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AHHOTALIUA

Lenbio nccnenoBaHus sBISETCS BO3/CHCTBUE HAa 3eMeENIbHBIE PECYpCHI NPHU NPOBEACHUU T'OPHBIX PadoT,
OCHOBHBIC 3Tallbl PEKYJbTUBAlIUNU 3€MEJIb MPHU }106]31‘16 IMMOJIC3HBIX HCKONAEMBIX Ha IPUMEPE TLIpaJlHHCKOFO
MECTOPOXKJCHHUS 30JI0Ta, Kaphepa «3omortas TeIpamga», pacnonoxeHHoro B Enuceiickom paitone KpacHospckoro
Kpas. PaccMOTpeHBI OCHOBHBIE (DAKTOPBI BO3AEHCTBHS Ha 3€MENbHBIE PECypchl B IIpolecce OTpabOTKH
MECTOPOXKICHNA; IPOBCJICH aHAIU3 MepOHpI/IHTI/II‘/'I 0 CHMXKCHHUIO OTPULATEIBHOT'O BO3HCﬁCTBHH Ha 3EMCJIbHBIC
PEeCypChI B IpoLiecce OTpa6OTKI/I MECTOPOKACHUA. dakTyeckas BICOTa U IJ101@aab OTBAJIOB BCKPBIIIHBIX MIOPOJ
HC MOPEBLICUIIN MPOCKTHYIO, KOPPEKTUPOBKA KOH(I)I/IpraL[I/II/I OTBAJIOB IIO3BOJIMJIa CHU3UTH BJIIMAHHC pa60T Ha
OKPYKAaIOMIYIO cpermy, U30exarh pa3MEeIIeHHs YacTH OTBAlOB, B BOIOOXPAaHOW 30HE peku ThIpana, MpH 3TOM
oTIIajia H606X0,I[I/IMOCTL O0TBOJa 3€MCJIb C JI€CaMH nepBoﬁ TpynIibl 1 YMCHBIIWIICH 00BEM CHATOIO IJI0A0PpOAHOIO
cJios TToYBEl. B X0J€ NpOBCACHNA PCKYJIbTHUBALIUU OBUIM UCIIOJIb30BaHbI MNOTCHIHUAJIBHO IIOAOPOAHBIC TOPOAbL
(cyrnmuHOK), B3STBIE U3 Kapbepa. B mporiecce mpoBeneHusl TUKBHIAIMOHHBIX pa0OT YXY/IICHUs CUTYallUd IO
BO3ICHCTBHIO HA 3€MENIbHBIE PECYPCHI IPOUCXOAUTH HE OyIeT, B CBA3M C KOPOTKUM CPOKOM IPOBEICHUS PaboT U
B IIpe€iciiaX CyIECTBYIOUIETO 3€EMEJIBHOTO OTBOAA.

ANNOTATION

The purpose of the study is to influence land resources during mining operations, and the main stages of land
reclamation during mining on the example of the Tyradinsky gold Deposit, the "Zolotaya Tyrada" quarry, located
in the Yenisei region of the Krasnoyarsk territory. The main factors of impact on land resources in the process of
mining the field are considered; the analysis of measures to reduce the negative impact on land resources in the
process of mining the field is carried out. The actual height and area of overburden dump not to exceed project,
the reconfiguration of dumps allowed us to reduce the impact of mining on the environment, to avoid placing parts
of the dumps in the water protection zone of the river Terada, thus there is no need of land allocation to forests of
the first group and reduced the amount of removed topsoil. During the reclamation, potentially fertile soils (loam)
taken from the quarry were used. There will be no deterioration in the impact on land resources during the
liquidation process, due to the short duration of the work and within the existing land allotment.

KiroueBble cjioBa: WCIpanIdBacMble 3eMJIH; OTPAaOOTaHHBIA Kaphep, MECTOPOXKIEHHE, TOpPHBIE PaboTHI,
BCKPBILLIHBIE I0PObI, BOJOOXPAaHHBIE 30Hbl, PEKYJIbTUBALIUSA, TUIOAOPOAHBIN CIION.

Keywords: requested land; used quarry, field, mining operations, overburden, water protection zones,
reclamation, fertile layer.

Brenenne IIOJIy4YEHUH JIMLEH3UU [L,2]. OKcIuTyaTanus
OcoOeHHOCTH ~ HCIIOJB30BaHUSI  3E€MEIBHOTO  3€MENIbHOTO y4JacTka OTBEICHHOTO Juis
ydacTka Juid J0OBIYM  TIOJIE3HBIX  HMCKONAEMbIX  HEJPOIOJIb30BAaHMS, BKIOUAET B ceOs TpeOoBaHMUS 110
3aKJII0YAeTCsl B BBINEICHUH 3E€MEJIBHOIO OTBOJA M CHSATHIO M XPAHEHMIO IUIOAOPOAHOTO CJOS IOYBHI,
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PEKYIbTHBAILUYU 3eMEIb, KOHCEPBAIMY U JINKBUIALUU
MPEeaNpUsITHsT OCBaMBAIOILIETO YYacTOK, €ro BO3BpAaT
MpeXHEMY BIAJeNblly B HajuexameM Buue. s
pa3MeleHust OTBAJIOB BCKPBIIIHBIX opo.I
TOPHOZ0OBIBAIOIIETO TIPOU3BOJICTBA 0OBIYHO
WCIOJB3YIOT OTBENCHHBIM 3eMeNbHbIM ywacTok. Ha
3aBepIIAlOIIeM »dTare pa3padOTKH MECTOPOKICHUS,
MPOM3BOIUTCA PEKyNBTUBALNS, KOTOPAs SBIIACTCS
TEXHOJIOTHYECKUM JTAllOM TOPHOTO TPOW3BOJCTBA U
MIPOBOIUTCS, KaK MPaBUIIO, B TpH dTamna. [Ipeanpusrue,
KOTOpoe pa3pabaThIBaeT IIOJIE3HBIE HCKOTIAeMBIE,
obecreynBaeT TEXHUYECKYIO PEeKyJIbTHUBRALIUIO,
KOTOpasi IPOXOAUT B MPOIECCE IKCILTyaTalluu Kapbepa
Y 3aBUCHT OT PErHOHANBHBIX yCiIoBHiA [3].

O0BeKT U MeTOAbI HCCIeN0OBAHUS

Ha mnpumepe TrIpagMHCKOTO MECTOPOXKACHUS
30J10Ta, Kapbepa «3omoTas Tripagay, pacoI0KEeHHOTO
B EHuceiickom paitone KpacHospckoro kpas
paccMOTpUM BO3ICHCTBHE OOBEKTa HA 3eMENbHBIC
PECypChI, B OCHOBHBIC 3Tallbl PEKYJIbTUBAIIH 3EMEITb.
OTpaboTKa MECTOPOXKICHHS TPOU3BOIUIOCE B IEPHO/]
¢ moas 2003 roma mo maii 2005 roma [4]. Ilo
JIECOXO3SUCTBEHHOMY paliOHUPOBAHUIO
MecTopokaeHne Haxonutcs B CeBepo-EHuceilickom
JIECOXO3SUCTBEHHOM paiioHe, OKPYT TOPHO-TaekKHBIX
JIECOB CpennecuOupcKoit MJIOCKOTOPHOH
JIECOXO3SHCTBEHHOM 00yacTH, Ha BeicoTe 670-700 M.
HajJ ypPOBHEM MOpS, TEPPUTOPUS CO CpenHer
necuctocteio.  Jlecucrocts  CeBepo-Enuceiickoro
paiiona coctaBisier 95 %. Cpeanue TroauyHble
MPUPOCTHI JIPEBECHHBI XBOHHBIX IMOPOJ COCTABISIIOT
okono 1,0 m%ra, ymctBeHHBIX — 1,2 M%/ra. O6ue
3amachl  JIPEBECHHBI B CIENBIX  HACAKICHUIX
xone6morcs ot 40 1o 60 M%/ra. ITo reopacTUTENLHOMY
pafiOHUPOBAHUIO, Pa3pabOTAHHOMY MHCTHTYTOM Jjeca
nMm. Cykaueea CO PAH, Ttepputopus paiioHa
pacnonoxkeHa B [IUTCKOM TOpHO-Ta€KHOM MHUXTOBOM
nosice.

Hns  pasmenienuss 00BEKTOB  THIpaJAMHCKOTO
30JI0TOPYHOTO MECTOPOXKJIEHUSI TEPBOHAYAIBHO TIO

OpoeKkTy oTpaboTku  Mectopoxiaenust [4]  Obin
HEOOXOAUM  OTBOJ 3eMellb  HOBOKOJIaMHHCKOTO
necanuectBa  CeBepo-Enuceiickoro  yecxo3a B

kBapTanax 671, 672, 704 obmeit mnomansio 89,8 ra. Ha
UCTIPAIINBAEMON TEPPUTOPHHU IIpOM3pacTaroT jeca |
rpynmsl B kBaprane Ne704 mmomans 15,0 ra u neca 3
rpymnmsl B kBapTanax Ne671,672,704 iomans 74,8 ra.

Ha Ttepputopmu c 7ecamMu TMepBOl TPYIIIBI
TUTAHUPOBAJIOCH 1o MIPOEKTY 0oTpaboTKH
MECTOPOXIACHNUA Pa3MECTUThL OTBaJIbl BCKPBIITHBIX
mopoa. Bo Bpems pabGoT BO3HHK psj Tpodiiem,
CBSI3aHHBIX C pa3MENICHHEM OTBaJOB BCKPBIIIHBIX
MIOPOJI, PEIIEHHE KOTOPBIX TOTPEOOBAIIO IEPECMOTPETh
KOH(UTypanuio oTBayioB. VzmeHeHnne KoH(UTypannu
OTBAJIOB BCKPBIIIHBIX MOPOJ, IIOMHMO pEIICHUS
npoOJieMbl C  Pa3MEIIEHHEM BCKPBIIHBIX  ITOPOJ]
MO3BOJIMJIO M30eKaTh pa3MelIeHHs YacTH OTBAJIOB, B
BOJIOOXpaHOH 30HE, peku TrwIpaga, Kak 3TO OBUIO
3aIIaHAPOBAaHO B TpoekTe. PakTHdecKkas BBICOTa U
IIom@aab OTBAJIOB BCKPBIINIHBIX ITOPOJ HE NPEBBICHUIN
MPOEKTHYIO, KOPPEKTHPOBKA KOH(HUTYpayuu OTBAJIOB
MO3BOJIMJIA CHU3HUTH BIUSHUE pabOT HAa OKPYKAIOIIYIO

cpely, HEOOXOOMMOCTH OTBOAA 3E€MEIb C JecCaMH
MepBOIi IPyIIBI OTMANIA.

Br100p 3eMeNbHOrO y4acTka Ui CTPOUTEIhCTBA
00BbeKkTOB Kapbhepa «3omoTas Teipaga» B Cesepo-
Enucetickom paiione ObLT ompeseneH: AKTOM BbIOOpa
3€MEJIBHOTO y4acTKa JUIsl CTPOUTENbCTBA; AKTOM
HAaTYPHOTO TEXHHYECKOTO OOCIEIOBAHUS 3eMEIHHOTO
ydacTKa, UCTIPAIINBAeMOT0 M3 COCTaBa JIECHOTO (poHma
Cesepo-Enuceiickoro  necxosa; IlocranoBieHnem
apmuaucTpannn  Cesepo-Enmceiickoro paiiona or
04.07.03, Ne287; PacnopsoxeHneM CcOBeETa
amMuHHCTpamu kpas ot 20.04.04, Ne343-p[5].

Ha craguu odopmiteHus JOKyMEHTAIMH HA OTBOJI
ydacTKa 3¢MJId OBUT BBIMOJIHEH aKT HATYpHOTO
TEXHUYECKOTO o0ceo0BaHus HCIIpaInBaeMoit
Tepputopuu. B cooTBeTcTBUM € akKTOM B
00CJICIOBAHHOM YYaCTKe MPOU3PACTANH Jieca TPEThei
TpymIel, o0mei mromanpio 74,8 ra, n3 Hux 69,3 ra —
3€MJIU TOKPBITHIE JIECOM — OJIJIECOK CPEHEN I'yCTOTHI,
3eMJIM HellecHble — 5,5 ra. HenecHble 3eMin 3aHUMaroT
reoJIOTHIecKHuil Tpo(HiIh U Jopora.

Ha yuwactke mnpouspactanu MSTKOJUCTBEHHbBIE
(Gepessbl) 1 XBOITHBIE TOPOABI (IUXTHI, €111, OCHHBI) 4-5
6onurtera, Bo3pacta — 60-140 ner, momuoter 0,4-1,0.

3amac nenoBoif ApeBecuHbl cocTaBaan 4010 w3,

apoesnoit — 1719 ™3 Tlousa Ha ywacTke
CPEIHEINOI30/IUCTas, JIETKOCYTJIMHUCTAs, — CPEIHsIs
MOIIHOCTh ~ MOYBEHHOTO  PACTUTENBHOrO  CIIOS
cocraeistaa 0,1 m [4].

Ilpn  cTpomTenbcTBE OOBEKTOB Kapbepa B
mporiecce  OTpabOTKH  MECTOPOKACHHS  OBUIN
nmpeoOpa3oBaHbl ~ BEPXHHWE CIOM TIOYBBI B —

TEXHOT€HHBIH JaHAmadT TOPHOPYAHOTO HpOdUIIs.
OtBeneHHbIe 3eMJTH OBIITH HapYIICHbI CTPOUTEIECTBOM
Kapbepa, MOIBE3THBIX aBTOJOPOT, HMPOMILIOIIAIKH,

OTCTOﬁHHKa, PasMEIICHUEM OTBAJIOB BCKPBINITHBIX
HOPOI.

OmHMM W3 OCHOBHBIX, MEPONPUATHHA IO
CHMXXCHUIO OTpHUIATEIIBHOI'O BOSHeﬁCTBHH Ha
3eMeNIbHbIE  pecypchl B mpolecce  OTpabOTKH

MECTOPOXKICHHS CTald MPOCKTHBIC pEIICHUS I10
ONTUMU3AINN PACIIONIOKEHUSI OOBEKTOB Kapbepa, C
[ENBI0 KOMITAKTHOTO WX Pa3MEMICHHS W CHIKCHUS
IUIOMAAN YydYacTKa, WCOpPAlInBaeMOro K OTBOY.
Pa3Mepsl 3eMeNbHOrO OTBOJA W TPAHHIBI yYacTKa B
MPOCKTE 0TpabOTKH MECTOPOXKICHHS ObUTH
OINPEAEICHbl MCXOIS W3 CIEAYIOIUX YCIOBHIA:
MPOMBIIIUICHHAS.  IUIOIIQJKa  OblIa  IMOJHOCTBIO
BBIHECEHA 32 30HY 110 B3pBIBHBIM paboTaM B Kapbepe;
YUUTBHIBAJIACh 30HA OE30IaCHOCTH TNPH pPa3MeEIeHUH
OTBJIBl BCKPBILIHBIX TIOPOJ, PaBHAas OJUH K TpeM
BBICOTHI sIpyca OTBaJla; 3€MEJbHBIE YYacTKH O]
noporamu B cootBetctBun co CH 467-74 [6]; mnomanu
3aHMMaeMble

JIDII 6/0,4 (xB) ObuTH BKIIFOUSHBI B OTBOJI 3€MEITh
T10/] NH)KCHEPHBIE KOMMYHHKALHH.

B Tabmume 1 mnpuBeneHsl IUIOMIAM 3€MENb
3aHATBIX OOBEKTaMHU Kapbepa IO NMPOEKTy OTPaOOTKH
MECTOPOXKIEHUSI U (AKTHIECKOMY COCTOSIHUIO Ha
MOMEHT 3aBepIIeHus paboT mo oTpaboTKe 3amacos. B
mpoliecce MOATOTOBKM y4acTKa K CTPOHMTENbCTBY, B
COOTBETCTBMM ¢  TpeboBaHusmMu  JlecHoro
3eMeJIbHOTO KOZIEKCa, CTPOro COOJIOAIMCH I'PaHUIIbI
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3€MENbHOr0 OTBOJA, ObLIa TPOM3BEIEHA OYHCTKA
TEPPUTOPUH OT Jeca, pacKopueBKa MHeH. J[enoBoit nec
UCIONB30BaH  HAa  HYXIBl  OPEANpHUsATHd, a
HEKOHJUIIMOHHBIM U OTXOJBl - Ha HyXJbl MECTHOIO
HacesieHus. CpyOJsieHHast ApeBECMHAa HaXOAWJIach Ha
ydgactke MeHee 10 paHeH, MOATOMY CHEHUaIbHBIX
MEpOIIPUATHI 3alIUTe APEBECHHBI OT BpeAUTENEH He
TpeOOoBaJIOCH.

B mpornecce mpoBeneHust paboT MOCie OYHCTKU
TEPPUTOPUU  OT Jieca H  pacKopueBKe ObuLIa
MPOU3BEACHA Cpe3Ka IUIOJOPOJHOTO CJIOSI TIOYBEI
OynpI03epOM W CKJIAJAMPOBAHHE B  CKIQJax
MMOYBEHHOTO PACTHUTENHHOTO C0s. OIHAKO, B CBS3H C
TEM, 9TO peaNbHas MOITHOCTH TUIOJOPOIHOTO CJIOS Ha
ydacTke coctaBuia MeHee 10 cM, MI0J0pOAHBIH ciaoi
CHHUMaJcA N30MpaTenIbHo, T/Ie 3TO OBIIIO BO3MOYKHO

Tab6muma 1
Ilnomaau 00beKTOB Kapbepa «3ojotas Teipaga»
IInomanp, ra

HawnmvenoBanre o0bekTa 13)(;13 n;%(;e;;rny F———

Kapbep 15,09 15,00
TTpoMbITUIeHHAS TIIOIIA KA 0,45 18
OTBaJIB! BCKPBIIHBIX TTOPOA. 51,57 32,77
Cki1aj1 IepBUYHBIX PYJT 456 1,52
OTBa 32 0AJTAHCOBBIX PYA 1,93 -

ABTOZIOPOTH 1 ChE3/TbI KaphEePHBIC 3,56 2,84
ABTOI0pOTa MK IO I0THAS 7,50 7,50
OTCTOMHHUK 0,72 0,45
HmwkeHepHble KOMMYHHUKalmH, B T.4. JIDI1-6/0,4 (kB) 3,09 3,09
[poune 1,33 9,83
BCEI'O: 89,8 74,8

OcHOBHOE BO3/CWCTBHE Ha 3eMENbHBIE PECYPCHI
OBLJIO OKa3aHO B MEPHUOJ OTBOJAA 3eMeJb U BEICHUS
TOPHBIX pPa0bOT, TPU CHATHH IUIOJOPOIHOTO CIIOS
MOYBBI, CO3JaHUU TEXHOT'CHHBIX (popMm penbeda. Jlms
CHIDKEHUSI HEraTHBHOI'O BO3JCHCTBHSA ITOCJIECICTBUMN

TOPHBIX ~ pabOT  TPOEKTOM  OTPabOTKH  ObLIa
NpeIyCMOTPEHa PEKYJIbTHBALMS 3eMeb, HAPYIICHHBIX
Opy  OTPabOTKE MECTOPOXKACHHMS, ITO3BOJLIOIIASL

NPUBECTH 3E€MJIM B COCTOSIHHE, IIPUTOAHOE IS
MOCJIC/TYFOLIETO JIECOX03SHCTBEHHOTO HCIIONb30BAHUSL.
PexynpTuBanms mpom3BOAMIACE HA 3aBEpIIAIOIIEM
sTare  pa3pabOTKH  MECTOPOXKACHUS,  SBISUIACH
TEXHOJIOTHYECKUM 3TAllOM TOPHOT'O TNPOW3BOJACTBA U
MPOBOAMIACh, B TpH 3Tama. OCHOBHBIE PEIICHHS II0
NPOBEJCHUIO  PEKYJIbTHBAI[MOHHBIX  PaboOT  ObUIH
OTpaXkeHBl B IMpoekTe oTpaboTku TrIpagaHCKoro
30JI0TOPYAHOTO MECTOPOK/IeHHs, BBIoTHEHHOM OAO
«Cubusermernuunpoekt» B 2000 romy [4], wu
MOJTyYUBILIEM TIOJI0XKUTETIHHOE 3aKIIFOUCHHE
roCyJapCTBEHHOM 3KOJIOTMYecKor 3KkcnepTusbl Ne248
ot 28.05.03.

HampasneHust  peKkysnbTHBAallMM  HAPYIICHHBIX
3eMeTb W BHIABl HMX HCIOJB30BAHMUSA BKJIFOYAIOT:
KapbepHYIO BRIEMKY I10JT HCKYCCTBEHHBIH BOJIOEM;
OTBaJbl BCKPBIIIHBIX IOPOJ TOJ JICCOHACAKACHUS
MOBEPXy OTBAIOB W  3aJCpHOBAHHBIE  YYaCTKHU
MPHUPOAOOXPAHHOTO HA3HAYCHHUS IO OTKOCAM.

3A0 «lomoc» ot ®I'Y «Ceepo-Ennceiickmii
Jecxo3»  OBIIO  TOJNY4YEHO  COIVIACOBAaHHME  Ha
NPOBEJIEHNE TOPHO-TEXHHMYECKOTO M OHOJIOTHYECKOTOo
JTama peKyJIbTHBAlUM Ha IUIOMIAJU IOBEPXHOCTHU
OTBAJOB BCKPBINIHBIX Mmopox 21,5 ra, ocTambHbIE
3eMJIH, BKIJIIOYAsi OTKOCHI Kapbepa OoOmIed IUIoNIabio
49.85 ra ocTaBieHsl 110J] camo3apacranue. KapbepHas
BeleMKa IUIom@aapo 15,0 ra 3amojHseTcs BOIOM

€CTECTBCHHBIM IIyTeM 10 OTMeTKH 640 M. - 645 wm.
ITnomans 3epkana Boasl 3,45 ra. Kak yxe oTMedanocs,
IO TMPOEKTy OTPAa0OTKH IUIAHWPOBAJIOCH CHSTHE
IJIOZOPOJHOTO CJI0s MOYBEI B 00beMe 49,4 Thic. M3, B
CBSI3H C TEM, YTO peasibHas MOIIHOCTb IJIOAOPOHOTO
clos Ha ydwacTke cocrtaBmia MeHee 10 cwm,
IUIOOPOAHBIN CIIOH CHUMANCS H30MpaTeNbHO, TIIE 3TO
ObUTO BO3MOXKHO. [I0MIans OTBOIMMON TEPPUTOPUH
CTajla MEHBIIIE, B CBSA3U C U3MCHEHHUEM KOHQHUTYpaIiH
OTBaJOB, YTO yMEHBIIMIO OOBEM  CHSTOTO
IUIOIOPOIHOTO CIos MOYBHL. Ero dakrudeckuii o00pemM
cocrasun 34,4 teic. M°. Tlnomajgs MOBEPXHOCTH
OTBAJIOB, HoJJIeKaIast PEKYIbTUBAIIUH B
COOTBETCTBUH C MPOEKTOM 0TpaboTKu cocTassuia 30,5
ra, q)aKTI/I‘IeCKaSI iomanb IMOBEPXHOCTU OTBAJIOB, B
CBS3M C M3MEHCHHEM HX KOH(HIypalud COCTaBHJIA
21,5 ra.

[MoMuMoO  3aCKIaTUPOBAHHOTO  ILTOOPOTHOTO
CJIOSI TTOYBHI TIPH PEKYIIETUBAIIMN OBLITH HCIIOIH30BAHEI
MMOTEHIMATBHO TUIOJOPOJHBIC IMOPOIBI  (CYTIIMHOK),
B3ATBIC M3 Kaphkepa. lcronp3oBaHHE MOTEHIMAIBHO
TUIOAOPOTHBIX opoJT TUTST OHOIOTHYECKOH
PEKYJIbTHBAIlMKM TOJ] JIECOHACAKICHUS Pa3IMIHOTO
Ha3zHaueHUs permamentupoBaHo I'OCTom 17.5.1.03-
86 [7].

Yacts pabot () TOPHOTEXHHYECKON
pEeKyJIbTHBAlUK OblJIa TMPOBEACHA Ha 3aBEpIIArOIICH
cTazaun oTpaboTku Kapbepa. Ha miomiaan oTBaioB u
OTKOCOB  INPOU3BOJWIACH  CCJICKTHBHAs  OTCHITKA
CYIJIMHKOB, Ha TEPPUTOPUU BPEMEHHBIX JOPOT U
TEPPUTOPUU TIPOMBINUICHHON TUTOmanku. [opHO -
TEXHUYECKUH 3Tall PEKYyJIbTUBAIMM TOBEPXHOCTH
oTBajIOB ObLT TmpoBeneH B TeueHue 2005 romga. Hamu
OBLI paccuuTaH Oamanc 3aHUMAaEeMBbIX u
PEeKyIBTUBHUPYEMBIX 3eMeNb Tabnuia 2.
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Tabmuma 2

Bbajnanc 3emenn

Bceero Twunel 3emenn
3CMCJIb 10/ HE JICCHBIC
101 BOA0OEMaMu T10J1 J1IeCaMu 104 KOPMOBLIMH YT'OJAbSIMU
Y4aCTKH
3€MJ'II/I, noJyiekalue OTBoay, ra
748 | - | 69,3 - | 55
BoccranaBnuBaeMbie 3CMJIY, I'a
748 | 345 [ 71,35 - | -
Bananc OTBCJICHHBIX Y BOCCTaHABJIMBACMbIX 3CMCJIb, I'a
0 | +3/45 | +2,05 | - | 55
buonornuecknuii Tan PCKYyJIbTUBAIUU pa60T YXyaAueHus Curyaluu 1o BO3):[eI>iCTBIdIO Ha

IpeaycMaTpuBaeT CO3JaHHe PACTUTEIBHOTO NMOKPOBa
Ha TEPPUTOPHU MOBEPXHOCTH OTBAJIOB BCKPBILIIHBIX
MOPOZ, COTJacHO TEXHWYECKHMM  YCIOBHSIM  Ha
PEKYJIBTUBALIUIO. IIpu JIECOXO035UCTBEHHOM
HaIpaBJIeHUH PEKYIbTHBALH TEPPUTOPUHI
PEKOMEHAYETCSl BBICAXXHMBAaTh TE BHABL, KOTOPBIC
MPOU3PACTAIH HA YYaCTKE IO €T0 OCBOCHHSI.

Db dhexkTHBHOCTH HCKYCCTBEHHOT'O
JIECOBO300OHOBIICHHSI BO MHOTOM 3aBHCHUT OT T'yCTOTBI
KyJIBTYp — 4HCJa JIepeBhEB Ha €IUHMIE IUJIOIIATH, a
TaKXKe OT XapakTepa pa3MELIeHUs MOCAJOYHBIX MECT
Ha y4aCTKE — PACCTOSIHUS MEXAY PAJaMHU KyJIbTyp U
I1aroM IOCaJK! CaXEHIIEB B PAMY. DTH NMapaMeTpPhl BO
MHOTOM OIPEACISAIOT XOX pocTa M (HOPMUPOBAHUS

HacaXIEHUH. OTOT  TEpPHOA  XapaKTepu3yercs
Hanboee OIaronpUATHEIMU 9KOJIOTUIECKUMH
ycnoBusiMHA.  JIecoXo3siicTBeHHOE — HaIpaBJICHHE

OHMOJIOTHYECKOTO JTala PEeKyJIbTHBALUHM  IIOIIATH
MOBEPXHOCTU OTBaNoOB, mnposeneHo PI'Y «Cesepo-
EHucelickuii 1ecx03» Ha OCHOBE JOrOBOpPa M 3a CYET
cpencts 3A0 «Ilomocy. B mpomecce mpoBeneHus
OHMOJIOTHYECKOTO 3Tama PeKyJIbTHBALUH, COTJIACHO
HOpMaTHBHO-TexHOJ’IOI‘H‘IeCKOﬁ KapTbl, BBITIOJTHCHBI
cienyrompe BHUABI PaboT: o0paboTKa MOYBHI TOJ
MIOCEB; ITOCEB CEMSH XBOMHBIX KYJIbTYp (COCHBI); YXOI
3a JIECOKYJIbTypaMH IepBOTO ToAa (2 KpaTHBIH); yXox
3a JIECOKYJIBTypaMH BTOpOTro roja (2 KpaTHBIN);
JIOTIONTHEHHE JIeCOKYIBTYp Ha 30%, IOCEB ceMsH; YXOJ
3a JIECOKYIBTYpaMH TpPEThEro TOAa; YXOA 3a
JIECOKYJIBTYPaMHU YETBEPTOTO TO/1A.

3akJiouenue

B pesympTare NpOBENEHHOTO HCCIEIOBAHUS
MOXXHO CJeNaTh CIICAYIOIINE BBIBOJBI: NPOBEJICHHBIE
MEPONPHUATHSA 110 3allIUTE 3EMENBHBIX PECYpPCOB, B
mpenenax  NPOTHO3UPYEMOTO, H  JaXe  HIDKe
OKUJIaEMOT0,  BCIICACTBHE  OTKa3a OT  4YacTH
UCTIpAIIUBAaeMbIX 3eMeib. (DakThueckas BBICOTA U
IUIOIIA/b OTBAJIOB BCKPBIIIHBIX ITOPOJ HE MPEBBICIIIN
MPOCKTHYIO, KOPPEKTHPOBKAa KOH(HUTYpaIUU OTBAJIOB
MO3BOJIMJIA CHU3UTH BIUSHHE pa0OOT Ha OKPYKAIOIIYIO
cpeny, u30ekaTh pa3MEIICHUS 4YacTH OTBAJiOB, B
BOJIOOXpaHOW 30He peku ThIpajna; MO3BOJUIIA
ONNTUMAJIBHO 10 IIIOUIa PacroJIOKHUTH O6’beKTH
Kapbepa; oThaja HeOOXOAMMOCTh OTBOJAA 3€MEJb C
JiecaMH TIEPBOM TPYTIIBI; YMEHBIIUIICS 00BEM CHATOTO
TUIOZIOPOJTHOTO CIIOSI TIOYBBL. B Xome mpoBeneHus
PEKYyJIbTUBAIUN 6BIJ'II/I HUCIIOJIB30BAaHbI ITOTCHIIUAJILHO
IUTOJIOPOJIHBIE  TOPOABI  (CYTJIMHOK), B3STHIE W3
Kapbepa. B mporecce mpoBeAeHUs JTUKBUIAIMOHHBIX

3eMeJIbHbIE PECYPChI IIPOUCXOANTH HE OYyJIeT, B CBSI3H C
KOPOTKHM CPOKOM IIPOBEJCHUEM PabOT M B Mpeenax
CYIIECTBYIOLIETO 3€MEIBHOTO OTBOAA.
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AHHOTALIUA

[IpencraBneHsl pe3ynbTaThl IOJEBOTO JIM3UMETPHYECKOTO OMNBITA Ha OMOJA30JCHHOM YepHO3EeME II0
U3YYCHUIO KOY(P(QHIMEHTOB OHOJIOMYSCKOTO IIOTJIOMICHUS TSDKENBIX METaUIOB M MHKPODJIEMEHTOB IS
KOPHEILJIONOB M OOTBBI KOPMOBOH CBEKIbI IIPH HCIOJIB30BAaHUH PA3IMYHBIX CHCTEM MUHEPAIBHBIX yIOOPEHHIL.
AHaIN3 SMIUPHIECKUX PSIOB HAKOIUICHHUS JIEMEHTOB B OCHOBHOI ¥ IOOOYHOM MPOYKIMU PACTCHUI KOPMOBOI
CBEKJIBI [T0KA3all, YTO YPOBEHb HAKOIUICHHS LIMHKA, CBHHIA W KaJMHs B KOPHEIUIOAAX 3HAYUTEIILHO HIDKE, YeM B
0oTBe, a coIep)KaHHE MeOH OTHOCHTEIBHO PAaBHOMEPHO pacIpeleieHO MEXIy OCHOBHOW W MOOOYHOH
NPOJNYKLUHUEH 1[0 BapuaHTaM oOmnbiTa. Ha BapuaHTe C MOBBIMIEHHBIM arpOXMMHYECKUM (OHOM IPOH3OIILIO
CHIDKEHHUE COJlep)KaHHs MEAHM, IIMHKA ¥ CBHHIIA B OCHOBHOH M NMOOOYHOW MPOMYKIMU KOPMOBOW CBEKJIbI, YTO
MOXET OBITh CBA3aHO ¢ A3(PEKTOM OHOIIOTHYECKOT0 pa30aBiIeHHs IPH UCII0JIb30BAHUM MUHEPAIIBHBIX YJOOPEHUI.

ABSTRACT

The results of a field lysimetric experiment on podzolized chernozem to study the coefficients of biological
absorption of heavy metals and trace elements for root crops and tops of fodder beets using various systems of
mineral fertilizers are presented. Analysis of the empirical series of accumulation of elements in the main and by-
products of fodder beet plants showed that the level of accumulation of zinc, lead and cadmium in root crops is
significantly lower than in the tops, and the copper content is relatively evenly distributed between the main and
by-products according to the variants of the experiment. In the variant with an increased agrochemical background,
there was a decrease in the content of copper, zinc and lead in the main and by-products of feed beets, which may
be due to the effect of biological dilution when using mineral fertilizers.

KaioueBble ciioBa: MHKPORJIEMEHTHI, MUHEpajbHbIe yNOOpEHHMs, OMOJ30JICHHBII YEPHO3EM, CEIbCKOEe
XO03SHCTBO, TPAHCIOKALHS, TSKEIIbIE METAIIbI, XUMHYECKasi MEJIMOpaLHsl, IKOJIOTHuecKass 6€30MacHOCTb.

Keywords: trace elements, mineral fertilizers, black soil, agriculture, translocation, heavy metals, chemical
reclamation, environmental safety.

BLIH.[CHO‘IGHHLIG U OIOA30JICHHBIC YCPHO3EMbL CKOpee BCCro, Ha HUX COACPKAHHMU B 00BeKTax

SBIISIIOTCSL HauOoliee IUIOAOPOAHBIMHA TIOYBAMHU, Ha
TEeppUTOpUU Ps3aHCKOW 00NacTH 30Ha YEPHO3EMOB
3aHuUMaeT 44,7 % U OXBaTbIBACT CICAYIOIIUE PAXOHBIL:
CapaeBckuid, HoBonepeseHckui, YX0JI0BCKUH,
Psoxcknit, MuiocnaBckuid, 4acTh [amxoro,
MuxaitnoBckoro, 3axapoBckoro ¥ CacoBCKOTO
paiionoB  [1, 10]. Pesynaprarbl  MHOTOJETHHX
MOHHUTOPUHTOBBIX WCCIIeTOBaHUI COJIep KaHUS
TSOKEJBIX METAIJIOB B KOMIIOHEHTaX OKpY KaroIlien
Cpelbl TO3BOJIMIIN 0003HAYUTh TPUOPHUTETHBIC U3 HUX
JUTSL arpodKOCUCTEeM PsI3aHCKOTO perHoHa: MeJlb, IIUHK,
CBHHEI] ¥ KagMui [8].

ITo MHEHHIO 10.B. AnekceeBa [2],
«MHKPOIJIEMEHTED U «TSDKEIbIe METAJUIbDy MMOHATHS,
OTHOCSIIMECST K OJAHMM K TEM JK€ JJIEMEHTaM, HO
WCIIOJIb3YEMbIE B Pa3HbIX 3HAUYEHHUSAX, OCHOBAHHOM,

OKpyXatorieit cpenbl. OHaKO UMeeTCsl TpyIa 0cobo
TOKCUYHBIX METAJUIOB, K KOTOPBIM OTHOCSTCS PTYTh,
CBHHEIl M KaJMHH, NPEICTaBISIOMNX HaHOOJIBIIYIO
OMAacHOCTb ISl OKpyxaromeit cpensl [2, 11]. Ilousa
SIBIIICTCS.  NPUPOJHBIMU  HAKOMUTENIEM  TSDKENbIX
METaJVIOB B KOMIIOHEHTaX OKpPY’KarOLIEH NPUPOJHOU
CpeIsl U OCHOBHBIM HCTOYHHKOM HX HOCTYIUICHHS B

COTIpe/IebHBIC cpesl, a TaKKe
CEJIbCKOXO3SIUCTBEHHBIE  KyabTypel  [4, 9, 12].
W3BecTHO, 4To BEreTaTUBHAs macca
CEITbCKOXO3SIHCTBEHHBIX KyJBTYP crocoGHa
HAKaIUTMBaTh ~ 3HAYMTEJIBHO  OOJBIIE  TSDKEIBIX

METAJIOB, 4Ye€M OpraHbl HaKOIUICHHS acCCHMHIISITOB
(Hanpumep, KIyOHM M KOPHEIUIOIBI),  YTO
MIPEACTaBIsIET 0cOOyI0 BaKHOCTH B BBIPAIMBAHHUU
TaKUX OBOINHBIX KynsTyp [5, 11]. B kauectBe
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KJII0YEBOTO (PaKkTopa, ONpPEAEISIONIEr0 YHHKAIbHOCTh
COJICP)KaHUSI XUMHYECKHUX HJIEMEHTOB B IHOYBEHHOM
MIOKPOBE arpodKOCHCTEM, BBICTYIIAeT MaTEpPHHCKAs
NoYBOOOpa3ylomas Mnopojaa M, 4eM Ooliee BBICOKas
KOHIICHTPAIUS ux B TIOJICTHJIArOIeH
moyBooOpa3yrome mopoje, TeM, Kak IpaBuio,
OopIie X coaepKaHue B IOYBEHHOM ITOKpoBe [6, 7].
Pacnipenencarie  MHKPOSJIEMEHTOB W TSDKENBIX
METaJUIOB B OpraHax pacTeHHH TECHO CB3aHO C
CYIIIECTBOBaHHEM psifla 0aphepoB B CHCTEME: TIOYBA —
KOpEHb — CcTeOeNb — JINCT — PENPOIYKTUBHBIA OpraH,
XapakTep K€ MX paclpeleNiCHHs] B PACTCHHUSIX TaKKe
3aBHCUT OT BHJA CaMHX KYJBTYp U OT YCJIOBUH HX
BoIpamuBanus [11]. OOecneueHne ONTUMAILHOTO
COOTHOILIEHHSI B IOYBE MAaKpO- U MUKPO-3JIEMEHTOB 3a
CYeT TOBBIIICHUA 3(PPEKTUBHOCTH TMPUMCHCHHUS
ynoOpeHHi TO3BOJSIET HE TOJNBKO  YBEIHYHTh
YPOKaHOCTh CEIHCKOXO3SIMCTBEHHBIX KYJIBTYp, HO H
MOBBICHTH Ka4eCTBO MPOAYKIIUHN pacTeHUEBOACTBRA [3].
COop m cucreMarW3amus IAaHHBIX O HAKOIUICHUH
MHKPODJIEMEHTOB W TSDKETBIX METaUIOB B OpraHax
CEIIbCKOXO3SMCTBEHHBIX KYJNBTYp B 3aBHCHMOCTH OT
YPOBHS ~ TEXHOTEHHOW  HArpy3KH,  COJIEpKaHUs
3JIEMEHTOB B TIOYBEHHOM IIOKPOBE M HCIIOJIB3yeMOil
arpOTEXHUKU ux BBIpAI[BaAHHS MIO3BOJISIT
chopMHpOBaTh HEOOXOAUMBIA OaHK JaHHBIX IS
penIeHus BOIPOCOB MPOTHO3UPOBAHUS TPAHCIOKAIUU
MOJUTIOTAHTOB B arpoOMocCUCTEMaX.

Lens JIU3UMETPUUECKUX nccIIe0BaHNI
3aKJroyanach B N3y4YECHUHU pacmpezaeneHus
MHUKpPOJIEMEHTOB U TSDKEJBIX METaIoB B 0OTBE U
KOPHEII0/1aX KOPMOBOW CBEKJIBI MPU BBIPAIINBAHUI
Ha OIIO/I30JICHHOM 4YepHO3eMe Ha (oHE NPUMEHEHUS
pasmMYHBIX 703 MHUHEPAIbHBIX  yZOOpEHHH.
[oBrimenHble 70361  (QOCHOPHBIX H  KaJMHHBIX
ymoOpeHnit OB BHECCHBI Ha TPEThEM BapHaHTE
(P240 K270) o mpemiecTBy Oy o KyIbTypy (0Bec),
B PE3yJIbTATE MOJ KOPMOBYIO CBEKIIy B OTIETHOM IOy
Ha O0OO3HAUYCHHOM BapHAHTE OBUIM BHECEHBI TOJIBKO
aszoTHeie ymoOpenus B mo3e N90. Cxema mpoBeaeHuUs
MOJIEBOTO  JIM3MMETPHYECKOr0  OMNbITa  HMMelna
cneayrommid Bua: 1 — koutpons; 2 — NIP1IKI; 3 —
N1P4K4,5.

Jlisi  ONMBITOB  WCIIOJIB30BAINUCH  JIM3UMETPHI
koHcTpykuuu BHUWI'uM, mnouBa (omoa3ofeHHBIN
YEepHO3EM) HEHAPyIIEHHOTO CJIOKECHUS co
CMOJICIUPOBAHHBIM TJIyOOKHM 3aJleraHHeM YPOBHS
rpyHTOBBIX BOA (1,5 M). [Tocne yoopku u yduera yposkast
OCHOBHOH ¥ MOOOYHOI MPOIyKIIMH KOPMOBOH CBEKIIBI
IIPOBOANIIOCH OIPEAEIECHUE B HEHl conepkaHus MEMH,
IMHKa, CBUHIA M KagMHsi METOJOM aTOMHO-
a0COpOIMOHHON CHEKTPOMETPUU B COOTBETCTBUH C
MeToaryecKUMH  YKa3aHHUSIMH 110 ONpPEIENICHUIO
TSDKEJIBIX METAJUIOB B II0YBaX CEJIbXO3YrOMUH U
npoayKIuu pacteHueBoAcTBa, 1992 u 'OCT P 55447-
2013.

Ta6muma 1

3Havenns K03(pPUINEHTOB OMOJIOrHIECKOT0 NOTJIoIeHUs (Ax) MUKPO03JIEeMEHTOB
U TSKEJIBIX METAJIJIOB 1151 KOPMOBO# CBEKJIBI

BaDHAHTLL J103BI yIOOpEHUIA 10T KoahdurmeHTh norIomeHusI 371eMEHTOB (KOpHEIUIo/00TBa)
p CBEKITy MeJIb LMHK CBHHEI] KaJIMMI
: ] 118 307 043 459
. KOHTPOJIb 111 7,89 1,55 14,30
111 287 0.35 454
2. N1P1K1 N90P60K90 116 6,56 1,48 14,54
0,90 2,78 011 5,30
3. N1P4K4,5 N90 078 5,80 0,87 20,50

AHanu3 JaHHBIX, MPeCTaBICHHBIN B Tabmume 1
MoKa3aj, 4YTO pas3UYHbIE CHCTEMBl MUHEPATbHBIX
yaoOpeHni  oKazanu  BIMSIHME HAa  3HAYCHUS
KO3 PHUINECHTOB  OHMOJIOTHYECKOTO0  MOTJIOIICHHUS
M3y4aeMbIX JJIEMEHTOB Kak JUIsl KOPHEIUIONOB, TaK U
JUiT OOTBBI KOPMOBOW CBEKJIBI. B 1emomM, wmenp
JIOCTAaTOYHO PAaBHOMEPHO pacIipeielieHa B OCHOBHOU U
MOOOYHON TPOMYKIIMH KOPMOBOW CBEKJIBI, a IIMHK
CBUHENl W  KaIMHUA  3HAYHTEIFHO  OOJbIIe
CKOHIICHTPUPOBAHEI B OOTBE, YeM B KOPHEIUIOAAX
0003HaUEHHOW KyJbTYphl. 3HaYeHUsT K03(dumreHTos
OMOJIOTUYECKOTO TIOTJIONICHUS N3Y9IaeMbIX JIEMEHTOB
JUIs  KOPHETUIOJOB ¥ OOTBBI KOPMOBOW  CBEKJIBI
pacnpeeNieHbl CIeayonUM 00pa3oMm:

- no meou: AN KOPHEIJIONOB HaMOOJbIINE
3HaYeHHs  3aukcupoBaHBl Ha  BapwaHTe |,
HauMEHbIINE — Ha BapuaHte 3; i1 OOTBHI
HanOOJbIE 3HAYCHUS 3a()UKCHPOBAHBI Ha BapHaHTE
2, HaMMEHBIIINE — Ha BapuaHTe 3;

- nO YuHKy:. NS KOPHEIDIOAOB HAMOOJbIIUE
3Ha4YeHUs  3a(UKCHpOBaHBl Ha  BapuaHte |1,
HaVMCHBIINE — HAa BapuaHte 3; I OOTBEI

HanOoJbIINe 3HAYCHUs 3a()UKCHPOBAHbI Ha BapUaHTE
1, HauMeHbIIIMe — Ha BapuaHTe 3;

- N0 ceuHyy: ANl KOPHEIUIOAOB HauOOJbIIHNE
3HaueHus  3adUKCHpPOBaHbl Ha  BapuaHtre 1,
HavMEHbIIME — Ha BapuaHte 3; s OOTBEI
HauOoNbIINe 3HAYCHUS 3aUKCUPOBAaHbI HA BapHaHTE
1, HauMeHbIINE — HAa BapHaHTe 3;

- 1m0 KaOmMu: ISl KOPHEIIOAOB HauOOJIbIINE
3HaueHWs  3aQUKCHpPOBaHbl Ha  BapHaHre 3,
HauMEHbIINE — Ha BapuaHte 2; 1 OOTBBI
HauOobIINe 3HaYCHUS 3aUKCUPOBAaHbI Ha BapHaHTE
3, HaMMeHbINE — Ha BapHuaHTe 1.

Ha  ocHoBe  wu3yueHuss 10  BapuaHTam
JM3UMETPHYIECKOTO 3KCIIepUMEHTa K03 PHUINEHTOB
OMOJIOTHYECKOTO TOTJIOMICHNS HW3Y9aeMBIX METaJIOB
JUIL OCHOBHOM W TOOOYHOM MPOAYKIMH KOPMOBOH
CBEKJIbl OBUIM IMOCTPOEHBI AMIIUPUYECKHE PSJIbI HX
HaKOIUICHHS: JISI KOPHEIUIOJOB KOPMOBOW CBEKJIBI
IMITUPHIECKHUH Pl uMeeT crenyromuid Bua: Cd >7Zn >
Cu > Pb; nist 60TBBI KOPMOBO# CBEKJIIBI IMIUPUICCKHI
psin umeer ciexyrommit Bua: Cd >2Zn >Pb > Cu.
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Ananus OMIITUPUYCCKUX  PSAO0OB HaKOIIJICHUA HByquMe COOTHOLIICHUA KOB@@HHHGHTOB
Mokasajl, 4TO KakK B KOpHCIUIOAAX, TaKk U B 0oTBE OHOJIOTHYECKOTO HOIJIOICHUA PAaCCMOTPCHHBIX

KOPMOBOM CBEKJIbI WHTCHCHUBHEEC HAKAIUIMBAIOTCS
KaJMHI U IIUHK, YeM MEJIb U CBUHEII, B CBOIO OUCpe/Ih
B COJIOME OBCAa MHTEHCHBHEE HAKAIUIMBAETCS KaAMUN U
nMHK, 9eM Menb 1 cBunel. CormacHo 'OCT 17.4.1.02-
83 kamMuii, CBHMHEIl TaK)Ke M LMHK OTHOCITCSI K
XMUMHYECKHM BEIECTBAM MEPBOrO KJiacca OMAacHOCTH,
MOATOMY HYXKIAIOTCSI B TPUCTAILHOM KOHTpOJE 3a
COJICpIKaHHUEM B 3JIEMEHTaX arpo3KOCHUCTEM.

9JIEMEHTOB KOPHEIJIOAOB K OOTBE KOPMOBOM CBEKJIBI
(pucyHok 1) mokasaino, 4TO NMPUMEHEHHE Pa3IUYHBIX
CHCTEM MHUHEPAIbHBIX yIOOpEeHHH B IEJIOM OKa3ayo
MOJIOXKHUTEIBHOS  BIMSHHE Ha IOCTYIUICHHE B
KOPHEIUIOABl TAaKUX BaXKHBIX MHKPOIJIEMEHTOB Kak
Menb 1 OUHK. [1py 9TOM coleprkaHue CBHHIA U KaJAMHUS
B KOPHEIUIOAaX KOPMOBOH CBEKJIBI IPH NMPUMEHEHHH
MUHEPaJIbHBIX yroOpeHui 3HaYUTEIILHO
YMEHBIIMIIOC.
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Pucynox 1. 3nauenus omuowenuii Ko3@Puyuenmos OUOI02UHECKO20 NO2NOWEHUS DIEMEHIN0E KOPHENI0008
K Obomee KOpMOBOU ceKbl

Takum oOpasoM, m3ydeHHE KOI(D(DOUIIHESHTOB
61OJIOrUYECKOTO MOTJIOLICHHS H3yUYEHHBIX
MHUKpPOJIEMEHTOB M TSKEJBIX METAJUIOB, a TaKKe
OMITUPUYECKUX PSAJOB UX HAKOIUIEHHS B OCHOBHOM U
MOOOYHON MPOAYKIMU PACTEHHH KOPMOBOH CBEKJIBI
MOKa3aJI0, YTO YPOBEHb HAKOIUICHHS LIMHKA, CBUHLIA U
KaJMUsl B KOPHEIUIOJaX 3HAYMTENIbHO HIKE, YEM B
0oTBE, a coJep)KaHWE MeAM  OTHOCHTEIHHO
PaBHOMEPHO pPAacHpesesieH0 MEXIy OCHOBHOW U
noOOYHON NpOAyKIHMeH 1o BapuaHTaM ombita. Ha
BapuaHTe 3 (TIOBBIMIEHHBIN arpoXMMUYEcKHid (OH)
MPOU30LUIO CHI)KEHHE COJEPXaHUs MeIH, LHWHKa U
CBHHIIA B OCHOBHOH M TOOOYHOW IPOIYKLIUH
KOPMOBOW CBEKJIbI, YTO MOXET OBbITh CBSI3aHO C
appexToM  OHOIOTHYECKOTO  pa3baBieHHs  NpHU
UCIIOJIb30BAaHUU MUHEPAJIbHBIX Y100peHHH.
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WHPOPMAMOHHOTO  oOecriedeHuss  O0OBEKTOB

BOZ[OCHa6)KCHI/I$I. CocrasiieHa 3aJa4ya YMCHBUIICHHS KOJU4YECTBA U TPYAOCMKOCTH pa60T 10 pa3pa60TI<e u
nepeaayn nHPOpMani, TUPKYITHPYIOIIHX MEXITy 00BEKTaMH BOJIOCHAOKECHHS, ITyTEM yCTPAHEHUSI HEHYKHBIX U
MOBTOPAIOIINUXCA noxasarejieii B Ppa3JIMIHbIX JOKYMCHTAX CUCTCMbI YIIpaBJICHUA. HpI/IBO,IlI/ITCSI MaT€MaTH4YCCKasa
IMOCTAaBKa 3a/lavda U €€ pelICcHNE C IOMOIIbIO METOAa JIMHEHHOTO HEJIOYUCIICHHOI'O IPOTrpaMMUPOBAHNSA FOMOpI/I.

ABSTARCT

The system of information support of the territory water supply facility is considered. The task is to reduce
the number and complexity of work on the development of information circulating between management units, by
reducing unnecessary and repetitive indicators in the documents. The problem is posed and solved as a linear
integer programming problem and solved using the MATLAB methods of mathematical programming.

KaroueBble cioBa: aBTOMATU3UPOBAHHAA CHCTEMA BOI[OCHa6)KeHI/I$[, OIITUMU3al A, 3HCKTpOHHBII7[
JIOKYMEHTOO00POT, KOA(POHUIHMEHT IEHHOCTH, KOA((HUIMEHT HEMOBTOPSIEMOCTH, JIMHEHHOE IEIOYHCICHHOE
MMporpaMMUpPOBAHUE, KPUTEPUSA ONITUMAJILHOCTH.

Keywords: automated control system, water supply system, optimization, electronic document flow,
coefficient of value, coefficient of uniqueness, integer programming, optimality criteria.

1.Beeaenue
MHorue HaceJIeHHBIE ITyHKTHI, IPOMBIIUICHHBIE 1
CEIIbCKOXO03SICTBEHHBIS OOBEKTHI, a Takxe
opomIaeMble  CEJICKOXO3AHCTBEHHBIE  TEPPUTOPUHU
HY’K/Ial0TCS B pa3BUTON CHCTEME BOJAOCHAOKEHUS. DTH

MPOM3BOJUTCS  HA  OCHOBE  MHOTOYHCIICHHBIX
nHbOpMaNUH, THPKYIUPYIOUMX MEXKIY OOBEKTaMHU
CaMO¥ CHCTEMBI U IPYTHMH OPTaHM3AIMSIMH, KOTOPEIE
HUMEIOT HH(OPMAIIMOHHBIE CBA3H C HUMHU.

Otu  wHbOpPMAIMKM MOXXHO  Pa3leNuTh Ha!

CHCTCMBI COCTOAT us3 HNCTOYHHUKOB BOJBI, 3x06;m;ue, — MOCTYHNAarIMue B CUCTEMY H3 APYTrUX
BOHO3&60pHLIX COOpy)KeHHﬁ, CKJIaJ10B JUIA 0pFaHH3aL[PII>i; G6HYymMpeHHue, — CO3Jaroluccsa B camoit
pe3epBUPOBAHUA BOJIBI, MarucTpajibHbIX n CHUCTEME U HCIIOJBb3YHOIIHUECAH B €I'0 pa60Te; BHEeUulHue, —

pa3BETBIICHHBIX KAaHAJIOB WA TPYOOIPOBOJOB IS
JTIOCTaBKH BOJBI K MYHKTaM BOJOTIOTPEOJICHHS, a TAKKE
COOpY)KEHHH JUJIsI Tepelayd  BOJABl K IYHKTaM
BOJIOTIOTPEOICHNSA. YTIpaBlIeHHE TaKUMH CHCTEMaMH

HalpapJIAIOMHAECA K APYIruM OpTraHU3alUsIM. ,HJ'IH
yHpaBJICeHUA CHCTSMOﬁ, 9T I/IH(bOpMaIII/II/I JABHUI'arOTCA
o OHNpeACJICHHBIM MapuipyTaM. Taxoe JBHXXCHUC
OCYIIECTBIIACTCA C IMOMOIIBIO HCHOCpeHCTBeHHOﬁ
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CBSI3M PAaDOTHUKOB CaMOW CHCTEMBI, KypbepaMmH,
nourod, QakcoM, TeNePOHOM WIM DIEKTPOHHOM
(unTepHeTHOI) cBs3u. [Ipouecc co3aanust U ABHKCHUS
nHdopmanuu MEXIY COTpYIHUKaMH u
MOApa3IeICHUAMH CHCTEMBI Ha3bIBaCTCS
OOKYMEHMOo0O0pomom WU  0eloNnpou38o0cmeom, a
WHQOPMALMOHHAS  CBS3b,  OCYIICCTBIIEMAs  C
MOMOIIBI0 HMHTEPHETa HA3bIBACTCS  2/1EeKMPOHHBIM
OOKYMEHMO0OOPOmMOM.

HmeroTcss MHOXECTBO pabOT IO  OIHMCAHUIO
JIOKYMEHTO000pOTa u AIIEKTPOHHOTO
JIOKyMeHTOoO0opoTa. PaccMoTpuM HEKOTOpBIE U3 HUX.

B [1] wuznmaraercs OCHOBHas  mporpaMmma
npoeCCUOHANBHOTO  OOy4YeHHs 1O  Hpodeccuu
«enonponsBomurensy.  Llenb  mporpamMmbel  —
c(hopMHUpPOBATH HaBBIKH, HEOOX0ANUMBIE B
npodeccroHaNbHOM JIeSITEIIbHOCTH
NENOTIPON3BOANTENSA.  3ajadydl  MpOTpaMMBl  —
chopmupoBate of0mme ©  podecCHOHATHHBIE
KOMIIETEHTHOCTH.

B [2] uznaraetcs 4to, BCAKUN pa3, KOTAa 3aX0IUT
pasroBop 00 oOMeHe WH(pOpManued B IEKTPOHHOU
dhopme, Oyap 310 TwIaTexu yepe3 VHTepHeT, moyTa Wil
nepenucka B Ckaiile, paHO WIM TO3HO BO3HHKAET
Tema Oe3zomacHocTH uHpopMmauuu. Eciam ke MbI
TOBOPHM 00 3JIEKTPOHHOM JJOKYMEHTO000pOTE, TO €CTh
0 JIBKEHUH 3JIEKTPOHHBIX JIOKYMEHTOB, COBMECTHOI
paboTe C HUMHU, NPUHATHM PELICHUI Ha WX OCHOBE,
Ha0Op BOIIPOCOB CYIIECTBEHHO BO3PACTaET.

B [3] pacckaspiBaeTs O IESITENBLHOCTH OT/eNa
KaJpoB mpeanpusTas. [IpuBeIeHBI OCHOBHBIC aCTIEKTHI
paboTBl KampOBOW CIIy)KOBI, PacCMOTPEHBI BOIPOCHI
HA/I30pa, a Takke paboTHl MO 3aKOHOAATEIBCTBY O
Tpyae. B mocoOum moapoOHO oOmMcaH MOPSAOK
oopmIIeHH TOKYMEHTOB IIPHU IpueMe Ha paboTy U
YBOJILHEHUH COTPYJHMKA, a TaKKe JaHbl, MpaBUiia
3aKJIFOUEHMS] M PAaCTOPIKEHUS] TPYAOBBIX JOTOBOPOB,
MpaBujia B3aUMOJIEMCTBUSL C MHCHEKIHEH 1O Tpyny.
AKIIEHT B 1OCOOHMH CZEJIaH Ha COCTABJICHHU JIMYHBIX
JIOKyMEHTOB, TaKUX, KaK pe3ioMe, 3asBICHHH, IIPOCKO.

LeneBass aymuropuss TOCOOMH — PYKOBOIHTEIH
OPEeANpUATHH, PYKOBOAWUTENM W  CIELHUATUCTHI
KaJPOBBIX CITYXKO.

B [4] naercs BOIPOCHI OopraHu3aluu
JICIIOTIPOM3BOICTBA B OyXranTepuu, YIpaBICHUE
OyxranTepckoi JIOKyMEHTaIHe, rpadux
JI0€yMEHT0000poTa B Oyxranrepuu,

JIOKYMEHTHPOBAHHE AEATEIbHOCTH OyXTaITepHUH H T.JI.
B [5] npuBozsTCs OTAECNBHBIE WUTIOCTPAIMH IO
pa3IUYHBIM TEMaM JIEKTPOHHOTO JOKYMEHT0000pOTa.
MMmeroTcst TakKe OMMCAHUS K 3TUM WILTIOCTPAITHSM.
B BhIIIeyKa3aHHBIX U IpyTUX NOAOOHBIX paboTax

paccMaTpuBarOTCA pa3JIMvIHbIC ACIICKTHI
JACJIOITPOU3BOACTBA, ﬂOKyMCHTOO60pOTa, a TaKXeC
HCKOTOPBIC MPUHIUIIBI UX OTITUMU3ALNH.

B YaCTHOCTH, JJIA YCOBEPIICHCTBOBAHUA

JIOKYMEHTOO00pOTa CHCTEMBI BOJOOOCCHICUCHHS B
A3zepbOaitkane co3aHa " WCTIONIE3YETCS
21IeKMPOHHbIL «/{oKyMenmoobopom Asepcy», KOTopas
CUUTAETCSl COBEPIIEHHON CUCTEMO.

Jins  momydeHns TOITHONH HMHGOPMATHBHOCTH
JOKyMEHTO0000poTa, B cocraBe BXOJISIIHNX,
BHYTPEHHUX u BHEIIHUX JIOKYMEHTOB,

LUUPKYJIUPYIOIINX B JICKTPOHHOM cucreme
JOKyMeHTO0000poTa A3epCy IOJDKHBI OBITH YKa3aHbI
CJIe/TyOLITHE TTI0Ka3aTelu:

- Cmamyc — KOTOpBIiI aBTOMAaTHYECKH JIaeTcs
CaMoii CHCTEMOH 3JIEKTPOHHOTO JIOKYMEHTO000POTa;

- Homep u oama nocmynnenus 0OKyMeHma — 3TH
JaHHBIC BHOCSTCS B JIOKYMEHT ABTOMAaTHYECKH WU
PYYHBIM cItocoOoMm;

- Bpema u oama cozdanmua Ookymenma — 3TH
JaHHBIE B JOKyMEHTE OTMEYAlOTCs BO BpEMs €ro
CO3/IaHHs;

- Knaccugurxayus — BBIOMPAIOTCS 3aroJIOBOK U
TIOJIpa3 ey TOKYMEHTa;

- Koumpons — 3TOT mapameTp BBIOMpaeTcsl MpH
BXO/I€ JIOKYMEHTa B CUCTEMY C KOHTPOJIEM;

- Homenxnamypa — yxasbiBaercs (opma
JOKyMEHTa, B COOTBETCTBUH C TOCYAapCTBEHHBIM
CTAaHIAPTOM;

- Buo ookymenma —
NpeIUIoKEeHHE H T.1.;

- Lllabaonnwiti mapuwipym — B 3aBHCHMOCTH OT
3aroJIOBKa JOKYMEHTa BBIOMPACTCS MapLIPyT €ro
JBIDKCHUS. BO3MOXXHO co3gaHHe HOBOIO MapuipyTa
WJIM BHOCUTH U3MEHEHHUS K CYLIECTBYIOIIEMY; -

- Komy — yxaspiBaeTcsi ajpec JIMYHOCTH,
KOTOPOMY HaIlpaBJieH JJOKyMEHT;

- @opma docmaeku — TIEPCOHAIBHO, KYypbhepoM,
teneoHoM, (haKCoOM, 3-MaUJIOM U T.11.;

- Kpamxoe codepowcanue — KpaTKO U SICHO
u3naraeTcs CoAepXKaHWe JOKyMeHTa. B aTom
NoKasarelnie JOJDKHA OBITh B SICHOM BHJIE HpHBEACHA
Ha3HaueHWe  JOKyMeHTa. Ilpu  onTHMHU3aLUH
CTPYKTYPBl JOKYMEHTOOOOpPOTa 3TOT IOKAa3aTelb
OLICHUBAETCS] 0COOCHHO BBICOKO.

- Ilpumeuanue — 1pu  HEOOXOIUMOCTH,
yKa3bIBAETCs CIIEIMANbHbIE IPUMEYaHHS K JJOKYMEHTY.

OcHoBHas eJb YCOBEPILIEHCTBOBAHHMS
CTPYKTYPBI JIOKYMEHTOO00POTA SIBJISIETCS IOCTHIKEHUE
MHHUMAJBHOW TPYAHOCTH COCTaBJICHHSI JIOKyMEHTOB,
IyTeM COKpAIlIEeHUsI MOBTOPSEMOCTH IOKa3arelieil B
JOKYMEHTaX, VIPOIICHUS WX  JBIDKCHHS O
MaplpyTaM pemieHHs YIpaBiICHYECKUX (QyHKIHH
TP IIPHATHS.

Jst JoCTHKEHHS TOCTABICHHON LENH aBTOPAMH
HacTosIIen paboThI paccMoTpeHa 3aj1a4a
ONTHMU3ALMU CTPYKTYpPBI IOKYyMEHTO000pOTa, IMyTeM
COKpAIIEeHHs KOJMYECTBO MOKa3aTeJeld HaXOJSIUXCS
B COCTaBe JOKyMEHTOB.

2. IlocTaHoBKA 332241 ONITUMU3AIUHT
CTPYKTYPBI JOKYMEHT0060pOTa

IycT uccnemyercst cucreMa JOKYMEHTO000poTa

opranuzanuu BojpocHaOxeHus. Tpebyercsi cocTaBUThH

3asBJICHUE, Kajao0a,

U peluTh 3aJady  ONTHUMH3ALHMH  CTPYKTYpBI
JOKYMEHTO0000poTa. B 3TOl 3amade OCHOBHBIMHU
XapaKTepUCTUKAMU KpUTEPUH 3¢ PEKTUBHOCTH

SIBIISIIOTCSL  MOBbIUICHUE YEHHOCMU W YMeHbUUeHUe
nosmopsemocmu nokasareneil B jokymenrax. C atoi
LENBIO BBOJISITCS HOBBIE XapaKTEePUCTUKH:
KoagpPuyuenm yeunocmu W KOIPPuyuenwm He
nosmopsemocmu TIoKazaTeei.

Kosgpgpuyuenm yeHHocmu MOKa3aTest
OmpeZieIseTcss  Ha ~ OCHOBE  Hamuuus  o0bema
nH}opManuy B €ro cocTaBe, CJI0KHOCTH COACPKAHUS
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JOKYMEHTa U €ro HeOOXOAUMOCTH, a Kod@puyuenm ne
nogemopsaemocmu HOKa3aTess orpezessieTcs
OoOpaTHBIM 3Ha4YCHHWEM KOJHMYECTBA €ro HAJIW4YUS B
pa3NUYHbIX  JIOKYMEHTaX. OTH  KO3(PPHUIMEHTHI
ONPEENAIOTCSl  ONIBITHBIMH  CICHHUAIUCTAMH — —
9KCIIEPTaMH M COCTAaBILIOTCS B BUAE TaOJIHUIIBL

Ha ocHOBe BhImIEyKa3aHHBIX KOA(D(PHUIHECHTOB
COCTaBISIETCS IIOCTAaHOBKA 3aJadd  ONTHMH3ALNH,
peIICHHEM KOTOPOTO OIPEACIISIOTCS HEOOXOIUMBIC
napaMeTpsl JOKyMEHTO000pOTa.

TakuMm 00pa3oM NPEAIIONOKHM, YTO B CHCTEME
JOKyMeHTOOOOpoTa  mpennpusitust  umeercss N
KOJIMYECTBO JOKYMEHTOB. B cocraBe kaxmoro N-ro
JIOKyMEHTA ITPEABAPUTENLHO HaxoasTcs |y KoandecTBo
pa3nuuHbIX nokasateneid. O0o3HaYMM KOI(PPUIUECHT
HEHHOCTH KaXOro i-ro mokasarteis N-ro JOKYMEHTa
Cni, K0O((UIMEHT ero He MOBTOPSEMOCTH Phi, a
napaMeTp HaJW4usl OTOrO0 IIOKa3aTels B COCTaBe
JIOKYMEHTa Xn,i. Ecnu Hannuue i-ro mokasareins B N-M
JOKYMEHTE cuuTaeTcs 00s13aTeNBHBIM, TO
NPUHUMAETCS Xn,i>1, B MPOTHBHOM ciydae Xn,i<0. Ilpn
9TOM, CMeNneHb YeHHOCMU U He nogmopsemocmu Oyaem
CUHUTATh BbIpaxeHue (Cni+ Pn,i) Xn;i-

B kawectBe  kputepudl  3ddexkTHBHOCTH
NpPUHAMAaeM CyMMY CTENEHEed LEHHOCTH U He
MOBTOPSIEMOCTH:

C= 211\{=0 {gl(cn,i + pn,i)xn,i (2).

Takum  o0pa3oM,  IOCTaBICHHas  3ajgaya
ONTUMH3ALIMN  CTPYKTYPHl ~JOKYMEHTOB CHCTEMBI
JOKYMEHTOO0OpOTa MNpPEANPUITHS 3aKII0YacTcs B
HaXOX/ICHUY 3HAYCHHH MapaMeTpoB

Xppon=L1LN,i=11,
3HaveHue 1es1eBor GpyHkimu (1):

MaKCHUMU3UPYIOLIUX

—_ VN In
C= Zn:o Zi:1(cn,i + pn,i)xn,i - max (2)
U yIOBIETBOPSIOIIUX CUCTEME
OTpaHUYEHUM:
- OrpaHMYEHMsT Ha KOJHMYECTBO IIOKa3aTenen
Ka)JI0ro JOKyMeHTa

clenyromen

1< Zi";1 Xni < Iy,n= L—N; (3)

- OrpaHMYCHHA Ha OOIIyI0 CyMMy CTeleHeil
[EHHOCTH ¥ HE TIIOBTOPSIEMOCTH IIOKa3aTesiell B
CHUCTEME JIOKYyMEHTO000pOTa

. In max1,N
min Zi=1(cn,i+n "
n,in

s (4)

n

- YCJIOBUA HE OTPULATCIBHOCTU MOKa3aTelIe:

Xp;20,n=1N,i=11, (5)

- yCJIOBUA HEJIOCTHOCTU TIOKa3aTeNen:

Xpipn=1,N,i =1,[,MOryT TNOIy4uTb UEIbIE
3HaueHwus. (6)

3nece |, —o0miee  KOIMYECTBO  HAIMYUS
nmokaszateneid B N-M JOKyMeHTe;, Sp'u sy

MUHHAMAJbHAS U MaKCUMaJbHasl CTEMeHb IIEHHOCTH U
HE MMOBTOPSIEMOCTH 3TUX TIOKa3aTelieil B JOKYMEHTE.

[IpousBeneM  ympouleHHe — 3aJadd  IyTeM
nepexo/ia K NepeMEHHbIM C OJTHUM HHACKCOM.

[Ipumem lo=0 1 BBegeM HOBBIC HOMepa cueTa J u
j Takum obpazom: | =YN_ I, , j=¥rLL 40 n=
1,_N,i = m C yderoM 5TOW WHAEKCAIIMH TIPHIMEM
Q;=Cn,i+Pn,i 1, Yj = Xn,i, j = 1,].

[pu sTom 3amagy (1) — (5) MOXHO TepenHcaTh B
CIIE/IyIOIIeM BHUIE:

C = Zle @;y; - max, ©)
1<k, Ly <h,n=1N, (8)
min Z]" aiy -mML_N

s, j=In-1+1"J7J, ’ (9)
y;=0,j=1], (10)

noKazaren yj,j = 1,/MOTYT TONYYHTh LEIbIE
3HaveHus. (11)

Jna pemenns 3amaun (7) — (11) ucnone3yercs
METOx [ETIOYUCIICHHOTO JUHEHHOTO
porpaMMHpoBaHus. B pesysnbraTe peunieHus 3agadu
OTIPEIENIAIOTCS. 3HAUEHUS 0053aTeNbHBIX MOKa3aTeNei
BCEX JIOKYMEHTOB CHCTEMBI JOKYMEHTOOOOpOTa H,
IyTeM COKpAIleHHs T[IOKa3aTeliell co 3HauYeHHsIMH
Yn,i<l, MUHUMH3HUPYETCSI PACXOJIbI JCIONPON3BOACTBA
Ha  yNOpaBJ€HHWE CHUCTEMOH  JOKyMEHTO00opoTa
OpTaHM3aIN BOZOCHAOKEHUS.

3. Ilpumep penieHust MOCTABJIECHHOM 3a1a4u
ONTHMAJILHOI0 YNIPaBJIeHUS
PaccmoTtpum pemenne 3agaun (7) — (11) nHa

npuMepe  KOHKPETHOrOo  O0BbeKTa  yNpaBlICHHS
BOJIOCHA0KEHHUEM.

Ilycts Tpebyercst COCTaBHTH 3amaqy
ONTUMHU3ALUU CTPYKTYPBI JOKYMEHT0000pOoTa,

cocrosimiero U3 4  JIOKyMEHTOB, B  KOTOPBIX
COOTBETCTBEHHO wuMeroTcs 3, 4, 5, 6 mokasaTeliei.
Hcxonnbie  nmaHHBIe I TOCTAHOBKHM  3aJa4yu
MIPHUBEJICHEI B Ta0I. 1.
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Tabu.1.

CocraB nokasarteJeii JOKYMEHTOB OPraHU3alMu BOJOCHAOKEeHMSI.

n 1 2

3 4

i 1 2 3 1 2 3 4 1

2 31415 1 2 3 1 4 5 6

i |12 34|56 7]s

9 |10 )11 |12 |13 |14 |15 | 16 | 17 | 18

0101|0101 |01]01]01|11

11(01(01)10(00(01]|01]01|01]01

B tabmune 1 nmeroTes cnenyromue 0003HaAYCHUS
JAHHBIX: N —“HOMEP OKYMEHTa, | —HOMEp TTOKa3aTels B
JIOKyMEHTE, | —TOPSIKOBBIA HOMEp TOKasarens B
JIOKYMEHTaX, Cn,i —K03(PHUIIUCHT IIEHHOCTH MTOKA3aTeIs
B JIOKYMEHTE , Pni —K03(uIMeHT He MOBTOPSEMOCTH
ToKa3aress B IOKyMEHTE, (; -CTENeHb LIEHHOCTH U He
MOBTOPSAEMOCTH TIOKa3aTelIs C TOPSIIKOBBIM HOMEPOM,

In — xonMyecTBO TOKa3zaresiedl B JOKYMEHTE,Sq" u

“ils | 1]2|5|1]2|3|5|3[3|3|5|4|a|al2|1]|o0
03] 02 03] 02 01]03]02 03] 02 03
pu | 5 |6 |02] 5 | 02| |5 | & |02]02]0s]02| | 05| |02
0403030404 03[02[0403[03[03|05|02|0403[06|04|03
i 8|6 |2|8|6|2|5|8|8|3|3|5|al7|ao|l2]a]o
Iy 3 4 5 6
smin 03 0.2 03 02
smax 15 25 35 45
max

Spt%* — MHUHHUMAalbHBIE W MaKCHUMaJIbHbIE 3HAYEHUS
CYMMBI CTENEHEH LEHHOCTH W HE MOBTOPSEMOCTH
MoKa3aTesiel B JTOKYMEHTE.

Hcxopns n3 onucanus oO1Iei MoCTaHOBKHY 331241
(7)-(11) ¢ yuerom 3HaueHuii Tab. 1, mOCTaHOBKA
HNpUMEpPHON 3a7auu onTUMHU3anuu Oynet B Buje (12) —

(16):

C=0.48 y1+0.36 y2140.32 y310.48 y1 +0.46 y5+0.32 ys+0.25 y740.48 ys+0.38 yo+0.33 y10+

+0.33 y11+0.55 y12+0.24 y13+0.47 y14+0.39 y15+0.62 y16+0-44 y17+0.30 Y18 = max (12)

1<y, +y,+y; <3;

1<y,+ys+ysty, <4
1<yg+ys+ Y10+ Y11 +Y12 <5;
1<yi13+Yia+ V15 + V16 + V17 + V15 <6 (13)

Y120y, 20,y320,y,20,y5 20,620,y 20,5 20,9 20,

Y102 0,11 20,512 20,513 =20,y14, =0,

Y15 2 0,16 2 0,17 2 0,y15 = 0; (15)

Ilokazarens Yy, ¥z, Y3, Yar Vs, Yor Y7, Y8 Yo, Y10, Y11, Y12, Y13 Y140 Y15, Y16 Y17, V18
MOTYT MONy4arh melnbie 3Hauenus yi>1 um Yj<l. (16)
JUtst pemeHnst 3aqa4y ONTUMHU3ALKMH B cucTeMe Matial, HCXOMHbIE MAaTPHIIBI JOJDKHBI HMETh CIIEIYIONINe

3HAUCHMUA:

>> f=[0.48; 0.36; 0.32; 0.48; 0.46; 0.32; 0.25; 0.48; 0.38; 0.33; 0.33; 0.55; 0.24; 0.47; 0.39; 0.62; 0.44; 0.30];

>> A=[.48.36.32000000000000000
000.48.46.32.2500000000000
0000000.48.38.33.33.55000000
000000000000 .24 .47 .39 .62 .44 .30
111000000000000000
000111100000000000
000000011111000000
000000000000111111

48 .36.32000000000000000
000.48.46.32.2500000000000
0000000.48.38.33.33.55000000
000000000000 .24 .47 .39 .62 .44 .30
-1-1-1000000000000000
000-1-1-1-100000000000
0000000-1-1-1-1-1000000
000000000000-1-1-1-1-1-1];

>>p=[0.3;0.2;0.3;0.2; 1; 1; 1; 1; 1.5; 2.5; 3.5; 4.5; 3; 4; 5; 6];

>> A=-A;
>> p=-b;
>> [y, p]=linprog(f,A,b,[].[.1b,ub)
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B pesynbrare pemenus 3anaun (12)-(16) ¢ nomorsto cucreMbl Matiad ajst IEPEMEHHBIX Y U 0 OJTy4eHbI

cienyromue 3HaueHus [6]:

y=31391293332.7412 3.9704 4.0145 2.0910 1.6232 5.6976 0.5864 0.3825

0.3825 7.2622 0.0010 7.3911 0.0000 7.3913 2.2492 0.0004

(17)

p=245181.

[lo pesynpraTamM BHIHO, 4YTO TIOYTH BCE
KOMITOHEHTBI LeJIeBOH (YHKUMH HMMEIOT Helelble
3HAUYEHWA, a ONTHMAJIbHOE 3HAUCHHWE IEJICBOM
(yHKOMKA OOCTaToyHO Oompmoe. s moxydeHus
LEeNbIX  3HAYCHHH  KOMIIOHEHTOB, HAa  OCHOBE
OTpaHWICHHUH c HELENbIMU MOKa3aTeIsIMU
COCTaBJIAIOTCSI HOBBIE JOIOJIHHUTENIBHBIE OTPAaHUICHUS
W 3ajaya JHMHEWHOTrOo MPOTPaMMHPOBAHMS PEIIAeTCs
3aHoBOo. Ilpomomkas Takum  oOpasoM, uepes
HCCKOJIBKMUX 3TAaloB NOJy4YacM ILECJIbI€ 3HAUCHHA BCEX
[IOKa3aTeNen y:

y=322342150007070720

IMpu »sToM, MakcumanbHast 3(QeKTHBHOCTH
CYMMBI LICHHOCTH U HE MOBTOPSEMOCTH JOKYMCHTOB
oyner: p = 5,5401.

CormocTtaBisisi IEPEMECHHBIC V' C MIEPEMEHHBIMH X,
JUIL  COOTBETCTBYIOIMX  MOKasaTelel  IMosydaem
CIEIyIONHe IeTble 3HAYCHHS: X1,1=3; X12=2; X13=2,
X21=3; x22=4; x23=2; x24=1; x31=5; x32=0; x33=0;
x34=0; x35=7; x41=0; x42=7; x43=0; X24=7; X45=2;
X4,s:0.

Takum 00pa3oM, sl JIOKYMEHTOB CHCTEMBI
JIOKyMEHTO000pOTa, cocTosimero u3 4 JoKyMeHTa
BaXHBIMH TTOKA3aTENSIMK SIBIISTIOTCS: X1,1; X1,2; X1,3: X2,1;
X2,2; X2,3; X2,4; X3,1; X3,5; X4,2; X4,4; X4,5.

4. 3akJjil0ueHue.

PaccmoTpennas 3a7a4a ONTUMAJIbLHOCTH
MO3BOJIAET  COKPAaTHTh  YWUCIO  HEBAXKHBIX U
TIOBTOPSIOIINXCSI TOKa3aTenel B JOKyMEHTaX CHCTEMEI
JIOKYMEHTOO00pOTa TPEeNnpHsATHs, B pe3yiabTare
KOTOPOTO MUHHMHU3HAPYETCS TPYIOEMKOCTh

COCTaBJICHUS ¥ O(OPMIICHHS JTOKYMCHTOB B CHUCTEME.
Hanpumep, B pacCMOTPEHHOM 3a7aue, YUCIO BaKHBIX
roKasaresiei B 4-M TOKyMEHTe yMEHBIIMIAChk OT 18 1o
12, T.e. Ha 33,4%. Mcxons U3 3TOTO, MyTEM pEIICHUS
3aMaud  UIS  OPEANpHUSITAS C  MHOTOYHCICHHBIMH
JOKYMEHTaMH, MOXKHO OTIpENICITUTH coCTaB
mmoKaszaTeliei B CHCTEME JOKyMeHTooOopoTa u
COKpaTUTh TPYAOEMKOCTh yIIpaBJICHUS
neomnpom3BoacTea 10 30-35%.
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AHHOTALIIUA

Hpe,I[CTaBHeHLI PE3yJIbTaThl BIUAHUA CTUMYJIATOPA pOCTaA DKOIHUH Ppa3JIMIHbIX KOHI_ISHTpaL[I/If/'I Ha 3HEPIruro
npopacTtanus, na60paT0pHy}0 BCXOXKECTh CEMSH U 6I/IOM6TpI/I‘I€CKI/IG ToKa3zaTeJn IMPOPOCTKOB MNHUXThI
uensHoauctroi (Abies holophylla Maxim.).

DKONMH OKa3all HanboJiee CTUMYIHPYIOMUHA 3PPEKT Ha SHEPTHIO MIPOPACTAHUS - BO BCEX KOHICHTPALHIX
PacTBOPOB U HA NaGOPAaTOPHYIO BCXOKECTh - IpH KoHHeHTpamusx 1-2:103-1-7-10° mu/n. Ha napacranue
INPOPOCTKOB 1O JJIHWHC TIOJIOKHUTCIBHOC BJIMAHHUE OKa3aJu BCE HUCCICAYEMbIC KOHILCHTpALlUUM PacTBOPOB
npenapara, 1o Macce - KonuenTpamuu - 1-2:103-1-5-10"3 mr/n.

ABSTRACT

The results on the effect of the growth stimulator Ekopin of different concentrations on germinative energy,
laboratory germination and biometric parameters of Manchurian fir (Abies holophylla Maxim.) sprouts are
presented.

Ekopin had the most stimulating effect on germinative energy - in all solution concentrations, on the
laboratory germination with concentrations 1-2-103-1-7-10° ml/l. All studied solution concentrations of the
preparation had positive effect on the growth of biometric parameters of sprouts along the length and the
concentrations 1-2:103-1-5-10°ml/I - along the mass.

KiaroueBble cjioBa: mHxTa HCJIbHOJIMUCTHAsA, CTUMYJATOP pOCTa, 3KOHI/IH, JHEPrud IMpopacTaHus,
na60paTopHa${ BCXOXKECCTb, IIPOPOCTKH, AJIMHA U Macca.

Key words: Manchurian fir, the growth stimulator, Ekopin, germinative energy, laboratory germination,
sprouts, length and mass.

Beenenne. B roxHONM yacTM Kpas  paclpOCTPaHEHbI

YHHUKaTbHBIM OHOJIOTHYECKHM pPa3HOOOpaszneM,  YepHOMMXTOBO-IIMPOKOIMCTBEHHEBIE neca, rzae
00yCTIOBTICHHBIM MHPHUPOAHBIMA W HCTOPHUYECKMMH  TJIABHBIM Jieco0Opa30BaTesieM B HUX, HApsLy C KeIpOM
(bakropamu, cBOeOOpazueM Jiecoo0pa30BaTENBHOIO  KOPEHCKUM, SIBISETCS MHUXTa LeibHoiucTHas (Abies
npolecca, JIeBCTBEHHOW JjecHOW pacturenbHocThlo,  holophylla Maxim.) [1].
SBJISIIOLIENCST  €CTECTBEHHOM  cpefoil  oOuTaHus OTO LEHHOE pEJIMKTOBOE pacTeHHe M camas
OoJibIIMHCTBA BUIOB (JIOPHI M (hayHbI, B TOM YHCIIE B MOIIIHAs, KpyHHas JpeBecHast opoya,
KPacCHOKHIKHBIX, Bblaensercss [Ipumopckuii kpall  mpouspacratomast Ha Poccuiickom JlansHem Boctoke.
[15]. Dromy BULY CBOMCTBEHEH MOJUMOPPU3M,
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CBUJICTENILCTBYIOUINA KaK O €ro JIPEeBHOCTH, TaK U
NPUCTIOCOOIEHHOCTH K JOCTATOYHO  JKECTKOMY
kamuMary  [12].  SIBnsercss ropHOyKpemuUTeIbHON
JipeBecHOU nopooii [13,14].

B cootserctBuM ¢ mnpuxazoMm @DenepanbHOro
areHTCTBA JIGCHOTO X03sHCcTBa OT 5 nexabpst 2011 r. Ne
513 «O06 yrBepxnennnu Ilepeuns BumoOB (mOPOX)
JIEpEeBEEB W KYCTApHUKOB, 3arOTOBKA PEBECHHEI
KOTOPBIX HE JOIyCKAaeTCs», B OTOT JOKYMEHT
BKITIOYEHA U MuXTa neinbHonucTHas [11]. Hecmotpst Ha
aJIMAHUCTPAaTUBHBIC 3aIpeTHl, MIPOJOIDKACTCS
COKpAILEHUE €e apeasa, B pe3yJbTaTe XO03s1CTBEHHOU
JIeSITeIbHOCTH YeJI0BeKa: UHTEHCUBHOMN
NPOMBIIUICHHOH  3arOTOBKM  JIPEBECHHBI, PyOOK
MECTHOTO HACEIEeHUS Ha «HOBOTOJHHE €IKW» U
YHUUYTOXKEHHEM  TOAPOCTa  JIECHBIMU  TIOXKapaMu
[13,14]. B mHactosmee BpeMsi UYEPHOMUXTOBO-
MIMPOKOJIMCTBCHHBIC JIieca 3aHIMAIOT OKOJIO 23 THIC. Ta
[3].

Buomorndeckne M 3KOJOTHYECKHE OCOOCHHOCTH
TTUXTHI LETEHOJINCTHOM, BEICOKOE
HApOJIOXO035MCTBEHHOE 3HAYCHHUE, HE3HAUYHUTEIHLHOCTH
3aHUMaeMoil  TeppUTOpUH  TPeOYIOT OXpaHbl U
MIPOBEICHHUS aKTUBHBIX MEp I10 €¢ BOCIPOU3BO/ICTRY.

OCHOBHBIMH HAaNPaBICHUAMHU II0 COXPaHEHUIO
JTAIbHEBOCTOYHOM MMXTHI SIBJIAIOTCS OXpaHa JIECOB OT
JIECHBIX IOXKapoB, HE3aKOHHBIX pyOoOK crenoi
JIpeBecMHbl M WHTeHcupukauus  pabor 1O
JICCOBOCCTAHOBJIICHUIO, 32  CYeT  IPUMEHCHHUS
CTHMYJIITOPOB pocra, TTOJIOKUTETHHO
3apEKOMCHIOBABIINX ce0s B ONBITHBIX padoTax,
MPOBOIUMEIX B IOCICIHUC ACCATHICTHS B JICCHOM
xosstiictee [7, 9-10].

Hacrosmmass pabota mocBsiieHa W3YUYCHHIO
3 PEKTUBHOCTH CTHUMYJISITOpAa POCTa ODKOIUH TpHU
MPOpAIIMBaHUN  CEMSH MUXTHl  IEIFHOJIMCTHOM.
Jannblit CTUMYJISITOD pocra TIOJI0KUTEIILHO
3apeKOMEH/IoBall ce0si B CEeIbCKOM Xo3siiicTBe [4,6].
HauaTel wucciemoBaHMsI 10  BO3MOXKHOCTH — €rO
MIPUMEHEHHUS B JIECHOM Xo3siicTBe [16,17].

Heasn HCCJIeI0BAHMI - H3y4YeHHE
CTUMYJIAPYIOMIETO  3(QQeKTa BOJHOTO pacTBOpa
Omomnpenapata  OKONMMH ®  BBIIBICHHE 103
AKTUBU3UPYIOIINX SHEPTHIO MpopacTaHus,
1a00paTOPHYIO BCXOXKECTh CEMSH M OHOMETPUICCKUE
MOKa3aTedd  HApacTaHWS  IPOPOCTKOB  ITUXTEHI
LEIbHOJIUCTHOM.

Hcxonss W3 TOCTaBICHHOW IIeNH,
CIIEYIOIINE 3aa4u:

- 3aMayYMBaHMUE CEeMSH MHXTHI [ETbHOJINCTHON B
BOJHBIX pacTBOpax CTHUMYJATOpa pocTa OKOMWH
Pa3NIUYHBIX KOHLEHTPALH;

- OpopallMBaHHE CEMSH B
YCIIOBHUSX;

- aHaJIU3 BJIUSHUS CTHUMYJATOpA pocTa DKOMHMH
Ha DHEPTHIO NPOpPACTaHMs, JabOopaTOPHYIO BCXOKECTh
U HapacTaHHe MPOPOCTKOB MO ATMHE U Macce.

MaTtepuanbl U METOABI.

perranuch

71ab0paTOPHBIX

OOBEKT HACTOSIIMX HCCIEAOBaHUI — ceMeHa
MUXTHl  LIEJBHOJNCTHOW, 3arOTOBJICHHBIE ~ Ha
teppuropuu [' TC — punmana ®HI] buopasnoobpasus
Ha3zeMHOM Onotel BocTounoit Asuu JIBO PAH.

BrrsBrenue CTUMYJIUPYIOIIETO addekra
mpernapara OKONMHWH Ha IIOCEBHBIE KadecTBa CEMSH
MPOBOIMINA B JTa0OPATOPHBIX YCIOBHUSAX, COTJIACHO
nerictByromux ['OCTa u OCTa [2,8].

OneIT  cocTosm W3 7-MH  BapHaHTOB
(KOHIIEHTpalMd  PacTBOPOB TpemapaTa H  BOJIBI
cocrasumu: 1-103, 1-2-103, 1-3-103, 1-4-10%, 1-5-10°
3, 1°6:103, 1-7-10° mn/n) M KOHTPOIL — CEMEHa,
3aMauuBaeMble B TUCTUIUIMPOBaHHOHN Boze. [IpuHsToe
COOTHOIIIEHHE o0beMa ceMsiH W pactBopa 1:5. Bce
9KCIIEPUMEHTHl  BBINIOJIHEHBI B YETBIPEXKPATHON
MOBTOPHOCTH. ~ DJIEKTPOHHBIM  INTaHT€HIUPKYJIEM
3aMepsuIn JUIMHY NpOpOoCcTKOB. VX Maccy B3BelnBaiiv
Ha DJIEKTPOHHBIX Becax. Marepruansl  OIBITOB
IO IBEpTralid CTaTHCTHUYECKON o0OpaboTke B
npukiagHoi mporpamme Microsoft Excel 2007.
JlOCTOBEpHOCTD ~ pasiW4YUil CPEOHUX BEIHYHH C
KOHTPOJIEM PacCUUTHIBAIH 10 t-KpuTeprio CThIOIeHTa
[5].

PesyabTarsl.

buomnpenapar JKOmMH — CTUMYJSITOpP pocTa
npupojHoro mnpoucxoxaeHus. Cocroutr uz 6,2 r/kr
noJU-0eTa-ruIpoKCUMaCcIITHO M KHCIIOTBI +
TEpPIIEHOBBIE KUCIOTHI + HA0Op 3JIEMEHTOB MUTAHUS U

MIPEACTABISET KOHLICHTPUPOBaHHBIH MIPOYKT
OunocuHTE3a IIOJE3HBIX IOYBEHHBIX OakTepwid +
CTapTOBBIN Habop 3JIEMEHTOB TTUTAHUSL.
YHHBepcalbHbIHA O6rocTUMYIIATOD pocrta "
pa3BUTHS pacTeHUH, 00JagaomMii aHTHCTPECCOBBIM
spdexroM. B ocHoBe mpemapata  COmEPIKHUTCS
CKOHLIEHTPUPOBAHHBIN MPOAYKT 6rocuHTe3a

TIOJIE3HBIX MOYBEHHBIX OaKTepUil U CTApTOBBIA HAOOP
3eMeHTOB nuTaHus [18].

Crumymsrop pocta OKonuH oKazal
MOJIOXKUTENBHOE BIMSHUE HAa JHEPTUIO0 NPOPACTaAHHS
CEMSIH MUXTHI [IeTbHOJIMCTHON BO BCEX UCIBITHIBAEMBIX
KOHLEHTpalUAX pacTBOPOB, KoTopas coctaBuia 13,0-
25,0 % (upessitienne k koHTpoutto 30,0-150,0 %).

[MonoxxutenbHOE BO3EHCTBIE Ha NMPOpPAIUBAHUE
CeMSIH OKa3ald KOHIEHTpaluH pactBopos 1-2-107-
1-7-107° Mo1/11, mpy KOTOPBIX 1a60PATOPHAS BCXOXKECTh
ceMsiH koJjiebamace B mpegenax  39,1-60,0 %
(npeBbimienne k  koHTposto 1,8-56,3 9%). Kmaccer
Ka4yecTBa CEMSH MOBBICHIINCE: C TPETHETO - 10 BTOPOTO
u nepsoro. KonuenTpauu pactsopos 1-4-103-1-5-10°
8 Mu/n Gosiee aKTMBHO TOBJIMSIM Ha J1aGOPATOPHYHO
BcxoxecTs. OTMEUeHa CYyIIECTBEHHOCTh Pa3MUUUil C
KOHTPOJIEM Ha BBICOKOM JOBEPHUTEIIEHOM YPOBHE: t0,01
=5,8>t=3,71 u top1 = 6,1> ts = 3,71. Konnenrpanuu
1-2:10%u 1-7-10 mMa/n OKa3anu MeHee 3HAUMTENBLHOE
BIMSHHE Ha JaDOPaTOPHYIO BCXOXKECTh CEMSIH,
MIPEBBICUB MOKA3aTEeNIM KOHTPOJIBHOM rpymnmsl Ha 1,8-
2,3 %. Camas Hu3Kas KOHIEHTpaus pacteopa (11073
Mi/m) - He d¢dexkTuBHA (TPOIEHT CHIDKEHUS K
KOHTpOJII0 2,6 %) (Tabmuma 1).
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Tabmuna 1.
Bausinne cTuMyasiTopa pocta DKONUH HA SHEPTHIO MPOPACTAHNS U JIA0OPATOPHYIO BCXOKECTh CEMSTH
NUXThI HeJbHOJuCTHOT (Abies holophylla Maxim.)

Kontponb KoHIIeHTpau pacTBOpOB, MJI /7T
Jara (Boma
OUEpPETHOTO JIUCTHII- r r r r r r r
o (e (@] (@] (@] (e (e
TozicyeTa JIMPOBaH- = o oy oy oy 3 =
TIPOPOCTKOB, JHH Has) - - -~ — - = -~
1 2 3 4 5 6 7 8 9
KomnraectBo npopocmmx ceMsiH, %o.
7-o 2,5+0,9 4,8+0,9 4,5+1,0 5,0+0,4 9,0£1,3 7,3+£2,6 7,5+0,7 6,0+0,7
% K KOHTPOJTIO +92,0 +80,0 +100,0 +260,0 +192,0 +200,0 +140,0
H"CTOB;"HOCT‘” 29 5,6 43 12,2 7.0 2,8 115 8,5
TouHocts 348 17,9 23,1 82 14,3 35,6 8,7 11,8
omnita (P), %
10-p1i1 7,3£1,1 9,3£1,6 | 10,5+0,7 8,0+0,9 15,840,6 | 11,5+1,0 | 10,8+1,7 | 9,0£2,1
% K KOHTPOJIIO +27,4 +43,8 +9,6 +116,4 +57,5 +47,9 +23,3
H"CTOBEH"HOCT‘” 6,6 58 16,2 87 251 11,1 65 43
TounocTs
omira (P), % 15,2 17,2 6,2 115 40 9,0 15,3 231
15-51i 153516 | 9,0004 | 11,0512 | 140408 | 165+1,6 | 13,0209 | 13,3405 | 11,0+1,1
% K KOHTPOJIIO -41,2 -28,1 -85 +7,8 -15,0 -13,1 -28,1
I[OCTOBEanOCTL, 9.9 220 89 171 10,6 14,1 27,7 10,2
TounocTs
omira (P), % 10,1 46 11,2 59 95 7,1 3,6 9,8
20-p1id 9,3+0,6 9,8+0,5 9,3+0,9 14,0+1,3 | 11,8+1,7 | 10,8£1,0 | 7,8+1,1 8,842,3
% K KOHTPOJIIO +5,4 - +50,5 +26,9 +16,1 -16,1 5,4
IIOCTOB;I’HOC“” 14,8 20,4 108 10,9 7.2 11,4 7,0 39
TouHOCTE
omtsrra (P), % 68 49 9.2 9,2 14,0 88 142 | 256
25-51ii 40409 | 45409 | 38409 | 33405 | 65407 | 85403 | 40404 | 4,5+05
% K KOHTPOJTIO +12,5 -5,0 -175 +62,5 +1125 - +12,5
HOCTOB;PHOCT"’ 43 5.2 44 69 100 203 9.8 9,0
TounocTh 230 19,3 22,6 145 10,0 34 10,3 111
ompita (P), %
JHeprii 10,0 14,1 15,0 130 25,0 19,0 183 15,0
npopacTaHus, %
Bcxoxkects, % 384 374 39,1 443 60,0* 51,1* 434 39,3
tp 04 0,1 2,3 5,8 6,1 2,0 0,3
HIncro He 620 630 610 56,0 40,0 49,0 57,0 610
MPOPOCIIHX, HIT.
3/I0POBBIX 17,0 18,0 17,0 16,0 8,0 12,0 15,0 19,0
3arHUBLIAX 50 50 30 3,0 1,0 2,0 2,0 40
3aapeHHbIX 50 40 2,0 2,0 1,0 1,0 3,0 2,0
ITYCTBIX 11,0 17,0 19,0 19,0 16,0 18,0 17,0 19,0
HC HOpMAITBHO 20,0 18,0 20,0 16,0 14,0 15,0 170 16,0
HPOPOCIIUX
HOBPEAUICHHbIE 40 1,0 - - - 1,0 3,0 1,0
BPEAUTEISIMU

IIpumeuanune: koHneHTpanuu pacteopa: 1-107 - Imu/1m, 1-2-107 - 1vur/2m, 1-3-1072 - 1mnn/3m ...
* - pa3au4ms JOCTOBEPHBI



20

Espasutickuti Coros YueHbix (ECY) #2(71), 2020

Ha mwapacTamme mpPOPOCTKOB IO  JIJTHHE
MOJIOKHUTEIBHBIA 3(PEKT OKa3all BCE UCCIETYyCMBIC
KOHIICHTPAIUH PacTBOPOB. [IpeBhillicHHE K KOHTPOITIO
cocraBmwio 7,1-38,5 %. OrMedyeHa CyLIECTBEHHOCTh
pa3nuuauif ¢ KOHTPOIeM: tpacr > trass ipu P = 0,05 %, P
=0,01 % (tabmmma 2, pucyHOK 1).

Ha wmapacranme mpopocTKOB MO  Macce,
CTHMYJIATOP pocTa DKONMWH OKazal IMOJOXHUTEIbHOE
BIMSAHUE TP KOHIEHTpanuax pacTBopoB 1-2:1073-
1-5-10° Mn1/m; mpeBBIIIeHNE K KOHTPOMIO - 2,7-25,4 %
(Tabmuma 3, pucyHOK 2).

ITpu KoHUeHTpanusx pactBopos 1-2:102-1-4-107°
M/, Ha 25-bIif JIGHb OTMEUYCHA CYIICCTBEHHOCTH

pas3auuuil ¢ KOHTPONeM: lpacr > trasn mpu P = 0,05 %.
Konuentpanuu pactBopos 1:6:103-1-7-10° mn/n na
HapacTaHHe IPOPOCTKOB OKaszalu ci1aboe BIIHSHHE.
IIpu xoHUeHTpauuu 1-6:10° mu/n, ¢ 10-ro mo 20-blit
JHA  ydera  HaOJIOAAJIOCh  CHIDKEHHE  MaccChl
MIPOPOCTKOB, 1O OTHOUIEHHIO K KOHTPOJIO, Ha 5,3-
7,6 %. OmHako Ha 7-0# M 25-bIi THU ydeTa OTMEYCHO
ee mpeBbInIeHUe, Ha 2,8-18,6 %. Ilpn KoHIEHTpannuu
1:7-10 My1/n cHUKeHHeE, N0 OTHOILEHUIO K KOHTPOIIIO
cocrasmio, 2,8-10,8 %. Camast HU3Kasi KOHIIEHTPAITH
(1-10° mn/n) okasanack He 3pdexTuBHON. OTMEUEHO
CHIYKEHHE TI0 OTHOLIEHHIO K KOHTPOJIIO Ha 6,7-29,7 %.

Tabmnuma 2.

Bausinue CTUMYJIATOPA POCTa
JKONUH Ha HapacTaHue MPOPOCTKA MO IJIMHE IIPHU MPOPAINUBAHUU CEMAH NMUXTHI HeJILHOJIPICTHOﬁ
(Abies holophylla Maxim.)

Jata KoHrieHTparuy pacTBOPOB, MJI /7T
Kontpoms
OYEepEeTHOrO
(Boma - P r r r r r r
rnoacyera S S S S (w) S
CTHII- S = - - — — -
MPOPOCTKOB, & e < » %) ~
HHpOBaHHaﬂ) — — — — — — —
THA
1 2 3 4 5 6 7 8 9
Cpennsist AaMHa IpOpOCTKa, CM
7-oii 1.2+0,1 1,5+0,1% | 1,520,1% | 1,620,1% | 1,5£0,1% | 1,6+0,1% | 1,620,1% | 1,540,1%
t 55 43 50 33 50 72 55
% K KOHTPOIIO +250 | +250 +333 +250 +333 +333 +25,0
H"CTOB;"HOCT‘” 171 50,0 50,0 32,0 16,7 32,0 53,3 50,0
TouHOCTE
ottena (P), % 58 20 20 31 6,0 3.1 19 20
10-b1it 1,30,1 1,540,1% | 1,620,1% | 1,550,1% | 1,6+0,1% | 1,6+0,1% | 1,550,1% | 1,420,
t 25 47 30 40 50 38 14
% K KOHTPOJIIO +15,4 +23,1 +15,4 +23,1 +23,1 +15,4 +7,7
ILOCTOB;pHocm 25 30,0 32,0 30,0 229 53,3 30,0 15,6
TouHOCTE
ottoa (P). % 3.1 33 31 33 44 19 33 6,4
15-prii 1,30,1 1,540,1% | 1,6+0,1% | 1,6+0,1% | 1,8+0,1% | 1,6+0,1% | 1,550,1 | 1,4+0,1%
t 50 73 83 9,0 83 24 33
% K KOHTPOJIIO +15,4 +23,1 +23,1 +38,5 +23,1 +15,4 +7,7
IIOCTOB;I’HOC“” 433 50,0 53,3 53,3 36,0 53,3 214 46,7
TouHOCTE
ommsera (P, % 23 20 19 19 28 19 47 21
20-b1it 1.4+0.1 13+0.1 | 15+0,1 | 1540,1 | 1.6+0,1* | 1.6£0,1* | 14+0,1 | 14+0,1
t 0.2 2.1 2.1 29 26 - 05
% K KOHTPOJTIO -7,1 +7,1 +7,1 +14,3 +14,3 - -
H‘)CTOBt‘;pHO"T‘” 20,0 14,4 375 375 32,0 40,0 20,0 46,7
TouHOCTE
ommera (P, % 50 69 27 27 31 25 50 21
251t 1,30.1 13+0,1 | 1401 | 1540,1% | 1,6£0,1* | 1,540,1% | 14+0,1 | 14+0,1
) 03 19 25 34 3.1 15 19
% K KOHTPOITIO - +7,7 +15.4 +231 +154 +77 +77
H‘)CTOBt‘;pHO"T‘” 163 186 28,0 30,0 533 30,0 35,0 28,0
TouHOCTE
omtstna (), % 6,2 5.4 36 33 19 33 29 36
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[Ipumeuanne: koHueHTpauu pacreopa: 1-107 - Imur/1m, 1-2-1072 - 1m/20, 1-3-107 - 1mn1/3 ...
- pa3au4Ms JOCTOBEPHBI
Tabmuua 3.
BinsiHue cTuMyJIsITOpa pocta
JKONMUH HA HAPACTAHUE MACCHI POPOCTKA NPH NMPOPAIMBAHUH CeMSAH NMUXTHI NEJbHOJINUCTHOM
(Abies holophylla Maxim.)

KoHrieHTparmum pacTBOPOB, MII /71
Kontpons
Jara ouepenHoro | (Boma au- . - - - - - -
oJIcyuera CTHII- i =) = =) =) = =)
MPOPOCTKOB, THU | JIMPOBAH- = 8\ e < ') © ~
Haﬂ) — — — — — —
1 2 3 4 5 6 7 8 9
CpenHsist Macca IpOpOCTKA, MT
T-oi 7,1+0,9 5,5+0,5 7,5+0,3 8,3+0,3 7,6+0,3 7,8+0,2 7,340,1 6,9+0,2
tp 17 04 1,2 05 0.8 0,2 0,2
% K KOHTPOJIIO -22,5 +5,6 +16,9 +7,0 +9,9 +2,8 -2,8
H"CTOBEHPHOCT"’ 78 122 26,8 30,7 28,1 433 66,4 329
TounocTs
ombima (P), % 12,8 8,2 3,7 33 3,6 2,3 15 30
10-p1id 7,5+0,5 7,0+0,3 8,4+0,2 8,2+0,1 8,1+0,2 8,3+0,3 7,120,1 6,9+0.4
ty 0,8 18 1,3 1,2 14 0,8 0,8
% K KOHTPOJITIO -6,7 +12,0 +9,3 +8,0 +10,7 -5,3 -8,0
H"CTOBEHPHOCT"’ 144 20,6 46,7 68,3 50,6 259 64,5 164
TounocTs
onbita (P), % 6.9 49 21 15 2,0 39 15 6,1
15-p1id 7,94+0,6 6,8+0,3 8,3+0,2 8,5+0,1 8,9+0,2 8,2+0,2 7,32+0,3 7,1+0,3
ty 1,7 05 0,8 14 0,3 0,9 13
% K KOHTPOJIIO -13,9 +5,1 +7,6 +12,7 +3,8 -7,6 -10,1
HOCTOB:nPHOCT"’ 12,3 252 51,9 773 40,5 357 252 28,4
TounocTs
ommrra (P), % 8.1 4,0 19 13 25 28 40 35
20-51it 7,4+0,7 5,2+0,7 7,940.5 8,0+0,2 8,3+0,2 7,6+0,6 7,0£02 | 6,6+0,1
tp 24 05 0,8 1,2 0,2 0,6 1,2
% K KOHTPOJTIO -29,7 +6,8 +8,1 +12,2 +2,7 -5,4 -10,8
HOCTOB:anOCT"’ 10,9 8,0 165 40,0 415 131 33 471
TounocTs
omrra (P), % 9.2 12,5 6.1 2,5 24 7,6 30 2,1
25-b1i1 5,9+0,4 52+40,8 | 7,3£0,3* | 72+0,2* | 74+0,4* | 7,0+£0,3 7,0+0,2 6,320,1
tp 0,8 2,6 2,7 25 2,1 2,3 0,9
% K KOHTPOJIIO -11,9 +23,7 +22,0 +25,4 +18,6 +18,6 +6,8
HOCTOB;I’HOC“” 137 63 252 32,7 17,2 22,6 350 485
TouHOCTE
onbira (P), % 7,3 15,8 40 31 5,8 44 29 2,1

[Ipumeuanne: koHIeHTpauu pacteopa: 1-107 - Imur/1m, 1-2-1072 - 1m/20, 1-3-107 - 1mu1/35 ...
* - pa3nuuust JOCTOBEPHBI
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3 2 - B KoHTponb
g m1-10-3
S m1-2-10-3
2 15 -

g 1 m1-3-10-3

B 1-4-10-3

s 1 m1-5-10-3

E m1-6-10-3

x 05 1 m17-10-3

=

=

()

5 0

7-o1 10-b111 15-b111 20-bit 25-bii1
Juu ygera
Pucynoxk 1 - Bruanue cmumynamopa pocma
Dkonun Ha napacmanue ONUHbL NPOPOCMKA NPU NPOPAUUBAHUU CEMSIH NUXMbL YETbHOIUCHOU
(Abies holophylla Maxim.)
=
=
$ 10 - W KoHTponb
£ m1-10-3
8 8 7 m1-2-10-3
g m1-3-10-3
= 67 1.4-10-3
S 4 - m15-10-3
g ¥ 16-10-3
= 27 m17-10-3
5 0
8‘ 10-bi1 15-bii1 20-b1%1 25-bIA
JHu yuera
Pucynok 2 - Bruanue cmumynamopa pocma
Dkonun Ha Hapacmanue Maccvl NPOPOCMKA NPU NPOPAUUSAHUU CEMSIH NUXMbL YETbHOIUCTHOU
(Abies holophylla Maxim.)
BoiBoabI Wzn-Bo crammaproB; 1997. [GOST 13056.6-97.

1. Crumynarop  pocra  DKONMH  OKasal
MOJIOXKUTETFHOE BIMSHIE HA SHEPTHIO IPOPACTAHHUSI BO
BCEX KOHILIEHTPALMAX PACTBOPOB M Ha J1a0OPaTOPHYIO
BCXOXKECTh CEMSH IUXTHl  LENBHOJNMCTHOW IpH
KOHIEHTpanusx pactBopos 1-2:103-1-7-103 mu/m.

2. Ha HapacTaHue TMpPOPOCTKOB MO MAJHHE
Hanbonee crumynupyrommi 3(¢GexT okazanmu Bce
UcclielyeMble KOHLCHTPaLUKH PacTBOPOB Iperaparta,
0 Macce - KOHIEHTpauuH pactsopos 1-2:1073-1-5103
MII/I1.
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ABSTRACT

A new physical and mathematical model of Rayleigh-Benard convection in a gas-vapor mixture of oxygen
and cyclohexane is proposed, where the dependence of density on temperature has its maximum. Linear analysis
of stability is performed, two threshold cases are analyzed when the density inversion parameter is large or small
enough. Formulae for the growth increment and attenuation, the neutral curve and the boundary of the instability
domain on the wave plane have been obtained. The convection of gas-vapor mixture is considered in connection
with explosion safety of technology processes.

AHHOTALUA

Hpez[nmxeﬁa HOBas (I)I/ISI/IKO-MaTCMaTI/I‘ICCKaﬂ MOJ€CJIb KOHBCKIITNH Panes{-BeHapa B ra30-nap0B0f/'1 CMECH
KHUCJIOpOAa M HHUKJIOICKCaHa, '€ 3aBUCUMOCTb INUIOTHOCTH OT TCEMIICPATYPbl UMCECT MAKCUMYM. BrimonaeH
JIMHEWHBIA aHaIu3 YCTOﬁQHBOCTH, AHAJIMTUYCCKHU HCCJICAOBAHbI JIBAa NPCACIbHBIX Cliy4das, KOrja napamMeTp
HWHBCPCUU CTPEMUTCA K CBOUM IIPCACIIbHBIM 3HAYCHUAM. HOJ‘Iy‘IeHBI (1)OpMYJ'II>I JJI1 UHKPEMCHTA HapaCTaHUA U
3aTyXaHus, HEHTpaIbHOW KPUBOW W TPaHUIBI OOJIACTH HEYyCTOMYMBOCTH HA BOJHOBOU IIOCKOCTH. KOHBEKITHS
ra3o-IapoBOil CMECH paccMaTPUBACTCS MPUMEHHUTEIBHO K MPOOJeME B3pPHIBOOE30MACHOCTH TEXHOJIOTUYECKUX
IIPOLIECCOB.

Keywords: Rayleigh-Benard convection, Rayleigh number, Prandtl number, linear theory, increment.

Introduction

Convection in the flows with monotonous
dependence of density on temperature has been
analyzed and described in details in [1,2]. However, in
natural  conditions and numerous important
applications, such as transportation of hydrocarbon
through pipelines and its store, convection of cold
water in the process of glacial melting [3-7], convection
of inert and reactive gas-vapor mixture in chemical
reactors and processing systems etc., the density of the
convective flows is characterized by a non-
monotonous, nonlinear function of the temperature
with a clear maximum at its critical point. These
applications explain the necessity of studying
convection in such flows. The most complicated thing
in terms of theory and practical application is to study
a whole range of convection regimes in the vicinity of
the maximum density point, where the buoyancy force
changes its sign [6,7].

We would like to emphasize that a physically
natural hypothesis about the cyclohexane condensation
on the walls and, hence, formation of a more viscous
liquid film on them allows us to consider the boundaries
impermeable and free from viscous shear [5,9]. Our
analysis of the dependence of the heat expansion
coefficient on temperature shows that it is reasonable to
consider the coefficient to be a piecewise constant
temperature function as in [8].

We see that the problem of Rayleigh-Benard
convection in such a gas-vapor mixture asymptotically

turns into the classical Rayleigh problem of convective
instability in incompressible fluids with impermeable
horizontal boundaries in the absence of viscous shear
[1], if the density maximum is reached at one of the
horizontal boundaries.

We also see an evident analogy with the
penetrating convection of cold water close to the point
of maximum density, where the heat expansion
coefficient goes through zero but is a linear temperature
function [3,4], which allows us to compare and verify
the model proposed [5].

In particular, the analogy with the penetrating
convection of cold water suggests that if the critical
temperature is higher than that of the cold boundary and
lower than that of the heated one, the layer is divided
into two sublayers, and the instability may develop only
in the lower sublayer, whereas the upper one is always
stable. In upper sublayer the internal waves is observed.
The sublayer boundary is trigger generating the
motions there. The situation does not change depending
on whether we heat the lower or the upper layer [4].

Similar to the convection of cold water, a decrease
in the relative thickness of the lower, unstable layer is
likely to cause flow stabilization [3,4].

In this article, we aim at describing a new physical
and mathematical model of Rayleigh-Benard
convection in a gas-vapor mixture of oxygen and
cyclohexane taking into account the evaporation and
condensation cyclohexane processes, and provide the
results of the linear analysis of stability.
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Physical properties of a gas-vapor mixture

Convection of a gas-vapor mixture with the
oxygen Oz and liquid-vapor cyclohexane CgHio is
considered in view of a possible condensation of the
latter on the boundaries. To be specific, the total
cyclohexane mass fraction, both in condensed and
vapor forms, is set as o = 0.524.

At the critical temperature T, all the cyclohexane
added to the system evaporates. Thus, when T < T, the
cyclohexane is present as a liquid vapor condensed on
the boundaries and as a saturated vapor, with the rise of
temperature leading to a rapid growth of the saturated
cyclohexane pressure according to (1) and a
corresponding growth of the density of the gas-vapor

2.976
P, (T)=9.87-10

mixture. When T > T, the cyclohexane is present only
as an unsaturated vapor with a relatively small change
in its partial pressure, and a further increase in
temperature leads to a decrease in the density,
according to the ideal gas-state equation.

Due to a small temperature change in the
Boussinesq approximation used, the partial pressure of
the oxygen is considered fixed and equal to 1 atm. The
total pressure P includes the pressure of the oxygen and
the vapor: P = 1 + Py,.

When T < Tg, the pressure of the saturated
cyclohexane (atm) can be calculated according to the
known absolute temperature:

12065
T-27315+223.14 @

When T > Tg, the cyclohexane is unsaturated and has a relatively week dependence on temperature, which

can be neglected.

P The molar weight of the gas mixture u (kg/kmol) is determined by

NY

u(T)=@1-32+R,(T)-84)/ (1+ R, (T).

Here, 32kg/kmol and 84kg/kmol are molar weights of the oxygen Q. and cyclohexane CgH1o, respectively.
When T > T, the molar weight of the gas-vapor mixture in the approximation described is constant.

The ideal gas density can be determined according to the equation of state for the ideal gas (Fig.1):

Here R is the is the universal gas constant. The temperatures of the cold and heated boundaries in Fig.1 are
arbitrary, shown just to explain the formulation of the problem, and do not correspond to the real values.

The thermal expansion coefficient 5 can be calculated from

p=Q1+P)u(T)/RT.

po-tdp__10B g (1 p)8+21-P)IT.
pdT  BdT
2.5 F
P, kg/m3
2.0 |-
1.5 . ' ' I

20 40

60 80

Fig. 1. Density of the gas-vapor mixture.

In our case, the density maximum is achieved
inside the layer. The analysis of the thermal expansion
coefficient dependence on the temperature proves that
the piecewise-constant approximation with a
discontinuity at the critical temperature is correct, with
the coefficient ranging in the interval between
0.003054 in the lower unstable layer and -0.01583 in
the upper stable one. We should notice that at the point
close to the critical temperature the kinematic viscosity
v and the thermal diffusivity y are continuous functions

and in terms of the Boussinesq approximation can be
considered constant.

The critical (maximum) value of the saturated
cyclohexane pressure is determined by its total mass
fraction, both in condensed and vapor forms, o and the
corresponding critical temperature is found from
reversed Eq. (1). Thus, the given By = 0.524
corresponds to the critical values of the saturated gas
pressure Ps, = 0.4191atm and temperature Te =
54.32°C (327.5K).
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As it was stated above, the temperature of the
upper cold horizontal boundary Tc is lower than the
critical temperature Tcr, and the temperature of the
lower heated horizontal boundary This greater than that,
hence T. < Ter < Th. Similar to the case with cold water
convection, the maximum density line where T = T¢r
divides the layer into two sublayers, the instability can
develop only in the lower layer with the upper one
being always stable [4]. In upper stable sublayer the
internal waves is observed. The sublayer boundary is
trigger generating the motions there. Relative

Linear analysis

thicknesses of the sublayers are characterized by the
inversion parameter t = d/H = (Th — TcN)/(Th — T¢), 0 <
t < I, which shows the ratio of the height of the
unstable sublayer d to the thickness of the whole layer
H. In the ultimate cases when ¢ = [ and 0, the set of the
problem turns to the classical Rayleigh problem with g
= 0.003054 and -0.01583 respectively [1]. Similar to
the case with cold water convection, the analysis of the
density profile form (Fig.1) shows that the situation
does not change at heating from above [4].

By analogy with [1], in order to investigate convective stability in linear approximation, we obtain a set of

equations:

o =Aw + C(7,y)-Ra-Q,, Ay = -0, Q = (AQ - y,)/Pr. (2)

Here, factor C(z,y) is determined as:

C(r,y)=10<y<r

and

-5.183, r <y <1.

The stream function w and vorticity «» were
derived from u = w, v = - 1y and
@ = Vx - Uy, and Q is the deviation of temperature from
the linear profile. Characteristic values are chosen as
the layer thickness H for the length, y/H for velocity,
H2/v for time, povy/H? for pressure, 1/T (in the unstable
sublayer) for the coefficient of thermal expansion and
0T = Tn — T¢ for temperature, where the density
inversion parameter t = d/H = (Th — Ter)/(Th — Te), 0 <

7 < 1 is the ratio of the height of the unstable sublayer
d to the height of the whole layer H. Here
Ra = gH3T/(Ter) and Pr = vly are the Rayleigh and
Prandtl numbers.

In order to solve system (2), we use the Galerkin
method provided that 7 is not too small [1,10] and the
orthogonalization method if z is small.

According to the Galerkin method, an
approximated solution of (2) is considered as:

o(t,X,y) = exp(-At)sin(ax) i o, sin(mzy), w(t,x,y) = exp(-At)sin(ax) i %sin(mﬂy), 3)

m=1%nm

Q(t,x,y) = exp(—At) cos(ax) i Q,sin(mzy), S, =a’ +m’z’.

m=1

Here / is the eigenvalue (increment), and a is a
wave number. Negative A values correspond to
instability, while positive ones to the stable flow.

By substituting (3) into (2) and following the
standard Galerkin method [1,10], we obtain the
condition of non-trivial solution existence in the form
of determinant:

det(A—D) =0, (4)

where 4 is a square matrix with the components Axm

A = A = [ Clz, y)sin(mzy) sinkry)dy, Ay, =—(a+1)(

a+1

A= i)

and D is a diagonal matrix with the components dmm:

M—r)/Z—a/Z m=k

(mcos(mz z)sin(kz ) —k cos(kz 7)sin(mz 7)), m =K.



Eepasutickut Coro3 YueHbix (ECY) # 2(71), 2020 27
S, (S, —A)S,, —APr
= n )(”; ), 1<m<N.
2Ra-a
Consider now asymptotic ratios with z close to 1, asymptotically turns into the classical Rayleigh

when the density maximum is achieved at the upper
horizontal boundary and the problem considered

Amk 2

The equations show that matrix A at 7 close to 1
has a diagonal dominance, and the equations for
dominant harmonic components can be considered
separately. However, it is due to these harmonic
components that the flow stability and other
characteristics are determined [1,2,10].

When N = 1, the neutral curve has the form:

53

problem [1].
From (5), one can find Am:

1 1 1
= -— §m27r2(1 +a)1-1)3 m=k; Ap = §mkn2(1 +a)(1—1)3(—1)™* 1, m £ k.

Test calculations demonstrate that at z close to 1
the neutral curve and perturbation growth increments
can be calculated accurately taking into account only
one harmonic component (N = 1).

3 3
Ra=3— Ra= ZA+IM 1+ a)(1-1)%) =5 (1+4068- (1-1)%), S =a? + 7, )
Hence, one can obtain the critical value of the Rayleigh number (minimum of Ra versus a):
_ _ 657511 _ ) 2 o N3
Ra. = 6.75- A oA T 657.511- (1 + ;7 Q1+a)(1-1)°), ©)
Ra, = 657.511-(1+40.68(1—1)3), a, = 2.221.
For the growth increment A, we find that
s 1+ Py \/52 1-Pr), 2Rad’A, @)
SPr
s 1+ Pr (a+1)Raa2 S* 1-Pr,, Raca’
—)-D (1-7)°, D= VR ) :
3Prs</D SPr

According to (7), one can see that the increment
values obtained differ from those for the classical
Rayleigh problem by about O(1-z)® [1], and decrease in
7 leads to a more stable flow.

Fig.2 shows the function of the wave number o as
a growth increment 4, with numbers on the curves
showing corresponding z values when Ra = 10-Racr,
Racr = 657.511 and Pr = 0.71. Fig.3 shows the

- M7t

instability domain on the wave plane, with solid curves
showing the boundary of the instability domain for
Rayleigh problem (z = 1), and dashed curves showing
boundaries at z = 0.8 and 0.85. Figures 2 and 3 show
flow stabilization as t decreases.

Consider now asymptotic ratios with z close to 0,
when the density maximum is achieved at the lower
horizontal boundary.

w6

(L o

0.2

Fig. 2. Growth increment.
One can obtain for Ank

1

1
Ape = —Ea+§m2n2(1+a)r3, m=

These equations show that matrix A at z close to 0
has a diagonal dominance, and the equations for
dominant harmonic components can be considered
separately. It follows from the first of the equations

0 0.2 0.4 PG 0.8 o

Fig. 3. Instability domain.

1
k; Apr = §mk7t2(1 +a)t3, m=#k

above for the neutral curve (7) that given z close to 0 all
the disturbances attenuate.
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We can show that attenuating disturbances at ¢
close to 0 are typically oscillatory, which appears if
Rayleigh number exceeds the threshold value 3.757 [1].

2(a+1)

= L(XW 1- %),

The equation shows that the attenuation rate,
which is determined by the real part of the increment 4,
does not depend on inversion z, and its growth (or
attenuation) leads to a small decrease (increase) in the
damped oscillation frequency.

Let us now compare critical Rayleigh numbers and
corresponding wave numbers obtained in the present
paper for the convection in cold water [3-5] and for the
classical Rayleigh problem [1]. Figures 4 and 5 show
the scale of length as the height of the unstable

Let us write down the equation for increment A at
z close to 0 with Pr = 1 for simplicity:

A = S—2277ia\JRa/S - (1 —3.92573).

sublayer, and our data were recalculated as Racrz* and
oer'T, respectively.

The solid curves in Fig. 4 and 5 show our results
(line 1) and the data for convection in cold water ([4] -
line 2 and [3] - dots), whereas the dotted line
corresponds to the classical Rayleigh problem [1]. The
dot-and-dash line in Figure 4 shows the result of the

experiment with the convection of cold water poured
on ice [5].

400 |

200

(1} 0wz 04 0.6 0.8 T

Fig. 4. The critical value of the Rayleigh number.

According to the data in Figures 4 and 5, we can
see that at 0.8 < t < [ the results of our work are close
to those of convection in cold water, and at z = 1 they
coincide with the solution of the classical Rayleigh
problem, while in the domain of infinitesimal z they
asymptotically tend to the constants corresponding to
the asymptotes of Racr = 526.4/¢* and aer = 2.122/7.

We should notice that according to the critical
Rayleigh number value, the results of experimental
studying for convection in cold water [5] are essentially
close to our results (with a 9.6% deviation), especially
if we compare the former with the theoretical results
[3,4], which give a deviation of about 43%. A possible
reason for this might be the fact that in both experiment
[5] and our work the heat expansion coefficient g was
considered constant and equal to its average value on
horizontal boundaries. Due to this, our results are also
much closer to the results of solving the classical
Rayleigh problem with constant g [1] than the
theoretical results for convection in cold water [3,4].

0 0.2 0.4 6 0.8 T

Fig. 5. The critical value of the wave number.

About explosion safety problem

An explosion safety problem arises when a
pipeline or tank using for transportation and storage of
hydrocarbons is damaged. The flow in the pipeline can
be considered in the coordinate system moving with an
average flow velocity, and in this approximation, the
flow in the pipeline and in a stationary tank can be
considered in the framework of one approach.

In fact, the formation of an explosive mixture
requires the mixing of hydrocarbon and air. If the wall
of the pipeline or tank is damaged, the evaporation of
hydrocarbon leads to its cooling. Moreover, practically
any temperature difference leads to the development of
convective mixing [1].

The following dependence of the critical
temperature T on the mass concentration of
cyclohexane f, can be obtained (Fig. 6). Moreover, fo
monotonically changes from its maximum value 1 to
the minimum 0. In Fig. 6 temperature values of cold
and hot walls are shown conditionally.
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Fig. 6. The critical temperature versus mass concentration.

A few words about a possible scenario for the
development of an emergency.

Immediately after damage of the wall, the mass
concentration of hydrocarbon is about fy = 1 and
convection is possible if the pipe is damaged from
above (Domain 3).

With a further decrease of the mass concentration
of hydrocarbon fo, the critical temperature is into the
temperature range of the cold and hot walls T <T¢r <Th
and convection develops both when the pipe is
damaged above and below (Domain 2).

With a further decrease in fo (at Ter <To),
convection develops when the pipe is damaged from
below (Domain 1).

Note that during the transportation and storage of
cyclohexane, the formation of explosive areas is
observed when cyclohexane mass concentration falls in
the range with approximate boundaries from 0.0334 to
0.186, which corresponds to a critical temperature
range from -0.16.9°C to 16.7°C.

Conclusion

In present work we have described a new physical
and mathematical model of Rayleigh-Benard
convection in a gas-vapor mixture of oxygen and
cyclohexane taking into account cyclohexane
evaporation and condensation on the boundaries of the
domain. It is shown that at a certain (critical)
temperature, when all the added liquid cyclohexane has
evaporated, the density of the gas-vapor mixture
reaches a local maximum, where the heat expansion
coefficient and the buoyancy force in the equation of
motion change their sign going through zero.

We conducted linear analysis of stability and
analyzed data obtained through calculating nonlinear
steady conditions of Rayleigh-Benard convection.

A physically natural supposition about
cyclohexane condensation on solid walls and, hence, a
more viscous liquid film on the walls allows us to
consider the boundaries of the domain horizontal and
free from shear strength, which simplified the task.

We showed that the problem of Rayleigh-Benard
convection in the gas-vapor mixture considered turns

asymptotically into the classical Rayleigh problem if
the density maximum is achieved on one of the
horizontal boundaries. In both threshold cases we
obtained analytical asymptotic formulae for stability
characteristics. In terms of one mode approximation,
expressions for the growth increment (or attenuation)
of the first major mode were obtained. The boundary of
the instability domain was also studied on the wave
plane.

At 7 close to 1, a decrease in the inversion
parameter 7 leads to a growth in the flow stability, and
at = close to 0 it leads to a growth in the damped
oscillation frequency, but the rate of decay is constant.

Having solved the linear stability problem, we see
that a decrease in the relative thickness of the lower,
unstable sublayer or a corresponding growth in the
relative thickness of the upper stable sublayer cause
stabilization of the flow.

We draw a quality analogy between the
convection in the gas-vapor mixture considered and the
penetrating convection of cold water at close to
maximum density point, where the heat expansion
coefficient goes through zero but is a linear function of
the temperature.

It is shown that the considered problem of
convection of a gas-vapor carbon-air mixture is directly
related to the problem of explosion safety during the
transportation and storage of hydrocarbons.
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An algorithm for constructing a multiplicatively weighted Voronoi diagram involving fuzzy parameters

with the optimal location of a finite number of generator points in a limited set of n-dimensional Euclidean
space E,, has been suggested in the paper. The algorithm has been developed based on the synthesis of methods
of solving the problems of optimal set partitioning theory involving neurofuzzy technologies modifications of N.Z.

Shor r -algorithm for solving nonsmooth optimization problems.
Keywords: multiplicatively weighted Voronoi diagram, optimal set partitioning problem, optimal
location of generator points, neurofuzzy technologies, N.Z. Shor r-algorithm, nonsmooth optimization

problems.

Introduction. Currently, hundreds of literary
sources on Voronoi diagrams and their application in
various fields [1]. Voronoi diagrams for two- and three-
dimensional spaces are used in many different areas of
applied sciences. Quite apart from the fact that a large
amount of known algorithms for constructing VVoronoi
diagrams of given finite Msets of a plane (space) points,
called generator points, have O(|M]|log(|M]))
complexity, all these algorithms are quite complicated.
In addition, in practical problems the parameters of the
Voronoi diagrams often may be fuzzy.

In the papers [2, 3], the algorithms for constructing
a standard (classical) Voronoi diagram with
deterministic parameters and various generalizations
are suggested, based on the application of methods of
optimal set partition (OSP) theory and having several
advantages over the known ones, which are described
in the scientific literature [1, 4, 5]. Particularly, they do
not depend on the E,, space dimension containing a
limited set to be partitioned, which is independent of
the geometry of the sets to be partitioned; the
complexity of algorithms for plotting Voronoi
diagrams based on the approach described above does
not increase with the growing number of generator
points; they can be used to construct not only VVoronoi
diagrams of a given number of generator points of fixed
locations, but also with the optimal location of these

points in a limited amount of E, space, and other
advantages. The result of such a versatile approach is
the ability to easily construct not only already known
Voronoi diagrams but also the new ones.

The versatility of the approach proposed in studies
[2, 3] in the construction of Voronoi diagrams is further
supported by the fact that models and methods for
solving continuous problems of optimal set partitioning
can be generalized in the case of fuzzy initial
parameters of the problem or a requirement of a fuzzy
set partitioning, resulting in a fuzzy nature of VVoronoi
diagrams.

In this paper, there has been developed the
algorithm of constructing a multiplicatively weighted
Voronoi diagram involving fuzzy parameters with
optimal positioning of N finite number of generator
points in 2 limited set in n-dimensional E,,(n = 2)
Euclidean space. The algorithm has been developed
based on the synthesis of methods of solving problems
of the theory of OSP [7]) with neuro-fuzzy technologies
[8]) and modifications of N.Z. Shor r -algorithm for
solving non-smooth optimization problems [9, 10].

Problem setting. A classical Voronoi diagram of
a finite set M = {t,,7,,...,Ty} € E,, of generator
points T; = (ri(l),ri(z),...,ri(”)), i=12,...,N in n-
dimensional Euclidean space E, (n = 2) is Voronoi
polyhedra set
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Vor(t) ={x € E;ic(x,7) < c(x,7;), j=12,....N,j#i},i=12,..,N,

of seed points 74, 1,,...,Ty, Where ¢;(x, ;) are
functions of the distance between x and z; points which
are defined in E,, as a Euclidean metric.

In a multiplicatively weighted VVoronoi diagram
oftheset M = {7,,7,,..., Ty} C E,

MW Vor(M) = U MW Vor(t;)

each Voronoi polyhedron

TEM

MW Vor(t;)) = {x € Ep: c(x, 1)) /w; < c(x,7)/wj, j=1.2,...,N,j#i},i=12,...,N, )

represents a set of space, the weighted distance
from which to the generator point 7; € M does not
exceed the weighted distance to any other seed point
(w; >0,i=12,...,N, are given weight coefficients).

Growing crystals is one of the illustrative ways of
obtaining a multiplicatively weighted VVoronoi diagram
[6]. When all crystals begin to grow at the same time
but at different speeds, each 7; € M point gets a
weight coefficient, and when measuring the

distance to it, one needs to multiply the function
that sets the distance by that weight coefficient.

Voronoi diagrams with fuzzy parameters
appear, for example, when the weight coefficients
of the two-point distance functions that determine
the elements of the Voronoi diagram are fuzzy. Let
us set for each c;(x, ;) function of (1) a fuzzy weight
Ww;, which depends on external factors, which may also
be fuzzy, and at the same time the type of this
dependency is unknown in advance.

Then (1) shall be put down as follows

MW Vor(t;) = {x € Ep: c(x,1,)/W; < c(x,7,)/W;, j=1,2,...,N,j#i},i=12,...,N, 2

For a mathematical formulation of a problem of
constructing a multiplicatively weighted Voronoi
diagram with an optimal positioning of a finite number
N of generator points in 2 limited set of n -
dimensional Euclidean space E,, (n = 2) on the basis
of methods for solving OSP problems, let us eliminate
the fuzziness in (2) by the neurolinguistic identification
method of unknown complex nonlinear relationship of
[8].

To apply the specified method in recovering
values of fuzzy parameters w, ..., Wy, without limiting
the generalization of considerations, let us denote their
restored values as w and consider the functional

dependency of the identification object output w from
its inputs y, ..., y, as follows:

W =Wy, Vq), ®)

where y;,...,y, are the factors affecting w, and,
as noted earlier, may also be fuzzy.

Having applied the method of neurolinguistic
identification of unknown complex nonlinear relations
developed in [8], we obtain the deterministic (clear)
value of the original variable w, which is calculated by
the following formulas:

_ Zk=adicprp, W)
Tk=1Mrpi W) (4)

Sk
. 2P (V1 Y1 Yo,
#*p, (W) =172

1 otherwise,

Sk
it > P (Yo Yorr Yg) <1,
1

J= (5)

q

P* V1, V20e0Yg) = V *f nu *5 Vs (6)

wxh ) =

yi—b*{-cj
=%
e*ij

where in formulas (4) - (7):
- u*p, (w) is the membership function of the

original variable w of D, class, k = 1,2, ..., L, L is the

i=1

»i=1..,q,j=1,...,8, k=1,2, ..., L,

Y]

number of classes (linguistic terms) of the original
variable w, d,, is the centre of the class Dy;
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-p *]" V1, Y2,---,Yq) are fuzzy production rules
derived from expert and experimental information on
dependency (6), j is the rule number in k -class, j =
1,2, ..., Sk, S - means the amount of rules in k -class;
v *]" - weight of j -rule in k -class of output w;

- uxf5 (yy) is the bell-shaped function of y;
variable membership in its linguistic term in j -rule of
k -class of the output variable w, b *{"'J is the coordinate
of the maximum and e *{‘] is the concentration
coefficient of this membership function.

It should be noted that the value v+ - of the
weights of the rules in (6) and the parameters ¢ +{;, e *{;
of the membership function (7) are marked by an
asterisk as optimal ones, that is, the values obtained as
a result of the parametric identification of the method
of neurolinguistic identification, for which the
deviation of the experimental data from the artificial
data obtained after adjusting the fuzzy model of the
object (3) reaches its minimum. Values of u x,, (w),

P* V1, Y2r--¥g) and pxf (y;) in (4) - (7) are

calculated at optimal values of v xf, b +{;, e *[5.

Thus, after restoring fuzzy parameter values
Wq,...,Wy in (2) using the described method of
neurolinguistic identification, we obtain their recovered
(crisp) values of wy, ..., wy.

We now formulate the mathematical setting of a
problem of constructing a multiplicatively weighted
Voronoi diagram with the optimal placement of a finite
number of N generator points in 2 limited set of n -
dimensional Euclidean space E,, (n = 2) on the basis
of methods of solving OSP problems and restored
values of its fuzzy parameters.

Let us assume that (2 is a given bounded set of E,,,
T4, Ty, ..., Ty IS @ finite set of generator points in 2. In
cases where the location of points 7, 7,,..., 7y in 2 is
unknown and these must be placed (selected) in £,
another Voronoi diagram can be introduced on a set
N c E,, that is, the Voronoi diagram of points
optimally located in a finite set.

We will consider the following total of Voronoi
polyhedra as a multiplicatively weighted Voronoi
diagram of a finite number N of generator points
Ty, Ty ..., Ty INQ C E, limited set

MW Vor(t;) = {x € Ep: c(x, 1) /w; < c(x,7)/wj, j=12,...,N,j#i},i=12,...,N, (8)

of t,,1,,..., Ty points optimally placed in a finite
set, for which the total weighted distance from the

points of 2 set to the corresponding t,,7,,..., Ty
generator points is the smallest, that is, the functional

]({Tlv LR TN}): Z{V=1 VOT(Ti)(C(x’ Ti)/Wi) dx (9)

takes on the minimum value.

The method of solving the problem. Let's
develop an approach to constructing a multiplicatively
weighted Voronoi diagram of a finite number of
generator points 7y, 75, ..., Ty, optimally placed in 2 c
E, finite set, with fuzzy parameters, based on the
application of the mathematical apparatus of
neurofuzzy technologies [8] and the OSP theory [7]. To
do this, we must first formulate the corresponding
continuous problem of optimal partitioning of the set of

N0 =Qmes(;nQ)=0, i,j=12,...,N (i #)),

where mes(-)means Lebesgue measure.

En to subsets with unknown coordinates of some points
characteristic of each subset, which are called the
centres of subsets, being a generalization of the
problem of [7].

Let Q be a bounded Lebesgue set in n-dimensional
Euclidean space E,,. Let a total of Lebesgue measurable
subsets £2;,...,02y of Q c E, be called the possible
division of the Q set into its non-intersecting subsets
0q,..., 0y i0f

(10)

Let 3N denote the class of all possible partitions

Zg = {('Qll"'r'QN): U?I:l'oi =.(2,mes(.(2i n'Q}) = 0’ l’] = 1’2""’N (l ;&])}

Let's introduce the functional

F({‘Q‘lﬂ""‘QN}l {Tlﬂ""TN}) = év=1 fﬂi(c(x"[i)/wi) dx,

where c¢(x, 7;) is a given real-valued limited QxQ
function measured by x = (x@,...,x™) € 2 for any

fixed point 7, = (zV,...,t™) e for all i=
1,2,...,N; w; >0 (i =1,2,...,N) are given weight
coefficients.

Here, integrals are thought of as being Lebesgue.
We assume that a measure of a set of the limiting points

of theset2;,i =1,..,N is zero.

of Q set into non-intersecting subsets, 2,,..., 2, thatis
(11)
Problem A Find
min NF({'QIJ'--!'QN}f{TI!'--!TN})I
{21,..QN}EZ],
{tq,..Tn}E QN
where functional F({024,...,2yx}, {t4,...,Tx}) is
represented in the form of (11); the rl.(l), e ri(")

coordinates of centres of 7, = (¢,...,7™) € 0;,i =
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1,2,...,N, are unknown in advance and need to be
identified.

The ({Q1,..., 02y}, {t5,...,Ty}) pair which
represents the minimum of functional (11) on 2§ x Q¥
set may be called an optimal solution of the Problem A.
In this case, let us call {£2;,...,25} € ZY partition an
optimal partitioning of 2 c E,, set into N subsets, and
™ =(15,...,ty) € Q¥ total of 77 € 2}, i = 1,2,...,N
centres - the optimal centres of ] subsets in problem
A.

Problem B. Find

min
(M(),t)el <N

where

To solve the Problem A for each fixed
w; (i=1,2,...,N) we introduce the characteristic
functions of subsets £;:

1,x € ‘Qi'
Ai(x) = {O,x EOND, i=1,...,N,

and restate the Problem A in terms of

characteristic functions as follows.

S, (e n)/wy) A4 (x) dx,

I'={A(x) = (4,(X),..., 4, (X)) ZN:;L,(X) =1 almost everywhere (a.e.) for xe Q

i=1

L(X)=0vlae. forxeQi=1..,N}; r=17,.,7, €Qx..xQ=Q"
%r_/

N

For Problem B, in [7], we prove the following theorem 1, which establishes the optimal solution (1.(), 7.).

Theorem 1. Components of a characteristic
vector function A.(x) =

A (x),..., 4, (x),..., A,ny(x)) that matches the

optimal solution (2.4,...,2.;,...,02.y) of the
Problem Afori =1,...,N and almost all x € 2 are as
follows:

1, ifc(x,w) /W <c(X, ;) /' w;,

Ay (X) =
0 otherwise,

the optimal solution to the problem, which is dual to problem B, is chosen as t,4, ..

1= jae forxeQ, j=1..,N, then xeQ,,

"T*N:

G =], izrllin [c(x,T))/w;]dx — min,T € OV,

..... N

We now present Theorem 2, based on the results
of [7, 11] papers, which summarizes our considerations
and will be further used in the formulation of the
algorithm for solving Problem A.

Theorem 2. Components of a characteristic vector
function 1,(x) = (4,1 (x),..., 4,;(x),..., A,ny(x)) that

matches the optimal solution (2,4,...,2,;,...,02,y) oOf
the Problem A fori = 1,..., N and almost allx € 2 are
as follows:

L ifc(x,t) /w <c(x )/ w,,

A (x)=
0 otherwise,

the optimal solution of the problem is chosen as 7,4, ...

G(r) = fnif}i" [c(x, 1)) /w;]dx - min,Tt € QV.

..... N

Here, each parameter w;, i = 1,..., N previously

specified as the output w that depends on yjy,..
inputs as w=w(yy,...,¥q),

Yq

i#jae forxeQ, j=1..N, then xeQ,,

is calculated by

(12)

Y
(13)
formulas (4) - (7).

Problem A solution algorithm. To describe the
algorithm, we define i -component, i = 1,..., N, being
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the component of the generalized gradient vector of
functions

g5@ = (g5 @, g8 @, g5 (@)
(13) at 7 point as follows:

goi(r) = fﬂgz"(x; ) 4i(x)dx, i=1,...,N,

(14)

where g:(x, ) - i-component of N-dimensional vector of generalized gradient gZ(x, 7) of c(x, t;)
In the formula (14) A;(x),i = 1,..., N, is defined as follows:

L ifc(x, ) /w <c(xt;)/w;,

Ai(X) =

in other cases,

en 1..,N, thenxeQ., (5)

0 otherwise,

where w;, i = 1,..., N, are calculated by formulas (4) - (7).

Algorithm. We place Q domain to n-dimensional
parallelepiped P, the sides of which are parallel to the
axes of the Cartesian coordinate system. We cover the
parallelepiped P with a rectangular grid and set the
initial approximation 7 = t(®, We calculate A (x)

T1=PH To_ho

Pr is a projection operator on I1.

Proceed to the second step.

Let the result of calculations after
k (k =1,2,...,) steps of the algorithm be the obtained
values of (9, 1= (x) in the nodes of the grid.

Let us describe (k+1) step.

1. We calculate 2% (x) value at the nodes of

Tk+1 — PH Tk _ hk

4.  Ifthe condition ||T% — T¥*1|| < &, & > 0,

(16) is not met, we go to (kt2) step of the
algorithm, otherwise - to cl. 5.

5. Letd,(x) = 19O(x), 7, = 7O, where /is the
iteration number at which condition (16) is satisfied.

6. We calculate the optimal value of the
objective function G (7) of (13) by the formula

value at the nodes of the grid according to formulas
(12), taking into account (4) - (7) formulas for
calculating the parameters w;, at 7 = (9); g, (7) value
- by the formula (14) at A(x) = 1 (x), T = t(©; select
the initial test step of r-algorithm 4, > 0 and find

H196(1°)

(H1969),96) |

the grid according to formulas (15), taking into account
(4) - (7) formulas to calculate the parameters of w;, at
7=1%,

2. We find g;(t) value by formulas (14) at
A) = 210 (x), T =™,

3. We then take (k+1) step of r-algorithm in N-
form, an iterative formula of which is as follows

Hi+196(7)

\/(Hk+1gG(Tk)JQG(Tk)) ’

G(@) = f, min [c(x,7)/wldx,
at t=1, and w;, i =1,...,N calculated by
formulas (14) - (17).

The described algorithm.

Thus, as a result of the solution of Problem A by
the algorithm described above, which is based on
theorem 2 above, we obtain a total of Voronoi
polyhedra (3) of generator points z;, i = 1,..., N:

Vor(t)) = {x € 2 € Ep:ic(x,t)/w; < c[x,rj)/wj, i#j,j=1,..N}

but unlike the standard Voronoi diagram (1),
where points 74, ..., Ty are fixed and parameters
w;, i=1,...,N are clear, in order to find the
coordinates of the generator points 74, ..., Ty, optimally

located in 2 c E,, we need to solve a finite-
dimensional optimization problem

G =, min [c(x,t))/w;]dx > min,T € OV = 0 x...x 0,

..... N

N
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with a non-differentiated objective function G (t)
and w;, i =1,..., N parameters recovered using the
neurolinguistic identification method of unknown
complex nonlinear relationship.

Summary. The method and algorithm has been
suggested for constructing a multiplicatively weighted
Voronoi diagram involving fuzzy parameters with
optimal location of a finite number of generator points
in a limited set of n-dimensional Euclidean space E,,.
The method is based on the formulation of an
appropriate continuous problem of optimal set
partitioning into non-intersecting subsets, where the
centers of these subsets are located involving fuzzy
parameters in the objective functional and with the
criterion of the partition quality, which provides an
appropriate VVoronoi diagram with fuzzy parameters.
The method of solving the above problem of optimal
set partitioning is based on the application of the
mathematical apparatus developed in [11], while the
method of neurolinguistic identification, developed in
[8], was used to eliminate the fuzziness in the OSP
problem.
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ABSTRACT

This paper is devoted to the method of collocation of the solution of first-order ordinary differential equations
with the parameter for the derivative. The basis of the research is the general theory of approximate analysis

methods and the constructive theory of functions.
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PaCCMOTpI/IM OAHO3HAYHO paspCUIMMYIO 3aJiady Ko IS TMHEHHOTO ,E[I/I(l)(l)epeHHI/IaIILHOFO YpaBHCHUA
TMEPBOro nopsaka

ex'(t) + a(®)x(t) = y(t) )
x(0) =0, @
rne 0 <t <1, € — BeLIECTBEHHbI IOJIOXKUTENBHBIA (B TOM yucie Manblid) mapamerp; a(t),y(t) —

3ananHbie QyHKIUH, X (t) — uckomast HyHKIIHS.
Jnst pemieHus: TaHHOW 3aa4M NPUMEHHM MeEToJ KoJutokaiuu. [IpubnmkéHHoe perieHne OyneM HCKaTh B
BUJIE TTOJTMHOMA

X (t) = k= ait”, ©)

IJie &) — Heu3BeCTHBIC KO DHUIMEHTHI, ONPEACIIICMbIC U3 YCIOBHN

ex'n(t) + a(t)x,(t) = y(t), i = 1,n, (4)

t; € [0,1] — y3ub1 komtokauuu. [loncrasnss (3) B (4), NONyYUM CHCTEMY JIMHEWHBIX alreOpanvecKux
ypaBHEHHH AJ1s1 KOAQDUIHEHTOB &y, Ay, -.., Ay’

Yhoy aptf ek + a(t)t] = y(t),i = 1,n (5)

Teopema 1. IIycmb @vinonnsomes yciogus

1. pyskimu a(t), y(t) € H*(0 < a < 1);

2.3anaya (1) — (2) umeer equHcTBeHHOE peuienue x*(t) mpu Vy(t) € C[0,1];
3. y3IIBI KOJUTOKAITNH SBJIIOTCS y3maMu UeOBIéBa mepBoro Wik BTOPOTO poJa:

20— 1 i
t; = cos? ———m,t; = cos? ,
¢ 4n ‘ 2n + 2

i=1,n.

Torna cucrema (5) nMeeT AMHCTBEHHOE PELICHHE A1, 5, ..., Oy, U IPUOIKEHHBIE PELICHHS

n

XA () = Z antk

k=1

cXonaTcss K TOUHOMY pemrenmio x*(t) 3amaum (1) — (2) B mpocrtpascte (yHkmmii xmacca € M[0,1],
YIOBJICTBOPSIOIINX YCIOBHIO (2), CO CKOPOCTBIO

Inn Inn
¥l < —_—= _—
(grsltas)ilx xnl - Kl (E) n« O(n“)' (6)

rie K; (€) — nonoxuTenbHas MOCTOSIHHAS, HE 3aBUCSINAs OT 1, HO, BOOOIIIE TOBOPS, 3aBUCSIIAS OT &.
Hoka3zareabcTBo. ITycts

X = CM[0,1] = {x(0): x(t) € CD[0,1],x(0) = 0},
I x llx= grslgzsagx’(t)l,Vx EX;Y=C[01] 1y lly= 329;5'3’(’5)"\’3’ €Y.
3amaua (1) — (2) 3KBHBaJICHTHA ONIEPATOPHOMY YPABHEHHIO
Ax =y (x € X,y €Y),Ax = ex' + ax, 7)
rne A — nuHelHbl onepatop n3 X B Y. BBeném n-mepHbie moanpocTpaHcTBa: X, — MOANPOCTPAHCTBO

TMOIMHOMOB BHAA Yp—; Qrt¥(X, € X), ¥, — NOANpPOCTPaHCTBO TONMHOMOB BHAA Yp—; Prt* 1(Y, c Y).
Omnpenenum oneparop B,, nepesomsiuiuii Y B Y, cootnomennem B,y = Y1, v(t;)%;(t), roe
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wy (1)
(t—t)w'(t)’

W3BecTHO, yTO P, sIBISETCS OJJHOPOIHBIM, aJIMTUBHBIM, IPOCKIIHOHHBIM OIIEPaTOPOM.
Torna cucrema (5) SKBUBaJICHTHA (DYHKIIMOHAIEHOMY YPaBHEHHUIO

() = wp(t) = (t = t)(t = tz) . (t = ty).

Apxp = BAX, = Yu(Xn € Xny Yn = By € V), Apxy = €y, + Py(axy). (8)
Hns Vx,, € X,, Haxooum
I Axp — Apxn ly=Il Axy, — Apxp lic=Il ax, — Py(axy) c< 2 11 By llcoc En—1(axy)c.

Tax xak t; — y37s1 UeObIméBa mepBoro wWid BTOPOTo poza, To (cM.[2])
I Pyl o4 2 (2
n lliC-Cc= T T Tl( T )

Crnenys [2], [3], nomyuum
Epy(axn)c < 3w(axy; 1/n)c < 3[w(a; 1/m)c 1 x, e+l a llc w(xqy; 1/n)c],

rae w(@; §)¢ — MOIyJIb HENPEPHIBHOCTH (QDYHKIUH .
Ipencrapnss x, () B BUme MHTErpana x, (t) = [ Ot Xn, (T)dT, MOTyYNM OIICHKY

t

(O] < f P (D1d < max 2, (Ol <1 3, Iy,
0

T.e X eIl x5 llx.
Hnst w(xy; 1/n) umeem

1
W)= sup e () —x, (8 = sup | (D - )] <
|tl—tll|SH |tl—t!l|5ﬁ
trtrref0,1] trtrr€f0,1]
g’;lgs?ilxn,(t)l — Il Xn "X t<t<t"
= n , .

WsBectHO (cM., Hamp., [2], [3]), yto mist a(t) € H* (0 < a < 1)

1 < M
(L)(a, n)C - na'
ITosTomy
4 2 2n
Il Ax,, — Apxy lly< 2[; + ;ln(?)] x
M 1
X3 hxlict—lallchx lix] = e llxlly,
rae

4 2 2n M 1 Inn
&y = 6[E+Eln(?)] X [n_“+Z lalc]l= O(n_“) -0,
NPU N —> 00, UITH
e, =I1A—-A, llx,-y— 0 9)
IpH N — 00,

ITockonbKY B YCIIOBUH TEOPEMBI orieparop A — JIMHEHHO 00paTuM, TO B CUIly cooTHoIIeHus (9) u crocody
BBEICHHUS MOIIPOCTPAHCTB X,,, ¥, (dimX,, = dimY,, = n < 00) moxem caenats BoiBoa (cM.[1, ¢.19], Teopema 7):
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IpU BCEX M, YAOBJETBOPAKOIIMX HEPABEHCTBY ¢, = &, Il A™1 I< 1 mpubnuxénnoe ypasHenue (8) umeer
€IMHCTBCHHOE PEIICHKE X;, € X,, TpH JII000H MpaBoii yactu y, € Y,,, Kpome Toro

Inn
8 =Ny =y Iy =1y = By Iy=< 21l By llgc Enca (e = 0(-5) > 0

IpU N — 0,
IMostomy (cMm. [1]) npubnuxEHHbIE penieHus X, € X, CXOIATCS K TOYHOMY pelieHuio x* € X mo HopMme
HPOCTPAHCTBA X CO CKOPOCTHIO

. . Inn
Il x;, —x* lxy=0(g, + 6,) = 0(—n“ ).
[TycTh 3a1aHa NOTPeNIHOCTh Bhiuuchenuit 8, 1.e. || x;, — x* |y < §. Toraa
c— <6,
n(l
rae ¢ = const, 1 MOXHO HalTH N, PU KOTOPOM JOCTHTAeTCsl 3alaHHasT TOYHOCTb:

1 Inn 6
<<

n®* n® "¢

Orciona n® = ¢/8 umu n = (c/8)Y/%. Cnenosarensuo ny = E[(c/8)Y* + 1], rae E[¢] — nenas yacts .
CunencrBue. B ycrosusx meopemvt 1 npubnuscéunvie onepamopvt Ay cywecmeyiom u oepanuvenst no
HOpMe 6 COBOKYNHOCTIU

-1 _ 72
1Ay, oy, = O(1) <Ky (e)
s n > ng, Tac K1 — IIOJIOKHUTECIIbHAA IIOCTOSIHHAS, HE 3aBUCAIas1 OT N, HO, BOO6HIC TOBOpA, 3aBUCAIIAA OT

Tounoe pemrenne 3agaun (1) — (2) 3anuceiBaetcs mo hopmyie

t t

1 1
x() = f ~y(s) exn( f a()dn)ds,
0 s
rme0<t<1.

Mycts a(t) < agy, tae ap > 0. Torma || A7 1< exp(ay/€)/e. Hopmbl obparubix omepatopos || Ayt I
OrpaHUYeHBI BeIpakeHHeM (cM.[1, ¢.19]:

1A exp(a/e) _ explan/e)

ARt I <
4" 1—g, 1A~ ~ € — &, exp(ay/c) £

Ipu N — 00,
Hns a(t) < —ay, tae ap = 0, momygaem

A 1 1

< d
el A7V T eexp(ag/e) — e, cexp(ay/e)

I An" < 7=

P TIPU N = 0,

Oco0bIil IPaKTHYECKUI HHTEPEC MPEACTABIACT Cirydail, korma € — 0. Torma mpu a(t) < —a,, rae ag = 0,
nonygaem || 4,1 (|- 0.

Teopema 2. Ilycmo ¢yuxyuu a(t),y(t) € Hy(0 <a <1,r >0 — yenoe uucno). Toeda 6 ycnogusx
meopembl 1 npubnudicénnvle pewenus X, (t) cxoosmes k mounomy pewernuro X*(t) co ckopocmoio,

2" = x5, 5= Kz (€) s = O (o), (10)

1
n
rae K, (€) — monoxuTtenbHas MOCTOSHHAS, HE 3aBUCSINAS OT N, HO, BOOOIIIE TOBOPS, 3aBHUCAIIAS OT E.

Joxka3zartenabcTBo. 3ana4a (1) — (2) sKkBHBaJICHTHA OIIEPATOPHOMY YPaBHEHHIO BHA

Ax=Gx+Tx=y(x€X,y€eY),
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rae Gx = ex'(t); Tx = a(t)x(t); A: X - Y(X,Y,X,, Y, BBeIeHbI B JOKA3aTEILCTBE TEOPEMBI 1);
G:X-Y;T:X - Y;G, T — nuHEiHbIE ONIEpPaTOPHI.
CooTBeTcTBYyIOIIEE MPUOITHKEHHOE YPABHECHUE UMEET BH/T
Anxy = B Ax, =y, (xn EXnyn=PFyE€ Yn)'
Anxy, = Gxy + B,Tx,, B,T:X->Y,G:X,, > Y,.

JHoxkaxem, uto oneparop G — nuneiHo oOpatuM. [lycts Gx = z, Torna

t t

1 1
=G 1lz== < —
x=G"z gf Z(‘L’)d‘[_gf grszgs)glz(f)ld‘r,
0

0

_ 1 _ 1
To ectp || GT1z IIS;maxlz(t)| wi || G lyLx< - OmHOPOMHOCT W AINIUTHBHOCTH omeparopa G
0sts<1

OYCBUJIHA.
IMockomeky | A — Ay lly,y=I'T — B,T Il 0 npu n — o (cM. Teopemy 1), To crenys [1, ¢.27] umeem

Il x* = x5 Ix<I E — A7 BT lixoxll G™1 llyxll Gx* — B,Gx™ lly<
S+ K E©OO0WING e 2 1 By ligse Enq (Gx*)e <

Inn Inn
< Kz(S)W = O(W).

TaK KaK
* 1 * r
E,_1(Gx™) = O(W) (Gx* € HY); Nl Py llcse= O(Inn);
|45t ly,—x,< K, (€) (cm. cnenctaue k Teopeme 1); |P,T llx,-y=0(1).

3aqaHHas NOrPELUIHOCTh BBIYUCICHUH § JOCTUraeTcs mpu n > ng, rae ny € N — MHHUMaNbHOE pelieHue
HEPABEHCTBA

Inn
K, (¢) W <4

OTHOCHUTCIIBHO N.
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3ABUCHUMOCTD JIEKTPOCTATHYECKOI'O IOTEHIIMAJIA OT CKOPOCTH
TPAHCHHOPTUPOBAHMUSA ITPU ITHEBMO3APAKAHUN

DOI: 10.31618/ESU.2413-9335.2020.6.71.614
Aueeea I.A., Jlokvaeea C.M., /lonywinak E.B.

AHHOTAIIUA

[upokoe mprMeHEHHe MHEBMATHYECKOTO crocofa 3apspKaHus M TPAHCIOPTHPOBAHUS T'PaHYIHPOBAHHBIX
B3pBIBUATHIX BeriecTB (BB) nmpu BeneHnr ropHBIX paboT yKa3bIBaeT Ha HEOOXOIMMOCTh HCCIEOBAaHUM HEIOCTATKOB,
COITYTCTBYIOIIHUX 3TOMY METOAY: @ UMCHHO BOSHUKHOBCHHUEC JJICKTPU3ALIUU B 3apAJHOM HIJIaHTC. QHCKTpI/I‘IeCKI/Iﬁ
MOTCHIHAI W 3apsa] ABJIAIOTCA OCHOBHBIMU MapaMETpaMUu SHEPIuu, BLIHGHHmmeﬁCﬂ opu paspgaae, KOJIn4eCTBo
TCIJIOTBI KOTOPOT'O UJACT HAa pa3orpeB BB.B HUTOrC, 3Hasi MUHUMAJIbHBIC CKOPOCTHU ABUIKCHHA IMTOTOKA a3pOB3BECH,
MOKHO KOHTPOJHPOBATH BCIIMYUHY DJICKTPHUUICCKOT'O 3apdnaa, IMPEBLIIICHUEC KOTOpOro BCICT K
HE3aIlIaHUPOBAaHHOMY B3pbIBY.

ANNOTATION

The wide use of pneumatic method of loading and portage of granular explosives (BB) at the conduct of
mountain works specifies on the necessity of researches of defects concomitant to this method: namely an origin
of electrification in a charge hose. Electric potential and charge are the basic parameters of the energy distinguished
at a digit, the amount of warmth of thatgoes to the warming-up of VV. In the total, knowing the minimum
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temperatures of selfignition of a erodredges, it is possible to control the size ofelectric charge and exceeding of

that conduces to the unplanned explosion.
KiloueBble ciioBa:
B3PbIBYATOC BCUICCTBO.

CKOpPOCTh  TPAHCHOPTUPOBAHUS,

MHEBMO3apsyKaHUuC, JJICKTpU3alldd, BJIUSAHUC,

Keywords: transportation speed,pneumoloading, electrification, influence, explosive.

IIpu nccrnenoBaHuy BIUSHMSA Ha DIIEKTPH3ALHUIO
CKOPOCTH TPAHCHOPTHPOBAHUS B3PBIBUATHIX BEILECTB
napaMeTp CKOPOCTH MEHSICS B HIMPOKOM JIHANa30HE:
oT 5 M/c 10 25 M/c, 4TO OCYHIECTBISUIOCH paboToit
3apsAIHOM yCTAaHOBKM B COOTBETCTBYIOLIEM, 3apaHee
omnpeneneHHoM pexuMe. CKOpOCTh JBIKEHHS YacTHUI]
BB mno mmadry onpenensnack € IOMOLIBIO
PaZuOaKTUBHBIX U30TOIOB.

Jdnst u3ydeHHs OSTOH 3aKOHOMEPHOCTH OBUIH
U3TOTOBJIEHBI W3 OPICTEKIa HMMTATOPBl TpaHyl
B3pBIBUATOTO BellecTBa auamerpoM 1,5 mm. B Hux
MOMEIIANINCh PaJOaKTHBHBIA KOOanbT M BOJNb(ppamM
Ul TIpUAAHUs YacTHLaM HeoOXOIMMOTo  Beca.
MeueHble 4acTULIBI OKpAIIMBAIMCh B SAPKUIl IIBET.
YaeneHBIN BeC 3THUX YaCTHIl ONPEACISICA CIOCOOOM
BOJOM3MELICHHUsI  IOCIE€  MOMEIEHHs B  HHX
paZiMOaKTUBHOTO  BENIECTBA U  COOTBETCTBOBAJ
YIEIbHOMY BECY TPaHCIIOPTUPYEMOIO BB.
YcrpoiicTBO  asid 3arpy3KM  MEYEHBIX  YacTHIL
BBINIOJIHEHO U3 TIPOOKOBOTO KpaHa, OJMH KOHeEI]
KOTOpOro yepe3  TPOMHUK  COEAUHSIICA c
TPaHCIOPTUPYIOILEH MarucTpaislo, BTOpPOI
3aKpPBIBAJICS 3arNIyIIKOI.

3to YCTPOHCTBO YCTaHABIHMBAJIOCh Ha
paccrosHun 0,5 M OT KOHLIA HarHeTaTeIbHOIO
naTpyOKa 3apspKaloIIero anmapaTa i Ha pacCcTosTHAN 15
M OT MeCTa YCTaHOBKM II€PBOrO CYETUYHKA, 4YTO
HOPEBBIIANIO  JUIMHY  Pa3sTOHHOTO  ydacTKa  JJs
HCCIIeAyeMbIX JacTull. PaccTosHHe MeXIy NMepBBIM U
BTOPBIM CYETYMKaMHU cocTaBisiio 8,5 M. M3Mmepenue

pexxume paboTHl THEBMO3apspKamomeil cuctemsl. B
mporecce padoThl YCTAHOBKH OTKPBIBAJICS TPOOKOBBIH
KpaH ®  MEYCHBIE  4YacTHIOBl  TOMAajgamd B
TPaHCIIOPTHPYIOILYIO MarucTpaib, rie
MIOJXBAaTHIBAINCH MBIJIEBO3AYIIHBIM OTOKOM BB.

IIpoxoxxaeHne  MEYEHBIX  YacTUll  Iepen
CYETYUKOM PETUCTpUPOBAIIOCH Ha IIJICHKE
ocuwuorpaga B BHAe Bcrulecka (mmka).  [lo
PacCTOSIHMIO MEXAy MUKaMH Ha OCHULIOrpamMMe
OTIpeIeNIANIOCh BPeMs JABIKCHHUS MEUEHOM JacTUIIBI Ha
OTpe3Ke IyTH MEeXAy COCEOHMMHU cyeTduxkaMmu. Ilo
MIPOMJCHHOMY ITyTH M BPEMEHH YCTaHABIMBAJIACh
CKOPOCTb JIBI)KCHHS YaCTHUIIBI, YTO COOTBETCTBOBAJIO
CKOPOCTH TpaHcHopTHpoBaHus BB.

Hccnenosanock BIIMSTHHE CKOpOCTH
TPaHCIIOPTUPOBAHUSI HA BEIWYMHY [OTEHIOHAIa
anekTpu3anuu. OTBITH MPOBOAMINCHE C aMMHAYHON
cenutpoid, TpaHyautoM AC-8 W WIIaHUTOM TIpPU
TPAHCHOPTUPOBAHMM MX MO TONHUITUICHOBOMY U
PE3UHOBOMY IHUAJIEKTPHUUECKUM IIJIAaHTaM JAUAMETPOM
36 mMm. OTHOCHUTENbHAS BIaXXHOCTh BO3yXa B MOMEHT
TPOBEICHHUS OTIBITOB cocTaBJsiia 45-50%,
TEeMIEpATypa OKpY>Karouiei cpenbl +15°C.
OTHOCHTENIbHAsA BIaKHOCTh BB Obwta pasna 0.3% -
0,5%. NIOTHOCTH MBUIEBO3AYLIHOTO NOTOKA B LIIAHTE
Haxoguiach B npenenax 8 — 10 kr Ha 1 M3 BO31yXa B
3aBUCHMOCTH OT THMNAa TpaHcropTupyemoro BB u
Marepuana nuiaHra. B tabmunel npuBeneHsl TaHHBIC
o UCCIIEIOBAaHUIO BIIMSHUS CKOpOCTH
TpaHcnoprupoBanus BB Ha nponecc anekTpuzanyu.

CKOPOCTH  MPOHM3BOJWIOCH HAa  YCTAHOBHBIIEMCS
Tabmuma 1.
3HaveHUs MOTEHIHAJIA YJIEKTPU3ANMHU B 3aBHCHMOCTH OT CKOPOCTH TpaHcnopTupoBaHusi BB no nuianry.
Marepra TpascriopTpyemoe Iloreniman B kB nrrl):e(;;g)oc;;f;{ ’[pil/[{/(;-HOpTI/IpOBaHI/ISI T10
[IJIaHTa BB TPOBOLY,
510 15 20 25
AmMuadHas cenuTpa 2,7 53 7,6 8,8 9,4
[NommTunen
JDJIEKTPHY. I'panyur AC-8 2,2 45 6,4 7,3 8,0
UTJAHUT 0,6 1,3 2,0 25 2,8
Pesnna AMMMauHas cenmTpa 1,1 2,0 3,0 42 47
I'panymur AC-8 09 15 24 31 35
Urpanur 1,2 2,7 3,6 47 55

[To pesymbraTaM ONBITOB TOCTPOEHBI Tpaduku
3aBHCHMOCTH BEJINYMHBI TOTSHIINAJIA HJIEKTPU3ALINH OT
CKOPOCTH TPaHCIIOPTHPOBaHUSA (pHC. 1) 1 onpeneIeHsI

KOPPEJIAIUOHHBIE YPaBHEHHS CBS3H MEXIy JTHMH
rapaMeTpamu



Eepasutickut Coro3 YueHbix (ECY) # 2(71), 2020

41

12
11

=
o

N W U1 O N 00 ©

0 5 10

—o— Ul
u3

15 20 25
U2

u4

Puc.1
Puc. 1. 3asucumocmo mesncdy nomeHyuaiom Cmamuiecko2o 3NeKmpuiecmed u CKopoCcmsio
MPAHCNOPMUPOBaHUsi paccoinivix BB
1 — pesunosviii winane - cenumpa, 2 — pesunoswviti uiiane - epanyaum AC-8;
3 — noausmunenosvuii uinane — AC-8; 4 — nonusmunenosvill wiiane - cerumpa.

IIpn TpaHCTIOPTHPOBAaHWN aMMHAYHOH CENUTPHI,
rpanynmura AC-8 W WrAaHuTa MO MONUITUICHOBOMY

JIVBIIEKTPUIECKOMY HIJTaHTy BEJIMYMHA
3JIEKTPOCTATUYECKOTO TIOTEHIMANa W3MEHSIAch II0
YpaBHEHHSM:

JUIsL aMMUAAYHOU CEJIUTPBI

U=-0,86 + 0,775V-0,01V?

a5 rpanynura AC-8 U=-0.74 + 0,648V-0,012V/?

st urnaanta U=-0,40 + 0,208V-0,003V2

[pu TPaHCIIOPTHUPOBAHUHU yKa3aHHBIX
B3pBIBUATHIX BEIIECTB II0 PE3UHOBOMY ILILJIAHTY
BEJINYMHA TIOTEHIIMANA CTATHYECKOTO JIEKTPUIECTBa B
3aBUCUMOCTH oT CKOPOCTH oTpeaesseTcs
YpaBHEHHUSIMHU:

JUISL aMMHUA4HON CEJTUTPBI

U=-0,06 + 0,187V - 0,0017V?

qurs rparyiuta AC — 8

U=-0,12 + 0,239V-0,0017V?

st urnaanta U=-0,24 + 0,315V-0,0034V?

rne U — BelMYMHA BJIEKTPOCTATHYECKOTO
noteHuuaia, kB; V — ckopocTh TpaHCIIOPTHPOBAHUS,
Mm/c.

W3 mpuBeiEeHHBIX 3aBUCHMOCTEH CJIEAyeT, 4TO
MOTEHIMA] 3JEKTPU3AIMKA PACTET C IOBBIIICHHEM
CKOPOCTH TPaHCIIOPTHPOBAHUSI. Hawuboee
MHTEHCUBHBIA POCT JIEKTPOCTATUUECKUX HANPSKEHNH
MPOUCXOJUT B MHTepBajie ckopocted oT 0 1o 20 m/c.
3areM C MOBBINIEHUEM CKOPOCTH TPAaHCIIOPTUPOBAHUS
YBEJIMYCHUE TIOTEHIMANa JIEKTPU3AIMN 3aMeUISIeTCS.
Host OONBIIMHCTBA MaTepuaIoB cleayer
Npearnojarath, 4To C JajJbHEHIINM IOBBIIICHHEM
CKOPOCTH KPHUBBIE DJIEKTPU3AINU ellle OoJbIie OyayT
BBIPDABHUBATBCS, W KAKOW-TO CKOPOCTH HACTYNHUT
pezen, 3a KOTOPhIM JajdbHEHIINN pOCT MOTEHLMAIa
HpeKpaTHTCs BooOIe.

B nuteparypHBIX McTOYHUMKax [2] ykasplBaercs,
YTO BEIMYMHA MPEACITBHONH CKOPOCTH, IPH KOTOPOI

mpeKpamaeTcs JalbHEWIIWA POCT  MOTCHIHAIA,
koneOuetcs B penenax 50-55 m/c. Bumnumo, ocHOBHOM
MIPUYUHOM, o0ycraBiuBaronen NpeAeabHbIA

NOTEHLUA, SBJIACTCS yBEIMYEHUE TOKOB yTeuku. [Ipu
PaBEHCTBE CKOPOCTU 00pa30BaHUs 3apsiI0B U CKOPOCTH
YTEUKH UX B 36MJIIO JAJIBHEHINUI POCT NOTEHLHUANA ¢
YBECJIUYCHUEM CKOpOCTH JBHXCHUA JacTHIl
TpaHcnopTupyemoro BB mpekpamaerca. Opmnaxo,
CJIeAyeT Y4YUThIBaTb W TO 06CTO$[TGJ'ILCTBO, 4qTOo
pa3HooOpa3ue CBOICTB MaT€pHAJIOB IIIAHTOB MOXET
HM3MEHHUTD BEIMYHMHY MpeebHON ckopocTH. CKopocTh
TPAHCHOPTUPOBAHUS, NPH KOTOPOH DIEKTPU3ALUSL
MOYTH TPEKpalaeTcs, [0 MHEHHUIO OOJIBIINHCTBA
aBTOPOB, HAXOAUTCS B mpezenax 1-2 m/c.
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SOLUTION WITH SCIENTIFIC PACKAGING SCIiLAB

SUMMARY
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In the present case, the solution of the ordinary differential equation in the Scilab software package is shown.

Key words: Differential equation, Scilab package.

It is known that,

H(t, x,x, X", ..., x™M=0 ()
the equation in the form is called the n-order
differential equation.

The solution of the differential equation x (t),
converts the equation into the same. System of n-order
differential equations

x1=f1(tx1,X2,...,Xn)
x"2=fa(t,X1,X2,...,Xn) (2)
Xn=f(tX1,X2,00 Xn)
system. (2) system solution
X(O=C1(t),x2(0), ... xn(1))

It is a vector and converts the system's equations
into one.

Differential equations and systems have an infinite
number of solutions, which are constants. Additional
prerequisites and boundary conditions must be
provided for a single solution. The number of such
conditions must be consistent with the design of the
differential equation or system. Differential equations,
depending on the type of additional conditions, on the
Koshi problem - all additional conditions are given at
one (usually the first) point of the interval. Additional
terms of the boundary value problems are provided
within the range boundaries.

In many cases there is an exact solution of the
equations. However, sometimes it is not possible to find
the exact solution of the equation, especially the system
of equations. In these cases, the solution is found using
numerical methods. Numerical methods are also used
to find the numerical solution of the equation known as
the analytical solution.

To solve the differential equation and system,
Scilab has the following function.

[ywiw]=ode([type]y0,t0,t [rtol [atol]] f[jac] [ w,iw])

Here y0 — initial condition vector; t0 - the starting
point of the integration interval; t — coordinates of the
network nodes; f — (2) an external function that
determines the right side of the equation ; y — (3)
solutions vector.

Thus,

ay _
T=1fty)

y(0) =y0

to solve the ordinary differential equation in the
form

y=ode(y0,t0,tf)

need to call the function. ode Let's take a look at
the non-essential parameters of the function.

type - the parameter used to select the solution
method or the type of problem to be solved with one of

the lines; adams - used in solving Adams method of
differential equations or systems; stiff- is used for
solving tough issues; rk - used when solving differential
equations or systems; rkf - displayed when selecting a
five-step four-way Rungee-Kutt method; fix - Apply
the Rungee-Kutt method to the intended steps;

rtol, atol - relative and absolute errors of
calculations, vector with the size y, in case of silence
using rtol = 0.00001, atol = 0.0000001, rkf and fix
parameters - rtol=0.001, atol=0.0001 happens; jac is
a matrix showing the Jacobian side of the rigid system;
The matrix is represented by an external function in the
form of J = jack (t, y); w, iw are vectors that store
information about integration settings.

Let's look at using functions to solve the following
issues.

Problem 1.

dx
It + x = sin(xt),x(0) = 1.5
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let's solve the Koshi problem.
Solution
Let's write equation above the way it is

% = —x + sin(xt), x(0) = 1.5.

The graphic modeling the process described in this
equation is as follows:

At

Figure 1. Problem 1's solution schedule

Then accept it as an external function

Let's use the function y = ode (xO0, tO, t, f).
Parameters we use:

f - reference to created function f (t, x);

t - network coordinates;

X0, t0 - prerequisites x (0) = 1.5

y is the result of the function;

Listing 1

-->function
function;

-->Xx0=1.5;t0=0;t=0:1:35;

-->y=0de(x0,t0,t,f);

-->plot(t,y)

Problem 2.

yd=f(t,x),yd=-x+sin(t*x),end

x’=cos (xy)
Y'=sin(x+ty)
x(0)=0y(0)=0

solve the Koshi problem in [0.10].

Below are the Siclab commands required for both
numerical and graphical solution of functions and
problems that describe the system of ordinary
differential equations.

Listing 2

/I Function describing the system of differential
equations

function dy=syst(t,y)

dy=zeros(2,1);

dy(1)=cos(y(1)*y(2));

dy(2)=sin(y(1)+y(2)*1);

end function

/1 Solution of the system of differential equations

x0=[0;0];t0=0;t=0:*0.1*:10;y=0de(x0,t0,t,syst);

I/l Graphical solution of the problem plot(t,y)
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Figure 2. Problem 2's solution schedule

Problem 3. Asagida verilmis sistem ticiin Kosi
masalasini hall edin

119.46 185.38 126.88  121.03 1
1X —-10.395 — : -3. 5
arx }039) 19.1.36 3 636 rS HTT X X(0) =
dt —53.302 —85.932 —63.182 54.211
\—11-5.-58 —181.75 —112.8 —199 }

System solution
Listing 3. Solution of Problem 3
-->B=[119.46 185.38 126.88 121.03;-10.395 -
10.136 -3.636 8.577;
-->-53.302 -85.932 -63.182 -54.211;-115.58 -
181.75 -112.8 -199];
-->function dx=syst1(t,x), dx=B*x, end function

-->function J=Jac(t,y),J=B, end function

-->x0=[1;1;1;1]; t0=0; t=0:0.01:5;

-->y=ode("stiff",x0,t0,t,syst1,Jac);

-->plot(t,y); xgrid();

Figure 3 shows the graphical solution of the
problem.
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Figure 3. Problem 3 graphical solution

Problem 4. Solve the system of nonlinear rigid differential equations

¢ dz, _ )
ddt = T 1
. % = 1572, — 1.15z023 ¢ » X(0) = 0
: 1
dx
i d—t3 = 0.96x1 29 — 8.3623 ,

Figure 4 shows the solution of the system at the interval [0,2].
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Figure 4. Problem 4 graphical solution

Listing 4. dx(2)=157*x(1)+x(2)-1.15*x(1)*x(3);
function dx=syst2(t,x) // Function defining a dx(3)=0.96*x(1)*x(2)-8.36*x(3);
system of ODE end function
dx=zeros(3,1); -->>// Solution-->x0=[-1;0;1]; t0=0;
dx(1)=-7*x(1)+7*x(2);

t=0:0.01:2;y=0de("stiff" x0,t0,t,syst2);
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-->plot(t,y); xgrid();

d?x dx ;
e 4_ 13 — .\ln[f).
dt? t dt * 7 ‘

Since y:‘;—f let us convert the equation to the
system by substituting it.

Y = 13x 45O, T =y y(0.25)=1,

x(0.25)= 1.

xt

Let us design and solve the system computing
function.

Listing 5 Problem 5 solution

z5

Problem 5. Consider the following boundary
problem [0.25; 2] Solve in the interval.

function F=FF(t,x)
F=[-4*x(1)-13*x(2)+exp (t);x(1)];
end function

-->// Solution of the system of differential
equations-->X0=[1;-1];t0=0.25;t=0.25:0.05:2;

-->y=ode("stiff",X0,t0,t,FF);

-->// Graphic representation of the solution

-->plot(t,y); xgrid();

The graphical solution of the problem is shown in
Figure 5.

Figure 5. Problem 5's solution schedule
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