jeqHuM JaesioM peduiekTyje, a ocTaTak IMpoJia3h KPO3 TKHUBO
Omsbaka. 3a 0/IBHjame )KUBOTHUX IpoIeca HajOUTHHjH je IS0 CBETIIOCTH, KOju ce arcopOyje. OBaj neo
CBETJIOCTH 3aBHCH OJI 0OCOOMHA OMJbaka, CIIEKTPAIIHOT cacTaBa CBETIOCTH M Ap. Heku ycpenameHu
MojJay O 3allITUTHOM JejCTBY emnuaepmuca cy na ce UV 3pademe amcopOyje cera 2 -5 %,

(dboTOCUHTETHYKH aKTUBHA pajujaija ce arcopoyje 70 - 90 %, 5 — 12 % ce pedurekryje, a 5 - 8 % ce
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npomyinra. 3pademe y o6auckoj Ul obnactu ce cimabo arcopOyje (armcopiiija Boje), a 3payeme y
nanekoj UL obmactu ce amcopOyje oko 98 %. ¥V Tabenm 2.8.3 ce mMoxe BUAECTH MPOILCHTYyaTHA
aHCOpHL{I/Ija CBCTJIOCTH HA PAa3IMYUTHM TAJIACHUM AYyXHWHaAMa Yy pas3JIM4YUTHM MCCClUMa 3a 6I/UBKy

Evonimus verrucosa.

HNudecranuja Oubaka. buibke Cy TOKOM CBOI pacTa W pa3Buha uecTto HH(QECTOBaHE
pa3IMuMTUM Mapa3uTuma (MHcekTuma u cil.). [lpaheme HuBOa omTeheHoCTH camor nmpuHoOca, Kao U
CTama TOKOM CKJIQJMINTEHha TMPUHOCA je OJ M3Y3eTHOI 3Hadaja 3a MOoJbOoNpHuBpeny. Hamaxeme
MOTOJHOT AHAJUTHYKOT - HYMEPUYKOT W MEPHOT MpHiIa3a je BaXHO ca TJCAMINTA EKOJIOTH]E,
menuiuHe U arporexnonordje [76]. To cy 3amanm 3a TeopHje Iperno3HaBama O0JMKa W H300p
MOTOIHUX ONTHUYKUX OcoOMHAa WH(PECTOBAaHUX M HEHH(ecToBaHWX Ousbaka y by u300pa

ONTUMAJIHOT IIpHJIa3a.

Tabena.2.8.3 . Koeghuyujenm abcopnyuje nucmosa Evonimus verrucosa [%] [51].

TanacHa
aymna [m] 7V 1Vi 25 VI 23VIlI  18VII 151X 15X
760 | 9,5 10,5 13,0 13,0 14,0 19,5 16,0
800 | 8,2 9,5 9,0 11,0 12,5 17,5 14,0
850 | 9,0 9,2 9,0 10,0 12,0 16,5 13,0
900 | 9,0 9,5 9,0 9,5 12,0 16,5 13,0
950 | 10,5 10,5 9,0 9,0 13,0 17,0 14,0
1000 | 10,5 11,0 10,0 12,0 12,5 17,5 15,0
1050 | 10,5 11,0 10,0 11,0 12,0 16,0 14,5

Peduiexcuja u leH KBAJIMTATUBHY M KBAHTUTATHUBHU onuc. Pasnuunte crynuje, 6aBuie cy
ce pa3BOjeM METOja 3a JEeTEKTOBakhEe MHCEKATa Y YHYTPAIIkhOCTH OMJbaka, IIITO j€ HeOMXOHO, jep ce
BU3YEITHUM METOJlaMa He MOXKe €(peKTHBHO JIETEKTOBATH MHCEKT Y YHYTPAIllkOCTH. BpemeHoM cy ce
HojaBUJIE CIIEKTpOCKorcke Merone u 'y Ommckoj ML oomactu (NIR near infra red) u merone, koje
KOPHUCTE IPUPOAHY (HITyOpPECIECHIIN]Y.

Kon 6pojuux ayropa [77, 78, 79, 80, 81, 82] je moryhe nauhu Ha ogpeleHe mogarke, Koju roBope
y IPUJIOT YME-EHUIM J1a je Moryhe pa3nukoBaTu HH(pecToBaHe 1 HenH(pecToBaHe Ousbke (cnuke 2.8.3.,

2.8.4,2.8.5).
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Cnuxa 2.8.3. [lpoceunu ancopnyuonu cnekmap kaoa ce anaiuzupa peghiekmosana emepauja oo

3pHa KyKypy3a. Ancopnyuja je mepena no 3asucnocmu log (1/R) [81].
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Cnuka 2.8.4. Ycpeowenu cnekmap ancopnyuje KyKypy3a KOju caopicu paziudume HUgoe
Gymonucuna. Cnekmap je 0obujen nymem meperva mparncmumarce log[(So-D)/(S-D)], 20e je

So - cmanoaponu cnexkmap, D - cnekmap y mpaky, a S - mepenu cnexkmap kpos yzopax [81].
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Cauxa 2.8.5.Hexopueosean Raman-ov cnexmap yenoe cemena nuenuye (1) u kopueosan na

pryopecyenyujy u Fourier-oso (50%) pasuare cnexmpa. (1) [78].

Behuna knacuunux mozena, 3a kiacupukoBame, Kopuctu oapehene nunpopmanuje nodujene u3
BUJBUBOT jiena criekTpa. Takohe, kiacudukaimonu moaenu kopucte u nHGopmarnuje u3 NIR criekrpa.
OBaj 11eo creKTpa yka3yje Ha XeMH]CKe KOHCTUTYEHTE Y MH(ECTOBAaHOM 1 HEMH(ECTOBAHOM CEMEHY,

KOj€ Ce UCIIUTY]eE.
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9. UcnuTuBame Y30paKka ;KUBOTHHCKOI' MOPERJIa

HcnuTrBame pa3inyuTUX y30paka 3axTeBa JMHAMHYHO MEHAHhE METOJa, IITO 300T MpoBepe
pesyiTara mTo 300T yKIamama Tpemaka (IporeHa HECUTYPHOCTH), KOje C€ MOTY jaBUTH Y TOKY
ucnuTHBama. Kama mpuyamo o y3opuuma M3 Jcusoe céema, Kao Wy Clydajy y3opaka OHIBHOT
HopekJa, MoCToje JBa OCHOBHA TIpaBIia in Vivo u in Vitro. KapakTeprcTHYHO 32 y30pKe KHBOT CBETA
je ¥ TO, 1a Cy CacTaBJbCHHU OJ1 BUIIIC PA3JIMUUTHUX TKHBA, OJ] KOJUX CE CBAKU THII MOXKE TPEICTABUTH
MOjeIMHAYHOM IIEJIMHOM, KPO3 MOJIENIOBamka. MehyTuM, OHO MITO je KapaKTepUCTHUIHO 3a 11e0 Ouo
CBET je Boja. Boxa je cBe BUINE MO YTUIAjeM pa3IMUMTUX 3arahuBava ¥ cama MOXe OMTH jeHa OJ1
KPUTUYHHX Ta4aKa eKOCUCTEMa TOKOM IIpolieca NPeHoIIeHkha 3araljema. Y THIla] MUKpOOpraHH3aMa Ha
KBJIMTET BOJIC j€ CaMO je[lHa OJ MpoOJIeMaTHKa, KOje je MOTPpeOHO MPAaTUTH, alld j€ U3y3eTHO OUTHA
KOMITOHEHTa OJip)KaBama kBanuteta Boje [83, 84]. [Toctoju HEKOIMKO METO/Ia, KOje Cy Y pa3Bojy H

1ajy 3a710BoJbaBajyhe pesynrare. JeqHa o/ lbUX je U UMep3uoHa Metoa [85].

CaBpemeHH TEMIIO )KMBOTA, MHAYCTPU]CKU TPEHIOBU U caoOpahaj n3a3uBajy 3Ha4yajHoO 3araleme
BazJyxa U xuapocdepe. PaznuuuT CKymoBu Cy OpraHU30BaHM, Kako Ou ce AepUHUCAIO KUBOTHO
OKpY’KeH€ Ha INI00aTHOM HUBOY. TeopHjCKo - eKCliepUMEHTAIHU NPpo0ieMH, KOju ¢y Moryhu Tokom
nprMEeHe Jacepa M ONTHYKUX METOJa y KOHTPOJHM JbYACKOT OKpyXkema (armocdepa, BoJcHE
MOBPIIMHE, TJIO, 00JIACTH MOKPUBEHE OMJbKaMa — HUKH CJI0J€BU U KPOIIHE) C€ aHATM3UPa]y O OBOM
neny paga. Kako OuM ce mpuUMeHMIIO BUILE THUIIOBA MOHHUTOPHMHIA, 3aCHOBAaHHMX Ha pacejamy,
duyopecueHIMjH, ancopniuju U IAPYyruM MHpoliecuMa OJ MHTepeca 3a KOHTpOJy, 3HauyajaH Opoj
71a00paTOPUjCKUX MEPEHa ONITUYKUX U APYTUX BEJIUYMHA j€ TOTpeOHO 00aBUTH, HA IITAa HHIUPEKTHO
yTUUY pPa3nuuuTH (U3NYKU TpolecH, ykibydyjyhu u akycruuke. [IpumeHa nacepa y MepHUM
TEXHHKaMa JIOHOCHM ca coOOM JIMHEapHe U HelMHeapHa ONTHYKa CBOJCTBA, JIOK CYy IIOHEKa]
HEJIMHEapHU TpOLEeCH YKJbYUYEHH y Mepema O]l CaMor MoYeTka. AKIEHAT je Ha aHaJIUTHUYKOM
npucTyny ojapeheHMM KOHCTaratama, BE3aHMM 3a BOJY M CBE BOJIEHE IOBpPIIMHE, MocTojehem
codTBepy y AaToj 00JIACTH M TMOCJIEeNUIIaMa, KOje MPOUCTUYY U3 HEMpaBWIHE NMPUMEHE MocTojehnx

rnoJgaTtakxa.

3a nzabpaHe ciaydajeBe y HEeKUM 00JIaCTHMa, CBOJCTBA Be3aHa 3a CTam€ BOJIE U IeHO 3araleme,
Mory j1a ce kBaHTuduKyjy. Takohe je moryhe je u BpmuTHu npaueme 3aralema Bazayxa kopurhemem

coTBEPCKHX MaKeTa, M y CKIAIy ca TeOpHjaMa pacejara Ha OPTaHCKUM U HEOPTAaHCKHUM IEHTpUMa

Cama Jestuh 61



Teopujcku doeo

pacejama, aHTyJIapHOj pachojeNy 3a crenupuIHe MUKpoopraHuzMme (OakTepuje) MOTY C€ BPIIUTH

onpehene nporiexe.

W3mely Benmukor O6poja mojaraka u mapamerapa 3a Oluc MoXapHHUX Ipolieca (Kao 1 MpoayKaTa
ropema), HEKM OJl EHUX Ce MOry TPETUPAaTH HCTOM METOJOM, Yy HWHIYCTPUJCKUM U PEaTHUM
CBaKOJHEBHUM YycClIOBUMa KopulihemeM onTHUkuX Mmerona. Crpe3ame ONTHYKUX M aKyCTHUYKUX
TUIIOBA U JPYTHX OJTHOCA KOHCTaHTH MarepHjasa he yka3atu Ha moceOHa MHIMPEKTHA MEpema, Tj.
MOTryhHOCTH JETEeKIMje MpoayKaTa ol UHTepeca y eKOJOTHjH U APYruM o0acTUMa oJf MHTepeca 3a

syne [86, 87, 88].

BuiecTpyku ceH30pCKH CHCTEMH M NpHMeHe y ekoJioruju. Op mpe BUIIE O IOJIa BEKa,
IpUMEHE JHaapa pacTy Kao ¥ Opoj mpapana, KOjHu IOCTOje MPH pellaBamy ACTEKIHOHUX MpobieMa
(manrnename). [Ipahemwe je moBe3aHo ca mopehemeM BHIllE TEXHHKA, KOje CIIPErHyTe A00Hjajy Ha
3Ha4ajy KO/ MPUMEHE y €KOJIOTHjH, HaKO Cy MPBEHCTBEHO OMIIe pa3BHjaHe 3a apyre odsactu [89, 90,
91, 92, 93]. Ilopehemwe Mopa yKIbYUUTH UHTEPIUCIUILTMHAPHU IPUCTYIT M HE3aBUCHO O] M3a0paHe
TeXHUKe 1 ypehaja, npumenHa onpeheHnx CeH30PCKUX CHCTEMa Mopa YKJbYYUTH YK MPEIMMUHApHE
CTy/Hje 3a UCIIPABHY JECKPHUILIK]Y paheHnx o0jekara ca KapaKTepUCTUYHUM ITapaMeTpuMa, Koje je
HEOIXO0/JHO KOPEKTHO MEpUTH. Y THIIAj aTMoc(epe, Mopa ce Y3eTH y 003Hp, 3aBHCHO 01 reorpadcke
JIOKaIyje, METCOPOJIONKe CUTyaluje, kao u qoba roxuue. [lopeheme ce Moxke BpPIIMTH Ha BHIIE
HuBoa. OcuM pasnuka y ypehajuma OazupaHuM Ha MWIMMETAapacKuM Tanacuma, ypebhajy 3a
dopmupame ciauka y HH(ppalnpBeHOM cHekTpy, ypehajy 3a mpahewme y MHOpPALpPBEHOM CHEKTPY,
JacepcKkoM panapy, ypehajy 3a popmupame cimke y BUIJbHMBO] 00s1acTH, oaroBapajyhe nmapanene je
notpedHO ¢dopmupaTH KOpUIThemeM aKyCTHYKHX M JPYTruX TEXHUKA BE3aHUX 3a KOHTPOIY
atMocdepe. Y pedepeHiiama ce Mory Hahu pasnuuutd moaanu o mnpahewmy Ha JajbUHY WU
IPENo3HaBaky PA3TUYUTUX: TUIIOBA yJba, TUIIOBA OMJbaka (Ha TJIy WJIM Ha BOJACHUM IMOBPLIMHAMA),
CTalke TOpHEr Clloja OMJBHOI MOKpHBada (KpOILIHE) WIM HIKHX cJojeBa OMJBHOT IOKpHBaya.
[Ipeno3HaBame Ha aJbUHY AT, Kao U pa3Boj Oubaka (BereTaTUBHU MEpHOAM), Moryhe je mpaTuTu
Pa3IMYATAM CHCTEMHMa CEH30pa y Pa3IMuUTHM JEJOBHMa CIeKTpa (IMIIeHHIa, ITyMe, JIyIepKa,
KyKYpYy3, coja, maMyK, oBac, Tpasa) [ 94, 95, 96, 97, 98]. BynkaHcke epyniuje 1 pacro/iesia mpogykaTa

BaTpe M caropeBama ce npare Ha gasbuny [99, 101, 69, 101].
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CaBpemeHe TEXHOJIOTH]€ MPOU3BOIHE HAHOUECTHUIIA WIIM METO/IE 32 HbXOBO MPENO3HABAKE CY
o]l 3Hauaja. Beh Heko Bpeme, HAaHOYECTHUIIE CE€ MOTY Y KOMEPIMjaIHE CBPXE JOOUTH M3 MOYBAPHOT

MyJba WM 13 oTnagaux Boaa (Singh and Nalwa, 2007; Gwinn and Vallyathan, 2006, Dixon, 2013).

I'maBuu mapamerpu 3a kopuinheme j1acepa y onucy ofjexara o MHTepeca Yy eKOJIOTHjH.
Jlacepu Cy yKJbyYeHHM y YMTaB JHjana3oH TEXHHWKA, YaK M Kao Je0 KOMOWHOBAHUX TEXHHKA
xpomarorpadckor Tuma ca Jsacepuma [105], ka0 ¥ IMpKyIapHH AUXpOHM3aM, H3OMETpH]a,
nojapumerpuja, enuncomerpuja [106, 107, 108]. [maBHM KBaHTUTATUBHU HWHIMKATOPU ONTHYKUX
KapaKTEepHCTUKA MaTepujaja: WHICKC MpenaMama, koeumujeHt pedaekcuje, eMUCUBHOCT, MOTY CE
yOpojuTH y Makpockorcke napamerpe. EdbukacHu npecek pacejama, arncopiuuje, GayopecieHimje
Cy TpEICTaBHUIIM MHKPOCKOIICKHMX oOjekara. Koj oBakBor mpucrymna, KopuiihemeM pa3induThX
MEPHHX METOJIa, 00jeKaT KOjH ce IPaTh ce MOopa pa3aBojuTH. [leo 001acT KOHTHHYATHO TPSKPUBEH
OnsbKaMa (BHILHU CIIOjEBHU - KPOIILE), JCJIOBH aTMOocepe ca IUMOM H MPOIYKTHMA MparluHe, UT/I.

MOTy C€ IIpoy4YaBaTu KOpI/IH_IhCH:CM HUCTOT IIPUCTYIIA.

MaxkpoCKOIICKH MapaMeTpu (MHIEKC IpeliaMama — CPelba BPEIHOCT 3a IMIICHUILY, jedaM U
KYKypy3), kKao u npaheme 1ieHTapa 3arahema (0akrepuje, BUPYCH, UTA.) Y aTMoc(epu U BOJIU, MOTY

npeacTaBJbaTl KBAHTUTATUBHEC IIApaMCTPE 3a eBaJIyaquy I/IHTepaKHI/Ije y30pakKa ca 3pavuCmhCM.

Hosu HuBO npahemwa, MOpa yKJbYYUTH MEPHE TEXHUKE, CETOBE MI0J]aTaka 0 00jeKTy, YKIbyuyjyhu
U METOJIE ca NMPOCTOPHUM pacliojiesama Ipolieca U HUXOBY YJIOTy, MOpa Ce pa3MaTpaTd Kpo3
Kopullhewmhe pa3IMuuTUX H3BOpA CBETJIOCTH, NPHUPOJHUX H3BOpPA, IOJAPU30BAHE CBETJIIOCTH
(pa3nMUYUTH TUIOBM), pa3IMYUTE TajacHe IYXKMHE WM MOHOXpOMarckux u3Bopa. Kpo3 oako
MOCTaBJbEH CET 33JaTaKa, aKIeHaT je Moryhe MoCTaBUTH Ha aHTyJIApHY AUCTPUOYIH]Y, aHATUTHYKH

NPUCTYI, MEPHE TEXHUKE W MATPHUUYHHU 3amuc, Koju omoryhyje cmoxkenuje npucryre [109, 86, 110
111, 112].

[Tonazehm ox mpeTXomAHOT pa3MaTpama ca MYJITHCEH30PCKHM CHCTEMHMA PAa3IUMIUTH CEH30pH
ce MOTY JOAaTH CUCTeMY (ONTHYKM aHAIM3aTOPH 3a MpuKymubamke UV ancopnimoHOr crekTpa 3a
NpPOIIEHY KBAaHTHUTATUBHUX M KBAJIMTATHBHUX IMapamerapa), 3a nesuHdexuujy u UV peaktope u
YONIITEHO 3a TEXHOJOTHje BE3aHEe 3a BOAY M CaHMTapHH HHXemepuHr [83, 84]. Ykomuko ce
MPEKOpayH Mmpar, Wi yKOJIUKO ce youn oapehern oonuk y UV obmactu (koju oroBapa cTamy BUCOKE
3aral)eHOCTH), T€HEepHIIe Ce YINO30pPEHEe M CHCTEM JOHOCH OJUIYKY O TOYETKY y30pkoBama. OBa

npoueaypa je cummmndukaruja SCADA (supervisory control and data acquisition - Ha30pHU CUCTEM
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3a KOHTPOJly W AaKBH3WIIM]y IIOJaTaka) CHCTEMa, YIJIABHOM KOPHUIITNEHOT 3a KOMIUICKCHH]a

MHIYCTpHjCKa OKpYKemwa (mpepasa nujahe Boje, oTaaHe BOJE, UTA. ).

Koedunujentu pacejama 3a pa3anuuTe NOBPIIKMHE (CHET, CHET HA TPaBH, ac(aiT, opaHa 3eMba)
cy npoyuaBanu [113] kopurhemeM MHUITUMETAPCKUX PaapCKuX CeH30pa. YTaIHHu yrao je MembaH o1
1 - 80°. Tlonapu3anroHe KOMIOHEHTE CUTHAJIA pacejaHor yYHa3aJl Cy aHaM3upaHe (KoMOWHaIMje ca
Pa3IMYMTUM TOJIapHU3alidjamMa yIaJHuX U JETeKTOBAaHMX KOMIIOHEHATa ce mpare ca popMaan3MuMa
paznuuuTor odenexkaBama, Mel)y kojuma cy: hh xopusoHTanHa mnojapu3aiidja - XOPHU3OHTAJIHA
JeTeKInja, VV BepTUKaJHA Moyiapu3anuja - BeprukanHa ngerekiuja, RHC/LHC mmpkynapha
noJlapu3aiyja yAeCcHO/IUpKyJapHa mojapu3anyja yiaeBo — Cnuka 2.9.1.). Ilomanm 3a cHer ce
pa3JIMKyjy 3a CyBe M MOKpE IOBpPIINHE, YKa3yjyhu Ha MakcuMyMe 3a Malie ynaaHe yriose. [Topeheme
rojiaTaka 3a 0eToH, achaiTt U OpaHUIly, Takohe yka3yje aa cy Behu HHTeH3UTeTH pacejama Mo MajTiuM
yriioBuMa. 3a aJIeKBaTHO MPENO3HABAkE CYBOT U MOKPOT CHera, 00Jb1 M300p cy Behu yraaHu yriioBU

(20°). 3a mopeheme Oerona, acdanra u opaHuile, 00Jbe je KOpUCTUTHU yrioBe Behe ox 10°.

KombuHauuje: Ivv

Iva
x Tun
V paBaH I
HV
e 0~\>
“" H paBaH
YnagHo
", .
", H paBaH
V pasaH Ive - uHTeHsuTeT cBETROCTH
YnagHa paeaH PaBaH pacejatba
PacejaHo

Cnuxa 2.9.1. Jlepunuyuje ceomempuje pacejarva (Homayuja).

Pagapcko ucnuTHBaWmE je MOKa3ajlo Ja TeMIepaTypHH KOHTpacT MeTe (y30pKa) 3aBUCH O]
pUpoJie MeTe. 3aHUMJBHMBO j€ J1a peTKa TpaBa u Apsehe, TpaBa 6e3 pediekTopa, pacTUE U TyCTa
TpaBa, Kao M IMpUMeHa peTpopedieKkTopa Ha TpaBH, Jajy pe3yiTare y pa3jiHuuTUM olsiacTuma

peTaTUBHOT paJapcKor curHana pacejanor yHaszan (dB) [113].
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Pesynratn 3a pammomerapcky Temmeparypy (K) HacynmpoT MHIMACHTHOM YTy MHOTO ce
pa3nukyjy mopeachu Boxmy, acdanrt, OeToH, opaHy 3emJby, YT, Iecak, TpaBy, rpmibe (3a 00e
nonapu3anuje). ¥ Hekum obactuma (3a o0e mosiapu3alyje) mocToje mpecelama 3aBUCHOCTH 32 TPaBy
U TPMJbE y jeTHOj oOaacTu u 3a 0eToH u acant y apyroj. OBe YHHBEHHUIIE CYy MOcieanIa npahema

CCH30pHMa y 00J1aCTH MHJIMMETapCcKuX Tajgaca [113].

MynTHceH30pcKke MeTosie Y HH(PALPBEHOj 00IacTH U 00JaCTH MUJIMMETAPCKUX Tajaca MOTy
OuTH KOpHCHE KopHIIhemeM TeXHUKa 3a (popMmupame ciauke y uH@panpeBeHoj odmactu (infrared

imager), koje je moryhe mopenutH ca Jnaapckum merogama [113].

dopmupame TepMaTHUX CIMKA 3aBUCH O]l EeMHCUBHOCTH MaTepujaia. Heke anannse BezaHe 3a

emucuBHOCT Boje [113], mate y 0BOj Te3u npeyseTe cy u3 pedepeHiu.

Juaamuuko pacejame (macep) je y onpehenum ciydajeBuMa mojo0HHUjE 3a MPOYYABAHE
OHMOJIOIKUX MUKpPO obOjekaTa (6akTepuje, crope, BUPYCH, UT/.) > KUBOTUECKOT U JbYJCKOT MOpEKJIa.
JIMHaMUYKO TpOyYaBame OWOJIOIIKUX CHUCTEMa KOpulIhemeM IMHAMUYKOI JIACEPCKOT pacejarba
3aXTeBa pa3lIMYMTa MOJICIOBAakA KPETama: KAPAKTCPUCTHUHHU CIy4ajeBU Cy XAaOTHYHO KpETambe,
JTUPEKTHO KpeTame, YTUIA] TeMIlepaType Ha MOTHIHOCT, IPOTOK KPBH W KOHIICHTpaIlMja KPBHUX
YeCTHIA, YTHIAJU CIEKTPUYHOT ¥ MArHEeTHOT 10Jba, MOBPUIMHCKH aKTHBHH MOJICKYIH (MHULENIE M
KOJOUIM). Y eKCIepUMEHTHMMa, Ha TMPBOM MECTy CTaTHMUKOT THIA, YyKJbyuemeM Tmpahema

noJjlapu3aiije KOMIOHEHaTa pacejama, 1001ja ce HU3 HOBUX MOIyhHOCTH yKJbYy4yjyhu 1 HellMHeapHe

edbexe [21, 114, 8, 115].

Texnuke pacejama cy mnoOospliaHe u yHampehene kopumhemeM JTacepCcKuX TEXHUKA.
ExcrniepuMeHTH Cy MOCTalu KOMILJIETHU)H, a pe3yiITaTH, YKJbydewmheM codTBepa, cy 00e30enniu 6p3e
uHpopMalrje O MOJUAUCIEP3UjU, TUMEH3HjaMa MUKpOOpranusama, (pakropuma jenojapusaluje,
uta. PesynTaTu Be3aHu 3a HEKE KapaKTEPUCTUYHE aHTYJIapHE pacrojierne, Koje OMucyjy, Tj. MOry Ja
omuiny onpehenn Mukpoopranuzam (cdepa, mramuh, ['aycoBo KiIynko), a Koju Cy W3BEIACHU W3
JTUHAMHUYKOT M CTaTUYKOT pacejamba Cy MPEeACTaBJbeHH KacHUje y pany (pesynraru). [lomamm
NOOMjeHH JMHAMUYKUM DAacejalbeM CBETIOCTH Cy KOMIUIETHUJU, alM 3aXTeBajy CKYIUbY H

KOMILJIEKCHH]Y MEPHY OIIPEMY U CUCTEME.

Matpuue pacejamba u Meperma. MaTpuuHa HOTalMja Pa3IUUYUTUX Mpolleca, KOjU Ce jaBJbajy
KoJ1 OMoMarepujaja, Hy KOMIUIETHUjH ceT nHpopmalija y mopehemy ca yoOndajeHuM HoTalujama

ca ONTHYKUM KOHCTaHTama (MHAEKC TMpenaMama, KoepuuujeHT pediiekcuje, KOoepUIUjeHT
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arcoprimje, Rayleigh dakropu, npemonapuszanuja, wuta.). CaBpeMeHH METOIU YKIbYUY]y
NoJIapU3alijy WHIIMICHTHOT CHOMA CBETJIIOCTH jeIHOCTAaBHUje (JIACEPCKU CHOII), Tj. PEJIATUBHO HOBE
TEXHHKE MEpea y ONUCY Pa3IMuUTHX TapaMeTapa Matepujaia [85]. Pa3sBoj marpuyne onrtuke, Kao
U Pa3BOj pauyHapa U aHAJIMTHUYKUX MeToja cy Hepa3aBojHu. [locroje n1Ba TpeHaa y pa3Bojy — jeqaH
IpaTd IPOMEHY IpaBLia CBETJIOCHOI CHOMA, a APYI'M MPOMEHY MOJApU3aLMOHUX KapaKTepUCTHKA.
Meby matpuunum hopmanuzmMuMa pa3Boj pazaununtux Stokes-oux Bekropa, Muller-opux marpuna
u JONes-oBux M Jpyrux Marpuua, ykibyuyjyhm Bekrope 1x2, 1x3, 1x4, uta. oaromapajyhe
TPAHCIOPTHE MaTpHle, KOje MOBe3yjy YJIa3He U H3Ja3HE BPEIHOCTH Cy, y CKIagy ca u3abpaHUM
dbopmanmuzmumMa, 2x2, 3x3 wiam komruiekcHuje. Mmajyhu y Buay Kiacy pemieTke 3a HEeOpraHcKe
Marepujajie, ca YKJby4eHheM HEIMHEAPHUX M aHW3O0TPOIHHUX Ipoleca W NMUTamba HEONXOTHHX 32
NPaBWIHM ONKC TPOCTUPAa CHOMA, A0OMja c€ KOMIUIETHHjH CKyH MOTpeOHMX (opmanmzama. Y
CYLUITHHH, CBE je JIe0 MpUCTyMa, KOjuM Ou ce Ha Heku apyru HauuH (user friendly) xomruiekcHu
TEH30PCKH pPayyH MNPUOIMKHO KpajibeM KOpUCHHKY. [lasba mpumena je moryha 6e3 aeTtabHOT
MO3HABaka TEH30PCKOT padyHa M OINKCa aHM30TPOIHUX MaTepujana OMOJOMIKOT M HEOPraHCKOT

HIOpeKJIa.

Kox HampenHux MepHUX MeToja, y3uma ce y o03up ma Muller-ose matpuie ca 4x4 (16)
eJIeMeHaTa, MOTy Jla YKa)Ky Ha HU3 CBOjCTaBa MEPHOT, MOCEOHO YKOJIMKO CY BE3aHH 3a CUCTEM IIeHTapa
pacejama, KO KOjUX TIOCTOje TMpOILIeCH pacejama, amcopmmuje, dayopecuenuuje. Tpaxu ce
JeTaJbHUJU MOJIEN 3a OIEHY JOTMPUHOCA T0jeUHOT TpoIleca U UHTEPIIPETAIU]y Mepema. Y Boheme
aHTyJnapHe pacrozene oapeheHux KoMnoHeHTn Stokes-oBUX BEKTOpa, OTBapa MOTYNHOCTH M BPIIU
JTUCKPUMHHAIIM]Y LIEHTapa pacejama — J1a U Cy WIH HE, KUBU OPTraHU3MU WU IPYTe JECKPUIILH]je,
KOj€ OJIJIUKY]y MaToreHa/HenaToreHa crama OuoIonkux odjexarta (6akTepuje, KOMIOHEHTE KPBH,...).
O6nact, koja ce oBUM 0aBH je M3y3eTHO OOMMHA. 3axTeBa JIeTaJbHE OMKCE CIElU(PUIHUX JIeTT0Ba
TEeopHje pacejamba U TeopHje, Koja ce 0aBU TUMEH3MOHHMCAKHEM YECTHIlA, BE30M TaJJaCHUX BEKTOpa
WHIM/ICHTHE M pacejaHe CBETJIOCTH, YJIIOrOM MHJCKca npenamama (Mie, Rayleigh, Lorentz-Mie,...),
Kao U MUTAmkEM Ja JIM MHTETPAHO pacejare, CIIEKTPATHE 3aBHCHOCTH U CIIy4ajeBE €IacCTUYHOT U
HeeJIacTHYHOT pacejama (Brillouin, Raman, Tepmanto, utn), Tpeba ykibyuntu y cucreM npahema [21,

114, 8, 115].

Behuna onTuikux Mepema je 3HaTHO Mo0oJbIIIaia CBOjy Pe30Iylinjy. YBoheme tacepa y cepuje
HOBHX METOJla Cy MpaTHJie Pa3BoOj KBAaHTHUX reHeparopa [71] mTo je pe3ynTupaio cepujoM HOBHX

MeTo/a, Koje Hucy Owie moryhe ca kopumhemeMm CHOHTaHMX M3BOpa 3pauema. 3a Stokes-oBe
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napameTpe ce KopucTe u Hedemomerpu (ITo naje nHpopMaIrje caMmo 0 TPEHCMUTOBAHOM CHOITY) U
SJIMTICOMETPH. Y IMIHPEM CMHCIY, aHTyJIapHA pacroesia ce MPaTH IITO 3aXTeBa KOMITJICKCHU]U MEPHH
CUCTeM, YKJbY4dyjyhu panuuute monapusanuje. Pasmuumre BapujaHTe oO3HakKa (M THUIIOBA
noJjiapu3allije) Ha Koje ce Moke HanuM y auteparypu ¢y R u L (Right circular u Left circular) [107,
108], par u nor (CBETJIOCT MOJIApKCcaHa MapajeHO ¥ HOPMAJIHO y OJHOCY Ha paBaH pacejama), +
O3HaKa (CBETJIOCT mojapucana noja yriaoMm +45°um -45°) cnuka 2.9.1. ¥V pedepennama cy paspahene
Bese u3Melyy enemenara Miller-ose maTpuiie — eieMenara MaTpuIie pacejama M FeOMETpHje pacejarba,
yKJbyuyjyhu monapuszarope (aHanmmzatope). Teopuja, Koja KOPUCTH MaTpHIE pacejama Iocenyje
HMIUPOKY 00JIaCT MpUMEHE Yy €KOJIOTH]H, MOJIAPU3ALj1i CYHUEBE CBETIIOCTH, IPOyUYaBamby KOCMUYKE
npammee, actpodmsunu, uta. dotoenacTuyHM (M APYrH) MOAYIATOPH Cy OJABHO YKJbYUEHH Yy
He(eIOMEeTpH]y, Kao U SIUIICOMETPH]Y U IPyre METOJIC 3aCHOBaHE Ha ONTHIIM U Kopulthemy Jlacepa.
CaBpeMmeHu ciyyajeBu (pellleHd W HEepelieHH) cy: chepHa YecTulla ca BUIIE CliojeBa, achepudHe

YeCTHIle, CIeIHjaIHe CTPYKType, utx [8, 116].

Buosomke henmje — Hykineycu, OakTepuje W pacejarbe CBETIIOCTH. AHTYJIapHa pacrojelna
mporeca pacejama je y IIHPOKOj MPUMEHW KOJA HENSCTPYKTUBHUX TEXHHKA 32 MPOYyYaBambe
MHUKPOCKOIICKHX O0jeKaTa pa3jIHuuTOr MOpeKia. AHATU3UPAkEM IeOMETPUjCKUX O0JIHMKa IeHTapa
pacejama, pa3IMYuTHX OICEra BeMYMHA U CTPYKTYpa (BUIISCTPYKHUX M jEAHOCIOJHUX CTPYKTYpA),
MOTY CE€ MOJEJIOBaTH y Ciyd4ajy BHpyca, OakTepwja, eykapuoTckux hemmja, wra. [117]. Tlpe
KOMepIlvjanu3aiuje jacepa, ypehaju 3a pacejame ¥ HOBOpPA3BHJEHE BapHjaHTE MEPHHUX MeETOja

€JIACTUYHUX M HeelJaCTUYHMX pacejama cy 0asupaHe Ha MOryhHOCTHMa TeopHje CTaTHUKOT pacejamba.

Ormcer BenmMuWHA IEHTapa pacejarba U HBUXOBU OOJIMIM, TpPacHpajy aHTYJIApHY pacrojeny.
Marpuunu enemMeHTH HMMajy mocebaH 3Hauaj, jep 00e30el)yjy oAp>KMBOCT OMOJIOIIKOT MOJENa U
neGUHULM]Y LIeHTapa pacejamba. OBako ce popMupa jeTMHCTBEHU CeT KapakTepucTuka. I[loHOBIbHBE
pasnuke y S34/Si1[8, 21, 114, 115] cy naljeHe 3a gectuiie, Koje HUje Moryhe pa3IMKOBaTH APYyTrUM
texHukama. CiydajeBu BapujeTeTa 3a 0aKTepHjCKe CIope, Koje ce€ MOTY MPEMO3HATH U PA3TUKOBATH
cneunuyHUM MyTanjama, Mory ce Takohe, Hahu y pedepenuama. Oe Myrauuje OakTepuja
03padeHe JIacepCcKOM CBeTJIoNy ce MOTy MpaTUTH (CHara jlacepa yKJbY4eHOT Y Mepema Tpeda fa je
HIDKa Ol OHE Yy CHCTEMYy 3a HMHTEPaKIHjy JIAaCEPCKOT 3paduerma ca MaTepHjalioM — pPa3IuunTe

upajujanmje), Kako Ou ce mpoydyaBao yTHUIA] CTUMYJIHCAHOT — KOXEPEHTHOT 3pauersa [21, 114].
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Nmepsunona metonma oMoryhyje 1a ce BU3yainu3syje pasiiuka y HHICKCY MpejamMama, a jeaH o
npuMepa je nat Ha ciaunu 2.9.2. W3 mpenodyeHor ce MoOXKe 3aKJbYUUTH Ja mamHuje OOJIacTH

npezcTaBbajy o01acTu ca BehuM MHAEKCOM IpelamMama.

a) 0) 6)

Cruxa 2.9.2. I[Ipumepu kombuHayuje unoexca npeiamara medyHocmu u bakmepuje u mo Kaoa je
UHOEKC npenamarba meyHoCmu: a) Maru 00 UHoeKca npeiamarea bakxmepuje 6) ucmu Kao uHOexc

nperamarba 6akmepuje u 8) éehu 00 undexca npeiramaroa baxmepuje [85].

Kopumthemwe ¢opmanuzama kopenanMoHUX (YHKIHja U Mepema, MPOTOK KPBHU Y JKUBUM U
MPTBUM JKUBOTHIbAMA C€ MOXKE JaCHO pa3ily4yHuTH (y OCHOBU IWHAMHKA XUBUX M MPTBHX OpraHH3aMa
C€ TaKO MOXKE HAATJICIATH M MOXKE MOCIYKUTH 3a JU(EpEHINjaNjy KUBUX U MPTBHX OaKTepHja).
HopmanuzoBana xopenanuona ¢yHkiuja 6poja gortoHa 3a Oakrepuje, Koje clo00IHO naueajy, 3a
yecTule Koje AudyHyjy, Kao U ciiydajHo kpeTame (random walk), 3acHOBaHO Ha TeOpUjU c€ KOPUCTU

3a pa3InKoBame MOTHIHE U HeMoTuiIHe OakTepuje (E. coli) [21, 114](cnuka 2.9.3.).

1.409 1.388 1.333

Cruxa 2.9.3. @opmupanu npukasz E.coli y meunocmuma pazniuuumoe uHoekca nperamarsa (aHaiusa

unmenzumema nukcena y meunocmuma) [85].

Myranuje, Koje cy Nocieaulla eKCMO3MIMje Pa3InYUTUM E€JIeKTPOMAarHeTHUM 3pauemhhMa
(CTIOHTaHO W CTUMYJHCAHO Yy Pa3jIMYUTHM OOJIACTHMA CIIEKTpa), MOTY C€ MEPUTH JIaKIle Ha OBaj
HauuH, Hero npahemeM yoOnYajeHNX OMOJIOMIKMX IMpoleca (XeMHUjCKa U TeHeTCKa aHalu3a, Kao U
MOHHUTOPHHT MOPGOJIOMIKUX MpoMeHa). 3a Guosomike yectuile (Ouosomkor mopekia) Rayleigh —

Gans Teopwuja je yriaBHOM MMoYeTHa Tauka (U 3a iy Baku Sza = 0).
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buio na je aumeH3Hja YecTHIle MOYETaK WM KPajibH IUJb ONTHYKE aHAJIM3€, HEOMXOJOo je
YIIPOCTUTH M3padyHaBama U Opoj Bapujabnu cBecTM Ha MHUHMMyM. CaMHM TUM je MOTpeOHO 3a
onroeapajyhe ciyuajeBe nponahu HajonTUMAaTHHU]U TapaMeTap BEIIMYMHE U Jajbe Ta KOPUCTUTH Y
ananu3ama. [lpupomnu ciaex Ou Omo: pamujyc dvectuie (anmpokcumanuja chepHUM OOJTUKOM),
nujamerap (IPOCTOpPHHM [HjaMeTap) M TapaMeTap BeJIWYWHE 4YecTHIle X (pellaTMBHA BEIMYHHA

pacejaBaua). PenaruBHa BenmunHa pacejaBaya ce AeuHUIIE Kao
X = 2ma/\ , (2.9.1)

r7e je I painjyc 4eCTHIIE, a A je TaJlacHa Ty)KHHA.

®opmanu3mMu pacejama. 3a u3Boheme 3a1aTaka y HOMEHYTO] 00JIACTH, Pa3IMIUTH MPUCTYITH
Ce MOTY y3€TH y 003Hp, a pe3yJITaTH TeOpHje pacejama Mopajy OUTH yKJby4eHH, TaKo J1a HUje Moryhe
OBJIe HaBeCTH cBe (Qopmyne W penandje moTpedHe 3a omuc oBakBor Qgopmanu3ma. To Hamehe
HEONXOJHOCT Jla Ce NMOMEHY caMoO TpaH3WjeHTHe W ¢uHanHe (opmyne u penanuje. JucnepsHe
penanuje cy ykjpydeHe kpo3 Lorentz - Lorenz uiu apyre anpokcumanuje, a oaropapajyha reopuja je

MIOBE3aHa ca MPUCTYIOM, KOjH KOPHCTH MOJIAPHY pedpakiujy.

Edukacuu npecernu [8, 118] o nHTepeca cy crieruduruHa penpe3eHTalnja pacejama:

o, =(107/3)a* (ka)’ | (2.9.2)

i je a - paaujyc, a K - TajgacHu BEKTOP.

do,
dQ

3a yrao pacejama 0, je (9 ) 3a WIMHPUYHY IPE3EHTAllN]y, aHTyJIapHa pacnoiena je

do
dQ

() =a*(ak)' F(H cos’ §) +cos 0}
8 (2.9.3)

D' Alembert-oa teopuja (mpexo dyHkIHje ) y cheprum koopaunatama (r, 6, ¢) Tpedba na

YKJbyuHU chepHE XapMOHUKE.

Wy =C0s(Lg) Py (cosd)z, (nkr),
. =sin(Lg)Py (cosd)z, (nkr), (2.9.4)
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rae cy P - Legendre-oBu momunomu, z — Bessel-oBe chepue dynkmmje. Kopucrehn x = 2ma/A,
mudepeHnnjanTHu e(hUKACHU MPECeK ce padyHa 3a ojpeheHe TamacHe TyKHWHE, KOje MPEACTaBIbajy
MaTeMaTHuKo pemiemhe D' Alembert-oBux jeHaunHa, Koje ce Mory Hahu 3a pasnuuunte HoTtaruje [119,

8, 118], kopumihemem dynkiuja Riccati-Bessel-a, a epukacuu mpeceru cy:

2 10
0w = 2l +u[ ) o == 74 (ka)’ 205

Ha cnumnm 2.9.4, npukasan je u ancoprnuuonu cnekrap JAHK 6akrepuje E.coli y npupogaom
o6smky Ha 25°C. Tabena 2.9.1. npukasyje U MHICKCE MpellaMama Boje, Kao M pedIeKTaHCy BOJE.

Bona je najuemthu ¢ayun y umep3noHMM MeTojaMa, Ma ¢y y TOM CMHCIY IO3HaBame HHAEKCa

npejaMama Ha Pa3IMYuTUM TATACHUM Ty)KUHAMa U Y OKBHPY PacTBOpa M3Yy3€THO 3HAYAjHU TTOAALIH.

1.5 | T 1 I T
E.coli QHK

—-— EHaumcko BapeHe

AncopbaHca

0
180 200 220 240 260 280 300 320

TanacHa gy#uHa (nm)

Cnuxa 2.9.4. Ancopnyuonu cnexkmap JHK 6axmepuje E.coli y npupoonom obauxy na 25 °C (nyna

JUHUJA) U KOO eH3UMCKO2 8apera Hykieomuoa (enzymic digest) — ucnpexuoana kpusa [120].

[Tpunukom onpehuBama HHIEKCA NTpelaMama 3a eJoKynHe henuje (Mu cacTaBHE /1e10Be), Hajuenihe
ce KapaKTepUCTHKE YHYTpallkhe CTpYKType He pazmarpajy. Y ciydajy E.coli 3a xojy cy yrBphene
kapakrepuctnune aumensuje 0,4 - 0,7 ym y mupuny u 1 - 4 pm y nyxuny [121] npu TanacHoj
nyxuaua 0,63 pum, henuje nmokasyjy MHAEKC mpenamama ~ 1,4 a mporomazma ~ 1,35. Bakrepuja
Staphylococcus aureus u St. epidermidis, mory ce mocmarpaTH Kao TPEICTABHUIM CQEpHUX

MUKpoopranusama, cpeamer mujamerpa ~0 .8 um (0,4 - 1,2 um) u ~ 0,55 um (0,5 - 0,6 um),
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pecnektuBHO. MHAEKC penaMama henuje u mpororazMe je uctu kao ko E.coli. Kao npencraBank
komruiekcHuje henuje je uzadpan Bacillus subtilis kao chepounn, ca monyocama cpeliibe Ty:KUHE 011 5
u 0,75 um, ne6seune 0,01 um, a uaaekca npenamama 1,4. Criope cy jajactor obiuKka ca mojryocama
0,6 u 0,33 um, pecnekTUBHO. BpenHOCT BUXOBOT MHIEKCa IpenaMama je 1,5 a nuroruiazme 1,35.

WNunekc npenamama B.cereus mpu 3pauemy TanacHe ayxune 542 nm uzHocu 1,386 [121].

Tabena 2.9.1. Unoexcu nperamarna u peghrexmanca 6ooe [22].

TanacHa myxuHa Nnnexc npenamama Pedrnexranca
A [um] n R
0,2 1,396 0,027
0,3 1,349 0,022
0,4 1,339 0,021
0,5 1,335 0,021
0,6 1,332 0,020
0,7 1,331 0,020
0,8 1,329 0,020
0,9 1,328 0,020
1,0 1,327 0,020
1,6 1,317 0,019
2,0 1,306 0,018
2,6 1,242 0,012
2,7 1,188 0,007
2,8 1,142 0,004
2,9 1,201 0,008
3,0 1,371 0,024
3,1 1,467 0,036
3,2 1,4788 0,037
3,3 1,450 0,034
3,4 1,420 0,030
3,5 1,400 0,028
4,0 1,351 0,022
50 1,325 0,020
6,0 1,265 0,014
7,0 1,317 0,019
8,0 1,291 0,016
9,0 1,262 0,013
10,0 1,218 0,010

[IpoydaBanu cy u poMOOLIUTH 3a IUjaMeTpe 3 WM, YMju c€ MHJEKC MpeliaMama HE3HATHO
pasnukyje o1 Bojie. MHIekc mpenamama 3a Heke xuBe henuje je ~ 1,4. JletaspHUje HHACKC MpeIamMama
IIUTOILIa3Me, Koja ce pa3Buja ko Locusta moigratoria je ~ 1,3535, Nebernkern ~ 1,376, nutoriazma

Euglene u cromaronomkux enutennux henuja yoBeka ~ 1,37. CerMeHTH MpocTaTHOT TBOXN)a HoBEKa
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bukcupann y GopMaIMHy UMajy UHAEKC penaMmama 1,51 - 1,52, a enurenne henwuje 1,54 u mo hopmu
Cy WJIGHTHYHU ca MUKpochepama. Bpio BaxkHa BpeTHOCT 32 MEIUIIUHY M OMOJIOTH]Y Cy €pUTPOIUTH
u xJjopene. EpuTponuTy miM LpBeHAa KpBHA 3pHIA BUIIMX >KUBOTHILCKUX BpcTa cy hemuje 6e3
Hykieyca. tbuxoBa ocHOBHa (hyHKIHja je IPEHOC KMCEOHHUKA OJ1 IMCAjHUX OpraHa J0 TKHBA U YIJbEH
JMOKCHJIA OJ1 TKUBA 10 nucajHux opraHa. O 3Havajy XJjopese Kao jeaHe o] MOryhnx KOMIOHEHTH
3aTBOPEHOT OMOJIOIIKO - TEXHUYKOT CUCTEMA, KOju 00e30el)yjy )KMBOT HOBEKY HE BPEeIy HU TOBOPUTH.
Eputpouutu u xmnopene umajy Hu3 (U3MYKO XEMH]CKHX CBOjCTaBa, KOja Cy BeoMa BaKHa Y
METOJIUYKOM pa3Marpamy (KapaKTepUCTUYHE H3MEHE alcopluyje M pacejamba INpPH H3MEHH
TOHUYHOCTH PAacTBOPa W MHTEPAKIHjH Ca XEMHjCKUM peareHcuMma). Y BHIJBHBO] 00JACTH CIEKTpa
EpUTPOILINTH UMajy UHIEKC ITpeMaiama ~ 1,5. Kapakrepuctuka epuTpoIuTa je BUCOKa KOHIIEHTpAaIHja
nurmMenTa xemorsoonaa 30 % - 42 % wmace hemmje. OnTUdka CBOjCTBA €PUTPOIUTA CE Y BEITHKOM
creneny oxapelyjy oBuM murmeHToMm. Henuje cy oceTspbHBEe Ha KOHILETpAIHMje CONU Y OKOJHO]
cpenunu. [Ipy BUXOBOM MOCTaBJbalky Yy XWIOTOHHUYHHM pacTBop, henmje HaOyOpe 10 KpUTHYHE

JTMMeH3Hje U 1001jajy chepHy Gpopmy aujamerpa 7 - 8 um [121].
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10. UcnuTHBam-€ Y30paKa o1 HHTepeca y eKoJI0TUjH

Ilpumene nacepa y exonouike ceépxe (uuuwiherwe u cenapayuja uzomona) ca JTUHEAPHUM U
HeIUuHeapHUM nojagama u 1UOAPCKUM mMemooama

[IIupa nmpumena nacepa y GU3NYKUM, XEMHUJCKHM W JIPYTHM TpoIleCMMa je MOBE3aHa ca
[ICHOM JIaCePCKOT M3BOpPa. YKOJIMKO C€ KOPUCTE U CKYIIH MAaTEpUjaIl OPTaHCKOT U HEOPTaHCKOT
MOPEKJIa, OH/a OBAaKaB PA3JIOr BHIIE HE MOCTOjU. [loMeHyTe mpUMeHEe YKJbYydyjy €KOJIOUIKE U
Jpyre aruiMKalyje, Kao ITo je HyKJieapHa KOHTaMHHaIlMja, celekiyja (oborahuBame) n3oromna,
no0oJbllIake pacTa CKynmux Ouibaka (MEAMIIMHCKE CBpXE), acepcka cenapainuja uzoromna (LIS),
Jacepcka JCKOHTAMHUHAIIM]a HYKJICApPHOT OTIala M IPYTHX Xa3apJHUX MaTeprjaia — XeMH]jCKUX U

orpoBHux [101].

[Tpumena nmacepa y oOpaau, Mepemy U IWjarHOCTHLIN y IOMEHYTHM 00JIaCTHMa je jOII YBEK
y nmopacty. OBnie he OuTH UCTaKHyTE HEKE MPUMEHE U3 MEPEHa, IbUXOBE aHAIIU3E, KA0 U IPUMEPH
u3 pedepennu. Bennunne y30paka MaTepujaia uMajy BEIUKH YTHIIA] Ha JbYACKO 3[[paBJbe, Kao
Ha OKOJIMHY — )KUBOTHIE U Ouibke. OnabpaHe mpuMeHe Jlacepa y eKOJIOTHjH, Be3aHe 3a IMHeapHe
Y HEeJIMHEapHE MpoIiece y MpoIecuMa pacejama cy, Takohe, og uarepeca. OHe MOTYy OUTH OCHOBA
Tuaapcke Merone (yaasbeHO Mepeme), urja TojaBa jé HEOMXOJHa Y MHOIITBY Mpolieca, KOju
o0yxBaTajy Iperno3HaBambe OCIOHBEHO Ha Bellnke 0ase mojaraka (6a3a ce CTaaHO JONymyje U
noBehaBa nmaboparopujckuM MojaMa, Kao U MepemHMa Ha JajbUHy — JHJap, Juai, jJanap,
KoJuaap, muaap ca 6enom ceemionihy, Raman-oB nunap, utn). Mcre meTone u MeTOI0JI0TH]a Ce
KOPHUCTE U 3a JICTEKIHjy T0XKapa U HaJI30p M KOHTPOIY KpeTama BYJIKAHCKE MPALINHE, KPETamhe
vectuiia, popensuky [87, 72, 122, 90, 92, 93, 123, 124, 99, 125, 126, 69, 102, 103, 104, 109, 86,
100, 127, 128, 129, 130, 131, 73, 132, 89, 133, 134, 88, 135, 111, 110, 136, 137, 138, 139, 19,1 8,
140, 141].

[IpeacraBa TMHAMHYKOT ¥ CTATUYKOT pacejama CBETIOCTH 3aBUCH O] OITKCa 00JIACTH Y KOjO]
Ce BpIIK pacejame (IMMEeH3H]e IIeHTapa pacejama). CTora cy MHOTH MEpHHU ypehaju pa3BujeHH Kao
MOJTyJIapHH W/WIIK 3aTBOpeHOT TuMa. [I[puMeHa nacepa 3a n3a3uBambe BENITauKuX Iporieca mpodoja
y atMochepH y CBPXY 3allITUTE O] MPaXmbema, MpUIaga MHEH3UBHUM MPOIecuMa, KOjH UMajy
MHOIIITBO HeNMHEapHUX U BUIIePoToHCKUX eekara. Ca apyre cTpaHe, MOTY c€ TIOCMaTpaTH Kao

HOBUHE Y pa3Bojy Junapa (BELINDA, nunap na 6enoj cBeTiiocTH).
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OreHa rpemike (HECUTYPHOCTH) Y MEpewy MpHUIaja MpoleciMa HOBUJUX WHTEpIpeTalyja
KopuithemeM pa3BHjeHEe HECUTYPHOCTH, IITO C€ MOXE BPIIUTH 3a CBAKy CHelM(PUUHY MEpHY
metoay [142, 143]. OBo 3Ha4M Jja HECUTYPHOCTH THIIA a U 6 Tpeba pauyHaTH 3a CTapa Mepermba
y CKJIaly ca THM OCMHUCIIUTH IUIaH HOBHX Mepema, YKJbY4yjyhu Jlacepcke ariukalmje y Oormmucy

MaTtepHjaja nmpolecuMa pacejama, GayopecieHIInje U arcopIiyje.

CBa armocepcka HCTpaKkuBama MOTPEOHO je€ MOPEIUTH ca yoOudajeHuM MmeTonama (Tj.
aKyCTUKOM, €JEKTPOCTaTUKOM, HWTA.) peanHe JeduHHuIrje aTMochepe XUAPOTUHAMUYKHM
napamMeTpuMa M CTambeM Jernojiapus3aluje pacejane cerioctd. Kopumhewme M 3Hadaj OBHUX
Mepema ce MPOCTUPY OF CBAKOTHEBHE MPUMEHE J0 KOHTPOJIE yTHIIaja aTMOc(epe Ha CBEYKYITHO

JbyzcKO Hacnehe.

HeonxomHa cy ngetajbHa TpoydyaBama aHM30TponHuje (MOJIEKYTapHa W MaKpOCKOIICKa),
OINTHYKUX KOHCTAHTU KOPHUIINCHEM TUPEKTHUX M WHAMPEKTHHX METOJA, ONTHYKUX KOHCTAHTH
Ompaka (Kporime), win objekara KyaTypHor Haciieha. dinykryanuje pyHKIHja OCHOBHOT OJI3UBa
MaTepujaja ce MOTy MPEACTaBUTH KOpeIalnoHUM (yHKIjaMa HHJIEKCa TIpelaMarba, KOpenalmje
KOHIIEHTpalMje W Kopenanuja anuzorponuje. DyHKIMje Kopenanuje BHUIIET peAa IMOKazyjy

KapaKTCPUCTUYIHO ITIOHAIIAkC Ca 3daBHCHOCTHUMA ~ n4, rac je N MHAOCKC IIpejlaMamba.

Jlacepcko unmheme. OCHOBHA NMpEAHOCT JlacepcKor yuihewa MaTepujajia ykibydyjyhu
CBaKOJIHEBHH JKMBOT, Kao U yMeTHH4Ka nena [105], dhapmarneyrcke npumene, UT. je MoryhHoCT
Jla ce MHUIIMpa eKCUUTAIl1ja ca BUCOKOM CEJIEKTHBHOIINY jeIMHCTBEHUX KOMIIOHEHATa Y CMEIIIH.
Ca acmekta mporieca uuiihema, Moryhe je MHUJBHO M3ABOJUTH MaTepHjall, KOjU ce IMOojaBJbyje y
TparoBuma y Behoj konnduHu OCHOBHOT MaTepujana. [Toctoje OpojHe Jacepcke MeToe, Koje Cy y

CTamy Ja OAr0BOpe Ha OBakBe 3axTeBe. [Iponecy ykibydyjy racHO, TEUHO, Ka0 U YBPCTO CTAME.

Excuuranuja y undpaupsenoj ob6jgactu. MHOIMTBO eKCIIepUMEHATa Ca CEIEKTHBHOM
dboTonMCcOIMjallnjOM OPraHCKUX HWHKIYy3HWja (Jomupame, Heuucrohe, uta) je Beh mo3HaTo.
[Ipoiecu cy ™oryhu, Ha TPBOM MeECTy, ycliell MOTYhHOCTH, KOje TIpyX,a KOXEpEHTHa
MOHOXpOMAaTCKa CBETJIOCT IMOJICIIEHEe TajacHe yKHHe, KOjy Jdaje KBaHTHH TeHeparop, Tj.
nojayaBay. ¥ 3aBUCHOCTH O] €HEPIHjCKe pa3iivKe u3Mel)y eKCIMTOBAHUX U OCHOBHHUX CTamba, Kao
U of eHepruje GoTOHA JTACEPCKOT MMITYJICA, jaBJhajy C€ BHUIIC(POTOHCKH WIH jeAHOPOTOHCKH
nporiecu [18, 19]. Heku ox mux ce m3asuBajy xopuirhemseM CO2 TEA (Transversal Electric
Atmospheric Pressure) 3a oTkiiamame opranckux Heuuctoha y AsCls. CW COz nacep ce kopuctu
3a ynmthewe BClz on CoClz ocraraka. Umnyncau COz nmacep m3a3uBa AUEISKTPUYHU MPo0O]
(dielectic breakdown DB) y cmemu SiHs u BoHe. Ananuza noOujennx mapa nokasyje CeleKTHBHO

HecTajabe BoHs. Hekn excnepumeHTanHM mojanu O KBAaHTHO] eUKAcHOCTH (M3J1a3) TOKOM
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dotoxemujckor oactpamuBamba AsHs u PHz u3 SiHs Ha TamacHoj myxwunu uvasera 193 nm cy

npescraBibenu y Tab.2.10.1 [87].

Table 2.10.1. Keanmna eghuxacnocm mokom gpomoxemujcxoe oocmparusarea AsHz u PH3 u3
SiH4 moxom 3pauerva na 193 nm [87].

[Tputucax AsH3s, [MpuTncak SiHg, (Torr) KBanTthu n3nasz
0,050 0,5 0,85
0,050 0,5 0,88
0,050 2,0 0,57
0,050 8,0 0,46
0,050 15,0 0,50
[Mputucax PHs (Torr) [MpuTncak SiHg, (Torr) KBanTHu n3na3z
0,050 0,5 0,61
0,050 2,0 0,40
0,050 8,0 0,34
0,050 15,0 0,25
0,050 15,0 0,30
0,025 7,5 0,27
0,025 12,5 0,25

1 Torr =1 mmHg = 133,32 Pa.

VYTHuaj KymyJaaTUBHE JlacepCKe eHepruje (BUIIEe UMITYJICHA MHTepakija) UH(panpBeHor
CO; nacepa na uynmheme SiHs je ananu3upana (cimka 2.10.1.), 6a3upaHo Ha eKCIIEpUMEHTATHIM
noganuma [87]. CiyuajeBu ananusupanu Ha ciuim 2.10.1, kopucre ase munuje CO2 nacepa: 908,5
cm™, (xounumupa ca BuGpanujama SiHa) u 947,7 cm™ (sepesonantha). DPL - DB excrniepumeHnTH
yKJbY4yjy 3arpeBame ca eKCLUUTallMjaMa yAapHUX Tajaca, jOHU3alUjoM M Hpolecuma

nucornrjanuje. DB mponecn umajy onpehenux nmpeaHocTy.
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—a— 10 torr
55 — e 20 torr

50 4 2
45 //
40 2

35 [ o 7

30 - P
25 / V4
20 y / /‘//.

15 - 7 P

MpoyeHar B2H6 - 10 torr ( %)

10

Bpoj nacepckux umnynca

Cauxa 2.10.1. Ymuyaj jeonoumyncrnoe u suweumnyncruoe oejcmea CO2 nacepckoe spauersa y
cayuajy wuwhersa SiHa uz B2Hes npu paznuuumum npumucyuma SiHz (908,5 cm-1).
B2He - 1 Torr, SiHa - 10 Torr u 20 Torr. m - 10 Torr e - 20 Torr (1 Torr=1 mmHg=133,32 Pa).

®oTosu3a yarpabyouuacTum Jacepuma. [Ipumena excumep nacepa 3a otknamame HzS
n3 cmece CO n Hz rokom UV mponeca nuponuse ce nokasana ycrnemsoM. OBakBH IPOLECH CY
KOPHUCHM Kao aiTepHaTWBa 3a J00Hjame YIJbeHUK-XUJAPOI'eH CMeIla OJ CHpoBe HadrTe.
CenextuBHOCT excuuTanuje Hz2S y mpucyctBy oapelh)eHnx CHHTETHUKHX TacoBa MOXKe OUTH M pefia
10’. Panuju cTaBoBHM, KOJ KOHIIEHTpAIMje MpuMeca o 1 ppm cy, 1a cy yoOHYajeHH CHCTeMH
yunthema ONTUMATHHU]H O] JIACEPCKOT, aJIM 32 KOHIIEHTPAIIMje MAamke O] OBUX BPEIHOCTHU JaCEpCKe
MeTojie Cy IpuMeHJbHBHje y cityuajeBuMa HzS (Mmoryhe cy u unayctpujcke npumene). CrnyyajeBu
SiH4 mpsba (cnuka 2.10.2.), Mory ce permuTu Uvaserom, takohe. SiHs ce yoOuuajeHo KopucTH 3a
amMop(®HHU, MOHOKpHCTaTHM W moiukpuctanau Si. Kopuctu ce on comapuux hemuja 10

HHCTPUCAHUX KOJIA.
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\ A= 193nm 1\
\ X T=205K \

Cnuka.2.10.2. Ymuyaj racepckoe chona na Huso yuutherna SiHa uz AsHs u PH3z na 295 K (a) u

—PaOAE
o
Ns oy

n,~n,’ exp( ]
198 K (b) y cknady ca jeonauurnom , 20e je Ns® - konyenmpayuja monexyia S,
NA® - Konyenmpayuja donanma A, @ - KBAHMHA eHUKACHOCT MONICKYICKO2 NOMEPA]A, WO
00208apa 6POjy HeeKCYUMoBanux MoeKy1a u ancopbosanoj enepauju, y jeounuyama UV

Keanma, & - MOJEeKYJICKA cyCmuHa, os - €¢MK61CHM npecekx.

TBpaoha marepujana. TBproha maTtepujana y ogHOCY Ha 3pauema pPa3IdYUTOr THUIIA
(HyKIJIeapHO, XEMH]CKO, YJITPA3BYUYHO, JIACEPCKO) MPECTaB/ba 3HaYajaH acleKT MaTepujasa, Koju
J€ HEOIXOHO MPOYYUTH, HAPOUUTO aKO Cy y MUTAY Xa3apJAHU MaTepHjallu U CIydajeBH, Kao IITO
Cy: HYKJICAapHH aKUUIEHTH, 3eMJbOTPECH, BYJIKAHCKE €pyIIlHje, PyJapCKU aKIMIECHTH, Kao H
CBaKOJHEBHM paJHU YCIOBH. Y OBakBUM CIlyuajeBUMa j€ OJ H3y3€THOI 3Hayaja JaJbUHCKA
KOHTpPOJIa, Ka0 M 3HA4a] ONTHYKHX BJIaKaHa y MEPHUM CHCTEMHMa, TJ€ BJIaKHA MMa]y YJOTY

CEH30pa WJIH CYy Y OKBHPY TEJIEKOMYHUKAalMOHE MH(QPACcCTpyKType, WIM Cy JI€JIOBH Jacepa ¢

BJIAKHMMa U 1ojayaBayva [124, 144].

CeH3opH ca BIakHMMa y JaHAllllb€ BPEME MOCTajy He3a00WIa3HH y HaylH, UHAYCTPHUJH,
MEIUIUHA U MacMeIujuMa (MarHeTHO M €JIEKTPUYHO MOJbE, XeMHU]CKU CEH30pU, OMOCEH30pH...).
VYTHIaj y - HyKJIeapHOT 3padyera Ha ONTHYKA BJIaKHA JOMPHHOCH Pa3BOjy CUCTEMa MOHUTOPHHTA
y OKpyXkemy. Y U X 3padema cy Takohe oj 3Hauaja, y3umajyhu y o03up yTuiaj 3padyema y
yoOHUajeHUM YCIIOBUMAa OKpYXXeHha TOKOM MEIMIMHCKHX TpeTMaHa. Heku oa HOBHX HpuMeHa
ONTUYKHX CEH30pa Cy MOBE3aHH ca Pa3BOjeM Jiacepa Ha BJIAKHHMMA M I0jayaBayda ca BJIAKHUMA,
npaheHn W pa3BojeM CEH30pa ca BIIAKHUMA, KOJH C€ MOTY KOPUCTHTH 3a mpaheme BHCOKHX

HYKJICApHHUX 3pavyeha U CUCTEME JIETEKIM]e Y CUCTeMHUMa KOHTpoJIe Hamajama. OBakBa mpuMeHa
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MOYKE OWTH M3Y3€THO MPUMEHJbHBA Y HYKJIICAPHUM IOCTPOjeHUMa, KA0 M Yy BOJHUM MPHMEHaMA.
Paznmuuute metrone Mepema, Koje MOry OWTH JOINyHAa CTaHIApPJHUM METOJaMa JUjarHO3e
npoctupama ceemioctu (OTDR — optical time domain refractometar, mepema aucnepsuje,
UH}paIpBEHa CIEKTPOCKOIH]a,...), MOTY C€ MPUMEHUTH Y CHCTEMUMa Hajrjienama u npahema,
KOjU pajic y pealHOM BpeMEeHY. 3aCHOBaHO Ha OBUM TEXHUKaMma, KJbYYHH MapaMeTpu Ipoleca
03paunBama, MOTY C€ MPEIU3HO HAArIeAaTH, a 03¢ Ce MOTY YTBPAWTH, CTaHIAPIHUM
aIMUHUCTPATUBHO 3aJaTUM TpOoIleaypaMa y HyKJIeapHUM JiabopaTopujama. OBaKkBe YHHCHUILIC
BOJIC Ka yCIIOCTaBJbalkhy cUCTeMa Npahema y peajHoM BpeMeHy, TJe JUHAMHKA TPoIeca MOXe
OUTH OJ] MHTEpeca 3a Op3y peaklujy y yCJIoBHMa CMameHe 0e30eqHOCTH. Y OMIITeM CMHUCTY,
KOPHCT y TpOoy4yaBamy YTHIAja E€IEKTPOMArHETHOT 3paueiha y YHUTABOM EIIEKTPOMArHETHOM
CIIEKTPY je TeMa MHOIINTBA HAYYHHX OO0JAacTH, OCUM HYKJIIeapHe (DM3WKE, HYKJIeapHE TEXHUKE,
UHTEpaKIje HYKJICapHOT 3pauciha M YECTHIIA MaTepujana, JO3MMETPUje U PaJUOHYKIHIHUX
aruikaiyja. OBakBO UCTPaXKUBamkE BOJHM Ka Pa3BOjy HOBHX CeH30pa ca 100puM nepdopmancama
3a mpaheme mapaMmerapa y OKpyKemy, Kao IITO Cy Mpmee 30He, BpeMe peakuuje, orncer EM

3paducma, UTH. Cse IMOMCHYTO CC MOKC CKCIIJIMOUTHO U3PAa3UTHU CJIGZ[GhI/IM CTaBOBHMA.

e V3uMame y 003up YTHIdja BHCOKHX CHEprHja HYKJICApHOT 3pauycihba Ha BJIaKHA H
MaTepujaje, y OIIIeM CMHCIY, Y Iy MEpema u JIETeKIrje (IeTeKInja eHepruje pena

GeV),

e AmenuopH3alija KapaKTEpPUCTHKA JETEKTOpa HyKieapHOr 3pauema [126] (nmerekuuje

YeCTHUIIA JJACEPCKUM 3pauCHEeM)

e OspaunBame BJIaKaHa pa3zIMYUTUM TuUnoBuMa 3pauewa (EM u nykneapno). Ilocebno
03payrBame iIraser-oM ONTHYKOT BIaKHA JPYror TUIIAa CTaKIa TOKOM Mpoleca H3BIadeHha

no0oJbIIaBa MEXaHUUKE KapaKTEPUCTHKE,

e [IIpojexTH, unja je Tema TpeHI nep(oMaHCH MaTepHjaja, HAKOH HYKJIEApHE EKCIUIO3Hje

KpO3 CUMYJIallije U eKCIIEPUMEHTE,
e [lpaheme panHOr OKpyXema U eKOJIOUIKUX Mpoliema,
o [lIpaheme pamHOT OKpYyXKeHa Y MEIUIIMHCKUM YCTAaHOBaMa,
e OnTuyko Hanajarwe CEH30pAa.

HponsBomba JecTuma M AUMEH3UOHHUCAILE JlacepuMa U OJHOC Ca HOTCHHHjaJIHO

Xa3apaHuM JuMen3ujama. Heku pasynrtatu u3 pedepenn cy npeactaBbeHu Ha ciukama 2.10.3

Cama Jestuh 78



Teopujcku oeo

u 2.10.4 u npukasyjy IMCTpUOYILIH]y YECTUIIA TIO BEJIMYUHHU Y PA3IHUYUTUM PSKUMHUMA JIACEPCKE

npumene [110], mTo 3axTeBa 3HATHO CIOXKCHH]jE MpoyYaBame kao y [109].

Mpouenar yectnya (%)

Alin N,

No=120 (55+65) —

40 80

120 160

~ PENaTHEHN HHTEHINTET i

BenuuuHa uectuya (%)

Cnuka 2.10.3. JJucmpubyyuja yecmuya no eeiuvuHu — ooobujarve Hano yecmuya oo Al y Nz
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Onwe Nonlinear Curve Fit
Mogen Lorentz
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Cauxa 2.10.4. @umosarve kpuse oucmpudbyyuje uecmuya ca Jlopenyujarnom unu ESC.

Jucmpubyyuja wvecmuya no senuvunu — doodujare Hano wecmuya 00 Al y N2 ammocgpepu
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Pesynratu nobujama ynrpa puaux gectuna ox Al y N2 armocdepu cy npukazane Ha CIUIU
2.10.4. Yobuuajeno cy npahene qudpakromerpom ca X 3panuma, TEM kao u CEM ananuzama.
Cnuxka 2.10.4 mpukazyje Al u murpunny AIN ¢opmy. TEM mnpukazyje Behe chepHe u mame
YeCTHIIe, IITO je Y KOPECIOH/ICHIIN]HU Cca J[Ba THITA YECTUIIA ca JTUMEH3HOHATHOM JUCTPHOYIINjOM
(Bemuuune) y omcery 10 - 60 nm u 60 — 120 nm. Al gectune cy cepHe, a Mambe YECTHIIE CY

achepuune. Hurpuane yectuie ce He popmupajy u3 Fe, Ni u apyrux nuctosa (sheets).

Janac je moryhe mpou3BOJNTH HAaHOYECTHUIE U3 METATHUX METa JlacepuMa y PasInduTuM
JUHAMUAYKUM pexumuma: cw, Q switch (ns, ps u fs pexxumu) y pa3nuautum okpyxemuma (Ar,

He, Oz, N2, utn). Moryhe je nuzBectu oapehene 3akbydke 0 yI03H jlacepa y MpoAYKIHjH YeCTHIIA:

e MeranHun MarepHjadl ca BUCOKOM  pediexcuBHOmNy, BHCOKOM  TOIJIOTHOM

¢ y3uBHOIINY U BUCOKOM Ta4YKOM KJbY4ama Cy CIIOKCHHJH 33JIaTak 3a JIACEPCKE METOJIE,

o I/IcnapaBaH,e MCTajla H Q)opMHpaH,e HAaHOYCCTHLIA IIpaTH BPEMC YCIIOHA JIACCPCKOT

UMITyJICa B JIJaJhe TOKOM BPEMEHA €KCIIO3HIIN]e,

e Cpenma BpenHoct HaHouectuia (10 - 30 nm), moxke ce moctuhu kopurthewmem opeheHnx

Mmetana y Ar u He atmocdepu y ycnoBuma OIUCKUM aTMOC(EPCKUM,

e BenuumHa YCCTHLIA OI1aJia Ca CMalbCIbEM IIPUTHUCKA,

Hanouecrurie okcuaa merana (Fe2Cs, NiO, Al,O3, TiO2, CrO2, Cr203, WO3, Ta203 1 MoQ3),
ce 1o6wmjajy y O2 atmocdepu (1 atm ~ 10° Pa). Hurpumue uectnne (TiN, ZrN u TazN) ce no6unjajy
y N2 atmocdepu. 13 Al mere, nobuja ce memasuna yectuna Al u AIN. OBU ONIITH 3aKJbyUIH

Mopajy Ce MOI[I/I(l)I/IKOBaTI/I Y 3aBUCHOCTH O 3aXTCBA.

3a perekiujy, Oa3upaHy Ha Kopuilhemy ONTHYKUX BIlaKaHa y3 Kopullheme Apyrux
Marepujana (Ha 0a3u CTakjia Wid TOJIMMEpa), YKIbydyje pa3iuduTe CrpalieHe Marepujaie ca
BaijaHTaMa MAaru€THuXx, MUE30CTICKTPUIHUX WM APYTUX OINTOMCXAHUYKHX, OINTOAKYCTHYKHUX

HCp(I)OpMaHCI/I 3a IINPCHC obiactu MMPUMCHEC CCH30pa Ha 0a3u BIIaKaHa Ka MCPCHHUMA Y OKPYXKCHY

[124, 110].

doToxeMHjcka cemapanMja ejgemMeHara y pacTBopuMa. DOTOXEMH]CKO IPOLECHO
UCTIMTUBAE Cerapalije y Te4Hoj (a3u moceayje pe3oryltjy HUKY OJ] OHE y TACHOM HJIM YBPCTOM
cTamby. MeTalHu Marepujaiud (€JIeMEHTH), KOjU Cce€ MOry TMOABPTHYTH (DOTOXEMU)jCKUM
TpaHnchopmalmjama, kako 6u uM ce mpomenno pH HUBO (y OKBUPY yOOM4YajeHUX pacTBapaya) Cy

YBCJIIUKO 3aCTYIIJbCHU Y pe(pepeHuaMa.
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VY tabenu 2.10.2 cy mpuka3zaHu HEKH €JIEMEHTH KO/ KOJHX CE jaBJba]y (POTOPEIOKC MPOIIECH,

Kao u HOTCHI_II/IjaJIHI/I CJICMCHTHU BE€3aHU 3a NPCTIIOCTABJbCHE ITPOLCCE.

Tabena 2.10.2. @omopedokc npoyecu u eremenmu Hao Kojuma cy cnposoheHu.

doTopeoKe npouecu Enementn
®dotopenokc  coposenenu | [Ipenazuu meranu D
porecu V, Cr, Mn, Fe, Co, Cu, Nb, Mo, Ru, Rh, Pd, Ag, W, Ir, Pt, Au,
Hg
[Ipena3uu meranu F
Jlanmanouou - C, Sm, Eu, Yb
Axmunuou - U, Np, Pu,
[IpernocraBibeHn JlaaTagonmu - Tm
(dboTopenokc nporecu Axmunuou - Am, BK, Md, No

Mepelba 3aCHOBaHa Ha CTAaTUYKOM H JIMHAMHYKOM JIaCe€pCKOM paceja}by n

uHTepnperanmje. Ha ciukama 2.10.5a u 2.10.56 cy mpezncraBibeHa HMHTErpaliHa Mepema 3a

duTon, Tj aHrynapHa pacrnojena u Ha cnunu 2.10.6 quHaAMHUYKO pacejame CBETIOCTH, H00H]eHO

oarosapajyhum ypehajem. IIpBu nomanu cy MHTEH3UTETH pacejaHe CBETIOCTH 33 MOJIAPU3ALMOHE

kommoneHnte (cimka 2.10.5), a ca cmuke 2.10.6 je moryhe mpolleHUTH TOTpeOHE CIEKTpasIHEe

A PUHE HI/IHI/Ija 3a MCPCIHLC pacejaH:a MOJICKYJIa COJIM YpaHHJIa Y BOACHOM paCTBOPY. OBn nmoganu

0 1o0WjeHnM IHMpUHaMa JIMHHUje cy pUuToBaHU KopuiihemeM Lorentz-ujan kpuse noa nzabpaHum

paaHUM yCIIOBUMA.

PUTON (MHTErpanHa Mmepeta)
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= Mopauw Data 1_B
——®uToBaHa kpusa Lorentz

200 A

Mogauu: Data 1_8
Mogen: Lorentz

Jeanadnna: ¥ = y0 + (2 APIF(WIH*(x-xC)*2 + wh2))
TeXUHCEH

¥ Bes

150 +

Chi*2/DoF =473.41712
R*2 = 0.89518

100 4 ¥0 13.13706 +2.43878
xc 13.04208 +0 26689
w 1957385 +1.08294
A 5045 62673 +277.90381

o
o
1

WHTeH3uTeT pacejara (a.u.)

0 50 100 150 200

PpekeeHunja (GHz)

Cnuka 2.10.6. Juuamuuko pacejare nacepkoe cnona o pacmeop coau ypanuna [145] noo yenom
0 =80° u caznacnocm ca Lorentz-ujan xkpusom I' = 1,26 Hz (HHLW). (Texnuuxu demasmu - yeao
pacejarva 02 = 80° UPM = 0,75 kV; ¢punmap 0,3Hz — 3000Hz).

Jlugap ca 6esiom cBetsonrhy. Jlacepcku UMITYJICH BEeITMKE CHAre, KOjH C€ MPOCTUPY KPO3
TpaHCIAPEHTHHU MEHjyM poJia3e Kpo3 HU3 HelnHeapHux edekaTta. Henuneapuu edexktu Boje ka
jacHO M3paXKEHO] €BOJYLMjU MPOCTOPHUX (caMooKycHupame, camMoBoheme, camopediekcuja),
CIEKTpATHUX (caMoerpaalija) KapakTeprucTuka ummysca. M meaujym, Kpo3 Koju posia3u CHOII
je Takohe moroheH OBHUM MPOCTUPAEEM, jEp j€ NSIMMHUYHO JOHU30BAaH WHTEH3UBHUM CHOIIOM.
Hoge nojaBe cy koHcTanTHO npoydaBaHe. Pa3Boj CPA texnuke (Chirped pulse amplification) je
omoryhuo ¢opmupame yntpaOp3ux jacepckux umnysica. Jlacepu Benuke cHare omoryhyjy
IIPOyyYaBalk€ BHCOKO HEJIMHEApPHUX MpocTHpama y 0ylaro HeJIWHEapHUM MeaujymMuma (HIp.
atMocgepa). IloTpeOHO je 0OpaTUTH NMaxKkhy Ha HEIMHEAPHO NMPOCTUPAkE y Ba3yXy U Ha Ipoliece

MOBE3aHe ca reHepalijoM KoXepeHTHe Oele CBeTJIOCTH U GramenTanujom [18, 124].

I'enepanuja Gesie cBersiocTH U ayrodasHa moxayaanuja (self phase modulation SPM).
CriekTpaiHM ca/ip>kaj eMUTOBAaHE CBETJIOCTH j€ O] BEJMKE BaKHOCTH 3a JIACEPCKE JHUCTaHTHE
MeTOoJIe y aTMoc(epu — OIUCU OKPYXKeHa U Mepema aTrMochepcKuX Iapamerapa M IMpolieca.
HenuneapHo mpocTupame JacepCKuX HMITYJIca BUCOKE cHare o0e3behyje camoBoheme, amm u
HeoOnuHo mupok KoHTHHYyM ona UV nmo IR oGnactu. dopmatupaH CyNepKOHTHHYYM je
reHeprcad SMP-om, ka0 1 HenMHeapHU epeKTH. EJeKTpoOnTHYKY U €eKTPOMArHeTCKu eheKTH
(y oBoM ciyuajy Kerr) Boze, yciieq IpoCTOpHOT I'pajiijeHTa HHTEH3UTETa, Ka CaMO(POKYCHpamby

Jacepckor cHona. IHTeH3uTeT Bapupa y BpeMeHy

n(t) = no+n2l(t), (2.10.1)
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a TPEHYTHHU MHJEKC MpeaMama Ba3lyXa ce Mema y CKIaly ca:

d® = - np+na.I(t) Lz (2.10.2)
z
ojakie cienu aa ¢ha3sHu MOMEpPaj 3aBUCH O] BpeMeHa. ® je Hoceha (pekBeHIM]a, a TEHEPHUIITY ce

HOBE (hpeKBEHIIH]E,

°odt (2.10.3)

I'naTka BpeMeHCKa €HBEJIoIa UMITYJICa HHAYKY]€ 3HATHO CIIEKTPAIHO IUPEHE UMITYJICa OKO
. Criektap eMUTOBaH 0] (pritaMeHara je Kpeupas npoctupameM 2 TW nmnysca y 1abopaTopuju.
CynepkoHTuHyyM ce npotexe o 4 pm 0 400 nm. Mepewa y Ba3ayxy Cy nokaszajga HEOOMUYHY
UV ekcren3ujy ka 230 nm, ycinen edpukacue reaepanuje Tpeher xapmonuka (THG third harmonic
generation) u Memama ¢pekBeHIja. OBaKO ce MOTY nOKpumu arcOPIIIUOHN CIIEKTPH MHOTHX
racoBa, Koju ce y arMmocdepu Hajla3e y TparoBuMa: MeTaH, HecTallHe OpraHcke memasuHe (volatile
organic compounds VOCs), apome, CO, NO2, H20, SO u o30on. Omoryhyje HOBH, BHIIE
CHEeKTPAJIHW JIMIAPCKH TPUCTY MepemnMa, Beh momenyrnx Benmmumna. [IpoyuaBame
¢mameHTanyje je mokasauo ja je 0ena CBETIOCT TeHepHucaHa y (HIAMEHTHO] CTPYKTYpH H Jia
yclie]] Cipe3ama ca I1a3MoM, IIOCTOjH T0jaBa yyperba yHaMpel, y 00Ky YCKOT porjba (KOHYC).
KonycHa emMucuja ox nyKux TaJlaCHUX AY)KMHA y LEHTpY, Ka KpahuM TajacHUM Ay)KHHama Ha
WBHIIaMa, TIPOTEKE ce Ty yobuuajeror monyyria ox 0,12°. 3HauajHuju actieKT IpUMEHE Juapa
je aHrynapHa pacrojiesia KOHTUHyyMa Oeje cBeTJIOCTH y OauckoM mpasuy yHazaa. Kox mpsux fs
JUJIAPCKUX eKclepuMeHaTa mpuMeheHa je 3HauajHa yHa3aJl pacejaHa KOMIIOHEHTa €MHUTOBaHE
Oene CBETIIOCTH, LITO MOjayaBa MoTpely 3a eKCIEPUMEHTHMA, KOJU MpaTe pacejame ca BEIMKOM
pezonynujoM. EmmMcuja OiiMcka NOBpaTHOM IMIpaBIy CyIep KOHTHHyyMmMa OJ CBETJIOCHUX
(unamenara je 3HauajHO MoboJbIIaHA y Topelewy ca muHeapaum Rayleigh-Mie pacejamem RMS.
Cnuka 2.10.7 noka3syje nopehemwe nuHeapHo yHazag RMS pacejama ciabor acepckor cHoma ca
HEJIMHEapHOM €MHUCH]OM (uIamMeHarta, 3a o0e — s (J1eo J1eBo) U p (Z1eo aecHo) monapuzaiuje. Ha

179° ynasan youaBa ce moBehan HHTEH3UTET 3a UUTAB PE/I.

Hanouectuue n Jbyacko 3apasibe. Y pedepenuama je moryhe Hahu mmpox aujamnasoH
no0pux cTpaHa HaHodyecTua. Melhytum, moryhe je Hahu u pedepeHiie y Kojuma ce HallOMUEE Ja
je mocta edekara HEMO3HATO yCJea HempoydyaBama W Ja CBAKH Of BHUX 3aXTeBa 030MJbHU)Y
nmpoBepy. Jeman on edekara je U TOKCHYHOCT 3a KOJU j€ HETMOXOJHO MPOydaBamke ca acleKTa
no3uMeTpuje (0BO HE BaXKH caMo 3a HaHomartepujaie, Beh u 3a OpojHe apyre marepujaie). Mako

MaTepHjalid Y XeMHjCKOM CMHCITy MOTY OUTH O€30IacHH 3a JbYJICKO 3/IpaBjbe, MOT'y OMTH ONAacHH
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3a 3/IpaBJbe, YKOJIHMKO CY YECTHIIC Matbe O OJpel)eHNX KPUTHYHUX BEITUYMHA, IITO j&é MHOTO IyTa
yodeHo. Y ciydajy HaHOMaTepHjaia, HAHOTOKCHUYHOCT MTOCTOjHU, Kao MocebaH orpaHak HayKe, KOju
ce 6aBH HaHOMATEpHjaATMMa U FEH Pa3Boj je jol yBeK y ycrnony. CpeOpHe HaHOUECTHIIE CE MOTY
KOPUCTH Kao MECTUIM] yCJe[ CBOje MOryhHOCTH Ja ymame pacT OpraHum3ama, KOju INTETe
KOPUCHHUM KYJITypama, alli je (bUX0B CBEYKYIaH YTHIIa] MOTPEOHO MOMHO npatuTh. McTpaxiBama
y OBOM CMHCIY j€ TIOTPeOHO YCMEpHUTH Ha MpoydaBamke YTHIaja YECTHIIA, KOje Ce Y OpraHu3aM

YHOCE Ha BHIIIC pa3IUTUX HaunHa (KOXa, TyTame, ...) [102, 103, 104].

[Ipoy4yaBame OBakBHX MpoOIeMa, 1jarHOCTUKA Be3aHa 32 HAHOUECTUIIE U MEPHE METO/IE,
noTpebHO je BUIeCTPYKO pasMotputh [146], ykbyuyjyhu u LDA MeToze 1 Meperma Ha JaJbUHy
BYJIKAHCKUX IpOIleca, Kao W CBa JUJapcka Mepema T'CHEpaaHO (KOHIEHTpaluje IeHTapa U

onpehuBame TMMEH3Mja IIEHTapa pacejama).

Hexwu o pesynrara cy IpeAcTaBJbeHH, ITO Tpeba /1a yKake Ha PEaIHU ONUC MaTepHjana,
KOji MOry OWTH TpeiMeT IIUpUX aHalM3a M WHTEpHpeTanuja, Kao W Be3e ca (U3NIKHM
nepdopmaHcama, Koje Cy OIeT AMPEKTHO IOBE3aHe ca ONTHYKUM nepdopmancama (Tj, OHE Cy
IbUXOB HepaslBojHU 1eo0). Heke cumymanmje u ¢uroBama pesyntaTa oMmoryhyjy eBamyauujy
MoryhHocTH 100HMjeHHX MepHuX pe3yirara. CrenunpuyHy napaMeTpyu U o0JIMIH pacloiesie Mory

CC Y3€TH 3a IPCIIO3HABALC Y30paKa.

172 174 176 178 180 178 176 174 172
1T—O—— HeIHMHeapHO ®
+—{— JIHHEapHO ol 4

s o1 (71eBo)

Hntensurer (a.y.)

-
Sl

e
A

Yrao (°)

Cnuka 2.10.7. AneynapHna 3asucnocm unmeH3umema yHa3zao pacejane ceemiocmu guiamenma.
3nauajuo nosehare ynazao je youero 3a s (ne6o) u p (0ecno) nonapusayujy. Kpyeosu
npeocmasbajy HeluHeapHy eMucujy, mpoyailosu pacejare 1acepckoz CHONa maie enepauje y

manacuoj oonacmu (400 - 450 nm) [18].
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[Toce6HO je TMOTpeOHO YBPCTUTH JIACEPCKY IO3UMETPH]Y Y CKYN OCTalIuX T03WMETpHja
pa3BUjeHHX 3a CIIOHTaHY €MHCH]y Y UCTOM CIIEKTpaIHOM oncery. O nmpeacTaB/beHUX pe3yirara
Mepema, BE3aHUX 3a COJIM ypaHWIa, MOKa3aH je Moryhu paHr mmpuHe JuHHje, mTo oapehyje
KOMIUIEKCHH MEpPHH CHCTEM, Ka0 W MHTCH3HTET CTaTHUKE KOMIIOHEHTE MepeHe 3a (hUTOI KOJ
aHryjlnapHe mpencraBe. Hekum HenuHeapHM (EHOMEHHM Cy pa3MaTpaHd ca aclekra (yCHelrHO
Pa3BUjeHHUX JTUJAPCKUX CHCTEMA) JIECKpHIILUje aTMoc(hepe U CaKylsbamba PeaTHUX IapaMerapa.
Onu npunanajy o6JacTu MpoydaBama MPOCTHPaha JIACEPCKUX UMITYJICA HA BEIMKHUM JaJbuHaMa
¥ MOTYy OWTH JIe0 TeHEepaIM30BAaHHUX pelIea MpodieMa Be3aHnX 3a CBeMHUp (OTIaja y CBEMHPY,
on0paMOEHU CHCTEMH), Kao M 3a MPHUMEHY Jacepa y CelIeKLIUjU H30TOIa, 3a MEpema HUCKHX
KOHIICHTpallKja MaTepujajia pa3IuuUuToOr yTUldja, Kao mTo ¢y 00jHU oTpoBH, UTH. [IpocTHpame
TW nacepckux UMITyJIca, IOCeAyje HEKOTUKO KapaKTEePUCTUIHHUX CBOjCTABa 32 MYJITHCIIEKTPaTHA
JAMJapcKa Mepermba, eKCTPEMHO HIMPOKOIOjaCHIX KOXEPEHTHUX CBETIIOCHUX eMHcHja (J1acep Oene
CBETJIOCTH) OIPaHWYEHO Ha caMOBOhEHM CHON M yHa3al pedIeKTOBaHY CBETIIOCT Ka €eMHUTEpY,

KaKO C€ JIaCePCKH UMITYJIC IPOCTHUPE.
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11. OnTuyKe MeTO/Ie Y PAHOM OTKPMBalky U MOHUTOPHUHTY IOKapa

CaBpemMeHa arMoc(epcka HCTpaXMBamba je TEIIKO W 3aMHUCIUTH 0e3 KopHiihema TeXHUKA
Mepema Ha najbuHy. Jlumap je y3 JAeTeKnwjy y paauo JOMEHY, jeHa OJf OCHOBHUX 00JacTh
UCTpaXXUBama, Koja ce 0aBu mpodwmincameM atmocdepe. Bucoka mpocTopHa U BpEeMEHCKA
pe3onynuja Mepema, MoryhHocT mpahema arMocdepe moj aMOMjeHTaTHUM YCIOBHMa, Kao U
MOTEHIIM}aJI0 MOKPUBAKE BUCOKHX oricera oj Tia a0 npeko 100 km BucuHe, 4nHe caMo HEKa 01
CBOjCTaBa, KOj€ JIUAap YNHE U3Y3ETHO MPUBIAYHIM HHCTPYMEHTOM Y AaToj oonacty. Paznmuuuroct
MHTEPAKIMjCKUX Mpolleca eMUTOBAHE CBETJIOCTH Ca KOHCTHUTYEHTHMa atMocdepe, Koje ce Mory
KOPUCTHTH Yy Tuaapy, omoryhyjy onpehrBame 0CHOBHHX aTMOC(HEPCKHX MPOMEHIBHBHX, Ka0 IITO
Cy: TeMIieparypa, IpUTUCAK, MapaMeTPU BIAKHOCTU M BETPa, KA0 M MEPEHE TParoBa racoBa,
aepocoJia M rmapaMeTpa odJaka.

JIunap je y MHOTOME JTOIPUHEO MMO3HABaky 3eMIJbUHE aTMOC(epe KPO3 HEKOIHUKO MPOTEKINX
nereHyja. HapoywTo je KOpPUCTaH 3a HCTpaXHBaWme Op30 NPOMEHJBUBUX aTMOC(hepcKux
napamerapa. I[locemayje moryhHocT 3a mpaheme mpolieca Ha ckaigama, KOje ce TPOTEXY O
HEKOJIMKO KyOHUX MeTapa M HEKOJIMKO CEKYH/IU JI0 TTI00ATHUX MPOoIIeca, KOj! TPajy BUIIIE TOINHA.
Kopuctu ce 3a mcrpaxuBame TypOYJIEHTHHX Mpolleca W JHEBHHX IHMKIyca IUIaHETapHOT
IPaHUYHOT CJI0ja, YKJbY4yjyhH M Mepema HcIapema U 030HCKOr Quiykca. [IpoywaBanu cy
METEOPOJIOMIKA (PEHOMEHH, Kao INTO Cy (POHTAIHH MPOJa3d, yparaHw, IUIAHUHCKU cmojefiu
oOnanu. ITomoh npu MoHUTOPHUHTY, Op3KHA EMHUCH]€ U HUBOA KOHIIEHTpAlllje FraCHUX Tparosa je
Benuka. Ocupomaiieme CcTpaTocPepcKor 030HA j€ TJIOOAIHO JTOKYMEHTOBAHO KOPUIINEHEM
aunapa. Yiora nojapHux crparochepckux obsiaka ce HCTpaxyje, a Kiacupukaiyja oBux o0naka
ce 06a3upa Ha HUXOBUM CBOJCTBHUMA IpHU pacejamy, WTO ce Oenexu auaapuma. OcuMm mTo ce
KOPHCTE 32 pacCliO3HaBamk-€ BOJICHUX KalJbUIIA O] KPHCTaa Jesia y 00Jama, JOMPUHOCE U HaIlleM
MO3HaBamYy JIejCTBa aepocoiia Ha kiumy. Ctpartocdepcke neprypoarije nocie Behux ByJIKaHCKUX
epynuyja cy IpoydaBaHe, a IpaTH ce U TPAaHCHOPT MHTEPKOHTHHEHTAJHOT 3araljema Ba3ayxa,
MYCTHECKOT TeCKa M auMa y mrymMckuM noxapuma [100, 129] . V cnojy mesochepe, auaap je
JI0Ka3a0 TOCTOjame CJI0jeBa aToMa MeTalla M jOHa, Tako Jia Cy y OKBHUPY OBOTI' Clloja JUAApH
noceOHo 3HavYajHu. JIngapy Mory J1a OrepuITy ca Tjia WIH ca JICTeNUIIe. JejaH CHCTEM je MOHTHPaH
na Space Shuttle-y, a y Gmmckoj OymyhHOCTH, TUAapCKH MHCTPYMEHTH Yy (OPMH caTeauTa
(MOHTHpaHM WM caMocTajiHM) he Mohum na Bpuie riobajiHe olcepBalrje aTMOC(hEpCKUX

KOHCTUTYCHATAa U3 CBEMMUPA.
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Ipahewe mymckux moxkapa (emucuja) Doppler-osum nugapom 3a npahemwe BeTpa

Ananuza nuteparype 3a mnpaheme moXkapa ca pa3IMYUTUX acrekara OW Tpakuia
neguHHUCabe TI0jMOBA M HAJTAXKEH-E HAIIMX MPEU3HUX (IIPEeBO/Ia) n3pas3a ca pa3IuunuTHX je3HUKUX
nonpyyja. [lopen tora, ykibyueme aJIMUHUCTPATHBE y O0OJACTH 3allTUTE OJ IMOXKapa ce Mopa
CTaJIHO MPaTHUTH, jep Cy NMPOMEHE MpOoMKca U Yy Halloj 3eMJbU YecTe. 3aTO ce OBJIE Jlaje caMo
HEKOJIMKO W3a0paHuX MOjMOBA Y3 BbUXOB OIMUC (S€HIJIECKO TOBOPHO MOJPYY)e).

[loxxap y kome jaumHa TOXapa NpeBa3uWja3d CHAry BeTpa, IITO JOBOJU JO BHUCOKOT
KOHBEKIIMJCKOT CTy0a M HETHUIMYHUX HadyuHa Immpewma [131], cynmpoTHO oa moskapa BoheHHX
BeTpoM ce nedunuine moxa mojmom plume-dominated fire.

Cryuaj, Kaja je Maca TOIUIOT raca OKpy)KeHa XJIaJIHUjUM I'aCcOM, TOTLIHj| Tac (HIKe I'yCTHHE)
ce MoJAMXKe yclea pasuka y ryctuaama. OBo ce JemaBa u3Ha | H3Bopa ropuBa, y IIaMeHy, a TOK
HaBHWIIe, YKJbYyUyjyhu ¥ IUIaMeH ce jemqHo3Ha4yHO HasuBa emucuja noxapa (fire plume). Ycnen
MOJIM3ama TOIUIOT Taca, XJaJHuju rac he OUTH YBYYEH y OBY €eMUCH]Y, MOANOMaXXyhu cTBapame
CJI0ja TOIUIOT Ba3ayXa.

[TocmaTpama, 0o0aBJbeHa y MOAPYYjUMa ca NIYMCKUM IOKapuMa Cy TOKasaja pa3Boj 30HeE
KOHBEPreHIIMje y CMepy Hu3 eemap OJI KOHBEKIMOHOr cTyba (convection column). Oga
nocMarpama Cy BpIleHa TOKOM Tpolleca ropema Ha TepeHy KOMILIEKCHE CTpyKType San Jose,
Kamugopuuja (Walton, McGrattan, Mullin, 1996). Jlunap, koju paau ca tia, Halo Photonics, Ltd.
Stream Line 75 je npukymjbao Op3uHe BeTpa jeJHOM o1 TexHuKa ca Doppler-osum edextom (LDA,
LDV, wuta.), ka0 ¥ HMHTEH3UTET YyHa3aJ pacejaHe CBETJIIOCTH, Y 30HH U OKO TOXapa Of
BUILECTPYKUX BepTUKaaHuX Tayaka, PPI (Plan Position Indicator) u RHI (Range Height Indicator)
CKeHupama, 1ok je ASC mini Sodar npukynpao MojaTke 0 BEpPTUKAIHUM MPOQHUIMMa BETpa U
TypOyneHmuje y cmepy Hus gemap. OBa mocMmaTpama oMoryhaBajy jJa ce aJeKBaTHO TpaTH
KMHEMAaTCKa CTPYKTypa, Kao W MPOCTOpHA M BPEMEHCKa eBoidylvja moxkapa. [locmaTtpama cy
nokasaja yop3ame Ha MBHUIlaMa JIejCTBa MoKapa, U yKaszalla Ha MPUIIUB Y OCHOBY KOHBEKTHBHOT
BEPTUKAIHOT CTy0a TOIUIOT Ba3ayxa. Pa3Boj 30He KOHBepreHiyje je nmpaheH MpeKo cMamema y
panujanHoj Op3uHu ox 3 - 5 M/S nu3z éemap on moxapa, y nopehemwy ca Op3uHama y OJHU3UHH
noxapHor ¢poHTa. OBO cMameme Op3uHe BEeTpa je Takohe youeHO COMApCKUM MEpemHUMa Hu3
eéemap. Ilopact y MOTEeHIMjaJIHO] TEMIIEPAaTypH Y OKBUPY eMUcHOHOT cTy6a o7 3,0 - 4,4 K je youen
ca osehameM y pasmepu cmemre o 0,5 - 1,0 g kg, xao n mosehano TypOyneHTHO Memame y
OKBHpY Hoapa ca mosehameM y TypOYTeHTHOj KHHETHYKO] eHepruju o 3 m? $2 (cpemma
BPEIHOCT KMHETHYKE €Hepruje Mo jeJUHMIIM Mace — Be3yje Ce 3a BPTJIOKHA KpeTama) y 30HU
noxapa u Op3uHamMa BEpTHKAITHOT CTy0a TOIUIOr Ba3ayxa ox omu3y 1 m/s.

Kao nomarak cy pasBujeHe METO/€ 3a MPOIECHY Op3WHE MOoXKapa, Kao U Op3uHE MHpEeHa

emucuje moxkapa. CTaHO ce pa3BHjajy HOBE CTyuje 3a paheme ycioBa y OJIM3UHU WIH Y OKBUPY
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IIYMCKHUX TOXapa, Kako OW ce CTeKJIM 00JbM YBHAM Y MUKPOJIOKAIIMj€ U pa3yMeBame Mokapa u
UHTepaKiyja noxap — armochepa. Ctyauje kopucte in Situ Mepema, Kako OU PATHIIU CTPYKTYPY
Temreparype, Tomiotu quiykc, BojgeHu (ayke u CO2 dayke y okBupuma moskapa [100]. V nomux
40 m emucuoHor cryda, jaBjba ce mopact temmneparype a0 20°C u mopacT y OJHOCY Mellama
BojieHe mape of 2 g kg™, ExcriepuMeHTH ca moxapHuM (IIyKCcoM Cy CBEOOYXBaTHE CTY/Hje, Koje
cy ce u3Mel)y ocrasor 6aBuiie ¥ MOKapOM WHAYKOBAHUM BETPOBHMA YCIIE]] TOpemha TpaBe. TokoM
eKCIIepUMeHaTa, MACUBHH BEPTHKAIHH CTY0 TOILIOT Bazmyxa oj ~10 m/s, jaBjbao ce y OKOJIMHU
noxkapa. BepTHKalHO KpeTame HaHWXKE je YOUCHO M3 JIMHHje ToXkapa ca Op3uHama JBa IyTa
MambHUM 0]l Op3uHa y cMepy HaBuiie. Hu3 Berap o nepumerpa 00yxBaheHOT MOKapoM Cy yOo4ueHa
jaka TypOyIlieHTHa KpeTarma Ba3lyxa HaHWKe, KaKo U CTBapame TypOyIIeHIH]je TOKOM oXKapa, Koja
Ce jaBjha Kao TIOCTENMIIA TI0jadyaHe BapHjanyje mpaheHor BeTpa Ha IMOXApHOM (PPOHTY.
[TocmaTpama cy mokasana Ja TypOyJICHIIMjCKAa KHHETHYKAa CHEprHja pacTe TOKOM IpoJiacka
nokapHor GpoHTa 04 2 m, 10 BpeAHOCTH ckopo 4 unu 5 myrta Behe o TypOyneHIuje atmocdepe.
oo ce g0 3aksbyuka [100] na ceuerve BeTpa, Koje ce pa3BHja o1 Op30r mopacra Op3uHE Ha
MOBPIIUHY OJIM3Y TIOKapHOT (PPOHTA JIOIPHUHOCH T0jadaHo] TypOyaeHuju. V3a moxxapHe JIuHuje,
J0J7a3u JI0 CMamema TypOyneHnuje. TepMoauHaMHU4Ka CTPYKTypa €MHUCHjEe je TMPETXOIHO
npoydaBaHa kopwuinhemeM in Situ mepema. Haro 3arpeBame u xialjemse y OKBUPY €MHCH]E,
yKa3yjy Ha BEJIUKY Op3MHY IIUpEeHka Mmokapa. Y clie/] MoTemKoha ca mocTaB/balbeM HHCTpyMeHaTa
y OKOJIMHH IITYMCKHX ITOKapa M MoKapa Ha OTBOPEHOM, HEKE CTYIHje Cy KOPUCTHIIE Pa3InInTe
TUTIOBE BU3YeNH3allyje, Kako O MCIUTHBAIN TWHAMUKY KpyHe moxapa. [losse yTuiiaja Betpa ce
MOKe uzgecmu u3 UH(paIpBeHe cIUKe KopUIIhemeM TeXHUKE aHallu3e clMKa mpoTtoka. OBoM
TEXHUKOM Cy IocMaTpaHe Op3MHE BeTpa y XOPU30HTAJIHO] paBHU, YKa3yjyhu Ha jak YIUIMB Y
OCHOBY KOHBEKTHBHOT CTy0a TOILIOT Ba3/yXa ca KpeTameM HaBHIIe y eMucHju. [Ipocedna Op3una
on 0,75 - 1,11 m/s je Takohe npahena. Kopumrhewmem BuzyenHe kamepe U 3amuca ¢y nocMarpaHe
nmpoMeHe y 60ju TKaHHHE Be3aHe 3a BEeTeTalll]jy HuU3 6emap paid UHTEepIpeTalyje BeTpa y OMu3uHu
noxapa. [TocmaTpame je mokasano Ja je Ha TKaHHHY JIeJIOBA0 BEeTap OJ] MoKapa, KaKo je moxap
HarpenoBao ka Bereranuju. [lokazaHno je na Huje OWIO yTHIIaja HA TKAHUHY OJ CTpaHe BeTpa y
HEKUM TPEHYIIMMa TOKOM TOpema, IMITO YKa3yje Ha CMamemke BeTpa TOKOM BpeMeHa, Kao U Ha

pa3Boj 30HE KOHBEPTEHIIM]E HU3 6emap O ToXkKapa.

Omkpuearse u npeosuljarve pazeoja noxcapa Ha OMeEOPEHOM RPOCHOPY TUOAPCKUM Memooama
U CUMyNayujom Ha pauynapy
[IpenBubhame, Mepeme U ayroMaTcko mpaheme mpeaxaBapujCKUX CTamba CUCTEMa, KOHTPOJIE

OKOJIMHE y aTtMocdepu, xuapochepH, WUTA., paJ EHEPreTCKUX IOCTPOjema ca Pa3HOBPCHOM
IpUPOJIOM TpaHcopmalMja eHepruje, NpeAcTaBibajy MpeAMET HCTpakMBamba MHOTO THMOBA.

Benuku 6poj pa3nuuuTHX MpeTBapaya - IETEKTOpa je YKIbYYEH Yy CEH30pCKe chcTeMe, KOjU IO
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noTpeOu mpare 1aHoHOhHO (24/7) pax UHIYCTPHU]CKUX, EHEPTETCKUX U IPYTUX CUCTEMa, OKOJIHE
atMocdepe (oxo pabpuka, mocTpojema, aepoapoma), uta. [Ipema nzabpanom napamerpy, KOju ce
KOHTPOJIHIIE B 01a0paHOM CHCTEMY KOHTPOJIE M 030MJBHOCTH CHUTYyaluje (Op3uHH JigjcTaBa 1aTor
cucTeMa 3a CIpevaBama BAaHPEAHHMX CHTYalldja), MOCTOjH HU3 TEXHHWKAa Ha 0a3W aKyCTHYKHX,
ONTUYKHX, MUKPOTAIACHUX WU JIPYTHX KapaKTEPUCTHKA KOHTPOJIMCAHHX MHKPO U MaKpo
o0jekara, KOju ce pa3lIuKyjy 1o JIejCTBY, IICHH, TabapuTy u Ap. Y NMOCIEABHX 10JIa BeKa, ONTHYKE
METOJIe Ca MeToJamMa KOXEPEHTHE ONTHKe, YHHU Ce, Npey3uMajy IMpHMaT BE3aHO 3a
OC3KOHTAaKTHOCT paja, NajbUHE JEIOBaka M PEIaTUBHO jEIHOCTABHHUX IMPOIEAypa orcera
JieNioBama (aKko ce paau O THITY JIMAAPCKUX TEXHUKA). Y M300py cUCTeMa 3allTHTe, BaXKHA CY,
IIeJIOBUTA carjie/laBamka NPUHIIKIA 3aITUTE U ONTUMAaJIaH n300p MpH aHAM3K MOTyhHX peliemha
3a paHO OTKpUBame U npaheme AMHAMUKE pa3Boja mokapa. M300p jaumapcke TEXHUKE, TPaXu
Jajby CeNEKIUjy COHIUpama, 0a3upaHuX Ha MpoliecMMa arncopIiyje, pacejama U peduiekcHje
pa3HUX oOIcera eJICKTPOMAarHETHOT 3padcma. Y OJHOCY Ha JIMJAPCKe, TEeMaTHKa IMOKapHUX
nporieca je mely HajBaXHHjUM 3a/1alliMa, KOje JaHaC OBH CHCTEMH MOTY M Tpeba /1a ucmyne. Y
OJTHOCY Ha IMOXKap M HErOBE Y3pPOKE, OBaKaB HAYMH MEpeHa rapamerapa cucteMa (CUTyaluje y
OKBHUPY TI0XkKapa) MOXKeE Ja 1A MHOTO 0JIaTaKa, KOju C€ MOT'Y HCKOPUCTUTH 33 TEOPH]jCKE TIPUCTYIIC

naroj npobnemaruiu [148,, 19, 86, 39, 100, 130, 137, 132, 128, 149].

CaBpemeHa UCTpaxUBamwba, yKJbyuyjyhul KocMoc, XUApo U aTMochepy UMajy CBOjy UCTOPH]Y,
Koja je wMopana Jna o0Oe3benu oxaroBapajyhe wmerposordje ca JaJbMHCKUM TEXHUKama.
EnexTpomarHeTHKu Tanacu cy mopej aKkyCTUYKuX, Beh omaBHO ,,KOHKypeHTH" y mpodriincamy
armocdepe. 1 TepMoBU3HjCcKa OCMaTpama Cy Y BEITHMKOj MepH JaHac 3acTymbena [138, 140, 137].
On 60-ux roauHa npouwtor Beka (1960 - 1970), HacTymajy roanHe y KojuMa ce BUCOKa IPOCTOpHA
W BpPEMEHCKa pe3oiyluja Mepema, MoryhHoct mnpahema armocdepe moa aMOUjeHTATHUM
yCJIOBUMA, MMOKPUBAkE BUCOKHX orcera o nmpeko 100 Km BucuHe peanusyjy u moctajy Moryhu
pa3Bojem smaapckux cucrema (lidar - Light Detection and Ranging, 3aBucHO o/ tuTeparype MOxe
na ce noapa3zymena Laser Detection and Ranging, mto ce moske Hahu 1 ca Ha3UBOM J1a1ap; TEPMUH
Jamap ce uecto cpehe y HMCTOM KOHTEKCTy, ajM 3a BojHe mpumeHe). HMHTepakiuja
€JIEKTPOMArHEeTHHUX Tajaca ca KOHCTHTYEHTHMa aTMocdepe Ha 0a3u JHHEAPHUX W HEIWHEapHUX
edekara (eIacTUYHUX U HeaTaCTUYHUX pacejama, alicopmiiyje, GpuyopecieHIiyje), nckopuihena
je 'y OpojHUM KOMEpLUHMjaJHUM JHJAPCKUM CHCTEMHMMa 3a Mepeme TIJIaBHUX Iapamerapa
aTMocdepe (Temmeparypa, NMPUTHUCAK, BIAXKHOCT M BeTap; Kao M MEpeme TparoBa TIacoBa,
KOHIICHTpAIIKje YOIIIITE, U BPCTE aepOCoIIa; BUCHHE, TMMEH3HUja U cactaBa obsaka [127, 133]. Ose

npo0iieMaTuKe IpeBa3niia3e HallMOHANIHE rpaHulle. Pa3BujaHu Cy MpojeKTH, KOjU Cy MOKpHUBAIIU
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3ajeTHMYKH pajl HEKOJIMKO 3eMajba YKJbY4UyjyNU ¥ MHTEPKOHTHHEHTAJIHY capaliipby, a 04eKyje ce

JaJb¥U Pa3BOj capaimbe.

Y mnopehewy pamapckux u Jmgapckux MoryhHoct, Tpeba mpobiieM ToCTaBJbaTh
KOMIUIEMEHTApHO, jep Cy pa3nuuute pesonynuje ypehaja u Op3uHe nejcrasa, a 06a tuma ypehaja
uMajy CBOje MOTBpheHEe NeNnaTHOCTH. TypOyJIEHTHH MPOIECH, THEBHH IUKIYCH TUIAHETAPHHUX
IpaHUYHUX CJI0jeBa, TMHAMUKA KpeTama (aza Boje (McrapaBame, KUIla, CHET, MaJJaBUHE YOTIIIITE,
pacnojienia 030Ha, BYJIKAHCKE aKTHBHOCTH) Cy 3aJalli y KOjUMa je CHCTEM ca Jlacepuma
pa3NIMYMTUX THUIIOBA y M3a0paHO] TeoMeTpuju U o0paau curHaja mpeyzeo npumar. Ty cy
YKJbYYCHH WM JIPYTM METCOPOJIOMIKK (EHOMEHH: (POHTAIHU IPOJa3H, yparaHu, IUIAHUHCKH
crojehu Tanacu. Yiora nojgapHux crpatocepHux obiaKa, pa3InKOBambe BOJACHUX U KPUCTAITHUAX
YecTHIa Jiea, JCjCTBO aepocojia Ha KIUMY M JIp. c€ NpoydaBa IyTeM IoJaraka JI00MjeHHX
mnapckuM TexHukama. Ctparocdepcke neprypoanuje npoy3poKoBaHe BYyJIKaHCKAM epyIIjaMa
Cy napasenHo npaheHe ca TpaHCIIOPTOM MHTEPKOHTHHEHTAIHOT 3aral)ema Basjiyxa, IyCTHECKOT
NIeCcKa, BYJIKAHCKOT IeTelia, ajli ¥ Mokapa Hah THUX JiepuBaTa Wik OCTpojeha Ha okeany. [lopen
KOHTpoJie M mpahema pasHUX Mpoleca, MOCTOje JIACEPCKE METOjAe, KOjuMa Ce yTHYe Ha
aTMocdepcka npaxmema (Jiokanno) [39, 111]. V mesochepu je q0Ka3aHO MOCTOjame ClI0jeBa
aToMa M joHa MeTaJla U TPaBUTAIMOHMX Tajiaca. Y OBOj IiaBu he ce moceOHO pa3MOTPUTH YIIOTa
JUJIAPCKUX CUCTEMA y paHOM OTKPUBaky U MOHUTOPUHTY TIOXKapa y pa3HUM o0acTuMa Ha 3eMIbH

(y ypOanuMm noapydjuma, IiryMama, Ha OTBOPEHOM MPOCTOPY, 0OjeKara Ha BOIH, UTI. ).

JInpapcku cucremu (M MoaejoBamwe). Kao MOHOCTAaTMYHM MM OUCTaTUYHM, JMJAPU paje ca
TJ1a, Y€CTO Ha BUCOKMM TadyKama, Iie Cy U aCTPOHOMCKE JlabopaTopuje, ca jJeTenuna (MOHTHpaHu
Ha Space Shuttle-y uim camocTaiHm), ca catenuTa Wid Bo3wia. [IpuHIuI Tuaapckor cucreMa ce
3aCHUBA Ha U3BOpY — Jlacepy, JETEKTOpy U cUcTeMy 3a o0paiy curHaia (ciamka 2.11.1, cnuka
2.11.2). Caku ox Ta TpH TIJIaBHA Jena IpeMa H3a0paHOM 3aJaTKy HMa CJIOXEHHje WU
JeIHOCTaBHU]€ MOJICUCTEME 3a (OPMUPAKE CHOMA IPU EMUTOBAKY U MPUjEMY, ¢’ TUM JIa Cy HEKe

dbyHKIIMje 3ajeHUYKe. Y 00paau mojaTaka je He3ao0ua3aH padyHap ca copTBEpoM.

MpenajHuK A T '!J{ * MpurjemHirK

I | OnTr4KK
|'I t: I,-"II J{_ —4 ' 1t ananusartop/
MNpownpreay I ('I Bac]To OETEKTOD
CcHona I, P |
[' ./ "ul AKBU3HLM|E
Nacep II ' nogatakal
il Teneckon pasyHap

Cnuka 2.11.1. Ilpunyuncka nocmasxa audapckoe cucmema [150].
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Mma BuIlie moierna Jinaapa — jeIHa o1 lHX MmoJpasyMmeBa 4 OCHOBHE JINIapCKE TEXHUKE, KOje
KOpHCTE CrenupuyHe WMHTEPAKIIMOHE MPOIECe EMHUTOBAHOI 3padyea W KOHCTUTyeHaTa
atMocdepe:

* JIW/Iap ca eJaCTHYHUM pacejarbeM yHa3all,
* muaap ca audepenujanaom ancoprnuujom (DIAL —difference absorption lidar),
* muaap ca GIyopecieHTHUM (PE30HAHTHUM) MPOLeCHMa U
* Doppler - nupap (3acHoBan Ha Doppler-oBoM edekTty).
V ocHOBM paja Juaapa Cy INpPOIECH pacejama, arncopriyje W (yopecleHiuje, aad y

HEKOJIMKO CaBPEMEHMX THUIIOBA j€ YKJbYYE€HO MHOTO HEJIMHEApHUX edeKaTa.

pacejamke f
EMUCMOHE  TECEDCKN MMMV

OnTHEA f\ .

| : ol e
npwjemHa "
OnNTUEAa (E ! .

' T ¥
CMEETPanHKM *
aHanwaarop I
foTogeTeKTOR HYMEpIYKa
aHanwaa

Cnuka 2.11.2. [Ipunyun pada nuoapa.

IIpahemwe mymcknx noxapa Doppler-oBum smaapom. Onuc GU3HUKHX MapameTapa, Koju
neGUHUITY MOoXap, ce MOXe pa3MaTpaTH ca IVIeJUINTa TEOPUJCKOT Mpuias3a, ca YIaXemeM Yy
Y3POUHOCT IOKapa, ca XeMHjCKe CTpaHe, ca aJMMHUCTPAaTHUBHE CTpaHe (peryjiaThBa) U APYrux
yrioBa nmocmarpama [1, 37, 128, 141, 151, 152, 153]. [TocebHo cy pa3paljeHe ceH30pcKe yJore
JICTEKTOpa IMMa Pa3IuuuTe MPUpoie, Kao u Tpanchep dynkuuje [134].

@OpOHTOM LIYMCKOT MoKapa ce cMarpa o0jacT, TJe je caropeBambe KOHTUHYAJIHO U TJe ce
HeyTpaJsaH, jolll He3anajkeH MaTepujan cycpehe ca noxkapom. Ca kperameM (poHTa, 3arpeBa ce
OKOJTHM Ba3NyX, ajli ¥ MOTCHIMjaTHa TOpHBa MaTepHrja. AKO ce paau O ITymMama, OKOJHO JIPBO CE
CYIIIH, UCITYIIITa 3aITaJbuBe TacoBe U Maju ce. Kperame GppoHTa mokapa mpea3arpeBameM OKOTHE
martepuje, yop3aBa HBEHO Majbemhe. 3a ciydyaj TycTe Marepuje (Iryma), HIyMCKH HOXKapu uMmajy
BEIMKY Op3uHy mmpema. Mory ce kperatn u Op3uHama no 10,8 km/h. Kako Beprukamuu
KOHBEKIIMOHU CTYOOBH MPEHOCE 3alajbeHe decTulle (Hmp. o apeeha ca cMonama), Kao U Ipyru
3amajbeHl MaTepHjajl, MOryh je mpeHoc mokapa U MpeKo MPUPOTHUX MPENpeKa — IyTEeBH, TOTOIH,

PCKE 1 APYTrux MpeIripekKa, KOjC CC IO APYyruM ycCJIOBUMa HOHaH_Iajy Kao MpUpOJHU OIrpaHrUYaBavYn
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noxkapa. Jean o1 BAXKHHjUX THITOBA TTOKapa ce IePUHHMIIE, Kao ToXkKap Y KOMe JHHAMUKA KPETama
y MOXKapHOM CTYOy MpeBa3uiIa3y jadlHy BETPa, IITO JOBOJH JI0 BUCOKOT KOHBEKIIH]CKOT cTy0a u
HETUIIMYHHX npocTupama [131]. OBaj moxkap je y MHOTO 4eMy CynpoTaH I0Xapy, KOju je BoleH
BeTpoM. [Ipema Tumy mokapa W MaTepujasia, KOju ropu, aepuHuily ce dopmaiuje, Koje ce
nmoceOHO TpoydvaBajy y nuHamuim ¢uyuna. Kapakrepucrtuuna je u Qopmamuja, kama je maca
TOTLIIOT raca OKpYy>KeHa XJIaiHujuM racoM. Ty ce pa3BHjajy Mpoiecu KpeTama CTpyje TOIUIH]er raca
(Mame rycThHE) BepTHKaIHO HaBuine. OBe ce cHTyalluje JAeliaBajy W3HAJ W3BOpa TrOpUBa, y
TUIaMEHY.

[Tpaheme mymMckux moxapa pasHHM TEXHUKama je MOKa3allo Pa3Boj 30HE KOHBEPICHIIUjE Y
CMepy HHU3 BeTap O KOHBEKLIMOHOT cTyOa. TepeHn KOMIUIEKCHE CTPYKTYype ce IpaTe YecTo ca
BUIIe cucreMa. J[MHaMuKa BeTpa ce aHanmm3upa Jo0ujameM mojaraka, mytem Doppler-oBor
nporeca y pasHHM Taykama OKO MECTa JKapHIlTa Ha TMOAPYYjy OJf MHTEpeca 3a OIKC MoXKapa.
KonTtponuiy ce KoopJHHAaTe Tauaka y KOjuMa ce MepH Op3uHa BeTpa U apaMeTpu TypOyIieHIHje,
y cMepy HuU3 BeTap. Meperma kommapaTtuBHO caapike u cogapeka (SODAR - SOnic Detection And
Ranging) npahema (Ta6.2.11.1) [100].

Tabena 2.11.1. Pacnopeo, nonodcaj u mun ypehaja 3a npaherve utymckoe nojicapa.

I'eorpadcka
ay:kuHa/
Unentuduxanmja reorpagcka Bucuna[m] Tun nacTpyMeHTa / Moaet
mupuna (°, min,
sec)
37°20°41,88°’S o
SODAR 823 ASC-4000 miniSODAR
121°41°06,78°Z
37°20°26,58°’S ] )
LIDAR 492 Halo Photonics, Ltd. Stream line 75
121°43°10,86°Z
_ 37°20°01,28”’S WS/WD: RM Young 5103, T/RH:
Ridge RAWS 836 _
121°42°50,29°Z Campbell Sci.,Inc., CS-215
37°20°26,37°’S WS/WD: RM Young 5103, T/RH
Valley RAWS 121°43°10,76°Z | 491 Campbell Sci.,Inc., CS-215,
p: Campbell Sci., Inc., CS-106
37°20°28,32°’S T/RH Campbell Sci.,Inc., CS-215,
In situ Topam 121°41°03,24°7Z | 783 WS/WD: RM Young 81000 Sonic
Anemometar

RAWS —Remote Automated Weather Station (daljinska automatizovana vremenska stanica).
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[TocmaTpama Tpeba na 06e30ene agekBaTHO nMpaheme KHHEMATHIKE CTPYKTYPE U €BOJIYITH]Y
noxkapa y mpocTopy.

Pa3Boj 30HE KOHBEPIeHIIM]e Ce MpaTH IpoMeHama pajujaine Op3une, 3 - 5 M/s HU3 BeTap of
nokapa y nopehemy ca Op3uHama y Onu3uHH nokapHor ¢dponta. [lomamm [100] ce cnaxy ca
coJapcKuM Mepemuma. JIokaaHe mpoMeHe TeMIlepaType ce MOTY IOBE3aTH ca KOHIIEHTpaIlhjaMa
racHUX CaJpKaja, Kao M TypOyJIeHTHUM Memamuma. In Situ mMepema JecKpumimje mpoieca
noJkapa mparte: TeMIeparypy, TormaoTHH (iyke, BogeHu dayke u CO2 iykc.

KomnapartuBHa cTyaMja ca BHINE TEXHHMKA C€ TEHIKO MOCTHXKE, jep je€ HEONXOIHO Ja ce
WHCTPYMEHTH TIOCTaBE y HETMIOCPEAHOj OJIM3UHU TOKOM Mepema. TexXHUKEe TEPMOBH3H]jE 0JIaBHO CY
npomupuie MOTyhHOCTH 32 MakpOCKOIICKO MOCMAaTpame CLEHE, 3a PasiuKy OJ JHIAPCKHX
TEXHUKA CKeHUpama. [Iprkas moxapHux ciieHa TepMoBu3ujoM [135] u Apyrum TexHUKama je Ha
cnukama 2.11.3-6.

CodrBepcku moaesn u Juaapceka npahema. Y 0Boj Te3u cy mOMEHYTE IPBEHCTBEHO MEPHE
MEeTo/ie, KOje ce Ha JIMAAPCKUM OCHOBaMa 0aBe JUCTAHIIMOHUM JIECKPHIILIMjaMa pa3HUX Ipoleca,
KOjH ce OJIBHjajy y aTMOc(epH, OKO HEKOT 00jeKTa, 3a npaheme mpocTupama ByJIKaHCKE MTPAIIHE,
cactaB aTMOC(epe OKO BEITMKHX HHIYCTPUJCKUX KOMILIEKCa. 3a MeTo/Ie Oa3upaHe Ha aKTUBHUM H
NaCHBHUM MPUHIUIIMMA y YIOTpeOU Cy MEpHH mpolecu ca npahemeM Ba3ayliHe cpeiuHe (Ha
pa3HUM BHCHHaMa 3eMJBHHE aTMocdepe), BOJICHUX MOBpIIHHA (M AyOMHCKOT Tpoduia cacraBa
BOJI€), arpapHUX NoBpirHa. [loceOHO Cy MHTEpecaHTHEe PUMEHE, T/Ie ¢€ JaJbUHCKU TePHUHUALITY
JECKPHIIIH]je TOBPIIUHE 3eMJbe (TIECaK, CHET,...), BPCTe 3eMJbe (LIPBEHUIIa, IIPHUIIA, UJIOBAYA,...),
cactaB cTeHa, UT]. CTame yceBa MpejcTaBiba 00JacT, Koja Beh nyke roanHa Moxe JaJbUHCKU A
ce IpaTH MpemMa rnapameTpuma, KojuMa ce onucyje OMJbHM MOKpUBay, UT/.

Taj meo akTMBHOCTH je roauHama TpaheH pa3BHjameM MOCEOHHX co(TBepa, KOjuMa ce
npeasubhajy win ce myTeM MHTEpIpeTalrje MEpHUX pe3yiTara J10J1a3u A0 TayHor onuca npahexne
CIIeHe, AMHaMUKe Ipolieca, noja3ehu o1 Teopuje pacejama o Majie ¥ BEJIMKe YyecTulle, pedIiekcuje,
aepocoua,... [148, 41]

Jenan o takBux nporpama je u ADDA [57], rae ce npeasuba mupeme cHOa Ha BETUKAM
pacrojamkbuMa, MHTEH3UTET pacejama 3a BHIIECIOjHE cdepe, MMIUMHIpE, UTH, WIK aHTYyJIapHa
pacrioziena, Koja orer onucyje ¢guopy win ¢ayny (Hop. Japse U Behu pojeBu nHcekara).

Teopuja pa3Boja moxkapa u npaheme cTama moxapa je o BaXKHOCTH HeAUCKyTabuiHa. 300r
TOTa CMO JAPYTY IEJIHUHY paja MOCBETWIH, 0e3 ylaxema y OCHOBE TEOpHja, KOjU TPHUTAIajy
npodeCHOHATHOM NpUIIa3y MOXXapHUM MpoIlecHMa, caMo M3a0paHOM ey CO(TBEPCKUX ajaTa.
[Ipensubama pa3Boja MoXKapHUX Mpolleca MPUMEHOM IOCTOjehuX MpPOrpaMcKHX MakKeTa 3a
CHMYJIaIlijy UMa BHUIIIE Tpuias3a. JeqHa rpyma MoJena 3a nmpeasulame ce OUINKYje HEXOMOTeHUM

pacrmojieniaMa U BpcTtama ropuBor mMarepujana. Mehy muma ce HajBuimie kopucte BehavePlus u
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Farsite. BehavePlus je meo mporpamckor makera, koju ykibyayje FlamMap, FARSITE i FSPro.
[Tonamrame moskapa y mpocTopy yKJby4yje BpEMEHCKE U IPOCTOPHE BapHjalrje yClIoBa yKIby4eHe
y mpopadyHe Ha paznuuute HaunHe. FlamMap cucrem aHanm3e M Manupama Mo)kapa BpIIH
KaJIKyJalxje 3a CBaKy TauKy TepeHa ca KOJIMYMHOM IopuBa (Biare) u Op3uHe BeTpa KOHCTAHTHUM
y BpeMeHy. 3a ocHoBHe FlamMap oneparuje cBaku MpopayyH je He3aBUCTaH O]l CBOJUX Cycela.
FlamMap takole ykipyuyje MOoryhHOCT mpopauyyHa MHHUMAJIHOT BpeMeHa IIHperha Moapa, mTo
je KOpUCHO Ko oJjpehnuBama eeKTUBHHX JIOKaIMja 3a mpepaay ropusa. Pa3Boj moxapa y Tauku
(pixel — Tauka y BpemeHy M HPOCTOpPY y OKBUpPY HOApydYja oOyxBaheHOI MOXKapoM MOXeE ce
IIOCMATpaTH) 3aBHCH O] CHCTeMa LIMpEHa IoXKapa ol cyceiHHx Pixel-a, kao u o yciosa y
TPEHYTKY MocMaTpama noxapHor nporneca. Kopucaum mopajy umatu noapumky GIS-a kako 6u
kopuctunn FARSITE, jep 3axTeBa mpocTOpHY KOMHIIHJICHITN]Y pacTepa TepeHa 3a cBoj paa. FSPro
cHCTeM BepoBaTHONE HIMpera MoXkapa CIPOBOM BHUILE XMJbaJla pa3IMUUTUX CUMYJIalija [UPemha
nokapa OJi BPEMEHCKHMX CEKBEHLM 3aCHOBaHMX Ha kiauMmarckum ycioBuma. Jlok FARSITE
npensuha moxapHU nepuMerap Ha Jiokanuju, FSPro pauyna BepoBaTHohy 1a mokap JTOCTHTHE
CBaKy TayKy OJ] [IO3HATOT MIEPUMETpa IMOokKapa TOKOM CHenu(UIIupaHor BpeMeHa CUMYyJIaluje.

OBu MoOzenu cy 3aCHOBaHM Ha eMIHpHUjcKUM jeaHaunHama Rothermal-a (kmacudukanuja
marepujana y 13 oCHOBHUX rpyma), JOK HeKU of kuXx Kopucte 1 Van Wagnerove u Nelsonove
Mojiesie. 300r MHTEepaKiuje rpal)eBUHCKOT MaTepujaia, BEreTallljCKOT TOPUBOT Marepujaia y
pypaiHO-ypOaHUM cperHaMa, IPEIM3HO MO/JICTIOBAakhE HACTajalkhe U IUPEHhE MoXkapa je 6azupaHo
Ha HymMepu4koj auHamund Gayunaa. [Iporpamcku maker WFDS (Wildeland-Urban Fire Dynamic
Simulator) je excrensuja ctpykTypHor FDS cumynaropa. Tume cy mokpuBeHa ropuBa, Koja
YKJbYUyjy Beretanujy. Pagu ce o cumynamnuju Bpriora LES Large Eddy Simulation. 3a paznuky
on BehavePlus u Farsite (emMnupujckor M MNOJyeMIHPHUJCKOI THIIA) MOJEN 3aXTe€Ba BHILE
pauyHapckor BpemeHa u pecypca. Y ToM koHTekeTy ALOFT-FT je camo npereua u orpanak LES
CHUMYJIaIyje.

Pa3Bujen je Benuku 6poj mojena (free software) 3a TMHaAMHYKHY OTTUC HACTajarba M €BOTYIIH]E
noXkapa y pa3HUM OKpYXKEHhHMa U Pa3IHIUTHM NPEIyCIOBUMa, Kao H 3a mpaheme pa3sIuauThuX
npolieca Be3aHHUX 3a YCJIOBE IMoKapa, y3poke noxapa u npesenimjy [154, 89, 88]. IToznaru cy
Aloft, Fpetool, Aft, Ascos, Asetb, Asmet, Break, Ccfm, Detact, Elvac, First, Lavent

(http://www.nist.gov/el/fire_research/firesafety/fireontheweb.cfm ).

ALOFT-FT™ (A Large Outdoor Fire plume Trajectory model - Flat Terrain). ¥ ocHOBH 0oBe
aTtuIMKalyje je CUMYyJIalMoHa TEXHMKA, KOja ce KOPHUCTH 3a CUMYJAllMjy TUHAMUKE MOXapHOT
cTy0a, TOMEPEHOT BETPOM Y CIIy4a]y BEUKUX MOXKapa Ha 0TBOpeHOM. CTyOOBH MOTY J1a c€ BEXY
u 1o BucuHe 1 u 2 km y atmocdepn m 1a ONCTaHy Kao KOXE3WBHE CTPYKTYpeE JeceTHHama

kmomerapa. Ha cnunm 2.11.3 u cnunum 2.11.4 ¢y dotorpaduje KOHKpPETHOT MoXKapa 3a KOju je
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KacHHje u3BpIneHa cumyianuja (ciauka 2.11.5) [155]. MHTepecanTHH Cy M MOKApHU OIKCH Y
IOJIADHUM TIpeieiuMa MpeacTaBjbeHu Ha ciaukama 2.11.3 w 2.11.4. Ha cauum 2.11.5 cy
npensuhama ALOFT monena [155].

ALOFT mopaen je najbe ycaBpIlIeH U 32 KOMIUICKCHE TUTAHWMHCKE TepeHe. [ 1aBau mpobiieM je
MOCTU3akEe BHCOKE PE30JylMje W TNpPH HEMOBOJBHUM YCIOBHUMA, KOjU Cy BE3aHHM 3a Malle
METEOPOJIOIIKE BUAJBUBOCTU WIIM JIpyre MPUpPOAHE Hemorojae. Bemuku moxkapu ca HadTHHX
TEepeHa M 00JaCTH ca TUMOM Cy KapaKTepUCTUYHU aMOHjeHTH, KOju Tpeba J1a ce mperno3Hajy 1o
CBOJCTBEHHUM IIapaMeTpUMa W MPEToYe Y KOPUCHE JieNoBe criennpuyHux uHTepdejc mporpama,
KOJU C€ JI0Jajy OCHOBHHMM MojelnMa, Tj. aaroputmMuma. Bammmanuja ALOFT-a je Bpmena
EKCIIEPUMEHTAIHO, TJI€ Cy MOCeOHO BakKHA JIMJAPCKa MEpema Mpeceka MoKapHor cryda, Kao u
Mmepewe HuBoa CO2y peasiHoMm BpemeHy. OBo ALOFT unnu nocedHo 3anumMibuBuM. Cama Mepema
HHUCY KopuiheHa 3a KanuOpaiujy Mozena, Beh camo 3a oleHy Berope TauHoctd. HecurypHocT
ALOFT mopena je yrilaBHOM MOCIIENIA HECUTYPHOCTH Y METCOPOJIOIIKUM YCIOBHMA U Op3HHE
noxkapHe emucuje. Jemnocrapanje kopenanuje pesyarata ALOFT monena He Mory ce 100UTH 32
CIIy4ajeBe KOMITMKOBAHOT TePEHa, jep j€ Y TOM CHCTEMY IIPEBEIIMKH Opoj cTereHu ciiodoe (1Iro
oTexaBa U ieroBy crpery ca GIS-om). [Toganu ca eBpONCKOT KOHTUHEHTA Y 00JIaCTHMA MTO3HATHM
MO IIYMCKHUM MoxapuMa cy gatu Ha cin.2.11.8 u ci.2.11.9 u nokasyjy npopadyHe KOHIICHTpaIuje

PM u CO 3a cnenuduuno uzabpaHe ycioBe mymckor moxkapa [129]. Ta6.2.11.2 mpukasyje

CTaTUCTHKY IIYMCKHX TOkapa y ['pukoj y nepuoay ox ckopo 50 roamHa.

4

Cnuka 2.11.3. NOBE Cnuka 2.11.4. Ilojasa | Cnuka 2.11.5. Cumynayuja ALOFT

eKCNepuUMeHmu HOHCAPHO2 8pMI02A KAO K/bYUHA mooenom y oonacmu o0 1 km x 4 km x
npoyeca (Newfoundland Kapakmepucmuxa 8 km (HxWxL).
Offshore Burn cmpykmype u OUHaAMUKe
Experiment) [155]. noocapa [155].
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REFERENCE NARKERS

Cauxa 2.11.6. Tepmosusujcku mecmosu (Niederleitner, 1976): a) ypno benra pomoepaghuja
(unghpaypeenoe 3anuca na guimy), 6) mepmoepam ucme nogpuiure ca armumyoe 33 m,
8) mepmoecpam ucme cyene nocie 0,5 h, 2) mepmoepam ca 50 m anmumyoe ucme obnacmu ca
peoykoeanom ocemmusouhy ckenuparea (paou youasarsa dHcapuuima — pe3epeoapu ca

VoHCAPEHUM Ye/beHUM OPUKemUMAa,).

Cruka 2.11.76. Ymuyaj komniexchoe mepena

Cnuka 2.11.7a. Ilosxcapnu npoyec na cnojy

] komounosan y ALOFT mooen npu npeouxyuju
ya 6nusy nagpmue mpwe (Valdez, Aljaska).
noscaptoz cmyoa.
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a)

Cnuxa 2.11.8. Ilpopauyn konyenmpayuje a) PM2.5 u 6) CO 13. jyra 2000 (15 h UTC) y

Hajuudcem clojy mooena 3a cyeHapuo o6p.2 (v ciyyajy oa nocmoju camo emucuja, Koja je

Cruxa 2.11.9. HU3pauyname koHyenmpayuje y HajHuUMcem Hugoy mooena 3a nepuoo

CO koHuenTtpaywmja (ppb)
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nocneouya uiymckoe nosicapa) [129].

(o) edexou JoxowAm To doHuduoff

(o) edexou JoxowAm To soHuduoyf

13-16 jyn 2000. y o6a cyenapuja 1) yrwyuyjyhu cee uzsope emucuje u 2) camo emucujy ycieo
wymckoe noxcapa) 3a a) COu 6) PM10 [129].

Cmuka 2.11.10 mpukasyje cepujy TUIApPCKUX Mepema 3a cnenuduuan ciydaj. lymckn

nmoXkapu Ha ceBepo-3amnany Pycuje cy ycnmoBuiu noBehame KOHIIGHTpAIUje YECTHIA Y Ba3IyXy,
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YHMe je 3Ha4ajHO YIPOKEH CMambEeH KBAIMTET Ba3zayxa Ha ceBepy DHUHCKE TOKOM HU3a HEZeba.
Kao mocneanna MCTOYHUX M jyrO-HCTOYHUX BETPOBA, CTYOOBH JMMa Cy C€ MPOTE3aIH IMPEKO

DuHCKOT 3aIKMBa U JI0Ce3alId KCTOUHY U jyxHYy @uncky [127, 133].

7.asryct 2006.

BucuHa ogtna (m)
[m*sr’)

LA AR e ) 4 § :
1500 17 00 1900

Log (aTM.NoBPAaTHO pacejawe)

KOoOpOMHWCAHO YHWBEP3AnHO Bpeme (YaC:MUHYT)

Cnuxa 2.11.10. Bpemencka cepuja nuoapcrkoe mepersa ammocghepckoe pacejaroa ynazao 1.
aszycm 20006, y apemerckom nepuody 13:00 0o 23:59. [lpukazan je 3anuc ammocgepckoz
pacejara ynazao. Bepmukanna oca npuka3syje 6ucuny usHao mia (m), a Xopusonmaina

koopounucano yHugepsanro epeme (UTC). (Iloopyuje Xencunxuja — nocreouya nosxicapa y

Pycuju) [127].

300r cBOje jeAHOCTaBHOCTH U J0o0pe nmpenuknuje nporeca noxapa, ALOFT-FT je uzabpan 3a
ananmu3y. Ilomro ce 6aBu mporecoM moxapa Ha OTBOPEHOM (PaBHOM) TEpEHY, JOIII je jacHHja U
JeIHOCTaBHHU]ja JIMJApCKa TMOJAPIIKA y OBUM YCJIOBHMA, INTO 3HATHO OjadyaBa CIIPETY OBE JBE
MeToze. Y TMpoLecy pealHor MoXkapa, KOOpJHHAIMja CBUX aKTMBHHUX TMMOBA Ha TEPEHY, MOXKe
OMTH 3HATHO OJIAKIIaHa a/IeKBaTHUM IpesBuhamem. [Ipomena nmapamerapa y peaTHoOM BpeMEHY U
cucreMuMa 3a npaheme, nmpumajga Merojgama, YMju jé OCHOBHHM LIMJb KOpPEKLMja IpeaBubama.
Cnpera oBe nBe Metoze Ou Tpebana ga Oyne popma codrBepckor nnrepdejca, Koju 6u peanHe
MOJIaTKE ca TepeHa MPEeTBapao y MHKPEMEHT/ICKPEMEHT IlapamMmeTapa, KOju CITyXKe 3a peaBulame.
AKo ce OBO MocMaTpa ca aHaJOTMjOM Ha MpeXe, CUCTeM OM MOrao Ja ce peajusyje Kao
HeMpeTpeHnpaHa HeypajlHa MpesKa.

3a moTpebe MoJeloBama, 4ecTo ce OMpa MmpaBoyraoHa reoMmerpuja moapydja 3axsaheHor
noxxapom. Moryha cy u mapaneiHa pa3Marpama HEKOJIHKO HCTOBPEMEHHUX JKapHIIITa IMoXKapa, Koja
ce aepuHUIIy KoopauHaTama noxapa. OBakaB IPUCTYI je CIOKEHUJU O]l MPOCEUYHUX MOJea.
CodTBep ce pa3Buja 3a 1okape Ha OTBOPEHOM M paBHOM TepeHy. Bpiu ce npeasubhame mporeca
y moxkapy HaTHHUX Mpiba, anu U OazeHa Ha orBopeHoM. Ca moryhHocTMMa, KOje Mpyxka
(YKJby4MBam-€ y MpopavyH BUIIE MambUX M0XKapa, KapaKTEPUCTUKE TOPUBE MaTEPHU]eE,..), LIYMCKHU

noxkap je Moryhe pasnokutu Ha MoJipydja pazIMuUTe HaAMOPCKE BUCHHE U KOOpJIUHATA, TIe ce

Cama Jestuh 99



Teopujcku oeo

BOJM padyHa O KapaKTepUCTUYHO] BPCTH JpBeha 3a moapydje 3a Koje ce BPIIM IpOopavdyH

(3um3eneno apeehe, cMoua, ..).

Tabena 2.11.2. Lllymcku nosxcapu y I pukoj y nepuooy 0o 1960. —2003. [129].

o bpoj moxapa Ha | U3ropena Cp.Bp. u3ropeiie MoBpIINHE
OTBOPEHOM nospumaa (KM?) | mo noxapy (km?)
1960 - 1969 7240 1238 0,17
1970-1979 7534 2038 0,20
1980-1989 12653 5242 0,39
1990 1091 338,8 0,31
1991 1118 212,3 0,19
1992 1815 420,0 0,23
1993 2417 470,0 0,19
1994 2074 540 0,26
1995 1572 251,9 0,16
1996 1757 229,0 0,13
1997 2271 496,2 0,22
1998 605 583,8 0,97
1999 513 42,9 0,09
2000 1469 991,7 0,68
2001 1313 167,7 0,13
2002 572 34,3 0,06
2003 622 0,5 0,05
Cp. Bp. (mepuox) | 1291 333 0,22

Cucremu npeBeH1yje, npahema n 0opde NPOTUB CBUX, M1 M HTYMCKHUX MOXapa TOKOM IoJIuHa

ce CTaJHo pa3Bujajy. [locToje u mpaBLM KOHTpAaBEP3HUX METOa KOHTPOJIHCamha Moxkapa (Iupemne

noxapa y norogHum IipaBOuMa, MaJb€HEC MABbUX IIYMCKHX IMOBpIOIHMHA Oad ou ce OHeMOFth/IJ'IO

IUPEHE MOXKapa y APYruM CMEPOBUMA).
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3. EKCHEPUMEHTAJIHU JIEO, PE3YJITATH U /IHCKYCHJA

1. ¥30opuu OM/bHOT MOpeKJIa

Kao y3opuu y oBoj Te3u, OMpaHu Cy OHM NPUMEPIM, KOJU HMMajy 3HayajaH YTHIIA] Ha
npymTBo. Kykypys, nieHuia, apomatndae OuspKe, Kao ITo ¢y OOCHJbaK M MajuruHa JYIIUIA Cy
HE CaMO TPATUIIMOHAITHO OMJBbKE, KOj€ ce KOPUCTE Ha HAIMM MoiHeOspuMa Beh 1, 1aHac, u3y3eTHO

KOMEpIIHjaTu30BaHe OUJbKeE.

Kykypy3 (Zea Mayz). Kykypy3, Kao jeqHorouiima (MOHOKOTHIIC0OHA) OUJbKa, KOja Ce raju
y JIeJIOBIMa CBETa Ca YMEPEHOM KJIMMOM M TOILJIOM KJIMMOM, MOCTOjH y BEIMKOM OpOjy COpTH.
Kopuctu ce y Buiiie cBpxa (MCXpaHa Jby/IH, )XUBOTHEbA, 32 IPOU3BOIY OpaliiHa, y papMaiuju u
MeAUIINHY,..). [I[punaga nopoauiu Tpasa, ctabdio je Bucoko u popmupa mion (kaun). Kykypys ce,
y BehwHH ciTydajeBa, cMaTpa IHEBHO HEyTpaIHOM OMJbKOM. [Ipecek 3pHA KyKypy3a, MpuKa3aH je

Ha ciunu 3.1.1. CBuia, Koja ce kKacHuje hopMupa y3 KIHUII ce Takole KOpHCTH.

Tbycka

eHgocnepm
Opawmasu geo
POXXHATH AE0

MEKUHE
CeEMeraya

henuje esgocnepma
ca rpaHynama

ckooba Cnojesu
cnoj } nepukapna
aneypoHCKHX
henuwja

Knuua
nynosbak

CKyTENYM

kopeHuyuh
Cnuxa 3.1.1. Cnojesu 3pna kyxypysa [156].

Mmenunma (Tricium Aestivum). TlmieHuna cmnaga y JKWTapuie, NpPEACTaBHUK je
JEAHOTOAUIIBLUX (MOHOKOTHIIEZIOHUX) OMibaka W3 mopoxauue Tpasa. HbeH y3roj je mmpoxo
pactipoctpameH. Kopuctu ce y ucxpanu JbyIu U )KUBOTHIbA, J1aj€ U3Y3€THO J0Ope MpUHOCE, 100po
pacte U y yMepeHO KpaTKuM ce3oHama. [lmenuna je 6usbka gyror nana. CBH JETOBU 3pHA Ce

kopucte y ucxpanu (Cnuka 3.1.2).
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e wwew €MIAOEPMaANHE BNacu

cemMemava

o ———

aneypoHcKu cnoj

/*\ (TET0 o] S Je] oF-c T - ——

noBpLUnHa
nepukapna
- ... tHOoOCnEpMm
|‘ CnofbHi Nepukap - CKyTENYM
YHYTPaLUKHI NepuKapr 4
w CeMmennua 4
1 Xwjanwkckuenop N )P ea Knuua

AneypoHcKku cnoj

Cnuka 3.1.2. Cnojesu spua nuenuye [157, 158].

Cnanah (Spinacia olaracea) je aBorojuiimba/jeTHOTOIUINHA 3€JbaCTa TIOBPTAPCKa OMIbKa
(;ucHaTo mBetacto moBphe). He 3axTeBa BelMKe KOJMMYMHE TOIUIOTE W TOOPO TOTHOCH HUCKE
temneparype. Cnaia y Ouspke Ayror naHa. 3axTeBa BelMKe KoiuuuHe Bojne. Kopuctu ce 3a

JbYJICKY UCXPaHy.

Bocuwbak (Ocimum Basilicum). Bocwbak criaga y y apoMaTiuHe OWUJbKE, MPUjaTHOT je
MHpPHCa U KOPUCTH ce Kao 3a4uH. BOCHIbak je jeHOro/uiimha OubKa, raju ce Ha OCyHYaHUM
TEpPCHUMA M Ha 3eMJbU OOraTOj XpaHJPHUBUM MaTeprjaMa. 3axTeBa J0cTa Bojie. Y 1ab0paTopujcKumM
yciioBuMa (KOHTPOJIMCAHA TEMIIEPaTypa, MPUTHUCAK M BIAKHOCT), MOXKE CE€ y3TajaTH TOKOM YHTaBE

T'OOUHC. Cnana y OuJbKe AYyror aaHa.

Majunna nymmna, Tumujan (Thymus vulgaris) je apomatiyHa BHIIETOIHUIIEHA 3€JbACTa
6usbka (monyx0yH). MajunHa aymuna ce ceje y paHo npoiehe, nyouna cetse je 0,5 cm. busbka
cnabo nmogHocu mpecahuBame. bepe ce mocie nBerama. TpajHocT yceBa je 3 - 5 ronuHa. YceBu
n00po moaHOoCe cylry U Mpa3. busbka je moceOHO oceTspbuBa y nmoyeTHUM ¢azama pacta. Uaj ox
MajunHe TyUIMIE Claja y JeKOBUTE U NOMaxke Npu Bapewmy M peymu. Kopucte ce camo 1BeT u

JINCT.

Excniepumentu ca nmenuiiom (Tricium Aestivum) u 1Be copte Kykypysa (Zea Mays, Var.
Amilacae; Var.ldentata), cnpoBenenu cy y Bumie eranma. CeMe TWIIEHUIIE W KyKypy3a je
03paYnBaHO Pa3IMYUTHM BpcTaMa KOXEepPeHTHOT 3pauera (He-Ne, momynpoBoJHUYKY Jlacep THIIa

GaAs). Ceme crianaha je retupano He-Ne macepom (pa3mnmauTe eKCIO3HIIH]E).

Kao xox cBux exkcnepuMeHaTa y OHMOJOTHjH, BOJWJIO CE€ padyHa Ja IMOCTOje y30pLH 3a

TPETUpPaE U KOHTPOJHH Y30pIIH, a 32 €BaJyalljy ce KOHCTATY]y CTATUCTUYKH MPHIIA3H.
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VY ekcnepuMeHTHMa OBE Te€3€ Cy PA3JIMKOBAHM BIIAXXHU U CYBH Y30pLH, 3a TPETHpAE -

03paunBame 1 0JIroBapajyhe KOHTPOIHE TPyIIe 3a CBe OMIbKE, Yhja Cy CeMeHa TpeTupaHa. Biakna

N CyBa CECMCHa Cy O3payduBaHa IOJ pPa3IMYUTUM YCJIIOBHMA, PA3JIMYUTUM THUIIOBHMA Jiac€pa y

neUHUCAaHUM JUHAMHYKHM PEXKHUMHMA, OJHOCHO PAa3IMUYUTHUM TyCTHHamMa eHepruje (cHare),

BpeMeHnMa ekcro3unuje, uta. Kana je 6mmo moryhe na ce OusbKe mpare mopes ocTaiux ycera (y

CIOJbH0] CPEIMHU ) €KCTIEPUMEHTH CY BPIICHHU HATIOJbY, a 3a Mambu 0poj Cy KOpUIINEeH! 3aTBOPEHH

npoctopu. [locne knujama, mpaheH je pact Ousbaka, a BUXOBE MOP(OTCHETCKE MPOMEHE

(ne6spuHa cTabJbHIKE, BUCHMHA M AYXXKHHA IJI0/1a) Cy Oele)xeHe Mo JaHuMa. Y 3aBUCHOCTH O]l

dbamunmje, K0joj OuJbKa mpumaja, npaheHu cy \bEHU BEreTaTUBHU Mepruoan (KIHjame, IBETambe,

HACTaHaK IUI0/1a) U aHAJIU3UpaH je poa. Pesynraru cy npencraBbanu rpadudku (ciauke 3.1.3-5),

a cTaTHCTUYKa 00paja je o0yxBaraia Kopenalnone 3aBucHocTH [51].

--m- - KoHTpona cyBeo 3pHO

260 — ® - - KOHTpOna BNaxHo 3pHO
240 7 - - - - KOHTPONA BNaMHO 3pHO Bap.A
00l " -w-- Bnaxwo apHo GaAs 5 J/em?
7 | --<-- Bnaxso apso He-Ne 6 J/em?®
200 -
180 - .
E 160 —- . :: .
o 140 - T,
$ 120 A
@ 100 - s T
E | P L ) -¥
5 8{)_— '4-' ._’r#rd___.-"‘ H-’/
# - A
E'D ] ' - "'___ -'- - -
40 N
__ f'ﬂlf;-r I:‘_._..."
o z
204 o' LA
] 3%
ﬂ | T T T T T T T
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LaHwu

Cnuka 3.1.3. Ynopeonu npuxaz pacma 0unsaxa uUsHUKIUX U3 3pHA KYKYPY3A: CYBUX, GNANCHUX,

anascuux éap.A, enascnux spua mpemupanux GaAa nacepom (excnozuyuja 5 J/cm?), enascnux

spna mpemupanux He-Ne nacepom (excnosuyuja 6 J/cm?) [51]
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—4— KOHTpOna snaxHo ceme
- CyBo ceme He-Ne 2 Jiem?®
t— Bnaxwo ceme He-Ne 4 J/cmf
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i~ Cyso ceme He-Ne 6 J/cm*®
i BnaxHo ceme He-Ne 6 Jicm?
{— BnaxHo ceme GaAs 5 Jicm?®
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-+

JIECT

50

Cnuka 3.1.4. Ynopeonu npuxaz pacma oubaxa UsHUKIUX U3 3pHA NUUEHUYeE. BILANCHUX, GLANCHUX

spna mpemupanux GaAa nacepom (excnozuyuja 5 J/cm?), enaxcnux spua mpemupanux He-Ne

nacepom (excnosuyuja 2 J/cm?), énascuux u cysux spua mpemupanux He-Ne nacepom

(excnozuyuja 4 J/cm? u 6 J/em?) [51].
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Cnuka 3.1.5. Ynopeonu npuxaz pacma dubaxa usHUKIUX U3 Cy8ux 3pHa cnanaha mpemupanux

He-Ne nacepom (excnosuyuja 2 J/cm? u 4 J/em?) [51].

YTunaj nacepa Ha pehe apoMaTudHe, JEKOBUTE OMIbKe, MOXKe /a Oy/e o7 3Havaja, 3aTo MITO
ce 1nodoJpIIakeM MOP(OIOLIKUX KapaKTEepUCTHKA J1001]a]y eKOHOMCKHU MOBOJbHUJU PE3YNITATH 32

IUXOBY YIIOTpeOy.

Kao apomarnune Ousbke M MpoydyaBame YTHIIaja jacepa HHUCKE CHAare Ha HUXOB Pa3Boj,
n3zabpanu cy y3opuu majumne aymmwmie (Thymus vulgaris) u 6ocuspka (Ocimum basilicum).
VY30puu MajunHe IymIuile Cy O3pauyvMBaHU jeAHHM THUIIOM Jlacepa, JOK Cy y30plu OochIbKa

0O3pavurBaHU Ca JIBA pa3JIniynTa Jlac€pa Ca pa3jiInuuTuM CCTOM I1apaMeTapa.

O3paunBame majunHe nymune u 6ocumsbka (He-Ne felas medical laser). O3paunBame
y3opaka OocuJbKa U MajurHe AyIimie je BpireHo momohy macepa He-Ne felas medical LASER
HN 12 (cmuka 3.1.6.). ChHom je mpomupeH koiaumaropoM. Oriemana cy u30erHyTa MNpu

03pauyMBamy, Ja He Ou OWiia M3a3BaHa MpPOMEHa Mojlapu3alje ynaaHor cHoma (ciuka 3.1.7.).
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Behuna crHomoBa komepumjasiHux Jjlacepa mMa (Gauss-oB Mpoduyl MHTEH3WTETa, a MPUMEHA
KOJIMMAToOpa je yjeAHauwia ACIMMUYHO IEHTPAIHH U mepudepHujcku neo cHoma. Tume je
oMoryheHo aa rycTrHa cHare nmpeHeTa Ha y3opak Oyne (cpeamba BpeIHOCT) paBHOMEPHHU]jA Y CBUM
JIeJI0BUMA TIoCyie, 3a ApKame 3pHa. [Ipu ekcriepumeHTy je BoheHo pauyHa /1a edeKTy napa3suTHe

ancopniyje u peduexkcuje Oyay MTo Mambu.

felas medical LASER HN

Cnuxa 3.1.6. Jlacep kopuwhen 3a o3pauusarse 3pHa y30paka.

[ ]
Felas He-Ne laser

L

Nacep

CHon TanacHe gy xuHe
632,8 nm

Konumarop

Kuseta ca
y3opumma

Cnuka 3.1.7. Brox wema cucmema o3pauugarsa y3opaxka majuure oyuiuye u O0CumKa.

VY30pIiy cy TpynucaHy y YeTUPH CKyma. [IpBU CKyN je CKyNl KOHTPOJHHX 3pHA, KOja HUCY
u3JjaraHa JlacepckoM cHomy. Jpyrum, Tpehu M 4YeTBpTH CKym Cy O3payMBaHH Ca BPEMEHOM
ekcro3uije oa 1 MunyTte, 3 MUHYTE B 5 MUHYTA.

FT-IR (Fourier Transformation InfraRed - UudpaupBenu cnektpu nyrem @ypujeone

Tpanchopmanmje) cnexkTpu. OnTHYKa CBOjCTBAO3pAYMBAHMX W HEO3pauyMBAHUX CEMEHA,
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apoMaTHYHHUX OWJbaka cy KoHTposucaHna myrem FT-IR ciekrpomerpa Thermo Scientific Nicolet
1S10 (Cnuka 3.1.8.). MU3srnen u3nukiux Ousbaka je maT Ha ciavkama 3.1.9. u 3.1.10. Pesynratu

wuxoBux FT-IR cnekrapa cy Ha ciaukama 3.1.11. u 3.1.12.

Cnuka 3.1.8. Cnexkmpoghomomemap FT-IR Thermo Scientific Nicolet iS10.

300r BeNMYMHE TIOCY/IE 3a O3payuBame, Opoj 3pHA y rpylamMa O3padeHHUX 3pHA je 3HATHO
MamH 0] Opoja ceMeHa y KOHTPOJIHHUM Ipyrnama.

CemeHa cy caljeHa y cakcHje UCTe BEJTMUMHE ca UCTOM 3aIPEMUHOM 3eMJbE€ U UCTUM THUIIOM
3emsbe. CBaka JiBa JiaHa, 3ajiuBame je BpiieHo ca mo 40 ml Boge. Ox 16. nana ox cahema, cBaku
naH je kopunrhero mo 40 ml 3a 3anuBame.

[Ipoceuna Temmneparypa mnpocropuje je apxkana Ha 20 - 25°C. busbke cy TokoM naHa Owire
U3JI0’KEHE JTHEBHO] CBETJIOCTH, @ TOKOM HONM BEIITAYKOM OCBETIHEHY.

Panu nakier o3HauaBama u pedepeHnupama, rpyme he ce gajpe y Te3u TOMUBbATH Kao HIIP.
MajunHa aymuna 3 min (MA3muH), o3HauaBajyhu npu ToM OMJbKE M3HUKIIE U3 CEMEHA MajurHe
Iymmiie, koje je npe cahema o3paunBano He-Ne macepom y Tpajamy 3 min. 3pHa Ccy nojarasa y
3eMJbY Ha IyOMHHU 0J1 5 mm.

Cemena cy npokiujaia rnocie 3 nana. [Ipo mepeme BUCHHE NTOUULE 01 7. JaHa.

VY Tabenu 3.1.1., mpukazanu Cy mojaiu o pacTy Ousbaka, 4rja ceMeHa cy o3paunBaHa He-

Ne nacepom.
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19. nana ox cahemwa je npumeheHo nmojaBsbUBamke APYTor Mapa JUCTOBA KO 00a y30pKa U
TO:
e bocuspak koutpoaa HE, b. 1 mun HE, b 3 mun JIA (3aderak) u b 5 mun JIA (3auerak).
e MJI xontpona HE, Ml 1 mun JIA (tek y 3adetky), M/[ 3 mun JIA (BUIJbHBH jacHO
u3pakenn) 1 M/ 5 mun JIA (BUAJBUBY jaCHO U3PAKEHN).
Buzyenno (Cy0jeKTHBHO) ONakambe:
e b: Jlucrou 6mipaka b 5 mun cy Hajpehu no nospumunwu, 3atum b 3 mun a b kontpona u b
1 MuH u3rneaajy ucTo.

e M/l 1MCcTOBU CBUX OMJbaKa Cy0jeKTHBHUM OCMATPamkEM H3TIIEa]y UCTO.

Tab6ena 3.1.1. Pacm 6umaka uuja cemena cy ospauusana He-Ne nacepom.

Majuuna Thymus vulgaris
AyIIMIA KonTposHa rpyna 1 min 3 min 5 min
h 7. naH 33 28 25 25
(mm) 11. nan 45 35 32 32
19. nan 38* 45 42 44
37. nan 28 31" 55 51
Ocimum basilicum
Bocuspak KonTposHa rpyna 1 min 3 min 5 min
h 7. naH 40 25 30 30
(mm) 11. nan 48 30 34 34
19. nan 62 40 43 45
37. nan 65 43 55 58

*16. nan -Behuna KOHTpOIHUX CTabJbHKA MajuUMHE AYIIUIIE j€ OCYIICHO (01 OBOT JlaHa ce
CBaKW JIaH OWJbKe 3amuBajy ca mo 40 ml).

**30. nan -Behuna crabsprka MajurHe aymuie 1 min ocymieHo.

Toxom ekcniepumenTa npaheHe cy KJbY4YHE M0jaBe y pacTy U pa3Bojy Ousbaka: HUIIAke, PacT
(BucuHa), popmupame apyror napa auctosa (Ciouke 3.1.9. u 3.1.10.).

3a y30pke 3pHa MajumHe aymuie o3paunBaHux He-Ne nacepoM, NpHIMKOM Mepema
ariCOPILMOHUX CIEKTapa, YOUeHH Cy MaKCUMYMH 3a CBE YETHUPH Ipyme (pa3lIndyura BpEeMeHa)

y3opaka (cemeHa) 3a TanacHe Opojese u3 tadene 3.1.2, 3.1.3 (cimke 3.1.11, 3.1.12).
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6)

Cnuxa 3.1.9. H3ened oumarka usHukaux uz 3pHa bocumska Ha 21. oan 00 cahera:
@) KOHmponHa 2pyna, 6) 2pyna UsHUKIA U3 cemena mpemupanux 1 munym, 6) epyna usHuK1a u3

cemMeHa mpemupanux 3 MUHyma u 2) epyna UsHUKIa u3 CeMena mpemupanux 5 Munyma.
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6) k.

Cnuxa 3.1.10. H32neo bumaxa usHuKIux u3 3pHa majuure oyuuye Ha 21. oan oo cahera: a)
KOHMPOIHA 2pyna, 6) epyna usHuKIa uz cemena mpemupanux 1 munym, 6) epyna usHuk1a u3

cemMeHa mpemupanux 3 MUHyma u 2) epyna UsHUKIa u3 Cemena mpemupanux 5 Munyma.
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Cnuxa 3.1.11 . Cnexmpu y30paka majuune oywuye ospadusarne He-Ne nacepom.
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Cnuxa 3.1.12. Cnexmpu y3opaka d6ocumka ozpavusanu He-Ne nacepom.
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Tabena 3.1.2. Youenu maxcumymu 3a y30pke majuute oywuye. 3a Makcumyme, Koju ce jacHo
Y0ouasajy 3a cee mpu pyne y30paka mpaxcene ¢y 6peOHoCmu Ha 00peheHuM maiacHum
opojesuma.
BpeaHocTn MakcHMyMa ancopiuje 3a pasJii4uTe rpyine 03paudBaHUX y30paKa

Iupuna rpyne /
TasacHu 0poj Cp.BpeIHOCT

[cm?] 0 min 1 min 3 min 5min [cm?]
667,072 0,170078
668,165  0,203295 3,483
669,368 0,177358 668,79
670,555 0,15946

690,16 0,171745
699,338  0,203141 29,996

712,13 0,153694 705,446
720,156 0,183422

1026  0,243466

1026,1 0,190227 2,35
1027,26 0,188559 1026,928
1028,35 0,221169
1090,76  0,186583
1091,97 0,155186 3,54
1094,27 0,160646 1092,825

1094,3 0,145781
1156,66 0,135918
1157,75  0,173686 2,31
1158,92 0,163068 1158,075
1158,97 0,138648
1239,86  0,095112
1241,05 0,077214 2,35
1242,18 0,089196 1241,325
1242,21 0,077972
1264,15 0,074482
1266,43  0,089498 50,81
1266,44 0,082521 1277,995
1314,96 0,069625

1316,1  0,077967
1320,73 0,06826 57,72
1372,68 0,072807 1345,833
1373,82  0,079784

1375 0,068105

1378,46 0,065981 21,92
1395,79 0,060974 1386,543
1396,92 0,073715
1399,25 0,062188
1418,85  0,077506 24,24
1420,01 0,072804 1415,4
1423,49 0,067343
1436,16  0,082813
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BpeaHocTn MakcuMyMa ancopIiyje 3a pa3juinTe rpyie 03pauynBaHuX y30paKa

IIupuna rpyme /
TasacHu 6poj Cp.BpeaHOCT
[cm?] 0 min 1 min 3 min 5min [cm?]
1437,34 0,070224 5,8
1441,94 0,077959 1439,35
1441,96 0,068707
1454,65 0,074925
1458,09  0,088424 6,89
1458,11 0,072801 1458,098
1461,54 0,092974
1597,84 0,058534
1598,98  0,067635 20,78
1616,31 0,059898 1607,938
1618,62 0,05732
1740,75 0,194124
1745,39 0,185024 472
1745,46 0,145436 1744,268
1745,47 0,143161
2852,72 0,116697
2853,89 0,110478 2,36
2853,92 0,094097 2853,903
2855,08 0,091518
2925,43 0,133073
2926,53 0,163105 2,32
2926,54  0,154915 2926,563
2927,75 0,127764
3012,16  0,055409
3013,32 0,05374 1,18
3013,33 0,046915 3013,038
3013,34 0,044336

3a y30pke 3pHa 60cuibka o3paunBanux He-Ne nacepoM, IpUIUKOM Mepemba arcopIIMOHUX
CIIeKTapa, YOUCHH Cy MaKCUMYMHU 3a CBE YETHPH Tpyne (pa3inuuTa BpeMeHa) y3opaka (CeMeHa)

3a TanacHe Opojese u3 Tabene 3.1.3.
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Tabena 3.1.3. Youenu maxcumymu 3a y30pke O0cumka. 3a maxcumyme, Koju ce jacHo youasajy
3a cee mpu epyne y30paxka mpaxicene cy 6peOHOoCmu Ha oopehenum maniacuum opojesuma.

BpeanocTn MakcuMyMa ancopiiyje 3a pa3juinTe rpyne 03pauyuBaHuX y30paKa

TanacHu 0poj IMIupuna rpymne /
[cm?] 0 min 1 min 3 min 5min cp.spexnoct (cm™?)
532,935 0,354342
574,827 0,108604 43,176
576,063 0,133765 564,984
576,111 0,148358
707,97 0,241621
713,45 0,153223 12,434
714,57 0,142823 714,0985
720,404 0,162616
1018,58 0,30033
1021,37 0,096527 7,5
1023,79 0,13041 1022,455
1026,08 0,123365
1094,25 0,15121
1096,54 0,1445 9,17
1099,14 0,233234 1098,338
1103,42 0,13041
1154,37 0,184422
1158,96 0,175868 5,73
1158,97 0,179222 1158,1
1160,1 0,173016
1237,12  0,08294
1243,02 0,122191 76,09
1244,09 0,09485 1259,36
1313,21 0,059457
1314,33 0,048386
1317,99 0,109443 61,35
1375,5 0,053586 1345,875
1375,68 0,107095
1379 0,064321
1380,16 0,064489 39,22
1417,24 0,112127 1398,655
1418,22 0,058283
1420,49 0,047044
1459,83 0,080256 40,5
1459,9 0,10223 1450,303
1460,99 0,080592
1462,12 0,074889
1542,69 0,012154 84,08
1545,06 0,029096 1524,018
1546,2 0,024567
154751 0,074553
1598,43 0,118669 102,61
1647,74 0,023561 1610,95
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BpeanocTn MakcuMyMa ancopiyje 3a pa3juinTe rpyne 03pauyuBaHuX y30paKa

Tanacuu 6poj IIupuna rpyne /

[cm?] 0 min 1 min 3 min 5min_ cp.speanoct (cm?)

1650,12 0,043354

1651,28 0,046709

1738,12 0,136113 91,75

1741,92 0,239776 1718,588

1743,03 0,223841

1745,33 0,22166

2850,53 0,128901 1108,62

2851,69 0,130746 2575,375

2853,95 0,115817

2857,42 0,12001

2922,26 0,184422 67,14
29245 0,164461 2907,185

292456 0,184254

2926,83 0,173016

3011,79  0,03916 87,29

3011,81 0,04587 2991,138

3014,12 0,04587

3273,87 0,078244

3286,36 0,015677 14,81

3288,64 0,008464 3284,388

3288,68 0,020541

Pact 6uspaka je mpukasan u rpaduaku Ha ey 3.1.13. Hyntu v tpehn nan cy u3ocraBibeHH

N3 OBC IIPCACTAaBE.

ITojenuuaynu pact 6uibaka o rpynama je ¢putoBaH Boltzman-oBom kpuBom 006imKa

A1—Ap

SR i S (3.1.1)

Y = TreGxoydx
OBakBa KprBa HajBUIIIE OJroBapa TMHAMHUIM pacTa OuJbKe.

KontposHa rpyna He KOpecroHAMpa ca 0BaKko n3abpaHoMm (yHKIIU]OM, jep j€ yCIIe CyleHha
Owpaka JOLUIO 70 cMamewa BHcHHE (y rpymnu). I'pyma Tperupana 1 MuHyT je ¢uTOBaHa
Boltzmann-oBom kpuBoM, a mapameTpu GuTOBam-a Cy MpUKa3aHu Ha rpaduky (cauka 3.1.14), kao

U rpymna tpetupana 3 munyta (cnuka 3.1.15) u rpyna tpetupana 5 munyta (ciauka 3.1.16).
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Cnuka 3.1.13. Bucuna bumaka 6ocumka no oanuma. bumke usnukie uz cemena o3pavuanux

He-Ne naceponm.
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m  Bocurbak 1min (Bucuna Gureke (mm))
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Cnuka 3.1.14. Kpusa pacma bubaxa usHUKIuX uz 3pHa 6ocumka ospavenux 1 munym,

He-Ne nacepom.

35 40
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Cnuxa 3.1.15. Kpusa pacma 6umaxa usHuUKIux u3 3pHa 60cumKa o3paverux 3 Munyma,

He-Ne nacepom.
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Bpearccy
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Cnuxa 3.1.16. Kpusa pacma 6umaxa usHuUKIuX u3 3pHa O0CUbKA 03PAYEHUX 5 MUHYMA,

He-Ne nacepom.

Majuuna oywmuya
3a y30pKe 3pHA MajurHe IYIIUIE MPUIHKOM MEpEeha allCOPIIIMOHUX CIICKTapa, YOUSHH Cy

MaKCUMyMH 3a CBE YETHUpH T'pyIle y30paka 3a TajgacHe OpojeBe u3 tabene 3.1.3. AncopniuoHu
CIEKTPH MEpPEHU 3a Y30pKe OOCHIbKAa HHCY MOKPHIIN JEIOBE CHEKTpa HEOMXOTHE 3a MpopadyH

canpikaja xiopodwmia. Ha ciumu 3.1.17., npukasaH je ynopeIHu pacT CBUX Ipyria Ousbaka.

ITojenuuaynu pact 6uibaka no rpynama je ¢putoan Boltzmann-oBom kpuBoM o0nHKa

_ A1—4A;
Y = TreG—xorax

+ Ay (3.1.3)

OBakBa KpHMBa HajBUIIIE OJIr0Bapa TMHAMUIIM pacta Ousbke. ['paduim putoama Boltzmann-
OBOM KpPHUBOM Cy IPHKa3aHU ca napaMeTpuma ¢urtoBama Ha ciaukama 3.1.18-20. — koHTposHA
rpyna MajuyrHe AyIIuIe, Tpyna TpeTupaHa 3 MHHYTa M Tpyla TpeTupaHa 5 MuHyta. ['pyna
TpeTupaHa | MUHYT HUje KOpecTIoHANpaia ca u3abpaHoM (YHKIIH]OM yclie] Cyllema Jeia Ousbaka

(cMameme IrpyrnHe BUCHHE).
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BucuHa Gureke (mm)

BucuHa Burske (mm)

Cnuxa 3.1.18. Kpusa pacma 6umaxa usHUKIUX U3 KOHMPOJIHUX 3PHA MAjyuHe oyuiuye.

Cama JeTuh
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Cnuka 3.1.17. Bucuna bumarka majuune oywuye no oanuma.

m  KoHTponHa apHa (BucuHa 6urbke (mm)) ||, B_pzeg'g’;;
—— BoltzmannFit of Kontrolna zrna A2 66.35008
80 - X0 -44 4377

dx 7.41649
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¢ BpeawmocT
= Maywuya 3 min(BucuHa Burske (mm)) a1 1120169
BoltzmannFit of M.dusica 3 min A2 55.00331
60 — x0 -73.5726
dx 9.74917
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Cnuxa 3.1.19. Kpusa pacma 6umaxa usHuKIux uz 3pHa 00cumKa o3pavenux 3 Munyma,

He-Ne naceponm.

i = } Bpegnoct

M.aywuya 5 min (Bucuxa Gurbke (mm)) | 4, Tozida
‘ BoltzmannFit of M.dusica Smin (A2 50.7529
704 - S’ x0 818854
| dx 11.09428
60 -
=
50 -+ !
3 .
E 40-
g |}
5 30 4 (]
©
b
= 20+
Q
=
m
10
0
-10 T T ¥ T T T H T ¥ T b T ¥ 1
-5 0 5 10 15 20 25 30 35
Hanu

Cnuxa 3.1.20. Kpusa pacma 6umaxa usHuUKIux uz 3pHa O0CUbKA 03PAYEHUX 5 MUHYMA,

He-Ne nacepom.
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OspaunBame 6ocusbka Nd3:YAG aacepom (Thunder Art Q switched laser — moganm o
nacepy ce Haiasze y Tabenu 3.1.4). Ceme 6ocubka (~ 1300 3pHa), M0/Ie/bEHO je Ha jeJIHAKE rPyIe
U CBaKa je 03payeHa JJaCepCKUM CHOIIOM T10 JerHUCaHUM mapaMmerpuma. [lapamerpu cy cienehu:
tayacHa ayxuna A1 =532 nm, A, = 1064 nm, peneruniuja r = 10 Hz, E1 (a.u.) = 150, E>(a.u.) = 157,
Es(a.u.) = 160, Bpeme o3paunBamat =55, 10 s, 15 s u 20 s. OBo yKymHO 4uHU 24 TpyIie ceMeHa U
jeIHY KOHTPOJIHY TPYILY.

CHara nacepa ce onpehyje ca kpuse kanuoOpanuje (cnmka 3.1.21.), koja je gara y3 nacep, uuje
cy kapaktepuctuke nare y Tabemu 3.1.4. Kpusa je nedunucana 3a tanacHy ayxuny 1064 nm, a
3a XapMoHUK 532 nm ce oxapehyje nmo oxnocy 10 : 3 (Ha TamacHoj myxunu 1064 nm u Ha
xapMoHUKY 532 nm). Ca rpaduka cHare ce BHIU Ja IOMEHYTE BEIMYMHE OJroBapajy cieachum

BpeaHocTuMa cHare (koje ce nomumy y Tabenu 3.1.5).

—a— (@1064 nm)
800 - - ®- - (@532nm) |

700
600 -
500 -

400 -

E (mJ)

300

200

100

o-0*"®
0_ I L) I L) I ] l L] I L l L l Al l Al l

110 120 130 140 150 160 170 180 190 200 210 220
displej

Cnuxa 3.1.21. Kanubpayuona kpusa 3a 0éa usznasa nacepa.

Knunjame je npumeheno y cBum rpynamMa 3. gana, ocuM y rpynu A = 532 nm, Eay = 157,

t=15s,r =10 Hz. Y nomenytoj rpymnu kimjame je npumeheno Tex 7. nana.
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bpoj m3nukmx 3pHa gat je y Tabenu 3.1.5. Ha counm 3.1.22., Hamas3u ce 3aBUCHOCT Opoj

NPOKIMjaIUX 3pHA O]l OMIITUX YCIOBA O03pAauMBamba 3a OCHOBHY TalacHy AyXKHHY M HPBH
xapmonuk Nd**:YAG nacepa.

Tabena 3.1.4. Kapakxmepucmuke Thunder Art nacepa.

MakcumaiiHa Op3uHa penerunyje (Hz) 20
S @ 1064 nm (mJ) 900
= @ 532 nm (mJ) 400
2) @ 355 nm (mJ) 150
[Sa|
Jujamerap u3naszHor cHoma (Mmm) 10
Jusepreniuja (mrad) 0,5
Tpajame umnyica (ns) <8 @ 1064 nm

BucuHa 61ibaka N3HUKINX W3 PA3IMUATHX Ipyna ceMeHa oszpaunsannx Nd*:YAG nacepom
ca pa3IMYUTHM MapameTpuma npukaszane cy y Tabemu 3.1.5 (y cBakoj rpymu je cahero mo 20
3pHa). 3pHa Cy yjeJHaYCHUX BEIMYHHA, & HAKOH TPETUPAba JIACEPCKUM 3paucibeM, HUCY YOUCHE
BU3YEJTHE NMPOMEHE Ha muMa (00ja, 00K, IPOMEHE HA MOBPIIWHU, NMylamke U CII.). Benmnmuuna
3pHa je A00ujeHa ca CIIMKa CHUMJbEHHUX JIUTMTAITHUM MUKpockoroM (ciuka 3.1.23). Ha ciukama

ce BUM M KaTHOPAIIMOHH JICHHP 3a oapehuBame ckaie (ognoc pixel/mm). Mepeno je 12. 3pHa, a

no0ujeHe BpeIHOCT ¢y ate y oonmuky tadene 3.1.6.

@ Broj proklijalih zma (@532 nm)

(i)
R
5 = 8 @ ©
L]
L]
e
]
L]

Broj pr::-klijalih Zma
m o
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Broj proklijalih zrna (@ 1064 nm)
o
20

L]

18

16

14 —

12 —

10 -

Broj proklijalin zma

0)

Cnuka 3.1.22. 3aéucnocm xnujara 3pna 6ocumika o3pauuganux NA**:YAG racepom manacnom

oyarcunom ceemaocmu a) 532 nm u 6) 1064 nM 00 ycrnosa o3pauusarsa.

Cnuxa 3.1.23. H3need cHummenux 3pHa.
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Tabena 3.1.5. Pacm 6umaxa uuja cemena cy ospauusana Nd°*:YAG nacepom.

Bocnbak Ocimum basilicum
h (mm) E =150 a.u. E =157 a.u. E =160 a.u.
(33,3 mJ) (44 mJ) (63,3 mJ
5s 13. nan 27 31 34
16. nan 32 34 35
20. nan 34 37 37
35. nan 48 18 44 15 41 18
10s 13. nan 29 28 32
16. nan 32 32 38
g 20. nan 38 34 42
o~ 35. nan 50 16 43 16 46 17
0 155 13. nan 31 24 34
& 16. ian 32 28 41
20. nan 39 31 42
35. nan 50 17 38 4™ 44 20
20s 13. nan 28 29 33
16. nan 30 29 37
20. nan 31 38 39
35. nan 39 4 45 14 47 15
E =150 a.u. E =157 a.u. E =160 a.u.
(100 mJ (132 mJ (190 mJ)
5s 13. nan 30 34 33
16. nan 31 37 35
20. nan 33 / 38
35. nan 43 8 37 6 47 17
10s 13. man 31 34 33
16. nan 32 37 34
£ 20. man 34 40 37
3 35. nan 44 15 43 8 51 18
S 15s 13. nan 31 31 35
1L 16. nan 33 34 37
20. nan 36 38 40
35. nan 40 12 45 10 50 18
20s 13. nan 39 36 32
16. nan 42 37 35
20. nan 45 39 39
35. nan 49 20 43 12 48 20
KonTtpoana 13. nau 31
rpyna 16. nan 34
20. nau 42
35. nan 47 20
| Hexe o Ousbaka u3 rpyrme cy ce ocymmie 30. 1aHa.
/I** BpojeBu y3 nojeAuHAuHE rpyme NpUKa3yjy Opoj MpokIHjanux 3pHa (X ox 20)
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Tab6ena 3.1.6. Kapakmepucmuune enudune 3pHa u CMamucmuyky nOOayu.

3pHo Hyxuna (mm) | IMupuna (mm) | Mospmmua (MmM?)
1. 1,964 1,477 2,267
2. 2,104 1,162 1,938
3. 2,104 1,003 1,691
4. 2,031 1,243 2,253
S. 1,932 1,26 1,939
6. 2,146 1,406 2,182
/. 1,975 1,193 2,143
8. 2,12 1,352 2,029
9. 1,868 1,033 1,684
10. 1,778 1,252 2,102
11. 1,941 0,946 1,637
12. 1,946 1,216 02,3
Cpenma

BPETHOCT 2,13 1,212 2,014
SD 2,003 0,16 0,238
Min 0,114 0,946 1,637
Max 1,778 1,477 2,3

16. nana oy moyeTKa EKCIIEPUMEHTA, MEPEHa je U Iy’)KHHA KOpeHa OUJbKE U3HUKIIE U3 CEMCHA
o3paueHor ca 532 nm, penerunuje 10 Hz, Bpemena o3paunBama 20 S. M3riien OUbKe je mpuKazaH
Ha cmuiy 3.1.16. Kopunthemem codrBepa Imagel, namepena je nyxumHa KOpeHa OWMJBbKE, Koja
u3zHocu 34,426 mm, nyxuHa Omsbke je 29,77 mm, a mpocedyHa aeOsbMHA OUJbKE U KOpEHa je
0,675 mm u 0,19 mm. 18. nana excrnepuMeHTa CHHUMaH j€ W3IJIe] U3HUKINX Ousbaka (CIuKa
3.1.24).

ITo 3aBpiIeTKy eKCrIiepuMeHTa MEepeHa je Jy»KHUHa CBUX OMJbaka y y30pKY, Ty)KHHA KOPCHA U
noBpirHa JuctoBa (ciuka 3.1.25 - 3.1.27). Heke ox 6uibaka cy umaie Beh GpopMupan apyru nap
muctoBa. [loBpmiMHa OBHMX IMCTOBA je yIUIa Y YKYINHY MOBPIIMHY JIMCTOBAa OWJbKE, KOjOj
npumnanajy. Kog Hekux Ousbaka cy yodeHe HENpaBUIIHOCTH y PacTy U pa3Bojy JUCTOBa (CIUKa
3.1.28).

3a rpyme OWspbaka W3HHKJIMX W3 CEMEHa O3pPauyMBaHUM Ca WCTOM CHAaroM WM TajJacHOM
Jy’)KHHOM JIACePCKOT CHOIIA, a pa3IMYUTHM BPEMEHHMA O3padnBarma JIaTu cy rpaduim pacra Ha
cimukama 3.1.29 — 3.1.34.

Panu 6osper mopehema pesynrata ekcriepuMenTa, ypaheHu cy U 3ajeJTHUIKA Tpaduiym pacra
OWbaka M3HUKJIMX M3 CEMEHA 03PAaYMBAaHUX MCTUM TAJACHUM JYXXHHAMa W UCTHM BPEMECHHMA a

pasnuuuTuM cHarama. OBH rpaduIy pacta Aatu cy Ha ciukama 3.1.35 - 3.1.42.
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Cnuxa 3.1.24. H32ned bumke usnukie uz cemena 6ocusmra mpemuparnoz nacepom Nd**:YAG
manache oyacune 1064 nm, penemuyuje 10 Hz, epemena ospauusarwa 20 S, enepeuje oame y

apoumpaprum jeournuyama Eay = 160.

a) 5 '\ 0)
Cauka 3.1.25. U3eneo oumaxa 6ocumka 18. 0ana excnepumenma u3HUKIUX U3 a)

KOHMPOTIHUX ceMeHa U ) cemena mpemupanux noo cieoehum ycrosuma A =532 nm, 10 Hz,

t=20 S, Eau = 160.

=10H7.
=153

\
\
\

. yt a=5320m f

/’ P slau ~\=1S7

0)
Cnuxa 3.1.26. H3zened a) buwaxa u 6) mucmosa oumsaxa 60CubKa USHUKIUX U3 3pHA epyne A =

532 nm, 10 Hz, t =15 s, Eau= 157, no 3aépuiemky excnepumeHma.
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0)
Cnuxa 3.1.27. Hzeneo a) bumaka u 6) iucmosa o6umsaxa 60CUbKa USHUKIUX U3 3PHA epyne

A =1064 nm, 10 Hz, t = 15 s, Eay = 150, no 3aspwemxy excnepumenma.

a) 6)

Cnuxa 3.1.28. Hzeneo nucmosa 6umke ca youeHUM HenpasuIHOCmuma y pacmy

A =1064 nm, 10 Hz, t =10 s, Eau = 160, no 3aépuiemky excnepumenma.
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Dani
Cnuxa 3.1.29. I pagpuyu pacma 6umaxa usHUKIUX U3 ceMeHa o3padusanux evepeujom 33,3 mJ

(Eau= 150) u manacnom oyscunom nacepckoe cnona 532 NM, a paznuuumum epemeHuma

ozpavusdared.
50 4
40 4
— 304
E
E
[1+]
c
3 204
=
10 4
ﬂ T T T T T | ¥ 1
0 10 20 30 40
Dani

Cnuka 3.1.30. I'pacuyu pacma dumaxa usnuxiux uz cemena os3pauusanux enepeujom 44 mJ (Eay
= 157) u manacrom oyxcunom nracepckoe chona 532 NM, a pazruvumum epemeHuma

ospavusarod.
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Dani
Cnuka 3.1.31. I'paguyu pacma dumaxa usnuxiux uz cemena o3pavusanux enepeujom 63 mJ (Eay

= 160) u manacrom dyxcunom racepckoe chona 532 NM, a paziuvumum epemeHuma

03paqu6arba.
) —=—5s
—— 105
50 + —b— 155
] —v— 2053
40 .
E 3{] -
E
o J
=
]
< 20 4
10 4
U LI I T r L] r T I
0 10 20 30 40
Dani

Cnuxa 3.1.32. I'pagpuyu pacma 6ubaxa usHukIux uz cemena ospauusanux enepeujom 100 mJ
(Fau = 150) u manacrnom oyscurom nacepckoe cnona 1064 nm, a pazruvumum epemenuma

ospavusared.
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Cnuxa 3.1.33. I pagpuyu pacma 6umsaxa usHUKIUX U3 ceMena 03pavusanux ca enepeujom 132 mJ

(Eau = 157) u manacnom oyaxcunom nacepckoe cnona 1064 nm, a paznuuumum epemenuma

03paltu6afba.
50 —a—53
—— 10 s
—a— 155
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Dani

Cnuxa 3.1.34. I'pagpuyu pacma 6umsaxa usHuKIUX u3z cemena o3pavusanux ca enepeujom 190 mJ
(Eau = 160) u manacnom oyaxcunom nacepcrkoe cnona 1064 nm, a pazruuumum epemenuma

ospavusarod.
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Dani
Crnuxa 3.1.35. I pagpuyu pacma 6u/baxa usHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYIHCUHOM

aacepckoe chona 532 N, y mpajarsy 5 S.
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Dani

Cnuka 3.1.36. I paguyu pacma dubaxa usHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYHCUHOM

nacepckoe chona 532 nm, y mpajary 10 S.
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Dani
Cnuxa 3.1.37. I pagpuyu pacma 6u/baxa usHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYIHCUHOM

nacepckoe chona 532 nm, y mpajarsy 15 S.
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Dani
Cruxa 3.1.38. I pagpuyu pacma 6ubaxa uSHUKIUX U3 CEMEHA 03PAYUBAHUX MATLACHOM OYHCUHOM

nacepckoe chona 532 nm, y mpajarsy 20 S.
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Dani
Crnuxa 3.1.39. I pagpuyu pacma 6ubaxa usHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYIHCUHOM

nacepcxoe chona 1064 nm, y mpajarsy 5 S.
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Dani
Cnuxa 3.1.40. I'pagpuyu pacma 6u/bara usHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYHCUHOM

nacepckoe chona 1064 nm, y mpajary 10 S.
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Dani

Cnuxa 3.1.41. I'pagpuyu pacma 6ubaKa UBHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYIHCUHOM

nacepckoe cnona 1064 nm, y mpajarey 15 S.
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Dani
Cnuxa 3.1.42. I'pagpuyu pacma 6u/baxa UsHUKIUX U3 CEMEHA 03PAYUBAHUX MATACHOM OYHCUHOM

nacepckoe cnona 1064 nm, y mpajary 20 S.
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3a 6HIbKe M3HUKIIE U3 IpyIe ceMeHa o3paunBannx NAd*YAG macepom (xapmoruk 532 nm)

nop ycnoBuma 10 Hz, t =10 s, Eqy = 157, cy nare nyxuHe Ouspaka, Ty)KHHE KOpEeHa U IMOBPIIMHE

JIMCTOBA Ha Kpajy ekcriepuMenTa (Tabena 3. 1.7).

Tabena 3.1.7. Bucuna bumaka, OysicuHa KoOpeHa u NOSPULUHA TUCMOBA USMEPEHUX HA KPAJY
excnepumenma 3a oumke uz epyne 532 nm, t =10s, Fay = 157, 10 Hz.

bpoj n3nuxkJe Bucuna ouspke (Mm) dyxuHa KopeHa IMoBpMHa JMcTOBA
OnibKe (mm) (mm?)
1. 33,18 43,015 92,143
2. 13,862 21,854 34,131
3. 26,307 30,862 95,822
4. 22,242 42,42 80,816
5. 27,611 32,284 83,112
6. 22,516 42,391 103,717
7. 18,684 27,281 53,917
8. 30,084 25,997 77,68
9. 12,53 22,661 62,728
10. 30,032 29,004 91,388
11. 24,785 27,446 88,658
12. 24,311 27,525 74,892
13. 25,015 36,432 90,308
14. 19,591 23,101 72,127
15. 22,08 36,613 88,697
16. 20,095 34,793 100,847
Cp.Bp. 23,308 31,48 80,686
Cr.neBujanmja 5,635 7,123 18,185

3a nogartke u3 tadene 3.1.7. mpuKkazaHu cy XUCTOrpaMu Ha ciaunu 3.1.43.

Br.biljaka
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] Duzina korena

Br.biljaka
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Cnuxa 3.1.43. Xucmoepamu kapaxmepucmuyHux eauduna Oubaka USHUKIUX U3 CeMeHa
03pauUBaAHUM Jacepom manacke oyaxcure 532 nm, y mpajary 108, Eay = 157, u mo

a) eucune, 06) OyxHcuHe KOpeHa u 8) NOBpUIUHE TUCMOBA.

Pact 6mmaka Tpetmpannx Nd®*:YAG macepoM mpaheH Kpo3 eKCIIEpHMEHTE OBE Te3e
noka3ao je na je 3a ojpeheHe TajgacHe AYXHHE (XapMOHMIM) KOXEPEHTHE CBETIIOCTH Opoj
OPOKJIMjaJ X 3pHAa OMO 3HATHO HCHOJA Cpele BpeAHOCTH 3a moarpymne. Pedepenie Hucy
yKa3uBaJle Ha OBaKaB YTHIIAj 3eJeHe cBeTaocTH. OBakaB cTaB OM ce MOpao pa3MaTpaTH y Be3u ca

CTaTHUCTUYKUM IIPHUJIA30M M BapHjallijoM eKCIIEpUMEHTAIHUX TapameTapa.
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Ilopehemwe ca opyzum pegpepenuama.
Nako cy excriepuMeHTH (cBa 3pHa, OMJBKE U CBH JlIacepH) OOYXBATHIIM BEIUKU OpOj 3pHA U

Mepema, 3Hauaj] JOOMjeHUX pe3yiTara pacTte TeKk y mnopehemy ca pe3yiaTaTuma OCTalIuX

ucrpaxkuBaya [159, 54].

Kyxypys
ExcriepuMeHT eBpOICKHUX pa3Mepa, KOjU je OJUrpao BEIUKY YJIOTYy y Tpacupamy MpUMeHe

MoO/IeNa 3a NCTIUTUBAE CTamba OMJbaka Ha JaJbUHY, j€ IIOCTaBUO OCHOBY 32 KOHCTaHTHO Npaheme
OowpHOT MoKprBaya. Ha ocHOBY mojaraka, koju ¢y cakymsbeHu y 6asu LOPEX-a (ciuka 3.1.16)
koedpunujeHTH pediexcuje Ouibaka, Koje Cy MpoydaBaHe, MOTY c€ IMOPEIUTH ca MojJaluMa

JNOOMjeHUM KPO3 EKCIIEPUMEHTE TIOMEHYTE Y OBOj TE3H.

R
g 7
0.6
0.4 - :
-
(r' _:
0.2 -
ﬁ\\f
/ \
0.0 — v T v T v T ' T
0 500 1000 1500 2000 2500

A (nm)

Cnuxa 3.1.44. Koeguyujenmu peghnexcuje u mpancmucuje xkykypysza (LOPEX 93). Kpuge
0obujene npema nooayuma u3 pegpeperye: MUHUMYMU pedhieKcuje y 8U0/bUBOJ 0Oacmu Cy
nocaeouya ancopnyuje xnopoghuna (400 — 700 nm), ancopnyuja sode ce youasa na maiachum

oyarcunama (~ 1,5 um, ~ 2 um, ~ 2,6 um). [ooayu npeyzemu uz 6aze LOPEX93 [159, 54].

Koeduuujentu peduexcuje kykypys3a Kokuuapa, koju cy mepenu (baduh, 2005b) ce mory

MOPEIUTHU ca pe3ynratuma u3 pedepennd, 1j. 6aze LOPEX93 [159, 54].
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IHwenuuya

VY ckiany ca pedepennama [54], moryhe je w3 m3MepeHHX MojgaTaka (armcCOPHIIHOHU
KoeuIjeHTH), JohH 10 caapkaja XJIopoduia y y3opuuma. 3a y30pKe MIIEeHUIE THITa Oenuja,
TpaxkeHH cy koepunmjeHTu peduiexcuje y oomactu 200 — 900 nm (cnuka 3.1.17), a HHTEpEeCaHTHO
Ou OWmJI0 aHAM3UPATH U calipkaj XJopodua.
KapakTepuctuune TanacHe ny>KMHE 32 OBaj TUIT U3padyHaBama cy 661,66 nm, 644,6 nm u 470 nm.

N3 nobujeHux BpeTHOCTH c€ BUAU Ja TE MOAAaTKE HOCH BHJIJBUBH CIIEKTap.

——Belijalll

KoedmumjeHT ancopbumje (%)

200 300 400 500 GO0 700 800 900
TanacHa ay#uHa (nm)

Cnuka 3.1.45. Koepuyujenm ancopnyuje yzopxa benuja 111 [82].

VY ckiany ca ¢popmynama (Hosgood, 1994) u nonaraka u3 Mepema ce MOTy JOOUTH TMOJAIU 3a

KOHIICHTpaIlK]je XJIOpo(uiIa TUIA a, 3aTUM O, YKYITHU XJIOpO(dUIT U KOHIIEHTpPAIIMja KapOTECHOHIA.

Xnopodwun a:
cl[chla]l = 11,24 * Agg1 6 — 4,19 * Agsag. (3.1.4)
Xnopogwuin 6:
c[chl b] = 20,13 * Aggqg — 2,04 * Ag116. (3.1.5)
VYxynHu xaopodur:
c[chl ab] = 7,05 * Agg1 6 + 18,09 * Agyyg - (3.1.6)
VYKyIHO KapOTEHOUIH:
clx +c] = 1000*A470—1,09*c[2c1h: al—63,14*c[chl b] | (3.1.7)

rze ce ca A obenexaBa Koe(UIMjeHT aricopIiyje Ha 1e(hUHUCAHO] TATaCHO] JYKHHHU. 3aKJbydak

je na ce Mopa nosehaTu pe3onyiuja Mepema.
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bocuwak u majuuna oywuya mpemupanu He-Ne nacepom.
V3opuu Ttperupanu He-Ne macepom Tmokazanu Cy jacHe MakcUMyMe Ha opapeheHum

TasacHUM JyxuHama. Tabene 3.1.2. u 3.1.3. yka3yjy Ha JIOKaJIHE MaKCUMyM€ U IIUPUHE TpyIe
MakcUMyMa. Ycllea MHpema Tpyne Moxke 1ohu 10 mpekianama APYrux JIOKATHUX MaKCUMyMa.
Ycenen cienupruuHUX yCIIoBa €KCIIEPUMEHTA, TMPEKTHO opelee ca pe3ystaTiMa Ipyrux ayropa
Huje moryhe. bpojHa nuTeparypa ca mojanuma O arcopIiuoHO] CIEKTPo(hOoTOMETpHjU Mopa aa
ce TOTBPAM KpO3 MpPOBEPY XEMHUJCKOT cacTaBa 3pHA Y30paka. MaHUIYIHCAE CIEKTPOM
NoJpa3yMeBa Jla Ce M3 MHOIITBA MakCHMyMa M MUHUMyMa H3/BOje OuTHe mHpopmauuje (HIp.
tabena 2.2.1). 3aHUMJBMBO OM OWJIO YNMOTpEOUTH W aKyCTUKY M OIIITE METOJOJIOTHjE 3a

Marepuajajie y Hajiumpem cmucity [160].
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2. Y30plll/l KUBOTHILCKOT TMMOPEKJIA

Bakrepuje y Boau.3a 6akrepujy E.coli kopuirhemem nmepsuone metoze [85] je nobujen
WHJCKC Tpenamama. WMHAEKC mpenamama je UCKOpHUIINeH Jajbe 3a MPEAUKIN]Yy ONTHYKHX
napaMmerapa (€JIeMEeHTH MaTpulle pacejama), kopuiihemeM codrBepa MiePlot. 3a crmekrap on
UHTEpeca, y3eT je MHICKC mpeiaMama u3 jureparype [85] u 3atum je TpakeHO aHrysaapHO
pacejame Ha ocHOBHO] JMHUjH, He-Ne nacepa. YcinoBu cy: OKpyKeme Boja, OOJHK y30pKa je
npuOIIMKHO y AujaMeTpy 2,83 um (ampokcumarnwja, jep je E.coli mranmhacror o6muka) [85, 121],
TanacHa qyxuHa je A = 632,8 nm. [Tonapuu qujarpam aHTyJIapHOT pacejama je IpuKa3aH Ha CIUIH
3.2.1, 3a Beh momenyte ycnoBe. [loTpeGHO je HamOMEHYTH Jia cy pe3ynratu copTBepa 3a chepy
pazujycar u anpoKCHUManujy cepe qujamerpa 2-1r uCTH (MM MUHOPHO pa3nuyuty). Ctora ce Kao
MOYETaK MpoydyaBama WHTEPAKIU]E CBETIOCTH ca OBAKO JACPUHUCAHUM MapaMeTpuma OakTepuje

y3uMa 0alll 0Baj ciayyaj — anpoKcuMalinja chepom.

HopmanHa nonapusaumuja MapanenHa nonapusauuja
www.philiplaven.com L
240 300
210 330
180 0
150 30
120 60

TNoraputamcka ckana 90
BpeaHoCT - cnorbHa KpyKHuua = 3.04E+04
BpeaHoCT y UeHTpy = 3.04E-05

Cnuka 3.2.1. [lonapnu oujacpam aneynaproe pacejarsa 3a caydaj E.coli y 6o0enom okpycervy.

Kopuwhenu nooayu 3a cumynayujy: obnux cghepe (anpoxcumayuja) oujamempa 2,83 um,
A =632,8 nm.

MartpuuHu IpUCTYI 3aCHOBAH Ha TEOPHjU U COPTBEPCKUM NakeTuMa — Martpuiie pacejama
(Miiller) cy pauynare kopurthemsem MiePlot corBepa. [IporpaMmcku naker gaje HEKe eIEMEHTE

MaTpulle Kao BPEIHOCTH, a HEKe Kao HOPMHMpAHU OJHOC JBa wWwiaHa. Marpuile cy jaare Kpo3
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3aBUCHOCT KapaKTepUCTUYHUX WIaHOBa (OpOjHE BPEAHOCTH) O] yTiia pacejama. KapakTepucTuaHu
eJIEMEHTH HOPMaJIM30BaHu (WM HE) Cy pauyHaTH. 3a ciy4aj E.coli y Bonu 3a yrioBe pacejama oj

0 no 180°, momaru cy mpukasanu Ha ciaunu 3.2.2. (kopuithenu cy nojamnu u3 pedepenie) [85].
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Cauxa 3.2.2. Mampuya pacejarva 3a cayuaj E.coli y 6oou. Kopuwhene epeonocmu nooamaka 3a

cumynayujy cy: oujamemap 2,83 um, 1=632,8 nm.

Crnydaj Bozme y Ba3nyxy, nmpukaszas je Ha ciaunu 3.2.3. CrennuvHr TOJany MOBE3aHU ca

OBHUM MPOPAYyHOM, AT CY y TEKCTY KOJU MPaTH CIUKY.

Cama wumep3uoHa MeTona oMOTyhyje na ce pas3iiuka WHJIEKCa IMpejamamba youd y
uHTepperanuju u3 [85] kao pa3nuIUT HUBO CUBOCTH MOBPIIMHE (CBETIIUje 00IACTH UMajy HUXKHU
MHJIEKC TIpeslaMamba). Y HyTPallmbOCT j€ Hesuobuea, KaJia je MHIAEKC MpeiaMamba OKOJIHE TEYHOCTH
nojemex Ha 1,388, a omoTau je cKopo Hesuous, Kajna je MHIACKC mpenamama Teynoctu 1,409
[85]. Tlperxomna ananm3a je oOpamguia ciay4a] y KoM je OakTepuja mTanuhactor o0JuKa
anpoKkcHMHpaHa kKao kBasuchepa aujamerpa 2,83 um. Pedepenue [85] yka3yjy Ha mpoceuny
ayxuny (2,82 um) u npoceuny mmpuny (0,86 um) E.coli kao u mpoce4aH OZHOC MOMEHYTHX
mamMensuja 3,87 (nyxuHa:mupuna). bakrepuja Bacillus Subtilis uma npoceuny myxuny 2,86 pum,

npoceuny mupuHy 0,47 pm u npocedaH oiHOC TuMeH3uja 6,47.
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Cnuka 3.2.3. Enemenmu Miiller-ose mampuye 3a ciyuaj 6ooe y eazoyxy. Kopuwhenu nooayu 3a

npopauyr/cumynayujy cy: ooaux cgepa, paoujyc 0,4 um, A=632,8 nm.

bakrepujy y ommTeM CMHUCIy MOKEMO CMaTpaTH 4YeCTHIIOM, 4Mje Ce IMMEH3Hje MOTry

npejacTaButd oapehenom pacrnogenom. Mmepsnona meroga ce y jgartoMm ciydajy [85] OaBu

NOjeIMHAYHUM Yecmuyama, Ta mpodieM pacnojerie YecTHIIaMa 1o TUMEeH31jaMa y OBOM CIyday

He mpencraBiba npodieM. Taj mpobiaem Mopa OUTH pellieH, YKOJIUKO C€ KEJIU MEPUTH YKYITHa

KoJIMuMHa OakTepuja y y3pouuma, HIp. nujahe Boje. 3a caja ce MOXE PaJWTH ca CPEelHbUM

BPEIHOCTHMA Y3 jacHO Ne(UHUCAHE MPETHOCTaBKe. YKOIMKO MPETIOCTaBUMO Ja je 1 (paaujyc)

jeaHak aujametpy (2,83 um), 3a TamacHy IykuHy 632,8 nm mapaMeTrap BEJIMYMHE X (BEIHMYMHA

0e3 jenuuure) je: r = 1,415 um, A=632,8 nm, X = 2ar/A = 14,042. Kana ce nmpeTxoHa aHaIM3a

IMOHOBHU Ca KAPAKTCPUCTHUYHUM MMAPpAMETPOM BCIUYHUHE X, I[O6I/Ije Cce cne):[eha IoJjiapHa 3aBUCHOCT

(cnuka 3.2.4.), ka0 U MaTpuyHa Mpe3eHTalmja (ciuka 3.2.5).
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Hopmania nonapu3aumja Mapanenda nonapusaunja

www._philiplaven.com
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NorapuTamcka ckana 90
BpegHoCT - cnorbHa Kpy:kHuua = 5.75E+03
BpegnocT y uentpy = 5.75E-06

Cnuxa 3.2.4. [lonapuu oujacpam aneynapuoe pacejarea 3a ciyuaj E.coli y 6o0enom oxpyaicervy.
Kopuwhenu nooayu 3a cumynayujy: napamemap eeruyune

yecmuye x = 14,042, A =632,8 nm.
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Cnuxa 3.2.5. Mampuya pacejaroa 3a cnyuaj E.coli y 60o0u. Kopuwhene epeonocmu nooamaxa 3a

cumynayujy cy: napamemap eenruyune yecmuye x = 14,042, 1 = 632,8 nm.

Kao mTo yka3yje nuteparypa Hajeha pa3nuka he ce BUIeTH y HOPMAIU30BAHOM €JIIEMEHTY

matpuiie S34/S11 [8], mTo je oueKuBaHO 3a )KHUBE y30PKE.

[8] Takohe, ymyhyje Ha pememe nHTEpaKIKje CBETIOCTH ca JABOCIOJHOM CepoM, Kao | ca

IWIMHAPOM, LIITO BHIIIE OJIrOBapa ciyyajy Be3aHOM 3a OaKkTepHje, jep ce ¥ Ha CiIMKaMa JIo0ujeHIM
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MMEP3UOHOM pedpakTOMETPHjOM BUIM 1A j€ MHICKC IIpejiaMamha OMOTada OaKTepHje pa3InduT O]

WHJICKCA MpelaMamka YHYTPAIIkOCTH OaKTepHje, Kao u 1a je Oakrepuja oOsmka mranuha.

AHryJjaapHa pacnojesna 3a pa3iaunuure cepHe neHTpe pacejama. Kao pesynrar Mie
TEOpHje U PECIIEKTUBHOT COPTBEPCKOT MaKeTa, HHTCH3UTET aHTYJIapHOT pacejama 32 HEKOJIUKO

KapaKTepUCTHUYHUX JIMHH]A j€ CAMYJIMpaH U MPUKa3aH Ha ciukama 3.2.6 - 3.2.9.

1.5e-006

90

a)

Cnuxa 3.2.6. Aneynapna pacnooena pacejarva A = 589,3 nm o yenmap pacejara oujamempa

a=1,88 umy a) 2D u 6) 3D npezenmayuju.

a) b)

Cnuka 3.2.7. Aneynapuna pacnooena 3a A = 1060 nm (Nd**:YAG) u yenmap pacejarna
oujamempa a = 0,1 um y 2D a) u 3D 6) npezenmayuju.
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Cnuxa 3.2.8. Aneynapna pacnooena za Ar*jon nacep, A = 514 nm u yenmap pacejaroa

oujamempa a=1lum y 3D npezenmayuju (Maa3, mox).

[Mpukasu y 2D u 3D pahenu cy y mporpamckum nakeruma Matlab u Mathematica u To
MatLab-a (3.2.6a, 3.2.7a, 3.2.8, 3.2.9) u Mathematica-e (3.2.6b u 3.2.7b).

[IpoyuaBame kapakTepa AuHaAMUKe U Mopdoioruje 6mooljekata Merojama JTUHAMHYKE
cnektpockonuje (HertzoBa cnekTpockomnuja) u ofpehuBame ONTUYKUX KOHCTAaHTH MUTMEHaTa y
henujama cy MeTozie BUCOKE TauHOCTH, Koje 00e30elyjy 3HauajHy KOJIMYMHY MOJaTaKka O KUBUM
opraHusMumMa (BUpycH, OakTepuje, eleMeHTH AMHAMHKE KPBHOI TOKa, XJjoporacTtH). Teopuje
pacejama KOJ KOJjUX Cy LIEHTPH pacejamba O00jeKTH MPaBWJIHUX W HEMpaBWIHUX OOnuka (y
MaTeMaTH4YKOM CMHCIY) ce yOp3aHo pas3Bujajy (imHeapHe ammensuje 20 - 15000 nm).
KommnekcHa ¢opmyrnanuja MHIAEKCa npenaMama 3a hemuje y ¢uiynauma, Kao ¥ arcopHiHOHH
npoiiecH y BUIbruBoj U 6imckoj UL obnactu nedunuiny HUBO anmpokcuMaliije mpuMeHe pacejama

CBCTJIOCTH.
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Cnuka 3.2.9. Aneynapna pacnooena sa Ar*jon nacep, A = 514 nm u yenmap pacejaroa

oujamempa a =1 um y 3D npezenmayuju.

JlnHaMUYKH TlapaMeTpd U MoOpQOJIOTrHja, TPAHCIANMOHH W POTAMOHU KoeduiujeHTH
mudy3HHX ydecTaHOCTH (PIyKTyallrje CBETIIOCHOT HHTEH3UTETA, pacejame 0 IEHTPE O/ HHTepeca,
KOjU yKa3yjy Ha cnenuduyHa KpeTama (IUHAMHUKY) Cy TeéMa MHOTHX TIpyla HCTpakKHBamba.
Hlupeme KapaKTePUCTUYHUX CIEKTPATHUX JIMHWja Ha JKMBUM MHUKPOOpPTaHM3MHMA Ca
cnenu(pUIHOM JUHAMUKOM j€ 3Ha4ajHO 3a OpOojHE aHaJH3€e, YKIbYUyjyhul MOTUANCIIEP3HOCT, KA0 U
daykTyanuje pa3nuuuTor nopekia. /ucrnep3uona cBojcTBa, pa3InUMTU MPOLECH y OUOJOTHJU U
pasIuYuTU OMOOOJEeKTH Cy YKJbYUYEHH Y OCHOBHY METOAY Mepema, IMOBE3aHy Ca PacHoJesioM
BEpOBaTHONe, aMIUTMTyJaMa ¥ UHTEH3UTETHMA Ca ayTOKOPEIalrjoM U pa3BojeM crieKTpa. Jenan
0J1 pe3yiTaTa CTaTUCTHYKOT HCTpaKHMBama j€ Be3a JUHAMHUKE KpeTama ca OOJMKOM pacejaHe
CIEKTpaJIHe JIMHH]je, jeTHOT Of] IapaMmeTapa, Koje Huje Omno Moryhe MepuTu mnpe epe KBaHTHUX
reseparopa. Buiectpyko pacejame je Takohe mpoydaBaHo, a pa3IMuUTH HHKEHEPCKU TPUCTYIH
cy (opMupaHU TOKOM BpeMeHa. Y CIEeNIHO ¢y KopultheHu y obnacTuma, Kao mTo Cy: npaheme
KJIMMATCKUX NPOMEHA, CBEMHpCKA MpOoydaBama, okeaHorpaduja, uta. Y OIMCKO] MPOLUIOCTH,
HUBOU IOJIapHU3alllje U MO3HaBame [IeHTapa pacejama y 00jeKTHMa, KOjU ce MOTy IToCMaTpaTH Kao

BUIIIECIIOjHU CY YBPIUTEHU y ONUC M MaTEMAaTUUKH arlapat, KOju MpaTH OBY TEOPH]Y.
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3. ¥Y3opuu o1 HHTepeca y eKOJIOTHjU U MapaJieiHe TEXHUKe

EMucuBHoct. ®uToBame nojgaraka kopuihemeM NacHBHUX CEH30Pa MIJIUMETAPCKHUX
tajgaca. Planck- oB 3akon 3pauema, Teopuja TpaHchepa 3paucta (oapeheHa Temmeparypa),
epeKTH HeMoKIanama WMIIEAAHCe, 3Hayaj CHUCTEMCKOr yla3HOr IIymMa TeMmmepaType,
paauoMmeTpuja yKymHe cHare, Dick-oB paguomerap, paiuoMeTpH 3a MHJEKIH]y IIyMa, KOHTPAcCT
OCBETJbCHa TEMIIEPATypE, MUHUMAITHA MEpJhUBA TeMITepaTypa (T01al 32 TEPMAaITHO OCMaTPambe),
S/N, Tpakeme rpeiike yria (HeCUI'ypHOCTH), YTHIIA] TO3aMHCKOT IIyMa Cy Hen30e)KHEe TeMe 3a
pasHe mporece mnpahema NAacUBHUM CEH30pMMa MWJIMMETApCKUX Tajaca. KapakTtepucTuke
MarepHjajia ca MOJapHUM MOJICKYJIHMMa Cy Ba)KHE 3a MaTepujajiie O MHTEpeca y CKOJOTH]jH,
umajyhu y BHAy Ja BOJa HMMa 3HayajHe JaWNOIHE MoMeHrte. Debye-oBa ¢opmynanmja
JTUENIEKTPUYHUX KOHCTAaHTH j€ IOBE3aHa Ca BPEMEHOM pellaKkcalfje IMOJIAPHUX MOJIeKyla U

npoBobuBomthy [113].

e(0:0):1—1_VE:
Lee ] | (33.1)

cos@—,Je, —sin* @

cos¢9+\/gr —sin’ @

e, (0)=1
, (3.3.2)

2
e, (0)-1- £, 0080 —/&, —sin’
$a2
&, cose+«/g,—sm o (3.3.3)

£=6-le; (3.3.4)
_ & &, _ J O
' 1+ (jor)™™ ~ ws, | (335)

rae je ® = 2nf Kpy)KHa y4eCTaHOCT, &« — IUETEKTPUIHA KOHCTaHTa Ha OECKOHAYHO] yUe€CTaHOCTH,
€ - CTaTHYKa BPEIHOCT JHEIEKTPUYHE KOHCTaHTE, T - BPEME pelakcaiuje, Gc - JOHCKa
MPOBOAJBUBOCT, OLr - EMIIMPUJCKH TapameTap 3a JepUHUCAEmE PpacIojiele pelaKcaloHOT
BpPEMeEHa, €0 — JMEIeKTpUYIHa KOHCTaHTa Bakyyma [113]. Mmajyhu y Buay 1a eMHCHBHOCT 3aBHCH
O]l JTMEJIeKTpUYHE KOHCTAHTE U Jla J€ €MHCHBHOCT KJbYy4HH (haKTOp 3a TexHHKe (opmupama

TEepMalIHUX CJIMKa, jeflaH O] MOjIeNa, KOju je moTpeOHo y3etu y o03up je u Kline - Swift model
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[113]. AurynapHa eMHCHBHOCT 3a pa3JIMYMTE KOMIIOHEHTE je (huToBaHa. Pesynraru cy y Tabenama

3.3.1. m 3.3.2. TaGene 3.3.1.u 3.3.2. canpxe koedunrjeHTe GUTOBAMHA MOJIMHOMOM 32 aHTYyJIapHY

3aBUCHOCT EMHCHUBHOCTH BOJIE, T/ie Cy nmapameTpu Temneparypa (0°, 18°,40°C) u canuHUTET BOJE

0%o (0 je UHLIMJIEHTHH YTa0).

AHryjapHa pacnojeJia U aHajJu3a 3a ogpehuBame onTuMaTHOr yria Aetekumje. Mehy

O6no(U3MUKIM MeToZamMa KapakTepu3alnje >KUBUX (M MPTBUX) MUKPOOpraHu3ama y pa3indyuTuM

bunynauma, uctude ce 0n-chip umepsuona pedpakromerpuja. Kako je Boga mpupoIHO OKpYKEHweE,

Mepema y BOAM MMajy 3Hauaja 3a pazIMuuTe TUIOBEe OakTepuja, BUpYyce, UTA, a U 3a npaheme

NpOMEHa CBOjcTaBa Boje. BaxkHu cy ciyuajeBu moBe3aHu ca Oakrepujama E.coli u Baccilus

Suptilis. 3a kopumheme Merone, MOTPeOHH Cy KaKo BEIMKH Opoj OakTepuja, Koje je moTpeOHO

UCIIUTATH, TAKO M BEIUKU Opoj y3opaka Boze [21].

Tabena 3.3.1. Koegpuyujenmu ¢pumosaroa nosuHoMoM 3a aH2YIAPHY 3A6UCHOCH eMUCUBHOCU
800e, 2o0e cy napamempu memnepamypa (0°, 18°, 40°C) u canunumem 0%o (6 je unyuoenmmnu

yeao).
XOopH30HTAJIHA EMHUCHBHOCT 3a camHUTET Bojie 0%o
Temmneparypa (°C) | Anpokcumanuja | A B C
0 0,52179 1,7124x10% -6,2165x10
18 A+B0+CH? 0,46041 1,03169x10* -5,71728x10°°
40 0,42263 -7,90443x10° | -4,93171x10°
Beprukaiina eMHUCHBHOCT 3a canuHUATET Boje 0%o
Temmneparypa (°C) | Anpokcumarmja | A B C D
0 ) 0,5231 | -3,0835x10* | 5,36207x10° | 3,14323x10”’
18 ATBO+CO™ 1045941 | 1,64951x10 | 2,80597x10° | 5,91349x107
40 Do 0,42176 | 1,95402x10* | 1,82316x10° | 7,70573x10”’

Tab6ena 3.3.2. Koeguyujenmu ¢humosarba nOIUHOMOM 3a AHSYIAPHY 3ABUCHOCH eMUCUBHOCTIU
600e, 20e cy napamempu memnepamypa (0°, 18°, 40°C) u carnunumem 34 %o (omeopenu oxkean).

(6je unyuoenmnu yeao).

XopHu30HTaTHA EMHUCHUBHOCT 32 CaTUHUTET Bozie 34%o (OTBOPEHH OKEaH)

Temneparypa (°C) | Anpokcumanuja | A B C

0 0,52515 1,65477x10% -6,31229x10°°
18 A+B0O+C0H2 0,45629 2,02139x10* -5,66565x107
40 0,42124 -3,33436x10° | -5,02257x10°
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BepTukanna eMUCHBHOCT 3a caMHUTET Boze 34%o (OTBOPEHH OKEaH)

Temneparypa | Anpokcumanuja | A B C D

(°C)

0 0,52756 -4,59304x10* | 6,1836x10° 2,4826x10”7
18 A+BO+C0%+Do? | 0,45818 2,97883x10* | 2,08897x10° | 7,27728x10”
40 0,42029 6,63203x10* | 7,74969x10° | 8,45621x107

N3abpanu cy cirydyajeBu alleTUIICHCKE U ITporaHcke yahu y Ba3ayxy (atMocdepu) Ha pa3HUM
temneparypama (10°C, 15°C); kapakTepucTHuyHe AMMEH3Hje HM3a0paHuX 4YecTHma cy 1 um u

10 um. Cumymnanuje cy Ha ci. 3.3.1 - ¢n.3.3.8.

Parallel polarisation Py
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Cnuka 3.3.1. Ilonapnu oujacpam unmenzumema pacejara Ha ocHosHom npenasy He-Ne racepa

(632,8 nm) y 6aszoyxy na 15 T o uecmuyy ayemunencke uahu oujamempa a) 1 pm u 6) 10 pm.
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Cruxa 3.3.2. Komnonenme mampuye pacejara 3a ciyuaj pacejara 3a caiuxe 3.3.1 a).
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Cauxa 3.3.3. Komnonenme mampuye 3a ciyyaj pacejara 3a ciuke 3.3.1 0).

Ugao rascjania ()

Wuaekeu mpenamama y KOMIUICKCHOM OOJIHKY Cy Mpey3eTH u3 aureparype [161].

P, dicular polarisaki
F

Parallel polarisation P dicul larisaki
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Cnuka 3.3.4. [lonapnu oujacpam unmenzumema pacejaroa Ha ocnogHom npenasy He-Ne nacepa

(632,8 nm) y sazoyxy na 15 T o uecmuyy nponancke uahu oujamempa

a)l umu o) 10 um.
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Cnuka 3.3.5. Komnonenme mampuye 3a ciyyaj pacejarea ca ci. 3.3.4 a).
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Cnuka 3.3.6. [lonapnu oujacpam unmenzumema pacejaroa Ha ochogHom npenasy He-Ne nacepa

(632,8 nm) y sazoyxy na 10 T o uecmuyy ayemunencke uahu oujamempa a) 1 pm u 6) 10 .
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Cnuxa 3.3.7. Komnonenme mampuye 3a ciyuaj pacejara 3a cauxy 3.3.6 a).
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Cauxa 3.3.8. Komnonenme mampuye 3a ciyyaj pacejara 3a ciuky. 3.3.6. 0).

[Monuctupencke kyrauie (cgepe) cy npeamMer MHOToOpOjHE TUTEPATYpE, jep C€ KOPUCTE U
3a Kanubpanyjy. 3a cUMyNalujy aHryjJapHe pacrojelie HHAEKCH Ipejamama Cy ojapeheHu mo

bopmynu

8412 2,35x108
L asan®)

n=15718 + = = +0,0003i. (3.3.6)

[Mpumenom muteparype [162] nobujenu cy pesynrartu ca ciuka 3.3.9 - 3.3.11. M3abpaHn je

IMOJIUCTHUPECH Kao MOFYHH TIOJIYCHT.

P dicul. Tari
P dicul. larisati

Parallel polarisation

Parallel polarisation
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Cnuka 3.3.9. [lonapru oujacpam unmenzumema pacejaroa Ha ochogHom npenazy He-Ne nacepa
(632,8 nm) y sazoyxy na 10 T o nonucmupencky cghepy cpeore spednocmu oujamempa

a) 1,227 um (Mie meopuja) u 6) 1,216 pm (enekmponcka MuKpockonuja).
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Cnuka 3.3.11. Komnonenme mampuye 3a ciyyaj pacejaroa 3a cauxy 3.3.9 6).
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4. 3AK/bYYAK

3amany oBe Te3€ Cy YKJbYUHMBAIM MCTPAKUBAKE YTHIIAja JJACEPCKUX CHOIOBA Pa3IUYUTHX
TUIIOBA W OIICera T'YCTHHA C€HEpPTuja, CHare M BpEMEHa EKCIO3WIMje Ha Y30pKe H3a0paHuX
damunuja Onspaka 1 0a0up MpUMEHa MEPHUX TEXHUKA Y KOjMa ce Kao U3BOP KOPUCTH Jiacep 3a
pemraBame JuAapckux mnpobmema. On wHTEpeca je OMIO KOHCTATOBAaTH Ja JH CE€ paaud o
NO3UTHBHUM WJIM HETaTHBHUM TPEHIOBHMa O3padHMBama OMOJIOIIKUX CTPYKTypa ca oJabpaHum
napaMerpumMa y ekcnepuMenTiMa. OIIITH 3aKJby4aK je 1a ce KOJ CBUX y30paka ((haMuimje Tpasa,
3eJbacTHX OMJbaKa) MoKa3aao OMOCTUMYJIATUBHO JIEjCTBO Ca BapHjalrjaMa CTENeHa, KOjU je N3HA
cTaTHCTUYKe Tpemike. Kao [enoBH eKCIEepHMEHTAIHOr pajia, OICHEHH CY CIEKTPaIHU
KoeduipjenTr pedekcuje/ancopirony 3a BpeTe Onbaka KapaKTepUCTHYHE 3a Hallle oAHe0Ibe,
yKJbydyjyhu 3pHa 1 mucroBe. OBa Mepema cy Bezana 3a meroje tuna FT-IR u npyre.

[Topen monaraka, Koju MOTY Ja c€ YKJbyde y MOJIEIIOBamkbe MHTEpaKIyje ca BehuHoM mozena,
nojanyd Mory nga Oyay OJ 3Havaja 3a METOJe Nperno3HaBama (pa3iMKOBamba) 3IPaBUX Of
MH(ECTOBAaHHUX y30paKa, Kao W 3a METOJIe JaJbMHCKE KOHTpPOJIE, KOje Cy Be3aHEe 3a OBE ONTHYKE
BEJIMYHHE.

3a cemeHa OocuipKa M MajunHe aymuie o3paunBana He-Ne nacepom, npaheH je pact Ouspaka
U MepeHu cy Mopdonomku napamerpu. KpuBe pacra Cy rpymnucane 1o KapakTepUCTHUYHUM
napamerpuma. Kox Ousbaka 00cuibKka M3HUKINX U3 KOHTPOJHMX 3pHA U 3pHa Tpetupanux He-Ne
JacepoM y Tpajamy 1. MuHyTa, mpuMeheHo je cyleme jeAuHku rpyna. To je hopMalHO T0BEo
JI0 CMamkema BUCHHE. PacT Onibaka M3HUKIMX M3 OMJbaka TPETHpaHUX 3 MUHYTa U 5 MUHYTa,
yKa3yje Ha OpH pacT Ouspaka y rpynu o 5 munyta. Koj Ouspaka U3HMKIUX U3 3pHA MajulHe
nyumne Tpetupanux He-Ne nacepoM, youaBa ce 3HaTHa paziuka u3Mely rpyna. busbke nuzHukie
13 KOHTPOJTHUX 3pHA Cy TpyTia ca HajBehoM BHCHHOM, 3aTUM TpyIia TpeTUpaHa 5 MUHYTa, 3 MUHYTa
u Ha kpajy 1 munyt. FT-IR criektpu oBux y3opaka (3a cBe yeTHpu NoArpyme) 60cuibka U MajunHe
naynmmie (KoHTposia, 1 MUHYT, 3 MUHYTa M 5 MUHYTa) IOKA3aJli Cy Jla C€ MAKCUMYMH T10jaBJbYjy Y
rpymnaMa ca MaJluM IIoMepamkuMa TanacHor Opoja.

3a 6usbke 6ocHuIbKa, unja 3pHa cy Tperupana Nd**:YAG nacepom (ocHoBHH pena3 1064 nm
¥ XapMOHHUK 532 NM) pa3nuuuTHM cHarama, nmpaheHe cy MopQoJonke MpoMeHe 1o JaHuMa. 3a
rpyme y3opaka Kpo3 rpaduke, nate ¢y 3aBUCHOCTH 0J1 KapaKTepUCTHYHHUX MapameTapa (BpeMeHa
03pauyMBama, CHara CHoma). 3a pa3IuYMTa BpEMEHa O3pauMBama youaBa ce ga ce 5 s u 10 S
CYIITUHCKU HE Pa3JIMKYyjy MPEBHIIEe TOCMATpaHO Kpo3 pacT Omibke. Bpemena 15 s u 20 S umajy

Mokazyjy yowsHuBHje edekTe, amu ca MehycoOHMM pa3auuuTeM TpeHJIoM pacta (U
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KapakTepucTukama KpuBux). OHO HITO je 3aHUMJBHBO, IOTOTOBO 32 XapMOHHUK Yy BH/JBHBO]
o0JacTy je 1a HU jeJHa rpyla HHje MoKa3aja CTarHaiujy y pacry.

Ynpkoc BeIHKOM Opojy TEOPUjCKUX M €KCIIEPUMEHTAIHHX MpHiia3a U JOOMjeHHX MoJ1aTaKa,
noTpebaH je W Jajbe BEIUMKH Opoj Mepema W IpoydyaBama crnenuduyHux ciydajeBa. On
napaJelTHIX TeXHHKa ce O4YeKyje MOTBphuBame pe3ynraTa Wik yO4aBambe Pa3InIuTOCTH METOAA
Mepema HMCTUX BEIMYMHA y pasHUM JucuuiuimHama. OBUM ce caMO HMCTUYE KOMIUIEKCHOCT
TeopHje, padyHa, Mepema U COPTBEPCKUX MMAKEeTa, KOjU IPaTe OBY MPOOIEMATHKY.

[Togamm, ox wWHTepeca, 3a JOECKPHUIILMjy BOJAE YKJbYydyjyhm acepcke W TepMOBH3HjCKE
TEXHHKE, 33 BOJly U APYyre Y30pKe M MaTepHjaje ce pa3iuKyjy y Jureparypu. Pasznuke cy Be3ane
3a TOIMHE MEPEea, MEPHE PE30IIYIHj€ U JPYTe TUIIOBE HECUTYPHOCTH, KOje YHOCE MEPHE METO/IE.
Bpojuu cucremu Mory na JonpuHECY MpoydyaBamy MUTamka BE3aHUX 32 UCTPaKMBamba y 001acTu
yuctohe Bome. M300p MeTrona Mepema MHJIEKCA Npeliamama je JaHac BEJUKH, alld €KOJIOUIKE
INpUMEHE Tpaxke crenn(uyHy KOHICHTPAIM]y U BPCTY MOJIyaHTa, TaKo Jia Cy Ty TJIaBHU H300pH
IpUMEHE METO/Ie JIaCepCKe TEXHHKE, MMEP3NOHUX, KalallMTUBHUX WM Jlaboparopujckux Abbe-
OBHX pedpakTomeTapa win Jamin-oBUX pedpakromerapa.

3a muaHupame eKCIeprMeHaTa BEe3aHHWX 3a pacejalbe U HEroBy NPUMEHY y OHOJIOTHjH
U3BpIICHA je cuMynaiyja npobiema npumenom MiePlot anara.

ExcrmmnuTHO, Be3aHO 3a pe3yirare cuMmysnanuja qooujeaux MiePlot copTBepom nodujeHo je
cienehe:

- aHT'yIIapHO pacejame 3a odjexte E.coli y Boaw,

- eJIEeMEHTH MaTpulle pacejamwa 3a E.coli y Boawy,

- eIEMEHTH MaTPUIIE 3a CIy4da] Karsbuile Bojie (cdepa) y Ba3ayxy,

- aHTYJapHO pacejame 3a dYecTulle 4ahy (aleTuseHCKe M TPOIMAHCKE) y Ba3lyXy Ha

pa3IMYUTHM TeMIeparypama,

- eJIEMEHTH MaTpHlIe pacejama 3a yecTule 4ahu (aleTHiieHCKe U MPOIAHCKe) y Ba3AyXy Ha

Pa3IMYNTHAM TeMIIepaTypama,

- aHTYJIAPHO pacejame 3a MOJIMCTUPEHCKE YECTUIIE Y Ba3AyXYy,

- @JIEMEHTH MaTPUIIE pacejama 3a MOJIMCTUPEHCKE YECTULIE Y Ba3ayXy.

Kopumrhemem nporpamckux nakera Matlab-a m Mathematica-e, noGujenun cy pesynraru 3a
HEKOJIMKO ciydajeBa cepHUX IEHTapa pacejama W pa3InduTe TajlacHe JYXKUHE Jiacepa, Kao U
pasnnynTe IUjaMeTpe IeHTapa pacejama. PesynraTu cy mpuKa3sMBaHH pa3HUM BH3YelM3alldjama
2D/3D. C' 063upoM Ha paziauyuTe MOrYhHOCTH NMPOTPaMCKUX MaKeTa, HEKU 00jeKTH Kao LEHTPH
pacejama cy KOMIUIEMEHTApHO ONMCAHM Ca BHIIE MPOrPAMCKUX MaKeTa.

Y mpobnematuii MOJeNoBama IMoKapa, KOJ HAc MOCTOjH JIOCTa aKTHBHOCTH Pa3IHM4YUTe

npupoze. [Ipobremaruka je MyITHINCUUIUIMHAPHA U PUTIaJa KJIAaCH aKTUBHOCTH, KOj€ 3aXTeBajy
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BUIIICHAIIMOHAIHA pa3MaTpama. Paju ce Ha cucteMruma ceH30pa, eICKTPOHCKO] 3aTHTH, UT/I, aJlH
Ce YMHHM Ja je TOTPeOHO Pa3BUTH Jajbe BEIMKU Opoj MOTpeOHUX MporpaMckux umHTepdejca 3a
notpebe MOoJeNoBama y pa3nuuuTuM reorpadckum noapydjuma CpOuje (yribyuyjyhu TUmcke
IpeIyCIIOBE, Kao MITO Cy JETPECH]je, MUKPOKJIMME U CI1.). Pa3Bujame TeXHUUKE TOPIIKE CUCTEMA
3a paHo npaheme rmoxapa, mpunaaa Mupoj Kracu mpodiema, KakBo je JIUIapcKo npaheme MUJbHIX
objekara (y atmochepu, xuapochepu 1 Ci.).

Jamu pa3Boj 6u mopa3zymeBao jaa ce kpehe of clokeHujuX Mojiena, a ia ce Kpo3 mapamerpe
3amare y copTBepy aepuHuIy crnenupuyHu C1ydajeBU M U3BPIIHU MPBa allPOKCUMAIIH]ja PelIeHha
npobnema. CodrBepH, y cTamy /ia aIeKBaTHO MPUKAXKY MOCIEAUIIE MTOKAPa, FBUXOBY JHHAMUKY U
MpoIlece TOKOM Tpajama, Y KOMOMHAIM]H Ca JIMJAPCKUM TEXHHKaMa, KOje Cy Yy CTamy Ja UX
AKTUBHO MpaTe TOKOM PEAIHUX CHUTyalldja, Cy BUIICCTPYKO KOPHUCHHU y akKiHjamMa KOHTPOIJIE,
raiiema U MPOAKTUBHOT OJUTyYHBamka y aKIfjama.

KonkpeTHe cuMyaiuje pacejama CBETJIOCTH 0 YecTHIle yahu (poIyKTH moxapa), ByJIKaHCKE
npaniMHe, MOJyeHara, JONpPHHOCE TOoy3laHujeM mpahewmy mokapHOr CTyba, Kao U
KapakTepH3aliju TOPHBE MaTepHje W OJBHjamy Pa3IMIUTHX IPYTHUX Ipoleca ca IITETHUM

CKOJIOIIKHM ITOCJICanuIamMa.
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Multiple sensor systems and applications in ecology deserve multidisciplinary approach. Concerning laser implementation in
monitoring, main parameters and processes have to be chosen in description of object of interest. The purpose of this
paper is to underline the links and usability of scattering matrices in the description of biological objects (cells, nuclei,
bacteria, etc). Light scattering processes are unavoidable in application and measurements, based on laser systems.
Depending on the measurement systems, angular scattering and differential cross sections carry valuable information, and
measurements should confirm chosen simplifications from theory. Shape recognition, size and chemical content could be
certainly of interest in one part of ecological monitoring (water). Thermal imaging of objects depends on emissivity (water,

ground, etc.) and some simplifications of derived cases are added to the previous.
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1. Introduction

Contemporary life pace, trends in industry and traffic
have been causing considerable pollution of air and hydro
sphere. Different events are organized in order to define
environment on global scale. Theoretical and experimental
issues that could arise during application of lasers and
optical methods in control of human environment
(atmosphere, water surfaces, soil, plant covered areas -
lower levels and canopy) are analyzed in this paper. In
order to apply different types of monitoring, based on
scattering, fluorescence, absorption and other processes of
interest in control, considerable amount of laboratory
measurements of optical and other properties have to be
done, which will be indirectly controlled by various
physical ~ processes, including acoustic.  Lasers
implementation in measuring technique brings forward,
not only linear but nonlinear optical properties where
nonlinear processes based methods are in some cases used
from the start. Spotlights are on analytical approaches of
important constants related to water and all water surfaces,
existing software tools in the area and on consequences
arising from irregular use of existing data.

For chosen cases, some areas' properties related to
conditions of water and its pollution will be rated, as well
as monitoring of air pollution using software packages,
and considering theories of scattering on organic and
inorganic scattering centers, angular distribution for
specific micro organisms (bacteria) will be evaluated.

Among a huge number of data and parameters defined
for fire description (as well as fire products, some of them
could be treated with same methods, in industrial and real
day to day conditions utilizing optical methods). Optical
and acoustic methods coupling and other relations with
material constants will point out possible indirect
measurements i.e. products detection of interest in ecology
and other areas of interest for humans [1-3].

2. Theory, experiment and simulations

Multiple sensor systems and applications in
ecology - From almost half a century ago, the uses of lidar
are growing as do main decisions in solving a detection
problem (or monitoring). Monitoring is related to
comparisons of a few of techniques which coupled achieve
their full importance in ecology, although primarily they
are derived for other areas [4-8]. The comparison must
include multidisciplinary approach and independent from
the chosen technique and devices, application of certain
sensor system must include meticulous preliminary study
for correct description of monitored objects with
characteristic parameters, which must be correctly
measured. The influence of atmosphere must be taken into
account, depending on  geographical location,
meteorological situation as well as season during the year.
Comparisons could be done on various levels. Besides
differences in devices based on milimeter waves,
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microwaves, infrared imager, infrared tracker, laser radar,
visible imager adequate parallels should be drawn with use
of acoustic and other techniques concerning control of the
atmosphere. A large number of references show various
data about remote sensing or recognition of different: oil
types, plant types (on soil or on water surfaces), state of
canopy and lower vegetation levels but significant data
about local types is missing. Remote recognition of algae
and maturity of various plants (vegetation periods) by
different  multisensor  systems in  portions  of
electromagnetic spectra (wheat, woodlands, alfa-alfa, corn,
soy beans, cotton, oats, grass) could be done. Volcanic
eruptions and distribution of fire products and products of
combustion have been monitored remotely [5-14].
Up-to-date technologies for nanoparticles production
or methods for their recognition are important. For some
time precious nanoparticles could be commercially
obtained from mud of swamps or waste waters [15,16].

Main parameters for the wuse of lasers in
description of objects of interest in ecology - Lasers are
included in variety of techniques even as the part of
combined technique of chromatographic type with lasers
[17], as well as circular dihroizm, isometry, polarimetry,
ellipsometry [18]. Main quantitative indicators of optical
characteristics of the material: index of refraction,
coefficient of reflection, emissivity could be counted in
macroscopic parameters. Cross sections for scattering,
absorption,  fluorescence  are  representatives  of
microscopic objects. In this kind of approach using
different measuring methods, object of monitoring could
and must be separated. Part of continuous area covered
with plants (higher levels - canopy), part of the atmosphere
with smoke and dust products etc. could be studied using
the same approach. Both macroscopic parameters
(reflection coefficient - mean values or wheat, barley and
corn fields) and observation of pollution centres (bacteria,
viruses, etc.) in the a) atmosphere and b) water carry
valuable information about the samples.

Next level must include measurement techniques,
collecting data from overall object including angular
methods and their role, must be considered through use of
various light, natural sources, polarised (different types)
light of different wavelengths or monochromatic sources.
In thus set tasks in this paper, accent will be on angular
distributions,  analytical ~ approaches, = measurement
techniques and inclusion of matrices [19-24].

Starting from the previous consideration with
multisensors, different sensors could be added (optical
analyzer for the acquisition of UV absorption spectra for
the estimation of qualitative and quantitative parameters),
for disinfection problems and UV reactors and in general
for water technology and sanitary engineering [25-27]. If a
threshold limit is exceeded, or if a given UV spectrum
shape is obtained (corresponding to a high polluted state,
for example), the warning is generated and system make
decision to start sampling. This procedure is a
simplification of the previous SCADA (supervisory
control and data acquisition) system, largely used for more

complex industrial environments (drinking water plants,
waste water, etc.).

Exact results for homogenous spherical particle using
Lorenz-Mie solutions of Maxwell equations stand for
uniform plane electromagnetic wave. Approximations deal
with Gaussian beam and multimode case or some other
shape and their influence could be different for static and
dynamic scattering.

Other group of approximations refers to relation of
refraction index of material and surrounding media, where
diffraction is predominant for angles less than 6° and
characteristic size (diameter d) larger than 10um. Third
approximation group is used for near or far-field cases.

The effect of particle shape (d>>A, d<<i) must be
taken into account. If d>>A, scattered field has three
components (diffraction, reflection and refraction) and the
particle shape influence could be accounted separately.
When d<<), particle acts like dipole and scattering is
expressed in terms of polarisability.

The shape, concentration and anomalous diffraction
are issues for further analysis. For some time, correction
programs have been in use, which include correction if
particles are not spherical (for laser sizer), i.e. solid cubes,
and octahedron.

In scattering theory there are many series which are
not convergent in classic (Cauchy) sense. Because of these
facts a general convergence and boundary conditions have
to be used with various criteria resulting in a sum, which
could in exact mathematical description be related to
physical reality.

Considering relationship between light scattering and
size distribution we will name the case of aerosols of
different origin. Differential mass cross section (m®-g™-sr’
) of smoke nuisance aerosols and smoke aerosols of
nonflaming and flaming fires have to include two
polarisations for separation of larger and smaller particles
from forward scattered spectra. The relation of symmetric
intensities (l4s- / l1352) and dependence of scattering
parameter q=4x\ 'sin(6/2) as well as ratio of polarisation
were selected to complete the differentiation in this
particular case and could also be used in biology.

The gravimetric and angular scattering measurement
is used, to obtain aerosol mass concentration. Light
scattering methods differentiate soot from other products.

Size distribution and absolute concentration could be
the starting points of various interpretations. Volumetric
concentration and  size  distribution  determined
simultaneously from instantaneous measurements depend
of source intensity profile (laser beam profile) in forward
scattering (small angles). Particle generator have carefully
designed nozzle for spray forming, having in mind that the
particles of different size are located in the middle or at the
outline of beam. Special attention have to be paid for
accuracy of determining small particles (~ 5um), with
analysis based on Mie scattering and rigorous pursue.
Human health is wvulnerable, independent of material
toxicity, to specific particle sizes.

In general, laser scattering theory and experiment with
rich history, provides tremendous possibilities for
penetration deep into the material on Earth and in Space,
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but every experimental device, in a principal, is designed
for limited practical problems. Their operation is followed
by precise calibration procedures and using the working
conditions minimizing the influence of approximations to
the smallest possible level. The purpose of operating of
some laser scattering devices has to be defined in advance
for polymer, biological cell - viability or specific lidar
monitoring, etc.

Scattering coefficients for various surfaces (snow,
snow on grass, concrete, asphalt, plowed ground) are
studied [13] using milimeter-wave radar sensors. The
incident angle was changed from 1-80°. Polarisation
components of backscattered signals are analysed i.e. hh,
w, RHC/LHC (Fig. 1). The data for snow differ for dry
and wet surfaces (percentage) showing maxima for small
incident angles. Comparison of concrete, asphalt and
plowed ground shows that small incident angles once
again provoke more intensive scattering. For adequate
recognition of dry and wet snow better choice are larger
incident angles (20°). For comparison of concrete, asphalt
and plowed ground, is more convenient to use specific
angles B > 10°.
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Radar monitoring investigation had shown that target
temperature contrast strongly depend on target nature.
Interesting fact is that: a) thin grass and tree, b) grass
without corner reflector, c) shingle roof and thick grass
and d) corner reflector on grass are in various ranges of
relative radar backscatter returns (in dB) [13].

Results for radiometer temperature (K) versus
incidence angle are very different comparing water,
asphalt, concrete, plowed ground, road, sand, grass, bushes
(in both polarisations). In some regions (for both
polarisations) there is intersection between grass and
bushes on one side and concrete and asphalt on the other.
These facts are drawn from passive milimeter-wave sensor
monitoring [13].

Milimeter-wave and infrared multisensor methods can
be useful also by using infrared imaging techniques which
could be comparable with lidar methods [28,29]. Thermal
imaging strongly depends on emissivity of the material. In
the second part of our paper we will present some of our
analytical studies of water emissivity based on references
(using different software) [13].

Dynamical light (laser) scattering has as one of its
tasks to study biological micro objects (bacteria, spores,
viruses, etc.) from animal and human origins. In
dynamical study of biological systems by dynamical light
scattering, various movements are modelled: the
characteristic cases are chaotic movement, directed
movement, influence of temperature variations to motility,
blood flow and concentration of blood particles, influence
of electrical and magnetic fields, surface active molecules
(micelles, colloids). In experiments firstly of static type,
inclusion of polarisation monitoring of the scattering
components gave a series of new possibilities including
nonlinear effects [30-33].

Classic scattering theories thus were further developed
using laser technigues. Experiment became more complete
and results, with existing software, gave fast responses
about polydispersity, microorganism's size, depolarisation
factors, etc.

In the second part of the paper we calculated some of
characteristic angular distributions which describe (or
could describe) particular microobjects (sphere, rod,
Gaussian coils), which were derived from dynamic and
static scatterings. Note, that data obtained by dynamic
light scattering are more complete but they demand costly
and more complex measuring systems.

Scattering matrices application and measurement -
Matrix descriptions of various processes arising in
biomaterials offer much more complete information in
comparison to usual descriptions with optical constants
(refraction indices, coefficients of reflection, coefficients
of absorption, Rayleigh factors, depolarisation, etc.).
Contemporary methods include polarisation of incident
light easier (laser beam) i.e. relatively new techniques of
measurement in description of various materials
parameters [34]. The development of matrix optics as well
as computer development and analytics are inseparable.
There were two development trends - one following the
change at optical beam direction and the other one the
change of polarisation characteristics. Among matrix
formalisms the development of different Stokes’ vectors
and Mueller matrices, Jones’ and other matrices including
column vectors 1x2, 1x3, 1x4, etc and corresponding
transport matrices connecting input and final values are,
according to chosen formalisms square: 2x2, 3x3, or more
complex. Having in mind the class of lattice for inorganic
materials, with inclusion of all nonlinear and anisotropic
processes and issues necessary for adequate description of
beam propagation, we achieve complete set of needed
formalisms. In essence, all of it was part of the plan to in
some other way (user friendly) bring closer the complex
tensor calculus to the final end users. Its further use is
possible without the detail knowledge of tensor calculus
and descriptions of anisotropic materials of biological or
inorganic origins.

In advanced measurement methods it is considered
that Mueller matrices with 4x4 (16) elements could point
out a variety of properties of the measurement assembly
especially if it is about the scattering centres systems —
absorption — fluorescence. The inclusion of angular
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distribution of certain components of Stokes vectors offer
possibilities for further interpretations and determination
whether a scattering centre is a living organism (i.e.
bacteria) or not (some blood components, etc). This paper
could not include all needed descriptions of specific parts
of scattering theory concerning particles dimensions and
the relationship between wave vectors of incident and
scattered light including the role of refraction index (Mie,
Rayleigh, Lorenz-Mie,...) and questions whether an
integral scattering, spectral dependencies and the cases of
elastic and inelastic scatterings (Brillouin, Raman,
thermal, etc) should be monitored [30-33].

The majority of optical measurements increased their
resolutions with the introduction of lasers and the series of
new methods followed that could have not been based on
spontaneous irradiation. For  Stokes  parameters,
nephelometers are used, which often give information only
for the transmitted beam. In wider sense, angular
distribution is monitored and demand more complex
measuring system, including different polarisations
combining R and L (Right circular and Left circular) [18 a,
b], par and nor (light polarised parallel and perpendicular
to the scattering plane), = denote (light polarised obliquely
to the scattering plane at +45° and -45°) - fig 1. According
to the references used a certain connection among
elements of Mueller matrix — scattering matrix elements
and geometry of scattering exists, including polarisers i.e.
analyzers. Description theory using scattering matrices has
wide area of application and for ecology is of great
importance — skylight polarisation, stardust, astrophysics,
etc.

Photoelastic (and others) modulators improved
nephelometry as well as ellipsometry and other optical and
laser based methods.

Modern cases both solved and unsolved are: spherical
particles with multilayer coatings, aspherical particles,
cluster particles, special structures, etc [32, 35].

Biological cells — nuclei, bacteria and light
scattering - Angular distribution of scattering processes is
widely applied as nondestructive technique for study of
microscopic objects of various origins. By analysing
geometric shape of scattering centres, various ranges of
sizes and structures (multi and single layers) can be
modelled in cases of: viruses, bacteria, eukaryotic cells,
etc [36]. Before laser-era, scattering devices and new
developed variants of elastic and inelastic scattering
measuring methods were based on possibilities of theory
of static scattering.

Ranges of scattering centres sizes and their shapes
determine the angular distributions; matrix elements have
particular significance providing the viability of scattering
centre’s biological model. This present unique set of
characteristics. Reproducible differences in Sz4/S;; [30-32]
were found for particles that could not be distinguished by
other techniques. Cases of varieties for bacterial spores
which can be recognized and differentiated by specific
mutation could be found in references, too. This way
mutations of laser irradiated bacteria could be monitored
(power of laser included in measurement have to be lower

than that in system used for laser-material interaction i.e.
various irradiation) in order to study laser influence
[30,31].

Using formalism of correlation functions and their
measurements, blood flow in living and dead animals
could be clearly differentiated (basically dynamics of
living and dead organisms is thus monitored and could
serve for differentiation of living and dead bacteria).
Normalized photocount correlation function for freely
swimming bacteria, for diffusing particle and for random
walk based on theory is completely useful to differ motile
and nonmotile E. coli [30,31].

Mutations which are obtained by exposition to
different electromagnetic radiations (spontaneous and
stimulated in various electromagnetic portions) could be
measured easier this way instead of monitoring the usual
biological processes (chemical and genetic analyses as
well as monitoring of morphological changes). For
biological particles Rayleigh — Gans theory was
commonly the starting position (where S3;,=0).

According to area where scattering is used for
commercial measuring, numerous data exist but for each
and every new scattering application: new materials,
biological effects which were not measured previously, etc
it is necessary to provide measurement data. It is necessary
to provide in detail new data about the same scattering
centers, surroundings and for specific chosen wavelength.
Those data vary locally on Earth and in cosmic conditions.

Scattering formalisms - For performing tasks we set
through this paper, many different approaches were taken
into account and results of scattering theory have to be
included so it is not possible to name all formula on which
calculations are based. Therefore we will mention only
some of the transient or final formula. Disperse relations
are certainly included through Lorentz- Lorenz or other
approximations and respective theory linked to molar
refraction approaches.

Effective cross-sections [32,37-39] are of interest,
being the specific representation of scattering:

oy =(107/3)a’* (ka)4 : (6]

a is the radius, and the k is wave vector.
For 6, angle formed with direction of incident wave

do
scattering d—g(@) for cylindrical symmetry, at axes

0=0, angular distribution is:

dog

D' Alembert theory (through function ) in spherical
coordinates (7, 6, ¢) has to include sphere harmonics.

(0)=a*(ak)’ [g(u cos” 0)+cos 6’}

vy =cos(Lg)Py (cosd)z, (nkr),

3
vy =sin(Lg) Py (cosd)z, (nkr), ©
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where P- Legendre polynomials, z - Bessel sphere
functions. By using x=2ma/), differential cross section is
calculated for a certain wavelength which represent
mathematical solution of D' Alembert equation which
could be found with different notations as in [4, 32, 37,
38], using functions of Riccati-Bessel and cross sections
are:

2 10
0w =1z L[l +ul ) o == 0% (ka)" @

3. Results and discussion

Emissivity. Data fitting using passive mm wave
sensors - Planck’s radiation law, radiative transfer theory
(designation temperature), impedance mismatch effects,
significance of system input noise temperature, total power
radiometry, Dick's radiometers, noise injection
radiometers, brightness temperature contrast, minimal
detectable temperatures (data for thermal vision) S/N
clutter, angle tracking error, background clutter signiture
are unavoidable issues considering monitoring with
passive milimeter wave sensors. Material signitures with
polar molecules are very important for material of interest
in ecology having in mind that water has defined dipole
moments. Debye formulation of dielectric constants is
related to relaxation time of polar molecules and
conductivity [13]

2
e(ezo)zl—% : ®)
1+\j;

1305
2

6, (6)-1 cosf—yJe, —sin’ @ 6
" C0SO+4/5, —sin? @
2
£,C0SO—4Jg, —sin’ @

e (6)=1- — Q]
g cosH+«/gr—sm 0

e=¢g —J& 8)

E.— €& . O,
g =&, + S ]— )

1+ (jor) ™™ e,
where o=2xf is circular frequency, e, dielectric constant
at infinite frequency, & is static value of dielectric
constant, t relaxation time, o ionic conductivity, o,
empirical parameter for defining distribution of relaxation
times, g, permitivity of free space (vacuum) [13].

Considering that emissivity depends on dielectric
constant and that emissivity is key factor for thermal
imaging techniques we analysed and simplified results of
Kline-Swift model [13]. We fitted angular emissivity for
different components of this model results. The results are
presented in Tables 1 and 2.

Tables 1 and 2 contain coefficients of fitting
polinomial for angular dependance of emissivity of water
where parameters are temperatures (0°, 18°, 40°C) and
salinity 0%o) and 34%o (open ocean).

Table 1. Coefficients of fitting polinomial for angular dependance of emissivity of water where parameters are temperatures
(0°, 18°, 40°C) and salinity 0%. (x is incident angle)

Horizontal emissivity for water salinity 0%o

Temperature [°C] Approximation A B C

0 0.52179 1.7124x10* -6.2165x10™

18 A+Bx+Cx2 0.46041 1.03169x10™ -5.71728x10”

40 0.42263 -7.90443x10° -4.93171x10°

Vertical emissivity for water salinity 0%o

Temperature Approximation A B C D

[°C]

0 0.5231 -3.0835x10™ 5.36207x10° 3.14323x10”"

18 A+BX+§3X2+ 0.45941 1.64951x10™ 2.80597x10° 5.91349x10”"
Dx

40 0.42176 1.95402x10* 1.82316x10° 7.70573x10”7
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Table 2. Coefficients of fitting polinomial for angular dependance of emissivity of water where parameters are temperatures
(0°, 18°, 40°C) and salinity 34%o (open ocean). (x is incident angle)

Horizontal emissivity for water salinity 34%o (open ocean)

Temperature [°C] Approximation A B C
0 0.52515 1.65477x10™ -6.31229x10°
18 A+Bx+Cx2 0.45629 2.02139x10™ -5.66565x10"
40 0.42124 -3.33436x10° -5.02257x10°
Vertical emissivity for water salinity 34%o (open ocean)
Temperature Approximation A B C D
[°C]
0 0.52756 -4.59304x10™ 6.1836x10° 2.4826x10°7
18 A+Bx+Cx2+Dy® | 0.45818 2.97883x10™ 2.08897x10° 7.27728x107
40 0.42029 6.63203x10™ 7.74969x10° 8.45621x10”
Angular  distributions and  analysis  for Pomendicula polasisation Parallel polaization
> . . . www.philiplaven.com
determination of optimal detection angle - 200 a00
Among biophysical methods for characterisation of
living (and dead) microogranisms in various fluids on-chip
immersion refractometry method stands out. Since water is o) .-
natural environment, thus measurements in water are of
great importance for investigation of various types of
bacteria, etc. Important cases are connected to bacteria 160 0
E.coli and Baccilus Suptilis. For the use of this method a
significant data base including a large number of bacteria
and water types could be of interest [30].
For E.coli using immersion method [34] was obtained 150 3
index of refraction. MiePlot software demands that for
calculation there must be entered at least 4 different T -

indexes of refraction (on different A) so we used this index
for the simulation. For spectra of interest we approximated
index to be the measured value from reference and then
the angular scattering was obtained at principal line of
commonly used He-Ne laser. Chosen conditions were: the
environment was water, the shape of the sample is
approximately in diameter 2.83 um (approximation,
because the E.coli is rod shaped) [34], wavelength of light
A=632.8nm. Angular scattering - polar plot was depicted
in Figure 2. for above mentioned conditions.

Logarithmic scale 90
Value at outer circle = 3 D4E+04
Value at centre = 3.04E-05

Fig. 2. Angular scattering - Polar plot for case of E.coli

in water environment. The used simulation values are:

shape sphere (approximation) diameter is 2.83 um,
A1=632.8nm

Matrix approach based on theory and software
packages - Scattering matrices were calculated using
MiePlot software. Characteristic elements normalised (or
not) were calculated. The case of E.coli in water
environment for the scattering angles from 0 to 180° is
presented in Fig. 3 using data from [34].
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Fig. 3. Scattering matrix for case of E.coli in water

environment. The used simulation values are: diameter is . a). o _ b) 34,
2.83 um, 2=632.8nm Fig. 7. Angula}r distribution for A =1060 nm (Nq 'YAG)
from scattering centre of diameter a=0.1 zm in 2D a)
L . A . and 3D b) presentation
Case of water in air is depicted in Fig. 4. Specific data

related to this calculation is given in text following figure.

" S S il
w \,\/—V S:;‘/U\/\ 8~
: i d
EE SAaS| :E S34P511 y 4\
R R T o
4 -~
2 6
Fig. 4. Mueller matrix elements- case of water in air. The " 0 4
used simulation values are: shape sphere, radius is 0.4 A0 i = 2 1o’
um, 1=632.8nm ¢ 42 .
tf\n_gular d;strlbutlg\n for ?t'ffer?nf\;ph;:e Shapeg Fig. 8. Angular distribution for Ar*:ion laser =514 nm,
sca er.mg centres - As results o 1€ . ec_)ry a_n from scattering centre of diameter a= 1um in 3D
respective software packages angular scattering intensity

. . - presentation (stream)
on various most common laser lines (or filtered

spontaneous sources) scattering were simulated and
simulation results are presented in Figs. 6-9. The results of
models were obtained using MatLab (6a, 7a, 8 and 9) and
Mathematica (6b and 7b).

0 150008
B0

180 fawsraris

210

Fig. 9. Angular distribution for Ar*:ion laser A=514 nm, from
scattering centre of diameter a= 1xm in 3D presentation

270

a) b)

Fig. 6. Angular scattering distribution A =589.3nm from Examination of

scattering centre of diameter a=1.88 xm in 2D a) and 3D
b) presentation

character of dynamics and
morphology of bioobjects with methods of dynamic
spectroscopies (Hertzian spectroscopy) and determination
of optical constants of pigments in cells are high accuracy
methods providing a lot of gathered information about the
living cell (viruses, bacteria, elements of blood stream
dynamics, chloroplasts). Scattering theories where the
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scattering centres are regular and irregular geometric
objects (linear dimensions 20-15000 nm) are constantly
developed. Complex formulation of refraction index for
the cell in fluids, as well as absorption processes in visible
and NIR define the level of approximation for application
of light scattering. Dynamical properties and morphology,
translational and rotational coefficient of diffusion,
fluctuation frequencies of light intensity, scattered from
centres of interest showing specific movement (dynamics)
have been a topic of numerous papers. The broadening
(and shifting) of characteristic spectral line shapes on
moving microorganisms is very important for many
analyses including polydispersity as well as the
fluctuations of different origin. Dispersion properties,
various bioobjects and biological processes are included in
basic method of measurement related to distribution
probability, amplitudes and intensities with autocorrelation
and spectra development. One of the results of statistical
investigation is connection of movement dynamics with
the forms of scattered spectral lines, which could have not
been measured before the era of quantum generators. The
multiple scattering was also studied and various
engineering approaches are formed for the issues of
climate change and cosmos problems studies, for
oceanography, etc. In the near era of development the
levels of polarisation and scattering centres in multilayer
objects are introduced in the description.

4. Conclusion

Laser measuring methods for laboratory and remote
monitoring are widely applied. Still, in spite of large
experimental and theoretical background a numerous
specific cases are yet to be examined, having in mind the
parallel techniques which are to confirm results of
particular measurements. In this paper we wanted to point
out the complexity of theories, calculus, measurements
and software packages (unavoidable approximations).

Data for water and other samples and materials differ
in references. Differences could be related to years of
measurements and resolution of the measurement
methods, including different light sources. Numerous
systems could be of interest concerning the water purity
research. One of the measurement methods, which
compare pollutants indexes of refraction and those of
immersion liquid is specific from optical parameters' point
of view.

Explicitly we obtained
(principal line of He-Ne laser):

- angular scattering for E.coli in water environment
(intensity - polar plot),

- scattering matrices elements for E.coli in water
environment,

- matrix elements for case of sphere shape water in

using MiePlot results

air.

Using Matlab and Mathematica we obtained results
for several cases of spherical centres and various
wavelengths and various diameters of scatterers (different
visualizations).
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Abstract

In this paper a continuous (cw) lasers in visible region were applied in order to study the
influence of quantum generator to certain plants. The aim of such projects is to analyze
biostimulation processes of living organisms which are linked to defined laser power den-
sity thresholds (exposition doses). The results of irradiation of corn and wheat seeds using
He—Ne laser in the cw regime of 632.8 nm, 50 mW are presented and compared to results
for other laser types. The dry and wet plant seeds were irradiated in defined time intervals
and the germination period plant was monitored by days. Morphological data (stalk thick-
ness, height and cob length) for chosen plants were monitored. From the recorded data,
for the whole vegetative period, we performed appropriate statistical data processing. One
part of experiments contains the measurements of coefficient of reflection in visible range.
Correlation estimations were calculated and discussed for our results. Main conclusion was
that there was a significant increment in plant's height and also a cob lenght elongation for
corn.
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The influence of nuclear particles, electric fields,
magnetic fields and electromagnetic (EM) radiation in
the whole electromagnetic spectrum, including nuclear
and atomic areas, belong to old problems, vastly stu-
died, but not yet completely understood. Earlier inves-
tigations covered spontaneous radiation, while up-to-
-date investigations deal with stimulated radiation e.g.
quantum generators (lasers, masers, uvasers, xrasers
and gammarasers). There is not enough space for num-
bering positive or negative influences of electromag-
netic radiations, generally speaking in contemporary
civilization. In spite of administration and regulative, in
dosimetric point of view and technical manuals, acci-
dents are still present [1-8].

Bad influence to human health is in provoked ther-
mal effects as well as electrochemical, mechanical and
other effects. The radiation shows some kind of cumul-
ative effects for the whole tissue, but it could be foc-
used to lead to the processes in cells (cell surgery is
known today, since first famous data were red blood
cell drilled in nine places). Numerous are effects
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induced by electric and magnetic fields in everyday’s
life as well as in military and medical applications of RF
(radio frequency) devices portion [9-11].

Local irradiation of high intensity RF leads to skin
and muscle burns and to ocular damage of various deg-
rees (lens blurring), damage of reproductive organs,
changes in central nervous system, blood flow and
immune defense mechanisms [12,13].

Well known accidents with radar beams caused by
human negligence, deserve further analysis to prove
the statement that long irradiation to RF beams of low
intensity leads to health damage, cancer disease and
lasting consequences to offspring. This could also be
considered from the point of view of stimulated radi-
ation in this range, due to maser (quantum generator
or amplifier) and its implementation in a number of
processes. Sometimes first letter m represents mole-
cular and sometimes microwave, what is common for
engineers and physicists.

Industrial growth and power engineering are always
focused to power transmission (power lines, high vol-
tage devices, etc.) and human health. Doses regulative
are constantly changing in the areas of: influence of
electric and magnetic fields, nuclear specified radiation,
laser and other quantum generator thresholds and
allowed radiation power densities (total cumulative
doses). All numbered fields could influence human
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organs (heart, nervous system tissues, reproductive
organs and other). Employees on power lines and
transformers maintenance, electricians and other per-
sonnel in electrical based processes (induction furnace,
electrified railways, etc.) are always in danger. Besides
that, the influence of laser sources in communication
purposes, various monitoring and measurements, laser
therapy, mass media applications including open space
laser shows present potential threat. Note that laser,
maser, iraser, uvaser, xraser and gammaraser, work as
guantum generators of stimulated radiation in various
portions of the EM spectra, but the last two are not in
commercial use.

Biological influences of various fields (electric and
magnetic) are usually studied separately for DC and AC
regimes, but also in transient regimes, which are very
important due to high amplitude values. Some people
consider that magnetic field has stronger effect to liv-
ing creatures.

Usually, AC and DC regimes are vastly studied but
transient regimes are very important in real applicat-
ions of electric power. This is related to power network
connections and usage of electrical devices. For dosi-
metry it is necessary to as precise as possible define
this regime with possible overloading.

Electrical and magnetic fields in human body cause
induced currents which, with defined density could
affect organism, i.e. hearth functioning, nervous system
tissues and others. In spite of tremendous work, there
are still open issues in this area mainly targeting the
fact, that these fields provoke other effects. Consider-
ing new methods of LLL therapy (low level laser) the
novelties are biphasic dose responses [14-16].

The influence of modern electronic and electric sys-
tems is also particular problem of civilization and the
qguestions of allowed doses, besides state regulative,
are still opened, depending on various facts (television
sets, video terminal, PC monitors, communication
devices, GSM mobile devices, etc).

The levels of allowed EM radiation are often expres-
sed by defined zones and allowed surface power den-
sities. Note that both frequency and amplitude of elec-
tric field (intensity) have to be taken into account. Due
to these facts all of these calculated numbers should be
considered just as the quantitative values. Explicitly:
the zone of very intensive radiation is with surface
power density higher than 10 mW/cm® (15 min within
24 h), zone of moderate radiation 0.1-0.9 mW/cm2 (3h
within 24 h) and zone of weak radiation with less than
0.1 mW/cmZ.

Allowed levels of electromagnetic radiation power
density are regulated by national standards. In Sweden,
the level of EM power density is 450 ;,LW/cm2 corres-
ponding to the electric field £ = 41 V/m. Serbian stan-
dard is more rigid, allowing levels of electromagnetic
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power densities of 200 ;,LW/cmZ, ie., E =275 V/m
[9,10,17,18].

To compare mentioned values of electromagnetic
power densities we remind that radiation of stars is
aproximatelyl14 pW/cm2 and that for human body the
value could be approximately 0.5 ;,LW/cmZ.

The laser beam irradiation and allowed levels are
new problems in spite of the fact that by frequency
range they are parts of electromagnetic spectra. The
main difference is that, depending on provoked pro-
cesses, we could have all the effects as with spontane-
ous electromagnetic radiation, but many new ones as
well.

In area of quantum generators dosimetry is not as
detailed as in area of nuclear radiation where expo-
sition and absorption are precisely defined and should
be completed with different parameters, corrective
factors and different units. Note that when high power
lasers interact with the material many nuclear pro-
cesses appear (X and gamma radiation, neutrons, etc.).
Therefore, both dosimetries have to be united. Nuclear
dosimetry worldwide still uses Sl as well as other units,
which is not allowed in our country. In presented paper
we chose approach which is the most often imple-
mented in references describing biostimulative (biomo-
dulating) effects. We gave certain parameters for val-
uating possible maximal input energy levels. Our
approach deals with optimal corrections for deter-
mining more precise doses and increasing of repeat-
ability. It also deals with nominal laser power and time
of exposition. It is interesting that in considering coup-
lings between nuclear and laser radiation to objects
from biosphere, laser beam can be used as means of
measurement for evaluation of nuclear radiation influ-
ence by phosphorescent and other processes. Up to
day it seems that only in nuclear dosimetry exist
approaches with unit equivalent to biological tissues as
rem (Rontgen equivalent man), but not in SI system.
Interesting is that in laser influence to plant systems it
could be used adequate unit per seed grain. [19-23].

Laser influence in biology and especially medicine
usually is studied in four areas: for surgery, biostimul-
ation (modulation, acupuncture), diagnosis and in pro-
duction of drugs (generally) [16,24-27]. Minimal laser
threshold for wound healing (influence to fibroblasts)
and overall cell level influence for activation of targeted
processes are the objects of numerous investigations
[24].

Therefore, in this paper we start with experiments
on plants and some objective physical processes which
objectivize the point of view. In references, several
tenths of cw mW, are used for biostimulation purposes
and we wanted to see the influence of selected doses
to plants, i.e., plant seeds. The objective was to obtain
data which could be correlated and could trace per-
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spective for future manipulation of facts. The aim is to
give experimental data for determination of minimal
levels of irradiation doses for defined purposes and to
categorize those levels of influence.

Significant number of references dedicated to inter-
action of laser beams with materials exist [28-31].
Although mainstream attitudes are formed for several
tents of years, a lot of experimental and theoretical
work is still needed to obtain reliable data with good
repeatability. This is especially true when applied to dif-
ferent plant seeds, related to specific geographical area
and to growth of plant during specific year, with
defined meteorological situation. Besides this, vegeta-
tive periods in plant growth, considering certain plant
species influence the level of meteorological influences
and other factors (soil type). During previous periods
papers often dealt with better wheat crop, corn crop
and crop of other plants, than followed more precise
research of genetic content, etc. [28-31].

In this paper authors tried to elaborate on per-
formed experiments and to remind of complexity of
data which follow experiments. This includes descript-
tions using coefficient of absorption and reflection,
laser beam polarization state, etc. enriched with correl-
ation coefficient.

EXPERIMENTAL

Here presented experiments including wheat
(Tricium aestivum) and several types of corn (Zea mays
var. Amilacae; var. Identata) were conducted in few
phases. Wheat and corn seed were irradiated with
various types and levels of coherent electromagnetic
radiation. Here is presented one of the series of
samples and corresponding results.

Certain irradiated seeds were wet, while as control
were used dry and wet non-irradiated seed. This prin-
ciple is applied to all experiments.

The first part of experiment had the following
phases:

1. Wet and dry seed were irradiated with He—Ne
lasers and different energies. The output power of
He—Ne was 50 mW, and wavelength 632.8 nm.

2. Laser beam was expanded by beam expander
BET 50 type Laser Collimator Eloma 6, so that obtained
beam was of 4.5 cm diameter. The beam was then
reflected from the flat mirror to Petry's cup towards
samples.

3. The reflected laser beam was monitored by
pyroelectric radiometer type Rk3440 with appropriate
probe type RkP 345. The density of laser beam was 0.4
mW/cm®.

4. Irradiation energy doses were 1, 2, 4 and 6
J/cmz, with exposition times of 250, 500 and 1000 s.

Most of the seeds were planted outdoors, with
small part (less than 5%) in laboratory environment.

Control groups were planted with treated irradiated
seeds in order to have more objective comparison of
resulting data.

After germination, growth of the plants as well mor-
phogenetic changes, were monitored and recorded
(stalk thickness, height, cob length for the corn and in
case of wheat plant height). Obtained changes were
registered by days. Depending on plant family, vegeta-
tive periods were monitored (germination, blooming
and fruit development) and at the end analyzed.

Results were processed and visual interpretation of
time dependences of plant height, histograms and 3D
relations were given. The correlation dependencies
between cob length, height and stalk thickness were
studied. All results are given by adequate graphical
presentations.

The third part of the experiments was measure-
ment of reflection coefficients of some selected seeds.

RESULTS

In Figure 1 the growth of the non-irradiated wet
control group plants is presented in days. Characteristic
corn plant sizes were measured for non-irradiated wet
control seed and wet seed irradiated with He—Ne 6
J/em? including plant thickness, heights and cob lengths
Table 1. They were the subject of statistical analysis.
Figure 2 represents histogram of plants sprouted from
wet control seeds (height of plants).

In Figure 3 the results of the plant growth after wet
seed irradiation using He—Ne laser 6 J/cm’ are pre-
sented. Histogram of wet irradiated seed (He-Ne 6
J/em®) is presented in Figure 4.

3D presentation of mutual correspondence between
characteristic plant sizes: height, plant thickness and
cob length for corn irradiated with He—Ne 6 Jem® is
presented in Figure 5.

The results of coefficient of reflection for wheat are
presented in Figure 6 [32]. Figure 7 shows data about
growth of plants germinated from wet wheat control
seed.

DISCUSSION

The wheat (Tricium aestivum) was selected as typi-
cal long day plant representative. Corn (Zea mays) is
representative of daily neutral plants, although some
varieties belong to long day plants. Depending on
growth and the size of the fruits for corn samples (dif-
ferent varieties) it is possible to determine which vari-
ety belongs to which type of the plants (long day or
daily neutral plants). Concerning wheat as long day
plants representative, it is possible to draw certain con-
clusions about growth of the plants irradiated with dif-
ferent types of laser irradiation (as well as precon-
ditions of those seeds — wet or dry) [33-35].
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Figure 1. Corn control (non-irradiated) wet seed. Intercept value: —5.52; slope value: 4.34 cm/day.
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Table 1. Corn comparison table of plant's characteristic dimensions of plants sprouted from non-irradiated wet control seeds and
wet seeds irradiated with He—Ne 6 J/cm’

Parameter Stalk thickness, mm Plant height, cm Cob length, mm
Non-irradiated wet seed
Mean 21.29 234.54 20.08
Std. dev. 2.8 36.02 7.14
Correlation coefficient Stalk thickness — Plant height Plant height — Cob length Stalk thickness — Cob length
0.764339 0.878498 0.791254
Wet seed irradiated with He—Ne 6 J/cm2
Mean 21.42 256.56 22.23
Std. dev. 2.02 13.51 2.88
Correlation coefficient Stalk thickness — Plant height Plant height — Cob length Stalk thickness — Cob length
0.607617 0.395461 0.673945

Hislogram corn wet control
Plant height [cm] = 13*10*nommal(x, 234 5385, 36.0223)
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Figure 2. Histogram of wet control (non-irradiated) corn seeds.
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Figure 3. Corn irradiated wet seed (He—Ne laser, 6 J/cmz). intercept value: =9.43; slope value: 4.86 cm/day.
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Figure 4. Histogram of wet irradiated corn seed (He—Ne laser, 6 J/cmz).

In order to in vivo trace changes in living organisms,
caused by various forms of electromagnetic radiation,
mainly irradiated with laser beam, it is necessary to
include a whole series of sciences, their methods and
explanations. Domain in which results are commented
is limited by used statistical methods, and plant char-
acteristic monitoring, expected to be modified by irra-
diation (height, plant growth rate, fruit characteristics,
organoleptic characteristics, genetic characteristics,...).

From the results obtained in this paper, it could be
concluded that laser influence is certainly present. The

real level of the induced changes could be the object of
discussion because the principal question of the quan-
titative interpretation of results should be confirmed in
various plant varieties. On the other hand the data
from references in purely biological and biomedical
areas do not present enough facts for objectivistic
approach, from technical point of view. In spite of
obeying the rules in those areas the concrete details
were not given, i.e., the coefficient of reflection, abs-
orption for some irradiation of living cells and systems
including the situation with plants.
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Figure 5. 3D dependence of plant height, stalk thickness and cob length for corn irradiated with He—Ne 6 Iem?.
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Figure 6. Reflection coefficient of wheat (regular sample).

The deepening of the discussion is related to ques-
tion should the material whose coefficient of reflection
is measured be in powder state (what is demand of the
standard equipment) or left as grain.

Considering this paper, the aim of work was to pre-
sent real parameters with correlation calculation. Some
general conclusion could be: correlation dependencies
show that from irradiated seed grow plants whose
height is comparably greater than those germinated
from control seeds. This is expected, concerning the
fact that one of the first markers of genetic material
change, due to irradiation, is elongation (contribution
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to height) of plant. Wet corn seed under influence of
laser radiation are more susceptible to changes than
dry ones. More generally speaking, we could talk about
influence of electromagnetic irradiation in laser range
of wavelength, power density, etc.

CONCLUSION

It is a general recommendation to avoid unneces-
sary exposure to magnetic and electric fields and this
correspond to the general mainstream in which allowed
exposition thresholds (doses) are constantly reducing.
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Figure 7. Wheat control (non-irradiated) wet seed.

It is possible to draw parallel between associated mag-
netic and electric fields of laser with other exposures to
electric and magnetic fields (DC and AC). From correl-
ation dependence of plant height and cob length it is
possible to conclude that with plant elongation the
crop is greater. Corresponding to our other experi-
ments of similar type, here also the use of wet and dry
control seed have shown to be a good practice. The
results for He-Ne laser gave similar results as those in
experiments with GaAs laser for same irradiation para-
meters, no matter the used wavelengths in visible and
in NIR. These issues could be interpreted as quanti-
tative values (real measurable magnitude values) for
limited validity for selected exposition ranges — doses
and to defined species.

Observing the plots obtained graphically by depict-
ing the growth of plants sprouted from irradiated seeds
one could conclude that plant irradiated with smaller
irradiation energy (energy density) easily overcame
crisis in growth between 30" and 40™ day. Concerning
plant growth, just by measuring height, it is obvious
that irradiated plant needs more light for transition from
second vegetative phase to third (germination, spring-
ing and flowering). Overall conclusion is that applied
levels of energy influenced qualitative shift of plants.

For even further analysis of measured data for all
types of plants and their varieties (wheat and corn) it is
necessary, based on plant tissues parameters exam-
ined, to do appropriate model of seeds (i.e. wheat seed
could be modeled using 7 layers with distinct para-
meters) before irradiation and then to compare real
and theoretical cases.
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Uticaj laserskih snopova na Zive organizme je ve¢ duZe vremena predmet Klju¢ne reci: Laser e Biostimulacija e Bio-
proucavanja koji zahteva multidisciplinarni pristup. Kako se podrazumevaju i sistemi o Biljke ® Doze ® Koeficijent re-
vidljiva, UV i IC oblast, to se problem moZe posmatrati i kao proucavanje koje fleksije e Korelacija

pripada Siroj problematici uticaja elektri¢nih, magnetnih polja i elektromagnetskih
polja i talasa na Zive organizme. U ovom radu su proucavani eksperimentalno
procesi i rezultati delovanja He—Ne lasera na suva i vlazna semena psenice (Tri-
cium aestivum) i kukuruza— Zea mays, (var. Amilacae; var. Identata). lako je uticaj
elektromagnetnog (EM) zracenja na Ziva bica stari problem, koji je mnogo prou-
Cavan, on je jos uvek sa mnogo neresenih pitanja. Ako uz problematiku spontanog
EM zradenja postoji veliki broj nerazjasnjenih procesa, utoliko pre to vaZi za oblast
stimulisanih zracenja — kvantnih generatora, koji komercijalno (ili u eksperimen-
talnom stadijumu) rade od gama do RF (radio frekvencija) oblasti. Laseri su ve¢
odavno ukljuceni u praksu u okviru biomedicine, biologije, a u humanoj medicini
odavno su ukljuceni u oblasti hirurgije, biostimulacije, dijagnostike, farmakologije,
akupunkture, itd. Oblast primene lasera se vrlo brzo ukljuuje u mnogo svako-
dnevnih primena, a na delovanje zraCenja na bioorganizme (biosisteme) se, i
pored postojece regulative, ne obraca dovoljno paznje. Nove oblasti primene
lasera vrlo kratkih impulsa i fenomeni nelinearne optike, otvaraju mnogo novih
pitanja. Pragovi za terapeutska dejstva (biostimulaciju) se istrazuju i pripadaju
zadacima laserske dozimetrije i njenih preciznih stavova, koji se razlikuju od
drzave do drzave. U radu su opisani izvrSeni eksperimenti sa ozracavanjem
semena psenice i kukuruza (suvih i vlaznih). Koris¢en je gasni He—Ne laser konti-
nualnog dejstva (cw, 632,8 nm, 50 mW). Posle klijanja pracen je rast biljaka po
danima (debljina i visina stabljike, duzina klipa kukuruza, a za pSenicu visina
biljke). Posle pradenja vegetativnih perioda i roda izvrSena je analiza dobijenih
rezultata sa statistickom obradom podataka. Koris¢ene su predstave u vidu
histograma, 2D predstave i interpretacija u 3D na bazi metode najmanjih kvadrata
i neke korelacione analize. U mnogo referenci se uklju¢uje samo talasna duzina
lasera i doza, bez osvrtanja na koeficijente refleksije i absorpcije biosistema. Zato
je ovde dat koeficijent refleksije, tipican za pSenicu, kao kvalitativna mera za ura-
cunavanja pravilnije doze, prema tipu lasera. Koeficijenti refleksije biljaka mogu
da posluze i za daljinske kontrole (LIDAR) stanja biljnih vrsta na terenu. Ekspe-
rimentalni rezultati sa He—Ne laserom su u dobroj saglasnosti (kvalitativnoj) sa
rezultatima, dobijenih na bazi poluprovodnickih lasera sa uporedivim dozama. To
vazi i za uticaj vlaZznosti semena, bez obzira da li se radi o He—Ne, gasnim ili
poluprovodnickim laserima na opsegu od 800-900 nm.
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