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COBPEMEHHBIE PAIUOTEXHUYECKUE
U TEJIEKOMMYHUKAILIMOHHBIE CUCTEMbI

VIIK 378.14

PEAJIM3 ALV IIPAKTUKO-OPEHTVIPOBAHHOTI'O ITOOXOOA
B IIOATI'OTOBKE CIIEIMAJIMICTOB I10 PAOVMOTEXHWKE
N CMCTEMAM CBJI3U

H.B. I'osioBanoBa®,
B.A. PoroBa

Mocrkosckuii mexuonoeuueckuii ynugepcumem, Mockea 119454, Poccus
@4emop ons nepenucku, e-mail: Golovanova@mirea.ru

CraTbs MOCBsIIlIEHAa PACCMOTPEHUIO (HOPM, METOZOB U MEXaHU3MOB Pealln3aluy MPaKTH-
KO-OPHUEHTUPOBAHHOTO MOIXO0/A K MOJTOTOBKE MOJIOJIBIX KaJPOB M0 HHKEHEPHO-TEXHUUECKUM
HaMpaBJIeHUSIM U CIIeIMATBLHOCTSIM. J[aHHBIN MOIXO0/ pacCMAaTPUBAETCS KaK OTHO U3 KITFOYEBBIX
ycloBuil obecnieueHust TpedyemMoro paboTonaTenssMyu KauecTBa UX MOATOTOBKH. Mcmonb3oBa-
HUE CBEJCHUU O TPYAOyCTPOICTBE MOJOABIX CHEIHMATUCTOB MO3BOJIMIO CIETaTh BBIBOJ, YTO
NOTPEOHOCTh B CHEIMAINCTaX, B CHIIy LIEJOr0 psiia MPUYUH, TaK U OCTAETCs HEYIOBIETBO-
peHHoii. Ha nmpumepe naHHBIX, XapaKTepU3YIOIIUX OCHOBHBIE MEPOIPUSITHS, peanu3yeMble B
pamMKax MpaKTHUKO-OPHUEHTUPOBAHHOTO MOJX0/Ja K MOATOTOBKE CIEIUATMCTOB MO PaIUOTEXHH-
K€ M CHCTEMaM CBSI3U, B CTaThe JAETCS KOMIUIEKCHOE MpeACTaBIeHUE O (PaKTHYECKOM COCTO-
SITHUM TIPAKTHUYECKOM MOArOTOBKM OyIYyIIUX BBIMTYCKHHKOB By30B. BmecTe ¢ Tem obecrieueHue
paccMaTpuBaeMoro Mojxo/ia TOJIbKO YCUIMSMHU 00pa30BaTeIbHON OpraHu3aluy He MO3BOJISIET
MOJTy4YHTh HY)KHOTO 3¢ dekra. OCHOBHBIM (dakTopoM d(HPEKTUBHON €ro peaau3aiuu SBIsSeT-
Csl aKTMUBHOE y4acTHe B 3TOM Ipoiiecce npoduiabHbIX mpennpustuii. OnHako, HECMOTpPS Ha
OYEBUAHYIO MOTPEOHOCTH B KaJapax, IPEANPUITHS HE OYEHb OXOTHO MAYT Ha MOJOOHOTO poaa
B3aMMO/ICHICTBYE, HE BBIMIONHSS MOPOM Jake 00S3aTeNbCTB, MPEIyCMOTPEHHBIX T0TOBOpaMU
0 1eJIeBOM moaroToBke. B crarbe ommchiBaeTcst onbit MUPDA, KOTOpPBI Yepe3 HHCTUTYT Oa-
30BbIX Kadeap peuraeT 3HAYUTEIbHYI0 YacTh BOMPOCOB MO OPTaHU3alMd U UHTEHCU(UKALIUN
MPaKTHUYECKOM MOAroToBKU oOydaromuxcs. [Ipu ycnoBuu 3¢ dekTuBHON peanus3anuu npaKkTu-
KO-OPHUEHTUPOBAHHBIN MOXO]] TIO3BOJIUT 00ECTIEUUTh COATaHCUPOBAHHOCTH I€ATEILHOCTH 00-
pa3oBareabHONM OpraHU3aIlui U HHTEPECOB paboToaaTeNeH.

Knioueswie cnoea: xkauecTBo MOATOTOBKU KaJIpOB, TPYAOYCTPOUCTBO, IPAKTUKO-OPUEHTH-
POBaHHBIN MOIXO0, TPOPHUIBHBIC IPEIIPUATHS U OPraHU3aIUY, B3aUMOJICHICTBHE CO CTpaTeTu-

YECKUMU NIapTHEPAMH.

IMPLEMENTATION OF THE PRACTICALLY-ORIENTED
APPROACH IN THE SPECIALISTS TRAINING ON RADIO
ENGINEERING AND COMMUNICATION SYSTEMS

N.B. Golovanova®,
V.A. Rogova

Moscow Technological University, Moscow 119454, Russia
@Corresponding author e-mail: Golovanova@mirea.ru
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Pearmzanms IIPaKTUKO-OPMEHTMPOBAHHOI'O I10AX0Ja B IIOATOTOBKE CIICIIMAIVICTOB I10 paMOTeXHMUKe
" cucreMamM CBA3U

Using the employment data of young professionals allowed concluding that, despite the
need for specialists, for a number of reasons including the dissatisfaction of employers with the
junior specialists training this need remains unfulfilled. Based on the data describing the main
activities implemented within the scope of the practice-oriented approach in the training of
specialists in radio engineering and communication systems, the article gives a comprehensive
idea of the actual status of practical training for future graduates of higher educational
institutions. At the same time, the provision of practice orientation only through the efforts of
the educational organization does not allow obtaining the desired effect. The main factor in the
effective implementation of a practice-oriented approach is the active participation of profile
enterprises in this process. However, despite the obvious need for personnel, enterprises are not
very eager to engage in this kind of interaction, sometimes not even fulfilling the obligations
stipulated in treaties on targeted training. The article describes the experience of MIREA, which
solves a significant part of the problems associated with the organization and intensification of the
practical training of students with the use of the basic departments. An effective implementation
of the practice-oriented approach will ensure the balance of the activities of the educational
organization and the interests of employers.

Keywords: quality of training, employment, practice-oriented approach, profile enterprises
and organizations, interaction with strategic partners.

Paz[HOTeXHquCKHe CHCTEMBI, IOSBUBIIHNECS B IBAJLIATOM CTOJETHH U MOJIY4YHUBILIHUE B IO-
cienyroueM OypHOE pa3BUTHE, CETOAHS LIMPOKO UCIOJIB3YIOTCS MPAKTHUECKU BO BCEX
cdepax )KU3HEAEATEIbHOCTH, BBIMONHAS IIMPOKUI KPYT 3a/1ay, CBSI3aHHBIX C Iepegadei u us-
BiedeHneM HHpopMmanuu. OZHOBPEMEHHO ¢ POCTOM 3HAUUMOCTH PAJIMOTEXHUYECKHX CUCTEM
BO3PACTACT UX CIOKHOCTb, OOYCIIOBIEHHAs HEOOXOIMMOCTBIO yuyeTa MpHU MPOEKTHPOBAHUU
MHOTHMX (PaKTOPOB Pa3sHOOOPA3HOro xapakrepa. PacreT ynenbHas CTOMMOCTh paglOTEeXHHUYE-
CKUX YCTPONCTB KaK COCTaBHBIX IEMEHTOB CIOXKHBIX TEXHUUECKUX CUCTEM.

OnHuM u3 pakTopoB Pa3BUTHS PAAUOTEXHUKU U CUCTEM CBSI3HU, UX POEKTUPOBAHMS U TIOAI-
JIEpKaHus Ha IOJDKHOM YPOBHE 3KCILTyaTallMOHHBIX XapaKTEPUCTHK SIBIIECTCS HAIMYKME KaJpOB
BBICOKOM KBalM(UKaLMK, KIFOUYEBasi POJIb B MOATOTOBKE KOTOPBIX MPHHAMICKUT cepe mpo-
(heccroHaNBHOTO, B TOM YHCIE BhICIIETro, oOpazoBanus. OQHAKO, IO MHEHUIO MHOTHX OTeye-
CTBEHHBIX CIIELIUAJIMCTOB, CErOJIHS POCCUICKAs SKOHOMUKA He o0ecredyeHa B TpeOyeMOoM KOJIH-
YeCTBE U Ka4eCTBE KaJ[paMU, COOTBETCTBYIOLIMMH COBPEMEHHBIM TPEOOBaHUAM, IIPEXK/IE BCETO,
10 MHKEHEPHO-TEXHUYECKUM criellnanbHOCTIM. [Ipruem sTa mpoliiema XxapakTepHa npakTuye-
CKH JUIs BCEX BUJIOB U C(hep MHKEHEPHO-TEXHUYECKOH AedaTenbHOCTH. M nanHbiil pakT Ha3bIBa-
€TCsl B UUCJIE OCHOBHBIX IPUYMH MEUIEHHOTO Nepexoia K 3JKOHOMUKE MHHOBALIMOHHOTO THIIA.

O cymecTBytoleil npoOineMe HEXBATKM MOJIOJBIX MH)KEHEPHO-TEXHUYECKUX CIIeLUaIu-
CTOB CBUJETEJBCTBYIOT U MEXKIYHapOAHbIE OLEHKU. Tak, OJHON M3 COCTaBISIOUIMX IN100alb-
HOTO MH/IEKCAa MHHOBAIMH, KOTOPBIN B HACTOSIILEE BpPEMsl IPU3HAETCS] MHTErPaIbHOM XapakTe-
PUCTUKON YPOBHSI SKOHOMHUYECKOTO Pa3BUTHS, SIBISETCS BbICIIee 0Opa3oBaHue. 3a NOCIeaHNe
Tpu roaa Poccuiickas deneparys ynydiinia CBOU MO3UIKHU B ITI00AJIbHOM UHJIEKCE MHHOBALIUH
10 CyOUHIEKCY pecypcoB MHHOBALIUH (KyJa HEMOCPEICTBEHHO BXOAUT 00pa30BaHKE), TOHSB-
mMCh ¢ 52-0i mo3uuuu Ha 43-10. YpoBeHb pa3BUTHsI BbICIIEro oOpa3zoBaHus B Poccum mex-
JYHapOIHBIMU 3KCIIEPTAMH OTHECEH K YHUCIY CHUJIbHBIX CTOPOH MHHOBALIMOHHOIO PA3BUTHUS.
OpnHako B 4yacTH 00pa30BaHUs Halla CTPaHA BXOAWUT B TPOMKY MHUPOBBIX JIHJIEPOB TOJIBKO IO
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H.b. T'ostoBaHoBa, B.A. Porosa

MOKA3aTeNI0 YUCIEHHOCTH JKEHIIMH C BBICIIMM OoOpa3oBaHHeM. B To Bpems Kak Mo YUCIIEH-
HOCTH BBIITYCKHUKOB 00pa30BaTeIbHBIX OpPraHU3alMii BBICIIET0 00pa30BaHUs 10 HAYYHBIM H
MHXEHEPHBIM CHEIHAIBHOCTIM (B KOTOPBIX 0COOEHHO HYXKIAE€TCsl POCCUNCKAs SKOHOMUKA) B
2017 r. Poccus 3ansina 13-e MecTO, OIMyCTUBIIMCH HA JIBE MTO3UIIMH 110 cpaBHEeHMIO ¢ 2016 T [1].
JleficTBUTENBHO, €ClIn 0OPAaTUTHCS K JaHHBIM POCCHICKOM CTAaTUCTUKH BBICIIETO 00pa30-
BaHUS, TO CTAHOBUTCSI OUYEBUHBIM, UTO OCHOBHOM BBIITYCK B a0OCOJTIOTHOM M OTHOCHUTEIBHOM
BBIPAKEHUH NIPUXOJUTCS HA BBIITYCKHUKOB 110 IPYyIIIE ClIEHUaIbHOCTEN « DKOHOMMKA U yIIPaB-
nenue» (32.2% obmero Boimycka 2016 r.). KonnuecTBo e CIEUaaicTOB ¢ BBHICIIUM 00pa-
30BaHUEM I BUJIOB JIEATEIBHOCTH, ONPENEISIIOIINX TEXHUYECKUI MTPOrpecc U BO3MOKHOCTh
OTIEPEIKAIOIIETO PA3BUTHSI BHICOKOTEXHOJIIOTUYHOT'O KOMITJIEKCA, IBHO YCTYMAET COLUAIbHO-IKO-
HOMHMYECKUM M T'YMAaHUTAPHBIM HAIPABICHUAM MOATOTOBKHU. Kak cienyeT U3 l1aHHBIX, IPUBE-
JEHHBIX B Ta0J. 1, yBeianueHue BhIMYyCKa, HallpUMep, Mo rpyImme cnenuanbHocteit «IIpubopo-
CTPOEHUE U ONTOTEXHUKAY, « DIEKTPOHHAS TEXHUKA, PAAMOTEXHUKA U CBSI3b» B OTHOCUTEIIBHOM
BBIPAQ)KEHUH BBHIMISAUT BEChbMa BHYIIMTEIBHO, COCTABUB 3a ofHM roj 18.8%. Onnako B abco-
JIOTHOM BBIPaK€HUU — 3TO Bcero juilib 1 908 yenoBek, U B 00LIEM BbIIYCKE OpraHu3aluii
BBICIIIETO 00pa30BaHUs J0JIs BBITYCKHUKOB paccMarpuBaeMbIx rpymni B 2016 . yMeHbIIMIIACh
o cpaBHeHMto ¢ 2015 1. ¢ 1.7% no 1.6%. IIpu 3TOM yznenbHbIN BEC BBITYCKHUKOB IO IPyIIIe
«OKOHOMHMKA U yHpaBiIeHHe» cocTaBmi 56.6% oT ob1ero Beimycka [2, c. 342-343].

Tadauna 1. Boimyck 6akanaBpoB 00pa3oBaTeIbHBIMU OPraHU3aLMSIMU BBICIIETO 00pa30BaHMs
0 OTJEIBHBIM I'PYTIIaM ClIeIHaTbHOCTEN

T'on
. 2015 2016 Temn uzmenenus,
I'pynmel cnennansHOCTEH o
BCETO, % K BCETO, % K 0
qed1. UTOTY Yelt. UTOTY
Bcero 589 754 100.0 | 762577 | 100.0 129.3
DHepreTuka, SHePreTHIECKOe MAIIMHOCTPOCHHE 15977 2.7 21 816 2.9 136.5
1 3JIEKTPOTEXHUKA
[IpubopocTpoeHNE 1 ONITOTEXHUKA 2 600 0.44 3105 0.41 119.4
DJneKTpoHHasi TEXHHUKA, PaIMOTEXHUKA U CBSI3b 7583 1.3 8 986 1.2 118.5
ABTOMATHKA U YIIPaBJICHUE 11028 1.9 13371 1.8 121.2

CripaBeIyTMBOCTH pajiv HAJI0 CKa3aTh, YTO B OJMKAMIIIME TOIBI CIIEYET OKHUIaTh U3MEHEHUS
CTPYKTYPBI BBIITYCKa 3a CUCT YBCIIMYCHUA T0JIU BBIITYCKHUKOB IO MHXXCHCPHO-TCXHUYCCKHUM
CIIEUATBHOCTAM, KOTOPBIE POU30MAYT KaK pe3y IbTar [eIeHapaBIeHHON TOJTUTUKN OPTaHOB
yIIpaBJIeHUs B cepe BhICIIEro 00pa30BaHUs U YCUIINI caMUX 00pa30oBaTeIbHBIX OpraHnu3aIii
10 TIPUBJICUCHUTIO a6I/ITypI/IeHTOB Ha MHXXCHCPHO-TCXHUYCCKUC HAIIPABJICHUSA U CIICIUAJIbHOCTH
MOATOTOBKH. B 4acTHOCTH, K HACTOSIILIEMY MOMEHTY YK€ 4eTKO 0003HAYMIIaCh TCHACHIIUS CO-
KpalCHUsA YMCJICHHOCTH IMOCTYNAIINX Ha HAMPaBJICHUA U CIICHHUAJIbHOCTU I'PYIIIbL «DKOHO-
MUKa U yIpaBlieHue», 10Js kotopoil B npueme 2016 r. cocraBuna 17.8% (B 2015 . — 19.9%).
[Tpu 5TOM YHCIEHHOCTH CTYACHTOB, OCTYNHMBIINX HAa HANPABICHHUS U CIICIMATBHOCTH MHIKE-
HEPHO-TEXHUYECKOI HANPaBICHHOCTH, PACTET U B aOCOFOTHOM, ¥ B OTHOCUTEIILHOM BBIpaKe-
HuM. B YaCTHOCTH, I10 I'pyIIIC <<9J'IGKTp0HHa$I TCXHUKA, PAAUOTCXHHUKA U CBA3b)» YHUCIICHHOCTDb

'Paccuntano Mo JaHHBIM CTaTUCTHYECKOTO OrojuieTenst «O6pasosanue B Poccun» — 2017 [2, ¢. 342-343].
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MIPUHATBIX B TOCYIapCTBEHHBIE 0Opa3oBaTenbHble oprann3anuu B 2016 . cocraBuna 18 771 ye-
noBek. OHa He3HaunTenpHO, Ha 1.1%, HO mpeBbicuia Habop 2015 1. YBenuumiIace Takxe 10
MOCTYIUBILIMX Ha JAHHYIO TPYIITY CHEUAJIbHOCTEN B OOIIEH YUCIEHHOCTH MpUuemMa, KoTopas
B 2016 1. cocraBuia 1.81% 1o cpaBuenuto ¢ 1.77% B 2015 r. OcHOBHas1 YacTh MOCTYNUBILIUX
(77%) obyuaercs 3a CYET CPEICTB OIOMKETA, YTO CBUJIETENILCTBYET O JIOCTAaTOYHO OOBEMHOM IOCy-
JTAPCTBEHHOM 3aKa3€ Ha MOJTOTOBKY CIEIMAIMCTOB 0 JAHHOM Irpymie cuenuaibHocTei [2, ¢. 327].

OnHaKko HaMETUBLIMECS MTOJIOKUTENBHBIE TEHCHIIMY B BBIITYCKE CIIELIMAIUCTOB C BBICIINM
o0pa3oBaHHEM Il BOCTPEOOBAaHHBIX SKOHOMHUKON OTpacieil v BUIOB JESTEIbHOCTH HE MOTYT
€Ille CIYXXHUTb TOATBEPKACHUEM TOTO, YTO MPOodIemMa 00ecTiedeHns KBAIU()UITUPOBAHHBIMHU Ka-
JpaMu pemiaercs ycnemHo. [Ipobiema He TOIBKO B KOJIMYECTBE MOATOTOBICHHBIX CHEIUANIN-
CTOB, HO U B KQU€CTBE UX MOJrOTOBKHU.

B cootBercTBHM co crangaptoM ISO 9000:2000 mox kauecTBOM MOHUMAETCSI CTENEHbB, C
KOTOPOW COBOKYIHOCTh COOCTBEHHBIX XapaKTE€PUCTHK BbINONHsAET TpeOoBaHus. Eciu HOocH-
TEJIEM KayecTBa SIBSIETCSA BBIMTYCKHUK OOpa30BaTelIbHOM OpraHM3aldy BBICHIETO 00pa3oBa-
HUS, TO, UCHIOJB3YS JAaHHOE ONpe/ieeHne, OyIeM CUUTaTh, YTO KaueCTBO MOATOTOBKH KaJpOB
MIPEJICTABISIET COOTBETCTBUE COBOKYITHOCTH XapaKTEPUCTUK BBITYCKHUKA By3a TpeOOBaHUSM,
IIPEIbABISEMBIM K BBIITYCKHUKY 3aMHTEPECOBAaHHBIMM CTOpOHaMu. Eciin roBoputh 00 3KOHO-
MHUKE, TO HOCUTEJIEM TPeOOBaHUM sIBIIsIeTCS pabOTOAATENb, @ KPUTEPUEM KaueCTBa BbIITYCKHUKA
B 9TOM ciIy4ae OyJieT BOCTpEOOBAaHHOCTH BBITYCKHUKA PHIHKOM TpY/Aa, BOCHPUSATHE MOJIOI0TO
cnienuanucra padoroaaresneM. By3bl JOIKHBI TOTOBUTh TAKMX MOJIOABIX CHEIMAINCTOB, KOTO-
pbie OyayT YIOBIETBOPSTH MOTPEOHOCTH HE HEKOETO YCPETHEHHOTO paboToaarens», a ¢ yue-
TOM OCOOEHHOCTEHN PErMOHAILHOTO M TEPPUTOPUATILHOTO phIHKA Tpyaa. B cBoto ouepens, 3tu
OCOOEHHOCTHU CBSI3aHbI CO CTPYKTYPOIl PErHOHAIbHBIX OTPACIEBbIX PHIHKOB, YPOBHEM 3KOHO-
MHUYECKOTO Pa3BUTHUs PETMOHOB U TEPPUTOPHIA, OCOOEHHOCTAMHU OPraHU3ALMIOHHO-IIPABOBBIX
(dbopM npeanpusATHA U APYTUMHU HaKTOpaMu.

W3meHenue TpeOOBaHUHN, MPEAbABISEMbIX K BBIITYCKHUKAM BY30B, YMEHbIIaeT HH(OpMa-
LIMOHHYIO LIEHHOCTb ITOKa3aTellsl BhIIIyCKa crenuanucToB. KitoueBoe 3Hau€HUE ¢ yueTOM HO-
BBIX TPeOOBaHUI MPHOOpPEN MOKa3aTellb TPYA0yCTPOICTBA?, KOTOPHIi BOIIET B CUCTEMY IOKa-
3areliedl, UCHOIb3YEMBbIX Ul OLICHKH JeSITEIbHOCTH 00pa30BaTeNIbHBIX OpraHu3alyii, U cTall
IIPEMETOM €KErOHOr0 MOHUTOPUHIa. OCHOBBIBASICh HA JAHHBIX O TPYAOYCTPONCTBE BBITYCK-
HUKOB, MOJKHO COCTaBUTh IPEICTABICHUE O KaU€CTBE OATOTOBKH KaJpOB IO NHKEHEPHO-TEX-
HUYECKHUM CHEIHATbHOCTSM U C/IEaTh BHIBOJBI O CYIIECTBYIOIUX MpoOiIeMax.

[To nanHBIM cHenMaIbHO Oprann3oBaHHOro Poccratom oOcnenoBanus (Bbimyck 2010—
2015 rr.), BBIMYCKHUKN MHKEHEPHO-TEXHUUECKUX CHEIMAIbHOCTEN UMEIOT BBICOKHE ITOKa3a-

*Borpoc 00 HCIIOIb30BaHUH TIOKA3aTelsi TPYAOYCTPOICTBA SBISIETCS TOCTATOYHO CIIOPHBIM M JTUCKYCCHOHHBIM. Jleii-
CTBUTEJBHO, €CIH OBbI TPYAOYCTPOHCTBO 3aBHUCENO TOJIBKO OT YPOBHS MOATOTOBKU MOJIOIOTO CIEUHATIHCTa, Toraa 0e3
COMHEHHSI MOYKHO OBLTO OBI IPHHSATH €ro Kak HanOoJee afaeKBaTHBIH IS OLEHKH JESTEIbHOCTH By3a C TOYKH 3PEHHUS
peaym3ayu ero 3KOHOMHYeckoi GpyHKIH. Ho B NeCTBUTEIBHOCTH TPYIOYCTPOUCTBO 3aBUCHT OT MHOXKECTBA (PaKTO-
POB, YaCTh U3 KOTOPBIX HE 3aBHCHUT OT BBIITYCKHUKA BBICIIIEr0 Y4eOHOTO 3aBeeHus. K yuciy Takux (akTopoB OTHOCHTCS
CHTYaIIUs Ha pHIHKE TPy/a (HACKOIBKO cOaaHCHPOBaH PHIHOK TPy/a Ha TEKYIINIt MOMEHT), COCTOSTHUE TPYIOBOH MHTpa-
UM B ONIPEICIICHHOM pETHOHE, HAMEpeHHs paboToIaTels U peann3yemast UM KaJIpoBast MOJUTHKA | Ip. HemanoBaxHoe
3HAYCHUE UMEIOT U O’KHIIAHUS BBIITYCKHUKA, CBSI3aHHBIE C TIpeIaraeMoi padorozaresieM 3apabOoTHOH II1aToH, HAINIH-
€M BO3MOXKHOCTEH KaphepHOTo pocTta 1 np. Kak ObI To HU OBLI0, TPYIOYCTPOICTBO, CBI3aHHOE C IIOKA3aTeISIMH BBIITYCKa
MOJIOZIBIX CIICIMAJIMCTOB, HA CETOTHSIIIHUN IeHb SBIIAETCS MPAKTUYECKN €IMHCTBEHHBIM ITOKa3aTesieM, Ha OCHOBAHUH
KOTOPOTO MOXKHO CYITUTB O TOM, HACKOJIEKO YKOHOMHUKA 00€CIIeYnBAETCSI MOJIOABIMHU KaIpaMH ¥ HACKOIIBKO OHH COOTBET-
CTBYIOT TpeOOBaHMIM paboToaTene.
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TEJH TPYAOYCTPOMCTBA, MPEBBIIAIOIINE CPEAHEPOCCUICKUI YPOBEHb, KOTOpbIN B 2016 I. co-
ctaBui 90.5% (puc. 1). [1o rpynne cnenuanbHOCTEH «DIEKTPOHHAS TEXHUKA, PAIUOTEXHUKA
U CBS3b» TPYAOYCTPOMCTBO IO JAHHBIM 00CIENOBaHUs cOCTaBUIO 94.2%, 4TO MO3BOJISET I10-
JIOKHUTEBHO OIIEHUTH PE3YIIBTATHI I TEILHOCTH 00pa30BaTeNIbHBIX opranu3anuii. OTpaaHbpIM
ABJSIETCA TOT ()aKT, YTO BBITYCKHUKHU JAHHOM I'PYIIBI CIIEHUAIBHOCTEN 110 TPYAOYCTPOHCTBY
3HAUUTENIHO OINEPEKAIOT BHITYCKHUKOB MHOTHMX JIPYTHX IpYII, 3aHUMAasi JAEBATYIO MO3HILIUIO
u3 27 (1o 4ucily yKpyHMHEHHBIX TpyMI crenuaibHocTe), u TeMm cambiM Bxoad B TOII-10 mo
II0KA3aTelI0 TPYOyCTPOICTBA BBIITYCKHUKOB [3].

a7.6

3. MHDOPRUATVIC M 4. NETON
BEMUCTMTENEHAR TEXHAA TPARNEHAE

B TpyooycTpoRCTED

= TpynoycTpoicTRO NepROi padoTel N0 NONYYEHHON CNELUNANEHOCTH
mTekywan 3aHATOCTL N0 CNELWanLHOCTH

Puc. 1. TpynoycrpoiictBo BbiyckHUKOB 2010-2015 ro1oB (B IpoLIeHTaX OT BBIITyCKa).

CuTyanus BBIIVISIIUT yKe HE CTOJb OJIaroroyYHON MPH paCCMOTPEHUH TPYAO0YCTPOMCTBA IO
CHEIMAIbHOCTH, MOJIy4YE€HHOM B By3e (cM. puc. 1). 31ech Mo BceM IpyIinaM CrelaibHOCTEH 1mo-
Kazarear HUKe OOIIEero YpOBHS TPYIAOyCTpoicTBa, 0ocoOeHHo 1o rpymie «lIpubopoctpoenue u
orrrorexHuKay. [1o rpyrie « DeKTpoHHAs TEXHUKA, PATUOTEXHUKA U CBSA3b» TPYI0YCTPOMCTBO
10 CIELMAIIBHOCTH MPEBBIIIAET CPEIHEPOCCUICKUN YpOBEHb, cocTaBuBLIni B 2016 1. 68.7%,
Y BBIMYCKHHUKY JaHHOM TPYIIIbI CIIEIUAaTbHOCTEH BXOAST B UUCIIO Hanbosee BOCTPEOOBAHHBIX
peiHKOM Tpyna. OOparniaer Ha cebsd BHUMaHHE TOT (DAKT, UTO MO TEKYIIEH 3aHATOCTH TOKa-
3aTeNu TPYIOyCTPOMCTBA MO BCEM TpyMIaM CHeIUaIbHOCTEN (M3 paccMaTpuBaeMbIX), KpoMe
TPyNIbl « XHUMUYECKask TEXHOIOTHS, HECKOJIBKO IMOBBICHIIUCH, YTO, HECOMHEHHO, CIIETyeT pac-
CMaTpPUBaTh KaK MOJOKHUTEIbHBIA (DAKT.

AHanu3 TpyIOyCTpOICTBa BBITYCKHUKOB BY30B IO JaHHBIM BBIOOPOYHOIO 00CIETOBAHUS
Poccrara mo3BonsieT cenars BEIBOJA O TOM, YTO, HECMOTPS Ha HalInuue y paboTonareneii morped-
HOCTU B MH)KEHEPHO-TEXHHMUYECKUX KaJIpax, 3Ta MOTPEOHOCTh, OYEBUIHO, OCTACTCS HEYIOBIET-
BOpeHHOH. Ha 3T0 yKka3bIBaeT HAIMYUE HETPYI0YCTPOCHHBIX BBIITYCKHUKOB WIJIH TPYAOYCTPOCH-
HBIX HE 10 crenuabHOCTH. OTHOM U3 OCHOBHBIX TIPUYHH CIOKUBIICHCS CUTYallUN CAUTACTCS
HEJ0CTATOYHO BBICOKOE KAYECTBO MOATOTOBKH MOJIOBIX CIICIIHAIMCTOB (XOTS Ha TPYAOYCTPOM-
CTBO MOTYT BIIUAATh, M, HECOMHEHHO, BIIUAIOT, ()aKTOPbI TUYHOCTHOTO XapaKTepa).

KadecTBO kak SKOHOMHYECKAs] KaTeropHsl SIBISETCS CIOKHBIM MOHATHEM. YPOBEHb Kaue-
CTBa 00BEKTa 3aBUCHUT OT MHOKecTBa (hakTopoB. To ke camoe MOXKHO CKa3aTh U O Ka4eCTBE
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MOArOTOBKH KaJpOB, KOTOPOE SIBJISIETCSI MHOTOMEPHBIM IIOHATHEM, BKJIFOUAIOLIUM U Kau€CTBO
aOUTYPHEHTOB, M KaU€CTBO OPraHU3aIK y4eOHOTo Mpoliecca, U KadecTBO MpodheccopeKo-Tpe-
[10JIaBaTeJIbCKOTO COCTaBa, U YPOBEHb MMEIOLIEICS y 00pa30BaTeIbHON OpraHu3aluyu Mare-
puanbHO-TeXHUYECKOH 0a3bl U mp. [loaTOMY, KOHEYHO, YTOOBI CEPHE3HO MOBBICUTH KAYECTBO
MOJTOTOBKH KaJIpOB C TOYKH 3PEHUS UX BOCTPEOOBAHHOCTH pabOTOAATENIMH, HEOOXOAUM KOM-
TJIEKCHBIN TOAX0M, 00ecreunBaroIIni N3MEHEHUE BCEX COCTABIIAIOIINX Ka4yecTRa.

B xoHTekcTe paccMarpuBacMoOro BOIpPOCa BayKHO TO, YTO CPEAU IIPUYUH HETPYHOYCTPOM-
CTBA U TPYAOYCTPOICTBA HE MO CHENHUATBHOCTH, 0apbePOB, BOSHUKAIOLINX Y MOJIOJBIX CIICIH-
aJIMCTOB, a TAK)Ke MPOOJIEM, BbIIEICHHBIX pa00OTONATENAMHU, OJTHO U3 IEPBBIX IO 3HAUUMOCTH
MECT 3aHUMAET «OTCYTCTBHE MPAKTUUYECKUX HABBIKOB, OIBITA MPAKTHUECKON NEATEIBHOCTUY.
A IOCTaTOYHO BBICOKHM MPOLIEHT TEX MOJIOJIBIX CIIEIMAIIMCTOB, KOTOPBIX «IOYYHBAIOT» U «II€-
pPEYUYMBAIOT» MOCIIE TPYAOYCTPOMCTBA, CBUJIETEIBCTBYET O TOM, YTO YPOBEHb NMPAKTHUUECKON
MOJITOTOBKH BBIMTYCKHUKOB HE BIIOJIHE YCTpauBaeT padoToaaresie.

Bce BblieckazaHHOE MO3BOJISIET ClIEIaTh BBIBOJ O HEJOCTATOYHOCTH IMPAKTHUYECKOM MOJ-
TOTOBKM OOYyYaromMXCs M HEOOXOJMMOCTH PAcCMOTPEHHUs (OpM, METOJOB U MEXaHU3MOB,
HCIIONIb3YEMBIX B Ipoliecce 00pa3oBaHuUs (KakK €IWHOTO Ipoliecca 00ydyeHUs: U BOCIUTAHMS),
Y BO3MOYKHOCTSIX MHTECHCHU(PHUKAIIMN MX HCIOJIH30BaHUS Kak (PAKTOPOB MOBBIIIEHUS KauecTBa
MOATOTOBKH MOJIOBIX CIELHUATUCTOB.

B nensix pemeHus mocTaBiIeHHOM 3a/1auu, UCTIONB3Ys JaHHbIE, COOpaHHbIe B MOCKOBCKOM
TexHojoruyeckom yHupepcurere (MUPDA), paccMOTpUM CyIIHOCTH MPaKTUKO-OPUEHTUPO-
BaHHOTO TI0/IX0J1a, OCHOBHBIE HAINPABIICHUS €T0 pealn3aluu U MpoOJIeMbl UHTEHCU(PHUKAIINN
MPaKTHUYECKOM MOATOTOBKH CTYEHTOB, OOY4aIOIIKXCs 10 HAMPaBICHUSIM U CIIEHUATbHOCTSM,
CBSI3aHHBIM C PAJIMOTEXHUKON U cucTemMamu cBs3u. MUPDA nMeer Oonbinoi onbiT 06pa3oBa-
TEIbHON AESITENbHOCTH B O0JIACTH PATUOTEXHUKH M CUCTEM CBSI3H, MMOJITOTOBKA CIICIIUATHCTOB
JUIs. KOTOPOM Hayasla BECTUCh NMPAKTHUYECKU ¢ MOMeHTa obpazoBanus MUPOA. 3a Bce Bpems
(YHKIMOHUPOBAHHS YHUBEPCUTET MOATOTOBHII HEMAJIO KBATU(UIIMPOBAHHBIX BBIITYCKHHUKOB,
KOTOPBIE YCIIEIIHO 3aHUMAIOTCS NCCIIEA0BATEIbCKOU, IPOCKTHOM, KOHCTPYKTOPCKOM U IpyTH-
MU BUJAMH JIEATEIbHOCTH.

Pe3y.]'[bTaTbI HCCJICIOBAHUA

CoBpeMEHHOMY PBIHKY TpYy/la HY>KHBI IPAaKTUKO-OPUEHTUPOBAHHbBIE CIIEIIUAIHNCTHI, UMEIO-
LIM€ HE TOJBKO XOPOILUE TEOPETUYECKHE 3HAHUs, HO — YTO HEMAJIOBa)XKHO — OIBIT UX IpUMe-
HEHMsI Ha MIPAKTUKE, OTBIT BBINOJHEHUs PadoT, cBA3aHHbIX ¢ npodeccueil. Ilo naHHBIM MoO-
HutopuHra 2017 r., TpynoycTpoicTBO BbIyCKHUKOB MIMPOA mno paguorexHuKe U cucTeMaM
CBsI3U cocTaBWIIO 79.1%, 4TO BbIIIE aHAJIOTMYHOIO CPEHEPOCCUIICKOTO IT0KA3aTeNs 110 JAHHON
rpymnrne crenuaibHOCTe!, O YeM CBUIETENIbCTBYIOT JaHHBIE pUC. 2.

Ecnu oOparuThes K onieHKam padoToaaresei i OCHOBHBIX MaPTHEPOB 10 OATOTOBKE CIIELHU-
amuctoB o YI'HIIC 11.00.00, To ypoBeHb TEOPETUUECKUX 3HAHHUI BBIITYCKHUKOB yCTPauBaET
UX 3HAUUTEIbHO OOJIbIIE, YeM MpakTHYecKue HaBbIKU. [10 TaHHBIM ompoca OCHOBHBIX CTpa-
TErHYeCKUX MapTHEpoB, 47% (camblii BHICOKUI IMOKa3aTelb) PECHOHACHTOB BBIICIWIN Cla-

’Tlo maHHBIM BBIOOPOYHOTO OOCienoBaHus Poccrara, cpein TpyI0yCTPOUBIIMXCS. MOJIOJBIX CHEIHATIUCTOB Ha «I0Y4H-
BaHUE» U «IEpeyurBaHMUE» B IIEPBbIE TPU MecAla I0CIEe TPYAOyCcTpoiicTBa ObUIM HampaBieHbl 27.2% HOIyYMBLINX
BbICIIEE 00pa30BaHUE 110 IpOrpaMMaM ClIeLHaIuTeTa U MarucTparypsl u 29.9% noiryuuBHIKX BbICLIee 00pa30BaHUE 110
nporpamMMam OakajaBpuara.
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Puc. 2. TpynoycTpoiicTBO BBIITYCKHHUKOB IO IPYIIE CHEHaAbHOCTEN « DIEKTPOHHASI TEXHHKA,

PaAMOTEXHMKA U CBsI3b» (110 JaHHBIM MOHUTOpHHTa Tpynoyctpoiictea 2017 . MOH P®).
Oy10 MPAaKTUYECKYIO MOATOTOBKY MOJIOJIOTO CIIEIUAINCTa B KaueCTBE OCHOBHOM MpOOIeMbl U
MPEmsTCTBUS TpyAoycTporicTBa. Takum 06pazom, pakTop rOTOBHOCTH MOJIOJOTO CIEIHATHNCTA
K TIPaKTUYECKOU JESATENbHOCTH, HAIMYNE TPAKTUKH PEIeHHs 3a7a4d B 001acTu OymyIei mpo-
(heccroHANIbHOM IeATEIPHOCTH B HACTOSIIIIEE BPEMsI UTPAET €/IBa JIM HE TICPBOCTEIICHHYIO POJIh
JUTSE paboTOMATENIsl U SIBJISICTCS 3HAYMMBIM WHIMKATOPOM KauecTBa €ro IMOATOTOBKHU K Tpodec-
CHOHAJIFHOM JIeATEIIHHOCTH.

O HeoOXOAMMOCTH YCHUJICHUS! MPAKTUYECKOW IMOATOTOBKH U IMOBBILICHUS MPAKTHYECKOM
HanpaBlIEHHOCTH Y4eOHOTO Ipoliecca CBUAECTEILCTBYET MEPEXOa B BBICIIEM 00pa3oBaHUM K
cTaHaapTam 3++, TIIaBHON 0COOEHHOCTHIO KOTOPBIX SBJISIETCSI HMEHHO WX HAMPaBICHHOCTh Ha
OyIyIIyI0 TPYIOBYIO ACSITEILHOCTh. He ciydaiiHO MpHIIOKEHUEM K 00pa3oBaTelbHOMY CTaH-
JapTy SBISETCS MPo(heCCHOHANBHBIN CTAHIAPT, K B HEM OSIBIISICTCS TAKOE HOBOE MTOHSTHE, KaK
00o6meHHas TpynoBas QpyHKIusA. M3 3TOTO ClemyeT, 4TO «KaueCTBOY» BBITYCKHHKA CTABUTCS
BCE B OOJIBIIIYIO 3aBUCHMOCTh OT TOTO, HACKOJIBKO XOPOILIO OH OyJIeT 3HaKOM C COBPEMEHHBIM
MIPOM3BOACTBOM M KaK OH MPOWJIET HaYaIbHbIH 3Tam mpodeccuOHANIbHON aanTalui BO BpeMs
o0OyueHwus.

HeoOxomumo momauepKHyTh, YTO MPEIbSIBISIEMbIE K By3aM TPeOOBaHHUS, O KOTOPBIX HUIECT
pedb, HE SIBJISIOTCS 9YeM-TO HOBBIM. O TOM, YTO BBITYCKHHUKH JOJDKHBI OBITH BOCTPEOOBAHBI
paboTronarensiMu, TOBOPUTCS YK€ He TepBbIi rofa. OmHAKO BY30BCKas CHCTEMa IMOITOTOBKH
MO-TIPE)KHEMY OCTaeTcsl B paMKaX TPaJAULMOHHBIX (OPM U METOAOB OpraHU3aluu y4eOHOro
mpolecca, cMemiasi IeHTP TSKECTH B CTOPOHY aKaJAeMHUYECKOro, a He MPUKIAJAHOTO 00pas3o-
BaHus. Jlaxke BBeJeHHE MPHUKIATHOTO OakalaBpuara, OTIMYAIONIErocs OONBIINM 00BEMOM
y4eOHOro BpeMEeHH, OTBOJIUMOTO JIJISl IIPOXOXKACHUS MPAKTUKHU, CYIIECTBEHHO CUTYAIIMIO HE 13-
MEHWJIO: TOTPEOHOCTH KOMIAHUN U MPEANPHUITHI pPealbHOrO CEKTOpa B YaCTH KOMIIETEHIIUN
BBIITYCKHUKOB BC€ BPEMS ONIEPEKAIOT TOCTUTHYTHIA By3aMU YPOBEHb MOATOTOBKH.

Taxum oOpa3om, opraHuzanusi 00pa3zoBaTeIbHON JIEATEIBHOCTH U MOATOTOBKU KaJpOB B
COBpPEMEHHBIX By3aX JOJDKHA OMHUPATHCS HA TPEOOBaHUS, KOTOPBIE MPEABIBISAET K BHITYCKHU-
KaM HBIHEIIHSSI ColMaabHas U mpodeccruoHanbHasi IPaKTHKa. A OCHOBHBIM COJIEPIKAHUEM ITHX
TpeOOBaHUI1 SBIISIETCS BBICOKUI YPOBEHb MPAKTHUECKON MOATOTOBKH, MO3BOJISIOMINI MOJIOI0-
MY CHEIUATUCTY COKPATUTh MEPUOJI MPOPECCUOHATBHON U TPYAOBOM aanTaiii U KaKk MO>KHO
OBICTpee MOJHOIEHHO BKIIOYUTHLCS B TPYAOBOM MTPOIIECC.

JocTtmwxkenne TpedyeMoro (Wi OJM3KOTO K TAKOBOMY) YPOBHS MPAKTUYECKOM TOATOTOB-
KU TPU pean3aiuy 00pa3oBaTeNbHBIX MPOTrPAMM MOXKET OBITh 00€CTIEYEHO MyTeM CMEILEHUs
MIPHOPUTETOB B CTOPOHY MPAKTHKO-OPHUEHTUPOBAHHOTO OOydeHus. HecMOTpst Ha OTCyTCTBUE
c(hopMHUPOBaHHOU TeopeTHdeCcKor 0a3bl JAHHOTO BUIA 00pa30BaTEILHON MPAKTUKUA U OTCYT-
CTBUE OOLIETTPUHSATHIX ONMPEACIICHUN JaKe B YaCTU TEPMHUHOIOTHYECKOTO armapara, O4eBUTHO,
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YTO TaKOTO pojia O0y4YeHHE JOJDKHO OPUEHTHPOBATHCS HAa KOHKPETHYIO MMPAKTUKY, a HE Ha y4eO-
HUKH, U JIOJDKHO OCYIIECTBIISATHCS B TECHOM COTPY/IHUYECTBE 00pa3oBaTeNbHBIX U MIPOU3BO/I-
CTBEHHBIX OpraHU3alui.

O030p CyIIEeCTBYIOIIMX HCCICIOBAHUH [4] MTO3BOJISIET TOBOPUTH O IEIECO0OPA3HOCTH pe-
aNM3aly MPaKTUKO-OPUEHTUPOBAHHOTO MOAX0Ja C Pa3HOM CTENEHbIO0 MPAKTUKO-OPUEHTHPO-
BAaHHOCTHU:

- HU3Kas CTENeHb NPAaKTUKO-OPUEHTUPOBAHHOCTH (Hanbosee y3Kui MOAX0/1) — JOCTUraeT-
csl B cilydae, eciu (opMHpOBaHUE MTPO(PECCHOHAIBHOTO OIBITA CTYACHTOB IPOUCXOIUT JIUIIb B
npornecce yaeOHO!, TPOU3BOICTBEHHON U IPEANILIOMHON MPAKTHUKH;

- CpeIHssl CTENEeHb MPAKTUKO-OPUEHTUPOBAHHOCTU — MPEANOIaraeT MCIOIb30BaHUE IO-
TEHI[MaJIa BCEX BUJOB IMPAKTHK, @ TaAKXKe KOHTEKCTHOIO (MpOoQeCcCHOHAIbHO HAIPABIEHHOIO)
W3y4eHUs MPOUIBHBIX U HEMPO(PUIBHBIX AUCLUHUIUINH,

- BBICOKAasl CTENEHb MPAKTUKO-OPUEHTHPOBAHHOCTU (HanOoJee MMPOKUN MOAXOd) — HC-
M0JIb30BaHUE PA3HOOOPA3HBIX CIIOCOOOB M BO3MOKHOCTEH «IOTPYKEHHs» 00y4aromerocsi B
po(eCCHOHANBHYIO CPely C IEeTbI0 MPUOOPETEHHS OTBITa MTPAKTUYECKOMN NeTETbHOCTH.

OueBuHO, HauboJEe MOITHO MOTEHLHUAN MPAKTUKO-OPUEHTUPOBAHHOTO IMOIXO0/Ia MOXKET
ObITh pealM30BaH B paMKax IIeJIeBOI MOArOTOBKM oOydaromuxcs. B aTom ciydae ecthb yxke
KOHKPETHOE MPEANpUITHE U OpraHU3aIus, 3aK/II0YaroIlee T0T0BOp O IEJIEBOM MOATOTOBKE,
YTO TMO3BOJIAET HAa BCEX ITanax oOydyeHHUs B MPOLECCe B3aUMOACHUCTBUS By3 — MpEINpUSTHE
YUUTBIBAaTh KOHKPETHbBIE TPEOOBaHUS MpeanpusTHsI-3aka3unka. Kpome Toro, y)xe Ha 3rtarne 1mo-
CTYIUICHHs B By3 (B CJIydae LIE€JIE€BOTO NMpHeMa) WM Ha Ha4aJbHOM dTare oO0yueHus (1eJeBoe
00y4eHHe) eCTh BO3MOXHOCTH 1Moa00pa mpodeccnoHaibHO MOTUBUPOBAHHBIX CTYJICHTOB, UTO
CO3/1aeT JIYUIyI0 OCHOBY IS MTOCJIEAYIOIIEN TPAaKTUYECKOM MOJTOTOBKH.

B MockoBckOM TeXHONIOTHYeCKOM yHuBepcutere (manee — MUPDA) akTuBHO BeaeTcs
1eneBasi MOJrOTOBKA CIEHUAINCTOB M0 PAJAUOTEXHUKE W CHCTEMaM CBS3H, OCYIIEeCTBIseMas
NucturytoMm pagrorexuundeckux cuctem (MPTC). B 2017 r. u3 202 MecT, yCTaHOBIECHHBIX KOH-
TPOJIbHBIMU I (ppamMu IpreMa Mo nporpaMMam OakaiaBpHara U CIeHUAINTETa, IeJieBast KBOTa
cocraBmia 87 4enoBek, To ecTb 43% OT 00IIero KOJTMYeCTBa KOHTPOJIBHBIX U (P mpuema.

K cokanenuro, moTeHuuan 1eyieBoil MOAroTOBKY AJIsl pelieHus mpoOieMbl KaapoBoro ode-
CIICUEHUS, U B TOM YHUCJIIe, TPOOIEMbl Kau€CTBEHHOM MPAKTUYECKOM MOATOTOBKHU, UCIIONIb3YETCS
JTaJIeKO HE MOJHOCTHIO. 3HAUMMOCTh MPOOIEMBbl CTOIb BHICOKA M OUYEBHIHA, YTO CTajia Mpe-
METOM CIIELUAIBHO MPOBEJCHHOTO M0 JaHHOMY Bompocy 14 oktsOpst 2016 r. cenexkTopHOro
coentanus «O MoOBbIIECHUN 3(PPEKTUBHOCTH 1IENIEBOTO 00yUEHHs U IIeNIeBOro npuemay. Kak
OBLIO MOMYEPKHYTO HA COBEMIaHHUH, MpodiemMa 3(PpPEeKTUBHOCTH MEIEBON MOATOTOBKA HOCHUT
KOMILJIEKCHBIM Xapakrep.

* Bo-nepBsIx, BblesieMas LejeBasi KBOTa UCIIONb3YeTCs JaJIeKO HE MOJTHOCTHIO U «BbI-
OupaeTcst B CpelHEM 10 CTpaHe JUIIb NPUOIU3UTENbHO Ha aABe TpeTu» [5]. [lo manHOMy mo-
kazarenmto cutyauus B MUPDA B 2017 . oOcrosia 3HAYUTENBHO JIydllle: HalIpuMmep, Mo Ha-
npasieHusM U cnenuanbHocTaM 11 YI'HIIC neneBas kBota Oblina BeiOpaHa Ha 81.6%, B ueM
HeMaslasl 3acilyra BCeX Y4aCTHUKOB MPUEMHOM KaMITaHUU.

* Bo-BTOpBIX, BecbMa MPOOIEMHBIM B UCIOIb30BAHUU TaHHOM ()OPMBI B3aUMOJICHCTBUS C
MPEINPUITHIMHU SIBISETCA COXPAHSIONIMICS HAa MPOTSKEHUU MHOTHX JIET 0oJiee HU3KUIA cpefi-
HUH OaJlT 3a4MCIICHHBIX M0 IeJIEBOM KBOT€ OTHOCUTEIHHO 3a4MCIIEHHBIX Ha OIOKETHYIO (hop-
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My oOyudenus. CienoBaTenbHO, yKe Ha Ha4aJIbHOM JTare BYy3bl MOMY4aroT Ooliee «caaldbIx»
CTYJICHTOB, HEMaJjiasi 4aCTh KOTOPBIX B TEUCHUE O0YyUCHHS OTUUCIISIETCS, a IOLIEIINE /10 3aBep-
HICHUs1 00pa30BaTEIBHOTO MPOIECCa MMEIOT HEBBICOKHE MTOKA3aTENN YCIIEBAEMOCTH U BPSIL JIH
OyIyT PEICTABIATh HHTEPEC ISl TPEOOBATEIILHBIX paboToIaTelNeH.

* B-Tperbux, naneko He Bce MPEAIPUATHS, 3aKIOUUBIINE J0TOBOP O LIEJIEBOM MOATOTOB-
K€, BBIIOJHAIOT B3AThle Ha cebs 00s3aTeabCTBA, B YACTHOCTH, IO TPYAOYCTPOUCTBY BBITYCK-
HukoB. Hanpumep, cpenu BoinmyckHHKOB-11e1eBUKOB PTC 2017 1. Tonbko HeMHOTMM OoJee
10J10BUHBI (56%) 00ydaromuxcsi MpOXOAUIN MPOU3BOACTBEHHYIO (IIPEIAUIUIOMHYIO) PAKTH-
Ky B T€X OPTaHU3aIMIX, KOTOPHIE 3aKIIOUMINA JOTOBOP O LIEJIEBOM MPHEME, XOTSI TPOXOXKICHHE
MIPAaKTUKX B OPTaHU3AINH-3aKa3uylKe TPETyCMOTPEHO T0roBopoM. Takasi cuTyanus, HeCOMHEH-
HO, CBUJIETEIbCTBYET O HEI(P(PEKTUBHOCTH LIEJIEBON ITOATOTOBKH, XOTS B JAHHOM Clly4ae IpH-
yuHa HeA(P(HEKTUBHOCTH HE JISKUT HA CTOPOHE 00pa30BaTEIbHONW OpraHu3aIiy.

KaxoBbl Obl HU OBUTM BOBMOYKHOCTH YCHJIEHHS NPAKTUYECKOM MOATOTOBKU Yepe3 MEXaHU3MBbI
LIeJIEBOM MOJITOTOBKM, OCHOBHAS YaCTh OOYYarOLIUXCS (HE «IIETIEBUKOBY) TAKKE JOKHA OBITh OXBa-
YeHa COOTBETCTBYIOIIMMU (OpMaMU U MEPOIPHATHAMHU, PA3BUBAIOIIMMH HX MPAKTHYECKUE HABBIKH.

[Tpu oTCyTCTBHM peIJIaMEHTAllMU TEXHOJIOTUU TPAKTUKO-OPUEHTHPOBAHHOTO OOYYCHHS
Kakasi oOpa3oBaTebHas opranu3anus (popMUpYyeT CBOW IMOAXOJ] C YYETOM OCOOCHHOCTEH
00pa30BaTeNIbHOM OpraHU3aly U YPOBHS Pa3BUTHS B3aUMOJAEHCTBUS C NPO(YUIBLHBIMU IPE-
NPUATUAMHU U opranuzanusMu. OJHUM U3 BO3MOXHBIX BAPHAHTOB SIBIISIETCS CUCTEMA MTPAKTH-
KO-OpHUEHTHPOBAHHOTO 00yueHus, peanusyemas B MUPOA (puc. 3).

Kak crnemyer u3 puc. 3, cuctema BKIIIOYAET TPH TUIA CTPYKTYPHBIX COCTABIISIIOIINX:

- 00s13aTeIBHBIE COCTABIISIONINE — T€ (POPMBI U CTIOCOOBI OPTaHU3AIMH PAKTUIECKOM TIO/I-
TOTOBKHU, KOTOPBIE IPEAYCMOTPEHBI 00pa30BaTEIbHBIM CTaHAAPTOM: IPAKTHKA, B HEKOTOPOM
CTEIIEHU BBIIIOJIHEHUE BBITYCKHOM KBATU(PHUKALIMOHHOHN padoThI,

- MIHULMATUBHBIE COCTABIISAIONINE — T€ (OPMBI, CIIOCOOBI peannu3aliuy NPaKTUKO-OPUEHTH-
POBaHHOTO MOAXO0/1a, UCIIOJIb30BAaHHE KOTOPHIX MHULIMUPOBAHO caMOi 00pa30oBaTeIbHOM opra-
HU3AIMEH: ClIeUalbHO OPraHU30BAaHHBIE MEPONPHUATHS, KOTOPBIE CIOCOOCTBYIOT YCHUJICHUIO
po¢eCCHOHAIBHOW MOTHBAILIMH, 00ECIIEYMBAIOT 3HAKOMCTBO O0YUAIOMINUXCS ¢ MPO(QUIHHBIMH

Cvctema NpaKkTUK
BKP

KoHTeKcTHoe obvyeHue

CneunanbHo
OpraHu3oBaHHble

MeponpuATUA: MpeanpuATMA n

kP opraHun3aLmm

- BCTpeuu ¢ paboToaatensamu

Basosble Kadeapbl

MpakTnKo-
OPUEHTMPOBAHHOCTb

nnc

YyebHo-nabopartopHas 6asa

Puc. 3. OcHOBHBIE 3JIEMEHTHI CUCTEMBI TTPAKTUKO-OPUEHTUPOBAHHOTO 00yueHus B MUPDA.
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NPEANPUATHIMH, JAIOT BO3MOKHOCTh Pa3BUBAaTh HABBIKM MPAKTHUYECKOW JEATEIbHOCTH, yua-
CTBYSI B IPO(ECCHOHAIBHBIX KOHKYPCax H IIp.;

- nH(QpPACTPYKTYpHBIE 3JIEMEHTHI Kak oOecrednBaronme 3pQGEeKTHBHOE UCIIONB30BaHUE U
(YHKIMOHMPOBAHKE MEPBBIX JIByX COCTABISIONINX: HAJMUUE CIIEIIHATNCTOB-TIPAKTHKOB B TIPO-
(heccopcko-IpernoaaBaTeabCKOM COCTaBe, Pa3BUTHE MPAKTUYECKUX KOMIETCHLUH IITAaTHBIX
MpernojaaBareneil, yueOHo-1abopaTopHas U MPOU3BOACTBEHHAs 0a3a, 0a30Bbie Kadephl.

O4eBHIHO, YTO HAMOONIBIINIT 0XBAT O0YYAIOIIUXCS IPAKTUYECKOM TTOATOTOBKOM JaeT Mpak-
THKa KaK O[HAa U3 COCTABISIOMIMX 00pa3zoBarenbHOM nporpammsl. Ene YKan-XKak Pycco roso-
pHII, 9TO Yac pabOTHI HAYYUT OOJIbIIE, YeM JIeHb 00bscHeHMs. Onpenenenne NpakTuKy, TaHHOE
B 3akoHe «O0 obpazoBanuu B Poccuiickoit denepanumy» [6, ¢. 5], mpsMo yka3bIBaeT Ha IieJie-
BYIO (DYHKLMIO IPAKTUKH U HA TO, YTO B MPOLECCE MPOXOKICHUS MPAKTUKU CTYAEHT JOKEH
BLINONIHAMb ONpedeieHHble 8UObL Pabom.

VMeHHO mpakTHKa, MpeXkae BCEro MPOM3BOACTBEHHAs, HalpaBieHa Ha MPHOOpeTeHUe
MIPAKTUYECKUX HABBIKOB M OOECIIEUMBAET MPAKTUYECKYIO MOATOTOBKY OOyYaroIuXcsi U 3Ha-
KOMCTBO C PEaJbHBIMHU yCIOBHAMHU Oymymieil mpodeccHoHaNIbHON AeaTenbHOCTH. [IpaBuiibHO
OpraHM30BaHHAs MPAKTHKA MOXKET U JOJDKHA UTpaTh Pojb HAYAJIbHOTO Mepuoja npodeccuo-
HaJbHOW ajantauuy OydylIero MOJIOOTO CIELUAINCTa, YTO B MOCIEAYIOIEM YIIPOCTUT €ro
«BXOXJACHHUE» B TPYAOBYIO JesATeNbHOCTh. C 3TOM TOUKHU 3peHUs Haubonbiui 3pdexT Oymer
JOCTUTHYT B TOM CJIy4ae, KOT/ia 00ydaroluiicss MPOXOAUT MPAKTHKY B MPOQHUILHOM Opranuza-
UM (XOTS 00pa30BaTENIbHBIA CTAaHAAPT HE UCKIIOYAeT BOZMOXXHOCTH IMPOXOXKICHUS MPAKTUKH
B 00pa30BaTeNIbHON OpraHU3aIyy). Y UUTHIBAs TUIIBI 33/1a4 MPO(eCcCHOHATBHOM eI TeIbHOCTH,
yCTaHOBJICHHBIE 00pa30BaTeIbHBIM CTaHIAPTOM, 00pa30BaTeIbHast OpraHu3alus TOJKHA TIPO-
BECTHU OIPEIEIICHHYI0 OPraHU3alMOHHYI0 padoTy MO M0A00pY NPEANPUATUH I MPOXOXKICHUS
npaktuku. Hanmpumep, cranaaprom ®I'OC 3++ no nanpasienuto 11.03.01 «PaguorexHuka
MPeyCMOTPEHBI TaKKe TUIIBI 33/1a4 MPOPEeCCUOHATLHON ESATENbHOCTH, KaK HayYHO-UCCIIE0-
BaTEIbCKUM, TEXHOJIOTMYECKUM, OPTaHU3aLMOHHO-YIIPABICHYECKUN U IIPOCKTHBIN, YTO IIPEI-
110JIaraeT BO3MOXKHOCTh HAIIpaBJIEHUs1 OOy4daroIMXcs KaK Ha IMPOU3BOICTBEHHBIE NPEIIpPUs-
TUS, TaK U B IPOEKTHBIE WM HAYYHO-UCCIIE0BATEIbCKUE HHCTUTYTHI.

AHanu3 JaHHBIX 00 OpraHM3aIMK MPAKTUKHU IS CTYJAEHTOB, oOydarommxcsi B MUPOA no
CHELUATbHOCTSM U HAMPaBICHUSIM TPy « DNEKTPOHHAsI TEXHUKA, PATUOTEXHHUKA U CBSI3bY, CBU-
JIETeNbCTBYET O TOM, YTO OOJbIIAs YacTh 00yYarOmUXCsl yUeOHYI0 (TI0 MOMYyYeHHUIO TIEPBUYHBIX
POo(heCCUOHALHBIX HABBIKOB) M MPOU3BOJICTBCHHYIO MPAKTHKY MPOXOAUT Ha MPEAIPUSTHIX
(puc. 4). Huskas 1ons CTyI€HTOB, IPOXOAMBLIMX MPEIAUIIIIOMHYIO IPAKTUKY Ha MPEIIPUATHIX,
B OIPE/IEJICHHOMN CTENEHNU CBA3aHA C TEM, YTO MHOTHE U3 OOYyYaIOLINXCsI BBITOIHSIOT BBITYCKHbIE
KBaJIM(HUKALIMOHHBIE pabOThI MCCIIEeI0BATENLCKON HAlpaBIeHHOCTH. B 3TOM citydyae oCHOBHOM
MPAaKTUYECKH MaTepuas ObLI coOpaH B Mpollecce MPOU3BOJICTBEHHON MPAKTUKH, U B MEPHON
HenocpenacTBeHHoi noarotoBku BKP nzer yxe o6paboTka cobpaHHOTO Marepuania.

Pemenne BonpocoB opraHu3aliuy U MIPOBEAEHUS NPAKTUKH B 3HAUUTEJIBHON CTEIIEHU 3a-
BUCHT OT TIO3ULIUU PYKOBOJACTBA MPOMMIBHBIX MPEANPUATHIA U OpraHU3alui, UX 3aMHTEPECO-
BaHHOCTH B JTAJIbHEHIIIEM TPUBIICYEHUH MOJIOBIX CIIEIIMAINCTOB Ha padboTy. He cimywaitHo st
obecrieueHrs cTaOUILHOCTH B pealii3aiiy 3TOM 4acTH 00pa30BaTEIbHOM MPOTPAMMBI KITIOUe-
BOE 3HAUEHHE UMEET YCTaHOBJICHHUE NMAPTHEPCKUX OTHOLICHUH C MPEANPUIATUIMU U OpraHu3a-
LUSAMH, TPEANONarailiuX OCyIIeCTBICHUE B3aUMOICUCTBUS IO LIEJIOMY PsIy HAlpaBICHUN
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Puc. 4. JTons oOyyaronmxcs 1o CreuagibHOCTAM U HAalPaBICHUAM «DJIEKTPOHHAs TeXHHUKA,
PAJIMOTEXHUKA U CBSI3bY, MPOMIEANINX MPakTHKY B 2016/17 ydeOHOM roy Ha MpodHITBHBIX
MPEANpUATHX (B MPOLEHTAX OT YUCIEHHOCTU 00Yy4alOLIMXCsl, HAlIPABICHHBIX Ha IPAKTUKY ).

JESITEIbHOCTH, U B TOM YHCJIE, [0 OpraHu3aluuu npakTuku. C 3Tol NO3ULUN MOJIENb peann3a-
UK TTPAKTHKO-OPUEHTHPOBAHHOTO MOAX0/1a K 00ydYeHUI0 « YHUBEPCHUTET — 0a3oBas kadenpa
— mpenanpuaTuey, peanuzyeMas B MUPDA, nmo3Bonser ¢ Haubosbie 3¢h(GEeKTUBHOCTHIO U
MOJIE3HOCTHIO sl 00pa30BaTeNbHOMN IEATEIbHOCTH PEaln30BaTh OCHOBHBIE MPEUMYIIECTBA
MapTHEPCKUX OTHOIICHUH C MPEaNPUATUIMH.

JlanHass Mozeb B3aWMOJEHCTBUSI 00pa30BaTeIbHON OpraHu3aliy ¢ MPOQUILHBIM Mpe.-
MIPUSTHEM JIOKa3ana CBOIO 3((EKTUBHOCTb, SBISSCH yUeOHO-TIPON3BOACTBEHHONW M UCCIIEI0BA-
TEJIbCKOM TUIOIIAJKOM, IJ1e TOTOBSIT CIIEHAIUCTOB ONpeaesIeHHON HamnpaBieHHoCcTH. OHaKo 10
CHX IOp C TOYKH 3pEHHUs ICHCTBYIONIMX 3aKOHOAATEIbHBIX HOPM MOJIENIb B3aMMOJICHCTBUS By3a
¢ mpeanpusTHeM yepe3 0a30ByI0 Kadeapy peannsyeTcs B BapuaHTe, korjaa 60a3zopas kadeapa cos-
JaeTcst B 00pa3oBaTeIbHON OpraHU3alliy U SIBISIETCA €€ CTPYKTYPHBIM MopaszieneHrueM. Bropoii
BO3MOXKHBIM BapraHT — 0a3oBas kadenpa co3IaeTcsi Ha CaMOM TNPENPHATHH — SBISIETCS Ooree
MIPEANOYTUTEIBHBIM. B HacTosIIIee BpeMsi OH MPAaKTHYECKH HE PeaIn3yeTcs, TaK KaK B 3TOM CITy-
Yyae BO3HUKAET HEOOXOMMMOCTh MPOBEICHHUS TOTIOTHUTEIBHBIX TIPOLSIYP JUIICH3UPOBAHUS".

K Hacrostiemy MoMeHTY B CTpyKType yueOHbIx HHCTUTYTOB MUPDA dynkimonupyer 45 6a3o-
BBIX Kadep, KOTopble 00pa30BaHbl BO B3aUMOJCUCTBUH € IPOMUILHBIMU PEIIPUSITUSIMU, U3 HUX
12 6a30BbIX Kadeap 3a/1eiicTBOBaHBI B 00pa30BaTeIbHOM MPOLECCE MO CIIEHUATbHOCTSIM U HallpaB-
JICHUSIM TPYIIIbI « IEKTPOHHASI TEXHUKA, PaIMOTEXHUKA U CBsi3b». [lo MUPOA 310 01MH 13 cambix
BBICOKHX TIOKa3aresyield HHTEHCHBHOCTY MAPTHEPCTBA € MPO(MIIBHBIMU MPEIPUSTHSIMH, YTO TIO3BO-
JsieT o0ecreunBarh MIMPOKOE MPUCYTCTBUE 0a30BbIX Kadeap B yueOHOM IPOLIECCE U CIIOCOOCTBYET
TMOBBILICHUIO MPAKTUKO-OPUEHTUPOBAHHOCTH BCEH MOINOTOBKH CIEHAIHCTOB.

Nmes campblii Beicokuid B MUPDA oTHOCHTENBHBIN MOKa3arenab Hanuyusi 0a30BBIX Ka-
¢denp’, MTHCTUTYT pagioTEeXHUYECKUX CUCTEM IIMUPOKO MCIONb3yeT 0a30Bble Kadeapsl A Op-

‘MunncTEpCTBO 0OpasoBanus M Hayku PD paszpaboraso maker momnpaBok B Pemepanbhbii 3akoH «O06 obpasosanuu B Poc-
cuiickoit dexeparyim B YaCTH CO3MAHMS M JESTEIFHOCTH CTPYKTYPHBIX HOAPA3eeHri 00pa3oBaTe/IbHBIX OpraHu3alyi, B
TOM YHCIie, 1 0a30BBIX Kadenp. Y TBepKIeHHe MPEITIOKEHHBIX TIONPABOK MO3BOIUT CO3ABATh CTPYKTYPHBIE MONpa3IeIeHHUsI
BY30B HEMIOCPEJICTBEHHO B IIArOBOW JOCTYIHOCTH OT IPOW3BOICTB M TE€X MECT, IJIe MIyT Hay4Hble HccienoBanus. Beé ato
TIO3BOJIUT TIPHUBIIEKATh K yIeOHOMY IPOLIECCY CIIEMATINCTOB-TIPAKTUKOB U C/IeJIaTh TIOATOTOBKY CIIEIHAIMCTOB IPAKTHIHOH 1
3¢ EKTUBHOA.

SOTHOCHTENBHBIN MOKa3aTellb HAMMYKS 0a30BbIX Kaeap ONpEAesieTCs YUCICHHOCThI0 00yJaroIMXCsl B pacyeTe Ha
o1iHy 0a30Byr0 Kadeapy.
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raHu3alMK ¥ IPOBEJEHUs MpakTUku. Kak cieayer u3 1aHHBIX, IPUBEACHHBIX Ha puc. 5, 44%
Y3 HANpPABJICHHBIX HA MPAKTUKY IO MOJYYEHHUIO MEPBUYHBIX MPO(ECCUOHATBHBIX HABBHIKOB
00yJaroNMXCs MPOIILIH ATy MPAKTUKY Ha 0a30BBIX Kadeapax, a 1Mo MPOU3BOJACTBCHHON MpaK-
THKE JaHHBIN MOKa3aresb cocTaBuil 89.2%. CTONb MIMPOKOE MPHUBJICUECHUE CTYICHTOB JJIsI TIPO-
XOJKJIEHUS TIPOM3BOJICTBEHHOM MPAKTUKU HAa MPOGUIBHBIX MPEANPHUATHIX, KOTOPBIE MPEICTaB-
JSI0T 0a30BbIe Kadeapsl, CiocoOCTBYET MPUOOPETEHUIO OIbITa MPAKTUYECKON IeATEeIbHOCTH,
HEMOCPEACTBEHHOMY O3HAKOMJIEHHIO C COBPEMEHHBIM MPOU3BOACTBOM M €r0 OpraHu3alueH,
HCIIONB3YEeMbIM 000pYI0BaHHUEM, OCHOBHBIMH ITPOU3BOJCTBEHHBIMU TPOIECCAMHU.

400
300

m yyebHan NpakTuka
NPOM3BOACTBEHHAA NPaKTMKa

® yueDHaA NpaKkTuKa Ha Ba30BLIX Kadheapax
® pOM3BOACTBEHHAA NpaKTHKa Ha Da30BLIX Kadeapax

Puc. 5. UucneHHOCTH CTYIEHTOB, MPOIIEIIINX MPAKTHUKY Ha 0a30BbIX Kadeapax
(2016/17 yaebHsbIit rOx).

Ycunenue npakTUKO-OpUEHTUPOBAHHOCTH B OIPEEICHHOMN CTENIEHN MOXET OBbITh JOCTUT-
HYTO B TPOIECCE BHINOJHEHUS! BBIMYCKHBIX KBaJU(UKAIMOHHBIX pa0oT, MPEXJIE BCEro, Mpak-
TUYECKON HampaBiIeHHOCTU. Bo-mepBbIX, B JaHHOM cilydae, cOop Marepuaiia s paboThl OCy-
LIECTBISIETCS HA MPEANPHUIATUHN; BO-BTOPBIX, MOSBISAETCS BO3MOKHOCTh BBINOJIHATH paboTy He
10 Ha[yMaHHOH TeMe, a 10 3aKa3y MPEIIpPUSTHs, KOT/Ia €CTh HeOOXOAUMOCTb PEIINTh KOHKPET-
HYIO [IpaKTUYECKY0 3a7auy. OJIHaKo, [10Ka HHTEPEC NPEIIPUIATHN B ITOM HAIPAaBJICHUH BECbMa
ckpoMeH. B 2017 r. mo nanpasnenusm u cneruanbHocTsiM 11 YI'HIIC Beimonneno Bcero 19
BKP no 3aka3y pabotonareneii (okosno 10% OT BBIMOTHEHHBIX BBITYCKHBIX paldoT).

OmnbIT ocymiecTBICHHUsI 00pa30BaTEIbHON NEATEIBHOCTH U B3aUMOACUCTBUS C TPOPUIIb-
HBIMH NIPEANPUATUAMU ITOKA3bIBAET, UTO BAKHOE 3HAYEHHUE B YCWJIEHUU IIPAKTUKO-OPUEHTHPO-
BaHHOCTH ¥ IIPAKTUUYECKOW MOATOTOBKU UIPAIOT Pa3IMYHbIE MEPONPUATHS 03HAKOMUTEIbHOM,
npoOPUEHTAMOHHONW W MPUKIIAJAHON HANpPaBICHHOCTH, WHUIIMAPYEMbIE 00pa30BaTEIbHOM
opranusanueil. Bosnedenune oOyuaronmxcsi B HOA0OHOTO poa MEPOIPUSITHSI TO3BOJISET CY-
LIECTBEHHO CHU3UTH YPOBEHB «IPO(ecCHOHANTbHON HEOIPEIeICHHOCTIY.

Haubonee nmomynspHbIM Cpey TAKOTO POAa MEPOIPHUATHH SBISIOTCS IKCKYPCUU Ha TIPO-
(buIIbHBIE IPEIPUATHS, TAK Ha3bIBAEMbIE «IIPOMBIIUIEHHBIE SKCKypcun» [7]. B cucteme B3a-
UMOZCHUCTBUS 00pa30BATENIbHBIX OPraHU3alUi M MPEINPUATHH SKCKYpCHM Ha NMpO(UIbHbIE
MPENIPUITHS CIIOCOOCTBYIOT NOBBILIEHUIO UMUJIKA MTPEANIPHUATHSL, TOBBILIEHUIO HHTEPECA MO-
JOABIX CTIELUATUCTOB K MPOU3BOACTBY U MOCIEIYIOIIEMY UX IIPUBICUEHHUIO HA IPOU3BOCTBO,
nomynapu3aluu psanga npodeccuii, HakoHen, 3To pekiama. [locemienre npeanpusaTus — 3TO
BO3MOYKHOCTb IS CTY/IEHTA MOBBICUTh KaueCTBO (POPMUPYEMBIX MPO(eCcCHOHATBHBIX KOMIIE-
TEHIUH, IOTPYKEHHUE B PEAJIbHYIO IPOU3BOACTBEHHYIO CPEY, BO3SMOKXHOCTbh BPEMEHHOM 3aHs-
TOCTH WJIM TOCJEYIOIIETO TPYA0yCTPOICTBA.
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DKCKYpCHH KaK CIoco0 yCHUJICHHUS MPAKTUKO-OPHUEHTUPOBAHHOCTH OOyUYeHHsI BECbMa aK-
TuBHO ucnonb3ytorcst B UPTC. B cpennem 3a yueOHbIH 1071 0k0s10 200 CTYICHTOB IPUHUMAIOT
ydacTHe B DKCKYypCHSAX Ha MpoduibHBIE TpeAnpusTus, B yucie kotopsix AO «Koproparms
Kometay, AO «Bemmnen», AO Konuepn «Bera» u ap.

PaccmarpuBast S3KCKypcHn Kak OJJMH U3 HHCTPYMEHTOB peaan3aliy IPaKTHKO-OPHEHTUPO-
BaHHOTI'O MIOIX0/1a, XOUETCs YIIOMSAHYTh BECbMa HHTEPECHOE MPEJIOKEHNE, COITIACHO KOTOPOMY
BBIJIEJISIETCS KAK MUHUMYM TpH LieJeBble (PYHKIMU SKCKYPCU Ha TMPEANPHUITUS B 3aBUCHMO-
CTH OT mepuoja oOyyeHus. B yacTHOCTH, Ha Ha4aJIbHOM JTare 00yYeHHs HKCKYPCHS JTOJIKHA
HOCHTBH O3HAKOMHTEIIBHBIM XapaKTep U 3apOAUTH (1aJeKO HE BCe a0OMTYypUEHTHI CYUTAIOT CBOM
BBIOOp HATPABJICHUS MOJATOTOBKH MIIM CHEIIMAIbHOCTH OCO3HAHHBIM) HIIM YCHIIMTh HHTEPEC K
BbIOpaHHOM crienmanbHOCTH. Jlanee, HayaB U3y4aTh AUCLUILUIMHBI IPO(ECCHOHATBHOM HalpaBs-
JIEHHOCTH, CTY/IEHTbl UMEIOT BO3MOXKHOCTb, YK€ ONMPAsiCh Ha OINPEe/ICHHbIE TEOPETUUECKHE
3HaHUS, B3ISIHYTh OCMBICIICHHO Ha CBOM NpoeccuoHanbHbIN BIOOp. HakoHen, Ha 3aBepiiato-
ieM sTare o0yueHHs Mo100HbIe SKCKYPCHH CITIOCOOCTBYIOT MOBBIIICHUIO MPO(HECCHOHAIBHOM
MOJITOTOBJICHHOCTH BBIITYCKHHUKOB [7]. ECTECTBEHHO, UTO B Ka)KJIOM CIIydae CJEIyeT UCIOIb-
30BaTh pa3HbIe SKCKYPCHOHHBIE TPOTPAMMEI, XOTSI C TOUYKH 3PEHUS PE3YJIbTATUBHOCTH JTAHHO-
ro Meponpuatus 1updepeHINPOBAHHBIN NOAX0A K €ro pealnu3aliy MpeCcTaBiseTcs BIOIHE
OIpaBJaHHbBIM U LIEJIeCO00Pa3HBIM.

BaxxHbIM ycroBHeM peanu3aluu MpakTUKO-OPUEHTUPOBAHHOTO MOJXO0AA MPH MOJTOTOBKE
CTELMATHMCTOB SIBIISETCS MPAKTUYECKasl MOATOTOBKA MPO(ECCOPCKO-TIPENOIaBaTeIbCKOTO CO-
CTaBa, aKTYaJbHOCTh MX 3HAHHWW COBPEMEHHOTO NMPOW3BOJACTBA. B maHHOM ciyyae Hamboiee
PE3yNIBTaTUBHBIMU CIIETYET PU3HATD:

- B YaCTH LITATHOT'O MPEMNO/aBaTeIbCKOTO0 COCTaBa — MPOBEJEHUE CTAKUPOBOK M MOBBIIIE-
HUe KBaTM(UKALUU Ha TPOPUIbHBIX MPEANPUATUSAX, a TAKXKE IPUBJICYEHUE B IITAT paOOTHU-
KOB, UMEIOIIMX CTaX MPAKTUUYECKOH paboThl ¢ HEOOIBIIUM CPOKOM JaBHOCTH;

- B YaCTHU MEPCOHAJIA, IPUBJIEKAEMOTO Ha YCIOBUSAX BHEIIHETO COBMECTHTEIBCTBA — MPH-
BJICUCHHE PAOOTHUKOB-IIPAKTHUKOB, PA0OTAIOLIMX HA MPOQUIBHBIX TPEIIPUITHIK.

B wactu npakTUKO-OpHMEHTHPOBAHHOCTH megarorudyeckoro cocrasa MPTC B Hacrosiee
BpEMSI 3aHUMAET 10CTATOYHO CKpOMHBIE 1o3uiuu B MUPDA: ons mTaTHbIX NpenojaBaresnei,
He/laBHO paboTaBIIMX Ha NMPO(UIBHBIX MPEANPUATHX, cocTaBisieT 6.9% B cocrase IIIIC, a
CpeaM BHEIIHUX coBMecTuTeneil muib 13% sBIsoTCS COTpYAHUKAMU NPO(UIBHBIX TPEATPH-
atuil. «CnabbIM» 3BEHOM SIBIISIETCS MOBBIIIEHUE KBATH(DUKALIUH IO TPO(UITIO AeATeNbHOCTH. B
TEUEHHE MOCIEAHEr0 yueOHoro roaa Toiabko 10.7% o1 00mieil YuCIIeHHOCTH MITaTHBIX MPETIo-
nasareneit UPTC noxyuywin 1onoiaHUTeaIsHOoe 00pa3oBaHue 10 MPO(UITIO CBOEH 1eATEIbHOCTH
(x0T 3TO sIBISIETCSt TpeOOBaHMEM MPO(HECCHOHATBHOTO CTaHapTa Mearora).

HecoMHeHHO, MO3UTUBHOE BIMsIHUE HAa (JOPMHPOBAHUE M PA3BUTHE HABBIKOB IpaKTHYe-
CKOHM JIesITeIbHOCTH OKa3bIBAIOT PA3JIMYHbIE KOHKYPCHBIE MEPONPUATHS NpoQecCHOHaTbHON
HanpasieHHocTH. OJTHaKO OHU OyAyT UMETh LIEHHOCTh B TOM CIIydae, €clid OyayT MPOBOIUTH-
Csl COBMECTHO C NMPO(MIBHBIMHA OPTaHU3ALMAMH U MPEIIPUATHSIMH, KOTOPbIE JOIDKHBI OyIyT

6CDOpMaJ'ILHO TPUBJICYCHUE CIICHHUATUCTOB-IIPAKTUKOB KaK 00s13aTeIbHOC Tpe6OBaHI/Ie K YCJIOBUSM peaiu3aliuu 06pa—
30BaTeIILHON nporpamMmmsl Sa(I)I/IKCI/IpOBaHO B 06pa3OBaTeIIBHLIX CTaHaapTax U yCTAaHOBJICHO B IIPOLEHTAX K YHUCJICHHO-
CTH IICOAroru4e€CKuxX KaapoB, YHYAaCTBYIOIIUX B pCaIM3allun O6pa30BaTeJILHOfI IporpamMmal. B YCIOBHUAX ITOBBIIICHUA
Tp360BaHHﬁ K HpaKTI/I‘IeCKOP‘I TIOATOTOBKE BBIITYCKHHUKOB BY30B YBCIHMYCHHUE YHMCICHHOCTH CICIHAAIUCTOB-IIPAKTUKOB,
Y4acCTBYOIMX B O6p330BaTeJII)HOM mponecce, CIeayeT pacCMaTpruBaTh KakK IOJOKUTCIIbHYO TCHICHITHUIO.
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Pearmzanms IIPaKTUKO-OPMEHTMPOBAHHOI'O I10AX0Ja B IIOATOTOBKE CIICIIMAIVICTOB I10 paMOTeXHMUKe
" cucreMamM CBA3U

MIOJArOTOBUTH KOHKYPCHBIE 3aJJaHUSI U OLIEHUTH KaK IPAKTUKU PEe3yJbTaTbl X BhIIOIHEHMS. K
COXAJICHUIO, TIOKA TaKUe MEPOIPUATHUS SBJISIOTCS 30HOH aKTUBHOCTU B OCHOBHOM CaMoOii 00-
pa3oBaTeNbHON OpraHMU3alMU NIPU BeCbMa CIa00M MHTEpece NPEANPHUITHN, YTO HE TTO3BOJISET
roBOpUTh 00 uX 3((HEKTUBHOCTH.

PesynpratuBHas peanuzaiys NpPaKTUKO-OPUEHTHPOBAHHOIO MOAXOJA, CIOCOOCTBYIOLIAS
MOATOTOBKE KaJIpOB, BOCTPEOOBAaHHBIX PHIHKOM TPY/a, HEM3MEHHO MPEIONIaraeT y4acTHe B 9TOM
npoliecce He TOJIbKO 00pa30BaTeIbHON OpraHU3alK, HO U MPOU3BOACTBEHHBIX MPEANPHUITUH.
K coxxanenuto, yacTo 3asBisieMast HOTpeOHOCTh B MOJIOABIX CIIEUAIIMCTaX BO MHOTUX CITydasx
HE MOJKPEIIISIeTCS COOTBETCTBYIOIIEH aKTUBHOCTBIO MTPECTaBUTENEH MPO(YUIBHOTO IPEATPH-
SITUS, YTO OTPAHUYUBAET BO3MOKHOCTU YCHUJICHUS! IPAKTUKO-OPUEHTUPOBAHHOCTH OOYy4EHHUS.
be3 TecHOro B3anMMoaeicTBUS By3a U NPEANPHUATUS IPAKTUKO-OPUEHTUPOBAHHOCTh OCTAHETCS
(opMasbHOM, ¥ JTaHHBINA NOAXO/ K MOJrOTOBKE KaJpOB HE AACT OXKUAaeMOro 3pQeKxTa.

B 3akiroueHne XoueTcs cKa3aThb, YTO B YCIOBUSAX OOBEKTUBHO CYIIECTBYIOIIUX TPYAHOCTEH
OpraHu3aIK MPAKTUUYECKON MOJTOTOBKU CTYEHTOB HEOOXOIMMO HCIIOIB30BaTh BCE BO3MOXK-
HBIE CPEJICTBA ISl €€ peasln3allui, HHaYe TOOUTHCSI BHICOKOTO KauyeCTBa MOATOTOBKH CIIeLUa-
JHMCTOB HaM HE y/1acTCsl.
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COBPEMEHHBIE PAIUOTEXHUYECKUE
U TEJIEKOMMYHUKAILIMOHHBIE CUCTEMbI

VIK 621.9:004.7+62-52

ONTMMWM3ALNI KOHOUTYPALIIN IIPOMBIIIJIEHHBIX
ETHERNET-CETEU HA OTAIIE IIPOEKTUPOBAHWMI ACYII

B.A. Xosionos®,
E.H. Kamupckas,
M.B. I'yceB

Mocrosckuil mexunonoeuueckuii ynueepcumem (MUPJA), Mockea 119454, Poccus
@Aemop onsa nepenucku, e-mail: holopov@gmail.com

B paborte paccmarpuBaeTcs onTUMU3AIMS KOH(QUTYpaIK POMBIIIJIEHHONW CETH Ha OCHO-
Be ee MoJenupoBaHus. [IpencraBneHo onvcaHue NPOEKTUPOBAHMS POMBIIIIEHHON CETU I10
JTanaM, BKJIIOYAIOIIee aJrOpUuTMUYECKUE U MaTeMaTndeckue mMozenu. PazpaboTan anroputm
MIPOEKTUPOBAHHUS, COMOCTABIECHBI METPUKHU MPOMBIIIJIEHHONW CETH ¢ (PaKTOpaMHu, BIUSIOIIUMU
Ha HUX, a TaKkKe pa3paboTaHa 1eneBas PyHKIUsS onTuMu3anuu. [Ipenmoxkeno penenue 3aaadu
KOMOMHATOPHOH ONTHMU3ALNMK KOHQUrypauuu npombinuieHHbIX Ethernet-cereil ¢ momonibo
METOJa MMUTAIMU OTXKWTa MO BOJbIIMaHOBCKOW CXe€MeE, KOTOPBIM YMOPSAIOYMBAET CiIydaii-
HBIM OUCK I100aJIbHOrO MUHUMYMa 11eJ1eBOi (QyHKIIMU. DTOT METOJl ONTUMHU3ALMU SBIISETCS
MEPCIIEKTUBHBIM PELICHUEM, MTO3BOJISIONIUM MOBBICUTH 3(()EKTUBHOCTH pa3pabOTKU MPOEKTa
npombinuieHHON cetn ACYII. PesynpraraMu ncnosb30BaHUsI METO/IA SBIISIIOTCA: YMEHbBIIIEHNE
yyclia OMKUOOK Ha 3Tare Co3aHusl pabodyero MpoeKTa, CTPYKTypH3alus Ipolecca MpoeKTH-
poBaHusl, YeTKasi popMasinzanus TpeOOBaHUM, SKOHOMUS BPEMEHH KBAIU(UIIMPOBAHHBIX CO-
TPYIHUKOB IIPU COCTABJIECHUH TOIOJOTHH, clieNU(UKAIUN U IPYTUX MPOEKTHBIX JOKYMEHTOB,
CHUKEHUE CTOUMOCTH CHCTEMBI.

Knrwouesvie cnosa: aBromatusanys Mpou3BOJCTBA, IPOMBIIIICHHAs CETh, aBTOMAaTU3UPO-
BaHHasl CUCTEMa YIIPaBJICHHUs, aBTOMaTU3UPOBAaHHAs CUCTEMa YIPABJIEHUS MPOEKTaMHU, aBTO-
MaTH3UpOBaHHAs cucTeMa yrpasieHus npousBojactsoM (ACVYII), maremaruueckue Mojenu,
AITOPUTMHYECKUE MOJIETN, METOJ] OTXKHTa, 1iesieBast (PyHKIHs, KOMOWHATOPHASI ONTUMH3ALHS.

OPTIMIZATION OF CONFIGURATION OF INDUSTRIAL
ETHERNET NETWORKS DURING DESIGN OF THE AUTOMATED
PRODUCTION MANAGEMENT SYSTEM

V.A. Kholopov®,
E.N. Kashirskaya,
M.V. Gusev

Moscow Technological University, Moscow 119454, Russia
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The paper considers optimization of industrial network configuration based on industrial
network simulation. A description of step-by-step industrial network design including algorithmic
and mathematical models is given. An algorithm for designing the APCS (Automated Process
Control System) industrial network is developed, the metrics of the industrial network are
compared with the factors affecting them, and the optimization objective function is developed.
A solution of the problem of combinatorial optimization of the industrial Ethernet networks is
proposed. Boltzmann scheme annealing method is used as an optimization method that regulates
a random search for a global minimum of the objective function. The developed optimization
method is a promising solution allowing to increase the efficiency of the APCS industrial network
project design. The results of using the method are: reduction of the number of errors at the
working project creation stage; design process structuring; clear requirements formalization;
saving man hours of qualified employees in drawing up topologies, specifications and other
project documents; reduction of the system cost.

Keywords: automation of production, industrial network, automated control system,
automated process control system (APCS), automated production management system,
mathematic model, algorithmic model, simulated annealing method, cost function, combinatorial
optimization.

COBpeMeHHoe 1 poBOE MAIIMHOCTPOUTENILHOE MPOU3BOJICTBO MOJIPa3yMeBaeT BHICOKYIO
CTEeTNeHb aBTOMATHU3AIMH U TEXHOJIOTHYECKOT0 000pyI0BaHNUs, U TEXHOIOTUYECKOTO MPO-
1ecca, ¥ mpou3BoACTBa B 11esIoM [ 1]. [{ns aBTOMaTn3anuu yrpaBieHUs] BEICOKOTEXHOJIOTUYHBIM
000pyIOBaHHEM B YCIOBHUSX IM(PPOBOTO MAIIMHOCTPOUTEIBHOIO MPOU3BOACTBA TpedyeTcs
oOecrieueHre 6osee BHICOKOTO YPOBHS OpraHu3anuy, (yHKIIMOHUPOBAHUS U TEXHOJOTUH HC-
MOJIB30BaHUST MH(GOPMAIIMOHHO-TIPOTPAMMHBIX CPEICTB [2—5], ueM UMEIOMUNCS B HACTOSAIIEE
BpeMsi. CIIOKHOCTh M KOMITJIEKCHOCTD 33/1a4 aBTOMAaTHU3allMi COBPEMEHHOTO TPOU3BOJICTBA TPe-
OyeT pa3pabOTKU U BHEIPEHHs] HOBOM apXUTEKTYphl CHCTEMbI YNPaBICHUS MCIOIHUTEIbHO-
ro ypoBHS 1M(poBOTO MPOU3BOACTBA [1], KOTOpas codyeTaeT B ceOe MCIOIb30BAHUE CUCTEMBI
SCADA 11t MOHUTOpPHHTA COCTOSIHUS MIPOU3BOACTBEHHOTO 000pyI0BaHUs [6—8] ¥ CHCTEMBI
BBINOJHEHHS TPOU3BOJCTBEHHBIX 3a1a4 [9, 10].

Jliis GYHKIIMOHUPOBAHUS UCTIOHUTEIHLHOTO YPOBHS HU(POBOrO MPOU3BOJCTBA B OMHCHI-
BaeMOl apXUTEKType HEOOXOIUMO 00eCIeunTh PadOTy MPOMBIIINIEHHOW CETH Ha KAY€CTBEHHO
HOBOM YPOBHE, UTO MOXKET OBITh JIOCTUTHYTO IyTEM MPUMEHEHHS ONTHMH3AI[MOHHBIX METO/IOB
€€ MPOEKTUPOBAHUSI.

B nannoit pabote paccMarpuBaeTcsi METO, ONTUMH3AIMKN KOHPUTypalluy POMBIIIIIEHHBIX
Ethernet-cereii, KOTOPBIN COCTOUT U3 BOCKMHU ITAIOB:

* pa3paboTka MareMaTH4eCKO MO/IETH MPOMBIILIICHHON CeTH;

* pelICHHE 3a/1aui COCTUHEHUS U pa3MeIIeHUst 000PyI0BaHHUS,

* pacyeT MaKCHMAaJbHOH 3arpy3Ku Ha CBA3SIX MEXKIY 00OPYI0BaHUEM;

* I0CTAHOBKAa ONTHMHU3ALIMOHHON 3a]1auu;

* BBIOOp 00OPYIOBAHNS,

* peuieHue ONTHUMM3AIMOHHOM 3a/1a4H;

* MpeACTaBlIEHUE METOJa B BUE MPOTPAMMHOIO MPOIYKTa;

* ampoOarusi METO/Ia Ha peabHOM MTPOU3BOACTBE.

[IpoekTupoBaHue MPOMBIIIJIEHHON CETH SIBJISETCS CIOKHBIM MHOTOATAITHBIM MTPOILIECCOM,
BKJTIOUAIOIIMM B ce0sl Clieyromure 00s3aTebHbIe YacTH:
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— dopmanuzanuio TpeOoBaHU K CUCTEME;

— COeIMHEHHE U pa3MelleHre 00opynoBanus (BHIOOP TOMOIOTHIT);

— BbIOOp TEXHOJIOTUH PE3EPBUPOBAHMUS;

— pacyeT MakCUMaJbHOMU 3arpy3KH;

— BBIOOp 000py/IOBaHUS.

[Ipy mpoOeKTUpPOBaHUM AaBTOMATU3MPOBAHHON CHUCTEMBI YMPABICHHUS MPOU3BOACTBOM
(ACVYII) HeoOxoquMo rapaHTUPOBAHHO Y4€CTh MapaMeTpbl, TpeOyromuecs AJs nepenadynd uH-
¢dopmanun mexay noacucremamu ACVYII [9], neHTpanbHON 4acTbiO KOTOPOH SIBISIETCS TPO-
MBIIIUIEHHAsT ceTb. [Ipu ee MpoeKkTUpoBaHMHU, KPOME TapaHTUPOBAHHOTO ydeTa TpeOyembIX
rapamMeTpoB CETH, HEOOXOIMMO MUHUMHU3HPOBATh BIMSIHUE YEJIOBEUECKOro (hakTopa u, 1o BO3-
MOKHOCTH, YMEHBIIUTh CTOUMOCTb 3TOW CETH.

C Touku 3peHusi MOpHOJIOTUH, CTPYKTYypa CUCTEMbI — 3TO YCTOMUMBAsK YIOPSI0UYEHHOCTD
ee DJIEMEHTOB U CBs3ei; KOH(PUTypalusi CUCTEMBbI €CTh COBOKYMHOCTh (DYHKIITMOHANBHBIX Ya-
CTell cuctemMbl 00pabOTKM MH(OPMAIIMU U CBSA3EH MEXKIYy HUMHU, OOYCIOBICHHAsS OCHOBHBIMU
TEXHUYECKUMH XapPAKTEPUCTUKAMU ITUX (PYHKIIMOHAIBHBIX YacTeH, a Takke TpeOOBaHUSIMU
pemaeMbIx 3a1a4. Konurypamus u cTpyKTypa onpeaesstoT CTPOEHUE CUCTEMBI.

Kaxk mpaBuiio, k KaK10¥l cucTeMe NpeabsBIsSeTCS YHUKAIBHBIN psg TpeboBanuii. OgHaKo
€CThb U o011Ke TpeOOBaHUSI, IPEIbSIBIIIEMbIC K CETH U cucTeMe B 1iesoM [ 11]: Beicokue pabouune
XapaKTEepPUCTUKH; ObICTpasi peakiys; BBICOKAsl HAJEKHOCTh; BBICOKAs MPOM3BOIUTEIBHOCTS;
MOJyJIbHAs ceTeBasi OpraHu3aisi, UHHOPMAIIMOHHAS TOCTYIHOCTh B JTIO00M TOYKE CUCTEMBIL;
JIETKOCTh HAapaIllUBaHUS U U3MEHEHHSI POTPAMMHO-TEXHUIECKUX JAHHBIX; THOKOCTh CTPYKTY-
pBI. DTH KaueCTBEHHBIE TPEOOBAHMS TOJKHBI OBITH BEIPAKEHBI B BUJI€ KOJTMYECTBEHHBIX XapaK-
TEPUCTUKAX — METPUK [ 12] mpoMBIIIIEHHON ceTH U (DAKTOPOB, BIMSIONIUX HA HUX.

AHanm3 yKa3zaHHBIX TpeOOBaHUH K MpoMbIiieHHBIM ceTsiM ACYII maeT BO3MOXHOCTh CO-
MOCTaBUTh METPUKH U (HaKTOPBI, BIUSIOUINE HA UX 3HAYCHHS (TaOIuIa).

MeTpHKH TPOMBIIUIEHHON CeTH U (PaKTOPBI, BIUSIOMINE Ha HUX

MeTtpuxa Brusiromune dakropsr

Jnuna xabens

Bpewmst 00paboTku makeTa KOMMYTAIlHOHHBIM 000pYI0BaHUEM
3ansitas emkocth (Utilization), Out/c

Pasmep naxera, Gaiir

Ckopoctb uHTEpdEiica, OuT/c

CKOpOCTB pacipoCTpaHEHHs CUTHAIA, C

MaxkcumansHo gomyctumele 3agepxkn (Delay)

Bpems 00paboTkH nmakeTa KOMMYTAaLMOHHBIM 000PYIOBaHUEM, C
Bpems 00paboTKH nakeTa KOHEUYHBIM YCTPOHCTBOM
To4HOCTB CUHXPOHM3ALMY BPEMEHHU MEX]ly yCTPOHCTBaMU

MakcuMabHO A0MYCTUMbIC H3MEHEHHS 33 ICPKKU
(Delay lJitter)

EMKOCTB KaHaJIOB CBS3U Ckopoctu uHTepdeiica kommyTaropa, out/c

JlocTymHOCTE ceTn MTBF\ (MTBF+MTTR)

Bpewmst koHBepreHIun IPOTOKOJIOB Pe3ePBUPOBAHNUS

MaxkcuMalnbHbIe TIOTEPH MTAKETOB Ha KaHaJe
Oxmunmaemas 3arpysKa

ObecrieueHre COOTBETCTBUS TpeOoBaHUAM K mpombiniieHHOW cet ACYII npennpustus
JIOCTUTAETCs IyTEM BBEICHUSI OTPAaHUYECHUI HA XapaKTEPUCTUKU MPOMBIIUICHHONW CETH, IS
pacueTra KOTOPBIX HCIOJIB3YETCsl COOTBETCTBYIOIIAs MaTeMaTudeckas Mojiens. Paborocrocoo-
HOCTb CETH OOECIEYMBACTCS 3a CUET BBEACHUS OTPAHUUYCHUMN Ha MapaMeTpbl 000pyIOBaHUSI.
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OTH OrpaHUYCHUS OTPEACIISIOT TOMYCTUMOE MHOKECTBO, U3 KOTOPOTO MOXKET ObITh BHIOpaHa
Ka)KIasi eMUHUIA 000PYIOBAHMS.

UroOb! ommcats KoH(puryparuu npomsinuieHHoN cetn ACYII, HeoOXoauMo onpenenuTh
cienyomue o0beKThl, CBOWCTBA KOTOPBIX MPECTAaBIIEHbI B BUIe BEKTOpoB [13].

Koneunoe ycTpoicTBO — OOBEKT CETH, MOAKIIOYEHHBIH KaK KOHEYHOE YCTPOMCTBO K KOM-
MYTaTopy MPOMBIIIICHHON CETH: € = [el,ez yeees €, ]T .

MHOKeCTBO KOHEUHBIX YCTPOMCTB 00pa3yeT MHOXeCTBO E: E = {e}

KomMyTanuMoHHBIE YCTPOMCTBA — 3TO YCTPOMCTBA, K KOTOPBIM MOIYT OBITh IOJK/IIOYEHBI
KOHEYHbIE YCTPOMCTBA U IPYTUE KOMMYTALlMOHHbIE YCTPONUCTBA: C = [c1 »Cyseees C,. ]T .

MHOXeCTBO KOMMYTAIMOHHBIX YCTPOHCTB 00pazyet MHOXkecTBO C: C = g}
CBsI3b — COCIMHEHHE MEKIY JIBYMSI JIFOOBIMH YCTPOHCTBaMH, 00J1aiarolee HaboOpoOM TaKUX
o 7 T

CBOWCTB, KaK THII, CKOPOCTb, [UTMHA COCAUHEHHUS: [ = [ll ) ,] )

MHOoXecTBO cBsizel 00pazyeT MHOXeCTBO L: L = {i }

V3en cetn (YC) — KOHEUHOE UM KOMMYTAIlMOHHOE YCTPOMCTBO, TO €CThb JIF000€ YCTpOM-
CTBO, YYaCTBYIOIIIEE B OTIIPABKE U IMOJyYSHHH TTOTOKOB JJaHHBIX. Y3el ceTH s 00pazyeT MHOXKe-
cTBO y3510B cetn H: he H .

Cetb —a10 rpah N [14]: N = (H ,V) ,Tae V < H’— GuHapHOe OTHOIICHHE Ha MHOXKECTBE
H, xapakrepusytoniee (u3n4ecKoe COeTMHEHUE MEKIY YCTPOHCTBaMU.

HaGop meTpuk — Habop 3HaYEHUI TapaMeTpoB ceTH, (HOPMUPYIOIIUX TEXHHUECKUE Tpebo-
BaHMs U1 HOCTPOEeHUs poMbiuieHHo# cet ACVYII. B Maremarn4aeckoM Bujie HaOOp METPUK
MIPECTABIICH BUJIE BEKTOpa J = Lyl, Vasees Yy ]T , @ TeXHUYECKHEe TpeOOBaHUS B BUIE CHCTEMBI
HEPaBEHCTB:

rie y, W y, — OTpaHduYeHUs (hakTopa CHU3Y U CBEPXY, COOTBETCTBEHHO.

TexHONOTHs PE3epPBUPOBAHUS — ITO TEXHOJIOTHS, TMO3BOJISIOMIAS TPH HATMYUHM MEXIY IBYyMS
YCTPOMCTBAMU PE3EPBHOIO MApILPyTa MEPEKII0YaTh MOTOK JAaHHBIX MEXTY HMMU Ha PE3EpBHBIN
MapIIpyT B CIydae HeIOCTYITHOCTH OCHOBHOIO [12]: 7 = [7”1 s Fyseenst, ]T , TIIE 7, — OJIEMEHTBI MapIIpyTa.

ba3oBast Tonmonorus — 310 0T00pa’k€HNE MHOKECTBA KOHEYHBIX YCTPOKCTB 7, Ha CETh!
r,:2" > {N,},

1

rnei=1:n_;

n_= |Tl—- KONMM4€eCTBO 3aJaHHBIX 6a30BBIX TOMOIOTHH;

T'= {zr,} — MHOX€eCTBO 6A30BBIX TOIOJIOTHUH;

2% — MHOXKECTBO BCEX TIOIMHOKECTB £

E — COBOKYITHOCTb MOJAMHOKECTB;

{N.} — MHOX€ECTBO BCEX CETEM.

OtoOpaxenue ¢: H—C cTaBUT B COOTBETCTBHE KOMMYTAIIMIOHHOMY YCTPONCTBY KOHKPET-
HYIO MOJIETTb KOMMYTaTopa.

Tenepp ompenenuM ajaropuT™M, KOTOpbIA OyneT jexaTb B OCHOBE METOJa ONTUMHU3ALNU
koH(pUrypanuu npomeinuieHHbIX Ethernet-ceteil mpu MX MPOEKTHUPOBAHMU. DTOT AJITOPUTM
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OTHCHIBACT BBHIMIOJTHEHHUE JIByX OCHOBHBIX MPOIIECCOB: BHIOOP TOMOJOTHUU CETH U BBIOOp Ma-
pameTpoB obopynoBaHus. CTPYKTYpHBIM CHHTE3 MPOMBIIUICHHONH CETH BBITIOTHSIETCS MyTeM
BBIOOpPA TOTIOJIOTUU CPEIM MHOKECTBA 0a30BBIX. [Ipu 3TOM 0a30Basi TOMOIOTHS MPEACTABIISET
co0o¥ MpaBUII0, O KOTOPOMY CTPOHUTCSI TOTIOJIOTUS peaIbHON ceTh. MHOKECTBO 0a30BBIX TO-
TIOJIOTH MOXKET OBITh PACIIMPEHO HOBBIMH.

Jlnia xaxaoi 6a30Boii Tomonoruu OyAeT pelieHa 3aj1ada BbI0opa 000pyIOBaHUS U COETU-
HUTENbHBIX THHUNA. OO0pYI0BaHNE U COSTMHUTEIHHBIC TIMHUU BHIOMPAIOTCS CPEIU MHOKECTBA
peanbHO CYLIECTBYIOIIUX IK3EMILIIPOB, KOTOPOE MOXKET OBITh U3MEHEHO.

B kauecTtBe o0uiero aaroputMa npoeKTupoBaHus npombinieHHol cetu ACYII namu
BBIOpAH CJIETYIOIINNA:

Illae 1. ]1ns1 KaXk10# TOTIOJIOTHN 13 MHOYKECTBA 0a30BBIX TOIOJIOTHIA BBITTOJHHUTH IIaru 2—4.

Llaz 2. Co3narh pealibHyI0 TOMOJIOTHIO HA OCHOBAaHUU 0a30BOi.

Illae 3. Paccuntarh MakCUMaJbHYIO 3arpPy3Ky CETH.

Illaz 4. HaliTi onTUMAalIbHBIE 3HAYSHHS @ = @*:

@; :f0(¢)_)min
v, <v,(p)<yi,j=1:n,

G :fo(§0:)

llaz 5. Beibpars @y, N, :
C, =min(C,,...,C,_),

k=1:n..

[Tocne onpeneneHust arOpuT™Ma MPOEKTUPOBAHUS U METPUKH MPOMBIIIJICHHBIX CETEN BO3-
HUKaeT 3ajjada COEAMHEHUS U pa3MelleHus: 000pya0BaHMs, KOTOpas peLIaeTcss BHYTPU OFHO-
ro 31aHus. Monenb 37aHus IpeAcTaBiIsieT cOO0M COBOKYIHOCTh MapalleIbHbIX IIOCKOCTEH,
Ka)/1asi U3 KOTOPBIX COOTBETCTBYET 3TaXYy 3/1aHUs. BHYTpH 371aHNs MOTYT OBITh ONpEIEICHBI
o0nacTu A pa3MelIeHUs KOMMYTAIlMOHHOTO 00opynoBaHUs. MecTONoNoKeHHEe OOBEKTOB
BHYTPU 371aHU 334a€TCs JEKapTOBBIMU KOOPJIMHATAMH Ha ATakKe U HOMEPOM 3TaxKa.

BXOnHBIMU TaHHBIMU 3TOTO 3Tama SIBUTCSI HECKOJIBKO OTOOpa)Ke€HWi, KOTOpbIE CTaBST B
COOTBETCTBUE Ka)KIOMY YCTPOMCTBY €r0O IOJIOKCHHE B IPOCTPAHCTBE U MOPSAKOBBIM HOMED.
[Tonzanaua coeprHeHMst 00OPYIOBAHUS PEILACTCSI C IPUMEHEHUEM METO/a OMHOYHBIX CBSI3€H,
OTIMPAIOLIETOCS HA MepapXxuyecKyro kinactepuzanuio [15]. Ha ocHoBe Moaudukamum mMetona
c(OpMHPOBAH CIICAYIOMINN AJITOPUTM pa3MeIeHUs] 000PyIOBaHHS:

lae 1. Kaxiol Touke NpUCBaUBAETCsI CBOM KIIacTep, KayKbI U3 KOTOPBIX COAEPHKUT OJUH
a5eMeHT. PaccTosiHne MexX Iy KilacTepaMu paBHO PACCTOSHUIO MEXKAY TOUKaMH.

Illae 2. HaxomuTes Omwkaitinas mapa KJiiacTepoB, KOTopast 00beIMHSAETCS B OJIUH MPHU YCII0-
BUU, UTO paccTossHUE MexX 1y HUMU MeHee 100 M 1 o6111ee KoIU4ecTBO KJIacTepOoB OO0JIbILE JBYX.
PaccTosiHueM Mexay Ki1acTepaMu CYMTAETCS! PACCTOSIHUE MEXKIY OMMKaHIIuMKU TOUKaMH.

[llaz 3. BeIUnCIA0TCS pacCTOSHUS MEKAY HOBBIM KJIACTEPOM M KayKIBIM U3 CYLIECTBYIOIINX.

Illaz 4. llaru 2 1 3 NOBTOPSIIOTCS /10 TEX MOP, IOKA KOJIMYECTBO KIACTEPOB HE MEPECTaHET
YMEHbILIATHCS.
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B ciydae ucnonp3oBaHMs TPEXMEPHON MOZIEH K JEKapTOBBIM KOOPAMHATAM TOUKH Ha 3Ta-
&Ke 00aBIsieM BBICOTY ATaxa. Toraa 3a/1aua pa3MeIieHus pemaeTcsi CaeIyonuM o0pa3oM:

Hlae 1. Ins kaxa0ro Kjiactepa onpeaessieTcs: HeHTp Macc.

Illae 2. CoOTBETCTBYIONMUN KOMMYTATOp KaXKIOTO KJIacTepa MOMEIIACTCS B ONFKAUIITYIO
CEPBEPHYI0 OTHOCUTEIHLHO ONPEEIIEHHOTO LIEHTPa Macc.

Llaz 3. lleHTpaibHbIII KOMMYTATOP MOMEIIAETCS B CEPBEPHYIO, ONMKAMNIIYIO K LIEHTPY
MAacCC BCEX YCTPOMCTB.

ITo uroram pasmMerieHus Mojay4aeM oToOpaskeHHe, KOTOPOE CTaBUT B COOTBETCTBUE KAk I0M
CBSI3U JUIMHY, PaBHYIO €BKJIMI0OBY PACCTOSIHUIO MEKY TOUKAaMU B IIPOCTPAHCTBE.

[Tocne pemieHust ONMUMCAHHBIX BBILIE 3a/1a4 HACTYHAeT ITall pacyeTa MaKCMMAJIbHOM 3a-
rpy3ku. /laHHbIN Tanm UMeeT KIIueBOe 3HaUeHue Mpu BbIOOpe 000pyI0BaHUS U KaHAJIOB CBS-
3u. Korna Bce ycTpoicTBa CETH y4acTBYOT B OOMEHE TaHHBIMHU, TO K&JK/I0€ COCTOSIHUE CETH S,
COOTBETCTBYET MAKCUMAJIbHOMY COYETAHHIO Map B IMOJHOM rpade ¢ BepIInHaAMH, CUMBOJIHM3H-
PYIOILMMHU KOHEUHBIE YCTPOUCTBA. DTO MOKET OBITH BBIIIOJIHEHO B COOTBETCTBUM CO CIIEYIO-
LIUM aJITOPUTMOM:

lae 1. [Ins xax0ro ocTOBHOTO AepeBa rpada 7 BoinonHuTh maru 2—4. [lepedpatb 0CTOB-
HbI€ JIepeBbS MOXHO ITyTEM IOCJIEI0BATEIbHOIO YIAJICHUsS COYETaHUN IHMKJIOMATHYECKOTO
yucna pedep V(x) =m—n+ p,TAe m— KOIUYECTBO pedep; 7 — KOIIMYECTBO BEPILUH; p — KOJIH-
YeCTBO CBSI3HBIX YacTell rpada.

Llaz 2. J1nist KaX0TO COCTOSIHKS CETH S, BBITIOJIHUTH IHar 3.

Illae 3. Paccuntarh MaKCUMAaJIbHYIO 3arpy3Ky BceX peOep OCTOBHOIO J€peBa, AJIsl UETO I0-
CJIEIOBATEIBHO PACCMOTPETH ITyTH MEXKIY NapaMy B3aUMOJIEHCTBYIOIIUX YCTPONUCTB B OPUEH-
TUPOBaHHOM Trpade, mpubaBisis KaKI0My pedpy COOTBETCTBYIOIEE 3HAYEHNUE MAKCUMAIILHOTO
MOTOKA JAHHBIX KaXKJOTO KOHEUHOTo ycTpoiicTBa. HaiiTu 3HaueHME MaKCHMAaJIbHOTO MOTOKa
JTaHHBIX Ha KOMMYTaTOpE, PABHOTO BXOJALICH CTENIEHU BEPIINHBI.

Llaz 4. 1ns kaxaoro pedpa 0CTOBHOIO JiepeBa Ha3HAYUTh BEC, PaBHBIM MaKCUMaJIbHOMY
CpeIy BECOB JUISl KaXKJI0OTO0 COCTOSIHUS ATOTO JIepeBa.

Hlae 5. qns xaxnaoro pedpa rpada 7 Ha3HAYUTh MAKCUMAIBHBIX BEC U3 BECOB BCEX OCTOB-
HBIX JIePEBbEB.

Taxum 00pa3oM, 10 UTOraM BBIMOJIHEHUS aJrOpUTMa AJIs KaKI0i U3 6a30BbIX TOMOJIOTHI
MOJyYMM HaOop B3BelIeHHBIX rpadoB. Jlanee He0OX0AUMO IS KasK0N KOH(UTYpaLluH MO10-
Oparb 000pyIOBaHHE U BHIOpATh ONTUMAIBbHYIO KOH(MUTYPALIUIO U3 MOTyYeHHOTO MHOKECTBA,
TO €CTh BO3HMKAET 33/1a4a KOMOMHATOPHOW onTUMU3aiy. Bei0op 000pynoBaHMs IPOUCXOTUT
cpenu 00bekTOoB MHOXKecTBa F, ' < C . MHOXecTBO F' BKIIIOYAET B ce0sI yCTPOHCTBA, COOTBET-
CTBYIOLIIME TPEeOOBAHUSAM MPOU3BOACTBA, TAKUM, KaK KJIACC 3alIMIEHHOCTH, paboyue Temrie-
paryphbl, JOMYyCTUMas BIAXKHOCTh U T. A. C MaTeMaTU4eCKON TOUKH 3peHus, 3a/1a4eil paccma-
TPUBAEMOTO ATaIla SBJIAETCS MOUCK TaKOTO (), KOTOPOE 0OECHEUUT BBHIIOIHEHUE CIIETYIOIINX
OTpaHUYCHUN:
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Omneparop ¢: H — F, ¢ CTaBUT B COOTBETCTBHE KOMMYTAaLlMOHHOMY yCTPONCTBY / KOH-
KPETHYIO MOJIEb KOMMYTaTopa F, COOTBETCTBYIOLIYIO TPEOOBaHUSAM IIPOU3BOJICTBA.

C menbio penieHust ONTUMHU3AIMOHHON 3a/1auil HaMH pa3padoTaHa meneBast GyHKIUS, KO-
TOpast OTMpeessieT KPUTEPHH ONITUMAIIBHOTO BbIOOpa. [TTaBHBIM M3 TaKUX KPUTEPHUEB SBISETCS
CTOMMOCTB, TO €CTh CJEYeT BBIIOIHHUTh TOUCK TAKOH KOH(DUTYypalluy CEeTH, IPU KOTOPOi, HE
KEPTBYS IapaMeTpaMy KadecTBa CeTH, OyJIeT ONTUMU3NPOBaHA CTOUMOCTH 000PY/IOBaHHS.

B maremarndeckom Buje LieneBast GyHKLUS PUMET CIEAYIOUIMNA BUA:

c=y cy

rne CY)— cTOMMOCTH KOMMYTATODA.

B Maremarndeckoit Monenn KOMOMHATOPHOM ONMTUMU3AIUH OyJIeM HCITOIh30BaTh CIIEIYFO-
[IME METPUKHU TIPOMBIIIUICHHON CETH.

OIHOCTOPOHHSIS 3a/ICPKKA 3aBUCHT OT 33JICPXKKHU PacIpOCTPaHEHUs CUTHAJA (propogation
delay), 3anepXku mepenadyn makera B ceTh (serialization delay), 3anepXKu 04epeqHOCTH Ha
untepdeiice (queuing delay) [16]. JIns mpou3BoIbHOTO ydacTka cetd (Gopmyra pacuera 3a-
JEPKKU OyIET BRITIISIETD CIAEAYIOIMHUM 00pa3oMm:

D=3, - jaI)JS * li)x Pg + 1))
1 1 1

rae PS — pa3mep nakera, 6ailr;

[, — MakCUMaJbHBIA MOTOK JAHHBIX, KOTOPBIH MOXKET ObITh 00paboTan Ha uHTEp(deiice,
our/c;

U, — Tekylmii MOTOK JIaHHBIX Ha KaHAIE CBA3H, OUT/C,

[, — CKOPOCTb PacIpOCTPaHEHUS CUTHAJIA, C;

/ , — JUIMHA Kabems, M.

JIOCTYITHOCTh POMBIIUIEHHOW CETH PACCUUTHIBACTCS 10 (popMmyIie:

MTBF

_ net
" MTBF,, +CT,’

rne MTBF  — cpeanee BpeMs Mexy COOSMU NPOMBILIIEHHON CETH;

CT, — BpeMsl KOHBEPIe€HIMHU TPOTOKOJIA PE3EPBMPOBAHMS NPH 3aJaHHON KOH(UIypanuu
CeTH.

JUKUTTEp BO3HMKAET M3-3a ouepeiel Ha nHTepeiicax KOMMYTAallMOHHOTO 000PyAOBaHMSL.
JUJ1s1 KOJIbLIEBOM TOMOJIOTMM MaKCUMAJbHbIN JUKUTTEp orpenesnsercs no gopmyse [16]:

J, =CT,, +n,xpd,

IJI€ 71, — KOJIMYECTBO YCTPOKMCTB B KOJIBLEBOM TOMOJIOTHUH;
pd N BHOCHMaAA KaXX/IbIM KOMMYTallHOHHBIM YCTpOﬁCTBOM CCTHU JOIMOJIHUTCIIbHAA 3aICPIKKa
KO BPEMEHU KOHBEPTEHIIUU MPOTOKOIA PE3CPBUPOBAHUSI.
JIJIs TOTIOJIOTHH «3ape3epBUPOBAHHAS 3BE3/1a» MAKCHUMAIIBHBIN JUKUTTEP OyJIeT PacCUUTHI-
BaThbcs 1o Gpopmye [16]:
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J, = max(CT]\(,i)l i= m,

[JI€ 1, — KOIMYECTBO 3apE3€PBUPOBAHHBIX CBS3EH.

MakcuManbHbIE IOTEPU HA KAHAJIE COCTABIAET Pa3HUIIA MEXKY OTIPABIEHHBIM KOJIH-
YECTBOM I1aKETOB U MOJyYE€HHBIM KOJIMYECTBOM IakeToB. Kak npaBuiio, 3Ta pa3Hulia Belpaka-
€TCsI B IPOLIECHTHOM COOTHOILICHHH.

Y rler.n).c,)

L, = .
' Zi CTN x Zi I‘Elj)

0 npu C,, > CT,, xZ/Zi’)

Lci( Ty 1) C'):

N>%4j° ™1

CTy x Y 1) =Cy npu C,; <CT, x Y 1)

rae j=1:n;,30€Ch 1, — KOJMYECTBO CMEKHBIX C BBILIEIIAM U3 CTPOSI KOMMYTAaTOPOB;

i=l:n;, 31eCh n; — KONMYCCTBO MHIMICHTHBIX CBSI3CH I8 CMEXKHBIX BBIIICALICMY H3
CTPOSI KOMMYTAaTOPOB;

C,; — pasmep Oydepa i-oro KoMmyTaropa, OuT.

OxuaemMyro 3arpysKy /, MHIMIEHTHBIX CBA3EH BBILIEIUIETO U3 CTPOS KOMMYTATOpa CYH-
TaeM PaBHOH HYJIIO.

[TpuBeneHHas Gopmyia MpencTaBiseT cOO00 OTHOIIECHHE KOJIMUYECTBA MMAKETOB, CyMMap-
HBI pa3Mep KOTOPBIX MPEBbINIAeT pa3mep Oydepa kommyTaTopa, K CyMMe BCeX MepeiaBaeMbIX
MaKeToB 3a BpeMms Koneprenuun CT,.

L=max(L,) k= ﬁ,

[JIE 1 — KOJIMYECTBO KOMMYTAI[MOHHBIX YCTPOUCTB.

Pemenue mocTaBIeHHON ONTUMHU3AIMOHHON 3a/1a4M HE MOXKET OBITh MOJYyYEHO MPOCTHIM
1epedopoM B CHITy OTPOMHOTO MHOKECTBA PA3JIMYHBIX KOMOMHAIMI TapaMeTPOB IPOMBIIILIECH-
HOM CETH.

Jlnst BBIOOpa MeTo/1a ONTUMH3AIMK OBbLIIM MPOAHATU3UPOBAHB] Pa3IMYHbIE TEXHUKH OINTH-
mu3zanuy. Hanbonee nepcneKTHBHBIM OKa3alicsl METO/ OTXKHra — pa3HOBUIHOCTH MeToaa MoH-
Te-Kapio, ucrosnb3youil ynops104€HHbIN CIly4aiiHbIi IOMCK HA OCHOBE aHAJIOIMH C ITPOLeC-
coM 00pa3oBaHMsI B BEIIECTBE KPUCTAJUIMYECKONW CTPYKTYphl ¢ MUHUMAJIbHON IHEPrUeN Mpu
oxynaxaenuu [17]. AHamoroM >HEPTUM B TAHHOM HCCIICIOBAaHUU SIBIISIETCSI CTOUMOCTB 000pYy-
noBanus E = f(x), a aHamorom temneparypsl 7 — BEKTOp 1apaMeTpOB CUCTEMBI.

ITpu moucke MUHMMYyMa LieN€BOM QYyHKIUH f(X) — CTOUMOCTH 0O0OPYAOBaHHS pPaCCUMTHI-
BAaE€MOW XapaKTEPUCTUKOH SIBIISIETCS BEPOSITHOCTH h(AE T ) NIEPEX0/1a CUCTEMBI U3 TEKYILEro
COCTOSIHMS K CIeyIouieMy, rine AE — n3MEHEHUE CTOMMOCTU CUCTEMBI IIPU NIEPEXOIE K HOBOMY
COCTOSIHHIO. AE

B kauectBe pyHKIIMU h(AE ,T ) OyZieM HCITI0JIb30BaTh h(AE I ) =e T, ur0 COOTBETCTBYET
XapakTepy U3MEHEHUsI CyMMapHOH CTOMMOCTH OOOpYIOBaHMS IPU YMEHBIIEHUH KOJIMUYECTBA
€ro eIUHMII.
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IIpencraBuM NpUMEHEHNE METO/A OTKUTA CIEAYIOLIUM aJITOPUTMOM:

1. ITpou3BoNBHBII BHIOOP HAYAIBHOTO COCTOSHHS X, € S, Ille X — COCTOSHHE CHCTEMBI,
S — MPOCTPaHCTBO COCTOSTHUM.

2. Onpenenenne TeKyniero 3navenus £ = flx )

3. UTepanioHHBIN MPOIECC ONpeaesieHus T100aaIbHOT0 MUHUMYMA I1eJIeBOM (DYHKITUH T10
METO/y OT)KHTa.

Ontumu3upyemMas cuctemMa npeicTaBisieT co0oii rpad ¢ 7 BepLUIMHAMU, KaX10Hi U3 KOTOPBIX
MOXKET OBbITh ITOCTABJICHA B COOTBETCTBHUE MOZIEb KoOMMyTaropa. OToOpa)keHue 31eMeHTOB rpada
Ha ONPEAETICHHBIM KOMMYTaTOp NPEACTaBUM B BHJIE 7-MEPHOIO BEKTOpa X = [xo c X, ], B KO-
TOPOM KaXKJIbIi 3JIEMEHT SIBJISIETCSI MACHTU(UKATOPOM MOJEIU COOTBETCTBYIOILIEIO y3/1a CETH.
Bce Bo3MOokHBIE 3HaYEHUS X 00pa3yOT IPOCTPAHCTBO COCTOSTHHM S.

CyMmMapHasi CTOUMOCTh BCEX KOMMYTAaTOPOB CETH OMpezensercs mo popmyre:

E=2LC

CornacHo bonbliMaHOBCKOH cXxeMe, H3MEHEHHE MapaMeTpoB 3aaaetcs popmydoit [17]:

T,
T(k)=———,k>0
(*) In(1+k)’ g

e 7, — Ha4YaJIbHbIA BEKTOP MApaMETPOB,;

k — HOMep 111ara UTepariOHHOIO MpoLecca.

Jlanee BbIOMpaeTcss ceMeNCTBO HOpMalbHbIX pacnpeaeneHuil G(x,T) ¢ mMareMaTu4ecKuM
OKUJAHHUEM X U [ucnepcuei 7, 3aaBaeMoe IIOTHOCTBIO:

_‘xi_"‘z
‘e 2T
i=0 ?

D

g(x,T) = (27ZT)_5 X

n—

rae D — pa3MepHOCTb MMPOCTPAHCTBA COCTOSTHUM.

JlanHOE pacmpeesieHue sSBIAETCS 4acThl0 BOJIBIIMAHOBCKOW CXEMBI, NI KOTOPOM JOKa-
3aHO, YTO TIPU JA0CTATOYHO OOMbIIKMX 7)) ¥ OOIIEM KOJMYECTBE IIAr0B & OOANbHBIA MUHUMYM
MOKET ObITh TapaHTUPOBAHHO HAWJIEH.

3akjaoueHmne

IIpennoxeHHbIi METO, ONTUMH3ALUHN TPOEKTUPOBAHMS TPOMBILIEHHON CETU MO3BOJISET
MHOTOKPaTHO YCKOPHUTB IPOLIECC Pa3padOTKU MPOEKTa CETH U MPEJ0CTABUTH TPOSKTHUPOBILIUKY
CUCTEMBI TOTOBOE TEXHUUECKOE pelIeHne. MeTo| IpeICTaBIeH B BUAE IPOrPAaMMHOTO IPOAYK-
Ta, KOTOPBIN arpoOUpPOBaH B MPOU3BOACTBE (PPUKLMOHHBIX yIiIepoAHbIX JuckoB Ha OAO AK
«PyOuny. IIpoMblluieHHas ceTh Ha NPOM3BOACTBE IPEAHA3HAYACTCS Ul Iepeiadyn yIpaBis-
IOLIUX [IPOrpaMM, TEXHOJOTUUECKONH TOKYMEHTALMHU, KOMaH]I, 00eCIIeYnBaOLINX yIIpaBlIeHHE
BcriomorarenbHbIM obopynoBanueM. Ot cuctem UITY u [1IJIK na SCADA cucremy B pexume
peallbHOTO BPEMEHH IO CETH MepeaeTcs Takxke AuarHoctuyeckas napopmanus. 1o pesyins-
TaTaM BBIIIOJHEHHON ONTUMHU3ALMU CTOMMOCTh MPOEKTUPOBAHUS CUCTEMBI CHIDKEHA Ha 18%,
Tpyno3arparsl — Ha 20 pabounx yacoB. O4eBHUIHbIE BHITO/IbI OT HCIIOIB30BAHUS METOA:
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— YMEHbILIEHHE YHcia OIMOOK Ha 3Tare co3aHus padoyero NpoexTa;

— CTPYKTYpH3alMs Ipolecca MpoeKTUPOBAHNUS;

— yeTKas GpopmManmuzanus TpeOoBaHuil,

— SKOHOMHS BPEMEHHU KBATH(DUIIUPOBAHHBIX COTPYIHUKOB MPH COCTABICHUU TOTIOJIOTHH,
crienuQUKaIMiA ¥ JPyTHX MPOSKTHBIX TOKYMEHTOB;

— CHI)KEHHE CTOMUMOCTH CHUCTEMBI.

Paboma evinonnena 6 pamxax npukiaoHvIX HAYYHBIX UCCLEO008AHUN U IKCNEPUMEHMANb-
Hoix pazpabomok (ITHUDP) no 3axazy Munucmepcmea oopaszosanusi u Hayku P® (yHukaio-
uutti uoenmugpuxamop IHHUIP RFMEFI58016X0008).
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MWUKPO- 1 HAHO3JIEKTPOHUKA.
DOU3UKA KOHAIEHCUPOBAHHOI'O COCTOAHMUA

VIK 577.337; 538.931

KOJUIEKTVBHBIE BO3bYKIEHWM I
B AJIb®A-CITMPAJIbHOW MOJIEKYJIE BEJIKA

B.H. Kaganuen"©,
A.H. T'oabos?

'Mockosckuti mexnonoeuuweckuil ynusepcumem (MHUPDA), Mockea 119454, Poccus
[lIxona nayku, mexuuxu u mexunonocuu, Abepmsu Ynusepcumem, [lanou, Benuxobpumanus
@Aemop ons nepenucku, e-mail: appl.synergy@yandex.ru

Lenbro HacTOsAIIEH pabOTHI SIBJISIETCS BBISIBICHUE YCIOBUMN, TPU KOTOPBIX B pE3y/bTaTe B3a-
UMOZCHCTBUS KoeOaHUH MOJIEKYIl B ajb(a-CoupaibHO Mosekyse Oeska (GopMUpyroTCs KO-
JIEKTUBHBIE BO30YXJIeHHsI BUOPOHHOTO TuNa. B Makpomorekyne Oenka BbIIENSIOTCS JIBE MOJ-
CUCTEMBI: LIETIOYKAa COEAMHEHHBIX BOAOPOAHBIMU CBA3SIMU NMENTUAHBIX TPYII U MOACHCTEMA
CBSI3aHHBIX Yepe3 ajb(a-yrIepoaHbId aTOM ¢ MENTUAHBIMU TPYIIaMU PAJAMKAIOB, BXOMSIINX
B COCTaB aMHHOKHUCIJIOTHBIX OCTAaTKOB. MoJeKysipHble KoseOaHus B OeIKax OTBETCTBEHHBI 32
Takue OeNKOBbIE MPOIECChl, KaK (hepMEeHTaTHBHAS aKTUBHOCTb, MEPEHOC AIEKTPOHOB W/WIIH
SHEepruu, KoH(GopMaIMOHHbBIE MIEPEXoIbl U OeJIKOBBIE B3auMOJeiicTBUsA. Bonpoc 0 BO3MOXHO-
CTH CYIIECTBOBAHUS JUTMHHOBOJIHOBBIX KBAHTOBBIX KOTEPEHTHBIX COCTOSHUI B OMOIOTHYECKUX
cucTeMax npu (PU3HOIOTUIECKUX TEMIIEPAaTypax 00CyKAaeTCsl B TeUEHNE HECKOIBKHX J1eCATH-
netuit. I'epOept Opénux npeanonoKui, 4To KonedarenbHble PeKUMBI B OSJTKOBBIX MOJIEKYIaxX
MOTYT YHOPSIOYMBATHCS M KOHJAEHCUPOBATHCS B HU3KOYACTOTHBIN KOJIeOaTeNbHbIM peXUM B
IpoLecce, aHaJOTMYHOM KOHAEHcauuu bo3ze-DHHIuTelHa, W, CI€I0BaTeIbHO, MAKPOCKOIIH-
YyecKasi KOTePeHTHOCTh IMOTEHIIHAIIBHO MOXKET HaOIroaThCcsl B Onojornyeckux cucremax. He-
JTABHUMHU SKCIIEPUMEHTAJIbHBIMH JIaHHBIMU MO JUIMTEIBHOMY KOJUIEKTUBHOMY BO30YKICHUIO
Oesnka B TeparepuoBoi 00JacTH YacTOT YCTAHOBIEHO, YTO, MOMIONIask 3TyYeHHEe C YacTOTOU
0.4 Teparepii, MOJEKyJbl Oelika B KPUCTAIIIIE U3MEHSIOT CBOE JIEKTPOHHOE COCTOSIHHE, a BMe-
CTE€ ¢ HUM U CTpOoeHHE. B yacTHOCTH, cKUMAeTCsl OflHA U3 o-crupaineil auzonuma. Ilpu stom
C)KaToe COCTOSIHUE COXpaHseTCsl B 00pa3le Ha MPOTSHKEHUH MWUIMCEKYHI. AHAJIN3 TOKa3bl-
BAET, UTO BPEMsl CYIIECTBOBAHUS KOJeOaHUH OT MUKPO- JO MUJUIUCEKYH]T OOBSICHAETCS TOJb-
k0o DpEnnx-KOHAEHCAIUEN, SIBICHUEM, ITPEICKa3aHHbIM ITOYTH I0JIBEKA Ha3al, HO HU pa3y He
MOATBEP>KICHHBIM AKCIIEPUMEHTANbHO. [IpencTaBieHuss 0 KOJJIEKTHBHBIX BO30YXICHHIX B
OMOMaKpOMOJIEKYJIaX IIMPOKO MCIOJIB3YIOTCS M MPH UCCIIEAOBAaHUM OJJHOTO U3 LIEHTPATbHbIX
BOIIPOCOB OMOPHEPIeTHUKU — BBIICHEHUU MPUYUH BBICOKOH 3(p(eKTHBHOCTH MepeHoca 3Hep-
THH, JIEKTPOHOB U IIPOTOHOB B IIpe/eaax OJHOM MaKpOMOJEKYJbl M MEXIy MOJIeKylaMu. B
JTAHHOM CTaThe TEOPETUYECKH B KBA3HMKIACCHUYECKOM MPUOIMKEHUM MCCIIEIYeTCsl AUHAMHUKA
anb(da-crupanbHON 6EIKOBON CTPYKTYPHI IIPU HAJTMYUH BHEIIHETro OKpyskeHus. [lokazano, uto
B pe3ysbTare B3aMMOJCHCTBUS ¢ OKPY)KEHUEM (BHYTPUKIIETOUHON cpesioii) B alb(a-crupaib-
HBIX MOJIEKYJIaX MOTYT BO30YXJIaTbCsl KaKk aKycTHueckue kojaeOanus (PpEnnxoBCKuil pexxnum),
TaK ¥ BO30Y)KJICHHS TUMA YEIMHEHHBIX BOJIH — COJTUTOHOB (/laBBIIOBCKUIN pexXuM).

Knroueevie cnosa: anvba-cimpanbHbie OCTKH, BOIOPOAHBIC CBS3H, (DOHOHBI, COTUTOHEI,
KOJIJIEKTUBHBIC BO30OYXIeHUs, (DIyKTyanuu, Kouaencamus Opénmxa.
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COLLECTIVE EXCITATIONS IN ALPHA-HELICAL
PROTEIN MOLECULE
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2School of Science, Engineering and Technology, Abertay University, Dundee, UK
@Corresponding author e-mail: appl.synergy@yandex.ru

Continuous energy supply,anecessary condition for life, excites astate far from thermodynamic
equilibrium, in particular coherent electric polar vibrations depending on water ordering in
the cell. The collective, low-frequency vibrational excitations in protein macromolecules in
the terahertz frequency region are suggested to orchestrate many protein processes such as
enzymatic activity, electron/energy transport, conformation transitions and others. The most
significant type of excitations is long-lived coherent vibronic modes and waves which are either
spreading over large protein subdomains or being localised states. Two possible mechanisms of
the formation of collective dynamic modes in the form of Frohlich collective mode and Davydov
soliton were previously suggested. We developed a unified quantum-mechanics approach to
describe conditions of the formation of Frohlich vibronic state and Davidov soliton in alpha-
helical protein molecules interacting with the environment. We distinguish three subsystems in
the model, i.e., (i) oscillating peptide groups (PGs), interacting with (ii) the subsystem of side
residuals of proteins, which in turn interacts with the environment (surrounding water), which
is responsible for dissipation and fluctuation processes and modelled by a system of harmonic
oscillators. It was shown that the equation of motion for dynamic variables of PG chain (phonon
variables) can be transformed to the nonlinear Schrodinger equation for order parameters,
which determines energy “pumping” due to protein interaction with a reservoir. Solution of the
order parameter equation was shown to admit bifurcation into the solution corresponding to the
formation of weak damped collective vibronic mode with growing amplitude. It was also shown
that the solution corresponding to Davydov soliton can exist at certain boundary conditions in
this bifurcation region.

The suggested mechanism of emergent of macroscopic dissipative structures in the form of
collective vibronic modes in proteins is discussed in connection with recent experimental data
on long-lived collective protein excitation in the terahertz frequency region

Keywords: alpha-helical proteina-helical protein, Frohlich condensation, autolocalization
states, hydrogen bonds, phonon, dynamical regimes, soliton.

BBenenne

HenpepHBHoe, 3¢ deKkTuBHOE CHAOXKEHHE PHEPrUel pazIUYHbIX MOJCUCTEM MKHUBBIX Op-
raHU3MOB U €€ Mpeodpa3oBaHne — HEOOXOUMbIE YCIOBUS (PYHKIIMOHUPOBAHUS KUBBIX
cucTteM. JHeprus Tpedyercs A QyHKIHOHUPOBAHUS MEMOpPaH U OpraHesul, HOHHOTO pas/elie-
HUsl, POPMHUPOBAHUS PA3HOCTEN ANEKTPUUECKUX OTEHIIMANIOB U T.1. biaronaps mogsoaumoii k
OduocucTeMaM SHEPruu, B HUX (HOPMUPYIOTCS U MOJAECPKUBAIOTCS JaJI€KHe OT TEPMOAMHAMU-
YEeCKOro paBHOBeCHs cocTosiHUSL. Kpome Toro, sHeprusi, HakoIJIeHHasl B K0Je0aTelIbHbIX CUCTE-
Max, MOXKET CIIY’KUTh UICTOUHUKOM MEXMOJIEKYJISIPHBIX B3aUMO/IEUCTBUI B OMOCHCTEMAX.
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Bonpoc 0 BO3BMOKHOCTH CyLIECTBOBAHUS IJIMHHOBOJIHOBBIX KBAHTOBBIX KOT€PEHTHBIX CO-
CTOSIHUN B OMOJOTMYECKUX CHUCTEMax MpHU (U3MOJOTHMUYECKUX TeMIepaTypax oOCyKIaeTcs B
TEUEHUE HECKOJIbKUX JecATuiIeTuil. Baxknas ponb B OMocucreMax onpeieseHHbIX KOIEKTUB-
HBIX KoJieOaHUMH, BO30YKJIEHHBIX TOPA3/0 BbIIIE MOPOra TEIJIOBOIO paBHOBECHUS, UCCIIENOBA-
nack ['ep6eprom Opénuxom [1, 2].

B 1968 1. ®pénux mpeasiokus runoTeTuYeCcKy 0 MOJIEIb, COTJIACHO KOTOPOM HE BCSI SHEPIus,
nepenaBaemasi O€JKy, TepMaIu3yeTcsi, a 00K MOXKHO ONHUCATh KaK IPYIITY CBA3aHHBIX OCIHJI-
JSITOPOB, TIOMEIIEHHBIX B TEPMOCTAT, KOTOPBHIE OKA3bIBAIOTCSI B OJJMHAKOBBIX YHEPIETUUECKUX
COCTOSIHUAX C MUHUMAJIBHOM SHEprueil. 1o siBaeHue, 0113Koe 1o cBoe npupose k boze-DitH-
IITEHHOBCKON KOHJIEHCAIIMHM B KBAHTOBBIX CHUCTEMaXx, MOJIYYMJIO Ha3BaHUE KOHJAeHcarun Dpé-
nuxa. [1pu xonaencanun @pénrxa Bce MOJIEKYbl B CHCTEME OKa3bIBAlOTCS B OCHOBHOM KOJIe-
0aTeIbHOM COCTOSIHHM, YTO MOYKET MTPUBECTHU K KOTEPEHTHOCTHU BCEX KOJIEOaHUI B CICTEME: BCE
YaCTH MaKpOCKOIMMYECKOTo 00BbeKTa Oy Iy T BeCTH ceOsl KaK OJTHO LIEJI0€ — «TUTAHTCKUH AUTIONbY.

DnekTpuueckasi NOJISIPHOCTb — ATO CBOMCTBO OOJBIIMHCTBA OMOJIOTUYECKUX MOJIEKYI, KO-
TOPBIE SBISIOTCS AIEKTPUUECKUMU JUITOJISIMU W/MITH MHOTOIIOFOCHUKAMHU, a X KOJIeOaHus re-
HepupytoT aekrpomarauTHoe mosie (OMII). Tak, MUKpOTPYOOUKH ITUTOCKEIETA SYKAPHUOTHYE-
CKHMX KJIETOK SBJISIFOTCS SJIEKTPUYECKUMU MOJAPHBIMU CTPYKTypamMu. YCTaHOBJIEHO [3—7], 4TO
XapakTep TaKuX KoieOaHui B 3HAYUTENbHOM CTETIEHN OMPEIENIeTCsS OKPY>KEHUEM MOJIEKYJIbI U,
B [IEPBYIO OYepellb, BOJOH, M3-3a €€ BHICOKOTO COAIep KaHus B KieTke (mpubausutensHo 70%).
B Bone o neiictBuem OMII hopmMupyroTcs CTpyKTypUpOBaHHbIE 00IACTH, TPOTSKEHHOCTD
KOTOPBIX MOXeT cocTaBisATh 10 80—100 um. Takue «cimom» HOpMHUPYIOTCS BOKPYT CTPYKTYD
¢ TUAPO(DUIBLHBIMU MOBEPXHOCTSAMH, BKIIIOYAsi MUKPOTPYOOUKH U MUTOXOHApUU. OHU MOTYT
MMETh MaKpOCKOIIMYECKHE pa3Mephl U 00IaaaTh yIpyruMu cBoiicTBaMu Mogo0Ho reito. Hapy-
HICHHE B3aMMOJCHCTBUIA KIIETOK TKaHH M3-3a U3MEHEHH KOTEPEHTHOCTH B MOJISIPHBIX KoJieba-
HUSIX, KaK MPeIoaaraeTcs, MOXKeT MPUBOAUTh K HApYIICHUIO SHEPreTHUECKOro MeTaboau3ma
Y TaTOJIOTUYECKUM COCTOSIHUSIM, HalPUMeEp, MUTOXOHApUaNbHON nuchyHkimu (3gdext Bap-
Oypra), 94TO BEJET K Pa3BUTHIO OIyXOJIECBBIX KIETOK (71100 (hnOpoOIacToB, CBA3aHHBIX C PAKO-
BbIMH KJieTKaMu) [2—7]. C apyroii cTOpOHbI, MPEICTABICHHS O KOJUIEKTUBHBIX BO30YKIACHUSIX
B OMOMaKpOMOJIEKYJIaX IIMPOKO HCIIONB3YIOTCS MPH HCCIEI0BAaHUU OJHOTO U3 LEHTPAJIbHBIX
BOMPOCOB OMOIHEPTETUKHU — BHIICHEHUH IPUYUH BBICOKOH A((EKTUBHOCTH MIEPEHOCA SHEPTUH,
UIEKTPOHOB U NPOTOHOB B IpEAEax OJHON MaKpOMOJIEKYJIbl U MeXAy Moiekyiaamu [8—10].
Teopust COMMTOHHOTO TPAHCIIOPTA SHEPTUH U 3aPSJIOB B O-CITUPAJTIBHBIX OelIKaX pa3BHUTa B pa-
oorax A.C. [laBeizioBa [8].

B nacTos1ieii ctarbe paccMaTpUBaIOTCSI HEKOTOPBIE TEOPETHUECKHE MTPEICTABICHUS O KOJI-
JIEKTUBHBIX BO30YKJIEHUSAX B alib(ha-CupaabHON OEIKOBOM MaKpOMOJIEeKyse, B3aUMOIEHCTBY-
Iollel ¢ OKpysKarolel cpenoil. B mMakpomonekyse BBIAENSIOTCS JBE MOJACHUCTEMBI: ILIeTOYKa
CBSI3aHHBIX BOJOPOIHBIMM CBSI3IMU NENTHUIHBIX I'PYMNI U MOJCUCTEMA CBA3aHHBIX UEPE3 allb-
(a-yriepoaHblii aToM C MENTHIHBIMU TPYIIIAMU PAUKaIOB, BXOJSAIINX B COCTaB aMHHOKHC-
JIOTHBIX OCTATKOB.

[{enbto paboTHI SBISETCS YCTAHOBJICHUE YCIOBUI, IPH KOTOPBIX B pe3yJIbTaTe B3auMOJIeH-
CTBUS KOJIeOaHUI MOJIEKYJI, BXOSIIUX B COCTaB OMOMOJIEKYIISIPHOM 1IETIOUKH BOJIOPO/IOCBSI3aH-
HBIX NENTHIHBIX TPYII MEX]y CO0O0I, a TaK)Ke C paJiiKalaMu U OKpY>KeHHEM (pe3epByapoMm),
B ayb(a-cupalbHOW MOJeKyae Oenka (opMUpPYIOTCS KOHACHCHUPOBAHHBIE KojieOaTelbHbIe
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COCTOSIHUSI U COJIMTOHBI. Takue KOJIJIeKTUBHbIE BO30YX/1eHUs! (POHOHHOTO (BUOPOHHOIO) THIIA
MOTYT CIY>KUTh JJIi TPAHCIOPTA SHEPIHU U MEPEeHOCa 3apsHKEHHBIX YaCTHI] (JIEKTPOHOB) B
OMOJIOTUYECKUX CUCTEMaxX NMPH HAJIWYMU SKCUTOH-(POHOHHOTO W/WIIM 3JIEKTPOH-(POHOHHOTO
B3aMMOJICHCTBUSI COOTBETCTBEHHO.

AJub(a-cnimpajibHas CTPYKTypa OeJika

Kak u3BecTHO, G€/IKOBbIE MOJEKYIBI — CaMbl€ CIOXKHBIE M3 BCEX MOJEKYN, BXOJSAIIMX B
COCTaB KJIETOK — BKJIIOYAIOT COTHH ThICAY Pa3IMYHBIX aTOMOB. BcrnencrBue aToro y OenkoB
MOSIBIISIFOTCS. HOBBIE KOJIJIEKTUBHBIE CBOMCTBA, MPUCYIIUE BCE MAaKPOMOJIEKYJIE B LIEJIOM U €€
OKpYXeHHI0. B OeJIKOBBIX MOJIEKYIaX MOTYT BO3HHKATh 3ByKOBBIE€ BOJIHBI ((DOHOHBI) U IpyTrHe
3JIEMEHTAPHBIE KOJUIEKTUBHBIE BO30YXKICHUSI.

OmHO M3 BTOPUYHBIX CTPYKTYp OelKa, 00pasyrolieiics mpy CBEpTHIBAHUH MTOJUTICIITHTHON 1N
B CIAPAJIh Oarosapst 00pa3oBaHUIO BOAOPOIHBIX CBSI3EH MEXK/Ty MENTHHBIMU TPYTIIIAMH, SIBIISICTCS
anbha-criupans (puc. la, 6). BzaumoneicTBus: MeXXTy TENTHIHBIMU TPYIIIaMU HOCST PETyIISIPHBIIA
XapakTep, 00yCJIOBIHMBas MEPUOIUYHOCTh BTOPUYHOM CTPYKTYyphl. CTaOMIBHOCTD anb(ha-crpani
obecreurBaeTcs BOIOPOAHBIMU CcBA3siMU Meskty NH-rpynmoit 1 C=O-rpymrioii 4eTBepToro 1o cue-
Ty aMUHOKUCTIOTHOTO ocTarka. [ pyrmsl aromoB NHCO (mentumHble rpyTisl) 00pa3yroT TpU pery-
JSIPHBIX IIEMOYKH BOJOPOIHBIX CBSI3€H, HAIPABICHHBIX BIOJb OCH CIIMPAIH. AJb(a-Criupaib UMEeT
BUJI CTEPKHSI, BHYTPEHHSIS1 YaCTh KOTOPOTO COCTOUT U3 TYTO 3aKpy4eHHON OCHOBHOM LIETIH, a pajiy-
KaJlbl HalpaBJieHbl HAPYXKy. Pacnipenenenue snekTpudeckux 3apsao0B Ha aToMax, BXOASIIUX B COCTaB
HENTHIHOM TPYTIIBI, TAKOBO, YTO KaXK/1asi U3 HUX 00JIa/IaeT ANEKTPUYECKUM JUIIOTEHBIM MOMEHTOM,
paBHBIM npuMepHoO 3.5 /1 1 HarpaBlIeHHBIM BJIOJIb BOIOPOAHOM cBs3U (pHc. 1B) [8].

Puc. 1. Anpda-cimpanbHas CTpyKTypa Oelka: a) MOJeb MPaBO3aKpyUYCHHON alTb(ha-CIHuparTu
(ToukaMu 0003Ha4YEHBI BOJIOPOAHBIE CBsA3H); 0) ab(da-crupaib B TIOMEPEYHOM pa3pese
(OoxoBele 1enu R pacronararorcsi CHapyKu CIIUPan);

B) pacnpeeneHre TUIOTHOCTH AIIEKTPHUYECKOTO 3apsi/ia OKOJIO aToMoB renTuaHoi rpymnisl (I11).

@®OHOHBI B OJHOMEPHOH KBA3UIIEPUOANYECKOI HEeN0UYKe BOAOPOI0CBA3AHHBIX
NeNnTHIHBIX FPYIII, B3aNMOJAeHCTBYIOIINX C paAHKAJIaMH

PaccMoTpuM OHOMEPHYIO IIEMOYKY CBSI3AHHBIX BOJOPOJAHBIMHU CBS3SMH MENTUIHBIX
rpynn (I1I'), nonyckarouux BHyTpeHHee ABMkeHue npotoHa (H) u octanbHoil yactu aro-
mog [II" (NCO)

H-NCO ... H-NCO ... H-NCO, (1)

A€ TPOCTOUUAMUA 0003HAYECHBI BOJOPOJIHBIC CBSA3H.
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PaBnoBecHbie monoxenwus [1I" 3anatorcs Bekropom pemetku 1=/a (/=0, 1, 2, ...), Harpas-
JICHHBIM BJI0JIb OCH z. CMellleHre aTOMOB U3 paBHOBECHBIX ronoxenuit B I1I" ¢ BexTopom 1 060-
3HauuM & | (s Bonopona H) u &, (i ocranbHbIX atomoB, Bxomsaiux B I1I'). B rapmonunye-
CKOM npnénnmeHHH pH yueTe BséHMOJIefICTBHﬂ aToMoB ToJbKO cocenHux [1I" Mexay coboii u
¢ OmmxaimM paarkaioM R moTeHImanpHas SHEPTys BeIpakaeTcsl KBaIpaTUIHON (HOpMyIton

1 2 2 2 2
U:EZ[Zl,z(fm,l —&12) (60 =60+ X01(61) T 02 (610)7 ] (2)

e X12>X21>Xo1 u Xo,2 — IPUBEIEHHBIE )KECTKOCTH BOJOPOIHOM U BAJEHTHOM CBsA3El, a
TaKXe KECTKOCTH B3aMMOJIEUCTBUS MPOTOHA U rpyIibl aroMoB NCO ¢ mOJI0&KKOM, COOTBET-
CTBEHHO. B KauecTBe rpaHMUYHbIX YCIOBUI NPUHUMAEM PaBEHCTBA

Sla= Sk a=1,2 (3)

3neck N —uucno [1I" B iernouke BOAOPOIHBIX CBSI3EH.

KBaHTOBBIH onenaTop sHEpruM LENOYKH BoJopoaocBsa3aHHbIX 117 BIpazum yepes omnepa-
TOpBI poskeHus by . v yHuutoxenns by . (OHOHOB, CBA3AHHBIE C OMEPATOPAMU CMEIICHHS
aTOMOB H3 paBHOBCC.HBIX MMOJIOXKEHUM COOTﬁOI.HGHPIQM

1/2

& e™(b,, +b.) €))

&
éa.,l = Z
x| 2m, NQ _(K)
1 YAOBJICTBOPAIOIIUC NMEPCCTAHOBOYHBIM COOTHOLICHUAM

[bk-.-f"' bl_{__.f' ] :51515' 5.7.5' 2 [bk—.f’bk’__s' ]= 0 (5)

rae o — cumBoi Kponekepa;
K — npuBeIeHHBIN BOJIHOBOM BEKTOP, IPUHUMAIOIINN /N 3HAUCHUN:

k="T.a 5 =0J_r]_...._.% (6)

B niepBoii 30He bputoena. MHaeke s yka3plBaeT Ha MPUHAAIEKHOCTh (DOHOHOB K OAHOW M3
IBYX (aKycTHUecKoi (s = 1) umu ontudeckoi (s = 2)) BeTBei KoneOaHui.
Omneparop 'amunibToHa ¢horoHOB mernouku [1I° B rapMoHUYECKOM PUOTNKESHIH —

H, = ;nn;{k)(b;:bh + %}_ (7)

3neck nBe Gynkuun Q (K) OnpenessroT 4acToThl ABYX BETBEH s = 1, 2 Konebanuii B 1emnoy-
Ke BOOpoaocBs3aHHbIX [1I°

Ol(k) = Li +(-17. 4 —B(k}l (8)
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rac

A= lmIZO,Z +my e, +(m+my)- (g, + 12,1)J/m1m2
_ : i &Y
B= (o1 +102) a6+ HornZor T2 06178 5 /m,m,

IJIe M, — Macca MpOTOHa;

m, —macca NCO.

JlucriepcuoHHbIE KPUBBIE JIJISl UCCIIEYEeMO IIEMOYKU BOIOpoiocBsa3anHbIX [1I7 mpu Heko-
TOPBIX 3HAUEHUAX KOHCTAHT ’KECTKOCTH MOKa3aHbl HA puUC. 2.

[-E1 - - - - T T
oan)

LE
CEL
LE-
E L

AL

o,

a@is

e

X+
an Lt
3 E -¥

Puc. 2. /lucniepcoHHbIE KPUBBIE JUI aKyCTUYECKOHN U ONITUYECKOM BETBEH KoleOaHui
B IICTIOYKE BOAOPOJOCBI3aHHBIX MENTHIHBIX TPYIIIl, PACCIUTAHHBIC TIPH CIICTYIOIINX
KOHCTaHTaX KECTKOCTU CBI3EH: Xia= 13.0 Nm'l,xz’1 =17.0 Nm", Xou™ 5.0 Nm,
%o =0 Nm' [10] (a); 3aBucumocTsb yacToT  (K) (k =0) 0T KOHCTaHThI %o, 0.0 H/™ (1);
3.0 H/m (2); 10.0 H/m (3); 25.0 H/m (4) npu pUKCHpOBaHHBIX 3HAYEHHSIX IPYTHX KOHCTAHT (0).

AHaJIOTHYHBIM 00pa3oM OMPEIETNM OIEepPaTOp PHEPTUU PATUKATIOB, BXOIAIINX BMECTE C
cootBeTcTBYOIIUMH [1I" B COCTaB aMMHOKHMCIIOTHBIX OCTAaTKOB, pacCMaTpHUBasi UX KaK CUCTEMY
N OMHAKOBBIX OCIIIIISTOPOB ¢ Maccoi M U 4acTOTO COOCTBEHHBIX KoJeOaHU Qt(q)

1
+
HC = Zﬁﬁt (q}(cq,:cq,: + _)' (9)
0. 2
n
3nech Cq’t u Cq,t — OIICPATOPhl POXKIACHUA U YHHUUTOXKCHUSA (pOHOHOB B IICIIM paJUKaJioB,

CBA3AHHBIC CO CMEIICHUAMU PAJIUKAJIOB U3 PABHOBECHBIX TOJIOXKEHUM (|, a 2(q) — 4acTOThI
(hOHOHOB (THIIA {) B IIETIA PATUKATIOB.

B3aunmoneiictBue mexnay pononamu B nenouke 1" u nenu pagukanos anbha-crupaibHO-
ro 6enka yuTeM, 100aBUB K MOJHOM SHEPTUU HEB3aUMOIECHCTBYIOIIMX IIETIOYEeK aHTapMOHUYE-
CKHUU omeparop
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W= Z V{l}gl;:lfz:l (10)

rac

1/2

q

-

A

[Moncrasinsist coornomenus (4) u (11) B (10), monyyum oneparop aHrapMOHUYECKOTO BO3-
MYIICHHS B BUJIE

W=V, biby +0). (12)
Kk
3aech
3 1/2
!_'I
Pll. - (13)

8N’ mym, MO, (k). (k') (k — k)

Marpuussie sneMeHTsI oneparopa (13), oTmyHbIe OT HyIs Ha (DYHKIMSIX YHCeN 3alI0THEHHUS, CO-
OTBETCTBYIOT IIPOLIECCAM, KOTOPBIE IPOUCXOIAT ¢ coxpaHeHneM sHeprun Q (k— k') + Q (k) =Q, (k')
1 UMITyJIbca 03 ydeTa ImpoIeccoB mnepedpoca.

B3anmopneiicTBue anb(pa-cnupaJbHOro 0e1ka ¢ OKpyKeHueM (pe3epByapom)

Peamnctunueckas MOJZ€JIb TMHAMHUKU OeJIKOBOM MAaKpOMOJICKYJIBI JOJKHA YYHUTHIBAThH B3a-
HUMOJICHCTBUE €€ C OKPYXKAIOIIEH Cpe/IoN MPH OTIWYHOM OT HYJSl TeMIepaType v, B KOHEUHOM
cueTe, OMHUCHIBATh JUCCUIALIMIO U (PIYKTyaluu. YacTUIIbI OKpY>KaIOIIEH cpelibl JeHCTBYIOT Kak
pesepByap, MOAEPKHUBas HEOOXOMUMBbIE 71 QYHKIIMOHUPOBAaHUS OelKa yCIoBHs (B TOM YHC-
Je ¥ TepMOIMHaMu4eckue). B Hatelt Mmonenu pe3epByap mpencTaBisieTcs HA0OpoM OOJBIIIOTO
YHUCjia TAPMOHUYECKUX OCIILIATOPOB, B3aUMOACHCTBYIOIIMX C OCIKOBON MaKpOMOJIEKYIJIOH.
Bonbiine cuctemsl, HE COCTOSIINE U3 TAPMOHUYECKUX OCLUIUIATOPOB, O0IAJAIOT YacTO MO-
JTaMH KOJUIEKTUBHBIX BO30YKICHHM, aMITUTY/Ibl KOTOPBIX BEAYT ce0sl AMHAMUYECKU MOI00HO
aMIUIUTYAaM OcUUUIATOpoB. [Ipennonaraercs, 4To OCHUIUISTOPBI pe3epByapa UMEIOT pa3ind-
HbIC YaCTOThI @ . Ilo aHamOruM ¢ COOTHOLICHUAMH (4) u (11), ucnonb3yeM It ONTUCAHUS JH-
HAaMHKH OCLUILIATOPOB pe3epByapa OIeparophl POKICHUS Bp’ /M YHUUYTOKEHHSA Bp! , poHoHOB
C BOJIHOBBIM BEKTOPOM P.

Omnepatop 3Hepruu pezepByapa BKIIOYAET CYMMapHYIO SHEPTHIO OTJEIbHBIX OCLHUIIISTOPOB

N 1
H, = Zha)t (P)B B, +§) (14)

p.t

¥ OHEPrUI0 W, COBMECTHOIO NEHCTBHA OCLMIIIATOPOB pe3epByapa Ha MakpoMmoieky.ty. IIpen-
10JIaraeTcs, YTO KaKJbli U3 HUX BHOCHUT JIMHEHHBIN BKJIAJl, B3aUMOAEHUCTBYS TOJIBKO C LIETbIO
paaukaioB anb(ha-crupanbHoro Oenka. Takum oOpa3oM, MbI cuuTaeM, 4to nernouka [1I7 B3au-
MOJICICTBYET C OKPYKEHHEM MaKpOMOJIEKYJIbl yepe3 paaukaisl R [3-7].
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OnepaTop B3aHMOI[eI>iCTBH5[ WB IMOJIy4YuM B BUC
,=hy 0, (&p)y,B, , +2.C (15)

Koaddunmentst o, (g, p) OnpenensoT CTeneHb CBA3M OCLHIUISTOPOB  «Pe3epByapar
(Tumna ¢') ¢ ocumsuIsITOpaMu OGOKOBOM 1enu (Tumna ¢’).

B nanpHelimem ¢ 1eiabi0 yIpOLIEHHs 3alUCH OyAeM OIyCKaTh MHAEKCHI, ONPeaeIIsIoIe
Tun (GoHOHOB. B Tex ciyyasx, korjaa B popMysax BCTPEUAIOTCs MHIACKCHI S, ¢ U ¢, OHM O3Haya-
10T TOJIBKO IIPUHA/UIEKHOCTh JaHHOro napamerpa k uenouke [1I, pagukanos wiun pesepByapy
cooTBeTCTBEHHO. Omneparop (15) MOXKeT onuchIBaTh MUPOKUM KJIACC MEXaHU3MOB 3aTyXaHus,
CBSI3aHHBIX C KOJUIEKTUBHBIMH BO30Yy)acHusMH [ 10].

YpaBnenue Jlan:keBeHa 1Jis1 000011IeHHBIX KOOPANHAT MAKPOMOJIEKYJIbI

B nanHoii pabote paccMaTpuBaoTCa TEOPETUUECKUE MPEACTABIECHUS O KOJUIEKTUBHBIX BO3-
OyXJIeHHsIX B ab(a-CripaabHON OSITKOBOH MaKpOMOJIEKYJIe, B3aUMOACHCTBYIOIIECH C OKpYyXkKa-
Io1el cpefol IPpU OTIIMYHOM OT HyJsl TeMIepaType U ¢ YYETOM JAUCCUTIAIUU U (PIyKTyaruii.

Kak u3BecTHO, Bce (pyHAaMeHTaIbHbIe (MHUKPOCKOTMUECKHE) YPaBHEHUS JIBIDKCHUS Ya-
CTHI] MHBAPUAHTHBI TI0 OTHOIICHHUIO K OOPAIEHUIO BPEMEHH, T.€. IBIIKECHHE MOJHOCTHIO 00-
paruMo. B HCXOMHBIX YpaBHEHHSIX HE MOXKET (DUTYpUpPOBaTh CHJIa TPEHUS, KOTOpasi HapyIIaer
yYKa3aHHYI0 MHBAapHMaHTHOCTh. O/IHAKO MpPU HEKOTOPBIX JOMYIICHUSX ypaBHeHUs JlaHkeBeHa
MOTYT OBITh TIOJTyY€HBI U3 YpaBHEeHHH | eii3enOepra /yisi CUCTEMBI, B3aUMOJICHCTBYIOIIEH C pe-
3epByapoM, IIPEICTABIIIEMbIM B BHJIe Ha00pa OCIULIATOPOB [7, 8].

Omnepartop HEpTUu CUCTEMBI IPECTABUM B BUJIC

Hy=H,+Hy+H,, (16)

e H, ngbkb,_——lz ‘3(“)5:}: _Diegh (17)

— OIepaTop PHEPruu NpoTerHa (0eKa), BHIpaXKeHHBIN TOJIBKO Yepe3 IEPEMEHHBIE 1IETIOYKH BO-
JIOPOJHBIX CBSI3EH, a

31772
Ekzﬁﬂs(k)_M . (18)
no,

Omneparop ['amunsrona ans pesepByapa H » IMECT BUJ
HB =Z£PB]:BP > (19)
P
rue

— ho(p)- Wgrlzg ' (20)

T
DHeprus B3auMOIEHCTBHS anb(a-crupanbHoro 0eska ¢ pesepByapoM H ,, OCIIe UCKITIoYe-
HUS TIEPEMEHHBIX, OTHOCSIIUXCS K OOKOBOH 111N, ONPENETSETCS BhIpaKEHUEM
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H,, ==Y {Gk,p)bib,_,B, +IC) 1)
roe Gk, p}=ﬂ{k&lﬁ . (22)

T

VYpaBHEeHMsI IBUKEHUS JIUIs1 AMHAMUYECKUX NepeMeHHbIX 1enouku [1I" u pesepByapa nosny-
YUM C TIOMOIIBI0 YpaBHeHU [eiizeHOepra ajsi oneparopoB A= Alb. 5 .B,.B, bu oneparopa ['a-
MusbToHa (16) ¢ yuerom cootHomenuit (17)—(22) B Bune

&

) 2 Vv _.T,
= ey~ 3 B b, Y G DT, (23)
ek
v ihB, =&,B, —ZG‘(](, p)b, b . (24)

Jlanee 3aj1aya COCTOUT B TOM, YTOOBI C IOMOIIBIO TOJIyYE€HHBIX YPAaBHEHUH BBIBECTH YpaB-
HEHMS JUI1 MOJI, HAPACTAOIIUX /10 MAKPOCKOIIMYECKUX 3HAUYCHUN U ONPEACISIOIUX JUHAMUKY
CUCTEMBI B OKPECTHOCTH TOYKH (TOYEK) HEeycTounBOCTH. KpoMe Toro, HeoOXoqumo omnpeje-
JUTh JTUCCUNAINIO BHYTPU CUCTEMBI M (PIYKTYUPYIOLIHE CUJIbl, 00YCIOBIEHHbIE B3aUMO/EH-
CTBUEM O€JIKOBOM MaKpOMOJIEKYJIbl C BHEUIHUM OKpPY)KEHHEM, Oyiarofapsi KOTOpPbIM cHCTeMa
MOYKET MPEO0/I0JIeBaTh MOPOT HEYCTONYHUBOCTH U MEPEXOAUTHh B HOBBIE TUHAMUYECKHUE COCTOS-
HUS (PEXKHUMBI).

B namieii monenu pesepByap IpeacTaBisieTcs Ha0OpoM OONBIIOrO YKciaa TAPMOHHYECKUX
OCIIIJIISTOPOB, B3aUMOJICHCTBYIONINX C OEIKOBOW Makpomoiekynoi. [Ipemmonaraercs, 4To
paccMaTpuBalOTCSl B3aUMOJICHCTBYIOLINE CUCTEMbI KBAHTOBO-MEXaHMUECKUX OCLUIUISITOPOB U
OCLIMJIIATOPBI Pe3epByapa MMEIOT PasIUIHbIC YAaCTOTHI w . OXHAKO JaXe NPU UCCICA0BAHUH
ponu QIyKTyaluii MHTEepecyrolas HaC CUCTEMAa MOXKET pacCMaTpUBaThCs KaK KJIacCHYecKas.
B yactHOCTH, 3TO MO’KHO 00OCHOBAaTh TEM, YTO YUCJIO (POHOHOB B CUIILHO BO30YX/IEHHBIX MO-
Jlax, ONMpPEeIOUINX JMHAMUYECKOE MOBEIeHUE OCNKOBOM MaKpOMOJIEKYJbl, a TaKXe YUCIIO0
BO30YX/IEHHBIX OCIIHJUIATOPOB «pe3epByapa» (B KaxI0i Mozie) P (PU3HOIOTUIECKIX TeMIIe-
paTtypax 3HauYMTEIbHO OOJIbIIIEe €AUHUIIBI. DTO MO3BOJIIET CYUTATh B JalibHEWIIeM (OHOHHBIE
aMIUIUTYAbI c-unciaaMu. i Toro, 4To0bl HOAUYEPKHYTH 3TO 0OCTOSTENLCTBO, 3aMEHUM OIepa-
Topel b, ,b, i B ,B"pB ypaBHenusx (23)—(24) Ha c-uncna B> ,B: s B , COOTBETCTBEHHO.
[Tpu sTom aMHJII/ITyI[BI P, (t) moxHO paCCManI/IBaTL Kak 0606H_IGHHBIC KOOpI[I/IHaTLI C COOTBET-
CTBYIOLIMMH 00O0OIICHHBIMU UMITy/IbCaMH if1” g . Kpome toro, 6ynem mnomnarare, uto ko3¢ du-
IIUECHTBI, ONPEACISAIONINE HHTEHCUBHOCTH B3aUMOACUCTBUS ()OHOHOB Pa3IMUHBIX MOACHUCTEM,
c1a0o 3aBUCAT OT UMIYIbCOB (POHOHOB. C y4eTOM clieaHHbIX 3aMeyaHuil ypaBHeHUs (23)—
(24) moryT OBITH IPOMHTETPUPOBAHBI KaK KJIacCHUECKHUe. B pesynbrare mosyueHo ypaBHEHUE
JlamxeBeHa a1t (GOHOHHBIX aMIUTUTY/:

op(t) i iN' |V P oo 1 .
7_ h(gk +ek)ﬂk h Q ;{:ﬂk g(t)ﬂk (t)ﬁk‘(t) 2;Lkﬂk +1Fk(t) (25)
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3nech N —uucio 1" B iernouke BOAOPOAHBIX CBA3EH;
a Q(q) —4acTorsl HOHOHOB (THUIA ) B LIEMH PAJUKAIIOB.
Kpowme Toro:

AN |V
oo

rae V xapakTepu3syeT SJHEPIUIo pe3epByapa, BKIII0Yas CyMMapHYI0 SHEPTUI0 OTJEIbHBIX OCLIUII-

g, = hQ. (k)— (26)

t

JSITOPOB M DHEPTUIO0 COBMECTHOTO JIEHCTBHS OCIIMIUIATOPOB Pe3epByapa Ha MaKpOMOJIEKYITY;
BeMuMHa [ () OnpenenseT AeHCTBUE CITyYaliHOW CHUJIBL.
OxpyxeHre OUOIOTUYECKUX MOJIEKY B OOIIEM ClTydae MOXKET MPEACTaBIATh cO00it cucTe-
MY pe3epByapoB, UMEIOIINX PA3IMYHbIC TeMIepaTypbl. J1Jis IpOCTOTHI U3TI0KEHHUS PACCMOTPEH
BapHaHT C OJIHAM PE3epByapOM, MPU TOM, YTO PA3BUBAEMBIH MOIXOT MOXKHO OOOOIIHTH Ha CITY-
Yyal ¢ HECKOJIBKUMHU pe3epByapamu.

KossiekTuBHBIE BO30YAK/1eHUSA B ajib(a-cMpaibHOIl MoJieKyJIe 0eliKa,
B3aMMO/eCTBYIOIIEH C OKPYKEeHUEM

HccnemoBanbl BOBMOXKHBIC THHAMHYECKHE PEKUMBI allb(a-criupaibHOro Oemnka (IemovKu
BoopoaocBs3aHHbIX [117) mpu pa3nuyHbIX mapaMeTpax BHEIIHEHW cpenbl. B AIMHHOBOTHOBOM
npUOIMKEHUH MCCIIEI0OBAaHbl YPABHEHUS ISl HE3aTyXaloIIUX MOJ, HapacTaIIIUX J0 MakKpo-
CKOMMYECKUX 3HAYECHU U ONPEECISIONINX JUHAMUKY CUCTEMBI B OKPECTHOCTH TOYKH HEYCTOM-
YUBOCTH.

VYpaBHenwue st POHOHHBIX MOJT B KOHTUHYAJILHOM IIpeieie UMEeT BUJT
2
LD ey CLED g 0,1 AP B0 = Fian) @D

z

Tae

ihy, il NV, )P
Es:g()s_eOS_ 27/5 :ESO_%HQSZ%

t

Pemrenue storo YPaBHCHUS MOKET OBITh MMPEACTaBJICHO B BUJC

Ly

B.(z,t) =D (p)expii(q,z—w,t) - 5

(28)
30ech p=z—z3 -V, ;

V¢ — CKOpOCTb TIepeMeICHHsE BO30YKICHUS BIIOJb IIETIOYKH TETITHIHBIX TPy,

CDS(p) — BCIICCTBCHHAs aMILJIMTYJla JOJIKHA YJI0BJIICTBOPSThH YCIOBUIO HOPMUPOBKHU:

1,
EL" @2 (p)ép =Ny

[Ipu ycnoBuu Masioro 3aTyxanus, korjga GIyKTyalluy Tak:Ke MaJibl, MU MOKHO MpeHe-
Opeub, U ypaBHEeHHUE A5l (GOHOHHBIX MOJ] MPUHUMAET CIEIYIONINI BHUI:
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2

0
2, +hazlSaZ—2+Qs 1D (p)] |®,(p)=0. (29)

rae = — CIEKTPalbHbIA IapamMeTp, CBA3aHHBIA ¢ SHEPTHEH (POHOHA COOTHOLIEHUEM

ho

N

=, +E +hq’a’l, (30)

DT0 ypaBHEHUE MPEACTABISIET COO0M HeNMMHelHoe ypaBHeHue [lIpenunarepa u umeer pere-
HUE B BUJIC YEAMHECHHOW BOJIHBI (CoNUTOHA) (pHC. 3):

1/2

a® N, 1
2 ch [®0(Z_Zo _Vsalt)]

D(p) = 31)

TJIE Z, — UEHTP COJIUTOHA,
V., — CKOPOCTb COJIMTOHA,

— QSNO X
" 4hal,

Os

:-':;{‘{ﬁ\'l V I\kﬁ.&}’?\ﬁv ~—7

Puc. 3. [IpocTpancTBeHHO-BpEMEHHAsI CTPYKTypa THUIIA YEAMHEHHON BOJHBI —
conuToHa (JaBBLIOBCKHI PexXUM).

O nepBoM 3KCIIEpUMEHTAIbHOM HAOIOIEHUH KOJNIEKTUBHBIX BO30YXKIEHUH (KOHIeHCAlluN
Opénuxa) B OHOIOrHUECKOM cucTemMe coodImaercs B crathe [ 11]. ABTOpPHI HCIIONBE30BaIN METO-
JIbl PEHTT€HOBCKOM KpUCTAIIOrpaduy B COYETAaHUH C TEPArepIiOBBIM M3IIyYEHUEM C YaCTOTOM
0.4 TT'o nns BU3yalu3aluy CTPYKTYPHBIX U3MEHEHUH, CBSI3aHHBIX C HU3KOYACTOTHBIMH KOJI-
JICKTUBHBIMH KOJICOAHUSIMH, HHIYITUPOBAHHBIMH B KpUCTaJUIE Oenka Jim3onuma (puc. 4).

B skcniepumenTe Ha oOpa3el epruoAnYeCcKy HanpaBisuid UMITYAbChl TT -u3mydenus, mociue
Yero, ¢ IOMOIIBI0 TEXHUKU PEHTI€HOBCKOM Audpakiyy, pUKCupoBasiach aTOMapHas CTPyKTypa
Kpucrtaiia (puc. 5).

YcTaHOBIIEHO, YTO, MOIIOIAs U3NydyeHne ¢ JacToToil 0.4 Teparepi, MOJIEKyJbl Oenka B
KpHUCTaJJIe U3MEHSIIOT CBOE AJIEKTPOHHOE COCTOSIHUE, @ BMECTE C HUM U CTpoeHHe. B uacTHO-
CTH, CKUMAETCs OJIHA U3 O-criupanen m3onuma. [Ipu 3Tom cxaroe cocTosTHUE COXPAHSIETCS B
o0pasiie 0T MUKPO- 10 MHJIJTUCEKYH/I, UTO Ha 3—6 MOPSIKOB JIOJIbIIE, YEM €ClId Obl U3MEHEHUS
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Puc. 4. IlpocTpaHCcTBeHHAs CTPYKTypa Oeska JIN301MMa, BKJIIOYAIOIIAS HECKOIBKO
anb(a-crnupaibHbIX yuacTKoB [http://bigpictures.club/resize.php?img=
http://scop.berkeley.edu/thumbs/2.06/ek/d4ekqal/dl.png]

Puc. 5. Ctpykrypa kpucraia Oejika JIu301uma.

B KpHUCTasie ObUIM BbI3BaHbI TEIUIOBBIMU 3 dextamu [12]. DT uccneroBaHus MOKA3bIBAIOT,
YTO JUIUTEIBHOCTh MOAOOHBIX CTPYKTYPHBIX U3MEHEHUN MOKHO OOBSICHUTH TOJIBKO BO3HHUK-
HOBEHHEM KOJIJIEKTUBHBIX BO30YXJeHUH — KOHAeHcauun Dpénrxa U aBTOJIOKATU30BAHHbBIX
COCTOSIHHM.

Takum 00pa3oM, JaHHBIE PE3yIbTaThl MOXHO CUMTATh MEPBBIMH JO0KA3aTEIbCTBAMU CY-
[IECTBOBaHMS KOJJICKTHBHBIX KOJICOAHWN W/WIM COJIMTOHOB B IETIOYKaX ajb(a-CrHpanibHOM
0enkoBOM CTPYKTYphl. OHU yKa3bIBalOT HAa TO, YTO MAaKPOCKOIIMYECKHUE KBAHTOBBIE 3((HEKTHI
HUMEIOT MECTO B Onosoruueckux cucremax. C BO3MOKHOCTBIO 00pa30BaHUS «OCHUIIUPYIOIIUX
JUIIONIE» B MOJIEKYJISIPHOM OMOJIOTHM CBSI3bIBAIOT TAKHUE SBJICHMSA, KaK CEJIEKTUBHBIE CHIIBI,
MOJIEKYJIIPHOE Y3HaBaHUE U KaTAIMTUYECKYI0 aKTUBHOCTb OeKoB-pepmenToB [13], a o6pazo-
BaHHUE COJIMTOHOB MOYKET MPUBOIUTH K TIEPEHOCY UMU SHEPruu (MH(POPMALIUN) U 3apSHKEHHBIX
gacTull (3JIEKTPOHOB) 110 0.-CIIHUPATBHBIM OelTKaM.

3akJarouenue

AHanu3 pemeHuil ypaBHeHUH 17151 GOHOHOB B MOJICKYJISIPHOM CTPYKTYpe TIOKa3bIBAET, YTO
OHM SIBJIAFOTCSl YPaBHEHUSMM U NIapaMEeTPOB NOPsJIKA, AOMYCKAOIMMH BO3MOXKHOCTB I10-
sBieHus Oudypkanuii. [Ipu 3TOM cucTeMa MOXKET HAXOAUTHCS B PA3IMUYHBIX JUHAMHUYECKUX
peXHMMax, KOTOpPBIE ONPEIENSIOTCS MOBEIEHUEM ITapaMeTpoB nopsaka. llepeximodenue npo-
HCXOIUT IPH 3HAYCHMAX BHEUIHUX 1aPAMETPOB, IPUBOAAIIMX K U3MEHEHUIO 3HAKA BEJIMYHUHbI
YIPABJIAIOLIETO MApaMeTpa A, ONPEAEIAEMOro, B TOM YHUCIIE, «HAKAYKON» (POHOHOB B MaKpoO-
MOJIEKYJly U3 pe3epByapa.
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Pe3ynbTaThl NpOBEAEHHOTO TEOPETUYECKOTO UCCIEIOBAHNS AMHAMUYECKUX CBOMCTB ajlb-
¢a-criupanbHOro Oelsika, B3aUMOJCHCTBYIOIIETO C OKPY)KEHHEM, IOKA3bIBAIOT, YTO HEYCTOM-
YHBOCTh, BBI3bIBAEMasi U3MEHEHHEM BHEUTHHX MapaMETPOB — CBOMCTB OKPYKAIOILIECH Cpesbl,
MOXET MPUBOIUTH K 00Pa30BaHUIO HOBBIX MAKPOCKOIMUYECKUX MPOCTPAHCTBEHHO-BPEMEHHBIX
CTPYKTYp cucteMbl. COBMECTHOE AEHCTBHE CIy4YaiHBIX U AETCPMHUHUPOBAHHBIX CHJI IPUBOIANUT
K TEPEeKIIIOYCHHUIO CUCTEMBI M3 MCXOJHBIX COCTOSHUI B HOBBIE, XapaKTEPU3YIOMINECS KOOIe-
pPaTUBHBIM MOBEJICHUEM OT/IEIbHBIX MOJICUCTEM MAaKpOMOJIEKYIbl. B cBOIO ouepenb, Xapakrep
Ouonoruueckux (PyHKIMA, BHIIOTHIAEMBIX OCJIKOM, ONPEIEISIETCs TMHAMUYECKUM COCTOSTHUEM
(pexxuMoM) MakpoMoJieKynbl. OTHUM U3 YCIOBHH TaKOW caMOOPTaHU3AINH SBISIETCS HAINYHE
HECKOJIBKHX IOJICHCTEM B OEITKOBOM MOJIEKYJIe — PETYJISIPHBIX IETI0UEK BOIOPOTHBIX CBSI3EH H
OOKOBBIX paINKAJIOB IIeTIH. B CBSA3M ¢ 3TUM BHYTpH OCITKOBBIX MAKPOMOJIEKYJI MOTYT BOSHUKATh
YCTOHYMBBIE K TEIUIOBBIM KOJICOAHHSIM ITPOCTPAHCTBEHHO-BPEMEHHBIE CTPYKTYPBI, B TOM YHCIIE
U aBTOJIOKAJIN30BAHHBIE COCTOSHUSL, YTO MOATBEP)KIACTCSA U Pe3yJIbTaTaMi YUCIEHHOTO MOJe-
aupoBanus [10].
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DOU3UKA KOHAEHCUPOBAHHOI'O COCTOAHMUA
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PACYET YIIPYyTOHANPSDKEHHOV TETEPOCTPYKTYPbI
ALGaIn_,_ As/InP C KBAHTOBBIMU IMAMM
U151 2P PEKTUBHBIX JIASEPHBIX MI3JTYYATEJIEN

B.H. CBetoropos"©,
P.X. Akuypun’,
A.A. Mapmaiiok?,
M.A. Jlagyrun?,
N.B. SIpoukas?

'"Mocrosckuii mexnonoeuueckuti ynueepcumem (Mucmumym mOHKUX XUMUYECKUX MEXHONO2ULL
umenu M.B Jlomonocosa), Mockea 119571, Poccus
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BrimonHeHsl pacyeThl COCTABOB AMUTAKCUAIBHBIX CIOEB, (DOPMUPYIOINUX HU3KOpa3MeEp-
HBIE T€TEPOCTPYKTYPBI AleayIanyAs/ InP nu1s nazepHBIX JUOIOB C JIMHOM BOJIHBI U3JIy4EHUS
1.55 mxm. Ilpu npoBeneHnn pacueToB CTaBUJIACh 3a/1a4a 00ECIeUeHUs MaKCUMAaJIbHOM BBICO-
ThI SHEPTUYECKUX OapbepoB 115t 3P HEKTUBHOTO OTPaHUYEHHUS HOCUTENICH 3apsia B KBAHTOBBIX
samax. Hapsiny ¢ apdexrom pasmepHOro KBaHTOBAHHS YHEPTUU CBOOOJTHBIX HOCUTEJIEH 3apsi-
Jla B Pa3pelIeHHbIX 30HaX, YUYUTHIBAJIIOCH BIUSHUE YIPYTUX HAMPSHKEHUH B SMHUTAKCHAIBHBIX
CJIOSIX HAa CMEIIEHUE KpaeB 3HEpreTH4ecKkux 30H. Iloka3aHo, 4TO 11 pemeHus NOCTaBJIECH-
HBIX 33/1a4 HeOOX0AUMO (HOPMHUPOBAHHUE TETEPOCTPYKTYP C HAMPSHKCHUSIMU YIIPYTOTO CXKATHUS
B KBAaHTOBOM sIME M HANPSDKCHHUSIMU YIIPYTOTO pacTsoKeHUs B 6apbepHbIX ciosix. [Ipennokena
CTPYKTypa, BKJII0Uaromas 6apsepHslii coit Al . Ga . In . As Tomumsoii 110 A u kBaHTOBYIO

0.28 0.307770.42

amy Al .Ga,,.In _,As B cioe TomumuHoM 55 A co cTemeHsMH paccoracoBaHHs MapaMeTPOB

KpUcTaJIIM4Yeckoi pemietku ¢ noioxkon InP —0.8% wn +1.4%, coorBercTBeHHO. 110 pesynb-
TaTaM pacuyeTHOMN OLEHKH, YKa3aHHbIE TOIIIMHBI SMUTAKCHAIBHBIX CJI0EB HE MPEBBIIIAIOT KPU-
TUYECKUX 3HAYEHUH, CIIOCOOHBIX MPUBECTH K 00pa30BaHUIO JIUCIOKALUNA HECOOTBETCTBHS Ha
reTeporpaHuLax.

Knioueevie cnoea: nazepHble 11O/l KBAHTOBAs SIMa, AleayInl_x_yAs/InP, MEXaHUYECKHE
HaNpsDKEHUs, YPOBHU Pa3MEPHOI0 KBAHTOBAHUS.

CALCULATION OF ELASTICALLY STRESSED QUANTUM WELLS
HETEROSTRUCTURE Al Ga In_, As/InP FOR EFFICIENT
DIODE LASERS

V.N. Svetogorov"@,
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The compositions of epitaxial layers forming quantum-well heterostructures AlXGayInl_X_yAs /InP
for laser diodes with the radiation wavelength of 1.55 um are calculated. When carrying
out the calculations, the problem was to provide the maximum height of the energy barriers
for effective limitation of charge carriers in the quantum wells. Along with taking care of
the effects of the dimensional quantization of the energy of free charge carriers in allowed
zones, the effect of elastic stress in epitaxial layers on the displacement of the edges of the
energy bands were taken into account in the calculation.

It is shown that in order to solve the posed problems it is necessary to form
heterostructures with elastic compression stress in a quantum well and elastic tensile
stress in the barrier layers. As a result of the calculations the authors suggest a structure
that includes a barrier layer of Al , Ga, . In ,As with a thickness of 110 A and a quantum

0.28 0.30 .
well Al - Ga__In _ As in a layer with a thickness of 55A (with the mismatch between the

0.03 0.237770.74
parameters of the crystal lattice and the InP substrate — 0.8% and + 1.4 %, respectively).
According to the calculation results, the indicated thicknesses of epitaxial layers do
not exceed the critical values that can lead to the formation of imperfect dislocations at

heterointerfaces.

Keywords: laser diodes, quantum well, AleayInl_X_yAs/InP, mechanical stress, dimensional
quantization levels.

BBenenue

asepHble TMOMbI ¢ JUTMHOM BOMHBI 1.55 MM Ha ocHoBe retepocTpykryp (I'C) GaXInlfosyPlfy/InP,
CIIOJIb3yEMBIE B HACTOSIIEE BPEMsI B BOJOKOHHO-ONTHUYECKHUX JIMHUAX CBSA3H, BECbMaA
YyBCTBUTEIbHBI K U3MEHEHHUAM paboueill TeMnepaTypbl. TO CBSI3aHO ¢ OTHOCHUTEIIBHO MaJIoi
BEJIMYMHOMN SHEPreTHUYeCcKoro 6apbrepa i HIeKTPOHOB B KBaHTOBBIX siMax (K1) nz-3a HeGomb-
10K BETMYMHBI Pa3pbiBa 30HbI TPOBOAUMOCTH (AE_ = 0.4AEg) Ha rpaHuile ¢ 6apbepHBIMU CII0-
amu [1, 2]. PazpaboTka aibTepHaTUBHBIX YeTHIPEXKOMIOHEHTHBIX ['C J1s1 yKa3aHHBIX J1a3€poB,
CHOCOOHBIX paboTaTh MU MOBBIIICHHBIX TEMIeparypax 0e3 TepMOIIEKTPUIECKOTO OXJIaXIe-
HUS, TUKTYET HEOOXOAMMOCTh MOMCKA HOBBIX MOJIYIPOBOJHUKOBBIX KOMITO3UIMNA. OIHUM U3
BapMAHTOB TaKUX KoMNo3uLui sBisrores ['C AleayInlfxfyAs/InP ¢ ynpyroHampspkeHHbIMU KA,
XapaKTEPU3YIOIIUECS CYIIECTBEHHO OOIBIIMM 3HAYEHUEM Pa3pbIBa 30HbI MPOBOAMMOCTH (AE_ =
O.72AEg) [2]. bnarogaps 60b1I0M ITyOMHE MOTEHIIUAIBHON SIMBI JUIs 3JIEKTPOHOB, paccMaTpH-
Baemast ['C cranoBuTCs HanOosee MepCerneKTUBHON IS peann3aluu IpubopoB C MOBBILIEHHOM
TeMIepaTypHOi CTaOMIBHOCTHIO IIOPOTOBOTO TOKA JIa3epHOM reHepari. Bo3aMoXHOCTh U3ro-
TOBJIEHUS] MEXAHMYECKHU CHJIBHOHAINPSKEHHBIX IMMTAKCHAIBHBIX CJIOEB B TAKUX CTPYKTypax
C pa3IuM4MeM NapaMeTpPOB KPUCTAUIMYECKUX PEIIETOK BIUIOTH 10 1.5% MO3BOISET JOMONIHU-
TEJIBHO YIYYIIUTh pabouyne XapaKTepUCTUKH JIa3epHBIX A1010B [3]. YcTaHOBIIEHO, YTO J1azep-
Hble auojsl ¢ ['C AleayInlfxfyAs/InP CIOCOOHBI JOCTHTATh 3HAYEHUS TOPOTOBOTO Toka 20 MA
[4-7]. BTC ¢ K4 AleayIanyAs CO CTEIEHBIO paccoriiacoBanus +1% 3HaYeHHUE TOPOTOBOTO
TOKa paBHsUIOCH 25 MA [7]. Anamornunas ['C co crenensio paccornacoBanust +1.37% u cre-
MIEHBIO0 paccoryiacoBaHus B OapbepHbIX ciosx —0.6% obnanana 3Hau€eHUEM MOPOTOBOTO TOKa
20 MA [5], uT0 OOBICHSIOT BIAMSIHHEM YNPYTHUX HANPSHKEHUU, BHI3BAHHBIX PACCOTTIACOBAHU-
€M MapaMeTpoB pelIeTOK Ha paboune XxapakrepucTuku. Cremyer Takke OTMETUTh, 4to B ['C
AleayIanyAs/InP C HaIPsHKEHHBIMU CJIOSIMU JIETYE PEryJIMPOBATh BEIIMUUHY DHEPIeTHUECKOIO
3a3opa B K npu Toii e BenrunHe BBOAUMBIX HanpsbkeHUi, yeM B I'C GaxInlfosyPlfy/InP, Ona-
rojiaps MaJIoi pa3Hulle mapamMeTpoB Kpucramuueckon pemerku GaAs u AlAs (okono 0.12%).
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Iens nauHOM pabOTHI — pacyeT COCTAaBOB dMHUTAKCHANBHEIX crnoeB Al Ga In,  As, dop-
MUPYIOIIUX yTpyroHamnpspkeHHble ciou K5I, u 6apbepnsix cinoeB (BC) B ma3zepHbIX nuogax c
JUTMHOW BOJHBI M3ITydeHus 1.55 MkM, ¢ ydetom 3¢ddekra pasMepHOro KBaHTOBAHUS SHEPTHH
CcBOOOJIHBIX HOCUTENEH 3apsija U BIUSHUS YIPYTUX HANpsOHKEHUH HAa CMEIEHUE KpaeB dHepre-
TUYECKHX 30H.

B cBsi3u ¢ BIMsSHMEM MHBEPCHM HACEJICHHOCTH HOCHUTEIIEH 3apsa pacyeT ObUl OpUEHTUPO-
BaH Ha JUIMHY BOJHBI U3nyueHus 1.53 MkM (BenmunHa ontuyeckoro nepexoaa 0.81 sB). Heo6-
XOJIMMBIM YCJIOBHEM ITPH 3TOM SIBIISIIOCH 00eCTIedeHue MAaKCUMAaIbHOM BBICOTHI SHEPTETHUECKUX
6apbepoB st 2P pekTUBHOTO OrpaHMueHHs HOCUTeNel 3apsaa B KS u nenpessliienue B conpsi-
raeMbIX CIOAX AleayInl_x_yAs, Hapall¥BaEeMbIX Ha MOMIOXKKH InP, KpuTnyecknx HarpsKeHH,
CMOCOOHBIX NPUBECTH K 00Pa30BAHUIO IUCIIOKALINN HECOOTBETCTBHSI HA FE€TEPOrpaHULIax.

Meroauka pacyera

OCHOBHBIE MTapaMeTPhl AMUTAKCUATILHBIX CIIOEB AlXGayIanyAs pacCUUTHIBAIINA 1O MPABU-
ny Berappa:

parAleayInl-x-yAs =XX parAlAs + y X par GaAs x (l -X- Y) x par InAs (1)

Pacuer cocraBoB TBEpOTO pacTBopa AleayIn 1ﬂfyAs C 33/1aBa€MOM CTEIIEHBIO PacCOIaco-
BaHMS MAapaMETPOB PELIETKH C MOMIOKKON InP mpoBoauiy ¢ UCIONb30BaHUEM 3aBUCUMOCTH,
XapaKTePHOM ISl TBEPJIOTO pacTBOpA THUIIA AXByCl_X_yD [8]:

y=A,+B;xx (2)

['pannunbie pe3ynbrarhl pacyeTra OTHOCATCS K JIBYM TPOWHBIM TBEPABIM pPacTBOpam
Ga In_ As u Al In,_As, onpenensiomuM aHaJlu3upyeMblid TBEpAbIA pacTtsop. U3 (2) cie-
IyeT, 4T0 KodhPuuueHT A paBeH MOJbHOM joe GaAs B TBepioM pacteope Ga In,  As, a

A
koodounmenr B, = —2 , rie z — MonbHas 1onst AIAs B TBepziom pactsope Al In, As.
z

C y4yeToM BO3pacTaHusl IUIACTUYHOCTH MaTepHaa ¢ TEMIEPATypoi, OLICHKY KPUTHYECKUX
TOJILLIMH 3MUTAKCUAIBHBIX CIIOEB AlXGayIanyAs, HapaluBaeMbIX Ha NOJIOKKY InP, ocymect-

BJISUIM U1l TEMIIEPATYPBI POCTA CIOEB € UCIOIb30BaHUEM ypaBHeHHsI MaThioca-biskenu [9]:

h_ (1-025xv) xln(h”+lj, 3)
b Axzx(1+v)xAa b

C12

——12  —xoa¢punuent Ilyaccona;
C12 + Cll

rue v =

. a o .
b —Bexrop broprepca, paBHbIi T 111t 60°-mucnokanuii ¢ yuetom HarpasieHus pocta 100;
2

Aa — cTeneHb pacconiacoBaHus;
h,— XpUTHYECKas TOJILIMHA CIIOS.
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[TapameTpbl KPUCTAIITUYECKON PEHICTKH MOIOKKH U SMUTAKCUAIBLHOTO CIIOS MPH TEM-
neparype pocTa pacCUUTHIBAINA C YYETOM COOTBETCTBYIOIIUX KOAPPUIIUEHTOB TEPMUIECKOTO
pacuupenus (KTP) [10]:

aT:aTk+aT><aTr><(T—Tk), “4)

I a. U dp — NapaMeTpbl PEUIETKU NpH TeMieparype pocta (7) u KOMHATHOH TeMieparype
(T ), COOTBETCTBEHHO;

o — KTP npu tremneparype pocra.

B pacuerax npunumanu T =903 K [11]. B oTcyTcTBHE JaHHBIX 1O 0., HEOOXOAMMBbIE 3HAYE-
HUS NTOJTyYaiu pemeHneM MHorowieHa Jlarpanxa Il crenenn:

o (T-T (T-T), [(T-T) (T-T),, [(7-%)[T-T)., )
"\n-1)\1,-T, T“TT T -T, T‘TT T,-T,) "

tne T, T, T, — 3Ha4€HNUs] TEMIIEPATYP, 1JIs KOTOPHIX COOTBETCTBYFOIIME UM 3HAYEHUS 0L HAXO/HU-
JIY TI0O UMEFOIITUMCS B JTUTEPATYpe TPaPUISCKUM 3aBUCUMOCTSIM [ 12—14].

Jlii ydeTa Bo3pacTaHus INIACTUYHOCTU MaTepuasa Ipyu TEMIIEpaType pocTa pacCUUThIBAIN
U3MEHEHUE KOHCTAHT YIPYTOCTH (Cij) C TeMIIepaTypoi, NpuMeHss ypaBHeHue [15]:

5[1.xﬂx(T—TK)+5;xﬂ2x(T—TK)2
2 3

(6)

“

€ _ 5 (T-T,)x| 1
c =exp| =0, x fx\I =Ty )x| 1+

ik

rie C, — KOHCTaHTBI YIPYTOCTH IPH KOMHATHON TEMIIEpaType;
B =3%0.,— 00beMHbIA KOO(QPUIMEHT TEPMUIECKOTO PACIIMPEHHS IIPH KOMHATHOM TeMIIEparype;
6, — mapameTp AHAEpCOHa-IpIoHali3eHa, B EPBOM NMPHOTHKCHHH JUIS TAHHOTO pacdera
MIPUHUMAJIN PAaBHBIM 3 Ul BCEX MOIYIPOBOHUKOBBIX COEAMHEHUH [16].
WuTepBain 3navennii coctaa TBepaoro pacteopa Al Ga In.  Asc E = 0.81 3B onpenens-
X y U lx-y g
7Y 110 3aBUcHMOCTH [17]:

E; =0359+2.093xx+0.629x y+0.577xx* +0.436x y* +1.013xxxy-2xxxyx(1-x-y) (7)

N3MeHenust 3HEpreTU4eCKOro MOJIOKEHUs 30HbI TPOBOAUMOCTH AE® M BaJIGHTHON 30HBI
TSDKEITBIX JIBIPOK AE™, BBI3BaHHBIC YITPYTUMHU HAITPSHKCHUSIMH, PACCYUTHIBAINA B COOTBETCTBHU

c[18]:

AE® =2xax 1—& x Aa (8)

11
AE™ = —px|1+2x ija, 9
Cll

7€ @ — TUAPOCTATHYECKUN Me(HOpMAITMOHHBINA MTOTSHITHAI JIJIS 3alIPEIICHHOM 30HBI;
b — cnBUTOBBIN Je(hOPMAITMOHHBIN TTOTCHITHAT.
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VYyer a¢dexra pasMepHOro KBaHTOBAHUS TPOBOIMIH U1 paboueil TeMIeparyphbl Ja3epHo-
ro nuoza (300 K). YpoBHU pazMepHOTro KBaHTOBaHUS (€) B MOTEHIIUATBHBIX SIMaX BBIUUCIISLIN
COMIACHO TPaHCIUEHACHTHOMY ypaBHeHUIO [18]:

-+

; (10)

raem, wm, — s dexTuBHbIe Macchl yacTull B K u 6apbepe, COOTBETCTBEHHO;
L — mmpuna K41.

DHEPruro ONTUYECKOrO Mepexoaa B JJaHHOW ynpyroHamnpsbkeHHoN K paccunThiBaim 1o
bopmyme:

hy=E + AE° +AB™ + ¢, +&,, . (11)

U — BeIMYMHBI TOTEHIIMAIBHBIX 0apbepoB — ONPEIEIISIIN 10 (hopMymam:

_ bar eff .
U, =(1-Qx(E;" -E;" ); (12)
U, =Qx(E}"-Ey" ), (13)

rae quw u Egbar — IIMPHUHA 3aNpPEIIeHHBIX 30H HeHanpspkeHHbIX KA u 6apbepa;
Q — OTHOCHUTEINBHBII pa3pbIB BaIEHTHOW 30HBI JJIS TSKEIBIX JBIPOK.
CrpaBo4HbIe 3HAUEHUS, UCTIOIB30BAHHBIE MPU pacyeTe, IPeCTaBleHbl B Ta0. 1.

Tadmuua 1. dusnueckue napamerpsl InP, GaAs, InAs u AlAs,
HCIIONIb30BaHHbBIE B pacueTax [7, 9, 13]

T=300K InP GaAs InAs AlAs
a[A] 5.8687 5.6533 6.0583 5.6614
a 10 [K'] 4.60 5.73 4.52 4.28
C, 10" [H/m?] 5.38 4.53 5.72
C,, 10" [H/m?] 0.34 0.38 0.28
m_/m, 0.067 0.024 0.124
m,_/m, 0.55 0.36 0.81
a [3B] -7.17 -5.08 -5.64
b [3B] -1.7 -1.8 -1.5
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Pe3ynbTarhl 1 UX 00CyK/IeHHE

HuTtepBaiibl 3Ha4E€HUI COCTAaBOB TBEPJIOTO PACTBOPA AleayInl_X_yAs JUISL pa3fInYHbIX CTere-
HEl paccomnacoBaHus NapaMeTPOB PEIIETKH ¢ MoA10kkoi InP B untepsane ot -1.5% no +1.5%,
paccynTaHHbIE C HUCIONb30BaHMEM ypaBHeHUH (2), (4) u (5), U cocTaBbl TBEpAOrO pacTBOpa
AleayInl_x_yAs ¢ E, = 0.81 5B (300 K), monmyuenHsie 110 ypaBHeHuIO (7), MPUBE/ICHD! Ha puC. 1.
HckoMble 3HaU€HUS COCTABOB HAXOMATCS HA NEPECEUEHUH MTPUBEIECHHBIX 3aBUCUMOCTEH.

AlAs

Inds o 10 20 30 40 5o\ 60 =0 Gads
L0.81 38

Puc. 1. PacuerHas KOHIIEHTpaLlMOHHAs 3aBUCUMOCTD CTEIIEHU PacCOIVIACOBAHUS IapaMETPOB
pEIIETKH TBEPIOTO pacTBopa AlXGayInFHAs ¢ TIOJUTOXKKO#H InP (critonTHbie TMHUK) U COCTABBI,
OTBEYalolIue Eg = (.81 »B (mTpuxoBas JUHUSA).

Pesynprarhl pacuera mokas3bIBaroT, YTO AJi1 00BEMHOTO TBEPOTO PacTBOpa AleayIanyAs
3HAYECHUS Eg =0.81 3B MOryT OBITH JOCTUTHYTHI B UHTEPBaJIE COCTABOB, OTBEUAIOIUX 3HAUCHU-
am Aa/a npumepno ot 0 10 +1.5%. IIpu popmupoaruu I'C ¢ K5 HeoOxoarma KOppeKTHPOBKa
COCTABOB C YYETOM U3MEHEHHUI, BHOCUMBIX B 30HHYIO CTPYKTYPY YIPYTUMH HANPSKEHUSIMU U
KBaHTOBOPa3MEpHbIMHU P PeKTaMu.

HeoOxoaumocTh HCKITIOUeHHsT 00pa30BaHUs TUCIOKAINI HECOOTBETCTBHSI HA T€TepOrpaHu-
1ax TpeOyeT pacyeTHOM OIIEHKH KPUTHYECKHX TOJIINH SIUTAKCUATBHBIX CIIOEB AlXGayIanyAs
C pa3HOM CTENeHbIO peleToyHoro paccornacoanus ¢ InP. TpeGyemble /Ui 3TOro pacueTHbIE
3HAYEHUs [TapaMeTPOB KPUCTAIUNIMYECKON PEIIETKU UCXOAHBIX COCIMHEHNUM, ITOJIy4YCHHBIE C UC-
nojbp30BaHueM ckoppektupoBaHHbIX s T = 903 K 3nauennii KTP, npuBenenst B Taba. 2.

Tab6umnua 2. Paccuntannsie 3Hauenus napamerpoB pewetku u KTP s T =903 K

T=903 K InP GaAs InAs AlAs
o -10° [K1] 7.40 7.20 6.21 5.88
a[A] 5.8949 5.6778 6.0810 5.6815
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Pesynbrarel pacuera KpUTHYECKHUX TOJIIIMH SMUTAKCHANIBHBIX CJI0€B MMOKA3aJIH, YTO AJIs CO-
cTaBoB ¢ Aa = 1.5% BenuuuHa i, COCTABISET OKOJIO 54.3 A, uTo B IepBOM IIPUOTIKEHNH OTIpe-
JeNsieT MpeAeIbHYIO TOJIIUHY cloeB, oopazyrommx KA. lns ycrpanenus s¢dexra TyHHETH-
poBanus ToyuHa 6apsepHoro cios (5C) npurumanack pasHoii 110 A. Pacuer cocrasa Takoro
CJIOSI IIPOBOJIUJICS C YUETOM HEOOXOAMMOCTU 0O€CIeYeHHs] MaKCUMaJIbHON BBICOTHI YHEPreTH-
yeckoro Oapbepa, nzberast mpu 3ToM o0pa3oBaHMsl AUCIOKAaIMi HecooTBeTCTBUS. Kpome Tpe-
0OBaHN MaKCHMaJIbHOTO HAMPSKEHUS, BHI3BAHHOTO PAaCcCOTIIACOBAHUEM MapaMeTPOB PEIIETOK,
U OTCYTCTBUS TUCIIOKALIUH, CYIIECTBYET HECKOJIBKO YCIOBUHN Ul KaYE€CTBEHHOTO OapbepHOro
cnosi. HegocratkoM Bcex alfOMMHHUKCOIEPKALIUX MOITYIPOBOIHUKOBBIX JIa3€POB SIBISETCS
CPOJZICTBO QJIOMHUHMSI K KHcTopoay. [IoBbIlIeHne KOHLIEHTpAMK KUCIIOPO/ia TPOBOLUPYET BbI-
COKYIO CKOPOCTh MIOBEPXHOCTHON peKOMOMHAIINH, IPUBOAUT K HU3KON MOIIHOCTU U CTPYKTYp-
HOMY HECOBEPILIEHCTBY, YBETUUCHUIO 3HAUECHUSI TOPOTroBOro Toka. OCHOBHOE MPEANOI0KEHNE
0 BJIUSIHUM KUCJIOPOJA COCTOUT B TOM, YTO KUCIOPO/I, KaK aTOM IPUMECH, IPUBOJIUT K CUIIbHO-
MY YBEIMUYCHHIO O€3bI3Ty4aTesIbHOW PeKOMOMHAIIMY JIEKTPOHOB U JABIPOK. ITO MPOBOLUPYET
OOJIBIINIA TOK HEOCHOBHBIX HOCHUTENEH 3apsijia, Tak Ha3bIBAEMbIH TOK YTEUKH, YTO JAeT B pe-
3yabrare 0osiee BHICOKOE 3HAYEHHE TOPOrOBOr0 TOKA.

3agaauM 3Ha4eHUe UPUHBI 3alIPEIIEHHON 30HbI, paBHOE 1.24 3B, 1 cooTHECEM €ro ¢ co-
CTaBOM 0apbEPHOTO CJIOS AleayIanyAs. ITo pe3ynbraTram pacuera, TpeOyeMbIM YCIOBUSM OT-
Beyaer cocras Al , Ga . In , As, UMeroINi CTENEHb PACCOITIACOBAHMUS PEMIETKH C MOIOKKON
InP Aa =-0.8%.

Crout OTMETHUTD, YTO PE3YAbTATHI, IPUBEACHHBIE HA PUC. 1, MOIy4eHbI 151 00BEMHOTO Ma-
tepuaina. [Ipu pocte ynpyroHanps>keHHbIX KBAaHTOBOPAa3MEPHBIX CJI0€B MO/ JeHCTBHEM dPdek-
Ta Pa3MEPHOT0 KBAaHTOBAHUS M HYHEPreTUYECKUX CABHUIOB 30HBI MPOBOJUMOCTH U BaJICHTHOU
30HBI POUCXOJIUT YBEITUUCHHUE BEJTMUMHBI ONTHYECKOTO MePexoia, YTo CIEeAyeT U3 ypaBHEHUN
(8) 1 (9). BrickazanHO€ MPEMONOKEHHE MOATBEPIKIACTCS MTPH MTOJCTAHOBKE MOJyUYEHHBIX pe-
3yabTaToB B popmyisl (8)—(14). Pesynsrar npencrasiex B Tadm. 3.

Tab6uunua 3. PaccuntanHblie 3HAYEHUS] SHEPTUU ONTUYECKOTO Mepexoaa
Y COOTBETCTBYIOIIEH JJTMHBI BOJIHBI IIPU PA3TUYHBIX CTETICHSIX PACCOITaCOBAHUS
napameTtpa pemietku KA ¢ noanoxkoit InP

Aa BC, % Aa K4, % AE, 5B A, MKM
-0.8 0.5 0.962 1.289
-0.8 1.0 0.969 1.280
-0.8 1.5 0.976 1.271

W3 pacuera BeMUYUHBI ONTHYECKOTO MEPEX0/ia BHISBICHO, YTO MPHU YMEHBIIICHUU MOJb-
HOM 1o AlAs u yBenuueHHH MOJbHOM nonu GaAs MPOUCXOIUT YMEHBILICHHE BEIUYH-
Hbl ONTHUYECKOTO IEpPEX0Jia M, COOTBETCTBEHHO, YBEINUYEHHUE JUIMHBI BOJHBI U3nydeHus. C
Y4E€TOM JaHHOM TEHAEHIIMU MPOBEIEHA KOPPEKTUPOBKA PACUE€TOB COCTaBa KBAHTOBOMW SIMBbI
AleayInl_x_yAs JUI. ICKOMOM JUIMHBI BOJHBI U3iay4deHus. Ha puc. 2 mokasaHbl COCTaBsl, OT-
Beuaronue AE = 0.81 3B, ¢ yuerom Brimeyka3zanabix 3 dexto. BugHo, 410 HEOOXOAUMBIM
3HAYEHUSM HSHEPTUHM ONTUYECKOTO IEpexo/ia OTBEUal0T COCTaBbl IMUTAKCHUAIBHBIX CIOEB
AlXGayIanyAs, y KOTOpBIX CTENEHb PACCOIIACOBAHUsS NapaMeTpa PEUIETKU C MOMJIOKKON
InP cocrasnser 1.3—1.5%.
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\
“0.87 2B

Puc. 2. CoctaBbl SITUTaKCHATIBHBIX CIIOEB AleayIanyAs, oreevaroniue AE = 0.81 »B
(WITpUXOBAst TMHUSA), CKOPPEKTHPOBAHHBIE C YUETOM BIHMSHHSA YIPYTUX HAPSDKSHHH
U KBAHTOBOPA3MEPHBIX 3(D(EKTOB.
HOBTOpHaH OIICHKa KPUTHYCCKHUX TOJIIWH 3MUTAKCHAJIBHBIX CJIOCB IJII CKOPPCKTUPOBAaH-
HBIX COCTaBOB AleayIanyAs Jana pe3ysbTaThl, IPEJACTaBICHHBIC B Ta0M. 4.

Tab6amnua 4. PacueTHble 3HaY€HUS] KPUTUYECKUX TOJIIMH SUTAKCUAIIBHBIX CJIOEB AlXGayInlfxfyAs
JUTSl pa3JInYHBIX CTENEHEH paccoriacoBaHusl ¢ NOMI0KKoH InP

Aa BC, % Aa K1, % h, A
-0.8 1.3 62.3
-0.8 1.4 60.7
—0.8 1.5 53.8

ITo pe3ynbraram pacyeTa BUIHO, YTO JIJIsl CKOPPEKTHPOBAHHOTO cocTaBa cioeB ¢ Aa =1.5%
KpUTHYECKas TONIMHA YMEeHbIIMIAch 10 53.8 A, uto MeHbIIe paHee IPUHATOI TOMIIUHEI CIIOS
K4 (55 A). Hcxons u3s storo, B kauecTe Marepuana K5 BbiOpan cocTas Al ,Ga ,.In _ As,
oreuaromuii ycinosuio AE = 0.81 s3B u xapaxrepusyromnuiicst BenuunHoi Aa = 1.4%.

Takum 00pa3om, B pe3yibTare MPOBEICHHBIX PAacueTOB YCTAHOBJICHO, YTO IMPEIbSBIIsC-
MBIM TpeOoBaHusAM oTBeuaeT ['C AlXGayInlfxfyAs/InP ¢ bC Al ,.Ga ,In  As u Ki cocrasa

Al ,Ga ,.In . As ¢ Tommumnamu cnoes 110 u 55 A, COOTBETCTBEHHO.
3aki0ueHue

C yueroM 3¢ (eKTOB pa3MEpHOro KBAaHTOBAHUS SHEPIHMH CBOOOIHBIX HOCUTENEH 3apsa B
pa3pelIeHHbIX 30HAX U BIMSHUS YNPYTUX HANPSOHKEHUM HA CMELIEHHE KPaeB dHEPreTUUYECKUX
30H BBIIIOJIHEH PacyeT COCTABOB MUTAKCHUAJIbHBIX CJI0€B KBAHTOBOPA3MEPHOM FeTEPOCTPYKTY-
pBI AlXGayInl_x_yAs/InP JUISL JTa3€PHBIX TUOJIOB C JUTMHOM BOJIHBI W3nmyudeHus 1.55 mkwm. Pacuer
COCTaBOB MPOBOJWIIN JIJIsl CTETNIEHEH paccOrIacOBaHUS MMapaMeTPOB KPUCTAJUTMYECKOM pelIeTKH
SMUTAKCHAJIBHBIX CJIOEB ¢ No10kKoM InP B nnTepBane ot —1.5% no +1.5% npu temneparype
pocTa ¢ IeNbI0 HaX0XKIEHUs TapaMeTpoB, 00ECIeYMBAIOIINX MAKCUMAIIbHYIO BBICOTY SHEPIU-
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Pacder ynpyroHnanpsoKeHHOV TeTepoCTPyKTyphI AleayInl_x_yAs/InP ¢ KBAaHTOBBIMU sIMaM¥
115 3¢pPeKTUBHBIX J1a3epHbIX M3/Ty4daresiet

yeckux OapbepoB s KA. Tlo pesynpraraM pacdeToB MpeasioskeHa CTPYKTYpa, BKIIOYAOIIAs
Gapoepubiid cioi Al , Ga , In , As (cTenens paccormacoanus —0.8%) Tonmmnoi 110 AuKd

Al .Ga ,.In . As (cTenenp paccornacoBanus +1.4%) B Cl0€ TOMIMHOA 55 A. Ouenka xpuru-
YECKUX TOJIIIUH 00pa30BaHusl JUCIOKAIIMIA B CIOSX PACCUMTAHHOTO COCTaBa, IPOU3BEICHHAS 110
Mozienu MaTeroca-Bikenn, mokasana, 4to s 6apeepHoro cios u K5 onu coctapmsror 125 A u
61 A, coorsercTBeHHO. TOMILMHBI COOTBETCTBYIONIUX AMUTAKCHANBLHBIX CIIOEB B TIPELIOKEHHOI

CTPYKTypE HE MPEBBILIAIOT MOIyYEHHbIX 3HAYECHHH.
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MUKPO- 1 HAHODJIEKTPOHUKA.
DOU3UKA KOHAIEHCUPOBAHHOI'O COCTOAHMUA

VIIK 538.958

TEOPUS DDPPEKTUBHOM CPEIbI KAK MHCTPYMEHT
AHAJIN3A OIITMYECKNX CBOMCTB HAHOKOMIIO3NUTOB

A.H. FOpacos'@,
M.M. SAmmn?

'Mocrosckuit mexnonoeuueckuit ynusepcumem (MUPDA), Mockea 119454, Poccus
MITY um. H.D. Baymana, Mocksa 105005, Poccus
@4emop ons nepenucku, e-mail: alexey yurasov@mail.ru

Mertonbl 3pPEeKTUBHOI Cpeabl MPUMEHSIOTCS Il OMHCAHUS ONTUYECKUX M MarHUTOOITH-
YECKHUX CBOMCTB HAHOKOMITO3UTOB, MPEACTABISIONINX COOOH HEOIHOPOAHBIE CTPYKTYPHI, B KO-
TOPBIX METAJTMYECKUE TPAHYIIbI IOMELICHbI B MAaTPUILY MOJYIPOBOJAHUKA MU TUAJICKTPUKA.
B mogoGHBIX CTPYKTYpax BO3MOXKHO CYIIECTBOBAaHHE MMTAHTCKOTO W TYHHEJIBHOT'O MarHUTO-
COIIPOTHBIICHHS, TUTAHTCKOTO aHOMAJIbHOTO 3¢ ¢ekra Xosuia, 6ONBIION MarHUTOONITHYECKON
aKTUBHOCTH, aHOMAJIbHOTO ONTHYECKOro noromieHus. CyniecTByeT HeCKOIbKO METOIOB OIH-
canus 3 HeKTUBHOHN cpebl HAaHOKOMIO3UTa. OCHOBHBIM MPUOIIKEHUEM B CITydae Malloi KOH-
LEHTPAIMH METAJUTMYECKON KOMIIOHEHTHI (B HAIIEM CIIydae OHa cOCTaBisieT 7%) ABIseTCS UC-
MOJIb30BaHHBIA HaMH MeTof 3dekTuBHON cpensl MakcBesuia-I'apHeTTa, KOTOPBIN OMUCHIBAET
CTPYKTYpY 4epe3 5PHEKTUBHYIO TUINEKTPUYECKYIO IPOHUIAEMOCTD €. [ CPETHUX KOHLEH-
Tpauuil npuMeHseTcs npudamkenue bpyrremana; B ciaydae Npou3BOJIbHBIX KOHIIEHTPALUH X0-
porio paboraeT cuMMeTpU30BaHHOE NpubmKkenne Makcsenna-I'apaerra. B crarbe nccnemno-
BaHa CIEKTPaJIbHAS 3aBHCUMOCTD JAUAIEKTPUYECKON MPOHUIIAEMOCTH 00pa3iia HAHOKOMIIO3HUTA
B Onmmxnert MK-o0mactu cnekrpa. C nomomnibio hopmynn dpenesst HoCTpOEHbI CIEKTpalibHbIE
3aBUCUMOCTU KOA((PHUIIMEHTOB OTPAKEHHUS W NPOIyCKaHHs p-MOJspU30BaHHOTO cBeta. O0-
Hapy>KeHbI U 00CY>KJIEHBI 0COOBIE TOUKU MPUBEICHHBIX CIEKTPAIBbHBIX 3aBUCUMOCTEN MpH A,
paBHbIX 1 1 4 MmxM. Onpeznenen coctaB HaHOKoMmo3uTa (Cu+Si), 171t KOTOporo HalIroaeTcs
XOpoliee KaYeCTBEHHOE M KOJIMYECTBEHHOE COTIACHE KCIIEPUMEHTAIBHBIX U MOZCTIHHBIX 3aBH-
cuMocrel. [IpoBeneHHBIN B CTaThe aHAIU3 IO3BOJIAECT IPOrHO3UPOBATH ONITUYECKUE CBOMCTBA
11000r0 HAHOKOMITO3HMTA, YTO BaXKHO JJIS1 BBIOOpa MaTepHalioB ¢ 3aJaHHBIMH cBoiicTBamu. O0-
CY’XJIeHbl BO3MOKHOCTHU UCIIOJIb30BaHUS HAHOKOMIIO3HTOB.

Knrouesvie cnoea: MarHUTOONTHKA, HAHOKOMIIO3UTBI, TUAIEKTpUYECKasi IPOHULIAEMOCTb,
ko3 dunrent orpaxenus, Gopmyiasl Openens, ycnosue Bynbsda-bparra, yron bprocrepa.

THE EFFECTIVE MEDIUM THEORY AS A TOOL FOR ANALYZING
THE OPTICAL PROPERTIES OF NANOCOMPOSITES

A.N. Yurasov'@,
M.M. Yashin?

"Moscow Technological University (MIREA), Moscow 119454, Russia

’Bauman Moscow State Technical University, Moscow 105005, Russia
@Corresponding author e-mail: alexey yurasov@mail.ru
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The spectral dependence of the dielectric permittivity of a nanocomposite sample in the
near-IR range was investigated. Nanocomposites are inhomogeneous structures in which metal
granules are placed in a semiconductor or dielectric matrix. Methods of effective medium
are used to describe the optical and magneto-optical properties of nanocomposites. In such
structures the existence of giant and tunnel magnetoresistance, giant anomalous Hall effect,
large magneto-optical activity and anomalous optical absorption is possible. These effects are of
both fundamental and practical interest. Using the Fresnel formula, the spectral dependences of
the reflection and transmission coefficients of p-polarized light were constructed. The singular
points of the given spectral dependences at L = 1 and 4 pm were found and discussed. The
composition of the nanocomposite (Cu + Si) was determined. The model spectral dependences
of the dielectric constant for this nanocomposite were constructed. A good qualitative and
quantitative agreement of the experimental and model spectral dependences was observed.
The dielectric permittivity values for Cu + Si nanocomposite were calculated by the Maxwell-
Garnett method. To date, there are several methods for describing the effective environment
of a nanocomposite. The main approximation in the case of a small concentration of the metal
component is the Maxwell-Garnett effective medium method, which describes the structure
by means of the effective dielectric constant geff. For medium concentrations the approach of
Bruggeman is used. In the case of arbitrary concentrations, the symmetrized Maxwell-Garnett
approximation works well. Since the concentration of the metal component was determined in
our work, which is 7%, the method of Maxwell-Garnett effective medium method was chosen.
The analysis carried out in the article makes it possible to predict the optical properties of any
nanocomposite, which is important for the selection of materials with specified properties. The
possibilities of using nanocomposites are discussed.

Keywords: magnetooptics, nanocomposites, dielectric permittivity, reflection coefficient,
Fresnel formulas, Wolf-Bragg condition, Brewster angle.

BHaCTosImee BpeMsI BeChbMa aKTyaJIbHbl HCCJIEJJOBAHUSI ONTHYECKUX W MAarHUTOONTHYECKHX
CBOWCTB HAaHOKOMIIO3UTOB [1—4]. HaHOkOMmO3uTaMy Ha3bIBAIOTCS TaKWe HEOTHOPOIHBIC
CTPYKTYpBl, B KOTOPBIX METAILTMYECKUE IPaHyIIbl IOMEIEHbI B MATPUILy MOTYTIPOBOAHUKA WITH JIH-
aneKkTpuKa. J{jis onucaHusi ONTUYECKUX U MarHUTOONTHYECKUX CBOMCTB HAHOKOMITO3UTOB IPHUMeE-
HsTI0TCsT MeTo/IbI d(ppekTruBHOI cpenbl [5—8]. B momoOHBIX CTpyKTypax BO3MOKHO CYIIIECTBOBAHHE
TUIaHTCKOTO U TYHHEJIBHOTO MarHUTOCONPOTHUBIIEHHS, THTAHTCKOTO aHOMaJIbHOTO 3 dexra Xoa,
OOJIBITION MarHUTOONITUYECKOH aKTUBHOCTH, aHOMAJILHOTO ONTHYECKOTO ToriomieHust [9—11] u mp.
VYka3zanHble 3 HeKTbI TpeICTaBIAIOT (PyHIAMEHTAIBHBIN U MPAKTHYECKUM HHTEpeC.

Iesb paboThl — MOJEIMPOBAHUE ONITHUECKUX CBOMCTB JIIOOBIX HAHOKOMIIO3UTOB METOJaMU
3¢ dexTUBHON cpeabl. [ HAISIAHOCTH JaHO CPABHEHUE MOAETBHBIX U SKCIEPUMEHTAIBHBIX
pesynbraro [12—15] mist HaHokoMmo3uToB Cu—Si. [lepBoHayabHO MPECTABICHBI SKCIEPU-
MEHTAaJIbHBIE JAHHBIE 10 ONTUYECKUM CBOHCTBAM HAaHOKOMITO3UTOB Cu—Si, a 3aTeM 00CyKIeHBI
pa3IMYHBIE BOBMOXXHOCTH MX HHTEPIIPETALMH B paMKax Teopuu 3((eKTuBHON cpebl.

B pesynbrare cTaHIapTHBIX ONTHYECKUX M3MEPEHUH, MOIpoOHO ONMMCcaHHbIX B padore [3],
IIOJIy4YE€HBI CIIEKTPAJIbHBIE 3aBUCUMOCTH IUAIEKTPUUYECKON IIPOHULAEMOCTH € HCCIIENyEMOro
obpasua (Hanokomnosuta Cu—Si) B MK-nuana3oHe 31eKTpOMarHuTHOTO M3JIy4eHHsI, KOTOPBIM
001a1a10T, HaNpUMeEp, TAJIOTeHHbIE U KCEHOHOBBIE J1aMITbl. O0pa3Ibl MOTyyand METO0OM MoJie-
KYJISIPHO-JTY4€BO snuTakcuu B atMmocdepe aprona. [logpoOHO aeTany SKCepuMeHTa U MoIy-
YyeHus1 00pa3IoB onucaHbl panee [3].
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Teopwns 3¢ddeKTMBHON cpeabl KaK MHCTPYMEHT aHa/IM3a ONTUYEeCKNX CBOVICTB HAHOKOMIIO3UTOB

ITomyueHHbIE CIIEKTpaJIbHBIE 3aBUCUMOCTH IIpelcTaBieHbl Ha puc. 1. Ilpu paccmorpenun
HAaHOKOMIIO3MTa MBI JTOJDKHBI 0OpaTuTh BHUMAHUE HA IMOMIOLICHHE, KOTOPOE YYUTHIBACTCS B
MHHMMOM 9aCTH IUIIIEKTPUYECKON MPOHUIAEMOCTH & = €, — i€, M TTOKA3aTeNs IIPETOMIICHHS 1™

n*=n—ik.

80

Puc. 1. CnekrpasbHas 3aBUCUMOCTb JIEHCTBUTENLHOM €, (ITyHKTUP) U MHUMOH €,
(criouTHAas JIMHUSA) YacTel AMANEKTPUUECKOW POHHUIIAEMOCTH
HCCIIEyeMOTO HAaHOKOMITO3HTA.

Kak BugHO M3 puc. 1, maHHas CHEKTpaibHAs 3aBUCHMOCTH UMEET CBOM OCOOCHHOCTH B
TOYKaX C JYTMHOW BOJIHBI A, paBHOU | 1 4 Mkwm. [[1s1 aHaiM3a ONTUYECKUX CBOMCTB HAHOKOM-
MO3UTa B 0COOBIX TOYKAX MPOBEPHUM BHITIOJIHEHHE yclioBue Bynbha-bparra, T.e. Bo3MoXKHa 1
UHTEpEPEHITUS:

2dnsin® = m\, ipu sin@ =0.5um=1=>dn=A, (1)

e d — TONIMHA HAHOKOMITO3UTa,

m — TOPSIIOK HHTEP()EPEHIIMOHHOTO MAaKCHMYMa;

0 — yron CKoIbKeHHUsI.

Takum 0Opazom, Mpu AJIMHE BOIHBI A = 1 MKM ycioBue Bynbga-bparra BeImomHATHCS He
Oynet: uaTepdepeH s OyeT Bo3MoKHA TOJBKO Tipu d = 0.36 MKM, a mpu A = 4 MKM HEOOXO/TH-
MO€ 3Ha4€HHUE TOJIIINHBI HAHOKOMITO3UTA JTOJDKHO COCTABIATH d = 1.3 MKM.

JInst nanbHEHIUX MCCIIeOBAaHUI HAMU PACCYMTaHBI M MOCTPOCHBI CIIEKTPAIbHBIC 3aBH-
CUMOCTH KOY(PDHUITUESHTOB OTPAKEHUS Rp Y TIPOITYCKaHMSI Tp uccaeayeMoro obpasma (puc. 2).

Kaxk mokasaro B [17], 4 TpexcioiiHoi CTpYKTypbl (BO31yX—HAHOKOMIIO3UT—BO3/yX) R 1
Tp , COOTBETCTBEHHO, PABHBI:

p 2 p 2
Vi +F°-n, |

2 P rl’
+Fr,

1

szIl

> (2)
F- t_ 'kp 'tkip |

J
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Puc. 2. CriekrpanbHbie 3aBUCHMOCTH KOO GHUIMEHTOB OTpaXeH!s R (IyHKTHPHAs)
¥ mportyckanus T, (CIUIONIHAS JIMHHS) HCCIIEIyeMOoro o0pasia.

rie napametp F onpenesien BoipaxenueM F, =exp(—27i-A7' - g, -d,);
K03((UIMEHTHI 7 U ¢ p-NIOISIPU30BAHHOTO CBETA Ha TPaHUILIE pasjena j-il u k- cpex ¢ no-
Ka3aTe/siMH IPCIIOMIICHHS 1, U 71, PABHBL:

2 2
p_ 8 T &N
- 2 27
g +gknj
2-gj-njnk

e 22
gy T8N,

rjk

€)

Ly

2 2 .2
ITapameTp g ompeneseH CleayIONNM BRIPAKEHUEM: g, =/, —n sin" ,
31€Ch: 11, — IOKA3ATEeIb NPEIOMIICHHS BHEIIHEH CPE/Ibl (0OBIYHO 3TO BO3AYX, U n, =1);

¢ — yroJj NnajicHus CBeTa.
C ucnonbzoBanueM Gopmyi (2) u (3) TOCTPOCHBI TaKKe CIIEKTPaTbHbIE 3aBUCUMOCTH KO-
s PuIMEeHTa OTpaKeHUS R (puc. 3) u npomyckaHus T (puc. 4) npu epeMEeHHOM YIJIE Maje-
Hus 0<¢ <90° >IeKTPOMAarHUTHOTO U3ITy4YCHUS.

00— ——— - ———2
0/’
0/’
(=] /‘/'
C’\Agso T
o
0/‘
N -
‘\. i
0
1 2 3 4 5
Apm

Puc. 3. CiekrpanbHast 3aBUCUMOCTB KOY(D(UIIMEHTA OTPaKESHHS R,
(17151 p-TIONAPU30BAHHOTO CBETA) MIPU PA3IUYHBIX YIVIaX MaCHHS AJIEKTPOMArHUTHOTO
nanydeHus: ¢ = 90° (myHktHup); @ = 0 (Toukn); ¢ = 45° (crutonrHasi).
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Puc. 4. CriekrpanbHas 3aBUCHMOCTE Kod(duriienTa nporyckanus T,
(U1 p-TIOAPU30BAHHOTO CBETA) IIPH PA3IMYHBIX YIIIaX MaJAEHHS JIEKTPOMAarHUTHOTO
m3nydeHus: ¢ = 90° (mynktup); ¢ =0 (Toukn); ¢ =45° (crutomHas).

Ou4eBUHO, UTO HA TIPEJICTABICHHBIX HA pUC. 3 U 4 3aBUCUMOCTSIX UMEIOTCS T€ )K€ Xapak-
TEPHBIE 0COOBIC TOYKH TIPH JJIMHAX BOJIH A, paBHbIX| U 4 MKM, aHAJIOTHYHO WMEIONTUMCS Ha
puc. 2. Heo6xoaumMo OTMETUTH, 4TO B 001acTH A = 4 MKM HaOJIOJIa€TCs PE3KOE yBEIMYCHHE
(ymeHbIieHHe) Kod(pduIMeHTa oTpakeHus (TpoxokaeHus) npu ¢—90°. OTcroma JIOTHYHO
MIPEIMONIOKUTH CYIIeCTBOBAaHUE yIiia bprocTepa Wiy TIaBHOTO yIvia MeTaiia B JaHHOW CIIeK-
TpaJbHON OOJACTH.

Paccunraem yron bprocrepa:

tg(p) =2 (4)

n,

Torma pu A = 1 MxMm: 1g(@) =2.8= @~ 70°; npu A =4 mxMm: tg(@)=3= @ ~=72°.

YroObl MpoaHaIU3UPOBATh MOITYUYECHHBIE PE3YNbTaThl, 11€7eC000pa3HO MOCTPOUTh 3aBHCH-
MOCTH K03(h(PUITUEHTOB OTpaXKeHUs R w nponyckauust T OT yIyia MaJeHus CBETA () IPH A=1
MKM (puc. 5) u A =4 MxMm (puc. 6).

Kaxk BumHO 13 puc. 5, mpu yrie ¢~70° HabmonaeTcst ocodast TOUKa. ITO COTIacyeTcst ¢ OIeH-
KoM yriia bproctepa B paccmarpuBaeMoii crieKTpainbHON obnactu, ipu A = 1 Mkm. [ToguepkHem,
yT0 npu TonmHe oOpasna d = 0.36 MkM BeinonHseTcs ycnoBue uarepdepennnu (1). [pu yka-
3aHHOM 3HaYCHHHU d KOd(P(UIMEHT OTPAKCHHs R TOCTUIaeT CBOCIO MAKCHMAIEHOTO 3HAYCHHUS, 3
TPOITyCKAHHE MPH 9TOM paBHO Hymio 7 = 0.

Takwe e BBIBOJIBI CITPABEIIMBBI U JIJIS IPYTOil 0COO0H TOUKH, pH A = 4 MKM (puc. 6).

Hamwu BBITTONTHEH ETANBHBIA aHAJIH3 IIMPOKOTO CIIEKTPa CTPYKTYP MO WX W3BECTHBIM OII-
TUYECKUM KOHCTaHTaM [18] U MOCTPOEHBI TEOPETUUECKHUE 3aBUCHUMOCTH IHAJIEKTPUYECKUX
NPOHUIIAEMOCTEN € M €, OT JJMHBI BOJHBI A JIEKTPOMArHUTHOTO M3JIyYEHHS B CPABHEHHH C
3aBUCUMOCTSMH, NPEICTABIEHHBIMU Ha pUC. 1. CIEKTpaabHbIE 3aBUCUMOCTH €, M €, IS COe-
muHenus: Cu+Si coroctapieHsl Ha puc. 7. OHM MO3BOJIMIIM PACCUUTATh ONTHUMAJIBHYIO KOHIICH-
TPALMIO MM B MaTpulle KpeMHUs. /111 mpoCTOi OIEHKH paccYnTaHo 3HaYeHue 3(h(HEeKTUBHO-
TO TTOKa3aTess MPEeJIOMIICHUST HAHOKOMITO3UTA 110 cienytomiei hopmyne [19, 20]:
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Puc. 5. CiektpanbHas 3aBUCUMOCTh KOA(P(PUITHECHTA OTPAKCHHS R, (TryHKTHD)
u nponyckanus I (CIUTomHas IMHus) OT yriia majenus ¢ (0<e <90°)
P-TIOJSIPU30BAHHOTO CBETA B CIIEKTPAILHON 00J1acTH A = 1 MKM
npu d = 0.1 Mxm (kBagpaTsl) U d = | MKM (TpEYTOJIbHUKN).
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Puc. 6. CriekrpanbHas 3aBUCHMOCTB KOd((HUIICHTa OTPKEHHS R (ITyHKTHD)
0
1 TIPOITYCKaHUS T] _(crutomHas nuHusA) o yrina nagenus ¢ (0<¢ <90°)
Pp-TIONISIPU30BAHHOTO CBETA B CIICKTPAILHON 001aCTH A = 4 MKM,
npu d = 0.1 MM (kBagpathl) U d = 1 MKM (TpEYTOJILHUKH).
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Puc. 7. CuiekrpainbHble 32aBUCUMOCTH [IUIIIEKTPUYECKUX TIPOHUIIAEMOCTEH €, U €,
ucCiIeayeMoro oopasna (IyHKTUpHast JTMHKSA) B CPABHEHUH € M €, 11 crtasa Cu+Si
(crumomrHast TMHKA) TIPU Pa3IMYHON KOHLUEHTPALMH MEAU B MaTpuie KpeMHus 5%<X<10%.
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neﬂ:\/nCuz-XJrnS[z-(l—X) (5)

TIe 71, — TIOKa3aTeb MPETOMIICHHS MEIH;

N, — MOKa3aTelb MPENOMIICHUS KPEMHHUS,

X — oObeMHast KOHIICHTPAIUSI METAITUIECKONH KOMIIOHEHTHI (B HAIIEM CITy4ae, MEJH ).

VY KpeMmHHS TOKa3aTeldb NPETOMIICHHUS OCTAeTCsl NMPAKTUYECKH TOCTOSHHBIM BO BCEH
NK-061acT 51€KTPOMarHUTHOTO U3JIYYEHUs U COCTABIAET ng, = 3.4, juia Mmemu: n, = n + ik.
Otcrona u ObUTa paccuMTaHa ONTHMaJIbHAS, C TOYKU 3PCHUSI ONMMCAHHS SKCIEPUMEHTAIBHBIX
JTAaHHBIX, KOHIIEHTPAIMs MEIU B MaTpHIle KpEMHUS: OHA cocTaBuia 7%. JlaHHas cnekTpaibHas
3aBUCUMOCTB Ipe/ICTaBlIeHa Ha puc. 8.

80

Puc. 8. CiekTpanbHble 3aBUCUMOCTH JIUIJIEKTPUIECKUX TIPOHULIAEMOCTEH €, (KBAIPAThI)
¥ £, (TPEyTrONbHUKH) CCIIEMYEMOro 00pasiia B CPABHEHMH C €, U €, I HAHOKOMIIO3HTA
Cu+Si nipu koruenrpanuu Menu X = 7%. CIUIONIHbIE IMHAM COOTBETCTBYIOT € U €, HAHO-
koMmrto3uTa Cu+Si, MyHKTHPHBIC — HCXOIHOTO 00pasia.

Takum 00pasoMm, B 11€10M OOBsACHEHA CNEKTPaIbHAs 3aBUCUMOCTh JIEHCTBUTENBHON € U
MHHUMOH €, YaCTeH MUIIEKTPUYECKON TPOHULAEMOCTH UCCIENYEMOTO HAHOKOMIIO3UTa (pHC.
1), HaiiieHa onTUMabHasi CTPYKTYpa, COOTBETCTBYIOIIAs COCTaBy 00pasiia HAHOKOMIIO3HTA.

J71s yTOuHEHUS BBIYUCICHUN HEOOX0IMMO PacCMOTPETh TeopHio 3 PekTrBHOM cpeasl. Ha
CETOIHSIIHUMA JIeHb CYLIECTBYET HECKOJIBKO METONOB onucaHus 3(pQeKTuBHOM cpenbl HaHO-
komno3uta [21]. OCHOBHBIM MPUOIMKEHUEM B CITydae Majol KOHIIEHTPALUU METAJUIMYECKON
KOMITOHEHTHI SIBJISIETCSI METOJT A eKTUBHOM cpenbl MakcBeia-I'apHeTTa, KOTOpBI onuchIBa-
€T CTPYKTYPY 4epe3 dQPEKTUBHYIO AUIIEKTPUYECKYIO IPOHULAEMOCTS € . JIIs cpenHuX KOH-
HeHTpauuii npumMensieTcs npubdmpkenue bpyrremana. B cirydae nmpon3BoibHBIX KOHIIEHTpAIUI
X0opomio paboTaeT cuMMeETpU3oBaHHOe mpudmbkeHne Maxkcsemna-I'apuerrta [22]. Tak kak B
MIPEICTaBICHHOM 371eCh paboTe onpeeneHa KOHIEHTPAIU METAIITMYECKON KOMITOHEHTHI, PaB-
Hast 7%, BbIOpaH MeTox adpexTuBHOM cpesbl Makesenna-TI'apHerTa. B naHHOM NpHOIMKEHAN
paccMaTpHBaeTcs B3BeCh C(EPUUESCKHX JACTUIl METAILIA & = & — & B CPEJIe C UIIEKTpHIe-
CKOM MOCTOSHHOM &, = &, — i€, . B pamMkax npuOnuxenus Makcsesia-I'apHeTTa U ¢ y4eTom
MaJIOCTH YacTHII ycloBHe d3PPEKTUBHOM CpeIbl MPUBOIUT K YPABHEHUIO TSI TUAIIEKTPUUECKOM
NPOHULAEMOCTH &, = e
MG & +26,+2X (g —¢&,)

=& (6)

& +2e,—X(g —¢&y)
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B namem cinyyae X = 0.07. 3aBuCMMOCTH JEHCTBUTEIBHOM g MHHUMOH €, yacTel JUdJIeK-
TPHUYECKON MPOHMLAEMOCTH HaHoKommosuta Cut+Si B CPaBHEHUHM C € U €,, PACCYMTAHHBIMH
MeTonoM 3 eKTUBHOM cpenpl Makcsemna-Iapuerra, n3o0pakeHsl Ha puc. 9. Kak BuaHO, 10-
JYYEHHBIE CIIEKTPAIbHBIE 3aBUCHMOCTH XOPOILIO COITIaCyOTCS.
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Puc. 9. CiexktpanbHble 3aBUCHMOCTH MIIEKTPUIECKUX TIPOHULIAEMOCTEN € (KBaaparh!)
u g, (TpeyronbHuKK) cruiasa Si+Cu (CIUIOIIHAs JIMHNS) B CPABHEHHUH C € U &), PACCYUTAHHBIMH
MeTooM 3 deKTBHOM cpenbl MakcBema-I'apaerTa (MyHKTUPHAS JTHHUSA ).

3akiaoueHune

ITpoBeneHHBIH B cTaThe aHAJIM3 O3BOJISIET IPOrHO3UPOBATh ONTHYECKUE CBOMCTBA JTF000T0
HAaHOKOMIIO3MTA, YTO BayKHO JJIsi BEIOOpA MaTepuasioB ¢ 3aJaHHBIMU CBOWMCTBaMH. BbInonHeHo
MOJICTTUPOBAHHUE ONITUYECKHX CBOWCTB HAHOKOMITIO3UTOB C UCIIOJIb30BaHUEM MOAX0A0B dPdek-
TUBHOM Cpeibl. PacueT CrieKTpaibHbIX 3aBUCHMOCTEHN IEHCTBUTEBLHOM € M MHUMOH €, 4acTe
JUBJIEKTPUUECKOM MPOHUIIaeMOCTH HaHOKOMIT03UTa Cu+Si BBIIOIHEH C UCIOJIB30BAaHUEM IIPO-
CTEHUIIIeTo MoaX0/1a U B pamkax merona Makcpemna-I'apHerTa (puc. 9). Kak BUgHO M3 3TOTO
pHUCyHKa, HAOIIOaeTCs XOpollee COmIache MOMYYEHHBIX KCIIEPUMEHTAIBHBIX U MOJEIIBHBIX
CIIEKTPAJIbHBIX 3aBUCUMOCTEN. Bee pe3ynbrarhl cTaTby NPEACTABISIFOT 3HAYUTEIbHBIA HHTEPEC
JUISL TAJIbHEUILErO UCCIIEI0BaHUs ONTUYECKUX CBOMCTB HAHOKOMIIO3UTOB U ITOMCKA IEPCIICK-
THUBHBIX MaTepUaJIOB C 3aJaHHBIMU CBOMCTBAMU.

[TonoOHbIE HAHOKOMIIO3UTBI MOTYT MCIOJb30BaThCs KAK BBICOKOUYBCTBUTEIbHBIE MAarHu-
TOPE3UCTUBHBIC JaTYNKH U MUHHUATIOPHBIE MArHUTOCYUTHIBAIOIINE TOJIOBKU. [0 HameMy MHe-
HUIO, OHM MOTYT HAaWTH IPUMEHEHUE B KaYECTBE CEJICKTUBHBIX YCUJIMTEIEH U MOAYIATOPOB
CBETAa, a TaK)Ke IPUEMHHUKOB TEILIOBOTrO U3iydeHus [1] . [lomydyeHHbIe pe3ysbTaThl IPEACTaB-
JSIFOT KaK (yHJIaMEHTaNbHBIN, TaK ¥ IPAKTUYECKHUI HHTEPEC B IIUPOKOH 001aCTH MPUMEHEHHS
HaHOKOMIIO3UTOB.
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Hacrosimas crarest MOCBAIICHA UCCISIOBAHUIO BIVSIHUS IEOUTOPCKOM 3aJOJDKEHHOCTH HA
(hMHAHCOBOE TMOJIOKEHUE COBPEMEHHBIX KOMITaHUH. Panimonanusanus TpeOoBaHui K yrpaBiie-
HUIO JIEOUTOPCKON 3aJ0/DKEHHOCTBIO CBSI3aHA ¢ HEOOXOJUMOCTBIO TIOAJICPIKAHUS €€ BEeITUYH-
HBI B TIPEJIEIIax, JOCTATOYHBIX JUISI TOKPBITUS KPATKOCPOUHBIX KOPIIOPATUBHBIX 00SI3aTEILCTB
0e3 HeOOXOAMMOCTH TIPUBIICUYCHUS JTOTIOJIHUTEIBHBIX HCTOYHUKOB (priHaHCHpOBaHus. B craThe
paccMOTpeHBI BOMPOCHI BBIPAOOTKH MOJUTHKH TUIATEKEH, COOMIOIEHNE KOTOPOU MO3BOJIUT CO-
XpaHUTh HOPMAJIbHOE (PMHAHCOBOE COCTOSIHME KOMIIaHUU. VcciaenoBaHo BIMSIHAE POCTa Je0u-
TOPCKOM 3aJ0JKEHHOCTH Ha JOMOJHUTENIbHBIE U3AEPKKA KOMIIAHUM U, KaK CJIEACTBUE, HA €€
(uHaHCOBBIE pe3ynbTaThl. PaboTa COCTOUT U3 IByX YacTE, JOTUYECKHU CBSI3aHHBIX MEXKIY CO-
0Ol: B IEpBOM pacCMaTPUBAIOTCSI METOJIbI M TIOAXObI, ChOpMyITHpPOBaHHBIE 1 000CHOBAHHBIE
B ()MHAHCOBOM MEHE)KMEHTE B YACTH YIIPABJICHUS I€OUTOPCKOM 3a10JKEHHOCTHIO KOMITAHUY;
BO BTOPO# — Ha ()aKTUYECKUX JIAHHBIX TIPOBEICH aHATHN3 JIEOUTOPCKON 3aJ0OKEHHOCTH IIECTH
OonrapcKux MyOIMYHBIX KOMIIAHHMA, KaXk/1ast U3 KOTOPBIX B COOTBETCTBHH C JIOCTUTHYTBIMU Pe-
3yAbTaTaMy MO3UIMOHUPYETCS B MATPUIlE, OTPAKAIONMICH B3aUMOCBSI3h MEXIY JAEOUTOPCKON
3a/I0JKEHHOCTBIO U 00beMoM nponax Ha npumepe Gentry u Garza. [lo3unius aBTOpoB 110 Uc-
ciexyemoit mpobieme chopmynupoBaHa Ha OCHOBE PE3yJbTaTOB MPOBEACHHOIO aHAIN3A JIaH-
HBIX U U3JIOKEHA B 3aKJIFOUUTEIIbHBIX BBIBOJIAX.

Kniouesvie cnoea: xopriopaTuBHas eOUTOPCKas 33J0JDKCHHOCTH, BBIPYYKa OT MPOAAK,
HY6J'II/I‘-IHBIC KOMITaHUH.

Introduction

he rational management of corporate accounts receivable leads to an increase in cash;

ensures the prompt payment of accounts payable and reduces costs of attracting additional
capital. It is therefore essential that each corporate entity maintains the level of its accounts
receivable at a sufficient level to prevent delays in cash inflows or missed opportunities for
selling the products of the company. In our research, we analyse some methods of managing
corporate accounts receivable, which makes it possible to rationalize their value.

Due to the financial crisis, intercompany indebtedness has grown immensely over the past
few years, which has had a dramatic effect on the economic situation in the country. The main
drivers of economic growth, companies, are key agents in the process of creating products of
labour that are the primary source of income to economic agents, i.e. the state and households.
Within this context, the issue of corporate accounts receivable and their management has become
a major one. Hence, the objective of this paper is to make a critical analysis of contemporary
methods of managing corporate accounts receivable and to apply and test a technology for
streamlining the accounts receivable of Bulgarian public companies.

The efficient management of short-term company assets is a prerequisite for maintaining
the solvency of business entities and raising their financial stability. In some cases, maintaining
a high turnover of current assets and ensuring the prompt collection of accounts receivable
enables companies to pay their short-term accounts payable without having to use any alternative
sources of short-term financing. Therefore, the analysis of current assets refers mainly to their
major elements, such as: inventory, accounts receivable and cash, and seeks to identify their
optimum level in terms of desired profitability and the risk inherent to them [1]. Management of
current assets is an element of the operating cycle of companies measured in the number of days
from purchasing production supplies to the moment of receiving the money for products sold.
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Within the specified time period, the sub-process of corporate accounts receivable management
is essential, since it determines the efficiency of corporate activity and is a major source of the
cash necessary to maintain the pace of production even.

Corporate accounts receivable are managed by applying various approaches to the analysis
of their value, some of the major ones [1, p. 114] being:

» The method of accounting documents — this method is based on the data presented in the
financial statements of companies and provides information about estimated cash inflows and
outflows in terms of corporate accounts receivable and accounts payable;

» The equilibrium approach, which is based on the time value of money — this approach
relates to the use of commercial credit, when the cash flows from operating activities exceed
financing costs;

» The ratio method which is based on employing different financial ratios to establish the
condition of and changes in the value of corporate accounts receivable;

» Timing of debtors’ indebtedness — this approach is based on the preparation of tables
which indicate the timing of accounts receivable. These tables are used to record the moment of
cash inflows currently and during previous periods;

*  The method of financial ratios which further elaborates the method above. It involves
recording the share of cash inflow from sales which will be received during the current period
and the share of the transaction value which is recorded as an account receivable.

I. Aspects of the Management of Corporate Accounts Receivable

The integrated management of short-term investment requires maintaining a high turnover
of current assets, so as to ensure sufficient liquidity for covering the current and long-term
payments of the company. The success of a business depends on maintaining the turnover of
current assets at a level ensuring sufficient capital to meet cash discounts on purchases, to keep
low the cost of collection and losses and to maintain a reasonable standard of efficiency [2, p.
112]. The management of corporate accounts receivable is of crucial importance to that process.
Rational management of accounts receivable provides funds for investing in assets to ensure
the smooth running of production. Accounts receivable may most broadly be defined as the
cash which companies expect to receive from their customers for the products they have sold.
Financial theory and practice identify different types of accounts receivable according to the
collection schedule [3]:

» Current accounts receivable are the accounts receivable which business entities expect
to collect during the regular operating cycle and within the current reporting period;

* Fixed-term accounts receivable are the accounts receivable on transactions for which
the company has negotiated payment in installments;

* Arrears are accounts receivable formed after the term of payment set in the contract has
expired. They are also referred to as ‘doubtful’ accounts receivable, since companies may doubt
the possibility to collect them in full;

» Write-offs — these are accounts receivable which will positively not be collected due to
a significant default on the term of the transaction.

This classification of corporate accounts receivable equips financial managers with
information about the structure of accounts receivable and the appropriate actions they
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need to initiate in terms of their management. Arrears, for example, entail a substantial
risk. Hence, the bigger the value of arrears, the worse the liquidity of the company will be
due to the delayed turnover of assets. In this case, the company will need additional funds,
and the risk of uncollectibility will be higher, which will hinder the regular performance
of the enterprise.

The existence of accounts receivable is a must in market economy, and credit sales are
becoming increasingly popular. Therefore, scientists across the globe have been paying
greater attention to different methods of managingaccounts receivable in an effort to identify
an instrument for reducing the collection periods of such payments and optimizing corporate
performance.

The technique employed to classify accounts receivable according to the number of days
a payment has been defaulted with' has become extremely popular in financial theory [4, p.
8]. The size of fines and sanctions in each group is determined according to the the number of
days a payment has been defaulted with. Leitch and Lamminmaki employ a similar approach
in their research of the correlation between the number of days a payment has been defaulted
with and the possibility to collect the accounts receivable of the company [5]. Their analysis
has established a positive correlation between credit sales and the aging schedule of accounts
receivable. It also provides supporting evidence that credit sales are positively correlated with
the rate of collectability. In a research dealing with the management of accounts receivable,
Enzhu Li [6] points out that in the contemporary economic environment many companies
cannot manage their accounts receivable properly, and it is therefore necessary to design a
system of overall and systematic analysis of problem issues in risk management and the reasons
underlying that risk.

Lixin and Jiao [7] also deal with that problem and present a detailed system for managing
the accounts receivable of small and medium-sized enterprises. They analyse contemporary
methods and concepts which relate to the risk diversification of corporate accounts receivable
management based on their research of the problems existing in small and medium-sized
enterprises. They propose a four-component internal company system of accounts receivable
management (see fig. 1) which aims to ensure total control over each stage of a commercial
transaction.

A certain correlation has been established between the volume of sales and the accounts
receivable of companies. As a matter of fact, the sales policy is determined by two major
components: crediting the customers who buy the products of the company and the sums which
the business entity has to pay to its suppliers. Therefore, streamlining the accounts receivable
of a company enables business entities to ensure the cash required for running their production
smoothly and to reduce the risk of additional external financing. A good method for identifying
the correlation between sales volumes and the value of accounts receivable is that proposed by
Gentry-De La Garza [8]. In their research, the authors elaborate further Gallinger and Ifflander’s
findings [9] and present the correlation between the two variables through a matrix (fig. 2).
There are nine possible situations illustrating changes in the sales volumes and in the accounts
receivable of companies.

IThe categorization includes 5 (five) time intervals which reflect the aging of the accounts receivable as follows: 0 days;
0-30 days; 30-60 days; 60-90 days; more than 90 days.
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CORPORATE ACCOUNTS RECEIVABLE MANAGEMENT SY STEM
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Fig. 1. Corporate accounts receivable management system [7, p. 386].
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Fig. 2. Matrix of the correlation between the accounts receivable and the sales volume of companies.

Quadrant one (1) of the matrix presents a situation in which there is no change in the sales
pattern or in the collection experience of the company. The change in the accounts receivable
illustrated in quadrant two (2) might be due to some change in the collection experience of
accounts receivable. The increased value of accounts receivable may, for example, result
from a more lenient credit policy of the company due to the deteriorated financial position
of customers and their inability to make payments in due time. This, in turn, results in lower
collectability, yet it does not affect the sales volume achieved previously. Alternatively, the
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decrease of accounts receivable illustrated in quadrant three (3) might be due to the stricter
credit policy of companies forcing their customers to make their payments duly, which does not
result in a lower sales volume, either.

In quadrants four (4) and seven (7), the increase or the decrease in the sales volume does
not affect the accounts receivable of the company. This situation occurs when the entire volume
of sold products is paid at the moment of delivery, i.e., entries in the accounts receivable remain
the same regardless of positive or negative changes in the sales volume.

Quadrant eight (8) illustrates a situation in which both analysed variables increase
simultaneously. There is a simultaneous increase in the sales volume and in the value of accounts
receivable, which might be accounted for by the credit policy of the company. A lenient credit
policy affects sales negatively, which in turn results in increased demand and hence, in growing
sales. Increased demand generates a larger sales volume and leads to an increasing amount of
accounts receivable, thus posing the threat of losses incurred due to the lower collectability
rate in future. As a matter of fact, the method of payment has a direct impact on the accounts
receivable.

Quadrant six (6) illustrates a situation in which a strict credit policy is observed, and as
a result there is a negative trend in the values of accounts receivable and of sales volume.
The implications of the credit policy may be twofold. On the one hand, a strict credit policy
may result in lower volumes of sales and accounts receivable, while credit sales may lead to
increasing accounts collectible, yet they may also increase the risk of bad debt. A lower sales
volume may be the result of implementing a stricter credit policy, which will result in lower
sales volumes and accounts receivable.

Quadrants five (5) and nine (9) illustrate the effect of two opposing forces upon the sales
volume and the value of accounts receivable. In quadrant five (5), there is an increase in
accounts receivable as a result of a lenient credit policy, which results in lower sales volumes
in the long run. Whether there will be an upward or downward trend in the change of accounts
receivable, depends on which has a stronger impact — the decreasing demand for the products
of the company or the credit policy of the business enterprise. Quadrant nine (9) illustrates the
most favourable policy to be implemented by a company, i.e., there is a simultaneous decrease in
corporate accounts receivable and an increase in the sales volume, which is due to the increased
demand for the products of companies and prompt payments made by their customers.

In summary of the correlation presented between sales volumes and corporate accounts
receivable in the matrix, it is possible to identify the credit policy implemented by a company
and the analysis instruments employed by the financial manager. Hence, financial managers need
to employ various methods of monitoring the collectability of corporate accounts receivable.

An issue logically related to the management of corporate accounts receivable is how
financial managers should combine the terms of the corporate credit policy and the sales policy
of the company. As a matter of fact, the rational management of accounts receivable ensures the
collection of accounts receivable through consistent, intelligent and efficient credit collection
policies [10, p. 172]. Combining the implementation of corporate policies with the execution
of the requirements set in them makes it possible to collect the accounts receivable without
violating related legal requirements. We should note that Bulgarian legislation has adopted
stricter measures to combat late payments on commercial transactions in compliance with
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the requirements set in Directive 2011/7/EU?. According to the Directive, ‘Many payments in
commercial transactions between economic operators are made later than agreed in the contract
or laid down in the general commercial conditions. Although the goods are delivered or the
services performed, many corresponding invoices are paid well after the deadline. Such late
payments negatively affect liquidity and complicate the financial management of undertakings.
They also affect their competitiveness and profitability when the creditor needs to obtain external
financing because of a late payment. The risk of such negative effects increases dramatically in
periods of economic downturn, when access to financing is more difficult’.

The collection of accounts receivable may be defined as a continuous and consistent process,
the implementation of which requires designing a specific policy to meet the objectives of the
business enterprise. The type of policy that will be implemented by a company depends on a
number of factors, the major ones of them being: the type of business; the values of sales and
earnings; the level of competition; the financial position of customers, etc. Hence, designing a
system for collecting corporate accounts receivable is of paramount importance. Such a system
should be based on the choice of instruments which will be most efficient in producing the
desired effect on the collection of accounts receivable within a specific period [2, p. 118].

I1. Streamlining the Management of Accounts Receivable
in Selected Bulgarian Public Companies

The system presented below is a further elaboration of the methods and models for managing
corporate accounts receivable we have analysed so far and consists of three stages (fig. 3),
each of them based on approaches which have been well established in economic practice: the
method of accounting data (based on collecting and processing data from financial statements
and then analysing the condition of corporate accounts receivable); the method of ratio analysis
(i.e., designing a system of ratios to be employed as an instrument for evaluation of corporate
accounts receivable) and positioning companies in the matrix of accounts receivable and
accounts payable according to the Gentry-De La Garza model.

INTEGRATED SYSTEM FOR STREAMLING THE MANAGEMENT
OF ACCOUNTS RECEIVABLE OF COMPANIES

STAGE 1. Collecting data from the financial statements of the company
| The method of accounting data |

STAGE 2. Designing a system of ratios
| The method of ratio analysis |

STAGE 3. Positioning the company in the matrix of accounts receivable
and sales

Fig. 3. Integrated system for streamlining the management of accounts receivable of companies.

Directive 2011/7/EU of the European Parliament and of the Council, Art. 2, Para. 4. (2011, February 23). Retrieved
April 13, 2016, from http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2011:048:0001:0010:bg:PDF.
3The Directive defines payments not made within the contractual or statutory period of payment as ‘late payments.
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Our selection of companies to be included in the scope of our analysis is in line with the
requirement to focus on companies whose activity is mainly in terms of production and sale
of products (i.e. real goods and services). We have therefore chosen five companies with the
SOFIX index and left outside the scope of our research holdings and commercial banks.

In our research, the system for streamlining corporate accounts receivable is tested on
Bulgarian public companies which are included in the SOFIX index of the Bulgarian stock
exchange. Financial data about these corporate entities is publicly accessible, which makes
possible the empirical analysis of their accounts receivable within a specified time period.
Testing the system will enable financial managers to streamline their policies improve the
liquidity, solvency and financial stability of companies.

STAGE 1. Collecting data from the financial statements of the company

To implement the first stage of the system it is necessary to have data from two major
financial documents of business entities — the balance sheet and the income statement. Based on
the data obtained from these documents, key indicators are calculated to evaluate the condition
of corporate accounts receivable. We need to emphasize, though, that the companies we analyse
in our research operate in different spheres and sectors, which determines the different values of
their short-term assets, inventory, accounts receivable and accounts payable.

A financial analysis of corporate balance sheets reveals that there are two major categories
of assets — long-term assets and short-term assets. In line with the objectives of our analysis,
the focus of our attention is on short-term assets. These include inventory, accounts receivable,
investments and cash (National Accounting Standard 1 — Presentation of financial statements,
2005%). As evident from any corporate balance sheet, accounts receivable are a major category in
the group of highly liquid assets for a large part of manufacturers and wholesalers [10, p. 172 ].

It is therefore necessary to calculate the value of corporate accounts receivable as a share of
the sum of their short-term assets (Table 1).

Table 1.The share of accounts receivable in the sum of short-term assets
of analysed companies

No. Company 2010 2011 2012 2013 2014 2015
1. | Neochim PLC 34% 39% 32% 45% 34% 16%
2. | Monbat PLC 63% 60% 58% 57% 61% 60%
3. | Albena PLC 58% 77% 72% 49% 53% 54%
4. | Sopharma PLC 63% 1% 78% 69% 69% 61%
5. | M+S Hydraulic PLC 34% 33% 35% 43% 38% 33%
6. | Chimimport PLC 60% 68% 68% 72% 59% 69%

The values of the accounts receivable of the analysed companies within a five-year period
indicate that in 67% of the cases (i.e., 4 out of 6 companies) the value of accounts receivable
exceeds 50% of the total sum of short-term assets. This confirms the statement made earlier that
accounts receivable have the biggest share in the group of highly liquid assets. The significant
value of the entries made in accounts receivable clearly indicate the importance of this category
of corporate assets. Therefore, the next stage in their management requires analysis and
evaluation so as to establish the condition of and trends in analysed companies.

“Natsionalen schetovoden standart 1 — Predstavyane na finansovi otcheti. National Accounting Standard 1 — Presentation
of financial statements (2005, April 7). SG. No. 30.
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STAGE 2. Designing a system of ratios

Financial managers often employ the ratio analysis method, despite the disadvantage that
the method can only provide information about the condition of accounts receivable as of a
particular moment, i.e., the moment of preparing the balance sheet. Financial ratios are based
on correlations between the items in financial statements. They facilitate the interpretation
of the correlations between balance sheet items and identifying trends in the development of
companies [11, p. 22]. Due to their nature, corporate accounts receivable are an extremely
dynamic category. It is therefore possible that their condition at a later moment might totally
differ from the condition registered earlier. Nevertheless, the ratio analysis method is widely
employed as it is based on the stability of corporate assets.

Analysis ratios are selected according to the significance of the information they provide
to financial managers and the possibility to adequately evaluate the value and the condition of
corporate accounts receivable. We should note that financial literature abounds in numerous
versions of the ratios presented here [5, p. 5; 1, p.114; Analysis of Receivable Management®, p.
199] . Each of them is used to analyse some aspect of corporate accounts receivable. Our choice
of ratios was influenced by the objectives of our research. Each ratio is calculated on an annual
basis over the entire analysed period (from 2011 to 2015) (Table 2).

Table 2. Ratios employed in the analysis of corporate accounts receivable
[12, p. 307; Balance Sheet Ratios®]

Accounts receivable turnover Sales/(Average size of accounts Measures the rate at which accounts
receivable) receivable are being collected on an
annual basis.

Average collection period in days 360/Accounts receivable turnover Converts the accounts receivable
turnover ratio into the average
number of days the company must
wait to be paid.

Accounts receivable/Accounts Accounts receivable/Accounts Indicates the ability of the company
payable ratio payable to pay its current liabilities through
its accounts receivable.

The ratio of Accounts receivable turnover is a key efficiency ratio applied to corporate policies
on the collection of accounts receivable. The ratio measures how fast accounts receivable are
turned into cash. The ratio measures how many times a business can turn its accounts receivable
into cash, i.e., how many times the cycle of accruing and collecting accounts receivable is
repeated within a year [12, p. 307]. The key role of that ratio is also due to the fact that it is
used to measure the efficiency of the accounts receivable collection policy. Although there are
no strictly defined margins for the value of the ratio, it is generally accepted that the higher the
value, the longer the period of the commercial credit provided by a business entity.

According to the requirement on the high rate of accounts receivable turnover, the best
performing company is Albena PLC, which maintained the highest values of turnover rate
ranging between 8,754 and 18,601 times. M+S Hydraulic PLC and Monbat PLC rank second
and third with nearly equal values of the turnover rate. The average turnover rate maintained

SAnalysis of Receivable Management (n.d.). Retrieved January 22, 2016, from http://shodhganga.inflibnet. ac.in/
bitstream/10603/723/11/11_chapter%206.pdf.

‘Balance Sheet Ratios (n.d.). Retrieved January 30, 2016, from https://www.suu.edu/business/sbdc/pdf/
balancesheetratios.pdf.
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during the period by M+S Hydraulic PLC was 6,352, while that of Monbat PLC was 4,850.
Sopharma PLC maintained a relatively steady turnover of nearly 1,500 over the entire period.
The lowest rate of turnover was registered by Neochim PLC and Chimimport PLC, which
ranked at the bottom with values of 71 and 39 times (see fig. 4). As a result of the conducted
analysis it is possible to identify four contingent groups of companies. The only company in
group one is Albena PLC with the highest rate of turnover. M+S Hydraulic PLC and Monbat
PLC are in group two with their relatively high rates of turnover. In group three, there is only
one company, Sopharma PLC. Neochim PLC and Chimimport PLC are in group four, their
rate of turnover being the lowest. The analysed ratio directly correlates to the number of days
which a company needs to collect its accounts receivable. The higher the value of the accounts
receivable turnover rate, the fewer the days which the company needs to collect its accounts
receivable, which also indicates an inverse relationship.

20000
N
18000
14000 ".X \
12000 / =7
10000 H
2000
6000 .:'__?—h—_‘_.‘__._*_-::
4000
2000 — : : —— }
0 & T = T == T = T = ]
2011 2012 2013 2014 2015
=l=HEOXHM ATl == MOHBAT AT
=== AJIGEHA A]] == COPAPMA AT

Fig. 4. Turnover of the accounts receivable (y-axis — turnover rate) of Bulgarian public companies
[HEOXWM AJl - NEOCHIM PLC; MOHBAT AJl - MONBAT PLC;AJIBEHA AJl — ALBENA PLC;
CODPAPMA AJ] - SOPHARMA PLC; M+C XHU/IPABJIMK AJ] — M+S HYDRAULIC PLC,;

XMUMIIOPT A1 - CHIMIMPORT PLC].

The ratio of the average collection period in days converts the accounts receivable turnover
rate into the average number of days in which a company expects to collect its account
receivables. The ratio is also known as days of credit sales and indicates the number of days
which a company needs to collect its accounts receivable from credit sales. Their number is
calculated by dividing the days within a calendar year into the accounts receivable turnover rate
[12, p. 308]. A comprehensive and accurate analysis of accounts receivable requires that the
average collection period be compared to the collection periods of other companies in the sector.
When the collection period is longer than those in previous reporting periods or than those of
other companies operating in the same sector, companies need to make adequate adjustments to
their policies in terms of credit sales, accounts receivable monitoring and collection.

An increase or decrease in the value of the ratio indicates two major trends — towards an
improvement or a deterioration of the collection policy or some change in the financial situation
of a company’s customers. As the inability of customers to pay the sums they owe does not
depend directly on companies, the focus of attention should be shifted towards the financial
management policy of the company and corporate governance.

Due to the inverse relationship between the average collection period ratio and the ratio of
accounts receivable turnover, Chimimport PLC is the company which needs the fewest days to
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Fig. 5. Average collection period of accounts receivable (y-axis — days)
of Bulgarian public companies.

collect its accounts receivable — 0.11 days. The highest value of the ratio is the one registered
by Albena PLC. There was a trend towards an initial increase of the ratio in the period from
2011 to 2012, followed by a dramatic decrease from 42 days (in 2012) to 12 days (in 2013).
Nevertheless, even the value of 42 days for the ratio does not pose a threat to the liquidity of the
company, since the accounts receivable are collected within the current quarter of the year. We
should note the dependency between the accounts receivable and the liquidity of a company:
the higher the size of corporate accounts receivable, the poorer the liquidity of a company.
Credit sales reduce cash inflows and thus lead to a decrease in available cash. In other words,
the customers of a company benefit from its cash without being charged an interest for that.
Monbat PLC and M+S Hydraulic PLC registered roughly equal values over the entire analysed
period within a calendar month (of 30 days). The values registered by Sopharma PLC and
Neochim PLC were favourable, too. On the one hand, this was due to the high rate of accounts
receivable turnover, while on the other hand that was the result of the restrictive credit policy
implemented by the companies. The average value of the ratio for Sopharma PLC was 4.15
days, and that of Neochim PLC was 5.57 days.

Another key indicator of the collection policy of accounts receivable directly relates to
corporate liquidity. The Accounts receivable/Accounts payable ratio reveals the ability of
companies to cover their short-term accounts payable with the value of accrued accounts
receivable. The value of that ratio indicates whether the accounts receivable of the business
entity are managed rationally. It also correlates to corporate solvency: the lower the rate of
accounts receivable turnover, the lower the solvency of the company, since accounts receivable
are one of the potential sources of funds for making corporate payments.

In business practice, the amount of accounts payable normally exceeds the amount of
accounts receivable due to the specific nature of some short-term accounts payable (such
as payment of salaries and wages; social security contributions; taxes, etc.). Therefore, the
accounts receivable are efficiently managed only when that ratio is below one (1), thus ensuring
the higher liquidity and financial independence of the enterprise.

Values slightly above or below one (1) are also acceptable for that ratio, as they will not
pose a threat to the performance of the company. However, values higher than one (1) indicate
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that the company cannot collect its accounts receivable within short periods and allows its
customers to benefit from corporate capital without being charged an interest.

The graphical presentation of the data (see fig. 6) illustrates the trend in terms of the
correlation between corporate accounts receivable and payable.
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Fig. 6. Accounts Receivable/Accounts Payable of Bulgarian public companies.

According to the criterion set, Sopharma PLC is the company in the most favourable
situation, the value of its ratio fluctuating around one (1) over the entire analysed period (from
2011 to 2015). Albena PLC and Neochim PLC are the other two companies which performed
well, the value of the ratio being below one (1) throughout the entire period and decreasing
steadily. A similar policy indicates efficient management of accounts receivable and the ability
of companies to fully cover their current account payable through collected accounts receivable.
According to the applied criterion, Chimimport PLC was in a less favorable situation, and
so were M+S Hydraulic PLC and Monbat PLC over the last years of the analysed period,
there being a trend towards a continuous growth of the ratio which significantly exceeded the
optimum level equaling one (1). A similar policy forces companies to seek additional sources
of financing (bank loans) due to the insufficient revenue from sales for covering their liabilities
within the reporting period. In general, this poses a threat to the financial stability of business
enterprises and is indicative of inefficient and irrational management of accounts receivable
and/or an excessive increase in corporate liabilities and therefore requires that adjustments to
the financial policy of the company be made.

STAGE 3. Positioning the company in the matrix of accounts receivable and sales

Implementing the final stage of the integrated system for assessing corporate accounts
receivable is based on the Gentry-de La Garza matrix of the correlation between corporate
accounts receivable and the volume of sales. The objective is to position each company in a
quadrant of the matrix according to the trends in the development of those two key ratios. It
would thus be possible to judge whether the policy of each company needs to be changed and
identify an appropriate line for its development in future.

The trends towards an increase or a decrease of both variables are identified by applying
a comparative analysis to the values of the accounts receivable and sales volume of Bulgarian
public companies in each of the years included in our research period (from 2011 to 2015).
These trends are monitored by modeling the trend line presented in fig. 7 and fig. 8. This enables
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Fig. 8. Trends in the sales
of Bulgarian public companies.

us to pinpoint the position of each company in the matrix (fig. 9) based on the considerations
presented in the research of Gentry-De La Garza [8, p. 29].

Adopting the Gentry-De La Garza matrix for Bulgarian public companies supports the
view stated earlier that Neochim PLC is the company with the most rational management of
accounts receivable. The company is positioned in quadrant nine (9) which presents the most
favourable situation combining an increase in corporate sales and a decrease in corporate
accounts receivable. This situation renders the company successful on the market and reliant on
the loyalty of its customers, which boosts the demand of the company produce.

Sales volume

Increase No change Decrease
n
= 8 5
=
8 Increase Monbat Plc 2 Chimimport Plc.
g 7
& | Nochange M-+S Hydraulic Ple. 1 4
Decrease 9 3 6
Neochim Plc. Albena Plc. Sopharma Plc.

Fig. 9. Positioning of Bulgarian public companies in the matrix by studying the correlation
between their accounts receivable and sales volumes.
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M+S Hydraulic PLC is positioned in quadrant seven (7) which describes a situation of
increasing sales volumes and a constant value of the accounts receivable. As we have already
noted, a similar situation is present when the total volume of products sold is paid for at the
moment of their delivery, i.e., entries in the accounts receivable remain the same despite the
change in the sales volume. The accounts receivable of the company remain steady, which
increases the number of days in which payments are defaulted.

Monbat PLC is positioned in quadrant eight (8) where the situation is one of a simultaneous
increase in the sales volume and in the value of the accounts receivable. A similar situation
occurs when companies change their credit policies and encourage their credit sales. In this
case, every unit of produce is sold on commercial credit, and both values grow simultaneously
at the same rate.

Quadrant six (6) presents a situation in which companies employ a stringent credit policy,
which results in a negative trend in the values of accounts receivable and sales. This is the
quadrant where Sopharma PLC is positioned. As a matter of fact, this situation may occur when
a company fails to collect its previous accounts receivable and does not make new sales, thus
exposing to risk both its liquidity and solvency.

Albena PLC is positioned in quadrant three (3) where accounts receivable decrease while
the volume of sales remains steady. This might be due to a tighter credit policy which requires
customers to make prompt payments. On the other hand, a company may improve its collection
policy on previous accounts receivable without making any new sales. This is a favourable
situation, though only in the short run, since cash inflows on accounts receivable accrued earlier
compensate for the lack of new sales. In the long run, a similar situation would result in lack of
funds, which poses a threat to corporate liquidity and solvency.

Chimimport PLC is positioned in quadrant five (5) which indicates a situation of increasing
accounts receivable as a result of a lenient credit policy, thus leading to a declining sales volume
in the long run. This is considered to be the least favourable situation, which supports the
observations we made earlier about the policy employed by Chimimport PLC.

Conclusion

In their effort to recover swiftly from the negative consequences of the economic crisis,
companies operating in the production sector need to ensure the rational management of
their short-term assets. A major issue, therefore, is the efficient management of their accounts
receivable. Our research provides a compilation of different methods and models for managing
corporate accounts receivable which have been verified by both financial theory and economic
practice as adequate approaches to designing the credit and collection policies of business
entities. In terms of this, the designed system for the management of accounts receivable
enables financial managers to make adequate adjustments to their credit policies. In conclusion,
we should note that the collection policy of a company does not depend on internal company
solutions only, but also relates to the financial position of its customers, the strength of the
competition, the market conditions and the economic situation in the country where the company
operates.
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VIHTE/IIEKTYAJIBHBIVI KATIMTAJI OPTAHU3ALIUN:
CYIODHOCTD, CTPYKTYPA, ITIOAXOIbI K OLTEHKE

10.b. Haarounii®,
JI.C. bynoBuu

Mocrosckuu mexunonoeuueckuii ynueepcumem, Mockea 119454, Poccus
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B crarbe npeanaraeTcst 0630p pa3HbIX MOIXO0B K ONPENEICHUIO CYIIIHOCTH U CTPYKTYPBI
MHTEJUIEKTYaJIbHOTO KaluTala, paCCMOTPEHBI BOBMOXKHOCTH €T0 OLIEHKHU. M3y4eHnIo HHTeIIeK-
TYaJIbHOTO KaIllUTaJla MOCBALIEHO MHOKECTBO 3apYOEKHBIX U OT€UE€CTBEHHBIX TPyA0B. OHAKO
JI0 CHX TIOp HET OJJHO3HAYHOTO YETKOT'O MHEHHSI, YTO MOHUMATh MO/l MHTEJUIEKTYa IbHbIM KaIlu-
TAJIOM — Y Ka)KJ0T0 aBTOpa CBOM MOAXOJ K MOHUMAHUIO JaHHOU nepuHuInu. OTMEYEHO, 4TO
MIPAKTUYECKH BCE OTEYECTBEHHBIE M 3apyOeKHbIE aBTOPHI €IMHBI BO MHEHHHU O COCTaBe (CTPYK-
Type) MUHTEIUIEKTYyaJIbHOTO KanuTaja, B KOTOPbI BXOAST 3HAHUS, YMEHUS U HaBBIKU YEJIOBEKa
(paboTHHKA), SIBIAIOLIETOCS €ro 00J1a1aTeNIeM, HITH COBOKYITHOCTH JItofIeH, pabOTaIONINX B KOH-
KpeTHOH opranuzaiuy. OIHU UCCIIEA0BATEIN TPAKTYIOT HHTEIUIEKTYaIbHbIM KanuTal KaK He-
MaTepHabHbIE aKTUBBI, IPYTHUE — KaK HHTEIUIEKTYaJIbHYI0 COOCTBEHHOCTh; U3BECTHBI TPYbI, B
KOTOPBIX TPU 3TH MOHATHS PACCMAaTPUBAIOTCS KaK B3aHMMOCBSI3aHHbBIE, HO HE TOX/IECTBEHHBIE.
He BBI3bIBa€T COMHEHHS, UTO OCHOBOW MHTEJUIEKTYaJIbHOTO KalmuTajia Kak pe3yJbrara sBIsoT-
Csl 3HaHUS YeJIOBEKa WJIM TPYIIIBI JIIOEH: MMoydYeHHOe 00pa3oBaHue, MPUIyMaHHasi TOPropas
Mapka, pa3paboTaHHOE IporpaMMHOe obecriedeHre u ap. HTepec K MOHATHIO «MHTEIJIEKTY-
QJIbHBIN KalTUTaJ» BOSHUK B CBSI3U C TIOBBIIICHUEM UHTEIICKTYaTU3aI[H TPY/Ia B COBPEMEHHBIX
YCIIOBUSX, HACBIIIEHUEM JIFOO0OTO TPyJa YMCTBEHHOH NI TENbHOCThIO. IHTeIeKTyalbHBIN Ka-
MUTAJl CITYXKAaIlero, pabovero, MpernoaBaresis HarmoJIHEH Pa3HbIM COAEPKAHUEM B CUITY CIICIH-
¢buku nesrenbHOCTH. OTCI0AAa BOSHUKAIOT CIIOKHOCTH B OLIEHKE MHTEJUIEKTYaIbHOTO KaluTaia.

Knroueswvle cnoea: VHTENNEKTyalbHBIN KamuTal, 3HaAHUS, HEMAaTePUAJIbHbIE AKTUBHI,
OLIEHKA MHTEJJIEKTYaJIbHOrO KaluTana.
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What is "intellectual capital"? There is still no clear answer to this question. But it should
be noted that practically all domestic and foreign authors are unanimous in the opinion that the
composition (structure) of intellectual capital includes knowledge, skills and experience of a
person (worker) who owns it or an aggregate of people working in a particular organization.
Some researchers considering intellectual capital, treat it as intangible assets, others — as
intellectual property, and there are also works in which these three concepts are regarded as
interrelated, but not identical. Anyway, the basis of intellectual capital as a result — the education
received, the invented brand, the developed software and much more — are the knowledge of a
person or a group of people.

Interest in the concept of "intellectual capital” arose in connection with the increase in the
intellectualization of labor in modern conditions. The attention of many scientists, especially
economists, has been directed at the need to saturate any work with mental activity. At present,
there are many definitions of the concept of "intellectual capital" and many different elements of
its structure. Besides, the definition of the structural elements of intellectual capital has its own
characteristicsdepending on the type of organization. The intellectual capital of an employee
and worker will be filled with different content due to the specifics of their activities. The
intellectual capital of a teacher of a higher educational institution will also have its own specific
features. In this regard, in part, there are difficulties in assessing intellectual capital. At the
present time, it is possible to talk about the existence of different approaches to the evaluation
of intellectual capital, but it is quite certain that intellectual capital cannot be fully valued.

Keywords: intellectual capital, knowledge, intangible assets, estimation of intellectual
capital.

CBSI3U C BO3POCIIUM B MOCJEIHUE IOl BHUMAHUEM K YBEJIMYEHHIO JIOJIM YMCTBEHHBIX

(GYHKIMI yenoBeka B MPOU3BOJACTBE, K MHTEIUIEKTyalIu3alMu Tpynaa, T.e. K Mpoleccy
MIOCTOSIHHOTO 00OTalleHus] 3HAaHUSAMHU, (OPMHUPOBAHUS MHTEJUIEKTYaJIbHO 3HAUMMOTO OIBITa
U WCIOJIb30BAaHUSI MHTEIJIEKTYaJIbHBIX CIIOCOOHOCTEN, 3aKOHOMEPHO BO3HUKAET U MHTEPEC K
TAKOMY TMOHSTHIO, KAK «MHTEIJIEKTYa bHbIN KanuTam». Ocolyto akTyaJbHOCTh JaHHOE TMOHS-
THE TPUOOPETAET C MOSBICHUEM HAYKOEMKHUX M BBICOKOTEXHOJOTUYHBIX MPOU3BOJICTB, TAK KaK
MIPU3HAETCS HEOOXOAMMON COCTABIISIIOIIEH UX YCNEUIHOTO (PyHKIIMOHUPOBAHMSI, MTOBBIILICHUS
3¢ (PEeKTUBHOCTH NEATETLHOCTH U Pa3BUTHS.

He BbI3bIBaeT COMHEHUS TOT (DAKT, UYTO BHICOKOTEXHOJIOTHYHbIE U HAYKOEMKHE MPOU3BO/I-
CTBa COCTABJIAIOT OCHOBY MHHOBALIMOHHOM SKOHOMUKHU. COBpEMEHHAsl )KOHOMHUKA XapaKTepu-
3yeTcsl YCIIOKHEHHEM IMPOAYKIMH, a BBIITYCK OoJiee CIIOKHOW MPOAYKIIMH OCHOBBIBACTCS Ha
po¢eCCHOHANBHBIX 3HAaHUAX U MH(OopMaMu. 3HaHUS U UH(POPMALIUS B 3TUX YCIOBUSIX MPH-
oOpeTtatoT 0co00€ 3HaYeHHE, & OHU, B CBOIO OUEPE/Ib, SIBJISIOTCS COCTABIISIOIIUMU dJIEMEHTAMU
MHTEJJIEKTYaJIbHOTO KaluTala Kak OT/IeIbHOro pa0OTHHKA, TaK U BCEH OPraHU3alluU B LIEIOM.

Hcropuuecknii acnekt. [ToHSITHE «MHTEIUIEKTYATBHBIN KalMTAD MOJB3YETCS B COBPEMEHHOM
MHpe Bce OOMbIIIeH MOIMYISIPHOCTBI0. B HayuHOM JuTeparype BhICKa3bIBa€TCsS MHEHHUE, YTO CIIOBOCO-
YETaHUE «MHTEIUIEKTYaJIbHbII KalluTaD, TOJ KOTOPbIM MOAPAa3yMEBATIACh MHTEIUICKTyallbHAs Jes-
TENTLHOCTB, BIIEPBbIE ObLIO UCTONb30BaHO [xoHom Kennerom [anbpeiitom B 1969 1 B nepernucke ¢
Muxanom Kanerxum. [Ix. ['an0Opeit 1 npu3HaeTcst aBTOpoM TEpMHUHA «MHTEIUIEKTYaIbHBIN KaluTam.

B cBoux Tpynax JIx. ' nOpeiT, paccyxaast 0 B3aUMOCBSI3U BIACTU U KallUTaja, yKa3bIBaeT
Ha TO, YTO BJIACTh B HOBOM MHAYCTPHUAIHLHOM OOIIECTBE MPUHAICKHUT HOBOMY (PAKTOPY IMPO-
M3BOJICTBA — COBOKYITHOCTH JIFOIEH, 00JIaJarouX pa3Ho00pa3HbIMU TEXHHUECKIUMH 3HAHUSMU,
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OTIBITOM U CTIIOCOOHOCTSIMHU, B KOTOPBIX HY)KJIA€TCS COBPEMEHHAsl MPOMBILUICHHAs TEXHOJO-
rUsl ¥ TUIAHUPOBAHUE. DTa COBOKYITHOCTD JIIO/IEH 0XBATHIBAET MHOTOUUCIEHHBIN KPYT JIUI — OT
pYKOBOIUTENEH COBPEMEHHOTO MPOMBIIIUIEHHOTO MPEANPUSATHS 10 OCHOBHOW Macchl paboueit
CHJIBI — M BKIJTFOUAET B C€0sI TEX, KTO 00J1a/1aeT HEOOXOUMBIMU CITIOCOOHOCTSIMU U 3HAHUAMH [ 1].

CyHHOCTD U CTPYKTYPA HHTE/IEKTYAJbHOI0 KANIUTAJIA OpraHu3anum. Tak Kak uHTel-
JIEKTyaldbHBIN KaluTal MPU3HAETCS OTHUM U3 BaKHBIX PECYPCOB COBPEMEHHBIX OpPraHU3AIIMIMA,
00eCMevnBaIIUX UX KOHKYPEHTOCIIOCOOHOCTh, HEOOXOAUMO TOJPOOHEE PACCMOTPETh 00IIIe-
MIPU3HAHHBIE TTOIXO/IbI (HEKOTOPbIE U3 HUX JJa’Ke MOYKHO Ha3BaTh KJIIACCHYECKUMHU) K OIpeere-
HUIO €r0 CYIIHOCTU U CTPYKTYPBI.

[Ipu3HaHHbIE MHOHEPHI B U3yYEHUM HMHTEIIEKTyalbHOIro Kamurtana Jleid DaBUHCCOH U
Maiikn Mbasoys npuberaroT k Metadope, 4ToObl JaTh HAIVISIIHOE MPEACTABIICHHUE O €T0 3Haue-
HUU JUIsl OpraHu3aluu [2], cpaBHHUBasE OPraHU3alUIo C )KUBBIM OPTaHU3MOM — JIepeBoM (puc. 1).
Hcxons n3 HamIss IHOTO MPEACTaBICHUS, aBTOPHI [2 | YTBEPAKAAIOT, YTO MHTEIUIEKTYyaJIbHbBIN KaIln-
TaJ — 3TO KOPHU OPraHU3aIlH, CKPHITHIE YCIOBHS Pa3BUTHS, TasIHECsS 32 BUIUMbBIM (pacagom
€€ 3/1aHUIl U TOBaPHOI'0 ACCOPTUMEHTA.

K CKpBITBIM yCTIOBUSIM pa3BUTHS OPTaHU3ALUN OTHOCSTCS JIBE TPYIIIBI (DaKTOPOB: YeIOBE-
YEeCKUH M CTPYKTYpPHBIA KanuTai (puc. 2), KOTOpbIE SIBJISIFOTCSI COCTABIIAIOIIMMU UHTEIIEKTY-
aJbHOTO KamuTaia (puc. 3).

Kanwmran, BnokeHHBII

OpraHu3anuoHHas
CTPYKTYpa KOMOAHHH;
OTYETHI, JOKYMEHTEL,
peKJiaMa KOMIIaHUH H Jp.

CKpBITBIE YCTOBHUS
Pa3BHUTHS KOMITAHUH

Puc. 1. HamsiiHoe nipejicTapieHne 3HaYeHUs] UHTEIJIEKTYalbHOTO KarmuTaia
JUTsl opranm3anu# [2].

Kareropun nHTemiekTyanpHoro kanurana, no MHeHuto JI. OasuHccona u M. ManoyHa,
MPUMEHUMBI HC TOJIBKO K KOMMEPYCCKHUM OpPraHu3anuiaM, HO 1 K HCKOMMEPUYCCKHUM, a TAKKEC K
BOCHHBIM YUPEKICHUSIM U JJaXKe K IPaBUTEIbCTBAM.

CymecTByIOT M Apyrue MoAXO[bl K paccMaTpUBaeMOMY MOHSATHIO, HANIPUMED, MOIXON,
npeanoxenubiit Tomacom Ctroaprom. B cBoeit pabote [3, c. 82] T. Crroapt usyuaet ocobeH-
HOCTU MHTCJIJICKTYaJIbHOTO (yMCTBCHHOI‘O) Tpyaa U MPHU3HACT 3HAHUC ITIaBHBIM UCTOYHHUKOM
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CKleTble YciaoBusS pasBUTUA
opramu3anuu

YenoBeueckuil kanuran CTpyKTypHBIi KanuTai

TexHuueckoe U MporpaMMHoOe obecredeHwe,
OpraHHM3allioOHHAsS  CTPYKTypa,  IATeHTEHI,
TOProBBIE MapK# M BCE TO, YTO ITO3BOJIIET
paboTHHKAaM OpraHH3alvi peajn30BaTh CBOM
TIPOU3BOJICTBEHHBI IOTeHIMan (Bce, YTO
OocTaeTcss B OpraHW3allll TIoCie yXoja
pabOTHHUKOB JIOMOi). OTHOIICHMS,
CIIOKHBINHECS MEXTy KOMIaHHeHd u ee
KPYIHBIMH KJIHEHTAMH.

COBOKYITHOCTh ~ 3HAHMH,  IPAKTHYECKHX
HaBBIKOB, TBOPUYECKUX crocobHOCTEH
IepcoHana OpraHW3alluy, TPUIOXKEHHAs K
BBIMOTHEHHUIO TEKYIIUX 3a1a.

MopanbHble LIEHHOCTH OpraHu3alHH,
KyJIbTypa Tpyda ¥ OOLmil MOIX0M K JeTy.

He Mo>xeT OBITH COOCTBEHHOCTBIO OpPraHU3aIUK MosxeT ObITh COOCTBEHHOCTBIO OpraHU3aL|
(0OBEKTOM KYIUTH-TIPOJAXKH)

Puc. 2. CKpbIThIE YCIOBUS Pa3BUTHs OpraHu3anuu [2].

Yenoeveckuii + CTpyKTypHBIH HuTennekTyanbabii

KaruTan KaITuT¢ S 2l

Puc. 3. CocraBnsromue HHTEIUIEKTyallbHOTO KanuTana [2].

CTOMMOCTHU Ha PbIHKE TpyZa («pBIHKH TpyJa BO3HArpa)/JarT TeX, KTO paboTaeT rojioBoH, U
JAIOT IIJIeTKa TeM, KTO 9TOrO He JIEIaeT»).

WNudopmanins 1 3HaHUS OTIIMYAIOTCS OT JACHEKHBIX, IPUPOIHBIX, TPYAOBBIX U TEXHUUECKUX
pecypcoB. B oTnnune oT mpounx pecypcoB, 0COOEHHOCTH 3HAHUHN 3aKITI0YAI0TCS B UX U300UIIHH.
«/HTenmneKTyallbHasl SHEPTUsl KOPHOpaluu» BKIIOYAET JBa BUJA UHTEIUIEKTYaJIbHOTO Kalurasa
(MHTEJUIEKTYaJIbHBIX aKTUBOB): 1) «3KCTIEpTH3a» — MOCTOSTHHASI COBOKYITHOCTD CIIEHIMATbHbBIX 3HA-
HUM 1 Ipo(hecCHOHaIbHOTO ONBITA, COMYTCTBYIOIIAs JIIOOOMY 3a/IaHHIO, YEJIOBEKY WM OpraHu-
3a1Mu; 2) UHCTPYMEHTHI YBEIIMYCHHSI COBOKYTHOCTH 3HaHMM. T. CTI0apT yKa3bIBaET, UTO TIaBHBIN
cMbIcn ero KHuru «MHrennektyanbHplii kanuTan. HoBblil McToyHMK OOrarctBa opraHu3auin
3aKIIIOYAeTCsl B YTBEPKACHUH, YTO «HMHTEIUICKTyalbHbIN KanmuTan B Bek mHpopmanuu npeBbi-
maer ¢uHaHcoBblil KarmuTamy. T. CTroapt, ucnons3ys cxemy Xbrooepra Cent-Omxa u Jleiida
OABUHCCOHA, MPEUIOKUII B CTPYKTYPE MHTEIUIEKTYaJIbHOIO KaluTana (3TUX B3aUMOCBS3aHHBIX
BUJIOB «MHTEJUIEKTYa IbHOM SHEPIUK KOPIOPALUI) pacCMaTpuBaTh TPU COCTABIISIOLINE — YEIIO-
BEUECKUM, CTPYKTYPHBII (OpraHU3al[MOHHbBIN) U OTPEOUTENIbCKUN KarnTal.

WNuTepec npencrapisier Takke NOAXO0A DHHU BpyKHHI, KOTOpasi CYMTAET, YTO MHTEIUICKTYalIb-
HBIIl KarmuTana UMEeeT JaBHIOK HCTOPHIO CYILIECTBOBAHUS: «OH TOSBUIICS, KOT/Ia MEPBBINA Opomsaunit
TOPTOBEI yCTAHOBUIT XOPOIIIFE OTHOIICHHS C TIOKyHaTeaem» — «1o0poe ums» [4, c. 30]. HeBo3moxk-
HO HE COITIACUTHCS C YTBEPIKACHUEM aBTOPA, YTO COBPEMEHHbIE KOMITAHUH HE MOTYT (hyHKIIHOHHPO-
BaTh 0€3 HEMaTepHaIbHBIX PEUMYILECTB, X HAJMYME YCUIIMBAET KOHKYPEHTHBIEC IPEUMYIIECTBA,
YTO MO3BOJISIET UX CUMTATh aKTUBaMU. Vcxons U3 3TOro, 1Moj| UTEIJIEKTyallbHbIM KarmutaioM J. bpy-
KUHT TIpeJyiaraeT MoHUMAaTh TePMHH, UCTIONIb3YeMbIi 17151 0003HAYeHUs] HeMaTepUaIbHBIX aKTHBOB,
0e3 KOTOPBIX KOMITaHHS HE MOXKET CYIIECTBOBATh B COBPEMEHHOM MHUpE (puc. 4).
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Opranm3anus MarepuanbHbie + WnrennekryanbHeli
(mpexnpusiTHE) aKTHUBBI Kanural

Puc. 4. CyuHocTh MHTEIIEKTYaJIBHOTO KanuTana [4].

CrpyKTypa MHTEJUIEKTYaJIbHOTO KalluTaja OpraHu3aluy, peacTaBieHHas O. bpykuHr, co-
CTOUT U3 YETBIPEX YACTEH: pbIHOYHbIE AKTUBbI, HHTEJUIEKTyallbHasi COOCTBEHHOCTh KaK aKTUB,
yeJioBeuecKre U HHGPaCcTPyKTypHbIE aKTUBHI (pHC. 5).

PbIHOUHBIE aKTUBBI — 3TO HEMaTepUalbHbIE aKTHBBI, CBA3aHHBIE C PHIHOYHBIMU OIEpaly-
SIMH, KOTOpble 00eCIeunBalOT KOMIIAHUM KOHKYPEHTHBIE IIPEUMYIIECTBA BO BHEILHEH cpene.
CoOcTBEHHOCTB, KOTOpasi MPUOOpeTeHa KaK pe3ysbTaT YMCTBEHHON JAEATENbHOCTH U 3allHIIe-
Ha 3aKOHONATEIbHO, CUUTACTCS MHTEJUIEKTYalbHOH. MHTemeKTyanbHas cOOCTBEHHOCTh KaK
aKTHB (MHTEJUICKTyaJIbHbBIC aKTHUBBI) SBIISFOTCS BAYKHOM COCTABISIONICH ycrexa Jiro00il KoMma-
HUHU, 0COOEHHO KOMIaHUH, POU3BOJAIIECH TEXHUUYECKHU CIOXKHYIO MJIM HMHHOBAI[MOHHYIO MIPO-
nykuuto. YenoBedyeckue akTHBBI (KauecTBa, IPUCYILNE JIIOASIM) — 3TO COBOKYITHOCTh KOJUIEK-
TUBHBIX 3HAHUH COTPYIHUKOB OpraHU3alllK, UX TBOPUECKUX CIIOCOOHOCTEH, yMEHUH pelarh
MpOOJIEMBI, JTUIEPCKUX KAYECTB, MPEANPUHUMATEIBCKUX U YIPaBICHUECKUX HaBBIKOB. Ilox
MH(QPACTPYKTYPHBIMH aKTUBAMHU TIO/IPa3yMEBAIOTCS TEXHOJIOTHUH, METO/IbI U MPOLECCHI, KOTO-
pBle nenaroT paboTy opraHM3ali BOOOIE BO3MOXKHOM, OHU (POPMHUPYIOT Cpedy, B KOTOpPOM
COTPYIHUKH OpTaHM3aIuu paboTao0T U 00IIAIOTCS APYT ¢ APyTroMm [4].

CTpyKTypa HHTEe/LIEKTYAIbHOI 0
Kanurajia

Mapku 00CITyKUBaHKS, MAPKU TOBapOB, KOPIIOPATHBHOE
PBIHOYHBIE aKTHBbI '— 1ML, HOPTden 3aKa30B, AeTOBOE COTPYAHUIECTBO,
JIMIEH3NOHHbIE COTNALICHUS 1 JIP.

TTatenTsl, ABTOPCKHUE TpaBa, MPON3BOACTBCHHBIC
| CEKpPETHI, HOY-Xay, TOBApHBIC 3HAKH, IIPOTPAMMHOE
obecrieueHne Ap.

I/IHTEJ'IJ'leKTyaJ'leble
AKTHUBbI

Yenoseueckue O6pazoBanue, npodeccuoHanbHas KBaIU(pUKaIms,
AKTHBBI CBsI3aHHBIE C PaOOTO 3HAHMS ¥ YMEHHS U JIp.
VndpacTpykTypHbie KopnoparuBHas KyJIbTypa, yIpaBlIeH4eCKHE MIPOLECChI,
AKTHBBI TpeGyeMble CTaHIapThL, HH(OPMALNOHHBIEC TEXHOIOTHH,

(unaHCOBas cTpyKTYpa U Ap.

‘ HeMaTCpHaJ'ILHBIC AKTHUBBI

Puc. 5. CtpyKkTypa HHTEIIEKTYaIHHOTO KalluTala OpraHu3anuu [4].

Taxk xe, kak u O. bpykunr, Jlanuen Anapuccen u Pene TucceHn npusHaroT, 4TO B COBpe-
MEHHOM MHp€ IJIaBHBIM KJIIOUOM K ycCIieXy B OM3HECe SIBIISIOTCS HeMaTepuallbHble aKTUBBI [5].
ABTOpBI BBIACTSIOT MATh TPYII HEMaTepuaIbHBIX aKTHBOB (intangible assets), nmpencraBieH-
HBIX Ha puc. 6.

B coctaB neHHBIX pecypcoB U MPUOOPETEHUH BXOISAT: CIOKMBILAsACA KIMEHTCKas Oa3a,
TOproBasi Mapka M UMHUJDK, CETh MOCTABUIMKOB, MHTEJUIEKTYalbHBIN MOTEHIIMAN, 00JaaHue
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CTaHAapTamH. B kauecTBe epBUYHBIX NMPOLIECCOB U MPOLIECCOB YIPABICHUS PaCCMaTPUBAIOT-
Csl: pYKOBOJICTBO M KOHTPOJIb, 00MEH MH(popMaLueil u yrnpasieHueckas nHpopmanus. Hapbiku
1 He(hopMaIM30BaHHbIC 3HAHHS BKJIIOYAIOT: HOY-Xay U c(hepbl KOMIIETEHIINH, @ TEXHOIOTHUS U
(hopmManu30BaHHBIC 3HAHUS — TATEHTHI, PYKOBOJICTBA M TiporieAypsl. K o6mactu o0mux Mopasib-
HBIX EHHOCTEW OTHOCUTCS] OPUEHTALIMSI Ha TOTPEOUTENS, HAJIeXKHOCTh, KaUe€CTBO U JIp.

LlenHbIe pecypchl U IPHOOPETEHUS

HaBbiku u
He(opMaIn30BaHHBIC 3HAHUS

OO61ue
MOpaJbHBIE
LEHHOCTH U
HOPMBI

[lepBuunsie
TIPOIECCH U
IPOIIECCHI
YIIpaBIeHUS

HeMaTepHaJ'IBHBIe AKTHUBbBI

Texuomorus u
(hopMaM30BaHHEIE 3HAHUS

Puc. 6. ILa1b rpynn HemarepuanbHbIX aKTUBOB [5].

HaBbiku 1 Hepopmann3oBaHHBIC 3HAHHSI SBISIFOTCS CKOpee aKTUBaMu denoBeka. [locto-
STHHO YBEJIMUMBAETCS] YUCIIO0 KOMITAHHUM, KOTOPBIE CTaparOTCsl YNPaBIsATh (HOpMaTN30BaHHBIMU
3HAHUSIMU W aKTUBHO UX MCIOJIb30BaTh. CTIOCOOHOCTH MPEBPATHTh CBOM MHTEIICKTYaJIbHBIN
KaIuTajl B UICTOUYHUK JJ0X0/1a CTAHOBUTCS BaXKHEUIIINM YCIOBUEM ycrexa. 3HAYUTENIbHbII 00b-
€M 3HaHM 3aJI0’KeH U B IEPBUYHBIX (OCHOBOMOJAraouX ) npoieccax. [lnanupoBanue pecyp-
COB IPEINPUATHUS MTO3BOJISIET paOOTHUKAM IOJIB30BATHCS ATUM UHTEIJICKTYaIbHBIM KalUTaIOM,
1 Oorarbie Ha 3HAHUWs KOMITAHUU BCE Yalle K HeMy mpuoeratoT. [Iporiecchl yrpaBieHus Takxke
MOTYT UMETh pelIaroliee 3Ha4YeHue JIJIsi CO3/IaHUsI KOPIIOPATUBHOM KYJIBTYPbI, YIYUTHIBAIOIICH
0co0yT0 POJIh 3HAHUM.

B cBsi3u ¢ MUpOBBIM IpU3HAHUEM SIIOHMM CTPAHOW C BBHICOKOPA3BUTOM MPOMBIIIJIEHHO-
CTBIO, TJI€ BEIYIIUMHU OTPACISMHU SBISIOTCS BHICOKOTEXHOJIOTHMYHBIE U HaYKOEMKHE OTpaciiu,
3acIy’KMBAaeT BHUMAHUS U «AMOHCKUN B3MNIAI» HA MPOOIeMy MHTEIJIEKTYalbHOTO KamuTaia.
Okcneptsl B obmactu 6uszneca Ukymkupo Honaka m Xuporaka Takeydu, onuchiBas 0OIIyIO
MOJIETTb CO3/IaHUS OPTAaHU3AIMOHHOTO 3HAHUS, HATVISIIHO IEMOHCTPUPYIOT JOCTHXKEHHSI yCIie-
XOB SIMTOHCKMMHU KOMITAHUSIMH OJlarofapst MX HaBBIKY U OMBITY B CO3IaHUH OPTaHU3AIMOHHOTO
3HaHus [6]. CmocOOHOCTh KOMIAaHUU KaK €IMHOTO IEJIOT0 CO37aBaTh HOBOE 3HAHHE, PacIpo-
CTPaHATH €r0 MO OpraHU3alliy U BOIUIONIATh B MPOAYKIMHU, YCIyraX U CUCTEMaxX U €CTh aB-
TOPCKOE MOHUMAHKE CYTH CO3[aHusl OPraHU3aLUOHHOTO 3HaHUs. B OCHOBe MX TEOpUU JIEKUT
YHUBEPCAJIbHBII KOMIIOHEHT OpraHu3allii — YeJ0BeUeCKoe 3HaHue. busnec-opranuzaius He
TOJIBKO MCIIOJIB3YET 3HaHUE, HO U co3naet ero. M. Honaka u X. Takeyuu npennararor pasjene-
HHUE YeJI0BEYECKOTO 3HaHUs Ha JiBa Tuma (puc. 7) [6].
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THnbI Ye10Be4eCKOro 3HAHUS

®dopMannu30BaHHOE 3HAHUE HedopmammzoranHoe 3HaHHE

BerpaxkaeTcs nmpaBusIbHBIM
JIUTEPATYPHBIM A3bIKOM,
MaTeMaTHYeCKMMH (opMyamu,

JInaHoe 3HaHWe, pe3yabTar
HMHIMBUIYaJIbHOTO OMbITA; BKJIKOYAET
B ce0st TUUHBIe YOk IeHNs, MHEHHS

KOHKPETHBIMU XapaKTepPUCTUKAaMH, .
U CUCTEMY LIeHHOCTE

HUHCTPYKUUAMU U T. 1.

Jlerko u 6e3 HCKaKeHUIA mepeaaeTcst

C TpynmoM nogiaeTcs BepOaIr3auuu
OJHMM MHIUBHUIAYYMOM APYTOMY

Puc. 7. Tumsl yenoBedecKoro 3HaHuA [6].

bonee BaxkHast poib, IO MHEHUIO aBTOPOB [6], MPUHAAIEKUT BTOPOMY TUITY 3HAHUS — He-
(hopMann3zoBaHHOMY 3HaHUIO. IMEHHO OHO U sBIIsieTCSl Hanboiee BaXKHBIM KOMIIOHEHTOM KOJI-
JIEKTUBHOTO YEJIOBEYECKOro noBeneHus. M TOT, U Apyroil TUIbI 3HAHUS PAaCcCCMaTPUBAIOTCS B
KaueCTBE B3aUMO/IOTIOIHSIOIINX KOMIIOHEHTOB, a MX B3aUMO/ieiicTBHE 00pa3yeT OCHOBY CTUMY-
JIMPOBAHUSI CO3aHUs 3HaHHS OPTraHU3alUEN — HEKHUI MPOLIECC, PA3BUBAOLIUICS 110 CIIUPAJIH.

CBoeoOpa3Hyto MMO3ULMI0 B OTHOUIEHUHM TOHUMAaHUSI UHTEUIEKTYyaJIbHOTO KaluTala MOX-
HO oTMeTHUTh y XepBura @punara n Banerepa lIMuara: HHTEIIEKTYyaIbHBIA KalUTAI — 3TO
COBOKYITHOCTH JTyXOBHBIX U MaT€pUabHBIX MMOTEHIIMAJIOB (BOZMOKHOCTEH M CIIOCOOHOCTEI),
HAXOJSIIIMXCS B pacnopshkeHUH opranu3anuu [7]. [loreHnuansl opraHu3aii MOTYT OBITh:

* B COTPYIHHUKaX, pabOTAIONIMX B KOMIIAHUH (3HAHUSX U HABBIKAX COTPYIHHUKOB, KYJIbTY-
pe oOrIeHus);

* B JIIOISX, CB3aHHBIX C KOMIIAHUEH — CIOCOOE YCTAaHOBJICHHS B3aMMOOTHOIICHUH 1 00-
LIEHMSI ¢ TapTHEpaMHU (KJIMEHTaMM, OCTABIIUKAMU, MHBECTOPAMH) U IOCTYTIE K UX 3HAHUSIM U
HaBbIKaM;

* B CTPYKTypax KOMIAHHH: MOTEHIMAJe MAaIluH, 000pyAOBaHUs, MAaTepUAJIOB, CPEICTB
CBSI3U M OPTaHU3aLUOHHBIX CTPYKTYP;

* B HCIOJB3YEMBIX KOMITAHUEH OOIIECTBEHHBIX pecypcax: cucTemMe oOpa3oBaHUs, CETH
WuTepHert, okpy:xaroleit cpezie, KOTOpble TaKKe CoAeprKar MoTeHuuan [7].

Heo6xonumo ykaszarh Takxke Ha pa3sHOOOpa3He HCIOIb3yEMbIX B3aMMO3aMEHSIEMbIX TEPMU-
HOB: «MHTEJUIEKTYyaJIbHbIE aKTUBbBD), «HEMaTepUaIbHbIE aKTUBBD», KHEOCSI3aeMbIH KaluTam) U Jp.
B cBs13u ¢ 9TUM 11e51ec000pa3Ho yIenUTh BHUMaHKE Noaxony Yauau bykosuu u Pyds Yumnbsamc,
KOTOPBIE YK€ B IIPEIUCIOBUN K CBOEM KHUIE «YIPaBICHUE 3HAHUSAMU: PYKOBOACTBO K JEH-
CTBUIO» [8] OOBSCHSIOT HCIIOJIb30BaHUE PA3NIMYHBIX TEPMUHOB. TEpPMUH «aKTHBBI, Oa3upyro-
mmecs Ha 3HaHuAx» (knowledge based assets) it onpeeneHus BceX 0e3 UCKITIOUCHUS aKTH-
BOB, U3 KOTOPBIX OpraHU3allii U3BJIEKAIOT CTOUMOCTb, OHU HAMEPEHHO 3aMEHWIIN TEPMUHAMU
«xanutan 3HaHui» (knowledge capital) nnm «uHTEIEKTYabHBIN KaruTam». [losicHsercs 3Ta
3aMeHa TaK: TePMUHOM «aKTHB» Ha3bIBAETCS JHO00€ «HEUTO», HAXOASIIEECsS B COOCTBEHHOCTH
OpraHu3aIK, HO MHOTHE U3 HanboJee BaXKHBIX MICTOYHUKOB CTOMMOCTH I OpraHU3aluy — ee
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paOOTHUKHU M 3HAHUS, KOTOPhIE HAXOAATCS B MX TOJIOBAaX, — HUKOIJA HE CTAHYT COOCTBEHHO-
CTBIO OPTaHMU3ALUN.

WuTennexryanbHblid KanuTall, uiau 3Hanusd (y Y. bykosud u P. Yunbsamc 310 B3aumo3amens-
€MbI€ MOHATHUS) — 3TO BCE, YTO UMEET CTOMMOCTh Ul OPTaHU3AlMU U 3aKIIIOYEHO B paboTaro-
LIMX B HEH JIIONAX WU BO3ZHUKAET U3 IPOU3BOACTBEHHBIX IIPOLIECCOB, CUCTEM WIIM OPTaHU3ALHN-
OHHOH KyJbTyphl [8]. IHTeIeKTyallbHbINM KanuTall BKJIOYACT: 3HAHUS U HABBIKM KOHKPETHBIX
JIOZIeH, HOPMBI M CUCTEMBbI LIEHHOCTEH, 0a3bl JaHHBIX, METOJOJOIMH, IIPOrpaMMHOe obecre-
YeHHe, IPOU3BOACTBEHHBIH OIBIT (HOY-Xay), JTUIEH3UH, OPEH b, TOPTOBBIE CEKpeThl U T.A. Ko
MHOI'MM KOMIIOHEHTaM HMHTEJJIEKTYyaJIbHOIO KAIUTAJIa CIEAYyeT IOAXOANTh KaK K apeH/I0BaH-
HBIM, B3SITBIM B JIM3UHI, WJIK 3a€MHBIM aKTHBAM.

OTeuecTBEHHBIE YUEHBIE B CBOMX CYXKICHHUAX O CYIIHOCTH NOHATHS «MHTEJUIEKTYaJIbHBIN
KalluTad» U €ro CTPYKType MPUICPKUBAIOTCS HECKOJIIBKO MHOW TOYKM 3PEHMs, XOTS MHOTHE
OTUPAIOTCS HA Pa3paboOTKH 3apyOexHbIX Kosuer. Tak, B kuure bopuca bopucosuua JleonTheBa
JTAETCsl TAaKO€ OMpeIeTICHNE UHTEIIEKTyaJIbHOTO KaluTalla TOro Wik UHOro cyobekra [9]: 310
CTOMMOCTbH COBOKYITHOCTH MMEIOIIMUXCSI Y HETO MHTEJUIEKTYyaJIbHbIX aKTUBOB, BKJIIOYAsi HHTEI-
JEKTyalbHYI0 COOCTBEHHOCTb, €TI0 MPUPOIHBIE U TPHOOPETEHHBIE HHTEIIEKTyalIbHbIE CIIOCO0-
HOCTHU U HABBIKH, a TAKXKE€ HAKOIUIEHHbIE UM 0a3bl 3HAHUH U M10JIE3HbIE OTHOLIEHUS C APYTUMHU
cyobekTamu. [7aBHas QyHKIMS MHTEIIEKTYaJIbHOTO KallUTalla COCTOMT B €ro CIOCOOHOCTH
CYIIECTBEHHO YCKOPSITh MPUPOCT MacChl NpUObUIN 3a cueT (POPMHUPOBAHUS U peasIn3alu He-
00XOIMMBIX MPEIIPUATHIO CUCTEM 3HaHUI, BEIIel U OTHOLICHH, KOTOpble 00€CIIEYMBAIOT €T0
BBICOKOA((PEKTHBHYIO XO3SHCTBEHHYIO JIesATeNbHOCTh. COCTaBHOM YacThIO0 MHTEIUICKTYaIbHO-
rO Kalnuraja sBIsSeTCs MHTEJUIEKTyallbHas COOCTBEHHOCTh. B oTiuuMe oT MHTEIEKTyalbHbIX
CHOCOOHOCTEMN, KOTOPbIE CI0XKHO BBIPa3UTh LU(PAMHU, €IUHUIIAMU U3MEPEHUs, HHTEIIEKTY-
aJlbHasi COOCTBEHHOCTh MOXKET OBITh OLIEHEHa U NPAKTUYECKH UCIO0Ib30BaHa. VIHTeIeKTyab-
HBIM KalnuTaja — 3TO HE MPOCTO XOPOILINE MO3TH, HO U, KaK PE3YJIbTaT, XOPOLINE TEXHUUECKHUE U
XyJ0KECTBEHHBIE PEIICHNs. TO CUCTEMA KalIUTAJIbHBIX YCTOMUMBBIX MHTEJUIEKTYaJIbHbIX IIPe-
MMYIIECTB JaHHOH OpraHu3anuy wiv GupMsl Ha peIHKE [9].

B otnnume ot metadopsr JI. DnBuHccona u M. ManoyHa, moka3bpIBaroel 3Ha4YeHUE WH-
TEJIJIEKTYyaJIbHOTO KaluTaja JJIsl OpraHu3aluy, MpeICTaBIeHHON B BUJE AepeBa (puc. 1), Ham
cooredyecTBeHHUK b.b. JIeoHThEB npeasaraeT cpaBHEHUE, OCHOBAaHHOE HA NMPHHLIUIE 000U
YCIIOBUH CYIIIECTBOBAHUS KMBOM MPUPOJIBI YCIOBHUAM CYIIECTBOBAHUS OM3HECa: TPU BUJA Ka-
MUTAaJIa COOTBETCTBYIOT TPeM (PU3UYECKUM COCTOSIHUSAM BellecTBa (puc. 8).

[Ipupona u Ou3HEC CyIIEeCTBYIOT TOJIBKO IIPU COYETAHUU B OKpY’KaIOLLEH cpezie Tpex arpe-
raTHBIX COCTOSTHUI BellleCTBa U KaluTana.

®dusnueckuil KanuTaa — 3TO MaTepUalIbHbIe aKTUBBI M JPYTUe LIEHHOCTH, CIIOCOOHBIE MPH-
HOCHUTb NPUOABOYHYIO CTOMMOCTh; (DMHAHCOBBINA KamuTai — AEMO3UTHI ero odnajgarenei U Ha
UX OCHOBE (DMHAHCOBBIE U JICHE)KHbIE MOTOKH, 00ECIIEUNBAIOIINE €r0 HapalluBaHue (ICHEeX-
HBIE CPEJCTBA, YEKU, AKKPEIUTUBBI, IEPEBOABI, aKIIMKM U JIp.); UHTEIJIEKTYa bHBIA KaluTall
COCTaBJISIET OCHOBY JIFOOOTO MPEANPHUATHS U SBISETCS €ro0 BEAYIIUM KarmuTaioM. Ero MokHO
BUJIETh U OLIEHUBATh, HO HEJIb3sI B3SITh B PYKHU. DTO CaMblii IEJIMKATHBIN BUJI KamuTaja U caMblid
Karpyu3HbIN.

Eme ogHa TO4Ka 3peHUs OTEYECTBEHHBIX IIPAKTUKOB HA OINPENEICHUE PACCMAaTPUBAEMOTIO
MOHATHUS U COOTHOIICHUE MOHATUN «MHTEJUICKTYaJIbHBIA KalluTal», «MHTEJUIEKTyalbHast cO0-
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(HHAHCOBBIT busznyecKuit ’ HHTeHHeKTyaHLHBIﬁ—‘

KarmuTalx KaInuTan Karurall

Puc. 8. Tpu Buna xanurana B Ousznece [9].

CTBEHHOCTb» U «HEMaTepUallbHbIE aKTUBbI) M3JI0KEHA B KHUre «YrpapieHue 3HaHusMu. Kax
MpEeBpaTUTh 3HAHUS B Kanutam» [10]. HTemIeKTyanpHbIi KamuTal KOMMEPUYECKOW OpraHu3a-
MU — 3TO COBOKYMHOCTb 3HaHMM, ONbITa, HH(OpMaIMK, KBaTu(UKAUU U MOTUBALIUU T1€PCO-
HaJa, OpraHU3alMOHHBIX BO3MOKHOCTEH, KaHAJIOB M TEXHOJIOTUH KOMMYHUKAIIUHU, CIOCOOHAs
co31aBarh JI00ABIEHHYIO CTOMMOCTh U 00€CIIeunBaloIIas KOHKYpEHTHbIE IPEUMYIIeCcTBa Opra-
HU3aLMU HA pbIHKE (pUc. 9). ABTOpPBI yKa3bIBaOT HA CIIOCOOHOCTh MHTEIIEKTYaIbHOTO KalluTa-
Jla BKJIFOYATh B CBOM COCTaB HEMaTepUajIbHbIE aKTUBBI, Y KOTOPBIX «OTMEYAETCSD CIIOCOOHOCTh
BKJIIOYATh B CBOI COCTaB MHTEIIEKTYaJIbHYI0 COOCTBEHHOCTb.

I/IHTCJUICKTyaJ'IBHBIﬁ Kanural

HCMaTCpI/IaJ'IBHBIC AKTHUBBI

HuaTenmnexryanpHas
CcOOCTBEHHOCTh

Puc. 9. CooTHO1IEHNE TOHATHI «MHTEIUIEKTYa IbHbIM KaluTa»,
«MHTEIICKTyaJIbHas COOCTBEHHOCTh» M «HeMaTepHabHbIe akTHBBD [10].

[TomBoIST UTOT BBITIICH3IIOKEHHOMY, MOJKHO CKa3aTh, 9TO TIPU BCEM pa3HOOOpa3uu KOHIIETI-
WA MHTEJJIEKTYaJIbHOTO KalUTala MPAaKTHYEeCKN BCE aBTOPBI CXOSTCS BO MHEHHH O TOM, YTO
MHTEJUICKTYaJIbHBIN KalluTall — 3TO, IPEKJIe BCETO, 3HAHUS, KOTOPBIMH 00JIa/IaeT OpraHu3aIus
(M COOTBETCTBEHHO, BCE €€ PAOOTHUKH).

B cBsi3u ¢ 60mb1uM pazdopocoM MHEHHI OTHOCUTENIEHO PACCMATPUBAEMOTO MTOHSTHS TIPE/I-
MIPUHSITA TIOMBITKA JaTh aBTOPCKOE OIMpe/elieHHe Ha OCHOBE MOAPOOHOTO PacCMOTpPEHHUS Ta-
KX Ae(UHULINN, KaK KUHTEIJICKT», K MHTEUICKTYaJIbHBIN» U «KanmuTam» 1o oTaeibHocTH [11]:
WHTEJUICKTYaJbHBIN KallUTall — 3TO CTOMMOCTh HeMaTepHaIbHBIX aKTHBOB (3HAHUM, YMEHUH,
HABBIKOB, OIBITA), CO3/IaBACMbIX HHTEUICKTYAIbHBIM TpyaoM'. IMEHHO cozdasaembix (a He

"MHTeIeKTyalIbHBII TPYA — TPY/, IPU OCYIIECTBICHHN KOTOPOrO PabOYMM OPraHOM, CO3IAOIINM MPOLYKT, SIBJISCTCSI
MO3T, IPe0OIaIAI0T 3aTPaThl YMCTBEHHOH SHEPTHHU, POILYKTOM TpyZa SBISIETCS M3JI0KeHHas: Ha Oymare MbIcib (1aes),
JUTSL TIepeiavy APYTHM HIIH BOIUIOLIEHHAS B 4eM-TO (Ha IOJIOTHE, B MpaMope, HOy-Xay U T.A.). HTeIeKkTyanbHbId Tpyx
B 3HAYMTEJILHOMN CTETICHH HOCUT TBOPYECKUI XapakTep (MCTOUHHMK: DKOHOMHYECKHiA cioBaph / OTB. pea. A.. Apxunos.
M.: PT-IIpecc, 2017. C. 266).
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CO3/IaHHBIX), TAK KaK €T0 HAKOIUICHUE TPOIOJIKACTCS B TEUCHUE BCEH KU3HU YeTIOBEeKa (B TOM
YHUCJIe, U B MPOIIECCE €ro TPYAOBOU JAESATeNIbHOCTH). MIHTEeIeKTyanbHbI KalluTal MOXHO Ha-
3BaTh MPOJYKTOM MHTEIUICKTYaJIbHOW JIESITEIbHOCTH YEJIOBEKa.

IMoaxoabl K OlleHKe UHTENJIEKTYaJIbHOI0 KanmuTajga opranu3amuu. Cpeay OCHOBHBIX
MOJIXO/IOB K OLIEHKE MHTEJUIEKTYaJIbHOTO KaluTajaa MOXKHO paccMoTpeTh noaxonsl T. CTroapra,
O. bpykusr, b.b. JleonTseBa. IHTEpec K HUM BBI3BaH TEM, YTO UX MOXHO MOAU(MUIIUPOBATH U
WCIIONB30BaTh JJIS1 OIIEHKU MHTEIJIEKTYaIbHOTO KaluTana B COOTBETCTBUH CO CrielU(DUIECKU-
MU OCOOCHHOCTSMU ACSITENFHOCTH KaXKI0M KOHKPETHOM OpraHu3aluu.

Tak, nanpumep, T. CTroapT yTBEp»kIaeT, YTO «UYEIOBEYECKUH, CTPYKTYPHBIH U OTpeOH-
TEJIbCKUIN KalnuTal HE UMEET BEIIECTBEHHOW (DOPMBI, a OTpayKaeT 3HAHUS KaK UCTOYHUK Oorart-
CTBa — M B TO K€ BPEMs KacaeTcsl Belleil, KOTOpbIe JIEJOBbIE JIOIM MOTYT OTPOraTh U JaxKe
3aKJIIOYHUTH B 00BATHS» [3, ¢. 307]. ABTOp mpeyiaraetT cnoco0bl M3MEPEHUsT HeMaTepHaTbHBIX
aKTUBOB B COOTBETCTBHHU C TAKUMHU OOJIACTIMU, KaK:

1) UHTEeNIeKTyalbHBIM KaluTall B IIEJIOM — MOACYUTATh PA3HUILY MEXKIY PHIHOYHON OlEH-
KO KOMIIaHUH M YYETHOW CTOMMOCTBIO OCHOBHBIX (DOHIOB, HO MIPH 3TOM JJIsi TOCTOBEPHOCTH
roKasaresell HaJlo CMOTPETh He Ha a0CONIIOTHYIO BEJIMUUHY, a HA COOTHOILIICHHUE JABYX BEITMYHH
(71 cpaBHEHUSI OTHOTUITHBIX KOMIIAHUHN WM (PUHAHCOBBIX MOKa3aTeNiel OJTHOM U TOM K€ KOM-
TTaHWHU 32 pa3HbIe TO/bl), paccuuTaTrh Koddurment ToOrHA U UCTIOIB30BATh METOI PACUETHON
CTOMMOCTH HemarepuaabHbIX akTHBOB (CIV);

2) 4enoBeUECKHI KamuTajd — KPUTEPUU OLEHKU: WHHOBAIIMH, OTHOIIIEHUE COTPYIHUKOB K
pabote, TpyIOBOH CTaX, TEKy4eCTh KaApOB, OTbIT, y4e0a, N3y4eHNE Ka4eCTBEHHBIX XapaKTepH-
cTuK (1o mpemiokeHHoMY T. CTroapTOoM CITUCKY B ero kHure [3]) u 6aHk 3HaHUil (Hay4HBIE pa3-
paboTKH, yMEHUS U HaBBIKH, CIUCKU NIOTpeduTene, mpodeccuoHanbHOE MacTEPCTBO U T.11.);

3) CTPYKTYPHBIN KanuTal — KPUTEPUHU OIICHKU: OlleHKa OaHKOB 3HAHUH, 000paYMBaAEMOCTh
000pOTHOTO Kanurasna, opeMs OropokpaTuu (OrpenesieTcs, He MPEnsTCTBYIOT JIU OpraHu3alln-
OHHBIE CUCTEMbI B3aUMOJICHCTBHIO PAOOTHUKOB KOMITAHUU U TIOTPEOUTENEH), CTOMMOCTH KOH-
TOPCKO# paboThI;

4) moTpeOUTENbCKUN KaluTall — CIIOCOOBI OIIEHKH: YIOBIETBOPEHHOCTh KJIMEHTA, BHITO/A
OT COTPYIHUYECTBA, «CTOUMOCTH» MOCTOSSHHOTO OTPEOUTEIISI.

B utore T. CrioapT npeanaraer ajsi OLEHKH UCIOIb30BaTh HABUTATOP UHTEJUIEKTYaIbHOTO
karutaina (puc. 10).

[TapameTpsl (paanychl): 1 — OOHOBIISIEMOCTH ONIEPATOPOB 3HAHUIA; 2 — 011 HOBOM MPOTYKINH B
o011eM o0beMe MPoIaK; 3 — OTHOIICHUE COTPYIHUKOB K padoTe; 4 — pacueTHasi CTOMMOCTb 3aMEHbI
0a3bl JTaHHBIX; 5 — 000PAYMBAEMOCTH OOOPOTHOTO KariTasa; 6 — OTHOIIEHUE MPOAAK K IpoakaM
HayKOEMKOU MPOTYKIMH, OOLIIE U aIMUHUCTPATUBHBIE PACXO/bl; 7 — yIIOBIETBOPEHHOCTh IOTPEOH-
Telel; 8 — BEepHOCTh TOProBOM Mapke; 9 — MpoIeHT ynepkanus norpedurenei. [lonepeunsie dep-
TOUYKH Ha JIMHUAX — ILIKAJIbl, KOTOPBIE MOTYT ObITh Pa3HBIMU: OJIHA IIKAJIa OTPAXKAaeT MPOLIEHTHI, BTO-
past — a0COOTHBIC BEIMUMHEL, TPEThSI — COOTHOIIICHHUS U T.J. OlleHKa MHTEIIIEKTYaIbHOTO KaluTana
C TMOMOIIIb HABUTaTopa MpEAIoaracT OTMETKY Ha OCSX MCKOMBIX IOKa3aTeleld U COSTMHEHUE UX
muHuAMA. Takum 00pa3oM, BHYTpU TOTYYEHHOTO MHOTOYTOJIbHUKA COIEPIKUTCS «MH(POPMAIUSD) O
TOM, YTO «BbI UMEETE, a 32 €0 MpeeaMy — TO, YTO XOTeNu Obl UMEThY [3, c. 339].

VYuukaneHoCTh HaBUraropa T. CTioapTa COCTOUT B TOM, YTO OH OTPaXaeT HE TOJIBKO IO-
Jy4YeHHbIE Pe3yJabTaThl MPOBEACHHON OIEHKM MHTEJUIEKTYyalbHOTO KalmuTana, HO U YKa3bIBaeT
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CooTHOIIIeHHEe MEX/Ty PHIHOYHOU U
YJETHOH CTOMMOCTBIO

N3mepurem
W3mepurenu
YEeJIOBEYECKOro
NOTPEOHUTENHCKOTO
Karuraia
Kanuraua

Vi3MepuTen CTpyKTYPHOTO KalHTasa

Puc. 10. HaBurarop nHTEIDIEKTYaIbHOTO KaruTana [3].

HamnpaBlieHUE, B KOTOPOM OPTaHU3AIMH HEOOXOIMMO Pa3BUBATHCS, a TAKKE BBISIBIICT «aHO-
Malluny, TpeOyromre HemeieHHoro u3yuenus [3, c. 340]. [lepeunciennsie Bbile mapaMeTphbl
MOKHO MEHSITh B 3aBUCHMOCTH OT OTPEICIIIEMbIX JIJIs1 KAKI0M KOHKPETHOW OpPTaHU3alluy KPUTE-
pHEB OLICHKH MHTEJUIEKTYaIbHOTO KaliTalla B COOTBETCTBHH CO CIICITU(UKON e TeITeIbHOCTH.

B cBoro ouepenn, D. BpykuHT npearaeT COCTaBUTh 00uyy0 KApTUHY HHTEIIEKTYIbHOTO
Kanurajia opraHu3auuu. s 3Toro aBTop peKOMEHAYET 10 COBOKYIMHOCTH METO/OB OLICHKHU
AKTHBOB, BXOJSIIUX B CTPYKTYPY HHTEIUICKTYaJIbHOTO KalUTaa, IPOBOIUTh ayIUT> HHTEIIICK-
TyaJbHOTO KalluTada U PACCMAaTPHUBAET €r0 OIIEHKY B OyXTaJITEPCKOM CMBICIIE JUISl TOTO, YTOOBI
MIOMOYb TIOHATH IIEHHOCTh KOMITAHHUH, OIIEHUTH €€ YCIeX U Pa3BUTHE, HAWTHU OCHOBY ISl TIOWC-
Ka CPEJICTB U MOJyYCHHS 3aiiMOB | T1p. [[7151 cocTaBineHus 001Iei KapTHHBI HHTEIJICKTYalIbHOTO
Karmutaya D. BpyKHHT peKOMEHIyeT «aKTHBBl MHTEUICKTYaJIbHOTO KaluTana U CPETHUE 3HAUC-
HUS UX UHJEKCOB HAHOCUTH Ha «MHUILEeHb) [4, ¢. 184—185] (puc. 11).

UndpactpykTypHbie S PriHOYHBIE
AKTHUBBI — T~ AKTHUBBL

/ / e NN \ \

\
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[ | | \ \ = /
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B — /,/
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Yenoeyeckne I WHrennekTyanbHble
AKTHBBI ’> AKTUBBI

Puc. 11. O0mias kapTHHA HHTEILICKTYaJIbHOTO KanuTana [4].

20011mii ayIUT HHTEIUIEKTYaTLHOTO KAMTATA TIOIPa3yMeBaeT PACCMOTPEHHE HEMATEPHAITBHBIX AKTHBOB KOMITAHHH, MX IOKYMEH-
TasbHOE 0(hopMIICHHE, (PUKCHPOBAHKE COCTOSIHHS Ha TEKYILIMII MOMEHT H, €CITH BO3MOXKHO, TOJICYET UX cTouMOocThy [4, ¢. 127].
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[TsTepka B «MUIIEHNW» 0003HAUAET MHJIEKCHI C BBICOKMMHU 3HAYCHUSMH, KQXKJIOMY HOMEPY
COOTBETCTBYET IBET. «MHUIIEHBY KOHCTPYUPYETCS JJIs KaKI0M KaTeropuu akTUBOB, a KA (bl
aKTUB OTOOpPa)KaeTcsi B COOTBETCTBYIOLIEM KPYIe, UCXO/Asl U3 CPEHEr0 3HAYCHUS MHAEKCa aK-
THUBOB, C TIOMOIIbIO MaJICHbKHX (MEHEE Ba)KHbIE aKTUBBI) U OONBIINX (BaXKHbIE AKTUBBI) TOUCK.

Ormernm, uto 3. Bpykunr commpapna ¢ nozuimeit T. CTroapra B TOM, YTO CITOCOOBI OIICHKH
VHTEJUIEKTYaJIbHOIO KalluTajIa 3aBUCST OT LIeJIeH OpraHnu3alii U COCTOSIHUS phIHKA. OHa yKa3blBacT
TaKKe Ha HEOOXOIMMOCTh Pa3pabOTKH MPOLEILYPbl OLEHKH TSl K&KI0M OpraHu3aliy, OCHOBAaHHOM
Ha y4eTe TOro, KaKOW aCIEeKT MHTEIUIEKTYaIbHOIO KalnTaja Il Hee BaKEH B JAHHBIN MOMEHT [4].

b.b. JleontbeB [9] paccMmarpuBaeT OLIEHKY TAaKOW COCTaBHOM YacTH MHTEJUIEKTYaJIbHOTO
KaluTana, Kak UHTEUIEKTyallbHasi COOCTBEHHOCTh. [IpH olleHKe MHTEIEKTyalbHOM COOCTBEH-
HOCTH, KaK OJTHOTO U3 BUJIOB HEMATEpUAJIbHBIX AKTUBOB, aBTOP IPEAIaraeT u3yunTb (PyHKIHO-
HaJIbHbIE BO3MOKHOCTH 00BEKTA MHTEIIEKTYaJIbHOW COOCTBEHHOCTH, YTO MIO3BOJIUT IPOTHO3U-
pOBaTh — C ONpPEIENIEHHON CTEMEHbIO IOCTOBEPHOCTH — OXKHMIaeMyI0 yepes 3-4 roja npudbLIb
OT €ro MPaKTUYECKOr0 MCNOIb30BaHUs. VIMEHHO Ha ATON OCHOBE OH IIPEJUIaraeT pacCuuTaTh
YCIIOBHO-PBIHOYHYIO CTOMMOCTh HHTEIICKTYaJIbHOW COOCTBEHHOCTH.

B Poccuu HemarepuasibHble aKTHBBI B OOJBIIMHCTBE CIIy4aeB OLICHUBAIOTCS HAa OCHOBE
TpeX MOAXOO0B C YUETOM HCITOJIb3yeMOT0 B X paMKax Habopa MeTonoB [9]:

1) 3aTpaTHOrO — CTOMMOCTb aKTHBA OLIEHUBAETCS 10 3aTpaTaM, HEOOXOAUMBIM JIJIs €r0 BOC-
MIPOU3BO/ICTBA MJIU 3aMEHBI C BBIYETOM 000CHOBAHHOM MONPAaBKK Ha HAYMCIICHHBIN U3HOC (Bpe-
MEHHOM WM MOpaJIbHBII) aKTHBA;

2) CpaBHUTEJIBHOIO — IPUMEHUM YCIIOBHO; MOJTHOLEHHbIE CPABHUTEIIbHBIE METO/IBI MOTYT
OBITH MCIOJIB30BAHBI IPU HAJIMYUY Y TIOKyIIaTesl BbIOOpa HeMaTepuaibHbIX aKTHBOB U3 YKCIIa
JPYTUX MOJOOHBIX M IPU BO3MOXKHOCTH BBIOOpaA MPOJABIla HEMaTepHAIbHBIX aKTUBOB HAan00-
Jie€ UHTEPECHBIX JUUIS HETO MOKYTIATENEeH;

3) 10XOIHOTO — YCTAHOBJICHHUE MPUUYUHHON CBSI3U MEX1Y (PyHKIIMOHAIBHBIMU CBOMCTBAMU
HEMaTepUaIbHOTO aKTHBA, UCIIOIB3YEMOT0 B KOHKPETHOM TEXHOJIOTUH, ¥ OYyAYIIMMHU JTOXOJaMH
OT MCIIOJIb30BaHMS JAHHOTO aKTHUBA B XO3SMCTBEHHOM JIeSITEILHOCTH [9].

B 3axsrouenne HeoOX0IMMO MOTYEPKHYTh, UTO TaKOE MOHSTHE, KAK «MHTEJUIEKTyaIbHbIN Karu-
TaJD» O4YEHb TPYHO PACCMATPUBATh OTHO3HAYHO U TPYHO MPEUIOKUTh €IMHOOO0PA3HbIE METOBI €10
OLICHKH B CHJIy cHEeLM(DUKH JeSTeIbHOCTH Pa3HbIX opraHu3anuii. [1o3ToMy cyiiecTBytoT U pa3Hble
KOHLICTIIIMY MHTEJUIEKTYaJIbHOTO KalnTasa, KOTOpble, HECOMHEHHO, OyTyT pa3pabarhiBaThCs JajIblIle.

PaccmarpuBaeMble B cTaThe MOAXOABI K OLIEHKE MHTEIUIEKTYaJbHOIO KalluTajla peKOMEH-
JyeTCsl MCIIOJIb30BaTh B KAU€CTBE OCHOBBI JJIl OLEHKHU MHTEJUIEKTYyaJIbHOTO KaluTajua opra-
Huzauuu. [Ipu 3TOM CTOUT y4ecTb, YTO GOJBIIMHCTBO METOAOB OLIEHKH MHTEIIEKTYalbHOIO
KaluTaja OCHOBAaHbl Ha MHTYHUIMH, SPYIULHMH (COBOKYIHOCTH 3HAHUM, YMEHUN U HaBBIKOB
OLIEHUBAIOILIET0) U OIbITE OLIEHIIMKA (IKCIepTa) U UMEIOT CPAaBHUTENIbHBIA XapakTep: B X0Je
OLIEHKU TIPOMCXOJUT CPAaBHEHUE UHTEIUIEKTYaJIbHOIO KalluTalla pa3HbIX paOOTHUKOB.

J10 HaCTOSIIEro BPEMEHU YTBEPKAAETCS, YTO MHTEIUIEKTYa IbHbBIN KanmuTal TpyIHO dPdek-
TUBHO MCIIOJIb30BaTh, OTYACTU B CBSA3M C TEM, YTO OH HE NMPUHAIJIEKUT MOJHOCTHIO OPraHU-
3alMU (HE HaXOJIUTCS MOJHOCThIO B COOCTBEHHOCTU opraHu3anuu). OJHAKO CETOAHs BaXKHO
OTMETUTh aBaHTAPAHYIO POJIb MHTEJUIEKTYaJIbHOTO KalUTalla B COBPEMEHHOM IIPOU3BOJCTBE,
0COOEHHO, B HAYKOEMKOM U BBICOKOTEXHOJIOTHYHOM CEKTOpax 3KOHOMHKH, a TaKXe HE0OX01u-
MOCTb Pa3pabOTKH BOIPOCOB, CBS3aHHBIX C €0 COAEP)KaHUEM U OLIEHKOH.
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HOTO npennpuHuMarenbcTBa MuctutyTa sxoHoMuky U rnpasa @I'BOY BO «MockoBckuii TEXHOIOTHYECKUI YHUBEPCH-
tet» (107076, Poccus, Mocksa, yi. CtpomblHKa, 1. 20).
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