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Pedepar

Llenb WCCIICIOBAHMIA: yCTaHOBJICHHE poiu BHY TPHUITOMYJISIIIMOHHBIX u
arpoMeTeoOpoIOTNYecKUX (PAKTOPOB B JUHAMUKE IUIOTHOCTH TOMYJSIUM  30JIOTHCTOM
kaprodenpHoii Hemaroabl (3KH) B CyrimHHCTOM MouBe NIpW BBIpAIIMBAaHUM KapTodens B
MOHOKYJIbTYPE U pa3pab0TKa MPOrHOCTUYECKUX MOJEIEH.

Marepuansl U meronsl. M3yuenwe nuHamuku tuioTHoctH nomyisimuun 3KH B mouse
npoBoauau B TeueHue 15 net (1979-1993 rr.) Ha Tpex ydyacTkax kKapTodess BOCIPUUMYHUBOTO
COpTa, Ha KOTOPhIX KapTodesnb BbIpAlIMBAIM B MOHOKYJbType OTO0p 00pasios,
(UTOreIbMUHTOJIOTMUECKUI aHAIN3 MOYBEHHBIX NPOO MPOBOAMIM IO CTAaHAAPTHOM METOMIUKE.
Koppensiuonnslii aHamu3 arpoMeTeopoIoTHYecKuX (akTOpoB U IJIOTHOCTH momyssiiuid 3KH
(I1IT 3KH) 6511 mpoBeIeH METOI0M aHaIM3a BPEeMEHHBIX PsIIOB U mporpammel Eviews 7.0.

Pesynbrathl u 06cyxaeHue. /s MOHOKYIbTYPbl BOCIPUMMYUBOIO cOpTa KapTodess Obu1
NPOBE/ICH KOPPEISIIMOHHBIA aHal3 arpoMEeTeOpOIOTHYECKHX (aKTOPOB (CpeaHeMecs IHast
Temreparypa mousbl Ha Tiyoune 10cm, °C: MapT, anpeib, Maii, HIOHb, HIOJb, ABIYCT, CEHTAODS,
nexabpb, sHBaph, (QeBpaib;, Temieparypa Bo3ayxa, °C: Mail, HWIOHb, WIOJb, aBIYCT;
MaKCUMaJlbHasi TJIyOMHA NpOMEp3aHHsl IOYBBI, CM; IEpUOJ TMpOMEp3aHMs, IHEW; BBICOTA
CHE)KHOTO TIOKPOBa, CM; KOJIMYECTBO OCAJKOB, MM: CpPEIHET0JI0BOE, arpellb, Mai, HIOHb, UIOJb,
aBI'yCT, CEHTA0Pb; KOJIMYECTBO OCA/IKOB, MM: CPETHET0JI0BOE, arpellb, Maid, HIOHb, UI0JIb, aBIYCT,
CEHTAOPD; KOJMYECTBO THEH C OCaJKaMH: Maii, HIOHb, UIOJIb, aBTyCT, CEHTAOpPb) B 3aBUCHMOCTH
or BiausHusa Ha [III 3KH mnokasan, yTo OONBLIIMHCTBO METEOPOJOTHMUYECKUX (DaKTOpOB HE
OKa3bIBaIOT cymiecTBeHHOro Bo3nencTus (r=0,01-0,6). Cnaboe Bo3aeiictBue (r=0,3-0,4) na I1I1
3KH okasbiBaet: Temieparypa Bosayxa, C° B aBrycre; Temmeparypa mousbl Ha riryoune 10 oM,
C° B cenrsa0pe; cpemnee BosxeiictBue (r=0,5-0,6) Temmeparypa Bosayxa, C° B WIOHE;




TeMIeparyphl Mo4BkEl Ha Ti1youne 10 cm, C° B MapTe U MIOHE; OCAIKH, MM: TOJOBBIE, Maii, HIOHb,
HIOJIb.

Paspaboranpl marematumyeckue wmonenu mnpornosa I[III 3KH B 3aBucumoctn oT
arpoMeTeOPOIOTHYECKUX U BHYTPHUIOMYJISAIUMOHHBIX (DaKTOPOB MPHU BBIpAIIMBAHUN KapTodens B
MOHOKYJIBTYPE JUIsl Y9aCTKOB C HU3KHM, CPSTHUM U BBICOKUM TUIOZOPOIUEM TIOUBBI.

Kntouegvie cnosa: 3omotucras kaprodenbHas Hematona, Globodera rostochiensis,
MIPOTHO3HPOBAHUE, IKOJIOTHSI.

BBenenune

3onotuctas kKapTtodenbHas HeMmaroa — Y3KOCIEUUATH3UPOBAHHBIM BHJI HEMAaTo[,
KOTOPBIM Tapa3uTHPyeT Ha KOPHSAX KapTodens W TOMAToB, MOpa)KaeT APYTHe PACTCHUAX W3
ceMelcTBa MaciE€HOBBIX, OOBEKT BHEIIHEro M BHYTpeHHero kapantuna [3, 14]. 3KH nanocur
CYILLIECTBEHHBIH BpEJ ypOKaMHOCTH KapTo(ens MW MOATOMY IMPOrHO3HPOBAHUE YHMCIECHHOCTHU
MOMyJISIIUM  3TOTO Tapa3uTa sBIsIeTCS aKTyanbHOW 3amauedt [4, 15, 17]. PazpaboTka
MaTEMaTHYECKUX KOMIIBIOTEPHBIX MOjEJIel, MOJIUYMHEHHBIX KOHKPETHBIM 3ajadaM, MO3BOJISET
yIayOuTh TMOHUMaHHE BO3HUKHOBEHUS M TEUeHHUs SNUPUTOTHH TI000Aepo3a, MO3BOJSET
NPaBWIBHO  OLEHUBAaTh  CKJIAQJAbIBAIOUIYIOCS  (PUTOrEJIbMUHTOJIOTUYECKYID  CHUTYalHUIO,
IUTAHUPOBATh MPOTUBOHEMATOIHBIE MEPOMPUATHS, ONTUMHU3UPOBAHHBIE MO 3KOJOTHYECKUM U
HKOHOMUYECKUM XapaKTEPUCTHUKAM, UCIOJIb30BaTh MOJIEH JUIsl IPOTHOCTUYECKUX 1eneit [1, 2].

B naGopaTopHbBIX yCIOBHUSX MHOTOKPATHO H3y4dajoCh BIUSHHUE TeMIEpaTyphl MOYBBI Ha
pa3BUTHE MONYJSALMU MAapa3UTUUYECKUX HeMarolA. Takke [0Ka3aHO BIMSHHE TEMIIEpaTyphbl
NouBHI Ha pa3Butue Hemarof Globodera rostochiensis B ycnosusix teruun [10, 11, 15, 16]. B
YCIOBHSIX BCE YBEJMUYMBAIOMICHCS KIMMATHYECKONW HECTAOUIBHOCTH OCOOCHHO Ba)XHO
BBISIBJICHHE YeTKHX (OpMajM30BaHHBIX CBS3€d MEXIY pa3BUTHEM TMOMYJSIUU [apa3uTa
KapTodels U arpOKINMaTHUYECKUMH YCIIOBUSIMH B OTKPBITOM TPYHTE [5].

Matematuueckuil ammapaT IIUPOKO MCIIONB3YeTCs A MPOTHO3WPOBAHUS BO3MOXKHOM
QUHAMHUKY TUIOTHOCTH TOMYJISIMA Tapa3sUTOB C YYEeTOM IMOTOJHBIX YCIOBHH U JPYTHX
JKoJIorHueckux QaktopoB. g ydera 3TUX (PaKTOPOB MOTYT MPUMEHSTHCS KaK CTaHAAPTHBIN
amnmapaT MHOXKECTBEHHBIX IMHEHHBIX perpeccuid, Tak u OoJiee cioxkHble MeTosl [2, 8, 12].

[lenbto HacTosIed pabOTHl SABIAETCS YCTAHOBJIECHHE POJM BHYTPUIONMYJS-LIIMOHHBIX U
arpoMeTeoOpoNIOTUYECKHX (PAKTOPOB B JUHAMUKE IUIOTHOCTH TOMYJSIHH  30JIOTHCTOU
kaprodensHoit HeMatosl (3KH) B cyrmuHUCTOM MOYBE 11 MOHOKYJIBTYPBI KapTodess Ha Tpex
yuacTkax Kamyxckoit o0051acT, pasmuyalonIMxcsi YpOBHEM IUIOAOPOAMS U pa3zpaboTka
MaTeMaTUYeCKUX Mojenel mnporHo3a ImmioTHoctu mnonynsuuid 3KH B 3aBucumoctn ot
BBISIBJICHHBIX MIPEIUKTOPOB.

MarepuaJjbl 1 METOABI

Ot6op mouyBeHHBIX 00pa3noB ObLT TpoBedeH B mepuon ¢ 1979 mo 1993 ronm Ha
npuycafeOHbIX ydacTKax KapTodelss BOCIHPUMMYUBOIO COpTa C CYTJIMHUCTOM IOYBOM U
pPa3IMYHBIMM YPOBHSIMU arpOTEXHUKH U IIOHOpoaus (HU3Koe, cpenHee, Bbicokoe) B JIIIX
ropoaa Konaposo Kamyxckoit obnactu. I[louBeHHBIe MPOOBI aHATM3UPOBAIH (IOTAIMOHHO-
BOPOHOYHBIM MeTOAOM [3]. UHMCIEHHOCTh HEMAaTOJ] pPAcCUMTaHA HUCXOJl U3 MHOTOKPAaTHOTO
mojicuera IUCT, JUYMHOK W sui B 100 kyOWyeckux caHTHMETpax MouBbl. s aHamm3a
BPEMEHHBIX PSAAOB AMUHA psaa fgocturaet 30 HAOMIOACHUN C yd4eToM 2-X 3aMepoB B roJl IO
KKIOMY YYacTKy.

Merteoponoruueckue JaHHbIe ObUIM MOJTyYeHbl Ha METEOCTaHIIMK ropoja Maosipociaserl
Kamyxckoit o6acTu.

JIJ1st MOHOKYJIBTYPBI BOCIPUMMYHUBOTO COpTa KapTodels ObUT MPOBEACH KOPPEISAIIUOHHBIN
aHaJU3 arpoOMETEOPOJIOTHIECKUX (PAaKTOPOB (CpemHeMecssuHas TeMIepaTypa MoYBbl Ha TTyOHuHE
10c™m, °C: maprt, amnpesib, Maii, HIOHb, HIONb, ABLYCT, CEHTAOPH, NeKaOphb, SHBAphb, (EBpab;
Temiieparypa Bosayxa, ‘C: Mail, WIOHb, MIOJIb, ABTYCT; MaKCHMaJbHas TIIyOWHA TPOMEp3aHust
IIOYBBI, CM; MEPUOJ IPOMEP3aHMsI, AHEW; BBICOTA CHEXHOTO IOKPOBA, CM; KOJIMUYECTBO OCAJIKOB,
MM: CpEIHEroJ0BOe, ampeib, Mail, HIOHb, HIOJIb, aBTyCT, CEHTAOPb; KOJTUYECTBO OCAJIKOB, MM:



CpPEIHET00BOE, amnpeib, Mai, UIOHb, UIOJIb, aBI'YCT, CEHTSIOPH; KOJUYECTBO JHEH C OCAJKAMU:
Ma¥l, UIOHb, UIOJIb, aBT'YCT, CEHTSAOPD) U MIIOTHOCTH nomyJsiiuit 3KH.

st ananmm3a Moy4YeHHBIX TaHHBIX OBLT UCIIOJIB30BAaH METOJ] aHATIN3a BPEMEHHBIX PSAIOB U
nporpamma Eviews 7.0. MeTonbl BpeMEHHBIX pPSIOB MO3BOJISIIOT HE TOJBKO YCTaHOBUTH
ABTOPETPECCUOHHBIE 3aBUCHMOCTH, HO W BKJIOYAaTh B aHAJIU3 BHEIIHHUE IO OTHOIICHHUIO K
u3ydaeMomy sBJIeHHIO (hakTopbl. B ciydae naHHOW paboThl TakuMu (hakTopamu BBICTYMAIOT
KJIMMaTuueckue ycioBus. [Iporenypa orieHMBaHUS BBINJISIAUT CIAEAYIOMMM oOpa3zom. CHavalna
BBISIBJIIETCS MAKCHUMAJbHBIM MOPSAOK AaBTOKOPPEISLUMU psia, TO €CThb Ha CKOJBbKO JIET
COXpaHsieTCs BIMSHUE KaX10ro HabmoneHus. Hannune aBTokoppesiiuu, Hanpumep, 3 mopsiaKa
03HAYAET, YTO BIMSHHE HAOMIOACHUS (TOUKH B PsJie JaHHBIX) COXpaHSIETCS Ha MPOTSHKEHUH TPEX
net. Ha ocHOBaHHMM aBTOKOPPEISIIMOHHOTO aHAJIM3a CTPOUTCS MAKCHUMAJIbHO TOJHAs MOJEINb,
BKJIIOYAIOIIAsl BCE MPEbIAyIINe HAOMIOJCHUS B KaueCTBE OOBSICHSIONIMX MEPEMEHHBIX BILIOTH
JI0 MaKCHMAaJIbHOTO BBISIBJICHHOTO TIOpsKAa AaBTOKOppeisiuu. Bmecte ¢ 3>TUM B MOAECIHb
BKIIIOYAIOTCS TpeArojaraéMble 3Ha4yMMble BHEIIHHWE (DAKTOPBl MO AaHAJOTUU C OOBIYHOU
MHOECTBEHHOU perpeccueit [3, 6, 13]. Takum 006pa3zom, MOAEIb BPEMEHHBIX PSJIOB SIBISETCS
YCJIOKHEHHON BEpCHEl PerpecCMOHHON MOJENM, BKJIKOYAas KaK TEKYIIUME 3HAYEHUs BHELIHUX
(axkTOpOB, TaK W MPONLIbIE 3HAYCHHUE CAMOI OOBACHAEMON NIEPEMEHHON M BHEIIHUX (PaKTOpoB
[6, 7]. Ilocne mocTpoeHusi TakOH MaKCHMaJbHOM MOJIEIN MPOM3BOJUTCS MOCIEI0BATEIbHBIN
OoTOOp 3HAYMMBIX TEPEMEHHBIX HA OCHOBAHMHM CTAaTUCTHYECKUX IIOKa3aTesed t-CTaTHCTHKHU
CrpIoeHTa.

Pe3yabTaTsl HCCIe10BAHUH

B pesynbraTe mpOBEAECHHBIX HCCIEIOBAaHHM Ha ydyacTKax KapTodens BOCIPUUMYHUBOTO
CcopTa YCTaHOBIJIEHO, YTO YHWCJIEHHOCTh HHUCT Kojebamach oT 1 mo 323> IIII3KH B mouse
u3Mensanach oT 0 70 30158 s u arunHoK B 100 ky6. M moussl (Tabm. 1).

Tabmuna 1
Jannbie o nonyasiuuu 3KH B nepuoa ¢ 1979 no 1993roant
YHCIEHHOCTD SIUIL ¥ IMYMHOK, K3 YHCJIEHHOCTD IIHCT, 9K3

ron HU3KOE cpenHee BBICOKOE HHU3KOE cpenHee BBICOKOE
IUIOJIOPOAME  |IUIOIOPOJME |IUIONOPOAME | TNIOJOPOAUE | TUIOJOPOANE IIOIOPOINE
BECHA | OCEHb [BECHA |OCCHb [BECHA |OCEHb |BECHA |OCCHb |BECHA |OCEHb |[BECHA | OCEHb

1979 1287 4684 |5772 15602 | O 0 22 48 97 148 0 0

1980 2697 5233|8475 30848 | 0 434 | 33 65 124 | 257 0 2

1981 2056 3943 12000 22255 | 188 | 523 | 32 69 187 | 371 1 4
1982 1707 3820 |7445 |8873 | 247 1935 | 48 72 170 | 191 2 33
1983 2959 6576|7890 28394 |2344 10388 | 45 166 | 230 | 338 | 32 104
1984 6990 6396 10055 10364 6708 [6300 | 158 | 173 | 250 | 272 | 107 95

1985 6337 14418 8608 2264 |5165 6492 | 160 | 144 | 192 | 282 | 110 138

1986 8105 13117 0158 23824 |5852 |10491 | 136 | 197 | 323 | 312 | 105 169

1987 11934 9637 26124 23651 10076 14269 | 180 | 163 | 289 | 293 | 160 150

1988 8228 15304 21949 26859 [10059 21660 | 163 | 184 | 290 | 311 | 132 170

1989 | 3866 | 17280 119755 42470 111066 113918 | 151 | 165 | 285 | 340 | 115 | 136
1990 | 8689 | 9395 02062 4446 |5380 [12057 | 110 | 180 | 290 | 326 | 122 | 195
1554 | 1459
1991116069 | 14000 p b 8597 19400 | ¥ | 205 | 260 | 302 | 115 116
1641
19921 10387 1 15115 19025 b 4193 4294 | V77 | 240 | 193 | 281 | 103 | 101
116 | 115 | 719 | 190

1993 9390 11642 |12 ix 2 b4 157 231 | 225 | 230 | 114 207




[IpoBenennsiit koppersiinonasid ananu3 nuHamuku [1I1 3KH u arpomeTeoposiorudaeckux
(akTOopoB TmMOKa3al, 4YTO OOJBIIMHCTBO METEOPOJOTHUYECKHX (PAKTOPOB HE OKa3bIBAIOT
cymectBeHHoro BiausiHus (r=0,01-0,6). Cnaboe BozaeiictBue (r=0,3-0,4) na I1I1 3KH oka3biBaer:
Temreparypa Bo3ayxa, C° B aBrycre; temreparypa 1mo4sbl Ha riyoune 10 cm, C° B ceHTA0pE;
cpennee Bosueiicteue (r=0,5-0,6) Temmeparypa Bo3ayxa, C° B MIOHE; TeMIEepaTyphl MOYBHI Ha
riayoure 10 cm, C° B MapTe ¥ MIOHE; OCAaJKH, MM: TOJIOBBIE, Maii, HFOHb, HIOJb.

Ha pucynke 1 mpencTaBieHBI MPEIUKTOPHI CPEIH arpoOMETEOPOTIOTHYECKHX (aKTOpPOB,
KOTOpBIE OBLIN HUCIIOJIb30BAHBI IPU pa3pab0TKe MAaTEMAaTUYECKUX MOJIENEH MPOTrHO3a MIOTHOCTH
nonysimuit 3KH B mouBe B 3aBUCHMMOCTHM  OT arpOMETEOpPOJIOTUYECKUX YCIOBUH U
BHYTPUIOMYJISIIUOHHBIX (haKTOPOB.
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Puc. 1. 3naunmsle arpomereoposioruaeckue GaxTopsl B nepuoa ¢ 1979 mo 1993 roxast

[IpuBeneHHbIE HUXKE MPOTHOCTUYECKHUE MOJEIM Ha OCHOBE PErPECCHOHHBIX YpPAaBHEHHI,
xapakrepusytomux [T 3KH u 4ncieHHOCTs, HHUCT B MOYBE B 3aBUCUMOCTH OT BBIJICIICHHBIX
MPEAUKTOPOB JIJIsl TPEX THUIOB YYACTKOB OKA3aJIMCh MPAKTUYECKU PAaBHO3HAYHBIMU C HEKOTOPHIM
KOJIeOaHMEM YHCIIa yIUThIBaeMbIX (akTopoB (0T 3 110 6).

1.Monenb, OOBSICHSIONIA TUHAMUKY TUIOTHOCTH momyisiimu 3KH B mouBe ywacTka c
BBICOKMM YPOBHEM arpoTeXHUKU U miogopoaus Ha 59%:

yi=5448+40.3*(x;+x2)+1455.1*x5t€((-2)

I'ne,

y-0011Iee YHCIIO SIUII U JIMYUHOK B TIOYBE YYACTKA C BBICOKUM YPOBHEM ILJIOJIOPOIHS, IK3.

X|-ypOBEHb 0CaJKOB B Mae, MM

X2-YPOBEHb OCAJIKOB B UIOHE, MM

Xs- TEMIIEpPATypa MouBkl Ha riiy6oune 10cM B centsaope, C°

€(t-2)- IOTPEUIHOCTD OLICHKH IIPOILJIOro Toja

CormacHo pe3yJbTaTaM MOJCIHUPOBAHUS BJIUSHAE Ha JOJTOCPOYHYIO JTHUHAMUKY
MOMYJISIIIUA MOTYT OKa3bIBaTh TEMIIEPATyphl MIOYBBI CEHTIOPS, a TaKkKe YpPOBEHb OCAIKOB Masi U
UIOHS.

AHajoru4Has MoOJeNb, pazpaboTaHHas AN YHUCICHHOCTH IMCT TMOKas3biBaeT Ooiee
BBICOKHI KOA((HUINEHT IeTepMUHAIIN R’=0.76 u uMeeT BHL:



z2=81+0.54%x4-0.7*%Z.3)

I'ne,

Z-00111ee YUCIIO ITUCT B TIOYBE YYACTKA CO CPEAHUM YPOBHEM ILIOJOPOIHS, IK3.

X4 -TeMIIeparypa nousbl Ha riayoune 10cm B urone, C°

Z(-3)-001I1ee YHCII0 IUCT B TIOYBE YYacTKa TPU IepHoaa(BECHA-0CEHb) Ha3al, IK3.

Jns ydacTka ¢ BBICOKMM IUIOJJOPOJIMEM BIHSIHHE arpoMETeOpOJOTHYECKHX (HaKTOpOB
0CJIa0JICHO 110 CPABHEHHIO C YYaCTKaMU ¢ 00Jiee HU3KUM BIUSHUEM TUIOJOPOIMS TOYBEL. Tak, Ha
IUIOTHOCTh MOMYJISIUU SUI[ U JUYUHOK BIHUSET TOJBKO CyMMa OCaaKOB WIOHS M Masi, HO He
TEMIIepaTypa B 3T Mecslbl. Ha KOIMYecTBO MUCT BIHSET TOJIBKO OJUH METEOPOIOTHYECKHMA
dakTop: TeMneparypa MmouBhHI B HIOHE.
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Puc. 2. ®aktnueckas [111 3KH, mnoTHOCTS NOMy MY, CMOACIMPOBAHHAS C BKIIOUEHUEM
JAHHBIX O TEMIIepaType MOYBBI CEHTAOPS, YPOBHS OCaJIKOB Masi U UIOHS
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Puc. 3. ®aktuyeckas ynciaeHHocts nuctT 3KH, uncneHHoCTs cMoienupoBaHHast ¢
BKJIIOUEHHEM JIAHHBIX O TUHAMUKE MOMYJISIIU U TeMIIepaType MOYBBI CEHTIOPs

2.Mopenb, oOBACHsIONAs NUHAMHUKY TIoTHOCTH momyssiuu 3KH B mouBe ywactka co
CPEIHUM YPOBHEM arpOTEXHUKH U Iu1ofopoaus Ha 67%:

yt=-17165+99*(X1+X2)+2399.5*X3+1543.3*X4-0.74*y(t_3)+0.3S*y(t-2)+e(t_3)

I'ne,

y-00111ee YHCIIO SUIL ¥ JIMYMHOK B IMIOYBE y4acTKa CO CPEAHUM YPOBHEM ILJIOOPOIHS, IK3.

X1-YPOBEHb OCAJIKOB B Mae, MM

X,-YPOBEHB OCAJIKOB B UIOHE, MM

X3- TeMIleparypa mo4ussl Ha rayoune 10cum B mapre, C°

X4 -TEMIIEpATypa mouBkl Ha riryoune 10cm B nrone, C°

Y(t-3)-0011Ie€ YHUCIIO UL U JINUMHOK TPU Iepuoja Ha3al (BECHA-0CEHb), IK3.

€(t-3)- IOTPEIIHOCTh OLICHKU TPH IIEPHOAA Ha3a[]

CormacHo pe3yJibTaTaM MOJCIHUPOBAHUS BJIUSHUE Ha JOJTOCPOYHYIO JTUHAMUKY
MOMYJIAIIMA MOTYT OKa3bIBaTh TEMIIEpATyphl MTOYBBI MapTa M WIOHS, a TAK)KE€ YPOBEHb OCAKOB
Mas u utoHs. Ho pemaroniee 3HaueHre UMeET HavallbHasl TNIOTHOCTh MOMYJISILUU U €€ COCTOSTHUE
B T'OJIbI, MPE/IIICCTBYIONTUE TPOTHO3UPYEMOMY .

AHanoru4Has MoJeNb, pazpaboTaHHas MO YHCICHHOCTH IMCT IMIOKas3bIBaeT Oosee
BBICOKUH KOA(DPUITUEHT TeTePMUHAIINH R’=0.86 u umeeT BU]I.

Zt=202.6+0.67*(X1+X2)+16.6*X3-0.82(t-3)-1.34e(t_1)+2.26(t-3)

I'ne,

Z-00111e€ YUCIIO IIUCT B TIOYBE YUACTKA CO CPETHUM YPOBHEM ILIOIOPOAHS, IK3.

X1-YPOBEHB OCAJIKOB B Mae, MM

X2-YPOBEHb OCAJIKOB B MIOHE, MM

X3- TEMIIEPATypa 1mouBkl Ha riry6oune 10cM B mapre, C°

Z(1-3)-0011lee YKMCII0 LUCT B II0YBE y4YacTKa 3 nepruoja(BecHa-0CeHb) Ha3a, IK3.

€(t-1)- HOIPEIIHOCTb OLIEHKU TPU NEPHOAA Ha3a ]

€(t-3)- IOTPEIIHOCTh OLICHKU TPU IEPHOAA Ha3a[
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Puc. 4. ®axtuueckas I111 3KH, mioTHOCTE NOMyNISILIMKA CMOJIETUPOBAHHAS C BKJIIOUEHUEM
JAHHBIX O IUHAMUKE MOIYJIALMH, TEMIIEpATypPhl IIOYBBI MApTa U UIOHS, YPOBHS OCaIKOB Mas U

HUIOHSA
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Zt=202.6+0.67*(X1+X2)+ 1 6.6*X3-0.8Z(t_3)-1 .34e(t_1)+2.2e(t_3), R2=086
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Puc. 5. ®aktuyeckas yncinenHocts nuct 3KH, uncieHHOCTh cMoOIeTupoBaHHas C BKIFOUEHHUEM
JIAHHBIX O IMHAMHUKE IOMYJISLUN, TEMIIEPATyphl IOYBBI MapTa, yPOBHS OCAAKOB Masl U UIOHS

3.Mojenb,

oO0BsICHAIOMAs ITUHAMHUKY TutoTHOcTH monyisimuu 3KH B mouBe ydwactka c

HU3KHM YPOBHEM Iutogopoaus Ha 72%:
yt=9425+27.3*X2+582.8*X3+287.6*X4-10.6*X6-0.74*Y(t-1)+e(t-1) te2)



I'ne,

y-00111ee YKCIIO0 AUI] U IMYMHOK B ITOYBE yYacTKa C HU3KUM YPOBHEM IIJIOJOPOIMS, IK3.

X2-yPOBEHb OCaJKOB B UIOHE, MM

X3- TeMIieparypa nousbl Ha riyoune 10cm B mapre, C°

X4 -TEMIIEpaTypa mo4Bsl Ha riryouse 10cum B urone, C°

X6-TO/I0BOH YPOBEHB OCAJKOB, MM

Y(t-1)-00111€€ YUCII0 UL U JINYMHOK MPEABIAYILEro Neproaa (BECHAa-0CEHb), IK3.

€(t-1)- IOTPEIIHOCTh OLICHKU MPEBIAYIIEro nepuoja

€(t-2)- HOIPEIIHOCTb OLIEHKHU IPOILIOro roja

CornacHo pe3ysibTaTaM MOJEIMPOBAHUS BJIMSHUHE Ha JIOJTOCPOYHYIO JHWHAMHKY
HOMYJISIUK B NOYBE y4acTKa C HU3KUM YPOBHEM IUIOJOPOJUS U arpOTEXHUKU MOTYT OKa3bIBaTh
TEMIIepaTypbl IOYBBI MapTa U UIOHS, a TAKXKE I0JI0BOM YPOBEHb OCAJIKOB M OCAJIKU UIOHS. Takxke
3HaUE€HUWE MMEEeT HayalbHas IUIOTHOCTh HOMYJSIUMM B  MEPUOJ  MPEALIECTBYIOIINN
HIPOTHO3UPYEMOMY.

AHaorn4YHasE MOJeNb, pa3paboTaHHast Uil IUIOTHOCTH TOMYJISIIMHM IUCT TIOKa3bIBACT
0osee BHICOKUH KOIPPUITMEHT JeTepMUHAIIUT R>=0.82 u umeeT BUI:

7=204.3-0.7*%x1-10.3*x3+0.657.3)-0.8¢ .3,

I'ne,

Z-00111ee KOJTMYECTBO IHCT B IMIOYBE y4acTKa ¢ HU3KUM YPOBHEM ILIOZOPOIHS, IK3.

X]-YPOBEHb OCa/IKOB B Mae, MM

X3- TEMIIEpaTypa no4ssl Ha riryoune 10cm B mapre, C°

Z(1-3)-00111ee KOJIMYECTBO LIUCT B II0YBE YYaCTKa TPU IepHOAa (BECHA-OCEHb) Ha3a, IK3.

€(t-3)- HOIPEIIHOCTb OLIEHKU TPH NEPHOAA Ha3a ]
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Puc. 6. ®axtuueckas [111 3KH Ha ygacTke ¢ HU3kuM ypoBHeM Iiogopoaus, 1111
CMOJICIIMPOBAHHASA ¢ BKJIIFOYEHHEM JAHHBIX O JUHAMHUKE TOIMYJISIUHU, TEMIEPATYPBI TOYBBI
MapTa U UIOHS, CPEJHETO0BOTO YPOBHS OCaJIKOB U OCAIKOB HUIOHS
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Puc.7. ®aktuueckas uncnennocts uuct 3KH, unciaeHHOCTh cMOJEIMpOBaHHAS C
BKJIIOUEHHEM JIAHHBIX O TUHAMHUKE TMOIMYJIALNN, TEMIIEPaTyphl IOYBBI MapTa, YPOBHS OCAIKOB
Masl.

3akiaoveHue

Junamuka yncnenHocty sul U auunHOK 3KH B mouBe ydacTka ¢ HU3KUM IIOJOPOJIUEM
Ha puc. 6. IEMOHCTPUPYET PE3KHUM POCT IJIOTHOCTH THomyysiiuu B 1986 romy, a auHamuka
YHUCJIEHHOCTH IIUCT IOKa3bIBaeT TAKOM k€ poCT paHblue, B 1983 rogy. YuuTsiBas nocTpOEHHbIE
pETPECCUOHHBIE MOJEIN MOKHO 3aKJIIOYUTh, YTO aHOMAJIbHO Cyxoil Mail B 1983 roay BbI3Bal
YBEJIMUEHUE YHCIIa COXPAHUBLIMXCSA K OCEHM LIUCT, KOTOPBIE MO3KE BBI3BAIM POCT IUIOTHOCTU
aul] 1 JTUIUHOK B 1985 m 1986 rr. OTH TOIBI, B CBOIO OYEPEIh XapaKTEPU3YIOTCSI BBICOKUMH
OcaJKaMH U TEMIIepaTypoil HWIOHS — BPEMEHHM BBIXOJa Iapa3uTa U3 LUCT. Takum obOpazom,
MOJIeJIb XOPOIIO OOBSCHSET BIMSIHHE METEOYCJIOBHM Ha JUHAMHUKY TMOIMYJSALHUMA HA Yy4YacTKe C
HU3KUM BIUSIHUEM IUI0J10poausi. MIHTEpeCHBbIM SIBII€TCS BIMSHHME TEMIIEpATypbl MOYBHI MapTa
KaK Ha JTUHAMHUKY LMCT, TaK ¥ JUYUHOK. [Ipy 3TOM HAa YUCIIEHHOCTb JTUYMHOK TEIUIbII MapT
BJIMSIET MOJIOXKUTEIBHO, @ HA YUCIIEHHOCTD LIUCT — OTPULIATENILHO.

OT0 yKa3bIBaeT Ha TO, YTO TEMIIEpaTypa MapTa BIMSIET HE HA caMy MOMYJISLUI0 HEMATOI, a
Ha 3(QQPEKTUBHOCTH Mapa3uToB U XUIIHUKOB [3]. Ilpym HU3KMX TemmepaTypax mMapTa HoJdydaeM
00JIbIlIe UCT, HO MEHbIIE JTUYUHOK, YTO YKa3bIBa€T HAa TO, YTO MEHbIIEE KOJIUYECTBO JTUUNHOK
BBIXOJUTH U3 LIUCT U COXPAHSIIOTCS T€ LIUCTHI, KOTOPBIE COAEP AT MEHbIIE JIMYMHOK (KpyIHbIE
IIUCTHI THOHYT MEPBBIMH).

JluHamuKa MOmyJIsiMU B MOYBE y4acTKa CO CPEAHMM YPOBHEM IUIOAOPOIUS MOKa3bIBAET
pE3KHIl POCT 4YMCia Ul M JUYMHOK B 1986 romy W BCIUIECK IUIOTHOCTH C MOCJIEAYIOIIUM
camwkenreM B 1989 rony (Puc. 4). KonmuectBa nuct mpu 3ToM pesko pacteT B 1983 rony (a
MOTOM CHIDKAETCS) W HauyuWHaeT yBenumumBaThes ¢ 1985 roma (Puc. 5). 3a uckmroueHuem
Bcrutecka 1989 roga 310 MOBTOPSET OCOOCHHOCTH TWHAMMKH JUIS y4acTKa ¢ HU3KUM BIUSHHEM
moaopoaus. 1989 ron xapakrepeH aHOMaJIbHO CyXHM MaeM M TEIUIbIM HIOHEM. [[id ydacTka c
HU3KHUM TUIOJI0POJUEM 3TO MPUBOIUT K 3HAUUTEIHHBIM KOJIEOaHUSIM YUCICHHOCTH KaK LUCT, TaK
U JTUYUHOK M sinl. OJHAKO A ydacTKa CO CPEJHHUM IUIOJOPOAMEM 3TH KojieOaHus ropaszio
MeHee ApaMaTUYHbI: HaONI0AaeTCs PE3KH CKAYOK YHUCICHHOCTH SUIl U JTUYMHOK, HO HE POCT
KOJIMYECTBA LUCT. B nTOre MioTHOCTH MOMYJISLIMM CHOBA CTAaOMJIM3UPYETCA Ha CPETHEM YPOBHE
YK€ B CIEeIYIOIIHNA Ce30H.

Jns  ydacTka C BBICOKMM IUIOAOPOAHMEM BIMSHHE METEOPOJIOTHYECKUX (HaKTOpPOB
ocnablieHO O CPaBHEHUIO C ydyacTKamH ¢ 0ojee HH3KUM BIMSHUEM Iiogopoaus moussl (Puc.
2,3). Tak, Ha MIOTHOCTh MOMYJISLUH ULl U JMYUHOK BIIUSAET TOJBKO CyMMa OCaJKOB WMIOHS U



Masi, HO HE TeMmIiepaTypa B 3TH Mecsipl. Ha KOMMYeCTBO MUCT BOOOIE BIHSCT TOJBKO OJIUH
METEOPOJIOTHYECKUI (PaKTop: TeMrepaTypa MOYBHI B HIOHE.

OTMeueHHbIE BBIIIE pe3KUe HU3MEHEeHMsI uuciaeHHocTd B 1983, 1985-1986 u 1989 rr.
3aMETHBI U AJIS 3TOTO y4acTka. [[1oTHOCTh momynsiuuu Ul U TMYUHOK HaduHaeT pactu ¢ 1985
rojga U gocturaer nuka k 1988, mocne vero manaer. KonuuecTBo e IUCT HAaUMHAET PacTH C
1983 rona, kak u Ha Ipyrux ydyactkax u gocruraet nuka k 1990 rony. Kpome ocankoB urons u
Mas, ONpPEACIIONMNX MOOUIBLHOCThH IMapa3uTa, B JAHHOM CJydyae Ha IJIOTHOCTH MOIMYJISIIUAN
BIIMSET Tak)Ke TeMIlepaTypa MOYBHI CEHTSAOpS, UTO SABISAETCS HEOXKHAAHHBIM. B 11emomM MOXKHO
3aKJIIOYUTh, YTO /I YYaCTKa C BBHICOKMM BIJIMSTHUEM IUTOJOPOJUS TOYBHI BIUSHHUE KIIMMaTa Ha
muHamuky monynsauud 3KH BbpakeHO ropaszno MeHee SIBHO, 4eM MMl APYTUX YCIOBHIA.
OueBUIHO, BBICOKAsI KOHIICHTPAILMSI PACTEHUS-XO3SIMHA B YCJIOBHUSX BBICOKOTO ILJIOJOPOIUS
co3maer OnmarompusaTHbie (akTopbl it pa3BuTus nomyssnuu 3KH HezaBucumo ot kosieGaHuit
TEeMIIepaTyphbl MOYB. ENMHCTBEHHBIM OTPAHUYCHUEM SIBJISICTCS DKOJIOTHYECKAsh eMKOCTh CPEIbI,
IIPU MPEBHIIICHUN KOTOPOH TIOTHOCTD MOMYJIALMY HAYMHACT MalaTh, KAK BUTHO U3 PUCYHKOB 2
u3.

Bce mpoBeneHHbIe pacdyeThl M aHAJIM3 JaHHBIX B mporpamme Eviews mo3BONSIOT caenaTh
BBIBOJ O XapakTepe BIUSHUH arpoKIUMaTHYECKUX (PAKTOpPOB HA NMHAMHUKY TOMYJISALIHUH.
['paduku, moctpoeHHsle B mporpamMmMe Excel, HarmsgHO IEMOHCTPUPYIOT, YTO KIMMATHYECKUE
MEepEMEHHbIC OKa3bIBAIOT BIIMSHUE HA OTKJIOHEHHS OT JOJITOCPOYHOM AMHAMUKH TOMYJISIIUH.
OTKJIOHEHUS METEOPOJIOTUYECKUX YCIOBUN OT THIHMYHBIX AJIS PETHOHA MOKET BBI3BIBATH KaK
pPEe3KUi POCT IJIOTHOCTU TOMYJISIIIMM BBIIIE PAaBHOBECHOTO YPOBHS, TaK U €r0 COKpAaIleHHE.
CrnenyeT OTMETHTh YMEHBIIAIOUIYIOCS POJIb METEOYCIOBHI B nuHamuke uncieHHoctd 3KH npu
YCWJICHUH BIUSHUS TUIOAOPOIUs TouB. HamOosbliee BIusSHUE KIUMATHUECKHE (PAKTOPBI UMEIOT
IpU HU3KOM TUIOJOPOJMH TOYBBI M HaMMEHbIIee MpU BBHICOKOM. Kimmarudeckue (akTopsl
BIIUSIOT KaK Ha HEMOCPEICTBEHHO IJIOTHOCTH TMOMYJIAIMH, TaK U Ha MOOWJIBHOCTH (BBIXOJ W3
IIUCT) U aKTUBHOCTh XHUIIHUKOB. OJHAKO JONTOCPOUYHBIE TPEHJ Pa3BUTHUS MOMYJSALUN 3aBUCHT,
CKOpEE OT EMKOCTH CPEJIbl U UCTOPUM PA3BUTHUSI CAMOM MOIYJISLIUU.

JoBonbHO BbIcOKHE Kod(hduimentsl nerepmunanuu (0,59-0,86) cBHUIETETLCTBYIOT O
BO3MO>KHOCTH MCIIOJIb30BaHUsl PErPECCUOHHBIX ypaBHeHUN it nporro3a auHamuku 111 3KH B
MOYBE B MOHOKYJbTYpe KapTodens B 3aBUCUMOCTH OT arpoMeTeOpOIOTHYECKUX U
BHYTPUIOMYJISIIUOHHBIX (haKTOPOB.

MoXHO clienath BbIBOJ, YTO JIMHEWHBIC MOJICNIH JUHAMUKY YUCIIeHHOCTH nonysinun 3KH
Opy  BKIIOYEHUM KIMMATUYECKMX JIaHHBIX CIEAyeT HCIONb30BaTh JJsi  pa3paboTku
KPaTKOCPOYHBIX IPOTHO30B UHWCJICHHOCTH TMOMYJALWH, OJHAKO HEOOXOJUM JOCTaTOYHO
HIMPOKUI MAcCCUB JaHHBIX O MPEIbLAYIIEM COCTOSHUU MOMYJISALHNH, MPUYEM JTOCTOBEPHOCTH
MIPOrHO3a MPSMO MPOIOPLHUOHANIbHA JJIMHE UCTIOIb3yEMOr0 BPEMEHHOTO Psija.
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Abstract

Objective of research: to identify the role of intra-population and agro-meteorological
factors in dynamics of populations of potato cyst-nematodes Globodera rostochiensis in potatoes
grown as monoculture on loamy soil, and create the predictive mathematical models.

Materials and methods: Dynamics of population density of potato cyst-nematodes
Globodera rostochiensis in soil were studies over 15 years (from 1979 to 1993) on three fields
with highly susceptible potato cultivars grown as monoculture. Sampling, phytohelminthological



analysis of soil samples were performed by standard methods. Correlation between the agro-
meteorological factors and population density of potato cyst-nematodes Globodera rostochiensis
was investigated by the time-series analysis and the program Eviews 7.0.

Results and discussion: The correlation analysis of agro-meteorological factors carried

out for a monoculture of highly susceptible potato cultivar (average monthly soil temperature at
the depth of 10cm, °C: March, June, July, August, September, December, January, February; air
temperature, °C: May, June, July, August; maximum depth of soil freezing, cm; freezing period,
days; depth of snow cover, cm; amount of precipitation, mm: annual average , April, May, June,
July, August, September; amount of days with precipitation: May, June, July, August,
September), based on the effect on the population density of potato cyst-nematodes Globodera
rostochiensis, revealed that the most meteorological factors have no significant effects (r=0,01-
0,6).
The following factors have a slight effect (r=0,3-0,4) on the population density of potato cyst-
nematode Globodera rostochiensis : air temperature, °C in August; soil temperature at the depth
of 10cm, °C in September; average effect (r=0,5-0,6), air temperature, °C in June; soil
temperature at the depth of 10 cm, in March and June; precipitations, mm: annual, May, June,
July. Mathematical models for forecasting population densities of potato cyst-nematode
Globodera rostochiensis based on agro-meteorological and intra-population factors in growing
potatoes as monoculture on soils with low, medium and high level of fertility were developed.

Keywords: Golden potato cyst nematode, Globodera rostochiensis, forecasting, ecology.
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