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OBIIASA XAPAKTEPUCTHUKA PABOTBI

AKTyanbHOCTh uccaenopanusa. Hauano XXI croneruss 03HaMEHOBalNOCh MHTEHCHBHBIM
pa3sBUTHEM M BHEJpPEHHEM BO Bce cepbl oluiectBa MHGOPMATUKH, KOMIBIOTEPHOW TEXHUKU U
UHQOPMALIMOHHBIX  TEXHOJOIMH. OTO MOATBEpPXKIAeT, YTO Hpouecc HHPOpPMATU3ALUU
MHTCHCU(UIMPYETCsI, 3aBEpLIacTCs dSTal HeynpaBiseMoll uHpopMaTh3auuu. Ympasisemas
COCTaBJIAIOLIAs, KpoMe IMpouux oOnacTeil, peanusyercs M B OOCIYKMUBaHUM IPECHOBOJIHBIX
HKOCHUCTEM.

Co3naHue ynpaBiisieMbIX BOJHBIX 3KOJOIMUECKUX CHUCTEM AKTYyaJlbHO M JUIsl ONTHUMM3ALUU
OMOJIOTUYECKHUX MPOIIECCOB PHIOOBOIHOTO MpyAa. BICOKOH 3 (EKTUBHOCTH NPYIOBOTO X03sHCTBA
MOYKHO JJOCTUTHYTb JIMIIb IPH BBIOOPE ONTUMAJIbHBIX 3HAYEHUI TaKUX YIPABISAIOIIMX 1apaMeTpoB,
Kak BHECEHHE KOpPMOB, YyIOOpeHHMH U peadpalust BOJOEMA TPU ONTUMAIBLHOM BbIOOpE
XapakTepUCTHK IOCAA0YHOr0 Marepuasna. Takue ynpaBiieHUsl, HECCOMHEHHO, BO3JICHICTBYIOT Ha BCIO
HKOCUCTEMY IIpy/a, BBI3bIBasl IMOPOM HENpEICKa3yeMble M JaJeKO HE BCErAa KeJlaTeJIbHbIE
U3MEHEHHs B SKOAMHAMHKe BojoéMma. (i yuéra mocieICTBUM HCMONb30BaHUS TeX WM HMHBIX
PEXMMOB yIpPaBIEHHUs] U OLEHKM BO3MOXKHBIX IPEBpAIICHUA BO BCEM KOMIUIEKCE MPUYHMHHO-
CIIEZICTBEHHBIX CBsi3eil B JKOCHUCTEME TPYAHO OOOWTHUCH €3 TNPUBJICYCHHUS METO/I0B
MaTeMaTUYECKOT0 MOJEIUPOBAHUS. DTO U ONPENEsieT 0COOYIO aKTyaJIbHOCTh UCCIIETYEMOM TEMBI.

CreneHb Hay4yHOH pa3pa0oTaHHOCTH 1Npo0JjeMbl W METOAOJIOrMYECKass OCHOBA
uccnenoBanusi.  COBpeMEHHOE  COCTOSIHME  M3ydeHus  npobieMbl  MH(pOpMaTu3auuu
XapaKTEepU3yeTcsl HAJIMYMEM B HAY4YHOH JUTEpaType padoT, B KOTOPHIX ONHUCHIBAIOTCS BHEIPEHUE
UHPOPMALIMOHHBIX  TEXHOJOTUH, HEOThEMJIEMOM YacTbi0  KOTOPBIX  SBISIOTCS  METObI
KOMITBIOTEPHOTO MOAEITHPOBAHHUS YIIPABISEMBIX OOBEKTOB, IPOIIECCOB U CHCTEM.

Cpenu wuccnenoparesneil BOJHBIX HKOCHCTEM OOJIBIIOW PE30HAHC MOJIYYMIM KOMIUIEKCHBIE
UCCIIEIOBaHUsI OOBEKTOB C IPUMEHEHHMEM COBPEMEHHBIX TEXHOJOTMM MaTeMaTU4ecKoro u
KOMITBIOTEPHOI'O MOJICTUPOBAaHMSI M BBIYMCIUTEIBHOTO SKCIEPUMEHTAa. B  BBIUMCIHUTENBHBIX
AKCIEPUMEHTax pealn30BaHbl A(P(EKTUBHbIE METOAbl U aJrOPUTMBl B BHJIE KOMILJIEKCOB
poOJIEeMHO-OPUEHTUPOBAHHBIX IPOIPAMM.

DopMUpOBaHNE COBPEMEHHBIX MPEACTABICHUN O MPUHIMIAX U MOAX0JaX K MaTeMaTHYECKOMY
MOJIENIUPOBAHUIO HKOCHCTEM BOIHBIX OOBEKTOB CBSI3aHO C MMEHAMU H3BECTHBIX 3apyOeXHBIX U
OTEUYECTBEHHBIX HCCIENOBaTENeH, pa3pabOTKH KOTOPHIX COCTaBWJIM METOJIOJIOIMYECKYI0 OCHOBY
Hamero uccrnenoBanus: Moucees H.H., Ceupexes FO.M., Bounos A.A., Jlorogder J.0., Tapko
AM., Anekcees B.B., Boponkoa O.B., JlykesnoB H.K., Tomkux A.Il.,, T'opctko A.b.,
Hombposckuii JI.B., Menmyrkun B.B., Bunbepr I'.I'., Aaucumon C.U., Onym 1O., Jorgensen S.E.,
Leonov A.V., Chen C.W., Orlob G.T., Straskraba A., Di Toro D.M., Ikushima I., Park R.A., Steele
J.H., Vollenweider R.A., Volterra V., IOnycu M.K., Komunos ®.C., Haspysos C.H, Illapamos
H.C. u np.

K coxanenuto, BBUy Cyryooi crneru(pHUUHOCTH SKOCHCTEM BOJOEMOB HCIOJIb30BAHUE YiKE
pa3paboTaHHBIX, ITYCTh JlaXKe BeChbMa JI€TalbHBIX MOJeNed, KaKk MpaBujo, ObIBaeT HEBO3MOXKHO. C
OJTHOW CTOPOHBI, KOHKpETHAas YKOCHCTEMa 00Ja/laeT OCOOCHHOCTSMH, KOTOpPHIE OKa3bIBAIOTCS HE
MPEelyCMOTPEHHBIMU @K€ B paMKax JeTalIU3MpPOBaHHBIX Mojeiel (crneunduueckue BHIBI PbIO,
0COOEHHOCTH YPOBEHHOTO peXHMMa WM BaxHas poib MakpoputoB). C 1pyroil CTOpOHHI,
MOCKOJIBKY TIOKa ¢1a0o pa3BUTa CTaHJapTHas CXeMa OJKCIEPHUMEHTAIBHOTO M3Y4YEeHUS |
MOHHMTOPHHTA BOJOEMOB, MOCTPOCHHE MOJETH OKa3bIBAETCS OrPAaHUYECHHBIM Y3KHUMHM paMKaMHu
KOHKPETHBIX MACCHBOB JAHHBIX JUIsI KOHKPETHOTO BOJOEMA.

OTrnuuuTenbHas dYepTa pa3pabOTaHHOW HaMU KOMIBIOTEPHO-MATEeMaTUYECKOW MOJAETU
MakpO(pUTHON 3KOCUCTEMBI ppIOOBOAHOrO mpyna c¢ OenbiM amypom (Komunos, Kocumos, 2012-
2014) ot wu3BeCTHBIX pabOT MO MOEIMPOBAHHIO BKOCUCTEM Jpyrux BojgoéMoB (Komuios,
[Mapamos, 2000; Leonov, 1985; Voinov, Svirezhev, 1984; Bounos, BoponkoBa, JIyKbsHOB,
Caupexen, 1984; JlykpsiHoB, CBupexe, 1981; I'opctko, 1976; Jorgensen, 1976; MeHIIyTKuUH,
Copokun, 1975; Straskraba, 1973 u np.) mpexzae Bcero, MpPOSIBISETCS B CIOCOOE OMUCAHUS
3¢ (}eKTOB pacnpeieNeHus BEIECTB MEX/1y BOAHOHN TOJIIBIO U CEIUMEHTAMHU.
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B nameii momenu BHepBble i PHIOOBOMHBIX TMPYIOB FOKHON 30HBI TamKWKUCTaHA B
KadecTBe 0co00ro o0BEKTa MCCIEIOBAHUS paccMaTpUBaeTCs Oeblid aMyp — OJHA W3 IICHHBIX,
MPOMBICIIOBBIX PACTUTEIBLHOSIHBIX PbIO. [IpoaHanm3upoBaH mpolecc 3apacTaHusi B PHIOOBOIHOM
OpyAy BBICIIEH BOJHOW PpACTUTEIBHOCTH W YYTEHO BIMAHHE OuoMacchl Makpo(UTOB
(m3mr00NIeHHOTO0 KOpMa 0elioro amypa) Ha Jpyrue KOMIIOHEHTBI 3KocucTeMbl. Jlis yuéra
AJIEKTUBHOCTU MUTAHUS PbIO 3/1€Ch BBOAUTCS (YHKIUS BEPOSTHOCTH MOTPEOICHHS 3aMEHSIOLIETO
WIH BBIHY)KJEHHOTO KOPMOB. KpoMe JJIeKTMBHOCTH MUTAHUS, IS PBIO TAaKXKE YYUTHIBACTCS
3aBHCHUMOCTh YCBOCHUS MUILU OT BEJIMYUHBI pal[MOHA.

Jpyroii OTIMYUTENBHON OCOOEHHOCTHIO Hallel HMMUTALMOHHOM MOJEIN B CPAaBHEHHM C
MoJ0OHBIMU pabOTaMU MO MOJEIMPOBAHUIO SKOCHUCTEM MPYIOB SBISETCS oOpaiieHue ocoboro
BHUMaHUsI Ha POJIb OaKTepwii B MPOIECCax XUMHU3Ma BOJBI U €€ ra30BOTO pPeKrMMa. B M3BECTHBIX
paborax mkonel FO.M. CBupexeBa MO MaTEeMaTHYECKOMY MOJEIMPOBAHUIO 3KOCUCTEM Kak
BojoxpaHmmil U 03€p (Bounos u ap., 1981; Jlykesanos, CBupexes, 1984; Cupexes u np., 1984;
Bounos, Komuiios, 1985; 1986), Tak u peiooBoaHbIX npyaoB (Svirezhev, Krysanova, Voinov, 1984;
Voinov, Svirezhev, 1984) game Bcero GyHKIUs OAKTEPUOTUTAHKTOHA OTOXKIECTBISIETCS C JCTPUTOM
WIH TIOJKITIOYAeTCs K IETPUTY, TOT/Ia KaK posib OAKTepuid, HACENSIIOIIMX BOAHYIO TOJILY U JTOHHbBIE
OTJIOKEHUS, HE TOXKJIECTBCHHBI (YHKIIHAM JIeTpUTa. B mocienHux paboTax TapKUKCKOTO YIEHOTO
®.C. Komunona u ero yuenukoB (Kommios, 1990-2014; Komunos u ap., 1992-2011; Komunos,
[Tapamos, 2000-2004; KommioB, Kocumon, 2012-2014) OakTepHUOIJIAaHKTOH BBIIEISETCS Kak
caMoCTOsITeNbHAs NIepeMEeHHas, TaK KaKk IOMUMO CO3/IaBaeMOi UM OMOMAacChl, KOTOpasi BKIIIOUAETCS
B OMOTHYECKYIO IIeTIh, OTPOMHA POJIb OAKTEPHA ¥ B MPOIIECCaX, KOTOPHIE CYIIECTBEHHO BIIHSIOT Ha
XUMH3M BOJIBI M €€ Ta30BbIN PEKUM.

O0BbEKT Hcc/IeI0BAHNS — MAKPOPHUTHASI SIKOCUCTEMA PHIOOBOTHOTO MPY/Ia C OSIBIM aMypOM.

IIpenmer ucciel0BaHUsI — MaTeMaTHdeckas MoJeidb MaKpOPHUTHONH HSKOCHCTEMBI
PBIOOBOTHOTO TIPYZA C OEITBIM aMypOM.

Lleab uccjie0BaHUS — BBISBICHHE 3aKOHOMEPHOCTEH (YHKIIMOHUPOBAHUS MaKpPOPUTHON
HKOCHUCTEMBI PHIOOBOJTHOTO TIPY/Ia C OEITBIM aMypOM.

3agaum ucciieoBaHus:

v usydenuwe OEIOro amypa Kak 0co0Oro oOBEeKTa MCCIEJOBaHUS MaKPO(PUTHOM SKOCHCTEMBI
PBIOOBOTHOTO TIPY/IA;

v U3ydeHHe KU3HEHHOTO IMKJIa MaKpPO(PHUTOB SKOCUCTEMBI PHIOOBOIHOIO MPY/Ia;

v u3ydeHHe 3aKOHOMEPHOCTEH B3aMMOJEHCTBUS BOJHOM TOJIIM M CEJUMEHTOB MakKpO(MHTHOM
9KOCUCTEMBI PHIOOBOJIHOTO TIPY/Ia;

v’ pa3paboTKa KOHIIENTYalbHONH MOJIENH MaKpO(QHUTHOM 3KOCHCTEMBI PHIOOBOIHOTO TpyAa C
OesbIM aMypoM;

v' paspaboTka crnocoba ydéra MmpoIeccoB, CBA3AHHBIX C )KU3HEHHBIMU [IUKJIAMHU MTOTPYKEHHBIX U
MOJTYTIOTPYKEHHBIX MAaKPO(PHUTOB B MATEMATHUECKON MOJICIIH;

v’ pa3paboTka MaTeMaTHYeCKOM MOJENH JIUHAMHKH MaKpO(QHUTHON 3KOCHCTEMBI PHIOOBOJHOTO
npyzaa ¢ OelbIM aMypoM B BHJIC CHCTEMBI OOBIKHOBEHHBIX JH(QepernanbHbIX YpaBHCHUN —
WHCTPYMEHTA JUTsl U3y4eHUs 3aKOHOMEPHOCTEH (DYHKITMOHUPOBAHUS SKOCUCTEMBI;

v' cozmanre S((EKTHBHOTO KOMIIBIOTEPHOTO MHCTPYMEHTA MPOTHO3MPOBAHUSA THHAMHKH
9KOCUCTEMBI PBIOOBOJHOTO TpyAa NYyTEM HIASHTUDUKAIUU U BepUUKAIUH TPOrpPaMMHO
peaIn30BaHHON MaTeMaTHISCKOW MOJICIIH;

v’ HccieloBaHre 3aKOHOMEPHOCTEN 3BOJIOIUK MAaKpO(UTHON DKOCHCTEMBI PHIOOBOIHOTO TPYy/a
¢ 6erpIM aMmypoM Ha 6a3e CO3JaHHOTO KOMITBIOTEPHOTO HHCTPYMEHTA;

v’ pa3paboTKa ONTHMAIbHOIO YHPABICHUS (YHKIMOHMPOBAHUS MAKPO(PUTHOU DKOCHCTEMBI
PBIOOBOTHOTO TPY/Ia JIIS JOCTHYKCHHUSI MAKCHMAITBHOU MTPOTYKTHBHOCTH O€JI0ro aMmypa.

MeToabl MCC/IeIOBAHUA:

v’ CHCTEMHBIN aHaJIN3 — JUIS HCUYEPITBIBAOIIETO OMMCAHMUsI KOMIIOHEHTOB MAaKPO(QHUTHON 3KOCHCTEMBI
PBIOOBOTHOTO TPy U CBA3EH MEXIe €€ BOIHON TOJIIIN U CETUMEHTOB;

v' teopus muddepeHIMATBHBIX YPAaBHEHHH — JUId  pa3paOO0TKH  MareMaTHYeCKOM MOJENN
MaKpO(pUTHON 3KOCUCTEMBI PHIOOBOTHOTO TPY/Ia;
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yucneHHblil Metosl Pynre-Kyrra-MepcoH — 1 pelieHns: CUCTeMbl HEJTMHEHHBIX OOBIKHOBEHHBIX

G depeHITMATFHBIX YPaBHEHUI Ha KOMITBIOTEPE;

00BEKTHO-OPUEHTHPOBAHHBIN 13bIK IporpammupoBanus Borland Delphi-9 — mns peammzanmun

MaTeMaTUYeCKONH MOJIEST Ha KOMIIbIOTEPE;

METOJ WACHTU(HKAMA — JUIA HACTPOMKM MaTreMaTW4ecKOoW MOJENd Ha OCHOBE

HKCHEPUMEHTAIbHBIX JaHHBIX;

MeToJ] BepuU(UKAIMA — Ui NPOBEPKH pPabOTOCIOCOOHOCTH IMPOrPAMMHO pEaTM30BaHHOM

MaTeMaTHYeCKOM MOJIEeNH Ha OCHOBE 3KCIIEPUMEHTAIBHBIX JTaHHbIX;

MMHUTALMOHHOE  MOJEIMPOBaHWE — JUIA  CO3AaHUs  A(PPEKTUBHOIO KOMIIBIOTEPHOTO

MHCTPYMEHTA IIPOrHO3UPOBAHMSI JUHAMUKH YKOCUCTEMBI;

MH(POPMAIMOHHASL TEXHOJIOTHS — JJIsl aBTOMAaTHU3allMi OOMEHa JaHHBIMU MEXAY JICKTPOHHOM

tabmuneit MS Excel-2010 u o0bekTHO-OpreHTHpOBaHHBIM s13bIkOM Borland Delphi-9;

METOJ CHEHApUl — JUIsl MCCIICAOBAHUS 3aKOHOMEPHOCTEH HBOJIOIMH SKOCHCTEMBI Ha 0ase

CO3JIaHHOT'O KOMITBIOTEPHOI0 HHCTPYMEHTA;

KOMIIBIOTEPHBIN 3KCIIEPUMEHT C TPUBJICYCHHEM TEOPUU ONTHMAIBHOTO YIPABICHUS — JUIS

JOCTHKEHUSI MAKCUMAJIbHOW IPOAYKTUBHOCTH O€JI0ro amypa pu MUHUMAaJIbHBIX 3aTpaTax.
O6aacts  uccaenopanus. CoxaepxkaHue IUCCEPTAMOHHOW  pabOTBI  COOTBETCTBYET

clenyrmuM o0JacTsM uccienoBaHus macrnoprta cneruanbHoctu 05.13.18 — «MartemaTndeckoe
MOJICJIMPOBAHUE, YUCICHHBIE METOJIBI M KOMIUIEKCHI IIPOTPaMM)»:

v

v

IIynkr 1. Pa3paboTka HOBBIX MaTeMaTHYECKUX METOJIOB MOJAEIUPOBaHUS OOBEKTOB
U SIBJIICHUH, IEPEUHCIICHHBIX B (OpMYyJie CIIeHaIbHOCTH.

ITynxkr 5. Peanuzanus 3peKTUBHBIX YHUCICHHBIX METOJIOB M aITOPUTMOB B BUJIE KOMILIEKCOB
pO0JIEMHO-OPUEHTHPOBAHHBIX [TPOrPAMM IS IPOBEICHUS BBIUMCIUTEIBLHOTO SKCIIEPUMEHTA.
Ilynkr 6. KoMmiuiekcHOe ucCcleoBaHME HAay4YHbIX U TEXHUUYECKUX, (YHIaMEHTaIbHBIX
U IPUKIIAHBIX Tpo0JIeM C IPUMEHEHHUEM COBPEMEHHOH TEXHOJIOTMM MaTeMaTH4eCcKOro
MOJIEJIMPOBaHUS U BBIYMCINTEIBHOIO SKCIIEPUMEHTA.

ITynkr 9. Pa3zpaboTka cucteM UMUTAIIMOHHOTO MOJAEIUPOBAHUS.

PaboTa Hajx ucciegoBaHNEM OCYILECTBIISIACH B HECKOJIBKO B3aUMOCBSI3aHHBIX JTAIOB!
OcHOBHOI1_0a30ii _MCC/IeI0OBAHUS SIBJSUIMCh SKOCHUCTEM TMPYJOB PHIOHOTO XO3siicTBa

J>xamuckoro paifona XatnoHckoit oonactu Pecyonuku Tamkukucran (PT).

O00CHOBAHHOCTL M _JIOCTOBEPHOCTh HAYYHBIX IIOJIOKEHUM, BBIBOJIOB W PEKOMEHIAIIHM,

C(l)OpMy.]'II/IpOBaHHBIX B IUccepTaniunu, obecreunBacTCs:

ASANENENENEN

<\

METO0JIOTHEN CHCTEMHOIO MOAXO0/A;
HAaYYHOM KOHIIENHUEN KOMITBIOTEPHOU JTUAarHOCTUKY;
OIOPOM Ha TEOPETUYECKUE U IMIIUPUUECKUE METO/IbI UCCIICIOBAHNUS;
aHAJIM30M YCIIOBHH U pe3yabTaTaMH dKCIIEPUMEHTAIbHOM paboThI,
COYETAaHHEM KOMIIJIEKCAa METO/IOB, aJIeKBAaTHBIX 33/1a4aM Ka)<J0r0 dTara UCCIE0BaHMS;
JUYHBIM OIBITOM Pa0OTHI aBTOPA B KAY€CTBE MOJIETIbEPA.

HayuyHasi HOBU3HA MCCJICIOBAHUS:
BIIEPBBIC JIJISl KCCIIEOBAHUS M MIPOTHO3UPOBAHUS TUHAMHUKN HATYIBHBIX PHIOOBOJIHBIX MPYIOB
IO’)KHOTO pernoHa TapKUKUCTaHa TTOCTPOEHA KOMITHIOTEPHO-MaTeMaTHIeCKast (MMUTAI[MOHHAST )
MOJIeJIh, KOTOpasi KpOMe JIBYX M3BECTHBIX BUAOB PHIO — OEIIOTO TOJICTOIIOOHMKA U Kapra, TaKxKe
YYHUTBIBACT MAKPOPDUMHOAOHYIO (PACTUTEIBHOSIAHYIO) pblOY — Oeno2o amypa;
BIIEPBbIE B MOJEIBHONU (OpMe npoananrusuposan npoyecc 3apacmanusi npyoos 10KHOM 30HbI
TamkuKrcTaHa BBICIICH BOJHON PaCTUTEIBHOCTHIO — U3TFOOJICHHBIM KOPMOM O€JI0T0 amypa;
BIIEPBbIE C MCIIOJB30BAaHMEM MAaTEMaTUYECKOW MOJEIHU U3VUeHA PONb MUKPOOUOTIOSUYECKUX
npoyeccoé B  BBICOKONPOJIYKTHUBHBIX OJKOCHUCTEMaxX pbIOOBOJIHBIX TMpyaoB U  Ooiee
COBEPIIEHHBIX CHOCOOOB Yyuéra (QUTOIUIAHKTOHA M OakTepuil B €€ COOTBETCTBYIOLIECH
KOMITPIOTEPHOM MOJIENIA, PACCMOTPEHBI OCOOCHHOCTH y4uéTa B MOJIETHM OHOTEHHBIX |
OpPTaHMYECKHUX BEIIECTB, Ta30BOTO pexuMa U IPQPEKTHl paclpeleCHHs] BEIIECTB MEXIY
BOJHOM TOJIIBIO U CEAMMEHTAMU NPYIOB;
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v\ B BUJIC MNPOOIEMHO-OPUCHTHPOBAHHOTO MPOTPAMMHOIO KOMIUIEKCA IONYYEH HWHCTPYMEHT
UCCIIE0BaHMsl (MMHUTATOpP) Ul YNpPaBICHHUS U NPOTHO3MPOBAHMS MAaKpPO(UTHOM 3KOCHCTEMBI
PBIOOBOAHOTO TIpy/ia ¢ OEIbIM aMypOM C LIENBIO TOCTHYKEHHSI BBICOKOH PHIOONPOTyKTUBHOCTH;

v’ TpemioKeHa MOOUDUYUPOBAHHAS MEMOOUKA HACMPOUKU U UCNOAb308AHUS UHCIPYMEHMA
yIpaBJICHUS! U TPOTHO3UPOBAHUA MAaKpO(PUTHOW SKOCHCTEMBI PHIOOBOIHOTO TpyJa B BUJC
COOTBETCTBYIOLMX YHMCIEHHBIX METOJOB MJICHTU(UKALUN U BepUPHKALMU MAaTEMAaTUYECKOM
MOJIENH;

v’ paspaboTaHHAs] HMUTAIIMOHHAS MOJIENTb dOEK8AMHO 60CNPOU3E0OUM NPOYECChl, TPOUCXOMSIINES
B 9KOCUCTEMAaX PbIOOBOIHBIX MIPYOB.

Teopernueckasi 3HAYMMOCTb MCCJICIOBAHUS:

v\ JUIs  W3yYeHWs, pealu3alid W [POTHO3UPOBAHUS PBHIOOBOJHBIX MPYIOB NOCHMPOCHA
MOOUDUYUPOBAHHAS UMUMAYUOHHASL MOO€Nb, YUYUTBIBAIOLIAs PACTUTEIbHOSAHYIO DPbIOY —
benoco amypa,

v\ B MOJENbHOH (opMe MOJIydHso CBOE OaivbHeliulee pasgumue UCCLe008aHUue npoyecca
3apacmanus npyooe BHICHIEH BOJHOW PACTUTEIHHOCTHIO — HM3NMIOOJICHHBIM KOPMOM O€J0ro
amypa;

v\ ¢ TOMOLIbIO pa3pabOTaHHON KOMIIBIOTEPHO-MATEMATHUECKOM MOJIENN  6bIAGICHA  POTlb
MUKPOOUONIO2UYECKUX NPOYeCcco8 B BBICOKOIIPOAYKTUBHBIX 3KOCHCTEMaX PbIOOBOHBIX IPYIOB;

V' TIOCTPOEHHBIE NPOOLEMHO-OPUCHIMUPOBAHHBLE KOMIIEKCHL NPOSPAMM JIAIA HOBBIA TOJYOK B
YCOBEPLICHCTBOBAHUM METOJIOB HAXOXKJICHMsI, BBIYMCICHHUS M NPUMEHEHUsS 3HAuYEHU
napaMeTpoB U KodQPUIHeHTOB (udenmughurxayus u sepuguxayus) MaTeMaTHICCKONH MOJICITH
UX CPaBHEHUS C MMEIOLIUMHCS XMMUKO-OHOJOTMYECKUMHU SKCIIEPUMEHTAIbHBIMU JIaHHBIMU
CJIOKHBIX 3KOCUCTEM;

v’ TIONYYeH UMUMAMOP — UHCMPYMEHM UCCAe008anusl Ul U3YYCHUs], SKCIEPUMEHTHPOBAHHS,
IPUMEHEHHUS U IPOTHO3UPOBAHUS JTUHAMUKHU SKOCUCTEM PHIOOBOJIHBIX MPYJOB MPU Pa3IMUHbIX
BapHUaHTaX 3K30T€HHbBIX ITapaMeTPOB.

IIpakTH4Yeckas 3HAYUMOCTDb MCCIEA0BATEIbCKON PA0OTHI:

v’ pazpabomana 0606wéHHAs MemMOOUKA KOMIIBIOTEPHO-MATEMAaTHYECKOr0 (MMHTAIHOHHOTO)
MOJICIUPOBAHUS MaKpPO(DUTHONW SKOCHUCTEMBI PHIOOBOJIHOTO TIpyJa ¢ OEIbIM aMypoM OOIIEro
tuna. Co3gaHHas MeETOAMKA TO3BOJSAET JOCTAaTOYHO  ONEPAaTUBHO  KOHCTPYHPOBATH
MMUTAIMOHHBIE MOJIEIM HMHTEPECYIOIUX Hac pPBIOOBOAHBIX MPYAOB, HCIONb3YS YyikKe
pa3paboTaHHbIE OJIOKH, CXEMBI, JJIEMEHTHI ¢ IPEABAPUTENbHBIM UX JI€TaIbHBIM aHAIU30M;

v’ co30am uncmpymenm ucciedo8amus — NPOSPAMMHBIL KOMIAEKC UL yUPaBJIE€HHS U
IPOTHO3UPOBAHUS MAaKPO(MUTHOIN 3KOCHCTEMBI PHIOOBOTHOTO IPY/Ia C OENIbIM aMypoM;

v’ npeonosicena Memoouxka HACMPOUKU UHCMPYMEHMA YNpAeienus W TPOTHO3UPOBAHMS
MaKpOo(pUTHOH 3KOCUCTEMBI PHIOOBOIHOTO MPYy/ia C OEJIBIM aMypOM;

v/ TONyYeHHBIE pe3yNabTarThl pabOTHl MOKHO —HCIOJNB30BaTh JUISi  KOJMYECTBEHHBIX U
Ka4eCTBEHHBIX UCCIIEZ0BaHUI ppIOOBOIHBIX NpyA0B cTpaH Cpeanelt A3zum u Kazaxcrana.

AnpoOauusi_pe3yJibTATOB MCCJIe/IOBAHUS BBIMOJHSINCh HA BCEX 3Talax HCCIEAOBAHUS,
MOJHOCTBIO OTpakeHbl B 11 cTaresiX, 5 W3 KOTOpPHIX OMYOJMKOBaHBI B IKypHajax,
pexomenioBaHHbIXx BAK P®. Pesynbratsl paboThl AOKIAABIBATNCH HA HAyYHBIX CEMHHapax
Kadeap «Mudpopmatukay, «MH(pOopMaIIMOHHO-KOMMYHHKAIIHOHHBIE TEXHOJIOTHHY,
«MopenupoBanre U MHPOPMAIMOHHBIE CUCTEMbI» TaJKMKCKOTO HAaIlMOHAJIbHOIO YHUBEPCHUTETA
(THY), BHYTpUBY30BCKHX, PECITYOJIMKAHCKUX M MEKIYHApOAHBIX Hay4HbIX KoH(pepeHuusax (2011-
2014 rr).

BHepeHUs] OCHOBHBIX Pe3y/abTaTOB PadoThl. OCHOBHBIE PE3yJIbTaThl UCCIEI0BAHUIN ObUIN
MCIOJIb30BaHbl MeXBEIOMCTBEHHBIM OTJAEJIOM IO pbIOONpPOU3BOACTBY MHCTUTYTa 300J70THH U
napazutosorui AH PT mnpu wusydeHun OHONOTHYECKMX OCHOB YIPABJICHUS HKOCHCTEMOM
pBIOOBOHOTO TpyAa, HAa 0a3e OMBITHOIO 8-MU TeKTapHOro mpyzaa poioxosa umenu A.Jlxamu PT
(1988r.). B Hacrosiee Bpems 3TH pe3ylbTaThl HCNONb3YyI0TcS B THY mpu ureHHH crenuaaibHOro
Kypca «KommbroTepHoe MoieMpoBaHue BOJIHbBIX 3kocucTeM» U B UIIC npu yTeHnn cnenuaibHOro
Kypca «/IMUTalmoHHOE MOJEINPOBAHUE HKOJIOTO-9KOHOMHUUECKUX CUCTEM PHIOOBOIHBIX MIPYIOBY.
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Ha 3amuTy BBIHOCATCS CJIEAVIONINE OCHOBHbIE MOJI0KEHUSI:

1. KoHuenryanpHasi MO€b MaKpO(PHUTHOW SKOCHCTEMBI PBHIOOBOHOTO TIpyJa ¢ OCJbIM aMypoM,
OCHOBaHHAasi Ha ONHCAHUH OWOTHUAPOXMMHYECKHUX KPYrOBOPOTOB BEIIECTBA W H3MEHEHUU
OMOTHYECKUX M XMMHUYECKHUX 3JIEMEHTOB, KOTOpask KpOMeE JIBYX M3BECTHBIX BUIOB PbIO — Oenoro
TOJICTOJIOOMKA U KapIia, TAKXKE YUUTHIBAET PACTUTEIBHOSIIHYIO PHIOY — Oenoro amypa.

2. MomudunupoBaHHas To4YeuHas HWMHUTAIMOHHAS (KOMIIbIOTEpHO-MaTeMaTU4eckas) MOJeNb
JUHAMHUKA MaKpO(UTHOW IKOCHCTEMBI PHIOOBOJHOTO MPYAA, OCHOBAaHHAS HAa KOHIENTYaTbHON
MOJIEJIM U YUUTHIBAIOIIAs BIUSHUE KIMMAaTHYECKUX (PAKTOPOB (TemrepaTypa BOAbI U COJTHEUHAas
panuanus), OMOTCHHYIO Harpy3Ky, a TakyKe yIpaBisioniue (yHKINH, TaKHe Kak 100aBlIeHUS B
CUCTEMY KOMILIEKCa OPraHMYeCKUX U OMOTCHHBIX BELIECTB, U BHECEHMsSI B MIPYJA PACTUTEIHLHOTO
KOpMa U KOPMOB 3aBOJICKOTO MPUTOTOBJICHUS.

3. AJNrOpUTMBI TOCTaBJICHHBIX 3a/a4 W HX peaju3alus B BHIE MPOOJIEMHO-OPUEHTUPOBAHHOTO
KOMIUIEKCA TMporpaMM — HWHCTPYMEHTa HCCIEeNIOBaHUS (MMUTATOp) Ui HM3y4YeHHUS,
SKCIIEPUMEHTHPOBAHMS, TMPUMEHEHUs, VYIPaBICHUS W  [POTHO3ZUPOBAHUS  JTUHAMUKU
MaKpO(PHUTHON IKOCHCTEMBI PIOOBOIHOTO TIpyAa ¢ OelIbIM aMypoOM TIPU Pa3IHYHBIX BapHAHTAX
9K30TE€HHBIX MTAPaAMETPOB.

4. neHTH(UKAITMOHHBIE W BEePU(PUKANMOHHBIC KOMITBIOTEPHBIC PE3yJIbTAaThl MaTEeMATHUSCKON
MOJIETIH.

5. KomnbioTepHble CIIEHApPHBIE BapHaHTBl Pa3BUTHS JUHAMUKH MaKpPO(DHUTHON HIKOCHCTEMBI
pBIOOBOHOTO Tpyna ¢ OelbIM amMypoM, HEOOXOAWMBIE NJisi OMEPaTHUBHOTO YIpPABICHUS U
MPOTHO3MPOBAHUS €TI0 COCTOSHUS M y4€Ta IMOCICACTBHHN pPA3IMYHBIX PEKUMOB YIIPABICHHS
npyzaa.

Crpykrypa auccepraumu. [1oaHbII 00beM AMCCEPTAIIMOHHOTO HCCIEIOBAHHUS COCTABIISIET

151 crpaHuIl KOMIIBIOTEPHOT'O TEKCTa, HAOpaHHBIM B TEKCTOBOM pemakTope Microsoft Word,

conmepxkut 43 pucyHkoB u 4 Tabnun. Hymepanus pucyHKOB WM TaOiuIl — oOmias JJis BCceX TJaB

paboTsl. CIIUCOK UTEpaTyphl HACUUTHIBaeT 216 HaMMEHOBaHUH.

OCHOBHOE COAEPKXAHME JUCCEPTAIINU

JuccepranmonHas padOTa COCTOUT M3 IIOCTAaHOBKM NpPOOJIEMBI, TSTH TJaB, BBIBOJIOB,
3aKJTFOUCHHS ¥ CITUCKA UCTIOb30BAHHOM JIUTEPATYPBI.

IMocranoBka mpo0JaemMbl TOCBsIIEHA OOMIEH XapaKTEPUCTHKOW pabOThl, HAYYHOMY
000CHOBaHHIO BEIOPaHHOI TEMBbI, TOCTABICHHOM 1IEJIM M 3a/lauaM HUCCIICIOBaHMUS, HAYYHOH HOBH3HE
paboTHI, €€ TEOPETHYECKON M MPAKTUYECKOW 3HAUMMOCTH, anpoOalui U BHEIPEHUH MOTyYeHHBIX
pe3ynbratoB. OHa TakKe MOCBAIIeHa 0030pa HEKOTOPBIX MaTEeMAaTHYECKHX MOJENEH BOIHBIX
IKOCHUCTEM.

IlepBasi ry1aBa TMOCBSIICHA KOHIENTYaTbHOMY MOJICITUPOBAHUIO MAaKPOMUTHOM IKOCUCTEMBI
pPBIOOBOTHOTO TIpyJa, TZIe B 3aBHCUMOCTH OT TIOCTaBJICHHBIX WENEH W 3a7a4 HCCIEeNOBaHUS U
nozdopa BHIOBOTO COCTaBa PbIO MPHUBOAUTCS OOOCHOBaHHE BBIOOPA OCTAIBHBIX MEPEMEHHBIX
MOJIEJIH ¥ CITIOCOOOB UX arperaryH.

CocTosiHUE YKOCUCTEMBI B KaXK/IbIi MOMEHT BPEMEHH OIPEICISeTCsl KOHIIEHTpalueil 6eaoro
amypa (BA), kapna (CR), 6enoro Toncronobuka (TL), ¢purtorutankrona (PT), 30ormiankrona (Z0),
CYMMapHbIX Heopranuueckux pocdopa (PW) u azora Boasl (NW), nerpura B Bojge (DW), Gakrepun
(BK), 6entoca (BN), monynorpyxéunoro (MT) u norpyxé&énnoro (MR) makpoduToB, cymmapHbIX
Heopranudeckux dochopa (PS) u azora (NS) B cenmumenTax, a Takxke nerpura B ceaumentax (DS),
T.e. B KOHLENTYaJbHYIO MOJENb BKIIIOYEHO 15 ()a30BBIX MEpEeMEHHBIX, IPUYEM TEPBbIE 8 U3 HUX
OTHOCSITCS K BOJJHBIM KOMITOHEHTaM 3KOCHCTEMbI, 7 OCTAJIbHBIX — K JIOHHBIM (pHc.1).

BxogHbIMH (QYHKIHMSIMH MOJENU SIBISIOTCS Temneparypa Boabl (T) W HMHTEHCHBHOCTB
conrevnor pamuanuu (lg) Ha MOBEPXHOCTH BOAOEMa. BKIIOUEHBI TaKKe MATH YIPABIISAIONINAE
DYHKIMH, XapaKTepU3yIONHE BHECEHHE MCKYCCTBEHHOTO KopmMa (¢ °(t) — kombukopm, ¢ (t) —
KYKOJIKH TYTOBOTO LICIKOMpsiAa, ¢ (t) — KODMOBBIE PACTEHHS) M MUHEPAIBHBIX yIoOpeHHuii (¢ (t)
— cynepdocdar, ¢ -(t) — aMMuauHas cenuTpa).
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Puc. 1
Bropasi riiaBa mocpsiieHa MaTEMaTHUYECKOMY MOJEIUPOBAHUIO MaKpO(UTHON IKOCHUCTEMBI
pBIOOBOTHOTO TIpyJa ¢ OeldsIM amMypoM. 37ech ONMHUCHIBAIOTCS (YHKIIMOHAIBHBIC 3aBUCHMOCTH
MEPEMEHHBIX MOJIENIN M BHEIIHUX (PYHKIIUMN, a TaKKe MPUBOIATCS MOTOKOBBIE nudepeHnanbHbe
YpaBHEHHSI MOJICIIH.
[lepexon BemiecTBa ¢ OAHOrO TPO(MUYECKOTO YpPOBHA Ha JAPYrod B MOJEIHM 3a7aeTcs S-
00pa3zHbeIMH PYyHKITUSIMU BH1a (pHC.2)

r@, J)=

L j ] . R
K +i° ~ @)

ONHCHIBAIOIINMHI CKOPOCTH HOTpedieHus i-ro cyberpara j- |

bIM OpTraHnu3MOM, HaxoaAIumMcs Ha cJIeayronemM

5=2

Tpo(UUECKOM YpPOBHE, IJI€ f4j — MaKCUMajJbHas CKOPOCTb | :
noTpeOIeHUs (1/cymxu), Kij — kod(urmeHt Puc. 2
MOJTYHACHITIEHUS (Me/71).

[ToTpebneHne OWOTEHHBIX DJIEMEHTOB — yriepoja, a3ota M ¢ochopa, B IKOCHCTEME
CUHXPOHHM3UPOBAHO B COOTBETCTBHHU C 3aKOHaMU cTexuomeTprun. COOTHOIIEHUE YyTiepoaa, a30Ta u
docthopa B KHUBBIX OpraHu3Max MOJIICP)KUBACTCSI IPUMEPHO MIOCTOSTHHBIM
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PW:NW:CW=7"": " 7Y e /™ — crexmomerpuaeckuii kospdumment (CK) mist docdopa,
Oepercst Kak 00BIYHO 1, ;HWV— CK mis a30ta, o pa3HbIM UCTOYHUKAM paBHsieTCs OT S5 110 16, a ;(CW
— CK nmns yraepona, 6epercst okosio 100. Utoosr obecnieunts Takoe cootHomenue CW, NW u PW B
O0uore, HEOOXOAMMO  BBIAEP)KMBATH IOTOKU  MOTPEONIIEMBIX  yIJepono-, a30To- U
docdopocoaepkaluX BEIIECTB B TAKUX K€ OTHOLLICHUSX.

Ilompeonenue 6Ouozennvix ’nemenmos Qumonnankmonom. Ha ocHOBe NUpUBEAEHHBIX
cooOpakeHui, morpediienne Gochopa GUTOIIAHKTOHOM OyIEeT ONPENEIATHCS IIOTOKOM

Yo' =min r(PW,PT),%-r(NW,PT) . (2
et
e r(i,j) — dynxums Buga (1), pr — CK durommankrona npu notpeGiennu a3ota. IlotpeGienue
a30Ta PUTOIIAHKTOHOM OYJIET IIPOIOPLHOHAIbHO noTpebiermto pocdopa YN pr=1"Vor Y Wpr.

Jlns cMEXpOHM3ALUK TOTOKOB a30Ta U hocopa ncnonb3yercs ciaeayromas npoueaypa:
® BEIYHCIICHUE MIOTEHITUAIBHO BO3MOKHBIX TIOTOKOB OMOT€HHBIX BelecTB 1o ¢opmye (1);
® OTIpe/IeTICHNE IMMUTHPYIOLIET0 OMOT€HHOTO BelIecTBa 1o Gopmye (2);
erepecyeT MOTOKOB. [loTpebieHne HEMMMHUTHPYIOUIETO OHOTeHa MPOUCXOIUT CO CKOPOCTHIO,

orpezenssieMoi NoTpebIeHneM TMMUTHPYIOLIEro OMOreHa.

Vrnepoa, Kak HE OrpaHMYMBAIONIMK MPOAYKIIMOHHOTO IpOIecca OMOTeHHBIN JJIEMEHT, HE
sBnsieTcss (a3oBBIM NEPEMEHHBIM MOJENM, HO €ro mnoTpeliieHne, Kak OCHOBHOE IO Becy
COCTABIISIONICH GHOMACCHI, YINTHIBACTCS KOCBEHHO, W3 pacuéra B kommdectBe Y pr="or Y Wor
COOTBETCTBYIOIAs OIS 4 ''pr BHIIAACT MPH PA3IOKECHWH ACTPUTA. VITAaK, B COOTBETCTBHH C
NPUHIUIIOM JIUMUTHPYIOIINX (haKTOPOB TOTpeOSieHHEe OMOTEHHBIX 3JIEMEHTOB (PUTOIUIAHKTOHOM
OIIPEJIETISIETCS C TIOMOIIBIO ClIeTyIonel (OpPMYJIbL:

wer(PW,NW,CW)=Y"Yor+ MWor YPWors ,Mor YPWor

Ilompebdnenue 6uozeHHBIX INEMEHMO8 NOPYHCEHHBIMU MAKPODUmMamu ONpPEAeIIeTCs X
MOTOKaMHU U3 BOJABI U cO JHA. [I0ATOMY Ha OCHOBE 3aKOHOB CTEXHOMETpUH TOTpedaeHue Gocdopa
BBIYHUCIISETCS CIETYIOLUMM 00pa3oM:

r(NW, MR)+r(NS, MR)
NW
AR
rae r(i, MR) — s-o6pasusie Tpoduueckne dyukmun Buza (1), i=PW, PS umr NW, NS, a yMur — CK
norpy>k€HHoro wmakpodurta T1pu noTpebneHun aszora. I[lo otoit  dopmyne, omnpenensis

JUMHATUPYIOIIUN OMOTEHHBIN DIIEMEHT, OTPEOJIIeMbIe TTIOTOKU a30Ta U YIIepoja MorpyKEHHBIMU

MakpoduTamu OyayT 3aHOBO MEPECUUTHIBATHCS COTIIACHO CIEAYIONMM (HOpMYyJiam:
Prr(PW,PS,NW,NS,CW,CS)=YPWHPSy ot W YPWHPS, g 00y PUWPS,

[Tpu 3TOM mpeanonaraeTcs, YTo He CYIIECTBYET MPEIIOYTCHUS B MOTPEOJICHUH OMOTCHOB CO JTHA U

U3 BOJIBI.

Jna nonynozcpysyucénnvix makpogumos xapakmepuo npeumyuiecmeeHHoe nompeodieHue
O0uozenos co Ona, MpuveM, BEMYMHA 3TOTO MOTOKA HE CTOJILKO 3aBUCHT OT OMOMACChl 3eJIEHOMN
YaCTH PACTEHUH, CKOJIBKO OT OMOMAacChl KOPHEH, KOTOpasi HE BXOJUT B YKCJIO IEPEMEHHBIX MO/IEIIH.
UtoObl HE BBOJIUTH e€IIe OJHY IEepPEeMEHHYI0, OyJIeM mpeamnojararb, 4Tro Omomacca KOpHEH
NPOTIOPIIMOHATIbHA JIOCTYIHBIM OuoreHam cenuMmeHTOB (pynkius (i), 1=PS, NS wmm CS).
[Torpebnenne OHOTEHOB W3 BOJABI MPH IMOMOIINM BOJHBIX KOPHEH HAYMHACTCSA JIMIIb TIPH
NPEBBIICHUA  PACTBOPEHHBIMU  MUTATEIBHBIMH  BEIIECTBAMH  OMPEJACIEHHBIX  MTOPOTOBBIX
koHueHnrpanuii (Gyakuus p(i, MT), i=PW, NW wim CW). B wurore norpebieHne OMOTEHHBIX
AJIEMEHTOB MOJYMOTPYKEHHBIMU MaKpOhUTAMHU 3a/1a€TCS CIASAYIOIINM 00pa3oMm:

NW-+NS NW v/ PW+PS CW-+CS CW v/ PW+PS
Yyr 7 :min{p(PW,MT)wLCI(PS), p(NW,MT)+q(NS)} Yur : =Xt Y , Yur ' =X Yur ”,

Y2 = min| r(PW, MR)+ r(PS, MR),

NW
MT

WMT(PW, PS,NW, NS,CW, CS):YPW+PSMT+2\IWMT 'YPW+PSMT+ZCWMTYPW+PSMT_
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Bbakmepusa kaxk decmpykmop mépmeozo opzaHuuecKoz0 éeujecmea, T.e. NETPUTA, MOXKET
HAXOJUTHCS KaK B TOJIIIE BOJBI SKOCHCTEMBI TIPY/Ia, TaK U €€ cenuMeHTax. OyHKIIMOHUPYS BO BCEM
NPOCTPAHCTBE MpyJa, OaKTepHUs UMEET JOCTYIl KO BCEM €ro OMOTeHHBIM 3jeMeHTaM. [loaTomy B
MOJIENIN TIOTPeOJICHHEe OMOTEHHBIX JJIEMEHTOB OAKTEPHSIMHU TOXKE ONPENEISICTCS MX MOTOKAMHU W3
BOJIbI U CO JIHA, T.€. OMKCHIBACTCS aHAIOTUYHO, TAKXKE KaK M Ui MOrPY)KEHHOT0 MakpoduTa, HO C
JPYTUMH CTEXHUOMETPHUECKUMHE KOA(PUITHSHTAMH

W (PW,PS,NW,NS,CW,CS)=YPWPSy t MWoy yPWHPS, oy OW yPWPS
[lpy STOM 3aHOBO TpeANoJIaraeTcsi, 4YTo s OaKTepuil HE CYIIECTBYET IPEINOYTCHUS B
notpebiieHnd OUOTEHOB CO JIHA M U3 BOJIBI.

Yuém eo30eiicmeusn knumamuyeckux ¢paxkmopos. CKOpPOCTH TIPOLECCOB MOTPEOICHUST H
pocTa ONpPEACISIFOTCS HE TOJBKO KOJIMYECTBOM JIOCTYITHOTO cyOcTpara, HO (DU3UYECKUMHU
YCIOBHSMU Cpeibl. MBI IpeanojaraeM, 4ro JUMHTAPOBAHUE CBETOM W TEMIIEPAaTypOd MOXKHO
3a/1aTh MyJIbTHIUIMKATUBHBIMY WieHaMu B oOmel ¢pynkunu noroka Bemectsa Aj=fj(T) <(lo) w;(21)-
(1-5).

31ech Ajj — HOTOK BelecTBa U3 i-ro OJI0Ka K j-bIi 010K (HanpuMmep, u3 6J10Kka GUTOIUIAaHKTOHA
K OJOKy 300IUIaHKTOHA), wj(2i) — (yHKIMsA BblenaHus cymMMapHOro cybcrpara (IPOIYLIEHTOB,
KOHCYMEHTOB MJIM OMOTeHTOB, T.e. B yactHocTH j(2i)=r(i,j) wmm p(i,j), nm xe q(i) u T.1.), Jj —
norepu j-ro opranusma Ha meradbomusM, fi(T), &(lo) — dyHKUMM TMMHUTHPOBaHMS J-TO OpraHU3Ma
TeMmIeparypoil u cseroM (i npoxyuneHtos), coorsercTBeHHO (0<fi(T), &(lo)<1), j=PT, MT, MR,
Z0, BK, BN, TL, CR unu BA, T — Temnepatypa Bojibl, lo — MHTEHCUBHOCTH COJTHEUHOM paualiiy Ha
MOBEPXHOCTH TIpy/Ia.

Temnepamypnas yuxkyus pocma. 3aBUCUMOCTh POCTAa OPraHU3MOB OT TEMIIEPATYPHI
OTKCHIBAaETCS MOAU(DUIIMPOBaHHOHN QyHKIMeH JlemaHa:

T)-T Y .
exp| —4,6- TJWfTJ , e T <Tg,
M=

opt min
T _Tojt ) i
exp| —4,6- ﬁ ,oecm T 2To,

opt

e T lopt — ONTHManbHas TeMIepaTypa s pa3BUTHS j-TO OPTaHU3MA, Pmin, T'max — MUHUMAJIbHAS U
MaKCHMaJlbHasl IPEIENbl TOJICPAHTHOCTH |-TO OpraHK3Ma 10 TeMIIepaType, COOTBETCTBEHHO.

DyuKyuo, ONUCLIBAIOWYIO TUMUMUPOGAHUE POCHA (QUMONIAHKNONA C6eMOM, CIENys
Cruny (1962), 3anagum B BUE:

é:PT(Io):II%'eXp 1_"% 1
opt opt
rIie IPTOpt — ONTHMaJIbHAsl OCBEIIEHHOCTh JUIsl (PUTOIUIAHKTOHA, lp — OCBEHMIEHHOCTH Ha 3aJaHHOU
rinyoune h.

Hns Berumcnenuss lp  ucmonb3yeTcs  sMmmupuueckuit 3akoH  bopa-JlamGepra 00
KCIIOHEHIIMATBHOM 3aTyXaHWH cBeTa ¢ yBemmuenneM rayGumer 1h=ly €, rae l, — cymmapHas
COJIHEYHas paauanus Ha moBepxHocTH npynaa. Kosdduuuent 3aryxanus cBera — V, eCTECTBEHHO,
NPEINONI0KUTE  MPOMOPIHUOHANBHEIM ~ KOHLIEHTPAIMsIM ~ B3BELIEHHBIX B BOJAE BEIIECTB —
¢uromtankrona, MakpoputoB u gerpura: V=Ky+Ky (PT+MR)+Kgm dym(DW+MT), toe ke —
K03 HUIUEHT 3aTyXxaHUs B YHCTOH Boze, Kor — KoapuimenT 3aTeMHeHUsT GUTOITAHKTOHOM — PT 1
norpyx€HaeiM MakpopuroM — MR, Kgn — koapduument 3aremuenus aerputom — DW nu
noynorpyx€HubiM Makpodutom — MT, dym — 1071 A€TpUTA M TONYNOTPYKEHHOTO MakpoduTa,
B3BEILIEHHAs B BOJIE.

Ana onucanus numumuposanus pocma NOAYNOZPYHCEHHLIX MAKPOPUMOE Cc8EmoM
ucnonb3yercss MoaupunupoBanHas ¢opmyia Crtuna. B 3aBUcHMOCTH OT pocTa TPOCTHHKOB OHA
paboTaer B IBYX peKuUMax:
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Ih

Ih [1_|MT1J
t
.e op

I MT1
opt

IO
| [Llwz]
0 .e opt

| M2
opt

, ecin  MT <MT,
§MT(|0)=

, ecmm  MT =2 MT,,

IMTl IMT2

rjie, mo-fpexxueMy, I Beraucisercs mo ¢popmyie bapa-JlamGepra, a opt U opt — ONTUMAJIbHBIE
OCBEMIEHHOCTH ISl POCTAa TPOCTHUKOB IO M HAJI BOJOH ( IMTlopt < IMTzopt), COOTBETCTBEHHO U MT .,
— KPUTHYECKas KOHIEHTPALUsS TPOCTHUKOB, KOTOpAas OIICHWBACTCS WX OMOMAccod B MOMCHT
BBIXOa CTEOIIS U3 BOJBI.

DyHKYUs, ONUCHIEAIOULAS TUMUMUPOBAHUE POCIA NOZPYHCEHHBIX MAKPOPUMOE C6enoM,
spisiercs pyakuuen u Topo (1971):

|MR IMR

Ih —vh Ih
lj))=—|e ™ —-e ™|
§MR( 0) vh

rze IMROpt — ONTUMAaJIbHAsl OCBEMIEHHOCTH UIS POCTa M PAa3BUTHA MOTPYKEHHOTO Makpodwura, a
ocTaibHbIe KO3()(UIIMEHTHI U TapaMeTPbl UMEIOT TOT YK€ CMBICII, YTO U PaHbLIE.

[Iponieccel dakmepuanvhoii decmpykyuu ANTPOKCUMUPYIOTCS YPaBHEHHSAMU XUMHUYECKOU
KUHETUKU |-TO mopsiika, IpUYeM MpPEAIoiaraeTcsi, 4To JETPUT KaK B BOAE TaK M B CEIUMEHTax
BHOBb paclajaercs Ha a30To- U ¢Gochopocoaeprkaliie MUTaTeIbHbIC BEIIECTBA B COOTBETCTBUH C
UX CTEXMOMETPUYECKUM COACPIKAaHHEM.

Hanpumep, ckopocTh mpoTeKaHHs Tpolecca 0aKkTepHaTbHOTO PA3NIOKEHHS JAETPUTA B BOJE
OyZneT onuckiBaThes HOPMYIION:

Hpwek DW?*
K*bwex + DW?®

I LpweKk — MAaKCHMajbHas CKOPOCTh DPA3JIOKCHHS JeTpuTa B Bojae Oakrepusimu, Kpwek —
COOTBETCTBYIOIAsT KOHCTAHTA ITOJTYHACHIIIICHHSI.

B nanHoM ciydae S (S=2) MOKHO MHTEPIPETUPOBATh KaK KOJIMYECTBO MOJIEKYN cyOcTpara,
«0o0OpabaTpIBaeMbIX» OJTHOM MOJICKYJION (epMeHTa, T.€. OJJHUM MUKPOOPTaHU3MOM OJHOBPEMEHHO.
CkopocTh TMpOTEKaHWs TMpolecca OaKTePHATLHOTO PA3JIOKEHHs JIeTpUTa CEIUMEHTOB OyaeT
OTHUCHIBATHCS aHATOTUYHOU (POpPMYIIOH, HO ¢ ApYruMu KoddduimeHTamu.

Ha ckopocTu mporeccoB AECTPYKIMH MEPTBOTO OPraHMYECKOrO BEIIECTBA CYIIECTBEHHO
BIUseT Temneparypa. [loCKobKy OaKkTepHalbHBIE MPOIECCHl WHTHOUPYIOTCS TeMIlepaTypamMmu
MPAKTUYECKH HEAOCTHKMMBIMU B YCIIOBUAX €CTECTBEHHBIX BOJM0EMOB (>50-60°C), TO mns
OTHMCaHUS TEMIEPATYPHOI 3aBUCUMOCTHU JAECTPYKIIMH MEPTBOTO OPraHUYECKOTO BEIIECTBA B BOJIE, B
ATOM cilydae, ucronb3yercst hopmyna Bant-I'odda:

r(DW,BK) = -BK,

(T-To)
fDW (T)y=2

OTpaaiomas (bakT yBeTHUCHHS CKOPOCTH TPOIIECCOB B J[Ba pa3a MPH yBEJIMUYCHUE TEMIIEPATyPhI Ha
10°C. 3neck T — Temmeparypa BOJBI B TOJIIIE BOJIOEMa, To — TeMIeparypa, pu KOTOPOi U3MEpEHbI
ocTalbHbIe KOX(QQUIIMEHTHI, BXOIAIIKME B OMNHMCaHHWE Tpolecca. TemmeparypHas 3aBUCHMOCTh
npoliecca AeCTPYKIUH JeTPUTA CEAUMEHTOB 331aéTCs aHAJIOTHYHO.

CKOpOCTh pa3loXeHus JeTpuTa BOABl 10 ¢ochopa BOABI OMpEIeNseTcs CIenyromei
bopmynoii:

PW
_f KOV 24 .r(DW, BK),
Powen = Tou (T e i i (OO

e Kges”! — KO3 PUIIMEHT NECTPYKIUU JETPUTA B BOJC (O<kdesDW<1), )(PWBK, ){NWBK, }(CWBK - CK
OakTepuii TpU pa3loKEHUW JeTpuTa B BoAe ansd  (ocdopa, azora M yriepoaa BOIHI,
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COOTBETCTBEHHO, Kps"' — momns JIeTpUTa BOABI BBIXOISIIETO W3 KPYyroBOpoTa B BHUIE
TpyJAHOpa3garaeMbix (pakiuii ¥ OCEBIIECTO HA JHE BOJOEMA.

Paznoxkenust perpura B BOAEC A0 a30Ta M YIJIepoJa BOJIBI, COOTBETCTBEHHO, OymyT:
Aownw=2"ex Aowew, Aowew=7""sx Aowpw,

Paznoxxenust perputa B ceaquMmeHTax 10 (docdopa, azora W yriaepoja CEIMMEHTOB
OMPECIIACTCS aHAIOTUYHO, HO C COOTBETCTBYIOIIUMU JAPYTUMHU KOIPPUITUCHTAMH.

[Tpouiecc ocemanus ¢docdopa BOALI Ha THO Mpyda U €ro cMmemuBaHus ¢ (ochopom
CEMMEHTOB OMUCHIBAETCS GOPMYIIOn prpszkgedpw -PW, rne ksedPW — KO3 (HUIMEHT CeAMMEHTAITUN
HEPAaCTBOPHMBIX coequHeHui (ocdopa Boawl. PacTBopeHme aerpuTHOro ¢ocdopa CSIUMEHTOB H
€ro BO3BpAIllEHUE B KPYTOBOPOT 3a/aeTcsi PopMyIIoid Apspw=Kaif °-PS, e Kgif ° — KOdpHUITUEHT
nuddy3uu dpochopa ceTUMEHTOB.

COOTBETCTBYIONIME B3aMMOIIEPEXOAbl MEXKIY a30TOM BOJBI H CEAMMEHTOB 3aar0TCs
AQHAIOTMYHBIMH (DOPMYITAMH.

Mamemamuueckoe onucanue nuUmManus povld ¢ nepexawovenuem. llpenmnonaraercs, 4YTo
uMeromuecs: kopma — 0 (i=1,2,...,) yHOpsSJIOYEHBI MO MPEANOYTEHHIO (1 ,{z,..., IpUdYeM (1 —
KOHIICHTpAIUS U3JF00JCHHOTO KOpMa. 3aBUCHMOCTb BEPOSTHOCTH MOTPEOJICHHUS I-TO0 KOpMa 77 OT

n
CYMMApHOW KOHIIEHTpaUUH KOPMOB ¢ = Zqi HAaXOJUTCA TIO CJIEAYIOUIUM COOOpPaKEHUSIM:
i=1
BEPOATHOCTh 771=1 mpu m00oM Habope (1,0 ...,gn, @ BEPOATHOCTH IIEPEXOAa Ha MeEHee
HPEANOYTHTEIILHBIN KOPM 7); €CTh (DYHKIMs KOHUIEHTpauuu Qii, T.€. 7 (0i-1), 1=2,3,4,.... Kpusbie

ﬁj(Q),m(éjzf,..HnI{I%?qm)T: O'HepeBepHmiﬁ S-00pasHblii BUI, mnpuueM 7<7; Opu J>i u

q—0 g—>0

DTO 03HAYAET, YTO MEPEXOHBIN PEKUM HE YETKO BBIPAXKEH, 4 OXBATHIBACT MOJIOCY 3HAUCHUM
g, XOTS 3aBUCHUMOCTb 77 OT ( NpH OONBIIMX ( KaXeTcsl COMHHUTENbHOW. Buaumo, Onmke K
peanbHOCTH 3aBUCHUMOCTE 772(01), 73(01, 92), 74(01, 02, O3) ¥ T.1.

Tak, wHampumep, JUIsi ONUCAaHUA TEPEKIIOYEHUsS ToJIcTolnoOMka — TL ¢ mnuraHus
U3MIOOJNICHHBIM KOPMOM, T.€. (UTOMIAaHKTOHOM — PT, Ha muTaHuWe 3aMeHSIONIEro Kopma, T.e.
Oaxtepusmu — BK B Mogenu ucnomns3yercst pyHKuus

e_}“PT (PT-mpr)
n(PT)=
1+e
rae  Apr — TapaMerp, XapakTepU3yOIIUH KPYTHU3HY KpUBOH; Mpr — KO3PPHUIMEHT
NOJTyO0eCIIeYeHHOCTH (PUTOTUIAHKTOHOM, T.e. 3Hauenue PT, mpu koropom 7(PT)=1/2. Torma
notpebieHue 0akTepuil TOJICTOJIOOMKOM B Cllyyae HeJocTaTka (PUTOMIIaHKTOHA 3alUIIETCs B BHJIE
Askr=fr(T)-min{[r(PTc,, TL)-r(PT, TL)],r(BK, TL) -n(PT)}(1-6m),
rae PTe — KpuThdeckoe 3HaueHuEe (PUTOIUIAHKTOHA, IPU KOTOPOM TOJICTOJIOOMK MEPEXOJUT Ha
nuTaHue OakrtepusMH. PasHOCTh JBYyX TpouuecKux (YHKIUH M[MOA 3HAKOM MUHUMYMa
obecreunBaeT OrpaHUYEHUE CKOPOCTH POCTa PHIO Tak, YTOOBI OHA ObLIa HE BBIINIE TOW, KOTOpas
JOCTUTHYTa Ha u3mobieHHoM kopme (mpu PT=PT¢). Ilpu HexBaTke OakTepuil TOJCTOIOOMK
MEePEXONUT Ha MUTAHNE BBIHYKJICHHBIM KOPMOM, T.€. IeTpuToM — DW:
ApwrL=Fr(T) min{min{[r(P T, TL)-r(PT,TL)],r(BK,TL)-7(PT)}-min{[r(BK¢, TL)-
-r(BK,TL)] 7(PT), r(DW,TL)-n(BK)-7(PT)}}(1-50).

DTOT TpolecC MOXET TPONOIDKATHECA W Janblie. B 3TOM ciydae TNepeKiToueHne —
JBYXCTyI€HYaToe, TpexcTyneHuaroe u T.0. lloTpebineHne u3m00JIEHHOTO KOpMa, T.€.
¢duTOTUIIAHKTOHA TOJICTOJIOOMKOM NPeCTaBISETCS B BUJIC
ApTTL:fTL(T) r(PT,TL) (1- 5|'|_)

Beinenenue mpoayKTOB Memadonusma M TIEPEXO]l MX B JCTPUT B MOJEIH TIPEACTaBICH
cleAyIonMM 00pa3oM (Ha mpumepax (PUTOMIaHKTOHA, OEHTOCA M TOJICTOI00UKA):

—Zpr (PT—mpy ) !
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1 b A LTI o
APTDW (APWPT + ANWPT + A&:WPT) (1 5PT ): ABNDS ABKBN (1 5BN )’ ATLDW (APTTL + ABKTL + ADSTL)(l 5TL)

rae Oopt, O8N, O, — COOTBETCTBYIOIIHE KO3 UIIMEHTH META00IH3Ma.

Kpome Toro, mst pei6 y4yuTBHIBae€TCS 3aBUCUMOCTH YCBOCHUS MHIIU OT BEITUYHHBI PAIOHA.
Tak, Hanpumep, NpU OOMJIBLHOM IHMTAHHWK TOJICTOJIOOMKA IHINA 3arjiaThIBAcTCs HEMPEPHIBHO MU
MIPOXOJMT Yepe3 KUIIEUHUK C TaKo ObICTpOTOM, uTo sniib 30-40% ee ycBauBaercs, TOT1a, Kak Mpu
55
R
RrL=AprrL+AskTL+ADWTL, R™ 7L — MakcHMaIIbHBIIl PallMOH /I8 TOJCTONIOOUKA, 5r|_s — CyMMapHBIH
MeTaboIMUECKUN TapaMeTp IS TOJICTOIO0HUKA.

Cmepmuocms OPraHU3MOB, JKM3HENEATEIBHOCTh KOTOPBIX IMPOXOJUT B TOJIIE BOIBI M MX
nepexoa B JACTPHUTE BOJABI 33Ha&TCsl TUHEWHOW (yHKIMEH OMOMAacchl WJIM KOHLEHTPAIMH ATHUX

YMEpPCHHOM IMHUTaHUK yCBauBaeTcs B 2 pa3a Oousbiie (Svirezhev et al., 1984): ATLDW = RTZ,_

3 H .
xuBbIX 00bekTOB: AL, =kK™ i, rie k™ — kosddumment cMepTHOCTH i-TO OpraHuU3Ma, KUBYIIETO B

tosie Boabl I=PT, ZO, BK, TL, CR unu BA. CMepTHOCTh JTOHHBIX OPraHU3MOB, TAKUX KaKk OCHTOC
u OakTepwii, Ha JHE aHAJOTUYHO 3a/laeTcsi JUHEHHONW (yHKUMEeH MX OMOMAacChl C TOW JIHIIb
pa3HUIIEH, YTO OHU TOCJIE TUOENH MPEBPAIAIOTCS B IETPUT CEAMMEHTOB.

[Ipeanonaraercsi, 4YTO HCU3HEHH LI YUKIT MAKPOQPUMOE B IKOCUCTEME MTPOUCXOAT COTIIACHO
CIEAYIOUIEH CXEME:

3anacaHue
B KOPHAX

Bpemsn

Nnauc pactennin OTMupaHue

IIpodykuyuonnwiii npoyecc (poct) AJis BCEX MPOIYIIEHTOB, B O0IIEM, U JJisi Makpo(HUTOB, B
YaCTHOCTH, JIMMHUTHUPYETCS OHMOT€HHBIMH SJEMEHTAaMH, COTJIACHO MPHHIMILYY IJIUMUTHPYIOIINX
(akTOpOB, a TaKKe TEMIIEpaTypod M COJHEYHBIM CBETOM. JIu3zuc pacTeHui, Tak e KakK U
CMEPTHOCTh JJI1 OCTaJbHBIX KUBBIX OPraHU3MOB, CUUTAETCS MPONOPLUUOHAIBHBIM KOHIIEHTPALUU
(6rnomacce) Makpodutos, T.e. 3axacrcs pyaxumeit A4=K'% 1, rae k" — kospuument asromusa i-
ro opranusma (i=MT, MR).

Hauano mpouecca 3anacanus 6uozenoé ¢ kopnax (a B HalleM clydyae B JACTPUTE [IHA)
OTIpEeIEeTISIETCSl TEMITEPATYPOI M BBIUUCISETCS 10 cienyromei hopmyre:

%—@1 mpu  T<Th
f°(T)=<0 mpu TP <T<T?

1
———-0, mpu T>TP,
Tcip —T 2 p max
rae T — temnepatypa BoAbl, T min B T, — MUHUMAIbHAS U MAaKCUMAaJbHAs TEMIEPaTyphl, IPH
KOTOPBIX MaKpO(HTH HAYMHAIOT 3aMacaTh OMOTEHHBIE IEMEHTHI B KOPHSX, 1 ¢ — HEKOTOpas
kputhdeckas Ttemneparypa (TPu>T",.), TIpu KOTOpoll Makpo(HTHI 3alacaroT OHOTEHBI C
OeckoHeuHO# ckopocTbio, @1=1/ T®yin u O ,=1/( T?, —T*,..). Hauano npouecca ommupanus
MAKpoghumoe onucChIBaCTCS aHAIOTUYHO, HO C IPYTMMHU KPUTUYCCKUMHU TEMITEPATypPaMH.

Ha ocHoBe auarpamMMbl TOTOKOB BellecTB (pHc.1) 1 ¢ y4€TOM BhIlIEyKa3aHHBIX COOOpaKEHUI
HaMKCaHbl TOTOKOBBIC TU(PepeHIINATbHBIC YPABHEHHS MOJICITH:
dBA/dt=Awrea+AnvreatApTeA *ABADW+7/ P R(t) BA
dCR/dt=Agncr+AzocR _ACRDW+[a (0 (t)+ﬂ (t)] CR
dTL/dt=Aprr.+AskTL+ADwWTL—ATLDW
dPT/dt=Apwet +AnwpT +Acwet —ApTz0 —APTTL — APTEA —APTDW
dBN/dt = Agken—Asncr —ABNDS

-13-



dBK/dt=Apwek+Anwek+Acwek+Apsak+Anssk +Acsek—Askzo—AskeN—Askow—ABKDS—ABKTL
dZO/dt=Aprz0+Askz0—Az0cR —AzODW
dMT/dt=Apwmt+AnwmTHAcwmT+APsmT+ANsmT+AcsMT—AMTBA—AMTDW—AMTDS
dMR/dt=Apwmr+AnwMrRFACWMRFArsMrRTAnsMRTACSMR—AMRBA—AMRDW—AMRDS
dPW/dt=Apwew —Arwet —Apumt —Apwir —Apwek —Apwps +Apspw + @ (1)

dPS/dt=Apsps —Apsmt —Apsmr —Apsek +Apwps —Apspw

dNW/dt= Apwnw-Anwe -Anwnt -Anwmr ~Anwns+HAnsnw+o° (1)

dNS/dt= Apsns-Ansmt ~Ansmr ~Ansek+AnwNs-Ansnw
dDW/dt=Aprpw+Amtow+Amrow+Askpw+Azopw+AT ow+Acrow+Asapw-Abwpw-Apwnw-Apwew-
ApwrL-Apwps+Apspw

dDS/dt=Agkps+AsnpstAmTos+AMRDs-Absps-Apsns-Apscs +Apwps-Apsow

3neck @, [ — COOTBETCTBEHHO [0JIU KOMOHMKOpMAa M KYKOJKH, MIYIIMX Ha NOTpeOieHue
Kapra, y — J10J1s1 KODMOBBIX PAaCTCHUH, UIYIIHN Ha oTpeOeHne 0eIoro amypa.

Tperbss r1aBa 1OCBSIIEHAa pa3paOOTKOM M ajanTauyMeld YHCIEHHBIX METOAOB JUIS
TpaHchopMallM¥d MaTeMaTUYECKOM MOJENIM B HHCTPYMEHT IO HPOTHO3MPOBAHUIO IMHAMUKU
MakKpO(pUTHOH HKOCHUCTEMBI PHIOOBOJHOTO Mpyaa ¢ OenbiM aMypoM. Marematudeckas MOJAETb
npescTaBisieT co0oi cucreMy 15 HelnHEHHbIX OOBIKHOBEHHBIX IU(EpeHINAIbHbIX YpaBHEHUN
(OAY) neproro nopsiaka. BBuay TOro, 9To ppIOOBOIHBINA Py MOACTUPYETCS B TCUCHHE 5 MECSIICB
(c 1-ro mas mo 30-ro centsiOps, T.e. ce3oH u3 150 nHeit), mostomy cucrema 15 OOAY
paccmarpuBaeTcs Ha UHTepBaie Bpemenu (11, t1s0).

Cucrema OJlY Ha kommbroTepe pemaercs MeroaoM Pynre-Kyrra-Mepcona ¢
ABTOMATHYECKUM BBIOOPOM IIIara, KOTOPBIA oOecrieuyrBaeT MPHOIMKEHHYIO OLIEHKY IOTPEIIHOCTH
(R~h5) Ha Ka)XJOM Il1are UHTerpupoBaHus. J{is pemenus oomeil cucteMbl HEOOXOUMO OIPENECIUTh
3HayeHns 172 xod3h(UIMEHTOB W mapaMeTpoB, 3aJaTh BXOJHBIE MACCHBBI TEMIIEpaTyp H
OCBELIEHHOCTEH, BXO/IHbIE TOTOKU a30THBIX U (OCHOPHBIX yI0OpEHHH, a TaKkKe BXOIHbIE MACCUBbI
BHECEHUSI KOPMOB B TIPY/I.

Hns  uneHtTuduKamu U BepuUUKAITUN —————

MOJIECIIN HCIHOJB30BAIINCh  DKCIICPUMECHTAIBHBIC umenm A. [ixamu sa 1986 rop,

JaHHble MHCTHTyTa 300J0TMM W Tapa3sUTOJIOTHU e

AH PT no GuonormyeckuM OCHOBaM YIpaBJIEHUS
BBICOKOITPOJYKTUBHON IKOCHCTEMOM ONBITHOIO 8-
MU TEeKTapHOTO HaryjJbHOrO PbhIOOBOJHOTO MHpyAa
pbi6x03a umeHn A.Jlxamu XatiaoHCKoil oOmactu
Tamxukucrana 3a 1986-1987rr (puc. 3).

Ilon wuaeHtudukammeid  MareMaTHYeCKOH e
MOJENU IOHUMAIOT pacy€Thl, IMPOBOAUMBIC IIPU
BBIYMCIIEHHBIX rmapamMeTpax I

e PameTp 0 Puc. 3

AKCIEPUMEHTAIBHBIM JTAaHHBIM H (DUKCHPOBAaHHBIX

XapaKTepUCTUKAX KIMMaTa WIM aHTPOIIOTCHHON Harpy3kd (HampuMmep, pacd€rhbl JUii KOHKPETHOTO
rona — 1986r.), T.e. mpoBeiAeHUE pPAcUETOB [JII CPABHEHUS KOMIBIOTEPHBIX pe3yJIbTaTOB C
HE3aBHCHUMBIMH MAaCCHBaMHU YKCIIEPHUMEHTATBHBIX TaHHBIX.

[Mon Bepudukanmeil Mojaenw, Kak TMPaBWIO, TOHUMAIOT pacuy€Thl, MPOBOJAWMBIC TPH
(bUKCUPOBAHHBIX MMapameTpax (HaWJEHHBIX HA dSTane HWACHTU(UKANHNHU), HO TMPH H3MEHEHHBIX
XapaKTEPUCTHKAaX KJIMMaTa WM aHTPOIIOTEHHON HArpy3KH (Hampumep, pacd€rhl Ui APYroro roja
— 1987r.), T.e. mpoBeaeHUE pacUETOB I CPAaBHEHUS PE3yIbTATOB C HE3aBUCUMBIMH MacCHUBaMH, HE
UCTIOJIb30BaHHBIMU TIPH UICHTU(UKAITUN MOJICITH.

Ha ocHoBaHuu muteparypHbIX gaHHbIX (Jorgensen et al., 1978; Svirezhev, Krysanova, Voinov,
1984; Kowmmios, Ilapamos, 2000; Komwmmos, 2010) cHadamo st BCeX NapameTpoB OBLIH
ompesieNieHbl WHTEPBallbl WX BO3MOXKHOTO W3MEHEHHs, a I 4YacTH MapaMeTpoB OBLIU
HETIOCPEJCTBEHHO BBHIOpAHBI WX 3HAYEHUS. 3aTeM 3a CYET BapbHPOBAHUS IMMapaMETPOB MOJCIH B
3aJlaHHBIX Tpelenax WX BO3MOXKHOTO HM3MEHEHHS, MOJCNbHbIE TPACKTOPUU OBLIM MaKCHMATbHO
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npuOJIMKEHbl K pe3ysibTaTaM 3KCIIEPUMEHTAIbHBIX HAOMIOACHUH, T.e. K HKCHEPUMEHTAIbHBIM
TOYKaM. B Tex cirydasix, Korjja n3MepeHHs IPOBOIMINCH C HEJJOCTATOYHON YaCTOTOM, WIIN HE 1aBajn
OCMBICJICHHON JMHAMUYECKOM TpaeKTopuu («Oenblii [IymM»), SKCIEepPUMEHTAJIbHBbIC JaHHbIC
JONOJHSIUCH TIPH MOMOIIH «IIPAaBAOIOA00OHBIX» SKCIEPTHBIX OLCHOK.

YerBépTas rJjaBa IMOCBAIICHA MPOrPaMMHOMY KOMIUIEKCY (TakeTy mporpamMm) Juis
IPOTHO3UPOBAHUS AWHAMUKH MaKpO(UTHOH 3KOCHCTEMbI PHIOOBOJHOTO Mpyda ¢ OeIbIM aMypOM.
311ech MPUBOJATCS OMMCAHUS CaMOTO IPOTPAMMHOTO KOMIUIEKCA — KaK MHCTPYMEHTA HCCIIEOBAHUS
UMHTAIlMOHHOW MOJIETTM SKOCHCTEMBI W METOJbl aBTOMATH3alMd OOMEHA JaHHBIMH MEXIY
anektponHoi Tabnuueit MS Excel-2010 u 060bekTHO-OpueHTHpOBaHHBIM s13bIKOM Borland Delphi-9.
OnuceIBalOTCS METOJbl  ANTOPUTMH3ALMM  PEIIEeHUs 3a7ayd, CIOCOObl IPOrpaMMUPOBAHUS
MaTeMaTHYECKOM MOJENH ¢ MPUMEHEHHEM KOMIUIEKCa MPOOIEMHO-OpPUEHTHPOBAHHBIX POTPAMM,
MeTOJIbI ¥ (YOPMBI IPOBEICHHSI KOMITBIOTEPHBIX KCIIEPUMEHTOB.

BBOO, SHEUESHUH M3CCHBOE, HOSh G MLIWEHTOR W
NapaMeETPOE METEMETHYECKOH MOOenW B G ain Diaglnput

Bbi30E SHaYEHHH MOOENEHEX BENHYWH W3 $aina Diaginput
3T MS Excel-2010 e AN Borland Delphi-2

PelleHWe HenWHedHoW cucTembl 15 OJ1Y, oNWChiBSHWER OMHAMWEY PE3BHTHA WCCNEmyembix
NepemetHbiX IROCH CTemMbl C NoMOoW B MeTona Pyire-HyTta-Mepcoda Ha Borland Delphi-S:
dj S o -
= = 2 (D& (L)r (@ )-(1 - §),
roe i, j=TLCR BAPT.MT MR ZO BK BN, PW P NW NS DWW, DS — nepemeHHbl e MOOENH, T - BPEMA,
T - Temneparypa oAb, Iy - CONMHEYHEA panMauu A, §;- Kosd oW LK eHT meTabonn3ma NepemMeHHon |

Mepenaya BuYHCNEHHBIX SHIHEHHH NEpeMEeHHbIX KOMNERTEDHOR MOLENH
g ¢ain DiagOutput 3T MS Excel-2010

BoiBOM HE IKPAHE QUCIIEA KOMNBHOTEDE E TabnuuHOoR
$ OpME BEbIYH CIEHHBIN SHFUSHH H NEPEMEHHBIN MOLETH W3
faina DiagOutput C NOMOLLBHD 3NEMEeHToE ListBox
(ListBo] - ListBox19) ofbexta Forml

BoiECM, HA SHPEHE QM CNISA KOMNBIOTEPS B rpaduyecHon
OpME OHHEMH KX NEDEMEHHBIN MOgETH [peif) u3 ¢akna
DiagOutput.xls ¢ nomowso 3T MS Excel-2010

Puc. 4
MaremaTuueckass MOJIeIb peajin30BaHa Ha s3bike mporpammupoBanus Borland Delphi-9. B
Hel, kpoMme 15 (a3oBBIX MEpPEMEHHBIX, COAEpKaTCid Takke 23 HaWMEHOBAHWH OJHOMEPHBIX
MacCHBOB JIaHHBIX pa3IMYHON JIMHBI U 172 koadduureHToB U napamerpoB. HemocpencTBeHHBIM
pe3yapTaToM pabOThl OOIIEH MpOrpaMMbl MaTEMAaTHUYECKOW MOJENH 3a OJWH CEe30H (5 MecsIeB)
SIBJISIETCS MAacCUB KOHILIEHTpauuil 15 mepemeHHbIX Mmonenu 3a 150 gueit, Bcero 2250 uwmcen.
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[Ipouiecc mpUCBOCHUS 3HAYCHUNM MAcCUBaM JIaHHBIX, KOX(P(GUIMEHTaM U YYyBCTBUTEIHHBIM
nmapamMeTpaM MaTeMaTH4YecKoW Moxaenu odopmieH B Bujae crnemnuanbHoro daina Diaglnput,
KoopauHanuei koroporo ¢ Borland Delphi-9 Bo3noxen Ha cepep mo aBromaru3anuu Microsoft
Excel 2010. [pyroi cnenuanbhbiii ¢aitn DiagOutput co3zmaH [ XpaHEHHs MOJAEIbHBIX
pe3yabTaTOB M MX BBIBOJA B TAONMWYHOM (hopme U B Buae rpadukoB. OOHMiA anropuT™ peanu3aium
JTAaHHOTO TTPOEKTA UMEET BU/I, IPUBEACHHBIN Ha pUC. 4.

[IaTtas raaBa JCMOHCTPUPYET BBIYUCIUTEIbHBIC OSKCIICPUMEHTHI JUISl  BBISBIICHHS
3aKOHOMEPHOCTEH HBOJIIOIUN DKOCHUCTEMBI PHIOOBOIHOIO Mpyzaa. [IpoBeNeHBI KOMIIBIOTEPHBIE
HKCIEPUMEHTAIbHBIE PAcu€Thl C MOJENbI0, a TaK)XKe MHOTOYHCICHHbBIC CIEHApHbIC BapUaHTHI
MPOTHO3UPOBAHUS JMHAMHUKHU PA3BUTHS MaKpO(PUTHOW IKOCHUCTEMBI PHIOOBOIHOTO TMPyAa C OCJIbIM
aMypoM Ha KOHEYHBIH MOMEHT BpeMeHH. [lomydeHHas B pe3yiabTaTe WMHUTAIIMOHHBIX
IKCIEPUMEHTOB JIMHAMHKA TEPEMEHHBIX MOJCJIM aJIEKBaTHO OTPAXKACT pEaTbHYI KapTUHY
pa3BUTHS SKOCHCTEMBI IIPy/Ia B TEYCHHUE OJJHOTO CE30Ha.
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Puc. 5. Jlunamuka nepeMeHHbIX 3kocucTeMbl pyaa (McxoaHplii BapuaHT)

MojenbHasi JMHAMHKA TEPEMEHHBIX (KOHLCHTAPIMA B 2/° WIH 2/M°) 9SKOCHCTEMSBI
prIOOBOIHOTO TIpyAa uMeHu A.JlkaMu, MoJlydeHHas ¢ HauyalbHBIMU JTaHHBIMU 3a 1986 rox (puc. 5;
CR=7.3, TL=18.4, BA=5.625, PT =0.214, MT=25.0, MR=20.0, ZO=37.99, BK=1.88, BN=2.5,
PW=1.0, PS=4.0, NW=5.0, NS=9.0, DW=5.0, DS=15.0), nunamuka pbid (puc. 6) U cpaBHECHUE
KPUBBIX DPbIO C HATypHBIMH JaHHBIMH (pUC. 7) CBUAETENBCTBYET O TOM, YTO TIOJIyYE€HHbBIE
pe3yabTaThl HA KOMIIBIOTEPE XOPOILO COIIACYIOTCS € AKCIIEPUMEHTAIbHBIMU JTaHHBIMHU.

MogaenbHas AgMHamuKa pbi6 ¢ 10 AHEBHBIM LWAroMm, MOMYYEHHaA ¢
HauyaNbHbIMU AAHHBIMK 32 1986 rof, /1719 3KOCUCTEMBI PbIGOBOAHOTO NpyAa
X03AiCcTBa MMeHU A. [iKamu 33 5 mecaues (Maii-ceHTabps)
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Puc. 6
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HauvanbHast KOHUEHTpauus Kapra paBHa 7,32/]1/!3, YTO COOTBETCTBYET €r0 IUIOTHOCTHU
pactipenenenust 3650wm/2a (Ha 8-mu rekTapax Bcero nocaxkeno 29200wm) co cpeaquum Becom 20e2.
HauanpHas KOHIEHTpaImsi 6eqoro Toincromobuka 18.42/m°. D10  COOTBETCTBYET —mMOCaiKe
4460wm/2a (obiiee komuuectBo — 35700wm), cpeaumii Bec KOTOPBIX 42,22.

CpaBHEHME MOAE/BHbBIX KPUBbIX Pblb C SKCNEPUMEHTAIbHBIMU KPMBbIMU SKOCUCTEMDbI
HarynbHOro pbi6OBOAHOTO NpyAa xo3ancTea umeHu A. kamu TagKuKMcTaHa 3a 1986 rog
Benoiit Tonctonobuk Kapn Benbiit amyp
350 250 35
30
300 200 o
250 ; 25
=
£ 200 130 20
=
[1-]
g 190 / 100 15 /
s
g 100 ., o
B 50 z 5
0 0 0
1234567 819 101112131415 123 456 7 8 9 101112131415 12 3 45 6 7 8 9 101112131415
== _ KomnbloTepHble pesyabratol; == - SKcnepMmMenTanbHble pesynbratsl

Puc. 7

HavanbHass KOHIIGHTpamusi Oeoro
amypa COCTABIISET 5,62/]1/!3, 9TO . Tvctorpamma 6uomacc pei6 (Kr) B Hauane W B koHUe ceaoHa 1986 roga
COOTBETCTBYET Mocaake 625wm/ea (oOuiee
komuaecTBO — 5000wim), CO CPEeqHUM BecoM |
902. Poct kapma HayMHAeTCs B caMOM |
Havaje Ce30Ha, TOrJga Kak Oenblii amyp =
HAYMHAeT pacTH B HMIOHE, a OCIbId | om
TOJICTOJIOOMK JIMIIb B HIOJIE, TaK KakKk HX o
poct B 3HAYHUTEILHOM CTEIEHU . |
JTUMUTUPYETCS  TEMIEPATypOH  BOMBL |wmsu e e S
Cpennuii Bec peI0 B KOHIE ce30Ha — 6482 = e B ==
JUIsl Kapria, 7852 mis tonctonobuka u 6172 Puc. 8

uist  0enoro amypa, COOTBETCTBYIOIIHE
KOHIIeHTpanuu paBubl 204, 300 u 32,42/m° (>xuBOI Bec — puc. 8 u puc. 9).

TMCTOrpamMmbl CPaBHeEHMA pesy/ibTaTos cbopa ypokas (Bec pbid B KOHLIE CE30HA BbI/IOBA B KI), NOYYEHHbIE C SKOCUCTEMBI
SHCMEPUMEHTaNbHOTO pbibOBOAHOTO NPYAa MMeHM A. [I3amu, C KOMNbIOTEPHBIMK pesy/bTatamu 3a 1986 rop,

Kapn
Benbii TonCTonoBuk

Bensifi amyp
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23300 | 2540
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: V
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2240

13400 ’/

2150 =

23100

13000

H KomnoioTepHoie pesyabTaTol W JKCNEPUMETAaNbHDBIE PE3YAbTaTol

Puc. 9
JUis  TOBBIIEHUS TNPOTHOCTHYECKUX CBOWCTB MAaTeMaTHYECKOM Mojenu pa3paboTaHbl
MpoLEeAYpbl UTEPALIMOHHON BepupUKalMK 3HaYeHUH €€ K03 PUIIMEHTOB U MapaMeTpoB Ha OCHOBE
OOHOBIISIEMBIX 3HAYEHUH KIMMATHUYECKHX (PAKTOPOB M AHTPOIIOTEHHBIX HArpy30k (KOPMOBBIX H
OMOreHHBIX) N7 PBIOOBOAHBIX MpynoB. Ilponeaypsl anpoOupoBamuCh B YCIOBHUSIX PHIOHOTO

xo3siicTBa uM. A. J[xamu o61elt riormansto B 20 2a.
[To manubM 3a 2014 r. HavyanpHas KOHILEHTpaIus O0emoro amypa cocrapisuia 2,0 2/M3, oOrree
kosmdyectBO — 10 000 wim, ycpenuénnsiii Bec — 40 2. AHanorn4Hble MoKaszaTenu Ais Kaprna — 2,5
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2/m>, 20 000 wm u 25 2, a anst Genoro tosncronobuxa — 3,0 2/, 20 000 wm u 30 2. Kak BuaHo,
HavaJbHbIE MOKA3aTeIH PHIOHBIX MOMYJISIUN OKa3aJIMCh HAMHOTO HU)KE aHAJIOTMYHBIX UM JTAaHHBIX
3a skcriepuMeHTanbHbIe 1986-1987 roapl. IMEHHO 3TUM OOBSICHSIOTCS M UTOTOBBIC PE3YyJIbTAaThl HA
KOHEIl Ce30Ha: CyMMapHbIA Bec 0eoro amypa okazajicsi paBHbIM 12 750 ke, ero KOHIIEHTpaIus —
63,75 2/u°, y kapna — 10 200 xz u 51 2/x°, a y 6enoro toncronoduka — 15 300 ke u 76,5 2/u°. B
neiaom, B 2014 romy Bcero Obio cobpano 38 250 xe pblO, YTO COOTBETCTBOBAJIO
pBIOOTIpoIyKTUBHOCTH B 19,125 y/2a (mepcoHabHOE COOOIIEHUE) SKOCUCTEM PHIOOBOIHBIX TIPYIOB
uM. A. Jlxamu oOmieit momanu 20 ea. MozenbHas JuHaMUKa KOHIIGHTPAIMK phIO U €€ CpaBHEHHE
C OMBITHBIMU KOHIIeHTpalusaMu 3a 2014 r. npuenena Ha puc. 10.

Benbiit Toncronobuk Kapn Benelid amyp

——KOMNbIOTEPHbIE PE3YNLTaThl -8-3KCMNEPUMEHTA/IbHBIE PE3YNLTATH

Puc. 10

[anee, Ha KOMIIBIOTEPE OBLIM Pa3bIrPaHbl 23 KIMMAaTHUYECKUX U YIPABJIEHYECKUX CLIEHAPHBIX
BapUaHTOB MPOTHO3MPOBAHUS TUHAMUKHM PAa3BUTUS IEPEMEHHBIX MOJEIBHOW 3KOCHUCTEMBI s
BBISIBIICHHSI 3aKOHOMEPHOCTEH HBOJIONUN MaKpPO(PUTHOH HKOCHCTEMBI PHIOOBOIHOTO Tpyda C
0enbIM aMypOM Ha KOHEUHBIHI MOMEHT BPEMEHH I'0JI0BOT0 C€30Ha, T.€. Ha 30-ro ceHTsa0ps.

[lepBbie 4 cueHapuy OTPaXKAlOT JUHAMUKY I[EPEMEHHBIX 3KOCHUCTEMBI B YCIOBHSX Oojee
XOJIOJHOTO M 0ojiee Temjaoro Ce30HOB, a TAKXKE CE30HOB IpU OojiblIe M NIpu MEHbLICH
OCBEILIEHHOCTU. B mepBoM ciiydyae KOHLIEHTpaLUs pbl0 K KOHIY CE30HA, OTHOCUTEIBHO HCXOJHOTO
BapHaHTa, CTaja HAMHOI'O MEHBILE, YTO FOBOPUT O MaJIOM NMPUEMIIEMOCTH TAKOW MOTOIBI JJIS UX
pa3Butus. Bo BTOpoM citydae, Ha00OpOT, pbIObI U ApPYrHe OPraHW3Mbl HEMHOTO YBEJIWYWIM CBOU
KOHIIEHTpauuu. BUIHO, YTO BCe OpraHm3Mbl, BKIOYas pbIO, OYEHb XOPOILO MEPEHOCAT TEIlIylo,
OJIM3KYIO0 K ONTUMAJIbHOM TemrepaType, norogy. B Tpetbem u ueTBEPTOM citydasix, POy EHTHI OT
TEH/IEHIIMH ObICTPOTrO CHIDKEHUS Beca MepeluIn K MeuieHHOoW. OCHOBHAs MIPUUYMHA, 10-BUIUMOMY,
B TOM, YTO IIPH TaKMX BapHaHTaX Pa3BUTHsI 3KOCHCTEMBI ITOUTH BECh MACCUB COJTHEYHBIX pajuallui,
UCTOJIb3yeMbIi B MOJENH, OJIarONpUATHO BIIMSET HAa POCT U Pa3BUTHE BOJOPOCIEH M BBICIIMX
BOJIHBIX pacTeHUi mpynaa. Buaumo B ycnoBUSX KOHTUHEHTAJIBHOTO KJIMMaTa COJIHEYHAs pajuarius
HUKOTJa HE TUMHUTUPYET pOCT (UTOIUIAHKTOHA U MAaKpO(UTOB, YTO B KOHEYHOM HTOTe 3TO OyneT
CKa3bIBaThCS U Ha KOHLIEHTPALMU PHIOHON MOMYJISIIIUH.

Yetsipe nocnenyromnye cuesapun (5-8) mocBsIIeHbl YBEIMUSCHHEM U YMEHbIleHHeM (Ha 25%
OT MCXO/IHOT0) BHECEHHS] KOPMOBBIX pacTE€HHUI B Mpy. JUIsl O€JI0ro amypa, a TakkKe yBeJINYECHUEM U
yMEHbIIeHHEeM (Takke Ha 25%) N03MpOBKH MCKYCCTBEHHOTO KopMa JUid Kapra. B mepBom ciydgae,
KpOME TPOCTHHKA, KOHIEHTpAlUsi KOTOPOrO HEMHOro YyOaBWiIach, IOBEIEHHUE OCTaJIbHBIX
NIEPEMEHHBIX MOJEIN OCTAJIUCh TAaKUMHU K€, KaK B HMCXOJHOM BapuaHTe. benblii amyp HEMHOIO
YBEJIMYMIJI CBOIO KOHLIEHTPALMIO, Kapri MMOYTH HE HM3MEHWI, a OeNblifi TOJCTOJIOOUMK HEMHOTO
yMeHbIIMI. Bo BTOpoM citydae, Ha000pOT, KOHIIEHTpAlLlMsl TPOCTHUKA B KOHIIE CE€30Ha HEMHOI'O
npubaBunack. KoHueHTpanus pbl0 B KOHIE CE30HA IO OTHOIIEHHIO C COOTBETCTBYIOUIMMH
KOHIIGHTPALUsIMH B HCXOJHOM BapHaHTE ObUIM HEMHOI'O IMPOTHBOIIOJIOXKHBI 5-OMY CILIEHApUIO.
Pe3ynbTarhl TpEThEro v YETBEPTOTO CIIy4aeB CBUJIETENBCTBYIOT O TOM, YTO VIS PBIO, B LIETIOM, a JJIsi
Kapna, B YaCTHOCTH, TaKM€ XOJbl Pa3BUTHs SKOCUCTEMbI HE BbIrOJeH. [lo-BuaumMoMy, MCXOIHBIN
BapHaHT KOPMJICHUS KapIa sIBJISeTCsS Haubosee ONTUMAIbHBIM.

Cuenapuu 9-12 oTpaxaroT AMHAMHUKY SKOCHCTEMBI B YCIOBUSX WHBIX PEKHUMOB YI00pPEHHM.
[TosryueHHbIe pe3yabTaThl TOKA3BIBAIOT, YTO 3TO HA MOBEIEHNE IKOCUCTEMbI MaJI0 OTPA3UIIOCh.

[anee passirpansl nsa cueHapus (13-14) npyu oIHOBPEMEHHOM YMEHBLIEHUM U YBEIUUYEHUU
Ha 25% 103kl U a30THBIX, U (ocPOopHBIX ynoOpeHuil. B mepBoM ciiydae, pa3BUTHE SKOCHUCTEMBbI
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MPOUCXOJUT B TOYHOCTH IO KCXOIHOMY BapuaHty. Bo BTopoM cnydae, ¢ochop sBusercs
JTUMHUTHPYIOIIAM (PaKTOPOM TSI pOCTa MUKPOOPTAaHM3MOB U BBICIIMX BOJHBIX PACTCHUN B TCUCHHUE
BCEro CE30Ha, a a30T — BO BTOPOW ero mosioBuHe. Takol X0/ pa3BUTHS Mpoiiecca HanboJiee CUIIBHO
BJIMSUT Ha JMHAMMKY 3KOCHCTeMbI B mejoM. C OJHOW CTOPOHBI, XyXKe pa3BHBAJIaCh €CTECTBECHHAS
KopMoBasg 0a3a — HIDKE YpPOBEHb KOHIICHTpAlMK (DUTOIUIAHKTOHA, HIKE MAKCUMYyMBI
300IIaHKTOHA, OakTepuu M OeHToca. C JIPyroi CTOPOHBI, 3aMETHO MPUOABUIMCH KOHIICHTPALUU
TpocTHUKA, pocdopa, a3oTa u neTpura cequMeHTOB. KoHeuHbIe KOHIIEHTPAIIMU PhIO K KOHITY CE30Ha
OCTUIVIM 3HAYEHUH — 30,342/M3, 96,132/]143 u 219,12/]!43 U1t Oenoro amypa, Kapma u 0Oeyoro
TOJICTOJIOOMKA, COOTBETCTBEHHO (pHc. 11).
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Puc. 11

Cuenapuii 15 (puc. 12) neMoHCTpUpPYET pa3BUTHE SKOCUCTEMBI C OTHUM BHJIOM PbIO — OEJIbIM
amypoMm. B cumiry oTcyTcTBHsI 0€NOTO TOJICTONOOMKA B MPYAY KOHIEHTPAIMH (UTOIUIAHKTOHA M
300IUIaHKTOHA B TEYEHHE BCEr0 Ce30Ha CTAaOWUIBbHO YBEIMYMBAIUCh, a TPOCTHUKA U precTa
MeIJIeHHO YyOaBmiHch. bakTepuss u OEHTOC YCTOWMYMBO YJEPKUBAIM CBOM KOHIIEHTPAIIHH.
KoHIeHTpaLus: 6e10ro aMmypa B KOHILE cesoHa cocramima 20,542/u°, 4To COOTBETCTBYeT cGopa
ypoxas B 1643ke. DT0 HAMHOIO HUXKE UCXOAHOro BapuaHTa. OTCI0/1a MOXKHO 3aKIOYHUTh, YTO POCT
ppI0 B IpYyAYy B 3HAUMTEIBHOW CTETNECHM SIBJIAIOTCS HE3aBHUCHUMBIMU. boiiee TOro, Mx coBMecTHas
NeSITETLHOCTh MOKET TOJIOKUTENFHO MOBIUATH HA X 00IIee pa3BUTHE.
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Puc. 1

Cuenapuii 16 mocBsIleH Pa3BUTHUIO YKOCUCTEMBI C IBYMS BHJIaMU PACTUTENBbHOSIHBIX PBIO —
OenpiM aMypoM U OenbIM TosicTooOMkoM. KoHieHTpamusi Oemoro amypa B KOHIIE CE30HA
paBHsIACh 23,692/][43, a 0eyoro ToJaCTONO0OMKA — 208,62/]1/13, YTO HUXKE, YEM B UCXOJIHOM BapHaHTe.
Buaumo 1 Takoit BAprHaHT pa3BUTHS SKOCUCTEMBI HE BHITO/ICH /ISl pOCTA M Pa3BUTHSI PHIO.

Cuenapuii 17 mo ananoruu co crieHapueM 15 1eMOHCTpUPYeT pa3BUTHE SKOCUCTEMBI C OJHUM
BUJIOM PBIO — O€IbIM TOJICTONIOOMKOM. BBHIYy OTCyTCTBHSI 0€lIOro amypa TPOCTHHK CEpPbE3HO
npubaBun B Bece. KoHleHTpalus ToicToI00MKa B KOHIIE NMEPHO/A 1O OTHOIIEHUIO C UCXOIHBIM
BapHUAHTOM ObLJIa HEMHOTO BBIIIE — 222,62/m°, uto COOTBETCTBYET cOopy ypoxkas B 24045xe. D10
OOBSICHAETCSI BBICOKUM COJICpKAHUEM KOHIIEHTpallud (PUTOMJIAHKTOHA B TEYEHUE BCErO CE30HA.
[ToBenenne OCTaNBHBIX MEPEMEHHBIX MOAETHM W WX KOHIGHTpAanud ObIM  ONM3KH K
COOTBETCTBYIOLIMM KOHIEHTpaIMUAM IpebIayIero, 16-ro crienapus.

Cuenapuii 18 mo ananorum co cueHapuem |6 MOCBSIIEH pa3BUTHIO 3KOCHCTEMBI C JIBYMS
BUJAMHU PBIO — KaprioM U OeJbIM ToJCTON0O0UKOM. KoHIeHTpalus Kapna K KOHIy Ce30Ha JI0OCTUTIIA
METKHU 69,722//143, a TOJICTOJIOOHNKA — 211,32/M3.

Cuenapun 19-21 mnpennosnaratoT pas3BUTHE OSKOCUCTEMBI B YCIOBHUSAX YMEHBIIEHHON
(B 2 pa3a) mocazakoi pei0, coorBeTrctBeHHO CR:=CR/2, TL:=TL/2, BA:=BA/2. ®akThl yKa3bIBalOT
(puc. 13) Ha TO, YTO JABa MEPBBIX CIydas Pa3BUTHUA HKOCHUCTEMBI COBCEM HE BBITOJHBI JUIS
BbIpanuBaHus pbi0. Tperuit ciyuail MOXET MOAXOAWTH JUIsl BbIpalllMBaHUs Kapma M 0esoro

-19-



TOJICTOJIOOMKa, a Oenblii aMyp B 3TOM ciydae, OyAeT 4yBCTBOBaTh ceOs yrHeTeHHbM. [lo Bceit
BUINMOCTH, HCXO/IHBII BAPHAHT MTOCAAKH PHIO sIBIIsieTCst 00JIee ONTHMAIBHBIM.
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[TporHO3UpPOBaHHIO PA3BUTHS IKOCHUCTEMBI B YCIOBHSAX YIBOCHHOH MOCaaKu Oenoro amypa
(BA:=BA*2, 1250wm/ea) mocesimeno crenapus 22. B astom cinyudae (puc. 14a), xoHeuHas
KOHLEHTpaLus Genoro amypa 39,872/ (3190x2), kapua — 76,412/m° (8863k2), a Gemoro
ToncronoGuka — 210,52/u° (22731ke). XOTs KOHLEHTpaIusi GEIoro amypa B JAaHHOM CiIydae
CTaHOBUTCS OOJIBIIIE, TEM HE MEHEe, CPEIHUN BeC Kapra M OelIoro TOJCTOJIOOMKA K KOHILYy CE30Ha,
OTHOCHUTEIIEHO HCXOJIHOTO BapUaHTa, IIOHU3UJIICS.

[Tocneanuii 23-i cueHapuil mpeanonaral pa3BUTHE SKOCHCTEMBI PHIOOBOJHOTO IMpyJa B
YCIOBHSX TMOJIYTOpHOM mocaaku Oemoro amypa (BA:=BA*1.5, 938wm/2a). K oyennb Oosbiomy
YIIMBJICHUIO, HEOXKUJIAHHO KOHEYHBIC KOHIICHTpAIMK PhI0 K KOHILy CE30HA JOCTUIJIA HEBEPOSTHBIX
sHauennit — 41,592/m° (3327x2), 126,42/m> (14662x2) u 220,12/x° (23765k2) mst Georo amypa,
Kapria 1 6eIoro ToJICTOI00MKa, COOTBETCTBEHHO (puc. 140).
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Puc. 14 a,6

Kapn ¢ TouHOCTBIO 40 KWJIOrpamMma TMOBTOPSUI
pe3yibTaT HCXOAHOTO BapHaHTa pPa3BUTHUS SKOCHUCTEMBI
ppIOOBOIHOTO TIpyAa, Oenblii TOJCTOJIOOMK O4YeHb OJM3KO
nojomen W K HCXOJHOMY BapuaHTy, U K CBOUM
SKCIIEPUMEHTANILHBIM BBIJIOBaM, a OeJblii aMyp HE TOJIBKO
NPEBBICMJI  pe3ysibTaTa HMCXOAHOIO BapHaHTa, HO U
MepelIaruys CBOl SKCIepUMEHTAIbHBIN BIIOB 32 1986 roma
Ha Tenslx 735ke, (puc.15). Bce ocrangbHBIE TEpEMEHHBIE
OCTaJNCh IMOYTH TAKUMHU K€, KaK B HCXOJHOM BapHaHTE.

Otcroja MOXHO 3aKJIFOYNTh, YTO TPH TOCAAKE PBHI0 B | [aget Suweer Momed comes
IKOCHCTEME KOJHMYECTBO TOJOBHKOB OEIOBOTO amypa, IIo-
BHUIMMOMY, HaJI0 YBEJINYUBATE B IIOJITOpPaA pasa. Puc. 15

Takum  oOpazoMm, TONydyeHHass B  pe3yibTare
NUMUTAITNOHHBIX BKCHepI/IMeHTOB JUHAMHUKa HepeMeHHBIX BIIOJIHE aA€KBAaTHO 0Tpa>1<aeT peaﬂBHYIO
KapTUHY Pa3BUTHUS MAKPO(DUTHON IKOCHCTEMBI PHIOOBOJHOTO Mpynaa ¢ OeIbiM aMypoM B TEUEHHE
OJIHOT'O CE30HA.
B 3akiaouenme paboThl W B BBIBOAAX CPOPMYITHUPOBAHBI OCHOBHBIE PE3yIbTaThl
JUCCEPTAITMOHHON PaOOTHI.
B bl B O I bl

1. I[HSI HUCCIICAOBaHNA U NPOTHO3UPOBAHUA JUHAMHUKHN 3KOCUCTCM pBI6OBOI[HBIX IpyaoB HOXKXHOTO
pEeruoHa TaI[}KI/IKI/ICTaHa BIICPBBIC nocmpoerHa KOoHyenmydalbHdas MOdeﬂb, OCHOBAaHHas Ha
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1.

ONMUCAaHUK OMOTHIPOXUMHUCCKUX KpPYrOBOPOTOB BEIIECTBA M HM3MCHEHHUU OWOTHYCCKHUX H
XMMHYECKHX 3JIEMEHTOB, KOTOpasi KPOME JIBYX M3BECTHBIX BHOB PBHIO — OEIIOT0 TOJICTOIOOMKA
Y Kapra, TaKKe YIUTBIBACT MAKPODUMHOAOHYIO pblOy — Deno2o amypa.

Ha ocHOBe KOHIENTyaJlbHOH MOJENH MaKpO(QUTHOW SKOCHUCTEMBI PHIOOBOJHOTO TpyAa C
OeNbIM aMypOM TMOCTPOCHA MOOUPUYUPOBAHHASI MOUEUHASL KOMALIOMEPHO-MAMEMAMUYECKAs]
(umumayuonnas) mooenb, KOTOpas YUYUTHIBAET BJIMSHUE TEMIIEpaTypbl BOJbI, COJHEYHOMN
paauanuy, OMOTEHHOW HArpy3KH M YNpaBISIOUIMX (AKTOPOB TaKWX, Kak J100aBlIEHUS B
CHCTEMY KOMILIEKCA OPTaHMYECKUX W OMOTEHHBIX BEUIECTB, a TAKXKE BHECEHHs B MPYA KOpMa
3aBOJICKOTO MPUTOTOBJIEHUS U KOPMOBBIX pacTeHHil. MaTteMaTtnyeckas MOJeNb IPeICTaBIIsAeT
coboii cucremy 15 nenmueninpix OJZlY mepBoro mopsiika co CIEHUAIBHO IMOAOOpPaHHBIMH
ko3¢ duLImeHTaMH, OUCHIBAIOIIUMU XapaKTep B3aUMOJICHCTBUS THIPOOMOHTOB.

B MozenbsHOI popme BHepBbIE nPOaHANUZUPOBAHO U TIOIYUUIIO CBOCTO OAlIbHEUULe20 pa3eumuisl
uccnedosanue  npoyecca  3apacmanus — npyoo6  BBHICIIEH BOAHOM  PaCTHUTEIBHOCTHIO
(MakpoduTamu) — H3MOOIEHHBIM KOpMOM Oenoro amypa. C MOMOIIBIO MaTeMaTHYeCKON
MOJICIIA BIIEPBBIC 6bIAGIEHA POJb MUKPOOUOIOUYECKUX NPOYecco8 B BBICOKOIPOIYKTHBHON
HKOCHCTEME pPBIOOBOJHOTO TMpyda M pa3paboTaHbl 0oliee cogepuiéHHble Cnocodwvl yuéTa
¢duTOoTUTaHKTOHA U OaKTEpUil B €€ COOTBETCTBYIONIEH KOMIIBIOTEPHON MOJIEIIH.

PaccmoTrpensl 0coOO€HHOCTH yuéma B MaTEMaTUYECKOW MOJENN OMOTEHHBIX W OPraHUYECKUX
BEIIECTB, TA30BOTO PEKUMA U 3¢hdhexmbl pacnpedeneHus BEUIECTB MEXY BOIHOMN TONIIBIO U
CeAMMEHTAMHU YKOCUCTEMBI pHIOOBOTHOTO TIPY/a.

HOCTpOCHBI COOTBCTCTBYIOIIUC aicopummal TIOCTABJIICHHBIX 3a1a4 U JaHbl UX pain3aluia B BUIAC
06beKmH0-0pueHmup06aHH020 u l’lpO6JZ€MHO-0pu€HmMp06aHH020 Komnjekcoes IIporpaMm.

Coznan uncmpymenm uccinedoganusi (AMUTATOP) — NPOSPAMMHBIU KOMNJEKC IS W3YYCHHUS,
OKCIICPUMEHTHPOBAHUS, TMPUMEHEHHUS, VYIPABICHUS W  MPOTHO3UPOBAHUSA JUHAMHUKU
MakpO(QUTHON SKOCUCTEMBI PIOOBOTHOTO TIPyAa C OEIBIM aMypOM MPHU PA3TUYHBIX BapUaHTaX
9K30TE€HHBIX MMAPaMETPOB C IEJIbI0 JOCTUKEHUS BBICOKOW PHIOOTIPOYKTUBHOCTH TIPY/Ia.

Pa3paborana o0606wennas memoouka KOMIIBIOTEPHO-MAaTEMaTHUECKOr0 (MMHUTALMOHHOTIO)
MO/JICIMPOBAHUST MaKpO(PUTHONH 3KOCHUCTEMBI PHIOOBOJIHOIO Hpyna ¢ OeabIM aMypoM O0ILero
THUIIA.

[Ipennoxena moouguyuposannas memoouka HACMPOUKU U UCHONb308AHUSL UHCMPYMEHmMA
yIIpaBJIEHUs] U TPOTHO3MPOBAHUS MAKpO(PUTHOW 3KOCHCTEMBI PHIOOBOIHOIO MpyJa B BUJE
COOTBETCTBYIOIIUX METO/AOB MACHTU(UKAIMK U Bepuukauuu moaenu. Ilpogymansl popmsl
IIPOBEJICHUSI KOMNbIOMEPHBbIX OKCNEPUMEHMOG, Pa3bIilTpaHbl BCEBO3MOXKHBIE CYeHapHble
gapuanmyl JAVUHAMHUKH Pa3BUTHUSI 3KOCUCTeMBbl. llomyuyeHHBIE KOMIBIOTEPHBIE PE3YJbTATh
[IPOAHATM3UPOBAHbI, CHCTEMAaTU3UPOBAHbI, OOOOLIEHBI W  HHTEPHPETHPOBAHBL.  OTH
KOMITBIOTEPHBIE BapUaHThl Pa3BUTHS SKOCHUCTEMBI CBUJETENICTBYIOT O TOM, YTO €€ MOYHO
HCIIOJIb30BaTh ISl OINEPAaTUBHOTO IPOTHO3MPOBAHUS U Y4€Ta MOCIEACTBUN Ppa3INYHbIX
PEXUMOB yIIpaBJICHHUS.

Pa3pa60TaHHa$[ UMHUTaAIITMOHHAaA MOJCIIb a0exeamHo 6‘001’[]7014360()1/!7}’1 npoyeccol, TPOUCXOOAIINEC
B OKOCHCTEMAax pBIGOBO,Z[HBIX IpyaoOB KOKHOT'O pETruOHa TamxukucTana.

[Tonmy4yeHHble pe3yabTaThl pabOTBI MOXKHO  HCIIOJIB30BaTh JUISI  KOJMYECTBEHHBIX H
KaueCTBEHHBIX MCCIIe0BaHUN phIOOBOAHBIX MPyA0B cTpaH Cpenneit A3uu u Kazaxcrana.

CIIMCOK OIIYBJIMKOBAHHBIX PABOT

Monorpagun
Kocumos, U.JI. IMuTanimoHHast MoJiesIb AMHAMUKU 3KOCUCTEMBI MaKpO(UTHOTO phIOOBOIHOTO
npyna [Tekcr]: monorpadus / ®.C. Komunos, U.JI. Kocumor. — Germania: LAP LAMBERT
Academic Publishing (Project ID: #130070; ISBN 978-3-659-80543-1) / https://www. lap-
publishing.com/ — LAP: OmniScriptum GmbH & Co. KG, Bahnhofstraie 28, D-66111
Saarbriicken, 2015. — 135 c.
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CraTbu, ony0JIMKOBAaHHbIE B )KYPHAJIAX M COOPHHKAX
Kocumos, H.JI. TIporpamMmvmupoBaHne MaTeMaTHUYECKOM MOJEIH SKOCHCTEMBI PBHIOOBOIHOTO
npyna ¥ MpoBeACHUE HAJl He KOMIbIOTepHBIX dKcniepumMenToB [Tekct] / @.C. Komumnos, N.JI.
Kocumos // BectH. Tamk. Hai. yH-Ta. — [{yman6e, 2014. — Ne 1/3 (85). — C.17-27.
Kocumos, WU.JI. MMuTtanmoHHOe MOAETUPOBAHWE PHIOHOW MOMYNSIHH SKOCHUCTEMBI Tpyja
[Tekctr] / @.C. Kommios, N.JI. Kocumos // 3B. AH Pecn.Tamkukucran. Ota-aue ¢us. mar.,
XUM., Te0J1. U TexH. HayK. — 2013. — No2 (151). — C. 52-64.
KocumoB, N.JI. Marematndyeckoe MOJEIMPOBAHUE 3KOCHUCTEMBI MaKpO(GUTHO-PHIOOBOIHOTO
npyaa ¢ 6ensim amypom [Tekcr] / W.JI. Kocumos, ®@.C. Kommos // BectH. nen. ya-ta (U3n.
TI'TIY um. C. Aiiau. Cep. ecTecTB.- MaT. HayK U METOJUKa ux o0ydeHus). — Jymanoe, 2013. —
Ne 5 (54). — C. 109-115.
KocumoB, WM.JI. JXKusHeHHBI IMKJI MaKpOo(HUTOB: ONHCAHHWE MPOTEKAIOIINX IPOIECCOB,
matemarnueckoe monenupoanue [Texcr] / @.C. Komunos, W.JI. Kocumos // Bectn. Tamx.
Hall. yH-Ta. — J{ymran6e, 2012. — Ne 1/3 (85). — C.42-47.
Kocumos, HU.JI. KonnenryaibHOoe MOAETUPOBAHUE SKOCUCTEMBI MaKpO(PUTHO-PHIOOBOTHOTO
npyaa / ®©.C. Komunos, N.JI. KocumoB [Tekcr] // Bectn. Tamxk. nau. yn-ta. — J{yman6e, 2012.
—Ne 1/3 (85). — C. 58-66.
KocumoB, WM.JI.benblii amyp: mnpoBeaeHHE KOMIIBIOTEPHBIX JKCHEPUMEHTOB C MOJEIbIO
skocucTeMbl peiooBogHoro mpyna [Tekcr] / @.C. Komwmios, M.JI. Kocumor // Hayka u
uHHOBaius. Cep . ecTeCTB. U 3KOH. Hayk. — Jlymanobe, 2014. — Ne 1. — C. 8-13.
Kocumos, U.JI. IMuTanimoHHass MOJENb YKOCUCTEMBI PHIOOBOIHOTO TpyAa C OElbIM aMypoM
[Texcr] / WN.JI. Kocumos, ©.C. Komunos // Tamxk. HaIl. YH-T: MaTepuaibl pecil. KOH(., MOCBSII.
70-meturo mpod. b. Ammea. CoBpeMeHHbIC MPOOJEMBl MPUKIAJAHON MaTEeMaTHKUA H
unpopmaruku. — yman6be, 2014. — C. 63-65.
Kocumos, U.JI. O pa3paboTke MaTeMaTUYECKOW MOJICIH JUHAMHUKU SKOCUCTEMBI PIOOBOTHOTO
npyaa ¢ 6ensim amypom [Tekcr] / W.JI. KocumoB // Pecn. Hayd.-mpakT. koH®.: «IT —

TexHONOTuH. COBPEMEHHOE COCTOSIHHE M MEPCIIEKTUBBI pa3BuThs». — ymanbe, 2014. — C. 79-
84.

. Kocumos, N.JI. MatemaTtuueckoe MOJICTUPOBAHKUE IKOJIOT0-3KOHOMUYECKON CUCTEMBI TIpyia /

@.C. Komunos, 1.JI. KocumoB [Tekct] // BectH. Tamxk. roc. yH-Ta KomMmepuuu.— Jlymanoe,
2013. — Ne 1. - C. 57-64.

Kocumos, U.JI. benbiit amyp: marematnueckoe moaenuposanue [Tekcr| / @.C. Komwunos,
N.JI. Kocumos // CoBpemeHHbIE TPOOJIEMbl MaTEMaTUYECKOTO aHalu3a, anredOpbl U TEOPHUH
YHCceNl: MaTepuaibl MEeXJyHap. Hayd. KOH¢. mocBsaul. 85-meturo co aHSA poxa. mnpod. I'.b.
babaera. — Jlyman6e, 2013 . — C. 35-36.

Kocumon, N.JI. O6 aBromaruzauuu oOMmeHa naHHBIX Mexay MS Excel-2010 u Borland
Delphi-9 mis 3agaun mporpaMMUpOBaHUsST 3KOCHCTEM pbhIOOBOAHBIX mpyaoB [Tekcr] [/ @.C.
Komunos, MN.JI. Kocumor // KommnbroTepHblii aHalnW3 npoOieM HAYKH U TEXHOJOTHH:
MaTepuaisl |X MexayHap. KoH(., mocssml. 65-neTuio co aHA oOpazoBanus. — ymanoOe, 2013.
— C. 48-51.

Kocumon, U.JI. O pa3paboTke MaTeMaTH4YECKONM MOJEIU 3KOCUCTEMBI PBIOOBOAHOIO
npyna [Tekcr] / ©.C. Komunos, 1.JI. Kocumos // Hayka, HOBbIe TEXHOJIOTMM U UHHOBAIIUU
Koiprezcrana. — bumikek, 2015.-Ne5, c. 18-22.

KocumoB, MW.JI. VHCTpyMEHT UCCI€JOBAHUA IO  JKCIEPUMEHTUPOBAHUIO U
MIPOTHO3UPOBAHMIO JUHAMHMKHU IKOCUCTEMBI prIOOBOIHOTO TipyAa [Teker] / @.C. Komuios,
N.JI. Kocumor // Hayka, HOBble TeXHOJOTMM M MHHOBauuu Ksipreizcrana. — buikek,
2015.-Ne5, ¢. 27-29.

Kocumon, U.JI. KoHuenryanbHass MOJEIb 3KOCUCTEMBI Mpyda C TPeMs BUAAMU DPbIO

[Texcr] / ®.C. Komunos, N.JI. Kocumos // U3Bectus By30B Kbipreiscrana. — burikex,
2015.-Ne7, ¢. 6-9.
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Kocumos Mcemonn JlatumoBuuTiH «AK aMyp O6ap OallbIk ocTypyydy KOT4OHYH
MakKpO(UTTHK IKOCUCTEMACHIHBIH MaTEMAaTUKAIBIK MOJICITHH UIITEM YbITYY
*aHa u3miaee» temacsinaarsl 05.13.18 — «MareMaTukanblk MOJIECIACIITUPYY,
CaHJBIK BIKMaJIAp kaHa IporpaMmaiap KOMILIEKCH aJIUCTUTH» 0O0IOHYA
TEXHUKAJIBIK WIMMICPIMH KaHAUIAThl WUIIMMHI 1apa)kachlH
ajyyra Kapara

PE3IOME

Herusrm ce3gep: MaTeMaTUKalbIK MOJENb, aJrOpPUTM, MporpamMma, OOBEKTHUBIYY-
OarpITTajlral MPOTrPaMMAJIO0 THJIHM, DJICKTPOHAYK TaONuIla, KOMIIBIOTEP, KOMIIBIOTEPIUK
MOJICICIITHPYY, UMHUTALMSIIO0, IKOCUCTEMa, OaiblK Oarbulyydy Kejme, OallblK, ak aMmyp, Kapil,
a3zl MaHJal ak Oanblk, MakpoduT, (UTOIIAHKTOH, 300IUIAHKTOH, OeHTOC, (ocdop, azor,
KOMYpPTEK, JETPHUT, CTEXHOMETpHUs, JHU3UC, Kamjam alyy, >KOK 0oJyy, MeTaboiu3M,
UICHTUPHUKAIHSIIO0, BEpH(PHUKALUAIO0, IKCIIEPUMEHT, CLICHApUi, TMHAMUKA.

N3unneenyH o0bekTHCH: ak amMyp Oaneirkl Oap Oanblk  OarbUIyydy KeJIMOHYH
MaKpO(QUTTUK 3KOCHUCTEMACHI.

N3unieeHyH MakeaTbl: aKk aMmyp OanbIrel 6ap Oanblk OarbUTyydy KOJIMOHYH MakpO(UTTUK
HKOCHUCTEMACHIHBIH UIITEM TYPYY MbIi3aM Y€HEM Ty YIIYKTOPYH aHBIKTOO.

N3un1eeHyH MeTOqAOpPY: HMHUTAIUSIIOOUY MOJENICIITUPYY, CHUCTeMalyy Tajioo,
muddepeHranablKk TeHIemTukTep, PyHre-Kyrra-MepcoHIyH caHABIK METOIy, OOBEKTHUBAYY
OarpiTtanran Borland Delphi-9 mporpammanoo Tuiau, W3WIAO6HYH HIACHTH(PUKAIMUIBIK >KaHa
Bepudukanusuieik Meroanopy (MS Excel 2010), cuenapuii MeTo1y, KOMITBIOTEPIUK IKCTIEPUMEHT.

Amnaparypa: |IBM PC tubunaeru nepcoHalIbIK KOMIIbIOTEPIIEP, ap TYPAYY cepBepiep.

AJIBIHTaH SKbIABIHTBIKTAP KaHA AJAPAbIH KAHBIYBLIABITBI: TaXUKCTaHIBIH TYIITYK
aliMarbIHBIH PKUH KYPYY4y OaibIKTap Oarsutyydy KeJIMeJNepYHYH TWHAMHKACHIH W3WII06 >KaHa
00KOMOJIZIO0 YYYH alTadKbl >KONY KOMITBIOTEPIMK-MATEMATHKAIBIK (MMUTAIUSIIBIK) MOJIENb
KYpYJy, al OambIKTapIbIH 9K OENTHUIIYY TYPYHOH —XKa3bl MaHal ak OallbIK )KaHa KaprTaH Oaika,
Makpo(UTHO kel Typran (eCyMIyKTepay) OalmbIKThl — aKk aMypJly J1arbl 3CKe aJlaT; alraykbl KOy
MoJIelIuK (hopMaa KeJIMeIepAyH KOl CYy 6CYMAYKTOPYHYH — aK aMypAyH CYHYKTYY TaMarbiHbIH
OCYT KEeTYY MPOIECCH TaJI00TO aJbIHTAH; ajlravykbl KOJY MaTeMaTHUKAJIBIK MOJEIIN Maiiananyy
MEHEeH Oanbk Oarbulyydy KeJIMeJIOpAYH JKOTOpPKY HPOAYKTHBAYY SKOCHCTEMallapbIHIArbl
MUKPOOHOJIOTHSUTBIK  TIPOLIECCTEPANH POy JKaHa (DUTOIUIAHKTOHIOPAY JKaHa OaKTepusIapabl
JCeNKe alyyHyH KoOypoK opKYHAOTYITeH bIKMaiapbl U3UIACHIeH; OMOTEHAYY KaHa OPraHUKAIIbIK
3aTTap MOACTHMHJIETH JCENKe aJyyHYH ©3TOUeNyKTOpY, ra3 peKUMHUHJETH jKaHA CYY KaJIbIHIBITHI
MEHEH KOJIMOJOPAYH CEAMMEHTTEPUMHHUH OPTOCYHJArbl 3aTTapblH alMallyyCy KapallTbIPbUITaH;
npoOeManyy-0areITTaliral MPOrpaMMAaJIbIK KOMIUJIEKC TYPYHIO aKk amypy Oap Oaiblk Oarbuiyydy
KOJIMOHYH MakpO(pHUTTYY SKOCHUCTEMACHIH KOTOPKY OalbIK OHIYPYMAYYJIYKKO JKETHUIIYY MaKcaThl
MeHeH Oalkapyy >kaHa 00’KOMOJIZ00 YUYYH MHCTPYMEHT (MMHUTATOp) ajlblHTaH; OajblK Oarsuiyydy
KOJIMOHYH MakKpOpUTTYy SKOCHUCTEMAChIH Oamikapyy jaHa O0XXOMOJI00 MIaiiMaHBIH KaJbIITKa
CaJlyyHYH jKaHa TMai1ajanyyHyH MOJU(QHUKAIHMsIAaHTaH METOUKACH HICHTH()UKAIIUSUIOOHYH JKaHa
MaTeMaTHKAJIbIK MOJENAM BEPUPHUKAIMSAIOOHYH THELIENYY CaHIBIK METOJA0PY TYPYHIe
CYHYIITAJTaH; WINTEIUI YbITapbUITaH UMHTAIUSIIOOTY MOJENh OanbIk 0arsuTyydy KeJIMeIopAayH
HKOCHCTEMACBIH/Ia OOy JKaTKaH MPOLIECCTEPIN a/IeKBATTYy KOPCOTYII Typar.

Koumonyy neHrs3jim: u3WIgeesopAyH KbldbIHTBIKTapsl TP WA 3oosorust xaHa
Napa3uTOJIOTHsI MHCTUTYTYHYH OaJIbIK ©CTYpYY OOIOHYA BEIOMCTBOJIOp apajblKk 0eayMy TapaOblHaH
KOJIZIOHYyTa KUPTU3WITeH, aTalblH KypcTtapael okyyaa TYY na xana [ICHne kongonynar.

Koagonyy Tapmarbl: KOHCTPYKLHMSIOO, MOJENACIITHPYY, Oalkapyydyiayk dedyumIepau
KaObUT alTyy, WIIMMHH W3UJII00, CENTOOUY, IKCIIEPTTHK KaHa OKYTYY TallllbipMalaphl.
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PE3IOME

nmucceptanuu Kocumosa Micmonna JlatunoBuua Ha Temy: «Pa3paboTka v HcclieJoBaHNe
MaTeMaTHYECKON MOJIENI JUHAMHKU MaKpPO(MUTHOW SKOCUCTEMBI PHIOOBOHOTO TIPY/a C OEIbIM
aMypOoM» Ha COMCKaHUE YYEHOM CTENEeHH KaH/IU1aTa TEXHUYECKUX HayK no cnenuanbHocT 05.13.18
— «MaremaTrueckoe MOJEIMPOBAHKE, YNCICHHBIE METO/bI U KOMILIEKCHI IIPOTPaMM»

KiloueBble cioBa: MaremMaTHdecKkass MOJENb, aJIrOpPUTM, MPOrpaMMa, OOBEKTHO-
OPUEHTHPOBAHHBIN A3BIK MPOTPAMMHUPOBAHUS, SJICKTPOHHAS Ta0JINIA, KOMIIBIOTEP, KOMIIBIOTEPHOE
MOJIeJIMPOBAaHUE, UMHUTALMSA, SKOCHCTEMa, PHIOOBOAHBIN HpyaA, pbida, Oenblii amyp, Kapm, Oenblii
TOJICTOJIOOUK, MaKpOhUT, PUTOIUIAHKTOH, 300IJIAHKTOH, OeHTOC, Gocdop, a30T, yriepos, NeTPHUT,
CTEXHOMETpUS, JIM3UC, 3amacaHue, OTMHUpaHHe, MeTadoIu3M, HACHTU(DUKAIMs, BepupHUKalusi,
HKCIEPUMEHT, CLIEHApUH, TUHAMUKA.

O0beKT uccjieqoBaHus: MakKpo(hUTHAS IKOCHCTEMA PHIOOBOIHOIO NIPyAa ¢ OIbIM aMypOM.

Heas paGoTbl: BHIIBIEHHE 3aKOHOMEpPHOCTEH  (DYHKIMOHUPOBAHHA MaKpO(PHUTHON
9KOCUCTEMBI PHIOOBOIHOTO TIpyAa ¢ OETIBIM aMypOM.

MeToabl HccaeI0BAHMA: UMHUTALMOHHOE MOJICIMPOBAHUE, CHUCTEMHBIH aHAIW3, TEOPHS
muddepeHanbHbIX — ypaBHEHHMH, 4HcieHHbIH  meton  Pynre-Kyrra-Mepcona,  00ObekTHO-
OPHEHTHUPOBaHHBI  s3bIK  TporpammupoBanusi Borland  Delphi-9, wunentudukammonnsie u
BepU(PHKAIIMOHHBIC METO/IBI MCCIIeI0BaHMs, HHpopManroHHbie TexHomoruu (MS Excel 2010), meton
CLIEHApUH, KOMIIBIOTEPHBIN YKCIIEPUMEHT.

Anmnaparypa: nepconansHbie Kommnbiotrepsl THna IBM PC, paznuunbie cepBepa.

IMoaydyeHHble pe3yJbTaThl H UX HOBU3HA: BIIEPBBIC JIJISI HCCIEOBAHUS U TIPOTHO3UPOBAHUS
JUHAMHUKU HaryJibHBIX pPBIOOBOAHBIX TIPYAOB KOKHOrO peruoHa TapKUKHUCTaHA MOCTPOEHA
KOMITBIOTEPHO-MaTeMaTniyeckast (MMUTAIMOHHAS) MOJIENb, KOTOpasi KpOME JIBYX M3BECTHBIX BHIOB
pBIO — 6enoro TOJACTOIO0MKA U KapIia, TAKKE YUYUTHIBAET MAaKPODUTHOSIIHYIO (PaCTUTEIBHOSIHYIO)
peIOy — Oenoro amypa; BIEpBBIE B MOJEIBHOHN (hopMe IMpOoaHATU3UPOBAH MPOIECC 3apacTaHUs
NpPYIOB BBICIIEH BOJHOW PacTUTENBbHOCTBIO — U3IIOOJIEHHBIM KOpPMOM O€l0ro amypa; BIIEPBBIE C
UCTIOIb30BAaHUEM MAaTEMaTHYECKOW MOJENH H3Y4Y€Ha POJIb MHKPOOHWOJIIOTHYECKUX IIPOIECCOB B
BBICOKOTIPOJYKTUBHBIX HKOCHCTEMAaX PbIOOBOJHBIX MPYIOB U O0Jiee COBEPUIEHHBIX CIOCOOOB yuéTa
¢uTonIaHKTOHa W OakTepuil; paccCMOTPEHbl OCOOCHHOCTH Y4€Ta B MOJEIM OWMOTeHHBIX U
OpPraHMYeCKHX BEIIECTB, ra30BOr0 pexxuMa M 3(PQEKThl pacnpeaeeHNs BEIIeCTB MEXAy BOAHOHN
TONIIBIO W CEIUMEHTaMH TPYyJOB; B BHAE NPOOIEMHO-OPUEHTUPOBAHHOTO IPOTPAMMHOTO
KOMIUIEKCA MOJTy4eH MHCTPYMEHT MCCIIe0BaHUs (MMUTATOp) JUIS YIPaBICHHUS U MPOTHO3UPOBAHUS
MaKpO(UTHON IKOCHCTEMBI PHIOOBOHOTO TIpy/a ¢ OeIBIM aMypoM C IENbI0 JTOCTH)KEHHS BHICOKOU
PBIOONPOAYKTUBHOCTH; TpEAIoKeHa MOAM(DUIIMPOBAaHHAS METOJIMKAa HACTPOWKHM U HUCHOJIb30BAHUS
WHCTPYMEHTA YIPABICHHS U MMPOTHO3UPOBAHMS MaKpO(MUTHON IKOCHCTEMBI PHIOOBOIHOTO Mpy/a B
BUJIE COOTBETCTBYIOIIUX YHUCICHHBIX METOJOB MIECHTU(GUKAINU U BepUPUKALUN MaTeMaTHUYECKON
MoJeny; pa3paboTaHHasT WMMHTAIMOHHAs MOJENb aJeKBAaTHO BOCIPOM3BOAUT  IIPOIIECCHI,
MPOMCXOJIAIINE B 9KOCUCTEMAX PHIOOBOIHBIX MPYIOB.

CreneHb HMCHOJIL30BAHMA: PE3YJIbTATHl HUCCIECJAOBAHHWIA BHEIPEHB MeEXBEIOMCTBEHHBIM
oTJeNIoM 1o peidonponsBoacTBY MHcTUTyTa 30050rMH U napasuronorud AH PT, ucnons3yrorcs B
THY u UIIC npu yTeHnn cnenuanbHbIX KypCOB.

O0snacTh NMpUMeHeHHUsl: KOHCTPYHMPOBAHME, MOJICIMPOBAHUE, NMPHUHATHE YIPaBIEHYECKUX
pEeIIeHHIA, HAy9HOE UCCIIE0OBaHNE, BEIYUCIUTEIBHBIE, SKCIIEPTHBIC M YICOHBIE 3a/1aUH.
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SUMMARY

dissertation of Kosimov Ismoil Latipovich on the theme: «Development and research of
mathematical model of dynamics of the macrophyte fishpond ecosystems with white amur» for the
degree of candidate of technical sciences on specialty 05.13.18 — «Mathematical modeling,
numerical methods and program complexes»

Key words: mathematical model, algorithm, program, object-oriented programming
language, spreadsheet, computer, computer modeling, simulation, ecosystem, fishpond, fish, white
amur, carp, white silver carp, macrophyte, phytoplankton, zooplankton, benthos, phosphorus,
nitrogen, carbon, detritus, stoichiometry, lysis, stocking, dying off, metabolism, identification,
verification, experiment, scenario, dynamics.

Object of researches: macrophyte fishpond ecosystems with white amur.

The work purpose: to identify patterns of functioning of macrophyte ecosystem fishpond
with white amur.

Research methods: simulation, system analysis, theory of differential equations, numerical
method of Runge-Kutta-Merson, object-oriented Borland Delphi-9 programming language,
identification and verification methods of research, information technology (MS Excel 2010), the
method of the scenario, computer experiment.

Equipment: personal computers type IBM, different servers.

The developed results and their novelty: first for research and prognostication of dynamics
of stocker fish-breeder ponds of south region of Tajikistan a computer-mathematical (imitation)
model that except two known types of fishes — white silver carp and carp, also takes into account
macrophyte poisonous (vegetable poisonous) fish — white amur; first the process of overgrowing of
ponds a higher water vegetation is analyzed in a model form - by the favourite feed of white amur;
first with the use of mathematical model the role of microbiological processes is studied in the
highly productive ecosystems of fish-breeder ponds and more perfect methods of account of
phytoplankton and bacteria; the features of account are considered in the model of biogenic and
organic substances, gas mode and effects of distribution of substances between water thickness and
sediment ponds; as the problem-oriented software complex a research tool (imitator) is got for a
management and prognostication of macrophyte ecosystem of fish-breeder pond with white amur
with the purpose of achievement of high fishing productivity; the modified methodology of tuning
and use of instrument of management and prognostication of macrophyte ecosystems of fish-
breeder pond is offered as corresponding numeral methods of identification and verification of
mathematical model; developed a simulation model adequately reproduces the processes occurring
in fishponds ecosystems.

Use degree: the results of researches are applicated by the Interdepartmental office on fishing
production Institute of zoology and parasitology of the Academy of Sciences of Republic of
Tajikistan, used in TNU and IIS at reading of the special courses.

Application domain: constructing, simulation, management decision-making, scientific
research, calculable, expert and educational problems.

N2
KocumoB Ucmownn Jlatunosuy C%é Iz ‘%

Pa3paboTka u ncciegoBaHre MaTeMaTHIeCKO MOJETN TUHAMUKI
MaKpO(pHUTHON 3KOCUCTEMBI PHIOOBOIHOTO Tpy/a ¢ O€JIBIM aMypoM.
ABTtoped. aucc. Ha COMCKaHNE YUSHOMN CTETIeHH KaHAuIaTa TeX. HayK.
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