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  51. geografiul dakvirvebaTa sistema  sabunebismetyvelo mecnierebaSi kvlevis obieqts bunebis movlena warmoadgens. Mmovlenis qveS igulisxmeba yvela is procesi, rac mimdinareobs bunebaSi. magaliTad bunebis movlenad SeiZleba miviCnioT miwisZvra, wvima, grigali, Rvarcofi da a.S. bunebis movlenebis Seswavlas didi mniSvneloba aqvs. es upirveles yovlisa saWiroa maTi warmoqmnis da ganviTarebis meqanizmebis dasadgenad, amave dros is saSualebas iZleva SemuSavdes maTi prognozirebis meTodebi da Tavidan iqnas acilebuli maTgan mosalodneli zarali.   bunebis movlenebis Sesaswavlad maTze awarmoeben dakvirvebebs. Gganasxvaveben 2 klasis dakvirvebas: instrumentuls da vizualurs (cxrili 1)..  instrumentuli ewodeba iseT dakvirvebas, romelic warmoebs specialuri xelsawyoebis gamoyenebiT. magaliTad aseTi dakvirvebaa haeris temperaturis gazomva, radganac is xorcieldeba specialuri Termometrebis saSualebiT. Aatmosferuli wnevis gasazomad gamoiyeneba xelsawyo barometri, mosuli atmosferuli naleqebis raodenoba izomeba pluviografiT, miwisZvris dafiqsireba xdeba seismografiT da a.S.        



  6cxrili 1. dakvirvebaTa klasebi   klasi principi instrumentuli warmoebs specialuri xelsawyoebis gamoyenebiT. magaliTad aseTi dakvirvebaa haeris temperaturis gazomva, radganac is xorcieldeba specialuri Termometrebis saSualebiT. Aatmosferuli wnevis gasazomad gamoiyeneba xelsawyo barometri, mosuli atmosferuli naleqebis raodenoba izomeba pluviografiT, miwisZvris dafiqsireba xdeba seismografiT da a.S. vizualuri dakvirveba xorcieldeba mxedvelobiT, anu vizualurad.   Nnax.1-ze warmodgenilia Termometrebis ganlageba meteorologiur jixurSi meteorologiur sadgurebze. wina planze moCans ori erTnairi vertikalurad ganlagebuli vercxliswyliani  Termometri, maT vadian Termometrebs uwodeben. vadiani ewodeba imitom, rom maTze dakvirveba tardeba garkveul vadebze, yovel sam saaTSi erTxel. vadiani Termometrebidan erTi aris mSrali, xolo meore sveli. svels uwodeben imitom, rom mis rezervuars Semoxveuli aqvs batisti, romelic CaSvebulia wylian WiqaSi. aseTi gziT sveli 



  7Termometri zomavs aorTqlebis potencialur temperaturas. mSrali Termometris Cveneba ki gansazRvravs haeris temperaturas. mSrali da sveli Termometrebis CvenebebiT specialuri fsiqrometruli cxrilebidan gansazRvraven haeris sinotivis maxasiaTeblebs: wylis orTqlis parcialur wnevas, SefardebiT sinotives da sinotivis deficits.  Aamave jixurSi aTavseben maqsimalur da minimalur Termometrebs, isini ganlagebulia horizontalurad. Mmaqsimaluri Termometri Cveulebrivi vercxliswyliani Termometria. Mmas rezervuaris Tavi Seviwroebuli aqvs, ise rom rodesac temperatura izrdeba, vercxliswyali farTovdeba da Termometri maqsimalur temperaturas aCvenebs. xolo, rodesac temperatura daiklebs, vercxliswylis sveti TavisiT ar Camodis, radganac Seviwroebuli rezervuari amis saSualebas ar aZlevs. Aamitom anaTvalis aRebis Semdeg Termometri unda daibertyos, ise rogorc Cveulebriv sicxis sazom termometrs bertyaven. Aamrigad sicxis sazomi Termometri Cveulebrivi maqsimaluri Termometria. Mminimaluri Termometri spirtiania, vercxlis wylis nacvlad is Seicavs spirts. spirtSi moTavsebulia Reraki, romelic Tavisuflad curavs. rodesac temperatura daiklebs spiriti awveba Reraks da aiZulebs moZraos qvemoT, dabali Cvenebebisaken. rodesac temperatura gaizrdeba spiriti Tavisuflad Semouvlis Reraks, amiT misi mdebareoba  afiqsirebs minimalur temperaturas. anaTvalis aRebis Semdeg termometrs ise gadaabruneben, rom Reraki spirits doneze miiyvanon. 



  8    Nnax. 1 Termometrebis ganlageba meteorologiur jixurSi  Aamave jixurSi (nax.1) ukana planze moCans ori ciferblati. Ees bewvis higrometria – xelsawyo, romlis saSualebiTac zomaven haeris SefardebiT sinotives. bewvis higrometri ewodeba imitom, rom misi muSaoba efuZvneba adamianis cximgaclili Tmis bewvis Tvisebas. Mmisi Tvisebaa, rom haeris sinotivis gazrdisas is wagrZeldeba, xolo Semcirebisas mokldeba, rac 



  9gadaecema skalaze da fiqsirdeba haeris SefardebiTi sinotivis mniSvneloba.  Nnax. 2-ze warmodgenilia ori gansxvavebuli tipis barometri- atmosferuli wnevis gamzomi xelsawyoebi. Aatmosferos wneva pirvelad gazoma toriCelma, es fizikaSi kargad cnobili toriCelis cdaa. Mman aiRo erTi metris sigrZis minis mili, romelic cal mxridan iyo daxSuli. Caasxa masSi vercxliswyali da amoapirqvava finjanSi, sadac agreTve vercxliswyali esxa. Mmilidan vercxliswylis nawili finjanSi gadmoiRvara, xolo nawili milSi darCa. rodesac gazomes vercxliswylis svetis sigrZe milSi is zRvis doneze 760mm aRmoCnda. amiT damtkicda atmosferos wnevis arseboba, xolo 760 mm-s normaluri wneva ewoda. zustad am principzea Seqmnili Tanamedrove barometrebi. Nnax.2 –ze marjvniv warmodgenil barometrs finjniani barometri ewodeba, is toriCelis barometris aslia, Tumca modernizebuli. radganac wnevis cvlileba damokidebulia temperaturaze, barometrSi CamontaJebulia Termometri. Bbarometridan wnevis anaTvalTan erTad aiReben Termometris Cvenebasac da specialuri cxrilebidan angariSoben wnevis anaTvalis Sesabamis Sesworebas. Aase gamoyavT atmosferuli wnevis realuri sidide. Nnax.3-ze naCvenebia pluviografi- atmosferuli naleqebis gamzomi xelsawyo. xelsawyos qveda nawilSi moTavsebulia finjani, romelSic grovdeba mosuli naleqi. Ddakvirvebis vadaze naleqs gadmoRvrian specialur menzuraSi da gazomaven mis raodenobas.   



  10    Nnax. 2. Bbarometri 



  11Ppluviografis centralur nawilSi moCans cilindrismagvari nawili. is saaTis meqanizmis saSualebiT brunavs Tavisi RerZis garSemo da erT bruns 24 saaTs andomebs. cilindrze Semoxveulia bafTa, xolo bafTaze midebulia kalami, romelic afiqsirebs naleqebis intensivobas drois sxvavasxva momentSi. Aamrigad mTeli 24 saaTis ganmavlobaSi bafTaze iwereba naleqebis intensivobis cvlileba wvimis ganmavlobaSi. rogorc vxedavT pluviografi ara mxolod naleqebis gamzomi, aramed Camweri, anu TviTmweri xelsawyocaa.    Pnax. 3 . pluviografi   



  12Aarsebobs bevri TviTmweri xelsawyo, magaliTad Termografi - temperaturis Camweri, higrografi - sinotivis Camweri, seismografi - miwisZvris biZgebis Camweri da a.S. Nnax.4-ze naCvenebia Termografis sqema.     Nnax. 4. Termografis sqema  Termografis principi agreTve saaTis meqanizmzea damyarebuli. sqemaze 1-iT aRniSnulia mbrunavi cilindri da masze Semoxveuli bafTa. is 24 saaTis ganmavlobaSi asrulebs erT bruns. 2-iT aRniSnulia xelsawyos mgrZnobiare nawili, romelic SeigrZnobs temperaturas. daTbobis dros is farTovdeba, xolo aciebisas ikumSeba. Ees gadaecema isars (sqemaze 3), romelic Sesabamis sidides afiqsirebs bafTaze. rodesac 



  13 moxsnian bafTas, masze Canaweri aCvenebs temperaturis svlas mTeli dReRamis ganmavlobaSi. Nnax.5-ze naCvenebia miwisZvris biZgebis Camweri xelsawyo seismografi. Kkargad Cans, Tu bafTaze rogor aris Cawerili biZgebi. Canaweris damuSavebis Semdeg adgenen miwisZvris biZgebis magnitudas, balianobas, adgilmdebareobas, siRrmes da saxva parametrebs.     Nnax. 5. seismografi  vizualuri dakvirveba niSnavs imas, rom am SemTxvevaSi xelsawyo ar gamoiyeneba, aramed dakvirveba xorcieldeba mxedvelobiT, anu vizualurad. vizualuri dakvirvebis magaliTia dakvirveba Rrublianobaze. miRebulia, rom Tu mTeli ca dafarulia RrublebiT Rrublianoba 10 baliT fasdeba. Tu ca mTlianad mowmendilia, maSin Rrublianoba 0 balia, xolo Tu naxevari 



  14 ca aris RrublebiT dafaruli-Rrublianoba 5 balia da a.S. aseve vizualurad akvirdebian elWeqis movlenas. Aafiqsireben movlenis dawyebas, dasasruls, xangrZlivobas, intensivobas, ganmuxtvis raodenobas  da a.S.  nislze dakvirvebis dros agreTve agreTve afiqsireben movlenis dasawyiss da dasasruls, agreTve xilvadobis siSores. gansakuTrebiT saxifaToa nisli Tu mxedvelobis are 50m-ze naklebia. is aferxebs transportis moZraobas, xSirdeba avtokatastrofebi. Cudi xilvadoba gansakuTrebiT saxifaToa saaviacio transportisTvis. xelsawyos saSualebiT nebismier gazomvas gaaCnia Tavisi cdomileba, anu gazomvis Secdoma. Aarsebobs 2 klasis Secdoma- sistematiuri da SemTxveviTi. sistematiuri Secdomebi gamowveulia mravali mizezis gamo. Eesenia magaliTad  xelsawyos araswori regulireba an garemo pirobebis Secvla, ramac gavlena moaxdina gazomvebis Sedegebze da sxva. magaliTad xelsawyos arasworma regulirebam SeiZleba gamoiwvios aTvlis wertilis wanacvleba, Sesabamisad yvela gazomva wanacvlebuli iqneba mudmivi sididiT. Mmeore SemTxvevaSi, garemos pirobebis Secvla, magaliTad haeris temperaturis Secvla, gavlenas axdens mgrZnobiare xelsawyos Cvenebaze. Aaseve sistematiuri cdomilebebi warmoiqmneba meteorologiur dakvirvebebSi, Tu meteorologiuri sadguris raionSi Seicvleba geografiuli pirobebi, magaliTad Tu gaiCexeba, an gaSendeba tye. Ees gavlenas moaxdens klimatur 



  15elementebze, kerZod qaris reJimze, atmosferul naleqebze, sinotiveze da a.S. TiToeuli aseTi mizezi ganapirobebs sistematiur cdomilebas. saWiroa TiToeuli maTganis gamokvleva da gamoricxva.  sistematiuri Secdomebis gamoricxvis da, Sesabamisad, specialuri Sesworebebis Setanis  Semdeg rCeba SemTxveviTi Secdomebi. SemTxveviTi Secdoma  warmoadgens sxvadasxva mcire cdomilebebis jams. Ees cdomileba SeiZleba iyos dadebiTi, an uaryofiTi mravali SemTxveviTi mizezis gamo. Tu cdomilebebi Tanabrad arian gadaxrilni, rogorc dadebiT ise uaryofiT mimarTulebiT, maSin erTmaneTs abaTileben da SemTxveviTi Secdoma mcirdeba. xolo, Tu yvela cdomileba gadaxrilia erTi mimarTulebiT, amiT saerTo Secdoma izrdeba. SemTxveviTi Secdomebis   gamoricxva dakvirvebebidan TiTqmis SeuZlebelia. Ggarkveulwilad SesaZlebelia maTi gaTvaliswineba Tu cnobilia ganawilebis funqcia, anu maTematikuri modeli. aRniSnuli cdomilememis maqsimalurad gaTvaliswinebis Semdeg miRebul dakvirvebaTa rigs erTgvarovan rigs uwodeben.  cxrili 2. Ggazomvebis cdomilebebi   cdomileba mizezi sistematiuri xelsawyos araswori regulireba an garemo pirobebis Secvla, ramac gavlena moaxdina gazomvebis Sedegebze da sxva. magaliTad 



  16xelsawyos arasworma regulirebam SeiZleba gamoiwvios aTvlis wertilis wanacvleba, Sesabamisad yvela gazomva wanacvlebuli iqneba mudmivi sididiT. Mmeore SemTxvevaSi, garemos pirobebis Secvla, magaliTad haeris temperaturis Secvla, gavlenas axdens mgrZnobiare xelsawyos Cvenebaze. SemTxveviTi SemTxveviTi Secdoma  warmoadgens sxvadasxva mcire cdomilebebis jams. Ees cdomileba SeiZleba iyos dadebiTi, an uaryofiTi mravali SemTxveviTi mizezis gamo. Tu cdomilebebi Tanabrad arian gadaxrilni, rogorc dadebiT ise uaryofiT mimarTulebiT, maSin erTmaneTs abaTileben da SemTxveviTi Secdoma mcirdeba.      



  17 2. monacemTa bazebi  Ggeografiuli dakvirvebebi safuZvlad  udevs monacemTa bazebis Seqmnas. monacemTa baza aris monacemebis nakrebi, romelic gamiznulia obieqtis informaciuli modelebis Sesaqmnelad da gamoiyeneba informaciis damuSavebisaTvis. monacemTa bazebis gansxvavebuli tipebia cnobili (ix.cxrili 3). cxrili 3. monacemTa bazebis tipebi.  tipi  daxasiaTeba invertirebuli siis sistemebi Mmonacemebi inaxeba cxrilur failebSi, romlebic warmodgenilia striqonebisa da svetebis saxiT ierarqiuli sistemebi igi agebulia ierarqiuli xis saxiT, sadac warmodgenilia urTierTdakavSirebuli doneebi.  Qqseluri sistemebi Aaqac warmodgenilia urTierTdakavSirebuli doneebi, im gansxvavebiT, rom TiToeul dones ramodenime donesTana aqvs kavSiri. relaciuri sistemebi igi warmodgenilia striqonebisa da svetebis saxiT da aRwers urTierTkavSirs “mravali-mravalze”  aseTi monacemTa bazebi Seqmnilia meteorologiur da hidrologiur dakvirvebaTa 



  18safuZvelze garemos erovnul saagentoSi, hidrometeorologiis institutSi, geografiis institutSi da sxva.  klimaturi monacemebis mniSvnelovani bazebi Seiqmna hidrometeorologiis da geografiis institutebSi gasuli saukunis 90-iani wlebis dasawyisSi klimatis cvlilebis erovnuli programis farglebSi. Seqmnili iyo haeris temperaturis, sinotivis da atmosferuli naleqebis monacemTa bazebi saqarTveloSi moqmedi yvela meteorologiuri sadgurisaTvis maTi daarsebidan dawyebuli 1995 wlamde.   magaliTisaTvis cxrilSi mocemulia haeris SefardebiTi sinotivis monacemTa bazis fragmenti TelavisaTvis.  cxrili 4. haeris SefardebiTi sinotivis(%) monacemTa bazis fragmenti (Telavi)  
               Tve weli  1   2    3    4    5   6    7    8    9   10 11   12 saS.  1933  78  73  67  59  70  64  69  58  65  76  78  72  69 1934  82  60  69  73  70  62  63  62  66  73  77  66  68 1935  77  72  64  52  60  70  65  59  65  72  89  82  69   1936  62  73  69  72  80  69  70  62  69  71  83  72  71 1937  75  70  74  69  80  72  63  62  65  76  83  73  72 1938  70  68  63  64  74  62  52  52  59  68  67  90  66     1939  75  63  69  67  69  69  66  66  68  77  82  71  70 1940  79  77  60  74  78  72  66  43  65  74  77  67  69 1941  70  57  67  72  61  60  52  60  59  56  73  61  62 1942  66  82  66  65  76  63  66  64  75  78  80  75  71 1943  72  77  74  58  72  64  68  68  76  84  78  70  72 1944  66  62  57  67  72  72  72  75  73  82  76  80  71 1945  78  70  60  57  59  72  58  60  68  67  75  63  66 



  191946  68  58  71  62  77  69  62  61  56  71  69  81  67 1947  80  71  72  66  71  67  60  65  73  70  72  62  69 1948  65  65  67  64  67  66  62  54  76  71  72  71  67 1949  70  70  73  62  71  64  53  71  78  76  76  72  70 1950  66  73  68  52  66  67  59  55  58  71  75  77  66 
 cxrili 4-is pirvel marcxena svetSiCamowerilia wlebi 1933 dan 1950-mde. pirvel striqonSi ki Camowerilia Tveebi 1-dan 12-mde da saSualo wliuri mniSvneloba. maT gadakveTaze SegviZlia movnaxoT haeris SefardebiTi sinotivis mniSvneloba nebismieri wlisa da TvisaTvis. magaliTad, warmodgenili fragmentidan Cans, rom haeris saSualo SefardebiTi sinotive 1949 wlis martis TveSi TelavSi 73% iyo, xolo 1947 wels haeris saSualo wliuri sinotive 69% iyo da a.S. monacemTa baza SeiZleba mocemuli iyos kaTalogis saxiT, sadac naCvenebia am movlenis warmoSobis TariRi, dro, epicentri, maqsimaluri intensivoba, dazianebis are, stiqiuri ubedurebis masStabebi (daRupulTa ricxvi, zarali da sxva). aseTi katalogebi Seiqmna Mm.nodias saxelobis geofizikis institutSi yvela bunebrivi katastrofuli movlenisaTvis. maT miekuTvneba miwisZvra, Rvarcofi, wyaldidoba, mewyeri, Tovlis zvavi, Tavsxma wvima, grigali, nisli, wayinva, lipyinuli, gvalva, elWeqi, setyva. aseTi monacemTa bazebi gamoiyeneba am movlenaTa Sesaswavlad.  cxrilSi 5 naCvenebia katalogis fragmenti wayinvebisaTvis. wayinva daxasiaTebulia minimaluri temperaturiT, romelic Camowerilia cxrilis me-6 svetSi. Pirvel svetSi wina cxrilis msgavsad wlebia Camowerili, Semdeg svetebSi 



  20Tanmimdevrulad Tve, ricxvi, ganedi, grZedi (sadac adgili hqonda movlenas), Semdeg sidide, anu minimaluri temperature, specialuri skaliT gansazRvruli movlenis intensivoba, dazianebis are kvadratul kilometrebSi da adgilis simaRle da konkretuli punqti.  cxrili 5. Kkatalogi wayinva    warmodgenili katalogidan SegviZlia ganvsazRvroT, rom 1962 wlis 19 aprils kojorSi dafiqsirda wayinva sididiT minus 1.90, romlis intensivobam Seadgina 2 bali. wayinvis Sedegad dazaralda 800 kvadratuli kilometri farTobi.      weli Tve ricxvi ganedi grZedi sidide intensiv. daz.are simaRle 
       1 2 3 4 5 6 7 8 9 

        1961 4 15 42.12 44.49 -0.7 1 500 760axalgori 
        1961 4 16 42.12 44.49 -1 1 500 760axalgori          1961 9 22 41.85 42.33 -0.3 1 400 1926baxmaro           1961 9 23 41.85 42.33 -0.5 1 400 1926baxmaro 
        1961 10 24 41.85 43.41 -0.1 1 400 789borjomi 
        1961 10 26 41.85 43.41 -1.6 2 800 789borjomi 
        1961 10 27 41.85 43.41 -1.1 2 800 789borjomi 
        1961 11 23 41.74 45.8 -1.8 2 600 415gurjaani           1961 11 24 42.27 42.63 -0.2 1 400 114kuTaisi 
        1961 11 25 41.74 45.8 -0.5 1 700 415gurjaani         1962 4 19 41.66 44.71 -1.9 2 800 1338kodjori 
        1962 4 20 41.57 43.25 -0.2 1 400 1098aspinza          1962 4 22 41.66 44.71 -1.9 2 400 1338kodjori          1962 6 9 41.85 42.33 -1.1 2 400 1926baxmaro 



  21 2010 wels globaluri daTbobis pirobebSi saqarTvelos klimatis cvlilebis kvlevasTan dakavSirebiT hidrometeorologiis institutSi Seiqmna haeris temperaturis da atmosferuli naleqebis monacemTa axali bazebi 2008 wlamde periodisaTvis. Aam bazidan fragmenti TelavisaTvis warmodgenilia cxrilSi 6.  cxrili 6. haeris temperaturis monacemTa bazis fragmenti (Telavi)  weli ianvari Tebervali marti aprili maisi ivnisi 1991 0.8 0.2 6.1 13 15.6 21.2 1992 -0.5 0.4 5.6 10.9 14.6 19.2 1993 -1.4 -0.2 6.6 11 15.6 19.5 1994 3 -0.3 6.8 12.8 16.5 19.3 1995 3.5 4.5 7.4 13.1 18.6 21.8 1996 1 2.5 4.2 9.8 18 19.4 1997 2.5 -0.4 3.7 12.3 17.4 20.5 1998 0.6 2.2 6.4 15.1 17 23.3 1999 3.2 5.5 7.2 11.8 14.6 20.2 2000 0.6 3.8 5.8 15.6 16.2 21.4 2001 1.7 4 8.7 13 15.3 21.1 2002 1.7 5.8 9.1 9.9 14.8 19.3 2003 1.7 2.5 3.1 8.5 17.5 19.5 2004 3.6 4.9 8.3 11.1 16.2 21.1 2005 2.3 2.1 6.4 12.4 17.1 19.4 2006 0.1 4.1 8.1 12 16.2 23.9 2007 2.5 2.9 5 8.7 17.4 20.9 2008 -0.8 -0.6 11.7 14.9 15.1 19.7    



  22  hidrometeorologiis institutSi, calkeuli meteorologiuri sadgurebisaTvis monacemTa bazeebis garda, Seiqmna temperaturis da naleqebis unikaluri bazebi saqarvelos teritoriaze Tanabrad 25km daSorebiT ganlagebuli wertilebisaTvis, sadac meteorologiuri dakvirvebebi ar warmoebs (ix.nax. 6).      Nnax. 6. BmonacemTa bazebis bade   Nnax.6-ze mocemuli rukis badis yvela 112 –ve wertilisaTvis Seqmnilia monacemTa bazebi, did britaneTSi, safrangeTSi, sveicariaSi da evropis da msoflios sxva qveynebSi Seqmnil analogiur bazebTab erTad dedamiwis badur monacemebs.   



  233. geografiul dakvirvebaTa pirveladi statistikuri damuSavebis meTodebi     yovelive informacia, miRebuli rogorc instrumentuli, ise vizualuri dakvirvebebidan, maT Soris eqsperimentebidan, moiTxovs Sesabamis gaanalizebas da ganzogadoebas. amisaTvis ki gamoiyeneba maTematikuri meTodebi, upirveles yovlisa ki-maTematikuri statistikisa da albaTobis Teoriis midgomebi. vTqvaT CavatareT dakvirvebebi raime x movlenaze da n dakvirvebis Semdeg miviReT Semdegi monacemebi:                           x1, x2, x3,……… xn.              ( 1)   rigs,  romelic Sedgenilia dakvirvebaTa monacemebis safuZvelze dakvirvebaTa rigi, an mwkrivi ewodeba. imis da mixedviT, Tu ra TanmimdevrobiT aris dakvirvebaTa rigSi ganlagebuli misi Semadgeneli elementebi, ganasxvaveben qronologiur da ranJirebul rigs.Qqronologiurs uwodeben dakvirvebaTa rigs, Tu is Sedgenilia qronologiuri TanmimdevrobiT, anu Catarebul dakvirvebaTa TanmimdevrobiT. xSirad saWiroa rigi warmovadginoT misi elementebis zrdadobis an klebadobis mixedviT, maSin mas ranJirebuls uwodeben.   cxrilSi 7 warmodgenilia ianvris TveSi mosuli atmosferuli naleqebis jamebis qronologiuri da ranJirebuli rigebi Tbilisis monacemebiT. 



  24  cxrili 7. ianvris TveSi mosuli atmosferuli naleqebis jamebis qronologiuri da ranJirebuli rigebi (Tbilisi)  Qqronol. mm  ranJireb. mm  1990 23  2006 45 1991 33  1991 33 1992 18  1993 32 1993 32  2008 29 1994 15  2000 24 1995 7  1990 23 1996 12  1992 18 1997 6  1994 15 1998 10  2004 15 1999 1  1996 12 2000 24  2005 11 2001 7  1998 10 2002 9  2002 9 2003 4  1995 7 2004 15  2001 7 2005 11  1997 6 2006 45  2003 4 2007 3  2007 3 2008 29  1999 1    rogorc vxedavT cxrilis marcxennawilSi warmodgenilia qronologiuri rigi, xolo marjvena nawilSi igive rigi warmodgenilia naleqebis klebadobis mixedviT, es aris ranJirebuli rigi.  



  25 dakvirvebaTa rigi TavisTavad Seicavs uamrav informacias am movlenis Sesaxeb. Aam informaciis gamosaxatavad gamoiyeneba maTematikuri statistikis da albaTobis Teoriis cnobili meTodebi. Nnebismieri geografiuli dakvirvebaTa rigis umniSvnelovanesi maxasiaTebelia misi MaTematikuri molodini, anu saSualo mniSvneloba. cxadia, imisaTvis, rom SevafasoT dakvirvebaTa rigis saSualo mniSvneloba, saWiroa SevkriboT misi wevrebi da gavyoT dakvirvebaTa ricxvze:                                     xsaS=(Σ xi )/n =                     = ( x1+ x2+ x3+……… +xn. )/ n             ( 2)  sadac xsaS -movlenis saSualo mniSvnelobaa, mas maTematikur molodinsac uwodeben. n –dakvirvebaTa ricxvia, anu dakvirvebis rigis sigrZe. xSirad saSualo sididesTan erTad dakvirvebaTa rigis dasaxasiaTeblad gamoiyeneben medianas da modas. Mmediana (Me) warmoadgens dakvirvebaTa monacemebis centralur  mniSvnelobas, dakvirvebaTa erTi naxevari masze naklebia, xolo zustad meore naxevari masze metia. Mmoda (Mo) warmoadgens monacemebis yvelaze ualbaTes mniSvnelobas (ix. Nnax. 7). 



  26  N nax. 7. Gganawilebis mediana da moda G  saSualo mniSvneloba dakvirvebaTa rigis yvelaze moxerxebuli maxasiaTebelia, mas rigi upiratesoba gaaCnia medianasa da modasTan. magram amave dros is ar aris sakmarisi dakvirvebaTa rigis, anu movlenis srulfasovani daxasiaTebisaTvis. Mdakvirvebebs  gaaCnia udidesi da umciresi mniSvnelobebi, anu maqsimumi (xmax) da minimumi (xmin). sxvaobas maT Soris amplituda ewodeba:         B=(xmax)- (xmin)             ( 3)  amplituda aris monacemebis gabnevis uxeSi sazomi. Mmisi sidide damokidebulia dakvirvebis 



  27ricxvze, makvirvebaTa raodenobis gazrdiT amplitudac matulobs. cxrili 7-is Tanaxmad 1990-dan 2008 wlamde periodis ganmavlobaSi TbilisSi ianvris TveSi mosuli naleqebis maqsimumma 45mm, xolo minimumma- 1mm Seadgina. Aamrigad amplitudam 44mm Seadgina.  saSualo, maqsimaluri da minimaluri mniSvnelobebi, agreTve amplituda ar aris  sakmarisi dakvirvebaTa monacemebis srulfasovani daxasiaTebisaTvis. saSualo mniSvnelobis mimarT dakvirvebaTa monacemebis gabnevas axasiaTeben agreTve saSualo gadaxriT, saSualo kvadratuli gadaxriT, variaciis, asimetriis da eqscesis koeficientebiT.  dakvirvebaTa rigis saSualo ariTmetikuli gadaxra gamoiangariSeba Semdegi formuliT:                  V=Σ(xi_xsaS)/n                                  (4)        sadac  xi - dakvirvebaTa rigis I –uri wevria, xolo  xsaS rigis saSualo mniSvnelobaa, xolo  n - dakvirvebaTa rigis sigrZea. am sidides praqtikaSi didi gamoyeneba ara aqvs, radganac dadebiTma da uaryofiTma gadaxrebma SesaZloa erTmaneTi gaawonasworos da Tanabari dadebiTi da uaryofiTi gadaxrebis pirobebSi nuli iyos.              dakvirvebaTa monacemebis droSi gabnevis dasaxasiaTeblad ufro mizanSewonilia 



  28gamoviyenoT saSualo kvadratuli gadaxra, romelic  gamoiangariSeba Semdegi formuliT:                   S=[Σ(xi_xsaS)2/n]1/2                            (5)  saSualo kvadratul gadaxras dakvirvebaTa rigis dasaxasiaTeblad iseTive didi mniSvneloba aqvs, rogoric mis saSualo mniSvnelobas.   Nnax. 8. saSualo kvadratuli gadaxris sazRvrebi nax. 8-ze naCvenebia martivi ganawileba, rodesac saSualodan dadebiTi da uaryofiTi gadaxrebi Tanabaria. Aam SemTxvevaSi saSualo mniSvneloba, moda da mediana erTi da igivea. Ggrafikidan Cans agreTve, rom saSualodan, rogorc dadebiTi, ise uaryofiTi gadaxrebi 



  29saSualo kvadratuli gadaxris samjerad sazRvrebSi Tavsdeba.  dReisaTvis miRebulia saSualo kvadratuli gadaxrebi mTeli rigi klimaturi elementebisaTvis. maTi sidide mniSvnelovnad aris damokidebuli adgilis fizikur-geografiul pirobebze. magaliTad, haeris saSualo dReRamuri temperaturis saSualo kvadratuli gadaxra adgilis simaRlis Semcirebasa da zRvasTan miaxloebisas mcirdeba. Ees aixsneba siTburi balansis TaviseburebebiT: zRvis sanapiroze siTbos mniSvnelovani modena, temperaturuli velis SedarebiTi erTgvarovneba da zRvis mastabilizirebeli moqmedeba  ganapirobebs temperaturis mcire cvlilebas. simaRlis gazrdiT irRveva erTgvarovnebis piroba, agreTve sustdeba zRvis moqmedeba, rac ganapirobebs temperaturis dispersiis gazrdas. saSualo kvadratuli gadaxris kvadrats dispersias uwodeben, xolo saSualo kvadratuli gadaxris Sefardebas maTematikur molodinTan variaciis koeficients uwodeben:                            C=S/xsaS                      (6)  variaciis koeficienti warmoadgens movlenis saSualo kvadratuli gadaxris normirebul mniSvnelobas, amitomac didi praqtikuli gamoyeneba aqvs dakvirvebaTa rigebis Sedarebisas. A amierkavkasiis pirobebSi haeris saSualo dReRamuri da Tviuri temperaturis variaciis 



  30koeficientebis SedarebiT dabali mniSvnelobebi aRiniSneba saqarTvelos Savi zRvis sanapiroze, kolxeTis da lenqoranis dablobebze. Aadgilis simaRlis gazrdiT variaciis koeficienti izrdeba da aRwevs maqsimums nulovani izoTermis simaRleze, anu im simaRleze sadac temperatura utoldeba 00-s. nulovani izoTermis maRla variaciis koeficienti TandaTan mcirdeba. Nnax. 9-ze warmodgenilia atmosferuli naleqebis ianvris da ivlisis Tviuri jamebis variaciis koeficientebis rukebi amierkavkasiis teritoriisaTvis.  Nrogorc rukebidan Cans, naleqebis jamebis variaciis koeficienti mWidro kavSirSia klimatis aridizaciis xarisxTan. kerZod, Savi zRvis sanapiroze da kolxeTSi, sadac naleqebis didi raodenoba modis da klimati humiduria, naleqebis variaciis koeficienti dabalia da 0.6-s ar aRemateba. aRmosavleTis mimarTulebiT naleqebis raodenoba kanonzomierad klebulobs, Sesabamisad mcirdeba variaciis koeficientic da umcires mniSvnelobebs Azerbaijanis bteritoriaze mkveTrad aridul klimatur zonaSi Rebulobs.   



  31  
 

 nax. 9. atmosferuli naleqebis variaciis  koeficienti: a)-ianvari; b)-ivlisi   



  32 zemod ganxiluli maxasiaTeblebis garda  iSviaTad mimarTaven agreTve SedarebiT maRali rigis momentebs-asimetriis da eqscesis koeficientebs. Aasimetriis koeficients angariSoben formuliT:           A=(1/nS3) Σ ( xi_ xsaS)3           (7)   Masimetriis koeficienti uCvenebs ganawilebis simetriulobis xarisxs. kerZod mkacrad simetriuli ganawilebisTvis A=0 (ix. Nnax. 10). am dros saSualo mniSvneloba, mediana da moda erTmeneTis tolia. Tu A›0 maSin ityvian, rom marjvena asimetriulobaa, e.i. saSualo sidide udides mniSvnelobaze, anu modaze naklebia. Sebrunebuli suraTia marcxena asimetriulobis dros, rodesac A‹0. am dros saSualo sidide aRemateba modas. geografiul kvlevebSi miRebulia, rom Tu asimetria naklebia 0,25-ze, is mcirea, Tu meryeobs 0,25-sa da 0,50-s Soris-zomieria, xolo Tu aRemateba 0,50-s maSin didia. H heris saSualo Tviuri temperaturis asimetriis koeficienti icvleba 0,2-0,5-farglebSi, rasac umniSvnelo da zomier asimetrias uwodeben.   Aatmosferuli naleqebis asimetria dadebiTia da umTavresad ar aRemateba 0,5-s. mkveTri asimetria damaxasiaTebelia mSrali raionebisaTvis.  



  33  G nax. 10. ganawilebis asimetria   dakvirvebaTa monacemebis ganawilebis simrudes axasiaTeben eqscesis koeficientiT:          E=(1/nS4)Σ(xi_xsaS)4_3             (8)  sadac S - saSualo kvadratuli gadaxraa, xolo n- dakvirvebaTa rigis sigrZea.  eqscesis koeficienti uCvenebs Tu ramdenad amozneqilia, an Cazneqili ganawileba (nax. 11).  Mmrudis normaluri Cazneqilobis pirobebSi E=0.  Tu E›0 maSin ityvian, rom ganawileba amozneqilia, xolo Tu E‹0 - ganawileba Cazneqilia. 



  34  G nax. 11. ganawilebis eqscesi  eqscesis koeficienti icvleba minus 2-dan usasrulobamde. rodesac misi mniSvneloba axlosaa minus 2-Tan ganawilebis mrudi gardaiqmneba bimodalurSi, anu mas 2 maqsimumi eqneba, xolo Tu is gautoldeba minus 2-s, maSin es ganawileba gaiyofa 2 mrudad.   Hheris saSualo Tviuri temperaturis eqscesis koeficienti erTze naklebia, anu eqscesi sustia.  Aatmosferuli naleqebis Eeqscesis koeficienti meryeobs 0,5-1,5 farglebSi. Eeqscesis didi mniSvnelobebi damaxasiaTebelia RrublianobisTvis. 



  354. statistikuri maxasiaTeblebis praqtikuli gaangariSeba   zemod ganxiluli maxasiaTeblebis gaangariSeba, rac geografiul dakvirvebaTa monacemebis pirvelad analizs Seadgens, xdeba specialuri programebis Sesabamisad kompiuterze. es gansakuTrebiT xelsayrelia maSin, rodesac dakvirvebaTa didi masivebi gvaqvs. monacemTa bazebidan xdeba yvela statistikuri maxasiaTeblis kompiuteruli gaangariSeba. SedarebiT mokle rigebisaTvis ki maTi gamoTvla SesaZlebelia xeliT cxriluri xerxis gamoyenebiT, rogorc es naCvenebia cxrilSi 8.  cxrili 8. statistikuri maxasiaTeblebis gaangariSebis cxriluri xerxi  1 2 3 4 5 x1 x1_ xsaS (x1_ xsaS)2 (x1_ xsaS)3 (x1_ xsaS)4 x2 x2_ xsaS (x2_ xsaS)2 (x2_ xsaS)3 (x2_ xsaS)4 x3 x3_ xsaS (x3_ xsaS)2 (x3_ xsaS)3 (x3_ xsaS)4 .     xn xn_ xsaS (xn_ xsaS)2 (xn_ xsaS)3 (xn_ xsaS)4 
Σxi Σ(xi_xsaS) Σ( xi_xsaS)2 Σ (xi_xsaS)3 Σ( xi_xsaS)4 xsaS= 
Σxi/ n V  =Σ(xi_xsaS)/n S=[Σ( xi_xsaS)2/n]1/2   A=(1/nS3) Σ (xi_xsaS)3           E=(1/nS4)Σ( xi_xsaS)4_3               cxrilis pirvel svetSi warmodgenilia dakvirvebaTa rigis elementebi- x1, x2, x3,…… xn. amave svetis boloswina striqonSi es 



  36 elementebi dajamebulia(Σxi), xolo bolo striqonSi es jami gayofilia dakvirvebaTa rigze(n) da miRebulia saSualo mniSvneloba (xsaS= Σxi/ n). cxrilis  meore svetSi Camowerilia sxvaobebi rigis TiToeul elementsa da  mis saSualo mniSvnelobas Soris. Bboloswina striqonSi meore sveti dajamebulia (Σ(xi_xsaS)), xolo amave striqonSi misi dakvirvebaTa rigze gayofiT miRebulia rigis saSualo gadaxra (V  =Σ( xi_xsaS)/n). cxrili 8-s mesame, meoTxe da mexuTe svetebSi –meore svetis elementebi(xi_xsaS) Sesabamisad ayvanilia kvadratSi, kubSi da meoTxe xarisxSi. TiToeuli svetis elementebi boloswina striqonSi dajamebuliajamdeba da am jamebis safuZvelze (2-8)-formulebis gamoiyenebiT daangariSebulia dakvirvebaTa rigis saSualo kvadratuli gadaxra(), asimetriis() da eqscesis koeficientebi(). magaliTi. zemod Camoyalibebuli midgomis safuZvelze movaxdinoT haeris temperaturaze Catarebuli dakvirvebebis pirveladi analizi. cxrili 9-Si, pirvel svetSi Camowerilia haeris temperaturaze dakvirvebis 5 monacemi, e.i. n=5.    cxrili 9. haeris temperaturis rigis pirveladi analizi  T T-TsaS (T-TsaS)2 (T-TsaS)3 (T-TsaS)4 



  374 -2 4 -8 16 7 1 1 1 1 5 -1 1 -1 1 5 -1 1 -1 1 9 3 9 27 81 
Σ Ti=30 0 16 18 100 TsaS=6 0 1.8 0.63 -1.1  cxrilis boloswina striqonSi dajamebulia TiToeuli svetis elementebi(Σ Ti =30) da gamoangariSebulia saSualo temperatura (TsaS=30/5=6).  cxrili 9-s meore, mesame, meoTxe da mexuTe svetebSi Camowerilia sxvaobebi(T-TsaS), Sesabamisad pirvel, meore, mesame da meoTxe xarisxSi. Am svetebis elementebi dajamebulia da warmodgenilia cxrilis boloswina striqonSi. Bolo striqonSi ki (2-8)-formulebis Tanaxmad gamoangariSebulia temperaturis rigis statistikuri maxasiaTeblebi:   V=0/5=0;    S=(16/5)1/2=(3,2) 1/2==1.8; C=S/asaS = 1.8/6=0,3; A=(1/5*(1.8)3*18=0.63; K=(1/5*(1.8)4*100-3=1.9-3=-1,1.  Aamrigad, cxrilSi 9 warmodgenili dakvirvebebis pirveladi analizis safuZvelze miviReT, rom haeris saSualo temperatura udris 60-s, misi saSualo gadaxra-0-s, saSualo 



  38 kvadratuli gadaxra-1,80-s, variaciis koaficienti-0,3-s, asimetriis koeficienti- 0,63-s, xolo eqscesis koeficienti-minus 1,1-s.  5. saSualo mniSvnelobaTa Sedareba  sxvadasxva stacionaruli, savele, Tu eqsperimentuli dakvirvebebis Catarebis dros erTi da igive movlenis gazomvisas xSirad miiReba saSualo sidideebis sxvadasxva mniSvneloba. ismis kiTxva arsebiTia, Tu SemTxveviT xasiaTs atarebs es sxvaoba. Ees saxiTxi gansakuTrebiT aqtualuri gaxda Tanamedrove globaluri daTbobis pirobebSi, rodesac saWiroa Sedardes temperaturaze dakvirvebaTa ori rigi, vTqvaT globaluri daTbobis dawyebamde da globaluri daTbobis dros. kidev bevri magaliTis moyvana SeiZleba, rodesac klimatologiis sxvadasxva amocanebis ganxilvisas saWiroa sxvadasxva sadgurebis rigebis, an gansxvavebuli periodebis Sedareba. Aam sakiTxis gadasawyvetad mimarTaven sxvadasxva kriteriumebs, maT Soris erTerTi yvelaze saimedo da praqtikaSi gavrcelebulia stiudentis kriteriumi. vTqvaT erTi tipis ori sxvadasxva dakvirvebaTa seriis Sedegad miviReT maTematikuri molodinis (saSualo mniSvneloba) da misi Sesabamisi saSualo kvadratuli gadaxris Semdegi mniSvnelobebi:                     x1 , S1     da     x2 ,S2.  



  39vTqvaT pirveli eqsperimentis dros Catarda n1  gazomva, xolo meore eqsperimentis dros- n2 gazomva. angariSoben stiudentis kriteriums:               t=( x1 -x2)/( S12/ n1+ S22/ n2)                        (9)  Semdeg, specialur cxrilebSi eZeben t-s kritikul mniSvnelobas Sesabamisi Tavisuflebis xarisxisaTvis. Tavisuflebis xarisxi udris:                         K= n1+ n2- 2                              (10)  Tu aRmoCnda, rom stiudentis kriteriumis gamoTvlili mniSvneloba aRemateba cxrilidan aRebul mis kritikul mniSvnelobas, maSin gansxvaveba saSualo mniSvnelobebs Soris ar aris SemTxveviTi, is arsebiTia. xolo, Tu kriteriumis gamoTvlili mniSvneloba naklebia mis kritikul mniSvnelobaze, gansxvaveba saSualo mniSvnelobebs Soris SemTxveviT xasiaTs atarebs da SeiZleba CaiTvalos, rom x1= x2.  cxrilSi 10-Si warmodgenilia stiudentis parametris kritikuli mniSvnelobebis fragmenti  Tavisuflebis xarisxis zogierT mniSvnelobaze(K) da mis Sesabamis albaTobaze(P) damokidebulebiT.  cxrili 10. stiudentis parametris kritikuli mniSvnelobebi 



  40 K P 0.95 0.98 0.99 0.999 50 2.008 2.403 2.677 3.497 60 2.000 2.390 2.660 3.460 70 1.995 2.381 2.648 3.436 80 1.990 2.374 2.639 3.416 90 1.987 2.368 2.632 3.401 100 1.984 2.364 2.626 3.391  magaliTi. vTqvaT CavatareT gazomvaTa 2 seria: n1=25 da n2=50. x1=23,56, x2=22,80, xolo S1= S2 =1,20. maSin (9) formulis Tanaxmad t=2,59, xolo Tavisuflebis xarisxi (10) formulis Tanaxmad iqneba:                         K= n1+ n2- 2=25+50-2=73        (11)                                cxrili10-is Tanaxmad K=70 Tavisuflebis xarisxisaTvis  stiudentis kriteriumis gamoTvliTi mniSvneliba(t=2,59) aRemateba cxrilSi mocemul kritikul mniSvnelobas P=0.98 albaTobis doneze(t=2.381),  rac imaze miuTiTebs, rom gansxvaveba saSualo mniSvnelobebs Soris arsebiTia da uzrunvelyofilia 0.98 albaTobis doneze. amrigad am SemTxvevaSi gvaqvs 2 sxvadasxva rigi. Tu igive sakiTxs ganvixilavT 0.99 albaTobis doneze, romlisTvisac stiudentis kritikuli 



  41 mniSvneloba cxrili10-is Tanaxmad Seadgens (t=2,648), da aRemateba misive gamoTvlil mniSvnelobas(t=2,59), SegviZlia davaskvnaT, rom 0.99 albaTobis doneze gansxvaveba saSualo mniSvnelobebs Soris SemTxveviT xasiaTs atarebs.  6. dakvirvebaTa rigis empiriuli modeli  bunebis movlenaze dakvirvebaTa rigis srulyofili analizisaTvis ar aris sakmarisi Cvens mier ganxiluli rigis statistikuri maxasiaTeblebi, anu misi saSualo mniSvneloba, saSualo kvadratuli gadaxra, variaciis, asimetriis, eqscesis koeficientebii da sxva. saWiroa vicodeT ama Tu im movlenis calkeul mniSvnelobaTa ganawilebis mTeli speqtri. amisaTvis angariSoben movlenis calkeul sidideTa albaTobebs da ageben ganawilebis empiriul mruds, riTac faqtiurad qmnian empiriul models. sityva “empirika” aRniSnavs cdas, xolo empiriuli modeli gulisxmobs cdebiT, anu dakvirvebebaTa (gazomvaTa) monacemebis safuZvelze Seqmnil models. vTqvaT gvaqvs raime x movlenaze n sigrZis dakvirvebaTa rigi. vTqvaT am dakvirvebaTa rigSi x1-sidide ganmeorda n1–jer, x2-sidide ganmeorda n2–jer, x3-sidide – n3–jer da a.S.,  xn-sidide ganmeorda nn–jer. n1, n2, n3, ...... nn –s absolutur sixSires uwodeben. cxadia, rom    n1+n2+n3+ ...... + nn =n. 



  42 TiToeuli sididis albaTobis gamosaangariSeblad saWiroa misi Sesabamisi absoluturi sixSire gavyoT dakvirvebaTa saerTo ricxvze. Aanu, Tu albaTobas avRniSnavT P–Ti, maSin movlenis nebismieri i–uri sididis albaToba ganisazRvreba formuliT:                                    Pi= ni/n                            (12)  Ppraqtikuli amocanebis gadawyvetisas, empiriuli modelis Sesadgenad,  albaTobebs angariSoben  Semdegi saxis cxrilis gamoyenebiT. albaToba SeiZleba gamoisaxos agreTve %-Si.  cxrili 11. albaTobaTa gaangariSeba empiriuli   modelisaTvis  xi ni Pi x1 n1 n1/n                            x2 n2 n2/n                            x3 n3 n3/n       . . . xn nn nn/n                            jami n 1  rogorc vxedavT, cxrilis pirvel svetSi Camowerilia movlenis konkretuli mniSvnelobebi, meore svetSi – maTi Sesabamisi absoluturi sixSireebi, xolo mesame svetSi – Sesabamisi empiriuli albaTobebi. cxadia, rom  



  43       n1/n+ n2/n + n3/n+ ….+  nn/n =1             (13)                                                        cxrili11-is  monacemebi gamoxatavs movlenis sidideTa albaTobebis ganawilebis mTel speqtrs, anu is warmoadgens am movlenis empiriul models. cxrilis monacemebis safuZvelze SegviZlia avagoT avagoT diagrama, romelic gamosaxavs am movlenis empiriuli ganawilebis funqcias. aseTi funqciis saxe damokidebulia TviT movlenis bunebaze.  Nnax. 12 da nax.13-ze warmodgenilia sxvadasxva klimaturi parametris empiriuli modeli.   Nnax. 12. setyvis Sedegad srulad dazianebuli Aarealebis ganmeoradobis modeli(kv.km)  



  44  Nnax. 13. setyvis dros mosuli sxvadasxva sididis naleqebis ganmeoradobis modeli(mm)   Nnax. 12 gamosaxavs setyvis dros srulad dazianebuliAarealebis ganmeoradobas. Mmodelis Tanaxmad setyvis SemTxvevaSi yvelaze xSirad ziandeba teritoria 1-5 kv.km farTobiT. aseTi arealebis dazianebis albaToba daaxloebiT 36%-s Seadgens. agreTve maRalia 1kv.km-ze naklebi arealebis dazianebis albaToba(34%). Mmxolod 2-3% SemTxvevaSi ziandeba 5kv.km-ze meti farTobebi.  Nnax. 13-ze warmodgenilia setyvis dros mosuli sxvadasxva sididis naleqebis gandeoradobis modeli. Mmodelis Tanaxmad setyvis dros yvelaze albaTuria 11-30mm naleqi, misi albaToba 35%-s aRemateba. Aaseve didi albaTobiT aris mosalodneli 6-10mm (30%-ze meti) da 5mm-ze naklebi (25%). iSviaTia 31mm-ze 



  45meti naleqi, xolo 50mm-ze meti naleqis albaToba 2%-s ar aRemateba.  magaliTi1. vTqvaT gvaqvs haeris temperaturaze   (Ti ) Catarebuli dakvirvebaTa Semdegi rigi:             5; 6; 7; 7; 6; 7; 8; 8; 9; 8.  rogorc vxedavT Catarebulia 10 dakvirveba haeris temperaturaze. Ddakvirvebebis ganmavlobaSi temperatura icvleboda 5 dan 9 gradusis farglebSi. Aqedan 50 aRiniSneboda erTxel, 60 -2jer, 70 -3jer, 80 -3jer da 90 –jer. Eesenia Sesabamisad temperaturis aRniSnul mniSvnelobaTa absolutiri sixSireebi. Tu TiToeul maTgans gavyobT dakvirvebaTa saerTo ricxvze, anu 10-ze, miviRebT Sesabamis albaTobebs. naTqvami cxrilis saxiT gamoixateba Semdegnairad:  cxrili 12. albaTobaTa gaangariSeba haeris temperaturis rigisaTvis  Ti ni Pi P % 5 1 0,1 10 6 2 0,2 20 7 3 0,3 30 8 3 0,3 30 9 1 0,1 10 jami 10 1,0 100  



  46 rogorc cxrilidan Cans ganxilul SemTxvevaSi temperaturis yvelaze albaTuri mniSvnelobebia 7 da 8 gradusi. maTi albaTobebia 0,3. yvelaze naklebi albaToba ki Seesabameba 5 da 9 graduss, da albaToba udris 0,1-s. nax. 14-ze warmodgenilia cxrili 12-is monacemebis grafikuli modeli.     Nnax. 14. Hhaeris temperaturis ganmeoradobis modeli   Nnax 14-ze warmodgenili modeli gamosaxavs haeris temperaturis sxvadasxva sididis albaTobaTa ganawilebis mTel speqtrs. is gviCvenebs, rom udidesi albaToba 30% Seesabameba 7 da 80 temperaturas. Umciresi albaTobiT-10% fiqsirdeba temperaturebi 5 da 90. 



  47magaliTi 2. ganvixiliT atmosferuli naleqebis raodenobis ganawilebis empiriuli modeli cxril 7-Si mocemuli ianvris TveSi TbilisSi mosuli atmosferuli naleqebis jamebis safuZvelze. Aam cxrilis marjvena nawili, anu naleqebis ranJirebuli rigi Semdegnairad gamoiyureba:                                         wlebi mm                                  2006 45                                  1991 33                                  1993 32                                  2008 29                                  2000 24                                  1990 23                                  1992 18                                  1994 15                                  2004 15                                  1996 12                                  2005 11                                  1998 10                                  2002 9                                  1995 7                                  2001 7                                  1997 6                                  2003 4                                  2007 3                                  1999 1    rodesac SedarebiT grZeli da araerTgvarovani rigi gvaqvs mizanSewonilia naleqebi davyoT gradaciebaT. Nnaleqebis jamebi icvleba 1-dan 45mm-mde, amitom Tu gradaciis 



  48 sigrZes aviRebT 10mm-s, maSin gveqneba 5 gradacia: 1-10mm; 11-20mm; 21-30mm; 31-40mm; da 40mm-ze meti. maSin Tu davTvliT TiToeul gradaciaSi moxvedril SemTxvevas miviRebT absolutur sixSires(ni), xolo misi gayofiT rigis sigrZeze, anu 19-ze, miviRebT Sesabamis albaTobebs. Ees yvelaferi asaxulia cxrilSi 13.  cxrili 13. albaTobaTa gaangariSeba atmosferuli naleqebis rigisaTvis   Nnaleqi, mm ni Pi P % 0-10 8 0,42 42 11-20 5 0,26 26 21-30 3 0,16 16 31-40 2 0,11 11 41 da meti 1 0,05 5 jami 19 1,0 100   cxrili 13 –is monacemebze dayrdnobiT Sedgenilia TbilisSi ianvris TveSi mosuli atmosferuli  naleqebis ganmeoradobis modeli (nax.15). modelis Tanaxmad udidesi albaToba(42%) Seesabameba naleqebis Tviur jams araumetes 10mm-isa. Semdegi gradaciebis albaToba kanonzomierad klebulobs da umciresi albaToba (95%) Seesabameba 41 mm-ze met naleqebis jams.  



  49   Nnax. 15. TbilisSi ianvris TveSi mosuli atmosferuli  naleqebis ganmeoradobis modeli   7. dakvirvebaTa rigis maTematikuri modelireba  rogorc vnaxeT, empiriuli monacemebis safuZvelze gaangariSebul albaTobaTa speqtrs, anu empiriul ganawilebis funqcias sxvadasxva saxe SeiZleba hqondes, rac damokidebulia TviT am movlenis bunebaze. Aam bunebis gamosavlenad da movlenis Rrmad Sesaswavlad axdenen mis aRweras raime maTematikuri formulis saSualebiT. Tu es xerxdeba, am process dakvirvebaTa rigis maTematikur modelirebas uwodeben, xolo TviT formulas, romelic aRwers am movlenas, maTematikur models uwodeben. 



  50geografiul dakvirvebaTa rigebis ganawilebaTa funqciebis aRwerisaTvis gamoiyeneba Teoriuli funqciebi-binomialuri, puasonis, normaluri, pirsonis, gama, Sarles, gumbelis da sxva ganawilebebi. Ees cnobili formulebia, cnobilia maTi Tvisebebi da Tu romelime aseTi formuliT moxerxda ganawilebis empiriuli modelis aRwera is did upiratesobas iZleva am movlenis bunebis asaxsnelad. ganvixiloT maT Soris yvelaze cnobili funqciebi.  binomialuri ganawilebis albaToba gamoiangariSeba  formuliT:             xnx kk
xnx

n
xP −−

−
= )1()!(! !)( ,      (14)  sadac n da k- binomialuri ganawilebis parametrebia. binomialuri ganawilebis Tvisebaa 

σ2< x  is, rom dispersia naklebia saSualo sidideze.  binomialuri ganawileba zRvarSi, rodesac k→0, an n→∞, puasonis ganawilebas warmoadgens:                  !)(
x

ae
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= ,              (15)  aq α– puasonis parametria. puasonis ganawilebis mTavari Tvisebaa is, rom puasonis parametri erTdroulad saSualo sididecaa, dispersiac da asimetriac. 



  51 nax. 16-ze warmodgenilia puasonis ganawileba, puasonis parametris sxvadasxva mniSvnelobebisaTvis.   P nax. 16. puasonis ganawileba, puasonis parametris sxvadasxva mniSvnelobebisaTvis   nax. 16-dan gamomdinareobs, rom rodesac puasonis parametric mcirea (magaliTad 0.5 an1) ganawilebis modaluri, anu udidesi mniSvneloba nulovan sidides Seesabameba da puasonis ganawileba formiT eqsponencialur ganawilebas waagavs. Puasonis parametris gazrdisas, rac nax.-ze Seesabameba 2 da 3.5-s, 



  52 modaluri mniSvneloba aRar aris nuli da puasonis ganawileba simetriuli ganawilebisken miiswrafvis.   saqarTvelos pirobebSi puasonis ganawileba kargad aRwers uxv da intensiur naleqebian dReTa  ricxvis ganawilebas, risi erT-erTi magaliTic nax. 17-zea warmodgenili.     nax. 17. uxvi naleqebis dReTa ricxvis diferencialuri ganawileba TbilisSi: 1-empiriuli; 2-Teoriuli puasonis mixedviT   nax. 17-dan kargad Cans, rom Tanxvedra empiriul da Teoriul (am SemTxvevaSi puasonos) ganawilebebs Soris sakmaod kargia.  



  53 didi Teoriuli mniSvneloba da praqtikuli gamoyeneba aqvs albaTobis gaangariSebas normaluri ganawilebis kanonis mixedviT. am SemTxvevaSi raime sididis albaToba ganisazRvreba formuliT:    P(x)= Ô Ф (t2) - Ô Ф (t1),            (16) sadac              Ô Ф ∫ −=
t

t dtet 0 2/221)(
π

   - normaluri ganawilebis  funqciaa,  xolo   t =
σ
xx −         (17).    nax. 18-ze warmodgenilia normaluri ganawilebis funqciis zogadi saxe.   rogorc vxedavT is aris simetriuli funqcia, romelic Tanabrad eSveba misi modaluri mniSvnelobidan marcxniv da marjvniv. Mmodaluri mniSvneloba amave dros aris saSualoc da medianac. Swored maTi tolobaa normaluri ganawilebis ZiriTadi Tviseba. Nnax-dan Cans agreTve, rom normaluri ganawilebis SemTxvevaSi saSualo sidididan majvniv da marcxniv saSualo kvadratuli gadaxris intervalSi Tavmoyrilia dakvirvebebis 68.2% SemTxveva, TiToeuli mimarTulebiT 34.1%. ormag saSualo kvadratuli gadaxrebs Soris intervalSi xvdeba dakvirvebaTa 95.4% raodenoba (13.6+34.1+34.1+13.6=95.4%). sammag saSualo kvadratuli gadaxrebs Soris intervalSi moxvedrili  dakvirvebaTa  raodenoba 99.6%-s DSeadgens  (2.1+13.6+34.1+34.1+13.6+2.1=99.6%). Esec normaluri ganawilebis funqciis erTerTi Tvisebaa. 



  54  Nnax.18.  normaluri ganawilebis funqcia normaluri ganawilebis kanoni saqarTvelos pirobebSi warmatebiT iyoGgamoyenebuli haeris saSualo Tviuri temperaturebis, simSralis radiaciuli indeqsis da sxva klimaturi parametrebis  mimarT. qvemod naCvenebia normaluri ganawilebis funqciis gamoyenebis magaliTi simSralis radiaciuli indeqsis mimarT(nax. 19).  simSralis radiaciuli indeqsi warmoadgens radiaciuli balansis wliuri jamis Sefardebas atmosferuli naleqebis jamisa da aorTqlebis faruli siTbos namravlTan.  



  55        0                  nax. 19. simSralis radiaciuli indeqsis albaTobis ganawileba a – empiriuli; b – Teoriuli, normaluri ganawilebiT.  a. – bolnisi, 2 – Tbilisi, 3 – gardabani, 4 – udabno  



  56 Nnax. 19-dan Cans, rom Sesabamisoba empiriul monacemebsa da Teoriul mruds Soris kargia. es gvaZlevs safuZvels normaluri ganawilebis funqcia warmatebiT gamoviyenoT gaudabnoebis albaTobis gamosaangariSeblad. Ddedamiwis yvela ganedebSi udabnoebisaTvis simSralis radiaciuli indeqsi aRemateba 3-s. Mmisi saSualo mniSvneloba Seadgens gardabanSi 2.4-s, bolnissa da ugabnoSi-2.3-s, TbilisSi-2-s, TelavSi-1.2-s. Es cifrebi kidev erTxel adasturebs, rom saqarTveloSi klasikuri udabno ar aris, radganac simSralis radiaciuli indeqsis saSualo mniSvneloba ar aRwevs 3-mde. Tumca, rogorc nax. 19 gviCvenebs calkeul wlebSi man SeiZleba gadaaWarbos 3-s. Amitom, Tu ramdeni procentia gaudabnoebis albaToba martivad SeiZleba gamoangariSebul iqnes normaluri ganawilebis funqciis saSualebiT.   bunebaSi arsebul ganawilebaTa mrudebis mTeli mravalferovneba damakmayofileblad aRiwereba pirsonis sistemiT, romelic 13 tipisagan Sedgeba da yvela tipis simkvrive Caiwereba Semdegi saxiT:            221 )()()(lg
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= ,   (18)  sadac  α–ganawilebis modaa, x-parametria, y-simkvrivis mrudis ordinataa.  pirsonis funqciis tipi ganisazRvreba kriteriumiT:  



  57                )1(16 )2( 223
+

+
−=

S

Sr
K  ,           (19)  sadac   623 )1( 423 234

+−

−−
=

rr

rr
K

σ ,   r3 da r4 Sesabamisad mesame da meoTxe rigis ZiriTadi momentebia. Kkriteriumis mniSvnelobis Sesabamisad xdeba mrudis tipis SerCeva.  Pnax. 20 –ze naCvenebia pirsonis me-5 tipis funqciebi gansxvavebuli parametrebis SemTxvevaSi.      Pnax. 20. pirsonis funqciebi  



  58 saqarTvelos pirobebSi pirsonis ganawilebebi gamoyenebuli iyo naleqebis wliuri jamebis mimarT, Tumca damakmayofilebeli Sedegi ar mohyva.   Sarlem Semoitana  A  da B funqciebi, romlebic emyarebian simkvrivis gaSlas mwkrivad.  A–tipis ganawilebaSi gamoiyeneba normaluri ganawilebis simkvrivis, xolo B - tipis ganawilebaSi-puasonis ganawilebis simkvrivis gaSla mwkrivad.  Sarles A –tipis ganawilebisaTvis SemTxveviTi sididis ti-1-ti intervalSi moxvedris albaToba ganisazRvreba formuliT:      F(ti)-F(ti-1)=[Ф(ti)+ABi+KCi]-[Ф(ti-1)+ABi-1+KCi-1],  (20)  sadac A  da k -Sesabamisad asimetriis da eqscesis koeficientebia, Ô Ф(t1) -normaluri ganawilebis integraluri funqciaa, B da C –Sesworebebia, Sesabamisad asimetriis da eqscesis.  Nnax. 21-ze warmodgenilia empiriuli monacemebis ganzwileba (diagram) da Teoriuli funqcia Sarles ganawilebis mixedviT. rogorc Cans Sarles ganawileba mTlianobaSi Seesabameba empiriul monacemebs, Tumca calkeul gradaciebSi mniSvnelovani gansxvavebebi SeimCneva. Sarles ganawilebas xSirad iyeneben atmosferuli naleqebis Tviuri, sezonuri da wliuri jamebis mimarT.  



  59   Nnax. 21. Sarles ganawileba   Sarles sistemas miekuTvneba U–s magvari ganawileba. is kargad aRwers Rrublianobis raodenobis ganawilebas, radganac orive mxridan SemosazRvrulia.  mravalmxrivi praqtikuli gamoyeneba aqvs gumbelis kanons:                          yeexp
−−=)(  ,              (21)  sadac      y=(x-q) -normirebuli gadaxraa modisagan,  α>0 , q -mudmivaa.  gumbelis kanoni gamoiyeneba klimaturi elementebis eqstremumebis mimarT. saqarTvelosaTvis es naCvenebi iyo haeris 



  60temperaturis da naleqebis dRe-Ramuri maqsimumebis magaliTze.    Gnax. 22. gumbelis kanonis gamoyenebis magaliTi  Ggeografiul dakvirvebaTa  maxasiaTeblebis empiriul ganawilebaTa aproksimaciisaTvis (modelirebisaTvis) SedarebiT iSviaTad gamoiyeneba releis ganawileba, jonsis ganawilebaTa sistema da sxva Teoriuli funqciebi. Eempiriuli monacemebis aRwerisaTvis yovelTvis ar mimarTaven zemod ganxilul cnobil Teoriul funqciebs. xSirad, gansakuTrebiT ki maSin, rodesac didi sizustea misaRwevi monacemebis aRsawerad mimarTaven 



  61sxvadasxva rigis polinomebs da Semdeg maT Soris aarCeven imas, romelic saukeTesod Seesabameba  empiriul ganawilebas.  Nnax. 23-ze warmodgenilia setyvis mosvlis procesis xangrZlivobis empiriuli (diagramebi) da modeluri(uwyveti xazi) funqciebi.   Nnax. 23. setyvis mosvlis procesis xangrZlivobis empiriuli da modeluri funqciebi   Nnax-ze warmodgenili empiriuli ganawileba kargad aRiwereba me-5 rigis MSemdegi polinomiT:  y=-0.005x5+0.212x4-3.325x3+24.84x2-88.39x+123.3,   



  62sadac x –aris setyvis mosvlis procesis xangrZlixoba, xolo y – am xangrZlivobis Sesabamisi albaToba. rogorc nax. 23-dan Cans yvelaze xSirad ,57% SemTxvevaSi, setyva grZeldeba 5 wuTamde.   magaliTi. ganvixiloT dakvirvebaTa monacemebis Teoriuli funqciebiT modelirebis magaliTi. cxrili 14-is pirvel striqonSi mocemulia atmosferuli naleqebis wliuri jamebis empiriuli ganawileba TbilisisaTvis. Momdevno striqonebSi  warmodgenilia Sesabamisad normaluri, Sarles da pirsonis funqciebis gamoyenebis Sedegebi..  cxrili 14. naleqebis wliuri jamebis absoluturi sixSire. Tbilisi.   Tu SevadarebT Teoriuli funqciebiT modelirebul sidideebs naleqebis empiriul ganawilebas davrwmundebiT, rom yvelaze cudad ganawilebis  funqcia             Nnaleqebis gradacia, mm <360 361- 400 401- 440 441- 480 481- 520 521- 560 561- 600 >601 empiriuli 6 6 9 10 8 10 7 9 normaluri 5 6 8 11 12 10 7 6 SarlesA A  tipi 6 8 9 8 8 7 8 9 pirsonis IIItipi 4 7 8 15 5 13 6 7 



  63 faqtobriv monacemebs pirsonis III tipis ganawileba Seesabameba. magaliTad 441-480 mm intervalis gradaciaSi moxvedris absoluturi sixSire empiriuli monacemebis Tanaxmad 10-ia, xolo pirsonis ganawilebis Tanaxmad 15-ia, amrigad sxvaoba Zalze didia, maSin rodesac absoluturi sixSire normaluri ganawilebis mixedviT 11, xolo Sarles ganawilebis mixedviT 8-s tolia. sxva gradaciebSi empiriul sixSireebTan yvelaze axlos Sarles  A tipis ganawilebis mixedviT gamoangariSebuli sixSireebia. Aamrigad ganxilul magaliTSi mizanSewonilia naleqebis wliuri jamebis modelirebisaTvis SevarCioT Sarles  A tipis ganawileba.  statistikuri Sefasebis Tanaxmad  naleqebis wliuri jamebis empiriuli ganawileba Seesabameba pirsonis III–tipis ganawilebas-30% ,  normalur ganawilebas 60%, xolo Sarles  A tipis ganawilebas -95% albaTobaTa doneze.   8. korelaciuri analizi  korelaciuri analizi aris maTematikuri meTodi, romlis saSualebiTac xorcieldeba kavSiris dadgena or sxvadasxva parametrs Soris. meTodis saSualebiT adgenen erTi sididis meoreze damokidebulebis gasaSualoebul kanons da maT Soris urTierTkavSiris xarisxs. kavSiris xarisxi fasdeba korelaciis koeficientis saSualebiT. Kkorelacias ewodeba wrfivi, Tu am sidideebs Soris kavSiri wrfivia. 



  64 vTqvaT gvaqvs erTdrouli dakvirvebebi x  da  y parametrebze. maT Soris kavSiris xarisxi gamoixateba korelaciis koeficientiT:           Σ(xi_ xsaS) (yi_ ysaS)              r=------------------------------             (22)                                nSxSy  sadac,  xsaS da ysaS Sesabamisad am parametrebis saSualo mniSvnelobebia, Sx da Sy–maTi saSualo kvadratuli gadaxrebia, n-dakvirvebaTa rigis sigrZea, anu dakvirvebaTa raodenobaa. korelaciis koeficients xSirad Semdegi saxis formuliTac gamosaxaven:    korelaciis koeficienti icvleba 0-dan plius-minus 1-is farglebSi. Tu is udris 1-s, kavSiri funqcionaluria, xolo Tu udris 0-s kavSiri parametrebs Soris ar arsebobs. Tu korelaciis koeficienti dadebiTia kavSiri pirdapirproporciulia, xolo Tu is uaryofiTia kavSiri ukuproporciulia. amaSi mdgomareobs korelaciis koeficientis arsi statistikuri TvalsazrisiT.  



  65 nax. 24-ze warmodgenilia or cvlads Soris SesaZlo sxvadasxva xarisxis korelaciuri kavSirebi.   N nax. 24. sxvadasxva xarisxis korelaciuri kavSirebi  nax. 24-is zeda marcxena nawilSi ganlagebuli fragmentidan Cans, rom wertilebi Zalian gabneulia da araviTari kavSiri am 



  66sidideebs Soris ar arsebobs. Aam SemTxvevaSi korelaciis koeficienti nulis tolia. zeda marjvena fragmentze gamosaxulia funqcionaluri kavSirebi x da y Soris. erT SemTxvevaSi funqcionaluri kavSiri pirdapiria, rodesac korelaciis koeficienti udris 1-s, xolo meore SemTxvevaSi kavSiri Sebrunebulia da korelaciis koeficienti udris minus 1-s. nax. 24-is qveda nawilSi ganlagebul fragmentebSi korelaciis koeficients saSualedo mniSvnelobebi ukavia, erT SemTxvevaSi is dadebiTia, xolo meore SemTxvevaSi uaryofiTia.  Kkorelaciis koeficientis gamoTvla specialuri kompiuteruli programebiT xorcieldeba. Ees gansakuTrebiT xelsayrelia dakvirvebaTa didi masivebis SemTxvevaSi. iSviaTi monacemebis SemTxvevaSi ki xeliTac SeiZleba misi gamoTvla. ganvixiloT korelaciis koeficientis gamoTvlis martivi-cxriluri meTodi. cxrilis 15-is pirvel da meore svetSi warmodgenilia x da y movlenebze dakvirvebaTa Sedegebi. Aam svetebis dajamebiT da dakvirvebaTa rიcxvze, anu n-ze gayofiT miiReba maTi saSualo mniSvnelobebi, rac Setanilia am svetebis bolo striqonSi. Mme-3 da me-4 svetebSi Camowerilia Sesabamisad x- sididis saSualo mniSvnelobidan gadaxrebi da maTi kvadratebi. xolo Mme-5 da me-6 svetebSi – analogiurad y –sididis saSualo mniSvnelobidan gadaxrebi da maTi kvadratebi. me-4 da me-6 svetebis saSualebiT gamoiangariSeba x da y sidideebis 



  67saSualo kvadratuli gadaxrebi- Sx da Sy. amisaTvis saWiroa es svetebi davajamoT da Semdeg amoviRoT kvadratuli fesvi. Bბolo, anu me-7 svetis jami ki iZleva korelaciis koeficientis gamosaangariSebeli formulis mricxvels. Aamrigad Sedgenili cxrilis daxmarebiT (17)- formulis gamoyenebiT advilad SegviZlia gamoviangariSoT korelaciis koeficienti.  cxrili 15. korelaciis koeficientis gaangariSebis cxriluri xerxi  xi yi (xi_xsaS) (xi_xsaS)2 (yi_ ysaS) (yi_ ysaS)2 (xi_xsaS) (yi_ ysaS) x1 y1 x1_ xsaS (x1_ xsaS)2 y1_ ysaS (y1_ ysaS)2 (x1_ xsaS)  (y1_ ysaS) x2 y2 x2_ xsaS (x2_ xsaS)2 y2_ ysaS (y2_ ysaS)2 (x2_ xsaS) (y2_ ysaS) x3 y3 x3_ xsaS (x3_ xsaS)2 y3_ ysaS (y3_ ysaS)2 (x3_ xsaS) (y3_ ysaS) . . . . . . . xn yn xn_ xsaS (x3_ xsaS)2 yn_ ysaS (yn_ ysaS)2 (x3_ xsaS) (yn_ ysaS) 
Σxi Σyi Σ(xi_xsaS) Σ(xi_xsaS)2 Σ(yi_ysaS) Σ (yi_ysaS)2 Σ(xi_xsaS) (yi_ysaS)2 xsaS ysaS  Sx= [Σ(xi_xsaS)2/ n]1/2  Sy= [Σ(yi_ysaS)2/ n]1/2 Σ(xi_ xsaS) (yi_ ysaS)   Aaxla gavarkvioT sakiTxi, Tu raSi mdgomareobs korelaciis koeficientis fizikuri arsi. Uunda gvaxsovdes, rom korelaciis koeficienti aris 2 dakvirvebaTa rigs Soris Sesabamisobis mxolod maTematikuri 



  68gamosaxuleba da misi maRali mniSvneloba ar aris sakmarisi imis dasamtkiceblad, rom cvlilebebi dakvirvebaTa erT rigSi maincdamainc ganpirobebulia cvlilebebiT dakvirvebaTa meore rigSi. AaseT Tanxvedras  SeiZleba hqondes SemTxveviTi xasiaTi da araviTari fizikuri kavSiri movlenebs Soris ar arsebobdes. aseT SemTxvevaSi ityvian, rom adgili aqvs uazro korelacias. Aamitom 2 movlenas Soris korelaciuri kavSiris Seswavlisas upirveles yovlisa unda davrwmundeT aseTi kavSiris arsebobis utyuarobaze. magaliTad kavSiri dasaSvebia mezobeli raionebis amindis pirobebs Soris, an romelime punqtSi Stormis siZlieresa da gamowveul zarals Soris. amasTanave uazroa kavSiris Zieba simindis mosavlianobasa da Sobadobas Soris. Aamdenad parametrebs Soris korelaciuri kavSiris Ziebas azri aqvs maSin Tu ki aris maT Soris fizikuri kavSiris arsebobis safuZveli. Amave dros ismis kiTxva Tu ra SemTxvevaSia korelaciuri kavSiri saimedo? Aanu, korelaciis koeficientis ra mniSvneloba miuTiTebs or sidides Soris saimedo kavSirze- 0.8; 0.6; 0.4? amis dasadgenad ar aris sakmarisi mxolod korelaciis koeficientis mniSvneloba, misi sidide. saWiroa gaTvaliswinebul iqnas agreTve dakvirvebaTa rigi, anu statistika. rac meti statistika gveqneba, anu rac meti dakvirvebaTa rigi gveqneba, bunebrivia miT ufro saimedo iqneba or sidides Soris  dadgenili kavSiri.  Kkorelaciis koeficientis saimedobis dasadgenad angariSoben sidides: 



  69                              H=r(n-1)1/2 ,                          (23)  sadac r –korelaciis koeficientia, xolo n –dakvirvebis rigis sigrZe.  gamoTvlil H sidides adareben misive kritikul mniSvnelobas specialuri cxrilidan (ix.cxrili 16). Tu aRmoCnda, rom H gamoTvlili mniSvneloba aRemateba mis kritikul mniSvnelobas cxrilidan, maSin Tvlian, rom korelaciis koeficienti arsebiTia P albaTobis doneze da kavSiri ganxilul sidideebs Soris saimedoa. winaaRmdeg SemTxvevaSi kavSiri ar SeiZleba CaiTvalos saimedod.   cxrili 16. H=r(n-1)1/2  kritikuli mniSvnelobebi  n P 0.95 0.99 0.999 15 1.92 2.40 2.85 20 1.94 2.45 2.96 25 1.94 2.48 3.03 30 1.94 2.49 3.07 35 1.95 2.50 3.10 40 1.95 2.52 3.12 45 1.95 2.52 3.14 50 1.95 2.53 3.16 60 1.95 2.54 3.18 70 1.95 2.54 3.20 80 1.96 2.55 3.21 90 1.96 2.55 3.22 100 1.96 2.55 3.23 



  70  A magaliTi. ganvixiloT korelaciis koeficientis gamoTvlis da misi saimedobis Sefasebis magaliTi Tbilisisa da goris saSualo wliur temperaturebis magaliTze. Esawyisi monacemebi da Sedegebi warmodgenilia cxrilSi 17.   cxrili 17. korelaciis koeficientis gaangariSeba Tbilisisa da goris saSualo wliur temperaturebs Soris  xi yi (xi_xsaS) (xi_xsaS)2 (yi_ysaS) (yi_ysaS)2 (xi_xsaS) (yi_ysaS) 5,1 3,4 -0,9 0,81 0,9 0,81 0,81 6,3 5,2 0,3 0,09 0,9 0,81 0,27 7,4 6,1 1,4 1,96 1,8 3,24 2,52 4,7 2,2 -1,3 1,69 -2,1 4,41 2,73 5,2 3,8 -0,8 0,81 -0,5 0,25 0,40 5,2 3,2 -0,8 0,64 -1,1 1,21 0,88 7,0 5,2 1,0 1,00 0,9 0,81 0,90 4,9 3,1 -1,1 1,21 -1,2 1,44 1,32 3,0 2,2 -3,0 9,00 -2,1 4,41 6,30 9,5 8,0 3,5 12,25 3,7 13,69 12,35 6,4 4,6 -0,8 0,64 -1,4 1,96 1,12 10,7 9,3 4,7 22,09 5,0 25,0 23,50 4,0 1,3 -2,0 4,00 -3,0 9,00 6,00 4,8 3,1 -1,2 1,44 -3,2 10,24 3,84 7,2 4,9 1,2 1,44 0,6 0,36 0,72 96,6 68,5  59  69 62 6,0 4,3  1,9  2,1    



  71 cxrilSi pirvel svetSi Camowerilia haeris saSualo wliuri temperatutebi TbilisisaTvis (xi), xolo meore svetSi Camowerilia temperaturebi gorisaTvis (yi). sul aris 15-15 monacemi, amu gvaqvs 15 wliani rigi, e.i. n=15. Ppirveli da meore svetebi dajamebulia, jamebi gayofilia 15-ze da miRebulia Tbilisisa da gorisaTvis saSualo wliuri temperaturebi: xi =6.0  da yi =4.3. mesame da meoTxe svetebSi Camowerilia Sesabamisad xi –s gadaxrebi saSualo mniSvnelobidan (xi_xsaS) da am gadaxrebis kvadratebi (xi_xsaS) 2, xolo me-5 da me-6 svetebSi Camowerilia analogiuri gadaxrebi yi –Tvis. Bbolo svetis elementebi warmoadgens gadaxrebis namravls (xi_xsaS) (yi_ysaS). cxrilis boloswina striqonSi Sejamebulia saSualo temperaturebis  gadaxrebis kvadratebi (me-4 da me-6 svetebi) da gadaxrebis namravlebi(me-7 sveti). PMme-4 da me-6 svetebis jamebis dakvirvebaTa ricxvze gayofiT da kvadratuli fesvis amoRebiT vRebulobT temperaturis saSualo kvadratul gadaxrebs, Sesabamisad TbilisSi (1.90) da gorSi (2.10). temperaturis saSualo kvadratuli gadaxrebi Tbilissa da gorisaTvis Sesabamisad mocemulia Mme-4 da me-6 svetebis bolo striqonSi. me-7 svetis boloswina striqonSi mocemuli jami warmoadgens korelaciis koeficientis mricxvels. Aamrigad cxrilSi warmodgenilia yvela parametri, rac saWiroa korelaciis 



  72koeficientis gamosaangariSeblad. sabolood vRebulibT:                              62                            r=-------------------------=0,97                      (24)                           15*1,9*2,1  Aamigad korelaciis koeficienti Tbilissa da goris haeris saSualo wliur temperaturebs Soris sakmaod maRalia, rac miuTiTebs karg kavSirze. SedarebisaTvis, avRniSnavT, rom korelaciis koeficienti Telavisa da quTaisis haeris temperaturebs Soris mxolod 0,88-ia. aseTi sxvaoba fizikur-geografiuli pirobebis gansxvavebulobiT aixsneba. Aaxla gavarkvioT sakiTxi, Tu ramdenad saimedoa korelaciis koeficientis miRebuli mniSvneloba. amisaTvis (23) formulis gamoyenebiT unda gamoviangariSoT H parametric;             H=r(n-1)1/2  =0.97(15-1)1/2=3.59        (25)   Aaxla cxril 16-Si n=15 saTvis striqonSi movZebniT H–is kritikul mniSvnelobebs 1.92; 2.40 da 2.85 Sesabamisad albaTobis 0.95; 0.99 da 0.999 doneebze. H–is gamoTvlili mniSvneloba(3.59) aRemateba cxrilidan aRebul mis Sesabamis yvela kritikul mniSvnelobas albaTobis yvela doneze. Aamitom SegviZlia davaskvnaT, rom korelaciis koeficienti Tbilissa da gorSi haeris temperaturebs Soris 



  73arsebiTia 0.999 albaTobis doneze da es kavSiri saimedoa.  9. wrfivi regresiis gantoleba   or movlenas Soris gamoangariSebuli korelaciis koeficienti saSualebas iZleva am movlenebs Soris kavSiri gamovsaxoT maTematikuri formulis, anu gantolebis meSveobiT. aseT  gantolebas regresiis gantoleba ewodeba. Tu kavSiri aRniSnul sidideebs Soris wrfivia, maSin miiReba wrfivi regresiis gantoleba.  vTqvaT CavatareT dakvirvebebi x da  y movlenebze.  Dda miviReT maTi saSualo mniSvnelibebi -xsaS da ysaS, da  saSualo kvadratuli gadaxrebi –Sx da Sy–Sesabamisad. maSin regresiis gantoleba Caiwereba Semdegi saxiT:                                    Sy                   y_ysaS=r-----(x_ xsaS)         (26)                                          Sx  sadac r- korelaciis koeficientia. miRebul gantolebas ewodeba wrfivi regresiis gantoleba, radganac ganixileba wrfivi kavSiri movlenebs Soris. am formulis saSualebiT SegviZlia gamovsaxoT damokidebuleba 2 parametrs Soris, Tu korelaciis koeficienti niSnadia, anu Tuki aseTi kavSiri bunebaSi arsebobs. Amas Zalian 



  74didi mniSvneloba aqvs, radganac ararsebuli dakvirvebebis pirobebSi saSualeba iqmneba SevafasoT is, Tuki cnobilia erT-erTi maTgani. Nnax. 25-ze naCvenebia regresiis wrfe da misi Sesabamisi wrfivi regresiis gantoleba agreTve korelaciis koeficientis kvadrati, anu reterminaciis koeficienti (R2).     Nnax. 25. regresiis wrfe da regresiis gantoleba  korelaciuri analizis meTodi geografiaSi gamoiyeneba sxvadasxva tipis amocanabSi. gansakuTrebiT xSiria misi gamoyeneba trendebis SefasebaSi, magaliTad globalur daTbobasTan dakavSirebiT saWiroa gamoviangariSoT temperaturis cvlilebis siCqare ama Tu im geografiul pirobebSi, anu gamoviangariSoT is 



  75sidide, Tu ramdeniT izrdeba temperatura yovel 1o weliwadSi. amisaTvis temperaturis mravalwliur cvlilebas aRweren wrfivi gantolebiT, romelic TavisTavad Seicavs temperaturis cvlilebis siCqares.  nax. 26-ze warmodgenilia haeris temperaturis mravalwliuri svla TbilisSi da Sesabamisi regresiis gantoleba wliuri, ianvris da  ivlisis saSualo Tviuri temperaturebisaTvis. regresiis gantolebis koeficienti miuTiTebs temperaturis cvlilebis yovelwliur siCqareze. kerZod zeda gantoleba gamoxatavs ivlisis temperaturebis mravalwliur cvlilebas. Aam gantolebis koeficienti 0.0031-ia, swored is gviCvenebs temperaturis yovelwliur cvlilebas. saerTod temperaturis cvlilebas gamosaxaven aTwleulebSi, maSin am gantolebis Tanaxmad ianvris temperaturis cvlilebis siCqare aris 0.0310 aT weliwadSi. Sua grafiki da agreTve regresiis gantoleba Seesabameba saSualo wliur temperaturas. rogorc gantolebidan Cans saSualo wliuri temperaturis zrdis siCqare 0.0630 -ia aT weliwadSi, rac karg TanxmobaSia globaluri temperaturis cvlilebis siCqaresTa. gansakuTrebiT maRalia temperaturis cvlis siCqare ianvarSi, wrfivi regresiis gantolebis Tanaxmad is yovel aT weliwadSi Seadgens 0.1270-s.      



  76  y = 0,0063x + 0,8141y = 0,0127x - 23,117y = 0,0031x + 18,631-10-50510152025301920 1940 1960 1980 2000 2020 Series1Series2Series30 C წ   nax. 26. haeris temperaturis mravalwliuri svla TbilisSi da Sesabamisi regresiis gantoleba: 1-wliuri temperatura; 2-ianvris saSualo Tviuri temperatura; 3- ivlisis saSualo Tviuri temperatura  cnobilia, rom Tanamedrove globaluri daTbobis pirobebSi aqtiurdeba saSiSi da 



  77 stiqiuri geoekologiuri procesebi Tavsxma naleqebi, mewyeri, gvalva, wyaldidoba, qarbuqi da a.S. amis naTeli magaliTia nax. 27, sadac gamosaxulia savegetacio periodis ganmavlobaSiGgvalvian  da mkacrgvalvian  TveTa ricxvis cvlileba me-20 saukunis ganmavlobaSi bolnissa  da TelavSi. Aamave nax-ze datanilia am cvlilebebis gamomsaxveli wrfivi regresiis gantolebebi da Sesabamisi determinaciis koeficientebi, anu korelaciis koeficientebis kvadratebi. Ppirveli wrfe da gantoleba gamosaxaven gvalvian TveTa ricxvis cvlilebas bolnisSi. rogorc gantolebidan Cans gvalviani TveTa ricxvi yovelwliurad matulobs 0.1485-iT, anu saSualod aT weliwadSi- 1.5 TviT.  Meore wrfe da gantoleba Seesabameba Telavs, isini gviCveneben gvalvian TveTa ricxvis cvlilebas TelavSi. Ggantolebis Tanaxmad gasuli saukunis ganmavlobaSi TelavSi gvalvian TveTa ricxvi matulobda yovel 10 weliwadSi saSualod erTiT.   



  78y = 0,1485x - 257,85
R2 = 0,7331

y = 0,0994x - 174,62
R2 = 0,6931

y = 0,0503x - 86,991
R2 = 0,5367
y = 0,0218x - 39,545

R2 = 0,1964
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4  Nnax. 27. Ggvalvian(1,2)  da mkacrgvalvian(3,4)  TveTa ricxvis cvlileba me-20 saukunis ganmavlobaSi bolnissa(1,3)  da TelavSi(2,4), MmaTi Sesabamisi regresiis gantolebebi da korelaciis koeficientebi (R)®; y -gvalvian TveTa ricxvi, x -weli.   magaliTi. gamoviyvanoT regresiis gantoleba Tbilisis da goris saSualo wliur temperaturebs Soris, romlis monacemebic warmodgenilia cxrilSi 17. cxrilis Tanaxmad  gvaqvs TbilisisaTvis saSualo temperatura xsaS =6,0 da misi saSualo kvadratuli gadaxra Sx 



  79 =1,9, xolo gorisaTvis saSualo temperatura ysaS =4,3 da saSualo kvadratuli gadaxra Sy =2,1. korelaciis koeficienti  r=0,97.  maSin regresiis gantoleba Caiwereba Semdegnairad:                               2,1            y_4,3=0,97-----(x_6,0)              (27)                             1,9  Mmartivi gardaqmnebis Semdeg miviRebT:                                y_ 4,3=1,1( x_6,0),                                y_ 4,3=1,1 x_6,6,                                y=1,1 x_2,3           (28)  am ukanaskneli formulis saSualebiT SegviZlia gamoviangariSoT haeris temperatura  gorSi(y), Tu cnobilia temperatura TbilisSi(y). magaliTad, vTqvaT TbilisSi haeris temperatura 100-ia, anu x=10. maSin, Tu CavsvamT am ricxvs (21) formulaSi miviRebT :                                y=1,1 x_2,3=8.7 amrigad gamoangariSebuli haeris temperatura gorSi aris 8.70.  K   



  8010. arawrfivi korelacia   Cven aqamde vixilavdiT wrfiv korelacias, romelic ganixilavs 2 cvlads Soris mxolod wrfiv damokidebulebas. Sesabamisad kavSirs maT Soris vwerdiT wrfivi regresiis gantolebis saxiT. Mmagram kavSiri bunebis movlenebs Soris yovelTvis ar aris wrfivi, piriqiT ufro xSirad arawrfivia. Arawrfivi korelaciis magaliTi naCvenebia nax. 28-ze.   Anax. 28. arawrfivi korelaciis magaliTi  Nnax. 28-ze warmodgenili or cvlads Soris kavSiri, cxadia, wrfivi regresiis gantolebiT ver aRiwereba, es aris kvadratuli funqcia.  



  81sxva SemTxvevaSi ki funqcia SeiZleba iyos ufro rTuli, magaliTad maRali rigis polinomi, logariTmuli, eqsponencialuri da a.S.  zogadi saxiT arawrfivi regresiis gantoleba x da  y Soris gamoisaxeba Semdegi zogadi formuliT:                   y=k0+k1x+k2x2+….knxn                           (29)  sadac k0,k1,k2,….kn- koeficientebia.  nax. 29-ze histogramebiT naCvenebia saqarTvelos teritoriaze mkvrivi nislebis, rodesac mxedvelobis siSore ar aRemateba 50m-s, sxvadasxva farTobze gavrcelebis ganmeoradoba faqtobrivi monacemebiT, xolo mrudiT ki   gamosaxulia misi Sesabamisi eqsponencialuri funqcia. cxadia, rom am SemTxvevaSi wrfivi regresiisgantoleba ar gamodgeboda.Anaxazzevea  mocemuli  determinaciis koeficienti, romelic sakmaod maRalia.   



  82 y = 85,46e-0,5863x

R2 = 0,9263
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x km 2   Nnax. 29. mkvrivi nislis sxvadasxva farTobze(xkv.km) gavrcelebis ganmeoradobis(%) empiriuli monacemebi(histograma) da modeluri funqcia.  11. mravlobiTi korelacia  geografiuli modelirebis amocanebSi xSirad saWiroa kavSirebis gamokvleva orze met cvlads Soris. magaliTad, vTqvaT gvainteresebs garkveuli drois ganmavlobaSi mcenaris nazrdis damokidebuleba mis ganmsazRvrel ekologiur faqtorebze- haeris temperaturasa da Aatmosferul naleqebze. aseT SemTxvevaSi saWiroa mivmarToT mravlobiT anu kerZo korelacias. 



  83 vTqvaT gvaqvs sami cvladi x ,   y da z. maT Sesabamisi saSualo kvadratuli gadaxrebi avRniSnoT Sx, Sy da Sz Ti. upirveles yovlisa gamoviangariSoT korelaciis koeficientebi TiToeul wyvils Soris da maTTvis SemovitanoT Semdegi aRniSvnebi:  rxy, rxz da ryz.,  sadac rxy –korelaciis koeficientia a  da  b sidides Soris , rxz - korelaciis koeficientia x  da  z sidides Soris, ryz - korelaciis koeficientia y  da  z sidides Soris. maSin mravlobiTi regresiis gantoleba Caiwereba Semdegi saxiT:              z-zsaS=A(x -xsaS)+B(y- ysaS)                   (30)  sadac zsaS, xsaS da ysaS – Sesabamisad movlenaTa saSualo mniSvnelobebia. A da B–parametrebi iangariSeba Semdegi formulebiT:        (rxz – rxy ryz)      Sz A=---------------  -------                                             (31)                  1- rxy 2                Sx                        (ryz – rxy ryz)    Sz B=---------------  -------                  1- rxy 2              Sy  



  84 Cven ganvixileT 3 cvladis korelaciuri kavSiri. Aanalogiurad SeiZleba vimsjeloT 4 parametrze.  nebismieri punqtis geografiuli mdebareoba SeiZleba daxasiaTdes sami koordinatiT sferul koordinatTa sistemaSi: geografiuli ganediT ϕ, geografiuli grZediT 
λ  da adgilis simaRliT Z. Kklimaturi elementebi ki, kerZod haeris temperatura, sinotive, atmosferuli naleqebi da sxva, icvlebian sivrceSi, swored am parametrebze, anu geografiul ganedze, grZedze da adgilis simaRleze damokidebulebiT. maSin cxadia, rom nebismieri M klimaturi elementis mniSvneloba SeiZleba warmovidginoT rogorc am koordinatebis funqcia:                        M=αO+α1ϕ+α2λ+α3Z ,                        (32)                  sadac α1, α2 da α3  -Sesabamisad elementis ganeduri, meridianuli da vertikaluri gradientebia, αO -Tavisufali wevria.  am tipis regresiis gantolebebi miRebulia saqarTvelos temperaturis velisaTvis.   Tu ganvixilavT xuT  cvladis  SemTxvevas maSin magaliTad SeiZleba movotanoT  temperaturis velis arastacionaluri modeli:                                          T=αO+α1ϕ+α2λ+α3Z+α4τ,      (33)       sadac τ–droa, xolo α4–temperaturis cvlilebis siCqarea saSualod  10 weliwadSi. 



  85(26) -Fformula amyarebs haeris temperaturis kavSirs adgilis geografiul ganedTan, grZeddTan, adgilis simaRlesTan da drois intervalTan. am modelis gamoyenebiT Sedgenili iqna saqarTvelos haeris temperaturis modeluri veli XXI saukunis pirveli naxevrisaTvis.   12. Ggeoinformatika da misi adgili geografiul mecnierebaTa sistemaSi  Ggeoinformatika Sedgeba ori sityvisagan. Ggeo aRniSnavs geografiuls, xolo informatika aris mecnieruli mimarTuleba, romelic Seiswavlis monacemebis Segrovebis, damuSavebis da gadacemis Teorias, meTodebs da xerxebs eleqtronuli gamoTvliTi manqanebis da sxva teqnikuri saSualebebis gamoyenebiT. Amrigad geoinformatika, anu geografiuli informatika aris mecniereba geografiuli informaciuli sistemebis daproeqtebis, Seqmnis, eqspluataciis da gamoyenebis mecnieruli dasabuTebis Sesaxeb. Mmisi ZiriTadi amocanebia: 1. Ggeografiul monacemTa bazis Seqmna da marTva; 2. Ggeografiul monacemTa analizi da modelireba; 3. Pprogramuli uzrunvelyofis Sedgena. Ggeografiuli mecnierebebi SeiZleba daiyos or jgufad. Ppirvels miekuTvneba Teoriuli mecnierebebi, romlebic swavloben geografiul kanonzomierebebs, xolo meores warmoadgenen gamoyenebiTi mecnierebani, romlebic am kanonzomierebebis gamovlenas da maT praqtikaSi 



  86gamoyenebas uzrunvelyofen. geoinformatika axalgazrda mecnierebaa, mas geografiul mecnierebaTa sistemaSi SeiZleba mivakuTvnoT adgili gamoyenebiTi mecnierebebis sferoSi iseTi dargis gverdiT, rogoricaa kartografia.   Ggeografiul mecnierebaTa sistemas yofen oTx blokad: sabunebismetyvelo geografia, socialur-ekonomikuri geografia, bunebriv-sazogadoebrivi geografia da e.w. “gamWoli mecnierebani” (cxrili 18 ).  cxrili 18. geografiul mecnierebaTa struqtura  bloki Ggeografiis dargi pirveli meore mesame meoTxe sabunebismetyvelo  socialur-ekonomikuri bunebriv-sazogadoebrivi “gamWoli mecnierebani”  meoTxe bloks miekuTvneba is sagnebi, romelTa meTodebi, midgomebi da xerxebi farTod gamoiyeneba samive blokis dargebSi, da gansazRvravs maT ganviTarebas. Swored am bloks miekuTvneba geoinformatika kartografiasTan erTad.   13. Ggeoinformaciuli sistemebi da maTi tipebi  Tanamedrove pirobebSi geografiul kvlevebSi farTod dainerga geoinformaciuli sistemebi, romelTa saSualebiTac sakmaod 



  87maRali sizustis da didi informaciis matarebeli rukebi miiReba.  Ggeoinformacia aris specialuri informacia bunebis, mosaxleobis da meurneobis teritoriuli organizaciis Sesaxeb, xolo is sistemebi, romlebic amgvar informacias amuSaveben, Seinaxaven da gadaamuSaveben ganixileba, rogorc geoinformaciuli sistemebi. Aamrigad geoinformaciuli sistema aris sivrciTi (geografiuli) monacemebis da masTan dakavSirebuli obieqtebis Sesaxeb informaciis Segrovebis, Senaxvis, analizis da geografiuli vizualizaciis sistema.  Ggeoinformaciuli sistema saSualebas iZleva: 1. ganisazRvros ra obieqtebia mocemul teritoriaze; 2. Catardes teritoriis sivrciTi analizi, anu dadgindes obieqtebis adgilmdebareoba; 3. Catardes raime movlenis simkvrivis teritoriuli ganawilebis analizi (magaliTad mosaxleobis simWidrovis analizi); 4. Ddadgindes ama Tu im movlenis droSi cvlilebebi; 5. Catardes M im movlenis modelireba, Tu ra moxdeba obieqtebis adgilmdebareobis SecvliT (magaliTad Tu aSendeba kaSxali, an axali gza da a.S. G aqedan  gamomdinare  geoinformaciuli sistemebis gamoyenebis sfero farToa- kartografia, geologia, meteorologia, 



  88klimatologia, miwaTmowyoba, ekologia, municipaluri mmarTveloba, transporti, ekonomika, Tavdacva da a.S.  Ggeoinformaciuli sistema upirveles yovlisa ukavSirdeba monacemTa bazas, rukas da analizs, amitom gis-is formulas xSirad ase Caweren:  Ggis=monacemTa baza+ruka+analizi  Ggeoinformaciuli sistemis tipebia: 1. standartuli geoinformaciuli sistemebi,  2. specialuri geoinformaciuli sistemebi (ix.cxrili 19). TiToeul maTganSi iTvlian uamrav geoinformaciul sistemebs. maT Soris cnobilia samagido da standartuli geoinformaciuli sistemebi. TiTeuli maTgani erTmaneTisgan gansxvavdeba mravali TaviseburebiT.  standartuli geoinformaciuli sistemebi warmogvidgens kompiuteruli procedurebis Sesrulebis erTgvar mza formats. maTi saSualebiT SesaZlebelia nebismieri monacemTa bazis dakavSireba kartografiul safuZvelTan, da Sesabamisad rukis Seqmna, amobeWvda da sxva nebismieri statistikuri an kartografiuli informaciis miReba. standartul geoinformaciul sistemebs miekuTvneba: MapInfo, ArcInfo, ArcView, AutoCad; NetWork, Geomedea, Analyst, Atlas GIS da sxva.   specialuri geoinformaciuli sistemebi iqmneba konkretuli amocanebis gadasawyvetad, amitom mas dargobrivi xasiaTi aqvs. Amave dros 



  89maT safuZvels xSirad standartuli geoinformaciuli sistemebi warmogvidgens, Tumca xSirad specialur programebs adgenen, konkretuli, viwro daniSnulebisaTvis. specialuri geoinformaciul sistemebs miekuTvneba:  ГИЭС Кавказа,  ГИС Грузии, ГИС Черное море  da sxva.  cxrili 19.Ggeoinformaciuli sistemis tipebi  sistemis tipi arsi sistemis programebi standartuli kompiuteruli procedurebis Sesrulebis mza formatia  MapInfo, ArcInfo, ArcView, AutoCad; NetWork, Geomedea, Analyst, Atlas GIS specialuri iqmneba konkretuli amocanebis gadasawyvetad, mas dargobrivi xasiaTi aqvs ГИЭС Кавказа,  ГИС Грузии, ГИС Черное море    Ggeoinformaciuli sistema Sedgeba qvesistemebisagan: 
• monacemTa mopoveba; 
• monacemTa Senaxva da SerCeva; 
• monacemTa manipulacia da analizi; 
• monacemTa gamotana.  



  90 monacemTa mopoveba gulisxmobs maT mopovebas, winaswar damuSavebas da gardaqmnas. Aam dros topografiuli rukis izoxazebi gadayavT gis-is realur modelSi. Es procedura Seesabameba klasikuri rukaTSeqmnis pirvel or etaps. monacemTa Senaxva da SerCeva iTvaliswinebs monacemTa SerCevas, redaqtirebas da Senaxvas. Aam SemTxvevaSi TviT ruka gvevlineba, rogorc informaciis Senaxvis da SerCevis saSualeba.  monacemTa manipulacia da analizi iTvaliswinebs monacemTa Ddajgufebas, ganawilebas, modelirebas, Sedarebas da aRweras. Aam sistemas miiCneven gis-is erTgvad “gulad”, radgan saSualebas iZleva ganaxorcielos im informaciis gazomva, Sedareba da aRwera, romelic inaxeba monacemTa bazebSi. monacemTa gamotanis procesSi iqmneba monacemTa baza. Aamrigad sistema asaxavs monacemTa bazas, romelsac gis-sistema warmoadgens cxrilis, diagramis, an sxva kartografiuli gamosaxulebis saxiT (cxrili 20).  cxrili 20. geoinformaciuli sistemebis struqtura  qvesistema funqcia monacemTa mopoveba monacemTa mopoveba, winaswari damuSaveba da gardaqmna monacemTa Senaxva da monacemTa SerCeva, 



  91SerCeva redaqtireba da Senaxva monacemTa manipulacia da analizi Ddajgufeba, ganawileba, modelireba, Sedareba, aRwera monacemTa gamotana iqmneba monacemTa baza   14. ZiriTadi standartuli geoinformaciuli sistemebi   MapInfo erT_erT mZlavri geoinformaciuli sistemaa. masSi kartografiuli amocanebis gadawyvetasTan erTad SesaZlebelia zusti maTematikuri gaangariSebebis Catareba, rac Zalze mniSvnelovania sxvadasxva saxis modelirebisaTvis. MapInfo_s standartul sainstalacio paketSi Sedis yvela is funqcia rac saWiroa cifruli kartografirebisa da modelirebisaTvis: rastruli da veqtoruli gamosaxulebis registracia, veqtoruli rukebis Seqmna, Tematuri kartografireba, samganzomilebiani modelebis ageba, sxvadasxva saxis grafikebisa da diagramebis Sedgena da sxva. arastandartuli modulebi kidev ufro srulyofs programis funqciebs da rac mTavaria MapInfo Riaa programirebisaTvis. misTvis Seqmnilia programuli ena MapBasic, romelSic SeuzRudavad SeiZleba sxvadasxva funqciebis Seqmna.  MapInfo v7.5 advilad aRiqvams yvela  rastrulformats(*bil,.*sid,.*gen,.*ntf,.*ecw,.*url,.*tif,.*grc,.*bmp,.*gif,.*tga,.*jpg,.*pcx,.*jp2,.*j2k,.*png,.*psd,.*wmf,



  92.*emf), teqstur fails ASCII(.*txt), Microsoft Excel (.*xls), Microsoft Acces Database (.*mdb), Shapefile (.*shp), dBASE DBF (.*dbf). SesaZlebelia importireba *mif,.*dxf,.*mbi,.*mmi,.*img,.*gml failebis, da eqsportireba .*mif,.*dxf,.*txt,.*dbf formatSi. agreTve aRsaniSnavia funqcia Universal Translator  rac uzrunvelyofs AutoCad DWG\DXF, ESRI ArcInfo Export (E00), ESRI Shape, Intergraph/MicroStation Design, MapInfo ( MID/MIF), MapInfo TAB, Spatial Data Transfer Standart (SDTS),Vector Product Format (VPF) formatebis urTierT gacvlas.  programa MapInfo_Si veqtoruli ruka warmodgenilia fenebis saxiT. TiToeul fenaSi SeiZleba gvqondes: xazovani, poligonaluri da wertilovani elementebi, amasTan programis erT_erT mniSvnelovan Taviseburebas warmoadgens is, rom nebismier fenaSi erTdroulad SeiZleba ganTavsdes samive saxis elementi, rac maTematikuri gaangariSebebis dros gadamwyvet rols TamaSobs. vizualizaciasa da droebiTi sayrdeni veqtorebis analizs sakmaod amartivebs is funqcia, rom erTidaigive fenaSi arsebul obieqtebs imisda miuxedavad aris Tu ara maTze mibmuli atributuli informacia, SeiZleba hqondeT sxvadasxva Seferiloba, xazis gansxvavebuli tipi da warmodgenili iyos gansxvavebuli simboloTa saxiT. MapInfo saSualebas iZleva samuSao fanjaraSi obieqtze dawkapunebiT (Click) miviRoT  ara atributuli, aramed realuri informacia obieqtis koordinatebze, farTobze, sigrZeze, perimetrze, obieqtis tipze da movaxdinoT 



  93zogierTi maTganis kopireba Windows_is sxva fanjrebSi.   sakmaod daxvewilia MapInfo_s grafikuli saSualebebi. martivad xdeba nebismier araaqtiur fenis elementze aqtiuri fenis elementebis miwebeba (Snap), aqtiuri fenis obieqtebidan araaqtiuri fenis obieqtebis amoWra (Erase, Erase Outside), gayofa (Split, Polyline Split ), wertilebis damateba gadakveTaze (Overlay Nodes). SesaZlebelia xazis an poligonis garkveuli monakveTis kopireba xazovan elemantad.   monacemTa bazebi sadac xdeba obieqtebze arsebuli atributuli informaciis Senaxva da marTva, SeiZleba Seiqmnas MapInfo_Si an importirebuli iyos sxva programidan. obieqtTa moniSvna monacemTa bazebidan xdeba: nebismieri velis mniSvnelobebidan (maTze maTematikuri operaciebis miTiTebiTac), ori sxvadasxva fenis geografiulad urTierTgadamfaravi obieqtebis parametrebiT (SemdgomSi am fenebis velebis ganaxlebiT), yvela obieqtis, ukve moniSnuli obieqtebis gauqmeba da yvela danarCeni obieqtebis gaaqtiureba. aqve xdeba grafikul gamosaxulebaze an cxrilSi moniSnuli obieqtebis Zebna. velTa ganaxleba SesaZlebelia: fenis, cxrilSi arsebuli svetis, sxva araaqtiuri fenis svetebis, konkretuli alfanumeruli mniSvnelobis, maTematikuri formulis, egreT wodebuli Search Replase_is (Zebna da ganTavseba) miTiTebiT. cxrilSi SeiZleba gadatanili iqnes obieqtebis koordinatebi nebismieri koordinatTa 



  94sistemisaTvis, informacia obieqtis tipze da sxva. ArcInfo – erT-erTi yvelaze mZlavri geoinformaciuli sistemaa, orientirebulia monacemTa bazebze. bevri funqciiT is pirvelia. sistemis erT-erTi upiratesoba imaSi mdgomareobs, rom  misi saSualebiT SesaZlebelia nebismieri sivrciTi informaciis damuSaveba. SeuZlia imuSaos nebismier qselSi da reJimSi. amave dros ArcInfo pirveli sistemaa iseTi funqciebisa da Tvisebebis SeqmnaSi, romlebic dRes geoinformaciuli sistemebis atributad iTvleba. is Seudarebelia Tavisi unikaluri funqcionaluri SesaZleblobebiT. am TvalsazrisiT mas analogi ar yavs. is aris sivrculi monacemebis warmodgenis erT-erTi xelsayreli modeli (ix. Cxrili 21).    ArcInfo-s gaaCnia Semdegi danarTebi: 1. ArcStudio –kartografiuli  danarTia monacemebis gamosaxvisa da analizisaTvis. 2. ArcManager- aris danadTi monacemTa bazebze samuSaod. misi saSualebiT SesaZlebelia monacemebis swrafi moZebna da marTva.  3. ArcToolbox- danarTia, romelic Seicavs geodamuSavebis funqciebs, vTqvaT rukebis gardaqmna. 4. ArcMap- gamoiyeneba veqtoruli da rastruli kartografiuli monacemebis analizisaTvis. 5. ArcCatalog- gamoiyeneba monacemTa marTvisaTvis.  



  95cxrili 21. ArcInfo-s danarTebi  danarTi funqcia ArcStudio Mmonacemebis gamosaxva da analizi ArcManager monacemebis swrafi moZebna da marTva ArcToolbox geodamuSaveba ArcMap veqtoruli da rastruli kartografiuli monacemebis analizi ArcCatalog monacemTa marTva   ArcView – struqturuli TvalsazrisiT SedarebiT martivi geoinformaciuli sistemaa. xelsayrelia geografiuli monacemebis swrafi da efeqturi sargeblobisaTvis. programas erTvis ramodenime danarTi (cxrili 22): 1. Spatial Analyst- aris monacemebis sivrculi odelirebis saSualeba. 2. 3D Analyst- danarTi samganzomilebiani gamosaxulebis dasamuSaveblad. 3. Image Support- saSualebas iZleva rukasTan erTad gamovsaxoT suraTebic, magram analizis funqcia ar gaaCnia. 4. IAE (Image Analises Extension)- danarTi gamoiyeneba distanciuri monacemebis damuSavebisTvis. rukasTan erTad gamosaxavs suraTsac, magram am SemTxvavaSi SasaZlebelia maTi analizis Catareba.  



  96 cxrili 22. ArcView -s danarTebi  danarTi funqcia Spatial Analyst monacemebis sivrculi odelireba 3D Analyst samganzomilebiani gamosaxulebis damuSaveba Image Support rukasTan erTad suraTebis gamosaxva IAE (Image Analises Extension) distanciuri monacemebis damuSaveba    15. specialuri geoinformaciuli sistemebi  ganvixiloT zogierTi ZiriTadi specialuri geoinformaciuli sistema: saqarTvelos geoinformaciuli sistema, kavkasiis geoinformaciuli sistema, kavkasiis geopolitikuri atlasis geoinformaciuli sistema, geoinformaciuli sistema “Savi zRva” da martyofis geoinformaciuli sistema (ix. cxrili 23).      



  97 cxrili 23. ZiriTadi specialuri geoinformaciuli sistemebi  ZiriTadi specialuri geoinformaciuli sistemebi saqarTvelos geoinformaciuli sistema  (Gis of Georgia) kavkasiis geoinformaciuli sistema  (Gis of Caucasus) kavkasiis geopolitikuri atlasis geoinformaciuli sistema  (Gis of geopolitical atlas of Caucasus) geoinformaciuli sistema “Savi zRva” (Gis of Black Sea) martyofis geoinformaciuli sistema  (Gis of Martkopi)  saqarTvelos geoinformaciuli sistema (Gis of Georgia). sistema Seiqmna Tbilisis saxelmwifo universitetis aerokosmosuri meTodebiT garemos mdgomareobis Semswavlel samecniero-kvleviT  laboratoriaSi. sistema operatiulad amuSavebs informacias landSaftebis dReRamuri mdgomareobisa da maTi  landSaftur-geofizikuri mdgomareobis Sesaxeb.   saqarTvelos geoinformaciuli sistema Seicavs qvesistemebs: 1. informaciis Segrovebis qvesistema. informaciis ZiriTadi baza hidrometeorologiuri samsaxuris dakvirvebaTa monacemebis, agreTve nakrZalebidan da daculi teritoriebidan mosuli informacia. 



  982. informaciis damuSavebisa da analizis qvesistema. am qvesistemaSi dgindeba bunebriv-teritoriuli kompleqsebis dReRamuri mdgomareobebi da iqmneba zogierTi landSaftur-geofizikuri ruka. 3. monacemTa bankis qvesistema. es geoinformaciuli sistemis mTavari nawilia. masSi Tavmoyrilia yvela informacia landSaftebis Sesaxeb. 4. kartografiuli qvesistema. am qvesistemaSi xdeba kartografireba, risTvisac gamoiyeneba programa MMMapInfo.   cxrili 24. saqarTvelos geoinformaciuli sistema  qvesistema funqcia informaciis Segrovebis  hidrometeorologiuri samsaxuris dakvirvebaTa monacemebis, nakrZalebidan da daculi teritoriebidan mosuli informaciis Segroveba informaciis damuSavebisa da analizis dgindeba bunebriv-teritoriuli kompleqsebis dReRamuri mdgomareobebi da iqmneba zogierTi landSaftur-geofizikuri ruka monacemTa bankis landSaftebis Sesaxeb yvela informaciis Tavmoyra kartografiuli kartografireba  



  99 kavkasiis geoinformaciuli sistema (Gis of Caucasus). sistema agreTve SemuSavda Tbilisis saxelmwifo universitetis aerokosmosuri meTodebiT garemos mdgomareobis Semswavlel samecniero-kvleviT  laboratoriaSi. misi meSveobiT xdeba velze mopovebuli informaciis maTematikuri da statistikuri damuSaveba, grafikebis da rukebis Sedgena. sistema Seicavs or ZiriTad fails: monacemTa bazebs da codnis bazebs. monacemTa bazebad ZiriTadad gamoiyeneba meteorologiuri sadgurebis monacemebi: haeris da niadagis temperatura, atmosferuli naleqebi, sinotive, Tovlis safaris simaRle, Rrublianoba da sxva. kavkasiis geopolitikuri atlasis geoinformaciuli sistema (Gis of geopolitical atlas of Caucasus). rukebi Sedgenilia programa MapInfo-Si 500 000-ian masStabSi. sistema moicavs mraval Tematur rukas da monacemTa bazebs. sabazo rukebia: zogadgeografiuli, politikur-administraciuli, eTnikuri, istoriul-geografiuli da landSafturi.   geoinformaciuli sistema saSualebas iZleva ganxorcieldes regionis geopolitikuri prognozi.  geoinformaciuli sistema “Savi zRva”(Gis of Black Sea). sistema moicavs 7 bloks: geografiis, geologiis, meteorologiis, fizikuri okeanografiis, qimiuri okeanografiisa da dabinZurebis, biologiis, Tevzis resursebis. geoinformaciuli sistemaSi moTavsebulia 2000 ruka, romlebic dakavSirebulia monacemTa bazebTan.  



  100  cxrili 25. geoinformaciuli sistema “Savi zRva”-s blokebi  ZiriTadi blokebi geografiis geologiis meteorologiis fizikuri okeanografiis qimiuri okeanografiisa da dabinZurebis biologiis Tevzis resursebis  martyofis geoinformaciuli sistema (Gis of Martkopi). Seiqmna Tbilisis saxelmwifo universitetis martyofis fizikur-geografiuli stacionarisaTvis da iTvaliswinebs: mcenareulobis, niadagebis, temperaturis, tenianobis, Tovlis safaris simaRlis rukebis Sedgenas, agreTve bunebriv teritoriuli kompleqsebis mdgomareobebis gansazRvras da geomasebis cvlilebis prognozirebas. samwuxarod amJamad fizikur-geografiuli stacionari aRar funqcionirebs.   16. cifruli kartografiuli safuZveli   geoinformaciuli kartografirebisaTvis aucilebelia cifruli kartografiuli safuZvelis arseboba. igi miiReba aerogadaRebebis, kosmosuri gamosaxulebebis an ukve arsebuli rukebis digitalizaciiT 



  101 masStabis Sesabamisi sizusteebis da fenebis koreqtulobis dacviT.  ganvixiloT kartografiuli safuZvelis Seqmna saqarTvelos zogierTi raionisaTvis. Aam raionebis digitaluri rukebis Seqmnas safuZvlad daedo saqarTvelos 1:500 000_iani masStabis topografiuli rukebi, romlebic Sedgenilia 1942 wlis koordinatTa sistemaSi. topografiuli rukebi skanirebulia rezoluciiT 400 pixels\inch. programa MapInfo_Si moxda zemoaRniSnuli rastruli gamosaxulebebis registracia Longitude/Latitude (Pulkovo 1942) sistemaSi, geografiuli grZediTa da ganediT. sakontrolo wertilebi aRebulia rukis kuTxeebSi, koordinatebis badis gadakveTis adgilas, sadac advilad ganisazRvreba geografiuli koordinatebi da cdomileba TiToeul wertilze ar aRemateba 2 piqsels, rac gamowveulia qaRaldis siZveliT da deformaciiT.  rastrul safuZvelze acifrulia Semdegi xazovani fenebi: saxelmwifo sazRvrebi (Border), administraciuli sazRvrebi (Border_as), saavtomobilo gzebi (Roads), rkinigzebi (Railwais), nakrZalebi da daculi teritoriebi (Reserve), hidrologiuri qseli (mdinareebi) (Rivers), Savi zRvis sanapiro zoli (Sea), horizontalebi (Iso), romlebic gatarebulia zRvispireTSi yovel 50,  xolo danarCen teritoriaze yovel 100 metrSi.   acifrulia poligonaluri fenebi: myinvarebi (lasier), tbebi da wyalsacavebi (akes). wertilovani fenebi: dasaxlebuli punqtebi (Sitti) , mwvervalebi da uReltexilebi (Tops). 



  102atributuli informacia gaaCniaT: (Reserve) _ nakrZalebisa da daculi teritoriebis dasaxeleba, (Rivers) _ mdinareebis dasaxeleba, (Iso) _ simaRle zRvis donidan, (Sea) _ simaRle zRvis donidan, (Lakes) _ tbebis da wyalsacavebis dasaxeleba da simaRle zRvis donidan, (Sitti) _ dasaxlebuli punqtebis dasaxeleba, (Tops) _ mwvervalebis da uReltexilebis dasaxeleba da simaRle zRvis donidan.  cifruli kartografiuli safuZvelis fragmenti analogiur rastrul gamosaxulebasTan erTad naCvenebia nax. 30 _ze. digitaluri ruka Sedgenilia topografiuli rukebis furclebis mixedviT.                nax 30.  cifruli kartografiuli safuZvelis fragmenti analogiur rastrul gamosaxulebasTan erTad 



  103Semdgom etaps warmoadgens am failebis gaerTianeba, sakvlevi teritoriebisTvis cal_calke rukebis Sedgena, warwerebis, xazebis, poligonebis da simboloebisTvis stilis SerCeva, TiToeuli teritoriisaTvis Workspace_ebis Seqmna da darqivireba. aRniSnuli masala naCvenebia nax. 31; 32 da 33_ze.    Nnax. 31.  aWaris avtonomiuri respublikis cifruli kartografiuli safuZveli  



  104  Nnax. 32 samxreT saqarTvelo, mesxeT javaxeTis cifruli kartografiuli safuZveli   Nnax. 33. aRmosavleT kavkasionis(mTiuleTi, fSavi, xevi,xevsureTi) cifruli kartografiuli safuZveli  



  105 Seqmnili cifruli kartografiuli safuZvelis gamoyenebiT, sakvlev  teritoriebze acifrulia klimaturi barierebi (barieri, xazovani fena), romlebic emTxveva ZiriTad qedebs. datanilia landSaftebis digitaluri safuZveli n.beruCaSvilis mixedviT (Land, poligonaluri fena) da meteorologiuri sadgurebi (Sadgurebi, wertilovani fena), romlebic Seicaven atributul informacias Semdeg velebSi: Name – meteorologiuri sadguris dasaxeleba; Z- meteorologiuri sadguris simaRle zRvis donidan metrebSi; Longitude/Latitude – geografiuli koordinatebi: grZedi da ganedi gradusebSi; Naleqebi – naleqebis faqtiuri raodenoba mocemuli meteorologiuri sadgurisaTvis milimetrebSi; ID – meteorologiuri sadguris rigiTi nomeri klimaturi cnobaris mixedviT; Data – dakvirvebis welTa rigis raodenoba; Naleqebi-form da Region velebi romlebSic SemdgomSi Caiwereba formuliT gamoTvlili naleqebis raodenoba da raionis nomeri romelSic moTavsdeba meteorologiuri sadguri.   17.  maTematikuri modeli  geoinformaciuli kartografirebisaTvis  meteorologiur sadgurebSi naleqebis rodenobasa da simaRles Soris arsebuli calsaxa damokidebulebis, landSaftebis sazRvrebisa da klimaturi barierebis gaTvaliswinebiT Catarebulia sakvlevi teritoriebis daraioneba (region ). 



  106 aWaris avtonomiuri respublikis teritoriaze gamoyofilia sami raioni, sadac atmosferuli naleqebis ganawileba simaRlis mixedviT erTgvarovania. (nax. 34)  nax. 34. aWaris avtonomiuri respublikis daraioneba   pirveli raioni vrceldeba Savi zRvis sanapirodan mesxeTis qedis dasavleT ferdobamde, am teritoriaze moTavsebulia 24 meteorologiuri sadguri. meore raions warmoadgens mdinare aWariswyalis da Woroxis xeoba zRvis donidan 700-m. simaRlemde. aq moTavsebulia 6 meteorologiuri sadguri. mesame raioni moicavs mesxeTis qedis samxreT- aRmosavleT, SavSeTis qedis CrdiloeT da arsianis qedis dasavleT ferdobebs, mdinare 



  107 aWariswyalis da Woroxis xeobas zRvis donidan 700-metris zemoT. am teritoriaze moTavsebulia 5 meteorologiuri sadguri. naleqebis cvlileba simaRlis mixedviT, Sesabamisi polinomi da korelaciis koeficienti naCvenebia nax. 35, 36 da 37-ze.  nax. 35. naleqebis cvlileba simaRlis mixedviT.  aWara, 1- raioni. 



  108  nax. 36. naleqebis cvlileba simaRlis mixedviT.  aWara, 2- raioni.   nax. 37. naleqebis cvlileba simaRlis mixedviT.  aWara, 3- raioni.  



  109  imisda mixedviT YTu romel raionSi mdebareoben meteorologiuri sadgurebi, Sesabamisi gantolebebiT gamoTvlilia atmosferuli naleqebis raodenoba TiTeuli maTganisaTvis, romlebic karg TanxmobaSia maT faqtiur monacemebTan. cxril 26_Si mocemulia meteorologiuri sadgurebis fenis yvela atributuli informacia. rogorc aRvniSneT Naleqebi-form velSi moTavsebulia atmosferuli naleqebis gamoTvliTi mniSvnelobebi. samxreT saqarTvelo, mesxeT-javaxeTis teritoria dayofilia 5 raionad. (nax. 38)  pirveli raionis aRmosavleT sazRvari gadis mdinare mtkvris xeobis marjvena mxares zRvis donidan 1500-1700 m simaRleze, samxreTiT da dasavleTiT SemosazRvrulia eruSeTis da arsianis qedebiT , xolo CrdiloeTiT mesxeTis qediT. am teritoriaze moTavsebulia 12 meteorologiuri sadguri.                 



  110 cxrili 26.  aWaris meteorologiuri sadgurebis atributuli informacia  
Name Z Longitude Latitude Naleqebi Naleqebi_form ID Region Data
Suaxevi 650 42.1986 41.6151 1076 996 430 2 19
xulo 923 42.314 41.6481 1321 1294 426 3 42
CaqvisTavi 315 41.8727 41.6806 2730 3057 420 1 28
cixisziri 67 41.7638 41.7653 2732 2695 413 1 17
Caqva,agro 30 41.7395 41.7291 2788 2641 416 1 49
mwvane_koncxi,z 94 41.7161 41.6969 2787 2734 418 1 56
boboyvaTi 70 41.799 41.7771 2650 2699 412 1 29
jixanjiri 107 41.9061 41.8868 2670 2753 405 1 12
oCxamuri 11 41.8417 41.8553 2530 2613 409 1 28
qeda 256 41.9484 41.5984 1652 1761 431 2 32
qvemo_maradidi 90 41.7161 41.5063 1900 1982 441 2 11
sarfi 40 41.5555 41.5321 3145 2655 439 1 10
axalSeni 150 41.7314 41.6321 2721 2816 429 1 22
qobuleTi 7 41.7781 41.8112 2514 2607 408 1 33
maxinjauri 15 41.7109 41.6715 2754 2619 421 1 18
baTumi,qalaqi 5 41.6401 41.6506 2718 2604 423 1 14
goderZis uR. 2025 42.517 41.6314 1822 1771 428 3 6
dagva 200 41.8 41.75 3171 2889 414 1 30
koxi 112 41.918 41.803 2719 2761 411 1 22
purtio 565 42.27 41.6 1034 889 432 3 8
maxunceTi 138 41.85 41.58 1979 1918 433 2 8
sindieTi 70 41.7188 41.5221 2102 2009 440 2 19
xala 115 41.8176 41.7056 2960 2765 415 1 19
sixaliZeebi 550 41.9668 41.5775 1407 1370 437 2 13
ciskara 1210 41.8201 41.6198 4519 4363 425 1 7
cecxlauri 82 41.799 41.89 2356 2717 406 1 12
alambari 192 41.8939 41.8199 2431 2877 407 1 13
qobuleTi,rk 10 41.7753 41.8065 2757 2612 410 1 28
baTumi,alfonsi 72 41.7016 41.6864 2589 2702 417 1 8
mwvane_koncxi,q 70 41.7439 41.685 2897 2699 419 1 11
didaWara 940 42.3749 41.6792 1224 1310 422 3 18
baTumi,Suqura 2 41.6564 41.6494 2685 2600 424 1 69
Carnali 310 41.5921 41.5566 3082 3050 434 1 14
maxo 180 41.6348 41.5634 2484 2860 435 1 11
xixaZiri 1300 42.1534 41.5566 1449 1588 438 3 4    



  111  nax. 38. samxreT saqarTvelo, mesxeT-javaxeTis daraioneba.  meore raioni aRmosavleTiT da dasavleTiT SemosazRvrulia javaxeTisa da samsaris qedebiT, samxreT dasavleTiT miuyveba mdinare faravnis xeobas, xolo Crdilo aRmosavleTiT 135-e gvaris landSaftis sazRvars. am raionSi mdebareobs 7 meteorologiuri sadguri. mesame raioni moicavs mdinare gujareTiswyalis xeobas zRvis donidan 1000m. simaRlidan 1800-2000m. simaRlemde. am raionSi 6 meteorologiuri sadguria. meoTxe raionis samxreT sazRvari gadis TrialeTis qedze, samxreT dasavleTiT  135-e gvaris landSaftis sazRvarze da Semdgom samxreT aRmosavleTiT da aRmosavleTiT miuyveba walkis raionis administraciul sazRvars, CrdiloeTidan kvlav akravs TrialeTis qedi da  mdinare gujareTiswyalis 



  112xeobis nawili zRvis donidan 1800 m. simaRlis zemoT. am raionSi 5 meteorologiuri sadguria. mexuTe raioni aRmosavleTidan SemosazRvrulia samsaris qediT da mdinare faravanis xeobiT, samxreTiT saqarTvelos administraciuli sazRvriT, dasavleTiT sazRvari gadis mdinare mtkvris xeobis zRvis donidan 1500 m. simaRleze da CrdiloeTidan TrialeTis Qqedze. aq ganlagebulia 9 meteorologiuri sadguri. naleqebis cvlileba simaRlis mixedviT, Sesabamisi polinomi da korelaciis koeficienti naCvenebia nax. 39, 40, 41, 42, 43  -ze.  nax. 39. naleqebis cvlileba simaRlis mixedviT.  mesxeT-javaxeTi, 1- raioni 



  113  nax. 40. naleqebis cvlileba simaRlis mixedviT.  mesxeT-javaxeTi, 2- raioni   nax. 41. naleqebis cvlileba simaRlis mixedviT.  mesxeT-javaxeTi, 3- raioni 



  114   nax. 42. naleqebis cvlileba simaRlis mixedviT.  mesxeT-javaxeTi, 4- raioni   nax. 43. naleqebis cvlileba simaRlis mixedviT.  mesxeT-javaxeTi, 5- raioni  



  115 mocemuli meore da mesame rigis polinomebiT gamoTvlilia meteorologiur sadgurebSi atmosferuli naleqebis raodenoba, romelic karg TanxmobaSia faqtiur monacemebTan. cxril 27-Si mocemulia samxreT saqarTvelos teritoriaze arsebuli meteorologiuri sadgurebis fenis yvela atributuli informacia. analogiurad Nnaleqebi-form velSi moTavsebulia atmosferuli naleqebis gamoTvliTi mniSvnelobebi.                      



  116cxrili 27.  samxreT saqarTvelos, mesxeT-javaxeTis teritoriis meteorologiuri sadgurebis atributuli informacia  
name Z Longitude Latitude naleqebinaleqebi_form ID Region Data
adigeni 1185 42.7025 41.6778 594 617 260 1 25

abasTumani 1265 42.8333 41.75 688 651 236 1 26
arali 1010 42.8333 41.65 502 539 273 1 14

axalcixe 982 43 41.6333 554 526 276 1 17
awyuri 970 43.1667 41.7333 576 520 240 1 32

bakuriani rk.gza 1654 43.5076 41.7486 829 893 237 3 15
oSora 1250 43.2501 41.6206 582 644 280 1 15
aspinZa 1098 43.2563 41.5749 520 578 286 1 25
xerTvisi 1124 43.3296 41.4138 498 590 296 1 23
sulda 2124 43.328 41.2722 731 718 321 5 18
borjomi 789 43.3916 41.8351 653 434 218 1 73
libani 1368 43.4578 41.7559 826 814 232 3 10

cixisjvari 1643 43.4535 41.7291 893 891 241 3 12
cemi 1117 43.4651 41.799 740 719 226 3 50

waRveri 1028 43.4833 41.8 653 679 227 3 13
axalqalaqi 1716 43.4867 41.3955 621 616 307 5 17
kondura 2000 43.5249 41.2864 701 698 318 5 20
arakva 1650 43.4976 41.484 546 592 297 5 20

bakuriani agro 1665 43.51 41.7398 949 896 243 3 53
bogdanovka 2077 43.6555 41.2398 733 712 324 5 37
tabawyuri 1995 43.6272 41.6652 643 696 267 5 24
abuli 1984 43.6167 41.4 653 694 308 5 9

orojolari 1847 43.6329 41.292 607 636 319 2 17
saTxe 1839 43.65 41.2833 636 634 322 2 13

aragial 1900 43.7597 41.3128 660 646 316 2 25
efremovka 2112 43.75 41.2 722 717 327 5 39
saRamo 1995 43.7616 41.2996 690 659 320 2 6
foka 2080 43.8 41.4 659 665 309 2 27
kuSi 1500 43.8941 41.6116 595 690 281 4 22

maRarosxevi 2100 43.8333 41.4 651 666 310 2 8
rodionovka 2100 43.8514 41.4677 667 666 300 2 18

walka 1457 44.0906 41.5985 736 668 283 4 35
tejisi 1500 44.137 41.6544 685 690 250 4 25

wiTeli_saydari 1991 43.6299 41.7399 1002 955 244 4 4
mlaSe 1166 42.6923 41.6765 569 608 259 1 11
minaZe 970 43.056 41.6335 507 520 278 1 11

cxrawyaro 2466 43.5021 41.6674 1212 1230 261 4 8
merenia 1797 43.5667 41.55 735 643 291 5 15

zekaris.uR 2180 42.8641 41.8229 1004 974 217 1 5 



  117  aRmosavleT kavkasionis teritoria dayofilia 5 raionad (nax. 44). pirveli raioni aRmosavleTidan SemosazRvrulia QkaxeTis qediT, dasavleTidan gudamayris qediT da mdinare aragvis xeobiT. CrdiloeTiT sazRvari gadis kavkasionis mTavar qedze, xolo samxreTiT TianeTisa da duSeTis raionis administraciul sazRvarze. am raionSi moTavsebulia 6 meteorologiuri sadguri. meore raioni moicavs mdinare aragvis xeobas zRvis donidan 1000 m. simaRlemde. aq mdebareobs 4 meteorologiuri sadguri.  nax. 44. aRmosavleT kavkasionis daraioneba   mesame raioni aRmosavleTiT, dasavleTiT da CrdiloeTiT SemosazRvrulia gudamayris, 



  118lomisis da mTiuleTis qedebiT, samxreTiT ki moicavs mdinare aragvis xeobas zRvis donidan 1000 m. simaRlis zemoT. am raionSi 7 meteorologiuri sadguria. meoTxe raioni moicavs mdinare Tergis da snoswyalis xeobebs zRvis donidan 2200 m. simaRlemde da mdinare assas da arRunis xeobebs zRvis donidan 1900 m. simaRlemde. am raionSi 7 meteorologiuri sadguria moTavsebuli. mexuTe raioni vrceldeba kavkasionis mTavari qedis CrdiloeTiT saqarTvelos saxelmwifo sazRvramde mdinare Tergis, snoswyalis, assas da arRunis xeobebis aRniSnuli teritoriebis gamoklebiT. am raionSi 3 meteorologiuri sadguria. naleqebis cvlileba simaRlis mixedviT, Sesabamisi polinomi da korelaciis koeficienti naCvenebia nax. 45, 46, 47, 48, 49 -ze.  nax. 45. naleqebis cvlileba simaRlis mixedviT.  aRmosavleT kavkasioni, 1- raioni  



  119      nax. 46. naleqebis cvlileba simaRlis mixedviT.  aRmosavleT kavkasioni, 2- raioni    nax. 47. naleqebis cvlileba simaRlis mixedviT.  aRmosavleT kavkasioni, 3- raioni 



  120   nax. 48. naleqebis cvlileba simaRlis mixedviT.  aRmosavleT kavkasioni, 4- raioni    nax. 49. naleqebis cvlileba simaRlis mixedviT.  aRmosavleT kavkasioni, 5- raioni  



  121 mocemuli meore da mesame rigis polinomebiT gamoTvlilia meteorologiur sadgurebSi atmosferuli naleqebis raodenoba, romelic karg TanxmobaSia faqtiur monacemebTan. Cxril 28-Si mocemulia aragvis xeobaSi arsebuli meteorologiuri sadgurebis fenis yvela atributuli informacia. analogiurad Naleqebi-form velSi moTavsebulia atmosferuli naleqebis gamoTvliTi mniSvnelobebi. cxrili 28.  aRmosavleT kavkasionis teritoriis meteorologiuri sadgurebis atributuli informacia 
Name Z Longitude Latitude naleqebi naleqebi_form ID Region
tepi 2100 44.3548 42.614 1031 1161 31 5

jvris uR. 2395 44.45 42.5 1733 1695 57 3
kumliscixe 1860 44.5 42.45 1354 1462 71 3
gudauri 2194 44.5 42.467 1585 1617 63 3
wyere 1895 44.4742 42.4758 1557 1480 59 3
kobi 1962 44.517 42.567 1160 924 50 4
sioni 1829 44.583 42.6 759 876 40 4
arSa 1800 44.617 42.633 762 864 35 4

TandilaanT kari 976 44.6636 42.1395 797 787 130 2
yazbegi qvemo 1744 44.6471 42.6671 786 838 28 4

ananuri 1000 44.6817 42.2504 806 787 111 2
duSeTi 922 44.7034 42.0882 739 782 141 2
fasanauri 1070 44.7 42.35 999 965 95 3
Jinvali 727 44.783 42.133 740 726 131 2
sionmSeni 1000 45.0289 42.0005 794 810 168 1
TianeTi 1099 44.967 42.117 878 881 133 1
winxadu 1910 44.967 42.567 1380 1404 47 1
orxevi 950 45.033 41.967 768 774 183 1
oqroyana 2180 44.4602 42.5882 892 972 43 4
mleTa 1580 44.5206 42.4372 1315 1307 78 3
sno 1750 44.631 42.6471 866 841 41 4

barisaxo 1325 44.9311 42.467 1136 1038 64 1
bursaCili 1760 44.7318 42.492 1400 1409 60 3
axieli 1810 44.9411 42.6762 951 868 29 4

ukuRmarTi(lelovani) 1000 44.9833 42.05 752 810 154 1
yazbegi zemo 3656 44.5333 42.6833 1404 1392 27 5
roka zeda 1795 44.7833 42.6 1180 1053 328 5 



  12218.  atmosferuli naleqebis geoinformaciuli kartografireba    Cven movaxdineT atmosferuli naleqebis gaangariSeba konkretuli meteorologiuri sadgurebisaTvis. kartografirebisa da Tematuri rukebis Sesadgenad saWiroa maTi sivrciTi ganzogadeba, anu maTi gaangariSeba gacilebiT meti wertilisaTvis, romlebic mogvcems suraTs konkretuli teritoriisaTvis. radganac kvleva dafuZnebulia atmosferuli naleqebis upirveles yovlisa  reliefTan damokidebulebaze, amitom saWiroa gvqondes reliefis cifruli modeli. marTalia Cven gvaqvs izoxazebis fena romelsac gaaCnia agreTve informacia zRvis donidan simaRlis Sesaxeb, magram interpolirebisaTvis aucilebelia reliefis wertilovani fenis arseboba radganac izohietebis gatareba moxdes wertilze arsebuli informaciis saSualebiT. ZiriTadad cnobilia aseTi modelis ori saxe: DTM – igi warmoadgens reliefis regularul models, sadac wertilebs Soris manZili mkacradaa gansazRvruli da yvela mimarTulebiT erTnaeria. aseTi modelis ageba SesaZlebelia kosmosuri an aero fotosuraTebis fotogrammetriuli damuSavebis gziT; TIN – reliefis araregularuli modelia, sadac wertilebs Soris manZili winaswar ar aris gansazRvruli da  icvleba reliefis formis mixedviT. aseTi modelis ageba SesaZlebelia rogorc kosmosuri an aero fotosuraTebis fotogrammetriuli damuSavebis gziT, aseve ukve arsebuli topografiuli 



  123 rukebis digitalizaciis saSualebiT. Cvens SemTxvevaSi amocanis gadasaWrelad daveyrdnobiT reliefis araregulerul models (TIN ).  reliefis cifruli modelis asagebad, SevqmeniT fena iso_line sadac moTvsebulia yvela is fena romlebsac gaaCniaT simaRlis atributuli informacia ( iso, lakes, sea, tops) . fena lakes rogorc aRvniSneT poligonaluria, amitom pirvel rigSi moxda misi obieqtebis  konvertireba xazovan obieqtebad. SemdgomSi MapInfo v.7.5 –is arastandartuli modul OBJ_CONV – is gamoyenebiT, romlis funqciaa xazovani obieqtebis konvertireba wertilovan elementebad, ise rom SenarCunebuli iyos obieqtze arsebuli atributuli informacia, Seiqmna reliefis wertilovani fena iso_point.  sadac izohifsebis, tbebis da zRvis sanapiro zolis  yovel sakvanZo wertilSi miRebulia wertilovani obieqti, masze arsebuli geografiuli koordinatebiTa da simaRlis atributuli informaciiT. aseTi wertilebis raodenoba da maT Soris manZili sakvlevi teritoriebis mixedviT moyvanilia cxril 29 –Si. wertilebs Soris manZili rogorc aRvniSneT icvleba reliefis formisa da ferdobis eqspoziciis mixedviT. amdenad, miRebulia reliefis araregularuli modeli (TIN). iso_point fenaSi arsebul wertilovan obieqtebs aqvT atributuli informacia Semdeg velebSi: Elev- simaRle zRvis donidan metrebSi; region- im raionis nomeri romelSiac moTavsebulia konkretuli wertili; 



  124 Longitude\Latitude geografiuli koordinatebi, grZedi da ganedi. reliefis cifruli modelis fragmenti naCvenebia nax. 50 –ze.  cxrili 29. wertilebis raodenoba da maT Soris manZili sakvlevi (iso_ point fenaSi) teritoriebis mixedviT             sakvlevi teritoria wertilebis raodenoba manZili wertilebs Soris (km)             aWaris avtonomiuri             respublika 43442 0.2 – 11             samxreT saqarTvelo,              mesxeT-javaxeTi 51988 0.2 - 14              aRmosavleT kavkasioni  42823 0.2 - 5      nax. 50. reliefis cifruli modeli, mdinare mtkvris xeoba samxreT saqarTveloSi  



  125 atmosferuli naleqebis gamoTvliTi mniSvnelobebi, romlebic miviReT konkretuli meteorologiuri sadgurebisTvis, unda ganvavrcoT mTeli teritoriebisaTvis reliefis cifrul modelze dayrdnobiT. amisaTvis iso_point fenas atributul cxrilSi davamateT veli naleqebi . am velSi imisda mixedviT Tu romel raionSi mdebareobs mocemuli wertili, Sesabamisi gantolebis saSualebiT daviangariSeT atmosferuli naleqebis raodenoba. fena gadayvanilia UTM_84 koordinatTa sistemaSi, radgan programuli uzrunvelyofebi romlebic akeTeben interpolirebas wertilebs Soris muSaoben mxolod metruli koordinatTa sistemebisaTvis, Longitude\Latitude velebSi geografiuli koordinatebi grZedi da ganedi romlebic mocemulia gradusebSi modul Coordinate Extractor- is gamoyenebiT Secvlilia metruli koordinatebiT da fena  eqsportirebulia MapInfo Interchange (*mif)  formatSi.   Tanamedrove cifrul kartografiaSi izoxazebis avtomatur gatarebas didi mniSvneloba aqvs, raTa gamoiricxos mkvlevaris subieqturi azri. aseTi programebi , romlebic akeTeben interpolirebas wertilebs Soris, dReisaTvis mravlad arseboben. Cveni kvlevis am nawilis Sesruleba ki gadavwyviteT kompania Leica-s produqt ERDAS IMAGINE 8.7-is gamoyenebiT. ERDAS IMAGINE wertilovani fenis safuZvelze, atributuli informaciis nebismieri velis miTiTebiT qmnis rogorc izoxazebis xazovan fenas, aseve sakvlevi 



  126teritoriis samganzomilebian sivrciT models. aRsaniSnavia agreTve, rom programas SeuZlia TiTqmis yvela gafarToebis grafikuli failis import-eqsporti.  sakvlevi teritoriebisaTvis arsebuli mif-formatis failebi importirebulia ERDAS IMAGINE-Si Arc Coverage gafarToebiT, ris safuZvelzec agebulia izohietebis (Shapefile) da atmosferuli naleqebis samganzomilebiani rukebi (IMAGINE image). Sedegebi naCvenebia nax. 51, 52, 53–ze.    Nnax. 51. atmosferuli naleqebis samganzomilebiani da izohietebis ruka ERDAS IMAGINE 8.7 Si.aRmosavleT kavkasioni   



  127   Nnax. 52. atmosferuli naleqebis samganzomilebiani da izohietebis ruka ERDAS IMAGINE 8.7 Si. aWaris avtonomiuri respublika     Nnax. 53 atmosferuli naleqebis samganzomilebiani da izohietebis ruka ERDAS IMAGINE 8.7 Si. samxreT saqarTvelo, mesxeT javaxeTi 



  128 miRebuli izohietebis rukebi, warmoadgens xazovan fenas cnobili Shapefile-is saxiT. igi ar aris srulyofili grafikuli masala, radganac masSi arsebuli obieqtebi moiTxoven redaqtirebas. amitom programa Autocad 2000i-s gamoyenebiT movaxdineT xazovani fenis elementebis daxvewa, topologiuri Secdomebis gasworeba ris Semdegac fena kvlav iqna eqsportirebuli Map Info –Si. aq ukve xazovani fenidan Seiqmna poligonaluri fena da avageT atmosferuli naleqebis Tematuri rukebi, romlebic naCvenebia nax. 54, 55, 56-ze. N                



  129nax. 54. atmosferuli naleqebis Tematuri ruka,  aRmosavleT kavkasioni      nax. 55. atmosferuli naleqebis Tematuri ruka, aWaris avtonomiuri respublika 



  130 nax. 56. atmosferuli naleqebis Tematuri ruka, samxreT saqarTvelo, mesxeT javaxeTi                   
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