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Pesiome
Llenb. Pacyer saHepreTMyeckoro noTeHumnana nepBuUYHON NPOAYKTUBHOCTU
3eMe/lb, 3KOJIOTMYECKOTO HOPMWMPOBAHMA  TEXHOTEHHOW  Harpysku,

BbIPabOTKN MEPONPUATUI MO YCTONYMBOMY Pa3BUTUIO TEPPUTOPUNA.
Matepman u meToabl. ABTOPOM pa3paboTaH METoA  OLEHKM
NpPOCTPaHCTBEHHOM AnddepeHUMaLnM MOLLHOCTU CONHEYHON paguaumu
NPUMEHUTENBbHO K TeppuTopuu Pecnybnukun [arectaH. B ocHoBy meTtoaa
NONOXEHbI Pe3y/ibTaTbl MHOTO/IETHUX aKTUHOMETPUYECKMX U3MEPEHUI MO
Pa3HOBbLICOTHbIM  METEOPOJIOTMYECKMM  CTaHuMam  [larectaHa MU
conpeaenbHbIX TEPPUTOPUI CO CNOMKHbIM penbedom.

Pe3ynbtatbl. BbiNO/MHEH CTATUCTUYECKUA aAHANM3 3aKOHOMEpPHOCTeM
pacnpefeneHna-MOWHOCTM  CONHEYHON paauaumMmM B KOOpAMHATax
Tepputopun  Pecnyb6nmkm  [JarectaH. Ha  ocCHOBe  BbIMMC/IEHHbIX
3aKOHOMEPHOCTEN NOCTPOEHa HOMOrpPaMMa A/1A CHUTbIBAHWUA NOoKasaTenen
SHEPreTMKM 3KOCUCTEM B LUMPOTHO-BLICOTHbIX MWHTEepBasax 3eMHOWM
noBepxHoctn  Pecnybnukn  [arectaH. [lonyyeHHas  Homorpamma
No3BO/MAET CYMTbIBATb MpeAenbl M CpegHUe 3HAYeHUA XapPaKTEPUCTUK
CO/IHEYHOM  paauauMm  UcCAefyemon  TeppuTopun,  Hanpumep,
aAMUHUCTPATUBHOIO paloHa NO BCEM MHTEpBaiaM BbICOT U LUMPOT.
3aKknoueHune. [lonyyeHHble pe3ynbTaTbl HeEobXoguMbl ANA  pacyeTa
3HepronoTeHLMana NePBUYHON NPOAYKTUBHOCTU 3eMe/b, IKONIOTMYECKOTO
HOPMUPOBAHUA aHTPOMOTEHHOMW HArpyskM, a TaKkKe pa3paboTku
MeponpuATMA  No  ycTolumMBoMmy, cHanaHCMPOBAHHOMY  3KOJIOrO-
3KOHOMMUYECKOMY PA3BUTUIO TEPPUTOPUNA.

Kniouesble cnoBa
leocucrtema, reochepHaa moaeib, aKTMHOMETPUA, CONHEYHAA paamaums,
HOMOrpamma, yCTOMYMBOCTb, YCTOMYMBOE PaA3BUTHE.
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Abstract

Aim. Calculation of the energy potential of primary land productivity,
environmental regulation of technogenic load and development of
measures for sustainable development of territories.

Materials and Methods. The author has developed a method for assessing
the spatial differentiation of solar radiation power in relation to the
territory of the Republic of Dagestan. The method is based on the results
of long-term actinometric measurements taken at meteorological stations
at different altitudes in Dagestan and adjacent territories.

Results. A statistical analysis has been carried out of the regularities of the
distribution power of solar radiation in coordinates of the territory of the
Republic of Dagestan. On the basis of calculated regularities, a nomogram
was constructed for reading the indicators of the energy of ecosystems in
the latitudinal-altitudinal intervals of the earth's surface of the Republic of
Dagestan. The resulting nomogram allows the reading of the limits and
average values of the characteristics of solar radiation in an area studied,
for example, for all intervals of heights and latitudes in an administrative
region.

Conclusion. The results obtained are necessary for the calculation of the
energy potential of primary productivity of lands, ecological regulation of
anthropogenic load, as well as the development of measures for
sustainable, balanced ecological and economic development of territories.

Key Words
Geosystem, geospheric model, actinometry, solar radiation, nomogram,
stability, sustainable development.

2021 The authors. South of Russia: ecology, development. This is an open access article under the terms of the Creative Commons
Attribution License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited.
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BBEAEHUE

3KoNOrMYecKkoe HOPMMPOBAHME AHTPOMOFEHHOW Harpysku
B MHTepecax YCTOMYMBOrO PasBMTMA OKpYKatowen cpeapl
MOXeT 6blTb  OCYLLEeCTBAEHO MO  3HepronoTeHuuany
NnepBMYHON  MPOAYKTUBHOCTM  3KOcucTtemM. B ocHose
NoA0bOHbIX OLLEHOK JIeXKaT pesy/ibTaTbl aKTUHOMETPUYECKMX
nsmepeHuii. OgHaKo NPU HOPMUPOBAHUWM AHTPOMOTEHHOM

Harpysku B npegenax aAMMHUCTPATUBHO-
TEPPUTOPUANBHDBIX obpazoBaHui cneumnanucTbl
CTa/IKMBAKOTCA C TPYAHOCTAMM  ABOAKOrO poaa: a)

OrPaHMYEHHOE YUCNO AKTUHOMETPUYECKUX CTaHumMi u 6)
BAUAHME pesbeda MEeCTHOCTU Ha NOCTyMN/eHMe CONHEYHOM
paguaumMmM K 3eMHOM NOBepPXHOCTU. WHTEHCUBHOCTb
CO/IHEYHOW pagMauMM Ha ypoBHE MOpA OT 3KBaTopa K
MOMOCaM MOHMUMKAETCA MO KOCUHYCY LUMPOTbl MECTHOCTU U
CYLLEeCTBEHHO KoppeKTMpyeTca 0CcobeHHOCTAMM
noAcTunalolWwen NoBepxHocTU. B ux uncne Hambonbliee
B/IWAHUE Ha MOLLHOCTb COJIHEYHOW pagMauMM OKasbiBaeT
penbed TepputTopun. MO3TOMY TMNCOMETPUYECKMIA aHaNN3
peroHa npeactasnsetr coboilt nepsbld War K OUeHKe
XapaKTEPUCTUK CONHEYHOW paguaumn. Takol aHanus
obsAsateneH gns [larectaHa He TO/IbKO MOTOMy, 4YTO Bonee
MOMIOBUHbI €r0 TEPPUTOPUN MPUHALNEXKWUT FOpam, HO U
npexae BCEro ManoYUCIEHHOCTM aKTMHOMETPUYECKMX
HabnoaeHui (Bcero Tpu cTaHUmMm).

MATEPUAN U METOAbl UCCNEAOBAHUA

OnAa npeoponeHua 3TUX W APYrUX TPyZHOCTEN Hamu
paspaboTaH MeTop, OLEHKM NPOCTPAHCTBEHHOM
anododepeHUMaUMM  MOLLHOCTM  COJIHEYHOM  paguaumm
npuMeHUTeNbHO K Tepputopun Pecnybnuku LOarectaH [1-
71.

B ocHOBY meToZa MO/ONEHbI  Pe3yabTaThl
MHOTFONETHUX  aKTMHOMETPUYECKUX  U3MepeHui Mo
Pa3HOBbICOTHbIM METEeoPO0TUYECKUM CTaHUMAM

[JarectaHa wn conpefenbHbIX TEPPUTOPUA CO  CIOXKHbBIM

penbedom.

Tak Kak OLEeHKa YCTOMYMBOCTM 3IKOCUCTEM, KakK
OTHoWeHMe (aKTUYECKOW aHTPOMOreHHOMN HarpyskuM K
€MKOCTU cpefibl B SHEPreTUYeCcKMX eguHULAX U3MepeHus, B
Halwem  npeacTaBleHWW,  NpeAanoaaraeT  CAOXKHYIO
MHOTOXOZO0BYIO OMepaLuio, TO pelleHMe 3STON 3afauu
uenecoobpasHo BbICTPOUTb B cneaytolen
nocnefo0BaTeIbHOCTU: MOLLHOCTb U 3HEPruMA 3IKOCUCTEM,
3KO/MIOFMYECKan EeMKOCTb, MOTeHUMan MpoAyKTUBHOCTH,
QHTPOMOreHHas  Harpyska, YCTOMYMBOCTb  IKOCUCTEM.
MosTomy B OCHOBYy BCEro anropuTma  pelueHus
HeobXOAMMO  MONOXKWUTb  BbIYMCIEHHbIE  pe3y/bTaThl
pacnpeneneHns MOLWHOCTM COAHeuYHol paguauun (Y,
KBT/km?) No BbICOTHO-LUMPOTHbIM UHTEPBaNaM.

MONYYEHHbIE PE3YJIbTATbI U UX OBCYXXOEHUE

B pe3sysnbTaTe aHa/iM3a MacCMBA JAAHHbLIX BblYUC/IEHbI
cneaylolme rpagueHTbl U3MeHeHUs MOLLLHOCTU COHeYHOM
paguaumm B AManasoHe BbICOTHO-LUMPOTHLIX WHTEPBANOB
TeppuTopum [arectaHa:

a) WKWPOTHbIN

¥, =—dl/dp=-3-10kBm/km’nal’ ¢

6) BepTUKabHbIN

v, =dl /dh =750 kBm /xm* = 0,75 Bm / m*na 100 mh
roe (0 °—reorpaduyeckan WMpoTa, rpaayc;

| — MOLLLHOCTb CONIHEYHOW paaunaLmm, KBT/KMZ;

h — BblcOTa MecTHOCTH.

BbluncneHHble pe3ynbTaTbl pacnpeaeneHus
MOLLHOCTM conHeuHoi paguaumu (Y, KBT/KM?) Mo BbICOTHO-
LUMPOTHBIM WHTepBanam (Z u X) Tepputopun [arectaHa
npveeseHbl B Tabnnuax 1 u 2, Kpome TOro B Tabauuax
AaHbl  Npeobpa3oBaHHble  BE/IMYUHLI  MEPEMEHHbIX,
HeobxoAumble [AONA  COOTBETCTBYIOLWMX  CTAaTUCTUYECKUX
3aK/IIOYEHUN.

Tabnuua 1. PacnpeseneHne MOLHOCTU CONHEYHOMN paAnaLmn B 3aBUCUMOCTMU OT reorpadmueckoit WMpoTbl MecTHOCTU
Table 1. Distribution of solar radiation power depending on geographical latitude of an area

3
Ne X, ¢° B /K:I'Z}ﬁw Jm? X-A (X-A) Y-B (Y-B)? XY
1. 40 162,5 -1 1 12 144 -12
2. 41 159,5 0 0 9 81 0
3. 42 156,5 1 1 6 36 6
4. 43 153,5 2 4 3 9 6
5. 44 150,5 3 9 0 0 0
6. 45 147,5 4 16 -3 9 -12
[ 255 930 +9 31 27 279 -12
n-6 A-41 5-150,5-10°

MpumeyaHue: 1) cmonbuysbi 2 u 3 UCXOOHbIE BeAUYUHbLI IMIUPUYECKUX 8APUAHM,; 2) 0cmasnbHble Cmoabuybl - 8CMIOMO2aMesbHbIE 8eAUYUHbI
sapuaHm, npeobpazosaHHsle crrocobOM YCA08HO20 HYs, HE0bxodumble 0718 CMmamucmu4YecKkux 3axkatodueHuli; 3) n—vucao eapuaHm,

A u b —ycnosHsie cpedHue dna X u Y

Note: 1) Columns 2 and 3 are the original values of empirical variants; 2) the other columns are the auxiliary values of a variant,
transformed by the method of zero conditional, necessary for statistical conclusions; 3) n is the number of variants,

A and B are conditional averages for X and Y
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Tabauua 2. PacnpegeneHre MOLWHOCTU CONHEYHOM pasmaLmn B 3aBUCUMOCTM OT BbICOTbI MECTHOCTM
Table 2. Distribution of solar radiation power depending on altitude of an area

z v,10°

Km / km KBT/ kM2 / kW/km? Y-A (Y-A)z z z

1. 0,0 162,5 -3,75 14,06 0,0 0,0

2. 0,5 166,25 0,00 0,00 0,25 0,0
3 1,0 170,00 3,75 14,06 1,0 3,75
4. 1,5 173,75 7,50 56,25 2,25 11,25
5. 2,0 177,50 11,25 126,56 4,00 22,50
6. 2,5 181,25 15,00 225,00 6,25 37,50
7,5 1031,25 33,75 435,93 13,75 75,00

n-6 A-166,25-10°

MpumeyaHue: 1) cmonabysi 2 u 3 UCXOOHbIe 8eaAU4UHbI SMIUPUYECKUX 8apUAHM; 2) ocmasbHbie cmonbuybl - 8CIOMo2amesbHble 8eaUYUHb!
sapuaHm, npeobpazosaHHble CrrocobOM YCA08HO20 HYAs, HE0bXoOuMble 0714 CMmamucmuYecKux 3axkatyeHuli; 3) n—vucao eapuaHm,

A u b—ycnosHele cpedHue 0aa X u Y

Note: 1) Columns 2 and 3 are the original values of empirical variants; 2) the other columns are the auxiliary values of variants,
transformed by the method of zero conditional, necessary for statistical conclusions; 3) n is the number of variants,

A and B are conditional averages for X and Y

3afava 3aKNK0YaeTCA B YCTAHOB/IEHMU NAapHOW Koppenauuu
(cunbl cBAzn) mexay 3aBMcumon nepemeHHoin (Y) n asyms
APYTMMWM  HE3aBUCMMbBIMM  MepemeHHbIMK (X n  Z).
MpumeHsemas npu TPex MepemMeHHbIX MHOXeCcTBeHHasn
KOppenauusa u perpeccua B 4aHHOM C/lyyae HEBO3MOXKHA,

NOCKONbKY aHanusMpyemble cBA3U ABNAOTCA
opgHocTopoHHMMM (Y no X w Z), a Koppenauus
reorpapuyeckonn wupotbl (X) u BbicOTbl (Z) AuweHa

lormyeckoro cmbicna [2-4].

CornacHo AaHHbIM BComoraTesbHbIX Tabavy 1 m 2
K03pPULMEHTbI Koppenauun onpegenalTca no
ynpoueHHoi dopmyne gna manbix Bbibopok [3].

5 DXY-Q XY V)in :
VX=X MY = (X))

OTcroaa

, ~12-(9-27):6 _
T JBI=(9)?:6)(279 - (27)% : 6)

, 75—(7,5-33,75):6 10
o J1375-(7,5)7 :6)(43593—(33,75)>:6)

B paHHOM cnyy4ae KoppensuvoHHas  CBA3b
cooTBeTcTBYET  (OYHKUMOHANbHOW, MOCKONbKY  KaxAok
BE/NMUYMHE aprymeHToB (X U Z) cOOTBETCTBYET TO/IbKO O4Ha
BennunHa oyHKuum (Y). MNpu 3ToM Koppenauma MOLLHOCTH
conHeyHon paaunaumn (Y) c reorpaduyeckont wupotoi (X)
NMHelHan, oTpuuatenbHaa (Z,= -1,0), a c BbicoTOM
MECTHOCTM -  KOppenauus TaKke JIMHEeNHas, Ho
nonoxutenvHaa (Z,= +,0). CneposatenbHo, B 06oux
C/ly4asnx CTaHAAPTHaA oWnbKa CBOAMUTCA K HYIO.

PerpeccvoHHbIii aHanu3 AaHHbIX (cm. Tabn. 1 u 2)
OOMONHAET  KOPPEeNALUMOHHbIE  3aKNloYeHuMAa W gaer
KO/IMYeCTBEHHOE MpeacTaB/ieHne 3aBUCUMOCTU U3MEHEHUA
GYHKUMM HA eguHULY M3MEHEHUI aprymeHTa. PucyHok 1

-1,0

naet rpaduyeckoe nsobpaxkerHne Y no X u Z.

[ns 3aBepluieHNn perpeccMoHHoOro aHanamsa [8-11]
BbIYMCAUM  KO3bOUUMEHTbI  perpeccMm U COCTaBUM
ypaBHeHue perpeccumn Y no X u Z.

KoapdpuuymeHt perpeccun (b)
obuei popmyne:

BbINOHAETCA NO

. Z(X—x)(_Y—y) _ XY= X) Y):n
2=y X=X

CornacHo npuseaeHHbIM Bbille AaHHbIM

BcnomoraTtenibHbIX Tabauy 1 u 2, KoadduumeHT perpeccun

pe3synbTaTMBHOro npusHaka (Y) no ¢aktopuansHomy (X)
paseH

= _12_(92'27 e N Y P YL L
31-(9?%:6 17,5

Mo HallgeHHOMYy  3HAYeHWUIO
YPaBHEHMWE NNHENHOW perpeccum cocTaBut

KoadpduumeHTa

Y= }+1>X_‘,(Xf}) =155+[-3(X —425)| =155-3x+1275 = 3x+2825

roe X n ) —ycnoBHble cpeaHue.

AHanornyHo KoadouumeHt perpeccun Y no Z u
YpaBHEHUWE perpeccum cocTaBuT

75-75-33,75):6 32,812

o = =7,5kBm | km”;
13,75 -9,375 4,375

Y=y+b (Z-2)=1715+7,5Z~125=75Z+162125
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PucyHok 1. Fpaduk nuHeiHoit perpeccun Y u X (A) n Y no Z(B)
Figure 1. Linear regression graph of Y and X (A) and Y along Z (B)
Takum obpasom, oba nokasatena perpeccun Y no X n Z (pattoHe) Pecnyb6ivku farectaH.
XapaKTepusyoT 04HOCTOPOHHIOIO NNHEHYI0 B  uTore  BbINOJAHEHHOM  paboTbl  MapHble

KOPPENALMOHHYIO CBA3b MOLLHOCTM COMIHEYHOM paauaLmm
¢ reorpaduryeckon WnpoTon (x) 1 BbicoTol mecTHocTH (Z). B
nepBoM Cc/y4ae CBA3b OTpWLATE/NbHAA, BO BTOPOM
nonoxutenbHaa  (puc.1l).  [onyyYeHHble  ypaBHEHUA
perpeccuu Mo3BOAAIOT BbIYMUC/IUTb MOLLHOCTb COJIHEYHOM
paguaumm B N06OM TOYKe WAM dparmeHTe TeppUTOPUM

bYHKUMOHaNbHble CBA3M CBEAEHbl B HOMOrpammy (puc. 2) B
eAVHULAX  JHEepreTMYecKoM  MOLLHOCTM  COJIHEYHOW
paguauum (KBT/KM®) 1 CyMMapHO# paguaLmm B npegenax
reorpaduyeckux wupot ($°) u BbicoT (H, m) Tepputopmm
[arecTaHa.
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PucyHOK 2. Homorpamma g/1s pacyeta MOLLHOCTM CYMMapHOW paZivMaLMm B LUIMPOTHO-BbICOTHBIX MHTEPBasiax
TeppuTtopuu JarectaHa. Lugpsi Ha y2nax npamoy20i6HUKA 8 WMPUXO08bIX OCAX — fpedesbHble 3HaYeHUs

MOWHOCMU conHeYHol paduayuu

Figure 2. Nomogram for calculating power of total radiation in latitude-altitude intervals of the territory of Dagestan.
The numbers at the corners of the rectangle in the dashed axes are the limit values of the power of solar radiation

B npuBeAEHHbIX KOOpAMHATaXx MO/y4Yaem «CeMeicTBO»
napannenbHbIX NPAMbIX, KOTOPble 0TOBPaXaloT MOLWHOCTL
CONHEYHOW PaAMaunmM OTHOCWUTENbHO BbICOTbI MECTHOCTM
Npu M3MeHeHun reorpadpuyeckmx wupot ot 40° go 45°, T.e.
B MHTepsasne Tepputopumn [arectaHa. Ipaduk nossonser
TakKe onpesennTb M3MEHeHWe MOLYHOCTM COSHEeYHOM
paguaumm no 3a4aHHON reorpaduyeckoii WupoTte uam ee
npeAenbHble U CPeAHUe 3HAYEeHWA B LWMPOTHO-BLICOTHBIX
MHTepBasax uy4yaemoi Tepputopum [7].

3AK/THOMEHUE
BbINONHEHHbIV  PErpeccMOHHbIM  aHanM3, a  TaKXKe
HOMOrpamma MO3BO/IAKT  MONYYUTb  KOJMYECTBEHHbIE
nokasartenu 3HEepreTUKM aKocucTem TepputTopumn
[JarectaHa, KoTopble fleKaT B OCHOBE  OLLEHKM
COBPEMEHHOTO  COCTOSIHMA  OKpyKalowen cpeapl w
BbIPabOTKM pekomeHaaunin no cTabunusaymm,
ycTonynsomy 3KO/IOr0-3KOHOMUYECKOMY pa3BUTUIO
TeppUTOPUNA.

MpakTuKa MHOEKcaumm YCTOMYMBOCTH

OKpy)Katolen cpeabl OTAeNbHbIX palioHoB [larecTaHa
MoKasasa [OCTaTOYHO BbICOKYK HAAEXHOCTb WMCXOAHbIX
rnokasatenei: 1) MOWHOCTb MEePBUYHON MPOAYKTUBHOCTMK;
2)  3KoNOrMYeckas  eMKOCTb;  3)  3KonoruMyeckoe
HOPMMPOBaHME aHTPOMNOreHHOW Harpysku [6].
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