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TEXHNUECKNE HAYKN

METO/IUKA MOCJEAOBATEJIBHOIO TPEXMEPHOI'O MOJIEJIUPOBAHUS B
COOTBETCBHUH C OTANAMMU NMOJIYYEHUA U3AEJIUA

Taiicun Pamuns Pagaunosuy
Cmyodenm mazucmpamypeol,

Canxm-Ilemep6ypeckuii nonumexnuuecxkuti ynugepcumem Ilempa Benuxoeo,

2. Cankm-Ilemepbype
Kozapw Hean Heanosuu
Kanouoam mexuuueckux nayx, ooyenm,

Canxm-Ilemepoypeckuil norumexnuyeckuil ynusepcumem Ilempa Benukozo,

2. Canxm-Ilemepoype
ITnaeénux Ceemnana Jleonuoosna
Kanouoam mexnuueckux nayx, ooyenm,

Canxm-Ilemepoypeckuil norumexuuyeckuil ynusepcumem Ilempa Benukozo,

AHHOTALUSA.

2. Canxkm-Ilemepbype

B pabore npezcraBieHa METOANKA MTOCIEIOBATEIBHOIO TPEXMEPHOTO MOJIEIIMPOBAHHUS, UEsl KOTOPOH OCHO-
BaHa Ha IPUHIINIIC KOHCTPYHPOBAHHMS «CBEPXY-BHM3Y. [I0Ka3aH mpuMep HCIOIb30BaHUS METOJUKH ITPU CO3JIAaHUHT
TpeXMepHOH Mozenu Jetanu Onoka munHapa. ChopMyIHpoBaHEl OCHOBHBIC ITPEUMYIIECTBA.

ABSTRACT.

The paper presents a method of sequential three-dimensional modeling, the idea of which is based on the
principle of design "top-down". An example of using the technique to create a three-dimensional model of a cyl-
inder block part is shown. The main advantages are formulated.

Kurouessble ciioBa: Tpéxmeproe moaenupoBanue, CAIIP, marematuyeckas MoJieib, 3ar0TOBKa, IETaNb.

Keywords: 3D-modeling, CAD, mathematical model, workpiece, detail.

CeromHs, Kak TpaBWIO, IUIsl pa3paboTKH KOH-
CTPYKTOPCKOM TOKYMEHTAllMU UCIOJIB3YEeTCS CUCTEMaA
aBTomMaTtu3upoBanHoro npoektupoBanus (CAIIP).

3a OCHOBHBIE KOHCTPYKTOPCKHE JOKYMEHTEI, B 3a-
BHCHUMOCTH OT (DOPMBI BBITIOJHEHUS, IPUHUMAIOT: JIJIs
JeTanei - 4epTex NeTal W/HIN SJIEKTPOHHYIO0 MOJCITh
neramu [1]. Mogens otoOpakaer peanbHoe (pa3pabo-
TaHHOE) MM pa3pabaTeiBaeMoe uszemnue [2].

Kon¢wurypanus geranu onpenensier CTpyKTypy H
IIOCIIEI0BATEIbHOCTh 3JIEMEHTOB JepeBa KOHCTPYHPO-
BaHUS B TpoIiecce pa3pabOTKH TPEXMEPHON MOJIEINH.
Kpome Toro, clo)HOCTh KOH(GUTypaluu JACTaIN BIIH-
sIeT Ha pa3Mep JepeBa KOHCTPYHUPOBAHHS, YTO MPUBO-
T K TIpobiaemMaM paboTel ¢ OONBIIMM 00BEMOM JIaH-
HbIX. CleoBaTeNbHO, MOBBIMIAETCS BEPOSITHOCTH IO-
CTPOCHHI  HENOCTOBEpHBIX  Mozenei.  OOBMHO
yCTpaHEHHE HETOYHOCTEH MOJIENIM CBA3aHO C 00si3a-
TEJIBHBIM IIEPECTPOCHUEM OTepaluii B JepeBe KOH-
CTPYMPOBaHUsS. DTOT HMPOLECC SBIAETCS TPYAOEMKUM,

T.K. U3MEHEHHUS OTlepalnii IPOU3BOIUTCS MOCIIEI0BA-
TenbHO [3]. Hampumep, 3aMeHa pa3mepa B IEPBOM 3C-
KU3€ JepeBa KOHCTPYHPOBAHMS BICUET 3a cOOOM «Iie-
pepacdéT» BcexX TOCIEAYIOMUX OIEepariii MocTpoe-
Hus. HesHauuTenbHbIE OIIMOKH, BBISBISCMBIC B
rporecce oGOpMIICHHS YepTeka, MEPHUOTHISCKH HC-
MIPABIIAIOTCS «HA MECTE»: WCIONB3YIOTCS (PYHKIIHO-
HanbHBIE Bo3MOXHOCTH CATIP, mpenHa3HaueHHbIC 715
JBYXMEPHOTO MPOSKTHPOBaHUA. B mrore TpéxmepHas
MOJIENIb OCTAETCS HeTOPaOOTaAHHOM.

Wnes meTonky OCHOBaHA HA IPHHIIATIE KOHCTPY-
UPOBaHUs «CBEpXY-BHU3» [4] M 3aKII04aeTcsl B TOM,
YTO COCTAaBJIAIONINE TPEXMEPHOU MOJEIIN ACTAIH SBJIS-
I0TCSI HE3aBUCUMBIMU KOMIIOHEHTaMH, a caMa JieTallb
WM e€ 3aroTOBKa — pe3yJIbTaT UX KOMIIOHOBKH B (paiisie
«Coopkay. Kaxplii Takoii KOMITOHEHT o0agaer cod-
CTBEHHBIM JIepeBOM KOHCTpyupoBaHus. KoMmmoHoBka
OCYILECTBIISICTCA TIPH TOMOINU OYIIeBO# ormepanuu
«Bpruutanue». CxeMa METOIMKH IIPEJICTaBJICHA HA PU-
cyHke 1.

( ™
KommoneHTs!
- «BHemHsst reoMeTpus» )
TpéxmepHas Mo- \ J
JCIIb e ~
«3aroToBka KoMnoneHTsl TpéxmepHas Mo-
«BHYTpeHHsIs1 TeOMETPUs» > Jenb «Jleraby»
- J
( N
Komnonents! «Mexanndyeckas
L 00paboTkay ) W,

Pucynox 1. Cxema memoouxu mpéxmepro2o MOOEIUPOBAHUS, YUUMBIBAIOUell MEXHOL02ULeCKUll Cnocob u32o-
moeneHus uzoenus
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JanHas meronuka Oblla MCIIOJIB30BaHA MpPU CO-  Jpay (PUCYHOK 2), BXOJSILEH B COCTaB y3ia JH3€ib-
3MaHUU TPEXMEPHOH Moxenu neranu «biIoK IMUIMH-  HOTO JBHTATENs, CIIPOCKTUPOBAHHOTO B pPaMKaxX BBI-
MOJIHEHHS BBITYCKHOM KBaJIH()UKAIIMOHHON paboTHI.

Jerans «bnok nu-
TUHIPA»

«MexaHnyeckas
00paboTka»

«Buemnsas
TEOMETPHSI»

«BryTpennss
TEOMETPUs»

3

Pucynok 2. Komnonoska modenu oemanu «brox-yununopay

TexXHOJIIOTHYECKNM CTIOCOOOM H3TOTOBJICHHS 3a-  METpUs» H «BHYTpEHHSS Te€OMETpHsS» COOTBET-
roTOBKH jAeTanu «biok muMmuHIpa» sBiseTCs JUTHE, CTBEHHO. B nmaHHOM ciiyuae, KOMHOHEHTOB «BHyTpen-
CJIeIOBATENNbHO, paboyas HOJIOCTh (JOPMBI U CTP)KEHb  HsIl TEOMETPUS» T.€. CTEPXKHEH HECKOJIbKO, OHU Ipej-
MIPEACTABISIIOT COOOH KOMIIOHEHTH «BHEHIHSAsS Teo-  CTaBISIOT CO00I KOMIUIEKT CTepKHEH (pHUCyHOK 3).

Pucynok 3. Komnnexm cmepoicreii

PesynbraTom omeparm «Brerantanue» u3 pado-
4el 1oJ0cTu (OPMBI CTEPIKHEH SBJISIETCS MOJIENb 3aro-
TOBKH AeTany «bIok muiamHApa» - OTIMBKA (PUCYHOK
4).

3aroToBKa JeTaln
«Brmox rHHpaY

N

Pucynok 4. Komnonoska modenu 3aeomoeku demanu «brox yurunopay
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Pesynbrarom onepauuu «Bpruntanue» U3 3aro-
TOBKH feTany «biok muianHapa» KoMmoHeHTa «Mexa-
HUYeCcKass 00paboTKa» sIBJIsSETCS 00pa3oBaHHE HOBBIX
MIOBEPXHOCTEH MMOCie yaaleHus CJIos MaTepHana Ipu
(pe3epHOH, CBEPIMILHONW, PACTOYHOM M APYTUX OIe-
panusx. [Ipu HeoOXoaUMOCTH, KOMIIOHEHTOB «Mexa-
HHU4ecKas 00paboTKa» MOXET ObITh HECKOJIBKO (OAMH
YYHUTBIBAET TOKAPHYIO OIEpaInio, BTOPOI — CBEPIIMIIb-
HYIO U T.]I.).

K 0CHOBHBIM IIpeUMYIIIECTBAM METOIUKH CIIEyeT
OTHECTH:

1. YMmeHbIIeHHE TPYJOEMKOCTH Tpoliecca Iepe-
CTPOEHUSI MOJIETIH ACTAIIH, U3-3a €T0 HEJTMHEHHOCTH;

2. Bo3aMoXHOCTB TapauieIbHOM paboThI HECKOJIb-
KHX KOHCTPYKTOPOB HaJ OJIHOHM JIeTalblo, ONpe/IesInB
HCXOJHYIO TOUKY MOJICIIUPOBAHUSL.

[TpenmMymiecTBa Npy BHEAPEHUH Ha MAIMHOCTPO-
UTEITBHOM HPEANPUATHH:

1. BO3MOXHOCTh HCHOJIB30BaHUSI KOOPAWHATHO-
WN3MEPUTENbHBIX MAIIMH Ul IPOBEPKH PEabHbIX H3-
JeTMH, T.K. UX TPeXMEpHbIE MOJEIHN SBISIFOTCS JI0CTO-
BEPHBIMU;

2. Hanmaume TpéxMepHOW MOJENH 3arOTOBKH fe-
TaJM ¥ KOMIIOHEHTa «MexaHnveckas o0paboTKa» cy-
IIIECTBEHHO YIPOCTHUT paboTy MHKEHEPa-TEXHOJIOTa!

- TIOCPEJICTBOM CO3/IaHHsI BCIOMOTaTEIbHBIX MPH-
JIMBOB, IUIATUKOB WM JPYTUX 3JIEMEHTOB IIPU MOJIEIIH-
POBaHMM 3aroTOBKM JETalld, HHXEHEP-KOHCTPYKTOP
oIpeleNnsieT KOMIUIEKT YEPHOBBIX TEXHOJOTMYECKHX
0a3 Ui TIepBOM omepanuyu MeXaHHYECKOH 00paboTKH
[5].

- IPUMEHEHUE TPEXMEPHBIX MOJENEH PEXYILUX
WHCTPYMEHTOB (IIpY HaJMYMW HA NPEANPUATHH DJIEK-
TPOHHOU OMOJHOTEKH) B MPOIIECCe MOCTPOCHUS KOM-
MTOHEHTOB «MexaHnveckast 00paboTka» obecrieunBaeT
MIPEABaPUTEIbHBIA BHIOOP MHCTPYMEHTA MHXKEHEPOM-
KOHCTPYKTOPOM;

UDC 66.045.126

- KOMIOHEHTHl «MexaHnndeckas 00paboTka» MoO-
TYT OBITH HCIIOJIB30BAHBI B KaYE€CTBE OCHOBBI IS MO-
cTpoeHHs Tpaektopuid uHCTpymeHToB B CAM-
CHCTEME.

3. TpéxMepHyI0 MO/IeIIb 3arOTOBKH JIETalld, Y4H-
TBHIBAIOIYIO JINTEHHBIE YKIOHBI, MOJOCTh pa3beMa U
JIp., MOKHO MCIIOJIb30BaTh JUIsl H3TOTOBJICHUS TEXHOJIO-
THYECKOI OCHACTKH (B TOM YHUCIIE METOZOM OBICTPOTO
MIPOTOTHITUPOBAHHMSA).

IIpumeHeHre METOJUKH, PACCMOTPEHHOM B JaH-
HOM CTaThe, MOJIOKUTEIHHO OTPA3UTCS Ha CTEIICHHU JI0-
CTOBEPHOCTH pa3padaThIBAEMBIX TPEXMEPHBIX MOJIe-
neit (ocobeHHO TPEXMEPHBIX MOJIENEH eTallel CIoxK-
HBIX KOH(Hrypanuii), 4To SBISETCS aKTyaJbHBIM Ha
MAaIIMHOCTPOUTENILHBIX TPEINPHUITUAX, B KOHCTPYK-
TOPCKHX U TEXHOJOTUIECKUX OIOpO.
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IMPROVING THE EFFICIENCY OF THE PROCESS OF HEAT TRANSFER OF PLATE-RIBBED
HEAT EXCHANGER

YK 66.045.126

Kondrashov Nikita P.

graduate student, Moscow polytech
Lagutkin Mikhail G.

Dr. Sc., professor, Moscow polytech

MHOBBIINEHUE 2OPEKTUBHOCTHU INTPOLNECCA TEIIVIOIIEPEJAYU IIJTACTUHYATO-
PEBPUCTOI'O TEIINIOOBMEHHHUKA

Konopawoe H.II.

acnupanm, «Mockogckuil nonumexy

Jlazymxun M.T.

0-p mexn. Hayk, npogeccop, «Mockosckuii nonumexy
2. Mockea, P®

The relevance of the research due to the need to improve the efficiency of plate-fin heat exchangers, since
their prostate is of a compact design (reaches 2000 m2 of heat exchange surface per 1 m3 of heat exchanger
volume) high values of heat transfer coefficients, the ability to carry out the process of heat transfer between
several heat carriers provided them with a fairly large distribution in various industries, primarily in cryogenic

technology.
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The main aim search using computer simulation of new, more efficient options for finning (nozzles) of plate-
fin heat exchangers, which allow to increase the values of heat transfer coefficients with an insignificant increase
in energy consumption for ensuring the movement of coolants. Substantiation using laboratory studies of the reli-
ability of data on hydraulic resistances and heat transfer of a plate-fin heat exchanger obtained using computer
simulation.

Objects of researches plate-fin heat exchanger, influence of the design of two finning options (nozzles), with
a smooth continuous finning element and with finning in the form of an angular perforated tape, on the hydraulic
resistance of a plate-fin heat exchanger and values of heat transfer coefficients.

Methods of researches: computer simulation of a heat exchange package of a plate-fin heat exchanger with
two types of nozzles, with a smooth continuous finning element and with finned perforated corner tape. Determi-
nation of the values of hydraulic resistance coefficients and heat transfer coefficients for the two structures of the
nozzles of a plate-fin heat exchanger under investigation. Conduct a full-scale experiment in a laboratory setting
to confirm the reliability of the results obtained using computer simulation.

Research results. A computer model of a plate-fin heat exchanger is built. Using computer simulation, em-
pirical dependencies are obtained for the calculation of hydraulic resistance coefficients and heat transfer coeffi-
cients for two types of nozzles under investigation. The results of computer simulation are confirmed by a full-
scale experiment in a laboratory setup. The method of choosing the most rational profile of corrugated inserts is
justified. It is shown that computer simulation can be used to determine the most rational profile of the nozzles of
plate-fin heat exchangers, ensuring their high efficiency.

AKTYaJIbHOCTb HMCCJIEIOBAHUN O00YCIOB/ICHA HEOOXOIMMOCTHIO MOBBIMICHHUS 3()(HEKTHBHOCTH ILIACTHH-
4aTO-peOPUCTHIX TEMIOOOMEHHUKOB, TAK KaK MX IPOCTaTa KOHCTPYKIIMH, KOMIAKTHOCTH (1octuraet 2000 M2 mo-
BEPXHOCTH TernoooMena Ha 1 M2 06beMa TemnooOMeHHHKa), BLICOKHE 3HaUeHUs KOA(PPUIIMEHTOB TEMI00T/IauH,
BO3MOKHOCTb IMTPOBOAWTL MPOLECC TCIJIONCPEAAYN MCIKAY HECKOJIBKUMHA TCIJIIOHOCUTCIISIMU o0ecreynso uM J0-
CTaTOYHO OOJIBILIOE pacnopoCTpaHCHUE B PA3JIMYHBIX OTPACIAX TPOMBIIIJIICHHOCTH, B IIEPBYIO OUYEPEAb B KPHUOTCH-
HOU TEXHUKE.

IIem, PICCJIQ}IOBaHI/Iﬁ: IMOUCK C MOMOUIIbIO KOMIIBIOTEPHOI'O0 MOJACINPOBAHNS HOBBIX Oouee Sq)(l)eKTI/IBHLIX
BapUaHTOB OopeOpeHus (HacagoK) MIAaCTHHYATO-PEOPUCTHIX TETNIO0OMEHHHUKOB, TTO3BOJIIONINX MTOBBICUTH 3HAYeE-
HUA KOI—)(l)q)I/ILII/IeHTOB TCIJIOOTAAYH TP HE3HAYUTCIIbHOM YBCIIMUCHUHN DHEPro3arpaT Ha obecnieyenue JABUKCHUA
terioHocuteneil. OG0CHOBaHKE C OMOIIBIO J1a00PATOPHBIX HCCIIEOBAHUI IOCTOBEPHOCTH JIAHHBIX 110 THIPaB-
JIMYECKUM COIIPOTUBJICHUAM W TCIUIOIIEPEAAYC HHaCTI/IH‘IaTO-p66pI/ICTOFO TGHHOO6MCHHI/IKa, NOJIY4YCHHBIX C I10-
MOIIbIO KOMIIBIOTECPHOT'O MOACIIMPOBAHUA.

O0BbeKTHI HCCTe0BAHMIA: NTACTHHYATO-PEOPHCTHIA TEINIOOOMEHHHK, BIMSIHAE KOHCTPYKIUU IBYX BapHh-
aHTOB 0pe6peHI/I$1 (HaCElI[OK), C I''1aiKMM CIIJIOIITHBIM 0p66p${IOHH/IM JJIEMEHTOM U C ope6peHHeM B BUJIC yrHOBOﬁ
niepdOpUPOBAHHON JICHTHI, HA THAPABIMYECKOE COMPOTHBIICHHE IUIACTHHYATO-PEOPUCTOrO TETUIOOOMEHHHUKA U
3HA4YCHUA KOS(l)(bI/IL[I/IeHTOB TCILJIOOTAAYH.

MeTO)_'[])I HCCJIeI[OBaHHﬁ: KOMIIBIOTEPHOC MOACIMPOBAHUEC TEI000MEHHOTO MaKeTa HﬂaCTI/IH‘laTO'pCGPI/I-
CTOTO TEIUIOOOMEHHHUKA C JABYMs BUJIaMH HACAOK, € I'NIaAKUM CIUIOIITHBIM 0p66p$HOH_[I/IM 3JICMCHTOM H C 0p€6p€-
HUEM B BHJIE YTJI0BO# nephopupoBaHHOH JeHTHI. OrnpeneneHne 3Ha9YeHUH K03 QUIEeH TOB TUIPaBINnIECKOro Co-
MIPOTHUBIICHUS U KOA(P(PUIINEHTOB TEIUTOOTAAYH I ABYX MCCIETyeMbIX KOHCTPYKINH HACaIOK INIaCTHHYATO-ped-
pucroro TEII00OMEHHUKA. HpOBeI[eHI/IC HAaTypHOT'O S3KCIECpUMCHTA Ha na6opaTopH01>'1 YCTAaHOBKC C 1ECJIbIO
TIOATBEPKACHUSA JOCTOBEPHOCTHU PE3YIIHTATOB, MOJTYYEHHBIX C TIOMOIIBIO KOMIIBIOTEPHOTO MOACIIUPOBAHUS.

Pe3ym>TaT1>1 HCCJICIIOBaHHﬁ. HOCTp()eHa KOMIBIOTEPHASA MOJCIIb HHaCTI/IH‘laTO-p€6pI/ICTOFO TEI000MEH-
HUKAa. C TMOMOIIBIO KOMIIBIOTEPHOT'O MOJACITIUPOBAHNS TTOJTYUCHBI SMITUPUYCCKUEC 3aBUCUMOCTHU JId pacucTa KOB(b-
(PUIIEHTOB THIPABIMYECKOTO COMPOTHBIICHUS U KOA(POHUIIMEHTOB TEIIOOTIAYN U JBYX THUIIOB HCCIETyEMBIX
HacaIoK. PeSyﬂbTaTbl KOMIBIOTEPHOT'O MOACIMPOBAHUA MOATBCPKACHBI HATYPHBIM 3KCIICPUMEHTOM Ha na6opa—
TOpHOW ycTaHoBke. OOOCHOBaH METOJl BRIOOpa Hamboliee parroHaTFHOTO IpOQHiIs ToQpHUPOBAHHEIX HACAIOK.
HOKa3aHO, YTO KOMIIBIOTCPHOC MOJACITIUPOBAHNUEC MOKET OBITH UCIIOJIB30BAHO JJIA OTIpEACJICHUSL HauboJiee panuo-
HAJILHOTO MPOQMJIsl HACAIOK IJIACTHHYATO-PEOPUCTHIX TEIUIOOOMEHHUKOB, 00ECIIEUHBAIOIINX HX BBICOKYIO d(-
(EKTHBHOCTB.

Key words:Plate-fin heat exchangers, nozzle, efficiency, heat transfer coefficients, hydraulic resistance, en-
ergy consumption, computer simulation.

Koarouesbie cinoBa:IlnactuH4aTo-pedpucThie TEMII00OMEHHHUKH, Haca(Ka, 3G (HeKTHBHOCTD, KO3 (DUINEHTHI
TEMIIO0TAAYN, THAPABINICCKOE COIIPOTUBIICHUE, DHEPTrO3aTpaThl, KOMIIBIOTEPHOE MOAEIUPOBAHUE.

BBenenue MPEICTaBISIOT COO0H HAOOP IUTOCKHX IIIACTHH, MEXIY

IIpocToTa KOHCTPYKIIMU W BBICOKas S(PQPEKTHB-
HOCTh TUTACTUHYATO-PEOPUCTHIX TEMJI00OMEHHUKOB
(ITPT) mo3Bonmia MM CHa4aja 3aHATh BEAYIIEe MECTO
Ha JIeTaTeJIbHBIX amnmnaparax, a 3aTeM MOJYyYUTh HIHPO-
KO€ pacrpocTpaHeHHne B JPYrUX TPAHCIOPTHBIX Cpe-
CTBaX — aBTOMOOWJISIX, TpakTOpax u Ap. [lmactuH9aro-
pebpucThie TEIIOOOMEHHUKH TaK e YacTO HCIIONb3Y-
IOTCS B KPHOTCHHOW TeXHWKe. B oOmem ciydae oHM

KOTOPBIMH YCTaHOBIICHBI TO(PHUPOBAHHBIC HACAIKH.
[ToaBox TemyoHOCHTENEH K COOTBETCTBYIOIIMM KaHa-
JIaM OCYIIECTBIISICTCS C TIOMOIIBIO KOJUIEKTOPOB.
[Inpokoe pacrpocTpaHeHHE ILIACTHHYATO-Peo-
PHCTHIEC TETNIOOOMEHHHUKH MTOJTy4YIITH O1aronaps cBoen
KOMOAKTHOCTH, focTuramomei 2000 M? IOBEpXHOCTH
Termnoo6MeHa Ha 1 M° 06beMa TemI00OMEHHHKA, YTO
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BO MHOTO pa3 MPEBBIIIAET KOMIIAKTHOCTh BCEX OCTAJIb-
HBIX BHJIOB TETNIOOOMEHHHUKOB. B mutactuauaTo-pedbpu-
CTBIX TEMJI00OMEHHHKAaX BO3MOXHO OJJHOBPEMEHHO B
OIHOM OJIOKE MPOBOIUTH TEIUNIOOOMEH HE TOJBKO OT
OJIHOTO TEIJIOHOCHUTENS K JIPyroMy, HO M MEXKIY 4e-
THIpbMS M 00JIee TEMJIOHOCUTEISIMH, YTO JIOCTUTaeTCsl
COOTBETCTBYIOLIEH KOHCTPYKLUEH KOJUIEKTOpoB [1].

B oHOM 1 TOM e Tero0OMEHHHUKE PacCTOsIHUE
MEXIy IUTACTHHAMH, a TaKXe THI TO(PPHUPOBAHHBIX
HacaZoK MOT'YT OBbITh Pa3JIMYHbI, YTO T03BOJISIET 0bec-
MIEYUTH HEOOXO0QMMBIe KOA(PPHUIINEHTHI TeIUIOOTAAYH U
TH/IPABJINYECKHE COTPOTHUBIICHUS TPH IMPOXOXKICHUU
MTOTOKOB 4epe3 TEMI000OMEHHHK B 3aBUCHMOCTH OT pac-
X0/a TeIJIOHOCHTENell M HX (HU3UKO-XUMHUIECKHX
CBONCTB.

CoBpeMeHHbIE IUIaCTHHYATO-PEOPUCTHIE TEIUIo-
0OMEHHUKH Pa3InYHBbI 110 CBOeH Gopme U Buay rodhpu-
POBaHHBIX HAca/I0K, 00pa3yIOIUX IS IPOX0/1a TEILI0-
HOCHUTEJsI KaHAJIBl TOr0 WK MHOTO npodwisi. Hanbo-
Jee pacrnpoCTpaHEHbl HACaAKH, NpOoQWIb KOTOPHIX
IIPEACTaBIICH B BUZE TPEYrOJIbHUKA C OCTPBIMHU MU 3a-
KPYTJICHHBIMH yIJIaMH, B BUJIE TPAaNelUd WU MPSIMO-
yroapHuka. Takxe Bcrpeuatorcst [IPT ¢ xpyrasimu 1
paccedeHHBIMU KaHanamu [2,3 u ap.].

Amnamu3 Hamboliee pacIpOCTpaHEHHBIX HACaIOK
mokasai, 4ro Oospmioe BiIusiHME Ha 3(dEeKTHBHOCTH
nporecca TeIIonepeaady 0Ka3blBaroT h — BEICOTa ope-
Openns (Hacaaku); t — mar opedpeHus, A Tohpupo-
BaHHOI IIOBEPXHOCTH — 9TO PACCTOSIHUE MEXK]Ty OJIMHA-
KOBBIMH TOYKaMH cOoceHUX rodpos; N — KoIH9IecTBO
pebep, Impuxosiieecs Ha OJMH METpP HIMPHUHBI ITaKeTa;
hp — mrar pebep, paccTosiHIE MEKIY ABYMSI COCETHUMU
pebpamu; dp — TonmpHa pedpa, TOJIIIUHA JIMCTOBOTO
Marepuana, U3 KOTOpPOro OTIITaMIIOBaHa OpeOpeHHas

4’

HOBEPXHOCTh; L — JuIMHA OpeOpeHus, MojHas JIMHA
opeOpeHHs B HAIllpaBJICHUH IBIDKCHUS MOTOKA, KOTO-
pasi COOTBETCTBYET HCCIECIOBAHHOMY 00paslly TeIIo-
oOMeHHO# TIoBepxHOCTH; |- mmuHa TypGynu3aropa ope-
OpeHus1, IpuMeHsieMast ISl pacCeYeHHBIX THIIOB OpeO-
peHMH W OmMCHIBaOUIas IMHY JI000ro poja
€IMHUYHOI HaceuKH, BHIIIOJIHEHHOW Ha OpeOpeHuH B
HalpaBJICHUH BH)KCHUS TEIUIOHOCUTENS

Beenenne mepdopamnmii wim 3a3yOpeHHOCTEH B
pebpax yBeanuut 3pPeKTHBHOCTH TeIIoNnepeaauH, /-
HaKO, TAKOE BBEICHNE TAKXKE YBEIIMUHUT IOTEPH JaBIIe-
HUS TeluloHocuTenel. Beenenne nepdoparmii B ped-
pax Taxke MPUBOJIUT K MOTEPE MIIOIAAN TOBEPXHOCTH
TeIUIoNepeiauy, MPUXOAsIIeHcS Ha eAnHNIy 00beMa
TEIJI00OMEHHHUKA.

B Hacrosmee BpeMs akTyaJbHOU MPOOIEMOi SB-
JseTcs SHepro- u pecypcocoepexenue. [ pemeHus
JAHHOH 3aJ1a4M B IIEPBYIO OYepeb HEOOXO0IUMO CO3/a-
BaTh KOMIAKTHBIE, HO B TO € BpeMs U 3(pdeKTHBHBIC
koHcTpyKuuu ITPT.

Jist ynpomienust nonbopa Hanbouiee pauoHab-
HOTO 110 CBOMM MapameTpam opeOpenus, utoosr [IPT
Ob1T BBICOKO3()(EKTUBHBIM M HEJOPOTUM, MOXKHO BOC-
MOJIb30BAaThCS KOMIIBIOTEPHBIM MOJICTHPOBAHHUEM.

Jnsa mccneqoBaHus pa3MUIHBIX PO QHIIei Toppu-
poBaHHBIX Hacanok (opedpeHus) crpomnacs 3D mo-
JIeNTb  TUIACTHHYATO-PEOPUCTOrO TEMIO0OMEHHUKA B
mporpamme SolidWorks.

W3HavanpHO, 1A TPOBEPKH pPabOTHI MOIEIH,
OB CMOJEIMPOBAaHBl HACAIKH, KOTOPHIC HCIIOJB3Y-
IOTCSl B IIPOMBIIIICHHOCTH. Takue Hacaaku MoKa3aHbI
Ha puc.l, rae a — Hacajaka ¢ TIAJKUM CIUIOLIHBIM Ope-
OpstrolIM 3JIeMEHTOM; O — Hacajka ¢ opeOpeHHeM B
BHJIC YIJIOBOH Mep(OpHUpOBaHHON JICHTHI;

v G

Puc. 1. Mooenv nacaook I1PT
Fig. 1. Model of a plate-fin heat exchanger

Ha puc. 2 moka3aHa MoJielib TEIII00OMEHHOTO I1a-
kera [IPT ¢ nByMs BugamMu Hacallok C BU3yalu3aLMen
TEIUIOBBIX IIOTOKOB B KaXKJIOM M3 KaHaJOB. B kaHai ¢
TJIaAKUMHU Ope6pHIOIJ_[I/IMI/I B3JICMCHTAMU MOOAaCTCA TCII-

JIOHOCHUTEINb, B JAHHOM Cilydae BO3AYX, C TeMIlepary-
poii t=20°C, a B KaHaJI C OPCOPSIFOIIUMH IICMCHTAMH B
BHJe roprpoBaHHON JEHTHI BO31yX moaaercs ¢ t=70
°C
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Puc. 2. Mooens menioobmennoeo nakema ¢ 08yMs 6UOAMU HACAOOK
Fig. 2. The model of heat exchange package with two types of nozzles

Pe3ynbraThl KOMITBIOTEPHOTO aHAIIN3a IPEACTaB-
JICHBI B BUJIC 3aBUCHUMOCTH KO3((UIIMECHTA THIPABIIH-
YECKOTO CONPOTUBIIEHHUS OT KputTepusi PeitHombaca

Re= 2P

(puc.3) 1 3aBUCHMOCTH ITPOU3BEIC-

Hust kputepnst Crantona Sl =

u Ilpann-
C,-pw

7
s Préf (PI’Z%) oT Kputepus PeliHonbca

(puc.4), e @ — CKOPOCTH TEIUIOHOCUTENEH, M/c; d, —
SKBUBAJICHTHBIN IMAMETp KaHanma, M; O - IUIOTHOCTb

TeMIOHOCHTENIEH TIpH CpeHel TemmepaType, Kr/m®; i -

JUHAMHUYECKasl BS3KOCTh TETIOHOCHTENCH MpPH Cpen-
Hell Temmepatype, [lac; a — K03 PUIHEHT TerI00T-
naun, B1/(M°C); C, — TEmI0EMKOCTb TEIUIOHOCUTENEH
TIpu cpenHeit Temneparype, JK/KT; A — TETIIOmpoBO/I-
HOCTh TEIUIOHOCUTENEH NpH CpeqHed TeMIeparype,
B1(M°C).

Koapuunent rupaBanyeckoro ConpoTUBICHNS
JUISl KAaHAJIOB PacCUUTHIBAaETCS MO GopmyIie:

2-AP 5

rne AP - nepeman cratideckoro maBieHus B Ka-
Hane, Ila; ; L — niouna terooOMeHHOro kaHana, M; d,
— DKBUBAJICHTHBIN JUaMETp KaHaja, M.

10

5

5678 10

2 3 R

Puc. 3. 3asucumocmo ko3gpuyuenma eudopasiuueckoeo conpomugienus om kpumepus Peitinonvoca,
20e 1 — Hacaoka ¢ opebpsirowUMU dNeMEHMAMU 6 Ude Y2060 NEPPHOPUPOBAHHOU JleHmbl, 2 — HACAOKA C 21a0-
KUMU OpeOpAIowUMU 1eMeHmamu.
Fig. 3. The dependence of the coefficient of hydraulic resistance of the Reynolds criterion,
where 1 is a nozzle with ribbed elements in the form of a corner perforated tape, 2 is a nozzle with smooth
ribbed elements.
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Tak Kak B IJIaCTHHYATO-PEOPUCTOM TEIIIOOOMEHHUKE HEBO3MOXHO ONPENEIUTh XapaKTepHBIN pa3Mep Ka-
HaJsa, KO3(QQUIEHT TEIUI00Taul 0OBIYHO OTIPENEISIOT He U3 Kputepus HyccenbTa, Kak B OOJNBIINHCTBE PEKy-
MepaTUBHBIX TEIUIOOOMEHHUKAX, a U3 Kputepusi CTaHTOHA.

a
St=——
C, po
Kputepuii [Ipanarins xapakrepusyeT GU3NKO-XUMHUYECKHE CBOHCTBA TETIOHOCHUTEIIS.
Cou
Pr=—"
stpr’
3
211
2 ..
-2 e ¥ .
10—
<
5 » -
4 ~_
4 g
4 5 678 10 2 Re

Puc. 4. 3asucumocmo kpumepus Cmanmona om xpumepus Petinonvoca,
20e 1 — Hacaoka ¢ opebpsrowuMU INEMEHMAMU 8 BUOE Y2060 NePPHOPUPOBAHHOT JIeHNMbL,
2 — Hacaoka ¢ 2na0KuMu OpedPAIWUMU FNeMEHMaMU.
Fig. 4. The dependence of the Stanton criterion on the Reynolds criterion, where 1 is a nozzle with ribbed ele-
ments in the form of a corner perforated tape, 2 is a nozzle with smooth ribbed elements.

Jlis TOATBEp)KICHHUS ITOCTOBEPHOCTH JaHHBIX,
MTOJTyYCHHBIX C TOMOIIBIO KOMITBIOTEPHOTO MOACITHPO-
BaHWs, HAMU OBLI MPOBEICH HATYPHBIA SKCICPUMEHT
Ha JJabOpaTOPHON yCTaHOBKE.

OxcnepuMeHTanbHas ycraHoBka [IPT Bkirogaer B
ce0s TerI000MEHHBIN TaKEeT, COCTOSIINI U3 TIaIKUX
PA3ACNAIOMUX IJIACTUH U PACHOJONKCHHBIX MEKIY
HUMH OPEOPSIOMIMMHU  DJIEMEHTAMH aHAJIOTHYHBIMHU
AHATM3UPOBAHHBEIMH TIPHU KOMITHIOTEPHOM MOJACITHPO-
BaHUHU.

OKCIIEpUMEHT IPOBOIUTCS CIEAYIOIIAM 00pa3oM:

Temmonocurenpb (BO3AyX) U3 MOMEIICHHS MOCIIC-
JOBATEIBHO MPOXOIUT U3MEPUTEIBHOE COIIIO, OJTUH U3
KaHAJIOB OPEOPSIOMINX 3JICMEHTOB, 3aTE€M IPOUCXOINUT
HarpeB BO3JyXa C MOCIEIYIOMIEM IIPOX0XKICHHEM de-
pe3 Apyroil KaHaj TEIUIOOOCHHUKA, U BEHTUWISATOPOM
BBIOpackiBacTCs B atMocepy. B pesynbrare mosydeH-
HBIC 3HAUCHHS JIETJIM Ha MpsAMbIe, IpUBEACHHBIC Ha
puc. 3 u 4, 4T0 MOATBEPKAAET BO3MOXKHOCTb UCHOJIb-
30BaHUSI KOMIIBIOTEPHOTO MOJEIUPOBAHMS A 000C-
HOBAHHOTO BBIOOpA paIMOHAIBHO Tpoduiis roppupo-
BaHHBIX Hacagok [TPT.

[Ipoananuzuposas rpaduku, IpeacTaBICHHBIC HA
puc. 3 u 4, MOXXHO CcAeNaTh BBIBOJ, YTO Y HACAIKU C

OpeOpSIOIINMHE 2TIEMEHTaMH B BUJIE YIII0BO riephopu-
POBAaHHOM JIEHTBI TeIUIONepesaromas CcrnocoOHOCTh
BBIIIIC, YeM Y HACAKH C TJIAIKUMHU OPEOPSIOIIUMHU dJTe-
MEHTaMH, HO BBIINIE U THIPABINYECKOE CONPOTHBIEC-
HHUC.

CpaBHEHHS TEIUIOBBIX MOBEPXHOCTEH ISl OLICHKU
opeOpeHHsT MOXKET HMPOBOJUTHCS 1O METOIY IMPEAsIo-
xxearomy E.B. Jlyoposckum. [4] ComocraBienue 3¢-
(exTBHOCTH To(dpupoBaHHBIX Hacanok [IPT moxxHO
HNPOBOJUTH 1O TPeM KpHUTepusiM 3()(HEKTHBHOCTH: IO
TerIoBoMy MoToKy Kg, mo MmomHOocTH KN, TI0 TUTOImaam
Kr.. brarogapst KOMIIBIOTEPHOW MOJEIH, MBI MOXEM
paccunuTaTh KOA(PPHUIUEHTH THIPABIMYECKOTO COMPO-
THUBJICHHSA U KO3 PuienTs! Teruootnauu [1PT mis co-
OTBETCTBYIOIIEH TOPprUpOBaHHON Hacanku O6e3 mpoBe-
JICHUS] HATYPHBIX SKCIICPIMEHTOB.

Ilocne MMPOBCACHUA HUCIIBITAHUN BbIIICYKa3aHHBIX
HacajIoK ¥ aHAJIM3a MOJTyYCHHBIX JaHHBIX, ObLIa IPOBE-
JeHa oneHka 3(dexTuBHOCTH OopeOpeHHs Hacalku B
BHJIE YIJIOBOM NeppOpUpOBaHHOM JIEHTHI (Hacaaka 2)
10 CPaBHEHHMIO C HACAKOM C IIaJIKUMH OpEOPSIFOIMMHU
aneMeHTaMu (Hacazaka 1).

Pe3yspTaThl aMpOKCHMUPYIOTCSI C TOMOIIBIO Me-
TOJJa HAMMEHBIINX KBA/IPATOB 3aBUCUMOCTSAMU BUAA:
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BriOupaem 1ocieoBaTelIbHO HECKOJIBKO 3HaYeHU Rep s kanana. J[ias koHKpeTHOTro mpuMepa Rep ObLi
mpurat 500, 700, 1100, 1400, 2100. u3 ycnoBHs paBeHCTBA 3aTpaT MOITHOCTH U TIOBEPXHOCTEH OmpeernseM 3Ha-
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Puc. 5. 3asucumocmo kpumepus 3pgpexmusHocmu no menziogomy nomoxy om kpumepust Peiinonvoca
Fig. 5. The dependence of the efficiency criterion of the heat flux from the Reynolds criterion.

Jnst Hacanku ¢ OpeOpSIOIIMMH dJIEMEHTaMU B BUJE YITIOBOH Iep(GOPHPOBAHHOM JIEHTHI IIOJIy4eHHBIE Pe3Yiib-
TaThl OTPaKEHBI Ha Tpadukax (puc. 5, 6,7)
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Puc. 6. 3asucumocmo kpumepus 3¢pgpexmusnocmu no mowrocmu om kpumepus Petinonvoca.
Fig. 6. The dependence of power efficiency criterion on Reynolds criterion.
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Puc.7. 3asucumocmov kpumepus sgpgpexmuernocmu no niowadu om kpumepus Petinonvoca.
Fig. 7. The dependence of the area efficiency criterion on the Reynolds criterion.

W3 momydeHHBIX TpadMKOB BHIHO, YTO HAWITYd-
i pexuM gocturaercs npu Re;>2100, tak kak emy
COOTBETCTBYET HambobIee 3HaueHne Ko 1 HanMeHb-
miee 3HaueHue Ky u Kr

BoIBoabI

Ha ceropHsaMi AeHE N3BECTHO OOJBIIOE KOJH-
4ecTBO TO(PHUPOBAHHBIX HACANOK JUIS TUIACTHHYATO-
PEOPHCTHIX TETITOOOMEHHIKOB, ITOVICK HOBBIX U OoJiee
3¢ GEKTUBHBIX BAPUAHTOB OpeOpeHus (HacaIoK) sSBIIs-
€TCsl aKTyaJIbHOU 3ajauel, MOCKOJIbKY €T BO3MOX-
HOCTb CHU3UTbH KalHUTaJbHbIE 3aTPaThl HA W3TrOTOBJIE-
HHUE TETNIO0OMEHHUKOB M SHEPro3aTpaTsl MPH MX JKC-
IJIyaTanuu, CBS3aHHbIE c TUAPABIUYECKUM
COTIPOTHBIICHUEM KaHAJIOB TEIUI00OMEHHUKOB. Mccite-
JOBaHHUE ABYX TEIUIOOOMEHHBIX TOBEPXHOCTEH C TOMO-
B0 KOMIBIOTEPHOTO MOJEIUPOBAHUS, PE3YIbTATHI
KOTOPOTO OBLTH MOATBEPXKAECHBI HATYPHBIM JKCIIEPH-
MEHTOM, TIO3BOJIWJIO MOJIYYUTh 3aBUCUMOCTH, TOKa3bI-
BaroIKe BIMsIHUE Yrciia PeiiHonbaca Ha kputepun 3¢-
(eKTHBHOCTH. Y CTaHOBIICHO, YTO [IEIeCO00pa3HO IKC-
M1yaTUPOBATh IUTACTHHYATO-PEOPUCTHIC

TEIUIOOOMEHHUKH TpH Ymciax PeifHonpaca Oosbie
2000. MeTon CpaBHUTEIHHOH OLIEHKU C HMCIOJIB30Ba-
HHEM JIaHHBIX, IOJIy4eHHBIX B PE3yJIbTaTe KOMIIBIOTEp-
HOTO MO/ICTTMPOBAHNUS B mporpamme
COSMOSFloWorks, sBnsiercst HanboJiee parroHaib-
HBIM, MTOCKOJIBKY IPU JOCTOBEPHBIX PE3yNIbTaTax IM03-
BOJISIET MUCKIIOYUTH 3aTPaThl Ha M3TOTOBJIEHUE JKCIIe-
PUMEHTAIBHON MOJEIY HAaCaJKH M caMoil iabopaTop-
HOMW YCTaHOBKH JUISl €€ UCIIBITAHUH, YMEHBIIUTD BPeMsI
Ha TIOJy4eHHUE NaHHBIX 10 KOA(pPHUIHEHTaM TEeTIO0T-
a4yl U TUAPABIMYECKUM COIPOTHBIICHUSM HACA/IKH.
JlaHHBIE, TIOTy4EeHHbIE B Pe3ysIbTaTe KOMIIBIOTEPHOTO
9KCIICPHUMEHTA, ITO3BOJISIIOT 000CHOBATH BEIOOP Han0o-
Jee BBICOKO((EKTUBHON KOHCTPYKIIMU HACAKH.
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UCIOJIb30BAHUA PAMOYHBIX U3JYYATEJEHA 1711 ®OPMUPOBAHUS PABHOMEPHOI'O
A3BUMYTAJIBHOI'O TIOKPBITHUSA

Kpueenuee Eezenuit Anexcanoposuu.
Acnupanm

FOoicno-Poccutickuti I'ocyoapcmeennwiii nonumexnudeckuti yuusepcumem (HIIN) umenu M.HU. ITiamosa.
Daxynemem eoenno2o o6yuenus, Boennas xageopa 8oiick ceasu.
Havanvnux yuebnoti yacmu - 3amecmument HAYaIbHUKA Kagheopbl.

2. Hosouepkacck, Pocmogsckou 061. P®.
DOI: 10.31618/ESU.2413-9335.2019.4.60.13-18

THE USE OF FRAMEWORK RADIATORS FOR THE FORMATION OF UNIFORM
AZIMUTHAL COVERAGE

Kriventsev Evgeny Aleksandrovich.
Postgraduate student,

South-Russian State Polytechnic University (NPI) named after M. 1. Platov.
Faculty of military training, military Department of communication troops.
Head of the educational part, Deputy head of the Department.

Novocherkassk, Rostov region of Russia.

B craTtbe paccMoTpeHa 3a1a4a, HOCBAIIEHHAS OLIEHKE BO3MOKHOCTHU UCTIOIBb30BaHUS PAMOYHBIX U3TydaTeneit
1u1st (GOPMHUPOBAHMS PABHOMEPHOTO a3MMYTAalIbHOTO TOKpHITHS. JlaHHAs 3amada Ga3upyercsl Ha MCCICIOBAHUU
(YHKIMU pacrpeneiecHus] TOKa paMOYHOTO HM3JIydaTess, MPEACTaBICHHON MATU3BEHHOW MOENbBIO Pa3IoKeHHs

Dypse.

The article deals with the problem of assessing the possibility of using frame emitters to form a uniform
azimuthal coating. This problem is based on the study of the current distribution function of the frame emitter

represented by a five-link Fourier expansion model.

KarueBble cJioBa: paMOYHBIH H3ITy9aTeNb; PABHOMEPHOE a3MMYyTAIBHOE TIOKPBITUE; IIPOBOJIOYHBIC CTPYK-
TypsI; GYHKIUS paclpenesieHus] TOKa;, MHTErpo-IudQepeHnnanbHoe ypaBHeHIe; KOAQPUINEHTHl pa3IoKeHHS

®dypre; KOMITIEKCHasE HarpysKa.

Key words: framework mast; uniform azimuthal coverage; the wire structure; the distribution function of
current; integro-differential equation; the coefficients of Fourier transformation; complex-valued load.

OImBIT KCIUTyaTaldd COBPEMEHHBIX CHCTEM MO-
OWIIbHOM CBSI3M, HAOMIOACHHS U KOHTPOJIS, BBIABHUHYI
PsiI KOHCTPYKTHBHBIX U DHEPreTHYECKHE TPeOOBaHMIT
K QHTCHHBIM YCTPOMCTBAM, UCIIOJIB3yEMBIX B MEPCIICK-
tuBHbIX ceTsix Wi-Fi u Wi-Max. K atum tpeboBanusm
OTHOCSTCSI: Maiblii BeC, IIPOYHOCTh U BHOPALIMOHHASI
YCTOWYMBOCTH; BCCHATIPABIICHHAS MJIH YIIpaBIisieMasl B
TOPH30HTAIIBHOM IIOCKOCTH XapaKTePUCTHKA HaIpaB-
JICHHOCTH, O0ecleuynBarolas paBHOMEPHOE a3uMy-
TaJbHOE MOKPBITHE, MaKCUMAIIBHO PEalM3yeMBbIil KO-

3¢ GHUIMEHT MOIE3HOTO AEHCTBUS; BOSMOKHOCTD IO~
KITFOUYCHUS HECKOJIBKUX UCTOYHUKOB BO30YKICHUS; XO-
poliiee COrIacOBaHNE aHTCHH C PHUICPHON JIMHUCH.

PeannzoBaTh ykazaHHBIC, B psilie CIIydaeM MPOTH-
BOPEYMBHIC, TPEOOBAHHS MOXHO C MOMOIIBIO MPOBO-
JIOYHBIX CTPYKTYp, (HOPMHUPYIOMUX B IMPOCTPAHCTBE
HeoOXouMoe pacrpeeneHue Toka. Hanbomee npuem-
JIEMBIMH ISl TOCTHKCHUS JaHHOU LENN SBISIFOTCS pa-
MOYHBIC U3JTy4aTeITH.

OrneHka BO3MOXKHOCTH HCHOJB30BaHUS paMOy-
HOTO W3JIydaTels Ui (OPMHPOBAHUS PABHOMEPHOTO


https://elibrary.ru/contents.asp?titleid=7645
https://www.doi.org/10.31618/ESU.2413-9335.2019.4.60.13-18
https://www.doi.org/10.31618/ESU.2413-9335.2019.4.60.13-18
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3JIEKTPOMArHUTHOTO TIOKPBITHA B a3UMYTaJIbHOH ILIOC- ODyHKIUS pacpesesieHus] TOKa OObIYHO SIBIISCTCS

KOCTH TpeOyeT CTpOroro omnvcaHusl QyHKIUM pacripe-  pelIeHHEeM BHYTPEHHEH 3aJadd JJIsi paMOYHOTO H3ITy-

JIeJICHUs] ToKa. DTO OCOOCHHO BaKHO sl paMok ¢  4varens [4]. OHa BrepBble OblIa paccMOTpeHa B paborte

OOJNBIINMH TEOMETPUIECKAMHU pa3MepaMu, Koraa ux [l] W Kacamach pemieHus MHTErpalbHOTO YPaBHEHHUS

MIEPUMETP HPEBBIIAET HECKOJIBKO JUTMH BOJIH. XaneHa JUIs KOJIbLIEBOTO paMKH (puc. 1), Bo30Oyxnae-
MOii CTOpOHHHMM renepaTopoM B Touke @ = 0°.

2a

Pucynox 1. Konvyegou pamounsiii uznyuamens

B nmanbHeiimem, BOIIPOCH, Kacalomuecs paMOYHBIX U3TydaTeneil 1 nX MoauduKanuii, HalluIi CBOE OTpaxe-
HUe B pabotax [2,3,4]. Pe3ynbTaThl 5THX TPYIOB UMEJIH YTOUHSIOIINIT XapakTep.
J1st Kpyraioil paMKu, yOBJIETBOPSIOIIEH YCIOBUIO

a’(( R (ka)* (1 M)

MOYHO 3aIliCcaTh CIEAYI0lIee HHTErPaJbHOE ypaBHeHI/I)I [2] oTHOCHTENBHO DYHKITUH paclpeeICHUs TOKA
Vsd(9—9') = u—j T(o—9)-1(¢)dd

Snpo ypaBHEHHS MpeACTaBICHO (QyHKIMEH

1 0° ,
T(¢—¢") = [kRcos(¢- <|>)+kR o0 G(o-¢"),

rac

. z_nrnexp(—ik-J4stin2((¢—(|>')/2)+4azsin2(w/2)dw.(3)

T JARZSinA((§—¢' )/ 2)+4a sin*(y/ 2)
3nech, R - paguyc paMku; a - paanyc eé mpoBoja; k = 271t/A - BOIHOBOE YHCIIO TSl CBOGOIHOTO MIPOCTPAHCTBA,;
W - BostHOBO€ comnpoTHBIIeHHE Cpebl; Vof - HanpspKkeHre BO30YKIaloNIero reHeparopa, MpUHAMaeMoe PaBHbIM |

B. IlpezacraBuB moasIHTErpalibHYI0 QYHKIMIO HHTErpana (2) psgom Dypee, st GYHKIUU pacipelesieHus: ToKa
MOXKHO 3aIlUCaTh CIEAYIOLIEE YDABHEHHE

1(¢) =—i Z—e @)

n=—oo

KoaddunmenTs: a, cBsi3anbl C pagnycoM paMKH COOTHOIIEHHEM

2
a, =a, = kR Tn+1 _;Tn—l - :RTH (5)

IIpu GonpmIUX N OOIYCTHMO COOTHOIICHHE Tn+1 +Tn_1 ~ 2Tn W BBIpaXEHHE IS KOS(P(HUINESHTOB

(I)ypbe, MOKHO 3alucaThb B BUJIC

"T o kR F(2n+2) ©)
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rae ['(2n+2) - Tamma QyHKIHS.

Tak kax an = An + IBn 1 8n = an, TO GYHKIHUIO pacipeaeseHus ToKa (4) Ui Kpyriold paMKu

MOJXHO 3aI11ucaTthb B THOM BHUC
. ve ) s )
1(g) = —i-8--[(A, +iB)) +2> (A, +iB,)-cosng]. -
n=1

JleHCTBUTENBHBIX 1 MHIMBIX COCTaBIISFONIHE Ap 1 By K03(h(hpunneHToB pa3nokeHus JIerko HalTH U3 COOTHO-
uienust (6). Ha puc. 2, 3 u 4 npeicTaBieHbl pe3ybTaThl PaCUeTOB 3aBUCUMOCTH YKa3aHHBIX KOI(M(PHUIUEHTOB OT

27R
napametpa kKR = 27R/A. TIpu pacueTax B KauecTBe mapamerpa Obliia BbIOpaHa BETHUUHA Q = 2In ? .
An
60—\

\\

W\

TN N
AN

2,0
» \
T D et o

1,0 e — ] =10 | ———

0 = é
» \% m—— S “Q‘ili /

n FRNew ) | [P
-2,0 \%’

92 04 06 08 10 1z 14 16 18 20 22 24 kR
Pucynox 2. [eticmeumenvhuvle cocmagnsiougue Ao, A1, Az .

Bi1,B2 Bi Bu
40 N " 0.4
\ P
3.5 \ o 0,35
[ AN\ e
0 r—

2,5 }
. o ] /)(\\g-s A <.

//f/ a-10
N /// Q-10 / \\9,1
PN

0,5 = =
P L= PNy S
i / _____'__,_.--" _—__/ =10
92 04 06 08 10 12 14 16 1,8 28 22 24 ER

Pucynox 3. Muumwvie cocmasnsrowue Bo, B1, Bz .

0 4 0.8 1.2 1.6 2.0 kR
Bn
0,7

/-
/;L
7
A

o B 0.6
R4 oo
0.8 \ \\\ . Ba
G \ N O=8| 04
i N /
NLXT| 03
-1,2 by /
Ne-10| 0.2 7
1.4 \A3 o1 Q=8// Og
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Pucynox 4. Jleticmeumenviuvie Az, Aa, u muumvle B, Bs cocmasasiowue.

An Q-8
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AHanu3 IpeCTaBIeHHBIX 3aBUCHUMOCTEH MOKA3bIBACT, YTO JJIS COCTABISIIOMUX A1, B1, A2, B2 BOMM3M 3Have-
nuit KR = 1 u kR = 2 umeer mMecto SBHO BhIpakeHHBINH pe3oHanc. Hanbompmii BKIIaa B paclpe/ielicHue ToKa
BHOCST COCTABJIAIOIINE HE O0Jiee ueTBepTOro nmopsiaka. C y4eToM 3Toro OeCKOHEUHbIH psif B (7) MOXKHO 3amucaTh
B BHJIC CYMMBI JBYX COCTaBJISFOIINX

i(Aﬂ +iB,)-cosng] = Z‘:(Ah +1iB,)-cosng] + v (¢)

CDyHKI_II/ISI, AlMpOKCUMUPYIOIIasi COCTABIAOMINC PAIa BBICOKOTO MOPAAKA, OMMUCBIBACTCA COOTHOIICHUCM

2 kR kR
w(P) = —m‘ Sl(@)4 s +§ (@)(4 5) ®)
5. (@) ~ I In(n,/4.5)  cos(4.5®x) " o

In(n, /4.5) — Inx x’

¢ cos(4.5Dx
$,(D) = j# d (10)

1

In no = In(2R/r) - v; R — pagnyc pamku; ¥ = 0.557 (mocrosinuas Ditnepa) [pencrasieHnsie Ha puc.S rpaguku
byukumii S1(d) u So(d), paccuurannsie 15t Q = 10, MOKA3BIBAKOT, YTO OHU UMEIOT HAUOOJIbIIee 3HAYCHHUE TOIBKO
B npejienax yriosoro cektopa @ < 30°, a cienoBatenbHO, 0Ka3bIBAIOT BIMAHKME B OCHOBHOM Ha BXOIHOM UMITEIAHC
PaMOYHOTO M3ITydaTeIs.

135
La
135

1.1
06 |l
033
,I'l -

LAY _—
01k . =
-0.14 I'-‘..SEM:F "":/ MR"'*"'
. '|l] _.;
i

-0.39
0 12 36 54 72 80 102 126 144 142 120

[
'
N

-0.a4

Pucynox 5. @ynxyuu S1(@) u S2(4).
AMIUIHTYIHOE paclpeielieHre TOKa pAMOYHOM aHTeHHBI, paccuntantoe st 3aauenunii KR=1 u KR=2, moka-
3aHO Ha puc.6.
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Pucynox 6. Pacnpedenenue amnaumyobi moKa pamoyHOU aHMEHHDI.

I'paduky, mpeacTaBICHHBIC CIUIONIHBIMH JIMHU- K JUIMHE BOJHBI. OHAKO 3TO IMPUBOIUT K HEPAaBHOMEP-
SIMH, COOTBETCTBYIOT TOUHOMY PEIICHHUIO /ISl QYHKIIMM ~ HOCTH pacIipeeieH st TOKa BI0Jb €€ MPOBOaa U H3pe-
pacrpenelieHus ToKa, a MyHKTHPHBIMU JIMHUSMH - KO-  3aHHOCTH JUarpaMMbl HAIIPABJICHHOCTH.
cuHycouaanbHOMy Tpubmmkenno. C yBeaundeHHeM ChopMupoBaTh KpyroBylo IuarpamMmy Hampas-
pa3mepa pamku Habromaercst 0ojiee CHIBHOE pa3iii-  JICHHOCTH U 00ECIEYUTh PABHOMEPHOE a3UMYTAIbHOE
YKHe MEX/Iy TOUYHBIM U MPUOJIKSHHBIM 3aKOHAMH pac-  MOKPBITHE, MOYKHO 3a CUCT KOPPEKIHH PACIIPEICICHHS
npezeneHus Toka. [Ipu TOYHOM pacrpe/ie/ieHH TOK B TOKa TOPH30HTAJIBHO PACIOJIOKEHHON paMOYHO# aH-
y3JIax HE ClajaeT M0 HyJs, a MPUHAMACT HEKOTOpoe  TEeHHBL. CKOPPEKTHPOBATh  pPACHpEACICHHUE TOKa
MHUHHMMAJIbHOE 3HaueHue. UeM cuiibHee yalieH y3eJI OT  MOYKHO BKJIFOUSHHEM B IIPOBO/] PAMKH M JIOMOIHUTEIb-
Touku Bo3OyxaeHus (@ = (), TeM MCHBIIICEe 3HAYCHHE  HBIX 'EHEPATOPOB. 3aJ]aB YIrIIOBbIC KOOPIUHATHI TOYCK

TOKa B HEM. XapaKkTep paclpeeseHus MOTBEPKAACT  BKITIOYCHHS reHEepaTopoB
(axT BIUSHNS W3Ty4EHUS TOJS HAa yMEHBIICHHE aM- 27 2 27 21
IJIMTYAbI TOKA. @20,—,2—, ...(q—l)—,....(m—l)—
O¢ddexTuBHOCTH paMOYHOTO M3TydaTeNs (32 CUET m m m m
POCTa COMPOTUBIIEHHUS M3TYYEHHUS ¥ K.I1.J1.) MOKHO mo- > PACTIPEICICHIAC TOKa B paMKE OTIPENCIIMM Kak CyMMy

BBICHTD, €CIIH YBEJHUUTD €I0 Pa3sMephl 110 OTHOwIeHnio  TOKOB, CO3/1aBAEMBbIX OT/IE/LHBIMU IeHepaTopam [3]

(@) = Y F(@,9)-V,., , (1)
g=1
raec

2
L cosn[@= " (g=D)] o
—+2-) " + yl®@-"=(q-D]| ,12)
a n=1 a m

n

F@,q) = — i
T

OmHako ciexyeT OTMETHTD, YTO MOCTPOCHUE PAMOYHON aHTEHHBI, BO30YX/IaeMOi HECKOJIEKIMHU TeHEPaTo-
pamu, CONPSKEHO C TPYAHOCTSIMH pPEeaTH3allii CHCTEMbI MIUTaHuA. B Takux ciydasx menecooOpa3Ho Bce TeHepa-
TOpBI, KpoMe TeHeparopa B Touke @ = 0%, 3aMeHUTH HArpy304HBIM CONPOTUBIEHUEM Zg-1. [IpH 5TOM KakIyto
Harpy3Ky MOXHO pacCMaTpHUBaTh KaK HEKOTOPHI SKBUBAJICHTHBIN I'€HEPATOp C HaNpsHKEHUEM

q g-1

27
V., = - Zq_l I = _Zq—l '1[;((]_1)]- (13)

[MTocraBuB cootnomenue (13) B (11) mosryunm

s 2
(@) = F@WV, = Y F@.q)- 11" (g =D Z, - qy
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Hcnonp3ys 3TO COOTHOIIEHHE MOKHO BBIYHCIHUTH TOK lp, IpoTekaromuii uepes p-10 Harpys3Ky, yCTaHOBJICH-

2
Hyto B Touke D = —ﬂ(p—l).
m

I = 1[2;” (p- sz[% (p-DIV, - ﬁF[%’ (-l 1, Z,,

Herpyznno BuzieTb, 9To BEIYUCICHUE TOKOB |p, B Harpy3kax, CBOJUTCS K PELICHUIO CHCTEMBI M — 1 muHEHHbBIX
ypaBHEHHHU. 3HAsI TOKH B HATPY30YHBIX COIPOTUBJICHUX, O0IIIee paclpeie/ieHHE TOKA MPEICTABUTH CIICIYIOIUM

COOTHOIICHUEM

2 27
[(D)=F (D)W, - Z F[® - — (p-1.q91-1,.,-Z,, . 15)
q=2

HepBoe cJlaracéMo€ OIIMCbIBACT PACIIPCACIICHUC
TOKa PaMKH HEWMEIOIIel Harpy3oK W BO30yKIaeMoi
reHepaTopoM, BKIoueHHbIM B Touke @ = (°. Bropoe
claraeMoe TPEICTAaBISIET KOPPEKTHUPYIOIIYIO (YHK-
U0, OTPaKAIOUIYIO BIUSAHNE HArPy30K Ha 00IIee pac-
npejesieHne Toka. BpiOupas 3HaueHHe KOMILIEKCHBIX
HArpy30K U MECTO MX BKIIFOUEHUS, MOXKHO C(HOPMHPO-
BAaTbhb TaKO€ paCOpeaCJICHUC TOKA, TP KOTOPOM 6yz1eT
pEAIN30BBIBATECS. PABHOMEPHOE A3UMYTAJIBHOE 3JIEK-
TPOMArHuTHOC MOKPBITHUE.
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HCCJIEJOBAHUE XAPAKTEPUCTUK ABTOTPAHCIIOPTHOI'O IMIOTOKA C YUETOM
YPOBHEM OBCJIYKUBAHUS JIBUKEHUS

Axynun Huxonan Hukonaeeuu

J-p mexn. nayx, 3a6. kag. asmomodUILHO20 Mpancnopma, npog.,

2. Openbype
Axynuna Hamanvsa Bnaoumuposena,

[-p mexu. Hayk, npogh. kag. asmomodunLHOLO Mparcnopma, 0oyexm,

AHHOTAIIHSL.

2. Openbype

Hecmepenko /luna Xanunosna,

acnupanm Kageopwvl agmomooUILHO20 MPAHCNOpmA,
2. Openbype

Heﬂb HUCCICA0OBaHUs COCTOUT B IIOUCKE 3aBHCUMOCTEH MCKAY XaPAKTCPUCTUKAMHU ABTOTPAHCIIOPTHOIO I10-

TOKa MO0 YPOBHAM O6CJ’Iy>KI/IBaHI/I${ JABHWXXCHUA. MGTO,Z(I:I HCCIICJOBAaHUA: MaTEMAaTUYCCKasd CTaTUCTHUKA, HATYPHBIC
O6CJ‘ICZ[OBaHI/I$I. Ilo pe3yiibTaTaM HCCICA0BAHNA NOJYYCHBI 3aBUCUMOCTH CKOPOCTHU aBTOTPAHCIIOPTHOI'O IMMOTOKA
OT UHTCHCUBHOCTH JABMXCHUA U BCIIMYUHBI TACCAXKUPONIOTOKA, 3aBUCUMOCTb BPEMEHU NTEPEMEIICHUS ITacCaKrpa
OT CKOPOCTH ABHXXEHHUSA aBTOTPAHCIIOPTHOTO ITOTOKA. HOJ’Iy‘-IeHHLIe 3aBHCUMOCTH ITO3BOJIAKOT OIMUCATh COCTOSHHUEC
ABTOTPAHCHOPTHOT'O NOTOKA MO BPpEMEHU NEPEMCIICHH IMacCaKrupa U CKOPOCTU aBTOTPAHCIIOPTHOTO MOTOKA JJIA
KaXX101ro YpoBHA O6CJ’Iy)KI/IBaHI/I$[ JBHKCHUA IPU U3BECTHBIX 3HAYCHUAX HHTCHCUBHOCTH U BEJIMYMHBI ITACCAXKHUPO-
II0TOKa.

ABSTRACT.

The purpose of the study is to search for dependencies between the characteristics of the motor traffic flow
by the levels of traffic services. Research methods: mathematical statistics, field surveys. According to the results
of the study, the dependences of the speed of the traffic flow on the traffic intensity and the size of the passenger
traffic were obtained; the dependence of the time of movement of the passenger from the speed of movement of
the traffic flow. The dependences obtained allow us to describe the state of the motor traffic flow by the time of
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movement of the passenger and the speed of the motor transport flow for each level of traffic service at known

values of the intensity and size of the passenger traffic.

KiroueBble c10Ba: ypoBeHb 0OCTYy)KUBAHUS IBIKCHHSI, CKOPOCTh aBTOTPAHCIIOPTHOTIO TOTOKA, BpeMs Iie-
peMEmICHUs NacCaXxnupa, HHTECHCUBHOCTD, ITaCCaXKUPOIIOTOK
Keywords: motion service level, traffic flow rate, passenger travel time, intensity, passenger traffic

CocrosiHUE aBTOTPAHCHIOPTHOTO ITOTOKA XapaKTe-
pusyercsi ero ckopocthio. [yt Toro, 4roObl ompene-
JIUTh CKOPOCTH V JIBIKEHUS aBTOTPAHCIOPTHOTO MO-
TOKa HE0OXOIMMO HaWTH (PYyHKIHIO CKOPOCTH, KOTOPast
3aBHCUT OT MHTEHCHMBHOCTU N IBI)XEHHS aBTOTpaHC-
MOPTHOTO TO0TOKa. CKOPOCTH aBTOTPAHCHOPTHOTO IO-
TOKa /ISl YPOBHS 00CTY)KHBaHUS A MOKET COCTABIATh
6oitee 60 km./gac; B — ot 54 mo 60 xm./gac; C — ot 42

10 54 xm./4gac; D — ot 33 no 42 km./qac; E — menee 33
kM./gac; F — ot 18 km./4ac. (tabmuma 1) [1].

CtpykTypa aBTOTPAaHCHOPTHOTO IIOTOKAa OTpa-
JK€Ha B 3HAYCHUHN MHTCHCHUBHOCTH JIBUKCHUS N, KOTO-
poe ompexensieTcss Kak Mpou3BeeHne KodpuinenTa
3arpy3Ku Z ¥ MpOIycKHO# crocoOHocTu P. Hampumep,
JUTS ABYXITOJIOCHOM OPOTH C MPOITYCKHOM CIIOCOOHO-
cteio P = 2000 aBT./9yac MHTEHCUBHOCTE OBIOKEHUS N
cocraiser [2]:

Tabnuna 1.I'panuiiel ypoBHEH 00CTyKHBaHUS 151 IBYXIIOJIOCHON JOPOTH

YpoBeHb 00CTyKUBaHUS F E D C B A
z 1,1 1,00 0,90 0,70 0,45 0,20
N, aBT./uac 2200 2000 1800 1400 900 400
V, KkM./49ac 18 24 33 42 54 60
Oynknus ckopoctd V [Uis ABYXMOJIOCHBIX I0POT MPUMET BHI:
70

g 60

E V =-0,0236N + 72,737

2 50

>ﬁ ~ R*=0,970

g 40 S

o

=

2

o 30

o

£

g, 20

o

=

Q

g 10

=

é 0

a 0 500 1000 1500 2000 2500

]

3 WMHTEeHCUBHOCTH ABM)KCHUS aBTOTPAHCIIOPTHOTO IMOTOKa, N aBT./dac.

PuC)/HOK 1. 3asucumocmo CKopocmu V om unmencusenocmu osudicenus N asmompanCcnopmnoco nomoka

AnHanoruysbiM  00pa3oM MOXKHO OTPENETHTh
(YHKIIMU CKOPOCTH IOPOT € PA3IMIHBIM YHCIIOM II0JI0C
JIBYDKCHUS.

Jns onmcanusa ckopoctd V aBTOTPAaHCIIOPTHOTO
MIOTOKA BHYTPH YPOBHEH OOCIY>KHBaHUS OTPE/ICIICHbI
3aBUCHMOCTH CKOpPOCTH V 0T maccaxxuponoroka Q or

1000 macc./aac no 10 000 macc./dac. Mo Kakaomy
ypoBHIO oOcTyKuBaHus (Tabmuma 2). 3HaueHne CKopo-
ctu V MPeACTaBICHO ISl KAXKIOTO YPOBHS 00CITyKHBa-
HUS B COOTBETCTBYIOIIMX mpenenax (tadmwma 1). W3-
BECTHO, HAMIPUMEP, YTO CKOPOCTh B IPAHMIAX YPOBHS
obcnyxuBanus B cocrasnser ot 54 no 60 km./4ac.

Ta6m/1ua 2. I/ICXOI[HI)IG JaHHBIC U1 TIOCTPOCHUA 3aBHCUMOCTEM CKOPOCTHU \ JABUIKCHUS aBTOTPAHCIOPTHOT'O I10-

TOKa OT IMacCaKUponoToka Q

Q, macc./gac. | 1000 | 2000 3000 | 4000 5000 | 6000 7000 | 8000 | 9000 | 10000
A 65 64 63 62 61 60
2 B 59,9 59 58 57 56,5 56 55,5 55 54,4 54
g C 53,9 53 52 51 50 48 47 45 43 42
g D 41,9 41 40 39 38 37 36 35 34 33
> E 32,9 32 31 30 29 28 27 26 25 24
F 23,9 22 21,5 21 20,5 20 19,5 19 18,5 18

[ToyueHHBIE 3aBHCHMOCTH TIPENCTABICHHI B IpaMIecKoM BHJIE Ha pUCYHKE 2.2.
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Pucynox 2 - 3asucumocmo ckopocmu N agmompancnopmuo2o nomoxa om naccaxcuponomoxa Q:
a) 01 ypogHs obcayxcusanus 0gudcenusi A; 6) 01 ypoers odcaycusanus osudxicerus B; ) onsa yposna 06-
cnyocusanus osudicenust C; 2) 0t yposHst o6cyxcusanus ogudicenusi D; 0) 0ist yposHst 06caysxcueanust 08u-
orcenus E; e) 0ns yposHsa obcuyscusanus osudscenus F.

OYHKINU 3a8BUCUMOCTH CKOPOCTU V OT Maccaxu-
pororoka Q, MOKa3bIBAIOT, KAK PACIPEAEIISETCS CKO-
pocTh V aBTOTPAaHCIOPTHOTO MOTOKA BHYTPU YPOBHS
00CITYy)KMBAHUSI, U SIBISIFOTCS. CIPABEUTUBBIME JUTSL J10-
POT C pa3In9YHO# MPOIMYCKHOM CIIOCOOHOCThIO P.

Jiist ycTaHOBICHUSI 3aBHCUMOCTH BpeMeHHu t ot
ckopoctd V HEO0OXOIUMO OTpPEACIUTh 3HAUCHHUE BpE-

MeHH t 1o ypoBHsIM oOciyxuBanus. VcxoqHbie TaH-
HBIE JUIs CKOpOCTH V IIpecTaBlIeHbI B TAOIHLE 3: CKO-
pocTh V aBTOTPaHCIOPTHOTO MOTOKA /IS YPOBHS 00-
CIY>)KUBaHHS A MOXKET COCTaBIATH Ooee 60 km./49ac; B
— ot 54 1o 60 km./uac; C — ot 42 10 54 xm./4gac; D — ot
33 no 42 xm./gac; E — menee 33 km./gac; F — ot 18
km./4ac. [1, 3]. Bpems t mpencTaBiisieM B MHHYTaX OT
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gaca. Takum o0OpazoM, mosrydaeM Ui YpOBHSA 00CTy-
KUBaHHUS A cO 3HAYEHHUEM CKOpPOCTH V IBIKCHHS aB-
TOTPAHCIIOPTHOTO MOTOKa paBHO# 60 KM./dac — BpeMs

t = 1 gac/60 xm./gac. [Tomyuqaem 0,0167 gaca. Anaio-
THYHBIM 00pa30M YCTAaHOBJICHBI 3HAYCHUS BPEMEHHU
Ui ypoBHel oocnyxusanus B, C, D, E, F.

Ta6m/1ua 3. I/ICXOZ[HI)IG JAaHHBIC U1l YCTAHOBJICHU A 3aBUCUMOCTU BPEMCHU tor CKOpOCTHU \Y ABUIKCHUA aBTOTPAHC-

MIOPTHOTO ITOTOKA

A B C D E F
V, V, V,
V, V, KM./ KM./ KM./ V,

KM./4. t,yaca | KM./4. | t, yaca q, t, yaca q, t, yaca q, t,gyaca | KM./4. | t, yaca
1 2 3 4 5 6 7 8 9 10 11 12
65 0,0154 59,9 0,0167 | 53,9 | 0,0185 | 419 | 0,0238 | 32,9 | 0,0304 23,9 0,0418
64 0,0156 59 0,0169 53 0,0189 41 0,0244 32 0,03125 22 0,0454
63 0,0159 58 0,0172 52 0,0192 40 0,025 31 0,0322 21,5 0,0465
62 0,0161 57 0,0175 51 0,0196 39 0,0256 30 0,0333 21 0,0476
61 0,0164 56,5 0,0177 50 0,02 38 0,0263 29 0,0345 20,5 0,0488
60 0,0167 56 0,0178 48 0,0208 37 0,027 28 0,0357 20 0,05
1 2 3 4 5 6 7 8 9 10 11 12

55,5 0,018 47 0,0213 36 0,0278 27 0,037 19,5 0,0513
55 0,0182 45 0,0222 35 0,0286 26 0,0385 19 0,0526
54,4 0,0184 43 0,0232 34 0,0294 25 0,04 18,5 0,054
54 0,0185 42 0,0238 33 0,0303 24 0,0416 18 0,0555

CDyHK]_[I/ISI 3aBUCUMOCTHU BPEMCHU tor CKOpOCTU Vv JABUIKCHUSA aBTOTPAHCHIOPTHOT'O MMOTOKA UMECT BUL:

t =-0,008v +0,06

5 006

g 0,055

& 0,05 F
5 0,045

=g 004

e 70,035

2 003

£ 80,025

5 2 0,02

£ = 0,015

£ 001

& 0,005

2 0

& 0 5 10

15 20 25 30 35 40 45 50 55 60 65 70

CKOpOCTh aBTOTPAHCIIOPTHOI'O ITOTOKA, V KM./4ac

Pucynox 3.3asucumocme apemenu t om ckopocmu N 0sudicenus asmompancnopmmozo nomoxda

ITomydeHHass 3aBHCHMOCTH MOKAa3bIBa€T, 4TO C
YMEHBIIEHUEM CKOPOCTH JIBW)KEHHS aBTOTPAHCIIOPT-
HOTO MOTOKa, BpeMsI t IBMKEHNUS TPAHCIIOPTHOTO CPea-
CTBa yBEJIMIMBACTCSL.
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AHOTALIMSIL.

I/ICCJ'IeI[OBaHO CTpYKTypHO-(l)YHKIII/IOHaIILHOC CTPOCHUEC CJIOKHOT'O J'IaHZ[HIa(l)THOF 0 KOMIUICKCA U OIPEACJICHO B HEM
MECTO KOMITapTMEHTA. Y CTaHOBJICHO, YTO B OCHOBY SKOJIOTHYECKOH XapaKTePHUCTHKH 3aIIUTHON (h(HeKTHBHOCTH TIOJIO-
JKCHA pC€aKkus OpraHu3MoOB Ha BOSILGﬁCTBI/IG (baKTOpOB CpCabl. Hpezmoxceﬂo OLCHMBATD 3allIMTHYIO 3(1)(1)€KTI/IBHOCTL JUIsL
CJIOXKHBIX JIaHL[LHad)THBIX KOMIUICKCOB 3a OIPEACIICHHBIMHA KiIaCCaMU. Bo BpEMA MaTEMATHYCCKOT'O MOJACIIMPOBAHUA KO-
JIOTHYECCKOEC BOSﬂeﬁCTBHe Ha CJIO’KHBIA J'IaH,I[LHa(i)THLII\/‘I KOMIIJICKC pacCMAaTpruBaroT, KaK HEKUI HHICKC, KOTOpLII?‘I TIPUHU-
MacTca OAHOPOAHBIM U U30TPOITHBIM B FOpHSOHFaJIBHOﬁ TIJIOCKOCTH, a 1ioniaab CJIOKHOI'O naqunachHoro KOMIUJICKCA —
JIOCTaTOYHO OOJIBINIAs IS TOTO, YTOOBI MOKHO OBLIIO IpeHeOpeds ¢ dekTom «kpas mois. Mcmonp30Ban IoKa3aresb, B
3aBUCUMOCTH OT BEJIMYUHBI KOTOPOT'O CIIOKHBII J'IaHL[HIa(l)THI:IfI KOMILICKC MOKHO IMTPOPAHKHUPOBATH 110 CTCIICHU 3allUT-
HO 3¢ dexTuBHOCTH. Ha 0CHOBE MOTy4EHHBIX 3HAYCHHI TS KOMIUIEKCHOW OIIEHKH 3aIlUTHON 3(D(HEeKTHBHOCTH CIIOXK-
HOTI'O J'IaH,HIHa(l)THOFO KOMIUICKCA BBEACH YPOBCHb PAHKUPOBAHUS 110 COOTHOILICHUTO SaHII/rIHOfI 3(1)(1)€KT'I/IBHOCTI/I 1 aHTpO-
MOreHHOTO Bo3aeicTBusL. [10100HbII TOIX0 1 CorvIacyeTcs ¢ paboTamu IPYrUX aBTOPOB M MOJIE3CH MPH pa3paboTKe Mak-
CHUMaJIBHO a,I[eKBaTHOﬁ CUCTEMbI KPUTCPUCB U TPUOPUTCTOB JIs1 OLICHKA 1 KHaCCI/I(l)I/IKaIII/II/I 3KOJIOTHTYECKON OIAaCHOCTH
AHTPONIOT€HHBIX BO3JICUCTBUIA, B TOM YMCJIE M SKOJIOTMYECKON ONTACHOCTH 3arps3HSIOIINX BEILIECTB.

ABSTRACT.

The structural and functional structure of a compound landscape complex was investigated and the compartment
location was determined in it. It is established that the basis of the ecological characteristics of protective effectiveness
is the reaction of organisms to environmental factors. It is proposed to evaluate the protective efficiency for compound
landscape complexes beyond certain classes. During mathematical modeling, the environmental impact on a compound
landscape complex is considered as a kind of index that is assumed to be uniform and isotropic in the horizontal plane,
and the area of the compound landscape complex is large enough to neglect the effect of the “edge of the field”. An
indicator is used, depending on the size of which a compound landscape complex can be ranked according to the degree
of protective effectiveness. Based on the obtained values for the integrated assessment of the protective effectiveness of
acompound landscape complex, the level of ranking according to the ratio of protective effectiveness and anthropogenic
impact is introduced. Such an approach is consistent with the work of other authors and is useful in developing the most
appropriate system of criteria and priorities for assessing and classifying the environmental hazard of anthropogenic
impacts, including the environmental hazard of pollutants.

KunroueBrble cioBa: nanqmadTHBIA KOMIUIEKC, 3alMTHAsE SQ(EKTHBHOCTb, KOMIIAPTMEHT, MHJIEKC, JKOJIOruye-
CKHE IPOLIECCHI, KAUECTBO, CTOMKOCTb.

Keywords: landscape complex, protective efficiency, compartment, index, environmental processes, quality, du-
rability.

BBenenune u HoBu3Ha. B padote [1] obocHOBaHO,
9KOJIOTMYECKYI0 OIICHKY <«3alUTHOH 3(dhexTrBHO-
CTH», KOTOpast OJDKHA CTPOUTHCS Ha OIIeHKE YCTONYH-
BOCTH KOHKPETHBIX SKOJIOTHIECKUX CHCTEM K KOHKPET-
HBIM BHEITHHUM (B TOM YHUCJI€, U TEXHOT'€HHBIM) BO3JIEH-
CTBMAM M  Harpy3kam. To  ecTb, 3aIIWTHAs
3 PeKTUBHOCTD JODKHA 6a3MPOBATHCS HA HOPMHUPOBa-
HUHU KadecTBa (COCTOSHHS) KOMIApTMEHTa U BO3AEH-
CTBHS Ha HETO.

B ocHOBy skojorndyeckoil XapakTepUCTHKH 3a-
mMHUTHON 3((EeKTUBHOCTH BO3JOXKEHA PEaKIHs opra-
HU3MOB Ha BO3JIeHCTBHE (aKkTOpPOB cpeapl. OpraHu3m
CHoCco0EH BBDKUTH JIMIIb B JHANA30HE W3MEHUMBOCTH
JaHHOTO (haKTOPa, KOTOPBIN €lle Ha3bIBAIOT AMILUIUTY-
noi. Kak oueHp BbICOKHE (MaKCHMalbHBIC), TaK W

OYCHb HHU3KHE (MHUHHMAJbHBIC) 3HAYCHHUS JTAHHOTO
(bakTopa cpeasl MOTYT MMETh TYOHTEIbHOE BIIHMSHHC.
[ToporoBoe 3HaueHHEe TaHHOTO (HaKTOpa, BBIPAKCH-
HOTO B IH(pax, BBIIIE WIN HIKE KOTOPOTO OPraHu3M
CYIIECTBOBAaTh HE MOXET — KpUTUYECKash TOYKa.
Mexay STUMHU KPpUTHIECKUMH 3HAYCHHUSIMH M PACIIOJIO-
’KE€HAa 30Ha 3KOJIOTUYECKOU TOJIepaHTHOCTH. B mpexe-
JlaX 3TOH 30HBI HANIPSHKCHHOCTH (DAKTOPOB CPEIbI pas-
Has. [lodstoMy, mox 3amuTHOW 3()(HEKTHBHOCTHIO
cnoxkHoro nanamagraoro kommiekca (CJIK) crenyer
MTOHUMATh COCTOSIHUE, TIPH KOTOPOM sIpyca B TIOACUCTE-
MaxX KOMIApTMEHTa TOJ| JCHCTBHEM aHTPOIOTCHHBIX
(hakTOpOB HE MEPEXOIAT U3 BBICIIETO YPOBHS OpTaHH-
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3aliU Ha HIDKHUH, HE MEHIETCS MPOX0XKAECHHE (HU3HO-
JIOTO-OMOXUMHUYECKUX MPOIIECCOB M OCTABIIIIOTCS BO3-
MOYKHOCTH JUIsl BBITIOJTHEHHS UX (DyHKIHH.

SamutHyo 3¢ dekruBHOCTE CJIK MOKHO OIICHH-
BaTh 3a CJIEYIOLUIMMHU KJIAacCaMH: XOPOIIMH — KOTraa
KOMITAPTMEHT HE MOBPEXJICH, WK clIab0 MOBPEKACH
AQHTOPOIIOT€HHBIMH (JaKTOpPaMH; YJIOBIETBOPUTEIILHOE
— KOrjJa HeOnaromnpusTHbie (haKTOPbl YACTUYHO TMPH-
BEJIH K CYIIECTBEHHOMY OCIIA0JICHHIO KOMIApTMEHTA;
IUIOXO0# — Korja Jiro00i U3 HeOIaronpusTHbIX (HaKTo-
POB 3HAYMTENFHO TOBIHSI Ha KOMITAPTMEHT, OYEHBb
IUIOXOH — KOTJa KOMITAPTMEHT 3HAYUTENbHO IOBpE-
KJIE€H MHOTUMH (PaKTOpaMHu.

Metoauka uccjenoBanuid. OCHOBEIBAsICh Ha TH-
motese, 9yTo CJIK MOXHO IpeacTaBUTh Kak COBOKYII-
HOCTH KOMITAPTMEHTOB, KOTOPbIC HMEIOT CBOWCTBA IIe-
soro CJIK, Beinenum Hekotopsli yuactok CJIK emu-
Hu9HOM Tiomamu (puc. 1). Ilo ycmoBusiM, Bce Takue
y4acTKH SKBUBaJIEHTHEL. [IpoBesieM BEpXHIOIO IT'paHuUIly
HCCIIEAyeMON CHCTEMBI IapajuIeIbHO ITOBEPXHOCTH
IIOYBBI HA BBICOTE [, IPUMEPHO PABHOM YTPOEHHOU
BoIcoTe aepeBbeB h. Ha HekoTopoii riayoune R 3a mpe-
JeTIaM¥ CIIOSI pa3MeIIeHUsT KOPHEBOW CHCTEMBI TIPOBE-
JIeM HIDKHIOIO TpaHully. OOpa3oBaHHBIH TakuM oOpa-
30M TMapajulelenunes] U OyAeT pacCMaTpPHUBATHCS Kak
00beKT MosenupoBanust. Yepes O0KOBbIE rpaHH OOMEH
SHEpruell W BEIIECTBOM HE IMPOUCXOIUT, MOCKOJIBKY
OTCYTCTBYIOT COOTBETCTBYIOIINE I'PaIueHTH. B BbIge-
JICHHBIH 00beM Yepe3 BEPXHIOI I'PaHb IPOHUKAET COJI-
HEYHasl paguands W YIIIEKHCIBIN Ta3, a yOalsioTcs,
HarpuMep, napsl Bozbl. Tak ke 0003HaueHHbIE OOMEH-
HBIE TIPOIIECCHI IPOUCXOAAT Yepe3 HIDKHIOW IpaHb. He-
CMOTpsL Ha 3TO, BCE, YTO MOCTYNAET B CUCTEMY, OTHO-
CHUTCSl K €€ BXOJIHBIX BO3JICHCTBHUSM, a BCE UTO W3 HEe
yransercst — IM00 K MOTepsiM, JINO0 K OTUYKIAEMOMY
KOHEYHOMY MPOJIYKTY.

Bo Bpems Mmatemarudeckoro mMoaenuposanust CJIK
paccMaTpHBAIOT UX KOJIOTHIECKOE BO3ACHCTBHE, KaK He-
KU UHJIEKC, KOTOPBI IPUHUMAETCS. OJHOPOHBIM U U30-
TPOIIHBIM B TOPW30HTAIGHON IUIOCKOCTH, a IUIONIAnb
CJIK — moctaTo4Ho OOJbIIast AjIsi TOTO, YTOObI MOXKHO
ObL10 peHedpeyb dddexTom «kpas moss». B atom ciy-
Yyae BCE MIEPETOKH SHEPTUH U BEILECTBA OCYLECTBIIIOTCS
TOJIBKO B BCPTUKAJILHOM HaIlpaBJICHUM. TanKe, MOXKHO
nperedpeds AH(HEeKTOM HEOTHOPOTHOCTH TIOUBBI, CUHTA,
YTO ONMCBIBAEMBIC IMPOLECCChI MOT'YT 6]>IT]:. OTHECCHBI K
mroboit gactu CJIK. TToHATHO, OJTHOPOJHBIX U H30TPOTI-
Heix CJIK B npupose He cyIecTByeT, OJJHaKO MpUHSTAas
HCTN3aMs TO3BOMSIET JIOCTHYb HEOOXOIMMOI Kop-
PEKTHOCTH MaTeMaTHYECKHUX OCTpoeHuH. MTak, HeomaHo-
POIHOCTH MOJETUPYEMOH CHUCTEMBI IMPOSBIAIOTCS IPH
9TOM TOJIBKO B BEPTUKAJIGHOM HAIlPaBICHHUH: B KaXKIbIH
MOMEHT BPEMEHH CYIECTBYET HEKOTOPOE pacIpenesie-
HHUe puTorneMenToB 1o Beicote CJIK u no rirydune moy-
BEHHOTO MPOQHUIIS.

HanpasneHHast BBEpX BepTUKaJIbHAsI KOOPANHATA
0003HaueHa Yepes x, IOMECTUM e¢ B Hadaio (Touka ()
Ha NMOBEPXHOCTHU MO4BHL. Bpems 0603Ha4unm uepes t. B
TaKOM ClIydae BC€ IEPEMEHHBIE MOJETH OyIyT 3aBH-
CeTb OT JABYX apr'yMeHTOB x U 1. B kax/1p1if KOHKpPETHBIN
MOMEHT BPEMEHH B CHCTEME CYIIECTBYET BEPTHKAIb-
HOE paclpeielieHHe XapaKTepUCTUK PaCTUTEIbHOrO
MIOKPOBA, a TAK)KE PAa3IMYHBIX CyOCTaHIMI — BOIBI B
II0YBE, HFOHOB aMMOHUS M HUTPATOB B IOYBEHHOM IPO-
(bl/lﬂe, TEMIIEPATYpPhI IMOYBBI, 3arpsA3HCHUA ITOJIOTAH-
TaMM U CEJMMEHTaMH U T.A. B Hag3eMHOW 4acTh cu-
CTEMBI TaKKe CYIIECTBYET BEpTUKAIbHOE paclpeere-
HUE pPA3IMYHBIX I1apaMETPOB — AHTPOIOTCHHOTO
3arpsi3HEHUs, pajualuy, TeMIepaTypbl U BIAXKHOCTU
BO3ayXa, TCMIIEPATYPhI JIMCTHEB, KOHIICHTpAIUX YTJIc-
poJa n a3oTa B (pUTOIIEMEHTaxX | T.1. [lox nelictBuem
CHUJI pa3anH0171 mpUupoAbl 5TU BEJIMUYUHBI MCHAIOTCA.

Pucynox 1 — Cxemamuueckoe uzoopasicenue komnapmmenma CJIK, kak 06vbexma mMooeauposanus

B mpouecce mocTpoeHnss MOAEMM 3KOJIOTMUECKUX
TIPOIIECCOB HEOOXOIMMO MPOBOIUTH YTOYHEHNE XapaKTepa
CBSI3EH MEXY B3aUMOJEHCTBYIOIMMHM KOMIIOHEHTaMU,
TaK K€ KaK ¥ 3HAUYCHNI NapaMeTpoB, KOTOPbIE Ha TTEPBBIX
JTanax MOIyT HOCUTBH JIOBOJIBHO OPHEHTHPOBOYHBIN Xa-
pakrep. [lanbHelias npoBepka CIpaBeIMBOCTH MO

3aKITI0YaeTCsl B TAKOM BapbUPOBAHHUY 3HAYCHHI MapaMer-
POB, KOTOPOE MaKCUMAIFHO MPHOIM3MIO OBI TIOBEICHHUC
MOJIENM K OpUTHHAITY.

Jenaercss npennonoXeHue, Yro B HAlIEWd CHCTEME
HUMEETCst N pa3IMUHBIX KOMITIOHEHTOB. Kask1oe i-Toe coeu-
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HEHHE 13 OOILEro X KOJIMYeCTBa N XapaKTepu3yeTcst 3Ha-
yenreM KonueHrpaimu ¢ (i = 1, 2,...,N), KOTopoe MOMKET
MEHSATBCS €O BpeMeHeM ¢ = ¢i(t) B pe3ysbTare B3anMoIeii-
CTBH I-TOTO COSIMHEHMS C JIFOOBIM 13 ocTaBImxcs (N — 1)
BEIIECTB. Takoro MpeImoIoKEeHHs JOCTaTOYHO, YTOOBI
OTMCaHHYIO CUTYAITUIO MOYKHO ObLIIO OBl MPEICTABUThH Ma-
TEMAaTHYECKON MOJIEITBIO, KOTOPAst SIBJISICTCS CHCTEMOM 13 N
T depeHIMaTbHBIX ypaBHEHNH IEPBOTO MOPSI/IKa:

d

R

de, _

ot f,(c,cC,,...,C, 1) W
dc

dtn = f.(c,cC,,...,C, 1)

e ci(t), ...,cn(t) — HeusBecTHbIE QYHKIMU OT Bpe-
C. .
MEHH, a d—' (i=1,...,n) — cKOPOCTh U3MECHEHHS KOH-

[EHTPAIMH I-TO BEIECTRA.

B mopnenu (1) komraecTBO ypaBHEHHH N paBHO KO-
JIMYECTBY MEPEMEHHBIX C1, €2 ... Cn, BELIECTB, KOTOPHIE
M3MEHSIIOTCS B pe3yiibTate B3anmoeicTeus. Kaxmas fi
(c1,..., ¢n, t ) sBiuseTcs (GyHKIMEH apryMeHTOB
ci(t),...,cen(t), 3aBHCAIIMX OT BPEMEHHU, U CaMOI0 Bpe-
MeHH U sBISETCS anreOpandeckoil CyMMOW CKOpO-
cTeil OTACTBHBIX Peakiuit 00pa3oBaHus U yAaleHUs i-
T'O BEIIECTBA B CUCTEME.

B ocHOBHOM OyneM paccMaTpuBaTh CHUCTEMBI
yYpaBHEHHMH TEpPBOTO TOPSIKA, COJIEpXKAIIUX IEepPBBIC
MIPOM3BOAHBIEC TI0 BPEMEHH OT HAaYalbHBIX (DYHKIHH.
ITo Buay npaBeix yacreit (1), 1 B 3aBUCUMOCTH OT Xa-
pakTepa MpOILECcCOB, MPOXOAIINX B cHcTeMe, (HyHK-
wuu fi (cy,..., cn, t) MOTYT coniepKaTh Kak JTMHEHWHbIC, TAK
U HEIWHEHHBIC WIEHBI OTHOCHUTEIFHO MEpEeMEHHBIX
C1,..., Cn. bomnbInas yacTe ypaBHEHHMH, KOTOpBIE pac-
CMaTpPUBAIOTCS, OyAyT UMETh IpaBbIe YaCTH, SBHO HE
3aBucsiiye ot Bpemenu: fj (c1,..., ¢n). D10 03HAUaeT, 4TO
JIAHHBIE MPOLIECCHl TPOUCXOAAT MPU IMOCTOSHHBIX
BHEIITHHUX YCIOBHSAX.

JlaHHBIe DJKCIEPUMEHTOB, OOIMI aHAJIM3,
0000111eHNe MOTYyYeHHBIX Pe3yJbTAaTOB H HX pa3bsic-
Henmne. B CJIK cymecTByeT NpHHLHUI Y3KOTO MECTa,
COTJIACHO KOTOpPOMY 00I1asi CKOpOCTh NpEeBpalleHHUs
BEIIIECTBA BO BCEH IIETIM PEaKLUi OyleT OnpenessThes
camoii MeuieHHoM cragueii. CleqoBaTelbHO, €CIH OT-
JeTbHBIC CTaquH OOIIero mporecca 00IaIaloT Xapak-
TepHbIM BpeMeHeM T1, T,..., Tn v HanboJiee MeICHHAS
cragust umeet Bpems Tk, Takoe, uro Tk, > Ti,..., Tk,
Ty+1,..., Tn, TO Ompenensironum 38eHoM Oyner K-toe, a
obmiee BpeMs Ipolecca MPaKTHYECKH COBIAAET IO
3HAYCHHUIO ¢ Tk 3TOTO Y3KOTO 3BCHA.

B 10 e Bpemst ObICTpBIE CTa K TIpoliecca Xapak-
TEePHU3YIOTCS BBICOKUMH CKOPOCTAMHU U3MEHCHHUS Iepe-
MEHHBIX, YTO MOKHO 3aIlHCaTh B BUJIE:

de, 1
T CHOTLC) R )

TZie ¢, — ObICTpast mepeMeHHast, € < / — MaJIblif 1o-
JIO)KUTENBHBIN ITapamerp.

[TosiBnenue B mpaBoii yact MHOXHTEIsT — > 1
&
dc
P so

omnpeaciiacT 00JIBIIIOE 3HAUCHHE CKOpPOCTH

Hanuune BpeMeHHON wuepapXuu MO3BOJSET CyLIe-
CTBEHHO YNPOCTUTh NepBoHadanbHyr0 mojaens CJIK,
IO CYTH, CBEIS 3a/1a4y KMHETHUECKOTO OMMCAaHUs CHU-
CTEMBI K M3YUYCHHIO ITOBEJCHUS Hanboiee MeIeHHOH
craauu. B 3ToM cMbIcie camoe MeieHHOe 3BeHO Oy-
JEeT PYKOBOIAIINM, IOCKOJBKY AEHCTBHE MMEHHO Ha
HEro, a He Ha OBICTpHIE CTaJUHM MOJKET TOBIUATH Ha
CKOPOCTh MPOXOXKAECHHUS BCETO mporecca. IT0 00beK-
tuBHOe cBoiicTBo CJIK cymecTBeHHO oOserdaer mpo-
6memy MoaenupoBaHus. OTHOBPEMEHHO 00Jeryaercs
W yOpaBlICHHE 3THM IIPOLIECCOM B Ipelesiax caMoro
KoMnapTMeHTa. Ha camoM fiene perynmupoBaHue CIOX-
HOTO MHOTOCTAIMI{HOTO ITpOLIecca JIETKO OCYIIECTBUTh
IyTeM BO3JCICTBUA Ha OJIHY €r0o KIIIOUEBYIO CTaUIO,
HalpuMep M3MEHCHHEM IapaMeTpoOB CaMOM MEIJICH-
HOM IIeTIN BCETO y4acTKa. DTO MOBHIIIAET HAJEKHOCTh
YIIPaBJICHUSI CIIOKHBIMH MHOTOCTaAUHHBIMU 3KOJIOTH-
YECKUMH TIPOIIECCAMU M B 3TOM CMBICIIC SIBIISCTCS OJ1-
HUM W3 B&XKHBIX IPEHMYIIECTB IKOJOTMYECKHX CHU-
CTEM.

TakuM 00pa3oM, XOTs IKOJIOTHUECKHE ITPOLIECCHI
1 colep)KaT OO0JIBIIOE KOIWYECTBO IMPOMEKYTOYHBIX
CTafui, UX KMHETHYECKOE ITOBEICHHE PETYIUPYETCS
CPaBHUTENBHO HEOOJBIINM HYHCIOM OTICIBHBIX 3Be-
HBEB, & CJIEIOBATEIBHO, X ANHAMUYECKAs MOJEIb CO-
JIEPKUT CYIIIECTBEHHO MEHbIIIEe YUCIIO0 YPaBHEHHIH.

ITpakTKa MaTeMaTHIECKOTO MOAEINPOBAHNUS M0~
Ka3bIBAET, YTO MCCIICJOBAHUS TAKUX YIPOIIEHHBIX CH-
CTEM YpaBHEHHUI MOXET JaTh OoJiee TOUHOE IPEICTaB-
JeHue 00 oOmIMX NUHAMUYECKHX CBOMCTBAaX CHCTEMBI
M0 CPaBHEHHMIO C TIOJIHBIMH MOJEISIMH, OCOOCHHO B T€X
ClTyqasix, KOT/1a He BO3HUKAeT He0OX0IMMOCTh HaX0X-
JICHUSI TOYHOTO PEIIeHHs] ypPaBHEHHUH, HO BaXKHO IIpeTy-
CMOTPETh XapaKTep MOBEACHUS CUCTEMBI IIPH U3MEHE-
HUM ycnoBuil ee pyHkumonuposanus. B cucreme CJIK
3TO OCOOEHHO Ba)KHO, ITOCKOJIBKY 3HAU€HMS MX Mapa-
METPOB U HAaYaJbHBIX YCIOBHUi, KaK MPaBUIIO, BapbH-
PYIOT U, OOBIYHO, HE OBIBAIOT TOYHO 33IaHHBIMH, TaK
YTO YPE3BBIUAHO BAXKHO YCTAHOBHUTH 3aBUCHMOCTB I10-
BEJICHUS CHCTEMBI OT 3HaUCHHH ee mapaMeTpoB.

PaccmoTpenneM 3Tux 3amad 3aHUMAaeTcs Kade-
CTBeHHas Teopus IuddepeHInanbHbIX YpaBHEHUH, U
MO3BOJISIET, HE pElllasi CAMUX YPABHEHUH, HCCIIE0BATh
yKa3aHHbIE 3aKOHOMEPHOCTH MOBEAEHHSI CUCTEMBI 10
BUIY NpaBbIX vacteil ypasuenuii (1): f1 (c1, ca,..., en, t)
v T (€1, C2,..., cn, t). Crienmyer 3aMeTUTb, 4TO JUIS BBI-
TIOJIHEHHsI TIOCTABJICHHOM 3aJa4yM: Onucarh CBOMCTBA
3aUTHON (D (PEKTUBHOCTH CHCTEMBI, HE Tpuberas K
nouckam peureHuit ci(t)..., Cn(t), HeOOX0UMO KaKHUM-
TO 00pa3oM HCKIIIOYNTH U3 HETMOCPEICTBEHHOTO pac-
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cmotpenus pakrop Bpemenu. Ha camom neste, 1o ompe-
JIENICHUIO, 3alUTHAS (P(HEKTHBHOCTH CHCTEMBI T10 Bpe-
MeHH iepeMeHHBIX c1(t)...,Cn(t) B TeBbIX gacTsx (1) mpe-
BPAI[AIOTCSI B HOJIB:
9 0i=12.n, ®)
dt

Ortcioza, mpupaBHUBAs K HYIIO TpaBble 9acTH (1),
MOJIYYUM CUCTEMY anreOpanyeckuX ypaBHEHHM:

f,(C,,C,h..Ca) =0

f,(c,,C,..Cn) =0

2( 11¥2 ") (4)
f,(C,,C,..Cn) =0

[TocTosiHHBIE 3HAYEHUS, KOTOpPBIE MPHOOPETAIOT

nepemennsie C, (t),C, (t)...Cn(t) mpu moctmwxennu
CUCTEMOH
C,Cy..Cn.

Crenyer oOpaTUTh BHUIMaHHUE Ha TO, YTO OBICTPBIE
MIepEMEHHbIE B OTINYHME OT MEAJICHHBIX MPAaKTHUECKH
BCE BpPEMSI HAXOAATCSI BO3JIE CBOMX CTAI[HIOHAPHBIX 3HA-
YeHUH. DTO JIErko YBHIETh W3 ypaBHeHus (2) s
ObICTPOIl MepeMeHHoH ¢,. Ha camom nene, nepeHocs &
> () B JIEBYIO YacTh, MOIYINM:

CTAIlTMOHAPHOTO  COCTOSAHHUSA,  SABIIACTCA

dc,
SW: fp(cl1021""cn)' (5)

pu € — 0
f(C,,CpCn)=0 (8

YTO COBMAJACT C AIreOpanvdeckruM ypaBHEHHUEM
IUISL OTIPENEIICHUS] CTAI[MOHAPHBIX 3HAYCHUH Cp. DTO
03HAYaeT, 4TO B CJIydae pa3/esIeHNs CUCTEMbI Ha ObICT-
pBIe B MeUICHHBIE IEpEMEHHbIE H3MEHEHHUEM OBICTPBIX
MEPEMEHHBIX MOXHO MPEHEOPEYb, CYMTAs UX MOCTOSH-
HBIMHU BEIMYMHAMH, & BCE BHUMAHHE COCPEIOTOYUTH
Ha M3MCHEHHH MEIUICHHBIX MCPEMCHHBIX, KOTOPEIC U
OMPENENSIIOT Y3KHE MECTa CUCTEMBI.

OCHOBHO# TTOAX0]] B KAYECTBEHHOH TCOPHU (-
(depeHIanbHBIX YPaBHEHHH COCTOUT B TOM, YTOOBI Xa-
paKTepu30BaTh COCTOSIHUE CUCTEMBI B IIEJIOM 3HAYCHH-

SIMU TIEPEMEHHBIX C1, C2,..., Cn, KOTOPBIX OHU MPUOOpE-
TalOT B K&Kl MOMEHT BPEMEHU B MIPOLIECCE U3MEHE-
HUS B cooTBETCTBHH ¢ (1). Eciiit MBI 0TIIOKHM Ha 0CsIX
KOOpPIMHAT B N-MEPHOM NPOCTPAHCTBE 3HAYEHUS IIEpe-
MEHHBIX C1, C2,..., Cn, TO cocTOsiHUE CJIK omuchiBaeTcs
HEKOM Toukol M B 3TOM MpPOCTPAHCTBE C KOOpPIMHA-
TaMU:

M = M(cy, c..., cn). @)

B craimonapHoM coctosiHMM Touka M ¢ KOOpIMHa-
TaMH {C1, €2, ..., Cn} HOCUT HA3BaHUE CTAIMOHAPHOM, WJTH, KaK
TOBOPSIT, TOUKW PAaBHOBECHSI MITH TOUKH ITOKOSI CHCTEMBI. 13-
MEHEHHE COCTOSHUSI CHCTEMBI COTOCTABIISETCS C M3MEHe-
HHEM TOJIOKEHUsST TOYKH M B N-MEPHOM MPOCTPAHCTBE.
IpocTpaHCcTBO C KOOPAMHATAMY C1, C2, ..., ChHA3bIBaeTCs (ha-
30BbIM, KpHBasi, OMKChIBaeMasi B HeM Touky M — (ha3oBoit
TpaeKTopHei, a cama cucrema (1) —mHamMIgeckol crcTe-
MO} C 3all[UTHBIMI CBOMCTBAMHU.

JIy1sl KOMIUIEKCHOM OIICHKH 3alUTHOH 3()(eKTHR-
Hoctu CJIK BBenem ypoBHH pamxupoBanus CJIK mo
COOTHOUICHHIO 3alIUTHOM d(PPEKTUBHOCTH K aHTPOTIO-
TeHHOMY Bo3zaelicTBuio (tabm. 1). [Jmsa storo, cpemu
MPOYUX HEOOXOJANMO HCIIOJIb30BATh MOKa3arelnb, B 3a-
BHCHUMOCTH OT BenmauHbEI kKoToporo CJIK moxkHO m1po-
PaHXHPOBATh 10 CTETIEHH 3aIUTHON 3P HEeKTUBHOCTH:

y=1-M ®)
X

rae M — dazoBas tpaektopus CJIK, x — mokaza-
T€JIb aHTPOTIOTEHHON HArpy3Ku, KOTOpasi OLEHUBAETCS
Ha OCHOBE XapaKTEPUCTHUK BBISIBIEHHOTO HEraTUBHOTO
BO3JCHCTBUSA W OTPakaeT YPOBEHb COOTHOIICHUS
MEX]Ty BEJIMYMHOMN BO3JCHCTBUS M 3aTUTHON S Qek-
TUBHOCTBIO. YacTHBIE IMOKa3aTeNd PACCUUTHIBAIOTCS
JUTSL KQXKI0TO K-ro sipyca KOMIIApTMEHTA B BUJIE CIIETY-

FOIIICIro MHACKCA:
n
WS,
=

_
Xk S H (9)
rae Wi — BecoBOW KOI((UIIMEHT, KOTOPBIil COOT-
BETCTBYET CTEIICHH OTACHOCTH KOHKPETHOTO i-ro BO3-
neiicteus i CJIK; Si — mnomans i-i moacucTeMbl
KOMITapTMEHTa, OO0Jaiaromell 3aluTHBIM 3B HEeKToM,

00y

Mm% Sﬂﬁk — o6mras mwiomaak k-ro kommaptmenty CJIK,

M2,
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Tabmuna 1. Yposuu pamxupoBanus CJIK 110 cooTHOIICHHIO 3aiuTHON 3P ()EKTHBHOCTH K aHTPOIIOI€HHOMY BO3-
NEHCTBUIO
o 1
5 | &S g
)
= o 85 3)
Jo3bl & o ¥ S 2 . )
. Q 5 2| 4 | KnaccsammurHo# addek- 2
Huanazonsl coctostaust CJIK BO3JIEH- & =8 52 2
= 35 £E TUBHOCTH o
CTBUS Sl s o
&=z 85 &
es) § = §
< o) 2
E 5
1 2 3 4 5 6 7
®onosas 30Ha TonepantocT CJIK = .
JuarHocTHYecKue TMPU3HAKH MUHU- 2 =)
®DoHOBBIC = v
MaJIbHOTO OTKJIOHEHHSI OT CpEeIHHX = >
3HaYCHUN = 3amutHas 3pPeKkTruB-
- HOCTb — HE HIDKE ITEPBOTO
YnoBierBopuTensHas, WM ~ 30HA £ KJ1acca, a HAEKHOCTh BO 1
- e}
pucCKa, KOTOpass OMNpEACIsICTCsS YHHU 8 § = BCEX YaCTIX OMOJIOrHYe-
YTOXXEHNEM YyBCTBUTEIHHBIX BUIOB U g 5 v CKOTO KOMITAPTMEHTA — He
CHIDKCHUIO 3amUTHBIX QyHkimit CJIK Huskue E o ?/-‘I HIDKE BTOPOTO KiIacca
JuarHocTiueckue NPU3HAKH OTKIIO- 2 g -
HAIOTCA 10 Mpenena aMIUIUTYbL %.; = =)
¢daykryanuii =)
Hanpsokennasi, win OydepHas 30Ha, B = é( ©
KOTOpOU HaOIFOJArOTCS CTPYKTYpHBIC 3 5 <
u3meHeHus B CJIK £ 25 v 3ampurHas 3@dexTus-
YMepeHHbIe g 2 El > HOCTb — HE HIKE BTOpOTro | 2
CyIecTBeHHO MEHSIIOTCS BTOPOCTE- S O v
2 SO KJ1acca
NICHHbIE TPU3HAKH  CTaOMILHOCTH S QB v
o (e
IJ1aBHBIX 3HAYECHHUI =
Kpusucnas nnm 30Ha aerpagaiuy, xa-
- =
paKTepu3yeTCs MOJABICHUEM 3aIllUT < 3 w©
HBIX (QYHKIUH, KPUTHYECKUM Hapy- 5 g = 3amutHas 3phexTrB-
o) = v
LICHUEM M YaCTHYHBIM pa3pylIeHUEM £ o HOCTb — HE HUJKE BTOPOTO
TokcuuHbIe = > 3
CJIK q§ g Vi KJ1acca, a HaJIe)KHOCTb —
CyllecTBEHHO MEHSIOTCSl  IJIaBHbIC = = “OZ He HIKE TPEThEero Kjiacca
MIPU3HAKH TIPH COXPAHEHUH OCTaTOY- T
HBIX 3HaUYEHUH
Karactpoduueckas, niau umnaktHas | CyGneranib- .
2 =
30Ha C pa3pymeHHeM 3allUTHBIX HBIC E | B 3amuTHas 3pdexTrB-
¢ynxmumit CJIK 3 é g < HOCTb — HID)KE BTOPOTO 4
Q
[Tourn monHAs WM TOJNHAS TOTEPA § g2 é\_" KJ1acca TpH JII0OBIX KJ1ac-
JeTajabHbIe 2 &
JMAarHOCTUYECKUX TPU3HAKOB HCXOJ- A S cax HaJIe)KHOCTH
HOH 9KOCUCTEMBI

BoiBoabl u pexomenganum. B pabotax [2, 3]
Kiaccu(UKaIs aHTPOMOTECHHBIX BO3ICHCTBHI Ha JKH-
BYIO TIPUPOY MPOBEACHA HA OCHOBE KOHIICTIIIAN YPOB-
Hell opraHu3aluu KUBOM Martepuu. PasBuBas 3TOT
MOJX0/1 Ha OCHOBE Mepapxuueckoil cTpykTypsl CJIK,
MBI TIpelyIaraéM CHCTEMY, KOTOpas YIOPSIOYUBACT
pa3zHooOpasre 3(h(HeKToB, CBSI3aHHBIX C AHTPOIOrEH-
"eiM BoszelictereM Ha CJIK. ITomoOHBIN moaxon co-
riacyercs ¢ paboTamMu Apyrux aBTopoB [4, 5] u mose-
3¢H IpH pa3paboTKe MaKCHMAaJbHO aJeKBAaTHOW CH-
CTEMbl KPUTEPHEB W MPHOPUTETOB ISl OICHKU H
KJIaCCU(UKAIIMN DKOJIOTHYECKOH OMAaCHOCTH aHTPOTIO-
TCHHBIX BO3JICUCTBHI, B TOM YHCIIE DKOJOTHUCCKOM
OIaCHOCTH 3arpsA3HAIONINX BemlecTB. B mpeanaraemoit
CHCTEME aHaIM3a YKOJOTMYECKOH OITACHOCTH JOJDKHOE
MECTO 3aHUMAET OIIACHOCTb BO3/ICHCTBUS HAa YyCTONYH-

BOCTh M IIEJIOCTHOCTh KOCHUCTEMBI, TPUMEPOM KOTO-
POl MOXKET CIY)KHTh OIIACHOCTH OCJTA0JICHHS CBS3H
Mexay onotrnaeckumu komrnonentamu CJIK u abnoTtu-
YeCKMMH (PaKTOpaMu OKpyxaromeil cpeapl. Eciu an-
TPOTIOT€HHOE BO3/ICHCTBHE OCTA0IAET ATy CBA3h B DKO-
CUCTEME, TO IMOCIEICTBUS MPEICTABISIOTCS HeOmaro-
npuaATHeIMH.  TakuMm  00pa3oM, K  OIHCAHUIO
cocraBisiromux CJIK moymmkHBI OBITE BBEICHBI Tepe-
MEHHBIE U TApaMETPhl, XapaKTePU3YIOITHE aKTHBHOCTh
3arpsA3HUTENS B KaXI0M COCTaBISIOUIEH U MJIOTHOCTD
3arpsi3HCHUS OTACTBHBIX COCTABIISIOMIHX.
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CKPBITBIE BO3JIEMCTBHS B HAPOJTHOM XO3SMCTBE

OJIEMEHTBI TEOPHH HEUETKHX MHOKECTB YCIICIIHO
MPUMEHSIOTCS Ul pEIleHs] YKOHOMHUYECKHX 3ajad,
CBS3aHHBIX C TIPUHATHEM pELIeHUil. OKCIepTHbIE
OLICHKM aJlbTEPHATHBHBIX BAaPHAHTOB MO KPHUTEPUSIM
MOTYT OBITh IpPEICTaBICHBl KaKk HEUETKHE MHOXECTBa
WM 4YHCTIa, BBIPOKEHHBIE C MOMOIIBI0 QYHKIHN MpH-
HaJJIeKHOCTH.

PaccMoTpuM 0IHY M3 MaTEMAaTHYECKUX TOCTAHO-
BOK 3371a4 IIPUHATUS PELICHUHA Ha OCHOBE TEOPUU HE-
YeTKUX MHOXXECTB. B aHHOM cirydae KpUTepHH MpH-
HSITUS pELLIEHHS] OTIPEJEISIOT YCTAHOBIICHHBIE B CTAThE

Ilonoe A.M.

(UMALL um. A.A. Fraeonpasosa PAH, . Mockea),
Banues P.M.

(Bcepoccuiickaa Axademus eneuwineli mop2oeii)

[Tycte chopmynupoBaHa 3amada HCCICIOBAHUS
CKPBITBIX BO3JEHCTBUI 6 CEKTOPOB IKOHOMUKH, OIIpeJie-
JISTFOLINX KU3HEAEATENILHOCTh JIFOJIEH, Ipyr Ha apyra. [le-
peuncimM 3TH ceKTopa: 1) HaceneHHe; 2) CelnbCKOoe XO-
3sTACTBO; 3) MPOMBIIIUIEHHOCTh; 4) SHEPreTrKa; 5) HayKa
¥ TEXHHKA,; 6) 3mpaBooxpanenue [1].

[TocTpouMm KBagpaTHYIO MaTpUIly WHLUJCHIIHA,
CTPOKH U CTOJOIBI KOTOPOH COOTBETCTBYIOT HOMEpaM
paccMaTpUBaeMbIX CEKTOPOB, a 3HAUEHHUS SJIEMEHTOB
MaTpHIIBl MPEACTABISAIOT OIIEHKH SKCIEPTOB CTETCHU
BO3JICHCTBUS OJHOTO CEKTOpa Ha APYroil. OTH OLIEHKU

MTOHSTHUS, & OICHKH AJIbTEPHATHB MPEJACTABIISIIOT CO00H  00pa3yroT  peIeKCHBHYIO  HCYETKYI)  MaTpHUILy
CTENEHH COOTBETCTBHS STUM TIOHSITHSM. M = { a, } (tabm.1).
Tab6muma 1

M 1 2 3 4 5 6

1 1 0,3 0,5 0,7 0,6 0,9

2 0,4 1 0,3 0,2 0,1 0,8

3 0,2 0,2 1 0,2 0,3 0,1

4 0 0,1 1 1 0,2 0

5 0,3 0,4 1 1 1 0,6

6 0,6 0,1 0,1 0,1 0,2 1

Tak, IO MHEHHIO IKCIIEPTOB, HayKa U TEXHHKa
MMeET MHIIJICHIINIO Ha IPOMBIIIJIEHHOCTb, OICHUBAC-

MYIO 3JIEMCHTOM 8.53 = l, a Ha 3JpaBOOXPAaHCHUC —

A5 = 0,6 mT.10.

st mpoBeneHUs HCCIENOBAaHUM CKPBITBIX BO3-
JNENUCTBUI BBIYUCIUM HHIUACHLIUIO BTOPOTO MOPsAKa

M*=M oM

o (opMysie KOMIO3UIMH MaxXmin. 3aMeTuM, 4To
TIPH BBIYMCIICHUN WHIMACHIIMA BTOPOTO TOPSIIKA HC-

xonnast Mmatpuiia M ymHOXkaercs cama Ha ce6s.
IlycTh B pe3yibTaTe KOMIO3UIMM MOJydeHa MaT-

puua M*:{bij}, opopmiicHHAass B BuIe TaOI.2.

HaHOMHI/IM, HepBBIﬁ HHACKC BBIYHUCIIICMOI'O DJIEMCHTA

matpuisl M * — 510 HOMeEp CTpOKH MepBoii MaTpHIIH,
a BTOpPOH — HOMeEp CTOJONA BTOPOI MaTpHIEI (B Mpo-
H3BOMMBIX BBIYMCICHUSAX OUECBUIHO MATPHUIIBI OTHHA-
KOBBI).

~ ~ ~
B cootBercTBUM ¢ hopMyInoit M"=MoM
BBIYMCIICHHE TI0 QopMysiIe KOMIO3HUIKA Maxmin,
7 *
HanpumMep snementa by marpuust M T, npoussoau-
Juch B 2 oTana [2]:
e 113 3HayeHMl COOTBETCIBYIOLIUX IEMEHTOB

TIEPBOI CTPOKH H MIEPBOTO CTOJIOIA MATPHUITHI M BwI-
Oupannch MHHMMAaJbHBIE 3Ha4deHHs (JIOTHYECKOe

1 03 05 0,7 0,6 09
1 04 02 0 03 0,6

1 03 02 0O 03 0,6.

W3 monmy4eHHBIX YUCes BBIOMPAIOCh OTHO MaKCH-
MaJlbHOE 3Ha4YeHHe, paBHOE 1 M KOTOpPOE Temeph ABIIS-
ercs 3HaYeHueM drieMeHTa big.

AHAJIOTHYHO MTPOU3BOMIINCH BHIUKMCIICHHUS 3HAE-
HUH OCTAIBHBIX 3JIEMEHTOB, O(OPMIICHHBIX B BHJIE
TabiI. 2.




28

Espasutickuti Coro3 Y4eHbix (ECY) #3 (60), 2019

Hanee BBIYUCIIACTCS  Pa3HOCTh MaTpHI

[~) = |\7| — |\7| , TIpeJicTaBIcHHAas B Buje Tabdm. 3. B
Tabnuna 2 Tabauna 3

BBIYMCIICHUAX ONpeacisaiacb pasHOCTb DJJIEMCHTOB
Marpull ¢ OAMHAKOBBIMHU aIpECaMU.

* 1 2 3 4 5 6

1 2 3 4 5 6

1 04 0,7 0,7 06 | 09

0 01 | 02 0 0 0

0,6 1 04 | 04 | 04 | O8

0,2 0 0,1 0,2 0,3 0

03 | 03 1 03 | 03 | 03

0,1 0,1 0 01 0 0,2

02 | 0.2 1 1 03 | 02

0,2 0,1 0 0 01 | 02

0,6 04 1 1 1 0,6

0,3 0 0 0 0 0

@(ﬂ-bCONHZ

0,6 0,3 0,5 0,6 0,6 1

o~ w N~ | T

0 0,2 0,4 0,5 04 0

AHanu3 3eMEHTOB MAaTPHIIBI D & ta6n. 3 nos-
BOJSIET YCTAaHOBUTH CKPBITBIE BO3ICHCTBUS OJIHOTO
CEeKTOpa IKOHOMHUKHU Ha JIPYrod, KOTOphie 00pas3yroT
HHITUICHITNHA BTOPOTO TTOPSIKA.

s mpuMepa paccMOTpPHUM HECKOJBKO Hambouiee
3HAYMMBIX BO3JCHCTBUS PACCMaTPUBAEMBIX CEKTOPOB
(KOoTOpBIC UMEIOT HANOOJIBIIE 3HAYCHUS JICMEHTOB B
Tabm.3).

B cooTtBercTBHU C Tab1.3 BRITUILIEM:

(6 — 4), T.e. 31paBOOXpaHEHUE UMEET BO3CH-
CTBHUE Ha YHEPTeTHKY CO CTETeHbI0 Bo3aeiicTus 0,5;

(6 — 3) 31paBOOXpaHEHUE — MPOMBIIICHHOCTb;

(6 — 5) 3mpaBOOXpaHEeHNE—HAyKa U TEXHUKA;

(2 — 5) cenbckoe X034HUCTBO — HAyKa U TEXHUKA;

(5 — 1) cenpckoe X035UCTBO — HACEICHHE.

Kakum 06pa3oM IpoucXoasT 3TH BO3ACHCTBHS?

BoccTaHOBHM TPOMEXYTOYHBIC WHIUACHIIUH, C
MTOMOIIBI0 KOTOPBIX MOXKHO OOHApYKHTh CKPBITHIC
Bo3zeiictBus. Jlist aToro ucronb3yem Tadm. 1.

PaccMoTpuM BEIOpaHHYIO BBILIE M1apy CEKTOPOB (6
4). B mecroii crpoke Tabm.l (cexTop 6) BEIOHMpaem
Hauboubiee 3HaueHue 0,6. OHO HaXOAUTCS Ha IIepece-
YEHUH C TepBBIM cTOJIOIOM (cektop 1). [ToaTomy nanee
Mepexo M K TepBOil cTpoke Tabia.l n BHIMKCHIBaEM
3HayeHue 0,7 Ha MepecedeHu ¢ YeTBEPTHIM CTOIOIIOM
(cextop 4). 13 momydeHHBIX 3HAYEHWH 3alHCHIBAEM
HauMmenbliee 0,6. Beramcnenus odopmum B BHIE

rpada:
6—46—25 519 54 0,6.

O06parnasch BHOBb K Ta0I. | 3amuiiieM mpsmoe Bo3-
neiicTBre cekTopa 6 (1mecTas cTpoka) Ha ceKTop 4 (Jet-
BEpPTHIN cToNnoen):

6 ol s4 0,1

W, makowrer, BeraucisieMm passocts 0,6 — 0,1 = 0,5.
3TO 3HaYEHHE COOTBETCTBYET AIEMEHTY ¢ ajpecoM (6,4)
Tabm. 3.

[IpoBezeM aHAJIOTHMYHBIC BHIYUCICHHS IS OCTAIb-
HBIX BBIOPAHHBIX BBIIIIE [IAP CEKTOPOB:

63 6205153 0,5

66— 53 0,1

0,5-0,1=04;

65 6251255 06

62 55 0,2

0,6-0,2=0,4;

@5 2251255 04

2— o 55 0,1

04-0,1=03:

-1 5—256—2551 0,6

5% 51 0,3

Pacumndpyem nosyueHHbIE pe3ybTaThI.

(6 — 4): be3 mpon3BOICTBA CHICIUATEHBIX BEIYUC-
neHuit Tab61.3 ommOOYHO MOXKHO TOJIarath, 4To 3/Apa-
BOOXpPaHCHHE HEMOCPEICTBCHHO TIOYTH HE BIUSCT Ha
SHEepreTuKy (cMm. Tabin. 1, sanemeHt (6,4)). OgHako 3To
BIMSIHUE IOCTATOYHO CHIIBHO MPOSBIISIETCS Yepe3 Hace-
nenue (cM. Tabdn. 1, anementsl (6,1) u (1,4)).

To4yHO TarKke 3/ApPaBOOXPaHEHHE HEINOCpe/-
CTBEHHO CJIa00 BIMSET Ha MPOMBIIUICHHOCTh, HAYKY U
TexHuKy (mapel (6 — 4), (6 — 5)), HO 3TO BIUSHHE
OTISAITh TAKU CKA3bIBACTCS Uepe3 HACETICHUE.

(2 — 5): Cenbckoe X03s5ICTBO HE BIUSAET HEMO-
CPEACTBEHHO HAa HAYKy M TEXHHKY, HO 9TO BIIHSHUE
CKa3bIBaETCs uepe3 HaceJIeHHeE.

W3 (5 — 1) BugHO, 9TO HayKa M TEXHUKA BIUSET
Ha HaceJIeHUe Yepe3 3/[paBOOXpaHEHHe.

0,6-0,3=0,3.

OTH BBIBOJABI 0€3 HEMOCPEICTBEHHOW OIEHKH
CKPBITBIX BO3JCHCTBHH CIIEIyIOT U3 TaOJ. 3, MOIy4YeH-
HOH C IOMOILbIO BEIYMCIEHUM.

Takum 00pa3oM, ¢ MOMOIIBI0 HEYETKUX MATPHIL
MOHO OIICHHUTH CKPBLITBIC BJIMAHWUA OJHOI'O CCKTOpa
SKOHOMHUKH HApOIHOTO X03s1icTBa Ha npyroi [3].
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AHHOTAIUA.

Cratbs MOCBSILEHA aKTyalIbHON po0JieMe COBPEMEHHOM XMMUH -TI0JTy4€HHE YCTOMYHMBBIX apUIIbHBIX COE/IU-

HEHHH BHUCMYTa U UCCIIEAJOBAHNUE NX KATATUTUICCKUX CBOMCTB. B COBPEMEHHBIX TEXHOJIOTHYECKHUX CXEMax IIpo-
HU3BOJCTBA B KA4YECTBC 3(1)(1)6KTI/IBHLIX PEArcHTOB U KaTaJIUu3aTOPOB UCIIOJb3YHOTCA MCTAIJIOOPTraHNYCCKHUE COCAU-
uenust (MOC), o6agaromire celIeKTHBHOCTRIO H 00ECIICUNBAIOIINE BEICOKYIO CKOPOCTh U 00JIee SKOHOMHYECKH
BBITOAHBIC YCJIOBUA IIPOTCKAHUA ITPOLIECCOB. B cBs3u ¢ aTM OI[HOfI 13 aKTYaJIbHBIX np06neM XUMHHU p-METAJIIOB
ABJIACTCA TOJIYUCHHE yCTOf/'I‘II/IBBIX APUJIbHBIX COGI[I/IHGHI/II;I BUCMYTa MU HMCCICAOBAHHUE HX KaTaJIUTHYCCKUX
CBOMCTB.

ABSTRACT.

The article is devoted to the actual problem of modern chemistry -obtaining stable aryl compounds of bismuth
and the study of their catalytic properties. In modern technological schemes of production as effective reagents
and catalysts are used organometallic compounds (MOS), which have selectivity and provide high speed and more
cost-effective conditions for the processes. In this regard, one of the urgent problems of the chemistry of p-metals
is to obtain stable aryl compounds of bismuth and study their catalytic properties.

KaroueBbie ci0Ba: pearcHT, Katajan3aTop, MCTAJITIOOPTraHNICCKOC COCAUHCHNEC, CHHTC3, BUCMYT, KaTaJI13.

Keywords: reagent, catalyst, organometallic compound, synthesis, bismuth, catalysis.

B coBpeMeHHBIX TEXHOJIOTHYECKUX CXEMax IIPO-
M3BOJICTBA B KayecTBe 3(P(EKTUBHBIX PEareHTOB U Ka-
TaJU3aTOPOB HCIOJB3YIOTCS METaNIOOPraHHYCCKHE
coemunenus (MOC), obnaaarommue CeNeKTUBHOCTHIO U
00eCreunBarOIIe BBICOKYIO CKOPOCTh U 00Jiee SKOHO-
MHUYECKU BBITOJHBIC YCIIOBUS MPOTCKAHUS IPOIIECCOB.
[MomosHeHHEe CIUCKA CHHTE3MPOBAHHBIX METAILIOOpra-
HUYECKUX COCIMHEHUH, U M3yUYCHUE UX CBOWCTB, Oe3-
YCIIOBHO, UMEET BaXKHOE 3HAUEHHE. B CBsI3M C 3TUM OJI-

HOW M3 aKTyaJIbHBIX IPOOJIEM XUMHH P-METAIJIOB SIB-
JSIETCSI MOJYYEHNE YCTOMYMBBIX apUIIBHBIX COEIUHE-
HUM BHCMyTa M HCCIEIOBaHHE WX KaTaJIUTHYECKHUX
CBOICTB.

DeHWIbHBIE COCTUHEHHSI BUCMYTA IIPOIIE BCETO
MOJy4uTh MO AuazoMmerony HecmesHoBa. OTO MeTOn
CHHTE3a BUCMYTOPTaHHYECKUX COEAMHECHUH pasioxe-
HHUEM JIBOWHBIX COJIEH TaJIONAHBIX IPOU3BOIHBIX apHII-
Ira3oHuA U (pTopuaa 60pa B MPUCYTCTBUH B KaYECTBE
BOCCTaHOBHTEIISI MEJIKO Pa3/ipoOIeHHOTO BUCMYTAa.
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Peaxiuo mpoBOASAT MPH OXJIAXKICHUH B OPraHH-
YeCKOM pacTBOpuTesic. B KadecTBe pacTBOPUTENS
MOYKHO HCIIOJIb30BaTh alleTOH (MaKCUMAIbHBIA BBIXO]]
56 % 1o Macce OT TEOPETHUECKH BO3MOKHOTO), HO B
a¢upe (3TMNANIETaT) IO BBIXOAA pEaKIMH OOJIbIIe
mpu 00JIee HU3KUX TeMITepaTypax (MaKCHMAaIbHBIN BbI-
x0J1 78 % 10 Macce OT TEOPETHUECKH BO3MOYKHOTO).

7N

B npouecce Tak *ke UIYyT U KOHKYPUPYIOIIKE pe-
AKITUH TAJIOTEHUPOBAHUS PACTBOPUTEIIS U PA3I0KEHUS
apWIANA30HUEBBIX COJIEH.

Tak e BHCMYTOpPraHHYECKHE COEAUHEHMS
MO>XHO TIOJIYYUTh EHCTBUEM peakTuBa [ 'puHbsIpa Ha
TPEXXJIOPUCTBIA BUCMYT. DTOT METOJ U3BeCTeH ¢ 1904
roja u Ja€T XOpOUIMM BbIXOJ B MPUMEHEHUH K apoMa-
THYECKOMY PSIy, HO YJ00€H IpH MOJTy4YeHUH HeOOIIb-
IIMX KOJIMYECTB COCTUHEHUH.

BiCl, + 3 Mg—CI

+ 3 MgCl,

Tak >ke MPUMEHSIOTCS INTHHOPraHNYeCKHe COCANHEHUS, UMEIOIHe elle 0oJiee BHICOKYIO PEaKIMOHHYIO
criocobHoCTh. Jlonroe BpeMst 3To ObIT eTMHCTBEHHBIN METO/I ITOJTYYCHH S TIEHTAapIIIBHBIX COSTUHEHUI BUCMYTa

o

+ 2 Li —.-@/Bi + 2LiCl

Coeounenusn suoa ArsBiXy noryuarom peakyueii coomeememeyouje2o mpuapuieuCMyma ¢ 2ai02eHOM.

N

Apunbabie coequnaenus Bucmyrta (111, V) u3dupa-
TEIHHO OKHUCIISIOT, a TaK ke 3PPeKTHBHO HEeHIITUPYIOT
pasimuHbIe OpraHudeckue cyocrpartsl. [Ipu ydactun
BUCMYTOPTaHUYECKUX COEAWHEHWHA OBLIH ITOIy4EHBI
MHOTHE aHAJIOTH NMPHUPOAHBIX AKAIOWOB, TPOU3BO-
HBIE UHJI0J1a (CEPOTOHUH, TPAaMHH, Pe3epInH, OPYIUH),
TepIeHONbl (TMHTKONUIBI) , aHTHOMOTHKH (MakKpo-

CL

&-:‘1
>

JIMJIBI), aHTUKOArYIISIHTHI ( 4-runpokcukymapuH). K co-
JKaJICHUIO, B COBPEMEHHOM OPraHMYECKOM CHHTE3E HC-
IOJIL3YETCSl JINIIE HEOOJIBIIOE YHCIIO CaMBIX Pacpo-
CTPAaHEHHBIX BHCMYTOPTraHWYECKHX KaTaln3aTopOB:
TPU(EHUIBACMYT, TEHTA()CHWIBUCMYT, TO3WIAT |
TpudTopareTar TeTpadeHUIBIUCMYTa, TUXIOPOTPpHDE-
HWJIBUCMYT. DTO OOBSCHIETCS, BUANMO, TEM, UTO KPYyT
CHHTE3UPOBAaHHBIX YCTOMYMBBIX BUCMYTOPIraHUYECKUX
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COEIMHEHUM O4YeHb Y30K. Tak K€ OTCYTCTBYIOT IO-
JIpoOHO OMMCAaHHBIE METOABI CHHTE3a JaHHBIX COCIH-
HEHUM. O‘IeBI/IHHO, YTO CHUHTE3 HOBBIX OPraHMYCCKUX
COCMHECHNH BHCMYTa M W3ydeHHE WX CBOMCTB oOora-
TUT OIBIT KaTAIUTUYECKOTO CHHTE3a CaMbIX Pa3HO00-
pa3HBIX COCAMHEHUM.

3a mociemHee BpeMs ObLTH 0OHAPYXKEHBI H UCCIIe-
JOBAaHbI TAKUEC CBOICTBa OpTraHUYCCKUX MPONU3BOJIHBIX
BUCMYTa KaK KOMILUIEKCOB KaK CBEPXIPOBOJUMOCTh U
IIOJTyIIPOBOAUMOCTD, @ TaK )K€ SBJICHHE CErHETOIEK-
TpUYECTBA B KpUCTAUIaX BHUCMYTCOAEpXKAIIUX KOM-
rutekcoB. Pa3paboTka MeTOJOB CHHTE3a MOJOOHBIX CO-
€AMHEHNUH C TOYHO U3BECTHBIM CTPOEHHEM HOHOB, OJI-
HO3HAa4yHO, JacT BO3MOXKHOCTb pPAacCIIUPUTh Kpyr
HCCIICIOBAaTEIbCKUX HAIPaABICHUH B ITHX 00JIaCTAX
HayKH.

Bucmyrconepaxaiiyue KOMIUIEKCH Tak ke Ipef-
CTaBIIIOT MHTEpeC W i (yHAaMEHTAIbHONW HayKH.
Oco0OeHHOCTH CTPOCHHSI U CBOWCTB JJAHHBIX COEJIMHE-
HUU IPEICTABISIIOT OOJBIION HHTEPEC AJIs1 UCCIIe0Ba-
HUH B 00J1aCTH TEOPHH XUMUIECKOH CBSA3H M KaTaIn3a.

B nocnenaue rosl pa3BUBaeTCa HOBOE HAIIpaBiie-
HUE XUMHUH BUCMYTCOJEPKAIINX KOMIIEKCOB - CUHTE3
BUCMYTCOJIEPKAILINX OPraHUUECKUX BEIIECTB C IOMO-
LIBIO0 PEAKIIMM, BIUSIOLIMX HA COCTAaB U CBOWMCTBA JIM-
TaHoB C MOCIEAYIOUIUM HX HCIOJb30BaHUEM B pas-
HBIX OONAcTSIX CHHTE3a B KadeCTBE KaTaJM3aTOPOB.
Pa3BuTue naHHOTO HalpaBlIEHUs CTaBUT MEpPE] COBpeE-
MEHHOH HAayKOH ClIeAYIOLIe 3a1a4u:

— Paspabotka >pexTHBHBIX METOIOB IOJy4e-
HUS BUCMYTOPIraHUYECKUX COEIUHEHU;

R
™

— Tlonbop MeTOIOB aHaiM3a, YCTaHABIIHMBAIO-
IIEro M MOATBEPIKIAIOLIET0 COCTAaB M CTPOESHHE CHHTE-
3UPOBAHHBIX COCIUHEHUI;

— Usyuenue denmnupyromeir 3¢hGeKTHBHOCTH
COCIMHCHU MATUBAJICHTHOTO BHCMYTa B PEAKIMAX C
9JIEMEHTOOPIaHMYECKUMH M HEOPraHWYeCKHMHU CYO-
CTpaTaMH.

B nocnenuue ropt O6uTH pa3paboTaHbl HOBBIE Me-
TOJBI MOJYy4EeHHsS COCAMHEHHH BHCMyTa C IPUMEHe-
HUEM peaklIuil MepeoprueHTANH JNTaHA0B Ha OCHOBE
neHTaQeHMIBUCMYTa U BHCMYTCOJEPKAILIUX OpTraHH-
4yecKuX BemecTB ¢ obmeit popmyroit PhsBIiR;2 (roe R
ato ReOs, OAr, 0SO,CxHy, Hal), tax sxe Obu1H pa3pa-
0OTaHbl HOBBIC CIOCOOBI IOJYYECHHS IPOU3BOIHBIX
BucMyTa oOeii popmynsr PhyBiR. D1u MeTo b1 ekat
B OCHOBE COBPEMEHHOTO BOCTPEOOBAaHHOTO HampasJe-
HUS B OKCIIEPUMEHTAILHOM CHHTE3€ apPUIIbHBIX COCIH-
HEHUH CypbMBbl, MBILIbSKA U BUCMYTA. Tak >ke HallIeHbI
COBpPEMEHHBIE CIIOCOOBI (DEHMIINPOBAHHUSA COCTUHEHUI
TPEXBAJIEHTHOTO BHUCMYTa C MOMOIIbIO MEHTapEeHUII-
BUCMYyTa M INEHTAaQEeHWICYpPbMBI; OJHOBPEMEHHOTO
OKHCJIEHUsI ¥ (PEHUIIMPOBaHHS COCIMHEHUSIMH C 0011IeH
dopmynsr PhzBiX; (tme X ato Br, NOs, u HekoTopsie
Jpyrue) TpUQEeHICYPbMBI U TPH(QEHIIMBIIIbSIKA C 00-
pa3oBaHKUEM [TPOU3BOIHBIX CYPbMBI.

Jloxa3zaHo, 4TO B3aMMOICHCTBUE TPUAPHIIBUCMYTA
¢ ()eHONBHBIMHU COCJMHEHNUSIMH B IPUCYTCTBHHU HIEPOK-
CHJIa BOJOPOJA IPH MOJBHOM COOTHOIICHHWH pEarcH-
ToB (1:1) mpoTekaeT ¢ 0Opa3oBaHUEM COCIMHCHUI BUC-
MmyTa obmieit popmyisr (ArsBiX),0.

| R
P
> H.0-

2 Bi

R

N

R’ R’
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ITpu B3anMoeHicTBIM TPH(PEHUIBICMYTA C 3aMEICHHBIMHU TOJIYHJIOBBIX KHCIIOT U OCH30MHBIX KHCIIOT a TaK
XKe C XJIOP- U OPOMYKCYCHOM KUCIIOTaMU POTEKAFOIIHE B PABHBIX SKBUBAJIICHTHBIX COOTHOLICHUSX IPUBOAT MPH-

HMYILECTBEHHO K BBIIEICHHUIO BelecTB coctaBa PhyBiX.
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Tak e MOTYT 3aMECTHTBCSI Bce TPU (PEHMIIBHBIX paJyKaia, 3TO 3aBHCUT OT MOJIFHOTO COOTHOLIEHHS HCXO-
HbIX peareHToB (1:1, 1:2 umu 1:3), mpupoasl pacTBopuTens, Temreparypsl. 1o TaHHBIM MOCIEAHUX JET BUCMYT-
coJieprkalne KapOOKCHIIAThI SIBISIFOTCS TUMEPAMH MM OJIMTOMEPAMH, TA€ aTOMbI BUCMYTa BEICOKOKOOPANHHPO-

BaHBI.

Tabmmma | Beixoa IpoyKTOB B peakliny TpU(GEHUIBUCMYTA C TOJYWIOBOH KHCIOTOH B pa3HbIX YCIOBHUSIX.

Ne Coennnenue YcnoBus Brixon

1 | Ph,BiOC(O)CsHa(CH3-3) 1:1, pactoputens — Tostyod, 45°C, 20 mun 2%

2 | PhBi(OC(0)CeH4(CHs-3)). 1:2, pactBopuTens — Toayon, 45°C, 30 mun 38%

3 | PhBi(OC(0)CeH4(CH3-3)). 1:1, pactBoputens — rexca, 18°C, 7 mun 89%

4 | PhBi(OC(0O)CgH4(CHz-3))2 1:1, pactBopuTens — rekca, 18°C, 30 Mun 29%

5 | Bi(OC(O)CsHa(CH3-3))s 1:2, 1:3, pactopurens — rekca, 18°C, 30 mun 22?3?:522;:;;;{?;
6 | PhBi(OC(O)CsH4(CHs-3))2 1:1, pactBopuTens — anetoH, 18°C, 8 Mun 60%

7 | PhBi(OC(O)CsH4(CHs-3))2 1:1, pactBoputens — aneton, 18°C, 30 mun bosiee 99%

8 | Ph,BiOC(O)CsHa(CHs-3) 1:1, pactBoputens — anetoH, 18°C, 8 Mun 34%

B peaknun TpudeHWIBUCMYTa C XJIOPYKCYCHOM W OPOMYKCYCHOM KHCIIOTaMM y4acTBYET KHCIIOPOJ, B pe-
3yIbTaTe 00pa3yroTCsl KOMIIEKCHI TUKapOOKCHIIATOB (DeHUIIBUCMYTA. B 3aBHCUMOCTH OT pacTBOPUTENS U pEXKHUMa

Tabnuna 2 Beixoa npoIyKToB B peakiuy TpudeHUIBUCMYTa ¢ OPOMYKCYCHOHN M XJIOPYKCYCHOW KUCIOTaMHU KHC-

JIOTOH B Pa3HbIX YCJIOBHUSIX.

No Coennuenue VYcnosus Brixon
1 PhBi(OC(O)CH;CI) » 1:1, pactBoputens — Tonyod, 20°C, 10 mun 62%
2 PhBi(OC(O)CH;CI) » 1:2, pactBoputens — toyon, 20°C, 10 mun 56%
3 PhBi(OC(O)CH;CI) » 1:1, pactBoputens — Tonyod, 40°C, 10 mun 24%
4 PhBi(OC(O)CH;CI) » 1:2, pactBoputens — toyon, 40°C, 10 mun 19%
5 Bi(OC(O)CHsCl) 3 1:1, pactBoputens — Tonyod, 20°C, 10 mun 29%
6 Bi(OC(O)CHsClI) 3 1:2, pactBoputens — toiyon, 40°C, 10 mun 38%
7 Bi(OC(O)CH3ClI) 3 1:1, pactBoputens — toiyon, 40°C, 10 mun 76%

Takum oOpa3om B3amMojieiicTBHE TpUDEHIIBUC-
MyTa ¢ KapOOHOBBIMH KHCIIOTAMH U UX TPOU3BOIHBIMHU
B 3aBHCUMOCTH OT COOTHOIICHUSI NCXOHBIX BEILECTB,
TEMIIEPaTypbl, COCTaBa KUCIOTHI H PACTBOPUTENS IIPO-
TeKaeT ¢ 00pa3oBaHNEM TPHUKapOOKCHUIIATOB BHCMYTa a
TaK ke JuKapOokcuiiaToB (enuiBucmyra. Ecinu B ka-
YECTBE PACTBOPHUTEINS IPUMEHHUTD TOJIYOJ, B 3aBUCHMO-
CTH OT MOJIBHOTO COOTHOUICHHSI PEareHTOB U YCIOBUI
MIPOBEJCHUS PEAKIIH, BO3MOXHO 00pa30oBaHUE IHKap-
Ookcuiara (heHWIBHCMYTa M TpHKapOOKcuiaTa BHC-
MyTa B Pa3HBIX IPOLIEHTHBIX COAEPKAHUSIX.
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HOW cHCTEeMBI 1T (JOPMUPOBAHUS COAEPKAHNS BAPUATUBHON 4acTH MPO(eCCHOHATBHBIX 00pa30BaTENbHBIX IIPO-

rpaMM C UCHIOJIb30BAHUEM UHTCIJICKTYAJIbHBIX MCTOIO0B.

ABSTRACT.

The proposed study deals with the problem of developing the structure of an automated system for the for-
mation of the content of the variable part of professional educational programs using intelligent methods.

KaroueBble ciioBa: ABTOMATU3UPOBAaHHAA CUCTEMA, HHTCIUIEKTYaJIbHBIE METO/IbI, BapuaTUBHAA 4aCTb, I'pa-
¢mueckas Hotauust DFD, nHdopmanmoHHo-10rH4ecKkas MOJEINb.

Keywords: automated system, intelligent methods, variable part, graphic notation DFD, information-logical

model.

BBenenune u HOBU3HA

AXTYaJIbHOCTh HACTOSIIEr0 HMCCJICIOBaHUsS 3a-
KITIOYAeTCsl B TOM, 9TO pa3padaTeiBaeMasi aBTOMAaTH3H-
pOBaHHAsi CHCTEMA IO3BOJIUT 3HAYUTEIILHO MOBBICHTH
3(h(HEeKTHBHOCTh TOATOTOBKH OaKalaaBpOB B PETHO-
HAJIBHOW cucTeme 00pa3oBaHus. Mcxons U3 akTyaib-
HOCTH ObLIa MOCTaBJICHA 1IEJIb U OIpPEAENICHbI 3a/1auu
uccrnenoBanus. Llenpio mccinenoBaHus SABISETCS TIPO-
CKTUPOBAHNE KOMIIOHCHTOB aBTOMaTHSHpOBaHHOﬁ CHU-
CTeMBI IPUMECHEHUS HHTEIDICKTYaJIbHBIX METOJIOB OTI-
TUMU3AIMH COJICPKAHUS BapUATHUBHOMN 4acTh 00paso-
BaTENBHBIX MIPOTPaMM. Juis JIOCTIDKEHUS
MTOCTABJICHHOW IIEIM B paMKax WCCIICIOBAHUS peIIa-
I0TCSI 3a/lauyl aHann3a MpeAMETHOW obnactu, Gpopmy-
JTUPOBKK TpeOoBaHWil K pa3padarsiBaeMoit AC; BEI-
6opa cpenctpa npoektupoBanus AC; MOCTPOSHUS MO-
nemu  AC. PesymbraTel paboTel  OyayT HMeETh
MPAaKTUYECKYIO 3HAYUMOCTh JUIs MOBBIIICHUS 3(dek-
THBHOCTH 00pa30BaTEIbHOM CHCTEMBI

HoBusna pernraeMoii 3aaquu COCTOUT B TOM, YTO
pa3pabarbiBaeMasi aBTOMaTH3MPOBAHHASI CUCTEMA, 1103~
BOJIUT ONTHMH3HUPOBATH (POPMUPOBAHHE CONCPIKAHUS
BapuUaTHBHOM YacTH 00pa30BaTeNbHOM IIPOrPaMMBbl
moarotoBku I T-cienmanuctos. JlanHas cucreMa Oyzaer
ONpEACTATh PE3yNbTaThl OOYUCHHSI HA BCEX YPOBHSX
BEICIIETO 0Opa3oBanus. TakuM 00pa3oM CTyICHT CMO-
KET TIONY4UTh HEOOXOIMMEIN YpOBeHb KBanm(puka-
nuu. Jlns pabotomatens OyaeT mpeocTaBieHa BO3-
MOKHOCTB TIOJIOMPATH BEITYCKHUKOB C HEOOXOAUMBIMU
KOMIICTCHIIUAMHA, COOTBETCTBYIOUIMMU CUTYAllMU Ha
peIHKE Tpyaa. Bce mepedmcieHHOE CMOXET 3HAYH-
TEJIBHO MOBBICUTH 3()(HEKTUBHOCTH IMOATOTOBKH CIICI[H-
QIHUCTOB B cucTeMe 00pa3oBaHMs TI0 BOCTPEOOBAHHBIM
HaTPaBJICHUSM TTOATOTOBKH.

CpeactBa paspabaTbiBaeMOil aBTOMaTH3UPOBAH-
HOM CHCTEMBI MOAICPKUBAIOT BBHIIOTHEHUE (DYHKITHI:
3arpy3Ka JaHHBIX U3 YY4EOHBIX IUIAHOB; BEACHUEC (I0-
OaBneHHEe, OOHOBJICHHUE, TTOVCK, TPOCMOTP) JAHHBIX O
JUICIUTUTAHAX B (POPMHUPYEMBIX KOMIICTCHIIUSAX; aBTO-
MaTH3UpOBaHHOE (HOPMHUPOBAHNE COACPIKAHUS BapHa-
THBHOW 9acTH 00pa30BaTEIBHON MTPOTPAMMBL.

Marepuas u MeTObI HCCIIE0BAHUSI.

B Havaie paboThl OBLTH NMPOBENCHBI MCCIIEI0BA-
HUSI B 00JIaCTH TMPOSKTUPOBAHUS COAEPIKaHUs 00pa3o-
BaHUs. 3apyoexHsie aBTopsl Ehsan Haghshenas n Arya
Mazaheri cBOAAT 3a1a4y MOICIIUPOBAHUS COACPIKAHUS
obOpazoBanus (0Opa3oBaTeNbHON MPOTPaMMBI) K, TaK
Ha3bIBaEMOH, 3a/aue «O PIOK3aKe». ABTOPHI Ipeasa-
TaloT UCTOJB30BaTh MYPaBbUHBINA anroputm [4].

Bourbia Riad, Seridi Ali, Hadjeris Mourad, u
Seridi Hamid npeasararor ruOpuaHblii MOIX0/1, OCHO-
BaHHBIM Ha IMPEIJIOKEHUH B NPUMEHEHWH MYypaBbH-
HOT'O aTOPUTMa U KOJIITA0OPaTUBHOW (pHIIbTpalvu 11
TTOCTPOEHUS aJaTUBHOTO Kypca oOy4ueHus [3].

Nasim Zandi Atashbar and Fahimeh Rahimi pac-
CMaTpUBArOT BOIIPOCHI ONITUMHU3AIIUN COACPKAHUA 00-
pa3oBaHMs, KOTOPHIC YIOBIETBOPSIOT PEATBHBIM I10-
TpeOHOCTSIM 00y4aloIerocs, IyreM pacCMOTPEHUS
0COOEHHOCTEH ero/ee TMIHOCTH U B OTPAHUICHHOM KO-
JIUYECTBE BpeMeHHU [2].

HHTenneKkTyanpHble METOABI ONTUMHU3ANNH B pac-
CMOTPEHHBIX pab0Tax, B OCHOBHOM, IPUMEHSIOTCS IPU
pa3paboTKe aIanTHBHBIX KypCOB, HO HE K TIOCTPOEHUIO
00pa3oBaTeNbHBIX IPOTPaMM B IEJIOM.

Bosnukaer nmpobiema cocraBiieHus: HanboJiee pa-
nrnoHaIbHOM BapruaTiHOH gacTi OOI1, mo3Bosstonmei
oOecrieunBaTh HEOOXOAMMBIH YPOBEHb KBATH(UKAINT
BBIITYCKHHUKOB, KOTOPBIHA OyZeT TpeOoBaThCs Moce 3a-
BepuieHus: o0ydeHus. Kpome Toro, o6pa3oBaTenbHbIi
CTaHAAPT ONIpENeNsieT B3aUMOCBA3H MEXIy KOMIIe-
TEHTHOCTHOM CTPYKTYpoil M HabopoM TpeOOBaHUH K
OOII. JlanHbIe B3aMMOCBS3H OTPEENSIOTCS MTyTEM CO-
MTOCTaBJICHUS TUCHUTUIHHE (JINO0 HAOOPy MUCIHILINH)
COBOKYITHOCTH KOMIIETEHIINH, KOTOpble (GOPMHUPYIOTCS
y y4alerocs nocjie 0OCBOCHUS AUCLUILINHBI.

ITpn otbope conmepkaHust NPOPEeCcCHOHATBHBIX
00pa3oBaTeNbHBIX MPOrpaMM CIIeAyeT BbIOpaTh MOJ-
MHOXECTBO CO/ICPKAHMsI KOMITCTEHIINH, yIOBJIETBOPSI-
Iolllee 3aJaHHBIM OTPaHUYEHHSM M ONTHMAIBHOE II0
OTIpEJICTICHHBIM KPUTEPHAM. 33/1a4a ONTUMH3ALNN CO-
JepkaHusl 00pa3oBaHMSI B TAaKOH IMOCTaHOBKE OTHO-
CHUTCSI K 33/1a4aM JUCKPETHOW ONTHMHU3AIUU U UMEET
JOCTaTOYHO BBICOKYIO Pa3MEPHOCTH, TOCKOJIBKY KOJIH-
4eCTBO (POPMHUPYEMBIX 3HAHUH, YMEHUIH M HABBIKOB B
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paMKkax 00pa3oBaTebHOM TPOTPaMMBI COCTABIISET HE-
cKoJIbKO coTeH. [1, ¢. 98-100].

Taxkum obpaszoM, mpu 3agaHHOM Habope QuCLHU-
IUIMH C YKa3aHHON TPYAOEMKOCTBIO, a TAKXKE COOTBET-
CTBYIOLINX UM 3HAHUH, HABBIKOB, YMEHHUH, CTOUT 3a-
Jada 0T60pa ONTUMAJIBHOI'O CIHMCKa JUCIHUIIINH, IIPpH
OCBOCHUH KOTOPBIX CTYAEHT HOJIY4UT 00bEM 3HAHWH,
HAaBBIKOB, YMCHHUM, IPU MUHUMAJIBHON CyMMapHOH
TPYIOEMKOCTH AWCHUIUINH M TPOYNX OTPaHUYCHHSX.
HpI/IMCHeHI/IC HUHTCJUICKTYaJIbHBIX METOA0B ONITUMH3A-
LUK COJEPKaHNs 00pa30BaTEIbHBIX IPOrPaMM MOATO-
TOBKH 0aKaJIaBpOB, II03BOJIUT 00ECTIEUNTh MaKCUMaJb-
HOE COOTBETCTBHE pPE3yAbTaTOB oOydeHHs TpeOoBa-
HUSIM paboToaTesneH.

OmnpenenrM cOCTaB KOMIIOHEHTOB U apXUTEKTYPy
pa3pabaTbiBaeMOil  aBTOMAaTH3UPOBAaHHON CHCTEMBI

Tabnmma 1. Onncanne pyHkunoHambHOH cTPYKTYpsl AC

(AC). ABTOMaTH3MpOBaHHAS CUCTEMA TIOCTPOEHUS CO-
JepKaHUs BapUATHBHOM 9acTH 00pa3oBaTEIBHBIX IIPO-
rpaMM J0JIKHA UCTIONIb30BaTh CBECHUS U3 HEKOTOPOU
0a3pl JaHHBIX, COAEpIKaIIel CIMCOK BCEBO3MOXKHBIX
JUCHHUIUIMH ¥ CIHCOK BCEBO3MOXKHBIX KOMIICTCHIIHH.
Hazosem sty 6a3y nannbix BJIK/] — 6a3a naHHBIX KOM-
MEeTCHIMH ¥ JUCIUILUTMH. HazHadeHne aBTOMaTH3HPO-
BaHHOU CHCTEMBI — CO3aHUEC WHCTPYMCHTA JJIsl aBTO-
MaTH3UPOBAHHOTO (DOPMHUPOBAHUS COAEpKaHUs 0Opa-
30BaTeNIbHBIX ~ OPOTPAaMM  C  HUCIOJIb30BaHHEM
HWHTEIUIEKTYaIbHBIX MeToZ0B. AC oTpakaeT KOHKPET-
HYIO TIPEJMETHYIO0 00JIaCTh, POIIECC, BU ACATCIHHO-
ctu. Onmcanme CTPYKTypsl QyHKIIMOHAIHHOM COCTaB-
JISIOIICH TpeACTaBIeHO B Tabnwmie 1.

HasBanwue 3amaun

HazBanue QpyHKIIMH

HBIX MCTOJIOB

1. 3amura JaHHBIX ABTOpHU3AIH TOIB30BATENS
2. C6op mannsix n3 bJIK/] 1 BBOJ UX B CHCTEMY B Vyer

BHJIC MaKeTa 3KpaHHOH (popMbI BBO/IA TAHHBIX

3. O0paboTKa TaHHBIX C TOMOLIBIO UHTEIUIEKTYallb- | AHanu3

4, BriBecTu gaHHbIE U3 CUCTEMBI B BUJIE IKPAaHHOU
(hopMBI BBIBOJIA JAHHBIX (9KpaH, IPUHTEP) ISl aHATNU3a

dopMupoBaHre dKpaHHOUW (HOPMBI BBIBOJIA JTaH-
HBIX

CrnenyomM IIaroM CTajJo  MOJICIMPOBAaHHE
BHelHero yposHs npoekra AC.

Ha mpencraBneHHOM HWKe pUCyHKe | m300pa-
’KEHa MOJIENb NTOTOKOB JAaHHBIX B rpadHuecKoil HoTa-
uu DFD:

— OCHOBHOH (TJIaBHBIH) Tpolecc aBTOMATH3a-
LUK ONTHMH3ALWK COJCPXKAHUS BapUATUBHOI YacTH
00pazoBaTeNbHBIX IIPOrPaMM;

— BHCUIHHE CYIIHOCTH: COTPYAHHUK Kadeapsbl,
3aBenyronuil kadeApol ydacTByrolme B 00paboOTKe
JIAHHBIX, O'PAHUYCHHS UITH YCIOBHSI 00pabOTKH;

— moToku maHHbIX (1 — 5), oTpaxaromniue 0600-
[IEHHYI0 COBOKYITHOCTh 00pabaThIBAEMBbIX JTOKYMEH-
TOB;

— yueOHbIE IUIAHBI, U3 KOTOPBIX 3arpyXaroTCs
HE0OXOINMEBIE TaHHEIE.

4 N

i
1 > HI2 »| IIpomecc aBToMa-
Tarmsre | 2 Corpymmk U113
- 37| kadenper = »|  TH3aIHH IOCTpoe-
—»|  3aB. xa- s &
BIAKI (4, 2 > g BUOIT
5 dbenpoit HIIS R
HI16

NG /

Pucynox 1 — Moodenv nomokoe oannvix opeanuzayuu (nomayus DFD)

Cucrema GopMHpYET COJICpKAHUE BapUATUBHOM
gacTi 00pa30BaTENBHBIX MPOrpaMM, KOTOPOE MOXKET
OBITh OTKOPPEKTUPOBAHO BPYUYHYIO.

CucreMa ympaBieHHS: CHEIUATBHBIN COTPYIHHUK
JeKaHaTa Win Kadeapsl, 100aBIAIOMII U 0OHOBIIIIO-
it nanelie 3 bJIK/] u 3aBenyromuit kadeapoi, npu-
HUMAIOIIUH pEelIeHUs] Ha OCHOBE Pe3ylbTaToB oOpa-
OOTKH JAHHBIX.

OxBaTeIBaeMBIE B PaMKax pelraeMon 3agaddl aB-
TOMATU3aIUU HH()OPMAIIMOHHBIC TOTOKH:

—  WIIl — «BuemHMA» 111 AC JoOKyMeHT (dJ1ek-
TPOHHBIH OKYMEHT) — BBEJCHUE CBEACHUI O HalpaB-
JICHUH TIOJITOTOBKH;

— WII2 — BBeacHUE CBEICHUI O IIUKIIC;

— WII3 — BBeacHUE CBEICHUH O AUCIUAILIMHAX

— WII4 — BBeacHUE CBEICHUH O KOMIICTCHITUAX;

— UII5 — BBegeHUE CBENEHUI O EAMHULIAX U3ME-
peHus;
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— MUII6 — ¢opmupyemas cucremoit BUOII B
BUzIe 3KpaHHOH (opmbl mim nokymenra ¢opmara Ex-
cel.

BreiBox 0 HeoOXomuMOCTH pa3pabOTKH COOCTBEH-
Ho#t AC mo3BosisseT chopMyIHpoBaTh (HYHKITHOHATb-
HbIe TpeOOBaHWA K HOBOW CHCTEME, BKIIOYAIOUINE B
ce0s1 onpe/IesieHHBIH TepeYeHb 3a1a4 (M0JCUCTEM):

1. AsTopu3anus HoJIb30BATEIS.

2. Benenue (mo0aBieHue, OOHOBJICHHUE, IMOWCK,
MIPOCMOTP) HEIOCTHON U HAICKHOHM HH(pOpMaImH, JaH-
weIx u3 BJIK.

3. OOpaboTKa JaHHBIX C TOMOIIBIO HHTEIUICKTY-
AIBHBIX METOIOB.

4. dopmupoBaHHe coJliep)KaHUsS BapHaTHBHOU
gacTu 00pa3oBaTeIbHOI MPOrpaMMEI B BUAE PKPaHHON
(OpMBI BBIBO/IA TAHHBIX.

QAPI/IATI/IBHA}I 1IACTD

# (1) * xon BY;

*KOJ KOMITETeHITHH
*Ha3zBaHHe KOMITCTCHIIH
*KOJIHIECTBO 3aTCTHBIX

# (2) *nazBanne BU =
OkpaTkoe Ha3paune BU;

*KOZ XHCIUIUTHHBL,

*KpaTKoe Ha3BaHUe

JICIHILTHHBL; %

Coneprxanue Ipo(ecCHOHATBHBIX 00pa30BaTeIb-
HBIX TIporpamMM B (opMann3oBaHHON Momenu Oymer
NPE/ICTaBISATh CO0OM TOAMHOXKECTBO COACPIKAHUS
KOMIIETEHITHH, yIOBICTBOPSIONIEE 3aJaHHBIM OT'PaHH-
YEHUSIM WM ONTHMAIIBHOE I10 OIPENEeNICHHBIM KpUTE-
pHsIM.

Jist moctpoenuss MH(POPMALMOHHO-JIOTHYECKON
(uronornyeckoit) moaenu (MJIM) npeameTHoii o0na-
cTi wucnonp3yercs wmeroponoruss CDM, HoTtanms
Puuapna Bapkepa. MHpopmaoHHo-10rnueckas Mo-
JIeNTb TIPEIMETHOM OOJIACTH TPUBOIUTCA B BUAC PH-
cyHnka. Ha pucynke 2 npuBeneHa nH}posornyeckast Mo-
JIeNTb TIPEMETHOW 00IacTH aBTOMATH3WPOBAHHOHN CH-
CTEMBI OITUMH3AIINN COACPKAHUS BAPUATHBHOMN YacTH
obpazosarensHoil mporpammbel (AC «OCBYOII») B
Bune ER-mmarpaMMbr B 0003HAaYeHHAX HOTAIUA
Puuapna bapkepa.

KOMIIETEHLIUST R

# (1)*Ko KOMITETEHITHH;
# (2)*Ha3BaHHe KOMIIETEHITHI

°1<paTK 0€ Ha3BaHHC KOMIICTCHIIHI

A

EJIMHHWIIA U3MEPEHM
#(1) * xoxm
# (2) * HazBaHHe
0 KpaTKoe Ha3BaHHe

.

€IMHUIT;
Qmmecmo y4eOHBIX JacoB;

b

| # (1)*kox 1mxna
# (2)*HazBaHHe ITHKIIA

°1<pa1'1<0e Ha3BaHHE THUKIT

IIMKJI YACTD ITUKIIA
_| # (1)*kox wact
# (2 *HazBaHHE YaCTH

OKpaTKOe Ha3BaHHE YaCTE

4

JUCLIUIUIMHA
# (1)*Kox AHCLHUIIIHHEL,
# (2)*Ha3BaHHE TUCIUTUTHHBI
OkpaTkoe Ha3BaHHe
JTUCIHILIIHBL

HATIPABJIEHUE ITOJI'OTOBKH )
1 # (1) *Kxox HanpaBIeHHS
™| # (2) *Ha3BaHIe HAIPABIEHHUS

oKpaTKOB Ha3BaHHEC HalIPaBJICHIA

o

Pucynox 2 — ER-ouacpamma npeomemmnoii oonacmu AC « OCBHYOII»

MNHbopMaIOHHO-JIOTHYECKasT MOJICNb MPEIMET-
HOM 00;acTH sBISETCS OCHOBOHM It (HOpMHUPOBAHUS
JIOTUYECKOU CTPYKTYPBI 0a3bl JaHHBIX.

Ha ER-amarpamme mpeactaBieHo 7 KIacCoB 00b-
€KTOB U OTHOIICHUS MEXAY HUMHU:

1) kaxg0e HampaBjeHHE MOJATOTOBKM HMEET Ba-
PHATHBHYIO 9acTh, IPUHAICKAITYIO KAKIOMY [UAKITY;

2) BapuaTMBHAs YaCTh MOET COJEepKarh He-
CKOJIBKO KOMIETEHIIHI

3) BapuaTHUBHAs YaCTh COAEPKAT HECKOJIBKO €U~
HHUI I/ISMCPCHI/IH;

4) KaxIpId LUK COJEPKUT OJHY BapHATUBHYIO
4acTh;

5) kaxxJasi BApHATHBHAS YaCTh NPUHAICIKHUT OJI-
HOMY LIUKITY;

6) MUCITMIUINHA MOKET TPUHAUICKATH BAPHATHB-
HOM dYacTW, W KaXJas BapUATHBHON YacTH MOXKET
HMMETh HECKOJIBKO JTUCIHIUINH;

7) KOMIIETEHIIMST MOXKET HPUHAJJICKATh BapHa-
TUBHOM YacTu, U KaXKaasd BapuaTUBHAsA 4aCTb MOXKCT
06naaTh HA0OPOM KOMITETCHITHA;

8) BapuaTHBHAs YaCTh, UMEET HECKOJBKO €IUHHMIT
HM3MEpEHUSI.

WudopmanoHHO-JIorHYecKasi MOAENb MpeaAMeT-
HO# 00JacT sIBIsETCS OCHOBOH IUIA (HOPMHUPOBAHUS
JIOTMYECKOW CTPYKTYpHI 0a3bl JaHHBIX.

3akii04yeHue

OcCHOBOH Ut pa3pabOTKH MOJENH ITPUMEHEHHE
HHTCJUICKTYAJIbHBIX METOAOB ONITUMH3AIUU COJCPIKaA-
HUS BapuUaTHBHON dacTHm 0Opa3oBaTeNpHONW TIpO-
TpaMMBl CIYKUT KOMIETEHTHOCTHBIM moaxoj. breiio
JIAHO OIMCAHKE 3ajaull U BO3MOKHBII allTOPUTM €€ pe-
LICHUS] — aJITOPUTM ONTHMAJILHOTO OTOOpa cojepxka-
HUS BAPHATUBHON 4acTH 00pa30BaTeIbHBIX IIPOTPAMM.

B mpornecce BbINONHEHHS JaHHOH pabOTHI OBLI
U3y4eH 3apyOeKHbIH M OTEUECTBEHHBIH ONBIT B 00Ja-
CTH IIPOEKTUPOBAHUS CO/IEPKAHUS 00pa30BaHuUs, PO-
aHaJIM3MPOBaHa IpeAMeTHas 061acTs. B mponecce uc-
CJIeIOBaHUS OBLUTH MPOEKTHPOBAHBI KOMITOHEHTHI aBTO-

MaTH3UPOBaHHOU CUCTEMBI «Onrumu3anys
COJIepXKaHHUSA BapUaTHBHON dYacTH 00pa3oBaTEIbHBIX
TIPOTPaMM».

IIpu npoeKTUpPOBaHUM COAECPIKAHUS PEATU3YEMBIX
00pa3oBaTeNbHBIX NPOTPaMM YUUTHIBAJIOCH MHOXKE-
CTBO (h)aKTOPOB M OTPaHMUYECHUH, YTO MPAKTUYECKH He-
BO3MOXKHO CZIeNaTh 03 IMPUMEHEHUS] HHTEIIIEKTyalb-
HBIX METOJIOB ONITUMAaJILHOTO O0TOOpa conep KaHus Ba-
PHATUBHOM YacTH 00pa30BaTEIBHOIN MPOTpaMMBbI IS
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JOCTHKEHUSI MaKCUMAJIBHOTO 00beMa (HOpMHUPYEMBIX
KOMIIETeHIN. Bce mepeuncieHHoe O3BOUT 3HAYH-
TEJILHO TOBBICUTH 3(Q()EKTUBHOCTh TOATOTOBKU Oaka-
JIABPOB B PETHOHATIHFHOM CHCTEMe 00pa30BaHIsI 10 BOC-
TpeOOBAHHBIM HATIPABJICHUSAM ITOATOTOBKH.

B pabore OblJI0 TPOBEICHO MCCIIEOBAHUE APXU-
TEKTYPHI U CTPYKTYPHI aBTOMATH3UPOBAHHOW CUCTEMBI
AC «OCBYOII». beina onmcaHa CTpyKTypa, a Takxke
COCTaB BO3MOYKHBIX KOMITOHEHTOB BCEX 00ECIICUHBAIO-
mux noacucreM AC «OCBUYOII». Haznauenue aBTo-
MaTH3UPOBAaHHOM CHCTEMBI — CO3IJaHHE WHCTPYMEHTA
JUIT aBTOMAaTU3UPOBAHHOTO ()OPMHUPOBAHUS COJICPIKA-
HUSL 00pa30BaTENBHBIX MPOTPAMM C HCIIOJIE30BAaHHEM
HMHTEIUICKTYaIbHBIX METOIOB.

Jns paspabotku AC «OCBYOII» ncnoss3oBaics
CHUCTEMHBIM METOJOJIOTHYECKUH ITOAXO0J — aBTOMATH-
3MPOBaHHAs CHCTEMa pacCMaTpUBAETCsl KaK COBOKYII-
HOCTB noAcucTeM. OpueHTaIs KU3HECHHOTO IIUKIIA Ha
CITUPATBHYIO MOJICNb C KIIACCHYCCKUM MEPEUYHEM ITa-
moB. Metononorus 0OBEKTHO-OPHEHTHPOBAHHOTO
MPOrpaMMHPOBAHUSL.

TakuMm 00pazom, pesIoKeHHass METOIMKa pa3pa-
OOTKH COJNICpKaHWUS BapHMATUBHOW 00pa30BaTEIBHBIX
MIpOrpamMM TOATOTOBKH OakajaBpoOB Uil OTPaciv WH-
(hOpMaIOHHBIX TEXHOJIOTHI TTO3BOJIMIIA BHISIBUTH He-
00X0IMMBIC H3MCHEHUS B COACPKaHUH 00pa3oBaTeIib-
HBIX IPOTpaMM, 00eCIIeYBaIOIINe MaKCHMAaIbHOE CO-
OTBETCTBUE pE3YIBTaTOB OOydYeHHS TpeOOBaHUIM

paboTomaTeneil 1 COBpEeMEHHBIM TEHACHIMSM DPa3BH-
THS THPOPMAIOHHBIX TEXHOJIOT .

Cnucok auTepaTypsl

1. Iyxman A. E. [IporHocTnueckoe Moaenupo-
BaHUEC WU ONITUMMU3AIIUA COJACPKAHUA TTPpOTrpaMM ITOJATO-
toBkn UT-crienmanucros. IlpenonaBanue nudopma-
LUOHHBIX TexHoJsorHil B Poccuiickoit denepanuu: Ma-
Tepuanbl TpuHanuaTod OTKphITOM Bceepoccuiickoit
koH(pepeHuuu. IlepMckuii rocyaapcTBEeHHBIH HalUO-
HaJBHBIA HCCIIEe0BATEbCKUH YHIBEepCcHTeT, 2015. — C.
98-100.

2. Atashbar, N. Optimization of Educational
Systems Using Knapsack Problem / N. Atashbar, R.
Fahimeh // International Journal of Machine Learning
and Computing . — Vol. 2, 2012. — No. 5.— P.552-555.

3. Bourbia, R. An Adaptive Learning Based on
Ant Colony and Collaborative Filtering / R. Bourbia,
A. Seridi, M. Hadjeris, H.Seridi // Proceedings of the
World Congress on Engineering, 2012 . — Vol Il . —
2012. — P. 851-855.

4. Haghshena, E. Introducing a new intelligent
adaptive learning content generation method. / E.
Haghshenas, A. Mazaheri. // The Second International
Conference on E-Learning and E-Teaching (ICELET
2010). — 2010 . — P. 65-71.
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HCHOJIb30BAHUE ITPOCTPAHCTBEHHO-CTEPKHEBBIX KOHCTPYKIIUI B
APKTHYECKHUX IINPOTAX.

LHapumoea Haoesxcoa I'ennadvesna
Kano. mex. nayx,

Odoyenm kagedpwl «I padocmpoumenbcmeo, NPOEKMUPOBAHUE 30AHUTL U COOPYIHCEHUILY,
Q@I'HOY BO «IOxcno-Poccuiickuil 2ocyoapcmeenubiii nonumexnudeckutl ynusepcumem (HIIH)

umenu M. U. Ilnamosay,

2. Hosouepxacck

Conomka Maxkcum Anekceesuu

baxanasp no nanpasnenuio Cmpoumenscmao,

Q@I'HOY BO «lOxscno-Poccuiickuil 2ocyoapcmeenubiii nonumexnudeckutl ynusepcumem (HITH)

AHHOTAIUA.

umenu M.U. IThamosay,
2. Hosouepxacck

B crarbe paccMoTpena nH(popManus o MpUMEHEHNH IPOCTPAaHCTBEHHO-CTEPKHEBBIX KOHCTPYKIMI B YCIIO-
BHAX BEYHOH Mep3JI0ThI, BUABI TAKUX KOHCTpYKIUiL. [IpeacraBneHbl BO3MOXKHBIE y3JI0BBIE COETUHEHUS CTEPIKHEH
MIPOCTPAHCTBEHHO-CTEPIKHEBBIX KOHCTPYKLM. PazpaboTaH kapkac Kynoia ¢ IpUMEHEHHEM HOBOTO IAPHUPHOTO

Y3JI0BOTO COCANHCHUA.

KroueBsble cj10Ba: IPOCTPaHCTBEHHO-CTEPKHEBBIE KOHCTPYKIMHU, LIAPHUPHBIN y3€ll, CTePKHH.

TexHOJIOTHSI TPOCTPaHCTBEHHO-CTEPIKHEBBIX KOH-
crpykmuii (IICK) B Mupe aktuBHO pa3uBaercs. [Ipe-
HUMYILECTBAMH 3TUX KOHCTPYKIMH Tepes oOBIYHBIMHU
SBIIAIOTCSA MOOMIIBHOCTB U CKOPOCTE COOPKH; CTEpIKHE-
BbIE 3JIEMEHTHl M KOHHEKTODBI, paclpelielieHHbIE 110
THUIIaM, YMEIIAIOTCd B KOMIIAKTHYIO YIAKOBKY U JIO-
CTaBISIIOTCSL JIIOOBIM BHIOM TpaHCIOpPTa O MecTa
COOPKH; y3JIOBBIE M CTEPIKHEBBIE 3JIEMEHTBI TPOMapKH-
POBaHBEI, UMCIOT CTaHAAPTHBIC TabapuTH; Ha (yHIa-
MEHT NPHUXOAATCS HeOOJbLIME HATrPY3KH, YTO IO3BO-
JSIeT HCIOJb30BAaTh pas3Hble THIBI (YHIaMEHTOB.

Haubonee 3hheKTHBHO MPUMEHEHUE BUHTOBBIX CBaif,
32 c4eT uX OBICTPOH YCTAaHOBKHM M aJallTHBHOCTH K
YCIIOBUSIM BEYHON MEP3JIOTHI.

B nanHOl cTatbe paccMOTpeHa BO3MOXHOCTb
npuMmeHenust IICK B Buae KymoJIBHBIX KOHCTPYKLMI
(puc. 1) B apKTHYECKUX MIUPOTAX, Kak Hawbojee 3¢-
(DEeKTHBHBIX COOPYKEHHUH ISl MOJSIPHBIX U CyOIIoIIsip-
HBIX paiiOHOB 3eMJIH JUIs CO3/1aHNsi KOM(OPTHBIX YCII0-
BHH NIPO’KUBAHUS U BEJICHUS JIESATEIbHOCTH.

2 r

Puc. 1. Buympuxonmunenmanvuas nonspras cmauyusi CLLA na nednuxe ¢ Anmapkmuode

ITo cBOel KOHCTPYKIMH KYIOJIa MOTYT OBITh pa3-
JIUYHBIX THUIOB: PEOPUCTO-KONIBIIEBOH KymoJs (puc. 2,

a), ceTdaThli KymoJs (puc. 2, 0), 3Be3qUaThIil KyIIOJ
(puc. 2, B) u Kpucrammmueckuii kymou (puc. 2, r).
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Puc. 2. Buovl koncmpyxkyuil Kynonos

OxoHomuueckast 3(P(EeKTHBHOCTE KOHCTPYKLUH
KYTIOJIa OTIpeIeNIIeTCsI KOHCTPYKITHEH Y37I0BOTO COeU-
HEHHsI, KOTOPOE JIOJDKHO 00ecreunBaTh JT0CTaTOUHYIO
HECYIIYI0 CHOCOOHOCTh, HU3KYIO TPYIOEMKOCTh M3r0-
TOBJICHUS U COOPKH, MaTyI0 MaTepHaIOeMKOCTh. KoH-
CTPYKIMS y3JI0BOTO COEJUHEHUS 3aBHCUT OT I€OMET-
puYecKoil cxembl Kapkaca KynoJsia. B mponecce KoH-
CTPYHUpPOBAaHUS y3JIOB BAKHO OOECIICUYUTH OCEBYIO
nepeaavy yCHJINM Ha 3JIeMEHTHI KyIoJja. Y3el COCTOUT
U3 CTEepXKEHEH, KOTOPBIE MPEACTABISIOT co00i TpyOy

KPYTJIOTO WM KBaJPAaTHOTO CEYCHHS, KOTOPBIC Kpe-
IIATCA K KOHHEKTOPY. PaCCMOTpI/IM HECKOJIbKO BapHuaH-
TOB Y3JIOBBIX PCILCHHIA:

1. Coenunenue “Basic” (puc. 3) MoxeTr npume-
HSTBCSL B TE€OAE3MIECKUX KYIOJNAX MPH KPYrJIOTOANY-
HO# 9KcrutyaTaiu. KBagpaTHbie TpyObl COSAUHSIOTCS
C Y3JIOBBIMH JJIEMEHTaMH C IIOMOLIBI0 GOITOB. Y3710-
BOI 3JIEMEHT MPEJCTABIICT COOON LUIMHApP C TPHBa-
PECHHBIMU IJIACTUHAMU C OTBECPCTUAMU T10]Q OOJITEL.

Puc. 3. Coeounenue “Basic”
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KOHHEKIMOP

Puc. 3. Coeounenue “ASC”

2. Coequnenne “ASC” (puc. 4). Y3en npeacras-
nseT co0OW MIIMHAP C MPOpPe3ssMU PUGIIEHOTO TPO-
(buis U3 ATIOMUHKEBBIX CIUIAaBOB. UKCIIO a30B MOXKET
nocturate 9. CTepKHEBOM 3IEMEHT U3 CTAIBHOTO
Kpyrioro npoguis odpe3aercs 10 HYXHOM JUIMHEL, a
KOHIIBI CIIPECCOBBIBAIOTCS T10]] HY)KHBIM YIJIOM B CIIE-
nuanbHOM mpecc-popme. Bee crepskan dukcupyrorcs
B IIPOPE3sX OHUM 00JITOM. JIaHHBIH y3€)I HIMEEeT KeCT-
KO€ 3allleMJICHHE B BEPTHKAJIbHOM HAIPABICHUH U
LIAPHUPHOE B TOPU30HTAIEHOM.

3. B IOPI'TIY (HIIM) Obin m300peTeH U 3amaTeH-
TOBaH y3ell coeiuHeHus! Tpyouarsix crepxkneit [ICK

(puc. 4). Takoii y3en MO3BOJISET ITOBECTH IO MaKCH-
MyMa cTerneHb 3aBojckoi rotoBHocTH [ICK, mepeso-
3UTh UX 3JIEMEHTHI B YIITAKOBAHHOM BUJE, CHU3UTh TPY-
Jo3aTpaThl Ipu MOHTaxe. Kpome 3Toro noctyneH ae-
MOHT&)X M TIOBTOPHBI MOHT&X KOHCTPYKIHUH, YTO
0COOCHHO aKTyallbHO AJIsI BPEMEHHBIX M CE30HHBIX CO-
opyxeHuid. CTpPOUTEIBCTBO CETYATHIX KYIOJIOB CTAIO
BO3MO>KHBIM C [OSIBJIEHHEM CHUCTEM aBTOMATH3UPOBaH-
HOTO TIPOEKTUPOBAHUS, IO3BOJISIOMINX BBIOJIHUTH
pacyer ¥ KOHCTPYHPOBaHHE TPEXMEPHOH MOJIENH CO-
opyxeHus. /Iy co31aHms MOENH y371a ObLT NCTIONB30-
BaH nmporpammHbIil komieke SolidWorks.

Puc. 4. Hlaprupniii yzen npocmpancmeenHol CmepiCHe8ot KOHCMPYKYUU peyiApHOll CIPYKMYypbl

Bo3M0HO KCNIOIB30BaTh NaHHBIN y3€I ISl T€0-
JIE3NYECKUX KYIOJOB B APKTUYECKUX IIMPOTAX, MPH-
Mep KapKaca TaKoro KyIoJia, pa3pabOTaHHOTO yue-

Puc. 5. Kynon

ueiMu FOPTTIY(HIIN) npuBeaen Ha pucynke 5. Paz-
MepbI BHYTPEHHETO TUaMeTpa KyIloJia MOTYT BapbHpO-
Batbcst 0T 8 MeTpoB 10 39,00 M, BeicOTa OT mona 3,6M
1o 11,49 m.
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Pabotra mapHMpHOrO Yy371a MNPOCTPAHCTBEHHON
CTepKHEBOH KOHCTPYKIIHH PETYISIPHOM CTPYKTYpHI HE
JOCTaTOYHO M3YYeHAa M 3TOT BOTIPOC TPeOyeT TOTOTHH-
TEIBHBIX HCCIEOBAHUM, YTO MOKHO BBHIIIOJHUTH HC-
TIOJIB3YSI TBEPJOTENILHYIO MOJIENb KYIOJIa C UCIIOJIB30-
BaHUEM 3TOTO y37a.
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AHHOTALMS.

I[J'ISI OIpeACIICHUA COOCTBEHHBIX 3HAYEHUN 1 COOCTBEHHBIX (1)YHKLII/II>'I MHOTOMCPHBIX SJIJITUIITUYCCKUX OIICpa-
TOPOB, JOIMYCKAIOILIUX pa3/ielieHne epeMeHHbIX, TpuMeHsercs metol Oypbe. MeTos pa3neneHus nepeMeHHbIX
i Metor Dypbe, MO3BOIISIET U3ydaTh MPOCTEHIINE MPOIIECCH, KOTOPBIM CBOISATCS THIIEPOOTHYECKHe, mapado-
JIMYCCKUEC U DJIJIMIITUYCCKUC TUIIBI ypaBHeHI/Iﬁ.

ABSTRACT.

The method of disjoint variables or the Fourier method allures us to study simplest processes to which one
leads hyperbolic, parabolic and elliptic types of equations. For defining of Eigen values and Eigen functions of
multidimensional elliptic operators alluring disjoining of variables if is applied the Fourier method.

KuaroueBblie ciioBa: meroq @ypbe, rpaHUYHbIC 3aa4K, COOCTBEHHbIE (DYHKIINHU, HE3aBUCHMBbIC YPaBHEHHUS,
KpacBbIC U MHOT'OMCPHBIC I'PAHWIBI, SJUITMIITHYCCKUEC OIICPATOPHI,

Key words: Furry method, border issue, special function, separation equation, frontier and multidimensional
border, elliptic operator

Beenenne. Meton pa3neneHus NEPEMEHHbBIX WIN
Mmerox Dypbe, ABISIETCS OHUM M3 HauOosee pacipo-
CTpaHCHHBIX MCTOJOB PCHICHUSA ypaBHeHI/Iﬁ C 4acT-
HBIMU NPOU3BOJHBIMU. Metoa Dypbe MO3BOISIET U3Y-
4yaTb l'lpOCTeﬁIJllde IpoueCcChl, KOTOPLIM CBOJATCA I'U-
nepbonrueckre, napaboMdecKue W DIUTUITHYECKUS
TUIIBl ypaBHEHUH.

Kak u3BecTHO, 3amauy MaTeMaTHUECKOW (pU3HMKH
Ha3bIBAIOT TMOCTABJICHHOW KOPPEKTHO, €CIH €€ pelie-
HUE CYIIECTBYET, CIMHCTBEHHO M HEITPEPHIBHO 3aBHCUT

OT JIAHHBIX 33a49H [1,2,5] )

Jlnst onpeeneHus coOCTBEHHbBIX 3HAYCHUH U cO6-
CTBEHHBIX (DYHKIMHA MHOTOMEPHBIX DIUTHIITHYECKHX
OIIEpaToOpOB, JIOMYCKAIONIINX Pa3/eIeHHe MepeMEHHbIX,
npumensercs Meton Dypee.

ITocTanoBka 3aJa4vM. HYCTI) HE3aBUCHUMBIC IICPEMCHHBIC PA3ACJICHBI Ha IBC I'PYIIIIbI:

X=(X1,X2,...,Xk), y:(yl, Yoreen yl)n Q c R* - o6nacts usmenerus xu D © R' o6nacts usmene-

Hust y. O603naunm uepes S u S’ rpannis o6macrein {2 u D coorsercreenno. Torma (S X D) U(Q X S')

kel
ects rpannma obmactn Qx D < R,

PaccmoTpuM cremyroniyto KpaeByro 3amady Ha COOCTBEHHbIC 3HAYECHUS IUISl yPABHEHHMS SIIMIITHYECKOTO

TUNA [3,4]:
Lu+Mu=Au (1)
au+ﬂa—u =0, yu+5a—u =0 )
n SxD n QxS'

rac |_ n M -OJUITMITUYCCKUE OICPATOPhI, HE 3aBUCAIINEC COOTBETCTBCHHO OT Y U X; q)yHKIII/II/I o, IB HC

3aBUCAT OT ) , A ]/, 5 HEC 3aBUCAT OT X [3] .

Bynem uckate cobcTBeHHBIC DyHKITNH 3a1a9u (1) — (2) B Buae nmpou3BeAeHUS


https://www.doi.org/10.31618/ESU.2413-9335.2019.4.60.41-45
https://www.doi.org/10.31618/ESU.2413-9335.2019.4.60.41-45
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u(x, y)=X0x)-Y(y) ®

ITonxcTaBnss 3T0 BEIpakeHUE B ypaBHEeHHUE (1), modydaeM 1Ba ypaBHEHUS:
LX = &X @
MY =7 (5)

rae g’: v 7] HewsBecTHBIE mapaMeTphl. JlIst BBIBOJA TPAHWUHEIX YCIOBMIA s pynkmmii X (X) u Y(y)
MOJICTaBUM BeIpaxkeHust (4), (5) B paBeHCTBO (2), B pe3yibTaTe HMEeM:

aX+ﬂ% =0 (6)
on s

7/Y+5a—Y =0 (7
on|g

Urak, kpaeBas 3a1a4a (1)-(2) pacnanach Ha JBe KpaeBble 3aj1auu Ha coOcTBeHHbIe 3HaueHus (4)-(6) u (5)-(7)
C MCHBIIINM YHCJIOM HE3aBHCUMBIX [TEPEMEHHBIX.

O6osuaunm uepes &, X, (X) kK=12,... u 17;,Y;(¥) 1=12,... Bce coGersennbie snatenns u cob-

crBennbie dynxuun oneparopos L u M coorsercrrenno. B cuy (3) umeem

Ay =&+, Uy =X 00, (), 1, 1=12,.. ®)
3apaua 1. PaccmoTpuM KpaeByro 3a1auy
2 2 2
8t:+6121 al::—ﬂu, ul, =0 9)
ox- oy° oz Q

Ha cOOCTBEHHBIE 3HAYCHUS [UIsl IPSIMOYTOJILHOTO Napajuiesienume/ia

A=(0,a)x(0,b)x(0,c)
¢ rpanmueii Q.

B cootBercTBHE ¢ 001IeH cxemoit meToma Dypre Ta 3amada pacmagaeTcs Ha TPH OJJHOMEPHBIC KpacBbIe 3a-
JTauu:

X"==£X, X(0)=X(a)=0 (10)
Y'=-nY,Y(0)=Y(b)=0 (11)
Z2"=—yZ, Z(0)=2(c)=0 (12)

CoOCTBEHHBIC 3HAUYCHHS U COOTBETCTBYIOIIINUE UM COOCTBEHHBIC q)yHKL[I/II/I 9THUX KPA€BBIX 3a1a4 BBIUHCIICHBI

(3amaua Typma — JInyBuiuis)
iz) ’2 177X
gﬁ:(—j , Xi(X) =, [|=sin—, i=12,... (13)
a a a

2 .
2 . .
m{’”j ,Y,-(y)=\f5sm%, j=12.. (14)

b
2
7k=[k_ﬂ-j ! Zk(z):\/ésm@, k:1,2,... (15)
c C C
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VYuutsiBas paBenctra (13), (14) u (15) B popmyie (8) mossydaem cieayroiire COOCTBEHHBIC 3HAUCHHS M COO-

CTBEHHBIC (PYHKIINU KpaeBoii 3amaun (9):
i2 j2 k2
/’Lljk =7’ PYITISC
a~ b” ¢
kzz

22 sin Iﬂxsin J”ysin ), k=12, (16)
Jabc a b c

B YaCTHOCTHU, MHOXXECCTBO COOCTBEHHBIX 3HAYCHUI {/l’ljk} ITOHU 3aJa4u HC IMMYCTO U HEC MMCCT KOHCYHBIX

U (X% y,2) =

TIPEACIBHBIX TOYCK; OTH COOCTBEHHBIC 3HAUYEHHE BEICCTBEHHBI M KOHEUHOM KpaTHOCTH, COOCTBEHHEBIC (1)yHKLlI/II/I

{ X, } ) {Y i } ) {Zk } MO>KHO BBIOpaTh BEIIECTBEHHBIMU U OPTOHOPMAJIbHBIMU:

X, eC?([0,a]), Y; eC*([0,b]), Z, eC*([0,c])

O0001meHHoe pemenne. Teneps nepeiiiemM K J0Ka3aTeNbCTBY cymecTBoBanus pemennit (1), (2) u (9). Jna
9TOro BOCHONB3yeMcsl MeTonoM Dypbe, KOTOPBIA 3aKIF0YAeTCs B CIEAYIOIEM: PELICHHE CMEIIAHHOW 3a/1auu
HaXOJAUTCS B BHJE PAAA N0 COOCTBEHHBIM (YHKIHSIM COOTBETCTBYIOIIEH UM THYECKON KPaeBoH 3a1auH.

Iycts U(X) - 0000meHHas coOcTBeHHast (PYHKIMS TIEPBOM KpacBoH 3a1aun

div(avVu)—-bu=Au, xeQ 17
u(x)g =0

VLI TpeTheit (O‘ = 0) KpaeBoif 3a1a4n

div(aVu)-bu=Au, xeQ
—+ou
on

PaccMoTpuM OpTOHOPMHUPOBAHHYIO B |_2(Q) cucremy U, U,,...,U, cocTosmyro u3 Bcex 0000IIEHHBIX

-0 (18)

S

coOCTBeHHBIX (QYHKIHI 3ana4un (17) unmm cooTBeTcTBEHHO 3amayn (18): ﬂi, ﬂ,z, . ﬂk MOCJIEIOBATEILHOCTD COOT-

BETCTBYIOINIMX COOCTBEHHBIX 3HAUeHUI. KpoMe Toro paccMOTpuM KpaeByro 3a7a4y Ha COOCTBCHHBIC 3HAYCHUS
o’u . o°u . o’u
x> ok ox

uig N - MepHOTo Mapauiesenuiesaa

A=(0;a)x(0;a,)x...x(0;a,)

=—Au,ul =0 (19)

¢ rpaHuuei Q.
B cooTBetcTBHE ¢ 00MIeH cxeMoit MeToa Dyphe 3To 3a/aua paciagaeTcs Ha CIeTyIoNIie 0THOMEPHEIC Kpa-
€BBIE 3a/1a4UH:

Xl”z =& Xy, Xl(O) = Xl(a‘l) =0 (20)
Xg:_fz Xy X2(0)=X2(a2):0 (201)
XI:,:_é:k Xk’ Xk(o):Xk(ak):O (20)

CoOcTBeHHBIC 3HaYeHMS U COOCTBEHHBIE (DYHKITMHM 3THX KpaeBbIX 3a/1a4 BeIYMCIeHbI (3a1ada [ltypma — JIn-
YBUJUIS)
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2
a Ch aQ
2
&, :(Z_”J . X, :\/zsin o X k,=12,... (212)
a, a, a,
2
3 :[kl_”] X, :\/zsin Ko X k =12,.. (21,)
" a1 ! an a‘n

U3 (211), (212),...,(21,) B cooTBeTCTBHE € (hopMyaamu (8) umeeM:

2 2 2 n 2
Atk :ﬂz(k—12+k—22+...+k—”2j:7z22£ﬁj (22)

a8 & a

B wyacTHOCTH MHOXXECTBO CO6CTBCHHLIX 3HAYEHHUH 9TOU 3a4a4i HE ITYCTO U HC UMECT KOHCYHBIX
1Ky .k, Yy
IpEeACIbHBIX TOYCK; CO6CTB6HHI)IC 3HA4YCHUs BCIICCTBCHHBIC U KOHEYHOU KpPaTHOCTH; CO6CTB6HHI>Ie (byHKHI/II/I

{Xk1 (X)} ) { sz (X)} yeeey { an (X)} MOJKHO BBIOPATh, BEIIECTBEHHBIMU U OPTOHOPMAaIbHBIMH:
X,(x)eC?([0,a,]), X,(x) eC?([0,a,]),.... X,(x) €C?([0,a,])

k
V2 % sin kznle sin

.k .
Ui, i (X0 X Xy ) = sin—t .S
Kk ..k ( 2 ) ’—aiaz...ak a, a, a
1
n 2 n
:(2—] I sin K 5 i=1,2,..n
a

ad,..a, i-1 ;

(23)

B wactHOCTH, 7151  — MEPHOTO KyOa
A = (O; a)x (0;a)x...x(0;a)

C TpaHHLEeH Q , CoOCTBeHHBIE 3HaYCHHUS (22) ¥ COOTBETCTBYIOIICE PEUICHNE TIPUHIMACT CIICTYIOLTIA BHI:

k2 k2 k2 72_2 n )
Atk :7[2(_1"'_2"'"""_“ :_Zk' (221)
K2 - Kn a2 a2 a.2 a2 — i

2o (koax )
Upge i =(gj Hsm( l:X'j, i=12,..,n (23,)

ACHMIITOTHYECKOE [OBEICHHE COOCTBEHHBIX 3HAUCHHIT [IEPBOii KpaeBoii 3a1aun juis oneparopa Jlamwiaca A
(omeparopa L = div(aV) —bumua=lb= 0) B kyoe K; = {0 <X <a, i=12,.., n} ¢ pe6pom a >0

MOJKHO J]aTh aHAJOTHYHBIM 00pa3oM. OOoOmeHHas coOCTBeHHAs (PyHKIHS U(X) TepBOil KpaeBo# 3amaun s

oneparopa A B K, oteewatomas co6ersennomy snauenmio A, onpenensiercst xak dynkums nz H; ( Ki) yro-

BJICTBOPAIOIIAA IIPHU BCCX 19 nus3 H 1 ( Ki )TO)K,I[GCTBy

jVuV&dx:—AIUde.
K; K;
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3akaiouenue. Takum o00pa3om, perieHus KOp-
PEKTHO ITOCTaBJICHHBIX TPAaHMYHBIX 33/1a49 IS JTI000TO
YpaBHEHMS DSJUIMITHUECKOTO THIAa BCErja OKa3bIBa-
I0TCSI HE MEHEE TJIaJKHMH, YEM OIPENEIIIONINe HX
(GyHKIMH. DTO CBOMCTBO pelIeHUH T'PaHUYHBIX 337124
TECHO CBS3aHO C TEM, YTO K I'PaHMYHBIM 3aJadaMm MpH-
BOJUT W3y4YEHHE YCTAHOBUBIUMXCS (CTallMOHAPHBIX)
(U3MYECKUX MPOIIECCOB — PABHOBECHH, SBJISIOIIUXCS
KOHEYHBIM pe3yJIbTaTOM MPEIIECTBYIOIIETO poliecca
BbIpaBHUBAHUSI.

YK 535.12 /13 /14
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B3AVMMOJIEUCTBHUE CBETA C BEHIECTBOM

Anexceee Huxonau Bacunvesuu

Kano. mexn. nayx, nay. uccneo. ynusepcumem MUIT, Mockea

AHHOTAN U

[TokazaHo, 4TO XapakTep B3aMMOJICHCTBHUS CBETa C BEIIECTBOM HE COOTBETCTBYET MPE/ICTABICHHUIO O CBETE,
Kak 00 3JIEKTPOMAarHUTHBIX BoJHAX. C MO3WUIINK KBAHTOBOH TEOPHH PACCMOTPEHBI IIPHYMHBI YMEHBIIEHHUS CKOPO-
CTH CBETa B BEILIECTBE, PACCMOTPEHBI IPOLIECCHI OTPAXKEHHMS, TPEJIOMIICHHS M TIOTJIOIEHHS CBETA.

KarodeBble c10Ba: CBET, JIEKTPOMAarHUTHbIE BOJHBI, (JOTOHBI, 3(UP, aTOMBI, IIPO3padHas cpena, OpOUTHI

QJICKTPOHOB, OTPAKCHUE, IPCITIOMIICHUEC, MTOTJIOMICHHUEC.

[Nomaganue cBera B cpexny Ooiiee IUIOTHYIO, YeM
BaKyyM, COIPOBOXKAAETCS YMEHBILECHHEM €ro CKOpo-
ctu. IIpu nepexozne cBera U3 OAHOW Cpelbl B JPYTYIO
HaOIONAIOTCS TaKUe SIBJIICHMS, KaK OTpPaKEHHUe, Ipe-
JIOMJIEHHE W mornomieHne csera. CunTas cBET yIpy-
TMMH TONEepeyHbIMH Kosiebanusamu 3¢upa, dpenens
BbIBeJ (DOPMYJIBI, JAIOIINE 3aBUCHMOCTh aMILTHTY/bI
OTpa’KCHHOH U ITPEIOMIICHHOH BOJIH OT YIJIOB HaJCHUS
u npenomieHus. Ero ¢gopMysbl Xopoio coriiacyrorcst
C IEMCTBUTENBHOCTHIO, HO HE PACKPBIBAIOT MEXaHN3Ma
STHUX SIBIICHUH.

Knaccuueckass BoqHOBas TeopHs OOBSCHAET 3TH
SBIICHUS1 cienyromuM oOpasoM. [lnockas cBeroBas
BOJIHA BBI3bIBACT BBIHYX/ICHHBIC KojiebaHus aTOMOB Ha
MTOBEPXHOCTH BEIIECTBEHHOW Cpebl, KOTOpBIE H3ITY-
YalOT BTOpPHUYHBIE C(epHuecKre BOJIHBI KaK B OJHOW,
Tak u B Apyroi cpene. CyMMUpYsICh, 3TH BOJHEI 00pa-
3YIOT /IB€ HOBBIE IIJIOCKHE BOJIHBL: OTPXKEHHYIO U TIpe-
JIOMJICHHYO.

DJIeKTPOMAarHUTHAS TEOPHS YTOUHSET: Ha IIOBEPX-
HOCTH KOJICOJIIOTCSI HE CaMU aTOMBI, a TOJIBKO UX 3JIEK-
TPOHBI O] ACHCTBHUEM IIEKTPUIECKON COCTABIISIONIEH
3JIEKTPOMArHuTHON BoJIHBL. OHU U TeHEpUPYIOT BTO-
pHUYHBIE BOJHBI. BONHBI, CO3aHHbBIE BBIHYXACHHBIMU
KOJICOAHHUSIMU 3JIEKTPOHOB OHOTO Psifia, MPAaKTHYECKH
KOTEPEHTHBI, MOCKOJbKY pa3Mepbl aTOMOB MHOIO
MEHBIIE JUIMHBI BOJHBL. Takue BOJIHbI HHTEP(EpUpPYIOT
U JIAIOT CyMMapHYIO BOJIHY TOYHO TaKOW K€ JJIHHBL
WntepdepeHnnss racuT BTOPUYHBIC BOJIHBI, PacHpo-
CTpaHAIOIIMECS BO BCEX HAIPaBJIEHUSAX, KpoMe
HalpaBlICHUH OTpaXeHHs W mpenomieHus. IIpemom-
JIEHHAas! BOJTHA BBI3BIBAET KOJIEOAHMsI 2JIEKTPOHOB B CJIe-
JYIOIEM PsY aTOMOB, HO TaM OTPa)KEHHas BOJIHA YK€
He (opmupyeTcs, 00pa3yeTcsi TOJBKO IPOXOISINAsT

BOJIHA, KOTOPAst BBI3BIBACT KOJIEOAHMS IIEKTPOHOB CIIe-
JYIOUIETO psAla aTOMOB, M Tak jaiee. Tak cBeToBas
BOJIHA PACHpOCTpaHseTCs B NPO3padHOi cpexme [5,
¢.337-338].

ITockonmbKy Ui CMEIIEHHs SJIEKTPOHOB TPeOy-
eTcsl HEKOTOPOE BPEeMsl, KKIBIH PsiJl aTOMOB CO3/aeT
3aJIep’KKy pacrpoOCTpaHEHUsI CBETOBOU BOJIHBI, YMEHb-
mas ee CKOpoCTh. YeM IIIOTHEEe PaCIOJIOKEHBI aTOMBI
B cpelie, TeM MEHbIIE CKOPOCTb PpaclpOoCTpPaHEHUs
cBeTa B Hell. Kpome Toro, mockoibKy 601ee BRICOKOYa-
CTOTHBIE DJIEKTPOMAarHUTHBIE BOJHBI HAa EIUHUILY
JUTMHBI IIyTH COBEPIIAIOT OOJIbIIE KOJeOaHM, 9eM HU3-
KOYacTOTHBIE, @ Ha KaX/I0€ YCKOPEHHE 3JICKTPOHOB
TpeOyeTCst BpeMsi, BHICOKOYACTOTHBIC BOJIHBI 3aICPKH-
BAIOTCS CHJIbHEE, YeM HU3KOYaCTOTHbBIE. DTUM U 00b-
SICHSIETCSI IUCIIEPCHUs CBETa B BEIIIECTBE.

B cnydae ontrueckoil HEOTHOPOJAHOCTH CPEbl B
pe3ynbTaTe Hal0XKEHHS HECOTTIaCOBAHHBIX BTOPUYHBIX
BOJIH TMIPOMCXOJUT PAaCCESHHE CBETa, KOTOPOE MPHUBO-
JWT K CHIDKCHHIO MHTEHCUBHOCTH BOJIHBI M €€ 3aTyXa-
Huro. HecorsacoBanHble KOJ€0aHUs 21E€KTPOHOB, BbI-
3BaHHBIC PACCESTHHBIMHU BOJIHAMH, TIEPEXOIAT B TEIUIO-
BbI€ KOJIeOaHUS aTOMOB, YTO U BBI3BIBACT IMOTJIONICHUC
CcBeTa.

B meramiax cBeroBas BOJIHA HE PacHpOCTpaHs-
ercsl, T.K. CBOOOHBIE 3JIEKTPOHBI HE CO3JAI0T BTOPUY-
HBIX BOJIH, @ MOCJIE MOTJIOMIEHHS SHEPTHUH BOJIHBI IIPH-
XOIAT B IBMIKECHHE, T€HEPUPYS MOBEPXHOCTHELIE TOKH,
KOTOPBIE BBI3BIBAIOT OTPAXKEHHE IICKTPOMArHUTHOMN
BoJHEL. [ToaTOMy KO3 UIIEHT OTpakeHHs CBETa Me-
TaJUTaMH MHOTO OOJIbIIE, YeM ANAICKTPHKAMH.

Ha camom zienie 3TOT MeXaHU3M pacripoCTpaHeHUs
CBeTa B BemiecTBe padoTaTh He MOxkeT. CKOpPOCTh cBeTa
B cTekye B 1,5 pa3a MeHblIe, yeM B Bo3ayxe. s Toro,
4TOOBI BTOPUYHBIC BOJIHEI, ObLIN KOI'€pC€HTHBI U MOTJIN
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CYMMUPOBATHCS B €AWHYIO BOJHY, OHH JOJDKHBI H3ITy-
4aTbCs TOJIBKO JJCKTPOHAMH, KOTOpPHIE HAXOMATCS B
OUYeHb Y3KOM CJIO€ CTEKJa. ODJIEKTPOHBI 3TOTO CIIOS
JOJDKHBI TTOJTHOCTHIO TTOTJIOTHTH YHEPTUIO BOJHEI U Ye-
pe3 HEKOTOPYIO 33/IePXKKY CHHXPOHHO HM3JIy4UTh BTO-
PUYHYIO BOJIHY IPAKTUYECKH TAKOW K€ aMIUIUTY[BI,
KOTOPYIO TaK K€ IOJHOCTBIO JJOJDKEH IOTJIOTUTD Clle-
JIYIOUIMI CJIOW 3JIEKTPOHOB, W Tak nanee. Eciou xe B
YIOMSIHYTOM TOHKOM CIIO€ SHEpTHs BOJHBI HE Oymer
[IOJIHOCTBIO TOIJIOIEHA ¥ YaCTHYHO MPOMJIET B Cliey-
OIIHE CIIOH, TO KOTEPEHTHOCTh BTOPUYHBIX BOJH HAPY-
mutest. YacTuyHO ocnablieHHas! TMocie TOTIIONICHUS
TIEPBBIM CIIOEM 3JICKTPOHOB AJIEKTPOMArHUTHAs BOJIHA
HE MTOJTY9IHT 3aJICPIKKY B PACIIPOCTPAHSHHUH H CO CKOPO-
CTBIO CBETA B BAKYyME JJOCTHI'HET BTOPOT'O U OCIIEY-
IOIINX CJIOEB AJIEKTPOHOB. B0o30yXneHHBIE MMH BTO-
pHYHBIE BOJIHBI OY/yT OllepexaTh No (a3e BTOPUUHYIO
BOJIHY NEpPBOTO CJOS 3IeKTpoHOB. KorepeHTHOCTH
BOJIH HapymnTcs. OJJHAKO N3BECTHO, YTO KOTEPEHTHOE
M3IyYEeHHE IOCIe MPOXOXKACHUS UYepe3 MPO3PaYHYIo
IUIOTHYIO CPENly OCTAeTCsl KOTEePEHTHBIM.

CBeToBasi BOJIHA HE MOXET MOJHOCTBIO MOTJIO-
maTtbcs B TOHKOM ClIoe BemiecTBa. [[nmmHa cBeTOBOH
BOJIHBI MHOTO OOJIbIIIE pa3mMepa aTOMOB U TeM Oosiee
ANeKTpoHOB. Takxke Kak 0ObIIHAs BOJIHA Ha BOJIE OyIeT
KayaThb MaJICeHbKHE IO CPaBHEHHUIO C €€ UIMHOH Io-
IUTaBKH, TIepeJaBasi IM Mayio J0JII0 CBOCH SHEPTUu U
PacTpoCTPaHSACH AajbIlle, H3MECHSIOMIEECs AIEKTPHYe-
CKO€ T10JI€ 3JIEKTPOMArHUTHOM BOJIHBI JIOJDKHO TOJBKO
Ka4yaTh DIICKTPOHBI, TIOYTH HE TEPssI CBOCH SHEPTHM.
9T0 3HAYUT, YTO DJICKTPOMArHuTHas BOJIHA OOJDKHA
cB0O0OO/THO ITPOHHUKATH BIIIyOb BEIIECTBA HE UCIIBITHIBAS
HUKaKOH 3aIePXKKH, JIMIIb HEMHOTO 0Calusisich. JKe-
MEPUMEHTAJIBHO TOATBEPIKICHO, YTO OJIEKTPUUECKOE
ToJIe OCTIadIsAeTCs] TMANEKTPUKAMH HE3HAYHUTENBHO, a
IIpo3pavHbIC CPCIAbl B OCHOBHOM ABJIAIOTCA AUDJICKTPH-
KaMU.

Jlaxxe mpu MOJTHOM TOTJIONICHUN SHEPTUU BOJIHBI
AIIEKTPOHAMH OJTHOTO psifia OHH HEe MOTTH OBl CO3/1aTh
BTOPHYHYIO BOJIHY JOCTATOYHOW MHTEHCHBHOCTH. Ya-
CcTOTa KoJIeOaHUI CBETOBOM BOJIHEI TaK BEJIHKA, YTO aM-
IUIATYa OTKJIOHEHUH SJIEKTPOHOB JOJDKHA OBITh HU-
YTO)KHO MaJyia. V3MeHeHue MoTeHIMalla JJIeKTpHYe-
CKOTO TIOJISI, BRI3BIBAEMOE UX KOJIeOaHUSAMHU, OyIeT Ha
MHOT'O MOPAAKOB MEHbIIC, YEM MOTCHIHAJI MOJIA, BbI-
3BaBIIIETO MX NEPBOHAYAIBHBIC OTKIOHEHUS. Bropmd-
HBIC BOJHBI OyIYT CIUINKOM claObl, 9TOOBI BBHI3BATH
KoJe0aHMs CIICAYIOIIEro CcJos 3JIeKTpoHOB. Pacmpo-
CTpaHCHHS 3aJepKaHHOW BTOPUYHON BOJHEI B IUIOT-
HOU cpeie He OyjerT.

He cooTBeTcTBYyeT BOJTHOBOW TEOPUH M SBICHUE
OTpaKEHUs CBETa MPO3pauyHbIMU IIEHKaMmH [3, c. 28-
31]. UnTepdepennneii BOJIH OHO HE OOBICHACTCA.

B nelicTBUTENIFHOCTH CBETOBBIX 3JEKTPOMArHUT-
HBIX BOJIH He cymiecTByeT. CBET mepeHoCHTCs He3apsi-
JKCHHBIMH 4JacTUIaMHu (OTOHAMH. A BOJHOBBIC CBOM-
CTBa CBET IpHOOpeTaeT Oyaronapsi TOMy, YTO B MOHO-
XpOMAaTHIECKOM Tyde (doToHBI JBIDKYTCS
YIIOPSZIOUEHHO Ha PACCTOSIHUSIX JPYyr OT Apyra, Kpat-
HBIX JUTMHE BOJHBI, co3/aBaeMoii umu B 3¢dpupe. Koe-
0aHust (POTOHOB CO3/AIOT B d(PHPE YIPYTUe BOJHEI, C
KOTOPBIMH U B3aHMOHeﬁCTBy}OT JABMKYHIUECA TTO03aIU
¢dotoHbI, moncTpamBasch oA HUX. CKOPOCTh 3THX

BOJIH paBHa CKOPOCTH ()OTOHOB, IOITOMY paclpocTpa-
HATBHCS OHU MOTYT TOJIBKO B TIONEPEYHOM JBWIKCHHUIO
(oToHOB HampaBieHuH. [IepBbIM MeXaHU3M B3aUMO-
JEHUCTBHSA YacTHUI] CBETa C 3()MPHBIMHU BOJIHAMH IIPEA-
noxus HetoToH. OH u3noxun ero nepen uieHamu Ko-
POJIEBCKOTO Hay4yHOTO OOIIEeCcTBa, HO 3Ta €ro Hies He
Obu1a BoctipuHsTa. [locie ero cMepTH Bee emie 0o
MOJIB30BATUCH €ro MEPBOHAYAIBHON YHCTO KOPITYCKY-
JISIpHOM TEOpHUEH CBETA.

KBaHTOBast Teopusi cBeTa SBISIETCSI OOHOBIICHHOM
KOPITYCKYIApHOU Teopueil. Ho ¢ opuuuanbHBIX mO3H-
Uil OHAa HE MOXKET OOBSACHUTH, IMoYeMy (OTOHBI
YMEHBILIAIOT CBOIO CKOPOCTh B NPO3PAYHOM IIIOTHOM
cpene. M3BecTHO, 9TO (DOTOHBI HE OTKIIOHSFOTCS JIEK-
TPUYECKIMH U MarHUTHBIMH MOJISIMH, a TOTOMY HE MO-
T'yT TOPMO3UTHCSI UMH. OHU HE MOTYT B3aUMOEHCTBO-
BaTh C aTOMaMM IPO3payHOM cpenpl, UX SApaMH U
aneKkTpoHamu. PesynpraTom mroboro B3anmMoeHcTBUS
YacTUI] SIBISETCS U3MEHEHME UX DHEPruM WU HM-
IyJIbca, a OHU Y (JOTOHOB Ha BBIXOJIE U3 IIPO3PAYHON
Cpe/ibl TOYHO TaKKe K€, KAaKMMH OBIIIH ITpY BXOJIE B HEe.

B HekoTOphIX McTOUHWKAX, HanpuMmep [4, c. 337-
338], BBICKa3bIBaeTCA MPEATIONOKEHHE, ITO (DOTOHEI
cJIerKa B3aUMOJEHCTBYIOT C SpaMH aTOMOB, OTKJIOHS-
ACh Ha HEOOJBIINE YTIIbI, & TOTOMY B IUIOTHOH cperne
JBIDKYTCS HE MO MPSIMOM, a 1o JIoMaHo! nuHuu. B pe-
3yIIBTAaTe 3TOTO MX CPEAHSS CKOPOCTb M CTAHOBHUTCS
MEHBIIIE. DTO MOTJIO OBI OBITH OOBSICHCHHEM YMCHBIIIC-
HUSI CKOpPOCTH (DPOTOHOB, €l Obl MX pa3Mepbl ObLIN
MeHbIIIe pa3MepoB aToMoB. Ho 310 He Tak.

O4eBUIHO, YTO HEBO3MOXKHO C/IENATh MO3AaUYHYIO
KapTUHY C AETAISIMU M300paykeHNsT MEHBIIUMH Pa3Me-
POB 2JIEMEHTOB, M3 KOTOPBIX CO3/aeTcid Mo3auKa.
ToyHO TakXKe HEBO3MOXKHO CO37aTh H300pakeHHE C
moMomIpi0 (POTOHOB € AETasIMH, KOTOPHIE MEHBINE
pa3smepoB (otoHoB. M3 ONBITOB C MOHOXpOMAaTHYE-
CKHMH JTy9aMH U3BECTHO, YTO JBE IPKHE TOUKH HA TEM-
HOM (hOHE BUHBI Pa3eiabHO TOJBKO /IO TEX IOP, 0Ka
paccTosiHIE MEXKAy HHUMH HE cTaHeT MeHbme /3
JUTMHBI BOJIHBI. CIle10BaTeIbHO, 3TO U €CTh MTPUOIN3H-
TeNBHBIA panuyc ¢OTOHOB. 1 OH B HECKOJIBKO THICSY
pa3 Oombliie pa3MepoB aTOMOB.

VcTHHHOM TPUYUHOM YMEHbILIEHHsI CKOpOCTH (o-
TOHOB B IUIOTHOH CpeJie SIBNISETCS TO, YTO TaM OHU JBH-
JKYTCS B YCIIOBUSIX ITOBBILIEHHOW IUIOTHOCTH 3dupa. B
3¢upe NOBBIIEHHOH MIIOTHOCTH MpPEAEIbHas CKOPOCTh
JBIDKCHHUS JTFOOBIX YaCTHIl M BOJH MEHBIIE, [TOTOMY
(OTOHBI ¥ BBIHYXKJICHBI YMEHBIIATh CBOIO CKOPOCTh. A
MOBBIIICHHAs] TUIOTHOCTh 3(Hpa TaM BBI3BaHA OOJb-
IIMM CKOTIJICHHEM aTOMOB.

CoriacHo 3TOMy MEXaHU3MY ABMKEHUS (POTOHOB
B IUIOTHOH cpeie X CKOPOCTh HE JOJKHA 3aBUCETh OT
YacTOTHl WX KoieOaHui. MOTOHBI JIOOBLIX 4YacTOT
PacnpoCTpaHSAIOTCA B ONTHYECKH IJIOTHOM cpefe ¢
OJMHAKOBBIMH CKOPOCTAMH. DTO 3HAYWT, YTO MEXa-
HU3M JUCIIEPCHH COBPEMEHHAs HayKa OOBSCHSIET He-
BepHO. Jlucnepcus sBnseTcs JMIIb Pe3yabTaToOM pas3-
HOTO OTKJIOHEHHSI (DOTOHOB Pa3HBIX pa3MepoOB Ha Ipa-
HUIIE pa3jiesia cpell IPU HAKJIOHHOM MajeHuu ny4va [1,
c. 14-19]. Iloxoxuii B3 HA MPUUUHY AUCIEPCHU
6611 1 'y HploToHA.
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C TOuYKHM 3peHHsI KBAHTOBOW TEOPHU OTPaKCHHE
CBETa IIPOUCXOUT B /1Ba 3Tana. CHavyana GpoToH rmorio-
IAETCSl NIEKTPOHOM aToMa, PaCHOJIOKEHHOTO Ha IIo-
BEPXHOCTH JIOOOTO Tena, a MOTOM H3IIydaeTcss UM B
HaIpaBJICHUU OTpakeHus. [l Mpo3payHOi IHJIeK-
TPUYECKOM Cpenbl 3TO MPOUCXOAUT TOJBKO B OJHOM
CJ10€ aTOMOB, PAaCHOJI0XKEHHBIX HA MOBEPXHOCTH. [l

O
&

METAIJIOB W TIOJIY[IPOBOJIHUKOB OTPAKEHHUE MOXKET
MPOUCXOAUTH U U3 O0Jiee TIyOOKHX CIIOEB.

[Tpn norsnomeHnn (OTOHA INEKTPOH HpaKTHYe-
CKH MTHOBEHHO YBEJIMYHMBAET CBOIO DHEPIHIO U CKO-
poctb. [Ipn 3TOM OH HepexoanT Ha Golee ynaneHHYIO
OT CBOETO sifjpa opouty (puc.1).

'
1
'
1
'
—r
1
|

Puc.1. Ompascenue céema om nosepxnocmu

Tam OH HayMHAeT B3aUMOJEMCTBOBATH C JJIEK-
TPOHHBIMH OOOJIOYKAMH COCETHHX aTOMOB, KOTOPHIC
BBITECHSIOT €r0 Ha €ro MPEKHIOK OpOUTY, HMepeBOIs
€ro M30BITOYHYIO MOTEHIHANbHYI0 W KHHETHIECKYIO
SHEPIHI0, MOJYYCHHBIC MPH TMOTJIONICHUH (OTOHA, B
€ro BHYTPEHHIOIO SHEpruio. TOJBKO OKa3aBIIMCH Ha
CBOEH INpexHel opOHTe, SMEKTPOH H3IydaeT (POTOH,
TOYHO TakKoH ke, Kak MOTJIONIEHHBIN paHee, epeaaBas
€My BCIO CBOIO M30BITOYHYIO BHYTPECHHIOIO SHEPTHIO.
Enaro,uapsl TOMY, YTO aTOMbl BHYTpPHU TBEPAOIO TCjia
WM KUIKOCTH, CAMMETPUYHO PACIIONIOKEHBI OTHOCH-
TEJIBHO aTOMA, MOTJIOTHBIIETO (DOTOH, 3TO MPOUCXOUT
B TOYKE OPOUTHI, KOTOPasi CAMMETPHYHA TOYKE MOTIIO-
mieHusT (POTOHA OTHOCHTENBHO TEPICHIUKYISIpa K TO-
BEPXHOCTH, MPOXOIIETO Yepe3 SAPO ITOr0 aroma.
OTUM 1 00BSACHICTCS paBEHCTBO YIila OTPAKEHIS YTITy
IHaacHus.

Jus mornomenust (OTOHA 3IEKTPOHOM €CTh IBa
HEOOXOUMBIX YCIIOBUS, 00YCIOBICHHBIX 3aKOHOM CO-
XpaHeHHUs »Hepruu. [lepBoe: 3JIEKTPOH MOXKET TOTII0-
TUTH TOJIEKO TOT (DOTOH, KOTOPBIH B MOMEHT B3aMMO-
JCHCTBHUS UMECT OJJHHAKOBOE C DJICKTPOHOM HaIpaBJie-
HUe nBmwkeHus. Ecmu Obl, Hampumep, 3JIEKTPOH MOT
MOTJIOTUTB BCTPEUHBIH (DOTOH, €ro SHEPTHUsl U CKOPOCTh
YMEHBIIIINCH OBI, 2 OHHU JOJDKHBI YBEIMUUTHCS, TIPH-
4YeM TOYHO Ha BEIUYMHY SHEPTHH TOTJIOMICHHOTO (O-
TOHA. DTO BO3MOKHO TOJIBKO ITPH TOYHOM COBHAJICHUH
HaTpaBJIcHAN ABIKeHHs. HecMoTps Ha TO, 4TO (OTOH
HaKpbIBaeT co00i OrpoMHOE KOJIMYECTBO aTOMOB Ha
MTOBEPXHOCTH TEIIa, BEPOSITHOCTH BCTPETUTH TaM JJICK-
TPOH, IBUXKYIIUICS B TOM JK€ HaIlPAaBJIICHUU, HE Be-
nuKa. Beero muirs HECKOIBKO MPOIIEHTOB (POTOHOB Ta-
JIAFOIIETO Ha MIOBEPXHOCTH JIyda OTPaXKaeTcs OT JIF000U
noBepxHocTH. OcTalibHble (DOTOHBI OKAa3bIBAIOTCA B
MIPOXOISIIEM TTy4e.

Bropoe ycrnoBue: 3JIEKTPOH JTOJDKEH UMETh BO3-
MOKHOCTB BBIUTH Ha OPOHUTY, COOTBETCTBYIOIIYIO €T0
HOBOW 3Hepruu. J[7s aTOMOB, pacmoJIOKEHHBIX Ha T0-
BEPXHOCTH OHO BBITIONHsETCS Bcerna. Kak BUOHO Ha
MPUBEIICHHOM PHCYHKE, KaKOe-TO BpeMs 3JICKTPOH
JOBIDKETCS BHE JJIEKTPOHHOH O0OOIOYKH COCEIHEro

atoma. /711 aTOMOB, HaXOISIUXCS TITy0)Ke, OHO HE BbI-
MoJiHAeTCA. TaM BIICKTPOH, TOJIyYHBIIMK IOTIOJHH-
TENBbHYIO DHEPTHIO, Cpa3y OKa3bIBAETCS BHYTPHU dJIEK-
TPOHHOW OOOJIOYKH COCEIHETro aToMa, I'/Ie €ro MOTEeH-
[MaJbHAs SHEPrusi MEHbIIIE, YeM OblIa B CBOEM aToMe.
ITosTOMY BHYTpHU IPO3padHOi Cpebl B3aUMOAEHCTBUS
(hOTOHOB C 3JEKTPOHAMH HE MPOUCXO/IHT.

Ecimun B cpene ecTe HEOAHOPOJIHOCTH, IAOIUe
JJIEKTPOHAM BO3MOXHOCThH BBIUTH Ha 0Oojiee BBICOKHE
opOuTHI, POTOHBI MOTYT OBITH MOTJIOMIEHBI M U3Ty4EHbBI
WIA HE W3Iy4eHbl BHYTPH 3TOH cpenpl. Tak Hamndne
HeOOJIBIIIOr0 KOJIMYECTBA aTOMOB XpoMa B OECIIBETHOM
KpHCTa/lIe KOPYH/Ia OKPAIINBACT €T0 B KPACHBIH LIBET,
o0pa3zyst pyOuH, HAJIMYMe aTOMOB eJle3a OKPAIINBACT
KOpPYHJI B TOJIy0Oi#i, THTaHa — B cuHUil 11BeT. CHHe-ro-
nmy6oit carup — 3TO KOpYHI, COoAepKaIuii 00a BUaa
aTOMOB IIpUMecH. ATOMBI ITPUMECH UMEIOT JpYyTrHe pa3-
Mepbl U 3HEPIHU CBSI3H, YTO YMEHBIIAET IUIOTHOCTh
YIIaKOBKM aTOMOB B KpPHUCTaJlIe, CO37aBas YBEJIUYEH-
HBIE TIPOMEKYTKH MEXIY HUMH. B 3THX MpoMeKyTKax
MOJKET pa3sMECTHUTBhCS Y4acTOK OpPOHMTBI 3JIEKTPOHA C
YBEJIMYCHHOU MpH NOTJIoIIeHny GpoToHa sHeprueil. Ho
ITOCKOJIBKY aTOM HHOTO pa3Mepa HapyIlaeT CHMMET-
PUYHOCTh PACIOJIOKEHHUSI COCeIHHUX aTOMOB, 3JIEK-
TPOHBI C OAHUM KOJMYECTBOM HM30BITOYHOW 3HEPTHUH
MOTYT OKa3aTbCsl Ha CBOCH IpEXHEH opOuTe M U3Iy-
YUTh (POTOH, @ UIEKTPOHBI C JAPYIMM KOJIMYECTBOM
SHEpruu He MOTyT. Tora OHM MOCTETICHHO TEePEaaoT
CBOIO 3HEPTUIO AJIEKTPOHAM COCEIHUX aTOMOB, PacTal-
KMBas X W YBEIMUYHMBAsl TEMIIEPATYypy Tela.

[MToxoxkel MpUYMHON OOBIICHSETCSI OKpaIIMBaHKE
KpHcTayuioB MeaHoro kyrmopoca CuSOs-5H,0. B 6e3-
BostHOM coctostHur CuUSO4 — GeclBETHBIN KPUCTAIIH-
YECKHUI MOPOIIOK, HO MPHU HACHIIIEHUH €ro BOJOW OH
nproOpeTaeT IpKuid roay0oi BT, KOTOPBIH COXpaHs-
eTcsl ¥ IIPU pacTBOPEHHH ero B Boje. B kpucrammnyde-
CKOM 0€3BOJTHOM COCTOSIHHH PACCTOSIHHSI MEXIY aTo-
MaMH 3TOTO BEIECTBa He MO3BOJIAIOT IEKTPOHAM Iie-
pPEXOIUTh HAa OPOWTHI, COOTBETCTBYIOIINE 3SHEPTHH,
KOTOPYIO OHH ITOJTYYHIIH OBI IIPH ITOTJIOIEHNH OTITHYE-
CKuX (POTOHOB, IOATOMY Takue (POTOHBI HE MOTIIOIIA-
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10TCSI. MOJIEKyYIBI BOJIBI, PACIIOJIOKEHHBIE BOKPYT MO-
nmekynasl CuSOs, oTTsATHBalOT Ha ce0sl OTHENBHEIC
aToMbl Cynb(ara MeIu 3a CYEeT B3auMOJCHCTBUS AH-
MOJIBHBIX MOMEHTOB. MeXIy aToMaMH IOSIBIISIOTCS
MIPOMEXKYTKH JIOCTaTOYHbIE JJIsI Pa3MEIEHHs B HHUX
Yy4aCTKOB OpPOUT 3JEKTPOHOB C TOBBIINICHHOW BHEp-
ruei. DJIeKTPOHBI BHYTPU TaKOW Cpebl HAUMHAIOT O~
TJIOLIATHCS, HO U3-32 HECUMMETPUYHOTO OKPY)KEHHS HE
BCE OHM MOTYT OKa3aThCsl Ha CBOEH MpexHeil opoure.
370 ynaeTcs TOJNBKO 3JIEKTPOHAM, MOTJIOTHBIIMM (o-
TOHBI T0JIy0OTO yJacTKa CHEKTpa.

3HaunTeNbHAS PAa3HUIA MEKATOMHBIX PacCTOs-
HUHM 0 Pa3HBIM HANpAaBICHUSAM TOXKE MOXET IIPUBO-
JMTH K ITOTJIONIEHUIO (OTOHOB. 13-3a pasHbIX paccro-
SHUM MEXJy aToMaMH yriepoja B KpHCTajulaX Ipa-
¢uTa OH CTAaHOBUTCA HEMPO3PAUHBIM, TOTAA Kak
0J/IMHAKOBBIE PACCTOSHUS MEX/Y TAKHUMH )K€ aTOMaMH
B KpHCTaJUIe alMasa JeNaloT ero mnpo3padssiM. [Ipu
0O0JIBIINX PACCTOSTHUSIX MEX/y aTOMaMH BBIIIE BEPOSIT-
HOCTb Pa3MeEIICHUsI OpOUT ATl DIEKTPOHOB C YBEIH-
YeHHOH sHeprueil. B xpucramiax rpadura 31eKTpOHbBI
MOrJIONIaT (POTOHBI, HO BEPHYThCS Ha CBOM OPOUTHI
OHHM HE MOTYT M3-3a CHJIBHOTO HapYIICHUS! CHMMETPUH
B PacIOJI0KEHHH aTOMOB. A BOT B KpUCTaJLIE KPEMHHS,
HMEIOIIEM TaKyIo K€, KaK y aliMa3a, KPHCTAIUTHUCCKYIO
peLIeTKY, U3-3a OOJIBIINX PACCTOSIHUN MEX/ly aTOMaMHU
JNIEKTPOHBI UMEIOT HEKOTOPYI0 BO3MOKHOCTB IIOTJIO-
IIaTh U U3Iy4aTh (POTOHBL. DTO AENaeT KPEMHHH Mpak-
TUYECKH HENPO3pPayuHbIM, HO IMOBBIIIAET ero Kodddu-
LUECHT OTPaKCHNUS.

0,6

ITpo3paunsiMi MOTYT OBITh HE TOJBKO KpH-
CTJIIBI, HO W JAWDJIEKTPUYECKUE MaTepHajbl, COCTOS-
M€ U3 pa3HBIX aTOMOB, a TAK)Ke MaTepHajbl, HE UMe-
IOIME KPUCTAIUIMYECKON CTPYKTypbl. s aToro mx
aTOMBI U MOJIEKYJIBI JJOJKHBI INIOTHO MIPUMBIKATh APYT
K IpYyTy, 4TOOBI He OBIJIO BOZMOXKHOCTH /IS pa3Melie-
HUSL JOTIOJIHUTEIEHBIX OPOUT IS SJIEKTPOHOB C YBEJIH-
YEHHOU SHEPTUei.

ToHKHE CITOM METANIOB MOJTYMPO3pavyHbl. Y HHUX
MaJio 3JEKTPOHOB Ha BHEUIHUX O0O0JIOYKAX, IIOATOMY
BEJIMKa BEPOSATHOCTh, YTO BHYTPH METa/UIA 3JIEKTPOH,
MOTJIOTUBINUH (POTOH, IepeceyueT BHEIIHIOIO 3JIEKTPOH-
HyI0 000JI0YKY COCEJHEr0 aToMa, KOr/ia y TOr0 BHEII-
HUE 3JIEKTPOHBI HAXOIATCS MO IPYr'YI0 CTOPOHY sIIpa.
B sroMm ciydae 3a cuerT GOJBIIOrO JHUIONBHOTO MO-
MEHTa JIEKTPUYECKOe I0JIE COCEJHEr0 aToMa CO CTO-
POHBI 3aJIETEBILIETO B €r0 O00JIOUKY JIEKTPOHA YCH-
JIUTCS, ITO MPUBEJIET HE K YMEHBIICHUIO, a K YBEIHUE-
HUIO MOTEHLUAIBHOW 3HEPrUM ITOTO ANIEKTPOHA, T.€.
CIeNlaeT BO3MOXKHBIM €ro mnoriomenue. Ilotom 3toT
JIEKTPOH € OOJIBIION BEPOSTHOCTHIO MOXKET M3IIydUTh
(OTOH, eciu cUTyanusi OKaXKETCs TAaKOH ke Oyaromnpu-
SITHOHM, WJT TIEPEBECTH CBOIO M30BITOUHYIO SHEPTHIO B
KoJe0aHUs COCEAHUX aTOMOB, T.€. B Temwlo. [losTomy
OTPaXEHHE CBETA MPOUCXOAUT HE TOJIBKO OT TOBEPX-
HOCTH MeTajula, HO U U3 OoJiee TIIyOOKUX CIIOEB, YTO
CHJIBHO YBEJIMYMBACT KOA(D(DHUIMEHT OTpaKEHHS Me-
TAJUIOB 10 CPAaBHEHMIO ¢ JU3nIeKTpukamu. Ha puc. 2
npuBesieH rpaduk 3aBUCUMOCTH KodddunreHTa otpa-
JKEHHUSI CBETa OT TOJIIMHBI IUNICHKH XpOMa, HaIbUICH-
HOTO Ha CTEKJIO, IPU HYJIEBOM YTJIe MaJeHuUs.
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Puc. 2 — Basucumocmo kospduyuenma ompas’icenus nieHKu Xpoma on mouuHsl
onst opardcesoeo (1), senenoeo (2) u kpacnozo (3) nyueu

TTonynpoBOAHUKE HUMEIOT CXOXHH C METajlaMU
XapakTep B3auMOIeHCcTBUS ¢ GOTOHAMHU. Y HUX BHEIII-
HUE DJICKTPOHHBIC 000JIOYKH HAMOJIOBUHY 3aMOTHEHBI
AIIEKTPOHAMH, TOATOMY BEPOSITHOCTb MOTJIONeHuUs (o-
TOHOB MEHbIIIE. DTO JIeNaeT ux 0oJiee MPO3PaYHBIMH U
MEHee OTPaKaIOIMMHU CBET, YeM MeTaulbl. B HuX cBe-
TOBBIC (DOTOHBI MOTYT IPOHHUKATH HA TIIYOUHY 10 2 MKM
U OTPAXKATHCS C PA3HOH TITyOUHBL. DTO YBEIHYUBACT UX
ko3 dunmeHt orpaxenus: npumepHo 10 30% u npu-
JIaeT UM METAJUTHYECKH OJIeCK.

[Tpu B3aumoeiicTBiM (POTOHOB C ra3aMu HET CO-
CeIHUX aTOMOB, KOTOPBIE BBITECHHUJIM ObI JIEKTPOH C
M30BITOYHON SHEPTHEH Ha IPEIKHIOK OPOUTY, TOITOMY
MEXaHU3M YBEJIMYCHHUS BHYTPEHHEHl HSHEpruM OJeK-
TpOHa TaKoi, Kak onucaxo B [2, ¢. 7-10]. ITocie norno-
nieHus: (GOTOHA INEKTPOH MEPEXOAUT Ha IIUIHITHYE-

CKYIO0 OpPOUTY M MO’KET COBEpPIINTH MHOT'O BUTKOB, I0-
CTETEHHO MPUOIIKAACH K CBOCH MPEKHEH opoute, rue
n m3myqaeT GpoToH. M3-3a siumnTHaHOCTH OPOUTHI 3TO
MOXET MPOU30MTH TOJNLKO B TOYKE MOTJIOUIEHUS (o-
TOHA WJIM B CUMMETPUYHOM €l TOUKE OTHOCUTEIBHO
s1pa aroma, T.e. DJIEKTPOH MOXKET HM3JIy4uTh (OTOH
TOJIBKO B TOM JK€, YTO M Y NOTJIONMIEHHOTO (OTOHA, MK
oOpaTHOM HampaBiieHHH. Ho 1o mnpuumHe HHU3KOH
MJIOTHOCTH Tra30B KO (HUIIMEHT OTPaKEHHS Y HUX MaJl.

DIEKTPOHBI C H30BITOYHON YHEPTHEH, TOTHO paB-
HOH pa3HOCTH 2HEPIeTUYECKUX YPOBHEHN aTOMa, MOI'YT
M3TydaTh (DOTOHBI B IPOW3BOJIBHBIX HAMPABJICHUSX.
OTO MPOUCXOAUT U3-3a TOTO, YTO INEKTPOH, MOTYUUB-
LI SHEPTHUIO, JOCTATOYHYIO [UIS IIEPEX0/a Ha APYTYIO
CTaIlMOHApHYI0O OpPOUTY, MOXKET HaXOIWUThCS Ha HEH
JIOJIBIIIE, YEM Ha HeCTalMOHAPHBIX opOuTax. OH MOXKeET



Eepasutickutl Coto3 YueHbix (ECY) # 3 (60), 2019

49

HauaTh IEPEeBOJl M30BITOUHON 3HEPrHMHM BO BHYTPEH-
HIOIO B MPOU3BOJIFHOW TOYKE CBOCH HOBOW OpOWTHI U
0Ka3aThCs Ha CBOCH TpeKHEH OpOHTe B €€ TIPOU3BOJIb-
HOW TOYKE, M3Iy4nuB (POTOH B MPOM3BOIBEHOM HalpaB-
neHud. [1o3ToMy KONMMYEeCTBO MpPOILEAIINX uepe3 ra3
(OTOHOB ¢ Takoil SHeprueil yMeHbIIAeTCs, YTO U CO-
3/1aeT CIEKTpalbHble JTUHHUU NOTJoIIeHus. B ciydae,
KOT'/Ia 3JIeKTPOH HAaXOJIUTCS Ha HECTallMOHAPHOH Op-
OuTe, Ha4AJIO TIEPEBO/1a M30BITOYHOM SHEPTUH BO BHYT-
PEHHIOI0, BCET/ia ONpeNeIIeTCs OpUeHTalMeH aIuurca
€ro OpOUTHI OTHOCHWTENIFHO HAIpaBJICHUS IBHKCHUS
€ro s7ipa B IPOCTPAHCTBE.
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MATEMATHYECKHE MOJEJIA T'NAPOITPUBOJA KPAHOBOI'O MEXAHU3MA.
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PaCCMOTpeHBI THUIIOBBIC THAPABINYCCKHUEC ITPUBOJIBI U CII0COOBI MX peryanpoBaHyis B KDaHOBBIX MEXaHU3Max.
Or[pe,ueneHLI MaTeMaTU4€CKUe MOACJIN MMPHUBOJAOB U BO3SMOXKHOCTb UX CTPYKTYPUPOBAHUS, B BUJIC MHOTOMEPHBIX
TUAPABINYCCKUX MHOT'OTIOJIFOCHUKOB, JIS1 UCITIOJIB30BAHUA B PA3JIMYHBIX UMHUTATUOHHBIX CUCTEMAX.

ANNOTATION.

Typical hydraulic systems and methods of their regulation in crane mechanisms are considered. Determined
mathematical models and their structuring in the form of multidimensional hydraulic multiprobe, for use in differ-

ent simulation systems.

KnrwueBrble cjioBa: TUApABJINYECKasA CUCTEMA, MaTEMaTU4E€CKast MOJACIb, UMATATHUOHHAA CUCTEMA, MHOTO-

ITOJIFOCHHUK

Keywords: hydraulic systems, mathematical models, simulation systems, multiprobe

COS[[aHI/Ie I/IMI/ITaHI/IOHHOI‘/II CHUCTEMbI TIIpEAIoJIa-
raeT pacCMOTPEHHE HCCIIEAYEMOTO OOBEKTaM C OIpe-
JIeTIEHUEM €ro COCTOSHHH, CTPYKTYpBI, OIIpeeIeHUs
B3aUMOJICHCTBUSL €r0 JIEMEHTOB, YCTAaHOBIECHUS Xa-
paKkTepHBIX (U3NYecKuX dP(EKTOB 1 UX MaTeMaTH4e-
ckux mojeneit [2]. PaccMoTpuM ruiponpuBoa KpaHo-
BOTO MEXaHW3Ma, B KOTOPOM MOTYT HCIIOJIb30BaThCs
pa3iIv4YHbIE BUIBI YIIPABJICHUA: MAllIUHHOE, IPOCCEIb-
HOE, MalTMHHO-poccenbHoe [ 1]. Viconp3ys 3Ti BUABI
YIIPaBJIEHUH MOXKHO IOJYYUTH MPAKTHUECKH JIIOOYIO

W max

TpeOyeMyl0 XapaKTepUCTUKY YCTaHOBHBIIEIOCS pe-
XKHMa paboThl MeXaHU3Ma KpaHa puc. 1.

Beccrynenyaroe peryimpoBaHuM NIPUBOJA B I1Ep-
BOM ciydae, oOecriedmBaeTcsi M3MEHEHHEM DPabodnx
00BEMOB IrIIpoHacoca ¥ ruApoMoTopa (Kpuskie 1 u 2),
a BO BTOPOM ClIydae pa3lIMuHbIMH YPOBHSIMH Jpocce-
JUPOBAHUS TOTOKa paboueil *umkoctu (KpuBbe 3),
9TO 00ECIICUNBACT JOCTATOYHO “HKEeCTKOe" Moaepika-
HUE ITOCTOSIHHOTO 3Ha4YeHHs YacTOTHl Ha BCEM JHUama-
30HE U3MEHEHHSI Harpy304YHOTO MOMEHTA.

M

Puc. 1. Xapaxmepucmuxu pezynuposarnus 2uoponpusooda

B TUAPOIIPUBOJALI KPAHOBBIX MECXaHU3MaX C IPOCCCIbHBIM YIPABICHUEM UCTIOJIB3YIOTCA CXEMBI C PA30OMKHY-

TbIM WUJIU C 3aMKHYTBIM IMTOTOKaMH pI/IC.2.
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a)

(l) OmKpblmas cucmema,

[

;

0) 3akpvimas cucmema

Puc. 2. Ilpunyunuanshuvle 2udpasiudeckue cxemvi NPUBOOA.:

1 — Hacoc nepeMeHHOH PON3BOIUTENEHOCTH; 2-
MOANUTOYHBIA KJanaH; 3-THAPOMOTOD; 4-TIepenBHON
KJlanaH; 5-pe3epByap; 6- Hacoc  IMOCTOSHHOM
MIPOU3BOAUTENEHOCTH

T'uoponpueoo c 3amkuymoi yupkynayueit pado-
Yel JKUIKOCTH KOMITAKTEH, UMEET HeOOJIBIIYI0 Maccy
U JOMyCKaeT OOJBIIYI0 YacTOTy BpAIEHHS pOTOpa
Hacoca 0e3 OITacHOCTH BO3HHUKHOBEHUS KaBUTAlUH, HO
UMeeT IIJIOXHE YCIOBHS U OXJKACHUS pabouel
KHUKOCTH.

Tuoponpueoo c pazomkuymoit cucmemoii yup-
Kynayuu paboueit )KUIKOCTH MOCTOSIHHO cOooOIaeTcs
¢ arMmocdepoit u THIpoOakoM. J[OCTOMHCTBa TaKOH
CXeMbl — XOpOIIWE YCJOBUS ISl OXJIXKICHUS |
OYNCTKH pabouei xuaxkoctu. OFHAKO TaKWe THUAPO-
MPUBO/IBI TPOMO3/IKH ¥ UMEIOT OOJIBILYIO Maccy, a 4a-
CTOTa BpALIECHUsI POTOPa HACOCA OTPAHUYUBAETCS JI0-
ITycKaeMbIMHU (M3 YCIIOBUI OeCKaBUTaIIMOHHOM PabOTHI
HAcoCa) CKOPOCTAMH JBIIKCHHS PA00UCH )KUIKOCTH BO
BCACHIBAIOIIEM TPYOOTIPOBO/IE.

flpubiad nepedbuxeHus

DOOOOD—

! =

A

O

W2

N

\ap

2 3 S

/

) /

Puc. 3 lpunyunuanvuas cxema cudponpusooa nepeosudiICeHuss NOpmaibHo20 Kpad.

CoxpaHHTh JOCTOMHCTBA 1 MUHUMH3HPOBATh HE-
JOCTaTKH pa3IM4yHble THUIBI THAPONPHBOIOB IMO3BO-
JII€T YCTAHOBKA aKKyMYJIATOPHOM cuUCTeMBbl. Tak, Ha
puc. 3 mpeAcTaBleHa cXeMa FHAPONPHUBOJAA MEPEBH-
’KeHHUsI MOpTaJIbHOTO KpaHa. Mcnonp30BaHmne Takou cu-
CTeMBI 00OecIieunBaeTCs raieHue Koyiebannii B Harop-
HOM MarucTpajiu ruApoIpUBO/Ia, IOBBIIICHUS IJIABHO-
cTH paboThI MPUBOJA ¥ CHIKEHHS €r0 ANHAMUYECKHX
Harpy3ok. Kpome Toro, B 3ToM ciiydae MOXKET OBbITh pe-
anmu30BaH 3QQeKT pexynepanuu SHeprud Mpy LUKIH-
YEeCKUX peXuMax paboTbl. B ciydae ncrnonb3oBaHus
TUAPONPUBOJA C 3aMKHYTON LIUPKYIALUEH, UCTIOIb30-
BAHUE aKKyMYJIAITOPOB MOXET SIBJIATHCS AIbTEPHATUB-
HOM CHCTEMOM MOJAINUTKH B THIPONPUBOJAX MEXAHU3-
MOB C KPaTKOBPEMEHHBIMH P&KUMaMH padoT.

OYHKIMOHNPOBAHUE THUAPONPUBOIA OIpPEALIIS-
eTCsl ypaBHEHHSIMH, OTIMCHIBAIOIINMU (u3ndeckue 3¢-
(DEeKTHI M yCIOBHUS B3aMMOJCHCTBHUS €TO 3JIEMECHTOB :
oBeJIeHNe pabOYNX OPraHOB M 3BEHBEB TUIPOTIPHBOIA
0] IEWCTBUEM BHEIIHUX CWJI; ABM)KEHHS U XapakTe-
PHUCTHKH YHPaBIISIOMNX 3JEMEHTOB; yCTaHABIMBAIO-
IIMMH HEPa3pBIBHOCTHU IOTOKA; ONPEACAIONMHU Be-
JTMYWMHBI JABICHUN WM YCIOBUS COXPaHEHHS SHEPIHH;
OTPAKAIOIIMMU CBSI3M MEX]y MapaMeTpaMu IOTOKa U
JBIDKEHHUS 3JIEMEHTOB THAPOIPUBOIA.

OTu ypaBHEHHUsd, OIpEAEISIIONUE MaTeMaTHue-
CKHE MOJEIH THJPABIMYECKOW CHCTEMBI, YCIOBHO
MO>KHO OOBEJMHUTD B TPYIIIBI ypaBHEHUH [3].
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I'pynna ypaBHeHuUii rHAPOCTATUKHA
YpaBHEeHHUE TUIPOCTATUKH JJIsl THUIpOHAcOca (MOTOpa) M THAPOIIMINHIPA

p2 = pl + MH(M)UO.H(M)/qH(M) uH(M) ; pZAZ = plAl + Fmp €]

rie — qH(M) -pabounii o6bem; U, mapamerp perynuposaHus; Mo oy~ 0OBemHbIi KT p1(2) - JlaBJICHUE

na Bxoze (ssixoze); M () -HOMHHAJIbHBI MOMEHT Ha Bally Hacoca (MOTOpa). Y paBHEHHUE JUIs OIpEe/IeNICHHUS IIPH-

BEAEHHOTO MOJYJISl YIPYTOCTH THAPOCHCTEMBI

1194 o

np oHC i=1

rze EWC -MOJIyJ b YIPYTOCTH >KHUAKOCTH; E s5i - MOZJIb YIPYrOCTH Matepuaia I -ro ydJacTka ;d ) O -1ma-

METp U TOJIIMHA CTeHKH y4yacTka | -ro y4acTka.
I'pynna ypaBHeHmuii pacxoaos
YpaBHEHHE pacxoja depe3 THAPOHACcOC (MOTOP) PEryIInpyeMoro oobpeMa:

pH (M)
QH(M) - a)H(M)qH(M)uH(M) 1- 770.H(M) ! (4)
pH (m).HOM

rae — (), yriosasi CKOPOCTb; p ) “MABJICHHE HA BBIXOJIC HACOCA (motopa); P -HOMHUHAJIFHOE J1aB-

(M 1(M). HOM

JICHHE Ha BBIXOJIe Hacoca (MOTOpa). YpaBHEHHE pacxo/ia uepe3 THAPOIINH/IPA

dx
Qr[(m) = An(m) gt ko (Pl - pz) , (®)

rae An(m) -TUIOIIA b TIOPUTHEBOM (INTOKOBOM) MOJIOCTH; kQ(v) -K03(GHUIMEHT TepeTeyeK. Y paBHEHUE pac-

Xo4a 4€pe3 ApOCCCib UIIU 30JI0THUK

\/quz + 4kmi |Api| - k,n‘
2k

2 .
Q, =4, S4i0,=C sign(Ap,) ©)

mi

rae Aa p “TIOIIA/Tb POCCENUPYIONIEro OTBEPCTHS; l‘l’ -Ko3(pPHUIIEHT pacxofa; P -IIJIOTHOCTh paboueit
cpensl; C- ¢hyHKIHIA TIOJIOKEHHS 30JI0THHKA, oTpenessieTcs Kak
|AF| > FHDM &C= LAF < |FH0M| & C=0; AF -CyMMapHOE YCHJINE Ha 30JI0THUKE; FHDM -HOMH-

HaJIbHOC YCWJIME NEPEMECIICHU 30JI0THUKA, kfl(m)i 'KO3(1)(1)I/IHI/I€HT COIIPOTUBJICHUS TUAPOJINHUN | Ipu JJaMHUHap-

HOM (TYpOYJIEHTHOM) peXKUMe TeUCHHUS KUIKOCTH; Api -CyMMapHbl€e 110TepH AaBjieHus B ruapouauu | .

ypaBHeHI/Ie HEPA3PBIBHOCTU IOTOKA
n m V dp
— | |
Q@x - erzx + zkyi pi + Z E dt ) (7)
1 1 npi

rac ng y ngm -pacxoJ Ha BXOJC U BI)IXO[[G;Vi -00BeM KUJAKOCTH B 3JIEMCHTC I'MAPOCHUCTEMBI; Enpi -[pu-

BEJICHHBIM MOAYJIb YIIPYTOCTH 3JI€MEHTA T'UPOCUCTEMBI, k yi -KO3(QPUIHEHT yTeuek.

I'pynna ypaBHeHuii Temoo0MeHa. Y paBHeHHE ONpeeisIoniee TEMIIEpaTypy HarpeBa pabodeil )KUAKOCTH



52 Espasutickuti Coro3 Y4eHbix (ECY) #3 (60), 2019

T +T, :
LR ] FU SN R =>4, 27"5
' kTi ) Al'i exp 7TkTi Ari gd

my-¢; |

Q. ®

T E Q()l , TIe - Teﬂ ,T KOJINYECTBO TEIUIOTHI, BBIAEIAEMOE B THIPOJIMHIIX U JPOCCEIH-
di
PYIOIINX 3JIEMEHTaX 3a BpeMs dr ; C; —cpennsis ynenbHas TEMIOEMKOCTh MHIPOIPUBOJIA; kT — ko3 dunment

TeIUIoNepeadm; ATi — TUTOIIAh BHEUTHEH MOBEPXHOCTH AJIEMEHTOB THAPOIIPHUBO/IA; mTi — Macca dJIEMEHTOB

THAPOIPHUBOAA; T o — HayalbHas TemMreparypa pabodeH KUIKoCTH

I'pynna ypaBHeHMii IBHKEeHMsI. YpaBHEHHE BO3BPATHO-TIOCTYIATENLHOE ABMKEHUS 3JIEMEHTOB THPOLIHU-
JUHJpA

m—-=p A4 —pmAm—v%—cx—R-sign % —N-Sign(x), (8)

rae M - npusenennas Macca MOABMXKHBIX YyacTe; X - KOOpIMHATA [PUBEIEHHON MACChI; A - Am - IUI0-

Iy MOPIIHEBOW M MITOKOBOH MONOCTEH ; V - KO3(GHUIMEHT )KUAKOTO TPEHHUS; N - yCHIIE Ha IITOKE THAPOLH-

JUHJIPA WK 30J0THUKE, R- NpUBEIEHHAS CHiIa cyXxoro TpeHus; C -mpuBeneHHas )eCTKOCTh YIIPYTUX dJIeMEH-
TOB;

F3 'SHGKTpOMaFHI/ITHaH CI/Iﬂa.ypaBHeHHe BOSBpaTHO-HOCTyHaTeIILHO@ JBMKCHUA 30JIOTHHUKA
dx
m—:(pl—pz)A3+AFo—vE—cx, 9)

rae M - npuBenennas Macca 30JI0THHKA; X - KOOPAWHATA IIPUBEACHHON MaCCHI; A , - IUIOLIA/I 30JI0THHKA

) F3 -DJICKTpOMAarHuTHas cujia. VpaBHeHMe ABUKCHMA Bajla THAPOMOTOpA

Idd_io: pqu_Vd_go_MZ_Mmp’ (10)

rac I - HpI/IBC,I[GHHLIf/’I MOMCHT UHCPIIUH; MZ 'CyMMapHBIﬁ MOMCHT BHCUIHHUX CUJI; Mmp - MOMCHT CyXOT0o

tpenus; ( oy - Dab0umii 00beM rugpoMoTopa; (U, (P - yriosas CKOPOCTb U YroJl MOBOPOTa Baja. Y PaBHEHHE JBHU-

JKCHUS Bajla IIPUBOJAHOIO JJICKTPOABUTATCIISA

2M, SS
. da)3() — - Kp 21<p . M . (11)
dt ST+S,,

rie — (U, , yrioBas CKOPOCTh JIIEKTPOIBUTATEIIS; M - MOMEHT CONPOTHUBIICHUS JIEKTPOIBUTATEINS; M
- KPUTHYECKUIT MOMEHT 3JIEKTPOABUTATEIIS; S -penmunna ckonbxenns COOTBETCTBYIOIIAs M i S xp ~ KPUTH-
Yyeckasl BEJIMYMHA CKOJIBKCHUS; 770.11(1\/0' oobemubrit KI1; p”(M) -JlaBJICHUE Ha BBIXOZE Hacoca (MOTOpa);

pH(M).HOM - HOMUHaJIBHOE JIaBJIEHUE Ha BBIXOJIE Hacoca (MOTopa).
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CoueraHne ypaBHEHUI OTHOCSIIUXCS K pa3yind-
HBIM Tpynram IO3BOJIAIOT ONPCACINTL MaTeMaTHU4cC-
cKre MoaenH (YHKIIMOHAIBHBIX OJIOKOB THAPOIIPHBO-
JIOB ¥ CTPYKTYPHPOBAaTh THAPOIIPUBOJL B 1I€JIOM, NpeE/-
cTaBmsii  ero (yHKIHMOHAaJIbHBIE OJOKHM B BHIE
THJPOMHOTOIIOJIIOCHUKOB. Tak Hampumep, MaTeMaTH-
Yeckas MOJIeNb THIPOLMIINHIPA, THAPOMHOTOIIOIIOC-

F(P,) )
X Ay, 3
BN
)

U P,.a,)
[

al

HUK KOTOPOTO TPEACTaBJICH Ha puc. 4, a), Ompenens-
eTCsl COUeTaHNEeM ypaBHEHUS pacxoja (5) U ypaBHEHUS
JIBUKEHUS! TMAPOLMIMHApPA C NPUBEACHHON Maccoi
(8). MaremaTHueckast MOJIENb 30JI0THUKOBOTO pacIpe-
JETUTENs, THIPOMHOTOTIOIIOCHUK KOTOPOTO TIPE/ICTaB-
JieH Ha puc. 4, 0), onpenensercs: COYeTaHuEM ypaBHe-
HUS pacxojia uepe3 30J0THUK (6) U ypaBHEHHS JIBIKE-
HHS 3070THUKA (9).

‘E/Aj/

X (P8,
—
—

UiP,a,
[

il

Puc. 4 Oynxyuonanvhvie O10KU I1eMeHMO8 2UOPONPUEOOa.
@) 2UOPOMHO2ONONIOCHUK 2UPOYUTUHOPA, 0) 2UOPOMHOSONOIIOCHUK 30JI0MHUKOB020 PACNPEOeNUmes.

Takum o0Opa3om, pacueTHas cxema THIPOIPH-
BOJAa , HANpHMeEp, THAPOIPHBOAA KPAHOBOTO MeXa-
HH3Ma, MOXKET OBITh NMPEICTABICHA B BUIE CTPYKTYPHO
MHOTOMEPHOTO THAPABINYECKOTO MHOTOIIOJIIOCHUKA
COCTOSIIIYIO U3 MHOTOTIOJIFOCHUKOB €r0 (DyHKIIHOHAJb-
HBIX 0JIOKOB. B 001mem ciydae, mpeacTaBiIeHNs THAPO-
MIPUBOJIOB MEXaHU3MOB B BHJE CTPYKTYPHPOBaHHBIX
pacyeTHbIX cxeM, obecrieunBaeT ux 3PPEeKTHBHOE MO-
JETTMPOBAHNE B Pa3IMYHBIX MIMUTAI[IOHHBIX CHCTEMAaX.

Jlutepatypa

1. Esmaes H. M., Kpyrkur A. B. CynoBsie rua-
paBnuueckue kpanbl: CropaBoyHuK.-M.: Tpancmnopr,
1989. -204 c.

2. Crporazes B. I1., Tosnkauyesa 1. O. Umurauu-
OHHOE MojienupoBanue. yueb.mocobue/ B. I1. Crpora-
aeB, U. O. Tonkauesa - M. : U3g-s80 MI'TVY um. H. D.
baymana, 2008.-280 c.: un

3. Ulepbakos B.C., 3bipsiHoBa C.A., KopbsiToB
M.C. Cucrema aBTOMaTU3UPOBAHHOI'O MOJEIHPOBA-
HUS CTPEJIOBOIO I'PY30I0IBEMHOTO KpaHa: MoHorpa-
¢us. — Omck: CubA1N, 2009 — 106 c.

®YHJIAMEHTAJIBHBIE CBOMCTBA 3JIEKTPOIIPOBOIHBIX TOPOUIAJIBHBIX TOKOBBIX
CTPYKTYP.

I'puzopvee Egzenuii Anexcanoposuu,
yacmuwlll Uccredosameins

IToxa3zaHo cymiecTBOBaHNME BHEIIHEI0 MArHUTHOTO MOJIS M CTPYKTYpa BHYTPEHHETO MAarHUTHOTO TIOJIS B TO-

POUAAIBHBIX CTPYKTYpax € MOJIOUAAaJIbHBIM TOKOM.

KuroueBrble ¢j10Ba: TOPBI, BHEIIHEE MATHUTHOE T10JIE, YAEPKAHUE TEPMOSICPHON II1a3MBbl,
Keywords: tori, external magnetic field, confinement of thermonuclear plasma,

16 ssaBapst 2000 roga cremano OoJbIIOe HAYIHOE
OTKpBITHE - BIIEPBBIC B AJIEKTPOAWHAMUKE YHCICHHO
paccYnTaHO M AKCIIEPUMEHTAIBFHO U3MEPEHO BHEIITHEE
MarautHoe mosie (MII) 37eKTpONpPOBOAHBIX TOPOH-
JTATBHBIX CTPYKTYp C TOJIOMAaIbHBIM TOokoM (Pmc.1).
Panee, B KJ1TacCHUECKOH 3JIEKTPOIMHAMUKE, ITO CUUTA-
JIOCh HEBO3MOXKHBIM. VICTOPHUIO OTKPBITUS M €r0 BO3-
MOJKHBIC TIOCIICJICTBHSI MOJXKHO y3HATh Ha caiTax
http://thermonuclear.narod.ru u http://thermonuclear.ru
— TaM packpeITel Bce Hoy-xay. Crpenkamu, 0603Ha-
YEHHBIMH 1, TOKa3aHbI BEKTOPHI 3JIEMEHTOB ToKa. Pac-
CMaTPUBAIUCH TOPEI C OTHOMIEHHEM R /r~ 1 u R/ r~

2. Pe3ynpTaTel pacdeToB BEIBEICHBI B BHIE IPpaUKOB
Kanrtopa. JIunnu Ha rpadukax 1mokasplBalOT CEUSHHE
TOBEPXHOCTEHW YpOBHsSI paBHOM HampsbkeHHocTd MIL
I'paduku — B ycnoBHBIX enuHunax. HanpaBnenue Bek-
Topa HanpsbkeHHocth MII — nepneHaukynaspHO K
TUIOCKOCTH N300pakeHHs1, TaK KaK cruitoBble TMHUU MIT
HUMEIOT UCKIIIOUUTENFHO a3UMYTalIbHYIO (MJIM TaHT€H-
[OHANTBHYO W KacaTeIbHYI0 K OKPY>KHOCTH, KOTOpast
JICKUT B IJIOCKOCTH XY U C IEHTPOM Ha OcH Z) COCTaB-
JSIOIIYIO.

Buauane paccuntsiBanocs MII BHyTpu TOpa. Top
¢ othHomienueM R /r~ 1 (Puc.1).
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Ceifuac MHOTHE MaTeMaTHKU M (U3UKH BCEPhE3 B3SUIHCH 3@ M3YUCHHE TOPOUAAIBHO-BUXPEBBIX CTPYKTYD.
Tax 49T0 TOpHI emIé >KIyT CBOMX MCCIICNOBATEIICH, KOTOPBHIM OHM OTKPOIOT CBOM TaiHBI.
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180
Puc. 4

Ha rpadukax (Puc.2, Puc.4) Buano, uro ctpykrypa MII BHyTpH Topa HE cooTBeTCTBYET CTpyKType MII Oec-
KOHEYHOTO TIPSIMOTO TPOBOJHHKA C TOKOM, KaK CUUTAIOCH J0 CHX IOp B KJIACCHYECKOW TEOPUH 3IEKTpOMarHe-
TH3Ma. O1a cTpykTypa MII cOOTBETCTBYET OJII0, CO3/IaBAEMOMY OTAEJIBHBIM IEMEHTOM TOKa, PAcIIOI0KEHHBIM
B [IEHTPE TOpa Ha ero TNIABHOW OCH ¥ HAIIPaBJICHHBIM BIOJIb 3TO# ocu. ['paduk storo MII nokasax Ha Puc. 5.

0.5
0.4

037
0.2
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Puc. 5

3arem Obw10 paccuntano BHEHITHEE MIT Bue Topa B muockoct XZ B ee yactu Y (cM. Puc. 3).
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Hanpsoxennocts MIT B mutockocerr Y' (y = 0) B Buze rpaduka Kanropa.
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001

B39,z

-0.05 1

Puc. 7

Hanpsoxennocts MIT Bmoss npsimoii L - L; [ y =0, X = const, B = f(z) ].

Ha rpadwuxke (Puc.6) Bugno, uto BHEIITHEE MIT
Topa cymecTByer. [ paduk Ha Prc.7 BeIsIBIIsIET 0COOCH-
HocTh 3Toro MII - Tpu 3xcTpemyma u n1Ba Hyas. Ilo-
nobnoe MII uzmepeHo skcnepumeHTanbHO. M3 Puc.7
BHIHO, YTO IIPU OCEBOM COJIMDKEHHMH JIBYX TOPOB BHa-
yajie BO3HUKAET UX OTTAJKHBAaHUE, a IOCIIE ITPeoioIie-
HUS IOTEHIMAIBHOTO Oapbepa - mpuTsokeHune. Cuctema
BXOJUT B COCTOSIHHE C MUHUMaJIEHBIM MarHUTHBIM I10-
TOKOM (MUHUMAJIbHON SHEPTHEN) U CTAHOBUTCS YCTOM-
YUBOI.

Pacuer BHemnero MII, co3gaBaeMoro cucreMoi
U3 IBYX COOCHBIX TOPOB U Mex1y HUMH (Puc.8) moka-

3BIBAET, UTO OHO UMEET MUHUMYM IO TPEM KOOpIUHA-
TaM B 1ieHTpe cucteMsl (Puc.9). Bee 310 mokaspiBaeT
0ecrepcleKTHBHOCTh yJEpKaHMs IIa3Mbl BHYTPEH-
HuM MII B 3aMKHYTBIX JIOBYHIKaX C TOPOMIAIBHOU
koH¢purypammeit MII tuna “Tokamak” u “Cremnapa-
TOp” - ylepkaHWe BO3MOXKHO TOJIbKO B OTKPBITOM
MJIa3MeHHON JoBylike BHEmHUM MII cuctemsl nByx
COOCHBIX TOPOB IPOW3BOJIbHOW KOoH(urypauuu. Ilo-
nobnoe MII n3MepeHo 3KCIepuMEHTAIBHO. PacdéTsl,
TaKXkKe, MOKa3bIBAIOT, YTO M3 LEHTpPa TAaKOM CHUCTEMBI
BJIOJIb OcU Z OyZET BBUIETATh IJIa3MEHHAs CTPYA C TeM-
neparypoid 100 muH. rpagycoB u ckopocteio 10000
KM/CEK. JTO HOBasi MHPOBas SHEPreTHKa.
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[Tpenpigymue pacdeTsl ObUIM  CHOETAHBI IS
CIUTOITHBIX TOKOBBIX MoOBepxHOCTel. Teneps caemaem
pacueT s TOpa, COCTOSIIETO U3 OTAEIBHBIX MPAMO-
YTOJIBHBIX BUTKOB C TOKOM (CErMEHTHPOBAHHBII TOP)

Puc.10, Puc.11. D10 nemaetcst st IpoOBEPKHA BO3MOXK-
HOCTH BocnpousBeneHns MII crutonmHoro Topa noiem
CErMEHTHPOBAHHBIX (PEaNbHBIX) TOPOB.

[Momo6HOEe MII M3MeEpeHO IKCIIEPIMEHTAIIBHO.
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CrpyKTypa BHEIIHETO MarHUTHOTO TOJIS CETMEH-
TUPOBAHHOTO Topa B TuockoctH Y' (XZ) B BHAE Ipa-
¢uka Kanropa.

IToxa3aHbl ceyeHHs! TOBEPXHOCTEH YPOBHS paB-
HOH HanpsbkeHHocTd MIL.

BekTop HanmpsHKEHHOCTH HANIPABJIEH NEPIIEHANKY-
JIIPHO IJIOCKOCTU PUCYHKA.
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AHHOTAIIUA

KakoBa poisb sKcriepuMeHTa B 0oOydeHuu (usuke? Ha ceropHsuHuid JeHb NPUMEHEHUE KOMITBIOTEPHOU
TEXHUKH B MPEIOJaBaHUHU IIKOJIBHBIX IPEAMETOB SBIISETCS HEOTHEMIIEMOH 4acThio ypoka. LlIkonpHukn Gosbire
3aUTEpPECOBaHbl B W3yYEHHH ECTECTBEHHO-MAaTEMaTHYECKMX HAyK TP HCIIOJIb30BAHMM Ha YPOKaxX pas3lIMuHbIC
MenuiiHble cpeacTBa. Ho Bce e 0IHO MpUMEHEHHE KOMIIBIOTEPHON TEXHUKH HE TapaHTHpPYET YCIeX, ycIeX
3aBHCHUT OT CIOCO0A M METOJa MPUMEHEHHS KOMITBIOTEPHOI TeXHUKH. CaM 3KCIEPUMEHT, OCYIIECTBISAEMBIH C
NMPUMEHCHUEM KOMHb}OTepHOﬁ TEXHUKHN HE MOKET MNOBBICUTH KAa4Y€CTBO IIPOBCIACHUA YpOKa MU KadCCTBO
MOJTy4aeMbIX 3HAHUH, HO JAaeT BO3MOXKHOCTB IOBBICUTH 3 (PEeKTHBHOCTH BCETO ypOKa.

ABSTRACT

Warum soll iiberhaupt im Physikunterricht experimentiert werden? Es miissen bei dieser Diskussion Einfliisse
aus verschiedenen Wissenschaftsgebieten beriicksichtigt werden. Der Computer ist heute in gewissem Sinne zu
einem Standardmedium im Physikunterricht geworden. Schiilerinnen und Schiiler erzielen in Naturwissenschaften
und Mathematik bessere Leistungen und sind motivierter, wenn im Unterricht digitale Medien eingesetzt werden.
Allerdings garantieren digitale Materialien an sich noch keinen Erfolg. Ihre Wirkung auf Leistung und Motivation
héngt davon ab, wie sie im Unterricht eingesetzt werden. Computerunterstiitzte Experimente werden nicht im
Selbstlauf die Qualitét des Physikunterrichts erhohen. Vielmehr sollen sie seine Effizienz erhdhen, indem routine-
méBige Handlungen dem Computer iiberlassen werden, um damit mehr Zeit fiir die physikalische Durchdringung

des Experimentes, die Analyse von Randbedingungen und die Interpretation der Messergebnisse zu finden.
KaroueBble cioBa: Gpu3nka, KOMIBbIOTEpHAs TEXHUKA, DYHKIMH, IKCIIEPUMEHTHI
Keywords: Physikunterricht, Computereinsatz, Funktionen, Schiilerexperimente

Alle mit Physikausbildung Befassten sind sich
tiber die iiberragende Rolle einig, die das Experiment,
bzw. das Experimentieren sowohl in der Forschung, als
auch in der physikalischen Ausbildung bzw. dem Phy-
sikunterricht besitzt.

Warum soll iiberhaupt im Physikunterricht expe-
rimentiert werden? Diese Frage ist didaktisch sehr
grundsétzlich und keineswegs trivial zu beantworten.
Es miissen bei dieser Diskussion Einfliisse aus ver-
schiedenen Wissenschaftsgebieten beriicksichtigt wer-
den. Dazu gehoren pidagogische, psychologische,
fachliche und erkenntnistheoretische Argumente. Die
Argumentation hdngt sehr stark vom Standpunkt der je-
weiligen Autoren ab. Aus piadagogischer Sicht tragen
beispielsweise Schiilerexperimente zur Selbsténdigkeit
der Lernenden bei und erhohen die Fingerfertigkeit [6].
Aus psychologischer Sicht konnen sie die (Lern) Moti-
vation steigern. Durch einen kognitiven Konflikt 14sst
sich dies zumindest kurzfristig in der Anfangsphase er-
reichen [2]. Aus fachlicher und erkenntnistheoretischer
Sicht ist das Experiment die” Frage an die Natur. Ex-
perimentalpraktika sollen deshalb nicht nur der Aneig-
nung von Theorie dienen, sondern insbesondere prakti-
sche Fertigkeiten und ein Gefiihl fiir eine wissenschaft-
liche Arbeitsweise vermitteln [3,4].

Das Experiment stellt in der Physik eine besondere
Form des ,,Dialogs mit der Natur* zum Erkenntnisge-
winn dar. Auch wenn ein einzelnes Experiment nicht
als Kriterium der Wahrheit fiir eine physikalische The-
orie herangezogen werden kann, so wird es dennoch
untrennbarer Bestandteil des modernen Physikunter-
richts bleiben.

Nach Reinhold (1996, S. 15) lassen sich die allge-
meinen didaktischen Funktionen des Experiments in
folgenden Ebenen zusammenfassen:

1. Péidagogische Funktionen

Experimente tragen zur ,,geistigen Formung* der
Schiiler bei, in dem sie die Beobachtungsgabe entwi-
ckeln, zur kritischen Beurteilung der Messergebnisse
herausfordern, kausales und funktionales Denken for-
dern sowie zur Objektivitdt, Geduld und Ausdauer er-
ziehen.

2. Psychologische Funktionen

Experimente motivieren, wecken Interesse und
entwickeln Einstellungen, Kognitionen, Denk- und L&-
sungsstrategien sowie Anschauungen und Vorstellun-
gen. Sie haben damit einen unbestrittenen Einfluss auf
Lernleistungen.

3. Wissenschafts-
Funktionen

Wir experimentieren in dem erkenntnistheoreti-
schen Verstindnis, dass die Naturgesetze im Labor die
gleichen wie in der ,,librigen” Natur sind. Damit wird
das Experiment zur Methode und zum Gegenstand des
Erkenntnisprozesses im Unterricht. Wahrend qualita-
tive Experimente grundlegende Naturphdnomene de-
monstrieren, dienen quantitative Experimente der Prii-
fung theoretischer VVorhersagen, der Bestimmung phy-
sikalischer und technischer GroBlen. Hier wird der
Bezug zu wissenschaftlichen Denk- und Arbeitsweisen
hergestellt.

4. Fachliche Funktionen

Experimente unterstiitzen die Bildung von Begrif-
fen, die Ableitung von Gesetzen sowie die Entwicklung

und erkenntnistheoretische
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von Theorien und grundlegenden Wirkprinzipien. Da-
bei dienen sie ,, der Erforschung neuer Sachverhalte,
der Uberpriifung der Richtigkeit einer Erkenntnis oder
Vermutung oder auch der Verfestigung des Wissens
und Koénnens* (Knoll 1971, S. 184). [5].

Der Computer ist heute in gewissem Sinne zu ei-
nem Standardmedium im Physikunterricht geworden.
Im Physikunterricht kann der Computer den Schiilern
in vielféltigen Anwendungen entgegentreten. Denkbar
sind bereits heute folgende Einsatzmoglichkeiten:

1. Auswertung und Berechnung (Tabellenkalku-
lation, Videoanalyze)

Modellbildung und Simulation

Messgerit

Speichermedium (Datenbankanwendungen)
Informations-und Kommunikationsmittel
Présentation und Visualisierung

Interaktive Lernumgebung (Lernsoftware)

AIIeln diese Vielfalt von Computeranwendungen
erfordert umfassende methodische Konzepte, die sich
nicht nur auf den Physikunterricht beziehen.

Schiilerinnen und Schiiler erzielen in Naturwis-
senschaften und Mathematik bessere Leistungen und
sind motivierter, wenn im Unterricht digitale Medien
eingesetzt werden. Allerdings héngt der Erfolg von der
Gestaltung der Mediennutzung ab. Wie die Untersu-
chung des Zentrums flir internationale Bildungsver-
gleichsstudien (ZIB) an der Technischen Universitit
Miinchen (TUM) zeigt: Schiilerinnen und Schiiler aus
Klassen, in denen mit digitalen Unterrichtsmedien ge-
arbeitet wird, erzielen bessere Leistungen als Kinder
und Jugendliche aus Klassen, die traditionell unterrich-
tet werden. AuBerdem sind sie motivierter fiir das je-
weilige Fach. Dies gilt fiir alle Jahrgangsstufen hoherer
Schulen (Sekundarbereich) und fiir alle untersuchten
Fiacher, also Mathematik, Biologie, Chemie und Phy-
sik.

Allerdings garantieren digitale Materialien an sich
noch keinen Erfolg. Ihre Wirkung auf Leistung und
Motivation hidngt davon ab, wie sie im Unterricht ein-
gesetzt werden;

- Kinder und Jugendliche profitieren von digita-
len Unterrichtsmedien stirker, wenn sie nicht allein,
sondern in Paaren arbeiten. Die Forscherinnen und For-
scher gehen davon aus, dass Computerprogramme in
besonderer Weise Gespriche zwischen ihnen anregen,
die das Lernen fordern.

- Schiilerinnen und Schiiler erzielen bessere
Leistungen, wenn sie bei der Arbeit mit Digitalmaterial

Nogkwd
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von Lehrkriaften begleitet werden. Arbeiten sie voll-
kommen selbststindig mit Computerprogrammen, ist
deren positiver Effekt gering.

- Die erwiinschte Wirkung digitaler Medien ist
groBer, wenn sie klassische Unterrichtsmaterialien
nicht vollstindig ersetzen. Erfolgversprechend ist, sie
erginzend zu analogen Methoden zu verwenden.

- Digitale Medien steigern die Leistungen stér-
ker, wenn sie von professionell geschulten Lehrerinnen
und Lehrern in den Unterricht integriert werden. [1].

Beim schulischen Computereinsatz werden fol-
gende Vorteile, basierend auf Forschungsstudien und
Praxisaussagen, hervorgehoben, die den Lernerfolg
steigern kdnnen, wie Motivation, Interaktivitdt, Indivi-
dualisierung und Lernerkontrolle.

Es zeigt sich, dass der Computer heute ein Stan-
dardmedium im Physikunterricht ist, obwohl es grof3e
Unterschiede bei den verschiedenen Einsatzarten gibt.

Damit keine Missverstindnisse entstehen: Com-
puterunterstiitze Experimente kénnen und sollen nicht
den traditionellen Demonstrations- oder Schiilerver-
such ersetzen. Computerunterstiitzte Experimente wer-
den auch nicht im Selbstlauf die Qualitét des Physikun-
terrichts erhdhen. Vielmehr sollen sie seine Effizienz
erhohen, indem routineméifBige Handlungen dem Com-
puter iiberlassen werden, um damit mehr Zeit fiir die
physikalische Durchdringung des Experimentes, die
Analyse von Randbedingungen und die Interpretation
der Messergebnisse zu finden.
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[IpencraBnstoTcs pa3pabaTsiBaeMble aBTOPaMHU METOJBI U KPUTEPHUU HCCIEIOBAHUS PEKUMOB HEYCTONYH-
BOCTH W Xaoca JHHAMHYECKUX cucTeM. [lociieqHne qeMOHCTpHpYeTCsS Ha MOJIEISAX PeXIMa ¢ 000CTpeHHUEM, Tia-
paMeTpUUYECKOTO PE30HAHCA B DJIEKTPOHHBIX TeHEpaTOpax U THHAMUYECKOW MOJEITH SKOHOMHUYECKUX MPOIIECCOB

NpEANPUATHH,.

KaroueBsle cjioBa: KPUTCPUU U METOAbI TCOPUUN HGYCTOﬁqHBOCTH, MO €N MapaMETPUICCKOIo pE€30HaHCa U

3KOHOMMYECKUX MPOLECCOB MPEATPUATHIH.

1. Bsedenue

Teopus meycroitunBoct (THY) npennasnauena
JUIS OIIpeJeNIeHHs] PeKUMOB HEYCTOMUMBOCTH U Xaoca
IIPY M3YYCHUN TUHAMHUKH PA3IMYHBIX CUCTEM, a TAKKe
C LEJBIO BBISBICHUS KaUeCTBEHHBIX MEPEXOJ0B B Be-
IIECTBAX M CUCTEMax. DTa TEOpHs AOTONHSIET KIacCH-
YEeCKHE TEOPHH YCTOMYMBOCTH HO OTJIMYHE OT HHX
HaleJiecHa HE Ha MOJYYeHHUs YCJIOBUH COXpaHEHUS
YCTOWYHMBOCTH, @ Ha TONCK M W3y4YE€HHE PEKUMOB He-
ycroitunBocTH. [TosTomy metoast THY conepxar kax
YaCTHBIE CIy4al METOJbl M KPUTEPHU KIACCHUECKOH
Teopuu. Meroas! u kpurepuu THY mupoko npumens-
I0TCSI B THAPO U ra3o AMHAMUKE, B TEOPUH YCTOHYUBO-
CTH IUIa3MBl, B TEOPHH KaTacTpod, (a3oBBIX mepexo-
JIOB, CHHEpreTHKe U T.J. B mociennee Bpems Bce 6071b-
UH  HMHTEpeC MPUOOPETAIOT IIPOIECCHl Pa3BUTHUS
HEYCTOWYMBOCTEH, epexoaa B Apyrue TUHAMUYECKUE
PSKUMBI W COCTOSIHMS, BO3HHMKHOBEHHS Xaoca
(cMm.Hampumep 0630psI [1-4]).

OTMeTHM HEKOTOPbIE XapaKTEePHbIE CBOMCTBA HE-
YCTOWYHMBOCTEH M CBSI3aHHBIE C HUMH OOIINE YCIOBHSL.
DeHOMEH HEYCTOMYMBOCTH ONPEIETseTCs PSIIOM Kade-
CTBEHHBIX CBOWCTB: 1) Manble HpUYUHBI -OOJbIINE
cnencTBus; 2) 6oiplIne M3MEHEHH 3a Majlble HHTEep-
BaJbl BPEMEHH W TIPOCTPAHCTBA; 3) HapymeHue Oa-
JIaHCa BHEIIHUX U BHYTPEHHUX IPOTUBOICHCTBYIOIUX
(axropos; 4) Hannune oudypKaum; 5) KauecTBEeHHbIE
IpeoOpa3oBaHusl B pe3ysbTaTe HEYCTOHUYMBOCTH U JP.

OTUM KayeCTBEHHBIM MPU3HAKaM MOKHO COIIO-
CTaBUThH CIEIYIOLIIE YCIOBHS OOIIETo BUIA

(RIdg,atax)0 L, (g./9)01 , (RIag)=0 Q)

R (g W1, X) - peakiMs CUCTEMBI, § -BO3JACUCTBHE ,

0+ ¥ §- -IpOTHBOACHCTBYIOIINE (PaKTOPEI.

Kpurepun Takoro posa ¢ MCIOIb30BaHUEM JTH(]-
(epeHIanbHON MOJIENN PEaKIUN MPUMEHSIOTCS JUIS
KOHKPETHBIX cucteM. Hampumep, OudypkanmoHHBIC
ycnoBus tuma (1;2,3) ciy)kaT OCHOBOW TEOpUU KaTa-
ctpod, KoTopas coctaBnseT yactb THY. Bonpmme Be-
JIMYUHBI IPONU3BOJIHBIX

COOTBETCTBYIOT PE30HAHCAM, KOTOPBIE YKa3bl-
BalOT Ha 0COObIE PEXKUMBI U KAYECTBEHHBIE ITEPEXO0/IBL.
Hanpumep: HeycToitunBocTh 1O JISITyHOBY MOXKET

OBbITH BBIp)XEHA YCIIOBHEM (8R / at) >0, rze R ur-

paet poib ¢yHkunu JlsmyHoBa.

HccrenoBanne TMHAMUKY HEJIMHEMHBIX CHCTEM,
KaKk NpaBWJIO B HHUX HAOIIONAIOTCSI XaOTHYECKUE pe-
JKUMBI, TpeOyeT 0oJiee COBEPIIEHHBIX METOJIOB U KPH-
TepueB 4eM ycioBus tuma (1).

OTMETHM TIOMHMO KJIAaCCHYECKOTO CIIEKTPajb-
HOTr0, METOJ NIoKa3aTenel JlsmyHoBa, kpurepuii Menb-

HHUKOBa H J.p. [3-4],a Taxke pazpabaThiBacMbIe aBTO-
pamu MeToIBI KputepueB HeirpansHoctd —HPU, L —
kputepusi, CJl meton [6,8-10].

B nacrosmeit paboTe paccMOTPUM CHHTYISPHO-
muaamudeckuid (CJ]) MeTo1 u IpoIEMOHCTPUPYEM €ro
W CIEKTpPaNbHbIE KPUTEPUH HEYCTOMYUBOCTH M Xaoca
Ha JIOCTaTOYHO MPOCTHIX M TIOKA3aTEIbHBIX MOACIISX.

2.CuneynapHno-ouHamudeckuii. mMemoo U CHeK-
MpanbHble KpUmepuu Heycmousugocmu U xaocd

B ocnoBe CJI (CHHTYIpPHO — JMHAMHYECKOTO)-
METO/Ia JISKUT UJES O CBA3HM MaTeMaTHYECKHX OCOOCH-
HOCTEH (CHHTYJSIPHOCTEH) YpaBHEHHI JAWHAMUKH CO
CMEHON IMHAMHYECKUX PEKUMOB, C TMHAMUYCCKUMHU
KaueCTBEHHBIMU IEPEXOJaMU UM COINPOBOXKAAOLIMMU
UX HEYCTOMYUBOCTAMU. AJTOPUTM HCTIOJIb30BaHUS ME-
TOJIa COCTOUT B CIICAYIOIIEM:

a) CHayajia OMpEJCIAIOTCS OCOOCHHOCTH BhIpa-
’KEHUH ONMCBIBAIOLIUX MOJENb . B Hamem cioydae 310
0COOCHHOCTH TPaBBIX YacTel AMHAMUYECKUX ypaBHE-
HUI: Hyid, OECKOHCYHOCTH, TOYKHM OHdypKanuu, a
TaKXKe HYJIU UX IPOW3BOJHBIX, a TAKKE OCOOCHHOCTH
pELICHUH IMHAMUYECKUX YPAaBHEHUN - PE30HAHCHI,
CIEKTPHI U KX OCOOCHHOCTH, H T.II.;

0) ympolieHHe TUHAMHYECKUX YpaBHEHHH C HC-
TIOJTE30BAaHIEM CHHTYIIIPHOCTEH;

B) aHaIM3 W PEIIEHHE YNPOLICHHBIX ypaBHEHUH,
OTIpe/ieIeHUE TTapaMeTPOB TOUEK CHHTYIISIPHOCTEH;

T') BBIYMCIICHUE KPUTEPHEB U OIIPEACICHHE YCIIo-
BHUIl CMEHBI PEKUMOB- BOZHHUKHOBEHHUSI HEYCTOMYMBO-
CTH U Xaoca.

VYemoust  (1.1,2,3)  ecTh  MaKpOCKOIIMYECKHE
yCIOBHSI Takoro poxa. Ycmosue (1.2) cormacHo 3aKoHY
MepHI IeiCTBUS [6] MpUHUMAET BUT

ala /]l a, =p,u,ef. ...

3mec &, — BENUYMHBEI ONpEENAIONINE BHENI-

HIOIO PEAKOUIO CUCTEMBI — U3MEHEHUE TUIOTHOCTH p y

CKOPOCTH U, SHepruH e , cutsl f m .15 @

CTBYIOIIME BHYTPEHHHME CTPYKTypHBIE XapaKTepu-

- COOTBECT-

cruku. Hanpumep, ckopocts 3Byka - U,

s » DHEprus

CBSI3U CTPYKTYPHBIX DJIEMEHTOB - € ,
rae M- xoapdunuent Bsaskoctu. Ilpu uyucie

Maxa M=1] npoucxoIUT KaueCTBEHHBIN epexo — 00-
pa3oBaHuE yIapHOW BOJHBI, IpU uucie PeliHoibaca

Rel[l1 - typ6ynusanmus nBuKeHMS KHAKOCTH, €CIH
kputepnit  SK = (ml)2 / ea) =1 t0 BONHA Tepser

YCTOWYMBOCTh U XaOTU3UpYeTCsl (e, - PHEPrHs CBS3U
MOJIEKYN) H T.J. .



Eepasutickutl Coto3 YueHbix (ECY) # 3 (60), 2019

61

Knaccuueckass cxema IOJIydeHHs KPUTEPUEB He-
ycroituuBocty B THY nononusercs merogom CJ, na-
IOLUM NpEJBapUTEIbHBIC YCIOBUS HEYCTOMUUBOCTEH,
KPUTEPHUAMH HEYCTOMYMBOCTU M Xa0Ca U PEaln3yeTcs
cIeyIoNIe cXeMoii:

1) nuHeapu3aIys AMHAMHYECKOW CHCTEMBI OTHO-
CHUTEJBHO MPOU3BOJIFHOIO HAYaJIBHOTO COCTOSHHMS; 2)
MoJIydeHre crekTpanpHoro ypaBHeHHa (CY)— kak

Hmnst CY tpuagHoit cucTeMbl

YCIIOBUS Pa3pelUIMMOCTH CHCTEMBI JINHEAPU30BAHHBIX
YpaBHEHHUI;

3) BBIABIEHUE CHHTYIAPHOCTEH AMHAMHYECKUX
YpaBHEHHH W CIIEKTpa, KaK IIPU3HAKOB BO3MOXKHBIX HE-
YCTOMYUBOCTEH;

4) mosydyeHME AHAIUTHYECKUX KPUTEpUEB He-
YCTOWYMBOCTH M Xaoca ¢ MOMOLIbI0 K03 duImeHToB
cnexTpansHoro ypasHeHus (HPU —meron) unm nuna-
mudeckux koddpunmenros (L — kpurepwuii)- [6,8,9].

A% 4+sA® 4+ paA+q9g=0, 3)

CJeNyIOIIME U3 HETo KpUTepuH o meroay no meroxy HPU umeror Bun

a) ¢<0 wwm Kl=g-sp>0 ; 6) 3p—-s°20 ; 6 ¢-K1>0. (3

IlepBbic HepaBeHCTBA B (4) €CTh YCJIOBUS HEYCTOWYUBOCTH, BTOPOE -JIOCTATOYHOE YCIOBHE KOJICOaHUil, B)
TPEThE -0TpaxkaeT ceT000pa3HBINA XapaKTep CIeKTpa (Heo0X0AUMOE YCIOBHE Xa0ca).
Kputepuu (4) cTaHOBATCS OYCBUHBIMH, €CJIA YYECTh CBSI3b MX U KOI(D(QUIIMCHTOB C COOCTBCHHBIMH 3HAYC-

Husmy, 11 CY (3) paBHBIMEI

AQ=-4 -4 A =—v, (V] + o),
q—sp:2v2[(v1+v2)2+a)2]

P=(A Ao+ h A+ A) =2V, v, + (v + @),
s=—(L+A4L+4)=—(v,+2v,).

T'ne /11 =V, /7.2‘3 =V, + I BewecTBEHHBIH 1 KOMILIEKCHO-CoTpsbKeHHbIe KopHU CVY (3).

Merton L — xputepuss COCTOUT MOJTyYCHNH YCIOBHH HEUTPaIbHOCTH (TPaHHIBI YyCTOWIMBOCTH-HEYCTONIH-

BOCTH) uepe3 Kod((HUIIHEHTH TMHAMHYECKHX YpaBHEHHH ¢ MOMOIIBIO OMpenenuTens onoynoii Matpumsl L co-

CTaBJICHHO} U3 BOTIONMOHHO# Matpuisl E u ee smementos. ®opmyna L — kputepus nmeet oOumit Bux [6,9]

>0

(1™ -det(L) =(-1)""-det[ 5, ,E +1€, , |= ﬁ (1.44;) =— ©

A

a, =1 <y O

o *
Fz[e E -3BOJIIONUOHHAA MaTpula CUCTCMbl JTUHAMUWYCCKUX YPABHCHUU, ea B ~KOMIIJICKCHO COIPAKCHHBIC

A A

OJICMCHTBI MaTpULbL E y I - €AMHUYHAas MaTpuua, N-pa3sMEpHOCTb CUCTEMBI, ﬂ i— 8t (In|5a| |) - 0606IIICHHI)I€

COOCTBEHHbBIE 3HAUEHUS 3BOJ'IIOL[I/IOHHOI\/‘I MaTpulbl (KOTOpBIe SIBIITIOTCS] aHAJIOI'OM IT0Ka3aTeleit .HHHyHOBa " COB-

MajaroT C HUMHU B CIy4ae CTAIMOHAPHBIX COCTOSIHUNA).

3. Paccmompum mooenvbHoe ypasHeHue, 0eMOHCmpupyloujee pexcumbl ¢ obocmperuem [3].

X —(x—a)(x—b) . x(0)=x, (6)

0 < a <b. Ha atom nmpumepe OyzeT BBISIBICH OMH U3 cTaHAapTHRIX TUTIoB HY . U3 (6) creaytoT BO3MOXKHBIE
CHHTYJIApHOCTH (SiNg) @ x1 =a, x 2 =b, x 3 — oo . OnpenenseM Kakue U3 HUX MOXHO IpuBecTd K HY ¢ yderom

Ha4YaJIbHOT'O YCJIOBUA.

Ecnu x o< b, To n3 ananu3za ypasuenus (6) ciemyer, uro X(t) 6ymer cTpeMUTCS K BETMYHHE @, JOCTHTAst STOTO

3HauYeHust npu t— . OueBuaHO , SiNg(a) He peanmusyeT HY. 3aMeTum, 4To eciu x o < @, TO X BO3PACTAET, T.C .
UMeeM HEeyCTOHUMBOCTH 110 JIsmyHOBY. Bemmunta b cimyxuT rpanunieii kauectsa; npu x o> b peanusyercs Sing x
3. OTOT pe3yabTaT MOJIydaeTcs U3 KaueCTBEHHOTO aHaln3a. YpaBHeHHeE (6) UIMeeT pelieHne
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X — b(Xo —a) — a(xo —b) -exp[(b — a) -t]

()
(Xo —a) — (X, —b) -expl(b —a) -t]
SIcHO, uTO X—> o0 TIpH t— t ¢, TOCKONIBKY X-a > X-b,
X JRE—
t., = — L  In S R—— 6)
b—a X, — b

U3 pemienust BUHA TPAaHAYHAS POJIb HAYAJIBHOTO YCIIOBHSL.
VYkakeM, 4TO MOYKHO He MoJy4ath perieHus (7), a BOCHOIb30BaThCs 001Iel GopMynoi

T odx
S kT

3nech f — meiicTBHe ypaBHEHUsI th =f, x.- sing, kotopast mpuBoauT Kk HY. B paccMoTpeHHOM mpumepe

OYEBHUIHO f = (X— a)- (X—b) , X ¢ =X ¢3 = 0. 3aMeTHM, 4TO BbIsABIeHHass HY, aHanmornmyHa pexumy c

000CTpeHHEM, H3YYCHHOMY B [3] 1 OOJIee CIIOKHBIX MOJICIICH.

4. Ilapamempuyeckuil pe30HAHC 8 INeKMPOHHbIX ceHepamopax . VI3BECTHO, UTO TpU OMpPEIETCHHBIX YCIIO-
BHAX MMapaMeTPUIECKUH pEe30HAHC PEeATN3yeTCs B BUIE BO3OYKICHUS XaOTHIECKUX Koyebanuit. PaccMoTpuM 310
SIBJICHUE.

Bo3MoxHBI pazHBIe GOPMBI ypaBHEHHUS MTapaMETPUIECKOTO Pe30HAHCa CBSI3aHHBIC C BO3/ICHCTBHEM Ha pas-
JIUYHBIC TTApaMETPhI reHepaTopa. MBI BBIOEPEM HCXOTHOE YPABHEHUE MapaMETPUICCKOTO PE30HAHCA B BUJIC

ofq+a-0,9+ @i (1L+ ycost)q =0. 9)

T'ne 8t - IPOU3BOJHbBIE TIO BpEMEHH, A = R/L , a)SZ 1/LC ; 0 — 3apsin koHneHcaropa , R,L,C — co-

OTBCTCTBCHHO COIIPOTHUBJIICHUC, THAYKTUBHOCTb, CMKOCTb (3H€KTpI/I‘ICCKI/I€ XapaKTCPUCTUKHN reHepaTopa), Q - ga-
CTOTa BHCIIHETO BO3,H€I>1CTBH$I, Z - HapaMmeTp.

Jist ynpolieHus aHanu3a cBeZeM UCXOIHOe ypaBHeHHeE (9) K cucteMe 4eThlpex Oosiee pOCThIX ypaBHEHUH
MIEPBOTO MOPSAKA C TOMOIIBIO AOTIOJHUTENBHBIX (QYHKINI

q=Xx , og=y , cosQt=u , Qt=v. (10)

Beluie ykazaHHas cuctema puMeT BUJL

OX =Y
o,y =—ay —wi(1l+ xu)x )
d,u = —uv ’
o.,v = Qu
CTalMOHAPHOE PEIIEHHE KOTOPOi (at (Xi) =0) pasro
st= (x,y,u,v)_ =(0,0,1,0) . (12)

CuHrynsapHOCTSIMH cUCTeMBI (11) SBIAIOTCS 0COOCHHOCTH €€ CIIEKTpa M YCIOBHE (1 +x- U) =0.

BBojs cniekrpanbHblil napameTp 8t (Xi ) =1 (Xi ) u nuHeapu3upys cucremy (11), nomydaem
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A-S8X 0O 1 0 0)(&x
o[ ~end= T T ol @
A-6V 0O 0 Q 0)|sv
CrekTpaibHOe ypaBHeHHe cucteMbl (13) paBHO
det(A5,, —e, )= (A" +Q%)-(A*+ar+pB)=0, (14)
e y =w5pU; S =wi(1+ yU,). Kopuu CY (14) pasmst
. R R’
A, =FIQ2 /13’4:_Zi oL —a)g(1+ ;(us) . (15)

U3 (15) caenyer, uro npu (1+ X u) >0 B cHCTEMe NPHUCYTCTBYIOT ABA THIIA KOJIEOAHHMH: KIIACCHYECKHUE 3a-

TyXaromue KoJieOaHus ¢ MyIbCUPYIOIIeH 9acTOTON

@=,|wi(l+ yu)— 5L

1 HU3KOYACTOTHBIC KoJieOanus mapamerpa U (t) ¢ gacroroii ). TIpu ycnosuu (1+ x- u) <0 B cucreme
OCTalOTCsl HU3KOYACTOTHBIE KOJIeOaHHsl Ha (POHE XaOTHUECKOTO, PA3HOHAIIPABIEHHOTO U3MEHEHHS 3apsijia U TOKa.
3aMeTuM, YTO YCIOBHE CHHTYISIPHOCTH (1+ X U) =0 sBnsercs B faHHOM Clydae U yCIOBHEM CMEHBI YCTOM-

YHBOCTH.
4..Mamemamuueckas Mooeib IKOHOMUUECKUX NPOYECCOB HA NPOUIEOOCHIEE

Hannas mozxens [TYP (mpou3BoacTBo, yripaBieHUe, Pecypc) OTHOCHTCS K TMHAMHYCCKUM MOJIEISIM TIpeli-
npusitaid [5]. Hapsay ¢ nocTaTtoyHoi NpocToTol OHA YYUTHIBAET OCHOBHBIE (DAaKTOPBI: TMHAMHUKY POHM3BOJICTBA,
yIpaBieHHE 1 OalaHC BHEUTHETO U IIPOU3BOMMOTO B CUCTEME pecypca.

PaccmarpuBaemas Mozenb BBesieHa B pabote [7] n mpencrasisieT co0oit Tpu OaaHCHBIX HETMHEHHBIX AUQ-
(epeHIIMaNbHBIX YPaBHEHHsI COOTBETCTBYIOIIASI TPEM COCTABJISIONIMM SKOHOMHUYECKHH OOBEKT MOJCHCTEMaM —
MIPOU3BOJCTBY, YIPABJICHUIO U PECYPCY.

Ypasuenus monenu ITYP B 6e3pazmepHom Buze

ox=x(a—y+bz)
o,y =y(x—c+dz) (16)

6,z=z(—e+ny—bx)+—hx—ky+gxy+r

(X y Z) BBOJIIMOTO pecypca; cliaraeMoe YX — yObLIb Ha yIpaB-

1) )

3mece —————— OCHOBHBIE JUHAMHYECKHE JIeHHE (HarmpuMmep Ha 00ydeHHe, MOBbIlIeHNE KBATH(H-
Xot Yot 2 Kalluu, u T.1.) Bo BTOpoM ypaBHEHHH IJIS YIIpaBICHUS

BEJMYUHBI MMEIONINE OJUHAKOBYIO PECYPCHYIO pa3-
MEpPHOCTh (HalpuMep JeHEKHYI0) OTHECEHHBIE K
CyMM€ HaYallbHbIX 3HAYCHUH U COOTBETCTBYIOIIUE JIH-
HaMHKE CPEJICTB B TPEX IOACUCTEMAX U3y4aeMoro 00b-
€KTa; X- MPOU3BOJCTBO, Y - YIpaBJeHHUE, Z- Pecypc.

t=7/ T, - Oe3pasmepHOe BpeMs, T, -XapaKTEPHBIH
(uHAHCOBBIN MacIITad BpeMeHH  (KBapTa, TOJ).
B nmepBoMm ypaBHeHun cuctemsl (16) omuceiBaio-

IeM JUHAMHUKY IIPOU3BOJACTBA CllaracMbie axX, bxz co-
OTBETCTBYIOT HpI/IGBIHI/I B pE3yJabTaTC NPOU3BOJCTBA U

yX, dyz mpuxo1 CPEACTB OT MPOU3BOICTBA U BBOAUMOTO
pecypca; Cy - HEMOCPEACTBEHHbBIE PACXO/Ibl Ha yIIpaB-
JIEHHE.

Tperbe ypaBHeHHe — OajaHC BHYTPEHHENO H
BHemrHero I pecypca ( r>0 — kpeauTosanwue, r<0 —mora-
mrenue goiros). Ciaraemsie hx, Ky — HemocpeacTBeH-
Has yObLIb pecypca Ha 3apIulaThl B NPOM3BOJICTBE M
YIIPABICHUY; €Z -3aTPaThl PECYPCa Ha MOTalleHue Ipo-
LEHTOB [IPY KPEAUTOBAHUH WK NOJYYEHHE TIPOLIEHTOB
Mo BKJIaaM , bXz -3aTpatsl pecypca Ha CBIpbe IS TIpo-
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MU3BOJICTBA, SHepruto  u T.4. Ciaraemsie gXy, Nyz co-
OTBETCTBEHHO - MPHUOBLIL pecypca 3a cHeT MPOU3BO/I-
CTBa, a TAaK)KE 32 CYCT NHHOBAIUI B YIIPABICHUH U aB-
TOMaTHU3alllu1 TPOU3BOJICTBA.

OcHOBHas 3a7aya MPH UCCIICAOBAHNH THHAMUKH
SKOHOMHUYECKOW MOJICITA COCTOUT B ONPEICICHUU 00-

(16), a Taxxe obacTelt v yCIOBHUI BOSHUKHOBEHUS He-
YCTOWYMBOCTEH. DTa 3a/1a4a pelaeTcst yTeM UCCIIe0-
BaHUA CIIEKTpa MaJIbIX BOSMy]_HeHI/Iﬁ CTallMUOHAPHBIX
coctosiHuid. O Xapakrepe JAWHAMUKU CHCTEMBI TaKKe

rosopur cootnomenne AiVG , wns cucremsi (17) pas-
HOE

jacteil cTabMIIBHOTO (DYHKIIMOHHUPOBAHUSI CHCTEMBI

divG (6,%,8,y,0,2) =—0.7+0.7x — 0.8y + 0.9z (17)

Beipaxxenue (17) - nuBepreHuusi BEKTOpa NpaBbIX 4yacTeld ypaBHeHuWil (16) ykasbiBaeT 00JlacTH pocTa M
yMeHbIIeHHS (pa30BOro o6beMa 1 SBIAETCA OAHUM M3 YCIOBHH yCTOIUMBOCTH-HEYCTOUMBOCTH. B 3aBHCHMOCTH

ot 3naka JIVG nmnamumka maseiBaercs aktusHoii (dIVG > 0 ), neiirpansroii (diVG = 0), nuccunarusuoii (

divG < 0). U3 (17) crenyer, 4To B 3aBHCHMOCTH OT BETHMUHMHBI PECYpca H CTAIMOHAPHOTO COCTOSHUS CHCTEMA
MOKET UMETh pa3Hble TUITEI JUHAMUKH. B TaHHOM citydae, CymIecTBYeT MATh CTAlIMOHAPHBIX PEIICHUH COOTBET-
CTBEHHO PaBHBIX

St1 (0,0,r/e) ; St (0,ys, c/d) ; Stz (X5 ,0, Zs) ; Stas (Xs ,Ys , Zs)

Jlnreapuzanueit cuctemsl (16) moay4aeM cucTeMy ypaBHEHUH T BO3MYIIEHUH

O, 5X, =€, 86X, {6x,} ={S%x,8y,62}, (18)
rae €,  OTMEMEHTBI 3BOJIFOLIMOHHOM MAaTpUILIbl PaBHbIE
E={e,} e =a-y,+bz,, e, =X, e;=bx, e,=Y,, &, =X —c+dz,,
e,=dy,, e,=-bz.—h+gy,, e,=nz,—K+0X,, €,=—-e+ny,—bx (19)

B Buny crnosxxnoctu cuctemsl (16) BO3MOKEH TOJIBKO YHCICHHBIN aHANNU3 CHEKTPa, IS YeT0 He0O0X0AUMO
3aaTh YHCJICHHBIEC 3HAYEeHHs Oe3pa3MepHbIX Ko3((HUIIMEHTOB 1 BBIOPaTh HECKOJIBKO (OJIMH,BA) YIPABIAIOMINX
rapameTpa, Bapbupys 3HauUCHHEM KOTOPBIX HAOMIOJAIOT 32 U3MEHEHHEM CIIEKTPa U TEM CaMbIM 32 JIMHAMHKOH
cucteMbl. B kauecTBe ympaBisIoIIX MapaMeTpoB BEIOEPEM MapaMeTp BHEIIHETO pecypca — I, mapaMeTp g — ma-
paMeTp OTBeyaroLui 3a MPUOBLUIL pecypca 3a CYeT IPOU3BOJICTBA U yIpaBiIeHHs . UnciieHHbIe 3HAYEeHUS 0CTallb-
HBIX ITapaMeTpoB B cucteme (16) BEIOMpPAIOTCs B COOTBETCTBHUH C PEabHBIMH BETHYHHAMHI Ha COBPEMEHHBIX ITPO-
W3BOJICTBAX U C y4E€TOM OOJIBIIOTO MPEABapUTEIILHOTO cueTa. MTak, ¢ yueToM BhIIIECKa3aHHOTO, 3HAUCHNUS T1apa-
METPOB BBHIOpaHBI paBHBIMHU

a=03 ,b=03 ,c=08 ,d=0.6
e=02 ,h=02 , k=04 ,ge(0.2;0.6) (20)
n=0.2 ,re(-0.4;0.4)

Haubonpmmii mpakTHYeCKU WHTEpeC MPEICTABIIOT CTAIIMOHAPHBIE COCTOSIHUA C HEHYJIEBBIMH 3HAYCHU-
SIMH BEJIMYHH, T.€. Sts , Sts , 711 KOTOPBIX COOTBETCTBEHHO ¢ yueToM (19,20), moxydaem

Xyss =C— 02,3 =0.8-0.67,5; Y5 =b(1+2,5)=03(1+2,);

[—(0.069 ~0.38)+,)(0.06g — 0.38)° — 4(0.24-0.18g) (0.24g — 0.28 + r)} 1)
2(0.24g-0.28+T)

Lyss =

W3 BeIpakeHuit (21) MOKHO BBIIEIHTE 2 CHHTYISIPHOCTH :

1. (0.249-0.28+1)=0, 2. (0.06g-0.38)? -4(0.24-0.18g)(0.24g-0.28+r)=0 , (22)
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OTKYZa CJIICAYIOT /IBA 3HAUEHHS KPUTHUECKIX TapaMeTpoB I

r,,=(0.28-0.24g) ,

~ (0.06g —0.38)°

for2 = 4(0.24-0.189)

+0.28-0.249 .

(22)

CriextpanpHOe ypaBHeHHE cucTeMsl (18) mmeer Bux (3), Tae criekTpaibHble KO3 PUIIHSHTH paBHBI

p= _e12e21 - 913831 - ezsesz + e11e22 + e11e33 + e23e32 )

q=-€, (ezzess - ezse32) + €33€1€5; T €565 —€,€5,€)5 —€,56,,65,

s=—(e,+e,+ey,) ,

Jnsa ananuza CY ucnonab3yeM Kak HEOCPEACTBEHHBIN cUeT KOpPHEH CIEKTPaIIbHOTO ypaBHEHUS,
(3), Tax ¥ crieKkTpaIbHbIE KPUTEPUN HEYCTOWIMBOCTH U Xaoca (4). Pe3ynpTaTsl pacdyera KOpHEH U KpUTEPHEB

B 3aBHCHUMOCTH OT ITApaMeTPOB I' U § IS COCTOSTHUM Sl , Sts mpuBeeHEI B Tabnumax 1-4.

Tabnuria 1. PacueTHble 3HaUeHNs KOpHEN W KpuTepues st coctostaust St (9=0.2, rer2=0.397).

r -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.397
A1 -1.19 -1.13 -1.02 -0.924 -0.806 -0.655 -0.419 0.017
ReAz3 0.736 0.68 0.618 0.548 0.466 0.364 0.211 -0.082
ilImA23 +0.254i +0.246i +0.239i +0.23i +0.221i +0.21i +0.195i +0.455i
q 0.722 0.582 0.449 0.327 0.215 0.116 0.0345 -0.0034
K1 0.401 0.337 0.274 0.213 0.153 0.093 0.0342 -0.0346
Tabnuiia 2. PacueTHble 3HaUCHHSI KOpPHEH U KpuTepreB s cocTostaust Sts (§=0.2, rer 2=0.397).
r -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.397
ﬂl -0.662 -0.609 -0.532 -0.530 -0.417 -0.332 -0.225 -0.018
2'2 0.027 0.017 0.00068 0.00069 -0.018 -0.034 -0.053 -0.08
/REA2,3
) ﬂ3 +0.154i +0.289i +0.375i +0.376i +0.492i +0.53i +0.553i +0.493i
i|mA2,3
q 0.0162 0.0512 0.0777 0.0776 0.0801 0.0939 0.069 0.00462
K1 0.0231 0.0151 0.00597 0.00599 -0.0159 -0.0281 -0.0402 -0.0408
Tabnuna 3. PacueTHble 3Ha4YeHHs] KOpHEH U KpuTepues s coctostaust Sta (§=0.6, rer2=0.36).
r -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.36
A1 -1.327 -1.246 -1.157 -1.055 -0.936 -0.786 -0.554 0.000014
ReAz3 0.829 0.772 0.711 0.645 0.576 0.491 0.324 -0.039
ilmA23 0.968 0.901 0826 0.739 0.63 +0.039i +0.076i +0.23i
q 1.064 0.876 0.679 0.503 0.339 0.191 0.0616 -9.1e-5
K1 0.302 0.274 0.226 0.279 0.133 0.0866 0.0380 -0.0004
Ta6unuia 4. PacueTHble 3HaueHUs] KOPHEHR 1 KpuTepueB Ui coctostaus Sts (9=0.6, rer2=0.36).
r -0.3 -0.2 -0.1 0.0 0.1 0.2 0.3 0.36
]1 -0.661 -0.605 -0.504 -0.476 -0.398 -0.302 -0.171 -1.6e-4
2'2 0.028 0.022 0.0014 0.00622 -0.0030 -0.014 -0.029 -0.034
/REAzys
23 +0.151 +0.2861 +0.367i +0.425i +0.465i +0.484i +0.463i +0.258i
/i|mA2,3
q 0.0161 0.0497 0.0734 0.0854 0.086 0.0711 0.0368 4.1e-5
K1 0.0235 0.0183 0.0119 0.0049 -0.0023 -0.0096 -0.0147 -0.0005

W3 tabmun 1-4 ciemxyer, 4ro cocTosiHue Sty Hesa-

BHCUMO OT apaMETPOB [ U J HEYCTOMYHBO

U HEYCTOWYMBOCTh PEAIM3yeTCsl B BUIE XaOTHYE-

CKHX KoneOaumii. Bropas cuarymsprocts (22,2) — (
rer2=0.397) B cocrosiHue Sty mposBisieTcs B BHIC

CMEHBI 3HAKOB KOpHEH — T.€. KoJiebaTeIbHbIE MOJIbI OY-
IyT 3aTyXaTh, a HE KoyeOaTenpHas PacTH. ITO IOJ-
TBEPIKIACTCS U [IEPEMEHOI 3HaKa KPUTECPHEB.
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Hanpotus, cocrosiaue Sts 0oJiee 4yBCTBUTEIBHO K
n3MeHeHuto napametpos. [lpu r<0.0 B coctosiHuM Cy-
IICCTBYIOT CJIa00PACTyIINE XaOTHUCCKHE KOJICOaHMUs,
mipu >0 Bce BO3MYIIECHHUS 3aTyXal0T — CICTEMa CTaHO-
BHTCs cTaOWIbHOM. PocT mapamerpa r (T.e.yBenuucHue
KpEINTOBAHUS) CTaOMIU3UpyeT cucteMmy. M3 cpaBHe-
Hus Tabmun 1,2 u 3,4 BUIHO, YTO yBEIMYCHUE Mapa-
MeTpa g (BHyTpEeHHHE UHBECTHIINHN) YBEJTMUNBACT CKO-
POCTB TIPOIIECCOB HE MEHSS XapakTepa TUHAMUKH CH-
cremsl. IlepBast cunrymsipHocTs (22,1) coOTBETCTBYET
CMEHE YCTOMYMBOCTH COCTOSHHS Sls B HHTepBaie

re (0.0 — 0.1) . Y3 Tabmun 1 -4 Taxoke ciemyer, 4To

3Haku kputepueB K1 1 gK1 cooTBeTCTBYIOT CyIIecTBO-
BaHHIO HEYCTOWYNBOCTH U Xaoca.

B 3axniouenuu modcno ommemums ciedyioujee:

1. mamnas pabota mpexacraBmsgeT coboil ¢par-
MEHTBI TEOPUHU HEYCTOHYNBOCTH cocTosei u3 popma-
JTU3Ma TEOpHH, Habopa METOJOB M KPUTEpUEB, Mpea-
CTaBUTEIHHBIX 3a/1a4;

2. chopmyaupoBanueie Meroasl (HPU, CIl ) u
KpPUTEpUH HEYCTONYMBOCTU U Xaoca JOIOJIHSAIOT Kiac-
CHYECKHE U, KaK TIOKa3bIBAET HEMOCPEICTBEHHBIN YHC-
JICHHBIN CYET, JOCTATOYHO MIPOCTHI B 3 (EKTUBHBI ITPH
HCCIIEJOBAaHUH TMHAMUKY HETMHEHHbIX CUCTEM;

3.XOTs IPUBEACHHBIE IPUMEPBI PACCMATPUBAINCH
KaK JEMOHCTpalMU METOJIOB MccienoBaHus 3(h(eKToB
HEYCTOWYMBOCTH U HE MPETEHIYIOT Ha ITOIPOOHOE U3Y-
YEeHHUE MPOLIECCOB MTapaMETPHUIECKOT0 pe30HaHca U JH-
HaMHMK{ 9KOHOMHYECKHX IPOLECCOB, HO MOTYT OBITh
TIOJIE3HBI KaK IPU W3YHIEHUH SIBICHUH B 3JIEKTPOHHBIX
reHepaTopax, Tak ¥ NPU MOJAEINPOBAHUY SKOHOMHYE-
CKHUX CHUCTEM.
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AHAJIN3 ®OPMHUPOBAHUA U UCITOJIb30BAHUA ®PUHAHCOBBIX PE3YJIBTATOB
JAEATEJIBHOCTH 000 «AT'PO-AJIBAHC»

@Dauszoe Hnonyp lunaposuu

mazucmparum PI'EOY BO «bawxupckuii 2ocydapcmeeHHblil YHUgepcumem

Kypoanaesa Jlunua Xammamosna

K.9.H., Ooyenm kagheopul « Punarcos u nanroeooonodxcenusy, bawl'y

SUMMARY.

The article describes the method of analysis of the formation and use of financial results. On the example of
limited liability company the factor analysis of profit is carried out and recommendations on elimination of prob-

lems at the analysis of profit are offered.
AHHOTALUSI.

B crarbe packpbiTa METOAMKA POBEICHHS aHAIU3 (GOPMHUPOBAHHUS U HCIOIB30BaHHS (PUHAHCOBBIX PE3yJib-
taTtoB. Ha mpumepe o0mecTBa ¢ orpaHHYeHHONW OTBETCTBEHHOCTHIO MPOBEACH (PaKTOPHBIH aHAIN3 MPUOBLIH U
IPpEAJIOKECHBI pPEKOMCHAAIUU 10 YCTPAHCHUTIO npo6neM IIpyu aHaJIN3e HpH6LIﬂI/I.

Key words: profit formation, profit distribution, net profit, factor analysis.

KaroueBble ciioBa: popMupoBanue NpuObLIH, paciipeaeieHie NPUObUIN, YicTast IPHObLIb, (PaKTOPHBIH aHa-

JIN3.
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@DuHAHCOBBIE PE3yNbTaThl ACATEIBHOCTH JI000TO
TIPEATIPUATHS XapaKTEePU3YIOTCS CYMMOM TTOJTy4eHHOMH
npuObLUTH (YOBITKOM) M YPOBHEM PEHTAOCIBLHOCTH.

[IpuOBLIE KaK TIIABHBIA Pe3yAbTaT HpeAPHHIMA-
TEJILCKOW JAEATEIBHOCTH ofecrednBaeT NoTpeOHOCTH

IOpeAnpusiTHS M TocygapcTBa B LeloM. [loatomy,
TIPEXK/JIE BCETO, BAYKHO OIIPEACIUTH POPMUPOBAHIE HITH
cocTaB NpUObLIH TpexnpusTus [1].

Anamms popmupoBanus unctoit nmpudsumr B OO0
«ATpo-AJBSHC» IpUBEEH B Tabnuue 1.

Tabmuna | Ananus ¢popmupoBanust unctoit npudsmn OO0 «Arpo-AnbsHC»

INoxazaTtenn B TIC. PYO.
2016 2017 2018 | Orknonenue
Banosast mpuObIIb 33461 | 23064 | 14028 -19433
[TpuOBLTE OT NpOJAXKH NPOYKIMHK (TOBApOB, paboT, yCIIyT) 33461 | 14028 | 23064 -10397
[puOBLIH 10 HATOTOOOIOKCHHUS 30747 8536 14198 -16549
Yucras npuObLIL 30747 | 8038 | 13346 -17401

ITo marHbBIM TabMUIE! | BUIHO, YTO B aHATH3UPY-
eMOW opraHu3anuu 4ucras npuosuts B 2018 romy mo
cpaBHeHuto ¢ 2016 romom ymensimnach Ha 17 401
TBIC. py0., YTO OOBACHSACTCA yMEHBIIEHHEM BaJOBOM
npuobLTH — Ha 19 433 ThIC. py0., NPUOBLIM OT MPOIAK
— 10 397 ThIC. PYO., MPUOBLIN 10 HATOTOOOIIOKEHHUS —
Ha 16 549 TeIC. pYO.

Ocob60e BHUMaHHUE B TPOIIECCe aHAINU3A U OI[EHKH
(DMHAHCOBBIX PE3YNILTATOB CIEIyeT OOPATUTh U3MEHE-
HUIO le/l6blﬂl/l OT peajiu3allvii NpoaAyKIUHA.

Awnanu3 BAHSHHS OCHOBHBIX (DAKTOPOB Ha PE3yJib-
TaTHI MPOJIAXKH NPOTYKIIMU NPUBEACHBI B TaOIHIIE 2.

Tabnuma 2 Vcxoanbie qaHHBIE [T (PAKTOPHOTO aHAK3a IIPUOBLTH 0T peanm3anuu mpoaykiu OO0 «Arpo-Aib-

STHC, TBIC. PYO.

ITokazaTenu 2017 YcnoBHBIN 2018
Bripyuka ot peanuszannu npoaykiuu 3a BeraeroM HJIC, aknus3oB u 152840 164678 188862
JPYTUX OTYUCIICHHH OT BRIpYIKH, (BP)
[NosHas cebecTonMOCTh peann3oBaHHOM mpoaykui, (C) 138812 148210 165798
[pubsLIs 0T peanm3anmu npoaykund, (1) 14028 16468 23064

ITo manHbIM TaOnuiel 2 BUAHO, 4TO B 2018 romy
o cpaBHeHuto ¢ 2017 romom cymMMa IpuOBLIH OT pea-
JIM3aLUY TPOIYKIMH yBennumiach Ha 9 036 Tbic. pyo.,
unu Ha 64,4%, KoTopast U3MEHUIIACh 3a CUET:

a) 00beMa U CTPYKTYPBI PeTM30BaHHOMN MPOIyK-
LUH:

AIT vpryn = 16468-14028=2440 TeIC. pyO.

- W3 HHX 3a CUYeT TOJBKO oObeMa Npojax
(IT2017*% mnepeBbIOIHEHNS TUTaHA peaTu3aliuy IIPo-
nykouu / 100):

148210/138812*100-100=6,7%

AIl vpn = 14028%6,7%/100=939,8 TrIC. PYO.

0) BIMsIHHE CTPYKTYPHOTO (hakTopa:

AIT ym = 2440 — 939,8=1500,2 TBIC. pYO.

B) BIIMSIHUE U3MEHEHHS TTOJTHON ce0ECTOMMOCTH:

ATl c = - (165 798 — 148 210) = - 17 588 ThIC. pyO.

C) 3a CUeT OTIYCKHBIX IIEH Ha MPOIAYKIIUIO:

AT 11 = 188 862 — 164 678 = 24 184 ThIC. PYO.

IMposepka: AIT = AIl vpno + Al ya + AIl ¢ + AIl it
=939,8+1500,2-17 588+24 184=9036 ThIC. PYO.

Pe3yneTathl pacyeToB MOKa3bIBAIOT, YTO MTPUOBLITH
YBEJIUYNJIaACh B OCHOBHOM 3a CYCT NOBBINICHUS CPEAHC-
peaM3alMOHHBIX LIEH M CTPYKTYpHOro (akropa, a
TaKxke 00beMa peaau3aliy MpoIyKIiun. 1 noBeImieHue
ce0eCTOMMOCTH TIPOJYKIIUU MPUBEACT K €€ yMEHbIIIe-
HUIO.

IToxazaTtenn 3¢(pPeKTUBHOCTH MPOTAXKH IPOIYK-
LUK SBJIETCS PEHTAOETBHOCTh MPOJAXK U MPOU3BOJ-
cTBa (mMokaszaTenau OICHKH 3((GEKTHBHOCTH YIIpaBiie-
HUS), TAaK KaK BBIMIE OBLTO CKa3aHO, YTO (pHHAHCOBBIC
Pe3yabTaThI MPEAIPUSATHSI 3aBUCAT U OT YPOBHSI PCHTA-
OeTbHOCTH MpeAnpusaTus [2].

Tabanua 3 Ananu3 peHTabenbpHOCTH npogax U npousBoacTBa OO0 «Arpo-AJbsSHCY

W3menenune, 2018 1.
IMokazarenu AJIropuTM™ pacuera 2016 | 2017 | 2018 o1 2016 1. (+,-)
PentabenbHOCTD PO- | MPUOBLIL OT MPOIAKHU/BBIPYYKA OT 163 | 92 | 122 41
K, % mpogaxu*100%
PenTabenbHOCTE TIpo- npUOBLTH OT MPOAaXKH/ce0ecTon- 194 | 101 | 139 55
H3BOJCTBA, % MocTh tpoaax*100%

[To raHHBIM TaOMUIBI 3 BUJHO, YTO 32 aHATU3HUPY-
eMBIi TIepHoJ PEeHTA0EIBHOCTD MPOJAXK U pPEeHTAa0eIb-
HOCTh IPOW3BOJICTBA CHU3HJIMCH, COOTBETCTBEHHO Ha
4,1% n 5,5%. PenTabenbHOCTh MPOJaX B CPABHEHUHU
2018 rona ¢ 2017 rogom yBennuunach Ha 3%, a peHTa-
0enbHOCTH MPOU3BOACTBA — HA 3,8%.

CrnenoBarensHo, B OO0 «Arpo-AInbsHc» HE00X0-
IUMO YBEIHYHMBATh PEHTA0ETHHOCTh MPOJAXK 3a CUET
YIIy4IIEHUS! CTPYKTYPbl TOBAPHON MPOIYKIIUU CHUXKE-
HHS €€ CE0ECTONMOCTH.

BaxHO OTMETHTH, YTO SKOHOMHYCSCKHI aHaIU3
MMEET HePa3phIBHYIO CBS3h C OyXTalTepCKUM y4EeTOM,
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MPOSIBJISISL TBOMCTBEHHBIH Xapaktep. C omHOU cTo-
POHBI, CBEICHUS OYXTaJITEPCKOTO YdYeTa SIBISIOTCS
T'JIaBHBIM UCTOYHUKOM I/IH(i)OpMaHI/II/I 9KOHOMHUYECCKOI'O
ananu3za (6onee 70 %). He 3nas metoauku Oyxranrep-
CKOTO yueTa U CoJiep>KaHHsI OTYETHOCTH, OUSHb TPYTHO
nono0parhk AJsl aHal3a HEOOXOJUMbIE MaTepualbl U
IIPOBEPUTH MX NoOpokadecTBeHHOCTh. C Ipyroi cro-
POHBI, IS TOTO YTOOBI 60JICe KaYeCTBEHHO 00CCIICUUTh
a”Hanu3 nHpOpManuel, crenare ee 6osee aHATUTHYC-
CKOM, MpaBIMBOW, TOYHOM, JOCTYIHON M IOHSATHOM,
IIOCTOSIHHO COBEPILICHCTBYETCS OyXraiarepckasl OTder-
HOCTb. B 3TOM HampaBieHHM 3HaYMMasi POJIb OTBO-
JUTCSI YIIPABICHYECKOMY yUETY.

IIpo6Gremsr aranm3a GOPMUPOBAHUS, & OCOOCHHO
HCIIOJIb30BaHUA HpI/IGBIJ'[I/I, O6yCHOBHeHBI COCTOSAHHUEM
ydyeTa U OTYETHOCTH. MHOKECTBO MPEANPHUATHI U B
HacTosilIee BpeMsi BeIyT OyxranTepckuil yuer, popmu-
pysl OTYETHOCTH, MAJIOTIPUTOIHYIO ISl LENIEH SKOHO-
MHYECKOTO aHaJIM3a, TaK KaK OHa IIPEJICTaBIISET cO00H
MIPEUMYIIECTBEHHO HAJIOTOBYIO OTYETHOCTb. UTOOBI
obecnieunTh OoJice TIYOOKOE HCCIICOBAHUE, BBISBUTH
Bo3/eiicTBUE (HaKTOpOB Ha MPUOBUTL W PEHTA0EIb-
HOCTb, C(HOPMYIHPOBATH BCECTOPOHHE 0OOCHOBaHHBIE
BBIBOJIBI, pa3palboTaTh CTPATEryio HapamuBaHUs J10-
XOIHOCTH (GPUPMEIL, TpeOYeTCsI COBEPIICHCTBOBATD OyX-
TaJITepPCKyI0 OTYETHOCTb M BHE/IPATH YIIPaBICHYECKUI
y4eT B OpraHu3alu.
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JUHEMHOE YPABHEHUE TPETBEI'O NOPSIKA U COIPOBOXKJIAIOIIEE HEJIMHENHOE
YPABHEHHUE BTOPOI'O NIOPAIKA

Youues Tumogpeit 3axaposuu

npogheccop FO20-Ocemunckozo 20cyoapcmeenno2o yHugepcumemd,

Kanouoam Quzuko-mamemamuieckux HayK

THE LINEAR EQUATION OF THE THIRD ORDER AND THE ACCOMPANYING NONLINEAR
SECOND ORDER EQUATION

Chochiev Timothy Z.

Professor of South Ossetian state University, candidate of physical and mathematical Sciences

B nacrosmeit pabote, METOIOM HMOHIDKEHUS MOPSIKA MPOU3BOIHOM, CTPOMM TOYHOE PELICHHUE JUIS JINHEH-
HOTO YPaBHEHHS TPETHETrO MOPS/IKA C MepeMEeHHbIMU Koddduimentamu. [locnennee yaanoch MmoayduTh BBEe-
HUEM HOBOTO 3(deKTHBHOTrO criocoda peleHus Jyisi COMPOBOK/IAIONIET0 HEIMHEHHOT0 YpaBHEHUsI BTOPOTO T10-

psizKa.

In the present work, the method of reduction of the order of the derivative, we build the exact solution for the
linear third-order equation with variable coefficients. The latter was obtained by introducing a new effective
method for solving the accompanying nonlinear equation of the second order.

Kuaruesble ciioBa: PenieHue, MoOHWKEHUE MOPSIKA, YPAaBHEHUE, HEIMHEHHOCTD, BBIMOJIHUMOCTh, TOX/IE-

CTBCHHOCTB, KJIacC Pukxarn.

Keywords: Solution, order reduction, equation, nonlinearity, feasibility, identity, Riccati class.

I1.1. JIuneiinoe ypaBHeHHE TPEThEro MOPAAKA.
YnomsiHyTOC ypaBHEHHUE B 001Ieii popme maercs

y" +A)y" + B(x)y' + C(x)y = f(x),

(1.1)

rae A(x), B(x) nenpepoisuo nuddepenuupyemsie pyukuu, f(x) u C(x) HenpepbiBHLL JJoKa3bIBaeTCA TEO-

pema.
Teopema 1. Eciu BbIIIOJIHEHBI paBEHCTBA
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Ay — I3 =A%),
A’l - A1l3 + Bl = B(.x), (1.2)
Bi — Bl3 = C(x),

oTHOCUTENBHO A4, By ¥ I3, T0 ypaBHeHue (1.1) nomyckaer noHMKEHHE MOpsiIKa mporn3BoaHOM. [TycTs paBeH-
crBa (1.2) ynosierBopsitor. B ypaBHenun (1.1) A, B u C 3amensem neBbiMu vactsmu (1.2). Iocne oueBnaHOR
IPYNIMPOBKH JIETKO NPHUIEM K PaBEHCTBY

" +Ay' +B1y) —L»" + Ay +By) = f(x)

SABJIAOMICTOCA OTHOCUTCIIBHO KPYIJIBIX CKOOOK YpaBHCHUCM NIEPBOTO NMOPAAKA, U3 KOTOPOTO IS BBIPAKCHUS

B KpYTJIbIe CKOOKH CIIEyeT:
X

1 / [F1zdx — [F1zdx
y' 4+ Ay +Biy=elo 3%y, + | e o3 dx | = F,(x), (1.3)
0
rae y; — nocrostuHas. CorjacHo ycioBHIO TeopeMbl Aq, By U l; u3BectHbie QyHKIMH. [loayueHHOE paBeH-
ctBO (1.3) ecTs MUHEHHOE ypaBHEHHE BTOPOTO MOPsIKa. MBI MOKeM MTOWTH Ha 0YepeTHOe TIOHIDKEHUE TIOPsIKa B
(1.3).

Homnyckas, 9to

{l‘l"ll:Al, (14)

l'+ 1l =By,
u B (1.3) A ¥ B; 3aMEHUTD JICBBIMH YaCTSAMH,

y'+ A+ 1)y + A+ U)y = F(x),
HocJie TPYIIUPOBKH HPHUAEM

@' +)' + LG +1y) =F(x),

K HHHeﬁHOMy YPaBHCHUIO MIEPBOTO MOPAAKA OTHOCUTCIBHO KPYIJIbIX CKOOOK. CJ'ICI[OB&TCJ'H)HO, JJIA BBIpAXKE-

HUS B CKOOKH CTPOHM:
X

y' +ly= e~ Jo liax v, + f Fi(x) elodxgy | = F,(x), (1.5)
0

rae Y, — nocrostHHas. [Ipmaem,

{ h=4:-1 (1.6)

l,_l2+A1l_Bl=0.

Bropoe ypaBuenue (1.6) oTHOCHTCA K Kilaccy Pukkary, pemeHre KoToporo u3BecTHo u naercs [3,4]. Cneno-
BaTelbHO, B paBeHCcTBe (1.5) mo ycnoBuio Bce k03 HULIMEHTHI H3BECTHBI, MBI MOXkeM 13 (1.5) 3anucarh OKOHYa-

TEeIbHOE 3HAUCHUE IS Y,
X

y = e~ Jo lax Y3 + J- F,(x) elo 1% gy , 1.7
0

[omyuaennas ¢popmyna (1.7) popmanbHo naet obuiee perienue auHelHoro ypasHeHus (1.1). Ocraercs y3a-
koHuTh ee! To ecth, HaMm HeoOxoauMo u3 (1.2) onpenenuts A1, By v l3, anocie [ u l; u3 (1.6).

U3 (1.2) nerko 3aMeTUTh, 4TO
lz=2z2—4,(4,=12)
By =B -2z +z?- Az (1.8)
Bi=B'—z"4+2z'z—Az' — A'z.

Ecnu T 3Ha4eHMs! OJICTaBUTh B TPeThe paBeHCTBO (1.2), TO OTHOCHTENBHO Z MOJyYHM HENWHeWHoe aud-
(epeHIITaTBPHOE YpaBHEHIE BTOPOTO Topsiaka [6,7]

z" —3zz' + 23+ 24z — 24z + (A’ + A> +B)z=AB+ B' - C.
Wy, npousseis IPYIIUPOBKY, IIPUBEIEM €ro K BULY

(z' —2z2+A4z—B) +(A—2)(z' —z> + Az— B) = —C, (1.9)
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VYpasuenue (1.9) Ha3bIBAaETCS CONPOBOKAAIOIINM HEIMHEHHBIM YpaBHEHUEM JIMHEHHOTO YpaBHEHHS TPETh-
ero nopsizka (1.1). Ecnu z ynosnerBopsier ypaBuenuto (1.9), To u3 (1.8) naiinem A,, B; u I3 u coriacHo Teopeme
1, mepexon u3 (1.1) x Buay (1.3) OyzneT 3aKOHHBIM.

I1.2. Pemienue conpoBoxkaamoiiero HejJuHeiinoro ypasuenus (1.9)

B oTauuune ot mMeTona pacCMOTpEHHs], pealu3yeMoTo K BOMPOCY pellieHus HenuHerHoro ypaBHeHwus (1.9)
[2,5], npuBenem Gomee ycoBepIIeHCTBOBAHHEIH CIIOCO0, TIO3BOJISIONINIA TIOCTPOCHNE TOYHOTO PEIICHHUS TSI HeTTH-
HelfHOTO ypaBHeHus. B uacTHOCTH, Takxke Kak u B padotax [2,5], B (1.9) nomyckaercs C(x) = 0, To ecTh

(zy —z2+ Azg — B)' + (A — z,) (2} — z2 + Azo — B) = 0. (2.1)

Ortcrona, KaK JIerko coo0pa3uTh
x i
[(z(’) — 22 + Azy — B)eh (A_ZO)dx] =0,
T/Ie Zy COOTBETCTBYET JIOIYLICHUIO paBeHCTBA HYJIO npaBoit yactu (1.9). 13 nocnenHero cnemyer:
X
2y — 22 + Azy — B = Cye o (4=70)ax (2.2)

rae C, — IMOCTOSTHHAS.

X
VMHOkaeM 06e yacty Ha e Jo Z04x , TOrJ]a OTHOCUTENIFHO SKCIIOHEHIIMAIBHON (PyHKIMK TPUIEM K JIMHEH-
HOMY YPaBHEHHUIO BTOPOTO MOPSAKA

(e—ffzod")" +A (e—ffzod")' + BeJo 0% = _ g~ Jo 4dx (2.3)

VYpasuenue (2.3) usyueno B [5] (cm. §10). OnHako, MOCKOIBKY PEIICHUE [TOI00HBIX YPaBHEHH B IUTEPATYpPE

HE YaCTO BCTPEUAETCS, TO JyMAEeTCs IIPOBECTH €ro 1o ipodHoe ucciepoanue. Eciu A u B pyHKIMH IpeICTaBUTD
B dopme [5,2,3]

A=1L+1,;B=01+14l, (2.3),

TO OTHOCHTENBHO [; U [, momyunm:
r_ ]2 — B =
{ll Ii+Al, —-B=0, (2.4)

12:A_l1.

[lepBoe ypaBHenue (2.4) otHocuTcs K kiaccy Pukkaru uccnenosansoro B [5] (em. §7) umu B [6] (em. c. 13-
18). C yuerom (2.3);, paBeHCTBO (2.3) MOMyCKaeT CICAYIOIee MPEICTABICHHE

[(e_ f;fzoax)’ b (e fgfzoax)]’ +1, [(e_ fgczodx)' (e f;zoax)] P

KOTOPO€ OTHOCHUTCIIBHO KBaJApPaTHBIX CKOOOK €CTh JIMHEHHOEe HCOJHOPOAHOC YPABHECHHUE MECPBOI0O IMopsaKa:
CJIEAOBATEIIBHO, JJIS1 BRIPAXKCHUS, 3aKIIIOYCHHOTO BHYTPU KBaJAPATHBIX CKOOOK MMEeM:

X

x ! x x — x
(e_fo Z"d") +1 (e_fo Zod") =e ol [ 4 ¢, J e~ JoUl)axgy | = ¢ (x).
0
HJTH, OKOHYATEIBHO IS SKCIOHCHIMANBHON (QYHKIMH,

e~ Jo20dx — o= Jy liax I, + f q,')l(x)eftflldxdx , (2.5)
0

rae l;u I, — moctostanble. Korma x=0, 10 [; = 1,aly = 1 — z,(0).
®opmyna (2.5) onpenenser GyHKIHIO Zg, ABISIOUICHCS pellieHneM HeJIMHeHoTo ypaBHeHus (2.1). Bepremcs
K ypaBHeHHI0 (1.9) 1 mpuMeHNM K HeMy U3BECTHBIN npueM [1], Ha3pIBaeMBIi BapHallueil MOCTOSIHHOTO, TO €CTh,
B (2.1) mocrosruyto € 6ynem cuutath Cy = Cy(x) 1 mocTaBuB npaByro 4acth (2.2) B paBeHcTBO (1.9), s Cy(x)
YCTaHOBHM:
X

Co(x) = e~ lo zo=n)x Y1 —J-C(x)ef;(“‘_z)dxdx . (2.6)
0
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Taxum 06pa3oM, paBeHCTBO (2.2) IpeacTaBUMO
X

zy—2z2+Azy— B = e~ Jo(A-)dx ¥, — J C(x)ef;((A_Z)dxdx ) 2.7
0

ra¢ Y1 — NOCTOsAHHAaA. Mas1 MOJYYUJIN COOTHOIICHUE MCKAY Zy U Z, TAC Z HCU3BCCTHA. He orpaHny4uBas z,
3amanuM ee B popme
L@
z = (2.8)
Tt

riae a(x) HeussectHa. [Toacrasum (2.8) B paBeHcTBO (1.9) u B npaByto yacts (2.7),

c)\ C(x) 2 C(x) ’ C(x)
|:<Zo+m) —<Zo+m> +A(Zo+ﬁ>—3 +(A—ZO—@>X
cx)\ C
J X (zo+£) —(zo +%> +A<zo E ;) = —C(x), (2.8),
Zg—2z5+Azy—B=e ~f5 (=205 fC(x) Ji (4205 Gg)x Ydx

[lepBoe paBeHCTBO B pa3BepHYTOH (hOopMe eCTh:

(zb— 22+ Azy — B) + (A—20)(z) —z5 + Azy — B) +

C(x) C(x) (x)
|G - >) F <>l+

+< . C(x))[ C(x) C(x)> FPRPINAC)) C(x)

a(x) ) [\a(x) a(x) a()|

C(x
ag ;( —z2 + Azy — B) = —C(x).

Wnu, ¢ yuerom BrOoporo pasencrsa (2.8)4,

(42— (22" 4 (42202 4+ (420~ D) [(£2) - ()" + 4 - 2200 2] = 0. (29

a(x) a(x) a(x) a(x) a(x)

_C(x))

~zo——3)dx
YMHOXHM €ro Ha eI 0( a@)/™" | cpa3y mpUBEIEM K BUIY

c\  (C@) €| F(a-r0-@)ar)
(I(m)‘<@)+(“‘2 SR R >—°'

M3 KOTOpOTro 3aMe€4yaeM, 4YTO

cwY (C&) C| - frciax - [F-zpax
[(m> <a(x)) + (A —2z,) e )l % = —aye dx

nIn

c@), cx),
( -l 6 ) —(A—ZZO)< e ):_aoe_f(f(A_ZO)dx’

¢ g —IIOCTOsIHHASA. W3 mocnennero PpaBCHCTBA UMCCM:
X

xC(x)
( fa(x) ) _aoe—f:(A—Zzo)dx 1+J-e—f;czodx dx |,
0
NN
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x
xC(x)

e Joalx)
0
OTCIOHa 1 BBIYUCIIACTCA (&,

~ C(x) [V1 — foxe—f(f(A—zzo)dx (1 + fo"e—féczodxdx) dx]

X

x :y1+aoje—fgc(A—ZZo)dx 1+fe—f;czodx dx | dx.

0

a(x) =
rae y;=1 npu x = 0, a xq fomycTunau paBHou —1.

Takum o0OpazoMm, mocTpoeHa QYHKIWS Z U OHA
onpezaemnsgercs Gpopmynoit (2.8), yI0BICTBOPSET ypaB-
Henuto (1.9); z, naercst popmyoii (2.5) u siBisiercs pe-
menueM ypasuenus (2.1); a(x) onpenensercs Gpopmy-
so#i (2.10) u ynoBieTBopsieT ypaBHEHHIO (2.9).

ITo 3amanHON GYHKIMM Z cpa3y HaXOOUM HEH3-
BecTHBIE Ko puuueHTs! A4, By U I3 (em. (1.8)) 1 aTIM
Teopema | JokazaHa, TO €CTb, IEPEXO] U3 YpaBHEHHUS
(1.1) x ypaBHenuto (1.3) sBisercst obocHoBanHoM. [To-
CKOJIbKY BTOpOe ypaBHeHue (1.6) oTHOCHTCS K Kiaccy
HEJIMHEWHBIX ypaBHEHUU PHUKKaTH, CCIeAOBaHHOTO B
[5,6], To mepexon u3 ypaBHeHus (1.3) k ypaBHEHHUIO
(1.5) rtaxxke sBnsercs 3akoHHBIM. CIieOBATEIBHO,
¢dopmyma (1.7) aBmseTcs OOIUM pelICHHEM JIHMHEH-
HOro ypaBHeHHus (1.1), YTO HHUCKOJBKO HE TOJUICKUT
comHeHHUI0. [Ipn BceM BBIIECKa3aHHOM, PEIIAIONIYIO
POIb CHITPAIO TMOCTPOSHHUE TOYHOTO PEIIeHUs I He-
nuHelWHoro ypaBHeHus (1.9); B cBsA3u c 4eM, OHO
Ha3BaHO CONPOBOYKIAIOIINM HEIMHEHHBIM _ypaBHE-
HHEM JMHEWHOTO YpaBHEHMsI TpeThero nopsaka (1.1).
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PaccmoTpensl  oToBoNBbTaMYeKHe CBOicTBa TOHKMX (0~IMKM) CIEIHAIBHO JIETMUPOBAaHHBIX IICHOK
CdTe:Ag, B KOTOPBIX SIPKO OOHAPYKHUBAIOTCS 3P (HEKTH aHOMATBHOTO (DOTOHATIPSLKEHUSI M POTORIEKTPETHOTO CO-
CTOSIHUS 0€3 BHEIIHETO OJIIPU3YIOLIEro oIS, 00pa3yronuecs 1o AeHCTBHEM JIMIIb eCTECTBEHHOTO cBeTa. [Ipu-
BOJISITCS PE3YJIBTAThl SKCIIEPUMEHTAIBHBIX HCCIICIOBAHUH CIIEKTPAIbHBIX 3aBUCHMOCTEN KoaddunrenTa norio-

LICHUS K(ﬂ), aHOMaBHBIX (hoTodMeKTpHuecKkoro V AOH (ﬂ.) U (OTOINEKTPETHOTO V(DQH (ﬂ) HalpsDKeHHH, a

TAKKC TOKAa KOPOTKOT'O 3aMbIKaHUA IK3 (/1) B OTUX IIJICHKax.
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The photovoltaic properties of thin (d=1 pum) specially doped CdTe: Ag films are considered, in which the
effects of anomalous photovoltage (APhV) and photoelectret state (PhES) without external polarizing field, which
are formed only by natural light, are clearly seen. The experimental results of the study of the spectral dependences

of the absorption K(/i) coefficient, anomalous photoelectric V AP (l) and photoelectret VPhEV (/1) voltages, and

short-circuit | (Z) current in these films are given.

KawunBble cjioBa: TOHKHE JISTHPOBAHHbIC TUICHKH, aHOMaJIbHOE (DOTOHAMPSDKEHHE, (POTORICKTPETHOE CO-
CTOAHUC, TOK KOPOTKOT'O 3aMbIKaHU, CIICKTPAJIbHBIC XapaKTCPHUCTUKU.
Key words: thin doped films, anomalous photovoltage, photoelectret state, short circuit current, spectral char-

acteristics.

1.BBenenme. V3yuyeHne cneKTpajJbHBIX XapakTe-
PHCTHK TOHKHX TOJIMKPUCTAIIIMYECKUX TIOTYIMPOBOJ-
HHUKOBBIX TUICHOK ITTO3BOJISIET PACIINPUTH IPEICTaBIIe-
HUSI O BHYTPEHHEH CTPYKType, IMpHUpOJE IIEHTPOB,
MHKPO HEOTHOPOJHOCTEH M Opyrux aedekroB obpasz-
LIOB, Ia€T BO3MOXXHOCTH OIPEEIIUTh SHEPIUI0 aKTHBA-
UM TPUMECHBIX YPOBHEH, OTBETCTBEHHBIX 3a (hOTO-
aNIeKTpHueckre 1 GoToBoNbTandeckne 3(h(PeKTH B 00-
JIACTH COOCTBEHHOTO W IPHUMECHOTO IOIJIOIIEHHUS, a
TaK)Ke CBEJICHUS O CIIEKTPAILHOM pacIpeelIeHUH I10-
rJonaeMon TieHkou sHeprud [1-5]. B Hacroseit pa-
060Te paccMaTpuBaIOTCS aHOMalbHbIE (POTOBONIBTAN-
yekue (ADB) cBoiicTBa TOHKHX (0~1MKM) CrieIHATBHO
nerupoBanubix mieHok CdTe:Ag, B KOTOPBIX SIPKO 00-
HapyxuBaoTcs ADPB sddextsl u poTodneKTpeTHOE
cocrostaue (DIC') 6e3 BHEUIHETO MOJSIPU3YIOIIETO
noJisi, oOpasyromuecss TOJA ACHCTBUEM JIMIIb €CTe-
CTBEHHOTO cBeTa. [IpuBOISTCS 3KCHEPHMEHTAIbHBIE
pe3yJIbTaThl UCCIENOBAaHMS CHEKTPAIbHBIX 3aBUCHMO-

creit ko3 duruenrta mornomenus K (/1) , aHOMAJTbHBIX
doroanexrprueckoro V ADH (/1) 1 (HOTOINEKTPETHOTO
Voon (/1) HaNpsUKEHHHA, a Takke TOKa KOPOTKOTO 3a-

MBIKaHUS |K3 (/1) B OTUX IUICHKaX IIPU COOCTBEHHOM H
MIPUMECHOM TIOTJIOIIICHUH CBETA.

2. Meroauka »3kcnepumenta. [Ipu anammse
crexrpos V ¢y WMCXOIMIHU U3 TOTO, YTO v 4oy MOIKHO
npeACTaBUTH C MOMOUIIBIO BHIPAXKCHUSA

Vsam (ﬂ“) =f (ﬂ,)p(/?,)AlS : 1

rac f(ﬂ/)' HUCKOMas CHEKTpaJibHad 4YYBCTBU-

temprocts Vg ; p(/i)- CIIEKTpasbHAas IJIOTHOCTh

SHEPIUU U3YYCHUsI UCTOYHHKA CBETa; AA - BenM4YKMHA
CHEKTPaJIBbHOI'0 MHTEPBAJIA, MPOXOJSIIIETO Yepe3 Bbl-
XOJIHYIO IIeIb Tpudopa, S — IuIomans MIeHKH. 3Have-

HHE p(ﬁ) BBIYUCIISIOCE IS T=2380K 1o tab-

JuIe, TMPUBEACHHON B pabote [6], a 3HaueHne AA
paBHa OOpaTHON BENWYMHE AWUCIEPCHH MOHOXpPOMa-
topa dA/d¢ (A¢-muprHa BBIXOIHOW LIENH MOHO-

xpomaropa). [IpousBeneHne GyHKIUI ,0(/1) AL, KO-

p(4)
dr/da

JICHHOM ¢ Y4€TOM MAaCMOPTHBIX JAaHHBIX npn60pa. I[J'Iﬂ
OIIPEACIICHUA HCKOMOH CHeKTpaJ'ILHOﬁ YYBCTBUTCIIb-

TOpasi paBHa , bepercst U3 TaOIHIBI, COCTaB-

HOCTHU VA@H )51 I OTHECCHHOH K CIMHHUIIC OHEPI'UH,

K3
naualomeﬁ Ha IUICHKY, U3MEPCHHLIC 3HAUCHUSA BEJIU-
YWH HallpsDKCHUA WKW TOKa ACJIHUIIUCh Ha COOTBETCTBY-

ds
IOIIME 3HAYCHUS PYHKLIUU p(l) a , KOTOopas Taxke

Oepercst 3 Tabmuubl. IlomydeHHBIE TakuM 0Opa3oM,
3HA4YEHHs MPEJCTABIISIOT COOOW C TOYHOCTHIO JIO I0-
CTOAHHOT'O MHOMHMTEJIA CHEKTPAJIBbHYIO YYBCTBUTEIIb-

nocts Vo n |, ADB nnenxu. Jins nposenenus

cniexrpanbhbix neenenosannit V gy , Vo u |, wc-
CD—-4,
HITACHI , DMP — 2 wu np. 3aBUCUMOCTH VA(DH ,

| «; OT A CBeTa B COOCTBEHHOH 00IaCTH B OCHOBHOM

IIOJIb30BaHbI CHeKTpO(l)OTOMCTpBI

OIPEEIUIICH C MMOMOLIBIO KBAPLIEBOTO CIEKTPOdOTO-
Merpa C@ — 4 , MEeTOIMKa U3MEPEHUH KOTOPOU OIH-
caHbl B padorax [1-3].

Jnst m3mepenus cnektpa mpumecHoro A®@H

mwienxn CATE Ag 1 TEMIEPaTypHBIX 3aBUCHMO-

creii V 4on 1 |, 6bina ucnonbsosana Gonee uyscTBH-

TeNbHas ycTaHoBKa [2]. Mccnemyemsiii oOpaserr mome-
Iajcsi B KpHocTaT U ocBerancs ammnon tuna KM
gepe3 MoHoxpomatop KM —1. Curnan u3 snek-

tpomerpa I —05 M nponopumonansreii V ADH

wm | ycuiauBaics ¢ nomolsto yeunurens U-37 u

K32

sanuceBancs camomuceM FH —37. Tlpu custvm
criektpanbHoii 3aucumoctd V 4y (/1) u ng(ﬁ)

YHCIIO KBaHTOB CBETa IOAJNCPKUBAIOCH MOCTOSHHBIM
peryiupoBaHueM Toka uepes jamny KZ/M u KOHTpou-
POBAJIOCH TEPMOIIEMEHTOM, CUTHAI KOTOPOTO TOCTY-
MaJl Ha  MHKPOBOJIBTMETP  IOCTOSHHOTO  TOKa
@ 116/1. Usmepennas TepMOdIEMEHTOM JHEPTHs

KBAaHTOB IIE€PECUUTHIBAJIaCh HA YUCJIO KBAHTOB.



74 Espasutickuti Coro3 Y4eHbix (ECY) #3 (60), 2019
10
F"E
< 5
5
=
a
6
A, MK
o 800 1000 1200

Puc. 1. Cnexmpui noznowjenuss ADPH naenox CdTe: Ag (@) u CdTe 6) (T =293K).

3. JKkcnepuMeHTaJIbHbIC Pe3yJIbTaThl U HX 00-
cyxaenus. Ha puc. 1 moxazaHbl KpHBBIE CIIEKTPalb-
HOTO pacrpeaeneHus KodQQUIMeHTa IOTIOUEHUS

cBeTa (K) s ApB mienok CdTe : Ag («)u CdTe

(6), NOJYYCHHBIX IMPU OJUHAKOBBIX TCXHOJOTHYCCKUX
YCJIOBUAX. BI/IJIHO, YTO CIICKTPHI MOTJIOIICHUA CBETA aK-

CdTe: Ag

CdTe A@®RB mieHOK OXHHAKOBO B 0611aCTH COOCTBEH-

TABUPOBAHHBIX U HEJICTUPOBAHHBIX

HOTO BO30YXKIEHUS (l <860 HJI/l), a B IIpUMeCHOM
CHEKTPaNbHOM O00NACTH HECKONBKO —OTIHYAKTCS.

VAq;H. OTH. €.

1.0r

HaOnronaro-1uecss MakCUMyMbI k(ﬂ) B 9TO# 00ma-

CTH,

MO-BHIMIMOMY, CBSI3aHBI C HWHTEpQepeH-Iuei
CBeTa B IUICHKE, 2 OCTATOYHOE IMOTJIOLIEHUE OIpeIeis-
eTcsl HaJu4yheM rIyOOKHUX MpPUMECcel, KOHICHTpPAIUU
KOTOPBIX OOJIBIIIC B ISTHPOBAHHOM 00pasiie. DHEPTHI0
AKTHBAI[MH [TPUMECHBIX [[EHTPOB U3 JAHHBIX CIICKTPOB
OTIPE/ICIIUTh HEBO3MOXXHO, HO JIMIIb MOXXHO YTBEp-

J1aTh, uto oHa 3HaunTenbHo Menbme 0,9 58
Ha puc. 2 npusenenst criektpst V g, (/1) TUIEHOK

CdTe: Ag (xpusbie 1,2) u

0.4 0.6

Puc.2. Cnexmpanvuvie xapaxmepucmuru N 4, (homosnexmpemmupix nieHok CdTe: Ag 2, 3)u

sz 56‘3 . S€ (2, 4) npu pponmansrom (1, 2) u meirosom oceeweruu (3, 4).

Sb2563 - S€ (xpussie 3, 4) B 06IACTH COGCTBEH-

HOTO TIOTJIOIIEHHMSI, CHAATBIE ITpU ppoHTanmbHOM (1, 3) 1
TBUTOBOM (2, 4) ocBemeHUsX. BuaHo, 4TO B IJICHKAX

CdTe: Ag u Sh,Se, : Se cnekrpanbuas uyscTBH-
) OC3 TP YyB
TenbHOCTh V4 TPAKTHYECKH OTIMYHA OT HYJIS

BIUIOTH 10 86OHM " 1100HM COOTBETCTBEHHO.
TonumuHbl 3TUX TUIEHOK COOTBETCTBEHHO PaBHBI

1 mxm n 1,5 MKM, a CKOpPOCTH HX IIOJIy4YCHHMS -

015 nm/c u 0,5 wm/c . Itu crexrpsl He oTTHYA-
JHCH OT aHAJIOTHYHBIX CIIEKTPOB KOHTPOJILHBIX 00pa3-

1oB. Maxcumymsl (porouyscreurens-soctn A DH
HaXOMATCS TpU (PpOHTATLHOM (POTOBOKOYKICHUH B

OKpPECTHOCTH 540 um u 650 Hm , @ IIpH THIJIOBOM
ocemernnn — (80 wm u 830 mm . Ormernm, uro
MakcuMymbl V . , TIOJy4eHHBIX ¢ HEGOMBLION CKO-

poctsio merox CATe u S, Se; npu pponramsrom

OCBCIICHUN CMECUIECHBI B KOPOTKOBOJIHOBYIO o0nacTh
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CIEKTPa MO CPAaBHEHHUIO C COOTBETCTBYIOIUMH MaKCH-
mymamu y mienok CdTe wu SbZSeg, MOJTYYSHHBIX

aBTOpamu paboTsl [1] mpu OONBIINX CKOPOCTSIX UCIIa-
peHus. A TONOXEHHE MAaKCHUMyMOB IPU THUIOBOM
OCBEIIEHUH IPAKTUYECKH COBMAAAIOT. OTOT (DaKT
HaBOJMT Ha MBICIb 00 M3YYEHHUH 3aBHCUMOCTH I10JIO-

JKCHUS CIICKTPAJIbHOI'O MAaKCHMMyMa VA(I)H OT CKOPO-

CTHU HAaHCECCHU IJICHOK IIpU q)pOHTaJ'II)HOM " ThIJIOBOM
OCBCIICHHH.

Ha puc. 3 npexcrasieHst crektpst V ,,,, IUICHOK

CdTe: Ag u sz 56‘3 : S€ npu pponTansHOM doTo-

BO30Y)KICHUH B COOCTBEHHOW OOJIACTH MOTJIOLICHUS,

V aon, omH. eo.

MNOJYUYCHHBIX C PA3JINYHBIMHU CKOPOCTIMU (H‘Mé )
HaIbUICHAS — JUIA CdTe: Ag; 0,15 (1, 1'),
03(2, 2'), 055(3, 3'), mm Sh,Se,:Se;
05(1,1), 08(2 2), 1,2(3, 3)Us pucynxa

BUOHO, YTO C YMCHBIICHUEM CKOPOCTU OCAXKIACHUS OC-
HOBHOI'O NOJYIIPOBOJHUKOBOTO MATCpHIa MAKCUMYM

V oy cMelaercs B 6oiee KOPOTKOBOIHOBYIO 00IACTh

criektpa. B menkax CdTe ! Ag maxcnmym cmema-
etcs

Vaon omu. eo.

10] 10
051 05
04 05 06 07 08 09 04 05 06 07 08 09 10 1.1

Puc. 3. Cnexmpanvnoie xapakmepucmuru V ,q,;; pomosnexmpemmuuix nienok

CdTe: Ag (@) u sz 56‘3 : S€ (6), nonyuennvix ¢ paznuunsivu ckopocmamu nanvinenus: 0,15 u 0,5
(kpuswie 1,17, 0,3 u 0,8 (2, 2), 0,5u 1,2 (3, 3) um/c.

or 780mm no 500mmM, a y mnnenox
sz Se3 :Se —or 830 mm o 650 #m . pu ThIIO-

BOM OCBCIIICHHWH IIJICHOK CdTe u szses CMCIICHUC

MaKCHMYMOB He IpoucXoauT. OTMETHM, 4TO aOCOIIOT-
nas BenmuunHa A@H 6Gema Goneme mpu mo6oit
JUIMHE BOJIHE CBETA B IUICHKAX, TOMyYEHHBIX MEIJICH-
HBIM HCMIApEHHEM, T.e. C YBEIMYEHHEM CKOPOCTH
HambUIeHHs KopoTkoBonHOBEA cian A PH mipossns-
eTCs CPaBHMTENBHO TPH MEHBIIMX YaCTOTAX MaJalo-

IIMX KBAaHTOB (CM. KpUBBIC 1 —3'). CMmenenne Mak-

CHMYyMa CIIeKTpalIbHON uyBcTBUTENbHOCTH V () B 32-

BHCHUMOCTH OT CKOPOCTH (HJIK TO K€ Camoe, 4TO OT
TEMIIePaTyphl) UCIAPEHHUSI TOJIYIPOBOIHUKA, [10-BU U~
MOMY, MOXHO OOBSCHHUTH cieayrommmMm obpasom. C
YMEHBIIICHUEM CKOPOCTH HaHECEHUs MaTepuaa GhoTo-
BOJITANYECKH 00Jiee aKTUBHBIC CIIOM CMEIIAIOTCS B

CTOPOHY CBOOOIHOM MOBEPXHOCTH ILICHKH, BOJIU3H KO-
TOPO¥ MHTEHCUBHO IMOTJIOIIAIOTCS (POTOHBI ¢ OOJice KO-
POTKOM JJIMHOM BOJNHBI. Y CIOBHS HAIlbUICHUS IJIEHKU
00eCIICUNBAIOT HAYABHBIN POCT TUICHKU B BHJIC ICH]I-
PHUTOB C aCHMMETPUYHBIMH KOHTaKTaMH (IIPUMOBEpX-
HOCTHBIMH TOTCHIMATBHBIMU OapbepamMu) MEKIY
HumHU. [Ipu mMeayieHHOM HcnapeHuH MOJYNPOBOIHUKA
00pa3oBaHue JOCTATOYHO ACHMMETPUYHOM CTPYKTYPBI
HpOl/lCXOI[l/IT B OCHOBHOM IIO Bceﬁ TOJIIIHWHE IIJICHKU
(xpymHO 3epHECTOCTE). C yBETHMYSCHHEM CKOPOCTH HC-
MapeHus TUICHKU BRIPAIIUBAIOTCS 00JICe MEIIKO 3CPHH-
CTBIMH U B HEKOTOPOU CTENEHN HAPYILACTCs 3Ta 3aK0-
HOMEPHOCTbh. B pe3ynbTarte HEKOTOpask YacTh CJIOS Te-
psier remepupyromero coiicta A@H , npespamas
CHIIFHO Tortomaromuid GuiabTp. CKBO3b 3Ty HE (OTO
AKTHBHYIO YacTh IUIGHKHA IPOXOJUT TOJIbKO 0OoJiee
JUTHHHO-BOJTHOBBIN CBET, MO3TOMY TE€HEPUPYETCS He-
oonbmoe 3nHauenne ADH TeUIOBBIM mpHIOBEpX-
HOCTHBIM CJIOEM.
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VosH, OTH. €.

0.4 0.6 0.8

Puc.4. Cnexmp V(DSH pomoanexmpemnuoix nnenox CdTe: Ag (1) u Sh,Se, : Se 2

Cne;[yeT OTMCTUTD, YTO CIICKTPBI V@QH u VA@H

nnenok CdTe: AQ u Sb28e3 : S€, nonydennsie B

COOCTBEHHOM 001acTH CIICKTpa MOIJIOIICHUA Ka4de-
CTBCHHO IMPAKTUYCCKU HC OTINYAIOTCH, T.C. CMCILICHUEC

MaxkCUMyMOB V(DQH OT CKOPOCTH KOHJACHCAIIUN TaKXKE

HaOJII0IAI0TCS, TOJBKO 3HAUCHHE V(,)3 ;7 OTHOCHTEIIEHO
Oonblie JUIsi KOPOTKOBOJIHOBOTO HW3JIYUCHHS, 4YeM
V 4 - Ha puc. 4 npuBeneHbl ClIeKTpaIbHbIE 3aBHCH-

moct Vi, mrenox CdTe : Ag (1) u Sb,Se; (2),

MOJIy4€HHbIE CO CKOpocThio KoHaeHcauuu 0,15 u 0,5
HM/C, T.€. JIOCTaTOYHO MEIJICHHBIM HcmapeHmem. U3
PUCYHKa BUJHO, YTO JEHCTBUTENIBHO MOJIOKEHUS MaK-

CUMYMOB V@QH IJICHOK CMCHICHBI B KOPOTKOBOJIHO-

BYIO 00JIaCTh CHEKTpPa MO CPaBHEHUIO C MAKCUMyMaMH

cexrpos V ., (cparu kpusbie 1(a), 3(6) u3 puc.3 ¢

KpHUBBIMH 1, 2 puc. 4).
Bonee neranpHOE W3MEpEeHHE W aHAIU3 JUIMHHO-
BOJIHOBOTO Kpasi (POTOYYBCTBUTEIBHOCTH IUICHKU MO-

Ka3ajio, YTO Ha CIICKTPAJIbHOM paClpeaACJICHUN A@H

nu IK OGHapy)KI/IBaIOTCH HEKOTOPbIC 3aKOHOMEPHOCTHU

3
CTPYKTYpHOTO 0Opa3oBaHMs, KOTOPHIE TaKke HaOIo-
JIAIOTCSI B JIETHPOBAHHBIX MOHO- M HOJIMKPUCTAIIIYE-

CKHUX CII0SIX A2 BG' W3BecTHO, 4TO B IOJYIIPOBOHU-
KOBBIX COCIMHEHUSX 9TOH IPYIIIBI IOTJIONICHHE CBETa
IIyOOKMMH LIEHTPaMH XOPOIIO OIMCBHIBAIOTCS MOJIE-
neio JIykoBckoro [5]. [loaTroMy Hamu ObLTa TOIBITKA,
UCIIONIB3Ysl €r0 TEOPETHYECKUE KPHUBBIE OIPEIEIUTh

SHEPTHH aKTHBAIMM TIpuMecHBIX yposuein B ADH
IIEHKAX B 3aBHCHMOCTH OT CKOPOCTH KOHICHCAIIUH.

Vaon , lks , oT.ea.
4| BT e
1o cXOXAO'x Sxe
x®® ae
)('Ac>
a
K
2L .
3 x° 6 ’/x/o’x:x.
- — X eX®
10 x: ‘{‘X,xo X .
13358 | & &
X X
- ><.x'
5
o .
S -
5
102 | o& 1.33 28
X X
2
AO Ld
e &
1l7aBl L& ® -les, A-Vaon - 6e3
A” & J100aBOYHOM IMOJIBECTKOM
P i
1 L7
0% Xx /g/”— *x -ls, o -Vaon - ¢
A‘ ¥ J100aBOYHOM MMOJIBECTKOMN
X' v& 1.170B
& 3
S %
¢4
w0°F £ x
o
X
L 1.04 5B
o
X
10 hy, 5B
1.0 1.2 1.4 1.6 1.8 2.0

Puc.5. Cnexmpor Voogu s, ADPH nnenox CdTe: Ag (co ckopocmbio nansiienus 0,3 um/c (a) u 0,55 nm/c (6))
npu ¢pponmanvrom oceewenuu. T=300 K. Ilynkmup -meopemuueckue Kpusvie no mooeau Jlykogckozo [5].
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Crexrpanshas 3aucumocts V., u | B
IUIEHKAaX, TMOMyYeHHBIX CO CKOPOCTBIO HATIBUICHHS
0,3 um/c u 0,55 nm/c, noxasana na puc. 5. Cnex-

TpaJbHbIE KPUBBIE CHUMAJIMCh P KOMHATHOM TeMIIe-
patype. B mneHkax, BBIPALEHHBIX C MEHBIIEW CKOPO-
CTBIO KOHZIEHCAIIMH (KpHUBasi @) 0OHapyXEHBI ITpUMec-
HbIE YPOBHH c SHEPTUAMU aKTUBALH

E, =104+0,03 2B, E, =117+0,035B,
E3 =1,33+0,03 5B. Tlorpemnocts onpeneneHus

SHEPTHIO0 aKTHUBALUU E3 6bL1a OOJIBILIE U3-32 TPYIHO-

CTH TOYHOTO BBIACIICHHS Kpasi COOCTBEHHOMN IIPOBO/IHU-
MocTH. B Gojiee ObICTPO HAIBUICHHBIX IUIEHKaX (KpH-

Basi 6) OTCYICTBYeT ypoBeHb E, (BHmuMo, KOHLEHTpa-
us e 3HAYUTEIBHO Malia 10 CPABHEHUIO C JPYTUMHU

yposasimu). Criextpst V 4, |K3 , IOJly4EHHBIX AJIS

Pa3HBIX yJaCTKOB IUICHKH, TJ€ M3MEHEHHE TOJIIHHBI
OBLIO HE3HAYUTENBHO, II0OKAa3aIl HJICHTHYHbIE Pe3yJib-
TaThl, T.€. IPUMECHBIE YPOBHU OKa3aJIMCh T€ XK€, MO-
3TOMY COOTBETCTBYIOLIHME TPA(UKH HE IPHUBEICHEI.

PaccMoTpHM criekTpaibHbie 3aBucuMoct V g,

npu temneparype 100 K (puc. 6). Buamo, uro ¢
YMCHBIICHHEM TEMIIEPAaTyphl CIIEKTPATbHBIC 3aBHCH-

moctt ADH B 0CHOBHOM KauyecTBEHHO COXpaHs-
10TCS, TONFKO YBETMUHBAIOTCSA 3HAYEHHUS XapaKTEPHBIX
3HepFI/Il7[ AKTUBAlMU MPUMECHBIX IICHTPOB B IIJICHKE, a
TO/ICBETKA TIPUBOJUT K HEGONBIIOMY YBEIHYEHHIO

VA(DH BO BCEH MOJIOCE CHIIBHOTO TIOTJIOIICHUA.

ooo 5 _
V AdH, OTH.E€II. o S’/////’ o4
“ o
,AA’A LN N °
103 - AN A o
1.42 »B + A
A
6
A
o
OA ——~  Vaou-6e3
5 A 106aBOYHOM
10 r 2 IMOABECTKOM
o
A
AO
1.26 5B +A° > Vaew-c
5 106aBOYHOM
% _== MOABECTKOM
A //;//
1 o -
100 + A /i/
o/,
7
7
0
51.11 3B
0 N
10 *(P 1 1 ' 1 | |
1.0 1.2 1.4 1.6 1.8 2.0 2.2

Puc. 6. Cnexmpor ADPH ons nrenxu CdTe : Ag (pponmansroe pomososctyscoenue) T =100 K.

YBeIMUeHNe SHEPTUA aKTUBALMK C TIOHIKEHHEM
TEMIIEPATYphI YKa3bIBAET HA TO, YTO ITU YPOBHH IMPH-
BA3aHBI K OJIHOM U3 Pa3pEIIEHHBIX 30H U BO3OYkIeHUE
IIPOMCXOUT B IPYTYIO 30HY. B pesysnbrare yBenude-
HUSl IIMPUHBI 3aNPENIEHHON 30HBI MOMYPOBOIHHAKA C
TIOHIKEHNEM TEMIIEPATYPBl TAKKE YBEITHYMBAETCS
SHepruu (oTO AKTUBHOCTH YPOBHEH. OGBIYHO HEPrUM
axrusaiuu B npenene emneparyp 100—300 K me-
HSAETCH JNIMHENHO COTJIACHO BBHIP@KEHHIO
E, =E, (T =0)—aT . Torxa usmenenue suepruu ax-
THBAalMM B OTHX MHTEPBAIaX TEMIEPATYp PABHO
AE=a(T,-T,)=a-200 K u, 3nas AE nna xax-

JIOW XapaKTepHOMW PHEPruu MojyyaeM 3HauYeHHE Iapa-
MeTpa O . ypous  E; momyunm

a=3,5-lO4SB/K, a ma E, m Ej; -

a=45-10"5B/K. Ananorndunie 3aKoHOMepHO-
M Ul IPYTHX  TIOJMyIIPOBOJHMKOB

Tak, misg

CTH TUIINYHBI

TPYIIIB AZBG' Hampumep, pasinyHble YpOBHM B

mienkax COSE mo-pasHoMy 3aBHCHT OT TeMmepaTyphI
[9,10]. ITostomy mpeanosnaraem, 4to yposess E; co-

3/1aH KOMIUIEKCAMH¥, BKJIIOYAIOMINE TOHOPHI M aKIIell-
TOPBI, TAK KaK OH €200 3aBUCUT OT TEMIIEPATYPhI, KaK
v mupuHa 3anpemennoii 3oas1 CATE . DuepreTuue-

ckue yposuun E, n E3 ABJISIFOTCSI TIPOCTBIMU IICH-
TpaMu, IpUBSA3aHHBIE K OHOM 30He. M3BecTHO, uTO AM1s1
MOJTyIIPOBOTHUKOBBIX COEMHEHUI A2 Be TepMuye-

CKHUC U OITHYCCKHUEC MCTOJbI OIIPCACIICHNUSA DHECPIUU aK-
TUBAWU OAI0T MMOYTHU OANMHAKOBBIC PE3YJIbTATHI. Cormo-
CTaBUM IIOJIYYC€HHBIC HaAMH PE3YJIbTATBI 3TUMHU METO-

namMu u 1o ucciegopanuam penakcanun PIC . Tak
KaK IIUpUHA 3alpenieHHON 30HBI CdTe npu

T =300 K pasna Eg =15 9B, 10 umeem, uro
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YPOBEHD E1 OTCTOUT OT OJMKalel 30HbI Ha SHEPTUH
(0,46+0,03) 5B, a E,- ua (0,33+0,03 B)
u E3- Ha (0,17 + 0,03) 9B . OnpeneneHubI HaMu

YPOBCHb EZ’ MOo-BUAUMOMY, COOTBETCTBYCT LICHTPY,

CBSI3aHHOMY C TMpPUMECBhIO cepebpa, KOTOpBIH paHee
BCTPEYAJICSl B KPUBBIX TEPMOCTUMYIHPOBAHHOTO TOKA

(TCT) @OC n penakcauuu dporo I[C . Yposens
E, Ttake nabmonanca B xpuseix TCT @OC u

BO3MOXXHO OH 4BJISICTCA YPOBHEM 3axBaTa Jid
OCHOBHBIX HOCHUTEJEN 3apsiaa, KOTOPBIA MPOSIBISETCA
B ¢oro-I/[C
MOCIEHUHN YPOBEHb XOPOIIO HAOIIOJACTCS TOra, KO-
I7la MHTCHCHBHAs JOMOJIHUTENbHAs MOJICBETKa 00y-
CJIAaBJIMBAET €r0 YaCTUYHOE 3aIll0JHEHHE IIPU YCTaHOB-
JICHNU PEKOMOMHAIIMOHHOTO PaBHOBECHSI.

B cnydae npumecHoro Bo30yXIECHHUS B IUICHKaxX

npu HHU3KHUX TeMIeparypax.

CdTe : Ag orcyrcTByeT sIpKO BHIpaXEHHOE HACHIIIIE-

HHUEC VAdi'H C YBCIIMYCHUCM MHTCHCUBHOCTU CBCTA 3a-

METHUM, YTO BO3MOKHO B TAKUX CTPYKTYpaxX HE TOJIBKO
OOBIKHOBEHHOE MpPHMECHOE, HO M JABYXCTYIEHYaTOe
BO30YXKIICHHE, KOTJa OIWH U TOT )K€ KBAaHT CBETa C
ONpE/CICHHOW DHEprueii Bo30y)XIaeT HOCUTEIh Ha
MPUMECHBII YPOBEHb M3 OJHOW 30HEI, a 3aTeM U3
YPOBHSI B IPYT'yIO 30HY. DTOT CIy4ail HIMEeT OOJIBIIYIO

BepOSITHOCTb Julsi Tiybokux yposuein E, u E,, n

MCHBIIYIO - IS E3 YPOBH:. O,HHaKO, KaK OTMEYaJIOCh

BbIIIE, BTOPOH 3Tarl BO30YXKAEHHS JUIS HOCIEIHUX
YpOBHEH POUCXOAUT O0JIee BEPOSTHBIM 00pa3oM C I10-
MOIIBI0 TEPMUYECKOTO BO3OYKICHUSL.

3akiarouenue. Ilo pesynbraTaM HccienoBaHU
HacTosmIel paboThl MOJKHO CAENaTh BBIBOJI, YTO TITy0O-
KHe ypoBHHU B 1ieHKax ¢ ADB cBolicTBamMu 4yeTko npo-
SIBIISUTH ce0s B ITpo1ieccax 00pa3oBaHUs M pellaKcariy
@3IC . BMecTe ¢ TeM, OHM y4acTBYIOT U B (JOTO reHe-
pauuy Hocuteseil mpu Bo30yXKJICHUH B IIPUMECHOH 00-
JIACTH MOTJIOUICHHUS, KOTOPOE MPHUBOAUT K BOSHUKHOBE-

HUIO TPUMECHOTO A@H
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e  UrHaTtbesa MpuHa EBreHbeBHa, KaHAWAAT SKOHOMUYECKMX, NpenoaasaTenb Kadeapbl MeHe K-
meHTa (Mocksa, PO);

e  KarkemaeB AneKkcaHap BMKTOpoOBMY, KAHAMAAT NCUXONOTMYECKUX, AOLEHT Kadenpbl GpUHAHCO-
Boro npasa (CapaTos, PO);

e  KopTyH Apkazaui Bnagummnposud, AOKTOP Neaarornyeckux, npodpeccop Kadenpbl TeOpumM rocy-
AapcTtea v npasa (HuxHuit Hosropoga, P®);

e  PoBseHckas EneHa PadannoBHa, AOKTOP lOpuaANYECKUX HayK, npodeccop, 3aBeayolwmin kades-
poW cyaebHbIx aKcnepTus, AnpekTop MHCTUTYTa cyaebHbix akcneptns (Mocksa, Poccusn);

e  CenukrtapoBa KceHua HukonaesHa (MockBa, Poccus);

e CopHoBcKas HaTanbA AneKcaHZpOBHA, AOKTOP COLMONOMMYECKMX HayK, npodeccop Kadeapsbl
COLMOIOTUM U MONUTONOTUMY;

e  CBUCTYH Anekcelt AneKcaHgpoBMY, KaHANAAT GUNOAOTMYECKMX HAYK, AOLLEHT, COBETHUK Mpw
pektopaTte (MockBa, Poccus);

e  TiomeHeB AMUTPUIN AneKkcaHAPOBMY, KaHAUAAT OPUAMYECKUX HaYK (Knes, YKpaunHa)

e  BapkymoBa EneHa EBreHbeBHa, KaHAMAAT GUNONOTMYECKMX, AOUEHT Kadegpbl dunonormm

e  (AcrtaHa, KasaxcraH);

e  KasepuH Bragumunp BnagmMmunposuy, HayuHbI COTPYAHUK apPXUTEKTYPHOTO paKybTeTa, AOUEHT
(MuHCcK, Benopyccus)

e  Yykmaes AnekcaHap MiBaHOBWUY, AOKTOP HOPUANYECKUX HAYK, Npodeccop Kadeapbl yroNOBHOIO
npasa (ActaHa, KasaxcTtaH)

OTBETCTBEHHbIN peaaKTop
A.N.H., npodeccop KapkywunH Amutpuii Metposuu (Mocksa, Poccua)

XynoxHuK: KocbirvH B.T
BepcTKa: 3apy6uHa K.J1.
*KypHan 3apeructpupoBaH PegepanbHoi cny:k60i no Haa3opy B chepe cBA3U, UHPOPMALMOHHbIX
TEXHO/I0TUiA U MACCOBbIX KOMMYHUKaLUNA.

CraTbM, NoCTynalowue B pegakLmio, peLeH3npyloTca. 3a 40CTOBEPHOCTb CBEAEHUI, U3N10XKEHHDIX B CTaTbAX,
OTBETCTBEHHOCTb HecyT aBTopbl. MHeHMe peaaKL MU MOKeT He COBNaAaTb C MHEHMEM aBTOPOB MaTepuanos.
Mpu nepeneyaTtKe CCbIZIKA HA XKypHan 06sa3aTenbHa. MaTtepuanbl Ny6/IMKYIOTCA B aBTOPCKOW peaKLuu.

Apapec peaakuuu:
r.MockBsa, Jly>kHeLKaa HabepexHasa 2/4, opuc Nel17, 119270 Poccua
E-mail: info@euroasia-science.ru ; www.euroasia-science.ru
Yupegutenb u usaartenb Eepasuiickuii Cotos YueHbix (ECY)
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