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PasButue spepHON SHEPreTUKU U €¢ BIHMSHUC HAa BCE CEpbl IKOHOMHUKH ONPEACISICT BaXKHOCTh
paccMOTpPEHHsT BOIPOCOB MOJCIUPOBAHUS W OICHKHA YPOBHS OOECHCUCHHS JKOJIOTHYCCKOMN
0€301acHOCTH C Y4YeTOM CHElM(UUECKUX Yrpo3 ISl CEIbCKOXO3SIMCTBEHHOTO NPOU3BOJCTBA B
paMKax pa3BUTUSL  CEJILCKOXO3SIMCTBEHHON  PaJMO’KOJIOTUU. 3HAUYUTEIBHOE  KOJUYECTBO
JIOKIBHBIX (haKTOPOB, OMNPEICIAIOMNX OO ypOBEHb DSKOJOTHUECKOH W paguaiimOHHON
6e3omacHoOCTH, TpeOyeT 000CHOBAHUS CHCTEMBI MOICIHPYEMBIX ITOKa3aTeNleil 1 HHCTPYMEHTAPHS
WX arpeTUPOBAHMUS.

Ilens paboTel: Pa3zpaboTka MareMaTHIecKOro ammapara ¥ HeUeTKO-MHOXECTBEHHOW MOAETH IS
MHTETPATBHON OIIEHKH YKOJIOTHUECKONW O€30ITaCHOCTH CENbCKOXO03SHCTBEHHOTO IPOM3BOJICTRA TP
panuaIioHHOM 3arps3HEHNN.

Jis peanu3anuy neiau HeoOX0AUMO PEUICHUE CICIYIOIINX 3a1ay:

— 00OCHOBaHHME CHCTEMBI IIOKa3aTele M WX YKPYIMHEHHBIX TPYIN [UIS MOJICITUPOBAHHUS
9KOJIOTMYECKOH 0E30MacHOCTH CEIbCKOXO3IHCTBEHHOTO MPOMU3BOJICTBA C YIETOM CHENU(PHUECKUX
Yrpos;

— 00OCHOBAaTh CTPYKTYpy W pCalli30BaTh HEUYCTKO-MHOKECTBCHHYIO MOJEIb AIKOJIOTHYCCKOM
0€30MaCHOCTH PErHOHAIBFHOTO arpapHOTo IPOU3BOICTBA;

— OCYIIECTBHTH KOMIBIOTEPHYIO pealu3aIfio pa3paboTaHHOW CHCTEMBI HEYETKOTO BEIBOJA, C
WCIIONIb30BAaHUEM KOTOPOH  BBIIBUTH INPHOPHUTETHHIE HANPABICHHS COBEPIICHCTBOBAHHSA
9KOJIOTHYECKOH Oe30IacHOCTH arpapHOro NPOW3BOJACTBA PETHOHA Ha TpuMmepe Bosrorpamckoit
obmacru.

HccnenoBanue MpOBOAMIOCH C HCIOJIB30BAaHUEM CBOOOIHO PACHpPOCTPaHAEMOW MPOTPAMMHOM
cpensl  «FisPro version 3.5», mo3Bondmomiel B aBTOMaTH3UPOBAHHOM pPEKUME CTPOUTH
MOJETUPYIOUINE CUCTEMBl HEUETKOTO JIOTUYECKOTO BBIBOJA, & TAKXKE CTATUCTHUECKHUX JAaHHBIX MO
YCIIOBHSIM arpapHOTro MPOM3BOJICTBA B YCIOBUSIX Bonrorpaackoit odbnactu.

OCHOBHBIE BBIBOJIBI:

1. OOocHOBaHa cHCTeMa TIOKa3aTeNel SKOJIIOTHIECKON 0e30MacHOCTH arpapHOTO MPOM3BOJICTBA C
YYETOM CHCIU(PUUCCKUX YIPO3 PaIUAIMOHHOTO 3arps3HCHUS, BKJIIOYAIONIAS YKPYITHCHHEBIC
TPYIIIBL, a TAKXKE XapakTePU3YIONIINE MX JIOKAJIBHBIE MOKA3aTeNIH UISI HEUYETKO-MHOKECTBEHHOTO
MOJICITUPOBAHHSL.

2. TlocTpoeHHast Ha OCHOBE aJIrOPHUTMa HEYETKOTO BBIBOJA MamaaHW IBYXYpOBHEBas MOJCIbH
JKOJIOTHUeCKOl Oe3omacHOCTH, peann3oBaHHas B cpene «FisPro version 3.5», mosBossier
MOJICIINPOBATh U OLIEHUBATH BIUSHHUE YKPYITHEHHBIX TPYIIIT CHCTEMBI SKOJIOTHYECKUX MTOKa3aTeleH
Ha YpPOBEHb DJKOJOTHYECCKON O€30IacHOCTH arpapHOTO MPOM3BOICTBA CYOBEKTOB Pa3IMIHOTO
YPOBHSI B YCIIOBUAX CIIEIU(PUUCCKIX YIPO3 3arpsi3HCHUS CEITbCKOX03SICTBCHHBIX 3EMETb.

3. TIpHOpHUTETHBIM HATPABICHUEM YIYYIICHUS JKOJOTHYSCKOW OE30MacHOCTH arpapHOro
MPOU3BOJICTBAa Bonrorpanckoit 061acTi MOKET OBITh COBEPIICHCTBOBAHHE KYJIBTYPBI 3€MIICACIIHS
U, TpPEeXae BCEro, MOAMAEP>KaHUE COCTOSHHSI MOYBEHHOI'O IOKPOBA C YYE€TOM PErMOHAIbHON
CHUCTEMBI CyXOT'0 3€MJICIEIHS.

Knouesvie  croséa:  MaTeMaTHYeCKOe  MOJCIHMPOBAHHME,  OKOJIOTHYECKas  0e30MacHOCTh,
paavalOHHOE 3arps3HEHHe, CUCTEMa HKOJIOIMUYECKHUX IOKa3aTeNiel, HeYeTKO-MHOXKECTBEHHAs
MOJENb, COCTOSHUE CEIbCKOXO03SIHCTBEHHBIX 36MEb.

IMocrynuna B pegaxiuro 20.03.2016 r.
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CormacHo  geictByromeii  «CTpaTteru  HallMOHANBbHOM  Oe3omacHOCTH — PD»,
yrBepxkaeHHon Ykazom [lpesupenta PD ot 12 mas 2009 r. Ne 537, «...CrpaTernueckumu
HeIsIMH  00eclieyeHHs] JKOJOTHYECKOW Oe30MacHOCTH CTpaHbl CTaBSTCS COXpPaHEHHUE
oOecrieueHHe 3allUThl  OKPYXKAIOMIEH TMPUPOTHOM Cpedbl, a TakKkKe JUKBHUIAIUSI
AKOJIOTUYECKUX TMOCJIEACTBUNA XO3SMCTBEHHON AeATeNbHOCTH ...» [1]. [Ipu 3TOM OTM™MeuaeTcs
HaJIMYMe HKOJIOTMUYECKH HEeOJIaromoiyuyHblx permoHoB B Poccuiickoit  Deneparum,
COXpaHEHHE yrpo3 B cepe IKOIOrHuecKkor 0e30MacHOCTH, a TaKKe TO, YTO PaAHOaKTUBHbBIE
OTXOJbl HEAJIEPHOTO TOIUIMBHOIO LIMKJA OCTAlOTCS BHE HOPMATUBHOTO TMPABOBOTO
pEryJIMpoOBaHUs U HaJJIEXKAILEro HaA30pa.

Kareropusi «3konorudeckast 6€30MacHOCTh», KaK OJIHA U3 CYIIECTBEHHBIX KOMIIOHEHT
HaIllMOHAIBHOW OE€30IMaCHOCTH, BKJIIOYAET COBOKYITHOCTH TPeOOBaHMH, 0O0ECTICUMBAIONTUX
0€30MacCHOCTh JKU3HEICATEIILHOCTH HACEICHUS W YCTOWYMBOE COCTOSHUE MPUPOIHBIX KO-
U OMOCHUCTEM.

HeraTuBHble 3KOJOro-3KOHOMHYECKHE M COLMAIbHBIE TEHACHIMH TEXHOTCHHOIO
BO3/JICICTBUSL Ha CpeAy OIpenesioT HEOOXOAMMOCTh BBISBICHUS U KiacCUPUKAIUU
cneuruyeckux yrpo3 M (aKTOpPOB PHUCKA, a TaKXKE COKpAIIEHUS HeOIaronpusTHBIX
IOCJIENCTBUU OT HX BO3JCHCTBUS. YIOMSHYTHIC HaIpPABJICHUS SBJISIIOTCS OCHOBOM
PErMOHAJIBHONW  AKOJIOTMYECKOW TOJUTHUKA W YCTOMYMBOIO  3KOJIOT0-3KOHOMHUYECKOTO
pazButus [2].

PazBuTHE smepHOI SHEPreTHKU W ee BIUSHUE Ha BCe c(epbl IKOHOMUKU OIMPEACTSET
BaXHOCTh PACCMOTPEHHS BONPOCOB MOJEIMPOBAHUS U OLIGHKH YPOBHS oOOecreyeHus
DKOJIOTHYECKON OE30MaCHOCTH CEbCKOXO03SHCTBEHHOTO MPOM3BOACTBA B PaMKaX Pa3BUTHS
CEIIbCKOXO03MCTBEHHOM PaIi03KOJIOTHH.

B pagmoGuonoruu wucnonb3yercss MOHATHE KOA(P(UIMEHTa KayecTBa M3IIy4eHUs,
KOTOPBI TO3BOJISIET YYHUTHIBATH BO3MOXKHBIE pa3Inyusl OHOJOrHYecKor 3¢ (HEeKTUBHOCTH
MOHU3UPYIOLIUX U3JIy4CHUH Pa3HOr0 KAauyecTBa 10 KPUTEPHUIO JIMHEHMHOW Iepenadu dHEpruu
(JIITD). Koadhdumuent kavecTBa, YyUWTHIBAIOIMIMK HEOIAronmpusaTHbIE OHOJOTHUUYECKHE
MOCTIEACTBHSI OOYYCHHSI 4YeIOBEeKa B MalbIX /033X, COCTaBISET: JJII PEHTTEHOBCKOTO U
raMMma-usiydeHus — 1, miaga npoTtoHoB ¢ sHeprueid Menwsiie 10 MaB — 10, HEWTpoOHOB ¢
sreprueit 0,1-10 MaB — 10, misa anbda-uznydenus sueprueit menpuie 10 MaB — 20. s
ydgera Ouosormueckoil A((PEKTUBHOCTH PA3NHYHBIX HW3JIYYCHUH BBEJACHO TIOHSTHE
DKBHUBAJICHTHAS J/103d, SIBJISIOIICECS OCHOBHOW JO3UMETPUYECKOW BEIMYMHONW B 0O0JIACTH
PaaMO3KOJIOTHH, PAAMOOHNOIOTHU U PaIMAIIMOHHON '0€30MacHOCTH.

Cenbckoxo3siictBeHHas paauoskonorus (CXPO) usyuaer 3aKOHOMEPHOCTH MUTpALUU
PaZIMOHYKIMIOB MO OHOJOTMYECKUM IIeMsM B arpolpOMBIIIICHHOW cdepe U naelcTBHE
MOHM3UPYIOUIMX M3IYYeHUH, Kak OJHOrO0 M3 BEIyIIUX OHKOJOIMYECKUX (HaKTOpOB B
COBpPEMEHHOM Ouocgepe, Ha arpoleHO3bl, CETLCKOX035HCTBEHHbIE PACTEHUS U )KUBOTHBIX [3].
CXPD pazpabarpiBaeT CHocOObl  OTpAaHWYCHHUS  BOBJICUCHHUS  PAJAMOHYKIHIOB B
OMOJIOTUYECKHI KPYTOBOPOT, CHIKEHUS COICP KaHUS PAAMOAKTUBHBIX BEIIECTB B MPOTYKIIUU
pacTeHHEBOACTBA W JKMBOTHOBOJCTBA W  OOOCHOBBIBA€T  CHCTEMY  BEJEHUS
arpompOMBIIINIEHHOTO TPOU3BOACTBA, O00ECIEYHBAIONIYI0O MHUHUMAIbHOE paJdalliOHHOE
BO3/ICIICTBME Ha 4YEJIOBEKAa, a M HEKOTOPBIX CiIy4yasX M Ha pAacTeHHUs M IKUBOTHBIX,
o0ocHOBBIBaeT mpuHOHINGBI (QyHKIHOHUpoBaHUS AIIK Ha TeppUTOpPHSX C TOBBIIICHHBIM
CoJIep’KaHUEM PaJUOAKTHUBHBIX BEILIECTB.

B monorpadgum [5] ormedaercs, 4yto Ui ycioBuil pasmemieHuss POADC «ypoBeHb
AKOJIOTUYECKOW HAMpsDKEHHOCTH, pacCMaTpUBaeMbli B paMKaxX TPEX3BEHHOW IIEMU:
AQHTPOIIOIe€HHAs Harpy3ka (IIPOMBIIUICHHAs, CEJIbCKOXO3SIMCTBEHHAsA, TpaHCHOpPTHAs) —
3arpsi3HEHUE OKpYXKalomel cpeasl (arMocepHOro BO31ayxa, MUTHEBOW BOJBI, TMOYB M
CEeNbXO03MPOIYKIMN) — 3J0POBBE YEIIOBEKA, OLIEHUBACTCS KAK KPU3UCHBIN».

Hactosmas pabGoTa mocBsieHa MaTEeMaTHYECKOMY MOJCIUPOBAHUIO U  OIICHKE
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9KOJIOTHYECKON  0€30MacHOCTH  CEJIbCKOXO3SHUCTBEHHOIO  MPOU3BOJCTBA B  YCJIOBHUAX
cnenupuIecKuX yrpo3 paaualioOHHOTO 3arps3HeHus. B kauecTBe 0OBEKTa HCCIEIOBAHUS
paccMaTpuBaeTCsl He4YeTKash MaTeMaTHdecKas MOJENb ISl OLIEHKH YPOBHS SKOJOTHYECKOU
0€30MacHOCTH CEeTbCKOXO03iCTBEHHOTO MPON3BOICTBA.

METO/bI UCCJIIEJOBAHUA

Bonpocbkl mareMaTHYeCKOro MOJEIMPOBAHUS HKOJOTHYECKOM Oe30macHOCTH, B
YaCTHOCTH arpapHOro MpOM3BOJCTBA, PACCMATPUBAINCH OTEUECTBEHHBIMU HCCIIEOBATEISIMU
A. Tony6eBeim, B. 3enskockoir, M. Kpaccom, I'. JlobGaueBoii, H. Mocuenko, E.
JlutBunoBbiM, U. Hatanyxoi, P. Hmxeropoanessim, E. [lonkosoit, E. [llaBpak u apyrumu.

B paborax TmepeYMCICHHBIX AaBTOPOB pPAaCCMATPUBAIOTCS OCHOBHBIE HCTOYHHKHU
PaIMOAaKTUBHOTO 3arps3HeHuss Ouocdepbl U €€ COCTaBHOW YacTH — arpolieH030B, oOIue
NPUHIMIIBI  OpPraHU3alldd  arpapHOTO TMPOM3BOJACTBA B  YCIOBHUSX  PaJMOAKTUBHOTO
3arpsi3HEHMs, TPOOJIeEMbl, BOSHUKAIOLIUE B CBSI3U C MUTpaLel paAMOHYKIUIOB MO MHILEBBIM
IEMsM: «[I0YBAa — PACTEHUE — YEJIOBEK», «I10YBA — PACTEHUE — C.-X. JKUBOTHOE — MPOTYKITUS
KUBOTHOBOJICTBA — 4YeNloBeK». CelbCKoe XO034WCTBO SBISETCS OCHOBHBIM KaHAJIOM, uepe3
KOTOPBI TMPOMCXOJUT BOBJICUCHUE PATUOHYKIUIOB B THIIeBbie Ienu. OO000meHHas
KJIacCU(UKaLlMsi BHJIOB 3arpsi3HEHUS CEIbCKOXO3SIWCTBEHHBIX 3€Mellb IpeAcTaBlieHa Ha
pucyHke 1.

Pactenuss MoryT 3arpsi3HATbCS B IPOLECCE BBIMAJCHUS PATUOHYKIHAOB M3 BO3AyXa
(aBpanbHBIA MyTh 3arps3HEHHs). B TO ke Bpems, BBINMABIINE PAJIMOHYKIWIBI MOMAJA0T B
MOYBY, U3 MOYBBI — B KOPHU PACTEHUI, U CHOBA Yepe3 PACTEHUs - B OPraHU3M >KHBOTHOTO U
yenoBeka. OCHOBHOW HMCTOYHHWK TIOCTYIUICHUS PATUOHYKJIHIOB B OpPraHW3M 4YeJIOBEKa —
MOJIOKO U MOJIOYHBIE MPOAYKTHI. B HEKOTOpBIX CiiydasgxX C pacTUTEIbHOW MUIIEH (OBOUIH,
3JIaKM) MOJKET IIOCTYyNaTh B opranu3M denoseka 10 40-60% crponuusa-90 u nesusa-137 [9].

PaccmoTpum yrpo3sl paglOaKTUBHOIO 3arpsi3HEHUs, crenupuyeckue s arpapHoro
npousBojicTBa. [lo Mepe pacmupenus cetu ADC u yBelnndeHUss 00HEMOB PaIlMOaAKTUBHBIX
OTX0J10B, OyZIeT BO3pacTarh YKHCIO PAallOHOB C MOBBIIMICHHBIM COAEPXKAaHUEM HCKYCCTBEHHBIX
panuonykiuaoB. Jlaxxe npu Oe3zaBapuifHOM paboTe SIEPHBIX PEaKTOPOB OOpPa3yIOTCS
ra3oo0pasHble pPaJUOHYKIUABI, MOCTynaroumme B arMmocdepy. KomaumuecTBo HEKOTOPBIX
paMOHYKINIOB B pacdeTe Ha MBT MOIIIHOCTH PeaKkTopa 3a ToJ1 ero paboThl cocTaBmseT: - Kr
- 1,4-10"Bk; °H - 7,4-10"" Bx; **Rn — 2,1-10°bk. Kpome Toro, B 6rochepy MOCTYIAIOT U
NPHUPOJIHBIE PAAUOHYKIH]IBI, ACCOIMUPOBAHHBIE C OPTaHUYECKUMHU OTIOXKEHUSMHU: Tak,
Ha 1 MBT MomHOCTH, TOJIydaeMOW TpH CXXUTAHWUU YIIIsA, 3a roa paboTel B Omocdepy
momagaer: “°Ra — 2-10'Bk, “®Ra — 1,3-10" Bk, a Taxxe ypaH u Topuii. B pesynbrare
HENoNaJoK B paboTe W aBapuil SACPHBIE PEAKTOPHI CTAHOBATCS MMOTCHIHATHHBIMU
HMCTOYHUKAMH TaKUX PATUOHYKIIUIOB, KakK 9OSr, 131I, B¢,

B pesynbpTare ucnblTaHHUS SJIEPHOTO OpYXHs B Omocepe BO3pOCIO CoAepkKaHUE HE
TOJIKO MPOJYKTOB PAIMOAKTUBHOTO pacraja, 00pa3yloluxcsi HEMOCPEACTBEHHO B MpoIecce
SIIEPHOM peaklMK, HO U TaKUX PaJUOHYKIINJIOB, KaK ’H, "C, *Fe, KOTOpbIE 00pa3yroTcs MO
BO3JCHCTBUEM TOTOKAa HEUTPOHOB B 30HE SANIEPHOTrO B3phiBa. [l0 HEKOTOPHIM OIEHKaM, B
pe3yJbTare sAepHBIX B3pBIBOB B arMocdepy monano 2100 kr paanoHykiInga “C w215 xr
TPUTHSL, YTO 3HAYUTENLHO MPEBBIIIAET KOJIUYECTBO ITUX PaJUOHYKIUIOB, 00pa3yronuxcs B
pe3ysbTaTe eCTECTBEHHBIX MPOIECCOB B BEPXHUX CIIOSX aTMOc(hepsl (€CTECTBEHHBIH YPOBEHb
Tputusi B arMocepe 1,8 Kr, eXKerogHo B BEPXHUX CIOAX aTMocdepsl oOpazyercs 8 Kr
pauonyktaaa 'C).

AbdpanbHOEe paJMOaKTHBHOE 3arpsi3HEHUWE pPACTEHUN MPOUCXOIUT B pe3ylibTare
BBITIA/ICHUS PATUOAKTUBHBIX OCAIKOB M3 aTMocdepbl. PanoakTHBHBIE a3P0O30J1H, BHOCUMbBIC
B atMocdepy B pe3yabTaTe sIIEPHBIX B3PBHIBOB, a TaKXKE aBapuil U pa3pylIeHHH aTOMHBIX
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BHGKTpOCTaHHI/Iﬁ u Hpe,Z[HpI/IHTI/Iﬁ AACPHOI'O TOIUIMBHOI'O HHKJIA, TOCTCTICHHO OCAXKIAAIOTCA U
3arps3HAIOT Ouocdepy.
Beanunna PAAUOAKTUBHOI'O 3arpsA3HCHUA PACTUTCIBHOCTU TCM MCHbLIIC, YCM 6OJ'II>H_IG

BPEMEHH MPOIJIET OT HAdyaJbHOTO BBIMAJCHUS PAJUOAKTHBHBIX OCAJKOB Ha IOCEBBI 10
yOopKH ypoxKasi.

3AT'PA3HEHHUE
IIpupoaHoe AHTDONOreHHoe
dusnyeckoe dusuko- XumMuyeckoe BbuoJiornyecko
|| PagmoakTHMBHOE — IlouBkle Tsoxenbie Buomoru-
METaJIIbI yeckoe
| | Paguonmorundeckoe | T'pynrsle — Hecturmupr || Mukpobuo-
JIOTHYECKOE
_ | Yaobpenus
DIeKTpo- #O0P
MarHUTHOE
Hedrenponykrsr
OTpasstroniie
BEILECTBA

Puc. 1. — Knaccudukanust BUIOB 3arpsi3HCHUS CEIbCKOX03SIICTBEHHBIX 3EMEITb

3Hasi BEIMYMHY TUIOTHOCTH PaJMOAKTUBHBIX BbIIAJACHUN, KOA(D(ULIHUEHT MEPBUUYHOTO
yAEp)KUBAHUS U JUHAMUKY TOJIEBBIX MOTEPh, MOKHO PACCUUTATH 3arPS3HEHUE PACTUTEIHHOM
Macchl Ha J1I000€e BpeMs MOCJie 0JJHOPAa30BOT0 BBINACHUS Ha TOCEBBI:

1111
A =00y ——F
100
(D
rone A; — CcoJepKaHWE€ paIMOAKTUBHBIX BEUIECTB B PACTUTEIBHOM Macce ¢ ruiomanu 1 M
yepes ¢ AHEH mociie 3arpsi3HeHus nocesa, Ku;
o — IUIOTHOCTbH PaJMOaKTUBHBIX BbINaJeHui, Ku;
09 — KO3()PUIMEHT MEPBUYHOTO YACPKUBAHUS (B TOJISIX SAMHHIIBI);

IIll, — moneBble TMOTEpPH, IMPOLEHT IMEPBOHAYATILHO 3aJEP>KAHHOTO PACTEHUSIMHU
KOJIMYECTBA PaJIMOAKTUBHBIX BEILIECTB 3a BPEMS .

Kpome aspasibHOro 3arpsi3HEHHsl, UMEET MECTO M KOPHEBOE 3arpsi3HEHHE pPaCTEHUM
paguonykimaaMu. [TouBa Kak OCHOBHOW KOMIIOHEHT arpolleHO3a OKa3bIBAET OMPEEIIONIee

I'JIOBAJIBHA A AAEPHAS BE3OITACHOCTD, Ne 1(18) 2016
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BIIMSIHE HAa MHTCHCUBHOCTH BKJIFOUCHHS PAJMOAKTHUBHBIX BEIIECTB B KOPMOBBIC M IHUIIEBHIC
uenu. Bennunnel nepexona %Sr u ¥'Cs u3 noussr B pacTeHus MPEeXkAe BCEro 3aBUCAT OT TUIA
nouB. Hawnbosee BbICOKHME ypOBHU 3arps3HEHHUs HaOIIOJAIOTCS HA JIEPHOBO-TIOA30MCTHIX
MOYBaX, OCOOEHHO JIETKOTO TPaHYJIOMETPHUECKOr0 COCTaBa, MEHBIINE — HAa CEPBIX JIECHBIX
MoYBaxX W Cepo3eMax M CcaMble HU3KHE — Ha 4YepHO3eMaX. M3 KHUCIBIX MOYB PaguOHYKIIHIBI
MOCTYMAIOT B PACTCHUS B 3HAYUTEIHHO OONBIINX KOJUYECTBAX, YEM U3 MOYB CIIA0OKHUCIBIX,
HEUTPATBHBIX WM CIA00MEI0UHbIX. [ paHyIOMETpUYECKUA COCTaB TTOYB CHJIBHEE BIIMSET Ha
MOCTYIUIEHUE B PACTEHUSA 137Cs, yeM Ha HakKoIUleHHe °Sr. JTo 00YCIIOBJICHO CHEIH(PUKOIMA
copbormu lle3us B mouBax ©, B YAaCTHOCTH, HEOOMEHHOH copOIMeld ero B HEKOTOPHIX
TJIMHUCTBIX MUHEpaIax.

JInst XapaKTepUCTUKN HAKOIUICHHUS! PAIMOHYKJIUIOB B PACTEHUSIX MPH MOCTYIUICHUU HX
U3 BOJHOTO PAacTBOpa W IOYB HCIONB3yeTCs KOA(D(HUIIMEHT HAKOIUIGHHWS — OTHOIICHUE
COJIEpKaHUs PAIUOHYKIUIA B €UHUIIC PACTUTEILHON MAacChl K COIEPKAHUIO €ro B CAMHUIIE
MaccChl TOYBHI HITK €IMHUIIE 00BeMa pacTBOpa.

[Ipu mocTyrjieHny U3 BOJHOTO PAacTBOpa BEIMYMHA KOI(P(HUIIMEHTA HAKOTUICHHS B7cs
3HAYUTENBHO BBIIE, YEM ST, TOTNA Kak IpH TIOCTYIJICHUU U3 TMO4YBBI KOd(UIIHEHT
HakomieHuss °'Cs HaMHOTO MEHBIIIE, YeM gy (cMm. Tabm.). OTMeTuM, 9YTO pa3Mephl
HAKOIUICHUS PAJMOHYKJIHMIOB B PACTCHUAX 3aBHCAT OT HUX BHIOBBIX U COPTOBBIX
Ouosornueckux ocoOeHHOCTel. MiMeeT MecTo aHaJIoTHsl B MOCTYIUICHHH B PacTCHUS *Sr u
B7Cs ¥ uX XUMUYECKMX AHAJIOTOB KalblUs W Kanusi. PacreHus, coJiepKamue OoJbIe
KANbIWUs, HAKAIUIMBAIOT 'ST B TOBBILEHHBIX KOJINYECTBAX, a pacTeHus, OTIUYAIOITUECS
BBICOKHM COJICp)KaHHEM Kallusi, B OOJNBIINHCTBE HAKATUTUBAIOT U OOJIBIIIE ¢,

Tadoauua 1. — KosddunmeHTs HaKOIIEHUS PAAUOHYKIIUIOB JIJI Pa3HBIX THIIOB ITOYB

Paio- U3 BogHOTO N3 nepHOBO-1IOA30MCTON W3 BBIIETOUYEHHOTO

. I[HH pactBopa CYTJIMHUCTOMN TTOYBBI YyepHo3eMa
yKma coJioMa SCpHO coJIoOMa SCpHO CcoJIOMa SCpHO
Ngy 24,1 3.4 10,0 0,5 1.2 0,09
B¢ 1003 | 36,5 0.8 0,3 0,13 0,03

Kpome Toro, mocrymieHune pajiMOHYKIMJIOB 3aBUCUT OT pPACHpElesIeHHs] KOPHEBOM
CHCTEMBl B II0YBE, MPOAYKTUBHOCTH PACTEHUH, MPOAODKUTEIBHOCTH BEreTalliOHHOTO
nepuoia M HEKOTOPhIX JPYrHMX OHOJIOTMYEeCKuX ocoOeHHocTel. B ToBapHOW dacth
pacTEeHHEBOAUECKOW MPOAYKIUHU (3€pHO, KOPHEIIONbI, KIIyOHH) Ha €IMHUILy CYyXOH MacChl
ypokasi OoJiblll€é BCEro YNOMSHYTBIX PAJUOHYKIMJIOB COJAEPHKAT KOPHEIJIONbl (CTOJIOBAs
CBEKJIa, MOPKOBB) 1 0000BBIE KYIBTYpHI (TOPOX, COsl, BUKA), 3aTeM KapTo(enb, Oojiee HU3KOe
KOJINYECTBO — 3€PHOBBIE 3JIAKU.

Crnenyer OTMETHTDH CYIIECTBEHHYIO PAa3HMILY B HAKOIUICHHMM PAJIUOHYKIUIOB B ypoxkKae
O3MMBIX U SIPOBBIX 3€PHOBBIX KyIbTyp. O3uMbIE 3€pHOBBIE KYJIbTYph! (MIIEHHUIA, POXKb) KaK
IIPaBWJIO HAKAIUIMBAIOT B 2-2,5 pa3a MEHbILE PSr i 'Cs, uem SIPOBBIE 3€PHOBBIE KYJIBTYPbI
(MIeHuua, oBec, SYMEHb). ITO 00BACHSETCS 00JIee BBICOKMM YPOKAaEM O3UMBIX, YEM SIPOBBIX.

OmnpeneneHHyI0 ONAaCHOCTh ISl YelloBeKa MPEACTaBISIeT MOTpeOIeHne 3arpsa3HEHHBIX
pPalMOHYKIMJAMH OBOLIHBIX KYJbTYP, IIOCKOJIBKY OBOIIM B OOJBIIMHCTBE CIIy4aeB
nocTynaroT B mwumly 0e3 mepepaborku. Hyxmwmmb %St Goublie BCEro HAKAILIMBACTCS B
KOPHEIUIO/IaX CTOJIOBOM CBEKJIBI M MEHBIIE — B IIJIOJJaX TOMATOB U KIIYOHSX KapTo(ersl, 4To B
M3BECTHON Mepe CBA3aHO C KOHIICHTpALMEeH KaJIbIUs B 3THUX YacCTIX ypoxKasl.

Bortee HI3KOE COmepKaHue * St B KIyOHAX KapTodels, 4eM B KOPHEIUIOAaX CBEKIIbI H
MOPKOBH, OOBSCHSAIOT TEM, YTO KOPHEIUIOA — 3TO BUIOM3MEHEHHBIH KOPEHb, Yepe3 KOTOPBIH
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St mocTymaer u3 MOUBKI B pacTeHHe, KIyOeHb %ke KapTohess — BUIOM3MEHEHHBIH cTe6eb, 1
PaTMOHYKIIA] MOXKET TIOCTYIaTh U3 MTOYBBI B HA/I3EMHYIO YacTh PACTEHHSI, MUHYS KITYOHH.

OTtmeTnM, 4TO NPOAYKTHI XKMBOTHOBOJACTBA KaK Ba)KHEUINNE WHIPEIUCHTHI NMUTAHUS
OTHOCSITCS K OCHOBHBIM MCTOYHUKAM pazvoOHYKIINOB TUISL YeJI0BeKa.
CenbCKOXO03CTBEHHBIE KUBOTHBIE B OOLIEH CXeMe MUIpalUi PaJMOHYKIHJOB 3aHUMAIOT
ocoboe mecto. [Ipexne Bcero 3To *BauHbIE )KUBOTHBIE, KOTOPBIM TPEOYETCsI MHOTO TPYOBIX
U COYHBIX KOPMOB — B MACTOMIIHBIA NEpUOJ KOPOBAa B TE€YEHUE CYTOK IOEJAET TpaBy C
mromamu 100-300 m°. ITpu >TOM BMecTe ¢ TpaBod OHa MOTPeOssieT OOJNBIIOE KOJTMYECTBO
PaJMOHYKJIMJIOB, BBIMABIIMX HAa MAacTOMIE, SBIAACH CBOCOOPA3HBIM AKKyMYJIATOPOM MU
nepeJaTINKOM PalMOHYKIIMIOB YEIOBEKY IO MUIIEBON LIEMH.

Muoroobpa3ue pUCKOB U yIpo3 cHenudUUecKuX 3arpsS3HeHH O00yCIIaBIMBaET
HEOOXOMMOCTh  BbIOOpa COOTBETCTBYIOLIETO MAaTEMaTH4YecKOro ammapara i X
aZIcKBaTHOTO yd4eTa. MaTeMaTHYeCKUH ammapaT HEYETKOW JIOTUKH OOBIYHO TMPUMEHSIOT,
KOTJ]a MMEIOIIEICS KOJTMUECTBEHHOM M KaueCTBEHHON MH(OPMAIIMU HEIOCTaTOYHO, JTUOO0 OHA
HEMOoJHas AJIs TOJYYEHHUs] CTaTUCTUYECKM 3HAYMMBIX BBIBOJOB C TpeOyeMOW CTENEHBIO
Ha/ie)kHOCTH. Takoil moaxoa mo3BoisieT GopMHUPOBaTH 0O0OIICHHbIE MHANKATOPBI HA OCHOBE
HEYETKMX OLEHOK HUX TEXHUKO-DKOHOMHUYECKMX IIOKa3aTelled MyTEM JKCIEPTHOTO
pamXXUpOBaHMA, JHOO peleHus (OpMYyIHPYEeMO 3alaud IKOHOMHKO-MATeMaTHUECKOM
ontuMuzanuy. 'MOKOCTh METOOB TEOPUH HEUETKOM MaTeMaTHKH MO3BOJISET pacCMaTpUBaTh
X Kak 3(()EeKTUBHBIA MHCTPYMEHTApUH Ul pEIICHUS Pa3IMYHBIX MEPCIEKTUBHBIX 3a1ad
aHaJIM3a U IIPOTHO3MPOBAHMS CIIOKHBIX IPHUPOJHO-JKOHOMHYECKHX M COLMAIBHBIX CHCTEM.
OcCHOBOI KOMIIBIOTEPU3MPOBAHHOW CHUCTEMBI HEUETKOro BbIBoAa siBiseTcs FIS-cTpykTypa,
KOTOpasi COJCPKUT JaHHbIE MJis1 (YHKIIHMOHAIBHOTO OTOOPaXCHHS ‘‘BXOJBI-BBIXOMBI .
OO6oO0mieHHas CTPYKTypa IOJy4yaeMoOll CHCTEMbl HEUETKOro JIOTMYECKOrO BbIBOJA IS
MOJIEIIUPOBAHMsI YPOBHSI SKOJIOTHYECKON 0€30MacCHOCTH MpEACTaBIE€HA Ha PUCYHKE 2.

basa npaBun

Puc. 2. — O60011eHHas CTPYKTYpa CUCTEMBbI HEYETKOT'O JIOTHYECKOTO BHIBO/IA TApaMETPOB
9KOJIOT'NYECKOH 0€3011aCHOCTH:

X — 4eTKHi BEKTOp BXOAHBIX napamerpos; bBH — 6ok HopmupoBanus; b® — 6nox dazzudpukanmy,
¢dopmupyronuii 3Hauenne OI1; BHB — 0110k HedeTkoro BbIBOAA, GOPMHUPYIOIINIT BEIBOJ O COOTBETCTBYIOIIEM
HedeTKkoM MHoxecTBe 3HaueHuit; BJI®, B/IH — 6noku nedassudukanuyu u ACHOPMUPOBAHHS PEATH3YIOT
oOpaTHBIE IPOLIEIYPHI: TI0 HECKOIBKAM «YCCUCHHBIM» (YHKIMSAM IIPUHAICKHOCTH BEIYUCISIOT YETKUE
3HA4YEeHHUS] COOTBETCTBYIOIIETO MOKa3aTesl; Y — BBIXOJAHOW YETKHM BEKTOP MapaMeTPOB 3KOJIOTUYECKOU
0e30macHOCTH

[TpoBeneHHBINH 0030p CIEMPUISCKUX YTPO3 3arpsS3HEHUS IS CEIbCKOXO03SICTBEHHOTO
IMMPOU3BOACTBA U MATCMATHYCCKUX IMMOAXOOOB K HUX arpCrupOBaHHUIO MO3BOJIACT O6OCHOBaTB
CUCTEMY IIOKa3aTelei, KOTOpble HEOOXOIMMO YYMTHIBATh IPU MOJEIUPOBAHUU €r0
HKOJIOTHUECKOM Oe30MacHOCTH.

PE3VJIBTATHI 1 NX OBCYXIAEHUE

Cpenu MHO)eCTBa (IIOpsKAa HECKOJIBKUX COTEH) KPUTEPUAIIBHBIX ITOKA3aTeIe OLIEHKU
COCTOSIHUS CEJIbCKOXO35IMCTBEHHBIX SKOCHCTEM, BKIIIOYAIOIIME TaKUE TPYIIIbI, KaK KPUTEPUU
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9KOJIOTUYECKON OLIEHKU COCTOSIHUS 1MoYB (13 mokazareneit), UCTOIIEHHs BOAHBIX pecypcoB (6
NOKa3aTresen), CTENEHH XMMHUYECKOIO 3arps3HEHHs IOBEPXHOCTH OpOCUTENbHBIX Box (10
MoKasarelieil), Jerpajaluyd Ha3eMHbIX C.-X. JKocucTeM (12 moka3zareneil), 3arps3HeHus
aTMocdepsl (4 mokazaTens), OnoreoxumMuueckue Kpurepuu (6 mokasareseil) OIEHKH C.-X.
tepputopuii [4]. OTMETUM, UYTO Ka)XIblil W3 YACTHBIX IOKa3aTelIed B COOTBETCTBYIOLICH
(GYHKIIMOHATBHOW TPYIIE TakKe MOXKET MOJpa3NesaThCs Ha KOMIIOHEHTHI. B uacTHoCTH,
cpeau 13 yacTHBIX MOKa3aTesie TPYIbl KPUTEPUEB IKOJTOTHUYECKON OLICHKH COCTOSTHUS TTOYB
VUUTBHIBAIOT, B pamMKax mokazaTens «[lmomaas pagroakTHBHOTO 3arpsi3HEHUS» TaKue €ro
KOMIIOHEHTHI, KaK IUIONAb PaJWOaKTUBHOTO 3arps3HeHust ue3uem-137, ctpoHiuem-90 u
IUIyTOHUEM (CyMMa HM30TOIOB), MapaMeTpbl KOTOPBIX YMCICHHO HOPMHUPOBAHBI JJisi CIy4aeB
orpaHvueHusi OJaromoay4usi, SKOJIOIMYECKOro OEICTBHS M UYPE3BBIYaHON SKOJIOTHYECKOMN
cutyariud. C y4yeToM 3HAYUTEIBHOTO KOJIMYECTBA JIOKAJIBHBIX IMOKA3aTeled B KaxAou U3
(GYHKIIMOHATIBHBIX TPYIII, MOCIEAHUE IS MOJCIMPOBAHUS M TMOCIEAYIONIEr0 aHalu3a ObLTU
CBEJICHBI K TpeM YKpyIHEeHHbIM «[louBa», «ATMochepa», «Bomax.

CrnepnoBarenbHO, MpoOieMa BbIOOpa MaTEeMaTHUECKOro armapara s aJeKBaTHOTO
OIICHUBAHMSI YPOBHS DKOJIOTMUYECKOH 0€30MacHOCTH CEbCKOXO03SHCTBEHHOIO MPOU3BOJICTBA
JOJKHA pelIaTbCs C Y4eTOM HEOoOXOIMMOCTH ydeTa MHOXKECTBAa Pa3HOPOIHBIX IO
bu3nUecKoil mpupoae U Pa3MEPHOCTSIM MTOKa3aTeNeH.

[TpuBenenue k 6e3pa3zMepHOMY BUY IMPUHLHUIUAIBHBIX CIOKHOCTEH HE MpeICTaBIseT,
HarpuMep, HOPMUPOBAHUEM BUJIA

. fnzmep o fmm

jC

fma:x fmm ’ )
THC€  fusmep — HOPMHPYEMBIH OKA3aTEIb;
Smaxs fmin — ~MaKCHUMaJbHO€ W MHUHUMAIbHOE 3HAYCHHE KpUTEpHUs B BBIOOPKE IO

HOPMHUPYEMOMY IIOKa3aTeNIo.

VY4er BIUSHUSA YaCTHBIX IMOKAa3aTeleil BHYTPH MEPEUYHCICHHBIX YKPYMHEHHBIX TPYIIIM,
TaK U BHYTPU KaXKIOW U3 YIOMSIHYTBIX TPYIII MEXKIYy co00il mpeiaraeTcs ¢ UCIOJIb30BaHUEM
MaTEeMAaTHYECKOTO ammapaTta HEYeTKOW JIOTMKH, IIHPOKO HCIOIB3YEMOTr0 B CHCTEMax
HMCKYCCTBEHHOTO MHTEIIJIEKTA [8, 12].

B kadecTBe MHCTPYMEHTAIBHOTO CPEACTBA, PEATH3YIOIIETO HCIIONIB3yeMbIH HEYETKO-
MHO>KECTBEHHBIM MOAXO0J, OBUTM MPOaHAIU3UPOBAHBl TaKHE MPOTPaMMHBIE CPENICTBA, KaK
Fuzzy Logic Toolbox cucremsl kommnbrotepHoro moaenuposanuss MATLAB, a Ttaxxe IIC
FuzzyTECH, FisPro u ap. C y4eToM (pyHKIIMOHAJIBHBIX BO3MOXHOCTEH, MOOWJIBHOCTH W
JOCTYITHOCTH OBLIO BBIOPaHO CBOOOAHO pacmpocTpaHsieMoe mporpaMmHoe cpeactBo «FisPro
version 3.5» (Open source software - IDDN.FR00t030u24.000.RP.2u05.0u3.31235. Authors:
Serge Guillaume, Bricjrtle Charnomordic, Jean-Luc Lablee), mno3Bossitomuii B
ABTOMATHU3UPOBAHHOM PEKHUME CTPOUTH MOJEIUPYIONIUE CHCTEMbl HEYETKOIO JIOTMYECKOTO
BBIBO/JIA.

Jnst moctpoenust pyHknmit npuHaaiexkHocTH (DIT) kak10oro U3 4acTHBIX MOKa3aTeleH,
OTIPECIISAIONINX YPOBEHh Db MO BBISBICHHBIM YKPYITHEHHBIM TPYIINaM, MPEIBAPUTEILHO
MPOBOAWJICA AHAIM3 WX M3MEHEHUM 3a MPEAIIeCTBYIOIIUM NEpUoi Ha MPUMEPE YCIOBUH
Bounrorpazackoit o6iactu.

B nporecce MaremaTnueckoro MojieaupoBaHus Db BHadalie ONpenensyiuch ypOBHHU
JUHTBUCTUYECKUX 3HAYCHUU TEPM-MHOXKECTBA C MOCTPOEHUEM (YHKIUH MPUHAICKHOCTH
JUTSL KQKJIOTO U3 YYUTHIBAEMBIX YaCTHBIX MTOKA3aTEIeH.

B kauecTBe mpuMepa Ha puc. 3 MPEACTABICHBI CTPYKTypa W MapaMeTpPhl TOCTATOYHO
turmmuHort @Il mepemenHoir «meat prod» («ypOBEHb 3KOJIOTHYECKOW 0€30MacHOCTH
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MPOM3BOJICTBA Msica») B cucreMe «FisPro v.3.5», TepM-MHOXECTBO KOTOPOH MPEICTaBICHO
TpeMsi TUHTBUCTUYECKUMH 3HAYEHUSIMU («HU3KUN»; «CPEIHUN»; «BBICOKUI»). B yacTHOCTH,
OBLTH MPUHSTHI TPEYroibHasi 3aBUCUMOCTh THNa «trimf» mius ®IT tepma «cpennee» (MF2).
Jlist TepMOB «HUBKUI» U «BBICOKHIT» MpuHATH DII Buma «semi trapezoidal». AHamOru4HO
dopmupoBanuck DII ana ocranpHbIX mokasarenedl [Ib Ha ocHOBe aHanM3a MPOTHO3HBIX
MOJENEN UX TUHAMUKH.

[IpencraBnsiercss OOOCHOBAaHHBIM, 4YTO JUISI OCHOBHBIX I[OKaszareieil B cdepe
CEJIbCKOXO3SHUCTBEHHOTO MPOU3BOJICTBA OTKJIOHEHHE OT «ONTUMAJIbHOE» B JIOOYIO CTOPOHY
ABJISIETCS HEXKENATeIbHbIM, YTO YUYUTHIBAJIOCH NMPHU (POpMHpPOBAHUM 0a3bl MPOIYKIIMOHHBIX
npaBui B okHe Rules, ¢pparMeHT KOTOpOIi peCcTaBiIeH Ha puc. 4.

Ha nmnepBoM ypoBHE HEUETKO-MHOXXECTBEHHOM MOJIEIM IOJYYEHbl 3HAYCHUS
Oe3pa3MepHbIX IMoKa3zarenei ypoBHed Db 1o copMHpOBaHHBIM paHEe YKPYIHEHHBIM
TPYIIIAM.

3HaueHHs TOKa3aTesield, pacCUMTaHHbIE HA MEPBOM YpOBHE, MPUHUMAIIUCH, B KAUECTBE
BXOJIHBIX IEPEMEHHBIX BTOPOTO YpPOBHSI, MOJEIUPYIOIIETO 3HAY€HUE Iy — MHTErpaJbHOTO
0e3pa3zMepHOro MoKasatels ¢ 00JacTbio n3MeHeHus B mpomesxytke [0, 1].

OKHO BU3yalM3allUH IOJTYYEHHON NMOBEPXHOCTH OTKJIMKA MHTETPAJIBHOIO MOKa3aTess
ypoBHsI Db 103BOJIsIET BBISIBUTH 30HBI, Xapakrepusytoume ee Boicokue (Irg > 0,7), cpennue
(0,5 < Inp <0,7) u mm3kue 3HaueHus (Irg < 0,5). Bonee crporoe rpado-aHanmuTHYECKOE
UCCJICIOBaHNE €€ KOH(PUTypaIlluu U YyBCTBUTEIHHOCTH K U3MEHEHHIO BXOJIHBIX TEPEMEHHBIX
ynoOHee mpoBoIuTh B okHE «Inference».

f @ Input @1

MFs Range

Name: Imeat produdion| Active

rRange

Lower: Upper:

1l rMFs
1

40 45 50 54 G0 511 70 Ta aa

r MF——  MF parameters
MF2 Name: |MF T',rpe:|semitrapezoidalinf. |v|
MF3
s1: [40 | s2: 145 |
§3: |60
| Apply H Cancel ‘

b

Puc. 3. — Konduryparmms n napamerpst @I BxoaHO IepeMeHHON «meat prod» MepBOTO YPOBHS

3Ha4YeHUsT HHTETPAJbHOTO W JIOKAJIBHBIX M0 YKPYNHEHHBIM Trpynmam (cdepam)
nokazatener Ob s ycnmoBuii  Bosrorpaackod  0o0iacTH  COCTaBMIIM  COOTBETCTBEHHO
Ind ES = 0,54 npu Sph_1=0,51; Sph_2 =0,78; Sph_3 =0,52.
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e
Rules Display
Rule Active IF meat production AND potato prod... AND vegetable pr... " THEN production ...
1 V] MF3 MF2 High
2 v MF3 MF2 High
3 v MF3 MF1 Middle
4 v MF3 MF1 Middle
|| 5 v MF2 Middle
W g v MF1 MF3 Middle
7 v MF1 MF2 Low
g v MF2 MF3 MF3 High

Puc. 4. — ®parmenT 0a3bl MPOAYKIIMOHHBIX MTPABHJI I BEIXOIHON IIEPEMEHHON IEPBOTO YPOBHSA
«9b cocTosHMS TOUB»

Huskue 3HaYeHUsT ypOBHEW HSKOJIOTMYECKOW O€30MacHOCTH YKPYMHEHHOH TPYIIIbI
«[MouBa» (0,51) u «Boma» (0,52) 00yclIOBICHB HEIOCTATOYHBIM SKOJOTHUYECKHM ypPOBHEM,
3arpsI3HEHHOCTHIO U 3anylieHHBIM COCTOSIHHEM (3po3ueit) 4acTu 3eMenb
CEeIbCKOX035MCTBEHHOTO HA3HAYCHUSI.

Puc. 5. — [ToBepXHOCTb OTKJIMKA JI BEIXOJHOM MepEMEHHON BTOpOro ypoBHs «HHTerpansuelii unaexc Ob»
B KOOPAUHATAX YKPYMHEHHBIX TPy

[Ipex e Bcero 3T0 OTHOCHTCSI K OTPACIH KHUBOTHOBOJCTBA U KOPMOITPOU3BOJICTBA, YTO
OTIPECTNII0 OTHOCUTEIFHO HEBBICOKUN YPOBEHb MHTETPAILHOTO MOKA3ATEeNs SKOJIOTHUSCKON
6e3onacHoctu pernona (0,54) u BwisiBUIO pesepBbl (0,46) ero MOBBIMICHHS] TIO TPYIMIaM M
JIOKAQJIBHBIM TOKa3aTelIsIM.
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BbIBO/IbI

Takum o0pa3om, 00OCHOBaHaA CHCTEMa ITOKa3aTeIeH SKOJIOTHYECKON 0e30MMacHOCTH
arpapHOro TMpPOU3BOJICTBA C YYETOM CHEHU(DUUECKUX YTPO3 PagHAIIOHHOTO 3arps3HEHUs,
BKJTIOYAIONIAs YKPYITHEHHBIC TPYIIIBI, @ TAKXKE XapaKTePU3YIOIINE WX JIOKAIbHBIC TOKA3aTelN
IJIdA HCUCTKO-MHOXKCCTBCHHOI'O MO,Z[GJ'II/IpOBaHI/IH. HOCTpOGHHa}I Ha OCHOBC aJIFOpI/ITMa
HEYETKOr0 BBIBOJa MaMJaHu JABYXYpOBHEBas MOJIEIb JKOJIOTHYECKON O€30MMacHOCTH,
peanmusoBanHas B cpene «FisPro version 3.5», mo3BoiseT MoIeIMpoOBaTh M OILIEHUBATH
BJIUSHUE YKPYIMHEHHBIX TPYII CHCTEMBl SKOJOTHYECKMX TIIOKa3aTelied Ha ypOBEHBb
HKOJIOTMUYECKON OE30MaCHOCTH arpapHOT0 MPOU3BOJCTBA CYOBEKTOB PA3IMYHOTO YPOBHS B
YCIOBUAX  CHENU(DHUUSCKUX  YIPo3  3arpsA3HCHUS  CEIbCKOXO3SAHWCTBEHHBIX  3EMEIIb.
[IpuopuTeTHBIM HAMpaBICHHEM YIYUIIEHUS OSKOJOTHYECKOW O€30MacHOCTH arpapHoro
MPOM3BOJICTBA Bosrorpaackoid o01acTH MOXKET OBITh COBEPIICHCTBOBAHUE KYJIBTYPHI
3eMIIe[eNusl U, MPEeXAe BCEro, MOJIACpKAHUE COCTOSHHS MMOYBEHHOTO TOKPOBa C Y4ETOM
PETHOHAIBHON CHCTEMBI CYXOTO 3eMJICICITHS.

CIIMCOK JIMTEPATYPLI

1. Vxka3 Ilpesugenra PO ot 12.05.2009 No537 (pem. ot 01.07.2014) «O CrpaTernn HamHMOHAILHOM
6e3omacHoctu Poccuiickoit @enepanuu g0 2020 roga» [Tekcr]. — M., 2009.

2. Pacnopsokenue IIpaButensctBa Poccuiickoit @enepannu ot 03.03.2012 Ne 297-p «O6 yTBepKIeHUH
OCHOB TOCYZapCTBEHHOW MOJUTHUKU HCIIONB30BaHus 3eMenbHoro (ouna Poccuiickoit denepanuu Ha
2012-2017 roger» [Tekct]. — M., 2012.

3. Jloxyiax o COCTOSIHMM OKpY’Karolei cpeasl Bonrorpaackoii oonactu B 2010 roay [Texcer] / mox pen.
O.B. T'openosa [u ap.]. - M.: CMOTPH, 2011. — 352 c.

4. 3enaxoeckas, B.M. u Op. DK0OIOro-3KOHOMHYECKOE 000CHOBaHHUE yIiepOa OT MOTepb NPOJYKTHUBHOCTH
CeJIbCKOXO03UCTBEHHBIX 3eMelb / B.M. 3enmskoBckas u ap. — Bonrorpaz, M3a-so Bonrorp. roc. yH-ta,
1996. — 56 c.

5. HUsamnos, II.B. u O0p. DxoHOMHKO-MaTeMatndeckoe MozenupoBanne B AIIK / II1.B. UBanos, MN.B.
Txkauenko. — Pocros u/] : ®enukc, 2013. — 254 c.

6. HUcaes, U.B. u op. llpobmeMbl pamwXupoBaHHS (QYHKIMOHAIBHBIX XapaKTEPUCTUK HHTepdeiica
CHCTEMBI TTOIJIEPKKH MPUHATHUS PEIICHUH B chepe IKOIOr0-d9KOHOMUIECKOTO MeHeKMeHTa [ Teker] /
N.B. Ucaes, A.®. Poraues // dynnamenransuble uccaenoBanus. — 2015. — Ne9-3. — C. 560-564.

7. Opnuncxui, A.C. u Op. DKOXO3IHCTBEHHas COaJaHCUPOBAHHOCTh W YCTOWYHMBOE pa3BUTHE
teppuropuit. Ilogxoznst, metoasl, npuMmenenue [Tekcr] / A.C. Opnunckuii, A.Jl. XaBaHCKUN. —
Caap6proken: LAP LAMBERT Academic Publishing, 2011. — 262 c.

8. Pocaues, A.®. Metonnieckue MOAXOIBI K MOJCIUPOBAHUIO IKOJIOT0-I9KOHOMHYECKON 0E30MacHOCTH
[Tekct] / A.®. Poraues // DxoHOMHKA U IpeanpuHUMATensCTBO. — 2013, — Nel12-4(41-4). — C. 107-
109.

9. CenncroxossiictBeHHas dkoyiorus / [Tox oomr. pea. A.B. I'ony6esa, H.A. Mocuenko. Caparos: Capar.
roc. c.-X. akazu., 1997. — 418 c.

10. laspax, E.H. u Op. OueHka dKOJOTHYECKON O€30MacHOCTH TEPPUTOPUN pasMemieHus PocToBckoit
ADC [Tekcr] / E.W. IllaBpak, M.B. T'ynseB, B.M. CamnenpaukoB // I'nmoGanmpHas smepHas
6e3omacHoCTh. — 2013. — Ne3(8). — C. 19-25.

11. Skiter Natalia, Rogachev Aleksey F., Mazaeva Tamara I. Modeling Ecological Security of a State.
Mediterian Journal of Social Science. 2015, Vol. 6 No. 3 S6 June 2015. pp. 192-195.

12.Rogachev A. Economic and Mathematical Modeling of Food Security Level in View of Import
Substitution. Asian Social Science, 2015, Vol. 11, No. 20, pp. 178-184.

CIIMCOK JIMTEPATYPBI

[1] Ukaz Prezidenta RF ot 12.05.2009 Ne537 (red. ot 01.07.2014) «O Strategii natsionalnoy
bezopasnosti Rossiyskoy Federatsii do 2020 goda» [The decree of the Russian President of
12.05.2009 No. 537 (edition of 01.07.2014) "About Strategy of national security of the Russian
Federation till 2020"]. M. 2009. (in Russian)

[2] Rasporyazhenie Pravitelstva Rossiyskoy Federatsii ot 03.03.2012 Ne 297-r «Ob utverzhdenii Osnov

I'VIOBAJIBHAA AJJEPHA I BE3OITACHOCTD, Ne 1(18) 2016



(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

HEYETKO-MHOXECTBEHHOE MOJEJIMPOBAHUE U OLIEHKA 17

gosudarstvennoy politiki ispolzovaniya zemelnogo fonda Rossiyskoy Federatsii na 2012-2017
gody» [The instruction of the Russian Federation Government of 03.03.2012 No. 297-r "About the
statement of Bases of a state policy of use of land fund of the Russian Federation for 2012-2017"].
M. 2012. (in Russian)

Gorelova O.V. etc. Doklad o sostoyanii okruzhayushchey sredy Volgogradskoy oblasti v 2010 godu
[The report on a state of Volgograd region environment in 2010]. M. Pub. SMOTRI, 2011. 352 p.
(in Russian)

Zelyakovskaya V.M. etc. Ekologo-ekonomicheskoe obosnovanie ushcherba ot poter produktivnosti
sel'skokhozyaystvennykh zemel. Volgograd [Ecological and economic justification of damage from
losses of farmland productivity]. Pub. Volgogradskogo gosudarstvennogo universiteta [Publishing
house of the Volgograd state university], 1996, ISBN 5-85534-069-4, 56 p. (in Russian)

Ivanov P.V., Tkachenko I.V. Ekonomiko-matematicheskoe modelirovanie v APK [Economic and
mathematical simulation in agrarian and industrial complex]. Rostov-na-Donu [Rostov-in-Don].
Pub. Phenix, 2013, ISBN 978-5-222-21474-9, 254 p. (in Russian)

Isaev 1.V., Rogachev A.F. Problemy ranzhirovaniya funktsionalnykh kharakteristik interfeysa
sistemy podderzhki prinyatiya resheniy v sfere ekologo-ekonomicheskogo menedzhmenta
[Problems of ranging of the functional characteristics of the interface of decision making support
system in the sphere of ecological and economic management]. Fundamentalnye issledovaniya
[Basic Research]. 2015, Ne9-3, ISSN 1812-7339, pp. 560-564. (in Russian)

Orlinskiy A.S., Khavanskiy A.D. Ekokhozyaystvennaya sbalansirovannost i ustoychivoe razvitie
territoriy. Podkhody, metody, primenenie [Ecoeconomic balance and sustainable development of the
territories. Approaches, methods, application]. Saarbryuken. Pub. LAP LAMBERT Academic
Publishing, 2011. ISBN 9783843309462, 262 p. (in Russian)

Rogachev A.F. Metodicheskie podkhody k modelirovaniyu ekologo-ekonomicheskoy bezopasnosti
[Methodical approaches to simulation of ecological and economic safety]. Ekonomika i
predprinimatelstvo [Economy and business]. 2013, Nel12—4(41-4), ISSN 1999-2300, pp. 107-109.
(in Russian)

Selskokhozyaystvennaya ekologiya [Agricultural ecology]. Pod obshchey redaktsiey [Edited by]
A.V. Golubeva, N.A. Mosienko. Saratov. Saratovskaya gosudarstvennaya selskokhozyaystvennaya
akademiya [Saratov state agricultural academy], 1997, ISBN 5-704-0495-8, 418 p. (in Russian)
Shavrak E.I., Gulyaev M.V., Sapelnikov V.M. Otsenka ekologicheskoy bezopasnosti territorii
razmeshcheniya Rostovskoy AES [Assessment of ecological safety of the territory of placement of
the Rostov NPP]. Globalnaya yadernaya bezopasnost [Global nuclear safety]. 2013, Ne3(8), ISSN
2305-414X, pp. 19-25. (in Russian)

Skiter Natalia, Rogachev Aleksey F., Mazaeva Tamara I. Modeling Ecological Security of a State.
Mediterian Journal of Social Science. 2015, Vol. 6 No 3 S6 June 2015, ISSN 2039-9340, DOI:
10.5901/mjss.2015.v6n3s6p185, pp. 192-195. (in English)

Rogachev A. Economic and Mathematical Modeling of Food Security Level in View of Import
Substitution. Asian Social Science, 2015, Vol. 11, No. 20, ISSN 1911-2017, DOI:
10.5539/ass.v11n20p178, pp. 178-184. (in English)

Indistinct and Multiple Simulation and Assessment of Farmland Ecological Safety

in Case of Radiation Pollution
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26 Univercitetski prospect, Volgograd, Volgograd region, Russia 400002
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Abstract - BACKGROUND: Development of nuclear power engineering and its influence on all
spheres of economy defines importance of reviewing of simulation questions and an assessment of
ecological safety level taking into account specific threats for agricultural production within
development of agricultural radio ecology. The significant amount of the local factors defining the
overall level of ecological and radiation safety requires reasons for system of the modelled indices
and tools of their aggregation.

OBIJECTIVES: Development of mathematical apparatus and indistinct and multiple model for an
integral assessment of agricultural production ecological safety in case of radiation pollution.

It is necessary to solve the following problems:
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—reasons for system of indices and their integrated groups for simulation of agricultural production
ecological safety taking into account specific threats;

—to justify the structure and to realize indistinct and multiple model of ecological safety of
regional agrarian production;

—to enable the computer realization of the developed system of an indistinct output with the help
of which to reveal the priority directions of enhancement of agrarian production ecological safety
of the region on the example of the Volgograd region.

METHODS: Research was conducted with use of freely extended software environment of "FisPro
version 3.5", allowing to build the simulating systems of an indistinct logical output in the
automated mode, and also statistical data under the terms of agrarian production in the conditions
of the Volgograd region.

CONCLUSIONS:

1. The system of ecological safety indices of agrarian production taking into account specific
threats of radiation pollution including the integrated groups, and also local indices characterizing
them for indistinct and multiple simulation is justified.

2. The two-level model of ecological safety constructed on the basis of algorithm of an indistinct
output by Mamdani realized in the environment "FisPro version 3.5" allows to simulate and
estimate influence of the integrated groups of ecological indices system on the ecological safety
level of agrarian production of different level subjects in the conditions of specific threats of
farmland pollution.

3. Enhancement of the farming standard and, first of all, maintenance of soil cover taking into
account regional system of dry agriculture can be the priority direction of improving of agrarian
production ecological safety of the Volgograd region.

Keywords: mathematical simulation, ecological safety, radiation pollution, system of ecological
indices, indistinct and multiple model, farmland state.
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