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YK
YUCJIEHHASA MOAEJIb TNAPOTEPMOJINHAMUKHA BOJOEMA
NUMERICAL MODEL OF HYDROTHERMODYNAMICS OF WATER

AHHOTaIII/IH: OcHoBHas eJib ,Z[aHHOﬁ pa6OTLI COCTOHUT B TOM, yTOOBI MOKa3aThb BO3MOYKHOCTH
YHCJICHHOTO PEIICHUsS 3a/la4yd, CBS3aHHOW C YCIOBHSMH OOpa30BaHUS M Pa3BUTHS BETPOBBIX TECUCHHHU,
,Z[eHI/IBCJ'IJ'ISII_II/Iﬁ CBO60):[HOI>'I MOBEPXHOCTU U NCPCHOC TCIJIa B BOJOCMC. CJ'ICI[yeT OTMCTHUTL, YTO XapaKTEp
paccMaTpuBacMoOro mpouccca J0JKCH, MO-BUAUMOMY, CUJIIBHO 3aBUCCTh OT CTCIICHU Typ6y.H€HTHOCTI/I BCETO
II0OTOKa B LCJIOM, TaK M OTACJIIBHBIX €TI0 30H. OCHOBHOE BHHUMAaHHE COCPEAOTOYCHO Ha HCIIOJb30BAHUU
YHUCJICHHBIX MCTOJO0B, 4 HC HAa YMCJICHHBIX CBOMCTBax PA3HOCTHBIX CXEM — YCTOﬁHMBOCTH U CXOOUMOCTH.
Taxolt monxos o0ycJOBIEH TeM OOCTOSTEIbCTBOM, UTO OMNPEIEIISAIOUINE YPABHEHUS Uil TypOYJIEHTHBIX
TEUYEHUH XapaKTepu3yloTCs B O0OLIEeM clyyae CHJIbHOM HEIWHEHHOCTBbIO, a 4YHCICHHBIE CBOWCTBA
HEJIMHEWHBIX I[I/I(I)(l)epeHI_[I/IaJ'IBHLIX ypaBHeHI/Iﬁ CIIC HEAOCTATOYHO U3YyYCHBI.

Annotation. The main purpose of this work is to show the possibility of numerical solution of the
problem associated with the conditions of formation and development of wind currents and denivellations of
the free surface of lakes, reservoirs, bays and bays. It should be noted that the nature of the process under
consideration should, apparently, strongly depend on the degree of turbulence of the entire flow as a whole,
and its individual zones. The focus is on the use of numerical methods rather than the accrued properties of
difference schemes — stability and convergence. This approach is due to the fact that the governing equations
for turbulent flows are generally characterized by strong nonlinearity, and the numerical properties of
nonlinear differential equations have not yet been sufficiently studied.

KiroueBbie cj10Ba: IEPEHOC KOJIMYECTBA JBMKCHUS U Terwla, mudy3us v ajantaus nojel, MeTo]|
paclICIICHUS, MOACIIb Typ6YJ'ICHTHOCTI/I, JIMHCapu3anus, IMCKpETU3alus, KOHBEKTHBHBIA U ,I[I/I(i)(l)y3I/IOHHLII71
IIEPEHOC.

Keywords: Transfer of quantity and heat, diffusion and adaptation of fields, splitting method, model
of turbulence, linearization, discretization, convective and diffusive transport.

CYI_I_IHOCTL np06neM TUAPOJUHAMUKHN OKpY)KaIOH_Ieﬁ cpeabl COCTOUT B TOM, 4TOOBI OITHCATH
pacnpoCTpaHeHUE B MNPUPOJHBIX CpPEAax TaKUX 3arpsA3HUTENCH AHTPOIOTN€HHOIO0 MPOUCXOXKICHHS Kak
N30BITOYHOE TEINIO WM XUMHUYECKHE OTXOAbl TPOMBIIIJICHHBIX HpeI[HpI/IHTI/Iﬁ n CCIBCKOI'O X03}II>'ICTBa,
KOTOpPBIE BEIOPACHIBAIOTCS B OKPY’KAIOIIYIO Cpeay, T.. B peKH, 03epa, mpuOpexHbie Boabl. OMHON U3 33134
BBIYUCJIINTCIBHBIX METOO0B THAPOAUHAMUKN Oprxcanmeﬁ Cpcabl ABJISACTCA pacuct nojeu
JJUMHOJIOTUYCCKUX XapaKTCPUCTHUK, BbBI3BIBACMBIX TaKHMU BBI6pOC3MI/I B TIIOBE€PXHOCTHBIX BOJax.
PaCHpOCTpaHeHI/Ie 3arpsA3HAKOIINX BCIICCTB B IKUJAKHUX CpCAax OHNpCACIACTCd ABYMA IIpOLHECCaMU:
KOHBEKTHBHBIM TIEPEHOCOM BCIICACTBHE OCPEAHCHHOTO JBIDKCHHUS cpeabl W nuddysmeld 3a cyer
TypOyJIEHTHOCTH.

Pacnpenenenue cpeiHel CKOPOCTH U CKAJSIPHBIX BEJIMYHMH B TEUEHUAX, XAPAKTEPHBIX IS
Opr>KaIOH_IeI71 CpCAbl, OITUCBIBACTCA CJ'IC,Z[yIOH_Ieﬁ HeCTaHHOHapHOﬁ HaanLHO-KpaeBOﬁ sazlaqeﬁ 151
CHUCTEMBI ypaBHCHI/II\/JI (I/ICHOJ'H)SyeTCﬂ IpAMOYTOJIbHasA CUCTEMA KOOPAWHAT U YYUTBIBACTCS BJIUAHUC
napamerpa () Kopuomnuca).

du_ 08 _ g0 (L . 0 ou
dt {)U_gax Po axfo de+anaz’ @)
w — %% _820 (S 9.,
dt+£u_ gay Po ayfo pdz+azvaz’ (2)
du ov ow
P P +5,=0 3)
do 9 8
= =343, 4)
p=p(P) )
B obmactu Qp = 0 X [0; T] ¢ rpanuneii 0Qr = 002 X [0; T1.
31ech p — IUIOTHOCTB; g — YCKOPCHHE CHIIBI  TSDKECTH; U, U, W — KOMIIOHCHTBI ~ BEKTOpa
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CKOPOCTH; V, ¥ — KO03(pPuumentsl TypOyJIeHTHOW BS3KOCTH U TypOyJIeHTHOH Au(PPYy3un CKAIAPHOM
BEJIMUMHBI; t — BpeMs; pg — IIOCTOSSHHOE (CpeaHee) 3HAa4eHHE IUIOTHOCTU; @ — cpeAHee 3HaueHHE
CKaJISIPHOW  BENMMYUHBI  (TeMmeparypsl); { — OTKIOHEHHE CBOOOJHOM TOBEPXHOCTH  BOABI  OT
HEBO3MYIIEHHOTO TOPU30HTAIILHOTO TOJIOKESHHUS.

['paHrYHbIC YCIOBHUS HA MOBEPXHOCTH BojgoeMa (Zz = (), ONMUCHIBAIOIINE BO3ICUCTBUE aTMOC(HEphI HA

BOAOEM, HMCIOT BH/J
U _ T, v _ Ty 0P a7 g 3

v , X—=Ve,— =W —U—=—V—, 6
0z Po 0z Po Xaz Yo at ox dy ( )

Ha nHe BoOmoema (Z = H) U Ha OOKOBBIX TBCPAbIX TIpaHULAX OacceiiHa 3a1a€TCAd  YyCJIOBUC

MPUIIMIIAHUS U OTCYTCTBHE TIOTOKOB Terla (KOHLIEHTPAIIIH)
(ol
—=0 7
on ! ( )
n — HOpMalb K TBEPIOH IpaHHIE OacCeiHa; Ty, T, — COCTABJIAIONIME KACATEIbHOTO HAIPSKCHHS

uU=v=w,

BETpA.

KoppeKTHOCTh MOCTAaHOBKH 3aqa4yd Moka3aHa B pabote [1]. s ompenenenust ko3(h(GHIHCHTOB
TypOyneHTHON Bs3kocTH M auddy3uu B (1) - (4) ucnons3yem k — € — MOAENb C ABYMS ypaBHEHMSMHU,
KOTOpasi SIBJISICTCS] OJTHOM M3 HamOoJjee MPOBEPEHHBIX MOJCNEH NI pacdera ONMKHEW 30HBI BRIOPOCOB B

cltydae BOJHO# cpensl [2, 3]
_dk 0 0k

w=amVaTPE (8)
de a de £
— =3, X5 T (ap—ce), 9)

I'ne

2 2
Ju ov ,

p=Vv ((6_2) + (a_z) ) (1 — CLTRL),
ou -1

e 2 2

R T T (au) (61;)
Ri= Po ( 0z + 0z '

k — OHCPIHUid Typ6y.]'IeHTHOCTI/I; & — CKOPOCTh AUCCHUIIAIIUN 9TOM QHEPIUHU; Cq, Cy, A7 — OMIITUPHUIECCKUC

KOA(PHUIHEHTHI.

FpaHI/I‘{HBIe YyCJIOBUSA Ha BOI[HOﬁ MOBEPXHOCTHU
3

ak T k2
Vo, = Ck o] e = e (10)
Ha nne
3
ok k2
E—O,S—CSZ—O. (11)

311ech Cy, C; — TMOCTOSIHHBIE; Z | Z, — IMIEPOXOBATOCTH BOJHOI MOBEPXHOCTH U THA COOTBETCTBEHHO.

[Tomumo rpanmuHbIX ycnoBuit ans cucteMbl (1) — (4), (8), (9) HeobxonuMo 3aaTh HayaIbHBIE
YCIIOBWSI, IPEICTABIISIONINE COOON HaYallbHBIC pacTpeelICHHSI NCKOMBIX MTapaMeTPOB TEUCHUSI.

B oOmactu pemieHuss 3amaum ) BBEAEM CETKy Kak MHOXKECTBO Touek Oy = {Xi; Vi Zi ),
oOpa3oBagIiieecs IpU PABHOMEPHOM Pa30UEHHH 10 KaXKIOMY KOOPJIMHATHOMY HarpaBiieHHI0. CuuTaeM, 4To
BOJHAsI KOTJIOBMHA — NPSIMOW IWIMHIP, y KOTOPOTO JIMHMM CEYCHHS €CTh JYTH DJJUIMICcAa ¢ OOIIei
BEPTHUKAJILHON OChl0 (OOJbIIasi OCh HampamiieHa BJOJb ock Oy, majas OCh HampaBjieHa BIOJb ocHu 0x).
[Ipenmnomnaraem, uro 6epera Bogoema OTBEeCHHI. [ myOuna Bogoema noctosinaa. Ock Oz HanpaiieHa BHH3.

JInisl anmpoOKCHMAIMM MCXOTHBIX YPaBHEHHH IO BPEMEHH HCIIOJNB3YeM METOJl PACHICIIICHUS 10
¢busnueckuM Tporeccam [4,5]. C 3Toil Henp0 IPEArnoaoXuM, 4to Bech BpeMeHHOM wuHTepBal (0; ty,y)
pa3ouT Ha paBHbBIC BPEMEHHBIC MHTEPBAIBI £, < t < €44

CunraeM, uto BekTop-dyrknusa U = {u*; v*; wk} Gepercs ommoit u Toif se 1 Bcero BpeMEHHOTO
nHTepBasia. Cxema paclierieH!s] COCTOUT U3 TPEX ATAMOB, KAKIAOMY M3 KOTOPBIX MPUAACTCS OMPEICICHHBIH
(GU3NYECKUA CMBICIT: IEPEHOC TI0 TPACKTOPHSIM, TYpOyJICHTHBIH 0OMEH M COTJIACOBAHHUE TTOJICH.

Ha nepsoM atane B nuHTEpBasie BpeMeHU t, < t < tj,4 paccMaTpUBacTCs JIMHEAPU30BAHHAs CUCTEMA
ypaBaenuii mipu ycioBusx divU = 0 u (7) Ha OOKOBOW MOBEPXHOCTH W HAYaIbHBIX JAHHBIX. OCHOBHYIO
TPYOHOCTh TP YHCICHHOM pENICHWHM KpaeBbIX 3aaad Juisl ypaBHeHuid Haswe-CTokca mpepcTaBiseT
yIOBJIETBOPEHUE YpaBHEHHUIO Hepa3pblBHOCTH (3). OmuH U3 cmocoOOB MPEONONIEHUs ITOH TPYIHOCTH
3aKJIFOYAETCS B CHEIMATLHOM MOJ00pe KOOPAMHATHBIX (PYHKIUN, TPH KOTOPBIX YpPaBHEHNE HEPA3PHIBHOCTH
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BBITIOJIHSACTCS. HE B KaXKIOH TOYKE OOJACTH, a WHTEpBalIbHO, T.e. uHTerpan ot divU mo mobomy
3IIEMEHTAPHOMY MapaJUICIICHIICy CO CTOPOHAMHU, PABHBIMH IIATY CETKH, 00PAIaloTCs B HYIb [6].

Jnst pemenust audGepeHnnanbHO-pa3HOCTHON CUCTEMBI TIEPBOTO 3Tana (MIepeHoc MO TPACKTOPHUSIM),
MOJIYY€HHOM MPU AUCKPETU3ANNN UCXOTHONW CUCTEMBI, TPUMEHSETCS IBYIHKIMYECKAsl CXeMa pacIIeTIeHUs.
Merona pacmerieHuss (MeToj APOOHBIX IIIaroB) OCHOBAaH Ha HJIe€ PACHICIUICHHs CJIOKHOTO oOmeparopa
neperoca (A) Ha MpocTeiinne omepaTropsl IMepeHoca (Aj, 1<j< 3) B HAIIpaBJIEHUU KOOPAUHAT X,Y,Z

COOTBETCTBCHHO

dp  @ou dp . @ dv dp

Ajp=u2 422 Lyl Ap=w24 2
19 6x+26x' 6y+26y' 3¢ az+2(’)z’

a @ — onHa u3 GpyHKuMi u, v, P. Kaxapiii u3 onepatopo A; yI0BIETBOPSET TPEOOBAHUIO

Ao =v s

(Ajp,9) =0(1<j<3), a cymma ux B TouHOCTH paBHa A. B pesyibrate HHTErpHpOBaHHE
HCXOJ/IHOTO YpaBHEHHsI CBOJIUTCS] K MHTETPUPOBAHUIO ypaBHEHUH 00Jiee MPOCTON CTPYKTYPBHI.

Peanmzanus Kaxmaoro UK MPOBOIUTCS METOJIOM MPOTOHKU. [lepes peneHnemM ceTouHON CUCTEMBI
ypaBHEHH MaTpuiia KO3(QPUIMEHTOB U CBOOOHBIE YICHBI MTOIBEPratoTCs MPEIBAPUTEIILHON HOPMHUPOBKE.

[Tomy4yeHHOoe pemieHHE WCIONB3YeTCSI B KAdeCTBE HAYAIBHBIX JAHHBIX JUIS PELICHUS CHUCTEMBI
ypaBHEHMI BTOPOro 3Tana (TypOyJIeHTHbII 0OMEH).

JInst MeTomu4ecKol OTIaJKU BBIYMCIMTENFHOTO ITOpUTMa OBUI MPOBEAEH pacdeT s BOJIOeMa
DIUTHNITHYECKOH (GopMbl (Oobimas ock 20 KM, Majas och 12 kM) mocrtosiHHOM riryounsl (H = 10m). B
Ka4ecTBe HAYaJbHBIX YCIOBHUIl OBUIM 3a/aHBl PACHPEAETICHUS] CKOPOCTEH OPHEHTHPOBOYHO HAa OCHOBAHHMH
TEX WJIA UHBIX COOOPAKEHUH WM MPUHSTHI 110 II0paM CTAIMOHAPHOTO BETPOBOTO TEUEHUS, HAUCHHBIM I10
CpeHEMYy BeTpy IepHoja, NPEAIIECTBOBABIIETO pPACUETHOMY, HadajbHas TeMmIeparypa Oblia paBHa
PaBHOBECHOM.

AHanu3 pe3ysbTaToB NMPEABAPUTEIBFHBIX PACUETOB IMMOKA3bIBAET, YTO YHCICHHAs MOJETH OTPa)KaeT
OCHOBHBIE OCOOCHHOCTH TeueHHil B Bojoeme. Eciam B KadecTBe HayalbHBIX YCJIOBUN B3SITh HYJIEBBHIC
CKOPOCTH TEYEHUW MO BCEM BEPTHKAISAM M HYJEBOM YKJIOH, TO BETEP, ACHCTBYIOUIMH B MPOJI0JIHHOM
HaNpaBJICHUU, NPUBOIUM K OOpa30BaHUIO MOJbEME IO OJHY CTOPOHY MaJlod OCH CXeMaTH4eCKOTo
SIUTMIITHYECKOTO BOIOEMA M IPUMEPHO TAKOTO XKe CIaja 1o JPYTylo CTOPOHY OT Hee. B HauambHbBII MOMEHT
BO3HUKHOBEHUS Jpeida, TeueHus: (OpMUPYIOTCS TIaBHBIM 00pa3oM Ha moBepxHOCTH. OOpasyrommics
3aTeM yKJIOH MPUBOANT K BOHUKHOBEHHUIO M IOCTETICHHOMY Pa3BUTHUIO IPAJMEHTHOTO TCUCHNS.

Yem ObicTpee MPOUCXOTUT HapacTaHUE YKIOHA, TeM OOJIBIIYI0 HWHEPLUHUIO MPEOI0JIeBACT
pa3BHBaroLIeecs rPaAMEHTHOE TEUCHUE M TeM OBICTpee B 30HaX HaroHa pacTeT ypoBeHb. TakuMm oOpa3om, He
TOJIbKO OOJIbIlIasi CHJIa BETPA, HO M PE3KOE YBEIMYEHUE €r0 MHTEHCHUBHOCTH CO3[AaeT MPEINOCBHUIKH IS
3HAYNTEIILHOTO HAroHa.

Crnenyromuii BBIUMCINTENBHBIA SKCIIEPUMEHT MPOBOIWIICA JUIsL CiIydas, KOIJa BeTep Iocie
OTHOCHUTEJIbHO HHTEHCUBHOI'O BO3pACTaHUs, JOCTHUTHYB OIPEIEICHHON CKOpPOCTH, COXpaHSeT 3aTeM
MOCTOSIHHYIO cuily. HawyanpHble yCIOBHS OTBEYAIOT OTCYTCTBHUIO Opei(OBOrO M IPaAMEHTHOTO TEUYEHUH U
HYJIEBOMY YKIIOHY CBOOOJHOW IMOBEPXHOCTH. Pe3ynmbpTaThl 3TOTO pacdeTa MOKas3ajid, YTO YKJIOH BOJHOU
MOBEPXHOCTH, BO3PACTABIIMN JI0 OIMPEEIIEHHOIO MOMEHTa, BCKOpPE IOCIIe MPEKpaIICHUs] yCUIICHHUS BETpa
MepecTaeT yBEJINYMBATHCA M 3aT€M HAYMHACT yOBIBAaTh, MOCJIE YETO BO3pACTaeT BHOBb, W T.X. Takoil xonx
SBJICHUS CBSI3aH C TeM, YTO B Hauaie JApeidoBoe TeueHHe ObUIO OOJbIIe TpaJHeHTHOro, HO Oiaroaaps
YBEIMYMBAIONIEMYCS YKJIOHY TIE€PBOE IIOCTENICHHO YMEHBINAETCS, a BTOPOE BO3PACTAET, OKa3bIBACTCS
OoJIbIIIe TIEPBOTO, a 3aTEM HAYMHAET CHOBA YOBIBATh.

ITpu ycnoBum ocnaOieHust BETpa BBIYMCIUTENBHBINA AKCIIEPUMEHT OKa3ald U 0ojee 3HaUUTeNbHbBIC
Kone0aHus, Jalolle TMOHWKEHHWE YPOBHA B 30HE HAaroHa HW)KE [EPBOHAYAIBHOM OTMETKH,
COOTBETCTBYIOLIEH YPOBHIO NpHU HYJEBOM BeTpe. B JaHHOM ciyyae BBIYHMCIUTENBHBIA SKCHEPUMEHT
OOBSICHAET XOpOLIO M3BECTHOE SIBJICHHE, KOIJa Ha OOJBIIMX y4yacTKaX BOJOEMa MOBEPXHOCTHOE TEUEHHE
IIPY CHJIBHOM, HO MEHSIOLIEMCS 110 BEIMYHMHE BETPE B ONpPEJICIICHHBIE TPOMEXYTKH BPEMEHH OKa3bIBACTCS
HampaBJICHHBIM TIPOTUB BeTpa. B OSTH ke NPOMEXYTKM BpPEMEHM [IOHHBIE TEUCHHUS TNPUOOPETAIOT
HauOOJIBIIYIO CKOPOCTb.

BbuncnurenbHble  KCHEPUMEHTHI Ui TEPMHUECKOTO pEeKUMa CXEMaTH4eCKOro BojoeMa
HeOOMBIION TITyOUHBI (IJ1 pa3HBIX BUIOB TEIJIOOOMEHA Kak ¢ aTMOc(hepoi, TaK U C THOM BOJI0eMa) TIOKa He
MIPOBOJIMIIACH, HO OBICTPOE MPUOIMKEHUE TEMIIEPATYPHOTO TOJISI K CTAIHOHAPHOMY TEPMHUYECKOMY PEXKUMY
IIPY TaHHOH METEOpOJIOTHYECKOi 00CTaHOBKE CIIOCOOCTBYET O0Jiee paBHOMEPHOMY IPOTPEBY BOJIBI IO BCEH
riryOuHe.
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YK 65:004

MNPUHLOUIIBI OHEHKU U YIIPABJIEHUA CUCTEMAMU KAYECTBA HA
IHPOMBIINJIEHHBIX ITPEAITPUATUAX

PRINCIPLES OF ASSESSMENT AND MANAGEMENT OF QUALITY SYSTEMS IN
INDUSTRIAL ENTERPRISES

AHHOTaHI/Iﬂ. B ,Z[aHHofI CTaThC 060y>KI[aI-OTC$I CYHICCTBYIOIUC CHUCTCMbI Ka4€CTBa W HUX POJIb B
ynpaBﬂquCCKOﬁ ACATCIIBHOCTH NPOMBIIIIICHHBIX HpG}IHpHHTHfI, 3aTpaTbl HA KAa4€CTBO M HUX ajJalTalusd K
CUCTCMC MCHCIPDKMCHTA Ka4€CTBA, BOIIPOCHI YIIYUIICHUA U o0ecIIeyeHnsI KauecTBa.

Annotation. Existing quality systems and their role in the management activity of industrial plants,
expenditure spent in quality and its adaptation with quality management system, issues of improving and
supplying quality are discussed in this article.

KiamoueBbie ciioBa. KOHI_ICHI_[I/ISI, BO3MO>XHOCTH, MOTHBALIHA, OasoBas CHUCTEMA, HAIACKHOCTD,
3aTparkl, PUCKH, JOCTaBKa.

Keywords. Concept, opportunities, motivation, base system, reliability, costs, risks, delivery.

Each company, each organization differs significantly in its capabilities, experience and traditions.
At the same time, the world community has developed many universal methods and means, which in various
circumstances can achieve the successful solution of repressed tasks. Recommended for use in the
implementation of the principles of total quality management in the company, tested in many countries.

The quality depends on numerous and diverse factors of a technical, economic, socio-psychological
nature. Firms that have a purposeful, well-thought-out policy for improving the quality of their products and
services use a large arsenal of methods, tools, and tools to achieve their goals. But they can be grouped into
three blocks (Figure 1).

1. Quality assurance methods.

2. Methods of promoting quality.

3. Methods of monitoring the results of work on quality.

Methods of quality assurance include, first of all, engineering and mathematical methods used for
analysing and regulating processes at all stages of the product life cycle (development, manufacturing,
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testing, operation, etc.), as well as for working off the characteristics (planned — experiment, reliability,
failure analysis).

Control methods, Trials
methods, Trials planning,
Developing methods, ensuring
reliability, Finalisation of the
project

Link quality

Accounting and analysis
of the cost of quality,
Documentation control,
Internal audits

Motivation, Reward
system, Promotional
activities, Quality
companies, Quality quotes

Figure 1. Methods of quality work.

Incentive methods include both conventional motivation methods and those specially developed for
quality improvement (quality campaigns conducted in countries and globally, national quality awards, and
SO on).

Methods of control include methods for assessing the quality of products, for example, through the
analysis of economic indicators, through checking documentation both for products and the quality system.
And finally, the quality control of our products.

Separate methods simultaneously belong to different blocks. So, statistical methods are both methods
of control and methods of quality assurance.

As an example, consider briefly some of the methods.

Mugs of quality. The analysis shows that the production of poor-quality products often occurs due to
insufficient qualifications of workers, the lack of the necessary socio-psychological climate in teams, sites
and workshops, poor use of all the levers to increase the activity of workers.

Quality circles are designed to solve two problems simultaneously:

- mass training of enterprise employees in specific methods and techniques for improving
product quality;

- use people’s creative abilities to solve production problems.

Foreign experience shows that successful work of quality circles requires a system of supporting
measures, including:

a) the support of the first leader. It plays a special role in the organization of all activities to ensure
product quality at the enterprise. Without the director's attention to quality circles, their successful
functioning is impossible, there is a decline in activity, the initial enthusiasm drowns out;

b) engineering support: the creation of production conditions, assistance in the choice of topics,
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training in working methods, creative search for solutions; active work of the “staffs of quality circles”,
coordination councils at all levels of management at the company;

c) a system for collecting, reviewing and implementing proposals of circles, control of this process
by the administration;

d) a system for sharing best practices both within the enterprise and on a regional, sectoral and
national scale;

e) a system of rewards (and not only material): prizes to the best circles, incentive trips, etc.

We must strive for an informal association of people with psychological compatibility, taking into
account age, interests, qualifications.

To manage a circle from among its members, a leader is elected. This is predominantly an informal
leader, although it is not excluded the option when the senior manager for production obligations (foreman
or foreman) becomes the head of the circle.

In addition, the curator of the administration should be appointed, which supports and organizes its
work, helps the manager in managing, gathering the necessary information, preparing proposals and reports.

The learning process is of particular importance for the success of quality circles. The returns from
these creative associations may not be received immediately after their creation. Objectively, a completely
determined and rather long (at least three months) period of “acclimatization”, “getting used to the image” is
required before the creative laboratory of like-minded enthusiasts starts working.

The presence of quality circles at all levels of management and in all subdivisions of an enterprise
creates the conditions for self-regulation of the process of their work, the presence of “feedback” and control
over execution.

The method of self-control. Conventional quality control has the following negative effects:

> does not improve quality, but is intended only to separate the bad from the good,;

> does not add value, but increases costs;

> it is needed only where the processes are mastered unreliably, because what is already
established does not require verification (the exception is the safety check of the items);

> does not provide improvement of products, processes and methods of work.

From this the conclusion follows: quality must be incorporated in the product, and not proven by
control.

The transition to the principles of total quality management allows us to build production relations in
a different way. The main rule of the work is the constant satisfaction of all customer requirements by
improving their activities. In this case, the consumer refers to buyers within the country and buyers abroad,
dealers, as well as all related departments and executors within the production of the own company, i.e., the
principle of Japanese quality specialists is implemented:

Quality management is directly related to the management of quality costs.

When they talk about the cost of quality in their traditional sense, they usually understand by this the
cost of the quality of the product or services rendered to meet the specific wishes of the consumer, which he
must pay. Therefore, there is still a widespread opinion that “the quality must be paid” to the consumer. If a
consumer wants to get a higher quality product or service, it is considered that he has to pay for it, thereby
compensating for the additional costs incurred by the manufacturer to ensure this quality.

When analyzing the cost of quality, it should be borne in mind that the total cost of quality includes
the cost of compliance and the cost of non-compliance (failure to meet a specific requirement), the
classification of which is shown in Figure 2.
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Figure 2. The main components of the cost of quality

The cost of preventive actions (part of the cost of production for the consumer) is the manufacturer's
cost of any action to prevent inconsistencies and defects, including the cost of developing, implementing and
maintaining a quality system that reduces the risk to the consumer to receive a product or service that does
not meet his expectations.

Inspection costs are the costs incurred by the manufacturer to detect inconsistencies and defects
arising in the design and production process or the provision of services, with the goal of eliminating them
before the product arrives at the consumer or completes the services provided to it. Obviously, errors in the
production of products or the provision of services are found in each manufacturer.

In order to minimize the number of errors representing non-compliance with consumer requirements
(defectiveness), the manufacturer is forced to organize a detection system, spending part of their money on
input, current and output control of products, including also the cost of purchasing and maintaining the
necessary test and measurement equipment. These costs in the work of any manufacturer are inevitable.
They are often referred to as quality assessment costs, as they also include acceptance tests of finished
products, which are mandatory for each manufacturer to assess its reliability before the products are
delivered to the consumer.

Costs for internal defects - the manufacturer's costs for eliminating defects (both internal and
external) identified by him in the production process or services, taking into account the costs of
manufacturing quality products instead of those rejected. These include, for example, the cost of producing a
detected defect and its subsequent processing, revision of a design or project, re-checking of corrections
carried out, costs of 100% sorting a batch of products in case of negative results of selective quality control,
losses from lower prices for low-quality products and the like. Therefore, these costs of the manufacturer are
his personal costs, i.e. costs that he will not be able to return in the future at the expense of the consumer.

The cost of an external marriage is an additional cost for the manufacturer to correct the
discrepancies of the product transferred to the consumer or the services rendered to him in comparison with
what he promised him (guaranteed).

These costs, for example, include: the cost of warranty repairs; the cost of investigating the causes of
failures; the cost of replacing products that have failed to operate during the warranty period; losses in price
due to poor quality products found outside the enterprise, etc.

This marriage is detected by the consumer and therefore, in addition to the manufacturer’s cost level,
includes not only the free replacement of a low-quality product and service with quality equivalents,
followed by additional control with a view to the causes of non-conformity, but also penalties. The
manufacturer in the eyes of the consumer bears incomparable moral costs that can bring him unpredictable
losses, up to its collapse. Therefore, the presence of costs for external marriage and their high level
compared with competitors are especially dangerous for the manufacturer.

In fact, it is impossible to completely eliminate the cost of quality, but they can be brought to an
acceptable level. Some types of quality costs are clearly inevitable, while some can be avoided.

The latter are those that can disappear if there is no defect, or which will decrease if the number of
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defects decreases.
You can avoid the cost of:
unused materials;
revision and / or rework of defects (correction of defects);
delays, excessive production time caused by a defective product;
additional checks and controls to identify the already known percentage of defects;
risks, including warranty obligations;
sales losses due to customer dissatisfaction.
Unavoidable costs are those that are still needed as insurance, even if the level of defectiveness is
very low. They are used to maintain the achieved level of quality, to ensure that defects remain low.
Unavoidable costs may include the costs of:

YVVVVVYY

. the functioning and audit of the quality system;
) maintenance and calibration of test equipment;
. supplier evaluation;

. training in quality issues;

. minimum level of checks and controls.

The next task is to conduct an analysis of the cost of quality and the preparation of a report in a form
that could assist managers at various levels by presenting them an objective picture of quality.

Depending on the goals, objectives of the analysis of the cost of quality and the possibilities of
obtaining the data necessary for its implementation, the analytical methods differ significantly. Influences on
this difference and the passage of products of a certain stage of the enterprise, and its place in the chain of
formation of costs at a particular moment.

At the stages of design, technological planning, preparation and development of production, it is
advisable to use functional cost analysis (FCA). This is a method of systematic study of the functions of an
individual product or of a technological, production, economic process, structure oriented towards
increasing the efficiency of resource use by optimizing the ratio between the consumer properties of an
object and the costs of its development, production and operation.

The main application of the principles of FCA are:
functional approach to the object of study;
> A systematic approach to the analysis of the object and the functions it performs;
> study of the functions of the object and their material carriers at all stages;
> Product life cycle;
>
>

Y

conformity of the quality and usefulness of the functions of the products with their costs;
Collective creativity.

The purpose of the functional cost analysis is to develop the useful functions of the object with an
optimal ratio between their importance to the consumer and the cost of their implementation, i.e. the choice
of the most favorable for the consumer and the manufacturer, if we are talking about the production of
products, a solution to the problem of product quality and its cost. Mathematically, the purpose of the FCA
can be written as follows:

uv
—~ = max (1)

where UV is the use value of the object being analyzed, expressed by the aggregate of its use
properties;

C - costs to achieve the necessary consumer properties.

Functional cost analysis is carried out in several stages.

At the first, preparatory stage, they clarify the object of analysis - the cost carrier. This is especially
important with limited manufacturer resources. This stage is completed if a variant with a low compared
with other cost price and high quality is found.

At the second, informational stage, data are collected on the object under study (purpose, technical
and economic characteristics) and its constituent units, details (functions, materials, cost price). They go in
several streams according to the principle of an open information network, which has, for example, a
modified form of “spur” (Figure 3.).

10
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Figure 3. Model of information network FCA

In her information on improving product quality and reducing the cost of its production comes from
the design (K), economic (E) departments of the enterprise and from the consumer (M) to the heads of
relevant services. Estimates and wishes of consumers are accumulated in the marketing department. In the
process of work, the initial data are processed, transformed into the corresponding indicators of quality and
costs, passing all the departments concerned, and are transferred to the project manager (A).

At the third, analytical stage, the functions of the product (their composition, degree of utility), its
cost and the possibilities of its reduction by cutting off the secondary and useless are studied in detail. It can
be not only technical, but also organoleptic, aesthetic, and other functions of the product or its parts and
assemblies. For this purpose, it is advisable to use the Eisenhower principle - the ABC principle (Figure 4.).

A B
Main functions, basic, useful Secondary functions, auxiliary, useful
C

Secondary functions, auxiliary, useless

Figure 4. The principle of Eisenhower in FCA

The use of a table form of distribution of functions facilitates such an analysis (table
Table 1 - The distribution of the service functions of product X on the principle of ABC

Details Functions Total |Preliminary conclusion
details
1 2 3 4 | ----
1 A B B C | ----- 1C —
2 B C A cC |- 2C improve
3 B A B C | - 1C —
4 C B B A | - 1C —
Total function 1C 1C — 3C
Preliminary — — — to — — —
conclusion liquidate

Data on the number of secondary, auxiliary, useless functions in detail are recorded in the final
graphs, which makes it possible to make a preliminary conclusion about their necessity.

Next, you can build a table of the cost of parts according to the estimate or its most important items
and assess the weight of the functions of each part in relation to the cost of their provision. This will identify
possible ways to reduce costs by making changes in product design, production technology, replacing parts
of our own production of parts and components with parts, replacing one type of material with another,
cheaper or economical to process, changing the supplier of materials, the size of their supplies, etc. d.

Grouping the cost of functions by factors of production will allow you to identify the priorities for
reducing the cost of the product. It is advisable to detail such areas, ranking by degree of importance,

11
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determined by expert, and comparing with the costs, choose ways to reduce the cost of production. To do
this, you can create a table (table 2.).
Table 2. - Comparison of the coefficients of the significance of functions and their value

Rank Significance%o The proportion of the cost of the The cost ratio of the
function function in total costs,% function (Cr/f)
1 2 3 4=3/2
1 40 40 1,00
2 30 50 1,67
3 15 5 0,33
4 10 3 0,30
5 5 2 0,40
Total 100 100

The best i1s Cr/f »1. Cr/f <1 is more desirable than Cr/f > 1. When this unit ratio is significantly
exceeded, it is necessary to look for ways to make this function cheaper. In our example, this is a function
with a 30 percent, second, level of significance.
The result of the FCA is the solution options in which it is necessary to compare the total costs of
products, which are the sum of the element-by-element costs, with any base. This base can, for example, be
the lowest possible cost of a product. The theory of FCA proposes calculating the economic efficiency of the
FCA, which shows how much of the cost reduction is at their lowest possible value.

EFCA = &=Cm

)

where EFCA - the economic efficiency of FCA (coefficient of reduction of current costs);
Cr - really developed cumulative expenses;

Cm - the minimum possible costs corresponding to the designed product.

At the fourth research stage, the proposed variants of the developed product are evaluated.

At the fifth recommendation stage, the most suitable for the production options for the development
and improvement of the product are selected.
For this purpose, we can recommend the construction of a matrix table (table 3.).
Table 3. - Decision table for the choice of products for production

Options for management decisions

A B C

3 Significance of function: Significance of function: | Significance of function:

= high high high

% Cost: low Costs: average Cost: high

o Product profitability: high Product profitability: Product profitability:
average average

o D E F

b= Significance of function: Significance of function: | Significance of function:

£ average average average

re Cost: low Costs: average Cost: high

g Product profitability: high Product profitability: Product profitability: low
average (average?)

5 G H |

g Significance of function: low | Significance of function: | Significance of function:

< Cost: low low low

E Product profitability: Costs: average Cost: high

> average Product profitability: low | Product profitability: low

Given the importance of the functions of the product, its components, details and level of costs
through pricing, based on knowledge of the demand for products is determined by the level of its
profitability. All this together serves the purpose of deciding on the choice of a particular product for
production or the directions and scale of its improvement.

12
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Substantial assistance in determining the cost of product quality can provide technical regulation
methods. They are based on the calculation of the explosive norms and standards of material resources (raw
materials, purchased components and other types of materials), the calculation of labor-intensiveness and
other costs included in the cost of production in accordance with the design dimensions, specific technology
of its manufacture, storage and transportation, as well as the cost of warranty and service. Methods of
technical regulation allow you to accurately determine the cost of a new product for its components, and
when improving products.

If the company proceeds to the production of new products, which had previously had an analogue in
terms of consumer purpose and properties, then the cost of quality (CQ) will be determined by the difference
between the costs of old (CO) and new (CN) products:

CQ =CO —CN (3)

If the company improves the quality parameters of the previously manufactured product, the cost of
quality can be determined by direct counting of the corresponding holes and directions.

One of the methods to analyze the change in costs associated with changes in product quality is the
index method. The complexity of its application to this subject of the study lies in the fact that both signs
must be expressed quantitatively. Quality, however, does not always have a quantitative meaning and can be
described verbally, for example, products that are suitable and not certified, relevant and non-compliant with
technical conditions, etc.

If quality indicators have numerical characteristics, they can be used as cost scales when building
indices. Otherwise, the weights can be the number of elements of the product design, the number of parts,
assemblies, products.

To assess the quality and competitiveness of the product, it is possible to use the method of scoring.
In accordance with it, each quality parameter of a product is given a score, taking into account the
significance of this parameter for the product as a whole and the scale chosen for evaluation - 5, 10, 100-
point. After that, the average score of the product, which characterizes the level of its quality in points, is
determined. By dividing the product price by the average score, the cost of one average score (Ps) is
calculated:

Ps =% @)
where P is the price of the product;
&— average score of the product taking into account its quality parameters.
Such a calculation is advisable to carry out a comparative analysis of products to decide on their
launch into production or the effectiveness of the proposed qualitative improvements.
The quality parameters can include both technical and economic parameters, as well as aesthetic,
organoleptic properties, fashion compliance, etc. to calculate the price of new products, you can use the

following formula:
PN =22+ PQ 5)
where PN is the price of a new product, day. unit;
Pb - the price of basic products, day. unit;
Qp is the sum of points characterizing the quality parameters of the basic product;
PQ - the sum of points characterizing the parameters of the quality of new products;

S—Z - the average price of one point characterizing the quality parameters of the basic products.

Similar to the scoring method, the unit price. It consists in determining the price on the basis of
calculating the cost of a unit of the main quality parameter: capacity, performance, etc. For the calculation,
the formula is used:

PN = Pp+=, (6)
where Pp is the value of the basic quality parameter of the base product in points;
% — unit price of the main parameter of the quality of the base product, day. units

In practice, to solve the issue of choosing a product to be launched into production, all types of
project analysis should be carried out: commercial, technical, organizational, social, environmental and
economic. For this, all methods available in each specific situation should be applied. Only such an analysis
can be considered complete and provide an objective result for making management decisions.

Thus, the analysis of the cost of quality is a strong management tool, in particular, it is used by

13
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company management to measure the quality achieved and to identify problems in setting targets for
achieving quality.

As an example, let us give a list of goals pursued when introducing a system for estimating the cost
of quality in a machine-building enterprise:

. Determining the scale of quality problems in a language that can be understood by top
management, the language of money. This will improve the understanding of higher and middle levels of
staff on quality issues;

o identifying key cost reduction opportunities. Costs due to poor quality are patchy. They are
the sum of individual specific segments, each of which can be traced to a specific reason. These segments
are not equal in size, and only some of them constitute a significant share of the total costs. The main by-
product of estimating the cost of poor quality is the identification of such segments;

. search for opportunities to reduce customer dissatisfaction and the associated threat to
product sales. Part of the cost due to poor quality is a consequence of product failures that occur after the
sale. Accordingly, these costs are paid by the manufacturer in the form of guarantee charges, accounting
claims, etc. But regardless of whether the manufacturer pays for the costs or not, such failures increase the
cost of production for the customer due to downtime and other forms of product malfunction;

Quality is one of the fundamental categories that determine the lifestyle, social and economic basis
for the development of man and society. The problem of quality cannot be solved without the participation
of scientists, engineers, managers. Quality is an important tool in the struggle for markets and is determined
by the action of many random, local and subjective factors. To prevent the influence of these factors on the
quality level, a quality management system is required.

Five stages can be distinguished in the history of the development of documented quality systems:
product quality as compliance with standards; product quality as standards compliance and process stability;
quality of products, processes, activities as meeting market requirements; quality as meeting the
requirements and needs of consumers and employees; quality as the satisfaction of the requirements and
needs of society, the owners (shareholders), consumers and employees.

The essence of the quality system of an industrial enterprise consists in its orientation towards
consumer requirements for product quality; The organic combination of components of such a system is the
organizational structure, procedures, processes and resources by which the system’s ability to ensure its
proper functioning is assessed.

The quality management system is an integral part (subsystem) of the enterprise management
system. It has many internal and external connections, which pass a large number of signals. This system is
linked to other subsystems of the general enterprise management system, and specifically to the target,
functional, organizational, motivational, social, informational, philosophical, and subsystem of interaction
with the external environment.

In modern conditions, the concept of “universal quality management” should also include a
procedure for guiding the process of quality improvement, based on a certain set of techniques and tools
used for analyzing, researching and controlling quality system indicators, and allowing staff to learn how to
use these tools application.

Ensuring product quality is costly. Depending on the goals, objectives of the analysis of the cost of
quality and the possibility of obtaining the necessary information, methods of cost management may be
different.
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BJIMAHUA YIBTPA3ZBYKOBBIX BOJIH HA AJITE3UOHHYIO ITPOYHOCTD
30J10THIX HOKPUTHIA K KPEMHHIO

EFFECTS OF ULTRASOUND WAVES ON THE ADHESIVE STRENGTH OF GOLDEN
CANDED TO SILICON

AHHOTaHI/Iﬂ. P aCCMATpUBACTCA BJIMAHUC BO3H€ﬁCTBH$[ YJIBTPA3BYKOBBIX BOJIH Ha aJAI€3MOHHYIO
MPOYHOCTD TUIEHOK AU K KpEeMHHUH N-THIA C yAEIbHBIM conpoTuBieHreM p~100+200 OM cM u BpeMeHUM
xu3Hn Hocutened T ~ 500+600 wmxc mnpu Temmeparype 1=300 K. Ilokazano, d4to »sddexr
AKyCTOCTUMYJIUPOBAHHOTO  YJIYUIICHUA alr €3UOHHOU IMPOYHOCTU CHUCTCMbI MCTAJII-TIOJTYIIPOBOJHUK
MIPOUCXOJUT B OCHOBHOM 3a CUCT YBCIIMYCHUA KOHLCHTPAIMKW HMOHHW30BAHHBIX HpI/IMGCGﬁ oA BJIMSIHUEM
YiIbTpa3ByKa, TO €CTb POCT aAre3ur OHNpPCACTIACTCA UYHUCIOM HOHHU3UPOBAHHBIX IMPHUMECHBIX LIEHTPOB
YIABTPA3ByKOM U KOHTAKTHOM pa3HOCTHIO TOTEHIIUAJIOB.

Abstract. The effect of ultrasonic waves on the adhesive strength of Au films to n-type silicon with
a resistivity of p~100+200 Q-sm and carrier lifetime t ~ 500+600 us at a temperature T = 300 K is
considered. It is shown that the effect acoustostimulated improve the adhesion strength of metal-
semiconductor is mainly due to the increase in the concentration of ionized impurities under the influence of
ultrasound on the value of adhesion is determined by the number of ionized impurity centers with ultrasound
and the contact potential difference.

KiaroueBble ciioBa: aJIr€3MOHHAsA IMPOYHOCTD, erMHI/Iﬁ N-Tumna, YIBTPA3BYK, BHCHIHAA CUJIa OTPbIBA,
aKyCTOCTUMYJUpPOBaHHAS TP Py3Hs.

Keywords: adhesive strength, n-type silicon, ultrasound, external separation force, acoustically
stimulated diffusion

MerTaiunueckue IUICHKHU, KOTOPBIC IIOKPBIBAOT IOJYIPOBOAHUKU, CIYXKAT OSJICKTPUICCKUMU
KOHTakTamMH. KayecTBO KOHTAaKTa BO MHOI'OM OIMpPCACIIACT U BJIUACT HaA (I)YHKLII/IOH&JIBHBIC XapaKTCPUCTUKU
MTOJTYTIPOBOTHUKOBBIX TprOOpoB. [lo3TOMy wHCClIeIOBaHUAM TPOYHOCTHBIX M DJIEKTPUYCCKUX CBOWMCTB
MCTAJUIMYCCKHUX KOHTAKTOB K IIOJYHPOBOAHHKAM YIACIAIOT 3HAYHUTCIBHOC BHHMAHHUC. O6I)I‘IHO KOHTAKTHhI
MeTaJjula U MOJyNPOBOAHUKA (POPMHUPYIOT MeToAaMHu ¢ IuiaBieHus uiu auddysuu. Cnenyer ykaszaTb, YTO
063, 9TUX TCXHOJOTMYCCKUX IIPOLCCCa MPOU3BOAATCA IPHU BBICOKUX TCMIICPATypaX, 4TO HCI/I36C)KHO BCICT K
BO3HHMKHOBCHHIO TepMO,He(l)eKTOB, YXyAlIaromuX KakK IIapaMeTpbl C€aMOIro IOJYIIPOBOJHHKA, TaK U
npubopoB Ha ero ocHoBe. [losTomMy B mocnemaHee BpeMsi HM3BICKMBAIOTCS HOBBIE METOIBI CO3/IaHUS
METAJUTMYECKUX KOHTAKTOB K MOJIYIIPOBOIHUKAM MTPpU KOMHATHBIX TemnepaTtypax T=300K. Oxaum u3 Takux
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METOJIOB SIBIIIETCSI CIIOCOO YIyUIIEHUS aAre3MOHHOW MPOYHOCTH METATMYECKHX IUIeHOK menn Cu u
nukens Ni kK kpeMHHIO yiubTpa3sBykoMm. CyIIecTBYIOT TOJIKO HECKOJBKO  paboT, I/ie MPOBEACHBI
uccienoBaHuss B 3ToM HanpasieHuu [1,2,3]. Ilpuuem yBenuueHue aAre3MOHHOW NPOYHOCTH ISTHUX
KoHTakTHpytonmx map Si-Cu u Si-Ni gocturanock moj BO3ACHCTBHEM yIbTpa3ByKa MpU TeMIlEpaTypax B
00JacTH KOHTaKTa METAJUI-TIOTYITPOBOAHUK, He TIpeBblaronumx Bennuuny T < 300K.

3om0T0, B oTiinunu oT CU 1 Ni, nMeeT 0co00e MpaKTHUECKOE 3HAYEHUE KaK MPUMECH, C MOMOIIIBIO
KOTOPOl MOXHO TMONy4aTh MOMYMPOBOJHUKOBBIM MaTepHall C 3aJaHHBIM BPEMEHEM XHU3HU T, YICIbHBIM
COINPOTUBIIEHUEM, TaK U MaTepHall, UCIOJIb3YEeMbIi AJisl 3JEKTPUUYECKUX KOHTAKTOB. B wacTHOCTH, 30510TO
UCIIOJIb3YeTCS KaK (POHTAIbHBIA KOHTAaKT Ha "BXOMHOM" OKHe Si-(OTONpHEMHHKA W OIHOBPEMEHHO
CIIY)KHUT 3aIATOW JUIsi OKHA OT arpeCcCUBHOTO BIIMSHUS BHENIHEW cpeibl. Vcxols W3 BBINIECKa3aHHOTO
MOYHO 3aKJIIOUHUTh, YTO MPOOIEMa CO3/IaHUs BBICOKOKAY€CTBEHHBIX AU-KOHTAKTOB K KpeMHUI0 mpu T~300K
SBJIICTCS aKTyallbHOU. L[ehi0 HACTOSIIMX IKCIIEPUMEHTOB SIBJSUIOCH MCCIICIOBAHUE BIIUSHUS BO3JICHCTBUS
yIBTPA3BYKOBBIX BOJIH Ha aJre3MOHHYIO IMPOYHOCTh IUICHOK AU K KPEeMHHIO N-THIA C YJCIbHBIM
comnporusieHueM p~100+200 Om.cM u BpeMeHeM xu3HU Hocutened T ~ 500+600 mkc npu Temneparype T
= 300K.

Kak wu3BecTHO, mMOJ TEPMHUHOM ‘“‘aAre3WOHHAsl MPOYHOCTH’ TIOHMMAETCS CUja aJIre3MOHHOTO
B3aMMOJICHCTBUSA, KOTOpas OMpEeeNsieTcs MyTeM OTphIBa IUICHOK M OHA YMCJICHHO paBHA CUJIC BHEIIHETO
BO3JICHCTBUS, KOTOPOE HapyIIaeT aare3MOHHYIO CBS3b MEXIy cyOcTpaToM W IuieHkoi. Hamu m3ydanach
aJIre3MOHHAs MPOYHOCTH AU-TUICHOK K KPEMHHIO JI0 M TIOCIIE YIIbTPa3ByKoBO# 00padboTku. Ha Si-macTunsl

( muametpom d = 28 MM u ToamuHOK Y < 1 MM) MOC/Ie MEXaHHUUYECKOH M XUMHUYECKON 00paboTKH,
METOJIOM HambuieHHss AU B BakyyMe (OPMHPOBATUCH IUICHKH. TEepPMOOTXHI CTPYKTyphl Si-AU He
MPOM3BOAMIICS, TOMIIUHA « | » AU-TUIEHOK OINMpeessiach dUIMICOMETPUYECKAM METOJOM M COCTaBJIsIa
3Havenus | = 1.5 Mkm + 3 MKM. Aare3noHHast IpOYHOCTh P, v P 710 U mocjie, cOOTBETCTBEHHO, 00TydeHHUs
yIbTPa3BYKOBBIMHU BoJiHaMK ¢ 4acToToi f=0.8+15 MI'1 1 HHTEHCHBHOCTBIO (MOIIHOCTHIO) I* =0+10 Br/cm?
M3ydJaliach METOJOM HOPMalbHOTO OTphIBa . J[aHHBIM MeTOH SBISETCS OCHOBHBIM, KOTOPHIM MPOU3BOMIST
OTPBIB IUIEHKM TOJ JECWCTBUEM BHEIIHEW cCuibl. B 3TOM Merone cuia OTpbiBa HalpaBlieHa
MEePICHIMKYIISPHO K IUIONIAN KOHTAaKTa aare3us (AuU-tuieHka)-cyocTpat (Si-mouiokka) .

Jliist onipeiesieHnst aAre3uOHHOM TIPOYHOCTH "P" mosb3yroTes crneayromei GopMyioi :

P = Forplnr?

rae Fop-BHEHIHAS cuila OTphIBa, I-paguyc Topua WTH(TA, IPUKICEHHOro K aaresuBy. O6mydeHne
Au-Si-cuctemsl yIbTpa3ByKOBBIMU BOJIHAMH MTPOU3BOAMIOCH CO CTOPOHBI AU-TUICHKH.

Teoperndeckne pacueTsl Uil BEIHMYUHBI aJre3MOHHON MPOYHOCTH, MpOJeNaHHble B paboTe s
CHCTEMBl METAJUI-NIOIYIIPOBOIHUK, ITOKA3bIBAIOT, YTO B OTIMYUE OT JPYTUX CHUCTEM, HA BEIMYUHY aIre3uu
CHJIbHOE BIIMSHHE OKA3bIBA€T KOHTAKTHAs Pa3sHOCTh IOTEHIMAIOB, KOTOpas, KaK W3BECTHO, 3aBHCUT OT
qrciaa MOHU3UPOBAHHBIX LIEHTPOB M HAIMPSHKEHHOCTH 3JEKTPUUECKOro moist E Mexy KOHTaKTUPYIOIIHUMU
noBepxHocTAMU. Crenyer 0XKuaaTh, YTO MOJ JeHCTBUEM YIbTPa3ByKa HE TOJIBKO MPOUCXOIUT nudy3ust
Au-atoMOB B Si-IOJUI0KKY, HO MMPOMCXOTUT M M3MEHEHHE KOHIICHTPALUH HOHU3UPOBAaHHKIX LIEHTPoB N u,
cooTBeTCTBeHHO, E-mosiss. KoHTakTHas pa3HOCTh MOTEHLUAIOB MPH aAre3Ud METajula U MOIYHpPOBOJHHUKA
paBHa:

V= [ 2So(xkTe/q)sh(¢/2) + crgsh¢ ] + (KT/Qq)

rae So-pacCTosiHME MEXIy KOHTAKTUPYIOIIMMH TellaMM; K-Ie0aeBCKuil pamuyc; K-moctosHHas
bonbimana;  e-nuaniekTpudeckass — MPOHUIAEMOCTh;  C-IIOBEPXHOCTHOE  COCTOSIHME  (MJIM  YHCIIO
MOHU3UPOBAHHBIX IEHTPOB); O-CPeIHUI N3THO 30H Y CBOOOAHOI MOBEPXHOCTH MOTYIIPOBOIHUKA.

OneHKr TOKa3bIBalOT, YTO HAIMPSHKEHHOCTh 3JIEKTPUUECKOTo Mojsi E 11 KOHTAaKTHOM pa3HOCTH
norenmanos Vi ~ 0,1B, C ~ 10%cm?, So ~ 5:10%wm, k~10%cm™, KT = 4.16:10%' Ik, T = 300 K u ¢ ~ 10
umMeer Benmunay  E~2-10° B/om.

s 3Havennit Vi = 0.3B HampsbkeHHOCTH AnekTpudeckoro nois E Bo3pactaer no BenuuuHbl E ~
6-10° B/cwm.

B aTHX ycnoBusix aare3noHHasi NpouHOCTh P, onpenensercs mo GopMyiie npeacTaBIeHHON B paboTe
[2]:

Po=eE48n=v2¢-VNg-[(2nm*/S%)¥*(KT)"*]-exp[(2V\-AE)/2KT)]
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rne Ng -KOHLEHTpamus JOHOPHBIX TpuMmeced; M*-adpdexTuBHas macca dnekrpona; AE -
SHEPreTHYECKU 3a30p YypOBHEM TMpUMeEce U 30HOW MPOBOJMMOCTH. Takum 00pa3oMm, HMeEeTCs
JIOTIONTHUTENbHBIN  (DU3UYECKHI MEXaHU3M IOMHMO AaKyCTOCTUMYJIMpOBaHHOW auddy3un, KOTOpHIH
CYIIECTBEHHO yBEJIHUYUBAET P, mocie yiabTpa3ByKoBOil 00pabOTKH cHCTeMbl Si-MeTayuindeckas rienka. C
POCTOM KOHTAKTHOM pa3HOCTH MOTEHUUAIOB Vi U YKCIIa HOHU3UPOBAHHBIX LIEHTPOB PAaCTET HANPS)KEHHOCTh
noist E mexay Si-nomamoxkod u MeTauioM. DTOT 3G¢eKT 00ycaaBIMBaeT YBEJIMYEHHE aJre3HOHHOTO
B3aMMOJICHCTBHSI 32 CUET OJIIEKTPUYECKUX CHIJI. TeopeTHdYecKHe OIEHKH TIOKa3bIBAIOT , YTO TpH
HaIpPSHKEHHOCTSX YJIEKTPUYECKHUX TTOJICH E~10’ B/cm aaresuoHHas MMPOYHOCTH P,~4-10°TIa.

WccnenoBanus 3nekTpopU3nUecKiX XapakTepUCTUK MOKa3ally, 4To HaOmoaaeTcs oomas
3aKOHOMEPHOCTH ISl BCEX 00PA3IIOB MOCIIE O0IyIEeHUS YIbTPa3BYKOM - POCT KOHTAaKTHON pa3HOCTH
noteHnuanoB V. Cieayer OTMETUTb, 4To Si-AU-00pa3ioB Mociie YIbTPa3ByKOBOH 00pabOTKH MO pasHOMY
HaOmroaeTcst poct BenuuuHbl V. O011el 3aKoOHOMEpHOCTH pocTa Vi OT BETUYHHBI yASITBHOTO
CONPOTHUBIICHUSI Si-TIOIJI0KKH JA€TATHLHO BBIIBUTH MIOKA HE YAaJI0Ch, TaK KaK MOJYIPOBOJIHUK BCETIa UMEET
Ha MIOBEPXHOCTH TOHKYIO JMAJIEKTPHUECKYIO OKUCHYIO TUIEHKY, OKa3bIBaOIIeH BIusiHIE Ha Vi U,
COOTBETCTBEHHO, Ha BeIMYUHY E 1 aare3snoHHy10 IpOYHOCTb.

[poussenen pacuet Benmmuuubl E muist Si-Au-o0pasia Ne25, nMeBIero 10 yinbTpa3ByKOBOM
oGpabotku 3navenne Vi=0,1 B. ITocie yabrpasBykoBoit o6pa6otku mpu f = 15MI'm u 1#=2 Br/cm® B
tedyeHue Bpemenu t=30 muH. u Temnepatype T=290 K, 3nauenue Vi yBeanuumiocs ¢ 0.1 B 10 BennunHebl
Vi=0.3 B. Takum 00pa3oM MOXKHO CUUTATh, YTO MOCJE yIBTPAa3BYKOBOTO BO3ACUCTBUS HAMIPSKEHHOCTD
noist E Mexxy AU-ILICHKOM 1 Si-I10/1105KK0# BO3POCIIO B TpH pa3a u craio pasubiM E=6-10° B/cm.
YunTHIBAS KBaAPATHUHYIO 3aBHCHMOCTh are3HOHHOM mpourocTH P ot momst (P ~ E?), Takum o6pasom
MOYKHO OOBSICHUTh HAOJIFOIAeMBbIid PE3KHH POCT are3MOHHOM MPOYHOCTH AU-TUICHKH K Si-TI0JT0XKE

(puc.1).

g0 | 0.1 015 03 Vg, B

T 10%, IIa

0z 0 i5 31 30 T, mnn

Puc.1. 3aBHCHMOCTH aJAre3HOHHON TPOYHOCTH CHCTEMBbI Si-AU-IJIEHKAa OT BpeMeHH
o *
yJabTpa3BykoBoii 00padoTrku npu T=290K. MomHocTh yIbTPa3ByKOBbIX BOJIH | =2 Br/cm® , yactoTa
f=15 MI'u. P,-aare3moHHasi IPOYHOCTH CHCTEMBI Si-AU-IUIEHKA /10 YJIbTPa3BYKOBOi 00padoTKH

Kak BHUIHO M3 pPHUCYHOK TEOPETHUECKOE 3HAYCHHE aJre3MOHHON MPOYHOCTH A0 YIbTPa3BYKOBOM
00paboTKu paBHOE 4-10° ITa oTnmuaercs ot AKCIEPUMEHTAILHOTO 3HAUYECHUS P,~7-10°1a, 4to OOBACHSCTCS
CYIIECTBOBAHMEM OKHCHOTO CJIOSI Ha TOBEPXHOCTH SI-MOUIOKKH, KOTOPBIH M CHHUXKACT BEIUYMHY
aJIre3MOHHON MPOYHOCTH HAOIIOaeMOl B pealbHOM citydae. [Ipu yBeTu4eHnr BPEeMEHH yIIbTPa3ByKOBOTO
BO3JICHCTBUSL JKCIEpUMEHTalIbHOE ToBeneHue 3aBucuMoct P(T) yIooBIeTBOPUTENHHO COBMHANAET C
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TEOPETUUECKHUMH pacyeTaMy U MIPOUCXOAUT €€ HETMHEWHBIN POCT COrNIacHO (PyHKIIMOHAIBHOMN 3aBUCUMOCTH
P~E%

B 3akmrouenun ormMeTuM, 4to B pabotax [1,2] Halmonaemoe yiydlieHue aare3uOHHON MPOYHOCTH
Metaunueckux mwieHok Cu u Ni k Si-mojioxkam JTOCTHUTaIoCh MyTeM IMPUMEHEHHs YIIbTPa3ByKOBBIX BOJIH
MHTEHCHBHOCTBIO 1* < 0.5 Br/cm® MIPH 3HAYUTEIBHBIX BPEMEHAX YJIbTpa3BykoBoro BosaeicTeus t = 30+ 200
muH. [lpu stom mpoucxommna mauddysus meramna Ha 3HAYUTEIBHYIO TIYOMHY B IOJYNPOBOJHUK M
MaKCHUMAaIIbHOE YBEJIMYCHUE aATe3MOHHOW MpoYHOCTH He mpeBbimano 10%-35% ot nepBonavansHOTO (10
yIBTPa3ByKOBOW 00pabOTKM) 3HaueHWs. B  Hamem ciiydae HCHOJB30BATUCh HHTEHCHUBHOCTH
yJIBTPa3BYKOBBIX BOJH |*=2 Br/cum? (To ecth B ueThlpe pa3a Oomblie) U BpeMeHa ! yIbTpa3BYKOBOMH
00paboTku ObuK B 6 - 7 pa3 MeHble. Kak BUJHO U3 MpEACTaBICHHBIX pe3yabTaToB (pHc.l.) aare3noHHas
MPOYHOCTHh BoO3pociia Oonee yeM B 60 pa3. AHanm3 Mokasay, 4yTo NpU Takux pexumax (<30 mwun)
yIBTPa3BYKOBOM 0OpabOTKM aTOMBI 30J0Ta HE MPOHUKAOT TIyboko B Si-momnoxky (< 0.1MKM) H,
CIIe/IOBATENIbHO, HE MOTYT OOpa30BbIBaTh B YYBCTBHTECILHOM 3JIEMEHTE Si-IpUEMHHUKA LIEHTPOB 3aXBarta,
YMEHBIIAIOMAX  BpeMsl KW3HH HEOCHOBHBIX HOCHTeNel 3apsma. HabOmomaemsrii apdexT
aKyCTOCTUMYJHUPOBAHHOTO yJIYYIIEHUS aATE€3MOHHOM TMPOYHOCTH CHCTEMBbl METAILI-TIOJYIPOBOIHHUK
MIPOUCXOJUT B OCHOBHOM 32 CYET YBEIMUYEHUS KOHIEHTPALMU MOHHU30BAHHBIX MPUMECEH MO BIMSHUEM
yIBTPa3ByKa, TO €CThb POCT aJAre3WH OIpPENeSIeTCs YUCIOM HOHU3UPOBAHHBIX MPUMECHBIX IIEHTPOB
yJIbTPa3BYKOM M KOHTAKTHOM Pa3HOCTHIO NOTEHIIMAJIOB.
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YK

BAKHOCTD UCITOJIB30BAHUSA BBICOKOYACTOTHOI'O METOJA U1 OITPEAEJTEHUA
BJIA’KHOCTD XUIOIIKA-CbBIPIA

IMPORTANCE OF USING A VERY HIGH-FREQUENCY METHOD FOR DETERMINATION OF
COTTON HUMIDITY

AHHOTI/IHI/ISI. B »or1oit cratne AHAJIIU3UPYIOTCA SHCKTpO(l)I/ISH‘leCKI/Ie CBOICTBa XJIOIKa-ChIpa H
II0Ka3aHO, 4YTO MOXHO HCIIOJB30BaTh MCETO/ O6Hap}I)K€HI/I$I CB06OILHOI71 BjJaru B CCEMECHaX XJIOIIKa,
OCHOBAHHBIN Ha IIOTJIOIIEHUHN BBICOKOYACTOTHBIX (CBLI) 9JICKTPOMAIrHUTHBIX BOJIH HA OCHOBC XJIOIIKA.

Annotation. This article analyzes the electrical properties of raw cotton and shows that it is possible
to use the method of detecting free moisture in cotton seeds, based on the absorption of high-frequency
(UHF) electromagnetic waves based on cotton.

KinroueBrle ciioBa: BJIA’)KHOCTD, XJIOIIKA-ChIplid, CCMCHA XJIOIIKA, BOJIOKHO, ,Z[I/IBJ'ICKTpI/I‘-ICCKI/Iﬁ METOAO,
BBICOKOYACTOTHBIN MCTOH, DJICKTPOMAarHuTHas BOJIHA, KOMIIOHCHT, HNPOHHIACMOCTD, CBO6OZ[HaSI BJIara,
CBsA3aHHasd BJiara.

Key words: moisture, raw cotton, cotton seeds, fiber, dielectric method, high-frequency method,
electromagnetic wave, component, permeability, free moisture, bound moisture.

CpeﬂHee COACPKAaHUEC BJIard B XJIOIIKOBOM XIJIOIIKC, KOTOpI;IfI co61/1pa10T MCJIbHUIIBI, 3aBHCUT OT
yCIIOBHH €ro cOopa 1 MOXKeT cocTaBIATh OT 8% 110 40%. B cyxHX MOTrOAHBIX YCIOBUSAX COJIEp)KaHHUE BJIard B
XJIONIKE, cOOMpaeMOM B aBTOMOOWJISIX, SIBJSiETCSl BHICOKUM. HeoOXoIuMo peryispHO IpOBEpSTh KauecTBO
XpaHCHUA W TPAaHCIIOPTUPOBKHU BAaTHI. KauectBOo Biarm mmeer OOIBIIOE 3HAYEHHE JJIsA o0ecrieyeHus
YCTOI>'I‘II/IBOCTI/I, PEryJIMPOBKU U Ka4YECTBA TEXHOJIOTMYCCKUX MPOLCCCOB B XJIOIIKOBOU IMPOMBIINIJICHHOCTH.

HOCKOJ’IBKy CCMCHA XJIOIIKa HMMCIOT pPa3HbIC CBOHCTBa U KOMIIOHCHTLI, COACPKAHUC BJIAI'M B HUX
KOMITIOHCHTAax pa3jinu4Ho. CornacHo JaHHBIM I/ICCJ'IGI[OBaHI/If/'I, TaKXKE IIPOUCXOAUT U3MCHCHUEC paCIIpCaACIICHUA
BJIalr'kn B €ro KOMIIOHCHTAaX € M3MCHCHHCM CCMAH XJIOIIKA, a4 B CJIy4ac C6aJ'IaHCI/Ip0BaHHOFO XJIOIIKa €ro
COJIEpKaHUE BIIATH PACIIPEACIISICTCS CICYIONUM 00pa3oM.

BaaxkHocTh ceMsIH XJIONMYATHUKA B CﬁaﬂaHCI/IPOBaHHOM COCTOSIHHMH

Taoauna 1
KOMIOHEHTEL PacripeienieHre Biaru, py cojiep >kKaHuy Bard B %
8,5 10 15 20 30
Bonokuo 6,7 6,9 10,4 13,8 20,6
Snpo 7,1 8,1 14,1 20,5 34,7
[TepeBs30uHbII 11,6 17,1 23,2 28,9 38,3

Cy1iecTByeT HECKOJIIBKO METOAOB OIMpPEIeICHHs BIAKHOCTH CEMSIH XJIOMYaTHUKA, U ObLI TPOBEICH
pAn uccinenoBaHui 1o audnekTpuueckuM u3mepeHusiM (CBY). B cBsi3u ¢ 3THUM  DJIEKTpHUECKHE
XapPaKTCPUCTHUKU XJIOIIKOBOT'O y;[06peHH51 6BIHI/I MMpOoaHAJIU3UPOBAHBI JICKTPOMAriHuTHBIMU BOJIHAMUW PA3HBIX
gactor. OmauM u3 Hux saBiasgercs TOB - 1 BiakHOCTH, OCHOBaHHAsT Ha W3MEHEHHH MOIIHOCTH H
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paboraromas Ha yactote 5 MI't. B mocnenyromux uccieoBaHUSAX Ha BBICOKHMX YacTOTax OBLIO CO3/IaHO
coJiep>KaHue BJaru B XJIOMKE U IPYTuX Marepranax. MHOToleTHUE UCCeOBaHNA U Pa3pabOTKU MO3BOIMIH
pa3paboTaTh JUAIIEKTPUYCCKYI0 TMPOHUIIAEMOCTh U Tpaduku BiaakHOCTH. OHU pa3paboTaiv rpaduku s
W3MEPEHUS BJIAXXHOCTH MIIEHUI[bI, U3MEPEHUS COACPKAHUS BJIaru B KOXKeE, MACHBIX NpoaykTax [1], cemenax
XJIONIKA, BOJIOKHaX M ceMmeHax [2]. CorysacHO BBIIIEYNOMSIHYTBIM aBTOpPaM, B MHOIOKOMIIOHEHTHBIX
Marepuanax sl M3MEPEHHs] COJEpKaHWs XJIONKA B XJIOMYATHUKE MOXHO HCIIOJIB30BATh CIIEIYIOLIEE
ypaBHEHHE.

IQE=V,IgE, +V,IgE, +V, IgE, (1)

B KOTOpOfII Vi - KOJIMYCCTBO MATCPUAJIBHBIX KOMIIOHCHTOB;
Ei - AUBJICKTPpUYICCKAd MPOHUIACMOCTb KOMIIOHCHTOB

"X" - Bo3nyx, "T" - BOJIOKHO, "y" —XJIONIKOBBIE CEMEHA, MHJEKCOB JIJ151)

JusnekTpudeckass IPOHUIIAEMOCTh XJIONKAa 3aBUCHT OT €T0 BJIATOCOJCPKAHUS U aHAIM3UPYETCS C
gactoroit 20-20000 I'ry [3]. ThnoTHOCTS XJI0MKa cocTaBisiia 9% enaru npu d = 250 xr / m° u E = 90 mpu f =
20Tau f=20000u E = 5.

Jpyrue aBTOpHI yKa3aiu, 4TO 3HaueHue E yBeaMuMBaeTCs C yBEIMYEHHEM YaCTOThl U BIIAKHOCTHU
[4]. ABTOpBI MaHHOTO aBTOPCKOTO HCCIEAOBAHUS pa3paboTaayd HECOBEPIICHHYIO (POPMYITy ATOM CCBHIJIKH.
Korna wacrora snekTpoMarHUTHBIX BOJH cocTaiisgeT ot 0,2 1o 20 MI'1, a B1aXHOCTh COCTaBIISIET OT 6 10
16%, nquanexTpuyeckas MPpOBOJUMOCTD BbIPaXaeTcsl Kak:

IgE=A-Blgf @)

rae: A u B - moctosHHBIE KO3(PHUIIMEHTHI, KOTOPHIE 3aBUCAT OT BJIAXHOCTH, TEMIEPATYPbl H
IUIOTHOCTH.

UroObl cO3/1aTh TpEANoaraeMyro BIIAKHOCTh, HaM HYXHO 3HaTh (OpMYy KOHTAaKTa BIAru C
XJIONKOBBIMH BOJIOKHaMH. Kak ymoMsiHyTO BBIIIIE, JIETKO Y3HATh 00IIee CO/Iep:KaHue BIaru B XJIOMKE B BUC
CBOOOJIHOM M CBSI3aHHOW Biiard. MU3MYECKUN CMBICT ATOTO Pa3ZCICHHUs 3aKiIrodyaeTcsl B ciemyromeM: Kak
MPaBUJIO, CKOPOCTh MCHAPEHUs BIIATW, BBIACISIOIIEHCS Ha OTKPBITOW MOBEPXHOCTH, OKPY’KAIOIIETO
BOJISTHOTO Tapa ¥ MaplMaIbHOTO JIaBJIEHUs IMAapOB HaJ MOBEPXHOCTBHIO HUCMapeHus. To kK€ camMoe MOXKHO
CKa3aTh U 00 MCHapeHuHu Biaru 4epes Oopomay u cemeHa. CieoBaTeNlbHO, B CYIIUIBHON Cpelie, UMEIOIIeH
ONpe/eICHHbIE MEePEMEHHBIC, Bara MOXET JaBaTh BJary J0 TEX IOp, MOKa MaplualbHOE /1aBJICHUE Ha
BJIaYKHBIN XJIOMIOK HE UCIIAPUTCS, pAaBHOE JIaBJICHUIO B NIOTOKE Ta3a. B 3Tom ciyuae Biara-KujakocTb MEXy
CPEIICTBOM ]ISl CYIIIKH XJIOTKA M COCTOSTHUEM COaTaHCHPOBAaHHOW BIAXKHOCTH.

[ToTepst Bnaru sIBIsIeTCS YCIOBHOM CBOOOMAHOM BIIaroi, a OCTAIbHOE HAa3bIBACTCS CBSI3aHHOW BJIAroi,
MOKa XJIONOK He OyneT cOanmancupoBaH. «CBOOOIHASI BIQKHOCTBY M «CBS3aHHAS BIAXKHOCTHY» OKa3bIBAIOT
CYIIECTBEHHOE BIIMSIHUE Ha TMOrPEIIHOCTA U3MEPEHM pa3BUTBIX TymaHHocTe. (ClieoBaTenbHoO,
HEO0XO0IMMO 3HATh €r0 KOJIUYECTBO.

AJcopOIust XJIOIIKOBOTO BOJIOKHA - MOMPOOYHTE OMPEICNIUTh KOJTUYECTBO BIaru. J[ist 3TOoro el
MpeArnojaraeM, 4YTo Bjlara BBHIMOIIEHA IMOBEPX XJIOMKOBOI'O BOJOKHA M 00pa3yeT paBHOMEPHBIN CIIOMH.
[ToBepXHOCTH BOJIOKHA MOKET OBITh BBIPAXKEHA CIIEIYIOIINM 00pazoM.

AT (3)
Yo,

S, =1

B 3TOM Cciiyyae:  p - IIIOTHOCTB BOJIOKHA
ConeprkaHue Biaru [Mg] B BOJOKHAX MOYKHO OIPENEINUTh CIEAYIOIIHUM 00pa3oMm.

m, = p,AS; = p,Al 4t )

Yo,
riue: A - TOJNUIMHA MOJIEKYJIbI BOJBI,

KOTOpas sABJISACTCS CIIOCM;
Ps - IIOTHOCTH BOJBI.

Bara, conepskanue Biaru, To €CTh BeC, ONPEACISIOTCS 10 ciieaytoleit hopmyoe:
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m@
m

W =

.100% (5)

B KOTOPOM: M - Macca BOJIOKOH
B3sB mpuBenennyio Beime ¢opmyny (3) (4) U u3MEeHHB TaONMIly BOJIOKOH Ha €€ JIMHEHHYIO
IUIOTHOCTb, MBI MOYKEM IOJIyYUTh CIEIYIOLIEEe YpaBHEHHE.

W=pA 4 -100%
ol

(6)

[T10THOCTH BOJIBI, KOTOPYIO MBI 3HaeM B 3TOH (hopMmyIie, a Takke IIIOTHOCTh BostokHa (1000 u 1200
Kr / M3) U nuHeWHas TI0THOCTh BOJOKHA (110 MTeKC) paccuMTHIBAIOTCS, MOCKOJIBKY COAEpKAHHUE BIAard B
BOJIOKHE COCTaBIsieT okono 6x107° %. Dro yYKa3bIBa€T Ha TO, YTO KOJMYECTBO HAMHOTO MEHBIIE, YeM
ypOBEHb BOJIOKHA. UTO KacaeTcsi CeMsiH XJIOINKa, COJAEp)KaHHe BIAard B HEM HAMHOTO OOJbIIe, 4eM Y
BOJIOKHA, a BJIara, KOTopasl IpUKpPEIIeHa, MEHBIIIE, YEM Y BOJIOKHA.

Takum 00pa3oM, UCTIOIH30BAHUE XJIOMKOBBIX YIOOPEHHI B CEMEHaX XJIONKa B OCHOBHOM CBSI3aHO C
WCTIOJIb30BAHNEM CBOOOIHOTO OOHApYKEHHs BJIard. OJTOT METOJ OCHOBaH Ha METOJE MOTJIOMICHUS
BBICOKOCEJICKTUBHBIX 3JIEKTPOMATHUTHBIX BOJH XJIOMKOM.
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CIHHEKTPbI ®OTOJIIOMUHECHEHIMUA (PJI) 3BAKAJTEHHOT'O U JIETUPOBAHHOI'O
KPEMHUA

PHOTOLUMINESCENCE (PL) SPECTRA OF HARDENED AND DOPED SILICON

AHoTanusi: B naHHON cTaTbe HCCIEOBAH JIIOMHUHECLEHIMS M HECTalOHapHas EeMKOCTHas
CTHIEKTPOCKOMHUS TIIyOOKHMX YpPOBHEW 3aKaJeHHOTO KpeMHHs. B cHekTpax JIIOMHHECHEHIMA B OOJIACTH
sHepruii 0,75-1,13 3B oOHapykeHBI 3JEKTPOHHOTO - KoyieOaTelbHbIE MOJOCHl M3JIyueHHs, MOSBICHUE
KOTOPBIX 3aBUCHUT OT CKOPOCTH OXJIAXKACHUS KPUCTAJLJIOB.

Anotation: The article tellis about investigations of the luminescence and transient capacitance
spectroscopy of deep levels of hardened silicon. In the luminescence spectra in the energy range of 0.75-
1.13 eV, electron - vibrational emission bands are detected, that appearance depends on the cooling rate of
the crystals.

KiawueBble ciaoBa: B crnekTpax  JIIOMMHECHEHILIMH, 3JEKTPOHHOTO - KoyieOaTeiabHbIE I0JIOCHI
W3ITyYEHUs, CKOPOCTH OXJIAXK]ICHUS 3aKaJIEHHOTO KPUCTAJJIOB KPEMHHUSL.

Keywords: In the luminescence spectra, electron - vibrational emission bands, cooling rates of
quenched silicon crystals.

B nanneii pabGore mpeacTaBieHBbl pe3yJbTaThl IKCIEPUMEHTAIBHBIX MCCIEAOBAHUMA ONTUYECKUX U
AIIEKTPUYECKUX CBOMCTB KpHUCTAILIOB Si, comepkanmx nedektsl ¢ riryookumu ypoasamu (I'Y).

HccnenoBanuck KpUCTaIbl KPEMHUS 7 — U p- TUIA MIPOBOJUMOCTH C YJEIbHBIM CONPOTUBICHUEM
2-500 Om.cm.

Tepmo oTxur npoBoaunuck npu temneparypax 900-1250°C B teuenue 4-100 yac B OTKauyaHHBIX
KBapIeBbIX ammynax. [lepen muddysuel MOBEepXHOCTh MCXOIHBIX OOpa3loB MOBEprajach TIIATEIHHON
ounctke. [lepen namepeHnsAMH ¢ TOBEPXHOCTU KPUCTAIUIOB yaasuics cioi ToamuHoi 50 — 100 Mxm.

Ncxonnpie oOpasupl umenu GopMy mapauienunumnena pamepom 1x1x6 mm®.  JUTHHHBLE CTOPOHBI
00pas3IoB COBIAIN C OCHOBHBIMU KpHCTaIIOrpaduuecKkuMu HarpasieHusymu pemerku [100], [110], [111].

W3mepenne crieKTpoB (OTOTOMUHECIICHIINA KPUCTAUIOB KpeMHHs mpoBoawiochk mpu 4,2 u 77 K
(06pa3Lpl MOrpy>Kanuch HEMOCPEACTBEHHO B )KUKUH TeIUi UITH a30T)

['enepanusi HepaBHOBECHBIX HOCHUTEJIECH 3apsa B KpUCTAIJIaX OCYIIECTBISUIOCH CBETOM KCEHOHOBOM
namnbl cBepxBbicokoro pasnenus JKCII — 1000, moxynupoBanHoM ¢ yactotoi 16 I'm. [l ¢punbrpanuun
BO30Y’KJAIOLIEr0 CBETOBOIO MOTOKA MCIONb30BAINCH (PUIBTPHI U3 onTHueckoro crekia tuna C3C — 22 u
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BG-17, a rtakxke BomsHOW (uibTp TommuHONM 100 MM. CHeKTpbl aHATM3UPOBAINCH HHQPPAKPACHBIM
MoHoxpomaTopoM MKM-1 ¢ audpakmuonnoit pemerkoir 600 mrp/mMm u nucnepcueir 50 A/mm . Ilocre
BBIXOJIHOW IIEJIM MOHOXPOMAaropa IMOMENIaNcs KpEeMHHEBbIH ¢GuibTp TommuHOW 4 MM. B kadectBe
MIPUEMHUKA U3ITYUYeHUs MCII0Nb30BasIoch oxyaxaaemoe 10 80 K ¢oTtoconporusnenue Ha ocHOBE TepMaHus,
KOMIIEHCUPOBAHHOT'O MEJIBIO.

B [1] noka3ano, uro BbicokoTemmeparypHas (800-1300°C) tepmooOpaboTKa KpeMHHsI B T€UEHUU 2-
60 MHUH. C MOCIEAYIOMUM OBICTPHIM OXJIAXKIACHUEM (3aKajKa) MPUBOAUT K OoOpa3oBaHUE B KPHUCTAILIAX
nedexToB cTpyKTypsl ¢ Y.

[Tocie Takoit 06paboTku B criektpax DJI MpoucxouiIo yMEeHbIIEHUE HHTGHCHBHOCTH COOCTBEHHOTO
PEKOMOMHALIMOHHOTO U3TYYSHHS U U3JTy4YeHHs] MHOTOYACTOTHBIX 3KCUTOH — IPUMECHBIX KOMIUIEKCOB U
MOSIBJIEHNE B CIIEKTpaibHOM 00acTu <1,1 3B G0IBIIOro YuCIo MoI0C MPUMECHOTO U3ITyUYCHHUS, CBI3aHHBIX
C BBEJIEHHBIMU 3aKasikoi nedexramu. Ha puc.] npusenens! ciektpsl OJI HEKOTOPBIX 3aKale€HHBIX
kpuctaiuioB Si, cHsiThie pu 15 K.
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Puc.1. Cniexrpel PJI HekOTOPBIX 3aKaieHHbIX KpucTanios Si, cuarsie npu 15 K.

XapakTepHON 0COOEHHOCTHIO OOJIBIIMHCTBA M3 TOJIOC W3JIyYEHUS SIBJSETCS HATUYME MPU HU3KUX
TeMIepaTypax KBa3WJIMHEW4YaToil CTpyKTypbl. Ilojocel cocTosT U3 y3kux 0e3()OHOHHBIX JMHEH ( C
noayumpuHod < KT) M HU3KOIHEPreTHUECKMX AKBUAMUCTAHTHBIX KOJICOATSNbHBIX MOBTOpeHUH [1].
[losiBeHne 3TUX MOBTOPEHUI OOYCIOBIEHO 3JEKTPOHHBIMU IEPEXOJaMHM Ha IEHTpaxX C PE30HAHCHBIM
BO30YXKICHHUEM OJHOTO , ABYX M T.J. JIOKadbHbIX (GoHOHOB. Ilomoca ¢ Gechononnoit muuuer 1,015 »B
HabOroanach B CHEKTpax MPAKTHYECKH BCEX HMCCIEAOBAaHHBIX MAaTEPUAIIOB, B TO BPEMsl KaK OCTaJbHbIC
M10JIOCHl OOHAPY>KUBAJUCh B CHEKTPAaX HEKOTOPBIX KPUCTAJIOB IMPH ONPEAENICHHBIX YCJIOBUAX 00pabOTKH.
WX nosiBneHue 3aBUCENO OT TUIA MaTepHalla, TEMIIEPATypbl IPOIPEBa U CKOPOCTH 3aKAJIKH.

HabmrogaeMyro KBa3WIMHEHYATyI0 CTPYKTYpY CHEKTPOB YAAJIOCh OOBSCHUTH B paMKax MOJEIH
PEKOMOMHALIMY KCUTOHOB, JIOKAIW30BAaHHBIX HA TTYOOKHMX M303JIEKTPOHHBIX (HEHTpaibHbIX) LEeHTpoB. Ha
OCHOBE CpaBHEHHUS OOHAPYKEHHBIX IMOJOC M3IYYCHUS C DHEPreTHYCCKHUMH YPOBHSIMH TEPMHUYECKUX
neeKTOB B 3aKaJEHHBIX KPUCTAJUIAX KPEMHHMS M COINOCTaBICHHUS C JAHHBIMU IO KHHETHKE pacraja
TBEPJIBIX PACTBOPOB B KPEMHHUM aBTOpamu [1] ObLIO BBICKA3aHO MPEAIONOKEHHE 00 y4acTHH MPUMECHBIX
aTOMOB IIE€PEXOHBIX METAJUIOB B 00pa30BaHUN M3ITyYAOLINX [IEHTPOB.

OOHapyKeHUEe LEHTPOB JIIOMUHECICHIUH, JAloUINX KBa3sWIMHEHUYaThle IOJOCHl H3IIy-4€HUs,
CTUMYJIMPOBAJIO JAIbHEUIINE HCCIEIOBAHMS ONTUYECKUX CBOWCTB KPHUCTANIOB KPEMHUS, COJAEpIKallUX
riryOOKHe MpUMecH. YYacTHe aTOMOB TEPEXOIHBIX 3JEMEHTOB B ()OPMHUPOBAHHUU H3ITYYAIONIUX IICHTPOB,
IIPU 3aKaJIKEe KPEMHUS MOJHOCTHIO NOJATBEPAMUIIOCH IIPH MPOBEACHHOM BIIOCIEICTBUM HCCIeN0BaHHbIX DJI
Si, criermansHO erupoannoro Cu [2] u Fe [3].

Menm BBoaWIACh B KpPHCTAIBI KaK AU(PQPY3MOHHBIM IyTeM W3 HANBUIEHHOTO Ha MOBEPXHOCTH
oOpa3la cliosl MeTajula, Tak M METOJ0M MOHHOM MMILTaHTAllMK C OCIEAYIOLEH pa3rTOHKON 1 3aKallKOH.
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Puc.2. Crnextp ®@JI Si(Cu).CrnekrpansHoe pazpeuienue 1 moB

Bo Bcex ciyuasix B ciekrpe OJI Si(Cu) Habmroaan0ch HHTEHCHBHAS 10JI0ca ¢ 6eCHOHOHHOM THHUEH
1,015 B (cMm. puc.2), npunucanHas napom atroma meau (Cu Cu) , koTopble 00pa3yroT M303JIEKTPOHHBIC
MIPUMECHBIE LIEHTPbI, UMEIOIINE TPUTOHAJIBHYI0 CUMMETPHUIO C OChIO BIOJb HampasiieHus [111]. Yuactue
aToMa MeId B OOpa30oBaHUM JTHX HW3IYYAIOMUX IICHTPOB TOJATBEPXKICHO O3KCICPUMEHTAMH IIO
M30TONHYECKOMY 3aMeleHno “CU Ha °°Cu [2], a ©30371eKTpoHHas puposa AeheKTa.

Ha puc. 3 mokazano Tonkasi crpykrypa nojiocel 1,015 3B. Kak yxe oTMeuanoce, OTIWYU-TEIbHOU
OCOOCHHOCTBIO TaKHX CIIEKTPOB SIBIISETCS y4YacTHE B TIpoOIeccax  M3Iy4daTelbHOW pPEeKOM-OMHAIMH
JIOKANbHBIX (PE30HAHCHBIX) (JOHOHOB C PHEPTHEi, B JaHHOM ciydae , 7; 16.4; 25,1 aB.
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Puc.3. Tonkas ctpykrypa nmonocsl ¢ quauer 1,0153B, 4,2 K.

VYyactue nokanpbHOro (HOHOHA C OMPENCICHHOW DSHEPrHedl MOXKET CIYXHTh yKa3aHHEM Ha
MIPUCYTCTBUE aTOMOB OIPEIeJICHHON MPUMECH B COCTaBe JAHHOTO U3TYYaloIIero eHTpa.
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Puc.4 Cuexrp ®JI Si 00JTy4eHHOTO ) -KBaHTaMH %Co morokam 1-10"° cm? u
OTOXOKEHHOTO MPHU 600°C 20 mum.
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O GhHEeKTUBHOCTh JTIOMUHECIICHIIMM Ha IIEHTpaX, OOYCIOBIMBAIOIINX 3JICKTPOHHO-KOJIEOATEIbHYIO
nosiocy ¢ OechoHoHHo#l ymHue 1, 015 3B, sBusgercs BbICOKOH. DTO OOBACHAETCS TEM, YTO B BUAY
HEHTpaslbHOCTH  JedeKTa  OTCYTCTBYET KOHKYPHPYIOIIMH  W3Iy4aTelbHOMY OXe —  TpoIecc
0e3u3IIydaTesIbHOW pPEeKOMOMHAIIMU: OJWH HOCHUTENIb 3aXBaThIBAETCSl HA ILIEHTP KOPOTKOAECHUCTBYIOLIUM
MOTEHIMAJIOM Je(peKTa, BTOPO — KyJIOHOBCKUM I10JIEM TIEPBOTO HOCUTEIS 3apsijia, a TPETHI HOCUTENb (0XKe-
JIEKTPOH), KOTOPOMY MOKHO OBl IIEpeaaTh SHEPIUIO — OTCYTCTBYE. B cBsi3u ¢ atum nosoca 1,015 3B moxer
HaOJIOAATECS B CIEKTPax JIOMHHECLEHIUN J1aXe IpU HEOObIINX KOHIEHTPALUAX U3Ty4aroluX [EHTPOB.
JIeWCTBUTENBHO, KCIIEPUMEHTANIbHBIE PEe3yJIbTaThl MOKA3bIBAET, YTO 3Ta M0J0OCAa 4YacTO HAOJI0JAeTcsl B
cektpax ®JI Si, nernpoBaHHOro APYrMMHU TEPEXOIHBIMH MeTaiuiamu, Hanpumep, Ag, Fe, Cr. Tlo —
BUJMMOMY, B 3THUX CIIy4asx ObLIa HEJOCTATOYHON OUYMCTKA MOBEPXHOCTU 00pa3loB. biarogaps BbICOKOM
ckopocTH JU(dy3uHn aTOMBI MEIH MOIJIM JIETKO NPOHUKHYTH B Si B mpolecce BBICOKOTEMIICpATypPHOU
00paboTkH, JUOO MPHU 3TOM MPOUCXOJMJIa AKTHBALUSA NPUMECHBIX aTOMOB MEIH, YK€ HaXOASLIUXCS B
HCXOJHBIX KpUCTAJIIAX.

Cremyer OTMETUTD, YTO (hOpMUpPOBaHKE LIEHTPOB JroMuHecueHuuu 1,015 3B B Si npensapurenbHo
00Jy4YEHHOM BBICOKOIHEPTreTUYECKMMH YacTHLIAMU (JIEKTPOHAMM, ) - KBAaHTaMHU, HEUTPOHAMH), MOXKET

npoucxomuts npu 1, = 500-700°C, T.c IpH TeMIIEpaTypax, SHAYUTEIBHO MEHBIINX TEX, PH KOTOPHIX

o
0o0buHO TpoBOoAMTCA nuddy3ust mpuMeceld B KpeMHHI. B kauecTBe mpumepa, Ha puc.4 MpPUBEACH CIEKTP
®JI Si, npeaBapuTeaIbHO OOIYYEHHOTO ¥ -KBAaHTaMHU ®Co, cusraIii npu 4,2 K. 3amerum, 4yTo Hapsaay ¢

nosiocoii 1,015 3B B cmekTpe MpHCYTCTBYET HOBasi AJIEKTPOHHO-KOJeOaTeNlbHas mosoca ¢ 0ec)oOHOHHOI
nuauen 1,042 5B, Takxke, mo-BUAMMOMY, CBS3aHHas ¢ JedeKTaMu, COJIEPKAIIMMH TIEPEXOTHBIC METaJUIbI.
Hpez[nonaraeTca, qTo HpI/I OT>XXUT'C OCHOBHBIX IICHTpOB JIOMUHCCICHIINN paIII/IaIII/IOHHOFO HpOI/ICXO)K,Z[eHI/ISI,
KOTOpBIN Kak pa3 u mpoucxogut npu 1, =~ 500 OC, B KPUCTAIIJIC CO3JAIOTCS YCIOBHS, OJIarONMpHUsITHBIE

s (OpPMHUPOBAaHUS ONTHUYECKH AKTUBHBIX JE(PEKTOB, COJACpXkAIMX AaTOMbl MEAM KaK OCTATOYHOMN
TEXHOJIOTMYECKON IIPUMECH B KPEMHHUH.

OOHapyxeHnue U uaeHTuUKaIms B Si - M303JEKTPOHHOrO IieHTpa JromuHecueHnuu 1,015 3B (Cu
Cu-napbl) HECCOMHEHHO JJa€T HOBYIO MH(OPMALIMIO O COCTOSIHUU aTOMOB MEJIU B PELIETKE KpUcTaa.
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YK 004.9

MOPTAJI VIS OFbEJUHEHUA JIIOJIEN IO UHTEPECAM C IPUMEHEHUEM
METOA0B ®OPMHUPOBAHUA PEKOMEHIALIUU

PORTAL FOR COMBINING PEOPLE BY INTERESTS WITH THE USE OF METHODS
OF FORMING RECOMMENDATIONS

AHHOTaIII/Iﬂt B CTATbC PACKPBIBACTCA HpO6J’ICMa B JIMYHOCTHOM XHUBOM 06IJ_ICHI/II/I B HaCTOAIICC
BpeMsl. AHAJIM3UPYIOTCA PE3yJIbTaThl MOPTAOB C OOBEIMHEHHWEM JIIOICH 10 MHTEpEecaM; OMpPEIeIsIOTCs
Haubolee pacupoOCTPpaHCHHBIC OH_II/I6KI/I, AOIYCKAaCMbIC TIIpU CO3JaHHUU IIOPTaja. PaCCManI/IBaIOTCH
BO3MOKHOCTH Pa3JIUYHBIX S3BIKOB MPOTPAMMHUPOBAHUS U CPE Pa3pabOTKH.

Summary: the article reveals the problem in the personal live communication at the present time.
Analyzes the results of portals with the unification of people according to their interests; identifies the most
common mistakes made when creating a portal. Considers the possibilities of various programming
languages and development environments.

KiloueBble cJjioBa: HMHPOPMAIMOHHBIE TEXHOJOTHH, METOJ (opMHpOBaHUS pPEKOMEHIALUH,
pa3paboTka mopTaia, aHaJIu3 IMOJ00HBIX IOPTAJIOB.

Keywords: information technologies, method of forming recommendations, development of a portal,
analysis of similar portals.

B HAaCTOAIICE BpEMs I/IH(I)OpMaI_II/IOHHBIe TEXHOJIOTUH BCE OOJBIIE OXBATLIBAIOT HE TOILKO
JeSTSIILHOCTH JIFOJIeH U TocyT. Eciu ere HeraBHO MH()OPMAIMOHHBIE TEXHOJIOTHH UCTIOIB30BAIHCH TOIBKO
B HpO(i)eCCI/IOHaHLHOfI ACATCIILHOCTH, TO HA COBPCMCHHOM JTaIlC pa3BUTHUA YCIIOBCUYCCTBA NOCYT ano6peJ1
BUPTYaJIbHYIO (POPMY, ITO MOXKET MPUBECTH K ME€YATHHBIM ITOCIIEICTBUSM.

B cBs13u ¢ 3TUM BO3HUKAET Hpo6neMa B JIMYHOCTHOM KHUBOM O6H_ICHI/II/I, YTO HECET B cebde yYrpo3sy Ajist
3I0pOBOTO pa3BuTHsl obmiectBa. OQUH U3 MyTe pemeHus MpoOIeMbl: 3TO CalThl, OPHEHTHPOBAHHBIC HA
OpTraHHu3alnuIo KUBOI'O O6I_I_ICHI/I$I IIpu IMoOMOIINU UHTCPHETA, 4 UMCHHO IIOpTaJia IJIsd O6’L€)II/IH6HI/I$I J'IIOI[CI71 10
HHTEpECaM.

PazpaboTka moprana, HampaBICHHBIX Ha pEIIEHUE OIpEeIesIeHHBIX 3ajad Bce Oonee u Ooiee
pacripoctpansercs. [10100HbIe TOPTaIbl BOIUIH B TIOBCEAHEBHBIC )KU3HEHHBIE CEPHI.

I_ICJ'IBIO p33pa60TKI/I rnoprajia sABJISACTCA CO3JAHUC eI[PIHofI HJ'IaT(l)OpMLI, rac IoJb30BaATCIIM CMOTYT
HalTH cede CANMHOMBIIIJICHHUKOB 110 UHTECpECAM HUJIN CO6I)ITI/I$I, KOTOPELIC 6y21}IT HHTCPCCHBI ITOJIB30BATCIIAM.

BMmecTe ¢ TEM, 0O0JbIION 00BEM I/IH(I)OpMaI_II/II/I HE€ TIIO3BOJJIUT IIOJB30BATCIIKO ITOJHOLICHHO
BOCTIOJIb30BaThCs MHPOpMaIueit 00 MHTepecyromux coobITHaX. Benp BakHas nHopMarus OyaeT TepsaThCs
B MAaCCHUBC OAHOTHUIIHBIX U HCCTPYKTYPHUPOBAHHBIX NAHHBbIX. B cBsa3u ¢ O9THM, B HaCTOHH_[ef/’I pa60Te, KpoMme
CO3laHMsl COOCTBEHHO C€aMOro IopTajia, CTaBUTCA 3ajada TMPUMEHEHUS METOJ0B (HOPMHUpPOBAHHS
pexoMeHAanui. DTO MO3BOJIUT MOJIH30BATEIIO MOMyYaTh HauboJee PelIeBaHTHYIO0 HHPOPMAIIMIO O COOBITHUAX
Ha OCHOBC, HAIIPUMCP, TAKUX HJAaHHBIX, KaK MCCTOITIOJIOKCHUC IIOJIB30BAaTCIIsA, BO3pacTa, 110J1a, HHTCPECOB,
TCMIICPpaMCHTA.

B codetanum ¢ wWHCTpyMEHTaMH COPTHUPOBKH M (OHIBTpAIlMA JaHHBIE METOABI ITO3BOJISAT
IMOJIb30BATCIIIO COKOHOMUTL BPEMA B IMOUCKE HYXKHBIX 3JIEMECHTOB W ITOBBICHUTH y,HO6CTBO I10JIb30BAHUEM
CHUCTCMBEI.

I[aHHaH CUCTEMA 6yz[eT CJIY’KUTb HC TOJIbKO B Ka4YCCTBC peKOMeHIIYIOIJ_Ieﬁ CHUCTEMBI 10 COOBITUSIM. A
TaK)Ke B CUCTeMe OyIeT pealn30BaHbl aHaIM3 M BU3yaln3alus JaHHbIX [1, ¢ 256].

Mui npedﬂaeaeM 3AHAMBCA CEOUM  TIOOUMBIM  0€IOM CO6p618 COUHOMBIUIICHHUKOS C nomouwbro
Hawe2o TIOpTana Juis OOBEIUHEHMs JIOAEH MO0 HMHTEpecaM C MPUMEHEHHUEM METOA0B (OPMUPOBAHUS
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peKOMEeHIANN. Yayuwiue ceoe huzuueckoe u 0yXo8Hoe COCMOsIHUE, PACUUPUMb KPY2030D, NO3HAKOMUNbCSL
C UHMEPECHbIMU THOObMU U PEUUMD TUUHbLIE BONPOCH.

Cozmanme moprana s OOBCIUHEHHS JIIOACH 10 WHTEpecaM C MPUMEHCHHEM METOJIOB
(dhopMupoBaHHs PEKOMEHAANUN IS TOTO YTOOBI JIFOJIM MOTJH CBSI3aThCS WJIM CBSI3BIBATHCS C MOXOKUMHU
JTIOBMU U CUTYalUSIMHA. DTOT MOPTA OYIET CBSA3BIBATH JIOJICH C OOIIMMU UHTEPECAMU B PEATbHOM JKU3HH.
Takue kak ¢yt0o1n, 6ackeTOONI, BONEHOOI, TaHIBI, XOKKEH, TEHHUC, TTOX0 B OacceiiH U MHoro npyroe. B
3TOM TIOPTAJIC JIFOJH CMOTYT OCTaBIISATh CBOW MPEUIOKCHHS 0 KAKOM-TTHOO 3aHATHH, a JIPYTUE JIIOU MOTYT
CBSI3aThCS C HUMH, COCTABUTh KOMIIAHUIO U HACIAIUThCS X KOMITAHUEH, B TATbHEHUIIIEM CIIPY KUTHCSI.

B Hacrosimiee BpeMsi Bce MBI IMOJIb3yeMCSI HOBBIMH TEXHOJIOTHSIMH U 3aBUCHUM OT TeleOoHA U HE
MOKeM 000HTHCH 0e3 HHTEepHETa. ITOT MOPTAT CMOXKET TOMOYb JIFOJISIM:

1. OTBieYbcs OT HHDOPMAIIMOHHBIX OYAHEH, TOUTPATh B CIIOPTUBHBIC UTPHI H OTIOXHYTh;

2. [ToMokeT HalTH HOBBIC KOMITAHUH JIPpy3eH ¢ OOIIMMU UHTEPECaMH, PACITUPUTh KPYT OOIICHUS;

3. BcrioMHUTB, HAIIPaBUTh U Pa3BUTh CBOM JIABHO 1M0O33a0BITHIC TAJTAHTHI M CIIOCOOHOCTH.

CyTp sTOrO0 mMOpTaNa B TOM, YTO JIOIU, KOTOpPHIE MMEIOT BpeMs Ha apeHjy 3aja WM MOTYT
JIOTOBOPUTBCS 00 3TOM, U XOTSAT M YMEIOT WrpaTh B CIOPTUBHBIE WTPHl, HO HE HUMEKOT JOCTATOYHOTO
KOJIMYECTBA JIPY3€i U 3HAKOMBIX MOTYT cOOpaTh JIFOJICH MPH MOMOIIIH HAIIIETO MTOpTaa.

Hampumep, y uenmoBeka ecTh BpeMs Ha dKCIUTyaTauio (GyTOOIHHOTO OIS, HO €My He XBaTaeT JIFo e
JUISL TIOJTHOIICHHOM WTphI, Hanmpumep, B ¢yTOoi, y Hero ecth 11 demoBek (koMaHaa), HO HE JOCTAeT eIle
CTOJILKO € U €CTh IMOJIC 32 KOTOPOE 3aruiaTiiim JaeHbru. OH JelaeT 3asBKy B OPTAIC | JIFOJIU, YBUACBIIIHE
3Ty 3asBKy, C HUM CBS3BIBAIOTCS, OCTABJIAIOT KOMMEHTapHHM U JOTOBApUBAIOTCS 00 HUrpe WU APYyroM
MEPOIIPHUATHH.

Hactynmaer MOMEHT, Korja JIOAM HAYMHAIOT TIOHUMAaTh, 4YTO OHH OYECHb 3aBHUCHMBI OT
MH()OPMAIMOHHBIX TEXHOJIOTHIA M HE MOTYT OOOHTHCH 0€3 HUX B TOBCEIHEBHOH JKM3HH B 3TOT MOMEHT Y
HUX BO3HHMKAET >KETaHHUE OTBIIEYBCS OT BCEX Ia/IKETOB, KOMITBIOTEPOB U T.JI..

B TOT MOMEHT OHHM XOTST BEPHYTHCSA B pPEajbHYIO XH3HU W K HUM IPHXOJUT HA ITOMOIIb HAI
opTall, B KOTOPOM OHU CMOTYT O(hOPMHUTH 3asBKY M COOpaTh JIrOJICH Ha JII000E COBMECTHOE MEPOIIPHSITHE,
KOTOPOE OHHM TOXKE XOTEJH IMOCETHTh M IPOBECTH BPEMs B KUBOM HYEIIOBEYCCKOM OOIICHHH C IMOJIb30U H
yAOBJIETBOPEHUEM CBOUX MOTpeOHOCTU. C JIOABMH OJIM3KUMU TI0 AyXy U UHTEpecaMm.

Bo3moxHocTH noprana:

1. CoOpartb rpynity Jrojeu;

2. OnpenenuTbes CO BpEMEHEM TPOBEICHHS MEPOTIPUSITHS,

3. OnpenenuTbes ¢ MECTOM MTPOBEACHUS MEPOIIPHUSTHUS;

4. [ToMo1ib ¢ caMOCTOSTENBHBIMH 3KCKYPCHOHHBIMH TIO€3]IKaMH B JPyTUe TOPOa, CTPAHBI U
[IpOYKEe UHTEPECHBIE MECTA;

5. 3aBOJUTE HOBEIC 3HAKOMCTBA;

6. Pemienue pazianyHbIX HHAMBUYaIbHBIX BOIIPOCOB.

9T10oT nmopraja akKTyaJdbHO TEM, 4YTO IIO3BOJIACT OTCTPAHUTLCA OT MHTCPHCTA, TaldKCTOB,
WH(POPMAIIMOHHBIX TEXHOJOTHH M MOTPY3UTHhCS B CIIOPTHBHBIC WIPBI, pa3iMdHbie X000M M JOCYroBbIE
MEPONIPHUSATHS, 03T0POBUTHCS, TO3HAKOMHUTHCS C HOBBIMH JIFOJBMHU C OOIIMMHU HHTEPECAMH, PACITUPUTH CBOM
KpPYTro30p U ICUXOJIOIMYECKOE COCTOSIHUE OOILIEHUEM C €TUHOMBILIUIEHHUKAMH.

YroObl pa3paboTaTth moOpTai il OObEAMHEHUS JIOACH 10 HMHTEpecaM C NPHUMEHEHHEM METO/I0B
(opMHpOBaHUsI PEKOMEHIAIMI CTABSATCS U PEIIAIOTCS CICAYIONINE 3a/1a4H:

- AHanu3 MeToJ10B (POPMHUPOBAHUS PEKOMEHIAITHIA;

- AHa/U3 CYIIECTBYIOIIUX CUCTEM;

- I/I3yquHe MCTOOOB aHAJIM3a U BU3yaJIM3allui JaHHBIX;

- Pa3zpaboTka apXuTeKTypsl IOpTAIIA;

- Pa3paboTka 6a3bl JaHHBIX U 0a3bl 3HAHUI MOpTaNa;

- Pa3paboTka nmoprayia ¢ mpuMEeHEHUEM METOI0B (POPMUPOBAHHS PEKOMEH/IAIIH,

- COop maHHBIX IO TPYMIaM, COOBITHIM, TOJIB30BATENISIM B OOIIIMM HHTEpECcaM;

- MHOTOMEpHBIH aHAIIN3 U BU3yau3alys JaHHBIX.

[TpoBenst aHanM3 HECKONBKUX MOPTAJIOB 00ECIIEYNBAIONINX O0BENMHEHHE JIOACH 10 MHTEpecaM Ha
NPEeIMET COOTBETCTBHS HMX  IIOCTABJICHHBIM  IENAM, TNCHXO(DH3HOJIOTHYECKMM TpeOOBaHUSAM U
MHPOPMATHBHOCTH, a TAaKXKE KOPPEKTHOCTH BBIOOpA CPEICTB pa3pabOTKH MOKHO BBIACTHUTH CIETYOIIUE
XapaKTePHbIC HEIOCTATKU:
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- HECOOTBETCTBUE TMOpTaja IMCUXO(PHU3UOIOTUYECKUM TpeOOBAHUSIM, KOTOPOE MPHUBOJUT K
MOBBIIIEHHOW YyTOMJISIEMOCTH WJIM OTBJICYCHUIO BHUMAHMUS;

- YBJIICYCHHE aHMMAaIMeH, rpapUuecKuMi H300paKCHUSMU M BHIEO (parMEHTaMH, KOTOPHIE HE
HECYT CMBICIIOBOM Harpy3Ku, aBTOMaTH4YECKH BJIEUET 32 OO0 yMEHbIIEHHE KOJIMYECTBA MOTEHLUAIBHBIX
MOCETUTENICH MopTaia, TaK Kak MOBBIIIACT TPeOOBaHMS K MPOMYCKHON CIOCOOHOCTH MHTEPHET COCIMHEHUS
u 00beM Tpaduka;

- U30BITOYHOCTh WJIM HEJJOCTATOK MPECTaBICHHON HH(OpMaLIUK;

- HEKOPPEKTHBIM BBIOOp CPEACTB pa3pabdOTKH, KOTOPHIA Bie4eT 3a co00il HEOoOOCHOBAHHOE
MOBBIIIEHNE CTOMMOCTH TOTOBOTO MPOIYKTA.

Takum o6pazom, onpeneneHne GyHKINOHATbHBIX BO3MOXKHOCTEH CPECTB U A3BIKOB JUIs pa3paboTKU
rnoprajia, a Takke NCUXO(PU3UOIOTHMYECKUX TpeOOBaHUM, MPEABbABISEMbIX K TEKCTOBOM M Ipaduueckoit
uH(pOpMAIMK TPEICTaBICHHAs Ha SKPaHe MOHUTOPA, MPEICTABISIETCS aKTyalbHOM 3amadeii [2, ¢ 496].

K Tomy ke celiyac, Korja YHCIO OHJIAMHOBBIX IOJIb30BAaTENEH oreHuBaercs Oonee dem B 500
MUJIJTMOHOB Y€JIOBEK (MPUYEM 3TO YUCIIO PACTET CO CKOPOCTHIO MPUOIU3UTENBHO 7% B MecslLl), TPUXOIUTCS
UCKaTh MyTH UCIIOJIB30BAHMUS HOBBIX TEXHOJIOTUH, KOTOPbIE MOIJIM OBl OKa3aTh COACUCTBUE B MPHUBIICUCHUHU
U yJiep>KaHUM BHUMaHUS TOJIb30BaTENeH, My TENIECTBYIOMIUX MO0 0e30peKHBIM MMPOCTOPAM UHTEPHETA.

[MomxoauTs K 3a7aue cO3JaHNUsI COOCTBEHHOTO «MHTEPHET-TIPEACTABUTEIILCTBAY CTOUT OTBETCTBEHHO.
[TopTan nomxeH ObITh YJ0OEH B UCIOJIb30BAaHUM — CTPAHUIIBI JTOJDKHBI 3arpyKaThCsl Kak MOYKHO ObICTpee, a
caM pecypc AOJDKEH o0JajgaTh JIOTUYHOM M TIOHSTHOM CTPYKTYpod. TONBKO B TakoM ciydae MOXKHO
paccuuThIBaTh HA TO, YTO MOCETUTENb 3aMHTEPECYETCs MPEJIOCTaBICHHON HH(pOopMalMen U 3alep>KUTCs Ha
mopraie [3, ¢ 448].

[Ipoananu3upoBaB MoAoOHBIE CAaWThl B MHTEPHETE MPHUIIENT K BBIBOAY YTO OUYEHb Majo CalTOB
00BEeIMHSIOIINX JIIOJICH 1o MHTEepecaM u paboTaromux B Kazaxcrane. MHOTrHe mopTaibl OpUEHTHPOBAHBI U
paboTaoT B TOJIBKO OONBIIMX TOpojax. XOpOIIWE JOCTYIHBIE MOPTalbl B OCHOBHOM HE OecIIaTHBIE.
Hekropsle 3apyOexHbie MOpTajbl JTOCTYIHbl B OCHOBHOM Ha aHTJIMHCKOM si3blke. ECTh mopranbl KOTOphIe
3anporpaMHUUpPOBaHHBI TOJHKO B OJJHOM HAIPaBIICHUH, Hanpumep: GyToo.

Taxxxe B Hactosmuii MOMeHT B Ka3zaxcTaHe uaer mporpecc B 00€Cl€YHUM J0CYra U pa3BiIeueHUi
JIETPOHHBIMH MOpTajamMu, npuiokeHussMu. K Takum otHocsitcst Web-callThl 1 MOOWIIbHBIE TPUIIOKEHUS
KHHOTETPOB, MO3BOJISAIONIAs IOJ00paTh yI00HOE BpEeMs CeaHca, a TaakKe MOKYIIKY JIEKTPOHHBIX OHIIETOB,
HO OHU OPMEHTHPOBAHHBI Ha 00OTrallleHus], IPUBJIEUECHHE KIMEHTOB 0€3 UX B3aUMOJIEHCTBUS, JUIsl OOIIEHUS
JIFOAEH OHU HE TTPUEMIIEMBI.

B xoze ananmza mOJOOHBIX MOPTANOB MPHUIUIM K BBIBOAY, YTO pa3paboTKa HaIIero mnopTajia
MO3BOJIUT TIEPEHTH HA HOBBIM ypOBEHb MH(OPMATH3AIMU, 00CETICUYUTD JIFOJIEH JOCYTOM U pa3BICUYCHUSIMH B
JIETKOM JIOCTYIHOCTH W OpraHM3alus JIOOBIX JOCYTOBBIX MEPONPUATUI Ha KOMIBIOTEPE, MOOMIBHOM
TenedoHe.

[Ipoananu3upoBaB S3bIKM MPOrPAMMHUPOBAHUSA U Cpebl pa3paObOTKHU MOPTAIOB MPUILIA K BBIBOIY
910, B paszpaboTke mopTana sl OOBEAMHEHUS IO 10 HWHTepecaM C MPHUMEHEHHEM METO/I0B
(dbopMHpoBaHHs PEKOMEHIAMI Mbl OyieM ucmosb30Bath (perimBopk Sublime Text 3 u nokanbHBINA cepBep
XAMPP, moromy uro ¢peiimBopk Sublime Text 3 u mokameubiii cepep XAMPP o6namator BceMu
(GYHKIMAMH M BO3MOKHOCTSIMM JUJISL CO3JIaHUsl TopTaia Uil OObEeIUHEHHUs JIoeld Mo HMHTepecam C
MPUMEHEHHEM METO/I0B (POPMHUPOBAHUS PEKOMEHIAITHIA.

[Ipumenenne mnoprana i OObEOMHEHUS JIOACH IO HMHTEpecaM C MPUMEHEHHEM METOJIOB
(hopMUpOBaHUS PEKOMEHALMI SIBJISETCS MEPCIeKTUBHBIM. [lopTan crmocOcTByeT B OpraHu3aiiiy 10cyra u
pa3BieueHHil B OOILECTBE, MO3BOJSET MOBBICUTh M YJIYULIMTh CBOE (PU3NUYECKOE U JYXOBHOE COCTOSHHE,
pacIupuTh KPyro3op, MO3HAKOMHUTBCS C MHTEPECHBIMU JIIOJbMH M PEIIUTh JIMYHBIE BOTPOCHI, COKPATHThH
BpeMsl Ha TIOUCK €IMHOMBIIIUIEHHUKOB.
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