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D EEINICJE | METODOLOG A oraz na jejpowierzchni N é OEOPOwOI NI Ow

UNT OWEOOPOawOUEUOPI OwOUUEE
Kras *UI’EUUJNIUUUJNIdlE(t@@ENa)ILIJ“(??I‘uVJXL
cyinymUx| Eal PEaOaEI wbhE-UUOOGP L
Zazwyczaj kras jest rozumiany zbiorczo: kowychOWNEOQwPwOUl EUOUI-OwUx1 E
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EADEeapPEODPEWEYEGEAET-whDB Bk § & wb EdinvdpB@diturwoE a
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kaaspeOUGPwUP OUA& & EaET wE e, wady povderzéhaidve ipaedziemne, gle -
procesualny T fenomenologiczny [ by itp., czyli na komponenty krajobrazu. Na
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matyczne, np.: geologi&krasu hydrologia(w tym OUEwbOOAET wx Ode kidologier w E E E E O
hydrogeologipkrasu geomdologia krasu, geo nychub EUUOOOPEOI wNil UOwEEe O7 E
chemigkrasuitp. Wspomniane E 4 D E ¢ 4 wO U Eé&h2m ©d KpaB jako na pewnego rodzaju

Ue wWEAUEaAaxODPOEODPwWOOOx OOUD & Ginas, BN yEEGhERBETa Oe-EEOwWOUE
EaObwxU&al El whbU4aauUU0ODhOwbdw&EEDHEODIWT QIOEDPHOMEWD wx U4 |
krasowego. W ich arsenale metodycznymdo- OAaET wx UOEI UGPwhwaNEPDUOOWT L
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UGE]I x Ul aDOAEHD] wEUx] OVEQGBE&GKDEY EDP] woOl UOEOOOT PEA
krasologicznych (geologiczne, hydrologiczne, EEEEPE&T wNEOwx OEI NY EDI 8
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ne itp.), lecz ze wzgOy EUWOE wNT EOO UMD EOD uKwH 1eESP O wx OET NT EPEO w
UEOUI UOwODT wodl & wU U E O Ckadivod B EGHEDIIM OfbdoagiibéExae=(0 O b O
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EPSw2xONUal OPl wPWEEEEOPI WEEeOT EPOPI wUI xUI 41 O
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EEEEOI NwUal E4appU0OT-EPRIOVERROEQOBBURIOHE with®a x EUUa
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E1 N7 ExentpEKsaivym, systemowym, zasadzid UUUE WUOE & wOUEUOPDI ReEAET Ou
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kie U &tosowanedo O E U & Ebdénejrzeczy-  Procesu krasowienia lub na fizjonomi y absza

b B U U @emédznych, przestrzennych lup  fu krasowegod w* O ENU‘a ﬁ_é é~| 6}“"?9@ aa 9 e EE
historycznych), mEN& EAET wOa OEOPUBEANOFPEWRGQENEUNI O& OQwoOby E
EEeOT EPDOPOT EDOwWUUUUOU UWFRWS Beraturaitagcioaiaamiodat L O Ul E
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A 1 Podejscie krasocentryczne
I | ﬁ rozwoj krasu pod wptywem
—> okreslonych warunkéw
~ i czynnikoéw, zgrupowanych
w bloki tematyczne (geologiczne,
geograficzne i inne)
O 2 Podejscie krasowo-§rodowiskowe
V\\‘ ‘//' O oddziatywanie srodowiska (klimatu,
—> ‘/7 cztowieka itd.) na kras oraz
‘//' v\\‘ odwrotny wptyw krasu na srodowisko
O Tl O (rzezbe, wody, zabudowe itd)
/ @ \ 3 Podejscie krasowo-krajobrazowe
transformujace oddziatywanie
T il ﬂ;O formujace oddziatywani
—> krasu na elementy $rodowiska
i ich integrowanie w nowg,
O‘f é HHQ O“O jakos$é (krajobraz krasowy)
@) 4 Podejscie krasowo-geosystemowe
/v ‘ v\ O
O O '
Q* +O celowe rozcztonkowanie krasu
—> (obiektu krasowego) na elementy
- czesci i konstruowanie geo-
O O O systemu krasowego - kompleksu
\ 6 / O - ,\O nawzajem oddziatujacych elementéw

wicza, W. Dublianskiego, A. Czikiszewa,
R. Tsykina i wielu innych).

W pracachP Ux OOOPE Oa EdostaE U pOBEREY EOI OWEI EAEUNEETI AOQWE L
eawlal UOOOWHDHGLDHOIOE E-OPidODERMOARNE OUUOOUWEOWE] OUUEOC

N U

w definiowaniu samegoOUE UUS w/ OEI NV EB
U N E b O#njcirakterze prowadzonych
EEEEEWOUEUOO0OT PEAOAET OwbwUL
P E Bnonograficznych natemat krasu tych

‘1t yF2ok NRT AS2 NBT 0dR2 sy O GANE B LDEPHreEadd® i padbe U
monod NJ FA I 5 YA uQdho@nyje ysldwije U%@JI-X OE U)’/ EAOPOEET whbUES w/ OEI NT

faktory razwitija karsta(Podstawowe waunkii czyn 2oy Ay A, v oA o= o m s
niki rozwoju kras) 1962. stosowaneOE| EOD|l OwU&aEal FGOODI w
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kach prowadzenia kompleksowych EEEE&E xUOEI UGhPwxU4aaUOEOPE&AAET wOUz«
UOOOT PEAOGAET wOEwWOOUI-T Ox0ia@auElul dd BWE AN d OWKBNSIPU & w b U
OPl DwPhwxUEEEET wOT GO0 a mobrazWikanickn®) Eolican® ¥ KEdjbbréz pus-

tynny, krasowe t krajobraz krasowy itp.). Wy-
POET NV &PWoWOBWEOPPUOOPIT dajeUBNGP OPT EDWE iy OUADAET wx O
YT UOwbOOe wbl UUNE wxddit | N EEPaERIED ¥ OWQIUG EG U IO QuIp SE DO E
sugerueUOa xEUUaPEODI wUI OE FsbDkirai bty Eird) aviald gopnovanym
Ul OWEwWNI T OwOUOBEAIT Obd O wajpbrazié Gy HP M OB DA pUAY-EUWOE wi
1-2)./ OE | RKoije&tBoecnieszerokostosowa- ET UUEOO&é wUx1 Eal POy OwNI UUwb:
Ol WPWEEEEOPEET wil O 60GATpEEDAED aukpx OBURENBE.UE & U w p:
ekologiczndub ekocentryczneskosystemoye Wyrazem tegojestm. in. specyfika fizjono-
w badaniach nad relacjami E & &€ O bZnh-O Emiczna obszaru krajobrazowl 1 08 w4 PENREwUD
tur & (antropocentrycznd WD UES OWE 4 a 0OBROBPEAEDODwWPh wOUAUEe UOPEOD!I
kiedy badaUDy wb x & a bwi UOE O b Hhu@éhenOihagdkiijébiazd Zagadnicze zna
OEUEWe Obddartxm itp.)i naOEPUGE AT OPlI wOEwWUapbPdwbbPOEEEaA WX UOI
OEE 4 DE ¢é abieB®mbswoje otoczenie. OUGUAwDOUI T UUNT wbwxmMExOU4é
6 WOEPPEAEOPUWEOWOUE U0 BIipwwk@EIN (e EOL WDIWEGOOOP U
e OwpOE WE & ENd 6 buu 1 & du "199P N Pbrazu i determinuje jego OUOEODPP OT EDS w3

realizowane naU a1 U O Ow batbOidgeiekja-  warunek czy procesUUEOQOOP BT wOOT € 6 wOC

sologicznych przede wszystkim w zakresie geo- i OUOOPEODPI wUPy wOUEN-OEUE & GFE

graficznym , kiedy kras rozpatrywano jako7 U O larnych), tektonika (krajobrazy dolin ryfto -

EOpPDUOOWN a ERDRWwE &A@ 1uCwych) pdrodid)ibio @8y osuwiskowe itp. Ta-

determiniznu krasowega, OE1 N7 EDI w U Kmucybrikér & © O E &, bawdowym mo -

szerokie zastosowanie w krajach basenu Me NRIEAUGP OPA DUy x OtablSauize

UAEW¥UGEADI podlemOKpasul z& 4 PU BB EUOP PikidssGaEGUGUa wh wOUEOE

wsze E & é® & 4 Evidt & jej wykorzysta - APONUwWUUOxOPOPOwx OEx-QU4ae EOC

niem. cesyicorazl €y EDI Nwx Ua | GEEENERWOUE
/| OE1 RrasBwdi UOEOPDUOODL I Wity RspeBydicEry (petrogeniczny, litogenicz -

T GOODPI ulNE B PG xHEO0E & & B & & anp Jego typ + krasowy.

OPl WOEDI OUUWOE wWOUE UK wod 0O ryadebie NOTwE D iskeajonbaFEadd) v GNOyO b E 1

Eabl UPYyEDPOOI EPEET whwabPbPEAOOwdHWE 08 Db OBENME MO UT x U

spodarczegoOE E 4 D E e e &E@HEI O E uxAEau Ol BipdaPdch badaczy wschodniej

POE wT UOE Ob bianuadtecEnoge-b | Wa O Aeilké o krajobrazie (i odpowiednio kra -

OPE4OaOwWEOUaPPaOPEODa wDGGEEnprvOGYozBeTske (1678, A% D

mu OE UUy x U trésandDidtastrdalnymi  A. CHIKISHEV (1982),L. VOROPAI, V. ANDREY-

(procesy zapadliskowe, osiadania terenu itd.). CHOUK, (1985, V. ANDREYCHOUK , M. PRrRo-
SKURNYAK (1993, V. ANDREYCHOUK, L. vo-
/o) E I N T E 2 I kw{;a)brfzm\@ pO ROPAI (1993, M PROSKURNYAK,, V. ANDREY-

torlalneJOqu UOET UUEOOBIT Nwexiui B@N@BDQ@E@UDI@@EB@BNUDy wOUE I
xUaaUOEOPEAI NAG w/ OEI-NT dbjy 1 Qb WDREQAIXH E£GH 1DIWBWIDIE T wT UC
ruje rozpatrywanie tego lub innego obszaru niczego. Jestkorzystne U G b O@2y fdzpatry -
NEOOwUPOUUWEEE OT EDOP- 1 Wediw @&l gospddatdbwania aviOBFEQIE ul £Di
ANOOOOPEAOEWNI UUWEIT Ul UOBOHPECGEWRUEUORODUWDUEA WDE"

loneUx1T OUUUOQwWAEET OE4aé6€AaET wbwNi T OwOEUY ED
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/| OEl NY E P l-gacsysteracye O nymUO1 wE E BEFWOEAA ET Owa weUu U1
JestUAEAT 1 GOOaOwx D&l NEEOBAWIBRWEDODT OwbaUEAODT wUl OUOU
mowego U O ONBO PR & ipatr@vanie ba-  cepcji systemowych w krasie (systemowych

danego obiektu (zjawiska, obszaru) jako syste  wizNDwWOUEUUASd w/ 1 Dl QwbpaNeé Ul ¢
OUOwWOExOPPI EOPé wOUT EOPEEEROBEWOK]I OU OOBEDIE &4 01 woOUe
Eal T OwpEOT OUa UOU wE E E-E bdywathl kAgWyahHkeBodvy 1ysietnyuwbGor
O b btd3owanie specjalnychmetod numerycz- O OT 01 E O b &yldlNzasanie ¢ tranzyt ¢
OaET wpEOEOPaawUaUuUIl O0pPOER-OawH AUWD'DIwd BUAED P Wbl uEEl QubhAU &
(rys. 48 w/ Uaawx OEI N7 ED U w bia tydrelagiézpyahQiunizByikb xWO P D é 4 EE
NT UOwxU&l EUUEPDPEOa wR-E Ochiekd) EP GINIE OIODEOWE W GE M2 & wbwd
PPEeAEEwWODPY E4a wdbOb O wE uxFFECwBABRERGEN B b Ix@ BEUO E wi Ol
UPby wx U4l El w kagadnetlddtOmed w OFEWuub GEWwOE wODPI NUET wUAUUEENEU
akcji x O OB ydiedmentamiOwx OO0DPI PEN AP AHLOOBIWUAEU]I NwUOU4&a00b? Ouwl
interakcie E1 Ul UODPOUNE wEEE-O7T EBWORI Wipw@miUE DUy x Ol wpOUE WE(
poET OEOI AwbPéET EDPOT ED whaWDUWEQEDR DT wpki POy UUA&a Ol NwUa L
| EEEOPEwWUAaAUUIl O00PI1 wopNe&EwmBux BIEER WEIED Q@O 0GB EET OF
gia systemowa) coraz szerzej(N Udd kilku U é E adpbdstawie parametrGbOP1 NT EDE 2 w
Eabi Ub K kdoddawhng e wszystkich DwdOpbpa N7 EPE2> wUaUU0]l OUB-w6 wx Ua a
dziedzinach PUx Gé Eal U @itym® DU B0G wUx1 Ol 6OO0T PE4AODI-wOUOPEL

w naukach przyrodniczych : biologii, ekologii, cji b G B masywie krasowym , E E E Eobl ek
w mniejszym stopniu w geologii i geografii. POelUaAwWOT OPPEwWUaodived U wOUE U(
. x U Guiielu innych zalet natury badawczej, T E DEFwiEa NIOBEPDWa wOwUa UGUEEND wk

x OE] NT EPI wUauUi OO0 diater N T ozepAuEdREAl aNuidd Gualsl Gxub » 8

go, N ipozwala naE OTeIE UIP@UOEOPAEER¥ET NT EDT wUauUUl OOPT wOONI
OEDPI OUVUWEEEEPEAIT T Ow gl Unlkiki Korlighiagachamgtbdalogi€ivyengjak

AEEwWNI T OQwli 01 O OUGP A 0w EWEOQEED OOFIOE DO TwOWE @ uE& 1T woUl
rzystania w szerokim zakresiezmetod D OOT E® Q O E | Rsystemy (geosystemy)+ modele

PAET w OUE4&w OOEIT O0Ob E O b Ebadawtz8névariantemPdzdstiljé jEdRakipzed-

UaUUi OOD&OLUO(")DODD‘I LuN‘I &u&m@£ilﬁ£®i@&@mijaﬁhnystbmmow

EPPOT EPWOEDI OUUOwx OET OEWE WG uwrge N EEERAH | EWOUE UOP 1 u
go skéEEC)E)OGDquoi o] C)i C)Uébm@itp)?dfhiz ubﬁawt(maéyimﬁlﬁaso@é kraj-
P éET EPPOT B<BUE U OB OO WEGRGEDDPWY D& EEA WEUNAOWAUGNOPEOPEC
EPOPI OwUauuUl 0Obpi AdJLE?nHIOLE\@IMdUEEE)DDEJ@PE@EE)E]‘QyStEnﬁ)\Ne
PENOPI NUAT wxUéaawx OE OO PREE®mWRBIEEE] Q@B x@d 2B 1TOUUNT wl
EaDBaHB OEOPPUOUOWP mEVENBE B §dbiddnisaxatd®dn OOB ET OUGP
xOAPEOENE wWOEWEOUUUAI-NIBODWDE MERBL(ELGLD&UlEb&dDF(INLDUOI EE)quo‘
PAET wPbwoOUPDPI UENE& wOONOD P OTEEARAWP-DU E&I1DA (DA FEa®UEBDO
zmian. Dlatego systemowe wizje ibadania PaET wopEwOPl wEOEOPUAaE4AOAaETI O
T U OE O b bdbddrtiewndjbardziej perspekty- x OET N7 1 wWEOWEEEEEwWOdE UUwUé w
PPE4Oé wbwUOUUI E40O& wlOl U En@dddd @Bl wNl UOwWNT EGEOOP E wE
Niestety, w badaniach krasologicznych po- UOEOOOT PE4AOE? OWEWPET-wODUUE v
E1 NTy&i@riowe Wie jest jeszcze szeroko sto  jeinnych x OUT OENEOOQAET wx OEI N7 17 6 u
sowane. Jestto 4 b D & 4 fle@bjO Wl @O0 a O waQEIDE O E N é vef Guto una iEstElénk

PeUOPOWAEOUI Ul OwBEkBE (1 U K G6 WA batheszdzeniaEEe GT EDO
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PAaET WEEEEEWOUEUOOOT BE afavsdhadeiewx terOrUauEd | WEIEO&EIaE!
logii naukowejOWE OwNIT UUwpP ENOI pajmujedkrjobma EOU AT w

UUUEUI | DDuJEEEEEOLuELuDLuxUal\laZaEhE@daJmIEl\EyCHElldeMlHSbODl Nu
cowaniat EOEwWUI OUOUe Opb a® b Buda ®EiddndEsiws OEE4AT ODPUOwWODI wl

tora do badanej kwestii ¢ ujawnienia syste- N &dfinak poza obszar pewnego fizjonomicz -
mowej natury oraz specyficznej organizacji OI T OwbOPEUPEOUUS w* UEENOEUE 4 u
krajobrazu krasowego. wany przez badaczy zachodnich zbyt konkret -

_ OPl whbwuUal OUaUUaEamniétaw aUE
Krajobraz rozpatrywane przede wszystkim w kontek -

cie jego powierzchni i jej cech, czyli morfolo-
W przyrodniczej literaturze naukowej istnie je  gii (geomorfologii)i wyx1 ¢ OP1 OPEwxU&il UU
PDI Ol wx ONOOP K&durarujpkd td- D GEOANBPLE ¢ U OwUaUlUdOUOwWx OOUa EH
kiegob w Ea wUx OUa&a & EOOPET-wlUiOuaED EEDOD O®D Duwbdb lu®OUae EOODPE
T UETI OpPI wp a U GuIBENaeuwbLGsEZledo OB BW S wO EUPENAT wOEOI N
w definiowaniu tegox O N yESEEs Bésivd) UEOODPI NwEI OEE&ADPI wba U0y x UNI
C)EUUUéwEEUEéC)wééODC")C)éC)mﬂD@EPE)LUB@L@rEéJEITHO@ObBOﬁJXUai O0pO

EEEAEWOUENOEUEAUWNI UU ugé&Meyd itdi) (Dsicrfadhlbgmmr&té)ardzl@yaﬁl T Ow

t NUNDwOE wU E 0 atdurataltVyy <03 8 1 Quanégda(fizionomicznego, morfologicznego

mienia x ONyi BB BT Oder@@iw O thG U aitel) zachodniego pojmowania krajobrazu.

U Bpyzypisuije. 6wOPOPI NUAaAaOwOxUEEOPEODUC
UOT GOOaraweeEx UEUAEAENe Eoupw UEBR & OE e wx OE i t+fbar&iE wb UET ¢

OE OlzdzraczyiOwnNl wbUUODI NI uWOERGBDDWEBHODE DL 0aEAD T Owbwc

w postrzeganiu i definiowaniu krajobrazu po -  wego. Takie rozumienie krajobrazu, jako pew-

ODy Eé Lu EEEE\/EsahEdDB)Euraplqu OI | OUJIEB@GI 1 OuJUaUUI OUqu UaaU
fami z Zachodu. Na Wschodzie, w pierwszej negox OE 1 N Uj&vBié&nia (w kategoriach

xOe ObpPl W77 wbbl OULUXI@BI-y Edpd wulli Oaudraucal Corppaudd NN O &1 Nw O E O L
rze ull T énfutadom~ wustosunku do pier-  sowegoOwNi T OwOUT EOPAEENDS w9 Euw
wotnego znaczenia, jako P & T O@b&zétu, fi  ceptUe UDBOT.OEE DI wdODBNI NwUi SUOU
zjonomii regionu, typu terenitp. Zmiany pole - Krajobraz to przyrodniczy terytorialnie

ga¢ awOEwb Oe EEEOD UiE wb 6 wiafyNigjidndricznie Svoisty i funkcjonalnie-ca

geO1 UDAaEa Ol 1T OwUIl OUU wpE a 200 Exnl @ & E BlERypehRmnia

i genetyczne typy krajobrazu, struktura, hie - x OpPé aEQAET wb w bhié Baavingered UN & E a |
rarchia i klasyfikacja jednostek krajobrazo- 1 Ol OItGWERWNE wWUOEOODI 1-O0wUAT |
PaEIl K6 wo wx ONy ED Ezjﬂnolﬂiézl E IranmvamU bb@zmamnych Klimatu, flory i-fa

Eapl Nwil Ol UaE & ORORpbDY MEIRBIBECTED | QUEE e O EPOPa OOWO U
OBl NDWNI T OwdT 1 601 UUPE? A& HIEHOD QUPEEEBEDPODBEBEWI O1 UIT
U O b ipdwiechni » kiajobraz & O UiZe€ wnia w jego dynamicatE wa EOOOOT EPWUE OO
OUacoy & UUGRN P a OBEWGRIOT Edgrd)otaz ewolucji (procesy samorozwoju). Kraj

CEDE & @rasemw cieletym EOUUU A | R Ceehuje swoista fizjonomia przestrzeni (wi

x1 pPO& wOUT EOPAEENY wb wU UEGE®WWAE Wwrdsdued PROSUE mMAG u@O 0 G U E
listycznym + geokompleksem, geosystemem b wx OUUE ED w O O kb & GBI ul 6duwudia WU
itd., badanym odpowiednimi metodami tzw.

11T OTUET PBWOOOX Ol OUOPI I\J‘;Ig)rzL)l/Jrgd%)ie’/zaca)nyro%ocg)eTnig;zn%/J I%/vgrz%/pa uakraj-

obrazu kulturowego
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EEel T OwodBbNOKEURNE WOOBI Nrk& CpukehgoE UE kR EPEwmp6 anaod
OPl waouUl EOPAOPE OicharBkte UiKIaf)OEUODT wle ONOOIT w
rysUa E4a Ol wNT EOOUUOD wlhl Ua UAWBME Aok i Y iAQRRECHo uk [2010)U &4 & w
EaAaPPEUEOOewOOOx04aaENyYy wOQOKKNDOE N E audileddd @OHm® Gyx @ik | N
pattern). cie do definicji krasu, O x b1 U E Raidedcu U Dy
*UENOEUE&a WUl xUI &l OUul\&IQMLU@EdJm@DGJlEuuGDDO@UUIGbOODED(
nych wymiarach terytorialpch (zwykle od kiku  OPOPw( d w/ UDPT ONnadOEOQwEOUaEae
Ul OWEOQwWOPAOwEd EREDDUOAdGBuBa0OUNOBELA @wd®wi OUOOPEODE
NOOI NwUOUUOOUUAI LuDI b O yoyidypagwnySinS Kieg jestrdegatyiiatyOdrzézO w U U E
nowionOUT EOPEA&A Q& WEA&Y T 1 wb Pryzal saindtdzwoju striktiiGozeplisictah -
UOUPEOOAET wpNi ECOUUI-Owd ®abEUDOUODE BET b G bbb AL
szej rangi funkcjonalnprzestrzenne))Wymia-  terakcji x OO Py E@Ba&U O EROE GO O
ry (granice) terytorialne systemu krajobrazowegocemi masywem itp.). ( U Ur@Wdju i ewolucji
OE x O b bEHA EEBe0 BB WETUGKED | krasu jest etapowa samoorganizacja struktury
obraz zachowuje swoje charakterystyczne cechy forzepuUa EAEOOOT EPwpUDPI EPWOEOE «
AaNOOOOPEAOI w3 axObOT-1 uNElIEEwwHy QuErERuUERNIEE QGO OO0 E
OO07T EPWEUEOPawiI 1 0001 PE »EIOHQWWRDEY Wk @EIaWd OWE & OHQUBE e w
i OUOwUEA GUEGHEGEhuw D ET w b a E hand itténéyfixasjUobiédid woByBnEm@sywie
UaUUOOUwWUDI EPwT aEUOT-U EKraB&EWID.1 KKaS e st @ efinidvEam § jakbOT OD OO0
EPe wWOUEAWAEET OEdacEaEl i QuHEODyEIDI QudENIOEUEE UIwEW B w
UEOUI UaUUaEadaET wE OE wkabfE B ubiwax EOEI DIGERW tpy pr@iu BUOG U
PU&aaUUOPOwWIT T OOOUI OO0T bgicd DR EE K R OPVEABOQEERNOBEE au UE
ET ET UNI wUPy wbOEBPDBOE ATUAOOOOEWGWAT xUUAEAEOOOT EE
OU4AUEeUUNéeEAET wl OwUbé ubbwyxuBEUD IUIGhGP EQOAET wUauUUl 6Gb
OEE4DEéaPEOPEwWUxI Eai-DPE&AOI T (
*UEUwbPwUNy EPUwUa Ol IO & 0auE B a3EDOEI UxQuy BE OB O ki
OalwxOO0PyE4AawOEDPI 1 Pi®wb OE a w
EOQOwPEAIT T OP1 NwbUx OO0OPE OODVuDHWVEDL ANGEET wWBEODPOO®ERNDU E L
krasu zazwyczaj OE b D& A UNé wE OwN 1 dwblicjh geasgstetduzptz&piiszczalnym, po-
jegoE U x | Optbbualnego (kras jakomono- EEUOQOa OwOEwUOaAxUUAEAEODI wi U
lub kompleksowy procey fenomenologicznego  nym), wprawiana w ruch obiegiem wody oraz
(kras jako zjawisko)O U E wé& E D GU wU x-1 E spélébderictngnii mechalizfnami samoorga-
wisk) i geomorfologicznego (terytorialnego:  nizacji struktury x U4 1 x U U & PhogeSyOT7 ED 6 w
kras jako obszafdub U & | zichdfakterystycz-  naewolucja jest rozumiana jako proces powsta-
nym zbiorem oznak). Tak jak i w przypadku wania i rozwoju nowych dyssypatywnych
x ONYy EPEWOUERNOEUE A UOwOEWI WhrAND Wiy auxd b wlESno 0 U U E
niceb wx OE1 Na d&fibi Bwariakrasu przez stemu), aregresywna jako proces ich niszcze
OUEUOOOT GPhwbPUET OEODPAGI nla Oozpadanl P wBUEE B EA e ONOOOT
chodnioeuropejskich i E O1 U a O E D40 btérdlnej). W cyklu rozwojowym krasu (mega -
UaoOéawUEEAaADP]I EOREN@BWEOROUI UaUUaEaOD
mowanie krasu jako procesu czy zawiska lub ., 1 4 6 95 yasal sySes -1 1 &l Re
N1 E OprocesBizjawiska (w tym form) ¢ finigwania ki adz 6808 601 ST yasSe atza

~ A N N oA o~

awOOOEI OU Una BsiNekaieprodedud® w HunTona(1995), A. Klimczuka i D. Ford@ificHOUK
nym. W literaturze zachodnlej domanJe ro- FORD 2010) A. Kllmczukdﬂ(IMCHOUKZOIO) Na tych

grafia: KLimCcHOUtet al. (2000)Speleogenesis: Evolution
formami i hyd U OO @ Bkeentem na aspekt of Kast Aquifers. HuntsvilleNational Speleological

terytorialno -fenomenologiczny, etymologicz-  gqcjety
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systemu krasowego)® progresywny ewolucyj - paadOEEAaENeéwl UEOPEI wN-EOOT EDC
GawlUi OEwawWEAEU] OwU U0 yBEBED AODO AWERwA EVL0ab 0]

nemu, ale ten proces transformacyjny ¢ po- Stopniowy ¢ od bifurkacji do bifurkacji ¢

wstawania (integrowania UBDy A wb wik-T UREG &N Bvrgsbde ONOOOT Eahe UUUUOU
padania UDy AwUBlU WQWiwa Ep-e1 0dY UaabwEAEOOPPwWPUB®DIY wNi T O
UPl Owx OOUaPENE&EawUby wlugji Wérastrénamé jednak swoje czasowe,

Geosystemowe, ewolucyjno-synergetycz- przestrzenne, strukturalne itp. ograniczenia,

ne pojmowanie krasu stwarza znakomite pod- UA& E O] N@PODOIO0OOT EPwPhwWUOEAENU
stawy konceptualno-teoretyczne do zrozumie- OUE & wOEwWE&4a O0O0P OGP wi POOUEAN
nia istoty krajobrazu krasowego, jego lokalizacji rozwoju systemu, E [do pewnej kulminagcji roz-

na tle ewolucji megasystemu krasowego oraz P ONOPI NOwx ONEPPEN& wUDyYy wpOE
stworzenia systemowej (geosystemowiepncep | O1 O1 OUa wbPhwE4aOOPOPOWEWPUE

cji krajobrazu krasowego nia®®d w6 T UGEwWOPET wNi EOEOQWEOUE 4
EaaOENe wOET UabPET wxOpPbeaEOD
Krajobraz krasowy jako stadium AEUEEAD] wUNI OOAEl ugemidy DI Ewa

samooraanizacii megasvstemu EAENEEI wUAwEBWBxulWARBE O ET wWE C
g J gasy U0UOxODPOPI NWEI T UEEEERNRDOWEA A (

krasowego O O stukturainej . StanowitoB U U O 0y wUT T Ul U2
nej ewolucji systemu, OU GQUEE E4 a wUDy wNI
Synergetyczno-rozwojowy model systemu 7 OBl UEDP& wpNEOOwx1 pOI NwoOUT E

xUaaUOEOPEAT | Owa EOe BE E Owni aupiu UG W@I0GAEAR®NET Owl da b
UauUU0l OwxUal Ei OE aDmodiak gy | O Bddidakiasbwyd W ddz-E N

stadia rozwojow@ wO U GU a O w U O b E-U & ol dndegashidtbrmuRRdwego’ PAa UGN O DT
PawpaUOUUwWNI T Owpki pOy-UUG OknNiksdie DD-0@HI E £ w0 Gd8d®iE ©
OUUEOBI N§ w* 00 x 0B 00P E O BdnyetoR stebiéhfdarzemidini) &/ Zasadaiezyrl |

OUwNT U0wUI 4aUOUEUI OUJX—ONzEd%ﬂHm,Qlimﬁkad}th} @W@QPI NwdOO

O b E 4 @odwojEvj (czynnika), radykalnie Pierwsze stadium to stadium pre-krasu

4 C) Dl OPENEE] Bubdp EJééyEENCéC@ull %Ma}‘dﬂe@r@@&&eneyw tym stadium me-

zachowania (utrwalenia) tego stanu. Moment O O1(&d@elinyiporyA &ON U a4 wIENBUOE a
pojawienia U Bogynnika Qewolucyjnego? w namicznie. Dojrzewanieto x OO1 1 EwOEwWOEEA&A D
pwubapONUwUauUUl OUwNI-U Dmm&/@aﬁteﬁE@@chwdﬂ@ré&hw&di/

UAaEl wuNEOOwWOXx UOOUWEDI UURARHMNT nadrogpusz@anid 8ubskaddkdihy OE E N D

’t NI & 61 NRTOAS INBGYSGEOTIyey
°t 2 R LJ2 @egdsystBrivu krasowegdP | dzY A S¢ 4283 GSYASSE A0 6! L2 6 A DT I
obszar krasowy, Wy U 5 N2SoINEY 6 A S ordi:ERﬁééiﬁSdeZNBTY?\S gelol R)/AO 2o
gAcl A Sp2ftdOe2yrsS 1T+Fyal W agpekkigpizesthBninfmhdgasgsieakrasdsg A Sy O@
LNl a262® YNl a 25al loayeysslyyweyAdleEd SEOAMNIYOR IS 64 N1 dz2$
a8y | Nrazse OFvS32 2064l ONKEheyd & NEyddiggedyziufamare] A N2 |

gAr2l aArat T 32RyAS 1T T1a&atl RIISH\aiaIeQ/’SLNEEFSquey‘Ie)\CZK LYNd  SNPKI 2LBokard GO
LINI ST 12ftSe2yS adl RALF NERIpizg @pawiédhizhd¥ Naizy [ A IOKZ A tY 20 So INBIT &
aGFyAlr 1020 dp2dedpddacipi(fomdd] keeNae e aiGSYy 2 aLISO0eFAOGI yey 206

YAL aAt & Ded i daexienmy 9etdzo AdSe 1532 OALFOlI & widzizglye yi
GSNXYAY dzv2éyes gLINRBgl RT AYO] WwA SOSedR | dazbR yasByal As Nye ¥
stylistycznego przekazu i nie pretenduje do statusulJ?2 G Sy 02 f ye f dzo NBIFfye- I NSO
terminu naukowego. wania krasu.
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wskutek czego zachodzi bardzo powolne, abPUOUOI wx OOPyE&4aawUaA&EEOOT ED¢
UUPER&BI Wby E@pe y)iat, die niee  strzeni szczelinowo-porowej awzrostem prze-
ustanneUOaUa&al UAEOPIOWdABWE@ UA EAP OB OOBWUAOW] UExDI wl e Gp O
OPl wUPYy wx UOUOOE OE é Gikp-w b $y&emu §aside hieukids dve gopliDdwédal

U1 T UlyE® & tha O E Gvbnicjal@ éieci.  (agresywna)i U O H@ EE U O b0 uNue e Gb O a O
2béeéwOExy EOPé wbwl é Gpk O aptvuesemErbApBRzadd (Qsul). O

KRAJOBRAZ

KRAJOBRAZ KRAJOBRAZ NIEKRASOWY KRAJOBRAZ KRASOWY NIEKRASOWY

KRAS PRE-KRAS HIPOKRAS KRAS PALEOKRAS
[ /s =

EWOLUCJA
MEGASYSTEMU DGRESYWNA
KRASOWEGO
GLOWNE &
WSPOLDZIALAJACE 1
ELEMENTY w i, T
MEGASYSTEMU @ @ @ e @ @ e
KRASOWEGO
STADIA ROZWOJU
WCZESNEJ KRASOGENEZY
MEGASYSTEMU SPELEOGENEZY
KRASOWEGO SPELEOGENEZY (SPELEOGENEZY-KRASOGENEZY)
— ROZPUSZCZANIE ROZPUSZCZANIE, EROZJA, PROCESY
ROZPUSZCZANIE GRAWITACYJNE
PROCESY R OZPIISZCZANIE SPELEOLITOGENEZA,
| EROZJA KRASOLITOGENEZA
ZANIKANIE
KRASOWEJ
e = — = ———— | |FoRVOWANESE
wa@x EZINTEGRACIA » = NIEKRASOWE!
—— —— PRZEPUSZCZALNOSCI
2
"NARODZINY" «| 5 <> "SMIERC"
OSOBLIWOSCI GEOSYSTEMU G|} 32 MEGAGEOSYSTEMU
SYNERGETYCZNE N BIFURKACJE 3N BIFURKACJE
SPELEOGENEZY x I-GORZEDU %o I-GO, 1lI-GO ITD. RZEDU
| KRASOGENEZY (ETAP ) Q & Q (UTRATA
EMBRIONALNY) @] X N JAKOSCI
KRASOWE.)

W1t woda, St UCEEEOGNODE wx GE Edpobr&r® E ODEOPPUOOwalk ssély UUA& O] Ow.

Ubél OpirgzBxBiO U O Otak@egoe awzrostupx Uéa a T x Bej otdzinnydirmignu
stopnia rozwarcia,przy OUGU a OwOE U aixh.@ @ & Edw@bstu Dwux U4l xéabUwb OE
UaaEODPI NwObPOI Ua O0bwU 04 xAWyadEladE Rl y UG x QWNd w601 P w
E E §elgdE & U1 (brnBcRakrytyczny mo- P wUOU Ganala@aOT N1 Owp@dbOE UNE E w
Onoment przerwania?» ®dutego momentu x UOET UUwDHOUI T UEEaANOI-T Owpe é |
POEEwWw@pUOAUPGUAWX UAIT xé alrreuteliab uallbd BEeDaiud uld WOy O OE OE é 2
OEQE®a OU niel EsUR E0DR D e & OWOE O kéaanaczaDOEUOE&ADO®HBWOOPIT Nu
z czym radyOEOODPI wa 0Pl OPE wtiPstem ar&sEvE RodBjOWy punkt prze -
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UPEOPEWNI UUwxbl UbPU&dé-wppuNB®uLUOPUBEOVEYEOE wiarEeERi & OE wU T
OEEN& wbhwUOaAPONUwWOI T EUa Wwig kréstwatOstadiln(ty k. 12)0ded) to@ifiga
mentem narodzin krasu (KLIMCHOUK, AN-  zasadnicza (rangi perwU & OU&ay EOI NAwWEDI U
DREYCHOUK, 2010). UOAPONOPEOwWx OwOUGUI NwnaEDI
24aE0PwWUOAPGNWOE OE é G WY WEEAR2AE0 uDuWEGPO B0 OPb-ET1 6 w. UF
syfikaciaOl E1 E O braz@dptvych (np.po- OOUEOPIT wbwET Ul UapOl wEaadbb
NEPDI OPl wUby wbwEay T E-DEEOwO & 8@l jrusatniziezmiang O D
narnego, U E Otirbulencyjnego U U E T U w b @ jEdO strukturze i funkcjonowaniu. Na ry sun-
a co za tym idzie ¢ erozji) prowadzi do inte -  ku jestto pokazanex U4l 4 wEOeé & E-al OPI wl
gracji OEOE é Gb Owa kiby @4)GDH BbdERGYstemu krasowego elementu K, czyli
E4aaODPWEOwi OUOODPE OPE w b yayrnikd kidjotbe@dwa & UEQEOPRED QuOP1 1T 06
OE OE exGRG WMOn stadium b wi Uy whET OEE4aPEéaPEODPI wEaaOOPOGP WA
EADPwWPWUUENT wUByY wpk E N &a Oujar@jistidiy Brogieeyivrie omplikiig strik a- a O
go nowy jego element ¢ podziemnax UGROMWE e abUwx ObbPl UAaBUOHDGOENGODP &
czyli pustax U &l U (Byhddl Enarys.2). x UG podAagmnych), z drugiej & Eificjuje wy -
ElementUl OwWUUENT wUby wODbI1 wlay &@dru-Odi1 W x ByGhEORILGHRuBDU D> UE 1
x O0by E &P EEGHBIK éiEne® D6 ud wWIOBEE OPEAENEEAET wxUOT, Ul UapOa
e e OWEOI wUGPODPI DWUOUUGODBN BUPEE rub@IUD AJIEOEBNPupd B O % Ow N I
Ual OPl wOENyYy UOT EPAwWOU-E 4 &uk WE A ERGOGwHERAQ a0 81 6wl QO E OE
woju systemu (x U & a1 x Pwskiutek dGdBtk  czyli znamionu je zjawiska regresywnej ewolu -
niegosprzy N1 OPEwabUOUOI 1-O weji ® ddypdadgjisstuiErNyUal x UUAEAEOOOT
pUOaPONT OWOEOEE Gb wb wx UswyhbwkOanenie mégésisée s Evé tautrzé) E
apl OOEwx1 POI Nwi éy EOOOT Ei® Daditmuo2radza raredary Bidjebrazu kra
od powierzchni terenu, etap ten w rozwoju ~ sowego! OwOPl wUaOO0OOwE&4adOOPOPwa
4 b Ehypokrasowyr x UUAE 4 Ao I E®mE O wbwUEOI woOE
W trakcie rozwoju systemu krasowego i x U G Ipd@cRiémne pOUGUT whbUOUUI OwUO4
PePaUOU0UwaeéeONnOO0Oa EDiwdE 6 @udaiaN@ UUuda KwE Né wUby wNEUOT
UGNOI T OWUOEAENUWEDI UU Os@Ektomiu lepEasUEEERN&el EN witbhu U8 20E Ob E G
lub inny Ux O &l T O wUrp.amighll wgszym)A EE 4 a@EREPEe abPET wOEWOUE

niczo jegotrendu (bifurkE ENT wE U UT O Krasywl ddce @awoju struktur przepuszczal -

Dopiero w momencie otwarcia U Bsystemuna O OT7 EPWUUENT wUPy whbwUI-OwUx OU

al pOeUUVUawpxOeeéeEal OMoZ-wahote GRIEI§EpoBrrc@Pé AG@EBEODT wh WOED
xUOEI UUEOOI wi O1 O01+®»GEEOWOE 4 b

*h 1 NB T Hy@kdsi§ako stadium rozwoju ega UO ; OE} O(POI I§E) racesenh keagobrd U x 6 w

38480SYdz |Nrazes3z2 e2Sad $RYPCURRARTI s 2R _es32 or

RNOS32 ¢ 20AS83dz LIaY2sl yAll CAQBRE RP YO ONRHIgIhQuER e OO

0532 aAt 6 o6t NHzy |l OK 2Ral pOF QW@ ElGMaeiendEgs ynkdas 6

L2 6ASNI OKyA2680KE yI 201 t KRS RradoRyRnidh iR APgmpikGS Y & & 2

nego LINJ S LID® fgattO A |y A KYMEHOOK P O E & meciiinizmem w jego rozwoju sta-

2007). W ol jednak przypadkach pozostajea LJs € )Eé

mianownikco N} 1 L2 sAnT Fz 1 L2 JvOINEBROPPE GBLEQ BN powierdODY Ed a L
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chO Pigodziemiem, DOUIT T WoWkaeE | EDI UUOEENDwx U4 a Ezamkepo-w x Ob OE (
dzoa e OnNnou®EUI Owx Ui aUOldE O mba sHumkanal®ch 3 OOD y>-EGRAEAT T GO
wej strukturze iUT x Ul & | oWy ($tiirdz-a  nymi elementami przestrzennymi systemu

wojowy megasystemu krasowego.Stantenlub Pwx UOPEE&4é wEOwWNI 1 OwEI T UEEE

stadium O O NE & $ynonimicznie do kraso- EITUEEEENEwWUUOUUOU Wb x Ual x Ul
PI T OQwdOUI Tstadiuf &krajdirEz0 &aso mowanych ewolucyjnie P wOUE U OPPI-Né E a Owl
wegox ONOOPEOI T Quijika syshemE D<iracie geologicznym (serii skalnej, masywie
UOé Ely BNy tnd kuEypt poziemnej OUEUOPaAOwbUx8 AwbOaOEEAEWEOUA
i naziemnej (rys. 2). T Ul UapOewi b OO lidgmié geomob w x OE U a
W tym stadium w rozwoju megasystemu i 0001 PE4AOaAOBwW10aPGNwxOPDPI U
krasowego E B OUWEE4 BcEne procesy, za by krasowej N1 UU wb wa OE E advitea-O wU U O x C
ET OE4éE]l waEUGP O0Ow OE w x Gledehidimdedgradapji(pad NefOyahBtulktug) E
abl OPpEE Ol NAEA®I vieettld UUeEwUDPy wEDI Ual wxU&I UUODY
Eaalbomo®ewy UURWRIED Oy U U &ttukck k OEa DI OO NwbwOE&DBI 001 N
/ O O b ydiementami systemuwraz zich nie-  obrazu krasowego na krasowym etapie roz-
A0PE4AOOaAaOPwWwxOPPEAEOPEODQUOWE OEE BUNGE WUGY wAEHDOPT T O
relacje, E & D E éz&&tént{dzasamiNl EOOE QOB x OPUEUAEOOI Owi EUE-aOUNeéEI
nie) naOOUéje‘g(T) p?ogresywnegoiregresyw— cowegokraquUOx DOEO@] ] OOuJ-UDEDEOi

UOEAENUWEDI UUOEE N D wOb UlsBefowmiszazeritaGriegasy s muwkrasb@® O U
NEAET wUOapbPGNwx OUAEAIT T G@,@zah&elgan@atn@gb basi &hit tépbmietzah -
systemu. OPOPI NwUAl nEawOUEUOPE NOWEOO
JakoprzyO é Edfugo-lub UU & T EDOU&NE®HA BODP OD wi URD EniSdedriiip@ab i 6 w
EDI UUOEENPwPwUO&PONUwU anadiA OO wU & U 0HIE DG | Gaadmive@)aG b w
chwycenie powierzchniowego ciekuwodnego @O WD Ol WOUEU wUDy wdODT wOx U4l Of
przez ponor, powstanie zapadliska i formowa-  ziomy t wi é¥OE U 0 yOX @I U7 » wOl T EUAa L
0Pl wU b y adprévkadzabi®m opadowych mu krasowego, czyli utrata przez obszar czy

PGEwWx OEwabl Oby Ow 000 G6E RFANEQEQEGRENFOCH BEAEEMOUE U OPIT N
negonatf)l OEOE)OLuaI N| EDI w x OUOCELK]LUME]]aO(I)uhrU uJXILl.tbaI NY EDI

AEOCAET wawxUal ET PAaEI G)E)Ill@@dbstaiea:maﬂegra@accﬂmwtﬁlarakter

ET OPOPI 1T OOwxUOPEEA&D wE Guwlai UEGYNIOAS w/ OO0DPy Ea a
Ol T OwaUGNOPEOPEOPE w U U UWBPOUUGMUEWIDI d WWRIERBIEID B0 D1 wlOE
natomiast inne, U4 E 41 iteGQOEODE dprownd d wOP1 wUUOPWAEwWUAa QuikEEOE wa E |
El UEOPwWI UEPPUEEaANOaOPumwsdHr@ad e DOEAREOL ORNOE ENE OwNE
é Gix U G Ip@ea osady, do jego destrukcji  w innych stadiach. Bifurkacje jako takie U é@ie-
(destrukturyzaciji) °. Z czasem destruktywnych odzownym elementem progresywnej ewolucji,

przy czym ich rola (pierwszo-, drugo- czy trze-

W2l gse LINEOS&s 6 | puigief | gago{sa“yEQF% ﬁ” UUwpanUaEwOEW
YyAS aAt ¢ &G NHz GdzNT S caeg%c %i‘%’oj'f systg eﬁ¥n'e§@a§”\rn§r§/u dz,

231 Rs ¢ 03N ¢ A infechanezyiyerO ¢as Jeszq:zsfzabytEUD"CNyOEEaDEe UNeEaET u
mogenicznych, biogemtaych itp.) (S na rys. 2). S|eb|enawzajeml Ol OIl OUGPwWPbwxOPPbé AEE

hTylFrOTl G2 NssyADBDOD S %é\nﬁ\»lbaﬁ gYUAE?@ODOQ/@:EHﬂED

jeszcze jeden czynnik rozwojolvy 1 (0 5 NS 32 Lg -------

1 s22dz a8daiSydz 6Gay NJlS\ES §‘§EZE WHPEENP Wb QB Qua P
y A Sdza i I Yy A S 4TI NFadl oo la w rozwoju systemu proporCJonaInle maleje.
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Na pewnym etapie (w naszym przypadku ¢ tonicznych ¢ z dodatnich (elewacje) na ujemne,

winowego wzr ostu bifurkacji obserwuje UBch  czyli OUPEUEPEwWUDPY wx UGN OP whwOEOD
rozproszenie przestrzenne (lokalizacja) po ~ Wtedy systemkrasowy ¢ P a x | & QEE&NE E

ogniwach megasystemu krasowego i odpo- EDPOPOwE&aa wEEé O OenwblguRl wOUEE

krajobrazu krasowego ¢ rys. 2) nie jestetapem OONIT WEONT 1 wNl EOEOWEQWOUEUO
OE Ob b é & Whdzwofd megasystemu kra-  czonegoi OU D é T ArEey riePaSystemstanu
sowego. Zpowodu &4 OPD E Oa wa O E O U w kitdjébragutkrasovedp (ryc. 3, scenariusz A2).

t

A
— ‘
A B t
O O & D 1 - A
\ KNK == KK
& & &g
A;
t
B, KNK ]
. ..
KNK == KK -
B v
S S O SO M -A
KK == KNK
B2 WD

Rysd wt 8 w- DI OUGUI wxOUI OENEOOI wUETI OEUPUUAT wi POOUENDWOI |
OEwa OEOQUWUUET Gb wlik@jdbéadkpaRoivy) BNKI +uigidbraminiekrasowy)

Od znaku rucl Gb wUIl OU COPE IaMzak IEwd a P b UUOT jestjedhal Owidiea N O E
EEOQUAEwWI POOUENEwWUGP GBI MEUDH 4 B URhuwdld @iuBEuiEwx U4aT EUC
OPOOI 1 072 OwE 4 DOBWD 4 OWIl MOGUE MBWOUNe wpbpbaeseEAaODI woOb
wego) (rys. 3-B). Przy ich zmianie na ujemne 6 WEEOUAAET wUOAPENEODPEET OL
POEODPNENEET AwOEUUE x BT wBdOId Uy xudd WEaN R Uud O KEAD Op 1 T ¢

talnych lub morskich (scenariusz B1), z kolei Ganatomicznie? megasystemkrasowy, znajdu -

trwanie UUE TEGPx By U U OFNDdogra-ETNé Ea wUDYy wbwUPOPOwWCW® ODOEE A |
PEE&AGPEEE OOPDUI T Owa Ob U adudeynyn® BkEajotivdz CkEasdegd w

OEUOEUEéIT T OwUa U Ujegod)up@EWOP 1 T Owb w

cia z przekroju geologicznego (scenariusz B2).
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K RAJOBRAZ KRASOWY W trakcie ewolucji systemu krasowego ele-
Ol OUawUl wxUal OUaUE&@EENe wUDY
JAKO SYSTEM tonomiczne ¢ z fizjonomicznego, przestrzen-

) EOwx OOEAEOOwWx Opani NOw%gﬁor?zﬂ‘Ekq%‘?'”e%’é“ﬁ‘k“E Vdgenia

krasowym lub krajobrazu krasowego, rozumi a- utwory przyrodnicze ¢ geokomple spodmemne

nego szerokot WWE & wa wx OEa i oaﬁ%"u}/ft%“l%“da UEe.
C xOEabl OOEw* * wNI UU E
U U N &, Bhag@system krasowy staje U Bt e ZyT T w w w wT

bal Oy EOWOEwWOT UOOBE U}UOBZOEEaEIO%%%déV Bmashry NOOa 0P w
iei genetycznieE agjaimi jechego

b Oy UU & Gaténienibinamyd wU O e E & ERE Céoaacli1 ......

U BefE 4 y pollEmnej T UOEODDuoiruJ‘?b‘azﬂg?fowe@wuUEOOF’?‘?‘f‘?'?'f”?'?'?g
gicznego) i naziemnej (i U O E O bgbogr® E OEC.H?DOI WNT T OwuUUUBOUUUEOC
i DPE4AOI T OAoauaMyluumm&LEaN%%%%'\é‘quo% OwUauUl 60PT NwOl U«
UOPa wopl UOEODDUOOmOUEUO%E? QOOTER AYE Y |~'I:E?% YOEa Bl O0e
cznoUOapPONOPawEEel 1 Owoi PEE 535 85 2o L‘Pﬁ%ﬁ"""‘ dpbdOwl & GP O
UDy wbwxéEUAEAaNnODI wBOLfYSﬁrEVS 88x %O“"alz’”'e""‘%u XA

C|am| blnarnego systemu krasowego Skupmy UUT 0BT wOUENDT EUODI [N
stemu ¢ strukturalnych , funkcjonalnych i roz-

wojowych . O krajobrazie OUE UOPb a OwEy IéradoBr]a%a \\\\\\

OGPBIEOOWOwWT | O Ua Ewndd Nwr L EBE %'fu%
e

Eayi EPweopl | OUAUUOI OPI AOwlbeEU%'albeng%ﬁyEE:w“mqac?Oé\ﬁﬁj&fc%“f’L“
o

ard%) £y EOODEI

%§W08¥65860W086Ua09wu

. . . rzchnlowe (wody, tlen, osady, organika, mi -
stanie akcent systemowy z jednego obiektu sy- o PR b v s
OUOOUT EOPaOawbUxd AwxUal OPO

stemowego (ewolucyjnego megasystemu kra- s x A s i am s s
) : : doInagUEODEEuJ** w O E ODbOMEENUUNDG uu & C
sowego) na inny (krajobraz krasowy jako sy- . Y~ T T 0 L Lo 1.

V01 OABw- EQUUEwWx OET NT ED wlPa@thabd%qtho“%OEE%Uﬁéa?Ejg U%Do'lc
RNi 7 OwPEN®E waE O] Uq)@aaWOa%aéNéS 1 ‘% ﬂ?E%I) Bl 0b ; u(;E
El OUOPEOD] w* ENEAWEOP BT O%B oLb o%? U A} wewsE w

. . a wkE OOewIUEODEemUUU+IawDDI
przedstawiony i ba dany jako system i to po- _
D o nieniu od bardziej & é EUOBEWVENOEUEAGD
zwala na lepsze zrozumienie i pokazanie je- niek h KKET ET iiSkewdOE My 067 B
go istoty . Konieczne stajeU Bwtym przypadku iexrasowycn, yeu y !

rozpatrywanie obiektu w kategoriach syste- POTE P? K

OOPAET WpEEE OT EPOP OF EDoLuOGd‘{HPéJdJL?

ai
&
ODbT WD | UJUO [S] 8]
itp.).

‘_E

POT EPwWOEwWUOI wOUENOEUEa]EI
6 wx EUET UEI BI LuUaOUJUGDé

Struktura krajobrazu krasowego .

. f dzo al 0dzO

jako systemu OKYAN %ASY
"hoaS1lds NI eag2aNg2R2eN S YT &6 2n

\\\\\\\\\\\\\ — igERy! jobr; Oe YA aAt
KIENOEUEA WOUEUOP A W AqugFaé‘l ”gﬁ&}ﬂ Wﬁﬂ%%‘gﬁﬁgmamﬂ 5
E Bnistypowego dla zdecydowanej P DY OU A OF ED 5 13562 FA 01 yay LR RiIbBSYyayY |
innych OU E N O Efenindeciilt EUN A E | wX\@E 21EAYFGSYD 2088 Y 2AaMERIENTRWS 4
ziemnych OEOE é Gb wb wx UGN b Gashiniawyeh@uoRbETEKGLDER; CZIKISHEV1979,
GERGEDAVAL1983). Ciekawe opracowania w zakresie
12YLX S1426S2 ylildNE T&AlLGE 2
S (2 LRRIASYYS LNBOYRS 62 fAISANI NIFONG SR 2302 d) O A !
U26AS1FZ 6 &LJR as @mkopobziemnebebsystempkS ¥026{Bxiz@20@Y A S 0
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Pl 1 O000x OO DPWOW@ A E &4 wx @OBG@:0W OUGPOwUUEN éabidd Dy wOOI
(0ecO OO0 x O QOWE HOOT b E & O ébtycznymi.W przypadku aktywnych inter-
EOENPwxOObyEaawbET wEay7i EDPE

Wertykalna struktura geokompo - PwOUI EOPE4aOe wWEOET OEAPWOEDI
dzo specyficznym charakterze Dwb é ET EDP OT EDE

Elementy pionowej struktury ¢ geokom- (np. gleba).

ponenty Pionowa struktura geokomponentowa

OUENOEUE&AGPWOUEUOPAET wNI UUL
&1 O00Ox 001 6GUOP & wU U U U0 UODIUIEMNNWOENGEE (GaUtuBOEDIObEd) OP A ET u
krasowego U P O pi® & O b OwmpPb E U U U b O®&AEpatAEMnych czynix DOOOP€ wU U U U
EENé Eigudtil@zéswoimiﬁzycznymi bé ET OUUK]nyuIDy UUODé Oqu ODUEUé ENé Eé
terii) + geokomponenty: masywnei mieszane  tury swojej geokompleksami, w KK mamy do
Gekomponenty masywne to agregatowged-  czynienianiezea ba Oé a Owpb a UGl OwODE
norodneutwory materialne (geomasy) , takie Ol OUGPwpl 1 OO0OOx OO OUGPAwbP wl
N E O 0 wkddgbeeatunrdy czyli litokom 41 wabby OU4&T OPl OQOwOPE&Eawl 1 OC
ponen Ow b O E a w o hpliokbenponeBta aiG®aud b ENOBOOT EDOb é egoQUa E & é E
i powietrze (gazowy czyli atmdomponent  ganizacji. Wymusza to wprowadzenie do sche
Geokomponenty mieszane z kolei, to utwo-  matu pionowej organizacji systemu KK jesz -
ry agregatoweniejednorodne b & U Uy x U Re#efedinegot podsystemowegmziomuhierar-
w miejscach kontaktu i wzajemnego przeni- ET PE&AOI T Owopx 0abOOwdUT EOPAE
kania U BkproponentG b w O E Ujédhotnd-  elementemE wUa U0l O OKSw. EF EQOT T w
nych. 2 éto tzw. komponenty kontaktowe Ua U U1 t(p@wemzchniowego (naziemnego,
(ANDREYCHOUK, VOROPAI, 1993 ANDREY- 1 G U Qi pod2iemnego (dolnego), zasadniczo

CHOUK, 2010, takie jak: gleba (pedokompo OEUGNOPEwWwxHOOOP&e wlUUULUOUUUY u
nent ¢+ na kontakcie atmo- i litokomponen- Ol NwUUUUOUUUa wOUENOEUEA&GP w
UUAOQwWOUEE a w E | botdkompenéne 1 O G Buxd® y ddihgm KK (w podsystemie pod -

na kontakcie hydro- i litokomponentu ), hory- a4 Bl 00a 0AwWUGPOPI NDwha Uy x UNé& w
4 000 a wbp O Eauikénpééntumpsycone  hydro, lito- i bio-) oraz mieszane (lito-atmo,

P O Ewéarstwy przekroju geologicznego), przy-  hydro -atmo, lito-hydro itp.) geokomponenty,
powierzchniowe warstwy wody w zbiorni - ale w wersji podziemnejd w6 é ET @b O7T EDw
kach i akwenach pU4a P8 wOPEUUUb 2 wBDO0&® DI wiul O0000x 001 UGPwUE u
na kontakcie atmo- i hydrokomponentu, wzbo- UaET wa wx Dy OUEwl GUOIghO6 w9 EU]
TEEOOTI wbwUOI OOwOETeni®1 oWy (pbwietz8 jmskiaiowe, (p&ididnna at -

PEOPI wUe 001 E4aOl Owa wi E OGosfarDAMPUNEEORK QabP &B01 WAEPD]
itp.) i inne (rys. 4. AA ED1 OwNE OO w O EOdkikddo ki ikddét éaiyNCO., metanu, siar-

geomas, czyli biokomponenba UOy kohbéhl w@ODC)EOUUOwUEEOOUwD wDC)C)a ET wi
paPbl Uay UEOwWUOT Ob O anvaw Onbrjuivintadyl £@He O DaEQEaIma-1 b Oy UU &
masaorganiczna) w O E 9ri z geokomponen- Ui 1 U OWNEUODOPI OwUaEal 1T GOOH
UG rEwW G w@ésywnych (abiotygnycht UUEN&é wUDYy WEOEwWx OUOOGP wi E4 OF
U O E éviblizle i powietrzu), jak i mieszanych miswoPUUa 0P wx Ueé Ex OEODP G- w6 DOT O
(rys. 4), przy czym geokomponenty kontakto- OE wx Op Bl UUAEWNEUODODPOPI T Quw
Pl wUéwaEaAaPAaEAENWOwWPDPI OO WEEEHERADO Ruwhg EWDE EEOOI OOOT DE
PWEDOOEUY wpa EUGP OO0 wrid-a b@ OWREDEOwWOEWOPE AQEwWwP wODET w
N1 reeBywne. Tob x @vanab é ET ED b O wibtzd] éo Eédko U Exgfarza na powierzchni .
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KRAJOBRAZ NIEKRASOWY

Symbole Ceo- Przekroj krajobrazu Geo- Symbole
komponenty komponenty
As
As
(A-L)c
L (A-H)c
(L-H)e Hs
(H-L)c
Ls Ls
| KRAJOBRAZ KRASOWY |
Geo- A Geo- .
Symbole KEHiBoHEHY Przekrdj krajobrazu i Symbole Bl_okomponent
i wzgledna
zawartos$é zywej
materii w geo-
As As komponentach
(A-L)c
Ls
Ls
(L-A)c-u
(L-A)c-u o,
As-u
(A-H)c-u (A-L)c-u
Hs-u
(H-L)c-u Ls-u

Rys. 4. Wertykalna geokomponentowa struktura krajobrazu krasowego i niekrasowego:
Geokomponenty agregatowo-jednorodne (masywne): As ¢ atmokomponent ¢ atmosferyczny (gazowy);
Lst litokomponent ¢ skalny (twardy); Hs ¢ hydrokomponent ¢ b OE O a wpx é a1 ® Gtingkdnponéht ¢
podziemny, Hs -u ¢ hydrokomponent t podziemny, Ls-u ¢ litokomponent ¢ podziemny; Geokomponenty
agregatowo-4a UGN ODPEOPEOI wepdObi U a-BHégbha@éHicl wethdsiet; pheH)ed

Pwi EPEOwWNEICNARG W DI UAET OPOPEWPEUUUPHIOYWEEGPWNEUOD O
przypowierzchniowa (aktywna) wars U b E wN E U O D O O b &HE jc-wESdely ddr@drjaskiniowych
EOPI OGP

Hydrokomponenpodziemny (Hmu) z kolei mu krajobrazowego. Natomiast, np. w kraj -
jestwzbogacony w rozp uszczone substancje  obrazie krasu siarczanowego taka mineraliza-
mineralne zeP 41 Oy&Ee Un@GBN]T EHDNEWET ET UNT wNUNwWOEPT UwphpOEa
w przypadku PGE wx Ob b1l Ua ET ObW kajdbrazaciuléas Estinego z kolei, minera-
POUI UEOENPwWPGE WA wUOGE éeGRuat N E#iDE BNe@® 6 Hb aufiUED e U O w
obrazach niekrasowych OB O1 UE OD 4 E kaBeEglan&EGOE a WOUEUOPT WwEOOOI T &
obbDl OCBig@™lubbP Dy BRANUY x EMlyWUOwPaUGNOPENE wUDPYy WEEUE:
AEAPAEAENWEDHBMBEAA&PDIOEEE]I OwWET | OPEAOAaOwWOUEA WEE!
cie zdecydowanie x O O Bitiriejlgranicy syste-  wanym ¥ U O E O b @y&bchenictnym, w tym
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na powierzchni A EEUAEwUDyY WE OF TawEHBEA&E wb wx U4 a xkakbleo-Uwb é é E &
( O0awET EUEOUI roawpbduie-¢ EdeBB EDOEBBRE O b@Odbao). W ka-

krajobrazu czyli UOEGUEE U OP Dlimi)e EE@EaA DT O0adw* * wuNT U0 wOPI x OUGE

Procesy cementacji, rekrystalizacji, dolomity- cej,OPRwbwabpaOéaOwx OEeONUwWUOE

zacji-dedolomityzacji, metasomatoza, hydra- nachBDwx OUEET AwWOUENOEUEAGPwOD
tacja i inne w znacznej mierzea OB 1 Guk-Né w Geokomponenty mieszangkontaktowe,

ENIT wbdw OEUNGOHE EXEuD | Of PaaE@ada&d e EEOQwabbl UUAEEEwWPEL

w masywach krasowych. Procesy speleolito-  jaskini czy przypowierzchniowa warstwa osa -

T1 01l 4aawxOPOEUNewl 1 OET 1 EOEERWEAD CBraalEl UusamFoe £¢68 @w U G N

E i EUU O&ID é AdbaBileznych.Se PwPbPéET EPPOT EPEOPWOEWEOEOO] |

podziemne, E 4 y ¥ U] x | kil kdd& i w podsystemie powierzchniowym KK, loka -

OPUOPI wWOUEaAwWxOUy NOIT w O mauiE  wmyauwd@U EuDEROIOW E OED |

OEUI UPEeUwUl 4aEUEOOI 1T Oud il @2 Eu Odul B UEEUEPEI Bdiava U N é w!

pochodzenia grawitacyjnego (zapadliskowego). xU4al OPOEODPI OwbwpbPaEN] 00adwoit
9 E b E Uliib®asy (biokomponent ¢ Bmu)  E U E U N geBubdfancji, formowaniem siy ala-

Pwx OEUaUUI OPI wx OE a bl -0 Orak@nystycznydN batiblyeobhanhiconyck (rys. 5

nie niewielkaOwUA&A E&al T GOODI wbk wxi Q@ GrEG@®D Hgictnadedia Uby wOEUI UDD

systemem naziemnym w krajobrazach niekra-  organicznej (0 a Pilmirtwej). Nisze korozyjne

sowych. W literaturze prawie nie spotykamy w stropie N E UOB& U é UdRassiedliska nie-

DOOT EP@PAEAOPEE WE D OOE UGG AU afal QuBEaE T W w U é waEODPIT UAa(

72 rfx\h;\,
Dm@:ﬂ/\tﬁ
WIRE ==
g
S0 iy A A A AR
0.V W A A O A
L 0 W0 P O .
o ot e e CaS0. -2H,0
T TAal T T T T T S5 IS0V n]
s -.4‘
|\ J/ |'||\ = CO2 02
CO2 B sgpen o & = g
CaCOs3 =
VRN W« > I P —— [\ \P <
444444 GO
_ ,1§;u Mn
e B (0 O [ o e e Fe
T T T T T T T T T 1

LT T T 1

Rys. 5.6 aEUEO] wxU&aaO0OéEEawWEEUDI Uwl 1 OE krajobrazn krasawedow b wx OEa b1 O
1% rozpuszczalna, 24 tlenowa, 3¢ termogazodynamiczna, 4 ¢+ sorpcyjna
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Samapowierzchniaskalnastropui 7 E D E @Wodu wzajemnego przenikanial U O E Gibub-U O
EayU0OwNIT U0 W é bDi U Ué E—é EﬁhmEE&hEn@dﬁior@anika@ﬂ)@dapﬁ\&leEszUOO

wzbogaconaw & b b écheidzne, cojestspo E1 OUUUN& wUPYy wUGNOI 1T OwUOEA&ER
POEOPEOI wUUOI 0PI 0PI OwO®OE WEE 8P eul@BE®PU MUk UaaEaaldb
U U O,Gdwartych w skale, agresywnym od- do zmian NEOOT EPQOBEET OE4A€éEAET wt
EaPEeabPEODI OwUUEUUE®E Nwarsikid) frys 6)DVE @ B i E OiaibEiihige E

a4 G b w @ol) £). W tej strefie wody infiltra - sztucznego, nax O N a b Gubsiracie skalnym

EaNOl wEAYyUUOQWET 1 OPE a ObihtemBywmied OO & & u Kbl ér 2ty Bainiai U E N

U 1 ofbywa U Exsystalizacja lub rekrystalizacia P1 OwUOT O b Gdp@iflorautptl2 P 6 w

OPOI UEeGPOwx Opb U Wy pprOODOET ODUEUO WP O

Fot. 1. Organiczno-O P 01 UE OO w gphuA u Duoknpigdewe (PlprAskorupienia mineralne na stropie
phAwbwi EPEOEET wopl A wN Halandid) D dndiejtk@kp OPE w# EPEEUOT Ow

= T = S B B nsadyNglinigsto-_~/ \,wgglanowe~ ~~~~
|||[1‘I\l|'|w‘i'r’11\l|1'|\'|'|1|'i \|w|n[\ i
I | | | | | | aP ew | [ | | | | If |1 | ap & [ [
gips gips gips
~~ iron-oxidizers ) /
~—T. ferrooxidans / denitrificans H, -producers
~— T. thiooxidans denitrificans P. denitrificans \
. fungus-like \ \
stozek microorganisms \\ \
! \
1. thioparus Hy-pr 0"'”“” S o I/m)p ars \ A

denitrificans
1f T. ferrooxidans \

T. thioparus \* #
N

1. denitrificans l

iron-oxidizers

gips

1. thiooxidans

denitrificans

Rys.66 w1l 0axOpUal ET OPI OP1 WEEAOPAET wi ECUOOGPwWHhwWI UUxwOBDOUOOUI
Ukraina) (wg: ANDREYCHOUK , KLIMCHOUK Owl YY A8 WAAEDPT wOPOUOOUT EOPAOGPWOOOET (
OUEEGP wb wi E D EDWANEAIDDUDDEPEELd UNT WwEOWI 1 6000x 601 OUGPwWO
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%OU8 wl 8 w/ Ex U
PuNEUODPODWEA4 ¥
OUwOT pPDI UOI OF
Pwi EPEOS wa EOL
w okolicach Wan Wieng
(fot. W. Andrejczuk)

Powierzchniowad EUU U P E wO U E E GyehunNdsKihOper€xEECG € O b, Bldbr@eioz-
wych (AL)cuNT U0wUGPODPI NWE O1 wija U ékotoaDaEDiueuOBbUabPENE EEwWOD
xOET EPI OENéEl NwNeé wpb EU EGREAWDE apdBctztha loBriuGifja ¢ w
UPy wUOAO0OeEEENE El wUpy w EUIMDIG bQGIEE B DdxEdiGa ups-
OPOPOPAET wOUE & wO WychEdd b akhidwegob OPB1 UD O
jaskini z powierzchni przez wody, powietrze Za geokomponent kontaktowy podziem -
OUEwl UEPPUEEaNODI OwN-E Onegb@td§yRdmb KA B UOBDDUILEED WUPE
we (ekskrementyA wOUT EODP & OG e N amEEER i U GozdpBWidizahniowawarstwa
kinfh R UOOEEW®EA ] UPEeé wOUT Eviddyiviy Calludepiidjaskiniowyctd w. T GOODPI w
rzy znakomity biosubstrat do rozwoju mikro -  znanaN1 U U whkstrahfikadpab é ET EPP OT ED w
OUT EOPiIOGERE W O Uéhe® E U U E Bzgczno-chemicznych b GEEObP1 OGbhw x OE
NEUOPODPOPI NwxDUEODE a wize@drgehi pizg ézgm WEW Db DEBIEGWOE wp O
troficznych. Kwasy organiczne & wOE E 1 O pravireurawszep a U GIU®FBE P a N ia 0 0é w
xUal OEUENENeé wET I OPE a Obb kulblhd Usy Bx & uw W) OE WWE QUEENDEEW U 04 x U
N E U &ént E 4 y towhyszy powstawanie  tek parowania wody, osiadania z powietrza
specyficznychOWE &4y 7T EPOPOQWED-OT EHPEEDOBEWODAVOPWPDWAEEUUAT
UE édipe GP OP 1 walid QA ABGEOIHIdNmiczne), na powierzchni wody docho -
O b kddcentruje UDy wE 4 PriikkoBrga® OTEaW WEOQwPaUUEGEEOPEwWUByY wi DOOL
nzOGhwlUaOPaUNe EaET woOUTEONEEQy OawEWEGR EBRE OERedudnd DE A& Ol
x UOEUOUNEEAET wUxI Eail-bEa®@I wgadrmuesFaldEaad uo®D BEENDwx D
ne (odchody metaboliczne bakterii chemosyn-  cznych), takie jak: mechaniczna, ewapora-

~ A s oM A~

liny, b a UE U @k dofsiadium embrional- PEODPEwxUal NT EPOPAaET wOUEwWUa
negoA wa wOE UP OO O udo jaskini 2 wa £ O thindiadngolu (Psy B). W warstwie powierz -

E éwiatrem czy nabutachUx 1 Ol 0001 Gh D®DOBWNwpl DOODPI AWOBOET OU UL
Ul UAUOEET wOUT EOPODPw AU Kk bekt@BfotE3p EET Owa OUUEPDPO
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Fot. 3. Film mineralno-OUT EOPE & Oa wpl Dx UWHWEEOUI UPT wUPEUOOPT AwWwOEwWx OPD
termalnych w Macedonii, okolice Debar (fot. W. Andrejczuk ):

14EDPI OOEwWUOOUUxOEwWl DxUOPE wx é a i EariehtBkord ki wiGdeznymina &idj OD wb OE a C

x OEwODOUOUOOX]T Owi 01 OUUOOOPaOwOUa Ua Udkalabndrikrohagny UU wb wEE OU|

Z osadendennymx OE a4 D1 O00a B2l wE OnpdtrdbiGrize geokomponentowej KK, na
t H-Acuabpbe AaEOI wNI UUwhN-a E ébkcnym Riapie Wozvidju bpiyébsiaty’3, coraz
OGr EODPI Ua Onodyéédaidinhe t wi- E ay T amachaUb ONET E E&ietObP DI Ouw
Ee OO0QdbtbgGrP wbOOaET 6 w3 U wtht Dpoduktard BsvdE A DPEe EOOOT EPwi O
L'JEi uJT UOOEEéi ODi LuUE)y wO@E@MW@&@@B@EBOEéw] Oi (
chemiczne & uJOUEEaE@BEeuml&fDLu systemu, O U Gforsouje P e EUOT wUF OEENIT w
ralnych (rysd wk AWOUE&AwWOEUI UbPAE & iymixe@mdéntar systemu KK
UaobeéUapb ODAED ikréorganizm- DwxUal AawUOWAEE4aO0EWEOUE & WE
O G b porprys. 6). PEDEWOUENOEUEAwWpOENEA&AYT EDI
Generalnie jednakOwi PDE Ow O U] E Bdiébaidjakibivkdmponent , ten nowy ele-
UauU0l OUwx OEapPI 001 T Ow* * mevi nig thara B B BlalxBtii w Etiakiurze
szyod powieU4 ET OPOPI 1T 06 w/ | lpiénovkjudysieing, BéizOOGNHP a UUy x OPET
OO0TBUEOOPDT WOUEN GHWEHRBEWOUEV®POwWOOE VY NI ODU? wh wNi I
gdzie w bardziej wilgotnych ( od b E U U O O Garustwach.
na powierzchni ) jaskiniach koncentruje UDy w A zatem, pionowa struktura KK, w OE UGN
EOT T wl@&HO@®BHwWi EUVOE wdP E£ G hidiwbdOBRGROWT Ma wi 1 0006x 601 6U0¢
zoni itp. OUUawOUENOEUE4AGPwWODPI OUEUODP A
piy UOUOPaOwxUaawE&aaQwxbyUUOPC
UéOOOwbéEé uni GDEwbwT ééEquab'

52 (82 3INMzZR L}2RIT A Swief e OkTermifigpipedsferd 28y 118 6 021 382 3ANI F
AT FyeOK TFEAOTFYe@ NI gyASd GRIRRY 20IDISSTH NBEEd258I0F3 @ FAl &(
Re LI2RIASYYS 4eLISOYALl 3n OkkajoaiaziOn KeafadhyEdropgk Wdchodinizjy TerfingmNI & 2
wS TFrHTgedlile an ¢16231 0208Ys2NRELXAT DAYy BAl Al 3 %27 At

YAYSNItyS A 2NEBIFIYyAOT ySs WrxzygmRSadNBF2ARNI B&A NG Klyd/ DiZY Al
YAS 41 NHzy|1s¢6 Dsedkgnychod yVeeOKZo6A S3 YI GSNAA A SySNHAA LIk
tlenowe, dochodzido ich ¢ & (G NI Qall YOMI y FaOFKS NI A abidsférad RS NN {dis NB2 geait
LINFOYA A AT OT StAyd t Ni-21a&8dR2t62 31 LRI SENINNIOBNdzdd -4 & OA S Y
@ T6ANT 1356 o0StFT L+ A Yl y&Elhwotisyi, dbiosterayiviorzgli2? NaSiskeay & A t

OT FNyYyn tdzo ds0Gn LI G&ynz0ioe2 RS INVIISNE 4 Jp&bFedNg (1 1SIORKNY B F S NI
02YFOKXZ ¢ (GsNBOK &1 (idz0TigppS 20yAd2y2 LRI A2Y 65RO
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UGPOWEOT wNEOOT EDOP OwU G N dmymignibheucedhygpizektbiu (pioio@ed w O E

EENEEWOUwWUGPODI puairdcz8jO G Gxud *QwdipU1 U 0P O uéitgkaly¢thOEOD P O

multikompleksow y (binarny) charakter. Geo ODPyE&4a000x 0P DHpoO&BHFEOGPWOE

kompoOl OUOPaOQwWEwWNIT EOOE & 11arid enkrgiiwi neh&@ @W-0G 1 x @ Rogpieny-E 1

sowy charakter, UOwWOUOE OP b OF 1-w Uszlidi onbiczediavudrl e EGtukiuize x O b-b &

ciwych OU E N O E ktaséwéch. W katego- A EEwl O1 01 OUGpPpw* * wNI UOWAET E

xEEOUwWOEOawEOwWE 4 aopi-0pmwsEuwE U acwudauex CRaapEvmie-OD1 wE a 'y

mem organizacjif EEé1 1T OwUaUuUi O kasowoh@radbiazadhma UUy x UNT wbUET OE

elemenU & waiganizowane w podsystemy,  cy(do1 G )kéerunek ich E & D EBoErZe zna-

EwxOEUaUUl CawUpOU&aeé wUan wue uapdE sk OEBbe GEEDAd)] a000p

. 00 Ob EtarGadxiuczowe znaczeniew for- OQa wx ObpPl UUAEwWwx OOPy E4d-awx OEAE

mowaniu UByOOPUUAE4 OaET wb OF WE By fBanrplitudowe wahania

oraz dla zrozumienia specyfiki jego funkcjo - poziomu b G & akwenach jaskiniowych i wo -

samorozwoju i ewolucji jako specyficznego sy nawet setkiml U U).®b trzecie, w pionowych

stemu przyrodniczego. potokachKK, w OB 1 x O U G b deabryEXAGEAI O
stopniu, E O b @ kr@)dbrazach niekrasowych,

| Opbé aEODE wenedetydd EOOO bpa UUytratgpoit OEUT UPEe Uwpdb EUET T O

T10000x001 OUGH tokami wody OwE wUa Eal 1 GOOPI whbUOUU
zapadaniaUBHOUOx Uwx UGN ODP wx OEA DI

El E OQJ G mékdiowych sprawiaOwnNH b UaE4] wNi EOe wOUOEORPOT EDé

PwWEI axO7T Ul EOPOwa OEfd I Grhwidstati Omude &pd&Enl wx e aOe EAaEl w
apaldel 1 0a0mNOBUE E wx O EpfErdul FBwi x50 UAET OPAOwx U4 At

OPEUOGOWOAEDET ENEE>» wi OwbwxbOODPT wbwuéndp
EUNEEWAEET OE4& ET wb wbb OnspektyPiradyhamickre (paragerfeiene

E40l 6 wwEOU w4 bbby Okhjphrad b Bxup<trd pl (Nl 0P O U U a wOUERNOE U

zowej kosztem wektora pionowego wielokro - krasowych
tnie x OUy WKK\H & b E &igodybnika) gra-
witaciji. Wertykalne potoki materialno -energetyczne

2PpOPUUOT T wxU&l OU:MUwxDhééEialeduwr wEEE OT T WOUENOE U
cznebp a Eé UNIi @ik ®w U BBHdk-N & B E WU 0 p O b O wkéntpdénd, jakil pbdd
OUUQwI 1 6000x 001 pangste w GEstemydiiariémuy i podziemny ) przez nie
OUwxOE&aDPI 001 1T OQwEl U1 ULOPOWAB MOl Eal 6O oparatinaOENE wd
jemnego materialnego i energetycznego od  micznygpp 4 ENT OO1 wOEEADPEéeabPEODI ¢
EabEé ajege@®Ex OO18Qu EH 4D E esrystlm, paragenetycznycharakter, polega-
OPEwWUIl wpx Obbé aEODEwd OINGIEQUWEEwWIDR DOIWdY Aus OP D1 UaET OF
OPAaURN¢ wb wxO®UOBHEERUAIN0-  podsystem krajoborada UwUOaPDNENE wUDPyY wc
energetycznych (oraz informacyjnych) x O OBy ewolucji systemu) w U x O (b@& & bardziej
dzy nimi. sprzy DO@wub wOPI UUOOUwWUYT EPT O1 O
PwpaENI OOI T OwUAEOI NGPI OPEG L
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PUUEEI mOEwaUGD()Déwa}E@y@dnfafaggmﬁ@paERmB(eOOw
OUAUEeUUNT wbOOGe wUE)IeJEDRS%E(md?@ng%}uaOI PODyYy w

krasowy. ZbieraN ¢ Ewb OEa wOx EE-OPT wOUEA&A Wl UUO

UOPT wbhwUxUOPEEAENE EwN'%ﬁ&'?y'é‘tﬂﬂ@dry%@%éﬂféﬂh%] NwUx UaaNE
xOpby OU&al OPUWEUI OUN é- Eld\égkén{a@kéyUGDODwXOEaDl o

nej.. E1 E Opddziemnego EUI1 O EdaU

xUOPEE&T OPI whwl ééEwOE 07 WPUEGWicah dibkbiréedikchsowedo,

PPl UAET OPOPI T OwUxUaaNEukdwoOOhBuabDENB&EUERGP OwU b

powierzchni zlew ni (zmyw powierzchniowy). UOxOOO1 PE4AOD]I wbil PO UUVAOUENOE
6Lu0i OwUxOUGEWx 00Dy Eéétk|>pr@eEtradarie®Dla@OJ(E@>o<Cﬂ ouas UJZGUJUO

I na O E b Ukslthatacja ponoru w dnie leja  poziomej struktury krajobrazu jest facjat ho-
krasowego przez C)E Oi UDEé wi Ol EO@@MX@@@;EG@@I’ U ET Oi C)wa C)DD‘I l‘Jc’
funkcjonalnie i fizjonomicznie na podziem - men0 U wU & 1 @ & @ GluERdyjéstracho
nych i naziemnych elementachkrasowego wana N1 EOOUOEOOT 1 wx OEEONEwWUO
systemu x E U ET i C)i U aEadi 1 dduw toﬁ)éﬂﬁkkDIEIMaEJﬂ(iinﬁtupQ Egleby@aedotop)
T GO Oetelii O U)rocesyinterakcji x OODYUOe EEwWOOOx OO OUGhwbki U0aOEO
dzy podsystemem naziemnym i podziemnym Facja to elementarny geokompleks, najmnief
U wOwbkbi Ol WEEUEA&ADI] waé GNEOONIORAIGCHOOELEE wldy-xBO O E ¢
wierzchniowo i wektorowo, niemniej jednak O00x 001 OUatuwEENOWBWe EEENé
AEET OpPUN&é wUPGNwx EUET I GQddndstkEraalnluasrtkeblatakeobidmicziego

I OC)DI P E owi U Ua OEOOI w&&@@@&wl@ﬂﬂ/%é@@é@ﬁ&)@@wu UOE a3

O wbwx OEabpl OO0 wEay 1T Echqmdhla)ULmldsLﬂalmél:a«@w\A/ylo@@@;@h,

x Ol OUaAOwoOoNnNi awdGp bl OwdE ApUBAED it B PEDBEE | wopl EENE A

AEOPEwbPw* * wOENE wET EUE QU TUAESET audii WdiOoued®d diramp é Ow U O

komponentowy , EOT wbwODy E & a O Ofix®gaae)) (rdezyskaw) O ¢ E & Neiéhi w

To oznacza, O B yzinnymi , D Ipodziemna ¢+ OEVUAEUVUawOwUi T UOEUOaOwbaUUy

DwWOEA&ADI ODOFEWERGU A & wUP-ODUY 2 Gix i U Brp.EszeiokaQetasa zalewo

namiczny, a przede wszystkim paragenetycz- wa EURI NwUai OPwa wUUOEAaUOE Of

ny geosystenO w O U G UET NE& w Dl Eul O EQIERR QOB wx e EUODPET wx O Pl UAET

OUEUOPT wOwbaeéeEaODI wl i @O&NOdNORch ExatdidedzyN(jedibt). WWIKEa -

DOUal wxbOOOPI Nwb wolelat a 3iedQaxai EREDuO Wkraéb®i wO O1 & wE

rakterze pionowych x O b D éraakeiano- e EwUxeé EUAE4AOOEwxOpbPI UAET OD

energetycznych. usiana lejami krasob 4 OP wU GN Ol Nrarb BT OO OT
Opisaneb a NP &ET ED b OT E B w bckykkbhii) Pl KdsoWeuz uroczyskami zbo-

UO0UUOUUUA w* * wx Oadpdeyiicz-N & cay) dn@ FKoryt Manmytowyeh lub 4 EOD-OE N é
Oe uJDuJaEODEaanE@du@tEﬁi@pEingmizéku@I NKBalsowychE)UEo w9 wUI Ul C)é

tuUa uWOUENOEUEA&AGPS

14Odpowiednikiemfacji w ekologiijest ekotop lub
biogeocenoza.
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geokompleksowych jednostek topologicz nych, Kartowanie geokompleksowe ( krajobra-

U O é E E E sdinEksajablai}Geokomplek-  zowe) struktury OUENOEUE &4 GP WwOUEUO!
sowe jednostki OENET T Quwx 04 DO 0 buwb®ywoOoUaOEERBWx UaaxEEOGPwbacC
wszystkim swoiste geomorfologiczne 41 Ux O®DT T wUUOUOPEOPEWEEUE& D] NwU
xUaaUOEDODPEAIT w Odedsiynamdd U QadonotdicrdejOu x O OB1 B EXEbjé har-

Ol OwbwOUGUAET wUOOyY wE a EATPI OluuFAue GFECHDE Ry UNAEA G E Wlp O U T E
EEOwWN]I NwaUGNOPEOPEOBRI w&iEd aix U0HABDGOHER Ui UE &

0 U N é Ei wﬂDéuuzrﬂiJéE"E lA(DJGT]D E Oi -6 W Iéa‘rtoirvErEJLumGWrﬁka N inaOT (Tiraj-

pOEUe OO0 EaODP]I OP1 Owb P OT IBIUDHA OlwbubBOoWOBEDEEBORA EHipd-
o charakterze bioty (flory, fauny), gleb i w ten OaOwbaBadhh ebuwbBHEAaD] NwaeOor
Ux OUGEwWOWET EUEOUI Ual wEEE U U G krajapatubniekddsavegd tuddl N

lub innej rangi. Geokompleksowa przestrze n- najmniej o jeden strukturalny poziom taksono-

na (terytorialna ) struktura krajobrazu nazywa- ODE& Oad w- D1 OUGUI wOUEUOPT wol
naNi UUuwEGYIUQds. D)E &4 O e U WUEOWUEOOwWOXxUUUT 2 wubwaeodn

TrGpdziomowa (facjalhuroczyskolHeren) EaPI NnAWNEOwWODI OUEW@PI wOUEKR
topologiczna organizacja krajobrazu stanowi  nikato4a WOET EOOT EPwb wOUENOEUEAF
jegomniejlub bardziej uniwersalny (dlawszyst -  (wich U & 1 1) iebtylko linijnych form ero-
kich C) U E N O E)d&ial& taksonomlczny zyjnych lecz U G b C)E):‘tnmch form kraso-

rarchia nie pozwala na adekwatne odwier-  form qpx O U ] OENEOOAET uwchd 0OBOx O1 C
ciedlenie realnej struktury (morfologii) krajobra-  nicowane relacje przestrzenne oraz interakcje

Zu i wymaga wprowadzenia dodatkowych po-  z formami liniowymi w znacznej mierze kom -
aDO0O0OGPwmNI EOOUUIT B4, DA QWEAEN BB UUUY wbl POy UUA (
zwienat ogniwa (VIDINA , 1970),poduroczyska OP D OOPENE& 2 w OOOx OPOGBGPEOPE W
px OOPy E4dawi EEN &wBOun@eoO Edej(geakenpékéove) morfologicznej) struk -
czyskapodterenuVOROPAI, ANDREYCHO UK, tury KK jest jego podziemny podsyst em,

fuN WKk A O wE wdtryudp OB B Y Eia a- w UM @ O& & @y@daierzchniowym OwOEUI Uby
kiem a terenem) (MILLER, 1974) itp. Problem P wi O1 U1 By wepx Ual El whbU4aauUUODC
ten zazwyczaj ujawnia U b }'rzwoarto Waniu Przestrzenna struktura KK jest nie tyIko

UO4&Ea&aeée OO0 omdzara &&dbrazowego. (WEONUaIEKefza)rm koncentrycznych ¢

#OEUI 1T OwOU BNEE WEZA2awH G100k T, e@ERO wa EUGP OOwP OO0y Ué a E
EEUEADPI Nwaeonoddé wU U U U@Ap0u O o 0 uaINEREHuEO Bab wd & ¥ 8 ¢
a tym bardziej nizinne.

* Facjag to najmniejszehomogeniczna(jednorodnd

2SRyz2aidll 1Nr220N}¥T1 2613 ylLi2YAlLad 2SRy2aiG1Ar ¢edal e oK
NI t ReaNR OT ealll s GSNBye AGR® ylfSon R2 dzig2Nb g
heterogenicznyclfo niejednorodnej strukturze we

gyt GNI ySa0 gkochbrarhie g yS &N

30



Rys. 7. Fragment mapy krajobrazu (struktura morfologiczna) krasowego / é EUOOPanNnUw* aUOUE
P& UAEDI Qw91 UEPUAEEUODPOW44E]I OPUUEOKO
jednostki krajobrazowe:141 U04aa NOI wopxUal PENODIT AwUtk@omaanOEUa P UwWOUE
UOUEUOPDPEEé]I 1 OwxeEUOOPaAaNUBw/ VaaOeEEawl Dl UEUET PE4AODPIT wlU
krasowego: 2.11, 2.12 jednostki poziomu terenowego, 2.132 ¢ jednostka poziomu uroczyskowego

g))

w
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UGNBODNOBGOERBaAYT EDI Nwi OUOF wEEEE] T EIRIGD lodnitze Eg@® U U OB w x

czneU P O W&D O OBy IO G UBERT yukompleksy.

EPIl wOU4AUEeUUNeég wUDby wOE Uy ELQ I Euwi Ul OQIMNG E>-OQu T U2 O UE OOE
. E1 E Gfyddminacja koncentrycznych Z natury swej jest kompleksowa i hierarchicz -

form tworzy specyficzny rysunek(planowy, OEd w) 1 Nwil O O1 OUEOPwU& wEEEé O

OOUI 6001 PE4aOa Aw* * Ow O E Urerxddariziviaie avupizeStumehitkajobtazo -

b E N QiBidwo orientowanych 1 O1 O1 O UGIPNULNT EQOUUOPwWUOx OOOT PEAOI

OUE N O EigkrasGviyan O wO U & U E e U Odb ddenarffarnych homogenicznych (facjal-

przez powierzchniowe cieki (krajobraz erozyj - OAaET Awx Owa ée Ondol wbbl OOUOeE

ny), lodowce (krajobraz drumlinowy) czy na - heterogeniczne.

wet wiatr (jardangi w krajobrazie pustynnym).

.E4aapbi EPI OwbwUUUUOUUUAD kP & auBliser uBsh dyeiyoar B9 O O

x UNé wi OUCawobhOPOPI OWOEP®eBYRNE EWNWEOCOMBOODOQMUEIDD

cznych, skarp erozyjnych czy uskokowych itp.

Ich liczba w krajobrazie w stosunku do form Horyzontalne x Ob b é AIHABREOOx O1 OUGPu

OOOEI OUUaEaOaET wOE @e-NT wikKK EGE OfiS D @Dalycuw kraj-

woju ewolucyjnego KK. Wraz & wb a U OO BHBazach niekrasowych. W obu przyp adkach

e Oni OPE w* * upeQuwirGed INQuwu b B wb &1 @Wl x Ul 41 OUOPEGT wxUal

EQOwOEwxUaaNERnODI NU&IT w bEnhte@n ® ierdeéypadvOsaci b € E a

pod & D1 Yoy ze zmniejszeniem OB & N U & @i liniowego i powierzchniowego, procesy

cix OOUAPENEEAET wx OEeren | wtokovicel EO3PU QuiibdaRfMairzaych, migra -

OUEUOPAETI Owab6pi Koa ortnw UdeyOwl Emeapaakiioe & pdBi VU OOP wU e t

liniowych ,coUEONT wUx U4 aNEwaEODOBOPOOR @D iwxad) a4 1arud ybux>U@ O1 (

chniowej sieci wodnej, degradacji zlewni form PPl UAET OPOwbaUPEUAENEE] woi

erozyjnych. Stosunek form liniowychikon - EaNOa? OwEI EAEUNeEawdwxUal O

centrycznych w krajobrazie krasowym jest U4 aET wi |l OOEUwpUOEEé OwbP OEa Ouw

PUOENOPODI OwbOUI T UEODa K ODWDOEAICH My E®FAHMNEWED adl UEEDI

regEUx1 OUGP wU 04 Poduiiymava-1 w3 6OPE4& Ol wbwEEUAE&AOI-OwUUUET

OPl wxUA&al awxUGNODPI wx OE awmdtrd®dran sz¢naikh éxGidyiazAeE amusia-

wierzchni doprowadza do degradacjiformli - Né&ET wEOwxU&al OP1 UAE&I-OPEwWUD
niowych iba OU 4 U &l IGGED D1 wE WheiHBianas).
cznych (w sensiegeodynamicznym) form kon - 6AaUENOEwWUxI Eal POEwUAIT nEaL

centrycznych, na OU GU a ET w xi GBI Bdydje, komplikuje, a nawet narusza lateral-
Oé wbaOPEOY wOE U TUBEOEO0 & wx OC
" . dzy poziom ymi strukturalnymi elementami

52YAylL 02l FT2N¥Y 61f¢ a8 Of \[WM@IU &&M&K&cﬁ Soglfﬁ)dz?dé JLbra—
tSoyrayt o 1yhOlySe YASNIZ:ZR«ELNIN 150 clddaadSes w- &

cznych oraz wieku krasu. W krajobrazach krasowych

20al | N3 6 G(cNR APt A& @K O A IIMAQdnfym); krgsie wagyyaneteorycznespa
gim cyklem rozwojowym w klimatycznie nlezm|ennych EE N (ﬂeEU OUEU GDQJ.BJ%.eEea [ (DEEO Opb E U é w

pukb S 0 LI I :ANURDAN2BET G 202 6

YAF&G 6 {N}&AS dzYAl NJ[eﬁéé’éé’bbﬁ?@gu@“&?ﬂ%%"é N1 F A
61 ya Ok LINJ Sslodlen T2Nyve YPERBRNE Hardd ©8 RS
LINB&a2S0d YNIa22oNIr1e& 1N ®2BENp ©auiUUNIEsA 320 QEAWEDABDOU

LINJ Sel c“np dNGERI 5SYY2Y2NA| MnklaterBIdef (b, B)dze N
aYASal L y|ng aD2RK & ‘Z’e'-JdZ1Ge@l&r%\slezaO}LJ%KtJa'-@\@Lh@ﬁbl e 00 é wba
0es &

N dzd FtSdyA2yS T Nbg E%lﬁ‘@ P%qu ygéb§6@1ﬂ(f Yl(ueOI

yeOK O0yAS Get |2 SadeSRe(l2l
wych), jakNk ¢ ysiruktdralnogeologicznych. Pwpwa OEE& Ol Npoierech-a | wa EEL
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niowe formy krasowe, O U Gozechwy U UN éx O1 OUGPOwWE4Ay U0OwawdO*xUal OE4
UxealEUGPOOwWODODOP a wN E Stemdwi podzedretda ET OD O

precipitations

KUEUOPAET wOUE& WOl NOEOPwawUOaxUUAEAEOPES w6 UOUUI OQOwET axOF1 Ul
UOEOOI OWOEE4aPE¢aPEOPEWOEUI UEOOI wxO0OPyEaawl Ol Ol OUEODP wO

6 w0l OwUx QOUGEwWx ObratBE NUBYWwNE&EDDBAHD DO Wl kgt Ox O OUC
no-centrycay (a nie liniowy, jak w krajobra-  zach niekrasowych t EOwUOap ONUwx ObPbé
zach niekrasowych) typ koniugacji materialno-  lateralnych i coraz szerszego dynamicznego
1 01 UT1 UaEAO! NwRNE Edpbrar Ul édaudrd | PABEOWGED Yy wN1T EOOUUIT 06
A0PAET Qa9 BOOI 008 wUVAOPREEHANODMSIDBEEOOT 1 WEOUAE&AEEE
ENEOOAET wOEEA&DEé a b E E-w arhlnyéhyx W papDesdfik thnad e uvoOKK Erid
obraz. Mamy b b yd&amynienia z przestrzen- E1 EAEUNEE] waOEEa&l OBl -wbwNi T ¢
nym ograniczaniem poziomego wektorapo- Ul UODPOUNI wOU&aUEée UOPE-OPI wNi 1

OUPEUUOT EPé wEAOEODE 4 Oé Tald pihi v pizypk E OO D E OB E®RET U0 OF
PDl O0Ox0abpO0O0OPalbODwbOU1 UkyhElddabd pobkiurtate b énardgeiyc®
El OE NraffadiauU U Ox OPDE w0 UE CGlawdwOY E®&@wEae wNI T Owl 01 01 O
x OUOOGPwWOPY EA4a 000X Ol OU Qdeakénipleksyl v patadynamiazoel (pavdie -
O U b E U gedsysiemu). NieE Ow U O1 G O ddyeEzNe FEEUi®ae utwory funkcjonalne.
iupralU 4 E AaEGIMEOP DI EaD] Wpwhi Whaudé& HEEOD W UEOPET wUOEEEGD|
U Uy xeddsricjado zanikania horyzontalnych paradynamicznych lub paragenetycznych mo-

i w sumie ¢ do geodynamicznego izolowania go otoczenie,i Ol delisa krasowa (z pono-
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Ul OAwDwWEUI EEwxOP DI UaEIO0AEADHODGOWEWwEGHElemddID w Ea OF

U G Iparagenetycznych jest determinowana we w heterogeniczne systemy paradynamicz-

ukierunkowanymi potokami materialno-ener- Ve w heterogericane
. przykfady
Poziom plan przekréj =
o &=
1 proste & = 9 =
uroczysko e
///7'-\
&
2| Uroczysko | r -
v\,’%ﬁ_},
3 Teren -
4 Krajobraz -
Mikroregion
5 fizyczno- -
geograﬁczny

1 2 s d+ Bl s

Pl wbi U0aOE OOURIOP@E W4 BOUNE wike wi EPUe
NwUOUUOUUUA wo U HoRetoEyamisztepwym paradynamicz -
Ol wuwbwxEUEI T Ol UaE&AOIlI QGwl I OO0
O0O0O0x 01l OUGPwWOUE&awxOEUVUauUUI OG

P NN . T T AL VY SN, N o~ s 2 N

N
X
-
[N
— <
o
(@}

UGPOOwWwxDOOOP E w N piebusApmu x Eaap0RGEH Qugpxue UET 1 O1 UaE&AaQaEl Awl
przypadku zasadniczo, a w drugim + & OE £ 4 © E Uy Hl&ddktury wertykalnej i dla struk-
EOOwUGNOD w U by WENEQAE A @MY totyZontalnej ma charakter nieco umow-
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nyWUal EaabpbUOOE Iﬁoﬁeﬁjdkcf\lé O wWOEUH WA HOODaE&aOE wWal wUPOD
XUaIUUUaIOOEwEEeO|‘ wﬂmmw&w&ﬂ@mMMMUEEWWM@@m
T1 01 0aEadawbwlUUUUOUUU & izalGE0A | WEGEDXD GNauws G BDuwE @d -Qulil @D E
jako element powierzchniowy pionowego sy - nego* * wubh wUUOUUOOUWEOWOEUAEUC
stemu paragenetycznego,O U G Udrubir® @le-  cych. Nax U & a @ eéGHIEO b iaddoczeniem
mentem jestx U G pOd2i&mna (jaskinia) dre-  px O é O &uitoBhBoiniazneav terminologii L.
OUNe EEwOIl N8& w! ENIEA BlemMduée &R F1870 sugeruje przeb E 1N GeBriokie-
x U G pddBemnej, lejanad O baiaz zlewni  runkowe pOEwUUUOOaw* * KWOEEADEE
lejawjedent POUT T UEOO A& wb wad O dhrazinia shdj@ otoazenie”. W takim przypad -
sowy naziemngodziemny system paradynamicz ku otoczenie praktycznie nil wb x éna®EauU E é
ny (paragenetyczn) w x OOD 1 b E N w b U dowahid KrapdbraziN{z b ON & Uypiik® kli -
elementy funkcjonalne T EBDT O1 wb UeeGé hatweedoN évijegorozwoju E1 EAEUNE E a
ET UNé wUDyY wb aE knieh@anéyu U AJEGIDIE®@ wOE N é arozvj0. Z koliakku U E O
cznym. w E U Nridize determinuje procesy zacho-
1 GDOD] DujﬂgrmyK‘m@cﬁvé& ap. du- Eé & Ei w b uJNi T r(bum@lﬂdhiﬁrée‘lo@DUwcp

T Ol x8 WEOODOY wO U Epdridrens O ulChpEEpausl ECUUOCEDYEL & 6

OEOUDA wE U U aperdiérachhigned @-e O Przy alogenicznymusytuowaniu KK (na

ny systemu paradynamicznego, O U G UB 4 yOfiupoziomie OUE wx OOPNIH RO OAPEB R ERB @

E px80 E & D lje©Ysiem jaskiniowy OU & UE értadko) K* WUUENT wUPy wOEEDOUODOE

PEOQawxUal AwaEODPOENE Ea wrEEWOIORAY W HODDOB uekdUOO0DP wd

N & tfm tropem indukcyjnym UGDOﬁainD T i Ua E4aOl wbwE UrJi NuJODi Ual OwE

PET wbhwOEUI T -Gaopdemi parédy-1 Erakter i U U O »kiddovgenia. W przypadku po-

OEOPEA&AOI T Ow px EUET I Ol- U aeEGDI (Xt @vegt) Krajdbiar Krasewy

go U Exydymamicznie i genetycznie sprzy 1O z jednejstrony, przyjmuje ukierunkowane od-

nyfchEAy T EPwx OE&abl OO0l Nwb&Ea OEPAPREEDPODBOEPDINRwWx e ONOOAE
11 E U U Q &pBicifika systemowakraj- OUEUOPAET OwaWEOWADOERBAAEDWO!

obrazu krasowego jest determinowana szcze E 4 b E ealirbjbbrazy x 0é ONnOOPray0OB NI N8 u

T GO Ol®e E fedofednostek struktural - czym, potoki materialno -energetyczne, tran-

nych (wzbogacenie jednostkowe spektrum a4a UO0OPOwxU4ail OPOENEGET wxUAal aw

geokomponentowego i geokompleksowego) cznefUUE OUI OUOEENPOwWAaEUGP OO wx

DPwWOUOEODPDPOT EPEOPDwWx Ua Il UNEA@EOTOHRGRABBEG W WebGixieGEpE N é E a

Ex Dy UUOPOT 1 AOQWE wikkaséwgrh ulEDE®WNEHOI G OPa OwpbET wUOEé

t sposobembPET wbaENI 001 1T OwOE EGrabiter @60 BYPP&EawWOUENOEUEAEOD

CpOOOD UTEENDPAOwWUNE P OB E Nrai ErilelkréGQW)Ur’D;aMIyl:ij@lfaUUlEEﬁ@E OwE&E

niu swoistego ¢ krasowego typu geosystemo-  sami nawet ostre. Jest to spowodowane prze

PAET wUOUPOUGP wx E U pdfayed E Q@ iEsay8ikink litologizznie uwarunkowany -

netycznych). ODuJaEUEEC)DEaaODwUGDODEEODw(

N ~ N ~ s £ NN

Z otoczeniem

17 — N
; SN =N i 520NEY LJJelUIRSY LJ2R20y'
Krajobrazy krasowe, a U E Omldkrasowe .
jovrazy ! ' peoeye tdo FHALADI AJBBEA S

/

JoVTazy Frasbhve, a bt = LIer ¢
WUNY EBBOT ED@wartmi geosy- 35 npzends yrR 23201 Syasyo
U0l OEOPwWEaAOEOPEA& DA OE)OuJBp;Pg)aaN&Qa @’@W)Pia@za\@“[ AYOD
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OPEOOWOPUOOOT PE4A Oa OwUI khdpBiiu N & B iEnEDia A1 O Wil sgddbdseu G O

OPl whbwl GUEET wE & a wbk woOE Wy heldrastine wgranica}0G GEOMEAED Fa-

kuest, tOPEU&aaU&aé wi UEODE I- w @wycré) dDdhdrakté k W apll WD I0-R) .

OPAB w6 Ul Eawl UEOPEIT wOby £B @axuOBENIOE X E & HEmiOUIGEOE Bux 0O
OUI T Qdbrorfologicznie (skarpy platecau weQw OEa bbbl UEPI EOENéé&d Nw ObPI U
OUEUOPAET wbwoOUIl Ulnbow OBERN 8 GBI & UEDBWOU Qe Eanta &b E O
(rys. 10-B). Na obszarachU G b O D Ol0m E krywy ,D a4 O O N elEER U Odbpdwie -

b a nNa O Gandrioklinalnym zaleganiu serii rzchni.

krajobraz niekrasowy strefa
przejsciowa

krajobraz krasowy

a
o
9
1

0 I I L L T 114_‘1_
= I I I
=———N 112 HEF43
e I =1
B
| . : .
krajobraz niekrasowy krajobraz
krasowy
> (e
\-A\
A\ Vv Vv
v, v v oV = T
Vv \4
Vv \4 Vv Vv A\ Vv Vv \2 Vv
Vv Vv Vv Vv Vv \4 Vv \4 Vv
A\ \%
1 ” 2

At+OPI PAUENOEOwWxUA&l NT EPOPEwWI UEOPEEwpxUaaxEET Ouw@oirp 000D OE O
niekrasowieN &€ ET wpUIl UalT 1l OPEA& OI A wx OO UtalrCERNesakd QUUE Uiamay ONEEEU Gorult TuN é
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%UOOENOOOPEODT WD WIRIHBIERWPaUO00T EPOPI ROWEOL
. nicznej obszaru, typu krasu (litologicznego,
krajobrazu krasowego morfogenetycznego, klimatycznego itp.), jego

Funkcjonowanie wieku oraz wielu innych E & & O O D@ b
OPEaOOT EPSw
Funkcjonowanie O E N E krdjoBrazu jako geo- 200000 0Uy windd@pHafoiideaE OO é waop

Uaull OUwUOwhOUI T UE O0O4a Okescvéydpirératania EraO LR E 4 D8 a0 Rd woC
ustanny, zsynchronizowany itp. proceswy- 1OPPAET wx 04D OO0GHhyw.UDIe&O0ODP1 OD
OPEOGawlOEUI UPDPOwI Ol UT-b DavAywidted muiprépbrédd4nie Eid! iz zby €O D y
dzy jegoUOE EEOPOEOP wpl 1 000 0% GDEySdint Kefpirandwegd (W tym przy -
kompleksami, podsystemami itp.). Funkcjono-  padku tylko genetyczna ET wE OO OGP wi O1 061 6
wanie krajobrazu krasowego jest niezwykle PAUEUUEWOPEAEEwWI UOOENOOEOD?
a e O NTakjakdvkrajobrazach niekrasowych,  dzy nimi, przy czym wzrost ten ma charak -
jest ono determinowane stUOUUU& wEEe Ul Owbbh OeEEOPE4Aad w3 OwNI UAEA]
Uaul0l OUwpOPE&AEE Wi O O CdleGirruenduekd 8 WAXAW T 10 GARBEIE OO E w L
xOPPDEAEEAWOUE & w x U0 Ezh U EO®uGEEGEN. V06 @ 6 & BtIMEuiE & bra-
U G b @@amym systemie, jak iwjegooto- OEwx OEwUBPOYOwdBEE uEEEEODEE
O O Tpddziemnego podsystemuzb e EUOA 0 9e ONOOOBUUOUUUEODBEW* * OwNE
zbiorem T 1 OO0 O x O G UEGRGUD E-N y LG rEGEENG B EQE 101 01 O0GP wbwx Ob f
POT T wWEEel T OwUaull OUCw A @G su®d®iOd & Rukpd wpiOHIUUBT DaEA4 O,
OaEl wx Obbé aEE wb wE EOaENERG BOUWRUe®IT E®18@ Baktygn O7 T wi UO
PDy OBAENW RO, Struktura KK wy-  cymi U Baypodobnych warunkach geomorfo-
UBiaUByGp OB UDa Owl Baud Bé Bayicznych i klimatycznych.
aEEBI bpOy UU,p@aewszystkim pio- . x UGEAAUGNOPEOPEODE-aub-NEOOT EE
nowych. UUEOENOOE 001 KK {fimytzazbotxhed U G b w

& e GP@EOE OPIP®O @ BRKKOE O Onicznego, agregatowego), w jego funkcjono-
T OwhURKENWEH wOEEADEE 26BOD Lk PPE RO OE RzesttZd ODET w
materi i enerdi) x O O D ye§oparsystemami  nejlokalizacji Oi 01 OUEGPwWUOUUOUUUEOD
OENPENODPI NUAT w x U4 l-eBed P D4 dERIA i Wual (BGal adEla®da b1 00 a w* * wN
getyczneOwU U UE T Bifemibrdterahon A EOa wa-QOOEADODI 02 w* *IOWE wx OF
x OEUa UUNaOQGra a OawBbBabPGNuny BGAODW izfriup DEEADEe abPEODI
w podsystemie podziemnym powoduje pow - E&4a OODOGEORD BOF UUA OI-T1 Owepx UC
UUEPEODI waE x E E GBI U ubbBau-GREP ECTFU Wl é 001 E 4 GitrgpurOx EE a Ou
EAaETl wUxéabwbwx OEUAUUI Odgehicand pditiemiya OB B8 bub&ayn-E OD1 w
lei, zmiany na powierzchni (wylesienietere - ODOGR OEOPDPUOEwbi pOYyOUADI T O
OUOWOOOOEUEENE wx 000U G AAHdriennriE, Kapadddi€ upsiopu ix U G
EDI T wxUOETI UGP wP wx OE Ua hbmaBdmnysh) &kamula§)d aEdau@p).
phpaxl ¢eOP1 OPI wxUGNOPDwWOERMMKEDEAQADRIBDBVAOWOBBL WX &
nnOEPUBEDAaPEODI whaxkiywe-OPEER&KDWOK O b 6 ohd Badsformacyj
O Ofinterakcji x OOPYERAOE wx By WWBEAMGEsunku do OEEaADEeabEEwail pOy UL
podsystemami KK U4 E O1 nestbdidd Bbz- (odi1 GWrl b Oy U U@dda0R:ITh powo-

37



KRAJOBRAZ NIEKRASOWY KRAJOBRAZ KRASOWY

-
50
45
T 40+
E
® 30 KK
g
R 20 Bazowe geok_ompongnty k.rajobr'azu
z krasowego (powierzchniowe i podziemne)
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2 4 6 8 10 N/ atmo-
elementy ,i“
@ () Dbio-
A antropo-

pOPl UAEOI AwWOUE&AwxOPPEAEOPEWI OltOIUEEGEWNE EB OW@WWA IOwids &
KNK ¢ krajobraz niekrasowy, KK t krajobraz krasowy.

duje pewne O x G i O B Ire@gbvitaniu podsy- WtenUx O OGBEE 4 b Eryanik& ODP1 w

stemu podziemnego na wydarzenia w podsy -  (opadowego) odbija U BWE E é sysiemie, lecz

stemie naziemnym i na odb U G U O w E 4 a Omethan@mieueagowanianaOEE4aPEé abPEODI

EOwE4&4aO0DPl ObdE @8 & Kd3ywd® @ &zynnikowe podsystemy KK EAPDEeé ENée wEUa OE|

OPEa ®AEEM&AW E wb wx OE U a U lnichik. Zjawis kb EWA OED UOOPE & OOT ED wx

UEOOAET w* * d w* OEUa E a 6a OGuix@ an®eOrE Ao dmoiOnzienunego

Né E@l & ¢ NH arkakcjakrajobrazu kra- i podziemnego podsystemu* * QOWE OwOE wE UNI

sowegonal PEé UGpadyiNeux OE4 e O audEE 41 OD1 whwOUAUEe UOPEODP Uwl

EaDEé abE 0D asiebiedazidhdy(pdil wdego dynamiki i stabilizacj.

system KK (filtracja b G Bpadowych przez stre-

iy xDOUEUOPEé Ouwl awanpwpad | Gl WE OPOE wWPWUUEEDOOOT 1

tokach przed ich zanikaniem w ponorach). Do-

piero po kilku godzinach (czasami dniachyma ~ / OE w x O Bypaeikréjolorazuzwykle rozu -

miejsceb & UE iwdast x 04D OO U wh GhieWOF @wx U4l E | niebdéracalttU OD OO w

a4 bl @bieh koncentrowanie U Bwpodziem-  zmiany b a U Uy xwritépsd b x é a pZa-O

nych rzekach, czyli w podsystemie pod- UGPOOwE&aObOODPOGPwPI POYyUU&ODaA

ziemnym. 1 01 Ol HjakPrwal p Oy UriedakcieE T wp
krajobrazu z otoczeniem). Zmiany te nie na-
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AEOIl wxUal bPE DOQ;Eodyaampczu O Bpycb obreky czyni E a O E OBdpoprazu
nymi (I UO@QW@xeabl Owx Op bl UaER O®keR OWDaw T NwU eeed00DT UOD
UaEaT 1 GOOPI wOwxUa&T ERI TUDWGE OHB®U Wdiws @WGEOE®D Uwa w*
UOOPEUUWET EUEOUI UwUOOPMBIEOVOR b OF ks @®EWAENPea UER ODI1 u
zmiany cykliczne (dobowe, sezonoweitp.),al- w O E U yi E2EyI E Walia Eécznych, pozosta-

EOQwaoOpPEOawuUl 11 Ol UEEa-NOP DS B & HE (bl foiné uitBriieEwoso=
apPEOPA DOOHEGWUEOOA ET duip& O misStahée gasywnej dynamikiw E é UN
powodzie) lub antropogenicznych (wypala-  szych odcinkach czasu.

nie lub wycinanie OE UG b O w0 E Jodt-E O b ET@Pjbk i w krajobrazach niek rasowych,

UAEODTI WOEUAEUGP Awb U x-6 w) 0 EROREGICH &1 F) G jedbbuidaibod E A EE wWOE
UUOwaEET QFEARECE WEraud wa O BefidhaduO U BN E WEBv OAaET weOODyY E4:
coraz bardziej & E U b E NEs@@dsta, wzra-  mentami (geokomponentami), aleit EOQwpPa UGN
UVDEwOP&ENUAOT T wxOOUA P a unia KK {ExGRO DY GEuaa Quix OE R ENE OE ODP w
U Bdgliny rzeczneOwU O4a 1 Eéy &4 b E N éaym Uigiemiy énp W &rajalorazie krasowym
PUx8AOwWUAEAT T GOODPI wb wx dlemantylpEddysterrual By OrE ODEW U é wi E
zjawisk katastrofalnych (osuwiskaO wWOE P E& Rféua EOl wOPl wUaO0Owail wUOEE (
EUNI wk &b bO w 0 Uay Ubli C)D E unédeIe@ém&rﬁi podsystemu podziemnego

Epbanddyfatkagpa ODI OOOaJesﬂKOun:mi;bﬁkumetachronlczn&wUUUUOUUUy wEad
El 4axO7 Ul EOPOwWOEUUY xdld-U b E O@& 0INOebishinaldaCspstefiux O UG b
UapOOTUDBDENOOE OOI Nittenb a dylvéria Resdfdl NwCaGQi€dyo dfobzénia jest,
akcj EP GEle Gb OadEH U a U Ujéb@ab w jak wiadomo, warunkiem jego UUE E Day® OT ED O
zu. W KK funkcjonuje j ak gdyby druga, do- OPWAEOOOOT EPWAEET OpPabPEODPE w!
datkowa baza(czyUGNOOx 0a Yy OFEIaOEOPEA Ol Nwx OEEAEUWOEEADEE
erozyjno-E1 OUEEE A& NOE Ow b wx O Unydh b® systethGIoOOmwracénil do niej).
systemu podziemnego. Podwaja (conajmniej!) W krajobrazi e krasowym warunek ten nie tyl -
onaEOUa b OWGEW UERT OEae OBOENTI U0wUx1 e OPOOAOWEO]I wbaU!l
w krajobrazie. Pppéad@&hwbal Oy EVwfdsys®ETI EOOT 1
Dynamika * * wN1 UOwpP DI OGO Uhid pédBidmuegddiaz ha2iemno-podziem -
wanaU G b O Ptegd powoduOwnNi wOENEamUax Opbpe aEEwP] PO UU&AUAUU
UUI OWNEUODODOPaOWEUI OUN éGeaecnakiéd, ka2 1OWORTHdKimynau BKa a
OEUY EOENOPEwWx OE A& DI OO0 E wétarndinkje & & IOUpAIRCEE Gz KN , po-
OEEwWOP&e OwUUEOOPDPE wUPRI TatuOdEE B RO Bsdieiyd w pN E O «
aywi UOaaNoe OwE OwU @ DYO b Hika Stiuktuty | (U yODWDEEEY CEbériedzd v
namiOYOUE 4 wUx U4 aNEwORRE OORDHO EHORAMWBDY IEPP OPAEENDPS w . E
x UE U4 E 0P UnkpabBtontrizhcd gmian
a EET OEmw $ystdiie krajobrazowym .

e S Vig AP A RpTAty2Tl O&

6U0aal00dwlowodDl wOaOEEa(FbL(?!\sbI %b%?g %Pf US | JaeA yer o

OPEwWUDY wi DaNOOOODEaODI/uk@ngall_,Q &kl a Ufjlégaiiﬁ\glé\l PR

OPNw* - 6we6wUPOOP] WUOUE WM E & FE @UAO%EJI%@EUEQ&EQ A0y

o UO4a b b O pydsyaténie podziemnym € A 0T dz 2RRI ATt Z 1 Sgyt GNI yec

lub krajobrazach z odkrytym krasem, aktyw- Y 21 6 Y'}'/l R ILJ}I\\IJI; 15'1 >Z[5)I\ SRZ OIN? )FRY{; } Sf fi’”\ E

e : e ¥ ¥ e ¥ <

Ol waODPEOCA WPk UEGS MG a0 BE&aQ a8 , 2 5 Ol taAS 28Ry S32 2RRI
0Dl Owa OPEOAwWxUal 0PI U4 Eflsdidugdd DY wx OEwa bl 0Dy 6
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OPOGbhwal POy UUa& Oa £0 kuOIE Gyospodartie@aild I iriiensywnie zmienia kraj-

ry czy od E O é Jdstzawsze buforowane przez  obraz OEUUUEOQa wpxUal EPI T wOOU:
naziemny lub podziemny jego podsystem,  wysp, erozja boczna, osuwiska itp.). Inaczej

4a00DPI1 N ith destrakBrany b x é ydufo  bywa w KK. Znane U égrzypadki zOEU4A EUGP

rowy mechanizm stabilizowania KK).Dlapod- pOET GUUOPET whwoOPI wizdOodOowl E
systemu naziemnego buforem ET U O O P é Wwa @worzo na na obszarach niekrasowych,

goxUal EwOEE & beddodnipnti @p.E Opray b UE UT OriapbEzBr Urasowy ulega

wyziewami gazowymi, promieniowaniem) Ol EU&l OPU~> wepOEODNI OBDUAOQWAI L
NI U0wxOEUaUUI OQwx OEpodd1 OB FuwgtEER U3 x ENYy Awb GE wx U:
system podziemny chroniony jest przez na- sowei U O U E U GzRlingw skalistych zbo-

ziemny przed OEE 4 DE é a B & ®® 0 ®Odzdehudolin.

1Ta011 OPEAOGAET wpbPET EEwUI Ox1 UEUUUAOWET ax0

T Ul EODI I OwbxeabwaUGOiﬁpétgbfm@rﬁﬂ\@jE(lsaimbeX/Voﬁj)i
o1l ooLucnesEoELocuu 601 T Uwb U X afofucii

007 1 wospEEAlGIH OWOEPT UONY OEkmiaElu» 96 DORIU aittddkGOp a ET w
iOE Opofaax Ual U0U&T OOpodsy-ObPDOGE PPE E & wlgedihodpor@itteind md-
UOT OKigszczeliny, ponory, zapadliska, stu-  systemami) krajobrazu krasowego, dominacja
EOPI OwOUPOUAWNEUODEAWEX O DOPIOUNE mid 6 OOOPLORE 4 DEe a F
dox OE | é E Opfz&plsicEania przez sie-  nie wektora poziomego (w tym + z otoczeniem)
EPI wUaOOEODPPAET wzérieézy D EHP&doldtaowgmid Xpfzyczynami autonomi
szczenia) lub gromadzenia obcejmaterii 4 bez zacji* * wph w OUEOEDPI wNi T OwudapboON
UaEal k&kodyQilaBEel T OwUa U0l 084 eé B euksdndrBzwdBamoorgani

O b EZdréekzyszczeniaprzez szczeliny i pono-  zaci)p wUOUUOUUUAT wE42OOPOGP WU O.
ry, podsystem naziemny zachowuje, w od- 6 WOPEUY wUOapPONUOQwPbwUUEOEH
UGNODI OPUWOEwW* - OwUPONe w8 OOOT iub a1l BB EMBMBDE wpi b O¢

E abp E w Ub y w U O w O O U a U ioﬁ:sw a Er\@ﬁ)eimﬁoép@d:iién@]tjlch fﬁt@r&k@]ixjego ele-

OAaEl wUPOPET woOOI OUOUGD@w@prrﬁv@dzlvmkGrlééi\Me@@&utEavﬁ
sieUGP Otwalfia UBDy wWOEwWa EODI 6& 8 Y & Baivhdddanegma tle otoczenia.
cych go substanciji. Sprzyjatemu zazwyczajob- 9 EODOE ODPI| w U xeéhadidwéhm pods D1 U

i DUOT P prEa uupwoooomlEg‘blEj@&fbrmdwurﬁequyaLEouEpy Ea E)LuDuJUOE
lencyjnego charakteru ruchu b OE & wx O E wéER y(fi)ueé)u E eUawl GUwUUOe OPAET w
(w podziemnych rzekach). Na tym polega powierzchni (plateau krasowe). Powierzch-
adaptacyjnyO1 ET EODPa Ow U UE E B O Ofitdnie wisgh zhyR saybkichhu zniszczeniu
sunku EOWOEEA&ADPEéabPEEwal b QgnldddyjlemiEd pdwodu nat ychmiastowego

_ Obapodsystemy OOT fwuGrOPI Ml’é@é@tﬁﬁ@uﬂ@x EEOPaEl wxUal aw

jednegot absorpcyjnegb mechanizmu stabi- OOOEI OUUEENDwWUxeabUwxO00DNI |
OPAEENDwPw* * wOOT 6 wEaT uxxGrAEEARS pul PRUEFBUODOEE T AW E wUD Y
rzecznych. W krajobrazach niekrasowych nie- OGP wb wWEUUA&AODPI OO DB IAaDDIUE x
kiedy dochodzi do znacznego (5¢10 m,ana p PEl » wb Oy OU& T wOEUa b U we wli ¢

wet b D y Bzristu poziomu wody wrze- OEUEAWOUEUOPawNEOwWTI EAEAwWOO
kach, co nie tylko powoduje ogromne straty al pO& UUa4a Owd B BiRtniethiwyE w
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T OeEwal pPOyUU&AO0awOOU&UIcOLaEIAU U Wi NEBNWRE OHE@)Ge E |
trznej (formowania U BDJE OE exGrG)Ea® OEOI NawaBEBPPEBREOwa whsre a D1 OE O
OOUI 0001 PEa Oa Ow O EQRE &Qi® P DEI0OL Wawd®wT 1 01 UaEa OaEl
cijestUx OPOOODI OPI WOEODNI OPEHOYPROEUBEE OPwWOUEUOPAET u
KKnatt OUEEAENEEAET] wOEUAGBCGPODIBaDOCHAEP wOOOEOOD] WEA
OUOOwbeéeEYT OPI1 wprtyjmBbjé rid sidbie O Exiajobrazowe obiegi materii pozostaje w kraj -
EE€OOPPEDI WOEE4ADEEADPEODEUWEABRDOBDOODAUER A GUIOWAEUGPO
OPEA&AOQAET OwbUOUUI OQwEAIl T Hmi WasEE UGB el GRewCaEreaaluaD FEyU w gpx (
i O E O INRiniej jednak, inti OU a b gn@an T ne, trawertynowe tamy i kaskady), jak i pod -
w KK (niewidocznych dlaoka + x OE wa b1 GdnaefpEl 1 OOT 1 OPE4& Ol wbwdl ET E O
OEwOT Gé wNl UUwPanuUaE O wxn@eded W dRrasoviyEhl GastfoyUreeUR AU |
w krasie (i nie tylko)T é G b Gcaybnikiem PwUGNOI NWEOwxUEPEEwWODPI U4l O
OeUDbé aE UG kehefiicznie, jak i me- ET OEPENRwx OEwUaOwbal Oy EIl Quwb 2
chanicznie. UGNOEERDOT EDOBDVEGGOU GHeE N é w

91 whal Oy EVa@Bb OBy Gipe el a POPNEKEdhEazach E D1 x2¢watEuiOa b O
iOU&AUEé UIE@PHE A WOEEA4A D Da & b EWwhusdetwszrych OEUT UPEeé wEI x OO0
pOelUaUaUUI OOPAET OWOUENBEAUEN wOWEUSOG R AWIUENOx U4l 4 w!
UBnhieja EOT NOaOwb wx OUGP OFE @R degazacii ¢29 wdp&ranywdnia wody ,
go egzosystemowego (strefowo-geograficzne-  w drugich ¢ poprzez proces kriochemiczny
go, sektorowo-klimatycznego itp.) otoczenia. P a OQUENEODPI wUOEe EEOPOGEwWODOI
6 wNT T OwolE U yeRBI b liiaxH EENaBstwaderhacdn€)D O OO EBI UvD IEa-U
by i biocenozy (ekosystemy), znacznie odbie-  obrazie jestjeszczeN1T EOé wEI ET &wl pOOU|
TENEEI wOEwWwxUEPDEEe Ob a E T WwdhirG NG 18 O itndHdE Kid zhad
malnych> ke ET EDP O OBBEEUGN OBENBEREY - OWEwWPUOEAUNE wNT Ead
je przyrodniczo natle strefUOT OP @QI&-a EQO ®OWWE P O P 1 O una ebOdfotmadi & EK  w
bowychitp. Na x U4 a2 O¢é EEOwA |l wb &% OF & OmubEwx@®EO hidntaayikijO OwE a1 1
PanUuaodde wUUET O1 7 wx Ob blobrdzéch ieRrasouych.E 4 D1 0 0a w
EUI OENAOQWEWEAYy UUOwWUI-NwP a nuadEslul (O 0hudl ullEQUAURIG NUkudO U E N O |
wierzchni skalnejO wb WOE Uy EDI1 w*-* wwyEhath(Brkheczedi®(gdackdBvihnie wb ys2@

PPENé wUPy wi OOOE b a wb w b asUkxeaaurawx Wi OE€U 1UsE pOUIEEGICRUISRA b ON U u
UOT OPOwWUOUI I awEEUE & BI RNaaciaheNd ELOPuOE Glb aud FEmatdi Badw N1 w
PAET wUOOUT I wOONIT wx defoi- O EkOIék W FAUKRREX TP T UGE WD OOAE]
muN é E wi stref®auibud U 4 é EQEPLAYUBG B Wk auG b 8 w
biestrefx Oé ONOOa EhawBE OBES W N RNie BEOI Na wNi EOEOwWOEUT POEOD:
OOwWwUOWEAYyUUOwaEGPOPOBP&HWDYyROY DUADAET WE4&PODPOGP wl
Wschodnioeuropejskiej (ANDREYCHOUK, OPwOOOUUOOPwWUOaAPONUW* * wx OxU
2007),Zagadnienie to ilustruje rys. 12. dny o7 U O E O EibHrOO@@B WG b OD1 DWEUNI
Zebal Opd&allul Eal DOy wi U OAdddee0 @BOP@EBDENWNI T OwOEUUyY xUU

oraz Ganomalne? e E7 E PN GoBrskiy Né wUDy wb wOUENOEUE& DI wbwxi U
(1972 1977 proponuje b & U G NKxBvipdsta- E é UT O U @wokigyjnhdy.

41



pd

lasy
mieszane
i lisciaste

lasostep

step

potpustynie

0 200 km
L1

Rys. 26 w/ UdaOeEEwWET | OWOOBIE ED LORYEROOOTI NOPOOPawxUal EDI T wUl

x0eUEODPOOPaA WA WOEGRQADO: OOOBDVOEOMOTI UUOx1T NUODIstbkwbrallf ¢ UNwa EE |
(ANDREYCHOUK , 2007):

A+UET 1 OEVWEEUUUEOEaNOaxbBwDbe O édEdaatbaliERE O6e UEOPOPAET wl

oraz niskokrz ewiasta), 64 lasotundra, 749+ OENT Ewepl PD1 U O NOE@ OIPHERIWDENS & wa wi EVU
drzew drobnolistnych), 10 ¢ lasy mieszane,11t OE U a wO b 1t laddiep, A% 10usep (siepy trawiaste),
154 x Gpastynia (step suchy), 16¢ Ural

#bbPl wi eGP0l WOBPWAMBAYAOH x OET OEQawx0eOni OPEwI 1 @
Ne wbOEwal pOeU0UaAawpUODI U Wb KO Ettefowagd ithipsdddrackinddp) 14
U O 4 b G Rlimatycany(egzogeniczny)oraz  bxéabPEwx Ox U4l awUODOKEGBEWUUY
tektoniczny(endogeniczny). Czynnik klima- DwEAEUWDET wOEE 4OBE BEPED® Gluipk
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runkach cieplejszegoi bardziej wilgotnego kli-  wego obrazuje rys. 13.
OEOUwWxUOET UawOUEUOPI-wx UAIOE 80 Ginfrakans BnadtiedTynart -
niej, dlatego KK szybszejO U D & E @N B & Eeilrozwoju KK OOmUUP P ,UnEvweD 1
(a nawet equifinaine) SEEPEwWUOAPONBOwWBOBRDl BE@wadoPOPwaead®OUI UEO
w warunkach umiarkowanego czy zimnego mentami)U® ENOD 1 &bpeicieb aUE-é UOPE
Klimatu 2e. OPEwi UOOENOOEOOI Nwhbwi paNOO
$pPOOUEaAaNOGawbxéeabPwEaadbODBEHUIOODEODRIEGIAa OOBODWAIT b
got UUET GP wUOOU Utna kagobrazO UOBN duwd OUT OUapOOT 1 wOEEAaADPEE a
OUEUOPawRNi U0wUGPODI P wbE bdédwa WDVEBDE W epidOUE 4 w O
PawoObl UUOI OWUUET GhwB1 G0 GFENE amaued QUEd b A& wu da p ON
OUNIT wx Ua loEewoludyjneforcgkiu kra - W rozdziale tym 4 OUUEé AawEEUEA4&A OwOl
sowienia. W przypadku przyjaznych dla roz- OO GP BD@poziomepba é & E4a OPI-wOODE] x
woju krasu U U E T Hbx By 0 U aneinfyedl& a Galhym + D1 O0GUT WAEUEEOPEAT wE U
czynienia z normalnym cyklem rozwojowym, wej organizacji krajobrazu krasowego. , G
kiedy KK ewolucyjnie b a &€ E Ofrjmega- b D OD o @anym abstrakcyjnym KK, bar -
cyklu krasowego (jako stadium ¢ patrz po-  dzo upraszca E NU&E) U EiE & i BoBduii®ds w
przedni paragraf) i stopn D OP OQwx U4l OUA Y BEDPLWDOBWA UGNOPEOPEODEWOUE
wcorazEEUEA&AD]I NwODBI 4 EOI N Onyadahage, zaDDG QO DEAIGPOD O-O01 Owi G
PUEOOOUT EOPAaAUNE Ea wUby AWdadl (G Wo®dU EONG BP0 O1 OwT |
tENWEOWUEOOaODPUAEAT ODPE wapenne, dipsdweHth O AdanidinEaktbra,
OPAEENPWOUEwWAOPEOA woObIAONDEWIDEDI GRNUBEHOEO®APOODT
NENEETI OwOUGUa OwUOPE U4 aféia Qu UIDEGEMAERiFrRRAE & 18 @Al uid E wE U
Ey O1 Ul b Baur@ERsgEEE dapdiolyE E NH wua UGN OPEOPEODPI OwbU-4aUUODI
nychAOw* * WA EOPOEOwWODI wU I wabynastadivénEanibp E NE Gilug GBIV WE U U a
ENEEUwUOLPWONDBODAOWI b O Cuktitging & WEIDOEE 4 DI 001 d wOE OE é 3
rzé El wUx1 Eal PEAOe wxDOOOPE WUU
§ 28at e8Reyn ZPfgosi ”'%'fOI?gﬂ?t%fg"w%Chaﬁab ROl eyn,
2 NJsoyamml«mwanm:hsﬂé%Ulé@&ﬁIOWUal EDI UJXU(?El UGF
NELALFE yBOK® 5d20S 1yt OLUCSM@E[H)@yE@MyEIWmIty@MH(KAO )
)/2|6 LI £ $23823aNF FAOT yI-3 gr%dzﬁ'a@l'chlyéuﬁqi f@<a°c1| oal
NE yAalAOK al SNe{ 2ia0n ELSB\E U]GTEAUS)EBéSSEI u“PdU@I’:Z‘Ing?JEa b&

miliony lat w o wiele bard2|ej stabllnych warunkach

kimatycznyclg 6 ST Tt 2R26F OSZ Ol & t A0l yeOK GNYyaaNbB

d2A ,¥sNINJ SOAsASZalG6AS -R2 {NI220NIT3s5¢6 LI20202

nych w strefach umiarkowanych i polarnych.

a 2 aw tym przypadki Y dzd NER hadema | y A |

adlGNF i Sg2tdOeayeOKéd bl GfS NBITg22dz Sg2f dzObeayS3az
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A0 6A0 6eNlTye 1flspecyficg2ft dzOeaye ¢ LJzéGI-OA
|

Yf7\Y-
I I

1l

yeOK 3ldGdzy1s6 NRBITfAY A 1T 6ASNINGzZ (dsNB sela ail a | (37\ a
g alLSOeFTAOI yeyY I NRPR26AA&1dz NI &a26eYd ¢25 0S8 4 1A
ITNER2sAA1dz R2ZOK2RI A R2 G@NI¥TySe &aLlSo2lfA Tléa)\ 2 JEII
VAL Y56 A FT2NXY26F YA &kt yz;anK I bGdzy1s56 O06yAS

12 LR TASYANDHOX LJZugASNdR—l—F—a—B—e—F—R—F—H—F—S{—Z—t—Q—BLsg@

[ AOT ol SyRSYAlsg Y208 QaM.H’J(EyreoOF@ A/onayl |1M15tz1|yy||a||mas FXH yé|
(w rezerwacie Tsyngi de BemarahanaMadaskarze]esLJNJ @01 @y ADRIigaAKT] &R X IR ||masa>d¢7\ O:
O1S oAt OS20d . ST énNGELASYjal ARG RANBL Wk A@RYSIBZONRIT g22dz

43



Krajobraz Krajobraz niekrasowy Krajobraz krasowy Krajobraz niekrasowy
- .. “ . o A atmo- - “ - . sy . . . . —
- Srodowisko- - poe e e e 3 s s | AEKESDUGIRTSN , , 7, GRS geokar e
# 8 % 5 8B Geokomponenty: © W lito- + === inicjalne <> aktywne -

. . . . . . . . . . . . bio_. ) . .~ aktywne nleaktywne' .
. _SYStem .. . W antropo- .~ © . '<—=> nieaktywne "~ ° oo
.| krajobrazowy| - —_— ———
. geograficzne .

Powierzchnia Ziemi|. -

Srodowisko
system jaski- { )
niowy (speleo - Nvar 1™ Ny SO S V(g
W W / :L Pl \j \ NP .
/A atmo- / L _\__/—V\‘\
. 1 hydro- e~ \/ 4 Przeksztatcone skaty
geologiczne Ge°:§zfz‘e¢g;‘:f“y 0 lito- NS P keasowiejace
P : O bio- 1 Podsystem podziemny (bez czlowieka) 777\ Wypetniona osadami
'/ antropo- 2 Podsystem podziemny z czlowiekiem (jaskinie turystyczne itp.) ~ przestrzen jaskiniowa
Ewolucyjne Kras Paleok
stany krasu Pre-kras | hypogeniczny Kras HlEDKTES
Rys. 13.. T G O éhanmatlewoluciji struktury krajobrazu kraso wego na tle megacyklu krasowego

44
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Sytuacje problemowe sowaniem granic OE4a B1 001 Nwbwx OEadl O
ci geokompleksu (geosystemu) krasowego.

T ywertykalny aspekt struktury KK, OE O1 NsbwaniaO wOEwx U4 a Oé EEo

Ub al Oy £aédy Ertegrowanej ochrony je-- - przestrzenne niedopasowanie granic spo-

go podsystemu naziemnego i podziemnego, wodowane charakterem rozpowszechnie-

U G krasowych. Obie postulowane zasady wy - POEOPEOI wi UOOENOOEOOaODPWOL
EENé wUDy wEaT wOE4&aabPbUUI &0ut-amil GOATH | NLubRud xEGOFEACRD ubx QU AMW E &
realizacjitychzEUEEwb wx UEOU & E1 wiksa phiekid) obEzéré) krésowego.
EADPWEOWOOOx OPOEEND wbwdD I 2810 41 VDD £El QA EGL O I SOOE O1 ¢
nie na etapie planowania ochrony i projekto- OEWOEUAEUEET wi GUUODPIET Owl E&t
NI wawi OUOEOOT T Owx UOOU Ucarty fpEéniwéng WysidkydchanRtiérfura -

OO0 wi HPEBOEG@RUOOUIT T O OOIE ud Bdshultirytektonicznej obszaru.
przestrzennych planowanego obiektu czy ob- W1 GUB&EUOBPEEUOPPUREGEHPAET w
szaruET UOODOOI 1T 00 wéobiespr® a uBREHDIEE euE,O0dUe EIODENE wUByYy wb wx OL
by Waw E Grdrytdtyoznych przy wytycza-  noklinalnych T UAEDT OGP wbWOBRNE&UOwC

niu optymalnych strukturalno -funkcjonalnych Ea ET 2 wUx OEwUl UPPwODI-OUEUODP

stob a UUy xrypizedirzennym niedopa-  powierzchni. Ry s. 14 obrazuije kilka uwarunko -

A1l A2

T “Struktura_ -
\f———".uskokowa ————

B Kras réwninny platformowy

1aU8 whuKdw/ VUaaOeEEauw
——— [ I erozyjnego uwarunkowania niezgod -
OO7T EPwl UEODE wx Qpod®-1 U
ziemnego podsystemu krajobrazu kra -
sowego:

o

===

] - naziemna czes$¢ krajobrazu krasowego

T
——— - podziemna czes$¢ krajobrazu krasowego
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wanych tektonicznie sytuacji niedopasowania  procesualnejE O U & b @iGnbwejt E1 4 x O7 Ul
pionowych granic podsystem u naziemnego  dniej interakcji z podsystemem naziemnym
i podziemnego. Dopasowanie granic z kolei (rys. 14 B).

formowym), o horyzontalnym zaleganiu serii dewszystkim OwWE a4y UUOwpbaUUy-xUNEEIT u
UO@e¥ E UO b b.Wikéidh avaiinkach geo-  wanie hydrologicznych granic powierzchnio -

UauuUl 66padbwdil UEODE a &b Owyth( polizemrydh Glewdi dparadydanidz -
OPOwUPOU&AEETl wWOEUDUUEGOI Qi Al EudpdEd FIEARBaFE WGP udQu) BU OE Ol ¢
ci (rys. 14 A-1). Dopasowanie maUGpb OPI N - Bl Ub a1l O pspedmindmtlry KK

miejsce w przypadku geologicznego odizolo-  oraz wspomniane UU U E GO 1 b &E ODP U w

(rys. 14A-l A8 w6 WOUEUDI wUGPOBOODE OuHEWN@ WOEE UOOaw OEDPI OU
ENywpxéaPET wUI DwOONIT wEH uEUaEUGE hikuwp Wa O EDIUVEA D OO O WO

UOUUI EtjOddrory.D w

Kras réowninny, platformowy Kras wyzynny i podgorski Kras gorski

1 Ujecie wody 2 Jaskinia na stoku masywu krasowego 3 Zrédio krasowe na brzegu morskim

obszar
chroniony

; obszar chroniony

SN——

Przekroj

Plan

1. Obszar faktycznie chroniony 2. Obszar, ktory nalezatoby obja¢ ochrong

13U8whk w6 aEUEODOI wxU4aaOeEEAwWET UOODPOOAET WwOEDITE®BPH wb wdOE U A
PaOEUYEODI OP1 wOEwWUOI -wasaweaddi OUWOUENOEUEA&AOPO
14 faktycznie chroniony obszar,2¢ OEUAEUOwWOUGUa wOEOI NEeOEawbabéeil wx Ol
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Przypadek 10 EP P& 4 UNT wEOGP EUOBDOEP QwOUGU A E Tjestlt ®8 1OINBwa E U
ninnego zakrytego krasuda WE OE U A& T wU O OEmulday UG N é E a i md@Ecub A EU A |
wy korzystywane gospodarczo, m.in. E OQwE 1 Orédpskich, dla Krymu, Kaukazu, Turcji itp.).
xDUOAEI OERNRPOBOE@wI UEINadmdrSkiexiQ) G krasBwe U & 4 y bad O
PPl UAET OPwWE] 4 x O1 Ul E b OdoovisitmBkodel, N & BrasE - Eigs -
cia wodnego. Natomiast powierzchniowe for - O O7 EPEaéx é a b EzNké)Fkblorem wody
my krasowe (lejeD WET x Ul UNIT A wO KtukddowsyE zdeorikanviz Jasposobemwy dosta-
obszarzet w promieniu kilku k Ow O E w W N yvamaEna powierzchn® ¢p © U U & € Bvéodo -

OPl wawxOpPDbl UAET OPwb GE upExEEWPruED audadwii@UéaleEay UU O
paET Ouwbrbrionelraun EET OwU x O G@Ad J&E-UBIE AbulEs yduw OT Ul EOPOwx U
OUGUI waET wi 6Uba OwN E O w UOIUE BOOBDéuNaGibE: OiS ejdydza E E E O
UéUnNeée wODbPl UAOEEEOOwUé UBEGEOIREWM AT GuawaBeNy Eepd Wb a Nwo
wiosek za wygodne (bo wszystko w nich zni-  ry coprawda OO NE a & O é O Ikiké&-kil -

ka) wysypiska T O Bl,lanawet miejscautyliza- OEOET EDIl wbwbPby EI NwoObOOOT Ul
ENPwabpéOOwabbl Uaé UwE O Oradhyadarbniony4Nbliik j@si EaBspuadibsds

mentowanej ochrony OE Ol NEé OE a wx@OOdI B&Diwaba 00l wOEEOGOUUODI u
OwaOEEA&AODPI wbby OWapiowa-OPHI WAaE* OPYIOEUwUé wU GO D1 NDWET
dzeniem zakazu zrzucania do form krasowych ny rekreacyjne, parki krajobrazowe, rezerwaty

T OPI&EDODI E & apophzEzéidh Bdro- xU4aUOEawbUESOWEOwbwUUODI O
dzenie itp. EPOPOOwWUOaAPPEAUNT wx UOEOI 08 u

Przypadek 2.jestUGP OB ONT wUa xW PraBuwdi whwlUEOPOwxU4aaxEEOQUwL
rystycznych. Ochrona zwykle automatycznie PCGPWPEOWOPEEe OwoOPI NUET whwxU
jestrozszerzananaczyi powierzchni masywu nezad UONI OPl wEOEWEA&AaAaRmUOGT EPwp
krasowego, stanObbDé Eé wET & x O7- UT1BEEEGauEY WAINEDOP DT wOddsé wa EODI
ENy wUaUUl OUwNEUODOPOPIOBRUWOEBDOOHD )&kl QuERIE-EWRP OO w U x
na powierzchni ¢ poza granicami systemuja (np. OEUEDEI OOwUUOUOPEOaAOwWbPEA
skiniowego t dynamicznie (hydrodynamicz- Ux1 Ol O @ €lu®® b1 UOI OPEWNEUOE
nie, aerodynamicznie) sprzy N O O1 wa w O b&as icluekdplaracii).
leje krasowe, ponory, szczeliny czy inne otwo- 11 E U U Oddhvoadobld EUGP wbwOEDI OC
ry jaskiniow I OwOPT wUé wET UOODPOOE B b awbil duOmuadliaGWEODED wx Ob b C
xUaaxEEOQOEET wET UOOD 00 a wk b Qpbx@ uERaiabingE HAQEROT EDP wU UL
powierzchniowy o zdecydowanie by OU & 1 fualmddfunkcjonalne. W realizowaniu projek -

PPl UAET OPBw) 1 1T Owkpbil 00N G hubE] WaQES WhEEHIA B@EAVWE OB D a
OONI woOPI T WEEUEAOQwWODI -Ul mdpBEwZ) &tabt pjekidinadi® shwkid -E

rakter) ustala U fhg podstawie przeprowadz o- nego geokompleksu (geosystemu) krasowego.

nychUa UUl OOpPOwUODI UUOO O N&yabk FLi BpE EEBFOE wa Ex OEDT Ewx O

Przypadek 3SEOUAE4a wOEU&EUGmMmprébeBcOWwabPbe aEOa OQuwawxUaaUa
UOPET Owl E&4aDl whwUUUI I bl Guszyleglantett@vhnn® wykbmydanhién go £ O
EaaODl OPEwawbaxeéabl Ownspb@actym héotongycCobiektd lUEobszaru.
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PREFACE

Karst areas {andscapes) are of a very specific
nature (GWOzDETSKIY, 1954, 1972, 1977, 1988;

SWEETENG, 1972 JAKucs, 1977 WHITE, 198§
» s¥ + , 1991 SALOMON , 200Q SALOMON ,
PULINA , 2005; ANDREYCHOUK , 2007; FORD,
WIiLLIAMS , 2007 and many others). They ha
ve distinctive relief representing a distinct ge-
netic type, a particular water regime and hy -
drographic network (or lack thereof), specific

types of soils (e.g.terrarosg, ecosystems of

a different composition of flora and fauna spe -
cies as well as some particular morphological
and physiological characteristics in organisms
that are adapted to specific (karstic, cave) en
vironmental conditions.

It is well known that this distinctiveness is
associatedwith a particular process that oc

dissolving certain types of rocks susceptible
to dissolution (so-called karst rocks) by circu-
lating water. This processis essentially of a hy-
drological (hydrogeological) nature as it rela -
tes to the impact of water on the rocks and ta
kes place mainly underground. As the hydro -
logical "maturation” of the karst rock massif
proceeds, the dissolution is transformed un-

der certain conditions into the karst process

which in turn "brings to life" a number of other
derivative processes (erosion, sinkhole forma-

biotic (plants, animals), or anthropic (man), by
adjusting to eachother create a specific and
complex environmental system ¢ the karst
landscape (KL).

This system (karst geosystem) ischaracte-
rized by a specific organizationresulting from
the evolution of the process itself, which con-
sists in selforganisation(gradual development
of the network of channels, formation of un -
derground cavities, etc.). The evolutionary self-
organization results in developing a specific
spatial and functional structure in the karst
system (connections and interactions between
elements), which is the essence of the organi
zation in the mature stages of development.

(OwUO0T 1T wEUUOT OUzUwYDBI pwUT T v

karst landscape can be depicted and explained
in the most thorough way ("from the inside"),
using a general sysins paradigmit recognizes

ristic composition of its elements, their specific
spatial arrangement (structure), and the way
they interact (function ) (ANDREYCHOUK , 2009).
Analysing this aspect is the main objective of
this study.

The first part of the study provides defini -
tions of the basicconcepts and shows formation
of the karst landscape against the background
of the evolution of the karst system as a who-
le, recognised in terms of synergetics (self-
organization). The second part evaluates the

tion, landslides, etc.), sobecoming a system
of processeé#\cting together under and on the
earth surface these processes shape the relief,
and thus the whole landscape, the components
of which , both abiotic (rocks, water, air) and

structure of the system and the functional -dy -
namic and developmental peculiarities of KL
determined by the structure. The third and fi -
nal part aspects of the application of the sy-
stem understanding of the karst landscape.
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D EFINITIONS AND
METHODOLOGY

Karst

The term "karst" usually refers to the complex
of specific processes, phenomena and forms
which occur within areas composed of karst
rocks. Karst results from the long-term impact
of atmospheric, surface and underground wa -
ter circulating through the rocks. This concept
integrates several aspectsn a genetic sequence:
processY phenomenological Y morphological,
which hold a specific territory in common.

In the process (geodynamisgnse, karst
is a systen of processeamong which the lea-
ding role, as if of the "conductor" of "the enti -
re geodynamic orchestra”, is the chemical pro-
cessof rock dissolution in the water circulation
cycle within the subsurface zone of the litho-
sphere?l, The dissolution process is the "dri
ving force" behind the development of the karst
system, which in turns induces other geodyna-
mic processest both denudation (erosion, gra-
vitational processes, including cave-in and land -
slide), and accumulation (formation of the resi-
due of dissolving rocks, filling underground ca
vities with deposits and mineral formations,
etc.).

In the phenomenologicalense, karst proce
sses are associated with various characteristic
phenomendhat are often not found outside
of karst areas (disappearance of surface rivers
underground, large outflows of groundwater,
surface collapse, etc.).

In the geomorphologisense, karst processes
create numerous specificformsof relief under -
ground (caverns, cavities, channels, caves, ca
ve systems) and on the sirface (karren, doli-
nes, depressions, karst valleys, karst towers,
etc.).

“The upper subsurface zone of the lithosphere wi
thin which, due to low temperatures, water exists in

aliguid state and ciraulatesin acycleis sometimes
called the hydrothosphere
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Karst is an evolutionary product of speci -
fic environmental conditions and simultaneous -
ly a creator of a specific natural environment.
In the first case we are dealing with a whole
range of factors (geological, hydrogeological,
geomorphological, climatic, biotic, etc.) invol -
ved in the processof karst development; in the
second case; with a number of consequen-
cesof its impact on the geological substrate,
surface and underground water, solil, etc., that
are the components of the landscape. Therein
lays multifaceted nature of karst and conse-
guently the fact that representatives of parti-
cular disciplines in the Earth sciences place em
phasis on different features of karst defini tions.

Geologistsegard karst as, above all, types
of rocks (of massifsand formations) which un-
dergo specific metamorphoses due to the dis
solving effect of water circulating in the rocks
and massifs. They consider it asone of the me-
chanisms for both formation and the destruc-
tion of the rock (karstolithogenesis), including
the formation of specific mineral resources
(known as karst deposils Hydrogeologistpay
attention mostly to the specific conditions and
peculiarities of water circulation in kars t rock
massifs (i.e. their regime) and the formation
of their resources in so-called karstcollectors
whereas geomorphologisemphasize the distin-
ctive types of relief developing in karst areas.
Geographersiewing karst in the most compre-
hensive and multifaceted way, regard it as a
particular type of natural environmentsulting
from the system-integrating impact of karst
processes on all elements of the environment
t the bedrock, water, relief, organic life, soil,
etc. The development of karst results in gra-
dual transforming a non-karstlandscapento
a karst landscapei.e. an area of specific relief,
water circulation , micro- and mezoclimatic
conditions, flora and fauna, and the conditions
of human life.

From these characteristics and others, tte
scienceof karst (karstology is composed of a
variety of thematic sections, e.g. karst geology,
karst hydrology (including karst hydrogeology),
karst geomorphologykarst geochemistryetc.



These divisions of karstology constitute com-
ponent disciplines primarily investigating in -
dividual parts of the karst environment. Their
methodology consistsof mainly analytical me-
thods targeting these different components at
deeper and deeper levels of exploration. Due
to their individual narrow focus they cannot
provide an adequate (holistic) study of the karst
landscape as a natural system in its entirety.
Comprehensive review and research can be
provided only by a comprehensive, systems-
focused scientific approach to the problem.

Comprehensive methodology
in k arst research

A scientific approachmplies a certain compre-
hensive vision of reality and a relevant organi -
zation of the research process, which means
that it is embedded not in the empirical (rese-
arch aspect) but in the methodological (rese-
arch methods determined by a certain vision)
field of science. The termapproacthas a ge
neral scientific status and is universal, as a
comprehensiver systemicapproach, the anthro
pic principle etc.As a rule, the approach is
applied to thematic, spatial or his torical as-
pects of the reality to beinvestigated, which has
a relative wholeness, structurality and a com-
plex organization (natural environment, state,
community of organisms, Renaissance, land
scape, etc.), which requires the researcher to
prepare an adequate cognitive structure. There-
fore, the application of these or other approa-
ches to research on karst is conditioned by re
garding karst comprehensively, asa certain ty-
pe of organization This may be, for example,
the entire karstasa setof genettally andspa
tially related processes and phenomémakarst
environment(a concrete karstareatogether with
the human inhabitants), thekarstlandscapge
karst massifetc.

What kinds of comprehensive approaches
have application to karst studies nowadays?
According to the author, in karstology four
main approachesare currently used: the karsto-
centric, environmental, geosystemic and land-
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scapesystemic approaches (ANDREYCHOUK ,
2010) Fig. 1.

The karstocentric approach represents a
concrete version of the centricapproach which
implies regarding the studied reality ( object,
phenomenon, process, area) as a certain orga
nization functioning in the conditions of a
strict (genetic) dependenceupon particular fac -
tors (Fig. 1-1). Within a given approach karst
is considered as a derivative of the collective
impact of anumber of factors and environ -
mental conditions, i.e., the presence of karst
rocks, water circulating in the massif, rock
fracturing , aggressivity of water, drainage con-
ditions , and many other, more specific ones (i-
thology and structure of karst rocks, amount
of rainfall, water temperature, etc.) which af -
fect the course of the karst process or the phy
siography of the karstaread w? " OEUUDE 2 wi R E (
of this approach may be found, inter alia, in the
Soviet karst literature of the H0tA Y of ghau
last century (the publications of F. Savarens
ki, D. Sokolov, some works of G. Maximovich,
V. Dublyanski, A. Chikishev, R. Tsykin, and
many others). The works of these authors de-
alt with the issues of s EOOCEDPUDPOOUWE OE wi
Ol wOE UU U wkEq Thdy Gisdussed spez
ctrum of karst formation factors, which of the
factors are more important (essential, crucial),
and which are less important, etc. in relation
to the central concept of karst, sometimesre-
gardless of discrepancies in defining karst it-
self. This approach was manifested in the cha
racteristics of the researchescarried out on
karst, in the structure of the monograph stu -
dies on karst of these or other areas, in the of
ganisation of material in reference books (in
troductory chapters), etc. This approach also
hasapplication nowadays, especially in the ca
se of comprehensive studies on karst in a par
ticular area, aswell asin works generalizing
on karst.

?2 The monograph of Dmitriy Sokol@snownyje us

lowija i faktory razwitija karstgEssential conditions
and factors of the development of kaysi962 is the

most comprehensive example.



S Karstocentric approach
ﬁ karst development influenced by
—> specific conditions and factors
~ grouped in thematic units (geological
( ‘ factors, geographical factors etc.)
@) Karst-environmental approach
'\\A A//' @) environmental (climate, man etc.)
> /4 impact on karst, and the reverse
/ \ / (as a response) impact of karst
O/ \O on the environment (relief, water,
Tl constructions etc.)
/ O \ Karst-landscape approach
et il ﬂ O transforming effect of karst on the
—> elements of the environment and their
integration into a new environmental
Oﬁ g LLI‘() 0@ quality (karst landscape)
O Karst-geosystem approach
Q/ A \O O
t
O* *O deliberate division of karst (karst
> object) into separate elements and
construction of karst geosystem
O O O - as a complex of interacting elements
\ A\ / Q’; \O

Fig.1. Main comprehensive appr oaches to the karst study (acc. ta ANDREYCHOUK , 2010)

The karst-environmental approach is ano-
ther version of the centric approach, that is, it
implies examining the relationship between the
studied object and its surroundings (environ -
ment) (Fig. 1-2). This approach is currently em -
ployed on alarge scalein geoecological studies
(ecologicdkcocentrifecosystemiapproach ¢
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synonyms), in research on the relationship of
man and nature (anthropocentricanthropio,
etc., i.e. when examining the impact of the en-
vironment on the object (nature, man, orga
nism, etc.), and vice versathe impact of the
object on the surroundings. This approach has

been carried out since the time of J." YD ND T



(- e 4 ¥ J.,199]) on alarge scalein karst
studies primarily in terms of geographical re-
search, where karst was considered as the en
vironment of human life, including issues of
karstdeterminism This approach found wide
application in the countries of the Mediterra -
nean Basin, where karst issues have always
been assciated with the issues of water and
its exploitation.

The environmental -karst approach (espe
cially its opposite aspectt the impact of the
industrial activities on karst) has revived over
the past decades due to a growing economic
impact of man on the karst environment (tech
nogenic, activatedetc., karst) and the conce
mitant consequences that are sometimes disa
strous, asin induced surface collapse, land
subsidence, etc.

The karst-landscape approach is the spe-
cial (karstic) case ofthe landscapapproachof
the Eastern school that understands landsca
pe, asa particular territorial , processand phy-
siographic part of nature asawhole. The land-
scape approach suggests considering a given
area in terms of its entirety whose physiogra-
phic specificity is determined by the particu -
lar spectrum of natural processes occurring
within its boundaries which shape its appea -
rance (volcanic processest volcanic landscape,
aeolian processest desert landscape, karst pro
cessed karst landscape, etc.). It hasbeen at
so implied that the compactness of the inter-
nal interconnections of the components (bed-
rock, water, soil, climate, biota and others) in
the landscape understood in such a way
(Fig. 1-3), due to its characteristic processes
is greater than of the external relations of the
landscape which is manifested, inter alia, in
the specific physiognomy of the landscape
area. It is also believed that the formation of a
given genetictype of landscape is generally de-
termined by the so-E E O Qeladihgufocess a
condition ?, which integrates and subordina-
tes the activities of other processes, directs the
development of landscape and determines its
peculiarities. The role of such a condition or
process may be played by climate (formation
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of polar, desert, etc. landscapes), tectonics
(landscapes of rift valleys), erosion and land-
slide processes etc. Thepresenceof karst rocks
and karst which over the course of develop-
ment gradually subordinates other processes
and more and more considerably transforms
the landscape to forming a specific (petroge-
nic, lithogenic) karst landscape can constitute
such a leading or growth influencing factor.
The landscapekarst approach, as descri-
bed above, is represented mostly in the works
of researchers of the Eastern school ofdnd-
scape science. These are the worksf N.
GVOZDETSKYI (1972, 1979), ACHIKISHEV (1982),
L. VOROPAI, V. ANDREYCHOUK , (1985), V.AN-
DREYCHOUK , M. PROSKURNYAK (1993), V.AN-
DREYCHOUK, L. VOROPAI (1993), M. PROSKUR-
NYAK , V. ANDREYCHOUK (1998, 1999), VAN-
DREYCHOUK (2007)and a number of other pa-
pers. This approach seems to be very useful to
elucidate the evolution of karst areas (forma-
tion of the landscape), and explain the speck
fics of their natural environment. It is also ad -
vantageouswhen dealing wi th the issue of land
use within karst areas and their protection.
The karst-geosystem approach is a spe
cial case of thesystems approagctvhich favours
considering the object (phenomenon, area) as
a system, an appropriate organization of the re-
search process (algorithm research), and often
also the application of appropriate numerical
methods (system analysis, graph theory, and
others) (Fig. 1-4). In the systemic approach the
object is presented as a set of elements and ke
lationships between them (structure), and the
study itself focuses primarily on the issues of
interactions between the elements, because it
is just the interactions between the elements
that determine the overall (emergent, system-
derivatives) properties of the system.
System studies (aswell as the entire sy-
stem methodology) have been finding wider
and wider application for several decades in
all fields of modern science, including the na-
tural sciences biology, ecology, and to a les-
serdegree, geology and geography. Despite
many other merits of a cognitive nature, the



systemic approach is advantageous also beca
useit allows fairly easy formalisation of the
studied object (functional connections of its
elements), which paves the way for a wide ap-
plication of numerical methods and modelling.
The systemic approach enables the most com
plete and appropriate examination of the ob -
ject, since its application reveals not only the
properties of the object, derived from the pro -
perties of its components (elements), but also
properties induc ed by the interactions of the
elements (structure-derivative properties, i.e.
comprehensive, systemic). The latter are parti
cularly vital when planning certain activities
in the environment, in the landscape, as they
allow for detection of trends in devel opment
and for forecasting changes. Therefore, gene
ral system visions and environmental studies
are most forward -looking and effective metho-
dology nowadays.

Unfortunately, the systemic approach has
not found wide enough application in karst
studies. This is due to, on the one hand, quite
anarrow range of karst researchcompared
with the overall natural studies, on the other
hand, the lack of clearly formulated systemic
concepts of karst (karst system visions). Spe
leological researchinto water circulati on in
karst massifs (karst systems performing the cy-
cle: supply t transit ¢ outflow) is an exception
here. It establishes hydrological and other re-
lationships between the objects (caves, springs)
and areas, first of all. In the case of ofmonito -
ring the flow of water, a ?black box? or ?gray
box? testing situation takes place when the in-
terior of the massif is inaccessible or only par-
tly accessiblethe internal structure of the karst
system and the processes occurring within it
are deduced based on themeasured ?input ?
and Poutput ? parameters. In the situation when
it is possible to follow the water circulation in
the karst massif by cave exploration examining
the links of the karst systeminside from the in -
put to the output, Pwhite box? testing takes
place.

The systemic approach may have a hum
ber of different ?methodological configura-
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tions?, and variety of researchmodelanay be
created by this approach. However, studying
and presenting the materialas a systemema-
ins invariant. This approach is no doubt very
forward -looking in karst studies as caves, karst
aquifer systems and areas (karst massifs, land
scapes) are distinguished by the complexity of
their structure and the large variety of proces-
sesoccurring within them. The systemic ap-
proach is known for constituting a conceptual
tool to study complex objects and phenomena
of reality.

Of course, these examples ofcomprehen-
sive, as contrasted with partial, analytical, the -
matic, approaches to the research of karst are
largely provisional . Their ?methodological
weight 2 is not equal, and they do not exclude
other potential approaches. Nevertheless, in

theEUUT OUZz Uuw@lkw @Rrédidaiod bfl a w

the ?coordinates? for comprehensive scienti-
fic study of karst, revealing the systemic nature
and specific organization of the karst landscape.

Landscape

The literature contains many approaches and
countless definitions of the landscapeas such.
In geography itis hard to find a term that is
more ambiguous. The mere listing of the defi-
nitions would take many pages. In order to
sort out the problem, geographers distinguish
different trends and approaches to defining this
concept, which is by nature a multifaceted and
almost inexhaustible concept. In such a situation,
the only solution for the landscape researcher
is to set out at the very beginning, his under-
standing of the concept, and to determine the
meaning assigned to it.

By generalizing and simplifying the issue,
it can be suggested that there is a differerce
in perceiving and defining the landscap e be-
tween researchers from Eastern Europe (the
countries of the former USSR and geogra-
phers from Western Europe. In the East, in
the first half of the 20th century this concept
underwent many ?mutations? in relation to
its original meaning as ?the area appearan-



ce?, Xaceof region?, Pareatype?, etc. The chan-
ges consisted in imputing more and more ge-
netic senseto this conceptt genetic types of
landscape, factors of landscape formation ,
hierarchy and classification of landscape units,
etc. From the primarily physiognomic term
(form), the landscape transformed into rather a
genetic one (conten). Also its Pgeometry?
changed, from an undulating 2D ?surface?
landscape became converted into a 3D volu
metric ?body?. Over time, a particular organi -
zation was recognized within the ?body?,
which consequently became a holistic forma-
tion + geocomplex, geosystem, etc., explored
with appropriate methods known as the com -
prehensive geography methods. Most of the
researchers in Eastern Europe still understand
landscape in this way.

In Western Europe and in North America
the term also has beengiven various mea-
nings, however always within the realm of a
certain invariant physiognomy. The landsca -
pe was not treated too specifically and rigo-
rouslyby Western researchers. Questions of
its origin were primarily dealt with in the con -
text of the surface and its characteristics, i.e.
morphology (geomorphology) and filling in
the space (shape, picture, types of terrains, ce
vering of the areas,their land management
and arrangement, including aeghetic, etc.).
It should be noted that in the two last decades
there has been observed a trend towards in
tegration and interweaving of more rigorous
Eastern (genetic, geocomplex, etc.) with a me
re flexible Western understanding of the land-
scape (physiognomical, morphological etc.).

In this study, the author will use the Eas -
tern approach ¢ a more ?volumetric ?, genetic
and comprehensive. Such an understanding of
the landscapet as an entire natural system, fa
cilitates plenty of op portunity to apply a holis -
tic approach and reveal the complex nature of
karst landscape and its organization. The for-
mulations given below may serve as a starting

point.
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The landscape isa natural?3, territorially
compact and functionally integrated syst em
consisting of spatially related elements inter -
acting with each other t bedrock, relief, surfa-
ce water and underground water, climate, flo -
ra, fauna and soil. Being a formation structu -
rally and functionally complete, the landscape
is characterized by emergent properties which
manifest in its dynamics (self-regulatory ca-
pacity) and evolution ( self-development proce-
sses). The landscape is characterized by a par
ticular physiognomy of space(image view,
paysage), which is denoted on a map in the
form of a specific drawing -pattern. Within the
greater landscape there are smaller, hierar-
chically organized and regularly arranged cha-
racteristic territorial units which make up an
individual landscape composition (mosaic,
pattern).

The landscape is therefoe a formation of
known territorial dimensions, usually from a
few hundred to afew thousand km2 with a
characteristic and complex internal structure.
In addition it constitutes an organic part of lar-
ger territorial formations (physical -geographic
units of greater sizet regional, etc.). Territo-
rial dimensions (boundaries) of the landscape
system correspond to the area within which
the landscaperetains its physiognomic charac
teristics. Typical features of landscape result
from the homogeneity of the geol ogical struc-
ture, characteristic forms of relief and how
they are arranged in relation to eachother,
hydrographic network, vegetation cover, and
characteristic processes occurring within the
landscape (geomorphological, in particular).
Each landscape ischaracterised by an indivi-
dual ?barcode? of forces and processessha-

ping it.
Karst in terms of synergetics

As previously mentioned, the existing defini -
tions of karst usually refer to one of three

23Nature~anthropogenic in the case dahe culture
landscape



aspects: process (karst as a monoor complex

procesg phenomenological (karst as aphenome
non or set of specific events) and geomorpho

logical (territorial: karst as an areaor relief
with a characteristic set of characteristics).

Just as in the case of the concept of landsca
pe, there are certain differences in the appro-

achto defining karst by Eastern European

karstologists and Western European and Ame-

rican karstologists. Typical for the Soviet school
understanding of karst as a process orpheno-

menon, or the unity of the process and the phe

nomenon (including forms) ¢ placed empha-

sis upon the process aspect. In Western litera

ture perceiving karst as an area with specific

forms and hydrology is dominant, and the

territorial -phenomenological aspect, etymo-

logically closer to the source term (Kras/Karst

Upland), is accentuated.

A. KLIMCHOUK and V. ANDREYCHOUK
in their article PAbout the essence of karst
(2010) propose yet anothert a systemic ap
proach to the definition of karst, based on the
ideas of synergetics and unbalanced thermo
dynamics of I. Prigogine, concerning self-or-
ganization in systems and formation of dissi -
pative structures. Karst is being examined
from the angle of self-development of perme-
ability structures in karst rocks in the course
of interaction between water and rock (aquifer
and massif, etc.). The essence of the development
and evolution of karst is the staged self-orga-
nization of permeability structures (channel
networks), manifesting itself in the initiation,
concentrating and integrating of underground
drainage, and the intensification of the water
cycle in karst massif. Karst is defined as a?wa

ter-circulation geosystem within a certain part of

the hydrolithosphere, whose formation anogre
ssive evolution are characterized by-seffaniza
tion of permeability structuréogether with forma

tion of integrated systems of channels owing to they

on the positive feedback between water circulation
EOQCEWEDLUOOUUDOOZ B

By definition, karst is a progressive evolu -
tion of a geosystan with a permeable, rock vul -
nerable to dissolution, triggered by water cir -
culation and speleogeneticmechanisms of self
organization of permeability. Progressivevolu
tion is understood as a process of formation
and development of new dissipative struct u-
res (increaseof structural complexity of the sy-
stem), whereasregressiveevolutioh as a pro-
cess of their destruction and collapse (reduc
tion of structural complexity). During the cy -
cle of karst (karst megasystemy® development
the progressive evolutionary trend over time
gives way to the regressive one, but this pro-
cess of formation (integration) and degrada-
tion (disintegration) of structures is stretched
over time, overlapping and complex.

The geosystemic, evolutionary-synerge-
tic approach provide s an excellent conceptual
theoretical basis for understanding the natu -
re of karst, its position in the evolution of the
karst megasystem, and creating a systemic
(geosystemic) concept of the karst landscape.

* The principles of this approach were previously
implicitly employed to define karst by PHUNTOON
(1995), AKLIMcHoukand D.FORD(2000) and AKLIM-
CHOUK2010a). The same principles constituted the
basis for the fundamental monograpeleogenesis:
BEvolution of Karst Aquifers. Huntsville: National Spe
leological Society, 2000.

% The term ofkarst megasystenmrefers to a karst
area within which sealled ékarst cyclé is realised:
the appearing, developing and evolutionary disap
pearing of karst. Kards understood as a complex
karst geosystem of the entire territory, which func
tions and develops in accordance with principles of
synergetics, passing through the successive phases of
evelopment (forming and increasing complexity of

impact of a specific speleogenetic mechanism bas@é structures) anddegradation (disintegration of
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the structures and reduction of complexity) of the
system. It is a provisional, sketchy term introduced in
order to facilitate conveying specialist ideas, and as
such does not pretend to be conferred a status of a
scientificterm.



Karst landscape as a stage of self
organization in the karst
megasystem

The synergetic-development model of a natu -
ral system assumesthat during its develop -
ment the system passes through development
stages of known characteristics which are ac
companied by a gradual increase in its inner
structur al complexity. The process of the
structure becoming more and more complica-
ted ensuesthe occurrence of new developmen-
tal factors, radically changing (often accelera-
ting) the development of the system and in-
troducing it into a new structural (energetic )
state while simultaneously facilitating condi -
tions (so-called boundary conditions) for pre -
serving (consolidating) this state. In synerge-
tics the moment of the emergence of the?re-
volutionary 2 factor in the system develop-
ment is called ?the bifurcati on point?. Bifur-
cation points determine boundaries of gqualita -
tive states (stages) of the development of the
system.

The gradual ¢+ from bifurcation to bifurca -
tion 1+ qualitative increasein the structural
complexity of the system is the core ofprogres-
sive evolution. However this growth has its ti -
me, spatial and structural constraints, depen-
dent on the size and type of system and evo
lutionary factors. In the course of the develop -
ment of the system up to the developmental
climax, new elements and factors appear (mu-
Iltiply) and together with them relationships 26
between them. Among them, however, negati-
ve feedback processesbeamme increasingly im -
portant, limiting the development of the sy -
stem and leading to gradual degradation, i.e.
reduction in its structural complexity. This is
the essence of regressive evolution of the sy

% As

stem, which results in its Pdeath? as a well or-
ganized system.

How doesthis general developmental mo-
del describe karst and the karst landscape?
In the development of the karst m egasystent’
several phases(mega-phases) can be identt
fied and separated from each other by critical
events (bifurcations). This is depicted in Fig.
2, drawn by author upon t he basis of the abe
ve mentioned article of A. KLIMCHOUK and
V. ANDREYCHOUK (2010)

The first phase is the stage ofprekarst(or early
speleogenegisAt this stage the karst me-
gasystem has not yet developed karstic qua
OPUAWEUWUUET w31 PUwWBUWEOW?
thin which the initial permeability structures
(fractures and pores) undergo a process of hy
EUOEAOEOPEW?OEUUUDOT-2 8 w3l b
sists of the impact of water present in pores
and fissures on the rock substrate susceptible
to dissolution, which results in very slow, (las -
ting tens of thousands or more years, but cor-
tinu ous widening of the fissures, formation
of proto-channels together with their gradual
hydrodynamic integration into initial net-
works. The driving force and the main mecha -
nism for the development of proto -channels
is positive feedback between the rate of de-
velopment and the increase of flow. At this sta-
ge chemically aggressive water and karst rock
are the main elements of the system fot yet
karstic) and dissolution is the main process
(Fig. 2).

The critical moment in the evolution of
proto-channels, caled ?the breakthrough mo-
ment?, signalises such a degree of their ope
ning that rapid kinetic dissolution occurs
along their entire length. After that, water

“"In this work the karst megasystem in the spatial

' aLISOG NBEFSMEO (N2 OWI o@RiedY HIEMIY
of the hydrdithosphere built from rocks susceptible

to dissolution, wherein, in favourable conditions,

karst may develop as a system of a specific water

the number of elements in the system circulation within this body. The projected onto the

increases in arithmetical progression, the number of surface or geologiclyl exposed the upper fragment
connections between the elements of the system of the body constitutes a potential or real surface

increases exponentially.
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area of the occurrence of karst.



flowing through the entire proto -channel re-
mains unsaturated, which radically changes

the dynamics of its growth (acceleration) and
of other variables.

NON-KARST
LANDSCAPE NON-KARST LANDSCSAPE KARST LANDSCAPE T
KARST PRE-KARST HYPOKARST KARST PALEOKARST
D =8 == L
EVOLUTION / e
OF KARST  |—e—v — A T lag e FREGRESSIVE. M1 T
MEGASYSTEM \ ——————————— B \(.QWT};I_' DA
MAIN ©
INTERACTING |
ELEMENTS
ELEVENTS | @ @) | @O GO
MEGASYSTEM
DEVELOPMENT
EARLY KARSTOGENESIS
ST ST | SPELEOGENESIS| SPELEOGENESIS (SPELEOGENESIS-KARSTOGENESIS)
T — DISSOLUTION, EROSION, GRAVITATIONAL
MAIN PROCESSES
DISSOLUTION
PROCESSES DISSOLUTION SPELEOLITHOGENESIS,
AND EROSION KARSTOLITHOGENESIS
FRACTURE- DECAY OF KARST
PERMEABILITY Er AND FORMATION
T PN-TEGRATION — DESTNTEGRATION Z = OF_____
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&
BIRTH OF Zl 5 x END OF KARST
SPELEOGENESIS O BIFURCATIONS 58 BIFURCATIONS OF
AND % e OF 2-ND ORDER DDC » 2-ND, 3-RD ETC. ORDER (LOSS OF
KARSTOGENESIS | (FMBRYONC &% 5| ol
u o QUALITY)

Fig. 2. The conceptual integraldiagram of the development of the karst megasystem (wg: KLIMCHOUK ,
ANDREYCHOUK , 2010):
W ¢ water, Rt rock, C+¢ cavity, L ¢ landscapet outside environment, S ¢ sediments

The rate of growth and water flow incre -
asesby several orders, while pressure in the
growing channel decreasescausing conversion
of boundary conditions and activation of in-
tegration process (merging of proto-channels
into networks). Proto -channels transform into
channels, which means ?the birth? of a new
systemic behavior ¢ karstic. The evolutiona-
ry break through point constitutes the first (of
first rank) bifurcation in the development of
the karst megasystem, and the moment of the
birth of karst (KLIMCHOUK , ANDREYCHOUK ,
2010).
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The rapid development of karst channels,
diversification of development mechanisms
(for example, the appearance of turbulent wa-
ter flow in some parts of the system, and hen-
ce possible mechanical erosion) leads tointe-
gration of the channels, increase of their sk
ze, i.e.to the formation of simple karst sy-
stems¢ channels and cavities. At this stage a
new element ¢ an underground cavity i.e. an
empty space ?enters the game» and becomes
an important (if not the m ost important) fac-
tor in the development (symbol cin Fig. 2).
This component becomes not only an inter-



mediary between water and rock interacting
with each other, but also both the result of
their interaction (increased volume) and the
cause of the further development of the sy-
stem (acceleration as a consequence of the po
sitive feedback between the volume ¢ the to-
tal surface of the contact of water and rocks,
and movement). At this stage we are dealing
with speleogenegihe development of channels
and cavities) taking place underground , at

ground cavities), on the other hand, initiates
formation of processes and feedbacks hinde
ring progressive development (such as collap-
se of the cave ceiling and formation of sinkho-
les, filling the corridors and cavities with flow-
stones,etc.),that is, has characteristics of the
regressive phenomenon of evolution ¢+ degra-
dation of permeability structures and the struc-
ture of the entire system (Fig. 2).

In the context of deliberations in the next

acertain depth, in isolation from the EE U U1 zp&tagraphs on the karst landscape, entering

surface, therefore this early phase in karst de
velopment (or karst state) can be provisio -
nally called hypokarstiés.

During the development of the karst sy-
stem (the increase of complexity in its struc-
ture) different types of bifurcations occur, af -
fecting its development in one way or another
(e.g., change in the pressure conditions of wa
ter movement by the conditions of free water
flow), but not changing fundamental ly its
trend (second O U E bifurgations). A new ¢
an actualkarsticstagein the development of
the megasystem begins at the moment of the
UauUil Oz U uploxttheOmsitlé (@onnec-
tions with the surface) (Fig. 2).

This is the second fundamental develop-
mental bifurcation after which the "life" of the
system is getting very complicated. This ope-
ning, which means exposure to multiple and
aggressivefactors in the external environment ,
EEUUI UwOERNOQUuWET
and functioning. It is i llustrated in the figure 2
by attaching an element-factor L to the model
of the system.

The impact of external factors on the one
hand, progressively complicates the structure
of the system (e.g., as a result of capturing the
surface runoff, increasing the volume of under -

28Describingwypokarstas a stage of the karst mega
system development is slightly wider beyond the

common understanding of hypokarst (undesgnd
karst first of all) as a phenomenaenerated by wa

this third phase in the megasystem means the
?birth 2 of the karst landscape. It is due to the
fact that not only external factors begin to ha-
ve an impact on the development of perme-
ability structures underground, but also the
cavities (which as a resut of opening have be-
come caves) and channels start to affect the
landscape, transforming it gradually (bifurca -
tions of 2, 3etc. order) into a new entity ¢
karst landscapeThe karstic process of the
development of permeability structures thus
becomesthe reliefforming factor, and by intro -
ducing surface elementsinto the circulation
{ water, vegetation, soil, etc. 4 the landscape
forming process.

After having become a part of the exter-
nal environment, the karst megasystem beco
mes extremely complicated. The leading me-
chanism in its development is constituted by
multiple interactions between the surface and

EOT 1 U wb dhdedground Ywhith int€ogate it lutd &very U U U |

complex natural systemwith atiered structure

representing a new development state of the

karst megasystem. This state or stage can be
defined as karstor karst landscape phasehe

karst megasystem development (Fig. 2), and
understood asawhole system consisting of
two parts ¢+ the underground and surface

terrestrial.

At this stage the development of the karst
megasystem is stimulated by numerous pro-
cessedaking place both on the surface and
underground, depending on tens or hundreds

ter recharging from below independently of seepage of external and internal factors. Between the

from the overlying surfacé&LiIMCHOUK2007 20108.
In both cases there is a common denominatathe
lack of connections with the surface.
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system elements (components) together with
their countless connections, different relation -



ships are formed which operate in favour of
its development either progressive or regressi-
ve or sometimes both. An abundance of con
nections (interactions) justifies a large quan-
tity of different types of bifurcations of low
orders which determine development of indi -
vidual links of the entire system.

The capture of the surface water stream by
a ponor, formation of sinkhole and its draina -
ge area, fill of the vadose channelwith flowsto -
nes, descent of an underground stream into a
lower level { these are examples of bifurca-
tions of the second or third order.

Many of bifurcations, especially those rela
ted to capturing the surface flow , lead to anin-
crease in the internal structural differentiation
of the system while others, especidly those as-
sociated with the gravitation processes and fi-
lling channels and cavities with sediments, re-
sults in its destruction (destructuring) 2°. Over
time, these “destructive? bifurcations grow in
number causing ?withering away ? of func-
tional links between individual spatial ele-
ments of the system and thus leading to its
degradation. Interestingly , the degradation
of permeability structures in the karstifying
geological substrate (rock series, karst massif,
etc.) means active development (progressive
evolution) in the geomorphologic subsystem.
The development of surface karst relief signi-
ficantly reflects degradation of underground
structures, hence a shift in time in the de-
struction of the underground and terrestrial
parts of the karst landscape atthe karstic sta-
ge of the karst megasystem development.
For example, the fascinating and unique land-
scapes of the tropical tower karst, considered
to be the quintessence of karst relief, are just
the creation of degraded underground circu -

2 Devebpment of accumulation processes means ap

pearing in the system structure the next elemense

diments (gravitational, aguenechanical, chemogenic,

biogenig etc.) Son Fig.2). It alsomeansthat one

more 6playeg gradually enters the game (develop
ment factor), whose importance in the system deve
lopment (in this case its degradation) will be eon

tinuously growing.
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lation. Further destruction of the karst mega-
system, i.e. its last ?Pbastion? ¢ the surface
karst relief, is brought about by external en-
vironmental factors. The destruction (plana -
tion) of the last elements of karst relief (as
long askarst has not ?moved~» to lower le-
vels ¢ into the depths) is followed by the ex -
tinction of the karst megasystem, i.e. the of
loss of karstic quality in the landscape.

It should be noted that the transiton of
karst or the karst landscape into a new non-
karst (or paleokarst: seebelow) quality , which
is its final degradation, is of a temporary natu -
re, evolutionary (not acute). Betweenthese
karst states (stages) there is no clear bounda
ry, and there is no fundamental (of the first
rate) bifurcation behind it, asit is the case
at other stages. Bifurcations as such, are an in
dispensable element of progressive evolution,
and their role (of the first -, second, third ra -
te) is greater in the initial stages of the system
development, when there are still not too ma-
ny elementsand links affecting eachother.
Over time, asthe complexity of the system
grows, the number of bifurcations there incre -
ases, and their role in the development of the
system decreases proportionally. At a certain
stage (in our caset a mature karst landscape),
along wit h a rapid increase in the number of
bifurcations, there is observed spatial disper-
sion (location) of bifurcations over the links of
the megasystem and consequent reduction of
their factorial status in relation to the entire
system.

Karst stage (karst orthe karst landscape
t Fig. 2) is not a mandatory step in the de-
velopment of the karst megasystem. Owing to
the changein the character (sign) of tectonic
movements ¢ from the positive (uplifts) to ne -
gative (down), the second bifurcation, i.e. ope-
ning of channels and cavities may not occur.
Then the karst system, having beenfilled com-
pletely or partially with sediments, evolves to -
wards the paleokarst state (phase) (Fig. 3, sce
nario Al). However, during the next change
in the direction of tectonic move ments (uplifts),
re-karstification may take place and the me-



gasystemmay achieve the state of the karst
landscape (Fig. 3 A2 scenario).

The characteristic of tectonic movements
determines also the further evolution of the
Pcompleted? megasystem, i.e. the system
which passed through the stage of karst
landscape during its evolution (Fig. 3 -B).
When there is lowering, karst remnants may
be buried under layers of continental or ma -

rine sediments (scenario B1), whereas the oe
currence of uplift movements may lead to the
total destruction of the relics of the ?extinct?
karst system and consequently to its disappea-
rance from the geological crosssection (scena
rio B2). Nevertheless, the evolutionary reality
is much more complicated and presented sce
narios represent only a few selected and sim
plified examples.

A

time

B, NKL

[
tectonic movements

B,

Fig. 3. Some potential scenarios of the karst megasystem evolution depending on tectonic movements
(KL ¢ karst landscape, NKL ¢ non-karst landscape)

Further deliberations on the essence of
the karst landscape, will be focused exclusive-
ly on scenario B, and we will try to examine

the karst megasystem in its culminating evo-
lutionary state ¢ the karst landscapet in terms
Of wbOUwW?EOEUOOaL 6
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KARST LANDSCAPE AS A SYSTEM

As shown above, it is at the karst (karst land-
scape) stage, in its broad sense, i.e. when the
karst megasystembecause of the significant ro-
le of external factors becomes a binary system
comprising both subterranean (geological en-
vironment) and surficial (geographica | envi-
ronment) elements which integrate into the
karst landscape. The dynamic-developmental
accent of the entire megasystem is on the pla
ne of interactions between the parts of the bi-
nary karst system. Let us focus on the internal
aspects of this system¢ structural, functional
and developmental. The karst landscape will
be referred to as a genetic unity of two of its
parts (geosystem), highlighting its peculiarities
compared to the non-karst landscape.

In this paragraph also the systemic accent
will be shifted from one system object (the eve
lutionary karst megasystem) onto another one
(the karst landscape as a system). The nature
of the system approach, which is its conside-
rable advantage, allows such a shift in accent.
For every object can be presentd and stu-
died as a system and it facilitates its explora-
tion, a better understanding of it and showing

its essence. In this case it becomes necessary

to consider the object in systemic terms (who-
leness, structure, connections, etc.).

The structure of t he karst landscape as a
system

The karst landscape is characterized by the pre
sence of the phenomenon atypical for the vast
majority of other landscapest large under-
ground channels and cavities including ca-
ves®. In the course of the evolution of the karst
system, these elements becomerelatively auto -

gnomical and functional point of view, i.e. sub-
terranean geo-complexes (ecosystems, etcs}.

The subterranean part of KL is closely con-
nected with the surficial part. They are two ge-
netically and functionally coupled parts of the
unique Kkarst landscape and constitute the most
important peculiarity of its structural organiza -
tion. According to the systemic methodology
or terminology, the subterranean and terra-
ne components KL should be considered its
main structural subsystems. This coupled func-
tioning of two subsystems (surficial T sub-
terranean) in the karst landscape geosystem
determines the most important properties of
the whole landscape.

Karst landscapesare distin guished by par-
ticular spatial development. Because of the
presence of caves, sometimes very deep ({2
kilometres and more), which facilitate penetra-
tion of surface agents (water, oxygen, sedi
ments, organics, microorganisms, etc.) deep
into the Earth, the lower boundary of KL
drops significantly beneath that of non -karst
landscapes, where it is only a few dozen me-
tres from the surface of earth and is gene-
rally coincident with the lower limit of the
weathering zone. In contrast to ?flat? non-
karst landscapes, KL are characterized by sig
nificant three -dimensional volume.

In the structure of the karst landscape two
components may be recognized: a vertical struc
ture (geo-component ¢ in tiers) and horizon -
tal (geo-complex ¢+ morphological).

%iCaves are described by some karstologisegra

phers as underground landscapes distinguished by
their particular topography (morfology), own hydrogra
phic network, specific underground climate (mikro
or mezoclimate) as well a pecadiworld of cave or
ganisms GvOzDETSKI¥954 GERGEDAVYAL973 CHIKISHEV
1979). Interesting studies concerning the complex na
% Caves are underground cavities, of dimensions ac ture of the cave world are available in Slovak litera
O0SaaArotsS G2 | St
in a natural (evolutional) or artiial (by man) way.

nomous natural formations ¢ from the physio -

(JAKAL 1986 BELLA 2008).
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Verti cal structure

Elements of vertical structure t geo-
components

The geocomponent structure of the non-karst
landscape is formed by vertically layered
geo-components: massiveand mixedin accor-
dance with the physical properties (a state of
matter and density) . Massive geo-components
are constituted by aggregatdhomogeneoumate-
rial formations (geomasses) such as: rock (hard,
i.e. lithocomponent water (liquid, i.e. hydrocom
ponenj and air (gas or atmocomponeptAggre-
gateheterogeneodsrmations occurring in pla -
ceswhere mass-homogeneous components
connect and inter-penetrate form mixed (com-
posite) geo-components. They are also called
contactcomponents (ANDREYCHOUK , WORO-
PAJ, 1993 ANDREYCHOUK , 2010 such as: sall
(pedocomponetitat the contact between atmo-
and litho -components), bottom sediments of
aqueous basins pottomcomponenit on contact
between hydro- and litho -components), aqui-
fer horizons (aquicomponent layers of geologi-
cal crosssection saturated with water), near-
surface layers of water in water reservoirs
and basins (sccalled ?active layers or surfa-
ces? ¢ at the contact between atmo and hy-
dro-components, enriched in oxygen, irradia-
ted with solar radiation, with periodic mixing

of water, etc.) and others (Fig. 4t top). Life, as
a distinct type of geomass, that isbiocomponent
occurs (concentrates) in varying degrees and
in different forms (animals, plants, micro -or-
ganisms, dead organic mass) in eachof the
geoc-components both massive (@biotict rocks,
water and air) and mixed (Fig. 4). At the same
time contact geo-components are usually much
more enriched in biomass (both living and
dead) than massive geacomponents. It affects
the properties of these components¢ they be-
come abicbioticformations. In the case of ac
tive interactions between their inorganic and
organic parts, new (integral) quality geomasses
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of a very specific nature and properties (e.g.,
soil) are created.

The vertical geo-component structure of
the karst landscape is more complex than that
of non-karst landscapes (Fig. 4). The presence
of underground cavities makes a vertical stru -
cture of KL layered and repetitive. As under -
ground cavities and caves are geacomplexes
by their nature, in the caseof KL what we
deal with is not an ordinary increase of the
number of elements (geccomponents) in the
system but an increase of the number of geo
complexes, i.e. aqualitative change concerning
its organisation. This forces introducing into
the schema of the vertical system organization
of KL yet another ¢ subsystem irarchicallevel
(the level of organization between the compo-
nent and the system).

The presence of two subsystemst terri-
genous (surface, upper) and subterranean
(underlying), clearly distinguishes the vertical
structure of KL from the vertical st ructure of
the non-karst landscape.

In the lower tier of KL massive (atmo-,
hydro, lito and bio -) and mixed (litho -atmo-,
hydro -atmo-, litho -hydro -, etc.), geecompo-
nentsare also present, however in the under-
ground version. The properties of the subter-
ranean geo-components are different from
those of the upper tier. And so, the gascom-
ponent (the subterranean atmosphere, cave
air, As-u ¢t Fig. 4) usually contains more (a
few to a few hundred times) carbon dioxide,
methane, hydrogen sulphide, radon and other
gasesthan the surface atmosphere. In the
case of the impeded exchange of air with the
outside atmosphere, caves, (particularly large

EOEwWOEEaUDPOUT Ol wOOI UAOwWEI E

for gas emanations from the earth interior.
The relative humidit y of the cave air is often
equal to or close to 100%. The morphology of
certain cavescausesalmost a complete lack
of air movement, which rarely happens on
the surface.



NON-KARST LANDSCAPE

Geo-

Geo-

Symbols Landscape section Symbols
components components
As
As
(A-L)c
| s (A-H)c
(L-H)c [ — = Hs
(H-L)c
Ls Hs
| KARST LANDSCAPE
Symbols (Geos Landscape section Geo- Symbols
components components
As As
(A-L)c
Ls
Ls
(L-A)c-u
(L-A)c-u B
As-u
(A-H)c-u (A-L)c-u
Hs-u
(H-L)c-u Ls-u

Fig. 4. The principal vertical geocomponent structure of the non -karst and karst landscapes:

Biocomponent
and relative con-
tent of living
matter in abiotic
components

Homogenous components: As ¢ atmo-component - substantial (gaseous, massive); Lg litho -component -
substantial (solid, massive); Hs ¢ hydro -component - substantial (liquid, massive); As-u ¢ atmo-component
-substantial (gaseous, massive} subterranean (underground); Hs -u ¢ hydro -component - substantial
(liquid, massive) ¢ subterranean (underground); Ls-u ¢ litho -component - substantial (solid, massive) ¢
subterranean (underground);Heterogeneous components: (A-L)c ¢ soil (mixed, contact); (L-H)c ¢ aquifer

(L-A)c-u ¢ the rock of the cave ceiling and walls (mixed, contact); (A-L)c-u ¢ the surface layer of cave
sediments (mixed, contact); (A-H)c-u ¢ the near-surface water layer of larger cave lakes (mixed, contact);
(H-L)c-u ¢t the bottom sediments of underground reservoirs (mixed, contact);
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Subterraneanfiydrocomponen{Hs-u) is
enriched with dissolved mineral substances ¢
due to the longer time of interaction between
water and karst rock than in the case of sur
facewaters. In the non-karst landscape TDS
content in water with range of 2 ¢+3 g/dm? or
more usually occurs at a depth of 143 km, far
below the lower boundary of the landscape
system. In contrast, in the sulphate karst land-
scape such parameters are characteristic even
for superficial water and in the salt karst land -
scape TDS content in water reaches dozens,
or even hundreds, of g/dm3. Karst water of the
lower tier of KL is often characterised by a
more varied chemical composition and a di -
verse geochemical environment, including the
occurrence of reducing conditions which are
extremely rare on the surface.

The lithocomponentalso has different
characteristics underground. Processes of ce
mentation, recrystallization, dolomitisation ¢
de-dolomitisation , metasomatism, hydratation,
and others change the structure, texture and
lithology of rocks significantly, and the occur -
rence of karst cavities there deform configu-
rations and differentiate the intensity of geo-
physical fields in karst massifs. Processes of
speleolithogenesis cause geochemical redistr
bution of elements and chemical compounds.
Karst rocks containing underground cavities
are often filled with lithokarstic inclusions
and huge masses of karst breccia, residual ma
terial and non-karst rocks of gravitational
origin.

The content of biomass piocomponent
Bsu) in the subterraneous subsystem KL is
relatively small, especially in comparison with
that of the terrestrial non-karst landscape.
Quantitative estimates of the biomass in karst
caves or cavities are extremely rare in the lite
rature. However, in tropical caves the biomass
may be significant, especially in the case of
by-products such as guano. In any casethe-
re isincomparably more organic matter in
the subterraneantier of KL than in the bedrock
(fissures and pores) of the non-karst landscape.
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Mixed geo-components (contact) of the
subterranean subsystem of KL are yet more
specific than massive ones. For example, a
weathered rock layer on the walls of a cave or
a nearthe surface layer of cave sediments are
significantly different in composition and pro -
perties from the analogous terrigenous forma-
tions (e.g. soil). But just as in theterraneous
subsystem KL, they are located on the contact
of mono-mass components, are characterized
by mutual penetration and interaction of sub -
stancesbuilding them, and formation of par -
ticular geochemical barriers (Fig. 532 They
constitute the environment of the concentr a-
tion of organic matter (living and dead). Cor -
rosion niches in the cave ceiling are inhabi-
ted by bats and often by insects (arachnids,
primarily ). The rock of the ceiling and walls
(L-A)c-u is often weathered, more porous,
corroded or covered with mine ral crusts en-
riched with chemical compounds, which result
from oxidation of minerals and elements con -
tained in the rock, aggressive impactof organic
substances and gases, etcPhoto 1). In this zo-
ne, infiltrating water often accumulates chemi-
cal deposits, there is also crystallization or re-
crystallization of minerals and condensation
of water.

%2 The geochemical barrier means a contact zone
(transitional) of various bodies and environments
within which takes place a specific deposition of-cer
tain chemicalelements or compoundsmigrating
through the zone in water solutions. The causes and
mechanisms of depositions are determined by chan
ges in temperature, density, permeability, geleemi

cal conditions etc., on the contact of different envi
ronments through which water solutions migrate.
The concept of geochemical barriers is one of the key
concepts of the landscape geochemistBERELMAN
1966).



Fig. 5. Some types of geochemical barriers in the underground part of karst landscapes:
1% solution, 2¢ oxygenic, 3¢ thermogasodynamic, 44 sorption

Due to interpenetration of the environ -
ments and subgances (oxygen, water, orga
nics, etc.), various types of micro-organisms
concentrate on the surface and inside the con
tact layer and their presencecontributes to
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i
Phot. 1.Organic-mineral (1) and carbonate-ferruginous -manganese (2) crust formations on the cave ceiling
(1) and walls (2) (Davadung Cave, Thailand, R. Kwai Basin, photo by V. Andreychouk).

qualitative changesoccurring in the layer
(Fig. 6). In the presence of light, (e.g. artficial),
the rock substrate nourishes active develop-
ment of algae, fungi and even vegetation (lam-
penflora) (Phot. 2).



EsEdimeEnts =~ = &

~ ~ ~ ~ ~

-~ -~ -~ =~ =~ ~ clay-carbonate
: |

1T 1 . L N R R R T T 7 ' . T T 1
T T T T 1 |||mestonp|[|||||||||||||l) ||||||||1I|mestonel|lwl|l|
1 1 1 | Il 1

gypsum gypsum gypsum gypsum
~~ iron-oxidizers o /
~— T ferrooxidans denitrificans H -producers
~— T thiooxidans denitrificans P. denitrificans

fungus-like
microorganisms

H,-producers T. thioparus

T. thioparus
o 1. denitrificans
denitrificans

thionic
denitrificans

T. ferrooxidans
vl Y

o 1. thioparus
iron-oxidizers

gypsum

T. thiooxidans

L7
Clostridium” [ZZ gypsum ——

P. denitrificans ==
T. thiooxidans " \o0—————r———

Fig. 6. The spread of basic species and groups ofnicroorganisms in Zoloushka Cave (Bukovina, Ukraine)
(after ANDREYCHOUK , KLIMCHOU K, 2001) Microorganisms are concentrated on the surface of the cave walls
and sediments, i.e. related to contact formations (geocomponents).

Photo 2. Fern growing in
a cave owing to artificial
irradiation of ground and
walls. Laos, the cave in
the vicinity of Van Vieng
(Phot. by V. Andreychouk )
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