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PacueT BKJTama aHTPOMIOTEHHBIX ¥ KIIMMAaTHYeCKUX (haKTOPOB B MUBMEHEHNE TOIOBOTO M CE30HHOTO CTOKA
Bonaru B ctBope Bosrorpana 3a mepuonbl CylieCTBEHHOTo aHTporioreHHoro Bo3aeiicTeust (1930—2020 u
2011-2020 rT.) 110 CpaBHEHUIO C YCJIIOBHO-ECTECTBEHHBIM rieproaoM dhopmMupoBaHus ctoka (1879—1929 rr.)
MPOBEJICH B IBYX BapruaHTax (IByMsi MetogaMmu). [1epBrlii BapraHT 6a3upyeTcsl Ha CONOCTaBJIEHUM aHTPO-
ITOTEHHOTO M3MEHEHUsI CTOKa, OOYCIIOBJICHHOTO BIUSHUEM BOMOXPAHWJIUII Y 6€3BO3BPATHBIM PAaCcXOI0M
MPU BOAOIIOTPEOICHUH, C OOIIMM U3MEHEHUEM CTOKa 3a CpaBHUBaeMble Ieproabl. Bo BTopoMm BapuaHTe ¢
OOIIM U3MEHEHUEM CTOKa COTTOCTABIISIETCS BOCCTAaHABIMBAEMBIil YCIIOBHO-ECTECTBEHHBIM CTOK B TTEPHO-
IIbl CYILLIECTBEHHOT'O aHTPOITOTEHHOTO BO3JEMCTBUSI, pAaCCUMThIBAEMbIil 1O CBSI3U CTOKa Bosirn co cTokom
PEeK-UHAMKATOPOB KIMMAaTHUEeCKUX yciaoBuii. [Tpu aToM momyckKaeTcs, YTo KIMMaTUYeCKNe NU3MEHEHUS B
OCHOBHOM €CTECTBEHHOTO ITPOUCXOXKACHMS. BBISIBIEHO, YTO BIUSIHUE aHTPOTIOTEHHBIX M KIIMMATUYECKUX
(akTopoB B mpoucxoasieM o6IeM YMEHBIIIEHUY TOIOBOTO CTOKa BoJITH 110 cpaBHEHUIO € YCIIOBHO-ECTE-
CTBEHHBIM [EPUOJIOM OTHOHAMPABJIEHHO U conlocTaBuMo. O6a BapuaHTa pacyeTa AatoT OJIM3KKUe 3HAUSHUST
COOTHOIIEHUST aHTPOIIOTEHHBIX U KJIMMaTU4eCKUX (PaKTOpOB B 0011IeM U3MeHeHU cToka B 1930—2020 rr.
Bonee cymecrBeHHbI paznuuus B pacyetax Ha 2011—2020 IT. 1 B olIeHKEe CE30HHBIX U3MEHEHUI, Hauboee
3aMETHO MPOSIBIISIIONINXCS B BECEHHEE MOJIOBOIbE I 3UMOM. B M3MeHeHNM CTOKA BECEHHETO TTOJIOBOABS U
3MMOIi aHTPOIIOTeHHBIC U KJIMMaTU4yeckue hakTophl NeiCTBYIOT B OAHOM HaIlpaBJICHUU, YMEHbIAsK CTOK
BECEHHETO MOJIOBOJbSI U YBEJIMUMBAs €0 3MMOI TTPEUMYIIIECTBEHHO 3a CYET aHTPOITOTEHHBIX (haKTOPOB.
HNmMerolmecs: pa3anuust B COOTHOIIEHUM (paKTOPOB BO MHOTOM MOXHO OOBSICHUTB JIAHAIIAMDTHBIMU TIpe-
oGpazoBaHUsSIMH B OacceifHe Bosru, B ToM unciie B 6acceifHax peK-MHIUKATOPOB KIMMAaTUIECKUX YCIO-
BUI, BJIMSIHUE KOTOPBIX HA CTOK HE YYUTHIBAETCS B BOAOXO3SIICTBEHHOM CTATUCTUKE, XOTS B IOCIENHUE 1e-
CATWIETUSI Pa3IMIHble BUIBI XO3SIUCTBEHHOMN NESITEIIbHOCTA Ha BOOOCOOpaxX B 3HAYMTENHLHON CTEIeHU
KOMITEHCUPYIOT IPYT Apyra BO BIAWSHUM Ha CTOK. J10J151 aHTPOMOTEHHbIX (DAKTOPOB B UBMEHEHUM CTOKA
Bonru MeHsieTcsl B IIMPOKUX Mpenesiax B 3aBUCHUMOCTH OT XapaKTepa MCITOJIb30BaHUsI BOIHBIX PECYPCOB,
KOTOpOE€ He Bcerna ObIBaeT paliMoHaIbHbIM. HeaKOHOMHOE MCITOIb30BaHME BOTHBIX PECYPCOB YBEJIMYUBA-
€T JTOJTI0 aHTPOITOTeHHBIX (haKTOPOB B OOIIIEM M3MEHEHNHU PEYHOTO CTOKA.

Karouesbie cnr06a: TOOOBBIE U CE30HHBIC M3MEHEHMSI PEYHOro CTokKka, aHTPOIIOT€CHHBIC N KIMMAaTUYCCKUC

¢akTOphl, BApUAHTHI U METOIbI pacyeTa
DOI: 10.31857/S2587556623060092, EDN: DSYSH

BBEAEHUE

Her HeoO6XomMMOCTH TOBOPUTH O UPE3BBIYANHO
BaxkHOM ponm OacceiftHa Bonrm m camoii Bonru, ux
COCTOSIHUSI B 3KU3HM Haleii crpanbl. Ho 310 cocros-
HUE B TIOCJIEAHUE NECSATUJICTUSI BBI3BIBAET TPEBOTY
M3-3a 3arpsI3HEeHUsT IPUPOIHBIX BOA U HeOJIaronpu-
SITHBIX U3MEHEHU B KOJIMYECTBE BOIHBIX PECYPCOB U
peXuMe WX BHYTPUTOIOBOTO pacIipelelieHUsI, He-
CMOTPSI Ha TpUHUMAaeMbIe MephI, B TOM YHCJIE B paM-
Kax TOCyTapCTBEHHON mporpaMmbl “O3mopoBieHe
Boarn”. B 3TuX ycioBUSIX pencTaBisIeTCs OUeHb aK-
TyaJbHBIM BBISIBUTh IPUUMHBI CIIOXKUBIICICS CUTya-
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LIMU, POJIb KIMMATUUYECKUX U aHTPOITOTEHHBIX (haK-
TOPOB B ¢ (POPMHUPOBAHUM.

Crok Boiru BecbMa AUHAMUYEH. DTa JUHAMUKA
00yCIIOBJICHA BIUSIHUEM KaK KJIMMATUYEeCKUX, TaK U
AHTPOIIOT€HHBIX Bo3AeicTBUIA. CIIOXKHOCTD BbISIBJIC-
HUS COOTHOILLIEHUS UX BIUSHUS 3aKJTI0OUAETCSI B TOM,
YTO KIIMMATUYECKNE U AHTPOIIOTeHHbIE M3MEHCHMSI
PEYHOrO CTOKA TeCHO B3aUMOCBSI3aHbI U YaCTO BO3/CHi-
CTBYIOT Ha CTOK HE HEIMOCPEACTBEHHO, a KOCBEHHO —
yepe3 penbed, 1mouBy, omoty. [loaToMy HEBO3MOXKHO
abCOJIIOTHO TOYHO Pa3Ae/INTh BKJIAI KIIMMAaTUISCKUX 1
AHTPOIIOTEHHBIX (PaKTOPOB B (GOPMUPOBAHUE U U3ME-
HEHME PEYHOTO CTOKA Yl TPUXOAUTCS JOBOJIBLCTBOBATh-
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¢ OTHOCUTETLHBIMU olleHKaMu. OOBIYHO OHU Mpe-
CTaBJISIIOT COOOM BEJMYMHY OTKJIOHEHMI CTOKa OT
HEKMX 0a30BBIX 3HAYCHUI (HampuMep, OT ero HOp-
MBI, CPEITHETO MHOTOJIETHETO CTOKA MJTM CTOKA KaKo-
ro-a1ubo Apyroro rnepuoja), pacCuMThIBa€MbIX pas3-
HBIMUA METOIAMM.

O1eHKe BIMSHUS Ha CTOK BOJIr aHTpOIIOTe HHBIX
U OCOOEHHO KJIMMAaTU4YeCKUX (paKTOPOB B CBSI3U C
PE3KO BO3POCIINM B MOCJIEIHNUE TOIbIl MHTEPECOM K
TeM€ M3MEHEHMS KJIMMaTa IIOCBsIIeHa OOIIMpHas
Jutepatypa. Ho, kak mpaBujio, GOJBIIMHCTBO aBTO-
POB OLICHUBAJIO POJIb 3TUX (DAKTOPOB U30JIMPOBAHHO,
IpUYeM HE CTaBsS ILIeNb BBISIBUTH COOTHOIIEHUE WX
BKJIaja B oOlllee M3MeHeHue cToka. ToJIbKo B Tocien-
Hee BpeMsI poJIid KIIMMaTUIeCKuX (haKTOpoOB B U3MEHE-
Hue ctoka Bonru mocsstiieHb! padotel H. .M. AstlekceeB-
ckoro u ap. (2013), M.B. boaroBa ¢ coaBTopamMu
(2014), C.A. JlaBpoBa, WM.JI. Kamoxnoro (2016),
B.B. ITomoBoii u ap. (2019). O630p poJiu KIMMaTude-
cKkux (pakKTOpOB B U3MEHEHUM CTOKa pek Poccuu, B
ToMm yucie Bonru, BeimonaHeH A.H. I'enbdaHoM ¢ co-
aBropamu (2021). IIInpoKyto n3BECTHOCTD MOJIYIMIN
paboOTHI 1O OLIEHKE aHTPOITOTEHHBIX U3BMEHEHU CTO-
ka pek CCCP u Poccum, Bximouas 6acceitH Boirn,
BBINTIOTHEHHBIE B locymapCTBEHHOM THMIPOJIOTHYE-
ckom wuHctutyte (ITHU) H.A. IHIukioMaHOBBIM
(1979) u mon ero pykoBoacTBoM (BomHble pecypchbl
Poccum ..., 2008; 1 op.). ABTOpBI JAHHOM CTaTBU TAKKE
3aHUMAJIMCh 3TUMU BOIpocaMu (AHTPOMIOTEHHBIE ...,
2003; T'eopruagu u ap., 2014, 2019; KopoHkeBuu,
1990). 3Has oOiiiee U3MEHEHUE CTOKA U POJIb OJHOTO
u3 (pakTOpoB (AHTPOMOTEHHOTO WY KIMMAaTUYECKO-
ro), He CJIOXHO OIPeIe/INTh 1 BKJIAI 3TUX (haKTOpOB
B oOmIee M3MeHeHne cToka. OIHaKo OOHOM M3 IIep-
BBIX paboT MO lieJieHANIpaBJIeHHOMY BbISIBJICHUIO CO-
OTHOIIICHUSI KIIMMATUYECKMX W aHTPOIIOIE€HHBIX
¢daKkTOpOB B M3MEHEHME cToKa Bonrm crama MoHO-
rpacdpust M.C. 3aiiuenoii (1990). ABTopbl 1aHHOI cTa-
ThU TaKXKe MpeIIpUHUMANIH ITon00HbIe pacueThl (I'e-
opruangu u ap., 2014, 2019). B mocinenHei u3 ykazaH-
HbIX paboT ObLIa BBIMOJHEHA OIIEHKAa YKa3aHHBIX
cootHonreHuit 1o 2014 r. Llenb aHHOIT CTaTbU — BBI-
SIBUTHh COOTHOIIICHME BKJIaJa aHTPOITIOT€HHBIX U KJIM -
MaTUYeCKUX (haKTOpPOB B UBMEHEHUE cToKa Boaru y
Bourorpana Brutots mo 2020 1. 1 oTnenbHO 3a 2011—
2020 rT. IO CPaBHEHMIO C YCIIOBHO-ECTECTBEHHBIM
nepuonoM (mo 1930 r.).

NCXOOHBIE MATEPUAJIbBI
N METOAbI MCCIIEAOBAHHWA

B xauecTBe OCHOBHBIX UCXOIHBIX MaTEPUAIOB UC-
noab3oBaHbl maHHble Pocrumpomera (Pecypchl ...,
1982—2020), Bogoxo3siiicTBeHHOI cTaTuCTUKM (Boz-
HEIE ..., 2007—2019; T'ocymapcTBeHHBbII ..., 2019), a
TaKXXe Ha3BaHHBIX BBIIIE JIMTEPATYPHBIX MCTOYHU-
KOB. PacueT COOTHOILIIEHUST KITUMAaTUUYECKUX M aHTPO-
MOTeHHBIX (PAKTOPOB HAUYMHAETCI C OIpeacecHUs
MEPUOJIOB, OTIMYAIOLINXCS 10 XapaKTepy (hOpMHUPO-
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BaHMS CTOKA, Jajee COTTOCTABIISIETCS CTOK 3a 9TH T1e-
puonpbl. 11 Bonru B ctBope Bosrorpana B KauecTse
6a3oBoro npuHAT repuon 1879—1929 rr., a 3a nepuon
CYIIIECTBEHHOTO AHTPOITOTEHHOTO BO3MENCTBUS —
1930—2020 rr. Oco60 BbIAEIEHO MOCIEIHEE NECATHU-
sgetHue (2011—2020 rr.).

Ha puc. 1 mokazaHa TMHaMuKa U3MEHEHUs CTOKa
Bonru y Boarorpana ¢ 1879 no 2020 r. u cpenHue ero
3HAYCHUS 3a XapaKTepHbIC TTePUOIBI.

11 BBISIBJICHYS BKJIaia KIMMATUIECKUX U aHTPO-
TOTeHHbIX (aKTOpPOB B 00Illee M3MEHEHUE CTOKa
MPUMEHEHBI IBAa HE3aBUCUMBIX MOIX01a, ITOAPOOHO
n310XeHHbIX B padorax A.I. I'eopruanu u op. (2014,
2019). OnuH ocHOBaH Ha JAHHBIX BOJIOXO3SIACTBEH-
HOM CTAaTUCTHKM, a TAKXKE JTUTEPATYPHBIX UICTOYHUKOB
0 BonornoTpediieHnn B 6acceiiHe Bonrm, npyroit — Ha
BOCCTAHOBJICHUU YCJIOBHO-ECTECTBEHHOTO CTOKa.
IIpu 3TOM pasHUIla BOCCTAHOBJIIEHHOTrO (YCJIOBHO-
€CTECTBEHHOTO) CTOKa [IJIsi Meproaa MHTEHCUBHOTO
AHTPOITIOT€HHOTO BO3JIEMCTBYS 1 CTOKA 6a30BOIO I1e-
puoaa XapakKTepu3yeT BIUSHUE KIIMMATUYEeCKUX U3~
MEeHeHUI (IpHU JONMYIIEeHUH, YTO OHU HE SIBJISIIOTCS
CJIEICTBMEM AEITEIbHOCTH YeJIOBeKa), a pa3HMIla
BOCCTAHOBJIEHHOIO (YCJIOBHO-ECTECTBEHHOIO) WU
¢dakTudeckoro (HAOIIOAEHHOTO) CTOKAa Ilepuoaa
MHTEHCUBHOTO aHTPOIIOTEHHOI0 BO3ACUCTBUST —
BKJIaJl aHTPOMOTEHHOTO BJUSIHUSI HA CYMMAapHBIE U3-
MEHEHMUSI CTOKA.

i1t BOCCTaHOBJIEHUSI YCJIOBHO-€CTECTBEHHOIO
CTOKa MCIIOJIb30BaHbl KOPPEJISILIMOHHBIE CBSI3M CTOKA
Bonaru u croka pek, BOIHBIM PEXXUM KOTOPBIX OTHO-
CUTEJBHO cJ1ab0 U3MEHEH aHTPOIOTreHHbIM BO3MIEH-
CTBHEM U KOTOPBIE CJIyXKaT CBOEOOPa3HBIMU MHAUKA -
TOpaMM KJIMMaTUYECKMX yclioBUil. B KauecTBe Tako-
BBIX peK BeIOpaHbl Bsarka y Kuposa, Oka y Kanyru,
benas y bupcka. BogocOopsl 3TUX peK OTHOCSTCS K
OCHOBHOIT obyiactu (hopMuUpoBaHUsI cToka Bonru.
OTtmeTuM, 4To MeXeHHbIH cToK benoit y bupcka Bce
JK€ UCTIBITHIBAET BJIUSIHUE HEOOJBIIMX BOAOXPAHU-
JIUIIL, HO 3TO, BUIMMO, HE OKa3bIBaeT 3HAUUTEIbHOIO
BJIMSIHUS HA paccMaTprBaeMble HaMU XapaKTepUCTH -
KU BOCCTAHOBJIEHHOI'O CTOKA.

ITapamerpnl ypaBHeHUI perpeccuu (Ijisi ToOg0BO-
ro U CE30HHOIO0 CTOKAa) OLICHMBAJIMCh Ha OCHOBE
MHOTOJIETHUX JAaHHBIX, OXBAThIBAIOIINX OA30BHIi1 1€~
puon 1879—1929 rr. YpaBHeHMs perpeccuu Ijisd BOC-
CTAHOBJICHUSI CTOKA XapaKTepU3YIOTCS HOCTATOYHO
BBICOKMMHM KO3(PpHULIMEeHTaMU MHOXECTBEHHOM JI1-
HEWHOIW KOppeassiuuuM U BIIOJHE MNpUEMJIEMbIMU
omubKkamMu perpeccuii. Tak, Ko3OPUIUESHTHI MHO-
XECTBEHHOMU JIMHEMHOW KOPpEJSILUMU pPaBHbI WJIU
npessimaroT 0.8 (mi1st romoBoro ctoka 0.85, croka 1mo-
soBoabsa 0.89, netHe-oceHHero 0.86, s3umuero 0.80).
CranmapTHast OIIMOKa PErpecCuy U CPEIHSIST OIIMO-
ka annpoxcuMmauuu (Illanadanos, Poranos, 2008)
COCTaBJIIET COOTBETCTBEHHO JIJISI TOJJOBOIO CTOKa 9.6
u 7.4%, 01 ctoka nosaoBoabs 8.7 u 7.4%, mis1 neTHe-
oceHHero ctoka 14.1 u 10.3%, nns 3MMHEro CToka
Ne 6
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Puc. 1. [Ilunamuka croka Bonru y Bojrorpaga u cpemHue 3HaYeHHUsI CTOKa 3a XapaKTepHble Mepuonbl. /| — GaKTU4ecKuit
CTOK, 2 — CpemHUIl YCIIOBHO-€CTECTBEHHBIN CTOK 3a 6a3oBbiii mepuon 1879—1929 rr., 3 — Hopma croka mo I'TU (1930—

1980 rT.), 4 — cpenHuit U3MEeHEeHHBIH cTOK 3a 1930—2020 1T., 5 — cpemHuit u3MeHeHHBII cTok 3a 2011—2020 rr.

21.9 1 16.6%. ToyHOCTb BOCCTAHOBJIEHUS CTOKA MO~
BBILIAETCS TIPU YBEJIUYECHUU TIPOIOJIKUTEIILHOCTU
repuroaa ocpeaHeHus, 1 yxxe mis1 10-1eTHero u doJiee
JIJTATETbHBIX MIEPUOIOB (KOTOPhIE U PACCMATPUBAIOTCSI
B CTaThe) OHA 3HAYUTEILHO BHIIIE, YeM IS OTHEIbHBIX
JeT [cM., Harpumep, (IIukinomanos, 1979)]. OtMmeTum,
YTO [P 3TOM BasKHO YUUTHIBATh JUIUTETbHBIE (ha3bl ITO-
BBIIIIEHHOTO 1 TIOHMKEHHOTO CTOKA.

BoccraHaBiauBarh CTOK MOXHO M MO HeTlocpel-
CTBEHHOI CBSI3U C METEOPOJIOTUYECKUMMU DJIEMEHTA-
Mu. Ho mosiyuyuTs Mx maHHbIe I Bcero 6acceifHa
Bonru wiu ero ocHOBHOM 061acTu (pOpMUPOBAHUS
ropaszio clioXXHee, YeM UCIO0Ib30BaTh PEKU-UHANKA-
TOPBI KJIMMAaTUYECKUX YCIOBUIA. BiausiHue aHTpoIio-
TeHHBIX (PAKTOPOB Ha CE30HHBIN CTOK OLIEHEHO II0
A.E. Acapuny (1987).

CylleCcTBYIOT U IpyTHe METOAbI pacyeTa M BOCCTa-
HOBJIEHMSI CTOKA, B YacTHOCTH B padorax I'TH (Bon-
Hble ..., 2008), ocHOBaHHbLIC Ha aHaJIU3€ YCJIOBUIA
dopmupoBaHusa TUAporpada CToKa Ha OTHEIbHBIX
yyacTKax. Ha Hux MBI He OyneM ocTaHaBIIMBAThCS, HO
Jajiee IpUBEIEM IIOJIYYEHHBIE 10 HUM Pe3YJIbTaThl.
3Hag ob111ee U3BMEHEHUE CTOKA U BIIUSTHUE KJIUMAaTU -
YECKUX WM aHTPOIOTeHHBIX (paKTOPOB, HE CIOXKHO
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ONpEene/IUTb POJIb APYTUX, HO MCIIOJb30BaHUE IBYX
uian 6ojee He3aBUCUMBIX METOIOB BaxKHO OIS KOH-
TPOJISI JOCTOBEPHOCTHU TITOJTYYSHHBIX PE3YJIbTAaTOB.

PE3VIIBTATBI 1 UX OBOBIIIEHNE

Kaxk cinenyer u3 puc. 1, iMeeT MeCTO SIBHOE mpe-
BBHILIIEHHE YCJIOBHO-E€CTECTBEHHOTO CTOKa Boaru B
ctBope Bosrorpaga (B cpemnem 270.5 xm’/rom) c
MaKCHMaJIbHBIM CTOKOM B 1926 T. HaJ CTOKOM 3a Ipy-
rue nepuonbl. Cenyer OTMETUTh W OJIU3KYIO BEJIM-
YMHY CTOKAa 3TUX ItepuonoB. Tak, HOpMa cToKa 3a
1930—1980 rT. cocrapisier 238 KM>/Tox, a 3a IEPUOABL
1939—2020 1 2011—2020 rr. 242.5 1 245.4 xm3/rox co-
OTBETCTBEHHO.

B 1a6a. 1 moka3aHo oOlliee U3MeHEeHUE CTOKA 3a
aHTPOIIOTEHHO N3MEHEHHBIE TIEPUOAEI C YIETOM KaK
KJIMMaTUYECKUX, TaK U aHTPOIIOTeHHBIX (DaKTOPOB,
110 CPaBHEHMIO ¢ 6a30BBIM (YCIIOBHO-ECTECTBEHHBIM)
nepuogom 1879—1929 rr. 3a mepmon 1930—2020 rT.
OHO BBIpaXKaeTcsl B €ro YMEHBIIEHUU B CpeaHEM Ha
28 xm3/ron, win Ha 10.4%, a 3a 2011—2020 rr. — Ha
25 km3/ron (9.3%). Be3 ydera apyrux (hpakTOpOB,

Ne 6 2023
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Ta6muna 1. M3ameHeHne o0beMa rogqoBoro croka Boaru y Bosirorpana moa BaustHueM CyMMapHOTO BO3IeCTBYS KJIIMMa-
TUYECKUX Y AaHTPOITOT€HHBIX (DAKTOPOB OTHOCUTEILHO 6a30BOTO IeproIa

bazoBwriii nepuon

Ilepuon cylecTBEeHHOTO
aHTPOTIOTeHHOTO BO3IECTBHS

W3meHeHne cToka

00BEM CTOKA, 00BEM CTOKA, CpelHee 3a ron 3
NepUOL 3 rnepuon 3 BCEro, KM
KM”/TOI KM”/Toq kM3 /ron %
1879—1929 270.5 1930—-2020 242.5 —28 —-10.4 —2548
2011-2020 245.4 —25 —-9.3 —250

Taommna 2. 3aMeHeHMe romoBoro ctoka Bosiru y Bosirorpana 3a rnepuos cyiecTBeHHOIO aHTPOITOTEHHOTO BO3EUCTBUS,
paccUUTAaHHOE IO JaHHBIM BOIOXO3SIIICTBEHHOI CTATUCTUKY OTHOCUTEIFHO 62a30BOTO ITepHoa, KM>

Kiumatuyeckue
AHTpOTIOTeHHbIEe UBMEHEHUS
U3MEHEHUSI
Hepuon BJIMSTHUE BOIOXPAHWJINLLL
0e3BO3BpaTHOE
(3anojiHeHUE MEPTBOTO 0ObeMa BCEro |cCpemHee 3aTol| BCEro | CpeaHee 3a rom
BOJONOTpeOJICHUE
U IOTIOJTHUTEIbHOE UCTIApEHYE)
1930—2020 —489 —510 —999 —11 —1549 —17
2011-2020 —65 -59 —124* —12.4% —126* —12.6*

IIpumeuanue. * C yaeToM IpUTOKA U3 IPYTUX OACCEMHOB aHTPOITOreHHOEe u3MeHeHue — 113 KM3, B cpenHem 3arom —11.3 KM3, a KJMMa-

Tyeckoe —137 u 13.7 KM~ COOTBETCTBEHHO.

BIUSIOIINX Ha ypoBeHb Kacnmitckoro Mmopst (n3me-
HEHUsI aTMOC(EpHBIX 0CAIKOB, BHITTAIAIONIMX HA aK-
BaTOPUIO MOpsI, MCTIapeHUsI C Hee, CTOKa IPYTUX,
KpoMe Bosru, mpuToKoB, TTOCTYIIEHUS KACTTUICKMX
Bon B 3ayiuB Kapa-boras-T'on) aTo cmocob¢cTBOBaO
eXXeTomMHOMY CHIDKeHUIo ypoBHA Kacrms Ha 6—9 cM.

B Tab6i. 2 maHa oneHKa BKJaga B 3T M3MEHEHUS
BIIVISTHYISI BOIOXPAHIUTHIII (3aIIOJTHEHNE MEPTBOTO 00~
eMa 1 JOMOJHUTEIbHBIC TTOTepU Ha UCTIapeHUe C X aK-
BaTOpUM) 1 O6E3BO3BPATHOTO pacxoia MpU BOIOITO-
TpeOJIeHNN Ha pa3TUIHbIE XO3SICTBEHHBIC HYXIHI.

Btopoit BapuaHT pacueTra, OCHOBAHHBLII Ha BOC-
CTaHOBJICHUM YCJIOBHO-E€CTECTBEHHOTO CTOKA M €T0
CpaBHEHUU ¢ (PaKTUUECKUM, TIpEACTaBIeH B Ta0. 3.

ITpolieHTHOE COOTHOIIEHNE U3MEHEHU TOI0BO-
o CTOKa, MOJIyYeHHOE IBYMSI OCHOBHBLIMU METOIA-
MU, IpEACTaBIeHO Ha puc. 2. B utore mo 18ym Bapu-
aHTaM pacueta 3a nepuon 1930—2020 rr. mosrydyeHbl
O0IM3KUE OLEHKM BKJIaJa KJIMMATUYECKUX U aHTPO-
MOTeHHBIX (paKTOPOB B 00IIee u3MeHeHue cToka. [1o
IepBOMY BapHaHTY pacyeTa COOTHOIIIEHNUE aHTPOTIO-

TEeHHBIX U KIIMMATUIECKUX (DAKTOPOB COCTABJISIET CO-
otBeTcTBeHHO 40 1 60%, 110 BTOpoMy — 46.8 1 53.2%.
Ho 3a 2011—2020 rr. paziauaust 60jee cylieCTBEHHBI
— Ha aHTPOITOTeHHBIE (DaKTOPHI MPUXOIUTCS 110 Tep-
BOMY BapuaHTy 45.2% u3MeHeHUsI CTOKa, 110 BTOPO-
My 20.8% M COOTBETCTBEHHO Ha KIMMaTWUYECKHE
dakToppl — 54.8 1 79.2%. Umeromuecs: pa3addust
MEXIY AByMsI BApMAHTAMU PACUYETOB MOXKHO OOBIC-
HUTh U3MEHEHUEM COCTOSTHUS BOIOCOOPOB KaK peK-
WHIWKATOPOB, TaK M caMoii BoJiru, BIMsHuE KOTO-
pOTO Ha CTOK HE YYUTHIBAETCS B BONOXO3SIICTBEHHOI
cratuctuke. Tak, Mo TaHHBIM, OCHOBAHHBIM Ha BOJI-
HOOaJIaHCOBBIX pacueTax, ONMMPAIOLINXCS Ha pe3yib-
TaThl HAOMIOAEHUIT Ha CTOKOBBIX IUIOIIAAKAX, 324 I1e-
puon 1931—2005 rr. MeponpusITUSI HEOPOIIAEMOIO
3eMIIe/ieNns TIPUBEIN K YMEHbIIeHUI0 cToKa Bomru
Ha 2.7 xm?/ron (Feopruagu u ap., 2014). Bmecre ¢
TEeM B MOCJIEAHUE ISCATUIETUS Pa3IUUYHbIe aHTPOIIO-
TreHHbIEe BO3ACHCTBUS Ha CTOK HAa BOOOCOOpe B 3HAYM -
TeTbHOI Mepe B3aUMOKOMIICHCUPYIOTCS (puc. 3).

Tao6muna 3. M3MeHeHUsT TomoBoro ctoka Bomrm y Bonrorpaﬂa 3a nepuon CymeCTBEHHOro aHTpOIIOI€HHOTIO BO3Ieli-
CTBHA, paCCUUTaAaHHBIC ME€TOJAMMU BOCCTAHOBJICHUA €TI0 YCIIOBHO-CCTCCTBECHHbBIX 3Ha‘ieHMI>i, KM

AHTpPOITOreHHbIE UBMEHEHUSI Knumartnueckue u3MeHeHUst
Ilepuon
CyMMapHO 3a Mepuo cpefHee 3a rof CyMMapHO 3a Mepuo cpenHee 3a roj
1930—2020 —1192 —13.1 —1356 —14.9
20112020 —73 -7.3 —177 —17.7
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Puc. 2. CpaBHCHI/IC W3MEHEHUI CTOKa, pacCYUTaAaHHOTO ABYMsA ME€TOAAMMU. 1— AHTPOIIOI€HHbIE UBMEHEHM, 2 — KIMMaTuye-

CKHME UBMEHCHMUA.

ITo ganueiM I'TU (Boanbie pecypchl Poccun ...,
2008), obiiee aHTPOIIOTEHHOE W3MEHEHME CTOKa
Bourn B nesom B 1985—2005 o cpaBHeHUIO ¢ 1935—
1980 rr. oueHMBasnock B 9.5—10 km>/rox, 4TO GIM3KO
K HamM pacyeram 3a 1930—2020 rr., yauThIBas eile
M TO, UTO yMeHbIlIeHue cToka Boiaru Huxe Bosarorpa-
J1a TIPUBEJIO K COKPAIeHMIO IUIOIIANEii 3aTOIJICHMS B
JleJIbTe B TI€PHUOJ BECEHHETO IT0JIOBOMbSI U K YMEHb-
LIEHUIO UCIapeHus B pasMepe 1.5 KM>/rom u coor-
BETCTBYIOIIEH KOMITeHCALIMU 151 CTOKa. ExxeromHblit
BKJIa[ OTACIbHBIX BUIOB BO3ACHCTBUSI Ha TOHOBOI
CTOK Bonrm olieHeH ciemyrommM o0pa3oM: MOTEpH
BOZIbI HA JOMOJHUTEIBLHOE HUCIIapeHNEe C aKBaTOPUU
BOIOXpaHWIMLI — 6.5 KM?, 6€3BO3BpaTHBIN pacxon
IpHY HCIOJB30BAHMM BOABLI Ha pa3IMYHBIE XO3sii-
CTBEHHBIE HYXIbI — 4.6 KM>, BIUSIHUE arpOTeXHUYE-
ckux MeporpusaTuii 1.3—1.5 kM, IpUTOK BOIBI U3
IpyTUX peuHblx OacceiiHoB (BosxoBa, JloHa) —
1.1 kM? ¥ yKazaHHOE BbILIE YMEHBIIEHUE TIOTEPH HA
HhcrnapeHue B HU30BbsX Bomrm — 1.5 km?. Makcu-
MaJIbHOE Xe CHIDKeHMe cToKa Bosru 3a cuer aHTpO-
MOTreHHBIX (paKkTOpOB Mpousonuio B 1965 r. (Gonee
25 KM3/TOI B OCHOBHOM 3a CYET aKKyMYJISILIUA BOMIBI
B BomoxpaHuaumiax) u B 1985 r. (cbiie 24 km*/rox,
IJIaBHBIM 00pa3oM B pe3yJibTaTe Bojo3abopa Ha pas3-
JIMYHBIE HYXIIbI).

Ha Boire ce3o0HHBIC M3MEHEHMSI CTOKa Hanboiee
SIPKO MPOSIBIISIIOTCS 3MMOM 1 BECHOM BO BpeM$I OJIO-
BoIbs. ITprueM pacyeThl MOKa3bIBaIOT, YTO AHTPOIIO-
TeHHBbIE W KIMMaTHUdecKue (pakToOphl OEHCTBYIOT B
OIHOM HampaBJICHUH, CHUKASI CTOK MOJIOBObS B OC-

MN3BECTUA PAH. CEPUS TEOTPAOUYECKAA
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HOBHOM 3a CUET ero peryjaupoBaHus. B 3umMHuii me-
puona kauMatudeckue (akTopbl IPUBOASAT K Majio3a-
METHOMY YBEJIMYESHWIO CTOKA TP OYE€HD CYITIECTBEH-
HOM aHTPOTIOT€HHOM YBEJINYECHUU, YTO OOYCIOBJIEHO
IIaBHBIM 00pa3oM TpeOOBaHUSIMU TUAPOSIHEPTETUKH
(puc. 4). B cHIzKeHUM CTOKA IT0JIOBOIbS AOJISI AHTPO-

%

n/o2m3o4

Puc. 3. CoBpeMmMeHHOE€ W3MEHEHHE TOIOBOTO CTOKa
Bosiru non BiusiHMEM KOCBEHHBIX BO3IEMCTBUIA HA BOIO-
cbopax, %. 1 — HeopolllaeMoe 3emiieieine, 2 — OCyIIu-
TeJlbHast Mearopaius, 3 — JiIeCHOe X031 CTBO, 4 — ypOa-
HU3aLUS.

Cocmaseneno no: (KoponkeBud u ap., 2022).

Ne 6 2023
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Puc. 4. Bxitag antpornoreHHbIX (/) 1 KimuMaTtudeckux (2) ¢pakTopoB B o611ue ce3oHHbIe (3) m3MeHeHus ctoka Boiarn y Bosiro-

rpaga.

IIOTeHHBIX (pakTOpOB cocTasisaeT 6ojee 70% B 1930—
2020 u cBbiie 60% B 2011—2020 rr.

He norepsinu akTyaabHOCTH U Pe3yJIbTaThl UCCIIe-
IOBaHMSI pEeXHMMa CTOKa IIOCJie 3aperyaupOBaHUs,
BhITToJIHeHHOTO A.E. Acapunbim (1987), cormacHo
KOTOPBIM (paKTUUECKOE CE30HHOE pacrpeaeieHne
CTOKa HECKOJIBKO OTJIMYaeTCsT OT MPOEKTHOTO U
OYEeHb CYIIECTBEHHO OT €CTECTBEHHOIO, OCOOCHHO
3UMOIt 1 BECHOM B MaJIOBOJHBIE Tonbl (puc. 5). Tak,
3aperyJUpOBaHHBIN 3UMHHIT CTOK BBIIIIE €CTECTBEH-
HOTO B 9TO BpeM:I OoJjiee yeM B 3 pa3a. B monoBonbe
K€ OH CHMXXAeTCsl B MaJIOBOAHbIE TONbl 6ojiee 4yeM B
1.7 paza.

M3 Bcex BUIOB aHTPOMOTEHHBIX BO3ACUCTBUIA
BJIIMSIHYE BOJOXPAHUJIUII — OJHO M3 HauboJsiee olry-
TUMBIX KaK B TOJOBOM acIeKTe, TaK U 0OCOOEHHO B ce-
30HHOM. O 1TI0Ccax (B OCHOBHOM [UJIST SHEPTETUKU U
BOMHOTO TpaHCNOPTa) U MUHYycaxX (B OCHOBHOM 3a-
TOTUJIEHUE LIEHHBIX CEJIbCKOXO3SIMCTBEHHBIX YrOAUM,
YMEHbIIIEHUE CTOKa, YIIepO IS phIOHOTO XO3SCTBA)
AHTPOMNOTe€HHOTO U3MEHEHMSI CTOKA U3BECTHO B 1Ie-
JIOM IOBOJIbHO Xopolio. Psn uccnenosareneit cuura-
€T, YTO BOOAOXPAaHWIWINA CITOCOOCTBYIOT 3arpsi3He-
HUIO Boabl. HeraTuBHbBIE TTOCIEACTBUS CO3MaHUS BO-
JNIOXpaHWJIUI BBI3BAJIM aXe TPEIJIOKEHUS O CIyCKe
YacTU U3 HUX, B IepBYIO ouepeab PerionHcKoro. Bme-
cre ¢ Tem K. K. OaenbiureitH (1998) cuuraet, 4yto He
Oyab BOJOXPAHUJIUIIL, B KOTOPBIX MOCTYyIAIOIIME 3a-

MN3BECTHSA PAH.

IPSI3HEHUST MHOTOKPATHO Pa30aBIISIIOTCS BOJDKCKOM
BOIOW W YaCTUYHO HeWTpanusytoTcs, Bonra pespa-
TUJIACh OBl B “CTOYHYIO KaHaBy” M3-3a MOCTYIUICHUS
B HEe OTPOMHOTO KOJWYECTBA 3arps3HSIONIMX Be-
LIECTB.

A.B. ABaksH (1991) nokasaji, 4To CITyCK BOIOXpa-
HWIMII TIpUBET Obl K OTPOMHOMY YIIEPOY TSI X035 -
CTBA CTPAaHBI MPU HESICHBIX TTOJIOXUTETBHBIX ACTIEKTAX.
B 4ucne Bo3MOXHBIX yiiepOoB — usbsite U3 EqnHoi
HepreTuyeckoit cuctembl 11.4 MaH KBT ycTtaHOBIEH-
Hoit MommHOoCcTH I'DC 1 okoso 40 Mipa, KBT 9 exxeron-
HOI BBIPAOOTKU, TIPUYEM B 3HAYUTEIbHOI Mepe Hau-
0oJee IEHHOM MUKOBOI JIEKTPOHEPTUN; HAPYIIICHUE
rpy3oo06opoTta EnrHoii IiTy0OKOBOIHOM CUCTEMBI €BPO-
TeCKOI YacTu CTpaHbl; HEOOXOAUMOCTD TTOJTHOTO Tie-
peycTpoiicTBa BOOOCHAOXEHUSI MHOTHMX TOPOIOB W
CeJIbCKUX HAaCeJIEHHBIX ITyHKTOB, a TAKXKe Bceit nHppa-
CTPYKTYpPBI OTIbIXa Ha BOJE; PE3KOe YBEJIUYECHUE
Yrpo3bl 3aTOIUIEHUSI U TOATOIUICHUSI TePPUTOPUIA;
MOBTOPHOE 3arpsiI3HEHUE BOJDKCKUX BOI JOHHBIMU
OTJIOXKEHUSIMU; HEBO3MOXKHOCTh BOBJICUCHMUSI B CEJlb-
CKOXO3SMCTBEHHBIIT 000POT OCBOOOXIEHHBIX OT BO-
bl 3€MeJIb, MHOTHAE M3 KOTOPBIX 3aHECEHBI UJIOM U
TIECKOM C OOJIBIIMM COAEPKaHUEM 3arps3HSIIONINX
WHTPEIUEHTOB, 0€3 OTPOMHBIX 3aTpaT Ha PEKYJIbTU-
BaIHIO.

TeMm He MeHee TTOHATHO, YTO CYIIECTBYIOIIEe aH-
TPOTOTEHHOE BO3ACICTBUE Ha CTOK, peXuM Boaru u

CEPUSA TEOTPAOUYECKAA Ttom 87 Ne6 2023
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Puc. 5. [epepacnpenesieHre BOIOXpaHWIMIIAMU CTOKa BoJITH 110 ce30HaM B Tofbl pa3HOil BOTHOCTH, %. (2) — MHOTOBOIHbBIE
ronpl, (0) — cpemHue o BOAHOCTU U (B) — MaJIOBOJHBIE TO/IbI. /| — €CTECTBEHHOE paclipenesieHre, 2 — MPOeKTHOE pacipee-
sieHue, 3 — pakTueckoe pacnpeneaeHue.
Cocmaeneno no: (Acaput, 1987).
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CBSI3aHHOE C HMMM Ka4eCTBO BOJ BCIICACTBUE BIIMUSI-
HUSI BOIOXPaHWIMIL U BOJ03abopa HY>KIAeTCsI B CyILIe-
CTBEHHBIX KOPPEKTHUBAX. B mepByto ouepens HeoOXomm-
MO YCTPaHUTh ITOTEPH BOABI B BOMHOM X03stiicTBe. Tak,
cornacHo (BomHeie ..., 2007—2019), exxerongHble MoTe-
PY BOJKCKOIT BOABI IIPY TPAaHCIOPTUPOBKE K MECTY
WCIIONBb30BaHU MpeBbILaoT 1 kM. Benuku norepu
BOIBI U TIPY MCHOJIb30BAaHUM HA pa3IMYHbIC XO3STii-
CTBEHHBIE HYXIbl. YCTpaHEHUE 3TUX ITOTePh MOXKET
CYLIECTBEHHO ITOBJIUSITh U Ha COOTHOIIIEHUE aHTPO-
MOTeHHBIX U KJIUMAaTU4YeCKUX (hakKTOPOB B M3MEHE-
HUu cToka Bonru.

3AKJIIOYEHHME

CpaBHEHME aHTPOIIOTEHHO M3MEHEHHOTO CTOKa
Bousru y Bonrorpana 3a nepuozant 1930—2020 u 2011—
2020 rT. ¢ YCIOBHO-ECTECTBEHHBIM CTOKOM 3TOI pe-
k1 3a 1879—1929 rr. mokasajno, 4YTo OH B pe3yJibTaTe
BJIMSTHUSI aHTPOITOTEHHBIX (BOJOXPAHWJIMIIA U BOIO-
oTpebiieHe) U KITMMaTHIeCKIX (haKTOPOB CHU3HII-
cs B CPEIHEM 3a TIof COOTBETCTBEHHO Ha 28 KM’
(10.4%) un 25 xm? (9.3%). bes yuera npyrux ¢Gakro-
pPOB, BIUSIONINX Ha ypoBeHb Kacmmiickoro Mops,
5TO CITOCOOCTBOBAJIO EXXETOMHOMY CHUKEHUIO YPOB-
g Kacnust B cpenHeM Ha 6—9 cM.

JIBa He3aBMCUMBIX BapraHTa pacdeTa Jaiu 0JIm3-
KM€ 3HA4YEHUSI COOTHOIIEHMS BKJIaga aHTPOIIOTECH-
HBIX U KJIMMaTUYeCKUX (PaKTOPOB B 0011Iee YMEHbIIIE-
Hue ctoka Bomru: 40 m 60% 110 omHOMY BapuaHTY
pacyeTa 1 0K0J10 47 11 HeCKOJIbKO 6oJiee 53% — 1o apy-
romy 3a 1930—2020 rr. 3a 2011—2020 rr. pazauuust 60-
Jiee CylIeCTBEHHBI. VX B 3HAYUTEILHOII MEpe MOXHO
OOBSICHUTh U3MEHEHNEM COCTOSTHUSI BOTOCOOPOB, KO-
TOPO€ HE YYUTHIBAECTCS B BOIOXO3SIMCTBEHHOI CTaTU-
cTuke. BMecrte ¢ TeM pas3nmMuHble BUIBI XO3SIMCTBEH-
HOM IeSITEIbHOCTH Ha BOIOCOOpaX MpaKTUIECKI B3a-
MMOKOMIICHCHUPYIOTCS BO BJIMUSIHMUM Ha CTOK B
MOCJICTHUE TOIbI.

Ce3oHHBIC M3MeHeHN Ha Bonre Hamboiee omry-
TUMO NPOSIBJISIOTCS 3UMOIi I BECHOM B IIEPUO/I ITOJIO-
BOIbSI, 0OCOOEHHO B MaJIOBOJIHBIC TOIBI. 3aperyInpo-
BaHHBI 3UMHUI CTOK MNPEBbILIAET YCIOBHO-ECTE-
CTBEHHBIN B 3TO BpE€Msi B MaJIOBOOHbLIE T'OJbI B 3 C
JIMIITHUM pa3a. BeceHHee Xe MoJIoBOIbe CHUXKACTCS
Oonee yeM B 1.7 pa3a. B cHM:KeHUM CTOKA TTOJTOBOIbS
JIOJISI aHTPONOTeHHBIX (PAKTOPOB COCTABIISIET OoJice
70% B 1930—2020 u cBrImre 60% B 2011—2020 1T.

AHTpOITIOTEeHHOE BO3ICHCTBHME Ha CTOK Boarm
HYKIIaeTCS B ONTUMMU3ALIMM, YTO MOXKET CYILIECTBEH-
HO MOBJIMSITh Ha U3MeHeHMe cToKa Boiru u cooTHO-
IIIEHME B HEM BKJlaJa aHTPOIOTeHHBIX U KJIIMMaTU4e-
ckux daktopoB. Tak, Mepsl 0 O00jee SKOHOMHOMY
WCHOJIb30BAaHUIO BOOHEBIX PECYpCOB IIPUBOOAT K
YMEHBIIIEHUIO 0€3BO3BPAaTHOIO pacxoa BOIbI U TEM
caMbIM K CHIDKEHUIO aHTPOITOTeHHOIro BKJIaja B 00-
Iee U3MEHEHNE CTOKA, a TAKXKe K BO3pacTaHUIO POJIU
KJIMMaTndeckux ¢akTtopoB. OOparHasg cuUTyanus

N3BECTHA PAH. CEPUSA TEOTPAOUYECKAA

KOPOHKEBUY wu np.

CKJIaABIBAaeTCSl MMPU HEOKOHOMHOM WCIIOIb30BAHUM
BOIHBIX peCypcoB. Bmecre ¢ TeM Hay4YHO He 0OOCHO-
BaHbl MMEIOIINE MECTO MPEMIOXEHUS IO CITYCKY
BOJDKCKMX BOITOXPaHVUTHIIL.

B uncie nepcrieKTMBHBIX 3a/1a4 MO paccMaTpuBa-
€MOIi TeMaTuKe — oNnpeae/ieHUEe COOTHOLIEHUST KU~
MaTU4YEeCKUX W aHTPOIOTeHHBIX (aKTOpOB B
U3MEHEHUM CTOKa Ipyrux pek B OacceitHe Bosru u
0COOEHHO BbISIBJIEHUE FreHe3uca KIMMaTUYeCKUX 13-
MEHEeHMII — HAaCKOJbKO OHM BCE XK€ €CTeCTBEHHOIO
WJIW aHTPOIOTEHHOTO MPOUCXOXICHUSI.
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On the Ratio of Climatic and Anthropogenic Factors in the Change
of the Volga River Runoff

N. 1. Koronkevich *, A. G. Georgiadi', E. A. Barabanova!, E. A. Kashutina!, and 1. P. Milyukova!

! Institute of Geography, Russia Academy of Sciences, Moscow, Russia
*e-mail: koronkevich@igras.ru

Two variants (methods) were used to calculate the contribution of anthropogenic and climatic factors to the
change in the annual and seasonal runoff of the Volga River at Volgograd during periods of significant an-
thropogenic impact on waters (1930—2020 and 2011—-2020) compared with the conditionally natural period
of runoff formation (1879—1929). The first is based on comparing the anthropogenic change in runoff due to
the influence of reservoirs and irretrievable water consumption with the total change in runoff for the com-
parison periods. In the second variant, the reconstructed conditionally natural runoff during periods of sig-
nificant anthropogenic impact is compared with the total change in runoff, calculated by the relationship be-
tween the Volga River runoff and the runoff of rivers that are indicators of climatic conditions. It is assumed
that climatic changes are mainly of natural origin. It is revealed that the influence of anthropogenic and cli-
matic factors on the overall decrease in the annual runoff of the Volga River in comparison with the condi-
tionally natural period is unidirectional and comparable. Both variants of the calculation give similar values
for the ratio of anthropogenic and climatic factors in the total change in runoff in the 1930—2020 period.
There are more significant differences in the calculations for the 2011—2020 period and in the assessment of
seasonal changes, most noticeably manifested in the spring flood and in the winter. Anthropogenic and cli-
matic factors act in the same direction, reducing the flow of the spring flood and increasing it in the winter,
mainly due to anthropogenic factors. The existing differences in the ratio of factors can largely be explained
by landscape transformations in the Volga River basin, including in river basins that are indicators of climatic
conditions. The impact of such transformations on runoff'is not taken into account in water management sta-
tistics, although in recent decades different types of economic activities in watersheds have largely offset each
other in their impact on runoff. The share of anthropogenic factors in the Volga River runoff changes can vary
widely depending on the type of water resources use which is be not always rational.

Keywords: annual and seasonal changes in river runoff, anthropogenic and climatic factors, variants and cal-

culation methods
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