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The manual consists of seven chapters. The methodology of «weather-yield» model-
building is examined, including the problem of finding an optimal set of predictors.

Several examples are presented on model-building with restrictions in parameters,
models of ridge regression, models of componential analysis to cover the multiversity
of climatic conditions description. The possibilities of robustness theory are analyzed,
which allows to extend the understanding and improve efficiency for multiple regression
problems.

Fundamental models of productional and destructional processes are presented,
which ensure the utilization of solar energy, synthesis of organic matter and decomposition
of organic matter in the soil, thus completing the biospheric cycle of carbon.

Physico-statistical and dynamic models are examined as a mathematical apparatus
for parameterization of non-linear differential equation systems, describing the
productivity of agricultural systems. The methods of utilization of dynamic models for
yield management, monitoring and forecasting are presented.

Biospheric models of monitoring of water and carbon balance in arable soils are
examined for perennial retrospective analysis of productivity and sustainability of
agriculture.

Mathematical models for optimization of placement and structure of cultivation
areas based on productivity forecasts are presented.

The methods of agroclimatical information analysis in changing climate are
explained. A monitoring system for climate change and models for the evaluation of its
consequence are presented.

The manual is designed for the students of hydrometeorological and geographical
faculties of universities and agricultural high schools as well as the students of secondary
special schools, trained on specialties of «Hydrometeorology» and «Agronomy». The
manual might be used by the specialists in agriculture and ecologists.
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NMPEOVNCJIIOBHE

KoHeuHasa uenb BCAKOro MccregoBaHUs UM Hay4yHOro aHanmsa CoCToUT
B HaxXOXOEHUN CBSA3eN (3aBUCUMOCTEN) Mexay nepemeHHbiMU. He cyuiecT-
BYET MHOro cnocoba npeacTaBneHus 3HaHWS, KpOMe Kak B TEPMMHAX Konu-
YECTBEHHbIX WIM Ka4eCTBEHHbLIX 3aBUCUMOCTEN MeXay usydaembiMu nepe-
MEHHbIMWU. ArpoMeTeoporniorMa Kak HayyHas AMCUMMIMHA 3KOMOrMyecKkoro
npocunsa 3aHsiTa U3y4eHNEM CBSI3EN MEXOY COCTOSIHUEM U NPOAYKTUBHOCTBLIO
CENbCKOXO3ANCTBEHHbBIX KYNbTYp U METEOPOSIOrMYECKMMUN NEPEMEHHBIMU,
NpeacTaBnsWMMN NOrogHble U KnuMmaTtudeckue ycnosus. MNpumeHaembin B
3TUX MCCNedoBaHNsIX MaTtemMaTMYeckuidi annapaTt BnioTb A0 MOCMNefHUX ae-
CATUNETMI OrpaHnyMBarncd Merogamum CTaTUCTUYECKOro aHanmsa. 3ametum,
YTO MOMbITKN PELUEHUS TAKOWN arpOMETEOPOSIONMYECKON 3adaun, Kak NporHo3
ypoxas, cTaTucTM4eckuMm Metogamu npegnpuHmmanmcs eule B XV Beke. Ar-
pomeTeoponormieckor NpobrneMaTnkon 3aHUMarncs WU3BECTHbIA aHIMUNCKUIA
matemaTtuk P. duwep. LUMpokoMy NpMMEHEHWNI0 CTaTUCTUYECKOro aHanusa B
arpoMeTeoporiornyeckux nccnegoBaHmsax cnocobersosanu pabotsl B.M. O6y-
xoBa, E.C. YnaHoBon n gp.

KomnbloTepHasi pesonioumsa pacwimpuna n yrinybuna BoO3MOXHOCTM CTa-
TMUCTMYECKOrO MOAENMPOBaHNS BO BCeX 00nacTsax Hayku, BKIIOYas arpomere-
oponoruto. B HacTosiLee Bpemsi NpakTUYECKM CHATbI OrpaHuYeHnst Ha obb-
€M 1 CNOXHOCTb MPOBOAMMBIX BblMUCIIEHWUA. [JOCTYNHOCTbL KOMMbHOTEPHOM
TEXHWKM, OCHALLEHHOW nakeTamyn CTaTUCTUYECKUX Mporpamm, NO3BOMSET Npu
MUHUManNbHON MaTemaTuM4ecKor NoaroToBKe UccregoBaTtensi NpoBoauTb 00-
LUMPHbIE pacyeTbl C MOMOLBIO AOCTATOYHO CHOXHbIX CTaTUCTUYECKUX METO-
00B. JTO onpeaensieT WNpoKMe NepcnekTBbl 4N pa3BuUTUS METOL0B arpoMe-
TEeopOonorM4eckoro NPOrHO3NpPoBaHns, 1 B YaCTHOCTM ANS pa3BUTUS METOO0B
MOHWUTOPWHIa U MPOrHO3MPOBAHUA YPOXKANHOCTW. 3HAYMTENBHYIO POrb 34eCh
MOTYT CbIrpaTb NocnegHne JOCTMKEHUs B 06racTu NpuKagHoro perpeccmuoH-
HOro aHanmsa (KOMMOHeHTHoro, rpebHeBoro, pobacTHoro 1 ap.). B 1o xe Bpe-
MS Ha MpakTUKe 4acTo MPUMEHSATCA TpagUUMOHHbIE, MHOTAA yCTapeBLuve,
Janekve oT peanbHOCTM NOAXOAbI U MeToAbI.

Mpouecc matemaTnsaumm 3HaHUN B arpOMeTEOPONOrMm He OrpaHNYMBaET-
ca bonee WMPOKUM U TNyOOKUM MCNONb30BaHNEM METOAOB MaTeMaTU4ECKOWM
cTaTucTMkn. HaumHasa ¢ nocnegHux OecATUNeTUA NPOLUIOro Beka, ckragbl-
BaeTCs KonMYecTBeHHasl TeopeTudeckasi 6asza arpoMeTeopornornm — Teopus
NPOAYKTUBHOCTMK arpoakocuctem. 3agaya pacyeTa (MporHosa) ypoxasi B COB-
peMeHHON NOCTaHOBKE CBOAUTCSA K PELLUEHUNIO KpaeBbIX 3a4ad ANs CrieayroLwmx
B3aMMOCBSI3aHHbIX cucTeM anddepeHLmanbHbIX YpaBHEHUN:

— CUCTEMbI YpaBHEHMWI poCcTa 1 pa3BUTUSA pacTeHUi;
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— CUCTEeMbl YypaBHEHWN 3HepromaccoobMeHa «noysa—MnoceB—aTMoc-
thepay;

— CUCTEMbl YpaBHEHMUI AVNHAMUKN OPraHU4eCcKoro BeLLecTBa NoYBhbI.

MaTemaTnyeckas NocTaHOBKa U NpakTUYecKoe NCMosfib30BaHUe ynpoLleH-
HbIX peLLeHNI TakMx 3a4aqy B MPUKNaaHbIX LEnsx ctano BO3MOXHbIM Grnaroga-
pst pabotam M.W. Byabiko, A.W. Bygaroeckoro, A.A. Hnunnoposuya, HO.K. Poc-
ca, X.I. ToomuHra, E.lN. Nanamuna, O.0. Cupotenko, PA. MNonyakToBa n ap.
MaTtemaTnyeckme Metofbl, MO3BOMSAOLME ONpedensATb KOHEYHbIN Yypoxan
arpoakocuUcTeMbI, (DOPMUPYIOLLIMINCS MOL BINSHUEM CTOXaCTUYECKNX YCNOBU
NPUPOAHOW Cpedbl, Kak 3agavy MateMaTudeckon hU3uKu, CnyxaT OCHOBOM
pa3BUTUS METOAONOMMU arpo3KONOrMYeCKUX NCCreoBaHUi.

CnegyeT OTMETWUTb SIBHO HEOOCTATOYMHOE KONMUYECTBO NuTepaTtypbl Ha
PYCCKOM 3blke, KOTOPYH MOXHO WMCMONb30BaTb B KayecTBe yyebGHoW npu
noaroToBKe uccriegoBaTtenen-cneuManuctoB B obractn maTeMaTuyeckoro
mogenupoBaHus. 310 kHurn E.M. Manamuna (1981), O.4. CupoteHko (1981),
nepeBoaHble paboTbl MNMeHHuHra ge Ppusa, BaH fNaapa (1986) n Ox. PpaHca,
[bx. TopHnu (1987), a Takke kHurn X.I. ToomuHra (1984) n PA. MNonyakToBa
(1991 1 2006). Mo aTon npuynHe NybnunkaLmsa HacTosLero y4ebHoro nocobus
npegcTaBnseTcsa kpaviHe Heo6xoanMon.

Mpepnaraemoe y4ebHoe nocobue cocTouT n3 cemu rna.. [NepBas u BTO-
pas rnasbl NOCBALEHbI MPUMEHEHNIO METOA0B PErPEeCCUOHHOrNo aHanmaa ans
MOCTPOEHUSI NMPOrHOCTUYECKNX 3aBUCMMOCTEN. PaccmaTpumBalotcs TpyoHOCTM
pelleHns Takux 3ajad, COCTosilMe B HecTauMoHapHOCTW, MHOrOMepHOC-
TW, CUNBbHOW KOPPENMPYyeMOCTM HE3aBUCUMMbIX MEPEMEHHbIX, OTKIOHEHUSX
OT HOpPMarnbHOro 3akoHa M APYrnx HapyleHusax TpeboBaHWi Knaccu4eckoro
perpeccnoHHoro aHanusa. Npuneogatcs npumepbl NOCTPOEHUSA 3P EKTUBHBIX
CXeM 118 MPOrHO3MPOBaHNS YPOXKaNHOCTN C MOMOLLIbIO MeToAa FMaBHbIX KOM-
MOHEHT, rpebHeBON perpeccun 1 pobacTHLIX MOAENEN.

TpeTbs 1 YeTBepTas rmasbl NOCBALLEHbI TEOPUU NPOAYKTUBHOCTU arpo3Ko-
CMCTEM W AMHAMWYECKUM MOLENSIM, PEANU3YIOLLMM Ha NPaKTMKe MONoXeHUs
3TOW Teopwun. 3HauuTenbHOe BHMMaHWe yaeneHo npobnemam naeHTuduka-
UMM napameTpoB AMHAMUYECKMX MOAENEN Ha mMaTepuanax MHOFONETHUX Mo-
NneBbIX OMbITOB, @ TaKKe aHanuay YyBCTBUTENbHOCTM 3TUX MoZernewn 1n nposep-
Ke nx agekBaTHoCcTU. CneuunanbHO paccMaTpuBaeTCs 3a4ava Konmy4eCTBEHHOM
OLEHKN arpoMeTeoponormyecknx ycnosui hopmmpoBaHns ypoxasi, Bkrnodas
3aa4vy OLEHKUN BIUSIHWUS 3aCyX U APYrMX SKCTpeMasibHbIX SBNEHWI Ha NPOaYK-
TUBHOCTb 3€PHOBbIX KyNbTYp.

B naton rmaBe paccmartpusaloTca MateMaTuyeckue Mopenu U MeTofbl
MOHMWTOPUWHra 3anacoB NPOAYKTUBHOW BMNarn NaxoTHbIX MOYB Ha Npumepe vep-
HO3eMHOW 30HbI Poccun. AHannanpyloTcsa pesynstaTthl peaHanmaa (BoCCTaHOB-
neHus) MHOroNeTHUX PSAOB 3anacoB NPOAYKTUBHOM Brarn. PaccmatpurBaetcs
YMCreHHas cxema pacyeta MHOroneTHein AMHaMWKN 3anacoB OpraHNYecKoro
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yrnepoaa B naxoTHbIX noyBax. [oka3aHo, YTo onpegensemsle B npoLecce Mo-
HUTOPWHra CKOPOCTU pasfnoXeHWs1 OpraHM4ecKkoro BewecTBa MOryT CryXuTb
3a(ppeKkTVBHBIMY NpeanKTopamMmn AN 4oArocCPoOYHOro NPOrHo3a ypoxanHOCTH.

Matepmanbl LecTon rnaBbl MOCBSLLEHbI BONPOCaM MPUMEHeHUs MaTe-
MaTU4eCcKnx MeTOA4OB ANS UCMONb30BaHWS arpoMeTeopOriorMyecknx nporHo-
30B ypoxanHocTu. [lokazaHo, YTO NpUMEHeHWe onpeaeneHHbIX HEMMHENHbIX
npaBui MOXET AaTb CyLIEeCTBEHHbIV NPUPOCT BanoBbIX COOPOB NPoAyKLun 3a
CYET eXerogHon KOppeKTUPOBKM NMOCEBHbIX NIOLLaAen Aaxe Npu CpaBHUTESb-
HO HM3KOW onpaBAblBAeMOCTU MPOrHO30B ypoxanHocTu. PaccmatpusatoTcs
pasnuyHble Noaxodbl K ONTUMM3aLMK pacnpederneHns NoCeBHbIX nnowaaen
no TeppUTOPUN.

B cegbmon rnmaBe paccmarpuBaioTcs meToabl 0606LeHnsa arpoknvma-
TU4eckon WHdOpMaLuM B YCNOBUSAX W3MEHSIOLEerocs (HecTaumoHapHOro)
knumaTta. AKTyanbHOCTb Takmx uccriefoBaHuin odyesupaHa. [logdepkuBaertcs
3HA4YMMOCTb pPOBaCTHbIX Mpoueayp 0606LeHNss MHpopMauMn B YCNOBUSIX
nameHsoweroca knumarta. lNpegnarawoTca gnarpammbl AN OTCEXMBAHUSA
TpaHcdhopmauumn YHKLUA pacnpegeneHns rmapomMeTeoporniornyecknx gak-
TOpPOB B pe3yrnbkrate UaMeHeHun knumata. bonblias YacTb maTtepranos 3Ton
rmaBbl NOCBSILLEHa MOAENAM U MeTodaM arpoKNMMaTU4eCcKoro MOHUTOPUHTa.
MpeacraBneHbl pa3paboTaHHble ANs Lene MOHMTOPUHra Modeny NPoayKTUB-
HOCTW arpo3KoCcuUCTEM M MeTOAbI pacyeTa nokasaTenen Tenno- 1 Bnaroobec-
NeYeHHOCTU CenbCKOXO3SMCTBEHHbIX KynbTyp, paccMaTpuBaloTcd MeToAabl
OLIEHKWN PUCKOB NOTEPb NPOAYKUMM B pesynsrate HeGnaronpusiTHbIX NOroAHbIX
N KNUMaTUYECKNX YCIIOBUN.



NTABA 1

CTATNCTNYECKHE MOJEJIN
B ATPOMETEOPOIJIOI'MN

1.1. O cTpaterun, mMerogax M mnpobnemax MOCTPOEHUs Moaenewn
«noroga-ypoxamn»

lMpu nocTpoeHun Mogernewn Ans pacyeta u NPOrHO3MPOBAHUS YPOXKaA MOXET
ObITb Mcnonb3oBaHa obLLMpHasa MeTeoponoruyeckasi MHpopmaums. 3To AaH-
Hble O Takmx dakTopax, Kak cornHevHas paguauus, Temneparypa, BNaxHocTb
BO3[yXxa, 0CafKu, BITaXXHOCTb NOYBbI, KOTOPbIE OKa3blBalOT HENOCPEACTBEHHOE
BMUSIHWE Ha POCT, pa3BUTNE N NPOOYKTUBHOCTb CEMNbCKOXO3ANCTBEHHbIX Kylb-
Typ. MNMpegnonoxum, 4To Nepmog OT BCXOAOB A0 CO3peBaHUA Mogennpyemomn
KyneTypbl cocTaBnsieT 100 gHer, a BbIOpaHHbIA Nepuos ocpegHeHUs MeTeo-
pornoruyeckmx bakTopoB paBeH Aekade. B aTom cnyvae 4vMcno Bnvsowmx Ha
ypoxat (y) He3aBUCUMbIX X,, X,,..., X, NEepPeMeHHbIX (NPeanKTOpPoB) COCTaBnT
10x5=50 nepeMeHHbIX. BpemeHHble pagbl ypoXXanHOCTH, AaHHbIE KOTOPbIX UC-
nonb3ylTcs Ans MaeHTudmkauum mogenen «noroga—ypoxamy, o6biMHO He
npeebiwatot 30—40 net. Takum obpas3om, NpU NOCTPOEHMUM TakuUxX MoAenen
YMCNO NOTeHUManbHbIX NPEeAMKTOPOB MPUBNUKaeTcss UM Aaxe npeBbluaeT
yncno net HabnaeHu. [ina npeogoneHnst TPYOHOCTEN, CBA3AaHHBLIX C MHOTO-
MEPHOCTbIO CUCTEMbI MPEUKTOPOB, MCMONb3YITCA credylolme noaxoabi:

— M3 UCXOAHOrO MHOXECTBA N NPEeAUKTOPOB OTOMPAETCA MEHbLUEE YNCIIO
Hambonee BNUSOLWMX haKTOPOB;

— YBENUYMBAIKOTCA MNepuoabl OCPEAHEHUS METEOPOnorMyeckmx ¢akTo-
pPOB — OT BO3MOXXHOMO CYTOYHOrO A0 AeKaJHOro, MeCA4YHOro Unu gaxe ce3oH-
HOro, 4YTO MPMBOAMUT K COKpaLLEHUIO Yncna NnpegukTopoB.

Mexagy MeTeoponorMyeckummn nokasaTensmMu, XapakTepusyrolwmmn no-
rofHble yCrioBUS B TEYEHWe BereTaumoHHOro nepuoga, CyLeCTBYIOT TeCHble
cTaTucTnyeckne cBasn. MimeloT MecTo B3avMO3aBUCUMOCTU MexXay dakTo-
pamu, AeNCTBYHOLLMMUN B OOMH U TOT e OTPe30oK BpeMeHu. OObIYHO 3Hauu-
MO KOpPEnupylT Mexay Coboln aekafgHas TemnepaTtypa Bo3sgyxa, aeduunt
BMa@XXHOCTU BO34yXa, YMCMO YaCOB COMHEYHOro CUSIHUA, CyMMa BbinaBLUNX 3a
Aekany ocagkoB. CBsizaHbl Mexay cODOM TakkKe XapakTepUCTUKU OOHOro M
TOro Xe daktopa (TemnepaTtypbl Bo3ayxa, BaXHOCTW NOYBbI U Ap.), B3ATblE
3a pasHble BPEMEHHble MHTepBanbl. ATU CTAaTUCTUYECKME CBA3WU BO3HUKAIOT
n3-3a TOro, YTO BCE paccMmaTpuvBaeMble METEOpPOnormyeckme BenUYUHbLI He
ABMSIOTCA HE3AaBUCUMbIMU NepeMeHHbIMU, a onpeaensoTcs obwum xapakTe-
pOM aTMOCHEPHOW LIMPKYNSALMMK, KOTOPbLIN (DOPMUPYETCS B pesynbTaTe CMeHb!
KpynHomacLTabHbix 6apnyeckmx obpasoBaHuii 1 ux TpaHchopmMauuu.
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Mpobnemam KoppenupoBaHHOCTU MPOrHOCTUYECKUX 3aBUCUMOCTEN B ar-
POMETEOPOSIONNM He BCeraa yaensieTcs AoMmKHoe BHUMaHue. Mexay TeMm Xo-
POLLUO U3BECTHO, YTO CUIbHAsi KOPPENMPOBAHHOCTL (MYIBTMKOIIIMHEAPHOCTL)
NPeoVKTOPOB MOXET B 3HAYUTENBbHOW Mepe YMeHbLUNTL 3EKTUBHOCTL MC-
MONb30BaHUS PErPECCUMOHHBIX MOAENen Ansi nporHo3uposanHns (YnaHosa E.C.,
Cupotenko O.[., 1968; YnaHoea E.C., 3abenuH B.H., 1990). Bctpevatotca
crny4vau, Korga us-3a CUIbHOW KOPPENMPOBAHHOCTU NPEAMKTOPOB (NMpU MHO-
XecTBeHHOM koadbduumeHTe koppensaumm 0,99) mogene okasbiBaeTcs Henpu-
rO4HOM ANsi MPOrHO3MPOBaHUA MpPW MPOBEPKE Ha HOBLIX AaHHbIX. JIMHenHas
B3aMMO3aBUCUMOCTb MPEOMKTOPOB MPUBOAUT K psSAy HeraTMBHbIX nocnen-
CTBUW NPWU MOCTPOEHWUUN PErPECCUOHHBLIX Mogenen. Npu 3ToM ymeHbluaeTcs
TOYHOCTb OLEHMBAHUS, YBENNYMBAIOTCS OLUMOKN KO3 DULIMEHTOB perpeccuu,
YTO 3aTpyAHSIET aHanu3 BNUSHUA OTAeNbHbIX (PakTOPOB Ha 3aBUCMMYIO Nepe-
MeHHy0. HekoTopble k03(hULNEHTBI perpeccun Npu 3ToM MOryT NpUHUMATL
3Ha4YeHUs, NO BENUYMHE U/MMK NO 3HaKy HEe COOTBETCTBYOLLMNE X hranyecko-
MY CMbICIY.

Mpogomknm paccMoTpeHne Npobnem NOCTPOEHMS PErPeECCUOHHBIX MOoae-
newn «noroga—ypoXan» Ha npumepe peLLeHNs KOHKPETHOW 3agayn. MNoctponm
ypaBHeHME perpeccun ans NporHo3MpoBaHUS yPOXKaMHOCTU O3MMOW MLUEHU-
ubl B Mae Ha TeppuTtopmm CTaBpononbCKoro kpas. B kavyectBe npeankropos
Oyoem npuenekatb faHHble O TEMMepaType Bo3dyxa WU OcafkaxX, OCPeLHEH-
Hble MO TeppUTOpUK Kpas: 3TO CpedHsAa TemnepaTtypa Bosdyxa 7, u cymma
ocapkos P, 3a Mal, CpefHss Temneparypa Bosgyxa 3a mapT-anpens 7, , v
CyMMa OCafiKoB 3a TOT Xe nepuog P, ,, a Takke CyMma 0CafKoB 3a npeaLecT-
BYIOLLYIO OCEHb U 3uMy P 1 P_COOTBETCTBEHHO. [INs yyeTa BNusiHUS Ha ypo-
an arpomMeTeoponorMyeckmx yCnoBui NpeaLlecTBYOLLENO roga B YMCIOo npe-
OMKTOPOB BKIMIOYUM YPOXAMHOCTb MleHWUbl 3a npownbii rod. Ana aHanusa
KOPPENSAUMOHHbBIX CBA3EN Mexay NpeavkTtopaMy M NpeavkTaHToM, a Takke
Mexay caMMMu NpeguKkTopamMu onpeaenim MatpuLly oLueHoK KoadduLMeHTOB
koppendaumu (Tabn. 1.1). Ons nony4yeHns oueHOK Ko3adhduUneHToB Koppens-
LN UCNOMb30BannCcb BPEMEHHbIE PSiAbl YPOXKANHOCTU U METEOPONOTNYECKNX
dakTopos 3a 36 net (c 1975 no 2010 rr. BkntountensHo, N =36). Onpegenum
NMOpPOroBble (3HAYMMbIE) OLIEHKM KO3(hULMEHTOB KOppensaumm, KoTopble pas-
Hbl 0,334 n 0,429 ana 5 n 1 % ypoBHel 3HaummocTn ansi Bbibopku N =36
(cm. Tabnimuy, npuBegeHHyto B MpunoxeHun).

OueHkn KoathhnLMEHTOB Koppensaunm, 3Hadyumble npu 5 %-Hom ypoBHe,
oTMeuyeHbl *, a npn 1 %-HOM ypOBHe — ** cOOTBETCTBEHHO. [JaHHble Tabn. 1.1
nokasblBatoT, YTO Haubonee MHpOPMaTUBHBLIMKU MoKasaTensaMu ANs NPOrHo-
3MPOBaHUA YPOXKaNHOCTM O3MMOW MLUEHWULbI SABFSIOTCH YPOXXaMHOCTb 3a Mpo-
wnein rog (r=0,62), ocagku 3a oceHb npotusioro roga (r=0,59), Temneparypa
mas (r=-0,44) v ocagkmn 3a man (r =0,40). OueHkn KoadbdULMEHTOB Koppens-
uun onsa 3umHux ocagkos (»=0,22) n Temnepartypbl BO3gyxa 3a MapT-anpenb
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okasanucb Hmxe 5 %-Horo ypoBHsi. O6paTmM BHUMaHWE Ha 3HAYUMYLO CBSI3b
MeXay YPOXKaMHOCTbI0 03UMMOW MLLEHMLbI 3@ NPOLUIbIV rof U OCEHHUMUK ocaf-
kamu (r=0,36).

Tabnnuya 1.1

MaTtpuua oueHok k0adppuLneHTOB KOppensuun Mexay npeaukropammu
M NpeAuKTaHTOM, a TaKXe MexXxAay NpeAuKkTopamMu B 3afjaye NPOrHo3npoBaHus
YpPOXXaHOCTU O3MMOW NLEHUL bl

Y Yo Ts Ps T374 Po Pz P374
y 1,00 0,62** -0,44*  040* 0,24 0,59 0,22 0,42+
5, 1,00  -0,13 0,23 0,05 0,36 027 0,18
T, 1,00 032 -021 020 -007 -0,07
P, 1,00 0,30 0,05 0,05 0,29
T, , 1,00 -014  -0,19 0,25
P, 1,00 0,19 0,17
P 1,00  -0,01
P, 1,00

3pechb y, v, - YPOXXaNHOCTb O3UMOM MLUEHULbI 32 TEKYLUUIA U NPOLUSbIA roabl,
TS, P5 — Temneparypa Bo3gyxa U cyMMa OCaaKoB 3a MaW, T374 — cpegHasa Tem-
nepaTtypa Bo3ayxa 3a MapT-anpens, P, P u P, , — cymMa 0CajKoB 3a OCeHb,
3MMY 1 MapT-anpenb COOTBETCTBEHHO.

YacTo BO3HMKaeT HeOBXOAMMOCTb OLIEHUTb TECHOTY CBSA3EN MexAay Ypo-
XXaMHOCTBLIO U HECKONBbKUMU METEOPOSTOMMYECKUMM MoKasaTensiMu, Xxapaktepu-
3yIOLWUMKN NOroAHbIE YCIOBUSA AAHHOMO BPEMEHHOTO MHTepBarna (4ekagHoro,
Mecsa4HOro 1 T.4.). ina 3Toro Ha OCHOBaHWW 3MEeMEeHTOB MaTpuLbl kKoaddu-
LUMEHTOB KOppensaumumM onpeaensioTcs oLEeHKM HeobXxoanMbIX MHOXECTBEHHbIX
koadbduumeHToB Koppensauun. MNpuseaem cdopmyny Ana pacyeTa MHOXECT-
BEHHOro kosdduumeHTa Koppenaunum Ans ABYX He3aBUCUMbIX NMEPEMEHHbIX
X, NX,.

r}’xl + ’/:\5"2 B 2”:"‘\] }’:"-"2 r:"lxz
R= — , (1)

X)Xy

TA€ 7y Fyx, U Py x, — KOIDPULIMEHTBI KOPPENALMM Mexay CryYaiHbiMn Benu-
YMHaMK y, X, U X,.

OueHumMm, HanpumMep, cTeneHb BAWUSHWS METEOPONIOrM4eCcKnX yCrioBui B
Mae Ha hopMUpoBaHMNE ypoXkas O3MMON MLLEHNLbI

2 2— . . .
R:\/0,44 +0,40"-2-0,44-0,40-0,32 0,52,

1-0,32°
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Takum obpasom, mexayroanyHasi USMeHYMBOCTb TEMMEepaTypbl BO34yxa u
0CaKOB MOXET CryuTb npuyimHon 0,522 100 % = 27 %-How gucnepcum ypo-
YKaMHOCTM O3MMOM MLLEHNLbI.

Mpun MHTepnpeTauumn KO3 ULMEHTOB KOpPENALMn Mexay MeTeoponoru-
YeCcKUMM hakTopamMm 1 ypoXXaHOCTbIO criefyeT UMETb B BUAY, YTO BPEMEHHbIE
psiobl YPOXAMHOCTM MOTYT MMETb 3HAYNMYI0 AETEPMUHUPOBAHHYH KOMMOHEH-
Ty (TPeHA), KOTOPYIO XKenaTenbHO NpeaBapuUTENbHO BbIAEMUTL U UCKITHOUYUT.
[nsa yoaneHus Tpenga npegnaraeTca MCnonb3oBaTb METOA Pa3HOCTHbIX One-
paTopoB. ATOT METOA NPUMEHSAETCS ANA BblAENeHUs B «4UCTOM» BUAE BNUS-
HUS1 M3MEHEHWI KnumaTta Ha ypoxarnHocTb (Cupotenko O.[., MNMaenosa B.H.,
2010).

Mpouenypa nepexoga OT BPEMEHHOro psga npu (=1, 2,..., n K pagy
z,=x,—x,_, =Vx, Ha3sblBaeTCs B3siTMEM MepBbiX pasHocTeil. [inuHa psiaa nep-
BblX Pa3HOCTEWN Ha eOuHWLY MeHblle, YeM AfIMHa ucxogHoro psiga. AHano-
rMYHbIM 00pa3oM BBOAATCS pa3HOCTHLIE OnepaTopbl Anst B3ATUS BTOPbIX U k-X
pasHocTen.

2, =X, ~X

-2 Ztk XX,

Kk

a TaKke ornepaTtop Ansa pa3HOCTel BTOPOro nopsaka
7} =Vix, =V (Vx,)=x,-2x_ +x,_,.

OueHnM BRMsiHME pa3HOCTHbLIX ONepaTopoB Ha TECHOTY KOPPENALUMOHHBLIX
CBSI3Eli MEXOY YPOXKAMHOCTBIO M KIUMATUYECKMMU NMEePEMEHHBIMU AN OBYX
KOHTPacCTHbIX MO KNMMaTUYEeCKUM YCrnoBusiM permoHoB Poccum — PoctoBckon
n Kanyxckon obnacten. B t1abn. 1.2 npuBegeHbl OLEHKM NapamMeTpoB Koppe-
NALUKN, XapakTepU3yLMX TECHOTY NIMHENHBLIX CTaTUCTUYECKUX CBA3EN Mexay
YPOXXaNHOCTbIO SPOBOro SYMEHS U CpefHen TemnepaTypon Bo3ayxa U CyMMOW
ocazkos 3a mant (T, R,)) nuiotb (T, R).

Tabnuuya 1.2
KoppensiuMoHHbIN aHanu3 cBfisen «noropa—ypoxam»
MNpeawkTop T T, R, R,
PocToBckas obnactb
dakTuyeckme 3Ha4eHus -0,59* -0,56* 0,27 0,59*
MepBble pasHoCTK -0,67* -0,65* 0,35 0,69*
Pa3HocTu BTOpOro nopsigka -0,71* -0,69* 0,40 0,74*
Kanyxckas obnactb
dakTuyeckme 3Ha4eHus 0,04 -0,54* 0,30 0,37*
MepBble pasHoCTH -0,17 -0,67* 0,31* 0,56*
PasHocTu BTOporo nopsigka -0,20 -0,67* 0,40* 0,61*

AHanusupyemble BpeMeHHble psabl YPOXanHOCTW, TeMnepaTypbl BO3ay-
Xa U 0CafKoB NPEeACTaBfeHbl Kak B UCXOOHOM BWAE, Tak U B BuAe NepBbiX
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pa3HoCTeln U pas3HocTern BTOporo nopsigka. MNprMeHeHne pasHOCTHLIX onepa-
TOPOB NEPBOro ¥ BTOPOro NopsiAika No3BONSAET YCTPaHUTb BANSHNE «BAVXKHUXY
TpeHOoB ypoxanHocTu. Kak cnegyeT vM3 gaHHbIX Tabn. 1.2, aTo npMBoanuT K
YBEMWUYEHNIO TECHOThI CBA3M KNMMaTUYECKUX MePEMEHHbIX C YPOXKaNHOCTbIO.
Tak, NnpMMeHeHne pasHOCTHbIX ONepaTopoB MEPBOro Mopsiaka NPUBENo K no-
BbILLUEHWIO JONU OWUCMEPCUU YPOXKAMHOCTW, CBSI3AHHOW C WU3MEHYMBOCTLIO
cpegHen Temnepatypbl B PocToBckon obnact B mae-utoHe Ha 32 %. Oons
avcnepcuun, obycrnoBneHHas N3MeHYMBOCTLIO OCaAKOB 3a TOT Xe Nepuop, npu
NCNOoNb30BaHMKU NepBbIX pa3HoCcTen Bo3pocna Ha 42 %. Ewe 6onee addek-
TUBHbIM OKa3arnocb NPYMeHeHMe Pas3HOCTHLIX ONepaTopoB BTOPOro nopsaka.
B aTom cny4ae 3a cuyeTt ncknoYeHUs TpeHgoB Aons AUucnepcun, cBazaHHas ¢
konebaHnsMu TemnepaTypbl BO34yxa B Mae 1 nioHe, noBbicunack Ha 48 %, a
Jons aucnepcuuy, cBsidaHHasi C U3MEHYMBOCTBIO OCAKOB 3a TOT Xe Nepuop,
nosbicunace Ha 68 %. OpHeKTMBHOCTE NPUMEHEHUSA MeToAA pa3HOCTeN BTO-
poro nopsaka obycnosneHa HENMMHENHOCTLIO TPEHO0B YPOXXaNnHOCTH.

OueHkn KoadhpmumMeHTOB Koppenaumu, npeactaBfeHHble B Tabn. 1.1,
noaTBepXKAalT peanbHOCTb BAMAHUSA BbIOpaHHON CUCTeMbl NPEAMKTOPOB Ha
dopmMMpoBaHMe YPOXaNHOCTU O3UMOW MiweHuubl B CTaBpOMnonbCKOM Kpae.
Mcnonb3yem cTaHaapTHYH nporpaMmmMy MHoXecTBeHHow perpeccumn (Multiple
Regression) ons uccnegosaHuns aTton 3aBnucmMmocTtm (T1abn. 1.3).

Tabnunya 1.3

OueHKM NnapaMeTPOB MHOXECTBEHHOM perpeccumn Ans pacyeta ypoxxanHoCcTu
o3umon nwenunusl, R = 0,866, R?2 = 0,750, R2= 0,686,
cTaHaapTHas owunbka S=3,88 uw/ra

MpeamKkTopsl, B |Cramn. oumbka S| B |CraHa. owubka B| t(27) | p-level
pasMepHoCTb 8,208 7,874 1,042 | 0,306
Yy u/ra 0,397 0,109 0,378 0,104 3,650 | 0,001
Ts‘ °C -0,222 0,106 -0,805 0,382 -2,109 | 0,044
T374, °C 0,203 0,108 0,824 0,441 1,869 | 0,072
Po’ MM 0,384 0,108 0,064 0,018 3,562 | 0,001
PZ, MM 0,060 0,102 0,018 0,030 0,587 | 0,562
P374, MM 0,187 0,105 0,047 0,026 1,779 | 0,087
Ps' MM 0,096 0,111 0,034 0,040 0,867 | 0,394

OueHkn KoadpULMEHTOB perpeccum NpuBeaeHsbl Kak Ans UCXOOQHON cuc-
Tembl NpeankTopoB (B), Tak u Ana npeguKTopoB B CTaHAapTM30BaHHOM Mac-
wrabe (). Ona nepexoga Kk CTaHAApPTM30BaHHOMY MacluTaby nprvMeHsieTcs
NUHenHoe npeobpasoBaHue:
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rae X, U o, — CpeaHee 3HavyeHue U cpefHee KBaOpaTWYecKoe OTKIIOHeHWe
COOTBETCTBEHHO. KoadhduumeHThl f — 6e3pasmepHble BENUYMHbI, YTO MO3BO-
NseT UCNonb3oBaTb UX ANS CPABHUTENbHON OLEHKN 3HAYUMMOCTM OTAENbHbIX
npegmkTopos. NMomnmo oueHok koadduumeHToB perpeccun B Tabn. 1.3 npu-
BedeHbl Ux ctaHgapTHble owmnbku (Standard Error). [1Ba nocnegHux cton6-
ua B 1abn. 1.3 (t n p-level) cogepxaTt 3Ha4eHUsA CTbIOAEHTOBbIX OTHOLUEHWN
(B/St.Er.B) ansa oueHok B=b, b,,...b. 1 NX ypoBHM 3HAYMMOCTY 4NS NPOBEPKN
rMnoTesbl O paBeHCTBE KOSMMULNEHTOB PErPECCUN HYIHO.

MNMokasaTteneM kadecTBa nogobpaHHOrO ypaBHEHUS perpeccun Tpaau-
LUMOHHO cYMTaeTcs kBagpaT BbIOOpOYHOro koadduumeHTa koppensiummn R?
(R-squared), npeacraBnstowero cobon OTHOLWEHWE CyMMbl KBagpaToB OT-
KNMOHEeHWn, OBYCMOBMEHHbIX perpeccuen, K CyMMe KBagpaTOB OTKIMOHEHUN

npeguktTaHTa: AN =
P (7, —Y)2
R =——"F (1.2)

s(-Y)

rae ¥, un f, — (haKTUYECKNE M BbIYUCIEHHbIE 3HAYEHUs! NPeanKTaHTa, Y — ero
cpegHee 3HaveHue. AnbTepHaTUBHOE Ha3dBaHue R? — MHOXECTBEHHbIN Ko3d-
PULMEHT aeTepMUHaLKN, KOTOPLIN U3MEPSIOT He B AONSX €AUHULbI, a B Npo-
ueHTax. Yem bnuke 3HaveHne R? K cTa nNpoueHTaM, TEM Nnydile nogobpaHHas
MOAENb ONUCLIBAET AaHHble HabnoaeHWn. BennunHa R’ siBnsieTcs kBagpaTom
koadpumLmeHTa Koppenauumn mexay Y, u f npu atom 0<R2<100 %.

Mockonbky R>0, TO gaxe B TOM cryyae, Korga Mexay npeauKTaHToM u
NpeauKTopamu x,, x,,..., X, HET peanbHON CBA3W, BenuuuHa R scerga Gydet
b6onbwe Hynga. KoadpbduumeHtT R npepctaBnsier cobon MOMOXUTENbHO CMe-
LLIEHHYIO OLIEHKY, KOTOpasi BO3pacTaeT No Mepe YBENUYEHUs YMCna He3aBUCK-
MbIX MEPEMEHHbIX, BXOASALLMX B YpaBHEHME PErPECCUN N YMEHbLLEHMS 06 beMa
BbIGOpKK. UTOOLI n3bexaTb rpybbix OLWMOOK Npu aHanuse, ocobeHHo B criyyae
ManbiX BbIGOPOK, HapsAQy C R npeanaraercsi BbMUCNSATb NPUBEOEHHbIA UMK
CKOPPEKTMPOBAHHbIN KoaddpmumeHT (Adjusted) MHOXXECTBEHHON KOppensaumm:

N -1

R§_1—(1—R2)-[N—_pj. (1.3)
3necb R — NpUBEAEHHBIN MHOXECTBEHHbIN KO3(MMULMEHT KOppenauuu;
p — obuiee 4Mcno KoapMUNEHTOB Mofeny, BKMoYas CcBOBOAHLIN YneH b,
N - ofwee uucno HabniogeHwin. MMaBHOe NPeWMyLECTBO CTaTUCTUKM R’
B TOM, YTO €€ MOXHO UCMOnb30BaTb AfS CPaBHEHUS YpaBHEHUIN C pa3HbiM
yncnom npeguktopos. CtaTucTuka R Npu 3agaHHOM n iBNSieTcs HeybbiBato-
Len pyHKUMEN OT p. R , B OTNMYME OT R, NMpU YBENUYEHUM YUCTIA p MOXKET Kak
BO3pacTaThb, Tak 1 yObIBaTb, YTO MNO3BONSET ONPeAEensiTb ONTUMarbHbIN Habop
NpeanKTOpoB.
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HakoHeu, nocnegHsisi xapakTepucTuka Tabnuupl Bblgayuv pesynsTaToB
S — cTaHgapTHas owmbka oueHkm (Std. Error of Est). 3ta BennumHa, no onpe-
OerneHunio, paBHa:

1 N ~\2
S—\/N_—p_l,é(%‘yz) ’ (1.4)

roe ¥, n ¥, — pakTUyeckme U BblYMCEHHbIE 3HAUYEHWs1 OTKIMKA (NpeamKTaH-
Ta); N — 06beM BbIOOPKM; p — YnNCNO cTeneHen ceoboapbl, 00YCNOBNEHHbIX pe-
rpeccuen.

HaHHble Tabn. 1.3 No3BONSAT NPOBECTU COAepXKaTernbHbIA aHann3 nony-
YEHHOW MPOrHOCTUYECKOW 3aBMCUMOCTU. Tak, OueHKM S Ans CymMM OCagKoB
3a BCe yunTbiBaeMble nepuodbl (3a MpoLUNy OCeHb, 3UMY, paHHEBECEHHUN
Nepuoa 1, HakoHew, Maw) NONOXUTENbHbI, YTO COOTBETCTBYET NpeacTaBneHu-
AM O pelualoLwemM BIUSHUN YCIOBUIN YBRaXXHEHUS Ha (hopMUpoBaHMeE ypoxas
o3umon nweHuubl B CTaBpononbCckoM kpae. BnnsHue TepMuyeckmx ycrnosum,
B OTNM4YME OT OCaJKOB, HOCUT pas3HOHanpaBleHHbIN XapakTep. 3Hakn Koad-
ULMEHTOB perpeccun Ans TemnepaTtypbl B Mae U MapTe noKasbiBatoT, YTO
NoBblLLEeHe TeMnepaTypbl Bo3gyxa B Mae Ha 1 °C npvBOAWT K CHUXKEHWIO YPO-
xanHocTtun B cpegHem Ha 0,80 u/ra, a noBbilweHne Temnepatypbl Ha 1°C paH-
Hel BECHOW, HanpoTuB, CNOCOBCTBYET NOBbILEHMIO ypoxxanHocTu Ha 0,82 u/ra.
MoBbIWEHME TEMNEpaTYpbl BO3AyXa B paHHEBECEHHUI Nepuog npu Habnopa-
€MOM OObIYHO B 3TO BpPEMSI JOCTAaTOMHOM YBIaXXHEHUM MOo4YBbI CNOCOOCTBYET
BOCCT@HOBMEHUIO PACTEHUIN OT NOBPEXAEHWUA, MPUYMHEHHBIX NEePEe3UMOBKOMN,
N ynyJdwaeT ycrnosusi pa3suTus. NoBbieHne TemnepaTtypbl B Mae, Kak npasu-
10, COMNPSXXEHO C yXyALlueHneM BriaroobecrneqyeHHOCTH, YTO BeET K CHDKEHUIO
NPOAYyKTUBHOCTW NOCEBOB.

KoadbcpmupmeHTsl perpeccumn paccmatpuBaeMoro ypaBHeHus (tabn. 1.3) no
BEMWYMHE N NO 3HaKy He NPOTMBOPEYaT anpuopHbLIM NPeACTaBNEHNAM O Xapak-
Tepe BNUAHUS arpoOMETEOPONOrMYeckux yCrioBum Ha hopMmUpoBaHne ypoxan-
HOCTW O3MMOW MLEeHWLpbl. OTO ypaBHeHWe obbACHSET nopsaka 75 % avcnep-
CUWN YPOXXaMHOCTW, YTO NO3BOSMSET PEKOMEHOO0BATL ero Arns NPorHo3VMpoBaHMWS.
OpHako, cornacHo AaHHbIM, NpYBEAEHHbIM B KOMOHKe p-level, MoXHO 3aknto-
YNTb, YTO TONBLKO TPU KO3dhumLMEHTa perpeccumn (Mpu NpeamkTopax Y, T.nP)
3Ha4YMMbl Npy 5 %-HOM YpPOBHE, T.€. TMNOTE3a O PABEHCTBE HYMHO BbIOOPOUHbIX
KO3(hhULIMEHTOB perpeccum oTBepraeTcs NuLlb AN ykasaHHbIX KO3 duLmeH-
ToB. BO3HMKaeT COMHeHMe, YTO NONyYeHHOEe ypaBHEHUE OKaXETCH AOCTaTOMHO
YCTOMYMBBIM MPY UCMOMNb30BaHMKN Ha HOBbLIX MaTepuanax HabnoaeHun.

Ons nonyyeHusa 6onee HageXHOW NPOrHOCTUYECKOW 3aBMCMMOCTU Bbifno
oT6poLLeHo ABa HanMeHee 3HauuMbIX npegukTopa P u P,. Kpome Toro, npe-
avkTtop T, _, 3ameHeH Ha T, 4To6bl 6oriee HeTKO NpeacTaBUTb MOMOXUTENbHYO
CBSI3b MexXay TEMMepaTypor Bo3gyxa paHHel BECHOM (B MapTe) U ypoxanHo-
CTblo. Pe3ynbrathl pacyeTa Anst HOBoro Habopa NpeauKTOpoB NpeacTaBneHbl
B Tabn. 1.4.
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Tabnuuya 1.4
OueHKN napameTpoB 3aBUCUMOCTU AN NPOrHO3MPOBaHUA YPOXKaMHOCTU O3MMON
nweHuykl B CTaBpononsckom kpae. R=0,866, R?=0,751, R?=0,708, S=3,75 u/ra

MpeavKkTops, S |Craun. owmbka S| B |CraHa. owubka B| t(29) | p-level
PA3MEPHOCTL 16,497 6,037 2,733 | 0,011
Y, ura 0,377 0,102 0,359 0,097 3,709 | 0,001
T,,°C 0,242 0,102 0,668 0,280 2,380 | 0,024
T,,°C -0,240 0,098 -0,867 0,356 -0,435 | 0,021
P, mm 0,343 0,101 0,057 0,017 3,395 | 0,002
P, ,mm 0,209 0,098 0,052 0,024 2,137 | 0,041

Cpasy e 3ameTuM, 4TO BCE OLEHKM KO3 (PULMEHTOB perpeccun HOBOWM
3aBMCMMOCTH, BKMoYasa b, 3Ha4mMbl npu 5 %-Hom yposHe. KoaddrumneHt
JeTepMuHaumMmM ansg HOBOW 3aBUMCUMOCTU He uameHwunca — R=0,866, a npu-
BEOEHHbI MHOXECTBEHHLIN KO3 UUMEHT koppensuun R? Bospoc ¢ 0,686
0o 0,708. CtangapTHas owmnbka S ymeHbLumnach ¢ 3,88 po 3,74 u/ra. Takum
obpasom, nonyyeHa 6onee To4Has M ycTonumMBas NPOrHOCTUYECKas 3aBUCK-
MoCTb (Tabn. 1.4), KOTopylo NpeacTaByM B CTaHAAPTHOM BUAE:!

y=16,497+0,359y, +0,668T, —0,867T; +0,057F, +0,052F, ,. (1.5)

YpaBHeHue (1.5) N03BOMSIET OLLEHMBATDL OXXMAAEMYIO YPOXKANHOCTb O3UMON
nweHuubl Ha TeppuTopun CTaBpoMonbCKOro kpas B KoHue Masi. [Ansa cocTtas-
neHus NporHo3a JoMmKkHa ObiTb U3BECTHA YPOXKanHOCTb 3a MPOLUMbIV rog (yp),
cpeaHsasa Temneparypa Bosayxa B mapte 7, u B Mae T, a Takke cymma ocap-
KOB 3a NpoLUsIyto oceHb (P)) u 3a mapT-anpens (P, ,) Tekyuiero roga. YpasHe-
Hue (1.5) npurogHoO ANs NPaKTUYEeCKOro UCMONb30BaHWSA, HO ero He crnegyet
paccmaTpuBaTh Kak SyuyLlyio U3 BO3MOXHbIX NPOrHOCTUYECKYH0 3aBUCUMOCTb.

MOXXHO NONbITaTLCS YNYYLLNTL 3TY MPOrHOCTUYECKYHO 3aBUCUMOCTb NyTEM
6onee NONHOro yyeta npeabicTopuun ypoxanHoctu. MNpuseaem ona npumepa
ypaBHEHUS perpeccumn Ans NPOorHO3MpPOBaHUS YPOXaMHOCTN SPOBOrO SYMEHS
(Cupotenko O.0., Maenosa B.H., 2010) Ha TeppuTopnmn PocToBckor obnacTu:

Y =—1,0227, —1,0387, +0,22R; +0,049R; +0,268Y," +45,84;
R=0,839, R =0,645; (1.6)

Y, =-0,9287; —0,8177, +0,016R; +0,043R; +0,216Y,", +0,237Y, +36,85,
R=0,866, R, =0,687. (1.7)
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B nepBom ypaBHeHuu, Kak 1 B (1.5), B kKauecTBe npegukTopa npuBnekaeT-
CH YPOXKaNHOCTb POBOTO AYMEHS 3a NPOLUSbLIA rod Y, |, BO BTOPOM — 3a Mpo-
Wnbin Y, | mnosanpowsbii Y, , roabl. YYeT 3HadeHnid ypoxanHocTy 3a (1—1)-i
n (t—2)-1 roabl Anst PoctoBckon 06nactu npmMBen K yMeHbLUEHWIO cpeaHeKBa-
patudeckon owmnbkm ¢ 3,08 go 2,77 n 2,62 u/ra ana ypasHenun (1.6) n (1.7)
COOTBETCTBEHHO. YBenu4yeHne TOMHOCTU pacyeTa (MporHo3a) ypoXamHOCTU Ha
15 % cBuAEeTENbLCTBYET O pearnbHON BO3MOXHOCTU MOBbLILLEHNS TOYHOCTU NPO-
FHO3VPOBAaHNSA YPOXaMHOCTU 3a CYET NPUBMEYEHNS B Ka4ecTBe MPeanKTopoB
OaHHbIX YPOXXalHOCTK 3a NpoLusible rogbl.

1.2. HenuHenHble perpeccuoHHbIe Mogenu

Kak npaBuno, Bce 3aBMCUMOCTU, BCTpeYaloLLMecs B OKpyXatollem Hac
MuUpe, HenvHewnHbl. MNMpeanonoxeHne o NMHENHOCTU MoAdenu — He Bonee Yem
OOHO U3 BO3MOXHbIX gonyLeHuin. CyLiecTBYeT HECKOMBbKO NMPUYMH LLMPOKOro
NCNOMb30BaHWNs 3TOrO AONYLLEHUS B PErPECCMOHHOM aHanumse:

— BO MHOIWX Cry4yasx NpeanonoXeHne O IMHENHOCTM ABNSIETCA NPOCTEN-
UMM, C KOTOPOro NpPeACTaBnsETCA eCTECTBEHHbIM HAYMHATb UCCNefoBaHKeE;

— B psiAe Cny4yaeB OHO UMEET BMOSIHE YAOBMNETBOPUTENbHYIO U Aaxe Bbl-
COKYI0 afieKBaTHOCTb;

— MHOMMe cTaTUCTMYeckne MeToAbl NpucnocobreHbl K NMHEerHbIM 3aaa-
YaMm, a HenMVHeNHbIE aHanory 3TMX MeTogoB NMOO OTCYTCTBYHOT, NGO Heno-
CTaTo4HO pa3paboTaHbl.

MpuHMMasa BO BHUMaHWE CKaszaHHOe, HeobXxogumo, TeM He MeHee, nog-
YEPKHYTb, YTO HENMHEeWNHbIe Modenu perpeccum obnagaroT BaXHbIM Npeumy-
LecTBOM nepeq NuHenHblMu. OCHOBHOE M3 HUX COCTOMUT B GonbLuen ageksaT-
HOCTUN HEMWHEWHbIX MOAENen C CYLLEeCTBEHHO MEHbLLUUM YACIIOM HEU3BECTHbIX
napameTpoB.

B obLem cnyyae HennHenHasn perpeccuoHHast Mogernb MoXeT ObITb Npea-
CTaBneHa B BUAe:

Y = F(x,,x,,.,X,). (1.8)

B 3aBMCHMOCTM OT NOMHOTHI anPUOPHBLIX 3HAHWI O MOAENUPYEMOM SiBre-
HUW Npouecc naeHtTudukaumm (1.8) MOXeT cyLeCcTBEHHO pasnuyaTtbes. Ecnm
M3BECTHa CTPYKTypa Mogenu, T.e. Bug yHkummn F, 3agaya CBOAMTCH K OLIEHKE
€€ HeusBeCTHbIX NapaMeTpoB C MOMOLLbK npoueayp HENUHENHOro OLEeHU-
BaHusA (Nonlinear Estimation), nossonstowmx pewarts 3agavyy MUHUMU3ALMN
YHKLUUN MHOTMX MEPEMEHHbIX C OrpaHnYeHnsaMn unu 6e3 orpaHnYeHuin Ha
napametpbl. HanpoTue, MOXET GbITb M3BECTHA MULLL CUCTEMA X, X, ,..., X, HE-
3aBMCUMBbIX NEePEeMEHHbIX, KOTopas B AarnbHENLLIEM MOXET YTOYHATLCA. B aTom
crny4ae B KayecTBe MepBOro Lara MOXEeT OKa3aTbCH NOfe3HbIM MeToa Henwu-
HelHbIX npeobpasoBaHuii. B Tabn. 1.5 npuBeaeHbl NpuUMepbl HENMUHENHbIX
yHKUMA ¥ = F(x, b,, b,) N COOTBETCTBYIOLLMX HEMUHENHbLIX Npeobpasosa-
HWI, NPUBOAALLMNX UX K IMHEAHOMY BUAY.
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Tabnuuya 1.5
Mpumepbl NMHeapu3yOLWUX Npeobpa3oBaHU ANsi NPOCTON PerpecCUMOHHOMN

3aBUCUMOCTH
Ne HenuHenHble npeobpasoBaHusi
wn DyHKUMA % X

1 1 9 g,
11Y = b0 + bl/X Y 1/X b0 b1
2|Y =1/(b, + b,X) 1Y X b, b,
3|Y = X/(b, + bX) X'y X b, b,
4 | Y=bb InY X Inb, Inb,
5Y = 1/(b, + be”) 1/Y e b, b,
6|y =0bXh InY In X Inb, b,
7Y =b,+ bIn(X+ 1) Y In(X + 1) b, b,
8 |Y = bX/(b, + b,X) 1/Y 1/X b/b, | b,/b,
9|Y = peh¥ InY 1/X Inb, b,
10 Y=b0+b1X" Y X" b0 b1

CyuiecTByeT elle OaWH, MO MHEHMIO psga uccrnegoBaTenemn, UCKoYn-
TenbHO Nones3HbIn cnocob npeobpas3oBaHns NPeanKTaHTa, KOTOPbIA COCTOUT B
cnegytowem: npegnonaraetcs, 4to (1.8) npMHagneXxuT ceMencTBy CTENEHHbIX
YHKUMIA, «Hanfy4was cTeneHb» KOTOPbIX HaxoguTcs MeToAOM MakcMMarb-
Horo npaegonogobus. AToT MeTof YacTo HasbliBaloT MeToaom Bbokca—Kokca.
Mpegnonoxum, y Hac MMeeTCca BPEMEHHON P NepeMeHHON OTKnuKa Y, Ko-
Topas, Kak, Hanpumep, ypoXxanHOCTb, Bcerga nonoxutensHa. Ecnu otHowwe-
HWe Hambonbllero Y K HaMMeHbLUEMY SIBMSIETCA «3Ha4YMMbIM», ckaxxkem 10 un
bonblle, MOXHO pPacCMOTpeTb BO3MOXHOCTb npeobpasoBaHusa Y. lMonesHo
paccMOTPETb CTeNeHN Y* 1 nonbiTaTbCs HaMTU Haunydllee 3HadeHune A. Of-
Hako, ecim A = 0, To Y° = 1, 4yTO AenaeT Bce AaHHble oauHaKoBbIMU. Ecnu
e ncnonb3oBatb NpeobpasoBaHue

W:{(Y"— /%

) (1.9)
InY, ecnu A=0

To Nnpobnema A =0 ByaeT pelleHa, NOCKonbKy In Y aBnsieTca nogxogawmum npe-
aenom (Y*—1)/A, ctpemawimmecs K Hynto. Takum obpasom, Tenepb CEMeNCTBO
HenpepbIiBHO no A. MNpeobpasoBaHune bokca—Kokca (1.9) npu A>1 pactaru-
BaeT pacCTosiHue Mexay MarnbiMy 3HaYEHUSIMU U CHUXKAET ero Mexay bonb-
LWMMK NO BENMYMHE 3HadeHmsaMU gaHHbIX. Mpu A <1 Habniogaetca obpaTHas
KapTuHa.

[ns nomcka «Hamnyywero 3HavyeHnsi» A 0ObIMHO UCMONb3yeTcsa Cneayto-
Lias nocrneaoBaTenbHOCTb 3HAYEHWI 3TOro NokasaTerns:
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=2, —ll, -1, —l, 0 l 1 !
2 2 2 2

ToT dpakT, 4YTO BbIOpPAHO «Hawmnyyllee 3Ha4YeHue» A, MUHUMU3MpPYLOLLEE
CpefHIo KBagpaTuyeckyto owmnbKy MOAENU, He rapaHTUpyeT NpakTUYecKomn
MONe3HOCTU YpaBHEHMS.

PaccmoTprmM npvmMep NOCTpPoeHMst 4OCTAaTOYHO CIOXHOW HENUHENHON pe-
rPECCMOHHON MOAENM — 3TO MOAENb AUHAMMKM ryMyca AepPHOBO-M0A30UCTbIX
nous (CupoteHko O.0. n gp., 2002). Ona naeHTudmnkauum mMogenm Ucnonb-
30BanMcb 00beaMHeHHan 6asa AaHHbIX ANUTENbHbIX ONbITOB C YA06peHnsiMum
BUYA* (okono 500 BapMaHTOB MHOTONETHUX OMbITOB) C MAaCCUMBOM arpoMeTeo-
POMOrMyecKkMx AaHHbIX, MOArOTOBMIEHHbIX C MOMOLLBbI0 UMUTALMOHHOW cUcTe-
Mbl «KnumaT —no4sa—ypoxan» PrbyY «BHUANCXM».

3apava NocTpoeHnsa pU3NKO-CTaTUCTMHECKON MoAenu TpaHcdopmaumm
rymyca cBsidaHa ¢ uaeHTudumkauuen cnegyowen dyHKUMm:

AC = f(C,,L,H,N, pp, MT, R, IIEBT, bKII). (1.10)

3aece AC — n3MeHeHue copepxaHusi rymyca 3a nepuog onbita (%/rog);
L —copepxaHue dmanyeckor rmuHbl (%); H —rogoBas Hopma HaBo3a (T/ra/ roa);
N —ropoBas go3a NPK no yyety asota B ero coctaBe ( krN/ra/rog); pp — oons
nponaLuHbIX KynsTyp U YnucToro napa B cesoobopote (%); MT — aons MHoro-
naxoTHbIX Tpas B cesoobopote (%), R, — cymma ocaakos (Mm); [IEBT — no-
TeHumnanobHoe ucnapexue (Mm); bKII — buoknumaTudeckun noteHymnan (u/ra).
ArpoknMmMaTmyeckue nokasaTenu paccuMTbiBanuCb 3a Nepuod OT rnepexopa
CpefHEeCyTOYHON TemMnepaTtypbl BO3ayxa Yepes 5° BeCHoW 40 nepexoaa ee Ye-
pe3 5° oceHblo.

TexHuyecku 3afava NOCTPOEHNS HaunyuLlen Moaeny B BUAE NPoU3BOb-
Horo cteneHHoro nonuHoma (1.10) ABNsSieTCA AOCTaTOYHO CIIOXHOW B CUiy
GonbLION pa3mMepHOCTH, a TakKe 13-3a OTCYTCTBUS anpyvopHOW MHopMaLmm
0 3HaYMMOCTU OTAENbHbLIX NPeaNKTOPOB. [peaBapuTENbHO YCTaHOBIIEHO, YTO
Hambonee NPUOPUTETHLIM ABMSIETCA MOKa3aTeNlb UCXOAHOIO COAEPXKaHUSA Ty-
myca (C,,). PasmepHOCTb 3aauu pacTeT 13-3a He06XOOAMMOCTU BKIOYEHUSA B
COCTaB UfIeHOB CTEMEHHOro psia, annpokcumMupyettero dyHkumio (1.10), He
TOMNMbKO OAUHAPHBIX, HO U ABOMHbBIX, TPOWHBIX U T.4. NPOU3BEAEHWI, ONUCHIBA-
IOLLMX HENWHeHblE B3aMOAENCTBUA Mexay oTAenbHbIMKU dakTopamu. Yuc-
110 YNEHOB TaKoro psda B Cryyae AeBATU UCXOOHBIX NepPeMeHHbIX Mpu yyeTe
NUWb OBOWHBIX U TPOWHBLIX B3auModencTBuin coctaBndaeT 387 NepemMeHHbIX,
13 kotopbix 6onee 80 % npuxoauTcs Ha TPOVHbIE NponsBeaeHus. Mexay Tem
cofepxaTerbHblii aHanu3 3afayn, a Takke pacCMOTPEHUE CTPYKTYpPbl yriomsi-
HYTbIX BblLLE AMHAMUYECKUX MOAENEN NOKa3bIBAET, YTO HE TOMbKO TPOMHbIE, HO
Jaxe B3avmoencTeumsl pakTopoB Bornee BbICOKOro Nopsiika MOryT OKka3biBaTb

*

[ocynapcTBeHHOe Hay4Hoe yupexaeHue «Bcepoccninckumn Hay4Ho-MccneaoBaTenbCKum
MHCTUTYT arpoxvmum um. [.H. MpsiHnwHmukoBa» PACXH (THY BHUWA PACXH).
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3Ha4YMMOe BMMSHWE Ha AMHAMUKY rymyca (T.e. Ha nepemeHHyo AC). Peannso-
BaTb B TOM uUnu nHon doopme npoueaypy nepedopa Bcex BMSOLLMX hakTOpoB
C Lenblo onpeaeneHms MUMHUMarnbHOMO Y1CNa «HaUy4Lmx» NepemMeHHbIX He
npeacTaBuUiocb BO3MOXHbBIM. TeM He MeHee B pesyrnbrate (oopMarnbHOro 1 co-
AepXaTenbHOro «npocenBaHUsi» UCXOQHOro Habopa He3aBUCUMMbIX NEPeMeH-
HbIX HalA4eHbl BNOMHE npuemsieMble ypaBHEHUS] perpeccumn Ans CYrmMHUCTbIX
N cynec4aHbIX Mo4B.

OueHka koadurumeHTa MHOXXECTBEHHOWN KOPPENALMKN AN TsKeNbIX NoyB
paBHa 0,93. Taknm o6pa3om, ypaBHEHWE perpeccun s TsKenbiX noyB BOC-
npounssoguT 87 % aucnepcun 3aBucumMon nepemeHHon AC. Takon pesynerat
npeacTaBnsieTca 4OCTaTodHO xopowwmnM. OH CBUAETENBCTBYET O BO3MOXHOCTU
NMOCTPOEHUSA HagEeXHbIX pacHETHbIX CXeM Ans onpegeneHs AuHaMmku rymyca
NaxoTHbIX NOYB HevyepHO3eMHOI 30HbI €BpONenckon Tepputopmnn Poccuinckon
depepaummn. 3ameTuM, 4YTO HaMdeHHble ypaBHEHUS MOTYT ObITb YNyylleHbl 3a
CYET yyeTa TPONHbIX U Bonee CRoXHbIX HEMMHENHbIX CBA3EN MEXAY MCXOL4HbI-
MW HE3aBNCUMbBIMU NEPEMEHHBIMM.

B Tabn. 1.6 Hapsay ¢ oueHkamMun Ko3adhhULMEHTOB perpeccmmn npmMeeaeHbl
WX CTaHAAPTHbIE OLIMOKM M OTHOLLEHMST YKa3aHHbIX BENUYUH (t-CTaTUCTUKN).
M3 3TMX JaHHbIX criegyeT, YTo KoadhdULMEHTbI perpeccumn no abcontoTHON Be-
NMYUHE MPEBLIWAKT UX CTaHAapTHble ownbku B TpU n Bonee pas BO BCex
cnyyasix, KpoMe OfHOro. ATO CBMAETENLCTBYET O HAAEKHOCTU MOMYYEHHbIX
oLeHok 6onbluMHCTBA KoadhdULmMeHToB perpeccuun. cknoveHne coctaensiet
nuwb KO3 MULNEHT perpeccum ans a3oTHbIX yaoobpeHuin N, koTopble npea-
cTaBneHbl B ctenenn 0,4. Ho n 3gecb goBepuTenbHasa BEPOATHOCTb 41151 OLEH-
KM 3HAYMMOCTHM 3Toro koadpcmumeHTta npesbiwaet 90 %.

Tabnuua 1.6

YpaBHeHue perpeccum ans pacyerta 3anacoB rymyca AC (%-rog™)
ANA CYyrNMUHUCTbIX 4ePHOBO-NOA30MMCTbIX NoyB. R=0,93

ponssinogil Iiare il I torarueTa
pp* - C% 3,35 x 107 1,00 x107 3,5241
pp** - C3F -2,20 x 10° 6,935 -3,1051
N4-C, 9,23 x 10 3,28 x 10* 2,8183
R, C, -1,932 x 10 1,9 x10°3 -10,1642
1IEBT-C, 9,31 x 10 9,5 x 10 9,8336
MT-C,, 3,85 x 103 4,2 x10* 9,1669
MT 9,203 x 103 9,36 x 10* -9,8317
MT-L 1,26 x 10+ 1,8 x 10-5 7,1229
HY7-[IEBT"S 9,6 x 10 1,8 x 10° 5,2702
IIEBT"% 25,91 2,66 -9,7403
R} 7,93 x 1072 8,08 x 10 9,8149
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WUtak, npuBegeHHasa B Tabn. 1.6 3aBUCUMOCTb MMEET BbICOKYHD TECHOTY
CBS131, @ OLIEHKN KO3(hULMEHTOB perpeccunm onpeaeneHbl Ha OCHOBaHUN 3K-
cnepyvMeHTarnbHbIX AaHHbIX 4OCTAaTOMHO HAOEeXHo.

1.3. NMouck Hauny4lero Habopa NpPeANKTOPOB

B atom pasgene obcyamm ctatucTnyeckne npoueaypbl Bolbopa nepemeH-
HbIX, BXOAALWMX B perpeccuto. Mpegnonoxmm, Heobxogmmo NoCTpouTb NINHEN-
Hble PErpecCUOHHbIE YPaBHEHUS HEKOTOPOW MepeMeHHOW OTKNuka (nMpeauk-
TaHTa) Y 0T 6a3UCHbIX NPEANKTOPHBIX MEPEMEHHDIX X, X,,..., X, . [1PeANonoxmm
TaKKe, YTo 2, Z,,..., Z, ABMAOTCA (PYHKLMEN OLHON UIU HECKOIBKUX NEPEMEH-
HbIX X, ¥ NPEACTaBNAT cOBGON NOMHOE MHOXECTBO, M3 KOTOPOro NpeacTouT
BblOpaTh NpeauKkTopbl. ATO MHOXECTBO BKIOYaeT B cebs nobble Heobxoam-
Mble PYHKLMW: KBaapaTbl, NepeKpecTHbIe NPOM3BeaeHUs, norapudmsbl, obpar-
Hbl€ BENMUYMHbI, CTEMEHN U T.4.

M3BeCTHO, YTO YMCIIO NPEeaUKTOPOB HE AOIMKHO ObiTb BENMMKO NO CpaBHe-
HMIO ¢ 06bEMOM BbIGOPKX. OTO NPaBMIO HOCUT Ha3BaHUe «Taby» cTaTucTudec-
Koro nporHo3a. [encTButensHo, XoTa npu ydeTte 60mnbLIOro Yncna gakTtopoB
TOYHOCTb NMPOrHOCTUYECKON POPMYIbl HA 3aBUCUMON BbIOOpKE MOBLILLIAETCH,
HO NMpwu nepexode K HOBOW BblOOpKe (He3aBMCMMOMY MaTepuarny) KadecTtBo
TaKOro NpPorHo3a pesko yXyAwuTcs. B yacTHOCTU, korga YnMcno NpeauKTopoB
TOYHO paBHO O6bEMY BbIOOPKW, YpaBHEHWE PErPECCUN CTaHOBUTCS TOYHOM
dopmyrnon (cuctema yCrnoBHbIX YpaBHEHUI UMEET eOUHCTBEHHOE peLLeHne) n
KO3 PULMEHT MHOXKECTBEHHOW KOPPENALMM PaBEH EQUHULE Aaxe Toraa, Kor-
Aa mexay NpeavkTaHToOM M NPEANKTOPaMn HET HUKaKOWM CBA3N. OMMUPUYECKN
YCTaHOBMEHO, YTO ONTMMAaribHbIM OTHOLLEHWEM YMUCIa NPEeaUKTOPOB K 06bemy
BbIOOpKM cnepyet cuntatb npumepHo 1/10. Takum obpasom, npu Beibope Ha-
uny4ero Habopa NpeanKTopoB HY>KHO CTPEMUTLCS K TOMY, YTOObI MUHUMAanb-
Hasi owmnbKa NPOrHO3MpoBaHUA JocTUranach Npu BO3MOXHO MEHbLUEM Yucrne
npeamkTopos. [peanoXeHo MHOXECTBO Npoueayp Ans NOCTPOEHUs Haumy4-
LLIEr0 YpaBHEHMWS PErPECCUMN, HO HE CYLLECTBYET €ANHON CTaTUCTMUYECKON Npo-
ueaypbl, no3enawowen ato caenatb. B kHure (Openinep H.P, Cmut I, 2007)
paccMOTPeHO NATb Takux npouenyp:

— MeTof, BCeX BO3MOXHbIX PErPEeCcCuit C UCTIONb30BaHNEM Kputepues R?,
S? n kpuTepus Mannoysa Cp;

— MeToA Hamny4Lmnx NOOMHOXECTB pPerpeccumn ¢ UCNonb3oBaHNEM Kpute-
pues R?, R un C,;

— LiaroBas perpeccus;

— METO[ UCKITHOYEHUS;

— MogudmKaumm BbILLEYNOMSHYTbIX METOAOB.

PaccmMoTprM HekoTopble 13 3TUX NOAXo40B (CM. Takke: YnaHosa E.C., 3a-
6envH B.H., 1990).
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MeToa ucknroveHus. AHann3 HayMHaeTCs C BKIIOYEHUS B MOAErb BCex
npenmkTopoB. 3atem no t-ctatnucTuke (Tabn. 1.7), paccynTaHHOM ANA KaXaoro
KoapdumumeHTa, onpegenseTcs HaMMeHee 3Hadnumas nepemMeHHas, KoTopas
ncknovaeTca n3 ypasHeHus. CHoBa CTPOMTCH MOAENb Mo OCTaBLUMMCS nepe-
MeHHbIM. [INg HOBOW NepeMeHHON paccyuTbiBaeTcs t-ctaTtucTuka u onpege-
nseTcs HaMMeHee 3HavymMmas nepeMeHHas, NpeaHasHavyeHHas Ansa yaaneHus,
n T.4. Nogxon nNoovepeaHOro UCKITYEHUS TOMNbKO OQHOW NepeMeHHON Hasbl-
BaeTCs LUaroBoW npoueaypov Hasad, unu MeToAOM LLAaroBOro UCKIOYEHUS.
BakHO nogyepkHyTb, YTO yaarneHHble NepeMeHHble U3 AanbHenLero aHannsa
NCKMOYalTCa 1 Gonblue He MOryT BOWTW B MoAenb. Takon noaxon He nos-
BONSET HaWTW ONTUManbHOe MOOMHOXEeCTBO, COCTaBMeHHOe W3 yAareHHbIX
NnepeMeHHbIX, ECMM Takoe CYLLECTBYET, YTO ObIBaAET B Cryvasx Hanmyumns Mex-
Oy NepeMeHHbIMU CUMbHON B3avMHOW Koppensauun. 3aMeTuM, Y4TO UCMOrb-
30BaHue t-CTaTUCTMKM SKBUBANEHTHO yAaneHuo nepemMeHHOW, MUHUMANbHO
yMeHbLuatoLein R? ypaBHeHUs: perpeccun. [Npouecc MOXeT NPoAomKaTbes A0
Tex nop, Noka No3BoMAT 3a4aHHble NpaBuna OCTaHOBKU.

MeTopa BKntoYeHUA. B oTrndme oT MeToaa UCKIIOYEHUS, METOA BKIMOYEHUS
Ha4YMHaeTCH C NOCTPOEHUS YpPaBHEHNS, COAepXKaLLero OauH NyYLUnin NPeamKTop,
B KOTOpOe 3aTeM Nno ogHOMY A06aBnstoTca Apyrve nepemMeHHble. JTO Larosas
npoueaypa Bnepen. MNepBbiit Nyywnii NPeamMKTop o0ToMpaeTcs No Makcumarb-
HoMy (aBCONOTHOMY 3HAYeHWI0) NapHOMY KO3I(MULMEHTY KOppensumu c 3a-
BMCMMOW NepeMeHHON — 3TO MepBbli Wwar. 3aTteM A00aBnsieTcs nepeMeHHasi,
yAOBNEeTBOPSOLLAaA OAHOMY U3 CreayoLMX KPUTEPUEB, UCTONb3YEeMbIX TakKe B
MeToAe UCKIIOYEHNS: N0 CPaBHEHMWIO C APYrMMU NepeMEHHbIMU OHa AaeT Mak-
CUMYM yBenuyeHusi R2. MNMpouecc BKIOYEHUsI NpodorikaeTca Ao Tex nop, noka
BKINOYaeMble NepeMeHHble YAOBNEeTBOPSIHOT 3a4aHHbIM KPUTEPUAM OCTaHOBKM:

1) npw gocTMXeHMn onpegeneHHoro Yncra nepeMeHHbIX B Mogenu;

2) npu cUnNbHOM KOPPENMPOBaAHHOCTY CUCTEM HE3ABUCUMbIX MePEMEHHbIX,
BbI3BaHHOW BKIIOYEHNEM OYepeHOWN NepeMeHHOMN.

O6bl4HO Ha NpaKTWKe 3a4aloT KaKyto-nMbo KOMBUHALMIO U3 ATUX KPUTEPUEB.

MeToa BknroueHUA-UcknoUveHusa. J1o bonee cnoxHasa npouenypa siB-
nsietcs kombuHaumen MeTogoB BKIOYEHUST M UCKMOYEHNS. Ha kaxagom ware
paccmaTtpuBaloTcs crnegyolme BO3MOXHOCTU: 006aBUTb NepeMeHHy, uc-
KIMIOYNTb NEPEMEHHYI0, OOHY NEePEMEHHYI0 3aMEHUTb OPYroM, 3aBepLUnTb Npo-
uecc. NprHumas pelueHne, pykKoBOACTBYIOTCS CredyroLwmMMu npaBunamm:

1) BKNIOYEHHbIE B MOZENb NEPEMEHHbIE UCKMIOYaKOTCS, eCNN UMEIOT t-cTa-
TUCTWUKY MEeHbLLIE 3aaHHOIO YPOBHS;

2) nepeMeHHas, BKINOYeHHasi B MoAernb, 3aMeHseTCa Ha APYTyto, He BKIHO-
YeHHyI0, ecnu yeenuuusaetca R2 mMopenu;

3) nepeMeHHas ¢ MakCMMarbHbIM 3Ha4YeHWeM ¢ BKIYaeTcd B MOAenb,
ecnu ¢ NpeBbILaeT 3afaHHbIA YPOBEHb 1 KOPPENMPOBAHHOCTb CUCTEMBI He3a-
BMCMMbIX MEPEMEHHbIX HE CTAHOBUTCH CAULLKOM 60MbLLION.
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CyuiecTByioLmii TPOU3BON B BbIGOpe Ny4LLero NogMHOXeCcTBa NPeanKTO-
POB AOMKEH BbITb OrpaHNYeH SCHbIMW NPEACTaBNEHMUSIMU O POnK PaKTOPOB B
MogenvpyeMoMm npouecce Unu aBneHnu.

Hwxke B kayecTBe npumepa npmBegemM parMeHT pesynbraTtoB pacyeTa
nporpamMMbl Moucka Hauny4yLero NOAMHOXeCTBa NPeLMKTOPOB ANsi MPOrHo3a
YPOXaNHOCTU 3epHOBbLIX KynbTyp B 3anagHom KasaxcTtaHe.

O603HayeHns (kogbl) NPeaMKTOPOB:

24 — cpepHsa TeMmnepaTtypa Bo3gyxa 3a TpeTblo Aekagy Mas,

26 — cpedHsasa TeMnepaTtypa Bo3ayxa 3a BTOPYIO Aekaay MIoHS,

41 — nokasaTtenb BnaroobecneyeHHOCTM TPETLEN AeKaabl Masi,

44 — nokasartenb BnaroobecneyeHHOCTN TPETbEN AeKabl UIOHS,

54 — cpepHsia oekagHas cymMma 0CcaKoB 3a anpenb,

55 — cpepHas oekagHaa cymMma ocaZlkoB 3a Mawu,

70 — nokasarenb Bnaroobecne4eHHOCTH NIoHS,

78 — cymma ocafikoB 3a XOnoAHbIN nepuog.

YpaBHeHusi c ogHOW NnepeMeHHOoM

R? R? Cp Kogap! npeamkTopos
0,478 0,463 23,82 70
0,457 0,442 26,11 78
0,363 0,345 36,34 26
0,244 0,223 49,30 44
0,215 0,192 52,54 54
0,105 0,080 64,44 55
0,082 0,056 66,99 41
0,075 0,049 67,70 24

YpaBHeHUs ¢ 4BYMsi NnepeMeHHbIMU

R? R ; Cp Kogbl npegukTopos
0,637 0,616 8,50 70 78
0,608 0,585 11,66 78 54
0,596 0,572 13,01 78 41
0,540 0,513 19,08 70 55
0,523 0,495 20,96 70 54
0,498 0,469 23,63 70 26
0,492 0,462 24,28 70 41
0,488 0,458 24,78 70 24
0,481 0,451 25,45 70 44
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YpaBHeHuUs ¢ TpeMA nepeMeHHbIMMU

R2 R ; Cp Koabl npegukTopos
0,697 0,670 3,96 70 78 54
0,694 0,667 4,26 70 78 41
0,690 0,662 4,74 78 54 26
0,679 0,650 5,96 70 78 55
0,671 0,641 6,77 78 26 41
0,671 0,641 6,78 70 78 24
0,650 0618 9,10 78 54 24
0,649 0,617 9,22 78 54 41
0,646 0,614 9,54 70 78 44
0,640 0,607 10,20 70 78 26

YpaBHEHMUS C YeTbIPbMA NepeMeHHbLIMU

R? R. Cp Koabl npeankTopos

0,726 0,692 2,84 70 | 78 | 54 | 55

MepBoe 13 NATU NyYLINX ypaBHEHUI

MpeavkTopbl KoadhdumumeHT perpeccumn t-ctatucTukm
70 0,165 3,59
8 0,132 4,24
54 0,582 2,34
55 -0,534 -1,83
CBo6oaHbIn vneH -0,172
R? R Cp MpeaukTopsl
0,721 0,686 3,33 70 | 78 | 54 | a1

BTopoe 13 natmn ny4wmnx ypaBHeHUn

MpenukTopsl KoaddpmumeHT perpeccum t-cratncTukmn
78 0,154 4,79
54 0,638 2,40
26 -0,979 -2,89
41 0,605 1,90
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CBobogHbIN yneH -0,525

RZ

R2

c

P

MpeavkTopbl

0,719

0,684

3,60

70 | 78 | 54 |

41

TpeTbe U3 NATK Ny4LnX ypaBHEHNN

MpepukTopbI KoadbduumeHT perpeccumn t-ctatnucTukm
70 0,962 2,82
78 0,153 4,72
54 0,460 1,67
41 0,510 1,57
CBobogHbIn uneH -0,243
YpaBHEHUSA C NATLIO NepeMeHHbIMU
R? R. Cp MpeavkTopbI
0,736 0,694 3,68 70 | 78 | 54 | 41 | 55

YeTBepToe 13 NATU NyYLIMX YpaBHEHUN

MpenukTopsl KoadhduumeHT perpeccum t-ctratncTukun

70 0,147 3,02
78 0,143 4,39
54 0,456 1,68
41 0,372 1,12
55 -0,437 -1,44

CBoboaHbIn vneH -0,188

R? R. Cp MpeaunkTopbI
0,734 0,692 3,90 70 | 78 | 54 | 24 | 55

MaToe N3 NATN Ny4LMX ypaBHEHWUNA

MpenunkTopsl KoaddmumeHT perpeccum t-ctratncTukmn
70 0,147 2,97
78 0,140 4,36
54 0,539 2,14
24 -0,411 -1,00
55 -0,447 -1,47
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CBobogHbIn yneH -0,115

R? R Cp MpeankTopbI
0,734 0,691 3,95 70 78 54 26 41
0,733 0,691 3,99 70 78 54 41 44
0,728 0,684 4,59 70 78 54 44 55
0,726 0,682 4,79 70 78 54 24 26
0,726 0,682 4,80 78 54 24 26 41
0,726 0,682 4,83 70 78 54 26 55
0,719 0,674 5,57 70 78 24 26 41
0,719 0,673 5,60 70 78 54 24 41

YpaBHeHuUs ¢ WecTbio NepeMeHHbIMKU

R? R Cp MpeaunkTopsl
0,742 0,690 5,08 70 78 54 41 44 55
0,738 0,686 5,49 70 78 54 26 41 55
0,737 0,684 5,66 70 78 54 24 26 41
0,736 0,684 5,68 70 78 54 24 41 55
0,735 0,682 5,87 70 78 54 24 26 55
0,733 0,680 6,02 70 78 54 24 26 44
0,731 0,677 6,31 78 54 24 26 41 55
0,722 0,666 7,26 70 78 24 26 41 55
0,714 0,659 8,15 78 54 24 26 44 55
0,710 0,652 8,52 78 24 26 41 44 55

YpaBHeHUs C CEMbIO NepeMeHHbIMMU

R? R, Cp MpeaunkTopb!
0,742 0,680 7,02 70 | 78 | 54 | 26 | 41 | 44 | 55
0,742 0,680 7,08 70 | 78 | 54 | 24 | 41 | 44 | 55
0,740 0,678 7,26 70 | 78 | 54 | 24 | 26 | 41 | 44
0,740 0,677 7,31 70 | 78 | 54 | 24 | 26 | 44 | 55
0,740 0,677 7,31 70 | 78 | 54 | 24 | 26 | 44 | 55
0,739 0,676 7,38 70 | 78 | 54 | 24 | 26 | 41 | 55
0,731 0,666 8,30 78 | 54 | 24 | 26 | 41 | 44 | 55
0,725 0,659 8,93 70 | 78 | 24 | 26 | 41 | 44 | 55
0,578 0,477 24,91 70 | 54 | 24 | 26 | 41 | 44 | 55
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YpaBHeHuUs ¢ BOCEMbIO NepeMeHHbIMU

R? R? Cp MpeaunkTopsI

0,743 0,669 9,00 70 | 78 | 54 | 24 [ 26 | 41 | 44 | 55

WTak, nporpamma noucka Haunyywero Habopa npeaukTopoB Ans Npo-
rHO3MPOBAaHNS YPOXaNHOCTWN 3epHOBBIX KynbTyp B 3anagHom KasaxcTtaHe Bbl-
Jenuna nsTe NyylMx ypaBHeHun perpeccun (YnaHosa E.C., 3abenuH B.H,
1990). MonbiTaemcsa Tenepb U3 3TUX NATU BapMaHTOB ONpPeAenuTb onTumarnb-
HbI. MNpoaHanuaupyemM 3Haku ko3 rUNeHTOB perpeccun ana atoro Habopa
npeaukTopos: 24, 26, 41, 44, 54, 55, 70, 78. YuuTbiBas, 4TO 3acCyLUNIMBOCTb
KnMMaTa — OCHOBHas MPUYMHa CHUXEHUS ypoXKaeB 3epHOBLIX KynbTyp B Ka-
3axcTaHe, MOXHO NPEANONOoXUTb, YTO NPEeaNKTOPbI, XapakTepuayoLwmne pocTt
YBNaXXHEHWS, JOIMKHbI MONOXUTENBHO BNUSITE HA YPOXXaNHOCTb, a NPEanKTO-
pbl, onNpegensioLwue pocT 3acyLUNMBOCTU, — oTpuuatensHo. CnegoBaTtenbHo,
KoadhumLUmneHTbl perpeccun Ans Temnepatypbl BO3dyxa 3a TpeTbio Aekagy
mMas (kog 24) v BTOpYHO Aekany UoHs (Kod 26) AOMmKHbI ObITb OTpULaTENbHbI-
MK, Torga Kak KoadhUUMEeHTbl perpeccun Ans BCexX ocTarnbHbIX (akTopoB —
koabl 41, 44, 54, 55, 70 — gomkHbl ObITb NonoXxutenbHbiMK. OBpaTUM BHU-
MaHue, YTo KO3(hMLUMEHT perpeccum Ang gekagHon CyMMbl OCagKoB 3a Man
(npeavkTop 55) B nepBOM, YETBEPTOM U NATOM YPaBHEHUSIX OTPULIATENEH, YTO
MO3BOMSET UCKIKOUYUTL 3TN TPU YpaBHEHMS U3 cnmMcka nydwnx. B cnucke nyy-
LUMX BapMaHTOB OCTalOTCHA BTOPOE N TPETbE YPaBHEHUS:

y, = 0,154(78) + 0,639(54) — 0,979(26) + 0,605 (41) — 0,525;
y, = 0,962(70) + 0,153(78) + 0,460(54) + 0,510(41) — 0,243.

Ons onpegeneHnss Haunyywen nporHOCTUHECKON 3aBUCUMOCTM U3 3TUX
[ABYX OCTaBLUMXCA YpaBHEHW perpeccuy uccrieqoBaHue criefdyeT npopaor-
XUTb. OKOHYaTENbHbIV BLIGOP, NO-BUAMMOMY, MOXHO cAenatb B pesynsrarte
NPOBEpKU HaMAEHHbIX YypaBHEHUI Ha HOBbIX MaTepuanax.
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'JTABA 2
AJIbTEPHATVBHDIE PEI'PECCHNOHHbIE MOIEJIN

2.1. Mogenu c orpaHu4eHUAMM Ha KO3chPULMEHTbI
lMoMUMO paccMOTPEHHbIX KNacCcu4ecknx ypaBHEeHUA perpeccumn:

V= px F Py, tt P, (2.1)
rAe Ans onpeAeneHust KodMULNEHTOB p, CTaBUTCS JMwb ofHo ycnosue:
cpeaHvin KBagpaT OWWNGKM 3Ha4YeHU oTKNMKa (¥, — ;) AOIKeH ObiTb MUHU-
MarnbHbIM, MOXET GbITb MOCTPOEHO MHOXECTBO APYrnX ypaBHeHWU. YacTo oT-
HocuTenbHO (2.1) nmeetca pasHoobpasHas anpuopHas MHOpMaUKMs, KOTO-
pYyt0 MOXHO NpeacTaBnTb B BUAE CUCTEMbI OFPaHUYEHUI KaK NIMHENHBIX, Tak u
HeNUHeNHbIX, HanaraemblX Ha KO3 MOULNEHTI p:

S, pyeap) =0, (2.2)
raej = 1, 2,..., n —41cno KoadpdULMEHTOB, k — YACNO OrpaHUYEHIN.

PaccmoTpuMm perpeccuto ¢ NPOCTENLLUM BMAOM NIMHENHBLIX OrpaHUdeHuni
Ha KO3 DULMEHTDI:

p;=0. (2.3)
3apadvy NocTpoeHUs ypaBHEHUSA PErpeccumn ¢ HeoTpuLaTenbHbIMU KO3M-
duULMeHTaMn peLunm Ha NpruMepe YMCIEeHHON CxeMbl OObEKTMBHOMO aHanmsa
nons AekagHbIX CyMM ocagkoB Ha TeppuTopun Jlutesel (CupoteHko O 1. u ap.,
1973). PaspaboTtaHa ynucneHHas cxema Ansi pacdeTa B OornepaTtMBHOM peXu-
Me Konu4yecTBa BbINaBLUMX OCaaKoB B 15 pmKcupoBaHHbIX NyHKTax no AaH-
HbIM HabMOAEHNI LLECTN METEOPOSTOTMYECKNX CTaHUMIA. VigeHTudmnumnpoBaH.l
KO3(ppnUNEHTBI p;; Ana 15 ypaBHeHul Buga (2.1) ¢ wecTblo npeankropamm
(i=1,2,...,6). Ans oueHkn KoadhpurumeHToB P chopMMpOBaHO ABe BbIOOPKU:
OCHOBHas 1 NpoBepoYHas, cogepxaiwume 89 n 51 nonen cymm ocagkos COOT-
BETCTBEHHO AN TeppuTopun JINTBbI.

3apavy onpeaeneHns ypaBHeHUs perpeccumn ¢ orpaHU4eHns M1 Ha napa-
MeTpbl TUNa (2.2) YacTo HasbIBaloT 3a4avel KBagpaTuyeckoro NporpaMmmMmpo-
BaHWS, MOCKOMbKY ee pelleHne CBOAUTCS K MUHMMM3auMK KBagpaTudeckomn
YHKLUN C OrPaHNYEHUAMN.

PeweHve 3apgayn KBagpaTM4YecKoro nNporpaMMMpoBaHusl Anst o6bEeKTUB-
HOro aHanm3a nornen gekagHbIX CyMM OCafKoB Ha TeppuTopun JIuTebl npea-
cTaBneHo B Tabn. 2.1. Kaxapin us 15 BeKTopoB napameTpoB COCTOUT U3 LUEC-
TN BECOBbLIX MHOXUTENEN Dys Pyseews Dy B cootBeTcTBMM C ycrioBuem (2.3) nx
3Ha4YeHUs OOMKHbI ObITb HeoTpULaTenbHbLIMU. Bee BEKTOPLI, 3a UCKNIOYEHNEM
13-ro, MetoT oZHY, ABE UNWN TPU HyNEeBble COCTaBnsoLLME.

Ha ocHoBaHumM BecoBbix koadduumeHToB (Tabn. 2.1) onpegeneHbl cym-
Mbl ocagkoB B 15 nyHkTax ans 51-ro mons ocaakoB, KOTOpble COCTaBWMM
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He3aBUCUMYyo BbIGOpKY. OLEHKM KOt PULUNEHTOB Koppensauun Mexay name-
PEHHBIMU U BbIYUCIIEHHBIMM CYMMaMu OCaJKOB MpuBefdeHbl B Tabn. 2.2 (ko-
noHka ).

OdPeKkTUBHOCTL MOAENW PEerpecCcroHHOro aHanmsa (KBagpaTu4eckoro
nporpaMMmMpoBaHusl) ¢ HeoTpuLaTenbHbIMU KO3 dULMEHTAMN OLIEHNBAETCS
KoadhpuumeHToM Koppenauuu, pasHbim 0,685.

Pewum a1y 3agady gpyrumum Metogamu Ha TOM xe dakTU4eckom Mmate-
punane. HayHem ¢ nonynsipHOro B MeTEOPOSIOrMn Metoda ONTUMAarnbHON WH-
Tepnonauun (Fangud J1.C., 1963). [Ina peanu3auun 3TOro mMetoga HeobXxo-
OVMO npeaBapuUTenbHO OMpeaennTb MPOCTPAHCTBEHHYH KOPPEnsLUOHHYIO
dyHKUMIO 7(p) AekaaHbIX CYMM OCafKoB, FAe p — pacctosHue (kMm). 3aTeM Ha
OCHOBaHuMn r(p) ANA Kaxgoro U3 15 NyHKTOB B COOTBETCTBUM C MaTpuuen
PaCCTOSIHWAN p, HYXHO COCTaBUTL KOPPENSILIMOHHYI0 MaTpuLly W pelunTb co-
OTBETCTBYIOLUME CUCTEMbI LUECTU NIMHENHBIN ypaBHEHUI. [onyyeHHble Takum
06pasom KoapduUmMeHTbI NpeacTaBneHsbl B Tabn. 2.3. Okono 25 % 13 HKx oka-
3anucb oTpuuatenbHbiMM. OTMETUM, YTO NUWb ANS O4HOW cTaHuuun (N=15)
BCe 6 KOI((PUUMEHTOB MHTEPMONALUMOHHOIO normHoma (2.1) nonoxutens-
Hbl. B moHorpacuun (benoycos C.J1. u ap., 1968) cneumanbHO oTMevaeTcs,
4YTO Hanuyne oTpuuaTenbHbIX BECOB HE OOMKHO Bbi3blBaTb MOAO3PEHUN, HO
MO BO3MOXHOCTU JOSMKHO ObITb yCTpaHeHo. Cpean BO3MOXHbBIX MPUYUH 3TOrO
ABMEHNS YKa3blBAKOTCH «3KPaAHMPOBAHMEY» BMAMSAIOLWENA CTaHLMUKN, HETOYHOCTU
onpegeneHns KoppensaumMoHHOW yHKUMM U, HaKkoHel, nroxas obycrnosnen-
HOCTb KOPPEMALUMOHHBIX MaTpuL, YTO NpeacTaBnsercs Hanbonee BEPOSTHLIM.
Ons ymeHbLLeHMs aToro adydpekTa npefnaraeTcs yBenmumMBaTh AMaroHarnbHble
3MEeMeHTbl HOPMMPOBAHHOW KOPPEMALMOHHON MaTpuubl, NpubaBnsas K HUM
yncno n. B gaHHom cnyyae n 6b1no npuHATo paBHbiM 0,02, YMHOXMB Avaro-
HarnbHble arnemMeHTbl KoppensaumMoHHon MmaTpuubl Ha 1,02 1 pewns 15 cuctem
NMHEWNHbIX YpaBHEHWI, NOMy4YUM HOBble BECOBble KOA(DULMEHTbI ANns onTu-
MaribHOM MHTEPMNONSAUMM U C Yy4ETOM OWNBOK HabntogeHui (tTabn. 2.4). Cpas-
HMBas AaHHble Tabn. 2.4 n 2.3, ybexxgaemcsi, YTO KOpPEeKUMA anaroHanbHbIX
3MeMeHTOB NpuBena K oXxwuaaemMomy pesynsraTy — oTpuuaTenbHble koaddu-
LUMEHTbl XOTH WU HE UCYE3MM, HO CTann 3Ha4YMTenbHO MEeHbLUMMM Mo abconioT-
Hol BenuuuHe. OgHaKo NpoBepka Ha HesaBucMMOM MmaTtepuarne (ctonbeu 3
Tabn. 2.2) nokasblBaeT, YTO, HECMOTPS Ha YMeHbLUEHNEe abCOMOTHbBIX 3HaYe-
HUI oTpuLaTenbHbIX KO3MMULMEHTOB perpeccun, KOppekLms nuwb yxyaLwu-
na pacyeTHyto cxemy. CpegHuin anst 15 ctaHuuin KoadpbnLUMEHT Koppensumm
Mexay akTUYecKMMU U pacyeTHbIMU BenNuuMHamu ymeHbnncsa ¢ 0,620 go
0,607 (tabn. 2.2). PaccmMoTpeHHbIV 34eCb MeTO4 ONTUManbHON MHTepnonAunm
C KOppEKLMEl No anropuTMy peLleHus 3agadv naeHTUYeH meToay rpebHeBow
perpeccun. NMpumeHeHne metoga rpebHeBoNn perpeccum Ans NOCTPOEHNs Mo-
Jenen «noroga—ypoxan» 6yger pacCMOTPEHO B criedytoLlem pasgerne.
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Tabnuuya 2.1
KO3d)CbI/IL|MeHTbI UWHTepnonsauMOHHOIo NosIMHOMa, noJsiy4eHHble MeTOAO0M
KBagpaTu4yeckKoro nporpammumpoBaHus

Homep Homep metoga

y3na 1 2 3 4 5 6
1 0,110 0,425 0 0,140 0,030 0
2 0,204 0,189 0,003 0 0,100 0,581
3 0,109 0,052 0,029 0,149 0,156 0
4 0,151 0 0,571 0,133 0,068 0,008
5 0 0,304 0 0,037 0,030 0
6 0 0,592 0 0,034 0,049 0
7 0 0,150 0 0,592 0 0
8 0 0 0,101 0,451 0,054 0
9 0 0,410 0,160 0,125 0 0,003
10 0,342 0 0,095 0,298 0 0,232
11 0,109 0,195 0,007 0,333 0,088 0
12 0 0,093 0 0,577 0 0
13 0,103 0,594 0,054 0,051 0,022 0,009
14 0,035 0 0,236 0,313 0,041 0,112
15 0,053 0,299 0,427 0,155 0,042 0

Tabnuuya 2.2

Pe3yanaTbl npoBepKU pas3nmUvHbIX cxemMm 06BbeKTUBHOro aHanusa
Ha He3aBUCMMOM MaTepuane

| — perpeccusa c HeoTpuuaTenbHbIMKN KO3 PULMeHTamu, Il — onTumanbHaa nHTepnonsa-
ums, lll — onTumaneHas MHTepnonaunsa ¢ koppekunen, IV — knaccmyeckas perpeccus
Howmep yana Homep metoga
| Il 1l \Y
1 0,680 0,609 0,595 0,447
2 0,773 0,760 0,774 0,464
3 0,720 0,685 0,685 0,107
4 0,628 0,695 0,698 0,466
5 0,668 0,689 0,548 0,521
6 0,700 0,664 0,676 0,398
7 0,560 0,490 0,381 0,330
8 0,651 0,486 0,489 0,143
9 0,693 0,564 0,558 0,453
10 0,543 0,332 0,340 0,241
11 0,618 0,659 0,667 0,461
12 0,776 0,694 0,605 0,266
13 0,800 0,573 0,688 0,464
14 0,603 0,606 0,611 0,191
15 0,791 0,787 0,788 0,647
CpenHee 3HaueHue r, 0,685 0,620 0,607 0,373
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Tabnuuya 2.3

KO3Cb(*)I/ILWIeHTbI UHTepnonsALuMOHHOIo NoJsIMHOMAa, NnoJfiy4yeHHble MeToOAO0OM
onTUManbHON UHTEepnonauuun

Howmep Homep meTopa

y3na 1 2 3 4 5 6
1 0,071 0,361 0,191 -0,013 0,080 0,034
2 0,319 0,134 0,356 -0,054 0,305 0,230
3 0,096 -0,013 0,100 0,092 0,336 0,120
4 0,172 -0,030 0,311 0,274 0,170 0,017
5 0,017 0,225 0,079 0,002 0,047 -0,039
6 0,033 0,417 0,167 -0,020 0,079 -0,036
7 -0,190 0,245 0,140 0,231 0,038 -0,032
8 0,062 0,021 0,124 0,221 0,087 -0,053
9 0,099 0,297 0,266 -0,006 0,042 0,119
10 -0,289 0,154 0,045 0,094 0,355 0,652
11 0,059 0,212 0,225 0,147 0,031 -0,099
12 0,065 0,082 0,139 0,281 0,040 -0,112
13 0,300 0,466 -0,464 0,312 0,053 -0,181
14 0,102 0,002 0,179 0,288 0,111 -0,031
15 0,143 0,226 0,442 0,085 0,054 0,037

Tabnuuya 2.4

KoacdhdumumeHTbl UHTEPNONALUOHHOIO NOJINHOMA, nofy4yeHHble MeTOAOM
onTumanbHoOMn WHTepnondauuu c KoppeKuMeﬁ

Howmep Homep meTtoga

y3na 1 2 3 4 5 6
1 0,072 0,351 0,185 -0,005 0,078 0,038
2 0,317 0,135 0,345 -0,041 0,301 0,225
3 0,100 -0,010 0,101 0,092 0,328 0,118
4 0,171 -0,024 0,304 0,269 0,168 0,022
5 0,018 0,218 0,076 0,006 0,045 -0,034
6 0,036 0,395 0,161 -0,010 0,075 -0,026
7 -0,180 0,237 0,139 0,224 0,037 -0,027
8 0,061 0,023 0,122 0,214 0,085 -0,047
9 0,099 0,290 0,257 0,002 0,044 0,119
10 -0,264 0,146 0,056 0,089 0,352 0,626
11 0,059 0,208 0,217 0,147 0,310 -0,090
12 0,063 0,082 0,137 0,273 0,039 -0,102
13 0,283 0,455 -0,439 0,300 0,145 -0,063
14 0,101 0,006 0,177 0,280 0,109 -0,024
15 0,144 0,222 0,426 0,092 0,056 0,040

B 3akntoyeHne, 4ToObl HaLL aHanNn3 BO3MOXHbIX CXeM 0OBLEKTMBHOIO aHa-
nun3a Obin NOMHbIM, paccMoTpuM pedynbratbl NPUMEHEeHUA KrnaCCU4eCKoro
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perpeccnoHHoro aHanuaa. lonyveHHble oueHkn KoadhdPULMEHTOB perpeccum
npvBeaeHbl B Tabn. 2.5. [ing Bcex cTaHumi, BkNtoyas 15-10, umetrotcs otpuua-
TenbHble BeCOBble KO3(MULMEHTbI, MPUYEM YUCIO MX BO3POCHO MPUMEPHO
B [iBa pa3a Mo CpaBHEHWO C OObIYHOW ONTUManbHOW UHTepnonsuuen (Tabn.
2.3). CpegHuin k03hOULMEHT KOPPENSLUN MEXOY BbIYUCIIEHHBIMU U hakTu-
YECKMMU CyMMaMK OCadKOB OKa3aricsl CaMmbIM HU3KMM MO CPaBHEHUIO CO BCe-
MW APYrMMU pacCMOTPEHHbIMU CXeMaMMU.

Tabnwuuya 2.5

KoadcbmumeHTbl UHTEPNONALMOHHOIO NONIMHOMA, nony4eHHble Ha OCHOBaHuUu
Krnaccu4yeckoro perpeccMoHHOro aHanumsa

Homep Howmep meToga

y3na 1 2 3 4 5 6
1 0,410 0,333 0,422 -0,281 -0,001 -0,181
2 -0,314 0,160 0,246 0,132 -0,164 0,973
3 0,404 0,034 -0,172 0,358 0,078 -0,080
4 0,032 -0,176 0,702 -0,058 0,197 0,050
5 0,693 0,248 -0,174 -0,101 0,100 -0,349
6 0,708 0,434 0,056 -0,252 0,067 -0,274
7 1,251 0,349 0,422 -0,150 0,299 -0,666
8 0,852 0,271 0,313 -0,020 0,287 -0,471
9 0,087 -0,118 0,305 0,008 0,108 -0,041
10 -0,011 0,013 0,171 0,290 0,021 0,292
11 0,604 -0,067 0,784 -0,310 0,032 -0,233
12 1,028 -0,219 0,453 -0,293 0,202 -0,192
13 0,519 0,496 0,154 0,182 0,040 -0,143
14 0,509 -0,162 0,173 0,170 0,047 -0,080
15 0,407 0,091 0,449 -0,126 0,233 -0,274

WNTak, oueHMBasi Ka4yecTBO CXeMbl OOBLEKTUMBHOrO aHanusa cpedHuM Mo
Nosto KO3ULMEHTOM KOPPENALUN Mexay DakTUHeCKUMUN U BbIYUCIIEHHBIMA
3Ha4YEHUSIMM METEO3NEMEHTA HA HE3AaBMCUMOM MaTepwuare, HeobxoaMMo pac-
MOMOXWTb PACCMOTPEHHbIE CXEMbI B CNIEAYIOLLEM NOpsiaKe:

perpeccusi ¢ HeoTpuuaTenbHbiMU ko3 dmuneHtamm  — 0,685
onTuManbHasi MHTepnonauus -0,620
onTumarnbHas MHTEPNONAUNS C KOPPeKLMen - 0,607
KITaCCUYECKNI PEFPECCUOHHbLIN aHanm3 -0,373.

OTn pesynbTaThl NO3BONAT NPU3HATL CaMblM 3DMEKTUBHBIM METOAOM
PEerpeccuio ¢ orpaHMyYeHnsIMM Ha KO3 MULMEHTLI. ITOT MeToz No3BoNsSeT A0-
CTaTOYHO NPOCTO B hOpME CUCTEMbI OFpaHUYEHMt Ha KO3DMDULUEHTBI YUUTbI-
BaTb pasHOOGpPa3Hylo anpuopHy MHGOPMaLIMIO O MOAENUPYEMOM OGLEKTE,
BKMIOYasa 3HaYMMOCTb BIMSIOLLMX (DaKTOPOB, BO3MOXHbLIE CBA3N MEXOy HUMU
M MHoroe Apyroe. Knaccuyeckuii perpeccuoHHbl aHanus Bpsg nv crieayet
UCMONb30BaTb AJ1A PeLLeHNs] paCCMOTPEHHOM 3aaauun.
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2.2. Mopgenwu rpebHeBOM perpeccuu

Mpouenypa nocTpoeHus rpebHeBOM perpeccun Obina npennoxeHa B
1962 r. A.D. X0o3prnom ansd ncnornb30BaHWUs B YCITOBUSIX MYIBTUKONNIMHeap-
HOCTW, KOTopas SABMSETCS OAHMM W3 OCHOBHbLIX MPENATCTBUMI MPUMEHEHUSI
annapaTa perpeccMoHHOro aHanusa. Yto Takoe MynsTUKONIMHEaPHOCTb, Kak n
yem ee namepstoT? Nog MynbTUKONNMHEAPHOCTHLIO MOHMMAKOT KOPPENMPOBaH-
HOCTb WNN «COMPSPKEHHOCTb HE3aBMCUMMbIX NepeMeHHbIx». MynbsTukonnuHe-
apHOCTb HasbiBatoT cunbHon (harmfull), ecnn oueHKkN NnapameTpoB perpeccum
3aBUCAT CKOpee OT B3aUMOCBSI3e He3aBMCMMbIX NePEMEHHbIX (MPeANKTOPOB)
perpeccum, Yem OT 3aBUCUMOCTEN MEXAY y U X, X, ..., X,. B ka4ecTse nokasa-
Tensa MynbTUKONNIMHEAPHOCTU MOXET BbICTyNaTb BenvynHa

max |rl.j|, i#],
rAe r, — dneMeHTbI KOPPENALMOHHON MaTpuLbl NPEAUKTOPOB X, X,,..., X, .

[nsa BbISBNEHNST CUBHOW MYIBTUKONSIMHEAPHOCTU MOXET ObiTb MCMONb-
30BaHO ycnosue: KO3MMULMEHT KOPPenauun ogHOW U3 nap He3aBUCKMbIX
nepeMeHHbIX Mo abCconoTHON BENNYMHE OOMKEH NpeBblaTbh Kakon-nnbo na
KO3(pOMLMEHTOB KOppensaunm mexagy 3aBUMCMON NepeMeHHOn y 1 NpeauKTo-
pamu x, x,,..., X, -

|ry| (i#j)> |rij| (i=1,2,..,n).

Mpn cnbHOM KOPPENMPOBAHHOCTU NPELMKTOPOB (NPW HanMyunum nNpubnu-
XEHHON NWHENHOW 3aBMCUMOCTU MeXAy HMMMK) KOppensuuoHHas martpuua
NpeanKTOpoB CTAHOBUTCA NINOX0 OBYCMNOBMEHHON, T.€. ONN3KOW K BbIPOXAEH-
HOW, MMeloLLIe HyneBoKn onpegenuTens. Taknm obpa3om, onpegenvrens Kop-
PENSLMOHHON MaTpULibl MOXET BbICTYMNaTb B KQYECTBE MePbl MyNbTUKONINHE-
apHocTu.

Mpu yBENMYeHnn cteneHn MynbTUKONINIMHEAPHOCTU MO KaXXaoMy U3 pac-
cMaTpuBaeMbIX MPU3HAKOB TOYHOCTb OLEHMBaHWUS KO3(PPULNEHTOB perpec-
CVM METOAOM HaUMEHbLUMX KBaapaToB yObIBaEeT.

[nsa BbIsBNEHMs «nNyioxon oByCrnoBneHHOCTU» mnpegnaraeTcs HeCKONbKo
npaktuyeckux aencteun (Operinep H.P, Cmut I, 2007):

— MpPOBEPUTb, HE UMEIOT NN HEKOTOpble KOIMMULMEHTHI perpeccum He-
BEPHbI 3HaK Ucxoasa 13 obLuero NnpeacTaBneHnst o 3agaye;

— MPOBEpPUTb, HE NOMYYMITIOCh NN TaK, YTO Hanbonee BaXkHbIE NPEANKTOPbI
NMET KO3 MPULMEHTBI C ManbIMy 3HAYEHUSMU t-CTaTUCTUKN;

— MpPOBEPUTb, HE MPUBOAUT NN yaaneHne CTPOKK unm ctonbua us matpu-
Lbl 3HAa4YEeHWU NPEQUKTOPOB K HEOXUAAHHO OONbLUMM M3MEHeHNAaM nogobpaH-
HOW 3aBNCUMOCTW;

— MPOBEPUTbL NapHbIE KOPPENsauMmM Mexay NPeAnKTOPHLIMU NepeMEHHbI-
MU U BbIICHUTb, HET NN CPean HMUX CANLLKOM BOMbLUMX 3HAYEHUNA.

maBHOM Lenblo MeToda rpebHeBon perpeccun (ridge — rpebeHb, xpe-
6eT) ABnsieTca NpeogoneHve Marnon YCTOMYMBOCTU OLIEHOK KO3I(ULMEHTOB
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perpeccuoHHON Moaernu, Nofny4YeHHbIX 00bIYHBIM METOAOM HAaUMEHbLUNX KBaA-
paToB.

B meToge HaMMeHbLUMX KBaApaToOB OLEHKY KO3((PULMEHTOB MOXHO NOMy-
4nTb No copmyne: .

p=(X"X)'X"Y,
roe Bce NnepemMeHHble CTaHAapTu3oBaHbl; X X — KoppensiuMoHHas martpuua
NpeavKTopoB; X * — onepauus TPaHCMOHUPOBaHUS BekTopa X B — BEKTOp Ko-
achduumneHToB perpeccun B ctaHgapTnaoBaHHoM Maclutabe. OueHka Koadg-
dULMEHTOB METOAOM rpebHEBON perpeccumn npeacrasnseTcs opmMyrnou:
p=(X"kD)'X'Y,
rae kI — nponssegeHne mManoro nonoXnTenbHOro Yucna k v eAMHUYHON Mmar-
puubl I. OTO 03Ha4yaeT, YTO Manasa nonoXxuTenbHas BenuuuHa gobasrneHa K
KaXXaoMy AuaroHanbHOMY 3neMeHTY KOppensaunoHHOM MaTpuubl.

OTa onepauus nosbiwaeT 06yCcrnoBNeHHOCTb KOPPENALUMOHHON MaTpuLbl
N penaet 6onee ycTOMYMBBLIMU OLIEHKM KO3hPULMEHTOB perpeccun. Bax-
HelLwunn BONPOC NpW MCMONb3oBaHMM MeToda rpebHeBon perpeccuv — Bbl-
©6op napametpa k. Heobxogmmo BbIGMpaTh Takoe HaMMeHblUee 3HayveHue k,
Npy KOTOPOM KOI(PPULMEHTBI CTabUNU3MpPYOTCA 1M Npy AanbHenwem pocTe
k nameHstoTcs mano. O6bl4HO & BbiOMpatoT mMeHblue 0,5. Mpu k£ = 0 nonyya-
eM KoadpduLUMeHTbl MeToda HaMMeHbLUMX KBagpaTtoB. B oTnnume ot metoga
HaVMMeHbLUMX KBagpaToB, OalOWMX HECMELLEHHble OLEHKM KoadhdULumMeHToB
perpeccun, B mMogenu rpebHeBON perpeccuMn OUEHKU CMeELLEHHble, HO Nnpu
3TOM OHUM MMeIT MeHbLUylo ancnepcuto. Owmnbka koadpduumeHTa cnaraetcs
U3 ABYX COCTaBMSAOLWMX: cMeLLeHnsa 1 aucnepcuun. CmelleHHoe oueHMBaHne
OKasblBaeTCHA MNOmnesHbIM, ecnn LeHoW HebonbLIoro cMeLleHus OocTUraeTcs
3HauYUTENbHOE YMEHbLLEHNE OUCNEPCUN.

PaccmoTpym nprvMmep NOCTPOeHUs rpebGHeBOW perpeccum K3 KHUMM
E.C. ¥YnaHosori n B.H. 3abenuHa (1990). [Ina nporHo3npoBaHnsi ypoxXahHOCTH
BCEX 3epHOBbIX KynbTyp B CeBepokaszaxCTaHCKON obrnactu UCrnonb3oBanuch
8 NpeaMKTOpOB: CymMMa OCagKoB M TemrnepaTypa BO3dyxa 3a nepsyto Aekaay
mas v 3a Tpu aekagpl nioHsa (R, R, R, M R) v (¢, £,, t, N t,) COOTBETCTBEHHO.
B ycnoBusix HegocTaToMHOro yBRaXHeHUs Bce KoadduLMEHTbI Npyu ocagkax
OOMXKHbI BbITb NONOXUTENBHBIMY, @ NPY TeMNepaType Bo3gyxa — oTpularenb-
HbIMK. Mony4yeHHas MeTOAOM HaMMeHbLUMX KBagpaToB Moderb MMeeT BUA!

$=—0,105R, —0,091R +1,294R +0,500R, +0,559¢ —0,9047,+0,1381,—0,508¢,. (2.4)

Takum obpasoM B ypaBHeHuM (2.4) npu k = 0 nonoBmHa KO3dULIMEHTOB
UMEIT «OoLMnBoYHbIEe» 3Haku. Mpu k& > 0,5 Bce KOIPULMEHTLI CTAHOBATCH
NpaKkTU4Yeckn MOCTOSHHBIMM W NPUOBPETalOT «NpaBuUrbHbIE 3HAKU». YMEHb-
LLUEHNE U3MEHUYMNBOCTY KOIDULMEHTOB HAYMHAET NPOSIBNATLCH B UHTEpBarne
0,2 <k <0,4. NMoaTomMy B KayecTBe CTabMNM3UPYOLLEro Ans k B3ATO 3HaYeHNe
k=0,3. OTOMy 3Ha4YeHuto rpebHEBOro NapameTpa COOTBETCTBYET YpaBHEHME
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¥ = 0,041R, +0,070R,+0,038R, +0,288R, —0,0367, —0,02491,~0,0441,-0,2497, - 0,015. (2.5)

B otnuume ot (2.4), Bce kKoadpduumneHTbl ypaBHeHNs (2.5) umetot dunan-
YECKN MHTEPNpPETUPYEMbIE 3HAKM, YTO TEM HE MEHEE He rapaHTMpyeT ycneLw-
HOCTb WX NPaKTUYECKOro NPUMEHEHUS.

Wcnonb3oBaHne rpebHeEBON perpeccun, kak U Apyrux ansTepHaTUBHbIX
MeTofoB, TpebyeT NPOBEpKU Ha He3aBUCUMOM MaTepuarne. B naHHoM cnyvae
ncxogHasi Bolbopka 13 23 net HabntogeHui 6bina pa3bnta Ha 4Ba BPEMEHHbIX
paga. MNMepBbI paa, No KOTOPOMY CTPOUMUCE MOAENM, BKMtoyan 19 neT, a BTo-
pow — Ansi NPOBEPKN Mofenen Ha HesaBucMMoM MaTepuarne — 4 roga. CpegHe-
KBagpaTudeckas owmbka nporHosa Anst ypaBHeHUs (2.4) okasanacb paBHOM
1,49, a gna (2.5) — Bcero 0,98 u/ra, T.e. owmnbka ymeHbwmnacob Ha 34 %, 4to
CBUAETENLCTBYET O NpenMyLlecTBe MeTofa rpebHeBol perpeccum. Nposepka
morna 6bl gaTb bonee ybegutenbHble pesynbTaTthl, eCnu Obl UCXOAHbIN psjg
6bin pas3feneH Ha paBHOE YWCHO NeT (Hanpumep, ypaBHEHWE CTPOMIIOCh Ha
[AaHHbIX 3a YeTHbIe rofbl, a8 MPOBEPSNOCh Ha AaHHbIX 38 HEYETHbIE roAbl).

MpuBeaeHHbIN NpUMepP AOCTAaTOMHO NoKasaTeneH u ybeguteneH. Vicnonb-
30BaHWe MeTofa rpebHEBOI perpeccum No3BossET B psige Criydaes NoBbICUTL
TOYHOCTb arpoOMeTeopONorMyecknux NPorHo3oB 6e3 0cobbiX AOMNOMHUTENBHbIX
3aTtpat Tpyaa. HeobxoamMmo nuilb BHAMATENBHO OTHECTUCH K NpoLeaype npo-
BEPKM NOMyYEHHON NPOrHOCTUYECKON 3aBUCUMOCTY Ha HeE3aBUCUMOM MaTepu-
ane, KoTopasi AomkHa 6bITb JOCTATOYHO HAAEXHOWA.

MynbTUKONNMHEAPHOCTL MPU  MOEHTUDMKALMN  PErpecCUOHHbIX 3aBu-
CMMOCTEl eCTb He BOMPOC CyLLUEeCTBOBaHWs, a BOMPOC CTENEeHU, No3aTomy ee
aHanm3 1 yctpaHeHne BO3MOXHbIX HEraTMBHbIX MOCNEACTBUA — HEOBXOANMBIN
3Tan NocTPOeHNs MPOrHOCTUYECKUX 3aBUCUMOCTEN.

2.3. MeToq rmaBHbLIX KOMMNOHEHT

MosiBneHne HeobxoaMMbIX NaKETOB CTATUCTUYECKUX MPOrpaMM yCTpaHu-
N0 TPYAHOCTMU, CBSA3aHHbIE C UCMONb30BaHWEM MHOFOMEPHOro CTaTUCTUYec-
KOro aHanmaa, u cgenano ero nerko NpUMeHUMbIM B arpOMETEOPOSOrMYECKNX
nccnegoBaHuax. Ctano BO3MOXHbIM NpY MOCTPOEHUM NPOrHOCTUYECKMX CXEM
YYUTbIBaTb HE ABE-TPU, @ HECKONBbKO AECATKOB UMW AaXKe COTeH rMapomeTeo-
POOrMYECKMX NEPEMEHHbIX.

Pa3paboTka TakMx CXeM — NepcrneKkTMBHOE HanpaBneHWe pasBuUTUSl ar-
POMETEOPOIIONMYECKON NPOrHOCTUKN. Hanbonee 3HaunTENbHLIX pe3ynsTaToB
MOXHO OXMAaTb B 06racTi COBEPLUEHCTBOBAHUS N CO34aHUS HOBbIX METOOOB
NPOrHo3npoBaHus ypoxasi. MHOroMepHble perpecCMoHHbIE CXeMbl A4atoT BO3-
MOXXHOCTb 6onee nonHo 1 anddepeHLMPOBaHHO MO BPEMEHUN YYUTbIBATL BIU-
SIHME KOoMMIeKca rMapoMETEOPOSIOrMYEeCKNX YCIOBUI, a Takke 3HaYMTENbHO
nonHee, 4em 3TO ObINI0 BO3MOXHO paHee, NpuBeKaTb AaHHble 06 arpoTexHu-
Ke 1 Nnoaopoanmn NnouB.
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OpHako peanusaums 3TUX BO3MOXHOCTEWN MPOUCXOAUT MEASIEHHO, MHOro-
MepHble NMPOrHOCTUYECKNE CXEMbl eLLe He HALLMWN LUMPOKOro NPUMEHEHNs Ha
npaktuke. OCHOBHas MpuUYMHA TaKOro MOMOXEHUS 3aKM4YaeTcs B TOM, YTO
Knaccu4eckuii perpecCcroHHbIN aHanu3 BO MHOMUX Criydasix okasblBaeTcs nro-
X0 MPUCMOCOBNEHHBIM AN PeLLEeHUss arpOMETEOPONIOrMyYecknx 3agad. Tak, npu
MOCTPOEHMM CTaTUCTUYECKNX CXEM A1 NPOrHo3a ypoXasi TMMUYHOW SABnseTcs
CMTyaumsl, KOraa Yncno nepemeHHbIX, ONUCbIBaKOLLMX rMapoMeTeoponormyec-
kve ycnosus anddepeHumpoBaHHO Mo OTAENbHbIM OTPe3kaM BereTaLmoHHOro
nepuoga, Nnpubnukaercs K Yicny net HabnogeHun. B aTom cnyvae nonyyeHune
CTaTUCTUYECKN YCTOMYMBBIX 3aBMCUMOCTEN C MOMOLLBI 0BbIYHOMO perpeccu-
OHHOrO aHanusa CTaHOBUTCHA BecbMa npobnematunyHbiM. [MpumeHeHve Ans
hopmmpoBaHusa BbIGOPKM crocoba «rofoCTaHUMI» XOTS U MOXKET HEeCKOmNbKo
YBEMUYNTb HADOPMALIMOHHYIO LIEHHOCTb BbIGOPKM, HO OTHIOAL HE NPOoMnopLmo-
HarnbHO YMCNy CTaHUMI, pagbl HabNaeHUN KOTOPbLIX MPU 3TOM OObEeANHSIIOT.

B pesynbrate npumeHeHust aToro cnocoba nony4vaercsa cBa3Hasa Bblbopka.
HanomHum, 4TO ogHMM U3 NPeAnoNoXEHUN, Ha KOTOPbIX OCHOBaH perpeccu-
OHHBIN aHanma, SIBNSeTCA NPEANONOXeHUe O CTaTUCTUYECKON HE3aBUCUMOCTH
aneMeHToB Bblbopku. BnnsHue cBA3HOCTU BbIGOPKM paBHOCUITBHO YMEHbLLe-
HUO ee o6beMa, KOTOPOe MOXHO OLIeHWUTb, 3aMeHUB # (YMCNO roAoCTaHLMNA)
YMCINOM 3KBUBANIEHTHO-HE3ABUCUMBIX HabnogeHui n, (n, < n). Bonpoc o Tom,
Kak paccuntatb 1, Ans TOW U MHOW CTaTUCTUKW, Mbl 30€Cb HE paccmaTtpuBa-
€M, OTcbInas YmTaTens K cneumansHbiM pabotam (CupoteHko O.[., 1969). 3a-
METUM, YTO #, MOXET OKa3aTbCs HEMHOMMM Gorblue Yucna net HabnwogeHun,
HeCMOTps Ha TO, YTO ANs COCTaBneHUs BbIOOPKM B3ATbI HabnwoaeHns G6onb-
LLIOW rpynmnbl CTaHLMWNA.

Becbma BaxHbIM 06CTOATENBLCTBOM, 3aTPYAHSIOWMM NpUMEHeHe obbly-
HOro PEerpeccMoHHOrO aHanm3aa, SBMseTCa CUIbHas Koppensauusa Mexay nepe-
MEHHbIMU, OMUCLIBAIOLMMU MMAPOMETEOPOSIOrMYECKNE YCIIOBUSA BereTaumnoH-
Horo nepvoga.

ConHe4vHasa pagvauus, Temnepatypa, BnaXHOCTb BO3adyxa, ocadku, Bna-
rosanacbl MoYBbl, B3ATble B BUAE CyMM UMM CpedHMX 3a OTPEe3Kku Beretauu-
OHHOro nepuoga nobon NPOACIKUTENBHOCTU, CBSA3aHbl MeXay cobow, u aTta
Koppensaums nerko o6bscHMMa ¢ PU3NYECKON TOUKN 3pEHMS.

KpomMe «CMHXPOHHOW» KOppensaumumM Mexay pasnuMyHbIMy napametTpamu 3a
OOMH M TOT Xe OTPe30K BPEMEHU He MeHee CYLLECTBEHHO BAWSHWE «aCUHX-
POHHOWY» KOppensaumnm Mexagy napameTpamMu, OTHOCALMMUCS K pasHbiM Bpe-
MEHHbIM WHTepBanaMm, Hanpumep, KOppensauus Mmexay TemnepaTtypon BO3-
ayxa vnu Bnarosanacamu NoyBbl 3a CMeXHble AeKabl, Koppenauua mexagy
Temnepatypon u geduumMTtoM BNAaXHOCTUM 3a CMeXHble Aekadbl U T.4. JTa
Koppensums o6ycnoBnuBaeTcs UHepLUnen MeTeopornormyeckmx npoLeccos, a
TakKe MHepumMen nokasaTenen, XxapakTepusyLLnX COCTOSHUE NOCEBOB U KOp-
HeobuTaemoro crnosi NoYBbl.
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XapakTtepHo, 4To Yem 6onee getansHo Mbl Byaem nbiTaTbCcsd onucaTtb rma-
pomMeTeoporornyeckme ycnosms, Apobs BeretaLoHHbIN nepuog Ha Bce 6onee
Menkue nognepuoapl, TeM curnbHee ByaeT NPosABNSATLCS KOPPENMPOBaHHOCTb
«HE3aBNCUMbIX» NepeMeHHbIX (MPEeaUKTOPOB) COOTBETCTBYIOLMX YpaBHEHUN
perpeccuu.

Uem 6Gonblue NpeauKTOPHbIX MepeMeHHblX, YeM TecHee CBSA3b Mexay
HUMK, TeM Gornee BEPOATHO, YTO COOTBETCTBYHOLLAA CUCTeMa HOPMarbHbIX
YPaBHEHUI OKaXeTCs Noxo obycnoBneHHon. PelueHne cuctem Takoro Tuna
oTnm4yaeTca 60nbLION YyBCTBUTENBHOCTLIO K MarbiM U3MEHEHNSM NUCXOAHbIX
AaHHbiX. Ecnn k aTomy fobaBuTb, YTO 3NeMeHTbl KOPPENSALMOHHON MaTpuULbl
npu HebonbLUOW BbIGOPKE (HECKOMbKO AECSATKOB HabrogeHUn) onpenensitoTes
B CTATUCTUYECKOM CMbICIE OYE€Hb HETOYHO, TO CTAHOBUTCS SICHO, YTO B Takon
CMTyauumn «TOYHOE» peLleHne CUCTeMbl MOXeT BbiTb KpaHe HeyCTOMYMBLIM
N pesKo OTnn4YaTbCs OT NpPeAcTaBneHni 0 HeM, credyoLwmnx 3 uU3nyYeckoro
aHanusa 3agayun. Ytobbl KOHKPETU3MPOBATL 3TO YTBEPXKAEHNE, PACCMOTPUM
npumep, paccmoTpeHHbiit E. Mospriom (Hoerl E, 1962), rne ¥ asnsieTca nu-
HEWHON PYHKLMEN OT NPEANKTOPOB:

¥ =10+ 2x, + 3x,+ 5x,. (2.6)

K TOYHBIM 3HAYEHMAM ¥, BbIYUCNEHHBLIM MO ypaBHeHuo (2.6), npubasne-
Ha HekoTopas cry4YalHasi BennynHa o («owmnbka amMepeHuiny), B pesyrnesrate
Yero nornyyeHa nepemeHHasn y = ¥ + o (tabn. 2.6). BenmuuHel X,,X,,X, CUIbHO
KoppenupytoT Apyr ¢ apyrom (r, , = 0,985; r, ;=0,931; r,,=0,915).

Tabnuuya 2.6
UcxopHble aaHHbIe K npumepy E. MNoapna

x, X, X, b% Owwbka o %

1,1 1,1 1,2 21,5 0,8 22,3
1,4 1,5 1,1 22,8 -0,5 22,3
1,7 1,8 2,0 28,8 0,4 29,2
1,7 1,7 1,8 27,5 -0,5 27,0
1,8 1,9 1,8 28,3 0,2 28,5
1,8 1,8 1,9 28,5 1,9 30,4
1,9 1,8 2,0 29,2 1,9 31,1
2,0 2,1 21 30,8 0,6 31,4
2,3 2,4 2,5 34,3 -1,5 32,8
2,5 2,5 2,4 34,5 -0,5 34,0

Mpeanonoxmm, YTo TOYHbIE 3HAYEHUS! ¥ He W3BECTHbI, U3BECTHbI MULLb
BESIMYMHBI Y, U3MEpPEHHbIE C oLIMBKaMu. MonbiTaemcsl C NOMOLLBIO perpeccus-
OHHOTrO aHanu3a BOCCTaHOBUTL He U3BECTHOE HaM ypaBHeHue (2.6). OBbIkHO-
BEHHbI PErPECCUOHHbIN aHanM3 NPUBOAUT K ypaBHEHUIO

y=12,11+827x -552x,+639 x,. (2.7)
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Conoctaensas ypaBHeHus (2.6) n (2.7), ybexxgaemcs, 4To nNonyyYeHHoe pe-
WeHne (2.7) COBEPLLUEHHO HE MOXOXEe Ha ToyHoe (2.6). YpaBHeHue (2.7) He-
Nb35 UCNONb30BaTh AaXe NS KAYeCTBEHHON OLIEHKN PO KaXKA0W OTAENbHON
He3aBUCUMOW nepeMeHHON. Mpumepbl NOAOOHbLIX HEKOPPEKTHBIX YPaBHEHWI
perpeccuv MOXXHO HaWTN B arpomeTeoporornyecknx paborax.

Takum obpasom, B psige crnyyYyaeB MpUMEHEHWe KnacCUYecKoro perpec-
CMOHHOIO aHanusa Ans UcCrneaoBaHUs BIUSHUSA TMAPOMETEOPONOrMYECKUX
yCrnoBuii Ha hopMuMpoBaHWeE ypoxas W AfS MOCTPOEHWUS COOTBETCTBYHOLLUX
MHOrOMepHbIX MPOrHOCTUYECKMX CXEM HE MOXET AaTb OOMKHOro pesynbraTta.
0.0. CupoteHko (1969) npeanoXeHO NPUMEHSITb B 9TUX CryYasX KOMMOHEHT-
Hbl aHanM3. JTOT MeTo NO3BONSET B KAKON-TO Mepe NpeodoneTb TPYAHOCTH,
BO3HMKalOLLMe Npy NPUMEHEHUN PErpeccUOHHOro aHanm3a B yKkazaHHON 06-
nacti npu 60MbLIOM KOMMYEeCTBE YyYUTbiIBaeMbiX hakTopoB, CUMbHOM Koppe-
NALUN MEXOY HAMK 1 MaroM Yncrne HabnioaeHun.

MeToa pasnoxeHns No COBCTBEHHLIM BeKTopaM, Wnu, Kak obbl4HO ero
Ha3blBalOT, METOA Pa3fNOXeHUs MO eCTeCTBEHHbIM COCTaBMSALIMM, Hallen
LUMpOKoe npumMeHeHune B meteoponorun (Mewepckas A.A. n gp., 1970). C He-
MEHbLLEW NONb30N OH MOXET ObITb NCMONB30BaH U B arpOMETEOPOIONMYECKMX
nccneaoBaHUsx.

OCHOBbI KOMMNOHEHTHOrO aHanu3a

PakTopbl, BAUAIOLLME Ha ypoXan unn nobyto Apyrylo NPpOrHo3upyemyto
BENUYMHY (NPEAUKTaHT), MOXHO NPEeACTaBUTL B BUAE 1n-MEPHOMO CIy4anHoOro
BEKTOpa (BeKTopa-npeaukTopa)

X = (%, X0 X))

Habopbl uncen, xapakTepusyloliue arpoMeTeoporiornyeckme ycrnoBus
TOro UNK nHoro roga, yayT NpeAcTaBnATb COOOM ero KOHKPETHble peanusa-
umu. VicxogHble faHHble 0 nMpeavKTopax yaobHO NpeAcTaBuTh B BUae Matpu-
Lbl NX”(X,-,-) , @ 0 npeaukTaHTe —B BUge N x1(y,) :

Xy Xgp - Xy i

Xap Xpp Xy | | V2

: 2.8)

N1 XNz Xy ) \ VN
rae N — 4nCIo NeT UNu crydaeB HabriogeHNiA; n — Yncno npeavkTopos. Mpep-
NONOXWM, 4YTO BCe NepeMeHHble nNpeaBapuTenbHO LeHTpUpoBaHbl U CTaHAap-
TU30BaHbI, T.6. NPeo6pasoBaHbl CrieayoLmM 06pasom:
xll—)_cl _xlll_)?n :y'_y

X = e X, = Y
Gl 671 G‘_

A X, X,y X, , YV — HabngaemMble BENUYUHbI; X, X,y X, Y — UX CPEOHMNE 3HA-
YeHWA; G, G,,..., G, , O, — CPeAHNE KBAAPaTNYECKNE OTKMOHEHMS.
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Ecnu KoMnoHeHTbl BekTopa X 0603Ha4aloT ogHopoaHble hmanyeckme Be-
NWYMHBI (HaNprYMep CPeaHIo TeMnepaTtypy Bo3ayxa 3a OTAerbHble nepuoapl
Beretauum) U OUCMEPCUMU UX HE OTIMYAlTCH CYyLLECTBEHHO Apyr OT Apyra, K
CTaHOapTU30BaHHbLIM BeNUYMHaM nepexoanTb He obsizatenbHo. B aTom cny-
Yae nornHas npobnema coBCTBEHHbIX 3HAa4YEHWUIA peLlaeTcs Ans KoBapuaumnoH-
HoW (mu) MaTpuvubl, @ He ANs KOppensLuMOHHOM (r/_j_). MMmeHHO B Takon chopme
yalle BCEro M MpUMEHSETCA KOMMOHEHTHbIN aHanu3. OgHako npu peLleHun
arpomMeTeopornorMyecknx 3agay, no-BManMomy, LienecoobpasHo nepexoanTsb K
CTaHOApPTU30BaHHbIM BENUYMHAM, MOCKOMNbKY KOPPEnsUMoHHast matpuua Me-
Hee N3MEeHYMBa, YEM KOBapMaLIMOHHas!, YTO CyLLIECTBEHHO MpWU MarnbiX BbIGOp-
kax. B obLiem cryyae BMeCTO G, G,,..., G, MOXHO MCMOMNb30BaTh Nto6oi Habop

MacluTabHbIX KOSPDULIMEHTOB S, 5, ,..., S, , KOTOPbIE peKomer,yeT(;ﬂ B;|6Mpa;b
TakuM 06pasoM, YTOObl MacLTaGU3MPOBaHHbIE NEpPEMEHHbIe ?iTjT

BHOCUIIM NPUMEPHO OAMHAKOBLIN BKNad B ypaBHeHWe perpeccuun. Ty BO3-
MOXHOCTb crieyeT UMeTb B BUAY, KOrda ecTb CYLUEeCTBEHHble dhusmyeckne
COOBpaXeHWs1 0 PonK TOro UMK MHOTro dhakTopa.

YpaBHEHWE perpeccum B MaTpUYHON hopMe MOXHO 3anucaThb Kak:

p=L"X=0C7'X, (2.9
rae L — BekTop k0adhdULMEHTOB PEFPECCUN B CTaHAAPTU30BaHHOM MacLuTabe;
X — BekTop-npeaukTop; C~! — MaTpuua, obpaTtHas KOppensiLMOHHOM MaTpuLe
npeaukTopos; O — BEKTOP, COCTaBMEHHbIA U3 KOA(DULMEHTOB KOppenaunm

MeXxay NpeaukTaHTOM 1 COCTaBnALWMMN BeKTopa X.
Matpuua C v BekTop Q nmetot Bua;

b }’2/1 yxy
C= , 0= (2.10)

g oFyoe 1 v,

Matpuuy C 1 BekTop Q MOXHO paccyntaTb C MOMOLLLIO NPOrpammbl on-
peneneHns MaTpuubl KO3AMULIMEHTOB KOPPENALMM UMW e BOCMONb30BaTbCA
CTaHOapTHOM NPOrpaMMor YMHOXEHUSA MaTpuL, peannsys:

c=1(x =L 211
_ﬁ(xij) (xij)’ Q_N(xij)(yi)' ( . )

Mycte A, =X, 2 .. A — cobcTBeHHble 3HadyeHve matpuubl C.
U, U,,.., U — cooteeTcTBylolWME OPTOHOPMUPOBAHHbIE COGCTBEHHbIE BEK-
Topbl. MaTpuuy, cocTasneHHyto n3 cobeTBeHHbIx Bektopos U, U,,..., U, , 060-
3Ha4um U, Torga:

U'U=UU"=E,, (2.12)
roe E, — eqvHnyHas matpuua nopsaka n.
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Mepeiinem Tenepb OT UCXOAHOMO Habopa nepemeHHbIX X = (x,, X, ..., X,)

K HOBOMY Habopy nepemeHHbIx A* = (a,, a,,..., a,) NOCPeACTBOM npeobpaso-
BaHUS:

A=UX. (2.13)

lMepemMeHHble a Ha3bIBAOTCS MaBHBIMU KOMMOHEHTAMW MEPEMEHHbIX X.

HAvicnepcuy nepeMeHHbIX a, paBHbI COOTBETCTBYIOWMM COBCTBEHHBIM Y1cnam

maTpuubl C.
82 =X,. (2.14)

HoBble nepeMeHHble 0bragatoT creayoLwmum 3KCTpeMarbHbIM CBOMCTBOM.
[ucnepcus a, ABNSETCA MakCMMaribHO BO3MOXHOWN Aucrepcuen ans nobomn
nepeMeHHoON, NpeacTaBnaoLLEen cOB0N NNHENHYO KOMOUHaLMIO Buaa:

a,= Zuixl. , (2.15)
i=1
npun ycnosmm HOpMNpPOBKU BECOB!
>ul=1. (2.16)
i=1

Oucnepcusa o, ABNAETCA MakcMMarnbHOM cpean Bcex KoMBuHauwi suaa
(2.1), He kOppenunpoBaHHbIX C NepBoK, U T.4. bnarogaps atomy cBoNCTBY rnas-
Hble KOMMOHEHTbI ABMSIOTCA B HEKOTOPOM CMbICAe HaumyyLwmMmn MHERHbIMU
YHKUMAMU ANS ONUCaHUS U3MEHEHU cnyvanHoro Bektopa X OoT peanusa-
Luun K peanusaumv unv, umes B BUAy Hally 3agaqvy, Haunyywnmm nMHeHbIMU
BYHKUMSAMU ANS ONUCaHUSA U3MEHEHWI YCIOBUIN NPON3pacTaHns CenbCKOXO-
3ANCTBEHHbIX KYNbTYp OT roda K rogy.

lMepBble ¢ rNaBHbLIX KOMMOHEHTOB Y4UTbIBAKOT M3 MOMHOM Bapuauum

"

2
nepemMeHHbIX z G, [0n0, paBHY!o:

i=1 q
pe
g, = :,1— (2.17)
S,
i=1

C Bo3pacTaHueMm g &,q pacTeT 1 B criydae CUNbHOM KOpPEerMpoBaHHOCTM
hakTopoB X, X, ,..., x, ObICTPO NpmbnmkaeTcs K egmHuue. OTO NO3BOMSET C A0
CTaTOYHOM ANS NPaKTUKM TOYHOCTbIO NPUHATL g~ 1 4N HEKOTOPOTO g < 1, YTO
[aeT BO3MOXHOCTb BMECTO UCCRNeaoBaHuUsl 7-KOppPennpoBaHHbIX NEPEMEHHbIX
3aHSTbCA MCCNeoBaHMEM B HECKOMNBbKO pa3 MEeHbLUEro YMcna g-HeKoppenupo-
BaHHbIX NePEMEHHbIX.

HaunHasa ¢ pabot H.A. barpoBa (1959) u ap., Tako nogxod Momyyun
LUMPOKOE pacnpoCTpaHeHUe Mpu aHanmuse pasfnyHbIX METEOoPONOrmYecKmx
nonen. Micxoas n3 onbitTa NPUMEHEHUST KOMIMOHEHTHOIO aHanusa Ans pelue-
HUS METEOPONOrMYECcKMX 3afad, MOXHO MpPeanonoXuTb, YTO OH HaWAET Wun-
pokoe NpPUMeEHeHMe B arpOMETEOPOSIOrMN, NMPUYEM HE TONbKO ANS peLleHus
NPOrHOCTUYECKNX 3agau.
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B kavecTBe npumepa MOXHO Ha3BaTb cregylolime 3afjadn Takoro poaa.
O6beKkTMBHasA TMNU3aLus NeT No arpOMETEOPOSIOrMYECKUM YCNOBUSIM MPOU3-
pacTaHusa TOM UMM MHOWM KyMbTYpbl, OTbICKAHWE MeT-aHarnoroB, arpoknumaru-
Yyeckoe panoHupoBaHue 1 T.4. MaTemaTuyeckas CTOpoHa BCex 3TUX 3agad, no
CYLLECTBY, CBOAMTCH K UCCIEeAOBaHUI0 CTPYKTYPbl KOPPEMALMOHHBIX (KoBapu-
aUMOHHbIX) MaTtpuu. [onycTuM, YTO Mbl MMEEM # KONMYECTBEHHBIX XapakTe-
PUCTUK X, (METEOPOIIOMMYECKNX, BUONOrMYECKUX, arpOTEXHNYECKMX), KOTOpbIE
ONUCbIBAKOT Kaxabll M3 N paccMaTpumBaemblix OObEKTOB (OOBLEKTOM MOXET
ObITb CenbCKOXO3ANCTBEHHas KynbTypa Ha AaHHOM none, oTAenbHoe pacTte-
HVe, CTaHuus, panoH 1 T.4.).

WcxoaHyro MHbopmMaumio, Kak v npexae, MoOXXHO NpeacTaBuTb B BUAE MaTpu-
ubl N x n. [lycTb 3agadva coCTOUT B TOM, YTOObI pa3genuTtb (knaccnuumpoBaTh)
3Tn N MHOronapameTpuyecknx o6 bEKTOB Ha HECKOSLKO rpynn B COOTBETCTBUM C
nx ceonctBamu. OCHOBHbIE TPYOHOCTU B peELLEHUN Takux 3afad, Bbi3biBaeMble
MHOFOMEPHOCTbLIO U KOPPENUPOBAHHOCTLIO XapaKTePUCTUK U3yYaeMbIX o6bek-
TOB, MOTYT ObITb NPEOAOSIEHBI C MOMOLLBIO KOMINOHEHTHOMO aHanmaa.

BblumMcnvM KOPPEnsiLMOHHYIO (MMM KOBapUAaLUMOHHYI0) MaTpuuy, peLunm
ONs Hee MOHyo Npobnemy CO6CTBEHHbIX 3HAaYEHWI U NepenaemM OT UCXO4HOro
Habopa xapakTepucTuk x , X, ,..., X, K HOBOMY Habopy a,, a, ..., a,. O4eHb Yac-
TO OKa3blBAETCH (3TO 3aBUCUT OT CTEMEHW KOPPENUPOBAHHOCTU X, X, ..., X, ),
YTO HECKOJSILKO MEPBbIX KOIPMULMEHTOB pasfioxeHus (HanpumMep, a, U a, ) He-
CYT OCHOBHYO YacTb UHGopmaummn o6 obbekTe (ckaxxem, 80—90 %). Koadp-
PULMEHTbI Pa3noXeHnst NPOHYMEepPOBaHbl B nopsiake yobiBaHMsA nx cobCcTBeH-
HbIX Yncen. CnegoBaTenbHO, BMECTO # UCXOAHbIX NEPEeMEeHHbIX Mbl nonyyaem
BO3MOXHOCTb M3y4yaTb OAMH-ABa KoadhduLmMeHTa pasnoxeHuns, paccmaTpmsas
NX KaK ONTMMarbHbIE B ONPeaeneHHOM CMbICIIE KOMMMEKCHbIE XapaKTepuUCTU-
KM n3yvaemblx 06bekToB. CTposi rpadoukm KO3 OULMEHTOB Pa3noXeHUss nnm
KapTupys ux, Mbl MOXeM Tenepb peluatb 3agadvy knaccudukauum npocTbiMm
cnocobamu. HoBble xapaKkTepuUCTUKM O6BLEKTOB, B OTAIMYME OT UCXOAHbIX, 0bna-
OaloT 0O4eHb LIeHHbIM CBOMCTBOM — HEKOPPENMMPOBAHHOCTBIO, YTO 3HAYUTENBHO
YNpOoLaeT nx UCnonb3oBaHue. BepHeMcsa K OCHOBHOM 0bracTv npyMeHeHus
KOMMNOHEHTHOrO aHanm3a — NPOrHOCTUYECKMM 3aBUCUMOCTSAM.

WT1ak, oT ncxogHoro Habopa npeamKTopos X, X, ..., X, Mbl NepeLusn K Ho-
BOMY Habopy a,, a, ..., a, NPEANKTOPOB — KO3IDMULIMEHTOB Pa3NOXKEHNS Cry-
YarHoro BekTopa X no COBCTBEHHbLIM BEKTOPAM €ro KoppensunmoHHON MaTpu-
ubl. OTbepem cpeamn a,, a, ..., a, HECKONbKO KO3 DULMEHTOB (p ), Hanbonee
NMH(OPMATMBHBIX ANS NPOrHO3MPOBAHUSA y, U MOCTPOMM COOTBETCTBYIOLLEE
ypaBHEHWe perpeccuu:

y=ha +ha,+. .+la,. (2.18)

H.A. Barpos (1968) nokasan, 4To Ans nonyyeHus KoaddunumMeHToB ypas-
HeHua (2.18) HeT HeoBXoaNMMOCTN HENOCPEACTBEHHO PacCUYNTbIBaTh 3HAYEHWS
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MEPEMEHHbIX a,, a,,..., a,. KoadduuuneHTsl /,, ,,..., ], MOXHO HanT1 Hemno-
CpencTBeHHO Mo hopmyre:

1.
=—Q0U.
! S 0'U, . (2.19)

CooTBeTcTBYOWNIA [; NApHbIA KOIPULMEHT KOPPENALMN PaBEH:

iy
Ve, _\/k_iQUi.

MHOXeCTBEHHbIN KO3 MUNEHT Koppensaumum Gnarogapsi Hekoppenupo-
BaHHOCTM [MaBHbIX KOMMOHEHTOB onpeaenseTcs 0cobeHHO NPOCTo:

V4
_ ’ 2
Ryai,az ..... a, - 1‘2:11 ryai . (2 . 21 )

Ecnn Bo3BpaTUTLCA K UCXOAHBIM MNEPEMEHHBIM X, X, ,..., X, , YPaBHEHue
(2.18) cnenyet 3anucarb Tak:

N4 e
y :(,-21 X_f oUYy, ] X, (2.22)

BblpaxeHne B ckobkax npepctaBnsieT cobor BekTop ko3dhdULMEHTOB
perpeccuu, T.e.

(2.20)

p
1 * * *
;fQ UuU; =L, (2.23)

KOMMNOHEHTHbIN aHann3 BMECTO OOHOIO «KNacCU4eCcKoro» ypaBHEHUS per-
peccum No3BONSAET HA TOM e MaTepuane HabnogeHUn NOCTPOUTb, MO KpanHen
Mepe, n NPOrHOCTMYECKNX 3aBUCUMOCTeN. [1ecTBUTENbHO, YYnTbIBad NuLlb
0AnH HavnBonee MHMOPMATUBHLIN KOIPMULNEHT Pa3NIOKEHNUS a, , NOMYHUM:

A 1 * * *
y=(k—Q UIU.] X=LX, (2.24)
1
A 1 .« N . -
yuuTbIBas, KpOME g, ewe n a,, ¥V = k_Q uuy, +}L—Q UU, | X=LX.
1 2

W, HakoHew, BBEOA NocneaHUn KO3MUUMEHT PasnoXeHns a , NoMy4nm
ypaBHEHME:
A I o e 1 . 1 . .
y= (}\’—Q UIUI +}\’—Q (]2[]2 +.. +7\,_Q U”U”) X = L”X s (225)
1 2 n
coBnagatoliee ¢ 06bl4HBIM ypaBHeHneM perpeccun (2.9), T.e. L =L npnp=n.
OO6blyHOE ypaBHeHUe perpeccum (2.9) MOXHO paccMaTpuBaTh Kak 4yacT-
HbI cryyar ypaBHeHus (2.22). CrnegoBaTenbHO, CYyTb NPEUMYLLECTB, KOTOpbIe
MOXEeT AaTb KOMMOHEHTHbIN aHanu3, No CpaBHEHUIO C OObIYHLIM MOOXOAOM,
3aKM4aeTca B BO3MOXHOCTM oTOpackiBaTh YacTb KO3 ULMEHTOB pa3noxe-
HMSA BekTopa-npeaukTopa. Bonpoc o Tom, kakme n3 KoaddrLMEHTOB pasnoxe-
HUA a,,a,,..., a OTOPOCUTb, @ Kakne BBECTU B MPOrHOCTUYECKYIO 3aBUCUMOCTD,
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UMeeT nepBoCcTeneHHoe 3HaveHue. HyXHO onpegenutb, Kakme 13 HOBbIX Mne-
PEeMEHHbIX a,, a, ,..., d_HECYT NMPOrHOCTUYECKM LIeHHYI0 UH(hopMaLmio, a Kakne
NnVWb ee «3acopsitoT» U A0MKHbI ObiTb OTOpOLLEHE!. [1peanoXeHo HECKOMNbKO
NPUHUMMNOB 0TOOpa KO3 MPMLNEHTOB Pa3NOXeHNs Ansi MOCTPOEHNsI MPOrHoC-
TUYeckux 3aBucmMmMocTen. MpeacrtaensieTca Hambonee LenecoobpasHon cne-
aywolas npouenypa otbopa:

1. o cdopmyne (2.20) paccuntatb NapHble KOIhDULMEHTBI Koppenaunm
MexXay y 1 KaxabiM 13 KO3 ULNEHTOB pasfioxXeHns a,, a,,..., a, 1 pacnoso-
XWUTb UX B NopsiaKe yObiBaHWA abCOMOTHBIX BEMWYMH |ry,a/_|.

2. Mo dopmyne (2.21) paccuntatb HECKONBbKO MEPBbLIX MHOXECTBEHHbLIX
KO3 DOULIMEHTOB KOPPENsLMN 1y, , Ry 4y, . -
3. Ans ., Ryaa,, . MO Tabnuuam (cm. MNpunoxeHne) onpenennTb COOT-
BETCTBYIOLME UM MUHUMASTbHBIE BENIMYMHBI UCTUHHBIX KOS(MULIMEHTOB KOp-
pensiunm npu 5 %-HoOM YpOBHE 3HAUUMOCTU — 7y, , Ry, .-

4. OnpenennTb KOSMAPULIMEHT PA3NOXKEHNA a,, C BBO[A KOTOPOrO BENN4M-
Hbl 7y, Ry q,, .. NEPECTAIOT BO3pPACTATb, TOTAA ), A,,..., a, v OyayT Temm Ko-
apdurLMEHTaMUN Pa3NOXeHNsI, KOTOpble HEOOXOAMMO YYeCTb Ansi NMOCTPOEHMUS
ONTMMAaInbHOIO YpaBHEHUS PErPECCUM.

HanomMHumMm, 4TO ecnu Mbl NepeLunu K cTaHaapTM3oBaHHON hopme npea-
CTaBfIEHNsI MEPEMEHHbIX X, X,,..., X, W, CNeOoBaTenbHO, pellani MomHyto
nNpo6nemy COGCTBEHHbLIX 3HAYEHUIN OIS KOPPENSLUUOHHOW MaTpuubl (rz./)’ TO
U paccymnTaHHble KoathuLUmMeHTbl perpeccun /,, 1, ,..., [ GyayT B cTaHgapTuso-
BaHHOM MacluTabe. [Ins Bo3BpalleHnst K NepBoHavanbHbiM MacwTabam fo-

G,
CTaTO4YHO KaXXabl U3 HUX YMHOXWUTb Ha COOTBETCTBYKOLL,ee OTHOLLEeHne .
(o)

X,

Mpouenypy otbopa MOXHO ynyywnTb, NpuaaB en MeHee popManbHbIv
XapakTep, eCcrnv U3BECTHbI, XOTS Obl MPUBNKEHHO, COOTHOLLEHUSI MeXay Be-
NVYMHAMK OTAENbHBIX KOIMULMEHTOB PErPeCcCcMU UM 3HAKN HEKOTOPLIX U3
HUIX.

OueHKa BINUAHWA MeTeOpPOSIOTUYECKUX YCIIOBUA Ha YypoXan c
NOMOLLLIO KOMMNOHEHTHOrO aHanus3a

MpUMEHMM KOMMOHEHTHbIN aHanu3 K pacCMOTPEHHOMY Bbille NpUMepy
E. lospna. Ha ocHoBaHWM faHHbIX, NOMeLLEeHHbIX B Tabn. 2.6, paccuMtaem
KoppensaunoHHyto matpuuy C n Bektop Q:

1 0,985 0,931 0,938
C=]0,985 1 0,915|, Q=|0,906 |.
0,931 0,915 1 0,907

OnemeHTbl MaTpuubl C 1 BekTopa O cocTaBneHbl U3 cnegyoLmx koaddu-
LIMEHTOB KOpPensLum: r, , = 0,985; Vo, = 0,931; Vi, = 0,915; Fyx, = 0,938; Hx, = 0,906;
Iy, = 0,907. PeluvB nonHyto npobnemy cobCTBeHHbIX 3Ha4eHnin Anst C, MOmy4nMm:
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0,5832 ~0,3214 ~0,7460
U, =|0,5800|, U,=|-0,4782|, U,=| 0,659 |
0,5688 0,8173 0,0924

Cob6CTBEHHbIE YMCa OKasanucb paBHbIMA A, =2,888;2,=0,098;A,=0,014.
CyMMa coBCTBEHHbIX YiCeEN paBHa TPEM, T.e. CyMMe AMaroHarnbHbIX 3fieMeH-
ToB Matpuubl C.

Onpegenutens matpuupbl C HeBenuk — 2,888-0,098-0,014=0,004. Yncno
00YCMNOBMEHHOCTN MO OTHOLLEHUIO K BblYMCIIUTENbBHOM Npobneme obpalleHus
MaTpuubl (Yncno Togaa) AOBOMBHO BEMNUKO:

P V. _ 2,888

Ay 0,014

XOTS U He NpEeBbILLAET KPUTUYECKOro 3Ha4YeHUss — BenuumHbl 10*. JInHenHas

cucTema, ans kotopon yncno Togada npeBblwaeT BenuynHy 104, kak npasu-

no, He NpurogHa Ana onpeaeneHnst UCKOMbIX HEU3BECTHbIX. B Hawem cniyyae

3Ha4yeHne Yucra obycrioBNeHHOCTM NPUONMKAETCS K €ro KpUTUYECKOMY 3Ha-

YeHuto, cnegoBaTeribHO, OLWNOKM B MCXOAHBIX AaHHbLIX MOTYT B 3HAYMTENbHOWN

CTENEHN UCKa3UTb peLleHne, 4To, COBCTBEHHO, U NpoucxoauT. B aTom nerko
ybeanTbes, cpaBHUB ypaBHeHUst (2.6) n (2.7).

Mo dopmyne (2.20) BblYMCIMM KOIPDULMEHTBI KOPPENALUN MEXAY y U
KO3(PMLMEHTaMMN PasNOXKEHUs a,, a,, a,. OHW oKazanucb creayowymm:

Tya, = 0,956; 1y, =0,185; r, =0,100.

Bbibop Hanbonee mMHOPMATUBHbIX KO3(MMULNEHTOB pasnoXeHus Ans
NMOCTPOEHUS 3aBUCUMOCTM B JaHHOM Clydae He npeacTaBnsieT HMKaKMX 3a-
TPYAHEHWN: OavH U3 KO3 (PULMEHTOB KOppensuMm pes3Ko BblgensdeTcs, no
CpaBHEHUIO C OCTalnbHbIMU,— 7, = 0,956; KOppensuus AByX APYrux C y He
OTNMYaETCA CYLLECTBEHHO OT Hyns. B gaHHOM criydae Hymepauusi No Benu4m-
HaM COOCTBEHHbIX YMCEN coBNarna ¢ Hymepawmen No CTeneHn KoppenupoBaH-

=206,

HOCTM C ). 589
MepBbin KOIMMUUMEHT Pa3NOXKEHNsA a, HeCeT okomno 96 % (’T-IOOJ
BCEW MHOpPMaLnn O HE3AaBUCUMbIX NEPEMEHHbIX.

Ana Toro 4To6bl NONY4MTL ypaBHEHUE perpeccumn, CesAsbiBaKolLee y ¢ a,,
AOCTaTO4HO, COrNAacHo (2.19), yMHOXUTb Q° Ha U, , pesynbTaT pasaeniTb Ha A
I, = 5 2;88 (0,938-0,5832+O,906-0,58+O,907-0,5688): 0,562,

n 3anucatb y = 0,5621 .

CBOGOAHLIN YNEeH 3TOrO ypaBHEHWUs! paBeH Hyro, Nockoneky a, = 0, ay
NpeAcTasneH B CTaHAapTu3oBaHHOM macwrTabe, T.e.y =0, o = 1. [ina nepe-
X0Aa OT NePeMEHHbIX d,, 4, ..., d, KX, X,,..., X, MOACTaBUM B 9TO ypaBHeHue
BbIpaXeHne Ana koadduumneHTa pasnoxenus a, = U X 1 paccuMtaem BeKTop
K03 PMLMEHTOB perpeccun:
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0,5832 0,328
L,=0,562| 0,5800 |=| 0,326 |.
0,5688 0,320

Takum ob6pa3oM, MOXHO 3anucaTb:

»y=10,328x, +0,326x, + 0,320x, .

[MepengeMm OT CTaHOapTU30BaHHOIO K eCTEeCTBEHHOMY macwTtaby npea-
CTaBrieHMs NepeMEHHbIX U NOMy4YMM OKOHYaTerNbHO ypaBHeHNe

¥ =3,276x] +3,207x} +2,865x; +11,6. (2.26)

YpaBHeHue (2.26) 3HaumTenbHO Bnvke K TO4HOMY (2.6), YeM knaccuyec-
Koe ypaBHeHue perpeccum (2.7). B otnuune ot (2.7), ypaBHeHne (2.26) npa-
BUMbHO OTPaXaeT XapaKTep BMAHUSA NEPEMEHHON X .

OtmeTnm, YTO yueT criedyroLiero KoadduumneHTa pasnoxeHus a, Npmeo-
ONT K 3aMeTHOMY YXYALIEHWIO peLleHNns; KO3 drUneHTbl perpeccun npu aTom
cTtaHoBsATcs paBHbiMKn 1,37 0,42 n 7,20 COOTBETCTBEHHO.

PaccmMoTpyM KOHKPETHbIV MpUMep UCMONb30BaHWS KOMMOHEHTHOrO aHa-
nu3a, BO3HUKLWWIA B NpoLecce nccneqoBaHuii no paspaboTtke gpumanko-ctaTmc-
TUYECKOW CXeMbl A5 NPOrHo3a ypoxas 03MMOW nieHnubl B HeyepHosemMHown
30He Poccuiickon ®egepaummn. AHanM3MpoBanock BANsIHME METEOPOrormyec-
KMX YCNOBWI BeCeHHe-NeTHEro nepuMoga Beretaumm Ha ypoxam 03MMon nie-
HUUbBI, NpuUBreKanucb AaHHble Kanyxckoro coptoyvactka 3a 1945-—1964 rr.
(N=21).

MpuHaTa cnegytowasa cxema yyeTa NorofgHbIX ycrnosuii. BeceHHe-neTHUN
nepuopg Beretaumm pasgeneH Ha 11 yactei: nepuon OT BO30OHOBNEHUS Bere-
Tauuu Jo BbixoAa B TpyOKy pa3buT Ha ABe paBHble YacTu, MexdasHble nepuo-
Obl — BbIX0 B TPY6HKy-KOMOLLEHWNE 1 KONoLLEeHe-MOroYHas CnenocTb — pasge-
NeHbl Ha YeTbIpe paBHbIE YacTu KaXabIn U, HakoHeL, 11-9 YyacTb NpeacTaBngeT
cobovi nepmnoa OT MONOYHOW cnenocTy 4o y6opku.

Mopnepuoabl NPOHYMepoBaHbI, Kak NokasaHo B Tabn. 2.7. CpegHsia npo-
normkutenbHocTb X coctaBngaeT: | u Il — no 15, a lll-XI — no 7-8 gHen. B
KakaoM rogy B 3aBMCMMOCTW OT TEMIMOB Pa3BUTKS NPOOOIMKUTENBHOCTL NOA-
nepuoaoB MeHseTCs.

Pa3buBas mexdasHble nepvodbl Ha paBHble 4acTW, Mbl CTPEMUMCS K
TOMY, 4YTOObl KaXabIli Nognepmoa COOTBETCTBOBAS Kakomy-nmbo atany OHTO-
reHeTUYeCcKoro pa3BuTHS pacTeHMn BHE 3aBUCUMOCTU OT NPOAOIDKUTENBHOCTH
COOTBETCTBYHOLLEro MexdasHoro nepmoga B KOHKPETHOM roy.

OrpaHn4mMMcs B Ka4yecTBe Npumepa pacCcMOTpPeHMEM BISAHUSA Ha hopmu-
poBaHuWe ypoxas NnuLlib 0OHOro METEOPONOrMYecKoro napamerpa — geduumTa
BMaKHOCTM Bo3ayxa B 13 vac.

HesaBucrmMble nepemMeHHble (KOMMOHEHTLI BEKTOpa-NpeaukTopa X) B AaH-
HOM crlyvae CyTb CpefHue 3HayeHus geduumTa BNaxHoCTH Bo3gyxa B 13 yac
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3a Kaxgbin 13 11 nognepmoaos. Kak n B paccCMOTPEHHOM BblILLIE NPUMEpPE, pac-
cuntaem npexge Bcero matpuuy C u Bektop Q. AnemeHTbl C npeacTaBnstoT
cobol KoahhULMEHTBI KOppENAaLUN Mexay npeguktopamMm X, 5 Xy ey X, ONIE-
MeHTbl O — KO3((PULIMEHTEI KOPPENsALUU MeXay X, X,,..., X, U ypoxaem. B
Tabn. 2.7 npueeeHbl pesynbratbl pacyetoB — anemeHTbl C n Q (nocnegHas
KOnoHka Tabnuupl).

Tabnunuya 2.7

Marpuua koadhpuLMEHTOB KOPPENALMKU CUCTEMbI MPEAUKTOPOB X 5 X, 5.euy X
U BEKTOp cBsizen npeaAnKTOpPOB C NpeaAUKTaHTaMu ypoXxaem
(Kanyxckum coptoyuactok, [NV = 21)

Bo306-
Bbixoa B KonolueHne-monoyHas o
HOBreHune Bbixoa B TpyOKy-KOnoLleHne Y6opka | Ypoxan
Tpy6Kky cnenoctb
BereTauum
X X X | Xy | Xs | X X | Xg | X | X0 X y
1 0,46 0,23 0,02 -0,05 -0,21 -0,07 -0,28 -0,30 -0,58 -0,04 -0,14

1 0,51 0,217 -0,13 0,02 0,02 -0,30 -0,02 -0,29 0,12 0,17
1 046 0,35 -0,03 -0,04 -0,22 -0,34 0,28 0,16 | -0,39

1 030 0,22 -0,04 0,08 -0,01 -0,07 -0,07 | -0,49

1 047 0,38 0,24 -0,25 -0,18 -0,23 | -0,50

1 062 060 024 025 0,18 | -0,11

1 041 006 007 0,10 | -0,16

1 051 0,23 0,40 0,05

1 037 0,20 0,26

1 026 0,23

1 0,02

Ecnn orpaHnymmcsa Tonbko aHanmaom napHbIX KO3MULMEHTOB Koppe-
nauum (coctasnsaowmnx BekTopa ), KapTMHa BNUSHUSA deduumTta BNaKHOCTM
BO3dyxa Ha hopMMpoBaHME ypoxas NPeacTaBnsAeTcs AOBOMbLHO CHOXHOW U
HeCKomnbKo HeornpegeneHHon. [encTBuTernbHO, KoadduLumeHTbl Koppensaumm
MHOFOKPaTHO MEHSIIOT 3HAK 1 TOMbKO ABa M3 HUX (C NepemMeHHbIMU x, W X, Ans
nepuoaa BbIXog B TPyOKy-KONMOLLIEHNE) CYLLECTBEHHO OTNUYAKOTCA OT Hyns. Ko-
3 PULMEHTBI KOPPENSALUN, Kak N3BECTHO, OTPadKatoT BNSHNE HE TOMbKO y4u-
TblBAEMOro paktopa, HO U BCEX APYInX, KOPPENALUNOHHO CBSA3aHHbIX C HUM. B
HaleMm cryyae Mexay CMEXHbIMU Mo BPEMEHN x, U X,, X, U X,, X, X, N T.A4.
nepemMeHHbIMY 3aMeTHa NONMOXUTENbHAs KOppennauus, BO3HMKaloLWwas ns-3a
WHEPLMNOHHOCTM KpyNHOMacLUTabHbIX METEOPOIOrMYeckmMx NpoLEeccoB.

CobcTBeHHbIE 4yMcna maTpuubl KOIMUUMEHTOB KoppensauuMum npeg-
cTaBrneHbl B Tabn. 2.8, cymma ux paBHa CyMMe OMaroHarbHbIX 371IEMEHTOB
maTpuvubl, T.e. 11.

— 44 —



Paccuntaem no copmyne (2.20) oueHkn ko3apPULNEHTOB KOppensLmm
MeXay ypoxxaem 1 kaxabiM 13 11 rnaBHbIX KOMMOHEHTOB. OTW KOS DULMEHTI
Koppensaumu npeactaeneHsl B Tabn. 2.8 n npoHymepoBaHbl B nopsiake yobiBa-
HUSA UX aBCOMIOTHBIX 3HAYEHWUI UNK, APYrMK crioBaMu, B nopaake yooiBaHus
NX MHPOPMATUBHOCTM KaK NPeanKTopoB ypoxas. Kak Mbl BUOUM, HyMepauusi
no i (No ybbIBaHWIO AMCNEPCUIA MaBHbIX KOMMOHEHTOB) U NO ¢ (MO yBblIBaHWIO
MHOPMaTUBHOCTW OIS NPOrHo3a ypoxasi) He coBnagaeTr. 3TO COBEPLUEHHO
€CTECTBEHHO, MOCKOMbKY HyMepauus No i pacnonaraeT rMaBHble KOMMNOHEHTbI
B rnopsiake ybblBaHWS MHOpPMaLMM, KOTOPYIO OHWM HECyT O camoWl cucTeme
NpeankTopoB, a HyMepauusi No ¢ — B Nopsiake yobiBaHUs MHpopmaumm o npe-
AnkTaHTe. B nocnegHen konoHke 1abn. 2.8 npeacraBneHbl MHOXECTBEHHbIE
KO3 PULIMEHTBI KOPPEnNsALmMm R, , norny4Yaemble npu nocrefosaresisHom BBo-
Ae B ypaBHEeHWe perpeccun Buaa (2.22) nepemMeHHbIX a,, a.,... B nopsake yobi-
BaHWA nx BKnagos (Hymepauus no ) — 0,49; 0,64 n T.4.

Tabnuuya 2.8

KoppensunoHHbIN aHanu3 ctaTUCTUYECKMX cBA3en k03 hnLnMeHTOB pa3noxeHus
aedmunTa BNaXXHoCcTy Bo3ayxa (o3mmas nweHuua)

J A, "y, ! Ry,
1 3,02 -0,12 10 0,49
2 2,26 -0,49 1 0,64
3 1,54 0,23 5 0,69
4 118 0,23 4 0,73
5 0,88 -0,09 1" 0,76
6 0,76 0,26 3 0,80
7 0,44 0,13 9 0,82
8 0,36 -0,15 8 0,83
9 0,27 0,22 6 0,84
10 0,17 -0,18 7 0,85
11 0,13 -0,41 2 0,85

Onpepgenum, wncnonb3yst Tabnuuy (Bsanos E.A., MapueHko A.C.,
1969), noporoBble 3HAYEHUS WCTUHHBIX KOAPULMEHTOB KOppenauumn
Ansiry, =049, Ry 4.0y = 0,69, Ryayay..oas = 0,76, Rya g, ..., ay = 0,82 NPV 38@HHON
BepositHocTh 0,95. OHm okasanuck paBHbimu 0,15, 0,33, 0,34 n 0,24 cooTeeT-
CTBEHHO, MUHUMarnbHas BeNMYMHa UCTUHHOIO KOaddULMEHTa MHOXECTBEH-
HOW KoppensLuumn Npu Nnepexoae oT CXeMbl C NATbI0 K CXeMe C CeMblO NPEeaUKTO-
pamu ymeHbmnacs ot 0,34 go 0,24. OnTMarnbHbIM, CreAoBaTeNbHO, HY>KHO
cyMTaTb YypaBHEHWE perpeccum ¢ y4eToM NATU KO3 ULMEHTOB pPa3fnoXeHns.

WTak, onTumansHoe ypaBHeHWe perpeccuu, onvcbiBaoLlee BnsHue ae-
duruuTa BRNaxKHOCTN BO3dyXa Ha ypoxan O03MMOM MNLeHUUb!, N0 AaHHbIM Ka-
NY>CKOro copToyyacTka, MMeeT Bua;

$=-0,327a, -1,107a, +0,303a, +0,215a, +0,185a;, R=0,76. (2.27)
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BosBpalyasice K MCXOAHbIM NEpPEeMEHHbIM, NonyyYMM KoaduLMeHTbI pe-
rpeccun, NnpuBeAeHHble B Tabn. 2.9.
Tabnunuya 2.9

KoadcbmumeHTbl perpeccum, npeacraBnsiowme BnusiHue aecduumnta BNaxXHOCTH
BO3A4yXa Ha ypoxai 03uMoMn niieHuubl no gaHHbIM Kanyxckoro (nepBas cTpoka
R = 0,76) n XXusapuHckoro (BTopas crpoka R = 0,90) copToyuacTkoB

xl x2 x} x4 xS xG x7 x8 X9 xlO xll

-0,08 | 0,69 |-0,35 |-0,24 |-0,22 | -0,50 | 0,05 | 0,51 |-0,27 | 0,39 | -0,23
-0,30 | 0,66 |-0,88 |-0,39 |-0,52 | -0,03 | 0,38 | -0,04 | -0,57 | -0,09 | 0,65

Kak n npu aHanmse napHbIX KO3uMLUMEHTOB Koppenaumu (tabn. 2.7),
crnegyeT OTMETUTb CIIOXHbIN XapaKkTep BAMSHUA AeduumTa BNaXKHOCTU BO3ay-
Xa Ha hopMUpOBaHue ypoxasi: KoapdULUMEHTbl perpeccun NATb pa3 MEeHST
3HaK. BnuaHue geduunta BNaxHOCTM Bo3dyxa B MEPBYHO NOMOBUHY Mepuo-
Oa — BO30OHOBIEHVEe BereTaumm-Bbixoq B TPYOKy — XxapakTepusyercst npakTu-
Yeckn HyneBbIM kKoadbduumeHTom perpeccun (-0,08). Bropas nonosuHa atoro
nepuoga xapaktepuayetcs JoBosnbHO 6onbwmm (0,69) NoNoXuTenbHbIM KO-
a3 PULMEHTOM perpeccun, 3To Nepuos MHTEHCUBHOMO POCTa, KOTOPbIA OObIY-
HO NPOXOAMWT NP 4OCTATOYHOM YBRaXXHEHUN NaxXOTHOrO Cros NOYBbI, NO3TOMY
3HaK 1 BenNu4YMHa 3Toro KoadduumeHTa ans aToro neproaa BnosnHe o6bACHW-
Mbl. [TaBHasi NpMYMHa CHUXKEHUS ypoXKasi O3UMON MNileHuLbl B HeyepHosem-
HOW 30HE — NepechkixaHne NaxoTHOro CNos NOYBbLI, MOCKOSbKY OCHOBHas Macca
KOpPHEBOW CUCTEMbI COCpPeAOoTOYEeHa B MaxoTHOM croe. B pesynerate atoro
Oaxe KpaTKOBpPEMEHHbIE NMepuoabl C BLICOKOW TEMNEPATYpON BO3AyxXa U He-
6OmMbLUMM KONMYECTBOM OCaKOB MOTYT NMPUBECTU K CHIDKEHUIO ypoxas. STUM
N 06BACHAIOTCA 3HAKN KO3PDULIMEHTOB perpeccun Ans Bcero nepmoaa BbIXoA,
B Tpybky-konoweHue. OTpuuaTenbHoe BAMSHME MOBLILEHHbIX 3HAaYeHU ae-
duuMTa BNAXHOCTM BO3AyXa OOCTUraeT MakCcumyma B MOCIEAHIo YeTBepTb
nepuopaa, T.e. HenocpeacTBeHHO nepep KonowexneM (-0,50).

C npekpalleHMemM MHTEHCMBHOMO pPOCTa Mocre KOMOLIEHUs1 NOTPeOHOCTb
BO Bnare pes3ko nagaeT U Ha MepBbIA NfaH BblABUraloTCA yCroBus hopmu-
poBaHUS U HanvBa 3epHa. VIameHeHne NoTpebHOCTU pacTeHuin Bo Bnare OT-
paxaeT cMeHa 3HaKoB KO3 ULIMEHTOB perpeccumn nocne KonoweHus. Yme-
peHHo-Tennas, cyxas noroga, no-sMAMMOMY, MOMOXUTENBHO CKasbiBaeTcsa Ha
npoueccax, NPONCXOAALLMX BO BPeEMS LIBETEHUS W HernocpeacTBEHHO mnocne
Hero. KoadhdpmumeHTbl perpeccumn ansa atoro nepuoga nonoxutensHol (0,05,
0,51). Bo Bpemsi HanmBa 3epHa TpeboBaHUS K NOrOA4HbIM YCIOBUAM HECKOITbKO
MEHSIIOTCA: NOBbILLIEHHasa TeMnepaTypa, BbICOKME 3HaYeHUs aeduumTa Brax-
HOCTW BO34yXa MOTyT BbI3BaTb «3anany» 3epHa v CHU3UTb ypoXxan.

[ns oueHKn HagexXHOCTWM pes3ynbTaToB aHanu3a crnegyetr CTPeMuTb-
CA MONyYMTb aHanornyHble ypaBHEHVUS AN BO3MOXHO 6onbliero yucna
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COPTOYYacTKOB, pacnofioXXeHHbIX B Npefdenax MHTepecyloLlero Hac permoHa.
COBMECTHbIV aHanm3 HeCKONbKMX YpaBHEHWI NO3BOMUT CAenaTh 3akyeHne
O TOM, HaCKOIbKO TOYHO KaXK4oe M3 HUX OTpaXKaeT xapakTep BrUSIHUS rMapo-
METEOPOSIOrMYECKNX YCNOBUN, U NEPENTU B AalNbHENLLEM K BbISICHEHUIO POMK
aKTopoB, He BKIMOYEHHbIX B JAHHOE MCCregoBaHUe, HanpuMep ponun nod-
BEHHbIX pa3HoCTen 1 T.M.

AHanormyHoe ypaBHeHWe ObINo MonydeHo Ans ApYyroro copToy4acTka,
pacnonoxeHHOro Ha Tepputopum Kanyxckoi obnactu,— >KusgpuHckoro. Vc-
nonb3oBanuceb 19-netHue psaabl HabnogeHun. Kak u B nepBom cryvae, ontu-
MarnbHbIM OKas3asncs BapuaHT C Y4eTOM NATU KO3IPULNEHTOB Pa3noXeHUs.
KoadpdmumeHnTbl perpeccun (B cTaH4apTM3oBaHHOM maclutabe) npu obbl4HOM
dopmMe npeacTaBneHnsi NepeMeHHbIX npveeaeHsl B 1abn. 2.9. MHoXecTBeH-
HbI KO3 ULIMEHT Koppenauun Ansa atoro ypasHeHus — 0,90, MMHUMarnsHoe
3Ha4YeHne UCTUHHOIo KoaddpmumeHTa kKoppenaumm npm 5 %-HoMm ypoBHe 3Ha-
yumocTtn — 0,76. He BoaBasicb B NogpoOBHbI aHanm3, oTMETUM, 4TO Koadhdu-
LUMEHTbI perpeccmm HOBOrO ypaBHEHMS MOATBEPXKAAT B OCHOBHOM BbIBOAbI,
COenaHHble Npu pacCMOTPEHUM NPeabIAYLLEro YPaBHEHUS.

2.4. Po6acTHble Mogenu

CratmucTuyeckme BbIBOAbI OCHOBLIBAKOTCSI HA HabnoaeH1sax, HO He MeHee
BaXXKHYKO OCHOBY [J151 HUX COCTaBnsieT anpuopHas UHgopMauma — UCxogHble
npeanonoxeHunst 06 uccrnegyemon cutyaumm. [laxe B cambiX NPOCTbIX Cryya-
SX AenarTcs sIBHble UMW HEsIBHbIE LONYLIEHUS O CIyYalHOCTU U He3aBUCK-
MOCTW, O BUAE TEX UM UHbIX pacnpeaeneHnin. MHorne obLenpuHaTble NocTy-
natbl B CTaTUCTUKe (Takue, Kak HOpMarnbHOCTb, MMHENHOCTb, HE3aBUCUMOCTb)
Ha NpakTuKe, Kak MpaBuso, He BhINOMHAKTCS TOYHO. B 6GonbLUMHCTBE criyyaeB
ronaraT, YTO Maroe HECOOTBETCTBMNE UCXOAHBIM NOCTyNaTtam NPUBOAMT K He-
3HAYMTENbHBIM MOrPeLIHOCTAM MOCTPOeHHON Mmogenu. OgHako Ha MpoTshke-
HWMW NoCneaHUX AeCATUNETUI pacTeT NOHMMaHNE TOro, YTO HEKOTOPbIE Hanbo-
nee pacnpocTpaHeHHble cTaTucTM4eckme npoueaypbl BECbMa YyBCTBUTENbHbI
K MarbIM OTKITOHEHMSAM OT MCXOAHbLIX JOMNYLLEHWUIA. B cBSI3n ¢ 3TMM nocTaeneHa
3agaya cosfaHust pobacTHbIXx Mogenen. TepMuUH «pobacTHbIN», UK yCTON-
YMBLIN, CTan BeCbMa pacnpOCTPaHEHHbIM B MOCNeaHWe OecATUNETUs, XoTa
€ro Havanu NpUMeHsTb eLle B NATUAECHTbIE rofbl NPOLLNoro Beka. Paccmor-
pyM OBe M3BECTHblEe OLEeHKU pa3bpoca — cpegHee abCoMOTHOE OTKIIOHEHWE
d, v cpeHee kBagpaTuieckoe OTKINOHeHWe o, (rae n — obbem Bbibopkm). Mo
noBoAdy OTHOCUTENbHbIX NPENMYLLECTB OLEHOK d, U G,, NPOTMBOMOMOXHbIX TO-
YeK 3peHuns npugepxunBanucb OoAuMHITOH U duwep (Xbtobep k. M., 1984).
OOAVHITOH cuuTarn, YTo, XOTS 3TO BXOAMT B MPOTUBOPEYME C peKOMeHdaLmnewn
6onblKNHCTBA Yy4eOHMKOB, NMpaBuilbHEE MONb30BAaTbCA OLEHKoW d,. duwep,
HanpoTuB, HacTaMBar Ha NPeuMyLLEeCTBaXxX OLEHKM G, HA OCHOBE TOro, YTO AN
HOpMarnbHO pacnpegeneHHblx HabngeHun BenmunHa o, NnpumepHo Ha 12 %
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bonee adpekTnBHA, YeMm d,. [Npeanonoxum, 4To uMeeTcss Habop N3 «xopo-
LUMX» U «NNOXUX» HabnogeHun. HabniogeHns MmetoT ogHO U TO XKe cpeaHee,
HO owmbKa «nNnoxmx» HabnogeHun B Tpu pasa Gonblue, Yem Yy OCTarbHbIX.
UccneposaHune (Xerobep Ox. 1., 1984) nokasano, 4To ABYX «MIOXMX» Habmto-
OEHWI Ha TbiCAYy [OCTATOMHO, YTObObI CBECTU Ha HeT 12 %-Hoe npeumyLyec-
TBO G,,, N0 cpaBHeHuio ¢ d,. Mpun 5 % HabniogeHun, cogepxalwmnx Gonbline
owmnbkmn, pobacTHas oueHka d, B ABa pa3a 6onee apdekTnBHa, 4Yem 06bI4HO
pekoMeHayeMasn cpefHssa kBagpatudeckas owmnbka o,. 3acopeHune Habnoae-
HUI BonblMMK owMBKaMmn cnocobCTBYET YAMMHEHUIO XBOCTOB pacrnpeaene-
HWUIA, YTO ANCKPEOUTUPYET AUCMNEPCUIO OLIEHKN G,,, HO B 3HAYNTENBbHO MEHbLLIEN
cTeneHu BNusieT Ha d,,.

MprBegem npocTon npumep, MOKasbiBaloLWMN HEYyCTOMYMBOCTb MeToaa
HavMeHbLUMX KBagpaToB K Bblibpocam. M3BecTHO, 4TO cpegHee apudpmeTu-
Yyeckoe X ABnaeTcs 3PPEKTUBHON OLIEHKOWN, MUMEET HauMEHbLLYIO OUCTIEPCULO,
ecnmx,, x,,..., X, pacnpeaeneHsl No HopMarnsHOMy 3aKoHy. MycTe HeoGxoanmo
BbIYMCNNTL cpegHee apudmeTmnyeckoe Bblbopku: 1, 0, -0,5, -1, 0,5, 12. Mo-
cnepHee uyucno sensetcsa Boibpocom. CpegHee apudmeTnyeckoe 6e3 atoro
yucra paBHO HyIO, a C ero yyetom — 2. Ecnv B KayecTBe cpeaHero B3siTb
mMegunaHy, pasHyto 0,25, pesynbsrat 6yoet 6onee peanuctudHbiM. MegunaHa sB-
nsaetca pobacTHOM OLUEHKON LeHTpa pacnpeaenenuns. Bec HabnogeHus npu
NMOCTPOEHUN MeAMaHbl HE 3aBUCUT OT ero 3Ha4deHust u paeeH 1. [oatomy aaxe
bonbLUne OTKNOHEHWS HE TaK Pe3KO U3MEHSIOT 3Ha4YeHUs MeguaHbl, Kak 310
NpoucxXoauT B cryyae cpegHero apudmetudeckoro. Takum o6pa3om, UCnonb-
3yemble B arpOMETEOPOSIONMYECKUX NPUITOXKEHUSIX TaKNEe BaXKHbIE CTAaTUCTUKMU,
Kak OLEHKWN LieHTpa pacnpeaeneHns n gaucnepcun, He obnagatwT yCTONYMBO-
CTblO K BbIGpOCaM, MO3TOMY HapsaAy C KIacCU4eCKNMMM OLeHKaMu Heobxoaumo
paccMaTpuBaTth MX pobacTHble aHanoru, YToobl n3bexaTb OLNBOYHbLIX BbIBO-
[0B.

Tenepb nepengem Kk nNpeacTaBeHUO NPOCTEMLLMX METOAOB pobacTHO-
ro oueHuBaHusa perpeccuun. Jonyctum BO3MOXHOCTb MPUCYTCTBUS B psaady
HabnogeHu y, v, ,..., ¥, BbIGPOCOB, T.e. HabnoaeHU, yAOBNETBOPSAOLMX
NCXOOHOW perpeccum, HO MMerLLmx bonblume aucnepcun, nubo BoobLle He
YAOBNETBOPSAIOLLMX UCXOOHOM Moaenu. BkniovyeHne Takux HabnwogeHun B psa
PaBHOMPAaBHbIX YMEHOB BbIGOPKM V|, V), ,..., ¥, MPMBEAET K 3aMETHOMY CMeLle-
HMIO OLEHOK MapaMeTpoB U yXYALIEHUIO X CBOWCTB. YCTAHOBMNEHO, YTO Aaxe
OOHO, Aaneko nexatlee ot oblien maccbl, HabnogeHNe MOXET MCMNOPTUTb
OLeHKY MeToAOM HauMMeHbLUuX kBagpaTtoB. Cambii NpocTon cnocob nonyye-
HMA poBacTHbIX, T.e. YCTOMYMBLIX OLIEHOK, KOTOPbIN 0606Luaercs Ha criyyan
perpeccuy, 3akniodaeTcs B OTOpacbiBaHUM psaa dKCTpemaribHbIX 3Ha4YeHWN
BbIOOPKM M oLeHMBaHNST KO (PULIMEHTOB perpeccun Ha yceueHHom BbIbopke.
[ons oTceveHns aKkCTpemarnbHbIX 3HaYeHUI He oMmKHa OblTb BbICOKOW. Ecnn
BCE OTOpOLUEHHble HabnaeHus okasanucb Bbibpocamn, To 3EKTUBHOCTb
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YCEYEeHHON OLeHKM OormkHa Bo3pacTu. OgHako, ecnu cpeau OTOPOLLEHHbIX
HabnogeHin ecTb «xopoLumey, TO 3PEKTUBHOCTL HOBOW OLIEHKM CHU3UTCSI.
Mony4yeHne pobacTHbIX OLEHOK METOAOM UCKMOYEHUSI UMEET OAMH HeJoCTa-
TOK: OLIEHKM, MONyYeHHble MeToaoM HammeHblumx ksagpaTtoB (MHK), pesko
pearnpyeT Ha Hanuyne BbIOPOCOB. DTO MOXET NPUBECTM K TOMY, YTO MOAO-
3peBaeMble HabnaeHUs OKaXKyTCa Ha caMoM ene «xopolmmuy. [ns yoos-
NeTBOPUTENBHON «OLIEHKN BbIBPOCOBY» HEobXx0OMMO MOMb30BaTbCS OLEHKOMW,
Mano4vyBCTBUTENbHON K HAM, T.e. pobacTHOW, a ee Kak pa3 n TpebyeTca HanTu.
Takune oUeHKM MOXHO NoMy4nTb, €CNY MUHMMU3NPOBAaTbL HE CyMMY KBagpaToB
OTKMOHEHMIA 2812 , a 6oree oBLLYI0 YHKLMIO:

L,=Z|gl, (2.28)
rae v — napamerp.

Mpu v = 1 MMHUMK3UPYETCST CYyMMa abCOMOTHBIX OTKITOHEHWUI (HEBSI30K)
2lg|. Mpy HaxoxaeHUM napameTpoB Perpeccuu, KoTopble MUHUMU3UPYHOT
CyMMY abCOmMtOTHBIX OTKMOHEHWU, MOXHO BOCMONb30BaTbCA CTaHAAPTHLIMU
nporpaMmMamMu SIMHENHOIO NPOrpamMmmMmupoBaHns. Ons HaxoXaeHus MUHUMyMa
L, ona v > 1 npumeHaoTca obLme metogbl oNTMMU3aUnn: rpagueHTHbIA, Me-
Tog HbloTOHa, MeToq CONpsiKeHHbIX rpaguMeHToB u T.n. MNMpuBeaem npumep uc-
nonb3oBaHWs 4518 aHHOM 3adadyn MeToda BapuvauMOHHO-B3BELLEHHbIX KBad-
patuyeckmx npubnukeHun na pabdotel E.3. JemuaeHko (1981) npu v =2; 1 u
1,5. OTn perpeccun BuIrMsaasaT criegyowmnm obpasom:

¥=0,3947x, +0,2290x, + 3,7460x; — 17,083 + e; v=2;
y=0,399x,+0,171x, +3,750x; - 12,42 +¢; v=1;
¥=0,397x,+0,200x, + 3,748 x, — 14,80 + ¢; v=1,5.

OTmeTum, yto ans v = 1,5 oueHkn 6nmxke k oueHkam MHK (v =2), yem gns
v=1.

CpaBHeHMe OLIEHOK METO4OM CTaTUCTUYECKMX UCTbITAHWUIA NoKasano, YTo
ONa pacnpegenennss ¢ fnerkummu xsoctamu (Tuna HopmarnbHOro) Havbonee
acpdpekTnBHOM ByaeT oueHka MHK (v = 2). [ina pacnpeaeneHuii ¢ TskensiMu
XBOCTaMU ONnTMMaribHasa oLeHKa AOCTUraeTcsa ang 3HavyeHun v, onmsknx Kk 1. B
crnyyae BbIOPOCOB Takke XOpPOLLO 3apekoMeHaoBana oueHka, MUHUMU3NPYLo-
Wwasi cyMmMy abcontoTHbIX oTkrnoHeHu. OueHka L,, cooTBeTcTBYOWAsa v = 1,5
B CIlyyae Hesarpsi3HEHHOro HopMarsibHOro pacnpegeneHus, TepseT nuwb 5 %
apeKkTMBHOCTH, NO cpaBHeHUO ¢ oueHkon MHK, 3aTto ans «3arpsa3HeHHbIX»
pacnpegeneHni Beinrpbiw, no cpaBHeHuto ¢ MHK, goxoant go 50 % (demu-
aeHko E.3., 1981). Takum obpasom, oLeHka L, 5 BNsieTCcs XOpOLUKMM KOMMpO-
MUCCOM Mexay knaccudeckon oueHkon MHK n pobacTHbIMKM OLieHKaMmn U Mo-
XeT ObITb peKOMeH0BaHa 41151 arpOMETE0POSOrMYecknx 3agau.

CneumanbHoe nccregoBaHue No 3TOMY BOMPOCY MNPEACTaBnNeHO B pa-
6ote (YnaHoea E.C., 3abenuH B.H., 1990), roe nokasaHa acpdeKTMBHOCTb
pobacTHon perpeccun ans NoCTPOEHNs MPOrHOCTUYECKUX 3aBMCMMOCTEN ANS
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3epHOBBIX KynbTyp B KazaxctaHe. BMecTo kBagpaTtuieckon pyHKUMM MUHUMK-
3upoBanacb yHKUusa Xblobepa:

W', e |x|<c

p(x)= c’x‘—%cz, eciu |x|Zc.

(2.29)

Naes ncnonb3oBaHus (2.29) 3aknioyaeTcst B TOM, HYTO BKNaa B 06LLY0 Cym-
MYy 3Ha4YeHWUi, KOTOpble MO abCOMTHOWN BEMUYMHE MEHbLUE HEKOTOPOTO NOpo-
roBOro 3HadeHus ¢ (¢ > 0), npegnaraeTcs U3MepaTb B KBagpaTax OTKIOHEHUIA,
a 3HaYeHui, NpeBbILLaloLWnX ¢, — NPONOPLUMOHANbHO UX BENNYNHE.

Mony4eHHble Ha 0OCHOBaHUM MUHUMM3aLUMK PyHKLMK XblobGepa ypaBHEHUS
perpeccuv NpoBepsNUCL Ha He3aBucnMon Belbopke. B Tpex 13 naTu pernoHoB
KasaxcTaHa cpegHsis kBagpatndeckas owmnbka ymeHblumnack Ha 10—19 %, a
B OBYX ocTaBLuxca — Ha 1 n 6 %. 310 nccnegoBaHne nokasano adeKkTuB-
HOCTb MCMNOMNb30BaHWs MeToda pobacTHOWM perpeccuun Anst NPorHO3npoBaHNS
YPOXaMHOCTM B Cryyae OTKIOHEHUS pacnpeferneHvs npeavkraHta oT Hop-
MarnbHOro 3akoHa W Npy HanuynM BelGPOCOB.

Pa3paboTaHHble B nocrnegHne JecaTuneTus Metofbl, ansTepHaTuBHbIE
Knaccuyeckomy MeTofy HauMeHbLUUX KBaapaToB, NO3BONSAOT MOMyYaTb XOPo-
LUMe MpaKTMYeckne pesynbTaTbl NPY HapyLeHUU TeX UM UHbIX TUMOTE3, Ha
KOTOpble onMpaeTcs Knaccuyeckun nogxofd. BosHmkaeT Bonpoc 06 nucnonb3o-
BaHWM METOA0B, KOTOPbIe ObiNu 6bl APHEKTUBHBI NPY HAPYLLEHUW HECKOMbKMX
rMnotes ogHOBPEMEHHO, YTO OblBaeT JOCTATOMHO 4YacTo. Hambonee 3Hauu-
MOW KOMBMHaUMEN Takmx HapylleHWn SBNSeTCS codeTaHne MynbTUKONMnHe-
apHOCTN (CMNBHOW KOPPEnMPOBaHHOCTU HE3aBUCUMbIX NEPeMEeHHbIX — npe-
OVIKTOPOB) U TSXKENbIX XBOCTOB Y MpedukTaHTa (T.e. HapylweHWn rmnoTessbl
0 HopMmanbHocTK). MMoNesHOCTb MCNOMb30BaHNA B 3TUX Crydasx rpebHeBon
n pobacTtHOM perpeccumn Gbina [ocTaTovHO YbeouTenbHO MokasaHa BbILLE.
MoXHO NpeanonoXuTb, YTO COBMECTHOE NpUMeHeHne pobacTHon u rpebHe-
BOW perpeccuu gacT HambonbLlumnin acpdekT. MNprmepbl UCNOMNb30BaHNS Takoro
KOMBUHMPOBaHHOIO NoAXoA4a Ha OCHOBE MWHUMM3aLmn dyHKUMM Xbtobepa u
oAHOBpeMeHHoro nogbopa rpebHeBoro napameTtpa k paccmotpeHel B.H. 3a-
6envHbiM (YnaHosa E.C., 3abenuH B.H., 1990). pebHeBo-pobacTHLIN MeToa
yalle OpyrMx okasblBarcs MyyliMm Mo KpUTEPUIO cpedHen KBaapaTuy4ecKon
OLUMOBKM Ha He3aBUCUMBbIX AaHHbIX. 3HaKM KO3hdULIMEHTOB perpeccum, nony-
YeHHble 3TUM MeToAO0M, CTaHOBUIUCH husndeckn 6onee onpasgaHHbIMU, NpU
MeHbLUeM cTabunusmpytowem rpebHeBom napameTpe, Yem npu YNCTOM METO-
ne rpebHeBOV perpeccum.
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''TABA 3

BA30OBbIE MOJEJINN TEOPVN
[MPOOYKTNBHOCTHN AI'POSKOCHCTEM

CoBpeMeHHble TEXHONOMMN BO34enblBaHNS CENbCKOXO3ANCTBEHHbIX KyIlb-
TYp, HanpaBfeHHbIe Ha NoryYeHne MakCUMarbHOro ypoxas, B CBOEM pa3Bu-
TUKN NPUBNU3NINCH K COCTOSIHUIO HAaCbILLEHWS B HECKOSbKMX acrnekTax:

— 9KOMOrMyecKkom (3arpsisHeHne NpMpPoAHON cpedbl U NofaBrneHne Mexa-
HU3MOB ee camoperynsaumm);

— 3HepreTnYeckoMm (3KCMOHEeHUManbHbI POCT aHTPOMOreHHbIX 3aTpaTt He-
BOCMOSTHNMOW 3HEPIrMM Ha K&Kyt AOMONMHUTENBHYIO eOUHULY NPOAYKLMN);

— NPOAYKUMOHHOM (JanbHelnLlee yBenuyeHne 03 MMHepanbHbIX yaobpe-
HUA 1 NOMMBHBIX HOPM MPUBOAUT K YTHETEHUIO KYyNbTUBUPYEMbIX PacTeHU U
MUWKpPOOPraHM3MOB, CHUXXaeT YCTOMYMBOCTb arpoLEeHO30B K CTpeccam).

MoaTomy BCe BonbLuee 3Ha4eHUe B obecneyYeHnn yCToM4MBOro pocrta npo-
N3BOACTBA NPOAYKTOB NMUTAHWS CEMbCKMM XO3AMCTBOM NpUOBpeTatoT arpome-
Teoponorudeckme akTopbl (MPUX04 CONHEYHOW paanaumm, yCrioBus Tenno- n
Braroobecne4yeHHoOCTH, 3acyxu1, 3aMOPO3KN U Apyrue aKCTpemMasbHble siBre-
HWUS, ONTUMU3NPOBATb KOTOPbIE 33 CHET TEXHOrEHHbIX CPEACTB HEBO3MOXHO
NN 3KOHOMUYECKM HeLlenecoobpasHo). YcunueatTcs no3uumm Tex, KTo nona-
raert, 4TO BECb NPOLEeCC MHTEHCMMKaLMM pacTeHUeBOACTBa CreayeT Hanpae-
NATb B KOHEYHOM CHYETe Ha peanu3auuio KynsTUBUPYEMbIMU PACTEHUSMU UX
rMaBHOW poNu — yTUnusaumu CONMHEYHOW SHEPrMn N APYrnxX HeucyeprnaemblixX
pPecypcoB BHELLUHEN cpedbl C Liernblo YCTOMYMBOrO pocTa ypoxas 6e3 cHuxe-
HMS ero KayecTBa, a TakKe NOBbLILUEHUS COAEePXaHUs OpraHNYeckux BeLecTB
B NoyBe, onpeaensioLwWwmx ee NNogopoane.

B aTom cnyyae ctpaterunsi, HanpasneHHas Ha MNoBblLLIEHNE BanoBoW nep-
BMYHOW NpOAyKLUMK, U CTPaTerns yCTOMYMBOIo PasBUTUS CENbCKOro XO35AUCTBa,
HanpaeneHHas Kak Ha yBenu4eHne YMCTon NpPoOyKTUBHOCTU arpO3KOCUCTEM,
TaK 1 Ha HaKonneHne opraHNYeCcKoro BELLLECTBa B NMOYBE, HE TOMbLKO HE pacxo-
OSTCS, a, HanpoTMB, coBMagatoT. Takum ob6pasom, ANA arpoOMeTEOPONorMn, Kak
1 Ansa opyrux HayYHbIX QUCUMMNMH arpOHOMMYECKOro Npotuns, NnepBoCTeneH-
Hoe byHOaMeHTanbHoe 3Ha4YeHue MMeeT MOAEenuMpoBaHuWe OBYX CBA3aHHbLIX
mexay cobon NpupoaHbIX NPOLECCOB:

— 370 POTOCUHTES U CBSA3AHHbIE C HUM (DU3MONOrMYeckne nNpoLeccol 3e-
NeHbIX pacTeHun, KoTopble oBecneynBaloT YyTUNM3auuilo fy4YnucTon SHepruu
ConHua, nornoLLeHne YrnekMcrnoro rasa u3 atmocdepbl U 9NemMeHToB Mu-
HepanbHOro NUTaHWA M3 NOYBbLI U OCYLLECTBASIOT CUHTE3 OpraHnYecKkux Be-
LLIeCTB — OCHOBY CYLLECTBOBaHMWSA BCEW NUpamMuabl XX13Hu Ha 3emne;
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— 9TO NpoLecchl AeCTPYKUUN OpraHNYecKnX BeLeCTB B NOYBE U Ha ee MNo-
BEPXHOCTU, KOTOPbIE 3aMbIKaloT GuocepHbIV LUK yriepoaa n ocBoboxaaroT
Heobxoaoumble ONs pacTeHMsi MMHeparbHble BELLeCTBa, onpeaenss Tem ca-
MbIM YpOBEHb nrnoaopoans noysbl.

IdnanekTuyeckoe eguMHCTBO ABYX MobanbHbIX MPOTUBOMOXHO HaNpaBreH-
HbIX npoLieccoB — (POTOCUHTE3a U MUHEpanu3auum — NpMBOAUT B OelcTBue
BGronornyecknin KpyroBopoT He TOMbKO yrnepoga, HO M Apyrux OmoreHHbIX
anemeHToB (a3oTta, pocdopa n gp.). Mogenn aTux AByX B3aMMOCBS3aHHbIX
MEeXaHU3MOoB, 0becrnevmBaroLLMX YCTONYNBOCTb arpocdpepbl, 06pa3HO MOXHO
HasBaTb MOAENAMU «3ereHON» U KKOPUYHEBOW» MaLLUUH.

3.1. basoBasa mogenb NPoAYKLMOHHOro npouecca
dyHOameHTanbHoe ypaBHEHVE AMHaMUKN BruomMacchl NoceBa CenbcKoXo-
3ANCTBEHHbIX KYNbLTYP MOXET ObITb NpefcTaBneHo B 04eHb NPOCTOM BUE:
dM
7l =®(M)-R(M); (3.1)
rae M — buomacca pacTeHuin Ha eguHuLe nnowaan nocesa; @ — cymmapHbIn

(hOTOCHHTE3 NoceBa; R — CyMMapHoe AbixaHve Briomacchkl pacTeHui; ¢ — Bpe-
MS1.

Packpoem cTpykTypy dyHKumin O (M) n R (M). Npegnonoxvm, 4To o — Aons
POTOCUHTE3UPYIOLLNX NNCTLEB OT 06LLEen Bruomacchl nocesa, kKoTopas He Me-
HSIeTCA CO BPEMEHeM, U YTO CyXoW BeC eanHULbI MOBEPXHOCTU NINCTLEB Takke
COXpaHSAETCH NOCTOSAHHLIM, YTO MO3BOSSET 3anucaThb:

L=akM, (3.2)

roe L — nucToBow MHAEKE (CM? - cM2); k — koaddprumneHT (cm?-mr-').

Ecnu cocTosiHne cpefbl 06WUTaHWs pacTeHU He W3MEHSIETCS, TO CyM-
MapHbI CyTOYHBIN (HOTOCUHTE3 MOCEBA MOXHO paccMaTpuBaTh Kak (yHKLMIO
€OVHCTBEHHOWN NMepeMeHHOW NNCTOBOrO MHAEKCA W NpPeAcTaBUTb B CrEAyto-

emM Buge:
LIJ‘ n (Dmax bL
=% T (3-3)

max
roe @ .. — MaKkcuManbHbIi OTOCUHTE3 noceBa (Mr-cm?2-cyTkn™); b — napa-
MeTp, XapakTepU3yLLNIA HaKIMOH KPMBOWM (DOTOCMHTE3A (Mr - CM 2 cyTkM ).
ObixaHne 6yaem nonaratb ABYXKOMMOHEHTHbIM, COCTOSILLIMM U3 ObIXaHWs

M
pocta (MponopuUmMoHarnbHOro a;l—t) W OblXxaHus nopaepXkaHus (nponopumo-

HanbHO M):

R=RM+R, ‘il—ﬁf, (3.4)
rae R, — koapuumeHT abixaHna nogaepxanus (Mr-mr-cytkn'); R — 6es-
pasMepHbIN KOAPUUUEHT ObIXaHUSA pocTa.

Mogctaeme (3.3), (3.4) B (3.1), nonyunum crnegyowee anddepeHumarnb-

HO€e ypaBHeHUe OnAa OUHaAMUKU 6romacchkl nocesa:
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dM Dkab R,

dt (1+ Ry )(kabM + @, ) 1+Ry

(3.5)

[ns nHterpupoBaHus (3.5) Heobxoanmo 3agaTb hUToMaccy arpoLeHosa B
HayanbHbI MOMEHT BpemeHu (¢ =0) :

M ],:0: M,. (3.6)
3apava (3.5), (3.6) pelwaetcs aHanuTudeckn. CHayana Hangem Bblpaxe-

HWe Ons MakcumarbHOro 3HayeHus MCKOMoW chyHKummM M(f). Ecnnv nonoxutb

aM_ _ 0, To n3 (3.5) cnegyer:

dt 11
M =® |——|, (3.7)
w = V| 3B

raoe M . — MakcumanbHas dutomacca arpoueHosa, a B = ka.b.

Beenem GespasmepHyto maccy m = n npenctasum (3.5) B 6onee

KOMMakTHON dhopme: max
M m—m’
——=D—— 3.8
dt m+F’ (3.8)
R R
e F=—2 0

, D= :
B-R, 1+R,

MpouHTerpupyem (3.8) ¢ HavanbHbIM YCNOBMEM m\,:():mo “ nony4mm
BblpaxeHune Ansa pyHKUmmn m (t)

1+R, (B 1-m my
—In +ln— |=1t. (3.9)

B-R,| R, 1-m, m

d (dm
Maccy arpoLieHosa B Nep1ojl MakCUMarbHOro pocTa, koraa 7y r| 7 | =

M=M, (JFU+F)-F), (3.10)

rae M — dutomacca arpoueHosa B Nepuog HacTynneHus MakcumarbHbIX Cy-
TOYHbIX NPUPOCTOB.

[Monyynm Takxke OuEHKY MaKkcumaribHO BO3MOXHOMW CKOpPOCTUM pocTta du-
TOMacchl:

Mpogomkum nccnegoBaHne yHKUMK m (f) 1 HA OCHOBaHUK 63.9) Hangem

s
ay o pm(em)

d[ =T, max m* + F (3.1 1)

OueHum BpewmAa 1, , KOrga CKOpOCTb pOCTa arpoueHo3a OAOCTUraeTt Mak-

cnMmyma:
_1+RR B 1-m, 1/F(1+F)—F (3.42)

T = — +1In

n
"™ B=Ry| Ry 1+F-JF(1+F) m
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BaxkHOe [OCTOMHCTBO 3TOW MOAENM — HeGOoMbLIoe YUCMOo MapaMeTpos,
nognexalumx oueHke. 3gech ux wectb: O b, k, a, R, Rg, Y/CNEHHbIE 3Ha-
YeHusa napameTpoB crieayoLme:

max’

D, =37 mr-em?-cytku!, b= 1,9 mr-em?-cytku!, R = 0,25,
R,= 0,015 cytku!, k= 0,22 cm?-mr! , o =0,5.

3ameTuM, 4To napameTpbl b, k n o UICNOMbL3YITCS HE NMOPO3Hb, a B BUAE
npounssegeHns B. CnegosaTtenbHO, X MOXHO paccmaTtpmBaTh Kak oauMH 0606-
LWWEeHHbIM napaMeTp B — KoaddPuUMeHT 3apdeKTUBHOCTN NPOCTPAHCTBEHHON
opraHusauun cdutoMaccbl nocesa. [ns 6asuCHbIX 3HAYEHUI MapameTpoB
B=1,9-0,22-0,5= 0,209 cyTkn'.

Takum obpa3oM, AHaMuKa pocTa noceBa onpenenseTc 3Ha4eHUsIMM ye-

Thipex KnoveBbIX napameTpos: O B, R,, Ry, a Hanbonee BaxHbIMW Nnoka-

. dMm
3aTensamMu, xapakTepusyoLwmnmmn ee AMHamuKy, aenatotea M, ., M”, 5 =
nt

max’

max *

M. nponopumnoHansHa @, , YTO BMOSIHE €CTECTBEHHO, MNOCKONbKY @, .
XapakTepuayeT OOCTYMNHble 3HepreTuyeckne pecypcbl cpeabl. OgHako ycno-
BUWE CyLLEeCTBOBaHMS arpoLieHos3a onpegenseT He Tonbko @ . [ins Toro, yro-
6bl M, ObINO Gonblue Hyns, Heobxogumo, Ytobbl B > R,. CnepnosatensHo,
B = R, — HWXHAA rpaHnLa AnanasoHa BO3MOXHbIX U3MeHeHun B. 3apas R,
MOXHO ONpeaenuTb MMHUMArbHO BO3MOXHble 3HayeHus k n o. Hanpumep,
npu AbixaHuu nogaepxanHus, pasHom 1,5 % B cyTkm (k = 0,22 cm?-mr), mu-
HUManbHasa Ona CyLeCcTBOBaHWS arpoueHo3a Aons Hag3emHow utomaccehl
JorkHa npesbiwaTh 3,6 %:

_ 0,015

Qnin = m

=0,036.

Benununna M, aBnsieTcs acumnToTon dyHKumnm M(t) (M — M, nput— )
N B CUIY 3TOTO HE 3aBUCUT OT R — k03 uULMEHTa AblXaHWsA poCTa, MOCKOIbKY
yBenu4eHne notepb Npu TpaHchopMauun NpoaykToB HOTOCUHTE3A B CTPYK-
TYpHyt0 ouTOMaccy MOXeT ObITb KOMNEHCUPOBAHO GornbLuen ANUTENbHOCTLIO
npouecca. C NpakTUYECKOW TOYKM 3PEHMUS BaXKEH HE CTONbKO TEeOPEeTUYECKM
BO3MOXHbIA MakCUMyM MpU HeOorpaHWYeHHOW MPOAOIKUTENBHOCTU BereTa-
LWK, CKONbKO YpOBEHb PUTOMACCHl, AOCTUrAEMbIN K KOHKPETHOMY MOMEHTY
BpemeHn. OgHMM U3 TakMx NokasaTenewn aenseTca M* — ypoBeHb puTomacchbl
arpoueHo3a, korga AOCTUraloTCa MakCMMarbHble CyTOYHbIE NPUPOCThl. Benu-
YnHa M nponopuunoHansHa © HernnHenHo cesAsaHa ¢ Ry u B U He 3aBUcuT
oT Rp n M,,.

JvHaMnKy CyTOYHbIX NPUPOCTOB XapakTepu3ytT KOOpAUHaTbl TOYKM MakK-
cumyma M. W 1,,.. Bpems HacTynneHns makcmmanbHbIX CyTOYHbBIX NPUpoc-
TOB T,,, — BaXHeNLasa AMHaMnYeckas XxapakTepuctuka arpoLeHosa, kotopas

max ’
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onpegenseT apheKTUBHOCTb MCNOMb30BaHNS KIMMaTUYEeCKUX PECYPCOB, OCO-
6eHHO B Tex panioHax, rae BereTaluMoHHbIV Nepuoa HENPOAOIKUTENEH.
M*’ LJ(/.Z_A? l:TmﬂX

T e 4158 10 pasnnyHbIX coveTaHuin onpeJensrownx napameTpos. [1na scex
BaApWaHTOB HavanbHOE 3Ha4YeHne PUTOMACChl NPUHATO pasHbiM 1 % oT M.,
T.e. m, = 0,01. Pesynsrathl nepsoro «b6asncHOro» BapuaHTa pacyeToB Mo-
MelleHbl B nepBon rpacde 1abn. 3.1. lNepBbiA, BTOPOM U TpeTUA BapuaHThbl
OTNMYalOTCA NMULWb 3HaYeHWeM napamMeTtpa o, BXogslero B coctaB B-koad-
dumumeHTa oToCcMHTETUYECKON 3(PPEKTUBHOCTU MPOCTPAHCTBEHHON oOpra-
Hu3aumm doutomaccsl. [ins nepsBoro BapuaHTa o, (4ons OTOCUHTE3UPYIOLLEN
duTtomaccel) coctasnset 50 %, ansa sroporo — 90 % v gnsa Tpetbero — 10 %.
YBenuuyeHve gonu doTocuHTeanpytowen pmutomaccsl ot 50 o 90 % nosbicu-
10 KOHeYHyH cdutomaccy LeHo3a Ha 0,8 T-ra™’, Ho CyLLeCTBEHHO YMEHbLUUIIO
Bpems, Heobxoanmoe Ans AOCTMKEHWUS MaKCUMarbHbIX CyTOYHbIX MPUPOCTOB
(25 gHer BmecTo 40 anst nepeoro BapuaHTa). CHUxXeHne fonn oTOCUHTE3N-
pytowwmx opraHos oT 50 go 10 % NpMBOAMT K pe3KOMy 3ameaneHuto TeMMnoB
pocta nocesa. MakcumarnbHble NPUPOCTbI AOCTUrAOTCA NPW 3TOM NULb Ha
227-n peHb — 3a NnpegenamMun BereTaunMoHHOro nepuoga B CpegHUX WnpoTax.

MepBbI, YeTBEPTLINA, NATLIA U LUECTOW BapUaHTbl OTNNYaTCH KOSdULN-
€HTOM AbixaHusa nogaepxaxus (1,5, 0,5, 3 n 6 % B cyTku cooTBETCTBEHHO). OT
0,5 00 6 % — 06bIYHbIV Anana3oH U3MEHeHUs1 3Toro koadduumneHTa, Habnto-
AaeMblii B 9KCNepuUMeHTax Ha pasnuyHbIX Kynbtypax. B onbitax ong sumeHs
nony4eHo, 4to R, =0,005 npu 15 °C, Ho BCTpeyatoTcsa 1 6onee HU3KME 3HaYe-
HUS R, ANA KOpHeW 3Tom KynbTypbl. Benuunubl R, nopaaka 0,07 Habnoganuck
Ans Kykypysbl npu 18 °C n gns copro. Yto kacaetcs BepXHWUX rpaHuL, guana-
30Ha, TO 3HayeHus R, nopaaka 0,045 npusoaaTca Ana noaconHeYHuka (npw
25 °C) n kykypy3bl (npn 33 °C ). IHorga B nuTepaTtype coobLuatTcs 1 ropasgo
6onblUne BENMUYMHbI.

B Tabn. 3.1 npmMBeaeHbl paccymTaHHble BENUYUHLI M.

max’

Tabnunuya 3.1

OCHOBHbIe XapaKTepPMCTUKN BpeMEeHHOW AuHaMUKu puTOMaccChl arpoueHo3a npu
Pa3nnyHbIX 3Ha4€HMAX OCHOBHbLIX onpeaenAlWnx napameTpos @, ., R, u B

Mapa- Pasmep- BapuwaHT gnHamuku putomaccsl

mMeTp HOCTb 1 2 3 4 5 6 7 8 9 10
P . |Trarcyr’ | 037|037 | 037|037 | 037|037 | 044 | 044 | 044 | 044
R, cyTkmn-! 0,015/ 0,015 0,015 | 0,005 | 0,030 | 0,060 | 0,015 | 0,030 | 0,060 | 0,015
B cyTkmn-! 0,209 0,376 | 0,042 | 0,209 | 0,209 | 0,209 | 0,209 | 0,209 | 0,209 | 0,376
M, T-ra” 229 (237|159 | 722|106 | 44 | 270|125 | 52 | 279
M T-ra”t 48 | 40 | 59 | 97 | 29 | 15 | 57 | 34 | 1,8 | 46
‘il—Af, . |tra-cyt® | 0,16 | 0,19 | 0,05 | 0,21 | 0,11 | 0,05 | 0,19 | 0,13 | 0,08 | 0,22
T CcyTKM 40 | 25 | 227 | 50 | 38 | 42 | 40 | 38 | 42 | 25

55—



C napeHvem saTpat Ha abixanve M, , M*, M;m MOHOTOHHO pacTyT. 3a-
BMCMMOCTb Mexay R, u 1., HocuT Bonee crnoxHbin xapaktep. C pocTom R,
T,..x CHa4ana ybuisaet ¢ 50 gHen npu R, = 0,005 no 38 gHewt npu R, = 0,030, a
3aTem cHoBa pacTeT, gocturasa 42 gHeii npu R, = 0,060.

[VHaMuka Ce30HHOTo X0a CyTOYHbIX MPMPOCTOB Oonee Unn MeHee TOYHO
OMNMCbIBAETCS ABYMsi CTOPOHaMW TPEYrorbHWKa C OCHOBaHWEM B ¢ HEW U C
BbICOTOW, COOTBETCTBYIOLLEN MaKCMMaribHbIM CYyTO4HbIM npupoctam C, . , KO-
TOpble y 3epHOBLIX KynbTyp npopormkatTcs 5—10 gHen B nepuo LBETEHUS.
Mpu oguHakoBbIX ANnHax nepuoaa seretauumn pasmepsl C, . peluaoLwmm ob-
pa3om onpeaensitoT pa3Mepbl Guonormyeckoro ypoxas. MNoBbileHne ypoxaes
fgocturaetcs ysenudenunem C, . , yBenmyeHmem BpemeHn paboTbl 6uoueHosa
Ha yposHe C, . Wunu yBennyeHnem nepuoga seretauuu.

MakcuMmarnbHble CyTOYHble NMPUPOCTBI B paccMaTpuBaemMon Cepum 4uc-
NEHHbIX 3KCnepuMeHToB He npeBbicunu 0,22 T-ra™'. B nopgaensiowem yucne
cnyyaes 3HadeHus C ., pocturator 150—-200-300 kr-ra-'-cytku-'. B 10 xe
BpPEMS U3BECTHO, YTO B HAUMYYLLKX YCINOBUSAX U Ast Hanbonee NpoayKTUBHbIX
pacTeHui (KyKypysa, caxapHas ceekna) senundnHa C,, coctasnset 400—-500
n gaxe 600 kr-ra’-cytkn-'. 910 CBMOETENLCTBYET HE TOMBKO O MHOTUX Orpa-
HUYEHMsIX, B paMKax KOTOpbIX (DOPMUPYETCH ypoXal B pearbHbIX YCNOBUSAX,
HO 1 0 BONbLUNX BO3MOXHOCTSIX AN NPEOAONEHUsT 3TUX OrpaHUYeHUN.

Takum obpasom, gaxe C NOMOLLBbI OYEHb MPOCTbIX MOAENeN MOXHO [0-
6UTbCA yAOBMNETBOPUTENBHOIO Ka4eCTBEHHOMO, a OTYaCTU U KONMUYECTBEHHOTO

BocnpounsseneHna OCHOBHbIX YepT ANMHaMUKN (*)OpMVIpOBaHI/IFl ypoXas.

3.2. ba3oBas mogenb [ecTPYKUMOHHOro npouecca

Mpouecchl pasnoxeHUs NOYBEHHON OpraHWKX 3amblkatoT B1onornyeckuin
KPYroBOpOT He TONbKO Yyrrepoga, HO U BCeX APYrMX OMOreHHbIX 3reMEeHTOB.
Cuctema noyBa—pacTUTENbHbIA MOKPOB OTHOCUTCS K CIOXHbIM camopery-
NVpYOLWMM cucTeMaM ¢ obpaTHbIMK CBA3AMU. B npupogHbix akocuctemax ¢
XOPOLUO APEHUPOBaHHLIMU NOYBaMM MMEET MECTO NonoXxutenbHasi obpaTHas
CBSI3b MeXy coaep)XaHMeM ryMmyca U npodyKTUBHOCTbLIO pacTeHuin. C pocToM
NPOAYKTMBHOCTU arpoLeHo3a YBENUYMBAETCH KOMMYECTBO MOCTYMaloWwux B
MOYBY pacTUTENbHBIX OCTATKOB, CIyXXaLlUX MCTOYHUKOM 06pasoBaHus rymyca.
OpHako HakonneHue rymyca B no4Bax MMeeT npeaen. AHanMTU4eckn aty 3aBu-
CMMOCTb MOXXHO NPEACTaBUTbL C MOMOLLbIO BbipaxeHus Muxasnvmca—MeHTeH

X
P =B ——, rae P,— npeaenbHas npogyKTMBHOCTb pacTUTENbHOMO NOKPOBA;
o+ X,
o — napameTp; x, — 3anac yrnepoaa B No4se.
Mogenb, peanusytowias aTy obpaTHyto CBs3b, NpeacTaBnsgeT cobon cuc-
TeMy 0ObIKHOBEHHbIX AnddepeHumanbHbix ypaBHeHun Buaa (Pepkosa U.M.,

1991):
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dx
7;=k21x2 —kx+C

dﬁzk fox
dt o+ x,

, (3.13)
(ky + k)%,

rae x, — 3anac yrnepoaa rymyca B nouse; x, — 3anac yrrnepoaa B MepTBOU
¢uTomacce; P, — noTeHumanbHas NpoayKTUBHOCTL (UToLEHO3a (NapameTp,
XapaKTepuayoLmii GUoKNMMaTUYECKMiA NOTEHUMAn TeppuTopumn); o — napa-
MeTp, 3aBUCALLMIA OT CBOMCTB NoYBOOGpa3ytoLLel MOPOabl, YACNEHHO PaBHbIM

P, -
3anacy yrrnepoga, npy KoTopom NPoAYKTUBHOCTE paBHa 70 ; ky — AONSt YMCTON

NepPBUYHON MPOAYKTUBHOCTM, €XKEroAHO BKIOYAIOLWAACS B AECTPYKLMOHHbIN
LMKI; k, — KOHCTaHTa CKOPOCTM MUHEpanu3auumn rymyca; k, — KOHCTaHTa CKo-
POCTV MUHEpanu3aummy pacTUTENbHbIX OCTaTKOB; k,, — KOHCTAHTa CKOPOCTM
rymudmkaLmum pactutenbHbix ocTaTtkos; C — CyMMa CKOpoCTeil abruoTUYeckoro
BHOCa/BbIHOCa OpraHUYecKoro yrnepopaa.

Cuctema (3.13) cBOAUTCA K OAHOMY YpaBHEHWIO BTOPOro Nopsiaka OTHO-

CUTENBHO X,
d*x, Kk, x, dx
— L =21 (k= ks k x + e, 3.14
dt2 o+ x, (1 3T gt 3N 3 ( )
rae k= kyP,; ky = k, + k,; — KOHCTaHTa CKOPOCTU PasnoXeHUs pacTUTENbHbIX
OCTaTKOB.
MosegeHune (3.14) 3aBucuT oT aPPEKTUBHOIO NapameTpa g, KOTopbI of-

HO3Ha4YHO onpeaendaeTcda MexaHM3MoM HakonneHna rymyca n umeet sua:

g=*5 gk (3.15)

B cnyyae 3akpbiTort cuctemsl (T.e. npn C = 0) BO3MOXHbI ABa CTaumMoHap-
21
k1k3

lNepexon M3 OQHOTO COCTOSIHUSA B ApYroe Onpefernsercd napameTpom g.
HeycTolumBoe coctosiHue cuctemsl Npu g = 0 — aTo Touka Gudpypkauum (nar.
bifurcate — pasgBoeHue, passeTBneHve 4ero-nmobo).

B OTKpbITbIX CUCTEMAX, ANS KOTOPbIX CYLLECTBEHHbI abMOTUYECKNE NOTOKN
opraHunyeckoro yrnepoga (C # 0), npu C > 0 cTauMoHapHOe NONOXUTENbLHOE
pelleHue CyLlecTByeT Kak AN MOMNOXUTENbHbIX Tak U Ans oTpuuaTenbHbIX
3HayeHui g, a B criydae C < 0 rymycoHakonfeHne BO3MOXHO TOMbKO Npu Mno-
NOXMTENbHbIX 3HAYEHUSIX g.

MNpy 3TOM CTauMOHapHbINA 3arnac opraHNYeckoro yrnepoga B noyse x, orl-
peaensieTcs crnegyowum BblpaKeHNeM:

HbIX COCTOAHUA: NepBoe — TpuBMaribHoe — x, = 0, BTOpoOE — X; =

1
%, =1 kky, + kye — ok + [(kk21 +hye— otk ) + 4ock1k32cJ/2 (3.16)

2k ks
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ObnacTb yCTONYMBOCTM 3TOMO CTaLUMOHAPHOIO COCTOSIHMSA 3a4aeTca Hepa-
BeHctBamu ans C,,, o, k,, k,, k,,, Hanpumep:

2
(«/kkn — Jokk, )
C < A .
3TO HepaBeHCTBO NPeAcTaBnsAeT He TONbKO TEOPETUYECKUIA, HO U MpaKTu-
Yecku nHTepec. Popmyna (3.17) no3BonseT yCTaHOBUTb KpUTUYECKNE 3HaYe-
HMSI CKOPOCTU 3PO3UOHHbLIX MOTEPbL rymyca.
dPopmyna (3.16) npuMmeHanacb ANS OLEHKU CTauMOHApHbLIX 3anacoB ry-
Myca B NOYBax 30HasbHbIX MPUPOAHbIX 3KOCUCTEM €BPOMENCKON TeppuTopmn
Poccuu (Pbixxosa U.M., 1991), kak, Hanpumep:

(3.17)

3

CraumnoHapHbIi 3anac Yucras nepBuyHas
rymyca, kr-m2.rog”’ NPOAYKTUBHOCTb, K - M?
CpepnHsist Tavira 6,7 0,6
LLnpokonucTeeHHble neca 28,2 1,2
JlyroBas ctenb 67,5 2,0

Mogensb (3.13) — npumep TOro, kKak C MOMOLLbIO NPOCTOM MaTemaTn4ecKkomn
KOHCTPYKLUUWN yOaeTCs onucaTb OCHOBHblEe YepTbl MOBEOEHUS COXHOW Mpu-
pogHon cuctembl. OgHaKko NMPMMEHNMOCTL 3TOWM MoAenun Ansl UCCreaoBaHus
arpo3aKoOCUCTEM OrpPaHUYMBAETCSA TEM, UTO OHa HE YYUTLIBAET B SABHOW dhopme
BaXKHENLWMN B 3emnefenuu ynpaensowmni GakTop — MUHepanbHble ynob-
peHus (opraHudeckue yaobpeHus MoryT GbiTb yuTeHbl B coctaBe (). YTobbl
YyCTpaHUTb 3TOT HedoCcTaTok, HEOBXOAMMO 3aBUCUMOCTb Mexady MPOAyKTUB-
HOCTbIO hMTOLIEHO3a U coaepXkaHnem rymyca B cucrteme (3.13) 3amMeHuTb aHa-
NOrMYHOW (hyHKUMEN OT coaepXaHus AOCTYNHbIX DOPM MUHEpParnbHOro asota
B MoYBe X;, 4YTO NpeacTaenseTca 6onee obocHosaHHbIM. Toraa BmecTo (3.13)
MOXHO, cornacHo (CupoteHko O.[. n ap., 2003), 3anucaTb:

dx
d—t] =kyx, —kyx; —k.x,
, 3.18)
dx Px (
—d; = k()—aN":x} —(k, +ky)) x, + F

rae x, — 3thheKTUBHOE COAEPXKAHME AOCTYMHbIX (POPM MUHEPANbHOO a30Ta B
noyse; F' — NOTOK yrnepoaa, NocTynatoLwuii B MOYBY C OpraHUYeckumu yoobpe-
HUAIMK; k, — KOHCTaHTa CKOPOCTY NOTEPb ryMyca B pesyrnbkraTe 3po3vn NoyBhbl;
oy — NapameTp, YACIIEHHO PaBHbI CoAepXaHuio asoTa B NoYBe, Npu KOTOPOM

P
NPOAYKTUBHOCTb arpoLieHo3a pasHa 70 .

Ons onpegenenus x,; cuctema (3.18) gononHseTtca ypaBHeHnem 6anaHca
OOCTYNHbIX ANS pacTeHUi M1HepanbHbIX hopM a3oTta B NoYBe:
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d Pyx; (1-k,
i: f+V+Y]k]x1 +'Y2k2x2_'\/3L0)_

dt o+ x, ks (319)

roe f — asoT, BHOCMMbI C MUHEparnbHbIMU yaobpeHuamu; ¥V — noctynneHus
MUHeparnbHbIX DOPM a3oTa 3a CYET asoToUKcaLUn MUKpPoOopraHusMamu u c
aTMocdepHbIMM O0cagKamu; kys; — KOIMULMEHT NOTEPDL 3a CYET AeHUTPUGU-
KaLuu 1 BbIMbIBaHWS; v, U v, — AOMSA asoTa B NpoAyKTax MuHepanusauuu ry-
MyCa U CBEXEro OpraHn4eckoro BeLLLecTBa COOTBETCTBEHHO; v, — 0N a3oTa B
6uomacce pacTeHui.

OctanbHble 0603HaveHns npexHue. MNpeacraensaercs Takke, 4To k, v k,
3aBUCAT OT X5 U 3TU 3aBUCHMOCTU UMEIOT BUA;

0()‘3 jx o[xs jp x Y
ki=k'| - | nk=k| = k==,
1 1 N0 2 2 NO 21 21 1)0

rae k| W k) — CKOpPOCTM MWHepanusaumu rymyca npw x; = N, n cBexero
OpraHN4ecKoro BELLECTBA COOTBETCTBEHHO; ky, — CKOPOCTb rymMucuKaLmu;
S, P, [ — KOHCTaHTBHI.

Cuctems (3.18) 1 (3.19) OTHOCATCA K KIACCy «KeCTKUX» cuctem andde-
peHunanbHbIX ypaBHEHWUA, MOCKOMbKY NOCTOSAHHbIE CKOPOCTU B 3TUX ypaBHe-
HMAX CYLLEeCTBEHHO OTNMyaroTca Apyr OT gpyra (npouecchl TpaHcgopmaumm
OpraHM4yecknx BeLLLeCTB B NoYBe 3HaYNTENbLHO 6onee «MeaneHHble», No cpas-
HEHUIO C aHanorM4HbBIMK NpoLueccamMm Ans MUHepanbHOro asoTa).

TpyaHocTw, cBaA3aHHble ¢ ocobeHHocTAMU cucTtem (3.18) u (3.19), npeopo-
nesatoTca criegyrowmm obpasom. Cuctema (3.18) nHTerpmpyercss YMcrneHHo
C LIaroM B OAWH rod, a ypaBHeHue (3.19) B pesynsrate ynpoLleHui npeob-
pasyeTca B TpaHcUueHOeHTHoe 6anaHcoBOe COOTHOLUEHWE, MOMOXUTENbHbLIN
KOpeHb KOTOPOro ecTb ahdheKkTUBHOE coaepaHue asoTa.

Mogenb (3.18), (3.19) 6onee peanucTuyHa ANs PELIEHNs arpoOHOMUYEC-
KMX 3a4ad, NOCKOSbKY B IBHOM BUAE yYMTbIBAET MUHEPAnbHOE NUTaHue pac-
TeHun. OgHako nccrnegoBaHMe 3TON CyLLECTBEHHO HENMHENHOM Modenu npea-
cTaBnsaeTcsi 3HaumTensHoO 6onee TpyaHOW 3agayen.
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''TABA 4

[MPNKJIAOHBIE MOOEJIN NMMPOOYKTHIBHOCTH
AI'POSKOCHNCTEM

4.1. ®usunko-ctaTucTUYeckue mogenu

MaTtemaTtnyeckne mogenu opMrMpoBaHMs ypoxasi AenaTcs Ha Tpu Buaa:
cTaTucTnyeckne, MU3NKO-CTaTUCTUYECKUE N ANHaMUYeCcKme.

Cratuctuyeckme mogenu «noroga—ypoxawm» pacCMOTPEHbl B MEPBbIX
ABYX rnaBax. PUsmKo-cTaTUCTUYECKne CXeMbl OTMYAOTCS OT CTAaTUCTUYECKUX
y4eToM 3HaumTensHo 6onbluero obbema nHopmMaunm 0 xapakrepe BAMSHUSA
METEOPONIOrM4ecknX 1 arpoTeXHNYeCcKMx hakTopoB Ha NPOAYKLUMOHHBIN Mpo-
Lecc pacTteHuin. [leTanbHOCTBIO U TLWATENbHOCTBIO Pa3paboTkM oTnnYaloTcs
dun3nko-cTaTucTudeckme mogenu «noroga—ypoxav» B.[N. OmutpeHko (OMuT-
peHko B.T1, 2010), KoTopble LUMPOKO NPUMEHATCH B YKpauHe Ans arpomeTe-
opornornyeckoro obecnedeHnss Cenbckoro xo3sincTea. [nsa oueHkn pecypcos
YPOXalHOCTM 03MMOW MLUEHWLbI UCMOofb3yeTCs crneayoLas Mogenb:

Y=Y A =@ f() ST W, P)y_yy @) + A, (4.1)
rae Y — ypoxanHOCTb 03MMON nweHuubl (t/ra); Y, — exXerogHbln ctatncTu-
YeCKUN MakCUMyM ypoxamHoOCTU (T/ra); a — u3pexeHHocTb; f(k) — dpyHKuma
kyctuctoctun; S(T, W, P);;_yy — NOKasaTtenb npoayKTUBHOCTU MMapoMeTeopo-
NOrNYecKnx ycnoeuin B nepmog mMmapT—utonb; T — Temnepatypa Bo3gyxa (°C);
W — 3anacbl Bnaru B no4se Ha BeCHY (MM); P — ocafku B BECEHHe-NeTHUIN ne-
pvod (MM); @ (A) — nokasaTtenb YPOBHS YPOXaWHOCTU MpW pas3fnUyHOM COOTHO-
LeHun nnoLaaen yoopku 1 nocesa; A — olinbka pacyeTa 3a CHET HeyUTEHHbIX
dakTopos (1/ra).

W3 rugpomeTeopornornyecknx hakTopos B MOAENM YYNThIBAKOTCS TeMnepa-
Typa BO34yxa, OCafKku B BECeHHe-NeTHU nepuoa 1 3anackl Brarv B rno4se Ha
BecHy. PacyeT nokasarens npoAyKTUBHOCTW OCYLLECTBRSETCS No opmyne:

S(T’ W> P)[[[_”/ = Neec (W)arfec + Z]nl (T)nl (P) a;

A€ Moo (W) — KOAPDULMEHT NPOAYKTUBHOCTU BECEHHMX 3anacoB Brarv B nNoy-
Be; n;(7T) — KoahpMUMEHT NPOAYKTMBHOCTM TeMMNepaTypbl BO3ayxa; n; (P) — Ko-
apdPULMEHT NPOAYKTUBHOCTU OCaAKOB; o; — BECOBbIE MHOXUTENW, OoTpaxa-
Iowue BkMag B (opMMpOBaHWE YPOXaNMHOCTU MOPOMETEOPONOrMYeCKmX
ycnosuii i-ro (i = 1, n) nepuoaa Beretauumn Kynestypbl.

KoathdurumeHT npoayKTMBHOCTN BECEHHMX 3anacoB Bnarv paccynTbiBaeT-

Cd Mo oopmMyne:
copmy (W)_l_ W, 2
Ngec - Wo ’
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rae W — cpakTuueckue 3anacbl NPOAyKTUBHOW Bnaru B noyse; W, — ontumarb-
Hble 3anacbl BNarn B NoYBe Ha BECHY.

KoahdurumeHTbl NpogyKTMBHOCTU TemMnepaTypbl BO3gyxa 1 0ocagKkoB pac-
CYMTLIBAKOTCS, COOTBETCTBEHHO, NO hopMyne

-1, \
_m(@) _ A
=37~
(%)
rae m(T) — pearnbHbI NpupocT npoaykumn npu Ttemneparype (7);, m(7T,) —
MaKCMMasibHO BO3MOXHbBIM NMPUPOCT Npu ontumanbHon Temnepatype (7))
B KOHKPETHLIN NEepuoa Beretaumu; a — HEKOTOPbIA YMCMEHHbIN NapameTp,

n cbopmyre
m(P) P-F ' P-F \*
P) = =1 ]-—0
=) (+P(—P S

min max
rae m(P) — peanbHbIA NPUPOCT NPOAYKUMK, HabnogaeMbln Npyu BbinageHum
ocagkoB (P); M(P,) — makcmMarnbHO BO3MOXHbIA NPUPOCT Npu ONTUMarnbsHON
CymMe ocafkoB (P,) B KOHKPETHbI nepuoa seretaumu; P, P . — cooTseT-
CTBEHHO, BUOMNOIMYECKNIN MUHAMYM U MaKCUMYM OCaJKOB; a,, a, — NapameTpbl.

Mpoussenenne n(7T) n n (P) no3sonaet nonyunTtb kKoaddpuumeHT n (7, P),
KOTOpPbIA UHTEPNPETUPYETCS Kak NoKasaTernb COBMECTHOrO BNUSHUA Temnepa-
Typbl BO3dyXa U 0CagKkoB Ha (DOPMUPOBaHME YPOXKaNHOCTH.

PaccmoTpeHHas mogenb 4OCTaTOMHO YHUBEpCanbHa 1 Obina nonoxeHa B
OCHOBY MOCTPOEHMS CXEM pacyeTa ypoXXaiHOCTM O3UMOM MLUEHULbI, IPOBOrO
SAYMEHS, KyKYPY3bl, 03MMON PXXU1, KapToderns, cCaxapHOW CBEKITbl U MOACOSTHEY-
HYKa.

3a pybexom HanbonbLUelh U3BECTHOCTLIO cpean PU3NKo-CTaTUCTUYECKMX
mMogenen nonb3yetcsa mogens B. banepa (Baier W., 1973). OcHoBHOe ypaBHe-
HVe NpeanoXeHHON UM Mogenu UMeeT Buf;:

Y=V, Vs, 4.2)
=

)

roe Y — 3aBucumasi nepemeHHas, npeacraenstoLllas cobor KOHEYHbIN ypoxan
UK ypoxkan XO3AMCTBEHHO-LIEHHbIX YaCcTeln pacTeHns Ha onpegeneHHyto dasy
pa3BuTUs; t — BriomeTeoponoruyeckoe Bpems, nameHsitoweecs ot t=0 o t=m
(Ha paTy BCxopoB =1, KyweHus =2 n 1.4.); V|, V,, V5, — dyHKUMM OT BbIGpaH-
HbIX MeTeoporornyeckux nepemeHHblx. Kaxgasa dyHKUMA npeacraBnseTcs B
cnegywowen gopme:

V=(ut + u,? +usB +uyt?) + (ust +ugf +u,t +ugt®) x + (ugt +uy o +uy £ +ut)x2, (4.3)
rae u,, U,,..., U, — KOIPMULNEHTbI, KOTOPblE ANA Kaxaoh (yHKLMUN OLEeHU-
BaKOTCA C MOMOLLbBIO YMCMEHHBIX METOAOB ONTUMM3AUMK; x NPeacTaBnsieT B
Vi, V,, V, ooHy n3 cnegylowmux XapakTepucTUK MorodHbIX YCroBWI 3a CyT-
KM: MUHUMarnbHYO, MakCuUManbHyl0 TemnepaTtypy Bo3dyXa, OTHOCUTENbHYH
BMaXXHOCTb NOYBbI, OTHOLLEHME (PaKTU4ECKOro 1 NoTeHUuansHOro ncnapeHni,
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cymmapHyto paguauuio. Camon nHgopmatmBHoOM KombuHaumen Tpex gakTto-
POB 13 NATU NEpPEYNCIIEHHbIX OKa3arnocb COYEeTaHMe: CONHeYHasa paguaums,
MUHMMarnbHas TeMnepaTtypa Bo3gyxa U OTHOLUEHUE (haKTUYECKOro McnapeHuns
K noTeHumanbHomy. MNMapameTpbl MOgenn oueHeHbl HA MaTtepuanax ob ypo-
»KaNHOCTK ApoBon NweHuubl B KaHage.

Mogenb B. Baviepa anga siposoin nweHuuysl o6bacHsaeT okono 80 % auc-
nepcun ypoxas. 9ta Mogesnb — XOpOoLWuiA NpUMep TOro, Kak CPaBHUTENBHO
NPOCTbIMK CpeacTBaMU MOXHO MOCTPOMTL ropas3no Gonee COBEPLUEHHbIN, MO
CPaBHEHMIO C KITACCUYECKOW perpeccuen, annapar 4a uccnegoBaHus cucte-
Mbl «noroga—ypoxan». JencreutenbHo, paccmatpuBaemas Mogernb cogep-
XWUT 12 napameTpoB MO Kaxaon nepemMeHHON 1 NO3BONSET AaBaTb KOMMMEKC-
HYIO KONMYECTBEHHYIO OLIEHKY YCOBWUA (DOPMMPOBAHUS ypoxas 3a Kaxabln
OeHb. PerpeccnoHHas mogernb, yuuTbiBalowasi ToT e o6bem uHdopmauum,
Aaxe npu NMHENHON hopMe OOoMMKHA COAepXKaTb HECKONbKO COTEH MapameT-
poB, NoAnexXalunx oLeHKe, YTo HepeanbHO. Bbicokas cTeneHb cxxaTus UCXoa-
HOW MHbopMauuKn gocTuraeTcs 3gecb Gnarogapsi NpyMBAeYEHUIO anpuopHOM
nHdpopMauumn 06 nlyyaemom cucteme.

CkasaHHOe He 03Ha4aeT, YTO pacCMOTPEHHas CXxeMa He MOXET ObITb ynyy-
LWeHa. XapaKkTep peakuun pacTeHust Ha TekyLlme yCroBusi cpeabl onpeaens-
€TCs1 ero NpeabiCTopuet — YCroBUsIMU pocTa OT NpopacTaHUs CEMSIH 10 TeKy-
Lero MmomeHTa. PacteHne MHTerpupyeT BO3gencTBMsa npolleallero nepmnoga
BereTauum, cosgasasi Ty Uy MHy NoLwiagb acCMMUNALMOHHOMO annapara,
pasBuBas pasnM4yHyo MO MOLLHOCTM KOPHEBYIO cuctemy. Npolunblie ycnosus
¢ OopMUPYIOT arpoLieHO3 U TEM CaMbIM ONPEeAENsItoT B KaKOW-TO Mepe xapakTep
ero peakuumn Ha Tekywme n 6yagywime ycrnosus cpegbl. Cxema B. barviepa He
YUMTbIBAET 3TON OCOBEHHOCTM MOAENMPYEMON CUCTEMbI, YTO LOCTUraeTcs B
pamKkax AMHaMUYeCKNX Modenen K paCCMOTPEHUIO KOTOPbIX Mbl MEPEXoaNM.

4.2. DuHamunyeckue mogenu

[MmaBHOM naeen, KOTOPYO AMHAMUYECKUe MOL4ENN NPUBHECHN B arpoMeTe-
OpOsoruto, ABMAETCA OCO3HAHUE dhaKTa, YTo npoLecc opMUPOBaAHNA YpoXKas
ocyLecTBNsAeTcA BO BpeMeHU. duandeckne haktopbl, MTMMUTUPYIOLLME 3TOT
npoLecc, Takke U3MEHAIOTCS BO BPEMEHW, B3aMMOLENCTBYIOT Mexay coboi n
CMeHSI0T Apyr Apyra. AdekBaTHbIM MaTtemMaTtu4yeckMM annapartom Ans onuca-
HWSI NpoLecca hopMMpOBaHMA ypoxas npeacraBngeTcsd cuctema anddepeH-
LmanbHbIX YpaBHEHWUI, BKOYaAKOLLANA:

— ypaBHEeHWs1 pocTa pacTeHuw;

— ypaBHEeHWs1 3HepromaccoobmeHa cpefbl 0bUTaHUSA pacTeHUN.

MwpoBOIA ONbIT MOKa3bIBAET, YTO UMUTALUOHHbIE ANHAMUYECKNE MOAENN
He3aMeHUMbI MPU PeELLEHNN CNeayoLWmMX 3a4aq:

— OLEHOK TEKYLLIero COCTOAHUS NOCEBa;

— MporHosupoBaHus Byayuiero xoga seretauuu;
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— NPUHATUA OnepaTUBHBLIX PELUeHUn Mo ynpaBreHuo MPOAYKLUOHHBIM
npoLeccomM.

Bonpocam pa3paboTkum U UCnonb3oBaHWUA OUHAMUYECKUX MoZenew no-
cBsLeHo psg MoHorpaduin (Cupoterko O 1., 1981; ManavuH E.IM., 1981; To-
omuHr X.I%., 1984; ®paHc k., TopHnu Ox., 1987; Monyaktos PA., 1991 n gp.).
B 3aBucMMocTu OT getanusaumm MogenupyemMbix npoLeccoB AUHaMu4eckne
MOAENN CyLLEeCTBEHHO pa3nunyatoTcs no CTeneHu CroXHOCTU. B HacTosuwee
Bpems B Poccun B 3TOM MnaHe nuamvpyet AnHamudeckas Mogenb NpoayKum-
OHHOrO MpoLiecca CeNbCKOXO3ANCTBEHHBIX KYNbTYP — UMUTALUMOHHAs cuctema
AGROTOOL, paspabotaHHasa PA. lNonyakToBbIM 1 ero ydyeHukamu (Monyak-
ToB PA. n gp., 2006).

3pecb B KayecTBe npumepa npeacrtaBuM CpaBHUTENbHO MPOCTY0 AWHa-
MUYecKyto Mofenb (hOpPMUPOBaHUS ypoXKas MeHULbl B YCNOBUSX 3acyLunu-
BOrO KNMmMaTta, KOTOpPYI0 MOXHO Ha3BaTb ajanTauvoHHON.

OcHoBY Mofenu CocTaBnseT CMCTEMA YpaBHEHUI, NO3BONSAOLLAS paccyn-
TbiBaTb AMHaMUKy BGuomMacchl noceBa OT BCXOAOB pPaCTEHWUA OO CO3peEBaHMS
ypoxas. NoceB paccmaTpmBaeTcs Kak pyHKUMOHanbHO AnddepeHLmpoBaH-
Has cucTtema, B KOTOPOW BblAEmNeHbl TPU CTPYKTYPHbIE eanHuUubl: ctebnu (S),
KOpPHU (r) N penpogyKTuBHbIe opraHbl (z). MpUHATO, YTO CyTOYHbLIA MPUPOCT
CYXOIN Maccbl cTebrnen, KopHen U penpoayKTUBHLIX OPraHOB paBeH PasHOCTU
MeXay MoCTynfieHneM NpoAyKTOB (DOTOCUHTE3a B AAHHLIA OpraH W 3atpara-
MW, KOTOPbIE CKMNafblBalOTCS 13 PACXOA0B Ha AblXaHWEe U OTTOK MIacTUYeCKMX
BELLECTB B PENpOAYKTUBHbIE OpraHbl Kak «CKMNag rotoBon npogykuuuy. [ns
onuncaHua abixaHua (R) ncnonb3yeTcsa ABYXKOMMNOHEHTHAs cxema:

dm
Rar~
rae Ry v Rp — koathduLMeHTbl AblXaHWs nogaepxaHus R, 1 AblxaHusa pocta Ry,
m — bruomacca, ¢ r — TeMmnepaTypHbI KOIPDULNEHT.

B cooTBeTCTBMM C TEeopMen NPoayKLMOHHOMO NpoLecca ypaBHEHNE pocTa
MOXXHO NpPeaAcTaBvTb B BUAE CrneayroLien CUCTEMbI PA3HOCTHBIX YPaBHEHWIA:

Ms] :M;_l +K, (OL;(Dj _RéM;_l _qszMS/_l)’

R=Ryo;m+R

M =0 K @~ R g ), 4

j J-l Jod i gi-l - j
M,;=M, +K,(0,® -RM, +q M, +q,M),

Z S
roe K = At/(1 + Ry), oo;,af 7 oc‘f — pocToBble YHKLMK (océ +a‘: +oc’£ =1);
@/ — cymmapHbIn poTOCHHTE3 MoceBa 3a CYTKW; Rp U R, — KO3 MULIMEHTI
ObIXaHus; gs. U ¢,z — KO3 DULMNEHTBI, onpegensiome noTokU NnacTuyecknx
BEeLLeCTB U3 BereTaTyBHbIX OPraHoB B penpoayKTUBHbIE; Af — LLAr N0 BPEMEHMW.
CymMapHbIi oTocKMHTE3 nocesa B (4.4) pacc4uTLIBaETCS Mo dopmyne:

o —par| L L Tatn ,
D fT/ ocfQZ C,+Ke

4.5)
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rae @, — MaKCMMaribHO BO3MOXHbI CyMMapHbIi (poTocnHTes; FAI/ — choTo-
CMHTe3upyoLas nnowaab hutTomaccsl; Qz — CyMMapHasi CpeaHsisi paguaums
B nocese; C, — KoHuUeHTpauua CO, B aTMocdepe; fTJ — TemnepaTypHbIf KO-
apPULMEHT POTOCKHTESS; r,j — CyMMapHoe YyCTbU4HOE COMpOTUBIEHUE ar-
poLeHo3a, o, 7, ; K- — KOHCTaHTbI.

[nsa pacyeta FAI’/ ncnonbayetca criefytollas 3aBUCUMOCTb:

J
LmaxbLL
L. +bL

ma:

FAI' = (4.6)
roe L/ — nUcToBoN MHAOEKC; L. M by — KO3DDULMEHTBI.

MpuxogsLLasa Ha BEPXHIOW rpaHuLly nocesa cymmapHasa pagvaums onpe-
aensietca no popmyne Cuskosa:

0/ =12,66(s")" +315(inn’ )", @4.7)

roe S/ — YMcno YacoB COMHEYHOro cUaHUS; 4/ — nonyaeHHast Beicota ConHua,
KoTopas onpefensieTcs No M3BeCTHbIM aCTPOHOMMYECKUM (DOpPMYriaM.

~ CpeaHsas MHTEHCUBHOCTb MOMMOLLEHHOW B MOCEBE COMHEYHON paauaumnm
Q; 3aBucurt o FAI: o _
0] =0}, /(1+0,33FAI").

[ns pacyeTa gMHaMuKM 3anacoB NPOAYKTUBHOW BrarM NaxoTHOro U MeT-
poBoro crioes noysbl 10-CroHas YMCNEHHas cxema pacyeTa BrnaXxHOCTH Nou-
Bbl (CupoteHko O.[., 1981) napameTpmsoBaHa B BuAe Creayowmux ypaBHe-
HWUI perpeccuu:

w! =w," +A(0,067d” +0,758P7 ~0,00355”d” ~0,00864 W, ~0,216), (4.8
W =w] "+ A1(0,048d " +0,7758P7 —0,003257d” —0,0027d" W] ~0,2944), (4.9)

rae W,, W, — Bnarosanacbl NaxoTHOrO U METPOBOIO CIIOEB MOYBbI COOTBET-
CTBEHHO; d/ — [edLmMT BNaXHOCTK Bo3ayxa; P/ — cyMMa 0caakoB; S/ — uncno
YacoB COSTHEYHOIO CUSHUSI; Af — LLAr No BPeMEHW, PaBHbIA CyTKaMm.
Ha ocHosaHun J7,, W, C y4eTOM AMHaMMKM BepTUKambHOTO pacnpeaerne-
HUS KOpHeit onpeaenseTca adeKTUBHAs BIaXHOCTL KopHeobuTaeMoro cros
J.
Wy W oW W -y (l-r’
cERW W, W) (=) 4.10)
J . .
KoadpchuumeHT M, , onpeaensioLLmii 4OMo KOPHEN B NaXOTHOM CIOE MoY-
Bbl, CBSI3@H C MaCCOM KOPHEBOW CUCTEMbI CHEAYIOLLYM COOTHOLLIEHUEM:

20p,

! =l1-exp| -, |
M

roe Mf — Tekyllasi Macca KOPHEBOW CUCTEMBI; ¢, U p, — KOHCTaHThI.
Ha puc. 4.1 npeacTtaeneHa paccyntaHHasi no (4.8) n (4.9) anHamuka 3ana-
COB NPOAYKTMBHOW Bnarn W, , W, n ij B KOHTPaCTHbIE MO YPOXXaNHOCTY rofbl
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Puc. 4.1. JuHamuka 3anacoB npoayKTuBHoOW Bnaru B naxotHom W1 n metpo-
BoM W2 cnosx nousbl, Wf — adhpekTnBHbIE 3anackl MOYBEHHOW Bnaru, pac-
CYMTaHHbIE C YYETOM pacnpegeneHus kopHen, P — cymma ocagkoB (noceBbl

1992r., y=28,5u/ra

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61
CyTKM OT BCXOA0B

aposou nwenuupbl, HLIM M. A.N. BapaeBa, KazaxcTtaH)

(1992 1 1998), korga GbINM NONy4YeHbl, COOTBETCTBEHHO, CaMbIil BbICOKMIA 1
cambIn HU3KMIA Ypoxkan SpoBon nwieHuubl 3a nepuog ¢ 1986 no 2009 roa.
ObdhekTnBHAA BNaXHOCTb KOPHEOOUTAEMOrO CMOS NOYBbLI ¥ fJ onpegens-
€T YCTbMYHOE CONpPOTMBEHME, KOTOPOE B CBOKD OYepedb KOHTPONMpYeT CKO-
pocTb hoTocuHTEe3a nocesa. CBsA3b MeXay COCTOSAHUEM YBNAXHEHUS NOYBbI U
TEKyLWMM CyMMapHbIM (POTOCUHTE30M OMNpeaenseTcs BENMYMHON YCTbUYHOMO

COMPOTMUBIIEHUS F;:
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, w’

,- =, W=V, exp|-T,76 L | (411)
Yo =¥ 0, Wi

3pech ‘I’é — BOAHbIV NoTeHuuan nousbl; Wy — nonesas BNaroeMKocTb Noy-
Bbl; 7,,;, — MVMH/MAarbHOE yCTbUYHOE conpotusnexune; ¥, .. — MakcuMarnbHbli
BOAHbIN noTeHuman; Cg W gs — KOHCTaHTbl YCTBUYHOMW perynsuuu.

Ocrarocs 3afaTb POCTOBblE (DYHKUMM oy, O) W o), , KOTOpble onpene-
NSAT JOMK0 NPOAYKTOB (DOTOCUHTE3a, HanpaBnsieMblX B CTEONW, KOPHU UMK
penpoayKTUBHbIE OpraHbl pacTeHui. AnnapaTt pocTOBbIX (DYHKUWUA — CaMbli
paHHWIA, Camblii NPOCTOW U CaMblii yNOTPEOUTENBHBIN METOA MaTeMaTUYeCcKo-
ro onucaHus pacnpegeneHms nepBUYHbIX aCCUMMUMSTOB (NPOAYKTOB hOTOCKH-
Tes3a) Mexay opraHaMu pacTteHui. M3 obLmx coobpaxkeHuin cregyeT, 4To Ans
NNCTBLEB U KOPHEN 3Ha4YeHne POCTOBON (DYHKLMW AOMKHO YMEHbLUATbCs Mo
Mepe CTapeHus pacTeHus, a Ans reHepaTnBHbIX OpraHoB, HaNpUMep Koroca,
Hao6opoT, pocToBas PYHKUMS TOXOECTBEHHO paBHa Hymo 40 MOMEHTa KOno-
LLUEeHWS 1 3aTeM pes3Kko Bo3pacTaeT Npw ero nepexofe B reHepaTUBHYO CTaauto
pa3suTUs. B Mogensx nepBoro nokoreHns pocToBble PyHKUUWM 3agaBanucb
Kak 0fiHO3Ha4Hble aHanuTu4eckne yHKUMM BUONOrMYecKoro BpeMeHu, name-
psiemMoro cymmamu apeKTUBHbIX TeMnepaTyp Bo3ayxa. FCHO, YTO KeCTKO 3a-
AaHHOe pacnpegeneHne acCMMUNATOB He NO3BONSAET yY4ecTb afanTaumoHHble
MEeXaHU3Mbl pacTeHUSA U OTPa3nTb BMSHWE BHELUHMX YCMOBUIA Ha NpoLecchl
opraHoreHe3a pacTeHuin. K HacTosileMy BpeMeHU MpeanoxeHo MHOXECTBO
afjanTauMoHHbIX MOAErNen, B pamKax KOTOPbIX POCTOBble hyHKUMW onpeae-
NATCA B pe3ynbraTe pelleHus TOM UK MHOW 3adadv ONTUMarbHOro ynpas-
nenusa (MonyaktoB PA. u gp., 2006; Tonax A.l., 2009). PaccmatpuBaemas
MOZeEnb B NOMHOW Mepe OTHOCUTCH K adanTauuoHHbIM MOAENSAM.

YunTbiBasi, 4TO B YCNOBUSAX apWAHOrO Knumarta agantauust K yCroBUSM
yBNaXHEHNS SIBNSETCS BeayLMM (DakTOpoM, ONpeaensiowumMm COOTHOLLEHME
NoA3eMHON 1 Hag3eMHOW Macchbl pacTeHWn, NnpeanaraeTcs crnegyowas poc-
ToBas PYHKUMS ANS KOPHEBOW CUCTEMBI:

min ~ max

st

ro¥o +CYL 0]+ g

PN i \%w
J ) J
A, =0, 1- 7 1= Wi , €CInun W/ > Wmax’

F max

4.12)

TO W] =W,
rae o, ., — MakcMmanbHoe 3HaveHue a{; Vi, Vi — cyMMbl 3EKTUBHBIX
TemnepaTtyp BO3[dyxa Ha j-e€ CyTKM WU Ha KOHeL, Beretaumy COOTBETCTBEHHO;
W ax — MAKCUMasIbHO BO3MOXHbIE 3(h(PeKTUBHLIE Briarosanachl No4Bbl; o, U
oLy — KOHCTaHTbI. [p1 MOCTOSIHHLIX Briarosanacax o SIBMSIETCS MOHOTOHHO
ybbiBatoLLEN (YHKLMEN BPEMEHMN.

PocTtoBas dhyHKUMA penpoayKTUBHBIX OPraHoB (KOMOCbeB Ans MLLEHULbI)

onpenenseTca crneaytollein dyHKUMel oT GUONorMYeckoro BpemeHmn V.
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Cg

J
J=a, |1- VeV ,ecim V' >V,, uHaue G, =0,  (4.13)
V.-V
KOTopas C y4eTOM YCrOBU YBNaxXHEeHNs UMeeT BUA!
j bW
ol =&, +(1-al)|1-| =] |, (4.14)
max
rae by — K03 PULNEHT.
PoctoBas dyHKumMs noberos onpegensercs u3 ycnosvm 6ancha npw pac-
npegeneHnn NpoayKToB HOTOCUHTE3a MeXay M M " M
as/ :l—oc',’: —océ
Kak crnegyet 13 puc. 4.2, pocToBble (OyHKUMM NOCeBa AN YPOXanHOro U
HeypOXXanHOro roaoB CyLLEeCTBEHHO OTNMYaloTCa Apyr oT Apyra. Tak, B 1992 r.
pocT Haa3eMHow 6roMacchl NpekpaTurca Ha 57 CyTku OT BCXOAOB, TOraa Kak
B 3acywwnusom 1998 r. pocT noberos 3aBepLunnca Ha Aekaay paHee. B 1992 r.
penpoayKTVBHOE pasBUTME pacTeHU Havanocb Ha 37 CyTKU OT BCXOQOB, TO-
raa kak B 1998 r. aToT npouecc Hadanca paHee — Ha 30 cyTku.
MpenctaBum TemnepaTtypHble PYHKUMM (DOTOCMHTE3A U AbIXaHWS:

. 2 .
» T-T’ J—l, ecrm T’ <T
fTJ =exp| a opt , o= » opt : (415)
10 1—2, ecrm T’ >T
opt
R/ =R, 201V -Tn, (4.16)

3pecb To], onTumanbHasa Temneparypa Ans (oTocuHTe3a, KoTopas pac-
cmatpuBaeTtcs Kak yHkumst Bpemenn (°C); Tr — 6asucHasa Temnepatypa gbl-
xaHus (°C).

WNTak, onpeneneHebl Bce HeOOxoaMMble aHanUTUYeCkne 3aBUCMMOCTM ANS
peLUeHns1 CUCTEMbI PAa3HOCTHbIX ypaBHeHun (4.4). Ons pacquOB Heo6xo,u,v||v|o
3anarth HauarnbHbie (Ha f4aTy cesa) HadeHus Gruomacesl M’ , M’ w M7
Pewenunsa (4.4) ons oByx BereTaumMOHHbIX NepUoaoB ﬂpOBOVI MweHuuUbl noka-
3aHbl Ha puc. 4.3.

Ons noeHTudukaumMm napameTpoB MOOENM UCMONb30BaHbl AaHHbIE MO-
neBbIX OMbITOB No sipoBoi nuwenuue HIL, 3epHoBoro ueHTpa Kasaxctana
um. A.W. bapaeBa 3a nepuog ¢ 1986 no 2009 rog. KanvbpoBka napameTpoB
OVHaMUYECKMX MOZENEN CBOAUTCS K MUHMMM3aLMK LieneBbiX yHKLWIA B BUAE

cpenHux keagpartmdeckmx owmnbok (CKO):
1
CKO = =X (v =)', (4.17)

roe yo 1 )A/ — COOTBETCTBEHHO, (*)aKTVIl-IeCKVIe N BblMMNCIIEHHbIE 3Ha4YeHnaA ypo-
XanHocTtu nnmn buomaccsl (I'IO oTAernbHbIM OpraHam paCTE‘HVIVI Ha Ty Unn NHyK
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Puc. 4.2. ApanTuBHble pocToBble hyHKLMM CTEONEN, KOPHEN N penpoayKTUB-
HbIX OpraHoOB APOBOW NLeHUUbI, cchopmupoBasLumecs B 1992 n 1998 rr.

asy pas3BuTUA); n — YUCIO NET HabnaeHWI B Criydyae UCMONb30BaHWs Bpe-
MEHHbIX PSAOB YPOXaNHOCTU Mnun obLee Yncno onpeaeneHun uomaccol 3a
BCe rogpbl HabnogeHui.

MpenBapuTenbHbBIM 3TaNnoM PoBGaCTHOrO OLIEHUBAHMSA MapaMeTpoB MaTte-
MaTU4eCKNX MOAENeEN SABMSAETCH BbIABNIEHWE B psay HabnogeHun y,,..., v, Bbl-
6pocos, T.e. HabnoaeHW, nMetoLmx GonbLlune aucnepcun B pesynbrate Ha-
pYLLEHMS YCIOBUIA SKCNEepUMEHTa, HeNpaBUIbHOTO N3MepeHuns, NMbo BoobLLe
He yOOBNETBOPSAKLINX NPUHATON Moaenu. BknioyeHne Takvmx HabnogeHun B
PAL paBHOMNPaBHbIX YNIEHOB BbIGOPKH y,,..., ¥, MPUBOOUT K 3aMETHOMY CMeLLe-
HMIO OLIEHOK NapameTpoB W yXyALIEeHWI0 CBONCTB Moaenu. [laxxke ogHO Aaneko
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Puc. 4.3. PaccuntaHHas anHamuka buomaccel ctebnen Ms, kopHen Mr 1 kono-
cbeB Mz apoBon nweHuL bl

nexatlee ot obLien maccobl HabnogeHne MoxeT ucnoptTutb oueHky MHK. Bbi-
6pochbl AOMKHbI ObITb OTOPOLLEHLI, OAHAKO eCru cpean OTOPOLLEHHbIX Habnto-
JEeHWIA oKasanuecb «xopoLune», yOoBMeTBOPAOLME rMnote3am Knaccu4eckomn
TEOPMU OLIEHNBaHMS NapaMeTpoB, 3 PEKTUBHOCTbL MOAENN MOXKET CHU3UTLCS.

B Hawem cny4vae Bce rogbl HabnogeHun — ¢ 1986 no 2009 r. Bknoun-
TENbHO — B 3aBMCMMOCTM OT MOrOAHbIX YCNOBMI Obinv pasgeneHbl Ha NSTb
TMMNOB NET: OCTpO3acyLuNuBble, 3acyLUNnBble, YMEPEHHO 3acylunueble, bna-
ronpusiTHble M BriaxHble. OguH rog M3 24, OTHECEHHbIA K KaTeropum Brax-
HbIX, OTnMyanca 60nbLWOoN BereTaTMBHOM MacCcow NMpu o4eHb HU3KOM ypoxae
3epHa u3-3a 6onesHern 1 HeMOMHOIO CO3peBaHNS ypoXasi K MOMEHTY NepBbiX

— 69 —



OCEHHUX 3aMOpPO3KOB, — 3aT0 1993 ., KOTOPLIN NPU3HAH HE COOTBETCTBYIOLLMM
pa3paboTaHHON Mogenu hopMUPOBAHUS YpoXKasi U UCKIOYEH U3 BbIOOPKM.
LlenecoobpasHoCTb Takoro pelleHus NoATBEPAWNM NOCNeayllmne YUCNeH-
Hble 3KCNEPUMEHTbI — pacyeTHasi ypoxanHocTb 3epHa B 1993 r. okasanacbh
PEe3KO 3aBbILLIEHHOW.

CornacHo Teopun pobactHoro oueHuBaHms MHK, oueHkn napameTtpos
TEpSAT ONTUMAarnbHOCTb NPU OTKIOHEHWW pacrnpeaeneHns 3aBUCUMON nepe-
MEHHOW OT HopMarbHOro 3akoHa. [ins ycrnosuin CeBepHoro KazaxctaHa obHa-
PY>XeHbl 3HAYNTENbHBbIE OTKMOHEHMS pacnpeneneHnsi ypoxxanHoCTU neHuLbl
OT HopMarbHoro 3akoHa (YnaHosa E.C., 3abenuH B.H., 1990). lMcTorpamma
pacnpegenenus (puc. 4.4) BpEMEHHOTO psiia YpoXaiHOCTU SIpOBOW MLLEHMULbI,
KOTOPbI NPUBMEYEH ONS OLEHKU MapaMeTpoB paccMaTpyvBaeMon MOAENM,
CBUAETENBCTBYET O 3HAUYUTENBHOM OTKITOHEHWUN OT HOPMarbHOCTU. Henb3s He
OTMETUTb 3HAYUTENbHYIO aCUMMETPUIO pacnpeaeneHunsi ypoxxanHocT SpoBo
NweHnUbl 1 gaxe oOHapyXUTb CTPEMSIEHME 3TOrO pacnpeneneHust kK Gumo-
AarnbHou (ABYXBepLUNHHON) hopme.

fBHasi HECOCTOATENBHOCTL MMMOTE3bl O HOPMArbHOCTU pacnpeneneHus
ypOXanHOCTU S5poBoii NiueHuLpl B CeBepHoM KasaxcTaHe 3acTaBnsieT ucnorb-
30BaTb ANA KanubpoBku napameTpoB, Hapsay ¢ (4.17), ueneByio dyHKUMIO
BMaa:

1 .
OCO= — X[y, ~ 3" (4.18)
Mpu v = 2 3HavyeHna OCO n CKO cosnagator. O606LWEeHHan cpegHss

owmnbka OCO npu v = 1,5 ABNSETCS XOPOLUMM KOMMPOMUCCOM MexXay Knac-
cnyeckummn MHK 1 pobacTHbiMM oueHkamn. HekoTopble wuccnegoBaHust

6

Yucno net
w

8% 8%

.

%

V//

_

D

S

e

Puc. 4.4. Tuctorpamma pacnpegeneHns ypoXXamHOCTM SPOBON MLUEHWLbI
(no gaHHbim HIML, 3epHoBOro xo3sancrea um A.U. bapaeBa, KazaxctaH)
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cBuaeTensCTBYT 06 3dheKTUBHOCTHN OLEHOK MpK Bornee HU3KUX 3HaYeHUsX v
BNNOTb A0 v =1, Korga MUHUMMU3NPYeTCs cpeaHee abcontoTHOE OTKNOHEHNE.

Ona HaxoxaeHus MyHUMyMa dyHKUMK (4.18) MOXHO ucnonb3oBaTb 00-
lwme Metoabl onTuMu3aumm. Npu BbIOOpe MeToda ONTMMM3aUMK NapamMeTpoB
OVHaMUYEeCKMX Mogenen NpodyKTUBHOCTY crnegyeT UMEeTb B BUAY, YTO Mpak-
TUYECKM HET rpaHn Mexay KanvbpoBKOW MoAenu U ee uccrnegoBaHWem Yuc-
NEeHHbIMWM MeTodaMum C Lenbio JarnbHenwero cosepLueHcTBoBaHus. Moatomy
npegnoyvTeHne criegyeT oTAaTb camblM MPOCTbIM MeTogam NPsSMOro nowcka
MUHUMYMa LeneBon dyHKUuK. [pouecc kanubpoBKM napamMeTpoB Takoro
CMNOXHOIO HENMMHENHOro 0ObeKTa, Kak AMHAMUYECKME MOZENN NPOaYKTUBHOC-
TU C MHOTOYUCIIEHHBIMW OrPaHNYEHNSIMU Ha NapaMeTPbl, BPSIA NN MOXET ObITb
NorHocTLI0 hopmanu3oBaH. YpeamepHas opMmanmsauus MOXeT 3aTpyaHUTb
Ncnonb3oBaHMe MMeLLECs anpMopHON MHPOPMALIMK O BO3MOXHOWN peakumm
pacTeHuin Ha U3MeHeHust ycnosuin noroabl. Kannbposka napameTpoB AnHaMu-
YeCcKMX Modenen Ha npakTuKe CBOAUTCS K MHOMOKPaTHOMY peLLeHuIo 3agayu
ONTMMM3aUMKN NPU 3aaHUKN B KXXAOM Type pacyeToB HOBOIO MOOXEeHUs Ha-
YarbHOW TOYKM, YTODbI MOBBICUTL BEPOSTHOCTb HAXOXAEHWS rnMobanbHOro Mu-
HUMYMa 1 OMpeaenuTb KOOPAUHATbLI JTOKanbHbIX MUHUMYMOB, €CIM TaKoBbIe
nmetoTcs. HaliaeHHble pelleHns MoryT MHOrOKpaTHO OTOpakoBbIBaTbCS 13-3a
HapyLUeHNsi orpaHNYeHnin, noka He ByaeT HangeHo peLleHne, MUHUMU3NUPYIO-
Wwee dyHKLMIO 1 ygoBneTeopsiollee U3NYeckum ycnosusam 3agadn. Xena-
TenbHO MOBTOPUTL peLLeHne 3aa4mn NPy HECKOSbKMX 3HaYeHNaX napamerpa v
(Hanpumep npu v =2 n v =1,5, T.e. B knaccuyeckon n pobactHoOMm NOCTaHOBKE).
3aBepLuaoLwum 3TanoM NoCTPoeHUs MOLENM CNYXXUT NpoBepKa ee afeksar-
HOCTM Ha HOBbIX HE UCMONb30BaHHLIX ANS KannMbpoBKN NapameTpoB MaTepu-
anax HabnaeHUNn.

BosBpalLascbe K npumepy MOCTPOEHUA OMHAMUYECKOM mogenn dopmu-
pOBaHUSA ypoxas SpOBON MLIEHMWLbI, OTMETUM, YTO NPUMeHeHne pobacTHOM
ueneBon cpyHkuun (npu v =1,5) ons naeHtTudmkaumm napameTpoB NPUBESO K
3aMeTHOMY yny4lleHuo Moaenu. BennunHy cpegHen kBagpaTuyeckon owmb-
KM yaanocb CHU3NTL Ao 3 u/ra, a oueHka koadduLmeHTa Koppenaunm Mexay
psaaMy hakTUYeCKOM 1M paccynTaHHOM ypoxkanHocTy gocturma 0,85.

MpeacraBneHHas B KavecTBe npumepa aganTauuMoHHas AMHaMuyeckas
Moaenb (hOPMMPOBaHMS ypoXKast APOBOW MNLUEHMWLbI ANst NOYBEHHO-KNUMAaTU-
Yyeckux ycnosuin CeepHoro KazaxctaHa no3BonsieT 00bsacHUTb nopsiaka 74 %
ancnepcun ypoxanHocTu, obycnoBneHHOM U3MEHUYMBOCTLIO MOrOAHbIX YCro-
BWI. [laHHbIe puc. 4.5 cBMAETENbCTBYIOT O BbICOKOW CUHXPOHHOCTM KonebaHuin
haKTUYECKMX N PaCCHUTaHHBIX YpOXKaeB SPOBOW MLLEHULbI.
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Puc. 4.5. OuHamnka caktnyecknx Yf n paccumtaHHbIX Y ypoxKaeB sipoBOM
nweHunubl, CeBepHbin KasaxctaH (r = 0,852, CKO = 3,07 u/ra)

4.3. OueHKa arpomeTeoporiormnyeckux ycrnoesumn oopMmpoBaHma ypo-
asA Cc NOMOLbI ANHAMUYECKUX Moaenen

Mpobriema oOLEHKM arpoMeTeOopONorMYECcKUX YCrnoBuii (HOPMUPOBaHMUS
YPOXXaNHOCTN paccMOTpeHa C MO3NLUUiA JUHAMUYECKOro Noaxoda K MNoHUMma-
HWUIO CUCTEMBI «MoYBa—noceB—aTMmocdepar. [peanoxeH koMnnekc B3aMmo-
CBSA3@HHbIX OLIEHOK arpOMEeTeOopOoSiormyecknx ycroBuin opMMpoBaHUS ypo-
Xas ApOBON MNLUEHNLbI.

OnHO 13 OCHOBHbIX HanpasneHWi pa3BUTUS arpOMeTeoPONorMn — CTaHOB-
neHne AMHaMUYECcKOoro noaxoda K OMnMCaHuilo U OObACHEHUIO CBA3EN Mexay
rMapoOMeTeOpPOrIOrM4YECKUMM YCITOBUSIMU U NMPOAYKTUBHOCTLIO NMOCEBOB Cefb-
CKOXO3SIMCTBEHHBIX KynbTyp. OTOT NOAX04 CTan BO3MOXEH Gnarogapsi paspa-
60TKe TeopuM NPOAYKTUBHOCTW pacTUTENbHBLIX COOBLLECTB B LUECTUAECATbLIE
rogbl XX ctoneTtusi. CknagpiBanoch BrneyatieHme, YTo 4OCTaToO4HO abcTpakT-
Hble NMOCTPOEHUS 3TON Teopun Aarnekm OT HacyLLHbIX 3a4ady arpoMeTeoporo-
rum. OgHako noTpeboBanock He 6ornee ABYX AECATUNETUI, YTODLI NPONTY NYTh
OT NepBbIX MateMaTuyecknx mogenen oToCMHTE3a pacTUTENbHOro NOKPOBa
00 pasBuTbIX QUHAMUYECKUX Modenen (hopMMpPOBaHMS ypoxXaes, NPUrO4HbIX
ONns pelwleHns npuknagHbix 3agad. K HacToswemMy BpeMeHn cosgaHo bornee
30 TakmMx moaernen, oxeaTbiBalOLWMX NPaKTUYECKN BCE BaXKHeWLUne noresble
CEeNnbCKOXO3ANCTBEHHbIE KyNnbTypbl. Tenepb, koraa AMHamMnyeckux Mogenen fo-
BOSTbHO MHOTO, MAET UHTEHCMBHAas pa3paboTka ropasfo 6onee coBepLUeHHbIX
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mMoaudukaunii. Bce 6onee akTyanbHbIMU CTAHOBATCH BOMPOCHI, CBA3aHHbIE C
NpakTU4EeCKUM UCNOSb30BaHNEM 3TOro HOBOrO annapara.

3pecb OygeT paccmoTpeHa nulb 0dHa, HO AOCTAaTOYHO LMpokas o06-
nacTb BO3MOXHOMO UCMONb30BaHWUA AMHAMUYECKUX MOAENen — oLeHKa arpo-
METEOPOSIOrMYECKNX YCIOBUI (DOPMMPOBAHMS YPOXaeB. JTa CroXHast U He
dopmanu3oBaHHas 4o cux Nop 3agaya Bcerga 6bina B LEHTpe BHUMaHUA ar-
pomeTeoporioroB. MeToapbl OLeHKU yCrioBuin hOpMMPOBaHUS ypOXXaeB paspa-
6atbiBanuch A.A. Wuronesbiv, 3. BeHukeBuyem, H.A. 3ybapeBbim, M.C. Ky-
nukom, B.MN. NMoHomapeBbiM, B.I1. AMuTtpeHko, A.P. KoHcTaHTMHOBLIM 1 ap. B
pesynbtate HangeHbl CBA3W Mexay NPOAYKTUBHOCTBLIO CeNbCKOXO3SNCTBEH-
HbIX KynbTYp U OTAENbHLIMU MOPOMETEOPONOrMYeckMMU nokasaTensamMm unm
nx Komnnekcamu. HoBbIl aTan peleHnsa 3agadm Hadanca ¢ pabot KO.U. Ynp-
koBa (1969), KOTopbIN BNepBble NPUBMEK ANA 3TON LiefiM OCHOBHbIE MOSoXe-
HUS Teopun POTOCUHTETUYECKON NPOOYKTUBHOCTU pacTeHWi, YTO NO3BONUNIO
YCTaHOBWUTb KOMMMEKCHbIE 3aBUCMMOCTU MexXay NpupocTom outomMaccsl 1 Ta-
KMMK cpakTopamu, Kak POTOCUHTETUYECKU aKTUBHAA paavauus, Temnepatypa
BO3[yXa, BMaXXHOCTb NOYBbl, NPOAOSKUTENBHOCTb AHSA, NNowWaab acCMMUnm-
pytoLLeli NOBEPXHOCTM NOCceBa.

MpeanaraeMbivi NOAXOA TakKe OCHOBLIBAETCH Ha NOMOXEHWUAX COBPEMEH-
HOM Teopuu NPOAYKTUBHOCTW, KOTOPbLIM MpuU pa3paboTke COOTBETCTBYHOLLMX
mMogeneun npuaaH KonnyecTBeHHbIN xapakTep. [pu 3ToM Tpex3BeHHas cucte-
Ma «Mo4Ba—pacTeHne—aTtMocdepa» paccMaTpuBaeTcs Kak cpeaa, B npeae-
nax KOTOpOW paauaLMOoHHble, TEMNMoBble, BNAarooOMeHHbIe U ra3006MeHHbIE
npouecchl nepenneTeHbl Mexay cobon B npoLecce TennomMacconepeHoca, a
LeHTpanbHoe 3BEHO CUCTEMbI — arpoLeHO3 — MOAENUPYeTCs Kak pa3suBatoLLa-
sca Guonornyeckas «MallMHa», TEKyLLee COCTOSIHME KOTOPOK onpeaensieTcs
npenbICTOprEN NPOLECCOB 3HEProMaccoobMeHa C OKpy»KatoLLen cpeon B OH-
ToreHese (Cupotenko O.[., 1981). OT1a koHUenums, peannsoBaHHasa B hopme
AVHaMUYecKkux mogenen NpoayKTUBHOCTU arpoLieHO30B, NMO3BOMSET pPeLnTb
cnepyoLLme KapanHanbHble BONPOCK!, COCTaBMsioLmMe CyTb NPOOnembl oLeH-
KM arpoMeTeoposiormMyeckmnx ycnoBsuin oopMmMpoBaHus ypoxas.

1. BekTop, onpegensiowmnini arpoMeTeoponormiyeckme ycroBusl, OOMmMKeH
BKIMOYaTb BCE NepeMeHHble COCTOSIHUS CUCTEMBbI «MOYBa—NoceB—aTMocde-
pa», CyLLEeCTBEHHO BMMSOLME Ha NPOAYKTUBHOCTb arpoLeHo3a.

2. ®akTopbl BHeLIHeW cpefbl He aaAUTUBHbBI MO OTHOLUEHWUIO K NPOAYKTUB-
HOCTM arpoLeHo3a 1 CTaTUCTUYECKM CBS3aHbl MeXay COOOiA.

3. BnuaHue cakTtopoB BHeLLHEN cpebl Ha OCHOBHbIE hun3nonorndyeckme
npoueccol, onpegensoLwmne NPoayKTUBHOCTb PacTeHU, CyLLEeCTBEHHO Henu-
HeWHo.

4. Peakuusi pacTeHuin Ha yCroBUs BHELLHEN cpefbl CyLLEeCTBEHHO U 3aKo-
HOMEPHO U3MeHSEeTCS B OHTOreHese.
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5. ina cuctembl «no4yBa—noceB— aTMoOcdepa» XapakTepHO Hanuyvne
KOHCEpBaTUBHbIX «MHEPLIMOHHBIX» NepeMeHHbIX (3anackl Bnaru B novse, du-
ToMacca pacTeHU, MOLLHOCTb KOPHEBOW CUCTEMbI U ApP.), TEKYLLME 3HAYEHMUS
KOTOPbIX B TOW WM WUHOW CTeneHu npenonpenensioT KOHEYHY npoayKTuB-
HOCTb nocesa.

6. ®opmumpoBaHue ypoxas — pa3BMBaloLLMIACA BO BpeMeHW npoLecc, noa-
TOMY NpY OLEHKE arpoOMETEOPOSIOrMYECKNX YCITOBMI NMBOro otpeska Bereta-
LIMOHHOIO nepuoaa AOMKHa YYUTLIBATLCS NPEAbICTOPUS arpoLieHosa OT cesa
00 Hayana oueHuBaemoro nepuoga.

MeTogvka NnpUMEHeHUs AMHaAMUYECKON MoAdenn «noroga—ypoxamy Ans
OLEHKM arpoOMeTeoposiorMyecknx ycrnosui opMmMpoBaHns ypoxkas OCHOBbI-
BaeTCa Ha cnegyowmx coobpaxeHunsx. YTobbl oueHUTb arpomMeTeoponoru-
Yeckme YCroBuS Kakoro-nnbo oTpeska BereTauvoHHOro nepuoga, crnegyer,
0o4eBUOHO, onpeaennuTb CTeneHb UX OTAINYUSA OT HEKOTOPbIX 3TANOHHbIX YCIo-
BWI, B KA4eCTBE KOTOPbIX MOryT ObITb 3aAaHbl: HOpMa, METEOPONOrM4eckui
ONTMMYM, YCNOBUSA MPOLUSIOrO roda, YCrNoBUS 3KCTpemarbHOro roga v T.4.
Heobxoonmo yCTaHOBWUTL KOMWYECTBEHHYIO MEpY OTIINYMSA OLEHUMBAEMbIX U
3TanoHHbIX ycrnoBuii. Hanbonee BaXkHOM ANsi NPaKTUKX MEPOW OTNn4uS npea-
CTaBNSAETCS OTHOLLEHME KOHEYHbIX YPOXaeB, pacCyMTaHHbIX No dhakTU4eckum
M 3TanoHHbIM AaHHbIM 33 OLeHUBaeMbI nepuoga;

Y, = 2. 100 %,
Yk
roe Y, — oueHka arpoMeTeoponormyecknx YCrnoBmi Mo CPaBHEHMIO C YCIOBU-
AMU k-ro atanoHa B %; ¥, ), — YpoXau, paccyMTaHHble Mo hakTUHeCKUM U
3TaNoOHHLIM AaHHbLIM COOTBETCTBEHHO. [pun y; = 0 oLeHuBaHWe TepseT CMbICh,
NO3TOMY CLIEHAPUI-3TaNoH OOSMKEH ObITb BblOpaH Taknm, 4Tobbl 06ecneyunTb
nony4YeHne ypoxaes, OTIIUYHbIX OT HyIsl.

[na pacyeta Y, Heobxogumo Takke 3agaTb METEOPOIOrnyecKkne ycroBus
OCTaBLUENCsa YyacTu BEreTauumoHHOro nepuoga oT AaTthl pacyeta 4O CO3peBa-
HUs. Kak Tonbko 3T NpuHUMNManbHble BONpoCkl ByayT pelleHbl (Hanpumep,
nyTem 3afaHusi B KAa4eCTBe aTasioHa AN OLEHMBAEeMOoro nepuoga v B kade-
CTBE NPOrHo3a Ansi OCTaBLUEWCS YacTu BereTaumMoHHOro nepuoga Knvmaru-
YeCKUX HOpPM), peanusaLmsa paccMaTpMBaemMoro MeToga cBefeTcs K nocneno-
BaTENbHOMY pacyeTy psifa MPOrHO30B YPOXKANHOCTU:

yo’yl EREE) yir'-oys-

3aech ¥, — NPOrHO3 YPOXXanHOCTW Ha AaTy BCXOAOB, ), — Ha KOHeL, NepBon
Aekafbl, BKNtovatoLLeid AaTy BCXOOOB, V; — Ha KOHeL, i-i Aekaapl, y, — Ha aaty
CO3peBaHus.

MepBbI NPOrHO3 — Y, — PacCUMTLIBAETCS MOMHOCTbLIO MO KIIMMaTUYECKUM
JAaHHbLIM 1 MO CpegHUM Briaro3anacam Ha AaTy BCXOAO0B, NOCNeAHUN — Y, — Lienu-
KOM Mo ¢paKkTUYEeCKUM METEOPONOTMYECKUM AaHHBIM, 1060 NPOMEXYTOUHbIA —
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no dpakTn4eckon nHopmaumm 4o gatbl NPOrHO3a M MO KNMMaTU4EeCKUM AaH-
HbIM MOcne 3Ton Aathbl.

Pan ypoxaeB v, ¥y s Visees Vs, PACCHUTAHHBIN NO AUHAMUYECKUN MOAENN
«noroga—ypoxan» ykasaHHbIM CNocobOM, HECET MHTEPECHYIO U BaXKHYHO WH-
dopmauuto, Bornpoc 06 MHTepnpeTaLmm KOTOpor 40 cux nop obcyxpaeTtcs B
arpomMeTeopororMyeckon nureparype.

MpepnaraeTtca crnegyowasa cuctema OLEHOK, MO3BONALWMX AaBaTb CO-
JepXaTtenbHylo MHTepnpeTaumio MHdopMaLmn, 3anoXeHHOW B nocrnenoBa-
TeNbHbIX MPOrHO3ax YPOXXaNHOCTU:

— TeKyliMe OLEeHKM [eKagHblX OTPe3KoB BeretauMoHHOro nepuoga
L-100 % ;

Yia

— TeKylwine OueHKU I'IpOLIJGJJ,LIJGVI 4YaCcTun BeretauMoHHOro nepuoaa
2100 % ;

N

— TeKkyliue OueHKM npolledlen 4acTu CenbCKOXO3SNCTBEHHOrO roaa
ﬁ-loo % .

Yo
BakHble YacTHble criyyam 3TUX NokasaTenen TakoBbl:

y.
— OLEHKa BECEeHHUX Bnarosanacos — —-100 % ;

Yo
Vs o .
— WHTerparibHas oueHka BeretaumoHHoro nepuoga — —-100 % ;
Y
. Vs
— WHTerpanbHas oLeHKa CenbCKOX03aiCTBEHHOro roga — —-100 % .

Yo

PaBeHcTBO Y = 100 % gnsa noboro 13 nepeyncrieHHblX nokasaTernen o3Ha-
YaeT, YTO arpoMeTeopPOsIorMyeckne yCroBms OLEHMBAEMOro NpoLUSIoro nepu-
ofa Mo BIIUSTHUIO HA KOHEYHbIV YPOXXal 3KBUBASIEHTHbI 3aaHHbIM 3TaNOHHbLIM
yCnoBusiM Npu pmkcMpoBaHHOM cLeHapum ByayLiero nepvoga. Opyrumun cno-
BaMu, ecnu oueHka kakoro-nubo nepunoga pasHa 100 %, To arpomeTeopono-
rMyeckne ycrnoBus 3TOro nepuopa dKBMAWMHANbHbLI 4119 AMHAMUYECKOW CUC-
TeMbl «noroga—ypoxan» 3agaHHbIM 3TaNOHHbIM ycrnoBusam. OLeHKM 3aBucaT
OT BbIGPaAHHOro 3TanoHa Kak OT e4MHULIbI U3MEPEHUS, 3aBUCUMOCTb e UX OT
cnocoba cocTaBneHnst METEOPONOrMYECKOro NPOrHo3a Ha OCTaBLUYIOCS YacTb
BEreTaunoHHOro nepvoga ropasgo crnabee — oHa B 3HAYMTENbHOW CTEMNeHu
NCKNI0YaeTCs HOPMUPOBKOM.

Mpogomkum obeyxaeHne npeanoXeHHoON CUCTEMbl OLEHOK, paccMaTtpu-
Basi KOHKpPETHbIE NpuMepbl. B Tabn. 4.1 npuBegeHbl BCce NepevmcrieHHble Bbille
BMAbI OLIEHOK, a Takke psabl NPOrHO30B YPOXamHOCTU, Ha OCHOBaHMM KOTOPbIX
OHW nony4yeHbl. PacyeThbl BbINOMHEHbI MO AaHHBIM arpoMeTcTaHuum «EpLiosy
3a pecsatuneTHun nepuog — 1972—1981 . — ¢ NOMOLbIO AMHAMUYECKOA MO-
Jenu «noroga—ypoxawn», paspaboraHHon astopamum (CupoteHnko O.[., 1981).
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YpoxarHOCTb SAPOBOWM MLIEHUL|bl, BbIYMCAIEHHasA MO KNMMaTUYECKUM AaHHbLIM
npu pakTMyecknx garax BCXOOOB 3a KaxAbli rog, u3MeHanacb He 6onee vyem
Ha 1,5 u/ra, noatomy ansa ygobcTea NpuHSTa egnHas KnMMaTuydeckas Hopma
ypoxanHoctn ans arpomerctaHumu «Epuos» y, = 11,5 u/ra.

HayHem aHanm3 c paccMOTPEHNst UHTErpanbHbIX OLEHOK roga. 3a nepuos
¢ 1972 no 1981 r. camble HebnaronpusaTHbIE YCOBUSA (POPMUPOBAHUS YpoXKas
cknagbiBanuce B 1972 1. — 4 % ot HopMmbl. C Apyrow CTopoHbl, Hanbornee 6naro-
npusiTHbIE ycnoBus Habntoganucs B 1973, 1974 n 1978 rr. — 170, 183 n 202 %
COOTBETCTBEHHO. Pa3max konebaHui OueHOK 3a AeCATUNETHUA nepuog — oT
4 po 202 %. CamMbiMKn GNN3KMMK K HOPME OKa3anucb oueHkn 1976 . — 95% n
1979 r. — 93 %. OgHako, HecMoTp4A Ha To, 4To 1976 1 1979 rr. pasnu4yatoTca
BCEro NnuLb Ha 2 % No MHTerparnbHOM OLEHKE, 3TO COBEPLLEHHO Pa3fnnyHble B
arpoMeTeoporiornyeCckoM OTHOLLEHUU rodbl.

[encTBUTENBLHO, YPOXaMHOCTb, pacCcynTaHHas no KnMMaTuyeckum AaH-
HbIM Ha gaTy BcxogoB, coctaBuna B 1976 r. nuwb 4,3 u/ra, B TO BpeMs Kak B
1979 r. — 15,7 u/ra. B cooTBETCTBUM C 3TUM OLIEHKA BECEHHMX Braro3anacoB
coctaBuna 37 % ons 1976 r. n 137 % ansa 1979 roga. Yem xe oObACHUTD,
YTO B CTOfb PasnuyHbIe MO HaYanbHbIM YCNOBUAM roAbl NONyYeHbl npakTuyec-
K paBHble ypoxxan? lNMpuumMHa oveBMaHa — OUeHKa arpoMeTeopOorormyeckmx
yCcnoBui BeretaunoHHoro nepuoga 1976 r. okasanacb pekopgHO BbICOKOM 3a
nocnegHee pecatunetve — 253 %, B TO BpeMsi Kak Ans BereTaunoHHOro nepu-
opa 1979 r. aHanorn4yHas oueHka coctasuna nuwb 68 %. B 1976 r. 3a nepuoa
«BCXOAbl— MOMHasa CnenocTb APOBON MNLIEHULUbI» Bbinano 187 MM ocaakos,
a B 1979 r. — nuwb 102 MM. Takum 06pa3oM, COYETAHME HU3KUX BECEHHUX
Briaro3anacoB C BriaXHbIM 1ETOM U COMEeTaHWe BbICOKMX BECEHHMX Briaro3ana-
COB C CyXUM JIETOM OKa3anucb 3KBMBANEHTHbIMY AN NPOAYKTUBHOCTM SSPOBOW
nLeHuLbl.

[ns 6onee geTanbHOro aHanM3a MOryT UCNOMb30BaTbCA OLEHKWU, Xapak-
TEepuU3yLLMe arpOMETEOPOIOrMYeckue YCNoBUs, CIIOXKMBLUMECS K N0BON MH-
Tepecylowlen gate unu gase passutua pacteHun. Npusegem npumep, wun-
NIOCTPUPYIOLLNIA MHOroo6pasue BO3HMKAKOLWMX NpU 9TOM cuTyauuin. Tak, Ha
20 wioHg 1980 r. arpomeTeoponornyeckue ycrnoBsus roga CkrnagblBanvcb He-
CKOMbKO nyulle, Yem Ha Ty xe gaty B 1973 . (102 n 92 % CoOTBETCTBEHHO).
OpHako ycrnosusi BTOpOM Yactu BeretauynoHHoro nepvoga 1980 r. KOpeHHbIM
06pa3om M3MEHUNU HaMETUBLLYIOCA TEeHAEHUMIO — M3-3a 3acyxu WUTorosas
oueHka ynana co 102 go 63 %, B TO BpeMs kak 3a COOTBETCTBYIOLLMIA Nepmos
1973 r. Habntogancs pocT oueHok ot 92 oo 170 %.

HekagHble oueHKM npegHa3HadeHbl AN BbiABNEHUS U aHanu3a Hanbo-
nee TOHKMX 3(PEKTOB BUAHUSA MMOPOMETEOPONOrMYecKMX YCNoBUMA Ha
dopmupoBaHue ypoxasd. Npn HeobxogumocTun ewe Gonblien getanusauum
COOTBETCTBYIOLLME OLIEHKM BMIOTb 40 CYTOYHbIX NIErko MOryT ObITb paccunta-
Hbl, AN Yero HeobXoAMMO NULLL U3MEHUTb PEXMM MCNOMb30BaHUS MOLEMNM

— 78 —



«noroga—ypoxawn». Kak nokasbiBaloT gaHHble Tabn. 4.1, arpomereoponoru-
Yyeckune ycrnoBus oTaenbHblX aekan 3a 10-netHun nepmog konebanucb ot 42
0o 163 %.

OpyrvMmn cnosamu, oxxmgaemas ypoxxamHOCTb SPOBOM MLUEHULbI NO4 BNNS-
HMeM aHOManumn arpoOMeTeOPONIOMMYECKUX YCNOBUI OTAENbHOM AeKaabl MOXeT
Kak yMeHbLUNTbCA B 2 pa3a, Tak 1 Bo3pactv B 1,5 pasa. Tak, 3a nepByto gekagy
noHs 1977 1. oxxmpgaemas ypoXXaHoCTb ynana novtv B 2 pasa — OLEeHKa 3TON
Aekagbl coctaBuna 55 %. Mpogomknum aHanms BO3MOXHOCTEN Npeanaraemomn
METOOUKM Ha NpuMepe yKka3aHHOW AeKadbl.

B 1abn. 4.2 npuBeaeHbl paccunTaHHble NpnbaBkM ypoXXaHOCTU B pasnmy-
Hble MO O6LLEeMYy YPOBHIO YBNAXHEHWUS roAbl 3a CYET OOMONMHUTENbHbBIX OCaj-
KOB B Te4eHne nepBor gekaapbl noHsA. Kak cnegyeT us gaHHbIX 3Tow Tabnuubl,
«UeHa» ocagKkoB CUNBbHO MEHSIETCA OT rogda k rogy. B yactHocTu, acdhdekTus-
HOCTb JOMOMHUTENBHLIX OCaAKOB NafaeT Kak B aHoManbHo cyxue (1972 r.),
Tak 1 B aHoMarnbHO BnaxHble (1978 r.) rogbl. B yeTBepTon ctpoke 1abn. 4.2
npvBeaeHbl NpubaBkn ypoxas, kotopble Oblin 6bl Nony4veHbl, ecnu Obl B Te-
YeHue aekagbl NOAAEPKMBaNachk «oNTMManbHasi» BNaXHOCTb NOYBbI, paBHas
70 % nonHow BnaroemMkocTu. [laHHble 3Ton Tabnuubl, KOHEYHO, Aaneko He uc-
YepnbIBAOT BO3MOXHOCTM aKTMBHOIO YMUCIIEHHOTO 3KCMEPUMEHTUPOBAHMUS C
MOMOLLbI0O MOZEeNn «noroga—ypoxany Ansi OTBETOB Ha Bonpockl «4T0 Oyaer,
ecnu ...?» MNpuBeaem eLLe HeCKONbKO NPUMEPOB, NOKa3bIBaOLLMX, YTO 3adada
OLIEHKM arpoMeTeoponorM4ecknx yCnoBun CMblkaeTcs ¢ 3agadvyamu ynpasrne-
HMS TEXHONMOMMYECKMMU MpoLieccamMmn B CEMNbCKOM xo3sincTee. B Tabn. 4.3 npu-
BeeHbl paccyMTaHHble NpUbaBkn ypoxKaes, NO3BONSOLLNE OLEHUTb 3dhdek-
TMBHOCTb OHOKPAaTHbIX NMOSIMBOB B Pa3HbIE€ CPOKU 1 B PA3HbIE MO YBMNAXHEHMIO
rogbl (48 MogenMpoBaHusl NonNMBa BEPXHUIA NOyTOPaMETPOBbIV CrOW NOYBbI
«yBnaxHsanca» o 70 % nonHon BnaroeMkocTn). AHanM3 aTUX AaHHbIX Noka-
3bIBaET, YTO peakuus NoceBa Ha OAUHAKOBOE BO3AENCTBME YpE3BbIYaNHO pas-
HoobpasHa B 3aBUCUMOCTUN OT arpOMeTeOPOSIONMMYEeCKUX YCNOBUI, AeTanbHY0
XapaKTepuCTMKY KOTOPbIM AatoT OLEHKWN, MOMeLLeHHble B Tabn. 4.1,

Tabnuuya 4.2

PaccuuTtaHHble NnpubaBku ypoxkaeB (u/ra) ApoBON NiLeHUL bl BCreacTBue
pa3nnYHbIX YCIIOBUIA yBNaXHEHUA B Te4eHne nepBom AeKkaabl UIOHA
(arpomeTeoponoruyeckas craHuma «EplioBy)

BapwuaHT pacueTa: log
[lononHWTENbHO BbINaNo 0CaaKoB: 1972 1973 1977 1978
10 mm 0,1 1,0 0,9 0,5
20 mm 0,2 1,8 1,6 1,0
30 mm 0,4 2,3 2,2 1,4
OnTuManbHas BNa)XHOCTb NOYBbI 2,5 7,2 5,6 4,0
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Tabnuuya 4.3

PaccuuTtaHHble NpubaBku ypoxaes (u/ra) spoBOW MLEHMWLibI 32 CYeT
OAHOKPaTHbIX MOJIMBOB B Pa3fiMyHbIe MO YCIIOBUAM YBaXHEHUs rofbl

(arpomeTeoponoruyeckan ctaHuus «EpoBy)

log
Cpok nonveos
1972 1973 1977 1978
Bcxoapl 4.1 5,8 6,2 2,3
Bbixop B TpybKy 2,7 6,2 55 3,6
KonowueHune 1,3 4.4 2,9 6,8

PaccmoTpeHHasi cucteMa OLEeHOK MOroAHbIX YCIOBUWIA, AOMOSIHEHHAS YKC-
NEeHHbIMW 3KCMEePMMEHTaMU, MOAENVPYIOLMMU BIUSIHUE Ha ypoxkal oTaerb-
HbIX MEePEMEHHbLIX COCTOSIHUSI CUCTEMbl «MO4YBa—pacTeHne—artmocdepar,
OTKPbIBAET HOBble BO3MOXHOCTU Aflsl pa3BUTUS METOOOB arpoOMeTeoposiory-
Yyeckoro obecnevyeHns cenbcKkoro xo3amncTaea. cnonb3oBaHne AMHaMUYECKUX
MOZenew No3BONsieT OCYLLIECTBATL HE TOMbKO AOCTAaTOYHO AnddepeHumpo-
BaHHbIA KOMIMYECTBEHHbLINA KOHTPOSb arpoOMEeTEOPOSIOrMYeckux ycrnosmin op-
MUPOBAHUS ypoXasl, HO U MoryyaTb Heobxoaumyo MHOpPMaUuo ans Bbipa-
GOTKMN pekoMeHZaumMin No oNTUMMU3aLMUM OnepaTUBHbLIX peLLeHui.
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'JTABA 5

YN CJIEHHBIE CXEMblI MOHNTOPHHI'A 3AIIACOB
MPOOYKTVBHOM BJIAT'M 1 COCTABJISAIOIINX
YI'JIEPOOHOI'O BAJIAHCA OPI'TAHNYECKOI'O

BELIECTBA INAXOTHbIX ITOYB

5.1. Cxema pacyeTta AMHaMMKM Bnaro3sanacos Nno4Bbl

KntoyeBbiMM NapameTpamu A OLEHKM COCTOSIHMS NOCEBOB M MPOrHO3u-
poOBaHUA MPOJYKTUBHOCTU CENbCKOXO3AWCTBEHHbLIX KYNbTYp MOTYT CRYXWTb
3anacbl NPOAYKTUBHOW BMarn u coctaenstowue yrnepogHoro 6anaHca opra-
HWYEeCKOro BeLlecTBa.

3anacbl NPOAYKTUBHON Briary OTHOCATCS K CIIOXHbLIM AN onpeaeneHns un
aHanusa arpomeTeoporiornyeckyMm napamerpam. Tak, NpMMeHsieMbl Ha Ha-
6niogatensHon cetn PocrngpomeTta TepMocTaTHO-BECOBOW MeToA onpeaene-
HMSA BMaXKHOCTWU NOYBbI HE BrOMnHe yaoBneTBopseT TpeboBaHUAM NpPaKkTUKL No
TOYHOCTU U3MEPEHWI 1 NO penpe3eHTaTUBHOCTU Nony4yaemMon nHdopmaumu, a
Takke u3-3a TpPygoeMKOCTU TEXHONOMMW. [MaBHbIM HeQOCTaTKOM MeToAa ABMs-
€TCs1 TO, YTO pe3ynbTaTbl MU3MEPEHWIA XapakTePU3YIOT CPaBHUTENBHO HEOONb-
LUMe y4acTKu, B TO BPeMs KaK Bnarosanachl no4Bbl Ype3Bbl4aHO U3MEHYMBBI
B NPOCTPAHCTBE U BPEMEHM.

3HauuTenbHasi NPOCTPaHCTBEHHAs M3MEHYMBOCTb (PU3NYECKMX Monen
MOYBEHHOrO YBNaXHeHWs, 3aBucsLLas ot 60nbLIOro YMcna pasHopOaHbIX dak-
TOopoB, 06ycrnoBuna nNouck MetToda NonyvyeHns MHpopmaumm o Bnarosanacax
no4Bbl Ha BonbLUMX NNoWaAsax — 3TO pPacYETHbIA MEeTOA, OCHOBAHHbIA Ha UC-
Nonb30BaHUU METEOPONOrM4yeckon nHdopmMmaLun.

Mpobnemoit cBsi3u BOOHOIO pexunmMa noYB ¢ METEOPONOrMYECKMUN YCIOBUS-
MW 3aHMManucbk MHorne nccnegosarenu. B pabote (Bepuro C.A., Pasymosa J1.A.,
1963) ObINn NpeanoxeHbl METOAbI pacyeTa AUHAMUKX 3anacoB NPOAYKTUBHOWN
BrarM Ons pasnuyHbIX NepuofoB Beretaumm no CTaTUCTUHECKUM YpaBHEHWAM
ONns YepPHO3EMHBIX U OMOA30SMEHHbIX MOYB. 3TM METOAbl UCMOSb3YHOTCS B CUC-
TEME arpoMeTeopOriorMyeckoro obecneyeHnss arpapHoOro cekxtopa CTpaHbl Mof-
pasgeneHnamu Pockomrinapometa. BeceHHue Bnarozanachl paccyvTbIBaloOTCA Ha
ocHoBe AeduumTa 3anacoB NPOAYKTUBHOWM Briark OCEHbI0 U CyMMbl OCaAKoB 3a
3UMHe-BeceHHUI nepuod. [ins pacyeTa BnarosanacoB MoYBbl B Nepuop Bereta-
UMM UCMonb3yeTcs CpedHss 3a Aekady Temneparypa Bosgyxa, CyMMa OCafKoB
3a gekagy v 3anacbl NPOAYKTMBHOW BNarv K Havany gekagsl. HegoctaTkom Takom
CXEMbI pacyeTa OUHAMMKX 3arnacoB MPOAYKTUBHOW BRaru siBNsieTcs Heobxoaw-
MOCTb 3a4aHu1s BEMUYMHbI Bfiaro3anacoB Ha Hayarno BeretauMoHHOro nepuoaa.

[na ycTpaHeHns aToro HegocTatka MpeasiokeHa cxema HenpepbiBHOroO
KpyrnoroanyHoro MOHUTOPWHIa Bnaro3anacoB NoYBbI.
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PeannsoBaHHasi cxema MOHUTOPUHra AUHaMMWKM 3anacoB MpPOaYKTUBHOM
snarn (CupoteHko O.. u ap., 2008) oxBatbiBaeT 30 pernoHoB LleHTpanbHo-
ro, Mpueorkckoro n KOxHoro heaepanbHbix okpyroB. OHa NO3BOSISIET peLlaTh
KaK 3afa4n NporHO3MpPOBaHUS YPOXKAMHOCTU 3€PHOBLIX KYNLTYp Ha TEpPPUTO-
pun Pycckoi paBHWHbLI, Tak U 3a4aqy OLEHKWN BIUSHUS UBMEHEHWI KMMaTa
Ha cenbckoe X035UCcTBO. PacyeTbl BegyTcs A4St NaXOTHOro U METPOBOTO CITOEB
MOYBbI KPYrMOroAnyHo.

HavyanbHble 3anacbl NPoayKTMBHOW Briarn Ans 3afaHHOrO MHOFOMETHEro
nepuopa 3afdaroTcst oaAVH pa3 B KOHLUE OKTAOps. [ns pacyeToB B XOSOAHbIN
nepuog roga NCnosnb3yeTcsl ypaBHEHME:

WX WX
Wy=Wy+blz—+cRz| 1-— |+d, (5.1)

1 WZ WZ
I2= (T + T + T + T + Ty + Tjy ) v Rz=0,5RY" + R+ Rigj + R} + R}y + R}y ,

rae 1, I1,..., Il — kaneHgapHble Mecsiubl; i, i— 1 — TeKyLMIiA 1 NpeaLwecTBYOLLMIA
roa; W, — cpedHuve 3a k-1 MecsL, 3anacbl NPOAYKTMBHON Braru; T,j — cpeaHe-
MecsvYHas TemnepaTypa Bo3ayxa 3a k-1 mecsay B i-M rogy; R, — cymma ocaa-
KOB 3a k- mecsy B i-M rogy; Wz — KOHCTaHTa, paBHas 45 s NaxoTHOro cros
n 180 — anst MeTpoBoro; b, ¢, d — NHAMBMAYanbHbIE ANA KaXaoro cybbekTa
Poccuiickon ®enepauumn amnmnpudeckme koapuneHThbI.

B kavectBe npumepa B Tabn. 5.1 npuBegeHbl CNOMb3yeMble B ypaBHEHNU
(5.1) koacbpuumeHTsl b, ¢, d ona BopoHexckon, Capatosckon u Bonrorpaga-

cKon obrnacTen.
Tabnnuya 5.1

Koadhcmumentol b, ¢, d ans pacueta Bnarozanacos NaxoTHOro 1 MeTPOBOro
cnoes NoYBbl B MapTe

OBnacT 0-20 cm 0-100 cm

b c d b c d
BopoHexckas 1,65 0,11 10,69 5,94 0,44 5,37
CaparoBckasi 1,36 0,18 7,99 0,26 0,64 3,29
Bonrorpaackas 4,45 0,15 8,38 8,32 0,49 21,04

[na pacyeTta cpegHux 3a k- MecsAl 3Ha4YeHMI 3anacoB MPOAYKTUBHOW
Brary B NaxoTHOM croe Ans Tennoro nepuoga roga (anpenb—okTa6pb) nc-
nonb3yeTcs ypaBHeHWe Buaa:

Wpy=aWp,_,tb,Ty+ci(R,_, +R,)+dy, (5.2)
rae ay, by, ¢, di, — nHONBMAYanbHble Ansa kaxgoro cyobekTa Poccuiickon de-
Aepauum amnupmyeckue KoapduumMeHTbl Mo Mmecsuam.

[ns pacyeTa cpegHeMecsYHbIX 3HaYeHU 3anacoB NPOAYKTUBHOW BRarv B
METPOBOM CIl0€e AN anpens—oKkTAbpsa ncnonb3yeTcs ypaBHeHue Buaa:

Wk:bk kal +Ck ka+dk, (53)
roe Wp; — cpegHue 3a k- Mecsay 3anacbl NPOAYKTMBHOW Briarn B NMaxoTHOM
cnoe.
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MonyyeHbl crneaylowme OLEHKN TOYHOCTU MPOrHOCTUYECKUX YpPaBHEHUN
ONsi pacyeTa Braro3anacoB B MaXOTHOM M METPOBOM CIosiX NnouBbl (Tabn. 5.2).
[ns naxoTHOro cnosi NoYBbl cpeaHne 3HaYeHUs1 KOaPULMEHTOB KOPPENALNN
MeXay pacCYMTaHHbIMK 3HAYEHUSIMM Brliaro3anacoB U AaHHbIMW HabnoaeHu
cocrasngtot 0,741-0,787, a gns meTpoBoro cnosd no4ysbl — 0,646—0,693. Ta-
KMM 0Opa3om, cxema obecneynBaeT HEMPEPbIBHbLIM pacyeT Braro3anacos noy-

Bbl Ha MPOTSPKEHWUN 3aj@HHOMO YMCcha NneT.
Tabnuuya 5.2

KoadhpuumneHTbl Koppensiuum mexay pacc4MTaHHbIMU 3Ha4YeHUAMU Bnaro3anacoB
U U3MepeHHbIMU AaHHbIMU 3a 1951-1977 rr.

O6nacTb, kpan, 0-20 cm 0-100 cm
pecnybnuka \% VI IX X \% \ IX X
Benropopckas 0,860 (0,809 |0,628 |0,701 (0,737 |0,820 |0,604 |0,640
BpsiHckas 0,655 (0,727 |0,720 (0,668 |0,520 (0,653 |0,720 |0,650
Bnagumupckas 0,681 (0,833 |0,891 |0,778 |0,489 |0,546 |0,736 |0,630
Bonrorpaackas 0,807 (0,692 |0,697 |0,837 |0,612 |0,593 |0,528 |0,633
BopoHexckas 0,824 (0,790 |0,656 |0,756 |0,822 |0,798 |0,506 |0,663
Hwxeropoackasi 0,916 (0,859 |0,886 |0,810 (0,795 |0,798 |0,787 (0,738
VBaHoBckas 0,773 |0,775 |0,828 |0,835 |0,704 |0,631 |0,744 |0,811
Kanyxckas 0,615 (0,786 |0,851 (0,841 |0,615 [0,639 |0,814 (0,737
KocTpomckasi 0,673 |0,782 |0,842 [0,699 |0,624 (0,741 |0,812 |0,709
KpacHopapckuii kpaw 0,750 |0,862 (0,599 |0,680 (0,708 (0,796 |0,540 |0,689
Camapckas 0,715 (0,789 (0,856 (0,879 0,715 |0,703 |0,745 |0,761
Kypckas 0,819 (0,903 |0,758 |0,842 (0,714 |0,875 |0,643 |0,794
Jluneukas 0,659 (0,559 (0,393 |0,623 |0,686 |0,522 |0,213 |0,610
MockoBckas 0,687 |0,764 |0,847 |0,892 (0,680 |0,713 |0,846 |0,789
OpnoBckast 0,728 (0,799 |0,785 (0,844 |0,437 (0,657 |0,755 |0,787
MeH3eHckas 0,867 (0,793 |0,798 |0,776 (0,819 |0,683 |0,536 |0,684
PocTtoBckas 0,855 (0,863 |0,747 (0,830 |0,713 |0,782 (0,527 |0,545
PsizaHckas 0,583 (0,892 |0,863 |0,907 |0,592 (0,853 |0,833 0,855
CapatoBckas 0,845 (0,778 |0,781 |0,866 |0,677 |0,714 |0,585 |0,588
CraBpononbckuii kpan  |0,798 0,838 (0,625 |0,678 [0,628 |0,706 |0,424 |0,646
TamboBckas 0,828 (0,812 |0,772 (0,727 |0,746 (0,824 |0,733 |0,563
Pecny6nuka Tatapcran |0,650 |0,860 (0,864 |0,779 |0,582 |0,676 (0,777 |0,738
YnbsiHoBckas 0,733 (0,599 |0,781 (0,773 |0,514 |0,568 (0,683 |0,689
Yysawickasa Pecny6nvka (0,812 [0,689 |0,751 [0,749 |0,565 |0,235 (0,468 |0,589
Apocnasckasn 0,398 (0,828 |0,729 |0,634 |0,456 |0,804 |0,847 0,756
CpegHee 0,741 |0,787 |0,758 (0,776 |0,646 |0,693 (0,656 |0,692

3Ha4YMMOCTb Baro3anacos Mo4Bbl, Kak OOHOM U3 NPEANKTOPOB YPOXaHOCTH,
MOXHO OLIEHUTb MO TECHOTE CTAaTUCTUYECKUX CBSI3EN C YPOXKaNHOCTHIO CEMNbCKOXO-
35ACTBEHHbIX KynbTyp. B Tabn. 5.3 npeacrasneHsl ocpeaHeHHbIe no 30 pervioHam
Pycckoin paBHUHBI OLIEHKN KOSMMULMEHTOB KOPPENALMN MEXAY YPOXaNHOCTHIO
3epHOBbIX KYNbTYp ¥ 3anacaMu NpoayKTMBHOWM Briarv B Mae-MioHe.
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Tabnuuya 5.3

OcpeaHeHHble no 30 pernoHam Pycckoi paBHUHbI OLleHKM KO3 hpMLIMEeHTOB
Koppensiuum onsi CBsisen «ypoxamHoCTb—Braro3anacbl no4Bbi», 1967-2009 rr.

[aHHble pacyeToB M3mepeHHble AaHHbIe

Mecsu, cnow

NOYBbI Osumas | O3umas | Aposoit |3epHoBble n| O3umas | O3umas | Aposoli |3epHoBble U

nweHnua| poxb | A4MeHb | 3epHO006. |nweHuua| poxb |sYMeHb | 3epHO606.
Man, 0—-20 0,41 0,40 0,30 0,40 0,31 0,37 0,31 0,38
Maw, 0—100 0,36 0,41 0,31 0,40 0,18 0,26 | 0,21 0,26
WioHb, 0—-20 0,53 0,57 0,58 0,64 0,33 0,38 | 0,45 0,49
WioHb, 0—100 0,49 0,54 0,51 0,59 0,26 0,31 0,40 0,43

M3 pgaHHbIX Tabn. 5.3 cnegyet, 4TO MCNONb30BaHWE BOCCTAHOBMEHHbIX
Braro3anacoB BMECTO HernocpeacTBeHHO HabnogaeMbix BENWYMH Briaro3ana-
COB obecrneynBaeT B NogaBnsAoLLEeM 6OMbLUMHCTBE CryvyaeB 3aMeTHoe npupa-
LeHne MHOPMaTUBHOCTM ITUX NoKasaTenemn Ans pacyeTa ypoxKanHoCTu.

5.2. Cxema pacyeTa AMHaMUKK 3anacoB yrnepopa

He meHee BaxHbIM hakTOpOM Npu onpeaeneHun oxngaeMon npoayKTnBe-
HOCTUN CEenbCKOXO3SINCTBEHHbIX KYNbTYp SBMASETCA YrnepoAHbln 6anaHc opra-
HMYEeCKOro BeLLeCcTBa, KOTOPbIV B 3HAYUTENBHON CTEMEHW BUSET Ha AMHAMUKY
OOCTynHbIX hopm asoTa, hocdopa u Kanms u TeM CaMbiM KOHTPONUPYET Npo-
Lecchbl pocTa v NPOAYKTUBHOCTM PaCcTEHUIA.

B paccmaTpvBaemoi cxemMe MOHUTOpUHra Mcnonb3yercs MoavduLmpo-
BaHHasa O.[. CupoTteHko Bepcus mogenu RothC (Coleman, Jenkinson, 1996).
OpraHunyeckuin yrnepoa NoYBbl pas3fensercs Ha YeTblpe akTMBHbIX Myna, Ko-
Topble NpeAcTaBneHbl nerkopasnaraeMbiMu pacTuTenbHbIMU octatkamu (C, ),
TpyAHopasnaraeMbiM pacTuTenbHbiM Matepuanom (C, ), MUKpobHon Guomac-
cot (C;) 1 rymmncumumMpoBaHHbiM opraHudeckum sellectsom (C,). Cuctema
YypaBHEHMWI ANS pacyeTa COCTaBnALWUX yrnepoaHoro 6anaHca opraHnyecko-
ro BellecTsa UMeeT BUA:

C/" =l exp [—a/”b-"*‘c-’*‘ 1%} +0,59R7" +0,49F 7",
)" = exp (—aj”b-"“c”l i‘;] +0,41R7" +0,49F 7,
" =cf exp [—a-”%-’”c”l %J +0,46V/P,,
¢ =Cf exp (—a-”'b-’*‘c-f“ f—;] +0,54V/P, +0,02F""",

v/ =c/ {1 —exp (—a-”lb"”c"+1 klﬂ
b 12)]

Vi =v/+vi +v{ +Vv{,
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roe a’ — 3aBUCKHMOCTb CKOPOCTU Pa3fioXEHWS] OpPraHMYecKoro BellecTBa Mod-
Bbl (OBIM) ot TemnepaTypsbl; b/ — 3aBUCUMOCTb CKOPOCTU pasnoxeHns OBl ot
BIaXHOCTM NOYBbI; ¢/ — KO3MULIMEHT, KOTOPLIN paBeH 0,6 Npu Hanu4Mm pacTu-
TefbHOro NOKpPoBa, UNW eauHULIEe NpK ero oTCyTCTBUW; k|, k,, k4, k, — ckopocTu
MUHepanusaumm nynos; R/ ! — konn4ecTBo pacTUTerbHbIX OCTaTkoB; F/*1 — ko-
NMYECTBO BHECEHHBIX OpraHMYeckux yaobpeHuit; V7 — cymmapHble notepu op-
raHMYecKoro yrnepoaa 3a JaHHbIi mecau; P, — gons notepb V7, saBucsawas or
MeXaHU4eCKOoro coctaBa no4Bbl (CogepkaHns (PU3NYeCKON MMnHbI).

[ns uenew NporHO3NpPoBaHNs YpOXKanHOCTU 3EPHOBbIX KyNbTYp NpeacTaBs-
NS0T MHTEpeC ABa nokasaTtens — CyMMapHas CKOPOCTb PasfnOXeHUs YeTbipex
dpakuuin OBl 3a okTaAbpk npeawecTsytowero roga (V,,,,) U CKOPOCTb pas-
NoXeHus1 ryMycHon dpakummn 3a nepuof ¢ mapta no manm (V,,). B tabn. 5.4
npeacTaBneHbl OLEHKU TECHOTbl CTaTUCTUYECKMX CBA3EM AaHHbIX MokasaTe-
nen N ypoxxamHOCTU CENbCKOXO3ANCTBEHHbIX KynbTyp 3a 1967—-1995 rr. ans
30 pernoHoB Pycckoin paBHUHBI.

[octaToyHo TecHas CBSA3b HabniogaeTcs Mexay YPOXamHOCTbI 3epHO-
BOM PXW U CYMMapHOWN CKOPOCTbIO pasnoxeHus yetbipex dpakumn OBl 3a
OKTSOpb NpeLIecTBytOLLero roaa: aAns 03MMOW MeHnLUbl cpegHuin koaddu-
UMeHT Koppensiumm coctaenset 0,406, ons oaumon pxu — 0,463, onst ApoBoro
aumeHst — 0,337, onsa Bcex 3epHOBbIX U 3epHO6060BbIX B Lenom — 0,437. [ng
APOBbIX KYMNbTYP TECHOTa CBA3N Vo U V,, C YPOXKANHOCTbLIO HUXE, YeM [ns
03UMbIX KYfbTYP M BCEX 3epHOBbLIX B LienoM. Takum ob6pa3om, Hannymne 3Hauu-
MbIX CTATUCTUYECKMX CBSI3El MEeXAY CKOPOCTbIO PasfoXeHUs OpraHnyYeckoro
BELLEeCTBA N YPOXAMHOCTLIO CreayroLLero roga no3BonsieT UCNonb3oBaTth 3TOT
nokasatenb Ans NPOrHO3UPOBaHUS B KOMMIEKCEe C APYIMMU NPELUKTOpamMMu,
onpegensieMbiM1 B NPOLECCe MOHUTOPUHTA.

Ha ocHoBe paccunTaHHbIX PSAOB 3anacoB NPOAYKTUBHOM Baru 1 3anacos
yrnepoga B NaxoTHOM Croe MoYBbl NonyyYeHbl 4 Buaa ypaBHeHU Ans nporHosa
YPOXaNHOCTM OCHOBHBIX 3€PHOBbIX KYNbTYp B OKTA6pe, anpene, mae u nioHe:

=/. . .n2 .n3

Yo=a -V, ,tbn+cn+dn,
Yi=a-V,,tbV,+tcntdnten, (5.5)

Yi=a-Votb-Viytcli+dWstentfntgn,
Yo=a-Vipy +b-Viy + - Tyt d- Wt e-Ty+ f- Wy +gon + hen? + i-m,
rae Y,,, Y,, Y, Y, — nporHosupyemas ypoxanHocTb; V,, , — CymMmapHas cKo-
pOCTb pasnoxeHus yetbipex dpakuun OBl 3a okTs6pb NpenLlecTByHOLLErO
roga; V,, — CKOpOCTb pasnoXeHus rymycHow dpakummn 3a nepuog ¢ MapTa no
man; T, T, — cpedHsia Temneparypa 3a Mail U MioHb COOTBETCTBEHHO; W,
W — 3anacbl NpoAyKTUBHOW Brarv B NMaxoTHOM CIoe MoYBbl 3@ Mail U WIOHb
COOTBETCTBEHHO; n =1, 2, 3,... —HOMep roaa; a, b, ¢, d, e, f, g, h, i — nHONBUAY-
anbHble ON5 KaXO0ro permoHa koanUNEHTBI.
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Tabnuuya 5.4
OLEHKM TECHOTbI CTaTUCTUYECKUX CBA3EN YPOXKauHOCTHU
CeNbCKOXO3ANCTBEHHbIX KYyNbTyp, CYMMapHOW CKOPOCTU pa3noXeHus
yeTbipex dpakuuin OBl (okTAGPL NpeAblAyLLEro roga) M CKOPOCTU pasnoXxeHus
rymycHou dpakuymum 3a nepuos ¢ MmapTa no uoHb, 1967-2009 rr.

QO6nacTb, kpai,

CyMMapHasi CKOpOCTb Pa3noXeHWst
yeTblpex dpakumin OBl 3a okTa6pb

CKOpOCTb Pa3noXeHns ryMmycHOW
dpakumm 3a nepuog, ¢ mapTa rno mamn

npeALwecTByoLEro roga
pecnybnuka = =

o3nmasa |o3mmas | ApoBon o3nmasa |o3nmas | ApoBou

nweHvua| poxb |sumeHb 36pHOBLIE nweHvua| poxb |sumeHb 3epHoBbIS
Benropoackas 0,562* |0,598*|0,411*| 0,551* | 0,459* |0,483*|0,434*| 0,497*
BpsHckas 0,378* |0,446*|0,320*| 0,469* | 0,487* |0,327*| 0,271 | 0,372*
Bnagumupckas 0,265 | 0,304 | 0,249 | 0,295 | 0,513* |0,477*| 0,178 | 0,286
Bonrorpagckas 0,327* |0,417*| 0,031 | 0,352* | 0,565* |0,569*| 0,201 | 0,533*
BopoHexckasi 0,360* |0,436*|0,312*| 0,369* | 0,511* |0,443*|0,346* | 0,446*
Hwxeropoackas 0,526* |0,558* | 0,476*| 0,599* | 0,480* |0,364*[0,319*| 0,360*
VBaHOBCKasi 0,394* 10,489 | 0,287 | 0,332* | 0,429* |0,441*| 0,212 | 0,227
Kanyxckas 0,595* |0,667*|0,513*| 0,632* | 0,164 | 0,127 [ 0,099 | 0,105
Koctpomckasi 0,163 |0,339*| 0,191 | 0,225 0,140 | 0,305 | 0,263 | 0,340
KpacHopapckuii kpan 0,551* |0,444*| 0,097 | 0,475 | 0,725* |0,593*|0,356* | 0,645*
Camapckast 0,038 | 0,131 | 0,247 | 0,170 | 0,343* [0,409*| 0,110 | 0,314*
Kypckas 0,558* |0,708*|0,404* | 0,534* | 0,359* | 0,249 | 0,263 | 0,297
Jluneukas 0,626* |0,691*|0,620*| 0,695 | 0,302 | 0,239 | 0,180 | 0,223
Pecnybnuka Mapun On | 0,301 [0,481*| 0,181 | 0,374* | 0,272 | 0,239 | 0,025 | 0,148
Pecnybnuka Mopgosust | 0,530* | 0,539*|0,521*| 0,621* | 0,434* |0,346*| 0,207 | 0,276
MockoBckast 0,546* |0,598*|0,416*| 0,519* | 0,356* |0,516*| 0,019 | 0,155
OpeHbyprckas 0,161 | 0,081 [0,361*| 0,325* | 0,353* |0,441*| 0,164 | 0,239
OpnoBckasi 0,708* |0,740* | 0,684*| 0,778* | 0,297 | 0,199 | 0,212 | 0,225
MeH3eHckas 0,051 | 0,171 | 0,132 | 0,112 | 0,421* | 0,232 | 0,142 | 0,200
PocTtoBckas 0,329* | 0,277 | 0,014 | 0,271 0,483* |0,557*|0,315*| 0,458*
PsasaHckas 0,600* |0,611*|0,545*| 0,696* | 0,403* | 0,272 | 0,238 | 0,312*
CaparoBckast 0,012 | 0,142 | 0,100 | 0,027 | 0,455* [0,513*| 0,192 | 0,438*
CTaBpononbCKui kpaw 0,732* |0,710*|0,503*| 0,718* | 0,821* |0,771*|0,731*| 0,807*
TamboBckasi 0,467* |0,385*|0,315* | 0,434* | 0,353* | 0,238 | 0,132 | 0,226
Pecnybnwuka Tatapctad | 0,552* |[0,672*|0,613*| 0,630* | 0,645* |0,594*|0,543*| 0,571*
Tynbckas 0,571* |0,599*|0,482* | 0,633* | 0,412* |0,333*| 0,149 | 0,264
Yamyptckasi Pecnybnuka | 0,122 | 0,293 | 0,251 | 0,438* 0,133 | 0,135 | 0,171 0,147
YnbsiHoBckasi 0,171 |0,321*| 0,044 | 0,026 | 0,563* [0,511*| 0,153 | 0,373*
Yysawickas Pecny6nuka | 0,313* |0,508*| 0,189 | 0,261 0,577* |10,581*| 0,249 | 0,403*
Apocnasckas 0,671* |0,547*|0,587*| 0,546* | 0,276 |0,337*|0,338*| 0,326*
CpepHee 0,406* |0,463*|0,337*| 0,437* | 0,424* |0,395*| 0,240 | 0,340*

lMpumeyaHue. * — ouUeHKM 3Ha4YUMbl NPU 5%-HOM ypOBHE.

B 1abn. 5.5 npuBegeHbl OLEHKM MHOXECTBEHHbIX KO3MULMEHTOB KOppe-
naumm (R) Anst nony4eHHbIX ypaBHeHU. CpeaHuin koaduUneHT Koppensumm
AN NPOrHo3a ypoxanHOCTU B Mae A0CTaTovHO BbiCoK (R > 0,7). [Ans o3umon
nweHunupbl oH coctaenset 0,714, ons o3umon pxu — 0,706. [Ina apoBoro sume-
HA cpegHuin KoadUUMEHT KoppensumMu ansg nporHo3a B uioHe paseH 0,715,
OISl BCex 3epHOBbIX 1 3epHO6060BLIX B LienomM — 0,755. Beicokne koaddmum-
EHTbI KoppensiuuM No3BONSIOT cAenaTth BbIBOA, YTO EXXEMECAYHbIN YMCTEHHbIN
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MOHWTOPWHI 3anacoB NPOAYKTMBHOWM Briarv U COCTaBMSOLWMX yrrepoaHoro 6a-
naHca OpraHNYeCcKoro BeLLLECTBa NaxoTHbLIX MOYB MO3BOJSISET COCTABNATL AOCTa-
TOYHO HAAEXHblE EXEeMECSYHbIE MPOrHO3bl YPOXAMHOCTM 3€PHOBbLIX KyMbTYp,
HauuHas ¢ Masi, npumepHo ansa 75 % cybbekToB Poccuiickon Gegepaumu.
Tabnunuya 5.5

OueHKM afAeKBaTHOCTU PerpeccMoHHbIX Moaenen Ans NPOrHo3npoBaHus
YPOXXarMHOCTM 3ePHOBbIX KynbTyp, 1967-2009 rr.

Ob6nacTb, kpaWn, Osumast nwennua | O3nmas poxb | ApoBon sYMeHb 3epHoBble

pecny6nvka Maw WIOHb Maw NIOHb maw NIOHb Man VIOHb
Benropoackasi 0,692 | 0,747 | 0,751 | 0,803 | 0,659 | 0,681 | 0,730 | 0,781
BpsiHckas 0,687 | 0,701 0,600 | 0,648 | 0,496 | 0,705 | 0,589 | 0,696
Bnagvumupckas 0,739 | 0,740 | 0,566 | 0,584 | 0,406 | 0,509 | 0,534 | 0,614
Bonrorpagckas 0,721 0,793 | 0,747 | 0,878 | 0,657 | 0,853 | 0,749 | 0,856
BopoHexckast 0,712 | 0,733 | 0,679 | 0,745 | 0,622 | 0,710 | 0,691 | 0,769
Hwxeropoackas 0,790 | 0,796 | 0,676 | 0,676 | 0,571 | 0,625 | 0,758 | 0,778
VBaHoBCkasi 0,677 | 0,698 | 0,753 | 0,757 | 0,556 | 0,633 | 0,451 | 0,574
Kanyxckas 0,730 | 0,754 | 0,790 | 0,839 | 0,597 | 0,767 | 0,688 | 0,801
KocTpomckasi 0,434 | 0,448 | 0,590 | 0,594 | 0,586 | 0,599 | 0,500 | 0,554
KpacHopapckuii kpawi 0,808 0,832 0,716 | 0,742 | 0,755 | 0,786 | 0,766 | 0,821
Camapckas 0,653 | 0,753 | 0,724 | 0,807 | 0,570 | 0,784 | 0,535 | 0,787
Kypckas 0,711 0,730 | 0,739 | 0,744 | 0,551 | 0,561 | 0,669 | 0,682
Jvneukas 0,736 | 0,740 | 0,752 | 0,792 | 0,715 | 0,789 | 0,798 | 0,826

Pecny6nvka Mapwin 9n | 0,672 | 0,708 | 0,680 | 0,698 | 0,516 | 0,667 | 0,616 | 0,724
Pecny6nvka Mopaosust | 0,816 0,824 0,778 | 0,788 | 0,653 | 0,702 | 0,819 | 0,836

MockoBckas 0,694 | 0,720 | 0,767 | 0,778 | 0,475 | 0,666 | 0,573 | 0,701
OpeHbyprckas 0,617 | 0,693 | 0,642 | 0,739 | 0,590 | 0,818 | 0,579 | 0,803
OpnioBckas 0,840 | 0,849 | 0,804 | 0,840 | 0,718 | 0,843 | 0,829 | 0,880
MeH3eHckas 0,524 | 0,524 | 0,523 | 0,524 | 0,496 | 0,590 | 0,560 | 0,601
PocToBckas 0,706 | 0,794 | 0,739 | 0,845 | 0,632 | 0,721 | 0,697 | 0,796
Psa3zaHckas 0,772 | 0,793 | 0,677 | 0,724 | 0,619 | 0,717 | 0,798 | 0,843
CapaToBckasi 0,630 | 0,719 | 0,652 | 0,756 | 0,593 | 0,817 | 0,643 | 0,805
(CTaBpONoOnbLCKMiA Kpai 0,891 0,911 0,887 | 0,901 | 0,861 | 0,912 | 0,885 | 0,916
TamGoBckas 0,665 | 0,690 | 0,560 | 0,630 | 0,493 | 0,614 | 0,604 | 0,681
Pecnybnuka TatapctaH | 0,883 0,926 0,910 | 0,936 | 0,814 | 0,885 | 0,846 | 0,899
Tynbckas 0,740 | 0,747 | 0,685 | 0,730 | 0,568 | 0,724 | 0,708 | 0,775
Yomyptckasi Pecnybnuka| 0,661 0,745 0,554 | 0,591 | 0,522 | 0,711 | 0,644 | 0,779
YrnbsiHoBcKast 0,676 | 0,741 0,710 | 0,729 | 0,457 | 0,701 | 0,567 | 0,702
Yysauwckas Pecny6nuka| 0,715 | 0,729 | 0,739 | 0,739 | 0,408 | 0,539 | 0,528 | 0,618
Apocnasckas 0,838 0,840 0,784 | 0,784 | 0,827 | 0,833 | 0,714 | 0,742
CpenHee 0,714 | 0,747 | 0,706 | 0,745 | 0,599 | 0,715 | 0,669 | 0,755

B 3akntoyeHne oTMETUM, YTO NpeacTaBneHHas YMCNeHHas cxema no3Bo-
NAeT BECTU HeMnpepbIBHbIA KPYTMOroAuYHbIN MOHUTOPUHT AUHAMUKM 3anacos
NPoadyKTUBHOM Brarn 6e3 3aflaHus eXerofHbIX HavamnbHbIX YCIOBUI U, KpO-
Me TOro, MO3BOSAET BECTU PETPOCNEKTUBHbIN aHanu3 AUHaMUKK YBRaXHeHNs!
MOYBbI HA OCHOBAHUM BOCCTAHOBIIEHHbIX OAHOPOAHbIX PSAOB 3arnacoB Npoayk-
TUBHOW BRary 3a NPoAoIXUTENbHbIN Nepuod Bpemerun. Takum obpasom, pac-
CMOTpPEH MprMep MOCTPOEHUS MOAENW AMHAMUKA COCTaBMSOWMX BOAHOMO U
YrmepoaHoro umMkna arpocgepsl Ha TeppuTopun Pycckoii paBHUHBI.

— 87—



['JTABA 6

MATEMATNYECKNE MOJEJIN OIITYIMN3 AL
XO35NCTBEHHbLIX PELIEHNN HA OCHOBAHNN
AI'POMETEOPOJIOI'MYECKHX INMPOI'HO30B

3emns sBNsieTcA OCHOBHLIM PECYPCOM CEITbCKOX03ANCTBEHHOIO MPON3BO-
CTBa, a 3(PPEKTUBHOCTL €€ NCMNOMNb30BaHUA onpeaensaeT ycrnoBus ycTomyu-
BOr0 9KOHOMWYECKOrO pa3BuTus. ATa akTyanbHas Ansg coBpemeHHon Poccum
npobnema nMmMeeT HECKOMNMbKO COCTaBMSIOWNX, CPEaM KOTOPbIX YYET KnumaTtu-
YECKNX 1 MOroAHbIX YCIOBUIN UTpaeT OO4HY U3 BaXKHEWLLNX PONeN.

MmopomeTeoponormyeckas nHopmaumnsa 1 CoCTaBnsieMble Ha €e OCHOBE
arpoMeTeoporiorMyeckue NPOrHo3bl — 3HAYMTENbHBIN Pe3epB NOBbILLEHUS A
(PEKTUBHOCTU CEMNbCKOr0 XO3ANCTBA B paMKax MHHOBALMOHHbLIX TEXHOMOMNIA.
Hunskasa (npakTuyeckn Hyneeas O5is NPOM3BOAUTENSA CENbCKOXO3ANCTBEHHOM
NpOoAYKLMN) CTOUMOCTb rMAPOMETEOPOSNIONMYECKON MHEPOPMaLIMM COBEPLLUEHHO
He COOTBETCTBYET ee 3HaYMMOCTU A CeNbCKOro Xo3ancTea Poccumn — cTpaHbl
C NPeVMyLLEeCTBEHHO PUCKOBaHHbIM 3emiiedernMeM U camMbiM CYpPOBbIM KIn-
mMaToM Ha 3emne. Llenb HacTosLen rnaebl — pacCMOTPETb MaTemaTUyeckme
MoZ€enNu, C NOMOLLbIO KOTOPbIX MOTYT OblTb ONTUMMU3NPOBAHbLI XO3ANCTBEHHbIE
peLLeHNst Ha OCHOBAHUM MPOrHO30B W/ pac4eTOB YPOXaMHOCTU, COCTaBMs-
€eMblX MO AaHHbIM arpOMETEOPONIOrMYECKMX HabntaeHUN.

MycTb cTaBMTCA 3agada pacluMpeHus NpPou3BOACTBa Kakoro-nmbo Buaa
CENbCKOXO3ANCTBEHHOW MPOAYKUUN NyTEM MakCUMM3auMn CPpedHEeMHOroneT-
Hero ypoxas: W B

V=2 ys=0s, (6.1)
roe i — Homep roga; N — 4Ynicno neT; y;, s; — COOTBETCTBEHHO, YPOXXaHOCTb U
noceBHas nnowaib AaHHOW KynbTypbl B i-M rogy.

UepTa cBepxy O3Ha4aeT cpeaHee no BpemeHun. Ecnv nocesHas nnowagb
He MeHsIeTCs rog OT roaa, T.e. (s; = 5), TO CpeaHuiA BanoBon ypoxan ?0 paBeH,
O4YeBUHO, Npou3BeaeHnto Y, =y s.

TNerko nokasatb, 4To Y 1 ?O cBsi3aHbl Mexay cobol COOTHOLLEHNEM:

Y=Y, (1 +r,V, V), (6.2)

rae 7y, — KO MDULIMEHT KOPPENSALIMN MEXAY YPOXKAMHOCTBIO 1 MOCEBHOW NoLua-
Abto, a V,, V — koapunLMeHTbI BapUaLmm 3TUX BEMNYMH, PaBHble OTHOLLEHUIO
CpenHero KBaapaTU4eckoro OTKIMOHEHUS! K cpeaHeMy apuMeTUYeckomy, T.e.

V,=0,/y n V,=0,/5.

dopmyna (6.2) nokasblBaeT, YTO YEM TOYHEE NPOrHO3bl YPOXKANHOCTU, TEM
Bonblie oTHoweHne Y/Y, n, cnegosatenibHo, TeM 3ddeKTUBHEE peLleHus,
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NPUHMMaeMble Ha OCHOBE NPOrHO30B ypoXaHOCTU. Mepoi TOYHOCTU NPOrHo-
31MPOBaHNA OBbIMHO CMYXUT KO3(MUUMEHT KOppenauun r,; Mexay gaktu-
Yeckon () 1 NPOrHo3mpyemon ( 3 ) ypoxanHoctbto. Mpu atom s =ayp (a > 0),
ary,, W r,; COBNAdaNT (r,, = 7,; ).

Makcumym Y gocturaetcs, cnegoBaTenbHo, NWWb NPY TOYHOM MPOrHO3M-
POBaHWUU ypOXKaWHOCTK, T.e. NpU 7,; = 1.

BenuuuHa Y, cornacHo (6.2), 3aBncHT elle oT ABYX KOIPMULNEHTOB — V),
V. KoadhdmumeHT Bapuauun V, onpeaensaeTtca masHbiM 06pa3oM Knumatu-
YeCKMMU YCIOBMSIMW U MpaKTU4eCcKn He nogpaeTcsa ynpaeneHuo. BennunHa
¥V, HANPOTMB, NOMHOCTLIO 3aBUCUT OT MPOU3BOANTENS CENbCKOXO3ANCTBEHHOWM
NpoayKUMN 1 OrpaHUYMBaETCs NULLb HanMYHLIMKU pe3epBaMu NOCEBHOWN Nno-
waaun. 3ameTnm, 4to ¥V, = 1 ANs BaXKHOrO YaCTHOro criydas — ansrepHaTuB-
HOW cTpaTernn «BCe WM HUYero», korga npu 6naronpuaTHOM NPOrHose ypo-
)KalHOCTW pesepBHasi NnoLaab 3aceBaetcs (s = 1), a npy HebrnaronpuaTHOM
nporHo3e noces He npoussoauTcd (s = 0). MakcumanbHO BO3MOXHbIN B 3TOM
cnyyae Bbinrpbiw npu ¥V, = 0,5 gocturaet 50 %.

6.1. ONTMMM3aLuMA CTPYKTYPbl MNOCEBHbLIX MioOWanerM Ha OCHOBaHUMU
NPOrHO30B YPOXKanHOCTU

Mpeanonoxnm, 4TO MOCEeBHas nnowagp s; ANs OaHHOW CEenbCKOXO3sM-
CTBEHHOWN KymnbTypbl onpegensdeTcs B 3aBUCUMOCTU OT OXWOAEMOW ypoXKaun-
HOCTW MO NpaBuny:

si=ay;, (6.3)

roe ¥; — NporHosvpyemast B i-M rogy ypoxamnHoCTb; a — KoaduUUMEHT nporop-
umoHansHocTh (a > 0). Mpu P, = 0 ceB He npoBoanTcs U s; = 0. ECTecTBEHHO
NpeanonoXnTb, YTO ANS NPOrHO3MPOBaHUSA YPOXKANHOCTU MCNONb3YETCs ypaB-
HEeHWe perpeccumn, 4ns KOTOPOro CpefHee 3HaYeHe NPOrHO3MpPyeEMO ypoxkan-
HOCTW paBHO cpegHeMy 3Ha4YeHMIo PaKTUYECKOW YPOoXKanHOCTU, a Aucnepcum
3TUX BEMNYMH CBSA3aHbl COOTHOLLIEHNEM:

2 2 2
0} =1,;0,. (6.4)

3pecb Gf, " Gf, — OLEeHKM Aucnepcuu nporHo3npyemon n cpaktnyeckom
YpOXanHocTy; ryz_;. — KO3 PUUMEHT AeTepMUHALUN CYyYarHbIX BENNYUH y U
¥, . Ha ocHoBaHuu (6.3) v (6.4) onpeaenum V,, 1 C y4eTOM TOrO, YTO Iy =T

ys
BMecTO (6.2), Mony4Ynum OKOHYaTenbHo:

Y s
Til-‘rl“._‘: V‘, . (65)
YO
OhPeKTUBHOCTL eXeroqHON KOPPEKTUPOBKM MOCEBHBLIX nnowagen no
npasuny (6.5) 3aBUCMT OT NPOM3BEAEHMS OBYX BENUYMH — KO3bdUUMNEH-
2
Ta AeTepMuHauMM 7,5, XapakTepusylowero TOYHOCTb MPOrHO3MPOBaHMUS
ypoXxanHoCcTM OO ceBa, U KBagpaTa koadduumeHTa Bapuaumm BPEeMEHHOro
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psaa ypoxariHoctu. Oba napameTpa NnpakTUYecku NOMHOCTLIO ONpeaensoTCs
MOTrOAHBIMU U KMMMATUYECKUMU YCIIOBUSIMU.

PaccuutanHbie no (6.5) sHadeHus Y/Y, npeacrasneHsl B Tabn. 6.1 (nu-
HeliHoe npaBuno). B nepBon cTpoke MpuBedeHbl OLEHKUM 3hHEKTUBHOCTM
€XEerogHon KOPPEeKTUPOBKM MOCEBHbLIX MMowaaen npu HU3KOW onpasbiBae-
MOCTM MPOrHO30B ypoxanHocTtn (r,; = 0,5), Bo BTOpon — npu cpeaHen (0,7)
n B TpeTben — npu Bbicokon (0,9). TOYHOCTb AOMTOCPOYHbBIX arpOMeTEOPONo-
MMYecKnx NPOrHO30B YPOXKaMHOCTM 3aBUCUT OT BUOA CENbCKOXO3ANCTBEHHON
KynbTypbl, KINUMaTUY4ECKMUX YCIOBUI TEPPUTOPUM U CTENEHU CTabUNbHOCTM
arpoTexHukn. TOYHOCTb MPOrHO30B CpeaHeobrnacTHON YpOXaWHOCTU PaHHUX
APOBbIX 3€PHOBbLIX KYNbTYp Ha AaTy ceBa MOXHO OLEHUTb KO3dULMEHTOM
Koppensumm nopsiaka 0,7 onsg 3Ha4MTeNbLHON YacTu TepPUTOPUN NTIECOCTENHON
N CTEMHOW 30H.

Tabnuuya 6.1

MpupaweHnsa cpegHerogoBoro BanoBoro ypoxas (%) ¢ noMoLbio exerogHon
KOPPEKTUPOBKU NOCEBHOWN NnowaamM Ha OCHOBaHUM NPOrHO3a ypoXXaHOCTHU
no nVIHeVIHOMy, anbTepHaTUBHOMY U 3KCNOHeHUnanbHOMY npaBunam

KoathdmumeHT Bapmaunm ypoxxanHocTtu
"3 0.2 03 | 04 | 05 06 07 0,8
JlnHelHoe npaBuno
0,5 1,0 2,2 4,0 6,2 9,0 12,2 16,0
0,7 2,0 4,4 7,8 12,2 17,6 24,0 31,4
0,9 3,2 7,3 13,0 20,2 29,2 39,7 51,8
AnbTepHaTuBHOE NpaBuno
0,5 9,7 13,6 17,5 21,5 254 29,3 33,3
0,7 10,5 16,1 21,7 27,4 32,8 38,4 44,0
0,9 14,8 18,7 29,7 33,8 41,2 48,7 56,2
3KcnoHeHUmanbHoe npasuio
0,5 3,8 7,8 12,7 18,3 241 30,8 37,5
0,7 6,8 13,4 21,3 29,9 39,1 48,6 58,3
0,9 11,0 21,3 33,1 45,9 59,2 72,9 86,8

OueHkn KoaPUUMEHTOB Bapuauun cpeaHeobnacTHOM YpOoXKanHOCTU
3a nepuoa ¢ 1970 no 1998 r. npuBeaeHsl B Tabn. 6.2. KoadpdpuumeHTsl Ba-
prauun ons SpoBOro SYMeHsi, 031MMOIM 1 APOBON NLLEHWLbI NOBCEMECTHO (3a
NCKMIOYEeHNEM HecKonbkux obnacten) npesbiwatoT 20 %. MakcmarnbHble Ko-
acpdumumeHTsl Bapmauum (o 50—-60 % Ans ApoBbiX 3€PHOBLIX KyNbTyp) xa-
pakTepHbl Ans Havbornee 3acyLunuBbIX panoHoB EBponeiickon Poccumn. OaH-
Hble Tabn. 6.2 NO3BONSIOT 3aKMNIOUMTb, HYTO NpUpaLLEHNe CpeaHEMHOrONETHEN
BanoOBOW YPOXXaMHOCTU B pe3yrbraTe eXerogHoN KOPPEeKTUPOBKM MOCEBHbIX
nrowagen no npasuny (6.3) byaer 3HauUMMbIM Ha tOro-BOCTOKe U tore EBpo-
nerickor Poccumn. Tak, B Camapckon n CapartoBckorn obnactax npu V = 0,5
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npupaiwlieHme cpegHerogoBbiX BaliOBbIX ypOXXaeB FlpOBOl7I nweHuubl AOIMKHO
HaxoguTbes B npegenax 12—20 %.
Tabnunuya 6.2
OueHKN BpeMeHHOW U3MEeHYMBOCTMU CpeAHeobnacTHbIX 3Ha4eHUN YPOXKalHOCTU
3epHOBbIX KynbTyp 3a 1970-1998 rr.

O6nacts, kpaii, pecny6nika ApoBoi s4MeHb Aposas nweHnua | O3nmas nweHuua
’ ’ G,,T/ra V, % G,,T/ra V, % G,,1/ra V, %
ApxaHrenbckas 2,6 28 2,7 24 - -
Bonoroackas 2,1 20 3,5 19 - -
JleHuHrpaackas 4,0 25 2,5 30 3,6 19
Hosropogckas 3,0 32 2,3 26 2,4 23
INckoBckas 2,6 28 3,7 29 1,6 14
BpsHckasn 4,5 33 3,4 20 3,8 23
Bnagvmupckas 3,7 23 2,4 24 3,8 23
MBaHoBCcKkas 3,4 26 4.4 45 3,5 27
Teepckas 2,9 26 2,0 22 3,0 26
Kanyxckas 3,4 28 5,4 27 3,0 23
KocTtpomckas 2,8 30 3,8 25 3.1 23
MockoBckas 5,0 25 3,6 27 4,7 21
OpnoBckas 54 32 3,0 30 5,4 29
PsasaHckas 4,9 32 3,6 21 5,3 31
CmoneHckas 3,0 26 2,2 23 2,8 23
Tynbckas 4,2 24 3,0 22 5,0 27
Apocnasckas 3,4 32 2,9 26 2,7 23
Hwxeropoackas 3,9 25 4.9 31 4.9 31
Kuposckas 3,3 28 3,0 23 4.4 37
Pecny6nvka Mapun 3n 4.4 29 4,3 22 55 32
Pecny6nvka MopaoBus 4,0 26 6,4 41 5,3 35
Yysalickas Pecny6nvka 5,1 25 5,3 34 5,7 28
Benropoackas 6,2 30 4,3 24 5,9 23
BopoHexckas 6,0 33 4,2 29 6,3 27
Kypckas 5,1 26 3,9 30 4,6 20
Nuneukas 5,0 28 3,2 76 7,0 35
TamboBckas 5,2 31 4.1 53 5,7 28
AcTpaxaHckas 3,3 62 3,8 35 4,5 36
Bonrorpagckas 5,1 48 3,5 31 6,2 34
Camapckas 4,8 35 3,9 50 6,2 33
MeH3eHckasn 4.3 33 4,0 28 54 32
CapatoBckasi 54 49 3,8 50 6,4 38
YrnbsiHOBCKas 51 31 6,0 37 6,3 35
Pecnybnvka Kanmbikus 4,3 46 5,6 29 5,4 36
Pecny6nvka TatapctaH 6,5 40 4,5 38 6,1 34
KpacHopgapckuii kpan 5,0 20 3,6 38 6,3 18
CTaBpononbCKkuii Kpaw 53 33 3,8 28 6,2 28
PoctoBckas 5,2 33 2,6 27 5,6 24
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3aKoHOMepeH BOMPOC: HefMb3s NN NOBbLICUTL 3PPEKTUBHOCTL EXKErOAHOM
KOPPEKTUPOBKM NMOCEBHbIX MIOLLaAel C NOMOLLLIO 3aMeHb! (6.3) apyrim npasu-
nom? M3 (6.2) cnegyert, 4TO Npu pocTe KpuBU3HbI yHKUMK s = f( 3 ) yBEnuunBa-
€TcA 3HadeHve ¥V, HO 0AHOBPEMEHHO YMEHbLLIAETCS 7, NOSTOMY OLIEHUTb, KaK
“3MeHuUTCA npousseaeHune V; r,, npu 3ameHe (6.3) HENMMHENHON YHKUMEN, C
MOMOLLIbIO aHaNUTUYECKMX METOA0B AOCTAaTOMHO TPYAHO.

[ns pelweHnsa aton 3agayn npeacrasnsaeTcs yaobHbIM NCnons3oBaTh Me-
Toa MoHTe-Kaprno, npvHsB B KadecTBe MepBOro npubnukeHus gonylieHve,
4YTO pacnpeferneHvs y U y MNOOQYMHSIIOTCS ABYMEPHOMY HOpPMarbHOMY 3aKo-
Hy. OTa TexHomnorns No3BonseT UCMbITaTb MOOYI0 HEMVHEVHYIO 3aBUCUMOCTb
B KayecTBe npasuna s = f () 1 nony4ntb pesynsratbl pacyetoB B hopmarte
Tabn. 6.1, kak 1 4na aHanuTM4eckon 3aBmcmumocTtu (6.3).

PaccmoTpmm achbdhekTUBHOCTb MPOCTENLLEr0 HENMUHENHOro npasuna Ha-
3Ha4YeHUs NOCeBHbIX NMoLwaaen no NPOrHo3y ypoXKamHOCTW:

1, ecm p>y

S’_{O, ecnm <y’
rAe y — CpeaHsis MHOroneTHAs ypoXanHocTb (Hopma). MNpasuno (6.6) odeHb
yoo6OHO, MOCKOMbKY Anst ero peanusauun Heobxoaum nuvllb 3HaK NPOrHosa
ypoxaiHoctu 3, — . MprMeHeHne 3Toro npasua npegnonaraert, YTo BecbMa
3HAYUTENbHBIA B COBPEMEHHbIX YCIOBUSIX «U3ObITOUHbINY» 3eMerbHbIN hoHA
OyOeT ncnonb3oBaTbCs HE €XErofHo, a NULb B Te rodpbl, Korga oXuaaembli
ypoxan npesbllaeT HOPMY M Bonee BbiCOKa BEPOATHOCTb OKYNnaeMocTu 3a-
TpaT Ha ceB, yxop 3a nocesamu n ybopky ypoxas.

Pesynetathl pacyeTtoB ¢ noMmowsio Metoga MoHTe-Kapno npu ucnonbe3so-
BaHuM npaswuna (6.6) npeactaeneHsl B Tabn. 6.1. AnsTepHaTMBHas cTpaterus
Ha3Ha4YeHNst MOCEeBHbIX NfoLwaaen, kKak nokasbiBaloT AaHHble Tabn. 6.1, 3Hauu-
TenbHO Gonee adhdekTBHA ANS BCEro AuanasoHa U3MeHeHWs1 mapameTpoB.
ConoctaBuM nepByto 1 YETBEPTYO CTPOKKU Tabn. 6.1 Ans «NAoxmx» NpPorHo-
30B ypoxanHocTtu (7,; = 0,5). Mpun V' = 0,2 nepexod OT NIMHEeHON K ansTepHa-
TUBHOII CTpaTervu noBbIlLaeT apdeKTUBHOCTL MeTofa noutv B 10 pas, npw
V=0,4-184 pa3a, anpu V=10,6 —B 2,8 pasa. [pn 6onee BbICOKOI Onpas-
AbIBAEMOCTM NMPOrHO30B ypoxanHocTu (r,; = 0,7 1 0,9) pocT achdekTMBHOCTY
MeTOoaa 3a CUET Mepexo/a K arkTepHaTUBHON CTpaTern Takke BecbMa 3Ha-
YUTENMEH, XOTS U HEe TaK BENUK, KaK AN «MIOXUX» MPOrHO30B. OTOT pesynbrart
CTaTUCTUYECKOro MOAENMPOBaHUS eLle pa3 NoATBepXKAaeT U3BECTHbIN BbIBOA
0 TOM, YTO ONMTUMM3aLUS MpoLedyp UCMONb3oBaHWUS NPOrHO30B crnocobHa B
3HAYUTENBHON CTENEHW NOBLICUTL MX 3P(PEKTUBHOCTL, OCOBEHHO NPY HU3KOMN
OnNpaBAbIBAEMOCTM NOCMNEOHUX.

MpaBuno Ha3HadeHMs NOCeBHbIX NnoLwagen (6.6) aensetcs oveHb yaob-
HbIM, HO, pa3yMeeTcsi, He cambIM 3D(PEKTUBHBLIM U3 YMCNa TEOPETUYECKN BO3-
MOXHbIX. [INsi NOATBEPXAEHUSA CKa3aHHOro npuseaeM pesynbraTbl pacyeToB
MO yCeYEeHHOW IKCMOHEHLMansHOM 3aBUCUMOCTN MEXAY NOCEBHON NroLiaabio
1 NPOrHO3MPYyEMON YPOXKaNHOCTbLIO:

(6.6)

—99—



Si:{soexp(cj/), ecnm s, <s, 67)

s, ecrnm s, >s,’

rae s, U s, — COOTBETCTBEHHO, HUXHSASA U BEPXHAS rpaHubl ans s; (¢ > 0 — na-
pameTp). [Npn pacyeTax, pesynbraTbl KOTOPbIX NpeacTaBneHbl B Tabn. 6.1, no-
naranocsb, 4to s, = 1 ra, s, = 100 ra, a BenuymHa c onpegenanacb Ans Kaxaown
napbl 3HaveHui v r,; =0,7 n3 ycriosus makcumyma Y/Y,.

ConoctaBMM 3KCMOHEHUMansHoOe npaBuo C PacCMOTPEHHbIM paHee
anstepHatvsHbIM. Mpasuno (6.7) Gonee apheKTUBHO ANA coveTaHus 7, ; W
V,,, nexaiumx Hmke AuaroHanbHbIX areMeHToB Tabnuuel, a (6.6), HanpoTus,
Bonee adpekTVBHO ANA codeTaHun 7,; W V,, pacnonoXeHHbIX Bbille 3TOW
AvaroHanu. MakcMarnbHbIi BbIMTPbILL hpm MCMNONb30BaHNM 3KCMOHEHLManb-
HOTO NpaBuna AOCTUraeTCcs Npu HanBOMbLUMX 3HaYeHUsax V), u r,; . Tak, npu V,
=0,8un r,; =0,9 npupaweHne cpeoHErogoBOro BanoBOro ypoxas B pesyrnb-
TaTe eXerogHoro HasHa4YeHus NoCceBHbIX MroLlaaen no npaswuny (6.7) coctas-
nset 86,8 %, Torga kak aHanormyHas BenuMyHa npyu CnonbL3oBaHUM Npasuna
(6.6) paBHa 56,2 %. OgHako npn V, = 0,2 1 r,; = 0,5 adpeKTMBHOCTL Npasu-
na (6.7) coctaenset nuweb 3,8 %, Toraa kak npumeHeHue (6.6) obecneunsaeT
pOCT cpeaHero BanoBoro ypoxas Ha 9,7 %.

BbiBOg o4eBMaeH — cTpaTterns onTMMmnsaumy NoceBHbIX NnoLagen Oormxk-
Ha BbIOUPaTLCA B 3aBUCMMOCTU OT OLEHOK 7,; U V), T. €. OT BO3MOXHOM TOY-
HOCTW MPOrHO3MPOBAaHWS YPOXKAWHOCTU U CTENEHU ee MEXIoA0BON U3MeHYU-
BOCTU. TeM He MeHee anbTepHaTMBHas CTpaTerus, CTposiLasicad Ha OCHOBE
anbTepHaTVBHBIX MPOrHO30B, MMEET HECOMHEHHble npenMyLlecTBa. MeTtoau-
YeCKN KOPPEKTHBIN anbTepHaTUBHbBIA NMPOrHO3 YPOXaHOCTM MONYYNTb 3HAYU-
TenbHO ferye, Yem NPorHo3 abCoNTHbLIX 3HAYEHU YPOXKANHOCTM, MOCKOMbKY
npu ansLTepHaTUBHOM MPOrHO3UPOBaHUM OcnabnsTcs TpeboBaHus K yyeTy
arpoTexHUYecKoro TpeHaa ypoxKamHOCTH.

6.2. OnTMMU3aLma pasmMeLLieHUs CeNibCKOXO3SAINCTBEHHbIX KYyNLTYp

MockonbKy NpeacTaBrieHHbIN Bbille MaTeMaTUyeckvil annapart B paBHOW
CTeneHn NPUMeHM AN UCCNeaoBaHNS Kak BPEMEHHOTO, Tak 1 MPOCTPaHCTBEH-
HOro pacnpefeneHns NoceBHbIX NnoLlagen, neperaemM cpasy Kk cogepxartenb-
HOW CTOpOoHe Mpobrembl. AHanu3 TeppuTopmuanbHOro pacnpegeneHvs noces-
HbIX NoLlaaen ocobeHHO akTyarneH B CBSI3W C MPOLECCOM pedhOpMUpPOBaHUS
Hallero cenbckoro xossancrea. Kak otmetun A.A. XKyueHnko (1990 1), «ecnu K
1900 r. B eBponevickon Yactn Poccumn n gaxe B npegenax oTaenbHbIX rybepHui
CTPYKTYpa OCHOBHBIX CEMbCKOXO3SIMCTBEHHBIX KynbTYp Oblna YeTko npuypoyeHa
(meTogom «npob 1 ownbok») kK onpeaeneHHbIM NOYBEHHO-KNIMMATUYECKUM MaK-
pO- N MUKPO30HaM, TO NMPU CMOXMBLLENCS K HACTOSALLEMY BPEMEHU CTPYKType
NOCEBHbIX MroLlaael HabnogaeTcs HeonpaBaaHHasi MO3aUYHOCTb NPUOPUTET-
HOCTM KynbTyp Aaxke B conpeaenbHbIX 0bnacTsix n panoHax».
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[nsi 06bEKTUBHOM OLEHKM CTEMEHW afanTUMBHOCTW pacrnpeerneHus no-
CeBHbIX MroLwlazen B Tabn. 6.3 npeacrasneHbl HeobxoauMble A4S pacyeToB ¢
nomoubto (6.1) nokasatenu —V,,, K v r,,. VI3 aaHHbIX aTON Tabnuuel cnenyer,
YTO ANA SAPOBOMO SYMEHS 3HAYEHUS 7, ANA OTAENbHbLIX NET U B CPeAHEM 3a
BOCbMUMETHUI Nepuoz 3Ha4nMo He oTnmyatotes ot 0, a oueHkn K 6rmskm K 1.
Ona aposon nweHuUbl KOIMMULNEHTbI KOPPENALUN MEXAY YPOXKaNHOCTbIO
N pacnpegeneHnem NOCEBHbIX NMowaaen B OTAeNbHbIE rodbl OTpULaTENbHbI
(7ys =-0,39 B 1998 1.). B uenom 3a nocneaHve roapbl pacnpeaeneHne noceBHbIX
nrowagen 3ToN KynbTypbl CKOPEE MOXHO Ha3BaTb KOHTPaZanTUBHBIM, YeM
ajanTuBHbIM (7, = -0,13).

[ns 03MMON MLEHNLbI MOMOXEHNE UHOE — OLIEHKU 7, NSt BCeX neT ¢ 1991
no 1998 r. 3Haummbl Npu 5 %-Hom ypoBHe. CpegHee 3a BOCbMUIETHWUIA Nepuog
oTHoLeHue Y/ Y, cocTaenser:

Y/Y,=1+0,365-1425-0,53 = 1,28.
Tabnunuya 6.3
OLI,EHKVI ﬂpOCTpaHCTBeHHOVI U3MEH4YUBOCTHU ypo»(aﬁHocm U NOCeBHbLIX nnou.tap.eﬁ
3epHOBbIX KynbTyp Ha EBponerickon Tepputopumn Poccumn
Napametp| 1991 | 1992 | 1993 | 1994 | 1995 | 1996 | 1997 | 1998 |Cpenmee
ApoBoit s4MeHb

v, 38,9 41,1 33,8 38,5 39,2 34,7 37,3 47,4 38,9

v, 90,6 97,3 99,9 97,1 102,5 | 95,3 | 106,8 | 105,7 99,4

L 0,89 0,83 0,85 0,88 0,73 0,63 0,49 0,79 0,76

Py -0,08 | 0,15 0,18 0,17 | -0,17 | -0,09 | 0,23 | -0,13 0,03
ApoBas nweHunua

v, 46,9 42,7 39,1 40,3 37,3 45,5 38,5 48,4 42,3

v, 217,4 | 224,2 | 226,0 | 224,2 | 208,3 | 212,4 | 199,9 | 194,7 | 2134

Y
<

0,90 0,81 0,69 0,79 0,75 0,69 0,57 0,81 0,75
-0,23 | 0,06 | -0,20 | -0,16 | -0,24 | -0,04 | 0,16 | -0,39 -0,13
O3umas nweHnua
v, 36,3 29,1 45,7 38,4 37,1 29,8 28,2 47,8 36,5

Y

4 163,0 | 135,56 | 128,0 | 157,0 | 142,5 | 134,8 | 1454 | 133,8 | 142,5
s 0,89 0,86 0,90 0,83 0,78 0,72 0,77 0,83 0,82
0,63 0,53 0,73 0,48 0,59 0,39 0,39 0,47 0,53

P

r
¥

Takum 06pasom, C NOMOLLLIO afanTauuy pacnpegerneHms NnoceBHbIX Mro-
Wwaaen K NoOYBEHHO-KITMMaTUYECKNM YCNOBKSIM BarOBOW ypoXKain 03MMOWN niue-
HULbI Ha eBponenckor Yactn Poccum Ha 28 % Bhlille NO CPaBHEHUIO C HEKOP-
penupoBaHHbIM (C YPOXaMHOCTbIO) pacnpeerneHMemM noceBHbIX Mnrowanen
(rys = 0).

OheKkTMBHOCTb ONTMMU3ALMM NPOCTPAHCTBEHHOTO pacnpenerneHns no-
CeBHbIX Nnowaaen (Kak u B 3agaye exerogHon KOppeKTMPOBKX) 3aBUCUT OT ABYX
HeynpaBnsAeMblX NapameTpoB — KoaduUmeHTa Bapmaumn V, n koadpuumer-
Ta Koppensaunn mexagy psaammn akTu4eckon 1 NporHO3MpyemMon YpoKaiHOCTH
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(Tabn. 6.3). HambonbLuen NpocTpaHCTBEHHON N3MEHUYMBOCTLIO OTNNYAETCS
ybo>Ka|7|H00Tb ApoBON nweHuupbl (42 %), a HavMeHbLUeN — YPOXanHOCTb 03U-
Mow nweHunubl (36 %). B kayecTBe npegukTopa Ans NPOrHO3MPOBaHWS exeroa-
HOro pacnpeneneHns ypoxxaiHOCTU Mo TEPPUTOPUIN UCMONb30BaNMCb COOTBET-
CTBYHOLUME psigbl CPEQHEODNacTHbIX YpOXaeB 3a MpedLllecTBYHOLWMUA nepmos
c 1980 no 1990 rog. Kak n cnegoBano oxugatb, TOMHOCTb NMPOrHO3NPOBaHNS
cpenHeobnacTHOM YpOXXamHOCTM MO ee CPEQHUM 3HaYEHMSIM 3a NPeaLLECTBYHO-
Wy 11-neTHMIn Nepuoa okasanacb JOBOSbHO BbiCOKa. Tak, cpegHue 3HayYeHus
7,; COCTaBUMW: A1 AYMEHS — 0,76, ans apoBown nweHuubl — 0,75 n anga o3u-
Mo nweHnubl — 0,82. Vicnonb3oBancs nerko peanua3yemMblil, HO, pa3ymMeeTcs,
He ny4ywuin cnocob nporHosa. MNpu exerogHoM OBHOBMEHUM TakMX NMPOrHO30B
NX TOYHOCTb MOXET ObITb MOBbILLEHA, NPUBEAEHHbIE Xe B Tabn. 6.3 BENUYUHbI
MOXHO pacCcMaTpuBaTh Kak rapaHTUpPOBaHHbIE OLIEHKM TOMHOCTW pacyeTta npo-
CTPaHCTBEHHOTO pacrnpefeneHnst ypoxxanHocTw.

Mpn Mcnonb3oBaHMM TakMX FrapaHTUPOBAHHLIX MPOrHO30B YPOXaMHOCTU
afanTaumMoHHas COCTaBnAoLAs BanoBbIX YPOXXaeB oka3arnach CreayLen:

— ansa aumens — 0,389 - 0,994 - 0,76 = 0,29;

— ansa aposon nweHuupl — 0,423 - 2,134 - 0,75 = 0,67;

— Ans o3vmMown nweHuubl — 0,365 - 1,425 - 0,82 = 0,43.

Takum obpasom, nepepacnpenerneHme NOCEBHbIX NMoLLaael 3epHOBbIX NPo-
MOPLMOHAIBHO MX CPEQHEN YPOXXaHOCTK 3a NpOLLSble rofbl Moo 6bl MpuBeCTH
K pocTy BanoBbIXx C60pOB 3epHa APOBOro SYMeHst Ha 29 %, a APOBON MLUEHK-
ubl — Ha 67 %. [ns 03MMon nLeHnLbl NpUpocCT cocTaBun nuwb 43 — 28 = 15 %,
MOCKOJSIbKY CIOXMBLUEECS pacnpeaerneHune yxxe obecneyunno noBbiLeHne ypo-
Xas aTon KynbTypbl Ha 28 %.

MpvBeneHHblEe OLEHKM 3PPEKTUBHOCT aganTauum NOCEBHbIX Nnowaaen
Mony4YeHbl Npu YCrnoBuM, YTO NapameTpbl pacrpeaeneHns NoCeBHbIX MoLLa-
Oel — MmaTemaTu4eckoe oxunaaHne n KoaguLMEeHT Bapnaunm — ocTatoTcst He-
N3MEHHbIMU NMpY onTMM3auun. MNMocnegHee ycrnoBue CHXKaET 3hheKTUBHOCTb
oNTUMM3ALMMN 1 He sBNsSeTcs obsizaternbHbIM. [03ToOMy 3aMeHUM ero Apyrumu
OrpaHMYeHNsIMI 1 NPOAOSTKMM PacCMOTPEHME 3a4a4m B criefytoLlei NocTaHoB-
ke. Haigem pacnpepeneHue s;, MakCUMU3UpYyLoLLiee NIMHENnHY yHKLUI0

Y= ;lyisi — max , (6.8)

n

Mpw orpaHnyennsx s; >0, s; <s/™, Ts, =s;. (6.9)

i=l1

30ecb 1 — pasMepHOCTb MCKOMOM (YHKLMK; S;" — MaKCUMarbHas Nnoces-
Has nnowap B i- obnactu (panoHe); ﬁsi =5y — pacnpegensemast nocesHas
nnowagb. 3agada (6.8)—(6.9) OTHOCUTCH K Knaccy 3agad IMHenHoro nporpam-
MUPOBaHWUSI.

B T1abn. 6.4 npeacraBneHbl NpUMeEpPb! PeLLeHUs 3agadn onTumuaaumm no-
CEBHbIX NnoLwiagen apoBoK nuweHuubl ans 38 obnacten, KpaeB n pecnybnuk
Poccuitckon degepaunn.
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Tabnuuya 6.4

OueHka 3pPeKTMBHOCTM ONTUMU3ALUN NOCEBHbIX Nyowaagen MeToA0M JIMHEMHOTo
nporpaMmMmMpoBaHUsA Ha NpuMepe APoBOM NueHuubl 3a nepuoa ¢ 1991 no 1998 rop

O6nacTs, kpai, _ S| 5. BepxHsisi rpaHyua MOCEeBHbIX
pecnybnuka Y, vira ThbIC. ra Tbllgml"a nroaAcy
’ : 12s|14s|16s|18s|20s

Bonoroackas 1,33 33,1 33,1 1 1 1 1 1
JleHuHrpaackas 2,01 2,08 0,6 1 1 1 1 1
Hosropogckas 0,89 1,90 1,9 1 1 1 0 0
MckoBckasi 0,85 3,40 2,2 1 0 0 0 0
BpsiHckast 1,19 26,9 47 1 1 1 1 1
Bnagvmupckas 1,70 241 13,1 1 1 1 1 1
Teepckas 0,99 24,0 10,9 1 1 1 1 0
Kany»xckasn 0,81 12,7 1,1 1 0 0 0 0
Koctpomckas 0,90 22,7 14,4 1 1 1 0 0
MockoBckas 2,11 9,9 0,1 1 1 1 1 1
OpnoBckas 1,37 108,2 4,2 1 1 1 1 1
PsasaHckas 1,22 37,5 5,0 1 1 1 1 1
CwmoneHckas 0,89 12,3 0,2 1 1 1 0 0
Tynbckas 1,70 87,0 27,1 1 1 1 1 1
Apocnasckas 0,90 15,3 14,0 1 1 1 0 0
Hwxeropoackas 1,40 154,3 78,1 1 1 1 1 1
Kuposckas 1,11 219,7 | 169,5 1 1 1 1 1
Pecny6nvka Mapuin On 1,41 63,1 6,9 1 1 1 1 1
Pecny6nvka Mopaosus 1,33 93,8 63,5 1 1 1 1 1
YyBawickasa Pecnybnuka 1,90 123,4 58,7 1 1 1 1 1
Benropoackas 1,35 7,3 0,1 1 1 1 1 1
BopoHexckas 1,47 36,0 1,0 1 1 1 1 1
Kypckas 1,78 48,9 3,5 1 1 1 1 1
Jluneukas 1,29 56,0 0,5 1 1 1 1 1
TamboBckas 1,23 72,7 4.1 1 1 1 1 1
AcTpaxaHckas 0,39 8,7 6,9 0 0 0 0 0
Bonrorpagckas 0,74 284,6 72,5 0 0 0 0 0
Camapckas 1,02 466,6 | 198,9 1 1 1 1 1
MeH3eHckas 1,08 | 201,9 78,0 1 1 1 1 1
CapartoBckas 0,76 870,7 | 426,4 0 0 0 0 0
YnbsaHoBckas 1,43 239,8 | 123,5 1 1 1 1 1
Pecny6nvka Kanmbikus 0,75 21,0 0,2 0 0 0 0 0
Pecny6nvka TatapctaH 1,44 690,7 | 464,7 1 1 1 1 1
KpacHogapckuii kpaw 1,96 3,5 6,2 1 1 1 1 1
PocToBckas 1,14 14,8 6,6 1 1 1 1 1
OpeHbyprckas 0,87 | 2016,1 | 1466,6 | 1 1 1 0 0
Pecny6nvka bawwkopTtoctaH 1,32 | 1053,2 | 826,3 1 1 1 1 1
Mepmckas 0,90 | 262,9 | 216,0 1 1 1 0 0

MpumeyaHue. Y — CPeaHss ypoxaiHocTb 3a 1980—1990 Ir., s — NOCeBHas Mok SPOBOVA
nweHunubl B 1998 T, s, . — MUHUManbHas nocesHas nnowagas ¢ 1991 no 1998 r. BkIOUMTENb-
HO. BepxHsisi rpaHuua noceBHow nnowaam obo3HaveHa 1, HuxHAA — 0.
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BepxHas rpannua nocesHow nnowaau s, Ansa kaxporo cybbekta Poccuin-
ckon depepaumn onpegensinack NyTeM YMHOXeEHMS pakTM4eCcKon NOCEBHOM
nnowaam 3a 1998 r. Ha koadppuumeHTsl 1,2, 1,4, 1,6, 1,8 n 2,0. B kayectBe
HWXKHEN rpaHnubl s,,;, B3sTa hakTnyeckasd MUHUManbHas noceBHas nnowiaab
3a nepuog ¢ 1991 no 1998 roa. lMNMoceBHas nNnowiagb sSIPOBOM MLUEHULbI 3a
nocnegHue rogbl NpakTUYeCKM NMOBCEMECTHO pocra, NO3TOMY MpUBEAEHHbIE
B Tabn. 4 3Ha4eHus s,,, XapakTepu3yrT COCTOSIHME MOCEBHbIX MioLwagen B
Hadvane nepwvoga (T. e. 3a 1991-1993 rr.). 3ameTum, 4to 6onee yem 50 %-HbIn
POCT MOCEBHbIX MIOLAaAen SiPOBOM NLLEHWLbI CONPOBOXAAETCA YMEHbLUEHU-
€M MOCEeBHbIX MroLwagen AByxX APYrnX 3epPHOBbIX KYNbTYP — O3MMOM MNLWEHULbI
N ApoBOro sumeHs — Ha 20—25 %.

O PeKTMBHOCTL BCEX MATM BapUaHTOB pELLEHMS 3adadyun OLeHMBanach,
Mo CpaBHEHUIO C pacnpeneneHmemM noceBHbIx niowager B 1998 r., Ha He3aBu-
CMMOM MaTepuarne — PakTU4eCcKnx AaHHbIX 06 ypoxkanHocTy 3a 1991—1998 rr.
Mony4yeHbl criegytolne OLEHKM BO3MOXHOMO NpupalleHMs BanoBoro cbopa
3epHa 3a 1991-1998 rr.:

BapuaHTt 12s 14s 16s 18s 20s

MpupaleHre BanoBoro 9,6 17,9 25,5 31,7 36,9

cbopa 3epHa, %

OhdekTMBHOCTL aganTauum MNOCEBHLIX MOWAaAen K MOYBEHHO-KMIMMa-
TUYECKUM YCITOBUSIM 3aBUCUT OT CTEMEHWU €e paauKarbHOCTW, T.€. B AaHHOM
crnyyae — OT BepxHeln rpaHuubl ONYCTMMOrO npegena NoCeBHbIX Mnrowanen
(HWKHSA rpaHnLa s, A9 BCeX BapuMaHToB coBnaaana). [py Bo3MoXXHOM yBenu-
YEeHMU MOCEBHbIX NNoLaaen ApoBOK NWeHULbI B OTAENbHLIX obnactsx Ha 20 %
BafioBON ypoxkaw nosblwancs Ha 9,6 %, Torga kak npy onycTMMOM yBennye-
HUM noceBHbIX nnowagen Ha 100 % pocT BanoBoro ypoxas coctasun 36,9 %
NpW HEM3MEHHOW CyMMapHOW NroLaamn, OTBOANMON NOA OaHHYIO KyrbTypy.

Pe3ynbraThl KOHKPETHBIX 3ag4ay ONTUMM3auUmMnM NOCEBHbIX Mrowanen apo-
BOW nweHunupl (Tabn. 6.4) noaTBEpPKAalT BbIBOA O BbICOKOW 3¢hEKTUBHOCTM
ajanTaumm NOCEBHbIX MITOLaAen 3epHOBbLIX KynbTyp B ycrnoBusix Poccun, ko-
TOpbIN GbiN cAenaH Ha OCHOBaHWW aHanmsa OueHok V,,, 1, n r,; (tabn. 6.3).

3apava (6.8)—(6.9) nerko obobLiaeTca Ans cnyvyas HECKOMbKMX KymbTyp.
Tak, 4nsa Tpex Kynstyp — S4MeHs1, 03MMON U SSIPOBOM MLLEHULbI — Pa3MEePHOCTb
3a]aun yTpameaetcs, a ycrosume s; <s;° 3aMEHSeTcs aHanornyHbIM orpaHu-
YEeHMEM Ha BENUYMHY CyMMapHOW MoLwaan BCEX TPEX 3€PHOBLIX KyMNbTyp B
KaXgow oTaenbHO B3ATOM obnactu. PesynbraTbl NnpoBepkyn adeKkTUBHOCTU
nepepacnpeaeneHnss NoceBHbIX Mnowanen Ans Tpex KynbTyp npu yCroBuu
s =0 oKasanucb CrieayoLUMu:

BepxHsisi rpaHuLa noceBHON

nnowaau, % ot 1998 roga 120 140 160 180 200
MpupaweHune Banosoro cbopa

3epHa 3a 1991-1998 rr.,, % 9,2 16,5 23,8 30,7 35,3
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WNTak, achdekTUBHOCTL ONTUMMU3aLMKN pacnpeaeneHns noceBHbIX MoLla-
Oel ans Tpex KynbTyp ocTanacb MPUMEPHO Ha TOM Xe YPOBHE, YTO U 3dh-
(PEKTUBHOCTb ONTUMU3ALIUN A1 OQHOW KyNbTYpbl — APOBO NLeHMUbl. 3agady
(6.8)—(6.9) »xenaTenbHO peluaTb KOMMIEKCHO AM1A BCero Habopa CenbcKoxo-
3AWCTBEHHbIX KYNbTYp, HO, KaK NOKa3blBalOT pacyeTbl, Npu 3TOM He creay-
eT oXuaaTb oveHb 60MbLIoro nosbieHUs 3(EeKTUBHOCTH, NO CPaABHEHUIO
C pesynsratamMu ONTMMU3aUMWM ANs OTAeNnbHbIX KynbeTyp. PelueHve 3agaun
(6.8)—(6.9) Makcmmaunpyet BanoBoi coop 3epHa Y, HO Mpu 3TOM MOXET MNOBbI-
CUTLCSI MEXXTO0Basi U3MEHUNBOCTb Y, T.6. BO3pacTu aucnepcusi Oy . CHibke-
HUe YCTOMYMBOCTU NPON3BOACTBA CEMNbCKOXO3AMCTBEHHON NPOoAYKLMM BeAET K
3KOHOMMYeCKMM noTepsM. o aTon npuynHe 3agady (6.8)—(6.9) Heobxoanmo
OONOMHUTb CReAyWMM OrpaHUyYeHneM, UCKMYaoLWmMM BO3MOXHOCTb pocTa
Avcnepcun BanoBoro ypoxas:

n n

oy =ZIs s;0()o () (7;)< 03, (6.10)
FA€ 7(y,y;) — ANEMEHTbI MaTpuLibl Ko3dh(pMLMEHTOB KOoppensaumm psaoB ypo>|§a|7|-
HOCTU Y|, ¥, ,-.., Y 0 (¥;) W o(y;) — cpeaHekBagpaTUYeckne OTKNOHeHNsT; Oy, —
Ancnepcusi BanoBOW YPOXariHOCTM NPY MCXOQHOM pacnpeaerneHumn noceBHbIX
nnowagen. Mockonbky (6.10) — kBagpaTndeckasa dyHkums, 3agada (6.8)—(6.10)
CTaHOBUTCH HenuHerHow. 3agaya onTUMU3auun CTPYKTYPbl NMOCEBHbIX MIo-
wagen B nocraHoBke (6.8)—(6.10) oo cmx nop He uccnegosanacb. Tem He
MeHee MpUHUMN BUOKNMMAaTMYECKOW B3anMMOKOMMEHcauuu, npeanaraloLmm
ansi ctabunmnsauum BanoBbIX COOPOB CENbCKOXO3ANCTBEHHON NPOAYKLUUM Ma-
HEeBpMpPOBaHME MOCEBHbLIMY NIOWAAsMU OTAENbHbIX KYNbTYp B 3aBUCUMOCTM
OT CPOKOB CeBa, CKOPOCMENOCTH, 3aCyXOyCTOMUYMBOCTH, a TaKKe OT CknaablBa-
IOLLIMXCSA arpoMeTeoponorMyeckmx ycrnoBui, obeyxxgancsa HeogHokpaTHo (XKy-
koeckun E.E., 1980).

B 3aknioveHve Henb3s He KOCHYTLCA BOMpoca ONTMMU3aumny pasMeLleHus
CENbCKOXO3ANCTBEHHbIX KYNbTYP C Lienbio 6oree NonHoro Nenonb3oBaHus arpo-
KNMMaTU4ecKMx pecypcoB. PaccmMoTpmMm ogHy 13 Takux 3agad — 3agady o NbroT-
HOM KpeaMTOBaHWUM NPOU3BOAUTENEN CEMNbCKOXO3ANCTBEHHOM NPOAYKLUMN.

MycTtb O — obwasa cymma (py6.) NbrotHoOro KpeamTa, Nnognexatlyas pacnpe-
OerneHuio; ¢; — 3aTpaTbl Ha NPOU3BOACTBO AaHHOIO BMAa CEMNbCKOXO3SANCTBEH-
HOWM NpoAyKummn B pacyeTe Ha 1 ra nocesHon nnowaau (py6./ra); y; — oxvaae-
Masi ypoxkarHoCTb (T/ra); i — HoMep obrnacTu, paioHa unu xo3sncTea. 3agada
pacnpeneneHus KkpeavTa ans yBenMyeHust BaroBoro Npon3BOACTBa CEMNbCKO-
XO351IMCTBEHHOW NPOAYKLUN CBOAUTCHA K MakCMMU3auumn criefyoLllen Lenesom
OYHKUMN:

n

% g,z —> max,, (6.11)
Npn eCTeCTBEHHbIX OrpaHN4YeHnAax
9,20, >¢,=0, (6.12)

i=1
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rae z; = yilc;, q; = f(z), f — n3BecTHasa dyHKums. MNpu NMHENHOW 3aBUCUMOC-
™ ¢,(z;) 3apaya (6.11)—(6.12), kak GbINO NOKasaHO BblLLE, pPeLlaeTcsl aHanm-
TUYECKK, NPU HENUHEeNHOW — ¢ nomoLlbio metoga MoHTe-Kapno. IMpu ¢, = ¢,
pesynbrathl peweHns (6.11)—(6.12) npeactaBneHsbl B Tabn. 6.1. N3 gaHHbIX
aTon Tabnuupbl cnegyet, HanpuMep, YTo Npu KoadduumMeHTe Bapualumn ypo-
XamnHoctn, paBHoM 50 %, M TOYHOCTU ONpedeneHus OXMOaemMomn ypoxaw-
HocTU 7,; = 0,9, a(pheKTUBHOCTL pacnpefenieHns KpeauTos Mo NIMHeRHOMY
npasuny pasHa 120, no anstrepHaTMBHOMY — 134, @ N0 3KCMOHEHUMaNbHOMY —
146 %. MNocnenHo OLEHKY MOXHO UHTEPNPETUPOBATL Tak: pacnpeaeneHme
KpeauToB MO 3KCMOHEHUManbHOMY MnpaBury noBbiaeT 3PdEKTUBHOCTb WX
ncnonb3oBaHusa Ha 146 %, No cpaBHeHMIO ¢ HeauddepeHUpoBaHHbLIM pac-
npegeneHvem.

PaccmoTpeHHbIn npyMep nokasbiBaeT, YTo npobnema agantauum cenb-
CKOro XO3ANCTBA K W3MEHSIIOWMMCS KNMMaTUYeCKUM YCIOBUAM TECHEWLIUM
06pa3om cBA3aHa Cc 3agavyamn MakpO3KOHOMMYECKOTO PerynmpoBaHus arpap-
HOro CeKTopa 3KOHOMWKM.
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I'TTABA 7

MOJEJIN 1 METOJ1bl OLIEHKH BJINIAIHNSA
VIBMEHEHVY KJIMMATA 1J151 CEJIbCKOI'O
XO35NCTBA 1 S3EMJIEITOJIb3OBAHNA

7.1. CtaTMcTMYeCKUM aHanu3 arpoknmmarmyeckom nHdopmaumm

MpuMeHeHno CTaTUCTUYECKUX METOAOB arpoKNMMaTornornv MOCBSLLEH
psa crneunanuanpoBaHHbIX MoHorpadui (Ynawosa E.C., CupoteHko O.[.,
1968; YnaHoa E.C., 3abenuH B.H., 1990), nanaraetca a1oT matepuan 1 B
yyebHukax (Oposgos O.A. u ap., 1989). OgHako npegnaraemMble B 3TUX Nyonu-
Kaumsix MeToabl CTAaTUCTUYECKOrO aHanM3a BPEMEHHbIX PsifoB OCHOBbLIBAOTCS
Ha npegcTaBneHUn O NPaKTUYECKOW HEM3MEHHOCTU Knumarta. [ns cosgaHus
3P dEKTNBHBIX METOAOB CTAaTUCTUYECKOro aHanu3a KnumaTtuyeckon nHdop-
MauuM B YCROBUAX M3MEHSIOLLErocs KnMMarta aTa yCcTosBLIasca napagurma
JOIKHa ObITb NepecMoTpeHa.

M3meHeHusa knumaTta BedyT K TpaHcdopmaumn yHKUMA NAOTHOCTU pac-
npegeneHns rmapomMeTeopornornyecknx aneMeHToB. TpaHcdopmaums pyHKUmn
pacnpefeneHus BblpaxaeTcs Npexae BCero B CABUre MNONMOXEHWs LIeHTPOB
pacnpegeneHus, a Takke B pocTe Ui YMeHbLUEHUN U3MEHYNBOCTM rMapome-
TEeOopOoorM4yecknx nokasarenen.

Puc. 7.1 MoxeT cnyXnTb nnncTpaumen, obbaCHsIOWeN BAMSHUE pas-
NNYHBIX HaMpaBrieHW M3MEHEHWsI Knumarta Ha MOBTOPSEMOCTb KIMMaTu-
YEeCKMX 9KCTPEMYMOB Ha NpuMepe TemnepaTypbl Bo3ayxa. 3 atoro pucyHka
cnepyeT, YTO MOBTOPSEMOCTb >XapKOW Norofdbl MOXET MOBLICUTLCA HE TOMNbKO
B pesynbraTte pocTa cpefHew Temnepartypbl, HO U NpyU pocTe U3MEHYMBOCTM
Temneparypbl UK Npu KombuHaumm aTux nameHexHmn. C nomoulpto puc. 7.1
nerko o6bACHMTL, MOYEMY MPU NOBLILLEHUN CPedHEN TemnepaTtypbl U 3Ha4n-
TENbHOM POCTE €€ U3MEHYMBOCTU MOXET BO3pPaCT BEPOSTHOCTb HacTynne-
HMA xonogHon norodbl. [NoTenneHne knMmarta, Takum O0OpasoM, He AOSMKHO
0653aTenbHO COMPOBOXAATLCS CHUXEHWEM MOBTOPSEMOCTM IKCTpeMarbHO
HU3KMX TemMnepaTyp.

Mpu nccnegoBaHUM N3MEHEHUI KNMMAaTa BaXXHENLLIMM SBNAETCS BOMNPOC O
peanbHOCTW 3TUX U3MEHEHWI 1, criedoBaTenbHO, O HAAEXHOCTU pe3ynbTaToB
CTaTUCTUYECKOro aHanu3a maTtepuanos HabnogeHun. OTMeTM, YTo Nobble
cTaTUCTUYECKME BbIBOAbI NULLIb OTYACTU OCHOBBLIBAKOTCA Ha HabrogeHusix.
CTonb e BaXHYH OCHOBY 3TWX BbIBOAOB COCTaBNSAT UCXOAHbIE anpuopHbIe
npeanonoxeHunst ob nccnegyemow cutyaumm.

OT Takmx nNpeanonoxeHui He TpebyeTca abCOMOTHON TOYHOCTU, OQHAKO
BEeCbMa XenartenbHo, YTo6bl OHWU BbINM YCTONYUBLI, T.€. Manas owmnbka B uc-
nonb3yemoin MaTeMaTn4ecko Mogenmn He AoMKHa NPUBOANTE K CYLLLECTBEHHOM
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MoBbIweHue cpegHeii TeMnepaTyphbl

BeposiTHOCTL HACTYINeHUs

@

e N

XOJIOOHAA  CPEIHSAA KAPKASL

MNoBbiweHne U3MeHYNBOCTU TeMNepaTypbl

BeposiTHOCTL HacTynneHus

® / J\
; 3
/
/ \'\K
XONOTHAS  CPETHAS KAPKAST

MoBblweHWe cpeaHeli TeMNepaTypbl U POCT ee U3MEHYUBOCTH

BepoATHOCTb HacTynreHus

() 1

~

XOJIOTHASL ~ CPEIHAA KAPKAS

HoBblii knumar - Mpowunbiit kKnUMaT

Puc. 7.1. CxemaTtuyeckvne avarpaMMbl, nokasbiBatoLiue, YTO NOBblLLIEHNE Be-
POSITHOCTU HACTYMNIEHUsI XKapKoW noroabl BO3MOXHO: NP pOCTe CpeaHen TeM-
neparypbl (a), pocTe U3MEeHYMBOCTM Temnepatypsl (b) 1 npu ogAHOBPEMEHHOM
pocTe Kak cpedHew TeMneparypsbl, Tak 1 ee U3MeH4YnBOCTH (C)
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olwnbKe B OKOHYaTEmMbHbLIX BbiBOAAX. ATOMY MPUHLMMNY OTBEYAIOT Aaneko He
BCE CTaTUCTMYeckne mMopenu. YCTaHOBIEHO, YTO HekoTopble Hambornee pac-
NMPOCTPaHEeHHbIE CTaTUCTUYEeCKMe npoueaypbl (B TOM 4yucrne u Te, KoTopble
ONTUMarnbHbl B MPEANONOXEHUN O HOPManbHOCTW pacnpefeneHnst) BecbMa
YYBCTBUTEMbHbLI K JOBOMBHO ManbiM OTKIIOHEHWAM OT MUCXOAHbLIX NPeanono-
XeHuin. K HUM oTHOCATCS cTaTucTu4eckme npoueaypbl onpeaeneHns cpegHnx
3HaveHun n gucnepcun. Ctatnctuyeckne moaenu, crnabo YyBCTBUTENbHbIE K
HeBOonNbLLIMM OTKIOHEHWSAM OT anpUOPHbLIX NPEANONOXEeHUN, Ha3biBaOTCS PoO-
BacTHbIMW.

CpenHee apudmeTnyeckoe He sBRsieTca pobacTHOW OLEHKOW LeHTpa
pacnpegeneHus. lMoHMMaHne 3Toro akTa Halluno oTpaXeHne B pekoMeHaa-
LMK ncnonb3oBaTb B KMMMATONOMMU Hapsiay €O CpedHUM apudMeTUHecKum
BbIOOPOYHYIO MeauaHy. [na nnoTHOCTM pacnpefeneHnss HenpepbIBHONM Criy-
YanHOM BenunuuHbl f(x) MegnaHon M ABNseTcsa Takasi To4Ka, YTo:

AJ/! f(x)dx=0,5. (7.1)

Takum o6pas3om, MegnaHa paBHa TaKOMy 3HAYEHWUIO Cy4YanHOW BENUYMHDI
x = M, KoTopoe genuT nononam nnowanbs nog kpveon OrP.

Ons oueHkn M no pesynbratam HabniooaeHWn x,, X,,..., X, UCMOMb3YOT
BbIOOPOYHYIO MeauaHy, KOTOpYK OnpeaensioT no COOTBETCTBYHOLEMY psaay
YMOPSIAOYEHHbBIX MO BO3pACTaHWio HabnogeHun X <X, <..<x, . Bol6opo4Hol
MeauaHo Ha3bIBaOT BEMNYMHY X;.;, ecriu n =2k + 1 HeveTHo, U (X, +%,,,) 2,
ecnu n = 2k 4eTHo. Jlerko ybeanTbest, 4To M ycTonumBa K 60MbLUnM ombKam
HabntogeHwin. Manasi YyBCTBUTENbHOCTb MeauaHbl K oWnMbKaMm HabnogeHui,
N B TOM YMCIe K HapYyLUEHUO OOHOPOOAHOCTU BPEMEHHbLIX PAOOB,— OOHO M3
OOCTOMHCTB 3TOW cTaTtucTukN. MegmaHa saBnsieTcs yooOHOW XapakTepucTu-
KOV LieHTpa pacnpegerneHns criybYanHblX BENWYUH, pacrnpeneneHme KoTopbixX
He ABnsieTca CMMMETPUYHbIM. BmecTe ¢ TeM cpegHee Gonee yCcTonumBo, Yem
MegnaHa — cTaHgapTHas owmnbka OLEHKN cpegHero MeHblue ownbkn megna-
Hbl. OgHako, Korga pacnpegerneHue ganeko ot HopMasnbHOro, cpegHee MoXeT
OKasaTbCs BENUYMHOM HernokasaTenbHon. MeguaHa Bcerga nokasaTernbHa u
JaeT B 9TOM cry4ae fnyyLuyro Mepy OXugaHusi, Yem cpegHee, MOCKOMbKY nomno-
BMHA HAbMOOeHUA HaxoauTCs B KaXO0W CTOPOHE OT Hee.

Ona otcnexueaHus TpaHcdhopMaumm pyHKUUIn pacnpeageneHns rmapo-
METEOPOSIOrMYECKNX NoKasaTenen B pesynsrate N3MEHEHUI KnuMaTa MOXHO
ncnomnb3oBaTtb cneunanbHble gnarpammel: E-V n M-AMO. Ha puc. 7.2 B ka-
YecTBe NpuMMepa NpeacTaBreHbl TakMe gunarpaMmMbl A51s arpoKnMmaTnyecKkmx
nokasartenen, paccYNTaHHbIX MO AAHHBIM MHOFOSIETHUX METEOPONOrMYECKNX
Habntogenunn. [na noctpoennsa E-V-guarpammbl Ha BepTUKanbHY OCb rpa-
drKa HaHOCATCH 3HAYEHMS CKOMb3ALWMX cpegHux (E), a Ha ropnsoHTanbHyo —
COOTBETCTBYHOLLUME CKOMNb3simMe oueHKkn (V) cpegHnx KBagpaTUyecKmx OTKMo-
HEeHUA. TOYKM HaHOCATCHA B XPOHOMOIMYECKOM Mnopsake oT nepson V=V,
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no nocnegHen V; (i = 1, 2,..., k) n coeguHaOTCa NpsMbIMU AVMHUAMKU, TGO
cnnamHamu, Kak aTo nokasaHo Ha puc. 7.2. 1o ncrteyeHumn Kaxgoro crnegyto-
LLIEro rofja paccuY1TbIBalOTCS KOOPAMHATBLI HOBOW k + 1 TOUKM 1 3Ta TOYKa TaKkKe
HaHocuTcA Ha rpadomk E-V. [narpamma Takmm ob6pas3omM No3BOMSIET OCYLLECT-
BMATb MOCTOSIHHBLIA MOHUTOPUHI TEKYLLUX U3MEHEHUIN U/unn konebaHum knu-
maTta. CpegHee 3HayeHue 1 cpegHee KBagpaTnyeckoe OTKIIOHEHWE COBMECTHO
MOMHOCTbLIO ONPeAenstoT PYHKLMIO NNIOTHOCTU HOPMaribHOrO pacrnpeneneHuns.
BennuunHa pacctosiHus mexagy cocegHummn Todkamu V; n V.| xapaktepusyet
cTeneHb M3amMeHeHus (gedopmanmm) KpMBOW pacnpeneneHms NioTHOCTH BEPO-
SAATHOCTU 3a cYeT AobaBneHMs HOBOro HabnAEHNS U U3bSTUS CaMOro «CTapo-
ro» HabrnogeHns aHanM3Mpyemoro BpeMeHHoro psiga. Yem cunbHee atu asa
HabniogeHns oTNMYalTCs Apyr OT Apyra, TeM Ha bonbluee pacCcTosHME Kax-
bl ro cMeLLlaeTcs ToYKa, XapakTepusytoLlas TekyLlee COCTOsiHUe Knumara.
Ecnun HoBoe u cTapoe HabnogeHMs coBnagatoT, TO TOYKa V; COXpaHseT cBoe
nonoXxeHue Ha guarpamme. Takum oOpasom, paccTostHue Mexay Todkamum V;
n Vi1 Ha E-V-gnarpamme xapakTepusyeT CKOpPOCTb U3MEHEHWsT pacnpegene-
HUS1 paccMaTpUBaeMOoro arpoKnmMmaTtmMyeckoro nokasarens 3a i+1 rop.

PobacTtHbeiMm aHanorom E-V-guarpammbl siensetca M-AMO-agnarpamma.
Mpn 3TOM ANS OUEHKU LieHTpa pacnpeneneHms BMECTO CPEAHEro 3HayYeHus
BPEMEHHOTO psiia UCMOMb3yeTCa ero MeavaHa, a ans OLueHKM N3MEHYNMBOCTU
BMECTO CpefHero KBagpaTU4eckoro OTKIIOHEHUS MpuBnekaeTcst abcontoTHoe
MeaunaHHoe oTkrnoHeHne — AMO. AMO onpegensieTcs kak meanaHa abcontoT-
HbIX OTKNOHEHWU OT MeanaHbl.

Kaxxgasa Touka Ha puc. 7.2 COOTBETCTBYET COCTOSIHUIO Knumara 3a npeg-
wecTytowmn 30-neTHU nepuog, 3akoHumBnica B 1975, 1976, ...2003 rr.
COOTBETCTBEHHO (V' 1 V), — HaYanbHasa N KOHeYHasi TOUKHN).

AMO, = Med {|X;,-M,|}, roe M, =Med {X,}, (7.2)

rae M, — meguaHa BpEMEHHOro psiaa ;.

[aHHble puc. 7.2 no3sonsatoT conoctaButb E-V- n M-AMO-guarpammel, xa-
pakTepusytoLme AMHaM1Ky napameTpoB yHKLMM MIOTHOCTU pacnpeneneHms
OBYX arpoknMMaTn4eckux nokasaTtenem — rmgpoTepMmnyeckoro koadduumeHTa
n Buoknumartmyeckoro noteHuynana 3a nocnegHve 30 net. Ob6e gnarpammbl
[atoT JOCTaTOYHO COrNacoBaHHYK KapTWUHY HabniogaembiXx U3MEHEHWIN yB-
naxHeHHocTn Tepputopun PoctoBckon obnactu. OueHkn cpegHuX BenuyuH
n megnansl ['TK 3a paccmatpuaemsiin nepuog ysenuyunucs ¢ 0,60 o 0,76 n
¢ 0,50 po 0,72 cooTBeTCTBEHHO. Hapsdy ¢ 3aMeTHbIM POCTOM YBMaXXHEHHOC-
TH, KOTOpas XxapakTepuayeTcsl rapoTepMmyYeckuMm KoaULNEHTOM, CyLLECT-
BEHHO BO3pOCMa U MEXAYroaMyHash M3MEHYMBOCTb YCIOBWIA YBAXKHEHUSI.
CpenHee kBagpaTnyeckoe OTKNMoHeHue nosbicuriocb ¢ 0,22 go 0,32, 1.e. Ha
45 %, a oueHka abCcoMnTHOrO MeauaHHOro OTKNOHEHNs BO3pocra bonee vyem
B 2 pa3a— c 0,10 go 0,24. PocT yBnaxHeHHOCTU, KaK criegyeT u3 puc. 7.2,
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npuBen K yBenm4eHno 61oknnMmaTnyecKkoro noTeHumana — oLeHKM CpegHero u
MeAnaHbl NOBbLICUITUCb, COOTBETCTBEHHO, Ha 27 1 23 %.

TpaeKkTopun ABMKEHNS TOYEK, XapaKTepusyoLmMx AUHaMUKy KnumaTuyec-
kmx ycnosui ¢ 1975 no 2003 r., kak crnegyeT U3 AaHHbIX puc. 7.2, He Obinu
MOHOTOHHbBIMW N OAHOHaNpPaBneHHbIMU. TeM He MeHee OCHOBHasi TEHAEHUUS
3TUX U3MEHEHMWI, KOTOPYIO MOXHO OLEHWUTb, COMOCTaBMASA NOMOXEHWNEe To4eK

MmapoTtepMunyeckunin koacppnymeHT
(ckonb3slee cpegHee)

078
076
074

070
068
066
064
062
060
058
056
054

050
048
020

022 024 026 028 030 032 034

V (ckonb3sillee cpefHee KBagpaTuyeckoe
OTKIIOHEHUe)

M (ckonbsswas meamnana)
078
076
074
072
070 Vi
068
086
064
062
060
058
056
054
052
050 Vu

048

008 010 042 014 016 018 020 022 024 026 028

AMO (cronbssiwas meaunaHa abconoTHbIX
OTKIMOHEHWI OT MeauaHbl)

BuoknumaTtuyeckuin noteHUunan
(ckonb3slee cpegHee)

17 18 19 20 2 2 28 A4 2%

V (ckonb3siliee cpefjHee KBagpaTuyeckoe
OTKIOHEHUE)

M (ckonb3sujas meauana)

Vu

58
10 15 120 125 130 135 140 145 150 155

AMO (cronbsawas meanaHa abCconOTHLIX
OTKINOHEHWIA OT MeanaHbl)

Puc. 7.2. Onarpammbl nameHeHuin LeHTpoB (E n M) pacnpegeneruii n pasbpo-
ca (V n AMO) arpoknumaTtnyecknx nokasatenen anst ckonb3awmux 30-neTHux
nepuogos ¢ 1975 no 2003 r. (FTMC «KoHcTaHTMHOBCKMIY», PocToBCKasi o6n.)
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Vy n Vi, BoCcTaTovMHO 0QHO3Ha4yHa, HabnigaemMble M3MEHEHUST KrMMmara npu-
BENW KakK K POCTY YBIaXXHEHHOCTU, TaK U K 3HAYUTENbHOMY POCTY NPOOYKTUB-
HOCTW CENbCKOXO3NCTBEHHbIX yroami. BMmecTe ¢ Tem oT4eTnMBO NposiBMnach
TEHAEHUNS K YBENUYEHNIO MEXIOANYHOW U3MEHYMBOCTU TMAPOTEPMUYECKOTO
KoachcbmumeHTa, B TO BpeMS Kak 3aMeTHbIV B Ha4yarne nepuoga pocT aucnep-
cumn BKI1 npakTnyeckn npekpaTtuncsa B nocrnegHne 4ecatunetums.

YckopeHue npouecca nameHeHus rmobanbHoOro Knumarta B pesynbrate aH-
TPOMOreHHOro NapHWKOBOrO adhdekTa NPMBOAUT K TOMY, YTO AaHHble Habmto-
OeHU 3a nNpoLunble rogbl BCe BbICTpee «yCTapeBaloT», a MoyYeHHbIe Ha UX
OCHOBaHUM 3HAYEHUS1 KHOPM» CTaAHOBATCS BCE MEHEE NPUroaHbIMKU ANs Npo-
rHO30B Ha Grnvkanwmi nepuog BpemeHn. Bonpoc 06 ontumansHOM nepuoge
ocpefHeHust 4nsi pacyeTa Hopm obcyXxaaeTcsa AaBHO, HO B HACTosILLee BpeMS
OH npuobpeTaeT 0cobyto akTyanbHOCTb. Yke C MOMEHTa MPUHATUS «CTaHaapT-
Horo» 30-neTHero neprMona OCpeAHEHNS KITMMATUYECKMX BENUYNH PSiA UCCre-
JoBarenen nonaranu, 4To B CBs3M U n3MeHeHnem knumata 30-neTHunin nepuog,
Hay4yHO He obocHoBaH. ApryMeHTauusi B nomnb3y 6onee KOpPOTKMX MepnonoB
ocpefHeHnst 4o CUX NOpP OrpaHuYMBanach ykasaHmem Ha HeobxogMMOoCTb yye-
Ta cMCcTeMaTUYeCKMX MOrpeLlHOCTEN METEOPONOrnMYecknx HabngeHun, ces-
3aHHbIX C HEOOCTaTOYHOW penpe3eHTaTMBHOCTbIO CTaHLUMIA, UX MUKPOKNIUMa-
TUYECKMMN 0COBEHHOCTSAMU U T.AO.

To4HOCTb onpegeneHus KNnMMaTu4ecknx HOpM He AOSKHa, Kak nonara-
1nocb, NpeBbIWAaTh NokasaTernb HEOOHOPOAHOCTU psiaa HabnogeHuin. 1o yc-
NOBKWE NO3BONUIIO NONYYUTb CReaylowmn KpUtepuin Anga onpeneneHus uene-
coobpa3sHoi 4NMTENbHOCTU Nepuoga OCpeqHEHNS 4Nsi pacyeTa « HOPM»:

6,<06,, G,=—7—, (7.3)
NN
rae n, — MUHAMarbHas LenecoobpasHas AnUTenbHOCTb Nepuoga Habroae-
HWIT; G, N Oz — CPeAHWNE KBAOpaTUYECKVEe OTKINOHEHNA UCXOAHOTO psaaa v psaa
cpegHunx 3HAYEHUN X COOTBETCTBEHHO; G, — 3afjaHHaa mMepa OAHOPOAHOCTU
psaa.
|'|pVI HanNM4YUN FIMHENHOIO TpeHaa, BbI3BBaHHOIO U3MEHEeHUAMU Krnnmarta,
ancnepcuo BpeMeHHOro paaa MoXXHO pa3fioxXnUTb Ha ABe CoCTaBnAoLWne:

o =(1—r2)c$)2(+r2 o, (7.4)

rae r — KOs UUMEHT Koppenaunm mexagy psagom uccnegyemoro nokasarens
W HaTypanbHbIM psigom yucen 1, 2,..., n. Bropoe cnaraemoe B (7.4) npegcras-
nset cobown gonio aucnepcum, obycnoBneHHyo TpeHgom. EctectBeHHo nona-
raTb, 4TO G, =/"G,, 1 TOr4a MOMyYUM, YTO MUHUMAanNbHAs LienecoobpasHas
AnvHa paga onpenensieTcs COOTHOLLUEHNEM:

1

_2 .
7

(7.5)

n,<
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W3 (7.3) cneayet, 4To MUHUManbHasa AnnHa pana n, JOIHKHa yMeHbLaThb-
CS1 C pOCTOM TpeHAa He3aBMCUMO OT ero 3Haka.

C nomoubto (7.5) onpegenym MUHUMAarbHOE 3Ha4YeHWe » AN PeKOMeH-
ayemoro B HacTosilee BpeMs 30-NeTHEr0 OCpPeAHEHUST METEOPOSOMMYECKNX

1
nokasarenei = 0 0,18 . Takum obpasom, yxe HaumHas ¢ 7 2 0,18, TpeHA

NnpeacTaBnsieTcs BaxkHeMWwuM GakTopoMm Ans Bbibopa pauuoHanbHOro ne-
pvoda ocpeaHeHus meTeoponornyeckux pagos. OnTumaneHas anvHa psga
OOMKHa YMeHbLLATBLCS C POCTOM 72,

[locTaTouHO CNoXHas cTaTMcTUdecKasi CTpyKTypa BpeMEHHbIX METEOPOIIO-
rMyecknx pagoB elle bornee yCnoXHAETCA B YCITOBUSIX COBPEMEHHOIO «B3PbIB-
Horo» notenneHus. Bonpoc o Beibope neprnogoB ocpegHeHus obcyxaaeTcs B
Hay4YHOWN NuTepaType ANUTENbHOE BPEMS!, OOHAKO YETKO YCTAHOBMEHHBIX KpU-
TepueB, KOTOPbIMW criegyeT Npu 3TOM PYKOBOACTBOBATLCS, He BblpaboTaHo.
AcHo, 4TO BbIOOP TEX MIM UHBIX KPUTEPUEB ONTUMANbLHOCTU LOJKEH BbIMOS-
HSTBCS Ha OCHOBaHWUM aHanu3a CTaTUCTUYECKON CTPYKTYPbl psifoB METEOPO-
nornyecknx nokasarenen. OguH n3 cnocobos BbIGopa onTumMansHOro nepmoaa
OoCpefHeHNs1 psiAoB, codepXawux nepuoguyveckue cocTaensaowme, npeg-
noxenHbin E.IM. BopuceHkoBbIM, npeacTtaBneH B y4ebHuke (Oposmos O.A.,
1989). He mn3narasa cywHoOCTM 3TOro nogxoda, NpUBeOEM N1Lib HEKOTOpble
CNeACTBUSA NPaKTUYECKOro Xxapaktepa. YMcneHHble 3KCneprMMeHTbI nokasanu,
YTO MPY HaANM4YUKU B UICXOOHOM psaae nepuoanyHocTten 3, 5 1 20 net ontumarnbe-
HbIi Nepuoa ocpeaHeHusa forkeH coctaenaTe 60 net. OgHako B npakTude-
CKUX LIENsX MOXHO BOCMoOnb3oBaTbCca nepuogom ocpepHenus 20 net. Torga
NOMHOCTBLIO UCKIIOYAKTCA rapMOHMKKU ¢ nepuogom 5 u 20 nert, a Bknag BbiCO-
KOYaCTOTHOW rapMOHUKM C Meprmodom B 3 roga CBOAUTCS K MUHUMYMY. B aTom
cny4vae pekomeHayembli 30-nNeTHMIN NepUOL OCPEAHEHUSA OKa3bIBAeTCsl MEHEE
npeanoyTUTEnbHbIM, YemM 20-nNeTHUN.

MoMMMO paccMOTpPeHHbIX, U3BECTEH eLle OOUH Noaxod K Bonpocy o6 on-
TMManbHOW ANUTENbHOCTU Nepuoga ocpedHeHus. Pag aBTopoB npeanaratot
NCMNONb30BaThb B KAYECTBE KPUTEPWS OLLMOKY IKCTPaNonsaLmMmn cpeaHero aHave-
HWS 3a NpeablayLLMI NepUoL Ha creaytoLLme Heckonbko nert. NogobHas nocta-
HOBKa 3a4a4yu NMpUBOAMIIA K TOMY, YTO ONTUMArbHLIM NEPUOOOM OCpPeaHEHMS
ANna TemnepaTypbl U 0CadKOB OKasblBancsa 4vawe Bcero nepuog 15-20 net.
OTOT nogxon nNpeacTaBnsaeTcd AOCTaTOMHO KOHCTPYKTUMBHBIM AMS COBPEMEH-
HbIX YCNOBWA.

MpuBegem npumMep peanusaumm 3TOro NOAXOAa ANs PSAOB YPOXKaMHOCTU
3€epPHOBbIX KYNbTYP, paCCYUTaHHbIX Ha OCHOBaHUM CpegHEeMECAYHbIX 3HaYeHNM
Temneparypbl 1 0CagKOB C MOMOLLbIO MOZenn «noroga—ypoxany. Owunbkm
NPOrHO3MpPOBaHMS Ha CNeaywLmiA rog MO CPEAHEMY 3HAYEHUIO YPOXKAUHOCTM
3a n NpeaLwecTBYOLWMX NeT npMBeaeHsl B Tabn. 7.1.
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Tabnuuya 7.1
Cpep.HeKBa.qpaTqucxue OLINBKKN JKCTpanonauuu ypo»(aﬁuocm

PervioH 1 — nepviop ocpegHeHus, net
3 5 10 15 20 30
Craspononbckuii kpan (7 = 0,39) 4,67 4,30 4,90 5,11 5,21 5,33
Kvposckasi obnactb (7 = -0,01) 2,44 2,30 2,01 2,01 1,99 1,95

Ownbkn onpegenanucb No gaHHeIM 3a nepuog ¢ 1980 no 1999 rog. Ans
CTaBpononbCKoro kpas npu SIBHO BbIPaXXEHHOM TpeHAe psaa YpoXKanHOCTU
(r = 0,39) onTMMarnbHbIM OKa3ancs Nepuo ocpeaHeHus!, paBHbIA NATW rogam.
Ona Kuposckon obnactu npu otcytcteum TpeHaa (» = -0,01) owmnbka akcTpa-
nonsaunmn nNo cpeaHeMy 3HayYeHuto 3a NpeaLlecTBYoLMeE rogbl YMeHbLUAeTCs
C YBENWYEHNEM n, HO, Ha4YMHasa ¢ n = 10, 3TO YMEHbLUEHNEe CTaHOBUTCH npe-
HeBPEXMMO MarnbiM, ¥ NO3TOMY AECATUIETHUA Nepuogd OCPEAHEHUST MOXHO
cunTaTh 4OCTATOYHLIM B 3TOM Cly4ae.

MpencTaBneHHble pesynbTaTbl pacyYeTOB MOKa3biBaOT, YTO BbIGOp onTu-
MarnbHOro nepuoga OCpefHEHNsI TOFO UITM UHOTO arpoKNMMaTUYecKoro noka-
3aTens B 3HAYMTENbHOW CTENEHW 3aBMCUT OT CKOPOCTM €ro N3MeHeHus — Be-
NNYMHBI TPEHaa.

PaccMOTpeHHbIn «MPOrHOCTUYECKMINY Moaxod K BblGopy ONTUMaribHOro
nepuoga OCpefHEHMSI UMEET YETKYH MPaKTUYECKYH HanpaBfieHHOCTb U MO-
XeT OblTb pekoMeHOoBaH Ans ncnonb3oBaHus. OgHako 9TO He O3HavaeT, vYTo
NogoOHbI NPOrHO3 Ha CrneayLwwmin rog No CpegHeMy 3HadYeHuIo 3a N npea-
LIECTBYIOLLMX NET sBnsaeTca Hamny4dwmm. CyLecTByoT MeToAbl, NPUMEHEHWE
KOTOpPbIX MOXET ellle 6onee yMeHbLUNTb OLLMOKN SKCTPaNonsLumn psaos arpo-
KNumaTtnyeckmx nokasaTenemn no CpaBHEHMIO C PACCMOTPEHHbIM NOAXOA0M.

CraTnucTnyeckuin aHanm3 MHOTONETHUX PAOOB arpoKnNMMaTtmMyeckmx noka-
3aTenen nsi BbISIBNEHMS JTOKanbHbIX NPOSIBNEHUI rnobanbHbIX NpoLeccoB
N3MEHEHMS KIMMaTa MOXET ObITb CBEAEH K CrieayoLwum AeACTBUAM:

1. OueHke cpegHUX CKOPOCTEN M3MEHEHUS (TPeHOOB) arpoknMMaTuydec-
Kux nokasartenen. [ins nonyyYyeHnsi OLEHOK JIMHENHbIX TPEHA0B CTPOATCA ypaB-
HeHus perpeccun Buaa:

y=arz+a,, (7.6)
rae y — arpoknumaTtudeckui nokasatenv; z = 1, 2,..., k; k — nepemeHHas,
XapaKkTepusylowasa Bpems; ar — nokasatenb TpeHaa; a,= y npuz = 0.

BenunuuHa a; cBa3aHa ¢ K0ahULNEHTOM KOPPENSLMN MEXAY BENUYMHa-

MU y 1 z CrieaytoLuM COOTHOLLEHUEM:

rivz :aT = . (77)

KoathdmumeHT Koppenauun r,. XapakTepusyeT CTerneHb BblPaXeHHOCTH
JTIMHENHbIX N3MEHEHUI KNMmaTa 3a paccMmaTpuBaeMblli k-NeTHUIA Nepunoa, 3Hak
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7y; — HarnpaBeHHOCTb 3TUX U3MEHEHUN; G, U G, — CPeAHNe KBaapaTuyeckue
3HaYeHNs COOTBETCTBYIOLNX NEPEMEHHbIX.

2. Pac4eTy 1 NOCTPOEHUI0 rpadnKoB CKOMb3ALLMX OLEHOK CpeqHUX Bernu-
YMH U CTaHOAPTHbIX OTKIMIOHEHWI arpoKnMMaTMyeckux nokasartenem, a Takke
nx pobacTHbIX aHanoroB — MeguaH M abComnoTHLIX MeAMaHHbIX OTKIIOHEHUN
ONS HECKOMNbKMX NepUoaoB OCPeaHEHUS.

3. MNocTtpoeHunio E-V- n1 M-AMO-guarpamm Ans psigoB pacCyHUTaHHbIX
CKONb3ALLNX OLIEHOK.

4. PacyeTy CKOMb3ALWMX OLEHOK MHTerpana BeposiTHOCTU HOPMarbHOro
pacnpegeneHns Ha OCHOBaHWUK
Y=Y

2c

f
rae F(yx,y, o,) — obecne4eHHOCTb 3a4aHHOTO YPOBHS! y; arpoKIIMMaTnyecKo-
ro nokasarens y.

¥ 1
F(y,,f,c,): f ———exp| - dy, (7.8)
* ’ —0 G).\/ﬂ

7.2. Mogenu n meToabl MOHUTOPUHIa U3MEHEeHUM Knumara

Knumat ong pelweHnsa arpoMeTeoponormyecknx sagady MoxeT paccMmarpu-
BaTbCs KaK CTOXaCTUYECKUA NPOLeCcC, KOMMOHEHTLI KOTOPOro — TeMneparypa,
BMaXXHOCTb BO3AyXa, aTMoc(epHble 0CaaKu, CONHeYHas paguauus, CKOpoCTb
BETpa, a TaKke Temnepartypa 1 BNaXKHOCTb MOYBbl — COBMECTHO onpeaensioT
COCTOSIHWE M NPOAYKTUBHOCTb 3KOCUCTEM, a Yepes HUX BNSIOT Ha TEXHOMNOMM-
yeckme npouecchbl U 3PPEKTUBHOCTb XO3ANCTBEHHON AEATENBHOCTA B LIENTOM.
CBA3n mexagy KnumaTtoMm, 3KocucteMamm 1 pedynsrataMmm X03anCTBEHHON fe-
ATENbHOCTU, Kak NpaBuiio, MHOrOMEPHbI, HE NIMHENHbl U HEe agAuTMBHBI, UM
CBOWCTBEHHbI MHEPLIMOHHOCTb M aganTuBHOCTb. Bce aTo genaet npobnemy
3KOHOMMYECKOW M IKONOrMYeckon NHTepnpeTaumnm HabnogaemMbix USMEHEHNI
Knumara JOCTaToOvHO CNOXHON U B ONpPeAEneHHON Mepe HEOAHO3HAaYHON.

B 1abn. 7.2 npencrtaeneH nepevyeHb arpoknMMaTu4eckmx u buoknmmaTu-
YeCKMX nokasatenen Ans KOMMNeKCHOW OLEHKN BITUSIHUS U3MEHEeHUN Knuma-
Ta Ha cenbckoe xo3ancTBo. Mpegnaraemele nokasatenu OenATcs Ha YeTbipe
rpynnbl — XapaKTepUCTUKM TenrnoobecnevyeHHOCTH, BraroobecneyeHHoCTH,
BGUOKNIMMAaTYECKOro NoTeHumana u KnMmatoobyCrnoBneHHON YPOXaUHOCTY.

XapaKTepuCTUKN TEPMUYECKOTO PeXMMa BKIOYAKOT: CYyMMbl aKTUBHbIX
Temneparyp 3a nepuog ¢ Temnepatypoin Bbiwe 10 n 5 °C, npogormkmTens-
HOCTb OCHOBHOrO Nnepuoaa Beretaummn (YMCno gHen ¢ Temnepartypon Beiwe 10
unu 5 °C), gatel Nnepexoda TemnepaTypbl Yepes KapauHarnbHble npegenbsl — 5
n 10 °C. B coctaB nokasaTtenemn 45s MOHUTOPUHIa USMEHEHWU KnumaTta BKo-
YeHbl CpeaHaa TemnepaTypa camoro XOno4HOro Mecsua (SHBapsi) Kak UHTer-
panbHbIA NoKasaTernb YCNOBMIA 3UMOBKM U CpeaHsAst Temnepartypa Hanbonee
Tennoro mecsua (Uons) Kak nokasaternb HanpsXKeHHOCTU TEPMUYECKOTO pe-
Xuma.
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MepeyeHb OCHOBHbLIX MokKasaTenen Ans MOHUTOPWHrAa Knvmara BKoYaeT
XapaKTepUCTUKN ero KOHTMHEHTanbHOCTU. B kavecTBe nokasartensi KOHTMHEH-
TanbHOCTN OBbLIYHO MCMONb3yeTcs rogoBas amnnUTyaa TemnepaTypbl BO3OyXa,
BbIpa)XEHHas B NPOLEHTax OT CpeaHen Ans AaHHOW LWNPOoThl Temnepatypsl. [Ans
OLEHKW CTENEHN KOHTUHEHTaNbHOCTN MOXET BbITb UCMONb30BaH M psg Apyrvx no-
KasaTtenew: ons yMepeHHoro nosica NpoaorPKUTENIbHOCTb BereTalMoHHON BECHbI
(5—15 °C) n BeretaumoHHou oceHun (15-5 °C), a Takke 06LLasA X MPOOOIMKUTENb-
HOCTb (T.e. cymma N, s U N5 5). Yem KoHTMHeHTanbHee Knumar, Tem Gonblue
rogoBasi amnnuTyaa Temnepatypsl (AT), TeM ObICTpee HapacTaHue Temneparypbl
BECHOW 1 NajeHne ee 0CeHbIo 1 TEM KOpoYde BereTaLlmoHHas BECHa U OCEHb.

Tabnuuya 7.2

NMepeyeHb OCHOBHbIX arpoOKNIMMaTM4eCKUX U BUOKNMMaTMUYECKMX NoKasaTenen
ONA MOHUTOPUHIa U3MEeHEeHUN Knumara gnsi CenbCKOro xo3sancrea

MokasaTtenb, pa3MepHOCTb O6o3HayeHne Cnocob
pacdyeta
XapaKTepucTUKN TePMUYECKOro pexmuma
Cymma TemnepaTyp 3a nepuog ¢ Temnepartypoi Boiwe 51 10 °C 2T, XT,, -
MpogomkuTenbHOCTb BEreTauMoHHOro nepuoga, CyTku Ng, N,y -
[atbl nepexoga Temnepatypbl Yepe3 5 n 10 °C BeCHOM U OCEHbI0 dy, d, 0 -
CpepnHsia Temnepatypa sHBaps v uions, °C T, T, -
AmMnnuTyaa rogoBoro xoga temneparypel, °C A, -
MpogomKUTENBHOCTL BErETaUMOHHOW BECHbI U OCEHU , CYTKU Ny_ys, Nis_s -
XapaKTepucTUKM yBraXXHEeHUs

Cymma ocafikoB 3a nepuog ¢ Temnepatypoit Beiwe 5 1 10 °C, Mm R, R, -
CymmapHoe 1cnapeHue 3a BereTauyoHHbIN nepuoa, Mm E *
VicnapsiemocCTb 3a BEreTauuoHHbIV Nepuoa, MM E, -
Bnarosanacsl noysbl B cnoe 0—20 1 0—100 cm 3a Tennbin nepuog W20, W100 .
roga, Mm

FmgpoTtepmuyecknn koappuumeHt CensiHnHoBa MK -
WHpekc cyxoctun bygpiko nc -
KoacbdnumeHT yBnaxHeHnsa Yupkosa KY -
Hedvunt ncnapennsa bygarosckoro, MM AE *

Buoknumatuyeckuit noreHuyuan (BKM), T-ra!
BKIM npu HX3Ko3aTpaTHOM 3emMnedenuu BKP, *
BKIM npu onTvmManbHOM yBRaXHEHUU BKP, *
BKIM npu onTuMansHOM MUHepansHOM NUTaHUU BKP, *
BKIM npu onTUMansHOM YBaXKHEHUM 1 MUHEPASIbHOM MUTaHWN BKP,,, *
Knumatoo6ycnoBneHHas ypoxanHocTb (KY), T-ra”

KY npw HU3ko3aTpaTHOM 3emrneaeniu Y, *
KY npu ontumanbHOM yBRaXKHEHUN Y, *
KY npu onTumansHOM MUHepanbHOM NUTaHUU Y, *
KY npu ontumanbHOM yBNaXHEHUN N MUHEParbHOM NUTaHUN Y,v *

*

Hpumeanue. — NoKa3saTesnb onpeaensercd C NOMOLLbO CUCTEMbI «KnmmaT—nqua—ypox(aVl»
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Bce ykazaHHble B Tabn. 7.2 xapaKTepUCTUKM TEPMUYECKOTO pexmma onpe-
AEensoTCA Ha OCHOBaHUW CpeaHeMecsYHbIX 3HaYeHU TemMmnepaTypbl Bo3ayxa
no eAMHOMY anropuTmy, BKoYatoLeMy CrieqytoLme onepauuu:

1. ANnNpoKcMMaumio KPpUBLIX FOA0BOMO X04a METeopOriormyeckmx nokasa-
Terne TPUroHoMeTPUYEeCKMMM NofMHOMaMu1 BMaa:

4,3 |4 [znksj B,si (ans] (7.9)
= _coS| —S [+ B, sin| —S ||, .
Ps = Mo 2 1 A8 Jes 365

rae $=0,1, 2,..., 364 — nopsAAKOBLIN HOMEP CYTOK; A, Ay, By — KoahduLmeH-
Tbl, ONpeaenseMble Ha OCHOBaHUN CPELHEMECSHHbIX 3HAYEHUA METEOPOSION-
yeckux nokasatenen, k=1, 2,..., n.

2. PacyeTt CyTOYHbIX 3Ha4YeHWi METeopOrorM4yecKkoro nokasarens ¢,
Proeees P34+

3. OnpegeneHve paT nepexoga ¢ Yepes 3afdaHHble npegensl. Onpege-
neHne NpoAoIHKUTENbHOCTM 3TUX NEPUOAOB Y CYMM @ 3a 3TV BPEMEHHbIE UH-
Tepsansl.

Mo npvBegeHHOMY anropuTMy KpomMe TEPMUYECKMX NOKa3aTenen HaxoasaT-
Csl TaKKe CyMMbl OCafKOB (R, s, Ry. |,°) 3@ NEpUOAbI C TeMNepaTypon Bbile 5
n 10 °C coOTBETCTBEHHO.

Mokasatenun yeBnaxHeHHocTn u cyxoctn I'TK, HC n KV, ykasaHHble B
Tabn. 7.2, paccynTtbiBalOTCA Mo hopmMynam:

2T
PR = 2D g — (710)
0,1 ZTVI—VIII 0.1 ZTT>10°
0,187 |
uc=—-">=19, (7.11)
T xu
V= 0,57y + iy _ymr ' (712)

0718 ZTIV—VII[

3aechb ¥ — CyMMa 0CafikoB 3a ykasaHHble Mecsiubl U 2.7 — CyMMa aKkTuB-
HbIX TEMMepaTyp 3a yka3aHHble MeCsLibl UNK 3a Nepuop, ¢ TeMnepaTypoi Bo3-
ayxa sbiwe 10 °C.

Mpy HanM4MM MUHUManbHoOro obbema rMgpPoOMETEOPONOrMYECKON MHAOP-
Mauun — cpeHEMECSYHbIX 3HaYeHUn TemnepaTypbl BO3Ayxa M CyMM OCaf-
koB — I'TK, UC v KV — nerko onpepenstoTcs no dpopmynam (7.10), (7.11) un
(7.12). Mokasatenn yBnaxHeHHoctTn I'TK w KV npeacrtaBnsaT cobon Ges-
pa3MepHble BENUYMHbI, XapaKTepU3ytoLLme BENUUYNHY OTHOLLEHWST MPUXOOHON
YacTtu BogHoro banaHca — 0cakoB — K MakCUMaribHO BO3MOXHOW BEMNUYMHE
ero pacxofjHomn yactu — ncnapsiemoctu. Miugekc cyxoctn HC Byabiko xapak-
TepusyeT o0paTHYH0 BEMUYUHY — OTHOLLEHNE UCMapSeMOCTM K rogoBON CyMMe
ocagkoB. MicnapsiemocTb npu pacdete M C onpenensercs no cymMme Temnepa-
Typ BO3ayxa 3a nepuop ¢ Temneparypoi Bbiwe 10 °C, 4to npeacraBnseTcs
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BO3MOXHbIM Gnarogapsi TECHOM CBA3W CyMM TemnepaTtyp C 3HepreTu4eckon
XapaKkTepuCTMKOWN NCNapaeMoCcTy — paguaumoHHbIM 6anaHcom.

MHpekc cyxocTn — nHTerparsbHbli ro4oBOWM NokasaTtenb YBIaXXHEHHOCTH,
XapakTepuayoLwuii reorpaduyeckyto 30HaNbHOCTb U MPOAYKTUBHOCTb 3KO-
cuctem, KV n I'TK — 6onee cneuvanuavMpoBaHHbIE NMOKa3aTenu, Xxapaktepu-
3ytowune BnaroobecneyeHHoOCTb arpoakocuctem. MNpu atom KV xapaktepusyet
YBIaXXHEHHOCTb MO4YBbI C Y4ETOM 0CaAKOB XOfI0AHOrO Nepuoaa roga, kotopble
BBOAATCA € KoadpduumeHTom 0,5, a I'TK — yBnaxXHEHHOCTb NETHEro nepuoga
6e3 y4yeTa Brnaro3anacoB NoYBbl HA Havano nepuoaa.

CornacHo A.W. BygaroBckomy, HaunyyLwmM Kputepmem Ans OLEHKM 1, cne-
[oBaTenbHO, ANt MOHUTOPMWHIA 3acyx aBnseTca AgemumT ucnapeHus AE':

AE=E,—E= 1—1 E,, (713)

k
rae E, — ncnapsieMocTb; E — ucnapeHue; W, — Kputnyeckast BNaXHOCTb Noy-
Bbl, HAYMHAA C KOTOPOM AarnbHeWLee NOBbILEHNE BNAXHOCTU HE NMPUBOAMT K
pOCTy 3aTpaTt BoAbl Ha ucnapeHue u TpaHcnupaumio. M3 (7.13) cnegyert, 4to
HanNps»XEHHOCTb 3acCyxu, KOTopasi xapakTepuayeTcs BenuunHonm AE, nponop-
LUMOHanbHa NPOM3BEAEHMIO NCNAPSEMOCTUN HA HE4OCTaTOK NOYBEHHOW BMaru —

I—Z. Jednumnt ncnapexus paseH Hynt npu £, = 0 unun npyu JoCTaTo4HOM
yBﬂa;(HeHMM, korga W — W,. lNpu nccywerHnm noyssl, korga W — 0, geconunt
noyseHHon Bnarm AE — E;,. Takum o6pasom, KrioyYeBbIMU (PUsnyeckumin Be-
NNYMHaMK, Npon3BeaeHNe KOTOPbIX onpeaensieT CTeneHb 3acyLUnMBOCTU TOro
UNn MHOro Nepuoaa (gekagpl, Mecsaua, roga), ABnsTCS NCNAapAeMOCTb U He-
[0CTaToK MOYBEHHOM BNaru, XxapakTepusyroLnii COCTosiHME noyBbl. LIeHHOCTb
A E Kak HTerpanbHOro nokasarens Hanps>keHHOCTM 3acyX COCTOUT B TOM, YTO
3TOT nokKasaTerlb, XapaKTepuays SIBieHUs, NpuBoasaLmne K HapyLleHuo BOa-
HOFo peXuma pacTeHWI, TECHO CBSI3aH C UX YINEKUCIOTHBIM pPeXnMomMm, ¢o-
TOCMHTE30M, AblXaHNEM N B KOHEYHOM CYeTe — C ypoxaeM. HangeHbl TecHble
KOppensAuMOHHbIE CBA3M MexXay 3HavYeHuaMn A E 3a BereTaLMOHHbIN Nepuoa un
YPOXasiMn 3€pHOBBIX KyNbTYp.

B HacTosiLee BpemMs OTCYTCTBYIOT penpe3eHTaTMBHbIE N 4OCTAaTOYHO O4-
HOpOAHblE ONIMHHOPAOHbIE HAOMIOOEHNST 3a BMAXHOCTbIO MOYBLI, NO3TOMY B
CUCTEME MOHUTOPUHIa U3MEHEHUI KruMaTa UCMOoNb3YTCA paccymMTaHHbIe MO
CTaHOapPTHBLIM MOPOMETEOPOSIOTMYECKUM HabMNoaeHUSIM BpPEMEHHbIE paabl
BMaro3anacoB MO4YBbl C MOMOLLbIO CUCTEMbI «KMMMAT—MOYBa—YypoXKam».

[nsa oueHKn NpoayKTUBHOCTU KNMMata U ero M3MeHeHWI B KaYeCTBe BaX-
Hellero nokasartens UCnonb3yeTca nepsuyHas Guonornyeckas NPogyKTUB-
HOCTb arpoakocucTem unv buoknumartudeckmn noteHuman (bKI) (Ffopaees A.B.
n gp., 2006, 2007, 2008).
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CornacHo npegnaraemon MeEToAUKE 3Ha4YEeHWsI NEPBUYHOM BMonormyeckon
NPOAYKTUBHOCTM arpO3KOCMCTEM PACCHUTBLIBAIOTCA OM1S YETbIPpEX BapuaHTOB
WHTEHCcMdMKaLMn 3emnegenms:

BKI, — ons HuskosatpaTHoro semneaenvs;

BKI,, — Ons onTumarnsHoro yBnaxkHeHus;

BKI,, — ans onTuMansHOro M1HepansHOro NUTaHus;

BKI,,,, — Ons ONTUMarnbHOro YBRaKHEHUA U MUTaHUS.

PacueT 3HaueHuU BMoKNMMaTUYeCKoro noteHunana — CyMMapHOWM CyxoMm
Macchbl, CUHTE3NPYEMOW 3a TENNbIV NEPUOL rofa, HAYMHAETCA C AaTbl NEePeEXo-
[a TemnepaTtypbl Bo3gyxa vepes 5 °C BeCHOWM U NPOL0mKaeTCst 40 AOCTUXKEHUS
NMOCEBOM CTaHOAPTHOIO COCTOSIHMSA (NIMCTOBOrO MHAEKCA, paBHOro 5). 3atem
MOCEB «CKalUMBaETCSA», NOCIE Yero Ha crieaytLLmne CyTKkuU POCT NPOLOIIKaeTCs
BMMOTb A0 AOCTWMKEHUS OYepeaHOro CTaHO4apPTHOIO COCTOSIHUS UMW NageHust
Temnepatypbl Bo3gyxa Hwke 5 °C oceHblo. CymMapHbI ypoxan cyxon buo-
Maccbl, NOMYyYEHHbIN B pe3yrnbsrate uMuTauum, NpeactaBnsetr cobon NCKoOMyHo
OLEHKY BUoKnMMaTU4ecKoro noteHumana.

PaccmoTtpum npumep pacyeta coctaenaowmx BKIM ana bpsHckon n Ca-
MapCcKol obnacrten, pacnonoXeHHbIX MPUMEPHO HA OAHUX U TEX Xe LUMpoTaXx,
HO KOHTPAacCTHbIX MO YCMOBUSIM YBNaXHEHWS M YPOBHIO MI0A40POAUSA MOYBHI,
a Takke gna KpacHogapckoro kpas, MOYBEHHO-KNMmaTtuyeckme yCnoBusi Ko-
TOPOro MPMHUMAIOTCH 3a 3TanoHHble Ans Bcen TeppuTopmm GbiBwero CCCP.
OueHkn BroKNMMaTHecKoro noTeHUuarna, a Takke ux npupaieHus A, , Ay v
A, NpeacTasneHsl B Tabn. 7.3.

Tabnwuuya 7.3

OLEeHKM CoCTaBNSALWMX 1 BO3MOXHbIX NpUpalLeHnit GuoknumaTmyecKkoro
noTeHuMana 3a cyeT oNTUMMU3aLUU BOAHOIO PeXUMa U MUHEpPanbHOro NUTaHus
(r-ra'roa cyxou 6uomaccsl)

OueHkun BKIM Mpupawenus BKI
PernoH
BKI, BKM,, BKM,, | BKM,, A, i A
BpsiHckas obnacTb 59 6,0 14,2 14,4 0,1 8,3 8,5
Camapckasi obnactb 54 8,7 9,9 14,5 3,3 45 9,1
KpacHogapckuii kpaw 10,8 15,9 12,4 18,1 5,1 1,6 7,3

BenununHa A, xapaktepusyet BO3MOXHbIA pocT BKIT 3a cyet BoaHoro
pexuma nocesoB, A — POCT 3a CYET ONTUMM3ALMW PEXMMa MUHEPanbHOMo
nuTaHus, a A, NO3BOMAET OLUEHWUTb 3PMEKTUBHOCTL ONTUMM3ALIMM BOAHOTO
pexuma 1 MMHepanbHOro NUTaHNA pacTEHN B KOMMSIEKCE.

CornacHo gaHHbIM Tabn. 7.3, Tepputopus KpacHoaapckoro kpasi xapakTe-
pusyeTcsa 6ornee BbICOKUMU 3HAYEHUSIMM BCEX YeTbipex cocTaBnstowmx bKIT,
YTO NpeacTaBnseTcs BnosiHe 3akoHoMepHbIM. BpsiHckas n Camapckas obnac-
v npy 6rnskux 3HaveHuax BKI, v BKI,, cyliecTBeHHO pasHATCs no senu-
YMHaM BUOKNMMATUYECKOro MoTeHuMana npyu ONTUMAalibHOM YBR@XHEHUN ©
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onTUManbHOM MUHepansHOM NUTaHUWU. PasnnyHas cTpykTypa COCTaBrsStOLLMX
BKI1 aTnx obnacrten cBMAeTENLCTBYET O TOM, YTO NPOAYKTUBHOCTb CEITbCKOXO-
3AWCTBEHHbIX KYNbTYp Ha TeppuUTOpMmn BpsiHckon obrnacTn NMMUTUPYETCS YpOoB-
HeMm nnogopoausa noys, a Camapckon 06ractn — yCrioBUSIMU YBIaXKHEHWS.

Mpepnaraemas cuctema oLeHKU BMOKNMMaTUYECKOro NnoTeHUmana He og-
HWM, @ CUCTEMOW YeTbIpex NokasaTternemn, COOTBETCTBYOLLMX pa3fMyHbIM YpPOB-
HSIM MHTeHCUdMKaUMK 3emMnenenus, paclumpsieT BO3MOXHOCTU UCMONb30Ba-
HWUS1 3TON METOAUKM ANS pelleHns 3afay 3eMIienonb30BaHus.

AHanormyHaa cuctema nokasarenev npegnaraetcst U s OLEHKU nsame-
HEeHVI KnumaTa Ans cenbckoro xosanctea. KnumatoobycnoeneHHas ypoxan-
HOCTb onpegensaeTcs:

Y, - npv dakTM4eCcKOM YBNaxHEHUA 1 MUHePanbHOM NUTaHNW,

Y,, — Npu onTMMarnbHOM YBRaXXHEeHUW NoYBbl;

Y, - Npv oNTMManbHOM MUHePanbHOM NUTaHWUK PacTEHNI;

Y, — NPV ONTUMAIbHOM YBIaXHEHUN N MUHEPATIbHOM MUTaHUN.

Mpy aTOM Y, COOTBETCTBYET COBPEMEHHOMY HMU3KO3aTpaTHOMY 3emrene-
numio Poccuu, a Y — BbICOKOMHTEHCUBHOMY CEMbCKOMY XO3SMCTBY, XapakTep-
HOMY Ansi MHOrMX cTpaH 3anagHon EBponbl. MNpumepbl aHanusa knumarto-
00yCrnoBnNeHHOM YpoXKanHOCTM OyaQyT pacCMOTPEHbLI B CriedyoLeM pasaene.

W

OueHKa U3MeHeHU TeEPMMYECKUX pecypcoB

JocTynHble pacTeHusM TepMuYeckme pecypcbl, Kak U yCroBusi Ux nepesu-
MOBKMW, onpeaensoTca roaoBbiM XOA0M Temnepatypbl Bo3gyxa. [mobanbHoe
noTenneHne OTHI0Ab He CBOAUTCS K NPOCTOMY CMELLIEHUIO BBEPX KPUBOW rof0-
BOrO X04a CpefdHecyTo4HOW TemnepaTtypbl Bo3ayxa. CoBpeMeHHble u3MeHe-
HMA KNMaTa ConpoBOXAATCA TpaHcdopmaLuyen Nepuognyecknx (CyTo4HoM
N rog0BOW) COCTaBMALLMX TeMnepaTypbl BO34yxa, YTO MOXET BbI3blBaTb Kak
MONoXuTenbHble, Tak U oTpuLaTernbHble NocneacTBMsA ANS CENbCKOro Xo3an-
cTBa. Tak, Hanpumep, yBenu4eHue NpoaoIPKUTENbHOCTN BO3MOXHOIO nepunoaa
Beretauumn — 6e3ycrnoBHO, NONOXUTENbHbLIN aKkTop, HO COKpalleHne nepuoaa
HanvBa 3epHa N YCKOPEeHHOEe CO3peBaHue 4acTo BeAET K CHKEHUIO ypoXasi.
M3MmeHeHne CcyTOYHOro xoda TemnepaTtypbl B CBOKO ovepedb MOXET NpuBecTu
K M3MEHEHUI0 CPOKOB HacCTyMNMeHUs 1 NMOBTOPSEMOCTM 3aMOPO3KOB, CMeLLe-
HWIO COOTHOLUEHMIN Mexay hOTOCMHTE30M U AbIXaHWeM pacTeHUA 1 K Opyrum
nocneacTBusAM.

B T1abn. 7.4 npuBeneHbl CKONb3sLINE CPefHUE TEPMUYECKMX MoKasaTe-
nen gns 20-neTHMXx nepuogos, 3akaHumarwmxca B 1950, 1960, ..., 2000
n 2003 rr,, KOoTopble onpegerneHbl Ha OCHOBaHWWM PSOOB CpedHeMeCSHYHbIX
3HaYeHUn TemnepaTypbl BO3gyxa AN YeTbipex rMOpoMeTeopOriormyeckmx
CTaHLUMIN, pacnornoXeHHbIX Ha Tepputopumn PoctoBckon obnactn. 3a Havano
COBPEMEHHOW BOIHbI M06anbHOro noTenneHms Yacto npuHumatot 1970 roa.
C aTOro MoMeHTa NPOoAOKUTENBHOCTL Nepuoaa ¢ TemnepaTypon Boiwe 5 °C
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Ha TeppuTopum obracTtu Bblpocna Ha 7—11 gHewn, a cpegHsas Temneparypa
sHBaps nosbicunack Ha 1,3—2,1 °C. Cymma temnepatyp Bbiwe 10° (¢ 1970 1)
MpaKkTU4YeCKkn He M3MEHWUNachb, Tak e Kak U cpegHsis TemnepaTtypa uons 3a
3TOT Nepuoa.

Tabnwuuya 7.4

[O1MHamMmuKa TepMUYECKOro pexuma Tepputopum PocTtoBCcKo o6nactu
Nno CKONb3ALWMM ABaALaTUNETUAM

TMapomeTeoponornieckas lfon
cTaHuus 1950 | 1960 | 1970 | 1980 | 1990 | 2000 | 2003
MpopomknTensHOCTL NepuoAa ¢ Temneparypol Boiwe 5 °C
YepTKOBO 199 197 203 205 205 210 213
KoHcTaHT1HOBCKMIA 215 211 215 220 219 222 225
PemoHTHOE 214 210 215 220 220 223 226
TaraHpor 220 215 221 225 225 226 228
Cymma Temnepatyp Bbiwe 10 °C
YepTkOBO 2941 | 2907 | 2970 | 2937 | 2937 | 2995 | 2985
KoHcTaHTuHOBCKMIA 3346 | 3342 | 3401 | 3346 | 3311 3377 | 3380
PemoHTHOE 3201 | 3253 | 3409 | 3396 | 3392 | 3442 | 3435
TaraHpor 3410 | 3376 | 3466 | 3462 | 3447 | 3488 | 3493
CpepnHsia Temnepatypa sHBaps, °C
YepTKOBO -9,1 -8,0 -7,6 -8,7 -7,3 -5,6 -5,5
KOHCTaHTUHOBCKUIA -7,2 -6,0 -5,3 -6,8 -5,6 -3,8 -3,7
PeMoHTHOe -7,3 -6,2 -5,3 -6,9 -5,7 -3,5 -3,5
TaraHpor -5,8 -4,8 -4,1 -5,4 -4,2 -2,8 -2,8
CpegHsas Temnepatypa utons, °C
YepTKOBO 22,0 21,5 21,8 21,3 21,0 21,5 21,9
KoHCTaHTUHOBCKUIA 23,6 23,3 23,8 23,1 22,6 23,2 23,7
PemoHTHOE 23,6 23,7 24,2 23,8 23,6 24,0 24,2
TaraHpor 23,8 23,3 23,7 23,3 23,0 23,5 23,8

HarnsgHoe npeactaBneHve O TpaHcdopmauuu rogoBoro xoga Temne-
paTypbl Bo3gyxa 3a nocriegHue gecAtunetusa gaet puc. 7.3. 3a cyeT noBsbl-
LWeHWa TemnepaTtypbl NepBbiX YeTbipex MecsleB roga Bocxogdlias BeTBb
KPVBOWN CMeLLaeTCs BBEpX, TOrda Kak HUCXOAsLas BETBb KPUBOW rogoBOro
xopa octaetcs 6e3 nsmeHeHuin. B pesynsrate aT0ro 0CO6eHHO CUMbHO pac-
TET NPOAOMKNTENBHOCTL Nepuoaa ¢ Temneparypoii Boiwe 0 °C 1 B MeHbLUen
CcTeneHu — NpodoMmKUTENBHOCTL NepMogoB ¢ Temneparypon Beiwe 5 n 10 °C,
a NpoAdOIMKUTENBHOCTL Nepuoaa ¢ TemnepaTypor Bbiwe 15 °C octaetcsa 6e3
N3MEHEHNN.
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Puc. 7.3. TogoBon xoa cpeaHen TemnepaTtypbl Bo3gyxa ans 20-neTHMX CKonb-
351X NeprnoaoB, 3akaH4mBatowmxca B 1970 1 2003 rr.

OueHum Gonee getanbHO BNMAHWE HAOMOOAEMbIX U3MEHEHMI KnuMaTa
Ha nNpoAoImKNUTEeNnbHOCTb BeretauMoHHOro nepuoga u ycnosua nepesmmoB-
KN CernbCKOXO3ANCTBEHHbIX KynbTyp Ha Tepputopun PoctoBckon obnactu

(tabn. 7.5).

Tabnuua 7.5

OLeHKM arpoknumMaTUYecKkmx nokasatenen No CKONb3ALWMUM ABaALaTUNETHUM
nepuogam (no paHHbIM FMC «YepTkoBO», PocToBCKasi obnacTthb)

KoHeuHbiit npOﬂOHMMTeHbH?CTb nepr) Aa [MoBTOPAEMOCTb MSITKMX 3UM
rog C TemnepaTypoi Bbiwe 5°C
nepuona m z pE>213) M s |pE>-5°C)
1950 199 10,54 0,095 -9,1 4,42 0,177
1955 198 9,86 0,067 -8,6 4,66 0,218
1960 197 7,78 0,023 -8,0 4,52 0,216
1965 198 9,38 0,060 -7,6 4,08 0,261
1970 203 11,65 0,200 -7,6 3,39 0,223
1975 204 11,55 0,240 -7,8 3,67 0,226
1980 205 12,68 0,282 -8,7 3,54 0,148
1985 206 10,72 0,271 -7,8 3,86 0,230
1990 205 13,16 0,286 -7,3 4,15 0,290
1995 207 14,70 0,354 -6,2 3,52 0,371
2000 210 11,93 0,430 -5,6 3,24 0,429
2003 213 12,47 0,500 -5,5 3,34 0,438

Ckonb3silye OLEHKM arpoKnMMaTMYeckmx nokasatenei oTHeceHbl K no-
cnegHemy rogy cooTBeTcTByolLero 20-neTHero neproaa HabrnoaeHui.
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MpuBeaeHHble B Tabn. 7.5 ckonb3slme 3HaYeHst cpegHnx (m) n cpegHux
KBagpaTuyeckux OTKNOHEHMUN (o) NOMHOCTLI0 ONpeaenstoT nonoxeHue n gop-
MY COOTBETCTBYHLLMX CKOMNb3SALLMX KPMBbLIX pacnpeneneHnsi B pamkax npeano-
FNIOXeHNs 0 HOpMarnbHOCTW 3aKoHa pacnpegeneHus. MiameHeHve m cosuraet
KPUBYIO pacnpegerneHus: BnpaBo — Npu pocte m, BNEBO — MPWU NageHuu m,
a U3MeHeHVs cpedHero KBagpaTnyeckoro OTKNoHeHus AedopMupyoT hopMy
3TOW KpMBOW — AenatoT ee bonee NNockon npu pocte ¢ n 6onee octposep-
LUMHHOWM NPpU yMeHbLUEHUUN . pn 3TOM MOTyT BO3HMKaTb KaXyLUMecs npoTu-
BOpeyus. Hanpumep, npu pocte cpegHen TemnepaTtypbl SHBaps BEPOATHOCTb
BbIMEP3aHMS 03UMbIX KYNbTYp MOXET MOBbLICUTLCH, €CNU OAHOBPEMEHHO MO-
BbICUTCS U3MEHYMBOCTb CpeaHen TemnepaTtypbl 3TOro Mecsua.

OueHMM M3MEHEHNSI NOBTOPAEMOCTU MArkmnx 3umM. Cneays LLlawiko, markon
3umon (p (€ > -5 °C)) bygem HasbiBaTb 3MMY, NPY KOTOPOW CpeaHAs Temnepa-
Typa camoro xonogHoro mecsiLia roga He onyckaetcs Huxke -5 °C. 13 gaHHbIx
Tabn. 7.5 cnepyer, 4to 20-neTHMe cpeaHue TeMnepaTypbl SHBapPsS YCTOMYMBO
pocnun ¢ -9,1°C B 1950 r. go -5,5°C B 2003 rogy. 3T0 NoaTBepXaaeT Xo-
pOLLUO M3BECTHYH 3aKOHOMEPHOCTb — rMobanbHOoe NoTenfneHne B yMepPEHHbIX
LUMpOTax NpPOosBRSeTCa npexae BCEero 4Yepes MoBbllLeHWe TemnepaTtypbl Xo-
nogHoro nepuoga roga. OTMETUM TEHOEHLMIO K CHUKEHUIO MEXOYroanYHON
N3MEHYMBOCTU SIHBAPCKUX TEMMepaTyp, cpeaHee KBagpaTU4ecKoe OTKIOHe-
HMe KOTOpbIX 3a paccMaTpuBaeMbIi nepmog, cHnsunock ¢ 4,4 no 3,3 °C, T.e. He
MeHee Yyem Ha 1 °C. B pesynsrate uameHeHUs napameTpoB KPUBOKW pacnpe-
AenexHus (m 1 o) SHBapCKUX TemnepaTtyp NOBTOPSAEMOCTb MArKUX 3UM MOBLICU-
nack ¢ 18 % B 1950 r. 0o 44 % B 2003 rogy. POoCT NOBTOPAEMOCTU MSATKUX 3UM
B 2,5 pasa c cepefMHbl NPOLLMOro Beka Mo HacTtosee Bpems, 6e3ycrnoBHo,
oKasblBaeT CyLLeCTBEHHOE BNUsIHNE Ha 3epHOBOE X03ANCTBO PocToBckom 06-
nacTtu, BegyLas porib B KOTOPOM NPUHAANEXUT O3MMbIM KyTbTypam.

OueHnMM MpoAOIMKUTENBHOCTL M3MEHEHWUs nepuoda C TemnepaTypomn
Bbilwe 5 °C. 3a BTOpylo NONoBUHY XX CTONeTus cpeaHsas NpoaorkMTeNnsLHOCTb
yKasaHHOro nepuoga ysenuumnacb Ha ase Hegenwu (¢ 199 go 213 gHewn). 31oT
POCT He CBHA3aH C NOBbILLIEHWNEM UIONBbCKUX TemnepaTtyp. YBenuyeHme npogon-
XWUTENBHOCTU TENJIOro Nepuoga roga obycrnoeneHo, No-BUANMOMY, YMeEHbLLE-
HVYeM CTeneHn KOHTUHEHTaNbHOCTU KnMaTa, B pesynbsrarte Yero kpusas rogo-
BOro XoAa TemnepaTypbl Bo3fyxa cTana 6onee nnockon n yanuHuncst nepuog,
Mexay gatamu nepexoga TemnepaTtypbl Yepes 5 °C BeCHOM 1 0ceHblo. AHanms
n3mMeHeHun obecnevyeHHOCTEN NOATBEPXKAAET BbIBO4 00 YCTOMYMBOM poOCTE
NPOOOIMKUTENBHOCTU Nepuofa Beretaumn CernbCKOXO3SANCTBEHHbIX KynbTyp.
[HenictBuTENBLHO, COBpEeMeHHas (paBHas B cpegHeM 213 AHAM) NpogomKuTernb-
HOCTb BereTauuoHHoro nepuoga B 50—60-e rr. Habnioganacb MeHee ofHOro
pasa 3a 10 net — p(y; > 213) = 0,09. B nocnegHve gecatnnetvs nokasatenb
p (x> 213) poc ocobeHHo BbICTpo 1 3a nepuog ¢ 1975 no 2003 r. noBbIcKnCS
B 2 pa3a — ¢ 24 po 50 %.
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OueHKa U3MeHeHU yBNaXXHeHHOCTHN

[ns oueHKM n3aMeHeHun yBnaxKHEHHOCTM Tepputopumn Poctosckon obnac-
TW, CBA3AHHbIX C COBPEMEHHbIMU rnobanbHbIMU U3MEHEHUSMU KNuMaTa, B
Tabn. 7.6 npeacTaBneHbl CKOMb3slMe CpeaHne BENUYMH rmapoTepMUYecKoro
koacpcuumenTa (M'MK) n gedmunta ncnapenus (AE).

Mommmo atoro, ans TMC «KoHcTaHTUMHOBCKUA» nocTpoeHbl E-V- 1
M-AMO-guarpaMmbl, XapakTepusyoLime AUHaMUKY NapaMeTpoB (PYHKLMKN pac-
npegeneHns rmapoTepMmuyeckoro koadduumeHTa (puc. 7.2). 3 aTux gaHHbIX
cnegyert, yto ¢ 1970 no 2003 r. cpeaHue 3HadyeHus ['TK cyLlecTBEHHO BbIpOC-
nm (B cpegHem Ha 22 %). 3HayeHusa gedumumnta ncnapeHnst YMEeHbLUMIMCh — Ha
22 MM B cpefiHeEM Mo TeppuTtopun obnactu. 3BecTHo, 4To BENMUUHbI T TKUAE
O0CTaTOYHO TECHO KOPPENMUPYIOT C YPOXaNHOCTBLIO 3epHOBbLIX KynbTyp. MoaTo-
MY Ha OCHOBaHWUW NOMYYEHHbIX AaHHbLIX MOXHO CAenaTb BblBOf, YTO BbISIBMEH-
Has TeHAeHUMS U3MeHeHus nokasatenen Bnaroobecne4eHHOCTU TepputTopmm
PocToBckol obnactu B uenom 6rnaronpuaTcTByeT NOBLILLEHWIO YPOXAAHOCTH
3epHOBbLIX KyNnbTyp. BmecTe ¢ Tem 3a nocnegHve AecATUNETUS CyLLECTBEHHO
MOBbICMIACh M3MEHYMBOCTb YCINOBUIA YBNAXHEHWS, YTO HE CNOCOBCTBYET CTa-
OGUNBHOCTM CENbCKOro X03ANCTBa 1 KNMMaToO0YCNOBNEHHOW YPOXaNHOCTH.

Tabnuuya 7.6

OunHamuka nokasaTernen yBrnaxHeHusi Tepputopun PoctoBckon obnacTtu
3a BTOpYyo nonoBuHy XX cToNeTusi No CKoNb3fAWUM ABaguaTuneTusam

MapomeTeopornoriyeckas KoHeyHbIn rog neproaa ocpegHeHus

CTaHuys 1950 | 1960 | 1970 | 1980 | 1990 | 2000 | 2003

MmapoTtepmnyecknin koadpduumeHt, MK
YepTKOBO 0,78 0,84 0,79 0,82 0,86 0,82 0,89
KoHcTaHTMHOBCKMI 0,61 0,56 0,58 0,72 0,76 0,73 0,76
PeMoHTHOE 0,66 0,57 0,54 0,65 0,72 0,65 0,68
TaraHpor 0,67 0,69 0,74 0,78 0,82 0,89 0,89
Oeduunt ncnapenus, AE (Mm)

YepTKOBO 579 567 578 572 570 584 571
KoHcTaHTUHOBCKUIA 631 634 627 604 599 609 605
PeMoHTHOE 626 640 649 631 620 629 619
TaraHpor 617 619 604 600 600 578 575

OueHKa n3aMeHeHU GMOKITMMaTUYECKoro noTeHumana

OueHNM N3MeHEeHNsI NEPBUYHON BUONOrMYeCcKo NPOAYKTUBHOCTM (T/ra-rog,
cyxon Buomaccel) TeppuTopmm PocToBcKon obracTtu, CBA3aHHble ¢ Habnto-
JaeMbiMU  M3MEHEHMAMM Knumata. Pesynbtatbl pacyeToB, NpuBeAEHHbIe
B Tabn. 7.7, nokasblBaloT, YTO MPU HWU3KO3aTpaTHOM 3emIiedenuum cpeaHsis
NPOAYKTUBHOCTE 1 ra CenbCKOXO3ANCTBEHHbIX Yrogui Ha TeppuTopumn 06-
nacTv BapbMpyeT B AOBOMbHO LWMPOKNX Npedenax. Tak, B 60—70 rr. cpegHee
3HaveHne BKI1, no pgaHHbiM TMC «PemoHTHOEe», coctaBnano 33,7 1/ra, Torga
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kak ana MMC «YepTkoBo» aTa BenuunHa pasHa 45,9 T/ra, uto Ha 38 % Bbiwwe.
M3aMmeHeHns BUoknMMaTu4eckoro noteHumana no Tepputopmm obnactm xopo-
LLIO COrnacylTcs C UBMEHEHUSIMM YCIOBUI YBraKHeHUs. [lencTBUTeNbHO, ANS
'MC «YeptkoBo» 'K = 0,79, a AE = 578 mm, Toraa kak ana MMC «PeMoHT-
Hoe» TK=0,54 n AE = 649 mm.

C 1970 no 2003 r. ckonb3sdwme ABaguaTUNETHWE CpegHUEe BEeNUYUHbI
BKI, nosbicunuce B cpeaHem Ha 10 %. Camblil 3HaYMTENbHBLIA POCT — Ha
12—17 % — oTMeyvaeTcs ANs LeHTpanbHbIX U IOr0-BOCTOYHbIX Hanbonee 3a-
CYLUNMBbIX paioHOB obracTu.

Tabnwuya 7.7

OuHamuka cocTaBnsWMx 6MoknumaTuyeckoro noreHumnana (BKM)
TeppuTopumn PocToBCKOM 06nacTu No CKONb3ALWMUM ABaALATUNETUAM
(A — npupaweHue, B % ckonb3sawmx 20-neTHMX cpeaHmux senuinH KM

c 1970 no 2003 r.)

MapomeTeoponorMyeckast KoHeuHblit rop nepuofa ocpeaHeHnst A

cTaHuvs 1950 | 1960 | 1970 | 1980 | 1990 | 2000 | 2003 |~

Mpun HuskosaTpaTHOM 3emneaenumn — BKI , T/ra-rog
YepTKkoBO 455 | 46,5 | 459 | 48,8 | 49,8 | 47,8 | 48,1 | 105
KOHCTaHTMHOBCKUI 38,2 | 351 | 35,6 | 415 | 43,7 | 41,7 | 41,6 117
PemMoHTHOE 38,2 | 33,7 | 333 | 37,3 | 394 | 368 | 37,2 | 112
TaraHpor 39,8 | 41,0 | 42,3 | 43,7 | 446 | 443 | 43,9 | 104
Mpw opoweHun — BKIN, , T/ra-rog
YepTKkoBO 97,3 | 97,0 | 98,1 | 98,8 | 98,7 | 99,8 | 99,0 | 101
KoHCTaHTMHOBCKUI 96,1 958 | 95,2 | 96,9 | 97,5 | 97,2 | 95,9 101
PeMoHTHOE 95,6 | 94,0 | 94,2 | 959 | 96,1 | 95,7 | 953 | 101
TaraHpor 96,1 | 96,9 | 96,3 | 97,7 | 97,5 | 96,0 | 95,2 99
Mpn maccupoBaHHOM npumeHeHun yaobpennit — BKI, , T/ra-rog

YepTkoBO 78,9 | 81,6 | 82,0 | 86,2 | 89,3 | 869 | 88,3 | 108
KoHCTaHTMHOBCKUIA 65,6 | 59,3 | 61,1 749 | 80,4 | 77,3 | 77,2 126
PeMoHTHOE 64,0 | 554 | 55,2 | 655 | 70,3 | 65,0 | 658 | 119
TaraHpor 686 | 71,1 | 751 | 80,3 | 83,6 | 83,2 | 829 | 110

MpoAYKTUBHOCTbL arpo3KOCUCTEM NPW OOCTAaTOMHOM YBM@XHEHUWU (npwu
opoLlleHun) xapaktepusyeTtcs BenuuuHamu BKI,. Kak cneayer us aaHHbIX
Tabn. 7.7, cpeaHve 3HaveHns BKI, ¢ 1970 r. no HacToslee BpeMs npakTu-
YeCKN He U3MEHUNNCh.

Haunbonee 3HaunTenbHbIN POCT NPOOYKTUBHOCTU 3emnedenus, obycnos-
NEHHbIN COBPEMEHHBIMU M3MEHEHUSMW Knumata Tepputopumn PocToBckon
obnacTtu, BbISIBASIETCA MPU BbICOKOM YPOBHE MPUMEHEHUs yaobpeHun (T.e.
ana senuuunH BKT ). Tak, 13 aaHHbIX Tabn. 7.7 creayer, YTo B 3TUX YCMOBMAX
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nepsuyHasa Guonornyeckas NPOAYKTUBHOCTb 1 ra MaxoTHbIX 3eMenb MOBbICU-
nace B cpegHeM oT 8 % (TMC «YeptkoBo») go 26 % (TMC «KoHcTaHTMHOB-
CKuIM»). Taknm obpa3om, AaHHbIe Tabn. 7.7 NO3BONSIOT 3aKMHOYNTL, YTO COBpe-
MEeHHble U3MEHEHUS Knumarta Ha TeppuTopumn PocTtoBckon obnactu B LEenom
CcNocobCTBYIOT POCTY NPOAYKTUBHOCTY 3emneaenusi. OgHako Hambonee 3Hauu-
TeMbHbIM MPOLEHTHBIV POCT NPOAYKTUBHOCTU OTMEYaEeTCs Ans BenuuuH bKI,,
KOTOpble XapaKTepum3yloT NPOAYKTUBHOCTb arpO3KOCUCTEM MPU BbICOKOM YPOB-
He XMMU3aLmmn 3eMrnegenus, KOTopbli AOCTUTHYT GOMbLIMHCTBOM CTpaH 3anaa-
Hom EBponbl. Ha npoayKTMBHOCTL opoluaemMblix 3emens (BKI,,) coBpeMeHHble
N3MEHEHMSI KNUmaTa CyLEeCTBEHHOTO BIIUSHUSA HE OKasanu, XOTsi OPOLLEHNE,
Kak crniegyeT u3 AaHHbIX Tabn. 7.7, nosblwaeT GMoknMMaTuyeckuin noTeHuman
TeppuTopun PocTtoBckon 06nactu He MeHee YeM B 2 pasa.

CpoenaHHble BbiBOAbI NOATBEPXAAKT Takke AaHHble EV- n M-AMO-ana-
rpamm BpemeHHoro psada bKI, ana 30-neTtHux cKonb3AwmMx neproaos
(puc. 7.2). PocT BuoknMmaTtnyecKkoro noteHumana Ha tepputopum PocToBckow
obractn conpoBOXAaeTCs CyLLECTBEHHbIM YBEMMYEHNEM MEXTOANYHON N3MeEH-
yMBOCTM 3TOro nokasarens. 3a 30 ner abconoTHOE MeAuaHHOe OTKIOHEHWE
(AMO) Bospocrio Ha 16 %, a ctaHgapTHoe oTknoHeHue (V) — Ha 24 %. PocT mex-
OYroguyHoOM M3MEHYMBOCTM YPOXaNHOCTU BEOAET K CHUXKEHMIO YCTOMYMBOCTU W,
cnenoBaTenbHO, 3PEKTUBHOCTN CENbCKOXO3ANCTBEHHOIO NMPOM3BOACTBA. JTO
0fHO 13 HebnaronpuATHbIX NOCNeACTBUA HabnMogaeMbIX U3MEHEHWI KnNuMaTa.

TexHONOrMss MOHUTOPUHIra U3IMEHEHMN Knumarta Afisi CeNibCKOro Xo-
3A1CcTBa

Llernlb MOHWTOpWHIra — perynsipHoe crnexeHue 3a U3MEHEeHUsIMU CUCTEMBI
«KnMmar —cenbckoe Xo3ancTeox». B cuny 6onblworo pasHoobpasuns knumatum-
YeCKMX, MOYBEHHBIX YCIOBMWIN, Habopa NCMob3yeMbIX CEMbCKOXO3ANCTBEHHbIX
KynbTyp 1 cnocoboB BeeHWs1 CEeNbCKOXO3SIMCTBEHHOMO NPOM3BOACTBA CUCTe-
Ma OTCNEXUBAEMbIX arpOKNMMaTUYECKMX NoKasaTenen AormkHa oTpaxaTb 30-
HanbHble 0COOEHHOCTU OTAENbHbIX pernoHoB Poccuun. Cructema mcnonb3oBa-
HWUS1 ONepaTMBHbBIX U UCTOPUYECKMX 6a3 AaHHbIX 1 MaTeEMaTUYECKUX MOoZEnen
ONS OLEHKW NMOocneaCcTBUNA KIMUMAaTUYECKUX U3BMEHEHUN NS CEeMNbCKOro XO35Mn-
CTBa npefcTtasneHa Ha puc. 7.4.

OCHOBHbIE NPUYNHBI CHUKEHUS YPOXANHOCTU 3EPHOBbLIX KYNbTYp Ha Tep-
putopun PoctoBckorn 0b6nact — nepMoguyeckn NOBTOPSAOLLMECS 3aCyXU U Tn-
6enb UM NoBpeXaeHne 03UMbIX KyrbTyp B XONOAHbLIA nepuod roga. dtumu
obcTodaTenscTBamMu U onpeaensieTcsl Bbioop CUCTEMbI arpOKIMMaTUYECKUX MOo-
KasaTenen gns MOHUTOPUHIa KNMmMaTuyecknx ycrosuin PoctoBckon obnactu.

MpakTnyeckn MOHUTOPUHI peanuayeTcsa nyTeM pacyeTta cregyowmnx exe-
FO4HO MOMOMHAEMbIX U OOHOBNAEMbIX MaTpuL, KOTOpble NpeacTaBnstoTcs B
Buae Tabnuu;

— TeKyLUX rogoBbIX 3HA4YEHUI OLlEHMBaEMbIX NapaMeTpPOB;
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'Y «BHUUT'MU-

'Y «BHUUCXM» TOCKOMCTAT
I'Y «'uapomerueHTp R I'BIl MCX
Poccumn» Pgu(;ﬁ?ra VposKaitHOCTb,
rBuQﬁ:;::::l;:ﬂM“a 1 PAH» BAJIOBBIE COOPBL,
arpoOMeTeOpONorHYECcKas CyTounbic 1 MECAYHBIC ]]:(K):CBB;IC MOD}?
uHbOpMaLsL TuR YR

v

v

IIporpaMMbI KOHTPOJISA
M BOCCTAHOBJICHUS ONEPATHBHBIX JAHHBIX

Hnﬂamnqecxue H cTaTucaneclgne
moznesn IIOTOJIA - YPOXKAHU
M IporpamMMbl 06padoTKH AAHHBIX

ExenexagHble XapaKTepHCTHKH
no cyobekram P®

OueHKH TeIIo- H BJIaro-
o0ecrne4yeHHOCTH
CeTbCKOX0351iiCTBEHHBIX

KYyJbTYP,
OIIEHKH IKCTPEMAIbHBIX
THIPOMETEOPOIOTHYeCKHX
sIBJICHMI{

OueHKH NPOAYKTHBHOCTH
CeJIbCKOXO0351ii CTBEHHBIX

KYJBbTYP

CE30HHBIE u EXKETOJHBIE
BIO/UIETEHH,
AHAJTHTHYECKHE OB30PBI,
PEKOMEHJJALIHH,
MEPBI 110 ATAIITALIHH

Puc. 7.4. Cxema 06paboTknm AaHHbIX U TEXHONOrMU MOHUTOPWUHIa Mocneg-

HmuTannoHHbIe MOIeIH
ATMOC®EPA - PACTEHUS — IOYBA
M NPOrpaMMbl 06pabOTKH JAHHBIX

E:xeroano o0HoBIsieMble OMOKJIMMATHYECKHE
MOKa3aTeJM IO CTAHUMAM U cyobekTam P®

Tloxa3zaTe/u Temio- u
BJIaro00ecrne4eHHOCTH
CeJIbCKOXO035iCTBEHHBIX KYJIbTYP

IMoka3aTenn ycnemHocTn
Nepe3HMOBKH 03MMBbIX KYJIbTYP

BuokauMaTuyecknii moreHuua,
KJIMMAT000YCJI0BJICHHAS
YpoKaiiHOCTH
CeJIbCKOXO03iiCTBEHHBIX KYJIbTYP

:

Oo0HoBIsIEMbIE poﬁacn—lue OLICHKH nmapamMeTpoB
pacnpeae/ieHusi BpeMEHHBIX PSA/10B.
OueHkn IeHTPOB pacnpe/e/eHuii, H3AMeHYHBOCTH
U MOBTOPSAEMOCTH IKCTPEMYMOB

CTBUIN U3MEHEHUI KNMata 41151 CEMNbCKOro X03smncTea
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— CKOMb3SALWMX CPeaHNX 3HAYEHUI OLeHMBaeMbIX NapaMeTpoB;

— CKONb3ALWMNX CPegHNX KBaapaTUYECKNX OTKITOHEHWN;

— CKONb3SALWMX OLEHOK MOBTOPSIEMOCTEN, 06eCNeYeHHOCTEN NN PUCKOB.

MpuBeaem B kavyecTBe NpMMepa CBOOKW pe3ynbTaToB MOHWTOPUWHIA, pac-
CUYMTaHHble NO AaHHbIM ogHon TMC gns Tennoro nepwvoga roga B 1abn. 7.8,
7.9,7.10 n 7.11 cOOTBETCTBEHHO.

[aHHble, npeacTaBneHHble B 3TMX Tabnuuax, No3BONsAT pelaTb cnegy-
loLme npakTuyeckue 3agadv rugpomeTeoponornyeckoro obecrnevyeHns cenb-
CKOro X035MCTBa:

— OLEHMBaTb arpoOMEeTEOPOIOrM4Yeckne yCnoBns TEKYLLIEro roga, no cpas-
HEHUo C npownbIM rogoM WM KnNMMaTuyYeckon npegbiCTopyen npoluewero
30-neTHero nepuoaa;

— onpegensiTb roAbl, aHanorMyHble TekyLLeMy no arpoOMeTeoponornyecknum
YCMNOBMWSIM BCErO BEreTaLMoHHOro nepuoaa Unm ero oTaenbHbIX Noanepuoaos;

— HaxoAuTb HabngaeMble rpaHULbl UBMEHYMBOCTU OLIEHMBAEMBIX arpo-
KnMMaTuyeckux nokasarterneu no gaHHbIM 3a nocnegHue 30 ner.

Ckonb3siluMe CpedHue 3Ha4YeHUs  arpoKNMMaTUYecKMX MnapameTpoB
(tabn. 7.9) npeacraengaTca Hanbonee BaXHbIMUM B CUCTEME MOHWUTOPWHra
knumata. Tak, Hanpumep, U3 AaHHbIX Tabn. 7.9 cnegyeT BNonHe OAHO3HaYHbIN
BbIBOA, — Habnogaemble 3a nocnegHve 30 NeT M3MEHeHUs knnumarta Crnocoo-
CTBOBanu pocTy MPOAYKTUBHOCTU CEMbCKOrO XO3ANCTBa CEeBEPHbIX panoHOB
PocToBckoit obnacTu.

[aHHble, NnpuBegeHHble B Tabn. 7.9, NO3BONSIOT 3aKMOYNTb, YTO CTENEeHb
apugHocTu knumara ¢ 70-x IT. (C MOMeHTa Ha4Yana «B3pbIBHOrO» rrnobansHoro
noTenneHns) CylecTBeHHO ymeHbluunace. Tak, 30-neTHne cpegHve Benu-
YMHbI gedmumTa ucnapeHus ymeHblwmnmucek ¢ 578 mm B 1970 . go 561 mm B
2004 rogy. 3HayeHus ['TK, xapakTepmsytowero OTHOLWEHNe CyMMbl OCaKoB K
cyMmme Temneparyp, ysenmuunucs ¢ 0,78 go 0,90. CpegHue 3HavyeHns npogyk-
TUBHbIX Biaro3anacoB B MaxOTHOM U METPOBOM CIIOSIX MOYBbI B MIOHE U utorne
TakKe NOBbICUINCH, XOTHA 3TO MNOBbILLEHNE HENb3s OLEHUTb Kak 3HauYnTenbHOeE.

OKOHOMUMYECKUE M 9KONOrmyeckme nocneacTBnst 3acyx OLEHMBAKOTCA Be-
NNYNHAMU YPOXKAMHOCTM M BUOKNMMATMYECKOro noTeHumana ans AByx ypoB-
Hen nHTeHcudukaumm semneaenus (Y, Y 1 BKI , BKIM, ). duHamuka Bcex Ye-
TbIPEX Ha3BaHHbIX MOKa3aTenemn CBUAETENLCTBYET O NOMNOXUTENBHOM BIIUSHUN
HabnogaembiX USMEHEeHU KnMMaTta Ha NPoAYKTUBHOCTb CEbCKOro X03aMCcTBa
n GuoknMMaTM4ecknii noteHuman teppurtopun. CpegHue 3HadveHus Guoknu-
MaTu4ecKoro noTeHuuana Ans COBPEMEHHOrO W MHTEHCMBHOTO 3emnenenus
nosbicunuck Ha 9,6 1 11,2 % cooTBeTcTBEHHO. Hanbonee 3KOHOMUYECKN BaXK-
HbI NOKa3aTernb — CPeaHAs YPOXXaNHOCTb 3€PHOBBIX KynbTyp, 06ycrnoBneHHas
KnumaToM, noBbicunachk Ha 13,9 % ONna coBpeMeHHOro YpOBHS 3eMnegenus u
Ha 24,4 % — nns BbICOKOMHTEHCUBHOMO CENbCKOro X03ANCTBa. ATOT pesyrbTar,
nokasblBaloLWNiA, YTO BRMSAHME HabrniogaemMblXx U3MEHEHUI Knumara noytu B

—121 -



2 pasa apdeKkTUBHEE NS UHTEHCUBHOIO 3emnenenusi, Yem Ans 9KCTeHCUB-
HOro, NpeacTaBnsAeTcs JOCTAaTOYHO BaXKHbIM.

TeM He MeHee aHanu3 CKOMb3ALWUX CPedHUX HeaocTaTodeH Ons oOHO-
3HaYHOW MHTepnpeTauum pesynsTaTtoB pacyeToB. MI3aMeHeHus cpegHuxX Benu-
YMH CBMOETENbCTBYIOT NMLIb O CMELLEHUN MOMOXEHNS LieHTpa pacnpeaene-
HVS, HO B CBSAI3M C r1106anbHbIM NOTENNIEHNEM U3MEHSIIOTCS U OPMbI (OYHKLIMIA
pacnpeneneHust ’MapoMeTeopOriorMYecKUX BENUUNH.

Tabnuua 7.8

Tekylwme 3Ha4YeHNUA NapaMeTPOB arpoKIMMaTUYeCKOro MOHMTOPUHIra
(Ha npumepe F'MC «YepTkoBO» PocTOBCKOM 06nacTwm)

o o Bnarosanachbl
KoHeuHbii| Broknumatuyeckuii| KnumatoobycnoeneHHast
. AE, NoYBbl, MM

rog noTeHuman, u/ra YPOXaMHOCTb, L/ra K
MM WIOHb | Uionb
nepuoAa ™ Erm,~ [ BKIy Yo Yy Wis | Wigo
1970 43,3 74,5 11,8 19,7 578 | 0,63 | 44,0 28,0
1971 40,9 68,6 9,4 14,6 605 | 0,65 | 54,0 27,0
1972 31,2 52,3 5,1 7,6 651 0,52 | 37,0 34,0
1973 61,0 114,0 13,6 29,9 570 | 1,17 | 39,0 31,0
1974 53,8 104,5 15,2 25,5 526 | 0,85 | 78,0 47,0
1975 36,8 62,1 41 6,4 669 | 0,42 | 42,0 50,0
1976 73,4 126,1 18,0 35,5 430 | 1,48 | 48,0 36,0
1977 76,0 132,4 17,1 36,7 373 | 1,68 | 112,0 | 55,0
1978 55,4 99,2 19,0 38,0 527 | 0,93 | 75,0 42,0
1979 38,3 63,1 8,2 10,7 633 | 0,42 | 61,0 48,0
1980 61,1 108,3 12,4 20,4 444 | 1,42 | 71,0 30,0
1981 46,5 81,2 7,4 10,4 593 | 0,66 | 68,0 56,0
1982 59,4 102,9 17,1 33,0 544 | 0,81 66,0 46,0
1983 38,8 74,6 8,6 13,5 694 | 0,42 | 37,0 33,0
1984 40,3 66,6 4,8 6,6 690 | 0,53 | 41,0 45,0
1985 52,5 97,1 15,9 29,3 494 | 1,26 | 59,0 33,0
1986 35,3 67,6 7,3 12,6 698 | 0,37 | 47,0 38,0
1987 50,0 86,7 11,5 17,2 539 | 0,92 | 68,0 33,0
1988 40,7 73,8 7.4 9,7 594 | 0,75 | 46,0 35,0
1989 49,9 92,6 12,8 24,2 561 0,91 51,0 32,0
1990 54,1 112,7 16,5 36,9 571 0,94 | 50,0 28,0
1991 47,3 82,3 7,5 10,0 596 | 0,80 | 50,0 41,0
1992 50,4 90,2 12,9 22,6 533 | 0,96 | 46,0 32,0
1993 66,7 122,0 17,7 33,1 486 | 1,29 | 68,0 40,0
1994 49,4 88,2 12,6 22,0 592 | 0,66 | 57,0 34,0
1995 45,1 87,4 8,7 16,2 585 | 0,87 | 35,0 27,0
1996 34,9 60,1 7,7 10,4 552 | 0,74 | 54,0 37,0
1997 58,5 104,1 13,1 22,6 515 | 1,23 | 52,0 40,0
1998 41,7 71,3 8,7 14,2 625 | 0,54 | 52,0 35,0
1999 39,0 68,0 5,9 9,6 632 | 0,66 | 35,0 38,0
2000 55,9 108,1 12,4 26,7 591 1,01 45,0 39,0
2001 50,1 99,1 15,8 34,5 426 | 1,41 63,0 30,0
2002 41,9 74,8 8,3 14,0 604 | 0,69 | 60,0 43,0
2003 58,5 107,9 16,5 33,0 529 | 1,17 | 73,0 55,0
2004 61,1 114,9 16,4 34,5 511 1,14 | 62,0 48,0
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Tabnuuya 7.9

Ckonb3siwue 30-neTHMe cpeaHue Nokasatesiel arpoKSIMMaTUYeCKOro MOHMTOPUHIa
(Ha npumepe F'MC «YepTkoBO» PocTOBCKOM 06nacTwm)

. Bnarosanacsl
KoHeuHbiin| Broknumatunyeckuin| KnumartoobycnosneHHas

roq noteHuuan, u/ra YpOXaWHOCTb, L/ra AE, K oAk, MM
neproaa MM WIOHb | Utonb
BKI1, BKI, Y, Yy W00 W,
1970 45,9 80,8 10,3 17,2 578 | 0,78 | 54,8 36,7
1971 44,9 79,1 10,1 16,8 585 | 0,75 | 53,8 36,2
1972 44,4 78,2 9,9 16,4 587 | 0,75 | 52,2 35,6
1973 45,0 79,5 10,0 17,0 585 | 0,76 | 52,3 35,5
1974 45,6 81,0 10,3 17,6 581 0,77 | 53,6 36,1
1975 44,8 79,5 10,0 17,1 588 | 0,74 | 53,0 36,7
1976 46,1 81,9 10,5 18,1 582 | 0,78 | 52,6 36,1
1977 47,3 84,0 10,9 19,1 575 | 0,81 55,0 36,9
1978 47,8 85,2 11,3 20,1 572 | 0,82 | 55,8 36,8
1979 47,7 84,9 11,2 19,7 572 | 0,82 | 55,8 37,2
1980 48,2 85,7 11,2 19,6 566 | 0,84 | 56,9 37,4
1981 48,3 85,4 11,2 19,6 567 | 0,83 | 58,1 38,0
1982 48,5 85,3 11,3 19,8 567 | 0,82 | 58,3 38,3
1983 48,2 85,3 11,2 19,7 572 | 0,81 57,4 37,9
1984 48,5 85,9 11,2 19,7 575 | 0,81 57,3 38,4
1985 48,8 86,8 11,3 20,1 572 | 0,83 | 57,7 38,8
1986 48,2 85,6 11,2 19,8 577 | 0,81 57,1 38,6
1987 48,6 86,3 11,3 20,1 574 | 0,82 | 57,9 38,4
1988 47,7 84,9 11,0 19,3 580 | 0,79 | 57,0 38,1
1989 47,8 84,9 11,1 19,6 580 | 0,79 | 56,7 37,5
1990 48,0 85,9 11,5 20,6 580 | 0,80 | 56,6 36,9
1991 47,9 85,8 11,2 20,1 583 | 0,79 | 55,7 37,1
1992 48,0 85,8 11,2 20,0 579 | 0,80 | 56,0 37,2
1993 49,0 87,8 11,6 20,8 575 | 0,83 | 56,4 37,4
1994 48,9 87,5 11,6 20,8 577 | 0,81 56,3 37,2
1995 49,1 88,2 11,5 20,8 576 | 0,83 | 554 37,3
1996 48,7 87,2 11,3 20,0 575 | 0,83 | 55,5 37,6
1997 49,4 88,5 11,4 20,2 569 | 0,86 | 554 37,8
1998 49,5 88,8 11,5 20,4 568 | 0,86 | 55,6 37,6
1999 49,0 87,8 11,2 19,9 570 | 0,85 | 54,7 37,7
2000 49,4 88,9 11,2 20,2 570 | 0,86 | 54,8 38,0
2001 49,7 89,9 11,5 20,8 564 | 0,89 | 55,1 38,1
2002 50,1 90,7 11,6 21,0 562 | 0,89 | 55,8 38,4
2003 50,0 90,5 11,7 21,1 561 0,89 | 57,0 39,2
2004 50,3 90,8 1,7 21,4 561 | 0,90 | 56,4 39,3

lMpumeyarue. B ctpoke 1990 r. npeacTaBneHbl 4eNCTBYOLWME B HACTOsILEEe BPEMS Knuma-
Tuyeckune Hopmbl (1961—-1990 rr.).
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Tabnuuya 7.10

Ckonb3swme 30-neTHUe cpefHNe KBagpaTuyeckne oTKNIOHEHUA NapamMeTpoB
arpoknuMaTM4yeckoro MoHMTopuHra (Ha npumepe F'MC «YepTkoBo»

PocToBCcKOM o6nacTu)

. Bnarosanachbl
KoHeuHbin | Buoknumarunyeckuin| KnumatoobycnoeneHHas

roq, noteHuman, u/ra YpOXanHOCTb, L/ra AE, K rlosel, MM

MePMoRa I—Exm [ BKN Y Y " I/\I/IVOHb l:/}v0J1b
0 N 0 N 100 100
1970 8,9 18,5 3,6 8,2 64 0,34 13,7 8,1
1971 7,8 171 3,5 8,0 55 0,28 12,5 8,2
1972 8,2 17,8 3,6 8,2 56 0,29 11,4 7,8
1973 8,7 18,9 3,7 8,5 56 0,30 11,3 7,8
1974 8,7 19,0 3,7 8,5 55 0,29 12,0 8,0
1975 8,4 18,5 3,9 8,7 52 0,27 12,1 8,3
1976 9,7 19,7 3,9 9,0 59 0,30 12,1 7,6
1977 11,0 21,6 4,0 9,3 70 0,34 16,0 8,3
1978 11,0 21,3 41 9,7 70 0,34 16,4 8,2
1979 11,1 21,6 4,2 9,8 70 0,34 16,4 8,5
1980 1,3 221 4,2 9,8 73 0,36 16,2 8,3
1981 11,3 221 41 9,8 73 0,36 15,7 8,9
1982 1,4 22,0 42 10,0 73 0,36 15,7 9,0
1983 1,5 21,9 4,3 10,1 77 0,36 16,1 9,1
1984 1,2 21,2 4,3 10,1 80 0,36 16,2 9,0
1985 1,2 21,0 4.4 10,2 81 0,37 16,1 8,6
1986 1,4 21,2 4.4 10,3 84 0,38 16,1 8,5
1987 1,3 20,8 4.4 10,2 84 0,38 16,0 8,6
1988 10,9 20,1 4,3 10,0 79 0,35 15,8 8,5
1989 10,9 20,2 4,2 10,0 79 0,35 15,9 8,3
1990 10,9 20,8 4,2 10,1 79 0,35 15,9 8,4
1991 10,9 20,8 42 10,2 78 0,35 15,6 8,4
1992 10,9 20,8 4,2 10,2 78 0,35 15,3 8,3
1993 1,2 21,3 4,3 10,3 80 0,35 15,5 8,3
1994 11,1 21,2 4,3 10,3 79 0,35 15,5 8,3
1995 11,0 20,8 4,3 10,3 79 0,34 15,9 8,2
1996 1,2 21,4 4,3 10,2 79 0,34 15,9 7,9
1997 1,2 21,2 4,3 10,2 78 0,34 15,9 7,9
1998 11,1 21,0 4,3 10,0 76 0,34 15,8 79
1999 1,3 21,3 4.4 10,1 77 0,34 16,2 7,9
2000 1,3 21,4 4.4 10,2 77 0,34 16,2 7,7
2001 1,2 21,2 4.4 10,5 81, 0,35 16,3 7,6
2002 10,7 20,2 4,3 10,3 80 0,35 15,9 7,6
2003 10,7 19,9 4.4 10,4 80 0,35 15,9 8,0
2004 10,8 20,3 4,4 10,6 80 0,35 15,4 8,1
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Tabnuuya 7.11
Yk
Ckonb3swme 30-neTHue oueHkn o6ecnevyeHHocTn F = I p(x)dx 3apaHHbIX

3Ha4YeHuMn (y,) NnokasaTenen arpoKNMMaTUYeCKOro MOHMTOPUHra

. Bnarosanachbl

KoHeuHbIl | BuoknumaTnyeckmin KnmmaToq6ycnoaneHHaﬂ AE [OMBbI, MM
roa noTeHuman, u/ra YPOXaMHOCTb, L/ra MM’ [TK MioHb | vronb
nepuona I"gxn, [ BKM, Y, Y, W, | W,y
1970 0,689 0,705 0,650 0,695 0,396 | 0,634 | 0,547 | 0,622
1971 0,750 0,753 0,676 0,719 0,332 | 0,705 | 0,582 | 0,647
1972 0,760 0,760 0,692 0,729 0,321 | 0,705 | 0,643 | 0,679
1973 0,724 0,725 0,675 0,699 0,330 | 0,684 | 0,642 | 0,683
1974 0,703 0,696 0,643 0,675 0,357 | 0,670 | 0,593 | 0,653
1975 0,742 0,729 0,666 0,692 0,298 | 0,719 | 0,613 | 0,619
1976 0,667 0,674 0,618 0,644 0,358 | 0,661 | 0,623 | 0,661
1977 0,605 0,623 0,579 0,599 0,418 | 0,608 | 0,536 | 0,613
1978 0,587 0,603 0,536 0,555 0,437 | 0,594 | 0,516 | 0,617
1979 0,591 0,608 0,548 0,570 0,437 | 0,597 | 0,515 | 0,594
1980 0,572 0,592 0,550 0,574 0,470 | 0,563 | 0,488 | 0,589
1981 0,568 0,597 0,548 0,574 0,466 | 0,576 | 0,457 | 0,555
1982 0,562 0,599 0,541 0,565 0,463 | 0,584 | 0,453 | 0,544
1983 0,569 0,599 0,545 0,568 0,442 | 0,594 | 0,477 | 0,558
1984 0,561 0,592 0,548 0,568 0,427 | 0,596 | 0,479 | 0,538
1985 0,551 0,576 0,531 0,553 0,443 | 0,573 | 0,468 | 0,523
1986 0,572 0,596 0,547 0,562 0,423 | 0,592 | 0,484 | 0,529
1987 0,560 0,585 0,535 0,553 0,435 | 0,584 | 0,464 | 0,538
1988 0,592 0,615 0,568 0,586 0,404 | 0,622 | 0,486 | 0,556
1989 0,589 0,614 0,556 0,571 0,401 | 0,624 | 0,494 | 0,586
1990 0,580 0,592 0,522 0,531 0,403 | 0,617 | 0,497 | 0,609
1991 0,585 0,594 0,543 0,553 0,388 | 0,625 | 0,518 | 0,601
1992 0,582 0,595 0,542 0,555 0,405 | 0,615 | 0,512 | 0,597
1993 0,543 0,556 0,509 0,525 0,426 | 0,584 | 0,502 | 0,587
1994 0,550 0,562 0,51 0,526 0,418 | 0,598 | 0,504 | 0,597
1995 0,543 0,549 0,514 0,525 0,421 | 0,584 | 0,527 | 0,595
1996 0,553 0,566 0,537 0,554 0,430 | 0,584 | 0,523 | 0,581
1997 0,531 0,543 0,528 0,547 0,455 | 0,551 | 0,527 | 0,573
1998 0,528 0,539 0,521 0,540 0,462 | 0,550 | 0,522 | 0,583
1999 0,544 0,557 0,543 0,559 0,454 | 0,559 | 0,542 | 0,580
2000 0,529 0,535 0,541 0,550 0,452 | 0,544 | 0,541 | 0,563
2001 0,518 0,517 0,521 0,523 0,483 | 0,514 | 0,533 | 0,559
2002 0,506 0,503 0,512 0,515 0,491 | 0,508 | 0,515 | 0,543
2003 0,509 0,507 0,503 0,511 0,498 | 0,508 | 0,487 | 0,502
2004 0,500 0,500 0,500 0,500 0,500 | 0,500 | 0,500 | 0,500
Vi 50,3 90,8 1,7 21,4 561 0,90 56,4 39,3
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[aHHble Tabn. 7.10 noarBepxaawT 31O npegnonoxeHme — ¢ 1970 no
2004 ropg noBbicMnacb M3MEHYMBOCTbL BCEX NPeAcTaBMeHHbIX B Tabnuue no-
Kasarenemn, 3a ucknodeHnem 'K n nionbcknx Bnaro3anacoB METPOBOTO Cros
nouBbl. OCOBGEHHO 3HauUTeneH pocT gucnepcun geduvumTa MUcnapeHust —
cpenHekBagpaTu4eckoe OTKIIOHEHME 3TOro nokasaTens noBbiCUoch ¢ 65 go
81 mm. KnnmartoobycrnosneHHas M3MeEHUYNMBOCTb YPOXKaeB 3epPHOBbIX KYNbTyp
¢ 1970 no 2004 r. ysennuunace Ha 21 % gna manosatpatHoro n Ha 28 % ans
BbICOKOMHTEHCMBHOIO 3emregenus. oBbllueHne MexgyroanyHon U3MeH4Yn-
BOCTM ypOXXaeB credyeT OTHECTU K HEraTUBHbIM 3KOHOMUYECKMM NOoCneacTBu-
M HabnogaembIX UISMEHeHUI Knumara.

B 1abn. 7.11 npegcraeneHbl ckonb3swme 30-neTHMe OLEHKM NoBTOpsie-
MOCTW TEKYLLEro COCTOAHMUS paccMaTpuBaemMol cucTtemMbl nokasartenen. lMpu
NX pacyeTe 3HavYeHus y, NPUHATbI PaBHLIMU TEKYLLMM 3HAYEHUSM CpedHuX
3a nepuog, 3akoH4mBLumiics B 2004 rogy. B pesynbrate 3agaHus aToro ycno-
BUSI OLIEHKM MOBTOPSIEMOCTW B NocreaHen ctpoke 1abn. 7.11 paeHbl 0,5. 31K
OLIEHKM MHTEPNPETMPYIOTCA criedyrolmm obpasom: HanpumMep, ecriv NoBTopsi-
EMOCTb YpOXXaeB 3epHOBbIX Hke 21,4 u/ra (BbICOKOW YPOBEHb arpOTEXHUKM)
coctaBsnsana 70 % B 1970 r., To k 2004 r. oHa cHu3unacbk Ha 20 % g0 50 %.

AHanus Bcer COBOKYMHOCTW AaHHbIX, MpeAcTaBneHHbIX B Tabn. 7.11, noka-
3bIBAET, YTO OHW COMMacoBaHHO CBUAETENLCTBYIOT 00 yMEHbLUEHUM CTEMNEHN apya-
HOCTM Knumara 3a nepwuog ¢ 1970 no 2004 r. BkntouMTenbHO. CHKEHME CTENEHU
apuvaHOCTM KNMMaTa BedeT K 3aMETHOMY POCTY YPOXaNHOCTU 3€PHOBbIX KyrnbTyp
N OMOKNUMATNYECKOrO MOTeHLUMana CerlbCKOXO3ANCTBEHHbIX yroanii. Bmecte ¢
Tem Habnogaemoe yBenuyeHue KIMMaTU4eckom M3MEHYMBOCTU YPOXKaNMHOCTU
YMEHbLUAET CTabunbHOCTb CENbCKOX03ANCTBEHHOIO NPOM3BOACTBA.

PaccmMoTprM Ha KOHKPETHOM MpUMepe CXeMY arpoKIMMaTUYeCcKoro MOHM-
TOPWHra Ang XonogHoro nepuoga roga. ta cxemMa MOHUTOPUHTa peanuayeTcs
nyTem pacyeTta criegylowmx vetblipex tabnuy (tabn. 7.12-7.15), nocnegHss
CTPOKa KOTOPbIX exerogHo obHoBnsercs. B Tabn. 7.12 npeacraBnsaTcs Teky-
LUMe 3HaYeHWs napaMeTpoB MOHUTOPUHra. B Tabn. 7.13 n tabn. 7.14 npuBoasT-
CS1 OLLEHKUN TEKYLLNX CKOMb3ALLMX CPELHUX U OUCNEPCU aHaNM3NpyeMbIx Bpe-
MEHHbIX psgoB. W, HakoHel, B nocrnegHen Tabnuue — 7.15 — npegcraenstoTcs
CKONb3slLLMEe BEPOATHOCTHbIE XapakKTePUCTUKM (0BecnedeHHOCTU) TeKyLero
COCTOSIHNS OLEHMBAEMOW CUCTEMbI NapamMeTpoB. [ns 3Toro B CTaHA4apTHOM
cny4ae UCnonb3yeTcs UHTerpanbHas MyHKUMS HOpMarbHOro pacnpeaeneHuns,
C NOMOLLbIO KOTOPOW OnpeaensaeTca cTeneHb aHOMarnbHOCTU KaXKaoro arpome-
TEOopOnorM4eckoro nokasartens 3a nocnegHuin nepuod, No CpaBHEHUO C 3a-
JaHHON BENUYMHOMN.

B npuBeaeHHbIX 34ech Tabnuuax npeacraBneHbl OLEHKNU, NOoTyYeHHble Mo
30-neTHNM CKONb3ALLMM OTpe3Kam aHanm3npyemblx BpeMeHHbIX psagoBs. Tpua-
LaTUNeTHUIA Nepuog ocpeaHeHs, Kak U3BECTHO, MPU3HaH NPeanoYTUTENbHbLIM
ONS OLEHKWN KNMMaTUYECKMX HOPM B COOTBETCTBMM C pekoMeHgauusammn BMO.
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B BblgeneHHon wpudtom ctpoke 1990 r. npeacTtaBneHbl AeNCTBYOWNE B Ha-
cTosiLee Bpems KnumaTtudeckne Hopmbl 3a 1961—-1990 rr.

Tabnuuya 7.12

TeKkylme oLeHKU nokasaTenein CMCTEMbl MOHUTOPUHIa arPpOMeTEeopPONornyeckux
yCnoBuUiA XONoAHOro nepuoaa roga ANA ceNbCKOro xo3snucTea

(no paHHbIM HabnopaeHun TMC «YepTkoBO», PocToBCKas obnacThb)

Yncno gHen
o L'g;eig;laaTbl Yucno gHenr  |Bnarosanacel (Mm) Cymma
Fon | TeMnepaTypal Temneparypsi °;n1T-3:n :fbﬂir;l MeTpggs;z ICﬂofl OTTZM;:;?;:;;IX
saHBaps, °C | BO3Ayxa vepes
5°C CpOKOB ceBa Bo3dyxa
03UMbIX 3a 3umy, °C
. _ | oceHblo
BECHOW | 0CEHbI0 BECHOMN (28.09)

1975 -3,3 83 289 248 154 46 -517
1976 -7,9 93 278 238 116 19 -897
1977 -12,8 91 284 237 200 35 -743
1978 -7,8 80 304 244 185 42 -660
1979 -8,2 100 289 246 174 44 -497
1980 -11,5 101 292 244 124 34 -792
1981 -3,7 104 303 254 173 28 -264
1982 -5,4 95 294 248 172 24 -552
1983 -3,9 88 298 252 153 28 -301

1984 -2,6 93 304 252 131 19 -737
1985 7.4 99 297 243 137 58 -941

1986 -2,8 85 296 245 170 48 -746
1987 -14,1 111 290 239 142 39 -1114
1988 -8,6 93 292 247 148 53 -795
1989 -3 83 300 250 149 44 -200
1990 -4,3 77 312 248 152 49 -232
1991 -4,2 92 307 256 168 35 -660
1992 -3,8 85 302 243 133 47 -454
1993 -4,3 99 292 239 154 27 -604
1994 -1,7 90 305 259 166 41 -797
1995 -5,2 83 305 250 142 46 -332
1996 -12 102 316 242 161 89 -893
1997 -8,8 99 303 240 139 28 -677
1998 -6,4 90 298 253 167 34 -618
1999 -2,8 83 297 253 135 29 -234
2000 -6,6 87 297 246 140 29 -294
2001 -1,2 84 309 246 159 75 -450
2002 -5,2 85 308 250 188 72 -476
2003 -5,5 102 304 247 141 15 -640
2004 -2,2 80 305 250 181 62 -209
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Tabnuuya 7.13

Ckonb3swue 30-neTHMe cpegHue TeKyLMX OLLeHOK NoKa3aTenen
CMCTEeMbl MOHUTOPUHIa KNMMaTU4ECKUX YCITOBUIA XONOAHOTO Nepuoaa roaa
ANns cenbckoro xo3anctaa (no gaHHbim FMC «YepTkoBO», PocTOoBCKast obnacTthb)

Yncno agHen
Temnepa- > L.g;eﬂg;laam Hucrio Anedt - (Brarosanacel (wu) Cymma
Kovjeq- Typa TemnepaTypbi ot 1.01 go gatbl| METPOBOrO CMOsi |oTpUUaTENbHbIX
HbIN rog, AHBaps, | BO3AYXa Yepes ONTUMarnbHbIX noyBbl Temnepatyp
nepvoga c 5°C CpOKOB ceBa BO3ayxa
- 03UMbIX T ocenero 3a 3umy, °C
BECHOW | 0OCEHbIO BECHoM (28.09)
1975 -7,9 96,7 | 296,7 247,5 148,0 37,3 -682
1976 -8,0 96,5 | 296,7 247,3 146,1 36,3 -691
1977 -8,0 96,4 | 296,6 247,2 148,5 35,6 -694
1978 -8,2 95,6 | 296,8 247,2 149,6 35,9 -696
1979 -8,2 95,6 | 296,6 247,3 150,7 36,6 -690
1980 -8,1 95,9 | 296,6 2471 150,5 36,9 -688
1981 -7,9 96,6 | 297,3 2474 151,5 36,6 -669
1982 -7,9 96,2 | 296,9 247,2 152,9 36,7 -665
1983 -7,9 95,8 | 2971 2474 152,3 36,2 -643
1984 -7.4 95,6 | 297,2 247 4 152,5 35,4 -626
1985 -7,6 95,4 | 297,0 246,7 153,4 36,5 -641
1986 -7,4 94,9 | 296,9 246,8 153,3 37,0 -627
1987 -7,6 95,4 | 296,9 246,4 152,8 36,6 -648
1988 -7,7 95,1 | 296,8 246,7 153,4 37,9 -658
1989 -7,6 94,6 | 297,4 2472 152,1 37,1 -637
1990 -1,7 93,8 | 297,9 2473 152,2 37,8 -632
1991 -7,6 93,8 | 298,2 2477 152,4 38,1 -641
1992 -7,6 93,8 | 298,0 247,4 152,3 38,8 -642
1993 -7,3 93,6 | 297,8 246,9 152,0 37,6 -631
1994 -7 93,3 | 298,0 247,2 152,7 38,3 -632
1995 -7,0 92,5 | 298,6 2474 152,7 38,8 -623
1996 -7,3 93,0 | 298,8 2471 153,1 40,5 -641
1997 -7,2 93,2 | 298,6 246,6 152,0 40,1 -635
1998 -7 93,0 | 298,8 246,7 152,6 40,0 -634
1999 -6,8 92,6 | 298,3 2471 152,0 39,6 -607
2000 -6,7 92,5 | 298,3 2471 152,0 39,4 -598
2001 -6,7 91,9 | 298,5 246,9 152,4 40,3 -596
2002 -6,3 91,7 | 298,8 246,9 154,1 40,9 -581
2003 -6,2 92,0 | 2991 2473 155,2 40,9 -588
2004 -5,9 91,2 | 299,0 247,0 155,1 41,3 -578
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Tabnuuya 7.14

Ckonb3sawmue 30-neTHMe cpegHUe KBagpaTMieckmne OTKIOHEHUSA TEKYLMX OLeHOK
arpoknMmMaTu4ecKkux nokasaresnieM CUCTeMbl MOHUTOPUHIA KNTMMaTa XOJI04HOro
nepuoaa roga (no gaHHbiMm FMC «YepTkoBo», PocToBCKasi o6nacTb)

Yucno agHen
o L—é);efl(g;laaTbl Yucno gHenr  |Bnarosanacbl (Mm) Cymma
Fon |TeMnepaTypal TeMneparype °;n1T-3:n :fbﬂi::l MeTpgzs;zlcﬂoﬂ ozzﬁ.tsgzg:;sx
ArBaps, °C Bos,qysxa;\g epes CpOKOB ceBa BO34yxa 3a
- 03UMbIX “Tocenuo 3umy, °C
BECHOW | 0CEHbIO BECHOW (28.09)
1975 4,13 6,7 8,8 6,7 19,5 13,3 242
1976 4,13 6,7 8,8 6,9 19,7 13,5 245
1977 4,13 6,8 8,9 71 21,8 13,1 245
1978 3,96 7,3 9,0 7,0 22,8 13,1 244
1979 3,93 7,3 9,1 7,0 23,2 13,0 247
1980 3,64 7,3 9,1 7,0 23,4 12,8 246
1981 3,71 7,0 8,8 71 23,7 12,9 256
1982 3,67 6,9 8,7 6,9 23,6 12,8 257
1983 3,73 7,0 8,6 6,9 23,3 12,9 259
1984 3,58 7,0 8,7 6,9 23,1 13,2 231
1985 3,52 6,8 8,6 6,3 21,8 13,6 236
1986 3,62 7,0 8,6 6,3 21,7 13,8 213
1987 3,82 7,6 8,6 6,4 21,8 13,6 229
1988 3,81 7.4 8,7 6,2 21,4 13,3 228
1989 3,83 7,7 8,1 5,7 20,4 12,3 240
1990 3,8 8,2 8,5 5,7 20,4 12,4 247
1991 3,84 8,2 8,7 59 20,5 12,2 243
1992 3,87 8,3 8,4 5,8 20,6 121 242
1993 3,81 8,2 8,5 59 20,5 11,4 236
1994 3,92 8,0 8,6 6,3 20,6 10,9 237
1995 3,93 7,8 8,4 6,3 20,6 10,9 243
1996 3,98 7.9 8,8 6,4 20,6 14,2 242
1997 3,97 7,0 8,6 6,3 20,4 14,4 239
1998 3,95 8,0 8,5 6,4 20,6 14,4 239
1999 3,86 8,1 8,2 6,4 20,9 14,6 238
2000 3,85 8,2 8,2 6,4 20,9 14,7 244
2001 3,9 8,2 8,4 6,4 20,9 16,0 245
2002 3,48 8,3 8,5 6,4 21,7 16,9 238
2003 3,41 8,5 8,5 6,0 20,2 16,9 236
2004 3,41 8,5 8,4 5,5 20,1 17,2 246
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AHanuMa gMHamMukM CKoNb3AWMX cpeaHux (Tabn. 7.13) nokasbiBaeT, YTo C
1975 r. (Ha4ana COBPEMEHHOIO «B3PbIBHOIO» MOTEMNSIEHMS) arpoknMMaTnyec-
Kve ycrnoBusi XONOQHOTO nepuoda B CeBepHbIX panoHax PoctoBckow obnac-
TM N3MEHANUCb B BnaronpuaTHOM AN CENbCKOro X03AMCTBA HanpaeeHUN.
OencteutenbHo, 30-neTHAS ckonb3slasi cpefHsas TemnepaTtypa siHBapsi C
1975 no 2004 r. nosbicunace ¢ -8,0 go -5,9 °C. Cymma oTpuuatenbHbIX TeM-
nepaTyp BO3gyxa 3a 3MMy yMeHbluunack ¢ 682 go 578 °C. [lata Bo3obHoBne-
HWUS1 BeretaLmm 03MMbIX CABMHYrNacb Ha 6onee paHHWe cpoku. B HacTosiwee
BpeMsi Beretauusl 03MMbIX HAYMHAETCHA B CpeaHEM Ha 5—6 OHel paHbLue, Yem
B TedeHne 30-neTHero nepuoaa, Kotopeln 3akoHuuncsa B 1975 rogy. [lata npe-
KpalleHns BereTaumm caBuHynacb Ha Gornee nosgHMe Cpokn — B cpeaHeM Ha
1-2 gHa. OnTMManbHbIE CPOKM CeBa O3UMBbIX KYNbTYp MPaKTUYECKU HE U3Me-
HUINACb.

YcnoBusi Beretaumm 03MMbIX KyrnbsTYp OCEHbHO YIyYLIUIINCE, O YeM CBUAE-
TENbCTBYET POCT CPEAHMX MHOTONETHMX NPOAYKTUBHBIX BRaro3anacoB MeTpo-
Boro cnosi noyusbl Ha 11 % (c 37,3 go 41,3 mm). Becbma BaxHbIM cBUAETENb-
CTBOM YNny4LleHUs BNaroobecne4eHHOCTH NOCEBOB Kak 03MMbIX, TaK U SPOBbIX
KynbTyp SIBNSIETCA pOCT CPeAHMX Briaro3anacoB BECHOW Ha AaTy Bo30OHoBMe-
Hus BereTauuun Ha 10 % ¢ 1975 no 2004 roa.

HaHHble Tabn. 7.14 no3BonsAlT CyauTb O AMHAMUKE MEXro4OBON U3MEH-
YMBOCTM arpoKnMmaTtmyeckmx nokasarenen 3a nocnegHve 50 net. 3Ha4MbiM
NpeacTaBnsieTca yMeHbLUEHNE ANCNEPCUM CpeaHen TemnepaTypbl B AHBape 1
pOCT cpegHeKBagpaTU4ECKOro OTKIOHEHWUs] OCEHHMX Bnaro3anacoB Ha 29 %
(c 13,3 no 17,2 mm).

Haunbonee nHpopmaTMBHBIMWM 4N MOHUTOPUHIA NPEeACTaBNsAlTCA OaH-
Hble Tabn. 7.15, koTopble HyXAatoTca B CNeLmanbHOM KOMMEHTapUN.

PaccmoTprm 3TOT BONPOC Ha NpMMepe BaXKHEWLLEro nokasarens — cpes-
Hel TemnepaTypbl CaMOro XOMNOAHOr0 MecsiLa, XapakTepuayloLen ycrnoBus
nepesnmoBkU. Tak, cpegHss TemnepaTypa Bo3ayxa sHBaps 3a nepuog ¢ 1946
no 1975r. cocraengana -7,9 °C, uyto coorBetcTByeT 50 % o0GecneyeHHOCTH
(e =-7,9°). Ona 30-neTtHero nepuoaa, 3asepwmsLuerocs B 2004 r., obecne-
YEHHOCTb 3TOWM Benu4YMHbI cHMaunacb ¢ 50 go 27,5 %. Takum obpasom, no-
BTOPSIEMOCTb NET CO CPeaHen TemnepaTypon Bosayxa Hwxke -7,9 °C yMeHb-
wmnack Ha 22,5 %. Ha ocHoBaHMM AaHHbIX Tabn. 7.15 MOXHO 3aKNO4YUTb, YTO
NMOBTOPSEMOCTb NPOAYKTMBHbIX Blaro3anacoB METPOBOIO CNOSA NOYBbI BECHOMN
Hxke 148 MM ymeHbLumnack ¢ 50 % B 1975 1. o 36 % B 2004 rogy.
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Tabnuuya 7.15
Ckonb3swme 30-neTHMe oLeHKN o6ecnevYeHHOCTU 3aiaHHbIX YPOBHEN
arpoknumaTuyeckux nokasartenemn y, CUCTeMbl MOHUTOPUHIa

M3MeHeHMUI KNumMaTa XonoA4Horo nepuoaa roga

Yncno gHen

T ot 1.01 o paru Yucno gHent  (Bnarosanackl (Mm)| Cymma otpu-

KoHeu- emne- nepexona ot 1.01 go gatbl| MeTpoBOro cros uaTtenbHbIX

HbIN roA, parypa | Temneparypel OonTUManbHbIX noysbl Temneparyp

AHBaps, | Bo3agyxa Yepes
nepvoga oc 5°C CpOKOB ceBa BO3ayXxa
03UMbIX 3a 3umy, °C
. . | oceHbto
BECHOW | 0CEHbIO BECHOM (28.09)
1975 0,500 | 0,500 | 0,500 0,500 0,500 0,500 0,500
1976 0,502 | 0,510 | 0,501 0,511 0,538 0,522 0,515
1977 0,502 | 0,516 | 0,504 0,520 0,491 0,542 0,521
1978 0,521 0,556 | 0,498 0,517 0,472 0,533 0,523
1979 0,531 0,560 | 0,506 0,515 0,454 0,512 0,513
1980 0,514 | 0,542 | 0,506 0,526 0,458 0,504 0,510
1981 0,493 | 0,506 | 0,476 0,505 0,441 0,512 0,480
1982 0,498 | 0,525 | 0,494 0,521 0,417 0,509 0,475
1983 0,490 | 0,548 | 0,484 0,506 0,427 0,525 0,442
1984 0,443 | 0,563 | 0,478 0,507 0,423 0,548 0,404
1985 0,455 | 0,577 | 0,489 0,550 0,402 0,515 0,433
1986 0,439 | 0,598 | 0,492 0,546 0,403 0,501 0,398
1987 0,461 0,565 | 0,492 0,570 0,413 0,511 0,442
1988 0,470 | 0,586 | 0,498 0,553 0,400 0,474 0,460
1989 0,469 | 0,608 | 0,465 0,521 0,420 0,496 0,426
1990 0,471 0,638 | 0,445 0,516 0,418 0,473 0,420
1991 0,466 | 0,636 | 0,431 0,486 0,415 0,465 0,434
1992 0,463 | 0,637 | 0,440 0,509 0,418 0,441 0,434
1993 0,435 | 0,645 | 0,452 0,540 0,423 0,479 0,415
1994 0,412 | 0,664 | 0,441 0,519 0,411 0,452 0,417
1995 0,402 | 0,704 | 0,412 0,510 0,409 0,436 0,405
1996 0,431 0,678 | 0,407 0,529 0,402 0,402 0,434
1997 0,429 | 0,670 | 0,415 0,561 0,422 0,415 0,422
1998 0,417 | 0,676 | 0,405 0,549 0,412 0,419 0,420
1999 0,381 0,693 | 0,424 0,529 0,423 0,429 0,377
2000 0,376 | 0,696 | 0,424 0,529 0,425 0,436 0,367
2001 0,374 | 0,720 | 0,416 0,537 0,416 0,418 0,364
2002 0,321 0,728 | 0,406 0,537 0,389 0,408 0,336
2003 0,301 0,709 | 0,391 0,513 0,361 0,408 0,346
2004 0,275 | 0,739 | 0,394 0,541 0,362 0,401 0,337
Vi -7,9 97 297 248 148 37 -682
lpumeyaHue. B kavecTBe y, B3ATbl cKoMb3sWwme cpegHue 3a 30-NeTHUN Nepuos, KoTopblii

3akoHuuncs B 1975 rogy.

MprBeneHHbIe Bbille OaHHblE OAKT BO3MOXHOCTb 3aKMO4YMTb, YTO arpo-
KNMMaTmyeckume ycrnoBumsi XONogHoro nepunoga ceBepHbIX panoHoB PocToBckom
obnacTtu ¢ 1975 . UsMeHANUCL B HanpaeneHuu, GnaronpmMaTHOM NSt CENbCKO-
ro Xo3sincTea.
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MNMPUITOXKEHUE
3HauuMble Benn4YMHbI KO3dpdrLIMeHTa MHOXECTBEHHOW Koppensauun R

n
1 [ 2 T 3 1 4 | 5 | 6 1 8 T 12 ] 24
5 %-Hblli YpOBEHb 3HAYMMOCTU
10 0,632 | 0,758 | 0,839 | 0,898 | 0,942 | 0,973 | 1,000
12 0,576 | 0,697 | 0,777 | 0,838 | 0,886 | 0,925 | 0,979 | 1,000
14 0,532 | 0,648 | 0,726 | 0,786 | 0,835 | 0,877 | 0,941 1,000
16 0,497 | 0,608 | 0,683 | 0,741 | 0,790 | 0,832 | 0,900 | 0,986
18 0,468 | 0,574 | 0,646 | 0,703 | 0,751 | 0,792 | 0,861 | 0,958

N

20 0,444 | 0,545 | 0,615 | 0,670 | 0,717 | 0,757 | 0,826 | 0,927
22 0,423 | 0,520 | 0,587 | 0,641 | 0,686 | 0,726 | 0,794 | 0,896
24 0,404 | 0,498 | 0,563 | 0,615 | 0,660 | 0,699 | 0,765 | 0,868 | 1,000
26 0,388 | 0,479 | 0,542 | 0,592 | 0,636 | 0,674 | 0,739 | 0,840 | 1,000
28 0,373 | 0,461 | 0,523 | 0,572 | 0,614 | 0,651 | 0,715 | 0,815 | 0,993

30 0,361 | 0,446 | 0,506 | 0,553 | 0,595 | 0,631 | 0,693 | 0,792 | 0,978
35 0,334 | 0414 | 0,469 | 0,514 | 0,552 | 0,586 | 0,645 | 0,741 | 0,932
40 0,312 | 0,387 | 0,439 | 0,482 | 0,518 | 0,550 | 0,607 | 0,697 | 0,886
45 0,294 | 0,365 | 0,414 | 0,455 | 0,490 | 0,520 | 0,574 | 0,661 | 0,845
50 0,279 | 0,346 | 0,394 | 0,432 | 0,465 | 0,495 | 0,545 | 0,629 | 0,808
55 0,266 | 0,330 | 0,375 | 0,412 | 0,444 | 0,473 | 0,522 | 0,602 | 0,776

60 0,254 | 0,316 | 0,359 | 0,394 | 0,425 | 0,452 | 0,500 | 0,577 | 0,746
70 0,235 | 0,292 | 0,333 | 0,366 | 0,395 | 0,419 | 0,465 | 0,538 | 0,696
80 0,220 | 0,273 | 0,312 | 0,342 | 0,370 | 0,393 | 0,436 | 0,504 | 0,655
90 0,207 | 0,258 | 0,294 | 0,323 | 0,349 | 0,371 | 0,411 | 0,476 | 0,620
100 0,197 | 0,245 | 0,279 | 0,307 | 0,331 | 0,352 | 0,389 | 0,452 | 0,589
1 %-HblIh YpOBEHb 3HAYMMOCTM
10 0,765 | 0,855 | 0,911 | 0,949 | 0,975 | 0,991 | 1,000
12 0,708 | 0,800 | 0,860 | 0,904 | 0,938 | 0,963 | 0,993 | 1,000
14 0,661 | 0,753 | 0,814 | 0,861 | 0,898 | 0,928 | 0,971 1,000
16 0,623 | 0,712 | 0,773 | 0,821 | 0,859 | 0,891 | 0,942 | 0,996
18 0,590 | 0,677 | 0,737 | 0,785 | 0,824 | 0,857 | 0,911 | 0,980

20 0,561 | 0,647 | 0,706 | 0,752 | 0,791 | 0,825 | 0,880 | 0,958
22 0,537 | 0,620 | 0,677 | 0,724 | 0,762 | 0,796 | 0,852 | 0,934
24 0,515 | 0,596 | 0,652 | 0,697 | 0,736 | 0,769 | 0,825 | 0,910 | 1,000
26 0,496 | 0,574 | 0,630 | 0,674 | 0,712 | 0,745 | 0,800 | 0,886 | 1,000
28 0,479 | 0,555 | 0,605 | 0,652 | 0,690 | 0,722 | 0,778 | 0,864 | 0,998

30 0,463 | 0,538 | 0,590 | 0,633 | 0,670 | 0,701 | 0,756 | 0,842 | 0,989
35 0,429 | 0,500 | 0,550 | 0,591 | 0,626 | 0,657 | 0,709 | 0,794 | 0,955
40 0,403 | 04469 | 0,517 | 0,556 | 0,589 | 0,618 | 0,670 | 0,752 | 0,917
45 0,380 | 0,444 | 0,489 | 0,526 | 0,558 | 0,587 | 0,636 | 0,715 | 0,880
50 0,361 | 0,422 | 0,465 | 0,501 | 0,533 | 0,559 | 0,606 | 0,683 | 0,846
55 0,344 | 0,403 | 0,445 | 0,479 | 0,509 | 0,535 | 0,580 | 0,656 | 0,816

60 0,330 | 0,386 | 0,426 | 0,459 | 0,488 | 0,514 | 0,558 | 0,631 | 0,785
70 0,306 | 0,358 | 0,396 | 0,427 | 0,454 | 0,477 | 0,520 | 0,589 | 0,737
80 0,286 | 0,336 | 0,371 | 0,401 | 0,426 | 0,448 | 0,488 | 0,554 | 0,696
90 0,270 | 0,317 | 0,351 | 0,378 | 0,402 | 0,424 | 0,461 | 0,524 | 0,660
100 0,256 | 0,302 | 0,333 | 0,359 | 0,382 | 0,403 | 0,439 | 0,500 | 0,629

lMpumeyaHue. N — uncno HabMOAEHU KaXOoW U3 NEePEMEHHbIX, N — YACINO He3aBUCUMbIX
nepemeHHbIX. [pu n = 1 koadduruneHT R obpaluaeTcs B 00bl4HbIN KO3 ULMEHT KOoppens-
umn.
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