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Abstract: the selection criteria and the functions of the POP in
teaching mathematics of future engineers as a means of promoting the
formation of students' creative activity have been developed and
justified. The main stages, conditions and means of research and
solutions of the postgraduate study have been identified in order to
form students’ creative activity. The materials presented in the article
make it possible to develop and justify models and pedagogical
conditions for the formation of creative activity of future engineers, to
use in practice the methods of selection and research of postgraduate
courses in teaching mathematics students of engineering specialties.
Keywords: higher mathematics, creative activity of students, designing
professionally oriented tasks.



IMPOEKTUPOBAHUME ITPO®ECCUOHAJIBHO
OPUEHTUPOBAHHBIX 3AJIAY IIPU OBYUEHHUU
MATEMATHUKE
baarabaeBa P.E.l, OmnaeBa I' .A.z, AOaupeiiMmoB AP’
(Pecny0iinka Y30eKucTaH)

'Banmab6aesa Pano bexbaynuesna - accucmenm,
KagheOpa npuKIaOHOU MaAmMemMamuKu,

’Onaesa I'ynbaxap Aiimanosna - accucmenm,
Kagheopa pyHKYUOHAIbHO20 AHAU3A, aAlleeOPbl U 2eoMemPUl,
I A6oupeiimos Apwicianbaii Pycmem yanu - cmydenm,
Gaxyremem mamemamuxu,
Kapaxannakcxuii cocyoapcmeennwiii ynugepcumen,

2. Hykyc, Kapaxannaxcman, Pecnybonuka Y3oexucman

AHHOomayus: paspabomanvl U 000CHOBAHLL Kpumepuu omoopa u
dyukyuu 1103 6 obyuenuu mamemamuxe OYOYWUX UHIHCEHEPOB KAK
cpeocmea,  cnocobocmeywezo  GopmMuposanulo  MeopuecKoll
AKMUBHOCMU CMyOeHmos. Bbisisienvl OCHO8HbIe dmanvi, VCI08Usl U
cpeocmea ucciedosanusi u peutenus 1103 ¢ yenvto popmuposarus
meopueckou axkmusHocmu cmyoenmos. IIpedcmasnennvie 6 cmamve
Mamepuanbl  NO360MAOM  paspabomams U 000CHO8AMb  MOOeIU
neoasocUYecKux Ycio8uti (opmuposanus meopyecKoll aKmueHOCmuU
0YO0YUWUX UHIICEHEePOB8, UCNOIb308AMb 8 NPAKMUKe MeMmOOUKU omoopa
u uccneoosanus 1103 6 o0bOyueHuu mamemamuxe CmMyOeHMO8
UHIICEHEPHBIX CReYUaTbHOCMELL.

Knioueevle cnoea: svicuias mamemamuka, meopyeckas akmueHOCHb
CMYOeHmMOo8, NPOeKMuUposanue NpoPecCUOHAIbHO OPUEHMUPOBAHHBIX
3a0au.

Bo3spacratomias morpe6HOCTh 00IIIecTBa B MHXKEHEPaX, CIIOCOOHBIX
TBOPYECKHU MOJIXOIUTh K U3MECHCHHSIM B TEXHOJIOTHSIX COBPEMEHHOTO
MPOM3BOJICTBA, a3 pekTUBHO " Ka4€CTBEHHO pelarhb
npodeccuoHalIbHBIE  TIPOOJIeMbl  OOYCJIOBJI€HA  HEOOXOJAUMOCTHIO
OBICTPO M aJEKBATHO pEarupoBaTh HA OBICTPOMEHSIOIIMECS YCIOBUS
Pa3BUTHS COBPEMEHHOT'O 00IIIeCTBA.



Kak yuebHas pucuMIUIMHA, MareMaTuka o00JagaeT OrpOMHBIM
FYMaHUTapHbIM M TMPUKIAJAHBIM TOTEHIMAIOM, IO3BOJSIONUM HE
TOJIBKO CBOMMH METOAAMH M CPEICTBAMHU BBISABISITH CYIIECTBEHHBIE
CBS3M pEalbHbIX SIBICHUW W IPOLECCOB B IPOU3BOJACTBEHHOU
NESTEIbHOCTH, HO W pa3BHBaThb HAaBBIKM OYIyIIMX HWH)XXEHEPOB B
MaTEMaTUYECKOM HCCIIEIOBAHUM MPUKIAIHBIX BOIPOCOB, YMEHHS
CTPOUTh M AHAJTU3WPOBATH MATEMaTHYECKHE MOJEIN WHKEHEPHBIX
3aja4, pa3BUBaTh MHTYHIMIO UM pedrexkcuio B  mpolieccax
OPOTHO3UPOBAaHUS M NPUHATHS  pEHIeHHsT B YCJOBHSX
HEOTpeIeIEHHOCTH. B 3TOM, B 4acCTHOCTH, 3aKJIIOYAETCs OCHOBA IS
IIOHVMAaHMsI €IMHCTBA MaTEMATHKH, TIOBBILICHUE KaYECTBA OCBOCHUS €€
colepxaHusg OyIyUIMMH HWHXXEHEpaMM, pa3BUTHS MOTHBALlUM U WHTE-
peca K OBIIaICHUIO Oyayliel npodeccueli, MOTPEOHOCTH B UHKEHEPHO
OPUEHTUPOBAHHBIX MAaTEMATUYECKUX 3HAHUAX U MeToAax [2].

HabmoneHus Bo BpeMsi S5KCIIEPUMEHTA U Pe3y/bTaThl aHKETUPOBAHUS
B HayaJjie IepBoro roja oOydyeHus OynylIuX WHXEHEPOB MOATBEPIMIH
TOT (haKkT, 4YTO CTYACHTHI Ha 3TOM OJTale eIlle He YOexkKICHbI B
HEOOXOJMMOCTH  MAaT€MaTU4YeCKMX 3HaHWMM B  uX  Oy;ayuien
npodeccnoHaIbHON  AesTensHOCTH. B TO ke Bpems, oOydeHue
MareMaTuke OyIyIIMX WHXKEHEPOB HeceT B cebe mpodeccroHambHBIN
KOHTEKCT: C OAHOW CTOPOHBI, Yepe3 PELIEHUE MPHUKIATHBIX MPOoOIeM
CPEICTBAMU MAaTEMAaTUKH NPOUCXOAUT WHTETpaLsl MaTeMaTHYECKUX
3HaHWW, NpPEeIMETHas BU3yAJIM3alMs MAaTEMaTUYECKUX METONIOB, C
JPYTOM CTOPOHBI, €CTECTBEHHOHAYYHBIE W CHELUAIBHBIE JUCLMILINHBI
pEaIbHO B3aWMOJEWCTBYIOT C MaTEMAaTHKOW B IPOLIECCE TBOPYECKOTO
MOMCKA aICKBATHOT'O PEIIEHUS MPOOIIEM.

AM. MarolKkud 104 PElICHHEM 3aJaud IOHMMAET CHUCTEMY
peoOpa3oBaHUi  yCIIOBUHM 3adaud i JOCTHXKEHUS TpeOdyeMoro
rnckomoro [6, .20]. B npouecce penieHus CIeayeT BbIAEIATh OCHOBHbBIC
CTPYKTypbl (3Tambl). Jls pemieHUss 3TOro BOMpoca CYIIECTBYIOT
pa3nuyHble MOAXO0/bI K 3T0M npodieme. A.M. MaTiolKuH py pelieHUH
3a]1auy BBIJEIISIET YEThIPE OCHOBHBIX 3Tara B PEILICHUH 33Jauu:

1)  «3akpeiTOe» pelieHue, T.€. HCIOIb30BAHUE W3BECTHBIX
CIOCOOOB PEIICHHUS;

2)  JTam «OTKPBITOTO» PEIICHUS — TIOWCK HOBBIX CIIOCOOOB
peuieHus 3aJa4u, IPUHIUIIA JEHCTBUS;

3)  peanuzanus JAHHOIO MPUHIINIIA;



4)  mpoBepKa MPaBUIBLHOCTH MOJTYUYEHHOTO pelieHus [6].

[ILM. DOpaHueB BbIACHAET CIEIYIOUIME B3aWMOCBSI3aHHBIE U
MOCJIEIOBATEIbHBIE ATAIlbl: COCTAaBJIECHUE MaTEMaTUYECKON 3aJauu;
BBIIIOJIHEHHE; MPOBEPKAa KOHTPOJIb) OTBETA; NEPEXOA K CIEAYIOLIEH
3agaue [10, .54].

I'.C. AnpTHIymiep cyuTaeT MPOCTEHUIIMMH MpUeMaMH (croco0amMu
pellieHrs1) HW300peTaTeNibCcTBa: AHAJOTUIO, HWHBEPCHIO, AMIATHIO,
danTazuio.

AHanoruei sBIsSETCA 1O HCK O0O0bBEKTa, SBISIOUIErocs Oosee
yIOOHBIM Uil u3ydeHusl. AHanorus, kak cuutaet [.C. Anprirysiep,
OOMJIbHBIA HCTOYHHK HOBBIX MJIEH, HO €€ HeNb3sl HCHOJIb30BaTh
cneno[1,.30]. AHanoruto cieayeT UCIoIb30BaTh IPH:

* BBUICHEHHMM OCHOBHBIX MpPHUHLIMIIOB U  KOHCTPYKTHBHBIX
OCOOEHHOCTSIX UCCIIElyeMOro 00BEKTa,

* BBUIIBIICHUH BEAYIIEH 00JIACTH PeabHOTO SBJICHHS WM IIpoLecca
10 (PyHKIMHU, KOTOPYIO BBIIIOJIHAET 3TOT OOBEKT,

WNHBepcust o3HavyaeT BHIMOJIHEHUE YEro-In00 HaoO0OpOT, HANpUMeEp,
MOMEHATh  MECTaMH, BMECTO  BEPTUKAJIBHOTO  PAaCIOJIOXKEHUS
pacloJIOKUTh TOPU3OHTAIBHO W T.I. ABTOp paccMaTpUBAET
pa3IMYHbIC BUJIbI MHBEPCUU:

1. ®yHKIMOHAIbHAS WHBEPCHUS O3HAYaeT 3aMEHUTh (DYHKUHUIO WU
JEeWCTBHE MPOTHUBOIMOJIOKHBIM, HAapUMEp, CKUMaTh — pacTAruBaTh U
T.IL.

2. CTpyKTypHasi MHBEpPCHUs 3aKJIOYAETCd B U3MEHEHHH CTPYKTYPbI
SIBJICHMSI, HAITPUMED, HEMPEPhIBHAS PYHKITUS — JUCKPETHAs] (QYHKIIHS
U T.IL.

3. UuBepcust  Qopmbl  3aKkiioyaeTcs B U3MEHEHHH  (POPMBI
M3y4aeMoro o0beKTa, HallpuMep, epoxoBaTast — IJIaJIKas v T.I1.

4. TlapameTpuyeckas  UHBEpCHS, U3MEHEHHE  MapameTpoB
M3y4aeMoro 00bEKTa Ha MPOTUBOMNOJIOXKHbBIE, HAIPUMED, TTMHHOTO Ha
KOPOTKHUH U T.II.

5. lHBepcHBIE CBSI3M O3HAYalOT W3MEHEHHUE CBSA3CH H3y4acMOro
00BbEKTa Ha MPOTHUBOIOJIOXKHBIE, HAIPUMED, MOJOKUTEIbHAS CBSA3h —
OTpULIATEIbHAS CBA3b.

6. HBepcHss NpOCTpaHCTBA O3HAYae€T W3MEHEHHE IIOJIOKEHHS B

MIPOCTPAHCTBE, HAIPUMEP, U3MEHEHNE TTOJIOKECHHS B MPOCTPAHCTBE HA
90° u T.11.



7. luBepcHusl BpEMEHU O3HAYaeT U3MEHEHHE BPEMEHU MPOTECKAHMS
mpoiiecca, Hanmpumep, OBICTPONIPOTEKAIOIINHN MPOIECC HAa MEIJICHHBIN
U T.II.

OyHKIMK 3ama4d: o0ydaromias, pa3BUBAIONIAs W BOCIUTHIBAIOIIAS
OTpeNeeHbl TEISIMH  MaTeMaTUYecKoro oOpa3oBaHus. Bemymen
LEJbI0  3a7a4  SIBIIETCA  «PacCUIUpPECHUE U YCIOXHEHHE
WHJIUBUIYAJTbHBIX WHTEJJIEKTYaJIbHbBIX pecypcoB JAYHOCTH
CpeACTBaMH MaTeMaTukm» [5,.45].

Kak npaBuio, npu oOydeHHH MaTEMaTHKWA MbI pelllaeM He OHY, a
LENbIA KOMIUJIEKC 3a/a4, 4YTO IPOMCXOJMJIO M B HAIllEM Ciydae.
Knaccudukanum 3amay  sSBISIOTCS  OTHOCHUTENIBHBIMH. Bompocom
KBaJTu(UKAMK 33/1a4 3aHUMaJIMCh MHOTHE METOJUCTHI U TICHXOJIOTH,
KXl aBTOpP BHEC CBOM HOBIIECTBAa MpH KiIaccHpUKAIUM 3aj1ad,
MOKa3bIBAIOIIME pa3IMyHble MoaxoAnl, Hampumep, . Iloia [7],
HUCXOAUT U3 XapakTepa TpeOoBaHMS 3ajad U MOApa3JeiseT UX Ha
3aJla4M: Ha HAXOXJCHUE; HA I0KA3aTeJILCTRO.

Bce, xTo peman 3amaud, 3HAIOT, YTO B IPOLIECCE PEUICHUSA HaXe
MPOCTHIX 3aJa4 TBOpYECKAash aKTUBHOCThH MPOSIBISAET ce0s TeM, YTO
BBIJIBUTAIOTCA PA3JIMYHBIE TUMOTE3bI, TEHEPUPYIOTCS, AaHAIU3ZUPYIOTCS
pa3JIMuHbIe HUJEH, KOTOpbIe, B CYIIHOCTH, W TPEACTABISIOT COOOM
cocraBieHue 3amad. OHU HE SBISIIOTCS LEJIbI0 MOPU  PEHICHUU
HWCXOJHOM 3a/1auM, OHM HUKAK HE CIECAYIOT U3 IMOCTAHOBKU MCXOIHOU
3a/1a4M, OJTHAKO, Yallle Bcero, 0€3 COCTaBICHHBIX 3a/a4 HE OOOUTHCH.
IIpocrenmmi npuMep I0CTABISAET CTEPEOMETPHUS], KOTOPYIO U3YUarOT B
CTApIIMX KJIaccax: KaxJas CTEPEOMETpHUYECKas 3ajadya COCTOUT W3
HECKOJbKUX IUIAHUMETPUYECKUX 3a7ay, KOTOpble, YYEHHK caM
MPUIYMBIBAET, U CaM € HUX pellaer.

[TonBoast wTOr BONPOCY O Pa3IMYHBIX MOAXOJAaX K CYIIHOCTH
MOHATUS «3aJladay, Kiaccubukanuii W (QyHKIUNA 3a7a4d, MOXKHO
CIeNaTh BBIBOJ, YTO OCHOBHAs POJIb 3aJlad 3aKJIIOYAeTCs B Pa3BUTHUU
JIOTUYECKOTO TBOPYECKOI'O0 MBIIUICHUSA, & B HAIIEM CJIydae, SIBIACTCS
3¢ (PeKTUBHBIM  CpeACTBOM i (OPMUPOBAHUS  TBOPUYECKOM
AKTUBHOCTH CTYJICHTOB.

Jlanee paccMoTpuM MpodheCCUOHAIBHO OPUEHTUPOBAHHBIC 3aJ1ayuHu.
Kakue CYLIECTBYIOT HOAXO0JIbI K CYLIHOCTH MOHATHU
«mpodeccHoHaIbHO  OPHEHTUPOBAHHAS — 3ajJaday,  «IPHUKIATHAS
3a71a4a» U «IIPAKTUUYECKas 3a71a4ay.



A.A. Cronsp noj «IpUKIIAJHOM 3aJadei» pacCcMaTpUBAET 3afady,
NOCTaBJICHHYI0 BHE MAaT€MaTUKHM M PEIIaeMyl) MaTeMaTHYE€CKUMH
cpeactBamu [8, C.89].

H.P. KonmakoBa u P.A. Maiiep kimacCHPUIMPYET NPUKIATHBIC
3aauyM, pazidyaroImmecs 1o TpeOOBaHUSM, NPEIBIBISIEMBIM K
CTYJIEHTaM BO BpEeMsI PEIICHHS 3aJaun:

. Ha nepBoM ypoBHE CTyJIeHTaM JlaHa MaTEMaTUYECKasi MOJEIb
NPUKIAAHOW 3aa4yd U COAEPKUT BCE 3HAYEHUS BXOIAIIMX B HEE
YCIIOBHIA. Crynenram HaJ0 UCCIIEN0BATh, MOJIYYEHHYIO
MAaTeMaTH4YECKyH0 MOJIEb W  HMHTEPIPETHPOBATH, IOJTYyYCHHBIC
PE3yNbTATHI B YCIOBUIX UCXOIHOM 3aa4H.

. Ha BTOpOM ypOBHE CTyA€HTaM NPHUBOIATCS B YCIOBUU
MaTeMaTHYecKass MOJellb, B KOTOPOW HEOOXOJWMO BBIUUCIUTD,
MMEIOIIMECS B HEN apaMeTphl.

. Ha Ttperbem ypoBHE CTyJeHTaM 3aJauyd, B KOTOPBIX
HEOOXOJIMMO TMpeoOdpa3oBaTh MaTeMaTHYECKYIO) MOJENb, UTOOBI
MOJIYYUTh YAOOHBIN BUJ AJI €€ UCCIEAOBaHUS.

. Ha dyeTBepTOM ypOBHE CTyAE€HTaM CaMOCTOSATEIBHO HAJ0
MOCTPOUTH MAaTEMATUYECKYIO0 MOJIEeNIb IPUKIAJHON 33aa4H, B KOTOPOU
MPUBEIEHBI BCE HEOOXOMMBIE TaHHbBIE, UYTO HANTHU B TAHHOU 3a/1aye.

. Ha mnaroM ypoBHE CTyle€HTaM HAJ0 CaMOCTOATEIbHO
IIOCTPOUTH MAaTEMAaTUUYECKYIO MOJENb IIPUKIAAHON 3a7a4u, B KOTOPOU
MPUBEJCHB BCE HEOOXOJUMBbIEC JaHHBbIC, HO YTO HAWTH B JaHHOU
3a/1aye JOJDKEH I0AYMAThCs CaM CTYIEHT.

. Ha mecrtom ypoBHE CTyA€HTaM HAJAO0 CaMHM IIOCTPOMUTh
MaTEeMaTHYECKyI0 MOJENb, pa3o0paTbCsi C YCIOBUEM M BONPOCOM
3aJaud, C KaKOW TOYHOCTHIO HEOOXOJHMMO IMOJYYHUThb pe3yJbTar,
MHTEPIIPETUPOBATH €T0 Ha SA3bIKE UCXOAHOU 3anaun [KonmakoBa).

Anammsupys ypoBau H.P. KonmakoBa m P.A. Maiiepa, MOXHO
CKa3aTh, 4YTO B JaHHOW paboTe mpenoaaBaTeieM MNPEIbsSBISIUCH
TpeboBaHus 111 (OPMHUPOBAHUS TBOPUECKOM aKTUBHOCTH CTYIECHTOB
M0 BCEM ILIECTU YPOBHSM, HO TOJIBKO MOCJEAHHE YEThIPE JAIOT BBIXO]
CTYJIEHTA 3a MPEAeIIbl «IITATHON» CUTYallMH, HA YTO MpernoAaBaTeib U
HalleJIMBaJl BHUMaHUE CTY/ICHTOB.

IHonBenem UTOT aHaJmi3a MOHATHUH MIPUKJIATHON u
Mpo(eCCUOHAILHON HAMPAaBIEHHOCTH. TakuMm 00pa3oM, HCHOIB3YS
TEPMUH «OpUKITATHASA HaIPaBJICHHOCTbY, KaK paBuIIo,



MOPa3yMEBAIOT «IIPOQECCUOHATILHYIO HAlpaBieHHOCTbY [9, 43]. Mbl
KE pazinyaeM AT TMOHATUA, T.K. NPUKIAJHAS 3a/1a4ya, UCIOIb3YyeT B
CBOEM PEIIICHUN MAaTeMaTUYECKUI almapar, HO OHa MOXKET U HE UMETh
NpUMEHEeHUuss B Oyaymed npodeccHoHambHON eATeTbHOCTH, B
OTJIMYUH OT MPOPECCHOHATIEHO OPUEHTUPOBAHHOM.

Jist  hopMupoBaHMS TBOPUYECKOW AaKTUBHOCTH CTYIAEHTOB IMIPHU
PECYPCHOM B3aMMOJICCTBUM B HAIEH METOJIUKE, KaK 3TO YXKe
TOBOPWJIOCH, HA HAYaJbHOM OJTare JOJDKHBI OBITh BBICTYIUICHUS
CTYJIGHTOB C HCCIIe[IOBaTeIbCKUMU TpoekTamMu. CTylneHTaM 3apaHee
pa3nialoTcsi TEMBI IOKJIAJ0B, OHU TOTOBSIT MaTepual Mo JaHHOU TeMe U
B Haualie PECypCHOTr0 3aHATHS BBICTYHAIOT ¢ Ipe3eHTauuen. B uccie-
JIOBAaTEIbCKOM IPOEKTE PACCMATPUBAIOTCS BEIHMKUE OTKPBITHS B
HMCTOPUYECKUX AaCMEeKTax, UMEIOIINE CBS3b M BIUSHUE HA OYIyIIyIO
MpOQECCUOHANIBHYIO  JICSITEIbBHOCTh CTYJEHTOB, M KaK TMpU HX
OTKPBITUM HCIOJI30BAJICSI MaTeMaTtuueckui ammapar. CylHOCTb
MCCJIEI0BATENbCKUX MPOEKTOB 3aKIII0YaETCA B CIEAYIOIIEM: BMECTE CO
CTyJIEHTaMH pa30uparoTcs oOpaslbl TBOPUYECKOW AESITENbHOCTH, T.€.
MIPUMEPHI TOTO, KaK BBIJAIOIIUECS YUEHBIC «IEHall OTKPBITHUS, UYTO
MPEAIECTBOBAIIO U CIIOCOOCTBOBAJIO ATOMY OTKPBITHIO U T.II.

Takum oOpazoMm, pa3paboTka KOMIUIEKCa MPpo(ecCuOHATBHO
OPUEHTUPOBAHHBIX 3a7lad Ha PECYPCHBIX 3aHATUSX B MpoOIEcce
oOy4eHHs] MaTeMaThKe OyneT sABIAThCA YPHEKTUBHBIM CPEICTBOM JJIs
(dhopMHUpOBaHUS TBOPUECKON aKTUBHOCTHU OYIyIIUX WHKEHEPOB.

3amaun SKCIIepUMEHTa-TeCTa OYAYT 3aKII0YATHCS B CIACAYIOMIEM:

-MOKa3aTh 3HAYMMOCTh CYIIHOCTH TMPOEKTUPOBAHUS  y4eOHO-
METOJUYECKUX MATEPUAJIOB MO BBICIIEH MAaTEMATHKE, MPENO01aBAEMbIX
B He(PTHh-Ta30BbBIX CIECIIHAIBHOCTSIX.

-MHTErpalys neAarorndyeckux, MCUXO0JIOTHYECKUX, AUAAKTUUECKUX
U METOJWYECKHMX OCHOB MPOCKTUPOBAHUA MPO(HECCHOHATBHO
OPUEHTUPOBAHHBIX 3ajJa4 IO BBICIIEM MaTeMaTUKE B CO3HAHUE
npodeccopoB, npenoaaBaTeiael U CTyACHTOB.

- TPOBEIECHO  HCCIEJOBaHWE  B3MIIAJOB  MpPOGEeccopoB U
npernojaBaresieil Ha COBEPIICHCTBOBAHUE AITOPUTMA MPOCKTUPOBAHUS
po¢heCCUOHAIBHO OPUEHTUPOBAHHBIX 3a]1a4 0 BBICIICH MaTeMaTHKE.

JTanbl TBOPYECKOH [efITEJIbHOCTH CTYJIEHTOB HAa PeCypCHOM
3aHATHHM. PaccMOTprM 3Tanbl TBOPUYECKOW AEATEIIBHOCTUA CTYJIEHTOB
Ha PECYPCHOM 3aHSATHUU.
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Ha nepeom smane TBOPUECKOM NESITEIBHOCTU CTYIEHTHI BBICTYIIAIOT
C 3apaHee MOATOTOBJIEHHBIMU UCCIIEI0BATEILCKUMH MPOEKTaMHU (B TOM
quclie, C WCIOJb30BAaHUEM HH(POPMAIIMOHHBIX TEXHOJIOTHI), B
KOTOPBIX MOKA3bIBAIOTCS B JETANAX 00pasllbl TBOPUYECKOTO MOBEACHUS
YUEHBIX: KaK B HCTOPHUM U TEHE3UCE OBbLIO CIAEIaHO OTKPHITHE B
WHXEHEPHO-TEXHUYECKON  (€CTECTBEHHOHAYYHOW) o00macTh, Kak
O00OCHOBBIBAJIOCH 3TO OTKPBITHE CPEICTBAMU MaTeMAaTUKH. Takum
o0pa3oM, CTYJIEHThl MOJYy4alOT O0O0pa3Upl peHIeHUs NpoOJIeMBbl C
aHAJIN30M ¥ 0COOCHHOCTSIMU TBOPUYECKUX PEIICHUN.

Ha emopom smane uner paz0op 3aiauum BMECTE CO CTyACHTAMMU:
CTPOUTCS IUIAH PEIICHUS 3aJlay, CTPOUTCS MaTeMaThudecKas MOJIEIb,
BBIWICHSSI TIPU 3TOM, YTO JIAHO, M YTO HEOOXOJAMMO HaWTH,
MEPEBOIUTCS YCIOBUE 3374l Ha SI3bIK MATEMATUKH, aKTYaTU3UPYyETCs
MHTErpalus MaTeMaTUKU, MPOUCXOAUT aHaiu3 Bo3MokHocTed MKT-
CPEICTB TOMJIEPKKH, BHICTpAaUBaTh IOCIEIOBATEILHOCTD JICUCTBHIA,
CTpOHTCS Tpad COTIacoBaHUsA W MPOAYMBIBAIOTCS (OPMBI IPOBEPKH,
rapaHTUPYIOIINEe HCKIIOYEHHE MOCTOPOHHUX pemeHuil. [Iponcxoaut
BBIJIBHIKEHUE THTIOTE3HI.

YMeHHe BBIABUTATh THUIIOTE3Bl SBISCTCS BAXKHBIM yMEHHUEM,
CrocOOCTBYIOIIUM (DOPMUPOBAHUIO TBOPUECKOW akTUBHOCTU. [lpu
WCCIICIOBAaHUH M PEIIEHUH TPO(ECCHOHATHFHO OPUEHTUPOBAHHON
3aJja4yl BO3HUKAIOT CJEAYIOLIME MPOLECChl MBIIUICHUS: a0CTpaKLus,
CpaBHEHHUE, aHAIM3 U CUHTE3, 0000IIEHHE, MOCPEICTBOM KOTOPBIX
CTYJIGHT CTaBUT M pelaeT 3aaady (BbIUJICHSET €€ YCJIOBUS U
TpeOOBaHUs, COOTHOCUT UX JPYT C APYTOM, BBISBIISIET UICKOMOE U T.11.).
BaxHyto poJib IpH 3TOM UTPAIOT BOIIPOCHO-OTBETHBIE TPOLEAYPHI.

Ha mpemvem smane cTyneHThl B MaJIbIX Tpymnax, MIpOBapbUpPOBaB
YCIIOBUSL 3aJlayd, METOJbl pEIICHHs, aHaJu3upys MOIyuYeHHBIC
pe3ynbTaThl, oaydatoT ki HOBbIX [103. Tak mpoucxomuT BUACHHE
HOBOW TIPOOJIEMbI B 3HAKOMOHW CHTYyalliMl Ha OCHOBE aKTyaJu3alliu
TBOPUYECKUX TMOTEHIIMAJIOB CTYACHTOB. Takas uepTa TBOPYECKOM
JESATENbHOCTH KaK BUIACHHE HOBOW MPOOJIEMBI B 3HAKOMOU CHUTYaIlUH,
BKJIIOUAET B c€0s1 CIOCOOHOCTH PACKPBITh HOBBIE CTOPOHBI 3HAKOMOTO
oObekTa. PemieHne HOBBIX 3a7ad, NPEIOKCHHBIX CTYACHTaMH,
CTPOMTCSI, ONUPasICh Ha YK€ PEIICHHYI0 UCXOIHYI0 3anady. [lepeHoc
pEIIeHUs MpernoiaracT aHaTUTUKO-CHHTETHIECKYIO JIeITebHOCTD, B
OCHOBE KOTOpOH JIeKHUT OOOOILICHHE M aHAJIOTWHW, BU3YyalIH3alUs MU
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accouualys, BCKpbIBAIOLIME CYIIECTBEHHbIE CBS3U. B Manoil rpymre
CTYJIEHTbl Ha OCHOBE paclpelefieHus: poJjeBbIX (QYHKIUNA aKTyaau3u-
PYIOT TaKue TMPUEMbl TBOPYECKOW JEATEIBHOCTH KaK: CO3JIaHMs
HECTAHJAPTHBIX CUTYallUM, HUCIOIb3YysS METOJ MO3TOBOr0 MITypMa,
METOJ] KOHTPOJBHBIX BOIPOCOB, METOJl MPOO U OIHUOOK, METOA
MOpQoJIOTHIECKOro aHanu3a [3] u T.11.

3/1ech UMEET MECTO JIMYHOCTHBIN aCIEeKT MBIIUICHUS] ’TO MOTHBALIUS
U CIIOCOOHOCTH YesioBeKa (T.€. ero OTHOIIIEHHE K pemaeMoi 3ajade, K
APYTUM JIOJSM M T.JA., B YeM MPOSIBISAIOTCA U (HOPMHUPYIOTCS €ro
NpoOYXKJI€HUs K MBICIUTEIbHON JEATEIbHOCTH U €r0 YMCTBEHHBIE
crocobHocTH). DT0 cooTBeTcTBYeT noaxony JI.b. borosiBienckoi o
TPEXaCIEeKTHOCTH TBOPYECKOTO mporiecca: MPEAMETHOCTb,
COIMAJILHOCTh U TUNYHOCTHOCT.

Ha uemeepmom smane mnpoUCXOOUT NpE3EHTALUsl IOIYYECHHBIX
pelIeHnuid CTyJeHTaMU B MaJjblX TpyIIax, JIeJalTCs BBIBOABI O
MOJIYYEHHBIX  pe3ylibTaTax IMpU  PEIIeHUH  MpodeCcCHOHATBHO
OpUEHTHUPOBAaHHOW 3ajaud, aHaiau3 OO0O0OIIEHUN, pPeQPIEKCUBHBIN
KOHTPOJIb, OLICHKU W KOPPEKIUS PE3yJIbTaTOB.

C mnoMolIBI0 OMNPENENICHHBIX YCIOBUM M CPEACTB CO3AAIOTCS

MPEANOCHUIKU JJ1sl POSBICHUS TBOPUYECKOM aKTUBHOCTH, MPOBOIUTCS
ee KOppeKIus, GOPMUPYIOTCS U 3aKPETUISIFOTCS MOTHUBBI TBOPUYECTBA.

Ipumep. Jransl NPOEKTUPOBAaHKE Nnpo¢ecCHOHAIBHO
OpPHEHTHPOBAaHHBIX 3a4a4. Tema 3ansarusa: uddepeHuuanbHbie
YPABHEHHSI.

Paccmompum  2opuzonmanbHo  pacnonodcenHuylo  Oanky Hnocmo-
AHHO20 — NONEPeuyHo20  CeueHusl, COeNaHHyl0 U3  0OHOPOOHO20
mamepuana. Ilpeononosicum, umo noo enusHuem Ccui, KOmopbvie
oeticmeyiom Ha 6aIKy 6 6epMUKANbHOU NIOCKOCMU, cO0epicaujeli 0Cb
cummempuu, banka npoeudbaemcs. Haiimu ypasuenue ynpy2oii iunuu.

Oman 1. 3aHATHE HAYMHAETCA C BBICTYIUICHHS CTyJAEHTa C
UCCJIEIOBATENIbCKUM  MPOEKTOM Ha TeMy «MareMatuyeckue u
MeXaHUYecKue 3a/1a4u B padboTtax ['tolireHca 0 MasiTHUKOBBIX Yacax», B
TOM YHCJI€ C UCIOJIb30BaHUEM MH(OPMAIIMOHHO KOMMYHUKAIIMOHHBIX
TexHoJoruid. [IporucxoauT nUCcKyccus CTyIEHTOB 00 00pasle pelieHus
MHXEHEPHO-TEXHUYECKUX U  €CTECTBEHHOHAy4HBIX MpoljeM ¢
aHaJIM30M YCJIOBMM UM OCOOEHHOCTSIMM TBOPYECKUX PEIICHMI,
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IE€HE3UCOM TMPOOJEMbl, JUYHOCTHBIX TMEPEKUBAHUN U O3apeHU
YUEHBIX.

Oman 2. [lanee co CTyJIeHTaMH aKTyaJIU3UPYIOTCS MaTEMaTHYECKUE
M CHelUalbHbIE  3HAHWA  HEOOXOAWMbBIE  JJIi  pELIEHUs
npodheccCHoHaNTbHO OPUEHTUPOBAHHOM 3a1a4H.

JleficTByronue cuiabl MOTYT OBITh OOYCJIOBJIEHBI BECOM OaliKW,
BHEIIIHE ITPUJIOKEHHOW HAarpy3KOW WM Kak TOW, TaK U APYTrOM CHIIAMH
BMecTte. [loHATHO, YTO MOA NEWCTBHEM CHJI OCb CUMMETPUH OyneT
UCKPUBIATHbCA. OOBIYHO HCKPUBICHHYIO OChb CUMMETPHUM HA3BIBAIOT
ynpyeou aunueu. Onpenenenue (GOpMbl ATONW JUHUU UTPAET BAXKHYIO
POJIb B TEOPUH YIIPYTOCTH.

CwMelieHue y ynpyroi JMHUU OT OCH X Ha3bIBACTCs npocubom Oanku
B IOJIO)KEHUMU X. TakuM oOpa3oM, €clii HU3BECTHO YpaBHEHHE
yIPYTrOCTH JJUHUH, TO BCETJa MOXKHO yKa3aTh U MPOruod Oajiku.

O6o3HauuM uepe3 M(x) u3rubaromuii MOMEHT B BEpPTUKAIHLHOM
MONEPEYHOM CEUYEHHH Oanku ¢ KoopauHaToil. M3rubarommii MOMEHT
omnpenensieTcss Kak ajreOpanyeckas cymMmMa MOMEHTOB CHJI, KOTOpPbIE
JNEUCTBYIOT C OJTHOM CTOPOHBI OaJIku B TosioxkeHuu X. IIpu mozacuere
MOMEHTOB OyJleM CUMTaTh, YTO CHUJIbI, KOTOPbIE ACUCTBYIOT Ha OayKy
CHU3Y BBEPX, JAIOT OTPHULIATEIILHBIE MOMEHTHI, & CHJIbI, JEHCTBYIOLINE
CBEPXY BHHU3, AIOT MOJOKUTEIbHBIE MOMEHTBHI.

W3rubaromuii MOMEHT B TIOJOKEHMM X CBSi3aH C PaJNyCcoM
KPUBU3HBI YIIPYTO# JINHUM COOTHOILIEHUEM

y
E] ———=M(x 1
J =M ()
rie £ — woayns ynpyroctd FOHra, KOTOpBI 3aBHCUT OT
Marepuana, J — MOMEHT WHEPIIMHU IOMEPEYHOro CeYeHHs: Oaaku B

MOJIO)KEHUHM X OTHOCUTEJIBHO TOPU3OHTAIBHOW MPSIMOM, MPOXOASIIEH
gyepes MEHTP TAKECTU ITOro nomnepeyHoro ceuenus. [Ipoussenenue EJ
OOBIYHO HAa3BIBAIOT JHCECMKOCMbIO NpU U3eube, €€ BEIUYMHY B
nanabHenIeM OyJaeM CUYUTaTh MOCTOSSHHOM.

Tenepb, ecau MOPEANnogOXKUTh, UYTO Oajka JHIIL  CJIeTKa
nporubaercsi, YTo dYacTo OBbIBa€T Ha TMPaKTHKE, TO YIJIOBOM
ko3 uieHT ' ynpyroi JIuHuu OyeT O4eHb MaJjl, U O3TOMY BMECTO
ypaBHeHus (1) MOXKHO paccMaTpuBaTh MPUOIMKEHHOE YpaBHEHUE

E]miny = M(x) (2)
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3areM cCTyAeHTaM COBMECTHO C TpenojaBareieM Mpejjaraercs
pElINTh  CIEAYIOUIYI0 3aJady, NpH 3TOM  aKTyaJU3UPYIOTCS
MOCTaHOBKA U TIOUCK PEIICHUS.

OpueHTHPOBAaHHBIX 3a7ad C (ukcanueil HEOOXOIUMBIX STaloB:
cOop © aHanu3 JaHHBIX, BO3HUKHOBEHHE THUIOTE3, aHaJH3
Bo3mokHocTeit UKT-cpencte  mommepkku  (muddepeHmanbabe
ypaBHeHus pemats B MathCAD).

3aoaua 1: 'opu3oHTaNIbHAA OJHOPOJIHASA CTalbHas Oajka JUIMHBI [,
CBOOOJHO JeKalllas Ha JABYX OIOpax, Mporudaercs Mo JAeUCTBUEM
COOCTBEHHOI'0 BECa PaBHOTO p KIC Ha €AMHUILY JJIMHBL. Tpedyercs

HalTH YpaBHEHUE yIPYrOM JIMHUH.

Pazbop pewenusa 3aoauu (paccmampueaemcsi peuienue co 6cemu
cmyoenmamu):  Mamemamuueckas ~— nocmanoska  3adauu.  C
MaTeMaTUYECKOW TOYKH 3peHUs nMeeM 3anady Komm

d’y  M(x

dx2  EJ
HAIpUMeEp, TPH CIEAYIONINX HAYAIbHBIX YCIOBUSX:
Pewenue: luddpepeniuansuoe ypaBHEHUE UMEET BU/;
2
X Ix
Ep"=2> _PX 4)

2 2

Bocrnons3yemcs yclioBUSIMU Ha KOHI[AX OalKu:

»(0)=0, »'(0) =/ )

[Tomyyum oTBeT:
y= L(x“ —2Ix’ +Px) (6)
24EJ

Oran 3. IlpenogaBarenb 3a/aeT BOMPOC: YTO MOXHO WU3MEHSTH B
3ajade, IJIs TOJYYEHUS Kackaaa 3agad? DTo yxe TpEeTUud Jrai
TBOpUeckoil nestenbHocTH. CTyAeHTHl MpeaaratoT paziudyHbIe
BApUAHTHI U B UTOT'€, COBMECTHO C MPENOJaBaTeyeM AeNIaeTcsa BbIBOJ,
YTO B JJAHHOM 3aJ]au€ €CTh COCTaBJISIOIINE:

* 00beKThI (0aska; 2 Onopkl; IEUCTBYIOIINE CUITBI),

* OTHOILIEHUA (Ha KOHIAX Oajika onmMpaeTcs Ha JIBe OIOpbl),

* CBONCTBa (OMOPHI YCTONYMBBIC; IEUCTBUE CUITBI TSXKECTH).

WN3MeHnM OAHO CBOMCTBO: JAeWCTBHE BHEIIHHUX Ccwil. [lomydyum
CJIEIYIOLIYIO 3a]1ay4y.

3aoaua 2: OnpenenuTs KpUBYIO U3rnba Opycka, Omuparomerocs Ha
JIBE€ ONOpbl M TNOJBEPKEHHOI'O HANOPY BOJbI, YPOBEHb KOTOPOU

MPUXOAUTCS IPOTUB BEPXHEHN OMOPHI (IVIOTHUHA).
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Pewenue:Ilonyuum nuddepeHnmaibsHoe ypaBHEHUE:
_k 3 2
"= —(x’ = 1I*x), 7
= (7 =) (7)
Hcnone3ys ycnoBus
»(0)=0, y(1)=0 (8)
OTKyJla OKOHYATEIHLHO

—k 7
=——0(x" —-10’x* +— 9
el )

W3MeHsist CBOMCTB IOJYyYUM HECKOJIBKO 3ajau.

Oran 4. Ha derBeproM »JTane TBOPYECKOW JEATEIbHOCTH
MIPOUCXOJIUT OLIEHKA UCTUHHOCTHU TUIIOTE3; TeHEPUPOBAHUE BHIBOJOB B
COOTBETCTBUM C PE3yJIbTATAMHU IPOBEPKH; NPHUMEHEHUE BBIBOJOB K
HOBBIM JIaHHBIM; aHaJIU3 0000MEHUH U pedIECKCUBHBIM KOHTPOJIb;
BepU(DUKaALUs PE3YJIbTATOB.

Hcxonsg u3 pe3yabTaToOB pacyeTOB, MOXXHO CHEJATh BBIBOJ, YTO
kommuieke 1103 cratucTuyecku  JOOCTOBEPHO  IMOJIOKHUTEIBHBIM
o0pa3oM MOBIUSJI Ha YPOBEHb NPUOOpPETEHUS 3HAHUU CTyIEHTaMHU
AKCIIEPUMEHTAJIbHOM TPYIIIIHI.
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Abstract: the possibility of obtaining effective new forms of complex
fertilizers by mixing hydrochloric phosphoric acid pulp obtained on
the basis of hydrochloric acid processing of the washed calcined
phosphoconcentrate of Central Kyzylkum with decomposable
hydrochloric acid and ammonium nitrate solution has been
experimentally proved. In a complex fertilizer with a ratio of N: P,0Os
= 1. 0.5, the decomposition coefficient of PWCP is 52.98%. With an
increase in the acid norm to 55% of stoichiometry, the decomposition
coefficient increases to 62.98%.

Keywords: hydrochloric acid, nitric acid, 64.16% ammonium nitrate
solution, processing of washed calcined phosphoconcentrate,
hydrochloric acid pulp, ammonium nitrate.
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INOJYYEHUE NP-YOBPEHUS HA OCHOBE
POCPOKOHIEHTPATA KBI3BIUIKYMA
Posukosa JI.A.', Co6upos M.M.>, Xamaamosa IILIII
(Pecny0iinka Y30eKuCTaH)

"Posukosa Junwoda A60ynnascanosua - 6a306viii JoKmopanm;
’Cobupos Myxmoporcon Maxammadrcanosuy - KaHOuOam Xumu4eckux
HAyK, 3aeedyrowull Kagheopoti,

Kagedpa bezonacHocmu Hcu3HedessmeabHOCmu,
Hamaneanckuii unscepenepno-cmpoumenbHuiti UHCIUNYM,

2. Hamanean;

I Xamoamosa [Hoxuda [Llep30008Ha - 00OKMOP MexHUUECKUX HAYK,
npopexmop no yuebHot pabome,

Depeanckuil nonumexnuyeckuul uncmumym, 2. Pepeana,
Pecnybnuxa ¥Y36exucman

AHHOmMaUUA: 3KCNEPUMEHMATLHBIM NYMeM OOKA3AHA 803MONICHOCHIb
noyyenus: 2HeKmusHbiX HOBbIX POPM CIOHCHLIX YOOOPEHUl nymem
CMeWUBAHUSL CONAHO-POCHOPHOKUCIOMHOU NYIbNbL, NOTYUEHHOU HA
OCHOBE  CONAHOKUCTIOMHOU NepepabomKu  Mblmo2o 000NCIHCEHHO20
Gocpoxonyenmpama [lenmpanvnoco Kwvizviikyma, pasiacaemou
COJIAIHOU KUCJIOMOU, U pACMEopa HUmMpama ammouus. B ciooicHom
yooopenuu ¢ coomuoutenuem  N:P,Os=1:0,5  koaghpuyuenm
paznodcerus MODK cocmaesnsiem 52,98%. C noeviuienuem Hopmbi
Kuciomsl 00 55% om cmexuomempuu Kodduyuenm paznoxrceHus
yeenuuusaemcsi 00 62,98%.

Knrwueswie cnosa: conanasn xucioma, azomuas kucioma, 64.16%-nwiu
pacmeop HUmMpama amMMoHuusl, nepepadomKa Molmo2o 000HCHCEHHO2O0
Gocgoronyenmpama, coninopocHopHoKUCIOMHASL NYIbNA, HUMPAMA
AMMOHUSL.

AKTyasibHasi mpoOsiemMa  SABISETCA  CO3JaHUE  KOMIUIEKCHBIX
yaoOpeHuit u  yAoOpUTENbHBIX MpenapaToB, CHOCOOCTBYIOIIMX
MOBBIIIIEHUIO  JKU3HECTOMKOCTH PACTCHUH K  HeOJIaronpusTHBIM
YCJIOBUSIM BHEIIHEH Cpelbl U COMNPOTUBISIEMOCTH PACTEHHH K
pa3ITUYHBIM 3a00JIEBAaHUSIM, a TAKXKE K TOBBIIMICHUIO YPOXKAWHOCTH.
Pa3BuTre mpowm3BOACTBA MUHEPATLHBIX YAOOPEHUH SBISCTCS OHUAM
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u3 BaYKHBIX yCIIOBUI MOBBIIICHUS ypoxkaitHocTH
CEJIbCKOXO3SICTBEHHBIX KYJIBTYP.

C 2015 roma  mHPOU3BOAMUTCS  MBITBIM  O0O0MOKEHHBIN
dochokonmnentpar (MODK) (comepxkanme P,Os me menee 26 %) ¢
MIPOU3BOJUTEILHOCTBIO 716 ThIC. T/TOJI 1O HOBOW TEXHOJIOTUYECKOU
cxeme. O6pabotka MO®K cynbdatHON 1 ¢docdhaTHON KHUCIOTaMU
MPUBOIUT K YBETUUYECHHUIO (HOCPOrumncoBbix BbIOpocoB. Kpome Toro,
CrIOCOOHOCTh  A(PPEKTUBHO MCHOJIB30BaTh COCAMHEHUS KaJbIUs
tepsiercs. [loaTomy paszpaboTka ObICTpOpeaTu3yeMbIX O€30TXOJHBIX
TEXHOJIOTMM TMOJy4YeHUs: a30THO-pochopcoaepKalmx yAOOpeHU c
MOHWKEHHBIM PacxXxo/J0M MHUHEpaJIbHBIX KUCIOT, U C BOBJICUECHUEM B
nepepabotky LlenTpansHoM Kbi3bUIKyMCKHX (PocOpHUTOB sBIsSETCSA
aKkTyaJlbHOM 3amaueil cerogusmHero AHs. Hanbonee >3 pekTuBHBIM U
OBICTPO  peau3yeMbIM TEXHOJOTMYECKUM PEIICHUEM  SIBISETCS
XUMUYECKass aKTUBALUSI MECTHBIX (POCOPUTOB COJISTHBIMU KUCIOTAMU
Y COJIIMH B CIIOKHBIE yIOOpEHHS.

Jlns  monydyeHuss — a3oTHO-pocdopconepxkamieil  yaoopeHuit
MIPOBOAWIM  HCChenoBaHus 10 pasnoxkeHutro MOO®K  comstHOM
kucnorou. IIponecc pasnoxenns MO®K comssHOW KHUCIOTON JIETKO
OCYUIECTBUM, B3aUMOJICCTBME  KOMIIOHEHTOB  MPAaKTUYECKH
3akaHuuBaeTca B TeueHue 15-20 mmH. Temmeparypa mnpouecca B
3aBUCUMOCTH OT HOPMBI KHUCIIOTBIKOJIEONeTcs B mpenenax 65-85°C.
[lonyyennyro  consiHOGOCHOPHOKHUCIOTHYIO  HEUTpPaIU30BaHHYIO
coysTHO(OCHOPOKUCIOTHYIO TyIbIy (GUIBTPOBAIM 2-pa3a BOJOW B
cooTHomreHnu 1:1 s w3BimeueHus xyopuaa Kaimblus. [lepBoiid
(bunapTpaT UCNONb3yeTCs IS MOody4YeHus AeosinaHTa, a BTOPOU - JJis
(¢unapTpaii HOBOOOPAa30BAHHOW IMYJIbIIBI.

UccnenoBanust mokaszanu, 4to mnpouecc B3aumonaeictsus MOO®K ¢
COJITHOM KHUCJIOTOM TPOTEKAaeT WHTEHCHUBHO, MpPAaKTHUYEeCKu 0e3
NEeHOOOpa3oBaHus, TaK KaK OHO TMPOUCXOJUT B OTJIMYUE OT
KJIACCMYECKHX  CIHOCOOOB B «TBepHOGa3HOM  pexuMe» U
oOpasyromuecss  My3bIpbKH  pa3pyliaroTcs B pazzaene  (das.
CrpykTypHBIE OCOOEHHOCTH 3€pHUCTHIX dbochopuros u
CYLIECTBOBAHHE B UX COCTaBe TpexX (PopM KapOOHATOB XapaKTEPU3YIOT
MHTEHCUBHYIO PEAKIIMOHHYIO CIIOCOOHOCTH 3THX (pochopuToB.

Jlist  ynydiieHus: KadecTBa M CBOMCTB  (hoc(OKOHIEHTpaTa B
NOJIYYCHHYIO mponecca (uiabTpauu coiiHO()OCHOPHOKUCIOTHYIO
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NyJblly MPU TOCTOSHHOM NEpeMElIMBAaHUU J100aBIIsUIM pacuyeTHOE
KOJIMYECTBO PAcTBOpAa HUTpaTa aMMOHMS JUJIsi TOJyYE€HHS] TOTOBOM
npoayKiuu. BraxHeii a3oTHO-(hochopcoaepxkamein  yanoopeHui
BoicymiBasid nipu  110-125 °C. OCHOBHOM XUMHUYECKHUA COCTaB
00pa3IoB y100peHuii MpUBEACH B TaOIHIIE.

[lo Mepe yBenMuYEHHS HOPMBI COJSHOM KHUCIOTHI IOBBIIIACTCS
creneHb pazioxkenus MO®K. Hampumep, B ClIOXKHOM yI00peHUU C
cootHomenreM N:P,0s=1:0,5 xoadduuuent paznoxenus MODK
coctoBisieT 52,98%. C TNOBBIILIEHUEM HOPMBI KHCJIOTHI 10 55% oOT
CTEXMOMETPUHU KOIPPUIIUEHT pas3NoKEeHUs yBenuduBaeTcs 10 62,98%.
A npu HOpMax COJIIHOW KHCIOTHI 65-75% oH paen 72,98-83,00%.
[Ipy 3TOM OJHOBPEMEHHO YBEJIMYMBACTCS COJEPKAHUE YCBOSIEMOMU
dbopmel kanbuus ot 4,74% 1o 7,63%, 1.e. nopsimaercs B 1,61 pas.

Tabnuya 1. Xumuueckuii cocmas NP-yooopenuti, %

NP | P20 o0 Loler |k

5 oOm1. | amm. .HHTP obmr. | ycB. ?Om{ obmr. | ycB. om0 P
CrexunomeTrpudeckast HopMa KHCIOTHI - 45%

1:2 él,S 6,00 | 5,56 52’2 ;1’1 - ;0’3 8,88 [ 0,11 (5)’4 2’1 39’9
1:1 ;6’9 8,71 | 8,38 ;6’9 8,54 | - 52’0 6,82 | 0,08 2’3 g’l 20’4
1:0,7 ‘2‘0’0 éO,l 9,88 ‘1‘3’8 7,19 | - 17,9 15,74 | 0,06 3’2 g,o 21’9
1:0,5 52,6 é1,4 ;1,2 ;1,2 595 | - ;4,2 474 | 0,05 (1),2 2,0 ;2,9
Crexunomerpuyeckas HopMa KHCIOTHI - 55%

192 ‘1‘1,6 617 | 5.46 53,2 ;3,9 i 37,8 ;1,1 0.11 2,4 2,1 ?0,0
I D P B e N i L2 I X e I
rog 27110 Tooa |19 |ssa |- (170 |03 {007 |97 |00 |9
1:0,5 $2,9 él ,6 i 1,3 él 4 723 | - 313,7 576 | 0,05 2,2 2,0 22,9
Crexunomerpuyeckas HopMa KHCIOTHI - 65%

192 ‘1‘2,2 ?,68 5,55 54,4 ;7,1 122 24,8 ;4,1 0.65 | 0.9 2,2 29,9
e fis |0 ess [0 ]8T {oso [ 210 Joas |20 |21 | MY
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E A Pl Bl Bl Bl Bl RN RPN E SRS NEUH Bl B
ros 2|20 s [IV [sso Joso [ 1Y fesa [os [ 3|00 | 1P
CrexuomeTpudecKkast HOpMa KHCIOTHI - 75%

2 [P |ses |9 A sl BRZ Bacll BL KX I Bl e ;9’9
I A EX I ECEN DAl Be 54’7 e (6)’9 . oo
1:0,7 §1’4 e BUER Bl Bl BECCH Pl EXTH NEEN ol 31’9
1:0,5 34’0 e ;1’6 020|996 |04 2’57 763 | 043 |50 Al D

AHanornyHasi 3aBUCUMOCTb  HAOJIOJAeTCs W 0OpH  JIPYrux
COOTHOIICHMSIX OCHOBHBIX MUTATENIbHBIX BellecTB. [Ipu m3mMeHeHUU
CootHomenue N:P,Osor 1:0,5 go 1:2 xosdduimenT pasznoxeHus
MO®K ymenpmaerca B cpenHeM Ha 3% NOpU MOCTOSHHOW HOpPME
COJISTHOU KHCIIOTHI.

[Ipu m3menenuu cootnomenust N:P,Os ot 1:2 no 1:0,5 nosimaercs
coJepkaHue OOIMHA, aMMHAuHOM M HUTpaTHOM (opmbl a3zora.
Hampumep, mnpu Hopme kuciorel 45 % H  COOTHOLIECHHUHU
N:P,05=1:20061mas1, ammMuayHasi 1 HUTpaTHas opmMa a30Ta COCTaBISIET
11,56, 6,00 u 5,56% coorBercTBeHHO. C M3MEHEHHEM COOTHOIICHHE
N:P,0s (yBenmnuenueM konnyecTBa HUTpaTa ammonus) ot 1:1 mo 1:0,5
conepkaHue Nygu ,Nayy, ¥ Nyyr. B CJIOKHOM YJTOOPEHUU TOBBINIACTCS
or 1,48 mo 1,96, or 1,45 mo 191 m or 1,51 pmo 2,02 pa3
COOTBETCTBEHHO.

OKCNepUMEHTAIbHBIM MYTEM JI0Ka3aHa BO3MOXXKHOCTb MOJYyYEHHUS
3¢ (PEeKTUBHBIX HOBBIX (POPM CIOKHBIX YIOOPEHUI MTyTEM CMEIIMBAHUS
coSTHOPOCHOPHOKUCTOTHBIX ~ MYJIBIBI, TOJYYEHHONM Ha OCHOBE
COJITHOKHCIIOTHOM mnepepabotkn MO®K, u pacTtBopa HHTpara
amMmoHus. JlaHHOe yaoOpeHue MO COCTaBy M CBOMCTBAM OTBEUaET
TpeOOBaHUSAM CEIBCKOTO XO3SMCTBA U PEKOMEHIYETCSl IPUMEHSTh TpU
KOPHEBOM MOJKOPMKE BCEX CEIbXO3KYJbTYp BHECEHHUEM B IIOYBY B
Meproj aKTUBHOM BEereTalum.
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Abstract: a technology has been developed for the production of
ammonium sulfate on the basis of unsaturationless and conversion
schemes for the production of an improved energy-efficient and
simplified production scheme, which makes it possible to use the heat
of the neutralization reaction of spent sulfuric acid with ammonia to
concentrate a part of the ammonium sulfate solution from the
conversion stage to its evaporation, and which consists of
interconnected compartments (nodes):
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- one-stage neutralization of spent sulfuric acid with gaseous synthetic
ammonia,

- liquid conversion of finely ground natural gypsum with a 50%
solution of ammonium carbonate, where an easily filtered suspension
of solid calcium carbonate in the liquid phase is obtained, which is a
35-40% aqueous solution of ammonium sulfate.

Keywords: impurities, sulfuric acid, ammonium sulfate, utilization,
unsaturation scheme.
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AnHomauun: paspabomana MexHONO2Us NONYYeHUs Cyibghama
AMMOHUSL HA OCHO8e beccamypamopHoll U KOHBEPCUOHHOU CXeM
npoU3800CmMEa  yCOBEPULCHCMBOBAHHOU  dHep2odIhhekmuHou  u
VIPOULEHHOU CXeMbl HNPOU3B00CMEd, NO3BONAIUEl UCHONb308ANb
Mensio peakyuu Heumpaiu3ayuu ompabomanHou CepHol KUCIOMbl
amMmMuakom OJisi KOHYEHMPUpPOBAHUs YACMU pacmeopa cyibgama
AMMOHUSL CO CMAOUU KOHBEPCUU, 00 ee 8bINAPKU, U KOMOPAsl COCMOUm
U3 CBA3AHHBIX MeHcOy coO0U omoeieHul (Y3108):

- 0OHOCMYNneHWamas, Heumpaiuzayus ompabomaHHolu  CepHOU
KUCTIOMbL 2A3000PA3HbIM CUHMEMUYECKUM AMMUAKOM,

- JICUOKOCMHASL KOHBEPCUSI MOHKOUSMENLYEHHO20 NPUPOOHO20 2Unca
50%-nbim  pacmeopom KapboHamom AMMOHUA, 20€e NOJYYAemcs
JIe2KOPUIbMPYIOWAsCsL CYCNEH3UsL MEepo020 KapOOHama Kalbyus 6
aHcuokol ¢hase, komopas npeocmasnsiem cooou 35-40%-uwiii 600HbIL
pacmeop cyibham ammoHusL.

Kntouesvie cnosa: npumecu, cepnas Kucioma, cyibgham amMMOHUS,
ymunuzayus, beccamypamopHas cxemd.

B xoae ocymecTBieHHs psia TPOU3BOACTBEHHBIX IPOIECCOB
HeTEeXUMUHU U OPraHUYECKOr0 CHHTE3a 00pa3yroTcs OTpabOTaHHBIC
BUJIbI CEPHOUN KHUCIOTHL. OHHU, 3a4acTyl0, BBIXOISAT B pa30aBIICHHOM
BHUJIE U COZAEpP)KAT pa3juyHble NPUMECH OpPraHWYecKHX BemecTB. Mx
BBIOpOC, Kak OTX0Jla MpOU3BOJCTBA, HemonmyctuM. OTkyna u
aKTyaJIbHOCTh  TIOMCKOBBIX  HCCIEIOBaHWI, HANpPABJICHHBIX Ha
pa3paboTky Oojee palMOHAJIBHBIX CIIOCOOOB WX OYHCTKH H
JAIBHENILIEr0 UCIIOIb30BAHNS B IPOMBIIIJIEHHOCTH.

Tak, B XoHe DJKCIUIyaTalldd HBIHE  CTPOSAILIMXCS  HOBBIX
npoMblIUIeHHBIX 00beKTOB AO «NAVOIYAZOT» B COOTBETCTBUU C
NuBecTnunonHo — mporpaMMor  «CTpPOUTENBCTBO — KOMILIEKCA
npou3BoAcTB nonuBuHWiIxJopuga (IIBX), kayctudeckoil combl u
MeTaHoJiay, no npoekram Koucoprmyma kommanuit «China CAMC
Engineering Co.» u «HQC Shanghai Company» (KHP), oxunmaercs
oOpa3oBaHusl OTpabOTaHHOW  pa30aBIEHHOW CEPHOM  KUCIOTHI.
['ogoBoit 00beM 00pa3oBaHus TAHHOTO OTXOJa COCTABJISET, CyMMapHO
11874 T, a cpenHsist KOHIEHTpalus KuciaoTel — 83,55% H,SOy,.

Cpenn U3BECTHBIX CHOCOOOB yTWIM3alMU pa30aBICHHONW WU
CoJieprKalllel MPUMECeil OpraHuYeCcKUX BEIIECTB CEPHOUM KUCTOTHI [1],
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BapUaHT MepepadoTKU €€ B Cysb(paT aMMOHHUS, 10 TaK HA3bIBAEMOMY
OeccaTypaToOpHOMY CITOCO0Y.

OCHOBHBIM  HEIOCTATKOM 3THX CXEM SBIISIETCS  HEMNOJHOE
UCIIOJIb30BaHUE TEIUIOTHl PEAKIMU HEUTpPAIM3ALUU CEPHOM KHCIIOTHI
aMMHAKOM.

[Ipu pa3paboTke HOBOM CXEMbl YTHIIM3ALUUU OTPAOOTAHHOW CEPHOM
KHCJIOTBI HEOOXOAMMO YYeCTb M TO, YTO HA MNPEANPUITHH BEIYTCS
NPEANPOEKTHbIE pabOThl IO CTPOUTEIBCTBY HOBOM  OIBITHO-
OPOMBIIIJIECHHOW  YCTaHOBKHM ISl  OpraHH3allid  MNpPOU3BOJICTBA
cyibara aMMOHHMS BBICOKOJMKBUIHOW TpaHyJIUPOBAHHON (HOpMBI
METOJI0OM KUJKOCTHOM yIiIeaMMOHHUWHON KOHBEPCUU THIICA.

Ilenbto Hacrosime pa®oTel sBUIAach pa3zpaboTka Ha 0Oasze
OeccaTypaTOpHOM M KOHBEPCHOHHON CXEM IPOU3BOJICTBA CyJb(ara
aMMOHUS, MO3BOJSIIOIIEH  HCIOJB30BAaThb  TEIUIO  PEaKUUU
HeWTpanu3anuu oTpabOTaHHOW CEPHOM KUCIOTHI aMMHAKOM.

26



. 16

1-4
12

Puc. 1. Ilpunyunuanvnas cxema snepeodpexmunozo npouzeoocmesa
pacmeopa cyivgama aAMMOHUS, KOHYESHMPAYuu OJIU3KOU K
HAaculueHuro, KOMOuHayuel mexHoa02uu Ymuiusayuu ompabomanHo
CEepHOU KUCTOMbl AMMUAYHOU Heumpaauzayueu u yeaeamMmoHUiHOU
KOHBepCUU NPUPOOHO20 2UNca 8 800HOU cpede. I-
VCOBEPUIEHCMBOBAHNBIU YUPKYIAYUOHHBIU PeaKmop-Hetumpaiu3amop;
2 — cenapamop naposoul ¢azvl; 3 — COOPHUK NEPBUUHO2O PACMBOPA
cynibghama ammonus; 4 — yco8epuieHCmeo8aHHblll peaKmop-
Kpucmaniuzamop, 5 — yenmpugyea, 6- cOOpHUK npOMeHCymoyHo20
pacmeopa cynvpama amMmoHus, 7 — 8aKyyM-8bINAPHOU annapam c
NPpUHYOUmMenvbHol yupkyiayueu, 8§ — COOpHUK NPOOYKYUOHHO2O
pacmeopa

B nmpuBeneHHOM Ha  pHUCYHKE  TEXHOJOTHMYECKOM  CXEMBbI
MPEJICTABIICHbl TOJIBKO HauOoJiee Ba)KHbIC Y371kl MPOMBIIUICHHOM
YCTAHOBKH C OCHOBHBIM TE€XHOJIOTHYECKUM 000pYyIOBaHUEM, KOTOPHIC
COOTBETCTBYIOIIUM O0OpPa3oM YyCOBEpUIEHCTBOBaHbl. OpraHuzyeMble B
HUX TPOIECChl — pa3paboTka YMOPOILIEHHOT0O U SHEPreTUYECKU
3 PEKTUBHOTO TEXHOJOTUYECKOTO IpoIecca MOIyUYeHHs OJIM3KOro K

HACBIIIEHUIO pacTBOpa cyibdara amMMOHUS C OJHOBPEMEHHOMU
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yTUIn3alueld oTpab0TaHHON CEPHOM KUCIOThI — OTX0/1a MPOU3BO/ICTBA
arietniieHa u [I1BX.

B  mpememax — yCTaHOBIEHHBIX ~ ONTHMAIBHBIX  PEKHUMAxX
TEXHOJIOTHYECKUX TMPOIECCOB, MaTepUANbHBIE TIOTOKH IO CTaIusIM
BBITIAJIAT CIAEAYIOIIHUM 00pa3oMm:

a) Cragus HeEUTpalM3alUUMU CEPHOW KHCIOThl CHHTETHYECKHM
aMMHaKOM

- IPUXO/T;

1. Cepnas kucinora orpabotansas (83,55% H,SO,) 1,645 1/4,

B ToM uucie: - H,S0, (100%) 1,378 T;

- opranunueckue npumecu (15%) 0,247 T;

-Boma 0,024 T.

2. AmMuak razoo6pasnsbii, 99,6% NH; 0,480 1/4

3. KonBepcuonHslii pactBop Bo3BpaTHbid, 35% (NH,),SO, 5,303
T/4, B TOM uucne: - (NH,),S0, 1,856 T - Boga 3,447 1

4. Boma, BBOAMMAs I BRIPABHMBAHUS KOHIICHTPAIMH CYyJbdaTa
aMMOHMSI ¢ KoMIieHcaluen ucnapenus 3,300 1/4

Bcezo, npuxoo 10,816 1/4

- pacxo:

1.  HacelmenHslii  pactBop  cyinbgata  amMmmoHusa,  46%
(NH4),S0,..8,069 1/4 B TOM uucne — (NH,),SO, 3,712 T —Bona 4,357 T

2. Opranuueckas daza 0,247 1/4

3. Bona ucnapusmasics 2,500 1/4

Bcezo, pacx00.10,816 1/4
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Abstract: methods of discrimination between irrigated and non-
irrigated areas with satellite data are described along with the
discussion on usability of moderate spatial resolution satellite data for
monitoring of irrigated agricultural areas in arid zone of South
Kazakhstan. The complex algorithm of irrigated area discrimination is
based on calculation of temporal difference for thermal and vegetation
indices during the vegetation period. Statistical peculiarities for
satellite data are defined and described for irrigated and non-irrigated
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areas. The evaluation of applied algorithms for different agricultural
conditions in South Kazakhstan is provided.

Keywords: remote sensing, monitoring, inventory, water-industry
basins, Landsat, Sentinel.

METOA KOCMHUYECKOI'O MOHUTOPHUHT A
OPOIITAEMBIX TEPPUTOPHM IO CITY THUKOBBIM
JAHHBIM CPEJHEI'O ITPOCTPAHCTBEHHOI'O
PASPEHIEHUA B YCJIOBUSAX FOXKHOI'O KABAXCTAHA
Bexmyxamenos H.J.', Manaxos JI.B., Ilpiuyesa H.1O.?
(Pecnmybsinka Ka3axcran)

! Bexmyxameooe Hypran dprunosuy - kanouoam
CeNbCKOXO3AUCMBEHHBIX HAYK, 3A8e0VI0WuUll 1a00pamopuel;

’ Manaxos/Imumpuii Bukmoposuy - 8e0yuuii HayuHwiii COMpYOHUK;
JTviuyesa Hamanws FOpwesa - kanoudam 2eospaguueckux Hayx,
8e0YUULL HAYYHBIU COMPYOHUK,

Jlabopamopus Kocmuuecko20 MOHUMOPUHEA CeNbCKOXO03AUCTNEEHHO20
npou3zeoocmaea,

AO «HayuonanvHwlll yeHmp KOCMU4ECKUX UCCAe00B8AHUL U
MEXHOOULLY,

2. Anmamet, Pecnybonuxa Kazaxcman

AHHOmMauuUA: ONUCHIBAIOMC MEMOObl PA3CPAHUYEHUS OPOULAEMBIX U
Heopouaemvlx meppumoputl no CHyMHUKOBbLIM OAHHbIM, A MAKHce
00CcyHcOaemcs 803MONCHOCMb UCHONb30BAHUS CNYMHUKOBLIX OAHHBIX
VYMEPEeHH020 NPOCMPAHCMEEHHO20 pa3peuleHus OJisi MOHUMOPUHed
OpOULAEMBIX  CEIbCKOXO3AUCMBEHHBIX V200Ul 6 3ACYULIUBOU 30He
FOoicnoco  Kazaxcmana. Komniexkchwiii — aneopumm — 8blOeneHuUs:
opoulaeMublx NaI0Waoel OCHOBAH HA pacyeme BPEeMEeHHOU DAa3HUYb
Menjiogulx U Be2eMAyUOHHbIX NoKazamenel 3ad 6e2emayuoHHbIU
nepuoo. Onpeoenenvl U ONUCAHbL CMAMUCMUYECKUE O0CODEHHOCMU
CNYMHUKOBBIX ~ OAHHBIX Ol  OpOWAeMblX U HeoOpOulaembvlx
meppumoputi. Jlana oyeHka NPUMEHAEeMbIX — ANCOPUMMOE O
PA3TUYHBIX CeNbCKoXo3anucmeenHblx yeaosuu FOxcrnozo Kasaxcmana.

Kntouesvie cnosa: oucmanyuonmoe 30HOUPOBAHUE, MOHUMOPUHS,
uHeenmapuzayus, 6000xo35lcmeeHnble baccetinvl, Landsat, Sentinel.
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B pabote paccMOTpeHbl croOcOOBI pacro3HaBaHUs OPOIIAEMbBIX U
OorapHbIX 3eMellb MO JAHHBIM CIIYTHUKOBOM CHEMKH, BO3MOKHOCTHU
MPUMEHECHUS CIIyTHUKOBOM uHbOpMaIuu CPEIHETO
MPOCTPAHCTBEHHOI'O  pa3pelleHuss s  HMHBEHTapHU3alUd |
MOHUTOPUHTA OpOIIAEMBIX TEPPUTOPUUA B YCIOBHUSIX apPUIHBIX
tepputopuii  FOxnoro Kazaxcrana. IlpemyioxkeH KOMILJIEKCHBIM
MOAXO0J, OCHOBAaHHBIM HA pacyeTe pa3HULbl TEMIIEPATyPHBIX U
BETETAllMOHHBIX HWHAEKCOB B TEUYEHUE BErE€TAllMOHHOIO IEpUOAA.
Onucanpl CTaTUCTUYECKHE 3aKOHOMEPHOCTH, XapaKTEpHbBIE IS
CIIyTHUKOBBIX W  HA3€MHBIX JIaHHBIX Ha  TEPPUTOPUIX C
npeobsiajaHueM OpOIIAeMOro M OOrapHOro THUIIOB 3€MIICIEIIHS.
[IpoBeneHa oOlLleHKa TOYHOCTHM HWHIEKCOB ISl PA3JIMYHBIX YCIOBUIA
3emutenienus B npenenax FOxuoro Kasaxcrana.

KiroueBsbie CJIOBA: BOJIHO-XO35IICTBEHHBIE OaccelHsl,
MHBEHTapu3alus, MOHUTOpUHI, Landsat, Sentinel, nucraHumoHHOE
30HMPOBAHUE 3EMJITU

Beenenue

BOABIIMHCTBO CIIOKHOCTEW M0 YIMPAaBICHUIO BOJHO-3€MEJIbHBIMU
pecypcaMu Ha 0a30BOM YPOBHE B JIEMCTBUTEIBHOCTH SIBISIOTCA
nHpopmarimoHHoit  mpodsiemoir.  Mcmonwszys  uHGOpPMAIMOHHYIO
CUCTEMY U [IaHHbIE JUCTAHIMOHHOIO 30HAUPOBAHUS B KayeCTBE
MCTOYHHMKA OTEPATUBHOM HMH(POPMALIUU, MOMXKHO YJIOBJICTBOPUTH
NOTPEOHOCTH BCEX CTOPOH, CBSI3aHHBIX C CEIBCKUM XO3SHCTBOM, 3a
CYeT O0IIero U pa3aeisieMoro J0CTyna K OObeKTUBHON MH(pOpMAIIUH,
4TO MIO3BOJIUT MeJmopaTopam MIPUMEHUTh MPUHIIUIIBL
MHTETPUPOBAHHOIO YIIPABIICHHS BOAHO-3€MEJIbHBIMU PECYPCAMH.

JleburmuT BOIHBIX PECYpPCOB B COBOKYITHOCTH CO CIIOXKHBIIICHCS
DKOHOMHUYECKOM CHUTyallMe B CTpaHe, INPUBOAUT K COKPALICHUIO
BOoZlONOTpeOIeHUs B pecnyOnuke. B Hacrosiniee BpeMsi BOJ103a0op Ha
CEIIbCKOE XO3SIMCTBO COKpaTwics ao 15 KM (mpotuB 26 kM® B 1992
rojy), IUIOIIAJlb PEryJsipHOrO OpOIICHHsS yMEHbIIWIach BABoe. B
Kazaxctane Ha moiro opomraemMoro 3emiejelius MNPUXOJIUTCs Ooliee
70% 3abopa BOJBI, @ 3HAUUT, OHO SBJISCTCS MOJOTPACIBIO SIKOHOMUKH,
Ha KOTOPYIO HEOOXOOUMO cJeNaTh akIeHT npu 3HPeKTHBHOM
WCIIOJIb30BAaHUU BOJHBIX pecypcoB [1]. B  roxHBIX o00mactsx
pecnyOMuKH YHUCIUTCA OKOoJo 1,2 MJIH. Ta 3eMelb PEryIspHOro
opommenust (6onee 85 % Bcex 3emenb opomeHuss PK): B HOxHo-
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Kazaxcranckoit (30,7 %), Anmatunckoit (36,6 %), Kei3putopanHckom
(11,6 %), u XKamosbuickoit (9,6 %). OnHolt U3 Hanbosee aKTyalbHBIX
npobsieM, 1O MHeHUIO dkcreptoB (Meaey u ap.2015 ron),
TpeOYIOIIMMH CPOYHOTO PEIICHHUs, B TOM YHUCJIE Ha3BaHa Mpodiema
BBEJICHHE Aarpo3KOJIOTMYECKOT0 MOHHUTOPHHIA, IOAPA3yMEBAIOIIErO
MIOCTOSIHHOE CJIE)KEHUE M KOHTPOJb, 32 KOJMYECTBOM M KadueCTBOM
3eMEJIbHBIX PECYPCOB B YCIOBUSAX OPOILICHUS.

Marepuan u METOIbI

Tepputopusi, Ha KOTOPOW MPOBOJUIUCH MOJIEBbIE OOCIIEIOBaHUS B
nrone-uroiie 2018 romaa - 4 BOIHO-XO3IMCTBEHHBIX Oacceiina: bankari-
ATaKOJIbCKUH, [ly-Tamacckuu, Apano-CeIipaapbUHCKHI 151
Wprsliickuii.

JlaHHBIE MOJIEBBIX HAOIIOJCHUN U U3MEPEHUN MPEACTABICHBI B BUC
Ta0IHI] ¢ YKa3aHUEM TeorpapuyecKux KOOpAUHAT ToUeK 0TOOpa mpod
W ONHWCAaHUW, C 3alOJIHEHHOW aTpuOyTUBHOM HHpoOpmManuen o
KyJbType, MHUHEpAIM3ALUM T[I0YB, TEMIEpaType IOYB, COCTOSHUU
MIOCEBOB, HAJIMYMM U KA4eCTBY WpPpUTallMOHHBIX ceTed. Cpoku
MIPOBEJICHUSI BBIE3JOB HA BHIOPAHHBIE YYACTKHU 3aBHUCST OT MOTOJHBIX
YCJIIOBUM KOHKPETHOTO TOJla U CHHXPOHM3ALUM C JaTaMU MPOJIETOB
Kocmudeckoro ammapara Landsat-8. Jlns pernona «Makrtaapam»
KOJIMYECTBO O0OCJIEOBaHHBIX TMoOJed paBHO 368, 11 pervoHa
«Typkectan» - 399. Jlna pernona «bopongaii» ¢ MNOIABISIONIAM
OOJBITMHCTBOM OOTapHBIX TIOJIeH, CHelualbHbie U3MEpPEHUs He
MIPOBOAMIIKC.

NHCcTpyMeHTBI, UCTIONIb3yeMbIe B X0JI€ MOJIEBBIX paldoT:

1) GPS-naBurarop, s TOYHOrO oOmpeAeNeHus TeorpadudecKux
KOOPAMHAT OMUCHIBAEMbBIX TOUEK Y TPAHUI] IOJIUTOHOB UCCIIEIOBAHMUS;

2) 6eckonTakTHblif TepMomeTp ST™ PRO PLUS s onpeneneHus
TeMrepaTypbl BO3/lyXa, IOUBbI U PACTECHUI;

3) mpubop Accupar LP80 nns onpenenenuss LAI - wunnekca
JIMCTOBOM ITOBEPXHOCTH;

4) dotoanmapar mia NpoBeneHUs (OTOCHEMKH B Haaupe HaL
moceBoM (I pacdyeTa  NPOEKTUBHOTO  TOKPBITHUS  TOYBBI
PaCTUTENILHOCTHIO) U B MEPCIIEKTUBE;

5) pynetka (IuHEWKa) 1 OMNPENENICHHS BBICOTBI M TYCTOTBI
pacTeHUN.

OObpaboTka cnyTHUKOBBIX naHHBIX mposeneHa B [1O ENVI 5.0,
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CTaTUCTHYECKasi 00pabOTKa HA3€MHBIX M CIYTHUKOBBIX JTaHHBIX — B
I1O STATSOFT STATISTICA 12, KapTorpaduyeckue
MpeACTaBlIeHNs pe3ysbTatoB padoTsl BeimoHEHBI B [IO ESRI ArcGIS
10.2.

JUIsl BBINOJHEHUS PAcye€TOB MPUMEHSUIUCHh CIIYTHUKOBBIE JTaHHBIE
Landsat-8 OLI u Sentinel-2. Xapaktepuctuku aatunkoB Landsat-8
OLI mo3BOJNSIIOT Ha OCHOBE AampUOPHOW HH(OPMALUKA O CBOWCTBAX
MOJACTUJIAIOIIECH IMOBEPXHOCTU YCHEIIHO MPUMEHSATH JaHHBIE 3TOTO
CIOyTHHKA JJii OLEHKH COCTOSHUSL PACTUTEIHLHOTO  TOKpOBA.
[IpeaBaputenbHass  ob6pabotka  cHuMkoB  Landsat  Bkuirouaer
aTMOC(EpHYI0O KOpPPEKIHUI0 W MepecuéT 3HAYeHW Ha CEHCope B
3HaueHusi Reflectance u  Radiance. Ilepecuer mnpoBoautcs
ctanaapTHbIMU Tipoueaypamu Excelis ENVIL

HaGop nannbix Sentinel-2, sBiseTCsl CTaHAAPTHBIM HPOAYKTOM
Level-1C, KOTOPBIN BKJIIOYAET OpPTOPEKTU(UKAIUIO 151
MPOCTPAHCTBEHHYIO PErHCTPALMIO B TJIOOAIBHOW CHUCTEME OTCUETa C
cyonukcenbHOM TouHOCTHIO. [IponykT Sentinel-2 Level-1C cocrout u3
110-xunometpoBbix MmuuToK B mpoekuun UTM / WGS84 wu
o0ecreynBaeT OTpaxkareabHylo crnocodHocte Top-Of-Atmosphere
(TOA). Mnr1 co3nanu Sentinel 1-2 Level-2A ¢ ucnonab3oBaHueM s3bIKa
nporpamMmupoBanne Python, nnsi BBITONHEHUS KOPPEKIMH BXOJHBIX
nanaeix TOA ¢ atMocdepoii, penbeoM MECTHOCTH U TEPUCTHIMU
oOnakamu. Il HEKOTOPBIX MONY3aCyILIUBBIX OOJacTedl KOPPEeKIus
Ba)KHA JIJIs1 00JIAYHBIX M300paKeHH, TOCKOJIbKY CE30HHBIE KOJIeOaHUS
KOHIEHTPALMU a’3p030Jis B BUJIE CYXOU MbUIM SIBJISIOTCS BBICOKUMHU U
MEHSIOT KO3(PHUIIUEHT OTPAKEHUS.

Ha6op nanubix Sentinel-1 comepxut nanHbie 00 U3MEPEHUH YPOBHS
3emuin  (GRD) ypoBHs 1 B pexume uHTEPHEPOMETPUUYECKOTO
mupokononocHoro (IW), cocrosimero u3 choKyCUpPOBaHHBIX JTaHHBIX
SAR, koTOpble ObUTM MHOTOKPAaTHO MPOCMOTPEHBI U MPOCLIUPOBAHBI B
Ha3eMHBIA AUana3oH C MCIOJIb30BAHUEM MOJENHU JJUIUICOMA 3eMIId
WGS84. [onyuennsie n3o0paxenus B 1BoiiHoM nossipusauuu (VH u
VV) umeror paszmeprnocts 270 x 270 km ¢ paspemenrem 10 M.
Koppekuuss nannmadra Obula OpUMEHEHa [JIsi TE€OKOJAMPOBAHUS
M300paKEHUM MyTeM KOPPEKIUU T€OMETPUYECKUX HCKaxkeHu SAR
(pakypc, TpoKiIajika U TE€Hb) C HCIOJIb30BaHHEM ITU(POBON MOAETH
penbedpa oOT Muccuum  pakeThl-cyTHHKa — Shuttle, co3zgaromieii
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N300paKEHUS C 3a3EMJICHUEM.

OcHOBHass ~ 4YacTh  HMCXOJHBIX  JAHHBIX  JUCTAHIMOHHOTO
30HIUPOBAHMS, WCIHOJIB3YEMBIX IS MOHUTOPHHTA OPOIIAEMBIX
TEPPUTOPH, MPEACTaBICHA KOCMOCHHUMKAMU CPEIHETO Ppa3peuieHus
(Sentinel-2, Landsat-8), ¢ meprnoarndHOCTHIO OT 3 110 8 MHEH U OOITUM
nokpeiteM tepputopun BXb okoio 90 %.

B pamkax HacTosIIero mpoekTa npoaHaIM3UPOBAHBI TPU OCHOBHBIX
BereTallnoHHBIX HHACKCa: NDVI, NDWI, MNDWI, (tabnuna 1).

Tabnuya 1. Unoekcol, ucnonv3osantvie 8 pabome

Hnnexc YpaBHEeHHE Ccruika
I;.It);n’ Normalized wpyr VIR RED) Rouse, J. W.,
tterence (NIR+RED) etal., 1973

Vegetation Index
NDWI, Normalized

(Pes7 — P12a1)

Difference Water | NDWI = Gasr  Pired) B.Gao .1995
Index )

MNDWI, Modified

Normalized _ Green—SWIR

Difference Water M = G reen+ SWIR Xu, 2005
Index

NDVI namen mmpokoe NpUMEHEHHE B U3YYEHUH PACTUTENBHOCTH;
OH MUCIOJB3YETCS JJISI OLEHKM COCTOSIHUS M YpOXKAWHOCTHU
CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYp, IPOJYKTUBHOCTH MACTOMIL, OLIEHKU
3asieske u T.J. O4eHb 4acTO MHIEKC HANPAMYKO CBSI3aH C APYTUMH
Ha3eMHBIMM TIapaMeTpaMH, TAKUMHU KaK IPOECKTUBHOE IMOKPHITHE,
dboTocuHTeTHYECKAasE AKTUBHOCTb PACTEHHM, TMOBEPXHOCTHasl BJjara,
MHICKC TUIOIIAIH JIMCTBBI U KOJIMYECTBO OMOMACCHI.

[To pacnpenenennro muaekca NDVI pacnosnarorcss y4acTku €O
3I0pPOBOM  PACTUTEJIBHOCTBIO  (TOIJIOMIAET  3JIEKTPOMArHUTHOE
U3TydYeHUE B KPACHOM JHAala30HE CIEeKTpa M OTpa)kaeT OOJbIIYIO
4acTh B OmmkHEM HH(PPAKpaCHOM HHTEpBaje) U YTHETEHHOW WU
pa3peKeHHON PACTUTENBHOCTHIO (OTpaXkaeT OOJbIIe B BUAMMOM HU
MeHbllle B OmmkHeM UH(pakpacHOM KaHalax). B cuiny cBoeit
IPUBSI3aHHOCTU K KOJUYECTBY (DOTOCUHTE3UPYIOLIEH OHOMacChl,
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NDVI ne »ddexktuBeH Ha CHUMKax, TMOJYYEHHbIX B CE30H
OCJIa0JICHHOW WJIM HEBETeTUPYIOLIEH B ATOT MEPUOJI PACTUTEIBHOCTH.

Pacuer coxmepkanusi Biaru B 3€JI€HOM OWOMacce OCHOBaH Ha
MeTroze, npeaioxkeHHoM B.Gao. ABTOp NpemsioKWI y3KOMOJOCHBIN
WHJCKC KOHIIEHTPAllMd BIJIarM B 3€J€HONM Omomacce B KauecTBE
WHCTPYMEHTA OLEHKH CTaTyca 3€J1€HOM PaCTUTENbHOCTH.

[IpumeyaTenbHO, YTO HMHAEKC YYWUTHIBAET TOJBKO  KAaHAJIbI
UH(PPAKpPACHOTO CIEKTpa, B TO BpeMs, KaK «KJIACCUYECKHE)»
BEreTallMOHHbIE HMHJEKChl OCHOBAaHbI Ha IMPUMEHEHHHU KPacHOro u
uH(ppakpacHOro kaHaioB. [IpuMeHeHHe AaHHOTO MHIEKCa OCHOBAHO
Ha TOM, YTO CHEKTp IMOIJIOLIEHUS BOABI B KOPOTKOBOJHOBOM MK
Jarna3oHe 3HAUMTENbHO CHIIbHEe, Hexxenu B oumxHeM UK nuanaszone.
B pabore ucnons3oBana mogudukaims uaaekca ['ao mog Landsat — 8
OLI, umeromast BUj

NDWI = (float(b5)-float(b6)/(float(b5)+float(bb)),

rae bS5 u b6 — cooTBeTCTBeHHBIE KaHabl 300paxenus Landsat — 8
OLI.

Modified Normalized Difference Water Index 6omnee uyBcTBHTENIEH
no cpaBHeHutro ¢ NDWI. B pabore ObuiM HCMOJb30BaHA pa3HUIIA
MEXIy PaHHUMH U TIO3JHUMHU CHUMKAMH.

MNDWI,, = MNDWI, — MNDWI,

rne MNDWIys — pasnHuna 3HadeHuid BiaxHoctd, MNDWI, —
3HA4YEHUS BJIIAXKHOCTH, PACCUMTAHHBIE 110 MO31HEMY CHUMKY, MNDWI,
— 3HAYCHMS BIIAXKHOCTH, PACCUUTAHHBIE 110 PAHHEMY CHUMKY.

ITomoxutensupie 3HaueHuss MNDWIg;; CBUIETEIBCTBYKOT O
HaKOTUICHUU BJIard B 3€JICHON PacTUTEIBLHOCTHU, O IPUPOCTE OMOMACCHI
3a HaOmOJaeMblii  Tepuojd, T.€6. O PEryJsSIpHOM  OPOIICHUH.
Otpuniarenbhble win Ou3kue K Hy o 3HaueHuss MNDWI g roBopsT 0
neduiMTe BIard B MOYBE, 3aMEIJICHHOM HAKOIUICHUHM >XUJAKOCTH B
TKaHSX pacTeHHs, OTCYTCTBHM TMPUPOCTa OMOMacchl — T.e. 00
oTcyTcTBUM ToyinBa. Kak OBIIIO yKa3aHO BHIIIE, JMHAMHUKA OTIIEIBHBIX
WHAEKCOB, ITPU COXPAHCHWH TPEHIOB, UMEET U3BECTHOE KOJIUYECTBO
(bayKkTyanuii, BBI3BAaHHBIX KaK HWCKYCCTBEHHBIMU (CPOKH TIOJIMBA,
CPOKHM TIOCE€Ba, Hadajio yOOpPKH), TaK U €CTECTBEHHBIMU (BBINIAJICHUE
OCaJIKOB) TMpUYMHAMH. [[7s BBIABIEHUS YCTOMYMBBIX TPEHIOB U
KOppeJsiuid  11ej1ecoo0pa3Hee MOJb30BaThCsl HE BPEMEHHBIM PSJIOM
TOTO WJIM WHOTO IapaMeTpa, a JUCKPETHBIMU BEJIWYMHAMHU PA3HOCTH
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HA0JII01aeMOr0  TapaMmeTpa, MOJYyYaeMbIMU MPOCTHIM BBIYUTAHUEM
JAHHBIX paHHEW CIYTHUKOBOM ChEMKH W3 JAHHBIX OoJiee MO3JHen
CBHEMKH.

Pe3yabTaThl

Tepputopuss Ka3zaxcrana B 1LEIOM, H CEJIbXO3MPOU3BOIAIINE
TEPPUTOPUH HYETHIPEX BOJHO-XO3SMCTBEHHBIX OacceitHoB (BXDb)
HaxoJATCAd B 30HE PUCKOBAHHOIO 3€MIIEJIENHS, TO €CThb KOJIMYECTBO
BJIar, IMOMAaJIaloNIee B MOYBY C OCaJIKaMU, SIBJISIETCS HEJOCTATOUYHBIM
JUTSL YCTICUTHOTO BO3/IEJIBIBAHMSI CEJIbCKOXO3IMCTBEHHBIX KYJIbTYD.

JIJist WILTIOCTpaIU 3TOTO YTBEPXKAECHUSI ObUIH MOCTPOEHBI rpaduKu
COOTHOILIEHHS OCA/IKOB U MOTEHIHAIBHON 3BanioTpaHcnupauuu [2] ais
banxam-Anakonsckoro u llly-Tamnackoro (BXb) (pucynku 1-2).

CooTHOLWEHNe OcaaKu/3BanoTpaHcnmpal, Knumatorpamma
banxaw- Anakonbckoro BXb banxaw- Anakonbckoro BXb
300 O Caf KN 1 e Temnepatypa
200 A 7 \
/ R - 3BanoTpaHcn 1 Y 3 Ocaggm
100 — 4 N Mpauma 10 ‘\\ 4
— - & b
. L‘X!—f& 5 9 5
1 3 5 7 9 11 8 6
-100 7
A b

A — Ocaoku/reanompancnupayus; b - Knumamozpavma

Puc. 1. Coomnowenue ocadkos Kk 36anompancnupayuu u
Knumamozpamma banxaw-Anaxonvckoco BXb

AHanu3 TpaduKoB TMOKa3bIBAaeT MpeodiaaHue WCIAPEHUs Ha

KOJIMYECTBOM OCaJKOB ¢ MapTa 1o Hosiopb 2018 roma, 3acynuimBOCTh
KJImMaTta ¢ Mas 1o Hossops 2018 roga.
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CooTHOLLIEHME OCaAKuW/3BanoTpaHcnMpauma KnanmaTtorpamma

LLly- Tanackoro BXb LLly- Tanackoro BXb

300,00 1

A 12 2
200,00 N
I . _ Ocapkm 11 3 Temnepatyg
.
100,00 g N 10 4
/ 8
— L JBanoTpaHcr
0,00 L e ~ -1 nst 9 5 Ocanrm

13 5 7 9 11 8 6

-100,00 7
A | b

A — Ocaoxu/r6anompancnupayus; b - Knumamozpamvma

Puc. 2. Coomnowenue ocadkos k 36anompancnupayuu u
knumamozpamma LLly-Tanrackoeo BXb

AHanu3 rpaduKOB MOKa3bIBAaeT MpeodajaHue HCIAPEHUs Haj
KOJIMYECTBOM OCaJKOB ¢ MapTa 1o Hosi0pb 2018 rona, 3acyluimBoCTh
KJIMMaTta ¢ Mas 1o oktsiopb 2018 rona.

CornacHo knaccudukanuu knumatoB no Kommeny u I'elirepy [3],
tepputropust  FOxnoro Kazaxcrana, 3aHsATas @04  OpOIIAEMOE
3emuienienue, nonanaet B 3061 BSk (Apuanas/IlycTeinnas/XomoaHas)
u Dsa (Xonoanas/Cyxoe nero/XKapkoe nero) .

Takum 00pazoM, pPernoHbl OTIMYAIOTCS HEONAroNpUATHBIMU ISt
BO3JICTIBIBAHUSL CEJIBCKOXO3SMCTBEHHBIX KYJIbTYp KIMMATHYECKUMU
YCIIOBHSIMH, NPEANOIAralOIMMU HAINYUE HCKYCCTBEHHOTO OPOILEHUS
IUTSL TIOJYYEHUS ypOXKasi.

Hcxons W3 CKa3aHHOrO BBILIE, TEOPETUUECKUMHU MPEANOChUIKAMHU
JUTSl paclio3HABaHUSI OPOIIAEMBIX U OOTapHBIX 3€Mellb CIEAYET CUUTATh
JUHAMUKY BETe€TallMOHHBIX WHAEKCOB W JUHAMUKY TeMIIepaTyp
MOJICTUJIAIOIIEN TOBEPXHOCTH. JJIsi OpolIaeMbIX IOJIEM JAUHAMHUKA
BETETAllMOHHBIX HMHJEKCOB JIOJKHA OBITh MOJOKUTEIBbHON (IIPUPOCT
3HAUYEHMUI) 3a BereraudoHHbli mnepuoxa. Ilpupoct 3HaueHui
BETETAIMOHHBIX MHICKCOB O0YCIIOBJIEH POCTOM 3€JICHOW OMOMACCHI H,
COOTBETCTBEHHO, YBEJIMUYEHHUEM KOJUYECTBA XJOpOPWIIa B TKaHAX
3I0pPOBBIX pacTeHuil. [[si GorapHBIX TEpPUTOPUN MPUPOCT 3HAUCHUU
BEreTAlIMOHHBIX MHACKCOB 3a TOT € Mepuoja HaOIIOACHHH JOKEH

MMETh HETaTUBHYIO TEHJEHUMIO B CBSI3M C PAHHUMH CPOKaMU yOOpKHU
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O3UMBIX W/WJIM YTHETEHHBIM COCTOSIHUEM PacTUTEIBHOIO MOKPOBa Ha
HEOPOIIAEMBIX IOJISX.

Koppensdaunn pa3HOCTEN CHEKTPAJIbHBIX HHJEKCOB U COCTOSHHUS
IOJEM B OpOIIAEMOM 30HE, M3Y4YEHHBIE B JaHHOM IIPOEKTE,
CBHUJICTEIIbCTBYIOT O TMEPCIEKTUBHOCTH MPUMEHEHHUS BBIOPaHHBIX
METO/I0B MHBEHTApHU3aLMU OPOIIAEMBIX TEPPUTOPUN (TabIMLBI 2-5).

Koagpduyuenm  xoppensyuu  Ilupcona  —  CTaHIAPTHBINA
KOO PUITUEHT KOPPETAIUY, XapaKTEPU3YIONUH HaIu4ue JTMHCHHOU
3aBHCUMOCTH MEXy IBYMs BeludnHamu/BeiOOpkamu. Koadduiment
Koppensiumu  paccuntad  otaenbHOo Jua  Illy-Tamackoro BXb w
banxam-Anakoneckoro BXbB, rae nepsasi mapa CHUMKOB JTaTHPOBAaHA
13 uroHs u 2 urons, BTOpas napa CHUMKOB - 15 utoHs u 11 urons 2018
roga. Pesynbrartel mnpenctaBieHbl B Tabnmunax 2-3  (KypcuBOM
BBIJICJICHBI 3HAYUMBbIE KOPPEIISIIH).

Tabnuya 2. Koagppuyuenm xoppensyuu Ilupcona mesircoy kiaccom
«opoutaembvie NOA» U paciemamu CRYmHUKo8blx oannvix LLly-

Tanaccxoco BXb
NDVIg, | NDVI,, | NDWI, | NDWI,, | MNDWI, | MNDWI,,
rt g rt ng ort ng
5
§o 20,0263 | 0,285 0,0219 0,269 0,0673 -0,0145
e

Marked correlations are significant at p < 0,05000, N=365

*3nech u B Tabnuiax xoppensiui (tadmuiel 3-5) unaeke “short”
O3HayYaeT pa3HUIly MEXIy CHUMKAMH B JBE HelenH, uHiaekc “long”
O3HayaeT pa3HULly B 25 THEM.
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Tabnauya 3. Kosgpuyuenm xoppensyuu Iupcona medxcoy xnaccom
«opoutaembvle NOAY U paciemamu CRYmHUKOBbIX Oanuvix banixau-

Anaxonvckoco BXD

NDVlIg,

rt

NDVlIjo,

g

SAVIg,

1t

SAVIo,

g

MNDWl,

rt

MNDWI,,,

g

0,1449

0,4504

0,1122

0,4154

-0,0132

0,1618

rrigated
fields

Marked correlations are significant at p < 0,05000, N=393

Kak BuaHo wu3 Tabnuil, HAWIy4IIed KOppesiued ¢ KIaccoMm
«OpolllaeMble TOJIs» 007aIal0T Pa3HOCTU BETETAlMOHHBIX WHICKCOB.
NHpekc BIaXHOCTU TOYBHI €NA00 CBS3aH C HAJIMYUEM OPOIICHUS,
b0 He cBsA3aH coBceM. JlaHHBIN (aKkT HaXOAUT CBOE OOBSICHEHHE,
€CIM TPUHATH BO BHUMAHUE KOJMYECTBO 3€JICHOM Omomacchl Ha
OpOIIAEMBIX TOJISIX H OOJBIIYI0 OONIyI0 IUIOHIaAb JIMCTOBOM
MMOBEPXHOCTH, YacTO TMOJHOCTBIO 3aKphIBAIOIIYI0 MouBy. OueHb
BOXHBIM (DAaKTOM SIBIISIETCS POCT KOpPpEsUM a0COJIOTHO BO BCEX
paccMaTpUBaeMbIX CIy4asix C YBEJIMUYCHHEM TMEpHoJia MEXKIY JaTamu
CIOYTHUKOBOM CBHEMKU. OJTa OCOOEHHOCTb SIBJISIETCS OCHOBOW JIJIst
WHBEHTAPW3AIMK OpOIIAEMBIX TEPPUTOPHA, B TO BpeMs, Kak
KpaTKOCPOYHBIE PA3HUIIBI MHACKCOB WM JaHHBIC CIUHUYHON CHEMKHU
He 00J1a/1at0T BCe MOTHOTON MH(OpMAIK, OTpaXkas TOJIbKO TEKYIIEee
COCTOSIHUE TI0JIeH (OCYIIECTBIIEH TIOJIUB, WU HET).

Koaghdpuyuenm xoppensyuu Cnupmena (Spearman rank correlation
coefficient) Mepa JIMHEHMHOW CBS3M MEXIY CIy4ailHbIMU
BEITMYMHAMU.

Cratuctuka CnupmeHa Mpeanoiaraer, 4YTo paccMaTpUBAEMbIE
MepEeMEHHBIC U3MEPEHBI KaK MUHUMYM B TTOPSAKOBOM IIKaJe, HHBIMU
CJIOBaMU — WHJAMBUIYyaJIbHbIC HAOIIOJCHUS paHXKUpOBaHbI. Pacuér
koppemnsiuii CnipMeHa npuBejieH B Ta0aumax 4 u 5, rje neppas mnapa
CHUMKOB natupoBaHa 13 wurons u 3 wurona 2018 roma, BTOpas mapa
CHUMKOB - 13 wurtons u 9 wuronsg 2018 roga (KypcUBOM BbIIEIEHBI
3HAYKMMBbIE KOPPETSAIUN).
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Tabnuya 4. Kosghpuyuenmor xoppenayuu Cnupmena mexicoy Kiaccom
«opoutaemvie NOJA» U PACHeMAMU CRYMHUKO8bIX 0anHbLXx 05 LLIy-

Tanacckoeo BXb
NDVlI,, | NDVI,, | NDWIg,, | NDWI,, | MNDWIg, | MNDWI,,
rt g rt ng ort ng
I3
§o % 0,0491 |0,2942 |0,0471 |02879 |0,0029 -0,0125
e
Marked correlations are significant at p < 0,05000, N=342

Tabauya 5. Kosghguyuenmot koppenayuu Crupmera mexicoy Kiaccom
«opouiaemvie NOJAY U pacuemamu CHYMmHUKOBbIX OanHbIX 0151 banxaw-
Anaxonvckoeo BXB

NDVIy, | NDVI,,, | NDWI, | NDWI,, | MNDWI,, | MNDWI,,
rt o rt ng ort ng
4 - 10,2066 |0,4132 |0,1892 0,3910 |-0,0815 0,1577
O !
Marked correlations are significant at p <0,05000, N=388
Hawmnyumenn koppensiupei ¢  KJIACCOM  «OpOLIAEMBIE  ITOJISD»

00Ja4at0T Pa3HOCTH BEr€TAlIMOHHBIX UH]IEKCOB.

JIOOTHUTENBHO, POBE/IeHa BepU(UKAIUS pacy€TOB CIIYTHUKOBBIX
JAHHBIX C Ha3eMHBIMM JaHHbIMU (Tabnuma 6). Ilokazano, dYTO
BEJIMYMHA OIIMOKY MPHU ONPEAECICHUH OPOIIAEMbIX MOJEH ¢ MOMOUIBIO
pPa3HOCTEl BEreTAlMOHHBIX HMHAEKCOB He TmpeBblaet 15% mnpu
JUTATENBHOCTH HAOIOJCHUIM HE MEeHee Mecsla. YBeIUYeHue Nepruoaa
MEXIy ChEMKaMHU JOJDKHO CHU3HMTH BEJIMYMHY OIIMOKH, MOCKOJIBKY,
Kak ObUIO  TOKa3aHO  BbIIIE, JOCTOBEPHOCTh  CIIYTHHUKOBBIX
HaAOJII0JICHUI BO3pACTaeT MO Mepe YBEIMUYEHUS BPEMEHHOTO Pa3pbIBa
Mexay cbeMkamMu. OHaKo, CIeIyeT YYUTHIBATh (DaKTOPbI, KOTOPHIE
HEBO3MOKHO OMNO3HATh WJIM CKOPPEKTUPOBATh MNPHU CIYTHUKOBBIX
pacuerax. Cpean HUX, HapuMep, TaKUe, KaK CPOKH CEBa, 4acTOTa
MOJIMBOB, YACTOTa U UHTEHCUBHOCTh aTMOC(EPHBIX OCAIKOB.
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Tabauya 6. Owubku Knaccugurayuu opowiaemvix noei no
PA3HOCMAM UHOEKC08 u memnepamyp, %

[1Ty-Tanacckuii BXB ga;g]);(am AnakoIbCKuH Z;IEI%II[(I-;?I;I/I;I%I
Index error, % Index error, %

MNDWI;s | 28,02 MNDW s | 13,9 20,96
NDVlyi¢ 11,28 NDVIg¢ 20,3 15,79
NDWI;¢ 10,77 NDWI;¢ 18,3 14,53

Ha ocHoBanmm ommMcaHHOTO MeETOJa  pacyera  Pa3sHOCTH
BETETAIMOHHBIX WHJICKCOB IMOTYYEHBI KapThl OPOMIAEMBIX U OOTapHBIX
romaneu (pucyHku 3-4).

ICiMainLicym oep NDWI;; Ha ocHoBe Sentinel 2 Ha TeppaTOpHIO
S = CripgapsHHcKoro paiiona Kanli-opaanckoii
obaacTh

NDWI ;2018 rox
B Bona

I ITouBa PacTHTEIBHOCTE |

Puc. 3. Kapma opowaemvix noneii Colpoapbuncko2o pationa no
oannvim /{33, niemo 2018 2ooa
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Kapma opowaembix nonei
(LLy-Tanacckud) —

\
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& 1.‘ , L ..\ NG \ .“L:_" e ks : \‘I \1
o k- Ak g,
> ey 1 :%ﬁg -
\ i [ g )
v b "“ <) 2 . X IF ! o A [,
J i f &% 3 [ . % J Y
f kq : g S TR
: J ] s
YcnoBHble 0603Ha4eHunA: ~ = “:L)' i
{MoceBHbIe nons
f OBDUJEEMHE nons
He opowaemesie nons
Wy-Tanacckuii BacceitH ] \\;{_\1

Puc. 4. Kapma opowaemwvix noneu Illy-Taracckozo b6acceiina, uroHs-

uronv 2018 200a
Oo0cyxneHue
KynbTypbl, KOTOpblE TpeOyIOT pEryJsipHOrO YBIAKHEHUS IS
BO37eNbIBaHusl  (OaxueBble, KyKypy3a, OBOILHBIE, XJIOTIOK)
JEMOHCTPUPYIOT YCTOMYUBOE BO3pAacTaHHE IOKa3arenen

BEreTallMOHHOI0 WHJAEKca. JIMHAMHMKa BEreTalMOHHBIX HHAEKCOB Ha
MOJISIX JIFOLIEPHBI, TIPU COXPAHEHUH OOLIEro MOJOXKUTEIBHOIO TPEH[A,
uMmeeT 0oJiee CTOXACTHUECKHM XapakTep, 4TO CBS3aHO, Kak ¢ yOOpKoi
JIFOLIEPHBI HECKOJIBKO Pa3 B TEYEHHE BET€TAllMOHHOIO MEPHOJaA, TaK U C
€€ OpOILEHUEM, OCYIIECTBIIEMbIM HEPEryJsIpHO. /[MHamKka napoBbIX
NoJiel TMOKa3bIBaeT pa3dpoc 3HAYCHUH, KaK BEreTallMOHHBIX MHICKCOB,
Tak W Temneparyp. B psne ciydaeB HaOIrOMAaeTCs TOJIOKUTEIbHBIN
TPEH/ BEreTallMOHHBIX HHJIEKCOB, OOYCIIOBJICHHBIH, BEPOSTHEE BCETO,
pa3BUTHEM COPHBIX BHJIOB Ha MapoBbIX MNoisX. JluHammuka
BEreTAllMOHHBIX MHJEKCOB HA O3UMBIX KYJIbTYpax, B ILEJIOM,
COOTBETCTBYET TEOPETUUYECKUM OXHUJIAHUSM, MPOSBIAS CHaJl 3HAYCHUU
BEreTallMOHHBIX HHAEKCOB. MMerouecs B psijie ciay4yaeB BCIUIECKU
3HaYeHU! (WJIM, TOBOPSI CTATUCTHUYECKUM SI3BIKOM — BBIOPOCHI), MOTYT
OBITh OOBSICHEHBI YCIOBUSMH BO3JENbIBAHUS, Pa3HbIMU CPOKaMH CEBa
WM aTMOC(EPHBIMU OCaIKaMHU.
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3akiarouenune

[Ipennaraemprit  MeTon sBisieTcs 3PQPEKTUBHBIM HHCTPYMEHTOM
OLICHKM IUIOIIAJIEH OpOIIAEMBIX TEPPUTOPHUU [UIsl YCIOBHU YETBIPEX
BXb. KommiekcHOE€ HCIOJb30BAaHHME BEre€TAllMOHHBIX HHJCKCOB,
MOJIy4aeMbIX Ha OCHOBE AaHHbIX [I33 cpelHero mpoCTpaHCTBEHHOTO
paspenieHuss MO3BOJSIET € NPHEMIIEMOM TOYHOCTBIO  OLICHUBATH
JUHAMHUKY OpOIICHHS M OTJIMYaTh OpPOLIAEMBbIE TEPPUTOPUH  OT
OorapHbix. J[adpbHEUIIMM pPa3BUTHEM IMpEaIaracMold METOIUKA MOXKET
ObITh €€ afanTanys K JaHHbIM /[33 BbICOKOTO paspelieHus 1 pa3padoTka
aBTOMAaTH3UPOBAHHOTO Mpoliecca 0OpaOOTKU CITyTHUKOBBIX JaHHBIX B
LEJISAX TOBBIIICHUS TOYHOCTH PACIO3HABAHMS OPOIIAEMbIX M OOTapHBIX
TEPPUTOPUH.

buaarogapHocTh

Paboma evinonnena 6 pamxax HTII «Hayyno-mexnonoeuueckoe
000CHO8aHUE NO PAYUOHATIBHOMY UCNOTIb308AHUID 800HBIX PECYPCO8 NpU
yeenuueHuu naowaoel pe2yisipHoco U JUMAHHO20 OPOUWIeHUs N0 6CeM
8000xo3sticmeeHubiM  baccetinam Pecnyonuxu Kazaxcman oo 2021
200a».

Aemopwul  gvipaxcarom  npuznamenvHocmv  P.T.  Hckaxosy (AO
«HL[KUT»), A.A. Apvicmanosy (AO «HLJKHUT»), A.C. Aucaposoii (AO
«HLIKUT») u A.®. Hcnameynosou 3a cooeticmeue 6 nNposeoeHuu
HA3eMHbIX UCCIe008AHUL, OKA3ANU YEHHYIO KOHCYIbMAMUGHYIO NOMOUb
8 X00€ N0OO20MOBKU PYKONUCHU.

Aemopbl  3as6nA10m 00 OMCYMCMEUU KOHQIUKMA UHMEPecos ¢
JHOOLIMU TUYAMU U/UTU OP2AHUAYUSMU.
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SOLUBILITY OF COMPONENTS IN THE SYSTEM
{84,3%> |[CA(CLO;),+ MG(CLO;3),]+15,7%> | CACL,+MGCL,;]}-
CH3COOHNH2C2H4OH-H20
Ergashev D.A. (Republic of Uzbekistan)

Email: Ergashev517@scientifictext.ru

Ergashev Dilmurod Adiljanovich - Doctor of Philosophy (PhD),
Senior Lecturer,
DEPARTMENT CHEMICAL TECHNOLOGY,
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Abstract: studying the solubility of the system
{84,3%Y [Ca(ClO;),+Mg(ClO;),] +15,7%y [CaCl,+MgCl,] }-
CH;COOH-NH,C,H,0H-H;0 from the freezing point -52,8 to -5,0°C. A
polythermal solubility diagram is constructed, which delineates the ice
crystallization  fields, [Ca(ClO;),Mg(ClO3)y], [CaCl,MgCl,],
CH;COOH, CH;COOH-NH,C,H,OH, and as a new phase,
CaOHCIO52NH,C,H,OH-2H,0. Analysis of the radiograph of the initial
components and the synthesized complex based on them shows that
diffraction reflexes differ from each other, both in the value of interplane
distances and in the intensity of diffraction lines. Thermal analysis also
confirms the identity of the new compound.
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Keywords: physiological active substances, polytherma, solubility,
crystallization area, double and triple main points, calcium and
magnesium chlorates and chlorides, defoliants.

PACTBOPUMOCTH KOMIIOHEHTOB B CUCTEME
{84,3%> | CA(CLO;),+ MG(CLO;3),]+15,7% ) [ CACL,+*MGCL;]}-
CH3COOHNH2C2H4OH-H20
Jprames J.A. (Pecnybsiuka Y30ekucran)

IApeawes [urmypoo Aounxconosuy - PhD cmapwuii npenooagamern,
Kageopa Xumuyeckol mexHoiocul,
Depeanckull NOIUMEXHUYeCKUL UHCIUmyn,
2. ©epeana, Pecnyoauxa Y3oexucman

Annomauusn: usyuena pPaAcmeopumocms cucmembl
{84,3%) [Ca(ClO;),+ Mg(ClO;),]+15,7%) [CaCl,+MgCl,] }-
CH;COOH-NH,C,H,OH-H,0 om memnepamypst no1H020 3amep3anus
-52,8 oo -5,0°C. [Ilocmpoena nonumepmuveckas ouazpamma
pacmeopumocmu, Ha KOMopou pazepanuyeHvl Noas KPpUCmaiiu3ayuu
b0a, [Ca(ClO;),Mg(ClO;),], [CaCl,-MgCl,], CH;COOH,
CH;COOH-NH,C,H,OH u & kauecmse Hoeoti ¢pazer CaOHCIOjs
2NH,C,H,OH-2H,0. Ananus PpeHmeeHoZpammol UCXOOHBIX
KOMNOHEHMO8 U CUHME3UPOBAHHO20 KOMNIEKCA HA UX OCHOBe
noxaswvleéaem, umo OuppaxyuoHuvle pe@iekcol OMIU4aromcs opye om
opyea, KaxK no 3HAYEHUN) MEeNCHJIOCKOCMHBIX PACCMOSHUL, MAaK U No
UHMEHCUBHOCMAM — OUDPAKYUOHHBIX JuHUll. Tepmuueckuil aHaiu3
makaice noomaepatcoaem UHOUBUOYATbHOCHb HOB020 COCOUHEHUSL.
Knioueevle cnosa:  uszuonocuvecku — akmuseuvie — eeujecmad,
noaumepma, pacmeopumMocmv, NOAs KPUCMALIUZAYUU, OBOUHblE U
mMpolinble Y37108ble MOYKU, XA0PAMbL U XJIOPUObL KATbYUS U MACHUS,
oegponuanmeol.

For the timely harvest of cotton, it is necessary to remove the cotton
leaves. A big problem in cotton growing is the lack of domestic
defoliants that meet all the requirements of agriculture. The existing
chlorate-containing defoliants based on magnesium chlorate do not
meet modern requirements for defoliants. It is known that the
defoliating effect of chlorates is, to one degree or another,
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accompanied by a desiccation effect. In addition, they do not have a
multifunctional effect. In the synthesis of new effective defoliants, the
use of the monoethanolamine salt of acetic acid, which is a plant
growth stimulator, is of considerable interest. It has biological activity,
enhances redox processes, carbohydrate biosynthesis and enzymatic
activity [1,2].

For the physicochemical substantiation of the process of obtaining
an effective defoliant based on calcium-magnesium chlorate and
monoethanolamine acetate, the solubility of the components in the
system {84,3%> [Ca(ClO3),+ Mg(ClOs),]+15,7%)> [CaCl,+MgCl,]} -
CH;COOH-NH,C,H,OH-H,0 in a wide temperature and concentration
range.

Monoethanolamine acetate was synthesized on the basis of acetic
acid and monoethanolamine taken at a molar ratio of 1:1.

We  studied the solubility of the binary  system
CH;COOH-NH,C,H,OH-H,0 in the temperature range from -50,4 to
78,0°C. Its polythermal diagram of solubility is characterized by the
presence of branches of ice crystallization, CH3;COOH and
CH;COOH-NH,C,H,OH, which intersect at two double points of
coexistence of two solid phases. The first double point corresponds to
the joint crystallization of ice and acetic acid at a temperature of -
50,4°C and a concentration of 55,6%NH,C,H,;OH-CH;COOH and
44,4% H,O0.

The second double point corresponds to the joint crystallization of
acetic acid and monoethanolammonium acetate at a temperature of -
26,0°C, the concentration of monoethanolammonium acetate is 78,0%
and 22,0% of water (Fig.) [3].

The binary system magnesium chlorate - water has been previously
studied. The data we obtained are in good agreement with the
literature [4].
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Fig. 1. Diagram of the solubility of the system
NH,C,H,OH-CH;COOH-H,0

The solubility of this system was studied using seven internal
sections, on the basis of which a polythermal diagram of this system
from -52,8 to -5,0°C was constructed. On the polythermal diagram of
the solubility of the system, the fields of ice -crystallization,
[Ca(Cl0O;),-Mg(ClO3),], [CaCl,-MgCl,], CH;COOH,
CH;COOH-NH,C,H,OH and a new compound of the composition
CaOHCI10O3- 2NH,C,H4,OH-2H,0 are distinguished. The above fields
on the solubility diagram converge at one node of the invariant point.
It is known that calcium chlorate actively forms complex compounds
with a number of organic compounds containing a hydroxyl group
[5,6,7,8], which is also observed in this system (table).
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Table 1. Double and triple nodal points of the system
{84,3%> [Ca(ClO;),+Mg(ClO;),] +15,7%) [CaCl,+MgCl,] }-

CH3COOHNH2C2H4OH-H20
Liquid phase,% ters °C Solid phase
{84,3%y [Ca(ClO
3ot
CH;COOH- H
Mg(ClO)I+ | e on | L0
15,7%3 [CaCl,+M T 2
gClhl}
Ca(ClO3)2Mg(CIO3)2+
44,8 6,0 49,2 -5,0 CaOHCIO52NH,C,H,OH-2H,
0]
Ca(ClO;),"Mg(ClOs),+
CaCl, MgCl,+
38,4 >4 36,21 45,8 CaOHCIO52NH,C,H,OH-2H,
0]
Ice +
33,7 5,5 60,8 | -52,0 | CaOHCIO;2NH,C,H,OH-2H,
O
28,0 6,0 66,0 | -34,0 same
25,0 7,9 67,1 | -30,0 -//-
17,7 12,3 70,0 | -23,0 -//-
7,4 279 64,7 | -20,2 -//-
3,0 38,9 58,1 | -24,0 -//-
Ice +
1,7 57,0 41,3 | -52,8 | CaOHCIO52NH,C,H,OH-2H,
O+ CH;COOH
CaOHClO32NH2C2H4OH2H2
O+
1.0 778 21,211 304 CH;COOH+CH;COOH'NH,C
,H,OH
CaOHClO32NH2C2H4OH2H2
1.8 83,9 1431 274 | o, CH;COOH'NH,C,H,OH
3,0 86,0 11,0 | -26,8 same
3,9 87,3 8,8 -26,5 -//-
5,7 89,0 5,3 -26,3 -//-
- 78,0 22,0 | -26,0 JH,OH
- 55,6 444 | -50,4 Ice + CH;COOH
42,2 _ 57,8 -43,6 Ca(ClO3)2Mg(CIO3)2+CaC12
MgCIZ
38,0 - 62,0 | -46,0 Ice + CaCl,"MgCl,
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The  resulting new  compound of the  composition
CaOHCI103-NH,C,H,OH-2H,0 was identified by methods of chemical
and physicochemical analysis.

Thus, the obtained data on the solubility of the components in the
studied system by the  visual polythermal = method
[22,52%Ca(Cl05),+17,51%Mg(ClO3),+
4,33%CaCl,+3,12%MgCl,+52,52%H,0]-CaOHCIO;-NH,C,H,OH-
H,O can serve as a scientific basis for obtaining a new complex acting
preparation based on calcium-magnesium chlorate defoliant and
monoethanolammonium acetate. To maintain the physiological activity
of the synthesized preparation during defoliation, the required interval
of the initial components should not exceed 39,2 — 39,7% chlorate,
0,72 —2,00% monoethanolammonium acetate.
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Abstract: artificial neural networks (ANNs) are currently undergoing
their second birth, which is primarily due to the increased computing
power of modern computers and the emergence of extra-large data
sets for training, present in global networks. Solutions in the field of
data classification, image segmentation, decision support, which are
comparable in quality and often exceed the results obtained from
classical methods of image recognition, are developed on the basis of
the ANN.

The applied field of research is related to solving problems of
segmentation, classification and categorization of identification
numbers of wagons that do not have a template and standard, based
on the use of convolution neural networks (CNN). Recently, the
research in this field has been actively conducted [1].

The work is devoted to the development of algorithms and architecture
of a convolution neural network (CNN) to solve the problems of
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segmentation, classification and categorization of images of
identification numbers of wagons.

Keywords: image recognition, neural network, ANN, CNN, OpenCV,
pixel filtr, Softmax function.

MAIIMHHOE OBYYEHHUE OFPABOTKH N30BPAKEHUN
ITYTEM HNOBBIIIIEHUS PASPEIIEHUSA N30BPAKEHUI
HU3KOI'O KAYECTBA
MyxamanueBa K.b. (Pecny0siuka Y30ekucran)

Myxamaouesa Kubpué baxooupoena - couckamenv, cmapuiuii
npenooasameib, Kagheopa uHGOPMAYUOHHBIX U KOMMYHUKAYUOHHBLX
MexHoN02Ul,

Byxapcxuii unsicenepro-mexnono2uieckuti UHCMumym,

2. byxapa, Pecnybauka Y36exucman

Annomauyusn: uckyccmeenuvle Hetipouuvle cemu (MHC) 6 nacmoswee
8peMsl nepexoosim 8 OCHOBHOE HANpAgieHue pa3eumus, Ymo, 8 nepeyio
ouepedb, C6A3AHO C YBeNUUEHUEM GbIUUCIUMENbHOU MOWHOCHU
COBPEMEHHBIX KOMNBIOMEPO8 U NOSAGNIEHUEM C8epX00IbuUx HAOO0pos
OaHHbIX OJIs1 00YUeHUs, NPUCYmMcmeyrowux 8 2100anvhvix cemsax. Ha
baze UHC paszpabamwvieaiomcs pewenuss 8 ooaacmu xkiaccuguxayuu
OAHHBIX, Ce2MEeHmMAayuu  U300pPadxiceHuti, NOO0EPHCKU  NPUHAMUS
peuleHutl, conocmagumble o Kauyecmsy U 3a¥acmyro npesocxoosujue
pe3yibmamyl, NOJNYYEeHHble C NOMOWDBIO KIACCUYECKUX Memo0o8
PAcno3Hasanus 0opazos.

Ilpuxnaonas obaacmev ucciedo8anull CcésA3aHad C peuleHuem 3a0ay
ceamenmayui, Kaaccuguxkayuu u Kamezopu3ayuu
UOEHMUPDUKAYUOHHBIX HOMEPO8 BA20HO8, He UMEWUX wabloHa u
cmanoapma, OCHOBAHHLIX HA UCNOL30BAHUU CBEPMOYHBIX HEUPOHHBIX
cemeti (CNN). B nocnednee epems ucciedosanus 6 3mou oodiacmu
akmusno npogoosamcs [1].

Paboma noceswena paspabomke ancopummos u apxumexkmypol
ceepmounou  Heuponuou cemu (CNN) ona pewenus 3aoau
ceeMenmayuy, Klaccupukayuu u Kamecopusayuu uU3oopadceHull
UOEHMUPDUKAYUOHHBIX HOMEPOB BA2OHOS.

51



Knwuesvie cnosa: pacnosuasanue oopaszos, netipounas cems, WHH,
CNN, OpenCV, gpunomp nuxceneu, ¢hynkyus Softmax.

Introduction.

The article is devoted to the description of the algorithm of
construction and artificial increase of the marked data set on images in
the conditions of small samples. The algorithm, by applying artificial
geometric transformations to the initial objects, provides creation of
new training examples, which, in the conditions of small samples,
allows to better train the neural network and reduce retraining. The
following methods of artificial data set magnification were used in the
work: brightness enhancement of green colour, application of Gaussian
blur filter, averaging of image pixels with the help of normalized pixel
filter, image rotation relative to its center with different angles of
rotation, image cropping and halving of dimensions, resizing of the
central part of the image to 680*200 pixels according to CNN
requirements using cubic interpolation. Algorithm of image data set
construction and artificial enlargement was implemented by means of
Python programming language with the use of NumPy, SciPy, etc.
libraries.

The second stage describes the development of a new CNN
architecture for accurate classification of the marked data set on three-
channel color images of ultra-high spatial resolution in small samples.
The overall architecture of the CNN consists of six convolution blocks
(each includes one convolution layer). The first and third bundle
blocks include pooling layers (a function to reduce the dimensional
space of feature maps) with a maximum function. At the end of the
CNN are two fully connected layers and one output layer. The last four
bundle blocks use the ReLU activation function (1) and the output
layer uses the Softmax activation function (2):

f (x) = max(0,x), (D
z = w'x —0, (2)

where x is a vector-column of features of an object of Mxl1
dimension, '- where K is the number of object classes, and M is the
number of object features.

To control the retraining of the network, it was decided to use the
method of regularization for the artificial neural network Dropout, with
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the help of which the reduction of the model complexity was achieved,
while keeping the number of its parameters at a low level. The optimal
value of the regularization factor was also selected. Based on the
results of the numerical experiments, it was determined that the
optimal values are 0.25 after the second, fourth and fifth layers, and
0.5 before the output layer. As a target function, which should be
minimized during training of the neural network, was chosen
categorical cross-entropic loss between input data and the actual
classification of images. This function is well suited for calculating the
probability of the original image belonging to a certain category [2-3].
To date, a fairly large number of optimization algorithms have been
proposed for the calculation of gradient descent in neural networks.
The proposed model used ADAM optimization (adaptive moment
estimation), since it is the most suitable optimizer for the problem
under consideration, in particular, due to the possibility of initial
calibration of an artificial neural network.

The structure of the new CNN can be formally presented in the
following form:

- The input image takes into account the two-dimensional topology
and consists of several matrices, where each matrix corresponds to an
image of a specific color channel: red, blue and green. The input
information of each specific pixel value is normalized in the range
from 0 to 1 by the formula (3):

f(p, min, max) = 2=

max—min (3)

where f is the normalization function, p is the value of a specific
pixel from 0 to 255, min is the minimum pixel value - 0, max is the
maximum pixel value -255 [4].

During CNN training, the values of each convolution layer matrix
are equal to 0, and the kernel weights are set randomly in the range
from -0.5 to 0.5. The kernel passes through the previous matrix pixel
by pixel and performs the convolution operation by the following
formula (4):

(f*g)[m'n] =Zk,]f[m_kin_l]*g[le]' (4)

where f is the initial image sensor, g is the convolution core, m is
the width of the initial image sensor, 7 is the height of the initial image
sensor, k is the width of the core, / is the height of the core.
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Depending on the method of processing the edges of the initial
image matrix at the convolution stage, the result may be smaller than
the initial matrix, of the same size or larger than the formula (5):

xt = f(x" kb + bYH (5)

where x' - layer output /, /() - activation function, b - layer shift
coefficient /, * - input x convolution operation with & kernel.

Thus, as a result of edge effects, the original output matrix is
reduced and has the following form (6):

xj = f(Zix{tx kf + b)), (6)
where x!™! - feature map j (output of layer 1), k;— kernel of

convolution j of the map, layer / .- The sub-sample layer of the
developed CNN can be described by the following formula (7):
x! = f(a' * subsample (x'"1) + b), (7)

where @', b’ - layer shift coefficient /, subsample() - operation of
sampling local maximum values.

The last type of CNN layer is a full-connected layer or an ordinary
multilayer perseptron. The purpose of the layer is classification, where
a complex nonlinear function is modeled, and the optimization of
which improves the recognition quality (8):

xj = f(Zixtwiit + b (8)
where w7 - layer / weighting matrix.

The next step is a new method of control sampling formation on
three-channel color images of ultra-high spatial resolution in order to
accelerate the process of preparation of the data set under test. The
structure of the proposed method includes a set of consecutive
elements:

Conversion of a three-channel color image into a color palette of
gray shades [5];

Blurring of the image in grayscale using a high-frequency Gaussian
filter to reduce noise in images with the following function parameters:
core size 11*11 pixels with a standard deviation of 0;

Create a binary image (black-and-white) from blurred images in
grayscale by applying the threshold function with an optimal threshold
of 100 pixels brightness of the input image;

Structuring the outlines of image elements by applying two
consecutive functions (erosion and expansion) with multiple iterations
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for binary images to distinguish the outlines of individual characters
and minimize the effect of their fusion in a single object;

Detection of image segments, which was implemented using the
Green formula-based contour area calculation function.

S = ffR dxdy = %456 xdy—-ydx (9)

where S is the area of area R bounded by contour C. Symbol -4,
indicates that the contour of the potential object is closed, and
bypassing the integration along this contour is done in a
counterclockwise direction. The object size for the function has been
set in the range from 150*50 to 680*200 pixels according to the
original image sizes of the training sample.

The use of the proposed method of control sampling allows to
prepare the tested data set for a relatively short time than in analogues
in a mode close to automatic. In this case, a significant acceleration of
the process of preparing a test data set is achieved. Specific time
characteristics vary depending on the input image size and computer
configuration. Under the conditions of the experiments, it took on
average about 5 minutes to form a control sample. The method of
control sampling formation was implemented by means of Python
programming language using OpenCV, Pillow, etc. libraries.

The next stage was a modified algorithm of image segmentation in
small samples based on ResNet50 and ResNet101 CNN for building a
mask of object regions. The algorithm was modified by using an
artificially increased data set and fine-tuning the algorithm to solve the
task at hand. A two-step approach has been implemented in this CNN.
At the first stage, the input image is scanned and proposals (areas that
may contain an object) are generated. At the second stage, the proposal
is classified and bounding frames and masks are formed.

The R-CNN mask consists of the following structural components:

The base is the ResNet101 standard CNN, which detects low-level
objects (edges and corners) on its earlier layers and detects higher-
level elements (tree, man, building) on its later layers. Passing through
the neural network, the image is transformed from a 1920x1080px x3
(RGB) matrix into a 32x32x2048 map of objects. This feature map
becomes an input for the following network levels. To improve the
quality of object extraction by the network, the Feature Pyramid
Network method was used, which takes high level CNN elements
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detected and transmits them to the lower layers. This allows functions
at each level to access both lower and higher level functions [6-8].

2. A CNN that scans the image in a sliding window mode and finds
areas containing objects. As a result, the network generates: an anchor
class (foreground and background, where the first one implies the
presence of a classified object) and a limiting frame with delta
estimation (percentage relative to coordinate, width, and height
accuracy) to specify the anchor field for better correspondence to the
object [7-8].

3. Classifier and restriction window regressor. This component
generates two outputs for each object: object class and bounding
frame. This frame is necessary for further specification of the object
location and size [7].

Since classifiers do not always handle object size determination,
they usually require objects of a fixed size. For this purpose, an
additional subsample layer (sub-sampling) was used, which allows to
crop a part of the object map to a fixed size.

4.  Segment masks are CNNs that generate masks of objects
selected by the classifier from the previous step. Generated masks have
low resolution: 28x28 pixels. During training, reduced object masks of
up to 28x28 pixels are used to calculate losses, and during output, the
predicted masks are increased to the size of the limiting object frame,
which is the final mask, one per object [7].

The next step is a description of the efficiency evaluation metrics of
the developed CNN architecture, with such calculated characteristics
as: Accuracy (10), Precision (11), Completeness (Recall) (12) and

F score (13):
TP+TN

TP+TN+FN+FP (10)
where the number of true positive predictions (True Positive, TP),

true negative predictions (True Negative, TN), false positive
predictions (False Positive, FP) and false negative predictions (False
Negative, FN),

Accuracy =

TP

Precision = (11)
TTlf+FP
Recall = (12)
TP+FN 1
F _score = 25 PrecisionxReca (13)

Precision+Recall
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Results

Experimental application of developed CNN architecture.

After preparation of a test data set for independent testing of the
new CNN architecture, the main parameters of the evaluation metrics
of the developed CNN architecture were calculated using various data
sets of ultra-high spatial resolution images. The calculations revealed
that the use of artificial increase in the test data set for CNN training
resulted in a 14.5%, 20.4%, and 34.3% improvement in the proportion
of correct responses (accuracy), accuracy (precision), and F-meter
(F_score), respectively.
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