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Hay4ynblii :xxypHaa «BecTHUK MOpI0BCKOI0 YHHBEPCHTETA)

MPUHAMAeT HE OMyONWKOBaHHBIE paHee Hay4YHbIE CTaThll W JIUCKYCCHOHHBIE
MaTepuasibl HAyYyHOTO XapakTepa KaHAWIATOB W JOKTOPOB HayK, IIpero-
JaBaresief, acHUpaHTOB W CTYACHTOB CTapIIMX KypcoB (B COAaBTOPCTBE).

HaunmMeHoBaHMe 1 cofepikaHie pyOpHK jKypHalla COOTBETCTBYIOT OTPACIISIM HAyKH
U TpyMIaM ClelualbHOCTEH HayyHBIX paOOTHUKOB, coriacHo HomeHkarype crenu-
aJBHOCTEH HAyYHBIX PAOOTHHUKOB:

01.04.00 ®wusuxa

05.13.00 Wudopmarnka, BEIMUCIUTEIbHAS TEXHUKA U YIIPABIICHHEC

05.20.00 IIporecchl M MaIIMHBI arPOMH)KEHEPHBIX CHCTEM

Kypnan ocymecTBisieT HaydyHOE pELEH3UpOoBaHUE (ABYCTOpDOHHee  Clle-
1oe) BCeX MOCTYNAIOIUX B PEJaKIHUI0O MaTepHajoB C LENbI0 HKCIEPTHOH OLEH-
Ki. Bce pereHs3eHThl SBISIOTCS MPHU3HAHHBIME CIICIIHAMCTAMU TI0 TEMaTUKe pe-
[EH3UPYEeMbIX MarephasioB. PeneH3wm XpaHATCS B W3/IaTENbCTBE W PEIAKIIUU
B TEUEHUE 5 JIeT.

Penaknms xypHaja HampaBiseT aBTOpaM MpEICTAaBICHHBIX MaTepHajioB KOMUHU
peLeH3Ui WM MOTUBUPOBAHHBIA OTKa3.

Penmakuus >xypHaiia HampaBisieT KONMWHM peleH3uii B MUHHMCTEpCTBO 0Opa3oBaHMs
u Hayku Poccuiickoii deaeparnuy py MOCTYTUIEHHH COOTBETCTBYIOIIETO 3ampoca.

Marepwuaisl )KypHaJia JoCTYIHBI 1Mo JimeH3un Creative Commons «Attributiony
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IIpyMeHeHHe HHEPLUATIBHON HABUT ALMH
AJI ompeae/ieHUus1 0yKCOBaHUA
CeJIbCKOXO0351iICTBEHHBIX TPAKTOPOB
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Bseoenue. B crarbe 000cHOBaHA HEOOXOAUMOCTh ONPEIETICHHUS OyKCOBaHUS KOJEC CEllb-
CKOXO3HCTBEHHOI'0 TPAKTOPA IIPU NPOBEICHUH €r0 UCIBbITaHUH. PaccMOTpeHbl puHIMI
PabOThI ¥ KOHCTPYKITHS IPUMEHSIEMBIX IaTINKOB ONPEIeNICHUS OyKCOBAHUS BEAYIINX KO-
JieC (IBUKHUTENICH) IIPU UCTIBITAHUAX TPAKTOPOB U CEJIbCKOXO3SUCTBEHHBIX MAIllUH, OTME-
YEeHB! KOHCTPYKTHBHBIC OCOOCHHOCTU M XapaKTEPUCTHUKH PACIPOCTPAHEHHBIX JAaTYNKOB
OyKCOBaHUsI HA OCHOBE BPAILIAIOIIETOCS AUCKa C TPOPE3sIMU Yepe3 GUKCHPOBaHHBII yrodl.
IIpoananu3npoBaHbl JOCTOMHCTBA U BBIJETICHBI KIIOUEBBIC HETOCTATKU CYIIECTBYIOIIIX
JIATYUKOB: CJIOKHOCTh MOHTaXa, HEOOXOJMMOCTb U3TrOTOBJICHHS JIeTaleil KPEIICHUsI 1aT-
YHMKa MOJ{ KOHKPETHYIO MOJEIb TpakTopa. Llembro uccieoBanus sBISETCs pa3padoTka
YHUBEPCAJIBHOIO IaTYHKa OyKCOBAHUSI, KOTOPBIN JIETKO MOHTHUPYETCSI U MOYXKET HCIIOJIB30-
BaThCS MPH MPOBEJCHHN HCIIBITAHUI KOJICCHBIX U I'YCEHHYHBIX TPAKTOPOB.

Mamepuanst u memoowi. IpemioxkeHo peleHne, onpeaessoiee MOJIMKeHHE BEAyIEero
KoJIeca B TPEXMEPHOM IPOCTPAHCTBE HA OCHOBE MHEPLIHUAIbHON HAaBUTAIIMOHHOM CHCTe-
Mbl. OnMCaHbI IPUHLUITEI PAaOOTHI KOMIIOHEHTOB JJAHHOM CUCTEMBI: aKCeJIepoMeTpa, THpo-
cKora 1 MarHetomeTpa. [IpoaHann3npoBaHbl OCHOBHBIC IIPHUMEHSICMbIE MaTEeMAaTHIECKUE
1 poBbIe GUIBTPBI OPUEHTALMH ISl 00PaOOTKH «CHIPBIX» JaHHbIX.

Peszynemamer uccredosanus. Pazpaborana KOHCTPYKIHUSI yCTPOHCTBA ONpeiesICHUs OyK-
COBaHMs TPAKTOPA, OCHOBHBIM 3JIEMEHTOM KOTOPOT'O SIBJISCTCS HHEPLHUAIbHbINA JaTYHK 110-
nokeHust koneca. O60CHOBaH BHIOOP OCHOBHBIX KOMIIOHEHTOB JJATUMKA: MapKa M MOJIEITh
MHEPIHAIbHON HABUIALMOHHON CHCTEMbI, HU(PPOBON (GHUIBTP OPHEHTALMH ¥ MHUKpPO-
KOHTpoJuIep Uit (QyHKIMOHMPOBAHUS JaT4MKa. B pesynbrare uccieqoBaHui ObLT CKOH-
CTPYMPOBAH M M3rOTOBJICH JaTYMK IOJIOXKEHHs BEyILEero Kojeca Ha 6a3e HHepIHaIbHOM
HaBuranuoHHoi cucteMbl MPU-9250 u muxpoxonTpoiuiepa STM32F405. Pa3paborano
nporpammHoe obecriedenue aarunka Ha sizbike C. s 00paboTKu JaHHBIX B pealbHOM
BPEMEHH Pean30BaH NU(PPOBOH (GUIBTP Ha OCHOBE aNropuT™Ma MaKBHKA.
Ob6cyarcoenue u 3axmouenus. Jlarank OyKCOBaHHS KOJIEC TPAKTOPA Ha OCHOBE HHEPIIHATb-
HOI HaBUTAIIMOHHON CHCTEMBI JINIIEH OCHOBHBIX HEJZOCTATKOB IIMPOKO PACIIPOCTPAHEH-
HBIX JaTYMKOB BeAylux Kojec. K mpenmyiecTBam JaTunka OTHOCATCS IPOCTOTa MOHTA-
Ka, OeCIIPOBOHON CIIOCO0 Mepeaau JaHHbIX.

© ®denopenko B. @., Mumypos H. I1., Tpyouusa H. B., Tapkusckuii B. E., 2018
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Application of Inertial Navigation for Determining
the Slippage of Agricultural Tractors

V. F. Fedorenko?, N. P. Mishurov“’, N. V. Trubitsyn®,
V. Ye. Tarkivskiy’

“RosInformAgroTech (Pravdinskiy, Russia)
bNovokubansk Branch of RosInformAgroTech
(Novokubansk, Russia)

‘mishurov@rosinformagrotech.ru

Introduction. The article substantiates the necessity of determining the slippage of the
tractor wheels during testing. The principle of operation and design of the sensors used
to determine the slippage of the driving wheel in the testing of tractors and agricultural
machines are considered; design features and characteristics of common shunting
sensors based on a rotating disk with slots through a fixed angle are noted. The authors
analized advantages and key disadvantages of existing sensors, such as the complexity
of mounting and the need to manufacture the sensor mounting parts for a specific tractor
model. The aim of the study is to develop a universal slip sensor for testing wheel and
tracked tractors.

Materials and Methods. The proposed solution determines the positions of the driving
wheel in three-dimensional space on the basis of the inertial navigation system. The
principles of operation of inertial navigation system components are described. The system
consist of an accelerometer, a gyroscope and a magnetometer. The basic mathematical
digital orientation filters applied for processing raw data are analyzed.

Results. The design of the tractor slip determination device is developed. The main element
of'the mechanism is an inertial wheel position sensor. The selection of the main components
of the sensor is substantiated: name and model of the inertial navigation system, the digital
orientation filter and the microcontroller for the functioning the sensor. As a result of
the research, the position sensor of the driving wheel was designed and manufactured on
the basis of the MPU-9250 inertial navigation system and the STM32F405 microcontroller.
The sensor software was developed in C language. A digital filter was based on the
Madgwick algorithm for real-time data processing.

Discussion and Conclusions. The result of the research was the development of a sensor for
slipping the tractor wheels based on an inertial navigation system. This type of sensor is devoid
of the main disadvantages of the widely used sensors of driving wheels. The advantages of the
sensor are easy installation and method of wireless data transfer.

Keywords: slipping, testing, inertial navigation, inertial navigation system, Madgwick
filter, quaternion

For citation: Fedorenko V. F., Mishurov N. P., Trubitsyn N. V., Tarkivskiy V. Ye.
Application of Inertial Navigation for Determining the Slippage of Agricultural Tractors.
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BBenenue CTH, UMEIOIIEH HU3KHUE CLIETIHBIC CBOUCT-
bykcoBanue aBwxkuTened TpakTopa Ba (BIaXHBIH T'PYHT, 1axoTa, AOPOTra BO
WIM CAMOXOJHOM MaIlMHBI BO3HHUKAET BPEMsl HIIH ITOCTIE TOXKIIS, TOJOJE, CHET);
B CICAYIOIIMX ClyyasX: OpU TPOraHMM TIPU 3arpy3Ke DHEProcpencTna (BEHITON-
C MECTa; NpU JBWKEHUU [0 MOBEPXHO- HEHHWH padoT) U T. A. JaHHbBIH mpoiecc
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MIPUBOAUT K MOBBIIIEHHOMY HM3HOCY LIMH
WIN TYCEHML, HOTepe YIpPaBIsIeMOCTH,
nepepacxoiy TOIUIMBA U MOBPEKACHUIO
CTPYKTYpPBI IIOUBBI.

IIpu mpoBeneHWH TITOBBIX HCITBITA-
HUH TPAKTOPOB U SHEPreTUYECKON OLIEHKU
CeJIbCKOXO3AMCTBEHHBIX MAIlIMH OHUM U3
OIpEACIACMbIX II0KA3aTeNIeH TakkKe sB-
JsIeTCsl TEKyllash BeMYMHA OyKCOBaHUS
nmerxuTeneit [1]. B cooTBeTcTBHM C Tpe-
6osanuem crangapra TOCT 30745-2001",
MaKCHUMaJIbHO€ TATOBOE YCWIIME, Pa3BH-
BaeMO€ Ha KPIOKE TPaKTopa, JTOJIKHO Or-
paHMYMBATBCS HA4ajJoOM HEYCTOHYMBON
pa0oThl IBUTATENs,, WM OyKCOBAaHUEM.
IIpenenbHoe 3HaueHue OyKCOBAaHUS HE
JTOJDKHO TIPEBBIIIATH Ha Tpekax 7 % — s
I'YCEHHUYHBIX TPAaKTOpoB, 15 % — nis Ko-
JIECHBIX W TYCEHWYHBIX C 3JIaCTHYHOU
(pe3uHOBOI) TyceHHUIel; Ha MOYBEHHBIX
¢onax — 15 % u 30 % cOOTBETCTBEHHO.
BykcoBanue IBWXUTENEH ompenenseTcs

o popmyie (1):

M

5= 100, (1)

n

TJ€ 7., n,—9acTOTa BPalIeHHs BETYIIIEro Ko-
Jieca Ipy IBHKEHUH TPAKTOpa 0e3 Harpy3Ku
W C Harpy3Koil Ha KpIOKE COOTBETCTBEHHO
TIpY OJTHOM U TOM K€ JIJTMHE TOHA, MHH .
Kak mpaBwuiio, onpezeneHue OykcoBa-
HHUsI TPAKTOpa HE OTPAHUYMBAETCS OIpe-

JACJIICHUEM 6y1<COBaHI/ISI OJHOI'0 JIBHXXHUTC-
JIs1, @ BBIYUCIIACTCA KaK CPCAHCC 3HAYCHUC

o popmyre:
S
6=—- 2(51‘)’

n g

2)

rme 6 — cpemHee OyKCOBaHHE MO BCEM
JIBUKHUTEIISIM; /I — KOJTMYECTBO JBMKUTE-
neit; 8, — OyKCOBaHHE i-TO JABMKHTEII.

‘YcTaHOBKA IOTIOTHUTEIBHOTO YCTPO-
CTBa TO3BOJISIET OMNPEENATh BEIMUUHY
kod¢pdunrenTa OyKCOBaHUS HEMOCpes-
CTBEHHO B Tpolecce IBWXeHus. Paspa-
0OTKa TaKOTO YCTPOMCTBA OMpeIeTeHHS
ko3 durmeHTa OyKCOBaHUS  SBISCTCS
BaYKHOM 3ajaueil IpU UCHBITAHUSIX TpPaK-
TOPOB M CaMOXOJHOM CEJIbCKOXO34MCT-
BEHHOM TEXHUKHU. YCTPOMCTBO [IOJIKHO
OTIpeeNATh TEKYIIYI0 BEIUYHHY OyKCO-
BaHUS JIBIDKWTENIEH BHE 3aBUCUMOCTU OT
uxX Tuma (Kojieca, TYCEHHUIIbI) U KOJIeCHOU
(bopMyJIBI IPH ABHKCHUU TPAKTOpA C pas-
JINYHOU HArpy3KOM.

0030p TuTEpPaTYpPHI

Kak mpaBuio, 3amauy orpeneneHus
Kod(duimenTa OyKCOBaHUS JBIKHTEIEH
pelarT TPaAUIIMOHHBIM CITIOCOOOM — yCTa-
HOBKOH JIaTYMKa OTPEAEIICHUs yIJia TOBO-
pota Kosteca tpakropa’> (puc. 1) [2-4].

OCHOBHBIM 3JIEMEHTOM TaKOTO JaaT-
YHKa SBISETCS JUCK C (Ppe3epOBaHHBIMU
yepe3 OAMHAKOBBIM yroil BbIpe3aMu /.
B OonpmuHCTBE CIy4yaeB JUCK nMeeT 24

'TOCT 30745-2001 (MCO 789-9-90) « Tpaktopsl cesibckoxo3siiicTBeHHbIe. Onpe/iesieH e TATOBBIX MO~
Kazarenein». M. : UzgarensctBo cTtangapros, 2002. 11 c. URL: http://docs.cntd.ru/document/1200030187
2 Tapau . A., Tapau A. JI. YCTpOHCTBO JJIsl ONIpeIe/ICHUs] OyKCOBAHUS KOJIECHBIX TPAKTOPOB C OJI-
HoOW Bemymiel ockio // KoHuenuuu ¢pyHIaMEHTaNbHBIX M MPUKIATHBIX HAyYHBIX HCCIEAOBaHUU : cO.
crareit MexxayHap. Hayd.-nipakT. koH}. Kazans : Drepna, 2017. C. 56-58. URL: https://elibrary.ru/item.

asp?id=28374134

3 Jlonapes A. A., Komkun A. C. VccrnenoBanue OyKcoBaHH s BEAYIHX KOJIEC TPAKTOpa B TPAHCIIOPT-

HO-TEXHOJIOTHYECKOM CeJILCKOXO03HCTBEHHOM arperare // YiydIlleHne SKCILUTyaTallMOHHBIX MOKa3aTeneit
CeNTLCKOXO3SHCTBEHHOM dHepreTHKH : Mar-Iibl [X MexayHap. Hayd.-mpakT. KoH(. «Hayka — TexHoio-
rust — PecypcocOepexenue». Kupos : Barckas [[CXA, 2016. C. 158-161. URL: https://elibrary.ru/item.
asp?id=27287773

* Benriiuncekuii A. M. Kortponb GykcoBaHUs KOTECHBIX TPakTopoB MT3 mpu BO3/IEIBIBAHUH CEllb-
CKOXO3SIUCTBEHHBIX KYIbTYp // VYiydIlleHHe OSKCIUTyaTaIl[MOHHBIX ITOKa3aTeNied CeIbCKOXO3STHCTBEHHON
9HEPreTUKH : MaT-116I [V Mexaynap. Hayd.-nipakT. KoH}. «Hayka — Texnomorust — PecypcocoepexeHue».
Kupos : Bsarckas [CXA, 2011. C. 10-12. URL: https://elibrary.ru/item.asp?id=28937268

5 Jlonapes A. A., Komkun A. C., ®acxyraunoB M. X. HccrenoBanue mpoiiecca OyKCOBaHHUs Tyce-
HUYHO-KOJICCHBIX TIPOIIAIIHBIX TPAKTOPOB // YIIydIlleHHe HKCIUTyaTallMOHHbIX OKa3aTeseH CellbCKOX03sIi-
CTBEHHOH »HepreTuky : Mar-ibl VII MexxayHap. Hayd.-ipakt. koH}. «Hayka — Texnomorus — Pecypcoc-
oepexenne». Kupos : Bsarckas ['CXA, 2014. C. 154-157. URL: https://elibrary.ru/item.asp?id=27464943
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wm 36 BbIpe30oB. COOTBETCTBEHHO, TOY-
HOCTb (IMCKPETHOCTD) aTYHKa COCTABIISIET
15° wm 10°. J{uck coequneH TuOKoid Mmyd-
TOH CO CTyIULEH Kojleca U BpalaeTcs: BMe-
cte ¢ Heil. Kopryc maramka 3 (pukcupyercs
HenoaBIKHO. CKOPOCTh BpAIIEHUS JTHCKA
W, COOTBETCTBEHHO, JBIKHTEIS OIIpese-
JSIETCSl KOJIMYECTBOM DJICKTPHUYECKUX HM-
MyJbCOB 32 €AWHUILY BpeMEHH, (HOpMHpY-
€MBIX BJIEKTPOHHOM CXEMOH JaTduka Ipu
MPOXOK/ICHUH BBIPE30B Uepe3 ONTHUECKYIO
napy 2. DIeKTPUIeCKAE UMITYIIbCHI OT JaT-
YHKa TepealoTcsl TI0 MPOBOAaM U (DUKCH-
PYIOTCSI B MIBMEPHTEIBHON MH(POPMAIMOH-
HOMH cHCTeMe, TIIe OIpeeTIsIeTCsl X MePHOLT
(KOMMYECTBO 32 HEKOTOPBII BPEMEHHOM HH-
TepBal), a TAKKe PACCUNTHIBACTCS YIIOBas
CKOPOCTb U 4acTOTa BPaILCHUsI POTOpa JaT-
YHKa U, COOTBETCTBCHHO, JIBHKUTEIIS.

Pwuc. 1. YerpolicTBo narunka OyKCcOBaHUS KOJIEC:
1 — uck ¢ BeIpe3amu; 2 — ONTHYECKas 1apa;
3 — KopImyc AaT4uka

Fig. 1. Wheel slip sensor design:
1 — cut-out disk; 2 — optical pair;
3 — sensor body
HpI/I HUCIIOJIB30BaHHUN JaT4YHWKa TaKoO-
o THUIIa 6y1(COBaHI/IC PACCUUTHIBACTCSA 110

hopmyite:
= 1 1
5:—-2 1-K;,-—

noig kei

100, (3)

rae 0 — Tekyuiee OyKCOBaHHE BCEX BEILy-
IMX KoJsec, %; n — KOJIMYECTBO ABHIKUTE-
nei; K — KanuOpoBOYHBIH KOO PUIIMEHT
OyKCOBaHHUS 1-TO JIBHKUTENS, IMOTydYeH-
HBIH 0 dopmyne (1) mpu mpoesae Tpak-
TOpa 10 OTMEPEHHOMY Y4YacTKy C POBHBIM
TIOKpBITHEM O€3 Harpysku; [ , — Konmmde-
CTBO HMMITYJIbCOB, MOJIyYEHHBIX C JaT4yu-
Ka I-r0 BEIYIICro Kojeca 3a 3adaHHBbINA
MHTEPBAJ BPEMEHH, UMII; [  — KOJIMYECT-
BO HUMIIYJbCOB, IIOJIyYEHHbIX C JaT4UKa
IIPONUJIEHHOTO ITyTH.

B kawectBe paruuMka NPOWJIEHHOTO
IyTH HCIONB3yeTCs 5-€ Kojeco, AOMNOJ-
HHUTEJIBHO YCTaHOBJICHHOE Ha TPAKTOPE.

B ncnbltarensHbIX HEHTpax AJIsl 1po-
BEJICHUSI UCIIBITAaHUH TPAKTOPOB M CEJlb-
CKOXO34MCTBEHHON TEXHUKH IIHPOKOE
pacnpocTpaHeHHe MoaydIusIa U3MEepUTeIIb-
Hasi uHpopMmannoHHas cucrema UI1-264°.
B KOMIUIEKT JaHHOW CHCTEMBI BXOIST
JaTYUKU 000POTOB /1JIsl U3MEPEHM S HaCTO-
THI BpameHus Bemymux komec MIT-268

(puc. 2).

P u c. 2. Hatuux o6oporos UI1-268
Fig. 2. IP-268 speed sensor

JInst yCTaHOBKM JJaT4YnKa Ha MCHBITHI-
BaeMBIN TPAKTOP HEOOXOAUMO COOIIONATh
oTpe/ieNiCHHbIC TPEOOBAHNSI:

— JIaTYHUK JOJDKEH OBITH 3aKperieH
Tak, 4ToObl M30€XaTh BpaIICHHUS €ro
KopITyca;

¢ ®enopenko B. @., Tpyounsin H. B. CoBpeMeHHbIe HHPOPMAILMOHHBIC TEXHOJIIOTUH TIPH HCIIBITA-
HUSIX CETbCKOXO3AHCTBEHHON TEXHHMKH: Hayd. aHAIUT. 0030p. : MoHorpadus. M. : ®I'BHY «Pocundop-
marpotex», 2015. 140 c. URL: https://elibrary.ru/item.asp?id=26212773
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P B

P u c. 3. Monrax narauka UI1-268 na tpakropax New Holland t9.505 n Case STX-500
Fig. 3. Installation of IP-268 sensor on New Holland t9.505 and Case STX-500 tractors

— JoIbKHA OBITh obecriedeHa THOKast
CBSI3b MEXK/Y CTYIHIICH KoJieca U POTOPOM
JaT4MKa JUIst Tiepeiadyl BpalleHus Kojeca.

Jna pemenus mepBoi 3ajgadu U3ro-
TaBJIMBAIOTCS IITAHTU-(PHUKCATOPHI, yCTa-
HaBJIMBJINBACMbIC Ha TPAKTOP U YKECTKO
¢uxcupyromue naryuku (puc. 3). [mas-
Has CJIO)KHOCTH 3aKIIFOYaeTcs B HE0OXo-
JMMOCTH M3TOTOBJIEHHS IITAaHTH-(UKCa-
TOpa MO KaKAYI0 KOHKPETHYIO MOJIEIb
TpakTopa. B HEKOTOpHIX cCirydyasx s
YCTaHOBKH INTaHTU-(pUKcaTopa Tpeldyer-
Csl TaKKe TOATOTOBHUTH HCIIBITHIBAEMBIN
TPaKTop, HApUMep, MPOCBEPIUTH OTBEP-
CTHS JJIS1 KperesxKa.

Jns  mepenaum  BpalleHHs —Kojeca
K JaTYUKY NPUCOECTUHAIOT 'MOKUE MIJIaH-
T C KPENeKHOW CKOOOW WM HUOAMMO-
BBIM MarauToMm (puc. 4).

12

Pwuc. 4. Jarauk UII-268 ¢ mydToif Ha OCHOBE
HHOAUMOBOTO MarHUTa

Fig. 4. IP-268 sensor with a coupling based
on niodymium magnet

Jna mepenauu curHana oT JaTyvka
UCIIONIB3YIOTCSl MH(OPMAMOHHBIE Kade-
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JM, KOTOpBIE IOJDKHBI OBITH aKKypaTHO
YAOXKEHBI Ha TPAaKTOpe, YTOOBI HE CO3/a-
BaTb IIOMeX OOCIy>KMBAIOLIEMy Hepco-
HaJly ¥ o0ecreuyuBaTh HaJEXKHYIO CBS3b
MEXJy JIaTYMKOM M M3MEPHUTEIbHOW HH-
(hopMaIMOHHON CHCTEMOI.

AHaln3 UCTOYHHUKOB MOKa3aj, 4To 3a
pyOeKOM TPUMEHSIOTCS JaT4uKd OyK-
COBaHMsI JJIsl  CEJIbCKOXO35HCTBEHHON
TEXHUKH C KOHCTPYKIMEH, aHaJIOTMYHOU
poccuiickoii. B kadecTBe yCTpoOiCTBa,
CUUTAOLIETO 000POTHI JABUKHTEIS, MPHU-
MEHSIIOTCSl pa3IMYHbIe YHKOAEPHI [5] miun
MbE30AJICKTPUUECKUE NaTyuku [6—8]. 3a-
PYOEeKHBIM AaTyrKaM OyKCOBAaHHSI MPHUCY-
1Y T€ € HEAOCTATKU, YTO ¥ POCCUIICKUM:
HEOOXOIMMOCTh HETIOJIBHKHOTO 3aKperiie-
HUSI KOpITyca JIaTYrKa, MpoKiaaka nadop-
MAaIMOHHBIX KaOeJeH.

B pabore A. Bunko’ mnpemnaraer-
Csl KOHCTPYKIHS SKCHEPUMEHTAIBHOTO
JaTyvKa JUIs OIpeneieHus: OyKCOBaHMA.
OHn npencrasinseT co00i yCTaHOBICHHBIH
Ha KOJIECO TPEXOCEBOI aKceIepoMeTp IS
¢uKcauuy M3MEHEHHsI BEKTOpa CHIIBI TS-
JKECTU U TOCIICAYIOIIET0 pacyera CKOpo-
CTH BparieHus koieca. s oOpaboTkm
MIOKA3aHUM IpenIaraeTcsi HCIOJIb30BaTh
pacummpennsiii punsTp Kanmmana. Otme-
YeH HeJOCTaTOK MCIOJIb30BAHUS aKcese-
pomeTpa: QuKcanys BUOpaMK KoJeca BO
BCEX IUIOCKOCTSIX HPUBOAMUT K OOJNBLION
omunoOKe 1pu BerYHcIeHUsx. OOpaboTka
JAHHBIX IOCJIE 3KCHEPUMEHTa IPOHCXO-
JUT HA TIEPCOHAIILHOM KOMITBIOTEpE, UTO
MCKJIIOYaeT MCIIOIb30BaHNE TaKoTO pelle-
HUSI B PEKUME PEaTbHOTO BPEMEHH.

Takum oOpaszom, npoOiema orpene-
JeHust OyKCOBaHHUSI TPakTopa IPH HCIIbI-
TaHusix B Poccun u 3a pyOexom pemraer-
csi 00OpyIIOBaHHEM TPAKTOPa JAaTYUKaMHU
OTIpE/ICNICHHsT YIVIa TIONIOKEHHUST BEILYIIHX
KoJIeC (IBMKUTENEH), UTO SIBISIETCS JOCTa-
TOYHO TPYHOEMKOW 3azadeid, Tpedyromen
BBICOKOH KBaJTM(UKALMHU IIEPCOHAIIA U 3HA-
YUTEITLHOU TTOATOTOBUTEIHHON paOOTHL.

Llenpto uccnenoBaHuil gBIAETCS pas-
paboTka YHHBEPCAIBHOTO JaT4nuka OyKCo-
BaHMS, KOTOPBIA JIETKO YCTaHaBIMBACTCS
Ha TPaKTope W HEe TpeOyeT TPyAOEeMKOH
TTOJITOTOBKH TIPH TIPOBEICHUH UCIIBITAHUH.

MarepuaJjibl 1 METOAbI

CylecTByIOmMe METOAbl Ompeae-
neHus OykKcoBaHUSI TPeOyIOT H3MepATh
YacTOTY BpalleHus ABmwkutens. Ha oc-
HOBAaHWM ITUX JAHHBIX PACCUHUTHIBACT-
Cs TEOPETUYECKUM INPONUIEHHBIA IyTh
U cpaBHMBaeTcs ¢ (PaKTUYSCKU MPOii-
JNICHHBIM PACCTOSIHUEM 3a €IUHUILy Bpe-
MeHH (3). Bparienue ABMKUTENS MOKHO
BBIUMCIIATH, OTPENCITUB W3MEHEHHE €ro
MOJIOKEHUSI B TIPOCTPAHCTBE IyTEM He-
MIPEPEIBHOTO HM3MEPEHHS yIia OTHOCH-
TETHHO OCHU BpAIICHUS (CTYIHIIBI).

Pewienue 310 3a1a41 BO3MOXHO C I10-
MOIIbIO HOBEHUIIIeH TEXHOJIOT U — HHEPITU-
anpHON HaBHuraruonHou cucteMsl (MHC).

WHC mnpenna3HadeHbsl A1 OIpene-
JICHUS TIOJIOKCHHS Tella B MPOCTPAHCTBE
U UMEIOT IIPEUMYIIECTBO B BUC MMOTHON
ABTOHOMHOCTH: U3MEpPSEeMbIil 00BEKT HE
OTpaHUYECH KOHKPETHOU Cpenoil, pacmo-
JIO)KCHWEM, HalpaBICHHUEM JBW)KEHUS.
HMHC coctouT u3 akcenepomeTpa, THPO-
CKOTIa W MarHUTHOTO KomIiaca (MarHe-
TOMETpa), TO3BOJSIOMIUX OTCICKUBAThH
BpallaTeabHble U MOCTYIATEIbHbIC BU-
xenust. s ompeneneHWs KOOpPAMHAT
B TPEXMEPHOM IPOCTPAHCTBE OCH JaTYH-
KOB PacCTOJIO’KEHBI B3aMMHO TTEPICHINKY-
nsapuao. CoBpemennsie ycrpoictBa MHC
TaKKe BKJIIOUAIOT B ce0sl TPEXOCHBIN Mar-
HUTOMETp, OINPEACISAIOMUNA MOJIOKEHUE
M3MEPSIEeMOT0 00BEKTa B TOPU3OHTAIIBHOM
TUIOCKOCTH (OTHOCHUTEIFHO TIOBEPXHOCTH
3emutn), — aHajor kommaca. MHC ucmons-
3YIOT CHCTEMY OTYeTa, M3BECTHYIO KaK
«Kypc, TaHTax, kpen» (AHRS — Attitude
and Heading Reference Systems), u B co-
CTOSTHUM O0ECTIEYHThH IOJIHOE M3MEPEHHE
OpHEHTAIIMA OTHOCHUTEIIEHO CHIIBI TSDKeE-
CTH ¥ 36MHOTO MarHUTHOTO TToJis (pHc. 5).

7Vinko A. Wheel sleep detection by using wheel-mounted inertial sensor // 31" Danubia-Adria Sym-

posium : Kempten University. 2014. P. 2.
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Kypc /
o 5o A

TaHrax /
Pitch

KpeH /
Roll

P u c. 5. Yrbl, onuceiBaromye n3MeHeHNE
MIOJIOKEHHUS TeJIa B TIPOCTPAHCTBE

Fig. 5. The angles describing the change
in the position of the body in space

AKcenepoMeTp U3MeEpsIeT YCKOPEHUE,
JICHCTBYIOIIEE HA JIaTUYUK, ¥ TaKUM 00pa-
30M MOJY4YaeT MPOEKLUHUIO Telda OTHOCH-
TEJIHHO 3eMJIM — OTKJIOHEHHE (BpallIeHHUE)
Mo ocu X W OTKJIOHEHHWE (BpaIleHHE) TI0
ocu Y. 3amMeTuM, 4TO BpaIlCHHE IO OCH
Z 1O JaHHBIM aKCeIePOMETpPa IMOIYUHUTh
HEBO3MOXKHO.

Bpamenue no mo6oit u3 oceit Koop-
JIMHAT MOXHO OIPEIEIUTh C IMOMOLIBIO
TUPOCKOIA. DTOT JATIYMK U3MEPSET YIIo-
BYIO CKOPOCTh, T. €. CKOPOCTh TIOBOPOTa
BOKpYT ocH. [Ipu 3TOM noka3aHus CHIBHO
3aBHCAT OT 00pabOTKH TOTy4YaeMbIX JIaH-
HBIX: YeM OOJIbIlIe CKOPOCTh OIpoca, TeM
0O0JIbIlIe TOYHOCTH pe3yabTaToB. Kaxmbrii
ONpOC AaTYUKa AAET MCHOBEHHBIC 3HaYe-
HUS YITIOBOH CKOPOCTH, OJHAKO MEXKIY
OTIpocaMu JaHHAs CKOPOCTh MOXKET OBITh
HepaBHOMepHO. Kpome »Toro, HeoOxo-
JIUMO 3HaTh TOYHOE BPEMsI MEXIY OMpo-
CaMHM JaTyuKa JJisi HHTETPUPOBAHUS J1aH-
HBIX I10 YIUIy [IOBOPOTA.

Jns dukcaiuu BpalieHus 1Mo ocu Z
MOIXOAUT MArHUTOMETP — JaT4uK, HU3-
MEpAOLIMNA MarHuTHOE noJie. M3BecTHO,
YTO 3eMJIsI UMEET CBOE MarHUTHOE IOJIE,
Y MarHUTOMETP B POJIM KOMIIaca CIOCO-
OeH ompeneNnTh HAalpaBJIeHNEe Ha CEeBEp.

brarogapss cOBpeMEHHOMY YPOBHIO
Pa3BUTHS TEXHOJOTUN M3TOTOBJICHUS MU-
KPOCXEM BCE TPHU JaT4yMKa KOMIIOHYIOTCS
B OJIHOM MHUHHUATIOPHOM YCTPONCTBE, KO-
TOpOE MONYYWIO Ha3BaHUE MHUKPOIIIEK-
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Tpomexanuueckoe ycrpoiictBo (MEMS),
4yTO no3BoJisAeT ucmnonab3osate MHC B ca-
MBIX Pa3JIMYHBIX 00IACTSIX.

B narunkax, n3MepsoUIMX IPOCTpaH-
CTBEHHOE TepEeMEIIEeHNE, HUCIOIb3YIOTCS
MOJIBM)KHBIE MacChl B KauyeCTBE YYBCT-
BUTENBHBIX 271eMeHTOoB. [lon nelictBuem
CHJI MHEPLUH, BO3HUKAIOIIUX MPH H3MeE-
HEHWU T1apaMeTpPOB ABMXKCHUS OOBEKTa,
Takasi Macca IEepEeMeIlaeTcsl Ha OIpere-
JICHHYIO BEJIMYUHY, KOTOpas H3MEpSeTCs
u TpeoOpaszyercs B IJIEKTPOHHBIM BUJ.
MEMS-akcenepoMeTpsl yCTPOEHBI TAKHM
00pa3oM, YTO OTHENUTH APYr OT Apyra
cocTaBHbIC 4YacTu (TPY3HUK, MOJBEC, KOP-
myC ¥ OOKJIaIKW KOHJEHCATOpa) TPaKTH-
YeCKH HEBO3MOXKHO [9]. OTH ycTpoiicTa
OOBIYHO H3rOTaBIMBAIOT HAa KpeMHHe-
BOH MOJIOKKE C TOMOIIBI0 TEXHOJIOTHH
MHUKpOOOpaboTku. TumuuHele pasmepbl
MHUKPOMEXaHHUUECKUX 3JIEMEHTOB JIEXKAT
B auamna3one ot 1 MM 10 100 MxMm, Torma
KaK pa3Mephl KPUCTaJUIa MHUKPOCXEMBI —
oT 20 MkM 10 1 MM.

PaboTa axcenepomMeTpoB, HCHONB3Y-
emplx B MEMS-Mukpocxeme, ocHOBaHa
Ha KOHJeHcaTopHoM mnpuHuune. Ilox-
BI)KHASI 4aCTh CHUCTEMBbI — KJIACCUUYECKUN
rpy3uK Ha nozasecax. [Ipu Hanmm4ynm ycko-
pEeHMSI TPY3UK CMEIIaeTcs OTHOCUTENBHO
HETOJIBM)KHOM yacTu akcenepomerpa. O0-
KJIaJKa KOHJAEHCAaTopa, IpPUKPEIJICHHAS
K IPY3HKY, CMEIIAETCsI OTHOCUTEIBHO 00-
KJIAJKA Ha HETTOIBIDKHOM yacTu (puc. 6).
EmKkocTh MeHsieTcs, Tpu HEM3MEHHOM
3apsifie MEHseTCs HalpsbkeHHe — 3TO M3-
MEHEHHE MOXHO MU3MEpPUTh U PacCUnTaTh
cMmeneHue rpysuka. Ilocme storo, 3Has
Maccy Tpy3uKa M IapaMmeTpbl IojBeca,
JIETKO HAWTH yCKOPEHHUE.

B MEMS-Mukpocxemax peann3oBaH
eIle OJIMH JAaTYMK — JIEKTPOHHBIN TUpo-
ckon. [lpuHImMn paboTBl BIEKTPOHHOTO
THUPOCKOIA 3aKJIIOYAeTCsl B H3MEPEHUHU
cunbl Kopuonuca, neicTByromend Ha ak-
TUBHBII JIEMEHT BHYTPU JaTUHKa.

s peanuzauuu  MarHUTOMETPOB
WCIOJB3YeTCS aHW30TPOITHAS MAarHuT-
HO-pEe3UCTUBHAsl TexHosorus. llpuHiun
paboThl TaKUX AATYMKOB OCHOBAH Ha U3-
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P u c. 6. Cxema 3IEKTPOHHOTO aKcelepoMeTpa
Fig. 6. The scheme of an electronic accelerometer

MEHEHHUH COIPOTHBIICHHUS] TOHKOH IMOJIOC-
KM (eppOMarHUTHOTO Marepuayia MoJ
JIeCTBHEM BHEITHEr0 MarHWTHOTO IO,
HEPIIEeHINKYISIPHOTO HAPABICHUIO TOKa,
MIPOXOJIAILETO 10 ATOU MOJIOCKE.
AxcenepoMeTp, THPOCKOII W MarHero-
METp O OTACIBHOCTH HE JAl0T IIOJHOIO
HaOopa JaHHBIX, 110 KOTOPHIM MOYKHO OTIpe-
JICTIATH OPUEHTALMIO TeJla B IPOCTPAHCTBE,
HO COBMECTHOE HCIIOJIb30BaHNE JAHHBIX
TO3BOJISIET JIOOUTBCS BBICOKOW TOYHOCTH.
Jnst 00paboTKY JaHHBIX OT aKCeIepoMeTpa,
THPOCKOTIA ¥ MarHeToMeTpa IMpUMEHSIeTCs
CIICIAATI3UPOBAHHBIA TU(PPOBOM (DUITBTP —
GuIBTp OpueHTaryy. 3a/1a49a JaHHOTO (DHITh-
Tpa COCTOHT B BBIYMCIICHUH SMHOM OIICHKH
OPHEHTAITHH, TIOTYIEHHOH ITyTeM 00BEUHE-
HUS 1 00pabOTKHU JIaHHBIX aKCEJIePOMETPa,
THPOCKOIa ¥ MarHUTOMETPA.
BoNbIIMHCTBO  (MITBTPOB OpUEHTAIINH
MIOCTPOCHBI HA HCIIOJIB30BAaHUN (PUITBTpa
Kamvana [10]. Jlaaabrit GuiasTp sSBISETCS
TOYHBIM U A(P(EKTUBHBIM, OIHAKO HUMEET
pan HemoctatkoB. OH CIIOKEH B pea-

3al1M, TOCKOJIBKY JIMHEWHas perpeccus
UTEpaly, KOTOpasi SBISIETCS OCHOBOIIO-
JIArafoIIMM KOMITOHEHTOM JUISL TIPOLIECCOB
Kanmana, a Taxxe TpeOOBaHMS K 4acToTe
JUCKPETH3AIlNH, 3HAYUTESIHHO TOBBIIIAIOT
TpeOOBaHUSI K BBIYUCIUTENBHON MOIIIHO-
ctu® [11-12]. OTHOIIIEHKE, OMUCHIBAIOIICE
BpAIIAIONIyIOCsS KHHEMAaTHKy B TpeX W3-
MEpEeHHsX, KaK MpaBwiio, TpeOyeT OobIie
BEKTOPOB COCTOSIHUS U PeaTN3aliiy PACILIH-
pennoro ¢unsrpa Kanmmana. TpeGoBanme
CYLIECTBEHHON BBIYMCIMUTEIBHONW MOILHO-
cTi Ans peanmzanmu pemeHnii Kaiamana
ABIAETCS OCHOBAaHMEM JJIsI peau3aluu
AIBTEPHATUBHBIX perieHui [13—-14].

OnHUM M3 TPOCTHIX (QUIBTPOB OPH-
EHTAllUN SIBISIETCS KOMIUIEMEHTApHBIH
anbda-6era unerp. JaHHBI QUIBTD
MPUMEHSETCS K JIByM BEITUYMHAM, U3MeE-
pseMBIX pa3HBIMHM JaT4yUKaMH, U KOp-
PEKTUpPYeT OAHY M3 HUX TaK, YTO OHa
MEJIEHHO CTPEMHUTCA KO BTOpOi. B u3-
MEPUTEIBHOM LHKIIE QUIBTP peanu3yer-
Csl CJICAYIOLIMM 00pa3oM:

8 Lefebvre T., Bruyninckx H., De Schutter J. Nonlinear Kalman filtering for force-controlled robot
tasks : A monograph // Springer Tracts in Advanced Robotics (STAR), 2005. Vol. 19. URL: https://elibrary.

ru/item.asp?id=19587769

Processes and machines of agroengineering systems

15



%’ BECTHHUK MOPJOBCKOI'O YHUBEPCHUTETA

Tom 28, Ne 1. 2018

_ Al-k+A2
k+1

rme Al — mokazaHHWS TIEPBOTO JATUHKA;
A2 — moka3aHus BTOPOTO JaTYnKa; k — KO-
spdunent Bnusaus 42 va A1, k> 1.

IIpu sTOM BiIMsIHME BeNMUYMHBI A2 Ha
Al TpoONOpPHMOHAIBHO pa3HUIE MEXIY
HUMH ¥ ompenensercs kodddumen-
ToM k: 4eM Oojbie kod(pduimeHT, Tem
cnabee BIUSHUE.

Hexotopble pelieHuss OCHOBaHBI Ha
HEeYeTKoH 00paboTKe AaHHBIX WM Ha PUK-
canuu QuIBTpa B TMOJB3Y aKcelepoMeTpa
JUISL OIPENIeSICHNS] OPUCHTAMU Ha MajbIX
VIJIOBBIX CKOPOCTSIX M HMHTETPHUPOBAHUS
M3MEpEHUl THUPOCKONa TNpH OOHApyKe-
HUU BBICOKUX YIJIOBBIX CKOpocTel. Takoit
TTOJTXO]] TIPOCT, HO MOYKET OBITH d(pPeKTrB-
HBIM TOJIBKO IIPY OTPAHUYECHHBIX YCIOBHAX
9KCIUTyaTali. MHOTHE HCClleioBaTen
npeyIaraiy anbTepHATUBHBIN OAXO, TPU
KOTOPOM (DMIIBTP AOCTUTAET ONTUMAJIBHO-
r0 CHMHTE3a JAHHBIX M3MEPEHUI Ha BCEX
yYIIOBBIX cKopocTax [15]. Tem He meHee
nporecc TpedyeT anmpoKCUMAIMd METO-
JIOM HAaWMEHBIIUX KBaJpaTOB, YTO TAKXKe
JNO0aBIseT BBIYUCIMTENIBHOW Harpy3KH.
[Momyuun pacpocTpaHeHNe BapUAHT KOM-
TUIEMEHTApHOTO (GHIBTpa MaXoHH, KOTO-
PbIii, KaK MOKa3bIBAET IPAKTUKA, SBIISETCS
3 (eKTUBHBIM M JEHCTBEHHBIM PEIICHH-
eM [16]. OnHako ero TOYHOCTh MOIXOAUT
tonbko it THC 6e3 marauTomerpa.

[npoko ucnosb3yercst Takxke GUIBTP
opueHTanmu, paspadoranabiii C. Mamxk-
Bukom’® [17]. JlaHHBIH HUIBTP HE TaK Tpe-
OoBarelleH K BBIYHCIHTENBHBIM pecyp-
caM M 00ecreurBaeT BHICOKYIO TOUHOCTh
Ha HH3KHMX YacTOTax OIPOCOB aKceie-
poMmeTpa, THPOCKOIAa M MarHeToMeTpa.
B ocHoBy peanu3zaunu GuIbTpa MOJ0KEH
ITOPUTM ONTHMHU3AIMA METOJIOM Tpa-

Al 4)

JUEHTHOTO CIYCKa, JOCTATOYHO MPOCTON
B peayin3anuu U BeraucieHusx. Cymecr-
ByeT peanu3aius GUIbTpa Kak Ha OCHOBE
JTAHHBIX aKCEIEPOMETPa M THPOCKOTIIA, TAK
1 Ha OCHOBE JJAaHHBIX aKCeJIepoMeTpa, TH-
pocKoIia 1 MaraeTomeTpa (puc. 7).

Ha Brixome ¢unbrpa MomkBrKa MO-
Jy4aeTcss HOPMaJIM30BaHHBIA KBaTep-
HHAOH — YETBHIPEXMEPHOE KOMILUIEKCHOE
YUCII0, KOTOPOE MOXKET OBITH MUCIOJIB30-
BAaHO IS TPEACTABICHHUS OPUEHTAINH
OCTPOKOHEYHOTO Tejla MJIM KOOpJAMHAT
B TpexMepHoM npoctpancTse'’. M3 kBa-
TEpHHUOHA JIETKO TOJNYyYHUTh BCE YIIIHI,
OTIMCHIBAIOIINE TTOJIOKEHUE TeJa B MPO-
cTpaHcTBe (Kypc, TaHTaX, KPEeH).

Tanrax (rpam.) BEIYUCISIETCS 110 Gop-
MyJIe:

pitch = arcsin(-2 - (g1 - g3 —¢0 - ¢2)), (5)

rme ¢0, g1, g2, g3 — 3HaUECHUS KOMIIOHCH-
TOB KBaTepHHOHA.

Pe3ynbTarhl uccae10BaHus

boula  paspaboraHa  KOHCTPYKIHMS
W M3TOTOBJEH JATYMK IOJOXKEHHS ABH-
KuTens Tpaktopa (puc. 8). OCHOBHBIM
anemMeHToM nardyuka sieigercs MHC Ha
ocHoBe MEMS-mukpocxembr MPU-9250.

MPU-9250"! — mukpocxema pa3mMepamu
3x3x]1 mM. B xopmyce ycrpoiictBa 00b-
€IIMHEHBI JIBa KpUCTaJlia: Ha OJHOM pa3Me-
LIEH TPEXOCEBOM TMPOCKOIl U TPEXOCEBOH
AKCEJICPOMETP, a Ha BTOPOM — TPEXOCEBON
MarautomeTp AK8963 dhupmer Asahi Kaisei
Microdevices. JlaHHbIE ¢ TMpPOCKOIa, aK-
celiepoMeTpa MU MarHuTOMeTpa Oonudpo-
BBIBAIOTCS BCTPOCHHBIM |6-OUTHBIMU
aHaJoro-uupoBbIM  IIpeoOpa3oBareseM,
00pabarsiBatoTCsl MH(POBBIM  ITPOIECCO-
pom DMP (Digital Motion Processor) dup-
MEeHHBIMH anroputMamMu Motion Fusion
U TIEPEJIAtOTCs BHEITHEMY YIIPABIISIOIIEMY
ycTpoiicTBy 1o muHe qanabix [°C nm SPI.

® Madgwick S. An efficient orientation filter for inertial and inertial/magnetic sensor arrays. URL:
http://x-i0.co.uk/res/doc/madgwick internal report.pdf

"Kouseit k. X., Cmut [I. A. O KBaTepHHOHAX M OKTaBax, 00 KX FeOMETPHH, apU(PMETHKE 1 CHMMe-
tpusx. M. : MITHMO, 2009. 184 c. URL: http://www.vixri.com/d/Konvej%20Dzhon%20X.%20 0%20

kvaternionax%?20i%20oktavax.pdf

1 MPU-9250. Product Specification. Revision 1.1. URL: https://www.invensense.com/products/mo-

tion-tracking/9-axis/mpu-9250
16

Hpoueccw U MAuHbl ACPOUHICEHEPHBIX CUCmEM



MORDOVIA UNIVERSITY BULLETIN Mj

Vol. 28, no. 1. 2018

191y YOIMIPEIA [[N] & JO WeiSelp 300[q oY, "L ‘S 1 4
eIUDKIE ed 19U OIOHIOL BWAXO-MOI] */ 0 U

Na ,:Jm, odoosordn

"D 19)OUI0I0[000Y

W, 1939W0JOUTRIN

1-- wﬁgbm
r 3 3 S5 Y
b sop. G
151 — wg3m,\AH: b ~le
b I
N Q:OHO .................
h 4 m
: Y
H|:. ” -
E.wv 1pd @ Hpdz Ly -
FA | " s
—
> ‘7 I-1189R H 1 (1-21525F, 790
N (W, b3 A U9 b3l |,
F 3
mﬁ dnoir)
: ﬁ v oo M+l o g
: 3
- > I-1159H o 1 1-1"159RH
> *@v @ @ @m <

Processes and machines of agroengineering systems



% BECTHHUK MOPJOBCKOI'O YHUBEPCHUTETA

Tom 28, Ne 1. 2018

P u c. 8. Mnepuuanbhblii qaTunk OykcoBanus Tpakropa UI1-291
Fig. 8 IP-291 inertial wheel slip sensor

Jlarunk OyKCOBaHUSI COCTOMT U3 Clie-
JYIOLIUX OCHOBHBIX KOMIIOHEHTOB:

—MEMS-muxpocxema MTHC MPU-9250;

— mpoueccop STM32F405;

— MOJYNb OectipoBoHOM cBsizn Wi-Fi
ESP8266;

— Li-ion akkymynarTop;

— KopIyc.

Hnst 0obpabotku ganasix MPU-9250
BHYTPH JIaTYMKa HMCIOIb3YEeTCsS MOILIHBIN
MukpoxoHtposuiep STM32F405.

[luranme paTyMka OCYIIECTBIISCT-
ci aKKyMymsITopoMm Li-ion eMKOCTBIO
3 000 MA -4 ¢ crucTeMoit KOHTPOJIS 3apsa.

BakHoit 0COOCHHOCTBIO JaTYHKA SIBIISI-
ercsl TIpUMEHEHHEe MOyl OecIipOBOAHOM
cBs3u ESP8266 ¢ moakimrouaeMoi BHEITHEH
AQHTEHHOM JUIs epeiadr JAHHBIX B U3MEPH-
TENbHYIO HH()OPMALMOHHYIO CUCTEMY.

MEMS-mukpocxema MPU-9250 ¢dhop-
MUpPYET MCXOIHBIC JAHHBIC O TOJNIOKEHHU
B IIPOCTpaHCTBE cO ckopocThio 1 000 pas/cek.
3aTreM OHM MEpenaroTcsi B KOHTPOJUIEP
STM32F405 mo mmue SPI na paGoueii
gactotre 1 MI'm. JInst oOpaboTkn TaHHBIX
B KOHTpOJUIEpPE pealM30BaH alrOPUTM Ha
OCHOBE (riibTpa MaKBUKA, KOTOPBIH TI0-
3BOJISIET JOOUTHCS CpeIHEKBAIPATHUECKO-
TO OTKJIOHEHUsI TPH ONpeleieHHH YITIOB
0,8° B momBMKHOM cocTOSIHUM. CKOPOCTh
BpAILEHUS AATYHKA OIPEEIAeTCsl HA OCHO-
BaHUM M3MEHEHUS €ro I0JO0XKEHUs B IIPO-
CTpaHCTBE, & IMEHHO KpeHa 1 TaHTaxKa.

Kpen xoreca MOXeT 1aTh HE3HAUUTEIb-
HYIO ITOTPEITHOCTB IS pacyeTa, MOCKOJIBKY
MPOEKIMST KoJieca Ha BEPTUKAJBHYIO ILIO-
CKOCTb NP OTKJIOHEHHH OT BEPTHUKAIBLHOTO
TIOJIOKEHUSI IIPEICTaBIIAET COOON HE OKPYK-
HOCTb, a OBaJl. OTHaKO 3Ha4YEeHHE TaHTaXa
TIPH JIF00OM 3HAYEHUH KPEeHA, OTIIHYHOM OT
90°, Oyziet Beera coBIiaiath B 4-X MOJIOKE-
HUSIX TIPH TTOJTHOM 000poTe KoJeca: 2-X Bep-
TUKAIBHBIX U 2-X TOPU3OHTAIBHBIX. YUH-
TBIBAsI TAKIKE, YTO B HOPMAITBHBIX YCIIOBHSIX
KoJleca TPaKTOpa MMEIOT HE3HAYHUTENTbHOE
OTKJIOHEHHE OT BEPTHKAIIH, 3HAYEHHEM Kpe-
Ha MOXKHO MPEHEOpeyb.

MrHoBeHHBIE 3HAUCHHSI YTIIOB TI0 TaH-
TaXy M KpeHy W pacCuMTaHHas TEeKyIlas
YacToTa BpAalllEHHs KoJeca IEepeaaoTcst
mo OecrnpoBOAHOMY KaHanmy cBsizu Wi-Fi
Ha U3MEPHUTENHHYI0 CHCTEMY IS pacdyeTa
ko3 duiimenta OykcoBaHusi. B 3aBucu-
MOCTH OT THIIAa U3MEPUTEIHHOMN CHCTEMBI
JaHHBIE TIepeatoTcs Mo npotokony Mod-
bus RTU umn DCON.

[IporpamMHOe obecriedeHre KOHTPOII-
nepa STM32F405 pmarumka HammcaHo Ha
seike C B cpeme paspaborku MikroC!'2,
[1pu HarmMcaHUyU IPOTpaMMBbI OBLITH HCTIONb-
30BaHbl OTKPBITHIC UCXOAHBIE KOBI PeasTy-
3aruu GuisTpa MamkBrKa Ha si3bike CH.

[Iporpamma naTamka mo3BoISIEeT THOKO
HACTpanWBaTh BBIXOMHOW (OpMAaT JaHHBIX
JUISL MU3MEPUTEIHLHBIX WH(POPMAIIMOHHBIX
cucteM. BeIxogHbIe JaHHBIE MOTYT OBITh

12 CBuzeTensCTBO OQHIIMATBHON perucTpaiyy nporpamMmmel ais 9BM. Iporpamma yrpasneHus 6ec-
KoHTaKTHBIM atankoM WI1-291/ B. E. Tapkusckuii. 3assutens u npasoodnanarens PIBHY «Pocundop-
marpotex» (RU). Ne 2017619099 ; zasiBn. 11.09.17 ; omy6u. 23.11.17. Peectp nporpamm st OBM. 1 c.

13 Open source IMU and AHRS algorithms. URL: http://x-i0.co.uk/open-source-imu-and-ahrs-algorithms
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Tabunuma 1
Table 1

Kparkas Texundeckasi xapaktepuctuka garunkon UII-268 (kiaaccuyeckuii)

u UI1-291 (na ocnose UHC)

Brief technical specification of IP-268 (classical) and IP-291 (based on INS) sensors

Haumenosanue nokasarens / Indicator name

3nauenue / Value

WI1-268 / IP-268

WI1-291 /1P-291

Ot 12 1o 24/

of instantaneous angular velocity

Hanpsokenune nuranus, B / Supply voltage, V From 12 to 24 5
IMorpebnsemas momHOCTH, BT / Power consumption, W <1 <1
KoinmmuecTBo MMIIYJIbCOB Ha OJMH obopot Ha 360°, mrt. / Number 48 Ot 1 1o 360/
of pulses per revolution 360°, units From 1 to 360
TouHocTh onpesenenus Bpemenu, Mmc / Time accuracy, ms - 1
Pacuer MruoBenHoit yrioBoit ckopoctr / Calculation Her / No Ects / Yes

Temneparypa oxpyxatomieii cpexsl, °C / Ambient temperature, °C

Ot +1 o +60 /
From +1 to +60

Ot +1 o +60 /
From +1 to +60

T'aGapurtHbie pazmepsl, MM / Overall dimensions, mm

135x125x125

120x60x30

Macca, xr / Weight, kg

1,5

0,3

TIPEICTABIICHEI B BHUJE TOKAa3aHUN CUCT-
YUKa MHTEPBAJIOB Yepe3 3aJaHHbIA yroJ.
B rtakoMm ciyuae He TpeOyercss HHUKaKUX
W3MEHEHHH B MPOrpaMMe H3MEPUTEIILHOM
MH(GOPMAIIMOHHONW CHUCTEMBI, ITOCKOJIBbKY
CUCTeMa BOCHPHHUMAET ITOJKIIFOYCHHBIN
naryuk 3a UIT-268.

Jnsa paborer matunk UII-291 mocra-
TOYHO 3aKPENHUTh Ha JUCKE BEIYIIETO KO-
nieca Tpakropa (puc. 9).

P uc. 9. Haruuk UII1-291, ycranoBneHHbIH
Ha konece MT3-82

Fig. 9.1P-291 sensor installed
on wheel of MTZ-82 tractor

Processes and machines of agroengineering systems

IIpu npoBeneHUH CPABHUTEIBHBIX
WCTIBITAaHUHN Jaryuka OyKCOBaHMS Ha Be-
IyLIeM KoJjiece TpPaKTopa OJHOBpPEMEH-
HO OBUIM YCTAaHOBJICHBI [iBa JaTyUKa:
UI1-291 (a3xcniepumentanbhblii) u UI1-268
(6azoBprif). O6a maTdWKa IOIKITIOYCHBI
K U3MEPHUTETbHON MHPOPMAITMOHHONW CH-
creme UI1-264. larank WUII1-291 nactpo-
€H Ha CYeT MUMITYJIbCOB C JUCKPETHOCTHIO
10°; UI1-268 cHabxeH qUCKOM ¢ 36 Tpo-
pe3amu takke uepes 10°. Bo Bpemst uctsl-
tanuii cucrema UII-264 paccuuThiBaiia
TEOPETHUECKHUI MMPONICHHBIHN MyTh M OYK-
COBaHNWE HAa OCHOBAaHWH JAHHBIX JaTYH-
koB. TpakTop caenan 3 3ae3/ia Ha y4acTKe
50 M. [{1s1 onpenenenust peaabHOTO Ipoii-
JIEHHOTO ITyTH HCIOIb30BAJIOCHh 5-€ KoJle-
co. IIpoiineHHbIi Iy Th pacCYUTHIBAIICS 110
hopmyie:

S=2m-R-(n-A)/360, (6)
rae R — paauyc xoneca, M; n — KOJIHYe-
CTBO MMIIYJIbCOB, ITOJYYCHHBIX OT JaT4H-
Ka, IT.; A — IeHa UMILyJIbCa, TPaL.

BykcoBanme TpakTopa paccUMTHIBA-
70¢h 110 popmyie (3).
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Tabnuma 2
Table 2

Pe3ynbTaThl cpaBHUTEIbHBIX HCNBITAHUI JaATYHKOB
HII-268 (xaaccuueckuii) u UII-291 (na ocnose UHC)

The results of comparative tests of IP-268 (classical) and IP-291 (based on INS) sensors

WNII-268 / IP-268

WII-291 / IP-291

Ne ombiTa /

Test number | T€OPETHHYECKHH TyTh, M /

Theoretical path, m

Byxcosanne, % /
Slipping, %

Teopernueckuii myTh, M /
Theoretical path, m

Byxcosanne, % /
Slipping, %

1 51,2 2,34 51,3 2,53
51,7 3,29 52,0 3,84
3 50,8 1,57 50,9 1,77

Pesynbrarel cpaBHUTEIBHBIX UCTIBITA-
HUY TIPUBEICHEI B TA0M. 2.

JlaHHbBIe HCITBITAHMS TIOKA3aJI1, YTO TOU-
HOCTb OHpe/ieNieHNs] OyKCOBAHHMS y JIaTUHKa
NI1-291 u narunka MI1-268 He nmeer 3Ha-
YUMBIX pa3anunil. Bpems Mmontaxka UI1-291
coctaBwio 3 muH, UI1-268 — 2 4 ¢ yuerom
YCTaHOBKM IITaHTM W TIPOKIJIAIKH HHQOp-
MAaIMOHHBIX Kabesei. Iyt pa3paboTaHHOro
naranka MI1-291 ycranoBka (ukcupyromeit
IITaHTY U TIPOKJIa KA Kabesel He TpeOyeTcsl.

O0cy:x1eHue U 3aKJII0YeHHs

WuepumanpHpIil 1aT9uK OyKCOBaHUS
TpaKTOpa 10 CPaBHEHHUIO CO CTaHAAPTHHI-
MU pEIICHUSIMH UMEET CIEYIONINe Tpe-
UMYIIEeCTBa!

— MOYET MCIOJIb30BaThCsl Ha JIOOBIX
BUJAX TPAKTOPOB M CEIbCKOXO3SHCTBEH-
HOM TEXHUKH,

— He TpedyeT M3rOTOBIICHUS (PUKCATO-
POB I10]] KOHKPETHYIO MOJIEINTb TPAKTOPA;

— He TpeOyeT BMEIATeIbCTBA B KOH-
CTPYKIHMIO TPAKTOPA AJISl YCTAHOBKH (DUK-
caropa;

— HE COJEPKUT BPAIIAIOIINECs YaCTH;
— He TpeOyeT M3TOTOBIEHHS U yCTa-

HOBKM THOKOH MYy(TBI UISI COCTUHEHHS

CTYIHIIBI KOJIECa U POTOpPA JaT4HKa;

— He TpeOyeT COeJUHUTENbHBIX HH-
(dbopmanmoHHBIX KalOened s CBS3H
C W3MEpUTENbHOH WHPOPMAITMOHHON
CHUCTEMOI;

— TIO3BOJISIET HACTPaMBaTh IHCKPET-
HOCTh M3MEpEHHs yIIa [TOBOPOTa Kojeca
B 3aBUCHMOCTHU OT KOHKPETHBIX TpeboBa-
HHUI K TOYHOCTH,

— paccuuThIBa€T MI'HOBEHHYIO YTIIO-
BYIO CKOPOCTH BEIYIIETO Kojieca s
WHAWKAIIMd MTHOBEHHOM CKOPOCTH
TpaxkTopa.

[Ipumenenue natunka MII-291 no-
3BOJISIET 3HAUUTEIBHO COKPATUTh BPEMH
MMOATOTOBKM MAIllMHBI K WCIBITaHH-
ssM. MckiaroueHue Qukcaropa, COCIH-
HUTETbHOH My(TH W Kabenell CBs3H
YIpOIaeT MOHTAX U yJIeIIeBIseT mpo-
BE€JICHUE MCIILITAHUN CEIbCKOXO03SMCT-
BCHHOU TEXHUKHU.
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OpueHTHpPOBaHHAS MOCAKA JTYKOBHI
KATyIIeYHO-BHJIBYATHIM BbICAKHBAIOIINM
anmnaparom
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Beeoenue. CyliecTByOIIHE JTYKOMOCA0YHbIC MAIIMHBI HE OOCCIECYMBAIOT CAUHHYHON
TIO/IaYH JTyKOBHII BHICAXKMBAIOIINM (BBICEBAIOIINM) aIllIapaToM, UTO MPUBOAUT K HapyIIIe-
HUIO arpOTEeXHUYECKUX TPeOOBaHMI 1OCaAKU JIyKoBHIL. HeoOXoauM MONCK HOBBIX peliie-
HU 10 COXPaHEHHUIO TTOJIOKEHUST TyKOBHI] B 0OpO3/1e TOHIIEM BHU3 H UX PAaBHOMEPHOMY
pacrpeeneHuro.

Mamepuaner u memoosi. B cTaThe mpeacTaBieHa KOHCTPYKIHS OMBITHOTO 0OpasIa Io-
CaJIOYHON MAIIMHbI, OCHAIEHHAs KaTyIIeYHO-BUJIBYAThIM BBIC)KMBAIOIIMM alapaTtoM
JUISL ODHEHTHUPOBAHHOH MOCAKH JIyKa-ceBKa B Oopo3y. MccnenoBanus JaHHOTO ammapa-
Ta MPOBOJMINCH Ha POBHOM y4acTKe, IJIe B THU [TOCAJKU H3MEPSINCh (PH3UKO-MEXaHH-
YecKHe CBOWCTBA MOUYBBI M MOKA3aTeIH KauecTBa MOCAIKH JIyKa-CeBKa. BimsHne cropo-
CTH JIBYDKSHUSI [TOCA/I0YHOTO arperara Ha Ka4ecTBO MOCAIKHU ONPEACISUIOCh H3MEHEHHEM
MOCTYTATEIbHONW CKOPOCTH JBM)KEHHS TTOCAI0YHOTO arperara B npenenax ot 0,8 m/c 1o
1,2 m/c ¢ marom 0,1 m/c; oka3zaTeny Ka4ecTBa MOCAKH JTyKOBUI[ — PACKPBITHEM 3aKpbI-
TOI OOPO3MBI.

Peszynomamor uccredosanusi. B cratbe NnpuBeIeHBI pe3ylbTaThl J1JaOOpPaTOPHO-TIOIEBBIX
HCCIIEN0BAaHNH JIyKOMOCAJ0YHOI MAIIMHBI, OCHAMIEHHON KaTyIIeYHO-BHIBYATHIM BhICA-
JKMBAFOLIMM aNIapaTtoM JUIsl TOCAIKH JIyKa-CeBKa U SKCIIEPUMEHTAIBHO OIPEeIeHbl ero
ONTHMAJIbHBIE TEXHOJIOTUYECKHE MapaMeTpsl. beimn ompeneneHs! KOMHIecTBO JTyKOBHII,
pacnonoxeHHbIX Bemkoi BBepx (51 %) UM paBHOMEPHOCTh MOCAAKHU KaTyLIEYHO-BUJIb-
4aTeIM BhIC@XXHBAIOIUM armaparoM (79 %). JocTmkeHne JaHHBIX MOKaszaTenel obec-
MEYMBACTCS MPH MOCTYMATEIBHON CKOPOCTH TOcajouHol Mammubl V,, = 0,9-1,0 m/c,
BBICOTE MajIeHus JyKoBuubl H, = 0,12 M K 4acTOTe BpalleHHs BBICAXKMBAIOIIETO Oapa-
Gana n; = 0,47 ¢’

Obcysrcoenue u 3axnovenus. IIpuMeHeHHE KaTyIIEYHO-BHIBYATOTO BBICAXKHBAIOIIETO
anmnapara 1o3BoJIsieT MOBBICUTh JOJI0 TyKOBUI] BHICA)KEHHBIX JOHIEM BHU3 Ha 200 % 1o
CPaBHEHHMIO C JICHTOYHBIM aMIIapaToM, a PaBHOMEPHOCTb MOCAIKHU JIyKOBUIl — Ha 19 %.

Knrouegvle cnosa: BrICaXUBAOIINI arrapar, KaTyH.Ie‘{HO-BPIJ'IH{aTLIﬁ arapar, rmocrymna-
TE€JbHAsA CKOPOCTb ABUIKEHUS, BBICOTA YCTAHOBKH, YaCTOTa BpPAIl€HUS, JIYK-CEBOK, OpU-
CHTHUpPOBaHHAsA MMocaaka

/s yumuposanus: Axceno A. I, Emenbsno I1. A., Cubupés A. B. OpueHTtrpo-
BaHHAs MOCAJIKa JIyKOBHI] KaTylIEYHO-BHJIBYAThIM BBICAKHBAIOIINM ammaparoM // Bect-
HUK MopaoBckoro yruBepcutera. 2018. T. 28, Ne 1. C. 24-35. DOI: 10.15507/0236-
2910.028.201801.024-035
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Oriented Onion Sowing by a Forked-Roller
Sowing Unit
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“Federal Scientific Agroengineering Center VIM
(Moscow, Russia)

bPenza State Agrarian University (Penza, Russia)
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Introduction. The existing sowing machines do not provide a single feeding of the bulbs
with a planting (sowing) unit that leads to a violation of the agrotechnical requirements of
planting bulbs. It is necessary to search new solutions to preserve the position of the bulbs
in the furrow with the bottom down and their regularly spaced distribution.

Materials and Methods. The article presents the design for a prototype for a planting ma-
chine equipped with a forked-roller sowing unit for orienting the onion-sowing into a fur-
row. Testing the forked-roller sowing unit were carried out on a flat area where the physical
and mechanical properties of the soil were determined on the days of sowing, and the in-
dices of the quality of the onion-sowing were determined. The study of the effect of the
sowing machine speed on the quality of the onion-seed bulb landing was determined by
the change in the translational speed of the sowing unit in the range of 0.8 m/s to 1.2 m/s
with a variation interval of 0.1 m/s. The indicators of the quality of the planting of the
bulbs were determined by the opening of the closed furrow. The results of laboratory-field
studies of the planting machine prototype are presented.

Results. The results of laboratory-field studies of a planting machine equipped with
a forked-roller sowing unit for planting onion bulbs are presented. The optimal technologi-
cal parameters are determined experimentally. It was determined the number of bulbs that
are for up is 51 % and the regularity of planting by the forked-roller sowing unit — 79 %.
These figures are provided at the forward speed of the planting machine V,,=0.9—1.0 m/s,
the height of the fall of the bulb H,= 0.12 m, and the rotation frequency of the landing
drum n;=0.47 c-1.

Discussion and Conclusions. The use of a forked-roller sowing unit makes it possible to
increase the proportion of onions planted by bottom down by 200 %, and the uniformity
of planting bulbs by 19 %, in comparison with a belt sowing unit.

Keywords: sowing unit, forked-roller unit, forward speed, installation height, rotation fre-
quency, onion for sowing, oriented sowing

For citation: Aksenov A. G., Emelyanov P. A., Sibirev A. V. Oriented Onion Sowing by
a Forked-Roller Sowing Unit. Vestnik Mordovskogo universiteta = Mordovia University
Bulletin. 2018; 28(1):24-35. DOI: 10.15507/0236-2910.028.201801.024-035

Beenenue

CaMbIM pacrpoCTpaHEHHBIM CITOCO-
OoM, TIpUMEHSIEMBIM B CpeIHeH moioce
n cesepHoil uactu Pocculickoii dene-
pauuu SIBISETCS BBIpAIIUBAHHUE JIyKa-
penku u3 ceBka [1]. Ilocagka mykoBuil
JyKa-CeBKa B COOTBETCTBHUH C CyIIIECTBY-
IOIIUMU pEeKOMEHJauusIMu [2] sBiseTcs
JTUMUTHPYIONUM  (PaKTOPOM CHUKECHHS
ce0eCTOMMOCTH TPOUM3BEICHHOW TIPO-
nykoud [3].

CoBpeMEHHBIE CPEICTBA MEXaHU3a-
LMY TOCAJIKU JIyKOBUI] HE OTBEYAIOT arpo-
TEXHUYICCKUM TpPeOOBAaHUSIM U CTAHIAPTY
CTO AUCT 5.6-2010 «craprTanus ceib-
CKOXO3SIMCTBEHHON TEXHHUKU. MalIuHbl
[IOCEBHBIE W IIOCALOYHBIE»', a HMMEHHO
He 00ecre4YnBalT PaBHOMEPHOCTH II0-
CaJKH JIyKOBHI M IOJIOKEHUE ITYKOBULL
B 00po37e BemKoii BBepX [4].

PaBHOMEPHOCTH TOCAAKH JTYKOBHIL CY-
IECTBYIOIIMMHU 10 CATOUHBIMU MAITUHAMU

'CTO AHUCT 5.6-2010 «McrpITanns CeIbCKOX03MMCTBEHHOM TEXHUKH. MaIIHbI TOCEBHBIE M ITOCa-
nounbley. [lokazarenn HasHaueHns. OOmue TpeboBanus. Beenen 15.04.2001 r. M. : M3a-Bo cTannapTos,
2011. 27 c. URL: http://www.snti.ru/snips_sto-aist.htm
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Pwuc. 1. 3aBECUMOCTD ypO)KaHOCTH PEITIATOTO JIyKa OT IOJIOKEHHS JTyKOBHII B 00po3/e
Fig. 1. The influence of bulb position during planting on onion productivity

C JICHTOYHBIM BBICQXKUBAIOIIUM armmapa-
TOM He npeBbIaet 60 %; KoIU4ecTBo y-
KOBUL, OPUEHTUPOBAHHBIX BELIKOU BBEPX,
Haxoautcst Ha ypoBHe 15-20 %, noHuem
BBepxX — 10—15 %, 9T0 HE COOTBETCTBYET
arpOTEXHUYCCKUM TPEOOBAaHUSAM K TIO-
CaJIKe JTYKOBUII ¥ IPUBOIUT K CHUKCHHIO
YPOKaUHOCTH.

Lems pa®oThl — TMOBBICUTH KadecT-
BEHHBIC TIOKa3aTeld TOCAJKH IJTyKa-CeBKa
KaTyIICYHO-BIUIIEIATHIM  BBICA)KMBAIOIITIM
armapaToM, B COOTBETCTBHHU C TIPEIbSBIIS-
EMBIMH arpoOTEXHHYSCKUMHU TPEOOBAHUSIMHU
(monokeHre JIYKOBHI[ B OOpO3/ie BELIKOH
BBEPX U PABHOMEPHOCTH PACIPE/ICIICHUS).

O0630p suTEpaTypbl

AHamu3 CyHmIeCTBYIOIIUX II0CAI0U-
HBIX MAalldH M IaTeHTHO-TEXHUYECKOU
JIUTEPATypbl TIO3BOJUI BBISIBUTH HENO-
CTaTKU KOHCTPYKIIMU BBICEBAIOIIUX U BBI-
CaKUBAIOLUX aNlapaToB MAIIUH AJI HO-
CaJKU JYKOBHII, KOTOPbIE HE ITO3BOJISIOT
00eCIIeYnTh KAUeCTBEHHOE BBITIONHEHNE
TEXHOJIOTHYCCKOTO TPOIecca IMOCATKH
nyKa-ceBka [5].

B nuckoBoM BBICEBaIOIIEM armapa-
Te [6] ¢ TOPU30OHTAIBHON OCBIO BpAICHUSA
(puc. 2) BbICeBaroOIIHe JUCKA YCTaHOBICHBI

26

Ha BpAILAIOIIEeMCs BaJl M 00pa3yroT sYeiKu
JUIS 3aXBaTa JTyKOBHLI JIyKa-ceBKka. B 6oxo-
BHHAaX CEMEHHOIO SIIIIMKa NUMEIOTCS ITpope-
31 JUI YCTaHOBKH BBICEBAIOLIETO BaJa.

6)

P u c. 2. IuCKOBBIN BBICEBAIOIHI
anmapar: a) o0Iuil Bu; 0) BEICCBAFOLIHIA JUCK
Fig. 2. Disk sowing unit:

a) general view; b) sowing disk

Hpoueccw U MAuHbl ACPOUHICEHEPHBIX CUCmEM
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OnuiieM TeXHOJOTUYECKHUM Mpolecc
MOCaJKM JTyKa-CeBKa JUCKOBBIM BBICE-
BAaIOIINM armapaToM C TOPU30HTAIBHOM
OCBIO BpAIICHHS.

JIyKOBUIIBI U3 CEMEHHOIO SIIIMKA Ha-
MPaBJISIOTCS B IPOCTPAHCTBO, 00pa30BaH-
HOE BBICEBAIOIIUMH JAUCKAMH U KOPITYCOM
BBICEBAFOIIIETO aIllapara.

[Ipu BpamieHny BHICEBAIOIINX IUCKOB
OHHM YBIEKAIOT W TIOBOPAYMBAIOT JTyKO-
BUIIbI BEIIKOW BBEPX 110 XOAY BPAIICHUS
OapabaHna BeICEBArOIIETO amnmapara. Jlaib-
Helillee BpalleHHe amnmapara o0yciaB-
JUBACT BBIMAJICHUE JYKOBHI[ M3 SYEEK
B pe3ysbTare WX BpallIeHUs MO YacOBOM
CTpPEJIKE W Pa3BOpPOTa BEIIKOH BBEPX.

K orpuunareinbHelM CBOHCTBAM M3-
BECTHOH KOHCTPYKIMH BBICEBAIOIIETO arl-
napara CieAyeT OTHECTH HEBO3MOKHOCTh
(bKcaIuy JTyKOBHIIBI, YTO MOXKET ITPUBEC-
TH K TIOTEPE €€ 33JaHHOTO OPHUEHTHPOBAH-
HOTO TIOJIOKEHUSI.

OpnHO¥ U3 pa3HOBUHOCTEN JTMCKOBBIX
BBICEBAIONINX ANIAapaToB SIBIISCTCS amma-
par, IMCK KOTOPOTO CHAOKeH TepudepHii-
HBIMH siyeiikamu (puc. 3) [7].

0)

P u c. 3. JluckoBblii BbICEBarOIIMIA anmapar
¢ nepuepUitHBIMH sTUeKaMu: a) 00Ul BH
BBICEBAIOIINX JIMCKOB; 0) HMIMHIPHYESCKIH KOPITYC
Fig. 3. Disk sowing unit
with peripheral cells: a) general view
of sowing discs; b) cylindrical body

Processes and machines of agroengineering systems

BeiceBaromuii JUCK BpaIIaeTCs BHY-
TPY UWIMHIPUYECKOTO KopIyca, Ha o0pa-
3yIOIINX KOTOPOTO HATIPOTUB JpyTa Pacmo-
JIO’KEHBI APYT BBICEBAOIIIE OTBEPCTHS IS
o0ecrieyeHusI TUIABHOTO BBICEBA CEMSIH.

Henocrarkom naHHOro amnmapara siB-
JIIOTCSL TIOBBIIIEHHBI YpPOBEHb MOBpE-
JKIACHUS CEMSIH B pe3yibraTe UX 3amaja-
HUSI MEX]Ty BBICEBAIOLINM JHUCKOM U IH-
JUHIPUYECKUM KOPITYCOM.

Taxoxke M3BECTEH JIWCKOBBIM BBICEBa-
IONMK anmapar, paboyrMu 3JIeMeHTaMu
KOTOpPOTO  ABJISIIOTCS  JIOMATKH, JUame-
TPaJILHO PACIOJIOKEHHbIE Ha JIuCKe [8],
YCTaHOBJIIEHHOM B HID)KHEH 4acTH CEMEH-
HOTO sIIAKA Ha Bairy (puc. 4).

3a ofuMH 00OpPOT OMOPHO-TIPHBOIHOTO
Konieca 00ecTieunBaeTCsl BBIHOC OJJHOM JTy-
KOBHUIIBI U3 CEMEHHOIO SIUKA M YKJIajKa
€ro B PACKPBITYIO COLIHUKOM OOpO31Ly, 4TO
TMIO3BOJISIET MTOBBICUTH PaBHOMEPHOCTh pac-
npeneneHus JykoBuil B Ooposae. Kpome
TOTO, CEMEHHOM SIIMK YKa3aHHOTO BbICA-
JKUBAIOILIETO arapara siBiIsgeTcs CMEHHbBIM
JUTS KQKJIOTO BUJIA BHICAKMBAEMOW MTPOTYK-
LM ¥ eT0 (OPMBI M IPUBOIUT K CHIKECHUIO
MOBPEXICHUI CEMEHHOTO MaTepuara.

P u c. 4. JluckoBslii BRICEBAIOLIMI armapar
C IUaMETPaIbHO PACIIOIOKECHHBIMY JIOIATKAMU

F i g. 4. Disk sowing unit with diametrically
located blades

Taxoke U3BecTHA KOHCTPYKIIMS arnapa-
Ta C Io3UpyroLIel cucteMoi (puc. 5), BbI-
MOJIHEHHOH B BUJIE NTAKETa YCTAHOBJICHHBIX
IUIACTHH U ILETOK, HUMEIOLIUX Ha CBOEH I10-
BEPXHOCTH TPEYTOJIbHBIE KaHABKH [9].
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I
6) \ D

P uc. 5. JluckoBbliii BbICEBAIOLINI annapar:
a) o0IIMit BU; 0) TEXHOIOTHYECKAsI CXeMa

Fig. 5. Disc sowing unit:
a) general view; b) flow chart

OYHKIIMOHAIIEHOE Ha3HAueHUE Iia-
KeTa TUTACTHH M IIMETOK 3aKII0YacTCs
B TOIITYYHOM JIO3UPOBAHUHU CEMSH B CO-
OTBETCTBHHU CO CXEMOI MOCEBa, a TaKXKe
yIaJeHUH JUITHUX CEMSH C BBICA)KHBa-
ro1ero OapadaHa ¢ [eNbI0 PeIyIpeK/Ie-
HUS TIOSIBJICHUS JIBOWHUKOB TIPU BCXOJAX.

beima paspaboraHa W uccieqoBaHa
KOHCTPYKIIUS JICHTOYHOTO BBICAJKHUBA-
fo1Iero anmapara (puc. 6).

™ -—
q‘ -~

28

P u c. 6. JlenTOuHBI! BBICEBaIOILUII anmapar:
a) o0mmit BUJ; 0) TEXHOIIOTHYECKAsI CXeMa

Fig. 6. Belt sowing unit:
a) general view; b) flow chart

Pa3paborka mamHoro ammapara Oblia
BbI3BaHa HEOOXOIMMOCTHIO CHUYKEHHSI I10-
BPEXKJICHUI NI0CAI0YHOTO Marepuaia B pe-
3ynbTaTe Oosee «MSITKOro» (1o CpaBHEHUIO
C IMCKOBBIM BBICEBAIOLLIM AMIapaToM) pe-
JKMMa paOOoThl M YMEHBIICHUS B3aUMOCH-
CTBHSI CO BCIIOMOTATEIBHBIMH PaOOYMMHU
OpraHamu — TUJIACTHHAMH U [IETKAMH.

AHan3 TEXHUYECKUX CPEACTB Mexa-
HU3UPOBAHHON TOCAAKH JyKa-CeBKa IMO-
Kazaj, 4TO MCIOJIb30BAaHHE MOCATOYHBIX
MAalllUH C MEXaHUYECKUMHM BbICEBAIOLIN-
MHU arnmaparaMmy He o0ecrednBaeT cooro-
JICHUE arpoTeXHUYECKHX TPeOOBaHUH 110
PaBHOMEPHOCTH PacIpe/ieICHUs TYKOBHUIT
BIOJIb psAAKa (TaHHBIA MOKA3aTelb PEIKO
npesbimaer 60 %), a Takke OPUEHTHPO-
BaHMIO JIyKOBHII B 00p03/1€ BELIKOH BBEPX
(manGonpinee 3HaueHne — 20 %).

Marepuajbl 1 MeTObI

AHaIM3 COBPEMEHHBIX KOHCTPYKIHH
BBICEBAIOIIMX alaparoB MOKasal, YTo
K Haubonee OTpULATENIBHBIM (aKTopam
COBPEMEHHBIX JYKOMOCAJOUYHBIX MAIINH
ClIeyeT OTHECTH HEBO3MOXKHOCTb E€IM-
HUYHOU TOJIauy JIYKOBHII aIllliapaTtoM, 4To
NPUBOJUT K HAPYLICHUIO arpoTeXHUYe-
CKUX TPeOOBaHMHN MOCAJKH JTyKOBHII.

s opueHTHPOBaHHOW TOCAAKH JIy-
KOBHUII ObLJT pa3paboTaH KaTyIIeYHO-BUIIb-
YaTBI BRICAKUBaronuit ammmapat [10].

Jannerii anmapar (puc. 7) COCTOUT
u3 xopryca / ¥ yCTaHOBJIEHHOM Ha Bajy
KaTyIIku 2 ¢ jkeso0kaMu, 00pa3oBaHHBI-

Hpoueccw U MAuHbl ACPOUHICEHEPHBIX CUCmEM
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P u c. 7. Cxema KaTyIIeqHO-BUIBYATOTO BHICA)KUBAIOIIETO aIlapaTa:
1 — xopryc; 2 — KaTyIIKa ¢ )eJI0O0KaMu; 3 — CTepIKeHb

Fig. 7. The scheme of forked-roller sowing unit:
1 —body; 2 — reel with grooves; 3 — kernel

MU BWJIBYATHIMH 3aXBaTaMH B BUJIE CTep-
JKHEn 3°.

Karymxka 2 pa3zmemena B kopmyce /,
B OOKOBBIX CTEHKAax KOTOPOTO BBIIIOJI-
HEHBI TPOPE3U TAKHUM O0pPa30M, YTOOBI
HaIllpOTUB MPOPE3H PaCHoJarajics Cek-
TOp KaTyLIKH pa3MepoM He MmeHee 90°.
IIpu sTOoM paccrossane C MEXAy BepX-
HAMH KOHIIAMH CTEP)KHEH BHIIBIATHIX
3aXBaTOB U KPBIIIKOM Kopiryca OOJIbIIe
MHUHHUMAJILHOTO TUaMEeTpa U MEHBIIIE MaK-
CUMAJIbHOTO JIMaMeTpa BBICAKUBAECMBIX
JYKOBHI], & paccTosHue [ MeXIy Top-
IIaMH KaTyIIKAd W OOKOBBIMH CTEHKAMH
KOpITyCa MEHBITIIC MHHIUMAIBHOTO JHaMe-
Tpa BBICAXKUBAEMBIX JTyKOBHII.

Karymka npeanaszHauena it MOIITYY-
HOU MMOJAuu JIyKOBHUI[ B CEMSIITPOBO/. Buiib-
YaThle 3aXBaThI KATYIIIKA BHITIOTHEHFI B BU/IE
CTEpIKHEH, PACTIONIOKEHHBIX TIOJ OCTPBIM
VIJIOM JIPYT K APYTY, IPUUEM pacCTosiHue B
MEXKTYy CTCP)KHSIMU Yy OCHOBAaHUS MEHBIIIC
JIaMETPa BHICAKMBACMBIX JTYKOBHII.

Paccrosnue 4 mexnay BUIBYATBIMU
3aXBaTaMd, HM3MEPEHHOE I10 Kacarelb-
HOM, NPOBEJEHHON K OCHOBAHMIO KaTyIII-
KU 2, OOJbIIIe THaMeTpa BRICAKUBAECMBIX
JIYKOBHII.

JlaHHast KOHCTPYKIUS TIO3BOJISIET OCY-
LIECTBIISATH MOMITYYHBIH OTOOP M MOIady

JYKOBHI] B CEMSIPOBOJI HE3aBUCHMO OT
(hpaxIuy BRICA)KMBAEMBIX JTYKOBHII.

P u c. 8. O0mwmii BUA JIyKOTIOCAI0YHOM
MallMHbI, OCHAIIIEHHOW KaTyIIeYHO-BHIBYATHIM
BBICKHMBAIOIINM aIllapaTtoM (BUJ CTIpaBa):

1 — pama; 2 — OIOpHO-IIPUBOJIHOE KOJIECO;

3 — OyHKep; 4 — CEMSIIPOBOJ C COITHIKOM

Fig. 8. The general view of onion sowing
unit with a forked-roller sowing unit (right view):
1 — frame; 2 — support wheel;

3 — bunker; 4 — seed conductor with opener

2 [Tar. Ne 2544631 Poccuiickas ®eneparms. MITK A01 C11/02. Karyuie4Ho-BHIBYATHIA BICAKHUBA-
IOIUH armapar Juis Hocajgky JTyKoBHYHBIX KynbsTyp / I1. A. EmenssnoB, A. I. Akcernos, B. A. OBrOB,
II. A. Cunopos. Ne 2544631 ; omy6i. 01.07.2013. URL: https://elibrary.ru/item.asp?id=24024946
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Jnst pemieHusl MOCTaBICHHBIX 3afad
nporpaMma 3KCIIEPUMEHTOB  BKJIIOYasa
I0JIEBbIE MCCIIEOBAHMS OIIBITHOTO 00pas-
11a I0CaJOYHON MAalIMHBI, 000PYIOBAHHO-
rO KaTyIICYHO-BUIILIATHIM YCTPOUCTBOM.

Jns npoBeaeHus: 1abopaTopHBIX HC-
CIICIOBAaHMN B TOJNEBBIX YCIOBHUSX (Up-
Mot OOO «ArpounxeHepus» (r. Ilensa)
Obuta pa3paboTaHa M M3rOTOBJIECHA IOCA-
JIOYHAsl MAallliHa, OCHAILlCHHAsl KaTyIled-
HO-BWJILYATBIM BBICEBAIOIUM yCTPOUCT-
BoM (puc. 8-9). JIykonocagouHast MalinHa
BKJTIOUaeT B ce0s Tarkke pamy /, OIOpHbIE
Kosieca 2, KOTOPBIE CITyKaT IPUBOIOM JJIst
BBICA)XHMBAIOLIETO anmnapara, OyHkep 3, ce-
MSITPOBOJ] 4 C COITHUKOM 5 U 3aJleJibiBa-
IOIIIHE TUCKH 6.

P uc. 9. O0mwmii BUI JIyKOTIOCaI0YHOH
MAIMHbBI, OCHAIIIEHHON KaTyIIEYHO-BHIBYATHIM
BBICQ)KMBAIOIIVM aIlliapaToM (BUJ{ C3a1IH):

1 — pama; 2 — OIOpHO-NIPHUBOJHOE KOJIECO;

3 — OyHKep; 4 — ceMsIIpoBOI; 5 — COIIHHUK;

6 — 3aJIeTIBIBAOIUH TUCK

Fig. 9. The general view of onion sowing unit
with a forked-roller sowing unit (back view):
1 — frame; 2 — support wheel; 3 — bunker; 4 — seed
conductor; 5 — opener; 6 — embedding disk

Pesyabrarsl ucciieoBaHus

HccenenoBanust 0 ONpEneNeHUIO ONTH-
MaJIbHOTO 3HAYEHHsI CKOPOCTH V| MallMHbI
JUTSL TIOCAJIKH JIYKOBHI[ TIPOBOAMIIMCH TIPH
HEU3MEHHBIX BBICOTE MAaJCHUS JTYKOBULIBI
H, = 0,12 M 1 9acTOTE BpalIeHUs BBICEBA-
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tomero 6apabana n, = 0,47 c¢’'. PaGouyro
CKOPOCTH TOCAJI0YHONW MAIIWHBI MEHSIIH
B uHTepBaie ot 0,8 m/c g0 1,2 m/c ¢ ma-
rom 0,1 m/c.

[Mony4yeHHble JaHHBIC O3BOJIMIH
MOCTPOUTh TpaduyecKkre 3aBHCUMOCTH
JIOJT  JTyKOBUI], BBICA)KCHHBIX BEIIKOM
BBepX (K, %), 1 paBHOMEPHOCTH TIOCAIKH
(P, %) or pabouell CKOPOCTH JIyKOHOCa-
JouHOM MamuHe! (puc. 10-11).

YpaBHEHUs perpeccuud 0 JIyKO-
BHII, BRICAXKCHHBIX BelTkoi BBEpX (K, %),
W paBHOMEpHOCTH Tocaaku (P, %) ot pa-
0ouell CKOpOCTH JIYKOTIOCA0YHON MalIn-
HBI UMCIOT CIICTYIOIIMN BUI:

K =-65+235,8751-V,,—121,4286-V,
P=136,4-96,4286-V,,+35,7143-V.. (5)

AHanm3 3aBUCUMOCTEH, TPEICTaBICH-
HBIX Ha rpadukax (puc. 12—13), mokaszau,
YTO MaKcUMallbHasl J0JIsl TyKOBHLI, Pacio-
JIOKEHHBIX Bemkoi BBepx (51 %), coot-
BETCTByeT paboueii ckopoctu 0,9—1,0 m/c,
a HauOOJbIlass PAaBHOMEPHOCTh MOCAIKH
JIOCTUTAETCSI TIPU HAWUMEHBIIICH pabodeit
CKOPOCTH JIYKOITOCaJIOUHOW MAIlIMHbI.

TakuMm 00pa3om, KaueCTBEHHBIE TTOKa-
3aTely MO0Ca k! JTYKOBHII JTyKa-CeBKa PH
3HAaYEHUM TIOCTYNaTeNbHON CKopocTh V,,
nBrkeHus B uHTEepBaje 0,9—1,0 m/c mocTu-
raioT cremyronmx 3Hadennii: K = 51 %,
P =79 %. Jlonsa noBpexIeHHBIX JIyKOBHUIT
He npesbimana 0,9 %.

O0cy:x1eHue U 3aKJII04YeHH s

IIpoBeneHnbpIe MCCIEOBaHUS TO3BO-
JIWTA 000CHOBATh, pa3padoTaTh U 3amareH-
TOBaTh KOHCTPYKIIUIO HOBOTO KaTyIIEYHO-
BWJIRYATOTO BBICAXKMBAIOIIETO  arapara
JUIS TIOCAJIKH JTyKOBHI] BEIIKOH BBEPX.

Jnst poBepku 3¢ dexTuBHOCTH BHE-
JIPEHUSI OIBITHOTO 0O0pa3sia pa3padoTaH-
HOTO YCTpOMCTBa OBUIM TIPOBENICHBI €ro
CpaBHHUTENBHBIE WCTIBITAaHHS 10 OOIIETIpH-
HsATOI MeToruKke B yenoBusix OO0 «HoBbri
ypoxaii» IlenseHckoit 00J-TH B mporiec-
ce BO3ZCJIBIBAHUS PEMYaToro JyKa copra
«mTyTraprep puseH». BeIOOp JI€HTOYHOTO
BBICR)KMBAIOIIETO armapara I0CagoqHOM
MAaIlMHBl B KayecTBE OOBEKTa CPaBHEHUS
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P u c. 10. Brusiaue pabodei CKOPOCTH JIyKOIIOCA0UYHONH MAIINHEI Ha JIOJTIO JIyKOBHII,
BBICA)KEHHBIX BEIIIKOH BBEPX

Fig. 10. The dependence of translational speed of onion sowing machine
on number of bulbs planted by bottom down
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Pwuc. 11. BnusiHue paboueii CKOpOCTH JyKOTIOCAJI0YHOM MaIIUHBI HA PABHOMEPHOCTh TIOCAIKH

Fig. 11. The dependence of translational speed of onion sowing machine
on distribution of bulbs along the row
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Pwuc. 12. I'paduku paccesHust ypoBHS (akropa (TIOCTyIaTeIbHON CKOPOCTH V), IBIKCHUS )
OT KOJINYECTBA JIYKOBHI], BBICAXXEHHBIX JOHIIEM BHU3, ITPU ITPOBEICHHUH MOJIEBBIX
HCCIIEIOBAaHUH JTYKOIOCAJOYHON MaIIMHbI

Fig. 12. The factor dispersion scatters diagram of translational velocity V;, of motion of number of
bulbs planted by botton down during field testing of the onion sowing machine
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P uc. 13. I'paduku paccesnus ypoBHA pakTopa (MOCTYNATENbHON CKOPOCTH V), IBMKEHUS )
OT PaBHOMEPHOCTH PACIIPEICIICHNS JTyKOBHI], BBICAXXEHHBIX JOHIIEM BHU3, IIPU ITPOBEICHNUH MOJIEBBIX
HCCIIE0BAHUH JIYKONIOCAJOYHON MAIIMHbI

Fig. 13. The factor dispersion scatters diagram of translational velocity V,, of motion with uniformity
of distribution of bulbs planted by botton down during field testing of the onion sowing machine
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C KaTyIIEYHO-BUIILYATHIM BBICAKHUBAIOIINM
anmaparoM OOYCIIOBJIEH ero Oolsee MIHpo-
KOH pacnpoCTpaHEHHOCTHIO Ha TPOM3BOI-
CTBE JyKa TI0 CPaBHEHUIO C IPYTUMH W3-
BECTHBIMH yCTPOHCTBAMIL.

IIpumenenne  KaTyleuHO-BUIBYATO-
IO BBICRKMBAIOIIETO ammapara I03BOJH-
JIO YBEIMUYUTH YpPOXKANHOCTH JyKa-pErKu
mo 283 1/ra, uto B 1,25 pa3a mpeBbIlIaeT
MTOKa3aTey Iy JICHTOYHOTO amrapara 3a c4eT
TIOBBIIIICHAS JOJIHA JTYKOBHUI[ BBICAKECHHBIX

noHueM BHU3 Ha 20 %, a paBHOMEPHOCTH
MOCaAKU JyKOBUIL — Ha 19 %.

Takum 00pa3oM, paBHOMEPHOCTH
mocanku coctaBmna 79 %; mpoIEeHT
JTyKOBHUIl Bemkoil BBepx — 51 %, Ha
6okxy — 47 %, Bemkoit BHU3 — 2 % mpH
paboueld CKOPOCTH JYKOIOCAJI0YHOM
mamnel V= 0,9-1,0 m/c, BbicOTE TIa-
JIeHUS TyKOBUIIBI [ = 0,12 M m gactoTe
BpaIlleHUS BBICAXHBAIOMETO OapabaHa
n,=0,47c.
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OuyucTKa NUTHEBOH BOALI OT GTOPUIOB
METOJ0M 00pPaTHOI0 0CMOCA

A. A. Illa6apun’, B. H. Boasikos, A. B. Korum,
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Bseoenue. Onuoii u3 BakHeHImMX 3amad B cdepe CaHUTAPHO-IIMHUACMHOIOTHUECKOTO
Onaronoyuns HaceneHust Poccuiickoit ®denepanuu siBiuseTcss oOecnedeHne ero 100po-
KauyeCTBEHHOM MUThEBOM BOOM, O€30MaCHON B SIUACMHUOIOTMYSCKOM OTHOIICHUHU U 0e3-
BPEAHON 10 XUMHUYECKOMy cocTaBy. OJHON M3 INABHBIX 3a/lad BOJOOYUCTKH SIBISIETCS
peryaupoBaHue coaepkanusi GTOpUI-MOHOB B MUTheBO# Boxe. L{enb Hacrosimel pabo-
TBI — HU3y4YEHHE BO3MOKHOCTH OYUCTKU BOJOIMPOBOIHON BOJBI OT MOHOB (PTOpA METOIOM
o0paTHOro ocMoca.

Mamepuaner u memoowl. J{nst ynanenus GTOpUI-HOHOB ObUIa MCIONB30BaHA YCTAHOBKA
Alfa Laval PilotUnit 2.5" RO/NF ¢ koMIuieKToM MeMOpaHHBIX JIEMEHTOB CHHPAIbHOIO
tura RO99-2517/48. Kontpois 3a comepxanueM (TOPHUA-MOHOB IIPOBOJHMIN MOTEHIINO-
METPUYECKUM METOIOM C HcIonb30BanneM pH-merpa/mumumuBonstMerpa Hanna HI 2211.
B kauecTBe MHIMKATOPHOTO 2JIEKTPOJA HCIHOJIB30BAIH (DTOPUI-CEICKTUBHEINA AIEKTPOL
mapku DJIMC 131 F, B kauecTBe 371eKTpoaa CpaBHEHHs — CTaHAAPTHBII Xiopuacepedpsi-
HBIH snekTpoxn Mapku DBJI-1M3. I'paxynpoBounsie u Oy(hepHbIe pacTBOPHI H3TOTABIIHBA-
JIM U3 PEaKTHBOB MapKH X.4. ¥ 4.1.a., cortacHo [OCT 4386-89.

Pesynomamut uccneoosanus. IIpn oqHOKpaTHOM IIPOITYCKaHUHU BOIBI Yepe3 00paTHOOCMO-
THYECKYI0 MeMOpaHy cojepkaHue (pTOpHUA-HOHOB cokpaTmioch ¢ 2,29 £ 0,02 mr/n go
0,240 + 0,015 mr/m; mpu nByKpatHOM — eme B 2 pasa. [lo Mepe Bo3pacTaHus comepika-
HUS PTOPUA-MOHOB B PETEHTaTe HAOIIOAAI0Ch HEKOTOPOE YBEIMYCHUE KOHICHTPALUK £~
u B pmsrpare. [Tocne ouncTku Bozsl, comepxkarueii 20 Mr/1 noHOB (Topa, ero KOHIEHT-
pauust B punbrpare He npessimana 0,5 mr/i.

Obcyarcoenue u 3axnouenus. UcrionszoBanne ycranosku Alfa Laval PilotUnit 2.5" RO/NF
¢ KOMIUIEKTOM MEMOPaHHBIX 3JIEMEHTOB crupaipHoro tuna RO99-2517/48 nosponser
3¢ }eKTHBHO OYHIIATE BOIOIPOBOIHYIO BOMY OT HOHOB (hTOpA IO YPOBHS HIKE IIPE/IIIb-
HO JIOMYCTUMOM KOHIIEHTpanuH. JlJanHOe HcCleI0BaHNE OTKPBIBAET MEPCIIEKTUBY MpPHMe-
HEeHUsI 00pPaTHOTO 0CMOCA JUISl OYUCTKU BOJOIPOBOAHOI BOJBI C BEICOKUM COZIEPIKAaHHEM
(hropua-noHOB.

Knroueswle cnosa: BononpoBoaHas Boja, HOHbI Gropa, Gpropuasl, 0OpaTHbIl 0CMOC, I10-
TEHIMOMETPHUYECKUIT aHan3

Jna yumuposanusn: O4ucTKa MUTHEBOI BOIBI OT (PTOPUIOB METOIOM OOPATHOTO OCMO-
ca/ A. A. llabapun [u np.] // Bectauk Mopaosckoro yausepcutera. 2018. T. 28, No 1.
C. 36-47. DOI: 10.15507/0236-2910.028.201801.036-047
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Purification of Drinking Water from Fluorides
by Reverse Osmosis

A. A. Shabarin’, V. N. Vodyakov, A. V. Kotin,

0. A. Kuvshinova, Y. I. Matushkina

National Research Mordovia State University (Saransk, Russia)
“shab_aa@mail.ru

Introduction. An important task in the sphere of sanitary and epidemiological welfare of the
population of the Russian Federation is provision of drinking water. Tap water must not contain
pathogenic bacteria and dangerous chemicals. Purification systems regulate the concentration
of fluoride ions in drinking water. The aim of this paper is to study the possibility of purifying
tap water from fluoride ions by reverse osmosis.

Materials and Methods. We used the Alfa Laval PilotUnit 2.5 "RO/NF with a set of spiral-type
membrane elements RO99-2517/48 to remove fluoride ions. We measured the concentration
of fluoride ions by the potentiometric method using the Hanna HI 2211 (pH/mV/T). Fluoride-
selective electrode ELIS 131 F was used as an indicator electrode and the standard
chloride-silver electrode EVL-1M3 was used as a reference electrode. Both the calibration
and buffer solutions were prepared from chemically pure reagents and A. R. purity for
analysis reagents according to GOST 4386-89.

Results. A single passage of water through the reverse osmosis membrane reduced the
concentration of fluoride ions from 2.29 + 0.02 to 0.240 + 0.015 mg/l. Double passage of water
reduced the concentration by a factor of two. As the concentration of fluoride ions increased
in the retentate, the concentration in the filtrate slightly increased too. Purification of water
reduced the concentration of fluoride ions from 20 mg/l, to 0.5 mg/1.

Discussion and Conclusions. Thus, using the Alfa Laval PilotUnit 2.5" RO/NF with a set
of spiral-type membrane elements RO99-2517/48 filters tap water of ions of fluoride to the
maximum allowable concentration. This study opens the perspective of using reverse osmosis
to purify tap water with high concentration of fluoride ions.

Keywords: tap water, fluoride ions, fluorides, reverse osmosis, potentiometric analysis

For citation: Shabarin A. A., Vodyakov V. N., Kotin A. V., Kuvshinova O. A., Matushki-
na Y. L. Purification of Drinking Water from Fluorides by Reverse Osmosis. Vestnik
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Beenenue

OnHolt U3 BakHEHIINX 3a1a4 B cdepe
CaHUTAPHO-3MUIEMHOJIOTMYECKOro  OJaro-
nomyuust HaceneHust Poccuiickoit denepa-
UK SBIISIETCSl OOECIIeYeHne ero T00poKa-
YyeCTBEHHOM NMUTHLEBOM BOIOH, O€30IacHOM
B 3ITHJIEMHOJIOTMYECKOM OTHOIIEHHH 1 0e3-
BpPEIHON MO XMMHYECKoMy cocTtaBy |[1].
OnHoli M3 TIaBHBIX NPOOJIEM BOJAOOUYHCT-
KU SIBJISICTCSl PETYAMPOBAHUE COACPIKAHMS
(TOpHI-NOHOB B MUTHEBO Bome. DTOpP OT-
HOCHUTCS K MHUKpODJIEMEHTaM, COIepIKaHUEe
KOTOPBIX B BOJIE JUTsl HOPMAJIbHOM JKH3HE Ie-
ATETHHOCTH YEJIOBEKA JOJKHO HaXOTUTHCS
B CTPOTO OIpEIENIEHHBIX mpeaenax [2].

JnurenbHoe ymoTpebieHHe HaceleHH-
€M BOJIbI C KOHIEHTpauuei ¢propa HUKE
0,7 mr/n cnocoOCTByeT B COBOKYITHOCTH
Cc JpyruMu (akTopamMy TOBBIIICHHON
3a001€BaeMOCTH  KapuecoM. lcmob-
30BaHME BOABI C KOHLEHTpauueil ¢ro-
pa, mpeBbImaromei 1,5 Mr/i1, BBI3BIBAaET
¢umoopos. Mmenno nosromy B PO u apy-
TUX CTpaHax HOPMAaTHUBHBIC JOKYMEHTBI,
B yactHoctH CanlluH', permamenTupytor
copepkanue (ropa B MUTHEBOH BOAE OT
0,7 no 1,5 mMr/a, B 3aBUCUMOCTH OT KJIHU-
MaTudeckoi 30Hbl. Ha teppuropun PO
OOJILIIIMHCTBO TPUPOJHBIX BOJ, WCIOJb-
3yEeMBIX Il BOAOOOECTICUeHH s, COlepKaT

"' CanlluH 2.1.4.1074-01. TTutbeBas Bojma. I'urueHnueckue TpeGOBAHHS K KAUeCTBY BOJBI IIEHTpA-
JIN30BAaHHBIX CHCTEM MHUTHEBOTO BomocHaOxeHus. KonTponb kadectBa (B3amen CanlluH 2.1.4.559-96).

URL: http://docs.cntd.ru/document/901798042
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1100 TOBBILICHHBIE, OO MOHMKEHHBIE
koHueHTpauuu ¢ropa. [Ipu stom ¢ro-
pupoBaHue Wi Ae()TOPUPOBAHHE BOIbI
IIPUMEHSIETCS] OYEHb PENIKO U3-32 BBICOKON
CTOUMOCTH TPAJUIIMOHHBIX TEXHOIOTHH.

Llens HacTosmield paboThl — H3yYe-
HUE 3(P(HEKTUBHOCTH OYMUCTKH BOAONPO-
BOJHOH BOJBI OT MOHOB ()TOpa METOAOM
o0paTHOTO OCMOCA.

0030p MTEPATYPHI

®d1op OTHOCHTCS K Hamboliee pac-
MPOCTPAHEHHBIM 3arps3HEHUSIM, OKa3bl-
BAIOIIMM TOKCHKOJIOTMYECKOE BIHMSIHUE
Ha OpraHu3M uenoBeka. [Ipu mopaxxeHnn
BBIICJINTENIBHON ~ cucTeMbl  rumnepdro-
PO3 HaXOAUT CBOE BHIPAKEHHE B IEPBYIO
odepellb B MOPAKEHUH TOYEK KaK y Je-
TeH, TaKk W y B3pOCIBIX, & TAKXKE B HAKO-
wieHnn ¢ropa B OmocyOcTparax (Moua,
Bostochl)? [3]. M3BecTHO, 9TO (PTOpP M €rO
MIPOU3BOAHBIE TOKCHYHBI, NMPHUYEM JaKe
B OOJIBINICH CTETICHHW, YeM CBHHEIN [4—6].
B nepeuenb rocynapcts, TAe JI€UCTBYET
3anpeT Ha (TOPUPOBAHHUE BOABI, BXOJIST
Snonus, Uaaus, Kutaii, M3pauns u MHO-
rue ctpanbsl EBpornelickoro corosa.

BiusHue ¢ropa Ha opraHbl U cucTe-
MBI OPraHU3Ma YeJIOBEKa 00YCIOBICHO Psi-
JIOM OMOXMMHYECKHX peakiuii [7—8]. Mon
¢dTopa crocoOeH 00pa3oBBIBATH COEIUHE-
HUSL C YIJIEPOAOM M BOAOPOIOM, BBI3BIBAs
paspyLueHHe )KUBOH KIeTKH. Tokcndyeckoe
neiictBue  (hTOpUIOB OOYCIOBIEHO TEM,
YTO OHU JIETKO NIPOHUKAIOT Yepe3 MeMOpa-
HBI KJICTOK, OKa3bIBAIOT YTHETAIOIIEE JIeH-
CTBHE Ha ()EPMEHTHI U MIPUBOMSAT K TOKCH-
KO-METa0OJIIMUYECKUM HapyIICHUSIM, B T. Y.
y JeTelt pazHoro Bo3pacta [9—11].

Psin aBropoB ormedaet, yTo (ropH-
CTBbIC COCIMHEHUS IPOBOLUPYIOT IIPO-

LECCHl CEHCHOWIM3alMi B OpraHu3Me
[12-14], nomaBisitOT KJIETOYHBIA U TYy-
MOpaJbHBIL ~ UMMYHHUTET, (arouuTos,
MEHSIIOT OCHOBHBIC HEPBHBIC IPOLIECCHI,
BEreTaTUBHBIA TOHYC, MPH JUTHTEILHOM
JIEHICTBUM BBI3BIBAIOT 3aJIEPKKY HEPBHO-
MCUXHUYecKoro pas3Butusa [15], cunapom
HapyLICHUS! BHUMAaHUs C THIICPPEaKTHB-
HOCTBIO M 3MOLMOHAJIBHBIE PaCCTPOMCT-
Ba® [16-18].

B nacrosimee Bpemst BBICOKasi CTETICHb
OYHCTKH TPOMBIIUICHHBIX CTOYHBIX BOJ
OT MOHOB (hTOpPa MOXKET OBITh JOCTHIHYTa
TOJIBKO TIPH UCIIONB30BaHUH SHEPro3arpar-
HOT'0, JOPOTOCTOSIIEr0 HMMIIOPTHOTO BO-
JIOOYHCTHOTO OOOPYIOBaHUs, YTO CHIDKAET
TEXHUKO-DKOHOMHUYECKHE MTOKa3aTeln pado-
ThI IPEANPHUATHIA B IecATKH paz*> [19-21].

OueBuaHO, LENeco0Opa3HO NpUMe-
HSTb TaKWE TEXHOJOIMM, KOTOpBIE IO-
3BOJISIIOT BO3BpAIllaTh OYMILIECHHYIO BOAY
B IPOM3BOACTBEHHBIH IMKJ, W3BIECKAaTh
(TOPUA-UOHBI U HCIIONB30BATh COZEPIKA-
M€ UX COEJMHEHHs B KaueCTBE BTOPHY-
HOTO CBIPBS, @ TaKKe MPUMEHSTH B MPO-
LECCE OUMCTKU SKOHOMUYECKH JJOCTYITHBIC
METOZbI U MaTepHalIbl.

Mertonpl, obecrneunBaroLue H3BJIe-
YeHHe WOHOB (hTOpa U3 BOJABI TOBEPX-
HOCTHBIX W TIOA3EMHBIX HMCTOYHHKOB,
MOXKHO pa3ieluTh Ha 4 TPYIIBL: Oca-
JKACHHUE U COOCAXIICHHUE; COPOLIMOHHBIE;
HMOHOOOMEHHBIE U (PU3HKO-JIEKTPOXUMHU-
geckue [22-24]. B mocneqHiow rpymmy
BXOZSAT 3JEKTPOKOATYIIANNS U MeMOpaH-
Hbl€ METOJbl: 3JEKTPOANAIN3, HaHO-
¢unbTpanus U 00paTHBIN 0cMOC.

Takoe neneHue OOBOJBHO YCIOBHO,
MOCKOJIbKY OZIMH M TOT K€ MEXaHU3M H3-
BJI€YEHUs (PTOpa, a TAK)KE PEareHThbl, OT-

2 Aunkun B. B., loraueBa T. A. Ipuaunnast cBsi3b coieprkanust hTopa B MATHEBBIX BoAax MopIoBuH
¥ 3a00eBaeMOCTH HaceneHus (Oone3Hs MU BbiieuTebHON cucteMsl) / XLIV Orapésckue 4TeHus : MaT-Jibl
Hayd. koH(}. Capanck : M31-Bo Mopx. yu-Ta, 2016. C. 495-500. URL: https://elibrary.ru/item.asp?id=26380457

3 ABubin A. II., KasopoukoB A. A. Ilaromorus ¢uroopoza. HoBocuOupcek :

URL: https://search.rsl.ru/ru/record/01001069867

Hayka, 1981.

*YypkuH P. A. Pa3paboTka TeXHOJIOTUH OYMCTKH CTOYHBIX BOJ OT (PTOPHI-MOHOB : aBTOped. JIHC. ...
KaHJ. TexH. HayK. Bosirorpax, 2011. 20 c. URL: http://www.dissercat.com/content/razrabotka-tekhnologii-

ochistki-stochnykh-vod-ot-ftorid-ionov

> CmupHoBa E. E. TexHOIOrHSI O4UCTKH CTOYHBIX BOJl OT TOKCHYHBIX COeJUHEHHI (TOopa : aBTO-

ped. mwmcc. ...

kaua. TexH. Hayk. CII6. : C3I'3TY, 2006. 23 ¢. URL: http://www.dissercat.com/content/

tekhnologiya-ochistki-stochnykh-vod-ot-toksichnykh-soedinenii-ftora
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BETCTBEHHBIE 32 JaHHBIA MpPOLECC, MOTYT
OTHOCUTBCS K pa3HbIM MeTojaMm [25].

Meton ocaxaeHus (KOAryisiun),
obecrieunBaromuii  m3BIeUYeHNEe (Topa
CBE)KEC(HOPMHUPOBAHHBIMU OCAJIKAMH THU-
JPOKCUJIOB MarHusi, aJIOMUHHSA, >Kele3a
u ¢pocdara KanpHsl, SKOHOMHUUECKH BBI-
TOJTHO UCIIOJIB30BATH ISl TOBEPXHOCTHBIX
BOJl, OCBETIIIEMBIX TIepeJT Iofavyeil B CETh,
XOTSI B HEKOTOPBIX CITydasix €ro MpUMeH:I-
10T M JIJISI TOJI3EMHBIX BOJI.

C pa3BUTHEM TEXHOJIOTHH TMOIyYe-
HUSl BBICOKOA()()EKTUBHBIX KOAT'YJISTHTOB
MOJTMOKCUCYITb(DATOB M TIOJIHOKCUXIIOPH-
JIOB QIFOMHUHHUS CTaJ0 BO3MOXXHBIM WC-
MOJTb30BAHME WX B KAa4eCTBE PEareHTOB
B Tipolieccax obecdropusanus. [Tpu saTom
CHIDKACTCSl PACXOJI HE TOJBKO KOAryisiHTa
(B cpemneM Ha 25-30 %) mo cpaBHEHUIO
¢ cynb(haToM aTOMUHUS, HO H IIEN0Y-
HBIX pEareHToB (M3BECTH, COMBI), a TaK-
KE YIy4IIaeTcs MPOLECC CeINMEHTAITUH
W OTCTaWBaHUs. YCTaHOBIEeHa Jddek-
TUBHAsi COpOIMs MOHOB (propa mMarpurleit
AKTUBHOTO THUAPOKCHIA AIIOMHHUS, (Op-
MUPYIOIIETOCS B MPOIIECcCe THPOITH3a 110-
JIUTUIPOKCOCONIEH allFOMIHNS, BCIIEICTBUE
copasMepHOCTH HoHOB F~ ut OH [21].

Hcnonp30BaHne METOIOB OCAXKICHHS
U COOCAXKICHUS TNPH 00eCPTOPUBAHUT
BOJbl OOYCIIOBIHMBAaET HEOOXOIUMOCTh
(buBTpOBaHU Yepe3 Pa3InYHbIe COPOCH-
Tel. 1llmpokoe NpUMEHEHHE TOIyYNIH
CIIEYIONINEe MaTepHallbl: AaKTHBUPOBAH-
HBIH OKCHJ] aTFOMHHHUS, Gocdarcoaeprixa-
1IiMe, IIMHUCTBIC W TIOYBCHHBIC, MarHe-
3UalIbHbIC COPOCHTHI, AKTHBUPOBAHHBIN
yroias u 1p. [26].

N3BecTHO, 9TO aHHOHOOOMEHHBIE CMO-
JIBI Pa3IMIHON OCHOBHOCTH, TIOBEPXHOCTD
KOTOpBIX HacklllieHa OH Wi aHHOHAMH,
CHOCOOHBI yIAJISITh M3 BOJBI MOHBI (hTO-
pa [23]. Hanbonbiass eMKOCTh MpHCYIIA
AHMOHHTAaM, COJEPKALINM YETBEPTUUHYIO
amuHOTpymITy. B Hagaie mporecca Quth-
TPOBaHHS 4Yepe3 AaHUOHUTOBBIA (QHIIBTP
MPAKTUYECKH BCE HOHBI )TOPA 3a]ICpIKUBA-
I0TCS 3arpy3Koid, moatomy o 1,2 mr F/n

¢unsTpar paz0aBISIOT MCXOAHOW BOIOU.
[oBbItienue comepxanust Gpropa B HUIIb-
Tpare 0 YPOBHS, IMPEBBIMIAIOIIETO Tpe-
JENTPHO  JOMYCTHMYIO  KOHIIEHTPAIIHIO
(ITAK) (1,5 wmr/m), cBupeTenbCcTByeT 00
OKoHYaHHMH 1KKiIa. CMOTYy OTMBIBAIOT Tie-
PECHIIIEHHBIM PACTBOPOM XJIOPH/Ia HATPHSI
WM COJITHOW KUCIOTOM.

Hecmotpst Ha 90-95%-Hoe ynanenue
(hropa, METOm XapaKTEepPHU3YIOT BBICOKAS
ce0eCTOMMOCTh TIpoliecca M3-3a CTOMMO-
CTH Marepuaja, ero npenoopadoTku, pe-
reHepaluy, HeOOXOANMOCTH YTHIN3ALUU
o0oramnieHHbIX (PTOPOM OTXOJIOB; CHHIKE-
HUE YPPEKTUBHOCTH OYUCTKU B MPHUCYT-
CTBUH KOHKYPEHTHOCTIOCOOHBIX aHHOHOB;
HU3KUN pH ounIeHHOMN BOJIBI U 3arpsa3He-
HHE €€ XJIOPUI-HOHAMHU.

DJNEKTPOKOATYJISIIUOHHOE  00ecdTo-
pUBaHHME TO3BOJSET YAAIATH (TOPHI-
WOHBI 0e3 TPUMEHEHHS XHMHUYECKUX
peareHToB, BMECTe C KOTOPHIMH B BOIY
MOCTYIACT 3HAYUTEIILHOE KOJMUECTBO JI0-
MIOJTHUTENBHBIX COJieH, Onarogaps popmu-
POBaHMIO BBICOKOAKTHBHOTO THAPOKCHIA
AJTFOMHUHHS BCJIEJCTBHE aHOJHOTO pac-
TBOPEHUSI AJTFOMHHHUEBBIX W JIOPATIOMU-
HUEBBIX JIEKTPoaoB [22]. s cHImKeHus
9HEPro3arpar BapbUPYIOT TOKOBYIO Ha-
IPY3Ky U paccTOssHUE MEXKIY SIEKTpoja-
MM, a JIEKTPOJIU3 BeIyT NPH MOCTOSIHHOM
WJIH TIEPEMEHHOM TOKE.

[TomoXuTensHBIMA MOMEHTAMH TIPH-
MEHEHUS SJICKTPOKOATYIISAIIAN TIPpH 00ecd-
TOPUBAHUH SIBJSIFOTCS IPOCTOTA TEXHOJIO-
THYECKOM CXEMBI; OTCYTCTBUE CKIAJCKHX
MOMEIICHUN, PEarcHTOB W allaparypsbl
JUTSL MIX TIPUTOTOBIIEHUS (JINOO pereHepa-
ITUH ); JTOBOJIBHO BBICOKHIA 3(h(eKT ouncT-
k. OCHOBHBIE HENOCTAaTKH JTaHHOTO
METO/Ia — 3HAUYUTEIbHBIH PACX0J1 JIEKTPO-
SHEPTUU U METAJUINYECKOTO ATIOMUHHS,
ObICTpast acCUBALHA IEKTPOIOB.

B 2000-2010-¢ rr. mmpoxoe npumMeHe-
HHUE B Pa3IMYHBIX OTPACISAX MPOMBITILICH-
HOCTH HalUTM MeMOpaHHBIE MPOIECCHI:
ANIEKTPOJIUAIIN3, YIbTpapUIbTpalus, Ha-
HOUIBTpaIMs 1 00paTHbIi ocMoc® [27].

® MyJaiaep M. BeeneHue B MemOpanHyo TexHonoruio. M. : Mup, 1999. 513 ¢. URL: http://booksshare.net/
index.php?id1=4&category=biol&author=mulder-m&book=1999
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Hanogunsrpaiponasie MeMOpaHsbl, KO-
TOPBIE XapaKTEPHU3YIOTCSI OTHOCUTEILHO He-
BBICOKOH 3a7IepKHBAIOIIEH CHOCOOHOCTBIO
10 OTHOLIECHUIO K OZIHOBAJICHTHBIM HOHAM,
MOTYT YCIICIIHO MPUMEHSITHCS JUISl OUHCT-
KA BOABI OT WOHOB (Topa, 3PdeKTHB-
HO CHMXasl UX KOJIWYECTBO, HO IMPU ITOM
HE 3a/1ep>K1Basi MOJHOCTHIO [23].

A O4HMCTKH KECTKOM TIpyHTOBOH
BOIbl C MOBBIMIEHHBIM COAEPKAHUEM
nonoB kene3a(ll), cTpoHIMS, HUTPATOB,
($TOpUIOB TEXHONOTUS OOpaTHOTO OC-
Moca HanboJiee BBITOHA MO CPaBHEHUIO
C JIpyTMMH, TIOCKOJIbKY oOOecrednBaeT
BBICOKYIO 3(()EKTUBHOCTb OYHMCTKH OT
HOHO- ¥ MOJIEKYISIPHO-PACTBOPEHHBIX
npumMeceil. OCHOBHBIMHU (paKTOPaMH, BITU-
AIOMMMA Ha TIpoliecc o0ecTOpUBaHUS
BOJIbI METOIOM OOpaTHOIO OCMOCA, SIBIIS-
IOTCSl €€ XMMUYECKUH cOCTaB (B YacTHO-
CTH, MCXOIOHas KOHLeHTpauus [7), pac-
xox, pH, naBnenue, remneparypa u ap.’

Hexoropeie uccnenoBarenn [23; 27]
OTMEUAIOT ~ CJICAYIOIIME  TTOJIOKHUTENb-
HbIE MOMEHTBI MCIIOJIb30BAHUS TpoLecca
00paTHOTro0 0cMOca IPH BOJOMOATOTOBKE:
BbICOKass 3()()EeKTUBHOCTH yHajeHHs He
TOJIBKO MOHOB (hTOpa, HO M Pa3IUIHBIX
HEOPraHMYECKMX W OpPraHUYeCKUX Be-
[IECTB, MECTHIUAOB, MUKPOOPTaHH3MOB;
OJHOBPEMEHHAsl OYMCTKA U Ae3MH(EKIns
BOJIbI; OTCYTCTBHE XMMHYECKHX pearcH-
TOB; paboTa B IIMPOKOM auanazoHe pH;
rapaHTUPOBAHHOE ITOCTOSHHOE KaueCTBO
BOJIbI; OCYIIIECTBIICHHE Ipoliecca B MPO-
CTOM M aBTOMAaTHU3WPOBAHHOM OIepa-
OUOHHOM pPEXHMaxX C HCIOJb30BAHUEM
KOMIIAaKTHOW MOJIYJIbHOH CHCTEMbI NpHU
MUHHUMAaJIBHBIX TPYJOBBIX PeCypcax; Bbl-
COKHH pecypc MeMOpaH.

Takum oOpa3zom, IpUMEHEHUE 00par-
HOTO OCMOCa B KadecTBE MeTojia odec-
(TOpHBaHUS BOABI SIBISIETCS AKTYaJIbHBIM.

Marepuanbl 1 MeTOAbI

OTpaboTKa TEXHOIOTHH MeMOpaH-
HOTO OOec(TOpHBaHUS THUTHEBOW BOIBI
MPOBOAMIACH, Ha IHJIOTHOM YyCTaHOBKE
Alfa Laval PilotUnit 2.5" RO/NF (puc. 1)

C KOMIUIEKTOM MEeMOpaHHBIX 3JEMEHTOB
cnupasibHoro Tuna RO99-2517/48.

Mepmeart /
MM Permeate
\ Fi1
) [~
\ Q y
Olpi PI2 I
Ti1 PeTenTar /
S Retentate
H .
x Iy
VH2(O) I‘
Fl2 [ ! AL
LS | Discharge
Vs Hz
6 |4 o—V3' p

P uc. 1. O0mwmii BUJ (2) ¥ IPUHIMIHAIBHAS
cxema (0) maboparopHoit ycranoBku PilotUnit 2.5"
RO/NF: D — notok B KaHaJIHM3aLHMIO;

E —pesepsyap; F'1, F2 — porameTpsr; G — moasoxn/
OTBOJI TEIJIOHOCHUTEJIST; H — TeII000MEHHUK;
Hz — nacoc nupKyJISIUOHHBIN; ¥ — nogada
JIeKTponuTaHus; LS — 1aT4uK ypOBHS;

MM — memOpaHHBIit MOy, PI1-2 — MaHOMETBI;
TI1 — repmomerp; VH1, VH2 — 3aniopHo-
perynupyromnias apMarypa; VS — knanan
MPeOXPaHUTENbHBIN

Fig. 1. The general view (a) and schematic
diagram (b) of the laboratory installation
PilotUnit 2.5" RO/NF: D — flow in the sewer;

E — tank; F1-2 — rotameters; G — supply/discharge
of coolant; H — heat exchanger; Hz — circulation
pump; Y — power supply; LS — sensor level;
MM — membrane module; P/1-2 — pressure
gauges; 7/1 — thermometer; VH1-2 — shut-off and
control valves; VS — safety valve

"URL: http://booksshare.net/index.php?id |=4&category=biol&author=mulder-m&book=1999
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[TonumepHble 0OPaTHOOCMOTHYECKHE
(13 >(hupoB 1EIII0N03bI) MEMOpaHHbIE
MOZYJH CIIUPAIbHOIO THIA C IUIOLIAIbI0
¢unprparuu 1 M? 1O JaHHBIM HM3rOTO-
BUTEJIST 00ECIIEUMBAIOT TPOU3BOUTEIb-
HOCTBH 710 500 /4.

[Tonmyuenune obechTOPEHHON BOIBI HA
ycranoske PilotUnit 2.5" npousBoannack
B CJICYIOILIEH MOCIIe10BAaTEIbHOCTH.

1. ITocie MoHTa)ka MEMOPAHHOTO dJIe-
MeHTa crnupajibHoro thna R0O99-2517/48
B MeMOpaHHbIH Monyias MM B pezepByap
E ycranoBku 3anmuBaniock 14 1 Bomomnpo-
BOJHOW BOJbI, KOTOpasi MpU KOMHATHOMH
TeMIieparype IOABEeprajach LMPKYJIs-
LM 10 3aMKHYTOMY KOHTOPY B TE€UEHHE
2-3 muH. [ocie 3Toro ¢ moMoIIEIo Ipocce-
nst VH2 ycTaHaBnMBacsl pacxoJ] peTeHTara
13,4 n/mun (o poramerpy F12). Ilpu srom
JaBJICHUE peTeHTara cocrtasisuio 40 Oap
(mo manometrpy PI2), a pacxom mep-
Meata — 0,42 m/muH (10 poramerpy FI1).
Hupkynsamums gepe3 MemMOpaHy TOx JaBiie-
HueM mponopkanack 20-25 mun. Kaxnsie
5 MUH IIPOBOJMIIOCH U3MEPEHHUE )KECTKOCTH
pereHTara M (uiibTpara KOHIYKTOMETPOM
TDS-3. 3arem Hacoc OTKITIOYAICS, OTpado-
TaHHas BOJA CIMBAJIACh B KAHAIM3ALUIO.

Cormacio T'OCT 4386-898, comep-
JKaHWe (TOPUI-HOHOB B THTHEBOH BOJE
HEOOXOIMMO OMpEeNATh (oTOMETpHYEe-
CKAM ¥ TOTEHIIHOMETPUYECKAM METO[a-
mu. [Ipumenenne Broporo metoma Gojee
MPEANOYTUTEIHHO, MOCKOIBKY OH TIO-
3BOJIIET JOCTATOYHO TOYHO OMPEICIUTH
KOHIICHTPAlMO (TOPUA-UOHOB B IIH-
poxoMm muanazone. Kpome Toro, mpume-
HEHHE TMOTEHIIMOMETPUIECKOTO METO/a
OTPAaHUYHMBAIOIINX PACTBOPOB TO3BOJISCT
3HAYUTENILHO YBEIUYUTH JKCIPECCHOCTH
U YIyYIIUTh BOCIPOU3BOIUMOCTD U Tpa-
BUJILHOCTB aHanu3a [28].

[loTeHomMeTpuuecKoe  OmnpeseNieHue
¢dbTopua-noHoB TpoBomMIM Ha pH-MeTpe/
mwumBonsTMeTpe Hanna HI 2211. B ka-
YEeCTBE UHIIUKATOPHOTO AIIEKTPO/IA UCIIOh-
30BaM  (DTOPU/I-CEIEKTHBHBIA 3JIEKTPOJ
mapku OJIMC 131 F, B kauecTBe aneKTpo-
Jla CpaBHEHUs] — CTaHJAPTHBIN XIJIOpHICE-
peOpstHbIA  AnekTpon Mapku  OBJI-1M3.
I'pamynpoBounsie u OydepHble pacTBOpHI
W3TOTABIMBAINA W3 PEAKTUBOB MapKH X.U.
1 4.71.a., cormtacHo T'OCT 4386-898,

W3 puc. 2 BUOHO, YTO OIpeneacHUue
(TOPHUII-HOHOB BO3MOYKHO 710 5° 1076 MOITB/1,
nim 0,095 mr/i.

ij: MB T T T T T T T T T T T r T T T T | T T T T T T T T
R A E=354,131 pC -568.81
| R*=09973
-3001
_400] /
~500 - ‘ r"/
-600 -
0 1 2 3 4 5 oC

P u c. 2. 3aBUCHMOCTE H3MEHEHNS MTOTEHIAANIA (PTOPHUI-CEIEKTUBHOTO AeKkTpoaa oT pC dpropuaa HaTpHs

Fig. 2. The dependence of change in the potential of fluoride-selective electrode
on pC of sodium fluoride

8 TOCT 4386-89. Boma murheBas. MeTO/BI ONPE/ICICHUsT MAcCOBOM KOHIICHTPAIMH (TOPHIIOB.

URL: http://docs.cntd.ru/document/gost-4386-89
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[loTeHuromMeTpuuecKkoe onpezaeeHue
(TOpHI-NOHOB B 00pa3Lax BOIbI IPOBOAH-
JIM METOJIOM OTPAaHHYMBAIOIINX PACTBOPOB.
ITpu 5TOM CHavaIa M3MEPSUTH Pa3HOCTH TO-
TEHIIUAJIOB BIICKTPOJIOB B PACTBOPE (PTOPH-
Jia HaTpus ¢ KoHtieHTparnuei 10~ Mons/im —
pC=5(E), uccnenyemoii Bone — IgC (E))
U pacTBOpe (hTOpHIa HATPUS C KOHIICHTpA-
uueit 10 monw/n — pC =4 (E)). B rpanyu-
POBOYHBIE PACTBOPBI U UCCIIETYEeMYIO BOTLY
nobaisuin OydepHbiii pactBop ¢ pH =5,5.
Konuenrpanuio GTopua-moHOB ¢ y4eToM
pasz0asnenust Oy(hepHBIM pacTBOPOM pac-
CUUTBIBAIN 110 (hOpMYIIE:

lgC =(E ~E)@pC -pC)/(E,~E)-pC,

3aTeM IMOIyYeHHYI0 MOJIAPHYIO KOHIICHT-
paIHIo TIepecUnThIBAIIN Ha MT/1T F

m=C_-19-1000,

rne C — MonsipHas KOHUEHTpauus ¢ro-
PHJI HOHOB, MOJIB/IT; 19 — MOJIIpHAast Macca
¢dropun noHOB, r/MoJb; 1 000 — mepecueT-
HBI MHOKUTEIIb.

Pe3yabrarhl ucciieoBaHus

O4uCcTKY BOJOIIPOBOIHON BOABI (T10-
CTyHnarouen U3 apTe3naHCKoro HCTOYHH-
Ka, pacrnoJyiokeHHoro B mnoc. fnra Pec-
myonukun MopaoBus) OT HOHOB ¢Topa
MIPOBOVIIN HAa YCTaHOBKE, MPECTaBIICH-
HOM Ha puc. 1.

YCTaHOBIIEHO, YTO MpPU OJHOKpAT-
HOM TIPOTYCKaHHWH BOJBI dYepe3 MeM-
OpanHblli 3memMeHT R(099-2517/48 co-
Jepkanue (HTOPHI-UOHOB COKPATHIOCH
¢ 2,29+ 0,02 mr/n g0 0,240 + 0,015 mr/m.
[Tociie AByKpaTHOW OYHCTKH — €IIle TOUYTH
B 2 paza (tabm. 1). s moaTBepKaeHUs
PE3YIBETAaTOB IKCTIEPUMEHTA B MPOITYTIIEH-
HYI0 uepe3 MeMOpaHy Boay BBOIUIHN (ro-
pU HATpUS B MHTEpBaje KOHIEHTpAIUii
5-20 mr/n. Ilo mepe Bo3pacTaHus conep-
JKaHUS (PTOPHUI-MOHOB B HCCIETyEeMOM
BOJIe HAONIOAAIOCh HEKOTOPOE yBeIHde-
HUe KoHIeHTpanuu F~ B ¢umsTpare. Ilo-
CJIe OUYUCTKH BOJIBI, coeprkarier 20 Mr/i
MOHOB ()TOpa, €ro KOHIIEHTPALUs HEe Ipe-
Bhimaina 0,5 mr/n (tabmura).

Tabnuma
Table

Pe3ynbTarsl onpenenenus ¢ropua-uoHoB B 00pa3uax Boasl (n =5; P =0,95)

The results of measuring fluoride ions in water samples (n =5; P = 0.95)

1:]1\/?1 O6bekT uccnenosanus / Object of study H%fgfiﬁio ;:’nlg//f / S,
! 2 3 4
1 Hcxonnas Boma u3 Boponposoaa / Initial tap water 2,290 + 0,020 0,008
[omy4eHnbIit nepmear (Bojia mociie MeMOpaHHOU
2 | dunsrpanun) / The resulting permeate (water after 0,240 £ 0,015 0,050
membrane filtration)
JIByKpaTHBII POITyCK BOAOIPOBOAHOMN BOAbBI UEPE3
3 | memOpannslii anement / Double pass of tap water through 0,130+0,010 0,070
a membrane element
4 Beenenne B nepmear 5 mr/in £/ Introduction 5210+ 0,110 0016
of 5 mg/l F~ to permeate
[epmear ¢ 5 mr/n F-, nmocie MeMOpaHHO# (uibTpanuu /
3 Permeate with 5 mg/l F*, after membrane filtration 0,180 +0,012 0,070
6 Beenenue B nepumear 10 mr/n F~ / Introduction 10,250 = 0,200 0016
of 10 mg/l F~to permeate
[epmear ¢ 10 mr/a F*, mocne MemOpanHO# (uibTpanmu /
7 Permeate with 10 mg/1 F, after membrane filtration 0,340+0,018 0,040
8 Beenenue B mepmear 15 mr/n £+ / Introduction 15300 % 0,180 0,009
of 15 mg/l F~to permeate
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Oxonuanue mabnuywt / End of table

1 2 3 4
[epmear ¢ 15 mr/n F*, mocne MeMOpaHHOH (uiibTparmu /

9 Permeate with 15 mg/l F*, after membrane filtration 0,360 + 0,019 0,040
Beenenne B mepmear 20 mr/n £~/ Introduction

10 of 20 mg/l F~ to permeate 20,300 + 0,260 0,010
[epmear ¢ 20 mr/n F-, mocie MeMOpaHHOH (uibTparmu /

1 Permeate with 20 mg/1 F, after membrane filtration 0,470 + 0,023 0,040

O0cy:x1eHue U 3aK/JII04YeHHsA

Takum 00pa3oM, HCIIOIB30BAHHIE
ycranoBku Alfa Laval PilotUnit 2.5"
RO/NF ¢ xkommiiekToM MeMOpaHHBIX
3NIEMEHTOB crnupaibHoro tuna RO99-
2517/48 mo3BomsieT >PQPEKTUBHO OUHU-
maTth BOJOIPOBOJIHYIO BOAY OT HOHOB

tdhropa no yposus umxe [1JIK. dannoe
UCCIIeIOBAaHUE OTKPBIBACT IEPCIEKTH-
By MPUMEHEHUsI 00paTHOTO ocMoOca JJIsl
MOJIyYeHHUsI BBHICOKOKAUEeCTBEHHOU TH-
THEBOH BOABI M3 APTE3MAHCKUX HCTOU-
HUKOB C BBICOKHUM conepxaHuem (ro-
pPHUI-MOHOB.
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IIpuMeHeHHEe HOBBIX TEXHUYECKUX PelleHuit
B KOHCTPYMPOBAHNH TEPMOIICKTPHYECKHUX CHCTEM
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Bseoenue. B crarbe IpeAcTaBIeH aHAIN3 IPUMEHEHHS ITOTyTIPOBOTHUKOB IPH KOHCTPYH-
POBaHHH yCTPOICTB, KOTOPbIE PAOOTAIOT C HCIIOIB30BAHUEM BO30OHOBIISIEMBIX HCTOYHH-
KOB HEPIHH; IIOKa3aHO, 9TO 0COOBII HHTEpEeC MPOSBIIETCS K CHCTEMaM, paboTaIoNINM Ha
OCHOBE TEPMOAIEKTPUUECKON IHepruu. 3ajjada NCCIeN0BaHNs 3aK/II0UaeTCs B pacliupe-
HUH CIIEKTPa IIPUMEHECHUS TEPMOIEKTpHIecKux cucteM. [lokasano, 4ro s npeodpaso-
BaHUS PACCESTHHON TEIUIOBOW YHEPTUH B APYTOil BUJ dHEPTUH Liesiecoobpas3Ho u addex-
THUBHO HCIIOJIb30BATh CHCTEMBI, CO3/IaHHBIC C TOMOIIBIO TEPMOAIEKTPHUECKHX AICMEHTOB.
Mamepuanet u memoosi. VlccnenoBanus npoBoauiIncy B HayuHo-1ccnenoBaTensCKoi 1a-
OGoparopuy COBPEMEHHBIX HarpeBarenbHEIX npudopoB ®I'EOY BO «MPHUTVY». Beumn
M3TOTOBJICHBI 00PA3Lbl TEPMOIEKTPUUESCKUX MOJYJICH C HCIOIb30BaHHEM TOJICTOILIE-
HOUHOIT TexHomoruu. CpaBHHBanach 3(P(EKTUBHOCTE PAaOOTHI TEPMOAIEKTPHIESCKOTO
MOJTYJIsl KJIACCHUYECKOTO BUJIA C paJdaTopaMu OXJIasKAEHUS U 3allaTeHTOBAaHHOH aBTOpaMu
KOHCTPYKIIUH TEPMOIEKTPUIECKOTO MOAYJIS C MPOCTPAHCTBEHHOM OpHEHTAINEH CTOPOH
TernnooOMeHa. B kadecTBe TEPMOIEKTPUYECKOTO MaTepuasa UCIOIb30BaCs TEITypHT
BucmyTa (Bi,Te,); TOKa3aHus HAIPSKEHUS M TOKA TEPMODIIEKTPHYECKHX MOyNeH (puk-
CHPOBAJIMCh YHHBEPCATbHBIM IH(QPOBBIM npubopoM B7-28; mokazaHusi Temreparypsl
TEIJIOHOCHUTEIISI U HarPeBaTeIbHBIX AIEMEHTOB U3MEPSUTICE TePMONapaMy U (PUKCHPOBa-
ek ¢ nomonipio npudopos TPM 151 u nporpammuoro xomruiekca ¢pupmbel «OBEH».
TokoBast Harpy3ka BO BpeMsI IPOBEJICHNUS SKCIICPIMEHTOB ObLIA ITIOCTOSTHHOH M COCTaB-
nsuta 1A; KOppEeKTUPOBKA OCYIIECTBIIATACH IOCTOSHHBIMY pe3rcTopamu Mapku MJIT-1.
Pesynomamer uccieoosanus. B ctarbe IpUBOASTCS PE3yabTaThl HCCIEIOBAHUS TEPMO-
3JIEKTPUYECKUX MOAYJIEH ¢ MOAAEp)KAaHUEM IIOCTOSIHHOM TEMIIepaTypbl Ha OTHOW CTOPOHE
MOy U 3aJJaHUeM IpaJueHTa TemMreparypsl B quanasose oT +50 °C no 190 °C Ha npy-
roii. JleTaabHO paccMaTpHUBaeTCs B3aUMHOE BIIMSHUE TEIUIONEPENAIOIINX CTOPOH B TPO-
recce JIUTEIBHON HKCIUTyaTaIlluy P Pa3IMIHBIX KOHCTPYKIMAX TEPMOAIEKTPUICCKUX
MOJLyJIEH.

Obcyorcoenue u 3axaroverus. TOICTOINICHOYHAsT TEXHOJIOTUS — OXHO U3 HAIPaBICHUH MO
Y/ICLIEBICHHIO TIPOU3BOJICTBA TEPMOIICKTPUUESCKIX MOIYJICH M yBEIMYCHUIO 3D (eKTHB-
HOCTH UX paboThl. MccnenoBanus B JaHHOH 001acTH IesiecooOpa3HO MPOBOAUTEH B Ha-
MIPaBJICHUH Pa3pabOTKU KOHCTPYKLHUI TEPMOAIEKTPHUECKUX MOIYNIEH U TEXHOIOTHUi 110
UX M3TOTOBIICHUIO. VICTIONBb30BaHNE TONCTOIUIEHOYHOHM TEXHOJIOTWH M3TOTOBJIEHHS Tep-
MOSJIEKTPUUECKHX MOJy/IeH 1aeT BOZMOKHOCTh MOMTHOCTBIO YATUTh B3aUMHOE BIIUSIHUE
ropstaei U XOJIOAHOH CTOPOH, a TaKKe YBEIHIHUTDH IUIONIAb PACCCHBAHNS TEIIa B OYEHD
HMIMPOKUX Tpesenax.

© Ienexos U. 1O., umenosa T. U., Cmupnos E. 1., 2018
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New Technical Solutions for Designing
Thermoelectric Systems

I. Yu. Shelekhov’, T. 1. Shishelova, E. I. Smirnov
National Research Irkutsk State Technical University

(Irkutsk, Russia)
‘promteplo@yandex.ru

Introduction. The article presents an analysis of using of semiconductors for the design of
renewable energy devices with special attention to thermoelectric energy. The aim of the
study is to expand the range of using of thermoelectric systems. The article demonstrates
the effectiveness of using the systems based on thermoelectric elements to convert the
scattered thermal energy into another type of energy.

Materials and Methods. Bismuth telluride (Bi,Te,) material was used as a thermoelectric.
The readings of the voltage and amperage of thermoelectric modules were measured with
the V7-28 universal digital instrument. Temperature of the coolant and heating elements
was measured by thermocouples and recorded with the TRM 151 and instruments with
OWEN software. Constant current load during the experiments was 1A. Load correction
was carried out with the MLT-1 permanent resistors.

Results. The article presents the results of studing the thermoelectric modules, which
maintained a constant temperature on one side of the module with difference in tempera-
ture from +50 °C to +190 °C on the other side. The authors described in detail the mutual
influence of heat transfer sides in the process of long-term operation with various designs

of thermoelectric modules.

Discussion and Conclusions. Thick film technology is one of the directions to reduce the
cost of production of thermoelectric modules and increase the efficiency of their operation.
The development of new designs of thermoelectric modules and new technologies for their
production is desirable. The use of thick film technology for manufacturing thermoelectric
modules makes it possible to completely remove the mutual influence of the hot and cold
sides, and also to increase the heat dissipation area over a wide range.

Keywords: thermoelectric device, thermoelectric element, thermoelectric module,
conversion device, energy conversion, energy efficiency, thick film technology

For citation: Shelekhov 1. Yu., Shishelova T. 1., Smirnov E. I. New Technical Solutions
for Designing Thermoelectric Systems. Vestnik Mordovskogo universiteta = Mordovia
University Bulletin. 2018; 28(1):48—61. DOI: 10.15507/0236-2910.028.201801.048-061

Beenenune

OmHUM U3 TIPHOPHUTETHBIX HaIlpaBIIe-
HUM pa3BUTHSA COBPEMEHHOM HAYKH SIBJISI-
10TCS pa3paboTKK B 0OJACTH BO30OHOB-
JSEMBIX HCTOYHUKOB HHeprum (BUD).
3HAYUTEIBPHOE MECTO B JIAHHOM HAaIpaB-
JICHUW 3aHMMAOT MHUKPOTE€HEepaTropbl Ha
OCHOBE TOJTYTIPOBOJHUKOBBIX 3JIEMEHTOB.

Mechanical engineering

SIpkuM  TIpEMEpOM  CIY)KHUT —COJTHEYHAs
SHEPreTHKa, KOTOpas YBEPCHHO JIIUPYET
B 00JIaCTH TIPUMEHEHHUsI, OTIepeIuB OMO-
SHEPTeTUKY U BeTpo3HepreTuky [1]. dak-
TUYECKU pa3pabOTKU B 0OIACTH DIICKTPOH-
HBIX KOMITOHEHTOB II0 TEMIIaM Pa3BUTHS
oTIepeKaroT pa3paboOTKU B 001acTH OHMOJIO-
THYCCKUX, XUMHYCCKHX M MEXaHHYCCKUX
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nporneccoB. Ilpn 3TOM MOXHO KOHCTaTH-
poBaTh BBICOKMI HOTEHIMAN pa3paboToOK
B naHHOU cdepe. [losBisitoress HOBbIE Ha-
IIPaBJICHUS, T1I€ IPUMEHEHUE TOITYTIPOBOI-
HUKOBBIX AJIEMEHTOB MMEET HEOCHOPUMOe
MIPEUMYIIECTBO (HampuMmep, KOMIEHCAIHS
TEIUIOBBIX MOTEPh 3JaHUN U COOPYKEHHUM
Pa3IMYHOrO Ha3HAYCHMS).

C NOMOIIBIO COBPEMEHHBIX YTEIUIS-
IOIUX MaTepUalOB MOXKHO PEIINTH Pl
3a/a4 TI0 CHIDKEHHIO TEIJIOBBIX MOTEPh
OT OrpaXJAKIIMX KOHCTPYKUUH MU IO
TPaHCIIOPTUPOBKE TETJIOHOCUTES, OJIHA-
K0 3(deKTUBHO OOPOTHCS € TEIIOBBIMU
MOTEPSIMY, BO3HUKAIOIIUMH TP BO3AY-
X000MEHE M YTWIN3ALHUHU OTXOIOB JKH3-
HE/IeATEIbHOCTH, BCE €Ile HEBO3MOXKHO.
B mnocnenHue rombl OpOSBIAETCS OCO-
ObIil MHTEpec K cucTeMam, KOTOpbIe pa-
00Tar0T Ha OCHOBE TEPMORJICKTPHUUECKON
SHEepruM. Pacimmpenne TeXHOIOTnYeCKUX
BO3MOXKHOCTEH, TIOSIBJICHHE HOBBIX Tep-
MODJIEKTPUYECKUX MAaTepuajoB TpHUBeE-
JIO K CO3/IJaHMIO HOBBIX TEPMO3JIEMEHTOB
C TOBBILICHHBIM KO3 (UIIUEHTOM TOJIe3-
Horo paeiicteus (KI1) [2].

B KM3HE#EATENbHOCTH 4YeNloBEKa Tpo-
mecc nmpeoOpa3oBaHUsI KaKOTO-THOO BHIA
SHEPTHHM B TEIUIO SBIISAETCS OCHOBHBIM,
mpuyeM OoJblllasg YacTh 3TOTO TeIula
pacceMBaeTcs B OKpYXKAlOIIYyIO Cpemdy.
Ilo ouenkam Ilporpammsl pazsutus Op-
ragmsanmn  OObenuHeHHBIX — Harmii!,
MOTEPH DHEPTHH U JHEPTOEMKOCTH JKO-
HOMHKH B PO B 1,5-2,5 paza BhIme, ueM
B EBporie, rie cpeaneaymeBoe notpedie-
HUE SHEPruM IpPEBBIIIAET AHAJTOTUYHBIN
nokasareins B PO [3]. [Ipuuem ocHOBHBIE
MOTEPH HEPTUU MPOUCXOAST B BUAE pac-
CESHHOTO HH3KOMOTEHIMAILHOTO TEIUIO-
BOTO ITOTOKA.

[IpeoOpa3oBanue paccesiHHOW TerIo-
BOM BHEpPIUU B JAPYrOd BUJ DHEPIHU —
CJIOJKHAs 3a/1a4a, PEIINTh KOTOPYIO B pAe
CIIy4acB BO3MOXKHO TOJIBKO C TIOMOIIBIO
TEPMORJIEKTPUUECKUX dieMeHTOB. Cu-
CTEMBI, CO3/JTaHHbIE HA OCHOBE TAaKHX dJIe-

MEHTOB, YCIEIIHO KOHKYPUPYIOT C TpaJiu-
[IUOHHBIMH METOJIAMH TIPEOOpPA30BAHMUS
SHEPTHH 0 HECKOIBKUX COTEH BAaTT, & IS
00BEKTOB CO CIIENHATFHBEIMH TpeOOBa-
HUSIMH 1[I0 MaccorabapuTHBIM, BHOPO-
AaKKYCTUYEeCKMM U HaJIC)KHOCTHBIM Xa-
PaKTEPUCTUKAM TPAKTUYCCKH HE UMECIOT
KOHKypeHTOB [4]. TepmoanexkTpuyeckue
AJIEMEHTHI TIPEIOCTABIISIOT HOBBIE BO3-
MOKHOCTH TIpH pa3paboTKe KOHCTPYKITHI
CHENMAIBHBIX CHCTEM, MNPeoOpaszyroImuX
TEIUIOBBIC MTOTEPHU B AJICKTPUICCKYIO SHEP-
TUIO AJISl NadbHEUIIEro MpUMEeHeHus [5].

HeBo3moxHO H30€kKaTh TEIUIOBBIE 110~
TEpH TMPH IKCIUTyaTalluu 3AaHUN, OHAKO
WX MOXXHO ONTUMHU3HUPOBATh, CHCTEMATH-
3MpOBaTh, MPEOOpPa30BaTh W HANPABUTH
obpatrHo. Kak mpaBuiio, mis 3TuX 1enen
WCTIOJIB3YIOTCS PEKYIEPallMOHHbBIE YCTa-
HOBKHM; HauOosee oOIuUpHas o00JacTh
MIPUMEHEHUS JaHHBIX TPUOOPOB — CHCTE-
MBI BeHTWISIIHA. PaboTa pexynepamnmoH-
HBIX YCTAHOBOK OCHOBaHAa Ha IPUHIUIIC
«TEIIJIOBOTO HACOCA» — MEPEIauu SHEPTHH
OT OJIHOTO TeJa K APYromy, MpuueM Telio,
y KOTOPOTO 3a0UpaeTcsi SHEPTusi, MOKET
UMeTh 0oJiee HU3KYIO TeMIIepaTypy, 4em
TeJ0, KOTOpPOMY dHeprus nepenaercs. He-
CMOTpPsSI Ha JOCTUTHYTBIC YCIIEXH B JIaH-
HOW 00JIACTH, IPOU3BOJICTBO M BHEAPEHUE
BUD, paboTa KOTOpPBIX OCHOBaHA Ha BHY-
TPEHHEM JHEPreTHYECKOM pecypce, He
MMEET MAacCOBOTO XapakTepa HE TOJIBKO
B P®, HO 1 BO BCceM mupe [6].

Hcnons3oBanne  TEPMORJIEKTPUICCKIX
7IEMEHTOB JIaeT BO3MOYKHOCTh BO3Bpara 4a-
CTU DHEPreTUYECKUX PECYPCOB B BHUIE DJICK-
TPUYECKON SHEPIHH TIOCTOSHHOTO TOKA JUISI
MMUTaHWSI CBETOTUOAHBIX CBETHIILHUKOB,
1eneil ympaBieHus W KOHTPOJIS MpHuodo-
POB Yy4€Ta, NEKTPOHHON TEXHUKH, BKIIFOYAsI
MEPCOHAITBHBIC KOMITBFOTEPBI; JUIS 3apPsIKH
aKKyMYJISITOPHBIX Oarapei; ais obecriede-
HUSL PE3CPBHBIM IMUTAHUEM IIPU aBAPUIHBIX
CUTyallMsIX U T. 1. [7].

Kpome »sTOoTO, TIpM WCTIONB30BaHUH
TEPMODJICKTPHUYCCKUX DJICMCHTOB pellia-

! TIporpamma pazsurtust Opranuzannu Oobenunennsix Haruii. URL: http://www.undp.org
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eTcsl OlHAa U3 OCHOBHBIX mpobiem BUD:
paccTosiHAE MEX/Ty NCTOYHUKOM U TOTpe-
OuTeNeM SHEPTUU CBOJIUTCS K MUHUMYMY.
K mpeumyniecTBamM TepMOINTEKTPHIESCKIX
CHUCTEM I10 CPABHCHHIO C TPaAWIIMOHHLI-
MH CUCTEMAMU OTHOCSAT HCOFpaHH‘-ICHHLIﬁ
pecypc paboTbl, OTCYTCTBHE TOABUKHBIX
yacTtel, OeCHIyMHOCTh, SKOJOTHYHOCTH
YHCTOTA, YHUBEPCATBHOCTh B OTHOIICHUH
croco0OB MOJ[BO/IAa M OTBOJA TEIUIOBOM
DHEPIrMU M BO3MOXKHOCTb PEKyIlEpallu
orpaboTaHHOH 3Hepruu [§].

[penmyiecTBa 04eBUAHBL, HO CyLIECT-
BYET psijl (PaKTOPOB, KOTOPBIE OTPAHUYUBAIOT
[IMPOKOE TPUMEHEHHE TEPMOAJICKTpUYC-
CKHX DJIEMEHTOB: HHU3Kasl TPOU3BOIUTEIb-
HOCThb, CJIO)KHOCTb  TEXHOJIOTHYECKOTO
nporecca, Hu3kas 3()(OEKTUBHOCTH Tep-
MOJJIEKTPUYECKOTO MOIYJISl M3-32 BBICO-
KOro Kod((puumeHTa TeruIonpOBOIHOCTH
MPOBOJIHUKOB N- U P-THIIOB M B3aHMMHOTO
BIIWSIHUS TUTACTHH, Y3KHI CIIEKTp TIPUMEHe-
HUSI, TIOCKOJIBKY MCTIONIb30BAHKE TEPMODJICK-
TPUYECKHX MpeoOpa3oBaTeneii BO3MOKHO
B YCIIOBUSIX, MOIPa3yMEBAIOIIUX JIIOObIE
MEXaHUYECKHE BO3ICHCTBUS — yAaphl, Ma-
JeHus, TpsicKy. Kpome 3Toro, MCTOYHHKH
WITH TTOTPEOHTEN TETUIOBOM SHEPIUH, Kak
MPaBUIIO, IPOCTPAHCTBEHHO Y/AICHBI IPYT
OT JIpyra, BCIEJCTBUE Yero TpeOyroTcst J10-
TIOJTHUTENBHBIE KOHCTPYKTUBHBIC PEIICHHUS
JUTSL TIGPEMEIIICHUS SHEPIUHU TI0 HAIpaBlic-
HUIO K TETJIOOOMEHHBIM IJIACTHHAM Tpe-
oOpazoBaTes Wi OT HUX [9].

B ObiTOBOIT cdepe TepMOIIEKTPH-
YCCKHUC DJIEMCHTHI IMPAKTUYCCKHU HE IIpH-
MEHSIIOTCSl HM3-3a BBICOKOH CTOMMOCTH
[0 OTHOILIECHHIO K MacCOBOMY OBITOBOMY
000pynOBaHNIO (MCKITIOUEHNE — OBITOBBIC
aBTOMOOWIIbHBIE XOJOMUIHHUKN). Kpome
OTOTr0o, MNPHUMCHCHUEC TCEPMOIJICKTPpHUYC-
CKMX MOJyJIEH OrpaHUYMBAETCS TEM, YTO
MacCOBBIE TEXHOJOTHH MTPOM3BOACTBA Ha-
CTPOEHBI Ha U3TOTOBJIICHHE TEPMOIIICK-
TPUUECKUX MOJyJeH Ha CTaHAapTHOH
CHUTAJUTOBOH MOTOKKe pazmMepamu 40x40
n 60x48 mm [10].

0030p uTEpPaTYpPHI

[Iupokoe BHEIPEHUE CHCTEM Ha OC-
HOBE TEPMOIICKTPUYECCKUX DIIEMEHTOB

Mechanical engineering

C/IEPKUBAIOT HE CTOJIBKO 3JIEKTpodhu3nye-
CKHE CBOWCTBA, XOTA 3TO HEMAaJIOBa)KHBIN
(hakTOp, CKOJIBKO TEXHOJIOTHUECKUE U KOH-
CTPYKTUBHBIE OCOOEHHOCTH TEXHOJIOTHH,
110 KOTOPOH WX Hpou3BOIAT. Eciu mpo-
BECTH aHAJIOTHIO C CONTHEYHBIMH Oarape-
SAMH, TO TOT (DaKT, YTO y COBPEMEHHBIX
Oarapeii BenmunHa KI1J] Haxoqurces B u-
arnazoHe 15-25 % (Ha mpaxTHKe HE BbIIIE
15 %), a'y poTosnmemeHTOB M3 aMOp(HOTO
KpeMHUsl, Ha 0a3e KOTOPBIX W3rOTABJIMBA-
10T TOHKOIJICHOYHbIC THOKHE MaHEIH, —
5-6 %, He OKa3bIBaeT CYLICCTBEHHOTO
BIUSHUSA Ha UX pacnpoctpaHeHue [11].
O} eKTUBHOCTE TEPMOAIIEKTPUUECKHUX
JIEMEHTOB U (DOTORIEMEHTOB HaXOIUT-
cs1 Ha OJHOM YpPOBHE, HO TPOU3BOICT-
BO ()OTODJIEMECHTOB MpOIIE M JCHICBIE.
Kpome storo, B otuume ot horosneMeH-
TOB, NPHUMEHEHHE TEPMOIIECKTPHUCCKUX
3NIEMEHTOB TpeOyeT IOMOJHUTENIBHBIX
YCTPOMCTB 1151 OCYILIECTBICHUS TEIUI000-
MeHa. AHalU3 TUTEePaTypHBIX JaHHBIX I10-
Ka3bIBaeT, 4To Ha 3 (HEKTUBHOCTH PaOOTHI
TEPMOAIEKTPUIECKUX CHCTEM B OOJbIICH
CTCIICHH BIIMSIOT TEXHHUUYECKUE PELICHUS
IpY IPOEKTUPOBAHUH, YeM JIEKTpodu3u-
YECKHE XapaKTEPUCTUKU TEPMOIJIEKTPH-
YECKHX CIIaeB.

B cratbe A. C. Mapuenxko u A. b. Cynu-
Ha [12] moka3aHo, 4YTo Ha COBPEMEHHOM JTa-
TI€ Pa3BUTHS TEPMONIEKTPUUECKOTO ITproo-
POCTPOCHHS BHEILIHHE MIOTEPU B PEasbHON
CHCTEME COIOCTaBUMBbl C BHYTPEHHUMH
noTepsiMu B TepMoanieMenTax. OHUM 13
3((EKTUBHBIX METOJIOB CHW)KCHUSI BHY-
TPEHHUX TMOTEph SBIsIETCS pa3paboTka
HOBBIX KOHCTPYKUUH TEmI000MEHHBIX
ycrporicts. Hanpumep, B ctarbsx [13—17]
HPUBOISATCS PE3Y/bTaThl aHAJIN3A 3aBUCHU-
MOCTH TIUTOIIA/IN TEIUI000OMEHa M paccMma-
TPUBAIOTCSI KOHCTPYKTHBHBIE pEIleHus,
BIMSIIOIIME Ha CHWKEHHE BHYTPEHHHUX
TEIJIOBBIX TOTEPb.

AHanmu3 KOHCTPYKTHBHBIX pELICHUI
B 007aCTH OOBEMHOTO TPOCKTHPOBAHUS
KOHCTPYKUHUI MOJlyJIEHl HA OCHOBE TEPMO-
JJIEKTPUUECKHUX SJIEMEHTOB IO0Ka3aj, 4To
MPUMEHEHHUE JaHHbIX 3JIEMEHTOB CYIIECT-
BEHHO YNPOLIAET KOHCTPYKLIHHU CHUCTEM,
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CHIDKAeT MX CTOMMOCTb M YBEIMYHBACT
s¢dexruBHOCTE. B padore A. X. Cua-
MSTH W COABT. MPEAJIaraeTcsi OpUTHHAIb-
HOE TEXHUYECKOE PEIIeHHE TI0 CO3IaHHIO
KOJIBIIEBOTO TEPMORJIEKTPHYECKOTO MO-
nyns [18]. anHoe perieHne OTKphIBAET
HOBBIE TEPCHEKTHBbI JUIA JalbHEHIIEero
COBEPIIICHCTBOBAaHHUS KOHCTPYKIUH Tep-
MODJIEKTPUYECKUX Momysiei. OcoObIid WH-
Tepec BBI3BIBAIOT UCCIIEIOBAHMS aBTOPOB,
KOTOpbIE paboOTar0T B 00JIACTH TOHKOILIE-
HOYHOW TEXHOJOTHH H CICHHAIN3UPY-
I0TCSl HA CO3JaHMH OOBEMHBIX TEPMO-
anekTpuueckux cucreM [19-20]. Ognako
mpejyiaraeMple B JIAHHBIX paboTax Tex-
HUYECKHE PEIICHUs CIOKHO MPUMEHHUTH
B MacCOBOM ITPOM3BOJICTBE.

MarepuaJbl 1 MeTObI

Ha coBpemeHHOM OJTame pa3BUTHSA
TEPMODJIEKTPHUYECKOTO  MPUOOPOCTpOE-
HUS BHEIITHHE TEXHUYECKHE ITOTEPH B pe-
aJBHBIX CHCTEMaX COMOCTAaBUMBI C BHY-
TPCHHUMH TIOTEPSIMH B TEPMODJIEMEHTaX.
B ocHOBHOM 5TO 00YCITOBICHO B3aUMHBIM
BIMSHUEM TEIJIONEepeNalonuX IUIACTHH
U TEIUIONPOBOJHOCTBIO TEPMOIJICKTPH-
YeCKWX craeB. KoHCTpykmms Kiaccu-
YECKOTO TEPMOIIEKTPUIECKOTO MOYIIS
npeacTaBIsieT coboif 00beMHYI0 GUTYpY,
e MEKAY JIBYX OJMHAKOBBIX Mapajuieib-
HBIX IUIOCKOCTeH HEeOONbIINX pa3MepoB
MOCJIe0BAaTEIbHO (OPMUPYIOTCS TOKO-
MIPOBOJISTIIAE JTOPOXKKH, KOTOPBIE COETH-
HEHBI CTOJIOMKAMH  TOTYTPOBOJTHUKOB
n- U p-Tuna. PaccrosiHre Mex1y IUIacTH-
HaMH ONPEACISICTCS TEXHUYECKUMH BO3-
MOKHOCTSMH MTPUMEHIEMbIX TEXHOIOTUI
JUISL U3TOTOBJICHUSI TIOJIyTIPOBOJHUKOBBIX
cronoukoB (1-3 mM). Ilromans Ttermio-
MepearouX TUTAaCTHH He3HAYUTeIhHa,
MOATOMY KOHCTPYKTHBHBIE PEIICHUS TIPH
MPOEKTUPOBAaHUU paJMaTOpOB Harpesa
W OXJIKACHUS HE AAIOT CYIIECTBEHHBIX
PE3YIBTaTOB B PACHIMPEHUH CIIEKTPa MPH-

MEHEHHUS U yBeIMYeHHUsI dPPEKTUBHOCTH
TEPMOIEKTPUIECKUX CUCTEM.

[t Toro 4To0BI MPUMEHEHUE TEPMO-
MEKTPUUECKUX 3IEMEHTOB IPUoOpero
MacCOBBIH Xapakrep, He0OXOIUMO BECTH
paboThl 1O KOHCTPYHPOBAHUIO TEPMOI-
JIEKTPUYECKUX MOJYJIEH TEXHOIOTUH Mac-
COBOT'0 IIPOM3BOJICTBA.

Llenp maHHOTO HCCIENOBAaHUS — MPH-
MEHEHHUE TOJICTOIUIEHOYHOH TEXHOJIOIUU
JUTSL CO3/IaHUSI TEPMODIICKTPUIECKOTO MO-
Iylisi ¢ M3MEHEHHUEM TIPOCTPaHCTBEHHON
OpHEHTALH 30H TEIUIOOOMEHA U BO3MOX-
HOCTBIO 3HAYUTEIBHOTO YBEJIMUCHHS pac-
CTOSIHUSI MKy HUMH.

CyTb TEXHOJIOTUH 3aKIIFOYAETCS B IIPO-
JIABJIMBAaHUU uepe3 TpadapeT, HAHECCHHBIN
Ha CeTKy, OONafaronied onpeiesieHHBIMU
CcBoiicTBaMu MacThl. B 3aBHCMMOCTH OT TON-
LIMHBI CETKH U TOIOJIOTMYECKOTO PUCYHKA
MOJKHO MEHATH KaK IIUPHHY, TaK W TOJILH-
Hy HAHOCHMOTO CJIOs], & TAKXKE BapbUPOBATh
reomerpudeckue (opmel. [locne HaHece-
HUS TIACTa MPOXOAUT IPOLIECC MOIUMEPH-
3alMu (BKUTaHMs) B CHEUHUATIbHBIX MeYax
U IpHOOpEeTaeT HEOOXOAUMBIE MEKTPOPH-
3U4YEeCKUE CBOMCTBAa. B MHpOBOI mpakTrke
JaHHAasi TEXHOJIOTUs! IIMPOKO ITPUMEHSETCS
JUISL MACCOBOTO TIPOM3BOJICTBA PE3UCTOPOB,
KOHJICHCAaTOPOB W JPYTHX AIEKTPOHHBIX
KOMITOHEHTOB.

Ha ee ocnoBe Hamu OblT pa3paboTan
HOBBIM CITIOCOO M3TrOTOBJIECHUS] POCTPaH-
CTBEHHO OPHEHTHUPOBAHHOTO TEPMOIIEK-
TPUYECKOro Momylisi®. B oTiiume oT Kiac-
CHUYECKOH TEXHOJOTHH, MBI IEPEHOCHUM
00beMHYI0 (PUTYpY B IJIOCKOCTh U CO37a-
€M MOJyJb Ha 3TOH IJIOCKOCTHU: Ha OTHON
YacTH HaXOASATCS MOJTYHPOBOIHUKH N-TH-
Ta; Ha Ipyroi — p-tuna. [Ipu sTom pazmep
TUIOCKOCTH MOXET OBITh 3HAUUTEIIHHBIM,
MIOCKOCTH — TIPOCTPAHCTBEHHO OPHEHTH-
POBaHHBIMH, & YaCTH TJIOCKOCTEH U PacCTo-
SIHHE MKy HUMU — PA3JINYHBIMU.

2 Tlar. 2663748, Poccuiickas @eneparss. MITK HO1L35/32. TIpocTpaHCTBEHHO OpPUEHTHPOBAHHBIH
TEPMOJIEKTPUICCKUN MOYIb U crioco0 ero uzrotonenus / U. 0. llenexos, E. . Cmuphos, K. I1. Kam-
ko, W. B. lllemexoBa; 3asBurens u narenroobnagarens OO0 «Tepmoctat+». Ne 2015153586; 3assm.
14.12.2015; omy6m. 28.02.2017, bron. Ne 7. 11 ¢. URL: http://www.findpatent.ru/patent/261/2611562.html
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[Ipoucxomur mnpouecc 3aKperuieHus
MOJYTIPOBOIHUKOBBIX ~ TEPMOIJIEMEHTOB
N- ¥ P-TUIOB MIPOBOAMMOCTH Ha AMAJICK-
TPUUCCKYIO TIOIOKKY (TUIOCKOCTB), Ha
KOTOPYIO METOZIOM CETKO-TpadapeTHOH Ie-
YaTH TpeBapUTeIbHO HAHOCAT COEAMHU-
TeJIbHBIE (7151 OMHOMMEHHBIX DJIIEMEHTOB)
¥ KOMMYTHUpYIOIHUE (17151 pa3HOMMEHHBIX
3JIEMEHTOB) JOPOXKKH NAcTOW C HU3KUM
yAenbHBIM compoTuBieHueM. Ilocie 3to-
TO C MOMOIIBIO AUAIEKTPUIECKON MACTHI
HAHOCSTCS OapbepHBIC JTOPOKKH LIS 00-
pasoBaHHsA YDIyONeHUH (slueeKk) MexIy
COCAMHUTEIBHBIMA 1 KOMMYTHPYIOIIMUMHU
nopoxkamu. B yriyOmenus (sueiikn) Ha-
HOCATCSI HOJYIPOBOIHUKOBBIE JOPOKKU
MacTOM, M3TOTOBJIIEHHOW Ha OCHOBE TIOJTY-
MIPOBOJHUKOB N-THIA U P-TUIA, KOTOpbIE
3aTeM MOABEPraroTCs MPOLECCY CHEKaHUs
MIOZ IABJICHUEM.

Jns  mpoBeneHHs  3KCHEPUMEHTOB
OBIJIO M3TOTOBJECHO 2 00pas3ma TepMo-
SNEKTPUYECKUX MOYJICH: OIMH KIlaccuye-
CKOT'O BUJIA, BTOPOW € IIPOCTPAHCTBEHHOMN
opueHTauel. O0pasibl H3rOTABIUBAINCH
Ha QIIOMMHHEBOW IOMJIOXKKE C JUIJICK-
TPUYECKUM TOKPBITHEM; B KaueCTBE TEp-
MOJIEKTPUYECKOTO MaTepuaja HCIOJb-
soBancs  Teutypun  Bucmyra  (BiTe,);
KOJIMYECTBO CIaeB B 00pa3iax ObLIo ou-
HakoBEIM — 128. B 00pa3iie ¢ mpocTpaHCT-
BEHHOH OpUEHTaLMeN Terionepenaonme
MOBEPXHOCTH OBLIM Pa3HECEHB! B Hapal-
JIeIbHON IUIOCKOCTH, MpHUYEM IUIOLIA[b
TETUIONOTIONIAONICH CTOPOHBI OblIa yBe-
JU4YeHa B 2 pas3a Mo CpaBHEHHIO C TEIlIo-
BBIJIETAIOIIEN CTOpPOHOW. Psan ydeHsIx,
NPUMEHSISI HOBbIE TEXHHYECKHE PELICHUS
IpU KOHCTPYHPOBAaHUHM W TPOEKTHPOBA-
HUM pajuaTopoB, OTMEYa, YTO JaHHOE
COOTHOIIICHUE YBEJINYHMBACT IPPEKTHB-
HOCTH PabOTHl TEPMOITEKTPHUECKUX MO-
nmyneit [21-23].

CpaBHUTENBHBIN aHAIN3 MPOBOAMICS
Ha CIelUalIN3UpoBaHHOM creHiae B Ha-

Mechanical engineering

YUHO-UCCIIE0BATENbCKON  J1adopaTopun
COBPEMEHHBIX HarpeBarelbHbIX TPHOOPOB
®dI'BOY BO «MMPHUTVY»; nmokazanus Ha-
OPSDKEHUS U TOKA TEPMOIJIEKTPUUECKUX
MOJTyJIeH UKCHPOBAITICH YHUBEPCATBHBIM
mdpoBeiM TprOOpoB B7-28; mokazanus
TEMIIepaTypbl TEMJIOHOCUTENS U Harpesa-
TENBHBIX AJIEMEHTOB H3MEPSUIHCH TEPMO-
napaMd M (DPUKCHPOBAINCH C IOMOILBIO
nprdopoB TPM 151 1 mporpaMMHOTO KOM-
iekca pupmbl «KOBEH». TokoBas Harpys-
Ka BO BpeMsl MPOBEJEHUS IKCIIEPUMEHTOB
OblTa TIOCTOSIHHOM M cocTaBisuia 1 A; Kop-
PEKTHUPOBKA OCYIIECTBISUIACH TIOCTOSHHbI-
MU pesuctopamu Mapku MJIT-1.

Pe3ysbTarhl necea0BaHus

ITepBrIit 0bOpasen (TepMOIIEKTpHUIC-
CKHI MOTTYJTh KJIACCUYECKOTO BUIA) UCTIBI-
TBHIBAJICSI COBMECTHO C PaaToOpaMH OXJia-
XKAeHUs. Paguatopbl oxnakaeHus: ObUH
coOpaHbl B COOTBETCTBUU C METOAMKOH,
m3oKeHHOM B crathe M. ®. HBaHOBa,
A.B.Ilapesa, B. B. Uyrynxkosa [24]. OnHa
CTOpPOHA TEPMODJIEKTPUYECKOTO MOYIIS
OXJIaX/1aJ1aCh C TIOMOILBIO POTOYHOH BO-
JONPOBOHOM BOZIbI, HA TIOBEPXHOCTH KOTO-
poii nopaep:xuBanacey temreparypa +10 °C;
BTOpasi MOILAroBO HarpeBajach /10 TeMIIe-
parypsl +190 °C ¢ moMomIpIo IeKTpoHar-
peBareneil. Jns onpeaeneHus] BEIMYUHBI
B3aMHOTO BIMSHUS TEIUIONEPENAoNINX
CTOpOH Ha 3()(HEeKTUBHOCTH PabOTHI Tep-
MO3JIEKTPUYECKOTO MOyl H3MEHSJIOCh
BpeMs BBLAECPKKH (DUKCUPOBAHHOW TeM-
neparypsl. ODKCIEPUMEHTHI TPOBOIIIIUCH
npu GUKCAIMK TeMIepaTypbl Ha BTOPOH
CTOPOHE TEPMONIEKTPUUECKOTO MOJYJIS
B TeueHue 1 mun, 5 MuH u 30 muH. Pe3yinb-
Tarbl MCIBITAHUS TEPMOIIECKTPUUECKOTO
MOZYJISl KJIACCUYECKOTO BUAA MIPEACTaBiIe-
HBI B Ta0M. 1.

Ha puc. 1. mpencrasnensl rpadukn
HanpspKEHUH, KOTOpbIe BEIpadaThIBall TEp-
MODJIEKTPUYECCKHHA MOIYTb B 3aBHCHUMO-
CTH OT BpEMEHH (pUKCaluy TeMIeparyphl.
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P uc. 1. I'padukn nanpspkeHnii, BeIpabaThIBAEMBIX TEPMOIIEKTPHUESCKAM MOIYJIEM B 3aBUCHMOCTH
OT BpeMeHHU (PUKcaIMu TeMIiepaTyps! (KJIacCHYeCKOe UCIIONHEHUE)

Fig. 1. Graphic of voltage generated by the thermoelectric module depending on time
of fixing the temperature (the classic version)

Tabnuma 1
Table 1

Pe3ysabTaTsl 00pa0oTKH JAHHBIX IPU HCIBITAHUH TEPMOICKTPHYECKOr0 MOAYJIs
KJIACCHYeCKOro BUa

Results of data processing during the test of the classic thermoelectric module

ATC |U,B | U,B | U,B | K%
50 0,40 0,40 0,38 5,00
70 0,93 0,80 0,85 8,60
100 | 1,92 1,79 1,66 | 13,54
120 | 2,80 2,50 238 | 15,00
150 | 4,06 3,60 334 | 17,73
170 | 4,90 4,20 386 | 21,22

IMpumeuanue: AT, °C — rpaJJueHT TeMIIEPaTypbl MEXKIY TEILIONEPEIAINIMMHA CTOPOHAMU TEPMOAJICK-
Tpuueckoro moayis; U,, B — HanpsbkeHue, BbIpabaThiBaeMOE TEPMOAIEKTPUUSCKUM MOYJIeM IpH (QuK-
canuu Temmeparypsl B TedeHue 1 muH; U,, B — HampsbkeHue, BbIpaOaThIBACMOE TEPMOIIEKTPHICCKHM
MoJyJieM TIpH (UKCAlUHU TeMIepaTypsl B TedeHue 5 mus; U;, B — HanpsbkeHue, BeIpadaTbiBacMoe TEPMO-
JMEKTPUIECKHM MOJyleM IpH (pukcaruu Temmeparypsl B TeueHne 30 muH; K, % — nporienTHoe n3MeHe-
HHE BbIPA0AThIBAEMOTO HANPSKCHHUS B 3aBHCHMOCTH OT BpeMeHH (uKcanun temreparypsl (Bpemst HHK-
calyy Temreparypbl B TedyeHre 30 MHH IO OTHOIICHHIO K BPEMEHH (DHKCALMU TEMIIepaTypbl B TCUCHHE
1 mun) / Note: AT, °C — temperature gradient between the heat transfer sides of the thermoelectric module;
U,, B — voltage produced by the thermoelectric module with temperature fixed for 1 minute; U,, B — volt-
age produced by the thermoelectric module when temperature fixed for 5 minutes; U,, B — voltage pro-
duced by the thermoelectric module when temperature fixed for 30 minutes; K, % — percentage change in
the produced voltage, depending on time of fixing the temperature (the time of fixing the temperature for
30 minutes in relation to time of fixing the temperature for 1 minute)
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OyHKIMS 3aBUCHMOCTH  DJICKTPOJIBU-
JKYIIEH CHIIBI OT TEMIIePaTyphl SIBIISIETCS
JUHEHHOM. U3 mpencraBieHHBIX aHHBIX
BHJIHO, YTO HECMOTPSI HA IPHMEHEHHE COB-
PEMEHHBIX TEXHOJOTHH 110 3()EKTUBHOMY
CHIDKCHUIO B3aMMHOTO BJIMSHHS TEILIO-
MIEPENAIOINX CTOPOH B TEPMOIJIEKTpUYE-
CKOM MOJIyJI€, B KJIACCHYE€CKOM HCIIOTHCHUH
n30eXarh JTAaHHOTO BIWSHHSA HE YIaJoCh.
Tlpyyem npu ATUTENHHOM AKCILTyaTallMu
OHO YCHJIMBAeTCsi M CHIDKaeT d(heKTB-
HOCTh ¢ 5 10 20 %. Taxxe He criemyer 3a-
OBIBaTh, UTO IS yBEeIMIeHUS 3(PHEKTUBHO-
CTH PabOTHI TEPMOAEKTPUIECKOTO MOIYJIS
OBUTH TIPUMEHEHBI PaIaToOpPbl, CTOUMOCTb
KOTOPBIX B HECKOJIBKO pa3 MPEBBIIIAET CTO-
UMOCTB CaMOTO MOITYJIS.

Bropoii obpaserr (¢ mpocTpaHCTBEH-
HOW OpHEHTalued CTOPOH) UCIBITHIBAI-

csi 0e3 JMOTONHHUTENbHBIX PagHaTOpPOB;
OXJIQKJICHUE OCYIIECTBISUIOCH KOHTAKT-
HBIM CIIOCOOOM TIyTEM MEXaHHYEeCKOTO
KpPEIUIeHUsI OJHON 4YacTH MOAYNi K BO-
JIOTIPOBONIHOM TpyOe, a APyroi — K dIIeK-
TpoHarpesarento’. I3MepeHue HaHHBbIX
OCYIIECTBIISJIOCH AHAJOTMYHO HCIbITa-
HUIO TepBOro obOpasma. Pesymbrarel uc-
MBITAHUST TEPMOIIEKTPUIECKOTO MOIYIIS
C MPOCTPAHCTBEHHON OpHEHTAIMEH CTO-
POH IIpeICTaBIEHBI B TA0M. 2.

Ha puc. 2. npencrasien rpaduk Ha-
OpsDKEHUs, KOTOpoe BbIpaldaTbiBall Tep-
MORJICKTPUYECKUA MOIYJAb B MEPUON
MPOBEICHUS SKCIIEPUMEHTOB. B oTimume
OT TIEPBOTO AKCIIEPUMEHTA, OTCYTCTBOBA-
Ja HEOOXOAMMOCTh CTPOUTH HECKOIJIBKO
rpaMKoB: TIOCKOJBKY 3HA4YCHHUSI BBIpa-
0aTpIBAEMOTO HANpPSDKEHHS MPAKTHYECKU

Tabnuma 2
Table 2

Pe3ynbTaTel 00pad0TKH JaHHBIX PU HCNILITAHUH TEPMO3IEKTPHYECKOI0 MOAYJISI
¢ IPOCTPAHCTBEHHON OpUEHTALHEH CTOPOH

The results of data processing during the test of the thermoelectric module
with spatial orientation of the sides

AT°C | UUB | UB | UB | K, %
50 0,40 0,39 0,40 0,00
70 0,98 0,99 0,99 | -1,02
100 2,05 2,10 2,10 | 2,44
120 2,87 2,91 2,89 | -0,70
150 4,12 4,11 4,12 0,00
170 4,98 5,10 505 | —1,41

IIpumeuanne: AT, °C — rpagueHT TeMIepaTypbl MEX1y TEIUIONEPeNaAONIMI CTOPOHAMH TEPMO-
seKTprdeckoro Monyist; U, B — HanpsiKeHue, BHIPa0aThIBAEMOE TEPMOIIIEKTPHIECKUM MOJIYJIEM MpH
¢uxcanun temneparyps B Tedenne 1 mun; U,, B — Hanpsbkenue, BpIpabaThiBaeMOe TEPMOdJIEKTpUYE-
CKMM MOJIyJIEM TIPH (pUKCAIlMU TEMIEPaTyphl B Tedenue 5 muH; U,, B — Hanpsikenue, BrIpabaThiBacMoe
TEPMOIIEKTPHUECKIM MOAYNeM HpH ¢ukcanuu temneparyps! B Tedenne 30 muH; K, % — mporeHnTHoe
M3MEHEHNe BhIpabaThIBAEMOTO HAMIPSDKEHHS B 3aBUCHMOCTH OT BpEMEHH (PUKCAIIH TeMITepaTyphl (BpeMst
(ukcanuu Temneparypsl B TedeHue 30 MUH 10 OTHOIICHHIO K BpEMEHHU (DPUKCALIUH TEMIIEPATYPhI B TCUCHHUE
1 mun) / Note: AT, °C — temperature gradient between the heat transfer sides of the thermoelectric module;
U,, B — voltage produced by the thermoelectric module with temperature fixed for 1 minute; U,, B —
voltage produced by the thermoelectric module when temperature fixed for 5 minutes; U;, B — voltage
produced by the thermoelectric module when temperature fixed for 30 minutes; K, % — percentage change
in the produced voltage, depending on time of fixing the temperature (the time of fixing the temperature
for 30 minutes in relation to time of fixing the temperature for 1 minute)

3 Ilesexo U. FO., CmupHos E. U., Uno3emues B. I1. HoBbie BO3MOXHOCTH 1 IEPCIIEKTHBBI HCTIOIB30~
BaHUS TEPMOAJIEKTPHIECKHX reHeparopos // CoBpeMeHHast HayKa: TeOPEeTUUESCKUM U MPaKTHIESCKHUN B3N] :
c0. MexyHap. Hay4d.-nipakT. KoH}. Yda, 2015. C. 48-52. URL: https://elibrary.ru/item.asp?id=23275824
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P u c. 2. I'paduk HanpspKeHHs1, BEIPabaTbIBAEMOTO TEPMOIICKTPHUISCKUM MOJYIIEM B 3aBUCHMOCTH
OT BPEMEHHU (PHUKCAIIMN TeMIEepaTyphl (C MPOCTPAHCTBEHHOW OPHEHTALIUEH CTOPOH)

Fig. 2. The graph of voltage generated by the thermoelectric module depending on the time of fixation
temperature (with a spatial orientation of the parties)

OJMHAKOBBI, HC3HAYUTCJIIBHBIC OTKJIOHEC-
HUS MOXXHO OTHECTH K CTaTUCTUYECKOM
norpemHoctd. Kpome 3toro, BUIHO, YTO
3aBHCHMOCTH HOCHT JIMHEHHBIN XapakTep,
YTO TTOKA3bIBA€T OTCYTCTBHE B3aMMHOTO
BITUSTHUS TETUTOTIEPEIAIONTHX CTOPOH. Dh-
(DEKTHBHOCTh TEPMOIJIEKTPHUECKOTO MO-
JlyJIsl TIPU JUIMTENIBHOM DKCILTyaTallud He
CHW)KAETCs, a He3HAYUTEIHHOE yBEIHUe-
HUE YPPEKTHBHOCTH, CKOpPEe BCETO, CBS-
3aHO C U3MEHEHHEeM BHYTPEHHErO COIpo-
THUBJICHUS JaHHOT'O MOJYJIS [IPU HArpeBe.

O0cy:x1eHue u 3aKJII04YeHH s

Bompocsr noBeienus 3hGHekTuBHO-
CTH TEPMOIJIEKTPUICCKUX MOIYJICH B Ha-
CTOAIIEe BPEMS PaCCMAaTPUBAETCS B paM-
KaX 3 OCHOBHBIX HAayUHbIX HAPABICHUI:

— pa3paboTKa HOBBIX TEPMODJIEKTPHU-
YCCKHX MAaT€pruajoB C BBICOKMM 3HAYCHU-
eM JIoOpoTHOCTH (2);

— ONITUMU3AIIHS COOTHOIICHHS COTIPO-
TUBJICHHUS HATPy3KH M BHYTPEHHETO CO-
MIPOTHUBIIEHUS MOYJIS;

— pa3paboTka KOHCTPYKIIMA MOTyJIeH
C OIITUMAJIbHBIMU I'€COMCTPHUICCKUMHU pa3-
MepamH.
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Harmmm HayuHbIe UCCIIeIOBaHUS BEAYT-
Cs1 B HAIIPABJICHUH ONTUMHU3ALIUHA T€OMETPH-
Yyeckux pazmepoB. Kak mpasuio, paboTsl
[0 ONTHUMM3ALUU TEOMETPUUYECKUX Ppaz-
MEPOB 3aKJIIOYAalOTCs B BEPHOM Ioa00pe
COOTHONIICHHUS MEXIY COMPOTHBICHHUEM
Moaynst (R) U TEIIOBOJHOCTBIO p- M N-
aneMeHTOB ((G), MOCKONBbKY 3(PPEeKTHB-
HOCTb TEpPMODIJIEKTPUYECKOTO MOIYJIS
uMeeT OOpaTHYIO 3aBUCHUMOCTb OT 3THX
napameTpoB. CONpOTHBICHUE U TEIIO-
MIPOBOTHOCTD MTPOBOHIKA 3aBHUCST OT €TO
mwiomanu (S), nmuast (/), yaeapHOM dek-
TPOIIPOBOIHOCTH (0) U yAEIBHOW TeIuIo-
MPOBOIHOCTH (A):

.
; (D
S-o
S-2
G=—m-. )
!

[Tpu pacuere 3¢ppekTuBHOCTH TEPMO-
ANEKTPUIECKOTO MOAYJs, (PaKTHUeCKH,
YUUTBIBACTCSl OTHOILCHHE YIEIbHOU Te-
IUIONIPOBOJHOCTH K YAEJIBHOW DIIEKTPO-
HPOBOJHOCTH, TIOCKOJBKY JTOOPOTHOCTB

R=
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TEPMORJIEKTPUUYECKOTO MOJIYNSl paccyu-
TBIBaeTCs M0 popmyJie:

2
a

R-G’ ®)

rae o — koapduuuent 3eedeka; R u G —
JIB€ B3aUMO3aBUCHMBIE BETUUHHBI.

W3BecTHO, YTO ¢ yBEIWYEHUEM DJICK-
TPOMPOBOITHOCTH YBEJINYUBACTCA TeTIO-
MPOBOIHOCTh W HA000poT. B KOHCTpYK-
UM KJIACCUYECKOTO TEPMOIIEKTPUIECKOTO
MOJYASL p- U N-3JIEMEHTHI PACIOJIOKEHBI
NEPHNEHANKYISIPHO TEMJIONEPEAAIOIINM TI0-
BEPXHOCTSIM U TAPaJLIENFHO IPYT K JPYTY
Ha TaKOM PACCTOSHHWM, YTO TETUIOBOH ITO-
TOK PacpeieseH MPaKTHIeCKH paBHOMED-
HO W HAIpaBJle€H OT OJHOW MOBEPXHOCTH
K JIpyTOH, a MOTEPHU B OKPYKAIOLIYIO CPEy
MPAKTUYECKU OTCYTCTBYIOT.

JLu1st SKCnieprMeHTa UCIIONThb30BAITUCH JIBA
TEPMONIEKTPUUECKUX MOIYJIS C aHAIOTHY-
HBIMA TEXHHYECKUMH XapaKTePHCTUKAMH
Y WJICHTUYHBIMH TUIOIIA/IAIMU TETUIOOT/IaqH.
B mepBom ciyuae (TEpMOINIEKTPUUESCKUIA
MOZIY/Ib KJIACCHYECKOTO BHZA) IUIOLIA/b Te-
TUIOOT/IAYH OIIPENeISIach JAOTIOHUTEBHBI-
MH paJiaropamMH, BO BTOPOM (T€PMODIJIEK-
TPUYECKUI MOIYJIb C HPOCTPAHCTBEHHOU
OpHEHTAITHEH CTOPOH ) — TEXHOJIOTUIECKIMU
BOBMO)KHOCTSIMH ~ TOJICTOTJIEHOYHOW — TeX-
HOJorMi. B TepMoomekTprdeckoM Momyse
C TIPOCTPAaHCTBEHHON OpHEHTAINEH CTOPOH
p- ¥ N-dJIEMEHTHI PACIIONOKEHBI TTOCIENO-
BaTeJIbHO MEKAY TETUIONEPENArONMH TI0-
BEPXHOCTSAMH, a TEIUIOBOM MOTOK HarpaB-
JIEH B OKPY>KaIOIIyIO CpeLy.

ComnacHo pe3ynbraTaM MPOBEJEHHBIX
HKCTIEPUMEHTOB, Pa0OTHI IO OIITUMHU3AIUH
TEOMETPHUUYECKUX Pa3MEPOB TEPMOIIICK-
TPUUECKUX MOJYJICH MPH HUCIOIH30BAHUH
KJIACCUYECKUX TEXHOJIOTMH MpPAaKTHYECKH
HCcUepIIaii CBOU BO3MOKHOCTH.

W3 pe3ynsratoB Takke BHIHO, 4YTO
paboTel B 0O0JACTH COBEPIICHCTBOBAHMUS
TEPMOINIEKTPUIECKHUX YCTPOMCTB, CBA3aH-
HBIE C YIy4IIEHHEM pacCEeWBaHMs TeIlIa
C IUIOMIAN TEIUIONEPENAoINX CTOPOH,
CYIIIECTBEHHO YBEJIMYMBAIOT CTOMMOCTb
TEPMOIIEKTPUIECKHUX YCTPOMUCTB O CpaB-

Mechanical engineering

HEHUIO C NPUMEHIEMBIMH TEXHUYECKHUMHU
peLIEHUSIMU B 00JIaCTH TOJICTOIIICHOYHON
TEXHOJOTHHU. VI3MEeHEeHHE TOIOIOrHYECKO-
IO PUCYHKA MPAKTUUECKH HE CKa3bIBAETCS
Ha CTOMMOCTH CaMOTO YCTPOKCTBA.

JanbHelimass pabota B 00JacTd OI-
TUMHU3AUN T€OMETPHUUECKHX pa3MepoB
C HCTIOJIb30BAaHMUEM TOJICTOINICHOYHOM TeX-
HOJIOTHH OyZAET CII0COOCTBOBATH CO3JaHUI0
HOBBIX TEPMO3JIEKTPUUECKUX MaTepHaIoB,
MOCKOJIbKY CHHMET OTpaHHYCHUE B IIPH-
MEHEHHH MaTepHajloB C BBICOKUM Kod(-
¢unmenTom TemonpoBogHocTu. Tomcrto-
IUICHOYHAsl TEXHOJIOTHS — 3TO OIHO U3
HAIIPaBJICHNH yJCIIEBICHHS TPOU3BOICTBA
TEPMORJIEKTPUIECKUX MOIYJICH U yBeIye-
HUS 9PEKTUBHOCTH UX PpadoThl. C momo-
HIBI0 U3BECTHBIX TOTOJIOTHH BBIACIIEMOE
WM TIOTJIONIaeMOe TEIUIO C TepMOdJICK-
TPUYECKOTO MOAYIS MOXKHO IEPEMECTHTh
B CTOPOHY, PACIIPEAEINTh €ro Ha O0JIbLIyI0
IUIOLIAJb WM, HA000POT, CKOHLEHTPUPO-
BaTh Ha MeHbIIEH Turomann [26]. JlanHas
TEXHOJIOTHSI JaeT BO3MOXKHOCTH TIOJHO-
CTBIO YIaJUTh B3aUMHOE BIMSHHUE TOpsaei
U XOJOIHOH CTOPOH, a TaKXKe YBEJIHMYHTH
IUIOLIA/b PACCEUBAHUS TEIlIa B OYECHb LIH-
pokux npenenax. [lo Mepe mnoBblmeHNS
cBoeil 3 deKTHBHOCTH TEPMOANEKTPH-
YeCKUe MOAYJIH CMOTYT KOHKYpPHPOBAaTh
C TpPaAWLMOHHBIMH TEIUIOBBIMH Hacoca-
MH B oOnactu Oojee BBICOKMX MOIIHO-
CTeH U, TAKUM 00pa3oM, PACIIMPHUTL CBOH
CIIEKTP IPUMEHEHHUSL.

IIponBrxeHue OONBIION DHEPTETHKH
B COBOKYITHOCTH C HOBBIMHM WHHOBAIVIOHHBI-
MH 3HEprocOeperaronMi TeXHOIOTUsIMU
MOJKET JaTh NPEHMYILECTBO Ha POCCHiA-
CKOM M MEKIyHapOIHOM pbIHKax. IlosBut-
Cs1 BO3MOYKHOCTb IpeIararh IOTPeOUTENIo
SHEPIUI0 COBMECTHO C TEXHOJIOTHEH ee cOe-
PEKEHHS U PSIIIOM JIOTIONTHUTEIBHBIX CEPBH-
COB B BUJIE Pa3JIMYHBIX CTAHIIMH 1O 3apsiaKe
SJIEKTPOHHBIX YCTPOHCTB (OT MOOWJIBHBIX
TeneoHOB 110 AMekTpomodmeit). [lpuuem
JAHHBIA CEPBUC BO3MOXKEH JlaXKe IPH OT-
CYTCTBUM TIPSIMOW TOJIAYM DJIEKTPUUECKON
SHEPrUM W Ha Pa3HBIX YPOBHAX, OT YaCT-
HBIX JIOMOB JI0 OOJIBIINX MPOMBIIIJICHHBIX
00BEKTOB.
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TeXHU4YeCcKui yHuBepcutem (664074, Poccus, . VpkyTtck, yi. JlepmonToBa, a. 83), kaHIuIaT TEXHUUECKNX
Hayk, ResearcherID: V-3045-2017, ORCID: http://orcid.org/0000-0002-7677-3187, promteplo@yandex.ru
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yi.JlepmoHTOBa, 1. 83), TOKTOp TeXHUUECKUX HayK, ResearcherID: V-2981-2017, ORCID: http://orcid.org/
0000-0003-2372-8144, tamara.shishelova@gmail.com

CvmupnoB Eprenmii UropeBmu, acnupant kadenpbl HWHKEHEPHBIX KOMMYHHMKAIUH M CHCTEM
JKH3HeoOecreueHus, VIHCTUTYT apXHUTEeKTyphl, cTpoutenscTBa u ausaitna, ®I'BOY BO «Mpkyrckuii
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Bxnao coasmopos:

N. 10. llenexoB: aHanu3 JIUTEPaTYpHbIX AAaHHBIX, HayyHOE PYKOBOJCTBO, IIOCTAHOBKA 3aJa4yu
uccienoBanus, o0paboTKa JaHHBIX, Hamucanue Texcra crarby; T. U. 1lInmmenosa: aHanu3 auTepaTypHbIX
JIaHHBIX, BEPCTKa U peakTupoBaHue Tekcra; E. Y. CMUpHOB: aHaIu3 JINTepaTypHbIX JaHHBIX, IOATOTOBKA
o0pa3uoB, cOOp M aHAIN3 AHAIUTUYSCKUX M IPAKTHYECKUX MaTepualioB, pa3paboTKa METOAMKH
IIPOBEJCHUS SKCIIEPUMEHTA, KOMIIBIOTEPHAs pealu3allis pelleHUs 3a1auu.

Bce asmopul npouumanu u 0006punu 0OKoHUAMENbHBLIL 6APUAHIN PYKORUCU.
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Method of Relative Magnitudes for Calculating
Magnetic Fluxes in Electrical Machine

O. A. Zakharzhevskii
National Research Mordovia State University (Saransk, Russia)
zakol39@mail.ru

Introduction. The article presents the study results of the model of an asynchronous
electric motor carried out by the author within the framework of the Priorities Research
Program “Research and development in the priority areas of development of Russia’s
scientific and technical complex for 2014-2020".

Materials and Methods. A model of an idealized asynchronous machine (with sinusoidal
distribution of magnetic induction in air gap) is used in vector control systems. It
is impossible to create windings for this machine. The basis of the new calculation
approach was the Conductivity of Teeth Contours Method, developed at the Electrical
Machines Chair of the Moscow Power Engineering Institute (MPEI). Unlike this method,
the author used not absolute values, but relative magnitudes of magnetic fluxes. This
solution fundamentally improved the method’s capabilities. The relative magnitudes of
the magnetic fluxes of the teeth contours do not required the additional consideration
for exact structure of magnetic field of tooth and adjacent slots. These structures are
identical for all the teeth of the machine and differ only in magnitude. The purpose of
the calculations was not traditional harmonic analysis of magnetic induction distribution
in air gap of machine, but a refinement of the equations of electric machine model. The
vector control researchers used only the cos(f) function as a value of mutual magnetic
coupling coefficient between the windings.

Results. The author has developed a way to take into account the design of the windings
of a real machine by using imaginary measuring winding with the same winding design
as a real phase winding. The imaginary winding can be placed in the position of any
machine windings. The calculation of the relative magnetic fluxes of this winding helped
to estimate the real values of the magnetic coupling coefficients between the windings,
and find the correction functions for the model of an idealized machine. Modeling in
the MATLAB showed that the refinement model of the idealized machine makes the
electromagnetic processes similar to the processes of the real machine.

Discussion and Conclusions. The use of the proposed correction functions does not require
the alteration of the vector control systems. The correction functions make the Park’s and
Clark’s transformations more exact. The model of machine becomes more accurate and
the processes taking place inside it coincide with real machine processes. The control of
the electric machine becomes more precise.

Keywords: magnetic fluxes, calculating magnetic fluxes, electric machine, Clark’s and
Park’s transformations, method of relative magnitudes
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MeToa OTHOCHTEJIbHBIX BEJIUYUH J1JI51 pacuera
MArdUdTHBIX IMOTOKOB B 3JICKTPHYCCKHUX MAallIMHaAX

0. A. 3axap:keBcKui
@I'BOY BO «MI'Y um. H. II. Ozapésay (2. Capanck, Poccus)
zakol39@mail.ru

Bseoenue. CraTbsi 3HAKOMUT C pe3yJabTaTaMd HCCIEIOBAHMHA MOJEIH ACHHXPOHHOTO
SNIEKTPOJBHUIATENS, BBHITIOMHEHHBIX aBTOPOM B paMKax IieneBoil mporpammsel «Vccieno-
BaHUS ¥ pa3padOTKU MO NPHOPUTETHBIM HATIPABICHHUSIM Pa3BUTHS HayIHO-TEXHOJIOTHYE-
ckoro komruiekca Poccun Ha 2014-2020 rogsm».

Mamepuanvt u memooul. B cucreMax BEKTOPHOTO YIPaBIEHHUS, KaK IIPaBHUIIO, HCHOIb3Y-
eTCsl MOZENb HJeaTn3UPOBAaHHON ACHHXPOHHOM MAIINHbI (C CHHYCOHJAIbHBIM pacIpere-
JICHHEeM MarHUTHOW MHIYKIMH B BO3YIIHOM 3a30pe€), N3TOTOBHTH OOMOTKH KOTOPOi He
MpeCcTaBIsAeTCs] BO3MOXKHBIM. OCHOBOM MPECTaBISHHOTO B CTaThe METOJA pacyera CTall
METOJl TIPOBOIMMOCTEH 3yOLIOBBIX KOHTYPOB, pa3paboTaHHBIH Ha Kadexnpe dnexrpude-
ckux MamuH ®I'BOY BO «HammonanbHbIH necnenoBaTeabekuil yHUBepcHTeT “MOU».
B ommune ot naHHOrO Merona, B paboTe ObIIM NCIIOIb30BaHBI HE aOCONIIOTHBIE, @ OTHO-
CHUTENbHBIE BETWINHBI MATHUTHBIX IOTOKOB, YTO MPHHIUITHATGHO YITYUIIIHIO BO3MOXKHO-
cTr MeTona. /Iyl OTHOCHTENBHBIX BEJIMUMH HE TpeOyeTcsl TONOJIHUTEIBHOE PacCMOTpe-
HHE TOYHOM KapTHHBI MAarHUTHOTO IO 3yOla M COCEAHUX Ma30B, MOCKOJBbKY JAaHHBIE
KapTHHBI JUIST BCeX 3yOI[OB MAIIWHBI OTIMYAIOTCS TOJIBKO BeMM4YHHOI. Llenpio pacueToB
CTa] He TPAAMUIMOHHBIA TapMOHNYECKUH aHATIN3 PacIpe/IeNIeHUs] MArHUTHON MHIYKIINU
B BO3JyIIHOM 3a30p€ MAIIWMHBI, & YTOYHEHHE YPAaBHEHHH MOJENU JJIEKTPHYECKOH Ma-
muHbL MccnenoBarenu BEeKTOPHOTO YIPaBICHHS UCTIONB30BAIH TOIBKO QyHKIHUIO cos(6)
KaK BeIMYHHY Kod((HUIMeHTa B3aNMHOW MarHUTHON CBSI3U MEXJ[y 0OMOTKaMu.
Pesynomamul uccreooséanus. bein pa3paboraH crmocod ydera KOHCTPYKIHH OOMOTOK
peaybHO MAIIWHBI ITyTeM HCIIONB30BaHMS (BOOOpakaeMol) M3MEPHUTEIBHON OOMOTKH,
MMEIOIIEH TaKylo jk€ KOHCTPYKIIHIO, UTO U peainbHast (a3Has oOMoTka. Pacuer otHOCH-
TENBHBIX MarHUTHBIX MOTOKOB ATOH OOMOTKHM, KOTOpast MOJKET IIOMEIIAaThCsl B MO3UIHIO
m000if U3 0OMOTOK MAIlIWHBI, MTO3BOJIWJI PACCUUTATh peasbHble BEIUYUHBI KO(DPHUIN-
€HTOB MAarHUTHOM CBS3M OOMOTOK M HAWTH IONpPABOYHbIE (YHKIHH K MOJAENH HJea-
TU3UPOBaHHOM MammHbl. MonenupoBanne B MATLAB mokasano, 4To mpeasio)keHHOe
YTOYHEHUE MOJIENH H/IeaIM3UPOBAHHON MAIIMHBI JIeJaeT dIeKTPOMAarHUTHBIE MPOIECCH
MOI0OHBIMH TTPOIIECCAM PEaTbHBIX MAIIHH.

Oobcysicoenue u 3axnovenus. BaxkHO, YTO NPUMEHEHUE IIPEUIOKEHHBIX IIONPaBOYHBIX
(yHkImii He TpeOyeT mepepabOTKH CO3IAaHHBIX paHEee CHCTEM BEKTOPHOTO YIPaBICHUS.
JlanHble QyHKIUM TaKKe YTOUHSIOT peoOpasosanus [lapka u Kiapk. Mozeins anexrpu-
YECKOW MAIllMHBI CTAaHOBUTCSA OoJiee TOYHOM, a TPOLECCH B HEH — COOTBETCTBYIOLINMHU
npoleccaM B peajbHON MallluHe; HOSBISIOTCS BO3MOXKHOCTH JJIst OoJiee BEPHOTO yIIpaB-
JIEHUSI DIIEKTPUUYECKON MAIIMHOM.

Kniouegvie cnoea: MarHNTHBIN MOTOK, PacuyeT MAarHUTHBIX MOTOKOB, MNEKTPUIECKas Ma-
mmHa, npeobdpasoBanust Kinapk u [Tapka, METox OTHOCUTEIIBHBIX BEJIHYNH

Mna yumuposanusn: 3axapxeckuii O. A. MeToj1 OTHOCHUTEIJIBHBIX BEJIMYMH ISl pacueTa
MarHUTHBIX TIOTOKOB B QJIEKTPHYECKUX MarinHax // BectHruk MOpIOBCKOTO YHHBEPCHTE-
ta. 2018. T. 28, Ne 1. C. 62-76. DOI: 10.15507/0236-2910.028.201801.062-076

bnazooapnocmu: ABTop Onmarogaput KOJUIET MHCTUTYTa 3JEKTPOHUKU M CBETOTEXHHKU
OI'BOY BO «MI'Y um. H. I1. Orapépa» 3a mobGpoxkenarebHOE OTHOLIEHHE K HEOOBId-
HBIM TIOJIXOZIaM aBTOpa B MCCJICOBAHUM ACHHXPOHHON MamHHbl. Ocobas 61aroqapHOCTh
B. B. Aponnny 3a yyacTue B HCCIEHOBAHHUAX M MOCTOSHHYIO MOMOIIb C 33Ja9aMH MO-
nenuposanust B MATLAB.
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Introduction

The peculiarity of all electric ma-
chines is that when the current flows
through the machine winding, the distri-
bution of the magnetic induction in the
air gap differs from the sinusoidal shape.
That is why the most widespread method
for studying processes in electric machine
remains the method of harmonic analysis
of the non-sinusoidal distribution of mag-
netic induction in the air gap of the ma-
chine. The disadvantage of this method is
a usage of virtually the same model of an
idealized electric machine, but only this
model is used for each harmonic compo-
nent separately.

In general, a three-phase electric ma-
chine is described by a system of nonlinear
differential equations of the electric and
magnetic circuits of the stator and the ro-
tor for the instantaneous currents, voltages
and magnetic flux linkages of the windings
according to Kirchhoff’s current and volt-
age laws, taking into account the rotation
of the rotor with respect to the stator. For
such spatial systems of equations A. Blon-
del has developed a method of two reac-
tions in 1893 [1]. The effectiveness of the
two reactions method is that it has helped
to solve the system of nonlinear differential
equations of a three-phase electric machine
by converting it into simpler and more
convenient for analysis two-phase system
of equations. This method was improved
by well-known scientists (R. H. Park [2],
A. A. Gorev [3], E. Clarke'). The method
of two reactions is based on the transfor-
mations of vectors in linear space and cor-
responds to the cosine transformation of
vectors. In fact, the method of two reac-
tions uses the model of an idealized electric
machine.

To achieve more dynamic and deep
vector control of electric machine a model
of an idealized machine is not enough,

and rather more accurate model of a real
machine is required that corresponds to
the distribution of magnetic induction in
air gap according to the design of wind-
ings and of machine’s magnetic system.

The author has developed a method
to refine the model the parameters of ide-
alized electric machine. In this article,
the author has described his calculating
method of magnetic fluxes of electrical
machines, which serves as the basis for
refinement of an idealized electric ma-
chine model. It is important for practice
that the application of these correction
functions in the drive control system does
not require the alteration of the previously
created control systems.

Literature review

As the basis for calculating the distribu-
tion of magnetic induction along the air gap
of'areal machine, the author has applied the
Method of Conductivity of Teeth Contours
(MCTC), developed at the Department of
Electrical Machines of Moscow Power En-
gineering Institute (MPEI)' [2-3]. Accord-
ing to the MCTC, the phase winding of the
machine was replaced by a set of windings
(“teeth contours”) creating the same distri-
bution of magnetic induction in the air gap,
as well as the distribution of original phase
winding of the machine. In*?, the absolute
values of the magnetic fluxes of the wind-
ings were used. Then obtained magnetic
induction distributions were subjected to
traditional harmonic analysis for the study
of electromechanical processes.

In general, a three-phase electric ma-
chine is described by a system of nonlin-
ear differential equations of the electric
and magnetic circuits of the stator and
rotor for the instantaneous currents, volt-
ages and magnetic flux linkages of wind-
ings according to Kirchhoff’s current and
voltage laws, taking into account the rota-
tion of the rotor with respect to the sta-

! Clarke E. Circuit analysis of A-C power systems. New York : J. Wiley & Sons; 1943.
2 Tvanov-Smolenskiy A. V. [Electrical machinery]. Moscow : Moscow Power Engineering Institute

Publ.; 2006. Vol. 2. (In Russ.)

3 Ivanov-Smolenskiy A. V., Abramkin Yu. V., Vlasov A. 1., Kuznetsov V. A. A universal method for
calculating electromagnetic processes in electrical machines. Moscow : Energoatomizdat; 1986. (In Russ.)
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tor*!! [4-7]. The intermediate values be-
tween the currents of the windings are the
magnetic flux linkages of the windings.
The magnetic coupling is created by the
design of the windings and the magnetic
system and demonstrated in the equation as
mutual inductances between the windings.
All the mutual inductances between the
windings are function of the electric angle
of the rotor rotation with respect to the sta-
tor. This function is different for various
types of windings*’. So machines with
different winding design will react differ-
ently to the same control method, when the
power supplies made one the same impact
on stator windings. The fact, now only one
model of an idealized asynchronous ma-
chine is used in electric drive control and
during the process of modeling. It shows
that there is a necessity to take into account
the design of the real machine windings.
The calculating method of magnetic
fields of electric machines was thorough-
ly described in the work®. In this work,
the concept of Winding Function Theory
(WFT) was introduced for the first time
and the method of its application was de-
scribed. The basis of the WFT was the law
of total current, Ampere’s law and Gauss’s
theorem, studied in the discipline the the-
oretical bases of electrical engineering.
In this work, an example of the calculation
for the WFT was given and it was pointed
out the difference of windings functions
for various types of windings. The usage

of the Fourier series (harmonic analysis)
for describing the non-sinusoidal distribu-
tion of magnetic induction in the air gap of
an electric machine has been proposed for
the universal application of the WFT in the
work®, and was made the concept of mutual
magnetic conductivity between windings.
There also introduced the concept of an
idealized electric machine (for each of the
harmonics separately).

The method of the WFT is widely used
by developers of vector control systems of
electrical machines® '° [4; 8]. The WFT de-
velopers offer various versions of integral
expressions for calculating the absolute
value of the magnetic flux of winding or the
inductance of winding of particular electri-
cal machine. In these integral expressions,
spatial functions were applied for the
mutual magnetic conductivity between
the windings. These spatial functions are
unknown in advance, and at the same time
they depend on the angle of the rotor ro-
tation with respect to the stator. It is very
difficult to use the proposed algorithms in
the model of an electric machine and in the
control system of the electric drive.

Some researchers have supposed to use
the correction functions to the mutual in-
ductances between windings in the model
of an asynchronous machine'? [8]. These
correction functions were not obtained
in complete form. Therefore, the WFT
remained in the algorithms form of cal-
culating mutual magnetic fluxes for each

4 Kopylov I. P. [Mathematical modeling of electrical machines]. Moscow : Higher School Publ.;

2001. (In Russ.)

5> Schmitz N. L., Novotny D. W. Introductory electromechanics. New York : J. Wiley & Sons; 1965.

% Boldea I., Nasar S. A. The induction machine handbook. Boca Raton : CRC Press; 2002.

7 Riaz M. Simulation of electric machine and drive systems using MATLAB and SIMULINK. Uni-
versity of Minnesota, Department of Electrical and Computer Engineering. Available at: http://people.ece.

umn.edu/users/riaz

8 Joksimovic G., Riger J., Wolbank T., Peric N., Vasak M., Stojcic G., Lesic V. Dynamic induction
machine model accounting for stator and rotor slotting. In: Twentieth International Conference on Electri-

cal Machines. Marseille: 2002; 207-213.

 Robyns B., Francois B., Degobert P., Hautier J. P. Vector control of induction machines. London :

Springer; 2012.

10 Pillay P., Levin V. Mathematical models for induction machines. In: Industry Applications Confer-

ence, 1995. DOI: 10.1109/IAS.1995.530355

11" Zakharzhevskii O. A. [About model of asynchronous machine]. Moscow : Viniti; 2013. Paper

no. 122-B. (In Russ.)
2DOLI: 10.1109/1AS.1995.530355
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particular electric machine. The usage of
the model of an idealized electric machine
continues in the WFT.

Methods of the Winding Field Theory
have been started to use for calculating of
the magnetic fields of electric machines
as the first electronic computers had been
invented'*!7 [2-3]. To simulate the ma-
chine's magnetic field, various mathemati-
cal methods were used — the finite element
method, the grid method, the conformal
mappings method, discrete electrical mod-
els equivalent to the machine’s magnetic
field. The use of computer programs of
magnetic fields modeling in the WFT did
not give generalized mathematical expres-
sions for the refinement of the electric ma-
chine model'®!" [9-10]. These techniques
have given a useful result for particular
electrical machine.

The scientists of the Department of
Electrical Machines of Moscow Power En-
gineering Institute (MPEI) have created the
MCTC for calculating the magnetic fluxes
of electric machine during the appearance
of semiconductor converters for the con-
trol of electric machine [2—4]. With refer-
ence to the MCTC, they have mastered
the methods of modeling for the control of
electric machine and new computer meth-
ods for calculating magnetic fields.

The information search has showed
that at present the research is being con-
ducted in the direction of refinement of
the electric machine model according to
the design of the windings of the real elec-
tric machine.

Materials and Methods

The basic processes in the mathemati-
cal model of a three-phase asynchronous
machine were described by the equations
of mutual inductive coupling between
three phase windings of the stator and
three phase windings of the rotor!3-17: 202!
[1—4]. In order for the reader to understand
the meaning of calculating the parameters
of the model of an asynchronous machine,
its system of equations has given below. It
connected the voltages and currents of all
phase windings.

In the text below: instantaneous values
of voltages u, currents i and flux linkages
of windings Y, active resistances of wind-
ings R, inductance L and mutual induct-
ances between windings M. The indices of
the quantities have shown the belonging
to the stator windings of phases A4, B and
C or to the windings of the phase rotor a, b
and c. For example, u_ has the instantane-
ous voltage value of phase a rotor; M, —
mutual inductance between the winding
of the phase B of the stator and the wind-
ing of the phase ¢ of the rotor. The matri-
ces of the corresponding quantities were
enclosed in a square brackets, the super-
script D of the matrices has shown that the
matrix is diagonal.

D r

u, R, L Vs
uB RB IB WBS
u,. R, i b4
C C C cs .
= x || +|d / di;
u R i Y or
A a A a
L R, Iy ¥ir
u, R, 2 L ¥ o

13 Clarke E. Circuit analysis of A-C power systems.

14 Ivanov-Smolenskiy A. V. [Electrical machinery].

15 Tvanov-Smolenskiy A. V., Abramkin Yu. V., Vlasov A. 1., Kuznetsov V. A. A universal method for
calculating electromagnetic processes in electrical machines.

16 Kopylov 1. P. [Mathematical modeling of electrical machines].

17Schmitz N. L., Novotny D. W. Introductory electromechanics.

18 Schumann C., Miiller T., Stein E., Pacas M. Analytical calculation of the induced EMF in PM-

machines with arbitrary arranged surface mounted magnets using the winding function theory. In: Pro-
ceedings of the 2014 International Conference on Electrical Machines (ICEM); 994-1000. DOI: 10.1109/
ICELMACH.2014.6960302

1 Tgelspacher J., Hecker Q., Herzog H.-G. Simulation of an axial-flux induction machine with squirrel
cage based on the winding function theory. In: Electrical Systems for Aircraft, Railway and Ship Propul-
sion. 2012; 1-6. DOI: 10.1109/ESARS.2012.6387428

20 Boldea I., Nasar S. A. The induction machine handbook.

2! Available at: http://people.ece.umn.edu/users/riaz

66 MamuHocmpoeHue



Vol. 28, no. 1. 2018

MORDOVIA UNIVERSITY BULLETIN %}

_lPAS_ LyMyuM;e M, M, M, _iA 1
lPBs My, Lyy Mye My, My, Mg, iy
lI/CS _ M Moy Lee Mo, Mo, M, e
'PHR M MyM,o L, M, M, i,
leR MhA MbB MbC Mba th Mbc ib
_?]CR MCA MCB MCC Mca Mcb Lcc _ié' n
(1)

During the research, the author found
that the more universal parameter of the
electric machine model than the mutual
inductance between the windings has
the dimensionless coefficient of mutual
magnetic coupling between the windings.
In the analysis of vector control, the con-
dition of symmetry of the phases of the
machine has applied, as well as bringing
the rotor windings to the electric circuit
of the stator. As a result, the magnetic
coupling equation of the windings in (1)
has taken the form:

(] (ky +mg) by kye ko kg ko || [, ]
s kg (Kpy +mg) kpe ky, ky, ky ig
¥es L . ke kep (koo +mg) ke, key ke, . i
o " ks Ky ke (kg my) kg K ||,
¥ir Kpa kpp Kye Ky (R +m) ke | |3y
_lP:R7 ko kg koo koo ko (ke +mp) L ]

2)
Here, the quantities known in the elec-
tric machine model were used: the mag-
netization inductance L,, the magnetic
scattering coefficients of the stator my
and the rotor my [2-5]. If only one of the
windings is the source of magnetic field of
machine, for example, the winding of the
phase 4 stator with current i,, then equa-
tion (2) could be simplified in this way:

¥, (ky+mg) || [, km
¥ Ky 0 Ky
Yo =L ke ) 0 —Li,- ke
Y. k., 0 k.,
¥ Ky 0 Ky
¥ | k., 10 ] k.,
3)

Mechanical engineering

The magnetic flux linkages of all the
windings were present here, for example,
the magnetic flux linkage of the phase
B stator: ¥, = L, i k;,;; magnetic flux
linkage of the phase arotor: ¥, =L ‘i k.
Added index “unit” in the indices of the
magnetic flux linkages indicates that
these ratios have related to the current
power mode with only one phase A4 stator
winding.

Feature (3) was the equality for the
magnetic flux linkage of the winding of
the phase 4 stator:

W o=L ik, m) =L i, k,+

A A AA
+L lA'mS=‘PA+S”

Ams*

4

This ratio has showed that in the air
gap of the machine only a part of ¥, was
left from the total magnetic flux linkage
¥Y,s = ¥, of the winding of the phase 4
stator, the current of which i, was created
a magnetic flux in the air gap of the
machine. The other part of the magnetic
flux, the magnetic flux leakage of the
winding of phase A stator did not enter
the air gap of the machine, it was formed
as the magnetic flux leakage ¥, of the
winding of phase A4 stator, it was created
by the end parts of the winding that did
not participate in the formation of the
magnetic flux in air gap of machine.

By definition of the concept, the
magnetic flux linkage of the stator
phase A winding on air gap has equal to
¥ =L, i,and the coefficient of magnetic
flux linkage of the winding of phase A
stator has equal k,, =1 =L i sk, / ¥,=
=L ik, / (L, i,1)(only for a magnetic
flux in the air gap!).

All the mutual flux linkages of the other
windings were received a part of the full
flux linkage ¥,, created in the air gap of the
machine. In this case, for example, the ratio —

v /W =L ik, /L ik, =k, /k, =k,

m A "BA
was the mutual magnetic coupling coefficient
between the windings of the phase A stator
and the phase B stator.

m
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Results

The result of the author’s research
was the method of calculating in Relative
Magnitudes of Magnetic Fluxes (RMMEF).
The magnetic field of the electric machine
was created by the currents of all the
windings. The current of only one winding
of the phases A of the stator i, creates the
distribution of the magnetic induction B(6)
in the air gap in accordance with the design
of this winding. The magnetic induction
B(6) was formed by the currents of all N
(n € N) sections of the phase 4 winding.
The magnetic induction B (0) in the air
gap above the individual tooth, created
by the current of the only n-th section of
the phase winding, was calculated from
the value of the current i, in this section,
the number of turns in this section w and
the air gap double size J according to the
MCTC technique** or similarly by the
procedure of %:

B =(w,-i

1)/ 26. (5)

Here, u, is the magnetic permeability
of air. The product W by = [,y has the
magnetomotive force (MMF) created in
only the z-th tooth contour by the current
of the n-th section, which is located in the
space of the z-th tooth. MMF of the entire
z-th tooth contour f, was equal to the sum of

the MMF £, of all phase winding sections

that were located in the space of the z-th
tooth contour. When manufacturing
electric machine, the number of turns in the
sections w,, is usually made the same for
all sections of the stator windings (or for all
sections of the rotor windings). When the
sections are connected in series, the same
current 7, = i, has flowed through them.
For the linear model of the AM magnetic
system, the shape of the distribution of
magnetic induction along the air gap

was not depend on the magnitude of the
phase winding current, it was determined
by the arrangement of the sections of
phase winding along the slots?*2¢, if the
saturation phenomenon in the magnetic
system is not taken into account.

Therefore, it could to be assumed that
in each section the number of turns was
equal to one turn (w, = 1), since this does
not change the form of the distribution of
magnetic induction in the air gap. In this
case, the conventional number of turns
of the tooth contour w_, could be defined
as the number of phase winding sections
that were placed in the space of a given
z-th tooth contour. According to the
foregoing, the MMF of the tooth contour
was equal:

zN
fz :Wn(z) : in(z) ' Zl = 1 ’ in(z) ' WzN' (6)
n=l1

The magnetic induction in the air gap
directly above the tooth was equal [5-8]:
By=1.-1,/26=

=0, Wy Hy /26 =

=0, My /28)-w,y (7

The magnetic flux of the z-th tooth
contour @, was determined according to
[5-8] by the integral the real magnetic
induction B (6,) over the area of the air gap
for the tooth and its adjacent slot along the
arc of the circle with arc length r -A6_:

(Dz :.“zi]BZ(QR)'lR Ty ’dQR =
=1, .J‘ZZi]BZ(OR).dQR _
= (lR 'rR .AGZR).BZN
I (B0, B,) 6,3 46, =

= SR ’BzN 'sz- )

22 Tvanov-Smolenskiy A. V. [Electrical machinery].

2 Ivanov-Smolenskiy A. V., Abramkin Yu. V., Vlasov A. 1., Kuznetsov V. A. A universal method for
calculating electromagnetic processes in electrical machines.

24 Schmitz N. L., Novotny D. W. Introductory electromechanics.

2 Kopylov I. P. [Mathematical modeling of electrical machines].

26 Boldea 1., Nasar S. A. The induction machine handbook.
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The length of the active part of the
rotor winding /, and the average radius
of the air gap r, were constant values for
AM, and they could be derived beyond
the integral sign. Here were denoted:
A6, — the angle (electric) of the rotation
of rotor by one tooth and the adjacent
slot; k_, was the coefficient of averaging
the value of magnetic induction over the
tooth space.

The coefficient k, has connected the
magnitude (maximum) of the magnetic
induction B., over the z-th tooth with the
average value of magnetic induction B.,, in
the space of this tooth and its adjacent slot.

The average value of magnetic
induction along the arc of the z-th tooth
and its adjacent slot was equal:

B, =B, k=0, 1/20)w, k. (9)

In the linear model of the magnetic
circuit AM, the distribution of magnetic
induction B (6,) in the space of any tooth
and its adjacent slot has the same in shape
for all the teeth and was proportional to
the maximum value of magnetic induction
B, over this tooth. The coefficient of
averaging of magnetic induction in the
space of the tooth k_, was a constant value
for all the teeth of stator of this machine.

The magnetic flux @_ of the z-th tooth
contour was equal to the product of the
average value of magnetic induction B,
by the area of tooth and its adjacent slot
(8. = 1,7, A0) in the air gap AM:

d)zszm.Szz

:{(in'IuO'sz/zg)'sz}'Sz' (10)

The magnetic flux linkage ¥ of each
of the tooth contour has formed by the
interaction of the magnetic flux @, of
the z-th tooth with all turns w_ of this z-th
tooth contour, i.e. the magnetic flux linkage
¥ of the tooth contour was proportional
to the square of the conventional number
of turns of this tooth contour w,:

lIIZZQZ"/VZN:
= (i, S. -ty -y 128) w2, (1)

Fig. 1 has shown (in relative units) the
distribution of MMF along teeth contours
along the air gap AM, created by the
winding current of phase A4 stator of the type
two-period with a shortened pitch (Z = 36,
y="7,7=9,2p =4) (here only 18 of the 36
slots are shown).

The column on the right has indicated
the positions (relative to the teeth) of the
sections nl, n2, n3 of the positive pole
and below — the negative pole of phase
winding of phase A stator.

The symbols M1, M2, M3 has shown
the location (relative to the teeth) of
sections of measuring winding when it
is displaced here by an (electric) angle
6 = 120° with respect to the phase 4
winding.

As the unit of magnetic flux, it has
useful to determine the magnetic flux of

36 |1 2 3 4 5 [ 7 8 9 0 |11 (12 |13 |14 |15 |16 |17 |18 |z
1 2 |3 313 |13 |3 2 |1 Wy
-1 1 2 3 3 |-3 3 |-3 2 1
1 1 |1 |1 |1 1 1 n3
1 1 |1 |1 1 1 1 n2
1 1 1l 1 il 1 1 nl
=1 =1 A [ = | E= | E=L | = = -nl
1 -1 |-1]|-1]-1 1 -n2
1 1 11-1]|-1 1 1 |-n3
M1
M2
1w | 2w | 3w | 3w 3w | 3w | 3w | 2w | 1w M3
380 | 0 20 |40 | 60 | 80 | 100 | 120 | 140 | 160 | 180 | 200 | 220 | 240 | 260 | 280 | 300 | 320 | 340 | g°

Fig. 1. Distribution of MMF of phase 4 winding along the teeth contours

Mechanical engineering
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tooth contour with one turn (w, = 1) and
with a current of 1 4 (i = 1 A):

@.,,=8B,,-S.=
=(,-S. py -k /26)-w, =
=(,-S. - py -k p/26)-w,=
=(1-S. -4ty -k /26) 1=
=S pk ,/26. (12)

The unit of magnetic flux linkage of

the same tooth contour (for w = 1 and
i, =1A4) was equal to:
Voo =DPpow, =
=(1,5. 1 23/25)W =
=(1-S.uyk., /28)-1* =
=S_pk.,/206. (13)

The calculations made above contain
a useful evaluation of the design of AM
windings:
(S.u,k,/20)=const=C,. (14)
The magnetic flux @, of the z-th tooth
contour was recorded as follows:
@Z = Bzm : SZ =
= (inIuOkZB /25) WzN .Sz =
=i, ~(Sz,u0k23 126)-w,, =

Now the magnetlc ﬂux of the tooth
contour @] was equal (in relative units):

*_ ®z _(ZVISZ O 23/25)IWZN
’ ®zn0 (inSzﬂosz /25)
i-C,

= W

. zN = "N+
i-C,

(16)

The magnetic flux linkage of the z-th
tooth contour in relative units was equal:
'f]; :(inSz/JOsz /26)'

szN /(1,8 ok /26 ) = szN' (17)

The relative magnetic flux linkage (for
the component in the air gap) of the self-

70

induction of winding of phase 4 stator ¥
was equal to the sum of relative flux link-
ages ¥. of all the teeth contours in the
space of one pole of the phase 4 winding:

ZI2p z1
W::ZIP;ZZWZZN' (18)

z=1 z=1
To calculate the mutual magnetic flux-
es, the author has suggested using such
a technique. An (imaginary) measuring
winding consisting of the same teeth con-
tours as the phase winding has introduced
into the air gap AM (fig. 1). It has con-
tained the same set of conventional turns

(w_y,) of teeth contours.

As a result, the relative magnetic flux
linkage of the zM-th tooth contour of the
measuring winding ‘PzM was equal to the

product of the conventional number of
turns w, for the tooth contour of the phase
winding (fixed) by the conventional num-
ber of turns w_,,, for the tooth contour of
the measuring winding (movable) when
both these teeth contours have opposite
each other in the space of the machine:

! (19)

zM
The magnetic flux linkage for the en-
tire measuring winding was equal to the
sum of the relative magnetic flux linkages
of all teeth contours of one pole of the
measuring winding:

=Wy Wony

PLO)=3 =S W (0) W (6). (20)

With an offset angle § = 0°, the loca-
tion of the measuring winding has coin-
cided with the location of the winding of
phase A stator. Thus, the magnetic flux
linkage of measuring winding became
equal to the magnetic flux linkage of the
self-inductance of winding of phase A4 sta-
tor (without considering the magnetic flux
leakage of the phase 4 winding)'

z1
Yy (0)=Y¥,= Z Wan * Wan Z - (21)
zM=1 zM=1

If the measuring winding is shift-
ed (see fig. 1) from the position of
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winding of phase A stator to the angle
6 = -2x7/3 (—120° el.), then the measur-
ing winding has taken the position of
winding of phase B stator. In this case,
the ratio of the magnetic flux linkage
of measuring winding ¥,,(~120°) to the
magnetic flux linkage of the phase A
winding ¥ = ¥,,(0°) was equal to the
mutual magnetic coupling coefficient
kya(—120°) between the windings of
phase B stator and the phase A4 stator.
The results of calculations for the for-
mulas given above were concentrated
in table 1.

In table 1, the mutual magnetic flux
linkages of the winding of phase 4 stator
with the measuring winding were calcu-
lated for the phase 4 winding of the two-

period type with a shortened pitch (Z =36,
y="7,7t=9,2p=4) for the displacement
angles 0 = 0° and § =—120°. This made it
possible to calculate the mutual magnetic
coupling coefficient between the winding
of phase B stator and the winding of phase
A stator k :

ky, =¥, (~120°) /¥, (0°)=
=¥, /¥,=-26/55=-0,4727.

The results of calculations of the mu-
tual magnetic coupling coefficients be-
tween the winding of phase A4 stator and
the measuring winding for different an-
gles of displacement between these wind-
ings were given in table 2. These calcu-
lations were performed similarly to the

Table 1
Calculation of mutual magnetic flux linkages for a two-period
winding with a shortened pitch (Z=36,y=7,7=9,2p=4)

rc A LW | | Y | P [ W | P | 20 | O
1 2 3 4 5 7 8 9 10 11

1 L=l w, 1 1 1 +1 1 0

2| fo= 200w, 2 2 4 +4 2 20
30| fi=3ci,w, 3 3 9 +9 3 40
4 fa=3 0w, 3 3 9 +9 3 60
5 fo=3 0w, 3 3 9 +9 3 80
6 | fo=30i,w, 3 3 9 +9 3 100
TSm0, 3 3 9 +9 3 1 3:1=3 +3 120
8 | fa=2 0, w, 2 2 4 +4 2 2 2-2=4 +4 140
9 | fo=1 i, w, 1 1 1 +1 1 3 1-3=3 +3 160
10 | f,=-1-i,w | -1 1 -1 = -1 3 -1:3=-31| 3 180
| f,==2i,w | 2 2 -4 +55 -2 3 —2-3=— —6 200
12 | f,=-3-i,w | -3 3 -9 -3 3 -3-3=- -9 220
13 | f,=-3i,w | -3 3 -9 -3 3 -3-3=- -9 240
4| f,=3i,w | -3 3 -9 -3 2 3:2=-6| -6 260
IS5 | fis=-3i,w | -3 3 -9 -3 1 3-1=-3] -3 280
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End of table 1
1 2 3 4 5 6 7 8 9 10 11
16 | f,=-3i,w | 3 3 -9 -3 = 300
17 | f, =2 i, w | 2 2 —4 -2 —26 | 320
18 | flg=—1-i,w | -l 1 -1 -1 360
19 | flo=1i,w, 1 1 1 1 0

Note: the designations of the values (relative units): 7C — Ne z-th tooth contour of phase winding;

f, — MMF of z-th tooth contour of phase winding; 7, — the conventional number of turns of z-th tooth

contour of phase winding; ¥, = f. — flux linkage of z-th tooth contour of phase winding; ‘P: — flux link-
age of phase winding (6 = 0°); @_,,— flux of z-th tooth contour of phase winding; W_,,,— the conventional
number of turns of z,-th tooth contour of measuring winding; ¥.;,— flux linkage of z,,-th tooth contour of

*

measuring winding; ¥,
calculations in table 1 for the same type
of a two-period winding with a shortened
pitch (Z=36,y=7,7=9,2p=4).

In the model of an idealized AM, the
coefficients of the mutual magnetic cou-
pling between any windings were calcu-
lated through the function cos(A#). Angle
A has the electric angle of shear between
the positions of the windings. The coef-
ficient of mutual magnetic coupling of the
windings of phase B and phase 4 in the
model of ideal AM was cos(120°) = —0.5.
This just has indicated that the idealized
AM model has used!

The author has proposed to use the ra-
tio k,,,(0) / cos(0) = KAa(0) as the main
correction function (MCF) to the idealized
AM model. The results of calculations of
main correction function were shown in
table 2.

If the coefficient of mutual magnetic
coupling in the idealized AM model cos(8)
is multiplied by the main correction func-
tion KAa(0) for the type of winding used,
the mutual magnetic coupling coefficient
k,,,(0) was obtained, which has taken into
account the winding type AM:

cos(0) - KAa(0) =k, (0). (22)

The magnetic flux passes from the sta-
tor magnetic circuit through the air gap to
the magnetic circuit of the rotor. Thus, it is
possible to use the ratio &, () as the ratio

72

b4 ;, (—~120°)— flux linkage of measuring winding; 6— electric angular displace-
ment relative to the winding of phase 4 of the stator.

of the magnetic flux linkage of winding of
phase a rotor to the magnetic flux linkage
of winding of phase 4 stator:

W, (0) = (0)/¥(0) =k, (0). (23)

Table 2
Calculations of KAa(6)

C | ©° 5”;1(9) k,, (0) | cos(0) | Kda(0)
1 0 +55 1,000 | 1,000 1,000
2 20 +51 0,927 | 0,940 | 0,987
3 40 +41 0,745 | 0,766 | 0,973
4 60 +26 0,473 0,5 0,946
5 80 +9 0,164 | 0,174 | 0,943
6 100 -9 —0,164 | 0,174 | 0,943
7 120 | 26 |—-0,473 | —0,500 | 0,946
8 140 | —41 |-0,745|-0,766 | 0,973
9 160 | —51 |-0,927 | 0,940 | 0,987
10 | 180 | =55 |-1,000 [ —1,000 | 1,000

Note: the designations of the values (relative
units): 7C — Ne touth contour of phase winding,
©° — angle displacement between the measuring
winding and the windings of the phase A4 stator; 7,
(0) flux linkage of the measuring winding.; &,,,(6) =
L ;4(9) / l}’:1(0) — the mutual magnetic coupling co-
efficient between the windings of phase 4 stator and
the measuring winding; KA4a(6) = k,,,(0) / cos(6) —
the main correction function
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The measuring winding could now be
placed in the position of any of the wind-
ings of rotor. The ratio of the magnetic
flux linkage of measuring winding to the
magnetic flux linkage of phase winding
was the coefficient of mutual magnetic
coupling £,,,(6) between these windings,
which has taken into account the type of
windings AM:

k@) =¥1,0) | 71,(0)=¥,,0)/¥;. (24)

The method of calculating the rela-
tive magnitudes of the magnetic fluxes of
electrical machines shown in tables 1 and
2 was the essence of the RMMB method.
The RMMF method has based on the
same assumptions regarding the design of
windings and the AM magnetic system,
as well as harmonic analysis method, as
MCTC and as WFT. The values of the cor-
rection function KA4a(6) for the displace-
ment angles 8 =2n /3 (and 8 = 4w / 3)
were the correction factors KSS = KAB =
= KAC = KAC = KCA = KBC = KCB =
= KA4a (120°) = 0.946, for example, for
the elements of the matrix [, ] of mutual
inductances between stator windings in
the equations of the idealized AM model
that lead to the values of these matrix ele-
ments already for real AM:

(1+k_),(=0,5-KAB), (-0,5- KAC);
[L.1=L_|(~0,5-KBA),(1+k_),(=0,5-KBC); |
(=0,5-KCA), (=0,5-KCB),(1+k_)

(25)

For the winding of the template type
(Z=24,p=2,q=4,t=12,y=10), the
calculated correction factors were equal to
KSS = 0.889. For the two-layer winding
with Z=24, p=4, g =2, the calculated cor-
rection factors were equal to KSS = 0.842.
For a two-period winding with a shorter
pitch (Z=36,y="7,7=9,2p =4), these cor-
rection factors were equal to KSS = 0.946.

The latter type of winding has the
best distribution of magnetic induction
among the analyzed types of windings
(almost sinusoidal form). For this type

Mechanical engineering

of winding, simulations in MATLAB
has compared the processes of direct AM
start from the 60 Hz network for the ide-
alized AM model and for the modified
AM model [11].

Fig. 2 has shown the graph of simula-
tion in MATLAB of direct AM start for
the model of idealized AM. Fig. 3 has
shown the start-up schedule in the same
mode of the same (modified) AM, in the
model of which the correction factors
KSS =0.946 were introduced into the mu-
tual inductance matrix between the stator
windings and KRR = 0.946 between the
rotor windings.

80
60
40
g
.20
g o
-20
—40 i i L i i
-500 0 500 1000 1500 2000
Speed, rpm
Fig. 2. Torque — speed (ideal AM model)
1601
140t
120+
g 100}
Z 80
g
2 60
g
& 400
20r
0 =
20 i i i . i
-500 0 500 1000 1500 2000
Speed, rpm

Fig. 3. Torque — speed (modified AM model)

The torque form of the modified AM
model (fig. 3) was larger and more stable
during the machine acceleration com-
pared with the model of idealized AM
(fig. 2). In the graph of fig. 2, during the

73



%’ BECTHHK MOPJOBCKOI'O YHUBEPCUTETA

Tom 28, Ne 1. 2018

machine acceleration a braking and accel-
eration loops were observed, which could
be difficult to explain with any some
physical processes in AM, but which have
observed with all idealized AM model in
modeling.

In the graph of fig. 3, the start-up pro-
cess corresponded to real processes. Com-
parison of graphs have showed the utility
of accounting for the design of windings
in the AM model.

The refinement of the AM model was
achieved thanks to the application of the
method of calculating magnetic fluxes for
electric machines — the RVMF method.

Discussion and Conclusions

To calculate the absolute values of the
magnetic fluxes of an electric machine,
many methods have been developed that
at the same time have weakly reflected
the type of AM windings, have little af-
fect the model of the machine?3* [9-14].
The RMMF method, in contrast to other
methods, provided a refinement of the AM
model according to the type of its windings
by means of correction functions™ [5-7; 11].

The need to refine the AM model us-
ing the deviation of the distribution of
magnetic induction in the air gap AM
from the sinusoidal form existed for a long
time [4; 8; 15-16]. This has confirmed
by the experience of using the method of
harmonic analysis. The task to refine the
AM model become obvious after the ap-
pearance of various variants of AM vec-
tor control velocity where the idealized
model AM* % was used [4; 8]. How-
ever, a deeper and more dynamic AM con-
trol required a more accurate AM model
[4-7; 8; 11; 15-16]. The RMMF method
has specifically designed to calculate the
correction functions and correction factors
for the idealized AM model in order to ob-
tain a model of real AM [5-7; 11].

Distinctive features of the RMMF
method:

— calculation of the distribution of
magnetic induction in the air gap along
the teeth contours;

— determination of the magnetic flux
of the single-turn of tooth contour as
a unit of magnetic flux;

" Igelspacher J., Hecker Q., Herzog H.-G. Simulation of an axial-flux induction machine with squirrel

cage based on the winding function theory. In: Electrical Systems for Aircraft, Railway and Ship Propul-
sion. 2012; 1-6. DOI: 10.1109/ESARS.2012.6387428

2 Hecker Q., Igelspacher J., Herzog H.-G. Parameter identification of an axial-flux induction ma-
chine by winding functions. In: Proceedings of the 19" International Conference on Electrical Machines
(ICEM). 2010; 1-6. DOI: 10.1109/ICELMACH.2010.5608058

% Wymeersch B., De Belie F., Rasmussen C. B., Jensen F., Vandevelde L. Mutual-inductance modelling
in line-start permanent-magnet synchronous machines based on winding-function theory. In: Proceedings of the
International Electric Machines and Drives Conference. 2013; 607-611. DOI: 10.1109/IEMDC.2013.6556157
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— calculation of the relative values of
the magnetic fluxes of the windings with
this new unit of magnetic flux;

— the use of the movable measuring
winding, similar in design to the phase
winding of the stator, as the image of any
of windings of machine;

— application of correction func-
tions for multiplication by elements of
inductance matrices in the idealized AM
model in order to obtain the model of
real AM.

The correction functions (functions of
the electric angle of displacement of the ro-
tor windings relative to the stator windings)
turned out to be suitable for clarifying the
Clark and Park transformations [5; 7; 11].
The Clark and Park transformations were
one of the foundations for all building sys-
tems of vector control of AM. Therefore,
the correction functions could be applied in
existing vector control systems (without the
alteration of these control systems)* [11].

Simulation in MATLAB showed that
the refinement of the AM model accord-
ing to the winding design has made elec-
tromechanical processes more similar to
real processes [7; 11].

These results made it possible to cre-
ate a method for controlling the rotation
speed of a three-phase machine*'. Nation-
al Research Mordovia State University
became the patent owner of this method
of controlling electrical machines. The
patent was tested for novelty in major
countries.

Of course, even the most advanced
calculations and simulations unable to
replace the electric drive tests with a real
mechanism. However, the improvement
of the model serves to improve the asyn-
chronous electric drive.

Useful properties of the method of
relative magnitudes of magnetic fluxes —
RMMEF allow us to hope for its successful
use for other types of electrical machines.
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IIpoexkTHpOBaHMe CTPYKTYPbI TEXHO
NPOLeCCOB HA OCHOBE CHHTE3a

NYECCKHUX

C. 10. Kansikyaun'", B. B. Ky3pbmun’ UTHH,
C. II. Cyabaun’, T. Bb. TiopGeeBa’
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Beeoenue. Ilporecc aBromMaTu3anuy IMpo HUSL CTPYKTYPBl TEXHOJIOTUYECKUX

MPOIECCOB JIOCTAaTOYHO CIIOXKEH B BUTY JIHOKNCTBA pa3pa0pTaHHBIX, HO ci1abo Gopmaiu-
30BaHHBIX TPABUIT MPOEKTUPOBAHNS 1 ANHAMUUIPOCTH CX npuMeHeHus. Benencraue

THPOBAHUS CTPYKTYPHI TEXHOJIOT!
3a7a41 BIOOPa KOHCTPYKTOPC
Mamepuaner u memoouv. B
MEHTAJILHBIC TIOJIOXKEHUS Ti
rpadoB, TEOPUH MOZIEIICH,
JIOTHKH NPEJUKATOB U UC
Pesynbmamui uccneoo
HOJIOTHYECKHUX TPOLIGECO CKO-TEXHOJOTrHueckux 6a3. Onucana
MareMaTH4yeckast IT nMu3alliu BEIOOpa KOHCTPYKTOPCKO-TEXHOJIO-
TMYecKHX 0a3 mp 1 BBIOOPOM KOHCTPYKTOPCKO-TEXHOJIOTH-
gecknx 6a3. Orr OBKa 3aj1aull ONTUMH3AIMU BEIOOpA KOH-
€HHHM 33734 Ha rpade.

€HHBIC B JJAHHOH CTaTbhe, MO3BOJISIIOT CIENIaTh
HHSL CTPYKTYPBI TEXHOJIOTHYECKUX MPOIIECCOB
TPYKTOPCKO-TEXHOJIOTHYECKUX 0a3. Peammsarus

O
% pe3yibTaToB Jiexar (yHnaa-
NSl 11 MAIIMHOCTPOEHUSI, TEOPUH

e

OBBICUTB OOIIHI YPOBEHb aBTOMATH3AIMHU TIPOSKTH-
TUPOBAHUS CTPYKTYPBI TEXHOIOTHIECKUX TPOIIECCOB
KOHCTPYKTOPCKO-TEXHOJIOTHUEeCKUX 0a3. Peammsarus
OTO MPOEKTUPOBAHUS TEXHOIOTHYECKHX TPOIIECCOB OMH-
B.

JOTMYECKHI Mpoliece, CTPYKTypa, CHHTE3, CHCTeMa, OMHapHOe
TIOBEPXHOCTh

ose cuHTes3a / C. YO. KanskynuH [u 1p.] // BectHuk Mopnosckoro yausepcurera. 2018.
T. 28, Ne 1. C. 77-84. DOI: 10.15507/0236-2910.028.201801.077-084
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Designing the Structure of Technological Processes

Based on Synthesis

S. Yu. Kalyakulin*, V. V. Kuzmin®, E. V. Mitip?,

\

S. P. Suldin?, T. B. Tyurbeeva®

“National Research Mordovia State Universi

sk, Russia)

®Moscow State Technical University “STAN;

(Moscow, Russia)
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Introduction.The aim of the work is to develop an

on synthesis.

technological processes in an automated mod
of the formalization. Many factors must be ta
algorithm was developed that makes it posible t

of technological processes.

Results. The authors found the relatio:

LLITS

“method-machine”, “tool-tool-to

Discussion and Conclusions.
of automation of calculatin,

design.

Keywords: technologt
surfaces

Beenenne
[Ipouecc aBgom uu K
poBaHUs mpy:& CXHOJ CKHX
MIPOLIECCOB [agu¥CTaTouHo €H

JIEICTBHE JTOTO paspa-
acTosIee BpeMsl CHCTEMbI
0T/ OBPUCTUYECKUE AITOPHTMBI
BaHWS CTPYKTyp. [laHHble ai-

Ha HCTOOJBHIOC KOJIMYCCTBO BO3MOXXHBIX
MpOU3BOACTBCHHBIX onepaunffl n HC
MO3BOJISIIOT CAENaTh JaHHBIE CHUCTEMBI
QJaNTHBHBIMU M LIMPOKO THPAXHUPY-
€MBIMH, a PEIICHUs, KOTOpbIe (POPMHUPYET
cucTeMa, TpeOyIOT KOppeKTHpOBaHUsL. J{iIs

78

Yu., Kuz
of Technol

= dovt
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designing a process based

f developing the structure of
ors demonstrate the complexity
when developing it. An
s based on synthesis

eters of the structure of

#sible transitions. The
-technological methods”,
gd algorithm based on the

em forward increasing the level

d design systems. The imple-
| processes developed on the basis of
ation of technological processes

is, system, binary relation, algorithm,

f Mitin E. V., Suldin S. P., Tyurbeeva T. B.
cal Processes Based on Synthesis. Vestnik
University Bulletin. 2018; 28(1):77-84.

MPOEKTHUPOBAHUS CTPYKTYPbI HEOOXOIUMO
BBECTH B CHCTEMY OOJBIIIOE KOJIUYECTBO
uH(pOpPMAIMK O TPOM3BOICTBEHHOH Cpe-
Jie U M3TOTaBINBAEMOM M3Jeinu. Pexum
JManora, BCTPOCHHBIH B CUCTEMY, IT03BO-
JSieT BBOAWTH HCXOAHYIO WH(OPMAIHIO,
KOPPEKTHPOBaTh  NPUHSTHIE  PELICHUS
U TPOM3BOIUTH P APYTUX OIEparuii.
OnHako B TOM CIly4ae, €CIH aJTOPUTMBI
HE IIpeHa3HaueHbI Il KOHKPETHOI Mpo-
W3BOJICTBEHHON CHUTYyalliH, HEBO3MOXHO
JOCTUYb TOBBILICHUS APPEKTUBHOCTH
npoekTupoBanus crpykTypbl TII nmaxke
IPU HCIOJIb30BAaHUHU JTUAJIOTOBOTO PEKH-
Ma. OmnepaTMBHOE BHECEHHE W3MEHEHUM
U JIOTOJHEHHH B pa3pabOTaHHYIO CHC-
TEMy NPOCKTUPOBAHUS TAKXKe HE BCerna
BO3MOKHO.
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0030p TuTEpaTYpPHI

ITon TII monmmaercs cucTema, IS
KOTOPOW XapaKTepHBI TOHSATHS CTPYKTY-
pel u mapametpoB [1]. CTpyKTypHBIH ac-
nekT jgobamisieTcss K onpexaenacHuto TII,
MMOCKOJIBKY HA YPOBEHb Pa3BUTHUSI TEXHO-
JIOTHH BIIMSIOT HE TOJILKO METOJbI 00pa-
0OTKH, HO M CTPYKTYphl. Ha ocHOBe 3TOTO
YTOUHSIIOTCSl TEXHOJOTHMYECKUE TTOHATHS.
JlanpHeliiee pa3BUTHE MTOHATHE CTPYKTY-
pst TII momyuanno B padorax B. JI. Liger-
koBa'. TTo ero MHEHHIO, TaHHAST CTPYKTypa
COCTOUT U3 3-X OCHOBHBIX COCTABIISIIOLIHX:
(YHKIMOHAILHOM  (KOTOpast — OmpeJieNnsieT
MOPSJIOK TIEPEXOZIOB U3 OJIHOTO COCTOS-
HUSL IETaJM B PYTOE), TIPOCTPAHCTBEHHOM
u BpeMmeHHOU. B. B. Bop3eHkoB, B CBOIO
o4yepenb, OMUCHIBACT  TOIMOJIOTUYCCKUE
CBOICTBAa MAaKpORJIEMEHTOB, CTPYKTYph
JieTajneil B CucTeMe aBTOMaTU3UPOBAHHO
npoektuposanus (CAIIP) TII [2].

Br160p cTpyKTypHI B 4aCTUYHO
MaTHU3UPOBAHHOM PEXUME CTajl B
HBIM TOJIBKO B Hawyane 1980-x r
MoInHOoCcTh DBM no3Boinna ya

pa3paboTan  OpUTHHZIBHBINA Y anro

CTPYKTYPHO-TIapaM KOro ¢ 3a

MPOU3BOACTBEHHO aHus, i M
1

3UPOBAHHBIN 110

BBITIOJTHCHUS ¢
paspaboTai JIeK-
TOB TeXHOMOIHIQKIX Oa3 Ha AIUSIX

MEXaHUYLCKOU HOPAOOTKH MAIITHOCTPO-
gcraneit [4-5]. B. H. bposrnua

PIIOTUYECKUX TIPOIIECCOB CEllb-
TBEHHOTO TPOU3BOACTBA [6].
3. T. AxamnieB onuchIBaJ METOIOJIOTHIO
COBEPIICHCTBOBAHUS M BBIOOPA CTPYKTY-

PBl TEXHOJIOTHYECKHUX MPOIIECCOB FOPHO-
JOOBIBAIOIIMX NpenpusTi [7].

OpnHoil U3 mepBbIX pa B oOmactu
(dopmanu3aury HAKQUICHHbN 3HAHUH
SIBJISICTCS JUCCEpTa . Caparosa?,

B KOTOPOW aBTOp
B3aUMOCBS3b M€ B
rM4yecKkux 0as

30M T'€OMETPH

eMOoHCTpUpPOBaI
OpOM TEXHOJIO-
JIYIOIIUM CUHTE-
embl TII. Jlanunas
COBOKYITHOCTH TIO-
KU, TOTOBOM JETaju,

TIpeICTaBICH
0CJIEI0BATEILHOTO

oIxoma CTajdl pPaboTHI
a u JI. E. MakcuMoBcKo-
, KoTopble paccMaTpuBalIM CIIO-
BBIOYpa TEXHOIOTUUYECKUX 0a3 A
JleTajiell B aBTOMaTu3HpOBaH-
ITPON3BOJICTBE C HCIOJIB30BAHUEM
I1.
aTepuaJibl U MeTOAbI
CTaThe MPEAJIOKEH METOJ IPOEKTH-
BaHUs CTpyKTypel TII Ha ocHOBe CcHH-
e3a. B OCHOBE NOJNyYEeHHBIX Hay4YHBIX
PE3yJIbTaToOB  JieKaT (yHIAMEHTaJIbHbIC
HOJIOKEHHS TEOpUH Oa3UpPOBaHMs, TEXHO-
JIOTUW MallIMHOCTPOEHHSI, TEOPHHU TPadoB,
TEOPUH MOJIeNIel, METO/I0JIOIUN MPOEKTHU-
poBanusi TII mexanmuyeckol 00paOOTKH,
JIOTMKH MIPEAUKATOB U NCUUCIIEHHS BbICKa-
3bIBaHHI.

Pesynprarel pa3paboTaHHOrO MeETOAa
peKOMEH/TyeTCs UCTIONIb30BaTh P MPOEK-
TUpoBaHuu cTpyKTypsl TII B aBTOMaru3u-
poBanHoM pexxume B CATIP TII.

Pesyabrarsl ucciienoBaHns

Brei6op crpykrypsr TII mist xopryc-
HBIX JeTajeil Ha OCHOBE CHHTE3a Ipel-

co0
KOp

'IBerkoB B. JI. Cucrema aBTroMaTH3aIMi NPOEKTHPOBAHKS TEXHOJIOIHYECKHUX IpoIieccoB. M. : Ma-
mmHocTpoeHue, 1972. 240 c. URL: http://www.libex.ru/detail/book596295 .html

2 CaparoB A. A. MojenupoBaHue Iporecca BbI0Opa TEXHOJIOTMYECKUX 0a3 PU aBTOMATU3MPOBaH-
HOM TIPOCKTHPOBAHWH : JTUC. ... KaHA. TEXH. HayK. MuHck, 1983. 198 c.
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CTaBnsieT co0Oil MHOTOBapHAaHTHYIO 3a-
Jaqy B CHJIy OCOOCHHOCTEH MX TeOMETpH-
YEeCKOH CTPYKTYpBI: J€Talb OTrpaHHYeHa
OOJIBITUM  KOJIMIECTBOM OOpabaThIBa-
eMBIX ¥ HeoOpadaThIBAEMBIX IMOBEPXHO-
creit 7. [To3ToMy KOJIM4€CTBO KOMIUIEKTOB
texHoiornueckux 6a3 (KTB), ¢popmupy-
eMBIX Ha IOBEPXHOCTSX 7, JOCTATOYHO
BEJIKO 110 CPAaBHEHHIO C JIETATSIMU TUTIA
Tenma BpamieHus. B mocimemHeM ciydae
KTb dopmupyrorcsi oqHozHadyHO (OO
0Ch IIEHTPOBBIX OTBEPCTUH MPHU 00padoT-
Ke B IIEHTPax, JTMOO MOBEPXHOCTH TOPLIOB
npu oOpaboTke B MaTpoHE C Iepeycra-
HOBOM), a TEXHOJOTHYECKHe Oa3bl IpH
HEPBBIX ONEPAIMAX HA3HAYAIOTCS B 3aBU-
CHMOCTH OT THIIa TPOM3BOICTBA (100 HA
YHUBEPCAIbHBIX, JTHOO0 HA ()pe3epHO-1ICH-
TPOBaJIbHBIX cTaHKax). [1o cyTh, pemenne,
3aja4n pazpabotku ctpykrypsl TII Ha o
HOBE CHHTE3a B MIEPBYIO OYEpe/Ib 0T
CBOZIUTHCS K BBIOOPY TEXHOJIOTHYECK
0a3 meranm, A KOTOpO# pazpabdar -
cs cTpykrypa [10].

IIpu BeiGOpe KTH Heobxon#yto e
TBIBATH MHOTOYHUCJICHHBIE O YCHHS
U KPUTEPUH, KOTOPHIE OIPEIZIIIOT §Jadop

CTereHel CBOOOIbI IPH yCT
CHocoOJIEHNH 110 BEIOQgEIHBIM TIOBEP
ctsim KTB;

— Haunbornee yQpOH 9KOHO
KOHCTPYKIIUS anN CHHUS;

— obecrieughn 7
3aMBIKaIOIINX WB (p
YepTexke ¢ n) 1
IIUX 3BCH PHBIX LIeTICH,

TC

ompenen
YECKU

TOpBIE
OpaHHBIMH TE€XHOJIOTH-

3
S

1,

OIITUMAJIBHOCTU 110 KpH-
YeCTBa NEPCyCTAaHOBOB.

VIFIOTOUMCIICHHBIX (DAKTOPOB: CEpHii-
HOCTb M YPOBEHb aBTOMATH3allMK IPOM3BOA-
CTBa, TOYHOCTH TEXHOJIOTUUECKOI CHCTEMBI
(CTaHOK M TEXHOJIOTMYECKasi OCHACTKA), ce-

80

0eCcTOMMOCTb U LUK 00pabQTKH, TOYHOCTh
Pa3MepoB 3aroTOBKU, CTPYR{Ypa IOBEPX-
HOCTHOTO CJI0$1 ITIABHBIX TIOBEPNIOCTEH.

PaccmoTpum niepofy e orpa-
HUYCHUS U KPUTEPHZ pioope KTh
Ha MpUMepe KOpIy

eTaJb THUIA KOPITyC

1. /]
N. Body type part

F
Chdpm yem 3amaqy Beioopa (KTh)
B BUJE 3KC aJbHOM 3a7a4M Ha rpade.
CTb J|JaH rpad

G={rUj, (D
ermomecmo BEPILUH, OTPAKAIOLINX
OCTYSIHMSI TIOBEPXHOCTEH B Tporiecce 00-
TKH OT 3arOTOBKH JI0 OKOHYATENIbHON
aboTkm; U — MHOXECTBO JIyT, OTpaka-
IIMX Pa3MEpHBIC CBSI3U MEXITY TOBEpX-
HOCTSIMH (KOHCTPYKTOPCKHUE, TEXHOJIOTHYE-
CKHeE, pa3Mephbl IIPUITYCKOB U 3arOTOBKH).

KoncTpykTopckue pasmMepsl U MPHITY-
CKH SIBJISIIOTCS] 3aMBIKAIOIIMMH 3BCHbSIMHU
pasMepHbIX Lemnel, a TeXHOJIOTHYECKHe
pasMepbl U 3arOTOBKM — COCTaBJISIOLIM-
mu. [logyepkHeM, 4TO JFOOOMY 3aMbIKa-
IOIIEMY 3BEHY COOTBETCTBYET TOJIBKO
OJIHA pa3MepHasi Lelb.

B rpade G BhIACTMM Ha OCHOBE MO-
nemupoBanus Bo3MoxkHBIX KTh momrpad
G; € G, XOTOpBIi OTpakaeT BO3MOKHOCTH
00paboTKH TMOBEPXHOCTEH C pPa3TMIHBIX
TEXHOJOTUYECKUX 0a3 (WM TEXHOJOTH-
yeckuid moarpad).
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Tpebyemes naiimu epap Gy, € G,
o0onadarouwull C80LUCMEOM ONMUMATbHO-
cmu no kpumepuro W, komopulii onpede-
JISIem YUCIO0 e2o YPOGHell.

PaccmotpumcsoiictBanoarpadpaG,,=
= {P;;,Up,}, HEOOXonuMble Ui TOCTa-
HOBKH 3KCTpEeMaJIbHOM 3a/1au¥l Ha rpadax.

1. MuoxectBo BepinH noarpada G,
u rpada G, coBnaaawt, T. €. Py, = P,.

2. B xkaxnayno BepmuHy mnoxarpada
Gy KpOME BEPIIMH 3arOTOBKH, BXOAUT
OHA Jyra TEXHOJOTHYECKOro pasMmepa
WJIN pa3Mepa 3ar0TOBKH.

3. Hu ogna nyra, npuHajiexamnas co-
CTaBJISIIOIIUM 3BEHBSIM, HE MOXKET COCAM-
HSTb BEPUIMHBI, NPUHAICKAILINE OTHON
Y TOM K€ MOBEPXHOCTH.

4. JIns KaxJ0ro 3aMbIKAIOIIEro 3BeHa
CYIIIECTBYET TOJILKO OJIHA Pa3MepHas Lielb.

CaoiictBa 1-4 ABIAIOTCS 0CHOBHLIVM T
coiictBamu noarpada G,
Hnst hopMynmUpOBKH  SKCTPEMaITRHO

3amaun Ha Tpadax TpeOyercs yCcTaghpB
O0ONOIHUMEbHbLE CBOUCTBA TIOATPay

5. CBOHCTBO ONTUMAIBHOCT
teputo W(G,,;), ompenensto
MaJIbHOE YHCIIO €ro ypoBHeh(unc
pEyCTaHOBOB), T. €.

W(Gyy) = min WG, (

6. OOecrieuenue

KOHCTPYKTOPCKUX P
IyTEeM IPOBEPKU Bb
OONYCKU HA KOHCIIPY)
00JI24CHBL ObIMD

cocmasnsiiony
3AMBIKAIOUURK

Juis epKy/ 3Toro ycioBus He00-
XO0OAUMO JIHUTH CJICAYIOIIUC DTallbl
aNrOpUTMA:

i Ka)XJI0T0 KOHCTPYKTOPCKOTO
pa3 \% MBIKAIOIIEr0 3BEHA) OIpese-
TUTH €PHYIO 1ICTIb;

— ONPEAEINUTH MO YePTEXKy MOKa3aTeIH
TOYHOCTH g KOHCTPYKTOPCKUX pa3MepOB;

Mechanical engineering

— OMPEJeNTUTh 110 CIPaBQUHON HHPOP-

MAallMOHHOW Oa3e Ioka3aTed TOYHOCTHU
TEXHOJIOTUYECKUX Pa3MEPOB, \DA3MEPOB
3arOTOBKH (JIpyTHMHU aMH, BBIIOJI-
HUTb B3BELIMBAaHHE ABJISIOIINX
3BEHbEB I10Ka3aTell yHOCTH OTHO-
CUTEJIBHOIO I0JIO OBEpXHOCTEH
B pe3yibrare MOBEPXHOCTH

NuecKoi 0assel p,),
YHOCTH JINHEHHBIX
BIX TEXHOJIOTHYe-
OpaboTKK Ha pa3nnud-
HOBOE, IOJYYHCTOBOE,
LTHOE,

P; Ha OCHOBE
a TaKkKe MmoKa

oBaHUE [ TO-
X 3BCHBHCB
am4ecKuM Me-

OrpelIHOCTH 0a3upo-
HC TCS);
Th [IPOBEPKY YCIIOBUS f < g,

€HbEB COOTBETCTBYIOIIEH pa3-
€IU; €CJIU YCJIOBHE HE BBIMOJIHSI-
ercs¥ 10 TI1 He yIoBIETBOPSIET CBOMCTRY 0.
aTeMaTU4YeCcKasi IOCTAaHOBKA 3aa4u
MU3alUU BBIOOpa TEXHOJIOTUYECKUX
O B 3aBHCHUMOCTH OT TMEPEUYUCIICHHBIX

pEeyCTaHOBOB U orpaHudeHus Q(x). OnTu-
muzanusa cTpyktypsl TII ¢ dopmansHOI
TOYKH 3PEHUS 3aBUCHUT OT PACTIOJIOKCHUS
[ COCTaBIAIOIINX 3BEHHEB pPa3MEPHBIX
Herneld OTHOCHUTENIFHO 3aMBIKAIOIINX 3Be-
HbeB. [Ipn 3TOM CTPYKTypa 3aMbIKAIOIITIX
3BEHBEB SIBISCTCS (DUKCUPOBAHHOW IS
paccMarpuBaeMoi 33134, a PacIooKe-
HUE y OmpeersieTcss BEIoopoM moarpada
G, CTIpykTypa 3aMbIKalOIMX 3BEHHEB
G, IPUMEHHUTENFHO K KOPIYCHOH AeTanu
MMOKaszaHa Ha puc. 2.

)31 TO‘IHéI/I
BITTOJ biie (paKTOPOB MCHOJB3YIOT KPUTEPHUI
Hepa TRa: 7 ONTUMAIBHOCTU W(X) IO KOJUYECTBY Iie-
1
KOWHa
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G O0cy:xneHue 1 3aKJII04YeHH s
(Grx) ) (G Grar) PaspaGoTana Maremarudeckas —I1O-
i cTaHoBKa 3afaun BeiObopa KTB Ha ocHOBe
cuntesa cTpykTypbl TIT, mp¥gCTaBIEHHOTO

|
|
[ B BHUJIE KJIACCUYECKOHN 3a/1auINBBIICIICHUS
|

| | |
[ | |
1 I |
Z ! Z, : Zy : Z, : U3 33JITAaHHOTO TEXHOJIOKgecKord rpada G,
| | | | noarpada G, ¢ 3378 MQZBOIICTBAMH:
| | | | Ha ocHoBe aHa 0JTHOTO Tpada
|I : : : METOIaMH  pa3Mef YHal3a MOYKHO
| | | | 000CHOBATH CIIgL PEKOMEHTAIHH:
A 4, @ 45 — MPU BBIQOPONG pb1 TII Ha ocHo-
b BE CHHTE3a HAMREECOPOPA3HO MCTIOIB30BaTh
Y. | Ay - pazITUYHBIC yeckue 0asbl (CMeHy
SRR {;:f:f_‘—f“ - 0a3) Ha HeOOPMGEFAHHBIX TOBEPXHOCTSX;

2 - 10dpe cTpykrypsl TII Ha oc-
Puc. 2. CIpykTypa 3aMBIKAIOLMX 3BEHBCB  HOBE CH WCTIOZb30BaHNU KPUTEPHS
MPUMCEHUTEJIBHO K KOPITYCHOU AE€TaIN OIIT b T™H (He a OMepHOCTH HpI/I'
(4 — xOoHCTpYKTOpCKHUE pa3Mepsbl; Z — pa3Mepsl

X

MEKIEPEXOIHBIX MTPUITYCKOB) It

al
BIX IT
F ig. 2. The structure of closing links in rela- HHCCKUZR
tion to a body part (4 — design dimensions; JICCOO0Y

eif) B KauecTBe
Y TIEPBBIX OTepa-
MOJIb30BATh IJIaB-

Z — dimensions of intertransport allowances)
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¥9 AHaJu3 yrpo3 nH(pOpMAINOHHONH 0€30MacCHOCTH
NMPOTOKOJIOB M CUCTEM YIPABJEHHUS OCBEIICHUEM

C. H. UBaues’, C. JI. KpbuioBa, C. A. Illukos
@I'BOY BO «MI'Y um. H. Il. Ozapésay (2. Capanck, Poccus)

‘ivliev_sn@mail.ru

Bseoenue. B crarbe paccMaTpuBalOTCs BO3MOXHBIE yrpo3bl B chepe NHPOPMALUOHHON
OesomacHocTH TpH Hcnoib3oBannu PLC-texHomormii (power line communications).
[TonoOHBIE TeXHUYECKUE PEIICHHUS JJAF0T BO3MOXKHOCTH YIPABICHHSI U OOpaTHOM CBsI3H
C YIpaBIISIEMbIMH YCTPOWCTBAMHM, OJIHAKO JAHHbBIC TEXHOJIOTHH HE COOTBETCTBYIOT He-
00X0IMMOMY YPOBHIO HMH(MOPMAIMOHHOM Oe30macHOCTH. B crarbe mpemiaratorcs myTH
peLIeHUsT JAaHHOU MPOOIEMBI.

Mamepuaner u memoosi. PaccMOTpeHbl 0O0BEKTHI M METOIbI MCCIICOBAHUS; YKa3aHbl
MPOBOJMMBIC HCCIICOBAHMS M CIHMCOK PELIAeMbIX 3aj1a4, IPOBEICH aHAIU3 YIPO3 MH-
(hopmanmoHHO# 6€30MacHOCTH.

Pesynomamur ucciedosanus. TIpuBoauTest oduwas Moaeinb HHPOPMALHOHHOW CHCTEMBI,
a TaKk)Ke MOJIeNIb YIpo3 JUIsl CHCTEMBbI YIIPaBJICHHs OCBEICHHEM 10 npoTokoiy Dali.
Obcyorcoenue u 3axar0uenus. BbUH CIenaHbl BBIBOJBI 110 yA3BUMOCTSIM PACCMOTPEHHBIX
npuMepoB. JlaHbl o0IIMe PeKOMEHJAlUK O HEOOXOIUMBIX JSHCTBHSX 10 YBEIHMYCHHIO
YpOBHSI 0GE30I1aCHOCTH B CETrMEHTE IIPOTOKOJIOB YIPABICHHUS OCBEIICHHEM. BbLI co-
CTaBJICH CIIMCOK MUHHMMAJbHBIX 00BEMOB MEPOIPHUITHH IO 00eCcreyeHHI0 6e3011acHOro
(DYHKIIMOHMPOBAHMS CUCTEM OCBELICHUS: MICHTU(PHUKALUS U ayTeHTU(DHUKAIUSI CYyOBEK-
TOB JIOCTyINla ¥ OOBEKTOB JIOCTYIIa; YIPABICHUE JOCTYIIOM CyOBEKTOB JOCTyNa K 00b-
eKTaM [OCTYIa; OrPaHHYCHHE MPOrPaMMHON CPEMbl; 3al[UTa MALIMHHBIX HOCHUTENeH
nHdopManuy; peructpanus coObITHH 0E30IMaCHOCTH; aHTHBHPYCHAs 3alluTa; OOHapy-
JKEHHE BTOPXKEHUH U JIp.

Knrwuesvie cnoea: wadopmanmoHHas 0e30IacHOCTb, yrpoza HH(GOpManHOHHON Oe3-
onacHoCTH, HH(OPMALMOHHAs CUCTEMa, yIpaBieHue ocBenienneM, PLC-rexnonoruu

na yumuposanua: snues C. H., Kpsutosa C. JI., [llukos C. A. AHanu3 yrpo3 uH-
(hopmaroHHO# 6e30MaCHOCTH MPOTOKOJIOB M CUCTEM YIpaBlIeHHs ocBenieHueM // Bect-
HUK Mopznosckoro ynuepcutera. 2017. T. 27, Ne 4. C. 85-94. DOI: 10.15507/0236-
2910.028.201801.085-094
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The Analysis of Threats to Information
Security of Protocols and Lighting Control Systems

S. N. Ivliyev’, S. L. Krylova, S. A. Shikov
National Research Mordovia State University (Saransk, Russia)
‘ivliev_sn@mail.ru

Introduction. The paper considers the possible threats to information security when using
PLC-technologies (power lines). Such technical solutions allow controlling and providing
feedback with controllable devices. However, these technologies do not meet the safety
requirements. The purpose of this investigation is to explore the problem and suggest
solutions.

Materials and Methods. The aims and methods of investigation are presented. The con-
ducted researches and the list of solved problems are indicated. The analysis of informa-
tion security threats has been carried out.

Results. The study presents a general information system model. The model of threats
to the lighting control system was developed using the Dali protocol.

Discussion and Conclusions. The authors have analyzed the factors that determine vulner-
abilities of the analyzed examples. The level of safety in the segment of lighting control
protocols must be increased. We provide the list of minimum measures to ensure the safe
operation of lighting systems. The findings of this study have a number of important im-
plications for future practice.

Keywords: information security, information security threat, information system, lighting
control, PLC-technologies

For citation: Ivliyev S. N., Krylova S. L., Shikov S. A. The Analysis of Threats to In-
formation Security of Protocols and Lighting Control Systems. Vestnik Mordovskogo
universiteta = Mordovia University Bulletin. 2018; 28(1):85-94. DOI: 10.15507/0236-
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Beenenue

OnHuM 13 Hanboliee COBPEMEHHBIX Ha-
TIPaBJICHUI B 0OJIACTH DHEProCcOEePEIKCHIUS
1 5Heprod(h(heKTUBHOCTH SBIIAETCS BHEIPE-
HHUE CHUCTEM HMHTEJUIEKTYaJIbHOTO YIIpaBIie-
Hus. Hanbonee a(hdekTHBHBIM perieHneM
OPUHATO cuuTarh npuMmeHeHne PLC-tex-
Homorwii (power line communications),
WM YIPaBJIEHUE OKOHEYHBIMH YCTPOMCT-
BaMH SHEPrOTIOTPEONICHUS TI0 CETSIM JIeK-
Tporutanus. Mcnonb3yemble B TpaKTHKE
TEXHUYECKUE pEIleHNs MO3BOJISIOT He
TOJIBKO YTPABIISITh MOTOKAMU SHEPTUH, HO
U OCYILECTBIISITh «OOPaTHYIO CBSI3b» C Lie-
JbI0 KOHTPOJIST IKCIUTyaTallIOHHBIX Iapa-
METPOB ympasisieMoli cuctemsl. [1o anamo-
TMYHOI CXeMe MOCTPOEH U T. H. «MHTEPHET
Bewlei». Jlaxxe UMeroTca peuieHus 1o Ie-
peaaye TaHHBIX ISl OTPAaHMYEHHOTO Kpyra
NOTpeOUTENEH B YCIIOBHUSIX «IIOCIEIHEN
muany». Ha peiHke npucyrcTByer Oosbloe

KOJIMYECTBO TIPEUIOKEHHUH YTIPABIISIONINX
KOHTPOJIJIEPOB W MOJIEMOB JUTS TIONIKITFOYE-
HUA I/IH(i)OpMaI_[I/IOHHBIX KaHaJIOB K CETAM
anekTpocHadxkernus. [Ipu aToM OOIBIINH-
CTBO TEXHMYECKMX PEIICHUH HCIONIb3YeT
(UpMEHHBIE TEXHOJOTMM W COBEPILICHHO
HE YYUTBHIBAET aCTeKThl HH(POPMAIMOHHOM
Oe3omacHOCTH. VccmemoBaHMIo yKa3aHHOU
MpoOJIeMbl U TIOCBSIIEHA JaHHas pabora.

O030p UTEpPaTYPHI

Wmeercst OorpoMHOE KOJIMYECTBO Ha-
YYHOTO Marepuaia, Kacarolerocs TeX-
HUYECKHX ACTIEKTOB WCIIOJIIb30BAHUS YKa-
3aHHBIX TEXHOJOTWH, HAlpUMeEp, MOPsAKa
MOJIKITIOUCHHUSI KOHTPOJICPOB MIIA MOJIC-
MOB [1-3]. IIpu 3TOM OCHOBHOE BHUMAHUE
yAeIAeTCs BONPOCaM AIIEKTPOMArHUTHON
COBMECTHMOCTH U TIEPEaTOYHBIX Xapak-
TEePUCTUK KAHAJIOB CBA3H, HCIOIB3Y-
FOTIUX JIMHUU 37eKTporepenad [4—6]. Or-
pPaHUUCHHOE KOJMYECTBO HCCIICIOBAaHUN
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MOCBSIIEHO M3YYEHHUIO TEXHUYECKHX Ka-
HaJioB yTeuku uH(popmauuu B PLC-cu-
cremax [7-9].

WHTepecHbIM MPEenCcTaBisieTcs: MaTepu-
aJl M0 M3YyYEHHIO BO3MOKHOCTEH TMpHMe-
Henus PLC-texHonormii Yitran B cucreme
yIpaBieHus OJOKUPOBKAMH 0E30MacHO-
CTH paclpeleUTeIbHbIX YCTPOHCTB BBI-
COKOTO HampshkeHus [6]. B manHoif paboTe
IpeUIaraeTcsl OLCHNBATh HAAEKHOCTD I1e-
penaun nH(GOPMAITUN HA OCHOBAHUH CIIEK-
TPaJIbHOTO aHajM3a CHTHajla, MPU ITOM
OTMEYaeTCsl 3aBUCHUMOCTh XapaKTEePUCTUK
nepeayn CUrHaja OT MapaMeTpoB IOTpe-
OuTeneil AMEKTPOIHEPTHH.

Ha ocHoBaHMM M3y4eHHOro Marepua-
J1a MOXKHO CJIeNIaTh BBIBOJ] O MHOTOKOMTIO-
HEHTHOCTH CHUCTEMBI YIIPaBJICHHUS OCBellle-
HueM. Ilpu TakoM moaxone 3HAYMTENBHO
YBEIMYHMBACTCSl KOJIMYECTBO AaKTYaJIbHBIX
yIpo3, CBSI3aHHBIX C IIEPEXBATOM YIpaBie-
HUs o0bekToM. Ha 6aze MucTHTyTa DITeK-
TpoHnkH u cBerorexuuku OI'BOY BO
«MI'Y um. H. II. OrapéBa» Takxke pac-
CMaTpUBAJIMCh BOMPOCHl  0E30MACHOCTH
MH()OPMALMOHHBIX CHCTEM, IpeAHa3Ha-
YEHHBIX MJIs YIPABJICHHUS TEXHOJIOTHYe-
CKUM 00OpYIOBaHUEM U IIOCTPOCHHBIX TI0
npunimny «MHaTepHera Bemei»' 2 [10].

B cBs3u ¢ aTuM mpejcTaBisieTcs He-
00XOIMMBIM ~HUCCIIEIOBaTh HAJEeKHOCTh
IPOTOKOJIOB YIPaBJICHHS CUCTEMaMH OC-

BemieHust. Ha ocHOBe aHanm3a mpezasnoxe-
HUU TI0 PEUICHUIO BOIPOCOB YIIAJICHHO-
TO YIpaBIEHHUS CHUCTEMaMH OCBEIICHHS
KOHCTaTHpyeM, d9TO Hamboiee pacmpo-
CTPAaHEHHBIMHU MPOTOKOJIAMH YIIPABICHHS
CHCTEMaM{ OCBEICHHS SIBISIIOTCS TIPO-
MBIIIEHHBIE TpoTokonbl 1-10B, DMX,
Dali. IlepBblii M3 OTMEUEHHBIX MHPOTO-
KOJIOB SIBTISIETCSI aHAJOTOBBIM, M €T0 WC-
MOJIb30BAHNE OTPAaHUYHMBACTCS HEOOIb-
IIMMHA OCBETUTCIIBHBIMH yCTaHOBKaMH,
B OCHOBHOM MpPHU OBITOBOM OCBEIICHUH.

IIporokonsr DMX u Dali no3Bossitor
YIPaBJISATh OCBETHTEIBHBIMH YCTAHOB-
KaMH, T7le OOBEKTHI YNPaBICHUS MOTYT
pacrionararbCsi Ha YJaJI€HHH OT CHCTEM
yIpaBlieHHS HA PACCTOSHUHU OT HECKOJIb-
KHX COTCH METPOB JI0 HECKOJbKUX KH-
nometpoB. [Ipu 3tom nporokon Dali siB-
JSETCSI OTKPBITBIM W TIOJJICPIKUBACTCS
TaKUMWA KPYIHBIMH  TIPOU3BOAUTEISIMH
OCBETUTEIHHOU apMaTypsl kak OSRAM.
Heo0xomumMo OTMETUTh, YTO 3TH MPOTO-
KOJIBI, KaK YKa3aHO B CICHU(HUKALNH, HE
SBJSIFOTCSL MTPOTOKOJIaMH O€30TacHoi Te-
penaun JaHHBIX U TPEOYIOT MPUMEHEHHS
JTOTIOJTHUTENTFHBIX CPEJICTB O0ECTICUSHHS
3amUTh HHGOOPMAITHH S

MarepuaJibl 1 MEeTOIbI

Lensto mpeacTaBieHHONW pabOTHI SIB-
JSeTCSl  BBIPAOOTKA pPEKOMEHIANUN  T10
MOCTPOCHHUIO CUCTEM YIIPABICHUS OCBE-

! UBameB C. H. UnrepHer Bemieil: HOBbIe yrpo3sl HH(OpMaLHoHHOH GezomacHocTH // TIpoGieMsl

1 NMEPCIEKTUBBI Pa3sBUTUA OTEUYECTBEHHOM CBETOTEXHHUKH, DJIIEKTPOTEXHUKHU U DHEPTECTUKH :

mar-161 X1

Bcepoc. Hay4.-TexH. KoH(}. ¢ MexayHap. ydactueM (. CapaHck, 28-29 mas 2015 ) B pamkax III Beepoc.
cBeToTeXHHY. Gopyma ¢ MexkayHap. ydactueM. Capanck : Mznarens AdanacseB B. C., 2015. C. 435-441.
URL: https://cyberleninka.ru/article/n/problemy-informatsionnoy-bezopasnosti-internet-veschey

2 UBaues C. H. Pemrenne npobiem 6e30macHOCTH HH(POPMAIMOHHO-TEXHOJIOTHYECKOTO KOMIIIEK-
ca MpeANpUsTHH CBETOTEXHHYECKOI OTpaciii HAa OCHOBE MEXIyHApORHBIX cTaHaapToB // IIpoOmemsr

1 NEPCIEKTUBBI PAa3BUTHA OTEYEeCTBEHHOM CBETOTEXHUKH, DJICKTPOTCXHUKHU U DSHEPIrCTUKHU

MarT-JIbl

XII Beepoc. Hay4.-TexH. KoH(. ¢ MexayHap. ydactueM (T. Capanck, 28-29 mas 2015 r.) B pamxkax III
Bceepoc. cBerotexHnd. ¢opyma ¢ mesxxayHap. ydactuem. Capanck : Uzmarens AdanacseB B. C., 2015.
C. 428-434. URL: https://elibrary.ru/item.asp?id=24179114
3 PykoBozcTBO 10 npuMererrio DMX512. URL: http://dsl.msk.ru/rus/around/dmx512/ dmx512.htm
* OSRAM Professionals LMS DALI index. URL: http://www.osram.ru/osram_ru/Professionals/

LMS/DALI /index.htm

5> OSRAM Professionals ECG ECGs for FL and CFL Dimmable ECGs with DALI QTi DALI

DIM-CFL index.

URL: http://www.osram.ru/osram_ru/Professionals/ECG/ECGs_for FL and CFL/

Dimmable ECGs with DALI /QTi_DALI_DIM-CFL/index.html
¢ OSRAM Professionals ECG ECGs for FL and CFL Dimmable ECGs with DALI QTi DALI DIM-

T5 index. URL: http://www.osram.ru/osram_ru/Professionals/ECG/ECGs_for FL_and CFL/Dimmable
ECGs_with DALI /QTi_DALI DIM-T5/index.html
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IICHHEM C TOYKH 3PEHHS OOCCIICUCHHSI
nH(pOpMaIMOHHON Oe3omacHocTh. [ ee
JIOCTH)KEHHST OBLITH PEIICHBI CIEYIOIINE
3a/1a4m:

— MpOaHalU3UPOBAHbI OCHOBHBIC
TpeOoBaHMsI MO OE30MACHOM AKCIUTyaTa-
MU TIPOMBIILJICHHBIX TIPOrPAMMHUPYEMBIX
KOHTPOJLJIEPOB;

— W3y4YeHBI OCHOBHBIC YTrpo3bl 0e3-
OMACHOCTH B aBTOMATHU3MPOBAHHBIX CH-
CTeMax YIPABICHHS TEXHOJOTHYCCKHM
000pynoBaHuEM;

—  BBISIBJICHEI
0C30IMacHOCTH;

— pa3paboTaHbl MEPOIPUATHSI TIO MH-
HUMU3AIUH PUCKOB, CBS3aHHBIX C DKC-
[UlyaTaluedl CHCTEM YIIPaBICHHs OCBe-
IICHUEM.

OCHOBHBIMM HOPMATHBHBIMHU JIOKY-
MEHTaMH, COJIEPKAIIMMUA TPeOOBaHHUS
K MPOrpaMMHUPYEMbIM  KOHTPOIUIEPAM,
spasercs cepust TOCT P MDK 611317,
B YacTHOCTH, 4YacTh 6 «be3omacHocTh
¢dyHkmroHanbHasy. [l aHanu3za yrpos
0e30macHOCTH OBbUI HMCIIOJIB30BaH OaHK
yrpo3 ®CTOK Poccun?®.

TpeboBanust 10 (PYHKIMOHAIHEHOU
0€30MacHOCTH ITPOrPaMMHUPYEMBbIX JIO-
ruueckux  koHTposuiepoB  (IIJIK-DB)
B CTaHJapTe NPE/CTABICHBI B BUJIEC IO-
JIUTUK 0E30MacHOCTH ISl BCEX JTaroB
JKM3HEHHOTrO LMKjIa usgenus. s obec-
MEYeHNs] MaAKCHMaJIbHOW 0e30MMacHOCTH
JIAaHHBIX HEOOXOIMMO:

— JIOTMYECKOE YIPABJICHUE JOCTYIIOM
k [IJIK-®b 1 mexmy HUMH, BKITIOYast Yeso-
BEKO-MAIlIMHHbBIC HHTEP(EHCHI;

— aJMHHHCTPATHBHOE YIMpPaBJICHHUE,
TaKoe, YTOOBI JIJIsl KOHKPETHOTO YCIIOBUS
0€30IMaCHOCTH BBITIOJTHSUICS OOIIUN TTOJI-
XOJl 110 YNPABJICHUIO U aIMHHUCTPUPOBA-
HUIO TIOJIUTUKH 00eCIeYeHusT Oe30macHo-
CTH Ha YCJIOBUSIX €UHOHAYAIHS C O0IIeH
OTBETCTBCHHOCTEIO;

— (usnueckoe ympaBieHHe, orpa-
HUYMBAIOIICE HECAHKIHOHUPOBAHHBIH

aKTyaJbHBIE yTPO3BI

noctyn k [IJIK-Ob (Bkiarouass Bcriomora-
TEJbHBIE YACTH, KaOeIbHbIE COCAMHEHUS,
pa3beMsl).

OO6muMu yrpo3amu B obmactu HH(Op-
MaIlIOHHOHM 0€301IaCHOCTH B CHCTEMax aB-
TOMAaTUYECKOTO YIIPABJICHUS HA OCHOBAHUH
Oanka yrpoz ®CTOK, sBrstores:

— yrpo3a  HECaHKIMOHHPOBAHHO-
TO YNaJeHHOTO BHEIOJIOCHOTO JOCTyIa
K anmapartaeiM cpenctaM (YBI.092);

— yTpo3a HECOTIACOBAaHHOCTH MPABHII
noctyna K 0osbinuM ganHaeiM (YBI.097);

— yrposa TOAMEHBI OeCIpOBOTHOTO
KIMeHTa M Touku pocryna (YBI.126);

— yrposa mepexBara YIpaBlIeHUs aB-

TOMaTU3UPOBAHHOM CHUCTEMOW  YIpaB-
JICHUA TCXHOJIOTHYCCKHUMU IIpOoLCCCaMun
(YBU.183);

— yrposa mepexBara BBOIUMOH U BbI-
BOJMMOM Ha mepudepuiiHble yCTpoicTBa
napopmarmn (YBU.115);

— yrposa mepexBaTa HpPUBHIETHPO-
BaHHOTO TToTOKa (YBU.117);

— yrposa TmepexBaTa HWCKIIOUYCHUs/
CUTHAJIa U3 MPUBUIICTHPOBAHHOTO OJIOKa
¢bynkuuii (YBU.163);

— yrposa mnepexBara OIHOPA30BBIX
napojeil B peXuMe pealbHOrO BPEMEHHU
(YBU.181).

IIpu axryanusanuu yrpos B CHCTEMAax
VIPaBIECHUST OCBEILEHUEM YYUTHIBAJIOCH,
YTO OCHOBHBIM D3JIEMEHTOM, OO0ECIeuH-
BAOLUIMM  (DYHKIHOHHUPOBAHUE CHCTEMbI
YIIPaBIEHUs OCBEILEHUEM, SBIISIETCS Telle-
KOMMYHHKAIIMOHHAs ceTh. Yepe3 JNaHHYIO
CeTh TPOU3BOAMTCS CHhEM HHPOPMAIHU
C Pa3IMYHOIO pofa JIaT4vKoB M Iepenada
MX TJIABHOMY KOHTpOJUIEpY A 00paloT-
k. Kontpomtep mocme o0paboTkn WH-
dopmalu OCYILIECTBISIET Hepenady Cur-
HaJIOB YNPABICHUSI HA HCIIOJHUTEIIHHBIC
aneMeHThl. Uepe3 LeHTpalbHBIH KOHTPOI-
Jiep TPOMCXOJUT HACTPOMKA U yIpaBicHHE
CHCTEMOH OCBELICHHs JICTAIbHBIM TIOJIb-
30BaresieM, a TaKKe 4Yepe3 Hero Npu He-
00XOIMMOCTH OCYLIECTBIIACTCS Iepenada

"TOCT P MDK 61131. URL: http://www.internet-law.ru/gosts/gost/61912
8 bank yrpo3 uHdopmaironHoii o6esomacuoctu. URL: http://bdu.fstec.ru/threat?page=3
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3a7aHHO MH(OPMAIIMH TTOJTE30BATENIO CHU-
CTEMbI 4epe3 BHEIHIOK CETh IPU €ro OT-
CYTCTBHH B TIOMEIICHUN (HampuMmep, O He-
CAHKIIHOHUPOBAHHOM IPOHMKHOBEHHUH).
Takast TeJIeKOMMYHHUKAIIHOHHAST CETh MOYKET
OBbITh TOCTPOCHA C WKCIIOJB30BAaHUEM KaK
MPOBOJIHBIX, TAaK U OSCIPOBOIHBIX KAaHAJIOB
cBsizu, Hanpumep, Wi-Fi, Bluetooth i 3G.

AHanmu3 yrpo3 W HapyuleHWd 0e3-
OIMaCHOCTH HEOOXOIUMO MPOBOAUTH IS
CBSI3aHHBIX ¢ 0€30IaCHOCTBHIO TPUMEHE-
HHUM CHCTEM aBTOMAaTHYECKOIO YIIpaBlie-
HHS OCBEIIEHHUEM C IIeJIbI0 3alIUThI Kak
OT TpeIHAMEPEHHBIX aTakK, TaK U OT He-
YMBIIUICHHBIX HM3MEHEHUH TapameTpoB
(OYHKITHOHHPOBAHUS.

be3onacHOCTh MOKET OBITH JOCTHI-
HyTa C MOMOIIIBI0 KOMIICHCUPYIOLIUX Mep
obecreyeHUs1 0E30IaCHOCTH U BBIMOJIHE-

HUSl 3aIUTHBIX MEPONPUATUH, TAKUX KaK
¢usnyeckue (HarmpuMmep, MeXaHHUYECKHE
CpeICTBa, DJIEKTPOHHBIE CPEICTBA) WIIH
OpTraHN3allOHHEIE.

Ecmu cBa3anHble ¢ 0€30MaCHOCTHIO
KOMMYHUKallMM sBisitotest yacteio PLC-
CHCTEM, TO CYyIIECTBYeT BO3MOXKHOCTb
HETpeHAMEPSHHBIX M3MEHEHHI Iapa-
METPOB CETEBBIX YCTpOWCTB. CBs3aHHBIE
c 0e30MacHOCThI0 KOMMYHHUKAIIMOHHBIE
YCTPOICTBA JOJDKHBI UMETh CPEACTBA 3a-
LIUTHI OT HEMIPETHAMEPEHHBIX U3MEHCHHH.

Pe3ynbrarhl ucciaenoBanusi

st moctpoeHust oOmiet Mmoaenu yr-
pPO3 CHCTEMBI YIPABICHUS OCBEIIEHUEM
OBIJIa TTIOCTPOEHA 00IIast MOJEIb HHGOP-
MAaIlHOHHOMW CHUCTEMBI (PUCYHOK).

[Tpu mocTpoeHnn TaHHOM 001l MO-
JIeTT yIpo3 0coboe BHUMaHHUE ObLIO yie-

Obmen i
Hutepdeiic aucneTdepusamum /
¢ xﬁ:g:;”jelﬂ . The dispatch interface
Exchange with the (DopMy[pogaHp[e
data store YIPABIAKMIETO TIOTOKA /
Formation of the control flow

Cetegoit uaTepdeiic /
Network Interface

QopMHpoBaHHE
VIIPAB/IAIOIIHX KOMAH]T /
Formation of control
commands
IIporpaMMHpPYEMEIE TOTHYECKUE
xouTpomepet (ILJIK) /
Programmable Logic Controllers (PLC) HcnonaurtensHad cucremMa /

CHTHAIIOB /

@OpMHPOBAHHE VIIPABIIAIONINX

Formation of control signals

Executive system

Y

HMameHeHne COCTOIHNA

HCTIONHATENEHEIX YCTPOFCTE /

Changing the state of the actuators

P ucy H o k. O6mas Mozens HHHOPMALIOHHON CHCTEMBI
Figure. The general model of the information system

? TIpuka3 DenepanbHON CIIyKObI [0 TEXHUYECKOMY M OKCIIOPTHOMY KOHTpOIIO OT 14 mapra 2014 .
Ne 31 «O6 yrBepxkaenun TpeboBaHuil K 00eCHEUECHHIO 3AIIUTHl HH(GOPMAIUK B aBTOMaTH3MPOBAHHBIX
CHCTeMax YIPABJICHHs NPOM3BOJCTBEHHBIMU M TEXHOJIOTMYECKUMH IMPOLECCAMH HAa KPUTHYECKH BaK-

HBIX 00BEKTaX, MOTEHIIMAIbHO OMACHBIX 00bEKTaX, a

TAKXE 061>e1<Tax, MPEACTABJIAIOIINX TOBBIIIEHHYIO

OITACHOCTb JUTS JKU3HH U 3[0POBbsSI JIIONCH U ISl OKpY’Karomiei npupoanoii cpenp». URL: http://fstec.ru/
normotvorcheskaya/poisk-po-dokumentam/110-tekhnicheskaya-zashchita-informatsii/dokumenty/

prikazy/864-prikaz-fstek-rossii-ot-14-marta-2014-g-n-

31
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neHo yposHio ITJIK, mockonbky st uc-
clenyeMoil MH(QOPMAIMOHHOM CHCTEMBbI
3TOT ypOBEHb Haubosee ysA3BHM C TOUKH
3peHHs HaleKHOCTU MIPOTOKOJIA U, KPOMeE
TOr0, HapyLIEHUE CBONCTB 0€30I1aCHOCTU
Ha 3TOM YpOBHE TPUBOAUT K HamOoiee

CYLIECTBEHHBIM HapylIeHUsIM B pabore
YIPaBJIIEMOIl CHCTEMBI.

Ha ocHOBaHMM BBIIIE H3JI0)KEHHOTO
OblTa IOCTPOEHA MOJENb yrpo3 IS CH-
CTEMBI YIIPaBICHHS OCBEIICHUEM T10 TIPO-
tokony Dali, mpencrasienHast B TaOnuIie.

Tabnuna
Table
Mozeiib yrpo3 cHCTeMbI YIIPABJIEHHS OCBeleHHEM
The model of threats to the lighting control system
BepostHocTh
Onucanue peanuzanuu
yrpo3sl / ConepxaHue yrpossl / HWcrounmk / yrpo3sl /
Threat Threat content Source Probability
description of threat
realization
1 2 3 4
VYrpoza 00yciiOBIEHa HEBO3MOXKHOCTBIO KOH-
Vrposza TPOJISL HaJl MEXaHH3MOM, PEealu3yIomero (GyHk-
HECAHKIMO- | IIMM YJAJICHHOTO JOCTYyIa Ha armapaTHOM ypoB-
HMPOBAHHOTO | HEe, HA YPOBHE ONEPALMOHHON CHCTEMBI, a TAKKe
YAQJIEHHOTO | HE3aBHCHMOCTBIO OT COCTOSHMSI NHTAaHHS all- BHeuuii
BHEMOJIOCHOTO | MApaTHBIX YCTPOWCTB, T. K. JAHHBI MEXaHW3M | HapyLIUTENb
JoCTyma HpeIycMaTpHUBaeT MPOLEypy YAaJICHHOTO BKIIO- C BBICOKUM Cpemss /
K anmapaTtHbIM | YCHHS/BBIKIIOYCHHUS alllapaTHBIX YCTPOWCTB / | MOTEHIHAIOM / Pear
. SO . Medium
cpenctBam / | The threat is caused by the inability to control | External viola-
Threat of the mechanism that implements the functions of | tor with high
unauthorized | remote access at the hardware level, at the level potential
remote out-of- | of the operating system, and independence from
band access | the state of power of the hardware devices. This
to hardware | mechanism provides a procedure for remote on/
off of hardware devices
v, Beicoxas,
'po3a HECO- JUIL CUCTEM
[JIaCOBaHHO- .
CTH IIDABUI Yrpo3a 00ycoBieHa HETOCTATOYHOCTBIO Mep T10 BuyTpennuii Hapy»HOIro
70¢ f na pasrpaHUYeHHIO U COMIACOBAHUIO JOCTYIA K UH- HapyUIUTEIb OCBCHICHUSA
M (dopmanuy pa3nTUYHbIX MOJIB30BaTeNeH B XpaHHU- C HU3KHUM 00BEKTOB
K OOBIINM . 6 -
TAHHBIM / mume O6ompmmx gaHHBIX / The threat is caused | moreHmmamom / OJIBIION
Threat of in- by the inadequacy of measures to differentiate Internal Iowam /
; and harmonize access to information from vari- | intruder with | High, for out-
consistency of . . door lighti
ous users in a large data warehouse low potential oor lighting
access rules systems of
to large data 4
g large areas
VYrposa
MOIMCHBI Beicokas, npu
OecrpoBoz- Buemnnit Hanu4uu Oec-
Yrpoza o0ycioBiieHa CTa0OCTSIMH MEXaHHU3Ma
HOTO KJIHEHTa HapyIIUTEIb MPOBO/IHBIX
ayTeHTU(UKAIMH CYOBEKTOB CETEBOTO B3aHMO-
WITH TOYKH . 6 / Th C HU3KUM CErMEHTOB
nocryma / AelicTBUsL TIpH GECTIPOBOAHOM JI0CTYIIE € | horenmanom / cetn /
threat is due to the weaknesses of the mecha- L
Threat of . S . External High, if there
nism for authentication of subjects of network . .
spoofing . . . " offender with are wireless
: . interaction with wireless access .
a wireless cli- low potential network
ent or access segments
point
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Ipooonacenue maén. / Table continuation

) 2 3 4
N Buyrpennuit
Tpo3a VYrpo3a 3aK/I04aeTcsi B BO3SMOKHOCTH OCYIIECT- HAPYLLHTED
repexsara BJICHHS HAPYIINTEICM HECAHKIHOHHPOBAHHOTO | o eniy
YUpaBIeHus | 0CTyNa K MHYOPMALMOHHON MHPPACTPYKTYPE | 1orenianom / Bhicokas /
aBTOMATH- 3a CYET MOJyUYCHHs HapyIIUTEJIEeM IIpaBa yIpaB- Internal High
3MPOBAHHOM | JICHHs BXOJAILCH B €€ COCTAB aBTOMATH3MPOBAH- | ( fron deor with
CHCTEMOM HOIl CHCTEMOIi yIpapJICHUs] TEXHOIOIHYECKUMU medium
YHPABJICHHs | NPOLECCAMH ITyTEM KCIUIyaTallH ys3BUMOCTEH potential
TEXHOJIO- ee MPOrpaMMHOr0 OOecHedeHus WK ciadocTeit
TMYECKMMU | TEXHOJOTMYECKHMX IIPOTOKOJIOB Mepeladd JiaH- .
nponeccamu / | HbIx / The threat lies in the ability of the violator Bremnmuii
Threat of to perform unauthorized access to the informa- | HapylmuTesIb
interception | tion infrastructure by getting the violator the C BBICOKHM MaroBeposT-
of control by | right to manage the automated process contro] | HOTEHLHAIOM / na / Unlikely
an automated | system included in its composition by exploiting | External viola-
process con- | the vulnerabilities of its software or the weak- | tor with high
trol system | nesses of technological data transfer protocols potential
BuyTtpennuit
H;’ZI;(;ZHT . HapyILINUTENb
BBg o Jlannass yrpos3a 0OyCIIOBJIE€HA HEIOCTATOYHO- ¢ HA3KUM Bricokas /
u BLIBHO vo | CTRIO MEp  3alMTBl MH(QOPMALMK OT yTeUKH TOTEHITHATIOM / High
a nél - M KOHTPOJIA [OTOKOB JAHHBIX, a Takke Hepos- | . Internal
e Hﬁrf)lme MOXKHOCTBIO OCYIIIECTBIICHHS 3QIIUThI, BBOIUMO intruder Wl,th
CTp oiictea | ¥ BPIBOMMMOI Ha mepndepuiinbie ycTpoiicTsa low potential
141>1/ q)op p— nHGOPMALIME C MOMOIIBI KPHITOrpahHIecKux
Thfeat of cpenct / The given threat is caused by insuffi-
intercention ciency of measures of protection of the informa-
>reep tion from leak and the control of data flows, and External
of informa- . P P ; X Beicoxas /
. also impossibility of realization of protection of ffender with bICOKast
tion entered . . . offender wi Hich
the information entered and deduced on periph- | | tential g
and output . ! ow potentia
to peripheral eral devices by means of cryptographic means
devices
Buytpennuii
HapyIIUTEIb
CO CpEIHUM
noreHnuanoM / | MaoBeposT-
Yrposa Vrpo3a 3aKiIio4aeTcs B BOIMOXKHOCTH OCYIIECT- Internal Ha / Unlikely
repexpara BICHHA HapylINTeleM HecaHkumonmposammoro | offender with
TIPUBUIIETH- Py 1 P medium
JIOCTYIa K MOTOKY JaHHBIX, CO3aHHOTO IpH- ;
POBAHHOTO JIOKEHHUEM C JIOTOJHUTEIIBHBIMU TIPHBHJICTHSI- potential
Hotoxa | / The threat consists in the possibility of th
Threat of MH e threat consists in the possibility of the Brermmuii
. - violator making unauthorized access to the data
interception e . o HapylmuTellb
of privileged stream created by the application with additional €O CpeTHIM
flow privileges MOTEHIINAJIOM / Cpennsst /
External Medium
offender with
medium
potential
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Oxonuanue maon. / End of table

I 2 3 4
BuyTpennuit
HapyLIHUTeIb
Vrposa CO CpPEIHUM
Hgg:}zi];f;ﬂ / Yrpoza 3akiodaercsi B BO3SMOKHOCTH HapyIIU- IIOTEHLMAIIOM / Cpez[{{s[ﬂ/
CHrHANA 13 TeJs NOIYyYUTh [IPaBa Ha JIOCTYI K 3aIlUIIACMOI Internal Medium
urdopmanuu myTeM mHepexsata uckmouennii/ | Offender with
IIPUBHIICTUPO- medium
CHI'HAJIOB, CTCHEPUPOBAHHBIX YYaCTKOM IIPO-
BaHHOTO 010~ otential
. IPaMMHOTO KOZa, HCTIOJIHSAEMOTO C HOBBIIIICHHBI- p
Ka QyHKIHI / U o
mu npusmiernsimu / The threat lies in the ability =
Threat of o . Bremnnit
infercentin of the infringer to gain access to the protected i —
PUNE 1 information by intercepting exceptions/signals pyIHHTe
an exception/ : : CO CPEIHUM
. generated by a piece of code run with elevated
signal from ivil noTeHnuanoM / | MaroBeposiT-
ivilesed | Privileges | / Unlikel
a privilege Externa Ha / Unlikely

passwords in
real time

pires (5-7 minutes)

function block offender with
medium
potential
Viposa VYrposa 3axirouaeTcs B BO3MOXKHOCTH IOJIyye-
e Fer;BaTa HUSI HapyIIUTEIEM YIPABICHHS KPUTHYECKUMH
P onepalusiIMA TOJIB30BATENsl IyTEeM IepexBaTa o
OJIHOPA30BBIX o Bueunuit
< OJTHOPA30BBIX MApPOJICH, BBICHUIACMBIX CHCTE-
naposuein o HapyIIUTENb
MOW aBTOMATHYECKH, M HCIIOIb30BAHUS UX VIS
B PEAKIME OCYILCCTBIICHUSI HEIPABOMEPHBIX JCUCTBHU [0 €O CpeiHIM
peansHOTO Y P D MIOTCHIHAIIOM / Cpennsist /
TOr0, KaK UCTEUET UX CPOK aercTBust (5—7 muH) / -
BpEMEHH / The threat consists in the possibility of the viola- External Medium
Threat of : Pos; Y . offender with
. tor getting control over critical user operations .
intercept- by intercepting one-time passwords sent auto- medium
ing one-time M pting P potential

matically by the system and using them to carry
out illegal actions before their expiry date ex-

O0cy:xneHue U 3aKJII0YeHus

Ha ocHoBanuum mnpeacTaBIeHHOTO
aHaJM3a C/IeJaeM CIIEAYIOIINE BBIBOJIBI.

1. st BceX M3BECTHBIX yIpo3 0e3-
OTMACHOCTH CYIIECTBYET 3HAYUTEIbHAS
BEPOSITHOCTh UX PEaTU3aITIH.

2. JIns xoMIleHCaluyu PUCKOB, CBSI3aH-
HBIX C peaju3alfeil MpeICTaBICHHBIX yT-
P03, HEOOXOAMMO HCIIOIB30BaTh JOMOJI-
HUTEIbHBIE MEPOIPHUATHS U TEXHUIECKHE

pereHuUs.
3. Ilpu TPOEKTHUPOBAHUU CHCTEM
YOpaBJICHHUS  OCBEIICHHWEM HEOOXO/u-

MO JOMOJHUTENBHO PYKOBOICTBOBATHCS
CTaHgapTamMu B oOnactu MH(OpMannoH-
HOM 0€30I1aCHOCTH.

MuHUManbHBIH 00bEM MEpOTIPUSITHN
no obecneyeHn o 6e30nacHoro QyHKINO-
HUPOBAaHUSI CHUCTEM OCBEILCHHS JOJKECH

COOTBETCTBOBAaTh TPEOOBAHMSM PETYIIsi-
topa!® W comepkarh CIIEIYIOIINE KOM-
TUIEKCHI Mep:

— ujeHTUGUKaNUs W ayTeHTH(duKa-
U CyObEKTOB JOCTyNa U OOBEKTOB JI0-
CTyma;

— yIOpaBJICHHE JOCTYIOM CYOBEKTOB
JIOCTYTIa K O0BEKTaM JIOCTYTIA;

— OrpaHMYCHHUE MPOrPAMMHON CPEJIbI;

— 3aluTa MalllMHHBIX HOCHUTEJIeH UH-
bopmanym;

— perucrtparysi COObITHIA OS30MaCHOCTH;

— aHTHBUPYCHAs 3aIlUTa;

— oOHapyKEeHUE BTOPIKCHHUIA;

— KOHTPOJb (aHAJN3) 3alTUIIICHHOCTH
WHPOPMAIHH;

— obecrieueHne 1eI0CTHOCTH;

— o0ecrieueHue JOCTYITHOCTH;

— 3alUTa TEXHUYECKUX CPE/ICTB.

® URL: http://fstec.ru/normotvorcheskaya/poisk-po-dokumentam/110-tekhnicheskaya-zashchita-
informatsii/dokumenty/prikazy/864-prikaz-fstek-rossii-ot-14-marta-2014-g-n-31
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IIpoexkTHpOBaHMeEe MPOTOTUNIA CUCTEMBI
aBTOMATH3AIUM JIesITeJIbHOCTH COBETa
MHOTOKBAPTHPHOIO /I0Ma

B ‘KMJIMIIIHO-KOMMYHAJIbHOM cdepe

C. A. ®upcosa’, T. E. TenaeBa
@I'BOY BO «MI'Y um. H. I1. Ozapésay (2. Capanck, Poccus)

‘karpushkinasa@yandex.ru

Bseoenue. Huzkoe xauecTBO pabOTHI MPEIIPHATHH JKIIHITHO-KOMMYHAJIBHON OTpacin
U yCHyT, IPEJOCTABIAEMBIX MU, SIBISIETCS OAHON M3 Hamboliee OCTPBIX COLHUATBHBIX
npobieM B coBpeMeHHOH Poccum, TOPMO3SIIUX pa3BUTHE YKOHOMHKH. J[71s mpenoTBpa-
LICHUS 3JI0yMOTPEONCHUH B JKWIMIIHO-KOMMYHAJIBHOW cepe B cOOTBETCTBUH ¢ JKu-
JHUIIHBIM KopekcoM Poccniickoit denepariiin COOCTBEHHUKY TOMEIIEHHI MOTYT H30parh
CoBeT MHOTOKBapTUPHOTO I0Ma, KOTOPBIH OCYIIECTBIAET KOHTPOIb 32 OKa3aHUEM YCIIYT
U BBIIIOJIHEHUEM PadoT 110 YIPaBICHHIO MHOTOKBAPTHPHBIM JOMOM, a TaKXKe MPEe/ICTaB-
JSIeT MHTEPECHl KUIBIOB. BrimonHenne mocraBiaeHHBIX mepen CoBeToMm 3amad OymeT
CYIIECTBEHHO YIpPOILIEHO U Ooiee 3()(EeKTUBHO IIPU HCHOJIB30BAaHUH COBPEMEHHBIX IIPO-
TPaMMHBIX CHCTEM, MPEJHA3HAYCHHBIX JUIsS aBTOMATH3ALHN JIEITEIbHOCTH B YKHIMIIHO-
KOMMYHaIIbHOU cepe. B cBsizu ¢ aTuM paszpaboTka, peanmsaiys ¥ BHEIPEHHE 1TO00-
HBIX CHCTEM SBJISACTCS aKTyaJbHOH 3a1adci.

Mamepuaner u memooul. B vicciieoBaHNH NCIIOIb30BAINCH TOKBAPTUPHBIE JaHHBIC U3
KBUTAHIIMH Ha OIJIATY >KMIHMIIHO-KOMMYHAIBHBIX YCIYT, a TakKe MH(OpMAIys, mpe-
nocrasisiemMast [ocynapcTBeHHOH MH(OPMAIMOHHOW CHCTEMOH JKHIIMIIHO-KOMMYHAIIb-
Horo X03sicTBa. Ilpu cozmanum mMpoToTHUHA MPOrPaMMHON CHCTEMbI OBIIT MCIOIb30BaH
KOMIUIEKC TEXHOJIOTMH M MHCTPYMEHTOB, COCTOSIINI M3 0OBEKTHO-OPHEHTUPOBAHHOIO
s3bp1ka Ruby, ¢peiimBopka Ruby on Rails, pensiuronHoii cuctemsl ynpasieHus 6azaMu
nanHbIX PostgreSQL, mrabnonusaropa Slim, pacmpenuns CSS Sass.

Pezynomamut uccnedoéanus. bein pazpaboTaH MPOTOTHH MPOTPAMMHOM CHCTEMBI JUIS
aBroMarm3aiuu aesrenbHocTn CoBeTa, paccMOTpeHa peajn3anyis JOMOIHUTEIbHBIX BO3-
MOXKHOCTEH, He MPETYCMOTPEHHBIX B TIOJOOHBIX POCCHUCKHX U 3apyOeKHBIX CHCTEMAX.
Obcyorcoenue u 3axmovenus. IlpakTnaeckas 3HaYUMOCTh Pa3pabOTaHHOIO MPOTOTHUIIA
MPOTPAMMHOM CHCTEMBI 3aKIIF0YAeTCsl B COOTBETCTBUU PEANM30BAHHBIX B HEM (DyHKIHUH
LessiM ¥ 3ajzadaM, crosuuM nepes CoseroM u ero npeacenareneMm cornacHo XKK PO,
a Taxke MPUMEHNMOCTHU K PEIICHUIO APYTUX MPOOJIeM, BOSHUKAIOIINX B XOJ€ AEATENb-
Hoctu Cosera.

Kniouesvle cnoga: MIMITHO-KOMMYHAJIBHBIH KOMIUIEKC, MHOTOKBAapTUPHBII JJOM, COBET
MHOTOKBapTHpHOTO oMa, Ruby, PostgreSQL, aBromaruzanus, Ruby on Rails

Jna yumuposanua: Gupcosa C. A., Tenaesa T. E. [IpoextupoBanue npoToTumna cucte-
MBI aBTOMaTH3aLIH ASSTEIFHOCTH COBETa MHOTOKBAPTUPHOTO JI0OMa B )KHIIMIITHO-KOMMY-
HanpHOH ctepe / Becthuk Mopaosckoro ynusepcurera. 2018. T. 28, Ne 1. C. 95-119.
DOI: 10.15507/0236-2910.028.201801.095-119
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Software Prototype Design for Managing Housing
and Communal Services in Apartment Buildings

S. A. Firsova’, T. E. Tepaeva
National Research Mordovia State University (Saransk, Russia)
‘karpushkinasa@yandex.ru

Introduction. The paper presents the disign and implementation of a computer program
for the housing and utilities services. The Housing Code of the Russian Federation allows
creating an apartment building council. The residents of a house choose the members this
council to control providing services, manage an apartment building and represent their
interests. The authors suggest using a special computer program for this purpose.
Materials and Methods. The authors used the qualitative analysis of the data obtained
from house bills and from the State housing and communal sector information system.
The data processing and software development were performed through using the Ruby
object-oriented language, the Ruby On Rails framework, the PostgreSQL database
management system, the Slim templating, and Sass CSS extensions.

Results. The authors developed a prototype software system to automate the activities of
the apartment building council. This software helps to increase the quality of life of the
apartment building residents.

Discussion and Conclusions. This research provides an information framework for
improving the quality of utilities services. The results of this study can be applied to the
solution of many problems of housing and utilities sector.

Keywords: housing and communal complex, apartment building, apartment building
council, Ruby, PostgreSQL, automatization, Ruby on Rails

For citation: Firsova S. A., Tepaeva T. E. Software Prototype Design for Managing
Housing and Communal Services in Apartment Buildings. Vestnik Mordovskogo
universiteta = Mordovia University Bulletin. 2018; 28(1):95-119. DOI: 10.15507/0236-
2910.028.201801.095-119

Beenenne IEKTPOHHBIX CEPBHCOB B OOJIACTH YKUJIHILI-
B Hacrosmee Bpemsa B Poccuiickoil  HO-KoMMmyHaIBHOTO X03st#icTBa (OKKX). Oc-
QDenepanuu  OCYLIECTBISETCA Iepe- HOBHBIC HANpAaBICHUS PAa3BUTUSI B ITOM

X0J K WHPOPMAIHOHHOMY OOIIECTBY
B COOTBETCTBUHM C TOCYIapCTBCHHOM
nporpammoii  «MHpopmanmonnoe 00-
mrectBo (2011-2020 rr.)»!. Cpeau oc-
HOBHBIX TTOJIOXKEHUN TIPOTrpaMMBbI 0c000
BBIZICJICHA 3a/ada CO3JAHHS U Pa3BUTHS

obnacTi OBUIM OTMEYEHBI B PaCIoOps-
xkenuu [lpaBurtenscrBa PD ot 2 despa-
as 2010 . Ne 102p% a IlocraHoBIeHH-
eM lIpaBurensctBa PD ot 23 ceHTs0ps
2010 . Ne 7313 — yTBepsKka€HBI CTaHIAP-
ThI PacKpbITUsI MHOOPMALMU OpraHHu3a-

! Tlocranosnenune IpaBurensctBa PO or 15.04.2014 Ne 313 (pen. ot 31.03.2017) «O6 yrBepxe-

HHUM TOCYIapCTBEHHOM mporpammbl Poccuiickoit ®enepammn “UudopmarponHoe obmiectBo (2011—
2020 romsr)”». URL: http://base.garant.ru/70644220

2 Pacniopspkenne IIpasurenbcrBa PO or 2 ¢espanst 2010 . Ne 102-p «O6 yrBepxaeHun Konier-
uun GenepanbHOil eseBoil mporpammMsl «KoMIiekcHast mporpaMmMa MOJEPHH3AIUH U peOpMUPOBAHHUS
JKHITMIIHO-KOMMYHanbHOTo Xo3stiictBa Ha 2010-2020 roxen». URL: http://www.garant.ru/products/ipo/
prime/doc/2207682

3 TlocraHoienue [Ipasurensctea PO ot 23 centsiopst 2010 . Ne 731 «O6 yTBep/IEHUH CTaHaap-
Ta PacKphITUs UHGOPMAIUK OpraHU3ALUSIMH, OCYLICCTBISIOUIUMHU JEATEIBbHOCT B cdepe yrnpapieHUs
MHOTOKBapTUPHBIMHU JToMami» (¢ u3M. u jgor.). URL: http://base.garant.ru/12179104/#ixzz4AmW7AW100
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LUUSMH, OCYIICCTBISIONIMMH ACSITEINb-
HOCTh B c(hepe ympaBJIeHUs MHOTOKBap-
tupabIME gomamu (MKJ).

Brenpenne wHGOPMAMOHHBIX TEX-
HOJIOTMA B JAESTEIBHOCTh IPEANPUATUN
JKKX mo3Bonser (hopMupoBarh ornepa-
TUBHYK) M JOCTOBEPHYIO HH(OPMAIIHIO
O COCTOSIHMH JIaHHOW OTPACiIH, 4TO Jeiia-
€T BO3MO)KHBIM TpUHATHE 3(PPEKTHBHBIX
pelIeHuii, B YaCTHOCTH, TIPU PETYINPOBa-
HAW CTOMMOCTH KWJIHITHO-KOMMYHAITb-
HBIX YCIYT.

O030p JITEpPaTYpPBI

[lepcriekTHBBI ¥ TPOOJIEMBI UCIIOINb-
30BaHMsA WH(POPMAIIMOHHBIX TEXHOIIOTHIA
B cpepe XKKX paccMmarpuBairch MHOTUMU
poccuiickuMu aBTopamu. Tak, B CTaThsIX
[1-2] monppoOHO omucaHbl MPEUMYIIECT-
Ba KOMILIEKCHOTO BHEIPEHUS MHHOBAIU-
OHHOT'O TMPOTPAMMHOTO M amnmnapaTHOTO
obecrieueHusi; B padore [3] oTmeueHo,
YTO TPOHWKHOBEHHE WHHOBAIMOHHBIX
texHonorudt B cepy KKX momkHO ocy-
HIECTBISATHCSA KaK MO BEPTUKATH OPTaHOB
(enepanbHOIi, perHOHAIILHONW U MyHHLHU-
MaJTbHON BJIACTH, TAK M 110 TOPH3OHTAIH
OpraHM3alH{ KIITUITHO-KOMMYHAJIBHOTO
KoMmIuiekca. B pabore [4] ykazaHa He-
00XOIMMOCTh 00ECTICUUTh PEATH3AITHIO
TaKUX OW3HEC-TIPOCKTOB KAaK BBEJCHUE
ERP- m CRM-cucrem, cos3maHue aBTO-
MaTH3MPOBAHHBIX  MH(OPMAIMOHHO-H3-
MEPHUTEIBHBIX CHCTEM KOMMEPYECKOTO
ydgeta sHepropecypcoB (AUNC KVD),
CO3/1aHUE LICHTPOB UH(POPMHUPOBAHUS I10-
TpeOuTenel, pacyeTHO-CEPBUCHBIX CHC-
TeM, HHPOPMAIIMOHHBIX TIOPTAJIOB U JP.

B coorBerctBun ¢ KunuiHbim
KOIEKCOM Poccuiickoit Depepanuu
(KK P®), ecmm 8 MKl He co3zmaHo TO-
BapHIIECTBO  COOCTBCHHHMKOB  JKHJIbS
(TCX) nnu naHHBIN 10M HE yHpaBiseTcs
JKWIHITHBIM KOOTICPATHBOM, JKWJIBIIBI Ha
obmem coOpanun o0s3anbl u3dpars Co-
BeT MKJ] m3 uucna coOCTBEHHUKOB I10O-
Mmemennii B ganHom gome*. Coser MK]I
MPE/ICTAaBIsET COOOH HEKOMMEPYECKYIO

MOTPEOUTENBCKYIO OpraHH3aIHi0, 00bEIHU-
HSIOIYI0 COOCTBEHHHMKOB HEIBHYKAMOTO
MMYIIIECTBA JUTS YIIPABICHAS 3TUM UMYIIIe-
CTBOM M 00€CIIeYEHHS €r0 IKCILTyaTall|H.

3a pyOeKoM MOJYUYHIIA PacCIpoCTpa-
HEHUE U Jpyrue (GOpPMBI IKHIUIIHON
Koomepauuu [4-5], omHako NPOOIEMBI
W 3aJlaud, CTOSIIME Tepe] Pa3IuIHbIMU
00bEeTUHEHUSIMH COOCTBEHHUKOB JKUIIbS,
B OCHOBHOM CXOKH, U HX PEIIEHUIO II0-
CBAIIEHB MHOTHE HAYYHBIC ITyOTUKAIINN.
B cratesax [6—7] Ha mpuMepe uccieaoBa-
Hust MKJ[ B [oHkoHTe ObLIa IpOBeicHA
KIIaCCHU(HKAIKSA KOJUICKTUBHBIX JICHCT-
BUW BIAJIETBIIEB KBAPTUP M PacCMOTpe-
Hbl OLICHKM JAaHHBIX ACHCTBUU C LEIbIO
3(p(HEeKTUBHOTO yIPaBICHUS COOCTBEHHO-
cThi0. BrisiBieHHIO (hakTOpPOB, Onpeess-
IOIIUX TOTOBHOCTH BIANIETBIEB KBAPTHUP
K YYacTUIO B KOJJICKTHBHBIX JIEHCTBHIX
TOBAPUIIIECTBA COOCTBEHHUKOB JKUJIbS IO
VIIPABJICHUIO ¥ 00CTY)KUBAHUIO OOBEKTOB
KOMMYHaJIbHOW HMH(PACTPYKTYphI, I10-
cBaIeHa padora [8].

Cornacao XK P®, Coser MK/ BbI-
TIOJTHSET CIICAYIONIHNE 3aa4H:

— OCYIIECTBIISIET KOHTPONIb 32 OKa-
3aHMEM YCIyr W BBINOJHEHHEM paboT
no ynpasinenuro MKII, conepxanuto
U peMOHTY obuiero umymectsa B MK/,
a TaKXe 3a KAYeCTBOM KOMMYHAaJbHBIX
YCIIYT, TPENOCTaBIIEMbIX COOCTBEHHU-
KaM TTIOMEIICHHUI;

— BBIHOCHUT Ha o01miee cobpanue cob-
CTBEHHUKOB BOTIPOCHI O TOPSIIKE IOJb-
30BaHus 00mMM umyiiectBom B MKJ,
MOPSJIKEe TUIAHUPOBAHUS U OpraHU3aluu
paboT 1Mo CoJepaHUIO ¥ PEMOHTY 00IIIe-
ro umymecrsa B MK/I;

— o0ecreunBaeT BHITOJHEHHUE pellie-
HUl 00mero coOpaHusi COOCTBEHHUKOB
nomemenuii B MK/

— MPOBEPSET UCIOIHCHUE YMPaBisi-
I0lllell KOMIAHHMEH J0roBOpa C KUJIb-
[[aMH, B3aUMOJICHCTBYET C OpraHaMH
MECTHOTO CaMOYTIPaBJICHHS, MPEICTaB-
JIIET WHTEPECHI KUIBIIOB JOMa B CYIC;

4 Kunmnuasiii kogexe Poccuiickoit @eneparun ot 29.12.2004 N 188-D3 (pen. ot 28.12.2016) (¢ uzm.
u gom., Betyn. B cuny ¢ 01.01.2017). URL: http://jkodeksrf.ru
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— IPEACTaBIsET Ha yTBEP:KJIEHUE TO-
JIOBOTO 001Iero coOpaHust COOCTBEHHHU-
koB nomenieHuit B MKJ[ otuer o nmpoae-
JTaHHOM paboTe U T. 1.

Ou4eBUIAHO, YTO BBHINOJIHEHHE IIO-
CTaBJIEHHBIX 3a/la4 OyAeT CYIIeCTBEHHO
ynpoieHo u 6osee 3((HEeKTUBHO, €ciu
B cBoeit pabore CoBer MK/| ucnonssyer
COBPEMEHHBIEC INPOIPAMMHBIC KOMILJIEK-
Cbl, NpPEJHA3HAUYEHHbIE AJISI aBTOMAaTHU3a-
MU JIeATEIIbHOCTH B c(epe KUINIIHO-
KOMMYHaJIbHBIX ycayr [loatomy anamms
CYILIECTBYIOLIMX Ha COBPEMEHHOM pOC-
CHUICKOM pBIHKE IMPOrPaMMHBIX CHCTEM
U pa3paboTKa HOBBIX B LEJSIX YCHJICHUS
KOHTPOJISl 33 OKa3aHUEM YCIIyT U BBIIOJ-
Hennem pador B MK/, nmpenoTBpamieHus
37I0yMOTPEOICHUN B KIJIUITHO-KOMMY-
HaJIbHOU cdepe, TpeNCTaBICHUsS WHTE-
PECOB KHUIIBLOB U UX HEIOCPEICTBEHHOM
ynpasinenun MKJI siBrsieTcst akTyaabHOM
3a1aueil.

OCHOBHBIMH TPOTPAMMHBIMHU CHCTE-
MaMH, pabOTarOIMMK B HACTOsIIEE Bpe-
MSl B OKHJIHMIIHO-KOMMYHAaJbHOH cdepe
B Poccun, siBstorcst:

1) KOMIUIEKTBI TNPOrpaMMHBIX MpO-
nykTtoB Ha 0Oaze turardopm «1C: Ilpen-
npusitue 8» u «1C-butpukc: Ympansie-
HHUE CalUTOM»;

2) rocynapcTBeHHAash WH(POPMAIHOH-
Hasl CHCTEMa >KWIHIIHO-KOMMYHAJIbHOTO
xozsiicTBa (I'MC XKKX).

Kommanus «1C» coBmectHo ¢ llen-
tpoMm paspaborku «1C: BAI'b» u «1C-
Butpukcy pazpaboranr KOMIUIEKTBI TPO-
TrpaMMHBIX IPOAYKTOB Ha 6aze riardopm
«1C: Ilpeanpustue 8» u «1C-butpukc:
VYrpaBieHue calTOM», KOTOpBIE Hpea-
Ha3HA4YEHBbl Ul CO3AaHUs U YIIPABICHUS
WHTEPAKTUBHOW HH(MOPMAIMOHHON cpe-
noit mpemanpustust XKKX ¢ mensio op-
raan3auuu  3(GQGEKTUBHOTO YIIPaBICHUS
JaHHBIM HpeanpustHeM. B Hux peanu-

30BaHa KOMIUIEKCHAas CHCTEMa B3aMMO-
nectBusa npeanpuarus KKX nmu TCXK
C MOJy4aTeasiMH KOMMYHAJBHBIX YCIYT:
MOJAECP’)KUBAETCS  aBTOMAaTH3MPOBAHHBIN
JIBYHAITPaBJICHHBIH 0OMEH WH(OpMaIuen
MEXJly CaliToM U HH(OPMAIMOHHOU Oa-
3011 «1Cy» mpeanpusTUs’.

I'MC JXKX rapaHTtupyer BBbINOI-
HeHue nopydenust Ilpesmnenta PO or
13 oxrsabps 2011 . Ne TIp-3081°¢ o co-
30aHUM  €IWHOTO  MH()OPMAIMOHHOTO
pecypca B ILeNsAX TMOJYyYEHHUs JOCTyma
K MH(OpMaLnu B COOTBETCTBUHU C JCHCT-
BYIOILIMMH CTaHJApTaMH O JEATEIBHOCTH
OpraHu3alyii KOMMYHAJIBHOTO KOMILIEKCA.
I'MC XKKX sBnsercs ¢enepaibHON IIEHT-
paIM30BaHHON HH(OPMAIMOHHOW CHCTE-
MOMH, KoTOpasi (yHKIMOHHPYET Ha OCHOBE
TEXHUYECKUX W TPOTPAMMHBIX CPECTB,
a TaKKe MHPOPMALMOHHBIX TEXHOJIOTHH,
obecrieunBarommx coop, 00opadoTKy, Xpa-
HEHHE, TIPEIOCTABICHUE, DPa3MEIICHUE
Y UCTIONIb30BaHUE MH(OPMAIIMHY O SKUIIUIII-
HOM (DOHJIE, CTOMMOCTH | TIEPEYHE YCIYT
M0 YNpaBICHHIO OOMIMM HMYIIECTBOM
B MK/, pabot o conep>kaHuio U PEMOH-
Ty OOILLIEro MMYIIECTBa, NPEAOCTABICHUN
KOMMYHAJIBHBIX YCIYT U TIOCTaBKE pecyp-
COB, HEOOXOMUMBIX JUIA TIPEIOCTABICHUS
KOMMYHQJIBHBIX YCIyI, pa3Mepe IUIaThl
3a JKUJIOE TOMEIIEHHE M KOMMYHAJIbHbIE
YCIYTH, 33J0JDKEHHOCTH II0 YKa3aHHOMU
iare, oObEKTaX KOMMYHAJBHOW U HH-
KeHepHOW HHPpacTpykTyp [9]. OcHOB-
HbIe 331a4u, KoTopsle perraer 'C XKKX,
NPHUBE/ICHBI HA COOTBETCTBYIOIIEM caiite’.

VYcnoBust ycrnemHoro (hyHKIHOHUPO-
Banua ['MC XXKX yxazeiBatorcsa B [10].
K HuM oTHOCATCS TeXHHYecKas BO3MOXK-
HOCTB JJOCTyIa K CUCTEME TIOTEHIIUAIIbHBIX
norpedureneil yciayr u c(hOpMHPOBAHHBIH
HEOOXOIUMBIH  YPOBEHb  KOMITCTEHIIMI
MOJIb30BaHMs 3JEKTPOHHBIMM  yCIyraMH
y 9THUX NOTpeOuTeNneH; A0CTOBEpHasd,

5 1C: Tpenmnpusitie 8. Yuer B ymnpasisironmx kommnanusx JKKX, TCXK u JKCK. URL: http:/

solutions.1c.ru/catalog/jkh-tsj/materials

¢ Tlepeuens nopyuenuii [Ipesunenta Poccuiickoit @enepanuu ot 13 oxrsiopst 2011 1. Ne Tp-3081.

URL: http://kremlin.ru/events/president/news/13063

7 O6umme ceenenust o cucreme. URL: https://dom.gosuslugi.ru/webhelp/main/index.html#source/

obshchiye svedeniya o sisteme.html
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MOJIHAsl ¥ CBOCBPEMEHHAash WH(MOpMaIus,
COJIepIKAINasCs B CUCTEME.

Ilo cocrossnuto Ha ampens 2017 r.
MIPEICTABICHBI CIEAYIONINe CTaTHCTHYE-
CKHE€ IaHHBIE II0 Hucrois3oBanuio I C
KKXE:

— xuieie goMma (51 %);

— MK/ (76 %);

— TOBapHUIIIeCTBa COOCTBEHHUKOB JKH-
TBs1 U Kootepatussl (75 %);

— pecypcocHaOKarolue OpraHu3a-
uuu (88 %);

— YNpaBISIOLIUE OPraHU3alUU U TO-
CYIapCTBEHHBIC JKIIIUIIHBIC WHCICKIUH

(100 %).
CormacHO  pacdeTaMm,  BIOXKCHHS
B IMC JXKX nomKHBI OKYyOUTHCS

B 2022-2023 rr., KOTZIa KOJIUYECTBO Tpa-
JKJaH M OpraHu3aluii, KoTopble OyayT
MIPOBOJUTH YEPE3 HEE CBOM KOMMYHaJlb-
HBIC TIJIATEXKH, JOCTUTHET TAaKOTO YPOBHS,
YTO KOMHCCHH C YIUIAYUBAEMBIX CYMM
OyZeT MOoCTaTOYHO Uil KOMITEHCAINH 3a-
TpaT Ha JKCIUTyaTaluio JaHHOW WHQOP-
MAaIMOHHON TJIOIIAAKH.

Kak ormeueno B padore [11], monHo-
[IEHHOE Pa3BUTHE CHCTEMBI PacyeToB 3a
KKY ¢ yderoM mHCTaHIMOHHBIX (HOpM
00CITy)KMBaHHS BO3MOXXHO TOJIBKO IIPH
BHEJIPEHUHN OWIJITMHTOBBIX TEXHOJOTHH.
ABTOpPOM YKa3aHbI NpeuMyIlecTBa Mpu-
MEHEHHsSI TAaKUX TEXHOJOTWH JUIsl TOTpe-
outeneil ycuyr, pecypcocHaOKaIOIIX
OpraHM3alliid, OpraHu3allui, OCYIECTRIIA-
romux ynpasienne MK, u opranuzaruid,
OCYLIECTBIISIIOLIMX NpueM Tuiarexei. [Ipu-
MEpOM OMJIMHIOBOW CHCTEMBI MOXKET CITy-
xuth pemrenne Oracle Utilities Customer
Care & Billing’, koTopoe Hamuo MUAPO-
KO€ TIPUMEHEHHE B POCCHHCKMX W 3apy-
OEKHBIX OpraHM3AIMAX-TIOCTABIINKAX SHEP-
TeTUYECKUX U KOMMYHAJIbHBIX YCIYT.

[Ipobnemsr Owmmara KKV  pac-
cMmarpuBaroTcs B crtarbe [12]. ABTopa-
MU TIpelUlaraercsi M3MEHEHHas cucTeMa
OWjuIMHra, OCHOBaHHAs HAa NPUHLUIAX
YYacTHsl U KOHTPOJISI MPOoIecca pecypeo-
CHaOXKAIOIIMMH OPTaHU3alUsIMUA B KOOTIe-
pauuu ¢ aJAMUHHCTPALUSIMH MYHHLUIIA-
JUTETOB M, BO3MOXKHO, YHPAaBIISIOLIMMHU
KOMITaHHUSIMH.

Kpome toro, paspaboransl U ycnem-
HO BHEIPSIOTCS JPyrHe POCCHICKHE
NpOrpaMMHbIE KOMITJICKCHI, Ha3HaYCHUE
U OCHOBHBIC XapaKTEPUCTUKU KOTOPBIX
npuBeneHsl B padore [13].

Hpyrue uccnenosarenu [14—15] npu-
BOIAT (DyHKUMOHAIbHBIE BO3MOKHOCTH
M paccMaTpUBAIOT 00J1aCTH MPUMCHCHHS
TaKMX IIHUPOKO paCIpPOCTPaHEHHBIX 32
pyOesxoM MH(POPMAILIMOHHBIX CHUCTEM Kak
HOA Management Software!’, Buildium
Property Management Software'!, Yardi
Property Management Software'?, App-
Folio Property Management Software',
KOTOPBIC HCIIONB3YIOTCS Kak COOCTBEH-
HUKaM{ JKWIbs, Tak M OpraHU3alus-
MH 10 YNPaBICHHUIO HEIBHKUMOCTBIO.
Ilpn 3TOM aBTOpPBI OTMEYAIOT OTIMYUS
YCIOBUA M TPaIMIMN yIpaBieHUs He-
JBIDKUMOCTBIO B Poccnm U 3a pyOeskoM.
3apyOexxHbie  MH(POPMAIMOHHBIE — CHC-
TEMBbl HMMEIOT SBHYIO OpPHEHTAlMIO Ha
yI00CTBO pabOThl COOCTBEHHUKA HEJBU-
KUMOCTH U BO3MOXKHOCTb €r0 y4acTHus
B IIpollecce YNpPaBJeHUS KOHAOMUHUY-
MOM WJIM acconuarueidl coOCTBEHHUKOB
x)wibst (homeowners assotiations) [16].
B Poccun 60nbpIInHCTBO MH(POPMAIHOH-
HBIX CHCTEM NPAKTHYECKU «HCKIIOUAIOT»
COOCTBEHHMKOB M3 KOHTYpa YIIPaBJICHUS
TCX, MKJl wnm SKHIHMIIHOTO KOOIIe-
paruBa. Takue CHCTEMBI NpeJHA3HAYe-
HBl B OCHOBHOM ISl pabOThI COTPYIHHU-

§ MunkomcBsizb Poccnn/Cobsitus/@opym/Muxamn Espaes: «[TMC JKKX craHeT JeliCTBCHHBIM HH-
CTPYMEHTOM CTpaTerHieckoro passutus Hamel crpansdy. URL: http://minsvyaz.ru/ru/events/36775
 Oracle utilities customer care and billing. URL: http://www.oracle.com/us/industries/utilities/

utilities-customer-care-billing-ds-2281135.pdf

1" HOA Management software. URL: https://www.condomanager.com
" Buildium property management software. URL: http://www.softwareadvice.com/property/

buildium-property-manager-profile

12 Yardi property management software. URL: http://www.yardi.com/services/document-library
13 AppFolio property management software. URL: https://www.appfolio.com
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KOB OyXraiaTepuH, MacloOpTHOTO CTOIa,
YIOpPaBISIOMIECH KOMIIAaHUM, TEXHHYECKHX
CITy’)0 U T. II.

Pa3zpaGoransl M ycHemHoO BHeAps-
IOTCSl TaKKe Y3KOCIEIUATU3UPOBAHHBIC
MpOrpaMMHBIE CHUCTEMBI, MpeAHA3HAYCH-
HBIE JUIS TIPOBEICHUSI KOJMUYECTBEHHOTO
Y Ka4eCTBEHHOI'0 aHaJIN3a NOTPeOIIsIeMbIX
B MK/l pecypcoB ¢ Lie/Ibl0 YMEHbILIEHUS
KOMMYHAQJIbHBIX IIJIATEXEH.

B craree [17] mpoBenen cpaBHH-
TEJbHBI aHaJu3 TEOPETHUYECKOro IOo-
TpeOneHus Teria, BEBIYUCIEHHOTO B MPO-
rpaMMHOM KoMIUlekce Energie, u ero
peanpHOTO TMOTpednenuss B MKJI, ompe-
JIEJIEHHOTO C IMOMOILBI0 HENPEPHIBHOIO
MOHHUTOPHUHTA TEIIOCYCTUYNKOB.

C moMoOIIBI0 aNropuT™Ma ONTHMH3a-
UMM Ha OCHOBE CMEIIAHHOTO IIEI0YH-
CJICHHOTO JIMHEHHOTO MPOrpaMMHUPOBaHUS
ObUTa TIOCTPOEHAa MOJAEINb, O3BOJISIOIIAS
MHUHHMMHU3UPOBATh CUETA 3a IEKTPOIHEP-
THIO TIPH COXPAHEHUH YpOBHs KomdopTa
notpebutenst [18]. OpHako HEBBIILIATHI
SBJISIFOTCSL OTHOW M3 OCHOBHBIX MPOOJIEM,
C KOTOPBIMH CTAJIKMBAIOTCSI KOMMYHAJIb-
HbIC MPEANPHUATHS T0 PACHPEACICHUIO
NeKTpodHeprun. B pabore [19] mpen-
JIO)KEH METOJl, OCHOBaHHBIH Ha HEYSTKOM
JIOTHYECKOM TOJXO/IC K BHIYHCICHHUIO MH-
Jekca miarekecrnocooHoctr  (Payment
Capability Index); npu 3ToM BO3MOXHO
MOZICTIMPOBAHUE CTPATETHil IOBEICHUS
norpeduTeneil ¥ yMEHbIIEHHE PUCKA He-
ITATEXKEH.

Hpyroe wuccnenosanue [20] 00b-
eIMHUIIO JaHHBIE O MOTPEOJCHUH BOIBI
B KBApTUPaX, XapakTepUCTUKU (popm coO-
CTBEHHOCTH, METEOPOJIOTMYECKHE HAOMIO-
JEHUs] U JlaHHBIC IIEPEeNUCH HaceJICHUs
JUISL TOTO, 4TOOBI BBISIBUTH JIETEPMUHAH-
ThI BOJOTIOJIB30BaHUS M, TAKUM 00pa3oM,
MpPaBUIBHO CHAOXaTh BOIOW MHOTOKBap-
TUPHBIC KHUIIbIC KOMIUICKCHI.

AHanu3upys BO3MOXKHOCTH — CyIle-
CTBYIOILMX INPOrPaMMHBIX KOMILUIEKCOB,

CIIeAyeT OTMETUTh OTCYTCTBHE (DYHKIIHH,
NpeAHa3HAYCHHBIX HEMOCPEICTBEHHO IS
aBTOMaTH3auuu JesrensHoctd  CoBera
MK]I u ero npencenares.

MarepuaJjbl 1 METObI

B kauecTBe MCXOMHBIX JaHHBIX, KOTO-
pble HEOOXOAMMBI TSl (PYHKIIMOHUPOBAHHUS
MPOrPaMMHOM CHCTEMBIL, IPEAHa3HAYCHHON
JUIsl aBTOMaTu3aLuu gesrenabHoctu Cosera
MK/I, ucnosib30Baiuch MOKBapTUPHBIE
JlaHHble U3 KBUTaHuu Ha oruiary JKKY,
a Tak)ke WHPOpMAaIHs, IpeloCcTaBIsieMast
I'NC XKX.

Jns  peanuzanuy OpOTOTUIA MPO-
TPaMMHOM CHCTeMbI OBLI HCIOJIb30BaH
KOMIUICKC TEXHOJIOTUM M MHCTPYMEHTOB,
COCTOSAILMHI H3:

— 00BEKTHO-OPUEHTHPOBAHHOTO SI3bI-
ka Ruby, ¢peiimBopka Ruby On Rails,
PEISILIMOHHON CHUCTEMBI yNpaBieHUs: 0a-
3amu maHHBIX (CYBJl) PostgreSQL (ms
Hanucanus backend-gactu cuctemsr);

— mabnonunzaropa Slim, paciupeHust
CSS Sass (mns manmcanus frontend-ua-
CTH CHUCTEMBI).

PaccMoTpuM mpenMyIecTBa Kaxaoro
3JIEMEHTA BBIOPAHHOTO CTEKA TEXHOJIOTHH.

Ruby nosunnonupyercst Kak JUHaMU-
YeCKnH, pe(IeKTUBHBIN, WHTEPIPETUPY-
€MbIi1 BBICOKOYPOBHEBBIH SI3bIK IIPOIPaAM-
MUPOBaHUS, 00NaIAIOMINN HE 3aBUCUMON
OT OIEPALMOHHON CUCTEMBI peanu3anuei
MHOTOIIOTOYHOCTH, CTPOTOH JWHAMHYe-
CKOM THmM3aImeii, cOOpIUKOM Mycopa
U MHOTUMH JIPYTUMU BO3MOXKHOCTSMHE'*.
Kpoccmnardopmennast peanuzanus WH-
TepIpeTaTopa s3bIKa MOJHOCTHI0 CBOOO/HA.
Ruby Ttaxke sBiseTcss MyJabTUIApaiur-
MEHHBIM SI3bIKOM, IOCKOJBKY MOIJIEPKH-
Ba€T MPOLELYPHBII, 00BEKTHO-OPUEHTHUPO-
BAHHBIN, (yHKIIMOHAIBHBIA CTHIN". Ruby
on Rails — ¢peiiMBOpK, HamMCaHHBIA Ha
A3bIKE TIpOrpaMMHUpoBaHust Ruby, koTopsrit
peanusyeT apXUTeKTypHbIH mabiaon Mod-
el-View-Controller (MVC) anst Be6-miprio-
KEHHUH, a Taioke oOecreynBaeT UX MHTETr-

14 ®dmyuaran JI., Manymoro FO. SI3bik nporpammupoBanust Ruby / Tlep. ¢ anmi. H. Bunsuanncko-

ro. — 1-¢ m3n. CII0. : ITutep, 2011. 496 c.

!5 Programming Ruby. The Pragmatic Programmer’s Guide. URL: http://ruby-doc.com/docs/
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pauuio ¢ BeO-cepBepoM M CepBepoM 0a3
JIAHHBIX, SIBIISICTCS OTKPBHITBIM IPOrpaMM-
HBIM OOECIIEYeHHEM W PaclpOCTPaHIETCS
nof urersuein MIT'.

Slnpom 000K mporpaMMUpyeMOit
CUCTEMBI siBNIsieTCA 6a3a JaHHBIX. B naH-
HOM TIpOEKTE OBbIO PEIIeHO HCIOJb30-
Barb PostgreSQL — cBoOoaHyt0 00BEKT-
Ho-persinuonnyo CYB/] [21]. JIunensus
PostgreSQL paspemaer ee HeorpaHu-
YEeHHOE HCITIONb30BaHUE, MOAN(PUKALINIO
KOJa, a TakKXe BKJIIOYEHHE B COCTaB
JOPYTUX MPOAYKTOB, B TOM YHCIIE 3aKpPbI-
TBIX U KomMMmepueckux [22]. Kpome Toro,
PostgreSQL cepruduimpoBana Kak WM-
MopTO3aMeIIaroIee MporpaMMHoe obec-
nedenue u3 pasaena CYB/] mox TopapHbIM
3nakoM PostgresPRO [23]. JlocTouHcTBa-
Mu PostgreSQL cuuTaroTcst BBICOKHM ypo-
BEHb HAJIS)KHOCTH MPH paboTe C KPUTH-
YECKM BaXHBIMU JAaHHBIMH, HaJC)KHbIC
MEXaHU3MbI o0ecIieueHus1 Oe30MacHOCTH;
BBICOKOITPOU3BOUTENHHBIE MEXaHU3MBI
TpaH3aKIUi; JIerkas pacUIupseMoCTb;
Pa3BUTHIN MJIAHUPOBILHUK 3a1IpocoB [24].

Jus co3manms frontend-yactu mpo-
rPaMMHOW CHCTEMBI TIPUMEHSUICA TIO-
cneqnuit crangapr HTMLS, a Ttakke
texronmorun Slim'’, Sass (Syntactically
Awesome Stylesheets)!®.

Pe3yabTarsl ucc/ie10BaHus

Bour paspaboTan u peann3oBaH IMpo-
TOTHUTI TIPOTPAMMHON CHCTEMBI, KOTOPBIH
MO3BOJISIET ABTOMATH3MPOBATh OCHOBHBIE
3agau, BbeInonHsemble CoBerom MK/,
a UMEHHO:

— BEJICHME EKTPOHHOTO KypHasa Mpo-
TOKOJIOB OOIIMX COOpaHuii COOCTBEHHHKOB,

— YIpaBJICHUE AIICKTPOHHOW KHUTOU
ydera XKaiod W MpenIoKeHUH JKHUIBIIOB
MK/ ¢ BO3BMOXXHOCTBIO OOpaTHOM CBSI3H;

— BeJeHue apxuBa nepenucku Cose-
ta MKJl ¢ ymnpaBnsoomeil KoMIaHueH,
aJMUHUACTpANMEH TOpONa,  KHIIUIIHON

MHCHEKIMeH M JAPYrMMH HWHCTaHIUSAMM,
BKJIIOYAIOIIETO OK3EMIUISIPBI  BCEX Ha-
npasisieMblx 0T uMeHH CoBeTa JOKYMEH-
TOB U OTBETOB HA HUX;

— opraHusamus padoThl C APYyTUMHU
MarepualiaMu, TMOSBIAIONIMMUCST B XOe
paboter CoBera MK/,

Kpome TOro, OBUIM BHEAPEHBI [0-
MOJIHUTENbHBIE BO3MOXKHOCTH, I103BO-
nsrorue 6onee d(PEKTHBHO YIIPABIIATH
HeKOoTOpbIMU BuAamu Tapugpos Ha KKY,
a UMEHHO:

1) tapudsr Ha comepkaHHe OOILIETO
uMyIIecTBa U TeKymud pemonT MK/l Ha
CIIeYIOINH TIepHOJ TIJIAHUPOBAHUS OFOI-
s)kera MKJI;

2) pa3Mep BO3HATPaKICHUS TIperce-
narenss MK/;

3) tapu¢ 3a ycmyru ¥ pabOTBl O
ynpasiaennto MK/l ynpasnstomeid kom-
MaHUU.

[lepeuncnennsie Tapudbl ycTaHaB-
TUBAIOTCS Ha 0O0meM coOpaHuu coOCT-
BeHHUKOB ToMereHuit MKJl u, Takum
00pa3zoM, ¢ TOMOLIBIO X PETYIUPOBAHUS
MOXHO M30ekaTb HEOOOCHOBaHHOTO MO-
BBIIICHUST TaHHBIX Tapru(OB CO CTOPOHBI
YIPABJISIOIIMX KOMIaHUH.

Paccmorpum o0mue monoKeHHs, Ha
OCHOBE KOTOPBIX CTPOHUTCS MPOTOTHII
MPOrpaMMHOMN CHUCTEMBI.

OYHKIMOHAI CUCTEMBI IIPEIOIaracT
JIBa THUIA €€ IOJIb30BaTEC: BIAJENell
KBapTUPHI U nipeacenarenb Cosera MK/
MIPU 3TOM BapUaHTHl MCIIOIB30BaHUS CH-
CTEMBI, COOTBETCTBYIOIIME BBITIOJIHEHUIO
MEPEYUCICHHBIX BBIIIE OCHOBHBIX (YHK-
uuit CoBera MK/I, npuBeaens! Ha puc. 1.

IIporpaMMHy10 apXUTEKTypy CHCTE-
MBI yIOOHO TPEACTAaBUTH C TTOMOIIBIO
JuarpaMMbl KOMIoHeHToB — UML-nu-
arpamm, KOTOpBI€ ONHCBIBAIOT OCOOEH-
HOCTH MPEACTABICHUSI CUCTEMBI C pa3-
JIUYHBIX TOYEK 3PCHHUSL.

16 Hartl M. Ruby on Rails tutorial. — 3" ed. Addison-Wesley, 2015. 664 p.

17 Documentation — Slim framework. URL: https://www.slimframework.com/docs

18 Sass and compass in action / W. Netherland [et al.] / Manning Publications. 2013. 300 p. URL:
https://www.manning.com/books/sass-and-compass-in-action
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IIpocvmoTp moxazannii npudopos yaeta /
View meter readings

Beox noxasannii npudopos yueta /
Enter meter readings

AyrenTuduranns /
Authentication

Penaxrapoeanne miam
VIaTeHHe NOKA3AHHH NPHOOPOE VHeTa /
Edit or delete meter readings

Oprannzannas oHIaiH codpanHit
O ization of online i

angs

VuacTre B 0HIaHH cobpaHmsY /
Participation in online meetings

Baaneaen
KBapTHpBI | Owner
apartments

IIpeacegarems

Copera MK /

Chairmman of Council of
an apartment building

TIpocyoTp mpoToko.aa 3acexannii Coeeta
ME / View the minutes of the meetings of Council
of an apartment building

Ipocrvotp gosynerToe MK/ View
documents of the apartment building

Jobae1enne zanucefl B KHATY
sxatod B npertoxenni / Add notes to the book of
complamts and suggestions

OteeT Ha 00F
B KHHIY :Ka7T100 H nperio:kennii / Response to requests
received i the book of complamts and suggestions

L, [MOCTY

Jobaeaenne gosymentos MK / Add
documents of an apartment building

P u c. 1. luarpamma BapuaHTOB MCIIOIb30BAHUS

F i g. 1. The diagram for ways of using

Juarpammbl rociieoBareIbHOCTER OT-
paxaroT B3aI/IMOI[eI>'ICTBH$I MCXKAY JIMHUAMUA
JKU3HU KaKUX-THOO OOBEKTOB (CO37aHMe,
JeATeNbHOCTb, YHHUYTOKEHUE). B cTpyKTy-
pe CHCTEMbl MOYKHO BBIICIIUTH JIBa KITFOUC-
BBIX ciost — frontend n backend. Onu nme-
FOT OTJINYHS, OTHOCSIIHECT K Pa3IeieHHIO
OTBETCTBEHHOCTH MEXIY YPOBHEM JIOCTY-
na K JIaHHBIM U YPOBHEM IPEICTABICHHUSI.
Peanmzanmst 6a30BBIX MPELEACHTOB CHUC-
TEMBl OCHOBBIBACTCS Ha B3aHUMOJICHCTBUM
nosb30Barens yepes cioil frontend ¢ nan-
HBIMH, (popMupyemMbIMH B cioe backend.
JuarpaMMbl  TIOCTIEIOBATENIBHOCTEH LISt
MpELeICHTOB, HEOOXOMMBIX JUISl peann3a-
MM OCHOBHBIX ()YHKUHMH CHCTEMBI, OyIyT
TMIPE/ICTABIICHBI HIKE.

Snpom mo6oit porpaMMEpyeMOoit cH-
CTeMbI sBIsieTcs Oa3a maHHBIX. Ha ocHOBe
aHajM3a TPEIMETHOH O0JaCTH CTPOUTCS
ER-monens (Entity Relationship Model)
0a3bl JTaHHBIX, KOTOpas MO3BOJSIET OIH-

102

CBIBaTh CXEMBI TIPEIMETHONH OOJaCTH.
IIpn 3TOM 111 KaXJIOM CYIIHOCTH CHC-
TEeMBbI, XpaHsmelcss B 0a3e JaHHBIX, Tpe-
Oyerca co3nmarh TaOmuIly W OOECICYHTH
HaJInuie HeoOXOIMMBIX cBs3eil. Ha ocHo-
Bannn ER-momenm u BeiOpanHO# CYBJ|
OIIMCHIBAETCSI M CO3JaeTcsl cxeMa Oa3bl
JTAaHHBIX, a 3aTeM — MporpaMMHasi 000104-
ka cucrembl. ER-nuarpammel, HeoOXomu-
MBIE JIJISl pealiu3alliid OCHOBHBIX (D)YHKITHIA
CUCTEMBI, Oy/IyT paCCMOTPEHBI HUXKE.

B ocHOBe apxuTeKTyphI cepBepa pas-
pabOTaHHOTO TMPOTOTHIA IPOTPAMMHOM
CHCTEMBI JIGKUT TMaTTEPH TPOEKTUPO-
Banuss MVC (Model ucnonb3yercs st
OpraHu3allMi OCTYNa K JaHHBIM U Ma-
HUNYJIALMA C HUMHU, View OTBe4aer 3a
¢dopmy otobpaxenns nanubix, Controller
OpTraHU3yeT B3aWUMOACHCTBHE  MEXKIY
MOJIB30BaTEIeM M CHCTEMOH) — cXema
pasaeneHus IporpaMMHON CHCTEMBI Ha 3
OTJICNIbHBIX KOMITOHEHTA TaKUM 00pa3oM,
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9T0OBl M3MEHEHHE OJHOr0 KOMITOHEHTa
OKa3bIBAJI0 HAaWMEHbINIEE BO3JCHCTBHUE
Ha ocrajbHble (puc. 2). bonee moapoOHO
OCTaHOBHMMCSI Ha paccMOTpeHHH (yHK-
U, KOTOpBIE PeajH3yIOT pacyeT TapH-
¢oB 1-3, ONMCaHHBIX BHILIE.

Jnsa onpenenenus TapudoB Mo cra-
TbsiM «Conepkanue oOLIero UMyIIecTBa
B MKJl» n «Tekymmii peMOHT 0OIIero
umyiectsa B MK/I» Ha cienyronuii roa
COCTABIISIIOTCS TUIaHBI paboT, MOCJIE Yero
MOJyYeHHBIE CYMMBI, HEOOXOTUMBIE JIJIs

peanuzanuy 3THX IUIAHOB, NENATCS Ha
00IIyr0 TUIOMAAb JKHIIBIX ITOMEIICHHH
Jloma.

B nporotune nporpaMMHOM cucTe-
MBI JUISI XpaHEHHUs Ha3BaHW paboT Oblia
cozaana Tabmuua «Joby, IS XpaHeHHUs
TapudoB A 1 KB. M IJIOMIAAN KBapTHP —
tabmuna «ApartmetTariffy, s xpanenust
Ha3BaHWA TUTaHa (colep)kaHhe OOIIero
MMYIIEeCTBAa WIX PeMOHT aoma) — «Plan-
Type», g xpaneHust ”HOPMAITUH B TUIA-
He — «Plan» (puc. 3).

3anpoc gaHHBX / Data request

View

L
-

Model

BERI30B METOI0B
KOHIpomIepa /
Call methods on the
controller

Otnpaeka JaHsEex [ Send data

1

QOOHOEIEHHE MOJETH
B COOTBETCTEHH
¢ JeHC TEHAMHE
nons3oeatens / Updating
the model in accordance

L,

Controller

with user actions

1

P u c. 2. [larrepas MVC
Fig. 2. The MVC pattern

Ilnan

+Kox_mmaHa: HelTouHCIeHHEBIT
+EMHHAIIA_H3MEPEHHA: TEKCTOBBIA
+O06reM_pPadoTEL: BEIECTBEHHELIT

F 1.

Tun nmaasa
+KoI_THma: HenouHcIeHHEI o
+HanMeHOBAHHE_THIIA: TEKCTOBEI | 1.* Tapade!
| m—

+Koa_tapuda:

4
iz

+CTOHMOCTE_paGOTEL: BEMICCTBEHHEI
+CTOHMOCTh_MaTepHaTa: BeleCTBEHHBIIT

LeTOYHCIEHHEI
+CTOHMOCTE_TapH(pa:

+HOBTOP$IE‘_1\-IOC'[ b_B_TOM: ETOUHCICHHBIH

PaboTsl BelleCTREHHEBIH

+J]aTa: JaTa

+BEITOTHEHO: TOTHYECKHT
+Kox_paSoTEl: LeT0UHCIEHHEI
+Kox THIa NIaHa:I11eT0YHCIEHHBIT

+Koxn_ paGoTHL: HeTouHCIeHHBI

+lom: mata
+Kox THna miaHa:
TIeTOUICTIeHHBIH

+HanMeHOBaHHE PaGOTBLTEKCTOBBII
+Koa THIA II1aHa: OeTOYHCIEHHEBIH

P u c. 3. Tabauupl, HEOOXOMUMBIE ATl pean3alui GyHKIHK ONpeieieHus Tapu(OB Ha COAepIKaHHE
1 TeKyIHi peMoHT obmiero nmymecrsa MK/ Ha cnexyrommii rox
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Plan PlanTvpe
+id: integer || - o tid: integer - -
+unit: varchar +name: varchar i ApartmentTaniff
+work_amount: float +id: integer
+work_price: float 3 +amount: varchar
+material price: float = +year: date
+year_amount: float | — +plan_type_id: integer
+date: date PadoeTn
+repeatabillity: float +id: integer
+job_id: integer +name: varchar
+plan_type_id: integer +plan_type_id: integer

PR N I

F i g. 3. The tables needed to implementing the function of determining tariffs for the maintenance and
repair of communal facilities of an apartment building for the next year

Juarpammsl MoCJeI0BaTeIbHO- PEMOHT obmiero umymectBa B MK/]
creit mns ¢yHkumum «OmpeneneHue Ha CIEAYIOMHUH TOM» TPEICTaBISHBI
TapudOB Ha COIEpKaHWEC W TEKYIIHA Ha puc. 4-5.

: IIpeacenatets
Copera MK]IT /
The Chairman of the o
Council of an Frontend o
: Plan

apartment building

: PlanController |
! [
. ) o
BrIG0p «10GaBHTE padoTy» / OtmpaBka JAHHBIX | REE
Choice “Add job” Ha cepaep / OGHOBHTH JAHHEIE /
Sending data Update data

to the server

I CooGmenne 06 ommuoke/
CoXpaHHTE JaHHBIE /

Error message/
Save data

Bosgpar otTBeTa
OIOBEIIEHHE LTO/IL30BATEILA ¢ cepBepa /

0 COXpaHEHHH H3MeHeHHid / Refurn response

Alert user from the server
to save changes

DOpMHpPOBAHHE OTBETA /
Formation
of the response

P u c. 4. lnarpamma mocienoBaTenbHOCTEH I mpeneneHTa «/lobasiaenue paboT, BXOASIINX B IUIaH
0 COAEePIKaHUIO M TEKyLIeMy PeMOHTY odiero nmymectsa MKJ] Ha crnexyrommii rom»

F i g. 4. The sequence diagram for the precedent “The addition to the works included in the plan
for maintenance and current repairs of communal facilities of an apartment building for the next year”
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: IIpencenarens

Copera MKJT / O
The Cham.nan of Frontend
the Council of an - Plan

apartment building : PlanController

I
I
I
I
Brigop «Ilnal padoT» / :

Choice of the

“Work plan” 3ampoc mmaHa pacoT /

Request for work plan " WTTonyuenmne mnana pasor /
Getting of the work plan'

I
| IInam padot /
Work plan

I DOPMHPOBAHHE OTBETA /
! Formation

I

| of the response

BriBoI mana ¢ CCPFePa / .
padot / Conclusion Retumn response I
from the server |
| 1
I

|
|
|
|
|
]
]
]
]
| Bosspar orBeTa
]

of the work plan
[

P u c. 5. lnarpamma mocienoBaTensHOCTeH Uit npenenenTta «Pacuer miaHa paboT 1 BEIBOA Tapu(OB
Ha COfIepKaHue U TeKyIui peMoHT obuiero umymectsa MK/l Ha cienyromuii rom»

F i g. 5. The sequence diagram for the precedent “The calculation of the work plan and the withdrawal
of tariffs for the maintenance and repair of communal facilities of an apartment building the next year”

Ha puc. 6-7 mpencrasneH mpumep oomero nmymecrtsa B MKJl Ha cueny-
BBO/Ia BHJIOB PAa0OT, BXOASIIMX B IUIAH IOLIMH TOA, U BBIBOJ C(HOPMHUPOBAHHOIO
II0 COAEP)KAHUIO U TEKYLIEMY PEMOHTY IUIaHa.

BBOJIBHJI0B PAGOT IO COJAEPKAHHIO OBIIEIO HMYIIECTBA MK]T /
THE ENTRY OF THE MAINTENANCE OF COMMON PROPERTY

Hamvenopamue paboter /|  Ex. mm. / O6bem pabor/ IloBTOpAeMOCTE B rof/ CTomMocTh paGoT
Name of work Unit of Volume of The number of times Ha em. W3M. /
measure works per year The cost of work
per unit
TToameTaHHe TTeCTHHY- | M2 H 232.62 ‘ ‘ 247 | ‘ 1.14 |

HBIX IUTOMIATOK
H MapIed HHKHHX TPeX
ataxeit / Sweeping of
ladder platforms and
marches of the lower

Tomvetamme mectmma- | [ a2 | [ 23262 || 247 | | 1.14
HBIX IUIOIIAI0K
H MapIneH BBIIe
TPETHETO ITaxka /
Sweeping of ladder

JlobasnTe / Add Ynanats / Delete Pepaxmaporats / Edit
C®OPMHUPOBATH OTYET/ GENERATE A REPORT
|

P u c. 6. [Ipumep BBOa BUIOB paboT, BXOISAIINX B IUIAH IO COMEp KaHUIO 00mero nmymectsa MK/

Fig. 6. The example of the types of works included in the plan content
of communal facilities of an apartment building
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IHEPEYEHB YCJIYT H PABOT,
He00XOTHMBIX /151 o0ecHedeHHsA HAJJIeKAIEr0 COCTOAHAS 00mero aMymectTea B MK /
THE LIST OF SERVICES AND WORKS
necessary to ensure the proper condition of common property in apartment buildings
. , Obnem TosTopsemocts CronMOCTh Ha
HauMeHOBaHHe YCIVT Em. ®3M. / g sron/ The o Qbman
e botr /N f Unit of pador / frequency of e U3\, pyd. / CTOMMOCTB, py0. /
n'n 1 pavoT ELH-IE ¢ Volume q ¥ The cost per - Yo
services and works measure occurrence . The total cost, rub.
of works unit, rub.
per year
TMomveTaHHe TeCTHHI-
HBIX IIOIMAT0K
H Mapiiel HHKHHEX
1 Tpex sTaxed / a2 232,62 247 1,14 65 501,14
Sweeping of ladder
platforms and marches
of the lower three floors
TMomveTaHHe TeCcTHAY-
HBIX IIOIMAT0K
H Mapinei BINIe
2 TPeTBEro sTaka | M2 155,08 247 0,87 33 325,14
Sweeping of ladder
platforms and marches
above the third floor
Brnaknoe IoaMeTaHHe
TeCTHHYHBIX IITOMAT0K
H Mapiiei HHKHHEX
3 Tpex sTaxei / Damp M2 232,62 48 1,14 12 728,97
sweeping of ladder
platforms and marches
of the lower three floors
HTOI'O /TOTAL 290 368,62
Tapud Ha cogep:kanHe obmero mMymecTBa ME / 7.09
The tariff for the maintenance of common property ’

P u c. 7. BeiBox chopMHpOBaHHOTO IU1aHA PAbOT MO COEPIKaHUIO OOIIEro NMYyIECTBa U pacuer
Tapuda Ha coznepxanue oduero nmymecrsa MK/]

F i g. 7. The plan of the maintenance of the common property and the calculation of the tariff
for the maintenance of communal facilities of an apartment building

Takum oOpa3zom, Tapugsl Ha coaep-
skaHue U Tekymui pemonT MK/ Ha cre-
JYIOIIUHN TOJl pacCYUTaHbl HA OCHOBAaHUU
IUIAaHOB PalOT M YCIIyT; 3aT€M UX yTBEp-
XKJIEHHE MOXKET OBITh BBIHECEHO Ha 00-
mee coopaHrue COOCTBEHHUKOB.

PaccMoTpuM mOAXOJBI U METONUKH,
JeXallue B OCHOBE ONpEJeIeHHs pas-
Mepa BO3HArpaKICHHUsS NpeacenaTens
MK/I u tapuda 3a yciayru u paboThI 1o
ynpasienuro MK ynpapinstoiiei KoM-
TaHUH.

B crarpsax [25-27] npemiokeHsl pas-
JIMYHBIE METONUKH OLECHKH S(PQEKTHBHO-
CTH palOThl YNPABISIOUIMX KOMITAHHUM.
B paspaboraHHOW MpOrpaMMHOI CHCTe-
M€ HCIOJIB30BaIach yTBepxkIcHHAsT DoH-
oM cozeiicteusi pedopmuporannio KKX
«Metoauka oneHkd 3(QGEKTUBHOCTU Jes-
TENBHOCTH YMPABJIAIOMIMX OpraHu3aIuri,
TOBAPHUILECTB COOCTBEHHUKOB KMIIbSI, JKH-
JIMIIHBIX KOOIEPATHBOB M HHBIX CIIELna-
JIM3UPOBAHHBIX TOTPEOUTENHCKUX KOOIIe-
patuBOB»'®, B KOTOPOU OBLIH MPEIOKEHBI

1 Metoanka oumeHKH 3(()EKTHBHOCTH EATEILHOCTH YIPABISIOMMX OPraHM3aliii, TOBAPUILIECTB
COOCTBEHHHMKOB JKHJIbSI, KUJIHIIHBIX KOOIIEPATHBOB U MHBIX CIICHUAIN3UPOBAHHBIX MOTPEOUTEIBCKUX KO-
omneparuBoB. URL: http://gkhkontrol.ru/2013/02/11557
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MOKa3aTey Mo 5-M OCHOBHBIM HarmpaBlie-
HUSIM: MaciuTal AesTeNbHOCTH, (hUHAH-
COBas YCTOMYUBOCTb, 3PPEKTUBHOCTS,
penyTtanusi, npo3padHocTb. [lomydeHHbIe
MOKa3aTeI CyMMHUPYIOTCS, TOCIE Yero
YIpaBJISAIONIed OpraHu3alu MprcBarBa-
€TCsI peUTHHT B COOTBETCTBHH C TAOJHLIEH,
pazpaboTanHoii POHIOM COOEUCTBUS pe-
¢dopmupoBarnto KKX. Ilpumep pacuera
TaKOTO PEUTHHTA TpUBENEH B padore [28].

Paccmorpum  peanmmzammio  pacue-
Ta mokazarens «OO0beM BBITOJHEHHBIX
paboT MO pPEeMOHTY W MOICPHU3ALMNY,
BXOJSIILETO B HampaBieHue «IPQPeKTuB-
HOCTB JIeSITeTbHOCTHY». JlnarpamMmMel mo-
ciemoBaTeNlbHOCTEH sl 3TOH (DyHKIINN
MpeCcTaBiIeHbl Ha puc. 8-9.

Ha puc. 10-11 mpencrasnen npumep
omnpeneneHus: GaKTUIECCKH BBIMOTHEHHBIX
padoT Mo TeKyleMy PEeMOHTY OOLIero
umymiectBa B MK/ 3a mpoweamuii ron
U BBIBOJ NIPOLICHTA BBIIOJIHEHHBIX PadOT
YIPABJIAIOIICH KOMITAHUEH.

TakuM 00pazoM, YIpaBJIIOMIAs KOM-
naHus 1o nokasarento «OObeM BBITIOIHEH-
HBIX paboT 10 PEMOHTY M MOJICPHH3AIIHN
BBITIOJTHUIIA TOJTBKO 60 % 3armaHupoBaH-
HBIX pabot, uro no3sossieT CoBety MKJI
BBIHOCHTh BONPOC O CHIKCHHU Tapu-
¢ba «Ycnyru u paboThl MO YMpPaBICHUIO
B MK/]» Ha oOmiee coOpanue coOCTBEH-
HUKOB TIOMETIICHUH.

3ameTHM, YTO TIpoOiieMa aHaln3a
3G PeKTUBHOCTH PabOTHI YIPABISIONIHX
KOMITaHUH paccMaTpuBacTcsi U B paboTax
pa3nuYHBIX 3apyOeKHBIX aBTOPOB. Tak,
B cratbe [29] 3deKTuBHOCTL ynpasiis-
FOIIAX KOMITaHUH TIPeIaraeTcsi OlCHUBATh
C WCHOJIF30BAaHWEM JIOTUYECKOW MOJIEIH,
B KOTOpOM B KaueCcTBE KOHIIENTYyaIbHOM
OCHOBBI HCTIOJNIB3YETCsSI CHCTeMa IToKazare-
JIed, aganTUPOBaHHBIX OT CXEMbI MHJEKCa
Ka4ecTBa CTPOUTEIILCTBA.

B XK P® mpasa u o6s3anHOCTH CoO-
Beta MKJI u ero mpexacenarens peria-
MeHTHpoBaHbl Crateeir 161.1 (m. 5-8).

: Baagenen xkBaptupsl / The owner

Frontend

Bridop «OtueT
0 pe3ympTaTax
BHIMOTHEHHEIX pPadoT
3a rom» / Choice
“Report of the results
of the works performed
for during the year”

Brieog oTuera /
Report output

-

: IIpencenarens Coeera MK]] / The Chairman
of the Council of an apartment building

3ampoc oT4eTa I
0 pesyIpTarax !

BEIMOTHEHHEIX padoT I
3a rox / Request
of report on the results Getting of a list of results

of work performed
during the year

Bo3Bpar oTBeTa
c cepBepa /
Return response
from the server

O

: Plan
. PlanController |

TTomytweHHe cHCKa
PE3yIBTaToB /

PesymbTaTh /
Results

P u c. 8. duarpamma nocnenoBaTenbHOCTEH i npeneneHra «PopMupoBaHue oTdeTa
0 BBINOJTHEHHBIX PaboTax MO PEMOHTY M MOJICPHH3AIIHI)

F i g. 8. The sequence diagram for the precedent “Generating a report on the executed
repair and modernization”
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: Bmagenen kapTupsl / The owner
: Ipencenarens Coeta MK]I / The Chairman
of the Council of an apartment building

Frontend
|

: PlanController
I

I Bridop «lIpouent

I
I
BEINMOTHEHHEIX Pador /
Choice of “Percentage
of completion”

=5

3ampoc MpoleHTa
BBIMOTHEHHEIX PadoT / I
Request the percentage
the completed works

TToTyueHHe TPOIEHTA

BBIIOTHEHHBIX PadoT /

Getting of the percentag
the completed works

Bosspar orBeta
c cepeepa /
Return response
from the server

IIpoueHT /

Percent
BrIBoa mporieHTa /

Conclusion percent

P u c. 9. [lnarpamma nocienoBarenbHOCTeH U1 npeneneHTa «llomyyeHne npoueHTa BBIIOTHEHHBIX
paboT ympaBIsIomed KOMITAaHUEeH [0 PEMOHTY W MOJICPHH3AIINIDY

Fig. 9. The sequence diagram for the precedent “Getting a percentage of the work performed
by the management company for repair and modernization”

BBITIOJTHEHHBIE PABOTHI IO TEKYIMEMY PEMOHTY OBHIEIO HMYIIIECTBA MKI 3A
2016 IO/ PERFORMED WORKS ON CURRENT REPAIR OF COMMON PROPERTY
FOR THE YEAR 2016

HamMenoBanue paGoThl /
Name of work

Ex. mwm. / O6wveMm pabot/
Unit of Volume of
measure works

no naady /on a plan

CTOHMOCTh MaTepHaTa
Ha ef1. u3Mepenns / The
cost of material per unit

CTOHMOCTB paGoT
Ha e m3M. / The cost
of work per unit

PMOHT NECTHITIEIX | —omreo [ 4 || 10 462.78 N 10 462,78 \
KIETOK B IMOgbe3aax /
Repair stairwells in the gaxmuuecku / actually
hallways [ moxpesn || 3 | 10 462.78 | 10 462.78 |
no naady/on a plan
VeraHoBka okoH [IBX / [ . H 12 ‘ ‘ ‘ | 11 000,00 ‘
(Window installation PVC| ghaxmuuecku / actually
[ | | |

I |
JobasaTs / Add Ynaants / Delete PenaxkTaposarts / Edit
COOPMHPOBATDL OTUYET/ GENERATE A REPORT

P u c. 10. Onpenenenne GpakTHIECKH BBHITTOIHEHHBIX padOT IO TEKyIIEMy PEMOHTY
obmero umymecrsa MK/I 3a npormeammii rox

F i g. 10. The estimation of actually executed works on maintenance of communal facilities
of an apartment building over the past year
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OTYET O BBIIIOJTHEHHBIX PAGOTAX 11O TEKYHIEMY PEMOHOTY MK/ 3A 2016 . /
THE REPORT ON THE WORK PERFORMED FOR THE CURRENT REPAIRS
OF AN APARTMENT BUILDING FOR 2016
CTOHMOCTE
O0peM MmarepHaida Ha | CTOHMOCTb Ha Obman
HamveHoBaHHe yeruyT | En. mH3mL /
Ne . pabor/ | ed. H3M., py6./ | em H3M., pyd./ | cTOHMOCTS, py6. /
nn . PaGOT / Name Unit of Volume The cost of The cost per The total cost,
services and works measure i \ .
of works | material per unit, rub. rub.
unit, rub.
PeMOHT IeCTHHYHBIX
KISTOK B MOTBE3Iax / Ilosesn/
1 . . House 3 10 462,78 15 4437,22 194 700,00
Repair stairwells entrance
in the hallways
OfreM
TTpoMEIBaHHE CHCTEMEI 30aHAT /
2 otomneHns / Flushing | The volume | 14 967 1,24 18 559,08
of the heating system of the
building
THOpaBIHYIeCKOE
3 HCTIEITAHHE / M2 1545 10,47 16 176,15
Hydraulic testing
Pazroymka cHeTeMBI
4 Ra;ﬁﬁ{i}‘ﬁa‘;m . 2 169,19 324,38
system
HUTOT'O / TOTAL 292 423,02
IIponenT BRINOJIHEHAS PA0OT OTHOCHTE/IBHO IIaHA / 60 %
The percentage of completion of work on the plan

P u c. 11. BeiBox chopMupOBaHHOTO OTYETa BBIIOIHEHHBIX PA0OT MO TEKyIIEMY PEMOHTY
oburero umyiecrsa MKJI 3a mporreaniuii rox
F i g. 11. The output of the generated report of completed maintenance of communal facilities
of an apartment building over the past year

OnmHako MO JAHHOMY JOKyMEHTY 3aTpyi-
HUTETBHO TPOBECTU OLEHKY JESTEIbHOC-
1 npencenarens Cosera MKJI u, Takum
00pa3om, OIpEeAenuTh pa3Mep BO3HArpa-
XK1eHus 3a ero padory. [lostomy amst nan-
HOW T OBUIO PEIICHO WCITOIh30BaTh
COILIMOJIOTHYECKHE TIOKaszarenn, Oazupy-
IOIMECS Ha pe3yJbrartaXx BbIOOPOYHOTO
AHKETHOTO OIpOca COOCTBEHHHKOB ITOME-
menud, npoxkusaromux B MKJI. OcHoBoit
AHKETHOTO OITPOCa TIOCITYKHMIO KOMITIEKC-
HOE  COITMOJIOTHYECKOE  HCCIICIOBAHUE,
B KOTOpPOM OBUIM W3yY€HBl TEXHOJOTHU
U MEXaHU3Mbl B3aMMOJICHCTBUS COBETOB
MK]] ¢ coOcTBEeHHMKaMH M IPOAHATN3H-
pOBaHbI Takue (DaKTOPHI CONMAIBLHOTO Ka-

Computer science, computer engineering and management

MUTaNA KaK YPOBCHb MEKIMYHOCTHOTO JI0-
BEpUs U TOTOBHOCTh cOOCTBeHHHKOB MKJ]
y4acTBOBATh B ypasieHnH j1oMoM [30].
s xpanerust nH(OpMAIIHU O Pe3yiib-
Tarax aHKETHOTO OIPOCa B MPOTPAMMHOM
crucTeMe OB COo3JaHbl TaOIUIBI «Ques-
tionnaire», «UserQuestionnaireAnswer,
«UserQuestionAnswer», «Question», «Ques-
tionAnswer» (puc. 12). OOmast uHDOp-
Marusg 00 aHKeTe XpaHWTCS B TaOIuIle
«Questionnaire», HHPOPMALIHI O KaKIOM
Bompoce — B «Questiony», BApHAHTHI OTBE-
Ta Ha KaXIbIA Bompoc — B «QuestionAn-
SWer», OTBEThI 0JIb30BATENIS HA AaHKEThI —
B «UserQuestionnaireAnswer» u «User-
QuestionAnswer) COOTBETCTBEHHO.
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Amnrera

+Koa_aHKeTHI: NeTOTHCICHHEIH

Bompoc

+Koa_pompoca: HeTOMHCICHHBIH on
+HanmMeHOBaHHE aHKETHI! TEKCTOBBII +Hoep_EoIpoca: TSKCTOBEI BeT_Ha_BOmpoc
+Omnmcanne: TEKCTOBbII o1 +@opMyIHPOBKA_BOIpOCA: +Koz_oTsera: HeroMHCICHHBIH
+Mara_aHKeTHPOBaHHA: JaTa © 7| TecroBBIH 1 +Honep_oTseTa: TeKCTOBBIIH
*MecTo_aHRETHPOBAHNA: TEKCTOBBIH +Tun_gomnpoca: TeKCTOBBIN +@opMyINPOBKA_OTBETA: TEKCTOBEIH
+Bpena_aHKeTHPOBAHHA: BPEMT +TIpeaTaracMelii_BapHaHT: +Koz_pompoca: NeTOUHCISHHBIH
“IHHNMATOP_aHKETHPOBAHHA: TEKRCTORBI
ICKCTOBBII +Koz_aHKeTBI: LieI0MHCICHHBI
Tlotss0BaTes 1— OTBeT_mo.b30BaTeId NPH_OMpoCce

+Koza_oTeera_nop30BaTe1d: HeI04HCICHHBIH
+Ko_moas30BaTeTa: NeTOUNCIeHHBIH
+KoJ_aHKeTHI: LIeTOYHCISHHBIH

+Kon_moas3oBaTeqa: HeToUnCcIeHHBIH
+HMA moIp30BaTENA: TEKCTOBLIH
+DISKIPOHHAA [IOYTA: TEKCTOBBIH
+3amudpoBaHHEEIl NapoE: TEeKCTOBET
+Poae: TekcTOBBIH

IC1—

<
1

OtBeT_mo.B30BATEIH_HA BONPOC

+Kox_oTseTa_moap3opareld Ha_BONpPOC:

UEIO"[HCJEHHBII:I
*KCI:(_OTBEIOB_HOII:GOBE[IE:L‘FI: LIE:[O'{HCIEHHBII‘;I
+Koa_pompoca: HeTOMHCICHHBIH
+Kox_oTseTa: HeTOUHCICHHEBIH

P u c. 12. TaGmuiibl, HCOOXOAUMBIC TS peanu3aiu GYHKIHHA OHIAHH OMpoca COOCTBEHHUKOB

CQuestionnaire .
Question

+id: integer

sname: varchar +id: integer

+description: text o—1." — +number: varchar QuestionAnswer
+meeteng_date: date Fname: varchar
+meeteng_place: varchar +que5l‘|c-n_t‘,'pe_'. varchar q +id: integer
smeeteng time: time +pmpu:scd \_rar:a_n-l:l varchar fo— | +number: varchar
+mieeteng_initiator: varchar +questionnaire_id: integer +name: varchar
+uestion_id: integer
1— UserQuestionnaireAnswer  |s 1 UserQuestionAnswer

User Ko>—— 1 — #id: integer +id: integer
+id: integer +user_id: integer +user_guestionnaire_id: integer
+name: varchar +questionnaire_id: integer +question_id: integer
+email: varchar +question_answer_id: integer

+encrypted_password: varchar
#+role: varchar

Fig. 12. The tables for implementing the functions of the online survey of owners

Juarpammbl
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MOCJIeI0BaTeIbHOCTEH
it pyHKIMHN «Peanm3anys oHaiH onpo-

puc. 13—-14.

ca COOCTBEHHHMKOBY MNpeaACTaBJICHBI Ha
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: Bragexen keaptuper / The owner
: IIpencenatens Cosera MKIT / The Chairman of the O
Council of an apartment building

: UserQuestionnaireAnswer
Frontend Queatlor,malre 1
I

| Brioop «Onpocst
- | : UserQuestionnaire AnswersController
CODCTEEHHHKOE» / \

Choice “Surveys 3anpoc AaHHbX ompoca /. |
of owners” The data request survey

|
|
|
i
TToTyaeHrE TaHHBX
ompoca / Getting
l survey data
1
! Naunee ompoca /
BhIBOI JaHHBIX 03BPAT JAHHBIX OIpoca / Survey data
r—onpoca / Conclusion Return survey data

survey data

Bridop BapHaHTOE
Coxpanende TaHHEX
OTESTA Ha BOIPOCH ,
] 5 OTnpaEka JaHHBIX T010C OE2HIA P TBI0BATENA /

onpoea / Choice
TOM0COBAHAA Saving the dath survey user !
; ! Tlpoeepra
TOIb30BATELA / :
T 1
1
1
1
1
1

of response
options the survey . U coxpaHeHHe
Sending data survey use i
IaHHBIX /

Checking
and saving data

Cooomenne po omHOKe/
CoxpaHeHrbIe TaHHBIE

|
|

|

|

I

I

|

|

I

|

|

: Error m ssage/
I The storEd data
|

I

|

|

I

|

|

|

! D opMHEPOB aJ-mel OTBeTA /
| Formation of ﬂlE| response

Bosspar orseta /
Return response

Onopemedne
TNOTB30BATENA
0 Pe3YIBTATAX

COXpaHeHHs T
JaHHBIK | Alert user
the results |
I of data saving

P u c. 13. /lmarpammMa mociaea0BaTeIbHOCTEH T MPELeIeHTa «YYacTue B OHJIAlH OMpoce»
F i g. 13. The sequence diagram for the precedent “Participation in an online survey”
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: Ilpeacenarens

Copeta MK /

The Chairman
of the Council of an
apartment building

Frontend

Br1dop «PesyIsTarsl 0Ipocoss |
Choice “Survey results”

BEIEOJ Pe3yVIETATOE ompoca /
Conclusion the results
of the survey

Bribop «PeecTp romocoBarnm: |
Selection of the “Register
of the survey™

Brisoa peecTpa rolocoBamus /|
The output of the register survey

|
|
o I
3anpoc pesyIbTATOR OUIpoca | |
Request for survey results |

|

Bosppat oTBeTa C cepBepa
Retum response
from the server

3ampoc peecTpa
TOTOCOBAHHA |
Query regisiry survey

Bosepar oreeta ¢ cepeepa/ [
The return response
from the server |

O

- UserQuestionnaire Answer

L

: ProtocolsController
|

TlonyueHHe PesyIBTATOR
ompoca / Geting the resul
of the survey

Pesymprarsl ompoca /
The results of the survey

PopMHpPOEAHHE OTBeTa /
Formation of the response

TlomydeHne peecTpa
TOI0COBAHNY [
Getting the register
survey
PescTp TOIOCOEAHNS /
The registry survey

| )
| Doprmpomarne 0TEETA /

IChe formation of the response

P u c. 14. lmarpamma mocieqoBaTeIbHOCTEH IS MpeLeIeHTa
«IIpocMOTp pe3ysIbTaToB OHJIAHH OMPOCay

F i g. 14. The sequence diagram for the precedent “View results online survey”

Ha puc. 15-16 npeacrasnens! npu-
Mepbl 3alOJHECHUS aHKEThl U Pe3yJbTa-
THI OHJIAWH OTPOCa, MO0 KOTOPBIM MOXKHO
MOJITOTOBUTH TIPEJIOKEHAS O BHITUIATE
BO3HarpaxJenus mnpenacenarento MK/
U €ro pa3Mepe.

B Hacrosiiee BpeMsl CcO34aHHBIN
MPOTOTHIT MPOTPAMMHON CHUCTEMBI TPO-
xomut ampobaruio B MKJI r. Capancka
Pecryomuku Mopaosus (PM), tae nipen-
cemarenem Cosera MK]] sBisercst aB-
TOp cTaTbu. brarogaps MCTOIL30BaHUIO
MPOTOTHUIIA YAAJIOCh B TCUCHHE JABYX IO-

112

CIIEJHUX JIET MIEPEUTH Ha HU3Kue Juii PM
Y [IPY 3TOM SKOHOMUYECKH 000CHOBaHHBIE
tapudsl o crarbsaMm «Conepxanne oore-
ro uMmymiectea B MKJI» — 4,73 py0./m?%,
«Texymuit peMOHT OOIIEro MMYIIECTBa
B MK]I» — 7,14 py6./m2, «Yemyru v paboThl
no ynpasienuto B MKJI» — 3,4 py6./m%.
Kpome Toro, mocturHytas aBTOMAaTH-
3amus  paboThl IO HCIIONHEHHWIO 00s-
3aHHocTe mpencenarens Cosera MKJI
MO3BOJIMIIA OCBOOOJUTH €r0 OT PYTUHOH
paboThl, cBsi3aHHOW C (HOpMHpPOBaHHEM
OTYETHBIX JOKYMEHTOB U BEJICHHUEM pa3-
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OHJIAMH OIPOC COBCTBEHHHKOB / ONLINE SURVEY OF OWNERS

1. Kaknm odpazom Bel yaacTEyeTe B ynpaeteHnd ceonm gomom? / How are you

involved in running your home?

. TTpreEmnato penreHnd Ha o0mpxs codpamax coboTEeHENKOE moMemered [ [ malke decisions at
General meetings of owners

D VUacTEVH B pasTHUHEBIX MepONpHATHAX E goMe [ [ participate in various activitiez at the house

0 He yuacteyio/ I donnot participate

2. 3naere 10 Bl wieHoe Coeera eamero goMa? / Do vou know the members
of Council of an apartment building?

'. Jda/ Yes 0 3nar0, Ho He Boex [ [ know, but not all D Het /Mo

3. Moaezyerca aua Coser MET goeepuem cobcreennuroe? / Does the Council of an
apartment building trust of the owners?

. Ja/ Yes 0 3atpyararoce oTeeTHTE!/ Difficult to answer D Her /No

4. OmeHATe cTeneHs Ballero 3HaKoMCTEA € OCHOBRHBIME J0KYMeHTAMHE, BTN AHIHMHA
Ha cojepxanie Bamero 3oMa H mpeJocTaB/IeHAE KOMMYHAILHEIX YCIVT B TeKYIIEM
rogy / Please rate the degree of your acquaintance with the basic documents,
influencing the contents of your home and the provision of public services in the

current year: _
Ja / Jacrrmmo sHakoy [ Her /
Yes Partially No
CueTa JOX0J0E OT HCIOIEI0BAHMA 00MmEero moymecTea | . D D
Estmmates of revenues from the use of the common property

CueTa pacxoJ0E HA COJSpFaHNe 00MLTo MMy IIeCTER |
The cost estimates for the mamtenance of common

CuMeTa Ha NpOEeJSHME TEEVIIETO PeMOHTA O0MIETo MMy IIecTER |
Estunates for repaws ofthe common property

ITnan TeEymero peMoHTa O0DMETO HMYIIECTER |
The plan for the current repasw of the commaon property

AET ocumoTpa 0OMIers IMYIIECTER B TERYIIEM IOgY |
An mspection ofthe common property i the current year

AKT cOCTORHNA JOMA Ha IpeaMeT KampenonTa The actof
condition of the house on the subject of a majoroverhaul

0 0 ¢ 0 O
OO0 O 0O O
OO0 OO OO

Taprder B HOPMATHER! TP 210 CTABTSHIA KOMMYHA TRHEIX YOIyT
The tanffs and regulations of public services

OTIHPABHTD / SEND

P u c. 15. Ilpumep 3anonHeHust aHKEThl OHJIAHH orpoca
Fig. 15. The example of filling in the questionnaire online survey
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Ioanzyerca mu Corer MK]] nogepuem
cobcreennnkor? / Does the Council
trust of the owners?

2L - /|
JHa/Yes SarpymHarocs Her /No

OTESTHTE /

Difficult to

answer

3naere au Bel a1enoe Corera pamero goma? /
Do vou know of members of the Council
of your home?

40
30
o |- -

Ia/ Yes Her/ No

JHao, HO He
Beex / Know,

but not all

Kaxuwm 06pazom Bul yHacTEyeTe B yIpaBIeHHE
ceoum gomom? [ How are you involved
in running your home?

80
i
40
20

0 L—
Ipumpvan pemenne
Ha ODIIHX COOpaHHTX

COOCTECHHHEOE
ToMeITeHHT [
I make decision
of the General meeting
of owners of premises

Vaacteyio
B PasTHIHBIX
MEPOTIPHATHAX
e gome / Participate
in various activities

He yaacteyio /
I don not participate

at the house

Ounennte crenens Bamero sgakomcTEa
€ OCHOBHEIMH JOKYMEHTAMH, BIHAIIHME Ha
cogep:kanne Bamero qoMa i npejocTaEaenHe
KOMMYHAIBHBIX YCIYT B TeKYIIeM rogy /
Please rate the degree of your acquaintance
with the basic documents, influencing
the contents of your home

0 = —

Kopomo Yactraso He znaxom /
3HAKOM / 3HAKOM / Do not familiar
Familiar Partially

familiar

P u c. 16. Pesynbrarsl oHNaiiH omnpoca

Fig. 16. The results of the online survey

JUYHBIX JKYPHAJIOB, CIEJICTBUEM Yero
CTajl JOCTaTOYHO HHM3KAWA Tapud 1o
crarbe «Bo3HarpaxaeHue mpeacenare-
st MKJI» — 1,3 py6./m%. Taxke B CBSI3H
C MEepexoAoM K OHJAWH TOJ0COBaHU-
AM TPH MPOBEACHUHM OOIIUX cOOpaHui
COOCTBEHHHMKOB KWJIbsl OBLI OTMEYacH
3HAYUTENbHBIH POCT YHCIa COOCTBEH-
HUKOB, TIPHHHMAIOIIUX Y4YacTHE B Ta-
KUX CcOOpaHusx M, CJICAOBATEIBHO,
B ynpasyieHuH JoMoM (¢ 63 % B 2016 1.
1o 94 % B cepenune 2017 1.), 4TO Cro-
COOCTBYEeT TPO3PAavyHOCTH paCXOAO0Ba-
HUAS COOpaHHBIX CPEICTB W, B HWTOTE,
6onee 3p(HeKTHBHOMY pacmpeeseHUIo
JICHEKHBIX MOTOKOB.

O0cy:xneHue U 3aKJII0YeHUs

B craree ommceiBaeTcsi pazpaboTaH-
HBII aBTOpaMH TPOTOTHIT TPOTPAMMHOM
CHUCTEMBI ISl aBTOMATH3aIMU JesTellb-
Hoctn Coera MKJ[ B KITHUIITHO-KOM-

114

MyHanbHOH cepe. Coznanue Takol cuc-
TEMBI SIBIISIETCS aKTyaJbHBIM, IOCKOIBKY
OHa TIO3BOJISIET KOHTPOJIMPOBATh Ka4eCTBO
BBITIOJHSIEMBIX paboT MO JIOMY, TPOBEPSITH
WCIIOJIHEHHUE YIPABIIAIONIEN KOMITaHUEN
JIOTOBOpA C >KUIIBIIAMH, MTPEACTABIATh UH-
TEpEeChl KHIbIIOB M IMPEAOTBpAIaTh 3J10-
YHOTpeOIeHUsI CO CTOPOHBI YIIPABIISIO-
IIIUX KOMITaHH.

Kak moxa3zan aHanu3 CyIiecTBYIOINX
cuctem B chepe JKKY, oHn He B MONIHOM
Mepe aBTOMAaTH3HPYIOT BECh KOMILICKC
pabor mo ympasnennro MKJ[. B mpen-
CTaBJICHHOW CHCTEME pean30BaHBI JIO-
MOJTHUTEIIFHBIE BO3MOXKHOCTH, KOTOpBIE
HE TMpeayCMOTPEHBI B JAPYTUX CHCTEMax:
BBIOOp cnoco0a HayWCIEeHMsl IJIaThl 3a
00I11eI0MOBOE MMYIIECTBO, aBTOMaTH4e-
CKO€ TeHEPHPOBaHUE MPOTOKOIOB OOIIUX
coOpaHuii COOCTBEHHUKOB, pacdeT TapH-
(0B Ha comeprkaHUE OOIIETO UMYIIIECTBA
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u Texyuuit pemontT MKJI Ha crnenyromiuii
nepuoJl TuiaHupoBaHus Oromxera MK/,
ONpEIEICHUE pPa3Mepa BO3HATPAKICHUS
npencenarento MKl u rapuda 3a yemyru
u pabotsl no ynpasnenuto MK/ ympas-
JISIIOIIE KOMITAHUH.

[IpakTryeckass 3HAYUMOCTH Pa3pado-
TAHHOI'O IPOTOTHUIIA 3AKIIOYACTCS B COOT-
BETCTBHHU PEaIM30BAHHBIX B HEM (DYHKITHI
HensiM M 3amadam, crosumM nepen Cose-
tom MKJI u ero npezacenarenem coriacHO
KK PO, a Taxke MPUMEHUMOCTH K perile-
HUIO JIPYTHX PEaTbHBIX MPOOJIeM, BO3HHKA-
IoIMX B Xoze nesreiabHoct CoBera MK,

CrnenyronpmM 3TaroM pPa3BUTHS PO-
TOTHITA MOXET OBITh €ro WHTErpaIys
¢ TocynapcrBeHHOW WHPOPMAITMOHHOM
cucremort JKKX B coorBeTcTBuu ¢ Pe-
[JIJAMEHTOM HWH(OPMAIIMOHHOIO B3aMMO-
nericteust [ MMC JKKX ¢ BHEMIHMMHM HH-
(hopMaIMOHHBIME CHCTeMaMu>’, KOTOPBI
oTpeieNIsieT MpaBuiia U OCHOBHBIC MPOIIe-
JIypBI, CBSI3aHHBIE C MPOLIECCAMU TIpUeMa
U Tiepenadr HHPOPMAIIUU B JIEKTPOHHON
dhopMe 10 TEeIEKOMMYHHUKAIIMOHHBIM Ka-
HaylaMm; Kpome Toro, B Anpbome TOD
ompeneneHsl TpeOoBaHus K Qopmaram
TaKHUX AJIEKTPOHHBIX COOOIICHUH.
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Beseoenue. s xoHTposs 3pHEeKTHBHOCTH 00pa30BaTeIbHON ACSATEILHOCTH BY30B MPO-
BOJHUTCS €KETONHBI MOHUTOPHUHT. MUHHCTEPCTBOM 00pa3oBaHMs U Hayku Poccuiickoii
®denepanyu ObUIN YCTAHOBIICHBI MOPSAOK IPOBEJCHHS JaHHOTO MOHHUTOPHMHIA U & TO-
POTOBBIX 3HAUCHMH TMOKa3zareneil appexruBHOCTH. Ecm Gonee 4 mokaszareneil okaxyT-
Csl HIDKE JJAHHBIX 3HAYEHMH, By3 JIMILIAETCS MpaBa Ha OCYIIECTBICHNE 00pa30BaTelIbHOM
JIeATeTbHOCTH WiN pedopmupyeTcs. B HacTosmmee BpeMst OTCYTCTBYET CHEIHaIn3HupO-
BaHHOE IPOrpaMMHOE O0ECIIeUeHHe I OCYIISCTBICHUSI ONEPATHBHOTO YHPaBICHHS
nmokasaTesiMi 3G peKTuBHOCTH. Llenblo necenoBanus SBIsETCS pa3padoTKa MaTeMaTH-
YEeCKUX MOJIeNIel, METOJIOB ¥ MPOrpaMM JJIsl MOACIUPOBAHMUS ¥ TPOTHO3UPOBAHUS MTOKa-
3areneil 9 PEeKTUBHOCTH 00pa30BaTEIbHON ESITENEHOCTH By3a.

Mamepuanvt u memoowi. Pa3zpaboTaH KOMIUIEKC MAaTeMaTHYeCKUX MOJENICH, COCTOs-
Ui U3 MOJIENM CUCTEMHOM AMHAMMKU U PETrpecCUOHHON Mojenu. B kauectBe Mo-
JIETUPYEMbIX TePEeMEeHHBIX HCIIOJIb30BAJINCh 0a30Bble TOKa3aresnu 3(pdeKTHBHOCTH:
oOpa3oBaTenbHas AEATETBHOCT By3a, HAyYHO-HCCIIEIOBATEIbCKAs IETEIBHOCTD, Me-
XKITyHApOJHAs JeITeIbHOCTh, (PMHAHCOBO-IKOHOMHYECKasl JeITeNbHOCTh, 3apaboTHast
IaTa mpogeccopeKo-MPernoaBaTeIbCKOT0 COCTaBa, TPYAOyCTPOICTBO BEITYCKHUKOB,
KOHTHHIEHT CTY/CHTOB, JOIOJHHUTENFHbIE OKa3aTelnn 0o0pa30BaTeNIbHBIX OpraHu3a-
uii. BeimomHena mpoBepka afeKBaTHOCTH Pa3pabOTaHHBIX MAaTeMaTHYEeCKHX MOje-
nei ¢ moMmoIblo (GakTHUeCKUX 3HauYeHHH mokaszareneil sddexruBHocTu. [IpuBeneno
ONMCAHNE YHCIEHHOTO METOJa peIIeHHs CHUCTeMbl Au((epeHINANbHBIX ypaBHEHUH
C MOMOIIb «PYYHOT0» MHTETPUPOBAHHS C MPUMEHEHHEM PEKYPPEHTHOH TpPeXIIaroBoi
MIPOLEAYPH! ¢ MHTYUTHBHBIM BBIOOpOM mmara. JlaHHBIN MeTox OCHOBaH Ha MeTone PyH-
re-KyTTsl 4-ro nopsjka TOYHOCTH.

Peszynemamut uccneoosanus. Ilokazan mpuMep pacdeTa NIPOTHO3HBIX 3HAYEHMI MOKa3a-
tenel adexrnBHocTn banmakosckoro ¢uimana ®I'BOY BO «PAHXul'C» Ha BpemeH-
HoM uHTepBaie [0; 3] roga ¢ UCHONB30BaHUEM Pa3pabOTaHHOTO MaTeMaTHYECKOro obec-
neyeHus. OmycaHa nporeaypa BHIUUCICHHST KBaJIPATUYHOTO KPUTEPHS, TPUMEHIEMOro
JUIS ONEPaTHBHOTO YMpaBIECHHUsS MOKa3aTeIsiMH 3(QQeKkTHBHOCTH. Benmmumna manHOTrO
KPHUTEpHs ONpe/esseTcs ¢ noMonpio Merona CHMIICOHA M UCKYyCCTBEHHOH PEKKYpPEeHT-
HOW HEHPOHHOW CeTH DIIMaHa, YTO MO3BOJIAET MOBBICHTH TOYHOCTH BRIYHCICHUH. [Ipu-
BeJIeHa CTPYKTypHasi cXeMa B3aMMOJICHCTBHUS MOJIb30BaTeIeH C MPOrPaMMHBIM MOJYJIEM
B IIPOLIECCE MOHUTOPUHTA.

Obcyacoenue u 3axmiouenus. Pa3paboTaHHOE MaTEeMaTHYEeCKOE W MPOrpaMMHOE obec-
MeYeHNe MOXKeT HCIOJIB30BaThCs JUIS MIPOTHO3MPOBAHMS TTOKa3aTenel 3(h(eKTHBHOCTH
00pa3oBaTeIbHON JIEITeTbHOCTH By3a NPU OCYIIECTBICHHH MOHHTOPWHIA, YTO CyIIle-
CTBEHHO CHIDKAET BEPOATHOCTH BOSHHKHOBEHHS KPHUTHUECKHUX CHUTyaruid. OmepaTuBHOE
yIpaBieHHe MoKa3ares MU P(EKTUBHOCTH MPOBOAMUTCS C MOMOLIBIO BapbUPOBAHUS
3HaYEHUH KBaJPAaTUIHOTO KPUTEPHSI.

© SugeibaeBa H. B., 2018
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Modeling and Forecasting Performance
Indicators for Educational Activites
of Higher Educational Institution

N. V. Yandybayeva

Balakovo Branch of the Russian Presidential Academy
of National Economy and Public Administration
(Balakovo, Russia)

‘nat07@inbox.ru

Introduction. In Russia, the effectiveness of educational activities of higher educational
institutions is monitored on an annual basis. The Ministry of Education and Science of
the Russian Federation established the monitoring procedure and eight threshold levels
for performance indicators. A university may be revoked or reformed if at least four
important indicators are below threshold levels. There is no special software for op-
erational management of performance indicators. The aim of the research is to develop
mathematical models, methods and programs for modeling and forecasting performance
indicators.

Materials and Methods. The developed complex of mathematical models consists of
a model of system dynamics and a regression model. As the simulated variables, the
basic performance indicators of the educational activities of the university are used: edu-
cational activities, research activities, international activities, financial and economic ac-
tivities, the salaries of teaching staff, employment of graduates, a contingent of students,
additional indicators of educational organizations. The adequacy of the developed math-
ematical models was checked with the help of actual values of performance indicators.
The description of the numerical method for solving a system of differential equations
through “manual” integration via use of a recurrent three-step procedure with an intui-
tive step selection is presented. The method is based on the Runge-Kutta method of the
fourth order of accuracy.

Results. An example of calculating the predicted values of the performance indicators
of the Balakovo Branch of the Russian Presidential Academy of National Economy and
Public Administration on the time interval in [0;3] years using the developed software
is presented. The procedure for calculating the quadratic criterion used for operational
management of performance indicators is described. The magnitude of the quadratic cri-
terion is determined through using the Simpson method and the artificial Elman recurrent
neural network to improve the accuracy of the computations. The structural scheme of
interaction of users with the program module during monitoring is provided.

Discussion and Conclusions. The developed mathematical software can be used to pre-
dict the performance indicators of the educational activities of the university in monitor-
ing. This method reduces significantly the probability of emergence of critical situations.
The operational management of performance indicators is carried out by varying the
values of the quadratic criterion.
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BBenenne

OpHUM W3 TIOKasaresiel HallMOHAaJb-
Hoi Oe3omacHocTh Poccuiickoit ®enepa-
UM SBISIETCS YPOBEHb OOECIIEYEHHOCTH
pecypcamu 00pa3oBaHUSI U HAYKH (B TIPO-
nentax ot BBII) [1]. HecomMHeHHBIM SIBITSI-
eTcsl TOT (DaKT, YTO YeM OOJIbIIIe BHUMAHUSI
TOCYIapCTBO yACISIET PAa3BUTUIO HAyKH
n oOpazoBaHus, TeM Oonee APPEKTHBHO
paboTaeT IKOHOMHUKA, PACTYT TEMITHI Hayd-
HO-TEXHUYECKOTO TIporpecca W, KaKk CIef-
CTBHE, YBEJIMYUBAETCS OJarocoCTOsSHUE
rpak/JaH.

Pemenne npoONEeMBbl  MOBBIMICHHUS
KadecTBa oOpa3oBaHUsl B By3ax Poccum
CIOCOOCTBYET IOBBIIICHUIO TIPECTHXKA
POCCHICKOTO  BBICIIETO  OOpa3OBaHUS
M ero yCIEUIHOW WHTErpalid B MEXIy-
HapOJHOE HayYHO-00pa3oBaTeIbHOE TPO-
CTPaHCTBO. J[J15 OIICHKH KauecTBa BhICIIIE-
ro oOpa3oBanusi B Poccum ucmonb3yercs
onpeneneane 3PGEKTUBHOCTH 00pa3o-
BaTEeNLHOW JIEATEIILHOCTH By3a IOCPEN-
CTBOM MOHHMTOpUHTA. (OCHOBHAas LEib
MOHHUTOpUHTA — (OpMHUpOBaHUE UHPOP-
MaIMOHHO-aHAJIMTUYCCKUX MaTepHaloB
00 00pa30BaTeNbHBIX OPTaHU3AIIUSAX BBIC-
mero 00pa3oBaHuUs C IENbI0 KOHTPOIIS UX
00pa30BaTebHON MeATENTFHOCTH.

MOHUTOPHHT TIPOBOJUTCS B HECKOJIb-
KO JTaroB.

1. Onpenenenue KIIOYEBBIX HAaIpaB-
JICHUH JeSITETFHOCTH 00pa30BaTeIbHBIX
OpraHu3aIui.

2. BeipaOoTka rmoka3aresieif iX OICHKH.

3. Coop u BepuduKanus MepBUUHBIX
JTAHHBIX CTATHCTUKH.

4. Ananu3 JaHHBIX W IOATOTOBKA
MIPEAIOKEHUM:

— pacueT mokasarened 3¢dexTuBHO-
CTH ACATEJILHOCTH 00pa30BaTEIbHBIX Op-
TaHMW3alui U UX QUINAJIOB;

— OIIpENEICHUE MTOPOTrOBbIX 3HAUCHUI
Ha OCHOBE MEJMAaHHBIX 3HAYCHHI MOKa3a-
Tesiel B paMKax pe)epeHTHBIX IPYII.

5. [lyOnukauus pe3yabTaToB MOHHTO-
pHHra.

6. Hcnonp3oBaHue pe3yibTaroB MO-
HUTOpUHTA JUISI TPUHATHS — PEIIeHUH
VUPEIUTENIMA W TpHU  TJIAHWPOBAHUU
KOHTPOJIBHBIX MEpONpHUATHH B 00IacTu
oOpazoBanust OenepanbHol Ciry:k00H 1O
HaJ30py B cepe 00pa3oBaHus U HAYKH'.

TToxazarenmu >heKTHUBHOCTH By3a pac-
CUUTHIBAIOTCS HA OCHOBAaHHMU «MeTOINKH
pacdera IoKa3arelieii MOHUTOpUHra 3¢-
(eKTUBHOCTH 00pa30BaTEIbHBIX OpraHu-
3arui Beiciiero oopaszosanus 2017 roma»?,
B KOTOPOI1 ONpe/iesieHbl IIOPOrOBbIE 3HAYE-
HUS TIoKazarened A(PQPEKTUBHOCTH Jes-
TEJBHOCTH 00pa30BaTeNbHBIX OpraHU3a-
LU BeICIIEro oOpa3oBaHus (Tadi. 1).

By3bl OTHOCSTCSI K MMEIOUIMM TIPH-
3HAKH HEIPPEKTUBHOCTH B TOM CIydae,
ecnu oOpa3oBaresbHasl OpraHnu3alusl WIn
ee ¢uaman JOCTUraeT MOPOroBOro 3Have-
HUs JTI00BIX 4 n3 § mokazareneit (cormac-
Ho llpukasy MunucrepcrBa o06pa3oBa-
Hus 1 Hayku PO ot 13.03.2017 . Ne 222
«O mpoBeneHnn MoHHTOpHHTA 3ddek-
TUBHOCTH 00pa30BaTEIbHBIX OpraHu3a-
IIA{ BBICIIIETO 00PA30BaAHUS» ).

B 2017 . MexBenoMcTBEHHAsI KO-
MUCCHSI TIOA TIPEACENaTeNbCTBOM IJIaBbI
MuHOOpHayKH NpoaHaIM3UpOBaNa mAes-
TeJbHOCTE 769 By30B 1 692 ¢dunnanos
u npuzHana HeaddexruBapMU 107 By30B
1 (HUITHAIOB.

! Caiit riaBHOro HH(OPMAIMOHHO-BBIYUCIMTENLHOTO eHTpa MUHHCTEPCTBA 00OPa30BaHUs U HAYKH
Poccwuiickoii deneparuu. URL: http://indicators.miccedu.ru/monitoring/?m=vpo

2 Meroanka pacyera nokasaresieil MOHUTOpHHra 3(G(EKTHBHOCTH 00pa30BaTe/bHBIX OpraHU3aIHid
BhIiciero oopazoBanus 2017 romga. URL: https://www.garant.ru/products/ipo/prime/doc/71535890
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Tabnuma 1

Table 1

Iloporossble 3HaYeHUs NMoka3aTeeil 3(PGeKTUBHOCTH BBICIINX Y4eOHBIX 3aBeeHUM

Threshold values of performance indicators of higher education institutions

IToxazarens a¢pexruBHOCTH / Performance indicator

IToporosoe

3HaueHue /

Threshold
value

E.1.1. Obpazosamenvrasn desmenvrnocmy. CpeqHUil 0al CTyACHTOB, MPUHATHIX
no pesyabraram EI'D Ha o0y4eHue 1o nporpaMmam OYHOM HOJATOTOBKH OakallaBpuara
U CHELHaINTeTa 32 CYET CPEICTB COOTBETCTBYIOIINX OFODKETOB OIO/PKETHON CHCTEMBI
P® 1 ¢ omu1aToii CTOMMOCTH 3aTpar Ha 00y4ueHHe PU3NUCCKIMHU U FOPHINYCCKHUMH JIHLA-
mu, 6amel / Educational activity. The average score of students accepted by the results
of the Unified State Examination for full-time education according to the Bachelor’s
and Specialization programs at the expense of the corresponding budgets of the budget
system of the Russian Federation and with the payment of the cost of training costs by
individuals and legal entities, ponts

60,00

E.2.1. Hayuno-uccnedosamenvckas oeamenvrocms. O0beMm HUOKP B pacuere
Ha OJJHOTO Hay4dHO-nenarormdeckoro padoruuka (HIIP), Teic. py6. / Scientific and re-
search activity. The volume of research and development per one scientific and peda-
gogical worker (SPW), thousand rubles

51,28

E.3.1. Mexxcoynapoonas doesamenvHocms (nokazamenv 0iis 6y306). YIENbHbBIA BeC
YHCICHHOCTH HHOCTPAHHBIX CTY/ICHTOB, 00yUaIOIIMXCs [0 porpaMMam GakaiaBpua-
Ta, CIENUATNTETa, MATUCTPATYPbl, B O0IIEH YHCICHHOCTH CTYJCHTOB (TIPUBEICHHBII
KOHTHHTEHT) / International activity (indicator for universities). Specific weight of
the number of foreign students studying under the Bachelor’s, Specialized, Master’s
programs, in the total number of students (estimated contingent)

1,00

E4.1. Qunancoso-sxonomuueckas desmenvHocms. JloXomsl 00pa3oBaTeIbHON
OpraHu3aluy U3 BCeX MCTOYHUKOB B pacuyere Ha oxuoro HIIP, teic. py6./ Financial
and economic activity. Revenues of the educational organization from all sources per
SPW, thousand rubles

1327,57

E.5.1. 3apabomnas nnama npogeccopcro-npenooasamensvckoeo cocmasa. OTt-
HOLIECHHE 3apabOTHON IIaThl PO ECCOPCKO-TIPEIOABATENBCKOTO COCTABA K CPEHEH
3apaboTHOI! IIaTe 110 SKOHOMHUKE peTHoHa, % / Salaries of university teachers. The ra-
tio of the salaries of the university teachers to the average wage for the economy of
the region, %

150,00

E.6.1. Tpyooycmpoticmeo. YrnenbHBII BeC BBITYCKHHKOB, TPYIOYCTPOHBIIMXCS
B TEUEHHE KaJICHAApHOTO Troja, CJIEIYIOIIEero 3a TOJOM BEITyCKa, B OOIIEeH YHCIIeH-
HOCTH BBITYCKHUKOB 00pa30BaTeNbHOIl OpraHM3aluu, 0Oy4aBIIMXCS MO OCHOBHBIM
00pa3oBaTeIbHBIM IIpOrpaMMaM BhICIIEro obpaszoBanusi, % / Employment. Share of
graduates who have found employment in the calendar year following the year of
release, in the total number of graduates of the educational organization trained in the
main educational programs of higher education, %

75,00

E.7.1. Konmuneenm cmyoenmos. [IpuBeNeHHbBI KOHTHHTEHT CTYICHTOB, €I. /
Contingent of students. Estimated contingent of students, units

220,00

s

E.8.7. Jlononnumensuvie nokazamenu oopazosamenvHulx opeanuzayuil. YucneH-
HOCTH cOTpyIHHUKOB, U3 uncia [II1C (mpuBeJeHHbIX K 0JIe CTaBKH), HMEIOIIHX yde-
HbIC CTCMCHM KaHIUAATa WM JOKTOpa Hayk, B pacuere Ha 100 cTymneHToB, en. / Ad-
ditional indicators of educational organizations. The number of employees, from the
number of teachers (reduced to the share of the rate), having a scientific degree of
a candidate or doctor of science, per 100 students

2,78

B cBsi3m ¢ 3TUM BO3HHMKAeT HEOOXO-

CHUCTEMBI By3a OCYHICCTBUTHh UMUTAILIMOH-

JUMOCTh Pa3pabOTKh MaTeMaTHYeCKHX
MOJIEIEH, AITOPUTMOB M IPOTpamM, IIO-
3BOJISIIOLIMX B paMKax MH(OPMALMOHHON

Computer science, computer engineering and management

HOE MOJICTUPOBAHNE ¥ TIPOTHO3UPOBAHHE
OCHOBHBIX TOKazaTened 3PeKTUBHOCTH
JeSITEIBHOCTH By3a, a Takke pa3paboTka
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METOIUKH OTEPATUBHOTO YIIPABICHUS MO-
KazaTesiMi 2P PEeKTUBHOCTH.

O0630p uTepaTypsbl

OcobeHHOCTH 00pa30BaTEIIBHOTO TIPO-
1ecca B BBICIICH IIKOJIE ObIIN IPOaHATH3H-
posansl B Tpynax K. Apmxupuca, C. bo-
roMmoiioBa, A. Aranbersna, B. Baiigenko?,
O. Buxanckoro, A. JlxxypuHnckoro, J. [le-
MuHra! U ip. YYeHbIMH HCCIIEI0BAIINChH
BOIIPOCHI KOHTPOJISI U yNpaBJICHUS Kade-
CTBOM C yYETOM OCHOBHBIX IMPHHIUIIOB
TEOPUH YIIPABIEHUS U C UCTIOJIb30BAaHUEM
OMbITa BHEIPEHUS! TEPEIOBBIX METOIHK
oOyuenusi. B Hacrosimee Bpemsi B Poc-
CUM JJIsl TIOJy4eHHs JIMLEH3UN Ha o0Opa-
30BaTENIbHYIO JEATEIbHOCTh BY3 JOJKEH
MPONTH JINIIEH3UPOBAaHUE M AaKKpenuTa-
1uto. OcoO0EHHOCTH MPOBEICHUS JaHHBIX
NpOoLeAyp OMHCaHbl B HOPMAaTHBHO-IIPaA-
BOBBIX JIOKYMEHTaX M TpyJax HCCIIel0Ba-
teneii B. I. HaBognoga, I'. H. MoToBoii [2]
u 1ip. O1HAKO NpU NPOBEICHUHU NPOLELYP
JUICH3UPOBAHNS M aKKPEAUTAIIUN BO3HU-
KalOT OTpeJesIeHHbIE MPOOIeMbl, OCHOB-
HBIMH CpEOU KOTOPBIX SIBISIOTCS MEpH-
OJMYHOCTh OKCIEPTU3bl M OTCYTCTBHE
ydeTa BO3JIEHCTBUS pa3InuHbIX (PaKTOPOB
Ha KauecTBO 00pa30BaTeIbHOIO IpoLecca
Ha TSATHJIETHEM HHTepBasie. Bcienctsue
3TOrO TMOKa3aTeidu akKKpeIuTaIluH, pac-
CUUTAaHHBIE HA OCHOBE OJIHOMOMEHTHOTO
3aMepa, He MPEeJOCTABIAIOT aAMUHUCTPA-
1K1 OOBEKTUBHON M TOYHOH MH(pOpMannn
0 TEKYIIEel CUTyaIlK B By3e>.

st onmcanust 06pa3oBaTeILHOTO MPO-
ecca TakxKe UCTIONB3yeTCsl OOJBIIOE KOJH-

YeCTBO IOKa3aresiel, N3MEHEHHE KOTOPBIX
TpedyeT muTenbHOro BpeMeHH. [1omo0HbIe
MpoOIIeMBI XapaKTepHBI TaroKe IS TIpoIIe-
JTypBI MOHUTOPHUHTA 3PPEKTUBHOCTH.

Bompocamu pa3paboTku ¥ HCIONB30-
BaHUS MAaTEMaTUYECKUX MOJIENICH JUIsl KOH-
TpoJsIKa4ecTBay4eOHOrOpoLiecca3aHuMa-
auch Takue ydeHble kak O. A. ['pannunna’,
B. I1. Cyxunun [3], M. B. Topuienuna [4],
B. N. Memankun’. MccnenoBaHuio mpo-
OneM pa3paboTKy MareMaTHYeCKHX MOjie-
JIel, AITOPUTMOB U TIPOTPAaMM TIOCBSIIIICHBI
TaKKe HEKOTOpbIE padOThl aBTOpa JAHHON
craTtbu [5—6].

CylIeCTBYIOIUNA METOI0JIOTMYECKUI
amnmapar He MPeIoCTaBIIeT BO3MOKHOCTH
MPOTHO3UPOBAHMS TIOKazaTeled aKKpe-
JUTAlU 1 MOHUTOPHHTA, YTO, B CBOIO
odepenb, HE TMO3BOJSET aAMUHUCTPALUU
CBOEBPEMEHHO yCTPAHUTh BO3HUKAIOIIHE
HETaTUBHBIC TEHICHIINW W CHIDKAET JIO-
CTOBEPHOCTH TPOBOIUMON DKCIEPTHU3BI.
OtcyTcrBue 3((GEKTHBHBIX MaTeMarnde-
CKUX MOJIeTICH U METOJIOB, MO3BOJISTIOIINX
OCYILECTBIISITh AHATUTHYECKOE MOACIH-
pOBaHHE WM TIPOTHO3UPOBAHHE IIOKa3are-
neit sddekTnBHOCTH 00pa30BaTEIBHOM
JIEeSITETIFHOCTH BYy3a, OOYCIOBHJIO aKTy-
AIBHOCTD TIPOBEJICHHOTO HCCIICAOBAHMSI.

OcobeHHOCTH pa3pabOTKH aBTOMA-
TU3UPOBAHHBIX MH()OPMALMOHHBIX CHC-
TeM, B T. 4. JUIsi 00pa30BaTelbHBIX Op-
raHu3anui, ObBUTH TPOaHAIU3UPOBAHEI
B Tpydax Kak poccuiickux (A. M. bep-
mazackoro?, A. C. Kiemena’®, JI. A. Ho-
BukoBa [7], O. U. Jlapuuena [8]), Tak

3 Baiinenko B. M. Bomowckuii mporecc: cepeauna mytd. M. : MccneaoBareabCKUi EHTpP Mpo-
OneM KauecTBa MOMTOTOBKH criennanucto. Poccuiickuit HoBorit Yausepcuret, 2005. 370 c. URL: http://

window.edu.ru/resource/938/66938/files/04 349.pdf

* Edwards D. W. The new economics for industry, govermment, education. MIT Press, 2000. 247 p.

URL: https://bookree.org/reader?file=1442225

> Odpumanbhbiii caiit ®T'BY «PocakkpenarentctBo». URL: http:/nica.ru

® Tpannunna O. A. KoHTpoJIb KauecTBa 00pa30BaTebHOTO Mpoliecca B By3ax Poccu u 3a pyGexkom.
CII6. : Uzn-o CIIGI'Y, 2006. URL: https://elibrary.ru/item.asp?id=19130857

” MemaJjkun B. W. YupexeHust BHICIIEr0 U CpeHero npodeccronansHoro obpasosanus B Poc-
cuiickoit Denepanun: aKKpeAUTAIHS — caMoo0cienoBanue — peiturr. M. : M3n-so PY/IH, 1995. 136 c.

8 Bepmaackuii A. M., Bypykuna U. II. MupopmannonHas ciucrema KadeapaabHOro J0KYMEHTO-
obopota // Tenemaruka : Tp. XVI Beepoc. Hayd.-metoa. kord. CI16., 2009. T. 1. C. 149-150.

* Knemes A. C., YepusixoBckasi M. FO. CoBpeMeHHOE COCTOSIHHE KOMITBIOTEPHO# 00pabOTKH 3HA-

uuit // C6. Hayd. Tp. Bragusoctok, 2001. C. 273-284.
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u 3apyoexnbix yuensix (I. F. Codd [9],
T.R. Gruber'?, G. Piatetsky-Shapiro [10],
U. Wang'' u np.).

B poccuiickux By3ax sl OIEHKH
3()(GEKTUBHOCTH HX JEATSIBHOCTH HC-
MOJB3YIOTCS  CICAYIOUIME MPOTrpaMMHBIE
peleHns. ABTOMAaTHU3UpOBaHHAasT HHPOP-
ManuoHHas cucrema «Hayka» ¢yHkuumo-
Hupyer B @®PI'BOY BO «Camapckuit
TOCYIapCTBEHHBIH TEXHUYECKUN YHUBEP-
curery. OHa mpeHa3zHavYeHa JUIsl aHali3a
pe3y/IbTaTOB W YNpaBlCHHS HAyYHO-HC-
CJICIOBATEIILCKON IS TEILHOCTBIO TPO-
(eccopcko-Ipeno1aBaTesIbCcKOro cocTaBa
YHHMBEPCHUTETA.

Kpome »3toro, mnst apromaruzanuu
NpoIIeCCOB B By3ax wucroib3yercs «[a-
JaKkTHKa Ynpasienue Bysom»'? — cos-
peMeHHass WHPOpPMAIMOHHAs CHCTEMa,
OCHOBHBIMH ~(YHKUHUSIMH KOTOPOH  sIB-
JISIOTCS:  OCyIIeCTBIeHHEe JPPEKTHBHO-
ro IJIAHUPOBaHUS Y4eOHOro mpolecca;
00beIMHEHHE OCHOBHBIX MOJpPa3ICICHUN
B €IMHYI0 WH(QOPMAIMOHHYIO CHCTEMY
By3a; CHIDKCHHE TPYIOEMKOCTH Mpolec-
COB 00pa0OTKM JIaHHBIX; OOECIeUeHHE
KOHTPOJISI U yNpaBieHHUS (UHAHCOBBIMHU
U KaJpOBBIMU pecypcaMu U 1p. OTMeTum
Takke NH()OPMAITMOHHYIO CUCTEMY « YHU-
BEPCHUTET», aBTOMATU3UPYIOIILYIO MpoIiec-
CBl YNIPABJICHUS JESTEIbHOCTHIO BBICILIETO
yueOHOTro0 3aBeICHNUS U YCIELIHO (DYHKIHO-
Hupytouryro B ®I'bOY BO «CraBponons-
CKHI roCcy/1lapCcTBEHHBI YHUBEPCUTET.

O0mmMHy HEeOCTaTKaMHU BEINIETICpe-
YHUCICHHBIX HWH()OPMAIMOHHBIX CUCTEM
SBJSIFOTCSL CIIOKHASI apXUTEKTYypa, a TaK-
Ke CIa00CTPYyKTypUpPOBAaHHAs CHCTEMa
9KCIIOpTa ¥ UMIIOpTa AaHHBIX. Hu onHa u3
HHUX HE IIPEIHAa3HAuCHA Il BBIYMCIICHUS
MPOTHO3HBIX 3HAYEHWH ToKazarenen 3¢-
(eKTHBHOCTH 00pa30BATEILHOM JCSATEINb-
HOCTH BY3a.

3agadeii Mcciaeq0BaHUs SIBISETCS pa3-
paboTka MaTreMaTHYECKHUX METOIO0B, MO-
Jeneil ¥ mporpaMm [yl MOJIEJIMPOBAHUS
Y TIPOTHO3UPOBAHUS TTOKa3areneit agdek-
TUBHOCTH JESTENHOCTH By3a, a TaKXKe
METOUKH OTEPATHBHOTO YIIPABJICHUS MO-
KazatesiMu YPPEeKTUBHOCTH.

MatrepuaJjibl 1 METOABI

B pa3paboraHHBIII KOMILJIEKC MaTe-
MaTU4ECKUX MOJENeH Uil IpPOBEICHUS
KOMIIBIOTEPHBIX IKCIIEPUMEHTOB I10 TPO-
THO3MPOBAHUIO OCHOBHBIX IOKa3aresei
3 PEKTUBHOCTHU JEATEINLHOCTH By3a BXO-
JSIT MOJICNIb CUCTEMHOM TMHAMUKHU U per-
PECCHOHHAS MOJIEIIb.

B ocHoBy MeTo/1a cucTeMHON AUHAMMU-
K1 TIOJIOXKEHBI CIEAYIOIINE TOMYIIeHNS:

— JIMHAMUKY TIOBEICHUS CIIOKHOTO
Mpolecca MOXHO OTCJEKHBATh C MOMO-
IIbI0 M3MEHEHUSI 3HAYCHUH «ypOBHEI»,
a caMu M3MEHEHHS PeryaupoBaTh «I10TO-
KaM#», KOTOPBIE MTOBBIIIAIOT WA CHUXKA-
10T 9TH YPOBHH;

— BCE M3MCHEHHS B (PYHKIIMOHHPO-
BaHUM CHCTEMbl OCHOBAaHBI Ha «IETIAX
00paTHBIX CBs3eH», KOTOPBIC SIBIAIOTCS
3aMKHYTBIMH LIEISIMH B3aUMOJACHCTBHH.
[TomoOHas 11eb COeMTUHACT MPUINHY JCH-
CTBHUS C €T0 PEe3yJabTaTOM, M3MEHSIOUIIM
COCTOSIHUE OKpY>Karollel Cpepl;

— IIeTJIM 00paTHOMH CBSA3M B CHCTEME CO-
CIMHAIOTCS HEJIMHEHHO, MO3TOMY HHGOP-
Manusi 00 YpOBHSIX CHCTEMBI BIUSIET Yepe3
oOpaTHbIC CBS3M HA CAMH YPOBHH HEIPO-
MOPIHOHAIIBEHO U TPYIHOMPEICKa3yeMo s,

Bribepem B KadecTBe MOACITHPYEMBIX
MEPEMEHHBIX B pa3paboTaHHON Marema-
TUYECKON MOJIEIH MoKa3aresu 3 PeKTHB-
HOCTH JICATEILHOCTH By3a X —X, npuBe-
JIeHHbIe B Ta0I. 1.

Ha puc. 1 npusenen rpad npuauHHO-
CJIC/ICTBEHHBIX CBSI3ed MEXIy MOJEeTUpY-
emMbIMu TiepemMenHbIME X —X,. CTpenkamu

10 Gruber T. R., Tenenbaum J. M., Weber J. C. Toward acknowledge medium for collaborative
product development // Artificial Intelligence in Design. Boston : Kluwer Academic Publishers, 1992.

URL: http://tomgruber.org/writing/onto-design.pdf

' Survey on QoS Management of VoIP / X. Chen [et al.] // Proc. Int. Conf. on Computer Networks

and Mobile Computing, 2003.

12 Odunmanphblii caiit kopropaun «[amaktukay. URL: https://www.galaktika.ru/vuz
13 Forrester J. W. World dynamics. Cambridge ; Massachusetts : Wright-Alien Press, Inc. 1971. DOL:

10.1017/S0770451800029973

Computer science, computer engineering and management

125



%’ BECTHHUK MOPJOBCKOI'O YHUBEPCHUTETA

Tom 28, Ne 1. 2018

MOKa3aHbl PUYMHHO-CIIE/ICTBEHHBIC CBA3U
MEXIy IEepEeMEHHBIMH, KpYKKaMH 000-
3Ha4YeHBl (PYHKIIMOHAJIBHBIE 3aBUCHMOCTH
fX), ..., fg(Xz), ONPE/ICIIAIONINE CTCIICHD
BIVSIHUSL OJTHOM MOJICTIMPYEMO TIepeMeH-
HOW Ha Jpyryro. [IpuunHHO-CIIEICTBEHHBIE
CBSI3M ISl pa3pabOTaHHOW MOJIENH ObLTH
BBIOpaHbI IyTEM U3Y4EHUS] MHEHUH SKCIIep-
TOB, TTOATBEPKICHHBIX IKCIIEPUMEHTAIIHHO
TIpY TIPOBEJICHWH MOHNUTOpUHTA B barakos-
ckoM prmmmane PI'BOY BO «PAHXul Cy.
IIpoanann3upyem Npou3BOAHbBIE MOJIE-
JIMPYEMBIX MEPEMEHHBIX X —X| KaK (yHK-
UM JJAHHBIX [TEPEMEHHBIX. HpomBo;[HLIe

dx, (1)
YPOBHEH IO BpEMEHU o , i=1..n, KO-

TOpPBIC HA3bIBAIOTCS TTOTOKAMH, SIBIISFOTCSI
CKOPOCTSIMU U3MEHEHHs! YPOBHEH! B €IMHU-
Iy BpeMeHH. B 3TOM cityuae CBS3U MKy
NOTOKAMHU U MOJCITHPYEMBbIMHU IEPEMEH-
HBIMU OyIyT MMETh BUJ cUCTeM Tudde-
PCHIMAIBHBIX YPaBHCHUIA:

dx; ()
dt

Hns nonxona . @oppecrepa B cuc-
TEeMHON AMHAMHUKE XapaKTEepPHBI yIIPOLIe-
HUE U JICKOMITO3HIINS CHCTEMBI.

=F(X,(1),..EX, (1)), i=1..n. (1)

Hpe,[[CTaBI/IM (yukunn F B BUIIE pas-
JIOKEHHUI B PAJ IO CTETCHsM X, (1), 1 Ipo-
aHAJM3UPYEM IIEpPBbIC, JIMHEHHBIC, YWICHBI
paznoxkenus. KoaddunueHTs npu diie-
HaxX Ppa3JIoKEHHUS OIMPEeNIIoTCS dKCIle-
pumenTtanbHo. CHcTemMa B 3TOM ciydae
MeeT BUI:

dx, (1)

7 = O +0‘1,1)(1(0Jr

oo, X, (1), i = 1..n, 2)
e mpowssenenust o, X,(1), i = l..n —

TEMIIBI -0 TIOTOKA; { — BpeMs.

ITockonbKy cllO)KHasi CUCTEMa HEJd-
HEHHa, IyCTb TEMIIbl 3aBHCSIT OT ypOB-
neit: o, =«q, (X,(0),..X, (1)), k=1..n.
VYKka3aHHas 3aBUCUMOCTb UMEET MYJIbTH-
IJIMKaTUBHBIN BUA:

&, (x,(0),..x,(2) =
S (X (t))fzkn (x,(0),
k=1..n,

IIE o, — KOHCTaHTBI U3 ypaBHEHus (2).
Kaxcszm U3 DJIEMEHTOB f % ,,l l.n

MYJIBTUIUIMKATUBHOM MOZAENH  3aBUCUT

TOJBKO OT YpoBHS X|(f). 3a «Oa3oBoe»

3)

of SPW

- HITP / Number -

OTgncIIeHHBIC
CTYOEHTHI / ..
Expelled students

Crmxenme 1H¢Ia

CTYIIEHTOB /
Decrease v

in the number of students

® 3alUTHBINHECH
‘ < acrIpaHTHI /
Defended Ph.D.
candidates
- >(
=
VBennueHHe YnciIa
@ cryneHToB / Increase
{ e in the number
of students
qu,. .. Crertuduxka By3a /
‘{ ) Specificity

of the university

Kpanuduxars
Tperoqagareneii /
Qualification
of the lecturer

P uc. 1. I'pad) npuINHHO-CIIEICTBEHHBIX CBA3EH MEKTy NEpeMEHHBIME X —X,
Fig. 1. The graph of cause-effect relations between the variables X,—X,
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3HAYEHHUE f;,,, OT KOTOPOIO MOJ BIUSIHH-

€M apryMeHTOB OHU MOTYT OTKJIOHSTbCA

B Ty WJIH UHYIO CTOPOHY, TPUHUMAeTcs 1.
Takum 0Opa3zoM, MOJENb UMEET BUA:

PO g+ 3w [ O X0, 1= 1 (4)
k=1 =1

Cucrema ypaBHeHHH (4) IaeT 1eKoM-
MO3ULHMIO HCXOIHOW CHUCTEMBI OOLIETO
Buma (1)

IIpoananusupyeM MOAEIUPYEMYIO Iie-
pemennyio X, — oobem HAOKP B pacuere
Ha OJIHOTO Hay4yHO-TIEAarorn4yeckoro pa-
6ornuka (HIIP). [Toarpad ms monenupy-
eMOi IepeMeHHON PUBEACH Ha puc. 2.

Banumem s X, muddepennuansHoe
YpaBHEHHE CIIEYIOLIET0o BUA:

dX, (1) _ (F()-PN©)-f,(X;)=-(G(1)-PK(1)) . (3)
dt PS(¢)

rae X (t) tekymuii 0o0bem HUOKP B pac-
yere Ha onHoro HIIP, py0.; F(¢) u G(¢) —
o6veM HUOKP B pacuere Ha ogaoro HITP
Ha HA4yaJI0 ¥ KOHEI[ PacyeTHOro Mepuoa
cooTBeTCcTBEHHO, py0.; PN(f) u PK(t) —
yuciaeHHocTs HIIP Ha Havano u KoHeIl
pacdetHoro nepuoza, uein.; PS(f) — cpen-
HeromoBas unciieHHocts HITP, wer.

AHaJIOTUYHO 3aMUCHIBAIOTCS YpaBHE-
HUSA 111 nepeMeHHLIXX X X

Taxum o0Opazom, pa3pa60TaHHa;1 Ha
OCHOBE CHUCTEMHO-AMHAMHYECKOIO IOA-
X0JIa MaTeMaTH4YeCcKast MOJICIIb UMEET BH/I:

dX,(1) _ EN(t)— EK(1)- fi(X;) .
dr ES(t)
daX,(t) _ F(0)-PN(1)- /,(Xs)—G@)- PK(?) .
dr PS(t) ’
dX,(t)
dt
dX,(t) _ (SK(t)+ Mo(t) +Vr(t)+ PN(1) £,(X,)- f1(X})
&t PS(t) a
X,(f)+ MTO(t) + NR(z)
a PS(t) ’

=M(@®)+Kv(1) = S,(1);

B U0+ 510+ Grioy LX) /(X) -
~(TW+ 1)

6() =SV(0)- /(X)) f5(Xy) = (U0 + SnV (1));

§s

(
a5 O+ B0 f(X;) = D();

dX(1) _ EK(1)+ KP(t) — (BK (1) + KP()) (6)
dt KS() ’

e X, (1)-X(¢) — Texymue 3Ha9€HUsA MOJIe-
JmpyeMbe nepeMeHusIx; EN(f) u EK(f) —
cpenuuii 6amn EI'D Ha Hagamo W KOHEI
pacuetHoro nepuona; £S(f) — cpeaneromo-
BO€ 3Ha4eHue cpeanero 6amia EI'D; K (1) —

O

VBenudeHre pUHAHCHPOBAHHUS

Temn yBenudenus/
Rate of increase

] I'panTter/Grants

X2-06em HUOKP B pacuete Xs
Ha ogaoro HITP/The volume ‘ """"""""

of research and development
work for one SPW

TeMn yMeHbIIeHHA/
Rate of decrease

Number of students

) 4

O

Puc. 2. lloarpa monenupyemotii nepemMmeHHOH X,
Fig. 2. The subgraph of the simulated variable X,

14 Bponckuii FO. U. Jlekuuu 1o MareMaTH4eckoMy W HMHTAIHOHHOMY MoJenupoBanuio. M. ; bep-
mmH : [{upexr-Menua, 2015. 240 c. URL: https://elibrary.ru/item.asp?id=25689955
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eXeroiHas rocy1apCcTBeHHasi KBOTa Ha 00-
yUeHUE 3a pyOeKoM, IIT.; S () — CTOMMOCTh
oOydenus B By3e (py0.); US(¢) — Hammame
yuenoit crerenn y I1I1C By3a; St(f) — paz-
mep craBku [IIIC B manHOM ydeOHOM
roxy, py0.; G(f) —rpaHThl HAyYHBIX (POHJIOB,
py6.; 1(¢) — nmanorwu, pyo0.; /(f) — ypoBeHb
uH sy, %; SK(f) — cpencTBa 4acTHBIX
KommaHu#, py0.; Mo(f) — cpenctea Mu-
HOOpHAYKH, pyO.; Vr(f) — Tekymuii oobeM
(huHAHCUPOBaHUS 32 pacyCTHBINA MEPHO],
py6.; MTO(f) — marepuaabHO-TEXHHYC-
CKasl OCHAIEHHOCTh Y4eOHOro mporec-
ca, py0.; NR(f) — HakIagHble PACXOIbI
By3a, py0.; SV(f) — cripoc Ha GakanaBpoB/
CIICTIAITUCTOB, 4ell.; Snl(f) — KoMm4ecTBO
BBIITYCKHHUKOB TI0 JJAHHOMY HaIlpaBJICHUIO/
CHENUAIBHOCTH, Y€L.; B (f) — KOIMYeCTBO
CTY/EGHTOB OYHOI (OpMBI OOyUEHHS, Yell.;
B(f) — KOMMYECTBO CTYJAEHTOB 3A04YHOM
(hopmel 00yueHHs, dein.; D(f) — Konu4ecTBo
OTYHMCIICHHBIX CTYJCHTOB Ha KOHel yueO-
HOTO TOMa, 4den.; BK(f) u EK(f) — xomude-
CTBO KaH/AWATOB HayK HA HAYaJI0 U KOHEI
pacveTHoro rmepHoia COOTBETCTBEHHO,
yen.; KP(f) — KOTU4ecTBO JOKTOPOB HayK,
npodeccopos, uen.; KS(f) — oOmas uu-
caenHocts [IT1C, gen.

B paspaboraHHO#l MaremaTH4YeCKOM
MOJI€JIN UCTIONb3YIOTCS CIeay oImue QyHK-
IIMOHAJIHBIE 3aBUCUMOCTH: f (X)) — cpen-
Hero 0ajuia CTYJEHTOB OT NMPHBEACHHOTO
KOHTHHIE€HTa CTYIEHTOB; f,(X)) — 3apa-
oortHo# tutatel [II1C ot 06bema HUOKP
B pacuere Ha ogHoro HIIP; £(X,) — noxo-
noB By3a oT oobema HUOKP na omnoro
HIIP; f,(X;) — o6pema HUOKP Ha oxnHo-
ro HIIP or uncieHHOCTH KaHIMAATOB/
JIOKTOPOB HayK; f(X,) — NpUBEIEHHOTO
KOHTHHT€HTa CTYJCHTOB OT YHCICHHOCTH
MHOCTPAHHBIX CTYJIEHTOB; f (X)) — ynenb-
HOT'O Beca TPYIOYCTPOHUBILUXCS BBITYCK-
HukoB or oorema HUMOKP ma omxHOrO
HIIP; f(X,) — oTHomeHus 3apaOOTHON
mwiarel IIIIC or moxomoB By3a U3 Bcex
MCTOYHMKOB Ha onnoro HIIP; fi(X,) —
VAETHHOTO BECa TPYA0YCTPOHUBIINXCS BbI-
MYCKHUKOB OT YHCJIIGHHOCTH KaHIUJIaTOB/
JIOKTOPOB HayK; f((X,) — TNpUBEIEHHOTO

128

KOHTHUHTEHTa CTYJIEHTOB OT J0XOJIOB By3a
U3 BCEX UCTOYHUKOB Ha onHoro HIIP.

DyHKIMOHAIILHBIE 3aBUCUMOCTH (X))
i = 1...9, onpenenstorcsa dKCHEPUMEH-
TaJbHO U MOTYT OBITH amMmpOKCHMHPOBa-
Hbl moauHOMamu 3—4 crenenu. Hampu-
Mep, (QYHKIHOHAIbHBIE 3aBHCUMOCTH
S (X)) u f(X,) MMEIOT crieyrommii BUsL:

fH(X)=1,2-X] -2,6-X; +
+1,7-X; +0,63- X, +0,1;
f,(X,)=-0,52-X, +0,97- X; —
—0,75-X; +1,2- X, +0,14.

C 1enpo MPOBEPKH aJIeKBATHOCTH Ma-
TeMaTuIecKor Mozenu (6) OBIII0O TIPOU3Be-
JICHO CPaBHEHHE PACUETHBIX MOKa3aTese
X —X, ¢ OKa3aressiMu, MOy ICHHbIMH 110
PEerpeccuoHHOM MOAENH, a TakXke C pe-
TPOCHEKTUBHBIMHU JJTaHHBIMH.

Perpeccrnonnass Monenp ObLTa TOITY-
YeHa C MCIIOJIb30BaHUEM CTaTHCTUYECKUX
JMaHHBIX (TIoKazatesnell 3(dekTHBHOCTH)
B (uimnane akaJeMHH Ha BPEMEHHOM HH-
tepBasie 2013-2017 rr. [Tapamerps! ypas-
HEHHI perpeccuu onpeiesuIuch ¢ OMOo-
IO METO/Ia HAWMEHBIINX KBaJPaTOB.
Tlpu ompenesneHU BUJa pPErpecCUOHHON

MOJECJIM IPOBOJWIICA aHAJIN3 HAa HAJIMIUC
TE€TCPOCKECAACTUIHOCTHU.

X7 =-0,7967¢* +10,035¢° — 44,028 +
+77,11¢ +9,95;
X} =38,288-In|r| - 0,253;
X7 =-0,2075¢* +1,2845¢ — 0,6575;
X} =256,1-Int|+1036,7;
X! =—11,569¢ +102,49¢* —
—24587t +282,18;
X! =5,6501-Int| + 65,292;
X! =-9,9417¢ +89,925¢* —
—267,73t + 683,14;
X7 =0,3283¢" —2,77t* +6,9817¢ —1,58.
(7
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[IpoBepuM anekBaTHOCTH pa3pabo-
TaHHOTO KOMIUIEKca Mojened. Paccuu-
TaeM TI0 MOJICT CHCTEMHOW JUHAMUKU
3Hayenne nepemennod X, B 2016 r. no

dhopmyme (5):

46,97-66-2,1-48,44-64
65
= 52,46 ThIC. PYO.

X,(2016) =

CornacHo perpecCMoOHHONM MOAENH,
X,(2016) = 61 TBIC. pY0. DakTHyeCcKOe
3HaueHue nepemeHHou X, B 2016 r. co-
craBmwio 54,43 toic. py0. Takum oOGpazom,
a0COJIIOTHAST TOTPEIIHOCTh BBIYHCICHHUN
o MoziensiM (6—7) B CpaBHEHUU C PeTpo-
CHEKTUBHBIMHU JITaHHBIMH BapbUPYETCS OT
4 % 1o 12 %, 9To CBUIETENBCTBYET 00 OT-
HOCHUTEIFHON a/IeKBAaTHOCTH KOMILIEKCA
Mozenen.

ITockonbKy 3amada IIPOrHO3UPOBAHUS
nokazareneii  sQdexTuBHOCTH  AesATeNb-
HOCTH By3a siBisiercsl 3aaadeid Komm c 3a-
JTAHHBIMA HAYaJIbHBIMH  YCIIOBHSMH, TO
TEOPETUIECKHA OHA MOXKET PEIIaThCs C HC-
MOJIb30BAaHUEM TPAJAUITUOHHBIX YHCIIEH-
HBIX METOJIOB: Dijepa, Pyare-KyTTer u ap.
OnHako pa3paboTaHHAasi MaTeMaTH4ecKas
MOJIeNb (6) SBISIETCS CIOKHOM, HEITMHEH-
HOH, HEOAHOPOJHOM, Pa3HOTEMIIOBOM,
HeCTalMOHApHOUW cucTeMon auddepeH-
[IMaJbHBIX YPAaBHEHUH, TIO9TOMY HCTIOIb-
30BaHHE KJIACCHMYECKOTo MeToaa PyHre-
KyTTel 4-ro mopsiaka ayid ee pelieHus
BBI3BIBACT OINPEICICHHBIC 3aTPYIHCHHUS.

Pemmts cucremy (6) MOXKHO C TIOMOIIIb
«PYYHOTO» UHTEIPHUPOBAHUS TIOCPEICTBOM
PEKYPPEHTHOM TpPEXIIAaroBOi MNpOLEIYphI
C MHTYMTHBHBIM BBIOOPOM I1ara:

1) BblUMCIEHME BpPEMEHHBIX OIIpe-
JICNICHHBIX HMHTETrpajoB OT BPEMEHHBIX
(DYHKIIMOHAIIBHBIX 3aBUCUMOCTEH;

2) py4HO# BBIOOD IIara Jyisl HeTMHEeH-
HBIX ()YHKIIMOHAJIBHBIX 3aBUCHMOCTEH 10
cxeme Pynre-KyTTsl 4-r0 nopska;

3) moJICTaHOBKA Ha CJICAYIOLIEM IIIare
PE3yIBTAaTOB MHTEIPUPOBAHUS HA TPEbI-
JTyTIEM IIIare ¢ BEIYUCICHNEM BPEMEHHBIX
(YHKIIMOHAIBHBIX 3aBHCHMOCTEW Ha Te-
KYyIIIEeM Il1are.

Pe3yabrarhl Hccie10BaHUS

[pu npoBeeHIN MOICITLHOTO KCIICPH-
MEHTa C pa3paO0TaHHBIM MaTeMaTHYeCKUM
oOecrniedeHreM OBLTH pacCUMTaHBI TOKA3aTe-
71 P PEKTHBHOCTH JeATeTHHOCTH baakos-
ckoro ¢pmmrana GI'bOY BO «PAHXul Cy.
B kauecTBe HaYAILHBIX 3HAYCHUI OBUTH BbI-
OpaHbl HOPMUPOBAHHBIE OTHOCHTEIIBHO TIO-
POroBbIX ToKazarenu 3¢ dexruBHOCTH 00pa-
30BaTENBbHOM JAEATEIbHOCTH By3a 3a 2017 r:

X, =[0,85; 1,27; 1,19; 1,02; 1,13; 0,93;
1,58; 1,09].

Ha puc. 3 mokasaHpl pacyeTHBIE TTO-
KazaTenu 10 bamakoBckomy (uimamry
«PAHXul"Cy» na untepnane [0; 3] roga.

[Ipu mpoBeneHUU MOHHUTOpPUHTA 3(]-
(heKTUBHOCTH By3a BO3HUKAET HEOOXOIH-
MOCTB 00pabOTKH OONBIINX 00HEMOB CTa-
TUCTHYECKHX JIAHHBIX, YTO CYNICCTBEHHO
MOBBIIIACT TPYITOEMKOCTh BBIIOIHIEMBIX
pabor. [TosToMy ISt aBTOMaTnU3aiy BbI-
YUCJICHUI TPOTHO3HBIX 3HAYCHHH I10-
kazarenedl dddexTuBHOCTH Tpedyercs
paszpaboTka CrenuaIn3upoOBaHHOTO TPO-
rpaMmmHoro obecredenus'® [11-13].

B unTerpupoBanHOii cpene papadbor-
ku 10 Visual Studio Ha si3bIKe mporpam-
mupoBaHus C# ObLT co3nan «Momyib JUIst
onpeneneHust A(H(HEKTUBHOCTH JESTEIb-
HOCTH BBICIIEr0 y4eOHOTO 3aBeIeHHsD) C.
BaKHBIM JTOCTOMHCTBOM MPOTPAMMBbI SIB-
JSieTCsl ONpeJieNieHne TEeKyIeH CuTyarun
B By3€¢ W IpEJOCTaBlICHHUE JIUILY, IPUHH-
MaroleMy pelIeHHs, BO3MOKHOCTHU OIIe-
PaTUBHOTO YNpAaBICHHUS IOKa3aTeIsIMHU
s exTuBHOCTH. PaccMoTpuM aiaroputm
paboThI mporpaMMbl « MOIyIb IJIs OTIpe-
JeneHuss 3PPEKTUBHOCTH JICATCIBHOCTH
BBICIIIEr0 Y4eOHOTO 3aBeieHus [14].

15 siuabioaeBa H. B., Kymnukos B. A. Inform System CQEP // CBuieTebCTBO O TOCYAapCTBCHHOM
peructpauuu nporpammsl 11t 9BM Ne 2011616991 ot 08.09.2011 r.

1o Sluapioaesa H. B., Koxanosa E. P., Kymnukos B. A. Moxyinbs miis onpezneneHus 3GQexTus-
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Fig. 3. Dynamics of the simulated variables X —X, on the interval [0; 3] years

Ha mepBom atarie ocymmecTBiseTcs Bbl-
0Op MECTOITOJIOKECHUS M THIIA By3a. 3Haue-
HUsI TIOPOTOBBIX [TOKA3aTelICi MOHUTOPHHI'A
JUIL Pa3IMYHBIX TUIIOB BY30B IPUBEIICHBI
B COOTBETCTBYIOIIMX 0a3zaX aHHBIX, CO-
3na”HHbIX B MS Access 2007. INonkiroue-
HUS 0a3 K OCHOBHOMY OJIOKY TPOTPaMMBI
npousBoautcs uepes .NET Framework ms
OLE DB. Ilocne storo BBOIsATCS (hakThye-
CKHE W TOPOTOBBIC 3HAYCHHS MMOKa3aTelie
3 PEeKTHBHOCTH, BECOBBIE KOI(DPHUITUCHTHI,
KOTOpBIE BRIOMpAIOTCS dKcnepramu. B mpo-
1ecce paboThl TPOTPaMMBI BBIYUCIISFOTCS
B3BEIIICHHBIC OTKJIIOHECHHMS 3HAYCHH (haKTH-
YEeCKUX TOKa3aTesied 0T KPUTUYECKUX (I0-
poroBbix). [Ipu 3TOM onpenensiercs: 3Haue-
HUE 1eTIeBoi (QyHKIMU Z(f) TIO CIEyIOoIIeH
dopmyre:

J
Z(t):jt’::: SXI(O-XP (t))z'ui -dt—>min,
i=1 (8)

rae i = 1...j — 4ucno mokazateneir d¢-
(dexTBHOCTH  00pa3zoBaTeNbHON  Jes-
TENBHOCTH; [ — KodhdumuenT (mons)
i-ro moxkasarens 3(QpexTuBHOCTH; X —
noporoBoe  (KpUTHUYECKOE)  3HAYCHUE

mokasarens d(h(HEeKTHBHOCTH; Xid’ — dax-
THYECKOe 3HadeHue rnokaszarens 3ddek-
tuBHOCTH;, () < Xiq’) < 1 — dakruueckue
nokasatenu 3pHeKTHBHOCTH HOPMHUPOBA-
Hbl, 0 < X" <1 — moporosbie MOKa3aTeNM
3 PEKTUBHOCTH IOJYMHEHBl HOPMAaJb-
HOMY 3aKOHY pacmpeneneHus. B kaue-
CTBE HaYaJbHBIX YCIOBHUH OINpPENEIUM:
0 <X, < 1. Vipasnsaromue Bo31eHCTBHSA
U(t)€u(t) — npouenypst peureruii JIITP,
KOTOpBIC TIPEJCTABIISAIOT COO0OM JIMHEH-
Hble ypaBHeHus Buaa: U(t) = at + b; e
a, b>0; t — Bpems.

lleneBas ¢yHkuus Z(f) TO3BOISIET
OIEPAaTHBHO YIIPABIATH 00pa30BaTeb-
HOU JIeATENILHOCTBIO By3a IOCPEICTBOM
BAPbUPOBAHMS 3HAUYEHUs IIOKa3aTelel
¥ BECOBBIX KOd(uimuenTos u,. Becosoit
KOO(QOUIMEHT 4, CIYKHUT JUIi THOKOTO
IUIAHUPOBAaHUS aIMHHUCTpalel CcBOEH
00pa3oBaTesIbHON IMOJUTUKHU, ONPEHessis
MPUOPUTETH B pa3BuTHH By3a. C IeNbio
JOCTH)KEHHST HEOOXOJMMOW  TOYHOCTH
M CHWKEHHSI MOTPEHIHOCTH pPAacueToB
onpenesieHUe 3HAYCHUH LeneBOr (yHK-
1uu (8) HeoOXOAMMO TTPOU3BOUTH 2 CIIO-
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cobamu: 1) umciaeHHsIM MeTonoM CuM-
ICOHa; 2) C MOMOLIbIO HCKYCCTBEHHOM
HeliponHol cetn Elman backprop. Cetb
OnMaHa XapaKkTepu3yeTcs YaCTHYHOM
PEKKYPEHTHOCTBIO B BHJIE OOPATHOM CBSI-
3M MEXJIY CKPBITHIM M BXOIHBIM CIIOSMH
HelpoHoB. JlaHHas CBsI3b (QOpMUpYETCs
C HCIOJIb30BAaHUEM EIMHHYHBIX JJICMEH-
TOB 3amaspIBaHus Z '. PekKkypeHTHbIE
CeTH, MO CyTH CBOEH, SBISAIOTCS ITOTOM-
KaM¥ OJTHOHAIPABJICHHBIX CETEH Tepcer-
TPOHHOTO THMA. APXUTEKTYpa HCKYCCT-
BEHHOW HEUpOHHOU cetu Elman backprop
npencTaBieHa Ha puc. 4.

P u c. 4. Apxurexrypa Elman backprop
Fig. 4. The architecture of Elman backprop

3nauenust QyHKUNH Z(f) BBIYUCISIIICD
mo ¢opmyne (8), mpu 3aJaHHOM HHTEp-
Baje [t ¢ |, paBHBIM COOTBETCTBEHHO
[0; 1] ¢ mrarom 0,1 mecsima, i = 1...8 — ko-
JMYECTBO ToOKazaTenel 3()(HEeKTHBHOCTH.
OmnpenenuM 3Ha4eHUST KOIPPHUINEHTOB
M, = COnst Ha BCEX MHTEPBAJIAX BpPEMeE-
HU, PYKOBOJCTBYSICH CIICAYIOIIUMH IPH-
opureramu: s X, — MEXKIYHAPOIHON
NEATENBHOCTH By3a onpenennm u, = 0,2;
U1t Xy — TpyAOyCTPONCTBA BBIITYCKHUKOB
u, = 0,2; st X, — JOTONHUTENBHBIE MO-
KazaTenn 00pa3oBaTeNIbHBIX OPTaHU3ani
u, = 0,2. 3nadenus ko>PHUINEHTOB L,
MIPUBE/ICHBI B MaTPHUIIE-CTONIOLE:

Computer science, computer engineering and management

w| 10,13
w| 0,14
;| 0,20
u, 0,01

B2l T lo,01f
| 0,02
w| 0,01
| 10,20

3uayeHuss QyHKIUU Z(f), pacCuuTaH-

Hele o0 Metoxy CHUMIICOHA, TPUBEIEHBI
B TalI. 2.

Tabnuma 2

Table 2

3naueHus QyHKIUA Z(t), pACCUNTAHHBIC
o merogy CumIicoHa

The values of function Z(¢), calculated
by the Simpson method

z t
425 [0; 0,001]
376,0 [0; 0,1]
654,7 [0; 0,2]
883,3 [0; 0,3]

10663 [0; 0,4]

1208,1 [0; 0,5]

1312,7 [0; 0,6]

13843 [0; 0,7]

1426,5 [0; 0,8]

1443,0 [0; 0,9]

1437,3 [0; 10]

[Ipu cozmannm u 0OydeHUHN HEUPOH-
HOH ceTn oOydJaroriee MHOXKECTBO OBLIO
JIOCTATOYHO MPEICTaBUTENbHBIM U BKITIO-
qano 15 3naueHuit ueneBoi QpyHKOMH Z
Ha 3aJaHHOM HHTepBaine. HelipoHHad
ceTb oOyyanach € 3aZaHHBIM YHCIOM
urepanuii — 1 000. Pe3ynprarsr 00ydeHus
BBIBOJMIIHCH Uepe3 25 urepanuil mpu mo-
rpemrHocTH pacueToB 0. CeTb 00yumiiach
OTHOCHUTENBHO OBICTpO, mpoiast 12 ure-
panuii:
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[42,6448; 377,9812; 644,8256; 883,6781; POHHOM CeTU MPECTaBICHBI HA pUC. 5—6
1066,3; 1195,3851; 1313.4688; 1385,3674; COOTBETCTBEHHO.

1443,0096; 1443,0167; 1443,0099] [MorpenHocTh BBIYMCICHUS Z(f) TIO
I'paduk pacuera morpemHocTd mpu  meroxy CHUMIICOHA M C HOMOILBIO UCKYC-
00y4eHUH M BHJ TECTOBOW KPHMBOW HEH- CTBEHHOM HEHPOHHOM CETH COCTABISET

Performance (plotperform) Elﬁlﬂ—hj

. Best Validation Perfomance is 6495.4692 at epoch 6
10° f . . . . : .
——Train 3
—— Validation|

5 10 —Test 4
E ------- Best
E 0~ N 5
w
B 10 1
l“_, E|
3
o
('g 10° 3
= E
@
E 1

10 3

100 E I I 1 I I

0 2 4 6 8 10 12
12 Epochs

P u c. 5. Pacuer norpeurHoctu
Fig. 5. Calculation of error

Training State (plottrainstate) =RRC X

0 Gradient = 2.2622, at epoch 12

)
=

gradient

)
=
©

Mu = 1, at epoch 12

mu

10 | | | | |

Validation Checks = 6, at epoch 12

10

8 5l ¢« 3
— ¢ ¢ ¢ ¢
© * +
> 0 ‘ 1 1 % re ‘ 1 1
0 2 4 6 8 10 12
12 Epochs

P u c. 6. Bux obyuaromei kpuBoit
Fig. 6. The view of training curve
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10-15 %. ITomoOHBIHA TOAXOI K BEIYUCIIE-
HUIO KBaJpaTUUHOTO KpuTepus Z(f) nBy-
MSl CIIOCOOAaMU CIIOCOOCTBYET CHUKECHHUIO
MOIPEIIHOCTH BBIYMCICHUN U YBelnde-
HUIO TOYHOCTH PaCUETOB.

«Mognynb yist oripezieneHus 3G HexTrB-
HOCTH JAESATEIBHOCTH BBICIIETO0 Y4eOHOTO
3aBEJICHUS MPEIOCTABISACT BO3MOKHOCTh
APXMBUPOBAHMS BBIYMCIICHHBIX 3HAYCHUN
mokazareseil 2 GekTuBHOCTH B 6a3e JaH-
HBIX JIUISI TIOCIIEAYOMIETO HCTIONB30BaHMUS
NPH [TPOBEACHUH MOHUTOPHUHTA.

Bapeupyst 3HaueHUS BECOBBIX KO-
5¢GUIUECHTOB K, B 3aBUCUMOCTH OT Te-
Kywei cutyanuu, JIIIP nomywaer BO3-
MOXHOCTb OIIEPATUBHOIO YIIPaBJICHUS
00pazoBaTeNbHON AESTENBHOCTHIO BYy3a.
Ha puc. 7 nokasaHa cxema IpOBEACHUS
MOHHUTOPHUHTA B BY3€ C UCIOJIb30BAHUEM
pa3paboTaHHOrO MPOrpaMMHOr0 odecre-
YEHMUSL.

[IpuBeneM anropuT™M NpPaKTHUYECKOTO
MPUMEHEHUS pa3padOTaHHOTO MaTeMaTH-
YEeCKOTO0 M MPOTPaMMHOTO 0OecredeHus
B UHTEIPHUPOBAHHOH cpefie By3a.

1. [lo coOpaHHBIM CTaTUCTUYECKUM
JaHHBIM (OTYeTaM, aKTaM camoo0cieno-
BaHHs) GOPMHUPYETCS MACCHB HEOOXOIH-
Mol nHopManuu.

2. Ucxonnble nanHble (HOpMATH3YIOT-
csl U TIPOBECHUSI pacyeToB, 1O MPHUBE-
JICHHOM METOAMKE ONPEIEIIAIOTCS MoKa3a-
e 3PPEKTHBHOCTH 00pa30BaTEIBHOM
JESITEIbHOCTH By3a.

3. TlomyueHHBIE IMOKA3aTeNU TMPEIO-
CTaBISIIOTCS B MUHHUCTEPCTBO 00pa3oBa-
Hus U Hayku PO.

4. PaccunThIBarOTCS MPOTHO3HBIC 3HA-
YeHHUSl TOKa3aresiell ¢ MCHOIb30BaHUEM
Mozenu (6) Ha 3aJaHHOM BpPEMEHHOM
uHTepBaje. Bo3moxHbIe cueHapuu ocy-
HIECTBJICHUS By30M 00pa30BaTelIbHOM Je-
ATEJIFHOCTH aHAIM3UPYIOTCSl SKCIIEPTaMHU
C yY€TOM TPOTHO3HBIX 3HAYEHUH MOKa3a-
Teselt 3 (HEeKTUBHOCTH.

5. OnpenensieTcst BEIUYMHA OTKIIOHE-
HUW (paKTHIECKUX 3HAUCHUN TIOKa3aTeei
3P PEKTUBHOCTH OT MOPOTOBBIX 3HAYCHUH
(paccunThIBacTCS KBaJpaTHYHBIN KpHTe-
puii Z(?)).

6. JIIIP (pexropar, AWMpEKTOp, AEKaH
¢axynsTeTta) MHOOPMHUpPYETCS O TEKyIIen
cuTyauuu B By3e. Eciu cutyarus kpurude-
cKas (B ClTydae 3HaYUTEIILHOTO OTKJIOHECHHUS
(aKkTHYEeCKNX IOKa3aTeNei OT MOPOTOBBIX
3HAYEHUH) OMPEAEISIOTCS BO3MOXKHBIE Ha-
MpaBJICHMS €€ JIMKBUAALMH.

O0cy:x1eHue U 3aKJII0YeHUs

Pa3paboranHoe MareMaT4ecKkoe U npo-
rpaMMHOE O00€CIeUeHHe MOXKET HaWTh
HIMPOKOE TIPUMEHEHHE NPU MOHHTOPHH-
re 00pa3oBaTeNbHON NESTEIBHOCTH By3a
JUISL OIPE/ICIICHUs] IPOTHO3HBIX 3HAYCHUH
mokaszareneil ero 3¢ ¢GeKTUBHOCTH. DTO
MO3BOJIUT CYLIECTBEHHO CHHU3HUTH BEPO-
SATHOCTh BO3HHUKHOBEHUSI KPUTHYECKHX
curyanuii. Co3gaHHble MOJEIH, METOIBI
W MPOTPaMMBbl MPENOCTABISIOT BO3MOX-
HOCTBH OIEPATUBHOTO YINPABJICHUS BY30M
MyTEM CpPaBHEHHUSI MOPOTOBBIX M (aKTH-
YeCKUX TMokazareneit 3¢ (eKTHBHOCTH
u (opmHupoBaHHs THOKOW 0Opa3oBareb-
HOW CTpaTeruu Jyisi KOHKPETHOTO BBICIIE-
r0 y4eOHOTO 3aBE/ICHMUSI.
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HNudopmanust 115 aBTOPOB M uMTaTE e

1. Penaxrms xypHana «BecTHuk MOPZOBCKOTO YHHBEPCHTETa)» MPHHUMAET OPHTUHAIBHBIC HAyJHbBIE
CTaThM HA PyCCKOM M aHIVIMHCKOM $I3bIKaX, COOTBETCTBYOIHE Npodmitio JXKypHaa n oTpakaroline pe3ysbTaTbl
TEOPETUYECKUX W/MIIM DKCHEPUMEHTAIIBHBIX HCCIICOBAaHUH aBTOPOB (KaHIMIATOB M JIOKTOPOB Hayk,
HperozaBaresieil 1 aCIMPaHTOB) 110 CJICAYIOIMM HAIPaBICHHSIM:

01.04.00 ®Pusuka

05.13.00 Hudopmarrka, BEIMUCIUTEIbHAS TEXHUKA U yIIPaBICHAE

05.20.00 TIpormeccs! M MAaIIMHBI ATPOMH)KEHEPHBIX CUCTEM

JKypHan mpHBETCTBYET CTaTbM, COZAEPIKAIIUE MaTepHall O 3HAYUTEIBHBIX JOCTIKEHHAX B YKa3aHHBIX
HarpapieHusX. He Jomyckaercsi HampaBleHHE B PElAKLMIO paHee OIyONMKOBAaHHBIX CTaTell WM CTaTei,
OTIIPABJICHHBIX HA ITyONVKALMIO B JIPyrHe >KypHaubl. B ciydae oOHapy>KeHHsI OJHOBPEMEHHOH Iofa4n
PYKOIIMCH B HECKOJIBKO M3JAaHMH OITyOIMKOBAaHHAs CTaTbsi Oy[AeT peTparmpoBaHa (OTO3BaHA W3 IIEYATH).
MOHHUTOPHHT HECAHKIIMOHUPOBAHHOTO IUTHPOBAHMS OCYIIECTBILIETCS C MIOMOIIBIO CHCTEM «AHTHILIATHATY)
u «CrossCheck».

2. Ocoboe BHMMaHHUE CJENyeT yAeNUTh KauecTBy nepeBopa. JKemareabHO, yTOObI OH OBLT BBINOJHEH
HOCHTEJIEM aHIJIMHCKOTO SA3bIKA.

3. Heobxomumo ykazats VK.

4.3aro/10BOK CTATBH JJOJDKESH KPatko (He 6oree 10 ¢JI0B) 1 TOYHO OTpaKaTh COIEepKaHNe CTaThU, TEMATHKY
1 pe3yJBTaThl IPOBEIICHHOTO HAYYHOTO MCCIENOBAHHS. [Ipusooumcst Ha pycckom u aH2IUICKOM A3bIKAX.

5. Annorauus (200-250 cioB) BeOMHSET (QYHKIHIO PACIIMPEHHOTO Ha3BaHMUS CTaThbH U MIOBECTBYET
0 ee coziepskanuu. B Helt OmKHEI OBITh YETKO 0003HAYEHBI CIIETYIONINE COCTABHBIE YAaCTH:

1) Benenue (Introduction);

2) Marepuais u merons! (Materials and Methods);

3) Pesynsraret uccnenosanms (Results);

4) O6cyxnenne u 3akmodenust (Discussion and Conclusions).

TIpusooumcs na pycckom u aH2ULICKOM A3bIKAX.

6. KiaroueBble ciaoBa (5-10) sBIsOTCS MOMCKOBBIM 00pa3oM Hay4dHOH cTaThu. B cBs3u ¢ 3TUM
OHHM HOJDKHBI OTpa)kaTb OCHOBHBIC IIOJIOKCHUA, HNOCTUKCHUSA, PE3YJIbTATbl, TCPMHUHOJIOTUIO HAYy4YHOI'O
UCCIeI0BaHUsL. [IpUS0OAMCS HA PYCCKOM U AH2TIULCKOM A3bIKAX.

7. BaaromapHoctu. B aTOM pasgene ciegyer yHOMSHYTD JIIOAEH, ITOMOTaBIIMX aBTOPY MOATOTOBUTH
HACTOSIIYIO CTAThlO, OPTaHHM3alll{, OKa3aBIIME (DUHAHCOBYIO MOICPIKKY. XOPOIINM TOHOM CUHTAETCs
BBIPaXKEHHE OarofapHOCTH aHOHUMHBIM PELieH3eHTaM. [Ipugoosamcs na pycckom U aHeIuticKom s36IKax.

8. OCHOBHOIi TEKCT CTaTbH M3/1araeTCs Ha PyCCKOM MITH aHITTMHCKOM SI3bIKaX.

1) Benenue (1-2 crp.) — HOCTaHOBKA HAyYHOM MPOOJIEMBI, €€ aKTyaJIbHOCTh, CBSI3b C BaKHEHIINMU
3a/1a4aM¥, KOTOpbIe HEOOXOIMMO PeILINTb, 3HAYCHWE JUIS Pa3BUTHSL ONPENETICHHOM OTpaciy HayKd WK
MPAKTUYECKOH e TEILHOCTH.

2) O630p mteparypsl (1-2 ctp.). Heobxoammo omvcars 0OCHOBHBIE (ITOCIIETHIE 10 BPEMEHN) HCCIISIOBaHHS
1 Iy OJMKAIMH, Ha KOTOPBIE OITMPACTCS aBTOP; COBPEMEHHBIE B3IISIBI HA IPOOJIeMy; TPYAHOCTH IPH pa3paboTke
JIaHHOM TeMBI; BBIIENIEHHE HEPEIIIEHHBIX BOTIPOCOB B TIpe/ienax o0Iel MpoOIeMbl, KOTOPBIM MOCBSAIIEHA CTAThsI.

3) Marepuansl u Mmeronsl (1-2 crp.). B 1naHHOM pasnesne ONMUCHIBAIOTCS MPOLECC OpraHu3aluu
JKCIIEPUMEHTa, IPUMEHEHHBIC METOIMKH, WCIIONB30BAHHAs allaparypa; JaloTCsl MOAPOOHbBIC CBEACHHS 00
00BEKTe MCCIIEJOBAHMS; YKA3bIBACTCS MOCIIEI0BATEIIEHOCTh BBINOMHEHNSI UCCICIOBAHUS M OOOCHOBBIBACTCS
BBIOOP HCTIONB3YEMBIX METO/IOB (HAOMIONEHHE, OTIPOC, TECTHPOBAHNE, SKCIIEPHMEHT, JIJAOOPATOPHBIH OIBIT U T. 11.).

4) Pe3ymbrarThl MCCIENOBAaHMSA. DTO OCHOBHOW pasnell, Leldb KOTOPOrO — MpU IOMOIIM aHaln3a,
00001IeHNS U pa3bsCHEHUS JaHHBIX JOKa3aTh pabovyro THUMOTE3y (TUIOTE3bl). PesynbsraTsl nccaenoBaHus
JIOJDKHBI OBITh H3JIOKCHBI KPATko, HO TMPH 3TOM COJACP)KaTh JOCTATOYHO HH(MOPMAIUH IS OICHKH
ClIeTIaHHBIX BBIBOJIOB. Takke JOIKHO OBITH 0OOCHOBAHO, IOYEMY JUISl aHAIHM3a ObUIM BHIOpAHBI MMEHHO
NpHUBE/ICHHEIC AaHHbIe. Bee Ha3BaHMsl, MOANMNCH H CTPYKTYPHBIE 3J1eMeHThI rpad)uKoB, Ta0INI, cXxeM
H T. 1. 0pOPMJISIIOTCH HA PYCCKOM M AHIVIMIICKOM SI3bIKAX.
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5) O6cyxaenne 1 3aKImoueHNs. B 3akioueHn CyMMUPYIOTCSI Pe3Y/IbTaThl OCMBICIICHHS TEMBI, IeIaroTCs
BBIBOJIBI, 0000IIICHHS 1 PEKOMEH/IAIIHH, BHITEKAIOIINE U3 PAaOOTHI, TOMUEPKHBACTCS UX IIPAKTHYECKast 3HAYNMOCTb,
a TaKoKe ONPEIEIIIOTCS] OCHOBHBIC HAMPABJICHHS JUTS TABHEHIIICTO NCCIIEJOBAHMS B 9TOH OOIACTH.

9. CHnuCcoK MCNOJb30BAHHBIX HCTOYHHMKOB (odopmisiercs B cooTBeTcTBHM ¢ TpeboBanusMu [OCT
P 7.0.5-2008). Ccpuatbest Hy)KHO B TIEPBYIO OYepe/ib Ha OPUTHHAIBHBIC HCTOYHUKHI M3 HAYYHBIX JKyPHAJIOB,
BKJIIOUYEHHBIX B II00AIbHBIE MH/ICKCHI IMTHPOBaHUs. JKenareabHo ucroib3oBath 30—40 uctounnkoB. M3 Hux
3a nocienHue 3 rozfa — He MeHee 20, HHOocTpaHHbIX — He MeHee 15. Crenyer ykaszars DOI unu agpec noctyna
B cetr uTtepHet. Ogopmnsiemcs Ha pycckom u aH2AUICKOM 3bIKAX.

10. Appnmanus asropos. ©.1.0., opranmsamsi(u), anpec opranmsarmu(it) (Tpedyercs yka3arh Bce
MecTa paboThl aBTOpa, B KOTOPBIX BBITIONHSINCH HCCIENOBAHUS: MOCTOSIHHOE MECTO, MECTO BBITIOTHEHHUS
MpOeKTa U JIp.), AOIDKHOCTh U yueHoe 3Banue, Researcher ID, ORCID ID, anekrponHas moura, TenedoH,
IIOYTOBBIH aJpec JUI OTIIPABKK aBTOPCKOTO AK3eMILTApa. [Ipusooumcs Ha pycckom u anenuicKoM A3bIKAX.

11. Bkiajx coaBTOpoB. B KOHIIE pyKonHcH HEOOXOIMMO BKITFOUHTh IIPUMEYaHHs], B KOTOPBIX Pa3bsCHSCTCS
(hakTHYECKUIA BKJTAT KXKIOTO COABTOPA B BBIIIOTHEHHYO PA0OTY. [ Ipu6ooumcsi Ha pycckom u aHIUIICKOM SI3bIKAX.

[Ipn mopmade cTaThyl B PEJAKIUIO ABTOP COIIAIIACTCS C IOJOKCHUSIMH Pa3MEIIEHHOTO Ha caiTte
JIMILEH3NOHHOTO JIOTOBOPA.

B xypHane «BectHnk MOpAOBCKOTO YHHBEPCHTETA» TPUHSTO «IBYCTOPOHHEE CIETIOS» PELICH3UPOBAHHE
(PELICH3EHT U aBTOp HE 3HAIOT UMEH JIPYT JIpyra).

PerieH3eHT Ha OCHOBAaHHH aHAIM3A CTAThH IIPUHMMACT PELCHHE O PEKOMEH/IAlK ee K Imyormkarmu (6e3
JIOpabOTKN I C JIOpaOOTKOI) WM ee OTKIOHEHHH. B ciydae Hecomracust aBTopa CTaTbH C 3aMEUAHMSIMU
PEIEH3eHTa €r0 MOTHBHPOBAHHOE 3asBICHNE PACCMATPUBACTCS PEIAKIIOHHON KOJUTCTHEH.

[NonmTrKa peqaKIMOHHON KOMIETHH KypHaia 0a3upyeTcsl Ha COBPEMEHHBIX OPHAMIECKNX TPEOOBAHMIX
B OTHOILIEHHUH KJIEBETHI, aBTOPCKOTO MpaBa, 3aKOHHOCTH M TUIaruara, nojaepkupaeT Kogeke STHKM HaydHBIX
MyOIMKauui, copMyIMpoBaHHblii KOMHTETOM 10 3THKE HAy4HbIX ITyOJIMKALMH, U CTPOUTCA C Y4ETOM
ITHYECKUX HOPM pabOThl PEIAKTOPOB M M3IaTelell, 3aKkperuieHHbIX B Kojekce MoBeieH:sT U PyKOBOSIIIX
MPUHIUIIAX HAWITYdIIel MPaKTUKA IS pefakTopa sKypHaina u Kojekce moBeneHus IIst M3aTelst )KypHaa,
paspaboranusix Komurerom o myonukaronnoit atuke (COPE).

JlomyckaeTcst CBOOOAHOE BOCIIPOM3BEACHHE MAaTEPHAIOB JXKypHajda B JIMUHBIX LEIIX M CBOOOTHOE
UCIIONIb30BaHNE B HMH(MOPMALMOHHBIX, HAy4HBIX, YYeOHBIX M KyJIBTYPHBIX LEJISX B COOTBETCTBHH CO
ct. 1273 1 1274 . 70 u. IV I'paxknanckoro koaekca PD. MHble BUIIbI HCTIONB30BAHMS BO3MOYKHBI TOJIBKO ITOCIIC
3aKJIFOYCHHS] COOTBETCTBYIOIIMX MMCEMEHHBIX COIIAIICHHUH C TIPaBooOIaiaTesieM.

DIIeKTPOHHBIE BEPCHUH CTaTell pa3MeInaloTcst Ha caifte HaywHoil siexrpoHHOH 6mOmmorekn. JKypHan
pactpocTpansieTcsl 1O TOJICKE, 3asBKaM BBICIINX YYEOHBIX 3aBEACHHUHN, YUPEKACHHUN 0O0pa3oBaHMs
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