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Exosiornja Hekunx Bpcra poga Crocus L. kao Guonngukarop
M€30 1 MHKPOKJIMMATCKUX yciIoBa y I'p6ajckoj mosmnu
JIvupuja Amunmh, C. Bednnj
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Yrucepsutewt v Tl puwdivnu, 38000 Hpuwidiuna, Jyzocaasuja

Baxsamyjyhit renernukom nacsichy koje oapaxasa penatusuy koneranriocr rpabe n thynkunje,
ann omoryhasa n 3uarny JCHOTHICKY NAACTHINOCT DA HITO GOLE AANTHPANOCTH , OILIC BPCTC M
IbHXOBC 3ajCAHNNE OUCTAjy Y BCOMA BapHjaGuniuM ycaosuma okpyxyjyhe cpemnne. Ibnxose xunsorne
Manngecranije y BemKoj MepH ocmKasajy upe ¢sera, KInmMaTeke yranaje koju Cy BeoMa npoMenJbHBH Y
npocropy u spemeny. Ilpoyuasajyhun neke exosomke cnenndpuunocro spera Crocus vernus Hill., C. albiflo-
rus u C. tommasinianus Herb. y I'pGajckoj gosmmun, nokymann emo ja YCTAHOBHMO Y KOjoj Mepn Me30 H
MHKPOKITHMATCKI yCJIOBH yTH'Y HA IhHX 0 Y KOM 061MY IBHXOBH AJAUTHBIH OATOBOPH OC/INKABAJY KAHMA-
TCKC NPHIHKC HA CTAIHINTY.

Yrop ‘ :

Behuna crpykrypanimnx 1 (pynKmuonanunx ajanramnija 61naka je y najsehoj mepn nerepMiica-
Ha reucTckuM Hacnchem Koje nomohy cloXemnx MexanmsaMa OIpXKaBa HIXOBY peJaTHBHY CraGinocT
YIpKOC BapujaGiiiM yejosiMa cpepnie. Meby T, Opraimsmi ce e Mory HocMaTpaTil Ball HIXOBe
cpepie. Ilof jejeTBOM KOMINICKCHUX CHOJBAUULUX YTHIAja JIeNyjy H MEXalH3MU Koji oMoryhaBajy Gn-
JbKdMa H IHXOBUM 3ajellinamMa npoMene Koje Cy y BeheM i MameM crelleny y Ckiafly ¢ ipoMenaMa
cpenmne . PENOTHICKE ITACTHYHOCT KAo CHOCOGHOCT FenoTina jla Gyje IPOMEIber Nojl ICjCTBOM pasiu-
'IITHX CPEJICKIX YTINaja, noce6uo je m3paxkena Koji 6mwbaka. Kojt inix 36or notpebe f1a octany npua-
robee ma Bpno cuenncHuNe yejoBe cBOr OKpyKelba He HOCTOjH "(DHKCHpAN AeTalball mian" paspuha,
sch meka Bpera "onurrer miana urpe” - cKyn onepaTHBUHX HHCTPYKIHja unje Kopimhetbe 3aBHCH Off cpe-
JAMHCKHX CCH3HTHBHUX XOPMOHCKHX curHana (Tyuuh, 1987).

Kimma'rekit dpakropt Kao BeoMa HecTaGINIHI Y IPOCTOPY 1 BpeMeiy, HMajy 10ceGHO BCIHKH yTH-
Iaj na 6mibKe H ILUXOBC 3ajemue. Menomasajyhi Besiky MebyycloBILEIOCT # KOMIUIEKCHOCT Je0Batba
OHH CYy BpJIO BapHjaGIUINN YaK Iy OKBHpY RCTOT GHOTONA NPOI3Bojchl pasiuuiTe MHKPOKJINMATCKE Ba-
pujanre. Pearyjyhn ua MUKpOKINMATCKe pasiiKe y OKBUPY HCTOr GHOTONA, GibKe HCNOJbABAJY CTPYKTY-
panne n (pyHKUHOHaNE AjlalTHBIE OJTOBOPE KOjIl MOrY GITH IPEI3n GHOMIUKATOPH MHKPOKJIHMa-
TCKNX YyTHLAja. '

Honasehn of ope wmmenune, npoydasaji ¢MO H3BecHE, eKOJIOUIKE KapakTEpHCTHKE BpeTa Cro-
cus vernus Hill., Crocus albiflorus Kit. Crocus tommasinianus Herb. y I'pGajckoj mostunu y npeMe mpasirix
I HarHIX NpoMcHa Me30 H MUKPOKIHMATCKIX yeloBa. MirepecoBana nac je y Kojoj Mepu oBa rpyna cce-
MCPOR/Ia CBOjIM >KHBOTHHM ManlipectanijaMa OciHKaBa TPENyTHO CTAIbe KOMILIEKCHOT JelioBatba BpJIO
HPOMENJLUBUX MUKPOKJIIIMATCKIX YTHIA]A.

Marepujan u meropnka

3a onpebupalbe OMITHX KIANMATCKUX UPILIMKA Ha LMpeM noppyusjy I'p6Gajcke posune npuky-
WHEHH Cy CBH HOCTOjehd nopany 13 HajOIINKIX METEOPINIOIIKIX CTaHHNa H ypaheno je jhHXOBO MaTeMa-
TUYKO MOJCNOBAILE Ha BEpTHRANUNM HpogiuiiMa Poxaje-Pyconuja, MBaurpaj-Xajna, lycumse-Bjent u
Inas-Kp Boruhesnne.

MukpokiHMaTcka Mepeiha cy obasibena 24., 25.,26. u 27. anpuna 1992, rogune on 8 o 18" , u3a
Taj mepnoji ¢y yTBphene cpefiibe BpefHocTH. WRTEN3HTET OCBETILEHOCTI je OuHTaBal Lux-MeTpom, Te-
MliepaTypa Ba3jlyXa JIMCHTAAHHM TEPMOMETPOM, PENaTHBHA BIAXHOCT BasfyXd JHTHTANHAM XHTPOME-
TPOM, TemlepaTypa 3aMIbHIINTa KOJEHACTHM TEOTEPMOMETPHMA, BJIaXHOCT 3eMIJLHIITA CTaHAApIHOM
METOJIOM ILEroBOr Cylllewa. Besnunna nojegunnx GHJbIHX JenoBa je Mepena uryGumepom. M3 cBake
Nonynanmje je n3Mepeto o 50 6mbaka.

Y
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Kosnuuuna ykynue Bope y JiHCTOBHMA, BOAHH NepHUUT U Tpancunpauyja cy ojpehusan Tokom
HCTHX J1aHa y HCTHM BPEMEHCKHM HUITEpBaliiMa Kao H MHKPOKJIHMATCKN hakTopu. [1poyeHTyanna 3acry-
ILEHOCT YKYIIHE BOJIE je M3pauyHasaHa H3 pa3/iMKe Y TEXHHI CBEXKIX JINCTOBA H JIHCTOBA OCYUIEHHX JIO
KOHCTaHTHO cyBe TexXHHe. Boanu fedpuunt je ofpehuBan U3 pasiliKe Y TEXHUHH OficedeIHX JHCTOBA. 1T JIH-
cToBa KOju ¢y 24" TpeTHpaHI JecTHIOBaHOM BojoM. WHTCH3NTET Tpaucumpaumje je Mepell MOMEHTIOM
[ItokepoBoM mMeTopoM (Slocker, 1929).

PesyirraTv paja u AucKycuja

Jemua o nyOOKMX JloNHHA Koja palIuiaibyje NPOKJIETHjcKH Macus je IpOajcka noiuna. Oua ce
HacTaBba Ha jyxHo 3ajebe Inascko-I'ycmseke posune. I'pbajcka ponnna jexu usmely punosekux Ka-
panduna (2480 M) n Hemrro muromuje Bosyumnne ¢ Kapaysiom (1915 M). ¥ paBuoj reosiolkoj npouuio-
CTH ILUIMTKa pevHa NOJHHA, TOKOM JlefieHor nobGa npoaybibena je rpOajcKHM JIEIHHKOM H MOP(OJIOIKY
BeoMa u3Melbena. Jlepnnk pe6mune 150-200 M KpeTao ce w3 nupKoBa (anac Ha AJGalCKOj TEPHTOPH]H)
MOJHHOM Ka cesepy upoayOsbyjyhn je n mmpehn je. Jly>k nnannnckux rpefena Koju yoksupyjy I'pOajeky
oJiHy popMupan cy ce GpojHH UHPKOBH I BHCehH Jie/IHIII KOjH €y ce yanBaid y riasun I'pGajekn Je-
JHHUK, KpeTann Jlajbe Ka H3Ja3y W3 jojiine i riasioj Macn Ilnasckor aegunka. 36or Tora je nanac I'pba-
jCKa Jlonuna 3HaTHO NpoNIIpeNa, 3aPaBmbEeHOT [IHa i CTPMHX CTpalia.

HMako y 6nikoj OKOJNHHE 1le HOCTOJI MeTeopOollKa CTaHHIA KOja OH yKa3aJla na oliuTe KjnMa-
TCKE OJUINKE, BHILCIOJHINIba TEPEHCKa HCTPAXHBalba 1 OCMaTpaiba, Kao H MaTeMaTHYKO MOJEIOBaIhe
[JIABHIX KJIHUMAaTCKMX [OKasaTelba, oMoryhmim cy nam jia carijiejlaMo rilasHe ojuinke kianme I'pGajeke jo-
nune, noce6no y mponehsoM nepuony. PacnosioxuBu nogaiyi, aini i gajmopeka sucina (1100-1200 m),
OMINTa EKCHOHHPAHOCT Ka CEBEPY H NPHCYCTBO €KOCHCTEMA dHTPONOrCHO JErpagHpalix JICTOua/ X
mryma GykBe 1 jasopa (Aceri visianii-Fagetum moesiacae subalpinum Jlakynuih et an. 1983), ykasyjy na y I'p-
6ajcKoj NOJHHH JIOMHHHPAjy CIeMEHTH KOHTHHEHTAJHC KIHMC KOjH CY 11OJl 3HATHHM yTHIAjeM [LIaimil-
ckor 3aineba. Cpejba ropmimba rtemnepartypa je 7 °C, mummManna jo -30 °C, makcumanua go +30 °C,
Cpe/iiha IoJIHiha KOJHYHHA Najasnna usnoch 1700 MM, cpe-filba COJMLIbA pelaTHBHA BIAXHOCT Ba3jlyxa
je oko 70% a cymapmro mcnapasame 6an3y 500 MM/roji., LITO  YCJIOBIbaBa BHCOKY NPIHCTYNAUHy BJary u
OHONPOAYKI]Y.

SHMCKH KJHMaTCKH YCJIOBI ¢€ Yy JOJHHH IPOTEXY J10 Jipyre MOJOBIHE Wil JI0 Kpaja anpwia. 1To-
HYETaK BereTanuole HepHojie ce OJUIIKYje NArIIM MOPACTOM TeMIepaType Ba3jlyXa Koja yeionbaBa Gp3o
oTaname AeGeNor CHEXHOr NOKpuBaya. MOKpOKJNIMAaTCKa Mepelha Koja cMo oGaBmin y aupuiry 1992, ron ,
HIYCTPaTHBIO roBope O NarjiiM NpoMeHaMa BpeMelicKe un‘yauu]e y uommn KpajeM anpiuia, u o 6p som
npeJsia3y 3HMCKHX Y NOBOJbIIE nponeheue ycnose (ra6.1., rpadp. 1.,2..3., 4., 1 5).

On 24. anpuna, Kana je cHer joru YBEK HOKpHBao jjobap jico jlojnne, oa jio 27. anpuia, Kaja je y
MOJIHH Bilajfasio 1paBo npoiuche, MakcuMaina ocseT/henoct ce nosehaia sa 15370 lux -a, Temueparypa
Ba3jlyxa Ha sucuud o 10 uM 3a 7.39 °C, a na sucnun og 100 um 3a 8.97 °C, TeMIlepaTypa 3eMILULITA Ha J1y-
ounn on 10 1M onana 3a 1028 ° C. Y ucro BpeMe pellaTHBIA BJIaXKHOCT Ba3jlyxa je na BucHuH oj 10 num
onana 3a 7.92%, a piaxnoct 3embuiuTa na py6unn o 10 nM 3a uak 52.80%, wro ykasyje Ha BellKy
BOJONPONYCTILIBOCT KpeUlbauke T'eoNIOLIKe HOJIIore.

Hawa sumeropnmiba nocMatpaiha Cy HOKasalja fia IPH OBaKBHM HArJIIM IIpOMEHaMa BPEMEHCKe
CUTyanuje RoJia3u 10 uBeraiba Oibaka m3 pojia Crocus L. unme ornounise sereranuona nepnoja.

Y I'pGajckoj poanun ¢y upucyrne tpu Bpere w3 poja Crocus: C.vernus Hill., C.albiflorus Kit. 1
C. tormmasinianus Herb. (cii.1). Ilo JHTEPAPIIM HONALIMa C.vernus ce uajucuthe cpehey 6ykosim, GykoBo -
jenosuM H GOpOBHMM IllyMaMa, Ha aJHjCKHM JIHBajlaMa, LyMCKIM ceunnama. [lpunaja nenrpanmo-espo-
nckoM padprom enemenry (Pambenosnh, 1990). €. albiflorus koju upmuapa ncrouno- IIHPHHCJCKO-AJIICKO
aNeHUHCKO-HWIHPCKOM (DJIOPHOM €JIEMEHTY, YIJIaBIIOM llaceshaba BiaxIie JHBajie, JIOJHNE, YBalle Il BpTaye
y IpefaJliijCKOM H alnujckoM nojacy ( Braian, {982). C. tommasinianus xoju npejcrasiba wiapekn gaopnn
enement (I'ajuh, 1980), ce yrnasuom cpehe no cBeTiuM npopebeHnM MYMCKHM YHCTHHAMA W ceHHAMa
(Paubenosuh, 1990).

Y T'p6ajckoj ponunn nonynauuje spera C. vernus u C. albiflorus cy nomunanrie kpajem anpuia ry-
cTo upekpuBajyhn Bemuke ponuncke nospumne. ITonmynaunja spere C.tommasinianus je najmano6pojnuja
1 Hajpeba. C. albiflorus 3ay3uma s3akolene peliose foJHHE rje ce cHEr HajOpXe TOIH H Ifie je BIaXHOCT
3eMJbUINTA HajMama. C.vernus a noce6ro, Ctommasinianus ce yriiaHoM nanase y IOJHHCKHM enpecHjamMa
rjle ce cHer Jiyxe 3ajipXaBa H IJic i3a IeroBol OTalamba Ma Buiue Biare. OBakas pacnopen nonyJiamija
Crocus-a ykasyje Nla ay>iHa 3ajipXaBarba CHEXHOI IOKPHBAta I BIaXKIOCT 3EMILHIITA HMajy BasxKHY YJIO-
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ry y auerpubynujn csake o spera y posmmi. Ilpema PACHopejty monyiannja Moxe ce $akJLy T jia
C.albiflorus uma najschn crencn TOJICPAHIIC IPCMa YCIOBIMA BIAXKHOCTIL, aJll jja J€ H BEPOBAFIO TCPMO
(witmmjn y ognocy ma me gpyre pere nomrro 3ay31Ma HaJUIIC Koje C¢ Ha Kpajy 3UMe Hajopxe sarpenajy
yele) 6psor oTanaisa clera na M.

Tab6.1. Jluesna ounasiuxa ocsedimenoct, fiesmilepatiype a0 YXa, peaatusite saarcnocin sasdyxa, iie-
Milepadiype w saawnocuin semtanuta y | poajekoy doatu 00 24. do 27, aitpitaa 1992, 700.

OCBET/LEHOCT (LUX) 24.04.1992. 25.04.1992. 26.04.1992. 27.04.1992.

0 cm 48963 38150 59670 59000

10 cm 48230 37333 59580 62166

50 cm 47259 38000 61750 62333

100 cm 57130 49000 74083 73500
TEMIIEPATYPA
BA3IYXA ( 'C)

5 cm 10.32 13.67 18.43 19.12

10 cm 11.46 13.50 18.33 18.85

50 cm 10.13 12.50 17.72 18.55

100 cm 9.81 11.77 17.10 18.78

PEJATUBIA BIAXHOCT
BASBIYXA (%)

5% 46.62 38.28 42.62 40.33
10 % 45.94 36.90 41.67 38.02

50 % 41.76 3543 38.43 35.13

TEMIHEPATYPA
SEMILHUIIITA ( "C)

0 cm 0.47 16.17 20.70 23.42

-2 cm 3.05 8.57 15.95 16.05

-5 cm 0.70 8.28 13.32 I13.92

- 10 cm 0.95 4.38 10.48 11.23

BIAXKIIOCT 3EM/LUIMITA (%)

0 cm 97.25 73.77 71.96 64.49

- 10 cm 96.45 64.65 46.11 43.65

- 20 cm 95.60 47.13 31.24 28.62

Ta6.2. Excitipemue spednociiu seauutine tofedwunx 6un op2ana speiia C. albiflorus, C.vernus
« C. tommasinianus

C. albiflorus C. vernus C. tommasinianus
BUCHHA BU/LAKA (im) 83.0-110.4 86.3-151.3 95.5-172.0
AYXKUHA IIEPUTOHA (um) 67.4-123.8 77.7-133.1 87.0-1434
Y KHHA TUCTOBA (um) 59.4-104.9 47.6 - 109.5 71.5-1155
BUCUHA TYKOBHIIA (um) 34-86 5.2-13.7 59-15.9
HMUPHUHA JIYKOBHIA (1m) 7.9-10.6 5.1-123 8.0-17.7




.4 Juuja Amunnh, C.besyj

Ca. 1. Crocus tommasinianus Herb., Crocus vernus Hill. n Crocus albiflorus Kit.
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Tab. 3. Hpoceune seaunune tojedwny Gy opeanta spciita C. albiflorus, C.vernus «/ C.tommasinianus

C. albiflorus C. vernus C. tommasinianus
BUCHIIA BU/ILAKA (um) 97.35 102,10 132.77
Y AKUITTA HEPHATOIIA (1m) 80.54 90.73 121.17
Y KUHA JTACTOBA (um) 83.20 65.60 88.13
BHCHIA NYKOBHIIA (um) 6.94 8.80 9.37
HIPHIIA JIYKOBUIIA (M) 9.23 9.38 11.17

Tab.4. Cpedrve dnesiie spednoctine koauuune YEytie so0e y auctitosusa, s00102 dedhuuiiia u
mipancuupayuje kKoo epciite Gvernus

240419920 25041992, 26.04.1992.  27.04.1992.

YKYHIA BOJIA (%) 8623 80.73 7731 64.06
BOIM JIEDATIT (%) 267 836 12.31 16.85
TPAHCHHUPAIIMIA mr/r v 23.69 22.98 2531 22.40

A v °
00000 LIX 20°¢

50000

Tu

. max —  Scm
____boun 1 otm
_ . locm — . Hocm

octm - - doocm

! 1 L | ' [
2, 250 6. 7. 2,
I'padh.1. Cpedive dnesre spednoctiin ocseitimenociiiu

00 24. 00 27. atpuaa 1992.

I | ]
5. 6. 7.
Ipadp.2. Cpedrve dnesne spednociii utestepauy pe

8a30y.xa 00 24. 0o 27. aiipuaa 1992,

24, anpuna, xafa je y NOJHHCKHM jienpecnjama Guio jou cHera, oko 80% Guibaka 13 nonynanija
CBC cBe Tpu Bpere je Gwio y nynom usaty. Hajeehe 6mibke, ca HajKPYIHIJUM LBETOBUMA Y OKBHpY CBake
lonynamuje cy ce yanasuie Ha MCCTIME TJIE ce Hajjryxe 3apXao CHer 1 rye je y 3eMILHILTY OCTAO HajBH-
i€ Baare msa 1haroBOr oTanaiba. Hcropemeno, y najeehem 6pojy CaryHajeBa, HajKpymHITje BCTOBE Y OK
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I'pach.3. Cpedive dnesie spednociitu peaauiusne saa- 1'pa.4.Cpedive dnesite spednoctiin wiestepaliype
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Tpadh.5. Cpedrve dnesne spednoctiii saaxciocui — Ipadr.6. Cpedive duesre spednociiun Hipanciupayiyge,

sesntdia 00 24. 00 27. atupuaa 1992, vicyltitte 600¢ Y AUCHIOBUMA 1L 8B00HO? Dedu-
yuata 00 24. 00 27, aupuaa 1992. 300,
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BHPY CBaKe O]l momynaumja cy umane omne Guibke) Koje ¢y (Ta6.2), ocdopMmiie nynosbKe MO CHEXHIM
nokpupaveM. CHCr HITHTH OBe GHIbKE O HHCKHX TeMIepaTypa y jyBeHIIHIM (ha3aMa HHXOBOT passnha
Kajla ce (hopMmupajy uynossuu u oMoryhara uM fa u3Gerny TeMIepaTypHe CTpecoBe KOjH HHaue pemeTe
HOPMAJIHO O/IBHjathe (hH3HOJIOIKOr nponeca. "

Ynopebewme npoceqHIx BpejHOCTH IHMCH3H]a MOjeHIIX 1e]0Ba GiibaKa (tab. 3), nokasyje na cy
Hajkpynuije GubKe 13 nonynaiwje spera C. tommasinianus. 3aysumajyhe HajBJIaXKHHje JOJIHHCKE leNpecH-
je OHe OCTHKY Hajsehy mpocetny BHcHny, yXIHY ¢Ty6a HEpUIona H JIHCTOBA | HMajy HajKpynHuje JyKa-
rie. CyIpOTHO 1bHMA, H4jHIDKE GHILKE ¢ HAjCHTHHJHM HBETOBHMA H JIYKOBHIAMA UpunNafajy nonyJaaluju
spcre C.albiflorus koje npexpusajy najeynibe nesose goanue. Hpoucriue ja cy nucTpubyunje u HeKe Bia-
KHE (DCHOTHIICKE KapaKTepHCTHKE Y 3HATHO | MEPHl IETEPMHHHCAHE MEKPOKJIHMATCKHM YCIOBUMA, H TO
IIPEBACXOJIHO YXKIMHOM 3a[ip>XaBatba CHEXHOT NOKPHBA'a KOjH UMa 3alUTHTHY yJory, BlaxkHowmhy 3eMJbi-
LITa H TeMIepaTypHUIM PEXHMOM Ha CTAHHINTY.

Kao Baxan GHOHIIHKaTOp Me30 I MHKPOKJINMATCKIX ycoBa y p6ajekoj noanun NOCJYXHO HaM
je BouHn pexxum Bpcte C.vernus Koja mo cBojuM MOpOJIOMIKAM OUIHKA H 3aXTEBHMA 32 BIArOM 3ay3nMa
HHTEPMCEepHIl NOJIOXKa] Y OJIHOCY Ha JBe Apyre BpcTe Crosus-a. PerucrpoBain cMo fa ca HariuM noGo-
JbIIALEM TCPMHIKHX yCJioBa Koje je npaheHo cMamemeM Blare y 3eMJLHLITY H Ba3fyXy, YKyIHa Boja y
JIICTOBHMA OBE BpCTE onafia ca 86.23%, Kounko je 6wno 24. anpuna, Ha 64.06% (27. anpuia). Hcrospeme-
HO pacte BOJHH Je(pUUNT y TKHBHMa JncroBa. Ou je 24. anpuna winocno ceera 2.67%, a 27. anpuna seh
16.85% (Tab.4., rpach.6), urro ykasyje na cbe Matby 3acHheHOCT JIHCTOBA BOJIOM. MebyTum, 1 nopen pann-
JIHOT ollajlatha KOMIMHHE YKYNHE BOJIe Y JICTOBHMa Koje je Owio npaheno pactyhuM BogauM neunurom,
TPaHCHUHpalHja je TOKOM CBa HYETHPH jJaHa Omia BeoMa BHCOKA. AKO ce IOrNefajy pe3ynTaTH
MHKPOKJIHMATCKHX MEpeIbd, OUHIJICHO je [a ¢y jaKa TPaHCIHTalHjcKa CTpyjama Omia ycJIoB/beHa mpe
CBEra HHTEH3UTETOM OCBETILEHOCTH KOje H3a3HBa (POTOAKTHBHO OTBapate ctoMa (Stalfelt, 1932) , u kouse-
OambeM  pellaTHBHE BJ@XHOCTH BadlyXa NpH 'MjeM oNajamy pacTy cucajyhe cune aTMocepe Koje
nojavarajy mucysujy Mosiekyia Boje. Ouuriena HeOBOJbH a CNOCOGHOC T OBHX GHIbaKa Y peryjucamy
OTBOPEHOCTH CTOMHHOL allapaTa je pe3yjraT IHX OBC aJJANTHPAHO CTH Ha YCJIO BE HEIUT O HUKHX
TeMnepaTypa H BEJIMKE JOCTYIIHE BIIaXHOCTH Y 3¢MJbH IIT Y IPH KOjOj €€ HE MOpa €KOHOMHCATH BOHHM
3aXaMa y TKHBHMa. 3410 cBOj GHOJIOIIKH ONTHMYM nomyJauije Bpcta Crocus vernus, Crocus albiflorus u
Crocus tommasinianus nocTiDKy y BpeMe HEMOCPEHO — Ipe HAMI HX KIHMATCK HX npoMe Ha TOKOM KOjuM
[oNa3y 10 HOroplIama BOJHUX OJHOCA HA CTAHHMIITY:

Hpoucririe na saxpabyjyhn reseTHdkoM naciichy Koje oap>KaBa pejiaTHBHY KOHCTAHTHOCT rpabe
U (pyHKmmje, ainm omoryhaba u 3HaTHY (PEHOTHICKY INIACTHUHOCT Y UHIbY HITO GOJbe ajalTHPaHOCTH Ha
yelose cpeiune, nomyianuje poga Crocus y IpGajckoj MOJMHN y BEJIKO] MepH OCINKABAjy yCIOBe OKpY-
XKyjyhe cpeamue. Hhuxopa denonornja, mucrpubynija, Mopdonomku KapakTepH H HEeKH (pU3HOJOIIKH
IIpOUECH MOTY MOCTYXKUTH Kao NPEIH3HI GHOMHMKATOPH ME30 H MUKPOKJIHMATCKUX YTHIA]A Y JONMHH.
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SUMMARY

EKOLOGY OF SOME SPECIES FROM THE GENUS OF CROCUS L.
AS A BIOINDICATOR OF THE MESO AND MICROCLIMATIC
CONDITION IN THE GRBAJA VALLY

Lidija Amidzic and S.Beljj

Department of Biology and Department of Geography. Faculty of Sciences. University
of Pristina, 38000 Pristina. Yugoslavia

Grbaja Vally (1100-1200 a.s.1) lies between gigantic Karanfil (2480 m a.s.1) and Volusnica with Karaula

(1915 m a.s.I) mountains. The influence of continental climate prevails in the Vally. Winter period cnds around
mid-april. During that time three types from the Genus of Crocus {C.vernus Hill., C.albiflorus Kit. and C.tomma-
simianus Herb.), blossom in the Vally. The biggest and biological the most vital plants from three populations of
Genus Crocus. are those which has developed under snow melting presented in the dampest part Vally. Some
phisiologycal parameters of these plants is also to a great extent determined by Microclimatic conditions. Their
distribution. phenology. morphology and waltcr regime serves as an accurate bioindicator of the Meso and
Microclimatic conditions atthe beginning of the vegetation period.
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YTHIAj aKyTHE HHTOKCHHALMjE 0JI0BOM HA AKTUBHOCT KATAIa3€ M
TpaHCaMHHA3e, CajipiKaj X0JIeCTepoia i BpeMe Koaryiamuje Kpsu
KOJI HanoBa

KaruntaMakcumonuh - Kocanosuh u C.Musiouesuh
Qdcex sa Guoaoeujy, Hpupoono-waitematiti paryavtent, I puwiiiuna

Y osom paay upahene cy m3ivene neknx GUOXEMHCKHX HapamMeTapa y kKpBu i CCPYMY ApYITHHX
nadoparopujekuX nanosa, coja Wistar (aktusuocer karanase n TpancaMiHa3e, CaipxKaj XoJccrepoa u
BpeMe Koaryaanuje kpsm) 45 MHHYTZ HOCNEe jeJHOKPATHE HITOKCHKAIHjC 0JI0BOALETATOM y o3n op 100
MI/KE Tell. TeX. HHTpanepuToncaimno. Kourpoune rpyne nanosa rperupane ey (huznosomKIM pacrsopom
y HCTOM BPEMEHCKOM HWHTCPBATY, Kao H NPCTXOIHE H Y HCTO] 3anpemMuul Teunoctn. Opa HCTPAXKHBAILA
NOKA3Yjy Aa je akTHBHOCT Karanase y KppH w cepymy Tpancamunasze (AST u ALT) 45 mmnyra nocie
jeanoxpatne upumene cyéieranne noze merana y o8anxky conm, curnudpukanTno peha Y ©gHOCY Ha
KOHTPOJIY, 10K j€ KOHNCHTPAllja YKYNHOT XoJecTepoia y cepymy curmnukanTno Mamma. Y3 To, speme
Koaryjianije Kpsi Koj HUTOKCHIHPANIX HaIoBa je 3Hauajno xkpahe,

7

Yeop

Hosnaro je pa nocrojeha komminna onopa Y KHBOTHOj CPEIHHIL, KOja je pes3yiTaT MacoBHOT I
HCROHTPOJHICAHOT 3arablBaiba HYC NpomsBoMiMa HIyCTpHje I TCXHOJNOTH]Ee MOXKE H3a3HBATH , TOpEN
ocTajor, o Ouoxemujcka ourrehema y opranmsmima Pa3IMMHTHX  CTYMIbEBa oprammsanije un poGa
cTapocTil. Tako, yeranorsbeno je ga oloBo cnpevasa NOpACT rama-raoGyJita nocie akTHBHE HMyHH3aIHje
seveBa (Momumnosnh, 1973), y nanosa 036mmbHO PEMCTH PABHOTEXY MeTaboJH3Ma MacTH, YIIbCHHX
XHaparta u Genamviesnua (Makenmopuh 1 cap., 1992), a Y pasuHM TKHUBHMA H opraHmMa Haca nopekara
AKTHBHOCT IHTOXpOMOKCHAase (Makames, 1976), upoyspykyje cnabuje Besupame J'! Yy THpeoHAe|jH
(Sandstead. 1967) u 3navajuo npoxyxyje P - R unrepsan y EKI-y nanosa (Bynosuh,1982). MebyTum, kox
PajlHiKa KOjH Cy npogeCHOHATHO H3NOXKEHT OJIOBY 3alakell je uajl aKTHBHOCTH en3uma AITT-aze
(Hernberg, 1967).

ViMajyhi ma ymy sumauaj Gunoxemmjekix HCTpaXHBatba, HE caMO Yy HHAHKAIWji, Hero H y
NOKYIIAjiIMa OTKPHBAlba MeXaHH3aMa TOKCHYHOI JeJOBalba OJIOBA, MH CMO OJUIYYHIH 1a Y OBOM pajy
HCIHTaMO ebeKaT osoBoaneTaTa Ha aKTHBHOCT €N3HMA THO4 KaTajase I TpaHCaMHHase, cajipKaj
XOJIECTEpOIa I BpeMe KoaryJauije KpBH 10cile aKyTHe HHTOKCHKaLHje Iaiosa.

Marepujan u meTosie ,

3a sabopaTopujcka HCTpaXiBaha Kopumhern ¢y agyaTH anGuHO manopH, ofa noja, Tejecie
Texane 220-340 rpama, Hojicbenn Yy eKcnepuMenTaie rpyue oj ceffam JI0 fcceT KHBOTHIba. (Cpe
PKHBOTHILE Cy XpaCHE CTaHapAHOM JaGopaTtopijckoM Xpanom ad libitum, KsanTaraTismo ojipehuBame
AKTHBHOCTH KaTanase y KPBH BPIIEHO je MeTofoM Baxa n 3ynkope y Mochurannjn Kocra u Cmuprose
(1964), ok je y wmcrom HEXOMOJBHPANOM  CepyMy  KOJNOPHMETPHjCKHM MeToflaMa  ofipehupana
KounenTpanmja ykymsor xonecreposia (Watson. 1960) u akTupHOCT TpaHcamuHaze (Reitman i Frankel,
1957), rorosum pearencuma KJIHHIKO-NabopaTopHjcKor KoMmmitera "Pajoma” Cucak, 45 MHuHyTa rnocie
JEHOKpaTHE NpHMEHE OJIOBOaleTaTa y nosu o 100 Mr/kr Tenecme Texunc, MHTpPalePHTOHEATHO,
Konrposne rpyne sxusoruma TpeTHpaile ¢y (usnonowKknm pacrsopom NaCl. Pesynratu eKCIepHMEHTa cy
PEICTABILEHH KAO Cpejithe BPENHOCTH, a CTYIeHT "t-Tect" je kopuithen 3a onpebuBame craTHCTHYKE
3HAYAJHOCTH JOGHJEHHX pasJiKa.
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PesyirraT U JacKycHja

Mepeme aKTHBHOCTH KpBHE KaTalasc (ciuka 1) eH3sHMa KOji yuecTsyje y OKRCHAOPERYKUHOHIM
nponecuMa Kojl NanoBa HHTOKCHIMPAHHX O0JIOBOANETATOM (100 Mmr/kr remTex.u.1.) 45 Muuyra mocne
npHMeHe OBOT MeTajla, 10Ka3ajlo je, Y Ofiocy Ha BPEJHOCTH KOHTPOJHE rpyne XKHBOTHIbA, CTATHCTHURI
3Havajio nopehame Katanassor 6poja (p < 0.001). PesynTaTi OBHX eKclepHMEHaTa MOTy ce nopesaTi ca
nmanasuma Maxamesa (1976) Koju je, npoydapajyhin akTHBHOCT en3HMa BHTOXPOMOKCHIA3C Y HCKHM
yHYTpallLUM OpraHuMa manosa (jerpa, 6yOper, MO3ak) y IpBOM NEpHOjly MHTOKCHKAIHje 0JIOBOM OTKPHO
noBehatbe aKTHBHOCTH OBOT en3uMa H ca nojamnMa Conglatosuha it Tletposiha (1953) xoju cy, Takobe,
NpHMETHIH TOBHINEHY aKTHBHOCT KaTajiase y KpBH OBalla XpOHHYHO ‘TpoBaHuX ojopoM. IHa ocHoBy
nojaTaka U3 JHTepaType W pe3yJTaTa HalHX HCTPaXHBaibha CMaTpaMo Jla je KaTallaza yKJbydeHa y
3alITHTHE MeXaHH3Me OfGpaNe, BEPOBATHO My TeM OKCHIAaTHBIC lerpajaiije TOKCHKanaTa.
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Cnuka 1. Edexar onopoanerata (100 mr.kr Canuka 3. [Ipomene cajip:kaja XoJecTepoa y cepymy

TeJI.TeX.N.11.) Ha aKTHBHOCT Kartajase 1aloBa, nocje HpHMeHe oJloBoaleTaTa

45 MuHyTa 1ocjle IPAMeHe MeTajla

Y cnenehoj eTanu HaumxX HCTpaXKHBarba ofipebuBaHa je akTHBHOCT acmapraT aMHuBOTpaHcepase

(AST) u ananns amunoTpancdepase (ALT) y cepymy nanosa. Perucrporano je curinukanTHO noseharse
AKTHBHOCTH OBHX €H3UMa NpH deMmy je, y nopebemy ca KOHTposoM, akrtusHocT AST-a Omia puine
mipaxena (ciuka 2). Cinnane pesynrate y nosehaiby akTHBHOCTH TPAlCaMIIa3¢ HANA3UMO y JIMTEPATYPH.
Byanoenh npumehyje (1982) na je akTuBrOCT ensuma y cepyMmy (SGOT) Guna 3mavajio Beha y rpyuu nanona
TpETHPAHUX Y TOKY YeTHPH Mecena 1% pacTBOPOM OJIOBOANETATOM Y nujahoj BOAH y oiHOCY Ha KOHTpOJIE.
IosnaTo je fa ce nobehana aKTHBHOCT TpaHCaMHHA3€ jaBlba U NPH Pa3sHuM oGoibemuMa jeTpe, cpua u
JPYTHX OpraHa Kaja ce OHe Kao HHTpalnelylapHH €H3UMH nojayaHo MOOHJIHMUIY Y €KcTpanelylapHy
TeqHocT. C 063upoM Ha TO, nopehaHa akKTHBHOCT TpaHCAMAHA3€ HE MOXE ce Y3eTH Kao cuemipuian
TecT TPOBama OpraHu3Ma oNoBoM. MebyTHM, cTenell BHHXOBE AKTHBHOCTH MOXP /1a TOCITYXXH Y €KCnepu-
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Ipomene  Rounewrpanmje  yRymior xosecrepolia y cepymy HHTOKCHIHApAIN H  KOHTPOJIIIX
nanoBa; 45 Munyra nociae yopmsrapaiba  oJloBoancTarTa 1 (PUBHONOMIKOL pacTBOpa, IpHKasallc cy
rpacpitiki na co 3. Anasnisa JoOGHJEHIX BPCIOCTH NOKasyje fa je y CepyMmy nailopa TpeTHpaHix 0Jio-
BOANETATOM KOHNCITPaIlja YKYIHOr Xojtectepoda CHrundp HKanTio Marha (p<0.001), BeporaTio ycien
CMAILCHC  CHITESC, O]l KOHNCHTPAIe  XOJECTCPONd  KOHTpose rpync. CMaibeibe  KOHICHTpaIje
XOJICCTCpOlla y CepyMy HANOBA, K40 PC3YIITAT HALIIX HCTPaXKIBatha, NOKJalla ce ca orkpihuma llTajua u
Kuxnha (1986) na ce KonuewTpaija XouccTepoda y WiasMil 3Hauajio CMAIbyje KOJI CIaTKOBOJIINX BPCTa
puGa (cpeGpint Kapakaur it Iapai) W3laraiix BHCOKO] KONUCHTPaIiji Manrana (40 mr/Jl) y HCPHONY OJf
4,7 u 15 pnaua.

Pesysrrar naumix ckenepumenata cy HoKasali i 1o Jia c¢ GHONCMICKI IPOICCH KoaryJlaiije Kpsi
Y HpHCYCTBY oJloBoalerata yOpsasajy. upt ueMmy ce Bpem ¢ Koaryianpje (canxa 4), y nopcehemy ca
KOITpOJIOM, 3Hatajno ckpahyje (p<0.01).
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SUMMARY

THE INFLUENCE OF ACUTE LEAD INTOXICATION ON CATALASE
AND TRANSAMINASE, CHOLESTEROL CONTENT AND TIME OF
BLOOD COAGULATION IN RATS

Katica Maksimovic - Kosanovic and S. Miloscvic

Department of Biology., Faculty of Sciences. University
ol Pristina, 38000 Pristina, Yugoslavia

The changes of some biochentical variables (catalase and transaminase activities. cholesterol content and
time of blood coagulation) in blood and serum of adult laboratory rats. race Wistar. 45 minutes afler one
experimental intoxication with lead acetate (in a dose of 100 mg/kg of the body weight given intraperitoneally)
have been investigated. The control groups of rats were treated by the physiological solution at the same time
intervals as the previous and of fhe same liquid volume. These researches showes that activities of catalase in blood
and transaminase in serum (AST and ALT) were significantly increased in comparation with controls. while the
concentration of total cholesterol is significantly decreased. Besides, the time of coagulation in intoxicated rats is
significantly shorter.
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Periphyton algae of glacial livadicko lake of Sara mountain

Violeta Urosevic
Department of Biology. I'aculty of Science, University of Pristina, 38000 Pristina, Yugoslavia

Abstract

Comparing lakes of plain regions flora with vegetation of high mountains lakes is not so well explored. In
order to improve it we carried out an exploration of algac in glacial niveous lake s on Sirinic side of Sara
mountain. One of thesc glacial lakes is Livadicko. third in sizc on this mountain.

There were established 76 taxons in periphyvton gathered in 2.08.19 92. Thc best presented were
Bacillariophyta - 55 taxons and Chlorophyta - 19 taxons. Cyanophyta and Euglenophyta had small abundance.
They were presented with one taxon cach. '

Saprobity index was estimated on the base of inc =~ «uiue of algae spe cies and it was 1.45. That
shows that water of this lake in 1992.. belonged to oligo-beta mesosaprobic level or to the I-11 class bonity.

Introduction

There are about 90 glacial and niveous lakes on Sara mountain (Cukic. 1983). so that it is, beside Rila in
Bulgaria and Durmitor in Monter~gro, one of the mountain with biggest number of lakes in the Balkans.

Lakes of Sara mountain are on big heights above sea level and they are inaccessible. That is the reason
they are not better explored.

Composition of algac was explored during 1984/85. in glacial and niveous lakes of Sara mountain
(Urosevic. 1988), while the composition of periphyton algac of glacial. Livadicko lake was cstablished for the first
time in 2.08.1992.

Livadicko lake (Figure 1.) is located on the northwest side of Sara mountain 40° 11' 25" north latitude
and
217 04' 35" cast longitude near Ljuboten. hidden in deep and on 2173 m heigh above sca level. It is 230 m long,

120 m wide with surface arca of 20.750 m> . It is biggest depth is 7.30 (Stankovic,1989). Bank is jagged and

rocky. lake's basin rocky with big stone block covered with slime. Colour of the water is green-blue. The main
water supply comes from a brook which is formed by melted snow carrying also a lot of mud. Significant supply of
water and nutritions comes {rom ground waters that are in hinterland of canyon where arc L1 springs.

Water is lost by Jezerski brook. the highest spring branch of Kaludjerska river.

Material and methods

For this exploration was used pcriphyion gathered from all around the lake in 2.08.1993. Sample is
obtained by grinding surface of coastal submcrged stone. and material is in 250 ml plastic bottles fixed with 4%
formaline in laboratory.

Preparation of Bacillariophyta for analysis is performed by standard metods (Hustedt, 1930). The other
algae groups are determined immediatly by keyes: Bourrelly (1968-1972), Patrick-Reimer (1966) Vodenicarov et
al., (1972). Zabelina et al., (1951), West (1904-1920).

Saprobity indicators arc established by Sladecek (1973). Index of saprobity is established by Pantle and
Buck (1955). Physical and chemical factors are not examined.

Results and discussion

Flora of Livadicko lake was not explored untill now. Analising summer sample we established big
community of 76 taxons: Cyanophyta 1(1.3%). Bacillariophyta 55(72.4%). Euglenophyta [(1.3%) and
Chlorophyta 19(25%). Bacillariophyta were the most represented were halophobic genus (Gollerbach, 19773
Pinnularia with 11 taxons.and Cymbella with 10 taxons. Within the genus Cymbella species, Cymbella aqualis
and Cymbella affinis were very well represented and Basillariophyta predominant vegetation. Another genus,
showed in Table 1, are presented with 5-1 taxons. Although Bacillariophyta have their maximum development
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during colder period. their abundance (55 taxons) in Livadicko lake during the summer could be explained by
specific ccological conditions on these heights and by supplying this lakc with water from 11 springs.
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\ ey
('\l
\('

Figure 1. Geografical location of Livadicko lake of Sara mountain



PERIPHYTON ALGAE OF GLACIAL LIVADICKO LAKE

- Tab. 1 Taxonomic register and frequency of periphvton algae in the glacial Livadicko lake

SPECIES Frequency Saprobit
indicator

CYANOPHYTA
Glococapsa turgida (KUTZ.) HOLL. 3 0
BACILLARIOPHYTA
Caloneis silicula (EHR.) CL. 1 0-b
Caloneis silicula var. major SKV. 1 -
Cocconeis pediculas EHR, ] b
Coscinodiscus sp. 1 -
Cyclotella bodanica EULENST 1 0
Cymbella acqualis W.SM. 3 -
Cymbella affinis KUTZ. 3 0-b
Cymbella aspera (EHR.,) CL. 1 b
Cymbella helvetica var. curta CL 1 -
Cymbella naviculiformis AUERSW, 1 - b
Cymbella parva (W.SM.) CL. ] -
Cymbella prostrata var, auerswaldii (RABH.) REIN, 1 -
Cymbella sinuata GREG, 1 -
Cymbella tumidula FRUN. ] -
Cymbella ventricosa KUTZ. 1 b
Denticula tenuis var. crassula (NAG,) HUST. 1 -
Diatoma hiemale (LYNGB.) HEIB. 1 X
Diploneis clliptica (KUTZ.) CL. ! -
Epithemia sorex var. saxonica KUTZ, l 0-b
Eunotia arcus var. binodis GRUN, | -
Eunotia bigibba KUTZ, I -
Eunotia bigibba var pumila GRUN. 1 -
Eunotia mesolepta var. binodis (EHR.) GRUN. 1 -
Fragilaria construens var. binodis (EHR.) GRUN. 1 -
Gomphonema construens EHR. 1 b
Gomphonema intricatum KUTZ. 1 0
Gomphonema intricatum var, pumilum GRUN, l 0
Gomphonema intricatum var vibrio (EHR.) CL. 1 -
Gomphonema longiceps var. subclavatum GRUN. 1 -
Gyrosigma sp 1 -
Hantzschia major GRUN, I\ -
Hantzschia virgata (ROPER.) GRUN, 1 -
Melosira istandica O.MULL. 1 -

Naviculla cuspidata KUTZ, 1 b-0
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SPECIES Frequency Saprobit
indicator

Navicula umpé«ﬁ‘ama f. primigena DIPP. 1 0
Mavicula dicephala (EHR) W.SM. 1 0-b
Navicula radiosa KUTZ, 1 0-b
Neidinm iridis (EHR.) CL. ] -
Meidivm iridis var, ampliatem (EHR.) CL. 1 -
Pinaularia borealis EHR. 1 x-0)
Pinnularia distiguenda CL. 1 -
Pinnularia lata var, thueringiaca (RABENH.) AMAYEN 1 -
Pinnularia major (KUTZ,) CL. | b
Pinnularia mesolepta (EHR.) W, SM. 1 0
Pinnularia nobilis EHR, 1 0
Pinnularia viridis (NITZSCH) EHR. 1 b
Pinnularia viridis var. sudetica (HILSE.) HUST. 1 x-0
Pinnularia viridis var. intermedia CL 1 -
Pinnularia sp. ! -
Stauroneis phoenicenteron EHR, 1 b
Surirella biserata BREB. 1 b
Surirella robusta var. splendida EHR. : 1 b
Surirela sp. I -
Synedra ulna (NITZSCH.) EHR, I b
Synedra sp, 1 -
EUGLENOPHYTA |
Trachelomonas sp. 3 -
CHLOROPHYTA 1
Boulbochacte setigera (ROTH.) C.AAG. 3 -
Closterium lunula (MULL.) NITZSCH. 1 0
Cosmariam impressulum ELFV, 1 -
Cosmarium magnificuin NORDST. I -
Cosmarium subprotumidum NORDST. 1 -
Dyctiosphacrium pulchellum WOOD. 1 b
Gonatozyron monotaenium DE BARY 1 -
Geminella sp. ] -
Oedogonium sp. 1 -
Oocystis sp. | -
Pediastrum borvanum (TURP.) MENEGH. 3 b
Penium margaritaceum (EHRB.) BREB. | -
Pleurotsenium trabecula (EHRENB.) NAG. 1 -
Scenedesmus sp. ! B

Sphaerocystis schroeterii CHOD, 1 0
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SPECIES frequency Saprobit

indicator
Spirogyra sp, 3 -
Staurastrum punctulatum BREB. 1 0
Staurastrum sp. ] -
Ulothrix sp. o -

I-individual sample: 3 - well represented; 5 - very abundant

Samplc of Chlorophyta taken in 2.08.1992. had Icss abundance inrcgard to Bacillaviophyta. They were
presented with 19 taxons and their specics made 25.0% of total species composition. Various presence was
characteric of 16 genus from which only genus Cosmarium (3 taxons were presented with several taxons, We can
also noticc on Table I that all taxons arc established in single specimen except well presented taxons of
Boulbochacete setigera and Pediastrum boryanum. The most frequent taxon Spyrogyra sp. gas overgrown rocky
bottom of coastal part.

Cyanophyta and Euglenophyta are presented with one taxon or with 1.3% in total species composition
but they are significant component considering that their taxons Glorocapsa turgida and Trachelomonas sp. have
well abundance (Table 1).

From total number of established taxons (76) in periphyton of Livadicko lake 31 specics arc indicators of
water saprobity. From that number 14 specics are oligosaprobic or betamesosaprobic indicators (table 1). Estimated
value of saprobity index 1.45 what shows I-11 class of water bonity or oligo-betamesosaprobic level.

In order to establish similarity of flora between periphyton of Livadicko lake and microphytobentos of 8
explored glacial lakes of Sirinic side on Sara mountain (Big and Small Jazinicko lake, lake Mail vir T and II.
Upper. Middle and Lower Blatesticko lake and lake Veliki vir) we made some comparations. From total number of
established taxons in Livadicko lake (76) and 8 glacial lakes (256) only 36 taxons arc common. while 41 taxons:
Caloneis silicula var major, Cocconeis pediculas, Coscinodiscus sp., Cyclotella bodanica, Cymbella helvetics
var. curta, Cymbella parva, Cymbella prostrata var auerswaldii, Cymibella tumidula, Denticulan tenuis var,
crassula, Diploneis elliptica, Epithemia sorex var. saxonica, Eunotia arcus var. binodis, Eunotia mesolepta
var. binodis, Gyrosigma sp. Hentzschia major, Hantzachia virgata, Melosira islandica, Navieula cuspidata £,
primigena, Navicula dicephala, Pinnularia nobilis, Pinnularia viridis var, intermedia, Pinnuiaria 5P,
Surirella  biserata, Closterium lunula, Cosmarium subprotumidum, Dictiosphacrium  pulchellum,
Gonatozygon monotaenium, Geminella sp., Oedogonium sp., Qocysiis sp., Pleurotaenium trabecula,
Scenedesmus sp., Spirogyra sp., Staurastrum sp. and Ulothrix sp. are autochthonous for Livadicko lake,

Comparing close height above sca level of Livadicko lake (2.173 m) to height of Big Jazinacko lake
(2.128 m) and specics (91) we astablished 14 common taxons of Bacillariophyta. It is characteristic that
Livadicko lake. that is on similar heiht above sca level (2.173 m) as lake Mali vir 11 (2160 m: 141 taxons). has with
it the highest flora similarity with 21 taxons. From (hat number 4 species: Gleocapsa turgida, Pinnularia viridis
var sudetica, Pediastrum boryanum and Sphacerocystis schroeterii, are established only in these two lakes.
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Fig. 2 Bacillariophyta in the glacila Livadicko lake 1. Caloneis silicula (EHR.) CL. 2. Cymbella affinis KUTZ.
3. Cymbella aspera (EHR.) CL. 4. Diploneis elliptica (KUTZ.) CL. 5. Eunotia bigibba KUTZ. 6. Navicula
radiosa KUTZ. 7. Pinnularia major (KUTZ.) CL. 8. Pinnularia lata var. thueringiaca (RABENH.)

A.MAYER. 9. Stauroneis phoenicenteron EHR. 10. Synedra ulna (NITZSCH.) EHR.
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Hzsoj

HEPUDPUTOHCKE AJTE F'TATITUIAJIHO IUBAJIMYKOL JE3EPA
HA HIAP-TITTAHWIIN

Brnosera ¥Ypomesith
Ojicex 3a 6nonornjy, Hpupopno-mareMariukn pakysrer, Yuusepsarer y Ipuurrumm,
38000 Ipnurrnua, Jyrociasnja

Y ojiocy Ha jesepa cMellItena y paBHH4apCKHM NpCjlelnMa HeTpakiiBatha (puiope H Bercraiije
alrl  BHCOKOIUIAHINCKIX  jesepa 300r objekTunsimnx  Temkoha suartno 3aocrajy. [la ©n ce onba
HCYjeHAMeHOCT HONpABIUIA, 4 W3BOPHA HPHPOia GOlbe yHo3Naia, HOCHC/ULHX FOIHA HCTPaXIBane Ccy
are y raanijaliguM i nasannonnM jescpuma Cupnnnhke crpane Hlap-mianune, Jepquo of riaumjanmx
jesepa je u Jlusajnixo, tpehe no Beln i ua 0Boj A,

Y nepudpirronckom Marepujalty cakymibenom 2.08.1992. rouume yrepbeno je ykynmno 76 Takcoua
anrn. Hajsacrymnennje cy Bacillariophyta - 55 rakcona, n Chlorophyta - 19 rakcona, oK cy ciiaby
3acTymibetoct uMalte Cyanophyta 1 Euglenophyta ca 1o 1 rakcomoM.

HMiieke canpo6uocti w3palynaT na 0CHOBY HHJUIKATOPCKIX BPCJHOCTH BPCTa alild H3OCHO je
1.45, wrro mokasyje na je y aero 1992, rojuie Bojla OBOT jesepa UpHanala OJIHro-teTamMe30caIpOGHOM
cryusby mnn I-11 kirace Gounrrera.

Yuopebena (paiopiia cmuocT ¢ § HCTpaxennx rianyjanix jesepa na Uap-nnaminn nokasyje na
je JInsajuiko jesepo ¢ jesepom Mann Bup nmano uajsehy daropny caninoct ¢ 21 sajesnixom BPCTOM Of
Koje ¢y 4 spcre: Gloecapsa turgida, Pinnularia viridis var. sudetica, Pediastrum boryanum i Sphaerocystis
schroeteri yrepbene camMo y oBa JiBa jesepa.

Bynyhu pa cy oba nerpaxmpaiba 06aBibCHa caMo y JICTILEM NEPHOY, HOTPeONO je HacTaBHTH
OpoyUaBaihbe hJiope alri OBOL 3aHIMILHBOT HOAPYHTja.
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The method of Pejovi¢ and double transformations

M. Vuckovi¢ and N. Rosié
Facylly of Science Kragujevac, Instituie of Mathematics

The double transformations in the form (0.2) and (0.8) arc discussed in this paper and conditions are
defined under which the solution of the differential equation (0.5) can be reduced to the solution of the
differential equation (0.4), i.c. (0.4.1) with constant coefficients by applying the method that Pejovie had used
in [4].

0. Introduction

The transformations of the diffcrential cquation
(0.1) Vita (e +ay(x)y=0
with variable cocfficients a(x) € C (i=1.2) into a differential cquation with constant coefficients. after introducling
in it a ncw unknown function or a new indcpendant variable have been teorctically examined in detail. In that
sense the results of Erugin {2] and those of Pejovic [4] should be specialy pointed out.

As it is. however. known the application of the double transformation defined by

0.2) 1 :flz(,\‘)cl,\‘
(0.3) Y=gV, v=Ev(u)
to the reduction of the equation (0.1) to the cquation
2,
©.4) £/—’i+h1‘/~”+/>2v:0
dv? dv

with constant coefficicnts b, (i = 1.2). with the exception of the results of Berkovic [1] and Samodurov [5] has not
nearly been theorctically examined.

This paper appeared with the ambition to fill. (0 a certain extent. theoretical gap. Its main intention is to
answer the question:

Under which conditions the doublc transformation. defined by (0.2) and (0.3). makes possible to reduce
the solution of the differential cquation.
0.5) ao(X D" +ay ()N +ar(x)y =0
with variable coefficients a,(x) € C (i =0.1.2). which is more genceral than the equation (0. 1) and gives, therefore.
greater possibilitics for the application of this transformation. (o the solution of the differential equation (0.4)?

L. Solution of the problem

In order to answer the question asked. it is nceessary to introduce into the cquation (0.5), instead of the
variables x and y. new variables u and v. which are connected with x and y with the relations (0.2) and (0.3).
where g(x) and h(x) are arbitrary functions. Aftcr this operation the equation (0.5) can be written in the form

v N ¢ h+ghay +a gh gy . ang” +ai1g’ +urg

(LD v={_

i’ dugh? du dogh?

dogh #0
so that the answer to the question asked is defined as the aim (o reduce the solution of the equation (1.1) (o the
solution of the equation (0.4),
It is obviously truc that equation (1.1) will be the equation with constant coeficients il the functions h(x)
and g(x) are chosen in a such way to satisly the conditions
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20'h+ ohNay + a1 gt
(1.2) (2g i+ gh Yo *d1gh = Const.
v apgh?

and

" )
avg” +ag' +arg
(1.3) 0E 'éj 25 _ const.
Cl()gh"

But. with regard to the fact that the two arbitrary function h(x) i g(x) arc simultancously introduced it is
necessary. for their precision. (o know the two mutually independent conditions. some suppositions concerning the
cocfficients of the equation (1.1) will be introduced. As the cocfficient next to v is analogous (o the left side of the
equation (0.5). the procedure is possible only the cocfficient next to dv/du.

The method of Pejovic

According to the methodology used by Pejovic [4]. two suppositions can be taken into consideration.

I

Let the arbitrary functions h(x) and g(x) satisfy the equation
(1.4 2g’/1+g/1’ =0
It follows that they satisfy the condition
(1.5) gth=c

where C is the arbitrary constant.

With regard to the fact only condition satisfied by the functions /(x) i g/x) is known. the relation (1.5).
that is. the sccond condition can be arbitrarily chosen. It will be. therefore. defined in a such way to be. on onc
hand. is the function of the problem being solved and. on the other hand. to be the simplicst onc for the definition
of the functions Arx) 1 g(x).

For that rcason. the following cases will be differenciated:

1" Let be the coefficient a, (x) # 0. In that casc it will be the most natural to choosc as the sccond
condition the rclation
(1.6) a1 /aoh) = const.
in which the condition (1.2) degencrates. becausce of (1.4).

The function will be
(1.7) h(x)=kla/ay) =k,  k=const.
so that. with regard to (1.5) and (1.7) the function will bc

e(x)=KJavla, . K=const.

On the basis of the previously said it follows that it is possiblc to formulate

Criterion 1.1. The equation (0.5). the coefficients of which are @ouy > Q0and a; € C?. is reduced (o the
equation (0.4) by mcans of the double transformations by the rclations

u=kf(a/ay)dx, yv=(KJaola; v

if the condition

7 /
(1.1.1) [(,/an/cll ) +%(,/a(,/ul ) +%‘%,/a¢,/u] }/(u./uu)w=c'()nsr.

Example 1.1. For the equation. Kamke [3].
(2.346) 8 —(a+ b2y + (a+b)x +aby =0
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ao=x* ay =—(a+b)X2, uy =(a+h)x+ab and avla; =—=x2/(a+b)

as

/"
/a<;/a1 =x‘/—1/(a+b), \/(a“/al)’ = j—l/(a+b) and(,/ao/al ) =)

the condition will be (1.1.1)

/! /
[(,/ao/a; ) +%(,/a(,/al ) +Z—i,/a(,/a1 J/(a]/a(,)m:—ﬂ—

(a+b)?

satisfied and with the substitution
u=1/x, y=xv
it will be transformed into the equation

VvV (a+ bWV +abv =0
with constant coefficients.
2% Let the coefficient a, (x) be the arbitrary one. Then, by using the methodology of Erugin [2], one of
the simplicst variants would be to define the second condition with the equality

(1.8) ' h(x)=kay,  k=const.

hence. owing to (1.5) and (1.8). the function will be
¢(x) =Ka"*,  K=const.

where m is. at present, an undefine rational number which should be defined to satisfy the conditions

ar/al’™t = const.
(1.2.1) -and

1/ /
—m/2 —m/2 —mi?2
a()(a(, ) +a1(a(, ) +a2a(,

2m/2+1
0

That means that is possible to define
Criterion 1.2. The equation (0.5), the coefficient of which are ¢ > 0 and ao € C2. is reduced to the
equation (0.4) by means of the double transformation which is defined with the relatios

—mi2
u=k[aldx, y= (Ka(,’” )v

if the conditions (1.2.1) are satisfied.
Example 1.2.1. For the equatiuon, Kamke [3],

=const.

(2.365) 2+ D" +ay=0

the conditions (1.2) are satisfied, for m=-1/2.
Example 1.2.2. For the equation, Kamke 3],

(2.288) 16x2y" + (4x+3)v=0
the conditions (1.2.1) will be satisfied, for m=-1/4.

It

Suppose that the arbitrary functions h(x) and g(x) satisfy the equation
(1.9) Qg'h+gh"ao+agh=0
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from which follows that they connected with the relation

(1.10) gZ h = Ce“J‘ ((l|"u“)d,\~j

where C is arbitrary constant.
It is evident that because of (1.9). the equation (1.1) will be

1 /
(/2\/7 ¥ a()g +Cllg +a2gv_

(1.1 0, angh#0

d*u avgh?

and that the equation (1.11) will be to equation with constant cocfficients

d?v
0.4.1) —+hv=0, b, = const.
s
if the condition
" /
aog” +a g’ +ayg
(1.12) ve 132 28 = const.
augh

is satisfied.
In order to precise the functions Ax) and g(x) it is nccessary. besides the relation (1.10). to cxist another
relation between them which would be independent on the relation (1.10).

39 Let this relation be defined by the equality
(1.13) ‘ h(x)=ka;, k=const.

so that. becausc of (1.10) and (1.13), the function will be

[ o atagy
gy =Ka,"e funtants g = const.

where m is for the present an undefined rational number which should be defined in a such way to satisfy the
condition (1.12).
It follows that it is possible to formulate

Criterion 1.3. The equation (0.5) the coeflicients of which arc d; € C?>(i=0,Dand ay >0 is
reduced to the equation (0.4.1) by means of the double transformation defined with the relations

[ -m - Jag)dx
"= ICJU::IC[X, y:K a“me J(111 g )dx v

if the condition (1.12) is satisfied.
Example 1.3.1. For the equation, Kamke [3].

(2.247) (x2 = 1" +2axy" +ala—1)y =0

the condition (1.12) is satisfied. for m=-1.
Example 1.3.2. For the equation, Kamke [3].

(2.142) S(ax+ b +8ay’ +clax+b)""y=0
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the condition (1.12) is satisfied for m=-2/5.
The general case
Supposc that the arbitrary function A¢x) and g(x) salisfy the cquation

g’ h+gh"yaw+aigh

(1.14) - k, k= const.
Cl()gh
which can be written in the form
) .
g W
2%+ =—=fh—ulu
g /7 1 ()

from which it follows that they connected with the relation

(1.15) o2 = Cej (kh—a /)

where C is the arbitrary constant.
It is evident that eith regard to (1.14) the equation (1.1) will be

2y v do 7”+611’/+6127

(1.16)
du? du apgh?

and that the equation (1.16) will be the equation with constant coefficien(s

2
(0.4.2) 4y gdv bov=0,  by=const
du?  du

if the condition (1.12) is satisfied.
In order to precisc the arbitrary functions /x) and g(x) it is necessary. besides the relation (1.15), to exist

another relation between them which would be independent on the relation (1.15).
In that case. it is the most natural to choose as second relation

(1.17) avh?* =ky, k| =const.

and because of (1.15) and (1.17) the function will be

ki Jag —ay/ ix
g(x) = KJ ao ej( Jdo = "”)“ , K=const.

Consequently. on the basis of the above said- it is possible to formulate

Criterion 1.4. The equation (0.5) the coefficients of which are a; € (2 (i=0,1)and ay>0. is
reduced to the equation (0.4.2) by means of the double transformation defined with relations

klag—alag)dx
iU :/(Ij(l/ [d, )(/X, y—_—K\/ a0 e,’.( Ag=aylag)dx "

if the condition

(avg” +a\g’ +a,g)/g = const.
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is satisfied.
Example 1.4. The differcntial equation, Kamke [3].

(2.382) x-a)(x-b0)2"=cy, a#b

by substitution

u=ln*=4  y=(x-hyv
x—=b

is transformed into the equation
(a—bh)" =vy=cv
with constant coefTicients because in that case the function will be

a—»b

h(x) = ——————(x Z 0 =h)

and g(x)=x-bh.

2. THE CONNECTED BETWEEN THE PARTICULAR SOLUTIONS
AND FUNCTIONS h(x) AND g(x)

It will be shown that is possible to cstablish the realation between the functions /(x) and g(x) and
particular solutions of the diferential equation (0.5).

It is known that the basic system of particular solutions of the differential equation (0.5) and its
coefficients are connected with the relation

—J (alay)dx
V2 :y[J. - dx
Vi

v

which can be written in the form
2 d ) et f Y
Q. vi——(va/y) = g7,
1clx(‘ Y

If the relation (2.1) is compared to the relation (1.10) it follows that between the function h(x) and g(x)
and particular solutions y, and y, of the differential equation (0.5) the relation can be astablished

(2.2) gx) =y and /1(/\’»):%()’2/)’1).

o

On the basis of the above said. it follows that. by using thc double transformation defined the relations
u=y/yi, y=yiv
the equation (0.5) can be always reduced to the equation

d?v _
di?

because the condition (1.12) is satisfied.

Besides, this result can, in some cases. be used to determine a particular solution of the differential
equation (0.5).

For example, for the equation, Kamke [3],
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(2.3220) =1 +x(+ 1 -y =0
. pre G €[ 1Y
) © (/\._ ])2 Ax—1

thercfore, because of (a). it can have the particular solution

vi=1lx-1) or yy=x/{x-1).

It is casy to find out that the second function is the particular solution of the differential cquation (2.322a).

3. CONCLUSION

The obtained results. expressed by the criteria 1.1 - 1.4 have, one one hand. a great applicable value as
they make possible to form an unlimited number of integrable differential equations in the form (0.5) and, on the
other hand, they can be of some interest because they fill. to a certain extent. the theoretical gap in this ficld.

These results. furthcrmore, demonstrate a wide range of applications of the double transformation. defined

by (0.2) and (0.3). to the solutions described by Erugin and Pcjovic which are. in fact. the special cases of the
transformation defined by (0.2) and (0.3).
Further. from the relation (1.10). for ffx/=1. a,(x)=1 and C=1. the transformation of Pejovié is obtaincd

-1 J,a dx
yv=gx)y=ve 2J7.

From the relation (1.10). for g(x)=a, (x)=C=1. the transformation of Pcjovic is also obtained

h(x) = di — e oy

LIRS

Because, for g(x)=a, (x)=1, the equation (1.1) will be

d?*v /1’+a1hﬂ+g3

v =10,
? he  du K2

hence, for

a>/h? = const.
in accordance with (0.2) and (0.3). the transformation of Erugin is obtained

u=kf Jay dx, y=v, k=const.
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e

U3BOJI
METOJIT HEJOBUHhA U JIBOCIPYKE TPAHCDOPMAIL 12008

Pasmarpajy ce jsoctpyke rpancopmanmje ofika (0.2) w0 (0.3) 1 echunniry yesrorn noj Kojima
ce pernaBalbe juepennnjaine jepnaunice (0.5) MOXC jla CBCIC A pelianaine JHpCpCHIHjaHe jCHIATHIC
(0.4), ojmocuo (0.4.1) ca cranumnm KoedpunujenrriMa HPUMCHOM MeTojie Kojy je Tejosith koprerno y [4].

HoGujem pesyarratu, Koje wspaxasajy kpirepujymn 1.1 - 1.4, UMajy 3navajiy aminkarTipiy
BpejocT, jep omoryharajy ga ce popMmupa neorpamien Opoj mrrerpaGuininx  cepe i
jejmatima obnuka (0.5), ca jejuie erpane, a ca JIpyre €y ojt HuTepeca, HoITo Y H3Becioj Mepli yuoTuyibyjy
TCOPUJCKY HPasIiIY ¥ 0BOj o6HacTi.

Ocum - rora, joGujennn pesyirati ACMOUCTpHPajy  HIIPOK Jjanason  HpHMCHC  JIBOCTPYKE
rpancdopmamje, fedumicance ca (0.2) n (0.3), na pentasame jejmatnmne (0.5), 10K To umije cyuaj ca
TpancpopManijama Tina lcjornha u Epyrmia, KOje ey WA JIpyro o cueigljajinn CayHajeB
Tpancpopmaije nedpunncanc ca (0.2) n (0.3).
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Reflector-absorber system with rays that fall perpendicularly
to absorber

Radovan Nikoli¢
Department of Mathematics. Iaculty of Science, University of Pristina, 38000 Pristina, Yugostavia

In this paper the given problem is solved by the complete integrals of partial equations that figure in
the system.

0. Introduction

From the mathematical point of view. the Sun collectors arc ssystems made of (wo smooth surfaces. The
bigger is the reflector (concentrator). and the smaller is the absorber (receiver). The fundamental problem. from the
mathematical point of view, for the Sun collectors is the determination of the cquations of reflector and absorber
surfaces.

The authors [1] have solved this problem using the svstem of ordinary differential aquations. and in [2]
the same problem was solved by general integrals of partial equations of the obtained svsten.

In this work the given problem will be solved by the complete integrals of the partial equations. that figurc
in the system on which the solutions of the problem is reduced.

1. Problem

Let M(x.y.z) be an arbitrary point of the reflector C =fl&,M): then by p and q we denote the cxpression
Wy ZA ) —
;EL\// and 5;1[\1 respectively.

Analogously. if A(X.Y.Z) is an arbitrary point of the absorber £ =F(E, 1)) than P and Q denote the
f)

. aF AF ) oo
expression P I,u and m IM respectin cl}.

Let assume that the Sun rays fall on the reflector parallel to the OC axis of the coordinate system Ox N&.
In that casc the equation of the ray reflected from the reflector in the point M(x.v.2) is 2]

E-x nm-v [~z
2p 29 pr4gi-i

If this ray is falling in the point A(X.Y.Z) of the absorber. then

X—x_Y-v__ 7z-;
p 4 pregt-1

(D

and if that ray is also normal in the absorber surface. then

X—x Y-» L=z
P Q -1
It follows. the problem of determination of the reflector surface equations (the reflector cquations) and
absorber surface equations (the absorber cquations) is reduced to the solution of the system (1)-(2)

(2)
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2. Solution
Before we start to solve the given problem (1)-(2). we can observe that the equations meridian plane.
passing through the point M(x.y.z). is I} = ‘;E', . The point A(X.Y.Z) lics on the meridian planc. so that it has to
be:
’
Y= l—/X or —\X = \l,/
Without loss the generality. we may assume that the ray MA intercept OQ axis in the point O(0.0.0),
otherwise. we move the coordinate system, by translation. so that the origin comes in the point of interccption.

. ‘ Z 1 .
Thercfore. the above proportions can be amended with another one, | = = |. so that we oblain:

z|  n

X_Y_ Z_1

(3 X v oz n
If we have sequence of cqual fractions

ar _da_ 4k

/)1 /72 hA’
and the sequence of numbers Ai,Aa, ..., A of which at last one is not equal zero. than the next equality holds:
@ Mai+har+ M _ay _ax . _dg

}\'1/)1+}\2/7Z+~~-+>\'/{bk /)[ /)2 /)/{-

The cquation. considered of the first and second fraction in (1). can be written in the form

P_X=x
4 Y-y
or. if we consider (3) and (4).
- (

The last cquations may be solved using the Lagrange-Charpit's method. for that it is sufficicnt to put

P 4
y=2a=5
from which it lollows p=2ax and ¢=2ayv.
The general integral of the completely integrable Pfaff’s equation
dz = 2axdx + 2aydy,
is
(6) z=a(x>+y?)+h.

where a and b arc arbitrary and different constants. (6) is also the aimed complete integral of equation (5).
The function (6) must be also the solution of the equation formed by the first and third fractions in (1).
and which may be written in the form

prry*-1_z-;

2p X—=x’

or. if we consider (3) and (4)

pr4gt-1 _z
2p e

Inserting the function (6) in the last equation. and rcarranging it. we obtain h = _ill_,' Therefore. the desired
solution of the system (1) is
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|
7 z=a(x* +y*) - —,
(N (x4 y°) P
and the almed reflector cquation is

1
7' =a(E? +1n?) - —.
(7) C=al&?+n?) i

The equations composed of the first and third fractions. i.c. the second and third fractions in (2). may be
wrilten in the form

__X-x _ Y-y
P= £—z and Q= Z—z
or. if we take into account (3) and (4)
X Y—y
8 P=-= =~ -
®) 7 0=
or. if we take into account.(3) and (4)
X Y
8 P = — — T - —,
(8) > O=-7

By the direct check we conclude that

9P _ 99
oY = ax’

Fig.1
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This means that the system (8) is completely integrable. i.c. that the Pfafl's equation

= Xov—Yyy
dZ==dX = ZdY

also intcgrabile. and it can be writlen in the form

XdX+YdY+2Z2dZ =0,

which solution is

) X2+ Y +Z2=C7,
where C is an arbitrary constant, (9) is also the solution of the system (2). The cquation of the almed absorber is
9" E2+n2+(*=C2

Let express C as a [unction of a, using the condition (3). The point M[O, O’—ZIZ] of the surface (7"

corresponds to the point A[O, 0, —Tl;]oflhe surface (9'). Therefore from (9"). we have C' = 4—(],;, and this mecans

that, according to (8).

2 2 2 1
£+ =
¢ 16a?n? . _
Fig.1 shows the reflector and absorber surfaces which present the solutions of given problem.
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N3BOJ1
CUCTEM PE®JIIEKTOP-AIICOPLEP CA 3PAITUMA
KOJU ITATATY HOPMAJIHO HA AIICOPBLEP
Opcbupame jepuaunna pediekTopa 11 aGcoplepa XEJIHOTEXHHUYKOD CHCTEMa €¢ CBOJH Ha
pemaBthc CHCTCMA HaleIIj‘dJ]HHX je}ma'uma
X—x _ Y—y _ -z
2p 29 pl+g*r-1

(1)

P 0 -1
3a pasnuky off pafta [1] , rae cy ogpehiiBaHd MepHjaHCKH Ipecelll TpaXXCHHX NOBpLIH, MOMOhy
chacreMa OOMYHUX [udpepeHNnHjaliunX jejHa'MilHa, OBje ¢y jefuaqliie TpaXKeHHX MNospiun ofpebusane
HENOCPEAHO peliapameM ciereMa (1)-(2). Ipn ToMe cy jegHadine peduekropa

—_y Y-V -
2) X—=x _ Y _Z z

9 § 4’ +L2=C7
4 jefiHaunHa ofrosapajyher aGeopbepa

2 2 2 I
§2+n*+L% =
16a?n?
ojpebene momohy HOTOYHHX pelneiba (HHTErpajia) ropmUX jefAladliHa, 3a pa3nuky oa [2] rae cy Here

noBpuI oapebene noMohy OMIUTHX pellciba TOMEHYTHX je/lHaYHHa.



Y HHBEPZHTETCKA MHCHO
- PHPOTHE HAVKE

(O8]
o}

Onpebusame jequaunue dpoxycupajyher ornenana samruhenor
HPOBHIHOM IUIAH-NAPATETTHOM IJI0YOM

Paposan Hukosnuh
Ojcex 3a Maremarugy, Tlpupogro-maremaririkin axynrer, [piurina

In this paper a differential equation of focusing mirror protected by transparent plane-paraliel plate
has been composed and then solved.

YBop

Hajsehu npoGiem npu xopmmhewy Cynuamix KOJIEKTOpa HHje, KaKo Ol Ce TO MOIJIO MOMHCINTH
Ha HPBH IOV, MaJla TycThia conapue eneprije (oko 1AW/m?), sch mana TPajHOCT HEelIOBIX HojeIHIX
ROMIOHENTH, Ha npaMep orefaia. Oriejiana Cynuanux KolleKTopa uponafajy s pasHOpPa3HUX pasiora;
300r yrnuaja sarabene armocdepe, 36or fiejeTBa MEKPOMETEOPHTA, 360T HEpPAaBHOMEPIOT 3arpeBama y
TOKY Rana wri. M3 THX pasiiora ce npuctyna 1sHXOBOj 3aurtiTi. Jegan off HAYMNA 3alITHTe orjieflala je
IpexpuBame oriejana UpOBHAHOM [UIaH-MApaieSHOM IJIOMOM Off CTakia WAH IUIAcTHKE. Ipu rowme,
HapaBHO, JIONa3n 10 NOropliamha ONTHKE CHCTEMa a Taj npoGieM ce pelliapa MOeIpaibeM, Ty
CaCTABILAILCM 1 PCIIaBatheM OTOBapajyhux jiipepenjainux jeqnaumsa.

Y [1] je mocrabiben npoiieM it pemel i ToM NpHIHKOM tobujena (pokycupajyha kpusa ueTspror
crenena. Y [2] pewnaban je uctn upotiem, a foGujena (okycupajyha kpusa jipyror creneta. Y onom pany
hemo npoGaem pemasatn cienehn |2].

PopmMmynucame npobiema

AKo (borycnpajyhe oriejiano upekpujemMo npoBijmom Ian-HapajieIHOM IWIOHOM OJI CTaKla HIH
IUIACTHRE, OHJla ONo Hocle UpeKpiBatha Bille e (okycnpa. Crora tpeGa ofgpeiTn jenHatny (06aux)
Tako salTHhenor orjefa’da fAa OHO H TMOCHC 3alUTITE tboxycnpa. Iomro hemo npoGiem pernapari
noMohy oGuanux gucdepenujannux jejmaunna 1o hemo OApEbNBATH MEPUANJAHCKH U TOUPEUnH Hpecek
3amrTnheHor oriefana.

HpernocraBumo fa ce cBeTIOCHH 3paK, KOjH Naja Ha 3AUITHTHH IUIOYY TOJ{ YITOM (, lpejlaMa ce
Ha PaHIHO] HOBPIIN NOJ YriloM B Tajia off najia Ha ApYTy rpanutny HOBpHI NOJ yraoM 3, Ha 0] ce
NIOHOBO TpeJiaMa [ojL YoM of If Mafla Ha orjefalo y Tauxky M(x.y) (cn.l1). [akue, IpH IpORA3y Kpo3
Iméu-napaneﬂny IUIOTY CBETIOCHH 3pak OHba CMakHYT (Napaliesino NOMepeH) 3a BendIny higacosp, gde je
h ne6ibnna samrurne miove. (Besa msmeby yriosa o B onpebyje ce wa ocmosy Jlekapr-Crenonor
3aKOHa. '

Y1{MHMO Jla jefiHaunHa TpaxKeHOT MEpHJIjalickor npeceka poKycupajyher orsenaja v=fx).
CBeTIOCHH 3paK, KOjI Najla Ha 3alITiTHy oYY HOJU YIVIOM 0, HIOCIC IPOJIacKa KPo3 Iby Najia y Tauky
M(X.y) orsiefana nog yraom y (cn1). Y tom citydajy je HArHGHU Yrao TaHrewte KpHpe v=£x), y menoj
Taukn M(x.y). ipema ocit Ox, jenuak o+y. Crora je

(0 tg(o+B)=/(x)=y";

ojilaBfie fo6ujamo
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) y=arctgy’ —a.
Ha ocnopy depMaoBor 3akona, ofA0HjelH 3paK ol orleflalia y Tauki M(X.y) 3aKjiana ca HopMaioM

y MCTOj Tauki yrao 7y, IITO 3HaMH jia je HaruOun yrao onbujenor 3paka, upema oci Ox (crl) jepyax
T/2+0+2Y, a meroB KoepHIIjenT npasia

rg(g + 0o+ 2y) =—ctg(0l+2Y)

=—cigl(o+Y)+

_1glo+ygy—|
fg(a+y) +1gy

/
‘ _Vigy-1
(npema(l)) = ___—y’ T ray

= maocnosy (2) je
tey = tg(arctgy’ — o)

_ Y —tga
1—y/tgo

U V'—tgo
7 I—yllgu
- /
yi—=lgol
v+
i I-v'rgol

Y= tgo— 1
V2o + 2y —teo

IIpema ToMe, jefiatnmna 3paKka Koji ce oj6uja off orjejana y Taukn M(X,y) 1 naja Ha ancopbep y
Tauky A(X.Y) riracu

2 _2y/tgon— 1
3) y-y=2 FEIT (x-x)
V2tgo+ 2V — teo

[To mpeTmocTaBiy, TpaxeHo orjiefano (oKycHpa, Tj. CBH 3pali OfGHjeHH O]l OrJieflala IpoJase
Kpo3 jemuy Te ucty Tauky-¢pokyc. He ymaibyjyhn ommrocT, npetnoctaBuMo fia ce (POKyc moOKJjana ca
KOOP/JAHHATHUM OYETKOM ( ¥ CYDPOTHOM CJIyuajy NOMEPHMO TPaHCJAATOPHO KOOPIMHATHH CHCTEM TaKo JIa
KOOpAMHATHH II0YeTak jlobe y hokyc).

TTonrro 3pak (3) npostasin kpos ratury ({0,0), mopa Onru

(4) o Yo igo ] X
y=
TV eo+ 2y - 1o

Jepnauuna (4) je nucpepennmjanHa jefHawHHA TPaKCHOI MEpHIHjaHCKOT npeceka Qoxycupajyher
orjejala.




Onpebuparse jeqnauniie hokycnpajyher ornepana 35

Pemicibe npo6iiema

Hpeminmmo jepmatuy (4) y o6anky

OJJHOCHO
72 / Yo
V=2 gl arctgs + (x) -1=0.
a 3aTHM PCIUHMO HOCHEIbY jefIHatIHY 1o Y

|
cos (arctgs + oty

v
(3) v = fg(arcfgtj + oc) +

3a petapame jepimatuue (5) tpeGa crapntn (IIpH pemapaiby KOPHCTIMO 314K +; ApYTH cllyyaj ce
pasMaTpa aHaJOTHO U HE Jlaje HOBO peuieibe):

Y v xz’
(6) : arctgy =z, T=1tgz, V' =t1gz+ =

g ’ Cos°z
na hemo fo6uTH

|

p ,
Xz

1gz+—=——=tg(z+0) + —————

g cos’z 8t ) cos{(z+ o)

OJTHOCHO Ka[a CpeiHMO

xz/ _ sin®+cosz
oSz cos(z+ o)
Hocanepmby jematnny MoXeMo jla IpCHIIEMo y 06Ky

(7) €OS oulz +( l + l )cl(cosz):%ié\;;

cosz+sing \°052  cosz+sino

OflaB/ie HHTErPalHjoM A0GHjaMO

g3tk osz X

tgz —kcosz+sina  C’

. . _ |l+sinx
rge e ( HHTEC rpamnnona KoHcTanrta 1§ k = 1_~'_* . I(()pIIIIIhC ILCM HIICHTHTEC Ta
—sino

sin oL = —cos (g + % ), HaNasuMo jia je  k=tg(n/4+00/2) na (7) MOXEMO HpenncaT y oKy

7

z n o
fg5+fg(4 2 ) cOSz X

] ~C
fgz—fg(§+%)cosz—cos(§+a)

HJTH Kaja W3BpumMo ofirorapajyhe ujentirike tpancopMalyje i JoGHjCHR pe3yaTaT cpejimo
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cosz _X

I —sin(z—o) C°

Tocnejuby jeinakocT MOXCEMO Hpeteati y oGJIKy

| = %(Colsz—fgzcoS(XJcsinoc),

OIHOCHO

C:x(,/ 1 +1¢%z —fgzcosoc+sin(x).

IWIH aKO y3MeMo y o6sup (6)
(8) C= Jx?+y* —vcoso+xsina.

Jla Ouemo yTBpJULIN KaKBY KpHBY JIPYror pejia npeictasiba jobujena jepnauanna (8) npehumo na
nonapue Koopjunare nomohy popmysia X = psin 0, v=p sin 6 ua hemo joGurn
p ] Y (popMy \

(®) p= et
1 —sin(o —0)
a To je jejiavnna napaboie, Tj. MepHnjanckn npecex oxycnpajyher orneyana je napatoaa.
Ilpumernmo aa je y 1] ymecro jepuatime (8) gobujena jenadnna 4eTBpTOr CTeneta jla ¢ U3 e,
IPENAacKOM Ha nojiapie Koopjnate, fo6ija u jepnadima (8').
OjipejiiMo KaKap HoJioXaj iMa tapabosa (8) y kooppimartnom cucremy. Ipeniimmo jeanaqnny
(8) y obiuky

(8" x2cos?o+xvsin 200+ y2sin” o+ 2Cx sin o — 2Cyv cos o — C2 = 0

a 3aTHM J¢ CBEIMO Ha Kanouckn obunk. Musapnjanrie kpuse (8"), y ojocy na tpancdopMatijy jefor
IlexapToBor npasoyriior KOOpHHATHOL CHCTCMA Y JPYIL, Iitace

.
Iy =ay +dy =cos’o+sin“o = 1.

= dnodn cos’0.  sinolcoso 0
2 = = . .9 = V.
dy dy ~ SINOLCOSOL  sin”o
dy diy dis cos’or sinocosol Csino
Ix=ay dy dan = sinocosor  sin‘a. —Ccoso =—C?
ds1 dy dx Csinoe.  —Ccoso.  —C?

[Towrro je I, =0, 13 # 0 ciiepn ja je kpusa (8) napaGosa (10To ce ciiaxe ca IPETXOAHO J0CHje M
pe3yITaToM), 1a heHa KaHOICKa jejiiauina y "HOBOM" IpaBoyriioM KoopjuHaTioM cucremy O ET| riacu

OJHOCHO
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HIn

g:
) n=—=.
2C
Henpen kopena eMo ysenn snak miniryc, jep C>0 a nocMatrpaiia Kpina je KOHBeKcna.
Onpemnmo cajia jejmanmy  oce camerpije kpupe (9), 1. jepnaummy oce O N. Jennaunna
noMeny e oce y "crapom” KoopjuaTnom cucremy Oxy riaci
dpdixtdandas
Iy

6112,\‘+6122}’+ =0.

OJINOCHO
xcoso+vsina=0.

A v

y}\ o«!

\ VI
N/ /_?

/ 7

£ // J;’/ .
/
0] / X
\ /// -
41“&&/

Py
/ngfvi“"’“ \

Cn.2

Peraajyhu cucrem koji caunmanajy jeanavima (6) n nociefma JCMANIa Hala31IMO KOOP/IHIaTe
Csinoe  Ccoso
2 7 2 '

nesamrrihenor ornepana (yna junnja) n sairrahenor oriefana (nenpeknyana JHIja).

Tauke O, 1. go6ujamo ga ie O Ha cj1.2 npukasanu ¢y MepmyiijancKn  npeceri
1.7 | ] | \

Jmreparypa

(1] A Jumurposekn, M. Mnjatosuh: ludepenuujaiie jejaunme npoGicMa 3amrrure Cyuuamnix
KoJleKTopa (peflaBatbe ojpxKano na VI koudepenimjn npuMebene MateMaTike), Tapa 1986.

[2] P.Hukounh: Hundepennnjanne jepnaunne Cymiamx KojgeKTopa (marncrapekn pan), lpumrruna 1993,
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Summary

Determination a equation of the focusing mirror protected by
by transparent plane-parallel plate

In this paper. first of all. the cquation

V2 =2v"tgo - |

€3} V= ;
V2 rgou+ 2y — oo

of the meridian cross-section of {he focusing mirror transparcnt by planc-parallel plate has been composed and

solved.

The obtained result. i.c. the equation of the meridian cross-scction of the focusing mirror

(8) C= /x*+v? —ycoso+xsina

is parabola. and its canonical equation is

&2

9 T]Z-z—a

This result is simpler than one obtained in [1]. The curve obtained in [ 1] is a curve of the fourth order.
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MATPUYHOE TIPEJCTABJIEHUE UMKJIIOB TNIOCKOCTHU H,

Y. Hosmmuanun , I'. Hukosnu u M. Credanosnu

Beejicnuc : OKpyskHOCTU ¥ IUIOCKOCTH E, npeieraBiisiyinch KOMIIEKCHLIME MaTpULAMA
BToporo nopsiika [1],[2],13],[4] 3pech noayueHn aHoIOruIHI PE3YyNbTATH JUIST LIUKIIOB
TIockocTH H, cchopmynuposanu B Teopeme 1.

Hotst usyuennst MKJIOB MIOCKOCTH H, . T.e. OKPYXKHOCTEW , CKBHAMCTAHTH W
OPHUIHMKIIOB STOU TNIOCKOCTH , PACCMOTPUM HIITeprpetanunio [lyaHkape miockoctu H, Ha
wiockocrn E, . 1pu KOTOPo# 0GCoMoT MI0ckocTn H, u306pa)actes eUuHAUHON
OKPYKHOCTBIO

zz=1 (1)

miockoct E, . B 9Tod unTepnperatudn oKpyxkHOCTH TIOCKOCTH H, usobpaxaroTcs
OKPYKHOCTSAMU , ICTUKOM JICTAUIUMU  BHYTPU KPYra . OPAlTUCHHBIMU OKPYXHOCTBIO
(1) . OPMLHUKJIBI - OKPYKHOCTSMH . JICTALMMHU BHYTPH 9TOrO Kpyra W Kacalol[UMUCs
OKpyxHOCTH (1) . a ABE APYTH SKBUAMCTAHTHI W300PAKAITCS TON JIyTOU OKPY3KHOCTH ,
MepecekaoIehiess ¢ OKPYKHOCTbIO (1) KOTOpast  HaXOmUTes  BHYTPH Kpyra
OTPAHUNCHHOIO 9TOU OKPYXHOCTBIO U TOU IPYIOR , KOTOPAst IIOJIYUaeTcsi U3 BTOPOU [y
OKPYXKHOCTH , TCPCCEKAIONICHCS ¢ OKPYXKHOCTBIO (1) . WHBEpCHMER OTHOCHTEIIBHO
MOCJICAHCH OKpYxKHOCTH . [Ipu 3TOM mipsiMble 110ckocTH  H, n306paxaiores Ayramu
OKPYXHOCTCH  OPTOTOHAILHBLIMEA K oKpyskHoctd (1) . a  yribl MEXKJY LMKJIIAaMU
M300PAKAIOTCS B HATYPAILHYIO BCTMUMHY . UTO OTHOCUTCS TAKKE K MIMbBIM yrilam .

1. Yron mexny muxiiamm

Tax YTOJI MKy IBYMST TUKJIaMU I/13()6p'cl>KaIOII[I/IMCH OKPYKHOCTIAMU

Azz+ B2+ Bz+ (=0 (2)
AzzvB 40 =0 (3)

PABHU YIIIy MEXKITY 9TUME OKPYKHOCTSIMH . BbIPAXKACTCst 110 hopMylic

Sy (MM |
cosp = SO0T) @
2 Dethind)
rjac
: m=| B o M= B

¢ B C B
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MaTpuihl cocTaBichiibic U3 KoahpuipenTos ypasncubd (2) u (3) .a S, X u Det X
CILCITU ONPEJICHUTCL MaTpulbl X,

Tcopema 1. YenoBe Toro , UTo UK INIOCKOCTH H, usobGpaxacMbid
OKPYKHOCTBIO (2) . SIBJISICTCS NIPAMOA JIMHUEH 9TOTO TUIOCKOCTY UMCCT BUJL
A=C (5)

B caMoM jiese npsiMbic IWIOCKOCTH H, u300paxalores na iockoern  E,
OKPYKHOCTSIMH  OPTOFOHAILHAMK  OKpysKHoct (1) . a yeioBue opToroHalbHoCcT
okpyxkuocrer (2) u (1) wrockoeryn E, umecr sun

cosp=0
VIS yIIla ¢ MEKJTY 9TUMU OKPYKHOCTSIMH .
Tax kak Juist okpysxkHocTH (1)
A=-C=1 B=0

B CUIY hOPMYJIbI (4) 5TO YCJIOBUE MOXET OBITL 3al1Mcalo B BUJIE
/
Sp(MM y=(C-A4=0

T.c. B BUjIC (5). Teopema jlokasaHa.

PESVMME

Kpyrosu pasuu E, npeyerasmenn ¢y y [11,12] . [3], [4]koMiuiekenum marpuliama
JIPYrOT pefia . Y OBOM pajiy ¢y JJOOHjCHU aHAJIOTHU PC3YJITaTh 33 NUKIC pasiin H, Jepan
o1 NOOHUjeHNUX pe3yJITaTa (hOpMYJIHCall je U JIOKa3aH y Tcopemu 1.

ABSTRACT

Circles in the plane E, are represented in [1],2],[3] and [4 by complex second
order matrices. In this paper are also given analogons rezults related to circles in
the plane H,, one of which is formulated and proven through a theorem.
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Mepeme kKounenTpanmje pajona y cranoBuMa

b.Jakynu, I1.Bacuh, ©.Apposuh
Lpupoguo-Maremariruri paxyarer, puinriia

Meperhe Konentpanije pajona y cranoBiMa na repiropijn Hpimrriie i mene Gaike okosnmme
BPHICHO je MCTOJOM UBPCTHX JICTCKTOPA TParoBa HacJCKTPHCAIIN MCCTiA. Konuenrpanija pajlona y
cranosuma rpajla Hpunrrnue je nenop 150 Bq/nﬂ. JIOK JC Yy CTAHOBHMA HCKIX HACCILCHIX MCCTd Y ILCHO]
OKOJIHE BPCOCT KOUNCHTpanje pajona wsmeby 150 By/m* n 750 By/m*.

YBoj

Pajon je pajmoakrtusan rac Koji nmacrajc y muponecy pachafaiba PAaRHOAKTHBIIX cJeMCIAaTa
ypauoBor mmsa. Kao rac y m3pecuuM KoJnnmimaMa je yBeK HpHCYTall Y aTMOcpepeKom Basayxy. Iheropo
HPHCYCTBO Y Ba3AYXY J¢ PA3IITITOr DOPCKIIA allll ¢¢ CMaTpa Jla HajBchiM JICJI0M JoJtasH 113 1y Gitic 3emibe.
36or Beskor koedmmijenta jidysuje 1 pesaTHBIO BEJNKOL BpeMelia nosypacnaja oj1 3.8 jlana npojpe
Kpo3 ropibe ciojese 3emibe 1 ca JyGHie ojf HCKOIIKO CTOTHIA McTapa. OBakap npojop pajona je
HIFTCH3HBHIG I IpI OBChato] CCH3MIMKO] aKTHBHOCTH 3eMibe. Konneunrpaunja pajjona y sasgyxy sasucu
Ol 33 TCOJNOTIKIN I KIHMATCKUN (haKTOpa I pasianinta je sa pasiununre peruone. Konmenrpauuja
pafona y ypOaninM cpefuiiiaMa 3aBlcH ojt Hi3a rpabeBHuckux (paktopa (natim rpajibe, rpabeBnnckn
MATCPUJAIIN T IP.), Ua je pasIIrITa 3a pasjinTe rpahenincke oGjekre.

Meperbe  kounentpanuje pajona y objektnma e Ly Oopape, a gocetno y oGjexrnma
CTanoBaiba, je y HOCHCULC BPEME BCOMA aKTYCHINO jep j¢ Hay'o ycTanopheno jla noschana
KOMICHTPaI]a pajlona y Ba3iyxy nobchara pisik oft 0Goseiba paka na miyhima.

Marepujan u Meroje

Mepeme  Kounemrpamije  pagoma  BPIICHO  je  MCTOJOM  UBDPCTIX JICTCKTOpa  Tparopa
TACHCKTPUCAHIX MeCTHIa. OBa MeToJla MEpCiha ¢ 3acilliBa Ha MCPEthy TYCTHIC TpPAaroBa o -MCCTHIE
CMITOBAHIIX pacna)loM pajiona. Konnenrpaitija pajlona 1pexo rycrime tparosa ojipebyije ce o cpopmyanr:

C= P—Po
- Kt

rjic je p - rycrina tparosa (6poj Tparosa na ¢m’ JlierekTopa), Po - o ua frerekropy (6poj rparosa na
cm? AICTCKTOPA Npe CKCNOMpalba, K- 01318 lo3nMeTpa na pajion, Tj. KOCPUIHJCHT THja BPCAHOCT 3aBICH
O/l KapARTEPUCTIRA JO3HMCTPA I JICTCKTOPA TPAroBa o -1CCTHIA H {-BPEME CKCHOINpPalha ACTCKTOpa,

Mepeibe emo pprmn ca josnmerpama S n3 JbyGibanc y KojHMa je OHO HOCTABRIbel ILIACTHIIH
JIETERTOp Tparosa THia CP - 397 Tparose o -uecTia Ha JICTEKTOPY TPArOBa H3a3BaJlll CMO METOJIOM
Xemujekor Harpusaiba y 6.25 N (25%) pacrsopy NaOH npn reMuepatypn o 70 °C y tpajaiby on 2-3 cara.
ITa Taj na4uun TparoBu o -4eCTHIA HA JICTEKTOPY CC YHHIC BIULHBHM Yy OITHYKOM MHKpPOCKONY, rnomohy
KOrd C¢ 3aTHM MEpi ILHXOBA T'YCTHHA ca norojuuM yschamem. Ilpi masegenom peximy H3asnpaiba
Tparopa Koeunujent K 3a kopmmhen josumerap je nMao spemoct 6.19 TI';(,'IIZ_Z//(BLI;HZ_3 h.2)
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PeaynraTu u jiuckycuja

Pesyiiratit Mepelba ¢y napejienir y 1ab. 1.2 u 3. Awnanusy n ynopebupaihe matiix pesyjaTata
BPUIUIT CMO Ha OCHOBY HOJlaTaKa Koje je ofjaBiia AMCpUMKE arcHiija 3a 3allTHTY 0BCKOBC OKOJINC
(EPA), a npeMa KojMa je cpejiba Pojiiiiba KOMICHTPalllja pajlona 3Mepela y CraHoBiMa y Hemakoj
4 Bc]/nl}. WsMepenie Bpejinocti Kolerrpanije pajjona y cranosuma Ipmrrune (1a6.1) v npocery cy
npuGIIDKHE TO} BpejutocTi. MebyTnm KomienTpaiija pajona y cranoniuma I'patanine, Kocosa nosba,
HoGpornina u JTusnba je sHatno noschana u wsnocu wsmeby 1501759 BC]/HI}.

Ta6ena 1. Konnenrpamnyja pajgona y cranosima Hpuurramne

Iipunrruna
Jer.Op . D) N p(Tr/cm?) C(Bq/m*)
1. 63 102 6383 73+ 16
2. 61 70 468 52412
3 59 02 ‘ 412 47 + 11
4 62 75 506 55+ 13
5. 62 38 257 28 +7
0. 62 39 396 43 + 10
7. 62 63 423 46 + 11
8. 63 47 318 34 +8
9. 67 92 617 62+ 13
10. 62 130 8§70 93 +20
11. 67 104 694 70 + 16
12. 60 40 267 30+ 8
13. 60 33 233 25+7
14 61 32 213 24+ 6
15. 60 159 1060 119 + 26
16. 128 239 1590 84 + 17
17. 128 34 228 1243
18. 65 98 653 68 £ 15
19. 65 50 336 3549

Y 1alb. je : (-BpeMe CKCHONUPAILA JCTCKTOPA I3PAXKCHO Y JAHUMA, N-OpOj I3MEPCITIX TParoBa. p — IyCrina
Tparosa (Opoj Tparopa 1o Kpagpatnom genrnumetpy) n (- KOHOCHTpauija  pajona  HUspaxcna. y
berepeaima o KyOnom mMeipy.

OBO HCTPaXKUBAILE, IOPCJL MEpCIha KoHIEHTpaltije, M4 3a Wb L yrspbupaibe y3poka nosehatio]
KOHHCHTpanuju pajjona. lIpejnocrapibamMo fla je OCHOBHU Y3POK Hopehanoj KonuenTpaumju pajoua y
CTaHOBHMa I'paualnie Taj UIto ce y mwenoj nenocpeanoj Gisuun Hanase pynunuy Kmnnnua u Ajsanija
(py/IHIH OJIOBHC It HHIKAHE PYJIe ¢a jaAMCKOM E€KCIIOaTallijoM).

Yapok nosehanoj konmenrpammji pajona y cragostiMa Kocopa IToiba Morao 61 GHTH KOCOBCKH
aurmir. HanMe, y HEKHM HAlIM panujiM HCTaKHBAILIMA YCTAHOBIUIN CMO JIa je Y KOCOBCKOM JIITHUTY
nosehan cagpxaj ypana. CTanoBn y KojiiMa je BPLICHO MEPCHC KOUNECHTpaIHjc pajona uaiase ce 6isy
MOBPIIHCKOT KOMA KOCOBCKOT JIMPHITA, a Y Ietocpe/ino) GJIH3HHI Hacesha ce HaJlasi 0 MeCTO Tle ce
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QIBKE TICHCO caropesier JnrnmTa s tepMo enekrpana y O6mwinhy. Kaja ce Y3 CBC TO y3Me y ofsnp 1
BCJIIKA KOJIMIHA abli Kojy 113 ¢BOjuX JuIMIbaka 30anyjy repmociickrpatic y OGumhy 0cHOBAHO c¢ MOKE

IPCHIOCTABITI fla j¢ y3poK HoBchano] KOHNCHTPAImji pajgona y cranoeuma Kocora Iosma kocopeku
JHCHHT.,

TabGena 2. Konnerrrpanmja pajionay cranopuma I'pauanine u Kocora [Hosmwa

I'pauanmuna

Her.6p . (D) N p(Tr/em?) C(Bg/m")
1. 30 102 681 153 + 34
2. 63 376 2508 268 + 54
3. 30 161 1096 246 + 52
4. 79 368 2453 209 + 42
5. 63 629 4193 448 + 88
6. 30 226 1506 338 + 70
7. 79 472 3145 268 + 53
8. 63 662 4417 472 + 92
9. 63 588 3921 419 + 83

10. 63 220 1469 157 + 33

11 63 265 1769 189 + 39

12. 63 214 1432 153 + 32

Kocono ITome

Her.6p . D) N p(Tr/cm?) C(Bg/m*)
1. 62 196 1307 142 + 30
2. 63 223 1486 159 +33
3. 64 631 4212 443 + 87
4. 64 289 : 1930 203 + 41
5. 64 219 1462 154 + 32
0. 71 438 3186 302 + 60
7. 71 793 5286 501 +97
8. 71 694 4626 438 + 86

Y 140. je . 1-peme excnonnpama ACTCRTOPA IPAKCHO Y JAMa, N-Opoj I3MEpenny tparosa, p — rverima
1paropa (Opoj 1parosa Ho KBagpaTiom nenrumetpy) i C - Komnenwtpanija pajona mspaxkena y
bexepenirma no KyGuom me my.

Kocosekn mrunr 6u rpeGao na Gysie ocnosun y3pok noechanoj Konmenrpaunju pajona 1 y
cemma Jlo6poruny i Jlupaby.

Ha Ou ce miGerse min Gapem yOuaxauie nociemine noschane KonuenTtpaiyje papona tpeba
NpEAyseTH Cre Mepe Kako On ce KouuenTpaiija pajolia cMamivia 1a Hajmatby mMoryhy spemuoct. Ipema
IpenopykamMa AMCPHIKE arcHINC 3d 3allITHTY TOBCKOBE OKOJIHE Tpeha HAacTOjaTH fla ce KOHUCHTpaIHja
pajona cMaibH Ha BpeIHOCT J10 nenoj 150 Bq/m“.

Y cilyqajesnMa Kaja je Kouneurpanija pajona y cranoBiuMa wsmeby 750 u 7500 By/m? Tpeba
00ABCCTHTH HafUIeXKHE Opraie Kako OH ce Upefyselte ofrosapajyhe Mepe salumure o pajHoakTHBIOT
spatciba. Y HaliM OCaIalllibIM MEPCILITMa TAKBIIX ciyvajena nnje 6mio.
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TaGununa 3.

I'yurrepuna_

Jler.Gp . D) N p(Tr/cm?) C(Bq/m")
I 3 294 1960 180 + 37
2. 3 123 820 85 +18
3. 3 275 1833 169 + 34
4, 3 185 1233 114 +24

HoOporun

Her.6p . (D) N p(Tr/cm’) CBg/m*)
1. 3 615 4100 378 + 74
2. 3 708 4720 435 + 85
3. 73 523 ) 3486 321 +63

Jlusabe

Her.6p . (D) N p(Tr/cm?) C(Bq/m")
1. 73 1527 10180 652 + 126
2. 73 613 4086 261 + 51

Y 1a0. je : 1-Bpeme eKCHONIPAIbA JCTCKTOPA H3PaXKEHo y JaimMa, N-Opoj IsMeperliy Tparopa, p — 1ycTina

mparopa (Opoj 1parosa no Kpajparnom nentumetpy) i C - KOHNCHTpANIja pajona I3paxena y
bexepesima 1o Kyornom Mepy.

Ayropu paja nspaxanajy jqyGoky saxsainoct [Ip Pagomupy Huithy i iseronim capajninnma ca
Uuctiryra "J.Crecpan” y JbyGmann, wro ¢y nam oMoryhiunt jla KOpHCTHMO IBIXOBC JI03UMETPE 34
Mepeihe KOHIENTpalljc pajlona.

Summary
The measurment of the radon concentartion in apartments
on the teritory of Pristina and surroundings

B.Jakupi, P.Vasic, F.Adrovic

Faculty of Natural Sciences, Dpt. of Physics, Pristina

The measurment of (he radon concentration in apartmants on the teritory of Pristina and near surroundigs
has been performed by the method of solid track detectors. The concentraction of radon in apartments in the town

of Pristina has been below 150 Bg/m?* while the value of radon concentrations in apartments in surrounding
localities is between 150 Bg/m* and 750 Bg/m*.
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A note on the Frank model for chiral stereoselection

Ivan Gutman
Faculty of Science, Iniversity of Kragujevac, P.O. Box 60,
Yu-34000 Kragujevac, Yugoslavia

A problem considered in this paper is the possibility of spontancous transition of racemic mixture
(composed of cqual amounts of (wo enantiomeric specics. say L and D) into a monochiral state (in which only one
cnantiomer. say L. is present). Such transitions must have occurred within the physico-chemical processes by
which life was formed on Earth. A plausible approach to this phenomenon is a model put forward by Frank. based
on simple laws of chemical kinetics, In order (o be able lo solve the underlying system of differential equations,
Frank madc a drastic assumption. namely that the amount of achiral substrate from which the enantiomers L and D
are formed is time-independent. In this paper we demonstrate that the basic features of the Frank model are
maintained also if the amount of achiral substrate is allowed to be time-dependent,

Introduction

The chemical processes which could lead to the (spontancous) formation of life in our planet are nowedays
understood to a greal extent [4.5.13.14]. One detail of these processes remains, however, not completely resolved.
Namely. when complex chiral organic (bio)molecules arc formed under conditions that existed on the surface of

the prebiotic Earth. from simple substances  such as H, O, ;CO,,,CHy, N>, sNH, ;HCN: and similar. they
neeessarily appear as recemic mixtures. On the other hand. in the cxisting terrestrial living organisms on ¢ of the
two  possible cnantiomeric  forms of chiral biomolecules is present  almost exclusively (in  particular:
D-carbohydrates and L-amino acids). These facts imply that within (he physico-chemical processes by which life
cvolved on the Earth. there had (o be a (spontancous) transition of some racemic (or almost racemic) mixture into a
monochiral (or almost monochiral) state. Numerous rescarches. both experimental and theoretical. are concerned
with this problem (sce [3.7.11.15] and the references quoted thercin).

In 1953 Frank demonstrated [6] that the required transition could be 2 consequence of the basic law of
classical chemical kinetics. namely the law of mass action. Frank designed a simple kinetic scheme by which an
almost racemic mixture cvolves into a completely monochiral terminal state. The present paper offers some
observations on the Frank model and shows that it is morc general than originally anticipated.

The Frank model

The model proposcd by Frank [6] is based on the application of the law of mass action to the following
clementary chemical reactions:

Li+:A4, — 2L ' (o)
D;+:.4; - 2D (")
Li+:D; — sprecipitate ()

L and D are enantiomers capable of sclf-replications (reactions(a') and (")) A stands for an achiral substrate.
The two cnantiomers are supposed to climinate cach other from the system via the formation of an insoluble
complex (reaction (B)). Observe that all the threc clementary steps in the Frank model are assumed (o be
irreversible.

Applying the law of mass action to the reactions (o) and (B) and denoting by 1y = n() the (time -
dependent) concentration of the substance X, X=L.D.A. we readily arrive at the system of differential equations

dni/dt=kinsn, - kangpnp 5]
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dnpldt =lkynanp—kanpnp )

Here k, and k, arc the ralc constants of the reactions (o) and (B). respectively: the reactions (o) and (") are, of
coursc. supposed to have equal rate constants. The initial conditions arc 117 = iyosand ny = o fort=0.

Without loss of generality. throughout this paper it will be assumed that 1,0 2 1 po.
In order to be able to solve the differential cquations (1) Frank made the assumption that the concentration
n, of the substrate A is time-independent. Needless Lo say that this assumption is not chemicaly sound. especially il

one takes into account that n, exponcntially increase with time and becomes unboundedly large as f — oo,
If n, is time-independent. than the system (1) can be solved as follows [6]. First substract (1" from (19
which results in

d(ny —np)ldt=kin (ny,—np)
Streightforward integration yields

ny—np =g —npo)etmd

Dividing (1") with (1") onc obtains
dnyldny =nptng—=kanp)Vnpleing— kanp)l

which makes possible (o separate the variables n, and ny, :

[kynyg —lanYng)dny = king —kanp)npldn,

and then by direct integration:

eondn(n/npo) —ka(ng —npo) =kingdn(np/npo) —ka(np —npo) (3)

Combining (2) and (3) one casily finds explicit analytical expressions for the functions n (1) and n,(1):
ny = nio(nio = npo)nLo —npoF)™ e

np = npoliLe —npo)Fnpo —npoF) ™ efvd
where

F=exp [—(/cln,,/kz)_1 (nio —npo)lexp (kinat) = 1]]

Simple analysis of egs. (4) reveals that if at the initial moment the system is racemic. i.e. L0 = Apo . than it will
remain racemic all the time. If. however. the initial state of the system deviates from racemity (containing an
excess of, say. L over D. i1, —np > 0). then the system will rcach a monochiral terminal state (in which only the
L form is present whereas the D species have completely vanished). Such a time-cvolution of the Frank system will
take place no matter how small is the initial excess of one enantiomer.

A systematic and non-stochastic (yet very small) deviation from racemity must occur in the case of all
chiral molecules as a consequence of the action of the so-called weak nuclear forces (in particular. of the so-called
weak neutral currents): details on this matter can be found elswhere [2.7.8.9.12.15.16]. Model calculations show

that for typical biomolecules. (7,0 =R po)/nLo ~ 10717,
The Frank model with variable n,

In the case when n, is not a constant. the finding of the solution of the system (1) does not seem to be
feasible. Nevertheless., it is possible to deduce the basic properties of this solution without knowing the actual forms
of the functions n, (t) and np (1).

First of all. instead of (2) we evidently have
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!

ne=np=ULo—npolexp /{]J-IIA(/[ (5
0

Eq. (5) enablcs us to conclude about the behavior of the Frank model with variable n, in the Limit 1 — oo,
Really. from the fact that for all values of L. the concentration n,(() is neeessarily non-negative, we sce that for
t — o the difference 1y — iy, cither (1) becomes unboundedly large or (ii) has a finite limit valuc, Evidently. casc
(i) will occur only if the concentration of A vanishes for 1 — e or more preciscly, If [ di < oo

{

In case (il) 1, —sn; — o and consequently, 5y — oo, In view of the reaction (B) it must be ny — 0.
Thus we arrive at the folowing result
Theorem 1. If n,(1) is an arbitrary function such that ny (02 0 for >0. and if the integral /.. = J nadt exists, then

0
the Frank model has (1) a strictly monochiral terminal state. provided /.. = e _ or (ii) a terminal state

in which the two enantiomers are both present. but in uncqual amounts. provided /.. < oo, These
excess of the dominant enantiomer exponentially increascs with /...

On the chiral polarization if the Frank model

The chiral polarization of a syslem containing cnantiomeric species L and D is defined as [1.10]
N =01 —np)ng +up).

The dimensionless quantity has the convenient property that its value is zero for racemic. and unity for monochiral
states of the system considered. In systems in which chemical reactions take place. 1 is time-dependent. Its derivate
with respect (o ( satisfics

M/de= 20 pdny Jde - npdnpldty(ng +np)2 (6)

Substituting eqs. (1) back into (6) we obtain
dWdt = 2kangnp(ng - Hp)(ny + 11[))_2

and by taking into account eq. (5).

!
dn/dt=2kyninp(ng . »n[,())exp[/{,ju,,([/J(HL +1p)72 ‘ (7)

0

I ~npo>0. then the right hand side of eq. (7) is necessarily positive for all 0. We thus obtain the following
result.
Theorem 2. If n,(t) is an arbitrary function such that n, (020 for >0. and if s, ,— npo > 0. then the chiral
polarization monotonously increases for all >0,
Observe that the statement of Theorem 2 is independent of the actual numerical values of the parameters
ki kaonppiand 1y, Also obscrve that Theorem 1 implics that for ¢ — oo, the limit value of  is cither unity (if
[.. =20), or less than unity (if /.. < o).

Concluding remarks

In this paper we showed that the basic properties of the Frank model are maintained for a very general
class of functions n,(1). Namely. a completely monochiral terminal state is achieved if and only if the integral

I
[ n gt unboundedly increases for ¢ — . This. in particular, happens when 1, is a constant - as in the original
0

»
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formulation of the Frank model. However. for the success of the Frank model the choice of constant n, is not at all
necessary.

In the case of time-dependent n,, it is no more casy to find explicit expressions for the function n; (1) and
1, (1). In this paper we show how this obstacle can be overcome and how the basic features of the Frank model can
be cstablished without knowing the form of the solution of the respective system of differential cquations.
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WzBoj
Bencinka o ®pankoBoM MOJICIIY 3a XUpajiHy CTEPCOCCIICKIHAJY
Hpan 'yrman
IIpirpogao-MaTeMaTI Ikl PaKyarer y Kparyjesny

Y pajy ce pasMarTpa npoGieM CHOHTANor npeasa JeHOT (PH3SHYKO-XCMHJCKOT CHCTEMa H3 CTathd
panemcke eMete (Koja ce cacTojil i3 jeJiHaKIX KOJLHHA JiB4jy €HATHOMEPHIX jC/iHIbeIba, petimo JI i 1)
y MOHOXHpANIO cTaibe (IJIe je IPACYTaH CaMo jefiall Ojf eHallTHOMEpa, pEHMO JI). OBaxsu npenasu ¢y ce
MOpaJtil CIIOHTAHOo jlorabaTi y OKBUPY (PHBHUKO-XEMHJCKOT HPOIEca KOjii ¢y IOBEJIH 10 XKUBOTA Ha 3eMIbi.
36or Tora je H3yuaBalhe OBE IOjaBe OJi 3Havuaja 3a gacTojale Jla cc pasyMme, a jeJIHOr jlana H
71a6OpaTOPH{CKN [la ce PENPONYKYje, CHONTANH HACTAHAK XKIIBC marepije.

Jepan mwiay3uORIHH UPHCTYN o6jalllibeiby CHOHTAHOI NpCilacka H3 PCHCMCROT Y MOHOXHPaJIHO
cratbe npenoxuo je ®pank 1953, roymne. heros Mojiest cc sacuuBa Ha UPHMEHH 34KOMHA O NejcTRY Maca,
aKiie Ha 3aKOHHTOCTHMA Of paliHje 106pO NO3HATHM Y XeMHJCKO] KHICTHILL.

Iucpepenimjanne jejiatnie Koje onucyjy AnHamMuky ®palkoBor npoueca Mory c¢ peiniTi caMmo
aKo ce NPEANOCTaBH jla ce KOHICHTpallja aXupaitor cyncrpara A (13 Kojer ce creapajy enanraomepn JI
1 J1) He Mema ca Bpemenom. To je jeja apacTiina AlPOKCHMAIlH]a KOja je Y KONTPaUIKI]I ca XeMHJCKIM
npolleciiMa Ha KojHMa ce 3acHiBa PPaHKoB MOJIC



)
il

Frank modecl of chiral stcreosclection

Y 0BOM pajty je nHokasalo jla ¢y riaBie ojuike PpankoBor Mojtea sajipKale 1 aKo e JJ03BOJ Ja

C¢ RONICITPaAja aXHPAILHOL CYNCTPaTa MCIha TOKOM BPCMCHa. Habenn ey mkun i josossun yenosn nop

KojiiMa  DpankoB  MOJc)  Ca  HPOMCIILHBOM KOHICITPAINIOM — cyneTpata OB IO XHpalilie

crepeocesiekije. AKo ca ny(1) 03Ha Mo KOHICHTpay Cyneranne Ay rpeny Ty ( onjta he jlo xupastie
!

CTepCOCCNeKIje JIohl ako 1t caMo ako wirrerpan [y (1dr nocraje GCCKONaMo BCHIK Kajld [ — oo
0
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