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AHHOTALIUA

Bsaumopeiicteus B cucreme BizS3-CuCroTes u3ydanuch MeToaMu (hH3MKO-XMMHUYECKOTO aHanmn3a: qudde-
peHnuansHO-TepMudeckoro aHanusa (ATA), perrrenodaszoBoro anammsa (POA), MUKPOCTPYKTYPHOTO aHAIIH3a
(MKP), a Taxke ImyTeM U3MEpEHUs IUIOTHOCTHA U MUKPOTBEPAOCTH, TOCTpOeHa (a3oBas quarpamma. dazosas aua-
I'paMMa CUCTEMBbI KBaSI/I6I/IHapHa$[, 3BTeKTHYecKkoro tnmna. CocTaB 3BTCKTHKMU, 06pa3yr0meﬁcsl MEKAY KOMIIOHCH-
tamu Bi>Sz u CuCr,Tes B cucteme, coctaBisier 30 moi. % CuCraTes mpu 600°C. PesynbTaThl aHamM3a MUKPO-
CTPYKTYPBI IIOKA3bIBAOT, YTO B CUCTEME UMCIOTCA OJHOPOAHBIC obacT Mo HUCXOOHBIM KOMIIOHCHTAaM. B cucteme
IpH KOMHATHO# TemIiepatype Ha ocHOBe BixSs TBepmbie pacTBopsI gocTHraroT 10 5 Moi. % CuCroTes, a Ha OCHOBE
coequnenus CuCroTes o - 12 moa. % BizSs.

ABSTRACT

Interactions in the Bi,Ss-CuCr,Tes system were studied by methods of physicochemical analysis: differential
thermal analysis (DTA), X-ray phase analysis (XRD), microstructural analysis (MSA), as well as by measuring
density and microhardness, and a phase diagram was constructed. The Bi»Ss-CuCr,Tes system belongs to the quasi-
binary, eutectic type. The composition of the eutectic formed between the Bi,Sz; and CuCr,Tes components in the
system is 30 mol % CuCr,Tes at 600°C. The results of the microstructure analysis show that the system has ho-
mogeneous regions in terms of the initial components. In the system at room temperature, based on Bi»Ss, solid
solutions reach up to 5 mol % CuCr,Tes4, and based on the CuCr,Tes compound, up to -12 mol % Bi»Ss.

KiroueBble cioBa: CHUCTEMaA, KBa3I/I6I/IHapHaH, CHUCTEMA, DBTCKTUKA, MUKPOTBEPAOCTD, TBCpI[LIﬁ pacTBOp.

Keywords: system, quasi-binary system, eutectic, microhardness, solid solution.
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Beenenne

B nocneanee BpeMst 3HAYUTENEHO BO3POC HHTEPEC
K CHHTE3Y ¥ IPUMEHEHHIO CJIOKHBIX XaIbKOTCHUIHBIX
KOMITO3MIIMOHHBIX ~MaTepHajoB. OJTO CBSI3aHO B
MEepPBYIO O4Yepeb C Pa3BUTHEM XUMHH THX MaTepHa-
JIOB, a TAKXXE C PACIIMPEHUEM HX NMPAKTUYECKOTO MPH-
MEHEHMSI.

W3BecTHO, 4TO XaJIbKOT€HUIBI BUCMYTa LIMPOKO
UCTIONB3YIOTCS B KaueCTBE CIOMCTHIX MOIYNPOBOJHH-
KOB ¢ (pyHKIIMOHATBHBIME cBoiicTBamu. CynbduaHbIe
U CEJICHUIHbIE COCANHEHNS BICMYTa SBIISIFOTCS] CBETO-
YyBCTBUTEIBHBIMU IOJTYIPOBOJHUKOBBIMH MaTepHa-
mamu [1-10], a TenTypuIHBIE COSINHEHHS IIUPOKO HIC-
MOJIB3YIOTCSl B Ka4ecTBe MpeoOpasoBareneil sHepruy,
TIOCKOJIbKY SIBJISIFOTCSl MaTepHajiaMu C TEPMOAJIEKTPH-
yeckuMHu cBoiictBamu [11-14]. XanbkoreHuasl BHC-
MyTa MMEIOT CIOUCTYIO CTPYKTYpPY M HCIOJIB3YIOTCS
OpH TOIYYCHUH TOTIOIOTHYECKUX H30TOpOoB [15-21].

[Tony4eHne HOBBIX MarHUTOONTHYECKUX MaTepH-
QJIOB, COXPAHAIOIINX CBOMCTBA MCXOIHBIX KOMIOHEH-
TOB IIPH XUMUIECKOM B3aNMOJICHCTBUU CBETOUYBCTBH-
TENBHBIX W MAarHUTHBIX COCIUHEHHH, B IOCIICIHHE
TOZBI TPHUBJIEKAIOT MPUCTANBHOE BHHUMAaHHUE HCCIENO-
BaTesnell. CoeTMHEHNS THIA IIIWHEIH, COCTOSIIIE U3
xanpkoreHunoB Menu u xpoma, CuCraSes, CuCroTes,
Cu2CrsTe7 u ap. ABIAIOTCS NOJTYIPOBOJHUKOBBIMH Ma-
Tepranamu ¢ heppOMarHUTHBIME CBOHCTBaMH [22-24].
C 9TO# TOYKH 3peHHs U3y4YEeHHE XUMUYECKOTO B3aUMO-
neiictBus coenuHenuit Bi;Sz u CuCroTes umeer Hayd-
HOE U MPaKTH4eCKOe 3HaYCHUE.

Ienpro HacTOsIIEH pabOTHI ABIAETCS HCCIE0Ba-
aue BixS3-CuCraTes, mocTpoeHme ¢a3zoBoit ama-
TpaMMBI U OTKPBITHE HOBBIX OAHO(}A3HBIX KOMIIO3UIIH-
OHHBIX MaTepHaJIOB CI0XXHOTO COCTaBa.

Coennnenne BiSs mmaBuTCs ¢ OTKPBITEIM MAKCH-
MyMoM Tipu 777°C H KpUCTAIUIA3YETCS B POMONIECKO
CUHIOHMH THIA SbyS3, mapameTps! pemeTku: a=11,13;
b=11,27; ¢=3,98 A, mp.rp. Pbnm-D?";, mmotHOCTS
p=6,81 r/cm®[25,26]. Coenunenne CuCr,Te, muasurcs
KOHrpy3HTHO 1ipH 1155°C 1 kpucrammsyercsi B Kyou-
YeCKOW CHHIOHMH C apameTpamu pemerky; a = 11,134
A [27].

JKCHepUMEHTAJIbHAN YaCTh

Ilepen cuHTE30M CIUIaBOB cUCTeMbl  BirSs-
CuCr,Tes ObIIM CHHTE3UPOBAHBI HCXOJHBIE KOMIIO-
HeHThI Bi2S3 1 CuCraTes. CoennHeHns OBUTH CUHTE3HN-
POBaHbI aMITyJIbHBIM METO/IOM M3 CIIEIYIOIINX 3JIEMEH-
TOB BBICOKOH 4MCTOTHI: CypbMbl CY-000, Temtypa b-4,
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.

xpoma 99,98% u cepst OCY. Coenunenue BirS3 cun-
TE3MPOBAHO W3 JJIEMEHTOB B OJHO30HHOW MEYH B WH-
tepBasie  Temneparyp  800-900°C.  Coenunenue
CuCr,Tes Taxoke OBUIO CHHTE3UPOBAHO U3 JIEMEHTOB
aMIynbHBIM MeTonoM B uHTepBane 1100-1200°C.
YOeauBIINCh B MOJYYEHHH HCXOTHBIX KOMIIOHEHTOB,
CHHTE3MPOBAIIM CIUIaBbl cucteMbl BipSz-CuCraTes us
komroHeHToB Bi»S3 n CuCroTes B kBapueBoil amiyne
¢ orcocoM Bo3xayxa g0 mpaeierus 0,133 MIla. CruraBer
moBepranu TepMoodpadorke mpu 550°C B TedueHHe
240 gacoB 10 JOCTIKEHHSI PABHOBECHOTO COCTOSTHHS.

PaBHOBECHBIC CIUIaBBI HCCIEIOBAIN METOAAMH
¢usnko-xummdeckoro anammsa JTA, POA, MCA, a
TaKKe METOAAaMH OIpEeJIeNICHHEM MHUKPOTBEPIOCTH U
TUIOTHOCTH.

JuddepeHunanbHbIi TEPMUYECKUHA aHANN3 CIuia-
BOB IpoBoauian Ha nupomerpe HTP-73 ¢ ucnons3osa-
HHEM TEpMOIlapbl  XpOMEJb-AIIOMENb, CKOPOCTh
HarpeBa coctaisuia 10 °C/muH.

Penrtreno¢a3oBeli aHanM3 MPOBOAWIN HA PEHT-
ren augppakromerpe Mapku D2 PHASER. Mukpo-
CTPYKTYPHBIE HCCIICZIOBAHUS NPOBOJAWINCH HAa METall-
norpaduaeckoM MUKpockore Mmapku MHUM-8. Mukpo-
TBepaocTh u3Mepsn Ha mpudope [IMT-3. [TnoTHOCTH
MOTYYEHHBIX CIIABOB ONPEACIIUTH THKHOMETPHYECKH,
UCIIOJIb3Ysl B KAYeCTBE Pad0OUeH KHUIKOCTH TOIYOJL.

Pe3yabTaTsl H UX 00CyKIeHUE

Bce crmaBbl cucremsl BixSs-CuCroTes momyua-
0TCA B BUAe KoMmakTHOM Macchl mpu 1180°C. Usy-
YEHO OTHOLICHHUE CIUIABOB CUCTEMbI K BHELITHEH cpejie
1 MHUHEPaIbHBIM KucioTaM. CIUIaBbl yCTOWYHBBI K BO3-
IyXy, BOJIC ¥ OpraHN4IEeCKUM pacTBoputessiM. OHI X0-
POIIO PacTBOPHMBI B CHIIBHBIX MHHEPAIBHBIX KHCIIO-
tax H2SOs, HNO3, yacTu4HO pacTBOPUMEI B CHIIBHBIX
menodax. Ilocie TepMoOOpabOTKH Ui TOMOTEHH3a-
1K 00pa3IoB UX MCCIIEA0BAIN METOJaM1 (pH3HKO-XH-
MHYECKOT0 aHaJIn3a.

IMpu muddepeHranbHO-TEPMUYECKOM  aHAU3e
criaBoB cucteMbl BixS3-CuCraTes Ha TepMmorpammax
00pa3loB OIpPEACISIN J[Ba U TPU SHAOTEPMHUUECKHX
a¢dekra. M3BecTHBI JBa MOIUMOP(HBIX (a30BBIX Iie-
pexona xommounenta CuCrpTes. Temmeparypa dazo-
Boro nepexonaa o-CuCr,Tes cocraBmsier 810°C, a Tem-
mepatypa ¢azosoro nepexona B-CuCr.Tes cocraBusier
1155°C.

OnuH U3 QU3NKO-XMMHUYECKUX METOJIOB aHAJIN3a,
MHUKPOCTPYKTYPBI, UTPaeT OOJBLIYIO POJIb B HCCIEN0-
BaHHUHM (pa30BOTO COCTaBa B CHCTEME.

Puc. 1. Muxpocmpykmypa cniaeoé cucmemvi BioSs-CuCraTes.
1-5, 2-30, 3-50 u 90 mon. % CuCr,Tes.

B pesynbraTe aHann3a MUKPOCTPYKTYDBI CIIJIABOB
YCTaHOBIICHO HAJIMYHE B CUCTEME O/IHO- U IByX(ha3HbIX
obunacreit. /st onpenenenus $pa3zoBoro cocrasa cruia-
BOB CHCTEMbI OBLI IPOBEEH aHAIN3 MUKPOCTPYKTYPbI
cruaBoB, coaepxkamux 5, 30, 50 m 90 mon. %

CuCryTes. Pe3ynbTaThl MUKPOCTPYKTYPHOTO aHAIU3a
(MCA) cmnaBoB cucrembl BipS3-CuCroTes mokassi-
BAIOT, YTO BOKPYT HCXOAHBIX KOMIOHEHTOB B 00JIACTIX
HIDKE JIMHHH COJIMIyCa BCTpEYarTcs OnHO(ba3HbIe
CIUIaBBI, 2 OCTaJIbHbIE CIUIABHI - ABYX(a3ubie. OOnacTh



Sciences of Europe # 117, (2023)

5

TOMOTEHHOCTH IHpe BOKpyr coeamHeHuss CuCroTes.
st onpezieneHust 0071acTH TBEPJOro pacTBopa Ha oc-
HoBe coennHenust CuCroTes ncronb3oBanu o0pasisl,
conepxamrue 5, 7, 10 u 15 mon. % CuCr;Tes, koTOpbie
nozasepranu Tepmoodpadotke pu 200 n 400°C B Teue-
Hue 100 4acoB U MpsAMOMY OXJIXACHUIO B JIEISHOMN
BOJIC TIPH 3THX TEMIIEpaTypax. 3aTeM MPOBOIIIH MUK-
POCTPYKTYpHBIN aHanu3 obpasuos ¢ 5, 7, 10 u 15 mon.
% CuCr,Tes. ITo pesynpraTaM aHanM3a MHKPOCTPYK-
TYpBI YCTaHOBJICHO, YTO OOJIACTH TBEPJOr0 PacTBopa
Ha ocHOBe coexuHeHns CuCr, Te4 mpu KOMHATHOH TeM-
neparype coctasister 12 mon. % BizSs, a mpu Temne-
partype sBrexktuku (mpu 600°C) - 17 mon. % Bi2Ss. Ha
puc. 1 mpeacraBieHBl MUKPOCTPYKTYpPHI CIUTaBoB 5, 30,
50 u 90 mon. % CuCr,Tes. Kak BugHO U3 puc. 1, oqHo-
(dasHbie crmaBel ¢ comepxkanueM 5 m 90 mom %
CuCr,Tes — TBep/IBIC PACTBOPHI HA OCHOBE COCTUHCHUI
Bi;Ss u CuCr,Tes cootBercTBeHHO. Obpaser; 30 Mo,
% CuCr,Tes OTHOCHTCS K 3BTCKTHYCCKOMY COCTaBY.

I %
1000
800
600
400
200

Obpa3zer 50 mor. % CuCr2Tes - nByx(ha3HBIN CIUIaB CH-
CTEMBI.

Jist monTBepikAeHus pe3ynbTaToB nuddepeHiy-
AIBHO-TEPMHYECKOTO ¥ MUKPOCTPYKTYpHOTO aHallM3a
OBUT IPOBEJICH PEHTI€HO(ha30BbIN aHAIU3 CIUIABOB, CO-
nepxamux 5, 30, 50 u 90 mon. % CuCr,Tes. Ha puc. 2
MIPEACTaBIICHBI PEHTTEHOBCKHUE TUPPAKTOTPaMMBI BCEX
00pa3noB. J{udpakroHHbIe INHUN Ha TUPPAKTOTpaM-
Max o0pa3moB ¢ 30 u 50 mox. % CuCr,Tes, npencras-
JICHHBIX Ha PUC. 2, COCTOAT U3 CMECH IU(PAKITMOHHBIX
JVHUH MCXOTHBIX KOMIIOHCHTOB. DTO MOATBEPIKIAET,
9TO 3TH 00pa3mbl ABIAIOTCSA AByX(a3sHbeMu. udpak-
LMOHHBIE JIMHUU Ha JudpaxTorpaMmax OXHO(a3HBIX
obpasuoB 5 u 90 mon. % CuCraTes WACHTHYHBI JU-
(pakIMOHHBIM JTHHUAM coennHenui BioSz n CuCroTey
COOTBETCTBEHHO. TO eCTh 3TH 00pas3Ibl MPEACTABIISIOT
co0oil TBepable PacTBOpHl Ha OCHOBE COEIMHEHUI
Bi>S3  CuCr,Tes cooTBeTCTBEHHO. Pe3ynbTaThl peHT-
reHo(azoBoro aHajiu3a MOATBEPKIAIOT NPABUILHOCTh
anamu3oB [ITA u MCA.

1%
1000
800
600 -
400 -
200

L% i
1000 1
800 1
600 -
400
200

et o
60 70

Puc. 2. luppaxmozpammet cniasos cucmemul BizS3-CuCraTes.
1-Bi»S3,2-5,3-30,4-50,5-90, 6 — 100 mor. % CuCriTes.
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B pesynbraTe KOMIUIEKCHBIX (DU3UKO-XUMHYE-
CKHUX aHaJIM30B, YIIOMSHYTBIX BBIIIE, OblIa MOCTPOCHA
(asoBas auarpamma cuctemsl BipSz-CuCr,Tes (puc. 3).
dazoBasi arpaMMma CUCTEMbI KBa3HOHMHApHAs, IBTEK-
THYECKOTO THMAa. JINKBUIYC CUCTEMBI OKPYKEH MOHO-
BapHaHTHBIMU KPUBBIMU PABHOBECHS G-TBEPAOTO pac-
TBOpa Ha OCHOBE coefquueHus Bi,Sz u B-TBepmoro pac-
TBOpa Ha OCHOBE (Da30BBIX MEPEXOIOB COCAWHCHHS
CuCr;Te4, HaxoaAIIETOCA B PABHOBECHH C KHUIKOCTHIO
COOTBETCTBEHHO. [lepBUYHBIC KPHCTAILIBI G-TBEPIOTO
pacTBOpa OTACNSAIOTCS OT )KUAKOCTH Ha OCHOBE COCIIH-
Hennsi BipSs B mmTepBane 0-30 monm. % CuCrpTes.
Hwke nTMHUM THKBUIYCA KPUCTAIIM3YIOTCS IBYX(a3-
HbI€ cruiaBbl coctaBa (M+ o). B mpegenax 30-35 mon.

t,°C

1200

1000

800

% CuCr,Tes mepBUYHBIC KPUCTAILIBI O-(pa3bl BBIICIIS-
oTca U3 XKUAKocTH. B wmHTepBane 35-100 mom. %
CuCr,Tes mnepBUYHBIE KPHUCTAUIBI [-TBEpIble pac-
TBOPBI BBIIEIISIOTCS M3 KHUKOCTH.

CocraB OMHApHOH SBTEKTHUKH, 0Opasyromiencs
Mexny kommoneHTamu BioSz u CuCroTes B cucteme,
cocrarisieT 30 moin. % CuCr,Tes, Temnepatypa 600°C.
®azoBblit nepexon f <> o Ga3pl IPOUCXOAUT MIPU TEM-
neparype 725°C. B unTtepBane 0-5 mon. % CuCroTey
KPHCTAJUIU3YIOTCSL OHOPOAHBIE 0-(ha3bl, B HHTEPBAIE
5-90 mox. % CuCrzTes aByx(da3HbIEe CIIIABEI, COCTOS-
omme w3 (6 +o), a B wmHTepBaNe 88-100 Mom. %
CuCr;Tes, crmaBBI COCTOSIINE U3 TOMOTEHHOH B-(assl.

600

400

200

Bi»S;3 20 40
moi. %

60 80  CuCr.Tes

Puc.3. azosasn ouacpamma cucmemor BisSz-CuCraTes.

Tabm.1.

Pesynbratel ITA, n3MepeHns MUKPOTBEPIOCTH M TUIOTHOCTH CIJIaBOB cucTeMbl BipS3-CuCraTey

Coctas, Mo, % Muxkpotsepaocts, Mlla
Tepmuueckue s dexrsr, °C [TnoTHOCTS, I/em® ) o

BizSs | CuCraTe, P=0,10H | P=0,15H
100 0.0 771 6,81 1500 -

98 2,0 720,775 6,84 1570

95 5,0 600,760 6,80 1590 -

90 10 600,740 6,76 1590 -

80 20 600,700 6,74 1590 -

70 30 660 6,70 DBTEK. DBTEK.

60 40 600,725,820 6,68 - -

50 50 600, 725,920 6,65 - -

40 60 600, 725,1000 6,62 - 1900

30 70 600, 725,1070 6,60 - 1900

20 80 600, 725,1120 6,59 - 1900

10 90 750,950,1140 6,58 - 1900
5,0 95 775,1050,1150 6,54 - 1870
0,0 100 810, 1155 6,51 - 1850
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OnHVM W3 METOAOB OTIWYMS (a3 UCCIeqyeMOoi
CHCTEMBI APYT OT ApyTa SIBISETCS N3MEPEHUE MUKPO-
TBepaocty. [1pu n3MepeHur MUKPOTBEPIOCTH CILTABOB
pa3HbIX 00J1acTeil OBLIM MOTYYCHBI 3HAYCHUS JIBYX BU-
JIOB MUKPOTBEPAOCTH. DTOT PE3yJbTAT MOKA3bIBACT,
gyro cucrteMa BixSs-CuCr,Tes siBnsieTcss kBazuOMHap-
HoW. HekoTopblie (hM3MKO-XUMHUYCCKHE CBOWCTBA CIUIA-
BOB CHUCTEMBI NpuBecHbI B Tabmuie 1. Kak BumHO U3
Tabm. 1, 3HaueHne Mmukpoteepaoctu (1500-1590) MIla
SBIISICTCS MUKPOTBEPAOCTBIO G-TBEPIOTO pacTBOpa Ha
ocHOBe coenuHeHHs BizSs. MUKPOTBEpPIOCTH (-TBEP-
JIoro pacTBopa Ha ocHoBe coequHeHus CuCroTe, m3me-
Hiercs B mpenenax (1850-1900) MIla. ITockombky
WIoTHOCTH coefuueHuit BixSz u CuCraTes B cucteme
ONMU3KK IPYT K IPYry, IUIOTHOCTU CIUTABOB PE3KO HE
pa3nyarTCs.

3akJilouenue

KoMruiekcHBIMU  (PU3UKO-XUMHUECKUMH METOJI0-
Jamu aHaim3a: Aup(HEepeHIIUATFHOTO TEPMHUYCCKOTO
aamm3a ([ATA), perrrenodaszoBoro anammsa (PDA),
MUKpocTpykTypHOTro aHamm3a (MCC), a Taxke u3zMe-
PEHHEM TUIOTHOCTH H MUKPOTBEPIOCTH U3YIEHO XUMH-
yeckoe B3anmoeiicteue B cucreme BixS3-CuCraTes u
noctpoeHa ¢a3oBas nuarpamma. da3oBast quarpamma
CHUCTEMBI KBa3MOWHApHAs, 3BTeKTHYeckoro tuma. Co-
CTaB JBTCKTHKH, OOPa3yIOIICHUCS MEKAy KOMITOHCH-
tamu Bi,S3 u CuCr,Te, B cucteme, cocrasnsger 30 Mo
% CuCr;Tes mpu 600°C. B pe3ynbTare aHanmn3a MHK-
POCTPYKTYPBI YCTAHOBJICHO HAJIMYKE B CHCTEME 00JIa-
CTeii TBEPIbIX PACTBOPOB Ha OCHOBE MCXOHBIX KOMIIO-
HeHToB. B cucteme BirS3-CuCr,Tes TBep/ibie pacTBOPHI
Ha ocHOBe Bi;S3 gocturaror 5 mon. % CuCr,Tes, a Ha
ocHoBe coeaunenust CUCrTes no-12 mon. % BizS3 npu
KOMHATHOU Temriepatype. VcciienoBaHa 3aBHCHMOCTh
MHUKPOTBEPIOCTH M IUIOTHOCTH CIIABOB CHCTEMEI
Bi,Ss-CuCr,Tes ot cocraBa
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The issue of recovery (utilization) or removal of waste from the food industry is extremely relevant today.
Large volumes of daily production of products for various purposes lead to the formation of a huge amount of
food waste, including many chemicals that are included in the composition of flavorings, dyes, preservatives,
stabilizers, etc. Large cities annually budget sums for the construction and modernization of plants for the pro-

cessing of organic waste that have become unusable.

However, even this brings only partial results. The more the world population increases, the more food pro-
duction increases. With the growth of production, the amount of food waste also increases. The increase in the

number of open landfills and landfills is proof of that.

Keywords: chemical waste, food production, flavorings, dyes.

Formulation of the problem. Despite the war, the
food industry is developing, and the requirements for
environmental protection are increasing. The produc-
tion of food products is accompanied by the formation
of liquid, gaseous and solid wastes that pollute water,
atmosphere and soil. The main problem of the ecology
of food production is the problem of water, where a
large amount of chemicals enters.

Analysis of recent research and publications.
Wastewater usually contains a complex mixture of in-
soluble and soluble components of different nature and

concentration. Household waste, as a rule, contain soil
and intestinal microflora, including pathogenic ones
microorganisms. Domestic sewage and waste from the
food industry are particularly harmful because that a lot
of oxygen is used to oxidize these substances in water
bodies. Industrial enterprises of various industries
dump a large amount of poisons into water bodies, in-
cluding including heavy metals, cyanides [1-3].

The production of food products is accompanied
by the formation of liquid, gaseous and solid wastes
polluting the hydrosphere, atmosphere and soils. But
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the main problem of the ecology of food production is
the problem of water. All of them enterprises need a
large amount of water, which is used directly in tech-
nologies of the main product (brewery, alcohol, sugar),
for washing equipment and other purposes [3-5].

Discharge of such water into the city sewage net-
works are not allowed, and their removal and collection
on "filtration fields" leads to the formation of toxic, un-
pleasant-smelling substances that pollute atmospheric
air over a large area [6].

The arrival of contaminated WS containing or-
ganic substances of plant and of animal origin into nat-
ural reservoirs leads to deterioration of conditions vital
activities of hydrobionts as a result of the destruction of
these substances oxygen is consumed, which is dis-
solved in water and is one of the most important condi-
tions vital activities of the biota of water bodies. Yes,
one liter of SV distillery, meat processing plant or a
cheese factory can "spoil" several thousand liters of
river or pond water. Currently, domestic food enter-
prises have almost no effective ones treatment facili-
ties, and an economic mechanism for ensuring environ-
mental safety is used inefficiently and does not stimu-
late enterprises to organize sites with cleaning of the
SV [7-10].

The use of mechanical, chemical and physico-
chemical methods or does not provide the necessary de-
gree of purification of such highly polluted waters, or
is quite expensive. The most progressive and rational
for these conditions is a biochemical method that en-
sures the decomposition of the vast majority of com-
plex compounds organic compounds to CO2 and water

without the use of chemical reagents [11]. Offered a
number of technologies for the purification of alcohol,
yeast, and milk processing plants productions. Anaero-
bic-aerobic destruction is the main element of these
technologies of pollutants of the SV with the achieve-
ment of cleaning efficiency according to BSK of 95-
99%. At this stage, methane fermentation occurs in the
anaerobic stage with the formation of biogas, which
contains up to 80% methane. Considering that from one
volume of highly concentrated SVs in the process of
methane fermentation produces more than 20 volumes
of biogas, the latter is possible to be used as a source of
fuel at the enterprise. This will save up to 1/3 fuel re-
sources for the enterprise, which is extremely relevant
for Ukrainians enterprises in modern condition [12-15].

The purpose of the work. To analyze the ways of
environmental diseases caused by chemical substances
of food products. Determine which food businesses are
the biggest polluters of wastewater.

Results. Industrial waste is divided into two cate-
gories: supporting waste due to the use of biotechno-
logical processes (food production products, beverages,
fermentation, etc.) and chemical industry waste. Food
industry waste has a different chemical composition
and can to be processed by biological oxidation with
use specialized cultures of microorganisms.

Part of the waste from food production has such a
chemical composition that allows you to obtain second-
ary products from them and use them as raw materials
for biofuel.

Table 1.
Chemical composition of grain production waste
Type of raw material Lipids Cellulose Ash Protein
Waste of oats 0,50 48,80 4,30 5,20
Waste of rice 2,00 38,60 16,90 5,20
Waste of buckwheat 1,60 29,40 5,00 4,09
Table 2.
Chemical composition of coffee sludge
Coffee ail Cellulose and lignin Caffeol Proteins
7-12% 60-75% 3-5% 5-7%
Table 3.
Chemical composition of grape pomace
2 2 2 = L £ E g8 s 8
E 3 5 5 $2 3 s 28
= 8 pid 3 LS g &8 S S
o = e : =3 @
T &
22,3% 12,9% 0,7% 35,4% 18,8% 1,4% 1,8% 3,1%

All enterprises need a large amount of water,
which is used directly in the technology of the main
product (brewery, alcohol, sugar), for washing equip-

ment and other purposes. Most of this water is dis-
charged from the process and into the environment in
the form of contaminated effluents.
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Fig. 1. The average annual amount of wastewater at food enterprises

The average annual amount of wastewater (SW) at
food enterprises is (m3): 2.9 per 1 ton of bakery prod-
ucts; per 1 ton of beets in sugar production — 1.7; per
1000 dal of beer — 76; per 1t of pressed baker's yeast -
170; for 1000 dal of alcohol - 1300.

A significant part of these wastewaters is repre-
sented by highly polluted waters, characterized by the
value of CHC (chemical oxygen consumption) from
2000 to 60000 mgOy/dm?

Their main feature is a high content of dissolved
organic substances. It is not allowed to discharge such
water into the city sewer networks, and its removal and
collection in "filtration fields" leads to the formation of
toxic, unpleasant-smelling substances that pollute the
atmospheric air over a large area. The meat, sugar, al-
cohol and yeast industries of the food industry have the
greatest negative impact on the environment.

Food industries often use dyes, and they are often
of synthetic origin. Getting into wastewater, these dyes
form a cocktail of chemical compounds. For example,
Ponceau 4R (food additive E 124) is a dye of synthetic
origin that has a bright red color.

According to its chemical composition, the E 124
dye is a sodium salt: a red granulate or powder that is
well soluble in water. Chemical formula of dye E 124:
C20H1:N2Naz010S3. Additive E 124 is thermostable, re-
sistant to light, reducing agents and oxidizing agents.
Products processed by Ponceau can be subjected to any
technological operations (sterilization, pasteurization,
cooling, freezing, etc.).

Ponceau (additive E 124) is widely used (inde-
pendently or in combination with other dyes) in the col-
oring of products in the confectionery industry, in the
production of beverages, ice cream, puddings, desserts,
fruit preserves. Additive E 124 is used in the production
of fish and meat products, dairy desserts, cakes and
cheese products. In the USA, Finland, Norway and
some other countries, dye E 124 (Ponsot 4R) is in-
cluded in the list of prohibited substances as a carcino-
gen that can cause the development of cancer. In addi-
tion, the additive E 124 is a strong allergen, and can

cause anaphylactic shock, or an attack of hay fever in
asthmatics and people with an intolerance to aspirin.

Flavorings are food additives that are added to a
food product to give it aroma and taste. By composi-
tion, flavorings are a mixture of flavoring substances
with or without a solvent or a dry carrier (filler), or an
individual flavoring substance.

According to their chemical structure, aromatic
substances belong to different classes of organic com-
pounds: aliphatic and aromatic hydrocarbons, of which
terpenes and their oxygen-containing derivatives (ter-
penoids) predominate - alcohols, acids, ethers and es-
ters, aldehydes and ketones.

Depending on the requirements for the taste and
aroma of the finished technological flavoring, proteins
and amino acids (extracts of pork, beef, lamb or poultry
meat), carbohydrates (ribose, xylose, arabinose, glu-
cose, fructose, sucrose and others) are used, fats (vege-
table fats and oils, animal or fish), other additives such
as monosodium glutamate, nucleotides, food acids, so-
dium chloride, fillers, carriers of functional aromatic
substances. Aromatic substances are formed during the
Mayard reaction during heat treatment for 15 minutes
at a temperature not exceeding 180°C. Technological
flavorings are used in meat and fish products, vegetable
processing products, mushrooms, fast food products, in
sauces, for sprinkling chips, croutons, etc.

One of the most important requirements in food
production is the cleanliness and hygiene of the use of
equipment, inventory and consumables. For this pro-
duction is used certified technical detergents for the
food industry: alkaline, acidic, neutral. Means are
washed away, together with waste water, they fall into
reservoirs, where they can cause considerable damage
to the environment, disrupting aquatic ecosystems.
Many chemicals that can be included in the composi-
tion of the product pass through water treatment sys-
tems without obstacles and enter the city water supply
system.
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All the factors described above are very harmful
to the environment. As we can see, the food industry is
a major polluter of ecosystems

Conclusions. It has been established that a num-
ber of wastes are generated in the process of food pro-
duction. Some of them are safe and suitable for further
processing into animal feed or biofuel. The rest of the
waste is harmful chemicals that, together with
wastewater, enter water bodies, polluting ecosystems.
The most dangerous are waste with synthetic aromas,
dyes and detergents, so it is necessary to improve the
technological processes of the production of waste
products and modernize the lines for better cleaning of
chemical waste.
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To assess the feasibility of operating the well stock in various ways, it is necessary to take into account both
the economic efficiency of their work and the presence of a hydrodynamic connection between them.

The technical and economic profitability limit of well operation is the level of costs, taking into account
energy-resource, technical potential, above which operation is inappropriate in today's market conditions.

In the process of developing and operating oil fields, one often has to deal with unforeseen conditions and the
impossibility of fully formalizing (justifying) the decision to select and carry out the necessary geological and

technical measures.

Taking into account the above, the authors propose an approach for processing array of field data based on
statistical methods. This approach will help to make a prompt and substantiated decision on the management of

the existing well stock.

Keywords: oil reservoir, well stock, emergence, gas lift fund.

1. Introduction

The relevance of the work lies in the fact that the
effective management of the existing well stock will
help reduce energy costs and optimize their work. The
purpose of the work is to develop an analytical method
for analyzing a data array, which will help make sub-
stantiated decisions on managing well operations and
choosing the necessary geological and technological
measures, which, in turn, will increase the efficiency of
the oil recovery process while minimizing economic
and energy costs [1, 2].

Production and technological schemes of the oil
production process require constant regulation of well
operation modes and carrying out the necessary studies
in order to promptly redistribute potentially excessively
high energy costs.

An oil deposit, together with wells and all commu-
nications, is a complex dynamic system, for the design,
analysis and management of which new approaches
based on the principles and methods of the theory of
large systems are needed.

It is also known that, in accordance with the prin-
ciple of emergence, according to which a large system
cannot be uniformly described accurately, different
methods and models are required for its analysis at dif-
ferent levels, the conventional deterministic approach
to describing the processes of field development and

production is necessary, but far from sufficient and es-
sential limiting control options. There are two main
trends in this:

- elements of the TP management system are con-
sidered as their generalization and systematization into
a logically complete, integral system of management
and regulation of development processes;

-another direction is to consider the process of
management, monitoring and regulation of technologi-
cal processes as a local system.

As an example, this paper considers the dynamic
state of the technological indicators of the stock of op-
erating wells in the Gum Deniz field (information cour-
tesy of SOCAR).

2. Methodological part

The problem is considered on the basis of the in-
formation array of technological indicators of the gas-
lift well stock, where one of the main sources of costs
is non-compliance with regime parameters due to the
deviant behavior of the reservoir system and transient
fluid and gas dynamic processes.

As one of the methods of production intensifica-
tion, the timely regulation of well operation modes is
increasingly used. With the use of IT-techniques and
technologies, modern volumes of this technological
process no longer require an individual (for individual
wells) approach to its implementation, but an analysis
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of the entire production system (site analysis) as a
whole.

The efficiency of technological processes implies
the presence of a certain technological and economic
balance between the various parts of the overall system.
As a result, along with assessing the state of the system
as a whole, it is necessary to analyze the change in its
individual parts (subsystems) in order to timely regu-
late their work according to the principle of composi-
tion and decomposition. Since the category of pro-
cesses under consideration is dynamic and subject to
both purposeful and random changes over time, an im-
portant role is played by the choice of such methods of
analysis that would ensure the efficiency of assess-
ments.

As such a method, in [2] it is proposed to group
production wells according to their contribution to the
total production in accordance with the principle of hy-
perbolic distribution.

Within the high- and low-productive zones of the
reservoir, identified when grouping wells according to
the law of hyperbolic distribution, periodically chang-
ing in-situ processes can develop. To determine the na-
ture of these processes, the method of evolutionary
modeling is used, which makes it possible to determine
what type of evolutionary process dominates in the op-
eration of oil and water wells with or without satura-
tion.

Determining the types of the model and their com-
binations for oil and water for each well makes it pos-
sible to identify groups of wells where it is possible to
successfully carry out technical and economic
measures to control the selection [1]. At the same time,
it is necessary to take into account the periodic transi-
tion of wells from one group to another, which is ade-
quate to Markov processes with certain final probabili-
ties that determine the possibility of estimating the
boundaries of technical and economic indicators.

3. Results and discussion

This method of grouping wells in combination
with clustering based on the law of hyperbolic distribu-
tion makes it possible to identify groups of wells at
large field facilities where it is possible to successfully
carry out measures to regulate the selection, taking into
account the nature of the development objects and to
obtain the total effect from large-scale measures to reg-
ulate.

The proposed method was tested in the analysis of
the state of the well stock of the Gum-Daniz field.

The entire gas-lift well fund is grouped according
to the Pareto principle (Fig. 1).

The situation shown in figure 1 can be the initial
basis for the selection of wells for the regulation and
evaluation of the results of ongoing geological and
technical activities.

As can be seen, the curves for the flow rate of lig-
uid, water, oil and the flow rate of injected gas are well
straightened in  logarithmic  coordinates, i.e.
log R —log Q. On all graphs, two sections are distin-

guished, one of which characterizes "high-rate wells",
the second - combines "low-rate wells".

In addition, there is also a third section character-
izing the intermediate state. As a result of applying this

approach, the entire gas-lift fund is classified into three
groups of wells: Group I, characterized by oil flow rate
Qo<2 t/day; Group Il, characterized by a flow rate of 2
t/day <Q.<5 t/day; Group Ill, characterized by a flow
rate Qo>5t/day.

The reliability of such clustering is also confirmed
by grouping by gas extraction and consumption of the
compressed working agent.

Below, in order to identify the consistency of the
analyzed parameters for the whole field, the coefficient
of consistency of rankings (oil, water, gas sampling and
compressed gas flow) with each other is used, the con-
sistency coefficient w is used [4]:

12> D}

w= — -
m?(n® —n)

In the presence of related ranks, the concordance
coefficient w (0 < w< 1) is calculated by the formula:

12> D7
W= ! 2
m?(n®-n)-mB @
o 22K
where D, :ZRU - at
i1 n
i=12,...,n; j—12,...,mis the sum of the ranks

assigned to all values of the analyzed parameters of the
i -th serial number of the observation, minus the aver-
age value of the sum of the ranks; m - number of wells;

n is the number of observations; B = Z‘(Bk3 -B,);
k=1

B, is the number of related ranks for k = 1,...,z.

1)

The verification was carried out using the same
rank values as in the construction of the Pareto distri-
bution.

Obtained results are the following
m=4,n=90,B=0,) D? =503900,w = 0.518.

To determine the reliability of the significance of
the concordance coefficient w, the value ;(2 is used

7> =m(n-Dw 3)

which is compared with the critical value taken
from the known ;(2 distribution table, f = n - 1 degrees
of freedom and significance level o =0.05. When
;(2 > Zétue the hypothesis of consistency can be ac-

cepted. If y2,, =112 at y° =184, therefore, the

analyzed parameters of the operating fund - the extrac-
tion of oil, water, gas and the flow rate of compressed
gas at the level of the value of the Kendell concordance
coefficient equal to 0.518 in this case are consistent
with each other, while it is possible to increase the de-
gree of consistency (up to W =1) of these parameters
by adjusting the operating modes wells [5].

The proposed approach can be applied in the tech-
nical and economic assessment of the potential of hy-
drocarbon deposits, regardless of the method of their
exploitation [4, 6].
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Fig. 1. Gas-lift well fund grouped on the basis of the Pareto principle
(oil, water, gas production and compressed gas volume)

It is known that a well, its near-wellbore zone and
part of the reservoir between wells are interconnected
and interacting elements of a single techno-natural sys-
tem.

When assessing the technical and economic feasi-
bility, underestimation of the features and degree of in-
fluence of the near-wellbore zone as one of the ele-
ments of the system leads to a general decrease in the
efficiency of oil and gas field development. When com-
paring the distribution of the analyzed parameters by
wells before and after the regulation process, the new
distribution, if successful, should be higher than the
previous ones. In addition, the angles of the straight
lines should indicate an increase in the characteristic in-
dex. The growth of the characteristic index indicates
that the distribution of the analyzed parameter becomes
more uniform.

Another feature of gas-lift operation of wells is the
presence in the gas coming from the well to the surface
of not only working, but also a significant amount of its
own (reservoir) gas, which, as well as technological, is
involved in the work of lifting the liquid, i.e. has a cer-
tain (both positive and negative) effect on the operation
of the gas lift. This circumstance makes it necessary to
take into account own (reservoir) gas when construct-
ing control dependences (characteristic curves) for
flooded wells operated by gas lift. Therefore, when
constructing them, it is necessary to use as an argument
such a parameter as the flow rate of the separation gas
(containing a fraction of the formation gas), and not the
working gas, as is usually accepted for gas-lift wells [1,
3].

Conclusions

The proposed approach makes it possible to make
a prompt and justified decision based on the analysis of
the available information and it’s processing using sta-
tistical criteria. The described technique provides the
conditions for making a decision on the effective regu-
lation of the operation of the existing well stock, choos-
ing the most optimal geological and technological
measure aimed at optimizing the operation of the ob-
ject. In addition, effective management of the operating
mode of the existing well stock reduces economic and
energy costs in the process of field development. These
aspects are of particular importance in the development
of non-Newtonian oil fields in offshore conditions.
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It is known that a number of difficulties arise in the development of oil fields characterized by non-Newtonian
properties. Therefore, the study of the relaxation properties of a fluid that saturates a porous medium is an im-
portant task, which in the future will effectively control the development and production of such oils. The paper
proposes a technique for studying relaxation properties by the method of comprehensive compression and reveal-
ing the dependence of relaxation properties on various parameters.

Keywords: PVT bomb, saturation pressure, relaxation, system, gas-liquid mixture, heavy oil.

1. Introduction

Considering the fact that areas with oils character-
ized by non-Newtonian properties have recently been
involved in development, the study of their properties
is of particular relevance. The aim of the work is to
identify the dependence of the relaxation properties of
gas-liquid systems, which, in turn, will allow regulating
the development and production processes and increas-
ing their efficiency [1].

2. Methodological part

The essence of the method lies in the fact that dur-
ing a fast loading or unloading of the system in the
high-pressure chamber, a corresponding slow decrease
or increase in pressure is observed, the dynamics of
which is used to evaluate the degree of non-equilibrium
of the system [1]. A slow increase or decrease in pres-
sure is associated with structural changes, as a result of
which the system is repackaged into an energetically
convenient structure. Thus, the relaxation properties of
macromolecular compounds are studied. Similar ef-
fects can be observed during volumetric loading of
heavy oils containing resins and asphaltenes. These
works show that similar phenomena occur in gas-liquid
mixtures, which can be associated with the movement

of the smallest particles of dispersed gas to areas of
greatest stress [2].

Below are the results obtained using this approach.
The relaxation properties of gas-liquid systems at dif-
ferent pressure levels were studied. The proposed tech-
nique made it possible to reveal the pressure interval in
the region above the saturation pressure, in which the
non-equilibrium properties of gas-cut-liquids are most
pronounced.

The laboratory unit for studying the relaxation
properties of gas-liquid systems consists of a PVT
bomb; a hydraulic press with a measuring scale; a ther-
mostat, a manifold, exemplary pressure gauge, and a
barrel for displacement fluid (see Fig. 1). The PVT
bomb consists of two chambers: a high-pressure cham-
ber, in which the test medium is placed, and a chamber
with a displacement fluid (transformer oil), which is
supplied by a press. Both chambers are separated from
each other by a movable piston. The PVT bomb is
placed in a thermostatically controlled jacket and
mounted on hinges. To prepare a recombinant sample,
a liquid is placed in a high-pressure chamber and a
high-pressure gas is supplied. By intensive stirring, the
gas is dissolved in the liquid.
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Fig. 1. Experimental unit. 1-high pressure bomb, 2-thermostat, 3-press,
4-fluid reservoir, 5-manifold, 6-pressure gauges, 7-chart recorder, 8-amplifier, 9-pressure transducer

The sequence of the experiments was as follows.
The studied gas-liquid mixture was prepared in the
PVT bomb. The saturation pressure was determined by

F,sm3
40

the volumetric method (Fig. 2), after which the Pg sys-
tem was subjected to baro-treatment by cyclic loading
to the initial pressure level much higher than the satu-
ration pressure.
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Fig. 2. Pressure versus volume curve at equilibrium conditions

3. Results and discussion

Thus, thermodynamic equilibrium was established
in the system. Further, using a hydraulic press, the sys-
tem was unloaded with a constant rate of pressure
change at the level P;. after that, according to the read-
ings of the exemplary pressure gauge, the change in
pressure in the system was considered until the pressure
in the system became constant. Then the next decrease
in pressure was carried out by the same value AP with
the same rate of pressure change and similar measure-
ments were made.

(Prell head-P inttial)/P initial

The unloading of the system continued until the
saturation pressure. Below are the results of studies on
a recombined sample composed of transformer oil with
natural gas. Po = 150 atm., AP=10 atm., Psx=36 atm. All
experiments were carried out at a constant temperature
t=40°C, which was achieved by thermostating all the
main components of the installation. Figure 3 illustrates
the procedure for one of the series of experiments and
the observed pressure change.
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It has been established that at pressures much
higher than the saturation pressure, no relaxation phe-
nomena are observed with decreasing pressure. When a
certain level is reached, when unloading the gas-liquid
system, there is an increase in pressure, which stabilizes
over a long period of time. The magnitude of the pres-
sure increase contributes as the phase transition point is
approached and is determined in each individual case

v
35

by the properties of the system itself [3-5]. For the ex-
periments described, a change in pressure is observed
starting from 40 atm. To confirm this experiment, ex-
periments were carried out on pure transformer oil.

The system was unloaded and then loaded at a
constant rate and temperature (Fig. 4). As can be seen
from this graph, the unloading and loading curves of the
system are identical.
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Fig. 4. Unloading and Loading Curves

These results make it possible to assert that non-
equilibrium effects take place only in heterogeneous
systems. The noted increase in the relaxation properties
makes it possible to assume that, starting from a certain
characteristic value of pressure, which exceeds the sat-
uration pressure by about 1.5-2 times, the process of
nucleation, takes place. The long-term stabilization of
the system pressure is explained by the processes of re-
laxation in disperse media, which occur when the con-
stituent phases move. In the course of the experiment,
it was revealed that the degree of non-equilibrium of
the system also depends on the rate of change in pres-
sure (and the degree of non-equilibrium was judged by
the magnitude of the increase in pressure). Experiments
suggest that a non-equilibrium change in pressure also
contributes to the intensive formation of gas micronu-
clei. However, studies in the pressure range above sat-
uration pressure made it possible to establish that at suf-
ficiently high rates of load change, of the order of mag-
nitude or more, the gas-liquid mixture practically does
not have time to respond to external disturbances and,
as a result, there is only a slight increase in pressure at
the first moment of time, which is due to elastic defor-
mation of the system. In other words, the process of nu-
cleation is not observed.

Thus, experiments in free volume at pressures
above the critical ones made it possible to establish the
following: the process of formation of nuclei of a new
phase in gas-liquid systems begins long before the sat-
uration pressure when a characteristic pressure level
(~1.5-2 Psy) is reached. The intensity of the nucleation
process in this region depends on the rate of pressure
change in the system.

Conclusions and recommendations

Studies have established that the relaxation prop-
erties of gas-cut-liquids at pressures above the critical
ones are due to the processes of formation and stable
existence of gaseous embryos.

From a practical point of view, the results of the
experiments carried out will provide specialists with
the necessary information about the relaxation proper-
ties of gas-liquid systems. At the same time, it seems
possible to make an substantiated decision on the man-
agement of development and production processes, the
choice of the optimal mode of operation of the "reser-
voir-well" system, which, in turn, will increase the ef-
ficiency of the process as a whole. It should be noted
that further study of the relaxation properties of gas-lig-
uid systems will make it possible to intensify techno-
logical processes in areas with oils with non-Newtonian
properties.
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The article is devoted to the study of the need to ensure the formation of an economic security management
system, which should be considered as a set of interrelated elements that are separated from the environment and
interact with it as a whole. The importance of prioritizing the choice among certain areas of enterprise develop-
ment, the compliance of the strategy with intra-production processes, namely: the policy of managing the renewal
of fixed assets, technical and technological re-equipment, the introduction of innovations, the system of motivation
and development of personnel, environmental friendliness of production, is substantiated.
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Introduction. Relevance of the research topic. In
modern conditions of instability of the market environ-
ment, the development and functioning of business en-
tities largely depend on a reliable and high-quality sys-
tem for ensuring economic security. This is due to the
high level of competition, the need for constant adapta-
tion of the management system to dynamic changes in
the market environment, and the need to prevent the
negative impact of a complex of exogenous and endog-
enous threats.

Analysis of studies and publications. The theo-
retical foundations of the development of a system for
ensuring the economic security of an enterprise are re-
flected in the works of domestic and foreign authors,
such as Vaskova Yu. I. [3], Gudz O. E. [4]., Galuschak
V. V. [5], Demchenko I.V. [7], Lyashenko A. N. [10],
Lavrova Yu. V. [11].

However, despite significant scientific works,
some issues regarding the essence of the economic se-
curity of an enterprise and the definition of a system for
its provision remain controversial and uncertain.

Purpose of the article. The purpose of the article
is theoretical substantiation and the formation of prac-
tical aspects of managing the economic security of en-
terprises.

Presentation of the main material. In the condi-
tions of market relations, when the state is no longer
responsible for the results of the financial and economic
activities of the enterprise, ensuring economic security
becomes one of the most important and urgent prob-
lems of its functioning. The economic security of entre-
preneurship is a universal category that reflects the se-
curity of subjects of socio-economic relations at all lev-
els, from the state to each of its citizens. The content of
this concept includes a system of means that ensures the
competitiveness and economic stability of the enter-
prise, as well as contributes to an increase in the welfare
of workers, and only by performing the necessary num-
ber of these actions will it be possible to achieve an ap-
propriate level of economic security of the enterprise.
The main task of the enterprise economic security man-
agement system is to predict and anticipate possible
threats leading to a crisis state, as well as to conduct
anti-crisis management, which is aimed at bringing the

enterprise out of the crisis state; minimizing external
and internal threats to the economic state of a business
entity, in particular, its financial, material, informa-
tional, human resources, based on the developed set of
measures of an economic, legal and organizational na-
ture [8]. The main functional goals of the economic se-
curity of the enterprise include:

- ensuring high financial efficiency of work, finan-
cial stability, and independence of the enterprise;

- ensuring technological independence and
achieving high competitiveness of the technical poten-
tial of one or another business entity;

- achievement of high management efficiency, the
optimal organizational structure of enterprise manage-
ment;

- minimization of the destructive impact of the re-
sults of production and economic activities on the state
of the environment;

- high-quality legal protection of all aspects of the
enterprise's activities;

- ensuring the protection of the information field,
and trade secrets and achieving the required level of in-
formation support for the work of all divisions of the
enterprise and departments of the organization;

- effective organization of the safety of the person-
nel of the enterprise, it is capital and property, as well
as commercial interests [9].

Ensuring economic security involves identifying,
analyzing, and assessing the existing threats to each
functional component and developing on their basis a
system of countermeasures and precautions. The sys-
tem of economic security of each enterprise is individ-
ual, its completeness and effectiveness depend on the
legislative framework in force in the state, on the
amount of material, technical and financial resources
allocated by the heads of enterprises, on the understand-
ing of each of the employees of the importance of en-
suring business security, as well as on the experience of
heads of security services enterprises. Also, the struc-
tural composition of the economic security system in-
cludes intra-production and non-production compo-
nents. The following components of the economic se-
curity of an enterprise are distinguished: financial
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component, intellectual component, personnel compo-
nent, technological component, legal component, infor-
mation component, environmental component, power
component, and market component [5]. An enterprise,
like a product, has its own life cycle and goes through
several stages: creation, establishment in the market,
maturity, and, possibly, decline. There are risks inher-
ent in each stage. At the stage of formation, the risks of
false pricing and sales policy, the formation of author-
ized capital, and others prevail, at the stage of maturity
there are risks of a decrease in the size of equity capital,
loss of image, non-fulfillment of buyers' accounts re-
ceivable, at the stage of a decline in business activity
there is a risk of non-fulfillment of obligations under
transactions, personnel, credit and the risk of insol-
vency [6]. The magnitude of the impact of risk depends
not only on the size, age, and volume of financial re-
sources of the enterprise but also on the type of prod-
ucts that the enterprise produces. It doesn't always have
to be new products. Quite often, an enterprise thrives
on improving the products it has already produced. Be-
fore producing products, you need to carefully study
the market, namely: the product will be in demand, how
much it can be sold in this market, at what price, and
most importantly, the profit can be obtained as a result.
Having studied the risks, it is possible to identify the
main subjects that are potential carriers of threats to the
economic activity of the enterprise. These include:

- a state with levers of influence - legislative
framework, taxes, and loans;

- partner states in the implementation of export op-
erations with a national legal framework and transport
regulations, as well as their own tax and credit systems;

- competing enterprises capable of manufacturing

and selling products of similar quality;

- buyers whose consumer demand is constantly
changing;

- production partners supplying raw materials and
materials, the provision of various types of resources
depends on the timely fulfillment of obligations.

As a result of the research, the following methods
of risk mitigation were identified: reserve funds; risk
insurance; searching and obtaining additional infor-
mation on risk aversion; distribution of risk among par-
ticipants; transfer of risk; diversification and limitation
of risk t. If risks are not given due attention, they will
inevitably become a real threat to the functioning and
development of the enterprise.

The characteristic features of the modern economy
of Ukraine are the presence of structural imbalances in
national production, the shadow economy, its export
orientation towards the predominant share of products
with a low level of gross value added; critical depend-
ence of the economy on imported energy sources; un-
favorable investment and innovation climate; imperfec-
tion, inconsistency and lack of transparency in legisla-
tion; low solvency of individuals and legal entities,
outdated technical and technological base of enterprises
and their slow renewal, etc. The objective consequence
of the current state of the Ukrainian economy is a de-
crease in the main macroeconomic indicators of the
country.

Almost 660,000 businesses remained active in
Ukraine in 2022. The total number of active enterprises
in Ukraine as of November 1, 2022, was 659 755.

Most of them were engaged in such activities as

(Fig 1):
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Fig 1. Number of active enterprises in Ukraine as of the end of 2022

— activities of other public organizations not in-
cluded in other groups — 93 046 enterprises;

— complex maintenance of objects — 61 370;

— cultivation of cereals (except rice), legumes
and oilseeds — 36 982;

— leasing and operating own or leased real estate
— 28 336;

— public administration of a general nature —
26 879;

— the activity of trade unions — 25 918;
— activities of religious organizations — 25 886;

— provision of other social assistance without
provision of accommodation (not included in other
groups) — 23 386;

— non-specialized wholesale trade — 19 925;

— general secondary education —14 694.

At the present stage, most domestic enterprises,
working in an unstable economic and socio-political
environment, are experiencing a deep decline in pro-
duction and are either in a critical state or in a state of

bankruptcy. The enterprise itself is the main structural
and educational element of the state economy, therefore
the economic security of the enterprise can play a spe-
cial role in its further activities. Through the system of
taxes, subsidies, loans, prices, and other instruments,
the state implements its own policy, which can increase
or decrease the overall assessment of the economic se-
curity of the enterprise in particular and, as a result, the
state as a whole, since the state largely determines the
external economic security of the enterprise. The level
of economic security of an enterprise should be based
on an analysis of its financial condition. The general fi-
nancial condition of the enterprise is assessed on the
basis of indicators reflecting the financial and eco-
nomic activities of the enterprise, the availability, loca-
tion, use, and movement of the enterprise's resources
[14]. As you know, the main areas of analysis of the
financial condition of the enterprise include analysis of
indicators of the effectiveness of the financial and eco-
nomic activities of the enterprise; analysis of the sol-
vency and financial stability of the enterprise; analysis
of the effectiveness of the use of financial resources of
the enterprise; analysis of indicators for assessing the
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effectiveness of the financial and economic activities of
the enterprise.

Conclusions and offers. Thus, summing up, it
should be noted that within the framework of the for-
mation and implementation of mechanisms for manag-
ing the process of strengthening the economic security
of enterprises as subjects of entrepreneurial activity, en-
suring their economic security should be considered a
type of management activity for the formation, devel-
opment, and implementation of competitive advantages
and ensuring the viability of enterprises as subjects.
economic competition. Ensuring the economic security
of an enterprise is a set of actions that include: analyz-
ing potential economic threats, planning countermeas-
ures, monitoring the implementation of measures taken,
and analyzing the effectiveness of the economic secu-
rity system. The formation of a system for managing
the economic security of enterprises requires additional
costs that do not bring quick income. In our opinion, it
is possible to effectively implement the function of sup-
porting the economic security of an enterprise by creat-
ing an internal economic security service. The compo-
sition and structure of the internal economic security
service for various enterprises primarily depend on the
magnitude of financial losses, the nature and scale of
activities, market position, and financial capabilities of
the enterprise. An effective factor in the formation of
an effective system for managing the economic security
of enterprises is the use of the services of external spe-
cialized state or private security organizations. For-
mation of the state of economic security of business en-
tities requires a proper justification. In the context of
the above, in scientific and practical terms, it is im-
portant to use an algorithm for the formation of the state
of economic security of an enterprise, it is advisable to
consider it as an element in its management decision-
making system, substantiates the procedure for using a
certain mechanism for ensuring economic security,
which is implemented in response to the actual influ-
ence of risk factors through a separate functional com-
ponent of economic security in a specific target area.
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[Tpu BEIOOpE NMPOTHMBOKAILIEBBIX IpENapaToB CIEAYeT 3HATh NMPUYMHY Kallllsd, MaTOTeHe3 KallIeBOTO pe-
(exca y gerell 1 MEXaHU3M JISHCTBHS Ha3HAYCHHBIX BaMH JICKAPCTBEHHBIX cpelcTB. MHOroodpasue Gpakropos,
NPUBOASIIMX K BOSHUKHOBEHHIO Kallllsi B IETCKOM BO3pPacTe, CO34aeT B HEKOTOPBIX CIIy4asx TPYJHOCTH B AUQ-

(hepeHIanbHON THarHOCTUKE ¥ JIedeHnd [ 1].
ABSTRACT

When choosing antitussive medications, you should know the cause of cough, the pathogenesis of the cough
reflex in children and the mechanism of action of the medications prescribed by you. The variety of factors leading
to the occurrence of cough in childhood, in some cases, creates difficulties in differential diagnosis and treatment

[1].

KiroueBble cjioBa: Kaleib, 1€TU, TMarHOCTHUKA, IPOTUBOKAIJICBLIC ITpCTIapaThl.
Keywords: cough, children, diagnostics, antitussive drugs.

Llens paboTHI: MOHATE U pPa300paTh NPUUHHY
Kaluis y Aeted s nogdopa Hanbonee 3 dheKkTHBHBIX
MIPOTUBOKAIIIJIEBBIX MTPENIapaToB.

MerTo/pI MCCIIEAOBAHUS: aHAIN3 UMEIOLIEHCS H-
hopmarmm.

AKTyanbHOCTB: OCTpEIH Kallelb, 0OBIYHO COIPO-
BOJK/IAIOIMI OCTpBIE PECTIMPAaTOPHBIE BUPYCHBIE HH-
ek (OPBU), ¢ yueToM BBICOKO# pacmpocTpaHeH-
HOCTU JICHCTBUTENHHO SABIIAETCS TII0OambHOU mpoliie-
MOH. OTO O0OYCIIOBIEHO HE TONBKO TPYAHOCTIMHU
JUAarHOCTHUKY U JICUEHHSI, HO U BEICOKUMH KOHOMHUYE-
ckuMH 3atpaTamu. Hampumep, B BenmxoOpurtannun
©XEero[HbIe PacXo/bl Ha JICYUEHHE OCTPOro KaIlis Co-
CTaBIAIOT HEe MeHee 979 MITH QyHTOB CTEPIMHIOB, IPU
91oM 104 MITH arMeHTHI TPATAT HA IpUOOpeTeHne 6e3-
peLenTypHbIX JIekapcTBeHHbIX cpeacTs. B CIIA rogo-
BBIE PacXo/bl Ha MOKYNKY Oe3pelenTypHbIX Npernapa-
TOB AJIs JIEUEHMs KAllJasl U yCTPAaHEHUS CUMIITOMOB
MPOCTYIbI IOCTUTAIOT 3, 6 MIpJ 10sIapoB [2, 3, 4].

Beenenue:

NmeroTcss MHOXECTBa ONpENENIeHUH Kallliid, Kak
KJIMHUYECKOTO CHHIpOMa MHOTHX 3a0o0yieBaHMH, HO
HanOoJee TOMYJIPHBIM SIBISCTCS Pa3padOTaHHOE KC-
repTaMi bpuTaHCKOT0 TOpakaIbHOTO OOIIECTBA, IO MX
M3YYCHUIO, Kallelb- 3TO «(QOPCHUPOBAHHBIA IKCIIHPA-
TOPHBIN MaHEBp, MPOUCXOIAINN OOBIYHO TIPH 3aKPBI-
TBIX T'OJIOCOBBIX CBSI3KaX, KOTOPBIM CONPOBOXAAETCS
XapaKTepHbIMU 3Bykammu» [S]. B 3aBucuMocTy oT 1u-
TEJIBHOCTH Kaluld U (akTa BbIIEIECHUS] MOKDPOTHI Ka-
Iesb  MOJPA3/IeNIAoT: Ha OCTPBIA (IPOIOIIKHUTENb-
HOCTB JI0 TPeX He/AEeNb); MOJOCTPhIA (IPOIOIIKHUTENb-
HOCTh 3-8 HeJenb); XPOHHYECKHUH
(TIpOIOIXUTETFHOCTH CBBIIIIE BOCBMH HEIETh). Takxke,
BBIICIISIFOT TPOAYKTHBHBIN (CBS3aHHBIM C BOCIANH-
TEJIEHBIM/MHPEKITHOHHBIM ITOPAXKCHUEM JIBIXaTEIBHBIX
myTed ¥ CONPOBOXKJAIOIIUECS THUIEPIPOTYKIHEH
OpOHXMATBHOM CIIN31) U HENPOTYKTUBHBIN (CYyXOM) Ka-
westb. [0 THTEHCUBHOCTH BBIAEISIOT MOKALUIMBaHUE,
JIETKUHM U CUIIbHBIN Kamielsb. [1o npoJo/KUTenbHOCTH
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KaIlJICBOTO aKTa KaIlleJb ObIBACT SIM30MIECKUI KpaT-
KOBPEMEHHBIH WM MPHUCTYIOO0OPA3HbIN, TTOCTOSTHHBIN
[6, 7]

IIpu ompoce ponuTencii peOeHKa ¢ KamuieM JUis
YTOYHEHHS TUArHO3a HEOOXOJUMO BBISCHUTH: MPUBH-
BOYHBIH CTaTyC peOCHKa (COTIaCHO KaJCHAaPIo MPUBU-
Bok PK, Hauboiee BaxubiM sBisietcst AKJ[C); anamHe3
MEPEHECEHHBIX 3a00JIeBaHuUil, HACICICTBCHHBIA U all-
JIepPTOJIOTUYECKHI aHamHe3. [lanee geTanu3upyem xa-
paxTep Kanuis (BpeMs IMOSBICHHUS KAl C YeM CBSI3BI-
BAalOT, COIYTCTBYIOIIME CHMIITOMBI MIJIA COIIPOBOYXK/A-
folUe  Kamelnb, 3(PQPEKTUBHOCTh JIEKAPCTBEHHBIX
mpenapaToB NPUMEHsAEMBIX paHee. [IpoBoanMm Tma-
TENBHBIA OOBEKTUBHBIA OCMOTp, IPOBEIICHHE JIabopa-
TOPHBIX U HHCTPYMEHTAJIBHBIX METOJIOB UCCIICIOBAHUS
npu HeoOX0AMMOCTH. JIeKapCTBEHHBIC CPEIICTBA, BIIU-
SIONMEC HAa YacTOTy, HHTCHCHBHOCTH M XapakTep

KaIuis, MOApa3IeisaioT Ha MPOTHBOKAIIIEBBIC, OTXap-
KHUBAIOIFE M MYKOJUTHYECKHe. VX paruoHaibHOe
MpUMEHEHHE TpedyeT cTporo nudQepeHIUPOBaHHOTO
MOJX0Aa K KXKION KIMHUYCCKOW cUTyalmu. Beibop
KOHKPETHBIX JIEKAPCTBEHHBIX CPEACTB 3aBUCUT OT KJITHU-
HUYECKUX U NMATOTeHETHUECKUX 0COOEeHHOCTEl 3a001e-
BaHUs, WHIMBHIYalTbHBIX OCOOCHHOCTEH peOCcHKa, a
TakXke OT (PapMaKOJOTHYCCKIX XAPAKTCPUCTHK CaMHX
npemnaparos [8-12].

JleyeHne Kammis, 3aKJIIOYaronieecs B MOJaBICHUN
KamuieBoro pediexca, MpoBOANUTCS y AeTell B 0COOBIX
CUTyalHsX: KOTJa Kallellb O9eHb HHTCHCUBHBIN U U3-
HypsIeT MaJbIIIa, COPOBOXKIACTCS PBOTOI, HapyIIaeT
COH peOeHKa (KOKIIFOII) UIIK KOT/Ia BOSHUKACT BBICOKAs
CTETNeHb PUCKA PAa3BUTHS acUpaluu (Hampumep, y ae-
telt ¢ Tsokenoi natonorueit HHC) [13].

[IpoTuBoOKanIeBbIe MpenapaThl MOAPa3AEISIOTCS
Ha:

IIpoTuBOKanIeBble IpenapaTsl HEHTpanbHOro AecTBus [14]

Hapkotuueckue

Henapkotuueckue

Kopeunn (BbIMUCHIBAaETCS IO CHIEIMATBHOMY PELENTY)

Byramupar I'mayuuna ruapoxnopus Jlexcrpomerop-

(ban

[IpoTHBOKaIIIEBbIC NpeNapaThl epUPEPUIECKOTO EHCTBHS

[TpeHokcaanasHa THAPOXIOPHL |

CoBpeMEHHBIM TPOTHBOKAIICBBIM TpenapaToM
[EHTPAIBFHOTO ACUCTBUS, HE SBILIOMIAMCS OMHOUIOM,
saBIsieTcs OyramupaTa mutpat (CuHekon). OH sBIsAeTCS
Oe3pernenTypHBIM IIperapaToM, Ha3HAYaeMbIM ¢ 2-Me-
CSTYHOTO BO3PACTa, U KYIMHPOBAHHUSA CYXOTO KaIllIsl.
Jlyis MakcUMaJIbHOTO YI00CTBa MAIMCHTOB BCEX BO3-
pactoB CuHekoaA® BBHIYCKaeTCA B JABYX JIEKApPCTBEH-
HBIX opMax: Kamix u cuporne. byramupar B Buze ka-
Neib MPUMEHSETCS B MEAHATPUUECKON MPAKTUKE IS
JleTeil OT 2 Mec., a CHpOI PEKOMEHI0OBaH B3POCIBIM U
JeTsM ¢ 3-ietHero Bo3pacta. [Ipemapar nmpuHUMaeTcs
nepex efoi, 1eTsMm oT 2 Mec. 10 1 roga pekoMeHa0BaHa
no3a o 10 xanens 4 p/cyt; ot 1 roga o 3 ner — 1o 15
Karenb 4 p/cyT; oT 3 Jer u cTapiie — o 25 kanens 4
p/cyt. Ilpenapar obmamaeT MPUATHIM BKYCOM, y HETO
OTCYTCTBYIOT CEJaTHBHBIC CBOWCTBA, OH HE BHI3BIBACT
HapyUIeHU KOTHUTUBHBIX (YHKIIWIA, HE BIHUSET Ha MO-
TOPUKY KETYJOYHO-KHUILIEYHOT'O TPaKTa U XOPOIIIO Tie-
PEHOCHTCS BCEMH TpynnaMu 601bHBIX [15, 16].

3akiroueHue:

B HacTosiiee BpeMs Kaliesib 0CTaeTCsl COUATbHO
3HAYMMOIl Mpo6JIeMON CHCTEMBI 3/[paBOOXpaHeHus. B
OOJNBIIMHCTBE CIIy4aeB, Kallellb BO3HUKAIOMIMNA Kak
CHUMIITOM OCTpPOTO PECHHpPATOPHOTO 3a00JeBaHUS HE
TpeOyeT IedeHus, 0COOCHHO MPUMEHEHHE MPOTUBO-
KaIlUICBBIX MPETaparoB. Y NeTei 00BIYHO ObIBaeT 100-
POKaYeCTBEHHBIM U HEOOXOAUMO TOIBKO CHMIITOMATH-
YeCKOe JIeYeHHE MPOTHBOKANUICBEIMU TpernaparaMu
JUTSL YIyYIIeHUs] KadecTBa JKU3HU, BOCCTAHOBJICHUS
(u3ruecKkoi W CONMANLHOW aKTUBHOCTH, TPEIOTBpa-
MICHHsSI Pa3BUTHA 3aTSDKHOTO U XPOHHYECKOTO KaIllIsl.
TepaneBTHYECKHE BO3MOXHOCTH JIJIsI JICUEHHUST OCTPOTO
KallIs y JeTe orpaHHYeHB! U3-3a MOOO0YHBIX I dek-
TOB ¥ OIIACCHHUH IO MIOBOTy 0€30IIaCHOCTH MpEnapaToB.
IIpu BEIOOpE MPOTHBOKAIIICBBIX IPEHNapaTOB POIUTE-
JISIM HY’KHO YYUTHIBATh KIMHHYCCKHIA JOKa3aHHBIC Y-
(DeKTUBHOCTRIO W HAJCIKHOCTBIO JICKAPCTBEHHOTO

Cpe/CTBA, KOTOPHIA BameMy peOCHKY CMOXKET IMOI0-
Opath Baml JIeqamuii Bpad.
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ABSTRACT
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Ovarian sex cord stromal tumours include neoplasms that derive from granulosa cells, Seroli cells, theca cells,

Leyding cells and fibroblasts of gonadal stromal origin. We present patient C., aged 15, was admitted with a 12-
month history of periodic abdominal pain, abdominal enlargement and amenorrhea. Menarche from 14 years of
age, previously normal menstrual cycle, sexually active since 14 years of age, which led the patient to believe she
was pregnant. After preoperative preparation, surgery was performed with a left transrectal laparotomy. On revi-
sion, a massive tumor formation was found, originating from the left ovary without involving adjacent organs and
anatomical structures. Radical resection of the tumor was performed with the fallopian tube.

The results of histopathological examination established the presence of juvenile type granulosa tumor, pro-
visional stage pT1a, high mitotic activity (mitotic rate 40 in 10 fields of view), moderate nuclear atypia and exten-
sive foci of necrosis. The tumor infiltrated tubular tissue in which foci of necrosis and tumor foci of juvenile type

granulosa cells were present.

The patient was discharged in satisfactory condition and referred to an oncology institution to determine

further treatment tactics.
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Ovarian sex cord stromal tumours include neo-
plasms that derive from granulosa cells, Seroli cells,
theca cells, Leyding cells and fibroblasts of gonadal
stromal origin (Hashemipour M. et al., 2010).

Granulosa cell tumours, described in detail by
Scully R.E. (1977), are ovarian stromal neoplasms of
the sex cord, which represent about 2-5% of all ovarian
tumours [13]. In children they occur extremely rarely,
with a reported incidence of 0.1% of all ovarian tu-
mours. Only 4-5% of granuloma cell tumours are seen
in children [10, 16]. Two subtypes of these tumours are
described: adult (95%) and juvenile (5%) [1]. Juvenile
ovarian granulosa tumors in most cases are secretory
and hyperstrogenetic and are considered tumors with
low malignant potential [8]. We describe a rare case of
an impressively large juvenile granulosa cell tumor in a

15-year-old adolescent girl, the rarity of such a neo-
plasm suggesting the need to confront imaging data,
surgical treatment aspects and histopathological find-
ings.

Patient C., aged 15, was admitted with a 12-month
history of periodic abdominal pain, abdominal enlarge-
ment and amenorrhea. Menarche from 14 years of age,
previously normal menstrual cycle, sexually active
since 14 years of age, which led the patient to believe
she was pregnant.

On hospitalization, abdominal ultrasound exami-
nation revealed a major abdominal formation. CT im-
aging data with intravenous contrast allowed visualiz-
ing in the anterior compartment of the small pelvis, in-
traperitoneal with cranial extension in the projection of
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the mesogastrium and bilateral flanks a massive, poly-
septate, polylobed cystic formation of a polygonal con-
figuration, measuring 24.0cm x 20.0cm x 10.6cm. The
formation, which had a non-homogeneous structure
with a well-defined outline, showed a mixed fluid-
cystic content, associated with the presence of multiple
instrastromal vessels, without postcontrast pathological

ey

) ig. 1.

enlargement, pronounced mass effect exerted by com-
pression and dislocation of abdominal and pelvic or-
gans, bladder compression, bulging of the anterior ab-
dominal wall. Signs of moderate accumulation of free
fluid in the intraperitoneal space (with density +12UH).
Ovaries and fallopian tubes were definitely not deter-

mined (fig. 1).
A 2
o

£

Patient C., 15 years old. Preoperative intravenous contrast-enhanced computed tomography - CT imaging data
suggestive of the presence of a solid-cystic volume formation located in the bilateral adnexal projection with
extension into the abdominal cavity, possibly yolk sac tumor of the left ovary? (explanation in text)

Detailed general blood test data found hemoglobin

—76g/1, ert-4.20 106/ul, hematocrit-27.0%, leukocytes-
8,9%, ESR 22mm/h, while all biochemical parameters
were within normal limits. Preoperative serum alpha-
fetoprotein and lactate dehydrogenase levels were
within the reference values.

After preoperative preparation, surgery was per-
formed with a left transrectal laparotomy. On revision,
a massive tumor formation was found, originating from
the left ovary without involving adjacent organs and an-
atomical structures (fig. 2A). Radical resection of the
tumor was performed with the fallopian tube (fig. 2B).
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Fig. 2.
Intraoperative appearance of the tumor formation (A) and appearance of the resection piece in section (B)

Review of the pelvic organs revealed up to 50 ml
of serous fluid in the abdominal cavity. The parietal
peritoneum was without any changes, the regional
lymph nodes were enlarged. Uterus and right adnexa
were without pathological changes, of normal size. The
operation was completed with drainage of the pelvic
space and reconstitution of the anatomical plane.

The results of histopathological examination es-
tablished the presence of juvenile type granulosa tumor,
provisional stage pT1a, high mitotic activity (mitotic
rate 40 in 10 fields of view), moderate nuclear atypia
and extensive foci of necrosis. The tumor infiltrated
tubular tissue in which foci of necrosis and tumor foci
of juvenile type granulosa cells were present.

The patient was discharged in satisfactory condi-
tion and referred to an oncology institution to determine
further treatment tactics.

Discussion. Juvenile granulosa cell tumors are
rare neoplasms, usually diagnosed before the age of 20
years, predominantly in the age range 3-13 years. In
some cases this tumor can be seen in girls as young as
1 year old or even diagnosed prenatally [3, 9]. The eti-
opathogenesis of juvenile type granulosa cell tumors is
not known, unlike the adult type where the pathogene-
sis of this neoplasm is determined by mutations in the
FOXL2 gene [14, 18]. Associations of juvenile granu-
loma tumors with some pathologies such as Ollier en-
dochondromatosis [12], Maffucci syndrome have been
described [17].

More commonly, in prepubertal girls, these tu-
mours manifest as early psudopuberty associated with
isosexual development. In some cases patients may also
present with contrasexual development, with signs of
excessive androgenism. However, the most common
symptoms are abdominal pain and abdominal disten-
tion [2, 5, 16]. In comparison to adult granulosa cell tu-
mors, juvenile forms are characterized by a high mitotic
index and comparatively more aggressive growth [7],
which is also documented in our case. Granulosa cell
tumours secrete steroid hormones, mainly oestrogens
and less commonly androgens and progestins, while
some authors have also found secretion of prolactin and
insulin. Most granuloma cell tumours secrete inhibin,
which is used as a tumour-specific marker for granu-
loma cells [6]. Evaluation of tumor markers such as a-

fetoprotein and B-HCG is important to exclude germ
cell tumors [2].

The management of granuloma cell tumours de-
pends on age and disease outcome. Surgical treatment
is the primary option, with fertility-preserving proce-
dures preferred in the early stages of the disease. Uni-
lateral salpingo-oophorectomyis the procedure of
choice in cases of stage 1A tumour, also performed in
our case described. Some authors consider adjuvant
chemotherapy and/or radiotherapy to be necessary in
advanced stage tumours [7, 11].

Staging according to the clinical picture, surgical
findings and histopathological results is an important
prognostic factor [15]. Juvenile granulosa cell tumour
of the ovary diagnosed at an early stage has a favoura-
ble prognosis. Relapses are uncommon but usually oc-
cur within the first year. Long-term follow-up should
be considered, especially in advanced forms of the dis-
ease, as some authors describe the development of late
relapses [4, 19].

Conclusion. Granulosa cell tumour of the ovary is
arare neoplasm in children, characterised by aggressive
growth over short periods of time, which can pose cer-
tain preoperative diagnostic problems. Although there
are no standardised protocols, unilateral salpingo-oo-
phorectomy is the preferred surgical procedure in stage
IA tumour, with long-term follow-up being essential
because of the risk of recurrence.
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ABSTRACT

Author presents a study evaluating the effectiveness of surgical treatment in pulmonary hydatid cyst in chil-
dren. The study group included 90 cases (81.82 %) patients with pulmonary hydatidosis and 20 (18.8) with hepa-
topulmonary cyst. 2 surgical techniques were used: padding with sealing of the residual cavity and the pneu-
mostomy procedure. The results of the study allowed to conclude: The higher rate of postoperative complications
compared to the uncomplicated forms of the disease, together with the presented evolutionary aspects, confirms
the need to optimize the methods of surgical removal of residual postechinococcectomy cavities in cases of un-
complicated and complicated by rupture pulmonary hydatid cyst with the aim of reducing postoperative morbidity
and duration of hospitalization, there being major risks of developing complications in cases of long persistence
of residual cavities.

The cystotomy procedure with the removal of the parasitic larvocyst completed with the closure of the air
bronchial communications completed with filling hemostatic collagen sponge, or sponge with gelatin and platelet
concentrate, and the padding of the remaining cavity with the preservation of the adjacent lung parenchyma is an
effective method of treating the pulmonary hydatid cyst in children, this surgical method having a lower incidence
of postoperative morbidity compared to pneumostomy procedure.

In uncomplicated pulmonary hydatid cyst in children, the pericystic tissues have an increased potential of
regeneration, which significantly influences the favorable evolution of the processes of repair and obliteration of
remaining cavities in cases of dehiscence of padding sutures. In this context, we believe that in cases of dehiscence
of padding sutures, children can be treated conservatively.

Keywords: Hydatic cyst, lung, treatment, surgery, children.

Introduction

Surgical treatment remains the curative option of
choice in the treatment of hydatid cyst. The principles
of surgical treatment in pulmonary hydatid cyst are:
evacuation of the larvocyst with removal of the endo-
cyst, avoidance of intraoperative contamination, as well
as the management of the residual cavity with maxi-
mum preservation of the lung parenchyma, including
the major sizes formations [1, 26]. Several surgical pro-
cedures are described in the specialized literature,
which can be classified into conservative (cystostomy,
enucleation of the intact cyst, removal of the cyst after
needle aspiration or pericystectomy, with maximum
preservation of the lung parenchyma) and radical (lung
parenchyma resection with cystotomy and pericystec-
tomy, wedge resection, segmentectomy and lobectomy
[6, 12, 25].

The aim of this study was to retrospectively eval-
uate the results of surgical treatment in various forms
of pulmonary hydatid cyst according to the surgical
method of the postechinococcectomy residual cavities
based on the results of the morphopathological exami-
nation.

Material and methods. From the total number of
patients included in the study group, the majority were
boys, both in the group of patients with pulmonary hy-
datid cyst - 66.67%, and in the group with coexisting
hepatic forms - 65%, the maximum frequency being
recorded at the age of 7 -14 years in both groups of pa-
tients.

Depending on the location, in the group of patients
with isolated pulmonary hydatid cyst, the right lung

was more frequently affected - 52 (57.78%) cases, com-
pared to the left - 21 (23.33%) cases, in 17 (18, 9%)
cases the parasitic lesion involving both lungs. The
lower lung lobes were more frequently involved, pre-
dominantly the lower lobe of the right lung (38.9%).
Patients with single pulmonary hydatid cysts predomi-
nated - 63 (70%) cases, compared to those with multi-
ple parasitic cyst formations - 27 (30%) cases. Giant
lung cysts, with a diameter of more than 10 cm, were
found in 32 (35.56%) cases, and in 19 (21.11%) cases,
the pulmonary hydatid cysts complicated by rupture
were detected.

Taking into account the pericystic changes, found
at the imaging examination, similar to the groups of pa-
tients included in the morphopathological study, the pa-
tients undergoing surgical treatment were evaluated
and divided into 3 subgroups: group 1 — with insignifi-
cantly expressed perifocal changes, group 2 — with sig-
nificant pericystic inflammatory changes and group 3 —
with pulmonary cysts complicated by rupture.

The patients of the study group benefited from
routine laboratory tests (100% of cases) and imaging
investigations that included: chest radiography, per-
formed in 100% of cases, computer tomography, ab-
dominal ultrasound examination and lung perfusion
scintigraphy.

The statistical analysis of the obtained results was
performed using the Evidence-Based Medicine
Toolbox Program for analytical studies. The RR was
calculated, the significance of the results was estab-
lished based on the z-statistic test, 95% CI and the sig-
nificance threshold, the result being statistically signif-
icant when the confidence interval does not include the
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value 1 or the difference between the lower and upper
limit is not large.

Results and discussions. In uncomplicated forms
of pulmonary hydatid cyst, we gave preference to aspi-
ration of hydatid fluid with a thick needle with in-
traoperative inactivation of the parasitic larvocyst with
a scolicidal substance, later resorting to cystotomy
(pneumostomy) and extraction of the larvocyst, taking
into account the aparazitarian principles. As substances
with scolicidal action were used: Alcohol 96° (21 cases
—19.1%), betadine (32 cases — 29.1%), hypertonic so-
lution 10% (5 cases — 4.5%), silver nitrate solution
1.5% (52 cases — 47.3%), without giving preference to
one of them.

At the same time, the inner surface of the fibrous
capsule was processed with argon plasma. After pro-
cessing the remaining cavity with a scolicidal sub-
stance, in all cases we resorted to closing the bronchial
openings, in 18 cases resorting to an additional protec-
tion of their sutures with a collagen hemostatic sponge
or with gelatin sponge and platelet concentrate + throm-
bin + CaCL 10% (18 cases ). In all cases, we used 3-0
Vicryl suture in the padding process of the remaining
cavities. Regardless of the form of the disease, peri-
cystic changes and dimensions, 50 ml of Ami-
nocapronic acid solution was introduced into the pleu-
ral cavity and the aspiration drainage of the pleural cav-
ity by Bulau being installed, which was removed when
air leakage or exudate disappeared.

In the cases of using pneumostomy to solve the
outstanding cavities, we resorted to resection of the fi-
brous capsule with preservation of the adjacent lung tis-
sue, closure of air communications, drainage of the out-
standing cavities and the pleural cavity.

Economical lung resections were performed in 4
cases of uncomplicated parasitic cyst formations, of
small sizes (4-5 cm), peripherally located, which did
not create any technical problems. Pulmonary lobec-
tomy, enucleation and pericystectomy were not per-
formed in any patient.

In the complicated forms with the rupture of the
parasitic cyst, the cystotomy procedure was performed
with the removal of hydatid larvocyst fragments, heal-
ing with substances with a scolicidal effect and drain-
age of the remaining cavity, including in cases of using
the padding procedure. We also note that in the compli-
cated forms of the disease, to protect and close the bron-
chial fistulas, we used collagen hemostatic sponge or
sponge with gelatin and platelet concentrate.

In all 3 study groups, preference was given to the
padding procedures of the residual cavities over the use
of the pneumostomy procedure or lung resections. The
analysis of the obtained results allowed us to find that
in all 3 study groups no fatal cases were registered and
there was no case of severe postoperative complication,
which would require a surgical reintervention.

In the cases of uncomplicated hydatid cyst of
small and medium sizes included in the 1st group of
patients, no postoperative complications were rec-
orded, the patients being discharged from the hospital
8-10 days postoperatively, 30-60 days postoperatively,
insignificant residual post-echinococcectomy signs
were observed. In study group nr. 1, no recurrence
cases have been recorded so far. All complications
found in group 1 patients and described in tab. 2 were
solved by conservative methods. Cases of pulmonary
atelectasis, septic complications were not found. The
duration of pleural drainage in cases of using the pad-
ding procedure without postoperative complications
was 72 hours

We mention that in the cases of uncomplicated
large-sized hydatid cyst (32 cases) or in the compli-
cated forms, along with pulmonary ventilation disor-
ders, confirmed by spirography and changes in pulmo-
nary perfusion in the pericystic segments, signs of he-
patomegaly with diffuse parenchymatous liver changes
were found, an important fact in the evaluation of pa-
tients in the postoperative period and the establishment
of recovery treatment tactics.

All 19 cases of dehiscence of padding sutures
found in group 1 were found in children with uncom-
plicated hydatid cyst of major and giant sizes, of which
in 10 cases remaining cavities after the pneumonos-
tomy procedure were found. The complete obliteration
of the residual cavities, initially radiologically detected
in patients with echinococcectomy and padding of the
remaining cavity in which partial insufficiency of the
padding sutures developed postoperatively (9 cases),
was 62+ 9 days. In this context, we demonstrate the
case of patient P., 9 years old (fig. 1), who underwent
the echinococcectomy operation with padding of the re-
maining cavity by suturing in superimposed bursae
with resorbable threads and final “back-and-forth” su-
turing plan by plan, on the 6th postoperative day, the
partial insufficiency of the padding sutures, including
the closing suture of the bronchial openings occured,
but without signs of worsening of the pulmonary perfu-
sion in the remaining lung segments (fig. 1).

Later, the chest x-ray revealed the gradual oblite-
ration of the remaining cavity until its complete disap-
pearance with the re-expansion of the adjacent seg-
ments (fig. 2). The results found in the radiological ex-
amination are gratifying, the positive postoperative
evolution being also confirmed by the lung scintigra-
phy, where the gradual improvement of the pulmonary
perfusion indices in the affected lung with a slow re-
gional redistribution in the contralateral lung was
found. However, lung scintigraphy showed the main-
taining of some local changes (even over 5 years after
the operation). These findings are valid for all cases of
uncomplicated pulmonary hydatid cyst of major and gi-
ant sizes included in study group 1.
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Table 1.
The distribution of surgical procedures performed in the subgroups of patients with pulmonary hydatid cyst
Group I, n=58 Group 11, n=33 Grgﬂi’g""
The technical procedure used %, % 95% %,
Cases | 95%Cl | Cases Cases | 95%
Cl
Cl Cl
17,24 18,18
Pulmonary echinococcectomy + pneumostomy 10 7,5212- 6 5,0209- 7 36,84
26,9614 31,3391
. . 20,69 21,21
+ -
oy ooy AT | s | sozaee | 7 | Tz | 2 | b0
31,1152 35,1578
Echinococcectomy + padding of the remaining
cavity by suturing in overlapped bursae with re- 20,69 27,21
sorbable threads and final “back-and-forth” sutur- 12 10,2648- 9 12,0751- 3 15,79
. 31,1152 42,4649
ing plan by plan
Echinococcectomy + suturing of the bronchial fis-
tula + filling with hemostatic collagen material + 17,24 18,18
padding of the remaining cavity by suturing in 10 7,5212- 6 5,0209- 2 10,53
overlapped bursae with resorbable threads and fi- 26,9614 31,3391
nal "back-and-forth" suturing plan by plan
Echinococcectomy + suturing of the bronchial fis-
tula + filling with hemostatic material with gelatin 1724 9.1
gnd pla'gelet concenf[rate_ + padding of the remain- | 7.5212- 3 -0,7130- 5 26,31
ing cavity by suturing in overlapped bursae with 26.9614 18.9130
resorbable threads and final “back-and-forth” su- ' !
turing plan by plan
6,9 6,06
Marginal (atypical) economic lung resections 4 0,3771- 2 -2,0807- 0
13,4229 14,2007
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Fig. 1. Patient P., 9 years old. Chest X-ray in 2 projections performed preoperatively (A, B) — a voluminous
oval-shaped formation located in the lower lobe of the left lung is found; C — preoperative lung scintigraphy
(perfusion) — significant decrease in blood flow in the middle and lower segments of the left lung; D — liver scin-
tigraphy — parenchymal changes

anterior

Fig. 2. Patient P., 9 years old. Chest X-ray in 2 projections performed at the time of hospital discharge (A),
where the partial dehiscence of the padding sutures is found, and the dehiscence of the closure suture of the
bronchus communicating with the remaining cavity is also confirmed at CT (B). C - postoperative pulmonary
scintigraphy (perfusion) performed on the 12th postoperative day: the perfusion changes observed are similar to
the preoperative result; D - X-ray of the chest taken 5 years after the operation: on the left parahilar, the defor-
mation of the lung pattern (reticular type) is maintained, without any nodular or cavitary formations, the costo-
diaphragmatic sinus is clear, a few supradiaphragmatic deposits are visualized. Conclusion: positive evolution,
local pneumofibrosis in regression; E - Pulmonary scintigraphy (perfusion) in 2 projections performed 5 years
after the surgery — on the background of an uneven distribution of the radiopharmaceutical substance in the left
lung with a moderate diffuse decrease of blood flow, in the S10 projection of the left lung, an area of hypoperfu-
sion of the substance is detected; in the right lung changes in blood flow are not detected.
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The use of the pneumostomy procedure in sub-
group 1 patients is determined by a relatively higher in-
cidence of complications compared to the padding pro-
cedure, but acceptable results have been obtained both
in cases of hydatid cyst of small and medium sizes, as
well as in the cysts of major sizes. Clinically, the early
postoperative period in the cases of using the pneu-
mostomy procedure evolved comparatively more seri-
ously with polypnea, cough, chest pain, early postoper-
ative radiography presenting a remaining cavity and re-
sidual free air in all 10 cases, WhICh usuaIIy reabsorbed

during the first 7-10 postoperative days. In the cases of
using the pneumostomy procedure, a negative pressure
was obtained in the pleural cavity within 3-5 days, the
duration of pleural drainage was 12 +4 days because of
the serous eliminations, the removal of the drainage
from the remaining cavity being performed within 32+
7 days. Radiologically, true signs of size reduction of
the residual cavity are observed after 30 days from the
surgery, and its obliteration - approximately after 60
days, signs of persistence of the residual cavities being
V|suaI|zed also after 120 days from the surgery (fig. 3).

Avram Olesea
-

Fig. 3. Patient A., 9 years old. ChestX -ray (A), preoperative CT (B) hydatid cyst of the left lung W|th com-
pression of the mediastinal organs, diffuse hyperinflation of the upper lobe of the left lung, adjacent pneumo-
fibrotic changes, thickening of the interlobular pleura; C - The intraoperative aspect of the residual cavity of

impressive sizes after the removal of the hydatid larvocyst; the presence of an air communication (communi-cat-
ing bronchus) with the residual cavity is observed; D — Chest X-ray taken on the 75th postoperative day: a sig-
nificant reduction of the residual cavity with perifocal infiltration and local thickening of the paracostal pleura
is noted; E — Chest X-ray taken 120 days postoperatively: signs of persistence of a small residual cavity with re-
sorption of perifocal infiltrative areas are visualized; F - Chest X-ray taken 1 year after surgery: disap-pearance
of the residual cavity with the presence of residual pneumofibrotic signs and contralateral compensa-tory em-
physema;

All 3 cases of persistent pneumothorax occured af-
ter suture dehiscence of the large-caliber bronchial clo-
sure with opening into the residual cavity. There were
6 cases of prolonged air leaks, which were resolved
conservatively by aspiration drainage. The postopera-
tive evolution of uncomplicated cases of pulmonary hy-
datid cyst included in group 2 was similar to group 1.
In the cases of using the pneumostomy procedure in
group 2 patients, the duration of pleural drainage was
16 +4 days, and the removal of the drain from the re-
maining cavity was performed within 41+ 6 days.

Despite the thorough closing of the air bronchial
communications, in all 6 cases of pneumostomy proce-
dure the persistence of the remaining cavity was found,
in 4 cases prolonged air leaks were found, of which 2
cases with the development of compressive pneumo-
thorax determined by the dehiscence of the sutures

closing the large caliber bronchial communications. In
the cases of using the padding of the remaining cavity,
the development of this complication was found in the
cases of the Delbe procedure - 3 cases, in one case with
the development of pneumothorax, in the padding of
the remaining cavity by suturing in superimposed bur-
sae with absorbable threads - 1 case and 1 case in the
padding and filling with collagen material of the re-
maining cavity. All cases of prolonged air leaks and
pneumothorax were solved conservatively. The case of
atelectasis diagnosed after the pneumostomy procedure
was solved with the help of bronchoscopy with com-
plete re-expansion of the atelectazed segment. There
were no cases of pleuro-pulmonary or wound septic
complications.
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The case of compressive pneumothorax, which de-
veloped as a result of the dehiscence of the closing su-
tures of the large-caliber bronchial communications
and the padding sutures in the case of using the padding
procedure of the remaining cavity, once again con-
firmed the veracity of the morphopathological results
found in operated patients included in group 2, who as-
sumed a major risk of developing some postoperative
complications, determined by the inflammatory-necro-
lytic processes of the fibrous capsule. It should be noted
that in group 2 a case of dehiscence of the padding su-
tures with the subsequent development of a compres-
sive pneumothorax was found in a patient with a me-
dium-sized hydatid cyst but with perifocal inflamma-
tion, the residual cavity being solved by using the
padding procedure according to Delbet.

All 3 cases of compressive pneumothorax detected
in group 2 patients developed after the Delbet proce-
dure (1 case) and pneumostomy (2 cases) had a serious
postoperative evolution, with the development of an in-
flammatory-destructive bronchopulmonary process,
the slow expansion of the collapsed lung and a long re-

covery period. In this context, we emphasize that a par-
tial re-expansion of the collapsed lung occured only
starting from the 8th day after this complication ap-
peared, this period having a duration of about 32 days,
subsequently being observed the period of gradual re-
absorption of the pneumonic infiltration with regres-
sion of the exudative pleurisy and the gradual oblitera-
tion of the remaining cavity, acceptable results of the
treatment being observed starting from the 8th month
after the surgical intervention. In study group 3, no re-
currence cases have been noticed up to this point.

In study group 3, where the majority of cases were
large and giant parasitic cysts, complete obliteration of
remaining cavities in patients with echinococcectomy
and pneumostomy occured in 155 + 32 days. In cases
of hydatid cyst complicated by endobronchial eruption,
the use of the padding procedure made it possible to
obtain obliteration of the residual cavity within 94 + 5
days. Even in giant forms, with significant inflamma-
tory changes, positive results were obtained (fig. 4). In
this group of patients, 2 cases of recurrent hydatid cyst
were found.

Fig. 4. Patient P.A., 11 years old. Preoperative CT (A, B, C): pulmonary hydatid cyst with endobronchial
eruption (floating membrane sign is visualized) located in the middle lobe of the right lung CT performed 62
days postoperatively ( D, E, F ) — obliteration of the remaining cavity with a perifocal infiltrative process is ob-
served

he persistence of the residual cavity characteristic
for the pneumostomy procedure in all cases of pulmo-
nary hydatid cyst complicated by rupture with pro-
longed air leakage, and the dehiscence of the sutures
closing the large-caliber bronchial communications

were the cause of developing the compressive pneumo-
thorax in 3 cases compared to the padding procedure (1
case). This fact can be explained by necrotic degenera-
tion changes of the pericystic layer that we found in the
morphopathological study and presented in the special-
ized literature [10].
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Table 2.

Comparative analysis of the incidence of postoperative complications in the 3 study subgroups according to the
procedure used for solving the remaining cavity

S Group 1 Group 2 Group 3
Type of complications 58 cases 33 cases 19 cases
Pns. Padd. Pns. Padd. Pns Padd.
10 cases 48 cases | 6 cases | 27 cases 7 cases 12 cases
. 2 2 1 0 1
Postoperative pneumothorax (20 %) - (30%) (3,7%) 3 (42,8%) (8.3%)
Cutaneous emphysema - - - - L -
pny (14,3%)
. . - 9 6 7 7
0, 0,
Persistence of residual cavities 10 (100%) (18.75%) | (100%) | (25.9%) (100 %) 4 (33,3%)
Prolonged air leak 4 1 4 4 7 i
(>7 days) (40%) (2,08%) (60%) | (14,8%) (100%)
Atelectasis - - - ! L -
(3,7 (14,3%)
. L 1
Septic complications - - - - (14.3%) -

*Note: Pns. - the remaining cavity solved by the pneumostomy procedure;
Padd. - the remaining cavity solved by the padding procedure;

The evaluation of the risk of development the
postoperative complications found out that in the first
subgroup the padding procedure is safer with a lower
risk of developing dehiscence of the padding sutures
and the persistence of residual cavities, in the evalua-
tion of the risk of developing complications such as
postoperative pneumothorax and prolonged air leaks
were not being found statistically true values. In sub-
group 2, in cases of pneumostomy procedure was a sig-
nificantly higher risk of developing dehiscence of pad-
ding sutures with the persistence of residual cavities,
but also of prolonged air leaks. In subgroup 3, the same
law is maintained, there is a greater risk of developing
the dehiscence of the padding sutures with the persis-
tence of the remaining cavity, not being found any sta-
tistically veridical comparative values in the evaluation
of the risk of developing other severe postoperative
complications.

The relative risk for the persistence of residual
cavities was found to be the highest in subgroup 1
RR=5.3 (95% CI: 2.9596 to 9.6108) and the lowest in
subgroup 3 RR=3.0 (95% Cl: 1.3478 t0 6.6777).

The comparison of the results from the three sub-
groups where the remaining cavity was solved by pneu-
mostomy or padding, according to the non-parametric
Pearson criterion, proved that there is no statistically
significant difference between the complications ob-
served in the study subgroups.

The treatment of the hydatid cyst became a topic
of discussion starting in 1804 when Laenec found that
these parasitic formations represent a phase of the life
cycle of a tapeworm, subsequently several surgical pro-
cedures and chemotherapeutic treatment schemes were
proposed [14, 21]. Despite the progresses made in the
medical treatment of hydatid cyst in children, the opti-
mal therapeutic option is not clearly defined [22, 28],
the treatment of choice remains surgery, which can be
performed safely, with low morbidity and minimal
mortality rates [15]. Lateroposterior thoracotomy tech-
nique with muscle preservation, originally proposed by

Noirclerc et al. in 1973 and later described by Bethen-
court and Holmes (1987) [3], was adapted and used in
thoracic surgery in neonates and children of various
ages with fairly good results [4, 17], including pulmo-
nary hydatid cyst surgery [23]. The thoracotomy with
muscle preservation procedure according to Jawad A.J.
(1997) provide an excellent exposure in the manage-
ment of neonatal and pediatric thoracic surgical pathol-
ogies, without intraoperative complications, with a
comparatively good postoperative cosmetic effect. And
if the removal of the parasitic larvocyst represents a
unanimously accepted opinion to resort to echinococ-
cectomy, then in the management of the residual cavity
there are several controversial opinions [14].

In hydatid cyst surgery, the effective resolution of
residual cavities is of a major importance, especially in
complicated forms. The non-padding procedure, ap-
plied in removal of residual cavities after echinococ-
cectomy, is presented by several authors as an alterna-
tive, since their padding does not shorten hospitaliza-
tion time and the duration of air removal through the
thoracic tube, nor does it prevent complications such as
empyema, persistence of fistulas and air leaks, recur-
rence [11, 12, 27]. Approaching and suturing the edges
of the residual cavity is not necessary, the lung paren-
chyma removes the space, and the surface of the lung
at the site of the residual cavity is covered by the pleura.
The non-padding procedure for the removal of residual
postechinococcectomy cavities is also supported in the
case of children [7].

The technical procedure of creating a direct com-
munication between the residual cavity and the pleural
space, with the liquidation of bronchial fistulas, and ex-
ternal drainage after the removal of the hydatid
metacestode, was proposed by Yacoubian H.D. and Da-
jani T. (1963), being considered applicable both in in-
tact forms of pulmonary hydatid cyst and in compli-
cated ones [29]. The method aims to maintain function-
ally uncompromised the pericystic lung tissue, the
efficiency and safety of this strategy being described by
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several authors [18]. This procedure, called the "pneu-
monostomy" technique, was also used in the treatment
of lung abscesses [20].

Several authors support the idea that the padding
of the residual cavities after echinococcectomy is not
an essential procedure in the surgical treatment of the
pulmonary hydatid cyst, being motivated by the ability
of the lung to expand with the disappearance of the cav-
ities after a short period of time after the surgery [12].
At the same time, some authors support the advantage
of surgical interventions with the preservation of the
lung parenchyma and padding of the residual cavity [2],
the usefulness of this technical procedure being also
supported by us, including in complicated forms of the
disease [5, 9]. This technique allows avoiding the de-
velopment of bronchopleural fistulas, the long persis-
tence of air leaks, the formation of purulent collections
in the residual cavity and in the pleural cavity, etc. [14].

The decision for lobectomy, supported by some
authors in certain situations [30], must be taken care-
fully even in cases of infected hydatid cysts, giant or
multiple cysts involving the same lobe [16, 19], instead,
the procedure with the preservation of the lung paren-
chyma being preferred [24] , especially in children and
in endemic areas, where the risk of recurrence is a real
concern [8, 13].

Conclusions:

1. The cystotomy procedure with the removal of
the parasitic larvocyst completed with the closure of the
air bronchial communications completed with filling
hemostatic collagen sponge, or sponge with gelatin and
platelet concentrate, and the padding of the remaining
cavity with the preservation of the adjacent lung paren-
chyma is an effective method of treating the pulmonary
hydatid cyst in children, this surgical method having a
lower incidence of postoperative morbidity compared
to pneumostomy procedure.

2. In uncomplicated pulmonary hydatid cyst in
children, the pericystic tissues have an increased poten-
tial of regeneration, which significantly influences the
favorable evolution of the processes of repair and oblit-
eration of remaining cavities in cases of dehiscence of
padding sutures. In this context, we believe that in cases
of dehiscence of padding sutures, children can be
treated conservatively.

3. The higher rate of postoperative complications
compared to the uncomplicated forms of the disease,
together with the presented evolutionary aspects, con-
firms the need to optimize the methods of surgical re-
moval of residual postechinococcectomy cavities in
cases of uncomplicated and complicated by rupture
pulmonary hydatid cyst with the aim of reducing post-
operative morbidity and duration of hospitalization,
there being major risks of developing complications in
cases of long persistence of residual cavities.
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The ever increasing development of our society has facilitated significant progress in nursing profession.

Healthcare practice for patients suffering from acute myocardial infarction requires that professional medical
nurses be constantly focused on various aspects of patients’ condition. The major impact factors that define the
specifics of the nursing care practice for these patients have proved to be providing of state-of-the-art effective
care services to enable the patients’ constant observation, assessment of the patients’ special needs and healthcare
planning based on the coronary syndrome progression. Delivery of high standards in healthcare practice in patients
suffering from acute myocardial infarction is seen impracticable unless new methodology and approaches are
introduced as to implementation of the nursing process concept and elaboration of a nursing care plan based on

the individual patient’s needs.

Keywords: healthcare, acute myocardial infarction, patients.

INTRODUCTION

Healthcare services have proved of significant im-
portance for the entire process of patients’ therapy. The
healthcare standards tend to contribute to a considera-
ble extent to a stable economy and a sustainable devel-
opment of medical institutions. The practice standards
serve as the fundamental method of assessment of the
healthcare services. Also, these may be instrumental to
comparability of the clinical outcomes and unified cri-
teria and approaches to prevent further complications.
The correct standard apprehension tends to ensure ever
higher quality healthcare standards for the benefit of
better efficiency, respectively. This may require an
analysis of the needs of patients suffering from acute
myocardial infarction, introduction of entirely new ap-
proach to services provided by healthcare professionals

in state-of-the-art clinics, lifetime enhancement of
qualifications to full satisfaction of the needs of
healthcare industry.

For the purposes of improvement of the healthcare
practice standards in delivery of services to patients
suffering from acute myocardial infarction, the medical
nurse education assigns to medical nurses a new role to
play and assumption of duties and responsibilities de-
manding specific knowledge to be acquired throughout
continuing training and certifications. Every nurse in
the present days must be the face which with his/her
knowledge and competency shall address the ever in-
creasing healthcare needs of population.

OBJECT

This research is aimed at analyzing the nurses’
opinions with respect to the healthcare issues, services
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and practice standards for patients suffering from acute
myocardial infarction.

RESOURCES AND METHODOLOGY

This research extends to medical nurses operating
in the departments of cardiology in three multi-discipli-
nary hospitals across the North-Western Bulgaria as to
Multi-Disciplinary Hospital of Active Treatment
“Christo Botev” of Vratsa, Multi-Disciplinary Hospital
of Active Treatment “Stamen Iliev” of Montana and
Multi-Disciplinary Hospital of Active Treatment “Saint
Petka” of Vidin. As many as 150 medical nurses have
been inquired by the tool of direct anonymous survey.
The survey data has been processed by means of the
SPSS v.19 statistical computer programme featuring
qualitative and quantitative parameters for identifica-
tion of pending issues.

This research has been patronized by the Ministry
of Education and Science under the “Young Scientists
and Post-Doctoral Fellows-2” National Programme.

RESULTS AND DISCUSSIONS

The healthcare practice standards in patients suf-
fering from acute myocardial infarction proves to be in
direct interdependence with the present day profes-
sional training of medical nurses. Pursuing of a policy

34,5%

40 24.19
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very necessary
it is necessary

and implementation of measures with respect to the
healthcare practice standards in modern times involves
continual improvement and expansion of objectives
and activities of the organization and its personnel
training. The medical nurses training is aiming to inten-
sively provide information of the proper result evalua-
tion, extension of aid and support to patients, carrying
novelty into practice in compliance with the ethical and
professional standards.

For the benefit of improvement of the healthcare
practice standards in the medical institutions, it be-
comes necessary for the medical nurses to have ade-
quate training in order to meet our society needs and to
avail themselves of alternatives to their professional ca-
reers.

Most of the nursing personnel (75,6%) admit the
need of conducting a special profile training in provid-
ing healthcare services for patients suffering from acute
myocardial infarction. Whereas for 34,5%, it is a case
of absolute necessity, for 24,1%, it is necessary, while
for 17.0%, it is occasionally required. According to
24.4% of them, special profile training for medical
nurses proves of little avail, while assumptions as to
there is no need are never checked (Figure 1).

24‘4‘io
17|l°i

necessary in

part is not necessary

Figure 1. Necessity of special profile training of medical nurses in providing healthcare services to patients
suffering from acute myocardial infarction

For the purposes of improvement of the nursing
healthcare practice standards in various medical insti-
tutions, a multitude of methodology and tools, meeting
the local rules and regulations, have been implemented
with respect to the medical services delivered to pa-
tients suffering from acute myocardial infarction.

The nursing process, the nurses’ diagnoses and the
nursing healthcare plan are considered an entirely new
approach in the medical nurses’ training. The nursing
process represents a significant part of the nursing prac-
tice and is considered a key factor for enhancement of
healthcare practice standards in providing services to
patients suffering from acute myocardial infarction. We
therefore have come up with a decision to examine the
levels of knowledge of medical nurses of the nursing

process. Out of 44,5% of the medical nurses involved
in the survey report a thorough knowledge of the nurs-
ing process, whereas 48,6% are only partially familiar
with it, while at least 6,9% declare no knowledge of the
nursing process. In view of the various obstacles, and
first and foremost, the lack of unified standardized
nursing record system in our country, we have posed a
question to the medical nurses, as follows: “Does the
Nursing Process apply in Your clinic? “Some 25.6% of
the medical nurses inquired report that the Nursing Pro-
cess has been implemented in their medical institution.
Whereas as much as 54,2% report that separate stages
of it are only put into practice, 20,2% contend it has
never been applied (Figure 2).
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Figure 2. Opinion of medical nurses of putting into practice of the Nursing Process for patients suffering from
Myocardial infarction

Nowadays the role of the medical nurse is related
to the Nursing Process to ensure continual high stand-
ard and adequate professional healthcare services.
81,1% out of the medical nurses inquired of the criteria
determining the needs of patients suffering from acute
myocardial infarction, point out to “the measured so-
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matic indices”, some 13,9% of the medical profession-
als involved in the survey indicate that the criteria for
assessment of the patients’ needs is defined “by 141
basic needs of Virginia Henderson”, while 3,0% define
“at the request of the patient and his/her relatives” and
2,0% - “within my own discretion” (Figure 3).

3,0%

2,0%

at the patient's request  at personal discretion

Figure 3. Criteria to define the needs of patients of nursing cares

It is generally considered that the lack of medical
nurses’ knowledge of the nature of the Nursing Process
is a consequence of non-availability of a standing prac-
tice established in diagnostication from medical nurses
in Bulgaria and a decision-making process of their own.
The respond given by the patients is regarded an evi-
dence of non-implementation of the Nursing Process.
As much as 52,8% of them purport to be not satisfied,
some 21,1% are not satisfied to the utmost. 26,1%, at
the very least, claim to be satisfied.

The care plan is an integral part of the nursing pro-
cess following the patient’s needs identification stage.
Therein are laid down the short-, middle- and long-term
objectives. The care plan incorporates the treatment,
patient’s expectations, training and the medical nurses’

recommendations aimed at setting up modern and ef-
fective care arrangements to facilitate the medical
nurses’ continual observation of the patient, assessment
of the needs of special nursing care and the care plan-
ning according to the acute coronary syndrome pro-
gression. We therefore have posed a question, as fol-
lows: “Do you envisage working out care plans upon
admitting patients suffering from acute myocardial in-
farction to Your clinic?” The respond to this question
that prevails amongst the medical nurses inquired —
61,7% is defined as “Yes, we have such plans elabo-
rated”, while for 33,5% of them it reads “There are oc-
casional plans worked out” and at least 4,8% point out
“No, there is no such plan in the making” (Figure 4).
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Figure 4. Allocation of the medical nurses taking part in the healthcare plan elaboration

Evident from the survey outcome, the now estab-
lished organization has only occasionally facilitated
working out a nursing care plan for the patients suffer-
ing from acute myocardial infarction which is indica-
tive of the need of a sweeping change of the organiza-
tion to enable performance of care services as per a pre-
meditated plan. Delivery of high standards healthcare
practice for patients suffering from acute myocardial
infarction is not likely to succeed until new methodol-
ogy and approaches of cares are introduced and imple-
mented as to elaboration of a nursing care plan based
on the individual patient’s needs.

According to most of the medical nurses — 61,4%,
they fully meet the knowledge, skills and qualifications
requirements. However, the medical nurse profession is
closely related to its core activity progress which con-
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sists in improvement of the healthcare practice stand-
ards. To the question “What do You think does turn to
be conducive to the utmost extent to improvement of
the healthcare practice standards in patients suffering
from acute myocardial infarction?”, the general opinion
of the medical nurses surveyed - 63,6% is “enhance-
ment of the personnel qualifications”. Some 20,8%
consider that “improvement of the work arrangements”
shall translate into enhancement of the practice stand-
ards of the care services provided. At least 4,4% out of
the surveyed have point out “the improvement of the
general medical institution hygiene” as a method for
higher healthcare practice standards. 11,2% of the per-
sonnel consider that “the improvement of the personnel
attitude toward the patient” may turn fundamental to
the enhancement of the healthcare practice standards
(Figure 5).

11,2%

improve the attitude of
the staff

4,4%
L

improving hygiene

Figure 5. Medical nurses’ opinion for enhancement of the healthcare practice standards

The opinion of more than half of the medical
nurses (74,2%) is that there shall occur a change in at-
titude towards the patients during their hospitalization.
They themselves would recommend a stronger patient
commitment in observance of the hospital rules and
regimen and stimulation of the patient co-operation in
performing the prescribed therapy and providing nurs-
ing cares.

Healthcare services for patients suffering from
acute myocardial infarction must meet the requirements
arising out of or connected with the specifics and the

patient’s needs of care, on the one hand, and on the
other, create conditions for the personnel to deliver high
standards and effective care. The present day hospital
services require specific medical technologies and high
quality medical materials and supplies. However, better
results are only feasible depending on the available ser-
vices provided and the order of procedures involved in
the entire medical and diagnostic process.

To contribute to higher healthcare practice stand-
ards in patients suffering from acute myocardial infarc-
tion, the medical nurses must always strive to advance
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the already acquired theoretical knowledge and practi-
cal skills by way of qualification enhancement. A con-
siderable share takes the opinion of the medical nurses
(92,5 %), according to which additional training
courses to enhance the medical nurses’ qualifications to
deliver services to patients suffering from acute myo-
cardial infarction should be set as a requirement.

76,7%
80
60

40 15,8%
2 —>

absolutely necessary

only on certain
matters

Whereas as much as 76,7% of them consider it an ab-
solute necessity, some 15,8% of the medical nurses re-
gard additional training necessary to address specific
issues, while the remaining 7,5% dismiss the need of
supplementary training courses (Figure 6).

7,5% '

they don't need
training

Figure 6. Requirements for continuing education courses for medical nurses

CONCLUSIONS:

Nursing profession is based on the basic human
needs and necessities. However, advances in medical
sciences add new dimensions. The nursing care ser-
vices are conceived to enable medical nurses to deliver
adequate cares for the patients while rendering an ac-
count of their general condition and medical examina-
tions and prescribed therapy as planned by their attend-
ing physicians.

Hence the requirement to be satisfied by the med-
ical nurses who must be able to perform not only their
autonomous functions but also those arising out of or
connected with medical doctors’ prescribed therapy in
line with the urgency, intensity and the patient’s toler-
ance to invasive (or surgical) procedures and therapeu-
tic treatment. Nowadays delivery of high healthcare
practice standards in the cardiologic departments tends
to be impracticable unless new care methodology and
approaches are implemented as to elaboration of a nurs-
ing care plan based on the individual needs of patients
suffering from acute myocardial infarction.

All things considered, the incorporation of new
models and principles in the action of healthcare pro-
fessionals and introduction of standards, rules and reg-
ulations to promote better cardiologic nursing practice
have been acknowledged and confirmed in due course.
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ABSTRACT

The use of new oral anticoagulants as efficient antithrombotic medications is common in clinical settings.
Examples include the direct thrombin inhibitor dabigatran and the selective (XA) factor inhibitors rivaroxaban and
apixaban. These medications have the ability to cause G-B without the need for oral administration. The case
histories of 150 patients with gastrointestinal bleeding were retrospectively analyzed, and it was shown that
66.67% of the patients were men and 33.33% were women. Heart disease affected 22% of the patients, and the
cardiac output fraction was -38.32.11%. After being admitted to the intensive care unit (ICU), 24 hours after ad-
mission, and 48 hours after admission, dynamic changes in cardiac biomarkers were examined. The BNP concen-
tration was 30 times higher than the upper limit of normal at the first stage and decreased in dynamics (p1<0.001)
at later stages. CK-MB was high at stage | and 1.25 times at stage 11 (p1<0.05); in stage Ill, it decreased by 1.76
times (p1<0.01). The concentration of cTn was 27.66 times higher than normal in stage I. 1.64 times in stage Il
(p1<0.05); in stage 111, it decreased by 2.45 times (p1<0.01). Based on the results of cardiac markers, these markers
are of great prognostic value in the treatment of gastrointestinal bleeding. In the course of the studies, it was found
that, despite heart damage, in 33 out of 150 patients, the concentration of troponin was high in 43.33% of patients,
and the BNP concentration was high in 40% of patients. We do not consider it appropriate to use hemostatic drugs
in these patients. During treatment, high doses of proton pump inhibitors, fresh frozen plasma, drugs that improve

cardiac metabolism, and intravenous nitroglycerin are recommended.
Keywords: ischemic heart diseases, myocardial infarction, gastrointestinal bleeding, proton pump inhibitors,

troponin, brain natriuretic peptide, cardiac biomarkers.

INTRODUCTION

Since 2009, using straight oral anticoagulants has
been associated with significant gastrointestinal bleed-
ing [1]. Increased usage of antiplatelet medications
(APD) in cardiovascular diseases, notably in geriatric
and senile patients, results in greater gastrointestinal
bleeding (GIB) [2]. The risk of significant bleeding in-
creases with the length of APD treatment [3].

PURPOSE

We discuss our findings in our research on the pre-
dictive significance of cardiac indicators in the man-
agement of G-B patients. Based on patient histories and
laboratory test numbers, the Ethics Committee granted
the co-authors permission to write articles while keep-
ing the patients' identity. We are aware of the Republic
of Azerbaijan's Ministry of Health's resolution No. 137

from December 29, 2011 regarding the standards for
physicians' ethical behavior.

MATERIALS AND METHODS

In 2015-2022 we analyzed the clinical materials of
150 patients who applied with a diagnosis of "Gastro-
intestinal bleeding". 100 patients (66.67%) are men, 50
patients (33.33%) are women. Patients aged 20-40
years - 20 (13.33%) people; 12 (8%) patients aged 41-
50 years; 46 (30.67%) patients aged 51-60 years; Pa-
tients with 60? are 72 (48%) people. The age of the pa-
tients was 56.44+21.03 years, weight 73.81+£7.56 kg.
Patients who applied to the hospital underwent appro-
priate examinations. The diagnosis was established on
the basis of generally accepted clinical and anamnestic,
laboratory, functional examinations (FEGDS, ECG,
EchoCG), general and biochemical blood tests, respira-
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tion, metabolism and cardiopanel, brain natriuretic pep-
tide (BNP), an extensive coagulogram, the acid-base
balance of the blood was also studied. Duodenal ulcer
in 50% of patients; gastric ulcer in 14.67%; 5.33% had
esophageal varices; 13.33% had a malignant gastric ul-
cer; 6.67% had anastomotic ulcer after resection of the
stomach according to Bilroth Il; Mallory-Weiss syn-
drome in 4%; In 3.33% of cases, necrotic lesions of the
mucous membranes after a chemical burn of the esoph-
agus, and in 2.67% of cases of rupture of the lower 1/3
of the esophagus caused gastrointestinal bleeding. 48
out of 150 patients (32%) regularly take antiplatelet
agents (warfarin, rivaroxaban, clopitogrel, etc.); 6 peo-
ple (4%) were taking steroid and non-steroid drugs
orally due to a history of rheumatoid arthritis and bron-
chial asthma. 64% of patients did not take any medica-
tions and received specialized treatment in a hospital
with a diagnosis of GIB. In addition, 80.67% of the 150
patients had comorbidities. Only 33 (22%) of these pa-
tients had heart disease and a history of oral antiplatelet
agents, and the cardiac output fraction in the EXO study
was -38.3+2.11%. In 3.22% of patients, hypokinesia
was noted on the posterior wall of the myocardium, in
1.29% - areas of akinesia. Profound anemia and home-

ostasis disorders developed in 58.71% of patients. 3 pa-
tients (2%) ended in death. Thus, the cause of death in
1 patient was respiratory failure as a result of myasthe-
nia gravis, and in 2 patients acute heart failure devel-
oped as a result of acute coronary syndrome and cardi-
ogenic shock. Statistical processing of the obtained nu-
merical data: using the U-Wilcoxon (Mann-Whitney)
rank test of quantitative indicators in the EXCEL-2010
spreadsheet, the average values and statistical errors of
the obtained parameters were calculated, and the results
were summarized in tables and charts.

RESULTS AND iTS DiSCUSSION

Dynamic changes in cardiac biomarkers in pa-
tients were studied in 3 stages. Stage I, period included
in ICU; Stage Il - 24 hours after admission to the ICU;
the third stage covers the next 48 hours. Cardiac bi-
omarkers and enzymes in the blood can increase for
various reasons: stress, inflammation, hypoxia during
perfusion [8]. Myoglobin is considered a potential
marker of cardiac muscle damage and assessment of
cardiac function [10]. Since the specificity of elevated
myoglobin is low, and creatine kinase (CK-MB), car-
diac troponin (cTn), the study of brain natriuretic pep-
tide (BNP) in the early prognosis of heart failure is of
great diagnostic value, which is reflected in Table 1.

Table 1.
Dynamics of cardiac biomarkers
Indicators Stage | Stage Il Stage 1l
Brain natriuretic peptide (pg/ml) 15207,4 £1363,71 10395,41 £1003,88** | 4521,7 £491,7***
Creatine kinase MB (U/I) 28,12 +£3,82 22,41 +£2,80* 16,01 £2,02%*
Troponin ng/ml (cTn) 13,83 +£2,07 8,45 £0,92* 5,65 £0,54*

Note: The statistical integrity of the difference between indicators at different stages in patients: Compared to

stage | *- p1<0,05; **- p;<0,01; ***- p1<0,01.

The concentration of BNP was 30 times higher
than the upper limit of normal at stage | and amounted
to 15207.4+1363.71 pg/ml. Although this indicator de-
creased by 1.46 times (p1<0.01) in stage Il, it remained
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| stage

20.8 times higher than the upper limit of normal. At
stage Ill, this indicator decreased by 3.36 times
(p1<0.001) compared with stage I, but remained 9.04
times higher than the upper limit of normal (Fig. 5).

*k%

Il stage

11 stage

Figure 5. Dynamic changes of BNP in patients with GIB
Note: Statistics of the difference between indicators at different stages in patients integrity: compared to stage

I *- p1<0,05; **- p1<0,01; ***- p,<0,01.

CK-MB in stage [ was 28.12+3.82 U/, which ex-
ceeded the upper limit of the norm by 1.41 times. At the
Il stage, this indicator is 1.25 times higher than the |
stage (p:1<0.05); At the Il stage, it decreased by 1.76
times (p1<0.01) compared to the | stage and reached the

normal level. The concentration of cTn in stage | was
13.83 + 2.07 ng/ml, which is 27.66 times higher than
normal. Although this indicator decreased by 1.64
times (p1<0.05) in the Il stage, it remained higher than
the norm by 16.9 times. At the Il stage, this indicator
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decreased by 2.45 times (p1<0.01) compared to the |
stage, but remained higher than the norm by 11.3 times

(Fig. 6).
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Figure 6. Dynamic changes of troponin (cTn) in patients with GIB
Note: Statistics of the difference between indicators at different stages in patients integrity: compared to stage

I *- p1<0,05; **- p;<0,01; ***- p1<0,01.

TREATMENT

Patients should undergo an urgent FEGDS
examination during the treatment of acute GiB. In the
treatment of patients who develop upper GIB, our first
strategy is to reduce the erythrocyte mass to 5 ml/kg if
Hb<9 dc/l; With PLT < 60x10%1, the platelet mass is
6.8 ml/kg; fresh frozen plasma 8 ml/kg, as well as

colloidal  solutions were transfused into iv.
Additionally, proton pump inhibitors - 22 mcg / kg;
aprotinin  -30000 IU; drugs that improve the

metabolism of the heart (Flazifin, Faziton, Sterlozin)
67.7 mg/kg per day; intravenous administration of
potassium and antiarrhythmic drugs. Oxygen
insufflation with a nasal cannula should also be applied
regularly. In the case of Forest 1b, 6.68% used
endoscopic electrocoagulation, 5.33% had ligatures for
bleeding varicose veins. Given the presence of
comorbidities identified using Forest 2c, patients were
treated conservatively and recovered. Forest la
identified 8% of patients on an emergency basis;
21.33% of patients identified with Forest 2a underwent
elective surgery.

RESULT

In the course of our study, it was revealed that,
despite heart failure, troponin concentration in 33 out
of 150 patients in 65 (43.33%) patients; BNP
concentration was high in 60 (40%) patients. Based on
the results of cardiac markers, it can be said that these
markers have a large prognostic value in the treatment
of GIB. We do not consider it expedient to use
hemostatic drugs in these patients. Because patients
with GIB with high cardiac markers may develop
myocardial infarction and heart failure.

DiSCUSSION

According to Gridnev A.E. and co-authors, the use
of hemostatic drugs (octreotide, etamsylate,
aminocaproic acid, vikasol), etc., protein solutions,
rheopolyglucin, prednisolone in the treatment of GIB is
advisable. According to scientists, these drugs inhibit
kinins, stabilize fibrin and its accumulation in the
vascular beds, and cause aggregation of platelets and
erythrocytes [6]. A number of scientists believe that
aminocaproic acid and tranexan cannot prevent

coagulopathy in gastric bleeding caused by antiplatelet
drugs [9,10]. Rao V.L. et al argue that bleeding should
be controlled primarily endoscopically in patients with
or without anticoagulant therapy [12]. Rhanderson N
Cardoso believes that proton pump inhibitors should
also be given long-term to patients with heart disease
taking oral clopitogrel [13]. According to Truman J.
Milling, it is reasonable to use the anticoagulant
monoclonal antibody idarucizumab, produced by
Boehringer Ingelheim under the brand name Praxbind,
for patients with severe gastrointestinal bleeding
receiving oral rivaroxaban from anticoagulants [14]. In
an experiment, Wei Zhou et al. administered
prothrombin complex concentrate (100 U/kg), mouse
fresh frozen plasma (200 pl) or recombinant human
factor Vlla (1 mg/kg) during cerebral hemorrhage in
mice treated with rivaroxaban. Prothrombin complex
concentrate, factor Vlla, and fresh frozen plasma
prevented the development of intracerebral hematoma
associated with rivaroxaban [15]. Dhakal P. considers
it more appropriate to use new generation drugs -
prothrombin complex concentrate (Kofakt) with blood
coagulation factors I, VII, IX and X in life-threatening
gastric bleeding caused by the wuse of oral
anticoagulants [4]. If GIB occurs in patients with
chronic 1schemic heart disease and atrial fibrillation
receiving anticoagulant therapy, the European Heart
Rhythm Association recommends stopping bleeding by
conservative and endoscopic methods and reducing the
dose of APD by promptly identifying a threat to the life
of the patient. [5,7]. Pan K.L. and his co-authors
consider it more appropriate to prescribe vitamin K
preparation (Konakion) as an antagonist along with the
endoscopic method [11].

Thus, in the treatment of GIB by timely
determination of the rate, volume, localization and type
of bleeding of the source of blood loss, discontinuation
of oral anticoagulants of direct action, as well as
normalization of circulating blood volume with the use
of proton pump inhibitors, aprotinin 30,000 Wh/day
and fresh frozen plasma in large quantities we
recommend dose infusion.
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Aim: The purpose of this study is to evaluate the use of titanium mesh as a reconstruction material in cases
of orbital blowout fractures, and its advantages. Methods: This study was conducted at the university hospital
Burgas, Bulgaria from February 2021 to January 2023. All the cases were operated on in 24 months. The recorded
data included age, gender, and cause of trauma Results: 14 of 20 were males and 6 were females. Motor vehicle
accident was the most common cause of trauma, aggression was the second cause. All patients with enophthalmos
or ocular motility disorders improved. No patients required reoperation. Conclusion: Titanium mesh was highly
effective for the sealing of orbital wall defects and improvement of symptoms, with no major complications. Ti-

tanium mesh is a good orbital reconstruction material.

Keywords: titanium implants, orbital blowout fractures, reconstruction.

INTRODUCTION

Orbital blowout fractures are one of the most chal-
lenging injuries in the management of maxillofacial
trauma. The term ‘'blow-out fracture’ was coined in
1957, when Smith and Regan[1] described the mecha-
nism of injury. They produced an impact on the orbital
soft tissues, increasing hydraulic pressure, and causing
the thin, internal walls to fracture. Soft tissues were dis-
placed or incarcerated, correlating with enophthalmos
and restricted motility. Fujino later disputed this theory
and proposed that a direct compression force or buck-
ling force transmitted via the orbital rim was the caus-
ative factor for orbital floor fractures[2]. This theory of
bone conduction or ‘tsunami' mechanism of injury was
first proposed by LeFort and Lagrange at the turn of the
century. Erling et al recently resurrected an older theory
on the etiology of orbital fractures that was first de-
scribed by Pfeiffer in 1943. They proposed that the re-
sponsible mechanism of fracture is direct globe-to-wall
contact; i.e. posterior movement of the globe, in re-
sponse to an external force, results in a fracture upon
direct contact.[3,4]

Orbital fractures account for 30% to 55% of all fa-
cial fractures. The most frequent etiology varies ac-
cording to gender: in men, these fractures are more fre-
quently the result of aggression, whereas, in women,
the most frequent cause is an accidental fall. Fractures
can be classified differently according to the degree of
displacement, the degree of gravity and the fracture pat-
tern, the degree of segmentation and comminution, and
the strength applied against the bone, as well as accord-
ing to the combination of their location, the number of
fragments and the soft tissues affected [5,6].

According to a manuscript published in 2003, the
ability of titanium mesh to conform to the contours of
the orbit makes it a better material for reconstructing
not only isolated floor fractures but also those defects
that involve both the floor and medial wall, and this is
partially based on the finding that many of the bone
grafts used are too thick: decreasing orbital volume
compared with the uninjured side and also elevating the
floor in the anterior orbit creates an adverse effect ele-
vating the globe.[7]

The most commonly noted features of orbital
blowout fractures include periorbital edema, subcon-
junctival hemorrhage, diplopia, enophthalmos, extraoc-
ular muscle entrapment, and restriction of eye move-
ment. Indications for surgery can be enophthalmos (>2
mm), extraocular muscle entrapment with diplopia,
large floor fractures (>50%), and oculocardiac re-
flex.[8]

The goal of treatment is a restoration of the ana-
tomic and functional defects of the globe. Recently, nu-
merous approaches for the reduction of orbital floor
fractures have been proposed including transorbital,
transantral, and transnasal using endoscopy. Various
materials have been introduced to cover the floor defect
or support the prolapsed orbital contents from the max-
illary sinus [9].

MATERIALS AND METHODS

This study was conducted at the university hospi-
tal Burgas, Bulgaria from February 2021 to January
2023. All the cases were operated on in 24 months.

All the patients underwent a complete ENT exam-
ination. CT scan was done in all cases. All patients were
systemically evaluated and investigated to rule out any
contraindications for surgery under general anesthesia.

All the patients were operated on under general
anesthesia. A forced duction test was performed at the
beginning. The pupillary response was checked at fre-
quent intervals. Other associated fractures were re-
duced before orbital floor exploration. Traditionally,
the orbital floor is accessed transcutaneously via infra-
orbital or via preexisting lacerations. Starting soft tissue
dissection up to the infraorbital rim, opening perios-
teum and subperiosteal dissection deep to the orbital
floor, deep in the orbit a malleable retractor is used to
elevate the orbital tissues and improve visibility to
properly identify the orbital fracture defect, reduction
of the herniated orbital contents from side to side to
avoid penetration of the orbital tissues. A titanium
mesh was placed to achieve overcorrection of the globe
position.

The final angulation between the anterior portion
of the mesh used for fixation and the "intraorbital" por-
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tion of the mesh supporting the globe was closely tai-
lored to achieve a slight overcorrection of the globe po-
sition. The mesh was fixed with one titanium screw at
the inferior orbital rim. An incision was closed in lay-
ers.

RESULTS

Sex and age of the patients:

In this study, 20 patients (14 males and 6 females;
age, 18-83 years; mean age, 43.6 years) with unilateral
orbital floor underwent orbital restoration surgery using
a titanium mesh plate. The majority of patients were
male (70%). Among the etiological factors, the most
prevalent were related to means of transport, compris-
ing 55% of the studied population, followed by physi-
cal aggression with 25%, and falls with 20% fractures.
There were (65%)simple facial fractures (a single frac-
ture in the face) and (35%) multiple facial fractures. In-
dications for orbital fracture repair included medium to
large fractures of one or more walls, and comminuted
or non-comminuted displaced orbital rims. The average
surgical timing was 8.2 days after the injury (range, 9—
33 days). There were no intraoperative complications
such as damage to the globe or the optic nerve or unex-
pected hemorrhage.

There were no postoperative complications like
bleeding, vision loss, infection, and implant extrusion.
No vision loss or decline occurred in any patients post-
operation. None of the patients showed any clinical for-
eign-body reactions. There was no evidence of infec-
tion.

DISCUSSION

Management of complex orbital fracture includes
accurate orbital margin reduction, anatomic reconstruc-
tion of orbital wall, and fulfillment of intraorbital con-
tents[10]. The surgeon can adjust the curvature of tita-
nium mesh to reduce orbital volume instead of increas-
ing fulfilling contents. Accurate reduction of the orbital
margin is fundamental to the anatomic reconstructions
of the orbital wall, which can be favorably conducted
by titanium plate and nail fixation after orbital margin
reduction[11]. Attention should be paid to orbital wall
reconstruction. The incision should be made at the or-
bital margin to excise the periosteum; tissues should be
separated under the periosteum while maintaining its
intact; herniated tissues should be reduced after expos-
ing the fracture site to release extraocular muscle com-
pression. Concerning the materials, titanium mesh can
be easily fixed with little incidence of slippage.

However, titanium mesh is hard and iatrogenic
injury is likely to occur if it is not appropriately im-
planted[12]. We use titanium mesh to repair orbital
wall defects and a titanium plate to repair fractures of
the orbital margin. Consequently, no complication of
iatrogenic injury, infection, discharging, and displace-
ment was reported. The transorbital approach is cur-
rently regarded as the mainstream method for the re-
duction of blowout fractures of the inferior orbital wall.
Titanium has good biocompatibility, strength, and os-
teointegration properties. It is radio-opaque and has
been successfully used for craniomaxillofacial osteo-
synthesis for several decades. A pre-contoured titanium
mesh is precut and contoured to mimic the native or-
bital anatomy based on normative data and adult skull

models. It can be easily trimmed to the required size
and permits easy and quick contouring while maintain-
ing its shape once contoured. It also provides plenty of
options for fixation depending on individual fracture
patterns. This allows precise volume restoration, saves
operative time, and eliminates donor site morbid-
ity.[13]

Tang et al used rapid prototyping and titanium
mesh reconstruction to achieve orbital volumes within
2% of the uninjured side; however, 16/41 (34%) sub-
jects still had persistent enophthalmos. [14]

The present study showed that complex orbital
fracture had male predominance (70%), and the traffic
accident (55%) is a leading cause. This result is under
the report of Gear et al[15] In contrast, Hwang et al[16]
reported that although the fracture had male predomi-
nance, the leading cause was fighting, followed by a
traffic accident. But, as Hwang et al analyzed the causes
based on orbital fractures caused by both simple blow-
out fractures and complex fractures instead of separat-
ing complex orbital fractures, the results are not contra-
dictory.

Concerning the timing of the surgery, most au-
thors propose early surgical intervention[17]. Early in-
tervention can reduce the herniated soft tissue back into
a normal position, thereby reducing the incidence of is-
chemia, scar-forming, necrosis, and atrophy of intraor-
bital soft tissues and facilitating recovery of the appear-
ance and function. If the operation is conducted later,
soft tissues around the orbit may adhere extensively,
showing scar formation and atrophy.

CONCLUSION

The orbital wall is one of the most frequently dam-
aged parts of the maxillofacial skeleton after midfacial
trauma. Regardless of the fracture site, blowout frac-
tures can cause various functional and aesthetic seque-
lae. Blowout fractures are one of the most challenging
injuries in the management of maxillofacial trauma.
Despite significant advances in our understanding of
these injuries, a universal "ideal" reconstructive mate-
rial remains elusive. We have attempted to elaborate on
our experience with pre-contoured mesh, which re-
stores orbital wall anatomy, is safe, quick, fairly easy,
and reproducible with a shorter learning curve. Accord-
ing to our work, we found it can be adapted to complex
structures easily, and it can also be cut to shape as well.
Proper patient selection and execution, pre-contoured
titanium mesh can serve as an excellent reconstructive
option in blowout fractures of the orbit.
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The purpose of the article is to analyze the state of professional training of future teachers of foreign languages
in higher education institutions of Ukraine. Having considered the framework conditions and additional opportu-
nities available in Ukraine for the organization and provision of proper training of future teachers of foreign lan-
guages, a study of its condition was conducted by means of a questionnaire of higher education applicants and a
survey of teachers. The obtained findings of the study indicate the need to improve the professional training of
future teachers of foreign languages in the way of considerable improvement of informing them about the essence
and content of professional activity as well as focusing on constant self-development and motivation for personal

and professional self-improvement.
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institutions of higher education.

Today’s development of society challenges higher
education institutions to train competent, highly quali-
fied and competitive specialists, ready to independently
and effectively solve problems in their future profes-
sional activity, seeking constant self-improvement and
self-realization.

The European integration movement of Ukraine
and the development of international contacts with for-
eign countries contribute to increasing the importance
of training specialists who know a foreign language.
English and German, as the official languages of the
EU, are an integral part of the European and world
space and contribute to the establishment of interna-
tional partnership relations.

The training of foreign language teachers in peda-
gogical institutions of higher education has been re-
flected in a number of publications (S. Amelina, V.
Bezliudna, N. Bidiuk, I. Biletska, I. Bim, H. Bondar, A.
Kolisnichenko, O. Mysechko, S. Nikolaieva, S. Shan-
druk and others).

The issue of professional development of prospec-
tive teachers, their mastery of pedagogical technologies
has been studied by V. Andrushchenko, I. Bekh, O.
Braslavska, M. Chepil, T. Hodovaniuk, O. Hryshkova, V.
Kovalchuk, V. Luhovyi, V. Maiboroda, L. Orshanskyi,
S. Sovhira, N. Sydorchuk, M. Yevtukh and others.

The purpose of the article is to analyze the state of
professional training of future teachers of foreign lan-
guages in higher education institutions of Ukraine.

A characteristic feature of the professional train-
ing of future teachers of foreign languages at the current
stage is primarily the possibility to be guided by All-
European recommendations on language education,
which are not a standard or curriculum for language
learning, but are designed to serve two main purposes.
First, to encourage different categories of practitioners
in the field of languages, including students them-
selves, to ponder over the goals of language learning,

progress in this process, self-observation, as well as to
make it easier for teachers to communicate with each
other and with their students, to help students achieve
success. Secondly, as the developers note, the purpose
of All-European recommendations on language educa-
tion is not to give orders or even recommendations to
use a certain method, but to present guidelines. A valu-
able component of the Recommendations is a scale of
descriptors of levels of language proficiency, which en-
ables assessment and self-assessment of the progress of
language learners in the process of mastering the lan-
guage and speech knowledge and skills.

For a thorough study of the state of training of fu-
ture teachers of foreign languages in institutions of
higher education based on the acmeological approach,
it is important to analyze the educational and profes-
sional program “Secondary Education (Language and
Literature (English, German))” of a number of peda-
gogical institutions of higher education in Ukraine. The
significance of the conducted analysis is conditioned by
the lack of an approved standard of higher education in
specialty 014 Secondary Education.

At the current stage, training of future teachers of
foreign languages in institutions of higher education is
carried out according to educational programs that con-
tain program competencies — integral, general and pro-
fessional. Integral competence is the ability of an indi-
vidual to solve complex tasks and practical problems in
the field of education, in the teaching of a basic foreign
language and literature, a second foreign language,
which involves the application of theories and methods
of pedagogical science under modern conditions of the
organization of the educational process in educational
institutions.

Generic competences cover a range of abilities de-
fined by the institutions of higher education selected for
analysis, for example: the ones to abstract thinking,
analysis and synthesis; to apply fundamental theoretical
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knowledge in the practical plane; to communicate in the
state language in oral and written forms; to communi-
cate in a foreign language, skills in the effective use of
information and communication technologies; to criti-
cal analysis and self-criticism; adaptability and imple-
mentation of actions in an unforeseen situation; to iden-
tify, pose and comprehensively solve problems; to per-
form professional tasks in a team and autonomously,
etc. Moreover, the following ones are also found: the
ability to conduct research; the ability to develop and
manage projects; the ability to act on the basis of ethical
considerations.

The professional competences in the educational
programs analyzed by us specify the set of abilities of
the future teacher for a certain type of professional ac-
tivity, for example: the ability to analyze and forecast
the educational activity of students, as well as their pro-
fessional activity; ability of written and oral communi-
cation in a foreign language; the ability to apply basic
knowledge in the field of pedagogy, philology in prac-
tice, the ability to use scientific terminology; the ability
to form students’ foreign language communicative
competence; the ability to plan and organize the educa-
tional process and extracurricular activities in a foreign
language and related to foreign literature; the ability to
conduct lessons and extracurricular activities in a for-
eign language and related to foreign literature, taking
into account the appropriate stage of education, to mon-
itor the results of educational activities of students; the
ability to apply professional knowledge and developed
practical skills in the field of linguistics, literary stud-
ies, methods of teaching foreign languages, cultures
and foreign literature, etc. In addition to the above,
there are also the following abilities: the one to under-
stand the requirements for activities in the chosen spe-
cialty, due to the need to strengthen Ukraine as a dem-
ocratic and legal state; the ability to organize one’s own
research and publish its results; the ability to create new
educational and methodological materials (if neces-
sary).

The educational achievements of higher education
seekers are measured in learning outcomes, which are
specified by each higher education institution in its
study program in accordance with the educational com-
ponents that ensure the formation of these outcomes.
Summarizing the main common learning outcomes in
the educational and professional programs that have
been analyzed, we can state that they mostly include the
following: assimilation of a set of knowledge and skills
necessary for successful professional activity and per-
sonal fulfillment; analytical skills of applicants regard-
ing activities within  educational institutions;
knowledge and skills in the methodology of teaching
foreign languages; knowledge of English and German
language norms; mastery of the native language; readi-
ness for self-improvement and development of one’s
abilities and inclinations, as well as realization of one’s
own creative potential; application of various forms,
methods and means of providing educational and meth-
odological activities; the ability to communicate orally
and in writing in native and foreign languages; posses-
sion and use of information and communication tech-
nologies in their activities; the ability to search, process

and use information based on various sources; the abil-
ity to adequately assess one’s own educational and pro-
fessional activity; the ability to develop and implement
a self-development strategy, etc.

The compulsory and optional components are en-
listed in the educational and professional programs.
Most of the considered Education and Professional Pro-
grams have the following components in common: His-
tory of Ukraine, Philosophy, Ukrainian Language, Ped-
agogy, Psychology, Modern Information Technologies,
Practical Course of English language, Practical Course
of German Language, Methods of Teaching Foreign
languages, Lexicology, Literatures of the Countries
whose Languages are Studied, Stylistics, as well as
teaching practice in institutions of general secondary
education, coursework.

At the same time, there are also such components
as Basics of Academic Writing, Human Rights and
Civil Society in Ukraine, Inclusive Education, Method-
ology of Educational Work, Basics of Critical Think-
ing, Basics of Ecology, Theory and Practice of Trans-
lation.

For our research, it is important to analyze the con-
tent of educational disciplines of the educational pro-
gram “Secondary Education (Language and Literature
(English, German))” precisely in the context of the ac-
meological approach.

It has been established that the main purpose of
applying the acmeological approach during profes-
sional training of future teachers of foreign languages
is to reorient the vector of education of higher education
students to their achievement of the acme peak in edu-
cation through self-improvement. Effective teaching of
foreign languages in institutions of higher education in-
volves acquiring, first of all, professional and methodi-
cal competences, the development of positive motiva-
tion in learning and the desire for self-actualization and
self-realization (Practical Course of the English Lan-
guage, Practical Course of the German Language, Prac-
tical Grammar of the English Language, Practical
Grammar of the German Language, Practical Phonetics
of the English Language, Practical Phonetics of the
German Language, Methodology of Teaching Foreign
Languages, Methodology of Teaching Foreign Lan-
guages in Specialized Secondary Education Institu-
tions, teaching and production practices, etc.). The for-
mation of acmeological competence of future teachers
of foreign languages is facilitated by the use of acmeo-
logical technologies: game, project, use of multimedia
and distance learning tools, implementation of inte-
grated classes, etc.

Psychological and pedagogical training of future
teachers of foreign languages (it includes such disci-
plines as Pedagogy, Pedagogy of Specialized Educa-
tion, Comparative Pedagogy, Pedagogy of Partnership,
Basics of Pedagogical Mastery, Psychology, Psychol-
ogy of Specialized Education, Psychological and Peda-
gogical Practice, etc.) provides for their acquisition of
psychological and pedagogical knowledge and pro-
vides opportunities for development of the individual-
ity of each student of higher education as a future
teacher, formation of readiness for self-improvement
throughout life.
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In our opinion, for the appropriate level of peda-
gogical training applicants in institutions of higher ed-
ucation, the cycle of disciplines of psychological and
pedagogical training should include both normative
disciplines and disciplines of the variable cycle.

The educational and professional program “Sec-
ondary Education (Language and literature (English,
German))” of training future teachers of foreign lan-
guages, including German, at Pavlo Tychyna Uman
State Pedagogical University is oriented towards Euro-
pean trends in the field of secondary education based
on the DLL methodology, developed by Goethe-Insti-
tute. The essence of this approach lies in the basic prin-
ciple “Learning to teach German”. For the practically-
oriented training of young teachers of the German lan-
guage, Goethe-Universities direct their efforts in the di-
rection of implementation in the educational process of
the materials of the “Learning to teach German” (DLL)
program, which is based on the latest theoretical and
applied achievements in the field of methods of teach-
ing German as a foreign language and represents inno-
vative approach — research through activity. DLL in-
volves the systematic observation and analysis of aca-
demic activities on the basis of video recordings of
practical classes in a foreign language in various coun-
tries of three continents. Such materials are the basis for
a full-fledged analysis of the effectiveness of the lesson
and improvement of one’s own professional compe-
tences based on a critical analysis of the presented di-
dactic concepts. Each topic is competed with a research
project, during which the participant analyzes the les-
son in an individually determined aspect and pace. The
program covers 12 units of each of the following
courses: “German as a Foreign Language” and “Ger-
man as a Second Foreign Language”.

However, it is worth noting that not all institutions
of higher education use the DLL method, and in some
of them students of higher education are not even aware
of this program.

Another unique opportunity to expand the pro-
posal regarding the individual learning trajectory and
development of future foreign language teacher is the
CLIL method proposed by Goethe-Institute, the appli-
cation of which enables teachers to integrate the study

of a foreign language with another educational subject.
On the one hand, students study the subject provided by
the curriculum, and on the other hand, interesting con-
tent motivates them to learn a foreign language and lays
the foundation for further independent learning. There-
fore, CLIL is, in fact, subject-language integrated learn-
ing or study of a professional subject in a foreign lan-
guage. At the same time, with CLIL, all aspects of lan-
guage learning are trained, since the educational
materials are presented in various formats — text, audio,
video.

Having considered the framework conditions and
additional opportunities available in Ukraine for the or-
ganization and provision of proper training of future
teachers of foreign languages, we have conducted a
study of its condition by surveying higher education ap-
plicants as well as surveying and interviewing teachers.
Our goal was to diagnose their awareness and ideas
about the essence and structure of readiness for profes-
sional activity. It is worth mentioning that the question-
naires contained questions of both closed and open type
to reveal more reliable and detailed information. In to-
tal, 162 students of higher education took part in the
survey.

To the first question of the questionnaire about the
availability of professional activity experience, 14% of
higher education applicants gave an affirmative an-
swer, who noted that they had already received peda-
gogical education at college and that they had worked
at a school for some time. However, this period did not
last long for all of them.

The question “What do you think it means to be
ready for professional activity?” (Pic. 1) made it possi-
ble to get an idea of the level of awareness of higher
education students about the essence, content and fea-
tures of the professional activity of a foreign language
teacher. The answers to this question were quite uni-
form. The largest number of respondents (43.5%) be-
lieve that it is the possession of knowledge (knowledge
system), a fairly large share of respondents indicated
knowledge and skills (37.1%), and 29.4% had not
thought about this question at all and believe that will
learn about it when they start working.

29.4%

37.1%

What do you think it means to be ready for professional activity?

m possession of knowledge
(knowledge system)

= knowledge and skills

43.5%

had not thought about this
question

Picture 1. What do you think it means to be ready for professional activity?
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As for the question “How do you understand the
concept of “readiness for professional activity”?” (Pic.
2), the number of respondents was practically divided
in half. One half chose the option “availability of
knowledge of the disciplines you study at a higher ed-
ucation institution”, and the second — “availability of

1.4%

practical experience”. Only 12 students of higher edu-
cation provided detailed answers, indicating that, in ad-
dition to knowledge and practical experience, motiva-
tion (willingness to work) is also needed.

How do you understand the concept of “readiness for professional
activity”?

= availability of knowledge of
the disciplines you study at
a higher education
institution

= availability of practical
experience

47.5%

® motivation

Picture 2. How do you understand the concept of “readiness for professional activity”’?

Answers to the question “How do you understand
the concept of “preparation for professional activity”?”
(Pic. 3) were, in our opinion, more meaningful, since
72.6% chose an open answer and wrote about the expe-
diency of combining the careful study of the disciplines

27.4%

72.6%

of the curriculum and having teaching in general edu-
cational institutions, that is, mentioned the two pro-
posed options. The rest (27.4%) provided answers that
practically coincided with the answers to the previous
question.

How do you understand the concept of “preparation for professional
activity”?

= an open answer

= answers coincided with the
answers to the previous
question

Picture 3. How do you understand the concept of “preparation for professional activity”?

The next question was aimed at identifying the
sources used by students of higher education and their
influence on awareness of the researched problem (Pic.
4). The majority of applicants (59.7%) answered that
they had learned about the content of intended profes-
sional activities from the Internet, 28.3% — during their
teaching practice at school, and only 22.0% — during
the study of academic disciplines at the university. This

situation is alarming, because even realizing that young
people are used to receiving any information from the
Internet, the fact that less than a third of the respondents
learned about the content of their intended professional
activities at the university, prompts thinking about bet-
ter informing students in the process of teaching vari-
0US COUrses.
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The sources used by students of higher education and their influence
on awareness of the researched problem

22% = from the Internet

® during their teaching
practice at school

28.3%
59.7%

= during the study of
academic disciplines at the
university

Picture 4. The sources used by students of higher education

Our further research involved the analysis of an-
swers to questions about the personal readiness of re-
spondents to carry out professional activities (Pic.5).
Most of them (57.4%) believe that they are ready to

work in an educational institution, 29.4% do not know
or are not confident in themselves to do so, and 13.2%
of the survey participants indicated that they are not
ready to work as a foreign language teacher.

The personal readiness of respondents to carry out professional
activities

13.2%

myes
m don't know

29.4% 57.4%

mno

Picture 5. The personal readiness of respondents to carry out professional activities

Pertaining to their awareness of the formation of  the sufficient level of knowledge, it needs to be im-
readiness for professional activity (Pic. 6), 47.3% of proved. Only 11.5% of applicants rated their
higher education students consider their knowledge knowledge as low.
perfect, and 41.2% of respondents are sure that, despite

The level of knowledge of higher education students

11.5%
® high

47.3%

m the sufficient level of
knowledge, it needs to be
improved

m low

41.2%

Picture 6. The level of knowledge of higher education students
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In the course of the survey and interview of the
teachers, a number of problematic issues were identi-
fied, namely:

- lack of methodological recommendations for fu-
ture teachers of foreign languages regarding self-devel-
opment both in personal and professional aspects;

- lack of self-control, self-evaluation and self-crit-
icism skills among students of higher education;

- lack of awareness of applicants regarding future
professional duties and content of professional activity;

- rather passive attitude of higher education seek-
ers to educational and cognitive activities.

Therefore, the obtained findings of the study indi-
cate the need to improve the professional training of fu-
ture teachers of foreign languages in the way of consid-
erable improvement of informing them about the es-
sence and content of professional activity as well as
focusing on constant self-development and motivation
for personal and professional self-improvement.
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AHHOTALIUSA

B craTee paccMOTpeHBI JBa NOAX0AA K BBIPAIMBAHUIO KPUCTAJJIOB U3 pacIulaBa U pacTBOpa IpU BO3ZACH-
CTBHH Ha HUX BHOparuif. [lepBrIii moxxon, peannzoBanHbli DemomkuHpM AV, 1 1p., OCHOBaH Ha ypaBHCHUU
Hagse - Ctokca B npubmkeHnn byccrHecka 1 pelieH YiCIeHHO. BTopoii moax o, peann3oBaHHBIH HaMH, BKITFO-
gaeT B ce0s mpobiemy CredaHa U perieH aHATUTIHYSCKH IS IFUTHHpa KOHEYHBIX pa3MepoB. Oba moaxoaa mo-
Ka3bIBalOT U TCOPCTUYCCKU U DIKCIICPUMCHTAJIIbLHO BJIMAHUEC Ha IPOLECC KPUCTATIIU3AalIUN U OCAKICHUC HOKpLITI/Iﬁ
NEPUOANICCKUX UCTOYHUKOB, BKIIIOYAONINX MCXaHUYCCKUEC (BI/I6paT0p) 1 BJICKTPOMArHUTHBIC (YHBTpaSBYK) KO-
neOaHus.

ABSTRACT

The article considers two approaches to growing crystals from a melt and a solution when exposed to vibra-
tions. The first approach implemented by Fedyushkin A.l. et al., is based on the Navier-Stokes equation in the
Boussinesq approximation and is solved numerically. The second approach, implemented by us, includes the
Stefan problem and is solved analytically for a cylinder of finite dimensions. Both approaches show both theoret-
ically and experimentally the effect on the process of crystallization and deposition of coatings of periodic sources,
including mechanical (vibrator) and electromagnetic (ultrasound) vibrations.

KiroueBble ciioBa: paciuiaB, paCTBOP, KpUCTAJIN3allus, KpUCTAJI, YPABHECHHUC HaBpe — CTOKC&, 3aJa4dya Cre-
(hana, BUOpaATOp, YIBTPA3BYK.

Keywords: melt, solution, crystallization, crystal, Navier-Stokes equation, Stefan problem, vibrator, ultra-
sound.

Kpucrannuzanuio nuivHApa KOHSYHBIX Pa3MEPOB  CHHECKA OBLIO 3aJI0)KEHO B OCHOBY Mojenu [3]. Ywuc-

C MEPUOTUYECKAMH TPAHUIHBIMH YCIOBUSIMH MBI pac-
CMOTpPHM CHayajlla Ha pOCTe KPHUCTAJUIOB METOIOM
BpumxMena BHyTpH THTIISL KOTOPOTO PACTIONIOKEeH BHO-
paTop, onupasch, B OCHOBHOM, Ha padoty [1]. Cyme-
CTBYIOT Pa3lIMuHble MaTeMaTHYECKUE MOAEIH, MO3BO-
JISTFOLIME OIMCHIBATh MPOIECCH! ¢ BUOpanuen (ot BUO-
paropa) B TOM WiIM WHOM mnpubmmkeHnn. OnHa U3
caMbIX MH(QOPMATHBHBIX MOJENEH - MareMaTHYecKas,
OCHOBaHHas Ha ypaBHeHHsX HaBbe — Crokca [2]. Pe-
LIEHUE HeCTallMOHAapHBIX ypaBHeHUH HaBwe - CTokca
JUTSL HEC)KUMAaeMOU KHJIKOCTH B MpUONMXKeHHH byc-

JIEHHOE MOJIeIIMPOBAaHNE IIPOBOAMIOCH IO METOAY KO-
HEYHBIX DJIEMEHTOB C IIOMOIIBIO TaKeTa MPOrpaMm
ACTPA. Bubpanum co3naBanich HOTPYKEHHBIM B
pacruiaB BUOpaTtopoM. PacueTs! ObUTH IPOBEACHBI ISt
pasnmuHbIX (opMm BuOparopa. PacderHas oOmacth
npezacTaBiaeHa Ha puc. 1. B Monmenu ObUIM TPHHATHI
CJIe/TyOlIHe MPEATIONIONKEHHs: pacueTHas 00yacTs 00-
JajaeT MMINHIPUIECKOW CUMMETPHEH, CKOPOCTh KPH-
CTAJUIM3ALMA U TEIUIOBBIC YCIIOBUSI B TEUCHHE BCETO
Ipolecca KPUCTAUIM3AalUN OCTAIOTCSl IIOCTOSIHHBIMH,
(GPOHT KPHUCTAJUTM3ALUHN TPEIIONIAraeTCsl IUIOCKUM.
ITockonbKy B maHHOHN paboTe MCCIeAyoTCs BUOpanun
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C MaJIbIMH aMIUTUTYIaMHU, TO NepeMEIIeHUIMEI BHOpa-
Topa TmpeHeOperaeTcs, a Ha BHUOpaTope 3amaercs

TOJIBKO CKOPOCTH €r0 MepEeMEeLICHUs B BUI€ TapMOHH-
yeckoi pyHKIHN v = A o sin(ot), rae A 1 ® — aMInm-

TyJa U 4acToTa Bn6paum71 COOTBETCTBCHHO.

Pacrmas Ly

H

Epncranmrsarop

ITponesyToR

h1

Pacrmase

0 "Kpuctamm" E
Pucynok 1. Cxema yununopuyeckou pacyemuoii oo1acmuy Mamemamuiecko MoOeiu ¢ HO2PYHCeHHbIM
subpamopom: R — paouyc muena; H — evicoma pacuemnoii ooracmu; 0; — oce cummempuu; é — eenuyuna 3a3opa
MeACOY 8UOPAMOPOM U CMEHKAMU MUTA, Fyib — PAOUYC WIMOKA 8UOPAMOPA; «KPUCTNALT» — HOBEPXHOCTD
xpucmaina (z = 0) [3].

MaremaTnueckas MOJielb OCHOBaHA HA PEUICHUM CUCTEMBI IByXMEPHBIX HECTAallMOHAPHBIX ypaBHeHu Ha-
Bbe - CTOKCa 11 HECKMMAEeMOU )KUIKOCTH B MIPUONMKEHNN byccuHecka, KOTOpble UIMEIOT CIICAYIOIIHI BUL:

U, U ow_

+oa—+—=0, @)
or r oz
ouU vi 1loP 1 6 oy 8U 0 6Uj U
— O —=——+— +—|V— |—av— )
ot r por r¢ or 8r oz\ o0z r?

W_ 1P 10(. W) o W

T+ 2 T-T)
re or Var +az Vaz +9B( y G

ot p 0z

Gv Uv oy o)y o ouU U

— [—— +—|v— |-Vl (4)
8t r p or 8r oz\ oz r

AT - dP 1 a ws OT o(.0T
rMar—:|+—| A— |, (5)
dt NG Gr or o0z\ 0z

dC 1 8 W OC 0 oC
- ro—|+—|D—| (6)
dt  r° ar or oz 0z

31ecs U janee MCIOJIB3YIOTCS CIeAyIomme 000-
3HAYEHUS: T ¥ Z - PafiMalIbHbIE ¥ aKCUAJIbHbIE KOOPIH-
HaThl; t - Bpemst; U u W - cocTaBmsionye BEKTopa CKo-
POCTH BT U Z - HAIIPABJICHUSIX COOTBETCTBEHHO; V - a3H-
MyTalbHasi ckopocth; T - temmeparypa; C -
KOHLIEHTpaIMs IpruMecH; P - naBieHue; p - II0THOCTS;
g - yckopenue cBoOogHOro najeHus; Br, v, A, ¢p, D —
K03((UINEHTH! TEIJIOBOTO PACHIMPEHHs, KMHEMaTH-
YEeCKOH BSI3KOCTH, TEIUIONPOBOHOCTH, TETIIOEMKOCTH
u 1uddy3un MpUMECH; o - TEOMETPUIECKHH (aKTop,

— ock cummerpui (r = 0):

oW

KOTOPBIH paBeH 0 14 miockoif reomerpun u 1 ais oce-
CHMMETPUYHOHN TeOMETpUH; A U ® - aMIUTUTYAa U 4a-
cToTa BHOpanmii; ) - yryioBas CKOPOCTh BpAIICHHUS
KpHUCTAJTU3aTOPa; a - K03 uipieHT Temmeparyponpo-
BopHOCTH, W5 - CKOpOCTb pocTa kpucTamia, AT - mac-
mrad temrepatypsl; ko - KoaduimeHT pacnpenene-
HUS (Cerperaiyun) MpuMecH; N - HOpMaJIbHBIH eIMHIY-
HBIH (akTop.
I'pannuHbIe COCTOSTHUA:

oT oC

U=0,—=0,v=0,—=0,—=0, (7

or

or or
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- moBepxHOCTh XK - T, z=0:

U:O’ W:—WS,VZZTCTQC,TZTW

oC

D—=W,.C(1-k,),
© _wel-k,

- CTE€Ha KpucTaum3aTopa r = R:

U=0,W=0, v=2rRQ,,

oT
or

- BuOparop:

U=0, W=Aowsin(mt), v=2rrQ

oC

-

- BCPXHAA OTKpbITasA rpaHuiia:

oW

U=0,—=0,v=

0z

- Ha4aJIbHOC COCTOSAHUC!:

U=0,W=0,v=0,T=T_ ,C=C,.

UncreHHOE peIeHNnEe ypaBHEHHH OBUIO BBITION-
HEHO METOJIOM KOHEUHBIX 3JIEMEHTOB [2], KOTOPBIif 5B-
JISIeTCS C OJTHOM CTOPOHBI, Pa3HOBUIHOCTBIO METOIA Ce-
TOK, @ C APYrOd — YHUCIIEHHOW peanu3alyeidl Merona
Purna uinn byOHOBa — ["anepkrHa Ha KOHEYHOM 3Je-
menre. OcpennenHoe BuOpaunonHoe teueHue (OBT)
HaXOJUJIOCH B IIPOLIECCE OCPEIHEHUS IO BPEMEHH YHC-
JICHHBIX pELICHUH HEIUHEHHBIX ypaBHeHMM HaBbe —
Crokca, MoMy4aeMbIX Ha Ka)KIOM BPEMEHHOM CIIOE.
3TO MO3BOIMIIO HAOIIOATH HBOIOLUIO OCPETHEHHOTO
BHOPAIMOHHOTO TEUCHHsI BO BPEMEHH M B NPOCTpaH-
CTBE M €T0 3aBUCHMOCTb OT ITapaMeETPOB.

Ha puc. 2 npexacraBneHo Bo3eiicTBre BUOpanuii
Ha pacrnpejiesieHle TeMneparypsl BOIM3u GpoHTa KpH-
CTAJUIM3AaLMU TIPU BBIPALIMBAHUN KPUCTAJUIOB METO-
oM bpmmxMena B mabopaTopHbIX yeioBusix. Puc. 2 a,

£ e Ganter
£ banter
0oIpDal (R RER
Rl 1 B Do aCC+0
SR T I o i B Y R I S R T |
Bprus £ OG0 Hyvmnne deyHkimn Prpua & 04
a 6

_:o(o<z<h),T:Th(h<z<H),aa—(r:=0,

O OCo+0 013
B, nqeprua

(8)

(©)

(10)

(11)

vibr 1
or 0

—= 12
p (12)

0, T=T,C=C, (13)

(14)

B, [I, X IIPEACTABIIOT PE3yIbTaThl pacyera Oe3 BuOpa-
Ui, Tornaa Kak puc. 2 0, I, e, 3, U MPEACTaBISIOT pe-
3yJbTaThl pacuera ¢ BuOparwmeid pacruasa (A = 100
mxM, =50 ') g uncen Gr= 2,1 108, Pr=5,43, H/R
=32

B pa6ote [1] Takxke MmokKa3aHO BIHSHHE aMILIH-
TyJbl BUOpanuid Ha GopMmy (poHTa KpUCTAILTH3ALHH.
Puc. 3 npexacraBnsier mosydeHHble pe3ynbraThl. Ha
MIpaBOi YacTH puC. 3 mpeAcTaBiIeHHI poTorpaduu Kpu-
CTaJIJIOB, BBIPAIIEHHBIX MPU BO3ICHCTBIM BHOpanuii ¢
Pa3MYHBIMM 3HAaUYCHUAMH aMIDIMTyabl. Ha neBoif wa-
CTH PHC. 3 TOKa3aHbl CTPYKTYPHI IOTOKOB B pacIuiaBe
u dopma ¢ppoHTa KpucTamuzauy. Yacrora nocrymna-
TEJIHBIX TaPMOHMYECKHX KojieOaHWMH ObL1a BRIOpaHa
50 I'm, ammmuTyna MeHsanack B uHTepBaie ot 0,15 mo
0,22 MM.

0.300+1

0.300+1

1.2+

0.103+1

LE T

R
[FT ]

Bpeus 200 B, meprus

be3 subpayuu
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0 200+ 0 330+1
LT
0 F0HI+H1 G2iipe 03001
02001
0.100+1 I TH+1
o100t |
0 ooa+0 —— O30 : i .
B T T N T R TAi00+1 000340 00001 0000 B 2001 0.400+1
Bpeun 0263 Lt Y Bpeus 0363 Hu. Imepran Bpeun 0753 Bt awepran
o 2 e
¢ subpayueti
0.100+1 0.100+1 0.300+1 16: 156
15 146
T T 14: 136.
13 127
12: 17
0.200+1 1. 107
10: 7.4
50041 500+1 9 977
8 779
7. €82
0:400x4 6 58.4
5 48.7
4 390
3 292
> o 4 0.000+0 2: 195
0.00040 01001 02001 oaoont Z 0.000+0 RGO atot st Z 20.100+1  0.000+0 _ 0.100+1 1 e74
Jlwmnsn . 0,750 0,000E+00 0,750 7
Bpenn 8,00 Ba. oHeprus Bpemst 0’2'5‘3""‘ .D.:BSH' M,D,‘&OOE‘DO 9750 Bpema 0.263 Homuuus Qynxunn
HC 3 u

Pucynox 2. Bausnue subpayuii Ha epaduenm memnepamypul y (ppornma kpucmaiiuzayuu 8 memooe bpuosicmena
¢ noepyscentvim subpamopom [1]:
a — ¢ynxyust moxa; 6 — pyurxyust moxa OBT; 6 u 2 — uzomepmvi;
0 U e — aKCOHOMempuyecKue NPOEeKYUuU noJisi memMnepamypbul;
J1C U 3 — gepmuxanvhvle npogunu memnepamypot (f = 0,75);
U — MeHOGeHHast PyHKyus moka 6 momenm epemenu t = 0,263

Kaxk BuzmHO Ha puc. 3, MEHSS aMIUIUTY Ty BUOpaIHii, BO3MOXHO BIHATH Ha (opMy (PpOHTA KPUCTAIIIH3ALIUH,
YTO SBJIAETCS 3HAUYUTEIBbHBIM (PAaKTOPOM IIPH BBIPAIMBAHUH KPHCTAIIIOB.

F=50Tu, A=0.15Mmm F=50Tu, A=0.20 mm F=50Tmm, A=0.22 Mmm
Pucynok 3. @omoepaguu monokpucmannos AgNQOs, svipawennvix npu 6o3oeticmsuu euopayuu [1].

Ecnu tenieps B ypaBHeHnn HaBbe — CTOKCA MOIOKUTH Ha TpaHuIle paszaena ¢a3 z = B(t), To MbI IPHXOANM K
3anaue Credana [4], KOTOpas peranach YUCIACHHO. 31€Ch MbI PACCMOTPUM perieHue 3aaaun Ctedana s KoHed-
HOTO LUJIMHJPA, OJTy4YEeHHOT0 HaMHU ellie B paboTe [5], B3sB rpaHUYHBIE YCIOBUS B IPOCTEHIIEH epuoJuIecKoi
(dopme. 3amaua TEMIONPOBOJIHOCTH UMEET B 3TOM CJydae rpaHUYHbIC YCIIOBUS:

o0 ,,|0°0 10( o0
=d +——r

ot o7 ror\ or

Qr,z,t) =o(r,z)

. t=0 ~ .

Or,z,t ‘. =v(z,t)= 0, sin otsinkr, (15)

ofr,z,t -0 :yl(r,t): O, sin tsinkr,
O(r,z,t/Z ) :yz(r,t):ozsm otsinkr.

rae To, T1, T2 — Temneparypa cruiaBa Ha O0KOBBIX CTEHKaX KPUCTAIIM3ATOPa M Ha TIOJBUKHON TPaHUIIEe pa3-
nena ¢as, COOTBETCTBEHHO; ®, K — IIMKITMYECKAsl 9aCTOTa BUOpATOpa U BOJTHOBOW BEKTOP.
OO1ee peneHus TaKoW 3a1a4i UMeeT BU:
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: - Jo1 e
Z,t)=> (A r)e™ at dt
O(r Z ) ; 0( (3 r){e |:Za\/E,([e X

j(p(r E)l, (A, r)rdr |dg + —Zac ) j’drﬂ(g g HIge 4 (16)
_ \Zz _[ZTB(T)]Z
J.[at 7: 3/2e 4a(”)Kl(r dr+ J.[at 7: 3/2\, 4a(t—) Kz(r)dt
Ha ocu z u npu r=0, umeem
t 7 t 5 _[z-B(=)F
Oz, t)= | [ e “K ()dr+ 24(% SR (D) fdn an
e

o[at—)k fa(t-)k

IIpunumas B(’C) =H (T.e. ot KOHEUHOTO MMIMHApa riryouaoi H u pammycom R), Beraucisist Kl (T) u

K2 T ), U1 0CeBOTO TPaNeHTa KOHIICHTPAIINH HMEEM:

h)l N N
006z 8’;8 \/;e “ (0, +0,).

rae 3, A - CKOPOCT ¥ JUTHHA BOIHEI BUGPaTopa; h - paccTosHue 10 FOPH30HTANBHOI IOCKOCTH, COBIIA/IA-

(18)

FOIIeH CO CPeTHUM CeYeHHeM BHOpaTopa.

O0o3HaYuM:
w=5™ ( (0,+0,).
x a

_(z= h)t

00/oz=W-e * (20)

U3 popmyn (19) u (20) cnemyer, 9TO HaTHMIUE TIEPUOTUICCKUX TPAHUIHBIX YCIOBHUI, MOJICTUPYIOIINX TICPH-
OJIYECKOE BO3JICHCTBHE Ha BUOPATOP, NMIPUBOJHUT K 3KCIIOHCHIMAIBHOMY 3aKOHY M3MEHEHUS BEPTHKAIBHON CO-
CTaBJIAIONIEH TEMIIepaTyphbl, TIe:

oA

9=—
21

PaCCMOTpI/IM TENCPb BJIMUAHUC PAaAHUAIIbHOTO I'paAdCHTA. \Y03i BOCHOJIB3YEMCA ACUMIITOTUYCCKHUM IIPCACTaB-

nennem Qynkumii beccenst [6]:
5 _
I.(r)=.,— cos(r—n—v—E ,
Tr 2 4

(19)

OKoOHYATEIIFHO MOKHO 3aIlHCaTh:

(21)

2| T
l,(r)=.|—|cos{ r—= ||, (22)
| 4
2 3n
,(r)=,/—|cos| r—=— ||
| 4
ITocne HECJIOXKHBIX, HO TPOMO3JIKUX BLIHHCHGHHﬁ, OKOHYATCJIbHO MOJIy4aeM:
ao 2. H
—O,0—. (23)
o \n R

W3 3T0it (hopMyIIBI BHIIHO, YTO PagHaiIbHBIA rpa-
JIIMEeHT MUHUMalleH, korna R>>H. Ognako, yuuteiBas
HaJlM4Me BEPTUKAIBHOTO TpajUeHTa U €ro 3aBHCHU-
MocTh OT H, onTHMansHeIM BapuaHTOM pa3Mmepa Kpu-
craimmzaropa Oyner R/H=1, t.e. R=H. Takum obpa-
30M, U3 Pa3BUTOM HAMU TEOPUM KPUCTAIUIM3ALUH Me-
TOJOM pEUUpKYJSIHMW paclulaBa C  BHOpaumei,

BBITEKAIOT CJIETYIONIHE IPUHIUITEI KOHCTPYKIIUH KPH-
CTaININ3aTopa:

- 00beM KpHCTAJIM3aTOpa J0JDKEH OBITH 110 BO3-
MOKHOCTH KaK MOXHO OOJIBIINM;

- HeoO0X0JMMO, YTOOBI PaMyC OCHOBAHHS KpH-
CTaIM3aTopa ObUI paBeH €ro BBICOTE;
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- Ha CTEHKaX KPHCTAILIN3aTOpa HEOOXOIUMO TIOA-
JIEPKUBATh M30TEPMUYECKHE YCIOBHS MU JMHEHHOE
pacripeziesieHle TeMIeparyp, XOTsl MEepBOe JKCIEpH-
MEHTAJILHO JIETYE OCYIIECTBUMO;

F 50FI4,A 015MM
Pucynok 4. Pocm kpucmannos KH>POs, svipawennvix uz pacmeopa.

OnTuManbHBIM 371ech BUACH Bapuant F = 50 ',
A = 0.20 mMm. 13 Bcero U3I0KEHHOTO BHIIIE CIEIyET
BBIBOJI, YTO Ha KPHCTAJUIM3AIMIO M pacIuiaBa M pac-
TBOpA CYIIECTBEHHOE BIIUSIHAE OKa3bIBAIOT MEPUOIH-
YEeCKHE BO30YKICHUS, TOCTUTaeMBbIe C TIOMOIIBIO BHO-
paropa. DTO MOKAa3bIBACT, YTO HA KAYECTBO OCAaXIaec-
MBIX METAIMYECKUX TOKPBITHI TaKKe TODKHBI
BJIHMATH EPHOINYECKHIE BO30YKICHUS, TIe BMECTO Me-
XaHMYCCKUX BO3JICHCTBUH, JOCTUTAEMBIX C IIOMOIIBIO
BUOpaTOpa, MOXXHO HCIIOJb30BaTh YJIBTPa3ByKOBBIE
KoJIcOaHus. YIIbTPa3BYK B MPOMBIINUICHHOCTH HMEET
camoe pacnpocTpaHeHHoe npuMmenenue [7]. [Ipumene-
HHUE YIbTPa3BYKOBOI aKTUBAI[UH IOBEPXHOCTH aHO1a U
KaToja Croco0cTByeT mHTeHCH(DUKauu aud y3uoH-
HBIX TIOTOKOB, YIUIOTHSET MOBEPXHOCTH MOJUIOKKH, Ha
KOTOPOH TpH yIIBTPa3BYKOBOM JISTHPOBAHUH (POPMH-
pyercs 6oyiee paBHOTONIIMHHBIA W OJHOPOJHBIA CION
nokpbIThs [8]. O6 3TOM MBI IOTOBOPHM B CIELyIOIIEH
CTaThe.

Hannas nayunas cmamos onyoiuKkoeana 6 pam-
KaX 6bINOJIHEHUS] HAVYHOU RPOSPAMMbL NPOSPAMMHO-
yenesoeo gunancuposanus na 2021-2023 200v1 UPH
Ne BR1090150221 «Paspabomxka mexnoio2uu 3aujum-
HbIX NOKPLIMULL HOBEPXHOCEU BOOPYHCEHUSL U BOCHHOU
MEXHUKYU 0I5l 3AUWUMbl OM A2PECCUBHBIX PAKMOPOs
oKpydicaioujeli cpeodvl U YCA08UL dIKCnayamayuuy (uc-
crnedosanue unancupyemes Komumemom nayxu Mu-
HUCMePCmea HAyKuU U sblcuie2o 00pazosanust Pecny6-
auku Kazaxcman).

Jlutepatypa
1.Kyxosa JI.B., KopcakoB A.C., CanumMrapees
J.J1. NadpakpacHble KpUCTAILTBL. TEOpus U MpakTUKa.

F=50Iy, A=0.20mm

- NIpU HAJOXEHWW BHOpaTOopa HEOOXOIMMO ¥HC-
M0JIb30BaTh HU3KHUE YaCTOTHI.

[Mocnennuii pesynsrat B popme (21) u (23) noka-
3aH Ha puc. 4 ans kpuctamioB KHoPOs, BeipamnieHHbIX
13 pacTBopa.

F= 50Fu,A 035MM

- ExarepunOypr: Usnarenscteo YMI[ VIIU 2015. -
215¢c.

2.Fedyushkin A.l. The influence of vibration on
hydrodynamics and heat-mass transfer during crystal
growth // Journal of crystal growth, 2005, Vol. 275. - P.
1557-1563.

3.Fedyushkin A.l., Bourago N.G. Influence of vi-
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HGHB Z[aHHOﬁ CTaTbU — PACCMOTPCTb OCHOBHBIC NMPUYNHBI IICUXUYCCKUX OTKJIOHCHUH Yy Jini CpeaHCTO BO3-

pacta. B cratbe OyayT pacCMOTPEHBI pa3iuvHbIe (PaKTOPBI, KOTOPBIE MOTYT IOBIUSATH HA TICHXHYECKOE 3T0POBBE
YCJIOBCKA B 9TOM BO3paCTHOM IHEPHOJIC. By,IlYT NMpOaHAIN3UPOBAHBI TAKHUC (baKTOpLI, KaK CTpECC, UBMCHCHU B
pa60Te H JINIHOU JKHU3HHU, cOonyaJIbHas U30JI110usd, (i)I/ISI/I‘IeCKI/Ie 3a00JIEBaHMS U Apyrue.

CTaTI)H TaKXE 6}/£[6T BKJIFOUYATh 0630p CyECTBYIOIUX METOJOB AUAT'HOCTUKHN U JICUCHUSA IICUXUYCCKUX OT-
KJIOHEHUH Y JIUII CPETHET0 BO3pAcTa, a TAK)Ke PEKOMEH IalMK 10 NpoHIaKTHKE TaHHBIX HapylieHuid. Haneemcs,
9TO JJaHHAs CTaThs Oy/AeT MONE3HOM /Ul IMHUPOKOTo Kpyra YuTaTeNneif, B TOM YHCie Ul CIIEHUaINCTOB B 00JIacTH
TMCUXOJIOTUU U TNICUXUATPUH, a TAKKE IJIA HIO)leﬁ, KOTOPBIC XOTAT 60.]'[66 FJ'Iy6OKO MMOHUMATh MPUYUHBI U MEXa-
HU3MBI Pa3BUTUS ICUXUYECKUX OTKIOHEHHH Y JIUI] CPETHETO BO3paCTa.

ABSTRACT

The aim of this article is to examine the main causes of mental disorders in middle-aged individuals. Various
factors that can affect a person’'s mental health during this age period will be discussed in the article. Factors such
as stress, changes in work and personal life, social isolation, physical illnesses, and others will be analyzed.

The article will also include a review of existing methods for diagnosing and treating mental disorders in
middle-aged individuals, as well as recommendations for preventing such disorders. We hope that this article will
be useful to a wide range of readers, including specialists in the field of psychology and psychiatry, as well as
people who want to have a deeper understanding of the causes and mechanisms of mental disorders in middle-

aged individuals.

KiroueBblie cioBa: [Icuxndyeckne OTKIIOHEHUS, CPEIHUI BO3pacT, (PakToOpEl, CTpecc, ACMPECcCHs, TPEBOXKHBIE
paccTpoiicTBa, mpo(UIaKTUKA, HOPMA U MATOJIOT U, ICUXHYECKOE 30POBbE, CTPAX, FTCHETHUCCKHUI.
Keywords: Mental disorders, middle age, factors, stress, depression, anxiety disorders, prevention, normal

and pathological conditions, mental health, fear, genetic.

1. Beenenue:

[lcuxudeckne OTKIOHEHUS — 3TO IIUPOKUIL
CHEKTpP MNCUXUYECKUX HaApyIICHUH, KOTOPBIE MOTYT
OBITh BBI3BAHBI pas3IMYHbIMU MIPUYUHAMU. Onu MOTyT
HOSIBJIITECS Y JIFOJEH pa3HbIX BO3PACTHBIX IPyII, B
TOM YHCIIE M y JIUI CpelHero Bo3pacra. HecMoTps Ha
TO, YTO CPEAHUII BO3pacT — 3TO MEPHOJI, Koraa Oob-
IIMHCTBO JIFOJIEH UMEIOT YCTAaHOBJICHHBIN 00pa3 JKU3HU
U Kapbepy, 3TOT HEePHO TaKXKe COMPOBOXKIALTCS 3HA-
YUTEIbHBIM KOIMYECTBOM CTPECCOBBIX CHUTyalMi, KO-
TOpbIE MOTYT CTaTh MPUYMHOW PA3IUUYHBIX NCUXUYE-
CKUX OTKJIOHEHUII.

2. IlonsiTHe 0 NCcUXUYECKOM OTKJIOHeHHH. [lcn-
X0JIOTHYeCKHe NPUYMHBI NCHXHYECKHX OTKJIOHE-
HMIl y JIMI CPe/IHero BO3pacra

Ilcuxuyeckne OTKIIOHCHHS SBIISIOTCS CCPLE3HBIM
mpo0yieMoli, KoTopasi BIMSIET HAa MHOTHX JIIOJCH BO

BceM Mupe. OcoOeHHO Ba)KHO W3y4YaTh MPUIHHBI TICH-
XUYECKUX OTKJIOHEHUH Y JIMII CPEHETO BO3pacTa, Tak
KaKk OHM MOTYT IOBJIMATH Ha JKU3Hb YEJIOBEKA U €ro
OoKpyxeHus. B aToif craTthe OymyT paccCMOTPEHBI OC-
HOBHBIC NPUYMUHBI MCUXUYCCKUX OTKJIOHEHHH Yy Jung
CpeaHero Bo3pacTa U BO3MOXKHBIE ITyTH UX IIPEIOTBpa-
LICHUA.

Iepen Tem, Kak MPUCTYIUTH K 00CYKASHUIO IPH-
YHWH BO3HUKHOBCHUS IICUXUYCCKHUX paCCTpOﬁCTB, CJIe-
JIyEeT MOHATh, UTO TAKOE HOPMa U MATOJIOTHS.

Hopwma u martosiorust - moHATHsI, KOTOPbIE UMEIOT
Ba)KHOE 3HaY€HHE B NCUXONOrud. OHU UCHOJB3YIOTCS
JUISL OPENIENIEHNST HOPMAJIbHOTO U aHOMAJIbHOI'O MIOBE-
JIEHHUs, a TAKXKE NPU JUATHOCTHUKE U JIEUEHUH IICUXHUYe-
CKHX PacCTPOMCTB.

Hopwma B ncuxosnoruu onpenesnsercs Kak 0xujiae-
MOE€ U JKEJaTEJbHOE IIOBEIEHUE B COOTBETCTBUHU C
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KyJIbTypHBIMH M COLMANbHBIMU HOpMaMu. Hopmans-
HOE TIOBEJCHUE XapaKTEPU3yETCsl TEM, YTO OHO COOT-
BETCTBYET 3TUM HOPMaM, a HEHOPMAJIbHOE - TE€M, YTO
oTkioHseTcs oT Hux (Barnhill, 2015).

ITaTonorus B NICUXOJIOTUH - 3TO COCTOSIHUE, KOTJa
OTKJIOHEHHs] OT HOPMBI CTAaHOBSITCS KPUTHUECKUMH U
npuBoaaT K auchyHkuuu. Ilaromornueckoe moseje-
HHE MOJET OBITh BBI3BAHO Pa3IMUHBIMH (paKTOpamu,
TaKNUMH KaK HapyIIeHHEe MO3TOBOH AEATEIBHOCTH, IICH-
XMYECKOE MM (PU3NIECKOe HACHIIHE, COLMAIbHOE 1aB-
nenue u T.1. (Foucault, 1973).

[Icuxuueckue paccTpoNCTBA - 3TO MATOJIOTUHU, KO-
TOpBIE MPOSBISAIOTCS B MI3MEHEHUSX B MBIIIUICHUH, yB-
CTBaXx, MMOBEICHUH U B3aUMOAEHUCTBHU C OKPYKAIOIIUM
MupoM. OHU MOTYT OBITh BBI3BAaHBI PAa3IMYHBIMU IIPU-
YMHAMH, BKJIIOYas TeHETHYeCKue (aKTophl, CTpecc,
TpaBMBl U ap. (American Psychiatric Association,
2013).

OpHako, cieayer OTMETHTh, 4YTO TOHATHUSA
"HOopMa" 1 "maTonorusA" B IICUXOJIOTUH MOTYT OBITE OT-
HOCHTEJIHBIMH | 3aBHCETh OT KOHTeKcTa. Hampumep,
B pa3HbIX KyJbTYpax M COLHMAIBHBIX IPYIIAX MOTYT
OBITh pPa3IMYHBIC HOPMBI U OXXHMJAHUS, KOTOPBIE OIpe-
JEISIOT, YTO CYWTaTh HOPMAJIBHBIM M IIATOJIOTHYE-
CKHM.

Kpome ToOro, cienyer y4uThIBaTh, YTO HOpMa H
MATOJIOTHUS B TICUXOJIOTUH MOTYT B3aUMO/IeHiCTBOBATh U
BIMATH ApYr Ha Apyra. Hanpumep, ncuxuueckoe pac-
CTPOMCTBO MOXET BBI3BATh OTKIOHEHHS OT HOPMBI B
MOBEJICHUHU, a2 HEHOPMaJbHOE MOBEICHUE MOXET IpHU-
BECTH K Pa3BUTHIO MTATOJIOTHH.

B 3axmouenue, nonarus "HopMa" u "maronorus”
MMEIOT Ba)KHOE 3HAYCHHE B NICHXOJIOTHH IIPH OIpesie-
JICHUW HOPMAaIbHOTO M AHOMAJIbHOTO ITOBEACHUS, a
TaKOKe NMPH TUATHOCTUKE U JICICHUH TICHXUYECKUX pac-
ctpoiictB. OfHAKO, CIIeyeT MMOMHHUTH O TOM, YTO 3TH
MOHATHUS MOTYT OBITh OTHOCHUTENBHBIMU. [Ipu guarso-
CTHKE IICUXHYECKUX PACCTPOHCTB HEOOXOMMO YUUTHI-
BaTh HE TOJIHKO CUMIITOMBI, HO M COIIMANBHBINA U KyJIb-
TYypHBI KOHTEKCT, B KOTOPOM IPOMCXOMIAT ITH pac-
CTpOICTBa.

Taxxe, CTOUT OTMETHUTb, UTO CYIIECTBYET MHOXe-
CTBO METOJIOB JMarHOCTUKU M JICYCHUS TICUXUYCCKUX
paccTpoiCTB, KOTOPbIE MOTYT Pa3iHyaThCsl B 3aBUCH-
MOCTH OT KOHKPETHOT'O PacCTPOMCTBA N WHIUBHLyaJIb-
HBIX IOTpEeOHOCTEH manuenTa. BaxxHo BEIOpaTh Hanbo-
nee 3¢ GEeKTUBHBIN ¥ TOAXOAALINI METO JICUSHHU S, KO-
TOPBI OyIeT y4uThIBAaTh Bce (DaKTOPHI, BIUSIONINE Ha
MICUXUYECKOE 3/I0POBbE MALUEHTA.

Cpennuii BO3pacT, Kak paBHII0, COMTPOBOKIAETCS
6OJBIINM KOTUYECTBOM U3MEHEHHUH U CTPECCOB, KOTO-
pble MOTYT CTaTh OCHOBHOM NPUYMHOIN BOZHUKHOBEHUS
NICUXUYECKUX pAacCTporcTB. HEKOTOpBIE U3 HUX MOTYT
OBITH CBSI3aHBI C CEMEIHBIMU MpobieMaMu, (hPUHAHCO-
BBIMH TPYIHOCTSIMH, U3MEHEHUSIMH B paboTe mim He-
JTABHUMH TPaBMaTHYECKUMH COOBITHSIMU, TAKMMHU Kak
pa3Boj, yBOJILHEHHUE, CMEPTD OJIM3KOTO YEJIOBEKa U T.JI.

Cpenu mOpUYMH BO3HUKHOBEHMS IICUXHYECKHX
paccTpoiCTB, JIUAUPYIOLIEE MECTO 3aHHUMAET CTpecc.
Crpecc W ero BIMSHHE Ha IICHXHYECKOE 3/I0POBBE
CPEIHEro BO3pacTa BEChbMa BEJIMKA U SBISICTCS YaCTHIM
CITy4JaeM.

Crpecc - 3TO COCTOSIHHE, BBI3BAHHOE JE€30pTaHH-
3anmeid OamaHca Mexay TpeOOBaHUSAMH BHEIITHEH
Cpe/ibl M BO3MOXKHOCTSMH a/IalITAIlH YeJIOBEKA K ATUM
TpeboBaHuUsAM. Y JIMI] CPEJHEro Bo3pacta MHOTHE (ak-
TOPBI, TAKHE KaK yXy/IICHUE 3I0POBbS, N3MEHEHHS B
paboTe W JMYHOW JKWU3HH, MOTYT CTaThb NPUYHHON
crpecca. Ctpecc, B CBOIO 0Uepeib, MOXKET IIPUBECTH K
NICUXMYECKUM OTKJIOHEHUSIM, TaKUM Kak Ierpeccus,
TPEBOXKHOCTh W AJIKOTOJIbHAS 3aBUCHMOCTH (Cemmax,
2019)

l'oBopst 0 mprYMHA NCUXWYECKUX PaCCTPOMCTB
CTOUT YTIOMSHYTh U JIETPECCHIO U €€ CBA3b C pa3iind-
HBIMU (aKTOpPaMHU CPETHETO BO3pacTa.

Jemnpeccust - 3TO paccTpPOWCTBO HACTPOCHUS, Xa-
paKTepu3yoLIeecs AIUTSILHBIM IEPHOJIOM MOHIKEH-
HOT'O HACTPOEHUSI, yTPAaTOl MHTEpeca K )KHU3HH, YXYA-
LIEHHEM CaMOYYBCTBUS M JIPYTUMU CHUMOTOMaMH. Y
JIMI CPEeTHET0 BO3pacTa JENpeccHst MOXKET OBbITh CBS-
3aHa ¢ TAKUMH (PAaKTOpaMH, KaK yXyAIICHHE 3710pOBb,
motepst ONM3KUX, W3MEHEHHs B paboTe W JHMYHON
*Km3HH. MccnenoBanus TOKa3bIBAIOT, YTO Y JKCHIIUH
CPeIHEro BO3pacTa PUCK Pa3BUTHS JETPECCHU BHIIIC,
4eM y MYKYHUH, H3-32 Pa3IHYHBIX COMUATBHBIX, ONOJIO-
THYECKUX U TIICHXOJIOTHIeCKUX pakTopoB (Bromberger
et al., 2009).

Taxke cpeau NHPUYMH MEHTAIBHBIX MHpPOOIIEeM
BCTPEYAETCs aHI'CT M TICUXUYECKHE PacCTPOHCTBA, CBS-
3aHHBIE C TPEBOIKHOCTBIO B CPEAHEM BO3pacTe

AHICT - 3TO YMOIMOHANBEHOE COCTOSHHE, XapaKTe-
pusytorieecss 0ECHOKOWCTBOM, HANpPSDKEHHOCTBIO U
CTpaxoM. Y JIUI] CPEIHET0 BO3pPACcTa aHTCT MOKET OBITh
CBsI3aH C TaKUMHU (PAKTOpaMU, KaK yXyIIICHIE 300PO-
Bbs, U3MCHEHHUS B paboTe W JHMYHOH >kn3HU. Hekoro-
pBIC UCCIIeTOBaHUS CBS3BIBAIOT AHICT € 00JIee BRICOKHM
PHUCKOM DPa3BUTHS MCUXHUYECKHAX PACCTPOHCTB, TaKUX
KaK TPEBOXKHBIE PAcCTPOHCTBa M ITaHUYECKHE aTakKh
(Apxumnoa u Kasnaueena, 2016).

Crout 3aroBOpUTh TAKXE O POJIU JIMUYHOCTHBIX
0COOEHHOCTEH B Pa3BUTUU MCUXUYECKUX OTKIOHEHUN
y JIMI] CPEJTHErO BO3pacTa

JInaHOCTHBIE 0COOEHHOCTH MOTYT OKa3bIBaTh CY-
HIECTBCHHOC BJIMSAHUC HaA PAa3sBUTUEC NMCUXUYCCKUX OT-
KJIIOHEHUH y JIUI] cpelHero Bo3pacta. HekoTopsle wc-
CIICZIOBAHMS ITIOKA3bIBAIOT, YTO JIFOIU C OIpEJCIICH-
HBIMHA dYepTaMH XapakTrepa Ooyiee ITOJBEPIKEHEI
Pa3IHYHBIM (OpPMaM MICHXUYECKUX PAcCTPOICTB, 4eM
npyrue. Hanmpumep, y Jromedt ¢ BBICOKAM YPOBHEM
HEBPOTH3MA, T.€. CKJIOHHOCTBHIO K UYBCTBHTEIBHOCTH,
TPEBOXHOCTH U HeyCTOﬁ'—IHBOCTH, TOBBIIIEH PUCK pas3-
BUTUS JICNIPECCUBHBIX U TPEBOKHBIX PAaCCTPOMCTB
(Bromberger et al., 2009).

Taxxe POJIb B PA3BUTHU IICUXUYCCKUX OTKIIOHE-
HUI MOTYT WIpaTh TaKWe JIMYHOCTHBIE OCOOCHHOCTH,
KaK arpeccHBHOCTb, HMITYJIbCUBHOCTb, HECTAOMIIb-
HOCTb HACTPOCHHS, TPOOJIEMBI COLIMANILHOM afanTanuu
n npyrue (Bakhshani et al., 2008)

HemanoBaXHBIM acmeKTOM Uit PacCMOTPEHUS
(akTOpOB, BIMAIONIMX HAa BO3HHUKHOBEHHE IICHXHYe-
CKHUX OTKJIOHCHHH Y JIUI] CPEIHET0 BO3PACTa, SIBISIETCS
COIMAILHOE OKPY)KEHHE.

CouunaibHOE OKpPY)KEHHE TaKkKe MOXKET OKa3bl-
BaTh BJIMAHUEC Ha TICUXHYCCKOE 3J0POBLE CPEAHETO
Bo3pacta. OcoOeHHO BaXXHBIM (DAaKTOPOM SBISETCS
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YPOBEHb COIIMATBbHON MOJAACPKKH, T.C. HATHIHE y de-
JIOBEKA MOJAEPKHUBAIOIINX OTHOIICHUH C ONU3KUMH,
Ipy3bsiMu, koiuteramu u 1.4. (Cacioppo & Patrick,
2008).

OtcyTCcTBHE COIMANBHON NOAJIEP)KKHA MOXKET IPH-
BECTH K OLIYIIECHHIO OAMHOYECTBA M U30JSALHUH, YTO B
CBOIO OYepeslb MOXKET CII0OCOOCTBOBATH PA3BUTHIO Pa3-
JUYHBIX (OPM IICUXHUYECKHX DPACCTPOMCTB, BKIIIOYAsS
JETIPECCHIO B TPEBOXKHBIE cocTosiHUA. Kpome Toro, co-
[MajbHasl TTOANEPHKKAa MOXET MOMOYb CIIPABUTHCS C
HETaTUBHBIMH SMOLMSIMU U CTPECCOM, YTO MOXKET CHH-
3UTh PHCK pPAa3BUTHS MCHXWYECKUX OTKJIOHCHHH
(Cacioppo & Patrick, 2008).

Cpenu mpu4MH Pa3BUTHS NICUXHYECKUX OTKIJIOHE-
HHUH paccMaTpHUBalOTCs Takxke (PaKTOphl, CBI3aHHEIE C
paboTOM, M X BIMSHHE Ha MCUXUYECKOE 3/10POBHE B
CpeiHeM Bo3pacTte

Pabora Tax:xe MOXKET OKa3bIBaTh BIMSHHE Ha TICH-
XMYECKOE 3/I0pOBbE CpelHero Bo3pacta. Hekoropsie
HCCIE0OBaHMS TIOKa3ally, 9To CTpecc Ha paboTe, mepe-
rpy3Ka, KOH(IHMKTHI C KOJUIETaMH B PYKOBOACTBOM MO-
TYT OBITH CBS3aHBI C IICUXHYECKUMH OTKJIOHEHUSIMH y
mozxeit cpegnero Bo3pacta (Bromberger et al., 2009).
Hamnpumep, uccnenosanue, nposeaentoe B 2009 roxy,
MOKA3aJI0, YTO JKCHIINHBI, UCTIBITHIBAIOIINE CTPECC Ha
paborte, UMeIOT OoJiee BEICOKHH YPOBEHb JIEIPECCHH U
TPEBOXKHOCTH, Y€M >KCHIIHMHBI, HE HCIBITHIBAIOLINE
cTpecca Ha pabote (Bromberger et al., 2009). Oxnako,
He BCE BU/IbI paOOTHI SIBJSIFOTCS] HETATUBHBIMU 1S TICH-
XMYECKOTO0 3710pOBbsl. VccneoBaHus TakKe MOKa3ay,
YTO paboTa MOXKET UMETh MOJIOKUTEIHHOE BINSHHUE HA
MICUXWYIECKOE 3/J0POBBE, E€CIIM OHA MPUHOCHT YIOBIIE-
TBOpEHHE U 9yBCcTBO nocTikeHus (Warr, 2017).

Kpome TOro, mcuxwdeckue OTKIOHCHHS MOTYT
OBITH CBS3aHBI C IEPEX0JOM Ha HOBYIO pabOTy MIIH U3-
MeHeHneM nospkHocTa (Bromberger et al., 2009). Dtu
COOBITHSI MOTYT BBI3BaTh CTPECC M TPEBOTY, OCOOCHHO
€CIIM YeJIOBEK HE YBEPEH B CBOMX CIOCOOHOCTSIX HIIH
HE UMEET JIOCTATOYHOTO OIIbITa ISl BBIMOJIHEHHS HO-
BBIX 33]1a4.

Haxkonern, pabota MOXeT OKa3bIBaTh BIMSHUE HA
MICUXUYECKOe 3[I0POBbE Yepe3 CBOM BO3JCHUCTBHS Ha
JpyTHE acleKThl XKH3HHU, TAKHE KaK COIMAIbHBIE CBSI3H
u puzndeckoe 310poBke. Hampumep, moan, paborato-
IIMe B HECKOJIBKHX paboTax WiM ¢ HeNPaBMILHBIM I'pa-
(buKoM paboThI, MOTYT HCIIBITHIBATE TPYAHOCTH C ITOJI-
JIep>KaHUEM 3JJ0POBBIX COIIMANIBHBIX CBSA3EH M perysip-
HOTO (PU3UUYECKOTO YIPAKHEHHMS, YTO MOXKET NPUBECTH
K YXYZIIEHUIO ICUXUYECKOTO0 310poBbs (Warr, 2017).

Hcxopst u3 3TOr0, MOXKHO ClIeNaTh BBIBOJI, YTO pa-
00Ta MOXKET OKa3bIBaTh KaK IOJIOKUTEILHOE, TaK U OT-
pHLATEIbHOE BIUSHUE HA TICHXUYECKOE 37I0POBbE JII0-
Jielt cpeHero Bo3pacTa. UToObl yMEHBIIIUTh PUCK pa3-
BUTHSl TICUXMYECKUX OTKIOHEHWH, Ba)KHO HAXOIMThH
paboTy, KOTOpasi IPUHOCHT YAOBIICTBOPEHHE, MOJIEP-
JKMBATh 3JI0POBBIE paboure OTHOIICHHs, OalaHCHUpO-
BaTh paboTy W JIMYHYIO XKHU3Hb, & TAKXKE OCO3HAHHO OT-
HOCHUTBCSI K CBOEMY 3JI0OPOBBIO B 11ei0M. Hekoropsie
MCCIIeJOBaHMs [TOKA3bIBAIOT, YTO JUINTEIbHAS Oe3pabo-
THUIIa MOXKET MPUBECTHU K YBEJIMYCHUIO YPOBHS JleTpec-
CHH U TPEBOXKHOCTH, 4TO B CBOIO OUEpPE/Ib MOXKET YCy-
ryouTh icuxudeckue otkiaonenus (Warr, 2017).

Ba)kxHO MOHMMAaTh, YTO IICUXUYECKHE OTKIOHECHHS
y JIMI] CPEIHEr0 BO3pacTa MOTYT HMEThb pPa3INdHBIC
Npu4uHBl ¥ coueranue ¢axrtopos. [Ipu nosBieHHN
CHUMITOMOB TCHXMYECKUX PAcCTPOUCTB HEOOXOIMMO
00paTHUTHCA K CIIELMANUCTY U IOJYYUTh COOTBETCTBY-
IolIEe JICUCHHUE.

CymiecTByeT MHOKECTBO IICUXOJIOTHYECKHX (haK-
TOPOB, KOTOPHIE MOTYT OKa3bIBaTh BIMSHHE Ha IICUXU-
YeCKOEe 3/10pOBbE UelIoBeKa. HekoTopsie u3 3TnX (ak-
TOPOB MOT'YT BKJIFOYATh KaK OBIJIO yKa3aHO BBIIIE TPe-
BOJKHOCTB, CTPECC, IEMPECCHIO, AaHTCT W JMYHOCTHBIC
0COOCHHOCTH.

HexoTopsle uccienoBanus yKa3bBaloOT HA TO, ITO
BBICOKUH YPOBEHb TPEBOXKHOCTH MOXKET yBEJIIMYHUBATh
PUCK pa3BUTHS NICUXUYECKUX PACCTPOMCTB, TAKUX Kak
Jenpeccust U TpeBoxkHbIe paccTpoiictBa (Warr, 2017).
Kpome Toro, ctpecc MoXeT UrpaTh pojiib B Pa3sBUTUU
NICUXUYECKUX OTKJIOHEHHH, TaKUX KaK MOCTTpaBMaTH-
yeckoe crpeccoBoe pacctpoiictBo (PTSD) (Breslau et
al., 1999).

BakHy!0 ponb B pa3sBUTHH NCHXHYECKUX OTKJIIO-
HEHMH TakXe MOTYT UrpaTh JUYHOCTHBIC OCOOCHHO-
ctu. Hampumep, mccnenoBanus MOKa3bIBAIOT, YTO HeE-
KOTOpBIE JTMYHOCTHBIE YEPTHI, TAKHE KaK HEBPOTH3M,
MOTYT OBITH CBSI3aHBI C TIOBBIIICHHBIM PHUCKOM Pa3BH-
TUSL JIETIPECCUM M TPEBOXKHBIX paccTpoiicts (Warr,
2017).

W3ydeHne B3aMMOCBA3M MEXIy ICHXOJOTHYe-
CKUMHU (aKTOpaMH M TNCHUXHUYECKUMH OTKJIOHEHUSIMHU
SIBJISIETCS BOXKHOM 3afadeit uist pa3padboTku 3hheKTHB-
HBIX CTpaTeruii NpO(MIAKTHKYA M JEUCHUsS MCHXHIE-
CKHX PacCTpOWCTB y JIMIl CpeaHero Bo3pacta. OmxHUM
13 BO3MOXKHBIX IOJXOJIOB SIBISIETCS pa3paboTKa Mpo-
TpaMM IO CHIDKCHHUIO YPOBHS CTpecca H TPEBOXKHOCTH,
a TaKXKe MOBBIIICHNE PE3MITHEHTHOCTH M YCTOHIHBOCTH
K [ICUXOJIOTHYecKuM Harpy3kam (Warr, 2017).

3. CouuanbHble NPUYUHBI NCHUXMYECKHX OT-
KJIOHEHUI.

ITpobneMs! B ceMbe M UX CBSI3b C MCUXUIECKUMU
OTKJIOHEHHUSIMH BECbMa TECHA.

CeMbs UrpaeT BaXXHYIO POJIb B JKM3HHU JIIOJEH, U
npoOJieMbl B CEMbE MOTYT OBbITh OHUM U3 (hakTOpOB,
BIMSIOIINX Ha MCUXHYECKOe 370poBbe. CormacHo uc-
ciegoBannio Warr (2017), KOHQIHKTEL B CeMbe M He-
JOCTATOK TOIEP’KKH CO CTOPOHBI CEMBH MOTYT ITOBBI-
IIaTh PUCK Pa3BUTHS ACTPECCHU U TPEBOKHOCTH Y JIIO-
Jiel cpeTHero Bo3pacTa.

Bo3moXxHBIE POOJIEMBI CEMBH, KOTOPbIE MOTYT
BIMATh Ha IICHXMYECKOE 370POBbE B CPEIHEM BO3-
pacte, BKJIIOYAIOT KOH(JIUKTBI MEXAYy CyHpyTamH,
npoOJIeMbl BOCIUTAHUS AeTed, pa3BOA MM CMEPTh
6mu3Koro yesnoBeka. HekoTophle nccieoBaHMS TakKe
MOKa3bIBAIOT, YTO HU3KUH YpOBEHb COLMATIBHOU IMOJ-
JEPAKKHU CO CTOPOHBI POACTBEHHUKOB MOXET YBEJINYH-
BaTh PHUCK Pa3BUTHS AENPECCHU U JAPYIUX NCHXHUE-
CKHUX PacCTpOWCTB y JroJiel cpeanero Bo3pacra (Warr,
2017).

OzHUM ¥3 TOJXOJIOB K PEUIEHHIO IpodIieM B ce-
Mb€, BIMAIOMUX Ha NCUXUYECKOE 3[J0POBbE, ABISETCA
Tepamnusi CeMbH, KOTOpasi MOXKET IIOMOYb CEMbE Hana-
JUTH OTHOIICHUS U yIy4IINTh KOMMYHHKanuio. Kpome
TOTO, B&YKHO OCO3HABAaTh NMPOOIEMBI B CEMbE M HCKATh
CHOCOOBI WX peIIeHHs, HampuMep, OOpaTHUBIINCH 3a
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mpodecCHOHATLHOW MMOMOIIBI0 WITH TTOIJIEPKKOH CO-
ajabHbIX Cirysk0 (Warr, 2017).

Takum o6pa3om, mpoOeMbl B CEMbE MOTYT OKa-
3bIBaTh 3HAYUTEIHHOE BIIMSHHE HA ICUXHUYECKOE 3710-
POBbE B CPEIHEM BO3PACTE, U BaXKHO IPUHUMAThH MEPHI
JUISL PELIeHHsI 3TUX MPoOJIeM U MOJIy4eHHs He0OX0aH-
MOH NOJAJIEPKKU.

OTHOIIEHHS ¢ OKPY’KAIOIKUMU JIIOAbMH, BKIHOUas
CEMbIO, ApPY3€ei, KOJUIeT 1 0OMIECTBO B IIETIOM, HMEIOT
OTPOMHOE 3HAUYEHHUE I NICUXUUYECKOTO 3[0POBbS Ue-
JoBeka. B3anmozeiicTBue ¢ OKpY KaroLUMM MUPOM MO-
JKeT MPHUBOAWTH K PaziIMIHBIM IpobieMaM, KOTOPBIE
MOTYT CIIOCOOCTBOBAaTh BO3HUKHOBEHHIO ICUXUIECKUX
OTKJIOHEHUH y JIUII CPEeTHETO BO3pacTa.

OnuH 13 OCHOBHBIX (h)aKTOPOB, CBSI3aHHBIX C IICH-
XUUYECKUMH OTKIOHEHUSIMHU B CPEJHEM BO3pACTE, - 3TO
poOJIEeMbl B OTHOILIEHUSX. DTO MOXKET OBITH CBSI3aHO C
TPYIHOCTSMHU B Opake, pa3BoJ0oM, KOHPIUKTAMH C JpY-
3bSIMM MJIM KOJUIETaMHU, CCOPaMHU B C€MbE U APYTMMU
npobaemamu. VccreqoBaHHUS IOKA3BIBAIOT, 9TO HeOa-
TONIPHUATHBIC OTHOIICHHS B Opake CBA3aHBI C TIOBBIIICH-
HBIM PUCKOM Pa3BUTHS JENPECCUN U APYTUX NICUXUUE-
ckux pacctpoiictB (Hukomaesa, 2017). Kongpnukrer Ha
paboTe TakKe MOTYT CITIOCOOCTBOBATH BOSHUKHOBEHUIO
TICHXUYECKUX MpobieM y cpenHero Bo3pacta. OHI MO-
T'YT IPUBECTH K yXyIIIEHUIO OTHOLICHUH C KOJUIETaMH,
a TaKkXKe K YBOJIBHEHUIO, YTO MOXKET CTaTh CTPECCOBBIM
(hakTOpOM M MPUBECTH K MCHUXHUYECKUM OTKIOHEHUSIM
(Astop, 2010).

Kpowme Toro, coruanbpHas H30JSIIMSA U HEIOCTAaTOK
COLIMAIFHOW TOJACPKKH TaKXe MOTYT CHOCOOCTBO-
BaTh Pa3BUTHUIO ICUXUYECKUX paccTpoiicTB. Mccneno-
BaHUs MIOKA3bIBAIOT, UTO Y JIOJEH, KOTOPBIE YACTO 1yB-
CTBYIOT €05 OMHOKO HJIM HMEIOT HEOOIBIIIOE KOJTYe-
CTBO COLMAJIBHBIX KOHTAKTOB, IIOBBIIIEH PHCK
Pa3BUTHA IENPECCHH U TPEBOXKHBIX PaccTPOHCTB (AB-
Top, 2010).

Jist ipo()MITAKTUKY TICUXUISCKUX OTKJIIOHEHUH y
JIMII CPEJTHETO BO3PACTa BayKHO oOpanaTh BHUMaHHE Ha
Ka4ecTBO M KOJHMYECTBO COIHMAJIBHBIX KOHTAKTOB, a
TaKXe Ha Ka4eCTBO OTHOIICHHUH C OMIU3KUMU JTIOABMU U
koyteramu. Iloaep)kka co CTOPOHBI Ipy3ei, CeMbH U
coo0IIecTBa MOKET IOMOYB MIPEJOTBPATUTH PA3BUTHE
MICUXUYECKU

[Icuxuueckue OTKIOHEHHUST MOTYT CTaTh MPUYH-
HOW CTUTMAaTH3allM{ W JUCKPUMHHAIIMA B OOIIECTBE,
0cobeHHO y Jroneit cpegHero Bo3pacta. CymiecTByeT
0O0IIIeCTBEHHOE MHEHHE, YTO JIFOIN C MCHXUYECCKUMHU
paccTpoiCcTBaMU HE MOTYT ITOJTHOIIEHHO y4acTBOBAaTh B
JKU3HU 00IecTBa, paboTaTh M OOIIATHCS C OKPYKalo-
IIMMH. DTO MOYKET MPUBOJUTH K COIUAIIBHON H30JI-
IIUH, a B CBOIO OYEpEeb, YXYALIATh MCUXUIECKOE CO-
CTOSIHUE YeJIOBEKA.

OnHako, HEOOXOAUMO TOHHMMATbh, YTO INICHXHUYE-
CKHE OTKJIOHEHMS SIBIISIOTCS 3a00JIeBaHHEM, KOTOPOE
MOXET TPOSIBIATLCS y JIIOOOTO YeJIOBeKa, HE3aBUCUMO
OT €ro COLMAIBHOTO CTaTyca WU Bo3pacta. [loatomy
B)XHO OOpPOTBCSI CO CTMIMaTH3alel ¥ JUCKpUMHHA-
MeH B OTHOLIEHUH JIIOIEH C ICUXUYECKUMU PacCTpOii-
CTBaMH.

Jis pemienns 3Toi npoOiaeMbl HE0OX0IMMO TPO-
BOJUTH MH(DOPMAIMOHHYIO paboTy, YTOOBI JIFOIU TO-
HUMAJIH, YTO TICUXHYECKHE OTKIOHEHUS HE SBISIOTCS

NPU3HAKOM CJIabOCTH WJIM HEHOPMalbHOCTH. Takke
HEo0XOMMO CO3/1aBaTh yCIOBHS UL HHTETPALIMH JIFO-
Jel C TCUXMYECKHMMH DPacCTPOMCTBAMHU B OOLIECTBO,
MIPEAOCTABJISATH MM BO3MOXKHOCTH JJIsI ydacTusi B
YKM3HU 00111ecTBa M pabOTHL. 151 TOT0 MOTYT OBITh CO-
3JIaHBI CTICIIMANIbHBIE TIPOTPaMMBI ITOJIEPKKH U peadu-
JMTAlWY, a TaK)Ke OO0y4eHHs HaBbIKAM COLMAIBHOTO
B3aUMO/ICHCTBUSL.

HccnenoBanus MOKa3bIBArOT, 9TO 3(PPEKTUBHBIM
croco6oM OOpBEOBI CO CTUTMATH3ANKEH SBISIETCS KOH-
TaKTHOE OOLICHHE MEXTY JIOABMH C NCHXUYSCKUMH
paccTpoiicTBaMu B OOBIYHBIMU JIFOABMH. Taxue B3au-
MOZEHCTBHS [MOMOTAIOT JIIOIIM IIOHATH, YTO JIIOIH C
TICUXMYECKUMH OTKIOHEHHSAMH HE OTIMYAIOTCS OT HUX
U MOTYT YCIEUIHO Yy4YacTBOBAaTh B JKM3HM 0O0IIe-
ctBa(Bromberger et al., 2009)

Crienyer Takke OTMETHUTb, YTO B HEKOTOPBIX
KyJIbTYpax CYIIECTBYIOT ONpEAEICHHbIE Ta0y Ha 00-
CYXXJCHHUE NICUXUYECKUX IPOOJIEM U pacCTPOUCTB. DTO
MOXET MPUBOAUTE K TOMY, YTO JIFOAU CKPHIBAIOT CBOU
npoOJeMBl M HE HILYT IMOMOIIM y CIICHHAIUCTOB, YTO
yXyALIaeT HX ICHXHWYECKoe cocrosiHue. [loaTomy
BO)XHO NPOBOAUTH MH(POPMALMOHHYIO paboTy cpenu
o0wIecTBa, HAIPAaBJICHHYIO Ha IIPEOIOICHUE CTUTMATH-
3aIMU IICUXMYECKUX OTKJIOHSHHUH U OBBIICHHE 001Ie-
CTBEHHOT'0 CO3HaHUs 0 HUX. Hampumep, uccienoBanue
Bromberger et al. (2009) moka3ano, 4TO HEKOTOpbIE
JKCHIIIMHBI U3-3a CTpaxa OBITH OCYKICHHBIMU 3a CBOU
NICUXUYECKUE MPOOJIEMBI CKPBIBAIOT UX OT OKPYXKalo-
X U HEC UITYT MOMOIIH, YTO MOKET NPUBECTU K YXY -
LICHUIO UX COCTOSHUSL. [103TOMY BayKHO PUBIICYb BHU-
MaHHe K Mpo0JieMe CTUTMaTH3AIMH B CO31aTh Oe30mac-
HO€ TIPOCTPAHCTBO, TAE JIOOH MOTYT OTKPBITO
TOBOPHUTH O CBOUX MpoOJieMax.

PemieHnem mpoOsieMBl CTUTMATH3aLUd MOJXKET
CTaTh CO3JaHHE MPOrpamMM MOAJCPKKH, HalpaBlCH-
HBIX Ha IIOMOIIb JJKOAAM C IICUXUYCCKHUMU OTKIIOHCHU-
AMHU, a TAKXKC MPOBCIACHUC KaMHaHHﬁ, HalpaBJICHHBIX
Ha U3MEHEHHE OOLIeCTBEHHOI0 MHEeHHs. TakKe BakHO
o0ydeHue JItofiel, Kak OAepKUBaTh TeX, Y KOTO €CTh
NICUXWYECKUE MPOOJIEMBI, U Kak 00pariaTbcsi 3a MoMo-
IIBIO, €CJIM OHM CaMH CTAJIKUBAIOTCS C MOAOOHBIMH
TPYIHOCTSMH.

CTONT OTMETHTh HEOOXOIUMOE PACCMOTPEHUE
WHIMBUIYAIBHOTO MMOJX0/a B IUATHOCTHKE U JICUCHUU
MICUXUYECKUX OTKJIOHEHHH Yy JIMI] CPETHEr0 BO3PacTa.

WHAMBUIyaTbHBIN TTOIXO0] SBJISETCS BaXKHBIM ac-
NEKTOM B JIMarHOCTHKE U JICYCHUH ICHXHYECKHX OT-
KJIOHEHWH y JIUII CpeiHeTo Bo3pacTa. Kakaplil yemoBex
YHUKAJIEH U MOXET HYXAATbCAd B HMHAWBHUIYaJIbHOM
HOAXO0JIE K JUarHOCTHKE U JISYSHUIO CBOETO COCTOSHUSI.

HCCHC}IOB&HI/IH IMOKa3bIBAKOT, YTO HWHAUBHUAYAJIb-
HBIN IIOAXO0d K AMArHOCTUKE U JICHCHUIO IICUXUYCCKHUX
PacCTpONCTB y JIMII CPETHETO BO3PACTa MOXKET OBITh
Oonee 3G (GEKTUBHBIM, YeM CTaHIAPTHBIC IOIXOJBI
(Bromberger et al., 2009). 310 cBs3aHO C TE€M, YTO UH-
JUBUAYaJbHBIH TOAXOJ TO3BOJISAET YYHUTHIBATH OCO-
OEHHOCTH KOHKPETHOTO YeJIOBEKa, €ro CHUMIITOMBI,
MIPUYMHBI U (HAKTOPBI, BBI3BIBAIOIINE MM YCYTyOIIsto-
LK€ er0 COCTOSIHUE.

Kpome TOro, MHIMBHAYanbHBIH MOIXOJ MOMKET
TIOMOYb YJIYUYIIHUTHh COTPYAHUYICCTBO MEKIAY MAITUCH-
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TOM M BpPadoM, 4TO MOXKET HNPUBECTH K JyYIIHM pe-
3yJbTaTaM JICUCHHUS U YBEIMUCHHUIO yIOBIETBOPEHHO-
cTH mauueHToB ot neyenus (Bromberger et al., 2009).

OnHako, MHAMBUIYANBHBIN MTOJXO0J MOXET OBITh
CJIOKHBIM M TpeOoBaTh OO0JIbILIE BPEMEHU U PECYPCOB,
YeM CTaHJapTHbIe nmoaxonpl. [lostomy, HeoOXomumo
GanmaHcHUpOBaTh MEXy UHAUBUAYAIBHBIM U CTaHAPT-
HBIM TIOJIXOJIaMH B 3aBUCHMOCTH OT KOHKDPETHBIX 00-
CTOSITENBCTB.

B nemnom, "HAMBHAYANBHBIN MTOIX0A UMEET OOJb-
I10€ 3HAaYEHHE B JUATHOCTUKE U JICICHUH IICUXUIECKIX
OTKJIIOHEHHUH y JIUI CpeaHero Bo3pacta. OH MO3BONISET
YYUTBIBATh OCOOEHHOCTH Ka)KJOTO MAIEHTa U MOXKET
MPUBECTH K JIy4IINM pe3yIbTaTaM JIeUeHHUs.

Cpenu npu4MH TakXkKe CTOUT YIOMSHYTh U3MEHE-
HUS (U3HOJIOTHMH W TOPMOHAIBHOTO OajaHca TakkKe
MOTYT MIparh POJib B BOZHUKHOBEHHUH ICUXUYECKHX
paccTpoICTB y MLl cpeHero Bo3pacta. Hanpumep, uc-
CJIeZIOBAaHUS MIOKA3bIBAIOT, UTO KCHIIUHEI B IEPHO Me-
HOTay3bl OoJiee MOBEP)KEHBI IETIPECCHH U TPEBOXKHO-
CTH, YeM MY>KYMHBI WM XKCHIINHBI, HE HaXOAsIuecs B
3TOM IIEpHOJIE.

CymiecTByeT Taxke reHeTHIECKHi (aKkTop, KOTO-
pBIii MOXET TOBBILATE PUCK IICUXHYECKHX pac-
CTPOHMCTB y JIMI] cpenHero Bo3pacta. MccmemoBanus
MOKa3bIBAIOT, YTO IETH, POAUTENH KOTOPBIX HMENIU
MICUXUUYECKUE paccTpoiicTBa, Ooyiee MOABEPIKEHBI pa3-
BUTHIO 3THX K€ PACCTPONCTB B CBOEM B3POCIOM BO3-
pacre.

HUrtak, cymecTByeT MHOXECTBO IIPUYUH, KOTOpPHIE
MOT'YT TIOBIIHATH Ha NICHUXUYECKOE 3I0POBBE JIIOACH B
CpesHeM Bo3pacTe. JTO MOXKET OBITh BBI3BAaHO Kak (u-
3MOJIOTHYECKUMH (PAaKTOpaMHu, TaK W COLUAIbHBIMU
WIN TEHETHYECKHMHU (akTopamMu. BakHO NMOHMMATH,
YTO MCUXWYECKUE PACCTPOICTBA MOTYT BO3HUKHYTH y
Tr000T0 YeNIOBEKa, M HE CTOUT CTBIANTHCS MITH OOSITHCS
00paTUTHCS 3@ MOMOIIBIO, €CITH Y BaC €CTh ITOI03PEHUS
Ha HAJINYME 3TUX PACCTPOUCTB.
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AHHOTALUA

B cratpe pacCMaTpuBAOTCA MICUXOJIOTHICCKUC (I)aKTopBI, TAKHUEC KaK CTPECC, NEPCKUBAHUA CBA3AHHBIC C Ka-
pBEpoii U ceMbeil, KOTOPBIE MOTYT YCYTYOISTh PUCK PA3BUTHSA IICUXUICSCKAX HAPYIICHUA B ’TOM BO3PACTHOM IIie-
puone. Taxoxe paccMaTpuBaAOTCA (1)I/I3I/IOJ'IOFI/I‘I€CKI/IG q)aKTOpBI, TAaKHNC KaK U3MCHCHUC T'OPMOHAJIBHOT'O OajlaHca u
(I)YHKI_[I/IOHI/II)OBaHI/IiI HepBHOfI CHUCTCMbI, KOTOPBIC MOTYT IOBJIUATH Ha PUCK PA3BUTUA IICUXUICCKUX HapymeHI/Iﬁ
B IIEPUOJ CPEHETO BO3pACTa.

AHanu3 NpoBeICHHBIX HCCIIEA0BAHUI MOATBEPNII, YTO CPEIHUN BO3PACT SIBISETCS 3HAYMMBIM PUCK-(DAKTO-
POM i pa3BUTUA IICUXUICCKUX HapymeHHﬁ, TaKHUX KakK ACenpecCus U TPEBOKHOCTb. Z[I/IaFHOCTI/IKa IICUXHUYCCKUX
HapyUICHUH B IEPUOJ] CPEIHEr0 BO3pACTa SBIISIETCA CI0XKHOU 3a/1auel, OIHAKO B CTaThE IIPEICTaBICHbI OCHOBHBIE
METOAbI AUATrHOCTUKH, KOTOPBIC MOT'YT 6I>ITI> MPpUMCHCHBI B KIIMHUYECKOM IMpaKTHUKE.

CTaTtbs TakkKe 06cy>i<z[aeT BOIPOCHI JICUCHUA U HpO(bI/IJ'IaKTI/IKI/I IICUXHUYCCKHX HapymeHI/Iﬁ B IICPUOJ CPCAHCTO
BO3pacTa. PeKOMeHZ[yeTCﬂ HCIIOJIb30BAaTh I/IHI[I/IBI/I,IlyaJ'ILHHﬁ noAXO0a K MaueHTaM W Y4YUTbIBATHh UX CI)I/IBI/IOJ'IOFI/I—
YECKHE M ICHXOJIOTHYECKIEe 0COOEHHOCTH. DPPEKTHBHOCT MPOPUITAKTHISCKUX Mep, TAKUX KaK 370POBHI 00pa3
JKU3HHU U IICUXOJIOrNYCCKas MOAACPIKKA, TAKIKE O6CY)KZ[8.€TC$I B CTAaThC.

B OCJIOM, CTaThd NOAYCPKUBACT BAXKHOCTh PACCMOTPCHUA CPEAHCTO BO3pACTA KAK pI/ICK-(baKTOpa JJIA IICUXH-
YECKHUX HapymeHI/Iﬁ H nperaracT NpakTUICCKUEe PEKOMCHAAINN U AUArHOCTHUKH, JICHCHUSA U HpO(l)I/IJ'IaKTI/IKI/I
9TUX HapylICHUN.

ABSTRACT

The article discusses psychological factors such as stress, career and family-related concerns, that can exac-
erbate the risk of developing mental disorders during this age period. The article also examines physiological
factors such as changes in hormonal balance and nervous system function that can affect the risk of developing
mental disorders in middle age.

Analysis of conducted research confirms that middle age is a significant risk factor for developing mental
disorders such as depression and anxiety. Diagnosing mental disorders during middle age is a complex task; how-
ever, the article presents essential diagnostic methods that can be applied in clinical practice.

The article also discusses the issues of treatment and prevention of mental disorders in middle age. An indi-
vidual approach to patients is recommended, taking into account their physiological and psychological character-
istics. The effectiveness of preventive measures such as a healthy lifestyle and psychological support is also dis-
cussed in the article.

Overall, the article emphasizes the importance of considering middle age as a risk factor for mental disorders
and offers practical recommendations for the diagnosis, treatment, and prevention of these disorders.

KiroueBble c10Ba: cpeHUN BO3pACT, ICUXWIECKIE HAPYIICHUS, PUCK-(PAKTOPEI, ACTIPECCHS, TPEBOKHOCTH,
TICUXUYCCKOC 3T0OPOBLE, TUArHOCTHUKA, JICUHCHHUE, HpO(i)I/IJ'IaKTI/IKa, SIMUACMHOJIOT HA.

Keywords: middle age, mental disorders, risk factors, depression, anxiety, mental health, diagnosis, treat-
ment, prevention, epidemiology.

1. Beeaenue

[lcuxuueckue OTKIOHEHMSI SIBJISIIOTCS CEPbE3HOM
npoOIeMoit 1t o0IecTBa, Tak KaKk OHH MOTYT CyIIle-
CTBECHHO OT'paHUYMUBATH KU3HEACATCIBHOCTDH moz[eﬁ,
CHUXXATh Ka4€CTBO U NPOAOJIKHUTEIBHOCTh UX XU3HH.
B cBoeii nuccepranuu s Oyay WcciaenoBaTh OCHOBHBIE
IMPUYUHBI IICUXUYCCKUX OTKJIOHEHUH Yy Jun CpeaHEro

BO3pacTa. OTO Ba)KHO, MOTOMY 4TO CPEJHHUN BO3PACT
SIBIIIETCS NEPEXOAHBIM MEPUOJOM, KOT/Ia IPOUCXOAST
3HAYUTENbHbIE U3MEHEHUs B JKU3HU JIOJEH, KOTOphIE
MOTYT HOBJIHSTH Ha UX IICUXUIECKOE 3I0POBBE.

Ilo nanHbiM BcemupHO#l opraHusanuu 34paBo-
OXpaHEHHS, IICHXUYECKUE PACCTPONCTBA SABISIOTCS OJI-
HUMH U3 HanboJIee pacpoCTpaHeHHbIX 3a00IeBaHUN B
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mupe. OHE BcTpedarorcst y okono 10% HaceneHHs u
CTaHOBSATCA Bce 0oJiee pacIpoCTpaHEHHBIMHU C BO3pac-
toM (World Health Organization, 2019). Cpennuii Bo3-
pacT, Kak IIpaBUJIO, OXBAaThIBaeT mepuox ot 35 mo 60
JIET, UMEHHO B 3TOT [IEPUOJ BO3MOKHO Pa3BUTHE OOJIb-
IIMHCTBA ICUXHMYECKUX HapyLICHHUH.

MHorue WucCciIeaoBaHusl MOATBEPIKIAIOT CBSI3b
MEKIy BO3PACTOM M Pa3BUTHEM NICUXUYECKUX Hapyllle-
Huil. Hanpumep, uccnenosanne, nmposenernoe B CIIA,
moKasaio, uto y 26% mozei B Bo3pacte ot 18 mo 24
JeT OBIIN 3apErHCTPUPOBAHBI IICUXUYECKHUE PACCTPOH-
CTBa, B TO BpeMs Kak y JIIOAEH B Bo3pacte oT 45 no 64
JeT JONsl TaKuX CIydaeB yBenumduBanmack a0 42%
(Substance Abuse and Mental Health Services
Administration, 2019). Takum 00pa3om, cpeaHHIA BO3-
pacT SIBJISIETCS BaXKHBIM MIEPHOIOM B JKU3HH, KOTOPBIH
CBsI3aH CO 3HAYMTEIILHBIM PHCKOM Pa3BUTHS TICUXUYe-
CKHX HApYIICHUN.

Llens wccieoBaHUsl COCTOUT B BBISBICHHH OC-
HOBHBIX NPHYMH IICHXWYECKHX OTKIOHEHWH Yy JIUI
CPEIHETO BO3pACTa M ONPENIEICHUN BO3MOXKHBIX MEp
0 UX IpeAoTBpalleHuo. B nanHoi padoTe 51 oOparry
BHHMaHHE Ha COIMAJIbHBIC, 3KOHOMHIUYECKUE, PH3HOIIO0-
THYECKUE U TICUXOJIOTHYECKHE (haKTOPHI, KOTOPbIE MO-
TYT HOBJIMSITH Ha TICHXUYECKOE 3/I0POBBE JIIO/IEH B Te-
PHOJ CpeTHEero BO3pacTa.

B 3akitoueHue, ciaeayeT OTMETb, YTO LeJIb JaHHOM
JICCepTALMK BayKHA JUIsl OHUMAHUs TPUYMH pa3BH-
TUsI TICUXMYECKUX HApYLICHWH y JIMI[ CPEIHEro BO3-
pacrta, a TaKkxe I pa3paboTKy Mep 110 UX MpoQHiIak-
THKE ¥ JieueHHt0. B 371011 paboTe OyayT paccMOTpeHbI
pe3yNbTaThl COBPEMEHHBIX HCCIEIOBAHUH, KOTOpBIC
KacaroTcst (JaKTOPOB, BIUSIONINX Ha ICUXHYECKOE 3710~
POBBE JIFOJIEH B IEPHO]] CPEIHETO BO3PACTA.

2. CounaubHble GaKTOPbI M CPeHUI BO3PACT

[epBbIit MyHKT TaHHBIH paOOTHI OCBSIICH COIH-
abHBIM (paKTOpaM, KOTOPbIe MOTYT MOBJIMSATH HA TICH-
XHYECKOE 3/I0pPOBbE JIOAEH B MEPHOJ CPEIHEro BO3-
pacra. B atom paszmene OyIyT paccMOTpEHBI Takue
Ba)KHBIE aCTIEKThI, KaK COIMANIbHAs TOICPIKKA, CEMeN-
HBIE OTHOIICHHS, paboTa U (pUHAHCHI.

ComnumanbHasi OJJICPKKa — 3TO BAXKHBIN (akTop,
KOTOPBII MOXET MOBJIHATh HA NICHXWYECKOE 3/10pPOBbE
mroziei B mo0oM BozpacTe. CoriacHo MCCIeJOBaHMUIO,
NpoBeZeHHOMY B SIITOHUM, HEZOCTATOK COLMAIBHOMN
MOJJIEPXKKHU SBISIETCSI OAHUM M3 OCHOBHBIX (DaKTOpPOB,
BIIMSIIOIIMX HA Pa3BUTHE JACTPECCUH Y JIFO/EH B Iepro
cpennero Bo3pacta (Koyanagi et al., 2018). Taxxe
JIpyroe HcCcle0BaHHue MoKa3ajo, 4To y JII0AeH ¢ HU3-
KHUM YPOBHEM COLIMAJIbHOM MOIIEPIKKH YBEINYNBACTCS
PHCK Pa3BUTHS TPEBOXKHBIX PACCTPOMCTB M ACTIPECCUU
(Wang et al., 2018).

CoumanbHasi TOAJCPIKKA MOXKET ObITh OKa3zaHa
Pa3IMYHBIMHM JIFO/IbMH, BKIIIOUAsl CEMBIO, ApY3eH, KO-
JIET W PeNMTHO3HBIX JInepoB. Hanpumep, monnepxkka
CO CTOPOHBI OJIM3KUX POJICTBEHHUKOB MOXET CHUKATh
YpOBEHb CTpecca U yJIydllaTh CUXUYECKOE 3710pOBbE
JroJiel B mepuos cpenHero Bo3pacta (Nieuwenhuijsen
et al., 2018). Kpome Toro, y4actue B pelnuruo3Hsx 00-
MIMHAX MOXET OKa3bIBATh MOJIOKUTEIHHOE BIUSIHUE HA
ncuxuyeckoe 310poBbe mozei (Koenig et al., 2018).

Takum 00pa3oM, couuainbHash MOAJEPIKKA SBIISI-
€TCsl BOKHBIM (JAKTOPOM, KOTOPBIN MOXKET MTOBIIUSITH HA

TICUXWYIECKOE 3JI0POBBE JIOAEH B TNEPUOI CPEIHETO
Bo3pacTa. Hegocratok conpaibHON MOAIEPKKH MOKET
MIPUBECTH K PA3IMYHBIM ICUXHYECKUM PACCTPOHCTBAM,
MI03TOMY HEO0OXOJMMO 00ECIICUUTh COLMAIBHYIO IO/
JICPIKKY ISl JIFO/IEH B 3TOM BO3pacTe.

CeMeliHble OTHOIICHHS — €1lle OJMH BaXKHBIN (ak-
TOP, KOTOPBIA MOXKET HOBJIUATH Ha IICUXUYECKOE 3]10-
POBBe JIOZIel B EPUOA cpeHero Bo3pacra. Mccneno-
BaHMA MOKa3aJId, YTO XOPOIINE CEMEHHBIEC OTHOIICHNUS
MOTYT CIIOCOOCTBOBATH YIIYYIICHHIO IICHXHYECKOTO
30POBBSl JIIOAEH W CHIJKEHHIO YPOBHS CTpecca
(Mancini et al., 2018). OnHako MmIoxXue ceMeHHbIe OT-
HOUIEHUSI, HA0OOPOT, MOTYT MPUBECTH K PA3BUTHIO Pa3-
JMYHBIX TICUXUYECKHX PACCTPOWCTB, TAKUX Kak Je-
MIpeccusi, TPEBOXKHBIE PACCTPOHCTBA W HAPYIICHUS
mnyHoctH (Roberts et al., 2018).

BakHO OTMETHUTH, YTO ceMelHbIe OTHOLIEHHS MO-
T'YT BapbUPOBAThCS B 3aBUCUMOCTH OT KYJIBTYPBI U 00-
mecTBa. Harmpumep, B HEKOTOPBIX KYJIBTYpax ceMei-
HBIC OTHOIIEHHS MOTYT UMETh OOJIbIIIee 3HAaUCHHE, YeM
B apyrux (Chen et al., 2019). B s3Tom KoHTEKcTe, HC-
clieioBaHue, mposeaeHHoe B KuTae, mokasano, 9To BbI-
COKHE YPOBHH KOH(IIMKTOB B CEMbE CBSI3aHBI C Ooiee
BBICOKOI BEPOSITHOCTBIO PA3BUTHSA JETIPECCHH Y JIIOAEH
B miepuoJ cpenHero Bospacta (Wang et al., 2020).

Takum 00pa3om, ceMelHbIE OTHOLICHHS MOTYT
UMETh BaKHOE 3HAYCHHUE JUISl ICUXUYECKOTO 3J0POBBSI
JII0JIeH B MEPUOJ] CPEIHEro Bo3pacTa. XOpoIllIre OTHO-
IICHUS B CEMbE MOTYT CHOCOOCTBOBATH YJIyYILICHUIO
NICUXUYECKOTO 3JI0POBbS, a IUIOXHUE OTHOIICHUS —
Ha000pOT, MOTYT TMPHUBECTH K PA3BUTHIO PA3THYHBIX
TICUXWYECKNX PACCTPOMCTB.

Pabora u (uHAHCHI TaKXKe SBISIOTCS BaKHBIMH
(hakTOpamMH, KOTOPBIE MOTYT BJIUATH Ha IICHXHYECKOE
3JI0pPOBBE JIIO/ICH B IEPHO cpeaHero Bo3pacta. Hemo-
CTaTOK padOTHl WM HHM3KMH ypOBEHb 3apabOTHOH
IUIAThI MOTYT TIPUBECTH K CTPECCY, & B HEKOTOPBIX CITY-
yasix — K pasututo nempeccun (Wu et al., 2020).
Kpome Toro, nepexxuBanue (UHAHCOBBIX TPYIHOCTEH
MOYET Tak)e OBITh CBSI3aHO C MOBBIIICHHBIM YPOBHEM
TPEBOTH U JICTIPECCHH Y JIIOJIEH B IEPUO CPETHETO BO3-
pacra (Koyanagi et al., 2019).

Onnako pabora Takke MOXKET MUMETh IOJIOXKH-
TeNbHBIA 3P PEKT Ha IICUXUIECKOE 310pPOBbE, OCOOEHHO
€CII OHA SIBIISIETCS] MCTOYHUKOM Y/OBJIETBOPCHUS U
gyBcTBa noctmwkenus (Frazier et al., 2018). Hatepec-
Hast paboTa, KOTOpas MPEIOCTaBIAET BO3MOXKHOCTH
JUISL TIPO)eCCHOHAIBHOTO U JIMYHOCTHOTO POCTa, MO-
JKET CIOCOOCTBOBATh YIJIYUIICHUIO ICUXMYECKOTO 3110~
POBbSl U YMEHBUICHHIO PHCKa Pa3BUTHS JENPECCHU U
TpeBoXHBIX pacctpoiicTs (Chen et al., 2020).

Takum obpa3om, pabota u (HUHAHCEI MOTYT OKa-
3bIBaTh KaK IOJIOXKUTEIbHOE, TaK M OTPHIATENbHOE
BO3/IeiCTBHE Ha NCHUXMYECKOE 3/I0POBBE JIIOJCH B Te-
puox cpenHero Bodpacta. C 0HON CTOPOHBI, HEIOCTa-
TOK pa®oThl WM (UHAHCOBBIE TPYAHOCTH MOTYT IpH-
BECTH K CTPECCy M IICUXHYECKHM PaccTpoiicTBaM, a ¢
JPYTOi CTOPOHBI, HHTEpECcHas! paboTa U XOpOLINi ypo-
BEHb JI0X0J1a MOTYT CITIOCOOCTBOBATH YIIYUIIEHUIO MICH-
XHYECKOTO 370POBbSI.

Ou3HUECcKOe 310POBHE SBIISETCS BaXKHBIM (HaKTO-
POM, KOTOPBI MOXET BJIMATh HA IICUXHUYECKOE 310PO-
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BbE JIIOJIEW B TIEPHOJI CpelHero Bo3pacta. Mccnenona-
HUS TTOKA3aJid, 9YTO XPOHMUYECKHE 3a00IeBaHus, TAKUE
Kak J1adeT U cepAeYHO-COCYAUCThIE 3a00I1eBaHMs, MO-
TYT OBITH CBSI3aHBI C MOBBIIICHHBIM PUCKOM Pa3BUTHUS
JIETIPECCHU U TPEBOXKHBIX paccTpoicTB (Vancampfort
et al., 2019). Kpome Toro, ¢pusuueckue 3a001ICBaHUSA
MOTYT TakXKe BIIHATH Ha yPOBEHb CaMOOIICHKH U ca-
MO3((QEKTUBHOCTH, YTO B CBOIO OYEpeb MOXKET MpHU-
BECTH K YXYJIICHHUIO TICHXIIecKoro 310poBbs (Kehler
etal., 2018).

C nmpyroii CTOpOHBI, 3aHATHSA (PU3MYECKON aKTHB-
HOCTBIO MOTYT WMETh IIOJIOKUTEIFHOE BIISHHE Ha
TICHXUYECKOE 310poBhe. Druzndeckue yrpaxHEeHHU MO-
TYT CIIOCOOCTBOBATH YIIyUIICHHIO HACTPOCHHSI, CHHIKE-
HHUIO YPOBHS CTpecca M YJY4ILIEHHUIO KayecTBa CHa
(Dunstan et al., 2018). OnHo HccegoBaHue MOKa3alo,
4YTO yMEpeHHas (U3M4YecKass aKTUBHOCTH CBs3aHA C
YMEHBIICHUEM PUCKA Pa3BUTHS ACMPECCHH Y JIOEH B
Bo3pacte oT 50 1o 70 net (Harvey et al., 2018). Kpome
TOTO, (PU3UYECKUE YIPAXKHEHUS MOTYT CHOCOOCTBO-
BaTh YIIyUIICHUIO KOTHUTUBHBIX (DYHKIMIA, TAaKHX KaK
maMsITh U BHUMaHHE, YTO TaKXKe MOXKET MMETh IOJIO0-
JKUTETIbHOE BIHMSHAE HA IICHXHYECKOE 3I0OPOBHE
(Kivimaiki et al., 2018).

Takum oOpa3oM, (QHU3MUECKOE 300POBBE MOXKET
BIMATh Ha TICUXMYECKOE 37I0POBbE JIOJEH B MEpHOA
CpeIHero Bo3pacTa Kak MOJIOKUTEIBHO, TaK U OTpULIa-
TeNbHO. XpOHHUYECKHEe 3a00JIeBaHUS MOTYT YBEJIUYH-
BaTb PHUCK pa3BUTHUA ACTIPECCUHU U TPEBOXKHBIX pac-
CTPOWCTB, B TO BpEMsI KaK 3aHATHS (HU3NICCKON aKTHUB-
HOCTBIO  MOTYT  CHOCOOCTBOBaTh  YIYUIICHHIO
HACTPOCHUS, CHIDKCHHIO YPOBHS CTpecca W yIydlire-
HUIO KOTHUTUBHBIX (DYHKITHA.

3. Onpenesienne NOHATHI

[lepen teM, kak MepelTH K aHAIH3y OCHOBHBIX
MPWYAH TICHXWYSCKUX OTKIOHEHWH y JIHI[ CPEITHETO
BO3pacTa, HEOOXOAMMO OMpPENEIUTh TOHATUS 'cpel-
HUH Bo3pact” U "NICUXUYECKUE HAPYIIEHUS "

Cpennuii BO3pacT - 3TO BO3paCTHON JUana3oH, KO-
TOPBIH OXBATHIBAET MEPUO]] MEKAY MOJIOAOCTHIO U TO-
kuibIM BoszpacToM. CornmacHo BcemupHoit oprannsa-
LMY 31paBOOXPAHEHUs, CPEIHUN BO3PACT HAUMHAETCS
npuMmepHo B 40-45 ner u npopospkaetcs 10 65-70 ner
(WHO, 2020). B 3T0T mIepuo JIFOI 9acTO CTaJKHUBa-
IOTCS C PSIOM U3MCHEHUH B )KU3HH, TAKHX KaK H3MCHe-
HHUE Kapbhephl, POKICHUE JIeTei, 3a00Ta 0 POIUTEIAX,
noteps ONM3KUX U JAPYTHe, KOTOpbIe MOTYT OKa3aTh
BIIMSIHHE Ha TICUXUYECKOE 3JI0POBbE.

Ilcuxuueckue HapyUIeHUs - 3TO LIMPOKUM CIIEKTP
IICUXUYCCKHUX COCTOHHHﬁ, KOTOPBIC MOT'YT BKJIIOYaTh B
ce0s pa3uyHbIe JUarHO3bl, TAKKE KaK AETIpeccus, Tpe-
BOJKHBIE PAacCTPONCTBa, OWIIOISIPHOE PacCTPOMCTBO,
MU30(PPEHUs U APyTre. ITU COCTOSHUS MOTYT CHIIHHO
MOBIUSTH Ha KAYECTBO JKU3HU YEJIOBEKA U MOTYT MPH-
BOJIUTH K CEPBE3HBIM MOCIIEICTBHUSIM, BKIFOUAsl CYHIIU-
JIaIbHOE TIOBEZICHUE.

3.2. OcHOBHBIC THIBI NCHXHYECKHX Hapylle-
HUH

CymiecTByeT MHOKECTBO Pa3IMYHBIX THUIOB IICH-
XUYECKUX HApPYIIEHUHN, KOTOPbIE MOT'YT BO3HUKHYTbH y
JoJiel B mepuo cpeaHero Bozpacta. OnHUM U3 Hanbo-
Jiee pacIpOCTPAHEHHBIX TUIIOB SBIACTCS JCIPECCUs.
OnHa xapakTepHu3yeTcs HACTPOCHHEM ITOHMKCHHOM

’KU3HEHHOM CHUJITbI, TOTEPEW MHTEpeca K KU3HU U ApPY-
TUMH CHMIITOMaMH. J[pyruM pacrpocTpaHEHHBIM TH-
IOM SIBIISTIOTCSI TPEBOXKHBIC PAaCCTPOICTBA, KOTOPHIC
MOTYT BKJIFOYATh B Ce0sl MTAHUYCCKHUE aTaKH, COLUAb-
HYHI (OOHI0, 00CECCUBHO-KOMITYJILCUBHOE PACCTPOi-
CTBO ¥ Apyrue. Eie oHUM TUIIOM SBJISIETCS OUIIONISp-
HOE PacCTPOICTBO, KOTOPOE XapaKTEPU3YETCs TEPUO-
JaMH  TIOABEMOB  HacTpoeHus U ditdopun,
CMEHSOLTIMHUCS TIEPHOJAMH JCTIPECCHH.

CornacHO HCCIEIOBAaHUSAM, YPOBEHb IICHXHYE-
CKHUX HapyLIEHUH y JIoAeld B MEPHUOA CPENHEr0 BO3-
pacta 3HaYWTENBHO BHIIIE, YeM Y JIIOJCH B MOJIOIOM
i noxmioM Bo3pacte (Kessler et al., 2005). 9to mo-
JKeT OBITh CBA3aHO C TE€M, YTO B ATOT MEPHOJ JIFOIU
CTaJIKUBAIOTCSI C MHOTUMH H3MCHEHUSIMH, KOTOPBIC MO-
TYT OKa3bIBaTh HETATUBHOE BO3JICHCTBUC HA MCUXUYC-
CKO€ 3710poBbe. Hampumep, u3MeHeHUs B paboTe, yXo/
3a OOJICIOUIMMHU POJICTBCHHUKAMH, MTOTEPs OU3KHX, a
Takke (U3UOJOTHYCCKUEC W3MCHCHHS, CBS3aHHBIC C
BO3PAacTOM, MOTYT IIPHBOANTE K CTPECCY U JACTIPECCHH.

s Toro, 9T00BI TOHUMATh OCHOBHBIC MPUYHHEI
MICUXUYECKAX OTKIOHEHWH Y JIUI] CPEIHETO BO3pacTa,
HE00X0IUMO TPOAHANU3UPOBATH HE TOIBKO (haKTOPHI,
CBSI3aHHBIC C M3MCHCHMAMHU B XH3HH, HO U (aKTOPEI,
CBsI3aHHBIC C OMOJIOTHYECKUMH OCOOCHHOCTSIMU 3TOTO
nepuoja. B creayromemM myHKTe OyAyT pacCMOTPECHBI
OCHOBHBIC OMOJIOTHUCCKUE (HAKTOPBI, KOTOPHIE MOTYT
OKa3bIBaTh BIMSHUC HA MCUXHYCCKOE 37I0POBHEC B Iic-
PHO/1 CpETHETO BO3pacTa.

Ilepuonm cpeaHero Bo3pacTa, KOTOPBIA MPUXO-
JUTCS IpUMEPHO Ha nepuoA oT 40 1o 65 ner, sBusercs
BaXHBIM TIEPHOJOM B JKU3HU YEIOBEKA, CBSI3aHHBIM C
MHO>KECTBOM W3MEHCHHI M BBI30BOB, KaK (PH3MUCCKUX,
TaK W TICHXOJOTHYCCKUX. B 3TOT mepmox Bo3pactaer
PHUCK Pa3BUTHUS PA3TUYHBIX ICUXMYECKUX HAPYIICHHH,
TaKUX Kak JCMPeccHs, TPEBOKHOCTh, OUITOIIIPHOE pac-
CTPOWCTRO, a TAKXKE MCUXOTUICCKHIE PACCTPOUCTRA.

Cpenu (GaxTopoB, BIMSIONIMX HA PUCK PA3BUTHUS
NICUXUYECKUX HAPYLIEHUH B IEPUOJ CPEIHETO BO3-
pacta, BBIACNSAIOTCA W (PU3MOJIOTUYECKUE. DTH (ak-
TOPBI BKJIFOYAIOT B C€0sI U3MEHEHHUsI YPOBHS TOPMOHOB,
MeTa0O0JIM3M, BOCHAIUTEIbHBIC MPOLECCHl U JAPYTHE
TIPOIIECCHI, TPOUCXOIAIINE B OPTaHU3ME.

OmHuM 13 PU3HOIOTHIECKUX (PAKTOPOB, KOTOPBIN
MOJKET OKa3bIBaTh BIHSHUC HA PA3BUTUE IICUXUICCKUX
HapyIICHUA B TEPHOJ CPEIHETO BO3PACTA, SBISETCS
M3MEHCHHE YPOBHS TOPMOHOB, TAKHX KaK 3CTPOTECH U
TECTOCTEPOH. Y JKCHIIMH IOCIe TIePHoa MEHOMAY3hl
MIPOUCXOJUT CHUIKEHUE YPOBHS 3CTPOr€Ha, YTO MOXKET
MOBJICYb 3a CO0O# BO3pacTaHHE PUCKA Pa3BUTHS Jie-
OPECCHH W TPEBOXKHOCTU. Y MYKUYHH C BO3PACTOM
TaK)Ke CHIDKACTCS YPOBEHb TECTOCTEPOHA, YTO MOKET
B CBOIO OYEPEAD BJIMATH HA PAa3BUTUEC JACTIPECCUU.

BaxxHO# poiiblo B peryisinuu (U3HOIOTHYSCKUX
MPOIIECCOB B OPTaHU3ME HIPaeT BOCIAIUTEIBHBIA OT-
BeT. JlodAroBpeMEHHBIE BOCHAIUTENBHBIC ITPOLIECCHI
MOTYT OBITH CBSI3aHBI C PA3BUTHEM IICHXUYECKUX HAPY-
[ICHUH, TAKUX KaK OUIIOJIIPHOE PAaCCTPOHCTBO U IIH30-
(dpeHus. DTo CBSI3aHO C TE€M, YTO BOCHAIATEIBHBIN OT-
BET MOXET IOBJUATh HA XapaKTEPUCTUKU HEUPOHBI,
KOTOPBIC OTBCYAIOT 384 MEXAHU3MbI HAIIETO MBIIIJICHUA
M IIOBCACHUSI.
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Taxoke BaKHBIM (DaKTOPOM SIBISIETCSI M3MEHEHHUE
METa0OIMYECKUX TPOIECCOB B OPTraHU3ME B IEPUOT
CpeIHEro Bo3pacTa. YBEJIMYEHUE MACCHI Tella U Hapy-
IIeHUs 0OMEHa BEIIECTB MOTYT IPUBECTU K BO3pacTa-
HHUIO PUCKA PAa3BUTHUS JENPECCUU U APYTHX INCUXHUUe-
CKHX PacCTPOMCTB.

Kpome Toro, He00X0AUMO OTMETHUTD, YTO YPOBEHB
TOPMOHAJIBHBIX M3MEHEHMH B NEPUOJ CPEIHEro BO3-
pacTa TakXKe MOKET MTOBBICHTh PUCK Pa3BUTHS NCHXH-
YeCKUX HapyleHud. McceaenoBanus MoKa3bIBaloT, YTO
y JKCHIIMH B MIEPUOJ MEHOTIAY3bl IIPOUCXOIAT H3MEHE-
HHUS B YPOBHE 3CTPOT€HOB, YTO MOXKET IPUBOIMUTH K
BO3HHKHOBEHHIO NETIPECCHH U APYTUX NCHUXUYECKHUX
paccrpoiicts (CmupHOBa u 11p., 2016).

Kpome Toro, cymecTByeT CBA3b MEXAY pa3ind-
HBIMH (haKTOpaMy OKPY’KaroOIIeH Cpe/ibl ¥ PUCKOM pa3-
BUTHSI TICUXMUECKUX HApYyIICHUI B NMEPUOJ CPEIHEro
Bo3pacta. OqHUM M3 TakuxX (akTopoB sBIsETCS pa-
Oota. lccnenoBanus MokaspIBaloT, YTO JFOIH, paboTa-
IOIINE B CTPECCOBBIX YCIOBHUSX, IMEIOT 00JIee BBICOKUI
PHCK Pa3BUTHA JCTIPECCHU U TPEBOKHBIX PACCTPOICTB
(Xanuunen u Ksakkens, 2019).

BaxHbIM (haKTOPOM SIBISETCA TaK)KE COIMATbHAs
noanepkka. Hannuue noaaepxuBaronieil counanbHON
CETH MOXKET YMEHBIINTD PUCK Pa3BUTHUS ICUXUUCCKUX
HapyIlIeHHH B Iepuo]| cpeanero Bospacra (Wong et al.,
2017).

B 3akioueHue, MOKHO OTMETHTb, YTO (HU3UOJIO-
ru4yeckue GakTophl, TAKNE KaK TOPMOHAIIbHBIE H3MEHE-
HHS, a TaKKe BHEUTHHE (aKTOphl, Takue Kak pabora u
COIMANbHAsl TTOAEPKKa, MOTYT IOBBIIIATH PUCK pas-
BUTHS NCUXWYECKUX HApyIICHUH B HEPHON CPETHETO
Bo3pacta. [loHMMaHue 3THX (AaKTOPOB M WX BIHMSIHUS
Ha TICHXMYECKOE 37I0POBBE MOXKET IIOMOYb B paspa-
00TKe 3(h(HhEeKTUBHBIX CTpATETHH MPOPIIAKTHKI U Jie-
YEeHUs! TICMXUYECKUX HapyIICHWH B 3TOM BO3PacTHOM
nepuoJe.

4. 3aki1104eHHe

Hcxonss u3  BBINIECKA3aHHBIX  YTBEPKACHUH,
MOJKHO CKa3aTh, 4YTO CPEAHUI BO3apPCT ABJISIETCS OJHUM

n3 Haubosee MOJBEPIKEHHBIX PHCKY BO3HUKHOBEHHS
NICHXUYECKUX HapyLICHHH.

B cBere 3THX BBIBOJIOB, PEKOMEHIYETCS IIPOBO-
JIUTh JalbHEHIINE WCCIENOBAaHMS IS YIIIyOJeHus
HaIIMX 3HaHUH O TICHXWYECKUX HAPYIICHUSIX B IEPUO]T
cpenHero Bospacta. Kpome Toro, Heo6xoaumo paspa-
6otath OoJiee F(PPEKTUBHBIE METObI TUArHOCTUKU U
J€YEeHUs, 4TOOBI MOMOYBL JIIOAIM B 3TOM HEpHOE
KI3HH OoJiee 3(h(HEeKTUBHO OOPOTHCS ¢ MCUXUICCKUMHU
HapYIICHUSMH.
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Formulation of the problem. A significant part
of the diet of the modern population is flour confection-
ery products, which have already gained great im-
portance in our lives, primarily due to their exquisite
taste properties.

Confectionery flour products are high in calories
due to the content of carbohydrates (starch, sugar), fats,
and proteins. They include a number of minerals and
vitamins of group B, PP, A. Today, the world market is
at the stage of being filled with useful confectionery
products, which will allow you to enjoy delicious prod-
ucts without harming your health. Ensuring the needs
of the population in food products with reduced sucrose
content is an urgent and timely problem for scientists
and technologists.

Analysis of recent research and publications.

Flour confectionery products occupy a significant
share in the total production of confectionery products
and are presented in a wide range. Shortbread is called
so because the products from it are crumbly. This is
achieved due to the high content of sugar and fat in it,
certain qualities of the flour and the peculiarities of the
technological process [1].

The difficulty of replacing sugar in the production
of food products, including flour confectionery, is re-
lated to its important technological functions. After all,
sugar as a recipe ingredient, in addition to providing a
sweet taste, significantly affects the course of the tech-
nological process, the formation of properties of semi-
finished products, the structure and color of finished
products. Therefore, when justifying the expediency
and recommendations for the use of sugar substitutes in
the manufacture of confectionery products, which dif-
fer in origin, composition, sweetness, etc., it is neces-
sary to take into account their technological properties
and the peculiarities of the groups of products for which
they are intended [2,3].

Coconut sugar is a type of palm sugar obtained
from the sap of the coconut tree. The production of co-
conut sugar is a two-step process. It begins with har-
vesting. Farmers cut a palm tree, and the palm sap be-
gins to flow from it into bamboo containers. The juice
is translucent and consists of 80% water. The collected

juice is then poured into larger vats (woks) and evapo-
rated over low heat. When the water evaporates, the
juice begins to turn into a thick syrup. Further, it can be
used directly in this form, or subjected to further evap-
oration up to the transition to a solid state [4-6].

Solid coconut sugar is sold as blocks, soft paste or
granulated sugar (fine crystalline sugar). Coconut sugar
is moderately sweet, somewhat similar to cane sugar,
but has a slightly different taste. The color, sweetness,
and flavor of coconut sugar can vary depending on the
type of coconut tree used, the season the sap was har-
vested, the location where it was harvested, and/or the
method by which the sap was evaporated. Recently, the
use of coconut sugar as a sweetener has become more
common in developed countries [7-10].

The benefits of coconut sugar depend on the
method of its production. It is extracted in the same way
as birch sap. Next, the collected nectar is dried in the
sun, as a result, it becomes like a thick syrup. In this
form, it can already be used, since many manufacturers
sell just syrup. In order to obtain crystalline granules,
the syrup is well dried or frozen.

Coconut sugar contains a lot of substances neces-
sary for the body, mainly vitamins B, PP, various min-
erals, amino acids. The calorie content of coconut sugar
per 100 grams is 380 calories. Ordinary sugar is
stripped of all its beneficial properties during pro-
cessing, so it provides our body with only unnecessary
calories. In addition, regular sugar has a high glycemic
index and has a sickening, sweet taste. Unlike refined
sugar, coconut sugar retains many useful substances
and has a low glycemic index. It is equal to - 35.

The purpose of the work is the improvement of
the technology of special tarts for restaurants by replac-
ing white sugar with coconut sugar in the recipe.

Results.

Atart, less often a tart is an open cake with a filling
inside that is not covered with dough. Usually the tart
is made from shortcrust pastry. The filling can be sweet
or savory, so the tart can be both a dessert and a main
dish; although today it is common to make fruit tarts,
which are sometimes filled with custard.
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For the study, a tart was prepared according to a
standard recipe, which was considered a control sam-
ple, and a tart was prepared according to an improved
recipe, replacing white sugar with coconut sugar.

Table 1

Selection of recipe ingredients for a control sample of a tart

Raw

Regulatory documentation

Ukraine

Wheat flour of the highest grade TM "Khutorok”,

DSTU 46.004-99. Wheat flour

White crystalline sugar PRIZMA-14 LLC, Ukraine

DSTU 4623:2006. White sugar. Specifications

Ukraine

Chicken eggs of the 1st category TM "Kvochka",

DSTU 5028:2008. Chicken eggs are edible. Specifi-
cations

82% fat, Germany

Butter De Luxe Foods & Goods Selected sour cream

Baking powder TM "Dobryk", Ukraine.

DSTU 2900:2006. Food concentrates. Technical
conditions

Salt "Artemsil”, Ukraine

DSTU 3583:2015 Table salt. Specifications

Apples are fresh «Red Chief».

DSTU 8133:2015 Fresh mid- and late-season apples.
Specifications

Table 2

Selection of recipe ingredients for the researched tart sample

Raw

Regulatory documentation

Ukraine

Wheat flour of the highest grade TM "Khutorok",

DSTU 46.004-99. Wheat flour

Llykop xokocoBuii «VanaVita BIOy, Tainaug

Ukraine

Chicken eggs of the 1st category TM "Kvochka",

DSTU 5028:2008. Chicken eggs are edible. Specifi-
cations

82% fat, Germany

Butter De Luxe Foods & Goods Selected sour cream

Baking powder TM "Dobryk", Ukraine.

DSTU 2900:2006. Food concentrates. Technical
conditions

Salt "Artemsil”, Ukraine

DSTU 3583:2015 Table salt. Specifications

Apples are fresh «Red Chiefh.

DSTU 8133:2015 Fresh mid- and late-season apples.
Specifications

Manufacturing technology. A machine method of
making shortbread. Cut into pieces of butter with a uni-
form consistency are placed in the tanks of the whisk-
ing machine. Eggs (after initial processing) are mixed
with salt, sugar, soda, ammonium and this mixture is
gradually poured into the whipped fat in portions. Beat
until the liquid is completely combined with the fatty
mass and the sugar crystals disappear. If the egg mix-
ture is quickly poured into the fat, the fat emulsion may
separate. In this case, it is necessary to stop further
preparation of the dough. The separated liquid must be
drained, and the fat should be slightly heated with in-
tensive stirring. Without stopping whisking, pour the
strained liquid into the fat in small portions. Sifted flour
is poured into the bowl of the dough kneading machine
(7% of the flour is left for sprinkling), the whipped
mass is transferred and the dough is kneaded for 1-2
minutes. The finished dough should have a soft, plastic
consistency. You need to knead the dough quickly. An
increase in the kneading time leads to a tightening of
the dough, since the gluten of the flour swells more.

A manual method of making shortcrust pastry.
Flour is sifted on the table in the form of a slide. Make
an indentation in the center of the slide, put fat mixed
with sugar into it, pour in the egg mixture and quickly
knead the dough, starting from the base of the slide. The

finished dough after kneading should have a moisture
content of 20% and a temperature not higher than 20°C.

The finished dough must first be collected into a
lump, then rolled out a little with a rolling pin, put in a
removable form, previously covered with parchment
only on the bottom, and form the sides with the help of
your fingers. The bottom of the base must be pricked
with a fork to avoid unevenness during baking. Then
we cover the dough with parchment, lay out some load
and send it to bake for 20 minutes in the oven, the last
5 minutes should be baked without a load. The base for
the tart must be completely baked to a golden color and
ready.

To prepare apple jam, it is first necessary to carry
out mechanical culinary processing of apples. After
cleaning the apples, cut them into small cubes of
1.5*1.5 cm. Cover with water, add sugar and cook over
low heat for 30 minutes. at a temperature of 80 degrees.
Then add the rest of the sugar and continue cooking for
another 60 minutes. Add pectin or corn starch previ-
ously diluted in a small amount of cold water. We brew
the jam, pour it into a glass jar, close it with a lid and
leave it until it cools completely.

The production of specialized products was car-
ried out according to the traditional scheme. The intro-
duction of additional raw materials was carried out at
the stage of kneading the dough, while white sugar was
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replaced by coconut sugar. This method made it possi-
ble to carry out the technological process without
changing the main stages of preparation of the sand
semi-finished product. The duration of kneading the
shortbread is 20 minutes, the temperature of the dough
is 19-24 ° C. Then it was sent to cool in the refrigerator
for 60 minutes. The molded sand base was baked at a
temperature of 180°C for 18 minutes with the load, and
another 5 minutes. without.

Apple jam was also prepared according to tradi-
tional technology, replacing white sugar with coconut
sugar.

Tart preparation technology for small restaurants.
Sanitize the eggs: soak in warm water for 10 minutes,
then place the eggs in a 2% solution of perchloric lime
for 5 minutes, then soak the eggs in a 2% solution of
calcined salt and rinse with running cold water. Place
cold butter, sifted flour, Jerusalem artichoke powder,
turmeric and stevia in a deep container. Grind every-
thing into fine crumbs and add a slightly beaten egg.
Knead a homogeneous dough quickly. Wrap the dough
in cling film and chill it in the refrigerator for 2 hours.
We carry out mechanical culinary processing of apples:
wash, peel, wash again under running water, cut and
separate the stalk, core with seeds, wash and cut into

taste

appearance

consistence

small cubes. Place chopped apples in a saucepan and
add water, blanch for 10 minutes. Then add coconut
sugar. Put the saucepan on a low heat, stirring occasion-
ally for 20 minutes. Roll out the finished, cooled dough
under two sheets of parchment paper, press out the bot-
tom of the tart using a mold, cut off a strip 3 cm high
and place it in the mold along the wall. Place in the re-
frigerator for 30 minutes. We heat the oven to 170°C.
Take the mold out of the refrigerator, place it on a bak-
ing sheet, pierce the bottom with a fork and bake for
20-25 minutes. Place a glass on the prepared sand base
to level the bottom of the tart. Fill the cooled sand base
with apple jam and decorate with mint.

Organoleptic evaluation of the quality of finished
products was carried out in accordance with DSTU
9799-74. The quality of the finished products was eval-
uated by the tasting committee on a five-point scale.
The selection of samples for research was carried out in
accordance with DSTU 5904 - "Confectionery prod-
ucts. Acceptance rules, methods of sample selection
and preparation”.

It was established that in terms of taste and aroma,
tarts with coconut sugar received higher scores than the
control sample prepared according to the standard rec-

ipe (Fig. 1.).

aroma —==tart (control)

tart (with coconut
sugar)

color

Fig. 1. Organoleptic assessment of tarts

Conclusions. Part of the nutritional substances of
all groups of flour confectionery is represented by car-
bohydrates, among which a significant share is sugar.
In connection with this, in world practice, scientists and
industry specialists face the problem of finding alterna-
tive sources of raw sugar of natural origin. Researched
and improved the technology of making tarts for special
purpose restaurants, replacing white sugar with coconut
sugar. It was established that in terms of taste and
aroma, tarts with coconut sugar received higher scores
than the control sample prepared according to the
standard recipe.
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B mamm JHH KOJIMYECTBO TpaHBaKI_II/Iﬁ MIpoXoaAAunX 4€pe3 CUCTCMbI IiaTexei u 0aHKOB JAOCTUTACT OrpOM-

HBIX MaITaboB. I[aneKo HE BCC OTH INIATCKU ABJIAIOTCA IJIs1 HAC 0e30IacHBIMU U MMPpUEMJIMMBIMU. HOSTOMy HeOO-
XOJAUMBI PEryJisiiuy HAIIPABJICHHBIC HA OTCIIC)KUBAHNE U MOHUTOPHUHI ITOAO3PUTCIbHBIX TpaHSaKHHﬁ, YTOOBI BBI-
SIBUTH MPOOJIEMBI M BOBPEMS MPEAOTBPATHTh UX. M3-3a KONMWYECTBA TPaH3aKIMH U OCOOCHHOCTEH perysaiui B
KaKoi-mr0o0 TeppuUTOpHATbHON FOPUCIUKIINH, HEU30EKHO MOSBIIAETCS HEOOXOAUMOCTh B MPOrpPaMMHOM obecrie-
YC€HUH, KOTOPOE 6yneT ABTOMATHU3WUPOBATH BBIMTOJHCHNUEC JAHHBIX 3ajiay. B IMPOTUBHOM CJIy4da€ UX BBINTIOJTHEHUE HE
MMPEACTABIIACTCA BO3MOKHBIM. B o101 cTathe npeajiara€Tcsa CUCTEMa OTCICKUBAHUA TTOJO3PUTEIIBHBIX TPaH3aK-
IIUH C HaCTpamBaeMbIMH IMapaMeTpaMu, KOTOpasi K TOMY ke OyZeT 1aBaTh OTUETHI B BRIOpaHHOH opme, hopmaTe.
Cucrema MNpeaoCTaBJIACT BO3MOKHOCTD HaCTpOﬁKH napamMeTpoB JId 06Hapy>1<eH1/151 TOAO3PUTCIIbHBIX ’I‘paHSaK[IHfI,
KOTOPBIC MOT'YT BAPbUPOBATHCA B 3aBUCUMOCTHU OT CHGIII/I(I)I/IKI/I ousHeca. Haan/IMep, napamMeTpbl MOT'YT BKIIFOYATh
B ce0st MHUHUMAJIBbHYIO U MAKCUMAJIbHYI0 CYMMY TPpaH3aKINU, MECTOIIOJIOKECHUE U IP-a,upec OTIIPABUTEIIA U MOy~
qaTelid, TUIl TpaH3aKIu1 U Apyrue. OCHOBHOM LCJIbIO ABJISICTCA CACIATDh OTY CUCTEMY COBpCMCHHOﬁ, 6BICTpOﬁ u
FI/I6KOf/i, 4TOOBI COOTBETCTBOBATH U MOACTPAUBATLCA MO HYXKAbL ousHeca u 3aKOHOJaTCIIbHBIC Tpe6OBaHI/I$I Ooripe-
JICNIEHHON TepPUTOPHUATBHON FOPUCIUKIIH.

ABSTRACT

Nowadays, the number of transactions passing through payment systems and banks has reached enormous
proportions. Not all of these payments are safe and acceptable for us. Therefore, regulations aimed at tracking and
monitoring suspicious transactions are necessary to identify problems and prevent them in a timely manner. Due
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to the number of transactions and the peculiarities of regulations in any territorial jurisdiction, there is inevitably
a need for software that will automate the execution of these tasks. Otherwise, their execution is not possible. This
article proposes a suspicious transaction tracking system with customizable parameters, which will also provide
reports in the selected form and format. The system provides the ability to configure parameters for detecting
suspicious transactions, which may vary depending on the specifics of the business. For example, parameters may
include the minimum and maximum transaction amount, location and IP address of the sender and recipient, trans-
action type, and others. The main goal is to make this system modern, fast, and flexible to meet and adapt to the
needs of the business and the legislative requirements of a particular territorial jurisdiction.

KiroueBble cjioBa: TpaH3aKIus, OTCICKNBAHUE, aBTOMaTHU3ansd, OTYCT.

Keywords: transaction, tracing, automation, reporting.

BBenenue

BbankoBckasi TpaH3akuus

Korga y Bac ecTh pacxo/sl, CBSI3aHHBIE C BalllUM
OM3HEcOM, Harpumep, apeHna OQpHCHOrO MPOCTpaH-
CTBa, IUIATE)XHU 32 HUX OyIyT CIIMCHIBATHCS C BAIIEro
6aHKOBCKOro cyeTa B Buie TpaH3akuuil. @opMupoBa-
HHE BalllMX CYETOB aKTHBOB, KalnTajla U 00513aTeIbCTB
MOJTHOCTBIO 3aBUCHT OT OAHKOBCKUX TPaH3aKLMIL.

Iopsinox mpoBeAeHUs TpaH3aKLUil - 3TO MPOLECC
MPUMEHEHHUS TPAH3aKINH - KaK e0ETOBBIX, TaK U Kpe-
JUTHBIX - K OaniaHCy Bamtero cuera. [lopsmok nmposene-
HUS TPaH3aKLMH Ba)KEH, €CIIM Ha BallleM CYETy HEIO-
CTAaTOYHO JEHET, YTOOBI OIUTATHTh BCE MHUIMNPOBAH-
HBbIE BaMH TpaH3aKIUU. [IopsI0oK MPOBEAEHHUS MOKET
MOBIIMATh Ha KOJMYECTBO TPaH3aKIMH, KOTOpPhIE IpH-
BEIyT K IIPEBHIIICHUIO OaNaHCca Ha CUETY WM KOTOphIe
OyayT BO3BpAICHBI HETIOTAIIEHHBIMH, a TaK)Ke Ha KO-
JIMYECTBO KOMHUCCHM, KOTOpbIe BaM TpHJIETCS 3aIlia-
TUTh. TpaH3aKIMKU MOTYT OBITh IIPOBEACHB! HA BallleM
cdere B "MakeTHOM" pekuMe (HECKOIBKO TPaH3aKIIHH,
MPOBONMBIX OJHOBPEMEHHO B KOHIIE pabodero IH:)
WK B "peXHMe pearbHOro BpeMeHH' (TpaH3aKIuu
MPOBOMATCS IO MEPE MX COBEPLICHHUS).

ITakeTHble TpaH3aKIuu 00pabaTHIBAIOTCS TPYII-
maMu WK "makeTaMu" B KOHIIE K&KIOTO padodero JHS.
ITakeTHBIE TpaH3aKINU IPOBOAATCS B CIEAYIOIIEM I10-
pszake:

CHauaia npoBojsaTcst KpeauTsl. Kpeauts!r BKimo-
YaroT JITIO3UTHI, a TAKXKe NMEePEBOIBI M KOPPEKTHPOBKHU
M0 TPaH3AKIMSIM MIPEABIIYIUX Pabo4YNX THEH, KOTO-
pBle emie He ObUIM MPOBEICHBI B PEXXHUME PEaIbHOTO
BpeMeHU. OIHaKO, MPOLIEHTH HAYHCISIOTCA B KOHIIE
MaKeTa.

3arem mpoBozsTcs nedeThl. [leOeThl BKIIIOYAOT
CHATHE HAIWYHBIX, YEKH, OIUIATy OHJIAIH M TpaH3akK-
IIM C MCIOJIb30BaHNEM JIe0eTOBBIX KapT. TpaH3akunu
C HCIIOIb30BaHNEM JICOETOBBIX KapT IMPOBOASATCS II0
XPOHOJIOTUYECKOMY MOPSAKY WM KOTJja HAIH 3aIliCH
YKa3bIBalOT Ha TO, YTO TPAH3aKIIMs ObLIA BBHIIOJIHEHA,
HO 4eKH (KpOMe TeX, KOTOpbIe ObLITH OOHATUYEHBI B OT-
nenennn M&T) OyayT mpoBeIeHBI MO CyMMeE B IIO-
psiaKe Bo3pacTaHUs (TO €CTh, CHa4yajla CaMble MaJIeHb-
KHE [0 CyMMe YE€KH) BHYTPH I'PYIIIBI, OTMEYEHHOH 115
9TOTO THIA JIeOETOBBIX TPAH3AKIIUH.

Komuccuu cnuceIBaloTCsS Ha Balll CUET MOCIHEA-
HUMH. BOJBIIMHCTBO KOMHUCCHH CHHCHIBAKOTCS B TOT
K€ JIeHb, KOTJla OHM BO3HHUKaOT. HexoTopsle komuc-
CHUHM, BKIIIOYas KOMUCCHUU 32 MPEBBIIICHUE JUMHUTA 110
CYeTy, CHHCHIBAIOTCA Ha CIEAYIOUMHA paboduil eHb
M0CJIe BOSHUKHOBEHHS IPEBBIIICHNS IMMHUTA HA CUETY.
Komuccuu criuceiBatoTcst B IOpsAIKE OT CaMOi MaJleHb-
KOl 10 camMO¥# OOJIBIION CYMMBI.

Yamme Bcero OaHKOBCKas TPaH3AKLHUS OCYIIECTB-
JIETCS Yepe3 oIuIaTy OaHKOBCKOM IUTATe:KHOW KapTon
B MarasuHe WIHM CEpBUCHOM YyupexaeHuu. IIpomecc
HA4MHAETCs C TOTO0, UTO BJaJeNel KapThl peIIaeT Oria-
TUTH TOBap WM YCIYTy M IepefaeT KapTy Kaccupy
(y1m60 caMOCTOSATENHHO OCYIIECTBIISIET OILIATY).

JIng monTBepKAEHUS JISTUTUMHOCTH JepiKaTens
KapThl IpU Ucnoib3oBaHun POS-tepmunana, nHdop-
Mamus O KapTe IepegaeTcst 3 TepMuHaia B OaHK-IK-
Baiiep, KOTOPBIH 00CITy>KMBAET AaHHBIH TEPMHUHAI 1 3a-
KIIIOYHII OTOBOP € BJIAAEIbIIEM TOPTOBOM TOUKH.

ITocne sTOTO, OGaHK-3KBaiiep mepenaet MHpOpPMa-
LU0 B IJIATE)KHYIO CHCTEMY, KOTOpas 0OCITy>KHBaeT
COOTBETCTBYIOIYIO KapTy. 3aTeM, 3Ta HH(OpMaIus
NIONAJACT B ONEPALMOHHBIN LICHTP, KOTOPBINA CBSA3aH C
0aHKaMU-y4aCTHHUKAMHU JAHHOW TUIATCIKHON CHCTEMBI.

Janee, nHpopMalys 0 TpaH3aKLUHM MONANAET B
MIPOLIECCUHTOBBIA M aBTOPU3AaLMOHHBIN LIEHTp, TIIe
npoBojsATCs Oosiee riryOOKHE HMPOBEPKH HA COOTBET-
CTBHE INpaBHJIaM U 3aKoHaM. Eciii BO3HHMKAIOT MOAO-
3peHHs Ha MOLUIEHHUYECTBO HIIM HapyIIEHHE YCIOBUI
00CITyKMBaHMs, TPAH3aKINS MOXKET OBITh OTKJIIOHEHA.

OMUTEHT NPOBOAUT PACUETHI C INIATEKHON CHUCTE-
MOl U IEpEBOJUT 3aMPALINBAEMYIO CyMMY CPEICTB 110
TpaH3aKIMU 1 KOMHUCCHIO 32 ee 00paboTKy 3KBaiiepy.

BaHk cnuchIBaeT OIIaue€HHYIO M MOJTBEPIKICH-
HYIO KJINEHTOM CyMMY JIEHET ¢ UX KJIIMEHTCKOTO cueTa
(st nebetoBbIX KapT). TpaH3akiwus 3aBeplIaeTcs, Ko-
I7la TOPTroBasl TOYKA IIOJy4yaeT OTBET C 0J00peHHEM
WIIN OTKA30M.

KiueHnTt-cepBepHasi MozieJib

Apxutekrypa "kiameHT-cepBep” (aHri. client-
server) IpeJcTaBiIsieT co00H BEIYUCIUTEIBHYTO HITH Ce-
TEBYIO CTPYKTYpYy, B KOTOPOH 3aJaud HMIM Harpyska
pacnpeneneHsl MeXy NOCTaBIIUKAMH yCIYyT - CEpBe-
paMH ¥ 3aKa3uMKaMU ycIyr - kimeHTamMu. KimueHr u
cepBep, Ha CaMOM [Ele, SBISIOTCS MNPOrPaMMHBIM
obecriedeHreM. OOBIYHO 3TH MPOTPaMMBI HAXOJATCA
Ha Pa3HBIX KOMIIBIOTEPAX M B3aUMOJECHCTBYIOT MEXKIY
co00# gepe3 BEIYUCIUTEIBHYIO CETh, HCIOB3YsI CeTe-
BBIE MPOTOKOJNIBI, HO OHH TAaK)X€ MOTYT OBITH pa3Me-
IICHBI HA OHOM KOMIIBIOTEpE.

XapakTepucTUKa KIMEHT-CEPBEP OMUCHIBAET B3a-
MMOOTHOILIEHUS] MEXAY B3aUMOJCHCTBYIOIUMH IIPO-
rpaMmMamM B IpuiioxkeHud. CepBepHbI KOMIIOHEHT
MIPEAOCTaBIISET QYHKIMIO HITH YCITyTy OZHOMY MITH He-
CKOJIBKUM KIIMEHTaM, KOTOPBIE 3alpalliBalOT TaKHe
YCIIyTH.

OTHOIIEHUS MEXIY KIMEHTOM H CEPBEPOM OCHO-
BaHbBI Ha 0OMEHe COOOIIEHUIMH B JopMaTe 3ampoc-0T-
BET U JOJDKHBI COOTBETCTBOBATH OOIIEMY MPOTOKOIY
CBSI3M, KOTOPBHIA (hopManbHO OIpenenseT NpaBwia,
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SI3BIK W IIA0JIOHBI TUAIIOTa, KOTOPBIE JOJDKHBI UCTIONb-
3oBatbes. OOIIeHHE MEXITy KIHSHTOM H CEepBEPOM
OOBIYHO OCYLIECTBISIETCSI C IOMOILBIO ITPOTOKOJIOB
TCP/IP.

IMporokon TCP (Transmission Control Protocol)
SIBIIICTCS OJIHUM U3 OCHOBHBIX IIPOTOKOJIOB UHTEPHETA,
KOTOpBII 00ecreynBaeT HaJIeKHYIO JOCTABKY JaHHBIX
MEXAy HPWIOKECHUSIMH, PaOOTAONIMMHU Ha Pa3HBIX
ycTpoiicTBax. [Ipy ycTaHOBIEHUH COEAUHEHUS MEXKIY
KimeHToM u cepBepoM, TCP ncmonb3yer TpexcTopoH-
HUH pyKOIIOXKaTHE IS COTIIACOBAHMUS MTapaMETPOB CO-
enuneHms. 3ateM TCP pazOuBaeT naHHBIE Ha MAKETHI,
yCTaHaBJIMBAET MOPSIOK UX JTOCTaBKH M TIOATBEPKAACT
MOJy4YeHHe KakJ0ro MaKeTa.

Kpome Toro, TCP obGecneunBaeT KOHTPOJb IO-
TOKa, TO €CTh PETYJIUPYET CKOPOCTh NIepeiadtl JaHHbIX,
4TOOBI N30€XKaTh NEPErPy3KH CETH U TOTEPh MAaKETOB.
Ecnu kakoii-To naxket He ObLJI IOJIy4YeH WK ObUT HOBpe-
xkaeH, TCP moBTopHO mepenacT ero. to JenaeT mpo-
TOKOJ HAJCKHBIM B 00eCIIeYUBACT BBICOKYIO CTEIICHB
TapaHTHU IOCTABKH JaHHBIX.

[potokoun IP (Internet Protocol), B cBoro ouepens,
obecrieunBaeT MapIIpyTH3ANUIO IAKETOB TAaHHBIX B
Hurepuere. IP He nogaepXUBaeT COETUHEHUS MEXKIY
YCTPOUCTBAMH, M KaXIBIH TakeT oOpadaTbIBaeTCs
He3aBUCUMO OT Apyrux. IP ucnomw3yer aapecanuro,
9YTOOBI JOCTaBUTH MAKEThl HAa MPABUIIBHBIA KOHEUHBIN
y3el, HO He 3a00TUTCA O MOPSAIKEe UX JIOCTAaBKU, KOH-
TpoJie MOTOKAa WM MOBTOPHOU Iepenade yTEepsHHBIX
MaKeTOB.

Takum o6pazom, nporokon TCP u mpotokon IP
paboTatoT BMecTe, 94TOOBl 00ecHeunuTh HaIe)KHYIO U
s dexTuBHYIO TIepenady maHHeIX B WHTepHEeTe. TCP
obecrieunBaeT HaJCKHOCTh U KOHTPOIIb IIepeadu JaH-
HBIX, a [P obecreunBaeT Mx MapIIpyTH3AIAIO B CETH.

[Iporoxon TCP nonnep>kuBaer COEOUHEHHE IO
TeX 0P, MoKa KIMEHT U CepPBep He 3aBepuiaT 0OMEH co-
obmenusimu. TCP ompeznenser Hawmydmuii crmnoco0
pa3zeneHns IPUIIOKEHHUs Ha MaKeThl, KOTOPhIE MOTYT
OBITH TOCTABJICHBI 110 CETH, IIEpeAaeT U MOIydaeT Ia-
KETHI M3 CeTH, a TaKkKe YIPABJISIET KOHTPOJIEM MOTOKA
U [IOBTOPHOM Iepefaueil yTepssHHBIX WM IIOBPEXKIEH-
HbIX nakeToB. [IpoTokon IP He nogaepkuBaeT coenu-
HEHHE MEXY y3JIaMHU CeTH, M KaKIBIH ITaKeT JaHHBIX,
nepeaaBaeMbIil uepe3 MHTEpHeT, sSBISeTCS HE3aBHCH-
MO eJMHMLIEH JaHHBIX, HE CBA3aHHOM C APYTUMH €/IU-
HUIIAMU TaHHBIX.

Moens KIHEeHT-CepBEpHON apXUTEKTYpPBI UMEET
MHOX€ECTBO ITPEUMYIIECTB:

e OnuHOYHBIN cepBep, HA KOTOPOM XpaHSITCS
BCE HEOOXOTUMBIE TaHHBIE, 00JIeryaeT 3alIuTy JAHHBIX
W yIOpaBlEeHHE aBTOpH3alMedl W ayTeHTH(HUKaIuen
10JIb30BaTENEH.

e Pecypchl, Takue Kak CETMEHTBI CETH, CEPBEPHI
Y KOMITBIOTEPEI, MOTYT OBITh TOOABIICHBI B KIIMCHT-CEP-
BEPHYIO ceTh 0€3 3HAYHUTEIIFHBIX MMPEPHIBAHUIA.

e JlocTyn K JaHHBIM MOXET OBITh OCYIIECTBIICH
3¢ peKTUBHO O3 HEOOXOANMOCTH HAX0XKACHHS KIINEeH-
TOB U CEpBEpa PAJIOM.

e Bce y31bI B KIIMEHT-CEPBEPHOI CHCTEME He3a-
BHCHUMBI, 3aIIpallnBas JaHHBIE TOJIBKO Yy CEepBepa, 9To
obneryaer OOHOBJICHHE, 3aMEHY U TEpeMelIeHUe y3-
JIOB.

e JlanHblC, TepenaBacMble HYEpe3 MPOTOKOJIBI
KIIHEHT-CEPBEPHOH apXUTEKTYPBI, HE 3aBHUCST OT ILIaT-
(hopMBI.

O nopo3puTeNbHBIX TPAH3AKIUSX

CHauaja Hy>HO ONpPeNeINTh, YTO ABJISAETCS MO10-
3pUTENILHON TpaH3akuuei. B coBpemenHoM ¢uHanco-
BOM CEKTOpE MOJ 3TUM TEPMHHOM OOBIYHO MMOHUMA-
IOTCSI IBA THIIA TPAH3aKINi, KOTOPBIC HAPABIICHBI HA:

1. O®wunancupoBaHHE TEeppopU3Ma MOJpa3yMe-
BaeT MpeAocTaBIeHHE (HIMHAHCOBOM IMOMOIIH IIPECTYII-
HBIM OpraHM3alMsAM, PU3HAHHBIM T'OCYAAapCTBOM He-
KETATENFHBIMH W MPEACTAaBIIAIOINUMHI yTPO3Y I 00-
IIECTBA.

2. OrMbIBaHUE AEHET MpPEJICTaBIseT COO0H BTO-
Ppoii crioco6 eraau3aly 10X0/10B, OIy4YeHHBIX He3a-
KOHHBIMH MyTSIMM, TAKUMH KaK MOIIEHHHUYECTBO, BO-
POBCTBO JJaHHBIX U APYTUE NPECTYNHbIE ACUCTBUSL.

Bot HeckoJIbKO MPUMEPOB HEOOBIYHBIX TPAaH3aK-
Ui, KOTOpblE MOTYT CIY>KUTh MPU3HAKOM BO3MOX-
HOTO OTMBIBAHHSI ICHET:

1. TpaH3akumy, dYbM 3HAYEHHSI HE COOTBET-
CTBYIOT NMPO(ECCHOHATBHON NEATENPHOCTH U (DUHAH-
COBOMY MOJIO’KEHHUIO, 3asBJICHHOMY KIHEHTOM

2. HeoxwupaHHble IBI)KCHHS B TPaH3aKIMAX U
YTIPaBICHUH CUETAMHU

3. TpaH3akiuyu, NOKa3bIBAIOIIUE 3HAYUTEIBHBIC
KoJiebaHus Mo 00beMy MM 4acTOTe OM3HEeca KIMeHTa

4. MarneHbKHe AEMO3UTHI U MIEPEBOAbI, KOTOPHIE
Cpa3y ke BBIIENAIOTCS Ha cUeTa B IPYTUX CTpaHaX UIIH
pernoHax

5. TpaH3akiun, KOTOpHIE ITOKa3bIBAIOT BHE3AII-
HOE W HEOOOCHOBAaHHOE M3MEHECHHE IO CPAaBHEHUIO C
HCTOpHEH KJIMEHTA IO IPUHATHIM CTaHIAPTaM

6. TpaH3akuuy, Ybs CTENECHb CIOXHOCTH H
pHCKa HE COOTBETCTBYET TEXHUUECKOH KBamM(puKarmu
KIIMEHTa

JloTIOTHUTEIBHO, CIEeAyIOINe MPAaKTUKUA TaKKe
MOTYT paccMaTpUBaThCA Kak MIPU3HAKKU OTMbBIBAHHSA Jie-
Her:

1. Otka3 B mpenocTaBJeHUH HEOOXOIUMOUN WH-
(dopmarun 11t 0OHOBIeHHs HHOpMaLUK 00 YUETHOM
3aMncu

2. PerymspHoe co3maHMe WiIM H3MEHEHHE He-
CKOJIbKMX OaHKOBCKHX CUETOB

3. Ilpu3bIB, NMpHUHYXICHUE WM HOAKYI JOJDK-
HOCTHOTO JINIIA JUII U3MEHEHUSI HCTOPUH WJIN 3aITUCH O
TpaH3aKIuU

4. Cuera 0e3 SICHBIX CCBUIOK: aJIpec, yA0CTOBEpe-
HHUE JUYHOCTH, MECTO PabOThI U (MHAHCOBHIE TOKY-
MEHTBHI B OJAEPIKKY H T.JI.

5. Hcxons u3 BBIIIECKa3aHHOTO, BCE JOJIKHOCT-
HBIE JINIA, TIOCTABIIUKH YCIYT M HapTHEPHI JOJDKHBI
CO00IIaTh O MOIO3PUTEIBHBIX CITyYasX OTMBIBAHHS /1€~
HEr OTBETCTBEHHOMY 3a COOJIIO/IEHHE COOTBETCTBYIO-
LIUX NPaBUI U IPOLELYP.

CucreMa OTCJICKHBAHUS IMOJ03PUTEIBHBIX
TpPaH3aKIUi U AaBTOMATHYECKOr0 0TYeTa 0 HUX.

Cucrtema Oyzner paboTaThb 10 MPUHIKILY HOAKIIIO-
YeHUsI K HeH y>Ke rOTOBOM OaHKOBCKOM Cpellbl T.e. Hc-
MOJIb30BaTh KIMEHT-CEpBEpHYI0 Mozens. Camy cH-
CTeMY — MOXHO OyZeT pa3fiesIUTh Ha TPH OCHOBHBIE Ya-
CTH:

1. Bamumparop
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2. O0paboTYMK TpaH3aKIHI

3. Cucrema otyera

1. Barupatop

Wrak, nepBas 4acTh CUCTEMBI OYJIET COCTOSTH M3
BaJIN/IaTOpa, KOTOPBIN OyAeT OTBETCTBEHEH 3a MpO-
BEPKY TPaH3aKLMOHHBIX JAaHHBIX Ha COOTBETCTBHUE 3a-
paHee 3agaHHBIM KputepusiM. Kputepun OynyT nepe-
JlaBaThcs 4yepe3 MHTepdeic U HacTpauBaThCs B COOT-
BETCTBHUH C TPEOOBAHUSIMH CHCTEMBI.

ITocne momydeHNs TpaH3aKIMOHHBIX JAHHBIX W3
CHCTEMBI OTCIICKHBAHUS, BaIUAATOp OyHeT MPOU3BO-
IUTh TIPOBEPKY Ha COOTBETCTBHE KpuTEepHsM. Eciu
ycnoBust Oy IyT BBITIOTHEHBI, TO TPAH3aKIMs OyAET BO3-
BpaleHa 0e3 M3MeHeHui. B npoTuBHOM cityyae JaH-
HBIE O TPaH3aKIMHU OYAyT MepeaHbl B CHCTEMY OT4eTa
JUISL TIOCTIEYIOIIETo aHajIH3a.

Kpome Toro, B 00paboTumk TpaH3akiuid Oyzer
BO3BpAllleHa TPAH3aKIHs C yCTAHOBJICHHBIM (Jarom,
4T0OBI NajbHelIas 00padoTKa JaHHBIX MPOUCXOMIIA
B COOTBETCTBUH C Pe3yJbTaTaMH IPOBEPKH BaINAATO-
pom.

Takum oOpaszoMm, cuctema Oynmer oOecredmBaTh
KOHTPOJIb W YIPAaBICHUE TPAH3aKIHUAMH B COOTBET-
CTBHHU C 3aJJaHHBIMHU KPUTEPUSIMH, ITO MO3BOJIUT YIyd-
MIUTH MPOLIECC YIPABICHHUS JaHHBIMU B OPTaHU3ALHH.

2. O0padoTyuK TpaH3aKIMii

Bropast yacte cucteMbl OyeT 3aHUMaThCs MOy~
YEeHHEM TpaH3akUuil u3 0a3bl JaHHBIX 32 OINpeesIeH-
HBIW [IEPUOJ] BPEMEHU, NIepefadeii UX B BAIUIATOP AJIL
MPOBEPKH Ha COOTBETCTBHE KPUTEPHSIM, a 3aTEM I10JTy-
YeHHEM OOpaTHO TPaH3aKIHiA ¢ (raraMu Wiu 0e3 HUX.
J1n1s1 moncka 1 COPTUPOBKH TPAH3aKIUH B 0a3e JaHHBIX
OyZyT MCHONB30BaThCSI METAIaHHBIE, KOTOPBIE COlep-
KaT nHpopManuio o HUX. dnarn HEOOXOAMMBI IS
0003HaueHNsI TOO3PUTEIBHBIX TPaH3aKIUH U Ooiee
yIoOHOTO TTOHCKa B 0a3e JaHHBIX.

[epuoanyecku cucTteMa OTCICKUBAHHS TIepeaeT
HENpOBEPEHHbBIE TPAH3AKIMH B BAIUIATOP U MOJIy4aeT
ux obpatHo. Eciu B pe3ynbrare MpoBepKH MOJydeHa
MOZ03PUTEbHAS TPAH3AKIIMs, OHA [IOMEYAeTCsl COOT-
BETCTBYIOIIUM (yiaroM, 4to0Obl B OyAylIeM MOXKHO
ObUTO OBICTPO M YAOOHO HaliTH ee B 0a3e MaHHBIX
6aHKa. JTO MO3BOJIMT NPEAOCTABUTD JI0Ka3aTENILCTBA B
ciryyae HeooxoaumocTH. [logo3purenbHas TpaH3aKIus
OyzeT Bo3BpalleHa B 0a3y JaHHBIX U XPAaHUTHCS B J0JI-
TOCPOYHOI! EPCTIEKTHBE.

3. Cucrema oT4era

JIOTIOJTHUTEIFHO MOXHO OTMETHTh, YTO CHCTEMA
OT4eTa UMeeT THOKYI0 HACTPOWKY, O3BOJISIIOLIYIO BbI-
OpaTh TOJIBKO T€ NaHHbIE, KOTOPbIE HEOOXOIUMBI IS
otobpaxeHus: B oryere. Hanpumep, nonab3oBaTesb Mo-
’KET BHIOPATh, KaKKe MOJIS JOJKHBI ObITh BKIIIOUEHBI B
OTYET, a KAKUEe - UCKIIFOYEHbI. DTO YIPOLIAET IPOLEecC
aHaJIM3a JIAaHHBIX W MO3BOJISIET OBICTpEE BBISBISATH MO-
JIO3PUTENbHbIE TPAH3AKIIUH.

Kpome Toro, cucrema ordera MOXET NPeOCTaB-
JSITH JIOCTYT K JaHHBIM HECKOJIBKUM I0JIb30BATENSIM,
HAaCTPOMB ISl KQKIOTO M3 HUX YHUKAIBHBIN MPOQHIIb
jJocryna. Hampumep, TiaBHBI Oyxraiarep MOXeT
MMETh HOJIHBIN OCTYII K OTYETaM O BCEX TPaH3aKLHSIX,
B TO BPeMsi KaK MEHE/Kep 110 POoJjaXKaM MOXKET UMETh
JIOCTYII TOJILKO K OTYETaM O TPAaH3aKIHSX, CBA3aHHBIX
C €ro OTHEIIOM.

CucteMa oTdeTa TakKe MOXKET BKJIIOYATh (PYHK-
LMY aBTOMAaTHYECKOH T'€Hepanuy OTIETOB M PEryJsip-
HOT'O OOHOBJICHUS] MH(POPMALIHMH, YTOOBI OJIB30BATEIIN
MOTJIM TOJIy4aTh aKTyajbHYI0 HHpOpManuio 0e3 3a-
JepiKeK. JTO MOMOXKET KOMIAaHUM ObICTpO M 3ddek-
THUBHO pearupoBaTh Ha W3MEHEHHS B TPaH3aKIUAX U
COKPATUTh NOTEHIHAJbHbIE YOBITKM OT MOIICHHUYE-
CTBa WJIM APYTHX HE3aKOHHBIX JIEHCTBHH.

Taxum 00pa3oM, cUCTeMa 0TYETa ABIACTCS HEOTh-
€MJIEMOM YacThI0 CHCTEMBI OTCIIEKHBAHHS MOIO3DPHU-
TENbHBIX TPaH3aKIWH, TO3BOMAS  IOJB30BATENAM
OBICTPO W JIETKO aHATU3UPOBATH OONbIIHE OOBEMBI
JAHHBIX ¥ BBIABIATH ITOJIO3PUTEIIBHBIE TPAH3AKIN.

BriBoa: JlaHHas cuctemMa npeocTaBisieT MHOXKe-
CTBO mpeumyluecTB st dddexTrBHON 00paboTKN U
aHanu3a OONBIINX 00beMOB JaHHBIX. C ee MOMOIIbIO
MBI MOXeM ObIcTpo 00pabaTbiBaTh MH(OPMALUIO O
TpaH3aKIHMAX, YTO [TO3BOJISIET HAM BBISIBIISTH MOJO3PH-
TENbHBIC ONEpaliM W NPUHUMATh Mephl IS HX
MIPEAOTBPALICHUS.

Ba)kHBIM KOMITOHEHTOM AaHHOM CHCTEMBI SIBJISI-
€TCsl AKKyMYJISIHS TI0I03PUTEIbHBIX TPAH3aKIUH. ITO
TI03BOJISICT HaM B OyyIlieM aHAIN3UPOBATh ITU OIEpa-
iy OoJsiee ETaIbHO U BBIABIATH CBA3aHHBIC C HAMH
pucku. Kpome TOro, BO3MOKHOCTP MHUTPAalUM TaKUX
TpaH3aKIMH B OTIENbHYIO 0a3y JaHHBIX WK OTMEHBI
UX TI03BOJISIET HaM 00Jiee TOYHO KOHTPOJIUPOBAThH OTIe-
parmu ¥ odecreunBaTh 6€30MaCHOCTb.

Jlnist Goee neTanbHOTO aHAIM3a AaHHBIX, CHCTEMA
NPEIOCTABISIET HACTPaWBacMble OTYEThl, KOTOPBIE
MOXKHO TIepefiaBaTb B HY)KHBIE TOCYIApCTBCHHBIC
CTPYKTYpPBI B COOTBETCTBHHU C MX TPEOOBaHUSAMH. DTO
I03BOJISIET HaM 3((PEKTUBHO B3aNMOIEHCTBOBATH C pe-
TYJIATOPaMH B YCKOPUTH IIPOIIECC MPOBEPKH OTEPALHH.

BanupaTtop kak oTaenbHas 4acTh CHCTEMBI ITO3BO-
JsIeT HaM OBICTPO pearnpoBaTh Ha N3MEHEHHS 1 HE Tpa-
TUTH Ha 3TO MHOTO (PMHAHCOB M BpeMeHH. DTo obecre-
YHBAaeT HaM THOKOCTH B paboTe M MO3BOJISET OBICTPO
a/IaliTUPOBATHCS K HOBBIM TPEOOBAHMUSM PHIHKA.

Kpome Toro, o0paboTuuK TpaH3akuuii paboTaer
HE3aBUCHMO OT COCTOSIHHS JPYTHX YacTeil MporpaMmsl,
YTO TapaHTHPYET CTaOWIBHOCTh PaOOThI CHUCTEMBI U
HAJICKHOCTh 00pabOTKH JaHHBIX.

Cuctema oT4eTa MpPEeJOCTaBIseT OTBETH B YI00-
HOHU popMe, 4TO YIpomaeT U YCKOpsIET MPOIecc aHa-
JM3a JIAHHBIX W TPUHATHS PEIICHWI Ha OCHOBE IIOJY-
YEHHBIX Pe3yJIbTATOB.

WTak, MOXXHO YBEPEHHO CKa3aTbh, 4TO Oiaromaps
JAHHOM CHCTeMe MBI MOKeM 3(P(EKTUBHO OTCIEKH-
BaTh I10/I03PUTENbHBIE TPAH3aKIIMU U TapaHTUPOBAThH
6e30macHOCTh Onepanuii.

Jluteparypa:
1. Cratps:
https://www.cnews.ru/reviews/free/finance/pay/
2. Crarps:

https://privatbankrf.ru/karty/tranzatskiya-po-
bankovskoy-karte-chto-eto-takoe-prostyimi-
slovami.html

3. «lIlyremiecTBuss OaHKOBCKOW TpaH3aKI[HK»
https://habr.com/ru/post/229393/

4. Crarbs: http://www.belcard.by/bank-
tech/payment-systems/transaction-security/
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5. Karapxuna XOOPOMAH-CEJIMIKA - Un-
TEepHET-OaHKHHT: 5 YpOBHEH 3aIIUTHI:
https://www.iksmedia.ru/articles/5249913-
Internetbanking-5-urovnej-zashhity.html

6. Cratbs:
https://chargeback.pro/informatsiya/onlajn-tranzaktsii

7. Cratbs:
https://www.v2b.ru/articles/podozritelnye-operatsii-
klientov-s-tochki-zreniya-bankov/

8. E. BapanoBa, A. babam "MHpopmanuonHas
6e3omacHoCTh 1 3amuTa HHpopmanuu” 3-¢ u3z. (2016)
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BBIINICHHUHA 3(1)(1)€KTI/IBHOCTI/I 1 OIITUMH3ALIMH pa60q1/1x MMpO1ECCOB. B Z[aHHOI71 CTaTbC PACCMATPUBACTCS UCIIOJIB30-
BaHUEC TCXHOJIOI'MK MAallIMHHOI'O O6y‘{eHI/I$I JJI1 aBTOMAaTU3alv TUIIOBBIX onepaunﬁ. HpI/IBO,I[ﬂTCiI Ppe3yJIbTaThl UC-
CJ'IeZ[OBaHI/II\/'I, MNPOBCACHHBIX Ha MNPOU3BOACTBCHHOM MPCANPUATUH, TAC ObLIa pa3pa60TaHa MOACIb MAallIMHHOI'O
oOydeHHs Ay KiIacCH()UKAIMU THUIOBBIX OIEpallid M OompeneieHns: Hanooee 3(h(HheKTUBHBIX CIIOCOOOB MX BBI-
IIOJIHCHUA. Hpel[CTaBJ'IeHHLIfI oAXO0J IMO3BOJINJI aBTOMATU3UPOBATL TUIIOBLIC OIICpAllMH, YTO MPUBEIIO K COKpa-
IEHUIO BpEMCHU Ha BBITIOJTHCHUE onepaunﬁ, YBEIMYCHUIO MTPOU3BOANUTCIIBHOCTU U YMEHBIICHUIO 3aTpaT Ha MIPo-
HU3BOACTBO. PeSyHLTaTLI HUCCJICAOBAHU ITOKA3bIBAKOT IIOTCHIIMAJI TEXHOJIOITMKU MAIlIMHHOI'O O6y‘IeHI/I$I B yJy4dmie-
HHUH pabOYNX MPOLECCOB Ha MPOMU3BOACTBEHHOM MPEIIPUATHH.

ABSTRACT

Automating common operations in an industrial enterprise is an important step towards increasing efficiency
and optimizing work processes. This article discusses the use of machine learning technology for automating com-
mon operations. Results of research conducted at a production plant, where a machine learning model was devel-
oped for classifying common operations and identifying the most effective ways to perform them, are presented.
The approach presented in this article enabled the automation of common operations, resulting in reduced opera-
tion times, increased productivity, and decreased production costs. The research findings demonstrate the potential
of machine learning technology for improving work processes in an industrial enterprise.

KiroueBble ciioBa: aBTOMAaTU3anus, IpOMU3BOACTBCHHOC NPCAINIPUATHE, TUIIOBBIC ONICpallui, MALIMHHOC 06y-
YeHUE, MOJICITb KacCU(BUKAINK, ONTUMHU3AIUS PaO0UHX MPOIECCOB.

Keywords: automation, industrial enterprise, common operations, machine learning, classification model,
optimization of work processes.

1. BBenenue

ABTOMaTH3alUsl TUIIOBBIX OIEpalUil sBISETCS
BaKHOM 3aJlaueil Ui MpOU3BOJCTBEHHBIX MNpEANpUsi-
TUH, CTPEMSIIIUXCS MOBBICUTE 3PPEKTUBHOCTH CBOMX
npoueccoB. TUIOBBIE ONEpalMK BKIIOYAIOT MIMPOKUI
CIEKTP JAEHCTBUI, KOTOpPHIE BHIMOIHSIOTCS PETYJISIPHO
U UMEIOT MOBTOpsIoLuMiics xapakrtep. Hexortopsle u3
HUX MOFyT 6BITI) MOHOTOHHBIMH, prIIOCMKI/IMI/I " 1oJa-
Bepncem)l YCJIOBCUCCKUM OH_II/I6KaM.

TpagunnoHHBIE METOMABI BBITIOIHEHHUS THUIOBBIX
orepanuii 4acTo TpeOyIOT 3HAYUTENLHBIX YCUIINH U 3a-
TpaT BPEMEHH CO CTOPOHBI paboTHHKOB. Kpome Toro,
YeJIOBeUECKUH (hakTOp MOXKET NPUBECTH K OLINOKaM U
HeNpaBWIbHONH 00paboTKe AaHHBIX, YTO MOXET Hera-
TUBHO CKa3aTbCs Ha KauecTBE MPOAYKIUH M MPOU3BO-
JUTEIILHOCTH TPEIIIPHATHSL.

OmHMUM W3 pemIeHHH IS ONTUMH3ALUN THIIOBBIX
oTiepanuii ABIsAETCS IPUMEHEHNE TEXHOJIIOTHHN MaIlIiH-
HOTro 00yueHHs. MamuHHOE 00y4YeHHe TI03BOIIAET pas-
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paboTaTh MOJIEH, CIIOCOOHBIE aBTOMATU3HPOBATH BbI-
MIOJTHEHNE TUTIOBBIX OIEpaIliii Ha OCHOBE 00yYEHHs Ha
JOCTYIHBIX JAaHHBIX. Takue MOAEIN MOTYT CaMOCTOs-
TEJILHO NMPUHUMATh PEIICHHS M BBIIOJHATH ONEpaluy
C BBICOKOH TOYHOCTBIO M CKOPOCTBIO.

OnHaKo aBTOMAaTH3alus THIIOBBIX Ollepanuii ¢ mo-
MOIIBI0 MAIIMHHOTO OOYYEHHMsl TaKKe IPENCTaBIseT
CBOM BBI30BBI. Bo-TiepBBIX, TpeOyeTcst JOCTYI K Kade-
CTBEHHBIM M IOCTATOYHBIM IAaHHBIM, KOTOPHIE MOTYT
OBITh UCTIONB30BaHBI U1t 00y4ueHns mozaenei. Heobxo-
IUMOCTh cOOpa, XpaHeHHs W 00pabOTKH JaHHBIX MO-
JKET MPENCTABIATh CIOXKHOCTH JUISI HEKOTOPHIX TIPE-
MPUSTHIH.

Kpome Toro, BHeapeHHEe MalIMHHOTO OOYYEHUs
Ha MPOM3BOACTBEHHOM INPEINPUITUH TpeOyeT o0yue-
HUS TIEPCOHAIIA U CO3JIaHMS MTOIXOIAIIEeH HHPPACTPYK-
Typbl. PAOOTHHUKHM NOIKHBI OBITH TOTOBBI K B3aUMOJIEH-
CTBHIO C aBTOMaTU3UPOBAHHBIMH CHCTEMaMH U 00y4e-
HHUIO MOJIENICH, YTO MOXET MOoTpeOoBaTh BPEMEHU U
JIOTIOTHUTEIBHBIX PECYPCOB.

Jpyroii BayKHBIH aCTEKT - HaJeKHOCTh U Oe301ac-
HOCTh CHCTEMBI aBTOMAaTH3alMW. HempeaBuIeHHBIE
cOou, omuOKA B MOJIENIAX MAIIMHHOTO OOYUYCHHS WIIH
HapyIIeHne 0e30MMacHOCTH JaHHBIX MOTYT IMPUBECTH K
CEPbE3HBIM TIOCIEACTBHAM U MPOM3BOACTBA U Oe€3-
OMACHOCTH PaOOTHHKOB.

HCCMOTpH Ha BBI3OBbBI, aBTOMAaTU3allUA THUIIOBBIX
Onepauﬂﬁ Ha IMMPOU3BOACTBCHHBIX MPEANIPUATHUAX C I10-
MOIIBIO TCXHOJOT'MU MAIIIMHHOTI'O O6y‘-ICHI/I$[ HUMECT psJ
3HAYUTCJIbHBIX MNMPECUMYLICCTB. Hpe)K,ue BCCro, Takas
ABTOMATH3aIMs O3BOJISICT CHI3UTD Harpy3Ky Ha 4eio-
BEUECKUU TPYA W YCKOPHUTH BHINIONHCHHUE OTEPALH.
OTO MOKET MPUBECTH K TOBBIIICHAIO TPOU3BOIUTEIh-
HOCTH MPEINPHUATHSA, COKPAIICHUI0 BPEMEHH IHKIIA
TIPOM3BOJICTBA U CHIDKCHHIO U3ICPIKEK.

Kpowme Toro, aBTOMaTH3aIMs TUMIOBEIX OIEpaIuii
C TIOMOIIIBI0 MAIIMHHOTO 00YYeHHs CIIOCOOCTBYET MO-
BBINICHHWIO TOYHOCTH M Kay€CTBA BBIIIOJIHCHHA 3a1ad4.
Monenu MamImHHOTO 00y4eHHUs! CLIOCOOHBI 00pabaThI-
BaTh OOJIbIINE 00BEMBI JaHHBIX W BBIABIATH CKPBLITHIC
3aKOHOMEPHOCTH, YTO MOXKET NPHUBECTH K COKpalle-
HUIO OIIMOOK Y MOBBIIIEHUIO CTAOMILHOCTH MPOIIECCOB
Ha TIPEIIPUATHH.

JIOTIOTHATENEHBIM TIPEHMYIIIECTBOM aBTOMATH3a-
IIUH THITOBBIX OTIEPANHi ¢ TOMOIIBIO0 MAIITMHHOTO 00y~
YCHHUS SBISICTCS BO3MOXKHOCTD aHAIIN3a M HCIOIh30Ba-
HUS O0JBIINX 00BEMOB TAHHBIX ISl IPOTHO3HPOBAHUS
W ONTUMH3AINU TPOU3BOJCTBEHHBIX IPOIECCOB. Mo-
JACJIU MAIlIMHHOT'O o6yquH;1 MOTYT BBIABJIATH TPEHBI,
MPOTHO3UPOBATh CIPOC HA MPOAYKIMIO M [IOMOTaTh B
IPUHATUU CTPATErMYECKUX PELICHUM.

B 3aKJIFOYCHUEC, aBTOMATHU3alUsA TUIIOBBIX OII€pa-
LMH Ha NPOU3BOACTBEHHBIX INPEANPHUATHIX C IIOMO-
IIBI0 TEXHOJIOTMU MAIIMHHOTO OOYYeHHs IpeJCTaB-
JSIET 3HAYUTENBHBIN MOTEHIMA IS TTOBBIMICHUS 3¢-
(exTHBHOCTH, TOYHOCTH " KavyecTBa
MPOM3BOJICTBEHHBIX NpornieccoB. HecMoTpst Ha BEI3OBHI,
CBSI3aHHBIE C JJOCTYIIOM K JJaHHBIM, 00y4eHHEM IIepco-
HaJla ¥ o0ecrieueHneM Ha/Ie)KHOCTH CUCTEMBI, BHE/Ipe-
HHUE TaKoH ABTOMATHU3aAUU MOXKET IMPUHCCTU 3HAYU-
TCIIBHBIC MPEUMYIICCTBA U CTaTh BAXXHBIM IIaroM B CO-
BPEMEHHOM IIPOU3BO/ICTBE.

BHenpeHne TEXHOIOTMH MAIIMHHOTO OOYy4YEeHUs
WUTpaeT KIIOYEBYIO POJIb B TMOBBIICHHN d()()EKTHBHO-
CTH TIPOILIECCOB HAa IPOU3BOJCTBEHHBIX MPEATPHSITHSIX.
OTa TEeXHOJIOTHS MO3BOJISIET aBTOMAaTH3UPOBATh THIIO-
BbI€ OIEpaliy, OCHOBBIBAasACh Ha OOy4YEHUH Mojeneit
Ha OoJbIINX 00beMax JaHHBIX. Takol MOAX0/ MPUBO-
JUT K Oosiee TOUHOMY U OBICTPOMY BBIIIOJHEHHUIO OIe-
pauuii, CHIKEHHIO YeJIOBEUECKHX OIIMOOK M ONTUMH-
3aIlH IPON3BOICTBEHHBIX NTPOIIECCOB B LIEJIOM.

MamuHHOEe 00y4YeHHe CIIOCOOHO aHAJIM3HPOBATH
1 00pabaThIBaTh CIOXKHBIE JaHHBIC, BKIFOUasi CTPYKTY-
pPHUPOBaHHBIE U HECTPYKTYPUPOBAHHBIE NAHHBIEC, UTO
TI03BOJISIET MOJYIHUTH TITyOOKOE TOHUMAaHHE ITPOIIECCOB
Ha IpexnpusITud. MoJeny MaluHHOTO 00y4eHHsT MO-
I'yT OOHapy>KHBATh CKPBITHIE CBSI3H M 3aKOHOMEPHOCTH,
KOTOpBIE HE BCET/a OYCBHIHBI IS YeloBeKa. Takoi
aHaIM3 JaHHBIX TO3BOJISICT BBISBUTH ONTHMANIbHBIE
MOJXOJbl K BBHINOJHEHUIO OIepaliii, CHU3UTH W3-
JCPIKKU U TIOBBICUTH IIPOU3BOUTELHOCTb.

Kpome Toro, TeXHOJOTHSI MAalIMHHOTO O0YyYEHUS
CIIOCOOCTBYET aBTOMATH3AIMH PYTHHHBIX 1 MOHOTOH-
HBIX 3a/1a4, 0CBOOOX1asi peCypchl paOOTHHUKOB IS BBI-
TIOJTHEHHA 0oJiee CIOXKHBIX U TBOPYECKUX 334ad. JTO
MOJKET MOBBICUTB YPOBEHb YIOBIECTBOPEHHOCTH PabOT-
HUKOB M uX 3({¢dexTnBHOCT. Takxke aBTOMATH3aLUSL
THUIIOBBIX ONEPALUii C MOMOIIBI0 MAIIMHHOTO 00ydYe-
HHS MTO3BOJISICT YJIYYLIUTh KaueCTBO MPOAYKIMHU, CHU-
3UTh KOJIMUECTBO Opaka u obecneyuTs Oosee mpeacka-
3yeMble pe3yJIbTaTHI.

B menom, BHeIpeHHE TEXHOJOTMM MAIIMHHOIO
0o0y4eHHs Ha TPOM3BOACTBCHHBIX IPEATIPUATHAX
MMEET OIPOMHBIA MOTEHINANT UL TTOBBIIEHHS dPdek-
THBHOCTH nporieccoB. OHa CIOCOOHA ONTUMU3UPOBATH
THIIOBBIE ONEpalUH, MOBBICUTh TOYHOCTh U Ka4eCTBO
BBINOJIHEHUS 33714, a TAKXKE 0CBOOOUTE PECyPCHI IS
BBINOJIHEHHA O0JIee CIIOKHBIX 3anad. BHenpenue sToit
TEXHOJIOTHM CTAHOBHUTCS HEOTHEMJIEMBIM IIaroM B
CTPEMJICHHH NPEANPUSITHH K cOBpeMeHHOU U 3ddek-
TUBHOM NPOU3BOJICTBEHHOM [1€ATEIBHOCTH.

2. Pazpa6oTka moaenu

B pamkax aBTOMaTu3aluu TUIIOBBIX ONEpaLUil Ha
HPOU3BOJCTBEHHOM MPEANPHUSITHHA C TOMOIIBIO Ma-
[IMHHOTO 00YYeHHs, BHIOOP MOIXOSIIEH MOJIEIH SIB-
asieTcst BaXKHBIM 1maroM. OnHoi u3 3(h(EeKTHBHBIX U
LIMPOKO NMPUMEHAEMbIX MOJIETIEH SIBIISIETCS CBEPTOYHAS
HeiiponHass ceth (Convolutional Neural Network,
CNN).

CBepToUHbIE HEHPOHHBIE CETH CIIEHHAIBHO pas-
paboTtansl 1411 00pabOTKH U aHAJIN3a BU3YaIbHBIX JIaH-
HBIX, TAKUX KaK N300pakeHHsI, UTO JAEJIaeT UX Heallb-
HBIM BBIOOPOM /ISl aBTOMAaTH3allii THUIIOBBIX OIepa-
Ui, KOTopele TpeOyloT 0oO0pabOTKH BU3yalTbHON
nHpopManuu. OHH YCIENITHO IPHUMEHSIOTCS B 007IaCcTH
KOMITBIOTEPHOTO 3pEHUS ¥ Paclio3HaBaHUs 00pa3oB.

OcHOBHBIM cTpouTenbHbIM O5okoM CNN sBiIsi-
ercsi cBepTouHbIA cioi (convolutional layer). DtoT
CJIOW MCHOJB3YeT CBEPTOUHBIE (DMIBTPHI A 0OHapy-
JKEHUsI pa3IMYHBIX IPU3HAKOB M 0COOEHHOCTEH B M300-
paKeHUAX. 3aTeM CleAyeT ciloil CyOIUCcKpeTH3alun
(pooling layer), KOTOpBIii yMEHbBIIIAET MIPOCTPAHCTBEH-
HOE pa3peleHne MOTyICHHBIX IPU3HAKOB U yCUIIMBAET
HX PENpe3eHTAaTHBHOCTh. Jlanee MIyT MOIHOCBSI3HBIC
cnow (fully connected layers), koTopbie 06padbaThIBaOT
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MOTyYeHHBIC IPU3HAKHU U IPUHUMAIOT PELICHHs Ha OC-
HOBE HUX.

Jst 00y4eHust MOJIeNIM MallIMHHOTO 00Y4€HHS HC-
MOJIB3YIOTCSI pa3MEUYCHHBIE JaHHbBIE, COAepIKallue HH-
(hopMaIHIO O THIOBBIX ONEpalHiX. DTH JaHHbBIE BKIIIO-
YaloT B ce0s M300payKeHUs MITH BHCO3AIIMCH TIPOLeC-
COB BBITIOJTHEHHS orepanu, a TaKxe
COOTBETCTBYIOIINE KJIACCHI MIIM METKH, YKa3bIBAIOIIUE
Ha THN KaXIO0H omeparmu. B xome o0y4eHnss Momemb
"n3ydaeT" 3aKOHOMEPHOCTH U OCOOCHHOCTH KaKIOTO
THTIA OTEpaIiy, YTOOBI B JaJIbHEHIEM KJIacCU(HIIN-
pOBaTh HOBBIC IIPUMEPBHI.

OpmHUM W3 KITIOYEBBIX ACIIEKTOB pa3pabOTKU MO-
JIeTN SIBJISICTCS €€ ONTHMH3alusl W HacTpoika. DTo
BKJIFOYAET BHIOOP ONTHMAaJIbHBIX MapaMeTPOB MOJEIH,
TaKUX Kak pa3Mepbl CBEPTOYHBIX (DHIIBTPOB, KOJHYE-
CTBO CJIOEB M UX KOH(UTYpaLHsl, a TAK)KE BBIOOD OITH-
MH3aIHOHHOTO AJITOPUTMA U (DYHKIIMH TIOTEPb.

[Mocne 3aBepuieHns Tana 00y4eHUs] MOJIENH, OHA
TOTOBa K NMPHMEHEHHIO IJISi aBTOMAaTHU3AI[MN THIIOBBIX
orepanyii Ha MPOM3BOACTBEHHOM mpeanpusatun. Ho-
BBIE TIPHMEPHI ONEpaIii MOAI0TCs Ha BXOJX MOJEIH,
KOTOpast KJIacCU(PUIUPYET X U NMPHHUMAET COOTBET-
CTBYIOIIMIE€ PEIICHUS, ONMPasCh Ha 3HAHWSA, IOJyUCH-
HBIC B TIpoLiecce 00ydeHHSI.

Br160p 1 pa3paboTka MoJien MallIMHHOTO 00y4e-
HUS, TAKOW KaK CBEPTOYHAs HEHPOHHAs CETh, UTPAIOT
BO)XHYIO POJIb B YCIEIIHON aBTOMAaTH3alMy THIIOBBIX
omnepanuii Ha TpOU3BOACTBEHHOM Npennpusatruu. lpa-
BUJIHO HACTPOCHHAsI MOJIEJIb CIIOCOOHA TOYHO KIIaCCH-
(unMpoBaTh ONEpanUH W BBIIOJIHATE MX C BBICOKOM
3G GEKTUBHOCTBIO, YTO MPUBOAMT K YIYHIICHHIO IIPO-
M3BOJHUTEIFHOCTH M Ka4eCTBA MPOLIECCOB Ha MIPEATIPH-
SATHH.

ITpn paszpaboTke MOAENN MAIIMHHOTO OOYYEHUS
JUISl aBTOMATH3aIMN TUTIOBBIX OTIEpalyii Ha IPOU3BOA-
CTBEHHOM MPEINPHUATHH HEOOXOAMMO yYHUTBIBATh JO-
CTYIHBIE JAHHBIE O MPOU3BOJICTBEHHOM ITpoliecce. DTH
JIAaHHBIE MOTYT BKJIIOYaTh WH(QOPMAIMIO O ChIpbE, Ma-
pamMeTpax orepaiuii, BpeMEHH BBIIIOJHEHUsI, PeXKUMax
paboThl 000pynOBaHMs M APYrHX (DaKTOpax, BIIUSIO-
IIMX Ha Ipolecc.

OnuH U3 METO/I0B 0OyUYeHMsI MOJIETN Ha OCHOBE
STHX JaHHBIX - Hag3opHoe oOyueHme (supervised
learning). B aToM cimy4yae Moaens oOydaeTcs Ha pa3Me-
YEHHBIX JaHHBIX, I/l€ KaXIbIH TPUMEP COMEPKHUT
BXO/IHBIE MTApaMEeTPhl ONEPALUH U COOTBETCTBYIOIIYIO
JKeJIaeMyl0 METKy WM pe3yibrar. Hampumep, juis 3a-
Jlaul ONTUMM3AIMK MpoLecca CMEIMBAHUs MaTepua-
JIOB, JIaHHBIE MOTYT BKJIIOYaTh MH(OPMAIUIO O HPO-
MOPLUSIX WHTPEAMEHTOB U JKEIaeMbIX XapaKTEepUCTHU-
KaX KOHEYHOTO MPOIyKTa.

Jpyroii meTox oOyueHus - o0yueHue 6e3 yaurens
(unsupervised learning). B aTom ciy4ae Mozaeinp uier
CKPBIThIE 3aKOHOMEPHOCTH M IIa0JIOHBI B IAaHHBIX 0e3
Ipe/IBapuTEIbHO 33/1aHHBIX MeTOK. [IpuMepom npume-
HEHHUsI TaKOro METoJla MOXKET OBITh KilacTepHh3anus
orepanuii MpOU3BOICTBA HA OCHOBE UX XapaKTEPUCTHK
W CBOICTB, YTO IO3BOJISIET BBISIBUTH I'PYIIIBI CXOXKHX
oreparuii ¥ ONTUMU3UPOBATh UX BBIIOJIHEHHE.

[Ipumenerne pa3pabOTaHHONM MOIETH MOXKET
NPUBECTH K ONTHMH3ALMK OIEpaluil U yJIy4IIeHHUIO

Ka4ecTBa MPOAYKINU Ha IIPOU3BOJCTBEHHOM IIPETIPH-
arun. Hanpumep, Mogenb MOXKET ObITh HCIOJIB30BaHA
JUIs TIpeACKa3aHUsl ONTHUMAJIbHBIX apaMeTpOB Omepa-
LM, KOTOpPBIe 00ecreyaT JOCTHKEHUE JKENAeMbIX Xa-
PaKTepUCTUK HPOAYKIHUH. Takxke MOJENb MOXET IO-
MOUYb B ONPE/EIEeHUH ONTUMAIbHOTO BPEMEHHU BBINOJI-
HEeHHUsl ollepauuii, 4ToObl COKpPATUTh BpeMs IHKJa
IIPOU3BO/ICTBA U MOBBICUTH 3(PPEKTUBHOCTS.

Kpome Toro, Mosienb MOKET UCTIONB30BATHCS AT
KOHTPOJISL 1 00HAPY KEHHS aHOMAJIHMH B ITPOIIECCE MPO-
n3BojcTBa. IlyTeM aHanW3a JaHHBIX W CPABHEHUS C
00y9IEeHHBIMHU ITa0JIOHAMH MOJIENb CIIOCOOHA BBISBUTH
HECTaHJapTHBIC CUTYAIlNH, TAKAE KaK HEOOBITHBIE MO-
Ka3aTeNny KauecTBa MPOYKIUU UK HEeIIPaBUJIbHBIE 11a-
pameTpsl onepanuil, U NpeaynpeAuTs O BO3MOMHBIX
npobemax.

B nestom, pazpaboTka MO/I€IM MallIMHHOT'O 00Yy4e-
HUS Ha OCHOBE JOCTYTHBIX JAHHBIX O MIPOM3BOJCTBEH-
HOM IIpoLecce MPEJOCTaBIIAET BOSMOXKHOCTD JUIS OITH-
MH3aIUH Olepalvii M yIy4IICHUS KadecTBa MPOIYyK-
LA Ha MPOU3BOICTBEHHOM MPEATIPUATHH.
[Ipumenenne Monenu TMO3BOJAET aBTOMAaTH3UPOBATH
THIIOBBIE OIEpaliy, ONTUMH3HPOBATh MapaMeTphl U
BpEMsI BBITIOJIHEHUS ONEPAIid, a TAKKe KOHTPOJIUPO-
BaTh IPOLECC MPOM3BOACTBA AJISI OCTIDKEHHMS JKelae-
MBIX PE3YJIBTATOB. JTO CIIOCOOCTBYET MOBBILICHUIO (-
(DEeKTHBHOCTH, COKPALICHUIO U3/ICPXKEK U YJIy4LICHHIO
KOHKYPEHTOCIOCOOHOCTH MPEANPUSATHS.

3. TunoBnble onepanuu

B mporecce aBTOMaTH3alMU TUIIOBBIX OIEpanui
Ha IPOW3BOJICTBEHHOM INPENPHUATHH C TIOMOIIBIO Ma-
IIMHHOTO 00yYeHNS BaKHBIM ILIarOM SIBJIIETCS HACHTH-
¢duKanus 1 xraccuuKanus THIOBBIX ONepanuii, mosi-
JEXKAMMX aBTOMATHU3aINUHU. JTO O3BOJIIET COCPENOTO-
YUTh YCHJIMS Ha HauOoJyiee IMOAXOASAIINX OIEpPaIiiax
JUTSL IPUMEHEHHS. MOZIEIH MAalllMHHOTO 00YYEHUs U J10-
CTHKCHHS MaKCUMAaJIbHBIX BBITO/I.

OmHO¥M U3 TUIOBBIX ONEpaInid, MOAXOAIIUX JJIs
ABTOMATH3aLMK C MOMOIIbIO MAIIMHHOTO OOy4YeHus,
MOXeT ObITh Kiaccupuxanusi AePeKToB MPOAYKIIHH.
Mojens MalIMHHOTO O0YYEeHHS MOXeT 00ydHThCA Ha
0O0JIBILIOM KOJIMYECTBE 00pa3IoB ¢ AeeKTaMH, a 3aTeM
WCIIONIb30BaTh TOJIyYSHHBIE 3HAHUS ISl aBTOMaTHIe-
CKOTO OIpeJeNieHns] U Kiaccuukanuu nedeKkroB Ha
TIPOM3BO/ICTBEHHOH JINHUX. JTO MTO3BOJIUT OIIEPATUBHO
OOHapyXUBaTh U UIECHTUPHUINPOBATH AE(PEKTHI, YCKO-
Ppsisi IPOIIECC KOHTPOJIS KAYEeCTBa U yJTyqIlias KOHSUHBIN
TIPOJYKT.

Jpyrum npruMepoM TUIIOBOW OIEpalyu, IOJJIe-
JKalle aBTOMaTH3aIH, SIBJIIETCS ONTUMHU3AIUS Mapa-
MeTpoB 00paboTku MarepuanoB. C MOMOLIBIO MOJIEIH
MAaIIMHHOTO 00YYEeHHUS MOKHO aHAJIM3UPOBATh TaHHBIE
0 Pa3MMYHBIX TapamMmeTpax 00pabOTKU U WX BIUSHUHU Ha
KOHEUYHOE KaueCcTBO MPOAYKIUHN. Mozenb MOXKET Mpe-
CKa3bIBaTh ONTUMAJIbHBIE 3HAYEHHs MAapaMeTpOB s
JOCTHKEHUSI 33JaHHBIX XapaKTePUCTUK MPOAYKTa WU
MaKkcHMHU3anuH 3¢ GEeKTHBHOCTH Ipolecca. ITO MOMO-
KET CHU3HUTH KOJIMYECTBO Opaka W COKPaTUTb BpeMs
HacTPOMKH 000py10BaHMUS.

Eme ogHoM TUIIOBOH onepanen, KOTopasi MOKET
OBITH aBTOMATH3MPOBAaHA C IOMOIIBIO MAIIMHHOTO
oOy4eHwns1, SBISIETCS KiIacCH(UKAIMS W COPTHPOBKA
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NPOAYKLIUH 10 PA3IMYHBIM KaTETOPHSIM MM CTaHAap-
TaM KadecTBa. MoJIeb MOXKET 00yUUThCS Ha oOpasiax
NPOIYKLHUH Pa3HbIX KaTE€ropuil M 3aTeM aBTOMaThye-
CKH KJIaCCU(HUIIUPOBATH HOBBIE M3/ICIIHS 110 33aHHBIM
KPHUTEPHUSIM. DTO COKpAIIaeT HEOOXOIUMOCTh PyYHOM
COPTUPOBKH W TOBBIIIAET TOYHOCTh U CKOPOCTH MPO-
necca.

[TpumeHneHne MOJEIN MAIIMHHOTO OOyYeHUS AJIs
aBTOMATH3alMHM BBHIOPAHHBIX THIOBBIX OIEpaLHil
HMeeT MHOXKECTBO IPEUMYLICCTB. Bo-mepBbIX, aBTO-
MaTH3alysl TO3BOJIIET COKPATUTh BMEIIATEIbCTBO Ye-
JOBEKa, YTO CHIDKAET BEPOSTHOCTH OIIHMOOK U IOBBI-
IIaeT HaJeXKHOCTh MPOLECCOB. Bo-BTOPEIX, Mozens
crocoOHa 00pabaThIBaTh OOJBIINE OOBEMBI JAHHBIX U
OBICTPO NMPUHUMATH PELICHUS, YTO MOBHIMIAET POU3-
BOJUTEJILHOCTD U 3 (HEKTHBHOCTH paboThL. B-TpeThux,
aBTOMATH3alus N03BOJIsieT 00Jiee TOYHO KOHTPOJIHPO-
BaTh W YJydllIaTh Ka4eCTBO MNPOJYKIHH, YTO yJOBJIE-
TBOPSIET TPEOOBAHUSIM KIIMEHTOB U TIOBBIILIAET YPOBEHb
JOBEpHs K NPEIIPHATHIO.

[TpumMeps! peanu3aliiy BEIOPAHHBIX THIIOBBIX OIle-
pamuii ¢ KCIOIb30BaHUEM MOJICIH MAIIMHHOTO 00y4e-
HHS BKJIIOYAIOT CO3JaHHE CHUCTEMBI KOMIBIOTEPHOTO
3peHHs, KOTOpas aBTOMATHYECKH OOHApYyXXKHUBaeT H
KIaccupuuupyer nedekTbl Ha IPOM3BOICTBCHHOM JH-
HHH, pa3paboTKy aJrOpUTMOB ONTHMU3ALNH TapaMeT-
pPOB 00pabOTKKM MaTepUAIOB Ha OCHOBE aHAIM3a JaH-
HBIX M CO3/1aHHE aBTOMaTHYeCKOW CUCTEMBI Kiaccupu-
Kallid ¥ COPTHUPOBKH IPOAYKIWH IO 3adaHHBIM
KPUTEPUSIM. DTH NPUMEPHI JIEMOHCTPUPYIOT HOTEH-
[HAJT MOJICITY MaIlIMHHOTO O0YYCeHHs U1l aBTOMATH3a-
[IMY TUIOBBIX ONEPaliid M MOBBILIECHUS 3)(PEKTUBHO-
CTH MPOLIECCOB HA MPOU3BOJICTBEHHOM MPEINPUSITHH.

4. Ilpeumy1IecTBA U BbI3OBbI.

ABTOMaTH3aLMsI TUIIOBBIX ONEPALUI ¢ TOMOIIBIO
TEXHOJIOTMM MAIIMHHOTO OOYYEHHs MpPEIOCTABISCT
Pl 3HAUUTEJBHBIX IMPEUMYIIECTB JUIA IPOHM3BOJ-
CTBEHHBIX NpeanpusaThii. OHUM U3 TNIABHBIX IPEUMY-
IIECTB SIBJISIETCSl MOBBILICHUE MPOU3BOJMTEILHOCTH.
Monens MammHHOTO 00yuYeHHs crocoOHa oOpabaThl-
BaTh OOJIBIINE OOBEMBI IAHHBIX ¥ TPUHUMATh PELICHUSI
C BBICOKOW CKOPOCTBIO, YTO TIIO3BOJISAET COKpPATHUTh
BpeMsl BBITIOJHEHHS ONEPAlMii W YBEIHYHUTH OOLIYIO
3((heKTHBHOCTH MMPOU3BOJICTBA.

JpyruM MNperMyIIeCTBOM SIBJISAETCS CHWKCHUE
omubok. YenoBevecknuil pakTop MOXKET OBITH IPUYH-
HOI OIIMOOK M HEOCTaTOYHOH TOYHOCTH HPH BBIIIOJ-
HEHUH Ollepauuii. ABTOMaru3auus C IIOMOLIBIO Ma-
IIMHHOTO OOYYEHHs yCTpaHsIeT WM COKpallaeT 3aBHU-
CHUMOCTh OT 4YEJOBEKa, YTO CHHXKAeT BEPOSTHOCTh
OIIMOOK U MOBBIIIAET KAueCTBO MPOAYKIMU. Mojenb
MOXeT OBbITh 00y4YEeHa Ha OCHOBE 3HAHMI U OTIBITA, TI0-
JY4EHHBIX M3 MPEIbIAYIIUX ONepalunii, YTo MO3BOJISIET
JIOCTHUTaTh 0oJiee TOYHBIX M MOCIENOBATEIBHBIX pe-
3yJIbTaTOB.

Taxoke aBTOMaTH3aIUsI TUIIOBBIX OIEpaIyi ¢ Ho-
MOIIBI0 MAaIIMHHOTO OOYYeHMsI CIOCOOCTBYET COKpa-
IIEHUIO BPEMEHH BBITIOJIHEHHS onepanuii. Moaens Mo-
JKeT OBICTPO 00padaThIBaTh JAaHHbIE M NPUHUMATH pe-
LICHHUS B PEXKHUME PEeaJbHOIO BPEMEHH, YTO YCKOPSIET
MpolLecC TPOU3BOJICTBA U MO3BOJISIET ONEPATHBHO pea-
THUPOBAaTh Ha U3MEHEHHUS B YCIOBUIX pabOThI.

OnHako, BHEApPEHUE MAIIMHHOTO OOYy4YeHHs Ha
TIPOU3BOICTBEHHOM IIPEATIPUATHN TAKXKE CONPSIKEHO C
OIpeieIeHHBIMHU BbI30BaMK. OJIMH U3 TAKUX BBI30BOB -
noctyn K gaHubIM. st addexruBHoro odyueHus: Mo-
Jenu TpeOdyeTcs KauyecTBeHHast M pa3HooOpa3Has MH-
(dopmarys 0 IPOU3BOJCTBEHHBIX onepanusix. He Bce-
I/la IPEIIPUSTUS UIMEIOT TTOJTHBIH U CTPYKTYPHPOBaH-
HBIH TOCTYH K TAaKKM JaHHBIM, YTO MOXKET 3aTPyIHHUTh
pa3paboTKy U 00y9IEeHHE MOJICIH.

Eme ogHMM BBI30BOM SIBIISETCA HEOOXOIUMOCTH
oOydeHwus epconana. BHegpenne MammHHOTO 00yUe-
HUSL TpeOyeT cheruuyecKnxX 3HAHHUH W HaBBIKOB,
YTOOBI IPAaBUIBHO HACTPOHUTH, OOYUUTh M MOJNEPKH-
BaTh Mozenb. O0yueHne COTPYTHUKOB U UX aanTanus
K HOBBIM TEXHOJIOTHSIM MOXET I0TPeOOBaTh BPEMEHU
U PECYPCOB.

HakoHen, oOecrieyeHne HaJeKHOCTH CHUCTEMBI
TaKKe SIBJISICTCS BAYKHBIM BBI30BOM. MaltuHHOe 00y4e-
HUe TpeOyeT cTaOWIIBHON M HajeXHOW HMH(DPACTPYK-
TYpBI, 9TOOBI 00ECIIEYNTs HEMPEPHIBHYIO paboTy MO-
nenu. PerymsapHoe OOHOBJICHWE W MOHHTOPHHI CH-
CTEMBl TaKXE SBISIIOTCS HEOTHEMJIEMOIl YacThio
YCIICITHOH peanu3aliy aBTOMaTH3aLNH THIIOBBIX OIe-
panuii ¢ TOMOIIBIO MAIIMHHOTO O0Y4EHHS.

He cMoTpst Ha BBI30BHI, IPEUMYIIIECTBA ABTOMATH-
3alM THUIIOBBIX ONEpPaMii ¢ MOMOIIBI0 MAIIMHHOTO
00yd4eHHs SIBISIFOTCS 3HAYUTEIBHBIMH M CIOCOOHEI
NPUHECTH OOJBIIYI0 TIOJB3Yy IPOHM3BOACTBEHHBIM
NPEANPUATHSIM, BKIIIOYas yIy4IIeHUE TIPOU3BOJUTEINb-
HOCTH, CHIDKCHHE OUIMOOK M COKpalleHHE BpEMEHH
BBINOJHEHMA omnepanuid. C MpaBUIIBHBIM TTOJIX0JIOM U
JOCTaTOYHON MOATOTOBKOM, MalllMHHOE 00Y4EHHE MO-
XKET CTaTh MOIIHBIM HHCTPYMEHTOM JUISI ONTHMHU3ALNI
1 aBTOMATH3aIMX IIPOU3BOJICTBEHHBIX ITPOIIECCOB.

5. 3akai04yeHue

B xone mccnenoBanusi ObUTH BBISBICHBI IPEUMY-
IIECTBa aBTOMATHU3AlMU THIIOBBIX OIEpalMii ¢ MOMO-
IbI0 MAITMHHOTO 00y4YeHHs. DTO BKIIFOYAET MOBBIIIE-
HHE TPOU3BOJIMTENILHOCTH, CHIXKEHUE OLIMOOK M CO-
KpallleHHe  BPEMEHH  BBINOJIHEHHS  Olepaiuii.
ABTOMaTH3a1uUs TO3BOJSIET CHU3UTh BMEIIATENHCTBO
yeJoBeka, obecrieunBas 0oJjiee TOYHBIE U MOCIIEI0BA-
TenbHbIE pe3ysbTaThl. KpoMe TOro, Moaens MammH-
HOro oOydYeHHs crocoOHa oOpabaThiBaTh OOJNBIIHE
00bEMBI JTaHHBIX ¥ IPUHAMATB PEIICHUS B PeXXUME pe-
QIBHOTO BPEMEHH, YTO YCKOpPSIET MPOIecC MPOU3BOI-
CTBa.

OnHako, BHEJPEHHWE MAIIMHHOTO OOydYeHHs Ha
NPOU3BOJICTBEHHOM MPEANPHUATHN TaKXKe BCTpedaeT
BbI30BbI. K HUM OTHOCSATCSI IOCTYI K JIJaHHBIM, 00y4e-
HHE TIepcoHana 1 obecreueHne HaJeKHOCTH CUCTEMBI.
OTcyTCTBHE Ka4eCTBEHHBIX JIAHHBIX WIIM OTPaHHYCH-
HBIH JOCTYI K HUM MOXET 3aTPYJHUTH pa3paboTKy U
o0yueHne mozenu. TpeGyeTcs Takxke IOATOTOBKA Iep-
COHaJia Juisl paboThl C HOBBIMH TEXHOJIOTHSIMU U 00ec-
redyeHne cTabMIbHOM M Ha/Ie)KHOW MHQPACTPYKTYpPbI
JUIs1 pabOTHI MOJIEIH.

HecMmoTps Ha BBI30BBI, IPUMEHEHNE TEXHOJIOTHUH
MAIIMHHOTO OOYy4YeHUs IJIsl aBTOMATH3alUH THIIOBBIX
orepanuii Ha MPOM3BOACTBEHHOM MPEINPHITHH UMEET
nepcreKTHBbl pa3BuTHs. C MOCTOSIHHBIM Pa3BUTHEM U
COBEPIICHCTBOBAHHEM aJrOPUTMOB MAIIMHHOTO 00Y-
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YeHUS, JOCTYTIOM K OOJIBITNM 00beMaM JTaHHBIX U 00Y-
YeHHEM IIEPCOHaIa, MOKHO TOCTHYG e1lle Ooree 3HaIH-
TENBHBIX YIYYIICHUH B 3QPEKTUBHOCTH U KAYCCTBE
MIPOU3BOJICTBA.

JanpHelimue ucciaeIoBaHus B 3TOH 0071acTH MO-
TYT BKJIIOYATh Pa3pabOTKy OoJiee CIOKHBIX MOJEIEH
MAIIMHHOTO O0YYCHHUS, yUET CTICIIU(PHUICCKUX TPeOOBa-
HUN TPOU3BOACTBEHHBIX OMEpalUid U WHTETPAIUIO C
JIPYTAMH TEXHOJIOTHSIMH, TAKUMH KaK HHTEPHET BEIIer
(IoT) mwm poGororexnuka. Taxke CTOUT OOPaTUTH
BHUMAaHHE Ha aCTEKTHl 0S30MMacHOCTH W 3aIIUTHI JaH-
HBIX, YTOOBI 00ECTIeYNTh HAJACKHOCTh CHCTEMBI U 3a-
ATy OT MOTEHIMAIBHBIX YTPO3.

B uenoM, ucnonb3oBaHHE TEXHOJIOTHH MAllHH-
HOrO OOyueHHs Ui aBTOMATH3AIMK THIIOBBIX OIepa-
U Ha TPOM3BOJCTBEHHOM MPEANPUITHU TPEACTaB-
JseT cO00M TEePCIEeKTUBHOE HAIpPAaBICHUC Pa3BHUTHUS.
[IpaBuiibHOE BHEAPEHHUE U UCIIOJIB30BAHUE dTOM TEXHO-

JIOTUU MOKET MNPUHECTH 3HAYUTEIbHbIC MHPEHMYIIe-
CTBA, TIOBBICUTH 3(PPEKTUBHOCTh M Ka4ECTBO IPOIIEC-
COB TIPOU3BO/ICTBA.
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HccnenoBanus IMoKasaJii, 4YTO B MpUpoA€ UMECT MECTO 3aKOH, COIIaCHO KOTOPOMY MaTEpus CyHICCTBYCT B

BHJIE BelecTBa. J{Jis ero mo3HaHus HEOOXO0IUM TeOpEeTHIeCKuit 6a3uc, MO3BOJIAIONINN TTOTYYUTh, XOTS U CYyOheK-
TUBHBIE 3HAHHUS, OHAKO, TAKUE, YTO CIIOCOOHBI Pa3pemInTh Psit MPoOIeM, CBA3aHHBIX HE TOJIBKO C ATUM 3aKOHOM,
HO U C IOHUMaHUEM OKPYXalollel MaTepualbHON Cpelpl, Kak TakoBoi. B HacTosmel paboTe Takoi TeopeTnde-

CKHii 6a3uc mpejiaraercs.
ABSTRACT

Studies have shown that in nature there is a law according to which matter exists in the form of matter. For
its knowledge, a theoretical basis is needed that allows one to obtain, although subjective knowledge, however,
such that they can solve a number of problems related not only to this law, but also to understanding the surround-
ing material environment as such. In this paper, such a theoretical basis is proposed.

KuroueBble ciioBa: Kn6epHeTHKa, HpO6J‘ICMa, MPOCTPAHCTBO, BpEMs, DHEPIHsl, CHIIA, II0JIE.

Keywords: cybernetics, problem, space, time, energy, force, field.

JIrobast KOHCTPYKTHBHAsI HAayKa 3eMHOM LUBUIIH-
3alKu, B KOHEYHOM WTOTe, HallpaBJcHa Ha MO3HAHUE
OKpy>Karouieit matepuanbHou cpenbl. [lpu 3Tom, Kak
MoKa3aHo B pabote [1], ucciienoBaTenbCKUil mporecce
SIBIISICTCS MOIBITKON OTBETUTH HA PAJ BOIPOCOB, BO3-
HUKAIOIIUX MPU O3HAHUH €CTECTBEHHBIX 3aKOHOB, CO-
TJIaCHO KOTOPBIM OHA CYyILECTBYyeT. B 3aBuCcHMOCTH OT
CJI0’)KHOCTH YKa3aHHBIX BOIIPOCOB UX MOAPA3ENIA0T Ha
3agaun u npoGnemsl [2]. Koneuro, B ose 3perus ¢pyH-
JTAMECHTAJIFHOW HAayKW Ha IEPBOE MECTO BBHICTABIISIOT
mpoOJIeMbl, pa3pemeHne KOTOPBIX IT03BOJISIET Pa3o-
OpaTbcs B TAKMX HMOHATHAX, KaK, YTO TaKOE IPOCTPAH-
CTBO, BpeMsi, SHEPT s, CHIIa, TI0JIE, a TAK)KE HEKOTOPHIE

JIpyrue TmposBieHHs mpupoxsl. HeobOxomumo 3ame-
THUTb, YTO B U3BCCTHBIX IOIBITKAX pa3pCiinThb, YKa3saH-
HBbIC l'IpO6J'ICMI)I, KakK IIpaBuJIO, CBA3b MCXKAY OTUMU I10-
HSATHSAMH HE MIPEAyCMaTPUBAETCS, B TOM YHCIIE U 3aBH-
CHUMOCTb UX OT camoil Matepuu. B [1] BnepBeie oHUH
paccMaTpHBalOTCSl ¢ NO3UIMH MaTepHaIbHOTO IPOMC-
xoxeHus. B HacTosmei paboTe, BEMIECTBEHHOE OKPY-
KEHHE TMPEACTAaBICHO TPEXMEPHBIMH OOBEMHBIMHU
CT'yCTKAaMU, HAIOJIHEHHBIMH MOCTOSHHO JBUOKYILEHCS
MaTepHaTbHOUN CyOCTaHIuEH.

HpI/I HCCIICAOBAHNUU TAKOI'O ABMKXCHHUA MAaTCPHUU B
CTyCTKax, B KauecTBe aHajiora, Oy/eM paccMaTpHUBaTh
ero o0beM, yepe3 TPH CTOPOHBI KOTOPOTO MPOTEKAET
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MaTepuaabHas CyOCTaHIWS, KaK OOBIYHAS «KHI-
KOCTBb». JTY ee JMHAMHUKY, 10 OJHY H3 CTOPOH 00b-
eMa CrycTka, OyaeM HAeHTH(PUIUPOBATH ¢ (hu3nUe-
CKHM I10JIeM, 2 yBJIeYeHHe MaTepHaJbHON cy0cTaH-
IMH M3 OKpYyXKaleidl cpeabl MNpPOTeKAIOIIeH
«KHMJIKOCTbIO» OyaeM paccMATPHBAThb, KAK MPOSIB-
JICHHe ero CHJIOBOro Bo3aelicreus. Hanpasnenue, B
KOTOPOM MNPOHCXOJMT 3TO YBJIe4eHHE MaTepHaJIb-
HOH CcyOCTaHLMHM COOTBETCTBYeT ero 3Haky. B pe-
3yJbTaTe, BXOXkK/IeHHe CyOCTAHIIMH B CT'YCTOK U/IeH-
THQULIHPYEM C MOJIOKHTEeILHBIM 3HAYeHHEeM CHJIbI
10JIs1, 2 BLIXO/ M3 HEro — ¢ 0OTPHIATeJbHbIM.

Takum cnocodoM B OKpYy»kamolieil cpeae Bo-
KPYr MaTepHaJIbHOI0 CIYCTKA IPOMCXOAUT reHepu-
poBaHMe Tpex BHIOB MoJ1eil, 2 HMMEHHO: TPaBUTALH-
OHHOI'0, MATHUTHOT'O M 3JIeKTpHYecKoro. B ciyuae ¢
TrPaBUTAIMOHHBIM MOJIEM, €T0 CHJIA PacloylaraeTcsi BO
(pOHTANBHOM IUIOCKOCTH CTYCTKA, @ UMEHHO, BJOJb
TOM 0CH, KOTOpasi B3aUMHO MEPIEeHINKYJIISIpHA C aHaJIo-
TUYHOM OCBIO, PacloNOKEHHON B BEPTUKAIBHOMN ILIOC-
KOCTH ¥ OTHOBPEMEHHO C TaKOH K€ OChI0, HO YK€ IIPH-
HaJUIe)Xalleil TOpU30HTaIBHOM INIOCKOCTH paccMaTpH-
BaeMoro cryctka. ITo cyTu, ykazaHHBIE OCH COBIAIAlOT
C TpeMsl IMHUSIMA B3aMHOTO ITepecedeHus (PPOHTaIIb-
HOM, BEPTUKAIBbHOM M TOPU3OHTAJIBHOW IIOCKOCTEH,
NPOXOAAIIMX  4Yepe3 I[EeHTP  paccMaTpUBaeMOIo
CrycTKa. 3aMeTUM, YTO 10 OJJHY CTOPOHY €ro oobema
CHJIa TPAaBUTAIIMOHHOTO IOJIS pacloJiaraercst co 3Ha-
KOM IUTIOC, 8 UMEHHO, CO CTOPOHBI BXOXKJICHUSI MaTepH-
abHOI cyOCTaHIMK, a MO JPYTYI0 CTOPOHY, I/le OHA
BBIXOAUT U3 HETO — CO 3HAKOM MHHYC. B npodisHO#
IUIOCKOCTH 00BhEMa CrycTKa TaKUM )K€ CIIocO0OM TeHe-
pHpyeTcs CHila MarHUTHOTO ITOJISL, T.€. BIIOJIb ITPO(HIb-
HOM ocu. U 37eck Takke MO OJHY € CTOPOHY OHa
MMEET HOJIOKUTENBHBIH 3HaK, a C IPOTUBOMOJIOKHON —
oTpuIaTesbHBIN. UTO KacaeTcst CHIIOBOW JIMHUH DJICK-
TPUYECKOTO MOJIsl, TO OHA (OPMUPYETCS, YKa3aHHBIM
JBIDKEHHEM MaTepHabHOM CyOCTAaHIIMK BJIOJIb TOPH-
30HTAJIbHOW OCH, HAIIPaBJIEHHOM, C OIHOM CTOPOHBI, Ha
MOTIOJTHEHNE MaTePHAaJIbHON CyOCTaHIIMM CTYCTKa, H, C
JpyToii, Ha BBIXOA W3 Hero. CiieAyeT 3aMeTHThb, YTO
paccMaTpuBaeMble CUJIbI NOJel, 10 Mepe yaanaeHus
HX OT LEHTPa Cr'ycTKa, ocjiabeBaoT. B To ke Bpemst
KOJIMYECTBO YCJIOBHOH MATepHAJIbHON KMIAKOCTH
«MpoTeKaOIeH» M0 TPeM HANPABJIEHHSIM CTyCTKAa
He OJIMHAKOBO, H KaK OyJIeT MOKAa3aHO 3aBHCUT OT
NoJIsl, KOTOPOe MPH 3TOM reHepupyeTcs.

Oco00 oTMeTHMM, YTO PacCMOTpPEHHOe BbIlle
ABHAKYLeecs] COCTOSIHHME MaTepHHu, NMyTeM BoO3Jeli-
CTBHS CWJIOBBIX JIUHHUH, GopMupyomux Tpu Gusu-
YeCcKHUX MOoJisl, OLIyIIaeTcsl YeJIOBeYeCKHMM opra-
HAMM YYBCTB B BH/Ie IPOCTPAHCTBA, 3al10JTHEHHOT 0
U He 3aM0JHEHHOr0 BellleCTBOM, a caM X0/ JBHIKe-
HHSI MaTepHH, KaK Te4eHne BpeMeHn. B nannoM ciy-
yae MPOCTPAHCTBO HE3AIOIHEHHOE BEIIECTBOM HJEH-
TUQUIUPYETCS C TOI MaTepualbHOM CyOCTaHIUEH, KO-
TOpast COBPEMEHHBIMH BELIECTBEHHBIMH TPUOOpaMH HE
MOXeT ObITh OOHAapy)keHa, W, TAKUM 00pa3oM, Mo3Ha-
HHE €€ CYIHOCTH OTHECEHO K HEPa3peLIeHHOH 10 CHX
nop ¢usndeckoit nmpodieme. Bear moa BeuecTsoM B
HacTosieil padoTe MOHUMAaeTCsl, TOJIbKO TO MaTe-
pHATbHOE OKpY:KeHHe, KOTOpoe OOHApYy:KMBaeTCs

CpeACTBAMH, MMEIOIIMMH BellleCTBEHHOEe IpPOoMC-
X0’KeHHe, BKJII0Yasi H OPIraHbl YyBCTB KUBBIX Op-
rann3MoB. Kpyr 3Tux cpeicTB MONOIHAETCS MO Mepe
MO3HAHUS [IUBUIIM3AIMEN OKpYXKaromel cpe/ibl.

CornacHo mpeanaraeMoil MoJeNu CyIIeCTBOBa-
HUS MaTepud Ha CaMOM M3MeJbYECHHOM YPOBHeE
MeKAY PA3HOMMEHHBIMM NOJIIMH HeENOCpeACTBeH-
HOe B3aUMO/IeliCTBHE OTCYTCTBYET, T.e. HCTOYHUKH
3THUX MoJiell He NMPUTATHBAIOTCS M He OTTAJIKHBA-
oTcs. YUto Kacaercsi OAHOMMEHHBIX IO, TO OHH
pearupyoT Apyr ¢ ApyromM. YKa3aHHOE NPOSIBICHHE
B3aUMOACHCTBUSI MEXIY MENbYaHIINMH YacTUIAMHU
TIepelacTCsl MaTEepHH, NMPEACTABICHHON yKe B Belle-
CTBEHHOM BHJE, U 3TO HOATBEPXKIAETCS IKCIIEPUMEH-
ToM. Kak, H3BeCTHO, CHJIBI TPABMTAIINH YACTHYEK,
KOTOPBbI¢ NPOSABJIAIOTCA B OJJTHOM BellleCTBe He pea-
THPYIOT HAa CHJIBI BO3JeHCTBHSl 3JeKTPHYECKOIro
noJjsl, JU00 MATHUTHOrO, HAXOASIIUXCH B JIPYroM
BelllecTBe. AHAJIOTMYHOE SIBJIEHHE HMEET MECTO U
MEXIY 3JIeKTPHYeCKHUM M MATHMTHBIM MOJISIMH,
PAacno/I0KeHHbIMH B Pa3HBIX BellleCTBEHHbIX 00pa-
30BaHHUAX.

B 10 %€ Bpems B3aumMojaeicTBre TeJl, B KOTOPbIX
HAXOAATCS MCTOYHHUKM OJHOMMEHHBIX IOJel, B
npupojae umeet Mecto. Harmpumep, mpu nocrarouHoi
OJIM30CTH MEX/y TelaMH, KOTAa BEIUYHHA CHUIOBOTO
TpaBUTALIMUOHHOI'O BOSﬂeﬁCTBHﬂ UMH pasjimyuma, TO
OHHU MeXIy co0oit OynyT mpursruBarbes. [Ipumepom
Takou CUTyalluu C YKa3aHHbIMU TCJIaMU UMECT MECTO,
€CJIM O/IHO U3 HUX NPEeJICTaBIAET IUTaHeTy 3emiisd. AHa-
JOTUYHAs CUTYaIHsl B3aHMOJICHCTBHS IMEET MECTO U B
cllydae TIOMEIICHHE B BEIIECTBEHHBIC TENa 3apsioB
JIEKTPUUECKOTO0, JINOO MarHUTHOTO TTOJIS.

besycioBHO, 0cOOBII HHTEPEC BO3HUKAET K TOMY,
KaknM 00pa3oM Martepus mpeoOpa3yercst B BELIECTBO
CO BCEMH, PaCCMOTPEHHBIMH BBIIIIE €€ CBOHCTBaMH. B
TOM ke paboTe [1] moka3aHo, 4yTo npeobpa3zoBaHUE Ma-
TEpUANBbHOW CYOCTaHIIMM B €€ BEIIECTBEHHOE IIpes-
CTaBJICHHE OCYIIECTBISIETCS, TOJIBKO, IPH ONpeIeNeH-
HBIX YCJIOBUAX, U KOTOPBLIC, B YaCTHOCTH, HpHpO,E[Oﬁ
obecriedensl Ha 3emie. OcTaHOBUMCA Ha (pOpMHUPOBa-
HHUU HaIlel IIAHCTHI, U3 OTMCUYCHHBIX BBIIIC Meabyan-
IIMX YacTHI], ¥ 3TOT Hpolecc 0003HAYNM, KaK Pa3BH-
THE MaTepHU B BUJIE BEIleCTBa. B ero Havane yacTHIKH
MaTepHalIbHOH CyOCTaHIMK PacIIoararoTcsi Ha TaKoM
pacCTOSHUU APYT OT Jpyra, MPW KOTOPOM BO3HHUKAET
MIPUTSDKEHNE MEXIY HUMH, TOJIBKO, CHJIAMU TPaBUTA-
iy, HarmoMHMM, 4TO TaHHOE MPUTSHKEHUE MEXKIY da-
CTHYKaMH BO3MOXHO IIOJ [[eﬁCTBI/IeM TpaBUTAIIUOH-
HOTO TIOJIS, B TOM CIIy4yae, €CIM OHH COIPHUKACAIOTCS
OJHOMMCHHBIMHU ITJIOCKOCTIMH. To €CTh, B ClIydac C
rpaBUTaNMel, OHM PaCIOJIaTaloTCs IPYT O OTHOIIIEe-
HUIO K IpYTY GPOHTANBHBIMHA INIOCKOCTSIMHA TaKUM 00-
pa3oM, 4TO B OJHOM YacTHUKE 4epe3 COOTBETCTBYIO-
LIYIO €ro INIOCKOCTh MaTepralibHast CyOCTaHIMS BBIXO-
IuT U3 Hee, a y gapyroi Bxoaut. Cuia
IPaBUTALIMOHHOIO MOJs, MMEIoIas OTPULATEIbHOE
3HaueHue OyJieT HampaBlieHa B CTOPOHY OOIIEro LeH-
Tpa NMPUTSDKEHUS TPABUTALIMN, KOTOPOE TP 3TOM (op-
mupyetcs 3emuteil. IIockoIbKy 3TOT TpaBUTAIIMOHHBIN
LEHTP CO3JAETCS TOBOJBHO OONBIINM KOJIMYECTBOM
MaT€pruaIbHbIX YaCTHYCK, TO CHJIa €TO MNPHUTAXKCHUA
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BEChMa BEJHKA, M MMOITOMY JIF000e MaTepHaIbHOE CO-
JIEp’)KMMO€ Ha Hallel IUIaHEeTe CBOMM I'PaBUTALMOH-
HBIM T0JIEM COPHUEHTUPOBAHO UMEHHO K HeMy. Takum
00pa3oM, Bce Tella MPUTATHBAIOTCS K 3TOMY LICHTPY U
«BMENIATHCS» €Ille OJAHOMY HCTOYHUKY I'paBUTALlUU B
paccMaTprUBaeMbll CHUJIOBOM HpPOLECC BO3IEUCTBUSA
MOJKHO JIMIIIb B TOM CIIy4yae, €CM OH, 10 CBOEH MOIIl-
HOCTH, COM3MEPUM C TpaBUTAIMEH, TeHEpUpYeMOil U3
HeHTpa 3eMiH. A Takoi BO3MOXHOCTH TIPHPOJIA B 3€M-
HBIX YCJIOBUSIX IIOKa HE IpenocTaBwia. B pesynbrare
mo00e TeJo CYIIECTBEHHO MEHbIIee HaIleH IIaHETHI
HE B COCTOSIHUM NEPEOPUEHTUPOBATH HAIPABIICHUE
CBOMX I'PAaBUTALMOHHBIX CHJI B CTOPOHY HaXOSIIErocs
psnoMm Tena. [loaTomy rpaBUTAIIMOHHOE B3auMOCH-
CTBHE MEXKY TEJIaMH B TAKUX yCIOBUAX O€3 ydyera Bce-
00IIero 3eMHOI0 MPUTSIKEHUS HEBO3MOXHO, U 3TO
JIETKO TpoBepsieTcs. JeHCTBUTENBbHO, MEXAY TelaMu
Ha 3eMJe TpaBUTAI[MOHHOE B3aMMOJEHCTBHE CyIlle-
CTBEHHO OTPAaHUYEHO, T.€. TeJla HE MPUTATHBAIOTCS
JIpYT K JIpYTy C NOMOIIbIO CBOMX CHJI IPaBUTALIUH, a
MPUTATUBAIOTCA TOJBKO LEHTPOM 3EMIIH.

PaccmoTpumM, KakuM 00pa3oM B 3eMHBIX YCIOBHUSIX
oOpasyrorcss 31eMeHTHl Tabmuiel MeHneneesa, T.e.
(hopMa MaTepHH B BUZIC BEIIECTBA B OKPY KAIOIICH 3eM-
JsH cpene. st 3T0ro, OTMEUEHHBIE BBILLIE YAaCTHUYKU
MarepuaibHOi CyOCTaHIIMK, COPUKACAsCh APYT C ApY-
oM, 1 CO3Jat0T YKa3aHHbIC 3JICMCHTHI. Ha TNECPBLIX I10-
pax pasBHTHS MaTepHu Ha 3emiie BO3HHKAeT 00beu-
HCHHUC BYX YaCTHUYCK, B PE3YJIbTATC YCTO IMOABIIACTCA
YABOCHHAsA 4YaCcTU4Ka, €CTECCTBCHHO, C Y/IBOCHHLIM €€
MaTepHaJbHBIM COAEPKUMBIM. Takas yacTHYKa C OJI-
HOU CTOPOHBI (PPOHTANBEHON INTOCKOCTH HMEET OTPHIIA-
TEJIbHOE 3HAYEHHE CHUJIbI IPAaBUTALIMOHHOTO MOJIS, KaK
yKE OTMEYAJIOCh «3aHATOW» CUJIaMU IPUTSKEHUS Tpa-
BUTALlMOHHOTO NOJs 3€MJIM, & C MPOTUBOIOJIOXKHOM,
TaM, IJIe IPOUCXOAUT MOCTYIUIEHUE B YACTHUKY «OKUJ-
KO MaTepuanbHON CyOCTaHIIUN, HAXOUTCS TTOJI0XKHU-
TeNbHOE ero 3HaueHue cuibl. KcraTw, HampaBieHHe
JNEUCTBUSL DTOM ITOJIOKUTEIBHOM CHIIBI COBIIaJAeT C
IpsIMOU JIMHUEH, HA KOTOPOM pacIOJIOKEHAa I'PaBUTa-
IIHOHHAs CHJIa 3eMJIH, B Pe3yJIbTaTe Yero U IMPOUCXO-
JUT ODPUTAXKCHUE YE€PE3 HEC MATCPHUATIBHBIX YaCTHYCK
OKPY’KaIOMIEr0 MPOCTPaHCTBA. TakuM crocoOoM, BO3-
HUKILAs yABOEHHAs YaCTHUUYKA HE U30JIUPYET OKPYIKaAIO-
LIYI0 MaTepUaIbHYIO Cpely B BHJIE BEIIECTBA OT 3€M-
HOT'O NMPUTSDKEHUS.

B paccmarpuBaemoii yIBOEHHOW YacTHUKE, C OA-
HOU CTOPOHBI MPO(MITBHON IIOCKOCTH ITOCTYTIALT, a, C
JIpYTOM, TIOKUJIAET €€ MaTepralibHasl CyOCTaHIIUs, TEM
cambIM (hopMUpYyeTCss MarHUTHOE mojie. OJHaKO, KOJIHU-
9YEeCTBO 3TOW CyOCTaHIMH MEHBIIIEE, 10 CPABHEHHIO C
AHAJIOTUYHBIM MOCTYIIJICHUEM M BBIXOJI0M €€ BO Q)pOH—
TaJBHOM IIIOCKOCTH, TO €CTh, TOM INIOCKOCTH Yepes3 KO-
TOPYIO (POPMHUPYIOTCS CHITBI TPABUTAIIIOHHOTO TT0JIs. B
pe3ynbTare Kakaas U3 CUJl MPUTSHKEHUS. U OTTaJIKUBa-
HUSI MarHUTHOTO TOJII MEHbLIAasi COOTBETCTBYIOLIEH
CUJIBI IIPUTSDKEHUS] U OTTaJIKUBaHUs rpaButauuu. Ilo-
9TOMY, AJIsl BO3JAEHCTBHSI HA COCEHUE B IPOCTPAHCTBE
YACTHUYKHU Y MAarHUTHOTO MOJIsI CUJT HeiocTaTouHo. O-
HaKo, B CaMOM yJIBOGHHOW YaCTHYKE BXOJI U BbIXOJ| CH-
JIOBBIX JIMHUM MarHUTHOI'O IOJIS HaXo4ATCA HAa TAKOM
PpacCToOIHNH, YTO MEKIY HUMU BO3SHUKAIOT BBaHMO)Ieﬁ-

CTBHSI, TIPUBOJAIINE K CONPUKOCHOBEHHIO. B pe3yib-
TaTe 4ero, y KOKIOW YIBOCHHON YaCTHUKH (HOPMHPY-
eTcsi CBOM (MECTHBIN) MAarHUTHBIM AMIIONb, @ UX COBO-
KYIHOCTb TOJI JeHCTBUEM MarHUTHOro mosst ConHia
OpUEHTHUpYETCsl Ha 3eMJyle OJIMHAKOBO, YTO BBI3BIBAET
Ha Hallell TIaHeTe MOSBJICHHE I0XKHOTO U CEBEPHOIO
MAarHUTHBIX MOJIIOCOB.

To e camoe UMEET MECTO U JIJISl DNEKTPUUECKOTO
TIOJISI B YIBOGHHOM CTYCTKE, TI0 OTHOIICHHIO K €T0 IICH-
TPY, HO y’K€ B TOPH30HTAIBHOH INTIOCKOCTH H €€ TOpH-
30HTaILHOM ocu. TO eCcTh, B 3TOH INIOCKOCTH BO3HH-
KafoT TIOJIOKUTENFHBIE W OTPUIATEIbHBIC CHIIBI, BO3-
JecTByIOIMe Ha  OmpKaimme  9YacTHYKHd B
OKpyXaromiem mnpoctpanctBe. OpHaKo, BeIMYMHA
9TOr0 BO3AEUCTBHUS CYIIECTBEHHO MEHbIIIAs, MO CpaB-
HEHUIO C MArHUTHBIMU CUJIOBBIMU JJMHUSMHU. B pe3yib-
TaTe, Takas OpPUEHTALMS yABOCHHBIX MaTepHalIbHBIX
YaCTHUYEK MPUBOJIUT €€ CHJIbI DJIEKTPUUECKOTO MO K
B3aMMOJICHCTBHIO MEXKIY CO0O0i, HE 3aMBIKAsCh OPYT
Ha JIpyra, aHAJOTHMYHO CHJIAM MAarHUTHOTO moysi. To
€CTb, B 3TOM CIIyJae He BO3HHUKACT dJICKTPUICCKUH TH-
moJb. Y Toraa MICTOYHUKY STHX cIa0BIX CHJI HAYUHAIOT
O]l CBOMM B3aWMOJICHICTBAEM BpalIaTeIbHOE TBHKE-
HHUE B TOPU30HTAIBHBIX INIOCKOCTSX BOKPYT IIEHTpA Ya-
cTHuKd. TO, YTO 3TH CHIIBI OTPAKAIOT CBOMCTBA JJICK-
TPUUECKOTO TOJISl, TOATBEPKIAETCS MPOCTHIM JKCIIe-
PUMEHTOM, KOTOPBIH 3aKII0YaeTcs B MEXaHUYECKOM
TPEHUH MEX]Y IBYMsI TeaMu. Bo Bpemst aToro TpeHus
MIPOUCXONT Pa3phIB YABOCHHOW YaCTUUKU MaTepHab-
HOM cyOCcTaHINH, B pe3yJIbTaTe Yero BpaleHNue UCTou-
HUKA DJIEKTPUIECKOTO IOJI B TOPU30HTAIHHOHN IIIOC-
KOCTH OCTaHaBIHBaeTCs. TakuM 00pazoMm, OSBISIOTCS
HA TIOBEPXHOCTSX TEJ, IPYT MPOTUB APYTa, HEYIBOCH-
HBIC YaCTHUYKH, CBOCH OpHCHTAINCH NBIDKCHUS MaTe-
pHaTBEHON CyOCTAaHIIMH B KOTOPHIX, HANPaBICHHBI B
MIPOTHBOIOJIOXKHEBIE CTOPOHBI. TO €cTh, B 3TOM ciIy4ae
BO3HUKAIOT DJIEKTPUUECKHUE 3aps/Ibl TOJIOKUTEILHOTO
W OTPUIIATENHHOTO 3HAKa, KOTOPBIE pearupyst MexIy
c000i1, BBI3BIBAIOT Pa3psbl B BUJE TE€HEpPaIllUU dJIeK-
TPOMAarHUTHOHN BOJIHBI, PETUCTPUPYEMBIE, KaK YeIOBe-
YECKUMHU OpTraHaMu YyBCTB, TAaK ¥ COOTBETCTBYIOIIUMHU
BEIIECTBEHHBIMU HCKYCCTBEHHBIMH MpuOOpamMu. JTa
BOJIHA TIPEACTaBIsIeT co0oi POTOH, 0OCOOEHHOCTH BO3-
HUKHOBEHHS B IPUPOJIC KOTOPOTO TPeOYET OTACITHHOTO
PaccMOTpEHHSI.

Crnemyer Takke 3aMETHTh, YTO yIBOCHHBIA CTY-
CTOK MaTepHANIbHON CYOCTaHIIMH B OKpY)KAIOIICH
cpelle TpeacTaBiseT coOOW OTHENBPHYIO MaTepHallb-
HYIO CTPYKTYpy Oyiarofiapsi CujiaM MpUTSDKEHUSIM Mar-
HUTHOTO U 3JIEKTPUUECKOTO TOJIEH, BXOJIAIUX B HETO
MUHUMAaJBHBIX YaCTHUYEK MaTepUabHOW CyOCTaHIINU.
Kak ye oTMedanoch MarHUTHBIE CHJIOBBIC JIMHUU B
9TOM OOBEIMHEHUN TPUHUMAIOT ydYacTHE TOCPE-
CTBOM MAarHMTHOTO JUNOJSA. YTO OTHOCHTCA K cHUJIaM
SJIEKTPUYECKUX TOJIEH, TO XOTS U B MEHbIIEH Mepe, HO
OHHM YJIEP>KUBAIOT YJIBOCHHBIN CTYCTOK, KaK €JUHOE 1ie-
JI0€, MyTEM NMPUTSHKEHUS, UIMEIOIIee MECTO MEXKIY yKa-
3aHHBIMHU TOJISIMH B OOIIEH IJI yIBOCHHOTO CTYCTKA
TOPU3OHTAJIBHOM IJIOCKOCTU. DTOT YABOEHHBIM Cry-
CTOK TIPEJICTaBJIsIeT COOOM HEUTO HHOE, KaK CaMbIH JIeT-
kuit anement Tabmumpsl Menneneesa, T.€. Bogopoa. B
HEM CHJIbl TPaBUTAIlMOHHOTO IMOJII OTBEYAIOT 32 €T0
Maccy, a BpalleHHe JJEKTPUYECKHUX 3apsioB BOKPYT
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LEHTpa yABOCHHOIO CrYCTKa, KaK NPHHATO B COBpE-
MCHHOW HayKe, HWIACHTH()UIHUPYIOT C MPOSBICHUEM
anekTpoHa. Kpome Toro, HeoOX0ANMO IOTYEPKHYTS,
9TO 3JEKTPHUECKOE I0JIe B HEM UTPAeT OUCHb BaXKHYIO
poItb, 6€3 BO3AEHCTBUS KOTOPOTO YABOCHHBIH 3JIEMEHT,
a 3HaYUT ¥ BOAOPOJ, B IIPUPOJE CYLIECTBOBATH HE MO-
ryT. CTOUT pa3opBaTh MEKTPUIECKUE CHIIBI MEXaHUYe-
CKUM CIIOCOOOM, Kak 00 3TOM YHOMHHAJIOCh paHee, U
YABOEHHBIM CI'yCTOK MEpeCcTaeT CylecTBOBaTh. Mate-
pHuaIbHAas CyOCTaHIWSI B 3TOM CITydae mproOperaeT co-
BEPIICHHO HOBYIO ()OPMY B BHJIE IEKTPHUUECKOTO 3a-
psina. bonee Toro, CHIIbI 3JEKTPUUYECKUX MOJIEH, UX Be-
JIWYWHBI,  OOECHEYMBAIOT  NPOXOXKICHUS,  Tak
Ha3bIBAEMBIX, XUMHUECKUX PEaKIUi yKa3aHHOTO yABO-
€HHOTO CTyCTKa, 0COOCHHOCTH KOTOPBIX TPEOYIOT OT-
JICIBHOTO UCCIIeI0BaHUS.

Paccmorpum, kakuM 00pa3oMm, NpHBEICHHBIE
BBILIIE CBOMCTBA PUPO/ia obecneyriia Bogopony. Eciu
BBIXOJ KOJIMYECTBA MaTepUAIbHON CyOCTaHIMU Yepe3
TOPH30HTAIBHYIO IUIOCKOCTh YaCTHYKH, M3 KOTOPOH
COCTOHT BOJOPOJ, TOPMO3HUTH C MOMOIIBIO DIIEKTpUYE-
CKUX CHJIOBBIX JINHHM, TO €r0 MaTepUAIbHOE COACPIKHU-
Moe Oyner yBennuuBatbcs. Benp, BBIX0X Uuepe3 BepTH-
KaJbHYI0 IUIOCKOCTb YXe€ 3aHAT. TaM MaTepuaibHas
cyOcTaHIIMSI Harpy»kaeT, CBOEH CHJIOW I'paBHTalMOH-
HOTO TIO0JI Ha BHEIIHIOKO IO OTHOIIEHHUIO K BOJOPOLY
MaT€pruajibHYI0 YaCTU4YKy, HaXOoAAIYIOCd B OCH
HaNpaBJIEHHOW K TPaBUTAIMOHHOMY LIEHTPY 3eMIIH.
BTopoii koHel ocH 351eKTpUYeCKOoro MoJid YaCTUUKH, U3
KOTOPOI COCTOUT BOJIOPO/I, «paboTaeTy Ha BBOJ MaTe-
pHanbHON CyOCTaHIIMM B HEE, M BBHIBOJ M3JIHMIIHEH Ma-
TepUaIbHON CyOCTaHIINH Yepe3 HETO y>Ke HEBO3MOJKEH.
OcraeTcsi eAMHCTBEHHBIH BBIBOJ| CyOCTaHINHU M3 00B-
e€Ma YacTHYKH, KOTOPBIH HaXOTUTCS B MPOQHILHOM
IUNIOCKOCTH. 37€Ch KOTMYECTBO BBIBOJHON MaTepHallb-
HOM cyOcTaHIMM M3 00beMa HCCIeyeMON 4JacTHIKH
qornyctuM. M ee Harpy3koi MOKeT OBITh COCEIHSS C
BOJIOPOJIOM MaTepHajbHasg yABOCHHAs YacTH4YKa B
OKpY’KalOIleM IPOCTPAHCTBE, dYepe3 MNPOQIIBHYIO
IUIOCKOCTh ee 00beMa. B 3ToM ciyyae BeTHMUMHA CHIT
MAarHuTHOT'O ITJIOS 6y)1eT YBEJINYNUBATHCA 1O CpaBHEC-
HHUIO ¢ O0BIYHBIM YCTOHYMBBIM COCTOSTHHEM BOJO-
poaa. B 3Toii HOBOM coceHell YacTHUKe OyeT yBe-
JIMYUBATHCSI IPUBBLIYHOE J1JI Hee KOJHYeCTBO Ma-
TepUAJIbHOM CyOCTAHIIUM.

WTak, yKka3aHHBIM BBILIE CTIOCOOOM Ha 3eMile IIpo-
UCXOJMT TpeoOpa3oBaHNEe MaTEpPUU B BEIIECTBEHHOE
CBOE CYIIECTBOBAHKE. TO €CTh, MOABISETCS €€ MEPBBIIL
Onement Tabmumpl MenzgeneeBa Bogopox. Kpowme
TOT'0, BO3BHHUKACT DJICKTPOMAarHuTHas BOJIHA, Ha3BaHHAas1
COBPEMCHHOW HAyKO#H (POTOHOM, a TAaKXKe MOSIBIIICTCSI
9NEKTPUYECKUH 3apsill, UM KOTOPOMY JIEKTpOH. UTto
OTHOCHTCSI K BEIIECTBEHHOMY NPEACTaBICHUIO MaTe-
pHUH B BUJIE OTAEIBHOIO MOJII0CA MATHUTHOTO MOJIA, TO
BBIJICJIUTh €70 U3 MATHUTHOTO JUIIOJIS BECbMA CIIOXKHO,
MOCKOJIBKY CHJIBI IPUTSDKEHHS B HEM BECbMa BEJIUKU U
B 3€MHBIX YCIOBUSIX «pa3opBaTbh» HX, [IOKa, HE yna-
etcs. [loaToMy MarHUTHOE MOJIE B OKpY’KaroIlel cpee
BCerja IMpeJACTAaBICHO TOJBKO B BHJE IUMONS IBYX
MPOTHBOMOIOKHBIX €ro MoJiocoB. YTo Kacaercs
MAacchl, TO 0]l Hel TIOHUMAETCs TO €¢ MaTepHaIbHOe

COIEPKUMOE, KOTOPOE PETUCTPUPYETCS BELIECTBEH-
HBIM IPHOOPOM, H3MEPSIOIIEM CHITY IPaBUTAIIHOHHOTO
MIPUTSKEHUS. 3EMITH.

Ecnu B 3eMHOM NPOCTPAaHCTBE PACHOIOKUTE J1BA
YJIBOCHHBIX JJIEMEHTa MaTepUaIbHOM CyOCTaHIIHH, T.€.
JIBa BOJOPOJia HA TaKOM DPACCTOSHHUM APYT OT Jpyra,
YTO WX TPaBUTAL[IOHHBIC IOJISI HAYHYT MEXIY CO00i
B3aMMOJICHICTBOBATh, NPUTATHBAs JIpyr K APYry [Ba
YABOEHHBIX dneMeHTa. KpoMe Toro, ecnu, mpH 3TOM,
CO3J1aTh JOMOJHUTEIBHOE JABJIEHHE, KOTOPOE €Ile U
obecrieunT HEOOXOANMOE PACCTOSTHIE MEXIY YIBOCH-
HBIMH DJIEMEHTaMH, MO3BOJISIOIIEE B3aUMOAEHCTBO-
BaTh UX 'PAaBUTALIMOHHBIM CHJIaM, TO TOTJa B IPHUPOJIE
MOSIBUTCSL clienytomuii 3nement Tabmuuelr Menzaene-
€Ba, KOTOpBII Ha3bIBaeTcs reauii. B Hem macca Oyner B
JiBa paza OoJIbIlle HEXENM y Bogopona. MHeIMH cio-
BaMH, 3TOT DJIEMEHT SIBJISI€TCS, KaK Obl, y4eTBEPEHHBIN
110 CBOEMY MaT€pUAIILHOMY COJEP KaHUIO MO OTHOIIIE-
HUIO K CaMOMy MajloMy 31eMeHTy. ClemyeT Taxke 3a-
METHTbh, YTO, OOBEIMHSASA MOIYUICHHBIC TAKHM CIIOCO-
0oM 3reMeHTHI, paccmarpuBaeMoil Tabmumer Merpe-
JeeBa MOKHO c()OPMHPOBATH BCE €€ IJEMECHTHI.

®DopMupOBaHUE BCEX DIICMEHTOB M3BECTHOU Tab-
JHIBI TpeOyeT CIeHaNbHOTO U3JIOKEHUS, KOTOPOE HEe
MIPEAYyCMOTPEHO B HacTosel padore. Eme pa3 otme-
TUM, YTO CaMblil JIETKUI U NEPBBIN JJIEMEHT B HEHl BO3-
HHUKaeT IPU CBEJCHUM B MPOCTPAHCTBE U BO BPEMEHU
JBYX HEYABOCHHBIX YaCTHUI] MaTepHalbHON cyOcTaH-
IIUH, U TOTJIa TOSIBIISIETCS yIBOCHHAS YaCTHUIIA, KOTOpast
U mpecTaBisieT coboii Bomopoa. OHa COIepiKUT B cebe
COBOKYIIHOCTh MAaTEpHAJIbHOW CyOCTAaHIIMM B IIEHTpE
3JIEMEHTA, BOKPYT KOTOPOH B TOPHU30HTAIBHOM IIOCKO-
CTH BpAINAIOTCS CHIIOBBIE JIMHUHM 3IEKTPUYECKOTO
noist. LleHTpanbHyI0 4acTh 3TOTO 3JEMEHTa - ee CyO-
CTaHIIMIO COBPEMEHHBIE (DU3UKH OTHOCST K SIIPY dJIe-
MEHTAa, a BPalleHUE 3IEKTPUYECKUX CUIOBBIX JIMHUH B
€ro TOPU3OHTAIBHOM TMJIOCKOCTH K BPAICHHIO 3JIeK-
TpoHa. Takum 006pa3oM, 3JIeMEHT BOAOPOIa PEACTaB-
JsieT co0O0¥ YIBOCHHBINH CI'YyCTOK MaTepUANbHONH CyO-
CTAaHIIMH, a JJIEKTPOH — BpAIIECHHE CHJIOBBIX JIMHUIA
3IEKTPUUYECKOTO OIS BOKPYT €T0 sSIpa.

Heo6xonumo eme pa3 MOAYEpKHYTh, YTO BEJH-
YHHBI CHJI, YKa3aHHBIX TPeX MOJIEH, M0 Mepe ylaleHus
OT WX HCTOYHHKOB, BechbMa OblcTpo yOwBatoT. Ilo-
ATOMY, CaMbIii MaJlblii 3JIeMeHT TaOJHIBI BOAOPOXI B
CBOEM CYILECTBOBAaHMM HMEET BEChbMa OLIYTHMBIE
OTpaHWYEHUs B PETHCTpalysl BEIECTBEHHBIMH MPHOO-
pamu. B Toike Bpems, eciIM JIEKTPpHYECKOe W MAr-
HHUTHOE 10JISl U3/1y4Yal0T He MOCTOSTHHbIe 3HAYeHN s,
a epeMeHHbIe, TO, KAK 0KA32J10Ch, OHM MOTYT ObITh
o0HapyskeHbI Ha BecbMa 00.1b1110M paccTosHuU. U B
3TOM cJIy4ae, KaK y’Ke 0TMe4yajaoch BellleCTBEHHOe
npeAcTaBJeHHe MAaTePpUH HMeeT BHJ 3JeKTpoMar-
HHUTHOIl BOJIHBI, KOTOPYIO, KaK YyiKe 0TMe4Yaloch
CTAJIH HAa3bIBATh JOTOHOM.

B Hacrosimeit pabote npeznctaBieHbl TOHATHSA, C
MOMOIIBI0 KOTOPBIX MOYKHO OpPraHM30BaTh MO3HAHUS
3aKOHa CYLIECTBOBAHMS MAaTEPUU B BHJE BELIECTBA HA
TEOPETUYECKOM YpPOBHE. OTOT YPOBEHb IO3HAHUA,
XOTS M HOCHUT CyOBEKTHBHBIN XapaKTep, OJHAKO MO3BO-
JSIET «IIPUOTKPHITH IBEPH» B 00J1aCTh 3HAHUIL, KOTOPHIE
JI0 CHX TIOp B HayKE OCTAIOTCS TOJIBKO MPEAIOIOKEHH-
SMH, U HE SIBIISIOTCS OKOHYATEIIFHBIMH CBEACHUSIMH 00
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MaTepHaIbHOM OKpY)KeHUH. BBeleHHne Takoro TOHs-
THS KaK MPEICTaBICHHE MAaTepUH B BHJIC YaCTHUICK, e-
pe3 TPEeXMEpPHBIA 00hEM KOTOPBIX «IIPOTEKAET» MaTe-
puanbHast CyOCTaHIUS MO3BOJISCT, MEPBOE, 3TO OIHO-
HANpaBJICHHOE €€ JIBUKCHUC HICHTU(DUIIMPOBATS,
MOCPEACTBOM OPraHOB YYBCTB UEJIOBEKA U BEIIECTBEH-
HBIX TIPUOOPOB, C OJJHOHANIPABJICHHBIM TCUCHHUEM BpE-
MeHH. BTopoe, Takum ke 00pa3oM (C MOMOIIBIO aHa-
JIOTHYHBIX OPTaHOB UYBCTB YEJIOBEKA H COOTBETCTBYIO-
MM WM BEUIECTBEHHBIX NPHUOOPOB), NPEACTABUTH
MaTepHaJIbHOE OKPYXKCHHE B BHIE TPEXMEPHOTO IIPO-
ctpancTBa. Tperbe, ICXOII U3 TOTO, YTO IpEICTaBIIE-
HHEC MaTepHH B 3€MHBIX YCIOBHSAX B BHIC BEIICCTBA
paccMmaTpuBaeTcs, Kak 3aKOH €€ pa3BUTHSA, TO, IPH HC-
CJIeIOBaHUM STOTO IMPEACTaBJICHHSI, BOCIOIb30BAThHCS
€ro 3aKOHaMU, K KOTOPBIM OTHOCSITCS SIBJICHUS: HAKOTI-
neHus (MHTErpalysi) MaTepUalbHONW CyOCTaHIUH B
(hPMKCUPOBAHHOM TPEXMEPHOM IPOCTPAHCTBE, a TAKIKE
3aKOHA EJMHCTBA W OOPHOBI BYX MPOTHUBOIOJIOKHO-
CTC, IMEIOIINX MECTO MPU TaKOM HakoIUIeHHH. YeT-
BepTOe, pacCMaTPUBATh IMOCTYIUICHHE B YACTUYKY Ma-
TEePHUATBHON CyOCTaHIINHM, M3 COBOKYITHOCTH KOTOPBIX
COCTOHT OKpYJKaromasi cpefia, a TakKe ee BBIXOJ W3
Hee, Kak IMposiBIeHue (usmyeckoro momsi. B dacTHO-
CTH, TIOCTYIUICHHE U BBIXOJ MaTepHalIbHOHN CyOCTaH-
IIUH BJIOJIb (DPOHTATBHOMN OCH pacCMaTpPUBATh, KaK MPO-
SIBIIEHUE TPAaBUTALMOHHOTO 1oJs. [locTymenue u BhI-
XOJl BJOJb BEPTUKAIBHOH OCH, KaK IMpPOSBICHUE
MarHUTHOTO IOJIS. A aHAJIOTMYHOE TIOCTYIICHUE U BBI-
XOJI MaTepHaIbHOW CYyOCTaHIIMM BJOJb FOPU30HTAIIb-
HOM ocu — anekTpuyeckoro nois. Ilaroe, B3anmoneii-
CTBHE IBIDKYIICHCS MaTepHalbHON CyOCTaHIMU BO-
KPYyr YacTHYKA C BHEOIHUM €€ OKPYXXCHHEM
WICHTU(QHUINPOBATh C CHIOBBEIM BO3ICHCTBHEM COOT-
BETCTBYIOMIET0 (PU3MYECKOTrO Mo (TPaBUTAIIIOHHOTO,
MarHUTHOTO U 3nekTpudeckoro). lecroe, abcTpakt-
HBIC MOJIEIH TPEX 3TUX (HU3NUECKUX (MATCPUATBHBIX )
MOJIeH COTTIACYIOTCA C UX TPEJCTABIEHHWEM B Bellle-
CTBEHHOM BHJIE, C KOTOPBIMHU UMEET JIEJIO MCCIeI0Ba-
Tellb. A HMMEHHO, OJHOMMEHHEIC IIOJII B3aUMOJIEH-
CTBYIOT Me&Xy co00ii, a pa3sHOMMEHHbIE — HE B3aUMO-
nercTByoT. CeabMoe, OMUpasich Ha TMPEIOKCHHYIO
a0CTPaKTHYIO MOJICNIb MATEPHUU B BHJC BEIIECTBA, MO-
Ka3aH MPUHITUIT «POXKICHHSD) B IPUPOIE SJIEMEHTOB U3-
BecTHOH Tabmumer MeHaeneera. Bocbmoe, ucons3ys
3aKOHBl Pa3BUTHSA MaTepUM (MHTETPAIUs, a TaKKe
€IMHCTBO U 00pH0a MPOTHBOMOIOKHOCTEH) OIIpeesieH
BTOpOH ATan (XMMHYEeCKHe CTPYKTYPHI) B Pa3BUTUH

MaTepHuy B BUJIE BellecTBa. JleBsiToe, ompeeneHa oc-
HOBHasi 0COOEHHOCTb )KUBOIT MaTepHy, KOTOpast Xapak-
TepU3yeTcs TeM, YTO ee MaTepHajibHas cyOcTaHIus,
HaXOJHTCS B IEpEeMEHHOM JBWXeHuu. Eciu B puznye-
CKOM M XUMHYECKOM TPE/ICTABICHUN OHA HAaXOUTCS B
3acThIBIIEM (HENOABMIKHOM) COCTOSIHHHM, TO B JIIOOOM
JKMBOM BHJIE OHa HaXOJUTCS B HENPEPHIBHOM BO Bpe-
MEHH JBIKeHUH. B pactenusx (OoraHnka) MaTtepuaib-
Has CyOCTaHIUS HAXOMUTCS B ABM)KCHUH BIOJb OJHON
OpAMHATHI, a B JKHBOTHOM Buje (Omosorus), Kpome
TOTO0, ABIDKETCS elle U B TPEXMEPHOM HPOCTPAHCTBE.
HecsiToe, (B IIeTI pa3BUTHS MaTepUH) MIPEICTABICHHIE
ee B BUJIC €CTECTBEHHOI'O MHTEIUICKTA OHA UMECT BHI
CO3HaHUs, OTPAKAIOLIETO XpaHEeHHe U 00paboTKy Ta-
KOTO CBOMCTBA MaTe€pHH, Kak HH(OpMaLusl.

Eme pa3 nogyepkHeM, 4TO TEOpETHIECKHUH Oazuc,
MIPEAIOKEHHBIH B HACTOsIIEH cTaTbe Uit (opMUpOBa-
HUSI a0CTPAaKTHBIX MOJIENIEH CYIIECTBOBAHHS MAaTEPHH B
BUJIE BEIECTBa, MpEAIoJaraeT pa3paboTKy cyObek-
THBHBIX 3HaHUH 0 npupojae. OnHaKO, OMHUPAsACh Ha 3a-
KOH IIPHUPOJBI Pa3BUTHS MaTepur B (OpME BEIECTBA B
[1], ymaercs HeKoTOpbIe CyOBEKTUBHBIC, aOCTPAKTHEIC
BBIBOJIBI «3a3E¢MJIMTBY», T.€. II0OKa3aTb, YTO OHH OTpa-
KAIOT ACHCTBHUTEIBHOE MOJOKEHNUE B pupoze. B nan-
HOM Cly4ae, MPEeXae BCEro, pedb UAET 00 TpeXMEPHOM
NPOCTPAHCTBE M TEYCHUHM BPEMEHH, MOJeNb (usnye-
CKOT'O TIOJISl M €r0 CHJIOBOW XapaKTEPHCTHKE, a TaK¥Ke
MPUHIUIIAAIBHOC OTIINYHUC JKUBOM MaTepuu, KOTopas B
JTr000M BHJIE HAXOJUTCS B CBOEM MEPEMEHHOM JIBHIKE-
HUH.
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ABSTRACT

DOI: 10.5281/zen0d0.7961126

There was designed the hardware of the Semiconductors porous film growth; it is characterised by the appli-
cation of the fuzzy controller, which is based on the empirical rules that establish the relationship between current,
voltage, temperature, solution composition and parameters of the Semiconductors porous film, which allows to
obtain a porous semiconductor with specified properties. Based on the results of the system analysis, it can be
argued that the use of the fuzzy expert system for automatic control of the equipment for growing of porous sem-
iconductors films will ensure adequate determination of the required anodising current without operator interven-

tion or use of the SCADA system.

Keywords: SCADA system, porous, semiconductors, fuzzy controller.

Introduction. The main trends in the develop-
ment of electronics are related to the increasing of func-
tional complexity of electrical devices. These devices
are becoming faster and more sensitive. These require-
ments determine the direction in which we are working
to find new materials and new technological processes
which could provide the required quality indicators [1].

Recently, researchers have shown great interest in
the properties of composite materials. Composite mate-
rials are made up of many interconnected nanoscale
particles.

The properties of nanoparticles differ significantly
from the properties of the materials from which they are
formed. The main factors of property modification in-
clude:

1) the confinement of charge carrier motion in par-
ticles whose size is comparable to the de Broglie wave-
length for electrons and holes, the so-called quantum
dimensional effect, which causes changes in electronic
properties, such as width of the band gap;

2) the highly developed surface that nanocompo-
site media can have (as a consequence), the adsorption
of molecules on the surface leads to the emergence of
new properties, both electronic and optical;

3) modification of the electromagnetic fields act-
ing on each atom of the medium in comparison with
bulk materials.

Porous Semiconductors has been identified as a
potentially effective material wjhich could be used for
low penetrating dislocations and strains and for the

growth of epitaxial layers[2-4].

Obtaining films of porous Semiconductors with
high pore density is considered as difficult task. How-
ever, with the rapid development of manufacturing
technology, it is now possible to achieve a high quality
porous Semiconductors structure in much simpler and
less expensive way. Electrochemical etching using a
suitable electrolyte solution is one possible method.

Porous semiconductors is used in electronic de-
vices, light emitting devices and can be used for humid-
ity sensors, gas, chemical and biological sensors, and
for photo-dynamic therapy [5-7].

Materials and methods of research. An electro-
chemical cell for the optimal cultivation of por-Semi-
conductors is not as simple design as it might appear at
first glance, and there are many technical challenges to
overcome during its development.

Firstly, the etching of Semiconductors requires ag-
gressive electrolytes. The ever-present RF places se-
vere constraints on materials and electrodes.

Secondly, the process often requires illumination.
This means that the etching cell must have a window.

Thirdly, porous films intended for use in real de-
vices must meet strict requirements for homogeneity
and reproducibility of film parameters [8].

Looking at a relatively simple design without elec-
trode comparison, with illumination as an option, it is
necessary to consider a single or double cell configura-
tion, as schematically shown in Fig. 1.
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Fig. 1. Electrolytic cells for the production of a porous layer: a) single-cell configuration b) double-cell
configuration (1 - PVC bath; 2 - electrolyte; 3 - sample; 4 - ohmic contact; 5 - platinum electrode;
6 - quartz window; 7 - sealing ring; 8 - porous layer; arrows indicate direction of illumination)

The absence of a backside metallisation eliminates
the potential source of sample contamination in any
subsequent thermal and chemical treatment; the ab-
sence of metal on the backside may simply be necessary
for thermal treatment. However, there are drawbacks,
for example with Semiconductors etching, the electro-
lyte on the backside is reversed and therefore does not
allow significant electrical current. This problem can be
solved by exposing the back side, or by using a high p*
such as Semiconductors, which draws large reverse
currents already at low potentials. Formation of p* or *
on n- p-substrates, respectively, using ion implantation
followed by annealing is the best way to do this [9].

The range of research have shown that the position
and geometry of the electrode also has a major effect
on the homogeneity of the pore-Semiconductors layer.
If a platinum mesh is used, the total surface area should
be comparable to that of the por-Semiconductors elec-
trode and the mesh hole size should be smaller than the
distance to the por-Semiconductors electrode. Better
homogeneity around the centre can be achieved by in-
creasing the size of the sample and cathode.

The graphite plate is electrically connected to the
sample, which alloows the improvement of quality in
both lateral and vertical uniformity of the por-Semicon-
ductors layer, even at low current densities j=2
mA/cm?.

It should also be noted that the process of dissolv-
ing Semiconductors, especially in aqueous electrolytes,
always produces hydrogen and the resulting hydrogen
bubbles can adhere to the plate surface and cause a
change in the local potential. Bubbles adhering to the
surface of the sample can cause pore degeneration. In
any case, hydrogen bubbles can cause significant inho-
mogeneity of pore-Semiconductors parameters, either

in the lateral direction or in the depth of the pore-Sem-
iconductors layer, and should be avoided. Such ap-
proach to the design of an electrochemical pickling
chamber for industrial production is used by Bosch
GmbH.

The anodising tool to be used in mass production
must have the following attributes: safety and environ-
mental protection, compatibility, reliability and quality.

The concentration of 15-40% HF is a kind of
standard for the production of micro- and mesoporous
layers.

Cathodic polarisation, for both n-type and p-type
materials, Semiconductors is stable. The cathodic
reaction of water reduction at the Semiconductors/HF
interface with the formation of hydrogen gas is
important.

At high anode overloads, surface electropolishing
of Semiconductors occurs and the surface retains a
smooth and flat morphology. In contrast, at low anode
overloads, the surface morphology is dominated by a
large maze of channels penetrating deep into the
sample. It is only under these conditions that porous
Semiconductors is formed.

Results and discussion. Numerous studies have
shown that the composition of the electrolyte has a
strong influence on the formation of the porous layer
(structure, thickness, porosity) in the anodising process.
Increasing the concentration of hydrofluoric acid leads
to a decrease in porosity and pore diameter [10].

On the basis of these studies, it is possible to for-
mulate a table of the dependence of the porosity of the
semiconductor layer on the concentration of HF (Table
1).

Table 1
Porosity of semiconductor layer as a function of HF
HF (%) 8 10 115 13 14.5 16.5 17.5 19.5
Porosity (%) 1 23 65 73 62 58 55 35

Based on the study of the dependence of the re-
quired porosity of the semiconductor film, a set of pro-
ductive rules for the fuzzy expert system can be formu-
lated and the terms of linguistic variables can be deter-
mined. The operation of the fuzzy system was verified
by modelling in the MatLab/Fuzzy Logic Toolbox
package.

It is most appropriate to feed the control system
with information about the composition of the electro-
Iyte solution, the electrolyte temperature, the voltage
and the desired film thickness. Accordingly, the values
of these indicators will be the main input linguistic var-
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iables. The result of the calculation of the fuzzy infer-
ence algorithm is the recommended value of the ano-
dising current.

The output signal Por_sys1 is calculated using the
Sugeno algorithm of the Oth order.

The settings have the following parameters:

— FIS Name - Por_sys1; FIS Type - sugeno;

— And method - prod; Or method - probor;

— Implication - min; Aggregation - max;

— Defuzzification - wtaver.

This system consists of four input parameters:

— temperature of the hydrofluoric acid solution C,
cY

— hydrofluoric acid concentration HF(%), %;

— tension — U(B), B;

— desired porosity — %.

The output signal OUT is the anodization current.
The setting of the constants is shown in Table 2.

Table 2
Setting the output signal constants
Amperage(MA) 0 10 20 40 60
Name of the constant ZERO SMALL MID HIGH MAX
The research work was carried out on the basis the g) ohmic electrode;
Siemens automation system laboratory. During the de- i) tripod;
sign stage, the block diagram, which is shown in Fig. 2, j) platinum electrode;
was synthesised. k) digital temperature sensor.
The system consists of the following main ele- 2) PLC (programmable logic controller)

ments:

1) Cell for porous layers etching, which consists
of:

a) clamps;

b) clamp pins;

¢) fluoroplastic cell;

d) electrolytic concentrate;

e) insulating substrate;

f) plate (Semiconductors sample);

SIEMENS S7-1500;

3) digital signal input module;

4) Siemens KTP700 Basic graphic touch panel of
the operator;

5) modular programmable power supply NI PXI-
4132;

6) network hub;

7) personal computer.

6 network
concentrator

2PLC 4 Graphic
touch
Pad
3 Digital
Signal Module

R

5 programmable

7 Computer
power supply

Fig. 2. Block diagram of the fuzzy control system for growing of a russet layer

The electrochemical cell is made of fluoroplastic
with an NI PXI-4132 modular programmable power
supply. The NI PXI-4132 module has two isolated out-
put channels, one providing a voltage output from 0 to

+100 V and the other from 0 to -100 V. Both channels
provide up to 1 A of output current. All channels pro-
vide up to 1 A of output current.



88 Sciences of Europe # 117, (2023)
The module provides 16-bit output voltage and  TIA-Portal V13 software  environment, the
current settings. The module has "CALCULATE" block was used.

RS232/RS485/USB/Ethernet communication inter-
faces. A Symaro QFA3160D digital temperature sensor
is used to measure the temperature of the electrolyte so-
lution in the range -400 to +700 C. This sensor “com-
municates” with the Siemens S7-1500 PLC via digital
data input module, and the Siemens KTP700 Basic
graphic touch panel is used to control the growing pro-
cess.

The touch panel and PLC are programmed via the
network hub using the Ethernet communication inter-
face.

After modelling the system operation and synthe-
sising the structural scheme of the porous semiconduc-
tor film growing system, the PLC and operator panel
were programmed using the TIA-Portal V13 software
component to study the operation of the fuzzy expert
system. To carry out the calculation of the degree in the

CALCULATE
Real b

EN

OUT= (IN2AN3)(INTIN3)

REAL#0.11 N1 LUl

D130

OUT — "ml_voltage"

"voltage" — N2

REAL#0.068 — N3 3%
a
CALCULATE
Real E‘

EN -
OUT:= (IN24N3)(INT-IN3)
REAL#42.0 INT SMDED

%MD122 - }
ouT 'm_porus

"porus” — |2
REAL%21.0 IN3 3¢

c

The input "IN(x)" is any variable;

The output "OUT" displays the value after calcu-
lation.

To calculate the function of the terms "B" and "C",
the etching voltage, and the terms "MID" and "HIGH",
the film porosity, the following steps were performed:

OUT:=(IN3-IN2)/(IN2-IN1); and assigned the tag
"m_voltage";

OUT:=(IN2-IN3)/(IN1-IN3); and assigned the tag
"ml_voltage";

OUT:=(IN2-IN3)/(IN1-IN3); and assigned the tag
"m_porus";

OUT:= (IN3-IN2)/(IN2-IN1); and assigned the tag
"ml_porus".

The application of these blocks in the TIA Portal
V13 software component is shown in Fig.3.a-d.

CALCULATE |_
Real o

EN
OUT:= (IN34N2)I(INZANT)
REAL#0.02
N WID6S

W@MD130
ouT "m_voltage"

"voltage" — N2
9 IN3
INg 3¢

CALCULATE B
Real D

EN
OUT = (IN3-IN2)I{IN2-IN1T)

REALRIO—) %MD64

%iD122
ouT "ml_porus"

"porus’ — i3
REAL#45.0 IN3
REALZ1.0 — N4 3%

d

Fig. 3. Applicqation of the "CALCULATE" block in the TIA-Portal V13 environment: a) U(B) term "B"; b) U(B)
term "C"; ¢) POR(%) term "MID"; d) POR(%) term "HIGH".

"MIN" compares the values of two or more param-
eters IN1 + IN(n) and assigns the minimum (smaller)
value to the OUT parameter;

"MAX" compares the values of the two parame-
ters IN1 + IN(n) and assigns the maximum (greater)
value to the OUT parameter.

For each rule, the "MIN" command is used and a
tag is assigned:

"m2" — 1st rule (output is ZERO); (Fig. 4.a)

"m3" - 2nd rule (output is SMALL); (Fig. 4.b)

"m4" - 3rd rule (output is MID); (Fig. 4.c)

"m5" - 4th rule (output is HIGH); (Fig. 4.d)

"m6" - 5th rule (output is MAX); (Fig. 4.e)

If the output of the rules is the same, in this case,
for example, of the 3rd and the 5th, it is necessary to

select a greater value for it, using the command "MAX"
COMMAND (Fig. 4.1).

For defuzzification, a simplified formula for the
center of gravity is used, in this case:

OUT:m2><alxm3xa4xm3xa3><m5xa2 (1)
al+a2+a3+a4d

To calculate the output, the "CALCULATE"
block is wused, which contains an expression:
OUT:=(IN1*IN5+IN2*IN6+IN3*IN7+IN4*IN8)/(IN1
+IN2+IN3+IN4) and assigned the tag "Recom-
mended_Current" (Fig. 5).

After that, the developed software was compiled
and written to a Siemens PLC.
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9MD68

"m_voltage"

%MD60

"m_porus"

REAL=0.4

WMD72

"ml_voltage"

D60

“MD68

"m_voltage'
W@ID64

"ml_porus'"

MIN
Real
EN —
%MD80
oyt — "m2°
N
N2
IN3 3
a
MIN
Real
EN —
D88
ouT — "mé’

INT

IN2
IN3
N4
IN5 5

e

MIN
Real

EN=——

WID72 %MDB4

ouT — "m3
"m1_voltage' — N1
WD64
"ml_porus" — IN2Z
RE IN3
RE N4
REAL IN5 3F
MIN
Real
EN —
%IDE8 YMD92
OuT — "m5"
"m_voltage" — |N1
WMD60
‘D88 MD100
‘mé = ouT—"md6"
MD96
‘M6’ — N2 3

f

Fig. 4. Application of the "MIN" and "MAX" commands in the TIA Portal V13 programming language: a-1st
rule; b-2nd rule; c-3rd rule; d-4th rule; e-5th rule; f-6th rule; g-7th rule; h-8th rule; i-9th rule; e-5th rule; f-3rd
and 5th rule

CALCULATE
Real

EN

OUT= (INT*INS+IN2*IN6+IN...

YMDBO wMD7
“m2" — N1
%MDB4 ouT — «Recommended_currentx
M3t — N2
%MD100
“m4_6" IN3

%MD92

“mS” — INg
IN5
IN6
IN7
IN8 3%

RE 45
Fig. 5. Defuzzification and calculation of recommended anodising current

After compiling and running the system, the indicators were taken, which made it possible to compare them
with the values of the outputs of the MatLab/Fuzzy Logic Toolbox fuzzy system (shown in Table 3 and Fig. 6).

Table 1.3
Experimental study of the system operation
POR POR
. HF ’ ’ OUT,
Indicator g(’) %’ Lé % % ma
(mon) (excm)
-5 8 2 1 2 10
10 13 7 23 24 20
Value 20 20 20 45 43 30
30 40 25 68 70 40
30 40 70 78 75 0,05
40 35 2 70 71 15

Comparing the simulated values (POR, % (mod)) and the experimental values (POR, % (exp)), we can see
that the average discrepancy reaches +2%.
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U. (V)

40

—t— Attt ——t—————

1 - 18 t. min

Fig. 6. Plots of the etching time of the broken film during system operation

Interval “A” is the pore formation, “B” is the transition area and “C” is the end of the programme before
polishing.

The morphology of the films was studied using an NT-MDT Ntegra Therma scanning probe microscope. Fig.
7 and Fig. 8 show 3D images. (a, b, ¢) and 2D images (a, b, c), respectively, of the surface of the studied films
grown under the above conditions. Note that at the current density 1 mA/ cm ? time The digestion time reached 40
minutes, at 15 MmA/ cm 2— 20 min, at 25 MA/ cm 2— 15 min.

c
Fig. 1.7. 3D SEM images of porous film samples obtained under different conditions: a) j = 1 mA/cm?; b) j = 15
mA/cm?; ¢) j = 25 mA/cm?

a b c
Fig. 1.8. 2D SEM images of porous film samples obtained under different conditions: a) j = 1 mA/cm?; b) j = 15
mA/cm?; ¢) j = 25 mA/cm?
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Conclusions. The work presents the new solution
for the urgent scientific and applied problem and is
aimed at improvement of the model for formation of
control influences of a Semiconductors porous film
growing unit through application of the fuzzy control-
ler, which allows to obtain the porous semiconductor
with specified properties. Based on the results of our
research, the following can be stated.

Furthermore, the calculation tables describing the
dependence on the composition of the hydrofluoric acid
solution, temperature and voltage were obtained, which
allowed to control the program and to determine the pa-
rameters of the electrolysis current and the conditions
till the end of the process of the porous film growing.

The fuzzy control software module was config and
optimised.

There was designed the hardware of the Semicon-
ductors porous film growth; it is characterised by the
application of the fuzzy controller, which is based on
the empirical rules that establish the relationship be-
tween current, voltage, temperature, solution composi-
tion and parameters of the Semiconductors porous film,
which allows to obtain a porous semiconductor with
specified properties.

During the research work the software implemen-
tation of the graphical user interface for a fuzzy control
system for the growth parameters of porous semicon-
ductors films was carried out.

The tools used for development of the control pro-
grams for industrial programmable controllers TIA
Portal V13 in the basic set do not contain special mod-
ules for the implementation of fuzzy systems. In the
course of the research we developed programming pro-
cedures in IEC 61131 standard, which for the selected
configuration of the fuzzy system implement the sim-
plified logical inference algorithm and correspond to
the MatLab model with an accuracy of £2%.

Conclusions. 1. the methods, techniques and
equipment used in the process of growing of porous
semiconductors films and the requirements for the main
properties have been analysed.

2. It was also synthesised the model of a fuzzy
control system for the equipment designed to grow po-
rous semiconductors films based on the analysis of pa-
rameters, the study of basic methods and equipment for
the growth of porous semiconductor films.

3. In addition, the structure of a fuzzy control sys-
tem for controlling the growing parameters of porous
semiconductors films was synthesised.

4. There was investigated the adequacy of the con-
trol program mod-ulesand the fuzzy logic control was
implemented in the laboratory complex.

5. Based on the results of the system analysis, it
can be argued that the use of the fuzzy expert system
for automatic control of the equipment for growing of
porous semiconductors films will ensure adequate de-
termination of the required anodising current without
operator intervention or use of the SCADA system. The
equipment for controlling the parameters of growing of
porous semiconductors films meets the requirements
for studying the influence of parameters on the thick-
ness, nature and structure of porous semiconductor
films.
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AHHOTALUA

Jns uccnenoBanus mapaMeTpoB KauecTBa o0cimykuBanus QoS nmpuMeHeH MeTo]l aHanu3a uepapxuu Caatu
1 Ha €T0 OCHOBE OIIpE€AcCICHa d)yHKHI/ISI MPUHAJICKHOCTHU. ,21)15[ HCYCTKOI'O aHaJin3a COCTaBJICHA CUCTEMA JIMHI'BU-
CTUYCCKUX MpaBUIL. Heuemxo-mnoocecmeenmuiil MoAXoJ p€ajIn3oBaH I10 HEYEeTKON MOJCIN MaMIlaHI/I B IIAKETC
Matlab.

ABSTRACT

To study the QoS quality of service parameters, the Saaty hierarchy analysis method was applied and, on its
basis, the membership function was determined. A system of linguistic rules has been compiled for fuzzy analysis.
The fuzzy-set approach is implemented by the Mamdani fuzzy model in the Matlab package.

KaroueBbie ciioBa: QO0S, MeTon aHaI3a HepapXUH, MAaTPHUIIA TAPHBIX CPaBHEHUH, (YHKINS IIPHHAICKHO-
CTH, HCYCTKAasA MOACIb MaM,Z[aHI/I.

Keywords: QoS, hierarchy analysis method, pairwise comparison matrix, membership function, Mamdani

fuzzy model.

MybTHCEPBUCHBIE CETH, KaK CETh CIEIYIOIIErO
MOKOJIEHUS, MOCTOSHHO MOJEPHHU3YIOTCSI U pa3BHBa-
FOTCS, 9TO TIPUBOUT K MOBBIIICHUIO CETEBBIX ITapaMeT-
poB. TakoBbIMH TapaMeTpaMH SABJISIFOTCA Ka4ecTBO 00-
cyxuBaHust Q0S cereBoro Tpaduka (mepemaya gaH-
HBIX, Tojioca u Bujaeo) [1-3].

B »T0M cTaThe paccMaTpuBaeTCs aHAIM3 apaMeT-
POB KadecTBa oOCITy)kuBaHHS QOS C UCIIONE30BaHHEM
MeTosa aHanu3a uepapxuu CaaTu U NOCIAEAYIOLIUM
ompenenenueM ¢GyHkuuu npuHaiexaocta (DIT). s
onpezenenust OII cyniecTByoT NpsMbIE U KOCBEHHBIE
MeTOABI. B IpsMBIX MeTOax 3KCIEPT UITH IPyTIa 3KC-
MEPTOB YCTaHABIMBAIOT MpaBHJIa ONIPECIICHHUS 3HaUe-
Huil OII, xapakrepusyouiei JaHHOe NoHATHE. B Koc-
BEHHBIX MeTofax onpeaeneHust OI1 3HaueHus BHIOUpa-
I0TCI TakuM 00pa3oM, YTOOBI COOTBETCTBOBATH
Npe/BapUTEIbHO CHOPMYIMPOBAHHBIM YCIOBHSM, M
Py 3TOM SKCHepTHass HH(OpManus HCHOJIb3YeTCs
TOJIBKO KaK MCXOJHBIE IaHHBIE /I AanbHelel oopa-
6otku [4]. Cpeau KOCBEHHBIX METOJIOB, METOJI TIOmap-
HBIX CpaBHEHHH Han0oJiee IMNUPOKO IIPUMEHIEMBIH.

B manHoi#1 cTatbe OyaeM paccMaTpuUBaTh MPOIECC
peanu3alMu  ycIyru nepenauu  rojoca 1o IP-

npotokony (VolP) ¢ ucnons3zoBannem koxaeka G.711
[5]. Knaccudukanus ypoBHel KadecTBa 0OCIyKHBa-
Hus (QoS) mns mpotokona [P u HeoO6xoauMbIe Xapak-
TEpUCTUKH PabOTHI CETH yKa3zaHbl B Tabuuiie 1.

B coorBerctBuu ¢ Y.1541, nannas ycimyra MoxeT
paboTath C ypOBHEM KadecTBa, COOTBETCTBYIOILINM
kinaccam 0 wim 1 [6]. Ecom obecniednTh KavyecTBO
kiacca 0, To mepeaBaeMoe KauecTBO CBS3H Oy/eT Xo-
POIINM M KJIMEHTHI OyAyT JOBOJBHEI, a IIpU odecreye-
HUH KJ1acca | nepenaBaeMoe KauecTBO Oy/IeT CpeTHIM,
U JUIS IPUBJICYECHHUS KIIMEHTOB NMOTPEOYyIOTCS TOTOJIHHU-
TeJIbHBIE cpeacTBa. [Ipu mpounx paBHBIX YCIOBHAX Ka-
YEeCTBO MEpeaBacMoil CBSI3M YK€ CUMTAeTCAd HU3KHM.
W3 tabmuier 1 BUAHO, 4TO A1 0OECIIeueH s Kaacca 00-
ciyxuBaHust 0 He0OX0ANMO UMETh HU3KYIO 3a/I€PXKKY,
HM3MEHEHME 33epPKKH U MPOLEHT noteps. [na Toro,
4T0OBI 00ECTICUNTh 00CITy>KHBaHHUE T10 KJ1accy | MOKHO
JIOITyCTUTh yBEIUUEHHE AUANa30Ha 3a1€PKKHU 10 Cpea-
HUX 3HaueHWd. [lepeBenem naHHBIE B (DOpPMATBHBIN
BuJ. Bee nepeMenHsle Ui IpoBeeHNs PACUETOB IIPH-
BeZIeHbI B Tabiuie 2.
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Tabmuma 1.

Knaccugukanus ypoBHe#t kauectBa oocimykuBanus (QoS) ayst mpotokona [P

XapakTepHCcTHKa PadoThI

Kunaccel obciry:;knBanust

CETH B BH]IE MapaMeTpa

100 Mc
50 mc

3aJieprKKa Iepeiaun MaKkeTa
I13MeHeHHe 3aepKKH MaKeTa
[IponeHT OTepAHHEIX HAKETOB

Knacc 0 | Kiace 1
400 Mc
S50 Mmc
1x107% 1x10°3

Knacec 2 |Kimacc 3 |Kmace 4 | Kmace 5
100 mc 400 mc lc Heomp.
Heonp. | Heomp. | Heonp. | Heomp.
1x107% 1x107% 1x10"3 Heomp.

Tab6muma 2.
[epemMeHHbIe, UCIONB3yEeMbIE B CHCTEME HEYETKOTO BBIBOIA
nepeMeHHAas 3aIepiKKa
X1 TEPM-MHOXKECTBO HH3KAfA; CPEITHAS; BRICOKAs

MHOKECTBO 3HaUeHHI

[0; 450] mc

NEPEMEHHAA

H3M-3aJIEPK

TEPM-MHOKECTBO

HH3KO€, BBICOKOEC

MHOMXECTBO 3HAUYEHHIT [0;90] mc
HepeMEHHAA %I0TEPE
X3 TEpPM-MHOKECTBO HH3KHIi; BEICOKHIT

MHOKECTBO 3HAYeHHUIT

[10-19;10-7]

INepeMeHHad

KageCTBO YCIIYTH

Y TCPM-MHOKECTBO

HH3KOC, CPCIHCEC, BEICOKOC

MHOKECTBO 3HAYCHHH

[1;3]

Tenepb MOXeM COCTaBUTh CUCTEMY JIMHTBUCTHYE-
CKUX TIPaBWI:

1. (3agmepkka = HU3KasA)&(M3M-3aJEpK = HU3-
Koe)&(%mnoTepb= HU3KUI)—>(KaueCTBO=BBICOKOE)

2. (3amepxka = cpemHss)&(U3M-3afepK = HH3-
Koe)&(%ImoTeph = HU3KUH ) —(KauecTBO=cpeHee)

3. (3amepkka = HU3KasA)&(M3M-33JEPK = BBICO-
Koe)&(%ImoTeph = HU3KUM ) —(KaueCTBO=HU3KOE)

4. (3amepkka = cpenHsisn)&(U3M-3aiepK = BBICO-
Koe)&(%moTeps = HU3KUI)—(KaueCTBO=HU3KOE)

5. (3amepxKa = BbICOKas)&(M3M-3a7epXkK = BBICO-
Koe)&(%moTeph = HU3KUIT)—(KaueCTBO=HHU3KOE)

6. (%mnoTeps = BBICOKHIT)—(KauecTBO=HU3KOE)

Jnst co3naHus OKOHYATENBHOH CHCTEMBI HEYeT-
KOr0 BBIBOJIa HAM OCTaJloCh IpeoOpa3oBaTh JMHIBH-
CTUYECKHUE MEepEeMEHHbIC B TEPMUHBI MHOXKECTBA JeH-
CTBUTEJIBHBIX YHCEJI, COOTBETCTBYIOLIHUX MM, IIPH 3TOM,
ucnioseyst @II. OreHka NpeBOCXOACTBA OJHOTO 3Jie-
MEHTa 4EeTKOI'O MHOXKECTBAa HaJ APYTMM 3JIEMEHTOM,
YUUTBIBAsI 10 OTHOLIEHHIO K CBOMCTBY 3a/IaHHOTO He-
YETKOT0 MHOXECTBa OYyZIET MPOBOJHUTHCS C TIOMOIIBIO
neBaTHOaTbHOM mKanbl CaaTu (Tadbmuna 3) [7,8].

Tab6muma 3.
JesarnOamipHas mkana CaaTu
CTeneHL 3HAYHMOCTH Onpenenenne

1 OJHHAKOEAT 3HATHMOCTE
3 HEKOTOpOE NpeodiIajaHie 3HAYHMOCTH OJHOTO HaJ APYTHM
5 CYIMeCTECHHAT 3HATHMOCTE
7 OUEEHIHAT 3HATHMOCTE
9 A0COMFOTHAA SHAYHMOCTE

2.4,6.8 OPOMEXVTOIHEIE SHAYSHHT

Teneps HEOOXOAUMO COCTABUTH MAaTPHUILY TTAPHBIX
cpaBHenuit 1 OII HeueTKoro MHOKECTBa, MOKA3bIBa-
OIIETO TapaMeTp «3ajepikkay (Tadbmuma 4).

Martpuma cpaBHeHHH map sBIseTCs OOpaTHOU
CUMMETPUYHON MaTpULEH, 110 TOH MPUYUHE, YTO 3JIe-
MEHTHI 110 €€ JUAroHaJIu PaBHbl €IUHUIIE, a JIEMEHTbI
HIDKE JMarOHAJIA PaBHBI OOPATHBIM AJIEMEHTaM BHIIIIE,
T.C. ai,:l U gji =1/aij, i,j = 1, 2,....,n.

Marpuna cpaBHeHUi map o mkane Caatu Oyaer
MOJIBEPTHyTa MaTeMaTHYeCKOW oOpaboTKe AJs MOy-
YEeHHS BEKTOpA IPHOPUTETOB 0OBEKTOB, KOTOPHIE OBLTH
CpaBHEHBI. MaTeMaTHYECKH, 3TO 03HAYAET, YTO HEOO-
XOZMMO BBIYMCIHUTh TJIABHBIH COOCTBEHHBIH BEKTOP,
KOTOPBIH IOCIIe HOPMaIH3alluy IPEBPATUTCS B BEKTOP
TIPUOPHUTETOB.
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Tabmuma 4.
Martpuna cpaBaenus nap aius GI1 HeueTkoro MHOXKeCTBa "3amepikka'.

3agepxka (Mmc) 0 S0 100 150 200 250 300 350 400 450

0 1|1 1 /311719 1/9 19| 1/9| 1/9
50 1 1 1 V3 7 19 19 19 19 19
100 1|1 1 /31 1/5/ 19| 1/9 19 1/9 1/9
150 3.3 3 1 /3 s s Us U7 19
200 717 5 3 1 1 173 1/3, 1/5 1/7
250 9 9 9 5 1 1 1 /3 173 1/5
300 91 9 9 5 3 1 1 1 1 1/3
350 9 9 9 5 3 3 1 1 1 173
400 91 9 9 7 5 3 1 1 1 1
450 9 9 9 9 7 5 3 3 1 1

CoOCTBeHHBIE BEKTOPHI MAaTPHUIIBI MOXKHO BBIUHC- Hamnbompiree coOcTBEeHHOE 3HAYEHHE MATPHUITHI

JUTH HECKOJBKUMH crioco0amu. B [8,9] coOCTBeHHBIE — BBIYHCIACTCS IO CIEAYIOMICH GopMyte:

BEKTOPBI HAXOAAT U3 ClEAyIolIel CHCTEeMBl ypaBHe- n n n
HUiA: ﬂ'max:/'Ll-zai1+ﬂzzai2+”'+:unzain
AW = AW i=1 i=1 i=1
{W1 +w, + - tw, =1, 3nauenus creneHed npunamnexsoctd (CII) mns

rae, W = (Wy, Wy, ..., w,)"- TIaBHbIi coGcTBen- — HEYCTKOTO MHOXKECTBA MPUHMMAIOTCS TOXKICCTBCH-

HBI BEKTOP MATPHULbl NMAPHBIX CPABHEHHH A, A,  HPIMH COOTBETCTBYIOLIMM KOOpAMHATAM MATPHIBI W 1
HanOospIee COOCTBEHHOE 3HAUECHHE MaTpHUIBI A, BBIYHCIISEM 110 popmye [4]:

v (V3 n ..
Hpyroii meron [8], KOTOpHI ObUI NMPHUMEHEH B j=1ij

JaHHON paboTe, OCHOBAH HA HAXOXKJIEHHH CPEIHETO valx) = X i=1..mn
reOMETPHYECKOTO CTPOK MATPHIIBI, TO €CTh HA HAXOXK- JUist HopmupoBanus ®II, HaiiieHHbie 3HAYEHHUS
JICHUH TTPOU3BE/ICHNS N SIEMEHTOB CTPOKH M M3BJICYE-  neqm HA MAKCHMAITBHOE 3HAUCHHE A
HUY U3 HErO KOPHS B N-i CTENEHH: ) va(x) o1
w,(x)=—"——"—,i=1,..,n.
A ="a,-a,---a wm A =n ﬁa.. i=1,2..,n ’ max (4;)
i i1 iz " i i \{ ij 1T 4 PesynbTatel Bhrauciaenus ®I1, BHIIOTHEHHBIX HA
= Excel, ¢ okpyrieHHeM 10 THICAYHBIX, TOKA3aHbl B
Tabm. 5.
TabGmuma 5.

CII s PIT cyOHOpPMAIBLHOTO HEUYETKOTO MHOXKECTBA «BBICOKAs 3a/ICPIKKA»
3anepxka 0 50 100 150 200 250 300 350 400 450

Haanepcca 0,246 0,246 0,254 0,508 1,088 1552 2271 2534 3,079 4,281

HeueTkoe MHOKECTBO BBIILIO CyOHOPMAITBHBIM, TaK KaK €ro BhICOTA (HAaUOOJIbIIIee 3HAYEHUE) OTIMYIHO OT 1.
J1J1s1 3TOr0 HOpMHpPYEM 3HAUYCHUS, OJIETIMB UX HA BBICOTY (TallI. 6).
Tab6muma 6.
CII it ®I1 HOPMATBHOTO HEYETKOIO MHOYKECTBA «BBICOKASI 38I€PIKKA»
3agep:kka 0 50 100 150 200 250 300 350 400 450
Msapepwca 0,067 0,057 0,059 0,119 0,254 0,363 0,530 05592 0,719 1,000

Taxum 06pa30M, 13 MOJIyYCHHOU TaGJII/IHLI MOXEM HAleM ciydae ﬁ“max :10,75 Takum 06pa30M, Mepa
CACIaTh BbIBOA, YTO, K IPUMEPY NOKA3aHUEC 3aICPIKKHU

N HecorjacoBaHHocTH noJryurmnack 0,75. IlIpu sTom HH-
200 mc oTHOCHUTCS K BbICOKOH 3anepxke co CIT 0,254. oriaco oc oy cb 0,7 pH 510

JIEKC COTIaCOBAHHOCTHU COCTaBIsET 8,3%.

I'pacuk PI1 HOpMAILHOTO HEYETKOTO MHOKECTBA
pasmepHocTH Matpulel N=10 sBiseTCsI MEpPOH HECOo-  «BBICOKAs 3alEPKKay MOKa3aH HA PUCYHKE 2.
IIACOBAaHHOCTH IIApHBIX CpaBHEHMM oskcnepra. B

3aM€TI/IM, YTO, OTKJIOHCHHMEC 3HA4YCHHC ﬂ«max oT
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3apeprika
Puc. 2. I'pagpux @II HopmanbHO20 HeUemMKO20 MHOMCECMBA «8bICOKAS 3A0EePAHCKAN

Jlist ananmusa napamMeTpoB QOS MyJIBTHCEPBHUCHBIX CETEH HCTIONBb3yeM HeueTKHit Moaeab Mamaanu 8 Matlab
CpeICTBaMH pelaKTopa MpaBmiI cucTeM HeuéTKoro BeiBoaa Rule Editor (puc.3).

4. Rule Viewer: craten_A.3ncHapa - O *

File Edit View Options

3apepwka = 225 HameneHwe_zanepmin = 45 “h_notepk = 0.05

n
(5]

Kayecrmo

N;

3NN A

LYY

MM

LD

|
|
|
|
|
‘L;t

TINPINET
N nEn

-
(%]

Input: [225;45;0.05] HPIDt points: 101 ‘

Move: left | right | duwn| up |‘

Renamed FIS to "cTaTeA_A . 3nbHapa” ‘ ‘ Help | Close | ‘

Puc. 3. Unnrocmpayus newemrozco evieooa Mamoarnu 6 Rule Viewer

PaccmoTtpum rpaduku 3aBHCHMOCTEH KauecTBa YCIyTd OT 3a/IEPXKEK MAKETOB, & TAKXKE MPOIIEHTA MOTePSH-
HBIX MMakeToB (puc.4 u 5):
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4. Surface Viewer: cratea_A.3neHapa

File Edit View Options

@t

100 150 200

250 300

Aanepwka

350

400

450

- O X

X (input):

X Mesh Points:

Y (input):

Y Mesh Points:

Z (output):

KauecTao ~

Ref. Input; [NaN 45 0.05]

Plot points:

101

Help

Close

Ready

Puc. 4. I'pagux 3aeucumocmu kawecmea yciyau om 3a0epiicex naKemos

4 Surface Viewer: cTaten_A.3nbHapa - O >
File Edit View Options
19
18
17
216
5
o
é 15
14
kit
12 . . . .
0 0.02 0.04 0.06 0.08 0.1
% _noteps
X (input): %_noTeps Y (input): _riiEe « Z (output): mweoeT -
X Mesh Points: 15 " Mesh Points: 15
Ref. Input: [225 45 Nal] Plot points: 101 Help Close
Ready

Puc. 5. I'pagux 3asucumocmu xawecmaa ycayau om npoyeHma nomepu naxKemos

U ecnu paccMOTpETh TOBEPXHOCTh, OKA3BIBAIOIIYIO 3aBUCUMOCTh Ka4eCTBa YCIYyTH U OT MPOIICHTA MOTEPH,
1 OT 3aJIepXKeK, TO MMojydaeM rpaduk, MpeaCTaBICHHbIA Ha puc. 6.
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4. Surface Viewen cratea_A.3neHapa

File Edit View Options

%

noTeps

X (input): N (input):

~

X Mesh Points: " Mesh Points:

Z (output): KavecTeo

Evaluate

Ref. Input: Plot points:

[NaM 45 NaN]

1M Help Close

Ready

Puc. 6. I'papux 3asucumocmu kavecmea yciyeu om 3a0epiicex u npoyeHma nomepu naKemos

BoiBoabl. 113 Bcero BBINIECKA3aHHOTO SICHO, YTO
o011ee KauecTBO CBSI3M HAXOAMUTCS Ha CPEHEM YPOBHE
1,8 U3 2 u cHMXKaeTcs MO Mepe YBEJIHUSHUS 3aIePKEK
nakeroB. KpoMe Toro, oHO pe3ko majgaer, Korja mnpo-
LEHT MOTEPSHHBIX IAKETOB MPEBBILIAET OMPEIEIICH-
Helid opor. Eciu 3apepxka cBoime 400 mc, To gaxe
€CJIM U3MEHEHHE 3aJEpKKU HaxoIuTcs Ha ypoBHe 50
Mc, TO pH ycayrax VolP, npakruueckue naHHble 1O-
Ka3bIBAIOT, YTO BCE ATO MPUBOJUT K CUIILHOMY CHIKE-
HUIO KadecTBa cBs3u. C UCMOJIb30BAHUEM CUCTEMBI He-
YETKOTO BBIBOJIA PE3YJIbTAThHl MOTYT OBITh JIETKO pac-
MPOCTPAHEHbl Ha IOOBIE JIPYTHe CEPBUCHI CBS3U.
UToOBl MPUMEHHUTH 3TOT METOJI HEOOXOIUMO CO3/1aTh
HOBYIO MaTpHILy TAPHBIX CPAaBHEHUN YKCIIEPTHBIX OIIe-
HOK M TeM caMbIM BoccTaHOBUTH DI Ha ee ocHOBe.

Cucrema OLEHUBAHUS KauecTBa YCIyT CBA3H, OC-
HOBaHHAas Ha HEYETKOW JIOTHKe, oOecreynBaeT KOH-
TPOJIb HaJ CyOBEKTHBHBIMH TIOKA3aTEIIMU KadecTBa,
OMHpasch Ha OOBEKTHUBHBIC KPUTEPHH. JTO TTO3BOJISIET
3(h(heKTHBHO peann30BEIBaTh OCHOBHI CornamieHus oo
YposHe OO6ciyxuBaHusi U OOBEAUHATh UX B PaMKax
€JIMHON CHCTEMBI YIIPABJICHHUS yCITyTaMHU.
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