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O1jiHKa MiCI4YHUX CYM HPSIMOI Ta CYMapHO1 COHSIYHOI
pajAiarii Ha TepuTopii YKpaiHu B nepioA rA00aAbHOTO
noTenAiHHg Ha moyarky XXI cr.
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HaBepeHo pe3yAbTaTH OITiHIOBAHHS CyMapHOI Ta IPSIMOI COHSYHOI paAialiil B AiTHIM ce-
30H HaA TEPUTOPIEI0 YKPAiHU 3aA€5KHO BiA 3MiH ITA@HETaPHOI Ta PeriOHaABHOL ITUPKYAAIIiT
atMocdepu 3 novaTtky XXI cT. O1iHIOBaHHSI BUKOHAHO AAS ITepioay 3 1991 o 2020 p. Ha
OCHOBI paHUX peaHanizy ERADS, Akuii 3apa3 BBa’)KAETHCS OAHUM i3 HAUKPAIIUX i € HAUTIOIIN-
PeHimMM y CBiTi. BcTaHOBAEHO 3araabHi TeHAEHIIIT IOAO 30iABIIIeHHS 3HaUeHb CyMapHOI i
IpsIMOI COHSYHOI paaiallii Hap TepuTopieto YKpaiHu. BusBaeHe 3pocTaHHs BiAOyBaeThCA 3
2001 p., 1110 BiAIIOBiA@€E YaCy IPOSIBY HOBOI PerioHaABHOI HIUPKYA4Iil aTMocdepu. [ToToku
IPAMOI i CyMapHOI COHSYHOI paaianii 30iAbIInANCA B cepepHboMy Ha 100—150 MAK/M2
Yy ApyroMy pecATHAITTI XXI CT. HOPIBHSAHO 3 OCTAHHIM pecaTUAITTIM XX cT. [TokasaHo,
110 Ma€ MiCIle CHHXPOHHA 3MiHa y 4acli CyMapHOI Ta IPsIMOI COHSAYHOI paalamil. AHaAI3 IO
OKPEeMUM AITHIM MiCALSAM AQB 3MOI'y BUABUTH, I1J0 HAVMEHII 3HAYEHH IIPSIMOI COHAYHOL
paaiatiii Hap TepuTopiero YKpaiHu crnocTepiraamucs y 2001 p., a Haubiavmi — y 2019 p.
[Mpu oMy pi3HHI MICIYHUX CyM MiXK IIUMU poKamMu crtaHoBmaa 150—170 MA}K/MZ.
Y AuIIHI HaliMeHIIl 3Ha4ueHHd IIPSAMOI COHSAYHOI paaianlii cnocrepiraauca y 1997 p., Haii-
Oinpmni —y 2012 p. Pi3HUIIS BEeAMYMHY MICSIYHUAX CyM € OAM3BKOIO A0 3HAUYEeHb y YepBHI. Y
CepIIHI HaMEeHIIl 3HaYeHHs IIPSIMOIl COHAYHOI paaianii criocrepiraauca 'y 1997 p., a Haul-
6iabI —y 2015 Ta 2018 pp. PizHuUIA Mi>k cyMaMu 3a MiCSITb AAST ITUX POKiB € OAN3BKOIO0
AO 3HAUeHb MOIIePEeAHIX ATHIX MicAlliB. BUABAEHO, 10 y CEPIHI MIABUIEHHSI CyMapHO] i
IPSMOI COHSIUHOI paAialiii xoua i 30epiraeTbcs, 9K y YepBHI Ta AUIHI, IPOTe 1X 3HaUEeHHS
AAS ITHOT'O MiCSTISI BJ)Ke € HUJKUYUMU BiAHOCHO 3HaUeHb ABOX MIOTIEPEAHIX MiCAIIiB. 3araroM
30iABIIIEHHS NIPSAMOI COHSAYHOI paAiallili Hap TEPUTOPie0 YKPalHU BU3HAYAETHCSI HOBUMU
OCOOAMBOCTAMMU [epedir'y CHHONTHYHUX IIPOILECIB 31 CTIMKUM AQHTUIIMKAOHAABHUM Xa-
PaKTepoM, SIKi 3yMOBAIOIOTh O€3XMapHy 41 MaAOXMapHY, CIIEKOTHY, 0e3 OIIaAiB IIOTOAY.

KAaro4oBi croBa: IpsiMa COHAYHA pajialiis, cyMapHa COHsIUHA paaiallis, peaHanis, 3a-
raabHa HUMPKYAALig aTMocdepH, perioHaAbHa ITUPKYALIis arMocdepu, raobarbHe II0-
TEIIAIHHSA, QHTUIIUKAOHIYHA CUHOIITUYHA CUTYallid.
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Beryn. I[lpu3eMHa cOHSYHa paAialiisa €
Ba’KAMBOIO KAIMaTHUYHOIO 3MiHHOIO [KaimaT
Ykpainu, 2003; Pubuenko, Pesepa, 2007
Slater, 2016; Yuan et al., 2021; Chakraborty,
Lee, 2021] Ta OCHOBHUM AJKEpPEAOM eHeprii Ha
3eMai. BopoHouac BoHa € HaUllepCIeKTUBHI-

IITUM €KOAOTTUHO UMCTUM AJKEPEAOM eHEePTII.
Koau coHssuHa paaiallisgs IPOXOAUTE Yepes aT-
Mocdepy, BOHA IMAAAETHCA PI3HUM IIpoliecaM
IOTAMHAHHS Ta PO3CitOBaHHS, BHACAIAOK YOTO
Ha MOBEPXHIO 3eMAI ITOTPAIASIE MeHIIa KiAb-
KiCTh COHSIYHOI paaialiii. [TpunAmMB cOHIYHOT
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paAiariii Ha 3eMHY ITIOBEPXHIO 3aAeKUTh Bip,
Ce30HY, 4aCTUHU AOOH, IIUPOTH i AOBTOTHU
Micrg. OCHOBHMM YMHHUKOM IIOCAAOAEHHS
NIPU3EMHOI COHSIYHOI PaAiallil € XMapHIiCTb.

OCKIABKY Meperka Ha3eMHUX BUMipIOBaHb
COHSTYHOI papialiii € HeliAbHOIO, BUKOPUCTO-
BYIOTBCSI CYIIYyTHUKOBI AQHI AAST OTPUMAaHHS
AOMATKOBOI iH(opMarii Ipo ii IPOCTOPOBY
CTPYKTYypPYy Ta THMYaCOBY MIHAUBICTB. [lo-
PiBHAHHA 13 HA3€MHUMMU CIIOCTEPEKEHHAMU
3 1983 p. Ha BCil TepUTOPil €BPONENCHKOTO
MaTepuKa II0Ka3aA0 BUCOKY TOYHICTD CYITyT-
HUKOBUX BUMIPIOBAHb IIPU3EMHOI COHAYHOL
paaianii [Schilliger et al., 2024]. KaimaTnu-
Hi AQHi IIOAO TPU3EMHOI COHSIYHOI paAiariii
B €BpOIll BKa3ylOThb Ha Ii 30IABIIEHHH, IIO-
ynHatoun 3 1980-x pokis [Cano et al., 1986;
Chiacchio, Wild, 2010]. BiAbIicTs TeHAEHITI
IIPU3eMHOI COHSTYHOI pajialiil BUKAUKAHI 3Mi-
Hamu xMapHocTi [Jacobson, Delucchi, 2011;
Correa et al., 2024].

Aocaipkennsa [Gilgen et al., 2009; Wild,
2009] miATBEPAIKYIOTH NMOBCIOAHE 3HUJKEH-
HS IHTEHCUBHOCTI (Ha 3—9 BT/MZ) CyMapHOI1
CcoHAYHOI paaiarii 3 1950-x mo 1980-T1i poky,
MASL TKOTO B @HTAOMOBHIM AlTepaTypi BBEACHO
TepMiH «global dimming» [Stanhill, Cohen,
2001], Ta nmopaabliie ii 30iAblIIEeHHS B €BpOoIi
3 1980-X pOKiB, AAS IKOT'O TAKOJK BBEAEHO aH-
TAOMOBHUM TepMiH «brightening».

3a pauumu 180 eBpONEenChbKUX aKTUHOMET-
pUYHUX CTaHLil, B crarTi [Przybylak et al.,
2020] 6yA0 BUSIBAEHO, 1110 HA TEPUTOPIT €BpO-
IIeMCbKOIO0 KOHTMHEHTY Ha Io4darky XXI cT.
ManO MicClle 3pOCTaHH4 IOTOKIB IIPSAMOI CO-
HAYHOI papaiallil 3i MIBUAKICTIO 30iABILIEHHS
Ha 8,3 %/pecaTuniTrsa Oiablie, HiX 11e OYAO
y XX cT. Y CBOIO 4epry po3cCifgHa COHSYHA
paaiarisa 3a el 4ac 3MeHIINAACS, IPUIOMY
IIBUAKICTE TaKUX 3MiH OyAa Ha 3,1 %/aecs-
TUAITTS HUDKYOO, HiXX y XX cT. [Tpnunnamu
IILOTO € 3HU)KEHHS K KOHIIeHTpAallil aepo30-
AlB, TaK 1 3araAbHOI XMApPHOCTI Y IIOTOYHOMY
CTOAITTI BIAHOCHO IToniepepHBOro [Przybylak
et al., 2020]. fIxk mopiBHATH 3 €EBPONENCHEKUM
MaTepHuKOM, Ha BCbOMY CXIAHOMY y30eperk-
Ki KrTaro 3a paxyHOK MyCOHHOI IIUPKYASIIIT
Tuxoro okeany [Yang et al., 2019] popmyeTs-
Cs CYLIABHMU XMAapHUU IIOKPUB YAITKY, IO
NIPU3BOAUTH AO 3HAYHO OIABIIOTIO 3HUKEHHS
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IPU3EeMHUX IIOTOKIB COHSIUHOI paaiariii. Aas
TepuTopii CxipaHO1I €Bpony, K BU3HAUYEHO B
cratTi [Pfeifroth et al., 2018], mpoTtsarom ne-
piopy 1983—2015 pp. HaMOiABIIIe 3HAUEHHS
AOAQTHOI @HOMAAI1 TOTOKIB COHSIYHOI paAiairii,
30piEHTOBAHOI HAa TOPU30HTAABHY IIOBEPXHIO,
CIIOCTEPITaETHCA B HAIIPSIMKY Ha CXip Bip Kap-
naTChKUX rip. [IpoTe pad 11’9t MicT YKpaiHu
(Kuesa, XapkoBa, AbBOBa, AHinpa Ta Ope-
C¥M) KOAMBAHHS PO3CiTHOT COHSYHOI paaiarii
He3HauHi OAO cepepHboro [Martazinova et
al., 2023]. Y crarti [nour, Kuxtenko, 2023]
moKasaHo, 1110 BIpoAoBXK 1981—2010 pp. Be-
AWYMHA CyMapHOI COHSAYHOI paaiaril 3a pik
KOAMBAAACH, IPUYOMY B OKPEMi POKU AOCUTH
CyTTeBO. Tak, HAIIPUKAQA, aMIAITyAQd KOAU-
BaHHS CyMapHOI COHSAYHOI paaiallili B OCTaHHE
AECSITUAITTSI CTAHOBUTH OAM3BKO 600 M,A,}K/MZ.
Haribinbmi 11 3HaUeHHS CIIOCTEPITAAUCH Y T1e-
PioA 13 TPABHA 110 CepIIeHb, 3 MAKCUMAABHUMU
3HAYEHHSIMU MiCAYHUX CYM Y YePBHI—AMIIHI.
Y nepiop KareHpapHOro AiTa 1981—2010 pp.
CIIOCTepiraracs TeHAEHIsS A0 30iAbIIeHHS
IPSAMOI COHAYHOI paaiariii. 3a paXyHOK IIbOTO
Ha OiBAHI YKpalHU CHOCTEePirarocs 3pocTaH-
HS CyMapHOI COHSIUHOI papianii. ¥ myOaika-
mii [Zatula et al., 2021] po3rAHYTO IHAEKCH
IIPO30POCTi Ta XMApPHOCTi aTMOC(epHU Ha I1iB-
AHI YKpainu. BcraHOBAEHO, 110 HaubiAbIIa
MMOBTOPIOBaHICTEL (TIOHaA 50 %) 3ararbHOTO
XMAapHOI'O IIOKPUBY XapaKTEPU3YEThLCA CTY-
neHeM sacHocTi atMmocdepu 0,7—0,9, 110 Bia-
IIOBIAQ€ SICHOMY CTaHy HeOa. BHACAIAOK ITHOTO
TEePUTOPIs Ha MiBAHI YKpAIHU Ma€ MiABUIIIEHI
3HAYEeHHs IIpAMOI paaiamnii. Po3cigHa conayHa
paaianisa nepeOyBae y TiCHIM 0oOepHEHIN 3a-
AE>KHOCTI 3 IHA€KCOM ITPO30POCTi aTMocde-
pu (koedinieHT Kopeasii cranoBUTb —0,97),
TOMY IIOTOKHU PO3CISHOI papianii Ha IiBAHIL
YKpalHu 3HUJKEHI.

3MIiHM IPU3EeMHUX IIOTOKIB COHAYHOI pa-
Alariii mepeBa’kHO 3YMOBAEHI 3MiHaMU IIPO-
30POCTi aTMocdepu yepes 3MiHU XMapHOCTI
Ta/abo 3MiHU aHTPOIOTEHHUX aePO30ABHUX
BUKUAIB [Liepert, 1997; Stanhill, Cohen, 2001;
Wild, 2009, 2016]. Aepo30oAai OyAU KAIOYO-
BUM (pakTopoM y 1983—2002 pp. VY mepiop
2001—2020 pp. aepo30ABbHI e(peKTH 3HAYHO
3MEHIIUANCS, & 3MEHIIeHHIO BEeAUYUHU CO-
HSAYHOI paAiariii Oinsg 3eMHOI ITIOBEPXHI CIIPUSE
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HasIBHICTb XMAapHOTO NOKPUBY. Y IyOAIKaIigx
[Maprazinosa Ta iH., 2022; Schilliger et al.,
2024] nmokasaHO CyTTeBe 30iABIIEHHS 3Ha-
YeHb XapaKTEepPUCTUK COHSIYHOI papiallii Ha
TepuTOpil €Bponu Ta YKpaiHU y Heplr ABa
pecatuniTTa XXI cr. Tlepioa, 1991—2020 pp.
MIOAIAIETECS Ha ABa CyONepiopw 3 Pi3HOIO
BEAWYMHOIO IPSIMOI COHSIYHOI paAialiii, sKi
Y3TOAKYIOTBCS 3 AQHUMHU KAIMATUYHOI MO-
AeAl atMocdepHOI TUpKyAAnil YKpI MI HAH
Ykpairu ta ACHC VYkpainu [Martazinova,
2014; Martazinova et al., 2019].

BnamB cucTtemMu 3araabHOI MUPKYALIIil aT-
Mocdepu 3eMAi Ha HOTOKU COHSIUHOI PaAi-
anii po3ragHyTo y myoaikaniax [Cubasch et
al., 1997; Kejnaetal, 2012; Voigt et al., 2020].
PesyabTaTaMu 1ux AOCAIAJKEHB CTAAO T€, IO
CHCTEMAa 3araAbHOI IIUPKYASAIT aTMochepu
MOAM(IKY€E CKAAAOBI paaianiiHOTo OAaAaHCY,
MO SIKMX HAAEKaTh IOTOKU IIPSIMOI Ta cyMap-
HOl COHAYHOI paaianii. Y crarTi [Voigt et al.,
2020] BUKOPUCTAHO Pi3HI MOAEAL B3aEMOAIL
XMap, COHSTYHOI paAialiii Ta 3araAbHOI ITUP-
KYAAIil aTMocepH, 110 HIATBEPAJKYE BEAU-
Ye3HY POAb BIAMBY XMapHOCTI Ta CHUCTeMU

3araAbHOI IUPKYAAIT Ha MOTOKM COHAYHOI
paaiarrii.

Mera mi€ei craTti — BUSBAEHHSI 3MiHU
CY4aCHOIO CTaHy IIPSAMOI Ta CyMapHOL CO-
HSYHOI pajiallil y AITHIN Ce30H HaA TEPUTO-
pi€ro YKpaiHM 3aA€KHO Bip 3MiHM 3araAbHOL
OUPKyAAnil atMocdepu [TiBHIYHOI MIBKYAL 3
no4aTtky XXI CT. AT TOAQABIIIOTO IPOTHO3Y
KIABKICHUX XapaKTEePUCTHUK COHIYHOI pajia-
il Ha HaMOAMIKYEe AeCSITUAITTS.

MarepiaAru i MeTOoAu AOCAIAKEHB. AAs
IIPOBEAEHHS AOCAIAKEHHSI OyAM B34Ti Me-
TEOPOAOTIiUHI Ta KAIMAaTUYHI AQHI peaHari3y
ERAS5 [ERAS..., 2023]. B ocHOBI IIUX A@HUX
A€KaTh CYITyTHUKOBI BUMipIOBAHHS 3 OAM3b-
KO0 90 CynIyTHUKOBUX IIPHUAAAIB, 9Ki €BpoIeit-
CBKHU IIEHTP CEPEAHBOCTPOKOBUX IIPOTHO-
3iB noropu (ECMWEF) moaeHHO 06pOOAsIE ¥
Me>Kax OIePaTUBHOI AIIABHOCTI i3 3aCBOEHHS
Ta MOHITOPHUHTY A@HIX. BOoHM AOOpPE y3ropKy-
IOTBhCA 13 HA3€MHUMM CIIOCTEPEKEHHIMU IK
Ha TepuTopil €Bponu [Schilliger et al., 2024],
TaK 1 Ha TepuTopil YKpainu [KuxreHko, Tumo-
dees, 2022].

AN TIPOBEAEHHS IIBOTO  AOCAIAKEHHS
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Puc. 1. KoopaprHaTHa ciTKa pAst TepuTopil YKpainu (By3au Ne 1—57).

Fig. 1. Coordinate grid for the territory of Ukraine (nodes No. 1—57%).
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CTBOPEHO «PO3PIAKEHY» KOOPAMHATHY CiT-
Ky IIOAO 3HAUeHb MICAYHUX CyM HIPsSMOI Ta
CYMapHOI COHSAYHOI paaiaril 3a AiTHIN ce30H
1991—2020 pp. o 57 By3AaM CiTKU 3 KPOKOM
2° o poBroti Ta 1° mo mupoTi (AuB. puc. 1).
By3am mOCAIAOBHO PO3TAIIOBaHI 3 IiBHOUYI
Ha HiBAEHB Ta i3 3aX0Ay Ha cxip. Taki Kpo-
KU CITKU BIAPI3HAIOTHCA Bip KPOKY CITKHU pe-
ananizy ERAS (0,25°x0,25°) i mosgcHIOIOTECS
HeoOXiAHICTIO TIPOBEAEHHS OITiHIOBAHHS He
IIPOCTO MOTOKIB COHSUHOI paaiallii, a IXHLOTO
B3a€MO3B'I3KY 13 CUCTEMOIO 3araAabHOI IIUP-
KyAdIlil aTMocepu 3eMAl Ta, 30KpeMa, 3 pe-
IriOHAABHOIO IIUPKYAAIIE€I0 HaA TEPUTOPIEIO
YKpaiHu.

A O6yAO 3a3HaYEHO, AT BUKOHAHHS ITHOTO
AOCAIAKeHHsT 0OpaHo mmepiop 1991—2020 pp.,
IO BiAIIOBiAA€ 3MiHI BEAMKOMACIITaOHOI aT-
Moc(epHOI TUPKyAALl y [TIBHIYHIN MIBKYAI
IUPKYAdLii 3 mouaTky XXI cT. [Martazinova
et al., 2019; MapTaginosa Ta in., 2023], 3Ba-
>KaI04yy Ha TOM (PaKT, [0 3MiHa BEAUKOMACIII-
TaOHOI aTMOC(HEePHOI IMPKYASIILT TPU3BOAUTH
MO 3MIHU PeriOHaABHOI IUPKYASIIIT Ta 3MIiHU
XMapHOI'O IIOKPHBY, BHACAIAOK YOTO BipOy-
BA€ETHLCS 3MiHA IIOTOKIB CyMapHOI Ta IPAMOIL
coHsA4YHOI papiatiii [Pfeifroth et al., 2018].

CTBOpPEHO apXiB ITOAIB MiCAYHUX CYyM IPS-
MOI Ta CyMapHOI COHAYHOI papialiil 3a uep-
BEHb, AMIIeHb, CePIIEHb Ta 3a AITHIM Ce30H Iie-
pioay 1991—2020 pp. Arg TepuTOpil YKpaiHuU.
ApXiB 3allUCaHUN Y BUTASIAL MaTPHUILL x4 (D)
MASI AITHBOTO CE30HY IIPAMOI COHSAYHOI paaia-
I1i1 Ta OKPEMO AAST KOJKHOTO 3 TPhOX AITHIX Mi-
CSIIIiB (X g’ ,X ;1 , X, g’ ) . BiattoBiaHO AO MaTpwUIii

, TIO CTOBIIIISIX BiAKAAAQIOTHCSA POKHU i3 1991
mo 2020 pp., IO psiaAKax — peaHaAizHi AaHi
MiCAYHUX CYM IPSIMOI COHIYHOI paAialiii y 57
BY3AaX PEryAsipHOI KOOPAMHATHOIL CITKH, IKa
OyAa 3alIpOIIOHOBAHA AN TEPUTOPIT YKpPAIHU.
Matpunsa x4 3aMHUCYETHCSA Y BUTASIAL

Ae xﬁ,l,n — 3HAUYEHHY IIPSIMOl COHIYHOI pa-
aiatmii B (K-1) By3ai reorpadigHoi ciTKu #n-To
POKYy; d (direct) — MicsiuHa cyMa HIPSIMOI CO-
HSITYHOI paaiarrii, MAX/M% K — KIiABKICTB
BY3AiB reorpaivyHoi CiTKU TepuTOpil YKpai-
HU (K=57) 110 AOBTOTi AA=2° B Mexkax 22—40°
CX.A., Ta MO MIUPOTI Ap=1°B Mexxax 52—45°
mH.II.; N — KIABKICTB POKIB apXiBy AQHUX
IpgIMOl COHSYHOI papianii mepiopy 1991—
2020 pp. (N=30).

MaTpuisa X~ Aas cyMapHOI COHAYHOL pa-
Alallil 3aMCy€eThCI @HAAOTIYHO MaTpPHUILi X
Y mpoBepAeHOMY AOCAIAJKEHHI MaTpULA Cy-
MapHOI COHSYHOI paAiallii HeoOXiaHa AAS TTiA-
TBEPAJKEHHS PE3YABTATIB PO3PAXYHKIB IIPs-
MOi paajariii. AAst MATPUIIh (XGQ, X7Q,X8Q) , IK
i AAST MaTPHUIID (Xg,X?’,ng) . A@HI peaHaaizy
BIAKAQAQIOTHCS IO PAAKAX OKPEMO AAS TPHOX
AITHIX MicALIB y 57 By3AaX pPEryAdIpHOI KOOP-
AWHATHOI ciTKU (AUB. puc. 1). Ce30HHI cymu
COHSYHOI paajiariii Ta X7 € CyMOIO 1X 3Ha-
4YeHb 34 TPU AITHI MICAIl AAST KOJKHOI'O POKY
nepioay 1991—2020 pp.

Ha ocHOBI MaTpub MiCIYHUX CyM IIPSAMOI
Ta CyMapHOI COHAYHOI paaiarii 3a AiTHI Micatrii
Ta C€30H HaA TEPUTOPieI0 YKpaiHU OyAU 1O-
OyAyBaHHI 1X 4aCOBI Alarpamu.

Pe3yApTaTél IPOBEAEHOTO AOCAIAKEHHS
Ta ix aHaai3. AAT aHaAI3y Cyd4acHOI 3MiHUM
CTaHy COHSYHOI paAiallil y AITHIM Ce30H Hap,
TEepUTOPi€I0 YKpaiHN TOOYAOBAHO YaCOBi pia-
rpaMu CyMapHOI COHSYHOI paaianii AITHbOTO
Ce30HY X~ Ta AAST KOKHOTO AITHBOTO MICSAIIA
XQ,XQ,XSQ . Ha puc. 2 HaBepeHO 3MiHY Cy-
MapHOI COHAYHOI paAiallil Hap TEPUTOPIErO
YKpaiHu y 4epBHi, AUIIHI, CEpIIHi, a Ha puc. 3
— 3a AITHUM ce30H Iepiopy 1991—2020 pp.

3MiHa CyMapHOI COHIYHOI paAiariii Hap Te-
pHUTOpi€ro YKpAiHU y 4YepBHI (pHUC. 2, @) BKa3ye
Ha 30iABIIIEHHS BEANYWHH CyMapHOI paAiartii
AO OCTAHHBOT'O AeCATHUAITTS. [ToMiTHE 3poc-

xoxly xf
2.1 xg,z xZ3
X9 =
xlcé—l,l xzfl,z xlaéfm
L xld(,l xl%,z xlcé,3
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Puc. 2. 3miHu cymMapHOI COHSIIHOI paaiatiil (MA)K/Mz)
Ha TepuTOPil YKpainu yrpoposxk 1991—2020 pp.:a—y
4epBHi, 6 — y AUIHI, B— y CepIIHi.

Fig. 2. Changes of total solar radiation (MJ, /m?) over the
territory of Ukraine in 1991—2020: a — June, 6 — July,
B— August.
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Puc. 3. 3miHu cymMapHOI COHSYHOI paaiamii (MA}K/MZ)
Ha TepUTOPil YKpalHU IPOTATOM AITHBOTO Ce30HY YIIPO-
p0BK 1991—2020 pp.

Fig. 3. Changes of total solar radiation (MJ/mZ) over the
territory of Ukraine in summer 1991—2020.

TaHHS pajialiii Bia3HavaeThbes micas 2005 p. i
HAIIPUKIHII IePiOAY CTAHOBUTH B CEPEAHBO-
My 6Au3bKo 700 MA/M2 3 1991 a0 2005 p.
CyMapHa pajlalis B CEpeAHbOMY CTAHOBUAA
oAn3pKo 600 MA}K/MZ. Hariau>kui 3HaueHHS
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CyMapHOI pajiallil y YepBHi BiA3HAYaAMCSA Hap,
TepuTopieto Ykpainu y 2001 p., HauBumii i
3HAYEeHHS IPUNaAaroTh Ha 2015 1a 2018 p. Pis-
HUIISI Mi’K 3HAUEHHSIMU CTaHOBUAA OAM3BKO
100—150 MA/M

XapakTep 3MiHM CyMapHOI COHSIYHOI pa-
Alarii y AunHi (puc. 2, 6) 30epirae Ti K cami
OCOOAUBOCTI, SIKi 3a3HAU€Hi BUILE AAS Yep-
BHSA. 30IABIIIEHHS CyMapHOI COHSAYHOI PaAi-
arlii BipaOyBaeThbCa AO KiHII mepiopy 1991—
2020 pp. Hattawkui 3HauenHs1, 3aikcoBaHi
B 1997 p., cranoBuAm 500 MA/m% HaitBu-
Il 3Ha4YeHHH Bip3Ha4aroTeea y 2002, 2012 i
2015 p., pocgararouu y cepepAHbOMY OAM3BKO
700 M,A,}K/M2. Pizuawnisg Mi>k 3HaUeHHSIMY KiH-
I Ta IOYATKY IIePiOAIB CTAHOBUTH OAM3BKO
100—150 MAK/M2 BoaHOUAC CAiA 3a3HAUNTH,
IO IiABUIIEHHS 3HaYeHb CyMapHOl COHSY-
HOI paaianii y AUIIHI pO3IOYNHAETHCS HA TPU
POKM paHillle, Hi’)K y 4epBHi, TOOTO mmicas 2002 p.

Y cepuHi (puc. 2, B) cymMapHa COHsTYHa pa-
Alallig € HUJKYOIO IIIOAO 1l 3HAUYeHb y YePBHI
Ta AWIIHI 3@ paxXyHOK 3MiHN BucOTH COHIIA Ha
HeOOCXUAI, are YaCOBY AMHAMIKY 3POCTaHHSA
AO KiHIIF ITepiopy BOHA 30epirae aHaAOTIuHO
YepBHIO Ta AUTTHIO.

CAip TaKO’K 3a3HAYWTH, MO SKINO BIIPO-
AOBJXK OCTAHHBLOTO AECSITHUAITTSI XX CT. CTaH
CYMapHOI paaianii Bip Micgansg A0 Micard He-
CTIMKO 3MiHIOETHCS, TO B ABA HACTYIIHI Ae-
caTuAiTTS XXI cT. (IpakTUYHO Yy BCi pOKU)
30epiraeTeca MIABUINEHUN (POH CyMapHOI
COHAYHOI papianii. Ha mogaTrky pAOCAipKyBa-
HOTrO IIepioAy 3HaUYEHHS CyMapHOI COHSAYHOIL
paaianii He nmepesuiyBaru 500 MA}K/MZ, a
AO KIHIIF TepioAy Il 3Ha"YeHHS pAocATAn 600—
650 MAK/M>.

SIKk moKas3aHO Ha puc. 3, CyMapHa pajia-
i 3a AITHIM Ce30H 3HAYHO 30iABIIMAACS
AO OCTQHHBOI'O AECATHUAITTA mHepiopy 1991—
2020 pp. 3aranoM 3a AiTHIU IIepioa, il 3HaUeHHS
BiA IIOYATKY AO KiHIIS PO3TASIHYTOTO IIEPIOAY
3pOCAU B cepepHboMy Ha 100—150 MAK/M.
3ayBayKMMO, 1110 CyMapHa pajiallis Hi 4epBH,
Hi AMIIHS He BU3HAdaAa i He 30epirana cBin
XapakTep y HacTyIIHi Micslli (AUB. puc. 2).

Knaacudikariiiss noaiB cymapHoi COHI4YHOIL
paAiariii Hap TepuTopiero YKpainu 3a nepiop
1991 —2020 pp. AHaAi3 yacoBUX AlarpaM (AUB.
puc. 2) IIoKas3aB IiABUIIEHHS CyMapHOI CO-
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HSYHOI PaAiallil y BCiX AITHIX MICAIIAX AO APY-
roro AecATUAITTSA X XI cT. AAs TIATBEPASKEHHS
OTPHUMAHOI'O PEe3YAbTaTy OYAO HPOBEAEHO
KAAcH(IKAIiIo CTaHy CyMapHOI paaiarii 3
1991 mo 2020 p. AAs BUpillleHHS IIBOTO 3a-
BA@HHSI OyAO BUKOPUCTAHO KPUTEPIN MTOAID-
HoCTi p [Martazinova, 2005, MapTa3siHOBa,
2022]:

p:(n+—n7)/N, -1<p<l, 3)

Ae N — 3ararbHe 4HMCAO BY3AIB PEryAsIpHOI
CiTKM TepUTOpil YKPAIHU; 1, — YHUCAO BY3AIB
ABOX TIOAIB, SIKi OAHAKOBI 3@ 3HAKOM aHOMAAII;
n_ — YHUCAO BY3AIB, B SKMX 3HAKM aHOMAAIl
IIPOTUAEIKHI.

AHOMaAi1 pO3paxOByBAAUCH SIK BIAXUAEH-
Hs KOKHOTO YA€HA MATPUIIl BiA CEPEAHBOTO
3HaQUYEeHHS MaTpulli. Y pe3yAbTaTi Kaacudi-
Karlii OyAO BU3HAUYeHO HACTYIIHI KAACH, IIO-
Kasati B TabA. 1.

I3 TabAa. 1 BUAHO, 1110 CTaH CyMapHOI COHIY-
HOI paajialfii MOJKHa IMMOAIAWTH Ha I'ITh KAQCiB
i3 mmogipHicTio 40, 30, 13,3, 10 Ta 6,7 %. Ao
HaMiMOBIPHINIOTO 1-TO KAACY YBIUIIAU POKU

3 nouaTky XXI cT., A0 2-Tr0 KAaCy HACTYIIHOI
VMOBIPHOCTI — IIepeBa’KHO POKU OCTAHHBOT'O
pecaTuAITTa XX cT. CTaH CyMapHOI COHSAYHOI
paaiarii 2001 p. MO>KHA BIAHECTH AO ITOYATKY
MiABUIEHHSI CYMapHOI paaiariii Ha TEpUTOPIl
YKpaiHu, a poku 3-TO Ta 5-TO KAACIB BKa3y-
IOThb Ha HECTIMKICTb CTAHy CYMapHOI paalariii
Y IOYAaTKOBOMY IIepioAi Ii MABUIIEHHA. AAd
OIABIII HAOYHOTO PO3YMIiHHS MOAIOHOCTI CTaHy
CyMapHOI COHSIYHOI paaiariii Mi>k pokaMu 1-ro
KAACy HaBEAEHO B TaOA. 2.

[ToaiGHICTE CTaHYy CyMapHOL COHSAYHOIL pa-
Alariii AAS 2-TO KAACY BIAOOPa’keHOo 3a AOIIO-
MOTOIO p ¥ TabA. 3.

[TopibHICTE 3a p Mi>K HOAIMU (AUB. TaOA. 1
i 2) cranoBUTS Bip —0,5 po —0,9. Tak, HanpuUkK-
AdA, TOAIOHICTE CcyMapHOI paaiamii 1996 p.
cranoBuTts —0,8 3 2014 p., 0,9 3 2015 p., 0,7
3 2016 p., 0,9 3 2017 p., 0,9 3 2018 p., 0,9
3 2019 p., 0,8 3 2020 p. Taka NOAIOHICTS i
BKAa3ye€ Ha BIAMIHHICTB Y CTaHI CyMapHOI pa-
Alariil IIMX KAAQCIB, MIATBEPAKYIOYN BUCHOB-
KM 3 PEe3yAbTATiB PO3PaxyHKIB, BHKOHA-
HUX 3 BUKOPUCTAHHAIM KAIMATHUUYHOI MOAEAI

Taoaunsa 1. Kracudgikauia crany cymapHoi coHsTuHoi paaianii 3 1991 o 2020 pp.

Khac Poku kaacy
1 1992| 2001 2008 | 2009 | 2010 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 2020
2 1991| 1993 1994 | 1995 | 1996 | 1997 1999 | 2003 | 2004 — — —
3 1998 | 2005 2006 | 2007 — — — — — _ _
4 2011 2012 2013 — — — — — _ _
5 2000| 2002 — — — — — — _ _

TaoAaunsa 2. [TopiOHICTS p MiXK ITIOASIMU CyMapHOi COHSIYHOI pajiallii nepmoro Kaacy

p 1992 | 2001 | 2008 | 2009 | 2010 | 2014 2015 2016 2017 2018 2019 | 2020
1992 1,0 0,5 0,8 0,3 0,6 0,7 038 0,6 0,8 0,8 0.8 0,6
2001 0,5 1,0 0,6 0,1 0,7 0,5 0,6 0,5 0,6 0,6 0,6 0,6
2008 0.8 0.6 1,0 0.4 08 09 1,0 0,8 1,0 1,0 1,0 0.8
2009 0.3 0.1 0.4 1,0 0,2 0,2 04 0,2 04 0,4 0.4 0,5
2010 0,6 0.7 0.8 0,2 1,0 0,7 038 0,6 0.8 0.8 0.8 0,6
2014 0,7 0,5 0.9 0,2 0,7 1,0 09 0,7 09 09 0.9 0,7
2015 038 0,6 1,0 0.4 0.8 09 1,0 0.8 1,0 1,0 1,0 0.8
2016 0,6 0,5 0.8 0,2 0,6 0,7 0,8 1,0 0.8 0.8 038 0,6
2017 08 0,6 1,0 0.4 0,8 09 1,0 0.8 1,0 1,0 1,0 0.8
2018 0,8 0,6 1,0 0,4 0.8 0,9 1,0 0.8 1,0 1,0 1,0 038
2019 0,8 0,6 1,0 04 0.8 0,9 1,0 0.8 1,0 1,0 1,0 038
2020 0,6 0,6 038 0,5 0.6 0,7 0.8 0,6 0.8 038 038 1,0
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Taoaunsa 3. [TopiOHICTS p MiXK ITOASIMU CyMapHOi pajAialiii B OCTAaHHbOMY AECSTHAITTI

XX Ta Ha moyaTtKy XXI cT.

p 1991 1993 1994 1995 1996 1997 1998 1999 2000 2003 2004
1991 1,0 1,0 0,9 0.8 0,9 1,0 0,1 1,0 0,0 0,4 0,8
1993 1,0 1,0 09 0.8 09 1,0 0,1 1,0 0,0 0,4 0,8
1994 09 0,9 1,0 0,8 0.8 0,9 0,1 0,9 0,1 0,4 0,7
1995 0.8 0,8 0.8 1,0 0,7 0,8 -0,1 0,8 0,2 0,2 0.8
1996 09 09 0.8 0,7 1,0 0,9 0,0 09 0,0 0,3 0.8
1997 1,0 1,0 09 0,8 09 1,0 0.1 1,0 0,0 0,4 0.8
1999 1,0 1,0 0.9 0,8 0.9 1,0 0.1 1,0 0,0 04 0.8
2003 0,4 0,4 0,4 0,2 0,3 0,4 0,1 0,4 0,4 1,0 0,2
2004 0,8 0,8 0,7 0,8 0,8 0,8 0,0 0,8 0,2 0,2 1,0

[Martazinova, 2014; Martazinova et al., 2019],
PO 3MIiHY BEAMKOMACIITAOHOI T4, K HACAi-
MOK, PETIOHAABHOI aTMOC(EPHOI HUPKYAIIIIT
3 mouaTtky XXI cT.

3MiHa y 4aci npsiMoi COHSIYHOI pajiaiii
y AiTHI Micsni Hap TepuTopieo YkpaiHu 3
1991 nmo 2020 p. ITopiBHAHHA 4acOBUX Ala-
rpaM CyMapHOI Ta IIPSAMOI COHSIYHOI paAiariil
IIOKA3aA0 HACTynHiI pesyabratu. CymapHa
COHsIUHA papialiisg (AuB. puc. 2, 3) A0 ocTaH-
HBOT'O AECATUAITTS 30IABIIUAACE Y KOJKHOMY
AITHBOMY MICSAIIl Ta 3araAOM 3a AITHIU CE30H
HaA TepUTOpiero YKpainu. Po3rasgsHemo 3MiHy
IpsAMOI COHAYHOIL papiariii, o0 BU3HAYUTHA
1l 3MIHK IIJOAO 3MiH CyMapHOI paaiamii. Aad
YOro No0yAy€EMO 4aCOBI AlarpaMu IPSMOo] CO-
HSTYHOI paAialiii OKpeMO AN YEPBHS, AMITHS Ta
cepnH: 3 1991 po 2020 p. Ha puc. 4 mokazaHo
4YacoBl plarpaMu CTaHy NIPSMOI paAialfil Aasd
KO>KHOTO AITHBOTO MiCSIIS.

Y uepBHi (puc. 4, a) HaliMeHIIl 3HaYeH-
HS OPSMOI COHSYHOI paAiallil Hap TEpPUTO-
piero YKpaiHmu cunocrepiratrorseca y 2001 p.,
a Hanoiawmm — y 2019 p. I'licaa 2001 p. Bip-
3HAQUAETHCS MMOCTYIIOBE 30iABIIEHHS IIPAMOL
paaiariii Hap, TEPUTOPI€0 YKPAIHU PIK Y PIK,
AOCSATal0YU HAaMOIABIINX 3HAYEHb [IPAKTUYHO
Yy BCiX 57 By3Aax peryasgpHOl reorpadivyHoi
citku y 2019 p. Pizanng mixx 2001 ta 2019 p.
craHoBuAa 150—170 MA/M?. 3pocramus
CYMapHOI COHSAYHOI paAiarii Hap TEPUTOPIEO
YKpalHu y 4epBHi (AUB. puUcC. 2, @) A0 OCTaH-
HBOTO AECATHAITTA 30ira€ThbCs 31 3pOCTAHHAM
IIPSIMOIL COHSIYHOI paAiallii YepBHS Ha TEPUTO-
pii YKpaiuu.
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Puc. 4. Ctan npsiMOi COHIYHOT paaiarrii (MA}K/MZ) Hap,
TepUTOpPi€l0 YKpaiHu yrpoaoBxK 1991—2020 pp.:a—y
4YepBHi, 0 — y AUIIHI, B— Yy CepIIHi.

Fig. 4. State of direct solar radiation (MJ, /mz) over the
territory of Ukraine in 1991—2020: a — June, 6 — July,
B — August.

Y AunHi (puc. 4, 6) 36epira€Tbcs mipABUIIEe-
HUU CTaH OPSAMOI paAiariii A0 KiHIIST B3SITOTO
nepiopy, dK y depsHi. [liaABUIlleHHS TTpsAMO1L
paaiarii y AunHi crioctepiraetbeda i3 2001 p.
Haiimenri 3HaueHHs TPSIMO1 COHSTYHOI PaAi-
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amnii cnocrepiraaucay 1997 p., HauOIAbIIL —y
2012 p. Pizaung mixx 1997 ta 2012 p. 3aauina-
€TbCS1 OAM3BKOIO AO YEPBHEBOI.

Y cepmHi (puc. 4, B) TaKOXK 30epiracTbCs
MABUIIIEHHS MPSIMOI COHSTYHOI paaiaillii, sK
y 4epBHi Ta AunHi. [IpoTe 3HaueHHS TpaMol
paAiaIlii AAS IIbOTO MICSIIS € HUXKYUMMU IITOAO
3Ha4YeHb YepPBHA i AUNHA. Lle moaCHIOETHCA
3MIHOIO KyTa IIAAIHHSA COHAYHUX IIPOMEHIB
Ta 3MEHIIEHHIM TPUBAAOCTI CBITAOBOTO AHSA
AASL THOTO Micdrd. Y AuIHi Ta cepnsi 1997 p.
CIIOCTepiraArcs HaMeHIII 3Ha4eHHS IIPSAMO1
COHSTYHOI papiarii. Llelt dpakT noB's13aHuM 3
THM, IO AITO OyAO XOAOAHUM 1 AOIIOBUM.
Hati6iab11i 3HaueHHS IPSIMOL COHSTYHOIL paaia-
i1y cepmHi criocTtepiraanca y 2015 ta 2018 p.
Po30i>kHICTE 3HaUEHE IPSAMOI COHSIYHOI PaAi-
artii mixxk 1997 ta 2018 p. 3aAnIa€THCSA OAU3D-
KOIO AO Pi3HUIN IIONIEPEAHIX AITHIX MICAIIIB.

BiABII MOBHY KAPTHUHY HIOAO IPOCTOPOBO-
JaCOBUX 3MiH IIPSAMOI COHSAYHOI papiariil Ha
TepuTOpil YKpaiHu ITI0Ka3aHo Ha pHUc. 5. HiTKo
BUAHO HIABUIIEHHS IIPSIMO1 COHSIUYHOIL paaiariil
BIIPOAOBJK IIEPIINX ABOX AECATHUAITH IIOTOY-
HOro CTOAiTTS. ITopiBHAHHSA puc. 3 Ta S No-
Ka3ye CXOJKICTh Y 3MiHI CyMapHOI Ta IPAMO1L
COHSYHOI Paaialii, 1110 BKa3ye Ha 30iAbIIEHHS
BKAAAY IPAMOI paplarii y cyMapHy.

AAsT OIABII IOBHOTO @HAAI3Y CTaHY IIPSIMOIL
COHSAYHOI paAialii Hap TEPUTOPIE0 YKpaiHU
3 no4yaTKy XXI cT. OyAr po3paxoBaHi BIAXHU-
AEHHS OPSIMOI COHIYHOI paAialiii AAS KOXKHO-
I'0 By3Aa CiTKU (AUB. puc. 1). AAd 11b0TO OyAT

_ : ? oty

2005 2010 _ 2015 2020
] = les]

1150 1350

1550

Puc. 5. Cram mpsiMoi COHsaHOI papjarii (MAK/M%)
HaA TEPUTOPi€I0 YKPAIHU IPOTArOM AITHBOTO CE30HY
1991—2020 pp.

Fig. 5. State of direct solar radiation (MJ/mz) over the
territory of Ukraine in summer 1991—2020.
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pO3paxoBaHi cepepHi 3HAQUEeHHS IIPSIMOl CO-
HAYHOI PaAialil 10 KOJKHOMY BY3AY KOOPAU-
HATHOI ciTKA 3a nepiop, 1991—2020 pp.:

_ 1 &
X¢ ==, 4
k N; k,n ()

Ae k=1+K, K=57 By3AiB reorpadidHoi CiTKH,
n=1+N, N=30 pokiBs.

BiaxyaeHHS 3HaUeHb TPAMOI COHSAYHOI pa-
Alarlii Bip cepeAHbOTro X ,f Y KOXKHOMY k-My
BY3Al KOJKHOI'O POKY # IIATBEPAUAO PE3YAbL-
TaT AOCAIAJKEHHS IIPO TTABUIIEHHS ITPSAMOIl
paaiarii Hap TEpUTOPi€0 YKPAIHU 3 TIOYaTKy
XXI cT.

Ha puc. 6, K IpUKAap, AAS CEPIHS HaBO-
AUTBCSI YaCOBa AlarpaMa BiAXVUAEHHS 3HaueHb
IpsMOl paAlallil Bip CEpeAHBOTO Yy BYy3AaxX
AASI KOKHOTO POKY. BuaAHO, 110 BIIPOAOBIK
1991—2000 pp. AAS IIPAMOI COHSYHOI PaAi-
allil BIAXUAEHHS Bip cepepHbOTO Ha TEPUTO-
pii YKpaiHnu Ma€e IepeBa’kHO Bip'€éMHI 3Ha-
wennst: Bip —20 A0 —100 MA/M>. Y1poaoBK
2001—2010 pp. MaAu Miclle mepexXiAHiI PoKy,
KOAM A IIPSAAMOI papialiil B OKPEMUX By3AaX
30epiraAucs Bip'€MHI 3HaUeHHS BiAXUAEHHS.
A0 KIHIIA APYTOTO AeCATUAITTS X XI CT. IpsaMa
COHSYHA papiallisi AOCATAA 30IABIITEHHS BIAXU-
AEHHS Bip, cepepHboro Ha 60—100 MA}K/MZ.

30iABLUIEHHS IPSIMOI COHSIYHOI papiariii Ta-
KOJK Bip3Hauanocd i B cepnHi 2024 p., KoAu
IIOTOAHI YMOBHU HaA TEPUTOPIE€IO YKPAIHU Xa-
PaKTepU3yBaANCSA TPUBAAUM BIIAMBOM Oapmry-
HUX YTBOPEHSD i3 IIIABUIIIEHUM aTMOC(hepHUM
TUCKOM. AHI OyAU CIIEKOTHUMH 1 O€3 OIaAiB,
CTaH HeDOCXUAY — Oe3XMapHUM abo B OKpe-
Mi AHI — MarOXMapHUM.

[TopiBHSHHS NepeBUIeHHS MNPIMOl CO-
HSAYHOI paaialii Ha KiHenpb mepiopy 1991—
2020 pp. 9K CKAQAOBOI CyMapHOI COHSAYHOI
Paaiallii OoAHOYACHO 31 CTAHOM IIPAMOI Ta pO3-
CiSTHOT papiailii B el JKe IepioA HaBeAeHO Ha
puc. 7. Aag 1o6yp0oBU IrpadikiB po3paxoBa-
HO CepeAHI 3HAueHHs CyMapHOI, IpAMOI Ta
PO3CigHOI paaianii Mo TepuTopii YKpaiHu 3a
KOJKeH pik nepiopay 1991—2020 pp.

CHHXpOHHA 3MiHa y 4acCi KpUBUX CyMapHOI
Ta OPAMOI paAiallil AOBOAWTH, IO 3POCTaH-
Hs CyMapHOI papiallil BiAOyBaeTbCs uepes
3POCTaHHA NPSAMOI paAiallil Hap TEPUTOPIEFO
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Puc. 6. BiaxuneHHS NIPSIMOI COHSIYHOIL paaialiil (MA}K/MZ) BiA CepeAHBOTO 3HAUEeHHS Y BY3AaX PeryAsipHOI CiTKH

HaA TepuTopiero YKpainu B cepuai 1991—2020 pp.

Fig. 6. Deviation of direct solar radiation (MJ/mQ) from the average value at regular grid nodes over the territory

of Ukraine in August 1991—2020.

YKpainu. 3MeHIIeHHS BeAUUMHU PO3CisTHOl
paaianii micag 2009 p. morao 6 6yTH 3HAYHO
OIABIIMM, SIKOM IIOTOAHI YMOBU MaAU IWK-
AOHAABHUM XapaKTep (3a PaxyHOK BIAMBY
XMapHOCTI). Are CHHONTHUYHA CUTYallis Ile-
PEeBa’KHO CKAAAAAACS 3 QHTUIIMKAOHIUHUX
OapuuHUX yTBOpeHb [MapTasiHoBa Ta iH.,
2022; Schilliger et al., 2024]. Beauuuny Ta
OCOOAUBOCTI IIPOCTOPOBOI'O PO3IIOAIAY B ITOAL
PO3CisgHOI COHAYHOI paaiarnii popMyBara Ma-
AOXMapHICTh MAAOPYXAMBOT'O @HTUIIUKAOHY B
OCTaHHI AeCATUAITTSI.

BucHoBku. [TpoBepeHM y MeKax IIbOTO
MAOCAIASKEHHS aHaAi3 IITOAO 3MiH IPU3EeMHOI
COHSYHOI paAiallil Ha TepuTopii YKpaiHu B
AITHIN Ce30H, BIAIIOBIAHO AO MOTOYHOI peri-
OHAABHOI @TMOC(EPHOI MUPKYAALIT IIOYaTKY
XXI cT., TOKa3aB HasABHICTb BIAMIHHOCTEU y
PO3MOAIAL IIO TEPUTOPil CyMapHOI COHAYHOI
paaiarii AiITHBOTO C€30HY OCTAHHBLOT'O AEeCH-
TUAITTI XX CT. HOPIBHSHO 3 NEPIIUMHU ABO-
Ma AeCATUAITTIMU X XI cT. BusiBAeHO 3HauHe
30IABIIEHHS CYMapHOI pajiallil B AiTHIN ce30H
yrupoaoBiK 2011—2020 pp., 1110 TIATBEPAIKYE
pesyabratu [Schilliger et al., 2024] mopo
3POCTaHHS COHSAYHOI paAiallil Ha TepPUTOPil
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Puc. 7. CepepHi 3HaueHHS cyMapHOI (a), IpaMoi (0) Ta
PO3CigHOI (B) COHSIYHOI paaiallii Hap TepUTOPielo YKpa-
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Fig. 7. Average values of total (a), direct (6) and diffuse
(B) solar radiation over the territory of Ukraine during
the summer 1991—2020.
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€sponu 3 nouatky XXI cT. BHacAipOK 3MiH
BEAMKOMACIITAa0OHOI Ta PEriOHAABHOI ITUPKY-
AAIIN 3 IOYATKy HUHIMIHBOIO CTOAITTS CIIO-
CTepiraeTbCsd 3HaYHe 3POCTAaHHSA QHTUIU-
KAOHIYHOI AIIABHOCTI Ha TEPUTOPIT YKpPaiHy,
sJKa Ma€ MaAOXMAapHY, CIIEKOTHY, 0e3 OIIaAiB
OTOAY. SIK HACAIAOK, (DOPMYETHCSI 3HAYHE
3pPOCTaHHA NPIMOl COHSYHOI paaiariii, 1o, y
CBOIO UEPTY, 3YMOBAIOE CYyTTEBE 30IABIITIEHHS
CyMapHOI pajianii Ha (poHi 3MeHIIIeHHS PO3-
CiTHOI COHAYHOI paAialiil yIpoAOBIK IepIINX
ABOX AecaTHAITE XXI cT.

Po3paxosani cepeaHi no TepuTopii YKpa-
1HU 3HAUYEeHHS IIPU3EeMHOI CyMapHOl, IPsIMOol
Ta PO3CITHOI COHSYHOI pPaAiallil AAST KOJKHO-
ro POKYy BHOPAHOIO IIE€PioAYy IMOKAa3aAM CHH-
XPOHHY 3MiHY B 4acl CyMapHOI Ta IIPSIMO] CO-

Cnucok Aiteparypu

Kuxtenko f.B., Tumodeen B.€. [TopiBHAHHA Cy-
IyTHUKOBUX Ta HAa3eMHUX AQHUX CIIOCTepe-
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Estimated monthly amounts of direct and total solar
radiation in Ukraine during global warming
of the early XXI century

V.E. Martazinova, Y.V. Kykhtenko, V.M. Shpyg, 2025

Ukrainian Hydrometeorological Institute of the State Emergency Service of Ukraine
and the National Academy of Sciences of Ukraine, Kyiv, Ukraine

In this article, the results of the estimation of total and direct solar radiation in the
summer season over the territory of Ukraine depending on changes in planetary and re-
gional atmospheric circulation since the beginning of the 21st century are presented. The
estimation was conducted for the period from 1991 to 2020 based on the ERAS reanalysis
data, which is currently considered one of the best and most widely used models. General
trends in the increase in the values of total and direct solar radiation over the territory
of Ukraine have been established. The detected increase has been occurring since 2001,
which corresponds to the time of display of a new regional atmospheric circulation. The
amounts of direct and total solar radiation increased on average by 100—150 MJ/m? in
the second decade of the 21* century compared to the last decade of the 20™ century.
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There is a synchronous change in total and direct solar radiation. Analysis of individual
summer months revealed that the lowest values of direct solar radiation over the territory
of Ukraine were observed in 2001 and the highest in 2019. At the same time, the difference
in monthly sums between these years was 150—170 MJ/m? In July, the lowest values of
direct solar radiation were observed in 1997, and the highest values in 2012. The difference
in monthly sums is close to the values of June. In August, the lowest values of direct solar
radiation were observed in 1997 and the highestin 2015 and 2018. The difference between
the sums per month for these years is close to the values of the previous summer months.
In August, although the increase in total and direct solar radiation persists, as in June and
July, their values for this month are already lower than those of the two previous months.
In general, the increase in direct solar radiation over the territory of Ukraine is determined
by new features of the course of synoptic processes with a stable anticyclonic character,

which cause cloudless or partly cloudy, hot weather without precipitation.
Key words: direct solar radiation, total solar radiation, reanalysis, general atmospheric
circulation, regional atmospheric circulation, global warming, anticyclonic synoptic situ-

ation.
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