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SECTION 2. Applied mathematics. Mathematical
modeling.

COMPUTATIONAL EXPERIMENT FOR STUDYING COFILTERING OF
LIQUID AND GAS IN A POROUS MEDIUM

Abstract: The paper deals with a mathematical model and results of numerical experiments for studying the
process of "oil-gas-water" mixture filtration in a porous medium to make concrete practical recommendations and
administrative decisions. The developed mathematical support allows to define duration of reservoir operation
time, depending on its length and capacity, number of wells and their production rates. Numerical calculations
defined important parameters of the process their ranges. Results of numerical experiments were presented as
graphics. On the basis of material balance equation there was shown suitability of the developed mathematical
and software for calculation of pressure fields and saturation, as well as for calculating field development
indicators in the "oil-gas", "oil-water” and "oil-gas-water" systems.
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BBIYMCJUTEJIBHBIA SKCNEPUMEHT IS HCCAENOBAHUA ITPOLIECCA COBMECTHOM
OUJIBTPAIINU ) KUJAKOCTEU U I'A3A B ITIOPUCTOMU CPEJIE

Annomayusn. B pabome npusedeHvl MaAmemMamuyeckas MoOelb U pe3yibmamvl  SbIYUCIUMENbHbIX
axcnepumenmos Ha IBM 0is uccredosanus npoyecca puabmpayuu cmecu «He@mv-2az-600a» 6 NOPUCMOU cpeoe ¢
Yenvlo NPUHSMuUsi KOHKPEMHbIX NPAKMUYECKUX PEeKOMEeHOAyull U YnpaeieHueckux peutenuu. Paspabomanmvii
MAMeMamuyecKutl UHCMpYyMeHmapuii no360Jisem onpeoesisims 6peMsi IKCRIYAmayuy niacma 6 3a8UcCUMoCcmu om
€20 ONUHbL U MOWHOCMU, YUCIA CKBAJCUH U ux O0ebumos. Yuciennvimu pacuemamu ObLiU YCMAHOBIEHbL
8adiCHeluUe NaApamempsl UCCIE0YeMo20 Npoyecca U OUand3onvl ux usmeHeHus. Pesynemamvl npoeedenmvix
BbIUUCTUMENbHBIX IKCNEPUMenmos Ha DBM npedcmasnensl 6 ude epapuueckux obwvexmos. Ha ocnoee ypasnenus
MAMEPUAIbHO20 OANAHCA NOKA3AHA NPUSOOHOCMb  PA3PAOOMAHHO20 MAMEMAMUYECKO20 U NPOSPAMMHO20
obecneuenusi Ol pacyemog nojiell OasleHull U HACLIWEHHOCmel, a makKace nokazamenel paspabomku
MECMOPONCOCHUL 8 CUCIEMAX «Hepmb-2a3y, «Hehmb-600a», «He(hmb-2a3-600ax.

Kniouesvle cnosa. mamemamuueckas Mmooenb, HUCIEHHLIL MemoO, GbIUUCIUMETbHLIL IKCHEPUMEHM,
Qursmpayusi, HcuOKoCmo, Hehmo, 2a3, NOPUCMAsL CPedd, PIOUO, NPOSPAMMHOE CPEOCMEO0.

Beenenue KOMIUIEKCHOTO HCCIIEJOBAaHUA OOBEKTa C IIEIBIO
B coBpeMEeHHOM MHpe TakWe IHEPTeTHYECKHUE OTIpeJIeNIeHNs] OCHOBHBIX MTOKa3aTeel He(Tera3oBhIX
pecypchl, Kak HeTh M ra3 UrparoT BEAYLIYIO POIb B MECTOPOXKICHUA M MPHHATUS  YNPaABICHUYECKUX
pasBUTUM  JKOHOMHMKHM  J1000H  cTpaHel. B pemeHnii. B aTOl cBA3M, oOcTaeTcs aKTyalbHOU
3HAYUTENBHOW CTENeHH, MacmTad moTpeOneHus npobiema pa3paboTku HOBBIX u
9HEPropecypcoB  ONpPEAENAeT YPOBEHb pa3BHTHS YCOBEpPLIEHCTBOBAHUS CYLIECTBYIOIIUX
MPOU3BOJUTENBHBIX CHII KaXKJJOTO TOCYAapCTBA. MaTeMAaTUYECKUX MOJeNed U  BBIYUCIUTEIbHBIX
KauectBeHHoe  pasBuTHe  He(TEra3oBOTO QITOPUTMOB Ul HCCIEIOBAHUSA CJIO’KHBIX
KOMIUIEKCa TPAAWIMOHHO CBS3aHO C NPUMEHEHHEM MPOIIECCOB, TPOUCXOAANINX IPH Pa3zHOOOPa3HBIX

METOO0B KOMITIBIOTEPHOT'O MOACINPOBAHUA n
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€CTECTBEHHBIX U  HCKYCCTBEHHBIX  YCIIOBHUSX AITOPUTMBI, OCHOBaHHbIE Ha METOax
BO3JEUCTBHA HA 3aJ1€KU MOJIE3HBIX UCKOMAaeMBIX. nexommo3umuy  3amad s MPI mmatdopwmel.
B JIaHHOM HaIpaBJICHUU paboTarot IIpennoxxeHHple  aNrOpUTMBl  PEATU30BaHbl  Ha
MHOTOYHCJICHHBIE HCCIIeI0BaTENH, KaK B BBICOKOTIPOU3BOIUTENBHON BBIYHCIUTENILHOMN
V30ekucTaHe, Tak W 32 PyOEKOM, KOTOPBIMH YXKE cucreme, komouuupyromeit momHocTr CPU u GPU.
[OJIy4YEHBI 3HAYUTENbHbIC pe3yJIbTaThl T.C. NmankynoB u JK. Axwmen-3aku [4]
MPAKTUUECKOTO U TEOPETUYECKOTO XapaKTepa. paccMaTpUBalOT  JIBYXMEPHYI0  MaTeMaTHYECKYIO
B uactHoctu, ®. boiiep [1] omnuckiBaer MOJIEIIb MHoTro(]a3HO# MHOTOKOMITOHEHTHOM
HEKOTOpBIE AaCIEKTHl MOAETHPOBaHUSA IU(PPYy3HOTO GuUIbTpaMM KUAKOCTH B IDIACTE C  YIETOM
[IOTOKAa HEC)KMMAEMBIX CpENl, COCTOSIIUX M3 TpexX KanWUIIPHBIX u TPaBUTALIMOHHBIX cul,
HECMEIIMBAONINXCS KOMIIOHEHTOB, 0e3 (a30BBIX TEPMOJWHAMHUYIECKUX CBOMCTB (ha3 M KOMIIOHEHTOB.
MIPEBPALEHUM. MonenupoBanue Tpex(aszHBIX Pacger ¢azoBoro paBHOBecHsS  IPOU3BOIUTCA

[IOTOKOB JIOIIOJHEHO IIyTEM BKJIIOUEHUSI CHUCTEMBI
Cahn-Hilliard u ypaBuenmit Hare-CTokca, 1€
MOBEPXHOCTHOE  HATSDKEHHWE  MPUHUMAETCS  BO
BHUMAaHHEC Yepe3 OOBEMHBbIC KAMWUIAPHBIC CHIIBIL.
VYpaBHEHUS] TUCKPETH3UPYIOTCSA 1O BPEMEHH U
MPOCTPAHCTBY, oOOpaiasi BHMUMaHHE Ha TO, YTO
OojblIass dYacTb OCHOBHBIX CBOWMCTB HMCXOIHOM
MOJIETIH, TaKUX KaK COXpaHeHHe oO0beMa M OIIeHKa
SHEPIHH, TOJDKHBI OBITH COXPAaHEHBI Ha JUCKPETHOM

YPOBHE. AnanTHBHBIN METOJ YTOYHCHUS
UCTIONB3YeTCS AJIS MOMYYEHHs PELICHHs Ui OYeHb
TOHKHX  JIBIDKYIIHXCS BHYTPEHHHX CIIOEB,

OTPaHWYMBAs TPH 3TOM 00IIee KOJIMYECTBO Y3JIOB B
CEeTKEe TUCKPETHOW MOJENH.

B pabore [2] mpencraBiseTcs CTaOMIbHAS
YHCIICHHAS cxema JUIst MOJICTTMPOBAHUS
MHOTO()a3HOI0 IOTOKa B MOPHUCTBIX Cpenax, TIe
XapaKTepHbIH pa3mep 00NacTH TeUeHHs COCTaBIISIET
OT MHKPOH [0 MMJUIMMETPOB. YHCIEHHBI METOX
pa3pabotan it 3(PPEKTHBHOTO MOICITAPOBAHUS
MHOTO()a3HBIX TIOTOKOB B IIOPHUCTBIX Cpelax co
CJIOKHBIM XapaKkTepOM JIBI)KEHHS T'PaHHUIBI paszerna
(a3 1 HeperyJaspHBIX TBEPABIX PAHUIL. YpPaBHEHUS

Haspe-Crtokca JAUCKPETU3NPOBAHBI C
HUCIIOJIB30BAHUEM  II0JIXOJa  KOHCYHOI'O o0Bema.
KanpmnﬂpHme CHJIBI BBIYUCIIAKOTCA C
HCIIOJIb30BAHHUEM MOJCIIN HOHprOHHHaeMOﬁ

MOBEPXHOCTHOI CHJIBI, B KOTOPOH 00sacTh mepexoa
Ui KanWwuUIIpHOTO  JaBieHus  3(QexTuBHO
OTpaHHYEHA OJHUM Vy3JIOM CeTKH. OTa HOBasd
(hopMynHpOBKa BMeCTE C ABYMS HOBBIMH METOJAMH
¢unbTpanuy, pa3pabOTaHHBIX JUIS  KOPPEKLHUH
KalWUIIPHBIX ~ CHJI, MO3BOJISIET  TIPOBOJMTH
MOJICTIMPOBaHNE TIPH OYCHb HU3KUX KAIMUIIPHBIX
yucnax W u30eratb  HaNMWMUMS  HE(PU3UUECKHUX
ckopoctedl. KamwiispHble CHiIbl pealu3yloTcs C
HCITIONIb30BAaHUEM IIOJIYHESIBHBIX KOMIIO3MIUH, YTO
MO3BOJISIET 3a/1aBaTh OOJNBIINE pa3Mephl BPEMEHHBIX
[IaroB MpU MaJIbIX KaMWUIIPHBIX Yuciax. ToYHOCTH
1 CTa0MILHOCTh YHCIEHHOTO METOJa IMPOBEPEHBI Ha

HECKOJIbKMX  TECTOBBIX  3ajJadaX, pe3yJbTaThl
pelIeHrsT KOTOPBIX YKa3blBalOT Ha IMOTCHIIMAI
MeTola  JAjs  MPOTHO3UPOBAHUS MIPOLIECCOB
MHOT'0()a3HOTO MTOTOKA.

A.B. DenaeBeim [3] pemena 3agaua
MHOTO(a3HOW  (UIBTPAIIMK  JKHIKOCTEH  IpH
HAJIMYUU  CKBAXUH. ABTOpPOM  IPEICTABIIEHBI

aBTOpaMU C MHCIIOJIb30BAaHUEM METOJa KOHCTAaHT
(dazoBoro paBHOBecus. IIpeanokeHHass MOIENb H
QITOPUTM €€ pEelICHUs pealu30BaHbl B BUJE
MIPOTPAMMHOT0 cpencTaa IS MIPOBEJICHUS
BBIYHCIIUTENBHBIX dKcIepuMeHToB Ha OBM. B xoze
pacueToB OBUIM TMOJYYCHBI TMOJSI paclpeneieHUi
JMABJICHUSI M HACBINICHHOCTH (a3, W3MEHCHHS
IJIOTHOCTEM, KOHLEHTpPAlMKU KOMIIOHEHT B BOJHOW,
HeTSIHOI 1 Ta30BOM (ase.

UwcneHHBI METOH peIIeHHsI 0OpaTHOH 3amadn
ompeneneHus JeOUTOB CKBAXHH 110 3aJaHHBIM
3a00WHBIM [aBICHUSM JUII MHOTOMEpPHON MOJICIH
TEUYeHUs CIab0CKUMAeMO JKUAKOCTH B YIPYTo-

neopmupyeMoil  TOPHUCTOM  Ccpeae  NpeluIoKeH
aBTOpamMH  paboThl [5]. ANNPOKCUMALMIO IO
MIPOCTPAHCTBEHHBIM MepEeMEHHBIM aBTOPHI

BBINOJIHSAIM METOAOM KOHEUHBIX 3JEMEHTOB, UTO
MO3BOJIMJIO  MCIIOJIB30BaTh HECTPYKTYpUPOBAHHEIC
CETKHU co CTyIIEHHEM B OKPECTHOCTSX
pacIioNOXeHHUsl CKBaXHWH. A JUCKpETH3alHs II0
BPEMEHH IIOCTPOEHA C HCIOJIb30BAHUEM HESBHOM
Pa3HOCTHOH anmpoKcuManui. ABTOpPaMH ITPHUBEICHBI
pe3yNbTaThl YUCICHHBIX PEIICHUH I TBYMEPHOH U
TPEXMEpPHOH MTOCTAHOBOK YKa3aHHOMU 3a/1a4uu.

H.P. barpakoB u ap. B crathe [6] mpuBOIAT

MaTEeMaTHYECKYIO MOJIeNb TpexdazHoi
TPEXKOMITOHEHTHOM ¢bubTpanum CUCTEMBI
«CBEPXKPUTHYECKUN ¢uron-Boaa-HeTh» B

JIuanazoHe mnpoHumaeMmocteil mracta Mmenee 0,01
Hapcu, npu o0BoaHeHHOCTH Iacta Oonee 90 %,
Bsizkoctd Hedtu Oonee 60 mlla. IIpemnoxenHas
aBTOPaMH MOJICNIb OITMCHIBAET MPOLECC BBHITECHEHHS
He()TH N3 0OBOIHEHHOTO IUIACTA CBEPXKPUTHIECKUM
JMOKCHIIOM YTJIEpOAa ¢ y4ETOM HAJIUYUs IIOPOTOBBIX
OTPaHWYEHUH,  CBOHCTBEHHBIX  TPaJUIHMOHHBIM
METO/IaM yBeJIHUIeHUs HedTeoTnaun.

M.A. TpanesnuxoBa, H.I'. Uyp6anosa u A.A.
Jroma  mocBaTMIM  paboty  [7]  pasBuTHIO
MaTeMaTHYeCKON MOJICNIN TeUCHHsI CI1a00C)KUMAEMOit
KHJKOCTH B IOPHCTOM cpelie, IMOCTPOCHHOH 110
aHAJIOTUM C KBa3WTa30JUHAMHYECKOM CHCTEMOM
ypaBHeHHHA. Mogens o0oOmeHa st ciydas
Tpex($a3HOH >KHUAKOCTH W JONOJHEHa ypaBHEHHEM
COXpaHEHMs] SHEPTUH, YTO IO3BOJIIET MCIIOJIH30BAThH
ee pu MO/JIETUPOBAHUN MepPCIIEKTUBHBIX
TEPMHYECKUX METOJI0B He(hTe100BIUH.
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A4, HWcynmoBeim wu gp. [8] umcieHHO MopenupoBaHie HECTAMOHAPHOTO TEUCHHS

WCCIICIOBAaHbl IPOIECCHl TEUYEHHs MHOTro(ha3HOH
JKUJKOCTH B CJIOHUCTOM IMOPHUCTON cpele ¢ y4eToM
KaNUJUISIPHBIX u I'PaBUTALIMOHHBIX CHIL
IIpennoxxeHHbIe aBTOpaMHU BBIUUCIIUTEIIbHBIE
ITOPUTMBI  OBIIM  anpOOMpPOBAaHBl Ha TECTOBBIX
3aJadax O JBYX- U Tpex(asHbIX TECUCHUSX.
OnucaHHBI B yKa3aHHOW paboTe IMOIXOJ MOXKET
OBITH WCIIOJIB30BAaH JJISI PELICHHS HKOJIOTHYECKUX
3amad, CBSA3aHHBIX C 3arpsA3HEHHEM II0YBHI U
TPYHTOBBIX BOJ BCIIC/ICTBHE pas3nmBa
HEPTENPOIYKTOB U APYTHX 3arpsI3HATENCH.

K.IO. bBoraueBeiM B wuccienoBanun [9]
TIpeUToKeHa MaTeMaTHIecKas MOJIeNb
TPELIMHOBATOCTH, BO3HMUKAIONIEH BOKPYTI CKBa)KUH
IpY MPOBEIEHUH TUAPABINYECKOr0 pa3pblBa IUIacTa
N npu MPCBLIICHUN JaBJICHUA 3aKa4yKu.
BpruncnuTenbHpId  aNTOPUTM  pEILICHUA — 3aJadud
paspaboran ans ruOpugHo MPI  mmatdopmbl.
PesynpTathl 9KCIIEPUMEHTOB Ha KJIacrepe
JIEMOHCTPHPYIOT YCKOPEHUE perIeHus Oojiee 4eMm B
50 pa3, MO CpaBHEHHWIO C MOCJIEJOBATEIEHBIM
anroput™MoM. [lomydeHHBIE aBTOPOM Ppe3yIbTATHI

MHOTO()a3HOTO TTOTOKA — «HE(Th-Ta3-BOAa» B IIACTE
U CKBaXHMHE IIPU paboTe Hacoca paccMaTpHBacTCs B

[10]. ABTOopbl mNpUHUMAIOT TEYEHHE B IUIACTE
omHO(MAa3HBIM, ¥  YYUTHIBAIOT  OTHOCHUTEIILHOE
JBIDKCHUEC KOMIIOHCHTOB MHOTO(GA3HOW  Cpejpl,

TEeIJIO- U MaccoOOMEH, a TaKXKe PEXHM TEeueHHs.
[IpuBeneHsl NpUMEpPHl WCIOJIB30BAHUS MOJIENHN IS
WLTIOCTPAIHH HECTAllMOHAPHBIX 3¢ peKToB,
BO3HHUKAIOIIKX B Iporiecce TOOBIYN HEPTH.

AHanu3  BbINICYKa3aHHBIX  HCTOYHHKOB W
IpYyruX Hay4YHeIX pabOT TOKa3al, d9TO B
HCCIECIOBAaHMUAX  IPAKTHUECKH HE  PacCMOTPEH
MIPOIIECC ABYXCTOPOHHETO BBHITECHEHUSI HE(YTH ra3oM
U BOJIOH, B pe3ysbTaTe KOTOPOTO 00pa3yroTCsl 30HBI
YHUCTOTO Ta3a, CMECH «HE(Tb-Ta3-BOAa» M YHCTOMN
HedTu. B HacTosmed paboTe NpeanpHHATHL YCHITHS
JUTSL BOCTIOJTHCHHUS JAHHOTO TIpo0era.

IHocranoBka 3a1a4n

Jns pa3paboTku n MIPOEKTUPOBAHUS
He(TEera3oBbIX MECTOPOXICHUH M  OIpPEACICHHS
OCHOBHBIX ITapaMeTpPOB WX 3HAYCHUH, HEOOXOIUMO

MOTYT OBITh HCHONB30BAaHBl ITIPH  YHCICHHOM paccMOTpeTb COBMECTHYIO (HIBTpanuro HedTH,
pelIleHHH  3ajad  pa3pabOTKH  YIIEBOJOPOJHOTO BOOBl W Tra3a B TOPUCTOH cpeme, KOTOpas
CBIpbsl, @ TaKKe NPH PELICHHH JPYTUX CHCTEM OIMCHIBACTCS CIEAYIOMEH CHCTEMOH HEIMHEHHBIX
YpaBHCHHI B  YACTHBIX  MPOMU3BOAHBIX  HA muddepeHInanbHbIX ypaBHEHUH B Oe3pazMepHOM
napaniensHsrx 9BM. BUJIE!

0 oP, 0 oP, © 0

—(Kr )+ —=(Kp —) =—(PSp) + B (Sy; + Bgy Sp)

oX ox oy oy ot ot

0 oP, 0 oP OSy

—(Ky )+ (Ky—)=B—~

OX ox’ oy oy ot

CO CJIEAYIOIMMHA HaYaJIbHbIMU

0 oP

—(Kg —

OX ox’ oy oy
Sy+Sg+Sp =1

)+ 2 (K Ty =g
Hr

0S
ot

P(x,y,0) = P°(x,y), S,(x,¥,0) =S (x,y),
S, (X, ¥,0)=S5(X,¥), S.(xy,00=S7(X,y), (x,¥) G,

TPpaHUYHBIMU U BHYTPEHHUMU YCIIOBUSAMU

oP

S B(P-P)=0, xyeTl,
a@n B( k) ye

ZEQRijKZ—:dO'=qj, j=1n,

Trae
K :KH +A‘HKFP+ABHKB’ A"H =

Hckomast ¢pyHKIUS UIeTcst B 00JacTH N3MEHESHUS

Q={0<x<Pu{0<y<lfu{0<t<T}, t

3neck K Kr, K u M Hr Mg, -
COOTBETCTBEHHO  (ha30Bble  MPOHHIIAEMOCTH  H
Bs3kocTH HedTH, raza u Boabl, P - naBneHue;

P,
p RZTu '

_PH, P, RZT ~ p_B
BH P, ! PH " TeH D
P
_ P KRZ'IZ' .
mu, L

Su.Sr, S
ra3oM W BOjoW; M - mopuctocTh; K - abcomoTHas
MIPOHHUIIAEMOCTH TOPOJBI; O - KOHTYpP CKBa)KUHEI,

HACBIIICHHOCTHU TOPOJbI H€(1)TIJO u
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I'- rpanmmna mnacra; Py - maBieHHe Ha rpaHHIE OBITh pacCMOTpEeHa KaK COBOKYIHOCTh Y3JIOB
miacta;  P°(X, ), Se(x,y), S°(xY), S°(xy) - ceMeiicTBa INpPAMBIX  JTHHHUH Gij=LN, -
COOTBETCTBEHHO HayaJabHOE pacmpezeneHue napaienbbix ocn OX mim Kak COBOKYIHOCTB
AaBIICHN, HE(TCHACBILCHHOCTEH n Y3710B CeMEHCTBA MNPAMBIX JMHUH Cy ; =1L N; -

ra30HACHIIICHHOCTEH; N-  9HCIO  CKBaXHWH;

Prs Pus Py - COOTBETCTBEHHO IUIOTHOCTH ra3a, HehTh

1 BoAbl; R - ra3oBas mocTosHHas; T - aOCOJIIOTHas

TeMneparypa; Z - CXHMaeMocTh rasza; P,

Ha4yaJIbHOC IJIaCTOBOC JAaBJICHUC.

OtHOcuTeNbHBIE  (Da30Bble  MPOHUIIAEMOCTH
ABJSIIOTCS.  (YHKIMEH  JBYX  HachIIEHHOCTEH
K (5 ,S) K.(5 ,S)K( ,S) u

H H r H r B H r

OIIPEJIETSAIOTCSl HA OCHOBE MCTOPUM Pa3pabOTKU HIIH
00pabOTKOM PE3yNbTaTOB IKCIIEPHMEHTA.

JU1s anmpoKcHMaluy KpaeBoil 3ajavyd BBEAEM
HPOCTPAHCTBCHHYIO u BPEMCHHYIO CEeTKH
CIICIYIOIIM 00pa3oM:

©h by :{Xi =X +hy, i:l'_vayi :yi—1+hj: j=3L,—Ng},
o = {t =ta + 7 k=12,..}.

31ech h;,h i - 3HAYECHUS 1IarOB
NPOCTPAHCTBEHHOM CETKH, COOTBETCTBYIOIIHE Y3IIy C

KOOpAUHAaTaAaMU Xi’Xj; Ty - 3HA4YCHU:A IIara CCTKH

JUisi MOMeHTa BpeMeHu t,. byaem cuurarh, 4TO

BHEIIHSS TpaHula o0macTd  (QUIBTPAIUU MOMKET
OBITh aNMPOKCUMHUPOBAHA B CTYNEHYATOM BH/E.
Torma nuckpeTHas o0JaCTh (GUIBTPAIUH MOXKET

napasiensHex ocu OY,

Meton penieHus 71 o0cy:Knenne
pe3yabTaToB. s pemeHns 3agaddl MPUMEHSEM
CXeMy TPOJOJFHO-TIONEPEHYHBIX HANPaBICHUNH W
MOJy4eM  CHUCTEMBI  YpaBHCHHA B  KOHCYHBIX
Pa3HOCTSAX JI BHYTPCHHUX Y3JIOB JIUCKPETHOM
obOmactd  (QWIBTpPAllMM HA MOPSIMBIX, KOTOPBIC
pewatotcst MeronoMm mporonku [11-14]. Tak xkak
3a/jauya HEJIWHEHHAs, TO Ui PCIICHHS UCIOJIb3YeM
UTECPAIOHHBIN METOJ, & CXOIUMOCTh MPOBEPSEM C
TTOMOIIIBIO

max pij(3+1) _Pij(S) <e,
j

rae S -HoMep UTepaluH, & -3a/laHHasi TOYHOCTb.

Ha ocHOBe yKa3aHHOTO alropurMa ObLIO
pa3paboTaHO NPOrPaMMHOE CPEACTBO Ul aHAIN3a
JMHAMHUYECKOTO COCTOSHHS OOBEKTa C Y4YeTOM
COBMECTHOTO [IBIDKCHHUS Tpex(asHoH cpensl NpH
Pa3INIHBIX YCIOBHSIX (GYHKIIMOHHPOBaHUS
IUIACTOBOM CHCTEMBI.

Pe3ynpTaTbl NPOBENCHHBIX BBIYHCIUTEIBHBIX
sKcrepuMeHToB Ha OBM npuBenens! Ha puc. 1-6. B
pacyerax nNpuHAMaK 001acTh GuibTpanuu B hopme
KBaJpara, Kpyra u JJUIMICa npu 5
(YHKIHMOHHUPYIOIINX CKBaXKMHAX.

Pag21
PAAl6
= Prall
S panb Y 085

Paa21
=77 panl6
Paatl
=7 Putby

Az Paa & ’ Py
111315 17 19 791113151719
X X

Pap21
77/ panl6
77 Pl
: PAab y
7 =
1357 9nn15119y

x

! :
P57 035y
x

a)mpu 7 =132 cyT. 0) mpu 7 =332 cyT.

B) mpu 7 = 532 cyT. r) mpu 7 = 732 cyT.

Pucynok 1 - Tpexmepuasi Bu3yaju3anus nepepacnpenejieHusi TaBJIeHUs ra3a B IUIACTe 0 BpeMeHH
(xoraa o0JacTb KBaapar).
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a) opn 7 =132 cyT. 6) npu 7 =332 cyT. B) mpu 7 = 532 cyT. r) mpu 7 = 732 cyT.

Pucynok 2 - TpexmepHasi BU3yaau3anus nepepacnpenejeHusi 1aBjJeHus ra3a B 1J1acTe Mo BpeMeHH
(xoraa o0J1acTh KpYyr).

at

Paal L o Prat
1357 9315749 1357 9nni1sy19y 1357 9115y 1357 9nni15y499p
x

a) mpu 7 =132 cyT. 0) mpu 7 =332 cyT. B) mpu 7 = 532 cyT. r) opu 7 =732 cyT.

Pucynok 3 - TpexmepHasi BU3yaJjm3anus nepepacnpeaeieHusi 1aBJIeHUs ra3a B IUIACTe N0 BPeMeHH
(xoraa 00/1aCTh JIHIIC).

Kax BugHo u3 pucynkoB | — 3, 3HaueHue ¢unbTpanuy, a YMEHbIIICHUE JIaBJICHUS
JIaBJICHUS Ta3a  BOKPYT  CKB@KHHBI  IUIABHO pacrpocTpaHseTcss B paccMaTpuBaeMoi oOmactu ¢
YMEHbBIIAETCSI IPU  TOCTOSTHHOM  KO3(hHIHECHTE TE€YEHHUEM BPEMEHU.

1357 4 nat
911 9111315 17 49
x

0 Paal
315 17 19 1 1719 21

x x

a) mpu 7 =132 cyT. 6) mpu 7 =332 cyT. B) mpu 7 = 532 cyT. r) mpu 7 =732 cyT. |

Pucynok 4 - TpexmepHasi BU3yajau3anus nepepacnpeneieHusi 1aBjieHAs] He()TH B IUIACTE IO BpEMEHH
(xoraa o0JacTb KBaapar).
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P Pral
1357 9113151719 1357 91131517199
x x

a) mpu 7 =132 cyT. 6) mpu 7 =332 cyT.

pant paa
Y35 7 9 mnisygy 1357 9113151494

B) mpu 7 = 532 cyT. r) mpu 7 = 732 cyT.

Pucynok 5 - TpexmepHasi BU3yaju3anus nepepacnpeneieHusi 1aBjieHAsI He()TH B IUIACTE 0 BpeMEHH
(xoraa 00J1acThb KpYyr).

Paab y

7 [
1357 915179y
: x

a)mpu 7 =132 cyT. 6) npu 7 =332 cyT.

= [
1357 9nun15149y
x

B) mpu 7 = 532 cyT. r) opu 7 = 732 cyT.

Pucynok 6 - TpexmepHas BU3yaau3anus nepepacnpeaejeHusi 1aBjaeHusi HegTH B miacte no BpeMeHH
(xoraa 00J1acTh JIHIIC).

U3 pucyHkoB 4 — 6 ciegyer, 4ToO [JaBJeHHE
HeTH  BOKpYr  CKB&XHMHBI  TakXe  IUIABHO
YMEHbINAETCSI IPU THOCTOSIHHOM KO3 HIUECHTE
¢dunbTpanuy, u YMEHbILICHHE JIaBJICHUS
pacnpocTpaHseTcs B paccMaTpuBaeMod o0JlacTH c
TEUEHHEM BPEMEHH.

3akiouenue
BrraucnuTenbHBIMU JKCIIEPUMEHTaMHU
ONpEJeNIEHbl  OCHOBHBIE  IMapaMeTpbl  Ipolecca

dbunbTpanuu cMecu «He(PTh-Ta3-BOJa» B MOPHUCTOMH
Cpelie ¥ IUara3oHbl UX H3MEHEHUS, YTO MOXKET OBITh
WCIONBb30BAaHO C  UENbI0  MPOEKTUPOBAHHUA U
pa3pabOTKH YTIIEBOJOPOIHBIX MECTOPOXKACHHHA MPH
HEeyCTAaHOBUBILEHCS  GUIbTpauuy  (QIIOUIOB B
MOPUCTBIX Cpeax.

[IpoBeeHHBIMU YHUCIICHHBIMH pacyeTaMd Ha
OBM ycTaHOBJIEHO BpeMs HKCIUTyaTalMd IUlacTa B
3aBHCUMOCTH OT JIJIMHBEI M MOIIHOCTH IIJIACTa, YHCIIa
CKBaXUH U UX JI€OUTOB.

Amnanus PEe3yNbTaToOB BBIYUCIUTEILHBIX
SKCIIEPUMEHTOB ~ MPU  UIUPOKUX  WU3MEHEHHUSX
(GWIBTPALMOHHBIX — MMApaMeTPOB  JUISI  PEIICHUS
Ppa3TUYHBIX TECTOBBIX 3aja4, [MOKa3bIBAECT
aJIEKBaTHOCTh MIOCTPOEHHBIX MaTeMaTHYECKUX
MoJIeJIeH, CXOJIUMOCTH " YCTOHYMBOCTH
ITOCTPOCHHBIX BEIYUCIUTEIHHBIX alTOPUTMOB.

PesynpraThl  MOATBEPXKAAIOT  IPUTOJHOCTD
AITOPUTMA H TPOTPAMMEI U PACYETOB TMOJEH
IaBJICHUM ¥ HACBHIIICHHOCTCH, a Tak)Ke IToKa3aTeliei
pa3paboOTKh MECTOPOXKICHHI B CHCTEMaxX «HEe(Thb-
ra3-Bojay.

Pa3pabotanHpie  MaTemMaTH4ecKass  MOJEIb,
BBIYMCIUTENLHBI ~ QITOPUTM U MPOTPAMMHOE
CPEIICTBO MOTYT OBITh HCIIOJIE30BAHBI I aHAJIN3a
(YHKIIMOHUPOBAHUS, ONCPATHBHOTO YIPABICHHUS H
MIPOTHO3UPOBAHUS paspaboTku He(Tera30BBIX
MECTOPOXKIEHUN  MpH  Pa3IMYHBIX  YCIOBHUSX
BO3JICHCTBUSL Ha IUIACT W MPHUHATHS KOHKPETHBIX
MPaKTUYECKUX PEKOMEHJaIHi.
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of the formation of a balanced bilingualism in children for the development of bicultural personality and the need
for consultation and preventative work with parents of children with different motives and attitude to the
preservation of the Russian language in their children are discussed.

Key words: bilingualism, bicultural personality, culture, speech, language, language competence.

Language: Russian

Citation: Chernov DN (2017) SOCIOCULTURAL CONDITIONS OF LANGUAGE ACQUISITION IN A
SITUATION OF EMIGRATION. ISJ Theoretical & Applied Science, 05 (49): 8-13.

Soi: http://s-0-i.org/1.1/TAS-05-49-2  Doi: &os¥ef https://dx.doi.org/10.15863/TAS.2017.05.49.2

COLMOKYJIbTYPHBIE YCJIOBUS OBJIAJEHUSA A3BIKOM B CUTYALIUN DMUT'PALIUN

Annomayusn: B pabome npoananuzuposanvl COYUOKYIbMYPHbIE MAKPOYCIOGUSL JHCUSHU CeMel HeMEeyKux
nepecenenyes uz Kazaxcmana ¢ I'epmanuu, Komopvle ompajicaiomcs. Ha mpyoOHOCMsX He MOAbKO 6 COXPAHEHUU
PYCCKO20 SI3bIKA U PYCCKOS3LIYHOU KYAbMYPbL Y Oemell U3 cemell nepeceneHyes, Ho U 8 081a0eHUU UMU HEMEYKUM
sazvikom. OQbcyscoaemes poib PopmMuposanusi COAIAHCUPOBAHHO20 OUIUHeBU3MA y Oemell OJii CMAHOBIeHUs
OUKYIbMYPANLHOU JTUYHOCMU U HE0OX0OUMOCTb KOHCYIbMAYUOHHO-NPODUIAKMULECKOU pabombl ¢ pooumensimu
oemetl, UMeIWUMU PA3HbIE MOMUBHL U YCIMAHOBKU HA COXPAHEHUE PYCCKO20 A3bIKA Y CEOUX Oemell.

Kniouesvle cnosa: OununesuzM, OUKYILMYPATbHAS —JIUYHOCMb, KYAbMYpd, pedb, S3bIK, S3bIKOGAs
KOMNemeHyusl.

Introduction

OpHO¥ W3 BaKHEHIINX MPOOIIEM COBPEMEHHOM
HNCUXOJIUHTBUCTHKH SIBIIIETCS H3y4eHHe
CTaHOBJIEHUsI peud y JieTeil B OMIMHIBaJIbHOI cpere.
HenocrarouHo M3y4eHbl COLUOKYJIBTYPHBIE YCIOBUS
COXpaHEeHMs y peOeHKa POJHOTO SI3bIKa POAUTEINEH B
curtyauuu smurpauuud. @dopmupoBaHue y JeTel
3HaHWUSI HECKOJBbKHUX SI3bIKOB IIO3BOJISIET Pa3BUTh
TOJIEPAHTHOCTh K Pa3iIu4HbIM KyinbTypaM. Ecnu netu
— TOTOMKH SMHUTPAHTOB, TO COXpaHEHHE y peOeHKa
S3bIKAa CTPaHbl, M3 KOTOPOH MpHUEXalu POAUTEINH,
MO3BOJSIET BOCIUTATh MHTEPEC K KyIbType AAHHOU
CTPaHBI, chopMHUpOBATH OMKYIBTYpaIBHYIO
JUYHOCTh — JIMYHOCTb, B KOTOPOH COCYLIECTBYIOT
¢opMBl  IBYX  pasIMYHBIX  KynbTyp. Kakablid
WHJIMBH], SBISIOMINICS CyObeKTOM Oojiee ueM JBYX
KyJbTYp, TEM CaMbiM OOOTaliaeT CBOW JTyXOBHBIH
MHup, peas poOIeMBI COTIPSIKEHUS

pa3IMYaroUXCcsl LEHHOCTEH, YCTaHOBOK, 3HAHUM,
Tpagumuid u  T.J. OpHaKO 4YacTo OCOOEHHOCTH
COLMOKYNBTYPHO! CUTyallUM Pa3BUTHs TaKHUX JETeH
MPEMsATCTBYIOT (hopmupoBaHHUIO y HUX
nosnHoueHHoro OwnuHreu3Ma. Kak yxaseiBaer H.B.
MuxaitnoBa: «CHTyanus >MHIPAIlM SBJISETCS JUISA
YeJI0BEKa 9KCTPEMAJIBHO, OHa Tpebyer
IICUXOJIOTUYECKON  TOTOBHOCTM K  JKU3HM B
COBEPIIEHHO HOBBIX COIMANBHBIX YCIOBUAX» [1, c.
26]. Apanranus K CUTYyaluu SMUTpaluu
OCIIOXKHSAETCS ~ IUIOXUM  3HaHMEM  f3bIKa, YTO
OrPaHUYUBAET BO3MOXHOCTHU TPYAOBOM
JedarenbHOoCcTH W obOmeHus.  CrankuBasicb  C
TPYAHOCTSMHU aJalNTallud K  COLMOKYJIbTYPHBIM
YCIOBHMSIM >KM3HM B HOBOH CTpaHE, IepeceeHIb
3aMBIKAlOTCAd B PaMKax IMAcIOpPbI, YTO HETAaTUBHO
CKa3bIBACTCSl HA YCBOEHUM M s3bIKa NPUHUMAIOLIEH
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CTOPOHBI, W COXPaHEHHH PpOJHOTO s3bIKa. OTa
npoOJieMa aKTyalbHa I Ka3aXCTaHCKUX HEMIIEB.

Materials and Methods

B mame#t pabote MBI IpOaHATU3UPOBAIN
MaKpOCTPYKTYpHbIE OCOOEHHOCTH COLMOKYJIbTYpPHOI
CUTyallUd COXPAHEHUS PYCCKOTO SI3bIKa y AeTel U3
ceMell HeMmeLkux mepeceneHneB u3 Kazaxcrana,
npoxuBaroumx B I'epmanuu. s smoupudeckoit
MPOBEPKH HMMEIOLINXCS JUTEPATYPHBIX TAHHBIX MBI
WCTIONB30BAIM  Pe3yibTaTel ompoca 60 Mareped,
Ka3axCTaHCKUX HEMOK B Bo3pacTe oT 22 1o 35 ner, B
OCHOBHOM, TMpOXHBalOMUX B 3emie banen-
Broprembepr, momydeHHblE ~HaMH B XOJ€
UCCIICIOBAaHUS KauecTBa PYCCKOM peud MIIaLINX
JIOIIKOJIbHUKOB U3 3THX ceMel [2].

Eme JI.C. Brirorckuil ykasslBal Ha TO, 4YTO
HEBO3MOXXHO  TIOHATh, Kakoe 3HAa4yeHHe  JUIA
MICUXUYECKOTO Pa3BUTHA peOCHKa UMEET NBYS3bIUUe
06e3 aHaiM3a KOHKPETHBIX YCIOBHH, B KOTOPBIX
npoucxonut passutue pedenka [3]. Ilo MHeHHIO
A.A. 3aneBcKOM COBPEMEHHBIE [aHHbIE H3Y4YEHUS
OWnMHTBH3Ma  HE  MOTyT  OBITh  A/IE€KBAaTHO
MPOMHTEPIIPETHPOBAHbl 0€3 BKIIOUCHHS B JIOTHKY
aHaMM3a  «BHEIIHUX»  (COLHMOKYJIBTYpPHBIX) |
«BHYTPCHHHX» (TICHXOJIOTHUECKNX) (hakTopoB [4].
Takas MO3ULIUSA HEU30ekKHO MIPUBOAUT
uccienoBareils K HEOOXOOUMOCTH — U3y4EHUs
peOcHKa-OMIMHTBA KaK Pa3BUBAIOINCHCS JIMYHOCTH U
cy0ObekTa B KOHKPETHBIX  COIIHMOKYJBTYPHBIX
YCIOBHAX U aHAJIN3a 3TUX YCIOBUIL.

B Hacrosimee Bpemsi B ['epmanHum mpoxuBaeT
JOCTaTOYHO MHOTO Ka3aXCTaHCKHMX HEMIEB. TolbKO
B nepuog 1990-1998 rr. I'epmanus npunsina 275
TBIC. IepeceeHlleB  —  PYCCKHMX  HEMIEB
(Spdtaussiedler — «O3MHUX TEPECENCHIEBY) B
Bo3pacte 15-25 mer, koTopbie ciabo BIaIeH
HEMELKHUM SI3BIKOM, HHTETpals HX B HEMEIKOe
0OILIECTBO JI0 CHX TIOP OCTAeTCsl OOJNBLHBIM BOIIPOCOM
[5]. Ha 1999 r. B I'epmaHmM 3aperucTpupoBaHO
OoKoJ0 1 MIH. pyccKux HeMmIeB-TiepecesieHreB [1].
Ilo mocnenHum naHHbIM B ['epMaHuu IPOXKHUBAET
okosno 750 Thic. KazaxcraHckux HemieB [6]. C
HayaJloM MX MaccoBOro TNpHObITHA B IepmaHnuto,
BO3HHMKJIA ITpodieMa: IpH He0OXOIUMOCTH U3YIEHUS
HEMEIIKOTO SI3bIKa M MOCJIEAYIOMEH aKKyJIbTYpaluu
3HAYUTENbHAasl YacTh pPENaTpHaHTOB CTPEMUIIACH
COXpaHATh KyJIBTYPHBIC Tpaguuuu ObIBIIeil PonuHbI
U KyJIbTHUBUPOBAaTh PYCCKUH A3BIK y cBouX zaereld. 1o
pe3yabpTaTaM MPOBEICHHOTO HAMHU OIPOCa MOJIOIBIX
MaTepen-HeMOK, 3MuUrpupoBaBmnx u3 Kaszaxcrana,
66,7% pECHOHACHTOB yKa3alld, 4YTO JKEJNaroT
COXPaHHUTDh PYCCKHM S3BIK Yy AeTeld. OHAKO MPUYHHBI
3TOTO JKETaHUS PA3HOOOPA3HBL: OT YHPOILEHHS
BHYTpECEMEHHOro  OOWIeHUs! (POXUTENN  IIJIOXO
BJIAJICIOT HEMEIKUM s3bIKOM, 30%) 10 CTpemiieHHS
NPUBUTH  PEOCHKY  PYCCKOS3BIUHYIO  KYJIbTYpY
(36,7%). Kirouom K  TOHMMaHHIO  TaKUX
Pa3sHOYPOBHEBBIX MOTHBOB MOKET CTaTb H3y4€HHE

0COOCHHOCTEH COIMOKYJIBTYPHOH MaKpOCUTYalllH, B
KOTOPOH COXpaHseTCsl PYCCKUH S3BIK B CEMBAX
Ka3aXCTaHCKHUX HEMLIEB, MIPOKUBAIOLIUX B
lepmanuun. 3TO0 HEOOXOMUMO IS BHIPAOOTKH
NMPaBWJIBHOW  TMO3WIUM B KOHCYJNbTAllMOHHO-
MpOoGUIAKTHIECKOW PabOTe ¢ TaKMMH CEMBSIMHU C
LeJbl0  YCHEIIHOM  aKKyJIbTypallUd B  HOBOM
conuyme. BakHO TOHATH, HE TOJNBKO TO, B KaKUX
COLIMOKYJIbTYPHBIX MaKpOYCIOBUAX CEMbU
pa3BUBacTCs ACTCKUM OWIMHTBH3M JeTeH W3 ceMeit
Ka3aXCTaHCKHUX HEMIIEB, MIPOKUBAIOLIUX B
I'epmMannn, HO M MNpPOAHANU3UPOBATH, B KaKHUX
COLIMOKYJIbTYPHBIX ~ MAKpOYCJIOBHUSIX  pa3BUBaJICA
OWJIMHTBU3M ponuTeneii »Tux nereit B Kazaxcrane.

[TosiBnenue 9THUYECKUX HEMIIEB Ha
Tepputopun  Kazaxcrana OBUIO CBS3aHO Kak C
€CTECTBEHHOM MHrpamued, Tak M C MacCOBOM
nenoptanueit B Hadane 40-x rr. XX B. Jlenmopranus
MpHUBEIa K YBETUYCHUIO YHCIEHHOCTH HEMIIEB Ha
tepputopuun Kazaxcrana B gecsitku pas. [lo naHHbIM
MOCJIEAHEN Nepenucu HaceleHHs, MPOBEACHHON B
Coserckom Coroze B 1989 r., B Kaszaxcrane ObLIO
3apErucTpUPOBAHO 957 518 MIOCTOSIHHO
MIPOKUBAOLIUX HEMIIEB [7]. IIpu TaKou
BHYIIMTEIbHOW YHCJIEHHOCTH KYJbTypa HEMIIEB
Kazaxcrana oxazajmacb IJIOXO U3ydeHHOl. B
COBETCKOE BpeMs OeTHOCTh 3HAHHH O KYJbTYpe 3TOMH
STHUYECKOH TPYIIIIBI Obl1a 00ycioBJeHa
HUJEONOTHYECKUMHN  mpuunHamMu. OJHaKo  Takoe
MOJIOKEHUE COXpaHseTcs U B  COBPEMEHHOM
nocrtcoBerckoM Kazaxcrane [Tam xe]. HMmeHHO
HAIlMOHANIBHAsT ~ KYNIbTypa  SBIAETCS  CIOCOOOM
coxpaHeHHs ¥ (OPMHUPOBAHUS  HAMOHAIBHOU
WOCHTUYHOCTH, LEHHOCTEH M  HPABCTBEHHBIX
HWJCAJIOB, IMO3BOJISIET PEryJUpOBaTh  MBIILJICHUE
OTJECNBPHOTO CYOBEKTa W CTPOUTH OTHOIICHHS C
JPYTMMHM 3THUYECKHUMM rpynnamu. S3bIk sBisieTCs
BOXXHEHIIUM  CpPEICTBOM  BOCIPOM3BOJACTBA  H
0011euenoBeuecKkoil KynbTyphl, U HAI[MOHAJILHOU, B
gacTHOcTH. K coxaneHuio,  HccleoBaTelH
OTMEUAIOT, YTO B TPYIIE Ka3aXCTAaHCKUX HEMIICB
MHOTHE  JIECATUJIETHS  TMPOUWCXOIUT  TIPOIlece
BBITECHEHUSI POJHOTO S3bIKA PYCCKUM, HEMeEIKas
MOJIOZIEKb HE 3aHHTEPECOBAaHA B M3YYEHHUH POJHOTO
s3pika. B.A. Illtab mokasan, uto B Kazaxcrane y
HEMLEB PYCCKHUH SI3bIK BCTYNAET C HEMELKUM B Pl
OMNIO3ULIMOHHBIX B3aUMOJIEHCTBUH:

- Hemeuxwuii JUTEPATyPHBIH SI3BIK
B3aUMOJICHICTBYeT C  PYCCKHUM  JINTEpaTypHBIM
A3BIKOM, ~ YTO  XapakTepHO  UII  XOPOIIO

00pa30BaHHBIX Ka3aXCTaHCKHX HemueB. [Ipm 3ToM

MOXKET HAOMIOJaThCsd M CBOOOJHOE  BJIAJCHHE
pOl]HBIM JIUATICKTOM.

- Hemeuxuii JIUTEPATyPHBIN A3BIK
B3aUMO/JIEHCTBYET c 00UXO0THO-Pa3rOBOPHBIM

PYCCKUM A3BIKOM, YTO THUIIMYHO JISI ITPOKHMBAHUA
OTHHYCCKUX HEMIICB B CeIIbCKOM MeCTHOCTH. MiMeHHO
B TakKou CUTyallun HCMGIIKI/Iﬁ SA3BIK CTAHOBHUTCA
BTOPUYHBIM Jaxe B CUTyalluAX OBLITOBOTO
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B3auMoOJeHcTBUA. XOTS BCTpEeYaroTCs ciy4yau, Korga rjiasa MOBTOpaX, CTEPCOTHITHBIX oOpasmax

B OBITOBOM B3aMMOJEHCTBHH COXPAHICTCS POIHON
JIMaJIeKT.

- UYame Bcero BcTpedaercss B3aUMOJEHCTBHE
MECTHOTO HEMEIKOro JualiekrTa ¢ OOMXOJHO-
Pa3rOBOPHBIM SI3BIKOM [8].

VIMeHHO [B€ MOCIETHUX COLMOKYJIbTYPHBIX
CUTyallUl  XapaKTepHBl ISl  B3aUMOJCHCTBUA
PYCCKOTO W HEMELKOTO S3BIKOB y OOJIBIINHCTBA
Ka3aXCTaHCKHUX HEMIIEB. CoxpaHeHne
JIUTEPaTypHOTO HOPMATHBHOTO S3BIKA B CHUTyallUH
PacTBOPEHHOCTH MaJOTo 3THOCA B OOJIBIIOM TpeOyeT
OTIPEZICTICHHBIX YCJIOBHH: HAlIW4HE TMEPUOIMYECKUX
W3JaHUH, Paguo W TEJIEBEIAaHMSA Ha POJHOM SI3BIKE,
TeaTpalbHOU KH3HHU, pa3BUTHUA HayKH,
JUTEPATypHOTO XyJ0XKECTBEHHOT'O TBOPUECTBA U T.II.
OpHako, BaXHEHIIUM (eciy, He TTIaBHBIM) YCIOBHEM
SBJISIETCS  YEJIOBEYECKUIl (haKkTop: JMTepaTypHbIit
HOpMaTHBHI)Iﬁ A3BIK, KaK IIpaBUJIO0, BOCIIPOU3BOAUTC
HOCHUTCIIAMU SA3BbIKa, 06J'Ia[[aIOHlI/IMI/I BBICOKHM
YPOBHEM BHYTPEHHEH KyJBTYPHI U 00pa30BaHHOCTH,
CIOCOOHBIMH KYJIBTHBHPOBATh B CO3HaHWH 3THOCA
Ipe/ACTaBICHNEe 00 YHUKAJIBHOCTH HAlMOHAIBHOU
KyIbTypel ¥ SI3bIKa, €ro TPECTHXXHOCTH, YTO
XapakTepHO  JUI1  HMHTCIUIMIeHOMH. B cuy
U/ICOJIOTUYECKUX  NPHYMH  COXPAaHEHHE  CIIOS
HUHTCIIINTCHIUNA cpeaun Ka3axXCTaHCKHUX HCMIICB
0Ka3aJoCh 3aTPyJHEHO. JTOMY CIIOCOOCTBOBAIU U
TPYAHOCTH B TIOJyYEHHM BBICIIEI0 0Opa30BaHU
Ka3aXCTaHCKUMHU HCMIAMH. HO-BI/II[I/IMOMy, 9TOT
(akTop, HapsAy € BOCTPEOOBAHHOCTHIO HMMEHHO
pyccKoro  s3plka B IIPOIECCE  IMTOBCEAHEBHOM
KU3HEACATCIBHOCTH, TPUBET K  BBITCCHCHHUIO
HEMEIIKOT0 5I3bIKa, a 3HAYHT, — K aCCUMHIISIIMOHHBIM
mporeccaM B KyJIbType.

OOHapykeHO, 4YTO Yy pa3HbIX MOKOJECHUI
STHUYECKMX HEMIEB OWIMHIBU3M CYIIECTBYET B
HEO/JIMHAKOBbIX (opmax. Hampumep, B rpymnne
HEMELKHUX TIOCEJICHIIEB Ha AJTae cpeld CTapliero
IIOKOJICHUA HeMeHKI/Iﬁ SI3BIK BBIIIOJIHACT
KOMIUIEMEHTapHYIO (YHKIHMIO [0 OTHOLICHHIO K
pycckoMy. Takoi BapvaHT B3aMMOJIONOJIHAIOUIETO
OmnmHrBM3Ma  cTaOwibHO  HaOmIomamcs  JI0Iroe
BpEMsi, MTOCKOJIbKY BCE HOCHTENHN JUAJIeKTa U3yqajn
B HAIIMOHAJBHBIX IIKOJAX HEMELKHH JNTepaTypHbIH
sa3bIKk. Cpelyt cpelHEero TOKOJICHUS! PYCCKHH SI3BIK
MOCTENIEHHO ©OepeT Ha ce0s KOMMYHUKAaTHBHbIC
(DYHKIIMHM HEMEIKOTO SI3bIKa, B CHITY YETO MOCIIEAHUH
OKa3bIBACTCS M3JIMIITHUM. Y MJIaamIero IOKOJICHUSA
HCMCHKI/Iﬁ A3BIK MPAKTHYCCKU MOJIHOCTBKO BBITCCHECH
pycckuMm. [Tpr MeXTOKOJICHHOM OOIICHUN TIOKHUIIbIE
JIIOW  CKJIOHHBI pa3roBapuBatb C BHYKaMHU TI10-
HEMCIKHU, B TO BPEMA KakK JI1 BHYKOB OCHOBHBIM
s3bIKOM siBisieTcst pycckuil. Kax 3akmouaer JILU.
Mockamok, «y OONBIIMHCTBA IpeJCTaBUTENEH
MOJIO/IOTO TIOKOJIEHHS OOHApy»XHBaeTCs SBIICHUE
pPEOYKIMM BO BCEX S3BIKOBBIX 00JacTax. OTo
BBIpaXKaeTcs B OTpaHUYEHHOM cJIoBape,
MOP(]OJIOTHYECKNX YIPOIIECHHUSX, OpOCaromuxcs B

npemtoxenui» [9, c. 22].

MHOTMMH HCCIIEIOBATENSIMA OTMEYAETCS, YTO
pa3BUTHE  HEMEIKOro  si3plka B CHUTYalluu
TIPOKUBAHUS STHUYECKHUX HEMIIEB Ha
pycckoroBopsmux teppuropusix (B Kaszaxcrane, B
Poccun — B Kuposckoit obxactu, IloBoinkbe, Ha
Antae) B KOpHE OTJIMYAETCS OT COLMOKYJIBTYPHBIX
CUTyallMii IIPOKMBAHUS HEMIIEB Ha TEPPHUTOPHIX,
npwieratomux Kk @PI': B npoBuHuMN AnbTO-Aumxe
(Utanms), Dmp3ace u yactu Jlotapuarun (Opanmms),
B paifone Apems, AyOemns, Diimena, MampMmenn u
Cen-Bura (bemprust). B  EBpome  jamamexTtsr
(dhopMHUpYIOTCS BO B3aUMOJCHCTBHH C HEMEIIKOH
KYJbTYPOH, peanusyeMon IIOCPEACTBOM
HOpPMaTHBHBIX (opM Hemenkoro s3sika [10].
3aMMCTBOBaHHMS M3 PYCCKOTO S3bIKa NPUBOAAT K
HCIIOJIb30BAHHIO B HEMELIKOM 00UX0HO-
pasroBOopHOM  si3blke  (Ha  TpUMEpe  HEMILEB
KupoBckoit  o0macTu)  CJlOB, JIGKCHUECKH U
rpaMMaTHIECKd  TOAOOHBIX  PYCCKHM  CIIOBaM:
kvarti:r — xBaptupa, Serno — 3epno, Kkastrolie —
kactprons; babuska — 6abymka u ap. IIpoucxomut
BKpalIeHHE HUX B CTPYKTYpPY HEMEIKOTO s3bIKa:
HU3MEHEHHs OOHapyXeHbl Hpu O(opMIICHHH dHCIa
(«dr pamidor» — di: pamidoren, «die Tomate» — die
Tomaten), CKIOHEHHH CYIIECTBHTEIbHBIX («in dr
banja» — im Dampfbad), o6pasoBanuu rmaromnos
(«geremonti:rty - renovieren - pyc.
pemonmuposams) [11]. B xome wuccieaoBaHus
JIMaJeKTa MOBOJDKCKUX HEMIIEB OBUIO OOHApPYKEHO
WCTIONB30BAaHNE B peYd OOJNBIIOrO KOJHYECTBA
000pOTOB € PasIMYHBIMH  PYCCKOSI3BIYHBIMU
BKparuieHusMu, Hanpumep: «Die wollte die Leit mit
Nitschewo fittre» («Ona xoTena MOPUTH JHOACH
TOJIOZOMY). BwMmecto HEMELIKOTO Nichts
HCIIOJIb30BaHO pyccKoe «Huueeo» [12]. VYuensle
JaBHO TPUIUIM K BBIBOJY, YTO IPOCTOpEeYHe, B
OTIIMYME  OT  JIMTEPaTypHOro  si3bIKa MM
CTaH/IaPTHU3UPOBAHHOTO JIMajeKTa, HE
CTaOMIIN3NPOBAHO, o0amaer OTpaHUYEHHON
JIEKCHKOIA; B3auMHas uHTephepeHns
HPOCTOPEUHBBIX hopm eie Ooubie
JecTaOMIIN3UPYEeT PACILIBIBYATHIC HOPMBI PEYEBOTO
y3yca, 9TO eme Ooyiee OTAAISIET pedb YeloBEKa OT
nuTeparypHbIx ¢popwm [13].

Takum 00pa3oM, K MOMEHTY IepeceneHus, KaK
MIPaBUJIO, MOJIOABIX PYCCKMX HeMIeB B [epmaHHio

3HAHWE  HEMEUKOro  s3blka  OrPaHUYMBAJIOCH
HEMEIKUM  JHAJIEKTOM  OOWXOIHO-Pa3rOBOPHOTO
Xapakrepa Opud  TOTAJIbHOM  JIOMHHUPOBaHUU

pycckoro s3pika. [lo manHBIM Hamiero ompoca, 93%
Marepe-HEMOK CUHUTAIOT POAHBIM SI3bIKOM PYCCKMIA;
cpend  OTHOB  mporeHT coctaBui  97%. Tlo
CBUJIETENILCTBY MHOTHX TE€PECETICHIEB, ONPOIICHHBIX
HaMH, HA MOMEHT MepeceNeHNs OHU NMPaKTUYECKH He
3HAJIH HEMELKHUH S3bIK.

Jo cepeaunsl 80-x rr. XX B. B I'epmanun
CYLIECTBOBAJIO B LIEJIOM IOJIOKUTENILHOE OTHOILIEHHE
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k HemenkuM osmurpantaM u3 CCCP. Curyarus HaOmomaTe y JeTe ®W3 CceMeH  HEeMEeIKHX

M3MEHHMIIACh C PE3KHUM POCTOM UHCJIa SIMHUTPAHTOB W3
Poccim m crpan  OpBmero CCCP. [Ipuumsst
HETaTUBHOTO OTHOIIEHUS 3a4acTyl0 OmpaBlaHbl. B
CHIIy CTPECCOBOI0 XapakTepa CUTyallMd 3MHIPAIUH
UMMHIPAHTBl 3a4acTyl0 CTaparoTcs MOAAEp’KUBATh
TECHbIE JIMYHbIE B3aUMOOTHOILICHUS APYT C APYIOM,
3aKJIoYaTh BHYTPU- W MEXHAI[MOHAJbHBIE Opakwu,
CO03/1aBaTh 0OIIeCTBECHHEIE, HaIMOHAJILHEIE
oOpenmHeHns (OOMMHEL, 3eMisTiecTBa). B nx cpexe
JIOMUHHUPYET MPEHMYIIECTBEHHO CBOW YKJIaJI JKU3HU,
CBOWMCTBEHHEIN ToMY, 9T0 ObIT Ha Pomune [14].

H.b. MuxaitnoBoit ObLTO TIPOBEACHO
TICHXOJIOTYECKOe HCCIIeIOBaHHE CUTYaIllH
SMUTpALliU, B KOTOPOH OKa3aJUCh PYCCKHUE HEMIIBL.
OHO 1OKa3ajo, YTo B MEPBBIC MECSAIBI IIEPECETICHIIBI
UCTIBITHIBAIOT CTpax, CMATEHHUE, Y HUX OTCYTCTBYIOT
YeTKHEe MPEACTaBICHUS O TOM, KaK XWUTh Jajblie,
npeodiagaoT HeraTUBHbIC MepEeKUBAHUS,
CBA3aHHBIE C  pa3pbIBOM  HHTEPIEPCOHAIBHBIX
cBa3ell, cinoxuBmmxcs B Kazaxcrane. Cmycts aBa
roga y WMMHTPAaHTOB HAONIOIAeTCs CHIDKEHHE
arpecCHBHOCTH ¥ YAOBJICTBOPEHHOCTH JKU3HBIO,
BO3HHKACT CBOWCTBCHHAs HEMEUIKOMY OOIIECTBY
OpWCHTAIMsI Ha BBHINONHEHHWE IIPaBHI, HO pacTeT
OIIyIICHWE TIePETPY)KCHHOCTH TPEOOBAHUSAMH H
Ka)KIOJHEBHOTO cTpecca. 4001020370105
OPHEHTHPOBaHbl Ha MpPUHITHE JII000H paboThl, Oe3
mpeTeH3uii Ha conuanbHyto nosuiuio [1]. Tlo
IpUYMHE TOTO, 4YTO CpPeAM TEepeceleHLeB C
MOCTCOBETCKOTO IIPOCTpPaHCTBA npobiema
0e3paboTHIIBI CTOUT OYEHBb OCTPO, M, KPOME TOTO, B
mocieqHee BpemMs B ['epmaHmu  HaOmomaercs
BBICOKHUI MIPOICHT 6e3paboTHIIBI cpenu
TPYAOCTIOCOOHOTO HEMEIKOTO HACEICHUS, 110 HAITIM
JAaHHBIM, MHOTHE MaTEpH, 10 CYTH CBOCH, SBISIOTCS
nomoxossiiikamu (43,3% wmarepeii). T.e. 3T Matepw,
KaK IPaBHUJIO, UMEIOT IIUPOKHE BO3MOXKHOCTH JUIS
OpTraHM3aIlK IIEJCHANIPABICHHOTO KYyJIbTYPHOTO H
SI3BIKOBOTO BOCTIMTaHHSA CBOMX JIETEH.
IIpodeccuonanpHas  HE3aHATOCTh  MaTepell  He
OTpa’kaeTcs Ha MaTepPHaJbHOM IOJ0KEHUH ceMel —
OHO, KaK TMPaBWIIO, CpeHee, XOTs B 26,7% ciaydasx
MaTepH yKasajH, YTO MaTepHallbHOE MOJO0XKECHUE UX
cemel — Bbime cpegHero. 50% Marepedl UMEROT
cpennee oOpasoBanue, 10% — HemosHOEe cpenHee,
Tosibko 30% Marepeil UMEIOT 3aKOHUEHHOE BBICILIEE
oOpa3oBaHHe, OCTaJbHEIE MaTeph 0Opa3oBaHUE HE
3aBEPIUNIH, WU 3aBEPILAOT.

Kak moxassIBaloT HCCIIeOBAaHUS, IIPOBEICHHBIC
B ['epmannn m Apyrux cTpaHaX, HOPU JOCTaTOYHO
rOepaIbHBIX YCIOBUAX KU3HEIEATSILHOCTH MIEPBOE
MTOKOJICHHE MMMWIPAHTOB OTHIOJh HE CTPEMHTCS K
HHTETpallii B HOBoe obmiectBo. Bo Bropom
MOKOJIEHUH OOBIYHO ITPOTHUBOJIEHCTBHE aCCUMMIISLINH
CTaHOBHUTCSI MEHEE BBIPAKEHHBIM. TpeThe OKOJICHUE
UMMHUTPAHTOB YK€ AaKTUBHO acCHUMHWIHpYETCS B
OOIIECTBEHHYIO KHM3Hb IPHHUMAIOIIEH CTOPOHBI
[14].  AccuMWISLHOHHBIE  MPOLECCHl  MOXHO

nepecenennieB m3 Kazaxcrana. OTCyTCTBHE pedeBOH
KOMIIETEHTHOCTH SIBJIETCS BaKHEHIIEH mpoOieMoit
nepeceneHnieB B I'epmanun. Kak mokasbIBaroT
uccnenosanus H.b. MuxaiinoBoi, B II€pBO€ BpeMs
pycCKUe MepecesIeHIbl HUCHBITHIBAIOT HACTOSIIUIN
IIOK, IOCKOJIbKY HHMKAaK HE MOTYT BBIPa3sHTb CBOU
MOTPEOHOCTH W KEJTaHUsT XOTs OBl B IPOCTBIX
pedeBbIxX (opMax U HE MOHUMAIOT TOTO, YTO TOBOPSIT
JApyrue. YCBOEHHE sI3bIKa OKAa3bIBACTCS AJS PYCCKUX
HEMLEB KpalHE CIIO)KHOM 3ajadeld, TpyAHOCThb
KOTOpOH M3HA4aJlbHO HenooleHuBanach. llpu Bcem
STOM 3HaHHE MMMHIPAaHTaMU HEMELKOTO S3blKa He
SBISIETCST B [ epMaHMM  KaKMM-TO  OCOOBIM
JOCTIKEHHEM, HEMEeLKUH SI3BIK SIBIIICTCS
HEIIPEMEHHBIM YCJIOBHEM Tpyaoycrpoicrea. Ilocne
HECKOJIbKUX JIET MNPOXKHWBAaHUSA B HOBBIX YCJIOBUAX
UMMUT'PAaHTBL O6LI‘-IHO OBJIaJICBAIOT SA3BIKOM
MIPUHUMAIOIIEH CTOPOHBI, HO OOLIEHHE Ha HEM C
KOPEHHBIM  HAaceJIeHHEM BOCIPUHUMAETCs  Kak
TSDKKasi HEOOXOIMMOCTh, OTCYTCTBYET COOCTBEHHOE
CTpEMJIEHHE K OBJIQJCHUI0 HEMELKHM S3BIKOM,
MHOTHE CTPEMSTCS OTPaHHYUTH CBOKO SI3BIKOBYIO
KOMIIETEHTHOCTb BIIaJICHUEM JEKCHYECKIM
MHHAMYMOM, 00€CTICUMBAONINM pPEIICHHE MpodIIeM,
CBS3aHHBIX C  DJIEMEHTApHBIMU  JKU3HCHHBIMH
notpebHocTssMu [1]. W3 60 ompoIneHHbIX HamH
Marepei-HeMoK, 76% cnycts 4 u Oonee JieT
MIPOKUBAaHUS B ['epMaHuM CUMTAIOT, YTO CBOOOJHO
BJIAJCIOT HEMEUKHM S3bIKOM, 17% MaTepeil-HeMOoK
HUCIIBITHIBAIOT 3aTpyAHCHUA B HCIIOJIb30BAHNHU
HEMEUKOIro s3blka, 7% Marepell 1m0 cux mop
MIPAKTUYECKH HE 3HAIOT S3bIKA M B3aUMOJEHCTBYIOT C
OKpy’K€HHEM Ha pycckoM s3bike. Cpeaw OTLOB
HaOmofaercs aHayornyHast cutryanus. Heooxoaumo
MIOHUMAaTh, 4YTO PEAIBHOE TECTUPOBAHHE SI3BIKOBOM
KOMIIETEHIIMM MOKET MOKa3aTh U MHBIE PE3YJIbTATHI,
MOCKOJIBKY CUTYyallusi OIpoca MOXET ObITh OTHEeCeHa
K paspsaly TakWX, pPeE3yJIbTaTbl KOTOPBIX MOIYT
BOCIPUHHMMATBLCSI PECIIOHJEHTAMHU KaK CIIOCOOHBIC
NMOTCHIMAJIBbHO ITOBJIMATH HA UX KU3Hb.

C YBEJIIMYCHUEM KOJI-Ba HMMMHIPAHTOB B
I'epmaHniO TPUIIIO OCO3HAHME, YTO CYIIECTBYET
JIOCTaTOYHO OOJIbIIasi KaTeropHs «MHOCTPAHHBIX)
JIeTeH, KOTOpPBIE JOJDKHBI OBITH COILMAIN3UPOBAHBI.
Crana YCIIEIIHO pa3BUBaTHCA KOHIIETIUS
HMHTEPKYJIBTYPHOTO 00pa30BaHus, LEIBI0 KOTOPOTO
SIBUJIOCH ~ OpPraHUYHOE  YCBOGHHE  KYJBTYpbI
IIPUHUMAIOLIEN CTOPOHEI npu COXpaHEHHUH
HallMOHAJIBHOW KynbpTypel. Kpome Toro, wuzes
MONMKYJIBTYPHOTO  00pa3oBaHUS  IMOApa3syMeBaeT
(opMupoBaHHE HHTEPKYIBTYPHOW KOMIETECHIIMH Y
moboro JKuTens lepMaHMM Ha OCHOBE YBa)KEHUS
JTUYHOCTH 0601t HAIlMOHAJIBHOCTH.
[Ipennonaramock, 4To « €CIM UMMHIPaHTBI
OBIIAJICIOT B JOCTaTO4YHOU CTETEeHU
WHTEPKYJIBTYPHOH KOMIIETeHIMeH, OHM OyayT B
COCTOSIHWM ~ cJeNiaTh NIPOJAYKTHBHBIH BBIOOp —
MHTETpaluio, a TUTyJdbHAas  HalMd, Biajes
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WHTEPKYJIBTYPHOH KOMITETCHINEH, CMOXET OBITh (dhopmMupoBaHUs cOamaHCHPOBAaHHOTO pyccko-

TONIEPAaHTHON K uyxum» [5, c. 95]. B 90-x rr., B
I'epmannm (B wacTHOCTH, B BepimHe) ObLIH OTKPHITHI
rOCYAapCTBEHHBIC €BPOIEHCKHE MIKOJIBI (Hampumep,
HEMEIIKO-PYCCKHE), B KOTOPBIX Pa3BUBAIOTCS HJECH
OMIMHTBaNBEHOTO OOpa3oBaHus. JleTw OBiaieBaroT
SA3bIKAMU-TIAPTHEPAMH, 3HAKOMATCSI C KYJIbTYpOil
M3y4aeMbIX S3BIKOB. OTHU IIKOJIBI SBJISIOTCS Ba)KHOM

MOZENBIO dbopmupoBanust MOJUKYIbTYPHOI
KOMITETSHITHH JieTeit [15].
OnuceiBast CUTYAIHIO OMIMHIBAJIHLHOIO

pa3BUTHA AETel U3 HEMELKHUX CEeMEW NepeceeHLeB
n3 Kaszaxcranma, O.B. Bepurapar mummer: «Jlern,
POJMBIIHNECS B 3TUX CEMbSIX, BOCIIMTHIBAIOTCS YK€ Ha
HOBOIl poAMHE B cpefe, IIe COXpaHsSeTCs PYCCKU
SI3BIK M PYCCKHE OOBbIMaM M Tpaaunuu. Jlms Takux
JleTed PYCCKUW A3BIK SBIAETCS «JOMAlIHUM» —
00MXO/THO-PAa3TOBOPHBIM, @ HEMELKUI — S3BIKOM, Ha
KOTOPOM TPOUCXOJUT OOY4YEeHHE W OOIEHHE C
HEMEILKOTOBOPSLIMMHU CBepcTHUKamu» [16, c. 3]. B
CUILY IPECTHKHOTO XapaKTepa HEMELKOTO S3bIKa IS
HEMELKUX HEeTed M3 TaKUX CeMed JoJisi pYCcCKOro
S36IKA B MEXJIMYHOCTHOM OOIICHHH B CEMBE H C
OKpYXalOIMMH JIFOIbMU JOJDKHA YMEHBLIAThCS.
OpHako, B CWIy pa3iW4YHBIX NPUYUH (C OIHOM
CTOpPOHBI, CTPEMJIEHUE NMPHUBUTH PYCCKYIO KYJBTYpPY
peOCHKY, C IPYTrOil CTOPOHBI — O0JIETYUTh OOIICHHUE C
MHPOM  dYepe3 H3Yy4Yalollero HEeMEUKHUH  A3BIK
peOeHKa), HEKOTOpBIE POAWUTEIH CTPEeMSTCS K
COXPaHEHHIO PYCCKOTO SI3bIKA Y UX JIETEH.

Conclusion

B curyauun
ajanTanyuu B HEMELKOE  COLMOKYIbTYPHOE
OPOCTPAHCTBO  POAMTENENH  JAeTel  ONHCaHHBIE
YCIOBHA ~ MOTYT  HETaTHMBHO  IOBIUSTH  Ha
CTaHOBJICHUE U PYCCKOTO, U HEMELKOrO S3BIKOB Y
JneTed, ponuBIIMXCS B ['epMaHmu. AHAIU3 3THX

SMHUTpAllMd  TIpH  IUIOXOH

yCIOBUR BaXKeH JUTSt KOPPEKIIMOHHO-
npodunakTuaeckon paboThl ¢ JETbMH U Pa3pabOTKH
Pa3TUYHBIX cTpateruit KOHCYIIbTAI[MOHHBIX

MEpONPUITHH, aJpECOBAHHBIX POJAUTEINSM HEMELKUX
MJIaJIIUX JOUIKOJIBHUKOB U3 CEMEH NEPECEIICHIIECB C

IIOCTCOBETCKOI'O IPOCTPAHCTBA C JA(SA103310)
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Introduction

Each person has a specific attitude towards his
work and his colleagues. This attitude is formed on
the basis of education, life experience, and social
environment. The relationships in the team are
revealed by the overall psychological atmosphere.
The acceptable psychological environment, business
process, and its results are compared with the level of
consent by the relationships with other people.
Analysis of the leader's personal qualities,
characteristics, personality type and other attributes
in the process of decision-making allow the
researcher to get interesting results. It allows
defining how the confident is the leader in his
knowledge, attitude towards the surrounding
environment, factors on which he bases his decisions,
and rational and irrational features of the taken
decisions. Many researchers have conducted
extensive studies and investigations in this area. The
most famous classification of the types of personality
has been provided by the Swiss psychologist, K.
Young. Extravert and introvert types of personalities,
suggested by K. Young, have become widespread.
Extraverts are characterized as being pathetic,
initiative, tough, inherent in interpersonal skills.
Introverts are characterized as being reserved,
thoughtful, non-social, self-analyzing, finding it
difficult to adapt [3.p.244]. We can also add Myers-
Briggs to the list of psychologists who provided their
input into the classification of the personality types.

Doi: &Gos¥ef https://dx.doi.org/10.15863/TAS.2017.05.49.3

In her works, she relies on the four psychological
functions described in K. Young's "Psychological
Types" [10.p.335] book written in 1921: thinking,
feeling, intuition and sense. Myers — Briggs'
typology (MBTI) [5.p.223-228] enables the
measurement of the characteristic features and
qualities of a combination of personal factors, the
inclination of the person towards any kind of activity,
the decision-making process and other qualities. In
order to study these qualities more thoroughly, there
were formed 4 scales (tags) representing the
personality:

1. Orientation of consciousness ([E] extraversion
— [1] Introversion);

2. Orientation of circumstances ([S] Sensing —
common sense — [N] Intuition);

3. The basis for the adoption of a decision ([T]
Thinking — [F] Feeling);

4. Decision-making skills  ([J] Judging -
rationality - [P] Perception — irrationality). [5, p.
224].

In Azerbaijani literature, there is an interesting
typology classification developed by the psychologist
S. Majidova (the character typology called "69").[7.
p.155] This typology is based on the individual's
stages of self- consciousness. The author
distinguishes three stages of self-consciousness in the
evolution of human development. The first stage of
self-consciousness is characterized by the following
features: egocentrism, different perception of the
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world in the criteria of "my-mine-not mine";
consumeristic attitude towards everything, focusing
on the material side. The second stage of self-
consciousness is characterized by feeling united and
being a part of the community instead of
egocentrism. The old environment of "my-not mine"
is expanded with a new shade of differentiation. The
"I'" is replaced by "we".

The main characteristic of the third level of
self-consciousness is the lack of differentiation, and
the infinity of space and time, understanding the
relationship with the outside world, accepting the
unity of the world, following spiritual principles of
the universe [3, p.213].

The leader's time management practices
depending on the personality type

Time management practices differ depending
on the personality type.[1.p.23] Leaders of the
introvert type have the ability to use time effectively.
Before taking any issue for discussion they tend to
conduct a comprehensive review of information.
Extraverts, on the contrary, put any idea to
discussion straight away, arrange dialogues and take
the decision afterward. This means the waste of time.
Extravert leaders waste not only their time but also of
those involved in the discussion, the introverts, and
other extraverts. The extraverts should understand
that sooner or later they will need to stop the
communication and make the decision. During the
discussion, the extravert leader should give their
introvert employees a 5-minute break for them to
think over the issue and come up with any thoughts
and views. The introverts, in their turn, should
understand that they should not overthink the
process, take the decision more quickly, get involved
in dialogues and allow the extraverts to express their
opinion.

The reason of the most problems is in handling
time differently by different people. People of
sensing type perceive 60 seconds as 1 minute, while
people of intuitive type think that 1 minutes is too
little. For this type of people, it is necessary to add
one hour on top of the time allotted to the task.
Intuitive type employees in their turn should know
that if a sensitive type leader gives them the task they
need to perform with the given timeframe. People of
sensing type manage their time during
implementation of any task depending on their
attitude towards any specific person. This type of
people tends to drag the time of implementation of
the task to the very end. However, people of the
logical type tend, on the contrary, to complete the
tasks related to unpleasant people in the first place in
order to get rid of them as soon as possible.

People of the rational type like to manage the
time of their own and that of the other people. Due to
being very punctual, these people tend to put time

limitations to all tasks, even those that are
implemented by them themselves.

People of perceiving type tend to constantly
procrastinate. They are extending the decision-
making process, wasting their time on the
meaningless things. In many cases, the people of
irrational type want to take several decisions at once,
starting one project without completing the previous
one. As a result, all the work remains unfinished. The
utmost thing that the people of the irrational type
should do in order to complete their work is to put
deadlines for all their projects. On the contrary, the
people of the rational type, tend to get irritated when
they are faced with completing the projects that have
not been planned in advance.

The impact of the leader's personality type
on the management decisions

In many cases, the extravert leaders would tell
something without giving it a prior thorough thought.
They are usually led by the commonly accepted
processes, used for the benefit of everyone, and
fitting the targeted result.

Rational extraverts identify the goals and
objectives first, communicate these to the employees
and urge everyone to start operations immediately.

Perceiving extraverts, first of all, start to discuss
the issue with their team, regardless of its
complexity.

The introvert leaders, first of all, gather all
available information about the issue, think it over
alone, and only after that take it to discussion with
their team. People of introvert type do not share the
information in the truthfulness of which they are not
confident.  Collective decision-making is not
important for introvert individuals, as this process
represents an internal value for them.

Thus, for the decision-making process to be
effective, it is important to create an environment
where extravert leaders could discuss the problem
with their team, and introvert leaders could give it a
thought prior to taking a decision.

Unlike the extravert leaders, introvert leaders
prefer to start operations immediately rather than
generating various ideas. In the joint effort, both the
extraverts and the introverts should follow a set of
certain rules. Extravert leaders should address their
introvert employees with precise questions. For
example, instead of asking "What do you think about
this issue?" they should ask "What is your opinion
about the first point?".

According to Karl Gustav Young, the
extraversion and introversion show the deepest gap
in the relationships among the people. The founder of
this theory, Carl Gustav Jung believed that
extraversion and introversion are innate properties
that have a physiological basis. Modern science has
confirmed the correctness of his intuitive guesses. He
argued that we can best adapt in this world, moving
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along the continuum from the introvert to the
extrovert edge of the spectrum, when we need it. In
Jung's opinion, in addition to extremes, one can be at
any point of the continuum, and this is quite normal.
However, we are always drawn in one direction more
strongly than in the other. Everyone has a
"comfortable niche" where we function in the best
possible way. [9, p. 23]

Otto Kroeger and Janet Tewsen [4, p.33] -
psychologist consultants who use the Myers-Briggs
personality type indicator in their work, discuss the
unenviable position of the introvert in their book
"About Type of Personality": Introverts are less more
than three times. As a result, they must develop
additional skills that will help them cope with the
tremendous pressure from society that requires them
to "comply" with all its other members.Indeed, the
difference between the behaviour of extravert and
introvert is deep and contradictory, and this
significantly determines the style of leadership.
Extravert leaders give preference to the verbal
communication and do not hesitate to speak openly
event about the very sensitive topics. The weakness
of extravert leaders is that they share their plans
regardless of whether there is a need to do so or not.
Extravert leaders prefer to talk rather than listen.

The research and developed theories were
conducted studying mostly extravert type of people.
According to the theories that were put forward as a
result of those studies, it was recommended to all
leaders to communicate with each member of their
team and get familiar with their work and life
challenges. However, this type of recommendations
did not take into the account the introvert type of
leaders, which caused the introverts to leave their
comfort zone on a constant basis. Or, the "open door
policy" which became very popular at one period of
time. According to this method, the employees were
able to access the office of their management at any
time. However, this type of working environment
would suite only extravert type of leaders.

Unlike extraverts, the introvert leaders share the
final idea with their employees without providing
their inner thoughts which led to this decision. The
weakness of introvert leaders is in taking a lot of
time to take a decision.

Personality types impacting the management
efficiency and experimental analysis of the
management styles

Alongside with his interest, the leader should
take into account the employees' interest as well
when taking any decision. The desired result can be
achieved on the basis of mutually beneficial relations
and the creation of a healthy climate in the team.
However, the leader's personal psychological type
provides important impact in the decision-making
process. Management styles analysis provided by K.
Levi, [8.p.130] allows us to understand the main goal

of the management. The essence of management
styles that affects the decision-making can be
interpreted in the following way:

Authoritarian style. The leaders preferring the
authoritarian style keep the distance between
themselves and their staff and avoid non-formal
relationships. Authoritarian leaders control every
little process and piece of work. He is concerned not
only with the result of the work but also with the
process. All decisions are taken by him.
Authoritarian leader shares only that information
which is related to work. As a rule, authoritarian
governing style is strict, demanding, focused and
power-concentrating.

Democratic style. The democratic leader
establishes friendly relations with his employees. He
draws the line between himself and his employees in
terms of work responsibilities and takes into
consideration the opinion of the team during the
decision-making. This type of leader is interested in
the result, not in the process of the work. Alongside
with the team's work, he gathers all the information
related to the task.

Liberal style. The liberal leader establishes
informal relations with his team and delegates the
majority of work responsibilities. Employees are
given the highest authority, everyone carries out its
work in an independent way and decisions are taken
in a collective manner. The management interferes
with the process only when necessary, controls the
process and stimulates activity. [2.p.213]

One of the most modern of the model of
leadership styles proposed by American scientists
V.Vruman and F.Yetton. They, depending on the
situation, the characteristics of the team and the
characteristics of the problem, divided the leaders
into 5 groups according to the styles of leadership:

1. The manager makes decisions himself on the
basis of available information.

2. The supervisor informs the subordinates the
essence of the problem, listens to their opinions and
makes decisions.

3. The head issues the problem to the
subordinates, summarizes the opinions expressed by
them and according to the opinions makes his own
decision.

4. The leader discusses the problem with his
subordinates, and as a result develops a common
opinion.

5. The head constantly works together with a
group that either develops a collective decision, or
accepts the best, regardless of who is the author. [11,
p.323]

It should be noted that "pure" styles are not
common. As a rule, the management style is a
mixture of at least two of the styles. However, one of
them is always dominant.

In addition to leadership styles, it is useful to
determine the type of personality of the leader in
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order to understand which type is the most efficient
in the business activity. According to Myers —
Briggs' typology, [6.p.23-25] it is possible to identify
the leader's inclination of his consciousness, his
attitude to the surrounding environment, the basis of
decision-making, using the rational or irrational
approach. According to her typology classification,
there are the following personality types:

ESTJ - (extraversion, sensing, thinking,
judging) leaders of this type are realists in their
nature and have administrative, organizational and
management capabilities. Hard-working and highly
adaptive to any social environment, people of this
personality type tend to complete their work when
starting working on any task. Before starting the
activity, they plan it thoroughly, giving preference to
a more pragmatic and realistic approach. ESTJ
personality type is held by 11% of men and 6% of
women.

about their skills and capabilities sin front of other
people. This type of personality is found in 17% of
women and 8% for men.

INTJ (introversion, intuition, thinking, judging)
type of people have the ability to separate the
inessential from the essential, do not like the
meaningless socialization, and prefers practical
thinking. This type of people demonstrate
independence in their activities and like to generate
non - conventional ideas. When they do not have the
precise answer, they tend to take intuitive decisions.
They do not like noisy parties, and experience
difficulties in establishing relationships with other
people. Their rich inner world enables them to
develop unlimited skills. Words, plans, projects,
ideas, and people — they are ready to implement
everything better than it exists in reality. In their
view, even the most beautiful results can be even
more beautiful. This type of personality is found in

ENTJ - (extraversion, intuition, thinking, 3% of men and 1% of women.
judging) people of this type have leadership and INFJ - (introversion, intuition, feeling,
entrepreneurial skills, are able to clearly recognize judging). Inspiring, coaching, humanist type of

their skills and capabilities, start to work with
enthusiasm, love to be involved in various sports.
These people feel new trends, rely on their intuition
and take risks. They use new technologies in their
business activities and are fond of conducting an in-
depth analysis of themselves and the world around
them. They like to closely communicate with people,
provide leadership, and have positive thinking. ENTJ
type of personality is found in 3% of men and 1% of
women.

ISTJ - (introversion, sensing, thinking, judging)
people of this type have organizational and analytical
capabilities. They like order and accuracy in their
work and analyze all received information before
starting to work. They are realistic towards their
surrounding environment and start the work only if
they feel that they can complete it. They can inject
self-confidence in people around them, however,
they tend to avoid close contacts. They immediately
research any received information. This type of
personality is found in 16% of men and 7% of
women.

ENFJ - (extraversion, intuition, feeling,
judging). ENFJ type of people are exorbitantly
emotional and are inclined to empathize, have
expressive mimics, and oratory ability. They can
foresee the future, and have the ability to expose the
lies of others, be it a verbal or emotional lie. This
personality type is found in 3% of women and 2% of
men.

ESFJ - (extraversion, sensing, feeling, judging).
These people love teaching and educating others,
they are very enthusiastic and can manage people
using emotional control and are able to maintain
good relationships. They are ready to sacrifice their
own interests in the favour of others. They like to
achieve everything on their own, and love to boast

people, they feel the relationships between people
very precisely, trust is very important for them, and
they do not forgive betrayal. They can reveal hidden
skills of others, and have the ability to educate. They
prefer self-education, and people often turn to them
for advice. INFJ is found in 2% of women and 1% of
men.

ISFJ - (introversion, sensing, feeling, judging).
This type of people have executive, preventive,
protective characteristics, they control psychological
distance, separating people around them into two
groups — their people and alien people, they
immediately feel if someone is not sincere. They are
able to defend themselves and people around them
and are good at analysis. In addition to being
accurate and compassionate, they are executive and
caring and consider it to be their duty to help others
around them. This type of personality is observed in
19% of women and 8% of men.

ENTP - (extraversion, intuition, thinking,
perceiving). People of this type are researchers and
dreamers in their nature, they have the wide range of
interests, and are capable of learning new terms
quickly and adapting to new working methods easily.
These people like new ideas and are far from the
traditional type of mentality. Their urge to discover
something new is showing itself in professional and
non-professional spheres. ENTP type of personality
gives continuous preference to new ideas. This type
is found in 4% of men and 2% of women.

ESTP - (extraversion, sensing, thinking,
perceiving). They are determined to win at all costs.
Obstacles only increase their determination. They
prefer to lead, rather than to obey. Having analyzed
the situation, they are able to build a clear plan and
follow it carefully. Their attention focuses on the
people and external environment. In their next steps,
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they objectively analyze the information and evaluate
it. People of this type are able to produce objective,
practical, valuable, accurate, fast and clear response
in any situation. This personality type is found in 6%
of men and 3% of women.

ENFP - (extraversion, intuition, feeling,
perceiving). These people have the ability to
understand others and possess very good
imagination. They prefer creative activities over the
monotonous work. People of ENFP type are very
social and like to share practical advice to other
people. This type of personality is observed in 10%
of women and 6% of men.

ESFP — (extraversion, sensing, feeling,
perceiving. Animators, politicians, activists, this type
of people manipulate other people being able to
understand their capabilities and skills. Being able to
identify weaknesses, they take weak employees
under their control. They love to look unique,
however, they do not have this attribute. The act
based on "here and now" principle. These people are
guided only by the present, and they give preference
to starting the work, rather than to completing it.
Communication is important for this type of people,
and they try to spend every minute in useful
interaction with others. This type is observed in 10%
of women and 7% of men.

INTP - (introversion, intuition, thinking,
perceiving). Architect, critic, analytic, the INTP type
of person is a philosopher. In addition to being
attentive, these people tend to analyze the connection
between the past and the future and take the decision
only when they are confident that the decision
correct and accurate. The are willing to explore and
analyze everything. Their propensity for objectivity
makes them analyze all information carefully and
their mobility and dynamism allows them to perceive
new information. This type is found in 5% of men
and 2% of women.

ISTP - (introversion, sensing, feeling,
perceiving). Masters and professionals, senses are
very important for this type of people. These people
like other people, reject the artificialness and are very
sincere in everything they do. People of ISTP type of
personality have technical thinking and love creating
something with their hands. They take decisions by

analyzing the information and take the objective
decision afterward. This type of personality is found
in 9% of men and 2% of women.

INFP - (introversion, intuition, feeling,
perceiving). These people like to dream and have
lyrical personality, they are able to forecast events in
an intuitive way, interact with other people in a
fruitful way and feel them. They consider appearance
to be important and prefer rest over working, they
have difficulties with saving money. This type is
observed in 5% of women and 4% of men.

ISFP - (introversion, sensing, feeling,
perceiving). These people love to enjoy every
moment of life, like traditionalism and monotony,
respect other people's personal and private lives, and
expect the same behaviour from others. They like to
joke and avoid conflict situations. They love to be
seen as valuable and needed and are quick to help.
Gentle and caring, practical and dreaming, these type
of people do not like to manage and influence others,
they accept this world as it is. This type of
personality is found in 10% of women and 8% of
men.

We have conducted an experiment to identify
the leadership style and personality types based on
Kurt Lewin's and Myers-Briggs' studies.

The object of the study: 23 Heads of
Departments (8 women and 15 men) of the
Economic Institute of the Azerbaijan National
Academy of Sciences and 12 Heads of Departments
(6 women and 6 men) of the Medical Compulsory
Insurance Agency.

The subject of the study: To study psychological
characteristics of the impact of leadership styles on
the management effectiveness.

The main hypothesis of the study: the
effectiveness of the management is in functional
dependence on the correlation between the leadership
style and the type of personality.

The purpose of the study: to determine the
relationship between leadership styles and the
personality type of the leader.

The research method: Myers-Briggs'
"Personality Types" and "Leadership Style Self-
Assessment” surveys.

Results.

Table 1

Correlation of the leadership styles and personality types of high-level management of the department
according to the annual report

Leadership styles Personality types

ESTJ ESFJ ENTJ ISTJ | INTJ INFP
Authoritarian (3 | 1 person - 0 2 people - 0 0 0
people — 8,5%) 2,8% 5,7%
Democratic 5 people - 1 person - 1 person - 4 people - 2 people - 1 person -
(14 people - 14,2% 2,8% 2,8% 11,4% 5,7% 2,8%
40%)
Liberal - 0 0 0 0 0 0
Total 17,1% 2,8% 8,5% 11,4% 5,7% 2,8%
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Table 1 - As a result of a conducted survey
conducted, there were identified the leadership styles
and personality types of high-level management of
the department. As seen from the table, the
democratic style of leadership prevails over others
(40%). There are 8% authoritarian leaders, and 0%

liberal leaders. The percentage of personality types in
democratic style of leadership is as follows: ESTJ -
14.2%, ESFJ, 2.8%, 5.7% ENTJ, ISTJ - 11.4%, INTJ
- 5.7%, INFP — 2.8%. Authoritarian leaders: 2.8% -
ESTJ, 5.7% - ENTJ.

Table 2

Correlation of the leadership styles and personality types of mid-level management of the department
according to the annual report

Leadership styles Personality types
ESTJ ESFJ ENTJ ENFP ISTJ ENFJ INTJ INFP

Authoritarian 2 people 0 0 1 person - 0 0 1 person 0
4 people - -57% 2,8% -2,8%
(11,4%)
Democratic 2 people | 2 people 0 0 1 0 0 0
(5 people -14,2%) -5,7% - person

5,7% -2,8%
Liberal (4 people 0 1 person | 1 person 0 0 1 person 0 1 person -
- 11,4%) - -2,8% -2,8% 2,8%

2,8%
Total 11,4% 8,5% 2,8% 2,8% 2,8% 2,8% 2,8% 2,8%

The Table 2 shows that there are 11,4 $
authoritarian leaders, 14,2% democratic leaders and
11,4% liberal mid-level management in the
department. Authoritarian leaders have the following

types of personality: 5,7% ESTJ, 2,8% ENFP, 2,8%
INTJ; democratic — 5,7% ESTJ, 5,7% ESFJ, 2,8%
ISTJ; liberal — 2,8% ESFJ, 2,8% ENTJ, 2,8% ENFJ,
2,8% INFP.

Table 3

Correlation of the leadership styles and personality types of junior-level management of the department
according to the annual report

Leadership Personality types
style ESTJ ESFJ ENTJ ENFP ISTJ ISTP ISFP INTJ INFP
Authoritarian 0 0 0 1 person 0 0 0 0 0
(1 person - -2,8%
2,8%)
Democratic 1 person 0 0 0 0 0 0 1 person
(2 people —| -2,8% -2,8%
5,7%)
Liberal (2 0 0 0 0 1 1 0 0
people -5,7%) person | person

-2,8% | -2,8%
Total 2,8% 0 0 2,8% 0 2,8% 2,8% 0 0

The Table 3 shows that 2,8% of the junior-level Conclusion

management of the department have authoritarian
leadership style, 5,7% - democratic, and 5,7% liberal
leadership style. Among authoritarian leaders 2,8%
have the ENFP type of personality; democratic - 2,8
% ESTJ, 2,8% INFP; liberal 2,8% ISTP, 2,8% ISFP.
According to the received results, 40% of those
leaders who highly valued their department had
democratic style, 14,2% of those had ESTJ type of
personality (extraversion, sensing, thinking, judging)
and 11,4% had ISTJ type of personality
(introversion, sensing, thinking, judging).

The study conducted in practical and theoretical
direction concluded that effective management
depends on the personality type and leadership style.
The leader's personality type affects both his own job
performance and that of his employees. Our practical
research has clearly shown that the most are clear
effective leadership style is the democratic style. At
the same time, it also became clear that none of the
departments which had leaders of the liberal
leadership style have been rated with good results.
Liberal and authoritarian leadership styles were
present in the departments having the average
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performance.

According

to Myers-Briggs

classification, the departments distinctive for the best
performance had the leaders of ESTJ (Extraversion,
sensing, thinking, judging) and ISTJ (introversion,
sensing, thinking, judging) personality types.

As a result, the departments having the best

performance had

leaders who were extraverts,

introverts, sensing, thinking and judging types of
personality. Both Democrats having ESTJ and ISTJ
types of personality are the most effective and

successful leaders.
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OIIEHKA AKTYAJIBHOCTH CUCTEM KOHTPOJISI KAYECTBA 3EPKAJI 3AJHEI'O BUIA
ABTOMOBNJISI HA OCHOBE JTUATPAMMBI HCUKABBI

Annomayusn: B cmamve paccmampueaemcsi akmyaibHOCMb CO30AHUSL CUCHIEMbL A8NOMAMUUPOBAHHO20
OECKOHMAKMHO20 KOHMPOIS ONMUYECKUX 0eheKmos agmomMoOUIbHbIX 3epPKail 3a0He20 8Udd.
Knrouesvie cnosa: 6ecKOHMAKmMHbvll KOHMPOIb, ABMOMOOUNIbHBIE 3ePKAIA, KOHMPOb 0e(heKmos, ouazpamma

Hcuxasui.

Introduction

OGecnieuenue 0€e30MacHOCTH JIBIKEHUS
aBTOMOOMIIST  3a7aya MHOrodakropHas. OpHuM u3
3JIEMEHTOB 0OE€30MACHOCTH SIBIIIFOTCS 3EpPKajia 3a[HEr0
BUIa apromMoOmt. [lepenada wHGOpPMAIN BOAHUTEIIO
00 0OCTaHOBKE Ha JOpOTe  OCYIIECTBIIICTCS
ontudeckuM 3neMeHToM. OH TpeicTaBiseT coOoi
3epKalbHOE CTEKIO C OTPAKAIOUIUM TOKPBHITHEM
Ha3bIBaeMBIM amaibramoil. JIroboit medexT, kak Ha
MOBEPXHOCTH CTEKJA, TaK M HA aMajbramMe MOXET

YXYJILWUTh BUAUMOCTH, 3HAYUTEIBHO  YBEJIMYHUTH
«MEpTBYIO» 30HY U IIPUBECTH K CEPbE3HBIM
HOCJIEACTBUSIM.

Materials and Methods

KommuectBo  fed)eKToB,  BCTpEUArOIIMXCS — HA
MPAKTAKE JOCTaTOYHO Benmko. K Hambonmee dacto
BCTPEYACMBIM U OMACHBIM JIe(heKTaM MOKHO OTHeCTH [1]
TIOPOKH CTEKIIOMACCHI (ITy3BbIPH, MOIIIKA, CBHJIB), IIOPOKU
(hopMOBaHUS (OTIICYATKU BAJIKOB, TPUIIHIIIIAS KPOIIIKA),
MOPOKU BBbI3BAHHBIE MEXAHUYECKUMU TOBPEXKIACHUIMU
(maparHbl, TIOTEPTOCTh, CKOJI, BBICTYI, TPEIIUTHA,

MOCeYKa) M Tpoure TMOPOKH (BBIIMETIAUMBaHHE, APOCC,
omoM). CTEKJIO ONTHYECKOTO JJEMEHTa HE JTOJDKHO
UMETh YKa3aHHBIX BbIme JedexToB. OnHAKO, CTOHUT
OTMETUTh, 4YTO psia  JOedeKkToB, TaKUX Kak,
HEe3HAYHUTENIbHbIC €JMHUYHBIC [[aparuHbl, B KPacBOMH
obyacTi 3epkaja HE SBIAIOTCS JeQeKTaMH M
JIOIYCKAfOTCS CTaHAApTaMU. DTO CBA3aHO C TEM, 4TO
9TH obmactn AMOO0 HE BHIHBI C MECTa BOJUTEIH,
o100 HE HeCyT CyNIECTBEHHOH WH(OpMAIWH.
Jannple oGnacTn 0003HAYEHBI CBETIBIM 3€JIECHBIM
I[BETOM Ha pucyHke 1.

BeisiBiieHHe OCHOBHBIX (DAKTOpPOB, KOTOpBIE
MOTYT TOBIHATH Ha KadecTBO 3€pKajla IOBEIEM
ITyTeM TIOCTPOCHUS W aHaIM3a JuarpamMmsbl VcukaBbl
[2].

JUis 3TOro BBISBISIEM U CUCTEMATU3UPYEM BCE
NIPUYNH, KakuM-TH00 o0pa3oMm BIMsIONIME Ha
Hanmuuue 1e(eKTOB Ha 3epKaie. 3aTeM IpyNIupyemM
9TH TPHUYMHBI B 3aBHCHUMOCTH OT CMBICIOBBIX U
MIPUYNHHO-CIICICTBEHHBIX ~ CBSI3€H MEXAy HUMH.
OmnpenensieM 3HAYUMOCTh TIPHYUHBI BHYTPU KaXKI0TO
0710Ka 1 aHATM3MPYEM HOIYIHBIINICS pPe3yNbTaT.
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K ¢akropam BepxHero paHra OTHECEM: NMpUMEHEHHsT  CIICNMalbHBIX  cpencts  [4]. U3
MaTepHaibl, TEXHOJIOTHIO IIPOU3BOACTBA, U3MEPEHUS NIOCTPOEHHOM  JHarpaMMbl  CIEAYyeT, 4YTO 3TO

M KOHTPOJb, OKpYXalomas cpena, paboune W
MepcoHal, MEHEKMEHT, naedektel. K daxropam
BTOPOTO paHra, BIMSIONIMM Ha COOTBETCTBYIOIUE
(akTOpel  TEPBOrO  paHra, OTHECEM:  BpeMs
U3MepeHus, YAO0OCTBO, TOYHOCTh M T.JA. 3areM
ompezenseM (GakTOpbl TPEThETO pPaHra, BIUSIOIIUC
Ha  QakTtopsl BTOporo padra. llomydyeHHas
JrarpaMMa IpezicTaBlIcHa Ha PUCYHKE 2.

W3 ananuza mocTpoeHHOW OuarpaMMbl MOYHO
CAenaTh BBIBOJ O TOM, YTO OOJIBIIMHCTBO (haKTOPOB
BIMSIOIMX HA KAa4deCTBO 3C€pKal MOTYT OBITH
yCTpaHEHBI IPH MIPOBEACHUH KOHTpoIs. OfHaKO, caM

OpOIECC KOHTPOJIS TAakKKe MOXKET BJIMSTh Ha
kadectBo [3].
OZ[HOﬁ us3 OCHOBHBIX MIpUYIUH BIIMAAHUA

mporecca KOHTPOJS HA €ro KauecTBO SBISACTCS
YenoBeueckuit (akrop. IDTO CBA3AHO C TEM, YTO
Jaie BCEro KOHTPOJb MPOBOIUTCS HEIOBEKOM 0e3
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ABTOMATHU3UPOBAHHASI CHCTEMA KOHTPOJISI IEPOXOBATOCTHU HAPY KHbBIX
MOBEPXHOCTEM ONITUKO-IIU®POBLIM CIIOCOEOM

Annomayus: B cmamvee paccmampusaemcs cucmema a8momMamusupo8anio20 6eCKOHMAKMHO20 KOHMPOIS.
WEPOX08amoCmu HaPYyICHbIX NOBEPXHOCMEl Oemaneil NOcie MEXAHUYECKOU 00pabomxuy.

Kniouesvie cnosa:. onmuko-yu@posoii cnocob, uiepoxoeamocms, KOHMPOIb WepoXoeamocmu, o0pabomxa
epaguueckou ungopmayuu.

Introduction COYETAOIIMN PEUMYIIIECTBA BU3YaTbHOTO KOHTPOJIS
[lepoxoBaTOCTh MOBEPXHOCTH OIpPEACISIETCS, c ero BBICOKOM MPOU3BOAUTEIFHOCTHIO;

KaK TPaBUIIO, KOHTAKTHBIM METOJOM C IIOMOLIBIO npodUIOMETPHYECKHI, oTMyarnmiics
NpoGUIOMETPHH MHKPOHEPOBHOCTEH, MONYyYEHHBIX O0OBEKTUBHOCTBIO, OCHOBAaHHOW Ha M3MEPHTEIBHOI
Ha JeTand Tmoclie e€ MeXaHH4eCKoH o00paboTKH. npuOOPHOI 4YacTM W ONTHYECKHH, 00JIamaromui
HdanHplii Meron TpeOyeT 3HAYUTENBHBIX 3aTpar BBICOKOH TOYHOCTBIO BOCHPOU3BEICHHS
BpeMEeHH M cpenctB. Kpome TOro, KOHTaKTHBII noBepxHocti [2, 3]. TakuM KOMOMHHPOBAaHHBIM
METOA HE II03BOJIIET MOJNy4YaTh MHUKPOIPOGHIb croco0oM  SIBISIETCS  cHOCO0, OCHOBAaHHBIA — Ha
CITOXHBIX TIOBEPXHOCTEH (C pebpaMu, KapMaHAMH, C HCIIOJIb30BAHHH 1 poBoit boTocreMKH
H3MEHSIFOIIUMUCS B IMHUPOKHUX MPEIesiaX KpUBU3HAMH MOJMy4EeHHOW TMOCIe MEXaHWYeCKoi  06paboTKH
U T.IL). A TaKke He MO3BOJISET MPOBOJUTH IKCIIPECC- MOBEPXHOCTH W  COOTBETCTBCHHO  ATOPUTMAX,
aHAIN3 C IIENBI0 BHECEHMS KOPPEKTHPOBOK B XOI MO3BOJITIONIMX MPOU3BOUTH B peajbHOM Maciitabe
00paboTKN TOTyd4eHHOH HH(OpMAIMM B pPEaTbHOM BPEMEHH KOMIIBIOTEPHYI0 00paboTKy rpaduueckoi
MaciiTabe BPEeMEHH, YTO SBJISCTCS JKeNaTelbHBIM WHGOPMALIUK, YTO B HTOre IIO3BOJIUT YCTAHOBHUTH
(dakTopoM U TOBBIICHHS KadyecTBa HW3JCIHS. LIEPOXOBATOCTh. J{JIs 3TOr0, MpeaiaraeMelii crnocoo,
OnTuyeckre e METOIbl ele 0ojee 3aTPaTHBI 110 JOJDKeH OBITh OCHOBaH Ha 3aKOHaX ONTHYECKON
BPEMEHH M 3aBHCHMBI OT OIBITA CIICHHAIKCTA, ¢bu3uky, MaTeMaTH4ECKOil CTATUCTUKH u
nposoJsiiero usmepenus [1]. Tak, Hanpumep, meTox COBPEMEHHBIX HH()OPMALMOHHBIX TEXHOJOTHUSIX, YTO
BU3YaJIbHOTO KOHTPOJIS C MCIIOIb30BaHHEM 00pa3IoB JacCT  BO3MOXHOCTb  TOJy4aThb  HEOOXOJUMYIO
[IEPOXOBATOCTH  HAWMMEHEe  TPYJAOEMOK,  HO HH(MOPMAIIHIO B MPOU3BOACTBEHHBIX yCIOBUAX. [Ipn
HEJI0CTATOYHO TOUCH. 9TOM BIHSHHE TOMEX, CBSI3AHHBIX C BHOpPAIMSMH U
3arpsSI3HEHHOCTBI0  KOHTPOJMPYEMOI MMOBEPXHOCTH

Materials and Methods CBEJICHBI IO MUHUMYMa, B CBSI3M C TEM, YTO BpPEMS
Hawnbosee MepCHEKTUBHBIM SBIISETCS CITOCOD, 9KCMO3WIIMK  TPH  ChEMKE  HE  MPEBBIMIACT

ISPC Technology and progress,

Philadelphia, USA 24 THOMSON REUTERS

Indexed in Thomson Reuters



http://s-o-i.org/1.1/tas
http://dx.doi.org/10.15863/TAS
http://t-science.org/
mailto:Colmy@tltsu.ru
http://s-o-i.org/1.1/TAS-05-49-5
https://dx.doi.org/10.15863/TAS.2017.05.49.5

[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630
.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260

i JIF =1.500 i SJIF (Morocco) =2.031 i
COOCTBEHHBIX 4acToOT TEXHOJIOTHYECKOI'O (YHKIMOHUPOBAHUH aBTOMATH3UPOBAHHOW CHUCTEMBI
00opynoBaHus. i obpaboTkm W aHanM3a  rpadUUecKou
Jns pgoctmxeHus »TOW Tmenu paspaboTaHa “HpOpMAIN SIBJISIFOTCSL: npeaBapuTebHast

ABTOMATU3UPOBAHHAss CUCTEMa, OCHOBAaHHAs Ha
pacro3HaBaHUK M300paKeHHUS, KOTOPasi COCTOUT U3
ONTHKO-IIU(QPOBOTO MOIYNs U TMEPCOHAIBHOTO
KOMIIbIOTEpa (PUCYHOK 1).

Jns  (QyHKIUMOHUpOBAaHHS  MpeIaracMoi
ABTOMAaTU3UPOBAHHOH  CHUCTEMBI  HCIOJB3YIOTCS
ANTOPUTMBI CPaBHEHHs TEKCTYp H300pakeHUil mpu
MOMOIIM KOPPENALHOHHOTO KPUTEPHUSI CXOACTBA IO
anroputMy cpasrenus [4, 5, 6, 7, 8, 9, 10].

OCHOBHBIMHU sTanamu pacuera

pu

00paboTka, rmojryueHre MHOOPMATUBHBIX IPU3HAKOB

BBIICNCHHONH 00nacTd u300pa)KeHHs, CpaBHEHHE
BEKTOPOB NPU3HAKOB € HAOOpPOM  ATAJIOHHBIX
MIPU3HAKOB.

Jlns peanu3anuM ykasaHHBIX BBIIIE 3ajad Ha
BCEX JTallax pacyera MCIOJIb30BAIKCh pPa3IMYHbIC
METOJbl ¥ aJIrOPUTMBI, BKIIOYAs: ONTHMAJbHO-
TUHEWHYI0 (QUIbTpanuio, BEHBIET-TIpeoOpa3oBaHus,
KOPEIULILMOHHBIE ~ METOIbl,  alrOpPUTMBI  JUIs
BBIYHCIICHUS OLICHOK.

Pucynok 1 - OnTuko-un¢ponasi cucreMa onpeejeHusi LIePOXOBaATOCTH:

1 — nnura;

2 — IpU3MBI;

3 — oNTHKO-IU(PPOBOH MOTYJIb;

4 — mTaTuB;

5 — 3JIeKTPOHHO-BBIYHCIUTEIbHAS MAIINHA

TexkcTypbl n300paXeHMH CPAaBHUBAIOTCS IO
ITOPUTMY paboraromemy Ha OCHOBE
KOPPENSALUOHHOTO KpUTEpUsi CXOACTBa. JlaHHBIH
ITOPUTM paboTaeT CIIeIyIONINM 00pa3oM.

OTanoHHbIH obpasert LIEPOXOBATOCTH,
MPE/ICTABICHHBII B BHJIE MaTPHIbl H300paKeHUS U
uMermuil  pasmep nxn, CpaBHUBaeTCsI ¢
(parMeHTaMM CHHMKA BXOMSIINX B «30HY IOMCKa»

Q2 pverommmn pasmep DX¥LL=N+M @parvents

MEXIy COOOM MOJDKHBI MEPEKPBIBATHCS C IIATOM h ,
KOTOPBI HMMEET JHCKpPETHas peIieTKa h22 B
IIOCKOCTHU PZ. Ha panHO#l IIOCKOCTH 3aJar0TCs
Ha0Jro1aeMble  TIePEeMEHHbBIE {ugx = (x, )} HA A

WU L)} Ha B. Jlamee BBIMONHSAETCS CKOJB3SITAN
MOUCK, TPH  KOTOPOM  TEKyIIMd  ¢parMeHT
TOJTY9aeTCsl U3 MPEABLIYIIET0 MyTeM CABUTA HA OJIUH
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JHCKpET. 3aTeM omnpenensieTcss «YHKIHS CXOACTBA»
M300paKEHHs ITAJIOHA {uxeln} n300pakeHus

dparmenta momexamero konrpomo WKXeE s}
JaHHas 3agada BecbMa CIIOXKHAs U 3aKIIO4YaeTcs B
nmoncke (pyHKIIMH CXOJCTBa, KOTOpas OTBedana Obl
psany  TpeOoBaHmWiL. OCHOBHOE W3  KOTOPBIX
3aKJII0YAETCSI B TOM, YTOOBI OHa C MAaKCUMAJIbHOM
TOYHOCTBIO u BaJIMJHOCTBIO omnpenesnsia
XapaKTEePUCTUKU TEKCTYPbI, KOTOPHIE COOTBETCTBYIOT
n300pakeHnI0 (hparMeHTa MPUHATOTO 32 ATANIOH, T.€.
(axTHyecKu HPOUCXOUT COBMEIILICHUE
CONPSDKEHHBIX TOYEK Ha CHUMKaX.

Hcxoast U3 TOro, 4To HEOOXOAMMO COOIIOIATH
YCJIOBUE BaJIMIAHOCTH OOHApYXXEHUs Ul BEJIUYUHBI

B3aUMHOH  KOppessiiuu max f(k,1) HYKHO

ycraHoBUTh  mopor. [l Toro  4ToOBl €
ONpPENENEHHON  BEPOSITHOCTBIO  TapaHTHUPOBATh
CXOJCTBO  KOHTPOJIHMpPYeMOro  ¢parmMeHra u
STAJOHHOTO (parMeHTa JIOJDKHO — BBITIOJMHSTHCS

max f(k,1)>r
yCIOBHUE ", BeIu4uHy 1opora MO>XHO

OTIpeNIeNUTh byHKIHen pacnpeneieHus
ko3¢ ¢unneHTa  KOppeisiuué  JUIA  CIIyYalHBIX
BBIOOPOK M  IyTeM 33/aud  JIOBEPHUTEIbHOH
BEPOSITHOCTH MPUHATHUS PEIICHUS O JEHCTBUTEIHLHOM
CXOJICTBE (pparMeHTOB.
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DETECTION SYSTEM OF DEFECTS AUTOMOBILE REAR VIEW
MIRRORS

Abstract: In this report we describe the system of the automated contactless control of optical defects of
automobile rear-view mirrors.
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CUCTEMA OIIPEJEJEHUSA JEPEKTOB ABTOMOBUJIbHBIX 3EPKAJI 3AJHEI'O BUJIA

Annomayus: B OauHoU cmamve paccMampueaemcs CUcmema aemoMamu3upo8aHHo20 OecKOHMAKMHO20
KOHMPOIS ONMUYECKUX 0eekmos agmomoOUIbHbIX 3ePKAl 3d0He20 8UOd.
Knrouesvie cnosa: beckonmaxmmuwlii KOHMPOLb, AGMOMOOUTbHBLE 3ePKANA, KOHMPOLb 0eQeKmOs.

Introduction paspacratbesi.  OpHaKo, B COOTBETCTBUH  C

B COBPEMEHHOM ABTOMOOHMIIECTPOCHUH Pa3IMYHBIMH CTaHIapTaMH HAIWYHE TaKuX Ae(eKToB
MPEIBABIIOTCS KECTKHE TpeOOBaHMA K KauecTBY JOITyCKAaeTCsl B  3aBHCUMOCTH OT MecTa HX
BBIITYCKAaeMOIl MPOAYKIMH, UYTO OOYCIOBIEHO HE PaCIIOIOKEHUS U Pa3MEpOB.
TOJIBKO OOecriedeHneM 0e30MacHOCTH SKCILTyaTalluH
aBTOMOOWIEH, HO M OrpOMHON KOHKypeHLIMEeH Ha Materials and Methods
pbIHKE. BhImonHeHne 3THX TpeOOBaHMH BO3MOXHO KonTpone nedexroB 3epkad Ha JEHCTBYIOIMX
TOJIBKO ITyTEM YBEJIHUYECHHUS! TPEOOBAHUI K KOHTPOIIIO TIPEANPUSITASIX HAa JAHHBI MOMEHT Yalle BCEro He
M K KOHTPOJBHBIM CHCTEMaM BCEX D3JEMCHTOB ABTOMATW3MPOBAaH W BBINOJHSIETCS  CHEHUAIBHO
aBTomoOwrss.  Poct  00BeMOB  IPOM3BOACTBA 00y4eHHBIM KOHTPOJIEPOM C NMPHMEHEHHEM NPOCTEHIINX
MPUBOJUT K HEOOXOIUMOCTH aBTOMAaTH3aIllUU BCEX OINTUYECKUX TpuUcTiocoOneHnii um 6e3 Hux. B Takom
MPOIIECCOB Ha MPOM3BOJCTBE, YTO CTABUT MpoOIEeMy Cllydae JlaeTcsl TOJIBKO KayeCTBEHHas OICHKA, T.€. €CTh
OpraHM3aly KOHTPOJIS B psill HanboJiee akTyalbHbIX nedekT WM OH OTcyrcTByeT. Kpome Toro, Ttakoit
JUT aBTOMOOMIIECTPOCHUSL. METOJI KOHTPOJIsI 00J1a/JaeT HU3KOW JI0CTOBEPHOCTBIO

ABTOMaTH3aIWMS KOHTPOJS 3€pKal 3aJHEro BHAA B BHIY CYOBEKTHBHOCTH BOCHIPHUSATHS OITHYECKOH
HOZIpa3yMEBacT, NPEXAE BCEro, MOMCK U OIpPENIENICHUE HHGOPMANN KaKIBIM OTIENBHBIM 4YeJIoBeKOM [2].
JIepeKTOB, KOTOpbIE YXYAIIAOT O030PHOCT C MecTa Eme omHuM cCylecTBEHHBIM HEAOCTaTKaM MeToja
Bomuterst.  IlepeueHp 3TMX  JeEeKTOB  JOCTATOYHO SIBIIIETCS €0 HE3HAUUTENbHAs IPOU3BOJUTEIBHOCTb.
Gompioi [1]. D10 MOryT OBITH BKIIFOYCHHS, MOPOKH B cinyuae npumMeHeHHS TNPOCTEHUIIMX ONTUYECKUX
(opMUpOBaHUS, ~ MEXaHWYECKHE  ITOBPEKICHHSIMIL MIPUCTIOCOOIEHNH MOKHO MOJIydYaTh B Psijie CIIydacB
Ocoboe BHHUMaHUE yaensiercs Hanboree KOJIMUECTBEHHYIO OIIEHKY JedekroB. Hemocrarox
pacnpocTpaHeHHbBIM Je()eKTaM CKOJIaM U TIOTEPTOCTSIM. puOOpPOB JAHHOTO KJlacca 3aKJII0YaeTcsi B TOM, 4TO
Janaple  nedexTsl  MOryT OBITh  H3HAYAIBHO OHHU TPeOYIOT OONBIION KOHIIEHTPAI[MH BHUMAHUS H
HE3HAYNTEIHHBIMH 10 pa3MepaM M MaJl03aMeTHBIMH, CIJIHO HarpyXarwT 3peHue omeparopos. ITostomy

HO pu OINPECACIICHHBIX YCIOBUAX MOryT
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TaKO€ pPEIICHUE HE MABICTCA OINTHUMAJIBHBIM, T.K. DJICMCHTOB:
MIPEICTABISET OMACHOCTH LIS 3I0POBbBSI OIIEpaTopa. 1.Iludposas I13C porokamepa.
ABTOMAaTH3NPOBAHHEIM KOHTPOJb pEIIacT BCE 2.0mpasa I13C doroxamepsi.
nepeunciennsle Hepocratku [3]. Kak mpaswuiio, 3.Kopmyec, OCHAILIEHHBI HCTOYHUKOM

CHCTEMBl JaHHOIO Kjacca IpPeACTaBIAT Cco00i
IpOTrpaMMHO-aNapaTHEIE KOMILJICKCHI,
HOCTPOEHHBIE Ha 0a3e CHCTEM TeXHUYECKOTO 3PEHHUS.
Ha naHHBIN MOMEHT TaKOTO pojia CUCTEMBI KOHTPOJIS
nedexToB 3epKayl CepHiHO NMPOMBIIUICHHOCTHIO HE
BBIITYCKAIOTCA. B cBsA3m ¢ 3TMM Ha OONBIIMHCTBE
TIPEANPHUATHH UCTIONIB3YyeTCS
HEaBTOMAaTH3UPOBAHHBII KOHTPOJIb.

[MocTpoenne Takol CHCTEMBI OBLIO pENICHO

MPOM3BOANTE Ha OCHOBE ONTHKO-IU(POBOTO
MOJyJIs, MEPCOHAIBHOIO KOMIIBIOTEpa u
CIELUaIbHOTO  IPOrPaMMHOr0  oOecredeHus,

pazpabotanHoro Ha 0a3e Teopuu LUPPOBOW
o6paboTku nzobpaxenwuii [4, 5, 6].

Cxema CIOPOCKTUPOBAHHOTO CTCHAa

npeactaBieHa Ha pucynke 1. IlpencraBieHHast
YCTaHOBKA COCTOUT U3 CJCAYIOUUX OCHOBHBIX

MOHOXPOMAaTHYECKOT'0 CBETA.

4.I15BM u nporpaMMHOe 0OecIieyeHue.

5.MOHOTOHHOE MOJIOTHO.

6.Crou.

7.KoHTpommpyeMslit oOpaserr.

8.0mpaBa [is1 3epKaa.

B mpomecce paboTel cTeHAa w300pakeHHE
3epKaJia 3aJHero Buza ¢ JeeKTaMH PerucTpupyeTcs
mudppoBoir  poTtokamepoit. J[amee wu300paxkeHwue,
MpeacTaBisionee coboil nnuppoBoit (HOTOCHUMOK
momajaer  Ha  obpabdorky B IIOBM, rme
MIPOM3BOJUTCSA €ro o0padoTKka B  CIENHUAILHOM
nporpaMMHOM obecniedenun. [Tocne 4yero Bbimaercs
nHpopmauus 0 HaJINYUU nedexros B
KOHTPOJIUPYEMOM H3/IEIIHH, MECTE UX PACIIONOKEHHS
U pasmepe.

L.

\

7/ 4

Pucynok 1 - Cxema cTeHAa KOHTPOJISI ONTHYECKUX Ae(eKToB.

Paccmotpum Gostee moapoOHO paboTy cTeHaa.

KonTponupyemoe 3epkajo  3aJHero Buja
nmomermaercst B ompaBky 8. II3C dorokamepa 1
3apaHee YCTaHaBIMBAETCS B OINpaBKe 2 Ha CTOIE.
IIpu sTOM Kamepa JOJKHA OBITH HACTPOEHA 3apaHee
Tak, 4TOOBI 00eCIeYMBANIOCH TMEPEKPHITUE 3epKalia
MOHOTOHHBIM IOJIOTHOM 5.

[Monyuennoe  m3o0paxkeHHE  IOJBEpPraeTcs
obpabotke Ha [IOBM 4. Cravana ¢ n3oOpaxeHHs

yaansroTes «myMb. C ATOH HENbI0 MOTYT OBITh
HCIOJIb30BaHbI H3BECTHBIC AJITOPUTMBI [7].
3aTreM HEO0OXOIUMO MOABEPTHYTH H300pakeHNe

OuWHapu3amuM, TEM  CaMblM,  BBIICIHB  HA
n300pakeHuH Ae(heKThI.
Cy1ecTByOT pasiIuvHBIe METOJIbI

OuHapu3auuu u300paxkeHud. B  ngaHHOM ciydae
JIOCTATOYHO NPHUMEHEHHMS OJHOTO U3 CaMbIX MPOCTHIX
- moporoBoil obpabotku. [8] J[aHHbli Meron
OCHOBaH HAa  pa3IMuUM  CPEIHEeH  SIPKOCTH
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OTHOPOIHBIX YYacTKOB n3o0paxkeHws. [IpoeneHme nedexra. Jlamee  omeHmBaeTcs ~— obmacTe  Ha

COOTBETCTBYIOLIETO IPE0Opa3oBaHUs KaXKIOH TOUKU
M300paKEHHUS TOJDKHO BBIIOJIHATHCS B COOTBETCTBHU
C MPaBUIIOM:
o e npu x(, j)< X,
y(i. §)= .

Yo, npu X(i, J)> X (1)
rie Xo - €AMHCTBEHHBIH MapameTp
00paboTKH, Ha3BIBaeMBIi  IMOPOTOM.  YPOBHH
BBIXOJHOW SPKOCTH Yy H Y; MOIYyT OBITh

MPOU3BOJILHBIMU.
Hanee mpousBoguM oOHapyxeHHe Je(eKToB

IyTeM BBIYUTAHUS IIOJYYCHHOTO H300paKCHUS U3

STaJIOHA, T.€. MOJMYYCHUsI OMHAPHOU pa3HOCTH [9].

Z(p.: —s(A z,A).y .
ei j _ (pl,j ( H )|+Y,J+>< ), (2)
0
_{Z(S(A'ﬂ'ﬂv)iw,ﬁx - pi,j) 3
i = , 3)
0
rae
Z(x):{x' x>0 ' 4)
0 6 npomuenom ciyuae
Ham/mne JIMIIHUX>» HWIIN «HEOOCTAKLINX)>

(hparMeHTOB TOBOPHT O HATMYHH HA JAHHOM y4acCTKe
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and methods.

ARMENIAN SEPARATISM IS AN INTEGRAL PART OF THE
INTERNATIONAL TERRORISM

Abstract: The article describes the evil, from which has been suffered not by Azerbaijanis, Turks, Georgians,
but also by many other innocent people around the world for hundreds of years. Armenian terrorist groups,
distinguished by their cruelty, destroyed all those who prevented the realization of the pan-Armenian myth “Great
Armenia - from sea to sea”.

They arranged mass massacres in the territories of Turkey and Azerbaijan, 2.5 million Muslims in Turkey, 400
thousand people in Azerbaijan, and several tens of thousands in Georgia and Iran became victims of their actions.
These murders were notable for their mass volume and special fanaticism: in January 1918, in the village of
Katranly (Kars, Turkey), the Dashnaks burned alive 1,400 children, gathered from all districts; On March 17,
1918, in Urmia (Iran), Armenians cut 10,000 peaceful Azerbaijanis within one day400 people were burned alive in
Zangezur in 1918, who found shelter in the mosque. In March 1918, during the massacre of the Muslim population
of Baku, 12,000 people were killed. The hospital at the Fortress Gate was blocked and burned, along with 2,000
wounded and sick. These are only some of the atrocities of the Armenian fascists.

Since the beginning of the Armenian aggression on the Azerbaijani soil, 32 terrorist acts against Azerbaijan
have been committed by the Armenian terrorist groups, because of which 2 thousand were killed and tens of
thousands wounded.

Listing all these facts, it is asked: does the Armenians or the genocide of the Azerbaijani and Turkish peoples
carried out by the Armenians invent it the «genocide of the Armenian people»?

By grossly violating international laws and principles, Armenia, occupied the territory of Azerbaijan and
remains unpunished.

Key words: Armenian separatism, terrorism, genocide, ethnic cleansing.
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APMSIHCKH CEITAPATH3M — COCTABHASI YACTh MEXKJIYHAPOJHOI'O TEPPOPU3MA

Annomayus:. B cmamve oceewaemcs 310, Om KOMOPO20 60M Yice COMHU Jiem CMmpaoaiom He MmoJbKo
asepbanodicanybvl, MypKu, py3unbl, HO U MHO2Ue Opyeue HU 6 YeMm He NOGUHHbIE JI00U 60 6Cem Mupe. Apmanckue
meppopucmuiecKue epynnoi, OMIUYAGUWIUECS CBOEll JICECOKOCMbIO, YHUUMOICANU BCeX, KMO NpPensimcmeosa
peanusayuu 0dueapmsancko2o muga “‘Benuxas Apmenus — om mops 00 mops”.

Onu ycmpaueanu axkyuu Mmaccoeou pesuu Ha meppumopusax Typyuu u Asepbaiiodxcana, dcepmeamu ux
Oelicmeuii cmanu 2,5 man. mycynomar ¢ Typyuu, 400 moic. — 6 Azepbaiiddcarne, HECKOIbKO OeCAMKO8 MulCid — 6
Tpysuu u Upane. Omu youticmea omaudanuc, Macco8oCmvio u 0cobbim uzygepcmeom: 6 aneape 1918 2ooa 6 cene
Kampanner (Kape, Typyus) oawnaxu 3axcugo coocenu 1400 oemeti, coopannsix co gceul okpyeu,; 17 mapma 1918
200a ¢ Ypmuu (Mpan) 6 meuenue 00nozo ousi apmsne nepepesanu 10 moicau mupnvix azepoatioscanyes, ¢ 1918
200y 8 3aneeszype 3adcugo oviiu coxcocenvl 400 kpecmuvsn, Hawedwux yoeocuwe 6 mevemu. B mapme 1918 2o0a 6
X00e pe3Hu MYCyTbMAaHCKo20 Hacenenus 2opooa baxy oviiu youmwl 12 moic. uenosex, 3a010KUPOBAH U COANCHCEH
emecme ¢ 2000 panennvimu u 60avHbIMU 20cnumany y Kpenocmueix Bopom. Omo nuwb, Hekomopbvle us 8cex
3100esAHUL APMAHCKUX DAUUUCTNOG.
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C Hauana apMAHCKOU aspeccuu HA a3epOatiONCAHCKOL 3eMiae CO CHOPOHbI APMAHCKUX MEPPOPUCIUYECKUX
2pynn cosepuiervl 32 meppopucmuyecKux akmos npomus Azepoaiiodxcana, 8 pesyivmame KOmMopwvix OvLio youmo 2

mblC. U paHEeHOo OecsimKU mblCaulU Yen06ek.

Iepeuucnsisn 6ce smu haxmul, cnpawusaemcs. 3mo NPUOYMAHHLLI APMAHAMU “‘2eHOYUO APMAHCKO020 Hapooa ™
U dice 2eHOYUO a3epOatiONCAHCKO20 U MYPEYKo20 HApOO0os, OCYWEeCMBIEHHbIN APMAHAMU?

Apmenus,
Asepbatidocana u ocmaemcsi He HAKA3aHHO.

2pybo  Hapywas MedCcOYHapOOHble

HOpMbl

U  NPUHYUN®L, OKKYNUPOBALA MeppUmMOopuio

Kniouegvie cnosa: apmanckuil cenapamusm, meppopusm, 2eHOYUO, IMHUYECKAsL YUCTIKA.

Introduction

CTOpOHHUKM WIEH COo3JaHus  Bemwkoro
ApPMSIHCKOTO TOCymapcTBa — “OT Mops 0 Mops™ —
BBIOpaNld pa3HbIE IIyTH JOCTIDKCHUS 3TOH LENH.
ApMSHCKHE  CEmapaTHCTBl  CPaBHUBAIOT  CBOU
TEPPOPUCTUYUECKHE JEHCTBHS C PEBOJIOLMOHHOM
BOWHOM, 0CBOOOIUTEIILHBIMH JIBIDKCHUSIMH,
00OCHOBEIBAasE JTO TEM, YTO M TaM HEU30€KHEI
JIFOJICKME JKEPTBBI BO UMS JIOCTHXKEHUsSI KOHEYHOIl
LEeJH.

ApMSIHCKHME OpraHM3allii TIOCTaBHJIM Hepen
co0oif 3amady oOuMIIATh 3TH 3E€MJIH OT TYPOK,
azepOaif/KaHIEeB, TPY3WH M WHBIX KOPEHHBIX
HapoZOB, W HaMid BO UM  JOCTI)KEHHSA
BEJINKOJICP’KaBHOTO [IOBHHU3MA.

ApMsiHE  HAyYWINCh C  OTHOCHTEIBbHOU
JETKOCTBIO  JI€3MH(QOPMHUPOBATh WM  ITIOAKYNAThH
Pa3HBIX TOJIMTHKOB, BHI3BIBATH Y HHX COYYBCTBHE K
cebe, TeM CaMbIM TOJIy4aTh WX HOAJEPIKKY s
BOIUIOILIEHUSI B JKM3Hb OOLIEAPMSHCKYI0 MEYTy —
“Benukasg ApMeHHs — OT MOps 10 MOps”.

Materials and Methods

BbeiBumii  IlepBbrii  cexkperapp LK KIICC
JLU.BpexHeB noa cuipHbIM BiausiHueM A.MukosiHa
npaBod pykoll Teppopucra Amazacma U 1OA
yCEepOHbIM HAaCTOSHHEM CcBoed nouepu — [anmHbI
BpexHeBoil nan pasperieHHe Ha COOpPYXEHHE B T.
EpeBan “mamsTHuMKa >kepTBaM reHouuaa”. Takum
obpasoM, B 1965 1. mpuUAYMaHHBIH apMsIHAMH
“reHoLn ] apMSHCKOTO Hapoja”, BIEpBBIE OBLT Kak
OBl Mpu3HAaH. ApMsIHE BBIIYMAaIH JaXe y>Kacarollyro
mudpy mnorubmux: Oojee 2 MUIUTHOHOB. XO4eTcs
3a/1aTh BONPOC MOJHUTHUKAM, IOANCPKUBAIOLINM ITH
apMmsHCKue Opemnm: ecau B 1915 — 1923 rr. youro
CBBIIIE JABYX MIUIMOHOB apMsH B Typuum u B
Aszepbaiimkane, TO Kakoe ke ObUIO KOJIMYECTBO BCEX
apMsTH, TIPOXKHUBAIOIINX B TOM peTHOHE?

H.Cokoncku B cBoeir kHure “Ouepkud o
coBpemenHnoit Typrum”, uzmanHoit B 1923 1. B
Toumucu, coobmaer, 4ro k 1915 romy 4uciIeHHOCTD
apMsH B Typuuu cocTaBsno okosio 1 mummmona 285
TeIC. IloCiTe CHpOBOIMPOBAHHBIX JTUAECPAMU HApTHH
“I'nyak” u “JlamrHaKIyTIOH® apMsHO — TYPEUKHX,
apMSHO — TPY3MHCKHX M apMSHO — a3epOaiykaHCKuX
BOMH Ha Teppuropun Typuuu, ocranoch okomno 380
TeIc. apMsiH. [lo apMsaHCkuM ke uctouHukam: 600
ThIC. uenoBek sMurpupoBanu B Eruner m Cupuro,
Wupuio u [akucran, Aurnuio u Bo @panuuto, CIIA
u Kanany, Ascrpanmio u Manonesuto, Jpuonuio u

Mekcuky, Kumnp, Uranuto, PympiHMIO 1 BO MHOTrHe
npyrue  crpaHsl.  Oxomo 100 ThIC.  apMsH
TIEPECETNIIOCh U3 IPU(PPOHTOBOH MOIOCH BO BHYTPb
Meconoramun.  OcTanpHble TOTHOMM B BBIIIE
yKa3zaHHBIX BoHax [5, C. 119]. HetpyaHslit moacuer
yKa3bIBaeT Ha nudpy 205 Thicad.

Uctopuk, wieH xoop. Axazemun Hayxk
Apmsanckoit CCP Anexceit Kapnosuu J[xuBesneros
mumet: “C 1892 r. mo 1912 r. U3 apMsAHCKUX
JKuTeled Tak Ha3piBaeMoil “Benukoit Apmenun” u3
tepputopun  Typuum 612  Thicsiu  4YeNIOBEK
MepEeCeNINCh B COnpe/ienbHbie cTpaubr” [5, ¢. 120].

YyacTHUKH [Mapmxckoit KOH(epeHIINH,
paccmarpuBas npobiemy 6e3omacHOCTH
HallMOHAJIBHBIX MEHBIIMHCTB, YKa3aJd JaHHBIE O
KOJIMYecTBE apMsH, npoxwuBaromux B CramOyre,
W3smupe, B crpaHax Manoit Asum u Cupun.
Okazanock, 4To0 UX O0K0J0 950 ThICSY. DTH JaHHBIE
BbI3BAIM  OONbIION  mepemojiox.  Bemp,  mmo
YTBEP)KICHUIO apMSHCKHUX COpPAaTHUKOB, M3 1 MIH.
285 Tbic. apMsH B Typuuu He IOJDKHO OBLIO
OCTaThCsI HUKOTO.

B cenpmoil rnaBe kHuru “MnanoTypku nepen
cynom ucropun” [xona KupakocsHa numercs o
coorrTisix 1918 roma: “Typerkas apMusi Ha ITyTH B T.
baky BMecTe ¢ MeCTHOW MYyCYJIbMaHCKOH YEpHBIO
“orpabmia W BBIpe3asia”’ TOYTH BCE aPMSHCKOE
HaceJICHUe HyxuHckoro, ApaHckoro u
I'eokyaiickoro ye3zoB KOJMYECTBOM HECKOJBKO
JIECSITKOB ThICAY YesioBeK...”. Jlanee muieTcs, 4To
KOMaHJIOBaHHE  MJIQJIOTYpELKOM apMHH  TOCHe
cpaxeHnuss 17 aBrycta Ha oOTKaz ApPMSIHCKOTO
HanuoHaimbHOTO CoBeTa Ha YIBTHMAaTyM TYPOK O
cmage baky oTBeTmi 0co00#l KECTOKOCTBIO... Tph
JHS 1 TPU HOYM TPYIMITBI TYPEeLKNX aCKepOB yOMBaiH
apmsH. B Baky Bcero 0but0 BeIpe3ano okoio 30 TeIC.
apmsa” [32].

Hecnbixannas narnocts! Ilo kakoMmy mnpaBy
Apwmsiackuii Hanmonanbubeiii CoBeT pacmopsprajicst

cynp0or0  cronmmbl  AsepbaiimxaHa —  baky?
OrmernMm, uyTO0 ¢ Mas 1918 r. nelicTBoBalio
MIPABUTEIBCTBO AszepOaiimxaHckoit

Hemoxparnueckoit PecrryOnuku. ApXWBHbBIE JTaHHbIE
TeX JIeT O KOJMYECTBE apMsH ITOKa3bIBaeT, YTO B
BaknHckoit ryOepHum BMmMecte ¢ bakuMHCKUM
rpagoHauanscTBoM B 1916 1. mpoxusano 119,885
yenmoBek, T.c. 9,4%, B 1920 r. — 120,087 uenoBexk,
T.€. 9,3% ot obmero yucna Hacenenus [33]. Crout
B3MITHYTh Ha UHMQpPHl ¥ yOEOUTBCS B TOM, 4TO
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YHCICHHOCTh apMsH B bakumHCKoW TyOepHMu 3a 4
rojga oOCTaJIOCh HeW3MeHeHHOM. Torma Koro e
yOWBaIH TYpKH U a3epOaiKaHIs?

Hapsiny c¢ Qanbcuduranueid HCTOPUYECKUX
(axros, MaHUIYyJIALueH IIPaBOM Ha
caMooIlpesieiecHHe, OHH  BEYHO  MOJB3YHOTCH
TEPPOPU3MOM, Has3blBasi TEPPOPUCTOB — TIeEPOSIMU
HAallMOHAJILHO  —  OCBOOOJUTENHEHOHW  BOWHBI,
HApOJHBIMH MCTHTEISIMH. APMSHCKHE TEPPOPUCTEI
J0OHUBaINChH OTTOPKEHUE qyXKHX 3eMellb,
BBITECHCHHS HCTPEOICHNS WHBIX HAIMH (TEHOINN) U
Jake MHOMBICISIOINX apMsIH, BBI3BIBAIN CTPax y
TeX, KTO UX HE TOAJCP)KUBACT B THYCHBIX JETaX.

3a Tpu rToma (1890 — 1892) apmsaHCcKas
opranmsanus  “I'Hyak”  ycTpaMBajza  KpOBaBbIE
6ecniopsinku B 3eiityHe u Cacyne (Typuus), B urore
KOTOPBIX OBUTH YOUTHI 65 ThIC. OE30PYKHBIX TYPKOB
u KypaoB [5, c. 101]. B Hostbpe 1894 r. sta
OpTaHu3aIHs ycTpauBajga  pe3HIO MUPHBIX
MyCyJIbMaHCKHX kuTenelt B ropone Anana (Typrus)
1 Onm3Nexamux K Hemy ceneHusx [19], B r. Mapam
(Typumst) mw B ero mpuropomax [15, 5, 26].
OpmnoBpemenno r.  Kaiiceun  (Typums) w
OKPYXKAIOIINE €TO CEJIEHHS MOIBEPIIICH TEPPOPY CO
CTOPOHBI apMSIHCKOH TEPPOPUCTUUECKOI
opranuzanuu “I'nyak” [19, 20]. BooaymieBneHHbIi
“I"'Huak” pacIIMpsieT apeai CBOMX JCSHHUH C OKTIOps
1895 r. mo suBapp 1896 r. B r. 3eiityn (Typuus).
2000 BooOpyXeHHbIE CHOABIDKHUKM “T'Huaka” mon
pykoBozactBoM Kapadsina, AMOapuym Bommkana u
Murpan JlamaznsHa HacUIbHO M3IOHSJIM CO CBOUX
JIOMOB KypIOB U TypkoB [23, 21, 35]. Ilo noacuetam
apMmsiHCKoro y4yeHoro J[x. JIubapunesina, 3a Tpu roga
(1904 — 1906) apMsiHCKHE TEPPOPUCTHI COBEPIIATIH
105 “momuTHYecKMX YOWHCTB”: M3 HUX 56 TPOTHB
apMsiH, 32 OpPOTHB  PYCCKUX,  TYPELKHX,
azepOaif/KAaHCKNX YMHOBHUKOB M odurepoB. Kak
BUIHO M3 OJTUX 1HMOp, Kaxkmas BTOpas >KepTsa
apMSHCKOTO  Teppopa Oblla  IpeAcTaBUTEIEM
apMSHCKOTO Hapoja, 3a HMHTEpecHl KOTOpOro ‘‘Ha
ycrax” 6oposuch 3Th opranu3anuu [28, 5, 25].

Ilo coxpaHMBIIMMCS apXHBHBIM JOKyMEHTaM
MuxaiioBCKOU TOpoACKoil OonbHHUIIEI T. Baky, nuiiib
Tompko 6 (eBpangs 1905 r. B 3TOM 3aBeICHUH
HaXOIWIHCH 18 JeltoBek YOUTHIX, 33 paHEeHBIX, B TOM
gucine: 34 asepOaifpkaHIeB, 6 PYCCKUX, 6 apMsH, 5
npeacraBuTened apyrux Hauuil. Crhenyrouie IHU
YHUCJIO JKEPTB UCUUCISUIOCHh YXKE COTHSMHU [28, 5].

ApMsiHE B34THCh 32 BOIUIOIICHHE CBOEH
IporpaMMBl B JAPYroM  Topojae  3amajHoro
Azepbaiikana B T. MpeBaHe, B KOTOPOM ObLIH
3BEPCKU YOUTHI COTHU a3epOaikaHIleB, HECKOIBKO
TBICAY W3 HUX IO CTPAXOM CMEpPTH BBIHYKICHBI
OBUTM TOKWHYTH TOPOJ. OTO CHJIBHO MOBJIHSJIO Ha
neMorpaguyecknii  (oH TOpOAA, UYTO IO3BOJIMIO
apMsiHaM Ha3BaTh €ro B OyJyIIeM CBOWM M CHeNaTh
ero crosmiei Oyaymeit ApMeHuu.

Kax u3BecTHO, apMsiHe cuuTaroT Bechb KaBka3
4yacTelo Tepputopun “Benukoit ApmeHun”, KOTOpbIe

COTJIACHO O0OMICapMSHCKOW NpOorpaMMe, B3SUIHCH 32
OUHIICHHE BCEX FOPOJIOB U CEJIEHUI OT MHBIX HALMH
mist apmsiH. Ilocne 1. baky u r. HpeBana
ycTpauBaeTcs Teppop B ropoaax: Tudmuc (21
HOs10pst 1905), r. Tsamxa (15 — 18 wHos10pst 1905),
Haxwnuesan (mait 1905), 3anresyp, Illyma u T.1. 3a
1905 - 1906 rr. smmbs B Kapabaxe Obun
YHUYTOXEHBl COTHH a3epOail/PkaHCKUX JepeBeHb
[28, 3, 23].

[NonuTHKa 3THUYECKHX UYHCTOK, IPOBOIUMAs
apMSHCKUMH TEPPOPUCTUIECKUMH OPTaHH3ALUSIMHI B
Typuunn, mopaxana ceoum macmradom [29, 30]. ITo
moncueram JI.Manesumna o 1915 1. uncno youTsIx
apMSHaMH  MHPHBIX ~ MYCYJBMAaHCKHX  JKHTENCH
CeBepHoil AHnaTtonuu nocturano 1 mmH. 600 ThIC.
yeraoBek [26]. A mo wuccinegoBaHusM JK. U
K.MakkapTian B XOAe KpOBaBBIX COOBITHH Hadana
XX Beka O6b11H yOUTHI 2,5 MJIH. MycyasMaH [22, 11].
Ecin x sromy moGaBute eme 400 ThIc. yOUTBIX
apMsHamMH  MycyJeMaH B AsepOaiipkaHe H
HECKOJIBKO JIECATKOB ThIcssd B ['pysum, 1O mudpa
MOTYYUTCS IO HCTHHE Y’Kacaromas.

OrtuMu yOMHCTBaMH HABOIMIM CTpax Cpeau
MYyCyJAbMaH ¥ 3acTaBIUIN TYPKOB UM KypHOB
MOKUIATh cBou aoMa. Jo Havama | MupoBoii BOHHEI
B 5 Bmiadietax Typuum — TpabzoH, Ip3ypyMm,
Op3umxad, Ban u butnuce mpoxuBano 3 MIH.
TypkoB. Ilocie BOMHBI Ha 3THX 3E€MISX OCTABAJIOCHh
mume 600 ThIC. uyenoBek [16, c. 26]. OctanbHble
ObUTH YOUTHI apMsIHAMH WM CHACIUCh OErCTBOM M3
CBOUX JIOMOB.

ApMSHCKOE 3BEpCTBO HACBHIIICHO YyBCTBOM
WHCTHUHKTA OIACHOTO JKMBOTHOTO. OTHUM YYyBCTBOM
COBEPLIEHHOE 3BEPCTBO naptued “JlamHakiyTioH” B
cene Karpanner (Kapc, Typuus) B saBape 1918 r.
3aTyMaHUBAIOT MbICIH. JlanmmHaku coOpanmn U3 Bcex
cocenHux aepesenb 1400 pereil u coxriu 3axuBo. O
cynp0ax WX poJauTeNed [0 CHUX IOp HHUYEro He
u3BecTHO [27, 4]. Apean apMsHCKOro Teppopa Obul
OYeHb INHPOK M TIOBCEMECTHO HAIPABISICA, B
OCHOBHOM, MpPOTHB TIOPKCKHX HapogoB. Tak, 17
Mmaprta 1918 r. B Ypmun (MpaH) B Te4eHHEe OIHOTO
oHS apMsaHe nepepesasin 10 TBICSY  MHPHBIX
azepOaiimxanues [18].

Becnoit 1918 r. mnpomomkaroTcs MaccoBbIE
n3rHauMsg W yOmiicTBa  asepOailpkaHueB B
UpeBanckoit ryOepHrm, B [exue, DumuamsmuHe,
Benubacape, Illapype u B Ipyrux rycTOHAaCEeNCHHBIX
TeppuTopusix. 3a KOpoTkoe Bpemsi B MpeBaHCkoit
ryoeparn ObuT0 000X0KeHO 211 MycCylTpMaHCKHX
CeJICHHH, OOJBITHHCTBO azepOaifKaHCKOTO
HaceneHuss uctpebneHo, Oomprie 80 THIC. YETOBEK
oexxamu [31]. 1918 rom ObLT KpOBaBEIM B CaMOM
AzepOaitmkane. Tak Ha3bpIBaeMbld  ApPMSIHCKHI
PEBOIIOIMOHHBI  KOMHUTET TOA PYKOBOJCTBOM
C.lllaymsHa 1 naptus “J{alIHAKIyTIOH” yCTPauBarOT
renouun B I. baky, lllemaxa, Ky6a, Hyxa (lllexn). B
MaproBckoi OurBe 1918 roma apmsue yOwmmm 12
TBICSTY a3epOaiimkanieB. B 3-x THEBHON MapTOBCKO
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6I/ITB6, IIOMHMO JAITHAKCKHX BOCHHBIX OTPaXa€T MPOTHUBOIIOJOXKHBIE XaPAaKTECPHBIE YEPThI
rpynnupoBok, Kacnuiickuit Boenno-Mopckoit @iot azepOaiflKaHCKOTO W apMSIHCKOTO  HapOJIOB.
pasrpoMui  Bce MYCYJIbMaHCKUE KBapTaibl. B HamomuuMm, 4To, HECMOTPA HA TO, YTO € Ha4ajga roja

apXUBHBIX MaTepuajaXx OTMEYaeTcs, 4YTO apMsHe
BIAMBIBAJIUCH B JOMa MYCYJIbMaH, 3aKaJbIBald
JIeTel MIThIKAaMH U Opocaiy UX B ropsiue aoma [1,
c. 70]. BnepBble MHUIIMATOPOM pa3obiaueHus paxTa
reHouuzia aszepOaiijpkaHueB B 1918 rTomy Obin
oOmeHanmoHansHbIN Tunep I Ammes. B ero ykase
“O reHomuzae asepOaimxanieB” ot 26 mapra 1998
rofa BIICPBBIC BBIBICHA IIOUIMHHAS CYIIHOCTD
charbCUPUIUPOBAaHHBIX B CBOE BpeMs (HaKTOB
JIAHHOTO reHouuaa [24].

T'eHounn, HEOAHOKPAaTHO — OCYIIECTBIICHHBIN
NpoTUB  aszepOai/pKaHCKOrOo — Hapoja M He
MOJMYYMBIINI B TEUEHHE MIUTENBHOTO BPEMEHH
JIOJDKHOW IOJINTUKO-TIPABOBOM OLIEHKH, SBIIETCS
OJTHOM M3 TaKUX HEPACKPBITHIX CTPAHUI] HCTOPHU.

BoonymiesneHHple WITIO3USAMH O  CO3JIaHHU
“Benukoit ApMeHHM’, apMsSHCKHE 3aXBaTUMKH, HE
CKpbIBasi cBOUX HamepeHuil, B 1905-1907 romax
MPOBENHN PsiJl IIMPOKOMACIITAOHBIX KPOBAaBBIX aKIIHii
npoTUB  a3epOaifjukaHmeB.  3BepcTBa  apMsH,
HauaBmmwuecs B baky, oxBatmwim Beck AzepOaiikan u
azepOaif/KaHCKHE cesla Ha TEPPUTOPUH HBIHEIIHEH
Apmernnu. Beum pa3pyIieHs! ¥ CTEpTHI C JINIA 36MITH
COTHHM HACEJICHHBIX ITyHKTOB, BapBapCKH YOUTEHI
THICSUM  asepOaimkanueB. OpraHuzaTtopbl STHX
COOBITUH, TPENATCTBYS PACKPBITUIO  CYLIHOCTH
MPOUCIIEIIEr0, €ro JOJKHOM MOJIUTHYECKON U
MIPaBOBOM OIICHKE, MIPUKPBIBas CBOH
ABaHTIOPUCTUYECKHIE TEPPUTOPUAIIbHBIEC TPUTSI3aHNUS,
CO3J1aBAJIM OTPHUIIATEIBHBIN 00pa3 azepOaikaHIEB.

C ocoboit JKECTOKOCTBIO TEHOIH]
azepOaif/pkaHIeB oOCymlecTBIsIcS B baknHCKOM,
[MamaxuackoM, Kyburckom yesmax, B Kapabaxe,
3anrezype, HaxwiueBane, JlsHkapaHe u JApyrux
pernonax AsepOaiimkana. Ha »Tux 3emisix B
MaccoBOM IOpsIKE OBUIO HCTPEOJIEHO MHPHOE
HAaCceJeHHe, COXOKEHBI [IePEeBHHU, pa3pylIeHBl |
YHUYTOKEHBI HAI[HOHAJIbHBIE MAMSITHUKU KYJIbTYPHI.
B mamsaTe 006 3THX COOBITHAX yKa3oM OT 26 Mmapra
1998 roma 31 wmapra ObuLIO O00BsiBACHO [lHEM
reHouua asepbaiiprkanckoro Haposa [14].

B cBs3u ¢ Kapabaxckoii BOHOI 3a mocienHue
15 ner apMsIHCKME TEppPOPUCTHUECKHE OpPTaHHU3ALNH
eme  Oomee  akTMBHM3WMpOBaiHMCh. Jlumpe B
Aszepbaiimkane  coBepmieHO — Oonee  TPHIALATH
TEPPOPUCTUUECKUX aKTOB, B KOTOPBHIX OBbLIO yOHTO
Oonee NBYyX ThICAYM azepOaiimkanien. 11 mexadOps
1988 r. B JlenmHakaHe caMoJieT, HAIIPaBJICHHBIA U3
Azepbaii/pkaHa ¢ TENbI0  OKa3aHHWsl  [TOMOIIHU
MOCTPaJaBIINM oT pa3pymUTENIFHOTO
3eMJIETPSICEHUST B apMsHCKOM ropoae Cnmrak, B
pe3ysibTaTe MpeaHaMEepeHHO HEBEPHOI'O COOOIIEHUS
KOOpJHMHATa JHCIETYEPCKOH Ciyx00il asporopTa
Bpe3aicst B ropy. [loruGmno 72 azepbaiiikaHnia, emie
OIUH TIONYy4MI TSDKENble YB€Ubd M  OCTaJCs
WHBAJIWIOM Ha BCIO JKHU3Hb. OTOT (DAKT XOpPOIIO

MIPOAOJDKAIUCh HE3aKOHHBIE JAEHCTBHS ApMeHHH
npotuB  A3sepOaiipkaHa W MaccoBO€ H3THAaHUE
azepOaif/pKaHIeB M3 pecnyOnukH, AsepOaikaH
MPOTSATUBAN PYKYy IOMOIIM apMSHCKOMY Hapomy,
KOTOPBIH, B CBOIO OUepesib, OTBETHII Ha MUJIOCEPIUE
CBOMCTBEHHBIM apMsIHaM MOCTYIIKOM.

20 HOsOps 1991 r. BOmM3M cema [apakenna
Haropsoro Kapabaxa AszepOaitmKxaHcKoi
PecrryOnmmkn  apMsSHCKMMHU OOeBHKaMH OBLT COUT
azepOaiixaHckuil Tpaskaanckuii BeproiueT. [Tornbmm
BU/IHBIE TOCYIapCTBEHHBIC JeATelny,
HaIpaBJSIBIIMECS B PETHOH U1 O3HAKOMIIGHHUS C
curyanued B 30He  KoH(uukTa-I'occekperapb
AsepOaitmkanckoit Pecriyonuku Toduk Mcmaiinos,
reHnpokypop Mcmer 'anboB, MUHUCTP BHYTPEHHUX
nen Mamen Acanos, xxypHanuctel Ocman Mup3oes,
Anbl Mycragaes, ®axpagmun Illax6azoB, Apud
I'yceitn3ane, Tpoe pyCCKHMX T'€HEpaJIOB, OSKHUITAX
BEpTOJIETA U HECKOJIBKO IpaxaaH. Beero 21 uenosek
[17,c.21-22].

B 1988 r., mo 4YeTko CKOPPEKTUPOBAHHOMY
IUIaHy, TOJ PYKOBOJACTBOM CBOHMX MOJIHTHYECKHX
JeaTene apMsHE OJHOBPEMEHHO HAdalld M3TOHSATH
OCTaBIIMXCA as3epOalpkaHIleB u3 ApMEHMH H
yCTpauBaTh HECAHKIMOHUPOBAaHHBIE MHTHUHTH B
obiBieM CrenaHakepTe ¢ TpeOOBaHHMEM Iepenayu
HKAO wu3 Asepb6aiimkanckoit CCP B coctas
Apmsanckoit CCP. Urak, 25 sauBaps 1988 1. B
AszepbaiikaH cTann TPHOBIBAaTE IIEPBBIE COTHH
OexeHIeB — asepOalKaHIEB, W3THAHHBIX W3
Kadanckoro m Merpuackoro paiioHOB ApPMSHCKOH
CCP. Yepe3 nBe Henenu B XaHKEHAU COCTOSUICA
MepBBIA  MHUTHHI' apMsiH, YYacTHHKH KOTOPOTO
motrpebosanu npucoenuante HKAO x ApmeHuu.

24 deBpains Ha mopore Crenanakept — Arjam B

X0/l€  CTUXUWHOW  JE€MOHCTpalMd  COCTOSUJIOCH
CTONIKHOBEHUE JKHUTeJdel ArgaM ©  OBIBIIETO
CrenaHakepra, B KOTOpoM Obulo yOuTO [Ba
asepOaiipkaHlla — TEPBBIC IKEPTBBI APMSHCKOTO
cemapaTu3Ma.

ApMsiHE Hauaiu CBOIO HE3aKOHHYIO O0OphrOy 3a
otnencHue Haroproro Kapabaxa ot AszepOaiimxana
HecIOHTaHHO. [lox MOPYYUTENbCTBO M C CaHKLUH
apMSHCKHX BJIacTeil 32 KOPOTKHMH CPOK B TEUECHHE
OJJHOTO TOJja CO CBOMX HCTOPHUYECKHX 3€Meb Ha
TEPPUTOPUHN HBIHEIIHETO apMSHCKOTO TOCyJapcTBa
Obutn  wm3rHaHBl ~ mociexHue 40897  cemei
aszepOaiimxanneB (207 teic. yemoBek). Bo Bpewms
STUX W3THaHUS ObUIM yOWTHI 216 azepOailmkaHIIeB.
BonbmuHCTBO YOUTHIX COCTaBHIIH JIETH, KECHIIHMHBI 1
MOAW  TOXWIOTO  Bo3pacta.  OJHOBpEMEHHO
HapacTtaeT o0cTpen azepOaiiKaHCKUX TOCEIEHUH cOo
CTOpPOHBI  ApMsHCKOH  Teppuropuu.  YTOOBI
MOJHOCTBIO ~ BBIYEPKHYTH M3  HCTOpPHH  (aKT
HCTOPHUYECKOTO MPOKMBAHUS a3zepOaipKaHIEeB Ha
TEpPUTOPUH HBIHEIIHEH ApMEHNH, ObUIN U3MEHEHBI
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Ha3BaHUS OKOJIO 2 THIC. HACEJICHHBIX ITYHKTOB, paHee
HOCHBIIHX a3epOali/pkaHCKNE HAa3BaHMS, B TOM YHCIIE
465 cenB 1935 - 1973 rr., 97 — B anpere 1991 r.

B HOub ¢ 25 Ha 26 deBpans 1992 r. apMsHCKHE
(dammcTel ¢ yyactheM dYactedl 366 monka H
BOWCKOBBEIX 4acteld Ne 81 MunucrepcrBa OOOpOHEI
ObIBIIIETO Cosetckoro Coroza  coBepHIMIN
Yy/IOBHIIIHBIE MIPECTYIJICHUS NPOTUB
azepOaiKaHCKOTO HAPOAA: YHUUTOXKAIN COTEH HU B
YyeM He IOBUHHBIX >XMTEJIeW ropoaa XoIxalbl B
Haropao — Kapabaxckom permone AsepOaiimxana.

Boopyxennble uyacTh ApMEHUM U = HAEMHUKHU
YHUYTOXAJIH LENBIE CEMBH, CANPANN KOXKY JIOJCH,
OTpe3aly YW, CKaJbIIUPOBAIA HIH  IIPOCTO

pacctpenuBany B ynop. CaMm ropof, B KOTOPOM KU
10 Thic. YenmoBek ObLT BapBapcku paspyiieH [2]. B

utore Obut yOuThl 613 azepOaiipkaHueB, wu3
koTopbix 106 oxeHmmH wu 83 pebenka, 487
WHBaIMIOB, 1275 demoBek B3sATHI B IUieH, 150

4enoBek mpomnanu 6e3 Bect [3, c. 32; 9, c. 246].
[elictBue  apMsHCKMX CWi  (IpH  TIOJIEPIXKKE
POCCHICKHX BOOPY)KEHHBIX CHJI) MO YHHYTOXXEHHIO
MHPHOTO HaceJeHHs B XOIpKaiubl NpHOOpeTann
xapakrep remouuaa [8, c. 27].

Ilo xapakTepy 3TOT aKT MOKHO CpPaBHHThH C
(ammerckuMu nessHUAME B benopycckoit mepeBHe
XateiHb BoBpeMs || MupoBoit BoiHbl. Camu xe
“IDKeapMsHCKHE MHaTPHOTHI HA3bIBAIOT 3TO aKTOM
Bozme3aua 3a Cymraur. OrTa Tparudeckas axifus
BIIEPBbIE TOJyYM/Ia IMOJUTHYECKYIO OIIGHKY oT 24
despans 1994 roma B ykase OOIICHAIMOHAIBHOTO
muzaepa I'.AnueBa. B ykaze [Ipesunenra otmeuanocs,
YTO TEHOUUI B XOKaJbl OBUI COBEPUICH Kak
W/ICOJIOTUYECKUIA NPEIIOT AJIsl BCeoOIel OKKyIauu
Bcero Kapabaxckoro peruona [13]. DToT 3noBemniui,
AQHTUTYMaHHBIA aKT 0 CHX MOp HE HAIleNl CBOEH
JIOJDKHOM OLICHKH Tepe]] MUPOBBIM COOOIIIECTBOM.

C mas 1992 r. BoopykeHHbIE JEHCTBUS BBIIUIH
3a mpenens! opiBIelt HKAO u pacnpoctpaHuince Ha
Ipyrue paionsl Aszepbaiixana. B mocnenctsue, 3a
KOpPOTKO€ BpeMs, B TEYEHHe II0JTOpa Tofa Cco
CTOPOHBI apMSHCKHX CENapaTUCTOB OKKYMHUPYIOTCS
BcsA HaropHas 4acTe Kapabaxa m Onmsnexammue K
HeMy 7 paiioHoB. B pesynbrate 53TOH arpeccuu
ApMeHUM Ha TEppUTOpUAX caMOil ApMeHHH U
Kapabaxa Oomee 1 wmmummoHa a3zepOaiimKaHIICB
cranmu OexeHnamu. PasrpabineHo u paspyrieHo Oomee
900 HaceneHHbIX MYHKTOB — 113 ThIC. KHIBIX
CTPOCHUH C 00mIe# mionaaso Oomee 9 MIH. KB.
MmeTpoB. bomee 18 Teic. wemoBek moru6mo, 50 THIC.

YEIOBEK PpaHEHO, HECKOJbKO THICAY  UYEJOBEK
npomnanu 6e3 BectH [9, c. 246].
Ot uGpsI SIBJISTFOTCS HTOIrOM TaK

Ha3bIBAEMOI'0 “‘HAI[MOHAJILHO - OCBOOOIUTEIHLHOIO
IBIKeHus Hapona Haroproro Kapabaxa 3a mpaBo Ha

caMoOIIpeieIeHHE " HalMOHAJILHYIO
HE3aBHCHUMOCTD .
PecriyOiimka ApmeHus, HasbIBaromas —ceOs

IMMpaBOBbIM T'OCYAApCTBOM, BCErJlda UTHOpHUpOBAIa U

WUTHOPHPYET IO Ced JeHb BCe MEXKIYHApPOIHBIC
IpaBoOBble HOPMBI. B TOM 4mcie Tpu pe30NIOLHU
Cogera besonmacroctn OOH, mpuasteie 30 amperns
1993 r. (822), 29 uronsa 1993 r. (853) u 14 okrs0ps
1993 r. (874) ocynuBlINE OKKYNaLUI0 TEPPUTOPHU

A3zepbaiimkaHcKon PecnyGnukw, KOTOpbIE
MOATBEPMIIM  CYBEPEHHUTET,  TEPPUTOPUAIIBHYIO
L[ETIOCTHOCTb, HEpPYLIMMOCTb TpaHHuI

Aszep0aitmxanckoit Pecrryomuku [6, c. 20].

K sromy BpemeHu ApMSIHCKHE BOOPYXEHHbBIE
CHIIBI Y)K€ OKKYTIHPOBAJIH:

26 ¢espanst 1992 r. — . Xomxkainsl

8 mas 1992 r. — 1. Ulyma

18 mas 1992 r. — JlaunHCKMiA paiioH

3 anpenst 1993 r. — Kenbbamkapckuii paifoH.

Ilocne mpUHATHA ATUX PE30TIOLUN apMSHCKHE
CeTapaTUCTHI MIPO0IIKAIIU OKKYTIALIUIO
HIKEYKa3aHHBIX azepOaitIKaHCKIX palioHOB,
urHopupys pemenust Coset besonacaoctu OOH:

28 utons 1993 r. — Arnepe

23 uronsg 1993 r. — Argam

23 aprycra 1993 r. — ®uzynu

26 aBrycrta 1993 r. — JIxeOpann

31 aBrycra 1993 r. — Kybamisr

28 oxta0ps 1993 r. — 3anrenan.

11 HOs10pst 1993 1. CoBer besomacHoctn OOH
MPUHUMAET CBOIO 4-10 PE3ONIONHUI0 [0 JITOMY
MOBOAY. OTa PE30JIOIMs TaKKe IOBTOPHJIA BBIIIE
yKasaHHbIe  TpeOoBaHus. OpHako  ApMsHCKas
PecniyOnuka, W panpiie WrHOpUpYs TpeOOBaHUS
CoBera be3omacHOCTH M HOPM MEXIyHapOJHOTO
IpaBa, MPOJOJKAET YACPKHBATH OKKYNHPOBAHHBIC
azepOaiiKaHCKIE TEPPUTOPHH.

EcrectBeHHO, Bce 4 pe3oionuy, Kacarolluecs
apMsHCKOW  arpeccuw,  mpuHsATele  CoBeToM
bezonacnoctu OOH, COOTBETCTBYIOT
MEXIYHApOAHBIM HOpPMaM, OTBEYAIOT HHTEpecam
Azepbaiimkana. OqHaKO OTCYTCTBHE B PE3OJIOLUAX
MEXaHM3Ma BO3JCHCTBUS U CAHKLMI CO34aeT MOYBY
JUIA  TIPOJOJDKEHUS] apMSHCKHX IPOTHBONPABHBIX
nevicreuil. [IpuHumast pezomroru 822, 853, 874, 884
no kapabaxckoit npodieme CoBer besomacHocTH
OOH He ykazanm peanbHBIX CaHKIUHA 3a UX
HEBBITIIOJIHEHNE, TEM CaMbIM, CO37aBasi YCIIOBHH IS
WTHOPHMPOBaHMS WX TpPeOOBaHWH CO  CTOPOHBI
Apwmenun [8, c. 34-41].

XoYercst OTMETHTb, YTO B COOTBETCTBHHM C

YcraBoMm OOH “Unen Opranuzanuuy,
CHCTEMATHYECKH HapylIaoIuil MPHUHIHUIIEL,
CoJiep KalIrecs B HACTOSAIIEM YCTaBe, MOXET OBITh
HUCKIIFOYEH n3 Opraanzanuu I'enepanbHOi
AccambOiien 1o pEeKOMEH AN Cosera
BesomacHocTH wWiM Ke..., 4TOOBI TPETOTBPATHTH
yxynmenune —curyanud, Comer  besomacHocTH
YIOJHOMOYHBAETCS norpeboBarth oT
3aMHTEPECOBAHHBIX  CTOPOH  BBIMOJHEHHUS — T€X

BPEMCHHBIX MEP, KOTOPBIC OH Haﬁ,ﬂeT HGO6XO,HI/IMBIM
W KCJIaTCIIbHBIM. ..
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Coer bezomacHOCTH JOIDKHBIM — 00pa3oM
YYUTHIBACT HEBBITOJHEHHE 3THX BPEMEHHBIX Mep’.
OOBscHEHHE ‘“OTUM BpPEMEHHBIM MepaM™ [daeTcs B
ctathsix 41 u 42 Ycrasa OOH. Dtu Mepsl, B IepByIo
odepenb, CBOJSTCS K Pa3pblBy SKOHOMHYECKUX U
JUIUIOMAaTHYECKUX OTHOIICHHH: JKeJIE3HOAOPOIKHBIX,
MOPCKHX, BO3AYLIHBIX, MOYTOBBIX, TeJerpadHbIX,
pagro M JAPYTMX CPEJICTB COOOIIEHMS, a TaKKe
pa3peIB quIuIoMaTHaeckux otHomenuid” [10, c. 121].

B cmyuae ecmm Coer besomacnoctm OOH
COUTeT, YTO JTH “Mepbl MOIYT  OKa3aTbCs

HEIOCTAaTOYHBIMU WA yKe OKa3aJIiCh
HEIOCTaTOYHBIMI, OH MOXXET IPENIpHUHATH Oojee
JKECTKHE Mephl. JTO — “HeWCTBUS BO3AYIIHBIMH,

MOpPCKUMH WM CYXONYTHBIMU CHJIAMH, Kakue
OKaXYTCS HEOOXOIMMBIMH JUIS TIOJUICPXKAHUS WIIH
BOCCTAHOBJICHHUS  MEXIYHapoOJHOTO  MHpa H
6e3omacHocT. Takme nefcTBHA MOTYT BKIIIOYATh
JEeMOHCTpauuy, Oynokaxy | Jpyrde onepauuu
BO3AYIIHBIX, MOPCKHUX MM CYXOIyTHBIX cri HileHOB
Opranuzauun”.

K coxanenmro, HecMOTpS Ha TO, HTO
PecyOnmka ApMeHHS ¥ CErofHs MPOJOJDKACT
WUTHOPHPOBATH BBIIICYKa3aHHBIC TTOJIOKCHUS YCTaBa
OOH wu TtpeboBanuss Comera besomacmoctn OOH,
JaHHas MEXIyHapoIHAs OpraHM3alMsi B paMKax
CBOEH KOMIIETEHIINH 110 OTHOILICHUIO K arpeccopy He
MpeANPUHUMAET HUKAaKUX KOHKPETHBIX Mep.

Conclusion

PecniyOonmuka  AsepOaiijpkan  HajgeeTcs — Ha
JICMOKPATUYECKUX TMPHUHIMIIAX JOOUTHCS PEIICHUs
npobiieM  Kak ~ MEKrOoCyJapCTBEHHbBIX, TaK H
BHYTPHUTOCY/apCTBEHHBIX. CornacHo ITUM
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Introduction

At the modern stage of mankind development
the problem of resource-ecological safety of
civilization existence has become extremely acute.
To a greater extent, the reason for this is the
extraction, production and use of energy.

The viability of modern civilization is based on
non-renewable processes and is inextricably linked to
the ever increasing production and consumption of
electricity and various fuels for all kinds of vehicles.
Resources of raw materials for their production (oil,
gas, coal), no matter how great they now seem,
ensure the existence of this civilization without
serious political and economic upheavals for about
50 years, not to mention unpredictable changes in the
functioning of the biosphere as a whole, local
environmental disasters and climate change.

No political and economic reforms will solve
the impending problems if they do not have effective
energy industry, which is the heart of the economy. It
is necessary to develop and implement new
principles and methods for obtaining energy without
large-scale intrusion into biospheric cycles. It is
necessary to change attitudes towards values, in
order to stop taking resources from the Earth and
future generations practically for free to enrich
individual states and people.

The public's relation to natural resources
underlies the definition of the sustainability of
society. Society can be sustainable if the rate of
consumption of renewable resources does not exceed
the rate of their recovery.

Doi: &Gos¥f https://dx.doi.org/10.15863/TAS.2017.05.49.8

Advanced nuclear power will release organic
resources to meet humanity's needs for chemical
energy, clothing, food, building materials, etc.

Stocks of nuclear fuel finding no other
application than energy, are sufficient to solve
problems of harmonization of human society and the
biosphere on the way to its transition to the
noosphere without fuss and political tension. In
addition, nuclear fuel does not burn, it turns into
fission products, among which are valuable for the
technogenic civilization nuclides from alkali metals
to noble metals and gases.

It is worth noting that nuclear power is now
increasingly being considered as a quasi-renewable
energy technology. This is due to the fact that the
properly organized structure of nuclear fuel in the
mode of closing the fuel cycle for actinides (thorium,
uranium, plutonium, etc.) can work with constant
reproduction and even an increase in the necessary
degree of the neutron potential of the system. Fuel
resources (uranium) in this case are practically
unlimited and in the structure of nuclear power, a
system of high-temperature nuclear reactors capable
of efficiently producing hydrogen from water can be
created.

In a new energy system that is acceptable for
long-term and large-scale use, the nuclear power
plant can fulfill the role of not only an effective
energy source, but also take over the functions to
maintain (control) the required level of CO;
emissions into the atmosphere and the required level
of radioactive radiation. And a part of the funds
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received due to taking into account the relevant
externalities in organic energy for the sake of
extending its life and increasing its own efficiency
should be aimed at creating a nuclear fuel
corresponding to the needs of sustainable
development.

In order the nuclear power to really help
humanity to cope with the problems of sustainable
supply of energy, it must become large-scale, i.e. it
must be multi-component both in reactor types, and
in the capacity of single units, and in the degree of
autonomy of nuclear power plants.

The sustainability of the nuclear power
development is determined by the preservation of the
accumulated  potential of  knowledge, the
experimental and theoretical base, technologies and
industries.

The world economy is now in a transitional
state and the future of civilization, the main wealth of
which are people and natural resources, is associated
with the transition to a new technological and
economic order.

The basis of the global economy should include
the global energy that meets the requirements of
resistance to various disturbances (natural, political,
economic), reliability,  security, acceptability
(ecological, resource, economic, psychological ...) as
an essential element.

Discussion

Despite the ongoing debate concerning the
nuclear power plants operational risks the
development of world nuclear power industry is
characterized by positive trends recently. The active
construction of new and modernization of existing
reactors in many countries evidence it. The nuclear
power currently accounts for 11.5% of global
electricity and as predicted by the International
Energy Agency (IEA), its share will continue to
grow. Plans for large-scale development of nuclear
energy (especially in certain regions of the world) are
due to several reasons:

Primary energy consumption by fuel
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* increasing demand for energy supply due to
the constant increase in population in the world and
the rapid industrialization of production;

 increased competition for access to raw
materials markets;

+ exhaustion of reserves of traditional energy
sources and the inevitable rise in their prices, and
political instability in countries exporting oil and gas;

* the need to protect the environment in terms of
greenhouse gas emissions that are causing "global
warming";

* desire to create energy resources independent
from external factors.

However, there are objective factors that
significantly impede the development of the industry.
First of all, these are the accidents at power plants
that form negative public opinion and promote the
adoption of appropriate policy decisions in the
nuclear field. Furthermore, there is a necessity to
address safety problems of nuclear power in terms of
its impact on people and the environment, as well as
problems of spent nuclear fuel.

Since the 2000s nuclear power is at the stage of
recovery, largely due to the large-scale construction
of nuclear power plants in the countries of the Asia-
Pacific region. The world celebrated the accelerated
closure of old nuclear power plants, increasing
demands on the state and international regulation of
safety of the industry. However, the accident at the
nuclear power plant "Fukushima" in Japan in 2011
added certain adjustments that negatively affected
the projected rate of the industry development.
Certainly, fossil fuels (oil, natural gas and coal)
continue to satisfy the needs of most of the world, as
no other energy source can compete with them in the
availability, efficiency and scale. However, among
nonfussil fuels the share of nuclear energy in the
global energy consumption is predicted to slowly,
but growing - from 4.5% in 2014 to 5.2% in 2035
(Figure 1 — Primary Energy Consumption by Fuel,
and Shares of Primary Energy).

Shares of primary energy
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Figure 1 — Primary Energy Consumption by Fuel, and Shares of Primary Energy [from Annual Energy
Outlook 2017] [1]
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Recently, the number of requests to the
International Atomic Energy Agency (IAEA),
particularly from developing countries is rapidly
increasing, as for providing them with technical
specification for creating energy systems in which
nuclear power plays an important role. According to
the World Nuclear Association, at March 1%, 2017,
globally there have been 447 operating nuclear
reactors, 59 reactors under construction, 164 reactors
planned for construction and 350 reactors at the stage
of proposals to build (Table 1 - Current and Planned
Nuclear Reactors in the World). Of the total reactors

in service, 81.5% are light-water-moderated reactors
and light-water-cooled reactors, 11.2% are heavy-
water-moderated reactors and heavy-water-cooled
reactors, 3.4% are light-water graphite-moderated
reactors, and 3.4% are gas-cooled reactors. There are
also 2 fast liquid-metal cooled reactors. Most nuclear
power plants have been launched during the second
half of 1960™ - beginning of 1980'". Thus the average
age of the reactors operating in the world is 28.5
years. And the oldest one is located in Switzerland,
and has been operating for 45 years.

Table 1
Current and Planned Nuclear Reactors in the World
(According to World Nuclear Association) [2]
Nuclear Reactors Reactors Reactors Reactors Uranium
Electricity Operable under Planned Proposed Required
Country Generation 1 March 2017 Construction March 2017 March 2017 2016
2015 (No/MWe) 1 March2017 (No/MWe) (No/MWe) (tonnes)
(%) (No / MWe)
Armenia 34.5 1/376 0/0 1/1060 88
Belgium 37.5 715943 0/0 0/0 0/0 1015
Bulgaria 31.3 211926 0/0 1/950 0 327
Canada 16.6 19/13553 0/0 2/1500 3/3800 1630
China 3.0 36 /32637 21/23086 40/45700  139/160000 5338
Czech 325 6 /3904 0/0 212400 1/1200 565
Republic
Finland 33.7 412764 1/1700 1/1200 1/1500 1126
France 76.3 58 /63130 171750 0/0 171750 9211
Germany 14.1 10728 0/0 0/0 0/0 1689
Hungary 52.7 41889 0/0 22400 0/0 356
India 35 2216219 573300 20/18600 44 /51000 997
Japan 0.5 42 [ 39952 212756 9/12947 3/4145 680
Korea RO 31.7 25/23081 3174200 8711600 0/0 5013
(South)
Russia 18.6 35/26865 715904 25/27755 23722800 6264
Saudi Arabia 0 0/0 0/0 0/0 16 /17000 0
Slovakia 55.9 41816 21942 0/0 1/1200 917
South Africa 47 2171830 0/0 0/0 8179600 304
Switzerland 335 5/3333 0/0 0/0 3/4000 521
Turkey 0 0/0 0/0 4 /4800 4 /4500 0
Ukraine 56.5 15/13107 0/0 2171900 11/12000 2251
UAE 0 0/0 4 /5600 0/0 10/ 14400 0
United 18.9 15/8883 0/0 4/6100 9/11800 1734
Kingdom
USA 19.5 99 /99535 4 /5000 1878312 241 26000 18161
WORLD c11,5 447 /391,942 59/63,420 164/ 350/ 63,404
170,844 395,300

Recently nearly half of nuclear reactors in the
world operate beyond designed service life.
However, according to the International Atomic
Energy Agency it is planed to extend the service life
of 112 wunits. As an international experience
corroborates, the extending designed service life of
power units is caused by economic expediency and
provides the required security level. According to the

World Nuclear Association, in 2016 [3] the first
place in nuclear electricity production is occupied by
the USA, France, and China. Besides, the structure of
total electricity production in nuclear power
accounted for a large proportion in some countries,
thus in France - 72.3 %, Slovakia - 54.1 %, Ukraine -
52.3 %, Belgium — 51.7 %, Sweden - 40.0 %.
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Table 2

Nuclear Share of Electricity, by Countries
(According to World Nuclear Association) [3]

Nuclear electricity
Country or Nuclear share of electricity (%) production (billion
area kwh)
2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 2015 2016
Armenia 42,0 43.5|39.4|45.0|39.4|33.2|26.6|29.2|30.7|345|31.4 2.6 2.2
Belgium 54.4|54.1|53.8|51.7|51.1|54.0|51.0|52.1|475|375|517 24.8 41.3
Bulgaria 43.6 {32.1 |32.9|35933.1|326|31.6|30.7|31.8|31L3|350 14.7 15.8
Canada 158 |14.7 | 14.8|14.8|15.1 | 153 |15.3|16.0 | 16.8 | 16.6 | 15.6 95.6 97.4
China:
- Mainland 1919|2219 |18 |19 |20 |21 | 24| 30| 36 161.2 210.5
- Taiwan 19.5|19.3|17.1|20.7|19.3|19.0|18.4|19.1|18.9|16.3 | 13.7 36.5 30.5
Czech Rep 31.5(30.3 |325(33.8|33.3|33.0|353|359|35.8|325|294 25.3 22.7
Finland 28.0128.9|29.7 329|284 (316|326 |33.3|34.6]|33.7|33.7 22.3 22.3
France 781|769 (76.2| 752|741 |77.7|748|73.3|76.9|76.3|72.3 419.0 384.0
Germany 318|259 (28.3|26.1|284|17.8|16.1|155|15.8|14.1|13.1 86.8 80.1
Hungary 37.7136.8 |37.2|43.042.1|43.2|459|50.7 | 53.6 |52.7|51.3 15.0 15.2
India 26 |25 | 20|22 |29 |37 |36 |35|35|35] 34 34.6 35.0
Japan 30.0|275|249|289(29.2(181| 21 |17 | 0 | 05| 22 4.3 175
Korea, S 38.6 |35.3 | 35.634.8|32.2|34.6|30.4|27.6|30.4|31.7|30.3 157.2 154.2
Mexico 49 |46 | 40| 48 |36 |36 |47 |46 | 56 | 6.8 | 6.2 11.2 10.3
Netherlands 35 (41 | 38|37 (34|36 |44)|28 |40 | 37| 34 3.9 3.8
Pakistan 27 |23 19 | 27 | 26 | 38 | 53 | 44 | 43 | 44 | 44 4.3 5.1
Romania 9.0 (13.0 |175|20.6|19.5|19.0|19.4|19.8|185|17.3|17.1 10.7 10.4
Russia 159(16.0 |169|178|17.1|176|178|175|18.6|18.6|17.1 182.8 179.7
Slovakia 57.2|54.3 | 56.4 | 53.5|51.8 |54.0 | 53.8 | 51.7 | 56.8 | 55.9 | 54.1 14.1 13.7
Slovenia 40.3 416 |41.7|379|37.3|41.7|36.0|33.6|37.2|38.0|35.2 5.4 5.4
South Africa 44 |55 53148 |52 |52 |51 |57 |62]| 47| 6.6 11.0 15.2
Spain 198|174 | 18.3|17.5|20.1|19.5|20.5|19.7 | 20.4 | 20.3 | 21.4 54.8 56.1
Sweden 48.0 |46.1 | 42.0 | 34.7 | 38.1|39.6 | 38.1 | 42.7 | 41.5|34.3 | 40.0 54.5 60.6
Switzerland 37.4140.0 |39.2|139.5|38.0(40.8(359|36.4|37.9|335]|34.3 22.2 20.3
UK 18.4|15.1 |135|179|15.7|17.8|18.1|18.3|17.2|18.9|204 63.9 65.1
Ukraine 475 [48.1 |47.4|48.6|48.1|47.2|46.2|43.6 |49.4 |56.5|52.3 82.4 81.0
USA 19.419.4 | 19.7|20.2|19.6 | 19.2 (19.0 | 19.4 | 19.5| 19.5| 19.7 798.0 805.3
TOTAL 2441 2490

It is assumed that in 2050 nuclear capacity will
be about 1 200 GWh, providing 24% of the world
electrical supply. The growth of nuclear power is
possible due to the rapid transition to standard
reactors of the 3 and 4" generations, as well as to
the fast neutron reactors. It will solve the problem of
uranium ore security as well as the problem of spent
fuel, and increase economic performance and safety
of nuclear power plants. It is worth noting that at the
plants measures to improve safety taking into
account the lessons of the accident at the nuclear
power plant "Fukushima" are constantly being
provided. The basic element for strengthening

nuclear security infrastructure pursued by countries
and other relevant organiztions is the IAEA Action
Plan on Nuclear Safety [4].

Recently, nuclear power plants are operating in
more than 30 countries in the world, and 30 more
countries plan to build new nuclear power plants in
the near future. The largest number of nuclear power
plants is planned to be built in Asia, particularly in
China and India. China is considering nuclear energy
as an important part of its long-term strategy, seeking
to achieve sustainable economic development and
the reduction of CO, emissions. Most of operating
power plant units in China are based on nuclear
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technologies from France, Canada, Russia and the
USA. Thanks to its experience in the safe and
reliable operation of nuclear power plants, and due to
testing new reactors of the third generation China
may become a global player in the market of nuclear
technologies. It is noteworthy that China invests
costs in the construction of nuclear power plants all
over the world. Thus, the country invests $ 9 billion
in nucler power plant construction (Hinkley Point) in
the UK, also the Chinese company China National
Nuclear Corp. invests $ 14 billion in construction of
the 4th and 5th nucler power plant units in Argentina.
On 22 July 2015 Beijing and Tehran signed an
agreement to build two nuclear power plants on the
southern coast of Iran. Given the success of Beijing
on the Iranian market, China can overtake Russia and
become its main competitor in Middle Eastern
markets. The similar situation is in India, where the
share of nuclear energy by 2030 is going to be
increased more than in 7 times, i.e. to about 40 GW,
that will bring the proportion of nuclear energy in the
state energy balance to 25%. The experience of
Russia where it is planed to build 25 new nuclear
units in the near future is important as well. All the
33 units recently working in the country are the so-
called open cycle reactors; as the results of their
operation radioactive wastes are accumulated. This
problem can be solved completely by introducing a
new type of reactors that are closed cycle reactors.

A special attention should be given to
development of nuclear industry in the EU. In fact,
nuclear power, despite the disaster at the Japanese
nuclear power plant "Fukushima™ is regarded as an
ecological source of energy along with renewable
energy sources. The importance of nuclear energy is
seen in the decisions on the European level accepted
by the need to reduce greenhouse gas emissions by
20 % untill 2020 [5].

Today, nuclear energy is the most in Bulgaria,
Finland, Czech Republic, Slovenia, Sweden,
Belgium, Hungary, Slovakia and France. In these
countries the share of nuclear power is 32-77 %.
Among the EU contries France is the largest nuclear
power state, and it is the second in the world after the
United States as for the number of active reactors.
The country, despite the consequences of the disaster
in Japan continues both quantitatively and
qualitatively to increase nuclear energy capacity. The
first nuclear power plant in France was built in 1956,
but only after the oil "shock" in 1970s its nuclear
power gradually took the leading place. And a
special law adopted on 13 July 2005, assigned to
nuclear power the status of the main sources of
energy in the country. Due to the end of the lifetime
of most nuclear power plants in 2020, the country
gradually updates the equipment and actively
implements the program of building new generation
reactors meeting the requirements of economic

competition, environmental protection and increased
security.

The country that radically changed the vector of
nuclear power development among the developed
countries of the EU is Germany. On March 14, 2011,
the Chancellor Angela Merkel announced a review of
safety standards for German nuclear power plants,
and that date is the beginning of a radical change in
the development of nuclear energy in Germany. Then
the Ethics Commission for a Safe Energy Supply was
established, which recommended the country to
implement the withdrawal from nuclear power till
2021 and to stop the units. Thus, Grafenrheinfeld
Nuclear Power Plant had to be stoped in 2015;
Gundremmingen B — in 2017; Phillipsburg 2 — in
2019; Gundremmingen C, and Brokdorf — in 2021,
Isar 2, Emsland, and Neckarwestheim — in 2022.

In May, 2011 the government of Switzerland
also announced the decision to stop all the units of
nuclear power plants in the country till 2034, and not
to build the new ones.

The situation in the Eastern Europe is quite
opposite. According to available forecasts Poland,
Romania, Czech Republic, Slovakia, Bulgaria,
Slovenia and Lithuania in certain circumstances can
become engines of "nuclear renaissance” in the EU,
and the construction of new nuclear power plants
would solve several major problems: to get the
relatively inexpensive electricity in large volumes, to
achieve set environmental standards and to ensure
energy security. In May 2014 The European
Commission has adopted a new Energy Security
Strategy [6]. The development of nuclear energy as
key elements of the EU Strategy included:

* Research and development support within the
Framework Program "Horizon 2020", including the
question of nuclear waste;

* Creation of nuclear energy forum with the
participation of all relevant social stakeholders to
implement dialogue on the opportunities and risks of
nuclear energy;

* Research of 4" Generation Reactors that use
less resources and produce less waste.

In December 2015 in Paris during the 21%
Session of the Conference of the Parties (COP) of
UN Framework Convention on Climate Change [7]
the nuclear energy was:

* recognized as a low carbon energy option;

* included alongside other low-carbon
technologies to the funding to prevent climate
change.

Nuclear fuel production is a complicated,
multistage and long process that consists of the
following stages: extraction of uranium ore
conversion, isotopic enrichment, production. The
main uranium (97 %) is concentrated in 16 countries,
including Awustralia - 1 706.1 thousand tons,
Kazakhstan - 679.3 thousand tons and Russia - 505.9
thousand tons [8]. Stocks of these three countries
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account for 50 % of the world’s (Table 3 Resources
of Uranium).
Table 3
Resources of Uranium [9]
tonnes Uranium percentage of world

Australia 1,664,100 29%

Kazakhstan 745,300 13%

Canada 509,800 9%

Russia 507,800 9%

South Africa 322,400 6%

Niger 291,500 5%

Brazil 276,800 5%

China 272,500 5%

Namibia 267,000 5%

Mongolia 141,500 2%

Uzbekistan 131,100 2%

Ukraine 115,800 2%

Botswana 73,500 1%

USA 62,900 1%

Tanzania 58,100 1%

Jordan 47,700 1%

Other 232,400 4%

World total 5,718,400

All the 447 reactors currently operating in the
world, annually consume about 65 thousand tons of
uranium. Statistics provided by the World Nuclear
Association, assures that the global annual uranium
mining increases every year, and in the past few
years an average mining is about 58 thousand tons
i.e. about 87 % of current world demand. The rest of

this raw material is supplemented by stocks (uranium
conversion), spent fuel, and imports. The leading
uranium miners nowadays are Kazakhstan (39 % of
world supply from mines in 2016), Canada (22 %)
and Australia (10 %) (Table 4 Production from
Mines).

Table 4
Production from Mines (Tonnes U) [10]

Country 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Kazakhstan 6637 | 8521 | 14020 | 17803 | 19451 | 21317 | 22451 | 23127 | 23800 | 24575
Canada 9476 | 9000 | 10173 | 9783 | 9145 | 8999 | 9331 | 9134 | 13325 | 14039
Australia 8611 | 8430 | 7982 | 5900 | 5983 | 6991 | 6350 | 5001 | 5654 | 6315
Niger 3153 | 3032 | 3243 | 4198 | 4351 | 4667 | 4518 | 4057 | 4116 | 4300
Namibia 2879 | 4366 | 4626 | 4496 | 3258 | 4495 | 4323 | 3255 | 2993 | 3315
Russia 3413 | 3521 | 3564 | 3562 | 2993 | 2872 | 3135 | 2990 | 3055 | 3004
Uzbekistan (est) 2320 | 2338 | 2429 | 2400 | 2500 | 2400 | 2400 | 2400 | 2385 | 2404
China (est) 712 769 750 827 885 1500 | 1500 | 1500 | 1616 | 1616
USA 1654 | 1430 | 1453 | 1660 | 1537 | 1596 | 1792 | 1919 | 1256 | 1125
Ukraine (est) 846 800 840 850 890 960 922 926 1200 | 1005
South Africa 539 655 563 583 582 465 531 573 393 490
India (est) 270 271 290 400 400 385 385 385 385 385
Czech Republic 306 263 258 254 229 228 215 193 155 138
Romania (est) 77 77 75 77 77 90 77 77 77 50
Pakistan (est) 45 45 50 45 45 45 45 45 45 45
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Country 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
Brazil (est) 299 330 345 148 265 326 192 55 40 44
France 4 5 8 7 6 3 5 3 2 0
Germany 41 0 0 8 51 50 27 33 0 0
Malawi 104 670 846 1101 | 1132 369 0 0
Total world 41282 | 43764 | 50772 | 53671 | 53493 | 58 489 | 59 331 | 56 041 | 60 496 | 62 850
tonnes UsOs 48 683 | 51 611 | 59 875 | 63295 | 63084 | 68 976 | 69 969 | 66 089 | 71 343 | 74 119
% of world demand* 64% | 68% | 78% | 78% | 85% | 86% | 92% | 85% | 90% | 99%
According to the World Nuclear
Association [10], in 2015 11 companies marketed
89 % of world’s uranium mine production.
Table 5
Uranium Minining Companies [10]
Company tonnes U %
KazAtomProm 12681 21
Cameco 10926 18
Areva 9368 15
ARMZ - Uranium One 7849 13
CNNC & CGN 3303 5
BHP Billiton 3161 5
Rio Tinto 2757 5
Navoi 2385 4
Paladin 1435 2
Other 6631 11
Total 60,496 | 100%

The world price of uranium ore from the mid-
1970s remains relatively low. However, in general,
the uranium price is significantly volatile. The main
factors that can influence changes in prices of
uranium ore are:

[1 the difference between production and
consumption. Today, the world demand for raw
materials for nuclear fuel production exceeds
uranium mining. The difference is covered with
recycled materials inventory depletion which by
increasing global demand could lead to a dramatic
shortage of uranium ore and as a result to a jump in
prices; limited stocks of uranium. Given the growing
demand for uranium in several countries intending to
build nuclear reactors can be concluded that in the
next century the world's uranium ore reserves are on
the verge of exhaustion that impact its price;

| construction of new nuclear power plants.
The extensive construction of new nuclear power
plants increases the demand on uranium fuel;

I closed uranium market. The structure of the
uranium market is very specific. If the majority of
metals have stock prices, 90 % of uranium ore is sold
under long-term contracts between suppliers and
consumers. Only 5-8 % of the uranium ore consumed
at power plants is sold in the so-called spot market;

| change in the US dollar rate. The market
price for uranium is calculated as the ratio of 1 $ per
1 pound. Accordingly, changes in the US dollar rate
would change the world market price of uranium;

| uneven distribution. Uranium ore uneven
distribution factor plays an important role in uranium
pricing. The exitance of regions with different
densities of uranium ore occurrence leads to a
specific demand and supply of uranium. Detection of
new deposits and the depletion of old ones leads to
changes in the market situation, which, in turn,
affects the dynamics of price movements.

71 transition to the new technology. The
transition to the new fuel cycle technology that
allows the use of spent fuel without additional
chemical treatment can dramatically change the
dynamics of prices for uranium. However, the
extensive use of these technologies will become
possible about 2020 and complete restructuring of
modern system of nuclear power will cause huge
material costs;

| force majeure. One of the clearest examples
of the impact of force majeure on uranium market is
an accident on October 22, 2006 which caused
flooding of Canadian mine Cigar Lake. This led to a
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sharp drop in uranium mining and a sharp jump in
prices.

Since the mid 1990s the price of U3Og was
about $ 10 per pound. From the early 2000s the price
gradually increased and by the end of 2004 rose to $
20 per pound of uranium concentrate. During 2005

the price on spot contracts increased from $ 20 to $
35. In 2006 the growth continued and till the end of
the year the level of $ 60 was reached. Then there
was an increase from $ 75 to over $ 135 per pound
(Figure 2 - U30s spot price).
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Figure 2 - U3Os spot price [11]

The rapid rise in prices since mid-2006
reflected consumer concerns regarding lack of raw
materials. There was a significant reduction in
production in many mines: Canadian McLean Lake
(Areva and Cameco) and Rabbit Lake (Cameco), the
Namibian RoessingMine (Rio Tinto), Australian
Olympic Dam (BHP Biliton) and Ranger (Energy
Resourses of Australia). Reduced uranium demand
and the incine in the demand increased fears of fuel
shortages in the medium term and led to explosive
growth in spot price for uranium. At the moment the
market price of uranium is calm, but given the
market development in the medium term, the world's
largest manufacturers have already started
implementing a number of projects to increase
uranium production. And the success of these
projects will influence the dynamics of uranium
prices in the near future.

Conclusions

Having analyzed the general trends of the
global nuclear power industry, the following can be
concluded:

| ambitious plans to build nuclear facilities
(mainly in China, India, South Korea and Russia)
indicate the expansion of its presence in the global
energy sector for the foreseeable future;

| despite  certain  environmental  risks
associated with nuclear safety, it could take
appropriate competitive position in the energy sector,

in most cases due to the relatively positive technical
and environmental performance;

| price of nuclear energy is less dependent on
external factors compared to hydrocarbon sources of
energy;

| development of nuclear power in the world
is stimulated by the possibility of dual-use of nuclear
materials (for power and weapons of mass
destruction);

[1 nuclear energy is a low-carbon and efficient
in terms of costs.

However, despite the obvious objective benefits
of the use and development of nuclear energy in
general and problems remain, including waste
disposal (especially high and radioactive) that
complicate further development of this nuclear
power industry. Today, there are solutions to these
problems, but in most countries consensus on this
issue has not been reached yet. Consequently, the
uncertainty of the leadership of several countries on
the development of nuclear power, a limited supply
of information to the public on the pros and cons of
nuclear energy, and disturbance as for the inability to
prevent the consequences of possible nuclear
accidents cause distorted public perception of nuclear
energy in general and power plants in particular, and
thus inhibit the development of nuclear power
engineering.
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HALIDES OF AMIDES OF SULFONIC ACIDS-A PATHWAY TO THE
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Abstract: Methods of halogenation of cyclohexen involving glycidol were developed. During the reaction two
isomers were formed: 1-(2-halogencyclohexoloxy)-2-bromine-3-hydroxypropane(l) and 1-(2-
halogencyclohexoloxy)-2-hydroxy-3-brominepropane(ll). It was found that the compound (I) forms an ethoxy
compound, but the (II) compound doesn’t. During the reaction of ethoxy compund with hydrogen halide two
products were derived that differed by the position of the halogen atom. When the mixture of cyclohexene and
glycidol is chlorinated a similar course of reaction is observed which proves that the nature of halogen does not
affect the joint halogenation reaction. In connection with the preparation of hard-to-divisible compounds, we have
developed a method for the production of chloro-ethers by the reaction of the interaction of chloroamide of sulfonic
acids with olefins in the presence of alcohols.
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TF'AJIOTEHUPOBAHUE OJIE®@UHOB C YYHACTHUEM 3IIOKCHUA0B U TAJIONJAMU /0B
CYJb®OKHUCJIOT - IIYTh K CUHTE3Y I'AJIOU1D®UPOB

Annomayusn: Paspabomansl Memoovl 2ano2eHupo8anus YuKio2eKcena ¢ yyacmuem enuyuooaa. Ipu peaxyuu
obpasyiomes 08a uzomepa: 1-(2-eanocenyurnozexcunoxcu)-2-opom-3-suopoxcunponarn (1) u 1-(2-eanozenyuxio-
eexcunokcu)-2-euopokcu-3-opomnponar  (11). Haiioeno, umo coedunenue (1) obpazyem smoxcucoedunernue, a
coedunenue (1) - nem. [lpu peakyuu 3moKcucoeouHenuss ¢  2an02eHB000POOOM  NOLYYEHbl 08d NPOOYKMA,
omaUYAWUecs  NOAOHCEHUEM eanocena. Ilpu  Xn0puposamuu  cmecu  YUKIO2eKCeHa U IuUyudoid
HAONIOAemcs: aHAN02UYHOe NPOMEKAHUe pPeaKyuy, 00KA3bleaioujee, 4Ymo npupoodd 2ai02eHa He 6lusem Ha
Peaxkyuro  CoBMecmHo20 2al0ceHuposanusa. B ceasu ¢ nonyuenuem mpyoHopazoensemvix COeOUHeHul, Hamu
paspaboman  mMemoo  NOJyHueHUs  XA0pIPUpos  peaxyuel  83AUMOOENCMBU XA0PAMUOA CYIbPOKUCOPM ¢
onehuHamu 8 NPUCYmMCmeuy CRUPMos.

Knrouesvte cnosa: 2anoudsgpupsl, enuyudon, YUKio2eKCeH, INOKUCOHbLE COCOUHEHS, XA0PaMut-b, bpomeudpun.

1. BBEJAEHHUE HaliTH TIPUMEHEHHE B KadyeCTBE CHUHTOHOB JUIS

B cBs3uM ¢ IIUPOKUM CHEKTPOM HPUMEHEHUS CHHTE3a MHOTO()YHKHOHAIBHBIX COEIMHEHUH, KpayH-
ranonP(GupoB pa3paboTaHbl pasHooOpa3HbIe s¢upoB u T.1. Ha ocHOBe iHTEpaTypHBIX AAaHHBIX,
MeToAbl uX cuHTe3a. Cpeau 3TUX METOJO0B CaMbIM TPEXKOMIIOHEHTHAs peaxuus oneduHOB u
HNEePCHEKTUBHBIM SIBJIICTCS COIPSIKEHHOE KHCIOPOACOAEPKAIUX COEJUHEHUH C TaloreHamu
raJlONIMpPOBaHNE SMOKCHUCOCIMHEHUH W 0Je(HHOB. 3aBUCHT, B OCHOBHOM, OT IPHPOABI OJE()UHOB U
CoBMecCTHOE  TaJOTCHHPOBaHWE  OJCPUHOB H CTPOEGHUSI  KHUCIOPOACOAEPKAILUX  COEAMHEHMM:
KHUCJIOPOJICOAEPKALUX COEAUHEHUN, B 3aBUCUMOCTH okucu stmieHa [1-5], okcumukmonenraauena [6-8],
OT HuX CTPOEHHS, MPUBOANT K 0Opa3oBaHUIO teTpa-ruapodypana [9-11], auokcana [12-13] u ap.
Pa3sIUYHBIX 2,2-TUranoudGupoB, KOTOPHIE MOTYT C uenplo BBISICHEHUS BIMSHUS 3aMeCTUTENled Ha
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PEaKIIMOHHYIO CIIOCOOHOCTh OJICGUHOBOW KPaTHOM
CBS3M  OBUIM  WCIIONB30BAaHBI  OJNEQHUHBI  C
TAJIONJATKAIBHEIMA paguKanami [ 14].

2. OKCIIEPUMEHTAJIBHASI YACTb

IIMP-cnieKTpbl HEKOTOPBIX CHHTE3UPOBAHHBIX
XJI0p3(UpOB PEerucTpUpPOBAIIUCE Ha
criektopopotomerpe  «Tesla-467» ¢ paboueit
gactotoii 90 MIm, WK-cmextper — Ha mnpubope
«Nicolet 1S-10».

BpomupoBanne cMecH HHKJIOTeKCeH-
rauuenoa (I, 11). K cmecu 59.2 r rmnenona, 16.2 ¢
uukiaorekceHa B 200 MII YETBIPEXXJIOPUCTOTO
yriaepoga OpH  TEPEMCUIMBAHAN  MPHOABIISIN
pactBop 32 r Opoma B 50 MII YETHIPEXXJIOPHCTOTO
yrepona npu Temneparype 20 °C B Teuenue 30
MuHyT. [locine oOKOHYaHUS peaKUUu OTTOHSUIH
pacTBOPHUTETID, M30BITOK TIIUIII0NA u
oOpaszoBaBmmiicss — auOpommmkiorekcan.  I[locie
IBYXKPAaTHOW TIEPEroHKH coOmpamn  (pakmuio,
xumsmyro 1pu 140-145 °C/ 2 mm pr.er. (np®
=1.5210).

W3ydanu BIHSHUE TEMIIEpaTyphl peakIul Ha
BBIXOJ] IeJIEBOro mpoaykra. Kak BumHO w3 rpaduka
(puc.1), c yBenuueHHeM TeMIepaTypbl HNOBBIIIACTCA
BBIXOJ] AurajoreHsGupa. MaKCUMaJIbHBIA BBIXOJ -
65 % - nocturaercs npu temnepatype 80 °C.

[TonydeHHsie COEIMHEHUS, MEIOIINE
TeMrepaTypy kunenus 140 — 145 °C / 2 mm pr.cr.,

MpeBpamand B 3IOKCHUIIPOU3BOAHOE 00pabOTKOM
CIIUPTOBBIM  PAacTBOPOM THAPOKCHAA KU IO
crenyromed meromuke: 31.6 r Qpakmum, KU
npu 140 — 145 °C (2 MM pactBopsin B 25 M
METHWJIOBOTO CIHpTa, NpHOaBisud pacTBop 3.3 T
rujpokcua Kanust B 10 M1 9TaHoNa IO MOJy4eHUs
ciabomenoyHold peakuuu. 3ateM  (UILTPOBAIH,
OTrOHSJIM METAaHOJ, a OCTaTOK TMEPEroHsIM B
Bakyyme. Ilpu stom coemunenue | mepexomut B

cooTBeTCTBYIOImMA  3mokcua, a Il ocraercs
HEU3MEHHBIM. Taxkum obpazom MOJY4eHO
snokcucoeauuaenue 1.

I’KX amanm3  mokaspIBaeT, YTO  BBEIXO]I
coennnenus Il cocrasmsier 60 %, a coequnenus |l —
okoio 40 %.

[leppas ¢paxuus (coem. 11): Ten 90 — 92 °C/ 2
MM, Np? 1.5010, ds® 1.3485. MRp: Haiineno 50.411,
Beruncieno 50.03. Haiineno, %: C 45.43, H 6.81, Br
34.61. CgHi150,Br. Brruucneno, %: C 45.957, H
6.43, Br 34.01.

Bropas ¢paxuus (coem.ll). ): Ty 145 — 147 °C/
2 mm, Np?° 1.5230, d42° 1.5590. MRp: Haiineno 61.97,
BeIumcieno 62.38. Haiineno, %: C 34.498, H 5.6, Br
51.08. CoH1602Br,. Breraucineno, %: C 34.188, H
5.1, Br 50.59.

B HUK-cnektpe (puc.l) B obmactu 3450 cm*
HAOJIOMAaeTCs  IIMPOKas  [0JIOca  IMOTJIONICHUS,
COOTBETCTBYIOIIAs] THIPOKCHWILHOW TPYIIE, dTO
JIOKa3bIBaeT CTPYKTYpy coen.ll:

351
30 - /\/
25
20
" /
I I‘
10 3450
5 ~
-4 A —% -
3500 3000 2500 eMm™
Pucynok 1 - UK-cnektp coenunenus |1.
B3aumopeiicTBue COeMHCHHUSA 11 ¢ Temneparypoii kunenus 144 — 145 °C/ 2 mm pr.cr.,
GpomucteiM Bogopoaom. Yepes cmecs 10.5 T np?°=1.500, , ds® 1.5700. MRp: maiineno 62.53,
coequaenus Il B 20 M 9eThIpEeXXIIOPUCTOrO Beiunciaeno 62.38. Haiineno, %: C 34.51, H 5.7, Br

yriaepoga  TPOMyCKald  CyXOH — Ta3000pa3HbIid
OpOMUCTBI BOJOPOA JO CIIA0OKHUCION peakiuu.
ITociie  OKOHYAHHSI 3K30TEPMHYECCKOH  PEaKI[UH
orrousiim = CCls, a ocTarok meperoHsuid Ioj
BakyyMoM. Ilomydeno 15 r cmecu npoaykros | u Ve

50.76. CoH1602Bro. Brruucieno, %: C 34.19, H5.1,
Br 50.59.

Heiicrue Cl2 Ha cMech IMKJIOreKCeH-
rammupoa. K cmecu 59.2 r rommupona, 164 r
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mukitorekcera u 200 min CCls mpomyckamu 14.9
CyX0ro ra3oo0pas3Horo xjopa mpu temmepartype -20
oC. Ilocne OTTOHA pacTBopuTenen u
HeNpopearupoBaBIInX  KOMIIOHEHTOB  OCTaTOK
MEepPEeroHsUIM TOJA BaKyyMoM, coOupas Qpakxuuio,
xumsityro mpu 90 — 95 °C/ 2 mm pr.cr., np?°= 1.4870.
Ionydeno 13.7 r cmecu npoaykroB Va u Vb.

U3 ¢paxiun ¢ Tgm= 90 — 95 °C/ 2 MM pr.cT.
mociae OOpabOTKM MICTOYBI0 IONydaroTCs  JBE
¢paxiuu: nepsast — ¢ Ty = 49 — 51 °C/ 2 MM pr.cT.,
np®= 1.4420, ds°= 1.0970 cootserctByer 1-(2-
XJIOPITUKIIOTEKCHIIOKCH )-2,3-3nokcuniponiany (V1), a
Bropas gppakuus ¢ ¢ T = 96 — 98 °C/ 2 MM pr.cT.,
np®=  1.4885, ds°= 1.2051 cooTBETCTBYET
COCMMHCHUIO  2-(2-XJIIOPUUKIOTeKCHIOKCH)-1-XI10p-
3-mpomanon (Vb).

1-Xs10p-2-ruIpoKCcH- WIN  AJTKOKCHAIKHUJIBI
(VII, VIII). To o6meii wmeromuke 0.6 Moms
xjopamuHa-b pactBopsuin B cMecu 0.5 MOyl OKTeHa
nu 0.7-0.8 MOJs COOTBETCTBYIOLUETO CHOUPTA WU
Boabl. Ilpu mepememmBaHUMM MpHUKanbIBaIUd 53 M
xoHueHtpupoBanHod HCIl ¢ Ttakoit ckopocTblo,
YTOOBI TeMIlepaTypa He MOJHUMalach BeIme 35-40
OC. TTo OKOHYAHMH PEaKIUH TEMIIEPATYPY MEJIEHHO
nogaumaru 1o 70-80 °C u roaaepkuBamm ee 2.5 — 3
gaca. Oxnmaxxaanu, mo6asmsn 100 — 150 M1 rekcana,
OTGUIBTPOBBIBAIN, OTTOHSUIA  PacTBOPHUTENb, a
OCTaTOK MEPErOHSUIN 10]1 BAKYYMOM.

Coequnenue VII. Tn126-129/0.5 MM pr.cT.
Beixom: 69.4 %. np®= 1.4535, d,®= 0.9875.
Haiineno, %: Cl 15.57. Berancaeno, %: Cl 15.27.

Coemnnenne VIII. T 85 - 87/1 mm pr.cr.
Beixom: 71.5 %. np®= 1.4510, d°= 0.9771.
Haiineno, %: Cl 21.91. Beruncneno, %: Cl 21.56.

3. OBCYXJIEHUE PE3YJIbTATOB

YCTaHOBIEHO, 4YTO HANpaBlICHHUE PEAKIUHU
raJoreHHPOBaHMS ONE(UHOB SMOKCHCOCIHHEHUIMHU
OTIPEAETIACTCS OCHOBHOCTBIO KPAaTHOH CBSI3H, U C €¢
YBEIMYCHHEM pPAcTeT BBIXOJ IPOAYKTOB pEaKIHU.
IIpn  wccremoBaHWMM ~ pEakIUM  COBMECTHOTO
raJoreHUPOBaHMS oneuHOB,  COAEpPXKALINX
apoMaTH4eCcKUi paaukai, (mampumep,
QUTMIIOEH30J1), OKCHpaHa, OKHUCEH IMKJIOreKCeHa M
TerparugpodypaHa yCTaHOBJICHO, YTO BO BCEX
Cllydasix peakius IPHUCOEIUHEHUS U TaloreHa, U
OKHCHOM TpYNIBI NPOTEKaeT PErHOCENeKTHBHO IO
KpaTHOM  CBA3M.  YCTaHOBJEHO,  4YTO  IIpH
CONPSDKEHHOM  TJIOMJMPOBAaHWM  AJUTHIOEH307a
BBIXOABI  TalnouIP(UPOB THpPH  HEpexome  OT

OKCH3THIICHA, OKCHIIMKJIOT€KCeHA K
Terparuapodypany YMEHBIIAIOTCSL. Ipn
KOHKYPUPYIOIIMX  PEaKIHIX CIIenyer, 4TO

HaMMEHBUIYIO PEaKIMOHHOCIIOCOOHOCTD IMPOSBIISIOT
nukiInyeckue okucu. Jlerkocts paspoiBa cBszu C — C
TPEXWICHHBIX  KHCJIOPOJCOJEPXKAIINX  LUKIIOB
CBsA3aHa C UX HeyCTOﬁ‘IHBOCTLIO.

Takum 00pa3oM, B IeJIOM, COOJIOAAETCS
3aKOHOMEPHOCTb, XapaktepHas mist AJE peakiuii
INEKTPODUILHOTO MPUCOSANHEHUS K oNeuHaM.

YcraHoBIeHO, uTO Hajmu4ue (YHKIIHOHATBHBIX
IPYII B MOJIEKYJE SMOKCHIOB 3aMETHO BIIMSET HA
peakuuio rajJoreHUpPOBaHMUS. Hamu ObL1a
HCCIe0BAaHAa pPEaKkiys TraJOreHUPOBAHUS CMECH
LUKJIOTEKCEHA U TIIUIHI0A:

_OCH,CH - CH,OH
—
\Br Br !
+ Br, + c\Hsz-CHZOH — _ CH,Br
(@)

3a cyeT HEOTHO3HAYHOTO Pa3phiBa SIOKCUIIMKIIA
obpazyercs aa m3omepa: | um |l. Temmeparypsr
kunieHns coeauuaeHwit | u |l ouenp 6mm3ku, mosTOMY
cMech coeauHenuii  obpabateBanu mpu 20 °C

_OCH,CH - CH,OH

+ KOH ——>

\Br Br

~ OCH ~
\Br

CIIUPTOBBIM PAcTBOPOM LIETOYH JIO CIA0OIIETOUHOI
cpensl. W3  mpomykra | ObpuUl0  TIONMYYeHO
SMOKCUCOCANHEeHHe, a coeauHeHue |l mpu sToi
TeMIlepaType ocraercsi 0e3 N3MEHEHHH:

_OCH,CH - CH,
N

- KBr
By I
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Coemunernnss | u Il pasgemsum  BakyymHOM MpeBpaIieHIeM ero B COOTBETCTBYIOIIII
MIEPErOHKOM. OpOMTHIIpHH ACWCTBHEM HA HETO OPOMHCTOBOIOPO-
OTCyTCTBHE  THAPOKCHIBHOM  Tpymmel B HOI KHCJIOTBI. IIpu 3TOM [IOJIy4aeTCst
coenunenun |1l noxazano UMK-cnekrpockonued u MIPUOJIM3UTENLHO PaBHAs CMECh POYKTOB!
_OCH,CH - CH,OH
OCH,CH - CH, —
NS N Br
O + HBr —— Br

By

Ha pCaKkurIo rjiInguaoJa ¢ IUKIOICKCCHOM
npupoJa rajorecHa He OKa3bIBACT HeﬁCTBHﬂ. TaK, npu

_OCH,CH - CH,Br

OH
\Br

_>© IV

XJIODUPOBAHUU PEATHPYIOUIUX KOMIOHEHTOB TaKXke
00pa3yroTcs IBa M30MEPHBIX MPOAYKTA!

_OCH,CH - CH,0OH

—
+ Cl, + CH,-CH-CH,OH —=
oche CHC!
— CH,OH
AN
Cl vb

IIpp  o0paboTKke  MONYYCHHBIX  CMeECel
coenuHeHUH Va u VD mienovsto Toneko coenuHeHHe
Va npuBOJHT K 3MOKCHCOSTUHEHHUIO:

_OCH,CH - CH,OH
_OCH, CH CH

+ KOH
\CI Cl

BzanmoeiictBruem COEIUHEHNS VI
XJIOPUCTHIM BOJIOPOIOM TMOJTYUEH XJIOPTHIPUH:

_OCH,CH - CH,

@) + HCI

\CI

HccrnenoBaHo BIMSHUE TEMIEpaTyphl Cpenbl Ha
peakmuio  TaJOWAMPOBAHUS  [HKIOTEKCEHA |
rmumunona. C TOBBIIEHHEM  TEeMIEpaTypsl
YBENMYMBACTCS BBIXOJ AuragonpdupoB. Taxkum
00pa3oM, HampaBJICHHE PEaKIWH TaJIOTeHUPOBAHUS

—CL

Cl Vi

O/OCH CH CH,CI
—_—
¢

Vi

OJIE(pMHOB KHUCIOPOJCOACPIKAMIIMH COSAHMHEHUSIMH
OTIPEIeNIIeTCSl OCHOBHOCTBIO KPAaTHOW CBSI3H, M C €€
YBEIMUEHUEM  pacTeT BBIXOA  NpoaykroB. C
VBEIIMYCHUEM JUIMHBI QJIKHJIBHOTO pajJnKaia B
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onerHAX YMEHBIIACTCS BBIXOJ LENEBBIX MPOILYKTOB

[17].

C menmpio monydeHHS 2-XJIOpIUPOB HAMHU

pa3paboTaH HOBBIF METOM, OCHOBAHHBIN Ha PEAKI[UH

XJIOPApUPBL €

MOHOXJIOPAMHUAOB CYIb(QOKHUCIOT C onehuHAMH B
NPUCYTCTBUH CITUPTOB MJIH BOJBL:

H+

1
R -CH=CH, + R°OH + C,H;SO,NNaCl ——= R - CH - CH,Cl

3akiouenue
Ilo 3TOMy METOAY MOXKHO CHHTE3HUPOBATh [3-
pa3sNUYHBIMU  paguKaJaMu |

HCIO0JIb30BaTh UX B OPraHN4YCCKOM CHHTEC3C.
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METO/Ibl PEINIEHUSA JUHEMXHBIX CUCTEM JIU®PEPEHIIUAJILHBIX YPABHEHUM C
MHNEPEMEHHBIMHU KO®P®UIINEHTAMMU B YACTHBIX CJIYYASAX B CPEJIE MAPLE

Annomayusn: Llenv - paspabomxa 3¢)pekmusHvix anecopummos u co30anue Mamemamuieckux npocpamm
HAXOHCOEHUA peueHUs TUHElHbIX cucmem Oudhepenyuanrvvix ypasHeHul ¢ nepeMeHHbIMU Kodpduyuenmamu 8
uacmuwlx cryuasx 6 cpede Maple. Pesynvmam - paspabomana MamemMamuieckas RPOZPAMMA PeUleHusi TUHEUHbIX
cucmem Ougp@epenyuanvHblx ypasHeHull ¢ nepemMeHHbIMU KOIPPUYUeHmamu 6 HYACMHBIX CAYHAAX C YHemoM
8b100pa Memooa peweHus ¢ npumeHeruem nakema komnsromeproti mamemamuxu MAPLE, komopas noseonsem c
MUHUMATLHBIMU 3aMPAmamy. peMeHu HaxXo0ums peuleHus ¢ 8blCOKOU CmeneHvlo agmomamusayuu. Buieoovl -
UCNONL308ANL  MAMEMAMUYECKVIO NPOSPAMMY HAXOHCOCHUS AHATUMUYECKO20 PeuleHus IUHEUHbIX CUCeM
ouphepenyuanbiblx ypasHenuil ¢ nepemMennbiMu Kodpguyuenmamu 8 uacmuvix ciyuasx ¢ cpede Maple ons
KOHKPEMHbIX 34044 NPAKMUUECKO20 COOEPHCAHUS

Knroueevie cnosa: oughgpepenyuanvhvle ypagHeHnus, cucmemvl OUPDOepeHYUuarbHbIX  YPAGHEHUNl  C
nepemennHbIMU  KOd(guyuenmamu,; QyHOAGMeHMAIbHAA Ccucmema peuieHuli; QYHOAMEHMAanbHas Mampuya,
onpedenumens Bponckoeo.

TloBenenne  u3ydaeMbIX  OOBEKTOB  TIpH HEOOXOJMMBIX aJITOPUTMOB, SIBISIETCS HanOolee
MaTeMaTHIeCKOM MOJICTUPOBAHNHT 3a4acTyr0 paIoHaIbHBIM TIOJXOJAOM TPU PEUICHUH CUCTEM
OIUCBIBAIOT cucTeMamu b depeHITaTbEHBIX muddepeHInaNbHBIX ypaBHEHUH, Tak Kak o0mamaer

YpaBHEHMH, BMECTE C KOTOPBIMU BO3HHUKAIOT 33434l
ux pemeHus. CylecTBYIOT pa3IuuHbIe NOJXOMAbI IS
HaxO0XJICHUS pelleHni cucteM auddepeHIranbHbIX
ypaBHeHMH. Ha cerogHsmHuili 1eHbp NpUMEHEHUE
UMEIOIUXCSA CUCTEM KOMIBIOTEPHOM MaTeMaTHKH, B
KOTOpbIE ~ BCTPOEHBI  TPOLEAYpPHl  peanu3aluu

TaKUMH npenMmyuiecTBaMu, KakK IIOBBIIIICHHEC
3(1)(1)CKTI/IBHOCTI/I METOAOB pPCUICHUSA, MHUHUMU3ALUA
3aTpaT BpPEMCHHU, BBICOKAS CTCIICHb aBTOMATHU3ALUU
peuicHus 3aaa4. OT0T noAXOJ mpeanojaract 3HaHue
AJIrOPUTMOB  PCHICHUA W HX OCO6€HHOCT€I71, I
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IIPaBUIIBHOTO HCIIOJIB30BAaHUA JOCTOUHCTB u HpI/I ycioBuH, qTO MN3BCCTHHI JIMHEHHO

HEJIOCTATKOB, & TaK K& MHTEPIIPETALUH PE3yIbTATOB.

nezasucumble pemennst X, (t), X,(t), cocrasusem
Paccmorpum  [1,C.75] 3amady HaxoXIeHHS

AHAJIMTHYECKOTO PELICHUs JTMHEHHBIX OJHOPOIHBIX dynnamentanshyto mMatpuuy D(t) . [ina nposepxu
CHCTEM JBYX JM(QEPeHUHATBHBIX YPABHCHHIA C TMHEHHONH HE3aBUCHMOCTH PpEIICHHH )(1(t), X, (t)
NepeMEeHHBIMU KOdQHUITEHTaMU:

yIO0OHO HCIIOJIB30BaTh OIpPEJeNUTeNh BpoHCKoro.

dx, Pemiennst o i 7
_ JHOPOAHOM  CHCTEMBI  ypaBHCHHMH
1) X (1), X, () ssmorcs GyHoamenmansvHou
dx, t ¢ cucmemoil  TOTAa M TOJNBKO TOTAa, KOrja
dt 8, ()% + 85 ()X, coorBerctBytomuii  Bponckuan W(t) ommuen ot

rae % (t), X, (t) - neussectnsie Qymnkuum, xotopsie HYyJSI B KaKO-HUOYAb TOUKE t HHTEpBaa [a, b].
SIBIISAIOTCS. HEMPEPBIBHBIMU U TU(depeHIIpyeMbIMU Mo HAXOXKICHHA obmero  penreHus

Ha HEKOTOPOM OTpE3Ke [a b] a,; (t) - nenpepisHbIE BOCHIOTE3yeMCA (OpMyIOfi
p P AT pep X () = D(t)-C

(yHKUMY, 3a1aHHBIC HA OTPE3Ke [a,b]. PeanusyeMm BBIIE OIMMCAHHBIA ~ METOM JUIS
OOmee  pemieHWe  JTaHHOW — OJHOPOJHOM cuctembl (1) B cpene Maple, B xoTopoit pabora ¢
CHCTEMBI BBIP@XacTcs 4epe3 (PyHAAMEHTAIBHYIO b GepeHIHaIbHBIMA YPABHCHUSIMH HAYNHACTCS C
MaTpHUIly B BHIC noakarodenus makera DEtools [3,c.49]. Beomum
X({)=d()-C 3HaYeHHs & (t) mempepwIBHBIX (yHKIHIL, 3a1aHHBIE

Paccmotpum  Tpn - ciydast:  €clM M3BECTHBI Ha OTpE3Ke HWCXOJHOro ypaBHenws. s 3amaHust

JMHEHHO HE3aBUCHMBIC PEIICHUS Xl(t), X, (t), ecm v depeHnnaIbHOTO ypaBHEHHS CUCTEMBI

UCIIONIB3YIOT KOMaHJY BBIYHCICHUSI TPOU3BOJHOM

diff (BeIp, mep), mepBBId apryMeHT KOTOPO# ecTb

mudpepenuupyemas  QyHKIUS, a  BTOpPOH -

JIMHEHHO HE3aBUCHMBIX PELICHUMH Xl(t), X, (9] NepeMeHHas1, 0 KOTOpoil Hafo OpaTh MPOU3BOAHYIO
' [3,c.44].

marpuua  koodduumentos  A(t)  smusercs
CHMMETPHYHOM, M €CilM M3BECTHO KaKkoe-THOo W3

restart; with(DEtools) -
sys = diff (x(t),t) =all-x(t) + al2-y(1),diff (y(1), t) =a2l-x(t) + a22-y(t);

Jlanee  BBOAMM  M3BECTHBIE  JIMHEHHO (yHzamMeHTanbHOH ~— MaTpHLBl  BOCIONB3yeMCs
nesasucumble pemenns X, (t), X, (t). Hdns sananns Komar1of matrix():

F=matrix(2, 2, [x1[1], x2[1], x1[2], x2[2]]);

Omnpenenurens ~ BpOHCKOTO — BBICUHMTBHIBAEM, Yr10o6Bl NPOBEPUTH JHUHEHHYIO HE3aBUCHMOCTH
none3ysick oneparopom det():

pewennii X, (t), X, (t), BBogum oneparop ycnosus
W= det(F);

if:

if (det(F) #0) then 'W gBusgercs QyHHaMeHTAaJNIbHON Marpurer' else
'W He sgBgsgeTcs QyHOaMEHTAaJIEHOM MaTpuien';

Haxonum obmiee pemenue: cobmoaercs, (yHnamMeHTanbHas MarpuLa
BbIpakaeTcst GopMyIon
X:=[xI]CIl + [x2]C2; A(z)dr
Dd(t) = eI
PaccmoTrpum CIIy4ai, eciu MaTpuLa Beruucium MaTpUUYHYIO JKCIIOHEHTY,
koobuumento  A(t) sBaseTcs CHMMETPHUHO. npeodpasoBaB MaTpully K JHArOHAIBLHOMY BHAY, U

HalileM COOCTBEHHBbIC 3HaueHus. JlIsg KakIoro
COOCTBEHHOTO 3HAYCHHS HaliIeM COOTBETCTBYIOIIHH
coOctBeHHBI  BekTop. CocTraBisieM  MaTpUIly
repexojia K JMaroHajJbHON (TOYHee K YKOpAaHOBOW)
¢dopmMe M HaxoauM eil oOpaTHylo. Temepb MOXHO

IIpoBepuM cHauana, YTO MNEPEMHOMNKEHUE MATPHUILEI
A(t) co cBOMM HHTerpajioM KOMMYTAaTHBHO. [lanee
HaxoIUM MHTerpaji otT MaTpuusl A(t) mosaeMeHTHBIM
UHTETPUPOBAHUEM. Ecmn CBOMCTBO
KOMMYTaTHUBHOCTHU MIPOU3BEACHUS MaTpuIL
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BhMMCTHTL (yHmamenTanbuyio Marpuny D(t) wu
HAWTH 00IIee peIIecHHE.

Peanusyem naHHbIil Meron Juisi cucteMmsl (1) B
cpene Maple. Unterpan ot marpuisl A(t) HaX0THM,
HoJB3YsACh onepaTopoM int():

C11:= int(bll, z=0..t);
C12:= int(bl2, z=0 ..t);
C21 = int(b21, z=0..t);
C22:= 1int(b22, z=0..t);

CBOICTBO KOMMYTATHBHOCTU IIPOBEPHM  C
MOMOIIBIO oTieparopa yciaosus if:

if (L11[1, 1]=KI11[1, 1])and(L11[1, 2]=K11[1, 2])and(L11[2, 1]=K11[2,
1))and(L11[2, 2]=K11[2, 2]) then 'mMaTpwuis KOMMYyTaTHBHEL'

else

CoOcTBEeHHBIE  3HAYCHUS HaWTH

6maromapst komanze charpoly():

MOXHO

' MaTpPHUIIEl HE KOMMYTATMBHEL";

fi;

Q:= charpoly(C, lambda); Q1 := solve(Q);

[t Toro, 9TOOBI U Ka)KAOTO COOCTBEHHOTO
3HA4YeHHs HANTH COOTBETCTBYIOUIMM COOCTBEHHBIH

BCKTOP, HAM HeO6XOZ[I/IM oneparTrop , Ham H€06XOZ[I/IM
omepatop eigenvectors():

V1 := eigenvectors(S1); V2 := eigenvectors(S52);

Martpuua nepexoja K IUaroHalIbHON (TOUHEee K
JKOPJIAHOBO#) (hopMe HaxoauTcsi KoMarou matrix(),
a eit obparHas komauoit inverse().

Hi=matrix(2, 2, [VI[1][3][1][1], v2[2][3][1][1], VI[1][3][1][2].

vz[2][3][1][21]):

H1 = inverse(H);

Ocranoch TOJIBKO

dynnamentansuyio marpunry @ (t) u naiitu obmee

BBIYUCIINTDH

peueHue.

Xx1 = (FMI[1, 1], FMI[2, 1]); XX2 = (FM1[1, 2], FM1[2, 2]);

XX = [XX1]-CI + [Xx2]-C2;

W nakoHel, pacCMOTPUM TPETHUH Cllydaid, KOIa
M3BECTHO Kakoe-JIM0O M3 JIMHEHHO HE3aBUCHMBIX

pemennit X, (t), X, (t).
HewuszBectHoe NMHENHHO HE3aBUCHMOE pEIICHHE
BEIpa)kaeTcsi BEKTOPHOU (yHKIHEH

() (v
X“)‘(xmj‘[vj

Bocnonb3yemcst bopmyioi JInyBums-
Octporpajickoro, KOTOpas 3aMKuChIBACTCS B BUIC:

o(t) = eJ’A(T)dT

OTCIOHa nojsydyacm COOTHOIICHHUEC MCKIAY

HEHU3BECTHBIMU (PYHKIUSIMH uyVv, Paccmorpum

OJIHO U3 ypaBHEHUH UCXOJIHOW CUCTEMBbI, TOACTABIIASA
X (t). Pemaem

HaxoIumM

B HETO HEU3BCCTHOC PCHICHUC

MOTyYEeHHbIE
penieHue.

Jnst peanu3auuy JaHHOTO PELICHHS B CHCTEME
Maple, Ham norpebyercs omeparop MOJCTAHOBOK,
orepaTop  YNPOIICHHs,  OMNEpPaTopbl  PELICHHs
nuddepeHInanbHbIX YpaBHEHUH U 1p.

B Maple ocHoBHBIC omepanuu MOJCTAHOBKH
BoITIONHsET GyHKuus subs(x=d,c), kortopas B
BBIDOKCHHH C 3aMEHSET IOJBBIPAKCHHE X Ha
noaseipakerne d [3,c.35]. B Hamem ciydyae sTa
(YHKIMS 3aIMIIETCS B CIEIYIOIEM BHE:

yYpaBHEHUS | oOmee

cll:= subs(t=tau, all(t)); c22:= subs(t=tau, a22(t));
s2:= subs(x(t)=u, y(t)=v, sys[2]);

s5:= subs(t-u=7T3, s4); s6:= 1lhs(s)=s5;

510 = subs(_Cl1=C(t), s9);
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Komanna expand (Bbip, BeIp 1, BBIp2,..., BBIpN) SakaoueHne
MPEICTABIAECT MPOU3BENCHUE B BHIE CYMMEI, Pesymprar:  pa3paboraHa  MaTeMaTHUecKas
KOTOpasi PpacKphIBacT CKOOKHM B alnreOpandecKkoM nporpaMmma peleHus JIMHEMHBIX CHCTEM

BBIPAXKCHUM: BBIP SBIICTCS BBIPAXKEHUEM, B KOTOPOM
HEeoOXO0JMMO PACKpBITh CKOOKH, a HeoOs3aTesbHbIC
napaMeTpsl BbIp 1, BBIp2,..., BBIPN YKa3bIBAIOT
CHCTEME, YTO B 3aJJaHHBIX BBIPAKEHHUAX B 3aJAHHOM
npeobpazyeMoM BBHIP PAaCKPhIBATh CKOOKH HE Hajo.
B HameMm ciyyae 3TO BBINIAUT TaK:

T1 = expand(T-t);

53 = expand(subs(t-v=7T2, rhs(s2)));

518 = expand(subs(C(t)=s17, s10));

OO01iee peneHre HaXO0 M

X = C1-[X1]+ c2-[x2];
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muddepeHInanbHbIX YpPaBHEHUH C IepPEMEHHBIMU
ko3 uIMeHTaMH B YaCTHBIX CIy4asX C Y4YETOM
BBIOOpa MeToJa pelIeHUs ¢ NPUMEHEHHEM I1aKeTa
KoMmnbloTepHOlt MaTematuku MAPLE, xotopas
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COMPUTER INTERPRETATION OF BIFURCATIONS OF
SINGULARLY PERTURBED EQUATIONS

Abstract: The study of parametric bifurcations of vector fields is an important problem in the theory of
dynamical systems. The present work is devoted to the computer interpretation of qualitative behavior of solutions
of a system of singularly perturbed nonlinear autonomous differential equations obtained from the Van der Pol
oscillator. The system under consideration has a unique singular point which is of the hyperbolic type. Moreover,
that point can be either nodes or foci only. The aim of the present work is to confirm these well-known results on
computer.
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VIK 517.938
KOMIILIOTEPHASI UHTEPIIPETAIIUSI BU®YPKAIIMM CUHTYJISAPHO BO3MYIIIEHHBIX
YPABHEHUI

Annomayusn: Hzyuenue Oupyprayuti 8eKmopHuIX Nojell AeNAemcsi OOHOU U3 BAJNCHVIX 3a0ay¥ Meopuu
OuHamuyeckux cucmem. Paboma noceswena 6onpocam KOMHLIOMEPHOU UHMEPNpemayuy KaueCmeeHH020
NOBeOeHUsl PEUeHUl CUCIEMbl CUHSYTIAPHO BO3MYUCHHBIX HENUHEUHbIX dA8MOHOMHBIX Oupghepenyuanrbbix
ypasuenuil, noayueHHbix uz ocyunisimopa Ban oep Ions. Takas cucmema umeem eOUHCMEEHHYIO 0CODYIO MOUKY,
Komopas siensemcs cunepoonudeckoll. bonee moeo, sma mouxa moosicem Ovims MOALKO AUOO Y3IOM, TUOO POKYCOM.
Llenv pabomoi- noomeepoums maxue uzecmuvle pe3yibmamol Ha KOMRbIOmepe.

Knrouessvie cnosa: cuneyisapHo 603MyujeHHAs cucmema, ocobas mouxa, ougyprayusi.

Beegenne dx X3
IycTh 3a1aHa cucTemMa -f=qa X +X, — =2, 2
dt 3
HO - txa). & L
dt dt a
3aBucsmas  OT a=(a,.a,)eR", rme

q ~ 0 rae O/ —4ucioBOM mapamMeTp. Marpuia
X = (X X,) € R". Torma touka x°=x°(&@) c 8 panetp bt

yenosuem f(X°,8) =0 HasbiBaetcs 0co6oii TOUKOM f
o <0 /= _ 0 0y _ X X
(1) [2,3]. AcHo, uto Toukn X° = X°(&) 3aBHCAT OT J=J(x,%x)=| " ?
- - 0 95 9y o o
ai CornacHo ompeeneHusIM a=a (4 %2)=(x1,%3)
Ha3plBaeTCsl  OMdypkanmoHHBIM 3HadeHWeM (1),
ecnu tun toukd  X° =X°(d)  MeHseTcs pesKo. HaseiBaeTcs Martpuieil SIkobu cucrembl (2) B

0 0
PaccmoTpuM ypasHenue Ban nep ITons [1]: TOUKe (X,,X,). COOCTBEHHBIE 3HAYEHHsS MATPHIIbI

J=J(x2,xJ) MOXHO BBIYHCIHTH 1O (opmyIe:
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Ay = pi\/E’ e o=p°-48, 5=det(J)- Muneino. wyzeso mun (% =0, 4, =0,

2
onpenenutens J,  p:=trace(J)- cmex J . Ilycts
6e3 orpaHUIeHUS OOIHOCTH |/11| < |/12| .

CormacHo HU3BECTHELIM pe3ynpTatamMm
kadgectBeHHOH Teopun OZlY ocobas Todka IIIOCKOH
HEJINHEHHON AUHAMUYECKON CHUCTEMBI MOYKET UMEThH
CIICYIOIIHE THIIBL:

Hesvipoxicoennwii. mun (A, #0, A, #0).

Crneposarensio, J #0 n & = 44, # 0. Takan
TOYKA MOKET OBITH CEIOM, y3JI0M, (OKYCOM HIHU
LEHTPOM;
Hony-aunep6onuueckuii mun (A, =0, A, #0
Cre10BaTeNbHO, J =0, 0=0,
p=A4+A4,#0, 0>0. Takas Touka Mmoxer
OBITb CEJIOM, Y3JIOM HIIM CEUIO-Y3TI0M;
Hunonomenmuoiti mun (A4, =0, A, =0,
J #0). Crenosaremsno, 6 =0, p=0, o =0.

DTOT ciydail CONEPIKUT CeIUIa, Y3JIBI, CEIIO-Y3IIHI,
(OKYCHI, TEHTPHI, TOYKH BO3BpaTa M T.XI., BCETO
MOXKET CYIIECTBOBATh 13 Pa3IMIHBIX
(TOTIONIOTMYIECKH HE3KBUBAJIEHTHBIX) THIIOB (Pa30BBIX
MOPTPETOB B JIOCTATOYHO Mol OKPECTHOCTH
0Cc000# TOUKH;

>7‘11 = diﬁ((ﬁxl); j12 = diff(fvxz); J21
fy = (- + 1)

J =0). Scno, uto =0, p=0, o=0. Kax
JIoKa3aHo B [9], B OCTaTOUYHO Malloil OKPECTHOCTH
TAKOW  TOYKA  BO3MOXHBI 65  pa3smHYHBIX
(TOMONOTMYECKH HEIKBUBAJICHTHBIX) TUIIOB (Da30BhIX
MTOPTPETOB.

OcHoBHbIE pe3yabTaThl. B cucremy Maple 17
BBOJIMM TpaBbie yactu (2):

X x|
>f:= o x1+x2_7 ;g:__:;
I 3
f=ao x +x ?xl
__
g=-—
o

Bonee toro, (2) uMmeer eqUHCTBEHHYIO 0COOYIO

TOUKY (XlO ) Xg) =(0,0):
> solve({f, g} {x1.%,});
{xl =0, X = 0}

Temneps Haiimem matpuiy Skobu (2):

= dlﬁf(g’xl); I = d’ﬁ(g’)@);

Jip =0
1
17,
I =
> J = Matrix([[jlpj]z]» [j21’j22]]) 22 :%a_% ;az _4.
2
o ( X+ 1) o X MOXHO HalTH TaK:
J = 1
h o 0 > eig = Figenvalues subs(xl =0, J))
a(l X) a i +L/(X2—4
Toectb  Ji=J(X,X,) cig = 2 2
Lo b7
3HaYUT B TOUKE (Xf ) Xg) =(0,0) marpuma
SxoOu nMeeT cOOCTBECHHBIC 3HAYCHUS B cimyuae (Xl0 , Xg) = (0,0) umeem O =1,
2
=a, o=a" -4 TIOCKOJIBKY
11 pP=a ’
=Za+=,/a’ -4,
& 2 2
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>0 = Determimmt(subs(x1 =0, J) ); p = Trace(subs(x1 =0, J) ); o= p2 — 4.8
d:=1
pi=o
Gi=a —4
Tax kak 0 =1>0, 10 (Xf, Xg) =(0,0) ne Bieder, uro Qokyc ycroitumpeii, ecru <0, u

HEYCTOMYMBBIH, ecnin & < 0. Bce 310 MBI BHIEM

seaserca ceaaom [3].  Bome Toro, 0 =1>0
Ha pucyHkax 1,2. ['oToBuM rpadudeckoe OKHO:

MOKA3BIBACT, YTO THII STOW TOYKU THIIEPOOTIIECKHUH.
Teneps Oonee oaApoOHO.

>
Caywaii @ =0. Torma (2) meonpenenena. . .
x_min :=-1;x max = l;y min :=-1;y max = 1;
Lenmp nomxen 6vu1 momydatses mpu 0 =0. Y min = -1
OnHako O = ( mnokasbiBaeT, 4ro (2) He HMeeT x__ max =1
LEHTpA. y_min:= -1
Cnyqaﬁaio, |a|<2. O'=062—4<0 y_max :=1

JlaeT KOMIUICKCHBIC KOPHH. 3HAuuT cornacHo [3]

06 x?,x%) = (0,0 E,:
(Xf,Xg) =(0,0) ects gporyc. Venopue p=a o ( ! 2) ( )qepes !

> sing point = plot( Vector([0]), Vector([0]), style =point, symbol = diamond, symbolsize =20,
legend = [E1 ], color=blue ) ;
sing_point == PLOT(...)

Ipu o = ) =—1 cucrema (2) npuHUMAET BUL

d d
Z deq = Exl(t) =A9ubs(x1 =x, (1), %, =x,(1), subs(a=0c0,f) ), Ex2(t) =subs(x1 =x, (1), x.

=x2(t), subs(oc=0(0,g) );
deq = %xl(l) = —x, (1) —x)(1) + %xl(t)3, %xz(t) —x,(1)

T'oToBMM (ha30BBIi OPTpET:

> d plot = DEplot([ deq], [xl (1), x,(2) ], t=-20..20, X, =X_min ..X_max, X, =y_min ..y_max, axes

= framed, linecolor =blue, numpoints = 1500, color =magenta, scaling = constrained) ;
d plot == PLOT(...)

Torma creayromas KOMaHAa BBIBOAUT HA 3KpaH
pHucyHOK |

display(d_plot, sing_point, view = [x_min .x_max,y min..y max]) :
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Pucynok 2 - ®a3oBblii noprper 2)nmpu O<a<2.

Ciyyait |a| >2.

IlonsTHO,

4TO
3,4.

oc=a’-4>0,u (x},x3)=(0,0) - ysen. Tax

kak p=0a,0omupu & <0 ysen

yCcTOHuuB, a npu

o <0 ysen neycroituns. CkazaHHOE BHIHO Ha PUC.
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PucyHoxk 4 - ®a3oBblii noprper (2) npu o >2.

Tak kak (X_,X3) = (0,0) runepGonuuna, T0 B dx, %
touke  (X,X5) =(0,0) mmeer Mmecto Teopema dt a
Xaprmana-T'pobmana T0 ecth  Hajimercs B WHTETPAIbHBIE JIMHHM HMCXOIHOH CHCTEMBI. JTO

2
roMmeoMopdu3M,  MEpeBOMSMIMI  HHTErpajbHbIE OCYIIECTBIISETCS KOMAH/IAMH (CM. PHC.5):
JIMHUH JITHEAPU30BAHHOM CHCTEMBI
> = -
o 1
d =
5 alx %) @ oy = -1

dt

ISPC Technology and progress,
Philadelphia, USA 61 THOMSON REUTERS

Indexed in Thomson Reuters




Impact Factor:

{ ISRA (India)
{ 1SI (Dubai, UAE) = 0.829
| GIF (Australia)
{JIF

= 1.344

=0.564

= 1.500 |

| SIS (USA) =0.912 | ICV (Poland)  =6.630
| PHHI] (Russia) =0.234 | PIF (India) =1.940
{ ESJI (KZ) = 3.860 = 4.260

| 1BI (India)
SJIF (Morocco) =2.031 |

d
> leq = Exl(t) :subs((x:OL

0’

leq == ixl(t) =

dr _xl(l)

o (1) + oy (1) ),

_xz(t):

d 1
Exz(t) —subs((x—oco,—gwl(t)];

x (1) =x, (1)

> d plot = DEplot([ leq], [xl (1), x,(1) ], t=-20..20, X, =X_min .X_max, X, =y_min ..y_max, axes

=framed, linecolor =blue, numpoints = 1500, color =magenta, scaling = constrained) ;

d plot == PLOT(...)
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OudypKkalMOHHBIC 3HAYCHUS VIS

C
O E

PucyHok 5 - ®a3osblii noprper (4) npu —2<a <0.

3akiouenue
Urak, Mbl BbIACHMIHM, uT0 o =0 no =12

(2). Hakower,

(Xl0 ,Xg ) =(0,0) da3oBsie mopTpeTs! cucreM (2) u

(4) Tomonormyecku

SKBUBAJICHTHBL. JTO MOXHO

3aMeTuTh, cpaBHUBas Ipu —2 < ¢ <0 pucynku 1lu

3aKJIiroyacM, 4YTO B MaJIol OKPECTHOCTU TOYKH 5.
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SECTION 2. Applied mathematics. Mathematical
modeling.

COMPUTER ESTIMATIONS OF THICKNESS OF BOUNDARY LAYER
IN SINGULARLY PERTURBED DIFFERENTIAL EQUATIONS

Abstract: Asymptotical analysis of solutions of singularly perturbed differential equations is one of important
problems of the theory and its apllications. The present work is devoted to the computer estimation of thickness of
boundary layer in differential equations with a small parameter at high derivatives. Maple program for asymptotic
expansion was prepared for a model equation of first order. An estimation of a residual term of such expansion was
obtained. The aim of the present work is to demonstrate advantages of Maple tools.

Key words: singularly perturbed equation, asymptotic expansion, boundary layer.
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YIK 517.938

KOMIIBIOTEPHASI OIIEHKA TOJIIIWHBI IOTPAHUYHOI'O CJIOSI B CUHT'YJISIPHO
BO3MYIEHHBIX TH®OEPEHITUAJBHBIX YPABHEHUAX

Annomayusn. Acumnmomuyeckuil AHAAU3 PEULeHUL CUHSYISIPHO  GOSMYWCHHLIX  OU@epeHyuanbHbix
VpasHenull s6s1emcs 0OHOU U3 AKMYalIbHbIX 3a0ay 8 meopuu u ee npunodicenusx. Hacmoawas paboma nocesuyena
KOMNbIOMEPHOU OYEHKe MONUUHBL NOSPAHUYHO20 CLOSL 8 OUDPePeHYUANbHbIX YPAGHEHUSAX ¢ MATbIM NAPAMEMPOM
npu cmapwux npouszsoonsix. bvina paspabomana Maple npocpamma ocywecmenenus — acumnmomuuecko2o
PAa3nodcenust Osl MOOEIbHO20 YPAGHEeHUsi nepeoco nopsoka. llomyuena oyenka ocmamoyHo2o 4YieHa MAaKo2o
paznosxcenust. Lleavio pabomel siensiemcsi 0eMoHcmpayust npeumyujecms uncmpymenmapus Maple.

Knrouesvte cnosa: cuneyisapHo 03MYyWeHHOE YPAGHEeHUe, ACUMNIMOMUYECKoe PA3N0dCeHue, HNOSPAHUYHbIU
cnoil.

Beenenne TO (2) HasbIBaeTcs pecynsipro sozmywennoun [1,2].
PaccMoTpuM ypaBHEHUS: B MOOTHBHOM Cilydae OHA HA3BIBACTCS CUHYISAPHO
B03MYUEHHOLL. B cratee paccmmaTpuBaeTcs
Lou = fy, ) CHHTYJIIPHO BO3MYIIIEHHast 3a1a4a [1]:
- du
Lou + elyu = fo +&fy 2 gd—:—u(x)+x, 0<x<1, (4)
X

rne Lo, L - oneparopel, fy, - Gynkuuu, &£>0 u(0)=1.

- Majgeld mapamerp, U- HCKoMas (QyHKIus, Mpi £=0 nveen

xe Dc R". Torma ecrm mpu & — 0 umeeT mecto

O=-u(x)+x, 0=<x<1 (5)
suplu (%) ~Uo ()] >0 3
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SlcHo, 4TO MOCJHENHAA  3ajaya HE OcHoBHbIE pe3yiabTaThl. Broanm B Maple 17

YIOBJIETBOPSIET HAYATLHOMY YCIOBHIO B (4).

restart : with( DEtools) : with( plots) : with( plottools) :

d
> deq =¢- —u(x) =-u(x) +x;init = u(0) =1

dx
deq :=¢ (% u(x)) = -u(x) +x
init =u(0) =1

(4) umeer perenue
—x/ ;
u,(x)=—c+x+e*“1+e¢):

> u, = rhs(dsolve({deq, init}))

X

u8:=—s+x+e ¢ (1+¢)

Teneps 0603HauMM | HakgeM dg (x) = u, (xX) —u(x):

>d=u —ux
€
X

d=-g+e °(1+e)

OTcrofa moyryyaem,4To

sup [d, (x)| = sup |u, (x) —u, (X)| = sup H(1+g)e‘x’£
xe[0,1] xe[0,1] xe[0,1]

Urak (4) cunrysispHo Bo3myiieHa (puc.l).
JU1s WIUTFOCTPAuK 3TOTO TOTOBUM OKHO!

> x_min = 0; x_max = 1;y_min == 0;y_max = 1,

x_min:=0
x_max =1
y_min:=0
y_max =1

Toraa cnenyroniye KOMaHIbl 1al0T HAM
pucyHok 1:

HCXOJHbIE NaHHbIe 3amaun (4):

—guzl.

> d3 = plot(subs(e = %, |d|), x=0.x_max, legend = ["e=0.125"], color = red, numpoints
2

=1500, thickness = 2) :

> d4 = plot(subs(e = %, |d|J, x=0.x_max, legend = ["e=0.0625"], color = green, numpoints
2

=1500, thickness=2 | :
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> 45 = plot(subs(e = LS, Idl), x=0.x_max, legend = ["e=0.03125"], color = blue, numpoints
2
=1500, thickness = 2) :

> display(d3,d4, d5, view = [x_min .x_max,y min ..y _max])

0.8
0.6
0.4
0.2
o s
0 k ' k . :
0 0.2 04 0.6 0.8 1

x

e=0.0625 — =0.03125

e=0.125

Pucynok 1 - I'papukn d‘9 (X)| NpH Pa3IHYHBIX & .

Orcrona 3amedaeM CIeayoIIee:
d,.(x) =u,(x)—u(x) mocrarouno Gonpioe mpu X, Beibepem A :
6mmkux Kk Xy =0. Dro 00BsCHIETCS TeM, YTO MPH
> A =01
& — 0 s3nauenns X ~ 0 Memaror ycrpemienuio 0
A =0.1
0
d,(x)=—c+e?(1+¢) Jnst & mycTh
K Hymo. JIpyruM cioBaMH, Ha KaKOM-TO > e m 1
uaTepBaie  0< X< pewenne U, 3agauu (4) He 0 23
Oymer ronusko k pemeruro U szagaum (5) mpum e _ 1
mansix ¢ . Takoi uarepBan [0,5] HasbiBaeTcs 0" 8

Torna coorBeTcTByIOIIEe O = Jy OyAeT paBHO:

nocpanuinvim CJlloem. Tenepb

N3Y4YCHUIO TaKUX CJIOCB.

IPUCTYIIUM K

> 50 = evalf(subs(s =g,A=A, 5) )

IlocTaBuM BOIIPOC: IIpHM KaKMX X ugucio

sup [ld.(X)|[= sup fu,.(X)—ug(X) Oymer He __
XE[O,l]" € " xe[O,l]" N 0 " 60 =0.2011797390
MeHblle 3agaHHoro umcia A>07? OGo3Haunm

Crnenyromue KOMaHABI TOTOBAT K BBIBOAY Ha
rpadudeckuii skpaH pemeHuit 3amag (5), (4) u
(azoBsIit moptper (4):

pemenue ypasHenuss d,(X)=A uepes O :

|

> 8 := solve X

(d—Ax)
8:——ln(A+
1+

[¢]

m
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> non_per := plot(x,x=x_min .x_max, color = "Teal", linestyle = solid, numpoints = 1500, thickness

=1, scaling = constrained)

> per = plot(subs(

E=E,U

0 "¢

thickness =3, legend = [ "€=0.125"], scaling = constrained )

), X=x_min .x_max, color = blue, linestyle = solid, numpoints = 1500,

>d plot == DEplot(subs(s =€, deq) ,u(x), x=x_min .x_max,u=y _min ..y_max, [init], linecolor

= blue, numpoints =1500, thickness =3, scaling = constrained )

Hpsmas X =0, :

>

500], linestyle =solid, color = "SteelBlue")

ITycts npsimast U=0 u rpaduku pemenuii (5),
(4) mepecekarorcst mpsiMoi X =3, B Toukax P ,Q,

R . Torma stu touku P ,Q,R MO0XHO HaifTu Tak

> pi= plot( Vector( [

=["P"], color= blue)

X_vert := implicitplot( [x — 6()], X=Xx_min.x_max,y=y min ..subs(x = 50, e=¢, us) , grid =[500,

] ) , Vector([0]), style =point, symbol = asterisk, symbolsize =20, legend

> 0= plot( Vector( [ 50] ) , Vector( [ 50] ) , style =point, symbol = diamond, symbolsize = 20, legend
=["Q"], color:blue)

> R:= plot( Vector([ 5()]), Vector([ subs(x =4

0

symbolsize =20, legend =["R"], color= blue)

B ntore cieayromas KoMaHaa BBIBOOAUT

Ha MOHHTOp pHUC.2
>

E=E&

(0

ug) ] ) , style =point, symbol =circle,

display(non_per, per, d_plot, x_vert, P, O, R, view = [x_min .x_max,y_min ..y _max])

I3 FI XN FAENANEN YN NYNS
EEEERE R R R RARRARR N o
B EEE R R R R R R AR RN ot
BERRRERRRRRRN Y ot 4
0BT WV VYV VNV VN NANNNNSA-F7 )
VYV NN VNN NANNNSHA~F7 7 )
VYNYNNANNNNNSA-A 7710
st AV VN ANNNNNNSA 7777
PTNYNNNNNNNSAS 7771 ]
VW NNNNNNSALAG 777111
VNMNMNNNNSALA S 7771111
LNSNNANSSA=L LTI LT
RS LLEELT LI LL
ENSNpoEFL 2 L L L LR LT LY
o2h\N\~gl~7 7770111111111
el rre fROEEES RS
e LS FL T L E LT £
oot W EE IR L L LR 1T
0 ezele ¢ ¢ 4 ¢ 4 94 ¢ 4 4444344
0 02 04 0.6 0.8 1

x

—_—e0125 *x P © Q O R |

PucyHok 2 - da3oBblii moprper (4) npu

£=0.125.
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sup [d, (x)]=A.

1
3HAaUNT TpH  &=— MBI HMEEM, 4TO Ha

23 xe[0,1]
untepBae  0<x<5=0.2011797390 pa3HOCTH PesynsTatel TpH gzi e gzi
mexny pemienrieM (4) u  (5) He Gymer MeHbIie 24 2°
A=01: MOKa3aHbl Ha pUCYHKax 3,4.
gy v bbb b bobd
EERRERRR
by t BERD
SRR EERRD.
IR ERR
EERE R /
BERERERERN 71
R EEETAAN 711
BERERRRRR Frtt
b VM VAMNNNNAS 771
YRYNANNSA7LIL LY
ol VISASANAPF I 111
P bk s i4LBEERE
SNNSAZZEETTLL L
AR
PN 111
e rITElItItllll]
AEEE SR IR AR A
ok FEERSRSESRNESE
0 0.2 04 0.6 0.8 1
|—e00625 * P © Q OR
Pucynok 3 - da3oBsiii noprper (4) mpu ¢ =0.0625 .
B EFSEFENETNELS
SRR EE R
t EEREER
BEERER
e b BEREERR
EEREEREERRRRR
SRR RN
kb EEEE LV VNN
b YR NNNDT I ]
SERSRRNNY 228
PEEL VNN A T 1]
ol VL VVNNAL T 1
VAN T 11
LAV 1111
WA 1111
o2 \NNAA 111111
A1
SESRER R 1 1
A EEERETEY
olddy 1144444444 '
0 0.2 04 0.6 0.8 1
|[—eo003125s * P © Q OR
PucyHok 4 - ®a3osbiii noprper (4) npu ¢ =0.03125.
B wurore morpaHuYHBIA CJIOW oOmpenensieMbli BHUJIHO, YTO TOJIIIMHA IIOTPAHMYHOTO closi & = O(&)
yCIoBHeM sup ”dE(X)HZ A npu c= i4 YMEHBIIIACTCS NMPHU YOBIBAaHWM 4Hciaa & . Bce 310
xe[01] 2 MTOJITBEPKIAIOT cienyromiee TOpPEHUYECKOE
onuceiBaercs yncinoM 0 =0.1173563687 , a npu npezckasaHue mpu A=Ay =const u £ > 0:
8=2—15 yuciioMm o0 =0.06441946988. Orcrona
ISPC Technology and progress,
Philadelphia, USA 68 s THOMSON REUTERS

Indexed in Thomson Reuters



[ ISRA (India) = 1.344 | SIS (USA) =0.912 | ICV (Poland) =6.630

.| ISI (Dubai, UAE) = 0.829 | PMHII (Russia) = 0.234 | PIF (India) =1.940
Impact Factor: | GIF (Australia) =0.564 | ESJI (KZ) ~ =3.860 | IBI (India) = 4.260
i JIF =1.500 i SJIF (Morocco) =2.031 i
A+¢ 2 Paccmotpum Tenephb ACHMITTOTHIECKOE
5(g) =—¢ln P In(A)s +0(¢7) 0. paznoxenue pemenus (4). JIas 3Toro psx
JleficTBUTENBHO, u(x, &) = Z 5nun (x) (6)
> series(8,¢,2) "0
-In(A) & + 0(82) HOJCTaBIsAeM B (4) U IoJTydaeM CUCTEMY:

> G= collect[e- %(uo(x) +e-u,(x) —l—ez'uz(x) +s3~u3(x) +£4-u4(x))

+

(uo(x) e, (x) + & i, (x) € uy(x) + e4~u4(x)) N 8].

+ ul(x)JS +(—u0(x)+u1(x)je+u0(x)—x
Orcrona
> Uy =x
uy=x
d
AT
u; = -1
d
7 U=
u, =0
OcrampHple  wieHsl Hyimn. ClieJoBaTeNBHO, X
OCTATOYHBII 4JIeH psna E=c € ( 1+ 8)
‘f(X, 8) =Uu, (X) - U(X, 8) HaXOJHUTCS TaK
BHu3y Mbl moka3biBaeM rpaduk é’(X,&‘) nmpu
2
>E&:=u —(u,+eu +e-u,); 1 1 1
€ <0 ! 2) E=5, =77 n&=_7 (pucyHok>5):
2 2* 2°

> as3 = plot(subs(e = %, &J, x=0.x_max, legend=["e=0.125"], color = red, numpoints
2

=1500, thickness = 2) :

> asd = plot(subs(e = %, &J, x=0.x_max, legend=["e=0.0625"], color = green, numpoints
2

=1500, thickness = 2) :
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> ass = plot(subs( e= L, ?:j ,x=0.x_max, legend = ["e=0.03125"], color = blue, numpoints

25

=1500, thickness =2 ) :

> display(as3, as4, as5, view = [x_min .x_max,y_min ..y _max])

0.6

0.4

0.2

0 "
0 0.2 0.4

x

0.6

0.8 1

|— £=0.125 —— £=0.0625 —— £=0.03125 |

Pucynok 5 — Ocrarounblii wieH £(X,£) aCHMITOTHYECKOTO pa3iioxeHus (6) ypaBHenus (4).

SAcuo, uto £(X, &) = efX/g(l+ £) cCTpeMHurcs K
HYJIIO PaBHOMEpPHO 1Mo X mpu X>0 u & —>0.
Opnako, B mnorpanuyHom cioe 0< X< mpu
& — 0 ne umeer mecta £(X,¢) > 0.
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SECTION 1. Theoretical research in mathematics.

MONTE CARLO METHOD IN THE PROBLEM OF REMOTE SENSING

Abstract: The paper considers the integral equation of radiation transfer. Considered the problem of efficient
modeling of propagation radiation in layered-homogeneous medium. Under these assumptions have been obtained
approximate calculation formulas to estimate the values of functionals, having a physical means of the intensity of
radiation and it’s derivative by dispersion coefficient. Further on is used the traditional method of addressing
backward problems, based on the Newton-Kantorovich method.
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Introduction f(f,o,t) - the density of the collision of
In environmental research one of the most photons with environmental elements:

important is the task _of optical remote sensing of the v (F,@,t) - the density distribution of sources:
parameters of a continuous medium. Under these In

meeting such challenges is widely and effectively k(X',X) - the density of the transition photon
used methods is the Monte Carlo [1],[2],[3], based on from «condition» X' at «condition» X.

the probabilistic interpretation of the kernel of the Applications are important functionals of the
integral equation of transfer of radiation form

PO = [k D TEOMR rw (D, ) ly=(f.9)= [ {09 @
X @ l
X

where X =DxQx[0,T]- from the solution f (X) equation (1).

the phase space of coordinates

= P P 3 ! It's known [4], that sup||k(X',x)dx"<1 and
r=(x,y,2) e DcR?, XeX 5

lines & = (1, B) € Q =[-11]x[0,27], under the conditions y,¢ < L (x), the equation (1)
u=cosf, 6e[0,r], andtime t [0, T]; has a single solution in the class of functions L;(X),
X=(F,ot)eX, X'=(ra,t)eX; submitted convergent series of the Neumann:

i=1

f(X) = i Ky =y () + 3 [ [0 Rk (R ) (%, 5, X)X, .

Everywhere in a further sign of the vector on density distribution w(x) «initial state» X, and
variables X,X;, i>0, we will drop out. We describe

the basic idea of the Monte Carlo methods [5]. Let
points  Xg,X;,..-X,,...- fandom and form a

homogeneous Markov chain with the probability

probability density «transition» k(X;_,%;) from
«condition» x;_; at «condition» x;. Then the linear
functional (2) by solving the equation (1) isa M& -
the mathematical expectation of a random variable
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<§=§:¢(Xi)- Since 1, =(f,p)=M¢, the task
i=0

now is, to calculate M¢& . For this special formulas in
a computer simulated sample values & ,&,,..., & a
random variable & and calculates the sum

1< .

SN:W;Q' According to the law of large
numbers, M¢& =S, for sufficiently large values of
N .

In real physical problems such Markov chains
can be identified the process of the spread of
elementary particles in a medium and behind
Xgs X1,---1Xp,-.. 10 take the point of collision of these

particles with the elements of the environment [6].
Let the medium homogeneous, that is a constant

value of the scattering coefficient o, absorption o,
and full attenuation o =o, +o,. Required to

determine o, at known and fixed o,. Not being

interested in the specific form and the physical
meaning of functions
o (X, 0) =ocexp(—o | Ty, —T )R, where

o =0, +0,, Iy, —the radius vector of the point of

collision on the surface of the medium, F — not
depend on o,, k=1..m, wil consider
functionals of the form

0 j-1
I (o) = ZI....[W(XO)Hk(xi,xi+1,a)¢k(xj,a)dxo...dxj,ldxj, 3)
i=0 X i—0

X 1=

- -
where Kk(X;,Xi,1,0)=0cexp(-o|rin—ri|)F,, F,
also not depend on o .

Label by IE the values of the functionals,

measured experimentally. Suppose |, (") = I;.

Then to find the exact value of the scattering
coefficient we obtain the following system of
nonlinear equations [7]:

(@) =11 slp(@) =10 (4)

To solve the resulting system using well-known
Newton-Kantorovich method [8]. We write the
linearized system:

0
%(% -0¢) =l —1(c?), (5)
Os

0 . .
where O ¢ - some prognostic value of the scattering

coefficient, o° =o? + o, .

_ (o)

We introduce describe &
ooy

Aoy :(O-s_o-g)-

o0

The resulting system is generally incompatible,
to deal with this problem it involve the least squares
method and arrive at the equation

m m
D atac = a [l -1 (0”)].
k=1 k=1

Next we construct successive approximations.
Let as(p) — the current approximation of the
scattering  coefficient.  Then the following
approximation o {"*¥) is how

m <
o = (P +{Z(a§"))2} > al [|k _ |k(0(p))]’
k=1

k=1

where P =P 1o, .

The whole question now boils down to, to
calculate the value at each iteration

|l£D) — |k(O-(P))

O ol (™) _ al, (o)
k 0o 0o |

and

o=oP)

To do this, we rewrite (3) as

(o) = zj...jw(xo)ﬁ K(X;, Xi,1,0°) Ry (0)dx,...dx; ,dx;

i=o

where

K06, %.0,0)
R =005 L ety
i=0 P A

o - a constant value for the parameter & . It is
easy to see that
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0 0 0 0 on 0 i K(X,%,,,0)
—R. () )=—o0,(X.,0 )+ X, o — e =
5o, k() aasfpk( 110) o (X )6asli:olk(xl,xl+1,0') 0

=0

(ok(XJ:O' )+¢7k(XJ:O' )Z—Ink(x,, |+1’GO):¢k(ino-0)Wj(o-o)i

S

8

where

(") = 2 ng,(1,.0° )+Z%Ink(x., X1:0")- 6)

i= 0

Here’s were we obtain the desired estimate
for the derivative of the intensity

(0% <
0o _JZ:

j1
v (X Hk X1, 0 Jk(U Jdxo..dx; =
S

0 x
{Zwmnwua% (7

j=0

For the most intensity known local estimate [4]:

I () = M{Z(ﬁk (X ,00)} 8)
j=0

As (Dk(xj’a) oexp(—o | fy. f:j DR

0 1 . -
In Dy (XJ 100) =_0_| rnog. _rj |) .
(of o

and F, notdependon oy, it S
Similarly
o 0 = 1 N
Ink(xj’xi+1'o- ) = In{aexp( o|f,—T |F2}| 50 T L L
s oo, o=os 50
0 M 0}
Xy X aXom,  1=212,...,N, where 1) -
Consequently, 0 M piy _ _ r(1)
random number, chain which terminates with number
- 1. Along each path construct the sum:
0 j+1 : - — ~ =
w; (o )_?— IFiag =T [ =T = T | )
i=0
! ©) 70 =D (", 0™), (10
j=0

In the work [9] in the case of convergence of
the Neumann series to the solution (1) proved the
finiteness of the average number of States of the (p) O OMYOyE )
Markov chain, in other words, Markov chain (k)= Z(;(p (] Wyt @) (1)
terminates with probability 1 through the end and the !
random number of transitions y . Further according

j-L
to the laws of distribution y/(X) and K(X',X), W(')( 0)_ J+1 Z| A0 ORI 40 _rj(l) I,
simulated N different trajectories (Markov chains): ol

where
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i, 50,...7- the collision point I- th simulated

trajectory.
Put now

1 N
=0 240K,

1 ()
S,=—> 1P (K),
Z 2 NIZ:l:m

2 2

Dlzﬁi(é.(p’(m) . D, =%i(m(p)(k)) .
1=1 1=1

Then we obtain the following approximate
formulas, based on the law of large numbers [10]:
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ABOUT ONE APPROACH OF SOLVING THE PROBLEM OF OPTICAL
SENSING

Abstract: The paper considers one inverse problem of hydro-optics. The importance of these tasks taking into
account multiple scattering increases with the necessity of interpretation of optical observations in probing. The
aqueous medium in which the radiation propagates is supposed layered-homogeneous. The linkage between the
characteristics and parameters of the test medium contributes to the formulation and successful solution of inverse
problems. After that by direct simulation of photon trajectories on a computer the problem of determining the
scattering coefficient is solved using the Monte Carlo method.
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Introduction in all layers of constant and equal o,. The

numbering of the layers are from top to bottom.
The bottom z=H,,, , with a value of albedo Al-

. probability of survival, reflects radiation according to
spreads narrow light beam of constant wavelength, Lambert law: the density distribution of the cosine of

emitted from a point source F,, =(0.0,0), placed in the angle 6, between the reflected beam from the
bottom surface and the normal to it has the form

Description of the task. Let in the aquatic
environment  O<Hg, <z<Hy,  (xy)eR?

«vacuumy» above the surface of the medium,
isotropically in a circular conical solid angle
Qg =[cosby,, 1[0, 7], where Qg — the angle of

the source relative to the unit vector i, =(0,0,1)

Po(4) =2u, u=cosd,.

the axis of the source. The density distribution Receiver with optical axis along the vector
emitted by the source of light quanta is given by fie. =(0,01), measuring the intensity of scattered
function [1] radiation environment, combined with the source and
o o perceives only the light, supplied in directions @
y(F,0.1) = p(@)5(F Ty, )5 (1), such  that (&, ) 2C086,,, , that s
) @ € Q. =[C0SO,. 1] x[0,7] — the angle of the
where p(@):{{z’[(l_cosesw)}' T 0eQq, receiver.
0, otherwise. Let us consider the temporal distribution of
the intensity of the radiation entering the receiver.
The environment is expected to horizontally The total value of the intensity is
homogeneous and broken z axis into n sufficiently
thin I_ayers Wl-th dlffeient* cons'iant_ \{alues of 1(t) = J'(D(Frec.@vt)d@-
scattering coefficient oy ,oy ,....05 inside them. o

The value of the absorption coefficient is considered
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The temporal distribution of different time intervals, find the value of the
1 t, scattering coefficient of the medium in layers
I, = Il(t)dt this intensity in intervals 1...,n, at a known and fixed value of absorption
LR T coefficient in all layers [2].
[tcs,tc ], where t, —the nodes of the breaking length The solution of the task. |, it is a function
zf;LT‘inEg;;ll'l], k =1,...,m, itis possible to measure of the value o =0, +0,: I =1,(0). Its
Xperi y.
Statement of the problem. Knowing the known [3,4], that
measured intensity values 1, 1,,..,1  in m
o j—1
I, (o) = ZI...jw(XO)H K(X;, X1, )@ (X;,0)d%,...d%,_,dX .
=0 x X i=0
where
. o r; oexp(—o|F,, —T - r,—T
K%, %, 0) = HIGoexp(o| fy — 7] 5(%_ fin =1, JX
27 | Ty — 1 | | — 1
x 5(tm —t, _|r+1—r|j : @)
v
I — the radius vector of point i -th collision, U=ty +t; +tg, +te — the total time of a
@;~ a unit vector in the direction of the photon photon in transit from source to receiver,

to =Hgy /1oc, where @y = (. ) — the

before 1-th collision, U;— time 1-th collision, random vector of the direction of departure of a

measured from the moment of penetration of a photon from a source with a given distribution

photon in the environment, density p(@), C- the speed of light in vacuum. t; —

% = (F, ), the time of the collision at the point f;, starting from

the contact with the medium, ty, =¥y, —F;|/v —

u= (&, @,1), time to reach the surface of the medium photon at

time t;, V - the speed of light in water,

o (Xj,0) = oexp(—o | Ty —Tj DR, tiee = Fec —Fuy |/ — the time of reaching the

- photon receiver after it's left of the environment,
_MA (@rec )AL (C)L=Y (@, )} * 1, if t*e[t t ] —

L T T [ O e T sur. /S Ak(t ): ’ kDD indicator  k -th

7 sur. =1 0, otherwise

I, — the radius of the intersection vector of the
photon with the medium surface when returning to
the receiver from point r

time interval, Y (@, )— frenel reflection coefficient
at point g, .
j ’

. To find o, 0, ,..0. in the work [6] the
Dgyr., =(rsur. _rj)/| Fsur. — Tj [, 3T B

I proposed recurrence system of linear equations
= (@ j,@sur)— cosine of the angle between

m
- 1
the @ j and @y, , Zqi(jp)Ao-s(j‘”) =d® ©)
q(F;). a(f;) probability of survival, =

E)rec. = (Frec.. - Fsur.)/ | Frer:. - Fsur. | )

(L if Gres. € Qe
A 7)) = ' "~ —the
Q'“( ) {O, otherwise

where

angle indicator of solubility of the receiver,
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N N ol (&) ol (&)
i=1..n qi(jp) =za§ip)algjp), d{P =za§ip)b|£p), alP = ak aiSjp) - ak
k=1 k=1 Gsi 5= "' O-Si =P '

be” =1 = 1(5P),

I, — the values of the intensity of scattered
radiation observed by the receiver in time intervals

(p+) _ . (p+D) (p)
AO‘SJ_ —O'SJ_ -0,

]

K=1...m, G =G5 +G,, Gy =(0,.05 ). Gp=(0q.i00),

o-;p) ,...,os(np) — P -th approximation to the expected

values.
In research we will use the following
well-known formulas the approximate formulas[7]:

I=1

» 1 1<
L@ ™)== 267 W), ) =3 n(” (.h), where
1=1

r() 7(1)
70 =3 o x{".67), 5P k)= o ", (),
j=0 j=0

O ey MIP &Gy )
Wi’ (oy? ):T_Zlh' =15”,
Oh i=0

i, 5V, ;- the collision point |-th the
simulated trajectory.

180D 1 the length of those parts of the
7070

segments | F\Y

n o T8 -], which
accounted for h -th layer,
M U* the number of points from the set

FO('),?l('),...,Fj('), caught in h-th layer, y(l)-

random number collision, which ends up with | -th
trajectory [8].

The objective of the evaluation values
(M) and their derivatives a.”,
p =0..2,... shall be determined by direct simulation
of the photon trajectories on a computer, as a
homogeneous Markov chain of random points on
collision  X;, X;,..., X;,... of a photon with the
elements of the water environment. Distribution of
the initial state of the Markov chain is specified by
the function (x), physical distribution density of
the emitted light quanta. The transition density of the
Markov chain from one state to another state is set by
the physical density of transitions, the given function
(1). The solution in this article the inverse problem,

in fact, it is the solution of a series of direct
problems. Namely, at the beginning of the true

values {a; estimated intensity values

1P =1,

i=l,...n

M }kzl,...m and its derivatives fay; | and

k=1,...m,i=1,..n

they are accepted as "measured" by the device, in the
General case getting a faux, normally distributed

random error {gk }k=l,...m’ owing to the inaccuracy

of physical experiments. Next selected prognostic

values of the unknown factor {05(0) } ., in layers,
i Ji=l,. .

and for them again solved the direct problem in the
calculation of {I o }kzl...m and {aﬁ?) }k
According to the latest system of equations is solved
(2) relatively {O'(l)} and etc.

Si Ji=l,..pn

=L..mi=l,..n"

Practical solution of the problem by
Monte Carlo. To study the effectiveness of various
modifications of the process simulation of radiation
transfer with strongly anisotropic scattering can use
the following process model. The particle moves
from point x=0 along the axis X random runs,

distributed with density e (x> 0). At the end of

the path there is a collision, in which a particle can
be absorbed with a probability 1-q; otherwise,

she's moving on. At the point x=H occurs sortie,
i.e. torn off trajectory. Required to calculate the
probability that the particle will leave, having
experienced at least one collision. The transition
density for the chain of collisions is determined by
the formula [9]:

k(x',x) = qe ) x/ <x<H (3)
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The density of the primary collision ¢(X):e_(1_Q)X’OSXs H

f(x) =e (0 < x< H). Therefore, the total density
of the collision ¢@(X) satisfies the equation

o(X) = qJ-e‘(X‘Xl)go(x/)dx/ +e7*
0

It is easy to check that here ||K| <. It is known
that in this case the required probability P =¢(H).
Thus, it is required to compute the solution of the

integral equation at a single point x=H . To do this,
you can wuse a local assessment, putting

h(x) =k(x,H)=ge "™ ie. P = M¢&,

N N
where & = Zh(xn) = qu’(H’X“) , if implemented
n=0 n=0
direct modeling a chain collision [10]. Direct
substitution into the equation can see that here

It is easy to obtain the value of the required
probability

P=p(H)=(ph)=e =P @a-e"H).
The adjoint equation in this case has the form

H
(p*(X)=quf(X/’x)fﬂ*(X’)dX’ +qe "
X

Him meets function ¢*(x)=ge @ H)  The
variance of the random evaluation & is determined
by the equality

2,-2H

ME? = h(2p" ) =q? T e 0K _gqZe M OE

Consider now the evaluation on acquisitions

g 0w _ ge )
g(xy) 1-g+ge H™w
For her
H
h2 o e—(1+q)x
Mn? = (p,—) = g2 LM dx .
n°=(p g) q jl—q+qe’x

0
In this case, we can consider a binary
evaluation ¢, which is equal to 1, if the particle

flew, and equal to O otherwise. It is obvious that

1+q

1+q

MEZ=M¢ =P =g T (1M,
variance estimates for a large H it is enough to

To compare

consider the corresponding coefficients of the
functions e @9 je. value
2 —(L+q)x
_g2ir2 y=at [ ix,C, =1
1+q < 1-q+ge”

Values of C.and C, given in the table 1.

Table 1
The values of the coefficients Cé and C” .
0} 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
Cg 0,0101 0,047 0,111 0,21 0,33 0,45 0,62 0,93 1,19 1,5
C 0,0096 0,037 0,080 0,14 0,21 0,31 0,42 0,55 0,72 1
n
Conclusion.

Thus, can be seen, evaluation on absorption
multiple is more accurate than the other evaluation.
This is due to the fact, in this case, the probability is
calculated from the absorbance of one species —
sortie. In the transition to the real problems of the

relationship between D& and D7 changes in the

valuation advantage & because of the possibility of

more changes g(X) . Also in the works, knowing the

measured values of intensity in different time
intervals, found the value of the scattering coefficient
of the medium in layers at a known and fixed value
of absorption coefficient.
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THE METHOD OF RECEIVING FERMENTED MILK BEVERAGES
FROM GOAT MILK WITH SAFFRON

Abstract: The range of the products developed from goat milk, isn't so great now. Goat milk as raw materials
is mastered only partially. However prospects of processing of goat milk are very wide that is connected with
increase of the consumer demand, essential deficiency of cow milk and possibility of use of the available equipment.
Development of the production technology of fermented milk beverages on the basis of goat milk will allow to
expand the range of dairy products of dietary purpose of a domestic production. The technology of receiving
fermented-milk beverages from goat milk with the saffron, having the general biological effect on an organism, on
the intestines function, positively influencing its microbiocenosis and possessing immunomodulating action is
developed that positively solves a problem of receiving drinks of treatment-and-prophylactic appointment.
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INTRODUCTION Therefore, it helps to develop our milk sector
Dairy farming is one of the main sector in our and it gives many opportunities to displace import
republics' food production. It is 16% of all food products.
production. 250 factories in Kazakhstan is producing Nowadays many people cannot use cow's milk
5-50 tons per day. It is one of the main sectors of our and each year their number is increasing. It means
economics [1,2]. they should change their food ration. One of the
Due to tasty and easy digestion of fermented products which can change cow's milk is goat's milk,
milk  products have medical and dietary because of its food value [9,10]. Goat milk is lower
characteristics and they are important to use on lactose than cow milk and many people have
everyday demand of organism [3,4]. allergic to lactose - goat milk can be a viable option.
The quality and vitamin properties of milk and Chemical composition of the goat milk is
milk products depends on season. In winter the similar to some of the characteristics of cow's milk.
quality is lower than spring because of lack green But it has more oil, protein, mineral salts and dry
grass in pasture. Furthermore, the vitamin properties substances, casein 75% [11,12].
of milk are lost during the separation, cooking, The fat content of cow and goat milk is similar,
drying and etc. To solve this problem and we can the fat globules in goat milk are smaller, making it
enrich milk with biologically active substances [5]. easier for your body digest. Once it reaches your
Goat's milk-based food processing technology stomach, the protein in goat milk forms a softer curd
will help to normalize the microflora of the organism than cow milk - only about 2% of goat milk is curd,
and increase the kinds of foods containing dietary compared to about 10% in cow milk - helping your
significance. body digest it with less irritation than cow milk. Goat
Recently milk is produced with different fillers. milk is also better tolerated by those with lactose
Mostly with vegetable oils. It helps to enrich amino- issues and does not cause inflammation the way cow
acid and vitamin composition of the product. Using milk can. It is also a great option for children once
of non-traditional raw materials in milk products they have moved past breastfeeding, as it contains
helps to increase biological and food value of the fewer allergens than cow milk. Everyday for the

product [6,7,8].
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children it is enough to use goat's milk 30-40% less
than cow milk.

Goat milk rich with protein, fat, vitamin and
mineral substances. Comparing with cow milk, goat
milk rich by calcium - 13%, vitamin Bs - 25%,
vitamin A - 47%, potassium - 1,5 times, niacin - 3
times, copper - 4 times and selenium 1/3 times more.
In goat milk does not have carotene acid, it is
transformed to vitamin A in organism. Furthermore
goat milk rich with vitamin B, [13,14].

Recently to develop goat's milk production have
two main factors:

1) for the high nutritional and medicinal
properties;

2) cost-effective (to feed goat much more
cheaper than cow). Nowadays goat farm is one of the
fast growing production [15]. Table 1 shows goat
milk characteristics.

Table 1
Goat milk characteristics.
Ne Index, g / 100g Amount
1. | Vitamins, mg
Vitamin PP (nicotinic acid) 0,3
Vitamin A (retinol) 0,0001
Vitamin B1 (thiamine) 0,036
Vitamin B2 (riboflavin) 0,001
Vitamin B5 (pantothenic acid) 0,3
Vitamin B6 (pyridoxine) 0,05
Vitamin B9 (folic acid) 0,012
Vitamin C (ascorbic acid) 1,81
Vitamin E (tocopherol) 0,09
2. Macroelements, mg
calcium 143
Magnesium 14
Sodium 46
Potassium 145
Phosphorus 89
3. | Trace elements, mg
Iron 0,01
Zinc -
Copper 0,02
Manganese 0,016

To prepare fermented milk beverage from goat
milk we have taken saffron. Saffron gives a good
yellow color for our beverage. Saffron gives for our
product high nutritional and biological value. It fills
beverage with vitamins and mineral substances. As a
result we can obtain biologically active substances,
rich in dietary fiber. The price of the beverage would
be available for everybody

Saffron is a plant (saffron - Latin Grocus).
Saffron is a spice derived from the flower of Crocus
sativus, commonly known as the "saffron crocus".
Saffron crocus grows to 20-30 ¢cm and bears up to
four flowers, each with three vivid crimson stigmas,
which are the distal end of a carpel. The nutrient
content of saffron in a 100 gram amount shows
richness of nutritional value across B vitamins and
dietary minerals [11].

In conclusion, adding vegetables to the diet, as
well as the use of food as a phytophillers, improves
assimilation of proteins, fats and mineral salts.
Enhances secretory activity of digestive glands and

significantly increases the biological properties of
dairy products.

Material and methods. To achieve our results
we have made our experiments in M.Kh. Dulaty
Taraz State University, department "Technology of
food  products, processing industries and
biotechnology". Experimental works made according
with the following scheme.

Research objects:

- goat milk

- phytophillers

- saffron (water sediment)

- bacterial yeast

- Thermophilic streptococci TA 40 LYO 100
DCU (Danisco)

- Bifidobacterium
(Danisco)

Research object (milk) was taken from («A3zus»
goat farm ) Zhambyl region.

On the first stage we defined chemical
composition of raw material.

lactis LYO 5 DCU-S
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On the second stage to ferment goat milk we
chosen bacteria composition. After this we made
technology and recipe of fermented milk beverage.

On the last stage we defined fermented milk
beverages' organoleptic, physicochemical,
biochemical, vitamin, mineral and energy value.

Table 2
Food and chemical composition of saffron.
No Kepcertkimrepi (100 rp) Canbl
1 Protein 11,43
2 Fat 5,85
3 Carbohydrates 61,47
4 Dietary fiber 3.9
5 Water 11,9
6 Fatty acids 1,586
7 Blossom 5,45
8 Vitamin, mg
Vitamin PP (nicotinic acid) 1,46
Vitamin A (retinol) 0,270
Vitamin B1 (thiamine) 0,115
Vitamin B2 (riboflavin) 0,627
Vitamin B5 (pantothenic acid) -
Vitamin B6 (pyridoxine) 1,01
Vitamin B9 (folic acid) 0,093
Vitamin C (ascorbic acid) 0,8
Vitamin E (tocopherol) -
9 Macro elements, mg
Calcium 111,00
Magnesium 264,00
Sodium 148,00
Potassium 1724
Phosphorus 252,00
10 Microelements, mg
Iron 11,1
Zinc 1,09
Copper, mg 0,32
Manganese, mg 28,4
11 Energetic value, kcal 310

Research methods.

During the research to define fat, protein, dry
substances, titratable and active acidity, vitamin and
mineral composition, organoleptic characteristics and
physicochemical, biochemical, microbiological of
finally product we have used standard methods.

- ISO 5867-90, ISO 3626-73, 1SO 25179-90
with this method we have defined composition of
fat, moisture, dry substances, hydrocarbon and
protein content;

- We have defined active acidity pH meter on
pH-121 at range from 4 to 9 with electrometer
method 1SO 26781-85;

- Titratable acidity defined with 1SO 3624-92;

- Viscosity  determined by  Ostwald
viscometer;
- Organoleptical characteristics of final

product have been evaluated by 5 point scale. During
the control has been evaluated taste, smell, density,
appearance of the product;

- Choosing of physical-chemical sample of
milk and raw has been carried out by 1SO 26809-86,
microbiological sample by ISO 9225-84.

Research physical-chemical, biochemical and
microbiological indicators of goat milk. In this work
we have taken into account hypo-allergenic and
biological properties of goat milk.

Goat milk protein forms a softer curd ( the term
given to the protein clumps that are formed by the
action of your stomach acid on the protein), which
makes the protein more easily and rapidly digestible.
Goat's milk have advantages when it comes to
allergies. Goat's milk contains only trace of an
allergic casein protein, alpha-S1, found in cow's
milk. People who have allergic to cow's milk can
change them with goat's milk.

To milk processing we have been used modern
technology and ozonized in TR-YCA unit.

To research we have taken 10-15 ml morning
goat milk ozonized in 140 mg/m3 the concentration
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of ozone. Physical-chemical indicators of ozonized goat milk is shown on table 2.
Table 3

Physico-chemical characteristics of goat milk.

Ne Indicators, r/100r goat milk Ozonized goat milk
1 20°C, density, g /cm® 1,031 1,033
2 OT, titrated acidity 17,3 16,8
3 pH, active acidity 6,69 6,71
4 Ila-c, viscosity 0,0178 0,0177
As shown in table 3 titrated acidity ozonized
milk increases by 0,5 °T and the viscosity is reduced
by 0,56 %.
Table 4
Biochemical parameters of goat milk.
Ne Indicators, g / 100g goat milk ozonized goat milk
1 | the mass fraction of moisture, % 86,98+0,01 86,92+0,01
2 | the mass fraction of of dry substances, % 13,02+0,01 13,08+0,01
3 | the mass fraction of fat, % 4,34+0,01 4,37+0,01
4 | the mass fraction of protein, % 3,72+0,01 3,73+0,01
5 | the mass fraction of lactose, % 4,17+0,02 4,18+0,02
6 | the mass fraction of of wood ash, % 0,79+0,01 0,8+0,01
7 | Energy value, kJ 64,21 64,56

As shown in table 3, after ozonation protein
increased by 26% and Energy value - 0,54%.

Research organoleptic properties of fermented
milk beverages prepared by goat milk. In finished
fermented milk beverages have been researched
organoleptic, physical-chemical and microbiological
properties.

Organoleptic characteristics of fermented milk
product on the basis of goat milk are shown on table
- 5. Sample Nel beverage - fermented milk beverage
have been made on goat milk; sample Ne2 beverage
- fermented milk beverage have been made on goat
milk and saffron.

Table 5

Organoleptic characteristics of fermented milk product made from goat's milk.

Ne Mixture, %

Appearance and
consistency

Taste

Smell

purple, uniform
consistency, dense clot

1 | Nel drink uniformly white color with a taste of free from foreign
uniform consistency, goat's milk smell, pure dairy

dense clot
2 | Ne2 drink color homogeneous, gray- | dairy, without the | free from foreign

taste of goat's milk

smell, pure dairy

Organoleptical characteristics of final product
have been evaluated by 5 point scale. During the
control has been evaluated taste, smell, density,
appearance of the product.

Physico-chemical characteristics of fermented
milk product on the basis of goat milk are shown on

table - 6. Sample Nel beverage - fermented milk
beverage have been made on goat milk; sample Ne2
beverage - fermented milk beverage have been made
on goat milk and saffron.
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Table 6
Physico-chemical and biochemical indicators of fermented milk beverages on the basis of goat milk.
No Indicators, g / 100g Nel drink No2 drink
1 | the mass fraction of moisture, % 86,95+0,01 86,93+0,01
2 | the mass fraction of of dry substances, % 13,05+0,01 13,07+0,01
3 | the mass fraction of fat, % 3,23+0,01 3,24+0,01
4 | the mass fraction of protein, % 5,13+0,01 5,15+0,01
5 | the mass fraction of lactose, % 3,89+0,01 3,87+0,01
6 | the mass fraction of of wood ash, % 0,8+0,01 0,81+0,01
7 | °T, titrated acidity 87 94
8 | pH, active acidity 4,63 4,28
9 | energetic value of 100 grams of milk, calories 64,17 64,27
10 | energetic value of 100 g milk kJ 58,6 58,7
In table 6 showing amount of protein increased Conclusion
in sample Ne2. In these fermented milk beverages Physico-chemical and microbiological

protein content increased 5,15% and 5,2%.

In sample Ne2 dry substances and wood ash
increased a little bit.

In sample Ne2 titrated acidity increased to 7°T
and 10,5°T.

Active acidity of fermented milk beverages is
decreased.

In sample Ne2 energetic value increased to
0,15% and 0,6%.

Therefore, adding saffron to ozonized goat
milk can increase fermented milk beverages'
energetic value.
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Introduction Bochkovskij A.V., Cecinovskij V.M. Panchenko,
A special place among the weeds of grain took Alexander ulyanov, R.N. Volik, G.E. Listopad, I.I.
the hard separable mineral impurities, which by their Blekhman, V. Hajnman, V. Gortinskij, Nikolai
size and aerodynamic properties are close to grains. Avdeyev, AN. Ahuravlev, Tm zaika, V.A,
These include: pebbles, coarse sand, broken glass, Kubyshev A.l. Lyubimov, A. Vasiliev, B.A. Bucko,
pieces of metal and other things. R.N. Kasymov, D.J., a.b. Abdeli Ospanov, M. J.
For its technological indicators the best and Erkebaev and many others.
recognized worldwide are the Vibration-pneumatic The research of granular materials on separation
stone pickers - a prototype of a grain cleaning processes without net rough supporting surfaces
machine MTSat-100. In the Republic of Kazakhstan allowed acknowledging the expedient improvement
and CIS countries, the machine-analogues of the of cleaning grain of mineral admixtures in annular
Russian manufacture R3-TUC-100 are mainly used. corrugated working bodies with radial racing.
The experience of operation of Vibration-pneumatic Preference is given to the separating bodies in the
stone pickers, their main drawbacks are: low form of a horizontal circular channel with the screw
productivity and high energy consumption[1]. plot engaged in rotational oscillation around a
A great contribution to the study of the vertical central axis. To separate the mineral
processes of separation of grain and products of its impurities from grains of mainstream culture, you
processing, including the process of clearing grain of need to create the conditions of their transportation
mineral impurities, was made many scholars: V.P. on screw surfaces through races[2,3].

Goryachkin, K.K., V.N. Andrianov, V.M. Aniskin,
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Materials and methods The device works as follows. Operation

The proposed device for clearing grain of
mineral impurities (Figure 1) is an annular channel 1
limited external and internal concentric 4 and 3
circular Rapids, riffles with radial 5 on its surface.
The perimeter ring channel 1 from the outer
threshold of 3 are 6 race. Horizontal circular channel
1 moves to block tray 7 angle a formed from screw
exterior threshold and races 2. When this screw 7
tray race is tilted towards the central axis of the
annular channel 1 on an angle B. outdoor 3 threshold
Height greater than the height of the internal ring 4
threshold. Radial grooves 5 and 6 form a race
between a gap, providing unimpeded movement of
grain and mineral particles.

commits rotational oscillations relative to the vertical
central axis. The original grain mixture that contains
grains of mainstream culture and mineral amixtures,
continuously served on top of the average radius of
the ring Canal 1. In the beginning, the grain mixture
fills the ring channel 1 with simultaneous withdrawal
of block tray 7 by 2 races. Effects of radial riffles 5
when rotational vibrations of the working body,
requires intensive self-sorting separate of grain
mixtures. While across the width of the ring Canal
into lower layers are intensively dive mineral
impurities, filling the space between the radial riffles
5, displacing the main crop beans from the lower
layers[4,5].

Figure 1-Scheme of the device for the cleaning of grain from mineral impurities

Mineral impurities by means of radial riffles 5
under centrifugal forces reach the entire perimeter
ring races 6 channel through which move to block
tray 7. Reaching screw tray, mineral admixtures and
some grains of mainstream culture will be picked up
by inclined toward the Center screw tray 2 races.
Because particles of mineral admixtures have greater
mass and friction on the surface of the races than
grains of mainstream culture with less weight and
round shape, contributing to their rolling on the
surface of the races , they become sustainable grip
races , moving on a sloping surface 2 races screw to
the exit tray. Grain and mainstream culture, less
resistant to coupling with a surface of the races 2
will be tumbling down towards the races to the
surface slope cultivated separate grain mixtures. The
main grain crops, especially in the upper layers of the

treated separate grain mixtures will be poured
through the internal ring 4 threshold.

Considered are the relative motion of the
particles in the form of a material point on screw tray
committing rotational oscillations around the central
axis of the 0-o (Figure 2) on the harmonic law[6]

p=pysinat; =gy cosat; é=gpyw’sinat, (1)

where @, ¢,¢and are ¢,, respectively, the value of

angular displacement, speed and acceleration of the
work of the authority, as well as its current angular
movement.

Screw the angle o tray tilted towards the central
axis of oscillation-about with an angle . it will be
noted that mineral particles, heavier due to
centrifugal force of inertia must be clamped to the
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outer ring, and less heavy and light particles (grain
main crop) because of the round shape will slide into
the side of the tilt screw races tray. Believe that
screw tray is formed from a variety of races in
increments and height of serving pieces. Take the
length of the race is equal to the total displacement of
the particle.

Consider the equation equilibrium of particles
on the surface of the screw plot when subjected to
the following forces:

P! =-m¢R = mRg, o’ sin et and

P" =—m@?R = MR, w? cos’ et -respectively  the
tangential and normal forces of inertia in a figurative
movement;

F, =F, = fN -friction of particles on the surface of

the screw tray; where f is the coefficient of friction,
N -normal reaction; G = mg - the force of gravity.
Differential equations of relative motion of
particles in a coordinate system XYZ will look like
this:
mX = PR/ cosa—F, —Gcosfsina ;
my = P," cosf—F, —Gcosasin 5
mz=N-P;sina—P,'sin f—Gcosacosf (2)
Since the motion of a particle on the surface of

the screw of the Pan should be no heaving (Z =0 and
z=const ) of (2) can be identified

N = mRg,’ sinetsina + MR¢’” cos’ wtsin f—mg cosa cos B ®)

(3) write the relative particle acceleration on axis X

% = fR@Z @’ sin B sin® wt + (cosar = f SIND) G ot —L%(f cosa —sina) (4)
fo,sin g fRp;w
We introduce the notation
A= fRp’w’sin 3, Bz(Cosa_—_fs'M): =%(fc05a—sina), ®)
fo,sin g fRp o
Here is the equation (4) to mean
X=A[sin2a1+Bsinwt—ZJ, (6)
Have in mind that
dx dx
O=ot; X—=—1
dt do
Then equation (6) takes the form
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Figure 2 - Diagram of the forces acting model particle.
Al 1 . 7 We introduce the notation
X=— (E—Zjé—zst(S—Bcosé (7 K = Rp2a? (f sin f—cos )
Having in mind that y—%_, 9 after M = sina :
. _ _ dt ds fo, (f sin 8 —cos )
integration and transformation we get moving
particles along the axis of X (fsing+cosp)— gcosa (fGsp —sin )
2 R(Dza)z (11)
A1 5% cos28 . (8) N = - 2
X—E E—Z 74’ ) —Bsind fSInﬁ_Cosﬂ
Average relative speed of a particle along the i
axis of x is determined by equation Equation (10) quote to mean
Q]
V(x)=(x++x,)2—, ) § = Klsin? ot - M sin ot — N | (12)
. dy dy
Where X, X -accordingly, particles move Ifot=5;9 :d_}t/:%w stakes the form
along and against the axis x for the period of the K1 1
oscillations of the ring Canal. y= —K— - Nj5——3ln 26+M 0055} - (13
. w|\2 4
From equations (2) and (3) have d 4
. ) 2e - sing . It is known that y YW , after integration and
¥ =R 0" (fsinf-cosp) sin° ot -—————— sinot - dt do
f, (f sinf—cos ) transformations have moving particles along the axis
Y
_(fsinﬁ+cosﬂ)+gcom.(fc_osﬁ—sinﬂ) (10) y:K|:(1—NJ§2+C0325—MSiné}d5 (14)
(fsing—cospB) Re’w® (fsinp—cosp) w?|\2 2 8
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Average relative speed of a particle along an
axis Y is determined by equation

w
Vivy =(y++y_)5, (15)

Where Yy, and Y_ are, respectively, to move

the particles along and against the axis Y for the
period of the oscillations of the ring Canal.

Conducting calculation equations (9) and (15)
on the MAINFRAME by tabulating the relative
particle velocity dependences, in our case the mineral
impurities with friction on steel surface f, , =0,47
and grains primary crops (wheat) with friction
f,, =0,28, as shown in figures 3 and 4.

From the charts (Figure 3) shows that at
constant values of the angular amplitude ¢, =12°

and frequency ®w=129c* (n=120min?)
fluctuations in the work of the authority, as well as at

a. epac

o

LA

the races angle to the axis of the fluctuations =0,

with an increase in angle screw tray reduced relative
velocities of particles from the axis of oscillation of
the ring Canal. In doing so, as the angle of the lifting
screw tray difference between velocities of mineral
admixtures and wheat grains increases[7,8].

With increasing angle of helical section from 0
to 25 degrees radial relative velocity of particles is
reduced in mineral impurities from 0.98 up to 1.5
m/sec, and wheat grains from 1.39 to 0.49 m/s
Respectively, the difference in velocities increased
from 0.32 to 0.9 m/s. This means that as the angle of
the lifting screw tray due to the forces of gravity and
friction forces mineral impurities are beginning to lag
behind the main crop beans. An increase in angle
screw plot more than 20 degrees difference leads to
an increase in the relative velocities of the particles,
so for rational angle « can take 20 degrees[9].

0 0.5 1.0

15 20

+V,;,.u'c

I - Mumepatsmvie npumecu; 2 — 36PHA OCHOSHOUKY.I6NN\PbI

Figure 3-angle Dependence of helical tray from relative velocity components separate
grain mixtures on axis Y.

As you can see from Figure 4, when a =20°
mineral impurities accept relative quiet in angle
screw the tray to the axis of the oscillations of the
=8 degrees, and wheat grains in #=5,2 degrees.
Radially opposite movement of partial components at
races angle to the axis of oscillation, equal £ =6

degrees, where mineral impurities will be transported
inan axis Y to the outer circular doorstep with speed
+Vv) =0,22 m/s, and wheat in the negative

direction of axis Y to the Centre of oscillation
speeds of -V, = 0,34 MPs[10,11].
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\\ \ 14
N o, =12zpad
) 8 a =20zpad
Y \ fue =047
J =
¢ f.. =028
N o=1297
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-
RN
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Figure 4 - The dependence of tilt angle to the axis of races fluctuations of relative velocity components
separate grain mixtures along an axis Y.

Conclusion

Thus, the pattern is set vibrating movement of
particles of mineral admixture and grains of
mainstream culture by screw conveyor in radial-
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