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This article presents results of an analysis of possibilities of the use of 
multispectra! aerial photographs made by MKF-6 oamera and digital 
LANDSAT 8 data, identifying indirectly the surface water-logging of soils 
without a vegetation. Particular forms of intensity of the surface water- 
-logging of soil's are identified on the photographs and ímiages by means 
of relevant physiognomic features. Results of an optic-analogue and digital 
interpretation are documented from 2 experimental surfaces of the East- 
-Slovakian Lowland.

INTRODUCTION

The East-Slovakian Lowland with an area of approximately 2600 sq. km. re- 
presents an important agricultural area of the ČSSR (<Fig. 1). Considerable part 
of the 197,000 hectares of land agriculturally cultivated, especially in the plaln 
level, is marked for its hydrophysical properties negatively influencing the 
growing of agricultural crops. Particularíy in spring months, but also during 
the summer, or also in autumn, iarge areas of the land are usually water-log- 
ged or flooded. Therefore it is very important, especially from the viewpoint 
of further effective development of agricultural production in the East-Slova
kian Lowland, to make a detailed typification of the soils from an aspect of 
the dynamics of water-logging intensity changes. We are to remark that solu- 
tion of the problém mentioned in such an extensive territory is difficult atta- 
inable applying only conventional methods of the field research, since the soil 
water-logging is marked for a striking variability in time and space. And that 
is why we háve proceeded in solving the subject problém <also to an applica-
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tion of data gained by the Earth remote senslng metsods. The crucial-polnt 
of our Work in this sphere (2, 3, 4) was concentrated on both setting up metho- 
dic procedures of analogue and digital interpretation, by means of which re- 
quired information of the intensity of soil water-logging may be obtained from 
aerospace photographs and images, and also on an analysis as well as practi- 
cal application of the results of Interpretation. The submitted work documents 
part of the results of an analysis of interpretation outputs.

The aim of the work is to document possibilities of the use of multispectral 
aerial photographs (made by MKF-6 camera) and images (made by multispec
tral scanner MSS), where the intensity of surface water-logging of the soils 
without a vegetation is indirectly identified, and subsequently also to identify 
the forms of Intensity of the surface water-logging of soils by means of their 
relevant features.

CHARACTERISTICS OF THE PROBLÉM

A generalization of two basic types of the water-logging of depressions in 
the East-Slovakian Lowland is shown in Fig. 2. The water-logging is conditio- 
ned by precipitation water accumulated and also coming to the surface as le
vel of the underground water. A third type of water-logging comes into consi- 
deration as combined from the both mentioned. We suppose that in substance 
the difference between the basic types (from the viewpoint of thier manifesta- 
tion in aerospace photographs and images) is in that the dynamics of changes 
in water-logging extent should be greater in the čase with the accumulated 
precipitation water than in that with the underground-water level coming to 
surface in taking photographs repeatedly (ľ).

Under the notion of physiognomic aspects of the intensity of surface water- 
-logging of soils we understand significant aspectual characteristics of soils
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water-logged with different intensity [predominantiy without a vegetation], 
manifesting itself with a striking change in density and pixel values, or also 
with a cháracteristic pattern in coloured syntheses and images.

The notion of soil water-logging is defined for the working aim as a ternpo- 
rary or permanent flooding of all the pores of the soil with precipitation oř 
underground water coming to the surface particularíy in lowered sites over 
its surface.

Fig. 2. A scheme illustrating the relationship between the water-logging of depressions 
in the East-Slovakian Lowland and the accumulated precipitation and underground 
water (3). 1,1’ — soil horlzon; 2,2’ — underground water level; 3 — precipitation wa
ter accumulated; A — contours of the surface water illustrated in the photograph; 
B — contours of the soil water-logged to different intensity, illustrated in the photo

graph.

The possibility of identification of water-logged soils with different inten
sity goes out from the presupposition that both the surface water and the soil 
with differently intensity of water-logging absorb radiation in the near infra-red 
spectral band (5, 7). Consequently, for instance, in coloured syntheses made 
in a suitable combination of multispectral photograph or image channels both 
water on the surface or soil water-logged dlffer strikingly from the other ob- 
jects with values of the density of syntheses and with values of pixels.

The interpreted multispectral photographs and images were obtained with 
MKF—6 camera aboard aerial laboratory AN—30 and MSS multispectral 
scanner aboard LANDSAT—3. Both the devices are able to record the flux 
of reflected electromagnetic radiation within the vislble and near infra-red 
parts of the spectrum. Information encoded in data gained in this way are di- 
rectly bound only to the surface layer of objects photographed, in our čase.
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for instance, the soils without vegetation. From the mentioned it results that 
it is very questionable to obtain direct information of water contents als^ 
in subsurface layers of the soil profile in absolute values through application 
of photographs and images made by recording only the reflected radiation in 
the visible and near infra-red parts of the spectrum.

Since the water-logging of an essential part of the monitored territory in 
the East-Slovakian Lowland is very striking, it has shown to be purposeíul 
and necessary to delimitate soils water-logged with different intensity and to 
characterize them by means of physiognomic aspects of the water-logging.

Generalized physiognomic characteristics of the delimitated forms (classes) 
af soils water-logged with different intensity are illustrated in Fig. 3.

Fig. 3. Delimitaved forms of the soils water-logged to different intensity. V, I, II •—
the delimitated forms.

Form „V“ represents a concentration of water on the surface, forming a con- 
tinuous level. The area of the water level ranges from some decades of square 
metres up to hundreds of them. This form is unambiguously identifiable in the 
way of changing density in coloured synthesis (on the negative shown in stri
king light hues] and also in the way of changing pixel values strikingly (see 
Tab. 1).

Form „I“ — the intensively water-logged soils — is represented by sporadic 
and smaller areas of water (some decades of square metres) concentrated on 
the surface. The distribution of the areas forms a characteristic pattern formed 
particularíy by ploughed land and water concentrated on the surface. By means 
of the patterns mentioned especially the bottom parts of depressions are illus
trated. Physiognomically the form is very striking and separable, which is do
cumented by Tabs. 1 and 2.
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Tab. 1. Mean value m; and standard deviation ai of spectral signatures of the individual
classes

Class
772; ai

1 2 3 4 1 2 3 4

V 36 34 32 17 13.3 23.2 13.8 3.2
I 33 34 35 26 2.8 3.3 5.1 4.4
II 36 39 41 31 3.6 8.7 12.1 9.0
III 34 36 41 36 4.4 7.6 27.1 9.5

Form „II“ — the less intensively water-logged soils — is represented by 
areas with very sporadic occurrence of water concentrated on the surface. 
Within this form areas with soils intensively water-logged in upper parts of 
the horizon are dominant by area. The form mentioned is bound predominantiy 
to little striking depressions, or also to an old river network. Physiognomically 
it is less striking and as documented in Tables 1 and 2 also only little separable 
from form III.

The other areas were considered as relatively dry, and are denoted as form
III.

THE PHOTOGRAPH AND IMAGE INTERPRETATION

In interpreting multispectral aerial photographs made by MKF—6 camera, 
námely on March 16, 1982, multispectral projector MSP—4 was ušed. The co
loured syntheses were formed from negatives of the 4th channel 640—680 nm 
and the 6th channel 790—890 nm combined with green and red filters. The 
methodic procedúre of analogue interpretation is documented in works (1, 2).

The LANDSAT—3 data made by MSS scanner on March 17, 1982, were 
worked up by PERICOLOR 2000. The applied methodical procedúre of digital 
interpretation went out from the results of field investlgation and from those 
of analogue Interpretation of aerial multispectral photographs of two training 
areas, in which 4 forms of surface water-logging of soils were identified. Since 
their extent in area is relatively smáli (some hundreds of square metres), only 
a reduced number of „pure“ pixels representing the appropriate forms (clas
ses) was selectable. These then represented a training set, the basic statistlcal 
data of which are quoted in Tab. 1.

Prior to classifying proper the couples of classes i?,- and Rj were tested for 
their separability. In the operation mentioned factor G,-,- was ušed, belng de- 
termined according to the relationship

G,, =
(772; — m,)^

where 772,-, nij and Oi, Oj denote mean values and deviations of classes R; and Rj. 
The slze of G,j- is proportional to the separability of classes Rj and Rj within 
the given spectral signatuře. This factor has been assigned to all the couples
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Tab. 2. Magnitudes of factor Gij indicating the separability of classes

Class
Class I II III

V 11,.6 20.1 30.8
I 7.5 8.8

II 2.4

Tab. 3. Summing mangitudes of factor G for each spectral signatuře respectively

Spectral band
1 1 2 3 4

G 0.47 0.65 1.47 10.96

of classes in all the spectral bands. Its total magnitude obtained by summing 
within all the spectral bands is quoted in Tab. 2. It results from the table that 
water is, according to expectation, well-differentiable from all the other classes, 
classes II and III being differentiable worst. Significance of the individual 
spectral bands for differentiating the classes determined is documented in Tab. 
3, in which the total magnitude of factor G for all the spectral signatuře is 
quoted. The 4th spectral band (near infra-red part of the spectrum) is most 
informative, while the first two bands do not contribute to differentiating in
dividual classes in a significant way. The similarity of some classes in the 
first, or also in the second belts is evident also from the graph in Fig. 4, where 
average values of chosen classes in bands 1 up to 4 are plotted. Consequently, 
the Ist spectral band has not been ušed for the classification and thus the 
classification has been realized only on the three-dimensional set.

In the classification the Bayesian classifier was ušed and the result has been 
fixed on a colour printer, systém PERICOLOR 2000. Before visualizing the re
sult had been still arranged by a post-classifying filter.

Results of an interpretation from two training surfaces are documented in 
Fig. 5. The interpretation schemes háve been arranged to a scale approximately 
1:25,000 so that there would be a possibility of comparing results of the digital 
interpretation [Fig. 5b) and those of the analogue one (Fig. 5a).

CHARACTERISTIC OF THE INTERPRETATION RESULTS

The results of interpretation on the testing surfaces (Fig. 5) confirm the 
possibility of identifying the defined forms (classes) of intensity of the surfa
ce water-logging of soils by means of the manifestation of their physiognomic 
characteristics illustrated in multispectral photographs and images. The re
sults of analogue interpretation correspond to those of digital one. Dissimila- 
rities in the shape of the areas of delimitated forms is caused both by the fact 
that the data ušed, the photographs and images, obtained in both photographic 
and non-photographic way of taking, and also by a great difference in the

54



scale. The originál scale of the digital image is 1:3,336,000 and that of the 
multispectral aerial photographs 1:50,000.

The identifiability of water on the surface — form ,,V“ — is nearly unambi- 
guous in the multispectral aerial photographs, similarly as in the images. Ne- 
vertheless, its lesser distinguishing ability does not allow to identify unambi
guously small arq'as of water (some sq. metres, or also some decades of pq. 
metres) concentrated on the surface of lands (for instance, in old river beds), 
which is confirmed by the results quoted in Tab. 1 as well as in Fig. 5.

The soils intensively water-logged — form „I“ — are similarly as the pre- 
vious well-identifiable, which is conformed by the results attained. The delimi- 
tation of this form is successful the more, the more areas with water concen
trated on the surface within its pattern there are (see Fig. 3).

The soils less Intensively water-logged — form II — are marked for only a 
sporadic occurrence of water on the surface, or as the čase may be, for a more 
intensive water-logging of the soil horizon. If, however, the water-logging is 
sufficiently striking and as to the size if it covers larger areas of the soil wlt- 
hout vegetation (,or as the čase may be, with only a sporadic developed vege-

<
D<OĹ

'————— class V —------ — — class I

--------------------class lí —------------------  class III

Fig. 4. Racliance characteristics of the delimitated forms (classes) of surface water-
-logging of the soils.
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Fig. 5. Results of the analogue [5a) and digital [5b) interpretation in a form of inter
pretation schemes to a scale of approximately 1:25,000. V — water concentrated on the 
surface, 7 — soils intensively water-logged, 77 — soils less intensively water-logged, 
777 — soils relatively dry, N — non-classified areas, M — swamps, * — bottom of la. 
water reservolr under coiístruction. A note; In the originál coloured interpretation, 
schemes made by a printer, systém PERICOLOR 2000, the individual forms of soil 

water-logging háve been emphasized with manual hatching.
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tation, for instance, still not expressive winter corn], the form mentioned is 
identifiable.

The vegetation in its different stages of development as well as the contents 
of humus, applying artificial fertilizers and soil liming and so on, these all 
only obscure the reflex characteristics of the differently water-logged soils 
and thus they may be interpreted as relatively dry — form „III“, or also as 
non-classified areas. It is necessary to be acquainted perfectly with the factors 
mentioned and eliminate them on the basis of a correct field research on the 
training surfaces.

CONCLUSION

On the basis of the results reached up to this time within the subject sphere 
it may be stated that multispectral aerospace photographs and images repre- 
sent a suitable means for providing toplcal information of physiognomic as
pects of the intensity of surface water-logging of soils (predominantiy without 
a vegetation] in the East-Slovakian Lowland.

The results of the image analysis (Tabs. 1, 2 and Fig. 5] háve confirmed that 
an image contains information of the defined forms (classes] in the soils wa
ter-logged to different intensity.

Supposing the interpretation of images obtained in several time horizons 
suitably chosen (under minimum occurrence of vegetation] it is possible to 
improve separability of the defined forms (classes], especially „II“ and „III“ 
and information obtained in this way then to employ, for instance, in typi- 
fying the soils from the viewpoint of the dynamics of water-logging changes.

The topical time-space information of the intensity of surface water-logging 
of the soils may successfully be employed also dlrectly in the practice, e. g. 
in projecting hydromelioration arrangemente of the territories of interest; in 
monitoring the effectiveness of draining systems existing and so on.
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Ján Feranec, Jan Kolář

FYZIOGNOMICKÉ ASPEKTY INTENZITY POVRCHOVÉHO ZAMOKRENIA 
POD VÝCHODOSLOVENSKEJ NÍŽINY IDENTIFIKOVANÉ APLIKÁCIOU 

AEROKOZMICKÝCH SNÍMOK A OBRAZOVÝCH ZÁZNAMOV

Značná časť poľnohospodársky obrábanej pôdy Východoslovenskej nížiny, najmä v 
rovinnom stupni, sa vyznačuje hydrofyzikálnymi vlastnosťami, negatívne vplývajúcimi 
na pestovanie poľnohospodárskych kultúr. Preto je veľmi dôležité, najmä z hľadiska 
ďalšieho efektívneho rozvoja poľnohospodárskej výroby na nížine, urobiť detailnú ty
pizáciu pôd z aspektu dynamiky zmien intenzity ich zamokrenia. Vyriešenie uvedeného 
problému na tak rozsiahlom území aplikáciou iba konvenčných metód terénneho vý
skumu je ťažko dosiahnuteľné, nakoľko zamokrenie pôdy sa vyznačuje výraznou pre-' 
menlivosťou v čase a priestore. Preto sme pri riešení predmetného problému pristúpili 
k aplikácii údajov získaných metódami diaľkového prieskumu Zeme. Ťažisko našich 
prác v tejto oblasti (2, 3, 4] sa sústredilo jednak na zostavenie metodických postupov 
analógovej a digitálnej interpretácie, pomocou ktorých možno získať z aerokozmických 
snímok a obrazových záznamov požadované informácie o intenzite zamokrenia pôd a 
tiež na analýzu a praktické aplikácie výsledkov interpretácie.

Cieľom práce bolo dokumentovať možnosti využitia leteckých multispektrálnych sní
mok (urobených komorou MKF-6] a obrazových záznamov (urobených multlspektrál- 
nym riadkovacím rádiometrom typu MSS) pri nepriamej identifikácii intenzity povr
chového zamokrenia pôd bez vegetácie. Formy intenzity povrchového zamokrenia pôd 
identifikovať prostredníctvom ich relevantných fyziognomických znakov.

Pod pojmom fyziognomické aspekty intenzity povrchového zamokrenia pôd rozumie
me signifikantně vzhľadové charakteristiky rôzne intenzívne zamokrených pôd bez ve
getácie, prejavujúce sa na farebných syntézach a obrazových záznamoch výraznou 
zmenou hodnôt denzity a pixelov, prípadne charakteristickou štruktúrou.

Pojem zamokrenie pôdy definujeme pracovne ako dočasné alebo trvalé zaplavenie 
jej všetkých pórov zrážkovou alebo podzemnou vodou, vystupujúcou najmä v znížených 
polohách nad jej povrch.

Možnosť indentifikácie rôzne intenzívne zamokrených pôd vychádza z predpokladu, 
že povrchová voda a rôzne intenzívne zamokrená pôda absorbujú radiáciu v blízkej 
infračervenej časti spektra (5, 7). V dôsledku toho, napr. na farebných syntézach, vy
tvorených vo vhodnej kombinácii kanálov multispektrálnych snímok alebo obrazových 
záznamov, voda na povrchu a zamokrená pôda sa výrazne odlišujú od iných objektov 
hodnotami denzity syntéz a hodnotami pixelov.

Pri interpretácii multispektrálnych leteckých snímok, urobených komorou MKF— 
16.3.1982, bol použitý multispektrálny projektor MSP-4. Obrazový záznam urobený 
multispektrálnym riadkovacím rádiometrom MSS z paluby družice LANDSAT 3, 17. mar
ca 1982, bol spracúvaný na zariadení PERICOLOR 2000. Pred vlastnou klasifikáciou 
boli triedy — formy intenzity zamokrenia pôd testované na separabilitu. Pri klasifi
kácii sa použil Bayesov klasifikátor.

Na dvoch experimentálnych plochách Východoslovenskej nížiny sme identifikovali 
aplikáciou aerokozmických snímok a obrazových záznamov tieto formy intenzity po
vrchového zamokrenia pôd: voda koncentrovaná na povrchu, vytvárajúca výraznú, sú
vislú hladinu; pôda intenzívne zamokrená; pôda menej intenzívne zamokrená a ostatné 
plochy.

Na základe doteraz dosiahnutých výsledkov možno konštatovať, že multispektrálne 
aerokozmické snímky a obrazové záznamy sú vhodným prostriedkom na poskytnutie 
aktuálnych informácií o fyziognomických aspektoch intenzity povrchového zamokrenia 
pôd Východoslovenskej nížiny.
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Obr. 1. Poloha študovanej oblasti.
Obr. 2. Schéma znázorňujúca vzťah medzi zamokrením depresií Východoslovenskej ní

žiny a akumulovanou zrážkovou a podzemnou vodou (3]. l,ľ — pôdny hori
zont; 2,2’ — hladina podzemnej vody; 3 — akumulovaná zrážková voda; A — 
kontúry vody na povrchu, zobrazenej na snímke; B — kontúry rôzne intenzív
ne zamokrenej pôdy, zobrazenej na snímke.

Obr. 3. Delimitované formy rôzne intenzívne zamokrených pôd. V, I, II — delimitova
né formy.

Obr. 4. Radiačné charakteristiky delimitovaných foriem (tried) povrchového zamokre
nia pôd.

Obr. 5. Výsledky analógovej (5a) a digitálnej (5b) interpretácie vo forme interpretač
ných schém v mierke približne 1:25 000.
V — voda koncentrovaná na povrchu, I — pôdy intenzívne zamokrené, 11 — 
pôdy menej intenzívne zamokrené, III — pôdy relatívne suché, N — neklasifi
kované areály, M — močiare, * — dno budovanej vodnej nádrže.
Poznámka: na originálnych farebných Interpretačných schémach, urobených 
tlačiarňou systému PERICOLOR 2000, sú jednotlivé formy zamokrenia pôd 
zvýraznené ručným šrafovaním.

Tab. 1. Stredná hodnota m; a smerodajné odchýlky ai spektrálnych príznakov jednotli
vých tried.

Tab. 2. Veľkosti faktora G;/ udávajúce separovatelnosť tried.
Tab. 3. Sumárne veľkosti faktora G pre každý spektrálny príznak.

Hh OepaHCi;, Hh KojtaptK

OM3HOHOMI4HECKME ACnEKTbl MHTEHCMBHOCTM 
nOBEPXHOCTHOrO 3ABOJ1AHMBAHMÍI nOHB 

BOCTOHHOCJlOBALIKOIŽÍ HM3MEHHOCTM, MflEHTMOMĽíMPOBAH- 
HblE nyXEM nPMMEHEHHB A3POKOCMMHECKMX 

M CKAHEPHblX CHMMKOB

SnaMMTejibHaa /j,onsi ceJibCKMM xoasňcTBOM BoatteJiwBaeMHx nouB BocTouHOcaoBapKoň 
HM3MeHH0CTM, HaxoAatúMxcs, maBHbiM oôpaaoM, na paBHMHe, orjinuacTCJt rMflpo(t)M3M- 
neCKMMM CBOMCTBaMM, BJlMHlOmMMM OTpHpaTCabHO Ha BbipamMBaHMe CejIbCKOXOaaMCTBCH- 
Hbix KyjibTyp. nosTOMy aBJíacTCH BajKHoň, npemviyutecTBeHHO c acnexTOB flajibHeMmero 
3(J)(Í)eKTMBH0r0 paSBMTMa CeJIbCKOXOaHňCTBCHHOrO npOM3BOflCTBa Ha HM3MeHH0CTM, pa3- 
paôoTKa flCTaabHoň ™nM3auMM nouB c tohkm apenna flMHaMMKM HSMeHeHMÚ mx aaôo- 
jiauMBaHHH. PemeHMC flanHoň npoÔJieMw nnn raKoň oômMpHoň TeppMTopmi nyrcM 
npMMeHCHMH Jiwmb KOHBeHpMOHHblX MCTOflOB nOJICBblX MCCJieflOBaHMM aBaaeTCH TpyflHO 
flOCTMHCMMblM, nOCKOJIbKy SaSojiauMBaHMC nOHB OTJIMUaeTCa OTHeXJIMBOH M3MeHHHBOCTblO 
BO BpeMCHH M B npocTpaHCTBc. fljia pemcHMa flaHHOň npoôjicMbi mh, nosTOMy, npw- 
BjieKSM flaHHbie, nojiyncHHbie MCTonaiviM gMCTaHpMOHHoro soHflMpoBaHMa SeiviJiM. Ochob- 

Hbie ycMBMa b stom oôJiacTM (2, 3, 4) HaMM cocpettOTOHCHM Ha paapaôOTKy mctoamk 

anajioroBOM m pmcJspobom MHTepnpeTapMM, nyxeivi npmvieHeHMa KOTopwx no aspoKOCMM- 
neCKMM M CKaHepHbIM CHMMKaM MOJKHO nOayuaTb TpeÔyCMbie MHCjjOpMaitMM o MH- 
TeHCMBHOCTM saôojiauMBaHMa noHB, a TaKHce Ha anajíMS m npaKXMMecKoe npMJioJKCHMe 
peayjibxaxoB MHxepnpexaitMM.

Uejib Hamwx ycMaMíi — flOKyivieHXMpoBaxb B03Mox<Hocxb npwMeHeHMa MyjibXHcneKx- 
panbHbix aapocHMMKOB (nojryHCHHbix KaivtepoM MKO-e) h CKanepHbix chmmkob (noay-
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MeHHbix MyjibTHcneKTpajibHMM cKanepHbíM pa^MOMexpoM Tuna MCC) ajjh koceckhom
HfleHTM4)MKar(MM MHTeHCMBHOCTM nOBepXHOCTHOrO 3a60Jia™BaHMa nOMB JIMIUeHHblX paCTM- 
TeBbHOCTM. ííajiee — M^eHTUCjDMlUMpOBaTb (J)OpMbI MHTeHCMBHOCTM HOBepXHOCTHOrO 3a- 
ÓOJiaHMBaHMa HOHB nOCpeflCTBOM mx CymeCTBCHHWX cjDMSMOHOMMHeCKMX npM3HaKOB.

nofl (J)M3M0H0MMHeCKMMM aCHCKTaMM MHTeHCMBHOCTM HOBepXHOCTHOrO SaSOJiaHMBaHMB 
noHB HaMM HOflpaayMeBaiOTca cMrHM(J)MKaHTHbie BMsyajibHbie xapaxTepMCTMKM b pa3HOM 
CTeneHM aaóojioneHHbix hohb 6e3 pacTMTCJibHOCTM, npoaBJíaiomMecH na noayHeHHwx 
CMHTeSMpOBaHHbIX pBCTHblX CHMMKaX M Ha CKaHCpHblX CHMMKaX OTHeTJTMBOM CMCHOM 
SHaneHMM hjiothoctm m SHaneHMM nMKcejieň, mjim ace xapaKTepMCTMnecKOM crpyKrypoM.

nofl 3a6ojiaHMBaHMeM hohem naMM, b paSonCM nopa^Ke, no;;pa3yMeBaeTca BpeMeHHoe 
MJIM nocTOHHHoe aanoaneHMe Bcex hopmctmx OTBepcTMM ocaflOHHOM mbm nofl3eMHOM 
BOflOM, BbicTynaKimeM, raaBHUM o6pa30M na aaHMXceHHwx ynacTKax nafl ee noBepxnocTb.

B03M0>KH0CTb MfleHTMCjlMKapMM pa3HOM CTeneHM 3a6oaOHeHHbIX nOHB OCHOBblBaCTCa 
Ha npeflnocbiBKe, hto noBepxHOCTHaa BO^a m b paaHoii crencHM aaSoaoHeHHaa nonsa 
noraoipaiOT paflMaqMio 6aM3Kyio k MHtjjpaKpacHOM aone cneKTpa (5, 7). B peayabTaTe 
3Toro, HanpMMep, Ha CMHTeaMpoBaHHwx pBeTHUx CHMMKax, nojiyneHHbix npM no;í6ope 
HOflxoflaineM KOMSMHaqMM KanaaoB MyabTMcneKTpaabHbix chmmkob mbm a<e CKanepHbix 
CHMMKOB, noBepxHOCTHaa BO^a M aaSoaoHeHHaa noHBa oTHexaMBo OTannaiOTca ot ;ipyrMx 
oSieKTOB SHaneHMaMM hbothoctm m SHancHMaMM HMKceacíí.

B npopecce MHTepnpexapMM MyabTMcneKTpaabHbix aapocHMMKOB, noayneHHbix KaMepoň 
MK4)-6 (16 MapTa 1982 r.), HaMM npMMCHaaca MyabTMcneKTpaabHWM npoeKTop MCn-4. 
CKaHepHbíM CHMMOK, HonyneHHbíM MyabTMcneKTpaabHbíM CKanepHbíM pa^MOMCTpoM MCC 
Ha cnyTHMKe JIAHJICAT 3 (17 MapTa 1982 r.), o6pa6oTaH c noMombio npMĎopa 
nEPMKOJlOP 2000. í(o KaaccMc|jMKapMM Kaaccbi-cJiopMbi mhtchcmbhoctm 3a6oaaHMBaHMa 
noMB npoBepaaMCb na cenapaTMBHOCTb. B npopecce KaaccMCjiMKaqMM 6bia npM.MeneH 
BaňecoBCKMM KaaccMiJiMKaTop.

B peayabxaTe npMMeneHMa aspoKocMMnecKMx m CKanepnux chmmkob na qayx SKcne- 
pMMeHxaabHbix ynacTKax BocxoHHOcaoBaqKOM HMSMenHOcxM hhmm MqeHXM<f)MqMpoBaHbi 
caeqyroiqMe cJiopMbi MHxeHCMBHOCxM noBepxHOcxHoro aaBoaanMBaHMa hohb: Boqa koh- 
qenxpMpyKHqaaca na noBepxHOCXM, oSpaayroiqaa oxnexaMBOe m HenpepbiBHoe aepKaao; 
noHBa MHTCHCMBHO 3a6oaoHeHHaH; noHBa MCHee mhtchcmbho aaOoaoneHHaa m ocxaabHaa 
noBepxHOCXb.

Ha ocHOBe qo cmx nop noayneHHbix peayabxaxoB b qaHHOň oCaacxM moxcho oxMexMxb, 
HTO MyabXMcneKxpaabHbie aspocHMMKM m CKaHepHbie chmmkm npeqcxaBaaiOT coOoň 
noflxoqaiqee cpeqcxBO qaa npeqocxaBaeHMa aKxyaabHux MHcJiopMaqMM o c})m3mohomm- 
neCKMX acneKxax mhxchcmbhocxm noBcpxHOCXHoro aaSoaaHMBaHMa hohb Boctohhocho- 
BaqKOM HM3MeHH0CTH.

Pmc. 1. MecTonoHOJKCHMe MaynaeMOM oSaacxM.
Pmc. 2. CxeMa 0To6pa>KaioiqaH cBaab Meacqy aaóoaaHMBaHMCM qenpeccMň Boctohhocbo- 

BaqKOM HM3MeHHOCXH M SaCxaMBaKDiqM.MMCa OCaqOHHblMM M HOqaeMHblMM BO- 

qaMM (3).
1,1’ — noHBeHbíM ropM30HT; 2,2’ — ypoBCHb HoqaeMHbix Boq; 3 — sacxaMBaio- 
iqneca ocaqoHHbie Boqbi; A — KOHxypHaa bmhmh noBepxHOCxHbix Boq, M3o6pa- 
JKeHHblX Ha CHMMKe; B — KOHXypHaa BMHHH paaHOÍi MHTeHCMBHOCTM SaCOBOHeH- 
Hbix noHB, M3o6paaceHHbix na chmmkc.

Pmc. 3. BbiqeaeHHbie cjiopMbi paanoM MHxeHCMSHOCTM aaSoaoHeHHwx dohb. V, I, II — 
BbiqeaeHHbie cjjopMw.

Pmc. 4. PaqMaqMOHHbie xapaKTepMcxMKM BbiqeaeHHWx iJiopM (naaccoB) noBepxHOCXHOro
3a6oaaHMBaHMa hohb.

Pmc. 5. PeayabxaTbi anaaoroBOM (5a) m qMíjDpoBOM (5b) MHTepnpexaqMM b BMqe mhtcp- 
npeTaqMOHHbix cxeM b Macmxaóe npM6aM3MTeabHO 1:25 000.
V — aacTaMBaioiqMeca na noBepxHOCTM Boqw, I — hohew MHTeHCMBHO saQoao-
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qeHHbie, II — noMBbi Mcnee MHTeHCMBHO saSojiOHeHHwe, lil — no^iBbi othocm- 
TCJibHO cyxMe, N — HeKJiaccM(J)imMpoBaHHbie apeajibi, M — Sojiora, * — ^ho 

CTpoameroca BOfloxpaHMjiMma. ripHMenaHMe: na opHrHHajibHwx líseTHWX mh- 

xepnpeTapMOHHbix cxeiviax, oxneviaTaHHbix ne^aTHWM ycxpoiícTBOM cMCTCMbi 

nEPMKOHOP 2000, OTflCJibHbie 4>opMbi 3a6ojia™BaHMa no^B floóaBOHHO 3a- 
mrpMxoBaHbí spyMHyio.

Taóji. 1. CpeflHce SHaMeHne m, m cxaHflapTHwe oxKjiOHeHMx u; cneKxpajibHMx npMSHaKOB 
oxfleJibHbix K^accoB.

Ta6ji. 2. BejiMHMHbí cJjaKxopa G,/, onpeflCJiaiomHe cenapaxHBHOCXb KJiaccoB.
Ta6a. 3. CyMMapHbie BeaMaMHbí cJjaKxopa G fljia Ka>K,zíoro cneKxpaJibHoro npH3HaKa.
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