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Pa3Bute M0I0AEKHON HAYKU B HACTOSIIEE BPEMS SIBISIETCS OJHUM U3 MPO-
(GUIBHBIX BEKTOPOB JICSITEIILBHOCTH B HAy4YHOU cpene. MomnoaéxHas Hayka BO MHO-
TOM OmpeensieT Oyayiiee NHHOBAIIMOHHOTO PETHOHA.

MHHOBanusi SKOHOMUKH IPEIIONaraeT MOoAroTOBKY KaJpOB IO HOBBIM Ha-
MIPABJICHUSIM Pa3BUTHS TEXHUKH U TEXHOJOTHH, SKOHOMUKH U YIIPABIICHHUS, @ TAKXKE
dbopMupoBaHUE CHEUATMCTOB, 00JAJAIOMIMX WHHOBAIIMOHHBIMU CIIOCOOHOCTSIMH,
T.e. YMEHUEM BbIpa0baThIBaTh UHHOBAIMU CAMOCTOATENIbHO, B MPOIECCe TPYI0BOM
NEATEeNIbHOCTH, HAXOJAUTh HOBOE B OIBITE JPYTHMX U UCIIOIB30BaTh €ro B CBOEH Op-
raHu3aIuu.

B coBpemeHHOI cuTyaru BOCTpeOOBAHbI JIFOJIU, CIIOCOOHBIE OBICTPO ajar-
TUPOBATHCSI K HOBBIM TE€XHOJOTMYECKUM, MPOU3BOJICTBEHHBIM peausM, CBOEBpE-
MEHHO YJIaBJIMBaTh MEPCIEKTUBHBIE HANPABJICHUA HAYYHO-TEXHUYECKOTO IMpOrpec-
ca, U3MECHEHUSI HA BHYTPEHHEM, PETMOHAJIbHOM, MUPOBOM pbIHKaX. CeroaHsIHsIsa
MOJIOAEKb — 3TO MEPBOE MOKOJIEHUE B HOBOM MCTOPHUH, KUBYIIECE B YCIOBHUAX HE
r100anbHOM KOH(POHTAIMK, a WHTETpallid MHPOBOTO COOOIIECTBA; MOKOJIEHUE,
pacroiararoiiee yJy4dlleHHbIM JIOCTYIIOM K 3HaHHSIM, OIBITY, TEXHOJIOTUAM U pe-
cypcam.

CTyaeHThl, aCIUPAHThI, MOJIOJIBIE YUYEHBIE SIBISIOTCS HOCHTEIISIMU MOIIHOTO
WHTEJUIEKTYaJIbHOTO MOTEHIIUala, 0COObIX CIIOCOOHOCTEN K TBOpUecTBY. M3BecTHO,
YTO B MOJIOJJOCTH YEJIOBEK JIETKO MPUOOpETaeT 3HAHUS, HABBIKA U YMEHUs, Hanbo-
Jiee pacmloJiOKEH K TBOPUYECKOW ACSATEILHOCTH, MAaKCUMaIbHO PabOTOCIOCOOEH.
[To3TOMYy UMEHHO ¢ HAay4YHO-HUCCIIEAOBATEIbCKOU JIESITEIbHOCTHIO CTYICHTOB U ac-
MUPAHTOB, MPEXKE BCETO, CBSA3aH MPOTPECcC COBPEMEHHON HAayKu, 0COOCHHO €CTecCT-
BEHHBIX U TEXHUYECKHUX HAYK.

X obuneiiHas exero/iHas Hay4qHasi CeCCUs aCIUPAHTOB U MOJIOJBIX YUEHBIX —
JIOCTOMHBIM MPUMEP KAaUYECTBEHHOM NMOATOTOBKH CTYAEHTOB M aCHUPAHTOB, YBIIE-
YEHHBIX HMCCJIEA0BAaHUSAMM, ITOMCKOM HCTHHBI, TOTOBBIX MPOAEMOHCTPUPOBATH pe-
3yJbTaThl CBOETO HAYYHOTO Tpyaa. Llenbio eKerogHbIX HayYHbIX CECCHUM SIBIAETCS
aKTUBHU3AIUsl HAYYHO-UCCIIEIOBATEIILCKOM pabOThl MOJIOABIX YUEHBIX, aCIUPAHTOB
U CTYJICHTOB, COXpPAaHEHUE U Pa3BUTHUE TAJAHTOB, BBHISBJICHUE MEPCIEKTUBHBIX Ha-
YYHBIX KaJpOB, UCHOJb30BAHUE MX MHTEIUICKTYAJIbHOTO MOTEHIIMANA JJISl PEIICHUs
AKTyaJIbHBIX HAyYHBIX MPOOJIeM, CIOCOOCTBYIOIIMX COLMAIBHO-3KOHOMUYECKOMY
Pa3BUTHIO PETHOHOB M B TIEPBYIO odepeab Boaoroackoi oomacTu.

biarogapst opranuzanuu ¥ IpOBEACHUIO PA3IMYHBIX HAYUYHBIX MEPOIPUSITUI
Bosoronickuii rocy1apCTBEHHBIN YHUBEPCUTET CTajl LEHTPOM MPUTSKEHUS MOJIO-
JIBIX TAJAHTOB, IPUMEPOM MOAACPKKU U Pa3BUTHsI COBPEMEHHON HayKu!

Yeasicaemvie konnezu!

JI.U. Cokonos, pexmop Bol'Y,
00KMOp mexHuueckux HayK, npogeccop



Cexunst QQJJEKTPOSHEPTETUKA U DJIEKTPOTEXHUKA»

MOUCKOBBIE UCCJIEJOBAHUS MTPOIIECCA YIAJEHUSA JIAKOBOI
MNPONUTKU U3 CTOPEBIIENA OBMOTKHU 3JIEKTPOJIBUTATEJENA

/1.0. Akcénoe, B.O. Ilemughopos

Hayunwiii pykosooumenv A.E. Hemupogeckuii, 0-p mexH. Hayk, npogheccop
Bosoroackuii rocy1apCTBEHHbI YHUBEPCUTET

r. Bomoraa

YacTeiM HapylieHueM paboThl AnekTpuueckux apuratencit (D]1) sBiusercs
MNOBPEXKICHUE U30JIALMU 0OMOTOK ctaropa D/]. Beimeamnryo u3 ctpos oOMOTKY U3-
BJIEKAIOT M3 MAa30B U MEpeMaThIBalOT 3aHOBO. KauecTBO peMOHTa M JJIUTEIbHOCTh
FKCILTyaTanuu D/ B MOCIEPEMOHTHBIA MEPHOJ 3aBUCAT OT CHOCO0a U3BICUYECHUS
BBIIIEIIIEH U3 cTposi OOMOTKH. B HacTosiee BpeMs CylIeCTBYET IIECTh METOOB
JIEMOHTaka OOMOTOK: MEXaHUUECKUI METOJI, IEMOHTaX 3a CUET BHICOKOYACTOTHOTO
HarpeBaHUs CepJCUHMKA, 00KUT Ha KOCTPE, OOKUT B M€Y, XUMHUUECKUH TEMOHTaX,
BhIIICNIaunBanue. B uccnenosanusx [1,2] moapo6HO pa3oOpaHbl METOIbI AEMOHTA-
*a 0OMOTOK, UX JIOCTOMHCTBA M HEIOCTaTKU. Hapsiny ¢ cyliecTBYOIMMU METO 1a-
MU HaMU MIPEJJI0KEH HOBBIM METOJ IEeMOHTaxa 0OMOTOK craropa D/l ¢ mOMOIIbIO
yJIBTPa3BYKOBOTO U3ITYUYEHHUS.

Jlis HaxOXKIeHHsI ONTHMAJbHBIX MapaMeTpoB (aKTOPOB, BO3IACHCTBYIOLINX
Ha 00MOTKY D/ ¢ menpio e€ AeMOHTaXa, CleayeT IPOBECTH MHOTO(AKTOPHBIN aK-
TUBHBIN KCIIEpUMEHT. B kauecTBe BO3MEHCTBYIOMUX (PAKTOPOB BHIOPAHBI TEMIIE-
parypa mienounoro pactsopa NaOH, koHLeHTpauus pacTBopa, JUIMTEILHOCTh BO3-
JNEUCTBUS M MOIIHOCTH YJIBTPa3BYKOBOTO M3JIyyeHUs. JlJIsi MOATBEpPKICHHS Ipa-
BUJILHOCTH BBIOOpA M YUCIICHHBIX 3HAYEHHU (DAaKTOPOB MPOBEIEH PsJl MOKUCKOBBIX
HKCIIEPUMEHTOB.

DKCHEpUMEHTHI MPOBOJUIIUCH B YJIbTPA3BYKOBOM BaHHE C CyMMAapHOM MOIII-
HocThio m3nmydareneit 300 Bt. B kauecTBe ONbITHBIX 00pa3IOB UCIIOJIB30BATUCH Ma-
KeThl craTopoB (cratapetsi) (puc. 1.). MakeTr mpejicTaBiiieT co00W OTpE30K Ipo-
¢unbHOM TpyObI KBAJAPaTHOTO CEYEHMsI, BHYTpU KOTOPOU PacIioNokKeHa OJHOCION-
Hass 0OMoTKa u3 MeaHoro mposoaa [I9TB-2 auamerpom 1 MM ¢ KOJIMYECTBOM BHUT-
koB paBHbIM 120. Ila3zoBas u30msA1Msl BHINOJHEHA U3 CMHTOKapToHa. Ha moGoBbie
yacTh OOMOTKH HajokeH O0annax u3 Xb-J1eHTbl, s MpUJaHus IPOYHOCTH OOMOT-
Kd. MakeT ctaropa mponuTat jakom MJI-92.

[IepBbIii MOMCKOBBIN YKCIEPUMEHT, KOTOPBIA JJIUJICSA ABOE CYTOK, HAIlpaBJICH
Ha MOATBEPKJIECHUE BO3MOKHOCTH PACTBOPEHHUS JIAKOBOW MPONUTKA OOMOTKHM pac-
tBOpoM 1menoun NaOH. B pesynbTare jgakoBasi mMpoOMHUTKa MOJHOCTHIO PacTBOpEHA
BO BCel TouIe 0OMOTKH, KOTOpast CTaljla MOJ1aBaThCs MeXaHWYecKuM JedopMariu-
M 0e3 MPUIIOKEHUS OCOOBIX YCUITHIMA.



B cnenyronux skcnepuMeHTax JOMOIHUTEIBHO JOOABUIN TeMIepaTypy pac-
tBopa NaOH, MeHsu ero KOHIEHTpAIUIo U JUIUTEIHLHOCTh BO3/ICUCTBUS HA CTaTa-
PETHI, a TaK K€ MPUMEHUJIN yJIbTPA3BYKOBOE M3JIydeHHE. 3HAUYCHUS BO3JICUCTBYIO-
X (PaKTOPOB U MOJTYICHHBIC PE3YJIHTATHl IPUBEACHBI B Ta0. 1.
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Puc.1. Makem cmamopa: 1 — npogunuposannas mpyoa, 2 — nazoeas uzonayus;
3 — gevinnas oomomra;, 4 —nobosas wacme oomomku, 5 — 6anoasc;, 6 —nazoswviil KiuH

Taomuna 1
Pe3y.]'leaTl>I MOUCKOBLIX IKCIIEPUMEHTOB
Ne omeiTa HUcxonursle naHHbIe Pesynprar

1 f=22xI 1; Jlak Bech ymamwics ¢ oOMoTku MakeTa. OOMOT-
P=300 Br; Ka "pacceimanace” U 0e3 0cOOBIX yCHUIHI TOJI-
t°=72°C, BepraeTcs MEXaHH4eCcKOH nedopmanuu.

10% p-p NaOH,;
t=2 yaca 38 MUHYT

2 =22kl 11; N3 oOMOTKH yJoanuianch TOJIBKO BEPXHHUE CIIOU
P=300 Br; naka. banmax cHscs nerko. BHyTpu oOMOTKH
t°=35°C; JaKoBas MPOIMUTKAa oOcTanachk. MexaHHuecKon
2% pactBop NaOH; nedopmanui 0OMOTKa MMoagaeTcs ciado.
t=3 vaca 17 MUHYT.

3 f=22xI1; JlakoBasi MpoONUTKa BHYTPU OOMOTKU HE PacTBO-
P=300 Br; punack. bannax cusiics nerko. O6MoTKa coxpa-
t°=35°C; HUIa (opMy, HO MEXaHMUYECKOH nedopMaruu
2% pactBop NaOH,; nojiBepraercs 6e3 MpUI0KEHUsI 0COOBIX YCHIIUU.
t=8 uacos.

4 =22kl 11; Jlak MONHOCTBIO yaanmwicsa u3 OOMOTKH Makera.
P=300 Br; OOMoTKa "pacceimaercs’ | JEeTKO IMOABEPTaeTCst
t°=75°C; MEXaHH4YeCKoi nedopmanuu.

2% pacteop NaOH,;
t=7 4acoB 7 MUHYT.




PesynbTaThel Tabnuubl 1 moka3plBarOT MPaBUIBHOCTh BhIOOpa (hakTOpOB, pea-
au3yromux 3¢ dexTuBHOe pazpymenue ooMoTku D/ nmpu e€ nemonrtaxe. Pe3ynbra-
ThI TabJ. 1 JaIOT BO3MOKHOCTH ONPEACITUTHCA C YPOBHSIMH BapbUPOBaHHS (HaKTO-
poB. Tak 3a MUHMMAJIbHYIO TEMIIEpaTypy pacTBOpa BHIOpANU TEMIEPATYPYy OKpPY-
JKarolen cpeabl Ha MOMEHT IPOBENeHUs dKcIiepuMeHToB 35°C ¢ ydyeToM Harpena
pacTBoOpa MpH YJIbTPA3BYKOBOM BO3JACUCTBUU. MakcumaibHas TeMmIeparypa pac-
tBOpa 80°C, T.K. Mpu AajbHENIIEM HarpeBe MPOUCXOJUT €CTECTBEHHAs KaBUTAIIMSI.
3a makcuMaibHyt0 KoHIeHTpaluio B3aT 10% pactBop NaOH, nmpumensiemslii B cy-
IIECTBYIOIIEM METOJE JEMOHTa)ka OOMOTOK — BBINIEJIauMBaHue. MuUHUMAaIbHAS
KOHIIeHTparus 2% BbIOpaHa UCXOAS U3 MUHIUMH3AIUNA BPETHOTO BIUSHUS PACTBOPA
NaOH na sxomoruro.

[Tomy4yeHHble pe3yabTaThl UCIOIB30BAHBI MPU MHOTOGAKTOPHOM DKCIEPH-
MEHTE IO pa3pylIeHnto 0OMOTOK cropeBmux /] ¢ nensio ux 3¢ppexTuBHOrO, IHEP-
TOPKOHOMUYHOTO U OBICTPOTO JEMOHTaXKA MPU PEMOHTAX.

1. Hemuposckuii, A.E. IloBbiienue 3ppekTuBHOCTH 0OOMOTOK 3JIEKTPOJIBH-
rareneii / A.E. Hemuposckuii, B.O. Iletudopos, U.1O. Cepruesckast // By3oBckas
Hayka — peruony. marepuainsl X|l1 Bcepoccuiickoii HayuHol KoHpepeHu. — Bo-
agoraa: Bol'VY, 2015. — C. 35-36.

2. Hemuposckuii, A.E. AHamnu3 METOJIOB AEMOHTaxa OOMOTOK 3JICKTPOJIBH-
rarencii/ A.E. Hemuposckuii, /.O. AxkcénoB, A.M. Kammnu, I''A. Kuuuruna,
N.YO. Cepruesckas// By3oBckas Hayka — pernony. Mmarepuaisl XIV Bcepoccuii-
ckoi HayuHOH KoH(pepeHuu. — Bomorga: Bol'Y, 2016. — C. 7-9.

ONITUMM3ALNA TOTEPH DJIEKTPOOHEPTUU
B CEJIbCKOXO3SIMCTBEHHOM PAMOHE C I1C35/10,5 kB
«MOIKAUCKAS»

M.A. bono3ues

Hayunwvui pykosooumens B.B Opnoe, kano. mexu. Hayk, npogeccop
Bosoroickuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonorga

IIpu nepenave 31EKTPUUECKON SHEPTHH B KAXKJIOM 3JIEMEHTE JIEKTPUUYECKON
CETH BO3HUKAIOT MOTEPH. I N3ydeHHUs! COCTABISIOIINX ITOTEPh B Pa3IUYHBIX dJe-
MEHTaX CETU M OLIEHKH HEOOXOJUMOCTU MPOBEACHUS TOIO WJIM MHOTO MEpOIpHs-
TS, HAIIPaBJICHHOIO Ha CHUXKEHHE IOTEPh, BBIIIOJIHAETCS aHaIU3 CTPYKTYpHI IO-
TEPb JIEKTPOIHEPTUU.

CtpyKTypa noTeph 3JIEKTPOIHEPrUM NoKazaHa Ha puc. 1.



OtueTHble ((hakTHUECKHE) TOTEPH

Pacxox na CH Henoyver (| Kommepue-
TexHuuyeckue nmorepu IIC u n1aBky JIEKTPO- CKHe
roJ10J1ea JHEPrum noTepu
Pexumel pa-
P CrniocoOsr
OOTHI U CO-
Xonocroro || Knumatude- |[24 Tuna smekTpo- pacueTta mo-
Harpy3ounsie crosiaue TT,
xozaa CKHe IIPUEMHHKOB JIE3HOTO OT-
TH u cuerun-
IyCKa
KOB
Kontpous 3a
l l l notpebe-
HUEM
[Tokyna-
B cunoBbIx B cunoBbIx y
Tpancpopmarto- || Tpanchopma- || Ha xopon TeTbHa
p p p p POHy CIOCOOHOCTH
pax TOpax
HaCEJICHUS
B nuHusAX OT TOKOB
B xomnencu-
YTEUKH 110
B tpancdopmaro-|| pyromux ycr-
. M30JITOpaM
pax toka (TT) poiicTBax BII
B Beicokouacror- || B TH u ycr-
HBIX 3arpagure- (| poricrBax BU
JISIX CBSI3U
B tokoorpannuu- || B uzonsiuun
BAaIOIUX PEAKTO- || KabembHBIX
pax JIMHUIN
OnruMu3anus cXeM H pe:KHUMOB JKcImepr-
ABTOMATH3aLMs YIIPABJIEHUS Pacuer Pacuer 10- (|Has oueHka
HOPMATHBHOIO || MYCTHMOro || KoMMep4e-
3amena o0opynoBaHusA pacxonaa Heloyvera CKHX IO~
Tepb

?

f

?
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MexaHu3M BbIsIBJIEHHS] pe3epBOB

Puc. 1. Cmpyxmypa nomepo snexmposnepauu

[TyTH onTUMHU3AIMKM TEXHUYECKUX IMOTEPh B PACIPEACETIX HAMPsHKEHUEM
10/0,4xB nipemoaraoT:

1) onmtumwu3anmio nmoreps B Tpanchopmaropax KTII;

2) ONTUMU3AIUIO JUTUHBI SJICKTPUYCCKON CETH;
3) ontummusaruio mecra ycranoBku KTII (ieHTp mutanus);
4) cuMMeTpUpPOBaHUE HArPY3KH BJIOJIb CETH.
BeImoHEHHE BTOPOTO U TPETHETO IMyHKTA XOTA M 3(()EKTUBHBI, HO B JIAHHOE
U3-32 OTPOMHBIX pPacxXoJ0B Ha pa3pabOTKy U

BpeMA TPYAHOBBIIIOJIHHUMEBIL




CTPOUTEIBCTBO HOBOW MH(MPACTPYKTYphI ISl OOBEKTOB 3HEpreTuku. PadoThl 1o
YeTBEPTOMY IMYHKTY OOJBIIOTO SKOHOMHUYECKOTO 3¢ (eKTa HE MPUHOCST, TTOATOMY
OCTAaHOBHMMCS Ha MIEPBOM ITyHKTE.

Ipumenenne Tpanchopmaropos ATMI 10/0,4

['maBHOW KOHCTPYKTHMBHON 0COO€HHOCThIO TpaHchopmaTopoB ATMI
SBJISICTCS. MAarHUTONPOBOJ (CEpJCYHUK), BBIMOJIHEHHBIH M3 0CO0OOr0 Meramia —
amopdHo¥ ctanu. JlaHHbII MaTepral UMeeT O4eHb HU3KKE noTepu. Ecnu muxroBka
MarHUTOINPOBOJIa METOIOM Step-lap Mo3BOIISAIOT CHU3UTH MOTEPU XOJIOCTOTO XOJa
(Pxx) Ha 20-30%, TOo nmpuMeHeHHe aMOP(PHON CTalH I U3TOTOBJICHHS TAKOTO XKe
MarHUTOMPOBOJIa JAeT BO3MOXKHOCTb CHHU3HTH IMOTEPU XOJOCTOTO XOJAa €Ile Ha
75%. Pacuersl mokazamu, 4yTo MpH 3ameHe TpancpopmatopoB TM na ATMI
dunepa 10 kB «HemoTsiroBo» u ONTHUMHU3AaLMM WX MOITHOCTUOOIIHME MOTEPU
ymeHnbiiarcs B 5,4 pasa B cenbxo3paiione [1C 35/10,5 «Moxaiickas». Cpeanuit
CPOK OKYMaeMOCTH COCTAaBUT / JIET, a TOJIoBasg 3KOHOMHUS TMPEJIOIaraeTcs B
pasmepe 252 ThIC. pyo.

OkoHoMuYeckuil 3(Q(dEeKT mpu 3aMeHe TPaHCPOPMATOPOB HA OCTAIbHBIX
dunepax 10 kB I1C «Moskaiickas» npeacrapieH B Tadiuie 1.

Tabmuma 1
JroHOMUYecKHUil IPPekT npu 3ameHe TpanchopMaTopoB

ITorepu I'onoBas 3xo- | CpenHuii cpok
ITorepu cra- 3arpartsl,
Ddunep ObuIH, HOMUH, OKYIIa€MOCTH,
i, KBt TBIC.pYO.
kBTu TBIC.pYO. JeT
Henorsaroso 128 828 23837 1546,9 252,1 7
KorenbHukoso-1 13949 2295 179,6 251 7,2
KotenbHukoBo-2 16 483 4 828 179,6 25,1 7,2
WukyO6aTop 14 555 3911 143,8 23 6,3
Moxaiickoe 65514 12 907 779,4 113,5 7
IlepbeBo 122 736 24 169 1683,7 201,9 8,4
IlTnunuKn 57762 8 163 815,5 107,0 8,1
X0XJIEBO 48 038 5342 761,5 92,1 10,1
IOpoBo 99 350 13110 1379,1 186,1 7,9

HpuMeHeHne CBETOAMOAHBIX CBETUWIBHUKOB YJIUYHOTO OCBCHICHUS

Jlosst 3aTpaT Ha yJIWYHBIE CBETOAWOAHBIE CBETHUJIBHUKHA W IIPOXKEKTOPHI B
Poccun mmeeT TEHACHLHIO K POCTY, KOTOpas CO BpeMEHEM OyAeT TOJbKO yCHIIU-

BaTbCA.

HeynuButenpbHO — ynuipl TpeOYIOT MOIIHBIX (pOHAPEH, B KOTOPHIX, KaK Ipa-
BUJIO, MCIIOJIB3YIOTCS Ta30pa3psiiHbie JamIibl MoIHoCThI0 OT 150 10 1000 Br.

CortacHO pacyeTaM JUOJIHBIC CBETHJILHUKH MO3BOJISIOT COKOHOMHUTH 10 28%
JIEHEKHBIX CPEJICTB, 3aTpAayMBAEMbIX Ha COJCpKaHUE M OOCITYXKUBAaHUE YJIMIHOTO

OCBCIIICHUA.

IIpennoxenus no CHUKEHUIO KOMMEPUYECKON COCTABIAIOIIEN TOTEPb.




—

Hapsiny ¢ TexHnYecKkuMu OoTepsIMU 3HAYMTENbHYI0 BenmunHy B ceTsax 0,4 kB
COCTaBIISIIOT KOMMepYeckre moTepu. [IyTu onTuMu3anuu KOMMEpPUYECKHX MOTEPh B
pactpencetsx Hanpspbkenuem 10/0,4 kB mpennonararor:

1) yXOIl OT IOTEPh B UYKHUX CETAX;

2) CHUKCHHE XUIICHUN FOPUIMUCCKUMHU JTUIAMU;

3) CHMKCHUE XUIICHUN (PU3UUCCKUMU JIUI[AMH.

O0bemM 0e3y4eTHOTO SJEKTPONOTPEOJICHUS] Ha OCHOBAHHWH MPEIbSIBICHHBIX
aktoB 3a 2015 rox na IIC «Moxatickas» cocrtapun 1,376 miaH. kBT4., Ha cymmy
3,3 MiiH. py6. B cityuae He BbIsSIBIIEHUs JaHHBIX (PAKTOB 0€3y4eTHOTO MOTPEOICHUS
CETEeBOM OpraHu3alud HEOOXOIUMO 3aIlIaTUTh COBITOBOM KOMIIAHUU CTOMMOCTD
MOTEPb,ITEPEAAHHON 10 CETSAM U TOXHUIIICHHOW MOTPEOUTENSIMH JIEKTPOIHEPTHH.

[lempt0 yCTAaHOBKHM CHUETYHMKOB SBJSIETCSA. TMOJIYYEHHUE TEXHUKO-DKOHOMH-
geckoro 3¢gdekra 3a cuer coopa TOCTOBEPHBIX JAaHHBIX M1 OPMUPOBAHUS TEXHU-
KO-DKOHOMHMYECKHUX IOKa3aTeIei, CHIKCHHS TOTEPh 3JICKTPOIHEPTHH, KOHTPOJISI
BBITIOJTHCHUSI CYIIECTBEHHBIX YCIIOBUH OKa3aHMS YCIYT IO JJICKTPOCHAOKCHHIO, a
Tak ke, ONITUMH3AIINU 3aTpaT Ha 00CTyKUBaHUE 000PYIOBaHUS.

[Ipenmaraercss yCTaHOBUTH CYETYMKH C 3aLIUTOM OT XUILEeHUM Tuiia PuMc Ha
onopax BJI-0,4 kB na ¢punepax cenpxospaitona [1C «Mosxkarickas».

Ha ocHoBaHuM MpOBEICHHBIX PACUETOB U JAHHBIX O pacrnpeeraceHus: 00beMOB
rOZI0BOTO MOTPEOJICHHS U 3aBUCUMOCTH 00beMa MoTpedsieHus: (KOMMEPYECKHX 10-
TEpPb) OT 00BbEMA YCTAHOBICHHBIX CYCTUYMKOB C 3aIUTON OT XHUINECHUH JeaeM ce-
JTYTOIITNE BBIBOJIBI:

1) ycranoBka y 50% mnotpeburteneit cuerunkoB PHMc Ha omopax BJI
0,4 kB cenbxo3paiioHa CHIKaeT KomMmepyeckue norepu Ha 80%0;

2) exeroiHasi 3KOHOMUS MOXKET COCTaBUTHL Ooiee 3 MITH pyo.;

3) cpoK OKyHaeMOCTH JaHHBIX CYeTUHMKOB 4,4 TOJ1a, UTO CBHJIETEIBCTBYET 00
() PEKTUBHOCTH UX UCIIOIH30BAHUSI.

Ha ocHOBaHMM MpeCTaBICHHBIX PACUETOB TOCIE PEKOHCTPYKIIMH CEIbX03-
pafioHa MOYKHO CJIeJIaTh CJICAYIONINEC BEIBOJIBI.

1) kommepueckue nmotepu cHu3WIKCh Ha 80% 1O CpaBHEHHIO C TAHHBIMU 10
PEKOHCTPYKIIUH,

2) TeXHUYECKHE TOTEePH CHU3MWINCH HAa 46% 10 CpaBHEHHIO C JaHHBIMH 0
PEKOHCTPYKIIUH,

3) dakTrueckue moTepu Bcero paiiona camsmiarnchk Ha 70% ¢ 11,7% o 3,6%;

4) exeromHas OSKOHOMHS IIOCJAC PEKOHCTPYKIIMH MOXET COCTaBHUTh
4,4 muH pyoO.

1. TOCT 14209-85.TpanchopmaTopbl  CHJIOBBIE  MacisHbIE  OOIIEro
HazHaueHus. Jlomyctumelie Harpy3ku. — Beea. 01.07.1985. — M.: Crannaptundopm,
2009 — 36 c.

2. [Ipou3BoncTBO TpaHcPoOpMATOPOB, MOJCTAHIIUN, DIECKTPOOOOPYIOBAHUS
[Dnexrponnsiit pecype]. — URL: http://transformator.rul.

3. AmonoB, A.H. Owunaiin Onextpuk: VHTEpakTUBHBIE pacYeThl CHCTEM
anekTpocHabkeHus: [DnexkrponHsiit pecype] / A.H. AmronoB. — Pexum nocryna:
http://online-electric.ru.



CPABHEHUE METOAOB IIVIABKHA I'OJIOJIEJA HA ITPOBOJA XBJI
INEPEMEHHBIM U ITIOCTOAHHBIM TOKOM

E.A.I'ynsaes, E.C. Macnoe

Hayunwiii pykosooumens A.H. Anwnoe, kano. mexu. HayKk
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorna

[TpoGnema mpenoTBpaleHusi aBapuii, BHI3BAHHBIX TOJIOJEAHBIM OTIOXKEHHEM
Ha MPOBOJAX BO3AYLIHBIX JHHHUNA 3JIEKTPOIEpEeaay, B COUYCTAHUH C CE30HHBIMU BET-
pPOBBIMH Harpy3kamu, naiee “rosoneano-serpopas cutyanus (I'BC), akryanbHa
JUIs MHOTUX pernoHoB Poccuu u apyrux crpad. IlosTomy nepen uHxenepamu pas-
JUYHBIX CIIEIMATLHOCTEH, BO3HUKIIA 33]]a4a COBEPIIICHCTBA U BHIOOpA TEXHUYECKUX
MEpPOTIPUATUMN IO JIMKBUJAIUU dTOU CEPhE3HON YTPO3bI TSl AIEKTPOIHEPTETUKHU.

[To nanabiM AO «®upma «OPT'POC» 3a nepuoa ¢ 1971 no 2001 rox xpyn-
HbIC aBapUH Ha BO3AYIIHBIX JIMHUAX DJIEKTPOIEpeNaydl MpU BO3JACHCTBHUH MHTEH-
CUBHBIX TOJIOJIETHO-BETPOBBIX HArPy30K MHOTOKPATHO MPOUCXOAWIU B 44-X dHEp-
rocucTemax.

TosbKO OHA aBapus M3-3a FOJIOJEIHO-BETPOBBIX BO3ACHUCTBHN B COUYMHCKUX
anekTpuueckux cetsx OAO «KyOanbsnepro» B nepuon ¢ 18 mo 22 nexadbps 2001
roja TpHBela K MOBPEXKICHUIO 2,5 ThIC. KM BO3AYIIHBIX JUHUN HaNpsHKEHHUEM
0,38-220 kB, mpekpaleHuro Mmojaayu 3JIEKTPOIHEPTUU B KOMMYHAJIbHO-OBITOBOM
cektop ¢ HaceneHueM 320 ThIC. YENOBEK, MJIUTEILHOMY OTPAaHUYECHUIO DJIEKTPO-
cHaOXeHUS moTpeouTeel kpas [1].

B 2010 roxy B mpuHSTOW crenHalu3upOBaHHONW 0a30BOM MHHOBAIMOHHOMU
nporpamme OAO “@CK EC” ormeuaercs, yto Hanbonee 3PpPEeKTUBHBIM METOIOM
00pBOBI ¢ 00JICICHEHHEM TIPOBOJIOB SIBJISICTCS HATPEB MX DJIEKTPUICCKUM TOKOM|[2].

DTO0 3aKII0YEHHE CBA3aHO C MPOCTOTON U 3(D(PEKTUBHOCTHIO TAHHOTO METOJA!
“TI03BOMISIET MaKCUMaJIbHO aBTOMATHU3UPOBAThH IMPOIECC COOPKH CXEMbl TUIABKU H
BOCCTaHOBJICHHSI HOPMAJIbHOM paOOThl 3JEKTPUUYECKON CETH, UYTO OCOOEHHO Ba)KHO
IPY CO3JIaHUHM aBTOMATHU3UPOBAHHBIX CUCTEM YIpaBJeHHUs Tu1aBkoi rosoneaa (ACY
)" [1].

B nanHo# paGoTe Mbl monbiTaeMcsi 000OCHOBaTh BIOOP OJTHOTO U3 CIIOCOOOB
TJIABKH TOJIONENNa, & UMEHHO, IIEPEMEHHBIM WJIH MOCTOSTHHBIM TOKOM.

JIJisi BBITIOJTHEHUS PACcUYETOB 3aIaIUMCS WCXOJAHBIMH JTAHHBIMUA BO3YITHBIX
JIMHUHN, TTapaMeTpbl KOTOPHIX OBLIM B3AThI U3 CTaThH [2] ¥ Ipe[CTaBICHBI B BHJIC
Ta0uIe! 1.

Tabmura 1
ITapameTpsbl BO3XyIIHBIX JUHUI
Usi, kB Mapka npoBojia rym, Om/km Xy, Om/km LBi, kM
110 AC-150 0,194 0,42 25,15
220 ACO-300 0,098 0,43 57,24
500 3xACO-330 0,029 0,31 137,7




—

[TonyueHHbIC 3HAUYCHHS TOKOB U MOTPEOJIIEMOM MOITHOCTH MPH IIJIaBKE Io-
JI0Jie/1a MOCTOSIHHBIM U MIEPEMEHHBIM TOKOM MPUBEICHBI B TabuIe 2 u 3.

Tabmuma 2
IlnaBka NOCTOSAHHBIM TOKOM
Usi, kB CxeMa ILIaBKU I, kA Rd, Om Um, kB S, MBA
110 O-d 0,8 49 7,8 6,5
220 O-d 1,2 5,6 13,4 17
500 O-O 3,6 4 28,8 108,6
Tabauma 3
IliiaBka INEPEMECHHBIM TOKOM
Usi, kB CxeMa ILIaBKU I, kA Rd, Om Um, kB S, MBA
110 K@ 0,8 11,6 18,6 14,9
220 K® 1,2 25,2 60,6 72,7
500 K® 3,6 427 307,5 1107

JIyist HarasAHOTO TPEACTABICHUS TOMYYCHHBIX PE3yIbTaTOB IMOCTPOUM Tpa-
(UK 3aBHCUMOCTH MOTPEOJIIEMON MOITHOCTH OT HAMPSHKEHUS CETH, N300paKECHHBIN
Ha PUCYHKE.

S, MBA
1400

1200 o

1000 7

800 4

/
600 7

400 7

200 4

0 == g

110 220 500 YBM KB
e==@=[]/1JaBKa MNOCTOAHHbIM TOKOM = «@= = []1aBKa nepemeHHbIM TOKOM

Puc. I'pagpux nompebasemori mownocmu

Bocnonb3yemcs mepeBoioM 3HAYCHHH TMOTPEOJISIEMON MOIIHOCTH B KBT u
OTIPEJICIMM CTOMMOCTD JJIEKTPUYECKUX MOTeph Ha TUIaBKy. [Ipu aToM mpumem Ta-
pud Ha snekTposHepruio — 2,50 py0./kB1*u. [loayueHHble JaHHBIE MMPEACTABUM B
Buae Taoau 4, 5.




Tabmuma 4
IlnaBka MOCTOAHHBIM TOKOM
Usix, kB P, kBt CroumocTs 1u1aBku 3a 14, py0.
110 5200 13000
220 13600 34000
500 86880 217200
Tabmuma 5
IlnaBka NMEPEMECHHBIM TOKOM
Usx, kB P, kBt CroumocTs 1u1aBku 3a 14, pyo.
110 11920 29800
220 58160 145400
500 885600 2214000

OnTuManbHBEIM BPEMEHEM IUTABKH TOJIONIEAHOW MY(THI MEPEMEHHBIM TOKOM
cuntaercs t,,=10-40 mun: ipu Temmneparype Bozayxa 9,= -5 °C, ckopocTu BeTpa
v=5M/c ¥ nepreHANKYISIPHOM HANPABICHUN BETPA OTHOCUTEIHHO JIMHUY [1].

Opnako ans monydeHusi 6ojee KOHKPETHOTO pe3yibTara, BHIYMCIUM BpeMs
TUIABKH [WJIMHIPUYECKON TOJ0JIeIHOW My(THI JJisi CKOPOCTH BeTpa V=5 m/c, To-
IIMHBI rojioneaHon MydTel b = 4 cm u Temnepatype Bozayxa 9,= -5 °C. Iloayuen-
HbIC 3HAUCHHS CBEJIeM B Tabiuiy 6.

Tabmuia 6
OnpenesieHne BpeMeHH MJIABKH r0J10J1e/1a
Usi, kB Mapka npoBoia w1, KA tror, MuH
110 AC-150 0,8 90,43
220 ACO-300 12 101,94
500 3xACO-330 3,6 23,95

Onpenenum CTOMMOCTh AIEKTPUYECKUX MOTEPH C YUETOM IMOIYYEHHOIO BpE-
MEHU TUIaBKH. JlaHHbIC TpecTaBICHBI B Ta0uIax 7, 8.

Ta0muna 7
IlnaBka MOCTOSIHHBIM TOKOM
Usx, kB P, kBt tr1, Mmun CroumMocCTh TUIaBKH, pyo.
110 5200 90,43 19594
220 13600 101,94 57764
500 86880 23,95 86696
Tabauia 8
IlnaBka nepeMeHHbIM TOKOM
Usx, kB P, kBt tr1, Mmun CroumocTh TUIaBKH, pyO.
110 11920 90,43 44916
220 58160 101,94 247028
500 885600 23,95 883721




Ha ocHOBaHMM MOJYyYEHHBIX PE3YJBTATOB MOXKEM C/ENaTh BBIBOJ O 3(Pdek-
TUBHOCTH M KOMMEPYECKON BBITOJE MCIIOIB30BaHUS METOAA IUIABKM TOJIO0JIENA T10-
CTOSIHHBIM TOKOM J1J1s1 MOIIHBIX BJI ¢ mpoBogamu OONbIINX CEYEHHUI U 3HAYUTEIb-
HOW MPOTSKEHHOCTHIO, TaK KakK: MPU MOCTOSTHHOM TOKE pabOTaeT YUCTO aKTHBHAs
Harpy3ka R 1 Bechb TOK OT MCTOYHHKA — IPEIOIIUI; IPU IEPEMEHHOM TOKE JUIS I10-
JTY4YEeHHsI TOTO K€ TPEIOILIEr0 TOKa He0OX0AuMO OoJiblliee HAPSHKEHNE UCTOYHHKA,

T.K. HAIPY3KOW SIBJISICTCS IIOJIHOE COIPOTUBIIEHUE Z = \/ (2rfL)?> + R?, tne L —
WHIYKTHUBHOCTh HAarpy3kH, f — mpombInuieHHas yacTota. MHHYCOM JIAaHHOTO METO/a
MOHO CYMTaTh HEOOXOAMMOCTh IPUMEHEHUS MPeoOpa3z0oBaTelis NEPEMEHHOIO TOKa
B TOCTOSIHHBINA (BBIIPSIMUTEIIbHAS YCTAHOBKA), KOTOpas CTOUT JOMOJHUTEIIbHBIX
BJIOKCHHUH (OKYyIaeTcs 3a C4eT MHOTOKPATHOT'O MCIIOJIb30BAHHMS).

Yro kacaeTcs ITUIaBKU roJioyie/la IEPEMEHHBIM TOKOM, TO €€ PEKOMEHIOBAHO
ocymiecTBisATh B cetax 110 kB u Huxke, mpu yCIOBUM 4YTO CE€YEHHE MPOBOJA HE
nomkHo pmocturate S=300 MMZ, a JyTuHa 00OTrpeBaeMbIX JIMHUN JOJKHA pacrofia-
ratecs B auanaszone: 10-25, 15-40, 50-125, 150-200 km mipu Uy 6, 10, 35, 110kB.
JIoCTOMHCTBaMHM JaHHOTO METOJla MOXHO Ha3BaTh.: MPUMEHEHHUE HMMEIOIIETOCs Ha
I1C oGopynoBaHusi, CpaBHUTEIbHAS MPOCTOTA CXEMBbI BKIIOUYCHUS, a JIOTIOJTHUTEIh-
HBIM MHHYCOM — HEO0OXOJMMOCTH BBHIOOpA COMPOTHUBJICHUS KOHTypa 3a CYET MOj-
KIIFOUEHHUS JIONOJIHUTEIbHBIX JIMHUN, MOMUMO JHHUM TpeOyrouleld MpoBeaeHHUs
TUTABKH.

1. Annmunyes, A.A. JIuarnoctuka, peKOHCTPYKLHMS U IKCIUTyaTalus BO3AyLI-
HBIX JIMHUU JJIEKTpOIepeaayd B TOJIONIeAHbIX paiioHax/ A.A. Ammmyes, A.C. 3a-
ceimkuH, W.W. JleBuenko, E.M. Camyk: yue6. mocobue. — M: HUzn-sBo MOU, 2007.—
494 c.

2. ®pono, O. MeToapl MpeAOTBpaAIlEHUsT TOJOIEAHBIX aBapuii B Poccun/
O. ®ponos, 10. Hlepmres// Dnexkrposneprus. [lepenaya u pacupenencaue. — 2011.
—Nel(4). —C.20-23.

3AIIIUTA CUJIOBOI'O TPAHC®OPMATOPA OT BHYTPEHHHUX
MOBPEK/IEHWI YIIPEKIAIOIIETO TEVCTBUS

A.H. /Imumpuesa

Hayunwiii pykosooumens H J[. Ilo3zoees, kano. mexu. HayKk, 0oyeHm
Bonoroackuit rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorna

[ToBpexnenust TpancopMaropa SIBISIOTCS ONAaCHBIMH BO3MYLIECHUSMU IS
anekTpodreprerudeckoit cucremsl (33C). [Toatomy s TpanchopMaTOpOB TOIIK-
HbI OBITh IPEIYCMOTPEHBI YCTPOMCTBA PEICHHON 3aIUThl OT MOBPEKICHUN U He-
HOPMAJIBHBIX PEKUMOB padoThl [1]. [yis MHHUMH3ALUU BPEIHOTO BO3JCHCTBUS Ha



ucrpaBHylo dactb DOC, I yMEHBIICHHS CTEIIEHU MOBPEXKACHUS CaMOI'0 TpaHC-
dopmaTopa cucrteMa pererHOlN 3aIIUThl JOJKHA 00ECIeYUTh BO3MOXKHO OBICTpOE
OTKJIIOUEHHUE TIOBPEKICHHOTO TpaHC(HOPMATOpa OT AJIEKTPUIECKON CETH.

B HacTosiee BpeMst OpICTpOCHCTBIE MHOTHX 3alllUT, yCTAaHABIMBAEMbIX Ha
TpaHcopmarope, JOCTUTIIO (U3NYECKH BO3MOXKHOTO MpeJiena, OMNPEesIEHHOTO
CBOMCTBAMHU IPOTrPaMMHO-ANIIAPATHBIX CPEACTB PEJICHHOM 3aIlUThl. Y MEHBIINUTH
CTETIEHb HEraTUBHOIO BJIMSHUS MTOBPEKICHHBIX TPaHC(HOPMATOPOB Ha PEKUM pado-
Tl DOC MOXHO MyTeM pealn3aluu YIPEeKIAIUX (YHKIUN peleHOoN 3aluThl,
OCHOBAHHBIX Ha BBISIBIICHUH IMOBPEKICHUI HA paHHEH cTajauu pa3BuTus [2].

[lenpto paHHEro OOHAPYKEHHS MMOTEHUUAIbHBIX MOBPEKICHUN SBISETCS
o0ecrieueHrne JAOCTaTOYHOIO 3araca BpeMeHHU JUIsl (puKcaluy MOBPEXACHUS U BbI-
IOJIHEHHS TaKMX YNPEKIAOIUX NEHCTBHUM, KOTOPBIE ITO3BOJAT MPEIOTBPATUTH
pa3BUTHE aBapuu Ha TpaHc(hOpMarTope M, Kak CIEJCTBHUE, €ro MOBPEKICHHUE, Tpe-
OyIOLIEro KpyMHOIo U JUIMTEIBHOIO peMOHTA. Peanu3oBarh 3Ty 1€JIb MOXKHO ITyTEM
cObopa ¥ KOHTPOJIS AOMOJIHUTENBHON HH(POPMALIMU O COCTOSIHUU TpaHcpopmaTopa U
(opMHpOBaHUS YIPEXKAAIOMIET0 CUTHAJIA MPU BBIXOJE BEIUYMHBI KOHTPOJIHpYE-
MBIX [TapaMEeTPOB 3a MPEeIEbl JOMYCTUMbIX 3HAYEHUH.

OOMOTKM — 3TO OCHOBHBIE JJIEMEHTBI KOHCTPYKLIHMHU JHOOr0 CHIOBOTO
TpaHcopmaropa, COCTOSHHE KOTOPBHIX B 3HAUUTEIHHON CTENEHH OIpPENEeseT ero
HaJICKHYIO U JUIMTEIbHYI0 paboTy. B mpouecce skcrutyaTanuu TpaHcpopMaTOpoOB
pecypc 0oOMOTOK MOCTENEeHHO cHikaercs. Hauboniee BpenHOE BIUSHUE HAa ATOT
IPOLECC OKA3bIBAIOT MepexoaHble npouecchl B 99C, KOTOpble CLIOCOOCTBYIOT — I10-
SIBJICHUIO 3HAYUTENIbHBIX AJEKTPOJMHAMUYECKUX CHJI, BO3ACHCTBYIOUIUX HA BUTKHU
00MOTKH. CHUIIBHOE MEXaHUYECKOE BO3JIEUCTBHUE 3TUX CUJI MMPUBOJIUT K AedopManuu
OOMOTOK.

MexaHu3M U3MEHEHUsI KOHCTPYKIIMKM OOMOTOK XOPOIIO U3BECTEH [2]:

1) BO3HMKHOBCHHE OCEBOW OCTATOYHOM Je(OpMAIUK, B TOM YUCIIC TTOBPEK-
JIEHUE TIPECCYIOLIEH CUCTEMBI M PaCITyllIEeHUE BEPXHUX BUTKOB;

2) BO3HUKHOBEHHE PaJHalbHON OCTATOYHOM JedopManuy;

3) moseranue 0OMOTOYHOTO MPOBOJA TIO/I JICHCTBUEM AJIEKTPOANHAMUYCCKUX

CHLI,
4) cKpy4rBaHUE WM PACKPyYNBaHUE OOMOTOK;
5) BUTKOBBIC 3aMbIKaHHs — KOHEUHBIH UTOT JCCTPYKIUU OYMaKHOW H30IIs-
LIMN U NTIOTEPH IEKTPOANHAMAYECKON CTOMKOCTH.
C u3MEHEHUEeM reOMETPHH OOMOTOK CBSI3aHO U3MCHEHUE COMPOTUBIICHUSI KO-
POTKOT'O 3aMBIKaHHUS CHJIOBBIX TpaHC(HOpMaTopoB [2].
W3BecTHO, YTO CONMPOTUBIICHHUE KOPOTKOTO 3aMbIKaHUs TpaHchopMaTopa oOri-
penenseTcs o BeipaxeHuro [3]:
792-f-w® -mw-djp-a,-kp-107°
X J—
K — 1 )
rne f — wacrora cetu;a, — NIMPUHA NPUBEICHHOTO KaHaia paccesHus; Kp — kodd-

¢urrent PoroBckoro (ko3((GUIMEHT NMPUBEACHUS WACATBHOTO IOJIS PACCESHUS K



peasbHOMY); dip — IMaMETp OCEBOTrO KaHaja Mex 1y 0OMoTkamu; | — BeicoTa 0OMOT-
ku (OceBOl pa3Mep); ® — KOJTHYECTBO BUTKOB.

[lupuHa NpUBEICHHOIO KaHalda PACCEesiHUS, B Cllydae KOrja paJualibHbIe
pa3Mepbl OOMOTOK a U a, M0 OTJIHYAOTCS APYT OT APYra, ONPEIessieTcs O BbI-
paxxenwuro [3]:

- 711 IByX00OMOTOYHOTO TpaHcdopmaropa MomtHocThio 10 10 MB-A:

dq + as
A = A o
- 151 IByX00MOTOYHOTO TpaHchopmaropa MontHocThio Oosee 10 MB-A:
a a
diz - @12 + Dcps ?1 + Dcpe ?2
ap = ) :
12

rie Dcpy, Depe — cpenaue quameTpsl 0OMOTOK;
- 151 TPEXO0OMOTOYHOTO TpaHchopMaTopa MolrHocThio 10 10 MB-A:
dq + asz
3 )
r7e aj, ap, ag — MIMPHUHA HAPYKHOM, Cpe/lHeH, BHYTPEHHEH 0OMOTKH COOTBETCTBEH-
HO; a12, a3 — IIUPUHA KAHAJIOB MEXIY COOTBETCTBYIOIIUMH OOMOTKAMU,;

ap=alz+az+323+

- 1151 Tp€XO0OMOTOYHOTO TpaHchopmMaTopa moiHocThIo Oosiee 10 MBA:

a a

dy3 - (a2 +a; +az3) + Depy gl + Dcps §3
dn — )
P a13

raie dis=Dcpatagtapstaptan.
Koaddunuent Porosckoro Moker ObITh paccuutan 1o dpopmyie [3]:

-1
kp=1—0-(1—ec>,

air,+aq+a
riae c = 12—112 OO6sruHO 3Hauenue K, Haxomutes B mpenenax ot 0,93 mo 0,98.
T[l
ConpoTuBieHre 0OMOTOK IPHM HEPABHOMEPHOM DPACIIPENCICHHU BUTKOB II0

BBICOTE MOYKET OBbITh ompe/iesieHo o ¢popmyie [3]:

7,92'f'(1)2 °7t°d12°ap'kp'10_8
XK = 1 ° kq;
1-x2 1
rnek, =1+ ;,X = =, pa3HHUIIa B BBICOTaX 0OMOTOK, M = 3.
a m-ap.k, 1

Takum 00pa3oM, 3HaYEHUE COMPOTHUBICHUS KOPOTKOI'O 3aMbIKAHHUS TpaHC-
dbopmaropa B 11000 MOMEHT BpPEMEHH €ro paboThl CBSI3aHO C T€OMETPUUYECKUMHU
napaMmeTpaMmu ero oOMOTOK.

N3meHeHue CONpoOTUBIEHUS KOPOTKOro 3amblkaHusi AXy+ ecTb (QyHKUUs
CMeEILIEeHUs BBICOTBI 0OMOTKH Al 17151 oceBoro cMmeneHus: 0OMOTOK M (PYHKIIHS U3Me-



HEHUsI OCEBOT0 KaHaja Mexay oOMoTkamu Aai, Uil paguanbHOu aedopmaruu
BHYTPEHHEN OOMOTKH O BCEIl OKPYKHOCTH:

AXy, = f(Aayy).

Torma orHOcuTENnbHOE M3MEHEHUE AXy* IMPH OCEBOM CMENIEHUH OOMOTOK

ecTh
_ AZ-(Ap-D+AL(24,1-1%)
A = = (maped-ay @)

ai,+a,+a
rae Al — cMelenne BEICOTEI 0OMOTKH; A, = —=2—2=2,
T

OtHocutenbHOE U3MEeHeHUe AXy+ IPU paJuaIbHOM CMEILEHUH 0OMOTOK €CTh

(2)

AX’ _ 3Aa%2—(3ﬂ:'1—6312—432)'A312
K* o 33%2—3312+4’B2'312—Bz'ﬂ:'l‘}'B%’

rae Aa;, — cMelleHre 0CeBOro KaHana Mexay oomotrkamu; B, = a, + a,.

Beipaxkenus (1) u (2) ciaemyeT NpUMEHSTh Ui OJHOTHITHBIX TpaHchopmaro-
POB, U3TOTOBJICHHBIX 110 OJJHOM TEXHOJIOTHH.

JIJ1si KOHTPOJIA TEOMETPUU 0OMOTOK TpaHchopMmaTopa MpejiaraeTcs UCIob-
30BaTh 3aBUCUMOCTH (1) u (2). OHuU comepKaT MUHUMAJIBHOE KOJUYECTBO BXOIHBIX
napameTpoB (paauaibHbIC pa3Mephl U BBICOTA OOMOTKH).

Peructpupyroiue ycTpoiicTBa, ycraHaBiuBaembie B 99C, mO3BOISAIOT (PUK-
CUPOBAaTh MapaMeTpbl PeKUMOB SHEPTOCUCTEMBI U €€ 3i1eMeHTOB. [0 JaHHbBIM peru-
CTPaTOPOB MOXKHO PacCUUTHIBAThH IMapaMeTpbl TpaHcPopMaTopa, B TOM UUCIE U CO-
MPOTUBIIEHUE KOPOTKOTO 3aMbIKaHMSI, B PEKUME PEATBHOTO BPEMEHH.

Anroput™M paboThl 3alUThl TpaHcpopMaTopa YIPEKAAOIIET0 IACHCTBUS,
peanusytonuii 3asucumoctu (1) u (2), npeacrasien Ha puc. 1.

[Tyck mporpaMMbl OCYIIECTBISICTCS MPU BO3HUKHOBEHHWU BO3MYIICHHS B
sHeprocucreme. B pe3ynbraTe Kaxa0ro HOBOro pacyera 0OHOBIseTCS 6a3a JaHHbBIX
paccuMTaHHBIX 3HAUeHUN comportuiieHuss K3, ¢ KOTOppIMU CpaBHUBAIOTCS BCE IO-
CJIelyIolMe paccuuTaHHble 3HaueHus. [IpeaenbHo A0MmycTUMOE OTKJIOHEHHE MpH-
HuMaetcs paBHbIM 3% [4]. Eciiu BenmuunHa COMPOTUBIICHUS KOPOTKOTO 3aMbIKAHHS
BBIIIET 3a Ipenesbl JOMYCTUMOIO JMana3oHa, TO PAcCUMUTHIBAETCA AePopMalius
0oOMOTOK. B pe3ynpTaTe npuHUMaeTcs pelieHre O BbIBOJE TpaHCpopMaropa u3 pa-
OOTHI.
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Takum oOpasoM, 1o pe3ysibTaTaM pacueTa 3HAaYeHUU mapaMeTpoB TpaHchop-
MaTopa B pabodyux pekpMMax UMEETCS BO3MOXKHOCTh KOHTPOJIS CTEICHH Achopma-
AN €70 0OMOTOK.

1. IIpaBuiia ycTpoiCTBa 3JIEKTPOYCTaHOBOK. /—¢ n3nanue: Pen. A.M. Mena-
men. — M.: HII DHAC, 2011.— 552c.

2. XpennukoB A.1O., Hectepenko A.A. JluarHocTuka CUJIOBBIX TpaHCcopma-
topoB // HoBocTu 3nektporexauku. 2014. — Ne 3 (87).

3. Tuxomupos, [I.M.Pacuer tpanchopmaTopoB: yued. mocodue st By30B.—
4-e u3n., nepepad. u gom. — M. «DQueprus», 1976. — 544 c., u.

4. O6beM U HOPMBI HCTIBITaHUH 35ekTpoobopynoBanus. P/l 34.45-51.300-97:
yTB. [[-Tom Hayku u TexHuku PAO «EDQC Poccumn» 08.05.1997. — 6-¢ u3z., ¢ u3m. u
norm. — M.: HI] ODHAC, 2004. — 256 c.

OPT'AHM3ALIIUSA DQHEPI'OCBEPEKEHUA B BOT'Y

A.A. Kuzanoe

Hayunwiii pykosooumens I'.A. Kuuuzuna, kano. mexu. Hayk, 0oyeHm
Bostoroackuii rocy 1apCTBEHHbINA YHUBEPCUTET

r. Bonorga

JIJIs TOTyYeHHS AJICKTPOIHEPTHH TPUMEHSCTCS MPOIIECC COKUTAHMS Pa3iiny-
HBIX BHJIOB TOILIMBA — HE(TH, Ta3a, yIiid, IepeBa, MPpU KOTOPOM IIPOUCXOIUT BhIJIC-
JeHHe OOJIBIIIOr0 KOJMYECTBA YIUICKHCIIOTO Ta3a, HAKOIICHHE KOTOPOro B aTMO-
chepe MOKeT IPUBECTH K TaK Ha3bIBAEMOMY MapHUKOBOMY 3 dekTy (YrIeKucIbIii
ra3 MpoITyCKaeT COJHEYHOE TEIUIO K TIOBEPXHOCTH 3eMJTH, HO TIPEISATCTBYET €0 U3-
JYYCHHI0O B KOCMHYECKOE IMPOCTPAHCTBO). YiKe ceiiuac 3TO sBJICHHE HAYMHACT
ONIYIIAThCSA B MaciuTabax BCEH IIAHETBI: PACTET CPEAHSsS TeMIleparypa BO3IyXa,
cojicpKaHue B HeM Bjard. [1ociefcTBHs 3TOro SIBICHUS MOTYT OKa3aThCs KaTacT-
poduueckumu. Ecim, Hanmpumep, cpeaHss TeMIepaTypa BO3IyXa Ha IUIaHETE BO3-
pacTeT Ha TPU rpajayca, TO 3TO MOXET IMPHUBECTH K IKOJOIMYECKON KaracTpode —
HAYHETCS MHTCHCHBHOE TasHHE JIbJOB B MOJIAPHBIX 00JIACTAX, IMOBBINICHUE YPOBHS
MupoBoro okeaHa, 3aTOIICHUE OTPOMHBIX MPHOPESKHBIX TEPPUTOPHUH, BOZHUKHO-
BEHUE HOBBIX MYCThIHb. Kpome mapHUKOBOTO 3(deKTa, HETPEPHIBHO IBIMSIIIC
TPyOBI TEIUIOBBIX JJICKTPOCTAHIIMA MOTYT TPUHECTH W JIPYTHE HEMPHUATHOCTH.
Ckouib Obl HE OBUTH COBEPIICHHBI (DMIIBTPHI, YJIABIMBAIOIINE TBEPAbIC YACTUIIBI HE
TIOJTHOCTBIO CTOPEBIIIETO TOIUIMBA, OFPOMHOE MX KOJHUYECTBO BMECTE C JBIMOM IIO-
najaer B arMocdepy. B 3THX yacThIaX CoJepiKaTcs pa3IMdHbIC BPEIHBIC, B TOM
YKCIIC BRI3BIBAIONINE paK M Jpyrue 00JIe3HH, BelecTBa. Bo3pacTanue 3THX BBIOPO-
COB HECOMHEHHO TIOCTaBHUT TI0J] YTPO3y 37J0pPOBhE MHJUTHOHOB JTtoj1eH [1].



JI71s1 yMeHbIlIeHHs TOTPEOJICHUS! IPUPOIHBIX PECYPCOB, a BCIEJACTBHUE ITOTO U
COKpAIIICHHS BBIOPOCOB BPEJIHBIX BEIIECTB, HEOOXOAUMO OoJjiee paliOHAIbHO I0-
TPEOJIATH AICKTPOIHEPTHIO, & HMEHHO:

- BBIKJIFOYATh CBET MPH YXOJI€ U3 TOMEIICHUS;

- OTKJIFOYATh YCTPOMCTBA, MINTEIBHO HAXOMSIIHUECS B PEKUME OKuIaHMS (B
YaCTHOCTH, KOMIIBIOTEP, €CJIM HET HEOOXOIMMOCTH B €ro padbore);

- II0 BO3MOKHOCTH HCHOJB30BaTh MECTHBIE CBETUJIBHUKH, €CJIM HET HEOOXO-
JIMMOCTH B OOIIIEM OCBEIIICHHU.

[lenbto maHHOTO WCCIETOBAHUS SIBISETCS YMEHBIIIEHUE 3aTpaT Ha DJIEKTPO-
DHEPTHUI0, TOTPEOIAEMYIO 3JIEKTPOOOOPYIOBAHHEM TOCYIapCTBEHHBIX 00pa3oBa-
TEIBHBIX YUPEKICHUM.

CyImiecTBEHHOE CHUKEHHUE YPOBHS TOTPEOJICHUS SJICKTPHYECKOH IHEPTHH
BO3MOYKHO MPU UCTIOJIb30BAHUM CBETUIILHUKOB CO CBETOMOIHBIMU JIAMITAMHU.

[Ipu ycTaHOBKE CBETOJMOJHBIX CBETHJIIBHUKOB BMECTO aHAJIOTUYHBIX JIFOMU-
HECIICHTHBIX COKpaIaeTCs:

® MOTpeOJICHHE IIEKTPOIHEPTUH, TPAKTUUECKU BJIBOE;

® IICPUOINYHOCTH 3aMEHBI JIAMIT BCIIEACTBHE M3HOCA (CPOK Cay»KObl B 5 pas
OoublIe).

Tabauma 1

CpaBHeHHe TapaMeTPOB CBETOAMOTHOI0 CBEeTHJILHUKA THIIA
GL L-600-36-1P40-4{2] u momunecuenTHoro Tuna JIIO[3]

[TapameTpsl CBeTOIUOIHBIH JlroMuHECIIEHTHBIN
CBETWJIbHUK CBETUJIBHHUK
MomHocTs, BT 36 72
Cpennuii Cpok CIy>KObI, 4acoB 30 — 50 ThIc. 7 — 10 ThIC.
CBeToBoii MOTOK, JIM 3000 3200
CroumocTs, pyoO. 900 700

Taxke mpeumyllecTBaMu CBETOAMOJHBIX JIaMIT SIBJISIOTCA Oosiee BbICOKas
HKOJIOTUYHOCTh, OTCYTCTBHE HH(PAKpaCHOro M yJIbTpaduOoJIETOBOIO HU3IyYEHUH,
OTCYTCTBHE CTPOOOCKOMMUYEcKOoro 3 ekra, paboTa B yCIOBUSIX C HU3KOM TeMmIepa-
TYypOX.

Bonburyro nomynspHOCTh TPUOOPETAIOT AATYUKU ABMKCHUS U MIPUCYTCTBHS,
KOTOpBIE pearupyroT Ha TEIJIo, M3lydyaeMoe ueraoBekoM. COBpeMEHHbBbIE TaTUYUKH
HACTPauBaIOTCA B 3aBUCUMOCTH OT TeMIIEpaTyphl, ECTECTBEHHOI'O CBETOBOI'O MOTO-
Ka, JAIbHOCTH JAEUCTBUSI, 3aJ€PKKH BPEMEHHU BBIKIIOUEHHS OCBelleHus. JlroMmunec-
[IEHTHbIE CBETUJILHUKH, B OTJIMYHME OT CBETOJMOAHBIX, C JaHHBIMH TIpUOOpamMu
B3aMMOJICICTBOBATh HE MOTYT, TaK KaK HE PACCUMTAHbl HA YacCThl€ BKIIOYCHUS U
OTKITIOUCHHUSI.

[To mpoBeieHHOMY aHAIKU3Y MOTPEOICHUS DIIEKTPOIHEPTUN OCBETUTEILHBIMH
npubopamu B 1 u 2 yueOHBIX Kopmycax Bol'Y moctpoens! rpaduku (pucyHok 1)



IIPY UCIIOJb30BAHUU JBYX PA3JIMYHBIX BUJOB CBETUILHUKOB C YUETOM OJIMHAKOBBIX
[IapaMeTPOB OCBEIICHHOCTH ITOMEIICHUH.

KBT*y
30000
25000 7
r- -
20000
: /
" -~ - . =+ =JIIOMWHECLEHTHbIE

15000 / T~ / CBETU/IbHUKM

10000 ;- IR ,r' [ = CBETO/IMO/IHbIE CBETUIbHUKY
5000

Puc. 1. I'pagpux nompebdrenus snekmposnepeuu

[Ipu pa6ote 1402 mroMUHECHIEHTHBIX CBETUILHUKOB B 118 aymuropusx, ko-
puaopax u tyainerax norpeodssiercs okono 167 MBT1*u snexktpuuectBa, 4To B zie-
HEXHOM 3KBHUBaJIEHTE cocTaBisieT 926 Thic. py0. Takoe ke KOJIUYECTBO CBETOANO/I-
HBIX CBETHJIBHUKOB moTpebiser 83 MBT* u sneprum na 463 Thic. py6. Kpome Toro,
3a cueT 0oJiee OO CITy»KOBI CBETOIMOMHBIX JIAMIT TIPH ONTUMAJBHBIX MapaMeT-
pax noctasisieMord Bol'Y anekTpo3Heprum nosiBiseTcss BO3MOXHOCTh YMEHBIINUTh
3aTpaThl Ha MPUOOpETEeHrEe HOBBIX Jami Ha 3,9 MiH. pyo.

WNuBecTHIIMM HAa YCTAaHOBKY CBETUJIBHUKOB CO CBETOJMOIHBIMH JIaMIIAMU
OKyMsTCS MeHee 4eM 3a 3 rojaa. Takum oOpa3oM, pacCMOTPEHHbBIE MPEATIOKECHHUS
11eJ1ec000pa3HO OCBaMBaTh B TOCYJapPCTBEHHBIX 00pa30BaTENbHBIX YUPEIKICHHIX.

1. Kapramos, A. A. IlpoGiembr 3xoHOMUM 3JiekTpodHeprun B XX| Beke/
A. A. Kapramos,; Hay4. pyk.: I'. A. Knunruna// Marepuanst |V eXeromHsx cMOT-
pOB-cecCUil acIMpaHTOB U MOJIOJBIX YUYEHBIX IO OTpacisiM HayK: TeXHu4yeckue
Hayku. DKoHOMU4Yeckue Hayku. — Bomoraa, 2010. — C. 9-12 . — ( UndopmarioHHbIe
TEXHOJIOTHH) . — bubnuorp.: ¢. 12

2. Csetbap.py [DaexTponnslii pecypc]. — Peskum moctyma: http://svetbar.ru/
svetilniki-ofisno-administrativnye/

3. Tiu.ru [Dnekrponnsrii pecypc]. — Pexxum nocryma: http://vologda.tiu.ru/



PA3PABOTKA YJbTPA3BYKOBOI BAHHBI
JJI1 OCBOEHMA HHHOBAIIMOHHOI'O METOJJA
JTEMOHTAXKA OBMOTOK DJEKTPOJIBUTATEJIEN

A.U. Kawun

Hayunwvui pykosooumenv A.E. Hemupoeckuii, 0-p mexu. Hayk, npogeccop
Bousioroackuit rocy 1apCTBEHHBIN YHUBEPCUTET

r. Bonorga

Onekrpoasurarenu (D]]) 3KCITyaTUPYIOTCS B KECTKHX YCIOBUSX. MHOTHE
(akTophl, Takhe Kak. MOBBIIIEHHAs BJIaKHOCTb, 3albUIEHHOCTb, HU3KOE KayeCTBO
MUTAONIETO HAMPSHKCHUs, TPUBOIAT K BbIxoay O/ u3 crpos [1]. 3HaunTenbHas
gacte DJ] moaBepraeTcsi peMOHTY U mepeMoTke. ['maBHOe, 4TOOBI OTPEeMOHTHPO-
BaHHBIN DJ] cOOTBETCTBOBAN TPeOOBAHUAM HAJASKHOCTU M d(P(PEKTUBHOCTH B Jlajhb-
Heluieil pabote. DTO 3aBUCUT OT Kaue€CTBA PEMOHTA U MPUMEHSIEMbIX MaTEPUAJIOB.

W3BecTHBIE METO/BI IEMOHTaXka 00OMOTOK D]l mpu peMOHTHBIX paborax [2]
MPUBOJAT K MEXAHUYECKUM IOBPEKICHUAM IIJIACTUH MMAKETa CTAaTOPa, YXYILIECHHUIO
MarHUTHBIX CBOWMCTB CTajlM, POCTY TOKa XOJOCTOTO XO0/a, MOBBILIEHHOMY NOTpPEO-
JICHHIO 3JIEKTpO3HEpruu, cHmkeHnuro KII/, tokanbHbBIM neperpeBam CTajad, yMEHb-
HIEHUIO pecypca 3KcIutyaTauuu D/, BpeIHOMY BIMSHUIO Ha 3KCIUTyaTalMOHHBIN
IIEPCOHAT U HAa OKPYKAIOUIYI0 Cpeay. OTH METOABI HE DKOJOTWYHBI M CBS3aHBI C
OOJIBIIMMH DHEPTro3aTpaTaMH.

Pa3paboTtanusblif HamMu croco® AeMoHTaxa 0OMOTOK DJ] mpu peMOHTax OCHO-
BaH Ha BO3JCHCTBUM YIbTpa3BykoBoro m3nyueHus (Y3M) Ha cropeBiire 0OMOTKH B
2% BOJIHOM pacTBOpe rupokcuaa Hatpus. KaBurtannonHoe Bo3nelcTBUE yIbTpa-
3BYyKa JIEKUT B OCHOBE MeToJia. OHO COCOOCTBYET HE TOJBKO Pa3pyLICHUIO JAKO-
BOI MPONUTKHU CTapoil 0OOMOTKH, HO U YCHJIMBAET KaNMIISPHBIN 3P PEeKT, MpH KOTO-
poMm pabouuii pacTBOp ObicTpee W A(DPEKTUBHEE MPOHUKACT B TOJILY OOMOTKH.
B pesynbrare yckopsieTCs MpOLECC pACTBOPEHUS MTPOIMUTOYHOTO COCTABA U BBICBO-
OOXKJIEHHE CrOpeBIIeH OOMOTKH.

[Ipennaraemplii Meton Oojiee 3PPeKTUBEH, MOCKOJIBbKY HE BBI3BIBAET paspy-
LIAIOIIETO BO3IEUCTBHUS HA MOJIE3HBIE JIEMEHTHI KOHCTPYKIHNH D /], OH Takke MeHee
HHEPro3aTpaTeH M 3KOJIOTMYEH 10 CPABHEHHUIO C M3BECTHBIMU METOJIAMM JIEMOHTA-
*a 00MoTOK DJI mpu peMOHTaX.

Jlnst mpoBeeHUsT MCCIEJOBAaHUM HaMHM pa3padOTaHa KOHCTPYKUUS YJbTpa-
3BykoBoii BaHHbI (¥Y3) Banubl (Puc.l,2), xotopas wusrotosiacHa ¢upmoit OO0
«Anexcanapa-ITnroc» (r. Bonorna) u mokaszana Ha puc.4. I1pu pa3paborke Y3 Ban-
HBl YYUTHIBAJIKMCH PE3YJIHTAThl TOUCKOBBIX YKCIICPUMEHTOB Ha CTaTopeTax (MakeTax
obmotku D/1), IpHU KOTOPHIX OMPEACTHIN MOIIHOCTh M3JIydaTelieil, TeMIeparypy u
MPOIOKUTEIBLHOCTD Bo3aecTBUs Y3 Ha oOMoTku D/I.

brok-cxema Y3 BaHHbBI npencraBieHa Ha puc.l. OCHOBHBIMM 3JIE€MEHTAMU
BaHHBI SIBJISIIOTCS OJIOK YIpaBJICHUs, KOHTPOJUIEP, YJIbTPa3ByKOBOM TI€HepaTop
(Y3I'), narpeBartenb ¥ camMa BaHHAa. B BaHHE BCTPOEHBI J1BA ITbE30KEPAMUUCCKUX H3-



ayuatens cymmapHod momHocTeio 200 BT, matuuk Temmeparypbl U HarpeBaTeib
(TOH) mommuocteo 300 Br. brok ympasnenus Bo3aeiictByeT Ha Y3I' (puc.3),
JUMMEp, Ha3HAYeHHe KOTOPOro MU3MEHATh BeNMYuHy MouiHoctu ¥Y3U, u npoccens,

KOTOPBIN HE0OX01uM Jytst corytacoBanust Y 3I™ u u3myyaTenei.

Bnok ynpaerneHus

yn bTpa3ByKOBaA BaHHa
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Puc. 2. Koncmpykyus ynompazeykoou 6anHbl
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Puc. 3. Dnexmpuueckasn cxema yibmpasgyKo8020 eceHepamopa

VD13

V3I' cobpan Ha Mukpocxeme |R2155 u nomymocte tpansucropoB MOSFET.
Tpancopmarop Toka T3 u Ba BCTpeuHO — mapauienbHbix auoga VD12 — VD13
00pa3yroT oOpaTHYI CBsi3b B cucTeMe (a30BOM aBTOMOACTPOMKH YaCTOTHI
(DAITY). Drta cucteMa MOXKET OTKJIFOYATHCS 3aMbIKaHUEM Jkamiiepa J5. Pesucro-
pom R17 MOXHO M3MEHATH COOCTBEHHYIO YaCTOTY 3ajaromiero reaeparopa ot 20
1o 26 kI'n. Y3I umeet cuctemy 3armmycka ¢ IepekitoueHueM mxammnepom J.

Momyins koHTpOsuTepa (prc.l) yrpapiseT BCeMH IeMEHTaMH YIIbTPa3BYKOBOM
BaHHBI. MOJyJTb TIOCTPOEH Ha OCHOBE MUKpOKOHTpouiepa ATmega 16 ¢ takToBoit
yactorort 16 MI'. HanpspkeHue nmutanus SB mocTymaer ot KOHTpoJuiepa yepe3 oc-
HOBHOM pazbeM. Uepes 3TOT ke pazbeM Ha KOHTPOJUIEP MOCTYIA0T KOMaH/IbI:

- BkiroueHus Y31

- Bkimouenus TOH (warpesaress).

BY3 BanHe nmpeaycMOTpeH KpaH JJid CJIMBa PacTBOpA WIM BOJbI U OTKHUIHAS
KPBIIIKA, BBIMOIHSIOMIAS QYHKINIO myMou3osiun (puc.4).

Puc. 4. YViempassyxkosas eanna u 610K ynpasienus



VY3 BaHHa uMeeT TpU pexkrumMa padoThl. PexxnM 3a01aroBpeMeHHO BEIOUpAETCs
COOTBETCTBYIOIIECH KHOMKOU. B pexnme «1» OTCYTCTBYET BO3MOXKHOCTh MOJIOIPEBa
BaHHbl TOHom. MHaukaTop TemrepaTypHOM yCTaBKM HE BbICBeuMBaeTcs. Kak u
pexuM «1», pexuM «2» TaKKe pydHOH. ABTOMAaTUYECKUM OCTAETCS TOJIBKO YIpPaB-
nenne TOHom. TOH Bkitouaercs, Korja ycraBKa TEMIIEpATypbl OKa3bIBAETCS Ha
3 u OoJiee rpaJycoB BhIIIEC TEMIIEPATyphbl BaHHBI (B pe3yJbTaTe €CTECTBEHHOI'O OC-
TBIBAHUS WM TIOCIIE TOOABJICHUS XOJOTHON BObI), & BBIKIIOYACTCS MPH YPaBHHUBA-
HUU YCTaBKU U TEMIIEPATYPhl BAaHHBI.

Pexxum «3» — aBTOMaTuuecKuil U MO3BOJISIET O€3 BMEIIaTeIhLCTBA OnepaTropa
MIPOBECTU SKCIEPUMEHT HE TOJBKO C 33JJaHHON JUIUTEIHHOCTHIO, HO U MPHU 3aJaHHOMN
TemiiepaType. Pexum «3» uMmeeT clieyronue 0CoOOCHHOCTH:

- IpY aBTOMATHU4EeCKOM BKJItoueHuu TOHa npuocraHaBiuBaeTcs: TaiMep, BbI-
kiroyaerca Y31,

- MOCJE aBTOMAaTHYECKOro BbIKItOUeHUS TOHa skcnepuMeHT MOXKHO Mpo-
JOJIKUT.

Pa3pabGortannas Y3 BaHHa SBISETCSA TJABHBIM MHCTPYMEHTOM JUJISl MCCIIENO-
BaHUI U OCBOCHUSI HHHOBALIMOHHOTO CIOC00a JEeMOHTaka OOMOTOK CTaTOPOB AJIEK-
TPOJABUTATENEH IPU PEMOHTAX.

1. Hemuporckuii, A.E, IloBbimenue 3pQpekTuBHOCTH OOMOTOK 3JIEKTPO-
neuratencit /| Hemuposckuit A.E, IlerudopoB B.O, Cepruesckas HW.1IO. //
By3oBckas Hayka — peruony: wmarepuanbl Xl Bcepoccuiickoit HayuHOI
koH(pepenmun. — Bonoraa: Bol'Y, 2015. —C.35-36.

2. Kammn, AWM. D¢ddexkTuBHOCTh METOAOB PEMOHTa OOMOTOK  3JIEKTPO-
neurareneii / AWM. Kammn, A.E. Hemuposckuii // Monoasle HcclieqoBaTean —
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IODOEKTUBHOCTH U3MEPUTEJBHBLIX IPEOBPA3OBATEJIEN
JJIAA KOHTPOJISA PASJIMYHBIX ®PU3NOJOI'MYECKUX TAPAMETPOB

A.M. Kopuasicunckasn

Hayunwiii pykosooumens M.@. Ymapos, 0-p ¢pusz.-mam. Hayk, npogeccop
Bonoroackuii rocy1apCTBEHHbIA YHUBEPCUTET

r. Bomorna

Pa3paboTka 1 BHepeHUE MUPOKOTr0 MHOT000pa3us anmapatypbl 1 000pya0-
BaHMS, MPEIHA3HAYCHHOTO JIJISl CJICXKEHUS, KOHTPOJISI (PU3MOJOTHUUECKUX MapameT-
POB B HaIlle BpeMs SBISCTCS (PYyHIAMEHTOM JUTsl BHEAPCHHS] MHHOBAITUN B METObBI
MEJMIIMHCKON NUarHOCTUKU. [Ipu KOoHTponupoBaHuU (PU3UOIOTHUUECKUX MTOKa3aTe-



JIeW TanureHTa MOXKHO CIPOTHO3MPOBATh JajibHEHIee cocTosiHue 00abHOr0. «HH-
TEJUICKTYaJIN3aIisa» MEIUIIMHCKUX aniapaToB KIMHUYECKOTO MOHUTOPWHTA J1aeT
yA0OCTBO BU3YAIBHOTO MOJTy4YeHUs (HU3HUOIOTHUECKUX mapameTpoB. [Ipu pasButuu
anmapaTHbIX KOMILUIEKCOB JMArHOCTUYECKUX CHUCTEM TaK K€ MOJECPHUBUPYIOTCS
KOMITbIOTEPHBIE METO/IbI 00PaObOTKH OMOMETUITMHCKON HH(OPMAITUH.

[IpeoOpazoBanue, BO3HUKAIOLIEE B OPraHU3ME UeIoBeKa, (PU3HOIOTUYECKOTO
npoliecca B TMarHoCTUYECKyto nHpopmaliuio odecrneunBaercs Omarogaps npeodpa-
30BaTeNt0 OMOMETUITMHCKUX CUTHAIOB. [lepBUYHBIE W BTOPUYHBIE TTpeoOpa3oBaTe-
JIM — BaKHBIE 3JIEMEHTHI CUCTEMbI KIIMHHYECKOTO MOHUTOPHHTA.

AKTYyanbHOCTBIO JAHHOW pPAaOOTHI SIBISICTCS TPUMEHEHUE HW3MEPUTEITHHBIX
npeoOpa3oBaTeyei MOBCEMECTHO B JICUEOHBIX YUPEXKICHUSX B CHUCTEME 3]IpaBO-
oxpaHeHus. Ot 3¢ dekTuBHOCTH PabOTHI JaHHBIX MpeoOpa3zoBaTeseii, MOKa3bIBaIO-
X (PU3NOJIOTHYECKUE TTapaMeTPhbl COCTOSTHUS MAIUEHTa, 3aBUCUT KYpC JICUCHHS, a
NOpOM U KU3Hb 00JBHOTO. MI3MepuTenbHbIN Mpeodpa3oBaTesib OMOCUTHATIOB — TEX-
HUYECKOE YCTPOMCTBO, MOCTPOCHHOE MO ONPEEICHHOMY MPUHIIUITY JIEeUCTBHS, BbI-
MOJIHSIOIIIEE TTpeoOpa3zoBanre U 00pabOTKy CUTHaNA ISl MOJy4YeHUsI BHIXOJIHON Be-
JTUYHHBI.

['maBHO# coCTaBISAIONICH U3MEPUTENBHOTO MPeoOpa3oBaTENsl SBISIETCS UYB-
CTBUTEJBHBIN AeMeHT-naTduk. OH mpeodpasyeT u3MepsieMyr0 BeJIMYUHY B CHTHAI,
MOIXOSIIUAN JUTsl PETUCTPALINH, TIepeAadn WU JalbHEUIEro npeoOpa3oBaHus.

K ocHOBHBIM XapaKTepuCTHKaM JaTUYUKOB OTHOCSITCS TTOTPEITHOCTH U3MEpe-
HUS1, YACTOTHBIN IMana3oH, Mpeaesl U3BMEPEeHU, YCIOBUS SKCIUTyaTall|u.

Jlist moBbieHUs: 3PPEeKTUBHOCTH pabOThl U3MEPUTENILHOIO Mpeodpa3oBaTe-
JI1 HEOOXOIUMO OOECIIeUEHHUE CIIEIYIOMNX OCOOCHHOCTEH: MOTyUYeHUE YCTOMYNBO-
ro "HGOPMATHBHOTO CUTHAIA, MUHUMAJIhLHOE NCKAKECHHUE TI0JIC3HOTO CUTHAJIA, MaK-
CUMaJIbHasi TOMEXO03alIUIIEHHOCTb, Fe0JIOKalus nMpudopa B HEOOXOAUMOM JIJIs U3-
MEpEeHHUs] MeCTe, OTCYTCTBHE Pa3JIMYHBIX JEHCTBUIM HA OPTaHU3M, BO3MOXHOCTH
CTepHJIM3AlMd ¥ MHOTOKPATHOTO HCIOJIb30BaHus [1]. buomemuiuHckue AaTdvKu
UMEIOT NIMPOKYIOo Kiaccupukanuto (puc.l).

Puc.1l. Knaccughuxayus 6uomeouyuncKux 0amuuxos



Takxke K XapakTepUCTHUKaM JAaTYUKOB MOKHO OTHECTH pa3peliarollyro CIio-
COOHOCTB, NapaMEeTPbl TUHAMHYECKOTO PEXUMA U JUHAMUYECKUI AUana3oH.

K naunbonee BaHBIM XapaKTEPUCTHKAM HM3MEPHUTENBbHBIX MpeoOpa3oBarTeseil
OMOJIOTUYECKUX CUTHAJIOB OTHOCST PEalbHYI0, HOMHUHAJIBHYIO XapaKTEPUCTUKY U
HOTPEIIHOCTH M3MEPUTENIbHOTO MpeodpazoBaTeind. [lorpemHocTn — 3T0 pa3HOCTH
MEXJ1y HOMUHAJIBHBIMU U peajbHBIMH XapaKTepUCTUKaMH. BbIBalOT cuctematuye-
CKH€, IPOrPECCUPYIOLIUE U ClydailHble orpemHocTu. CucreMaTuyeckue morpen-
HOCTH BHEIIHE MOTYT HE MPOSIBISATHCS MU OCTABATHCS HE3aMEUEHHBIMU UIUTEIbHOE
BpeMsi. C mOMOIIIbI0 MOBTOPHOW MOBEPKU HYJISI U YyBCTBUTEILHOCTH MOXKHO UX 00-
HapykuTh. [Iporpeccupyroiire NOorpeiHoOCTH BbI3BIBAKOTCS MPOLIECCAMHU CTAapPEHUS
neTtanei anmapatypbl. X MOXHO CKOPpPEKTHpPOBATh C IMOMOLIBIO IOMpPaBKH, HO
JIMIIb B IAaHHBIH MOMEHT BPEMEHH, a B CKOPOM BPEMEHH MOTPEIIHOCTh OYJET BO3-
pactath. Hanmnuue ciy4aitHOW MOTPENTHOCTH JIETKO OOHAPY>KUTh MPHU MOBTOPHBIX
U3MEpPEHUAX B BUJE pa3dpoca pe3yibTaToB. PaznerneHue morpemHocTeil Ha BHUIbI
MOKAa3bIBAET JIMIIb NMPUEM UX aHaln3a. B peaqbHOCTH BCe TpW MOTpemIHOCTH o0pa-
3YIOT €IMHBIN CIIy4alHbIN IIPOLECC.

Jist 5p(HEeKTUBHOCTH U3MEPUTEIBHOTO MpeoOpa3oBaressi HEOOXOAUMO YBe-
JUYUTh YYBCTBUTEIBHOCTh MpeoOpa3zoBaresisi. OLeHUTh YyBCTBUTEIBLHOCTh MOYKHO
¢ moMomplo kodddunmenta orHocuTenbHOW gyBcTBUTENbHOCTH (K,o) [2]. Koad-
(bUIMEHT SBJISIETCS YaCTHBIM OT JIEJICHUS OTHOCUTENIbHBIX MPUPAIIEHUN BBIXOIHOTO
curHana gatavka (Y) u u3MepsieMoi Gpu3nueckoi BeauuuHbl (X).
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AMITTUTYTHO-9aCTOTHAS XapaKTEPUCTHKA XapaKTEPU3YEeTCs TEMU YaCTOTaAMH,
IIPY KOTOPBIX BHJIHO MAaKCHMYMBI aMIUIUTY]T KOJeOaHW Ha pe3ucTope, MHAYKTHB-
HocTH U KoHaeHcarope. Torna (1) u (2) sisroTcs GyHKIUEH 9acTOTHI KOJIeOaHM B
KOHType. UyBCTBUTEIBHOCTh JaTYMKa W3MEPUTEILHOTO MpeoOpa3oBaTeliss 3aBUCUT
OT MOAyJupyeMoro napamerpa. J{ns oGecriedeHus BHICOKOW YYBCTBUTEIBHOCTU U
3¢ (HEeKTUBHOCTH M3MEPHUTEIHHOTO TMpoliecca HeOOXOoauMa ONTUMH3AIUS KOHCTPYK-
U B peKUMa paboThl U3MEPUTEILHOTO MpeoOpa3oBaTelIs.

Taxxe 0qHUM M3 BapUAHTOB IOBHIIICHHUS YyBCTBUTEILHOCTH U 00CCIICUCHUS
M30UpATEIbHOM CIIOCOOHOCTH M3MEPUTENIHLHOTO IpeoOpa3oBaTeisl CIY>KUT paspa-
00TKa M3MEPUTEIHLHOTO yCTPONCTBA, OCHOBAHHOTO HAa HCIIOJIh30BAHUH B3aWMMOCBSI-
3aHHBIX KOJICOAHHWH BBICOKOAOOPOTHBIX OCHIILUIATOPOB [2]. B obmmem ciydae Moxy-
JUPYEMBIMU MOTYT OBITh TAPAMETPhI OCHUIUISITOPOB U MX CBS3YIOIINX 3JIEMEHTOB.

HccnenoBanne B 00JacTH pa3BUTHA U3MEPHUTENBHBIX TMpeoOpa3oBaTelei
OMOMEIMIIMHCKUX CUTHAJIOB allllapaTHBIX KOMIUIEKCOB KIIMHUYECKOTO MOHUTOPUHTA



NpeIHA3HAYCHBI IS PEIICHHs 3a7a4 pa3paOOTKU MHHOBAIIMOHHONW MOHUTOPHOM
anmapatypsl U IS PEIICHUs aKTyaJbHBIX MPOOJIEM TUATHOCTUKHU COCTOSHUS 00Jhb-
HBIX B KPUTUYECKHUX COCTOSTHHUSIX.

OdeBuHO, YTO AalbHEWINE HccienoBaHus 3G(HEKTUBHOCTH pabOTHI U3Me-
PUTENBHBIX MTpeoOpa3oBaTeieii OMOMEIUIIMHCKUX CUTHAJIOB JAlOT KOHKPETHBIE pe-
3yJIBTATHI ISl PEIICHUST aKTyalbHBIX MPOOJIeM TUATHOCTHKHU Pa3IUYHBIX 3a00JeBa-
HUIl Ha OCHOBE (DM3HOJIOTHYECKHUX TTapaMeTpPOB.

1. ®enotoB, A.A M3MepurenbHbie npeoOpazoBaTeii OMOMEAUIIUHCKUX CUT-
HAJIOB CHCTEM KJIMHWYecKoro Monutopunra / A.A. ®enoros, C.A. AkyinoB — M.:
Panwmo u cBs3p, 2013. — 250 c.

2. Cenanumies, B.H. [Ibe30TpanchopmaTopHbie H3MepuTeIbHbIE MTpeoOpa3o-
Batenu: moHorpadus. / B.H. Cenanuies — bapuayn, 2015,

IKOHOMMUA IJIEKTPOIHEPI'MHU B CETHU IYTEM
CTABUWIN3AIMU HAIIPAKEHUSA

A.M. Kopuasxccunckasn, O.E. Poicun, 1.A. Yckos

Hayunwvui pykosooumens JI.E. Cmapxoea, xano. mexm. HayK, 00yeHm
Bonoroackuii rocy1apCTBEHHbIA YHUBEPCUTET

r. Bosorga

HenpepbiBHBIN POCT HA DHEPTOHOCUTENN CTABUT AKTYAJIBHOW 3a7ady paluo-
HaJIbHOT'O MCIOJb30BAHMS 3JIEKTPOIHEPTUU.

Cytounble rpauku MOTPEOJICHUS 3IEKTPOIHEPIMH MAIIMHOCTPOUTEIBHBIX
OPEINPUITUIA XapaKTEepPU3YIOTCSI HEPaBHOMEPHOCTHIO MOTPEOJICHUS IJIEKTPOIHEP-
I'MH, YTO MIPUBONT K HECTAOMILHOCTH HAIIPSDKEHUS y moTpedurenei (puc.l).

Haubonee sHeproeMkumu notpeduTensiMu HampsikeHueM 10 1 kB Ha Takux
INPEANPUATUIX SBISIOTCS KOMIIPECCOPHI, padOTaroUMe cO CpeaHUM Kodduimen-
ToM 3arpy3ku K3 = 0,7. I3meHeHne HanpspKeHUs Ha MIMHAX UCTOYHUKOB MUTAHUS
KOMIIPECCOPOB CO3/IAET IOMOJTHUTEIBHBIE TOTEPU DIJIEKTPOIHEPTHUMU.

CyMMapHbI€ MOTEPU MOILIHOCTH JIBUTaTENsl OMPEAEISIIOTCS 10 (opMyIIe

Peym=Pcr+ Pvex + P13 + Pod + Pjop

rae Per — marauTHbie motepu (mOTepu B cTaiu), Pypx — MEXaHMYECKHE IOTEPH,
P13 — snektpuyeckue morepu B 0OMOTKE cratopa, P,y — anexrpuueckue morepu B
o0MoOTKe poTopa, Pjop —100aBOYHBIE TOTEPH.
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Puc.1. Fpaqbuk USMEHEHU HANPAINICEHUSA HA WUUHAX UCMOYHUKA NUMAHUSL KOMNPpeccopoes

[Ipy U3MeHEeHUn HanpsHKEHUs Ha KJIeMMax JIBHUrarelii UMEET MECTO H3Me-
HEHHUE MOTPEOIIeMOro U3 CETH TOKA, a KaK CJIEICTBUE — U3MEHEHHE BJIEKTpUYe-
CKUX moTepb[1].

Pacuer nmotepb 3MEKTPOIHEPTUM TTPOBOAUIICS AJIsI KOMIIPECCOPHBIX JABUTATE-
Jel, UMerInuX cienyromme mapameTpbl. Py=55 kBT, Un=380/ 220 B, ny =1475
006/muH, KIT/l; =93,3%, cos ®y =0,86, Pcr=1650 BT, Py\rx=165 Bt, My =356 H,
MmaX/MH :2,2, MH/MH =2,15.

B ocHOBe MeTOauKHN pacueTa NOTEPh IOJIOKEHBl H3BECTHBIE 3aBHCUMOCTH,
NpUBE/CHHBIC B [1] M yCTaHABIMBAIOIIKE MX B3aMMOCBS3b C TapaMeTpaMH JIBUraTe-
71 B HOMHUHAQJIBHOM PEXKHUME U PEXKUMAX OTINYAIOIIMNXCS OT HOMHUHAJIBHOTO.

Ha ocHOBaHMM BBINIOJIHEHHBIX pacdyeTOB NOCTpoeHbl 3aBucumoctu KII/] nBu-
rarens (puc. 2) u ckoibxeHus (puc. 3) OT OTHOCHTEIBHOTO HAMPSHKCHUS Ha KIIeM-
Max JABUTATEJS.
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Puc. 2. 3asucumocms KII/[ 0sucamens om omuocumenbHo20 3HA4eHUs HANPA#CEHUs
Ha kiemmax KU 0 pesicumos pabomul osucamesi ¢ HomunanivHou 3aepysxou (Mc« =1, KII/] 2)
u 3azpyskoti omauunou om vomunanvrou (Mc- =0,7, KIT/]1)
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Puc. 3. 3asucumocms ckonvowcenus osuecamensi 0m OMHOCUMENbHO2O 3HAYEHUS. HANPANCEHUs
Ha kiemmax KU ons pesicumos pabomwl osucamensi ¢ HomunanioHou 3aepysxoiul (Mcx =1,-Sl)
u 3aepyskoti omauunou om vomunarvrou (Mcx =0,7, — )

AHanu3 NOJy4YeHHBIX 3aBUCUMOCTEN MOKa3bIBAET, UTO MPU MOHUKEHHOM Ha-
npsbkeHnn (HrKe HOMUHAIIBHOTO) M 3arpy3ke paBHou 0,7 KIIJ[ apuratens cyiie-
CTBEHHO CHUXaeTcs. B To e Bpems, pabota npu HanpsokeHusx cseime 1,1 Ul He-
JOMYCTUMA, T.K. ABUTaTeNlb MOXeT BbIMTH U3 cTposd. Cornmacao 'OCT P 54149-2010
[2] nampsokenwe 1,1 UH sBisieTcs Ui ABUTATENICH JOMYCTUMBIM, a P HU3KOM
kodhdunmeHTe 3arpy3kd, Kak MOKa3aldd pacueTbl, HanOoJiee palrOHATBHBIM C
TOYKH 3PEHUSI CHUKEHUS TIOTEPh AIEKTPOIHEPTHH.

Jlns neuratens ¢ Mc- =0,7 nieiecoo0pa3Ho MoaAepKUBaTh CTaOUILHBIM Ha-
npspkerue 1,1 Un. [Ins atux neneit pekoMeHayeTcs IpUMeHsITh HOpMaIu3aTop Ha-
npspxerus « Normel», seimyckaembiii OOO «Ponuka», r. HoBocuoupck.

Nznemne «NORMEL» oGecneunBaeT KOHTPOJIb BXOJHOTO HAMpPSDKEHUS B
nuanazone 170-260 B u ogHocTyneHuaToe perynupoBanue (£5%) mo kaxmoi dase
otnensHO. [Ipu ypOBHSX HANPSKEHUS, BRIXOAIIUX 32 IOMYyCTHUMbBIC TPEEIbl, BO3-
MOXHO TMOCJIEIOBATEIbHOE BKJIIOYEHHUE HECKOJbKUX YCTPOMCTB, YTO pacUIUpsieT
JIMATIa30H PEeTYJIMPOBAHUS HAIIPSIKEHUS.

M3nenue «NORMEL» wMoxer pabotath B CIEAYIONIMX PEKUMAX:
«TPAH3UT», xorna HanpsokeHus Harpy3ku U cetu oguHakoBbie; <[ TOHMDXEHUE
CETEBOI'O HAIIPSXKEHUSA» — B ciiyyae, Korjia HampsbKEHUE CETH BBIIIE Ha-
npsbxenns Harpyskd; «[IOBBIIIIEHUE CETEBOI'O HAIIPSXKEHMA», korna Ha-
NPsDKCHUE CETH HIDKE HANPsDKEHUS Harpy3ku. MOIIHOCTh HAarpy3Kd MOJXKET H3Me-



HATbCs 0T O 1o 100%, uTto He cka3bIBaeTCs HAa KaueCTBE HOPMAIM3UPYEMOTO Ha-
npspKeHMS, K03 GUITUEHT MOJIE3HOTO ISUCTBUS YCTpoicTBa cocTaBiseT 99,7%.

[IpoBeneHHbIE pacyeThl IO MPUMEHEHUIO YKa3aHHOTO YCTPOMCTBA MOKa3aiHu,
yTo mpu padbote 6 kommpeccopoB B TeueHue roga (7000 yacoB) u momagepKaHUN
ypoBHs HanpsbkeHus 1,1 U, sxoHomus snektposnepruu ¢ yuerom KIIJ[ ycrporict-
Ba (NMPH yCTAaHOBKH YETHIPEX YCTPOWCTB — MO 2 HA KKIYIO CEKIHIO IIHH, ITUTAI0-
muX 3 IBUTATENsI) U 3aTpaTaMH Ha 3JICKTPOIHEPTHUIO TP CTAOMIU3AIMK HAIPsDKe-
aus Ha ypoBHe 1,1 Un cocraBut 361200 kBt: u/rom. Cpok OKymaeMOCTH YCT-
poiictB «<NORMEL»  o6mieit ctoumoctbio 580 ThIC. pyd. 1 CTOUMOCTH DJIEKTPO-
sHepruu 5 py06./ kKBT- 94 cocTaBuT:

T,=580/ (361299*5*10°) = 0,54 roxa wm 6,5 mMecsua.

BbIBOJbI:

1. Ilpu pabGoTe aBUTaTeNneil ¢ HU3KUM KOIPGDHUIIMEHTOM 3arpy3KH IeIeco00-
pPa3HO MOJAECPKUBATHh HANPSIKEHHE Ha KieMMax aBuratens Ha ypoBHe 1,1UH, uto
He nipotuBopeunT TpedoBanusM ['OCT P 54149-2010.

2. HeoOxoammMo BHECTH M3MEHECHHS B CHCTEMY PETYIMPOBAHUS HATPSKCHHSI
ycrporictBa «NORMEL>» ¢ nenbio noajiepkaHusi ONTUMAIbHOTO YPOBHS HaIpsiKe-
HUS Ha KJIEeMMax JIBUTATeNIsl B 3aBHCHMOCTH OT €r0 3arpy3KH, a He TOJIbKO Ha YpPOB-
HE HOMHUHAIBHOTO HAMPOSKCHUS.

1. CoeipomstHukoB, U.A. Pexumbl paboThl aCUHXPOHHBIX U CHHXPOHHBIX
nsurarencii / U.A. CeipoMsaTHHKOB. — MockBa: DHeproaromuszar, 1984. — 240 c.

2. TOCT P 54149-2010. Dnextpuyeckas sHeprusi. COBMECTUMOCTh TEXHUYE-
CKHX CPEACTB JJICKTpOMarHuTHas. HopMmbl KadecTBa SJICKTPUYECKON DHEPTrUU B
CUCTEMax 3JeKTpocHabkeHus oomero HazHadeHus. — M.. Cranmaptuadopm, 2012
Il TexakcnepT [DnexkTpoHHbIH pecypc]: mHD.-cnpaB. cuctema / MHDopmanmonHas
koMmrtaHus «Komekce».

ABTOMATHU3ALIUSA — KJIIIOY K PEHTIEHWUTIO TPOBJIEMbI
HEPALIMOHAJIBHOI'O UCITOJIB3OBAHUSA SHEPI'OPECYPCOB

HU.C.JIaounos

Hayunwiii pykosooumens B.@. Bynasun, xano. mexu. Hayk, 0oyeHm
Bousoronckuii rocy1apCTBEHHBIM YHUBEPCUTET

r. Bonorga

CoBpemeHHasi SHEpreTrKa MepekuBaeT HEXBATKY IHEPrOPECYPCOB. ITO CBA3AHO
HE TOJIBKO C POCTOM YHCIIA JIEKTPONOTPEOUTENEH, HO U C TEM, YTO YEJIOBEK HE pallyo-
HAJILHO PacXo/1yeT 3Hepropecypcsl. Bo3zbMeM, Kk mpuMepy, yIm4uHoe ocBenienue. Ha fio-
JIFO ATHX PacXoJI0B MPUXOAUTC ~25% Beell MOTPaueHHOM AIIEKTPOIHEPT UM MUPA.

CereBble KOMITAHUH, C IOMOUIBIO ABTOMAaTUYECKUX BBIKIIOUYATENEH, BKIHOYA-
I0T ¥ BBIKJIIOYAIOT YJIWYHBIE CBETWJIBHUKH CTPOTO B OINpPECICHHOE BpeMs, Cliado



YUYUTBIBAs OCBEIICHHOCTh Ha ynuile. [losTamHoe peryiupoBaHUE CTENEHU OCBE-
IICHHOCTH PEIKO UMEET MECTO.

Pemenne npo6yiembl ynpaBieHUs CBETOBBIMHU IMOTOKAMHU B KPYIHBIX TOPOIaX
JISKUT B TUIOCKOCTU CO3JaHUSI CUCTEM aBTOMAaTHYECKOIO YNpaBIEHUs, KOTOPhIE ca-
MU OyZIyT pacCUUTHIBATH MOMEHT U KOJIMYECTBO TPEOYEMbIX CBETUILHUKOB Ha KaX-
JIOM y4acTKe.

Crepal ok iy Staey

Ethernet | | [GPRS}

SMS, GSM,
GI'RS,
Modem

RS-232/485

A
Modem GSM

versiong

Puc. 1. Cucmema ynpaenenuss SCADA

OYHKIMUA YIPABICHUS MOXXHO BO3JI0OKHUTHh Ha MPOTPAMMHBIE CHUCTEMBI JJIsS
ABTOMATHU3ALIMU TEXHOJOTMYECKUX MPOIIECCOB, MUCIETYEPU3ALUM U yUYeTa pecyp-
coB, HanpuMep, Takoit kak SCADA Trace Mode.

«SCADA — cucrema» (Supervisory Control And Data Acquisition System) —
cuctema cOopa TaHHBIX U ONIEPATUBHOTO JUCIIETYEpCKoro yrpasienus [2]. J[Be oc-
HOBHBIX 3amauu SCADA 310 c00p MaHHBIX 0 KOHTPOJIUPYEMOM IPOIIECCEe U HETo-
CPEACTBEHHOE YIIPABJICHUE HAJl HUM.

Puc. 2. Jlucnemuepckuii nynem ynpasnerust



Ocnorubie pynknun SCADA [1]:

e [pueM HH(OpPMALMU O KOHTPOJHMPYEMBIX TEXHOJIOTMUECKUX MapameTpax
OT KOHTPOJIJIEPOB HUKHUX YPOBHEHN U TATUUKOB;

® COXpaHEHHUe NPUHATON MHPOpPMALIUU B apXHUBaXx;

e BTOpHUYHAs 00pabOTKa MPUHATON HHPOPMALINH;

e rpaduueckoe MpeACTaBICHUE X0Aa TEXHOJIOIMYECKOro MPOLECcca, a TaAKXKe
OPUHATON U apXUBHOM MHPOpMaLUU B yAOOHOH 111 BOCIPUATHS (OpME;

e [IpUEM KOMaHJ OIeparopa U neperaya ux B aipec KOHTPOJUIEPOB HUKHUX
YPOBHEW U UCIIOJHUTENIbHBIX MEXaHU3MOB,

® peructpaunusi COObITHI, CBA3aHHBIX C KOHTPOIUPYEMBIM TEXHOJIOTHYECKUM
IPOIECCOM U JIEUCTBUSAMHU NEpCOHANIa OTBETCTBEHHOTO 32 KCIUTyaTalllio U 00CITy-
YKUBAHHUE CUCTEMBI,

® OIOBEIICHHE SKCILTYyaTallMOHHOTO U OOCITYyXHUBAIOLIETro MepcoHana o0 00-
HApY>KEHHBIX aBAPUUHBIX COOBITUSX, CBA3AHHBIX C KOHTPOJIUPYEMBIM TEXHOJOTH-
YEeCKUM MPOLECCOM U (PYHKIIMOHUPOBAHUEM IPOrpaMMHO-AINAaPATHBIX CPEACTB aB-
TOMATUYECKON CUCTEMBI YIPABIEHUS TEXHOJIOTUYECKUM MPOLIECCOM C PErucTpalu-
€l ICMCTBUM NIEpCOHAJa B aBaPUUHBIX CUTYAlUsIX;

e (opmMupoBaHHE CBOJIOK M JAPYrMX OTYETHBIX JIOKYMEHTOB Ha OCHOBE ap-
XUBHOUM MH(pOpMaLIUY;

e oOMeH wuHpoOpMaIMell ¢ aBTOMAaTU3MPOBAHHOM CHUCTEMOHN YIIpPaBICHHUS
IOPEANpUATAEM WM C TaK Ha3bIBAEMOMW, KOMIUIEKCHON aBTOMATH3MPOBAHHOW CHC-
TEMOH,

® HEIMOCPEICTBEHHOE aBTOMATHUYECKOE YIPaBICHUE TEXHOJIOIMYECKUM MpO-
LIECCOM B COOTBETCTBHH C 33JaHHBIMH aJITOPUTMAMHU.

[Tpu pemennn npobsem ynmuanoro ocBenieHuss SCADA mo3BomuT parnuoHa-
JM3UPOBATh PaCcX0]l 3JIEKTPOIHEPIHMHU BO BpEMs IIEPEX0A CO CBETIOr0 BPEMEHU CY-
TOK Ha TEMHOE, ONTUMU3UPOBAThH 3aTpaThl U cHOPMUPOBATH TAPU(DHYIO MOIUTUKY
WHIWBHUAYyabHBIX ToTpeduteneir. [lomumo ykazannbix ¢yukiuin SCADA ocyie-
CTBJISIET KOHTPOJIb UCIIPABHOCTH 000OPYOBAHUSI U COOOIIAET AUCIIETYEPCKOMY TIep-
COHAJIy O XapaKTepe U BUJI€ HEUCIIPABHOCTEN B CUCTEME.

WuTerpupoBanHas nporpaMmHas miatdopma coOupaeT AaHHbIE IO 3aTpaTaM
Ha TEKyIIME PacXoJbl M M3HOC 0OOPYIOBAaHMS, UYTO MO3BOJIAET KOHTPOJIUPOBATH B
peaslbHOM BPEMEHH PECYPCHI CETEBOM KOMIIaHUHU.

Hcxons w3 BblIECKa3aHHOTO BHJIHO, YTO OJjarogapsi MCIOIb30BaHUIO aBTO-
MaTHYECKHX CHCTEM ydeTa U 00pabOTKH JaHHBIX, PACXOJIbl SHEPrOPECYpPCOB MOTYT
ObITh ONTHUMHU3UPOBAHBI, & CETEBass KOMIIAHUSI CMOXET KOHTPOJIUPOBATH CBOU pe-
CYPChI: MaTepHaabHbIC, TUATHOCTUYECKHUE (CICAUTh 32 COCTOSIHME 000pYIOBAHMS),
HKOHOMHYECKHE, OPraHn3alnOHHbIC (KOJUIECTBO KaIpOB).

Ha ocHOBe OOBEKTUBHBIX JAaHHBIX (HOPMHUPYIOTCS OOOCHOBAHHBIE PEIIEHUS,
CBSA3aHHBIE C JUArHOCTUKOMW, MJIAHUPOBAHMEM M IMPOTHO3MpoBaHueM. WHTerpupo-
BaHHAs MporpaMMHasi cpela MO3BOJUT YIPABIATh 00OPYJOBAHHEM C YaCTHYHBIM



y4acTHEM YeJIOBEKa Uiu 0e3 ero yyactusi B QyHKIHOHUPOBAHUHU TEXHOJIOTUYECKOTO
mporuecca.

1. Kynuuenko, T.A. TlpoextupoBanue SCADA-cucrembl Ha 0a3e makera
GENIE u xoutpomiepo ADAM-4000: Vuebnoe mocobme. / T.A. Kymndenko,
A.C. Mopo3os. — Ps3ans, 2003. — 61c.

2. MesenueB, A.A. Texunyeckoe ¥ mporpaMMHOE obecriedeHue 1adoparTop-
HOTO KoMIulekca «OpraHu3anusi MyJnbTOB ynpaBieHus coBpeMeHHBIX ACY TII»:
yuebHoe nocodue / A.A. Mesenues, B.M. Ilaenos, K.W. BaiictpykoB. — Tomck:
N3n-Bo Tomckoro monutexuuyeckoro yuusepcutera, 2011, — 120c.

ONITUMU3AIINA DJIEKTPOCHABXKEHUS YCTIOXKEHKOI'O PAHOHA

A.B. JIykbanoe

Hayunwui pyxosooumenv B.B. Opnoe, kano. mexu. Hayk, npogeccop
Boustoroackuit rocy1apCTBEHHbBINA YHUBEPCUTET

r. Bonorna

1. Xapakrepuctuka IC Y CTIOKEHCKOTO palioHa

[To odurmanbHOI CTaTUCTUKE HACEICHHE Y CTIOKEHCKOTO pailoHa HEYKIIOHHO
cHmkaercs: Tak 3a 10 jmer umcno xurenert r. YcrrokHa cokparmiochk ¢ 10651 no
8804 xwuteneii (na 2016 roxn), uau Ha 17,3%, a cenbckoe Hacenenue — ¢ 11640 no
8522 xuteneit (na 2016 rox), unu Ha 26,7%.

Ha Teppuropun Y cTHOXKEHCKOT0 paliOHA JIEKTPUUECKYIO SHEPTHUIO pacIpese-
JISIOT JBE JIEKTPOCETEBBIE OPraHU3alNK. Y CTIOKEHCKUN PAaliOH JJIEKTPUYECKUX Ce-
teit (POC) punnana [TAO «MPCK Ceepo-3anana» «BojormasHepro» u npeanpu-
ATHE KOMMYHAJIBHOM SHEPreTUKM MYHUIUNAIBbHOE YHUTApHOE MPEANpPUSITUE
(MVTII) «kKoMMyHAaIBbIIUK» T'. Y CTIOXKHA.

Xapakrepuctuka [IC «YcTrokHa». YCTaHOBIIEHHAsE MOIIHOCTh CYIIECTBYIO-
mux Tpanchopmaropon: T-1 — 10 MBA, T-2 — 10 MBA. CymectBytoiasi Harpy3ka
cuitoBbIX TpaHcdopmaropoB — T-1 —5 MBt u T-2 — 4,3 MBT (46,5% oT cymmapHoOii
HOMUHaJTbHOM MotHOCTH Mtk 50 1 43% 1o TpancdopMaTopamMm COOTBETCTBEHHO).

[Toacranmus B cetn 110xB sBisiercs TpansutHoit: «PIIII-1-Cyna-KopoTtoso-
YerroxkHa-TTokpoBckoe-Uaromga». Cxema OPY 110kB — oxna paGodasi, CEKIIMOHU-
pOBaHHasl BBIKJIIOYATENIEM, U OOXOJHAs CHCTeMa IIWH C OTACTUTEISIMH B LEIAX
TpaHcHOPMATOPOB, C OTACIbHBIMU OOXOJHBIM U CEKIIMOHHBIM BBIKIIOYATEISIMHU.
[ToacTranius Ha MOCTOSIHHOM OIEPATUBHOM TOKE, BBIKIIIOUATENIU OaKOBbIE THUIIA
MKII-110 (4 w.), pazbequnurenu 110 kB ¢ pyyHbIMU IPUBOAMH, B KQ4eCTBE 3a-
IIUTHBIX annapaToB HCIOJIB3YIOTCS OTPAHUYMUTENM NepeHanpsbkeHuil tuna OITH-
110, YP3A Ha snekrpomexanndeckon 6aze; OPY-35kB co cxeme S5H «ceknmuoHu-
pOBaHHAs CHUCTEMa IIMH» C MACISHBIMHM BBIKIIOYATEISIMU B LIENH TpaHCcPopMaTo-



pPOB, JIMHEHHBIX siY€eK, ceKIMOHHON mepembiuku; KPY Tuma — K-6Y mno cxeme —
«CEKIIMOHUPOBAHHAS CHCTEMa IIMH»; CYIIECCTBYOIIAs TeleQOHHas CBs3b — B/4, H/4.

Ot IIC «YcTrooKHa» MUTAKOTCS IEKTPOIHEprue r. YcerioxkHa, 1. Yarona, 1.
[ToxpoBckoe, OONbHUIIA, HTKOJIBI, KOTENIbHAS, TPEANPUATUS Y CTIOKEHCKoro U Ya-
T'OJIOIIEHCKOTO PalilOHOB, JIPYTHE Ba)KHBIC COIMAIBHBIC OOBEKTHI, a IMOJICTAHIIUS T10-
cTpoeHa B 1. BepeTeHHHKOBO B 4 KM OT ropo/ia.

B Toxe Bpemsa He obecrieunBaeTcsl HaJIC)KHOCTh JJIEKTPOCHAOKEHUsSI MOTpe-
ouTeneil oro-3amnaaHblx pailoHoB obnactu Yepenorerkoro, YaromomeHckoro, Y-
TIOKEHCKOTO.

Tabanma 1
OO0beMbl NepeIavyu JIEKTPOIHEPIHH 32 5 JIeT
Toer r. YCTIOKHa Harpyska 10 kB Harpyska 35 kB | Harpy3ska noacraniuu
T. KBT*4 % T. KBT*4 % | 1.kB1*u % T. KBT*4 %
1 2 3 4 5 6 7 8 9
2008 33717 100 45654 100 17097 100 62751 100
2009 35103 104,1 46306 101,4 | 17265 101 63571 101,3

2010 36863 109,3 51869 113,6 | 18000 105,3 69869 1113

2011 36340 107,8 46763 102,4 | 16798 98,3 63562 101,3

2012 37690 111,8 50134 109,8 | 17123 100,2 67258 107,2

2013 36564 1084 | 50872,6 | 1114 | 12356 72,3 63228 100,8

2014 37292 1106 | 518384 | 113,5 | 11927 69,8 63765 101,6

2015 36603 108,6 | 51312,7 | 1124 | 11309 66,1 62622 99,8

W3 manHbIX TaOauiel 1 BUJHO, YTO pOCT HATPY3KH IOJACTAHIIUK OINpEeIseT-
Csl B OCHOBHOM POCTOM MOTpPEOJICHHS TOpoJoM YCTIOKHA (B HEM COCPEIOTOYEHO
56% Bcero morpeOiIeHNUs).

Tabmnma 2

Ko3dduuuenrsl, xapakrepusyomme pe;kumMbl padoTbl TPaHC(POPMATOPOB

Makcumym momHoctd, MBA Cpennss moutHocth MBA

IIC «YcTroKHa» SuMHHit Kiarp |JletHuil |Kuyrp | 3umHMI Kiarp |JleTHnii | Kogrp

Tpancdopmarop 1 6453,6 | 0,645 | 29339 | 0,293 | 4758,5 | 0,476 | 1581,8 | 0,243

Tpancpopmarop 2 8908,3 | 0,891 | 3319,8 | 0,332 | 68484 | 0,685 | 1581,8 | 0,278
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Yacel cyTOK

Puc. 1. Cymounvie epaghuxu 3azpysxu mpancghopmamopos
8 JIEMHULL PEHCUMHDBLL OHb U 8 OeHb MAKCUMANIbHOU 3a2py3KU 6 dekabpe

Ha pucynke 2 nokazana pasHuiia B rpadukax moTpeOJeHHs 3UMbI U JieTa
CyMMapHO IO TpeM ¢uaepaM, MUTAOMMM T. YCTIOkKHY. Ha HeM BugHa OYCHB
OospIast pa3HUIla B TOTPEOJICHUH B 3MMHUH M JIETHUI TIEpUOIbI. DTa pa3HUIIA UMe-
€T MPaKTUYECKA HEM3MCHHBIN XapaKTep B TEUCHHE CYTOK U XapaKTEePU3yeTCs cpe-
HECYTOYHOUW MOITHOCThIO 3,94 MBT.

[Ipoananu3upoBaB rpaguku HATPYy30K W TAOIUIYy 2, MOKHO CHAENaTh Clie-
JTYFOIITNE BBIBOJIBI:

1. TpaunchopmaTopsl B TE€YEHUE BCETO TOja 3arpy>KeHbl HECUMMETpUYHO: T1
— 43%, T2 — 57%, 49T0 IPUBOJIUT K POCTY MOTEPh U JIOMOJHUTEILHOMY MEPETPEBY
tpancdopmaropa 2 [2];

2. B 3umHee BpeMs 3arpyska TpaHchOpMaTOPOB MPEBBIINIAET ONTUMAIBHYIO
[2];

3. Ileperpy3ka omHoro TpaHcdopmaTopa B gekaOpe (MpU BBIXOJE U3 CTPOS

apyroro) mpeBsicuT nomyctumyro (Kzarp=1,4), a JUIMTEIBHOCTh TAKOTO pEXUMa
npeBbicuT 15 gacos [2];

4. bonpias pasHuIla B rpadukax 3UMBI U JIeTa CBUICTEIHCTBYET 00 UCIOJIb-

3oBanuu OoJiee 60% oObemMa PIEKTPUUECKON PHEPTrUU B 3UMHUHN MEpPUOJ HA LIETU
o0orpeBa MOMEIICHHH.



Taomuna 3
BajaHchl 3JIEKTPOIHEPIrHH N0 MOACTAHIHH «Y cTioskHa-110/35/10 kB»,
HCKJII0Yas 0T/a4y B MOTpPeOuTeIbckHue (puaepbl ropoaa Y CTIOKHA

Moxasatenn 2008 | 2000 | 2010 | 2011 | 2012 | PMeHe

OTIyCK 3JIEKTPOIHEPTUU 30274 30391 35058 29351 32233 106,5
[Tose3HbI OTITYCK 15706 15017 17142 15623 17501 111,4
daxTuyeckue norep, T. KBr*u| 14567 15374 17916 13728 14732 101,1
®daxkTuueckue norepu, % 48,1 50,6 51,1 46,8 45,7 95,0
Texuudeckue notepu, T. KBT*u| 4926 4728 5226 4549 4674 94,9
Texuuueckue norepu, % 16,3 15,6 14,9 15,5 14,5 89,1
Kommepueckue notepu, T.

kB1*y 9641 10646 11275 9179 8680 90,0
Kommepueckue norepu, % 31,8 35,0 32,2 31,3 26,9 84,6

N3 ananm3a 1aHHBIX TAOMHIBI 3 CIACAYIOT BBIBOIBI.

1. Tlorpebnenue snexTposHepruu Bbipocio Ha 10 muH. kBT*4, wim Ha
35,85%, pu CHUKEHUM YHUCIICHHOCTH HaceneHus Ha 119%0;

2. Omutara (peanu3aiius) Beipocia Ha 2,7 miH. KB1*u, unm Ha 12,07%;

3. Habmrogaercs onepexaromuid pocT (aKTUIECKUX MOTEPh FIEKTPOIHEPTHH
—mHa 7,27 mad. kBt*4, unu Ha 129,7%.

[IpocnexuBaercs MpsSMO MPOTIOPITMOHAIBHAS 3aBUCUMOCTh TIOTEPh OT POCTa
notpebneHuss (0coOEHHO B IMEperpyKEHHBIX (uaepax, MUTAOIMIMX T. YCTHOKHA:
«["opcetp», «3aBoa JKBU» u «Crip3aBoa»).

2. [TyTtu pemenus mpoOiaem

TexHudyeckoe perieHue mo CynecTByIeMy Ou3Hec-TIaHy npeaycMaTpuBa-
eT pekoHcTpykiuoo OPY-110 I1C YcerrokHa Ha CYyIIECTBYIOIIEM 3€MEIbHOM y4acT-
ke. Pexonctpyknus I1C mpeamonaraeT 3aMeHy CHIIOBBIX TpaHC(HOPMATOPOB C yBe-
nmuuenneM MorrHocTtu ¢ 1I0MBA 1o 25MBA kaxabIid.

AnbTEepHATUBHBIC BAPUAHTHI PEKOHCTPYKITUHU AJIEKTPOCcHaO)eHus. [IpuHsIB BO
BHUMAaHHE TO, YTO OCHOBHOUM MOTPEOUTENb, I. Y CTIOKHA, HAXOIUTCSA HA YIAJICHUU
ot I1C u snexTposHeprus 10 HEro mnepeaaercs no Tpem duaepam HampsikeHuem 10
kB, mony4aercsi, 94To 00beM JTOMOIHUTEIBHBIX TIOTEPH IO Mepeaade dMEKTPUIECKON
sHEpruu ropoay YcrtroxkHa o tpem ¢uaepam 10 kB ¢ MomeHTa mycka nojcTaHIuu
B 1969 roay coctaBmi nmpumMepHo 28 MiH KBT*4. DTOT 00beM MPEBBIIIACT CpeHE-
roJIOBOE MOTpeOICHHUE T. Y CTIOXKHA.

Tabmuna 4

CpaBHeHne TPpEX BApUAHTOB OIITUMHU3ALlUA

Ne BapuanTa 1 2 3

Psamom ¢ PITI-10T. V-

Mecto noacraniuu | CylecTByloliee THOKHA CeBepHast 4acTh I'. Y CTIO)KHA

[Turarommue JIDII- VY unmuaenue o0oux 1emnei
He menserca

110 B JIDT-110 kB na 4 km. He mensercs




No BapuanTa 1 2 3
Ob6ecneuenue ne- |CtpoutenserBo [1C PexoHcTpyKIMs ceTu ropoaa ¢
penaun sueprun B |110/35/10 kB 2*6,3 Her nepexoaom BJI-10 mo cye-
r. YCTIOKHA MBA cTBytomiei Tpacce k PI1-10

OOecrieuenue mne-
penadn SHEPTHH B

He mensercs

PI1-10 BerpenHukoBo Ha
6aze PY-10IIC. Ilepena-
4a sHepruu puaepamu

PII-10 BerpennukoBo Ha 6aze
PY-10IIC. Ilepenaua sneprun
¢unepom CodpoHiieBo

unepa POC I'opcets, Coip3aBog u ['opcetn
Mow-TpTp-0B " " "
T/ITH-110/35/10 2*25000 2*25000 2* 16000
[IpeaBapuTenbHas pacyeTHas CTOUMOCTh
I1C 110/35/10 420 420 420
I1C 35/10 100 0 0
JIDI-110 0 32,2 0
JIDII-35 33,04 33,04 0
BJI-10 0 9,2 10,35
Hroro 553,04 494,44 430,35

[lepcniexkTuBEI pasz-
BUTHUSA IPHU POCTC
Harpy30K pailoHa

Bo3MoXHOCTH CTpOUTENHCTBA
I1C-35/10 (110/10) na Ga3e
PTI-10 BerpennnkoBo

CrouMocTHBIE TIOKa3aTenu B3sAThl ykpynHeHHO B 1ieHax 2000 roga ¢ mpume-

HeHueM Kod(puIMeHTa nepecuera.

BoiBosl: 1. Ucxonst U3 TEXHUKO-PKOHOMUYECKOM BBITOJHOCTH, OYEBUHO HE
ctpoutenbctBo BKTII-110/10, a mepeHOC PEeKOHCTPYMPYEeMOW MOACTAHIMHA «YC-
TioHa-110/35/10 kB» B 30HY 1ieHTpa Harpy3ok (BapuaHT 3), TaK Kak B JIaHHOM Ba-
puanTe He npeanonaraercs n3meHenue cetu 110 u 35 kB

2. Het HeoOX0IMMOCTH yBEIMYUBATH MOLTHOCTH TPaHC(HOPMATOPOB, TaK Kak

TOJILKO Ha 43

rog J3KCINIyaTaluyu CYIMCCTBYIOIMIASA IIOACTAHIIUA

«Y CTIOKHA-

110/35/10 xB» nomomnuta k npeaeny 3arpy3ku. K Tomy ke, eciiu mojacTanuus Oyaer
MOCTPOEHA B HEMOCPEJCTBEHHON OJM30CTH OT €€ TJaBHOro MOTpeduTens, ropoaa
VY CTIOKHBI, TO COKpPATATCS CYHIECTBYIOIIUE MOTEPH M3-3a JOCTABKU DJIEKTPOIHEP-
ruu 710 ropoja o tpem dpuaepam 10 kB.

1. IpaBuna yctpoicTBa ekTpoyctaHoBok/ MunsHepro P — 7-e u3n., me-
pepaboTaHHOe | JomoaHeHHOe. — M.: DHeproaromm3saar, 2006. — 640 c.

2. TOCT 14209-97 PykoBOACTBO O HAarpy3ke CHJIOBBIX MACISHBIX TpaHC-
dbopmaTopos.



MOIEJHUPOBAHMUE JJIEKTPOMEXAHUYECKHUX ITEPEXOJHbIX
MPOIIECCOB B JIEKTPOOHEPTETHUYECKON CUCTEME

J.B. Ilenvuimnaxos

Hayunwui pykosooumensv B.A. bababpywikun, kano. mex. Hayk, OOyeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bosorna

MHorue 3a7a4i, KOTOPbIE BOSHUKAIOT B 3JICKTPOIHEPTETHKE HA CTAAUAX MPO-
eKTUPOBAHUS M B MPOIIECCE IKCIUTyaTalllH, PEIIAIOTCS C UCIIOJIb30BAHUEM CIIEIra-
JU3UPOBAHHBIX TPOrPAMMHBIX KOMILIEKCOB.

Kommanueit DIQSILENT 611 pa3paboTan mporpaMMHBIA KoMmiuieke Power
Factory, koTopslil siBisleTCS WHXKEHEPHBIM MHCTPYMEHTOM ISl aHalIM3a 3JIEKTPO-
PHEPreTUYECKUX cucTeM. [IporpaMMHBIN KOMIUIEKC COAEPKUT OOJIBIION NEpeYeHb
GyHKIMI MoaenupoBaHus. MOXXKHO NEPEUUCIUTh HEKOTOPBIE U3 HUX: aHAJIU3 yCTa-
HOBHBIIIETOCS PEXHMa M TOKOB KOPOTKOTO 3aMBIKaHUS, MOJICTUPOBAHUE JHHAMUYE-
CKUX IPOILIECCOB, MOJEIUPOBAHUE MEPEXOJHBIX MPOLECCOB, aHAJIU3 HAJIEKHOCTH,
aHaJIN3 YCTOWYMBOCTH, ONITUMU3AIMS YCTAHOBUBIIIETOCs pexknma [1].

B crarbe paccmarpuBaroTcs Bo3aMoxxHOCTH Power Factory st monenuposa-
HUS 1 aHaJN3a 3JIEKTPOMEXaHUYECKUX MEPEXOIHBIX MPOLIECCOB B T€HEpaTope U Ha-
rpy3Kax Ipu KOPOTKUX 3aMbIKaHUSIX.

Ha puc.1 npeacrasieHa cxema 3JIEKTPUYECKONW CETH, ISl KOTOPOI BBIIOJIHS-
€TCsl aHAJIU3 TIEPEXOAHBIX MPOLECCOB.
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Puc.1. Cxema snexmpuueckou cemu

JlaHHBIEC 3JIEMEHTOB CUCTEMABI.

typborenepatop G:P,o, = 63 MBT; COSQ,on = 0,8; Uyow = 10,5 kB; X4 = 2,2,
x4 = 0,22; x4 = 0,14; Xo = 0,09; X, = 0,22;

tpancopmaropel Tl u T2: S, = 125 MB-A; Uy = 10,5%;P, = 520 kBT;

P, =120 kBr; I, = 0,55%:;n = 121/10,5;



anexktpoasurateab M: Py, = 1 MBT; C0Sp,oy = 0,86; Uy = 10 kB;
GD, = 14 kH-m%;

Harpy3ka H: S,y = 93MB-A;

auaua Wlm W2: | = 30 xMm; r; = 0,12 Om/xkMm; X; = 0,4 Owm/xwm;
ro = 0,42 Om/xM; Xo = 1,4 OM/kM; |0y = 0,61 KA.

s onpenenenust Mecta u Bujaa K3 HeoOxoaumo 3a1aTh COOBITHS KOPOTKOTO
3aMBbIKaHUSI U TOCIE0BATEIbHOCTh MEPEKIIOYEHUM, KOTOPhIE OTKIIIOYAT JIMHHUIO.
PaccmoTpum B kadyectBe mpumepa onHodasznoe K3 na nunun W1, coenuusroniei
reaepaTop ¢ cucremoit (puc.l). OnHOpa3HOE 3aMBIKAHHE JWHHH MPUBOJIUT K OT-
KITFOUEHUIO ¥ TIOBTOPHOMY HEYCIENTHOMY BKJIIOYCHHIO MOBPEXKICHHON (Da3wl U 3a-
TEM K MOJTHOMY OTKJIIOYEHUIO JTUHUU.

[Ipexxne yeM HavaTh aHaIW3 MEPEXOJIHOrO Ipoliecca MporpaMMme HeoOXOu-
MO Ha OCHOBE pacuera padoydero yCTaHOBHUBILIETOCS PEXUMa pacCUUTaTh Hayajlb-
HBIC YCIIOBHUSL.

3aTeM MoJIb30BaTENI0 MPEJOCTABIISIETCS BO3MOXKHOCTD ONIPEIeNICHUs COOBITUI
MojenupoBaHusi. B nepByto ouepenpy HeoOxoaumo 3anath cobbiTue K3. Kak 6bu10
yKa3aHo BBIIIE, JaHHBIM COOBITHEM siBIIsIeTCS coObITHE onHOdazHoro K3 B cepenu-
He auHun W1

Jlaiee MOKHO MEPEXOJUTh K CO3AAHHUIO COOBITHM NEPEKIOYEHUSI KOMMYTa-
uoHHbIX ammapaToB (KA), koTopble OyAyT YYHTHIBATHCS MPOTPAMMHBIM KOMITICK-
COM B CJEAYIONIEeH MOCIeN0BATEILHOCTH: OTKIIOUEHUE JIMHHUH, cpabaThiBaHUE
ATIB, monHOE OTKJIFOYEHHE JUHUM U3-3a HeycnemHoctn AIIB. Bpems cpabaTeiBa-
Hus KA B nepBom coObiTuu npumeM paBHbIM 0,2 ¢. oT Hauana K3. Bpems cpabatsi-
Bauusi KA Bo Bropom coOwituu (AIIB) paBHo 0,3 c. ot momenta K3. K3 B aTom
cirydae He ycrpaHuTtcs, modromy eme depe3 0,1 c. (Tpetbe coObITHE) CpabaTHIBAIOT
KA, npuBosmye K moJIHOMY OTKIIFOUCHHIO JIMHUH.

JIyis aHanmu3a MepexoHBIX MPOIECCOB TMOJIB30BATENI0 HEOOXOIUMO OIpejie-
JUTH TIEPEMEHHBIC, KOTOPBIE JOJKHBI 3aMUCHIBATHCSA B MPOIIECCE MOJEITUPOBAHUS.
B nmporpamMmmMHOM KOMILIEKCE MPEyCMOTPEHA BO3MOXKHOCTh aHAIM3a MHOTHUX Tepe-
MeHHbIX. [locne 3anmycka mMoaenupoBaHus NEPEXOAHBIX MpoieccoB Power Factory
OCYIIECTBIISIET aHAJIN3 U3MEHEHHUS BHIOPAHHBIX MTEPEMEHHBIX BO BPEMEHHOM obJiac-
TH M COCTaBIIICT pacyeTHbIe TaOMUIBI. Tak Kak ATH TaOMWIBl OOJBITHE H3-32 Ma-
JICHBKOTO IIIara WHTETPUPOBAHUS, I HATJIATHOCTH JIydIlle TMPOJAEMOHCTPUPOBATH
rpaduku moxenupoBanusi. Ha puc. 2, 3 npeacraBieHsl rpaguku U3MEHEHUSI BHYT-
PEHHETO yrja reHepaTopa U CKOPOCTHU JIBHXKEHUST POTOpa.
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G: Rotor Angle in rad

G: Speed in p.u.

Puc. 2. Buympennuii yeon eenepamopa Puc. 3. Cropocmb 0sudicenus pomopa

Ha puc. 4, 5 u3o0OpaxeHnsl rpapuki U3MEHEHUSI CKOJIbKEHHSI ABUTATEN U Ha-
IPsDKEHUS Ha €ro BBIBOJIAX.
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M: Positive-Sequence-Voltage, Real Part in p.u. M: Slip in %
Puc. 4. Hanpsoicenue na 6vl600ax ogueamens Puc. 5. Cronvorcenue osucamens

Hcxons n3 momydeHHBIX TpadUKOB, MOXKHO CIENAaTh BBIBOJ, YTO IOCIE OT-
KITFOUCHUS JIMHUM M, TEM CaMbIM, ycTpaneHus K3, reHepaTop mpuxoauT B yCTOWYH-
BOE COCTOSTHHE IMMPHUMEPHO Yepe3 3 C., IBUTATENIh — IPUMEPHO dyepes 1 c.

[TpoBeaeHHOE MOJETHPOBAHUE DICKTPOMEXAHUUECKUX MEPEXOTHBIX MPOIIeC-
COB MpH 0AHO(A3HOM 3aMBbIKAHUH IMPUBOJHUT K YCTOMYMBOMY COCTOSIHHIO CHCTEMBI.
Paccmotpum, kak OyAeT BBITIISAICTh MEPEXOIHBIN MPOIIECC, €CIIU YBEIUYUTh BpeMs
orkmoueHus K3. [Ipumem Bpemsi cpabateiBanus KA B mepBoM COOBITHH paBHBIM
0,5 c., Bo BTOpoM — 0,6 c., B TpeTheM — 1,1 c. [Ipoananusupyem Te ke nepeMeHHbIE,
YTO U B MEPBOM cirydae. ['paduku MOJIETUPOBAHMSI TIEPEXOIHBIX MPOIIECCOB TPE/I-
CTaBJIEHBI Ha puc. 6-9.
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G: Speedinp.u.

Puc. 6. Buympenmuii yeon zenepamopa Puc. 7. Cxopocms 0susicenus pomopa

VYroJ reHepaTopa HauMHACT KOJIeOAThCs B HEAOMYCTUMBIX mipenenax (puc.6),
a CKOPOCTb JIBIXKCHHS POTOpPAa PE3KO YBEJIMUYUBACTCS CIyCTsS mnpumepHo 15 c.
(puc.7), yTO TOBOPHT O BBINAJCHUH I'eHEpaTOpa U3 CUHXPOHM3MA. JIBUTaTe b MpO-
J0JKaeT CBOIO pabOTy, HO HAXOJUTCS B HeCTaOMILHOM cocTosiHuU (puc. 8,9).
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M: Positive-Sequence-Voltage, Real Partin p.u W: Slip in %
Puc. 8. Hanpsiocenue na evi600ax osueamens Puc. 9. Cronvorcenue dsucamens

[IpoBeneHHOE MOACIMPOBAHUE OBLIO BBHIMIOJIHEHO O€3 yueTa perysiTOpOB Ha-
IPSHKCHUS M CKOPOCTH BpallleHUs TypOUHBI. B mporpaMMHOM KOMITJIEKCE UMEETCSI
BO3MOYKHOCTh aHajiu3a IMEPEXOHBIX TPOIECCOB C YYETOM JICHCTBHUS PEryJsaTopa
HAMPsHDKCHUS M CKOPOCTH TEHEPaTOpOB, YTO IO3BOJISET HCCIIECNIOBATH CHCTEMY C
00JIbIIIEHl TOYHOCTBIO.

1. DIgSILENT GmbH. PowerFactory Tutorial/DIgSILENTPowerFactory
Version 14.0. — Gomaringen, Germany, 2010. — 85 c.



AKTYAJIBHOCTB IPUMEHEHMUSA U BBIBOP
MECTOPACHOJIOXKEHUSA CUCTEMBI FACTS

O. E. Pvicun

Hayunwiii pykosooumenv A.B. Yoapamun, kano. mexH. HayK, 00yeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorna

VYBenuuuBaromuecss 00bEMBI 3JIEKTPONOTPEOICHHUST U yIOPOKAHUE CTOUMO-
CTH CTPOUTEITHCTBA HOBBIX OOBEKTOB AJICKTPOIHEPTETHKH, a TAKKE OTCYTCTBHE
TEXHUYECKOH BO3MOXKHOCTH CTPOHTENHCTBA (HAIpPUMEDP, YCIOBHS ITUIOTHON TOpPOJI-
CKoO# 3acTpoiiku ropoja Uepenosiia Bonoroackoi 001acTi) mpUBOAST K TOMY, YTO
HHEpPreTUKaM MPUXOIUTCS PeIIaTh CIEIYIOIINE Cephe3HbIE MPOOIEMBI:

1. BBUly OrpaHUYEHHOMN MPOMYCKHOM CIOCOOHOCTH CHCTEMOOOPa3yIOIIUX U
MexcucTeMHBIX JIDIT cTaHOBUTCS HEBO3MOXKHBIM TOJHOE YAOBIETBOPEHHE TPeOo-
BaHUI pbIHKa AekTposHeprun (29) (ODC Cubupu — Epomneiickas gacte ODC,
OBC Bocroka; OOC Ilenrpa — O2C Ceseproro Kaskasa; Tromens — Ypain);

2. HaIu4yue orpaHudeHuil mo Beigade DD anekrpocTaniuii (Kombckas ADC,
[Meuepckas 'POC, sneprocucremsr bypsituu, YnTsr).

3. MOBBIIICHUE HAMPSHKEHUS IO OMACHBIX 3HAYCHUN B MEPUOMBI CYTOUHOTO U
CE30HHOTO CHWXEHHUSI Harpy3Kd IO MPUYHHE CIa00N yNpaBlIIEeMOCTH PEKUMaMH
cereit EHOC u HenocTatouHOro o0bema yCTpPOUCTB PEryJMpOBaHUS HAMPSIKEHUS U
KOMIIEHCAI[UU PEAaKTUBHOW MOIIHOCTH, MPUBOJSIIEE K CHUKEHUIO KauecTBa DD U
YMEHBIIICHUIO HAJCKHOCTU OJIIEKTPOCHAOXKEHUs1 (pa3MbIKaHHE KOHTYpPOB CeTei
EHDC st HopMaau3auy YpOBHEH HANPSHKEHUS);

4. neyctounBocTh dekrpuuecknx cereir (ODC Cubupu, CeepHOro
KaBkaza);

S. HeoNTUMAaJbHas 3arpy3ka MapajulelIbHbIX JUHUW pa3IM4YHOro Kiacca Ha-
NPsHKEHUM: OJJHU JTMHUM paboTaloT Ha Ipezelie MPOoMyCKHOM clocOOHOCTH, a Apy-
rue B peKMME HU3KOW 3arpy3KH, 4TO NMPUBOIUT K POCTY MOTEPh B CETSIX, HEJIOUC-
MOJIb30BAHMIO BCETO MOTEHIIMAJIA 3JIEKTPOCETEN U UMEET OTPULIATENbHBI SKOHOMMU-
yeckuid 3pdexr (ODC Cesepo-3anana, nuaun Hanpspkenuem 330/220/110 kB,
500/220/110 kB, OAO Mocasuepro) [1].

Takue TpaauIUMOHHBIE CHOCOOBI, Kak peryinupoBanue HampspkeHus PITH
TpaHCHOPMATOPOB, pPa3MBIKAHWE KOHTYPOB CETel M KOMIICHCAIUS PEaKTUBHOMN
MOIITHOCTH, HE BCEr/la B CHJAX PEHIMTh IMEPEeYMCICHHBIC MpoOseMbl (Hampumep
BBHUJy OTPaHUYCHHOW BO3MOXKHOCTH YIIPABJICHHs MPH MEepeMeHHOU Harpyske). Ta-
KUM 00pa3oM, 3JIEKTPOIHEPreTHKE TpeOyeTcs BHEAPEHHE HOBBIX CPEACTB IS
YOPABJIEHUS] TPAHCHOPTHBIMHU MOTOKaMU D3 W mepenayd HauOoJblIeld MOIIHOCTH
no yxe cymectBytonmm JIDIT ykazaHHOTO Kiacca HanpspkeHus (BIUIOTH JIO Orpa-
HUYCHUU 0 HAarpeBY) ¢ HAMMEHBITUMH (PMHAHCOBBIMH 3aTpaTaMd Ha MX PEKOHCT-
PYKLHUIO U MOAEPHHU3ALUIO.



[ToBbIiienue npomnyckHoi cnocodnoctu JISII nocturaercs nanbosnee apdex-
TUBHO, KOTJIa MPOUCXOIUT KOMILJIEKCHOE peleHue mpobuem. Hanmpumep, dacts mo-
TOKOB D0 MyTeM aKTHBHOTO YMpaBJICHHs JOJKHA TMEpelaBaThCs MO He3arpyskKeH-
HBIM CETSM, B TO BpeMs KaK IpPOIyCKHas CIOCOOHOCTh cymectByrommx JIOII
JIOJKHA OBITH TMOBBIIIIEHA M3-3a MCIOJIL30BaHMS COBpeMEHHBIX ycTpoiicTB FACTS.
B paMkax HacTOsIIeH CTaThbl pPacCMaTPUBACTCS WCIOIb30BAHUE TEXHOJOTHH
yIpaBJIIeMbIX THOKUX JIEKTporepeaay nepemennoro toka (I'JIDIT)

FACTS (Flexible AC Transmission Systems cornacuo |EEE) — sTo cospe-
MEHHOE BBICOKOTEXHOJIOTMYHOE pEIICHUE, TO3BOJIAIONIEE ONTUMAIBHO U KOM-
IUIEKCHO PELIUTH CIAEAYIOIIUE 3a1a4u:

1. noBeIIeHKE NTPOITYCKHOU crtocooHocTH JIDIT;

2. moasiep>kKaHue YCTOMUUBON PabOThI SHEPTOCETEH;

3. obecnieueHre TpeOyeMO MOIIHOCTH B CeTsIX (YMEHbIICHHE TOTEph DD);

4. perynMpoBaHUe HAMPSHKCHUS B CETAX.

OauH U3 METOJOB, MO3BOJISIONINNA TOYHO ONpenenuTh Hanbonee dhdexTus-
HOE MECTO yCTaHOBKH B »Heprocucteme ycrpoictBa FACTS — sTo anroputm Ha
OCHOBE CHHTE€3a METOJ]a y3JOBBIX HANPSKEHUH W MAaTeMaTHYECKOTO MOJIEIHPOBa-
HUSI HEOJHOPOIHOCTHU AJIEKTPOCETH:

1. cocraBnsieTcsi cXemMa 3HEPrOCHUCTEMbI, BEKTOpP MapaMeTpPOB 3JIEMEHTOB
sHeprocuctemsl u BekTop I/IC BerBeil rpada;

2. popmupyeTcsi MaTpuIla CBS3H, JUATOHAIIBHBIE MAaTPHUIIhl AKTUBHOTO U pPeak-
TUBHOTO CONPOTHBIICHUH AJIEMEHTOB CXEMBI COIVIACHO HampaBlIeHHOMY rpady u
KOHTypHAasi MaTpuIla ¢ pacueTaMu aKTUBHOTO U MHAYKTUBHOTO COTIPOTHBIICHUH;

3. UIA aHanIM3a HEOJHOPOJHOCTH CETHU COCTABIISIFOTCS MAaTPHUIBl aKTUBHBIX U
PEaKTUBHBIX IPOBOJUMOCTEM, KOTOPBIEC MIPUBEICHBI K y3JIaMm;

4. pu TOTYYCHUN MaTPHUIIBI CHCTEMHBIX TTOKa3aTele BHIOMPACTCsl KOHKPET-
Hasi BETBb CETH, KOTOpas HamOojee CHWIBHO BIUSAET HA HEOJHOPOAHOCTH CETH
(BeTBb, I/ MPUCYTCTBYIOT HAUOOJIBIITNE 3HAUCHUS);

5. paccunThIBalOTCSl 00OOIICHHBIN MOKa3aTeb HEOMHOPOIHOCTH (deM O0Jib-
IIe MOKa3aTesib HEOJHOPOJAHOCTH — TEM HIDKE PEKUMHBIN mokaszareib ceti EHOC)
¥ OTHOCHUTEJBHBIN MOKa3aTelb HEOJHOPOTHOCTH, TIO3BOJISIONINN CAenaTh BEIBO 00
3¢ (HEKTUBHOCTH PEKOHCTPYKIIMU SHEPrOCETH;

6. cocTaBigeTca BEKTOP MOAYJS HEOIHOPOIHOCTH i (POPMUPOBAHUS BBHIBO-
JIOB O MEPE 3aBUCUMOCTH COCTOSHUSI JHEPTOCUCTEMBI OT MapaMeTPOB KaxkI0H BETBU
cetr (HawOoOJIbIlIEEe YHCICHHOE 3HAYCHHE OMPENCsieT MAaKCUMAJbHBIA 3(PQPEKT OT
PEKOHCTPYKIIKMHK). B pesysnbrare aHANIU3UPYIOTCS MOTYYCHHBIC JaHHBIC JUISI BHIYHC-
JeHus mecronoyiokeHus: ycrpoiictea FACTS ¢ moMonipio paccMOTpeHUsT MOyJIei
3HAYCHHUH B XapaKTEePHOM BeTBH [2].

IIpumeHnm yKa3aHHBIM aIropuT™M Ha BOJoroackon sHeprocucreMe, Koropas
noTpedyer pemenuii nepen crpoutensbctBoM BJI 220 kB benozepckas—IllekcHa,
BJI 220 kB Bonoroackas—Illekcuna u I1C 220 kB IllekcHa. IIpu cTpouTenscTBe B
YepenoBenKoM 3HEProysie MOSBISIETCS BEPOITHOCTh MUTPALMU TMEPETOKOB MOIII-




Hoctu u3 cetu 500 kB B ceth 220 kB u3-3a myHtupyromnieit cesazu 220 kB depes
muHbl 11C 220 kB Illexkcna u BJI 220 xB. Pa3psiB cetn 220 kB u cozmanne ABP
220 kB unu monHOE BRITECHEHHE TTOTOKOB MOMIHOCTH U3 cetu 220 kB Henenecooos-
pasHbl, Tak Kak Heobxoauma cBs3b Ha ctopoHe 220 kB mexny [1C 750 kB benozep-
ckas u [1C 500 kB Bonoroackas ajis pasrpysku aBrorpanchopmaropos 500/220 kB
Ha I[1C 500 kB Bosorojackas. YnpoiieHHas cxeMa npuBeeHa Ha pucyHke 1. Mart-
pHUIly CUCTEMHBIX MMOKa3aTeseil il JaHHOTO y4acTKa YHEProceTH CBEJIEM B TaOJIH-

uy 1[2].

500 kB

220 kB

TLC
Puc. 1. Yuacmox cemu Bonozodckoii s3nepeocucmemol
Taomuna 1
MaTpuua cMCTeMHBIX NOKa3aTeJeH sl Y4aCTKA CeTH

0,685 0,079 -0,079 0,251 -0,936

-0,934 -0,108 0,108 -0,343 1,276

-0,51 1,364 -1,364 5,527 -5,017
n= -0,227 0,676 -0,637 2,029 -1,842

-0,187 0,637 -0,676 2,069 -1,842

-0,251 0,853 -0,853 1,625 -1,374

10,67 -0,186 0,186 -0,594 -10,076

Ha ocHoBaHMHM MaTpHIlBl MOKHO CJI€aTh BBIBO. ONTHMAaIbHOE MECTOPACIIO-
noxenue st ycraHoBku FACTS — ato cepenuna BJI 500 kB benosepckas-
Bonoroackas. UtoOb1 nmpoananu3upoBaTh 3PGEKTUBHOCTh U MPABUILHOCTH BBIOOpA
MecTa yCTaHOBKH, paccMoTpuM cxemy c¢ ycrpoiictBom FACTS (UPFC). UPFC
(OPIIM — 00beauHEHHBIN PEryJIATOpP MOTOKA MOIIHOCTH) — 3TO CTATHYCCKUN CHH-
xpoHHbI KoMIreHcaTop STATCOM u craTndecKuil CHHXPOHHBIN ITOCIEI0BATEIIb-
HBIM KommieHcaTop SSSC, coeMHEHHBIE Yepe3 OOIIYI0 CBSI3b MO MOCTOSSHHOMY TO-
Ky, 4TO 0OCCIIeYnBaeT ABYHAIIPABICHHBIM MOTOK aKTUBHOW MOIIHOCTH MEXIy Tia-
pamnenpHbiME  BbixogaMu STATCOM u mocnemoBaTenbHBIM BbIXoAoM SSSC.
Oynkunn UPFC: obecnieunBaeTcs corjiacoBaHHas IOCieaAOBaTeIbHAs KOMIICHCA-
1M aKTUBHOW U peakTuBHOW MomHocTH B JIDII 6e3 BHemrHero uMcTtouyHuka 20,
yIpaBJiICHUE HANPSHKEHUEM, TOJHBIM COMPOTHBIICHUEM WM YTIIOM (ha30BOTO CABHUTa
MEX Ty HarpspkeHussMu 1o koH1iaMm JIOIT 3a cueT mobaBieHwMs MOCIeA0BaTEILHOTO Ha-



OpsDKEHUST CO CBOOOJHBIM YIJIOM (ha30BOrO C/BHIa; HE3aBUCUMOE O0ECreYeHue
YIPaBIIIEMOH ITOIIEPEYHOIN KOMIICHCAIIMY PEAKTHBHOM MOIITHOCTH B cucteMe [3].

DJEeMEHTBI 3JIEKTPOCUCTEMBI MPEJCTABIECHbI B BHJI€ YETHIPEXIOJIOCHUKOB,
no3toMy mMozenb ycrporctBa FACTS Takxke 1iei1ecoo6pa3Ho NpecTaBUTh Ha OCHO-
BE MHOTOIIOJIFOCHUKA (IS yueTa OOJIBIIMHCTBA PETYJIUPYIONIMX mapamMmeTpos). Mo-
JI€b MOKHO OINKCAaTh YPAaBHEHWEM MMACCUBHOTO MHOTOIIOJIOCHUKA:

"Wy = (1 + M} el e Y, L () e e L
g "Bl ' .

= — ., + I @:LI:.I;.E-:[ . Ff
Faesha (i) 1T 28

|
22

rie 'Zpepa(fi1) — KoMIeHcupylollee IIyHTUpylolee conpotusienue OPIIM;
Zrse1 (fia] — KOMIEHCHpYyIOIIEE NPONONLHOE CONPOTHBICHHUE YCTPOMCTBA
OPIIM,;

¢y ( fi3) — 3HAUeHME yriia cABHUIra HANPSKEHHS, KOTOPOE BBOAUTCS B DHEPIO-
CUCTEME;

fi1: fiz —3HadeHns conporusneHuii, Om;

Jiz —3Ha4YeHHe yria C/IBUra, rpajaychl.

[To pe3ynpTaTam pacueToB yCTaHOBJIEHO, YTO MPUMEHEHHE PEryIupOBaHUS
yTJIOM TIOCPEACTBOM (ha30BOTO PETYNIATOPA TO3BOJISET NS 3a1aHHOM SHEPrOoCHCTe-
MbI Tipu yriie 23° mepepacnpeaesuTh TOTOKU MomHocTed Mekay JIDIT pasHbix Ha-
npsoKeHud, yopaTh orpaHuueHus mo tepmuyeckoit ycroitunoctu JIDII 220 kB u
IIPOU3BECTHU Iepenavy O3 Ha ONTUMaJIbHOM ypoBHE. PacueTsl ¢ ocTalnbHBIMU Bapu-
antamu Mect ycranoBku FACTS npuBonsT k pesyibTaTam ¢ 0osee Hu3Kkou ¢ dek-
TUBHOCTBIO, YTO TOBOPHUT O pabOTOCIIOCOOHOCTH JTaHHOTO alNropuT™a [2].

Ha ocHOBaHUM BBINIEU3IOKEHHOTO MOXKHO CHEJIATh CIAEAYIOIINE BHIBOIBI:

1. cuctembl FACTS — 310 akTyasnbHble, MEPCHEKTUBHBIE U HKOHOMHUYECKH
000CHOBAaHHBIE TEXHOJIOTHH, CIIOCOOHBIE PEIINTh MHOXKECTBO Ba)KHBIX MPOOJEM B
HBIHEIIHEN 3JIEKTPOIHEPTETUKE;

2. 0 pe3ylbTaraM aHaln3a NEepCIeKTUBHON cxeMbl B Bomoroackoit sHepro-
cucTeMe ObLIM BBISIBICHBI clla0ble MECTa, MPEJI0KEHO PEeIIeHUE 3a CUeT MpUMEHe-
Hust FACTS, cmonenupoBan mpoOieMHbIl B IEPCIEKTUBE YYACTOK CETH U MTOKa3aHa
3¢ (HEKTUBHOCTD MIPEITIOKEHHOTO PEUICHUS C YUCIEHHBIMU TTOKa3aTeNsIMHU,

3. anroputMm BbIOOpa MecTa ycraHoBKM FACTS Ha ocHOBe cuHTE3a MeToja
y3JI0BBIX HAMPsHKEHUN W MaTeMaTHYECKOTO MOJEIUPOBAHNUS HEOTHOPOIHOCTH dHEP-
rocuctemMsbl 3(PpPEeKTHBEH, YTO MOATBEPKACHO Pe3ylIbTaTaMH MareMaTH4eCKOTO MO-
NeMpoBaHus [2].

1. IllakapsiH, FO.I. Yopasnembie (THOKKE) CHCTEMBI Mepead MEPEMEHHOTO
toka / FO.I". [llakapstn. — Mocksa: OAO «BHUND». —41 c.



2. Ynapatud, A.B. Pa3paboTka anropuTma ompeneseHusi MecTa YCTaHOBKH
ycrpoiicte FACTS Ha npumepe Bosoronckoii sneprocucrems! / A.B. Ymaparun //
DnexkTpoobopynoBanue: dKcIuryararus 1 peMoHT. — 2013. — Ne 5. — C. 19-23.

3. Kypo, Xak. CoBpeMeHHbIC TEXHOJOIMH TOBBIIICHHUS KauecTBa JJICKTPO-
SHEPTUU MPH ee nepeade u pacnpeaesnenuu [nekrponnsiii pecype]: / K. Kypo. —
DJIeKTPOH. TEKCTOBBIE AaH. — Pexxum noctyma: http://www.news.elteh.ru.

CUCTEMA «YMHBIA JTOM»

M.A. Ceamkos

Hayunwvui pyxosooumenv A.B. Heanoe, kano. mexu. HayK, 0oyeHm
Bosioroackuii rocy 1apCTBEHHbBINA YHUBEPCUTET

r. Bosorna

B nocnennee Bpemsi BONPOC SKOHOMHUH 3JIEKTPOIHEPIHM SBIIAETCS KpaliHe
akTyanbHbIM. COBpEMEHHOE OOILECTBO MOTPeOsieT Bce OoJiblie W OOJbLIE 3IIEK-
TpodHepruu. CBA3aHHO 3TO C POCTOM HACEJIEHUS Ha IUIaHETE, MOJEpPHU3ALHUENH Oc-
HAIIEHHOCTH MECT NPOXHBAaHUS M OTPOMHBIMH MacluTabamMu MPOMBIILICHHOTO
npou3BojCTBa. Bce 3TO mpuBeno K yBelIMUEHUIO Tapu(oB Ha 3JIEKTPOIHEPIHIO,
pacxo/ibl HaCEJIEHUS Ha KOTOPYIO COCTaBIISIOT HA JAHHBII MOMEHT OT 7,5 10 25% ot
OroKeTa.

CoxkpanieHue noTpedIeHus JIEKTPOIHEPTUN SIBIISIETCS €IMHCTBEHHBIM Bapu-
AHTOM MHHUMH3ALMM KOMMYHaJbHBIX IjaTexeil. CylecTByeT HECKOJIbKO CTaH-
JapTHBIX CIIOCOOOB 3KOHOMHH AJIEKTpO3HEpruu. C MX MOMOIIBI0 MOXKHO CYIIECT-
BEHHO COKPATHUTh PACXOJIbl Ha 3JIEKTPOIHEPIHIO:

- 3aBE/INTE B IPUBBIUKY, BHIXOS M3 KOMHATHI BCET/Ia BBIKJIIOUATh B HEHl CBET;

- 3AMEHUTE «HEIKOHOMHBIE» JIaMIIbl HaKaJIUBaHUs Ha SHEProcOeperaronue;

- OTKJIIOYANTE AJIEKTPONPUOOPHI, KOTOPHIMU PEIKO MOIb3YETECH,

- SKOHOMBTE Ha JOMOJIHUTENIbHBIX 000rpeBaTesX;

- JKOHOMBTE Ha JIEKTPOUYANHUKE;

- OT/AQiTe NpeanoYTeHUsI HOyTOYKY,

- u apyrue. [1].

Brimeykazannapie crmocoObl IKOHOMHUHU 3JIEKTPOIHEPTUH O cBoeMy 3 dek-
TUBHBI, HO CYLIECTBYIOT UHTEJUIEKTYaJbHbIE CUCTEMbI, KOTOPBIE TIO3BOJISIIOT COKpa-
TUTh PAaCXO/Ibl Ha ANEKTPOIHEPruIo 10 65%. B naHHOM cTaThe MBI PACCMOTPUM CHC-
TEeMy YIpaBJieHUs, 00ECIIeUNBAIONIYI0 COTJIaCOBAaHHYIO0 U aBTOMAaTUYECKYIO0 paboTy
BCEX MH)KEHEPHBIX CeTel JoMa — «YMHBIN 1OM». YMHBINA JOM —3TO aBTOMaTU3UPO-
BaHHOE CTPOEHUE COBPEMEHHOIO THUIIAa, OPraHU30BaHHOE JJIsl y100CTBA JIIOAEH MPHU
TIOMOIIY BBICOKOTEXHOJIOTUYHBIX YCTPOUCTB.[2]

Hogelimme coBpeMeHHbIE TEXHOJIOTUU MO3BOJISIOT HaM 00CITyKMBaTh U KOH-
TPOJIUPOBATh HHPPACTPYKTYPY AOMa JUCTAHIUOHHO. [Ipu 3TOM Takue cucteMsl mo-



3BOJISIFOT 3HAYUTEIHO YKOHOMUTh HA KOMMYHAJIBHBIX IJIaTexax. /laHHass TEXHOJO-
T'Hsl TIO3BOJISIET YNPABJISATH BCEMU OCHOBHBIMH MPUOOpaMH, MOAKIIOYEHHBIMH K CHC-
TEeME «yMHBIA JJOM» C JIF0OOT0 rajpkera Biajaenbia, Oyab TO cMapTdOH WU TUIaH-
HIeT, U JIaXe IO ToJIOCY WM XJIONKY. Takas cuctema MOXET SABIAThCA U Oecrpo-
BOJHON 3a cyeT KOHTpOJIEpa, KOTOpbIil oOecnedynBaeT YJOOHOE M TOHATHOE
ylpaBjeHUE OE30MaCHOCThIO B JIOME, JaBasi BOZMOXHOCTb KOHTPOJIUPOBATh OOJIb-
I0€ KOJMYECTBO AYIUIEKCHBIX OECIPOBOJHBIX YCTPOMCTB OJHOBpeMEHHO. KoH-
TPOJIIEP — «APO» YMHOTO JI0Ma, OH CJIEAUT 3a BCEMU MPOLECCAMH B JOME, ITIPUHHU-
MaeT CUTHaJbl CO BCEX NAaTYMKOB, IPOBOJIUT UX CPABHEHUE C 3aJaHHBIMU IIapaMeT-
paMH ¥ Ha OCHOBAHMM 3TOTO CPABHEHHMsI IOCBUIAECT YIPABISAIOIIME CUTHAJIBI K HC-
IIOJIHUTEIBHBIM yCTpPOUCTBaM. VCIOIHUTENBHBIE YCTPOMCTBA, B CBOIO OYEPENb, B
COOTBETCTBUM C IOJYYEHHBIM KOMAHIHBIM CUTHAJIOM OKAa3bIBAIOT PEryIUPYIOLICE
BO3/ICHCTBUE HA 00BEKT (MEXaHM3M) CUCTEMBI.

7 ANEKTPONPUBOPOE, YNPABNAEMBLX CHCTEMOW
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Puc. 1. Cucmema «Ymuoiti 0om»

Takum oOpa3zoM, obecrieurBaeTCs CllaXXE€HHasi U YeTKas padoTa BCEro MHOTO-
o0Opa3usi JaTYUKOB, y3JIOB, arperaToB, MPUOOPOB U MPOYETO 0OOPYIOBAHUSI YMHOTO
noma. Tak e yMHBIN I0OM UMEET pa3IMuHble MOAYJIM PACIIUPEHHUs], KOTOPBIE MO~
KJIFOYAIOTCSI K KOHTPOJIEPY ISl paclIMpeHust ero pyHkuuoHanbHocTu. K Takum Mo-
TyJISIM OTHOCSITCSI TICPEXOTHUKH, TBOUTEITU-TPOUTENH, U3MEPHUTEIbHBIE TIPUOOPHI U
Tak panee. [lToMrumo Moxynen pacClMpeHus, CyIeCTBYIOT CIEAYIOIIHNE:



-MOJTYJIb JIJISl TUNITABHOTO BKITFOYCHHS,

-MOJIYJIb YTIPABJICHUS JKAIIO3H, IITOPAMH, TCHTAMH,;

-MOAYJIb JTUMMEPHBIH;

-MOJIyJIU YIIPaBJICHUS CBETOBBIMU CLICHAMH;

-0€eCTIOTeHIINAIBHBI MO b,

-IBYXKJIABUILHBIA MOJYJIb;

-pa3MeTOYHbII MOYJIb, U T.J.

Moaynu MOTYT YIpaBIsiTh OCBEIICHHUEM, a TaKXe KOHTPOJMPOBATH JII00OE
AIEKTPUYECKOE YCTPOUCTBO. 1locine noakiroueHns: yecTpoucTBa MOTyT yIPaBIIATHCS
C TIOMOIIBI0 HACTEHHOTO BBIKIIOYATENSI, MYJIbTOB ITUCTAHIIMOHHOTO YIIPABIICHUS,
cMapTdoHa, TuiaHmera u depe3 Web — unarepdeiic. Kpome storo, mpubopsl, monu-
KJIFOYEHHBIE C TIOMOIIBI0 MOJIYJISl, MOTYT aBTOMAaTHYECKH YIPABIATHCS C MOMOIIBIO
3apaHee HaCTPOCHHBIX CIIEHAPHEB, KOTOPHIE XpaHATCSA B KOHTpoiuiepe. [JaTunku u
CEHCOpHI LM(POBbIE HOBOT'O MOKOJCHUS UMEIOT PaCIIMPEHHBIH (YHKIIMOHAI U SB-
JSIFOTCS. MHTEJUIEKTYallbHBIMU  yCTpolicTBaMu. Hampumep, coBpeMeHHBIE MHOTO-
(YHKIIMOHATBHBIC JTaTYUKH JIBUKCHUS, CIIOCOOHBI BHIBOJUTH JAaHHBIC Ha KOHTPOJI-
nep. OHU CIOCOOHBI U3MEPATH PACCTOSHUE OT JAaTYMKA O JBMIKYIIEHCS IIeH, 3a-
CeKaTh 3aJIEPKKU MPU NEPEABMKEHUN 00bEKTa U MHOTroe Jipyroe. Bee 3To oOpaba-
TBIBAETCSl BCTPOCHHBIM B JATYHK MUKPOIPOIIECCOPOM H TIOJAETCSl HA KOHTPOJUIEP B
BUzie NU(POBBIX CUTHATIOB. KOHTPOIBLHO — M3MEpUTENbHBIE TPUOOPHI B OTIIMYHH OT
IPOCTHIX aHAJIOTOBBIX aNIapaToB, KOTOPHIE BMEIIAIOT B ce0E¢ HOBBIE TEXHOJIOTUU
YMHBIM JOM ¥ KOHTPOJIUPYIOT IIUPOKUHN JHMANa30H NapaMeTpoB, MPEACTABISIOT UX
du3nveckrue eIUHUIE U3MEpEHHs. B oTIM4KMe 0T aHAJIOTOBBIX MPUOOPOB U JIATYH-
KOB, COBpEMEHHbIE IIH(PPOBBIE, UMEIOT COOCTBEHHYIO CUCTEMY BBIYMCIICHHS Ha OC-
HOBE IIPOCTOTO MHKPOIIPOIIECCOpa.

Paccmotpum yduer anektposreprun. CUETUNKU SBISIOTCS MHTETPUPYIOIIAMA
npudOpaMu, T.e. UX TIOKAa3aHUsS 3aBUCAT OT BPEMEHH, 32 KOTOPOE MTPOU3BOIUTCS U3-
MepeHue. B o0mieM ciyyae cueTdnK MpOU3BOJUT U3MEPEHHS, @ TOYHEE, BEIYUCIISET
SHEPTHUIO MO BBIPAKECHUIO

w = [ Pdt,
rne P —momnocts [kBt]; T — Bpewms [4]; W —sueprust [kBt-4].

Perynstopsr HanipsbkeHus (ocBeleHus), mpeoodpa3oparenu/TpanchopmaTopsl,
OJI0KM MUTAHUS, ABTOMATUYECKHE BBIKIIOYATENIM U PeJie — BCE ITO DJIEMEHTHI KOM-
MyTanuu, 0e3 KOTOPBIX MOHTaXX CUCTEMbI YMHBIN oM (Kak M JIFOOOH 3J1eKTpOonpo-
BOJIHOW CHCTEMBI), BBITIOJHEH OBITh HE MOXeT. OHM MOTYT MMETh BCTPOCHHYIO 3a-
IIATY OT TEPErpy3Kd CETH M KOPOTKOTO 3aMbIKaHUS U CPabaThIBAIOT, pa3MbIKas
eTh, TAKUM 00pa3oM, BHIMOJHSS 3alIUTHYIO (QyHKOW0. Pabouwnit opran Ooiee
CJIOKHBIX MPHOOPOB (IMPUBO/IA OTKPBITH\3aKPBITHSI BOPOT, JKATO3U U T.I.) — 3TO
JIBUTATeNb, Y MEHEE CIOXHBIX (KJIalaHOB, 3aMKOB) — CEPJICYHUK, IPUXO/ISIIUNACS B
IBIDKEHUE DJICKTPOMATHUTOM. YTIPABISIOTCS B OOJNBIIMHCTBE CIIy4aeB OT HU3KO-
BOJITHOTO TOKa 10 24 B BKIIIOYMTENBHO, HO €CTh U BHICOKOMEpHBIE MTPUBOJIBI, pac-
cuntanHbie Ha 220 B.



Takum 00pa3oM, UHTEIUVIEKTyallbHasl CUCTEMA «YMHBIA JOM» IMOMOTAET KO-
HOMMUTB JJIEKTPUYECTBO 3a CUET LEHTPAIU30BAHHOTO OTKJIIOUYECHUS! UCTOYHUKOB ITH-
taHus. [lockonbKy Bce mpUOOPHI B yMHOM J0Me OOBEAMHEHBI B €AUHYIO CUCTEMY,
naHHas QYHKIMS TO3BOJISET OJJHUM Ha)kKaTUeM KHOIKU OTKJIIOUYUThH BCE JIUIIHUE UC-
TOYHUKU NOTpeOsieHus: sHepruu. OCoOEHHO aKTyallbHO 3TO B HOYHOE BpeMs, Tak
KAaK 3HAYUTEJIbHO COKPALLAIOTCS PACXObl HA YHEPIHUIO.

Pexxum sHeprocOepexeHus Mo3BOJISET MEPEBECTH B COCTOSHHE HU3KOTO TO-
TpeOJIEHUsI YDHEPTUU CUCTEMbl BEHTUISILIUU U KOHAUIIMOHUPOBAHUS, IOJTHOCTHIO OT-
KJIIOYUTh BCE APYyrue MpuOOphl Ha BpeMsi OTCYTCTBUS B JoMe. Pexum sHeprocoOe-
PEXKEHHSI MOXKHO 3aIlyCKaTh KaK 10 ONPEIEICHHOMY PAaCIMCaHUIO, TaK U MEHSATH 110
Mepe He0OXOIMMOCTH, UCTIOB3YSI BO3SMOKHOCTH yAaJICHHOTO yIPaBICHUS.

Takum 06pazoM, Ipu KUCIIONIH30BAHUN UHTEIUIEKTYaTbHON CUCTEMBI «Y MHBIN
JIOM>» 3HAYUTEJIBHO COKPAILAIOTCSA PACXObl HA DJIEKTPOIHEPTHIO, & TAKKE IOBBIIIA-
eTcsi KoM(DOPT B YIpaBIECHUHU JOMAIIHUM 3JIEKTPOOOOPYTOBAHUEM.

1. Iopran-sHepro [DnekTpoHHblid pecypce]. — Pexxum nmoctyma: http://portal-
energo.ru/articles/detail /id/25

2. Bukunemust [OnextpoHHBIM pecypc]. Pexumm gocryma: — https://ru.
wikipedia.org/wiki/Ymusbrii_nom

OITPEAEJIEHUE OIITUMAJIBHOI'O HAIIPSAKEHU A
B OIIOPHBIX Y3JIAX DJIEKTPUUECKOM CETH

H.C. Cenankun

Hayunwiii pykosooumenv A.H. Anwonoe, kano. mexH. HayKk
Bonoroackuii rocy1apCTBEHHbIA YHUBEPCUTET

r. Bonorga

OnTuManbHbIA pexuM cucteMbl 3aekTpocHadkenus (COC) — 3to Takoit pe-
UM U3 JOMYCTUMBIX, T.€. YIOBIETBOPSIOUIMN yCIOBUSIM HAJAECKHOCTU U KayecTBa
AJEKTPOIHEPIHH, TP KOTOPOM 00ECIIeUnBAECTCSI MUHUMYM 3aTpatr NpH 3alaHHON B
Ka)KJbIii MOMEHT BPEMEHHU Harpy3Ku NOTPEOUTENEH.

OnHuM K3 cnocoOOB ONTUMU3ALMH AJIEKTPUUECKON CETH SIBISIETCS MOAAEp-
KaHUE ONTHUMAJIBHOTO HANPsKEHUs B ONMOPHBIX y3iax. Perynupyembie reHepaTopbl
o0ecreunBarOT ypOBEHb HAIPSKEHUM, COOTBETCTBYIOLIUN BBIOPAHHBIM YCIIOBUSIM,
¥ YYaCTBYIOT B CBEJICHUU OajiaHca pEaKTUBHBIX TOKOB (MOIIIHOCTEH) B paccMaTpu-
BaeMoil cxeMe. ['eHepaTopHbIE Y3/bl C PETYJIHPYEMBIMU IF€HEPATOPAMHU HA3bIBAIOT
OMOPHBIMH.

BrusgHue OTKIIOHEHUN HANpPsHKEHUSI HA PEXKUM CIOMKHBIX AJEKTPUUYECKUX Ce-
TeH, BKIIIOYAIOIINX BO3AYLIHbIE M KaOEIbHBIE JUMHUU AJIEKTPOIEPEAadyd U TpPaHC-



dbopmaTopsl, TpoaHATM3UPOBAHO Ha MpuMepe cxeMbl COC, nmokazaHHoM Ha puc. 1.
B tpancopmaTopax UMEIOT MecTa JiBa BUJa OTEPD:

1) Harpy304HbIe, IPOTIOPIIHOHAIBFHBIE KBAAPATY TOKA,

2) X0JIOCTOTO X073, MPOMOPIIMOHATBHBIC KBAAPATy HATIPSIKCHUS.

[Tostomy 3aBucumocth AP = AP(AU) mpuobpeTaer 6osiee ClIO0XKHBIN Xapak-
Tep TEHACHIUS U3MEHEHHsSI TIOTEPh ¢ pOCTOM (YMCHBIICHHEM) HAIPSHKCHHUN B Y3J10-
BBIX TOUKaX CETH CTAHOBUTCS 3aBUCHUMOM OT KOHKPETHBIX mapameTpoB COC: niuH
JIDII u ceueHuii MpoOBOAOB, MAPAMETPOB TPAHCPOPMATOPOB U KOIP(PULIUEHTOB UX
3arpys3ku 4 T.1. B cxeme, npencraBieHHo Ha puc. 1, npeobnagatot notepu B JIDIL.
N3meHeHne pexuMa OCYIIECTBIUIOCh ITyTEM BapUalMy HANpPsDKEHU B OIIOPHOM
y3Ie.
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Puc. 1. Cxema sanexkmpuuecxoii cemu

B nmanHOM cxeme mepBbId y3€ll SIBJISIETCS OIIOPHBIM, TaK KakK TOJBKO B HEM
OCYIIECTBIISIIACH TeHEpaIus AJIEKTPUUYECKON MOITHOCTH, ero HampspbkeHue 18 kB.
[Ipenensl u3menenus: HanpspkeHus ot -10% mo +5% ot Unom. Y3en HoMmep msaTh —
0a31UCHO-0aIaHCHUPY IO,

Bce pacuersl ObLIM BBITIOJIHEHBI B MOJIyJI€ pacuera pexumMoB "OHiaiiH Dnek-
tpuk" [1].

PesynbraTel MoseMpoBanusl mpeacTaBiaeHb Ta0uie 1.

Tabmuma 1
Pe3yabTaThl MOAEJMPOBAHUS PEKMMOB

Hanpsioxenue Harpy3zounsie Harpy3ounsle no- ?giipl/; 10;0;;(?__ CymmapHsbie

oropHoro y3na | motepu B JIDII | Tepu B Tpancgop- o Aa B 1D (P3) notepu (P4),
U), kB (P1), MBt matopax (P2), MBT pMaropax ’ MBT

( P MBTt

16.2 0.635 0.678 0.101 1413
16.38 0.618 0.673 0.102 1.392
16.56 0.601 0.669 0.104 1.374
16.74 0.588 0.668 0.105 1.361
16.92 0.578 0.67 0.107 1.355




[Torepu xonocrto-

Hanpsixenne Harpysounsie Harpy3sounsie no- a At CymmapHblie
onopHoro y3na | mnortepu BJIOII | Tepu B Tpancgop- (;(()) XO;I OBan (I;;) notepu (P4),
(U), xB (P1), MBt maropax (P2), MBT pM ;A]I;TX ' MBT

171 0.573 0.673 0.108 1.354
17.28 0.571 0.678 0.11 1.359
17.46 0.573 0.686 0.111 1.371
17.64 0.579 0.697 0.113 1.389
17.82 0.588 0.708 0.115 141

18 0.6 0.722 0.116 1.438
18.18 0.619 0.74 0.118 1477
18.36 0.638 0.758 0.12 1.516
18.54 0.66 0.778 0.121 1.56
18.72 0.689 0.803 0.123 1.615
18.9 0.717 0.826 0.124 1.667

HauOosiee HarIsIHO pe3ysibTaThl pacyera BUAHBI Ha rpaduke (puc. 2).

2
1.3 —
P1
p3 1
P4
_\_\_\_\_\_\_\_ /
03
0

17

19

Puc. 2. Usmenenue nomeps 6 3asucumocmu
Om HANpANCEHUA ONOPHO20 Y3]ad




W3 mony4eHHBIX pacueToB BHUIHO, YTO HauOOJee ONTHUMAIbHOE HAMPSKCHUS
onopHoro y3na 17.1 kB, npu HeM cymMMapHbI€ ITOTEPU CETH MUHHMAJIbHbBIE, & OT-
KJIOHEHHSI HAlPSDKEHHSI HE BBIXOJIAT 32 HOPMBI[ 2] .

1.AmonoB, A.H. OunaiiH 3J€KTpUK: UHTEPAKTUBHbBIE PACUETHI CUCTEM JJIEK-
TpocHaOXeHust [dnmekTpoHHbId pecype] / A.H. AmOHOB. — peXHUM JOCTY-
na: http://online-electric.ru. nara odpamenus: 23.10.2016.

2I'0CT 32144-2013. Dnekrpuueckas 3Heprus. COBMECTUMOCTh TE€XHUYE-
CKHUX CpEJICTB 3JeKTpoMarHuTHas. HopMbl kadecTBa 3JIEKTPUUECKOW IHEPTUU B
CHUCTEeMax JJIEKTpOoCcHaOkeHus obmiero HazHaueHus. — Bren.01-07-2014. — Mock-
Ba: Mexroc. COBET 10 CTaHJapTU3aLUU, METPOJIOTUU U cepTU(uKannu.16 c.

NUCHHOJIB30OBAHUE BJIOYHBIX TYPBOI'EHEPATOPOB
C TYPBUHAMMU C TIPOTUBOJABJIEHUEM
B ITPOMBIINIVIEHHBIX KOTEJIbHBIX

HU.H. Cmupnose

Hayunwvui pykosooumenv B.A. Bopoovée, kano. mexu. Hayk, 0oyeHm
Boutoroackui rocy1apCTBEHHbIM YHUBEPCUTET

r. Bomorna

Baxnast 3a1aya 3J€KTPOIHEPIeTUKUA — 3TO CHIXKEHHE CEOECTOMMOCTHU 3JIEK-
TposHeprur. OZHUM U3 COCOOOB CHUKEHUSI CE0ECTOMMOCTH SIBJIIETCA  MEPEXO/
OT IIEHTPAJIM30BAHHOTO 3JIEKTPOCHA0XKEHUS K paclpeieieHHoN reHepauuu. K rias-
HBIM NpeumyiiecTBaM MUHU — TOL] MOXXHO OTHECTH BBIPaOOTKY TEIJIO — U 3JIEK-
TPOSHEPTUU B MECTaX HEMOCPEICTBEHHOTO MOTPEOJIEHUs, YTO TapaHTUPYET OITHU-
MaJbHY0 3 (HEKTUBHOCTH MEePelayll FHEPTUU OT UCTOYHHUKA TOTPEOUTEINIO.

Ha korenpHBIX ¢ mapoBbIMH KOTJIaMU 3((PEKTUBHO yCTaHABIMBATH OJIOYHBIC
typooreneparopsl (TI') ¢ TypOMHaMu ¢ TPOTHBOAABICHHEM. Takue yCTaHOBKHU
UMEIOT JIBa pekuma paboThI:

1. Ecnn mpou3BoauMast TEIIOBasi SJHEPTUS MOTPEOIIAETCS B MEHBIIICH CTENIEHU
(moTpebieHne 3aBUCHT OT CE30HHOCTH), TO TYpOMHA C MPOTUBOJABICHUEM BBITION-
HSET POJIb PErylsATOpa, KOTOPbIA OIpaHUYMBAET pacxo Mapa Mo 3aJaHHOMY aJro-
putMy. B pesynbrare 3TOro 35eKTpOIHEPTHsi CTAHOBUTCS CBOOOIHON M mepenaéres
B CETh.

2. Ecniu moTpebieHne TerodHepruu Tpedyercs B Ooublieit creneHu (0Tomnu-
TEJNBHBIA CE30H), TO JJIs OOCCICUEHHUS HAuOOJBIIEro KOo3(PQPHUIMEHTa MOJE3HOIO
JEUCTBUA MapOBOro KOTJA, AJIEKTPOIHEPrus Bapbupyercs. To ectb npu padbote yc-
TaHOBKH IapajlIeJIbHO C CEThI0, HEOOXOMMOE KOJIMYECTBO AIEKTPOIHEPTUH MOKET
OpaThbCs OT HEE, UTO HE KaK HE BIUSAET HA PEKUM padOThI arperara.



OCHOBHBIE TOCTOMHCTBA MCIOJIB30BaHUs OJIOYHBIX TypOOTEHEPATOPOB C TYp-
OMHAMHM C MpPOTHBOJAABICHHEM: OnoyHble TI Maioli MOITHOCTH NPAKTUYECKU HE
TpeOyIOT ClienuanbHO O0YyUYEHHOTO MEepCcoHaNa I MX OOCITyXHUBaHUS, 3Ty (yHK-
IIUIO BBIMOJIHSAET LITAT KOTEJIBHOM, MPU 3TOM CPAaBHUTEIBHO BBICOKUH KO3 uIu-
€HT TI0JIE3HOTO JCUCTBUS cocTaBisieT 55-65%. [Ipumenenune TypOuH ¢ MPOTHBOIaB-
JICHUEM T03BOJISIET 00ecleuuTh HY)XKHOE JaBiieHue 3-3,5 aT™M U TeMmreparypy mnapa
130 °C s mepegayu B TEIUIOBYIO CETh 0€3 YCTaHOBKH JOMOJHUTEIBHOTO 000py-
JIOBaHUSI — PEAYKIIMOHHO-OXJIQAUTENbHOro ycrpoiictBa (POY). YcranoBka TypOuH
C IPOTUBO/IABIICHUEM TMOBBIIIACT HAICKHOCTH PaOOTHI POMBIIIUICHHON KOTEIBHOM,
TaK KaK MpPU OTKIIIOUEHUU €€ OT BHEIIHEW AJIEKTPUUYECKOW CETH MO3BOJSET MOIHO-
CTBIO WJIM YACTUYHO OTIYCKATh TEIUIO OTPEOUTENSIM, COXpaHssi B padOTE TEIIOBbIE
ceru [1].

[TapameTpsl HEKOTOPBIX OJIOYHBIX TYpOOTEHEPATOPOB ¢ TypOMHAMU C MPOTH-
BojaBieHneM kommnanun OAO «Kanmy)ckuii TypOMHHBIN 3aBOJ» MPEJICTABICHBI B

tabmue 1[2].

Taomuna 1

IIapameTpsbl 0JI0YHBIX TYpPOOTreHEepPaTOPOB ¢ TYPOMHAMHM C IPOTUBOAABJICHHEM

Tun TT, ¢ I111 T T T T T T
0,5A/0,4 | 0,6A/0,4 | 0,75A/0,4 | 1,25A/0,4 | 15A/10,5 | 1,06/10,5
[Tapamerp P13/3,7 P12/3,7 P13/2*** P13/2,5 P13/3 P2,2/0,12
P, kBt 500 600 750 1250 1500 1060
U,B 400 400 400 400 400 400
P, cyxoro
HACBIILIEHHOT'O 1,3 1,2 1,3 1,3 1,3 2,2

napa, MIla (pa- (1,0-1,4) (1,0-1,4) (1,0-1,4) (1,2-1,4) (1,1-1,4) (2,0-2,4)
00uMii TUana3oH)

Temmneparypa na- 191 187 191 250 191 350
pa, °C (t*-250) | (t£*-250) | (t£*-250) | (200-320) | (t*250) | (280-380)
(P;gi:gff;g_ 370(300- | 370 200 250 300 | 10?? 20)
P . 500) | (300-500) | (150-300) | (150-350) | (200-400)
30H), kl1a
HowmrabHeri 13,2 16,5 14,4 22,0 34,5 11,1

pacxoj mapa, 1/4

Temneparypa ox-
naxparomieit Bo- | 20 (4-32) | 20(4-32) | 20 (4-32) 25(4-32) | 25(4-32) | 25(4-32)
apl, °C

10 10 10 30 30 30

pacxoz, ¥/ (10-15) | (10-15) | (10-15) (30-35) (30-35) (30-35)

I'enepupyemasi MOIIHOCTD, MPEXKJIE BCETO, MOKET OBITH HCIOJIb30BaHA B COO-
CTBEHHBIX HYXJIaX KOTEJbHOU, oOecrieunBas HaJ&XKHOE AJIEKTPOCHAOKEHUE IJIEK-
TPOOOOPYI0BaHUS KOTJIOB (BEHTUIISITOPBI, IBIMOCOCHI) MTUTATEIBHBIX U CETEBBIX Ha-
COCOB.

[Tpumep snexrpuueckoit cxembl MUHU—T D1l nipencranien Ha pucynke 1.
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ABP ABP
| aFu QSs1 Qs2 . QFw | aFu Qs3 Qs4 . aFw
L 1 L
i dim
LICH1 LICH2 LICH3 LICH4
QF1 QF2 QF3 QF4
G1 G2 G3 G4

Puc. 1. Dnexmpuueckas cxema munu—T3I1]

Hcrnonp3oBanre OJIOYHBIX TYpOOTE€HEPATOPOB HAa MAPOBBIX KOTEIBHBIX IPO-
MBIIIJIEHHOTO HAa3HAYCHHS IMO3BOJISIET MOJTYUYUTh JIEKTPOIHEPTHIO, c€0ECTOMMOCTD
KOTOpPOH CYIIECTBEHHO HIDKE MOKYIAeMOW AJIEKTPOIHEPTHH, 32 CUET OJJHOBPEMEH-
HOTO PEIICHU 3a/1a4 UCIIOIb30BaHUS TETUIOBOM U AJIEKTPUUECKON SHEPTUU B OJTHOM
arperaTe M OTCYTCTBUS JOTOTHUTENBHBIX IKCIUTYyaTallMOHHBIX 3aTpaT Ha cojepxkKa-
HUE OJIOYHBIX TYpOOTEHEPATOPOB.

1. Jleun, b.M. KomOuHMpOBaHHBIE MCTOYHUKH YHEProcHaOXeHUsI Ha Oaze
napoBbIX U napoBojorperHbix kKoTenbHbIX / B.U. Jlepun, E.C. Crenuna // HoBoctu
terocHabxeHus1.—2002—-Ne6—-C. 30 — 35

2. OAO «Kamyxckuii TypOUHHBIA 3aBOI» [DJICKTpOHHBINH pecypc].— Pexxnm
nocryna: http://oaoktz.ru. Iara o6pamenns: 20.10.2016.

IJIEKTPOOCMOTHYECKAS CYHWIKA U30JIsAUN
OBMOTOK B TPAHC®OPMATOPE
A. A. Ycekos
Hayunwuii pyxosooumenv A. E. Hemupoeckuii, 0-p mexu. Hayk, npogeccop
Bousoronckuii rocy1apCTBEHHBIN YHUBEPCUTET
r. Bonorna

B Hacrosimee Bpems B Poccum omrymiaeTcsi mogopoKaHUe SHEPTeTHYSCKHUX
pecypcoB ® ayekTposHeprun. OmHa W3 MmpoOJieM, CBSA3aHHBIX C JTHM, — OTKa3
Tpanc(opMaropa, IPUIMHON KOTOPOT'O0 MOXKET CTaTh MOBPEKICHUE M30JISIIUH, BbI-
3BAHHOC €€ YBJIA)KHCHHEM.

Pacnpenenenne konmmdecTBa 0TKa30B AJIEMEHTOB KOHCTPYKIIMU TpaHchopMa-
TOPOB COCTABJISIET:

— TPOJOJIbHAS U BUTKOBast u3osisiius — 60%0;




— BBOJBI — 1%;

— TPOKIAJKH, OaKkH, CHCTeMa oxXJaxacHus — 1%0;

— maBHasg nsoisus — 19%;

— marautonposox —16% [2].

CymiecTBYIOT pa3InyHble METOBI CYIIKH U30JISAIUH, TAKUE KaK [UPKYIISIIHS
ropsiyero Macia, CyIlika ropsfduM BO3JyXOM, CYIIKa B CTAMOHAPHBIX CYLIMIbHBIX
mkadax u Ap. Ho nanHble METObI UMEIOT CBOM HenocTaTku. Cyllika TopsSiYuM BO3-
IyXOM TpeOyeT Ioporocrosiiee 000pya0BaHKE, MPOLECC CYUIKA 3aHUMAEeT MHOTO
BPEMEHH, YTO MPUBOJUT K CHIIbBHOMY HarpeBy u3oisiuu. Cylika B CTallMOHAPHBIX
mkadax (BakyyMm) sIBJISETCS JOCTaTOYHO 3()()EKTUBHBIM METOJIOM, OJHAKO BEChMa
3Hepro3arpaTHbIM. BMecTe ¢ TeM B CBSA3M C pa3iu4HbIMU rabapuTaMu TpaHcpopma-
TOPOB JIaHHBIM METO/1 HE BCET1a MOKHO MPUMEHUTb.

C notepsiMU U TIOJOPOKaHUEM DJIEKTPOIHEPTUU MOKHO OOPOThCS, cO3/1aBas
HOBBIE CIIOCOOBI U COBEPIICHCTBYS YK€ HUCIIOIb3yEMBIE YCTPOMCTBA CYIIKH U BJja-
TO3aIUTHI.

Cyl1iecTByeT eme OJuH MeToJ — AJIeKTpoocMoTHueckas cymka (D0C), uc-
M0JIb30BaHUE KOTOPOI'0 CAMOCTOSITEIBHO WJIM COBMECTHO C JIPYTMMHU METOAaMH
MO>KET MOBBICUTH 3P(HEKTUBHOCTH CYILIKH.

CyTb 37eKTpOOCMOcCa 3aKIII0YAETCS B NEPEMEIICHUH KUJKOCTU B KalUJLIAp-
HBIX CUCTEMAax MO/ ACUCTBUEM DIIEKTPUUECKOTO TOJIS.

B snexrponsurarensx (3/1) Baary u3 0OMOTOK MOXHO YIaJUTh, MPHIOKUB
Pa3HOCTh MOTEHIUAIOB MEX]ly TOKOBEIYIIIMMH YacTsMU, T.€. IPU CO3JaHUHU B U30-
JSUUU JIEKTPUYECKOTO T0JIs, KOTOPOE BBI3BIBACT MOSBICHUE 3JIEKTPOOCMOTHYE-
CKOTO IEpEeMEIIECHUs BOJBI B CTOPOHY OTpHUIATENbHOTO 3jekTpoaa. Kak mpasuio,
0o0MOTKH D] COeIUHSIOT B 3BE3/y, HA HUX MOJAIOT MOJOKUTEIbHBIA NOTEHIUA, a
Ha KOPIYC OTPULATEIIbHBIN.

[Tpu Takom moxakmoyernn yctpoiictBa JOC (YIOC) mocienoBaTellbHOCTh
NEpEMEILICHMS BJIary B a30BOM n3oisiuuu D/ mpeacraBieHa Ha pucyHke 1.

Puc. 1. 'eomempuueckas mooenv snekmpoocmoca 0 nazoseou usonayuu /]
(cmpenxamu noxazano nepemewenue éracu npu 30C)



Ha pucynke 1 nmoka3aHo ceueHue AByX ma3oB ctatopa. CTpeiakaMu yKa3zaHo
HampaBlieHUE BWKEHUS Biard. Biara u3 ma3oBbIX 4acTeil M3OJSIUH BBHITECCHICTCS
K CTeHKaM masa. /lanee moj nedcTBHEM HM30BITOYHOrO JABIIEHUS, KOTOPOE B MPO-
niecce D0C B 6 pa3 Oosbiie aTMocepHOTO, Bllara BHITECHSAETCS B MOJIOCTh CTaTOPa
yepes3 Ma30Bble LIENIM U TOPLEBbIE YaCTH Ma30B. 3 MeXIyBUTKOBBIX YacTe U30J1s-
[IUH yAaJeHUE BIIArW MPOUCXOIUT MO AecTBHEM TrpagaueHTa auddysuun. U3 mex-
ny(}a3HBIX YacTeil W30JISAIHMH, KOTOPbIE HE TMOJBEP)KEHBI MPSMOMY BO3ACHCTBUIO
anekTpuyeckoro nous nmpu 0C 1o cxeMe «3Be3aa-KOpIyc», BOJA NEPEMENIAETCS B
na30BbI€ YaCTU TaKXe MoJ JeHCTBUEM rpaaueHTa quddy3un u naisee mpouecc mno-
BTopsiercs. [Ipu BriatoueHnnu u Harpee D/] Biiara ucnapsieTcsi B OKpY>Karollyto cpe-
ay [1].

30C u3omsuuu TpaHcHOpPMATOPOB HAMHOIO CIIOKHEE, YEM CYIIKa U30JISIUU
B OJI. OTO CBSI3aHO ¢ KOHCTPYKTHUBHBIM HCIIOJHEHUEM H30JISLUM, BUIAMHU HU30JIs-
1K, BUAOM TpaHchopmaropa (MACISIHBIN MM CyXOii), CIOCOOOM COeTUHEeHHUs 00-
MOTOK (TpEyTOJIbHUK WX 3BE3/1a).

OO6MoTKH TpaHC(HOPMATOPOB Pa3HBIX MOIIHOCTEH M HAMPSIKEHUH OTINYAIOT-
Csl TUTIOM HaMOTKH, HalpaBJICHUEM HAaMOTKH, YHCIOM BUTKOB, YHCJIOM Hapasuieib-
HBIX TIPOBOJIOB U TMOIMEPEUYHBIM CEYECHHEM MPOBOJIA, CXEMOU COCAUHEHUS OTICIbHBIX
3JIEMEHTOB OOMOTKH, a TaK)Ke KOHCTPYKIMeH u3onsauuu. B 3aBucumoctu oT THmna
TpaHc(opmaropa, ero MOIIHOCTH, HANPSKEHUsI U Ha3HAUYE€HUS OOMOTKH BBIIIOJIHS-
IOTCSl IO-Pa3HOMY, TEM CaMbIM YCJIOXKHSISI U KOHCTPYKLMIO U30JISLUU.

N3onsmio 06MOTOK TpaHchopmaTopa MOKHO pa3eiuTh Ha!

— IIAaBHYIO — M30JISIIHS KaXJI0H OOMOTKM OT 3a3€MJICHHBIX YacTel U OT Jpy-
r'ux 0OOMOTOK;

— OPOJOJIBHYIO — M3OJSIUS MEX]Y Ppa3HbIMU TOYKAMHM JIaHHOM OOMOTKH
(Mexmy ciiosimu, BuTKam#) [3].

Ha pucynke 2 npencraBieHO pacioioKeHne 0OMOTOK ¥ TJIABHON U30JISIUU B
Tpancdopmarope, a UMEHHO:

1 — MarHuTHas CUCTEMA,;

2 — oomotku (moouepenHo ot crepxxus — HH, CH, BH u perymupoBounas
oomotka (PO));

3 — Oapbepbl TJIaBHON HM30JSAIMH OOMOTOK (LMJIMHIPHI, MIAKOBI, YIIIOBBIC
I1ai0BI);

4 —otBox BH
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Puc. 2. Pacnonosicenue o6Momox u 21aéHoll U30JIAYUU 6 OKHE MASHUMHOU CUCMeMbl

O0C wu3onsiuud OOMOTOK TpaHc(opmaropa Takxke CIOKHA TeM, 4TO Ha
JTAHHBI MOMEHT HEMOHSTHO, KaKk HYXHO nojakitodarh YOOC k Ttpanchopmaropy,
TaK KaK BO3MO)XHbI HECKOJIbKO BApUAHTOB MOAKIIOUECHHUS.

Ha pucynke 3 mpencraBieHbl HECKOJIBKO BapuaHTOB moakmodeHus YIOC
K 00MOTKaM TpaHc]opmaropa:

— monkioueHne «+» Ha cropone HH, a «—» na xopmyc Tpanchopmaropa
(puc. 3, a);

— MonKIo4YeHue «+» Ha cropoHe BH, a «—» ma xopmyc Tpanchopmartopa
(puc. 3, 0);

— nonakioueHue «+» Ha cropone HH u BH onHoBpemenHo, a «—» Ha KopIryc
Tpancgopmaropa (puc. 3, B).

110 kB + 110 xB + 110 xB

10 kB 10 kB 10 kB
a) 0) B)

Puc. 3. Cnocobwt nookntouenus Y0C k mpancgopmamopy



Takum oOpazomMm, Hauboisiee BaxHbIM B DOC u30as1un 0OMOTOK TpaHcop-
MaTopa SIBJsieTcs omnpeneieHue Hanbonee 3(h(EKTUBHOTO Crocoda MOIKIIOYCHHS
Y30C k Tpanchopmaropy, 4To0bI BpeMs CYIIKHA ObUIO MUHUMAJIbHBIM M IIPU 3TOM
HE MPOUCXOAMNIIO MOBPEXIEHUHN N30sA1UU. 11 3TOro HE0OXO0AUMO CMOJIETHPOBATh
3JIEKTPUUECKOE T0JIe B TpaHCc(opMaTrope U MCCIeA0BaTh BCE CHOCOObBI MOJKIIIOYE-
aust YOOC (puc. 3) Ha 9)PEKTUBHOCTS.

[IpuMeHeHne TaHHOrO METOoJa CYLIKM M30JILUU OOMOTOK TpaHcdopmaropa
JACT HE TOJIKO OOJBIION HIKOHOMUYECKUH 3PPEKT, HO U CTAHET HAyYHOH OCHOBOM
JUTSl HOBBIX pa0OT, CBSI3aHHBIX C COBEPIIEHCTBOBAHUEM TEXHMUECKUX CPEJICTB CYIII-
KU ¥ BJIaro3amuThl TpaHC(HOPMATOPOB, C BEHICOKHM SHEPTroCOEepEKEHHUEM.

1. Hemuposckui, A. E. [ToBbimienne 3¢p(heKTUBHOCTH CYIIKH M BJIaro3aiuThl
M30JSILUK 3JIEKTPOBUTATENICH, UCIIOIb3YEMbIX B CEIIbCKOM XO35IMCTBE, HA OCHOBE
MHTEHCU(DUKAIIMN DIIEKTPOOCMOTHYECKUX SIBICHUMW: MUC. ... JIOKT. TE€XH. HayK:
05.20.02/ A. E. HemupoBsckuii. — Cankr-IlerepOypr-Ilymmkun, 1993. — 336 c.

2. PribakoB, JI.M. ITporuo3upoBaHue 0TKa30B U MIAHUPOBAHUE Pe3epBa

3aMacHbIX DJIEMEHTOB, annaparoB M OOOPYNOBaHUS pacIpeaesuTeIbHbIX
anekrprueckux cereir 10 xB / JI. M. Pribakos, 3. I'. IBanoBa // Bectuk Yysami-
ckoro yauBepcuteta. — 2015. — Nel. — C. 104-110.

3. llIueitnep, I.S. Dnexrpuyeckas m30uAmus TPaHCHOPMATOPOB BBICOKOTO
nanpsprerus / I, S1. Iuetigep. — Mocksa: 3nak, 2009. — 160 c.

MOJAEJIUPOBAHUE ACUHXPOHHOTI'O IBUI'ATEJIA
B HEIIOJIBU’KHbBIX KOOPINMHATAX
B MATEMATHUYECKOM ITAKETE SCILAB

E.B. Ileemkoe

Hayunwoui pykosooumenv A.H. Auodpeee, xano. mexu. Hayk, OoyeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorga

B nanHoli paboTe paccMaTpuBaeTcsi BONPOC pa3pabOTKH KOMIBIOTEPHOU MO-
nemn 3-X (a3HOro aCUHXPOHHOTO JIBUTATENS B HETIOJABMKHBIX KOOPJIWHATAX B TPO-
rpamme Scilab. BosbImuHCTBO MOJenel, OMUCAHHBIX B JIMTEPAType, CTPOSTCS B
JIBYXKOOPJAMHATHON CUCTEME JJIsI YMEHBIIECHUS CIOKHOCTU PAacU€TOB, HO C YBEIIHU-
YEHUEM BO3MOKHOCTEHW BBIUMCIWTEIBHBIX MAIIWH, 3TO CTAJIO HE akTyanbHO. Ilo
ATOM MPUYMHE JaHHAs MOJIENb OTIMYAETCS OT OONBIIMHCTBA JAPYTHX TEM, YTO OHA
MoJIeTUpyeTcsl B TpexX(a3HbIX KOOpAWMHATAX, YTO MO3BOJISAET M30aBUTHCA OT He-
HYKHBIX TIpeoOpa3oBaHuil Tpex(a3HbIX BXOJHBIX CUTHAJIOB B Kakue-IHOO Apyrue
KOOpJIMHATaX, a TakK)Ke €CTh BO3MOXKHOCTh NPHU HEOOJNBIION JOpabOTKEe TEKyIeH
MOJIeTT HAOJTI01aTh HECUMMETPHUYHBIE PEKUMBI paOOTHI.



OcHoBa MOJIeNU CTPOUTHCS Ha U PepeHIaIbHBIX YPABHEHUSX, IPUBEICH-
HBIX B yueOHOM niocoomu B.JI. I'py3oBa[l], koTopsie ObLIH IpeoOpa3oBaHbl JIIs HC-
TIOJIH30BaHUs CTaHIAPTHON QyHKIMu SCilab s pemenns oObIKHOBEHHBIX audde-
PCHIIMATBHBIX YpaBHEHU[2]:

dsq : .

? = —lSa ¢ TS + usa,

ay . .

d—?) = _l‘Sb . TS + qu’

dysc : .

? = _I’SC * T'S + uSC’

dy, . 1 .
i ?‘7‘: “lra " Ty +ura_ﬁ(l/jrc —Ypp) r @ D;

dy . 1 Y

Fb: —lrp " Tt Upp _ﬁ(lpra —Yre) @ p;

dy, . 1 .

?Cz —lpc " T T Uy _ﬁ(lprb —Yrg) W P,

dw 1 V3 : : ; 1 j ] ;
L at - 7 ) (p P LM ) (lsa : (lrc - lrb) + lTa(le - lSC)) - MC)’

I'me Tokm ¢a3, npu yciIoBHH, YTO TOKU (Ha3 CUMMETPUIHBI, ONIPEICTSIOTCS TI0
dbopmynam:

L
u
. wsa_ﬂ'wra_

L2 ’
n
L RN
S LT
Ly
i Ysp _E'wrb . (2 1)
le = L%’- 1
LS—E
L
l wsc_ﬁ'wrc
lsc = 1z
LS—E
L
wra_ﬁ'wsa
lra L[ZJ. )
L,.—&
L (2.2
L
i wrb_L_l;L'wsb
lyp = 3
T L
L
. wrc_L_g'lpsc
lye = 1z
LT_E

Ha pucynke 1 mpencrtaBieHbl pe3ysibTaTbl MOJETUPOBAHUS ACHHXPOHHOIO
JIBUTATENSI IPU Noj1aye Ha OOMOTKU 3-X (ha3HOTO CHHYCOUJIAJIBHOTO HAIPSKEHUS.
Ha BepxHeM rpaduke npeicrasieHa caMa cuHyconaa A (assl A, a Ha Clenylo-
X rpadukax nepexoaHble MPOLECCHl MOMEHTA U CKOPOCTH BpAIIEHUs pOTOpa MPU
npsiMoM Iycke. Ha pucyHke 2 mpencTaBieHbl aHAJIOTMYHBIE NEPEXOAHbIE MPOLEeC-
Chbl, HO YK€ IpPU BO3JCHCTBUM Ha CTAaTOP HAIPSIKEHUs], TEHEPUPYEMOro 0a30BbIM
JITOPUTMOM aBTOHOMHOT'O MHBEPTOPA HANPSKEHUS.



Tak xe MNPpUBOAUTCA OCHOBHAA YaCTb KOJa JJIA pCain3alilin JJAHHOU MOJICIHN C
CUHYCOUJAJIbHBIM HAIIPSXKCHUCM.

functiondydt = syst_dif_yravn AC _sim(t,y)

dydt = zeros(7,1);

I sa=(y(l)-L_m*y4)/L_n/(L_sL_m*L_m/L_r);

I sb=(y(2)—L_m*y(5)/L_r)/(L_sL m*L_m/L_r);
I_sc=(y(3) —L_m*y(6)/L_n/(L_sL_m*L_m/L_r);
I_ra=(y(4) —L_m*y(1)/L_s)/(L_r-L_m*L_m/L_s9);

I rb=(y(5) -L_m*y(2)/L_s)/(L_r-L_m*L_m/L_s);
I_rc=(y(6) —L_m*y(3)/L_s)/(L_r-L_m*L_m/L_s);
dydt(1) =-i_sa*r_s+ sgrt(2)* U*sin(w_1*t);

dydt(2) =-i_sb*r_s+ sgrt(2)*U*sin(w_1*t — 2*%pi/3);
dydt(3) =-i_sc*r_s+ sgrt(2)* U*sin(w_1*t + 2*%pi/3);
dydt(4) = -i_ra*r_r + 1/sqrt(3)* (y(6)-y(3))*y(7)*p;
dydt(5) = -i_rb*r_r + 1/sort(3)* (y(4)-y(6))*y(7)*p;
dydt(6) = -i_rc*r_r + 1/sqrt(3)* (y(5)-y(4))*y(7)*p;
dydt(7) = (p*sgrt(3)/2*L_m*(i_sa*(i_rc—i_rb) +i_ra*(i_sb—i_sc))-M_c)/J;

endfunction

y_0=[0; 0; 0; 0; 0; O; O;

t 0=0;

t = 0:0.0005:2.4,

Y =ode(y_0,t 0, t, syst dif yravn AC _sim);

M=p*sgrt(3)/2*L_m*(((Y (1, - L m*Y(4,)/L nN/I(L_s

L m*L_m/L_1).*(((Y(6,:) — L_m*Y(3,:)/L_s)/(L_r-L_m*L_m/L_s)) — ((Y(5,:) —
L m*Y(2:)/L_s)/(L_r-L_m*L_m/L_9))) + ((Y(4,:))—L_m*Y(1,.))/L_s)/(L_r-

L m*L_m/L_9)*(((Y(2:) - L.m*Y(GB)L /(L sL_m*L_m/L_r) -
((Y(3:)—L_m*Y(6,))/L_N/(L_sL_m*L_m/L_r))));

Omega=Y(7,);
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Puc. 1. Pe3zyrvmamul mooenuposanus
npu nodave Ha 0OMOMKU CMamopa CUHYCoudvl
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Puc. 2. Pe3ynomamuel modenuposanus npu nooase Ha 0OMOmMKY Cmamopa

2. AnexceeB E. P. Scilab: Pemenne nHXeHEpHBIX U MaTeMaTHUECKUX 3a1ad /
E. P. Anekcees, O. B. UecHokos, E. A. Pyauenko. — M.: ALTLinux; BUHOM. Jla-

1. I'pyzoB B. JI. ABromaru3upoBaHHbI 3nekTponpuBon. Yacts Il.
ooparopus 3nanuii, 2008. — 260 c.

snekTporpuBoaa; Yueonoe mocodue / B. JI.Ipy3os, C. A. Kopuun, 0. A. Cabu-

uuH.—Bonoraa: Bol'TY, 2006. — 258 c.



AJITOPUTM PACUYETA XAPAKTEPUCTUK MOMEHTA
ACHHXPOHHOTI'O IBUT'ATEJIA

C.A. Yypoanosa

Hayunwvui pykosooumens B.A. babapywkun, kano. mexu. HayK, OOYeHm
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorna

OCHOBHBIMHM TMOTPEOUTENSIMHU 3IEKTPUUECKON SHEPIHM SBISIIOTCSA 3IJIEKTPO-
OPUBOJBI, Y KOTOPBIX B Kadye€CTBE HMCHOJHUTEIBHOIO MEXaHU3Ma MCHOJb3YIOTCS
aCUHXpOHHBIE ABUTraTed. OHU UMEIOT CPABHUTEIBHO MPOCTY KOHCTPYKLUIO, BbI-
COKYH HaJEKHOCTb U OTHOCUTEIBHO HHU3KYIO CTOMMOCTb. OJHAKO aCHHXPOHHBIM
JBUTATEJSIM MPUCYI] M HEJAOCTATOK, 3TO CPABHUTEIHHO OOJBIINE ITyCKOBBIE TOKH,
KOTOPBIE SIBJISIFOTCS MCTOYHUKOM JOIIOJHUTENBHBIX TOTEPh MOIIHOCTH. [loTepu oT-
pHULIATENBHO BJIMAIOT Ha KOA(Q(ULUEHT MOJe3HOro naeucTBus asurarens. Kpome
SHEPreTUYECKHUX MOTEPh MEePEXOIHbIE TOKU OMACHBI JUIS ANEKTPOCHAOKEHUS CETH U
CaMUX MAIllMH M3-3a TEIJIOBOTO U 3JIEKTPOAMHAMUYECKOro aecTBus Toka. [lpum
NPOEKTUPOBAHUH, IKCIUTyaTallM CUCTEM 3JIEKTPOCHAOKEHUs, COAepKAIIuX aCHH-
XPOHHBIE JIBUTaTEI, aHaJu3 PEKHMOB B HACTOSLIEE BPEMs BBIINOIHSIOT C MOMO-
b0 MaTeMaTHYecKoro MozenupoBanus. Haubomnee cioxHas 3amaya — 3T0 Mojie-
JMPOBAHME IYCKOBBIX PEKUMOB aCUMHXPOHHOro aBuratess. IlyckoBele Xxapakrepu-
CTUKH B CIIPABOYHBIX JAHHBIX HE MPUBOJATCS, M UX IOCTPOCHHUS BBIIOJIHICTCS
CJIOXKHBIN 3JIEKTPOMArHUTHBINA pacueT. Takum o0pa3oM, HECMOTPS Ha 3HAUUTEIBLHOE
YUCJIO MyOJIMKAIMil, HalpaBICHHBIX Ha OMNPEJECICHHE MYCKOBBIX XapaKTEPHUCTHK
ACMHXPOHHOIO JIBUTATENs, aKTyaIbHOCTh JAHHOT'O UCCIIEI0BAaHUS COXPAHAETCS.

[lenpro HAcCTOALIEH CTAaThbU SBISIETCS UCCIENOBAHME METOJOB ONpPENEICHUS
XapaKTEPUCTHUK MOMEHTA U BRIOOP Hamboliee yI00HOTO U IOCTATOYHO TOYHOTO Me-
TOJIa UX pacyeTa IO U3BECTHBIM NaCHOPTHBIM U KaTaJIOKHBIM JIaHHBIM.

B cratee pacCMOTpEHBI pa3iIW4HbIE METOJBI pacdyeTra XapaKTepUCTUKH MO-
MeHTa acuHXpoHHoro asurarens (AJl): mo mapamerpam cxemsl 3amenieHust AJl u
10 U3BECTHBIM KaTaJIOKHBIM JaHHBIM. AJITOPUTMBI pacyeTa XapakKTepUCTUK MOMEH-
Ta IpUBEAEHBI Ha pUCyHKax 1-3.

Jl7is TOCTpOECHHS XapaKTepUCTUKU MOMEHTa M OT CKOIbKeHHus1 S HeoOXoIu-
MO OIIPENEIUTH MapaMeTpbl cxeMsl 3aMmemmenus AJl. Jlinsa uccnenoBanus nepexon-
HBIX NIPOLIECCOB yAOOHEe MCIOB30BaTh [-00pa3Hyto cxeMmy 3amerenus AJl, koro-
pas npuBeneHa Ha pucyHke 4. [TapaMeTpsl CXeMbl, MOJIEKAIINE ONPEACICHUIO: [,
Xs1 — QKTHBHOE COIIPOTHUBIICHHE M WHAYKTHBHOE COINPOTHBIICHHE PAaCCESIHMs CTa-
TOPHOIT 0OMOTKH; [ 2, X o2 — NPUBEICHHBIC K CTATOPHOI 0GMOTKE aKTHBHOE COIIPO-
THBJICHHE M MHIYKTHBHOE COIPOTHUBJICHUE PACCESHUA POTOPHOHW OOMOTKH; Iy, X, —
aKTUBHOE U MHAYKTUBHOE COINPOTHUBIICHHS] HAMarHMYMBAIOLIErO KOHTYpa; €1 — KO-
s urment npuseacHus T-00pa3Hoii cxembl K ['-00pa3HOM cXxeMe 3aMeIICHHS.



(Haqaﬂo anropuTMa )

A
Hexonuple nangnie:

PH: UH: Cos (PH:- nHa SH; 1’nM (MM/MH)J ml‘[ (MH/MH)a kH (IH/IH)

A J

Puc.1. Aneopumm pacuema xapaxmepucmuxku MOMeHma no
napamempam cxemwl 3ameujeruss A/

(Haqano anropurMa )

Hcxoanble qaHHBIE:

UH:! X1, X2, Xp; I

Puc. 2. Aneopumm pacuema xapaxmepucmuxu MomeHma

no napamempam cxembpl 3adMeuleHUus Aﬂ U NOCMOAHHYIO 6pEMEHU obmomku pomopa

npu KOPOMKO3AMKHYMOU CMamopHot oomomxe



AJTOpUTM pacyera XapaKTePUCTUKH MOMEHTA TI0 IMapamMeTpaM CXEMbI 3aMe-
menust AJl mokasaH Ha pucyHke 1, B Xoze pacuera MCIOJIB3YIOTCS CIEAYIONIHE Ma-
pameTpsl: |g — TOK X0JI0CTOro Xo4a; My v P —4yucio a3 u nap MoiacoB CTATOPHOU
00MOTKH; 1= 2nf — cHHXpOHHAs YacToTa BpalleHHs OISl CTaTopa; Xk — UHAYKTUB-
HOE COIPOTHBIICHUE KOPOTKOTO 3aMbIKaHus [1].

ANTOpPUTM TOCTPOEHUS XapaKTepUCTHKU MOMeHTa AJ] To mapameTpam cxe-
MBI 3amenieHus A/l 1 MOCTOSTHHON BpeMeHH 0OMOTKH POTOpa MPH KOPOTKO3aMKHY-
Tol cratopHoOit ooMoTke (T ) mokasan Ha pucyrke 2 [2]. ITpu pacdere ompeses-
IOTCSI CJISIYIOIIUE TIApAMETPBI: X¢; — IMOJIHOC MHIYKTUBHOE COIPOTHBIICHUE CTATOP-
HOIl OGMOTKH; X, — TOJIHOE MHIYKTHBHOE CONPOTHBIEHHE OOMOTKH POTOpa; X —
CBepXIIepexoHoe conpoTusienne AJl; X , — HOIHOE HHIYKTHBHOE CONPOTHBICHHE
0OMOTKH POTOpa MPH KOPOTKO3aMKHYTOH 0OMOTKE CTaTopa.

ANTOpUTM pacueTa XapaKTEPUCTHKH MOMEHTA MPEICTABICHHBIN Ha PUCYHKE
3 npermonaraeT UCIOIb30BAHUE TOJIBKO U3BECTHBIX KaTATI0KHBIX JaHHBIX [3].

[To mpuBeneHHBIM METOUKAM OBLTU PACCYUTAHBI XapaKTEPUCTUKH MOMEHTA
AJl mapku 4A355S2Y 3 montHOCThIO 250 KBT, MacmopTHBIC TaHHBIE IPUHATHI B CO-
OTBeTCTBUH ¢ [4] U npuBeAcHBI Ta0iuIe. XapaKTepUCTHKH MOMEHTA MTPUBEICHBI Ha
pucynke 5, rae M1(s), M2(s), M3(S) — xapakTepucTHKH, TIOCTpOEHHBIE TI0 1-Mmy, 2-
My U 3-My paccMaTpuBaeMOMY METOy COOTBETCTBEHHO.

(Haqano anroOpUTMa )

Y
HWcxonnnle naHHbIE:
Su, My (My/My), my (My/My)

Puc.3. Aneopumm pacuema nyckosoii xapaxmepucmuxu no KamaioHCHbIM OAHHbIM

Puc. 4. I'-06pasnas cxema 3amewjenuss aCUHXPOHHO20 08ULAME.



Tabnuna
IHacnoprHbie nanubie AJl mapku 4A
P, xBtr | U,B |n ob6/Mun| S, % N, %0 COS @y m,, my Ky
250 380 2972 1 92,5 0,9 19 1 7
-
1.6 :: REN
Mi()y 5 5
YO AW
,}‘:1,355}&3' \\
0.6 ":‘,‘
04 “n,_
02 - e

Puc. 5. Xapakmepucmuxu momenma AJ[ cepuu 44

HaubosbIiee coBmageHne MoaydeHHBIX XapaKTEPUCTUK MOMEHTA C MACIOPT-
HBIMH JaHHBIMU ABUTATEIS Mapku 4A HaOmomaercs y ¢yHkiuu M3(S), yTo coort-
BETCTBYET aJITOPUTMY pacyeTra Mo U3BECTHBIM KaTaJ0XKHBIM JTaHHBIM.

BbIBO: a1 aHa/M3a MyCKOBBIX XxapakTepucTHk AJl, kpoMme pacuera xapak-
TEPUCTUKK MOMEHTa HEOOXOAMMO MPOBECTH aHanu3 xapakrepuctuk |(S), P(s), Q(9)
C YYETOM BKJIFOUCHHOW HArpy3KH CETH, YTO TPEOYeT NaTbHEHIINX JTOTIOJTHUTEIbHBIX

nucciaenoBanuit mogenu AJl.

1. Makee M.C. Anropurm pacdera napaMeTpoB CXEMbl 3aMEIICHHUS ACHH-
XPOHHOTO JIBUTATeNsl 10 KaTajioxHbM gaHHbeiM // Bextop Hayku TI'Y. 2013. Nel.
C. 108-112.

2. T'amazun, C.U. IlepexomHbie mporiecchl B CUCTEMAX MPOMBIIIIICHHOTO
AJIEKTPOCHAOXKEeHHUS, 00YCIOBICHHBIE dJIEKTpoABUraTesbHON Harpyskoi / C.1. T'a-
maszuH, B.A. CraBues, C.A. Lpipyk. — M.: U3narensctBo MOU, 1997. — 424 c.: uin.

3. babapymkun, B.A. CaMo3amyck 3nekTpoaBurateicii. Meroanueckue yka-
3aHUs K KypCOBOH paboTe 1Mo MepexoIHBIM IpoIieccaM B IEKTPUIECKHUX crcTeMax /
B. A. babapymikun. — YassHosck: YullH, 1979. — 70 c.

4. Heknenaes, b.H. DnexkTpruyeckas 4acTh 3JIEKTPOCTAHIMEA U MOACTAHIUI /
b.H. Hekinenaes, 5-e u3z. crep. — MockBa: Dueproaromusnar, 2014. — 640 c.



— Cexnuss <UHOPOPMAIIMOHHBIE CUCTEMbBI ——
N TEXHOJIOI' TN »

MMoacexuus «<MHPpopManMOHHBIE CHCTEMBbI U TEXHOJIOTUH
B IPOM3BOJACTBEHHOH cepe»

JIMBEPTEHTHBIN IMOJXO0/1 K PEIIEHUIO 3AJIAY KOPPEKIIUU
OIINBOK ITPH OITHYECKOM PACIITO3HABAHMHU CUMBOJIOB

E.A. baxmenko

Hayunwiii pyxosooumenv A.A. CyKoHWUKO8, KaHoO. mexH. HayK, OOYeHm
MMUIT OO0 «P-Crapt»

r. Bosorna

B xoHTekcTe naHHO# padOThl MBI OMpeesieM NoCT-00paboTKy Kak mocie-
HUM 3Tall CUCTEMbI ONTUYECKOTO PAaClO3HABAHUS CUMBOJIOB, II€JIbI0 KOTOPOTO SIBJIS-
€TCs BBISIBJICHUE U HCTpaBlieHne oporpadudeckux ommuOOK B BHIXOTHOM TEKCTE.

[TpousBens Tunuzanuio opdorpapuieckux OmuOOK, KOTOPbIE MEPEHOCITCS
Ha dTall MOCT-00pabOTKH, MOKHO BBIJICNIUTH JBA OCHOBHBIX THUIIA. OIIMOKA, KaK WH-
TUKATOP BXOXKJIEHUS HAOOpa CUMBOJIOB, HE SIBJISTFOIINXCS PEATHHBIM CIIOBOM, TTOJTY-
YEHHBIM B Pe3yJIbTaTe HEMPABUIHLHOTO HAMMCAHMS, OMNOKA, KaK MHIUKATOP BXOXK-
JIeHUs1 Habopa CHMBOJIOB, SIBJISIFOIIUXCS PEaTbHBIM CIIOBOM, HO CEMAaHTHYECKU WJTU
IrpaMMaTHYECKH HE COOTBETCTBYIOIIEMY CBOEMY KOHTEKCTY, IIOJYYEHHOTO B PE3YIIb-
TaTe OMMOOYHOW MHTEPIIPETAIIMNH KOPPEKTHOTO HAITMCAHHUS.

BrIsBrIeHBI ciieqyroniue HETPUBUATILHBIC AJITOPUTMBI KOPPEKITUN OMIMOOK Ha
JTare MnocT-oopaboTKH.

AJNTOPUTM COOTBETCTBHUS DJIEMEHTOB CTPOKE, KOTOPhIA T€HEpUPYET KaHIU/a-
TOB Ha 3aMEIICHHE KaXJIOMy OIMOOYHOMY BXOXKIEHUIO B ATOU cTpoke. [Ipu 3Tom
BBOJIUTCSI METPHUKA, COMIACHO KOTOPOW KaXKIOMY KaHIIUIATy MPUCBAUBACTCS «BEC
OTKJIOHEGHUS» WJU <«IUCTAHINS OTKJIOHECHUS», XapaKTePU3YIOIINid, HACKOIHKO KaH-
TUAAT OTIMYAETCS] OT pacCMaTpPUBAEMOTO BXOXKJeHUs. [Ipu KoppeKiuu, TOT KaHIu-
J1aT, y KOTOPOTo OyJIeT MUHUMAJIbHBIA «BEC», KaK Yy HauOoJee MOAXOSAIIEro KopTe-
’Ka CHMBOJIOB K 3aMEIICHUIO ONMIMOOYHOTO KOpPTEXa, Oy/IeT BCTABIEH B CTPOKY 3a
MecTo ommnOKky (Haubosee MOAXOsIIee CIIOBO).

Hcnonb30BaHMe CHHTAKCUYECKHUX SI3BIKOBBIX CBOMCTB M N-TPaMMHOM MOJETU
MOJKET YCKOPHUTbH MPOIIECC TCHEPAIUKA KaHIUAATOB I KOPPEKIMH, a TaK)Ke ITOBJIHU-
ATh Ha YCTEITHOCTh BIOOPA CaMBIX MOXOISAININX BAPHAHTOB.

JUist nanpHEHIIero yaydiueHus Nokasareieil KOppeKUHMH OIMOOK Ha 3Tare
MOCT-00pabOTKU CHCTEMBbI ONTHUYECKOTO PACIIO3HABAHUS CHUMBOJIOB, PAIIMOHAIBHO
MOIU(UIIMPOBATh METOJl, BHECS M3MEHEHHUs B MPOIECC I'eHepaluu KaHAUAaTOB.
[Tpu 5TOM HEOOXOIUMO HCIIOJIB30BAHUE «OIMOPHOTO CIOBAPS», U3 KOTOPOIO IMPOM3-
BOJIUTCS HaYaJIbHAs TeHepalus Habopa KaH/IUJATOB HA 3aMelleHue. 3aTeM, Hanbo-
Jiee TOIXOMASIINNA KaHAUAAT U30MpaeTcs I KOPPEKIUU OMIMOOYHOTO BXOXKICHUS,
YTO, B CBOIO OYEpE/b, MPOU3BOAUTCS C YUETOM IPaMMATHUYECKUX U «CIOBAPHBIX»
XapaKTEPUCTUK OKPY>KEHHSI OIITHOKHU.



JIOTIONTHUTENIEHO BO3MOYKHO HCITOJIb30BAaHUE METO/A, KOTOPHIH MOXKHO OXa-
paKkTepu30BaTh KaK CTATUCTHUECKUIN C TPUMEHEHNEM aBTO-KOPPEKIIUU OMHUOOK CHC-
TEeMbI ONTUYECKOTO pacro3HaBaHUsI CUMBOJIOB. B paMkax JaHHOTO IMOAXO0Ja TaK»kKe
MPUMEHSIETCS «OTOPHBIN CIOBAaph» JUIsl TCHEpAllUK TePEeYHS KaHIUIAaTOB Ha 3ame-
IMICHUE KaXJIO0TO OIMMOOYHOTO BXOXK/ICHHS, OCHOBAaHHBIM Ha N-TPaMMHOW MOJIETIH.
CreayrommM II1aroM SIBJISICTCS TPYTIITUPOBKA BCEX CJIOB, KOTOPBIC BXOIAT B OJIOK
TEKCTa, MOCTYMIHUBIIETO B CUCTEMY ONITHYECKOTO pacno3HaBanus. OHU TPYNIHUPYIOT-
Csl B YaCTOTHYIO MATpHILy, KOTOpasi UACHTUPUIIUPYET BBIXOSIIYIO MOCIEA0BATEIb-
HOCTh CHMBOJIOB M oOecrmeunBaeT uX mojacyeT. KaHmumar B pamMkax KOPpEKIIUH,
MMEIOIINIA CaMO€ BBICOKOE 3HAUYCHHUE CUETUMKA MO0 YACTOTHOM MaTpulle M30upaercs
Ha 3aMeIIeHNEe OIITMOOYHOTO BXOXKICHHS.

Bo3moxkHa ycoBepIIeHCTBOBaHHASI KOHCTPYKIIHS MPH MCTIOIb30BAHUH TEXHH-
KA KJIacTepu3allii, KOTopas MO3BOJIUT (HOPMHpPOBATH HAOOp TPYIII, COAEPIKAIIUX
KaHIUJIaTOB JJis Koppeknuu. [locie rpynnmupoBKY, TPOU3BOAUTCS HECKOJIBKO UTE-
paruii 4acTOTHOTO aHalii3a CJIOB MPUMEHUTEIHHO K JaHHBIM KJacTepam, YTOOBI
YCTpPaHUTh HauOoJiee HEMOMXOMSIIMUX KaHauaaroB. MTorom wutepamuii siBisieTcs
GunpTpaIys eAMHCTBEHHOTO MAaKCUMAJIBLHO MTOAXOAIICTO KaHAMIaTa Ha 3aMEIICHUE
OITMOOYHOTO BXOXKICHHS.

NMest BO3MOXHOCTh PabOThI ¢ METaJlaHHBIMU JOKYMEHTA, IeJeco00pa3Ho
UCIIOJIb30BAHME TEMATUYECKON MOJEIH I KOPPEKIIMU OIMMOOK CHCTEMBI OTTHYE-
CKOTO pacro3HaBaHus cMMBOJIOB [1]. Takas Moje)Ib MOKET OBITH OXapaKTepU30BaHa
KaK MOJIeb TI00ATbHON BEPOATHOCTH MCIOJIB30BaHUS CJIOBA, COITIACHO KOTOPOH
caM JIOKyMEHT IIOMEYAeTCsS CEMAHTHYECKOW TEMAaTHKOW, YTO omperiesser Hadbop
cneruuyecknx cioBapeid. Takum o0pa3om, Kakaash OTCKAaHMPOBAHHAs CIMHHIIA
JIOKYMEHTAIIMM CEMaHTHYECKH KJIacCU(PHUIMPYETCsl COMIaCHO TEMAaTHKE Ha OCHOBE
yCTaHOBJICHHOW Mojenu. [Ipu 3ToM Kakmoe ommOouHOE BXOXKICHHUE TAaK KE 3aMe-
HSeTCA BBIOOPKOM HamOoJiee MOAXOMISIIETO KaHAWAAaTa KOPPEKIMH, HO BBIOOPKH
ATUX KaHIHUJIATOB (DOPMHUPYIOTCS COTIIACHO BBHISBJICHHOMY KJIacCy OIMUOKH M3 COOT-
BETCTBYIOIIETO HAOOpa «OMOPHBIX CIIOBAPEI».

JIMBEpreHTHBIN MOJIX0/l, OCHOBAHHBIM HA CEMAHTUYECKOM U CUHTAKCUYECKOM
UCIIPABJICHUM OIMMOOK CHCTEMBI ONTHYECKOTO PACIO3HABAaHHWS CHMBOJIOB. basuc
JAHHOTO TIOJIXO/Ia 3aKII0YAeTCs B MPEIBAPUTEIHLHOM aHAIN3€ HE CaMUX KOPTEXKEH
CHMBOJIOB KaK €MHUII-CJIOB C OKPY>KEHHEM, & CAMOTO KOPTEXka CJIIOB KaK eIMHUIILI B
BUJIC TIPSIJIOKEHUS WU CIIOBOCOYCTAHMS. Takas eIMHHIA-TPEIJIOKCHUE aHAIN3H-
pyETCs Ha MPEAMET CUHTAKCUYECKOM U CEMAHTUYECKON KOPPEKTHOCTH. [Ipn BXOXK-
JEHUU TIOI03PUTEIIBHOTO €IWHUIIBI-TIPEIORKEHNS, BO3MOXHBIEC KaHIUIATHI IS
KOPPEKIIUHA OIMUOOYHBIX BXOXKICHUNW BHYTPH TPEMJIOKEHUS TEHEPUPYIOTCS C HC-
MOJIb30BAHUEM «OIMOPHOTO CIIOBAPSI» M TPYNIHUPYIOTCS C YIOPSIOYUBAHUEM T10 BO3-
pacTaHMIO 3HAYCHUS MMOKa3aTessi rpaMMaTUYEeCKOM M CHHTaKCUUYECKOW «HAIPSIKEH-
HocTtu». [Tocme Habopa ureparuii, KaHIUAAT HAa BEPIITUHE KAXKIOW U3 TPYTI SBJISCT-
cs1 HanOoJiee MOAXOMSAIINM I 3aMelIeHUs, YTO U (POPMUPYIOT KOHEUHBIH HAOOP
KaHIUATOB JIsl KOPPEKITUU OIIUOKH.

OtMmeTuM, 9To 3Tan Bepu(HUKAIUU CIECITUATICTOM TOApa3yMeBaeT aBTOMATH-
3aIlMio, a HE MOJHYI0 aBTOMATHKY, YTO MO3BOJIAET 0oJiee MIMPOKO paboTarh ¢ MoJie-



JSIMU CTaTUCTUYECKOTO XapakTepa, MPUBHOCS MPU HEOOXOAUMOCTH B IIPOLIECC MOCT-
00paboTKH mpocTenIei 6alileCOBCKOM CETH JOBEPHS Ha MPUMEPE CKPHITOH MapKOB-
CKOW MOJIeTT. DTO MO3BOJISIET MHTETPUPOBATH CHUHTAKCUYECKYI0 HH(OpMAIUIO B
MPOIIECC KOPPEKIUHU OMIMOOK Ha 3Tamne noct-o0padotku. [losromy mpu padote ¢
EIMHHUIIAMH JTOKYMEHTAIlUU, K KOTOPHIM O0Jiee MPUMEHUMBI TaKHe MOJENH, JOCTH-
raeTcsi 0ojiee BBHICOKUU YPOBEHb KOPPEKLMHU OUIMOOK H3-3a €ro CTaTMCTHYECKOIO
Xapakrepa oToopa HanOoee MOAXOMANINX KaHIUAATOB JJIs KaXKIOTO KOHKPETHOTO
CJIOBA C OIEYaTKOM.

OKCNEpUMEHTAIBHO OBLIO MOATBEPXKJIEHO, YTO COYETAHUE HHCTPYMEHTOB
BBISIBJICHUS U KOPPEKIIMH OLIMOOK Ha 3Tare MocT-o0padOoTKH CUCTEMBI ONITUYECKOTO
pacrio3HaBaHUsI CUMBOJIOB IOJIOKUTEIBHO CKa3bIBAETCS HA KAauE€CTBE pacliO3HaBa-
Hus. T.e. Ipu KOMOMHHUPOBAHHOM METOJIE MCXOJHAs €AWHUIIA JOKYMEHTALUHU TOJI-
BEpraeTcs aHaju3y W MPOBEPKE MOCIENOBATEIbHO C UCIOIb30BAHUEM HUMEHHO YC-
TaHOBJICHHBIX MOJXO/I0B, HaWOoJiee COOTBETCTBYIOLIMX 3HAYCHHSIM MeETa-IaHHBIX
JTAHHOW €AVHUILIBI JOKYMEHTAIlMU, YTO MPOU3BOAUTCA B paMKaxX OJIHOW UTEpallvu.
[Tocne HecKOMbKMX HUTEpalii KOMOMHMPOBAHHON MPOBEPKH KOJIMYECTBO OMIMOOK
HKCMOHEHIMATBHO YMEHBIIAETCS.

1. baxTtenko E.A., U3maitnos N.A. [IpoekTupoBanue 6a3bl JTaHHBIX CHCTEMBI
OTIEPATUBHOIO MPOTOTUIUPOBAHUS U OOHOBJIEHUSI MHOTOKOMIIOHEHTHBIX HH(pOpMa-
IMOHHBIX cructeM // COopHuK crareit o Marepuanam XXXV Il mexmyHapoaHoit 3a-
OYHOM Hay4yHO-TIPaKTUUeCKON KoH(pepeHiuu «HaydHas AUCKyccHs: MHHOBAIMHU B
coBpeMeHHOM Mmupe». — M., M3n. «Mutepnayka», 2015. — C. 15-19.

ABTOMATU3UPOBAHHASA CUCTEMA YIIPABJIEHUA
TEIVIMYHBIM KOMIIVIEKCOM

C.H. bozowmesuu, A.A. Makapoe, M.H. 3asxcuzun
Hayunwiii pykosooumens A.C. Entokos
Bosoroackuit rocy1apCTBEHHBIM YHUBEPCUTET

r. Bonorga

[Tonnepkanue CTaOUIBPHOCTH B PEATBHOM CEKTOpE SKOHOMHKH B TEPHOJ
KpHU3KCa BO3MOXHO, B TOM YHCIIE 3a CYET Pa3BUTHUS MEJIKOTO (hepMepcTBa, 4To Tpe-
OyeT MHOTO pPecypcoB, B TOM YHCIIe YelOBeUeCKHX. Takum oOpa3oM, 3ajada aBTo-
MaTH3alM¥ ¥ BHEIPCHUS WHHOBAIMOHHBIX TEXHOJOTHHA B ATy OTpaciib Hambosee
akTyanbHa. [{enp BBIMOTHSIEMOM pabOTHI COCTOWT B TOM, YTOOBI aBTOMAaTHU3UPOBATH
POIIECC YIIPABICHUS TETUTMIIAMHY JIJISI BRIpAIIMBAHUSA CAJOBBIX KyJIbTyp. OCHOBHEIC
3a/1auu:

1. Pazpaborarts:

1.1) KOHCTPYKIIMIO TEIUTUIIBI, COOTBETCTBYIOIIYIO Pa3pabOTAHHOMY TEXHHYE-
CKOMY 33JIaHUIO;



1.2) cuctemy KOHTPOJISI TAPaMETPOB CPEIbl BHYTPHU TEILTMYHOTO KOMILIEKCA,

1.3) anropuTMBI YIIpaBJICHUS MUKPOKIMMATOM TETLIUIIBI;

1.4) B3auMOJICHCTBE aBTOMATH3UPOBAHHOW CUCTEMBbI YIIPABJICHUS TCIUTHYHO-
ro KomIuiekca ¢ mardopmoii Arduino B ToM uuciie pa3padoTka Koja IporpaMMmel;
1.5) mnporpaMMHYIO YacTh, peaiau3yeMyi B (opmare BeO uHTepdeiica u
MOOMIBHOTO TprIokeHus At Android.
Ha stame dhopmMupoBanmsi TEXHUUECKOTO 3ajaHuUs ObLT TPOBE/ICH aHAIU3:
1) KOHCTPYKIMH TEIUTMYHOTO KOMILJICKCA,
2) MaTYHMKOB. TEMIIEPATyphl, BIAXKHOCTH BO3]IyXa, BIAKHOCTH IOYBHI, OCBE-

[IEHHOCTH,

3) obopynoBaHus (arperatoB): HAcoC, MPUBOJ (OPTOYKH, BEHTHIISATOPHI,

JIaMIThI THEBHOTO CBETa, MOieu miaTdopmbl Arduino, cepsep;

4) mporpaMMHOT0 00eCTICUCHHUS.

M GHWUTOPMHE
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JaTtune
TeMAepaTypol

brina BeIOpaHa KOHCTPYKIMS TETUIMIIBI C TPEYTOJIbHON KPBIIIEH, TaK KaK OHa
UMEET Psi/i MPEUMYIIECTB MO CPABHEHHUIO C KPBIIIEH UMEIolel apouHyto hopMmy.
J11st OOIIMBKH TEILUTHIIBI ObLT BEIOpAH COTOBBIN MOJUKapOoHarT. [1]
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Jatuuk Temneparypsl Bo3ayxa g nomenienuit QAA2010, natyuk BiaKHO-
ctu Bo3ayxa: HIH-4000-001 (HIH-3610-001), 0.8-3.8B 0.5%; naTumk BiIakKHOCTH
nouBsl: FC-28-D, nacoc 12B 16mwm, Bentumsitop BO-7, nammsl 1151 OCBEILIEHUS T10-
memeanid g9 led 5 Br AC 220 B (2 mrykn) €O CBETOIUOIHBIMH JIaMIIaMH
SMD 2835, mnarpopma Arduino PRO, kamepa mis Buneonadmoaenus Ginzzu
HS-S701SB. [2][3]

CoBpeMeHHBIC TEXHOJIOTHMH BBIPAIIMBAHUS OBOIICH TPEeOYIOT IMOCTOSHHOTO
MOJIJICP KaHMS OIPEACIICHHBIX PSKMMOB MUKPOKJIMMAaTa B Teruiuiax. Ho He Bceraa
yAaeTCsl NMPHUCTAIBHO CJCAWTh 3a HYXXHBIMH JUIS POCTa YCIIOBUSMH B TCILIHIIE.
B sToM ciydae momoOKeT yIpaBiCHHE TEIUIMIICH dYepe3 HWHTEPHET, HCIOJIb3Ys
android-npuitokeHre Ui HHTEPHET-TPHIIOKEHHE.

Jis  peanuzammy  TakOTO  yOPABJICHHUSOBUIO  PEIICHO  HCIOJIh30BaTh
wiargopmyArduino, T.x oHa 0YCHB MOIYJISIPHA 32 CYET CBOCH MPOCTOTHI U OTHOCH-
TEJIbHOW JICIICBU3HBI.

Be6-unTepdetic Oyaer maBaTh BO3MOXKHOCTh HE TOJBKO CJICAUTH 3a ITOKa3a-
HUSMH JIATYNKOB TEMIIEPATYPhl, BIAKHOCTA M OCBCIICHMS, HO U YIPABIATHITHMHU
caMbIMM TIOKa3aHHsAMU. Taxke OyJeT peaau3oBaHa BO3MOXKHOCTH CIICIUTH 3a TCIl-
JuIel yepes BeO-kamepy.[4][5]

[Tpennonaraemplit UHTEPPENC TPUITOKEHUS:

WHTepdeitc Tennuub

MoKasaHUA AATYMKOB BuaeoHabnionenve

Temnepatypa [ | ¢ BnawHocts [ | o ‘

YNpaeneHWe NoKazaTeAMMK

BeHTUANALMA Monue QOcselleHne

CropocTb spaweHua B1 B

I:I 06/MuH . -
CropocTb BpauleHma B2 I:I ' I:I I:l I:l

l:l — NAWUTENBHOCTE 4o
CKOpoCTb BpaweHua B3

[ ] 06/mun L] wann L]

‘ Bbixosa

Puc. 2. Humepdeiic npunosicenus

Jannast paboTa BBIIOJTHSETCS B paMKaX BBITYCKHOW KBaJHU(UKALMOHHON pa-
OO0TBHI M IUTAHUPYETCS JaNbHEHIIass KOMMEpLUUAIU3alus U THPAXUPOBAHUE IOJY-
YEHHOI'O PELICHUS.



1. Pa3mepsl Temiuil U3 nojimkapooHaTta — opMa U pasMep UMEIOT 3HAYCHUE
[DnexTpoHHBIH pecypc|: nHbOpPMAIIMOHHAS CIIPaBOYHAS cucTemMa — Pexkum mocty-
na: http://parnik-teplitsa.ru/razmery-teplic-iz-polikarbonata-3

2. Apnyunollpo[DnekTpoHHbIi pecypc]: odunmanbHbli cadT — Pexum moc-
tyma: https.//www.arduino.cc/en/Main/ArduinoBoardPro

3.AJINDKCITPECC[?JIEKTPOHHBIN PECYPC]: MHTEPHET-MAT' A3VH
— PEXUM OOCTVYIIA: HTTPS://RU.ALIEXPRESS.COM/RU_HOME.HTM

4. Teruia, yrnpasiseMasi 4epe3 HHTEpHET [DJIeKTpoHHbIH pecypc]: Dopym
— Pexxum nocryma: http://roboforum.ru/forum10/topic14123.html

5. Cucrema ynpaBieHHs MUKPOKIMMATOM TEILTUIIBI [ DIEKTPOHHBIN pecypc]:
MHQOpPMAlIMOHHAsL ClpaBoYHas cucrema — Pexxum moctyma: https://geektimes.ru/
post/268798/

MOIEJUPOBAHUE TEXHOJIOI'MYECKOI'O ITPOLHECCA
COPTHUPOBKH IVIOCKUX OBBEKTOB B I1OJIE 3PEHUSA
PACIIO3HAIOIIEI'O ABTOMATA

M .IO. I'owmaymac, A 10. Kynvkoe

Hayunwiii pykosooumens C.C. Cadvikos, 0-p mexH. HayK, npogheccop
Mypomckuii uHCTUTYT (prran) BraauMupckoro
rocyJapCTBEHHOTO YHUBEPCUTET UMEHHU AJiekcaHipa ['puropreBuya
n Huxomnas I'puropseBrnya CTOJIETOBBIX

r. Mypom

BBenenue

B Hacrosiee Bpems mepen OOJNBITUHCTBOM IMPOMBIIIJICHHBIX TPEANPUITHH,
0COOCHHO B MAITMHOCTPOCHHMH, BCTAIOT 3aJa4l KOMIUICKCHON aBTOMATH3allMH TEX-
HOJIOTHYECKHUX TIPOIIECCOB U omeparuid. K guciny momo0HBIX onepanuii MOKHO OT-
HECTU: KOHTPOJIb U OTOPAKOBKY Pa3IMUHBIX JE€TAJICH U U3ACIHI MO BHEITHEMY BU-
1y, 3arpy3ka o0pa0aThIBalOIIMX CTAaHKOB JICTAIIMH C KOHBEHEpPOB, COPTHUPOBKA U
OpHEHTHPOBaHHAs YKJIaJKa B KacceThl jJeTajcii u 3arotoBok [1]. Ha koHBeliepe, B
OyHKepax, SuKax U KOpoOKax JAeTalu MOTYT HaXOJIUThCS KaK OTACIBHO, TaK U B
HanoxeHHOM coctossHuu. [losTtomy PC nomkHa MMETh B CBOEM COCTaBE ajlrOpHUT-
MBI, TIO3BOJISIOIINE PACITO3HABATh OT/CIIBHBIC M HAJIOKEHHBIC AeTaIu [2].

B nmaHHOU cTaThe MPUBEICHBI PE3yIbTaThl SKCIEPUMEHTAIBHBIX HCCIIEI0Ba-
HUH 10 pacro3HaBaHUs THIIA TIOJIS 3PEHUS PEabHBIX TUIOCKUX 00BEKTOB.

OmnpenesneHue THNA MOJIA 3peHUS

B none 3peHusi BO3MOXKHBI CJIEAYIOLINAE CUTYalIUU:

1. ITycToe noJie 3peHust — B KaJipe€ HET HU OJTHOTO OOBEKTA;

2. OTnenbHBIN 00BEKT — B KaJIpe HAXOAUTCS OJMH OTACIbHBIN OOBEKT U BO3-
MO>KHO OTACJIbHBIC IOMEXH,
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3. IBa oTienbHBIX 00bEKTa — JBA U30JIMPOBAHHBIX JIPYT OT JIpyra oObeKTa.

4. HanoxxeHHble 00BEKTHI — JBa 00BEKTA, KOTOPBIE MEXIy cCOOOM rnepecexa-
FOTCSL.

[TonyueHHble ¢ Kamepbl U300pakeHUsT OMHaApU3yroTCs. Jlanee BBIMOTHAETCS
IPOIECC MAPKUPOBKH (ITOCIICIOBATEILHOM Pa3METKH CBSI3HBIX KOMITOHEHT), B KOTO-
POM Ka)KI0M TOYKE KaX10r0 00bEKTa MPUCBAUBAETCS HOMEP CBSI3HON KOMITOHEHTHI,
MPECTABIISIONIUN COO0M TaHHBIN OOBEKT.

AJNTOpUTMBI paclio3HABAHUS, IPUMEHSIEMbIE B CUCTEME HUCHOJIBb3YIOT Oe3pas-
MEpHbIE€ MTPU3HAKH, BBIUYUCIISIEMBIE 110 KOHTYpaM OOBEKTOB, TO CJIEIYIOLUIUM IIaromM
npeBapUTEIbHON 00paOOTKU SIBJSIETCS BBIICICHUE OJJHOTOUCUHBIX O€3pa3phIBHBIX
KOHTYpOB [3].

CrneayromuMm 1aroM siBJsIeTCs ONPEEICHUE TUTIA TTOJIS 3PSHUS.

MoneanpoBanue onpeaeaeHUus MoJisi 3peHust

W cXoMHBIMU JaHHBIMU JJISI TIPOBEICHUS UCCIICIOBAHUS SIBIISIFOTCS:

1. 2000 n306paskeHuii mycToro noJs

2. 20000 n3o0paskeHuil OTIENBHBIX peabHBIX TIOCKUX 00bekTOB (OPIIO) n
WX BBITTyKJIast 000109Ka

3. 110000 uzobpaxeHuii HATOXKEHHBIX peabHbIX II0CKUX 00bekTOoB (HPITO)
Y UX BBIIIyKJIasg 000J04Ka

4, 20000 uzobpaxenuii ¢ nsymst OPIIO Ha pabouem mose

MaccuB MCXOIHBIX U300paKEHUH OTAEIBHBIX 00BEKTOB, UCIIOIb3YyEMbIX JIJIS
TeHepalliy pa3IMYHbIX BAPUAHTOB IPUBEACH Ha pucyHke 1.

O6mbekt 1 OO6mbekt 2 O6mbekT 9 O6wbekt 10
Puc. 1. H306pasicenus peanvbHulx N10CKUX 00beKmMos
Hcnonb3ys nzobOpakeHusi UCXOAHBIX 00BEKTOB, CTeHEPUPOBaHbI 55 BapuaH-

TOB HaJOXCHHBIX M300paxenwuid, mo 2000 mus kaxaoro (puc.2). s kaxmaoro us
110000 n306paskeHuii MOTYYEHBI UX BBITYKJIbIE 000T0UYKH.

Puc. 2. Ilpumep uzobpadicenuti HAIOHCEHHBIX 0OBLEKMOS



AJITOPUTM PACNO3HABAHUSA COCTOUT U3 JIBYX ITAINOB:

MapkupoBka u onpenenenue cutryanuu 1 (mycroe mone 3penus). [lox map-
KHPOBKOW TIOHUMAETCSI Tporiecc (hopMUPOBaHMS, HA OCHOBE UCXOJHOTO OWMHAPHOTO
U300paKEHUS, N300pAKEHUS, B KOTOPOM KaXKJIOH TOYKE KaXJI0ro 00beKTa MPUCBO-
€H HOMEpP CBS3HOW KOMIIOHEHTHI, TIPEJICTABIAIONICH COO0N OOBEKT WU TOMEXY.
BrlnonHsieTcs ¢ HCNOIb30BaHUEM AJITOPUTMA MTOCIIEI0BATEILHON pa3METKHU.

B pe3ynbrare paboThl OMHCAHHOTO AJITOpPUTMa MOJy4aeM H300pa)keHHUe, B
KOTOPOM Ka)KJIOMY OOBEKTY NMPUCBOCH OTICIBHBIN HOMEP.

O0603HaUMM TIOIIAIU STATIOHHBIX 00BEKTOB KaK Sy, Sy, ..., Sy, @ 0OHAPYKEH-
HBIX 00BEKTOB KaK Sy1, Sz, ..., Sk KomuecTBo 00HApyKEHHBIX 00BEKTOB Kak K.

Bce moMexu oTcenBaroTCs 1Mo TUIOMIAR Ha OCHOBE CJICTYIONIETO YCIOBHUS

Soi < Bh. (1)

Ha pucynke 3 npencraBieHa OJ0K-CXeMa aaropuTMa OINpeAesIeHUs TUIIa T10-

JI1 3pCHUA.

MapKu1poBKa n3obparkeHus u onpeaeneHus
ymncna CBA3HbIX KOMMNOHEHT k

¢ i

Myctoe none

BbluncaeHve nnowagein Sol, S

‘0 Het
Cutyauma 2. Nomexu o
: : Het
Her

Cutyauma 4. Ll,Ba oT-
OenbHblX 06beKTa

Cutyauma 3. OauH oT- Cutyauma 5.
OeNbHbl 06bEKT HanoseHHbI 06beKT

\ 4 ¢ y

Puc. 3. Brok-cxema aneopumma onpedenenuss muna nosis 3peHusl

rae B — pa3HOCTh MeXy MHHUMAIHHON IUIONIAIbI0 3TAIOHHOTO O0OBEKTA U ITOPoTra
110 1Iomanu By

ITycte pasmep BoiOOpkH paBen M. Torma mms Kakaoro i-ro o0ObeKTa U3 BbI-
OOpKH PacCYMTHIBAIOTCS OTKJIIOHEHHUS 10 TuTomaan ds mo gpopmyire:



, (2)

rae i1=1,..., M — konuyectBOo 00BeKTOB B BhIOOpKE; j=1,..., N — Komn4ecTBO 3Ta-
JIOHHBIX 00OBEKTOB

Cpenn HUX HaXOAATCS MUHUMAIbHOE Oy 1 MAKCUMAIbHOE Omax OTKIIOHCHHMS.
[Topor By, mocnemoBatenbHO nepeOupaercs OT 3HAYCHHS Omin 10 3HAUYCHUSA O
JIJIs KakJI0oro 3HaueHUs IepeOupaeMoro mopora OTHOCHTEIBLHO BCEX OOBEKTOB
IIPOBEPSICTCS YCIIOBHE:

d, =min

Soi =S,

9,

ds< Bso 3
B cnyuae BbinosHeHus ycinoBus (3) MOKHO c7efiaTh BBIBOJ, YTO B TOJIE 3pe-
HUS PACTIONIOKEH OTACNbHBIN O0BEKT, B MPOTHBHOM CIIy4ae OObEKThI HAJIOKCHBI.
B oOmem Buie NaHHBIA aqTOPUTM MOXKET OBITh MPEACTABJICH CICIYIONINM
obpazom:

curyarus 1, ecmu K =0
cutryarus 2, ecm (K = 0) A (S, <B,)
curyauns 3, ecmn (K =1) A (S;; > B,) A (dg < Bmax) A (d; , < Bmax)

curyauns 4, ecmu (k =2) A (S; > B) A(dg > Bmin) A(d, |, >B,,)

cuTyarus 5, nHaue ( 4)

bb10 mpoBeAeHO HCCIeIOBAHME JAHHOTO AIrOPUTMA C HCIOJIb30BAaHUEM
TI01a1e OMHAPHBIX N300PAXKEHUN U BBIMTYKJIBIX 000JI0YEK.

Tabanma 1
BeposiTHOCTH pacnio3HaBaHMS
Tun nosnst Kou-Bo omudok BeposiTHOCTH BEpHOTO
pacno3HaBaHus pacno3HaBaHus
Ilyctoe none 0 1
OPIIO 35 0,99
HPIIO 1 0,99
JIBa otnensabx OPIIO 0 1
3akiroueHue

B xoxe mpopenanHoi pa®oOThl ObUIO BBISBIEHO, YTO JAHHBIA aJTOPUTM IO
paclo3HaBaHUIO OTAENBHBIX, HAJIO)KEHHBIX OOBEKTOB B 3aBUCHMOCTH OT TOH WU
WHOW CHTyalluu JaeT pa3inuuyHbie pe3ynbTaThl. B ciydae ¢ 2 OPIIO u mycthiM mo-
aem mbl noixyyaem 100% pacmos3naBanue. DTO CBSI3aHHO C TEM, YTO MBI Oepem
MHO>KECTBa 3HAUYEHUU mopora nepedupaemMoro OT MHHMMAJIBHOTO OTKJIOHEHHUS K
MaKCHUMaJIbHOMY JJI BceX ycyioBuid, 4yTo He AacT Ham 100% pacno3naBaHue.

st OPITO mopor mepeOupanics OT MaKCUMaJIbHOTO OTKJIOHEHHS K MHHH-
masibHoMy, a ipu HPITO ocrancs He UMEHHBIM (OT MUHHUMAJIBHOTO K MaKCHMaJlb-
HOMY), YTO JaJI0 pe3yybTarhl pacno3HaBanus 99%.
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CPABHUTEJBLHBINA AHAJIN3 OIEHKH BPEMEHHOH CJIOKHOCTHU
HEKOTOPBIX KJITACCOB AJI'OPUTMOB OBbIYHBIM
IHNPOI'PAMMUPOBAHUEM U ITPOIT'PAMMUPOBAHUEM
C IOMOUIbIO TEXHOJIOI'UU OPEN MP

/1.0. Ezopoes

Hayunwiii pykosooumenv A.H. Haumoe, 0-p ¢puz.-mam. nayx, npogheccop
Bosoroickuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bosorna

AHHOTanmMsi. B cratbe mpuBENEHBI pPE3yJIbTAThl CPABHUTEIBHOIO aHAIM3a
OLICHKH BPEMEHHOMN CII0KHOCTH HEKOTOPBIX KJIACCOB JITOPUTMOB ITyTEM OOBIYHOTO
MpOrpaMMHUPOBAHUSI U MPOTPAMMHUPOBAHUEM C TOMOIIbI0 TexHojorun Open MP.
Ha ux ocHOBe czesanbl COOTBETCTBYIOIIME BBIBOJBI U 3aKIOYEHHUS O IPEUMYILECT-
Bax MPOrpaMMHUPOBaHUs ¢ oMollbio TexHonoruu Open MP.

BBenenue. BpeMeHHOM CIIOKHOCTBIO aJITOPUTMA PELIEHUS 3aa4M HA3bIBAKOT
BpEMsl, 3aTpauMBaEcMoOe Ha pPEIlIeHHUE 3a/1a4l B 3aBUCUMOCTHU OT pa3mepa 3anauu [1].
HecMoTpss Ha pa3BuTHE KOMIIBIOTEPHBIX TEXHOJOTMM M YBEIWYEHHUE OINEPATUBHOU
namst OBM, mpobieMa ObICTpoil peanu3aluu alrOpUTMOB OCTACTCSl AKTYaJIbHOM.

Kak npaBuiio, BpeMeHHas CJII0KHOCTh aITOpUTMa 3aBUCUT OT UCXOJHBIX JaH-
HBIX. DTO MOXET OBbITh 3aBUCUMOCTb, KaK OT BEJIUYHHBI UCXOJHBIX JAaHHBIX, TAK U
oT ux oovema. Ecian 0603HaunTh 3HaU€HHUE IapaMeTpa BPEMEHHOW CII0XKHOCTH al-
ropuT™Ma CUMBOJIOM V, a OykBOl N 0003HAYMTh HEKOTOPBIA YHMCIIOBOM MapaMerp,
XApaKTEPU3YIOIIMI pa3Mep MCXOAHBIX AAHHBIX — pa3Mep 3aJaud, TO BPEMEHHYIO
CJIO)KHOCTh MOKHO TIPEICTaBUTh, Kak ¢yHkuuto V(n). Beibop mapamerpa V 3aBu-
CUT OT pelIaeMOM 3aJaud WIA OT BHJA MCIOJIb3YEMOI'O JITOPUTMA I PEILICHHUS
JAHHOW 3ajaud. BpeMeHHas OLeHKa aJropurMa COCTOMT B TEOPETHYECKOW WU
qucieHHO# oueHke GyHkimu V(N) mpu OOJBIINX 3HAYCHUSAX pa3Mepa 3ai1adu N.

BaxxHolt 0COOEHHOCTBIO ISl OBICTPOM OLIEHKHM BPEMEHHOM CII0KHOCTU SIBJISA-
€TCS CTPYKTypa aJrOpUTMa B IPOrPAMMHOM Koz€e. B kadecTBe mpumepa BO3bMEM
ITOPUTM HAXOXKJIECHHUSI CyMMBI 3JIEMEHTOB OJHOMEpPHOro Maccupa. OLlEHHMM Bpe-
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MEHHYIO CJIOKHOCTh aJIrOPHTMa B 3aBUCHUMOCTH OT CTPYKTYPBI aJirOpHTMa B TPO-
rpaMMHOM KoJie. PaccmaTpuBaercst 1Ba BapraHTa IMPOIPAMMHON peaM3aliy. CJI0-
JKEHUE AJIEMEHTOB MAacCHBa B TeJIe OCHOBHOUW MPOTPaMMbI U CJIOKCHHUE JIEMEHTOB
MaccHBa B OTJICIBbHOW MOATpPOrpaMMe, TJI€ HCIOJIb3YETCS CTEKOBas MaMmsTh. Pe-
3yJbTAThl YUCICHHBIX SKCIIEPUMEHTOB IPEICTABICHBI HA pUCYHKE 1.

Kaxk BugHo, BpeMs BeimosiHeHus 115 pacuéra cymmbl 100 000 000 aniemeHTOB
MaccHBa B Te€JIE OCHOBHOM IporpaMMbl TpeOyeTcst B 7/ pa3 0ojbliie BpEMEHH, YEM B
OTIeNnbHON noanporpamme. IlpuurHa B TOM, YTO CTEKOBOW MaMsATH HE TpeOyeTcs
JOTIOJTHUTEIIPHOE BPEMS JUIsl YaCTOI0 M3MEHEHHMsI €r0 pa3Mepa, 0COOCHHO €Clii cpa-
3y M3BECTHO, HACKOJILKO OOJIBIITUM OH JOJDKeH ObiTh. Ho, Tipu 9TOM cienyer oTme-
TUTh, YTO 00BEM CTEKOBOW MamsATH orpanwdeH. [loatomy mis sddextuBHOrO Ha-
XOXKJICHHSI CYMMBI 3JIEMEHTOB MaccHBa OOJIBIIIOTO pa3Mmepa Ilielecoodpa3Ho paspa-
00TaTh U peaqn30BaTh MapalieIbHBIC AITOPUTMBI, TPUMEHSISI COBPEMEHHBIC TEXHO-
JIOTHH MapalIeIbHOTO IporpaMMUpoBanus [2].

Cymma YMCcen B maccuee

Puc. 1. I'paghux 3aeucumocmu epemenu (6 cekyHOax) 6bluucieHUs.
CYMMblL 91eMeHMO08 OOHOMEPHO20 MACCUBA OM PA3MePa MACCUBA

B nHacrosmen padore npuBOASTCS pe3yJIbTaThl OLIEHKH BPEMEHHOM CIIOXKHO-
CTH aJTOPUTMOB COPTHPOBKH OJHOMEPHBIX MAaCCUBOB METOJOM BCTABKU M Iy3bIPb-
KOM, IIPOCTOTO YMHOXKEHHUSI KBaJIPaTHBIX MaTPHIl C TIOMOIIbIO OOBIYHOIO MPOrpam-
MUPOBaHUS U TEXHOJOTMH NapaJljIeJIbHOrO NMPOrPaMMHUPOBAHUsS, B YaCTHOCTH JU-
pextuB Open MP.

CpaBHUTEIBHBIN aHAJIN3 OLIEHKH BPEMEHHOM CII0)KHOCTH JITOPUTMOB COPTH-
POBKH OJTHOMEPHBIX MacCHUBOB, IPOCTOT0 YMHOKEHHUSI OJJHOMEPHBIX MATPHULl OObIY-
HBbIM ¥ NIapaJljiebHbIM nporpaMMmupoBanueM. Open MP — oTKpbIThI cTavAapT 1S
pacnapayienuBaHus nporpamm. ONUCHIBa€T COBOKYITHOCTh AUPEKTUB KOMITHIIATO-
pa, OMOIMOTEUYHBIX MPOIEAYP U MEPEMEHHBIX OKpPY)KCHHUS, MpeAHA3HAYCHHBIX IS
IPOrPAMMHUPOBAHMSI MHOTOIIOTOYHBIX IPWJIOKEHUI Ha MHOTOIPOLIECCOPHBIX CHUC-



TeMax ¢ oOwel nmamsaTeio. Open MP xopouio noaxoaut i pacnapasieiBaHus
IporpaMM Ha MO3JHUX 3Tamnax pa3pabOTKH, KOTJa MOCJIEIOBATEIbHBIN KO YXKe
TOTOB.

UccnenoBanue nposoamwinock ¢ noMmombio [IK ¢ aBysaepHsiM mpoueccopom
Intel Core i5-2410M wu nporpammubiM cpeactBoMm Pascal ABC.Net Bepcun 3.1, ko-
Topas mojjaepkuBaeT AupekTursl Open MP.

Hwxe npeacraBieHbl pe3ysibTaThl CPAaBHUTEIBLHOTO aHAIN3a OLIEHKU BPEMEH-
HOM CJIOKHOCTH QJTOPUTMOB MPOCTOTO YMHOKEHHUS MATPHII METOJIOM IMPOCTOTO M
napasuieapHoro nporpammupoBanus (puc. 2). Ha ocu X — mopsimok Marpuibl N X
N; ocb Y — BpeMmsi BBITIOJTHEHUS POTPAMMEBI.
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Puc. 2. CpaeﬂumeﬂbenZ aHaju3 OyeHKu 6p€M€HH012 CNLOJICHOCMU AJ120PpUMMO6 npoCcmoco
YMHOOIHCEHUSL Mampuy Mmemooom npocmoeco u napaiilejibHoco npocpammupoeanus

Ha pucynke 3 mpencraBieH CpaBHUTENbHBIM aHalu3 OLIEHKH BPEMEHHOMU
CJIO’KHOCTH COPTHUPOBKH OJTHOMEPHBIX MAaCCHBOB MYy3bIPHKOM METOJIOM MPOCTOTO U
napajijienbHOro nporpammupoBanus. Ha ocu X — KOJIM4ecTBO 31€MEHTOB MaCCUBA;
oCh Y — BpEeMs BBIIOJHEHUS IPOTPAMMBI.
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Puc. 3. Cpasnumenvuwiii ananus oyeHKu 8pemMeHHOU CI0HCHOCIU AI2OPUMMO8
COPMUPOBKU OOHOMEPHBIX MACCUBOE NY3bIPLKOM MEMOOOM NPOCHO20
U NapannenrbHo20 NPoCpAMMUPOBAHUS

B xozxe cpaBHHTEIHHOTO aHAM3a BBISICHUIIOCH, YTO BPEMsI BBITIOJTHEHHSI TIPO-
rpaMMbl, TIOCTPOCHHOH MPH MapajuieTbHOM KOJI€, 3HAYUTEILHO MEHBIIE MPH 00JIb-
mux oO0beMax JaHHBIX. [Ipuyem pa3HUIlAa BO BPEMEHH JOBOJIBHO omryTumas. Ha-
npuMep, Ha YMHOKEeHHE KBajapaTHbeIX Mmatpull nopsaka 1000 snemeHTOB MeTOI0M
MOCTPOCHUS TOCJIEIOBATEILHOTO KoJa TpaTuThes 13,3 cek., a ¢ MOMOIIBI0 JUPEK-
tuB Open MP — 4,3 cex. Ecnm ke nepemuoxats matpuiry mopsiaka 2000 snemeHToB
C TIOMOIIbIO TTPOCTOTO MPOTPAMMUPOBAHUSA, TO MOKHO MOTPaTUTh OKoyo 148 cexk.
(2 mun. 28 cek.). Ilpu momorm aupektuB Open MP nepeMHOXHUTH MaTpPHUIIBI TO-
psanka 2000 s;1eMeHTOB MOKHO 3a 34 CeK.

EcTecTBeHHO BO3HHMKAET BOMPOC: a JCHCTBUTEIHHO JTM MOXKHO JTOKa3aTh TEO-
PETHUYECKYIO CIIOKHOCThH aJTOPUTMOB C MOMOIIBIO MapaieIbHOrO MPOrpaMMHUpPO-
BaHUS?

OLeHKa CIOKHOCTH BbuMcIeHns mpomssegerms marpur O(n°)[3]. UroGsr
0Ka3aTh HTO, HyXKHO IPOCIEAUTH 3a moBeneHneM koadduumenta k =T/n’. Tpaduk
3aBUCUMOCTH KOJIMYECTBA DJIEMEHTOB MATPHUIIBI OT KO3 dUIMeHTa H300paxeH Ha
pucyHke 4.
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Puc. 4. I'pagpuk 3a8ucumocmu Koauuecmea s1emeHmos mampuysbl om ko3¢ guyuenma

Ha rpaduke BumHO, 4TO Nnpu O0JIBIINX 3HAYCHUAX KOIDPUITUEHT CTaOMIN3HU-
pyercs. OTO 3HAYUT, UTO TEOPETUUIECKAs OIICHKA BPEMEHHOM CII0KHOCTH alrOpUTMa
MPOCTOTO YMHOXKEHUS MaTPHIL I0Ka3aHa Ha IPAKTHKE.

OreHKa CIO0XKHOCTH IMY3bIPHKOBON COPTHUPOBKH OJHOMEPHBIX MAacCHBOB B
XyzureM ciydae cocrasiser O(n). UToOsl J0KA3aTh 9TO HA MPAKTHKE, HYKHO IIPO-
cieuth 3a kodhdurmentom K =T/n°. Tpaduk 3aBHCHMOCTH 3TOro KO3 QHIHeHTa
OT KOJIMYECTBA 3JIEMEHTOB U300paKeH Ha PUCYHKE D.
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Puc. 5. I'pagpuk 3a6ucumocmu Koauuecmea s1emMeHmos Mmampuysbl om Kodpguyuenma

[Tpu Gonpmux 3HAYCHUSK KOIDPUITUEHT CTAOMITUZUPYETCSI. DTO 3HAYUT, YTO
TEOPETUYECKAs OLICHKA BPEMEHHOM CJI0KHOCTH aJITOPUTMA J0Ka3aHa.

3ak/ouenue. B xojie uccienoBaHus BBISICHUIIOCH, YTO OBICTpasi OIIEHKA
BPEMEHHOM CIIOHOCTH aJITOPUTMOB I1€JeCO00pa3Ha MpH MapauieIbHOM Mporpam-
MHUPOBaHUHU. DTO JOKA3bIBAIOT YUCIICHHBIE PE3yJbTaThl U3MEPEHUS BPEMEHHU BbI-



nosHeHuss nporpamm. C nomourpio aupektTuB Open MP ynanoch HE TOJBKO
YMEHBUIUTh BpeMsl OXKUAAHUS JAEHCTBUS MPOTPaMMBbl, HO U MOATBEPAUTH TEOPETHU-
YECKHUE OLEHKH AJITOPUTMOB. DTO yIAJIOCh CIEIaTh HAa IPUMEPE OLIEHKU BPEMEHHOMN
CJIOKHOCTH aJITOpUTMa IIPOCTOr0 YMHOXEHUS MAaTPULl U COPTUPOBKH OJTHOMEPHOTO
MaccuBa METOJIOM MY3bIPbKOB. TakuM 00pa3oM, Mbl MOXKEM OLIEHUTh BPEMEHHYIO
CJIO)KHOCTh JITOPUTMA IIPU OYEHb OOJIBIIMX 00bEeMax JaHHBIX 32 MAJIbIA MPOMEKY-
TOK BPEMEHHU.

1. 3y6oB, B.C. CnpaBounuk nporpaMMmucTta. ba3oBble METOJIbI pEIICHUS Tpa-
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BU3YAJIU3ATOP AJITOPUTMOB
C IPUMEHEHUEM TPEXMEPHOM I'PA®UKHU

A.B. Kocmpoe

Hayunwiii pykosooumens /I.B. Koukun, kano. mexu. Hayk
Boustoroackuii rocy1apCTBEHHBI YHUBEPCUTET

r. Bojorna

JInst J1:000r0 XOPOIIEro CreraIrcTa Mo MPOrpaMMHUPOBAHUIO BAKHO 3HATH
aJITOPUTMbI U YMETh MMH TIOJIb30BaThCs. [IepBBIA IIAr K MOHUMAHUIO BaKHOCTH
U3YYCHHUS U 3HAHUS AITOPUTMOB 3TO JIaTh TOYHOE OMPECICHUE TOMY, YTO TOHUMA-
eTCsl IO/l AITOPUTMOM. AJITOPUTM B POTPAMMHUPOBAHUM — ITO MMOHATHASI U TOYHAS
HIOCJIC/IOBATEIbHOCTh JICHCTBHH, 3allMCAaHHBIX HA s3bIKe mporpammupoBanus. Co-
TJIACHO MOMYJISApHOH KHUTe KOopMeHa «ANTrOPUTMBL: MOCTPOCHUE U aHATM3», allro-
putm (anra. — algorithm) — sto ar00ast KOPPEKTHO OIPEICICHHAS BBIUUCIUTEIbHAS
npoiieypa, Ha BxoJ (aHriI. — iNPuUt) KOTOPO#l MOAAETCss HEKOTOpasi BEJIMYUHA WU
Ha0Op BEJMYUH, U PE3yJbTATOM BBITOJHEHUS KOTOPOU SIBJISICTCS BbIXOHAS (AHTII. —
output) BenwuuHa wiau HaOOp 3HaueHwid [1]. Jpyrumu ciioBamu, aJropuT™Mbl — 3TO
OIPE/ICIICHHBI MApIIPYT, IO KOTOPOMY CIIEIYEeT JIBUTAThCS Ui MEPEMEIICHUS U3
TOYKHU A B TOUKY b.

OOyueHHEe Pa3IMYHBIM aJITOPUTMaM IPOrPAMMHPOBAHHUS, JaXKE CaMbIM OC-
HOBHBIM, SIBJISICTCSI HECOMHEHHO JIOJTHUM U CJIOXHBIM MPOIIECCOM KaK YIS TMPEoj-
HeceHus: MHopMaIuu 00y4JaroIMMHK, TaK U JIJIsl MIOHUMAaHUS MPEIOAHECEHHON HH-



dbopmanuu obydaronumucs. Ha cerogusininuii 1eHb B 11000M 00J1aCTH OCTaeTCs aK-
TyaJIbHOW HEOOXOJIUMOCTh YIPOIIEHUS POPMBI OOYUEHUSI TOMY WM WHOMY TIPEI-
METY, U aITOPUTMH3AIMS HE UCKITIoUeHrne. BocnpuanMaTh HHPOPMAIUIO BU3Yallh-
HO, OyJIb TO MOSICHUTEIBHBIM PUCYHOK, aHUMAIIUS, WIH JJaXe MPOCTEHIIHNI puMep
CXeMaTUYHOTO HM300pa)KeHUs, ropas3io Jierde, HEKEIU BUUTHIBATHCS B CTPAHUIIBI
TEKCTOB, IOCJIEI0BATEILHOCTH MPEJIOKEHUN, YIOPSATI0UYCHHbIE, HO CHJIBHO 3aIly-
TaHHbIE 00JbIINE 0OBEMBI CJIOB U OYKB.

CopTHupoBKa SBISETCS OAHON U3 QyHIAMEHTAIBHBIX AJITOPUTMHUCCKHUX 3314
porpaMMHUpOBaHus. Pemenuto npooieM, CBA3aHHBIX C COPTUPOBKOM, MOCBSIIECHO
MHO>KECTBO HAyYHBIX HCCIICIOBAHUH, pa3pab0TaHO MHOKECTBO aJTOPUTMOB. B 00-
eM CJIy4ae COPTHUPOBKY CIIEyeT MOHUMATh KaK IMPOIECC MEPEeTrpyIIUPOBKH 3a-
JTAHHOTO MHOXECTBAa O0OBEKTOB B OmpeneaeHHOM mopsiake. COpTUpOBKa MPUMEHS-
eTCsl BO BCeX 0€3 MCKIIOYEHUsI 00JacTsIX MporpaMMHUpOBaHus, Oyap TO 6a3bl JgaH-
HBIX WM MaTeMaTU4YeCKUEe MPOrpaMMbl. AJTOPUTMOM COPTUPOBKHU Ha3bIBAETCS aj-
TOPUTM ISl YHOPSAIOUYECHHUS] HEKOTOPOro MHOXKECTBA 3JieMeHTOB. OOBIYHO MOJ ajl-
TOPUTMOM COPTHUPOBKH TOAPA3yMEBAIOT AJITOPUTM YHOPSIOYMBAHUS MHOXKECTBA
AJIEMEHTOB T10 BO3PACTAaHUIO WM yOBIBaHHIO. B cilyuae Hamu4us 3JIEMEHTOB C OJU-
HAKOBBIMU 3HAYEHUSMH, B YIOPSIOUYCHHON TOCIEI0BATEIIBHOCTH OHHM pacIojiara-
I0TCS PSAZIOM JIPYT 32 IPYTOM B JIFOOOM TTOPSIZIKE.

ANTOPUTMBI COPTHUPOBKH MMEIOT OOJIBIIIOE MPAaKTUYECKOEe MpuMeHenue. Mx
MO>XHO BCTPETUTH TaM, TJie pedb UAeT 00 00paboTKe M XpaHEHUU OOJIBIINX O0Be-
MoB uH(popmanuu. Hekoropsie 3agaun o0pabOTKH JaHHBIX PEIIAIOTCs MPOIIE, eCIu
JTaHHBIC 3apaHee ynopsaounuTh. ClenoBaTeabHO, 3HAHUE aJTOPUTMOB COPTHPOBKHU
HECOMHEHHO €CTh OOJIBIIION TITIOC K HABBIKAM W YMEHUSM XOPOIIIETO CICITHAIKNCTA B
00J1aCTH NPOrpaMMHUPOBAHHUS.

JIyist ©3ydeHusi airOpUTMOB COPTHPOBKH I1€JIECO00OpPA3HO HCIIONB30BAThH MPO-
IrpaMMHBINA BU3YalU3aTOP, KOTOPHIA MOBBICUT HATJISIHOCTh PacCMAaTPUBAEMOT0 Ma-
TepHuaa.

Jliist peanu3aiy TpeXMEPHOTO BU3yaln3aTopa airOPUTMOB COPTUPOBOK Tpe-
Oyercst IBMXOK, padoTaromuii ¢ 3D-rpadukoii. B HacTosiiee Bpems: pasHooOpaszue
JBIKKOB JIOCTaTOYHO Oosbmioe. PaccMoTpum Hambosee pacnpoCTpaHECHHBIE W3
aux: Unreal Engine 4, Ogre3D u JMonkey Engine.

Bce mepeunciieHHbIE TBIKKH UMEIOT MOJTHYI0 COBMECTHMOCTD C OTEpaIiioH-
HeiMu cuctemamu Windows, Linux u Mac, noxnepxxky OpenGL u Direct3D. ITox-
HOCTBIO OTKPBITBIM HCXOIHBIM KOa0M obOnamator Tosibko Ogre3D u JMonkey.
Y Unreal Engine ko 6osiee 3akpbIThiii. Takas 3a1yMKa HallelIeHA Ha TIPUHYKICHUE
K MCIOJb30BAHUIO MTPOYKTOB 3TOM KOMIAHUU ISl pa3pabOTKU Ha JAHHOM JIBUKKE.
Taxoke mpuMeHeHHe PUIIOKEHUH, pa3padborannbix Ha Unreal Engine, B kommepue-
CKHX IIEJISIX BO3MOYKHO TOJIBKO C MEPEUYHCICHUEM HEKOTOPBIX MPOIICHTOB C BBIPYY-
KM 3a mpoaykt. Jlis cpaBHEHHsS Hporpammbl, HamucanHbie Ha Ogre m JMonkey,
paspemnraercsi CBOOOIHO UCIIONB30BATH C JTFOOOM HETBIO.




OcHoBHoe pazanune JMonkey Engine u Ogre3D B ToM, 4TO OCHOBOM MEpPBO-
'O ABJISIETCS SI3bIK TpOrpaMmMupoBanus Java, a Broporo — C++.

C++ coxpansieT coBMecTUMOCTb ¢ C, HACKOJIBKO 3TO BO3MOXKHO. Java coxpa-
HseT BHewHee nogobue C u C++, HO B IEHCTBUTEIBHOCTH OTJIMYAETCSI OT HUX. U3
A3bIKa yJIaJI€HO OOJIBIIIOE YHCIIO CUHTAKCUYECKUX CPEJCTB, OOBABICHHBIX HEOOs3a-
TelabHBIMU. B pesynbTaTe nporpammel Ha Java ObiBalOT 0o0Jjiee TPOMO3JIKH O CPaB-
HEHUIO ¢ ux aHaioramu Ha C++. COopuuk Mycopa Java tpedyeTr CUCTEMHBIX pe-
CYpCOB, YTO CHUXAaeT 3(h(PEKTUBHOCTH BBINOJIHEHUS MPOTPaMM, JIMIIAET MPOrpam-
Mbl Ha Java eTepMUHUPOBAHHOCTU BBIMIOJHEHHUS U CIIOCOOEH CJIEAMTHh TOJIBKO 3a
namsATbio. C++ MO3BOJISET KUCIONB30BATh MPUHLHKII «3aXBaT PECYPCOB IIyTEM HHU-
muamu3anum» (RAIN), mpu koTopoM pecypchl acCOIMUPOBAHBI ¢ 0OBEKTOM U aBTO-
MaTU4eCKH OCBOOOMKIAIOTCS MPH pa3pylIeHUU oObekTa (Hampumep, Std::vector u
std::ifstream). B Java ects 4eTko oOIpeaeiIeHHbIC CTaHAApThl Ha BBOA-BBIBOJ, I'pa-
¢buKy, reOMETpHIO, IUAJIOT, JOCTYII K 6a3aM JTaHHBIX U IPOYUM THUIIOBBIM IPHUIIONKE-
HusiM. C++ B 3TOM OoTHOIIIEHUHU Ooiiee cBoOOAeH. Bee BhilenepedncieHHoe 3acTaB-
JISIeT OCTAaHOBUTDH BHIOOP HA JABUKKE, HATMCAHHOM Ha si3bike C++.

Ogre3D o6sagaeT OOMMUPHBIMU BO3MOXKHOCTSIMHU, MPOCTOTON NpPUMEHEHUS,
HOJIZICPKKOM MIMPOKOro BbIOOpa (haioBbIX (QOpMATOB, MPOABUHYTON CHCTEMOI
YacTUL] ¥ MHOTMM JpyruMm. JIBmwxkok mnpeacraBiasieT co00H  0OBEKTHO-
OpUEHTHUPOBAHHBIN (PEHMBOPK, KOTOPHIN BKIIOYAET BCE YACTH Ipoliecca peHe-
puHra B o0bekTHONH Mozaenu. C 00beKTHO-OPUEHTUPOBAHHBIM OJIXOJIOM K pEHJie-
PUHTY T€OMETPUU HEOOXOJUMOCTh BO B3aMMOJICHCTBUM C HEW HANPAMYIO COBEp-
neHHo otnagaer. Taxke Ogre He TpeOyeT 3HaHMI MOJTHOW CBOEU apXUTEKTYpPHI.
Tak, Hanpumep, Ajg pa3pabOTKU MPOCTOr0 MPUIIOKEHHUsT A0CTaTO4YHO 3HaTh Ogre
NOBEPXHOCTHO. Jyis MaHUMynAuMu oObEKTaMU B OMOJIMOTEKE HCIMOJB3YIOTCS WH-
TYUTHUBHO MOHITHBIE METO/IBI, B 0TiIHuue 0T 00sryHOT0 3D API, B KOTOpOM, Hampu-
Mep, U BpalieHus: 00beKTa BaM HYXKHO TOOWUTHCS MPaBUILHON TpaHChOpMaIuu
MaTpHIIbl, BMECTO IPOCTO BBI30BA METOJAA C YKA3aHUEM OCH BpPAILCHMS U I'PayCOB
(panuan).

Cnucok Bo3mokHocTelt Ogre3D oyeHb BENMK, MU PETYISPHO TOMOIHSAETCS
HOBBIMH (peiiMBOpKaMH, KilaccamMu M MeTonaMmu. [[onaHbIi nepeyeHb cpeicTB, Uc-
NOJIb3yEMBIX B JIAHHOM JIBMDKKE, IIEPEUMCIICH Ha OpUIMATIBLHOM caiite [2].

Pa3paboTky BU3yanuzatopa Ha si3bIK€ BBICOKOTO ypoBHsI C++ MOXKHO BECTU B
Visual Studio. /lannas cpena obiianaet moHo# coBmectumocthio ¢ SDK Ogre.

B3aumopeiicTBue mosib30BaTeis U MpOrpaMMbl HEOOXOJIUMO CAeNaTh MUHU-
MaJbHBIM. Tako# BBIBOJI apTyMEHTHPYETCSl TpeOyeMOl MPOCTOTON MCTIOIb30BAHMUS.
BuszyanuzaTop airopuTMOB COPTUPOBKHU IUTAHUPYETCS MPUMEHSTH B MEPBYIO Oye-
peas B yueOHbIX nensx. CriemoBarenbHO, MHTEpdENHC NporpaMMbl JIOJDKEH OBITh
JIETKUM M HEHA30MJIMBBIM, MPOCTHIM B IMOHMMAHUHU, a TAKKE€ UMETh BO3MOKHOCTH
M0JIb30BATEILCKOTO BBOJAA JAHHBIX /Ui HArJAJHON BHU3yalM3aluud B peajbHOM
Bpemenn. OcHOBHas paboTa MPUIIOKEHUS 3aKITIOYACTCS B CICAYIOLIEM:




1) [Tosp30BareNp 3aqaeT MOCICIOBATEIBHOCTh YMCET M BBHIOMPACT HY)KHBIN
aJITOPUTM 4epe3 Mmosb3oBarenbekuiit maTepdeiic (User Interface, cokp. Ul).

2) YpaBieHue nepeaacTcss MeHekepy copTupoBok (Sort Manager), 3amada
KOTOPOT'O 3aKJIF0YaeTCs B IPOrpaMMHOM BbIOOpe anroputMa (SOrt) u pacmnpeneneHun
HIOCJICIOBATEILHOCTEH B cOCTOsIHUS (States).

3) Menemkep copTUpoBOK (popMmupyeT HadaabHOe coctosiaue (Intitial state) u
3aIyCKaeT BhIOPAHHBIN aJITOPUTM COPTHUPOBKH.

4)Tlocne OKOHYAHHS COPTHPOBKH 3aOMHUHACTCS MOCJCIHEEe COCTOSHHUE
(Result state).

Cxema paboThl IPUIIOKEHUS U300pakeHa Ha pUCyHKe 1.

Puc. 1. Cmpykmypuas cxema pabomwl npunodicenus

[Ipunoxenue Oyner pazpadboTaHO C MPUMEHEHHEM MATTEPHOB MPOEKTUPOBA-
Hus [3]:

e |terator — nnst moctymna K KOJUIGKIIMM MAacCHUBOB, MPECTABIISIONIUX COOOM
MPOMEKYTOUHBIE PE3YIbTAThl pa0OTHI AITOPUTMA COPTUPOBKH;

e Singleton — st obecneyeHus riI00aTBFHOTO TOCTYIA K IK3EMIUIPY Kilacca
SortManager;

o Listener — mus opraHm3aii OOMeHa JAHHBIMH W COOOIICHUSMH MEXITY
KOMITOHEHTaMU TIPHIIOKCHHUS.

OtobOpakeHue ynceln OyJeT peaarn30BaHO ¢ MOMOIIBI KyOMYeCKUX 00BEKTOB
(class Cube). [Tons3oBaTens, BBOAS TpeOYEMYIO MOCICIOBATEIBHOCTh, 331aCT JIJTH-
Hy 3THX 00BbekTOB. [yinHa 3anuceiBacTcs B mose value kimacca Cube. Tem cambim
BU3yaIbHO KyObl OyayT oTinuarhcsi. CyliecTByeT BO3MOXKHOCTH M300pa)xaTh Ha
MJIOCKOCTH TPEXMEpHbIE KyObl OJIMHAKOBOI'O pa3Mepa ¢ 0ToOpakaeMbIMHU YHCIIaMHU
Ha (ppoHTanmbHON YacTu. OJHAKO TAaKOH CIIOCOO BH3yallbHO BOCIPHUHUMAETCS XYXKe,
HEXEIH, TIepeABMKCHIE O0BEKTOB Pa3HOM JJTUHEI.

J1J1st TOJTHOLIEHHO!M paboThl 00YYAIOIIETO TPEXMEPHOTO BH3yalln3aToOpa ajiro-
PUTMOB COPTHPOBKH OJIHOTO TMOJB30BATEIHCKOTO BHIOOPA U AHUMHUPOBAHHOTO aJIr0-
puTMa HenocTaTouHO. COCTOSHUS PACTIOIOKEHUS YUCEN B ONPECICHHBIA MOMEHT,
OyIb TO HaYaJbHOE MOJIOKEHUE, KOHEYHBIM pe3yJbTaT WM IOCIEI0BATEIbHOCTD
YyHUCeN CIYCTS HEKOTOPOE BpEMsl MOCJE 3allycka BU3yallM3aTropa, Tpedyercs 3amo-
MUHATh. 3a TOJ00HBIE BOMPOCHI OYyAYyT OTBEUATh CICAYIOIIUE IK3EMILISIPhI Kiacca



SortManager: Initial (HauanpHbId mOpsimok  uumcen), Result (koHeuHbli) wu
Intermediate (mopsa0k yucel B onpeieIeHHbI MOMEHT BBITIOJTHEHUSI COPTHPOBKH).

JIiist pacimmpeHnst BO3MOKHOCTEH M YIIYUIICHHS BU3YyaIbHOCTH pabOThI ajiro-
pUTMa TUIAHUPYETCS TOOABUTH MOIIATOBOE BBHIMIOJHEHHWE COPTUPOBKHU MOJIB30BATE-
aem. Takas criocOOHOCTh MPHIJIOKEHUS TTO3BOJISIET HATIIAIHO TOKA3aTh ONpPEICIICH-
HbI€ MOMEHTBI Pa0OTHI AJITOPUTMA, OCTAHOBUTD B3IJISII HA HEKOTOPOM IIare BBIMOJI-
HEHUs1 COPTUPOBKU. Bee 310 1006aBIisieT BO3MOXKHOCTD JJI1 YTOUHEHHS KaKOT0-JIM00
MOMEHTa aNTOpUTMa, HAauOOJBIIET0 paccka3a 00 OCTAHOBMBIIEMCS IIare, a TaKkKe
TSl IOJpOOHOIr0 MOIIAroBOr0 MCCIEN0BaHUs padOThl BEIOPAHHOTO paHee crocoda
COPTHUPOBKH.

B uenom paspabarbiBaeMoe MPUIOKEHUE B MEPBYIO OUepeb SIBIsieTCS 00y-
Yaromei mporpaMMoi Ui CTyICHTOB, YYaIIUXCs TI0 HAIMPaBJICHUIO TPOTrPaMMUPO-
BaHUs. Takke OHO MOKET OBITh MCIIOJIB30BAHO ISl IKOJILHUKOB, HHTEPECYIOITUXCS
IPOrpaMMHUPOBAHKUEM, CTYJIEHTOB, UHTepecyromuxcs | T-chepoit, a Takxke sBIgeTCS
TIOJIC3HOM «IIIMaprajkoi» MpernoaBaTelis B chepe mporpaMMHUpOBaHUSI.
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ITAPAJVIEJIBHBIE AJI'OPUTMbI
JIJI1 ABTOPMATU3UPOBAHHOM JUCHETYEPU3ALIUU
CYJOIPOITY CKA HLIIO30BAHHOMN CUCTEMBbI

B.A. Ky3neuyos

Hayunwiii pykosooumenv A.H. E2opoe, kano. mexu. Hayk, 0oyeHm
['ocynapcTBeHHBIN YHUBEPCUTET MOPCKOTO U peyHOro (prroTa
uMenn aamupana C.0O. MakapoBa

r. Cankr-IlerepOypr

Ha BHyTpeHHMX BOAHBIX NIyTsaX Poccuu, SBIAIOMUXCSA YaCThIO €IMHOU
TPAHCIIOPTHOM CUCTEMBI, HacuuThIBaeTcs 6osee 150 10308, OONBIIMHCTBO U3 KO-
TOPBIX HMHTETPUPOBAHBI B IUIO30BaHHBIC CHCTEMbI (ILUTFO30BAHHBIC CYJOXOIHBIC
kaHaiel — ICK), kpynmHEWmMMH TpeAICcTaBUTENSIMU KOTOPBIX SIBISIIOTCS Boiro-
banniicknii Bogneiit [1yte u Bonro-/lonckon Cynoxoansiii Kanair.



OrpanudyenHocts npomyckHoit cnocoOHoctu IICK sBnsieTcs cepbE3HBIM
«TOPMO30M» JalbHEWIeH HHTeHCU(UKAIIMKU TPAaHCTIOPTHOTO mpouecca. OIHUM U3
BO3MOKHBIX PEIICHUN MPOOJIEMBI SIBISIETCSI CTPOUTENIBCTBO MapaICIbHBIX «HUTOK
COOPYXKEHHM, TpeOYIOIIEro 3HAYUTEIbHBIX WHBECTULUH, TPYAOBBIX PECYPCOB U
BpeMeHU. B cBs3u ¢ 3TUM Oosiee MpeArnoYTUTEIbHBIM BapUAHTOM BBICTYNAIOT Me-
ponpUsTHs TO aBTOMATU3AlMM M, KaK CJEJACTBUE, ONTHUMHU3ALUU OINEPATUBHOIO
VOPABJICHUS CYJIONPOIIYCKOM, CIOCOOHBIE YBEIUYUTh 3(OPEKTUBHOCTH PabOThHI
HICK mo 15-20% [1].

B pamkax npoOseMbl aBTOMaTu3alMi BOIPOCHl OMEPATUBHOIO AUCIIETYEp-
CKOI'O YIPaBJIEHUS PELIEHBI HE MOJHOCTBIO, B PE3YyJIbTaTE HA IPAKTUKE IIPEBAIHPY-
IOT IBPUCTHUYECKUE METONbI. Tak, B padote [2] mpencTaBieHbl TEOPETHUECKUE U Me-
TOJMYECKHE OCHOBBI, IMO3BOJSIOIINAE PEaJn30BaTh aBTOMATU3UPOBAHHYIO JUCIIET-
Yepu3alnio CyAOIpPOIyCKa B peaibHOM MaclliTabe BpeMEHHU, KOHEUHOM LENbI0 KO-
TOpoU siBysieTcsl pacnucanue (rpaduk MPOBOJAKU CyaoB). s 3Toro HeoOXoauMa
umuTaimonHo-ynpasisomas cucrema (MY C) HICK, Bxitouarorias B CBOeM cOCTa-
BE€ MMHUTALMOHHYI0 Mozenb QpyHkuuoHupoBanus HICK, ocymiecTBisionyo rese-
paluIo T0MyCTUMBIX BAPUAHTOB YIPABJICHUS U UMUTALMOHHOE MOJIEIUPOBAHUE TO-
BEJICHUSI CUCTEMBI IIPH MPUHATUU 3TUX BapuaHTOB. OJTHAKO A0 HACTOAILErO Bpeme-
HU MOAOOHBIX CHCTEM, pabOTaIONINX B peajJbHOM MaciuTtade BpEMEHH, HEe CO3/IaHO.
D10 00yClIaBIMBAETCS TEM, YTO, HECMOTPSI HA MOCTOSIHHBIA POCT BBIYUCIUTEIHLHOMN
MOIIIHOCTH U(POBON TEXHUKH, a TaK¥KEe COBEPIICHCTBOBaHUA |P-ceTeBbiXx TexHO-
JIOTUH U KOMMYHHUKAIIMOHHOTO 000PY1I0BaHUS, MPOU3BOIUTEIHLHOCTH YaCcTO HE XBa-
TaeT I MOJYyYEHHUs pe3yJbTaTOB B paMKaxX TpeOyeMbIX BPEMEHHBIX IpaHull. EnuH-
CTBEHHBIM BO3MOXHBIM BBIXOJIOM M3 3TOW CUTYyallUU SIBJISIETCS co3gaHue Oosee d¢-
(EeKTHBHBIX aJTOPUTMOB U TEXHOJIOTHI IO 00pabOTKe OOIBIINX MAaCCUBOB JTAHHBIX.
B s10it o6macti ogHUM U3 HanOoJiee aKTyalbHBIX U MEPCHEKTUBHBIX HAMPaBICHUIMA
SBJISIETCA paclapaiyieIMBaHUE BBIYUCIUTEIBHOTO MIPOIiecca, OpraHu3anus KOTOPOro
MPEICTaBIACT CO00 BAXKHYIO CaAaMOCTOATEIBHYIO MPOOJieMy, YTO OOYCIIaBIMBAET
HaJIMYKe MHOECTBA MOIX0/I0B JUIsl €€ peann3aluu.

Cpenu mpouynx, OTHOCUTEILHO HOBBIM, HO MHOTOOOEIIAIOIIUM SIBISIETCS TEX-
HOJIOTHSI MCHOJIb30BaHUS PECYpPCOB rpauyecKux BUJICOKApPT AJI PEIICHUs 3a1ad
obmero nasHauennss GPGPU (General-purpose graphics processing units — GPU
00IIIer0 Ha3HAYCHUS).

Ha cerogusmHnii neHb AOCTYNEH IIMPOKUU CIIMCOK CPEACTB peanu3aluu
GPGPU. K HuM oTHOCSTCS: TUIaTGOPMBI OPUEHTUPOBAHHBIE HA pabOTy C KOHKPET-
HeiM THIIOM ycTporictBa CUDA ot NVIDIA u AMD FireStream, a Tak xe TexHO-
Joruu 00O0OIIAIINE PeaNn3alyIo ISl BBIMOJHEHUSI HA HEKOTOPOM CIEKTpE YCT-
poiictB OpenCL, OpenACC, C++ AMP, DirectCompute u ap. HanGomnee momyJisip-
HeiMu sBisroTess OpenCL u CUDA [3]. Oxnako, Kak IpaBHIO, YHHUBEPCAIbHBIC
TEXHOJIOTUH MeHee A(PPEKTUBHBI OTHOCUTENBHO Y3KOHAIPaBJIEHHBIX, T.K. HE HC-
MOJIB3YIOT BCEX OCOOCHHOCTEHN KaXKI0ro TUIA yCTPOUCTB. Tak peanu3aiusi Ha OCHO-
Be OpenCL B cpennem Ha 13% menee s dektuBHa oTHOCHTe bHO CUDA [4].



O6paboTka rpaduku xapakTepu3yeTcs BBIIIOJIHEHUEM OJHOTHUIHBIX JEHCT-
B HAa MHOXECTBEHHOM O0BEME NMaHHBIX. [IpOM3BOAMTENHHOCTh MOJOOHBIX BHI-
YUCJICHUM HAMPSMYIO 3aBHCHT OT KOJIMYECTBA OJHOBPEMEHHO BBITOHICMBIX I0-
ToKOB. [ToaTomy apxutekrypa GPU mocTtpoena takum oO6pa3om, 4ToObl obecreun-
BaTh MaKCUMAaJIbHO d(P(EKTUBHYIO pabOTy C MHOXKECTBOM MapaJiIeNIbHBIX MTOTOKOB,
UCYHCIISIEMBIX HECKOJBKUMHU ThICSYaMH, IPU MPOBEICHUH PACUETOB. Y YUTHIBAS TOT
¢dakT, 4YTO B HACTOsIIEE BpEeMs MEPCOHAIbHBIA KOMIIBIOTEP MOXKET UMETh B KOM-
IJIeKTEe 10 / BUJIEOKAPT, 3 (PEKTUBHOCTh UX MPUMEHEHHS NIPU pacnapajijieIMBaHuU
BBIUMCJICHU HE BBI3BIBAET COMHEHUM.

Onnako 0coOCHHOCTH (PYHKITMOHUPOBAHMS BUICOAAANTEPOB HAKIIAABIBAIOT 1
OTpaHWYCHHS HAa BBIYHCIUTEIBHBIN Tporiecc. B pesynbpTaTe MpOW3BOAUTEIHLHOCTH
peann3yeMbIX aJrOPUTMOB HAIIPSIMYIO 3aBUCHUT OT €T0 MPaBHJIBHOW OpraHu3aiuu. B
POTHUBHOM city4ae d()pPEKTUBHOCTh UX BBITIOJHEHUS MOXKET OBITh Ja)Ke HIDKE, 4YeM
npu ucnonbzoBanuu CPU.

PaccmoTpum ocHOBHBIE pUHITUTIEI paboThl BUAcokapT komnanun NVIDIA u
BO3MOXKHOCTH npenoctasisiemble iaTdopmoit CUDA mis peanmzanuun GPGPU.

Buneoanantep BKIrOYaeT B ceOsl HECKOJIBKO MYJIbTHIIPOIIECCOPOB, KOJTHUECT-
BO KOTOPBIX 3aBUCUT OT MOJEIU BUICOKAPTHI, U BCTPOCHHYIO OMNEPATUBHYIO Ma-
MSITh, 00J1a/Ia0IyI0 MHOTOYPOBHEBOM crucTemoii. CymiecTByeT 6 TUIOB MaMsTH OT-
JMYHBIX 110 00BbEMY, CKOPOCTH YTCHHUA/3AIUCH, PACTIONIOKEHUIO U HATMUHUEM K3Ila
[5]. Hanboee MeIeHHBIMU, HO UMEIOIIUMU OOJIBIIHI 00BEM, SIBIAIOTCS T7100ajIhb-
Hasl, TEKCTypHas, KOHCTaHTHas U JIOKAJIbHAsi maMATH. TeKCTypHas U KOHCTaHTHas
namMsATh 00JaaroT KAUIEM, YTO MOBbIIAET 3(PPEKTUBHOCT paboThl ¢ HUMHU. Kam
naMsTh, a TaK )K€ PETUCTPOBas U pazjensemMas, 00Jagaroe caMoi BBICOKOM Tpo-
MYCKHOW CIOCOOHOCTHIO, HO HAaMMEHBIIUM OOBEMOM, PACHOIaraloTcsi B KaKIOM
MYJIBTUIIPOLIECCOPE.

GPU He umMeeTr oCTyma K OMEPaTUBHON MaMITH KOMIIBIOTEpA, MO3TOMY Tie-
pea HayajoM BBIYMCIEHUN TpeOyeTcsl CKOMMMPOBATh HEOOXOIUMYIO0 HH(GOPMAITHIO B
naMsTh YCTPOUCTBA.

Pacuétet Ha GPU ocymiecTBisItOTCS ¢ MOMOUIBIO BBIYMCIUTENBHOTO SApa
(kernel). Ilpu 3amycke kernel 3amarorcs mapameTpsl uisi JOPMHPOBAHUS MTOTOKOB,
COBOKYITHOCTB KOTOPBIX JieiuThes Ha Ooku (block), oobequnénnnix B cTeky (grid).
Kernel comepxut onepaTopsl, BHIIOIHSAEMBIC I KXKIOTO U3 WHUIHATHM3UPOBAH-
HBIX TTOTOKOB.

[Tocne 3amycka BRIYMCIUTENBHOTO Spa TUIAHUPOBIITUK MOTOKOB paCIIpeIeis-
eT uX OJIOKaMU MEXy MYJIbTHUIIPOIIECCOPAMU, KAK/IBI U3 KOTOPBIX MOXKET OJIHO-
BpEMEHHO 00palaThiBaTh HECKOJIbKO 0JI0KOB. Kak TOnbKO BBhIUMCIEHHE Oi0Ka 3a-
BEPIICHO IUJIAHUPOBIIMK OTIPABIISIET HA pElICHUE CIeAYIOImU OJI0OK Ha OCBOOO-
nuBLIMics MmyiabTunpoueccop. B mepBbix Bepcusix CUDA onHOBpeMEHHO MOTIu
BBITIOTHITHCS] TOJIBKO OJIOKM OJTHOM CETKH U COOTBETCTBEHHO TOJBKO OJHO BBIUHC-
autensHoe sSApo. HaumHas co BTOpoil Bepcuw, MOSBUIACH BO3MOXKHOCTH Iapall-
JICNIbHOM 00paboTKK HecKoIbKuxX Kernel.




bnaronaps pazaensiemoil maMsTH NOTOKA BHYTPHU OJI0Ka UMEIOT BO3MOKHOCTh
B3aMMOJIEHCTBOBATH JAPYT € JApyrom. Cieayer 3aMeTUTh, YTO B3aUMOJECHCTBHE Me-
KTy IOTOKaMU Pa3InYHBIX OJJOKOB HCKIIFOUEHO, T.K. HEJIb3sI 3apaHee ONnpeAeTuTh Ha
KaKOM MYJIbTUIIpOLeccOope OyAeT BBINOIHEH TOT UM UHOM OJIOK.

PeructpoBast u paznensiemas naMsATH MYJIBTHIIPOLECCOPA PACIPEIAEISIOTCS
MEX1y OTOKaMH, 00pabaThIBaEMOro B JIAHHBIH MOMEHT OJioka (wim Oiokos). [Tpu
BBIYHCIICHUY JUTS BCEX BHYTPCHHUX MEPEMECHHBIX, 00BsIBIICHHBIX B Kernel, mo ymos-
YaHUIO UCIIOJIB3YETCS PETUCTpOBas naMsATh. B ciiyyae €€ HEeXBaTKU 3aJCHCTBYETCS
Oosiee MeyIeHHAas JIOKalbHAas MaMsTh, 4Ero cieayeT u3deratb. Bo3MoxXxHbIMU BapH-
aHTaM¥ PEIIeHUs 3TOM MPoOIeMBbI ABISAIOTCS. Bo-IepBBIX, TEKOMITO3HIIMS aIrOpUT-
Ma, peasin3oBaHHOTO B Kernel, Ha moa3anaun, KOTopbie TPEOYIOT MEHBIIETO 00bEMA
naMsATH IpU BBIYUCICHUSX. BO-BTOPBIX, yMEHbIIEHHE KOJUYECTBA TIOTOKOB B OJIOKE
YBEIUYHUT pa3Mep NOCTYIHOM I HUX NaMATH, OJHAKO CHHU3UT MPHUPOCT MPOU3BO-
JUTEIBHOCTH OT MapajljieIbHON 00paOOTKHM NaHHBIX. B-TpeTbux, npuMeHeHue pas-
JIeJIIeMON MaMsITH B KauecTBE IPOrpaMMHUPYEMOro K3Ila MOYKET YMEHBLIUTH I10-
TpebsieHne perucTpoBoi. Bo3mMokHOCTh U 3PPEKTUBHOCTh TPUMEHEHUSI TOTO WUIIU
MHOTO METO/1a 3aBUCUT OT KOHKPETHOM 3aJ1auH.

O06paboTKka MOTOKOB BHYTPU MYJIBTHIIPOIIECCOPA OCYIIECTBISETCS BapraMu
(warp). Warp coumepkut 32 moToka, 03TOMY pa3MEepHOCTh OJIOKOB PEKOMEHTYETCS
OIpeeNaTh KpaTHOW 32. 3a KaXKblil TaKT MYJIbTHIPOIIECCOP BHIIOJIHSAET OJAUH Ha-
00p MHCTPYKLMH /I BCEX MOTOKOB MPOU3BOJILHOTO Warp-a.

[Tocne 3aBepiieHUs BBIYUCIEHUN HEOOXOAMMO CKONMPOBATh PE3YyJbTaT U3
MaMATH YCTPOWCTBA U OUUCTUTH €€.

MOIHOCTh BBIYUCIUTENBHOW TEXHUKH HAKJIAbIBAET CYIIECTBEHHbIE OrPAHU-
YeHUs I peaM3ali aBTOMATU3UPOBAHHOW AMCHETYEPU3ALMH CYAOIPOITyCKa
ICK B peanmbHOM Macmitabe BpemeHu. Ho ¢ pa3BuUTHEM METOJOB IMapajliedbHON
00pabOTKH JaHHBIX, pelIeHHE €€ U APYTUX TPYAOEMKHUX 3a]1ad, CTAJIO0 BO3MOKHBIM.

HecoMHEHHO, POU3BONUTEIBHOCTh BUACOAIANTEPOB BBICOKA, HO M3-3a CIIE-
UMUK apXUTEKTYphl, HECKOJbKO, orpaHuueHa. Hanbonee BaxkHbIMM (hakTOpamu
IUI TOCTH>KEHUSI MaKCUMaJIbHOM 3()()EeKTUBHOCTHU NP peasin3aluy 3a4ad ¢ IpruMe-
Hennem texnonoruu GPGPU sBaistorcs: onTumu3aius paboTsl ¢ MaMAThIO YCTPOK-
CTBa U IPAaBWJIbHAS OpraHU3alusl IOTOKOB BBIOJIHEHHUS.

1. EropoB A. H. PacnapamienuBanue BbIYMCIECHUN JI ONTHUMH3ALUU Ollepa-
THUBHOTO  YIPABJICHHUS TPAHCIIOPTHBIM KOHBEHEPOM IILIFO30BAHHON CHCTEMBI [
A. H. Eropos, B. A. Ky3nenos // Bectauk ["'ocy1apcTBeHHOT0 yHHUBEPCHTETa MOP-
ckoro u peudoro ¢iota umenu aamupana C. O. Makaposa — CI16.: 'YMP® umenu
anmupana C. O. Makaposa. — 2016. — Ne 2 (36). — C. 214-224.

2. bytoB A. C. TpaHCHOPTHBIC CHUCTEMBI. MOJCIMPOBAHKE U yIpaBieHue /
A. C. byros, . B. T'ackapoB, A. H. EropoB [u ap.] // mon obm. pen. mpod.
A. C. Byrosa — CII6.: Cygoctpoenue. —2001. — 552 c.



3. Kiumo M.U. D¢ dexTuBHbI NapajiiesbHbId pacueT 3ajJad MEXaHUKU
CIUIOIIIHOK Cpeapl Ui cucTeM ruOpuaHoi apxurekryp / M.U. Kiuwmos,
N.C. Mensbmos // Hayunsriiit Bectauk MI'TY T'A —M. MI'TY T'A. —2012. — Ne 194.
—C. 31-39.

4. bornanoB A.B. TectupoBanue OpenCL Ha pa3HbIX Tuiatrgopmax u cpaBHe-
uue ero ¢ CUDA, GLSL u OpenMP / A.B. bornanos, [1es Con Ko Ko, Uxo 3a //
Tpyner XIX Bcepoccuiickoit HaydyHO-MeTOAUYECKOW KOH(pepeHuu «Tenemaruka
2012» — CI16: U”TMO. —2012. - T. 1. — C. 337-340.

5. A. M. KazéunoB. OcnoBsl TexHojoruu CUDA // KommbrotepHsie ncciie-
JIOBaHUSA U MojeinpoBaHue — MkeBck: MHCTUTYT KOMIBIOTEPHBIX HCCIIEIOBAHUN

(MKH) — 2010. — T. 2, Ne 3. — C. 295-308.

PA3BPABOTKA MHHOBAIIMOHHOM CUCTEMBbI
HOJJAEPKKHU NPUHATUS PEHIEHUA
JIJIS1 YIIPABJIEHUSI ABTOMATU3UPOBAHHOM TEILIUIIBI

I'.B. Jlanwakoe

Hayunwiii pykosooumens B.@. lllypwee, 0-p mexu. nayk, npogeccop
AcTpaxaHCKul TOCY/1IapCTBEHHBIN TEXHUYECKUN YHUBEPCUTET

r. ACTpaxaHb

BBenenue

N3meHenust kiaumata, HaOJI0JaeMbIe B MOCJIEIHHUE TOJIbl, XapaKTEPHU3YIOTCS
HETUIIMYHBIMHA JUIS BCEX KIMMATHYECKUX MOSCOB aHOoManusMu. HepaBHomepHOE
BBIIIAJICHUE OCAJKOB — HABOJHEHHs M HECKOHYAEMBbIC JINBHU B OJHUX PETMOHAX U
HeObIBajias 3acyxa B JpYrHX, IPUBEJIO K TOMY, YTO MHOTHE CTPaHbl B HACTOSLIMI
MOMEHT UCHBITHIBAIOT OCTPYIO HEOOXOIMMOCTh B UMIIOPTE MPOAYKTOB TUTAHMUS.

C KaXIbIM TOJIOM B TEIUIMYHBIX MPEANPUATHIX BCE OOJbIlIEE BHUMAHUE Ye-
JsIeTCsl KaueCTBEHHOMY IOJAJIEP)KaHUI0 MUKpokiaumara. [lpaBuibHO BblOpaHHas
TEXHOJIOTUS MOAAEPKAHUSA MUKPOKIMMATA — OJIHA U3 BAXKHEHIINX COCTABJISIOLINX,
MTO3BOJIAIOLIUX [TOBBICUTH YPOXKAUHOCTb.

YuuTeIBasg TEKYILIyI0 CUTYallMIO B MEKIyHAapOJHBIX OTHOWIEHUAX, Poccus B
NOCJIETHUE TOJIbI IETAET CTAaBKY HA UMIIOPTO3AMEIIEHHE — BHEIPEHUE COOCTBEHHBIX
TEXHOJIOTHI BMecTO 3apyOexHbix. Cama 1o cebe cTparervss UMIOPTO3aMEeLCHUS
OIIMPACTCA HA Pa3BUTUE BCErO IPOU3BOJCTBA, MOBBIIICHUE KAaYECTBA IPOU3BOAUMO-
ro TOBapa, BHEIPCHUE MEPEIOBBIX HAYKOEMKHX TEXHOJIOTH [5; 6].

CymiecTByroniye aBTOMaTU3UPOBAHHBIE CUCTEMBI YIIPABJICHHUSI MUKPOKIMMA-
TOM HYKJIAIOTCA B MOCTOSIHHOM NIPUCYTCTBUH CIIEHHAINCTA, KOTOPBIA NMPUHUMAET
pelIeHrsT Ha OCHOBAaHWM JIaHHBIX, ITOJYYa€MbIX C JATYMKOB. B cBsA3M C TeMm, 4TO
4acTO YEJIOBEK HE MOKET OBICTPO MPUHATH HYKHOE PELIEHNE — HE0OX0AuMa CUCTe-
Ma, KOTOpas MOMOXET eMy ¢ BblOOpoM. Iloaromy akTyanbHOW 3amaueidl sBIsSETCS



CO3/laHUE Ha MPEINPUATUN AHATUTHUYECKON MIaT)OPMBbI, KOTOPasl MO3BOJIUT CKOM-
MIOHOBATh M aHAJIM3UPOBATH JAaHHBIC, & HA X OCHOBE YEJIOBEK OyJEeT MPUHUMATH pe-
LICHUE, WIH, IPU OTCYTCTBUU YEJIOBEKA, CHCTEMA CMOYKET CaMOCTOSITEJIbHO IPUHU-
MaTh perieHust 11t 3QPEKTUBHOTO YIIPABICHUS TPEITPUITHEM.

O030p cymecTBYHOIHUX CHCTEM M0 YIIPABJIEHNUI) MUKPOKJIUMATOM TeIIHIbI
U KOHTPOJIIO COCTOSIHUS PACTEHH I

CyliecTByeT HEMaJIO CUCTEM IIEHTPAITIU30BAHHOTO YIIPABICHUS MUKPOKIUMA-
TOM B TMPOMBIIUJICHHBIX TEIUIALAX, MPUHAIEKANUX KAK OTEYECTBEHHBIM paspa-
O0O0TUMKaM, TaK U 3apyOEIKHBIM.

Campble COBpeMEHHBIC U TTPO(PECCHOHATBHBIE CUCTEMBI XapaKTEPU3YIOTCS Ta-
KUMU ITapaMeTPaAMMU:

— o0ecrneyuBaroT B TEIUIUIE KOHTPOJIb OTOIUICHUS, BEHTHIISIIIUU, OXJIaXK/Ie-
Hus, ypoBHs: CO2, mupKyIsauu BO3/1yXa, JOTMOIHUTEIBHOTO OCBEIIEHUs, 00padboT-
KM paCTCHUN XMMUKaTaMU;

— YOPaBISIIOT 3KpaHAMH U 3aTEHEHHEM, YBIAXXHEHHEM BO31yXa, CUCTEMOM
OYMCTKU KPBIIIH, TOPEIKaMU OTOMHUTEIBHBIX KOTJIOB, OPOIICHUEM, Je3uH]eKImeit
JTPEHAXHOW BOJBI U PEIUPKYISAIMUEH BOJbI B CUCTEME OpOIIeHHUs, oOecrieunBaeT
U3MEPEHUE MOTOAHBIX YCIOBHM, TeMMEpaTypbl U BIAXHOCTH BHYTPHU TETUIUIIBIL.
COop aHHBIX U MTOCTPOCHUE TPaUKOB MTPOU3BOISATCS C TTOMOIIBIO EPCOHATBHOTO
KOMITBIOTEPA;

— HMEIOT BBICOKYIO THOKOCTh U MAacCIITa0UPyeMOCTh. MOTYT HCIIOIh30BATh-
Csl B JIFOOBIX TEIUIMIIAX, B PA3IMYHBIX KOHPUTyparusax. /s kaxmoro mpoekra co-
CTaBJISICTCS MHIUBUTYJIbHBIA HA0Op anmapaTHOro U MPOTPAMMHOT0 00€CTICUeHNS;

— HMEIOT BBICOKYIO HAJIEKHOCTh, B TOM YHUCJE 00ECIEUMBAEMYIO CUCTEMOM
PE3epBHOTO KOMUPOBaHMS JaHHBIX [8];

VYKpanHCKass KOMITAHUSI «ATPOAHAJIU3» BEIET arpOHOMHYECKOE COMPOBOK-
JIEHUE CEeJIbCKOXO35MCTBEHHBIX NPOEKTOB B Heckoibkux crpaHax. C 2008 rona
KOMIaHUsl UCTOJIb3YET JIsl IOCTOSIHHOTO KOHTPOJISI COCTOSIHUSL PACTeHUIN CTaHIIMU
(UTOMOHUTOPUHTIA IPOU3BOICTBA U3PAMILCKOM KoMimanuu Phytech,

Bakueiinrass o0coOEHHOCTD 3TOM CTaHIMU (B OTJIMYHE OT OOBIYHBIX IU(POBHIX
METCOCTAHIMI) — 3TO KOMIUIEKC JIaTYNKOB OMOMETPHUSCKHX TOKa3aTeliel pacre-
Hul. [ neTanbHOro KOHTPOJIS MCHIOIB3YIOTCS CIIEUAIbHO pa3padOTaHHbBIE JaT-
YUKH pa3Mepa 101, TEMIEpaTyphl JIUCTa, THTEHCUBHOCTU COKOJBHUKEHUS U T.J.

OCHOBHBIMHM HEOCTATKAMH SIBJISFOTCSL:

— OTCYTCTBHE OTEYECTBEHHBIX aHaJOroB. Bce HeoOxoammo oOopynoBaHue
HY>KHO 3aKylaTh y U3rotoBuTens B U3paue

— OTCYTCTBHE HWHTEJUICKTYaJIbHOTO aHalin3a, M3-32 KOTOPOTO HEOOXOAMMO
MOCTOSIHHOE HaJIMYME TEXHUKA-ArpPOHOMA JJIsl YIIPABIICHUS] CUCTEMOMU

Cucrema ympaBleHHsT MHKPOKIMMaToM Terumn cepun FC  xommanuun
«@UTO».



B nonsTHE pexrM MUKpPOKJIMMATA KJIIACCUUYECKU BKIIFOYAETCS YEThIPE MOKa3a-
TEJIA: 3TO TEMIIEpaTypa BO3/1yXa, BIaXKHOCTh, KOJMYECTBO CBETA U YPOBEHb YIJICKH-
cioro rasa. Jyist ynpaBiaeHUs NEPEYUCICHHBIMU MapaMeTpaMu TEeIUIUIB 000pyay-
IOTCS, TaK HA3bIBAEMBIMU, HCIIOJIHUTEIIbHBIMA CUCTEMAaMH. CUCTEMOW OTOIUIECHUS,
BEHTWJISIMHU, JOCBEUMBaHMS, cuctemMon mojgkopMku CO2. Ctporoe mnojiepskaHue
OCHOBHBIX IapaMETPOB MUKPOKIMMATa — 3TO 3aJI0OT BBICOKOW YpPOXKAWHOCTU U OT-
cytcTBUsl OonesHeit pacrennii. Komnanueit «®@UTO» pazpaboranbl KIMMaT KOM-
MBIOTEPHI, KOTOPBIE MOJJICPKUBAIOT HE TOJBKO OCHOBHBIE MOKA3aTEIN MUKPOKJIU-
Mara, HO U TO3BOJISIOT KOHTPOJHMPOBATH YIIOMUHABIIUNCA pacUIMpPEHHBIN HaOOp
nokasareneid. [TpuHIun paboTht:

SnpomM cHCTEMBI SIBISETCS MPOMBIIUICHHBIA KOHTPOJUIEP YIPABJICHHUS, pa3-
paboTanubiii ciermanuctaMu GupMbl «OUTO» crienmanbHO 1 Teruiuil. biaaroma-
Psl COBPEMEHHOM 3JIEMEHTHOM 0a3e U3 aMEePUKAHCKUX M SITTOHCKUX KOMIUIEKTYHOIINX
KOHTPOJUIEPhl UMEIOT BBHICOKUHU MOKa3areiab OecriepeOOMHON U HaJeKHON padOTHI.
[TomumoO KOHTpOJUIEpa, CHCTEMa YIIPABICHUS MHUKPOKIMMATOM BKJIOYAET B CeOs
MOJICUCTEMY U3MEPUTENBHBIX JaTYNKOB, YCTAHOBICHHBIX BHYTPU TETUTUIIHI.

Ho npu BcéM MHCTpyMEHTAapuM NaHHOW CHUCTEMBI, OHA HE SIBJISIETCS UHTEI-
JIEKTYaJIbHOW U HE CIIOCOOHA CaMOCTOATENIbHO MPUHUMATH PEIICHUS: BCE HEO0XO-
JTUMBbIC U3MEHEHUS B pa0OTy CUCTEMBI BHOCHT HEITOCPEICTBEHHO arpOHOM.

K Henocratkam n1aHHOW CUCTEMBI MOKHO OTHECTH:

— OTCYTCTBHME MHTEIUICKTYaJIbHOU COCTABIISIIOIICH

— JIOpOrOBM3HA MOKYIKU U JadbHEUIIEro 00CTy>KUBaHUS

— 3apyOeXHbIe KOMIUIEKTYIOLINE

CrnenyromuM Mo pacnpoCTPAaHEHUIO aHAJIOTOM SIBJISIETCS aBTOMAaTU3UPOBaH-
Has Terumua npoekra «TepmoBenT». /laHHasd cuctema npenycmMaTpuBacT BCE He-
00X0/IMMbI€ TATYUKH VISl OTCISKUBAHUS M OLEHKH TEKYIEH CUTyalluu, HO TeM He
MeHee, OOJBIIMHCTBO MHCTPYMEHTApHUS JAaHHOTO MPOEKTa HACTPAUBACTCS BPYUHYIO
Ha MECTE€ — HE MCIOJB3YETCAd HU JUCTAHIHUOHHOE YIIPABJICHUE CUCTEMOM, HU 3Jie-
MEHTBI IPUHATHUS PEIICHUM.

OOumMM HEIOCTAaTKOM BCEX PACCMOTPEHHBIX CHUCTEM SIBISIETCS OTCYTCTBHUE
WHTEJUICKTYaTbHON COCTABJISIOIICH M HEOOXOJAMMOCTh MOCTOSHHOTO KOHTPOJIS 3a
CHUCTEMOM TEXHUKOM-arpOHOMOM.

BaxxnpiM (hakTOpom mpu pacCMOTPEHUH aHAJIOTOB SIBJISIETCS MX IIEHOBAs Xa-
paKTepUCTUKA, MUHUMAJIbHAs TUIONIAlb OKPBITUS, a TaKKe (QYHKIMOHAIBHBIE BO3-
MOXXHOCTHU. B kaduecTBe OCHOBHBIX (DYHKIIMOHAJIBHBIX BO3MOXKHOCTEW OBLIM BHIOpa-
HBI. yIpaBJI€HUE OTOIUICHUEM, CBETOM, IMOJUBOM; COOp MH(POPMAIIMU O COCTOSHUU
BO3/lyXa U MOYBLI. Pe3ynbTaThl cpaBHEHUS (PYHKIIMOHAIBHBIX BO3MOKHOCTEH TMpU-
BeJIeHbI B Ta0mule 1.




Ta0muna 1
AHa/IM3 aHAJIOT OB
Coop

Bo3moxkHOCTH yHIpaBjIeHUs
Cucrema uHpopmannu

Otonnenue Cger | Ilonus | Bo3nyx | Ilousa
«ArpoaHanu3» - - - + +
«DUTO» + + + + +
«TepmoBenT» - + + + "

BriBoabI

WuTennekTyanbHas CHCTEMa MPEACTABISET COO0M IKCIEPTHYIO CUCTEMY IS
pelieHusl ABYX BHJOB 3aJlady. MOHHUTOPHHI W yImpaBieHHe. 3ajadya MOHHTOPHHTA
pelaeTcs CHATHEM JaHHBIX ¢ JaTYUKOB U KOMILUIEKCA (POTOCHEMKH — MOTyYEeHHBIC
JaHHbIE 00pabaTHIBAIOTCA W HA OCHOBE HHUX, IO 3aJaHHBIM CIICHAPHSIM ITOBEICHUS
CHCTEMBI TIEPEIAlOTCsA B KiIacTep yMpaBieHUSA. 3ajava YIpaBICHHS PeaTr3yeTcs
IPY TIOMOIIM KOMIUIEKCOB ITOJIMBA, OCBEIICHHS U PEryJIMPOBAHUE TEMIIEPATyPHOTO
pexxuma. Takum 00pa3oM, CHCTeMa SIBJISETCS CaMOJOCTATOYHOM, TO €CTh HE Tpe-
OyroIIeH MOCTOSIHHOTO KOHTPOJISE CO CTOPOHBI CIEIUATNCTA-YeIOBeKa — CHCTeMa
ABJISICTCS aBTOHOMHOM. Hu 01Ha U3 pacCCMOTPEHHBIX CHCTEM HE NMEET HHTEJUICKTY-
aJIbHOTO aHau3a [7].

1. Jloxozed Dxapparano, ['apu Paitnmn «DkcmepTHbIE CHCTEMBI: TPUHITUIIBI
pa3paboTku u nporpammupoBanue»: llep. ¢ anri. —M. : U3narenbckuii jom «Busib-
ame», 2006. — 1152 ctp. ¢ .

2.TOCT P 50030.5.1-2005 — AnmapaTypa pachpeeieHus U YIpaBICHUs
HU3KOBOJIbTHASA. YacTh 5. Anmaparbl 1 KOMMYTAIllMOHHBIE JIEMEHTHI IIEeTIeH yIpaBs-
nenus. ['maBa 1. DiekTpoMexaHUYeCKUe anmapaTsl IS [eTnei yIpaBIeHus.

3. I'aBpwitoBa u ap. baspl 3HaHWN UHTCIICKTYaIbHBIX ccTeM // YUueOHMK aiis
By30B. — CIIO0. : [Tutep, 2000.

4. lesstkoB B. B. Cucrembl uckyccTBeHHOro wuHremutekra / I pen.
U. b. ®énopos. — M.: U3n-Bo MI'TY um. H. D. baymana, 2001. — 352 ¢. — (Uu-
dbopmarrka B TexunueckoM yauBepcutete). — 3000 sk3. — ISBN 5-7038-1727-7.

5. Bypko P. A. Ponp umnoprosamenieHuss B 3koHomuke Poccum [Tekcr] /
P. A. Bypko // Monomoii yuensiii. — 2013. — Nell. — C. 301-303.

6. [TocranoBnenue IlpaButensctBa PO ot 19.12.2014 Ne 1421 «O BHeceHUU
M3MEHEHNH B [ 0CynapCTBEHHYIO MPOrpamMMy Pa3BUTHUS CEJIBCKOTO XO3SMCTBA U pe-
TYTHPOBAHUS PHIHKOB CEIbCKOXO3IUCTBEHHONW MPOMYKIIMH, CHIPhS U MPOIOBOJIBCT-
Bus Ha 2013-2020 roxer» // «Cobpanue 3akoHomarenbcTBa PO», Ne 1, gacts |, cT.
221 ot 05.01.2015 1.

7. bu3Hec-I1aH TEIUIMYHOTO X03siCTBa M0 BhIpaluBaHuio opoiieii / Global
Reach Consulting // [Dnekrponnsiii pecypc] / Pexum pocryma: http://www.
globalreach.ru/reports/biznes-plan-teplichnogo-hozyaj stva.html

8. JlykosiHoB O. ABTOMaTHKa JJIsl TCIUIUI] ¥ MApHUKOB (IIOJMB, MPOBETPHUBA-
Hue, ocsenienne, oromieHue) / O. JlykosaoB // [Dnexrponnsiii pecypce] / Pesxkum
nocryna: http://svoitomaty.ru/avtomatika-dlya-teplic



HNPUMEHEHME TEXHOJOI'NMN OBPABOTKH PEYHA
B ABTOMOBWJIbHOM MPOMBIIIJIEHHOCTHA

H.H. Maxkcumoe, H.A. Ocunoe

Hayunwiii pykosooumens H.A. Xpomuyoea, ooyenm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorna

CoBpeMeHHbIE aBTOMOOMIIA CTAHOBSITCSI KyMHEE» C Ka)KJbIM T'OJJOM, OCHAIlla-
SChb HOBBIMH CHCTEMAaMH W PELICHUSIMH, TPU3BAHHBIMU CJI€JaTh BOXKICHHE MaKCH-
MaJbHO 0€30NacHBIM U KOM(POPTHBIM. MHOXKECTBO KHOIIOK U MEpEKIIroUaTeneil Jis
yHOpaBICHUS Pa3IuYHbIMU QYHKIUSIMU aBTOMOOWIIS JeflaeT paboTy BOAUTENEH Ha-
MHOTO OIIaCHEE, IPH MEPEKIIOYEHUH PEKUMOB BOJMUTENIN YaCTO OTBJIEKAIOTCS U U3-
3a 9TOro, CIy4aroTCsl aBapuu U npoucuiecTsusi. Cucrema rojiocoBOro ynpaBJlieHus,
YCTaHOBJIEHHAsl B aBTOMOOWIIE, MTO3BOJISIET BOJUTENO HE TEPSATh BHUMAHUE Ha JO-
pore u 0becneunTh NPOCTOE yIpaBieHHE PYHKIUSAMU aBTOMOOWIISI. DTO MO3BOJIUT
CYILIECTBEHHO 00€30MaCUTh BOJUTENEH U MAaCCaXUPOB TPAHCIOPTHBIX CPEACTB, MO-
BBICUT KOM(OPTAOETbHOCTH AaBTOMOOMIISL M1 OOJICTYHT YIPABJICHUE €T0 OMIUSIMU [2].

K coxalleHHIO Takue CHCTEMbl OYE€Hb JOPOTHE M YCTAHABIMBAKOTCSA TOJIBKO
IPOU3BOJUTENEM U TOJIBKO Ha COBPEMEHHbBIE aBTOMOOWJIHM, a HA aBTOMOOMIISIX OTe-
YECTBEHHOI'O ITPOU3BOICTBA U MHOTMX MHOMApKAaX, BBIMYIIEHHBIX B POILIbIE FO/BI,
HET CHUCTEM YIIpaBiieHHUs (YHKLIUSMH, a YCTAHOBKA TAKUX CHCTEM IIOYTH HE BO3-
MOKHA M3-32 MHOXECTBa (DAKTOPOB, TAKUX KAK OTCYTCTBHUE y aBTOMOOMIIEH OsoKa
YIOPABJICHMs, OTCYTCTBUE Ha PBIHKE MPEMJIOKEHHUI 1o Takoro poaa cucremam. Ilo
nojcuyeram skcrepToB Ha 2016 rox, A0S OTeYeCTBEHHOTrO aBTonpoma B Poccun co-
craBisieT 44,5%. N3 stux 44.5%, npumeprno 1/5 yacte aBTOMOOWIICH BBIMYIICHEI
emte 10 2000x romoB., rje emie He MPUMEHSUTUCh OJIOKU yIIpaBJiIeHUs, U Jaxke ceiidac
3TH CHCTEMbI JAJIEKO I033aJu CBOMX 3apyOeXHbIX KOHKypeHToB. Mcxoxas u3 mo-
TpeOHOCTU M OTCYTCTBMSI Ha PbIHKAaX TaKMX CUCTEM, HaMu Obula pa3paboTaHa coO-
CTBEHHasi MHOTO(QYHKIMOHAJbHAsI CUCTEMA YNPABICHUS OMNLMSIMH aBTOMOOWIIS C
UCIIOJIb30BAHUEM PEUEBBIX TEXHOJIOTHUH.

PaccMmoTpum, Kak MpOMCXOAUT paclo3HaBaHUE. 3BYK — 3TO (PU3UYECKOE SIB-
JIeHHe, Tpe/ICTaBisIonee co00l pacIpoCTpaHEHHE B BUJE YIIPYTUX BOJH MEXaHU-
YecKuX KosieOaHuil B TBEPAOH, KUAKOW MM ra3000pa3Hoit cpeae. OCHOBHBIMU Xa-
pPaKTEepUCTUKAMU 3BYKOBBIX KOJ€OaHUM SBISAIOTCS yacToTa M ammiutyna. [lpu
1 pOBOM 3aMUCH 3ByKa MPOU3BOJUTCS €r0 BPEMEHHAasl AUCKPETU3alus U KBaHTO-
Banue [1]. JIuckpernszanus npeacraBiseT co00il pa30MBKY HENPEPHIBHOW 3BYKOBOW
BOJIHBI HA KOPOTKHE YUYaCTKH, I KaX/I0r0 U3 KOTOPBIX U3MEPSAETCS BEIMYMHA aM-
wnTyael. KBaHTOBaHME 3aKit04yaeTcsl B pa30MEeHUN Iuara3oHa aMIUIMTY]] Ha TOTy-
pPOBHU. 3aTeM KaXXIOMy HW3MEPEHHOMY 3HAUEHHUIO aMIUIMTYbl IPUCBAUBAETCA HO-
Mep MOIYpPOBHS, KOTOPOMY COOTBETCTBYET 3TO 3HaueHHe. To ecTh 3BYK 3aIlMChIBa-
€TCsl B BUJIE MAaCCUBA 3HAYECHUN aMIUIMTY. TeopeTuuecky, MOKHO CpaBHUBATH I1O-



JYYEHHYIO 3alHCh MOAIEMEHTHO C 00pa3loM, TEKCT KOTOpOro yxxe m3BecteH. Ho
TaKOM MOJXO0 COBEPIICHHO HEYCTOMYMB K MaJieiIIeMy U3MEHEHHUIO TeMOpa rojoca,
IPOMKOCTH M CKOPOCTH ITPOU3HOILIECHUS. B peabHON cucTemMe pacro3HaBaHUs MPO-
UCXOAT cleayIoue npeoOpa3zoBaHusi, KOTOPbIE MOXHO IMPEICTaBUTh B BUJE CXe-

—
—

MbI (pucyHok 1).

ey

Puc. 1. Cxema npeobpasosanus peuu

CHavana 3ByK pa3OuBaeTcs Ha HEOOJbIINE BPEMEHHBIE MPOMEXYTKH —
dbpeiiMpl. OnuH Ppeiim — 310 ydacTok jummHOM B 10 MC, Ka)XIblil CIIeIyOIIHi
bpeitm HakaabIBaeTCs Ha mpeabiaymmii ¢ «Haxiuéctom» 50%, Takoe HamoXKEeHHE
MIO3BOJISICT CTIIAJUTh Pe3yIbTaThl aHAN3a. B KauecTBe YNCICHHON XapaKTePUCTUKH
¢dpeiiMa MOKHO HCIIOJIb30BaTh CPEIHUI KBaJpaT €ro 3HAYCHH, HO TaKas XapakTe-
pHUCTHKa HeceT KpaliHe Mano nHpopmanuu. i Mocieayromero anajan3a ucroib-
3ytoTcsi Men-dyactoTHbeie KenctpayibHbie kKoddduuuentsr (Mel-frequency cepstral
coefficients) [1]. Takum 0Opa3oM IPOUCXOIUT JICJICHIE 3BYKOBOTO CHTHAIA HA yJa-
CTKH, B JalIbHEHIIEM Bce MpeoOpa3yeTcs B CTPOKOBBIN (popmar u oO6pabaTbIiBaeTCs.
[Tocne mpeoOpa3oBaHus 3ByKa B CTPOKY, B 3aBUCUMOCTH OT 3HaYEHUI CTPOKH, IPO-
UCXOANT TpeoOpa3oBaHNE B MMITYJIbCHBIE CUTHAIIBI, KOTOPBIE, B CBOIO OYepelb, H
yIpaBJsOT GYHKIIMOHATBHBIMU OMIUSAMH aBTOMOOWIS. Best peub oOpabarbiBaeTcst
CHEIHaTbHBIM YCTPOWCTBOM U TPHU IMOMOIIM MPOTOKOJOB TMEpeJayd JaHHBIX OT-
NPaBIISIeT CUTHAJIBI HAa YIIPABIISIFOIIEE YCTPONUCTBO. YIIPaBIISIIOIIEE YCTPOHCTBO MPH-
HUMAaEeT CUTHAJbI ¢ JaTYUKOB U nepudepun u ooOpadaTeiBaeT ux. B 3aBucumoctu ot
BCEro 3Toro OJIOK ympaBieHHs JejaeT TO Wik HHoe AeiicTBue. CTpyKTypHas cxema
IpeCTaBIeHa Ha PUCYHKE 2.



Ynpaenswowee MpoToKkon YcTponcTeo
YCTPOMCTBO nepeaadu 0bpaboTku peyun

daTtumnku MNepudepus

Puc. 2. Cmpyxmypnas cxema

DTy CHUCTEMY MOKHO HCIIOJIb30BaTh Ha JIOOOM aBTOMOOWIIE, HE BaXXHO €CTh
JU TaM OJIOK yIpaBJieHUs] WM HET. bJok ympaBiieHUST MOHTHPYETCS MO MPUOop-
HYIO TaHeJb U pabdoTaeT OT aKKyMYJIATOpa, TaK e MPEAYyCMOTPEHa BO3MOXHOCTh
paboThl O€3 BHEIIHETO MUTAHUS, a TIPH UCIOJIB30BAHUU JIOTIOJHUTEIHLHOTO MCTOY-
HUKa, YCTAHOBIICHHOTO BMecTe ¢ OyiokoM. [Ipu Mcmonp30BaHuy CHCTEMBI COXpaHs-
10TCs 00a BapuaHTa pabOThI, T.€ OAKIIOYACTCS MapauiedbHo. OyHKIIMOHATFHOCTD
CHCTEMBI BKJIIOYAET B CeOs:

1. YopaBneHue 3amyCKOM M OTKJIFOUYSHUEM JIBUTATEIIS.

2. YrpaBlieHHE OTONUTEIbHBIMHU PHUOOpaMU.

3. YrpaBieHue cBETOBBIMH MPUOOPAMH.

4. OTcnexuBaHUE MECTOIOJIOKEHHS TI0 3aIPOCY MOIb30BATEIIS.

5. U apyrue ¢pyHkuuu.

Peanuzanus qaHHOTO CHUCTEMBI TTOBBICHT KOMGMOPT M yIOOCTBO MCIOJIB30Ba-
HUS aBTOMOOMUJIS, o0ecriednT (PYHKITMEH CIIeKEHNUs, YBEIHMIUT O€301acCHOCTh BOJIH-
TEeJISl 1 TTaCCaKMPOB HA JIOPOTE.

1. Arpanosckuii A.B., JlennoB J[.A. Teopernueckue acreKkThl aIrOPUTMOB
00paboTkK M KiaccuuKamuu peueBbIX curHajaoB. Mocksa: M3n-Bo "Pamuo u
cBs3p", 2004. 164 c.

2. YmpaBineHue royiocoM [DiekTpoHHbIH pecypc] — Pexum pgocrtyma
http://znanieavto.ru/- crares.



PACHHO3HABAHUE OTAEJIBHBIX ITVIOCKUX OB BEKTOB
B IBYX HAJIO’KEHHbBIX

C.A. Pomanoe, A.C. Kopcakoe

Hayunwiii pykosooumens C.C. Cadvikos, 0-p mexH. HayK, npogheccop
Mypomckuit uHCTUTYT ((huauan) BiaaguMupcekoro
rocyJ1JapCTBEHHOTO YHUBEPCUTET UMEHU AJiekcanapa ['puropbeBuya
u Huxomnas I'puropseBrnya CTOIE€TOBBIX

r. Mypom

BBenenue

B cratbe mpuBeneHBl pe3yNbTaThl MCTOIB30BAHUS IEMHBIX KOJOB, BBIUHUC-
JSEMBIX TI0 KOHTYPY OWHApHOTO HM300pa)KEHUS TECTOBBIX W PEATBHBIX ILIOCKUX
00BEKTOB JIJIsl UX PACIIO3HABAHUS B HAJIOKEHHOM COCTOSTHUU B CHCTEMaX MAaIIWHHO-
ro 3peHus. [Ipou3BOAUTCS HOPMUPOBAHUE IIEMTHBIX KOJIOB, U3 IIEITHOTO KOJIa 3TaJIO0-
Ha HaJIOXKEHHOTO Tutockoro oowbekra (HITO) BhruMTaeTcs MEMHOM KO ATaJloHa OT-
nensHOro tmiockoro oobekra (OI10O), pe3ynbraT 3amuchiBaeTCs, qajiee MPOUCXOIUT
CIBHT Ha OJHO 3Ha4YeHHE MO mernmHomy koxy stamona HITO u cHOBa mpou3BOIUTCS
BbranTanue. [locne yero BeIOMpaeTcs €MHCTBEHHBIN 3TANIOH, JAIONUH MUHUMAJIh-
HOE 3HAYCHUE B PE3y/bTaTe BBIUWTAHUS, JAHHBINA 3TAJIOH COXPAHSETCS B CIIMCOK
ATaJIOHOB, OTOOPAHHBIX ISl pacnio3HaBaHus. [locie yero Ha kaxaom stanone HITO
OTMEYAaEeTCs €ro 4acTh, MpUHAIeKamas oqHomy u3 3tasionos OI1O.

Onucanue ajaropurma

N3HavanbHO MBI MPOU3BOJMM MOATOTOBKY M300paKEHUN K JalIbHEWIIEH pa-
0oTe ¢ HMM, B 00pabOTKy BXOAUT (UiIbTpalius uzoopaxenus merogaoM I'ayccall],
Ounapuzanus merogom Omy[2], ynanenue ¢oHa MPOU3BOIAUTCS YMHOXKECHUEM Te-
KYIIET0 M300pakKeHHs] Ha M300paKeHHE TMOJIYyYEHHOE B pe3yibTaTe OMHApU3aIuu
metogoMm Orry. [TpuMepsl UCXOAHBIX M300pa)KCHHUM, UCTIOIB3YEMBIX B HCCIIEIOBA-
HUH, TIPEJICTABIICHBI HA PUCYHKE 1.

—_—

O6i>eKT 1 O0BexT 2 O0BexT 3 OO0bekT 4 Oé£eKT 5

Puc. 1. U306pasicenus peanvbHvlx niockux 00beKmos

B skcnepuMeHTe ydacTBYIO HallOKEHHBIE M300pakeHrss. OHU GopMUPYIOTCS
U3 OTAENbHBIX 00bekTOB. Jnsi dopmupoBanus HIIO neobxomumo BeIOpaTh /Ba
CIIy9alfHbIX JTaJIOHA, TOMYCKAITCS YTO 3TAJOHBI MOTYT MPUHAAJNEKATh KaK OJIHO-
My, TaK U JIBYyM pa3HbIM 0ObeKTaM. BbIOpaHHBIC 3TaJIOHBI HEOOXOAMMO HAIOKHUTH
Ha OJIHO M300pakeHHE, TaKUM 00pa3oM, 4ToObl OHU (HOPMHPOBAIU OJUH HETpe-
pBIBHBIN 00BeKT. Touka, B KOTOpYIO OyAeT BCTaBICHO M300pa’keHHE BBIOMpPAETCS



ciyyaiiHbIM oOpa3oM. J[Ba HaloOKEHHbIX 3TajoHa oopa3zytot kiacc HITIO, Takum 06-
pazoM, Ha3BaHue kiacca HITO 3aBucut ot Toro u3 kakux OIIO oH cocTouT, Hanpu-
Mep, kiacc 1-5 noiyyeH HaJ0KEHUEM 3TAIOHOB MEPBOTO U MATOro 00beKTOB. [1pu-
Mmepsl HanoxeHHbIX HITO npencraBinensl Ha puc. 2. B o01ieit ciokHOCTH MBI UMe-
em 55 xomOuHarwmii (K1accos).

Kiacc 1-2 kiacc 3-4 Kiacc 5-6 Kiacc 7-8 xiacc 9-10

Puc. 2. — U300pasicenus peanvbHbix niockux o6vbexmos

3arem (opMHUpPyET OAHOTOUYEUHbIE KOHTYPbl OMHAPHBIX U300paKeHUN 00bEK-
TOB I10 aJITOPUTMY METO/Ia HarpaBieHHoro nepedopal3].

[TosmyueHHBIC KOHTYpBI OMKMCHIBAIOTCS C IMOMOIIBIO IIEMHBIX Koa0B (Chain
code) mpu MCIoJIb30BaHUU KOTOPBIX BEKTOP, COSAMHSIONIMIA JIBE COCEIHHE TOYKH,
KOJUPYETCS OJTHAM CHUMBOJIOM, TPUHAJJICKAIUM KOHEYHOMY MHOXECTBY, MO Me-
tony ®pumena [4]. [Tonydyennble 3HaYeHMs HIEMHOTO Koaa HopmupyroTes (Ku= Kk /
8) u 3anocstcs B B/I.

Crnenyrommii mar nojpasymeBaeT nocryruienue B cucremy HIIO u onpenene-
HHE ero Kiacca MetoaoM bmmkaiimux coceneii[5]. [Tocne yero Heobxoaumo omnpese-
JUTH MecTopactonoxkerne kKaxaoro OIIO o0pa3yromux 1aHHbIN CI0KHBIN 0OBEKT.

Oynkius uenHoro kojga HIIO cpaBHuMBaeTcss co BCEMH ATaJOHHBIMU
Ka-¢pynkuusamu asyx OI1O, obpa3yromux ganusiii HITO

3arpyska LenHblX KOAOB

[epeuncneHune
uenHbix kopos HIMO
L Bbibop Homepa
MNepeuncaeHne OMnoO pasLiero
LenHbIX Kopaos OMO MUHUMAaAbHbI

3aHeceHune oToHpaHHbIX
3TanOHOB B BA

pe3yabTat

Belibop Ai ¢ MNepeyncaerve
MWHUMaAbHbBIM 3INEMEHTOB
pe3yAbTaToM uenHoro koaa HMNO
v

MoayyeHue A i

Puc. 3. Aneopumm obyuenus



B HauleM ciyyae 310 nenssie kojpl OI1O 1 u OIIO 2, no popmynam:
1

A= — E |ﬂ:r; - ﬁmzl (1)
rae  Kboj —3nauenns snementoB Ko-byukiuu stanonnoro OIIO (j=1, 2, ..., N);
Kcni — 3nayenus 3ieMeHTOB K3-(QyHKIMHM 3TaOHHOTO CIOXHOTO OO0BEKTa
HITO Oi (i=1, 2, ..., P);
M — gKcao cMmereHui o3-pyukiuu sranonsHoro OIIO K»aj ais moaHoro o6-
X0J1a KOHTypa cioxHoro oosekra HITO Oi;
3HaueHHEe M OIpeaesIeTcs Kak:
m = 2(p— N) )
rane N —uwucno Touek konrypa stanontoro OI1O;
P — umcno Touek koHTYypa cioxkHoro oowsekTa HITO Oi.
Ka-¢ynkmus sramorroro OITO cpaBHuBaercs ¢ ynBoeHHoW Koa-dyHkimen
ATAJIOHHOTO cioxHOro oobekTa HITO.
Pemenue 00 uaeHTHPUKALIUKM TPUHUMAETCS HA OCHOBE CJEAYIOIIErO BbIpa-

KCHUA

minR = min{R,} 3
=1,

rzie (| — 91CIIO ITAIIOHOB.

Ananorununoe cpaBHeHue Bcex o-(pyHkuumid OIIO 2 Bemonsserca ¢ Ko-
¢ynkuuei Haiinennoro HIIO.

OTOoOpaHHbIE 3TAJOHBl COXPAHAIOTCS, KOJIMYECTBO STAJIOHOB, OTOOpaHHOE
JUIS paclio3HaBaHMs KaXkJI0To Kilacca mpeacTaBieHo B Tabuie 1.

Tabmuma 1
OToOpaHHBbIE 3TAJIOHBI
No HTITIO HPIIO
KJjacca Krace aTaHf HOB Oranonos 2 | OtanoHoB 1 | DTaloHOB 2
1 11 280 280
2 12 272 283 272 277
3 1|3 270 281 270 271
4 1| 4 271 284 271 272
5 1|5 272 282 274 249
6 1|6 269 283 271 228
7 1|7 276 280 275 234
51 8|9 285 288 254 282
52 8 | 10 288 284 260 268
53 919 285 283
54 9 10 282 280 275 263
55 10 | 10 278 266




Teneps pu MOMOIY MOTYYEHHBIX 3TAJIOHOB BBIICISAIOTCS I[BETOM T'PAHUIIBI
nByx OIIO. Ilporecc mpotekaeT ciemytonmm odpazoM, o ¢opmynam 1,2 u 3 Mbl
BbIOMpaeM J1Ba MUHUMAJIbHBIX 3HAUYCHUS A M 3alIOMUHAEM IEMHbIE KOJABI U CIIBUTH,
KOTOpBIE TMO3BOJIMIM IMOJYYUTh MUHUMAIbHYIO A. 3aTeéM Mbl NPOU3BOJUM CIBUT
COXPaHEHHOT0 IIEMHOI0 KOoJla Ha YKa3aHHOE 3HaYCHHE U BHIYMTAEM 3TO 3HAUYEHUE U3
nenxoro koga HI1O. YyacTku, naBume 3nauenue O okpaiirBaem B IBET COOTBETCT-
Bytomero OIIO. CooTBeTcTByIOUME NEUCTBUS MPOBOAUM JUJIi BTOPOTO IIEITHOTO
koja. [lomoOHbIN cnoco0 mo3BOJsIET 0003HAYUTH MPUMEPHOE MOJOXKEHUE BCEX
OIIO na HIIO nmocrynuBmem B nporpammy HIIO. Pe3ynbraT MapkupoBKH Npen-
CTaBJIEH Ha pUCyHKe 4

Kiacc 3-4 kiacc 4-3 Kiacc 5-6 Kiacc 6-5

Puc. 4. Pe3ynomam packpacku obvexma.

3akiroueHue

1. DkcriepuMEeHT TMoKa3all, 4YTo HanboJiee yaauyHbIMH MPU PACIIO3HABAHUU SIB-
JISFOTCS TUO0 KJIACChI, COCTOSIIIHE U3 IBYX ATajgoHoB oxHoro OPIIO wm nea OPIIO
UMEIOIIMX HanboJsiee OTIUYHYIO JIpYT OT Jipyra ¢popmy. OObEKTHI, A1 HAUITYUIIETo
pacro3HaBaHusl, HE JIOJDKHBI UMETh JUIMHHBIE TMPSMbIE U OOJBIINE CKPYTIICHUS.
OOBEeKTHI, UMEIOIINE MOCTOSTHHO MU3MEHSIOIINE CBOIO (POpPMY JIMHUH, KaK MPaBUIIO,
BBOJISIT MPOrpaMMy B 3a0NyXJACHHE, TaK KaK TaKUe JUHUM UMEIOT OOJIBIION IIaHC
COBMACTh C HE NMPUHAJUICKAIMMU UM y4acTKaMH I[IETHOro KOJa.

2. bornplioe BIMsSHUE HA PaclO3HABAHUE OKA3bIBAET CIIOCOOBI 00paboTku. Ta-
KM 00pa3oM, mopor OuHapuzanuu U GUIbTpalns TOJKHBI ObITh UACHTUYHBIMU Y
OIIO u y HIIO, Tak kak B NpOTUBHOM CJIy4Yae MOSBISIOTCS HETOYHOCTU B BUIE J10-
OaBJIeHMs JOTOJHUTENbHBIX MUKCEIeH N300pakeHus 3a CUET pa3HOro nopora OuHa-
pHU3alMK, YTO BHOCUT 3HAYUTEIbHBIE U3MEHEHUS B LEMHOM KO U300paKeHHUS.

3. bonbioe BiusHKE HA paclo3HaBaHWE O0BEKTa OKA3bIBAET MPOLIEHT HAJO-
JKEHHUSI — YeM BBIIIE MPOIECHT, TEM MEHbBIIE BEPOSTHOCTh PACIO3HABaHUS, TaK KaK
BBICOKMI IPOLIEHT HAJOXKEHUS JEJIaeT HEBO3MOXKHBIM COXPAHEHHUE MOCIIEA0BATENb-
Hoctu nenHoro koga OI1O U3 KOTOPBIX COCTOUT OOBEKT.

1. H. . Kpemep, 2.3. «Metox "aycca;

2. N. Otsu (1979). «A threshold selection method from gray-level histo-
grams».

3. CaBuenko A.B. «MeToj HampaBiIeHHOTO Tiepebopa aJbTepHATUB B 3a7auax
pacnio3HaBaHus oopaszos»; Ne 11 (77), 11.2011



4. HM. HoBuxkoa «CTPYKTYPHOE PACIIOBHABAHUWE OBPA30B» Us-
JaTeNbCKO-Toaurpaduaeckuii eHTp BOpOHEKCKOTO TOCYyIapCTBEHHOTO YHUBEPCH-
tera 2008

5. Sadykov S.S., Kulkov Y.Yu. Research of recognition of the imposed flat
objects on dimensionless marks of their contours // Pattern Recognition and
Information Processing: Proc. of 13th Intern. Conf. (3-6 Oct. 2016, Minsk, Belarus)
/ ed.: S. Ablameyko, V. Krasnoproshin. — Minsk: Publ. Center of BSU, 2016,
pp.205-208

MMPOEKTUPOBAHUE KOPIIOPATUBHBIX CETEM
HA BA3E RIVERBED MODELER

A. C. Cepzees

Hayunwiii pykosooumens A. A. CyKOHWUKO8, KaHO. mexH. HAYK, O0YeHm
Bousorockuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorga

B HacTosimiee Bpemsi ceTeBbIe TEXHOJIOTHU IMEPEKHBAIOT HEOBIBAIBIA POCT.
Yucio nosb3oBaTeiell HHTEPHETa OCTOSIHHO yBenduBaercs. [loBcemecTHO opra-
HU3AIMH PAa3HOTO pojJia U MacmTada OpPraHU3yIOT CBOW JIOKAJIBHBIC CETH KakK JIJIst
BHYTPEHHETO TOJIH30BaHUS, TaK U Pajl MHOTOIOJIL30BATEIIbCKOrO0 BbIxoaa B MH-
TepHeT. Jlaxke rocymapcTBeHHas MOJUTHKA B cepe MPeAoCTaBICHUS TOCYCIyT, a
TaK ke MHPOPMHUPOBAHUS TPaKJIaH CTala OPUCHTUPOBAHA HA JUCTAHIIMOHHYIO pa-
00Ty ¢ rpaxkaanamu no cpeacrsam cetu MatepHer. /s nmpoektupoBanus u pacué-
Ta BCEr0 MHOTrooOpa3uisi JOKaJIbHBIX CETCH CYIIECTBYET MPOTPAMMHBIN MPOAYKT
Riverbed Modeler. /lannas mporpamMmMa crmocoOHa IOMOYb KaK JIEHCTBYIOLINM CIIe-
IIUAJINCTAaM B O0JIACTH CETEBBIX TEXHOJOTHH, TaK W CTYyJICHTaM, U3yYalolluM KypcC
CETEBBIX TEJICKOMMYHHKAIIHIA.

Riverbed Modeler — BupryanpHas cpena Ijs MOACIMPOBAHUS, aHATN3a U
NPOTHO3UPOBAaHUS Tpou3BoauTenbHOCTH WUT-uHOpacTpyKTyphl, BKIIIOYAs IPHIIO-
KCHUSI, CEPBEPHI U CETEBbIC TeXHOJOTrUH. Ha 0CHOBE JaHHOTO TPOTPaMMHOTO TPO-
JyKTa BO3MOXHO BBINIOJIHATE JTAOOPATOPHBIC 3aHATHUS, TIOMOTAIOIINE H3YIUTh OCHO-
BbI MIOCTPOCHHUSI CETH, Pa0OTy Pa3IMUYHBIX MPOTOKOJIOB U TEXHOJIOTHA. OTINYNTEIIb-
Hoii yeproii Riverbed Modeler moxxHO Ha3BaTh 0OBIION HAOOp OMOIMOTEK ¢ pas-
HOOOpAa3HBIM CETEBHIM M HHBIM KOMITBIOTEPHBIM OOOPYIOBaHHEM, IpeIiaracMbIM
ISl KCTIOJIb30BAHUS MIPH MIOCTPOCHUM BUPTYAIBbHBIX MOJesIel ceTH. Tak e K Heco-
MHEHHBIM TUTIOCAaM JJAHHOTO KOMILIEKCA MOYKHO OTHECTH OecIiIaTHbIe cepTU(UKATHI
JUTsl y4eOHBIX 3aBEJICHUN U CTYJEHTOB. TakuM 00pa3oM, MpU PErUCTPalUK Ha CalTe
POU3BOIAMTEISI, IPOTPAMMHBIA KOMIUIEKC MOXKHO CKa4aTh W UCIIOJIb30BaTh COBEP-
IIEHHO OECIIaTHO.

Riverbed Modeler npenocrasisier BRICOKOKaUYeCTBEHHYIO CPEIy MOIEIHPO-
BaHMsI, MaCIITAOUPYEeMOW CUMYJISIIIUM ¥ MOJPOOHOTO aHajK3a pa3jIMYHbIX MPOBOJI-
HBIX ¥ OECIpPOBOJHBIX ceTeil. OpraHu3auy, 3aHUMAIOIIUEC HCCICIOBAHUAMU U



pa3paboTKaMu CeTeid, UCIIONIB3YIOT PEIICHUS JAaHHOTO MPOTPaMMHOTO MPOIYKTA IS
MIOBBIIICHHMSI TTPOMU3BOTUTEIIEHOCTH U Ka4eCTBa, a TAKXKe I YCKOPSHUS BBIBOJIA Ha
PBIHOK TEXHOJIOTHI MPOBOAHOM 1 OecnpoBoaHol cBs3u. Riverved Modeler obecre-
YUBAECT CBOMM IOJIB30BATEISIM CIEAYIONUE BO3MOKHOCTH:

1. Pa3zpaboTka COOCTBEHHBIX MPOTOKOJIOB U TEXHOJIOTHI OECIIPOBOTHBIX CETEH

2. OneHka ynmydineHui CTaHJapTHBIX TPOTOKOJIOB

3. [IpoBepka 1 AEMOHCTpAIMM TEXHOJIOTUYECKUX pPa3pabOTOK B pealuCTHY-
HBIX CIIEHAPUSX Mepe]] pa3BEPThIBAHUEM B MPOU3BOJACTBEHHOM cpeie

4. TToBbIlIeHUE TTPOU3BOAUTEIHLHOCTU B c(hepe ucciieoBaHusl U pa3padOTOK
CeTell U yCKOpPEHHE BBIBOJA HA PHIHOK.

[TporpaMMHBII TIPOIYKT COACPIKUT UCUEPIBIBAIOINIYI0 OMOIHOTEKY MPOTOKO-
70B U 00bekToB. [Ipu 3amycke mporpaMMBbl U CO3JIaHUU MPOCKTA MpeaaraeTcs He-
CKOJIBKO CpeJl pelakTopa — Mo OAHOW JUIs KakIoro Tuma oobekrta. [Ipennmaraemeie
BapHUaHTHI pa3mepa cetu: Muposas, Koprnoparusnasi, Yausepcurerckas, Oducnas
WM Joruyeckas. PagoM nmeercs ¢uaxok, Mpu yCTaHOBKE KOTOPOTO OyZIeT MCIHOIb-
30BaThCsl MeTpuueckas cucrema mep. [locne BriGopa ceTu mpensaraercs BbIOpaTh
pa3Mep ceTH, a 3aTeM BKJIIoYaeMble MmakeThl Moayisiel. [locie ycTaHOBKHM Bcex 3Ha-
YEHUH OTKPBIBACTCSI HEMOCPEICTBEHHO OKHO MOJEIUPOBAHUS ¢ pabodeil 001acTbio
¥ OKHO C MHCTPYMEHTaMHU JIJIsl BBIOOpa WM CO3/IaHus ycTpoicTB. [Ipeanaraemelie B
CIIHCKE yCTPOMCTBA MOXHO TPOCTO TIEPEHECTH Ha pabouyro obnacte. s mpumepa
IpUBEAICHA CXEMa OJHOW M3 Ja0OpaTOPHBIX PadOT MO JTUCUHUILIIUHE CETH U TEIEKOM-
MYHHKAIIHH:

T Project: project] Scenario: scenariol [Subnet: top.Campus Network] - (] X

File Edit View 3Scenarios Topolegy Traffic Protocels DES Windows Help
DFEHAINHEO 2% 8 *E[

50 =100

100 ﬂ

18.83, -76.80 0

Puc. 1. Ilpumep cemu ¢ Riverbed Modeler Academic Edition



JIro0o# cOo3MaHHBIN AJEMEHT MOXKHO H3MEHSTh, MepeMeliaTh, COSTUHSITh C
npyrumu sneMeHtamu. Mmeercs Habop HacTpamBaeMmblx aTpuOyTOB. B mpuBeneH-
HOM TIpuMepe Oblla co3/laHa Majasi CeTh Ha 3 KOMMYTaTopa, CBS3aHHBIX IPYT C
apyrom Ethernet-kabenem. K kaxxaoMy U3 KOMMyTaToOpoB MOJAKIOYEHO MO0 3 pabo-
YUX CTAHIIMU U K JIBYM U3 KOMMYTaTOPOB IOJKIIOYCHO IO cepBepy. MiMeeTcs mo-
JepKKa HECKOJIBKHUX TMPUIIOKEHUH, 4aCTO BCTPEYAIOUIUXCS B KOPIOPATUBHBIX Ce-
Tax: |P-Tenedonus, BuneocBsazp mnsa kondepenmnuii, daitnoseiii ceprep u CYB/I.
Js kakIoro npuiioKeHus eCTb BO3MOKHOCTh HACTPOMKHU HArpy3ku. Pe3ymnprar Tec-
TOBOW CUMYJISAIIUN CETH MPH BBICOKOH HArpy3Ke CEpBEPOB MPHUBEACH HA PUCYHKE 2.

Il Simulation Execution: project!-scenariol — O x
Simulation progress
Elapsed time Estimated remaining time
| Simulation Completed.
35 -
Simulated Time: 8h 00m 00s Events: 38357 267 DES Log: 4 entries
Speed: Average: 986,580 events/sec. Cument: - events/sec.
Progress Info |Ne:-i Steps
M Current Simulation Speed (events/second) Memory Usage (ME)
M Average Simulation Speed (events/second) 30
1,500,000
20|
1,000,000 -
500,000 10
1] 0
[ [ [ [ [ [
0 1 2 3 0 =
Simulated Time (seconds) (x10,000) Simulated Time (seconds) (x10,000)
=]
=
Simulation Consale Close | Help |

Puc. 2. Pezynomam cumynayuu

Kak crmemyer W3 pHCyHKa BBIIIE, CPa3y MPOSIBIAETCS IOCTOMHCTBO IIPO-
IPaMMHOI'0 TIPOAYKTa — JUISI CUMYJISAIMH BOCBMHUYAacOBOr0 pabodero IHs HE 3aHH-
MaeT MHOTO BpeMeHH (39 cekyH), a 00IIass UCIOIb30BaHHAS Ha CHMYJISIIAIO OIle-
paTHBHAs MaMsITh HE TMPEBBINIACT TPUAATH MerabaiiT. ITo odeHb XOpOIlne MoKa3a-
TEJIN, XOTSI CTOUT OTMETUTh, YTO MPOTPAMMHBIN MPOIYKT BO BPEMS CUMYJISIIUM Ha-
rpy»aet mporeccop (mpumepro Ha 30-40%).

Cama CUMYyJISIUS CIIOCOOHA TI0Ka3aTh OYE€Hb M OY€Hb MHOTHE TTOKA3aTelH ce-
TH. Tak, HaIIpUMep, MOXKHO 0TOOPa3UTh 0OBEM BXOJSAIIETO W UCXOAIIETO TpaduKa
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JUISl OT/ACJIBHOTO YCTPOMCTBA, TaK M OO TpaduK Mo BCel CETH Ha MPOTSHKEHUU
Bcel cumyssinun. Ha pucyrke 3 mokasaHa cpeiHss 3a1epikKKa MMaKeTOB CETH U BXO-
TN 1 ucxoAsamuii Tpaduk ais mepBoro kommyratopa 1. Takum oGpaszowm,
Riverbed Modeler o6agaer mupoKUMU BO3MOXKHOCTSMH MOJICTUPOBAHMS Pa3iny-
HBIX CETEBBIX CTPYKTYD, YTO JEIACT €r0 OYEHb ITOJIE3HBIM IPOrPAMMHBIM ITPOIYK-
TOM, KaK JUIS IPOECKTHPOBAHMS PEabHBIX CETeH, TaK U I O0yUYCHHUS CETEBBIM Te-
nexkommyHnukanusM B BY3ax. Kpome Toro, ta ocnoe makera Riverbed Modeler
Academic Edition moxeT ObITh pa3paboTaH KOMILICKC JIA0OPATOPHBIX padoT IO
TUCHUIUTMHE CETH M TEJIEKOMMYHHKAIIHH.

IH Results Browser - (] x

DES Graphs ||:155an Studies | DES Fun (1) Tables | Flow Analysis Graphs |

=7 proect] =] W Object: (global)
#{A scenanal
Ethermet Delay (gac)
0,001 2 4
-_| _.| 00008 -
W Object node_3 of Campus Metwork
Show resulks: |Fo|.ndnwsd¢dcd“cs j
Switch Traffic Forwarded (biizfsec)
Amangement |Dd'a'l.ll ll Edi ... 200,000 + P A AP AN e\ P
=1 Global Statistics = 0
= Bthemet
={ALY Delay fsec) W Cbject node_3 of Campus Network
AR projectt 1-DES1
= Object Statistics R 200,000 Swilch. Traffic Received (bl sisec)
=@ Campus Network e el i S S Ve
W Swach 0 L . ' " :
L0 Trafic lbackets) = oh Om 2h om 4h Om &h Om & om
] Traffic Fitered (packets)
] Traffic Forwarded fbits)
] Traffic Formarded bits/sec) Freseniztion
] Traffic Forwarded packets) | Stacked Statistics =]
| Traffic Forwanded fpackets/sec) - [ T
] Traffic Received (bis/sec) |"‘5 s j
] Traffic Received (packets/sec) ﬂ
I 2|
Uriselect A1 Add Show

Puc. 3. Cmamucmuxa 8-mu uacoeo2o mooenuposamiisi

1. Undopmanmonnsie cetu. I'onoBun lO0.A., CykonmmkoB A.A., SkoBnes
C.A. Y4eOHMK JJI CTYJACHTOB BBICIIUX YYEOHBIX 3aBeJCHUN, O0yJarONIUXCs MO Ha-
npaBiaeHuo moarotoBku "HMudpopmanmonnsie cuctemsl [/ 0. A. TonoBum,
A. A. Cykonmukos, C. A. SIxosneB. — M.:Akanemus, 2011. — 340 c.

2. SteelCentral Riverbed Modeler. OnucarenbHast cTpaHuiia mpOrpaMMHOTO
npoaykra. Pexum gocryma: https://www.riverbed.com/ru/products/steel central/
steel central-riverbed-model er.html



PA3PABOTKA ACY JJIS1 MATABUHA ABTO3AIIYACTEN

J.A. Cmupnos

Hayunwui pykosooumenv A.A. CyKOHWUKO8, KAHO. MeXH. HAYK, OOYEeHM
Bonoroackuii rocy1apCTBEHHBIA YHUBEPCUTET

r. Bomorna

ABromartusupoBaHHas cucrema ynpasieHus (ACY) — KoMmIuieke ammapar-

HBIX ¥ NMPOTPAMMHBIX CPEACTB, a TAKXKe MepcoHaia, NpeAHa3HaYeHHBIN ISl yIpas-
JIEHUS! PA3JIMYHBIMU IPOLIECCAMH B PaMKax TEXHOJOTMYECKOIO IMpolecca, Mpou3-
BOACTBA, npeanpusatus. ACY NpUMEHSIOTCS B PA3JIMYHBIX OTPACISIX MPOMBIIIIEH-
HOCTH, DHEPTE€TUKE, TPAHCIIOPTE U T. . TepMUH «aBTOMATU3UPOBAHHAS», B OTJINYUE
OT TEpMHHA «aBTOMAaTUYECKas», MOJYEPKUBAET COXPAHEHHE 3a YEJIOBEKOM-
OMepaTopoM HEKOTOPBIX (PYHKIMH, 1100 Hauboiee 00IIero, IeIenojJaratoiero xa-
pakrtepa, b0 He mojanaromuxcs apromatusanuu. ACY c CucteMoil moaaepKKu
npunatus pemeHuit (CIITIP), sBISIOTCS OCHOBHBIM HHCTPYMEHTOM IOBBIIICHHS
000CHOBaHHOCTH YIIpaBJIeHUECKUX peleHuid. Baxkneiias 3agaua ACY — noBblie-
Hue 2((HEKTUBHOCTHU yMPABICHUS 00BEKTOM Ha OCHOBE POCTa IPOU3BOAUTEILHOCTH
TpyJla M COBEPIICHCTBOBaHUS METOJOB IUIAHUPOBAHUS IMPOLECCA YIPABICHUS.
B oOuiem ciyyae cuctemy ynpaBieHHs MOKHO pacCMaTpUBaTh B BUJIE COBOKYITHO-
CTH B3aMMOCBSI3aHHBIX yIPABJICHUECKUX MPOILIECCOB U 00BheKTOB. OOOOIICHHOM I1e-
JbI0 aBTOMATHU3AlMM YIPABJICHUS SBIISAETCS MOBbIIICHHE 3()(PEKTUBHOCTU HCTOIb-
30BaHMs MOTEHUHUAJIBHBIX BO3MOYKHOCTEH 00bEKTa ympaBieHus. Takum oOpa3om,
MO>KHO BBIACIIUTD PSJ LEJICH:

e [IpenocraBienue iuiy, npuHuMaromieMy perieaue (JITIP), peneBaHTHBIX
JAHHBIX JIJIS IPUHSITUS PEIICHUN

e VYCcKOpeHue BBINOJHEHHUS OTAEIbHBIX onepaluii no coopy u oo6padboTke
JAHHBIX

e CHWKEHHE KOJIMYECTBA PELIEHUM, KOTOPBIE TOJKHO puHuMaTth JITTP

e [loBbllIeHNE YPOBHS KOHTPOJIS U UCTIOJHUTEIBCKON AUCIUIUIMHBI

e [loBbllIeHNE ONIEPATUBHOCTH YIIPABIEHUS

o Cuwmwxenue 3atpat JI[IP Ha BbINOIHEHNE BCIOMOTaTEeIbHBIX MPOIECCOB

o [loBbIlIeHNE CTETIEHH 0OOCHOBAHHOCTH TPUHUMAEMBIX PEIICHUI

Oynkuun ACY ycTaHaBIUBaIOT B TEXHUYECKOM 33/IaHUM HA CO3JJaHUE KOHKPET-
HOl ACY Ha OCHOBE aHaJIM3a LIENIEH YIPaBJICHMS], 3aJIaHHBIX PECYPCOB ISl UX JOCTH-
KEHusl, oxuaaeMoro 3(pdexra oT aBTOMATH3aLUKN U B COOTBETCTBUHU CO CTaHAAPTaMH,
pacnpoctpassirolmucs Ha JaHHblid BUn ACY. Kaxnas @ynxuus ACY peanusyercs
COBOKYITHOCTBEO KOMILJIEKCOB 3a/1a4, OTAENbHBIX 3a1a4 u onepaiuii. @ynkuuu ACY B
001IIeM CiTydae BKITFOUArOT B Ce0sI CIICYIOIINE 3JIEMEHThI (IeHCTBHS):

e [UIAHUPOBAaHKE U (WJIH) POTHO3MPOBAHUE;

® y4YeT, KOHTPOJIb, AHAJIN3;

® KOOPIWHAIHNIO U (UJIH) PEryIMpPOBaHUE.



HeoOxoaumbIid cocTaB 3J€MEHTOB BBIOMPAIOT B 3aBUCHMOCTH OT BHJA KOH-
kpetHoi ACY. Oynkunn ACY MOXHO OOBEIUHATH B MOJCUCTEMBI MO (PYHKIIHO-
HATBPHOMY W APYTUM Npu3Hakam. /[t Toro, 9To0bI paboTa Mara3mHa yaoBIE€TBOPS-
ja TpeOOoBaHUs TIOKyTaTeNlel, a TaKKe PaOOTHUKHM HE YCTaBaJIU U BBITIOIHSUIA CBOIO
paboTy ObicTpo M 0e30mHMO0YHO — HEOOXOaMMa CHCTEMa aBTOMATH3UPOBAHHOIO
ynpasienusi. Beap kak s mpoJiaxu, Tak U JJIS €€ OTMEHBbI HYXXEH BCEro OIuH
KJIMK KoMIlbloTepHOU Mbiu! Pa3zpabarbiBaemasi cucrema OyneT mpeHa3Ha4yaThCs
UIsT MarasuHa asrosamyacTtedl “AutoRun”. B ocHoBe cucrtemMbl — 0a3a JaHHBIX
MySQL, a knuentckoe mpuiiokenue HamucaHo B Microsoft Visual Studio 2015
Community Ha si3p1ke C++. CrcTeMa UMeeT MHOYKECTBO (DYHKITHH JIJIS TTOKYITaTeIs,
MPOJIaBIIa M YEJIOBEKa, YIPABIISIONIETO JESITEIHHOCTRI0O MarasuHa. Beiroga paspa-
OOTKH KaK pa3 COCTOMT B TOM, YTO 3aJlayH, BBHIMOJIHSIEMBbIC MPOJAABIIOM WUIIU JUPEK-
TOPOM YCKOPSITCS B pa3bl. ODyHKIIUU MTPOTPAMMBI.

e Pabora ¢ rtabmuimamu BJI (coxpaHeHue, yaajieHHE, MOMCK, OOHOBJICHHUE
JTaHHBIX).

e [Ipomaxa toBapa.

e OTMeHa KaKoW-Tu00 MpoaaKH.

o [louck undopmanuu 0 mpomakax KOHKpPETHOMY Tokymarento u3 b/l 6e3
JIMITHUX TIEPEKITIOYeHHH ¢ popmbl Ha hopmy.

o [louck 6onee memeBoro ToBapa no bJl, eciu y mokymnarenst BIpyr He XBa-
TUJIO CPE/ICTB.

e BcrpoeHnHsblil B mpuiiokeHue opaysep, TOMaIIHe CTpaHuIel KoToporo Oy-
JIET CallT, C KOTOPHIM pabOTAET YEJIOBEK, 3aKa3bIBAIOIINI TOBAp B Mara3uH.

e Ortyethl: nHMOPMALIHS O MPOJIAXKaX 32 BHIOPAHHBIN MPOMEXYTOK BPEMEHH,
uH(popMaIKs O CyMMeE JCHET, OJyYeHHbIX 3a MPOJaHHbIe TOBAphl; UHPOpMAIUs O
BBIPYYKE ¥ 3aTpaTax Mara3uHa 3a KOHKPETHBIA MPOMEKYTOK BPEMEHHU.

e AHanu3 mpojax ToBapoB: mporpamma BbiBegeT TOIl 5 cambix xopoio
npogaBaemMbix U TOII 5 miioxo nponaBaeMbIx TOBapOB 3a BbIOPAHHBIN Mepuo Bpe-
MEHH, a JIJIi CaMOTO TUIOXO MPOJaBa€MOTO TOBapa MPEIOKHUT CeTaTh CKUAKY IS
pacnponaxu oT 5% mo 70%.

Mara3zuH JT0JKEH BBITIOHITH CBOU 33/1a4M OBICTPO M KAYECTBEHHO, ONMUPASCh
Ha TIPOMEKYTOUYHBIN aHAJINU3 MPOJAX, MOATOMY B JIaHHOW CHUCTEME peain30BaH Ta-
KO OOJIBIION psasl PYHKITHMA.

[Inanupyercs peanu3oBaTh NPUIOKEHUE IsI MOOMIJIBHBIX YCTPOMCTB Ha
wiarpopme Android st MHTE/UIEKTYalbHOIO MOJA00pa TOBAPOB, MMECIOIIMUXCS Ha
CKJIaJie Mara3uHa, a Tak)Ke CalT, CBSA3AHHBINA ¢ 0a30¥ JaHHBIX. B KauecTBe OCHOBBI
ACY wMarasuna npumensiercss MHoroareHTHast cucrema (MAC). Ha puc.l. nzoopa-
xeHa mojaesib MAC ACY, rne MA —wmera arent, A1 — npoiaBen Mmarasuna (JIupex-
Top), A2 — OyxX. yuét, A3 — BCTpOCHHBIH Opay3ep, A4 — cTopoHHU# areHT (paborta
caiita, ¢ KOTOPOTO 3aKa3bIBaeTCs TOBAp), AS — aHaIM3 MPOAaXKH TOBapoB, A6 — UH-
TEJUIEKTYaJIbHBIN 10/100p ToBapa. OyHKIIUHA areHTOB!




e Al-—paborac ACY;

e A2 — pacueT pacxoloB U JOXOJI0OB MarasuHa 3a BHIOPAaHHBIM MPOMEKYTOK
BPEMEHH,

e A3 —3aka3 ToBapa B MHTEpHETE uepe3 BCTPOCHHBIN Opay3ep;

e A4 —nonrBepXxAeHUE 3aKa3a B CETH MHTEPHET U JOCTaBKa B MarasuH,

e A5 — BBIBOJI pEHTHHIa TOBAPOB 110 MPOJAABAEMOCTH, YCTAHOBKA CKUIKHU Ha
IUI0XO MPOIABAEMBIN TOBAp IS PaCIPOIAXKHY;

e AG — Bribop ToBapa mokymnarejeMm IyTeM OTBETOB Ha 3aJaBacMble CHCTE-
MOM BOIIPOCHI,

HauneHt

Puc.1. Mooenv mrozoazeumuoiu cucmemot ACY macasuna

BriBoa: cucTeMy MOXHO CUHTATh pabOTOCTIOCOOHOM, OHA HAXOAUTCS Ha 3Ta-
ne T0pabOTKH M yCOBEPIICHCTBOBAHMSI B TUTAHE YIIYYIIICHUS OBICTPOJICUCTBUS, ajie-
KBaTHOCTU M KOPPEKTHOCTHU BBITIOHIIEMBIX (DyHKITHI. bobiioe BHUMaHUE yIETIECHO
ya00cTBY uHTep(eiica moap30BaTeNs: [BETOBAsI raMMa, Pacroyio)KeHHEe 0ObEKTOB.
ACY MOXHO cuuTaTh yAOOHOW M JOCTATOUYHO MPOCTOM JIJIsi UCIOJIb30BAHUS JIaXKe
HEOIBITHBIM YEJIOBEKOM, TaK KaK MPOBOJMINCH SKCIEPUMEHTHI HA MOJIb30BATEIISIX
pa3HbIX BO3pPAcCTOB U C pa3HbIM onbITOM mnoJib3oBaHud IIK. Ha ocHoBe TectupoBa-
HUSI Pa3IMYHBIX MCXOJHBIX JAHHBIX MOXHO CKa3aTh, YTO MO KpalHEW mepe B Mo-
CJeAHEN BEpPCUU MPOTPaMMbl He ObIJI0 0OHAPYKEHO HU OJHOM OIMMOKK Kak B pabo-
T€ CaMOTO KJIMEHTCKOTO MPUJIOKEHUs, Tak U B pabote ¢ b/I.

1. benozepos /I.A., CykonmukoB A.A. METOIMKA ITPOEKTUPOBAHN A
FIPA-COBMECTUMbBIX MHOTI'OAT'EHTHBIX CUCTEM//Cuctems! ynpasieHus
u uHopmManronnsie Texnosnoruu. — M., 2012. T. 49. Ne 3.1. C. 115-119.

2. ABTOMaTH3MpOBaHHAs CHCTEMa ympaBieHus [DyekTpoHHBIA pecypc]: Pe-
xuMm  gocryna:  https://ru.wikipedia.org/wiki/ABromaruzupoBanHas_cucTema_
yIpaBJICHUs.



OKPYXEHHUE BEPCTAJIBILIINKA

. 10. Toxkau

Hayunwvui pyxosooumens E.H. /lagvlooea, kano. mexu. Hayk, 0oyeHm
Bostoroackuit rocy 1apCTBEHHBIN YHUBEPCUTET

r. Bomorna

B nacrosimee Bpemst o61acte | T-TexHonoruit, B ToM 4ucie u BeO-pa3paboTka
SIBJIICTCSI OJTHOM M3 HanOoJee TMHAMUYHO pa3BHuBaronuxcs. Kak cieacTeue, kpaiine
BOCTPEOOBAaHHBIMU Ha PBIHKE TPY/Ia SBIISIOTCS MPEICTABUTENN JaHHBIX TTpodeccHii.

HNHTepHET OCHOBATEIIHHO BOIIEN B KU3Hb COBPEMEHHOTO OOIECTBA U IMPaK-
TUYECKU 3aMEHHJI OYMa)KHbIE HCTOYHUKHA WH(OpPMAIIMU U 3HAHUH, B TOM YHCIIE Ta-
3€Thl, peKkiamMHbie OykieTsl U T.a. [louTH y KaX70il KOMIAHUU KaK y KPYITHOTO
NpeAnpusaATUus, TaKk U y MeJkod ¢upmbl B cetu VHTepHET mmeeTcsi cBOs BeO-
CTpaHuIia, Oyab TO KOPIOPATUBHBIN CANT WK ke callT-BU3UTKA.

PazpaboTkoii Takux BeO-CaliTOB 3aHUMAIOTCSI TPYIIIBI CICIUATUCTOB Clie-
TYIOIIEro COCTaBa: IW3aiiHep, BEPCTAIBIINK U BEO-MPOrpaMMHUCT. 3aada au3aiHe-
pa — co37aHie MaKeTOB CTPAHMULI, BEPCTAJBIINKA — pa3paboTKa IpOrpaMMHOTO KOJia
JUTs OTOOpa)KEHWS CO3MaHHBIX CTpaHWIl B Opay3epe corjacHO Makery. BeO-
POTrPAMMUCT COEIMHSAET CalThl C 6a3aMU JaHHBIX, JEJIaeT BO3MOKHON aBTOMATH-
3a1uio MyOJIMKaluii KOHTEHTa, 3a00TUTCS O 0€30MTaCHOCTH BEO-CEpBEPOB U BHITIOI-
HSIET HEKOTOpbIE APyTHe PYHKIUU.

Bépctka — 310 co3nanue ctpykTypbel HTML-kona, pa3Memiaroniero snemMeH-
ThI BeO-CTpaHUIbI (M300pakeHus, TEKCT U T.J.) B OKHE Opay3epa TakuM 00pasom,
YTOOBI DJIEMEHTHI JU3aiiHa BBITJISICIN aHAJIOTHIHO MakeTy [1].

CymiecTByeT 1Ba OCHOBHBIX BHA BEPCTKU BEO-CTpaHUIL TaOIW4YHAS U OJ104-
Has. B Xone mpoBeseHust TaHHOTO MCCIEOBAaHUSI ObUT BBIMOJHEH aHAIU3 JaHHBIX
BUJIOB BEPCTKH, PE3yJIbTAThl KOTOPOTO MpE/ICTaBlIeHbI B Tabmuie 1.

Taomuna 1
AHau3 TAa0JIUYHOM U 0JI0YHOM BHAOB BEPCTKHU
HazBanue Tabnnunas bnounas
Onpenenenue [IpencraBnsier coboit coszmanue | [IpencraBmsier coboit pazdutoe Ha

TaOMUIBl ISl PACIIOJIOKEHUS B | OJIOKH COIEpPKMMOE MaKeTa Jjisi 0TO-
e€ cTpokax M cToyiOlax 3jeMeH- | OpaxeHus B Opaysepe

TOB BEO-CTPaHUIIBI
JlocTonHcTBa a) [IpakTryeckn OnMHAKOBO BBI- | @) MeHnbiiee konmyectBo HTML-
TIISAT B Pa3NIMYHBIX Opay3epax | Koza, BCIEACTBHE YEro CTpaHuIa 3a-
0) Peanmszaunms mporie, YeMm c | TpykaeTcs ObicTpee.
WCIIOJIb30BaHUEM OJIOUHOM Bep- | 0) Bioku sABJISIOTCS yHHBEpPCAIbHBIM
CTKH. CPEICTBOM JAJIsL CO3/IaHuUs TF000TO JH-
3alHa

B) bioku 3arpykarorcs ObicTpee
CTpaHUIL




Hazsanue

Ta0nuyHas

brnounas

HenocraTtku

a) JIOBOJBHO MHOIO JIHIIHETO
KO/a, TaK KaK CO3/aeTCsi OYCHb
MHOT'O CTPOK M CTOJIOIIOB Tab-
JIMII, U3 Yero CIEeAyeT, YTO TO-
JIEpKKA CAUTOB, HAIMCAHHBIX C
MOMOIIIBI0 JIaHHOTO METO0Jia, B

a) CroxHee TaOJHYHOM BEPCTKU

0) Mmetotcst mpobiieMsl ¢ KpoccOpay-
3€PHOCTBIO

B) BJIOKM HaYMHAIOT BHICTPAUBATHCS B
cToOeI] MK Hae3kaTh APYT Ha apyra
[PU MaJICHBKUX Pa3pelIeHUsIX JKpaHa

pasel  YCIOXKHSETCS 3a CYET
CIIO)KHOW CTPYKTYpBI KOjaa, a
TaKXKe 3arpy3ka CTpaHHI[ 3aHH-
MaeT 0oJIbIlIe BpEMEHHU

0) Jlageko He KaKIbId au3aiiH
MOXHO CO3laTh C MOMOIIBIO
TaOJIMYHOM BEPCTKU
PexoMennmyercst  MCIoiIb30BaTh
TOJIBKO JJIs1 OTOOpaXkeHHs Tao-
JIUI

OueHp BaXHOM M yJIOOHOHM mpu Hc-
MI0JIb30BAHUM JTAHHOTO METOAa SIBJIs-
€TCsl KOHLENIUS CEMaHTUYECKON BEP-
CTKH, T.€. Pa3’EICHUsl COAEPKUMOIO
u opopmiteHus

OcobennocTu
IT0JIB30BaHUA

nuc-

Hcxons u3 pe3ynbTaToB MPOBEAEHHOTO aHamu3a OJovYHast BEPCTKA SBISETCS
0oJiee CIOKHOM, OJTHAKO €€ THOKOCTh BBIIIE, YeM y TaOJIUYHOM, YTO MO3BOJISET BbI-
JIENUTH 0JI0YHYI0 BEPCTKY KaK Hanbojee COBPEMEHHYIO.

PaboTa BepcTanbIka qeIuTCs Ha TPU OCHOBHBIX JTara:

1) AHanu3 MakeTa ¥ pa30MeHne ero Ha OJIOKH.

2) B COOTBETCTBHU C aHAIM30M Pa30MTOrO Ha OJOKHM MakKeTa MPOU3BOIUTCS
pa3padotka HTML-koma cTpaHuilbl, KOTOPBIH MO3BOJIIET Opay3epy «UHUTaTh» HH-
dbopMalnio 0 pacto0KEHUU BCEX DJIEMEHTOB CTPAHUIIBI.

3) B momomp HTML-kony kaxmoro 3iemenTa nodasisitorcest et CSS, He-
00X0IMMBbIE 17151 OPOPMIICHUS.

Tak kak BEpcTKa CTpaHUIl MPOUCXOIUT B TOYHOM COOTBETCTBUHU C MAKETOM,
BEPCTAIBINHUKY HEOOXOIUMO IMOCTOSHHO TOJIh30BATHCA TPAPUIECKUM PETAKTOPOM
KaK JUIsl u3BJieueHus (paiiioB U3 MaKeTa, Tak U JJId MOJydeHust UHHOPMAIMU O CTH-
JI5IX, KOTOpBIe OyAYyT B NajdbHEUIIEM MIPUMEHATHCA Ha caifte. /{5 pemenus Bompoca
0 BeIOOpe Trpaduyueckoro pegakropa ObLI MPOBEAEH aHAINW3 HEKOTOPBIX M3 Haubo-
Jiee MOMYJISIPHBIX CYIIECTBYIOIIMX PEAAKTOPOB, PE3YJIbTATHI aHAIM3A MTPEICTABICHbI
B Ta0uIe 2[2].

Ta0muna 2
AHaJu3 rpapu4ecKux peJaKkTopoB
HazBanue Adobe Photoshop GIMP Paint.NET
[Tnatdpopmer Windows, MacOS, | Windows, MacOS, | Windowsu Linux
Linux Linux

CBoboHOE pacmpocTpaHe- Her Ha Ja

HHUC

Pabota co crmosimu Ha Ja Ja




HasBanwue Adobe Photoshop GIMP Paint. NET
Wurepdetic NHTYUTUBHO 110- NuaTynTnBHO NuaTYynTHBHO
HATHBIN MTOHATHBIN MTOHATHBIN
[Moxnepxka GpopmaToB n30- PSD TIFF BMP
OpaxeHuit BMP JPEG (JPG) GIF
Cineon PNG PNG
Photoshop PSD (B HEKOTOPBIX JPG
DCS BEPCHSIX) TIFF
DICOM SVG GIMP PND
JPEG
PCX
Photoshop
PDF
Pixar
PNGup.
Ocobennoctu OrpomHbIi UHCT- Maisie 3aTparsl CoxpaHeHue ucro-
pyMeHTapui BBIYUCIIUTEIILHON puu ACUCTBUN
MOIIHOCTH KOMIIb- 10JIb30BATENS
oTepa

HauGosbirelt momynsipHocThio mosb3yercs npoaykt Adobe Photoshop, tak
KaK 00JlaZjaeT OrpOMHBIM MHCTPYMEHTapueM 1o odpaboTke (ororpaduii, a Takxe
HOJIZICPYKUBACT MPAKTHYSCKH BCE OCHOBHBIC (hopMaThl M300paxkeHuit. OIHAKO JTFO-
OWTENIMU WM HAYMHAIONIUMH Pa3padOoTIYMKaMU CaliTOB ATOT MPOIYKT, CKOpee Bee-
ro, He OyZeT paccMaTpUBaThCA KaK BO3MOJXKHBIN BapHaHT W3-3a €T0 JIOPOTOBU3HEI.
BONBIIMHCTBO KPYMHBIX KOMMEPYECKHX MPEANPHUATHN Ke MPEANOYNTAIOT UMEHHO
ATOT rpaduuecKkuid peJaKTop, T.K., TOMHMO BBIIICTICPEUHCICHHBIX €TI0 JTOCTOUHCTB,
OH SBJIAETCSA KPOCCILIaT(OPMEHHBIM, a TaKXKe MOJACPKUBACT OOJIBITUHCTBO pac-
TPOBBIX U HEKOTOPBIEC BEKTOPHBIC (hOpPMATHI.

Ha sTane pa3paboTku pa3METKU CTPAHHUIIBI BEPCTABIIHNK CTAIKHBACTCS C He-
00X0IMMOCTBHIO BBIOOPA TOIXOISIIET0 TEKCTOBOTO PEAAKTOPa, YIOBICTBOPSIOIICTO
TpeOOBaHUAM BepcTaiblika. Ha JaHHBIIT MOMEHT CYIIECTBYET OrPOMHOE KOJIHYe-
CTBO TE€KCTOBBIX PEJAKTOPOB, OT MPOCTEUIINX THMA «BIOKHOT» 0 OpUEHTUPOBAH-
HBIX Ha peIlIeHUe OMPECIIEHHBIX 3a/1a4 ¢ BOZMOKHOCTSIMHU yIOOHOTO PEIaKTHPOBa-
HUs HanrcaHHoro. Hampumep, peaakropsl, mogoOHsie «Notepad++» moacBeynBaroT
HapHbIC CKOOKH B KOJIe, MMO-Pa3sHOMY OTOOPaKaIOT BUIBI PAa3HBIX S3BIKOB IIPOrpaM-
mupoBanus, «MSOffice» u «OpenOffice» ynoOHBI i co3aaHus JOKYMEHTAIUH,
dbopmaTupoBaHus Tekcta. B Tabmuie 3 mpencTaBiIeHbl pe3yJIbTaThl CPABHEHUS TEK-
CTOBBIX PEIaKTOPOB [2].




Taomuna 3
AHAJIN3 TEKCTOBBIX PeaAaKTOpPOB
HasBanune SublimeText Atom Brackets
[TnaTpopmer Windows, MacOS, Windows, MacOS, Windows, MacOS,
Linux Linux Linux
CBobomHoe  pacmpo- | [lnaTHsIii, HO €CTh 03- becrinaTHbi becrninaTHbi
CTpaHeHUe HAaKOMHTEJbHBIN TIe-
puoa
YcTaHOBKA IUIArMHOB Yepes Package W3 Bu3yanpHOrO UH- Yepes Package
Control tepetica Control
Br16op mmaruHoB OOGmupHBIN Bonp1moii, ecth BO3- Bosb1moii, ects BO3-

MOYKHOCTBH q0OaBIie-
HUS CBOUX IINIAarMHOB

MOYKHOCTb J00OaBJie-
HUS CBOUX IINIArMHOB

CkopocTb paboThl OueHb BbICOKAs Cpennss Manast npu Hamu4uu
cpa3y MHOTHUX IUIaru-
HOB
Munu-kapra koaa Ectb Ectb Ectb
MHO)K€eCTBEHHOE  pe- a Her Ha

JAKTUPOBaHUE

Ha ocHOBe monyueHHBIX PE3yJbTaTOB MPOBEIEHHOTO WCCICIOBAHMS MOXKHO
clienaTh BBIBOJ, 4TO Haubosee yIoOHBIM Il pa3paboTKu BeO-cTpaHull OyAeT Trpa-
¢uueckuit penaktop Adobe Photoshop u3-3a ero BO3MOXHOCTH MOAIEPIKUBATH
MPaKTUYECKU Bce (popMmaThl m300pakeHUE, a TaKKe M3-3a HATHMYHAS OTPOMHOTO WH-
CTpyMeHTapus. M3 TeCTOBBIX pPEeNaKTOPOB IMPEANOYTHTEIbHEE BHIOpaTh Sublime
Text, 3aMeTHO yCKOPSIOMIHH Mporiecc BEPCTKHU Oiarogapsi BO3SMOKHOCTH MHOKECT-
BEHHOT'O PEJAKTUPOBAHUS U OOIIMPHOMY BBIOODPY IJIAaTMHOB.

B 3akmrouenun xotenoch Obl OTMETHTH, YTO B apceHasie BeO-pa3zpaboTyumka
UMEETCsI HeMaJlo Ba)XXHBIX MPOTPAMMHBIX MPOIYKTOB U TEXHOJIOTHH, TPU3BAHHBIX
MaKCHMaJbHO OOJIETYUTh U YCKOPUTH BEPCTKY. B X0/1e maHHOTO HccaenoBaHus ObLI
MPOBEJICH aHAJIU3 HEOOXOIUMOTO /IS BEPCTKU BEO-CaiTOB MPOrpaMMHOI0 obecre-
yeHus. Hamnuue MaHHBIX TEXHOJOTHUU SBJSETCS MUHUMYMOM JUIsl BO3MOYKHOCTH
paboThl BepcTanmbiuka. OgHAKO CIIeAyeT MOMHUTh, YTO aHAJIN3 MPOBOJUIICS CPEIn
HauOoJee MOIMYJSIPHBIX CPEACTB Pa3pabOTKH, XOTS B JEHCTBUTEIBLHOCTH BBIOOp 00-
jee mupok. JIroasM, 3auHTEPECOBAHHBIM B JIAHHOM BOTMPOCE CTOUT OTACIIBHO IO-
CBATUTHh HECKOJIPKO YacOB HAa M3Yy4Y€HHUE MOTOJHUTEIBHBIX MPOTPAMM U TIATUHOB,
OHH OJTHO3HAYHO 00JIerdyar Tpy/ BEpCTabIIHKa.

1. Knumenko P.BeG-macrepunr Ha 100%/P.Knumenko.-CII6.: ITutep, 2013. —
192¢.

2. Po6ounc Jx.HTMLS5, CSS3 nJavaScript. McuepmnbiBaroiiee pykoBoACTBO /
Jxenaudep Poo6unc; [nep. ¢ annt. M. A. Paittman]. — 4-e u3nanue. — M. :Dkcmo,
2014. — 528 c. + DVD. — (MupoBoii KOMITBIOTEpHBIN OecTceep)




PABPABOTKA UH®OPMALIMOHHOM CUCTEMBI 114
ABTOMATU3AIIUU JEATEJIBHOCTHU CEPBUCHOI'O HIEHTPA

AIl. ezooaes

Hayuynwiii pykosooumens C.IO. Payceyukasn, kKano. mexu. HayK, 0OyeHm
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bosorna

B XW3Hb COBpPEMEHHOT0 YEJIOBEKa YCTOWYMBO BOILIM HOBBIE TEXHOJOTHH,
KOTOPbIE KapJIMHATLHBIM 00pa30M YIIYYIIAlOT W MPOIECCHl MPOU3BOACTBA, U TPO-
1eccel moTpebneHus napopmanuu. B HacTosmee BpeMsi aBTOMaTH3aIMs JeSTeIb-
HOCTH TPEINPUSATUN OKa3bIBa€T OOJIBIIIOE BIUSHHE HAa KOHKYPEHTOCIOCOOHOCTH
MPENIOCTABISAEMbIX UMH YCIyT U NpOoAyKIuu. OCHOBHOUM IENbI0 aBTOMATHU3AIUU
SIBIISIETCSl pa3paboTKa W BHEAPEHHUE eIUHOW WH(POPMAIMOHHON Cpefbl, obecredn-
BaIOIEH ONTHMM3AIMIO y4eTa W YIPABJICHUS KOMITAHMEW W OXBATBHIBAIOIICH BCE
KITFOUEBBIC MOMEHTHI €€ (DYHKIITMOHUPOBAHUS B BHIOPAHHOW PHIHOYHOW HHIIIC.

B Hamem cinydae qaHHOW HUIIEH SIBIsSIETCS OKa3aHUE YCIYT PEMOHTa U 00-
CITy>XKUBaHMsI IU(PPOBON TEXHUKU B CEPBUCHOM IieHTpe. Llempio paboThl sBisieTcs
pa3paboTKa aBTOMAaTH3UPOBAHHOM CHUCTEMBI Ul y4YeTa 3aKa30B CEPBUCHOTO LIEHTpa
«Muadonaiid». ¥ 1aHHOTO CEPBUCHOTO IIEHTPA YK€ UMEETCS MOoJA00Has cUcTeMa, HO
OHA YK€ HE COOTBETCTBYET HOBBIM TpeOOBaHUSIM (PYyHKIIMOHAIBHOCTH, a 10pabOoTKa
U W3MCHCHHE HMEIOIIEHCS CHUCTEMBI SIBISICTCS HEBO3MOXHBIM. llpu m3yueHUH
pEeIMETHOM 00JIaCTH aBTOMATH3AIMH PaCCMOTPEHBI OCHOBHBIE 0COOEHHOCTH pado-
ThI CEPBUCHOTO IICHTPAa, CHOPMYIHUPOBAHBI OCHOBHBIC TPEOOBAHUS K CHCTEME IS
ydeTa 3aKa30B.

OcobeHHOoCTH pabOoTHI 3aKIIIOYAIOTCS B caeayromemM: [Ipu npueme TeXHUKA B
PEMOHT MEHEIKEPOM MPHUEMIIMKOM COCTABJISETCS JIOTOBOP HAa PEMOHT M JUATrHO-
CTUKY TEXHHUKH, B KOTOPOM MPOMUCKHIBAIOTCA BCE HEOOXOIUMBIE JIAHHBIE O KIMEHTE
u texauke: ®UO, ampec MpOMMCKH, KOHTAKTHBIC TaHHBIC, MapKa, MOJEIb, YHH-
KaJbHBIA HOMEp, OTMCAaHNE BHEIIHETO COCTOSHUS U Tak Jajee. 3aTeM 3aka3 Tora-
JaeT MacTepy, KOTOPBIA MPOBEIET JAMATHOCTUKY, IMOCJIE YEro IMOJCYMUTAET CTOU-
MOCTh BBITIOJTHEHUS pa0dOT COTJIACHO MPEHCKYpaHTY IIEH Ha 3amacHbIe YacTH U yC-
JYyTH PEMOHTA, €CITU HEOOXOJAMMBIX 3allacHBIX YacTel HET Ha CKIJIaNe, TO CTApIINil
MacTep YTOYHSET CTOMMOCTh W BPEMS JOCTABKU C PA3JTMYHBIX TOPTOBBIX TOYEK.
Jlanee MeHeKep MPUEMIITUK COTIACOBBIBAET CTOMMOCTh M BPEMsI BBITIOJIHEHHS pa-
00T c 3aka3unkoM. BO3MOXKHO J1Ba IyTH pa3BUTHSI MPOIIECCa: 3aKa3UMK Jai corja-
CHe Ha PEMOHT W TIOCJIE €ro BBIMOJHCHUS TEXHUKa BO3BPAIIACTCS KIMEHTY, JINOO
3aKa349MK OTKA3aJCsl OT MPOBEICHUS PEMOHTHBIX pa0OT WM BBHITIOJTHEHHE PEMOHTA
HEBO3MOYKHO TI0 TIPUYHMHE HEYCTPAaHUMOTO Opaka Wi KaKuX JUOO IPYTuX MPUIUH
TOTJIa TEXHWKA BO3BpAIIACTCsl KIMEHTY B TEPBOHAYaIbHOM BHaE. KIIMEHT MOXeT
poJaTh TEXHUKY Ha 3alacHbIC YacTH, €CIH OHA TPeOyeTCs] CEPBUCHOMY IICHTDY.
[Ipu BBIgaYe TEXHUKHU 3aKa3UYWKy MEHEKEp MPHUEMIIMUK (POPMUPYET aKT BBITIOJN-
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HEHHBIX padoT, COIIACHO KOTOPOMY 3aKa3uMK MPOU3BOAMUT PACUYET C CEPBUCHBIM
HEHTPOM.

K ocHOBHBEIM TpeOOBaHUSM CHCTEMBI MOKHO OTHECTH:

e JlocTyn Kk 6a3e JaHHBIX Yepe3 UHTEPHET Opay3ep.

e ABTOMaTH4eckoe (POpMUpPOBAHME aKTa MPUEMKHU U aKTa BHITIOJTHEHHBIX pa-
00T, a TaK)Xe IPYrUX COOTBETCTBYIOIIUX JOKYMEHTOB.

e PasrpaHuyeHue J0CTyna K MHPOpMaluu pabOTHUKAM.

e B03MOXHOCTb OTCJIEKHBATh CTAaTYyC 3aKa3a KJIMEHTOM OHJIaiH.

e [IpocToii 1 MOHATHBIN HHTEPEHUC MOTBL30BATE]IS.

Ocob0eHHO cienyeT BbIJCTUTh Takoe TpeOOBaHME Kak JIOCTYI K 0asze uepes
UHTEpHET Opay3ep. JlaHHoe TpeOoBaHME BBIHYXKAAET HAC K CO3AaHUIO BEO MpPHIIO-
YKEHUSI U UCTIOJIb30BAHUSI COOTBETCTBYIOIICH apXUTEKTYPhI MPUIIOKEHUSA. APXUTEK-
typa REST sBnsercs OTAMYHBIM pelieHueM Uil JaHHOM 3amaun. REST
(Representational state transfer) — 3To cThIb apXUTEKTYpPbl IPOTPAMMHOTO 00ecIe-
YeHMsI U1 pacmupeesieHHbIx cucteM, Takux kak World Wide Web, koTtopsrii, kak
MPaBUIIO, UCIIOJIB3YETCS JIJIsl TOCTPOEHUS BEO-CIIykO.

Apxutektypa REST TpebyeT cobmroneHus HEOOXOAUMBIX YCIOBHM JISl T1O-
CTPOCHHS paCIpeICIICHHBIX MPHITIOKEeHUH[ 3].

K aTum ycroBusiM OTHOCSITCS:

e KiineHT-cepBepHasi apXUTEKTypa

e OTCyTCTBHE COCTOSHUS

e Khsmuposanue

e EnunooOpasue unrepdeiica

e Cioun

JlaBaiiTe paccMOTpUM 3TH TpeOOBaHUS MTOJAPOOHEH:

[Tox oTCyTCTBHEM COCTOSIHUS MMOHUMAETCS, YTO MPOTOKOJI B3aUMOICHCTBUS
MEXIy KIMEHTOM M CEPBEPOM HE COXPAaHSAET KaKoro JMOO COCTOSIHUS MOCHE 3arpo-
ca u oTBeTa. B ciiyyae HEOOXOAMMOCTH COCTOSIHUE MOTHOCTBIO JOJIKHO COXPaHSTh-
cs Ha KimenTe [1].

Kak 1 BO BcemupHOU nayTHUHE, KaXIbli U3 KIIMEHTOB, a TAKKE MTPOMEKYTOYU-
HbIE Y3JIbl MEXIY CEPBEPOM M KIMEHTAMH MOTYT K3IIMPOBATh OTBETHI CEpBEpa.
B kaxzaom 3ampoce KIMEHTa JO0JKHO SBHO COJEPKAThCA YKa3aHUE O BO3MOMKHOCTHU
K3IIUPOBAHUS OTBETA U MOJIYUYEHHS OTBETA U3 CYIIECTBYIOLIETO KAIIIa.

Orpanuuenus Ha YHUDUIMPOBAHHBIN UHTEpPeEic ABIAIOTCS PyHIaMEHTAIb-
HeIMH B nu3aitne REST-cepBucoB. Kaxapiii u3 cepBUCOB (PYyHKIIMOHUPYET U pa3BU-
BaETCs HE3aBUCHUMO.

KiineHT MokeT B3aMMOIeiCTBOBATh HE HAMPSIMYIO C CEPBEPOM, a Yepe3 Mpo-
MEKyTOUHBIC Y3kl (ciion). [Ipu 3TOM KIIMEHT MOXET He 3HaTh 00 UX CYyIIEeCTBOBA-
HUH, 32 UCKITFOUCHUEM CITydaeB Mepenadr KoHpuIeHmanbHoH nHpopmaruu [2].

st OYHKIIMOHUPOBAHMS JAHHOM apXUTEKTYphl HEOOXOIUM MPOTOKOI 00-
HIEHUS MEXIy KIHNEHTOM U cepBepoM. Ha cerogusiinuii aens HT TP saBnsiercs ca-
MBIM TOMYJISIPHBIM MPOTOKOJIOM. B KkadecTBe KiueHTa, pabOTaloIIEro ¢ MpPOTOKO-



aom HTTP, ucnonb3yercst 11060i1 BeO-Opay3ep. Ha Tekyiiuii MOMEHT CyIIeCTByET
00JIBIIOE KOJTUIECTBO BEO-CEPBEPOB MO BCE BOBMOXKHBIE TIAT(HOPMBI.

B kauectBe cepBepa mis pa3paboTku BeIOpaH cepep «GlassFish» — Cepsep
NIPUJIOKEHUH C OTKPBITBIM MCXOJHBIM KOJOM, PEaTU3yIONHi crenudukanuy Java
EE. B kauectBe BeO-cepBepa ucnonbzyercs Apache HTTP Server

Java Platform, Enterprise Edition (cokpamienno Java EE) — na6op crerudu-
Kalliii ¥ COOTBETCTBYIOIIEH TOKyMEHTAIMU IS s13bIKa JAVa, OMUCHIBAIOIICH apXu-
TEKTYpPYy CepBEepHOU TIaT(HOPMBI JJIs 3374 CPSIHUX M KPYITHBIX MPeAnpusaTuii [3].

Jliis peanu3ariy OM3HEC JIOTUKH TPUJIOKEHHUS UCIIOIB3yeTCs A3bIK java. Jlims
MOBBIMICHUS] CKOPOCTH Pa3pabOTKH, OBICTPOTO PEIICHUs CTAaHAAPTHBIX 33]1a4d U CO3-
JTaHWs CTPYKTYpPBI TPHIOKEHUS HCHoib3yrorcs  framework’w: spring, jax-rs,
hibernate.

Spring Framework o6ecrieurnBaeT KOMIIEKCHYIO MOJIEb pa3pabOTKH U KOH-
dburyparuu s COBpEeMEHHBIX OW3HEC-NPUIIOKEHUH Ha Java — Ha JIroObIX ILIaT-
dopmax[4].

JAX-RS — 310 APl B Java, obecrieunBaroIIyii MpocToe U OBICTPOE CO3/aHNE
REST-cepBucos.

Hibernate — OmbanoTeka s s3bIKa MporpaMMUpOBaHus Java, mpeaHa3Ha-
YeHHAs JJIs pelieHUs 3a1ad 00beKTHO-pesiuoHHoro oroopaxkenus (ORM), pac-
MIPOCTPAHSAETCS CBOOOTHO.

Jlyis perieHust TIOCTaBJICHHON 3alladl HaM TakXke TpeOyercs 0a3za JMaHHBIX.
CampiMu  momymsipabiMu - cpeau OecruiathHbix  CYBJl  sBmstoress MySQL  wu
PostgreSQL . Briopana MY SQL, Tak kak yke UMeeTcCsl OMbIT pa3pabOTKH Ha JaH-
Hoit CYB/] u pa3zpabarbiBaeMast cucrema He 00J1aJJaeT BHICOKOM 3arpy>KE€HHOCTBIO.

B cnoe wximenta OwuT0 pemieHo ucmonb3oBaTh cBs3ky HTML, CSS,
javascript. Tlocneanmii HEOOXOAWM JUIS JHHAMHYECKOTO W3MCHCHHS KOHTCHTA
CTpaHUIBI PKOHOMHUHU TpaduKa U CHIDKSHHUS Harpy3KH Ha cepBep. Takke pelieHo
UCIIONIb30BaTh (ppeitMBopk React.js miist ynpoiieHus mporecca pa3padboTku 0Toopa-
KCHMS THHAMUYECKOro KoHTeHTa. B kauecTBe cpenbl pa3paboTku BeiOpana intellij
idea

B3auMopeiicTBue Mex1y KIMEHTCKUM Opay3epoM U CEpBEPOM OCYIIECTBIISA-
eTcsl caeayronmM obpa3oM: cepBep BeichliaeT Ha kiueHTa HTML ¢aiin, conepxa-
mmid javaScript ko, mpH 3alycke Ha KIUEHTE MPOMCXOJUT OTPUCOBKA CTPAHMIIHI,
OTCBHIJIACTCS 3aIPOC Ha CEpPBEP HA TMOJYUYCHHE OTPE/CICHHBIX TaHHBIX. B oTBeTE OT
cepBepa npuxoAT ganHbie B popmare JSON, nmporcxomuT THHaAMUYECKas TIOrpy3Ka
JMaHHBIX Ha cTpanuie. CucreMa moaep KUBaeT N00aBjIeHUE, U3MEHEHUE, YTCHUE U
ylaJcHue JaHHBIX.

CymiecTBYIOT HECKOJBKO CIOCOOOB peanu3allii KIHEHT-CEPBEPHOTO B3au-
MOJEHCTBHUS, pacCMOTpUM 3 HanOOJIee 3HAUMMBIX

1. Ha ocHoBe cokeToB. OH 4acTO MCHOJIb3YETCS B MPUIIOKEHUSIX, I€ BaKHA
CKOPOCTH JTOCTaBKH COOOIIEHHUS, BAKEH MOPSIOK JTOCTAaBKH COOOIIECHUA U HEOOXO-
JUMO JIepKaTh CTAOUILHOE COSTUHEHUE C CEPBEPOM.



2. Yacteie onpocei(Poling ). KiueHT moceliaeT 3ampoc Ha CEpPBEp M MPOCHT
OOHOBJICHHBIE IaHHBIE, HA YTO CEPBEP OTBEYAET BCEMU HOBBIMU JAHHBIMU.

3. Jymunsie onpockl (LongPoling) — 3akimrodaercss B TOM, 9TO KJIMEHT MOCHI-
JaeT 3anpoc Ha cepBep. CepBep B CBOIO 04YEpElb CMOTPUT, €CTh JIU CBEKHE TaHHbBIE
JUISl KIIMEHTA, €CIIM X HET, TO OH JIEPKUT COCIMHEHUE C KJIMEHTOM JI0 T€X MOp, MO-
Ka 3TU JaHHbIe HE MosABATCSA. Kak TOIbKO JaHHBIE MOSBWINCH, OH OH MPEIOCTABISIET
ux KineHty. KiueHrt, nmojiy4uB JaHHbBIE OT CepBepa, TYT K€ MOCHUIAET CIETYIOIHA
3anpoc U T.1.

Cnoco6 LongPoling siBisieTcss caMbIM ONTUMATBHBIM U PACXOAyeT MEHbBIIE
Tpadka WMEHHO €ro MbI ¥ OyJeM HCIOIb30BaTh MPU MMOCTPOSCHUN CUCTEMBI.

Jloist pa3neneHus MOTHOMOYHH MOIb30BaTese u odecredeHus: 6€30MacHOCTH
HeoOxoauMa aBTopu3anua. Kaxplii Mojb30BaTellb UMEET YHUKAJIbHBIA JIOTUH U
napoJib. KaxxaoMy mosib30BaTeli0 Ha3HAYAKOTCA ONPEACIICHHBIEC MpaBa Ha JOCTYN K
JTaHHBIM. /[aHHBIE O MOJIb30BATENE U POJIAX XpAHATCS B 0a3e TaHHBIX.

Takum 00pa3oM, ONMHMCAHHYIO BBIIIE APXUTEKTYPY MOKHO MPEJICTABUTh B BU-
JIe CXeMbI U300paKeHHOM Ha pucyHke 1.

Server
Klient
requesty . - JAXRS
HTML 4 TESDONSE || é _‘_LE'_ "
55 x =3 business logic
JavaScript = %_' = | Spring
h Hibernate
L] i
DB
k. )
MYEQL

Puc. 1. Apxumexmypa cucmemvi

Ha nmaHHBIN MOMEHT B cHCTeMe pa3paboTaHa 0a3a JaHHBIX OTpakalomas OcC-
HOBHYIO JIOTUKY XpaHEHHs JaHHbIX. OpraHn3oBaHa CBS3b MEXAY NPUI0KEHUEM U
b/l. Pa3zpaboTanbl 1 MpOTECTUPOBAHBI OCHOBHBIC 3aIPOCHI HA MOJYYCHHUE JTAHHBIX.
Takke ocyliecTBisieTcs B3auMOJelcTBUE Mo mpoTtokoiry HTTP mexny kireHTom
cepBepoM. Benercst pa3paboTka OU3HEC JTOTUKU U KIIMEHTCKOW YacTU MPHUIIOKEHUS.
[IpunsiTOo perieHne BECTH pa3pabOTKy MOCTENEHHO YBEJIUYUBas (PYHKIIMOHAT U CO-
[J1aCOBBIBAasI KaXJO€ PEIICHUE C 3aKa3YMKOM. JTO CIAEIAaHO IO TOW MPUYUHE, YTO
3aKa34YMK Ha JTAHHBIA MOMEHT €II€ HE MMEET MOJHOTO, YETKOTO MPEACTABICHUS O
(GYHKIIMOHATHHOCTHA CUCTEMBI.
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NHOOPMALIMOHHAA CUCTEMA J1JIS1 YYETA
SJEKTPOHHBIX NOJNUCENA HA IPEAIIPUSTUN

K.B. Opuna

Hayunwvui pykosooumens C.JO. Puceyykasn, kano. mexm. Hayk, 0oyexHm
Bosoronckuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonoraa

B 06oibinMHCTBE COBpEMEHHBIX MH()OPMALMOHHBIX CUCTEM U IPU OKa3aHUU
Pa3IMYHOTO BHUJA YCIIYT MCIONb3YETCs 3JIEKTPOHHAS MOANKUCH JJIs UASHTU(PUKALUN
JMIIA, TIOJMTUCABIIETO dJIEKTPOHHBIA JOKYMEHT.

Llenpro gaHHOTO HMCCIEAOBaHUS SBISETCA CO3AaHUE MH(POPMALIMOHHON CHC-
TEMBI, TIO3BOJISIONIEH YCKOPUTHh U YIPOCTUTH BEJCHUE TOKYMEHTALMU MPU BbIIaue
ANEKTPOHHBIX noanucer. Ha Texkymui MOMEHT ydeT dJE€KTPOHHBIX IOANUCEN Be-
netcs 06e3 UCTIOIb30BaHUS CPEICTB aBTOMATU3allMu. B cBsI3u ¢ 3TUM OBLIO MPUHATO
perieHrne 0 HeOOXOIUMOCTH Ppa3pabOTKu MHPOPMAIMOHHON CHUCTEMBI, YIIPOIIA0-
el ydeT AJIEKTPOHHBIX MOANHUceld Ha nmpennpusTuu. CucreMa JoKHA obecreyu-
BaTh BO3MOXXHOCTb BHECEHHUS CBEJCHUN O NMPUOOPETEHHUU CEPTU(PUKATOB Ha IJIEK-
TPOHHBIC TOJIMUCH JIJISI COTPYIHUKOB MPEAIPUATHS.

MO>KHO BBIZICNIUTH CIEAYIOIINE TAMbl CO3aHNs HHHOPMAIIMOHHON CUCTEMBI:

1. Ananu3 npeaMeTHOMN obiacTu

2. [IpoexTupoBanme

3. Pa3paboTtka

4. TectupoBaHue

5. Buenpenue

bbu10 mpoBeneHoO uccienoBaHHE NPEIMETHOM 00JIaCTh M BBIIETEHBI Clie-
TYIOIIE OCHOBHBIC MTOHSTHS:

OnekrponHas noamnuck (DI1) — 3T0 MOCIIENOBATEIIEHOCTE CUMBOJIOB, TOJY-
YeHHasi B pe3ysbTaTe MpeoOpa3oBaHUs B TEXHUYECKHX CPEJCTBAX ONPENEIEHHOTO
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ob0beMa WH(}OpPMAIMK TIO YCTAaHOBJICHHOMY MAaTEMaTHYECKOMY aJTOPUTMYy C HC-
MOJIb30BAaHUEM KITFOUCH, NMEIOITasi HEM3MEHSIEMOE COOTHOIICHHE C KaXKIbIM CUMBO-
JIOM JJaHHOTO 00beMa HH(pOpMaIIUU.

Y nocrosepsitomuii eHTp (Y1) — ropuaudeckoe U0 WIH WHIWBHTY AJTbHBIH
peanpuHUMATENh, OCYIIECTBISIONNE (DYHKITUHN 110 CO3/aHHIO U BbIJade cepTudu-
KaTOB KJIFOYEH TIPOBEPKH AIEKTPOHHBIX MOJIUCEHN, a TaK)Ke WHBIE (DYHKITUH, TIpeIy-
cMoTpenHbie denepanbHbIM 3aKOHOM[ 1]

CepTtudukar kitoua NpoBEPKU IEKTPOHHOM MOAMUCH — JIEKTPOHHBIN JIOKY-
MEHT WUJIM JIOKYMEHT Ha OyMa)KHOM HOCHUTEJIE, BBIJIaHHbIE YIAOCTOBEPSIOIIUM IICH-
TPOM JIUOO JOBEPEHHBIM JIMIIOM YIOCTOBEPSIOIIETO IIEHTPA M TOATBEPIKIAIOITUE
MPUHAICKHOCTh KITFOYa MPOBEPKHU JICKTPOHHOU IMOIUCH BIAACIbIly cepThuduKa-
Ta KJIF0Ya MMPOBEPKH MICKTPOHHON ToamucH[1]

TokeH — 3TO KOMITAKTHOE YCTPONCTBO, MpeAHA3HAYEHHOE [IJIi XpaHCHUS
KJTF0Ya AJICKTPOHHOU moanucu. Ha mpeanpustiu MCIoNb3YIOTCS Ba BH/Ia TOKCHOB!
eToken u ruToken.

[Ipouienypa momydeHust >IEKTPOHHON MOIMUCH MPOUCXOAUT B CIEAYIOIIEM
MOPSIJIKE!

1. Opranuzaiysi HampaBJsieT 3asBKy B YJIOCTOBEPSIONINI IeHTp. B 3asBke
COJIEPKUTCS CIMUCOK PAOOTHUKOB, KOTOPHIM HEOOXOJMMO BBIIATH JJIEKTPOHHBIC
MOJIKCH, a TaKXKe JaHHbIE 00 3TUX paOOTHHUKAX,

2. 3aKITI09aeTCcsl KOHTPAKT MEXIY YIAOCTOBEPSIONIUM ILIEHTPOM M OpraHH3a-
1105()%8

3. Y1ocToBepsOmIHii IEHTP BbIAACT cepTU(dUKATHI pAOOTHUKAM,

4. ®axt Beimaun D11 paOOTHUKY perHCTPUPYETCS B KypHAJIE.

HNupopmannonHas cuctema JOJDKHA 00ecrednBaTh CIEAyOLINE BO3MOXKHO-
CTH.

1. JToGaBneHue, XpaHeHNE U M3MEHEHHE HHPOPMAIIUU O paOOTHHUKE;
2. ®opMupoBaHue 3asiBKU Ha Bbiauy Il B y10cTOBEpSAIOMINIA LIEHTP;
3. 3akiIroueHre KOHTPAKTa C YIOCTOBEPSIIOIINM LIEHTPOM;

4. 3anonHenue xxypHaia Boigaun Jl1.

Ha BTOpoM sTame co3manus cuctembl Oblia pa3zpaboTaHa cxema 0asbl JaH-
HbIX. OCHOBHAs 4aCTh CXEMBI TPEJICTaBlIeHa Ha pucyHke 1.



Ceptudumkat
PaboTHuk PK | ID
PK |ID <
ID paboTHuka
oYVle) [ata Havana
MacnopT [ata okoH4yaHus
CHUIIC
JomkHoCcTb
KypHan Bbigauu
- PK | ID KoHTpakT
OKeH PK | ID
PK |ID « [aTa Bblgaun
- [ata 3aBepLueHuns Per. Homep
Tun ID TokeHa Jata
Per. HoMmep ID KOHTpPaKTa 1D ya.ueHTpa
ID paboTHuka
3asnBka YA0CTOBEPAIOLLNIA LIEHTP
PK [ID —»| PK |ID
ID paboTHuka HasBaHwne
ID yA. ueHTpa KommeHTapun

Puc. 1. Cxema 6a3vi OanHbIX

st peanuzanuui CHUCTEMBI BBIOpaHBI CIEAYIONIME CPENICTBA Pa3pabOTKU:
PostgreeSQL, Python, Django. Beibop 00yciioBieH HeOOXOUMOCTbIO HHTEIPALUN
pa3zpabaThiBaeMOU CUCTEMBI B YK€ CYIIECTBYIOIIYIO Ha MPEITPUITHH.

PostgreSQL — cBoGoaHas 00bEKTHO-PEISIITUOHAAS CUCTEMA YIIpaBJICHUS Oa-
3aMu JaHHbIX. CuabHBIME cTOpoHaMu PostgreSQL cumraroTcs:

— BBICOKOTIPOM3BOIUTEIHHBIC U HAAEKHBIE MEXaHU3MbI TPaH3aKIUH W pemn-
JIVKAINY,

— pacimupsieMas CHCTeMa BCTPOCHHBIX SI3bIKOB MMPOTPAMMUPOBAHUS;

— HacJe/lI0BaHue,

— JIeTKasi paclInpseMOCTb.

Django — cBoOoaHbIN (hpeiiMBOPK I BeO-IpUIOKEHH Ha s3bike Python.

CTpykTypa NpUIOKEHHUs, peaaru3yeMoro ¢ nomomsio Django mpepcraieHa
Ha pucyHke 1.



Controller

R T Y T Y

Model

Puc. 2. Cmpyxkmypa npunoxcenus Django

Django cirenyer moneinn MV C. Bor kak M, V u C ucnionb3yrotcst B Django:

Model — moctyn kK JaHHBIM, 00pabaThHIBAETCS CIIOEM pabOThI ¢ 6a30# JaHHBIX.

View — gacTth, KOTOpasi onpeesseT KaKue JaHHbIC MOJIydaTh ¥ KaK MX OTO-
Opaxxath, 00pabaThIBaeTCs MPEICTABICHUSIMHU U 111a0JI0OHAMMU.

Controller — yactb, KOTOpas BBIOMpAET MPEACTABICHUE B 3aBUCHMOCTH OT
M0JI30BATEICKOTO BBOJA, 0OpabaThiBaeTcs camMou cpeioud pa3pabdOTKH, Cleays
cozmanHoi Bamu cxemoit URL, u BeI3BIBaeT coorBeTcTBYyMOMy0 (hyHKIMIO Python
s ykazanHoro URL.

Ha Texymiem stamne co3ganbl Bce HEOOXOAMMbBIE MOJIEIH.

Crnenyrommum 3TanoM pa3paboTku OyaeT co3manue uHrepdeiica s moib30-
BaTesl.

1. Koncyabrant mitoc. ®enepanpubiii 3akod ot 06.04.2011 N 63-d3 (pex. ot
30.12.2015) "O06 syekTpoHHOM moanucH” [3JeKTpOHHBIH pecypc]. — Pexxum mocty-
na: http://www.consultant.ru/document/cons _doc LAW 112701/

2. Prom-nadzor [»mektponnbiii pecypc]. — Pexxum nmoctyma: http://prom-
nadzor.ru/

3. Jlokymentarust Django [smektpoHHbIid pecypc]. — Pexkum goctyma:
http://djbook.ru/



Honcexnusa «MupopMannoHHbIE CHCTEMbI U TEXHOJIOTUH
B COLIMAJIbLHOM cepe»

OPITAHM3ALIUSI THOOPMALIMOHHON CUCTEMBI,
MOJUIEPKUBAIOIUIE JTUAJIOT C MOJB30BATEJEM

H 1O. bapviuunukosa

['ocynapcTBeHHBI YHUBEPCUTET MOPCKOIO U PEUHOTO (pyioTa
uMenn aamupana C.0O. MakapoBa

r. Cankr-IlerepOypr

CoBpeMeHHbIE JOCTHKEHHUS B 007acTH MHGOPMAIIMOHHBIX TEXHOJIOTUH MPO-
SIBJISIIOTCSI B CO3JIJaHUU M Pa3BUTHUU MHTEIUICKTYaJIbHBIX CUCTEM, 00ECIeUnBAIOIINX
XpaHeHue, npeoOpa3oBaHNe U MPEAOCTABICHNE HEOOXOAMMBIX MOJIb30BATEIO J1aH-
HBIX MO TpeOOBaHMIO. B 4aCTHOCTH, OHM OPraHU3yIOT BO3MOXHOCThH BEJCHUS JUa-
jora. OOBIYHO JJIS €r0 pealu3aly He0OXOJUMO MPUOETHYTh K HUCIOJIb30BAHUIO
CPEICTB MPOTrPaMMHUPOBAHUS, TPEOYIOIMHUX TOCTATOYHO BBHICOKOW KBamu(UKAIUH,
YETKOTO IMOHUMAaHMsI CTPYKTYPHI ¥ HamoHEeHHs 0a3bl naHHbIX (B/1), ee nuHammde-
CKHM HW3MeHsoerocss oobema. OgHAKO dallle BCEro IMOJIb30BATENH HE SIBIISIOTCS
CHEIUATNCTAaMU B KOMITBIOTEPHOU 00JIACTH M UCHBITHIBAIOT CIOXKHOCTH MPHU TOJIY-
yeHUH TpeOyeMol BBIOOpKH. B »TOM ciyyae ucnosnb3oBaHue B MHGOPMAIIMOHHON
cucreme (MC) yHHBepCaIbHOTO MEXaHW3Ma OpTaHHM3al[MK JUaora CHU3HUT Harpys-
Ky Ha IOJIb30BATENS, a TAKXKE MO3BOJIUT BBINOIHATH ACHUCTBUS MOJ PYKOBOJCTBOM
MHTEJUIEKTYAJIbHON COCTABJISIFOIIEN CUCTEMBL.

MexaHu3M peanu3yercs MOCPEACTBOM OOpaIeHUs! MOIb30BaTENs C TMPOU3-
BOJIbHBIMU 3allpOCaMM K JaHHBIM Ha sI3bIKE, OJIM3KOM K €CTECTBEHHOMY, T. €. Ha
cnabohopMaM30BaHHOM S3BIKE, KOTOPBIA JIOMyCKaeT CBOOOJHOE TOJKOBAHHE
NPEAJIOKEHU, He TPeOYIOMMX CTPOroro coditojieHus cuHrakcuca. CTOUT oTme-
TUTh, YTO CO3/1aBaeMblil Mosib30BaTeNbckuil uuTepdeiic UC g opranuzanuu nua-
nora Ha ectecTBeHHOM si3bike (ESI) oOmanaer nenbiM psjaoM NperuMyIiecTs:

— MUHHMAaJIbHas TOATOTOBKA MOJIb30BaTessl, HeoOxoaumas it pabotsl ¢ UC;

— SI3BIKOBBIC KOHCTPYKIIMH, B TOM YHCJIE B MX MPOOJIEMHO-OTPAHUICHHOM BH-
Jie, IPOCTHI U MOHATHBI BCeM noJib3oBaressim UC;

— BBICOKasi CKOPOCTb 3a/IaHUs U BBITIOJTHEHUS MPOU3BOJIbHBIX 3anpocoB K UC;

— KOMIIOHEHTHI cTpYKTyphl C onuckiBatorcs Tepmunamu ESl kak Bo BHYT-
PEHHEM, TaK U BO BHEIIHEM IIPEACTABICHUH;

— XOpolllasg OpraHu3aius MoJeIu NpeaMeTHON 001acTu.

Ha ceromuamnunii 1eHp MexaHU3MOB opranuzanuu auainora B MC, kotopsie B
MOJTHOM Mepe MPe0CTaBISIIN Obl BO3MOKHOCTh UCIIOJIHATH 3alPOChI, CHOPMYITUPO-
BaHHbBIC Ha S3bIKE, OJIM3KOM K €CTECTBEHHOMY, HE peanu3oBaHo. Ha ocHoBaHuM 3T0-
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ro B CTaThe MpejiaraeTcs peanusanus GpopmaibHOro Mmexannsma [1] oopaboTku 3a-
IIPOCOB Ha SI3BIKE, OJTM3KOM K €CTECTBEHHOMY.

[Tonb3oBarensckuit uHTEpdeiic Oyner MpencTaBiIsaTh co00il Habop pa3iuy-
HBIX B3aUMOJICHCTBYIONINX MEXIy COO0W MOJyJiel MporpaMMHO-anmnapaTHoON pea-
mu3anuu VC, aBisironuxcst eIMHbBIM HaOOPOM MEXaHWU3MOB pacIpeieIeHHOTO Xpa-
HEHHUSI U yIpaBJCHUs NaHHBIMH. B OCHOBE mpennaracéMoro MEXaHu3Ma OpraHu3a-
LMW AAJIOTa UCTOJIb3YETCS MHTEPAKTUBHBIA BBOJ 3alpoca B BHUJIE IMPOU3BOJIBHOTO
tekcta. Mcmonb3oBanue ESl conpsbkeHo ¢ (hakToMm Hanmuuus TpymHocTel [2], KoTo-
pbI€ BO3HUKAIOT MPHU MOCIECAYIOEM MAIIUHHOM aHAJIN3E:

— mpobiieMa OMOHHUMMUH;

— npoOsiieMa CHHOHUMMUH,

— npobaema Mop(}oTOruIecKux BapHaIui,

— mpobiemMa yCTOMYMBBIX COUYETAHUMN CIIOB;

— npobiema 60mb110T0 pazmepa u odbmmpuocta MC u 1. 1.

B cBs3u ¢ 3TUM pacno3HaBaHUE TEKCTOB Ha ESl sBisieTcst JOBOJIBHO CIIOKHOM
3amaueit, noaromy MC nomxHa 061aaaTh XOpouIo NpopadOTaHHBIM C JIMHTBUCTUYE-
ckoii [3] ToUKM 3peHus anmnapaToM IO BBIMOJTHCHHUIO pa0OT HaJl TCKCTOM.

B xadectBe s3bIka mpemiaracTcs BBIOpAaTh KOHEYHOE ITOAMHOXECTBO ESI,
IpeCTaBIIsIoNee coO00M OrpaHMYEHHBI HAOOp JEeKCUKU U rpaMMaTuku. CeMaHTu-
YeCKH OHO 3aJIaHO MPEeIMETHOM 00sacThio, oToOpakaemoit B BJI. Jlnsa ero ompene-
JICHUS UCIOJIb3YETCS METOJ OTPAaHMYEHUSI KOHTEKCTA M CTPYKTYPhI IPEIJIOKEHUMN.
JT10 03HayaeT, uto B pamkax MC tpebyercs 3aaTh MHOKECTBO CJIOB, CIIOBOCOYETA-
HUN ¥ 3HAKOB MPENUHAHUS, U3 KOTOPBIX OYIyT chopMyTUpOBaHBI 3alPOCHI MOIb30-
Barens. B atom ciiyuae B UC ucnosnib3yeTcst CioBaph, COAEpKaIluid B ceOe TEPMUHBI
U O0BEKTHI, XapaKTePU3YIOIIHECs CTPOTON MPEAMETHOW HaAIpaBICHHOCTHIO, 0000-
LIICHHOW JIEKCMKOM WM YIPOIIEHHBIM CHHTAaKCUCOM. 3aJJaHHO€ MOAMHOYECTBO MO-
3BOJIICT BBIJICJIUTH OIpPEACNICHHbIE MPU3HAKU U (DOpMaTbHBIEC TTpaBUiIa OCTPOCHUS
NOOYUTENBHBIX U TIPOCTHIX BOMPOCUTEIBHBIX MpEJIoKeHU. BBoquMbIe Ha S3bI-
KOBYIO COCTABJISIFOILYIO OTPAHUYECHUS MPEICTABISAIOT MUHUMAIBHO HEOOXOAUMYIO
uH(pOopMaIMIO IS 3aJlaHud Mojb3oBareneM 3anpocoB Ha ESl. OrpanuuenHoe noj-
MHOXECTBO IO3BOJISIET CHU3UTH BpeMsi 00OpaOOTKH 3alpoCoOB, a TaKXKEe YCTPAHUTh
4acTh BO3MOYHBIX JIMHTBUCTUYECKUX HEOJJTHO3HAYHOCTEM.

Pa36op 3ampoca mosib30BaTelisi OCYHIECTBIAETCS MOCPEACTBOM HCMOJIb30Ba-
HUS JIMHTBUCTHUYECKOTO MPOIECCOpPa, KOTOPBIM Mpe/ICTaBiIsieT cOO0H MHOTOYpPOBHE-
BbII IIpeoOpa3oBaTeb. B HEM BBIIETSIOT TPU OCHOBHBIX YPOBHS aHAIM3a TEKCTA!

1. 1excnueckui,

2. CHHTaKCHYECKUH;

3. CeMaHTUYECKHM.

Pa360p ucxoanoro 3amnpoca Ha ESl HaunHaeTcs ¢ sTamna JIeKCHYeCcKoro aHaju-
3a, MPEJICTABISIONIETO COOOM MpoIlecC OMpPEIeSICHHs] TPaHUI] CJIOB U JallbHEUIIero
3al0JIHCHUSI HA UX OCHOBE TAOJUIIBI JICKCEM, T/I€ KaXXJ0il JIEKCEME B COOTBETCTBUE
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CTaBUTCSI HA0OP OMNpe/IEICHHBIX XapaKTEPUCTUK, TAKUX KaK 4acCTh PEUH, PO/, YUCIIO,
aJIeK, OJyIIEBICHHOCTD U T. [I.

B ciiyyae monoXuTENbHOrO 3aKIOUYEHUS O MPABMIBHOCTH BBEAECHHOTO 3a-
npoca Ha ESl BeixogHas mHbOpManus, MOIydeHHasT Ha dTare JeKCHYSCKOro aHaJld-
3a, mepefaeTcs JA JaibHeime oO0paboTKu Ha JTall CHHTAKCHYECKOTO aHAaJIM3a.
Ero ocHOBHOU 3azjaueul SIBJISIETCSI COIMOCTABIICHUE JIMHEWHOM IOCIIEIOBATEIBHOCTH
JeKceM ¢ (popManbHOM BXOAHOM IpaMMAaTUKOM SI3bIKa B BUJIE€ CHHTAKCUYECKOTO Jie-
peBa. B y3max 0003Hau€HBI CIOBa C yKa3aHHEM XapaKTEPUCTHUK, YT COOTBETCT-
BYIOT cnieliupuyHbIM A1 AaHHoro ES m BbIOpaHHOW mpeaMeTHOR 00JacTh OTHO-
IIEHUSM CUHTAKCUYECKOTO MOTYUHEHHUS.

Ha srane cemaHTM4eCKOro aHann3a OCYILIECTBIIETCA AHAIU3 PE3YJIbTATOB,
MOJYYEHHBIX MPU CUHTAKCUYECKOM aHain3e. BXOIHBIMU JaHHBIMM JIJI BBITOJIHE-
HUS pabOThI MEXaHU3MA 371€Ch SBIISIOTCS:

— Tabnuna uIeHTU(HUKATOPOB,

— pe3yJbTaThl pa300pa CHHTAKCUUECKUX KOHCTPYKIIMI BXOIHOTO S3BIKA.

JIaHHBINA 3Tan HE UMEET YCTOSIBIIMXCS MOJICJIEH U MOJAXOJ0B K €ro peann3a-
uu. B 6onpmmacTBe UC posib céeMaHTHYECKOTO aHAJIM3aTOpa UrpacT OTACIbHBIN
MO/TyJ1b, PELIAIOIINN 33/1auy CEMaHTUYECKOTO aHaIM3a Ha OCHOBE HEKOTOPBIX ABpPHU-
cTrueckux cooopakenuit [4]. CioxkHOCTD IMPoOJEeMbI COCTOUT B Pa3pabOTKe A0CTa-
TOYHO 3(P(EKTUBHOTO AJITOPUTMA, KOTOPBIM MO3BOJISII Obl M3BJICKATH IMOJIE3HYIO
CMBICIIOBYIO HH(OpMAITHIO U3 3ampoca moyib3oBatens. OMHUM U3 BO3MOXKHBIX BapH-
AHTOB peaIN3alUi CEMAHTUYECKOTO aHau3a SABJISIETCS UCIOJIb30BAHUE CEMaHTHUYE-
CKHUX CeTel W JanbHelIee comocTaBieHuEe TekcTta 3ampoca Ha ES ¢ 6azoBeiMu
mabsionamu si3bika miatgopmsl VC.

[Ipu ananm3e TekcTa 3ampoca JUHIBUCTHYECKUM MPOIIECCOP JOJDKEH obecte-
YUBATh MOCJIEIOBATEIILHOE BBIMOJHEHHE CIICIYIOMINX MPeoOpa3OBaHMIL:

3anpoc Ha ES — nexkcuyeckuid aHaIM3 — CUHTAKCUYECKUM aHAIU3 —> ce-
MAaHTHUYECKUU aHAJIN3.

CrnenoBatenbHO, ISl TIOCTPOCHUS JIMHTBUCTUYECKOTO TMpolieccopa HeobXo-
JIAMO

— ¢dopMaIM30BaHHOE OMUCAHUE MPOOJIEMHO-OTPAHUUECHHOTO MOJIMHOXKECTBA
EA,

— (opManpHOE TMOHATHE CTPYKTYPHI MPEIJIOKEHHUS B 3alpPOCe ISl TAIoB
JIEKCUYECKOT0, CHHTAKCHYECKOT0 M CEMaHTUYECKOr0 aHaJIn3a,;

— TpaBuja Mpeodpa3zoBaHus HHPOpPMAITUH, TTOTYYCHHOM Ha CMEKHBIX dTarax
paboTHI;

— CJIOBaph, BKIIOYAOIIUN TTOJHYI0 MHOOPMAILIMIO O KaXIOM JIEKCEME 3ampo-
ca Ha ESl, HeoOxoammyto 71l COOTBETCTBYIOIIETO MTPEe0Opa3oBaHuUs.

[Tocnie BBITIOTHEHUSI JIEKCHYECKOTO, CHHTAKCUYECKOTO M CEMaHTHYECKOTO
aHanu3a 3anpoca Ha ESl TpeOyeTcsi mpou3BeCcTU reHepaiuio Kojia, T. €. aBToMaTuye-
CKO€ CO3JlaHue MPOrPAMMHOI0 KOJa B CHEMaIbHO pa3paboTaHHOM Moayie. OH OT-
BEUAET 3a IMOCJIeN0BaTEIbHYI0 00pabOTKy MocTymnaromeld Ha Bxoa WHGOpMAIH O



122

JAHHBIX, TIapaMeTpax MpPeIMETHOW 00JacTH, CTPYKType CEMaHTHYECKOW CEeTH U
MMEIOIMXCS M1a0JIOHaX 3alpoCoOB, a HA BHIXOJIE BBIBOJUT FOTOBBIM IPOTPAMMHBIN
koJ 3amnpoca. [locne Beimonuenus 3anpoca MC nonb30BaTeN0 BHIBOAUTCS PE3YJIb-
TaT B BUJE TAOJIUIIBI.

CrnenoBaTenbHO, TIPU aHAJIM3€ TEKCTa 3ampoca Ha ES JMMHTBUCTHYECKUN TPO-
IIECCOP JIOJDKEH 00eCIIeYrBaTh MOCICIOBATEILHOE BBITIOJIHEHUE CIICAYIOIIUX 3TAIlOB!

— WHTEJUICKTYaJbHBIM BBOJ TOJIb30BaTeNieM 3ampoca Ha ESl Ha ocHoBe 3a-
MOJTHEHHBIX CJIOBApEN ¢ BO3MOKHOCTBIO 33/IaHUs MAPAMETPOB;

— JIEKCUYECKUW aHaJIU3 3a1poca,;

— CHHTAKCUYECKHM aHAJIU3 3apoca;

— CEMAaHTUYECKHW aHaju3 3ampoca,

— aBTOMAaTHUYECKas TeHepallis TEKCTa 3arpoca Ha sI3bIK 3alIPOCOB,;

— BBINOJIHEHUE CTe€HEepUpOBaHHOIO mporpammHoro 3amnpoca MC, BeIBOA KO-
HEYHBIX Pe3yJIbTaTOB IOJIb30BATEIII0 UM COOOIIEeHHs 00 OIMOKE C OCMBICIICHHBIMU
MPUYMHAMU €€ BOSHUKHOBCHHS.

[Ipenmaraempiii MEXaHU3M OPTaHU3AIMU AUATIOTa CYIIECTBEHHO COKPAIAET U
yIpoIlaeT mpolecc noyydeHus uHdopManuu, HeoOXOAUMOMN MOIb30BaTENIO, MPHU
3TOM He TpeOyeTcsi o0iagaTh HaBbIKaMu B obOnactu mporpammupoBaHus. UC Bbi-
MIOJTHUT BCE JICUCTBUS MO MPEOOPA30BAHUIO U MPETOCTABICHHUIO TAaHHBIX CAMOCTOSI-
TEJIBHO.
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POBOTOIJIAT®OPMA «PYHOPOBOT»

I1.A. Benos

Hayunwui pykosooumenv A.A. CYKOHWUKOB, KAHO. MexH. HAYK, OOYeHMm
Bouoroackuii rocy1apCTBEHHbIM YHUBEPCUTET

r. Bosorna

PoGoToTrexHuka — npukiajaHas HayKa, KOTOpas 3aHMMAaeTCsl pa3pabOTKON aB-
TOMATU3UPOBAHHBIX TEXHUYECKUX cucTeM. OHa omupaeTcs Ha TaKWe JTUCIMIUIMHBI
KaK JICKTPOHUKA, MEXaHUKA, dJICKTPOTEXHUKA, MPOTPaMMHUPOBAHUE.

PoGotoTexHuka SBISETCS OMHUM W3 BAXHEHIINX HAMpPABICHUNA HAY4YHO-
TEXHUYECKOTO MPOrpecca, B KOTOPOM MPOOJIEMbl MEXaHUKHU M HOBBIX TEXHOJOTHI
COTPUKACAIOTCA € TPOOIeMaMU UCKYCCTBEHHOT'O NHTEJUICKTA.

OO6pazoBaTenbHas poOOTOTEXHUKA B 00pa30BaTEIbHOM YUPEKIECHUU MPUOO-
peTaeT Bce OOJIBIIYIO 3HAUMMOCTh M aKTyaJIbHOCTh B HacTosiee Bpems. O0yuato-
IIMecs BOBJICUEHBI B 00pa3oBaTeNbHBIN MpoIecc co3daHusi Mojeneid — poOOToB,
IPOCKTUPOBAHUS U MIPOTPAMMHPOBAHUS POOOTOTEXHUYECKUX YCTPONCTB M €IKETO/I-
HO YYacTBYIOT B KOHKYpCax, OJUMIHATaX, KOH(PEPEeHIHIX, POOOTOTEXHUIECCKUX
copeBHoBaHUsAX JuniorSkills, kotopeie SBISIOTCS MpPOrpaMMoOi MOATOTOBKH U CO-
CTA3aHUM WIKOJIbHUKOB.

OOpazoBaTenbHas POOOTOTEXHHKA SIBIAECTCS YaCThIO HWH)KCHEPHO-TEXHHU-
YeCKOro 00pa3oBaHuUs.

Ceiiuac He0OX0IMMO aKTUBHO HAUMHATh MOMYJISIPU3ALUIO0 TPOPECCUN HHKE-
HEepa y)Ke HauWHas CO MIKOJBI. J[eTsM Hy>KHbBI 00pasibl I TOApaKaHus B 00JaCTH
WHKCHEPHOU JeATETHHOCTH.

PoGoToTexHnka pa3BuBaeT pedsT, OMUPAsICh HA TaKWe MUCHIUTIINHBI, KaK WH-
dbopmatuky, MaTeMaTuKy, Qpu3nky, XuMui0. PoOOTOTEXHHKA Mpe/noiaracT pa3Bu-
THE y4eOHO-TI03HABATEIHHOM KOMIIETEHTHOCTH 00YYaroIInXcsl.

ConeprxkaHue mporpaMMbl HaIpaBJIeHO Ha CO3/IaHUE YCIOBUM NJIsi pa3BUTHUS
JUYHOCTU peOeHKa, pa3BUTHE MOTHBAIMU JUYHOCTU K MO3HAHUIO U TBOPUYECTBY,
o0ecreyeHne 3MOLUUOHAIBHOTO OJaronony4yusi pe0eHka, HHTEUIEKTYalIbHOTO U Jy-
XOBHOT'O Pa3BUTHS JIMYHOCTH peOeHKA.

[enwio pazpaboTku podoToruiatrGopMbl «PyHOPOOOT» SBISETCS MPUKIATHOE
oOy4eHHe JCTe MIKOJIBHOTO BO3pacTa OCHOBAM POOOTOTEXHUKH W MPOTPAMMHUPO-
BaHUs, a TaK)Ke, 10 OKOHYAHHUIO 00ydYeHHs, yuacTHe B copeBHOBaHuAX JuniorSkills,

Pa3paboTka podoromnargopmbl «<PyHOpoOoT»

[TpenmMeToM maHHOM CcTaThH sABJsIETCs podoromathopma «PyHOPOOOT» mox
ynpasiaeHrem Arduino.

OCHOBHBIMH 3JIEMEHTAMH KOHCTPYKIUH SIBJISIFOTCS 2 MOTOpa, 3 CEpBOMOTOPA,
wiara yrpasienus Arduino Nano, nee3omunamuk, gatuuk 1seta (RGB maruuk),
yJIbTPa3ByKOBOW JTATYMK PACCTOSIHMSI, J[BA JaTUWKa JIMHUH, KOPIYC W3 IUIACTHKA,



ryceHnyHas miardopma u xBaT. Tak ke Mojb30BaTelh MOXKET cMeHUuTh ¥Y3K mat-
YUK pacCTOSHUS Ha HH(ppaKkpacHbIH Sharp.

PynopoOoT ynpasisiercst o 6ecripoBonHoii cetu Bluetooth.

OpHa 13 TJIaBHBIX T€M, KOTOpPbIE 00CYKIAIOTCSl B CBSI3U C POOOTOTEXHUKON —
MCKYCCTBEHHBI MHTEJIEKT, TO €CTh HABBIKM, KOTOPBIMH Ha/IeNIeH POOOT.

B po6oromnardopmy, Ha oCHOBE KOTOpoH pazpabotan «PyHopoOOT», 3aio-
KEHBI CIIeTyroIue QyHKIUH:

JIBuxenue no auHuu. [Ipencrapiser coboil Tpek, Mo KOTOPOMY OCYIIECTBIIS-
eTCs IBIKeHHE poOoTa. [lyist pereHus 3Toi 3amaur poOOT OCHAIIEH JABYMSI JaT4H-
KaM#, KOTOPBIE PACIoIaraloTcs M0 pa3Hble CTOPOHBI OT JIMHUH U, COOTBETCTBEHHO,
OMOTaroT poOOTy pearupoBaTh Ha N3MEHEHUE HATIPABJICHHSI IBYKCHHS.

[Touck mpeameTa u nepemernieHne ero B npoctpanctse. [louck ocyiiecTBiis-
€TCsl C TIOMOIIBIO YIBTPa3BYKOBOT'O WJIM WH(PAKpACHOTO naTynka paccrosiuus. Omn-
peneneHne Hy»XHOTO IMpeJAMeTa OCYIIECTBISETCS AaTdukoM IBeta. UToOBl 3axBa-
TUTH MPEAMET — MPEAHA3HAYCH XBaT, KOTOPBIM paboTaeT Ha TPEX CEPBOMOTOPAX.

[Tepeuncriiennble (DYHKIIMM HEOOXOAWMBI JJI BO3MOXKHOCTH YYacTHS B CO-
peBHOBaHMX 10 podoToTexHuKe JuniorSkills.

CpenctBoM mporpaMMHUpOBAHUS POOOTA JETHMHU SBISETCS MPOrpaMMHast
cpena «Ruthenium». OcHOBHBIE KOMITOHEHTBI MTPOTPAMMBI — OOBEKTHI-CIIPAUTHI (B
HAIlleM CJIy4yae CIIPalTOM SABJISICTCS POOOT).

Jlns mporpaMMHpOBaHHUs ClieHapueB uiss pobdota B «Ruthenium» ucnosb3y-
etcs drag-and-drop-moaxo/: OJOKM W3 HaTUTPhl OJOKOB MEPETaCKUBAIOTCS B 00-
JaCTh CKPHUIITOB.

[To ¢yHKIMOHATEHOMY HA3HAYCHUIO OJIOKHM ACNATCS Ha 9 Tpymi, NMpuHai-
JIKHOCTH OJI0KA K TOM MM MHOM Tpymie 0003Ha4aeTcs ero 1BETOM.

“IBuwxenne”, “Buemnocts”, “3Byk”, “Ilepo”, “Kontpons”, “Cencopsr’,
“Omneparun”, “Ilepemennsie”, “ Pynopooot” (ympaBieHue poOOTOM).

[Ipumep Takoil mporpaMMbl IPEACTaBIIEH Ha puc. 1.

Puc.1. Ilpumep osudicenuss poboma énepeo ¢ 3a0aHHOU CKOPOCMbIO



Process.prototype.motorDirection = function (mdirection) {
var sprite = this.homeContext.receiver,
runorobot = sprite.arduino.runorobot;

if (sprite.arduino.isBoardReady()) {

If (mdirection instanceof Array) {
mdirection = mdirection[Q];
}
switch (mdirection) {
case 'forward".
runorobot.properties.motorDirection = OxA;
break;
case 'backward'
runorobot.properties.motorDirection = Ox5;
break;
case 'l eft":
runorobot.properties.motorDirection = Ox9;
break;
case 'right':
runorobot.properties.motorDirection = Ox6;
break;
default:
break;
}
runorobot.enableM otor(sprite.arduino.board);
} else{
throw new Error(localize(" Arduino not connected"));
}
3
Process.prototype.motorSpeed = function (side, mspeed) {
var sprite = this.nomeContext.receiver,
runorobot = sprite.arduino.runorobot;

if (mspeed instanceof Array)
{
mspeed = mspeed[0];
}
if (sprite.arduino.isBoardReady()) {
if (mspeed > 255 || mspeed < 0)
{

throw new Error(localize(" Speed is not correct"));



if (side =="both sides")
{
runorobot.properties.motorSpeed[ "l eft side"] = mspeed,;
runorobot.properties.motorSpeed["right side"] = mspeed;
} else{
runorobot.properties.motorSpeed[ side] = mspeed,;
}

runorobot.setM otor Speed(sprite.arduino.board);
}
} else{
throw new Error(localize(" Arduino not connected"));
}
};

JInst TOCTHXKEHUST TIOCTABJICHHOM e HEOOXOAWMO pelIeHUe psiia 3aaad:
peanuzanus GyHKIIMH 3aMepa KOMHAThI B METpax; pa3paboTka BUPTYaIbHOTO poOo-
Ta B MporpaMmHoi cpene Ruthenium; mMomepHH3anus ¥ pecTaljMHT poOOTOIIIAT-
(bopMmBbl, a Takke pa3pabOTaHHON MPOrPAMMHOM CPEe/Ibl MO U3MEHSIFOIIUECS TPpeOo-
BaHMs copeBHOBaHu JuniorSkills.

B 3akiitoueHHH MOXHO OTMETHUTb, YTO podororiargopma «PyHOpoOOT» BbI-
TOJTHSIET Bce TPeOOBaHWsS IS ydacThsi B copeBHOBaHHSAX <«JuniorSkills». Ilpo-
rpammHas cpena «Ruthenium» npenocraBnser ynoOHBI M UHTYUTUBHO TOHSATHBIN
uHTEepdEeiic MOIB30BATENIO ISl MPOrpaMMHUpPOBaHusS poOOTOB. B ckopom BpemeHu
¢byHkroHan nporpammsl «Ruthenium» Gy et pacuupeH.

1.0 mnpoekre Juniorskills [Dnexrponnbiit pecypc]: Pexum goctyma:
http://worldskills.ru/juniorskills/
2. lpsixoBa H.A. O6pazoBarenbHas poOOTOTEXHUKA BHEYPOUHOU JEATEIhHO-

ctu "ocHOBBI podororexauku " / H.A.JlpsikoBa // Tlenarorndeckoe oOpa3oBaHue Ha
Antae. 2013. Ne 1. C. 327-335.




PA3ZPABOTKA TIPOI'PAMMHOI'O KOMIVIEKCA
JIABOPATOPHBIX PABOT 110 METOJAM OLHEHKHN CUCTEM
HA OSTAIIE KOHHEITYAJIBHOI'O IPOEKTUPOBAHMUSA

B.E. benses

Hayuynwiii pykosooumens I'.A. Cazonosa, kauo. mexH. HAYK, O0OYeHm
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bonorga

B nacrosmee Bpemst nHpopmMaTU3anms ¥ aBTOMATH3AIUS JEATEILHOCTH JTO-
Je SIBJISIFOTCS HEOThEMIIEMBIMU MPOIECCAMU KU3HHU, B TOM YHUCJE B 00J1acTH 00pa-
30BaHMS MOCPEACTBOM KOMIBIOTEPHBIX CpecTB 00ydeHusi. OCHOBHBIM UX MpeJIHA-
3HAYCHHUEM SIBJISICTCSI PELICHUE IEeNAarornyecKux 3aJad, a UMEHHO HCIOJIb30BAHUE
BO BpeMs yueOHOTro Ipoliiecca i U3y4eHHUs] MaTtepuania, pelleHus MPaKTUYECKUX

3a1a49 1 KOHTPOJIA 3a UX BBIITOJTHCHUCM.

[enpto paboThl siBIIsSIETCS pa3pabOTKa MPOTrpaMMHOIO KOMILIEKca JlabopaTop-
HBIX paboT M0 METO/IaM OIICHKH CHCTEM Ha 3Tare KOHIENTYaILHOTO MPOSKTUPOBAHHUS.
Pa3zpabortana ¢yHKIIMOHANTBHAS CTPYKTYypa MPOTPAMMHOTO KOMITIEKCA, KOTO-

pas mpecTaBiieHa Ha pucyHke 1.

E

Mopaynb npenogasarens

[aHHble npenogaBaTens

A

Mogaynb perncrpauunm m
aBTOpU3aLMu

——

Mogaynb cTypgeHTa

JaHHble cTygeHTa

-

‘ Moaynb pesakTUpoOBaHuA

(PEABKTVIPOBBHVIE AAHHbIX O Uy,qemax)

PepgakTnposaHue AaHHbIX O

C

npenoaasarenax

)

C

PeaakTMpoBaHune Tectos

)

S

Mogaynb BbinoaHeHus nabopartopHoii paboTbi

TeopeTnyeckan 4acTb

3awura na

JNlaBopatopHbii
NPaKTUKYM

pabor

6opatopHbIX

Tema 1: «MeTog,
nepapxuin»

Tema 2: «KnactepHblii
meToa»

- MeToa aHanusa
nepapxmnm
- KnactepHbiit meTop,

Tect 1o s1abopaTopHbIM
pabotam

y
Mogaynb 06paboTku nHpopmaumnmn

dopMUpOBaHUE OTYETOB NO
nabopatopHoi paborte

v popmupoBaHuUna oTyéra

Puc. 1. Qynkyuonanvnas cmpykmypa npocpammHo20 KoMnieKca
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Kommnekc umeer mects MOAyiei: MOJyJb CTyA€HTa, MOJYJIb MpenoiaBare-
JIs1, MOJIyJIb PETUCTPALIMU U aBTOPHU3ALMH, MOAYJIb BBHITIOJHEHUS TaOOpaTOpHOU pa-
00TBI, MOAYJIb PEAAKTHPOBAHUS, MOAYJIb 00paboTKku uHOpManmu U GpopmupoBa-
HHUS OTYETA.

Monynb npenoaaBarens 1 MOAYJIb CTyA€HTa NpeACTaBiseT co0oil muna, Ko-
TOpBIE B3aUMOJIEHCTBYIOT C JaHHBIM IPOIPAMMHBIM KOMIIJIEKCOM.

Mosynp perucTpaluy U aBTOPU3ALNN IPUMEHSETCS ISl pErUCTpaly M0JIb-
30Baresnied B 0a3e JaHHBIX U ISl 0€30aCHOr0 BX0/a B CUCTEMY IPH MOMOUIH JOTHU-
Ha ¥ 1apoJis.

Mosynb BBIIOTHEHUS 1a00paTOPHON pabOThl BKIIOYAET B c€0sl TEOPHUIO IO
BbIOpaHHON paboTe, MPAaKTUYECKYI0 YacTh C YCIOBHSIMH U MOCTABICHHBIMU TEPEN
CTYJEHTOM 3aJ]auaMH, a TAKKe 3allUTy Ja00paToOpHbIX paboT MOCPEICTBOM TECTA.

Monynb pelakTUpOBaHMs JOCTYIEH TOJIBKO JJIs IPEerojaBaresieii u npeaHa-
3HA4YeH JUIsl U3MEHEHUS U yAAJEeHUs JaHHBIX O CTYAEHTax, IpernojaBaTesiei, a Tak-
e peaKTUPOBAHUS TECTOB IO 3alllUTE JIAOOPATOPHBIX padoT.

Monynbs 06paboTku uHGOpMaMK U POPMUPOBAHUS OTUYETA MpPEIHA3HAUEH
JUIst POPMUPOBAHUSL CTATUCTUKH BBIOJIHEHUS CTYJEHTaMU J1abopaTOpHON padoTHl,
KOTOpasi MO3BOJISIET MPOCMOTPETh, KTO M HACKOJIBKO Ka4eCTBEHHO BBIMOIHIII Ty WJIH
UHYIO 4YacTh paOOTHI.

[Ipn pyHKIMOHANTBHO-OPUEHTUPOBAHHOM IIPOEKTUPOBAHUU MPOrPAMMHOTO
KOMIUIEKCa J1a0OpaTOPHBIX pabOT MCIIOJIB30BAH CTPYKTYPHBIM MOIXOJ, pPeaau3ylo-
it metonosioruto |DEF. KontekcTHast quarpamma npejcTraBieHa Ha PUCYHKE 2.
BxonHbIME cTpenkamu SBISIOTCS JaHHBIE CTYJIEHTa U MPEIo1aBaTessl; BEIXOHBIMU
— OTY€T O MPOBEACHUM JA0OPATOPHBIX PadOT; CTpEIKaMU YIpaBieHUs — TpeOoBa-
HUS K JIOTHHY M MapoJIio, MaTepUasbl O TeME OLEHKHU CHUCTEM Ha dTare KOHIENTY-
aJIbHOTO TIPOCKTHUPOBAHUS, KPUTEPHUM OILICHKH, MEXaHHU3MaMHU HCIIOIb30BAHUS —
IIPOrPaMMHBIN KOMIUIEKC.

Kpurepun

TpedoranuA Marepuans no GUEHIH
K IGOHY W MSTO[IAM CUSHEM a
Napomo CMCTEM Ha aTans
KCHUENTYANEHOre
NPOSKTUROBAHMA
[laHHue MpCeKTHROBAHME NPOTPAMMHOID KOMITIZKCA : .
- NaSopaTopHLIX pAGOT MO METONAM CUEHEM ¢ OTUET O pe3yMTaTax NPoBSeHA
CTYOEHTa ©  nafoparopHoi padoThl
Do CHCTEM HA 3Tane KoHUENTYansHoro z PATCEHOM pa -
- NPCEKTHPOEaHHA 3
npencnaeatend
[+ X 4]
¥
[ perpaMMHEIR

KOMMNeKs

Puc. 2. Koumexcmnas ouazpamma mooenu I[1K
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[Iporecc mpoeKTUpOBaHUsI KOMIUIEKCA COCTOUT M3 6 ATamoB, KOTOPbIEC MpPEI-
CTaBJICHbI Ha PUCYHKE 3. PETUCTpalMs U BXOJA B KOMIUIEKC, PEIaKTUPOBAHHUE JaH-
HBIX, BBIOOp 7a00OpaTopHO paboThl, BBIMOJIHEHHE JabopaTopHOil paboThl Nel,
BBITIONIHEHUE J1abopaTopHOil paboTel No2, cOop pesynbTaToB M (hopmupoBaHHe
oTuéTa.

MaTepHansI MO METOASM OLEHKH CHCTEM H3 Kpnrepmn
TpefoaatmA K 3TaNE KOHUENTYENEHOTS NPCSKTHRoEaHKA oLeHRH
NOTHHY W Napanto

[t}
O2HHbIE

™  PaaKTHpORaHME NAHHEIX [

[akHble o Bx0g0e
E KOMMNEK:

NpenojasaTenem
¥

PeayneTaThl

Resneie NEBKTHYECKOTD

npenchasaTend

panaHna Omyét o

Kon BriBpaxHof
ragopa'cp)puoﬁ pagoThl C] HPOpPMBLMA © pelynkTaTax
_|Brinonkenue naGopatoproit [ 1 peaynsTaTax npoesneHna

—®  PeruCTpalmA U
EXO[ B KOMNNEH:

—*0p. paforsl Nel

—=0p. 4

ecTa nafopatophoi

Clop peaynbraroek  ;PaloTHl
chopmmpoBanme oTuETa
0p.

L Buificp

"j‘_aHHb'e_ nadoparopHoW padoTel 2
CTYOeHTa 0p.
BHHbIE O BXOfIE Rz

B KOMMNEK: Ko, BuIGpanHOi
CTYASHTOM nafiopatopHod
pafoThl

i -
PesynbTathl

NPaKTH4ECKOTD
LR
Brinonkete nadopaTopHoi
padaTsl he2

¥

Wnpopmaumn o
pelyneTaTax
TECTE

0

MporpamMMHI
KOMMNEKC

Puc. 3. Juacpamma oexomnosuyuu nep8oco ypoeHs

Otan «Beinmonuenue nadoparopHoit padbotel Nel» coctout u3 6 3TanoB: uzy-
YEHUE TEOPETUUYCECKON YaCTH, PEIICHUE KOHTPOJIBHOTO TECTA, 3aMI0JITHCHUE MATPHUIIBI
MapHOTO CPAaBHCHUS KPUTEPHUEB, 3alOJHEHHWE MATPHIIBI TAPHOTO CPaBHEHUS ajlb-
TepHATUB, (HOPMUPOBAHKE MATPHIIHI MPUOPUTETOB, BHIOOP HaWOOJIEE MPEATOYTH-
TEJIbHOMN aJbTCPHATUBBI.

Otan «BeimonaHenue gabopatopHoit padboTel Ne2» coctout u3 6 sramnos: Uzy-
YEHUE TEOPETUYECKON YaCTH, PEIlICeHHE KOHTPOJIBHOTO TECTA, 3aM0JIHEHUE MAaTPHUIIbI
o0pa3oB, (popmMupoBaHHE MATPUIIBI CXOJICTBA, MO3TAHOE O0BEIUHEHUE KIIACTEPOB,
BBIOOp HanboJIee U HAMMEHEE CXOKUX 0OBEKTOB.

[Ipu mpoeKTUpOBaHWKM TPOTPAMMHOTO KOMITIEKca pa3paboTaHa AuarpaMma
BapUAHTOB WCITOJIb30BAHUS C MCTIOIB30BAHIEM METOI0JIOTHH 0OBEKTHOTO TTPOCKTH-
poBanus Ha si3pike UML. ba3zoBbiMu BapuaHTaMu UCTIOIB30BAHUS IS CTYACHTA SIB-
JSIIOTCS: BBIOOP J1TaOOpaTOpHOM pabOThl, HU3YUYEHHE TEOPETUYECKOr0 MaTepuaa,
BBHITIOJIHEHUE JIa0OpaTOPHOU paboThl, pelieHne TecTa, GOpMHUpPOBAHHE OTYETA TIO
nabopaTopHoit pabote. ba3oBbIMU BapraHTaMH MUCTIOI30BaHUS ISl TIPETIOaBaATENs
SBIIAIOTCS: pEJAKTUPOBAHUE JIAHHBIX MOJIb30BAaTENe KOMIUIEKCA, peJaKTUPOBAHUE
3a/1aHuii J1abopaTOpHBIX PaboT, MpoBepka oTu€TOB. [lnarpaMma BapuaHTOB MUCIIOJIb-
30BaHMs MMPEJICTaBICHA Ha pUCYHKE 4.
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Puc. 4. Jluacpamma eapuanmos ucnonv3o08aHus

Pa3zpaboTtana cxema BBIMOTHEHUS JTaOOPATOPHBIX PabOT, KOTOpasi MpeacTaB-
JIeHa Ha PUCYHKE O, OHA COCTOUT U3 CJIEAYIONIMX 3TANOB. U3YYEHHE TEOPETHUECKO-
ro Marepuaia, u3yuyeHue YKa3aHHi MO BHITIOJHEHHUIO JTaOOpaTOpHOU paboThI, 03Ha-
KOMJICHHE ¢ MHTepdeiicoM MPOrpaMMHOTO KOMIUIEKCa, TPOBeIeHUe pacueToB (00-
IIEr0 W MHIMBHUIYaJLHOTO 3a/IaHU#), TPOXOXKIECHHE TeCTa MO pe3ysibTaTaM Jladbopa-
TOPHOM paboThl, BHIBOJ PE3yIbTATOB Jab0OpaTOPHOUN paboThl, (HOPMUPOBAHHUE OTYE-
Ta 110 JJabopaTOpHOM paboTe.

O3HakomeHuWe ¢ W3yueHune yKkasaHuii no
o M3yueHne TeopeTUYecKoro
nHTEpdEncom _> 3| BbIMONHEHWIO NMPAKTUYECKMX
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NPOrPamMMHOro KOMMIEKCa 3a4aHui

! !
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. BblBOA, pe3ynbTaToB (obwero n
6 ] o €
3au1,MTb|:aa6(;)TilaTopHom nabopaTopHoit paboTbl WHAWBUAYANbHOTO

v)
I

PopmnpoBaHMe OTYETA MO <
nabopaTopHoi paboTe

Puc. 5. Cxema svinonnenus 1abopamopnoii pabomol

Pazpaborana crpykrypa mnaboparopHbeix paboT. B mabopatopHoit pabote
«Metoj aHanM3a WEepapXUii» aHAJIU3 W PACCTAHOBKA MPHOPUTETOB MEXAY albTep-
HATUBAMH TPOUCXOIUT B 4 3Tama: MpeACTaBICHUE WCXOIHON MpoOJEeMBbI B BHUJC
TPEXCTYNEHYATOW HEePAPXUUECKOU CTPYKTYPHI, BEIHECEHUE IKCIIEPTHBIX CYXICHUI
Ha KaXJOM ypOBHE HEpapXuH IO MapHBIM CPaBHEHUSM (COCTaBJICHHE MAaTPHIIbI
NapHOTO CPaBHEHUSI KPUTEPUEB U abTEPHATHUB), MaTeMaTHYeCKasi oOpaboTKa Mar-
pUIl TAPHBIX CPABHEHUH /I HAXOXKJEHUS TJI00ANBHBIX MPUOPUTETOB, KOTOpAsi CO-



CTOUT B BBIUMCIICHUM TJIABHOTO COOCTBEHHOI'O BEKTOPA, KOTOPBIM MOCIe HOpMaJu-
3allM¥ CTAHOBUTCSA BEKTOPOM IIPUOPUTETOB.

Ha ocHOBe mpuBEACHHBIX CXEM H JUarpaMM pa3paboTaHO KIMEHT-CEPBEPHOE
MPUIOKEHUE VISl POBEJCHUS JIa0OPAaTOPHBIX PAa0dOT MO METO/JaM OIICHKU CHUCTEM
Ha dTare KOHLENTYaJbHOIO MPOEKTUPOBAHMS, a TAKKE MPOBEIAECHO CTPYKTYPHOE U
(GyHKUIHOHATBHOE TECTUPOBAHUE.

PA3PABOTKA MOJEJIU PEUTUHI'OBOHU CUCTEMbI OLIEHUBAHUSI
JIJII BHEKJIACCHOM PABOTHI IKOJIBHUKOB

A.B. Byxmunuueeg

Hayunwiii pyxosooumens I'.A. Cazonosa, kano. mexu. HayK, O0yeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorna

VYenemnas yyeOHass MOTHBAIMS B paMKax 00pa3oBaTENIbHOTO YUPEKIACHUS
BO3MOXKHA, TIPEXKJI€ BCETO, IIPH JACHCTBUN €IUHOM OOIICIITKOJbHON CUCTEMbl aKTHB-
HOTO BO3JCHCTBHSI HA MOTUBBI 00yueHHs ydamuxcsa. OCHOBOMOJIAralouM KOMIIO-
HEHTOM MOTHUBAIIUU Yy4eOHOU JEATETHHOCTU IIKOJBHUKOB SIBIISIETCS BBEJCHHUE HO-
BOM TEXHOJIOTUH OICHUBAHUS PE3yJIbTATOB OOYUCHUS.

Pazpaborana QyHKIMOHANbHAS CTPYKTypa aBTOMATU3UPOBAHHOW CHCTEMBI
IUTS. BHEKJIACCHOHM paboThl MKOJIbHUKOB 10 nHpopmaTuke B CJJO Moodle, koropas
COCTOUT U3 OJIOKOB: OJIOK perucTpanuu, O0JIOK BHEKIACCHON pabOThl M OJIOK pei-
THHTOBOH crcTeMbl (prCyHOK 1).
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TeopeTHnuieckue
MaTepuanbt

MpeacrasneHne
nHpopMaLmn Bapanva
Anropurmmsaums n
nporpaMmmMmmnpoeaHne Kpocesopabl
KypHan
ycneeBaemMocTm

Moaynb pacdera peMTuHra

MpakTuka

UNndopmaLmoHHbie
TexHonormm

PaHxunpoBaHue NMocTpoeHne
nokasarternem PEeNTUHIOB

Puc. 1. @ynkyuonanvnas cmpykmypa cucmemol
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[IpoBeneHHBIN aHAIU3 MO3BOJIWI BBIAEIUTh OCHOBHBIE PA3JEIbl CUCTEMBI JUJIS
BHEKJIACCHOM pabOThI MIKOJIBHUKOB MO aAuciuiinHe «MuapopmaTtuka»: «Teopernue-
ckue marepuansl», «lIpaktnka» u «Moxynb pacuera pedTuHra». TeopeTnyecKui
MaTepuan CoCTOUT u3 Tpex TeM: «[IpeacraBinenue nHdopManumn», «AJIropuTMHU3a-
U U nporpammupoBanue» u «MHpopmanronHsle TexHomorum». IlpakTuka mpe-
JyCcMaTpuBaeT paboTy IIKOJbHUKOB C BBINOJHEHHUEM 3a/JIaHH KOHTPOJIbHBIX pa-
00T, ¢ pellleHneM KpOCCBOPIOB, KBaJIBOPAOB U TeCTHpOBaHUEeM. B Moayse pacyera
PEUTUHIa pACCUUTBHIBAETCS PEUTUHT IIKOJIBHUKOB.

MaremaTtudeckass MOJIeNIb PEUTUHTOBOM CHCTEMBI MPECTaBISIET cO00M pac-
94eT KOMIUIEKCHOTO MHOTOIIAPaMETPHUUECKOTO KOJMYECTBEHHOTO MHIUKaTopa (peii-
TuHra). /i pacyera cyMMapHOTO PEUTHHTA yYalIerocss UCIIOIb3yeTCsl METO/ Jieie-
HUS TOKa3aTeNiell Ha «KaueCTBEHHbIe» U «(popMaibHbie». [locie u3yueHus mKoib-
HUKOM OIpeiefIeHHON TeMbl 1o nucuuiuinie «MHpopMaTuka» onpeaensercs Beau-
YMHA PEUTUHIa Kak caMoro Kypca.

Pacuer peliThHra TEMBI IO AKTUBHOCTH M3YUYEHHS YUAIIUMUCS MIPEICTABIICH B
dbopmyiie:

R =R +a,R*+a,R*+a,R"*+..+ R
rae K —uaeHTU(PUKAIMOHHBIN HOMEp yJalerocs, R, — MHIUBUAYATbHBINA PEUTUHT
HIKOJIbHUKA, «,(S=12..m) — BecOoBble KOA(DPUIMEHTHI, S- UACHTU(PUKALHOHHbBIE

HOMEDP JTUCUUILIUHBI, IPENOAABAEMOM B IIKOJIE.

JlaHHBII BUI pacyeTa peHTHHTA SIBISETCS «(POPMaTbHBIMY.

Pacuer o6miero «hopmaibHOro» peTHHra IUCHUILIMHBI, HA OCHOBE KOTOPO-
IO COCTABJISIETCS] PEUTUHT-JIUCT BCEX TE€M, IPOU3BOAUTCS 110 (hopmyJie:

Ry =2 AR
i=1

rae A, (n=123..m) — BecoBbie KOAPPUIIUCHTHI.

[Ipu BbIMOTHEHUH OAHOW PabOTHI B TEME PACCUMTHIBAIOTCS BECOBBIE KO-
(UUMEHTHI TPaBUIBHOCTH BBINOJHEHUS MPAKTUYECKUX 3aJJaHUM ydalluMcs 10 JAHC-
murnHe «MHapopMatuka». J[aHHBIN «KadeCTBEHHBIN» IMOKa3aTellb MPAaBUILHOCTH
BBITNIOJIHEHMS 33/1aHUN pacCUUTBIBaeTCs 1o hopmysie:

G+ R
— i=1
G
rae G,— YKMCIIo MPAaBUIIBHBIX OTBETOB B OJHOM IPAKTHYECKOM 3a1aHuu, G- MakcH-

Ry®

MaJIbHOE YHCJIO MPaBUIBHBIX OTBETOB, R' — TEKYIIWH WTOTOBBIA PEHTHHI IIKOJIb-
HHUKA 10 KaXJI0H TeMeE.
KomrinekcHass peWTHHTOBas OLEHKA JOCTUKECHUH IIKOJIbHUKA CKIabIBACTCS
Y3 OTIEIIbHBIX OLEHOK MO KAXJI0W TEME NTUCHUIUIUHBI. TeKylni UTOTOBBIM PEUTHUHT
y4alerocs o OKOH4YaHWHM U3YYCHUSI OJHOM T€MbI JUCHUILUIMHBI PACCUUTHIBAETCS 11O
cienymomen popmyie:
R' =&, Ry + @, Ry + ;" (R + Ry +Rep)
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rae R'— Tekymmii cyMMapHBIA PEUTHHT MIKOJbHHKA, R,,— PEUTHHT 3a M3y4YCHHE
TEOPETHUYECKON YacTH, R, — PEHTHHI 3a HUTOTOBYIO KOHTPOJBHYIO pabory, R,,—
PEUTHHT 32 PEHICHHE KOHTPOJILHBIX PaboT, R,;— PEUTHHI 3a PEIICHUE JOMAIIHETO
3aaHusl, R.,— PEUTHUHI 3a BBIIIOJHEHUE CAMOCTOSITENbHON paboThl, @'i — BECOBbBIE

KO3 PUITUCHTEI.
OOt pedTHHT MIKOJIBHUKOB PACCUUTHIBACTCS CIACAYIOUIUM 00pa3oM:
S S S S
s TRy +1,Rg
R° =

n
rae r,°ur,” — BecoBble Kod(pdummentsr, R,

S

— o0uui «(popManbHbBIN» PEUTHUHT,
Ry’ — oOmuit «Ka4eCTBEHHBIN» PEUTHUHT, N — YUCIIO TEM JUCITUTUTHHBI.
OOmuit peUTUHT ydallerocs mo Bcel TUCHUILUIMHE TTpeacTaBieH B Tadaule 1.

Tabmura 1
OO01mil peiTHHT y4alIerocs mo JUCUUIINHE
Peiitunr 3HAYUMOCTb MaxcumanbHOE
(B Oamax) KOJIMYECTBO 0AJLIOB
KauecTBeHHbIl peUTHHT ! 85 170
Tema 1 38 75
Tema 2 30 65
Tema 3 17 30
DopMabHBIN peHTHHT 90 100
OO0muit peTuHT 58,33 100

JlmarpaMma UTOTOBOTO PEHTHHTA yYaIerocs Mo TeMam IpeCTaBIeHa Ha pu-
CYHKE 2.
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Pazpaborannass Mozelb PEUTUHTOBOM CHUCTEMBblI OLICHKM 3HAHUUN IMO3BOJISIET
IPENoAaBaTeNsiM: PallMOHAIBHO MJIAHUPOBATh YUEOHBIM MPOIECC MO JAaHHOW JHC-
IUIUIMHE U CTUMYJMPOBATh pabOTy ydaluxcs; UMEThb OOBEKTHBHYIO KapTHUHY YcC-
BOCHHMS M3Y4YaeMOro MaTepuaja, CBOEBPEMEHHO BHOCHUTH KOPPEKTUBBI B OpraHu3a-
II1I0 Y4eOHOTo Mpolecca 1o pe3ysibTaTaM TeKYIIEro KOHTPOJIS; TOYHO M OObEKTUBHO
OIPENEIIATh UTOTOBYIO OLICHKY 110 JUCUUILIMHE C YUYETOM TEKYLIEH YCIIEBAEMOCTH.

[[IxonbHUKAM PEUTUHTOBAsI CUCTEMA MO3BOJISIET: OCO3HABATh HEOOXOIUMOCTh
CUCTEMAaTUYECKON pabOThl MO YCBOEHUIO Y4eOHOro Marepuaia Ha OCHOBAaHWUU 3Ha-
HUSI CBOEU TEKYILIEH PEUTUHIOBOU OLIEHKH; CBOEBPEMEHHO OLICHUTH COCTOSIHUE CBO-
eil paboThl MO M3YYCHUIO NUCUHUIUIMHBI, YTIyOJIeHHO OCBauBaTh U3y4yaeMbId MaTe-
pHrall, HEOPEPHIBHO MTOBBINIASI CBOW PEUTHHT.

IMPOI'PAMMHBIN MPOAYKT AJs1 MOJAEJIUPOBAHMUS
B3AUMOCBSI3EN MEXKIY IOKYMEHTAMU C®EPHI TPYJIA
N COEPBI OBPA3OBAHUA

PM. I'anues

Hayunwiii pyxosooumens A.M. Ilonanckuii, kKano. mexw. HayK, 0OYyeHm
Bonoroackuii rocy1apCTBEHHbIA YHUBEPCUTET

r. Bosorma

Mexny chepoit Tpyna u cdepoil oOpazoBaHMs CYIIECTBYIOT HEpa3pbIBHAs
CBsA3b. [Ipu 3TOM JIUIMPYIOIIYIO MO3UIUIO 3aHUMAIOT IIPEJICTaBUTENN chephl Tpyaa,
KOTOpBIE U IUKTYIOT TpeOoBaHMs K mpodeccruoHanbHOMy 00yuenuto. M3-3a neooOxo-
JUMOCTH Y4YeTa U COIIacoBaHUs OONbIIMX OOBEMOB MH(MOPMAIMU U MOCTOSHHOTO
U3MEHEHUS COJepKaHMs BbICIIEro oOpa3oBaHMsI MO BO3JEHCTBUEM TpeOOBaHUM U
pexoMeHAauui padboToaarenei MosBisieTcss MOTPEOHOCTh B aBTOMAaTH3UPOBAHHBIX
CpeACTBaX IUIAHUPOBAHUS 00pa30BaTEIbHBIX MPOrpaMM M Y4eOHBIX IUIAHOB. ABTO-
MaTU3UpOBaHHAsl CUCTEMA JOJDKHA MOMOYb PEIIUTh MPOOIEMY C MOCTOSHHBIM M3-
MEHEHUEM CTaHJApTOB M TpeOoBaHUIl K mpodeccusiM U NpodheCcCHOHATBHBIM KOM-
HNETEHUUSAM CIEeLHAINCTOB. Takxke JoJKHA ObITh OoOecreueHa BO3MOKHOCTh BBIXO-
JUTh W3 3aTPYIHUTEIBHBIX CUTyallul, KOTOPbIE BOSHUKAIOT IIPU PACCMOTPEHHUH TpE-
OoBaHuil paboromareneid K NpPO(PEeCCHOHAIBHBIM KBATU(PUKAIMUSAM CIIEI[UATUCTOB,
KOTOpBIE CBSA3aHbl C MOHATUWHO-TEPMHHOJIOTMUYECKHUMH PACXOKACHUSIMHU CQephbl
TpyZa u cepbl 00pa3oBaHUsd. DTO MPOUCXOJUT BO MHOTOM M3-3a TOTO, YTO JOKY-
MEHTBI, PEryIHUpYOIUe pa3BUTHE cep Tpyaa U 0Opa3oBaHUs, pa3padaTHIBAIOTCS
pa3HbIMM BeloMcTBaMU. B cepe Tpyna u B cepe 00pa3oBaHus 4aCTO MPUMEHSIOT-
Csl TEPMUHBI, UMEIOIIUE PA3HYI0 CMBICIOBYIO Harpy3Ky. BHeapeHune aBToMaTu3upo-
BaHHBIX WH(OPMALIMOHHBIX CUCTEM B 3TUX CPepax MO3BOJUT KOMIUIEKCHO MOJONUTH
K PEIICHHUIO 33/a4, CTOSIIIUX Tepea 00pa3oBaHueM, U 00ECIeUUTh BOZMOKHOCTh 00-
paTHOM CBsI3U ¢ padboromaressiMu. M3 Bcero BBIIECKA3aHHOIO MOXKHO CIE€NaTh BbI-



BOJI, YTO T€Ma MCCJICIOBAHUS JOCTATOUYHO aKTyallbHA, TaK Kak TPaMOTHOE TUTAHHPO-
BaHWE OOydYeHHUs OymyIuX CIEIHAIUCTOB Ha 0a3e 4acTo MEHsSIommxcs (enepaitb-
HBIX TOCYIapCTBEHHBIX 00Pa30BaTEIbHBIX CTAHAAPTOB U MPOGECCHOHATBHBIX CTaH-
JApPTOB UTPAET BAXKHYIO POJIb B 00€CTICUeHUH HEOOXOIMMOT0 YPOBHS X KOMITETEH-
IIUU ¥ BOCTPEOOBAHHOCTU PHIHKOM TPY/Ia.

OObeKkTamMu ucCiIeIoBaHUs B JaHHOW paboTe SBISIOTCS JOKYMEHTHI U JENO0-
BbIE Ipoliecchl cep Tpyaa u oOpa3oBaHus, PEryIHPYIOLUIUE MOATOTOBKY CTYJEHTOB
B By3€ U NMpo(deccHoHaIbHYI0 OIEHKY UX Oyaymum pabortomareneM. B pesynbrare
IIPOBEICHHOTO aHaJIN3a HOPMATUBHBIX JOKYMEHTOB OBLIN BBIJCICHBI METOINYECKHEC
PEKOMEHIalIUA IO Pa3pad0TKe OCHOBHBIX MPO(ECCHOHAIBHBIX 00pa30BaTEIbHBIX
IPOrpaMM C y4eToM MpodeCcCHOHANBHBIX CTaHIAPTOB. BO BTOPOIl 4acTH JaHHOTO
JIOKYMEHTAa TPUBOSATCS CIEAYIOIINE TOHSTHS, KOTOpbIE MpencTaBieHsl B 1 u 2 tab-
JHIIE.

Tabmuma 1

Conocrasienue npogeccuonanbubix 3ag1a4 ®I'OC u Tpynosbix pynkuuii IIC

Tpeboanus ®PI'OC BO Tpe6osanus [1C
[Ipodeccuonanpubie 3a1aun O606meHnbIe TpyaoBbie GyHknun (OTD),
Tpynossie pyuximn (TD)

Tabmuna 2

Conocrasienue npogecCHOHAIbHBIX KOMIIETEHUMH M TPYIOBbIX PyHKIMT

Tpebosanus ®PI'OC BO Tpebosanus [1C
[Tpodeccronanbhbie KOMIIETEHIMU 10 Ka- | Tpynoseie pyHkuu no kaxaon OT® u xBanudpu-
KIIOMY BHIY J€SITEIBHOCTH KallMOHHBbIE TPeOOBaHUS K HUM, C(HOPMYIUPOBAH-

Hele B [1C

OTH MOHATUS U MX B3aWMOCBSI3HM U MOCITYXHIIM OCHOBOW pa3padaThiBaeMOi
ABTOMAaTU3MPOBAHHOUN CUCTeMbI. DYHKINS ydeTa B3aUMOCBSI3EH TaHHBIX KOMITOHEH-
TOB HEOOXOIWMa W TPEICTABIISICT HHTEPEC JJIT BCEX BOBJICUCHHBIX B 3TOT MPOIIECC
cTOpoH. /{11 aBTOMAaTH3UPOBAHHONW CHCTEMBI HEOOXOAMMO CO3/IaHUE KOHCTPYKTHB-
HBIX MEXaHU3MOB, KOTOPBIE TTOBBICIT 3(PPEKTUBHOCTD U CHU3ST U3EPIKKHU TIpoIiecca
MOJITOTOBKU U «COMPSDKEHUS» 00pa3oBaTeIbHBIX MPOrPaMM M YYEOHBIX IJIAHOB C
HOPMAaTUBHBIMU JIOKYMEHTAMHU, PETYIUPYIOIMUMH TPeOOBaHUS K KBATH(UKALIUIM B
chepe Tpyna (mpodeccruoHanbHble CTaHAAPTHI) U B cdhepe oopa3oBanus ((eaepaiin-
HBbIC TOCYIapCTBEHHBIC 00pa3oBaTelbHbIe CTAHAAPTHI BBICIIETO MPOodeccHOHaTBHO-
ro 00pa3oBaHus).

B urtore chopMmynupoBaHbl OCHOBHBIE 3a/1a4¥, BO3HUKAIOIINE MPU CO3aHUN
JIOKYMEHTOB, PEITIaMEHTUPYIOIMNUX YYEOHBIA TPOIECC, W HCIOJIB30BAHBI CIICTYIO-
M€ MEXaHU3MBbI, OOJBIIMHCTBO M3 KOTOPBHIX YK€ YCHENIHO PEeaJM30BaHBI B IPO-
IrPaMMHOM TMPOJYKTE!
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e Benenue cnpaBouHMKOB Kadeap, CIEHHAIbHOCTEH, BHUAOB CBSI3aHHBIX
npodeccuii U CpaBOYHUKOB MPO(ECCHOHATBLHBIX KOMIETEHIIUNH MpodeccroHab-
Horo ctanaapTta. OOBIYHO MOJOOHBIE CHCTEMBI MPEIOIAraloT BHIMOIHEHNUE TIEPBO-
HAyaJIbHOT'O 3Tana 10 BBOJLY B CUCTEMY CIpaBOYHOU MH(popmanuu. B nanHoi aBTO-
MaTU3UPOBAHHON CHCTEME TaK K€ IPUCYTCTBYIOT ClIpaBOYHUKH. OHM pa3/ieseHbl Ha
IPOCThIE, KOTOPHIE B OCHOBHOM 3alOJHSIOTCS BPYYHYIO, U CIJIOKHBIE, B KOTOPBIX
UMEETCsl YIOOHBIH MEXaHM3M aBTOMATHU3MPOBAHHOIO IMOJY4YEHHs MH()OPMALUU U3
JOKYMEHTOB.

e Cocramienne kiaccupukaTopa, CBI3bIBAIONIETO NMPpodecCuoHaIbHbIe 3a/1a-
9l ¢ MpOo(eCcCHOHANTBHBIMA KOMIIETEHIIUSAMH M TPO(PECCHOHAIBHBIMU 3a7a4aMHu.
Knaccudukaropsl mo3BOJISAIOT OMUCATh MOAJIEMEHTHBIA COCTAaB MOHSATUN, a MPOEK-
[[MY YCTaHABIMBAIOT CBSI3U MEXIY MOHATUAMH, 3a(DUKCUPOBAHHBIMU B KiIaccu(UKa-
TOpax.

o dunbrpanusa gaHHbIX. s ymoO6cTBa OBLT peanrn30BaH MOCUMBOIBHBIN Me-
TOJT TOMCKa WH(OpMAIIMK ¢ UCIIOIb30BaHUEM CTaHIAPTHBIX KOHCTpyKimid SQL. Ho
HE CMOTpS Ha 3TO, BeAETCs pazpaboTka Oosee yno0HOro MeXaHM3Ma MOUCKa Ha OC-
HOBE CJIOBapsi CHHOHUMOB.

e MexaHu3mbl paboThl ¢ JOKYMeHTaMH. Peann3oBaHa (yHKIUS 3aHECEHHS
HeoOxonuMon nHdopmaru ¢ moMortsio Oydepa oomena. [Inanupyercs paspaborka
aBTOMAaTUYECKOTO CepBHUCa POPMHUPOBAHUS TOKYMEHTA.

e lmeroTcst MEXaHU3MBI MTOTYYEHHS] OCHOBHBIX BUJIOB OTUETOB.
B co3manuu mpoaykra OAHO M3 KIIIOUEBBIX MECT 3aHMMAET pa3padoTkKa e€ro

untepdeiica. PeanuzoBanHblii B Mpoaykre uHTepdeiic o0iamaer clieayomuMu
CBOWCTBAMU:

e EcrtectBenHocTh. EcTecTBeHHBI MHTEpQENC HE BBIHYKIAET MOJIb30BaATENS
CYLIECTBEHHO M3MEHATH MPUBBIYHBIC JJI1 HETO CIIOCOOBI peIIeHUS 3a/1auH.

e JlpyxecTBeHHOCTh. JlpyKecTBEeHHBI HHTEep(]eiic NOKeH BbIJaBaTh COO0-
LIEHUS C IPEAYNPEXKICHUEM, €CIIU I10JIb30BaTEIb CBOUMU JIEUCTBUAMU MOXKET I10-
BpPEJIUTh CUCTEMY.

o [Ipunmun o6parnoii cBs3u. [Ipu OOpaTHON CBSI3H, KaX0€ JCHCTBHUE MOJIb-
30BaTeis JOJDKHO CONPOBOXKIATHCS OTKIMKOM MPOTPAMMBI.

e DcTeThyecKas MpUBJIEKAaTEIbHOCTh. BHUMaHNe KaXK10ro MOJIb30BaTeNs Or-
PaHUYEHO, a KAK/JbIM BU3yaJbHBIM 3JIEMEHT, KOTOPBIM MOSBISAETCSA HA JKpaHe, 3a-
OupaeT 4acTh 3TOr0 BHUMAHUS.

e [Ipoctora. MHTEpdeiic qomkeH OBITh MPOCTHIM, MOHATHBIM MPU €TO H3Y-
YEHHH, a TaK XKE IIPU €0 UCIIOIb30BAHNM.

e ComracoBaHHOCTh. COmMIaCOBaHHOCTH IMO3BOJISIET OCBAaWBaThb HOBBIE Mexa-
HU3MbI, KOTOPBIE PEaTU30BaHbl B MPOIrPAMMHOM MPOJYKTE ObICTpEE.



Hwxe mpencTaBieHsl OCHOBHBIE TIPOTPAMMHBIE CPEIICTBA, KOTOPHIE HUCIIONb-
30BAJIUCH IPU pa3pabOTKe:

e C++ Builder 6. BosamoxkHoCTeH, KOTOPHIMH 0O0JafaeT JaHHBIH MPOAYKT,
BITOJTHE JTOCTATOYHO JUTSI peaTu3aIlvH.

e Microsoft sgl server 2008 express edition. He cmoTpst Ha TO, 4TO MoJiHAs
Bepcust Microsoft sgl server 2008 muiatHasi, HaM XBaTUIIO BO3MOXHOCTEH U ype3aH-
HOUW BEPCHUU ISl PEILICHUS TOCTABJICHHBIX 3a]1a4u.

TakuMm 00pa3oM, Ha BBIXO/IE UMEEM KIIMEHT-CEPBEPHOE MPUIIOKEHUE, KOTOPOE
OBLJIO OMPOOOBAHO aBTOPOM M HAyUHBIM pyKoBojuTeaeM. B nanHoi pazpaboTke ObLI
peayin30BaH OCHOBHOU (PYHKIIMOHAJI CHCTEMBI U 3aJI0KEHa OCHOBA OyAyIIei MOoIHO-
LEHHOW mporpamMMmbl. B cucteMy 3aHocuiics onpeeneHHbId 00bEM JaHHbBIX. bblna
mpoBe/ieHa paboTa ¢ STUMU JAaHHBIMH, UX KOPPEKIIH, ylajleHnue, CBA3bIBaHUE pa3-
JIMYHBIX TAHHBIX, OBLIN TTOYYCHBI OTUETHI.

Ha manHoM sTare nporpamma yke NpegocTaBisieT BO3MOKHOCTB!

Bo-niepBbIX, mpocieauTh 32 KOMIIETCHIUSIMU U NpOo(heCCHOHATbHBIMU 3a]1a-
yaMu, KOTOpbIe TpeOyeT o0ecrneunTh 00pa3oBaTeIbHbIA CTAHIAPT.

Bo-BTOpbIX, pa3zo0Oparbces, Juisl KAKUX BUIOB AESITEIBHOCTH U (PYHKIUH Mpea-
Ha3HAuEHBI KOMIIETEHIIMU U MMPO(ECCHOHATbHBIC 3aJauH.

B-TpeTbux, cOMOCTaBUTH KOMIIETEHIIMH W TNPOQECCHOHAIbHBIC 3a7a4dl CO
3HaHUSAMH, YMEHUSIMU U HaBbikam u3 [1C.

B-ueTBepThIX, SJKOHOMUTH TPYA03aTPaThl U BpeMsl IPU MOATOTOBKE U MOJEP-
HU3ALMH YYEOHBIX KypCOB, AUCIUIUIMH.

B-nateix, co3mate onTUMaibHOE COOTHOIIEHHWE MOTPEeOHOCTH B Habope u
YpOBHE KOMIIETEHIIMM, AUKTYEMON PBIHKOM Tpy[a, U Marepuaia, MpernoJaBaeMoro
CTYZIEHTaM.

K noreHuuanbHbIM MOJIB30BaTENSIM JAHHOTO MPOAYKTa MOKHO OTHECTH 3aBe-
AYyIOIUX Kadenpamu, MpernogaBareieii, METOAUCTOB U JAPYTUX COTPYAHHMKOB, KOTO-
pBI€ Y4acTBYIOT B (popmupoBanue yueOHoro npoiecca B BY3e. JlanHbliii mporpaMm-
HBIM MPOIYKT TMOIXOMUT ISl PA3IMYHBIX Kaenp Kak TeXHUYECKUX, TaK U TYMaHU-
TapHBIX TUCIUILINH.

[Iporpamma Oyzet u nanbiie pa3BuBarbes. [Inmanupyercs nopaboTka mpoayk-
Ta U paclIMpeHue ero pyHKIMOHAILHOCTU. TeM caMbIM IporpamMma OyaeT npuoiu-
*aTrbcsl K paboueMy BapuaHTy. Ha pucynke 1 mpeacTaBieHO OCHOBHOE OKHO MpHU-
JIO’KEHUSI.
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Puc. 1. Ocnoenoe okno npunodxcenus

1. Crparerus «Bomoraa — | T-rpag» Ha nepuoa 1o 2020 roga. [DneKTpOHHBIN
pecypc] — Pexum gocryma: http://itclub-vologda.ru/zapis-v-bloge/strategiya-
vologda-it-grad-na-period-do-2020-goda

2. ITIpodeccuonansubie ctanaapThl B obmactu UT. [DaexTponusiii pecype] —
Pexum noctyma: http://www.apkit.ru/committees/education/meetings/standarts.php

KOMIIbIOTEPHBI NPAKTUKYM IO UH®OPMATUKE

A. A. I'opoeesa

Hayunwviti pyxosooumens I''A. Cazonosa, kano. mexu. HayK, OOYeHm
Bonoroackuii rocy1apCTBEHHBIA YHUBEPCUTET

r. Bonorga

B coBpemenHoil 06pa3oBaTenbHON porpamMmme it 3PPEeKTUBHOTO U3yUYEHUS
U 3aKpEIUICHHUs] TEOPETUYECKOro MaTepHasa MpOBOASTCS MpaKTUYECKHe U jadbopa-
TOPHBIE 3aHATHS C UCIIOJIL30BAaHUEM aBTOMATHU3UPOBAHHBIX cUcTeM. OpUeHTAaIus Ha
00y4yaeMbIX 03HAYAET, YTO OHHM COCTABIIAIOT 0A30BYIO0 KaTErOPHUIO MOJIb30BATEIIEH, B
pacdeTe Ha KOTOPBIX OMPEIEIAIOTCS COAEepX)aHue W (DYHKITMH, BOILJIOMIAEMBIE B Ta-
KHX CUCTEMaX, UX XapaKTePUCTHUKA.

enpto paboThl ABISETCS CO3[aHUE MPOrPAMMHOIO KOMILIEKCa, MPeICcTaB-
JSIOIEro co00M  KOMIIBIOTEPHBIN MPAKTUKYM MO MHGOPMATHUKE, COAEpXKAIIUi B
cebe 3a7]aHus ¥ TECTHI [0 TAaHHOMY KYpCY.



N3yuenbl BUIbI KOMIIBIOTEPHBIX CPEJCTB A 00y4YeHUS U, UCXOs U3 Tpedo-
BaHUH, pa3paboTana GyHKIIMOHATIbHAS CTPYKTYypa MPaKTUKyMa, KOTOpas MpeCcTaB-
nena Ha pucynke 1. OHa BkiodaeT B ce0si 0a3y JaHHBIX U BOCEMb MOJYJEH: MO-
IyJIb TIPENOAABATENA, MOAYJIb CTYyIEHTa, MOAYJIb aBTOPU3aLlMM, MOAYJb BBIIIOJIHE-
HUs TPAKTUYECKUX 3aJaHui, MOZYJIb TECTUPOBAHUSA, MOAYJIb BBIIOJHEHHS KOH-
TPOJIBHBIX 3aJaHUM, MOJIYJb PELICHUs KPOCCBOPJAA, MOAYJIb PEAAKTUPOBAHUS IS
IIpero1aBaTelei.

Moayrnbe Moayrnb Moayrnbe
cTyoeHTa aBTOpU3aumnm npenogasarens

MoAaynb
BbINOJIHEHMA Moaynbe
NnpakTN41ecKmnx pegakTnpoBaHmnNA
safnaHunm Basza daHHbIX
MoAayne MoAaynb
Y peLueHmns

TecTupopaHunsA
KpoccBopaa

MoAaynb
BbIMNOSIHEHUWSA
L KOHTPOSbHbBIX

IanaHnmm

Puc. 1. ynkyuonanvuas cmpykxmypa

[Ipu mpoeKTUpOBaHUH CHCTEMBI pa3paboTaHa [uarpaMma BapuaHTOB UCIOJIb-
30BaHMs, MpEACTaBICHHAas Ha PUCYHKE 2. ba30BbIMH BapuaHTaMU HMCIOJIb30BaHUS
JUISl CTYJICHTA SIBJISIFOTCS. PETHCTPALMS U BXOJ, PELICHUE 3aJaHUM MO TEMaM «CHUC-
TEMbl CUUCIEHUS», «IpPEJCTaBlIeHne MHPOPMALMN», «U3MEpPeHUEe HHPOpMaluu»,
KaXJasi U3 KOTOPBIX BKJIOYAET MPAKTHYECKYIO YacTh, TECTUPOBAHUE U KOHTPOJIb-
HYI0 paboTy, U pelleHne KpoccBopaa. ba3oBbIMU BapuaHTaMHU MCIIOJIB30BAHUS IS
IIPENOABATENS ABJIAIOTCS: PEAAKTUPOBAHUE IPAKTUYECKON YACTH, PEAAKTUPOBAHUE
TECTOB, PEJAKTUPOBAHNE KOHTPOJIBHBIX 3aJaHUil, pelIeHuEe KPOCCBOP/A.

Jlist MoaenupoBaHusl OTOKOB PabOT B pa3MYHBIX BapHaHTAaX HCIOJIb30Ba-
HUSl IOCTPOEHA JUarpamMma JIesTelIbHOCTH, KOTopasi oTpaxeHa Ha pucyHke 3. [ua-
rpaMMa BKJIFOYAET CIEAYIOIINE COCTOSHUS JACHCTBUI. pPErucTpalus, Mpu MEPBOM
UCIOJIb30BAaHUH, BXOJl B CUCTEMY C MOMOUIBIO JIOTWUHA U MApOJisi, BEIOOP TEMBbI IS
PELIeHUs: «CUCTEMbI CUMCIICHUS», IPEJICTAaBICHHE HHPOpMaLUNU», «U3MEpPEHUE
uH(pOpMaIMK», BBINOJIHEHUE MPAKTUYECKOM YacTH, BHIOOp BapuWaHTa TecTa, peule-
HUE TECTa, BBINOJHEHUE KOHTPOJIBHOW pPabOThI, pelIeHWe KPOCCBOPJA, €CIU BCE
KOHTPOJIbHBIE pa0OTHI PEIICHBI.
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PeLueHue 3anaHuit 1o TemMe Q PenakmpoBaHite npakT4eckoi

Yyacm

CUCTEMBI C"IVICJ'ISHVIFI
PeAaKmpoaane KOHTPOMbHbIX
3a4aHnn
%%< H% ) -, X

PelueHiie 3a1aHmi No Teme Hme Kpocceopaa Penakmposaxe TecTos

CTyAEHT
a eLCTaBreHve MHdopmaLy \ \ \ npenofasaters
Q\ - \ PepakmpoBatme kputepues
" — OLiEHMBaHUS
PelueHvie 3agaHuii no teme
u3meperie HopmaLmn Qﬁ - — — %Q
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Puc. 2. Juacpamma sapuanmos ucnonb308anus

CopepxaHue caMOro NpPaKTHUKyMa BKIIIOYAeT B ce0s TPU TEMBI. CHCTEMBI
CUMCJIEHMs], TpeAcTaBleHue uHpopMauuu, uMepenue uHpopmamnuu. Ilocnenona-
TEIbHOCTh UX U3YUYEHUS MIPEICTABICHA Ha PUCYHKE 4.
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peLueHb! ] [ HaﬁpaHg Henoc]TaTquo
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@ Kpoccopaa KOHTPOMbHbIE peLLEeHb KOHTPOIbHOI paboTbl
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[ HabpaHo HegocTaTo4YHO Gannos ]

Puc. 3. luacpamma oesmenvnocmu

Kaxxiast 3 TeM UMeeT TpH YacTH: MPAKTHYECKYIO, TECTOBYIO H KOHTPOJIbHYIO
pabory. [lepen pemeHneM 3a1a4 MperycMOTPEHO M3YYCHHE TEOPETUUECKOTO MaTe-

puana.
Cucrembl lNpeacraBneHune NamepeHne
cuncneHust nHdopMaLnmn nHopmMmaLum

A 4

WHdopmaTtnka

Puc. 4. Cemanmuueckue omnowenus mem Kypca




[IpakTUyeckass 4acTb COCTOMT U3 HECKOJBKUX pPa3/esioB B 3aBUCMMOCTH OT
BbIOpaHHON Tembl. Hampumep, ISl TEMbI «CUCTEMBbI CUHCIICHUS» BKIIOUYECHBI TaKUe
pa3aensl Kak: MepeBOj U3 MISCTHAAIATEPUYHONW B ACCATUYHYIO CUCTEMY U Ha000-
pOT, U3 BOCBMEPUYHOM B IBOMYHYIO U HA00OPOT, a TaKXKe MEePEeBOJIbl U3 IBOUYHOH,
JECSITUYHON B APyrue CUCTEMBbI U HA000POT. 3aaHusl MPECTABIISAIOT COOON OTKpPHI-
Thl€ BOIPOCHI. Pab0OThI, KOTOPBIE BBHIMOJIHSIOT CTYACHTHI, CUCTEMA MTPOBEPSIET aBTO-
MaTH4ecKd. B mpakTuyeckol yacTu Takas MpOBEpPKa OCYIIECTBIISIETCS MOCIE Kax-
noro 3anaHus. [Ipy HenmpaBUIBHOM OTBETE CHUCTEMa OTCBHUIAET CTYAEHTa Has3ad K
peuieHuto. B cioydae eciam OTBET BEpeH, 3arpy»Kaercs CiaeayoIInid BOIIPOC.

Btopas gactp BkitouaeT B ce0sl TecTUpOBaHUE. 37ech pa3paboTaHbl 3adaHUs
B LIEJIOM TI0 TeM€ M OOBEAUHSAIOT Pa3iesbl U3 MPaKTUKU. [IpUCTYnUTh K 3TON yacTH
MOKHO TOJIBKO, €CJIM CTYJIEHT BBINOJHWI MPaBUWIBHO OIpPEAEICHHBIH MPOLEHT
OpakTHYecKuX 3anaHuil. [Ipu TecTupoBaHuy BHIOMpPAETCS OJUH U3 MPEICTAaBICHHBIX
BapuaHTOB. Bompockl He SBISIOTCS OJHOTUIHBIMH, €CTh Takue Kak. BbIOOp mpa-
BUJILHOTO BapuaHTa OTBETA, OTKPBITHIC 3aJjaHUSI U BOMPOCHI U3 KATETOPUHU «COIOC-
TaBJICHUE».

TpeThst yacTh BKIIIOYAET B ce€0s1 KOHTPOJIbHYIO padboTy. Jlomyck Kk Hel ocylie-
CTBIJISIETCA TOCJIE pelieHus Tecta. Kak mpaBuio, Hy)KHO HaOpaTh HE MEHBIIE Tpex
6aoB.

3aKIIIOUUTENBHON YacThIO SIBJISIETCS KPOCCBOP/I, TaK KaK OH 0ObETUHSET B Ce-
Oe Bce Tpu TeMbl. [loaTomy Oe3 M3yueHus Marepuaia 1o TeMam U 0e3 BBINOJIHEHUS
KOHTPOJIbHOM YacTH K HEMY MPUCTYNHUTH HEJb3Sl.

[Ipy mpoexkTUpoBaHUU MPOTPAMMHOIO OOECIEUYEHUs] MOCTPOCHA CXEMa HH-
Tepdeiica MporpaMMHOIo o0ecneyeH s MpakTuKyma. B nmporpaMMHOM KOMILIEKCE
JUISL OCYILECTBIIEHUSI BBOJA JAHHBIX U JHAJIOTA C MOJIb30BATEIEM UCIIOIb3YETCS UH-
Tepdeiic THMma MEHIO U 3KpaHHbIe (HOopMbl. [ CTyieHTa MyHKTaMU MEHIO SIBIISIOT-
Csl: CUCTEMBI CUMCIICHUS, MIpe/icTaBlIeHe HH(pOpMaLluu, U3MepeHue nHpopmanumn»,
KPOCCBOPJI B OCHOBHOW 4aCTH; MPAaKTUYECKasi 4acTh, TECTOBAsI YaCTh, KOHTPOJIbHAS
4acTh, MaTepuaibl, pe3yJbTaThl B KaXKI0M W3 TeM. s mpenopaBaTenss TaKUMU
NYHKTaMU SBJISIIOTCS: PEAaKTUPOBAHUE 3aJlaHWM, KPUTEPUU OLICHUBAHUS, KYypHA
ycIeBaeMoCT. Takke Ui KaXI0ro U3 MoJib30Baresen ecTh MeHro «llomonie», me-
Hi0 «CripaBka». bbul pazpaboran airoputm pabOThl CUCTEMBI, a TAKXKE CXeMa Jua-
jora JJisd MpernojaBaTelisi, MpeACTaBlIeHHAas HAa PUCYHKE O, U CXema JHaJIora IS
CTYyZCHTa, IPECTaBICHHAs HA PUCYHKE O.
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Pepaktuposasue Kputepum AKypHan
AsTopu3aLmns A P , putep yp
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Puc. 5. Cxema ouanoea ons npenooasamers
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Kpocceopaa
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BbinonHeHun
OfHEHMe BbinonHexne

TECTOBbIX
sanaHmii no KOHTPOMbHbIX
3adaHuii no
Temam n
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BapuaHTam

MpakTryeckas
yacTb

PesynbTaThl

Mpocmotp
pesynbLTaToB
BbINONHEHWST
3a4aHURA

BbinonHexune
NPaKTUHECKNUX
3a4aHui nNo
Temam

Puc. 6. Cxema ouanoea ons cmydenma

B pesynbpTare paboThl ObLI CO3aH KOMIBIOTEPHBIM MPAKTUKYM 10 UH(pOpMa-
TUKE, SBIISIONIMICS KIMEHT-CEPBEPHBIM MPUIIOKEHUEM, OCHAIICHHBIA TPeOyIoIu-
MUCSI TEOPETUYECKUMH MaTepuajaMu I U3YUYEHUS U PAa3IMYHBIMU TUIAMU padoT
JUISL TPOBEPKU 3HAHUM.



MPUJIOKEHUE JIJIS1 IEMOHCTPALIMY UHTEPAKTUBHBIX
3D NPE3EHTAIINM

I' .B. I'puzopoves

Hayunwviti pyxosooumens /[.B. Koukun, kano. mexu. Hayk
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonorma

B nHacrosiee Bpemsi akTMBHO HCTIONB3YIOTCS CUCTeMbl 3D BHU3yalu3allud B
TakuX cepax AeAaTeIbHOCTH, KaK TeJIeKOMMYHHUKALIUN, PAKETOCTPOCHUE, METUIITHA
u T.7. OHAKO TaKUEe CUCTEMBI Yallle BCETO SBJISIFOTCS CIIOKHBIMU M TIPUBS3aHHBIMHU
K KOHKpPETHOW peanusanuu. B crtathe paccmaTpuBaeTcsi 0oyiee YHHBEPCAIbHBIN
MOJIXOJ] K TPOCKTUPOBAHUIO W peanu3anuu cucreMbl 3D Bu3yanusanuu. J{aHHBIH
TIOJTXO/] TUTAHUPYETCS MCIIOIh30BaTh BO BpeMs nmpodopueHTannu Ha kadenpe ABT.

CymiecTByeT MHOKECTBO OMOIMOTEK, KOTOPBIE OTIMYAIOTCS CBOCH CIIOKHO-
CTBIO, HAMPABJICHHOCTHIO, APXUTEKTYpPOil MocTpoeHusl. OJHUMH U3 CaMbIX paclpo-
ctpanéunbix sistores Ogre 3D, Unreal Engine u OpenSceneGraph.

Ogre 3D.

OGRE (Object-Oriented Graphics Rendering ENngine) — o00BbeKTHO-
OpPUEHTUPOBAHHBIA T'pa@UUECKUN ABMKOK C OTKPBITBIM HMCXOJTHBIM KOJOM, HaIlu-
canupiii Ha C++. ABtopom OGRE sBnsercs CrtuB Crpuurunr (anri. Steve
Streeting).

Ogre 3D sBasiercs rpa@uyecKkuM ABUKKOM JUIsl PEHIAEPUHIa TPEXMEPHOU
rpaduky. bomblyo momyIsIpHOCTh ABMKOK MOJTYYHII 3a CYET CBOCH THOKOCTH, UTO
MO3BOJISIET «CKPEIIUBATh» €ro CO MHOTUMHU JpyruMu Oubiamotekamu ((pusmka —
ODE, Newton, PhysX, Bullet; 3Byk, ceTh, rpaduueckuii nuaTepdeiic u T. 1.).

Jlns peanusanuu rpadudeckoro uHTEepdeiica monp3oBarens (anrt. GUI —
Graphical User Interface) moryt npuMeHsThCSI Kak cTaHAapTHbIC QyHKIUH rpadu-
yeckoro uHTepdeiica OGRE, Tak m MMIoOpTUpOBAaTHCS CTOPOHHUE OMOIMOTEKH
(OpenGUI, MyGUI).

Ogre 3D obnamaer cienyromuMyd BO3MOXKHOCTAMM: MOAJIEPKKA MI1aTHopm
Windows, Linux u Mac OS X, Android, iOS; ckpunroBasi cucteMa yHpaBlIcHHUS
MarepuaiamMu (MyJIbTUTEKCTYPHPOBAHUE, MYJIBTHIIPOXOAHOE CMEIIUBAHKE); JKC-
MOPTEPHI 711 OCHOBHBIX KOMMEpPYECKHX M CBOOOAHBIX makeToB 3D mMoaenmposa-
HUSI, CHCTeMa ympaBiieHus: pecypcamu; moaiaepxka Direct3D, OpenGL; crmoxnas
CKeJleTHas aHMManus (aHUMaIks Tesia), aHUMaIusl THOKUX ¢GopMm, mopdunr (aHu-
Malls JInia), anuManus nytu (kamepa, nepemernieaue) [1].

Unreal Engine.

UnrealEngine — urpoBoii 1BMXOK, HANMCAHHBIA Ha si3bike C++, pa3padarhl-
BaeMbIi M TOJIepKrUBacMbIii kKoMianued EpicGames. OH 1mo3BosisieT co3/1aBaTh Wr-
pBl [UIs1 OOJIBIIMHCTBA OMEPALMOHHBIX CHUCTEM M IUIaT()OpM, a TaKKe IJIs pa3iind-
HBIX MOPTAaTHBHBIX ycTporcTB. Hampumep, mis ycrporicts Apple (iPad, iPhone),



ynpasisieMbix cucremoii 10S. Bnepsbie padora ¢ i0S Obuta npeacrasiena B 2009
roay. B 2010 rogy mpoaemoHcTpupoBaHa paboTa IBMXKKA Ha YCTPOWCTBE C CHUCTe-
moit webOS.

JIyist ymipoleHuss MOPTUPOBAHMS JIBMYKOK HMCIONB3YET MOJIYJIBHYIO CHCTEMY
3aBUCUMBIX KOMIIOHEHTOB, a TAKXKE MOIJICPKUBACT PA3INIHBIC CUCTEMbI PEHICPUH-
ra: Direct3D, OpenGL, S3, PowerVR; Bocnpoussenenust 3Byka: EAX, OpenAL,
DirectSound3D; cpeacTBa roJioCOBOTO BOCIPOM3BEICHHS TEKCTa, PAacliO3HABAHUE
pedn, MOTyNu AJist pabOTHI C CEThIO U MOICPIKKH PA3TMUHBIX YCTPOUCTB BBOJA.

OpenSceneGraph.

OpenSceneGraph — 3To OTKpBITOE MPOrpaMMHOE OOecIieYeHHe IS pa3pa-
OOTKH BBICOKOTPOU3BOAUTENBHBIX 3D MPUIIOKEHHI, HCTIONb3yeMOe pa3paboTunka-
MU JIJI1 KOMITBIOTEPHBIX UTP, MPOTPaMM BUPTYaIbHOU PEANbHOCTH, KOMITBIOTEPHO-
T'0 MOJICIUPOBAHUS.

Nuctpymentapuii Hanucan Ha C++ ¢ ucnons3oBanueM ouonmorex OpenGL.
OpenSceneGraph moaaepxrBaeT OOJBIIMHCTBO MOMYJISPHBIX OMEPAIIMOHHBIX CHC-
tem: Windows, Mac OS X, Linux, IRIX, Solarisu FreeBSD.

B ocobenHoctn OMOIMOTEKH BXOAMT: NOJHOPYHKUHMOHAIbHAS MOAAEPHKKA
IPOMBIIUICHHON rpaguuecKoi CIeHbI, MoJAepkKa Oonbioro koaundectsa 2D uzo-
opaxennii u 3D dopmaros, 6marogapst 34 UMIIOPTEPOB U3 TAKUX HH]LYCTPUATBHBIX
dopmatos kak OpenFlight, TerraPage, OBJ, 3DS, JPEG, PNG u GeoTIFF; cucre-
Ma 4YacTHIl, MOJepKKa KajapoBoro Oydepa, nmukcenbHoro oydepa u 6ydepa penje-
pHUHTa B TEKCTYPbI; MOAJIEPKKA OMOINOTEK, TO3BOISIONIMX BHEIIHE BO3ACHCTBOBATh
Ha TIPUJIO’KEHUE, BHITIOIHITH 3aMPOCHI Ha TIOJIY4YEHUE U Tiepeady JaHHBIX U OTepu-
pOBaTh BCEMH KJIacCaMH B rpauuecKoi CIeHe.

ApXHUTEKTypHAS peanu3anusl.

[Ipu BBIOOpE HBMIKKA ISl pealu3aliy MPOeKTa HYKHO MPOBECTH aHAU3 UX
KauecTB M BbIOpaTh ONTUMAJbHBIN BapuaHT. [ BeIOOpa ABMXKKaA chopmynupyem
CJIEyIOIINE KPUTEPUU:

OTKpBITHIA MCXOJIHBIN KOA — BO3MOXHOCTbh HMCHOJB30BATh TOTOBBIA HCXO/I-
HBIM KOJI IBMKKA JIJIsI IPOCMOTPA, PEIAKTUPOBAHMS, U3yUCHHUS.

[Tonnepkka OMeparmOHHBIX CUCTEM — BO3MOKHOCThH 3aIlyCKa TOTOBOTO TMPH-
JIO’KEHHUSI TIOJ] OTIPEAENIEHHON MIaTHOPMOH.

[Tognepxka paznuuaasix 3D APl — BO3MOXHOCTh HHTETPUPOBATh HHTEP(DEIA-
CBI IPOTPAMMHUPOBAHUS TIPHIIOKCHUH.

PacnipoctpanéHHOCT, — mMpokasi o0JacTh MpUMEHEHUst B pa3paborke 3D
IIPUIIOKEHUM.

Kommepiiust — BO3MOKHOCTh KOMMEPUYECKOH peain3aliii FTOTOBOTIO MPOIyKTa.

Community — 10CTYITHOCTh TOKYMEHTAIIUH JIJISl M3YUCHHUS.

COOTBETCTBHE pacCMAaTPUBAEMBIX TBMIKKOB BHIOPAHHBIM KPHUTEPUSIMH TIPEI-
cTaBjeHo B Tabmuue 1.
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Taomuna 1
Kputepun Brioopa 3D 6udamorexn s pa3padoTku
Kpurepun Ogre 3D UnrealEngine OpenSceneGraph
OTKpBITBIA UCXOAHBINA KO + - +
Momnepxxkka OC  Windows, + + +
Mac OS, Linux, iOS, Android
[Momnepxkka pazmuunbix 3D + + -
APl (DirectX, OpenGL)
PacnpoctpanéHHOCTH + + -
Kommepuums + - +
Community + + +/-

Ha ocHoBe pesyinbraroB aHanu3za kauecTB 3D JBHKKOB ISl MPOrpaMMHON
peanu3any MpoeKTa B 00pa30BaTEIbHBIX IIETSX ONTHMAJIbHBIM BBIOOPOM CTall
Ogre 3D.

Ogre 3D npencraBnser co60i 00bEKTHO-OPUECHTUPOBAHHBIN (PPEHMBOPK, KO-
TOPBIA BKIIIOYAET BCE YaCTH Mpollecca peHjaepuHra B 00bekTHON Monenu. C 00b-
eKTHO-OPHEHTUPOBAHHBIM ITOAXO0JIOM K PEHIEPUHTY T€OMETPHH, HEOOXOAUMOCTD BO
B3aUMOJICMCTBUU C HEN HAIIPSIMYIO COBEPLICHHO OTIIAAAET.

Jlns Havyanma Hy>KHO pa3paboTaTh Kiacc, KOTOPBIM OyAeT CIy>KUTb OCHOBOU
IPOEKTa — BU3yallu3alus nHTepdeiica KOMHATHI (3a1a) B KOTOpOM OyIyT 3aKperwie-
HBI JajpHenmme pa3padoTku. Knacc Oyaer Bkitodath B ce0s HaCTPOMKU MHTEpbe-
pa, cBeTa, KaMephl B 3aJI¢ U T.JI.

Jlnst moctpoeHust wHTEpdeiica KOMHATHI TUIAHUPYETCS B3STh CTaTUYECKUE
OJI0KH, CO3[1aB MX NP MMOMOIIM NPUKIAJTHOTO WHCTPYMEHTA JUIS CO3/IaHUsl TPeX-
MepHoii rpaduku 3ds Max.

3D cuena B oubnuoreke Ogre 3D umMeeT APeBOBUIHYIO CTPYKTYpY (puc. 1),
KOPHEBBIM AJIEMEHTOM KOTOPOW sIBJIsieTCsl TiaBHBIN y3en crensl (RootSceneNode),
U J1ajee KaKAbIH y3eJ MOXET UMEeTh CBOUX IMOTOMKOB, TAKMM 00pa3oM BCs ClieHa
NpUBsI3aHA K TJIABHOMY Y31y CIICHHI [2].

[Tpu Wcnonab30BaHUM ATOTO Kiacca Uil peaiu3alliii KOHKPETHON CHCTEMBI
3D BH3yanM3anuu HYXXHO CO3JIaTh HECKOJBKO JK3EMIUIIPOB Kilacca KOMHATHI
(NodeRoom) B kauecTBe JeTell TJIAaBHOTO y3Ja CICHBI, B KOXIOW U3 KOTOPHIX B
JanpHemeM Oy Iy T 3aKpeIUIeHbl OTENIbHBIC BU3YAIN3allUH.

Puc. 1. Ucxoonwiii epagh cyenwvi
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Apxutektypa npuioxenus (puc. 2) COCTOUT U3 CICAYIOUINX KIaCCOB!

Input — BXoHBIC TaHHBIE TOIB30BaTENs (00pabOTKa HAXKATHI MBIIITH, CYUTHI-
BaHNE JJAHHBIX C KJIIABUATYPHI U T. [I.)

Presentation manager — MmeHeKep Mpe3eHTaIii, 0J0K CO BCEMH UCXOIHBIMU
JAHHBIMHU Ka)KJIOM MOJECIIH.

Text manager — MeHeKep XpaHEHHsI TEKCTOB € ONMCAHUEM KaX10M MOJIEIIH.

Scene manager — MeHeKep CLEHBI, HAaCTPOMKa pacIioyIoKEeHUs BCEX MOJeNen
(ctaTrueckux Merien), X aHUMaIUs, 100aBJICHHE WHTEPAKTUBHOU CBS3H C MOJIb30-
BaTEJIEM U T.[I.

Render Scene — meHemkep CIeHBI, BKIIIOYAeT B ceOs PEHICPUHT BCEX MOJIe-
JIEN C 3aIaHHBIMU TEKCTYPaMH.

Input Fender
scene
l *
Text Presentation > Scene
manager *»  manager |« manager

Puc. 2. Apxumexmypa npunosicenus

[Tpu pa3paboTKe apXUTEKTYPhl MPUIOKEHHS OyIyT HUCIIOJIL30BAHbI CICIYIO-
IIKe Ma0JIOHBI MPOSKTUpOBaHUs [3]:

Facade — st opranusanuu uaTepdeiica K KJiaccaM CHCTEMBI;

Singleton — mis o6ecriedenus r100ANTBHOTO TOCTYIA K SK3eMIUIIpaM KJ1acCoB
TextManager, PresentationM anager, SceneM anager;

Listener — a1 oGecrieueHus B3aMMO/ICHCTBHS KJIACCOB.

B naHHO#1 cTaThe MOKa3aHa aKTyaJIbHOCTh MOJIX0/1a, BRIOpaHa rmiaTdopma Jyis
pa3pabOTKH, a TAK)KE OMUCAHA APXUTEKTypa MPHUI0KCHHUS .

1. Ogre 3D [OnekrponHblid pecypc] — Pexkmm pgoctyma: http://www.
ogre3d.org

2. Felix Kerger. Ogre 3D 1.7 Beginner’s Guide — 300 c.

3. Koukun /].B. IIporpaMMHBIH KOMIUIEKC [Tl aBTOMATHU3AlIMM TIpoIiecca pas3pa-
OOTKM MPOrpaMM Ha OCHOBE MIa0JIOHOB TipoektupoBanus /| Kouxun /[.B., Huxonaes
I1A. || busnec. Hayka. OOpa3oBaHue: mpoOJeMbl, TEPCIICKTHBBI, CTpare-
run. Matepuansl Poccuiickoil HaydyHO-IPaKTUYECKON KOH(MEPEHIIMN ¢ MEXTyHapOI-
HBIM yyactieM / Bonorojckuii uactutyt 6usHeca — Bonorna, 2015. — C. 430-432.
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PA3ZPABOTKA KPOCCIHVIAT®OPMEHHOI'O MOBUJIBHOI'O
IMPUJIIOKEHUA 1A YHUBEPCUTETA

H . A. Jlonzoeazoe

Hayunwui pykosooumenv A.M. Bo00603oe, kano. mexu. Hayk, npogheccop
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorna

KpoccnargpopmMennoe MOOUIIbHOE MPUIIOKEHHE — 3TO MPOrpaMMHOE oOec-
neueHue, padoraromee Oojiee YeM Ha OJHOW ammapaTHO# miaTdopme/onepauoH-
HOU cucteme. TUNMMYHBIM MPUMEPOM SIBIISIETCSI MOOUJIBHBIA CEPBUC, padOTaIOIIHI
OJIHOBPEMEHHO B OoIepannoHHbIx cucremax Android, iOS, Windows Phone u t.1.

CoBpeMeHHbIE MUPOBBIE TEHACHLMU IOKa3bIBAIOT, YTO PHIHOK MOOMIIBHBIX
TEXHOJIOTUIA MMEET OAMH M3 CaMbIX BBICOKUX TEMIOB pocta. [IpuunHbl pocta oue-
BUJIHBI. TIOJIb30BaTeNIed MOOWJIBHBIX YCTPOMCTB C KaXKIbIM JTHEM CTAHOBUTCS BCE
OoJble U 00JIbIlle, MOTOMY UYTO cMapTHOH CETOAHSI — 3TO HE MPOCTO CPEACTBO CBS-
34, HO U CBOM NEPCOHAJBHBIM KomubloTep. 1loaTOMYy Kakaass KOMIIaHus IJIs IIpU-
BJICYEHUS KIINEHTOB CTapaeTcs pa3padoTaTh HE MPOCTO CAUT, HO U CBOE MOOMIIBHOE
npwioxenue. Hepeako npu pa3zpaboTke Bo3HHKaeT Borpoc: Kakoe mpuiioxeHue
CO3/1aTh. HATUBHOE WJIM KpoccruiaTropMeHHoe

C TOukM 3peHHUs NMPOU3BOAUTENBHOCTH, HATHBBIE MPUIIOKEHHUS UMEIOT Pl
npeumyiiects. OHM CO3/1al0TCS C MOMOIIBIO SI3bIKOB MPOTPaMMHUPOBAHUs, YTBEP-
XKIEHHBIX pa3padOTYMKaMK MpOrpaMMHOro odecrieueHus. B pesynprare nomyyaror-
csi camble ObICTpbIe U 3P(EKTUBHBIE MPOAYKTHI, TAK KaK OHU ONTUMHU3UPOBAHBI MO
CBOIO OIEPALlMOHHYI0 CHCTEMY M HMMEIOT MaKCHUMAJIbHBIA JIOCTYN K aIIapaTHOU
4acTH ycTpoicTB. OJHAKO 3/1€Ch €CTh CYLIECTBEHHBIN HEIOCTATOK. JUISl KaKIOH
omeparrontoi cuctemsl (Android. i0OS, Windos Phone u 1.1.) Heo0XoaumMo Hamu-
caTb OTJEJIbHOE MPUJIOKEHUE. DTO 3HAUUT, JUIS pa3paboTKU HEOOXOAMMO HAHSThH
KOMaHJly CIELUATUCTOB, KaXK/bIH YleH KOTOpOoW OyJeT 3aHMMaTbCi CBOEH ILIaT-
dbopmoit, 6O OUH pa3pabOTUMK, HO B 3TOM CJIy4yae CPOKHU 3aBEPIICHHS PabOThI
CYILLIECTBEHHO MOBBICATCA. I B TOM, U B JpYyroMm cily4ae, KOMIAHUU MPUAETCS MO-
TPaTUTh MHOTO JICHSIKHBIX CPEJICTB HA pa3paboTky [1].

KoMmnanusim ¢ AepuIMTOM JEeHEKHBIX CPEACTB OO0JIbIIE OI0MIET BTOPOil Ba-
puaHT. KpoccmiatGopMeHHasi pa3paboTka, T.e. Co3[aHue BeO-TPHUIIOKEHH, 00ep-
HYTOTO B HAaTUBHYIO OO0OJIOUKY IOCPEICTBOM CII€LUAIbHBIX HHCTPYMEHTOB —
dbperiMBopkoB. K cokaieHHIO, HAa CErOJHSIITHUNA MOMEHT IOJ00HBIC TPHIOKCHHS
YCTYNaIOT B IPOU3BOJAUTEILHOCTH HATUBHBIM, OJTHAKO, KaK YBEPSIOT pa3pabOTUHKH,
B CBSI3U CO CTPEMHUTCIILHBIM pa3BUTHEM WED-TeXHOJOrHi pa3Huiia B paboOTOCIO-
coOHocTH Oyaer cokpamarbes. I[lpumepamu (dpeiiMBopkoB ciykat Apache
Cordova, lonicFramework, Xamarin, Appcelerator Titanium, Intel XDK u t.1. Hu-
&e OyIyT pacCMOTPEHBI CaMbl€ MOIMYJISIPHbIE BAPUAHTHI.



148

Apache Cordova — 3to miatdopma pa3pabOTKH MOOMIBHBIX MPUIOKEHUH C
OTKPBITBIM HCXOAHBIM KoJ0M. OHa MO3BOJISIET MCIOJB30BaTh CTaHJAPTHHIC BeEO-
texHosoruu, takue kak HTMLS5, CSS3 u JavaScript ans kpoccrutathopMeHHON
pa3paboTku, u30eras pOAHOTO S3bIKa Pa3pabOTKU I KakKJIOW W3 MOOMIBHBIX
wiathopm.[2] [na Apache Cordova paspabotaHbl CrielidaibHbIe TUIArHMHBI, KOTO-
pBIe YIPOIIAIOT pa3pabOTKy; MOKHO HamucaTth M CBOH TutaruH. [IpumoskeHus BBI-
MOJTHSIFOTCSI BHYTpU 00EPTKHU HAIleIEHHOW Ha KKIYIO IaTdopMy H MOJIararoTcs Ha
cranaaptaeie APl 115 qoctyna K JaT4ukaM yCTpPOKCTBA, TaHHBIM U COCTOSIHHUIO Ce-
. OHY U3 TIaBHBIX MPEUMYIIECTB TUIaT(HOPMBI — OECTINIATHOCTh M OTKPBITHIN HC-
xonueid kox. I[lmatdopmer, mopmaepxuBaembie Apache Cordova: Android, i0S,

Windows Phone, Blackberry, Firefox, Amazon Fire OS, Tizen, Bada, Ubuntu, Win-
dows.

' A
Windows Phone / \ Qs

P - P )
Curduvai/ \Zorduva
-r _________ —— ( AP AL el S, Sl g, SN T
| i z |

| | i '

[Curdwa JavaScript AHJ
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Puc. 1. Kpoccnnamepopmennas paspabomra npu nomowu Apache Cordova

lonicFramework —3to SDK ¢ OTKpBITBIM UCXOAHBIM KOJIOM IS Pa3pabOTKH
THOPUIHBIX MOOWJIBHBIX TPUIOKCHHH C HMCIOIh30BAaHHEM BeO-TexHOJIOTHH. Jlms
pa3pabortku HeoOxoaumo 3HaTh Angular JS. lonic — OecruiaTHBINA U OTKPBITHIHA TPO-
JYKT, HO Ha CETOJHSLIHUI MOMEHT mojaepkuBaeT Toiapko Android u iOS. Hecmor-
ps Ha CTOJb CYIIECTBEHHBIM HEMOCTATOK, (PEHMBOPK MOAEPKUBACT CTUIU HUKO-
HOoK 1OS m Android, xoTopsie TO3BOJIAIOT pa3padoTaTh MPOIYKT, MAKCHMAIIbHO
NpUOJIMKCHHBIH K HATUBHOMY BUY.[3]

Xamarin — 310 ¢GpeiiMBOPK i1 KPOCCIUIaThOPMEHHOM pa3paboTKh MOOHIIb-
ueix npunoxenuit (1I0S, Android, Windows Phone) ¢ ucnons3oBanuem sizbika CH.
Xamarin ocuHoBaH Ha Open-source peanusanuu mwiardopmsel .NET —Mono. Drta pea-
Ju3aius BKIIOYaeT B ce0s coOcTBeHHBIM kommnuisatop C#, cpemy BBITIOTHEHUS, a
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tak ke ocHoBHbIC .NET OnoOimoTeku. Xamarin npeaocTaBiseT OTACIbHbIC KOMITH-
JISITOPBI JUTS KQXI0W U3 ATUX TUIaTGOPM, KOTOPBIC TIO3BOJIAIOT HA BBIXOJIE MOTYYaTh
HACTOSIIINE, HATUBHBIC MPUIIOKEHHUS, KOTOPHIC BBHITTOHSIIOTCS BHE KOHTEKCTa Opay-
3epa U MOTYT HMCIOJb30BaTh BCE allapaTHbIE W MPOTPaMMHbBIE PECYPCHI TuIaTdop-
MbI. OJTHaKO TIPH UCTIOIB30BAHUM JAHHOTO MEXaHM3Ma CKPBIBACTCS OJMH HEJI0CTa-
TOK: KOJI, KOTOPBII OTBEYAeT 3a BHEIIHUW BUJ MPHIOXKCHUS, MPUACTCS HAIUCATH
U Kakao# 1utatopMbl oTaenbHO. PaspaboTka Bemercs B Xamarin Studio wim
Visual Studio. [y TecTupoBaHUs MPHUIOKEHHUSI KOMITAHUS TPEIOCTABIISECT CEPBUC
Xamarin Test Cloud.

B Google Play Market B ocHOBHOM BCTpeUaroTCsi OTICNbHBIC MPHIOKEHHS,
MOCBSIIIEHHBIE pacnucanutio BY3a, HoBoCcTsSM, mHbOpManuu st aOUTYPUEHTOB.
Pa3pabaTeiBaeMblii mpoekT Oyner cojaepx aTh 3T (PYHKIMA B OJHOM IIpH-
noxeHnu.[4] OcHOBHBIC pa3ziesibl MPUIOKCHHUS W BHEIIHUN BHJ NPEJCTABICH Ha
pHUCYHKE 2:

University
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Puc. 2. Maxem npunooicenus

Jliist paboThl npuioxkeHus Heodbxoaum noctyn k APl opunumansHoro caiira
By3a. Hike paccMOTpeHbI OCHOBHBIE BOTIPOCHI IO Pa3pabOTKe TaHHOW CHCTEMBI.

1. Paznen «Pacnimcanue». Ha caiite By3a pa3pabarbiBaeTcsi OTIEIBHBIN pas-
JIeJ1, TIOCBSIIICHHBIN pacIUCaHUIO 3aHATUN B TabmuyHoM Buje. [Ipu BeiGOpe pacnu-
CaHUsl OMPEJCIICHHON TPYNIEl MOOMIBHOE TIPUIIOKEHHUE MOTY4YaeT IOCTYM K CalTy,
00pabaTbIBaeT HY>KHBII CEKTOP pacMCAHMS NPHU MOMOIIM MAapCUHTa U pa3MeliaeT
ero B opmare html Ha mMoOmnbHOM ycTporicTBe. [Ipu 3TOM ecnu pacnucaHue Ha
caiiTe MOMEHsIeTCs, U3MEHEHUs! OyAyT OTOOpaXaThCsl U B IPWIOKEHUH. AHAJIOTHY-
HO oToOpaxaetcs nHpopmarus s pasaena «<HoBoctu».

2. Paznen «Kapra». OToOpaskeHrne MeCTOpacioIOKEHUsI BCEX KOPIYCOB By3a
u obmexutuit. [Ipenmonaraercs ucnons3oBarh APl Sanekc.KapTer. st kaxmgoro
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kopryca Oyzaet ucnoib3oBan APl TlaHopambl, KOTOpBIM MO3BOJSIET pa3MellaTh Ha
caiiTe CBOM COOCTBEHHbIE MMaHOPAaMBbl 3/1aHUM, YTO MO3BOJIUT COBEPIUINTh BUPTYasb-
HYI0 SKCKYPCHIO MO 3JaHUSIM By3a. s 3TOr0 MOArOTaBIMBAIOTCS MMaHOPaMHBIE
n300pakeHust (VI 3TOr0 MOIOMIET 000 cMapThoH ¢ QYHKIMEH CO3AaHUs TaHO-
paMHBIX CHMMKOB). B pe3yibTare ChbeMOK M CKJIEEK KaJapOB JOJKHA MOJIYYHTHCS
chepuyeckas MmaHopaMa B PaBHOMPOMEKYTOYHOW MPOEKIUHU. T KOPPEKTHOTO
0oTOOpakeHHs TTAHOPAMBI B TIEEpPE M IKOHOMHUHU MaMATH HEOOXOIMMO pa3pe3arh
300paKeHNEe Ha CEKTOpa — TaWTIbl (MCHOJB3yeTcs Jito0oi rpaduveckuil perak-
Top). Pazmepbl cekTopoB (TaNTIIOB) HOJDKHBI OBITH CTEIICHSIMHU ABOWKH.[ 5]

3.Paznen «AOutypuenTty» OyeT pa3Memarh Takyto HHPOPMAIUIO KaK CPOKH
IPUEMOB TOKYMEHTOB, CIIUCKHU MMOCTYUBIINX, JaThl BCTYMUTEIBHBIX UCIIBITAHUN U
T.1. Hanmnune ornenbHOrO paszena Ha calTe By3a, IOCBALIEHHOIO NMPUEMHOU KO-
MUCCHH, YIpoiaer 3anady. [IpuioxeHue MoakioyaeTcs K CaWTy U pa3MeniaeT
uH(popMaIuio B y100HOM BHU/IC.

4. Paznensl «@akynbreTsl» U «KOHTaKThI» OyAyT copepkKaTh BaKHYIO cIipa-
BOYHYI0 HHPOPMAITUIO, KOTOPasi HAXOIUTCS B CAMOM MPHUIIOKEHHUH.

Hcxoas w3 QyHKIMOHAIBHOCTH TPUIIOKEHUS, MOXKHO CHIeJaTh BBIBOJ, YTO
rJIaBHAs €ro 3a/laya — IpaMOTHOE IpenocTaBieHne nHpopmaiuu. Jlydmum cepBu-
COM JIJIs TTOIO0HOTO poja 3amad siBisercs lonic Framework, oqHako BBUIY OTCYT-
crBus nmoaaepxku Windows Phone npeanourenue otnaercs Apache Cordova

1. HonrossizoB H.A.. OcoGeHHOCTH pa3paOOTKH MOOWIIBHOTO MPHUI0KCHUS
st By3a./ Hayka XX| Beka: OnbiT nmponuioro — B3msig B Oyaymee — Omck, 2016,
ctp. 122

2. Odummanesenii caiit Apache Cordova [DOnextpoHHBIH pecypc] — Pexnm
nocrymna: http://cordova.apache.org/

3. Odunumanpubiil cadT Xamarin [DnekTpoHHbIi pecypc]| — Pexum gocrymna:
https.//www.xamarin.com/

4. JlonrossizoB H.A.. MoOuibsHOe npunoxenue maus BY3a./ Exeroanas Ha-
y4Hasi CeCCHsl aCIMPaHTOB U MOJIOJIBIX yueHbIX — Bosoraa, 2015, ctp. 11

5. Opunmansuerit caiitr APl SIuaekc.Kaptel [DnekrponHsiii pecype] — Pesxxum
nocryma: https://tech.yandex.ru/maps/



JIABOPATOPUS C YIAJIEHHBIM JOCTYIIOM
HA BASE MUKPOKOHTPOJIJIEPA OMRON CP1L

A. H. Ezopos

Hayunwui pykosooumenv A.M. Bo0o6o3oe, kano. mexu. Hayk, npogheccop
Bonoroackuit rocy1apCTBEHHbIN YHUBEPCUTET

r. Bosornga

JluctaniimonHoe oOpa3oBaHUE, KaK TaKOBOE, CYIIECTBYET YK€ JaBHO, HO
OOJBIITY O TTOMYJISIPHOCTH MPHOOPENIO TOcie NosBiIeHus cetn «MHTepHeT U Web-
TEXHOJIOTUHU.

Ceifuac MBI MOKEM TOJIYYUTh JOCTYI MPAKTUYECKU K JTF000M HHTEpECyIoen
Hac umH(pOpMAIMK W3 JHOOO0H TOYKM MHpa, BCEro JIMIIb OTKPHIB HYXHYK Web-
CTpaHUYKY. A C y4eTOM TOr0, YTO KOJIMYECTBO MH(pOpMaluu Bo «BcemupHoil may-
THUHE» CTAaHOBUTCS BCE 0OJIbIIE, KaK U KOJMYECTBO MOJb30BaTeNel, TO CKOPO C IO-
Jy4EHUEM HYXHBIX JaHHBIX MpoOJieM BooOIie He Oyner, OyAb TO BUIEO, KHHTA,
JTAHHBIEC DKCIIEPUMEHTA WIM Kakas-IHuO0 CTaThs B KypHase. Takas MomyiasipHOCTh
HE TIPOIIIa MUMO KaK MperoAaBaTeNel, Tak U MelbIX yUeOHbIX yupexaeHuit. Ctamu
JTaXe MOSIBIIATHCS CIIeIMAIbHBIE 00pa30BaTEbHBIC MIOMIAIKH.

JluctanimonHoe o0pa3zoBaHNE UMEET KaK TUIOCHI, TaK U MUHYCHI. M3 mimtocoB
MOYKHO BBIJICJIMTh. MPOCTON AOCTYyN K MHpopManuu (s 3Toro Tpedyercs TOIbKO
coequHeHre ¢ <MHTepHET»), OTHOBPEMEHHO MOKHO OXBATHTh OOJIBIION 00bEM ay-
JTUTOPUH, HYKHBIE JAHHBIE MOKHO TOJIYYUTh B JIF000€ BpeMs AHS U HOYM U JIp., HO
«HTepHETOM» MOJIb3YETCA TOJIBKO, MPUOIM3UTENbHO, 38% HaceneHus Haulel nia-
HeTsl [1].

Bo mHorux yHuBepcuTeTax Hallleil CTpaHbl MPUMEHSETCS JAUCTAHIIUMOHHOE
oOpazoBanue. I B OCHOBHOM JIIO/I1, KOTOpPBIE 00y4YarOTCsl TAKUM 00pa3oM, HaXOIT-
csi Ha OOJIBIIMX PACCTOSIHUSIX OT YHHUBEPCUTETA W JOOUPATHhCS 0 HETO UM OYCHD
npobiematuuyno. Ho ¢ mpuMeHeHrneM COBPEMEHHBIX TEXHOJOTHUH MBI MOXKEM IIpe-
0J10JIETh TAKOTO pojia MPoOJIeMbl U TOBBICUTH KA4€CTBO 00pa30BaHUSI.

OnHuM U3 pelieHuH SBIISIETCS 1a00paTOPHsl C yAAUICHHBIM TOCTYIIOM.

CrynentaMm, 4ToObl BBIMOJHUTH Ty WIM UHYIO JTA0OpAaTOPHYIO, HE MPUIETCS
MPOJICNIBIBATh KUJIOMETPHI JIOPOT, UM JOCTATOYHO OYJIET MPOCTO BKIIOUUTH KOMIIb-
I0TeP, MOJKIIOUNTHCS K HHTEPHETY M OTKPBITh JIMOO TporpaMmy, 00 Opaysep.

Ha manHbIii MOMEHT ecTh Ja0opaTopHbIi cTeH 1 «CpeicTBa aBTOMATU3AIUU U
ynpasienusi pobOora-mManumyisitopa «CAY-POBOT»» Ha MHKPOKOHTpOIIEPE
«PLC Omron — CP1L», oOuuii Bua npeicTaBieH Ha pucyHke 1.



Puc. 1. Jlabopamopuwiii cmeno «Cpedcmea agmomamuzayuu u ynpasieHusl
poboma-manunyismopa «CAY-POBOT»» na muxpoxoumponiepe «PLC Omron — CP1L»

[Ipenmonaraercs, 4To AaHHas yCTaHOBKa OyneT OoOMEHMBAThCS JAHHBIMHU C
nomoniplo cetu ethernet, a ymnpasienue OyIeT NPOMCXOAUTH C MOMOIIBIO CIEIIH-
anbHOro MHTepdeiica. Habmonars 3a SKCIEPUMEHTOM B peaibHOM BPEMEHU MOYKHO
Oyzer ¢ moMoulplo BeO-kamepsl. [IpuHIMI opraHu3anuy J1abOpPAaTOPHOTO CTEHAA
NpUBEJICH Ha PUCYHKE 2.

Puc. 2. Ilpunyun opeanusayuu 1abopamopHozo cmenoa

[Togpo6uee o mMukpokontposuiepe. Kourpomneps: cepun CPlL xommnanuu
Omron otnuyaroTcs TeM, 4TO 1Mo cBouM pazmepam, 3to [IJIK kmacca “mukpo”, a mo
BO3MOXHOCTSIM He ycrynatoT MoAyibHbIM IIJIK. OHu o0nagaroT HEKOTOPHIMHU
(GyHKIUSAMY, KOTOPble HEOOXOAUMBI JIJIsl YIIPABICHUSI CTAHKAMH U JIPYTHUM 000py-
JIOBaHMEM, BKJIIOYas yJOOHO pealin30BaHHYIO (PYHKIIMIO MO3UIIMOHUPOBAHUS Cep-
BorpuBojamu. Mogenun CP1L ¢ 14, 20, 30 wim 40 BCTpOEHHBIMH BXOJa-
MU/BBIXOIaMH, a C MOMOIIbIO pa3HOOOpa3HbIX Mojayied pacimpenus CPIW wiu
CPM 1A, makcuManbHOe o01ee unciio Touek BBoja/BeiBoaa 160. /s nporpamMmu-
pOBaHUsI U MOHUTOPHUHTA ucnoyb3yercss USB-mopt. EcTh BO3MOXKHOCTh YCTAHOBKH
JBYX JOTOJHUTENBHBIX MOCIEAOBATENbHBIX MOPTOB. [loMUMO 3TOro, HEKOTOpHIE
moaenu CPLL ochaiiensl BcTpoeHHBIM mmopToM Ethernet ¢ BosmoskHOCTBIO 00CTy-
KUBaHUS pazbéMa it o0ecriedeHrsi THOKOCTH MPH MOIKIIFOUEHUH ISl OCYIIECTBIIC-
HUSL KOHTPOJISI, DKCILTyaTallii, PErUCTpaluy U yJIaJeHHOro Jaoctymna. B ocHoBe ce-
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puu CP1L nexwur ta ke apxutekrypa, uto u 'y I[IJIK cepuit CP1H, CJ1 u CS1, npor-
pammebl 3tux [TJIK coBMeCTHMEI IO pacripeieCHHIO MaMsATH U Habopy KoMaHI. [2]

o 4 BX0OJa CKOPOCTHBIX CUCTYMKOB/IHKOJCPOB U 2 CKOPOCTHBIX MMITYJIbCHBIX
BBIXOJIa

« OMIMOHAIBHBIE MOCeR0BaTeNbHbIC MOPThl RS232C 1 RS-422A/485

o Mojenu ocHaniéHusie USB-nopt juist mporpaMMupoBanus

e MOIIHBIC (PYHKITMH YIIPABICHUS MTO3UIIUOHUPOBAHUEM

e OCHOBHBIC S3BIKM MHUKPOKOHTpOJUIEpA: SI3bIK pesieHbIX cxeM LD u sa3bik
dbyHKIHOHATKHBIX O6510K0B FBD

B namewm pacnopsikeHun uMeeTcss Moyib Ha 12 BX0/10B U 8 BBIXO/IOB, pa3b-
€M JIJIs TIoJjauM BHemHero aHanoroBoro curHana ot O o 10 BombT, 1Ba THE31a 1S
MTOIKJTFOYCHUS JTOTTOTHUTEIIBHBIX MOTyJICH PacIIMpPEHUs, MHIUKATOPBI COCTOSTHHS.

Celiuac M3y4arOTCsi BO3MOXKHOCTH MukpokoHTpoiiepa CPlL wu pemaercs
npobJieMa MoAKIOYeHUs K ceTu. Ml Ha JaHHBINT MOMEHT M3BECTHO TPHU CIOcoOa ee
peIICHMS:

1) C noMoInpo CHeUaIbHOrO MOJIYJIS, KOTOPBIH yCTaHABIUBACTCS KaK JO-
NOJIHUTENbHOE TnepudepuiiHoe 000pyJOBaHUE M TO3BOJIAET HAMPSAMYIO MOAKIIO-
yuThHCH K ceTu ethernet;

2) ceiiuac ycTaHOBKA MOJKIIOYCHA K HOYTOYKY M OOMEHUBACTCS JaHHBIMU C
oMotk naTepdeiica RS-232, MokHO HOYTOYK BBECTH B CETh U YK€ C TOMOIIBIO
€ro YMpaBIATh Ta00PATOPHON YCTAHOBKOM

3) TpeTHii crocod — BHYTpU HEKOTOPBIX Mojeneit u3 cemerictea CP1L mpu-
CYTCTBYET BCTPOCHHBIN ceTeBOM MoayJib ¢ ethernet passemom, HO st TOTO, YTOOBI
MPOBEPUTH €ro CYIeCTBOBaHUE TpeOyeTcsi pa3o0paTh KOpIyc MOHOOJIOKA, B KOTO-
POM ceifdac HaXOIUTCS CaM MUKPOKOHTPOJIJIEP, U TPOBEPUTH HATTUIHE MOTYJIS.

[Tocne Toro, kak mpobieMa ¢ MOAKIIOYEHHEM OyIeT perieHa HAaYHyTCS Tec-
TOBBIC UCITBITAHUS BO3MOYKHOCTEH, KOTOPhIE MOKHO OYJIET MPUMEHSITh JIsl paOOThI
¢ 1abopaTOpHOM yCTaHOBKOM yaaneHHo. Hanpumep, OyaeT mpoBeeH Takol dKcre-
PHUMEHT. Ha KOMIIBIOTEP, HAXOIAIIUKUCSA B COCEHEN Ay AUTOPUU Y NTOAKIIOUEHHBIN B
ceTh yHHBepcutera, Oyner ycranoBieHa SCADA-cuctema TRACEMODE. [lannas
CUCTEMa MOCTABJISIETCS BMECTE C JJAOOPAaTOPHON YCTAHOBKOM U MO3BOJISET OCYLIECT-
BJISITh C MUKPOKOHTPOJUIEPOM CIIEAYIOIINe JAEHCTBUSA: MPOrpaMMHUPOBATh MHUKPO-
KOHTPOJUIEP, B PEKHUME PEATBHOTO BPEMEHU OTCIICKMBATHh PaObOTy MPOTpaMMBbI, 3a-
rpyXaTh JaHHbIE C MUKPOKOHTPOJIJIEPA, MOIydaTh pa3inyHbie otueThl. [locne yc-
TAHOBKHM MBI HAIUIIIEM MPOCTYIO MPOTPaMMy Ha si3bIKe peneitHbix cxem LD u mo-
cTapaeMcsl CHaJaja 3almucaTth €€ Ha MUKPOKOHTPOJUIEP, B ClIydae ycrexa, BBIMOJ-
HUTH €€ ¥ CKa4yaTh HAIly IPOrpaMMy OOpaTHO Ha KOMIIBIOTED.

B ciyuae ycmenrtHoro tecTupoBaHUsl BHYTPY CETH YHUBEPCHUTETA MTOCTapaeM-
Csl IOJIKJTFOYHUTHCS K YCTAHOBKHU U3 UHTEPHETA.

1. SYSMAC CP1L/CP1: Broanoe pykoBozactso / Omron, 2009. — 182 c.

2. lllynenos, A. BoapImMHCTBO Mt0/Iel B MUpe HE UMEIOT goctymna B UHTep-
HeT [DnekTpoHHbIi pecypc], — http://www.3dnews.ru/910070- ctaThst B HHTEpHETE.

3. Konrpomtep CPlL [3Onektponnsiii pecypc], — http://www.rakurs.
su/omron/cpll/ — cTates B MHTEpHETE.



PA3ZPABOTKA CAMTA JUISI ATEHTCTBA HEJABUKUMOCTH
«HEJBUKUMOCTbD OT A JIO SI»

A.A. Hnvuna

Hayunwiii pyxosooumens I''A. Ca3zonosa, kano. mexu. HayK, 00OYeHm
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorna

Cailt — ar0 nuo kommanuu. [IpakTnuecku Bce KpynHbIE KOMIIAHWHM B Ha-
CTOsIIIee BpeMsi UMEIOT COOCTBeHHbIC WeD-caiiTbl. CallT CBUIETEILCTBYET O IPO-
LIBETAHUU KOMIIAaHUH, O €€ COJIMTHOCTH U COBPEMEHHOCTH.

Lenpro paboThl sBisieTCs pa3paboTKa calTa IJisi areHTCTBA HEIBMXKMMOCTH
«HenBmwxumoctb 0T A 10 SI», KOTOPBIN JOJKEH PEIOCTABISATh BCIO HEOOXOIUMYIO
uHGOPMAITUIO KIIMEHTaM O CaMOW KOMITAHUH M TIPEIOCTaBISEMbIX YCIyTraX, a TaKxKe
UMETh JIOCKY OOBSIBICHUI O HEJBUKUMOCTH U BO3MOKHOCTb MOJYYHUTh JOMOITHU-
TEJbHBIN KaHaJ JJI1 MAPKETUHTa U PEKIIAMBI.

bolna nzyuyena npeameTHas 00yacTh U pazpaboTaHa PyHKIMOHAIBHASI CTPYK-
Typa caiiTa, Ipe/icTaBlIeHHas Ha pUCyHKe 1.

Puc. 1. Qynkyuonanvuas cmpykmypa cavima

Caiit umeeT cienyromme pa3aeibl: pasaen «KymuTe» noapoOHO ONMUCHIBaeT He-
JBHYKUMOCTD 10 OOBSIBICHUSIM MPOAAXKH; pazaen «CHATh» MOAPOOHO OINMUCHIBACT HE-
JBHKUMOCTb TIO OOBSIBJICHUSM apeHJbl HEIBIKUMOCTH; pazaen «HoBocTpoku»
MOJIPOOHO  OMUCHIBAET HEABWXKUMOCTh 10 OOBSBICHUSIM HOBOCTPOUMKH, pa3zel



155

«O TIpOeKTE» AaeT BO3MOXKHOCTD ITOJI30BATEITIO MOJTyYUTh HHPOPMAIIHIO O CaiTe, €ro
Ha3HAYEHUW U O TOM, Kak OH padoraeT; pazaen «Jl00aBUTh OOBSBICHUE» COJIECPIKUT
uH(OPMAIIHIO O TOM, KakK J00aBUTh 00BSIBICHNE Ha caiiTe; pasaen «tOpumudeckre yc-
JYTH» TPEAOCTABISET WHPOPMAIMIO 00 OKAa3bIBAEMBIX IOPUIUYECKUX yCIIyrax (up-
MOW; pazaen «BorTu» npe1oCcTaBisieT BO3MOKHOCTh aBTOPU3ALMU TTOJIb30BATEIIS.

[Ipu npoekTrpoBaHuM caiita Oblia ucnoias3oBana Merogonorus |DEFO, koH-
TEKCTHAsl IuarpamMma IpeJICTaBlieHa Ha PUCYHKE 2.

TpefoeaHWA 33K EEMHED

NarkH W Napont

Pazpabores canta gns { PaapafioTasssii calt
BIEHTCEA HEefER MM BT ]
“HenaH s MOCTE 0T & g0 A -

JaHHee or
ATEHTCTEE HEL B A MOCTH

MonesoBaTEN: TTEGIE S MHET CHETEMA YNDIENEHRE KOHTEHTOM

Puc. 2. Koumexcmuas ouazpamma

Bxonno#t nndopmanueit siBasSIOTCSA: JaHHbIE, TPEAOCTABICHHBIE ar€HTCTBOM
HEJIBUAKUMOCTH «HeaBmkuMoCTh OT A 10 S», a TakKe JOTHH U NapoJib. BeIXOIHOM
uH(pOpMaIuel SBIsSETCS: pa3padOTaHHBIN CANT.

JlnarpamMma nekoMIo3unuu 1-ro ypoBHS, IpeACTaBICHA HA PUCYHKE 3.
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Puc. 3. Juacpamma oexomnosuyuu 1-20 yposms
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[Ipouecc GpyHKIMOHUPOBAHUS MOJYJISI MOKHO pa30uTh Ha S sTanoB: «Pa3pa-
O0oTka nu3aiiHa caita», «I[IporpamMmupoBanue», «TectupoBanue, «Craaya caifta 3a-
Ka3uuKy», «COonpoBOXKACHUE CalTa».

[Tpu pazpabotke unTepdeiica caiita ObUTH BHIOPAHBI CIEAYIONINE CPEACTBA U
UHCTPYMEHTHI:

— SI3BIK TUTIIEPTEKCTOBOM pa3zmeTku Tekcta HTMLS;

— KackaaHas Ta0JiMa CTHIEH ¢ ucronb3oBannem CSS3;

— ckpunToBbi 361K CH ASP.NET nHTeHCMBHO mpuMeHseMbIil 17151 pa3paboT-
K1 WeD-npuitoskeHuii;

— 00BEKTHO-OPUEHTUPOBAHHBIA CKPUIITOBBIN A3BIK MPOrpaMMUpOBaHUs Java
Script u 6ubnmnoreka jQuery;

— cucTema yrnpasiienus kontrenrom MODX.

—unctpyment Adobe DreamWeaver

—uHcTpyMeHT lllustrator st pazpaboTku jorotuna caiira

—uHCcTpyMeHT Photoshop anst paspabotku nu3aiiH-mMakera caiita

MODX — cuctema yrpaBiieHUs] KOHTEHTOM C OTKPBITBIM UCXOJHBIM KOJIOM U
OTKpbITOMN nuueH3ueil. Ucnons3yet mis xpanenus ganueix CYBJ[ MySQL, no3so-
JseT 0e3 JUIIHUX YCWIMK TOJKII0YATh .JS-(aiibl U JaeT IMOJTHBIA KOHTPOJb Ha
BCEMH DJIEMEHTaMM caita. beutn paspabdoTansl u noakatoueHsl kK CMS moaynu aB-
TOpU3AIUH, HOBOCTEH, TOCTPAHUYHON HaBUTAIIMHU U opMa 0OpaTHOM CBSI3H.

brina peanusoBana cTpykrypa uHTEp(eiica caifta, nmpejcTaBieHHas Ha pH-
CYHKe 4, KOTOpasi MpeJICTaBjIeHa B BUJE CTPYKTYPhI TUIIA MEHIO.

Puc. 4. Cmpyxmypa unmepghetica catima



ITonb30Barens B3aMMOJECHCTBYET C CHUCTEMOM IMOCPEICTBOM MEHIO, BKIIIO-
qaromeM B ceds caeayromue pazaensl:. «Kymute», «CHate», «HoBocTpoiikm», «O
npoekTe», «J[06aBuTh 00bsaBICHUEY, «tOpHuanYecKue yciayru», «Boitu.

Ha rmaBHO# cTpaHulie copeprkarcs ciaeayromue OJOKU: KOHTakTHas uHbOp-
Mallusi, COACPKUT aapec dIEKTPOHHOM MOYTHI U HOMEp TenedoHa areHTCTBa; MEHIO;
0JIOK To00pa mapaMeTpoOB MOKUCKA OOBABICHUN MO HEIBMKHUMOCTH, MOIYJISIPHbBIE
O0OBSBIICHUS O MPOJAAXKE HEJBUKUMOCTH; MOMYJISpHbIE 00BsBICHUS 00 apeHjae He-
JIBUKUMOCTH; 010K «O mpoekTe»; QpyTep, KOTOPBIA CONEPKUT KOMUPAUT, Ha3BaHUE
CTyAWH, KOTopasi pa3pabarbiBajia calT, KOHTakThl. Ha pucyHke 5 mpeacraBieH
(dbparMeHT TJIaBHOM CTPAHUIILI CANTA.

A
gﬁ!‘;\Angy & rauvzODaEVENDER L L 1-B00-1Z34-567 BORTY

KYNHTH CHATL HOBOCTPORKK 0 MPOEKTE AOBABHTL OBLABNEHWE KPUAWHECKKWE YCAYTH
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01/@.

' I\i'}Jl'; Y nogosRATE

CEMYAC HA CAATE 2050 OBBABNEHWA

K¥YMUTE CHATE HOBOCTPOMKW

KOMHATH ] Noeyrouna 100 Karanor KK

CTvauM 5 KoumHaTe ? CRAHHEIE HOBOC TRDHKW

Puc. 5. Dpaemenm 2nasnoti cmpanuybol

[epeiinem B pasaen «Kynute», JaHHBIA pa3/ell MpeacTaBiseT U3 ceOs KaTa-
JIOT HEJABM)KMMOCTH 110 OOBSBJICHHSM MPOJAKH, B JIAHHOM pa3Jieiie MOJIb30BaTeb
MOJKET OCTABUTh 3asBKY.

Paznen «CHATH» MpeIcTaBisieT U3 ce0sl KaTajaor HeJIBMKUMOCTH 110 00bsBIIC-
HUSIM apeH/Ibl, B JIJAHHOM pa3Jielie M0JIb30BaTeIb MOXKET OCTaBUTh 3asBKY.

Paznen «HoBocTpoiku» mpeAcTaBiseT U3 ce0s KaTaJlor HEABMKHUMOCTH 10
OOBSBJICHHUSIM HOBOCTPOWKH, B JAHHOM pa3Jielie MoJIb30BaTellb MOXKET OCTABUTH 3a-
SIBKY.

B paznene «O mpoekTe» Mob30BaTelh MOKET 03HAKOMHUTHCS C TEM Kak pa-
0oTaTh ¢ CAaTOM M YTO W3 ceOs MPEACTaBIACT areHTCTBO HEABMKMMOCTH «Henpu-
JKUMOCTB OT A 10 SI».

Paznen «Jlo6aBUTH OOBSIBICHHE» COACPKUT CIPABOYHYIO HH(POPMAIHIO O
TOM, KaK IOJIb30BaTEIII0 PA3MECTUTh OOBSIBIICHAE Ha 3TOM CaiiTe.

Paznen «lOpuanueckue yciryru» HHPOPMHUPYET MMOTH30BATENS O MPEIOCTAB-
JISICMBIX ar€HTCTBOM IOPUAMYSCKUX YCITyTax.

Paznen «BoiTu» mo3BoJisieT aBTOPHU30BATHCS MOJB30BATEINIO.
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Co3naHHBI CalT MO3BOJSET IOJIB30BATENIO ONEPATHBHO MOJy4aTh JIOCTO-
BEPHYI0 MHPOPMAIUIO 00 areHTCTBE U €ro MPEJOCTaBIsEMbIX YCIyrax, JaeT BO3-
MO>KHOCTb CBA3aThCS C NMPEJCTABUTEISIMU areHTCTBA, MPOU3BOAUTH IOUCK OOBSIB-
JIEHUH TI0 HEJIBUKUMOCTH U OCTaBJIATH 3asBKU.

PABPABOTKA UMUTAIIMOHHOM MOJEJIA ITPOIIECCOB
B AEITAPTAMEHTE CTPATEI'MYECKOI'O IINTAHUPOBAHMUSA

H.A. Ky3neyoes

Hayunwiii pykosooumenv A.H. Haumoes, 0-p ¢pusz.-mam. Hayx, npogeccop
Bonoroackuii rocy1apCTBEHHbI YHUBEPCUTET

r. Bonorga

[Ipu uccienoBaHUU peabHBIX OOBEKTOB OKPYKAIOIIEro Hac MHpa HeoOxo-
TUMO paboTaTh HE C CAaMUMU OOBEKTaMH, a C X (POpMaJIbHBIM MPEICTABICHUEM
(MonensiMu), KOTOPBIE MOJyYaTCs TIOCJIE YIPOIICHUS UX CBOMCTB M MPEICTABICHHSI
B TOH niu uHoU ¢opme. [Ipu MonenrpoBaHUN TEXHUYECKUX OOBEKTOB B OCHOBHOM
UCTIOJNIb3yeTCsl MaTeMaTUUeCKuil ammapaT anreOpandeckux U AudQepeHnanbHbIX
ypaBHEHHUH, ainredpa JIOTUKH, TEOpHsl aBTOMAToB U jp. [Ipu uzydyenun opranuzanu-
OHHO-YIIPaBJICHYECKUX OOBEKTOB 3TU MOJIX0]IbI HEBO3MOXHBI, TaK KaK B TaKUX 00b-
€KTax BaXXHYIO POJIb UTPAIOT KPUTEPUHU HEONPEEICHHOCTA U BO3MOXKHOCTh HU3Me-
HEHUS XapaKTePUCTUK pa3IMYHbIM 00pa3oM, HE BCErJla MPOrHO3UPYEMBIM 3apaHee.
B sTOoM ciiyyae mpuMEHMMO MMHUTAIMOHHOE MOJEIHMPOBAHUE C MOMOIIbIO CHEIU-
AJIBHBIX POrPAMMHBIX CPEJICTB.

B mannO# pabote ObuTa IOCTaBIICHA 3a7a4a IO peaau3anui U (yHKIIHOHUPO-
BAaHUIO OCHOBHBIX IPOLECCOB B MMHUTALMOHHONW MoOAenu o0bekTa «JlemaprameHT
CTpaTEernyecKoro MIaHuPOBaHUA 00JaCTH» Ha MEpBOHAYAIBLHOM JTarle.

HiMuTanmoHHas MOJieIb OPraHU3allMOHHO-YIIPABICHYSCKOr0 00beKkTa (B JaH-
HOM CJIy4ae KOHKPETHOI'O CTPYKTYPHOTO TOJpa3/esIeHus) TOJHKHA MOTHOCTHIO CO-
OTBETCTBOBATh MCIIOJHIEMBIM 3aJja4aM U IIPoLieccaM, KOTOPbIE MPOUCXOIAT BHYTPH
€ro, aBTOMATH3UPOBaTh psil GyHKIUI (00paboTKa BXOASIIETO JOKYMEHTOO0O0POTA,
aHaJlu3 BpPEMEHU U (POpPMBI MOCTyMaeMol HHQOpPMAIMH, PErJaMEHTHPYIOIIHE H
HOpMaTHUBHBIE (PAKTOPHI, MPEACTABICHUE KIIOUEBBIX MOKa3zaTeiae 3PeKTUBHOCTH
—KPI u 1p.), a Takke NOJIYIUTh ACTCPMUHUPOBAHHBIN PE3yJIbTaT B BU3YaIU3allHH.

OnpenenuB UCTOYHUKHU MOCTYIUICHUS MH(POpPMAIUH, TOCTyaeMble OT OT[e-
noB (ynpaBJieHHI) U3y4aeMOro OpraHH3alMOHHO-YIIPaBICHUYECKOr0 00bEKTa, H30-
Opasum cxematndHo (puc.l). @opmbl peCTaBICHHUS ONPEACISIOTCS BHYTPCHHU-
MU periaMeHTaMu M JIOKaJbHBIMH HOPMATHMBHO-IIPABOBBIMH JOKYMEHTaMH, yKa-
3aHHBIMU B 00ILIEM MEpEYHE 3aKOHOAATENIbCTBA.



Puc. 1. Cmpykmypa uzyuaemoco ob6vexma

B nanHOM ciyyae HEOOXOAMMO OMpPENETUTh OCHOBHBIE MPOIECCHl U 3a/1auH,
UCIIOJTHSIEMbIC BHYTPHU KaXK10r0 yrpasicHus. [Tokaxem 3to B Tabnuie (Tadm.l).

Tabmuua 1
IIpouecchl ¥ 3a1a4u B U3y4aeMOM 00beKTe
HasBanue otnena/ynpasieHust 00beKTa 3amauu, nmpoueccsl, GyHKIIH
YHOpaBJICHUC MAKPOSKOHOMHUKHA U CTpATCTHUYC- OCHOBHBIMM 3aJjadyaMU JCATCIbHOCTH YyIIpaB-

CKOTO TUIAHUPOBAHUS JIEHHUS SIBIAIOTCS.

— OCYIIIECTBIICHUE CTPATETUIECKOTO TIIaHH-
POBaHUS COIUATLHO-DKOHOMHYECKOTO Pa3BH-
THS 00J1aCTH.

— IMOJrOTOBKA CBOJIHBIX IIPOTHO3HBIX U aHa-
JUTHYECKUX MATEPUAIIOB 10 COIIMAILHO-
SKOHOMHYECKOMY Pa3BUTHIO 00JIaCTH

YIIPaBJIEHUE TOCYAAPCTBEHHBIX IIPOIPAMM OCHOBHOM 3aa4€y NeATEIbHOCTH YIIPABICHUS
ABJIACTCSA OCYLIECTBIICHUE CTPATETHYECKOTO
IIJIAHUPOBAHUS COLMAIIBHO-OKOHOMUYECKOTO
pa3BUTHs 00JaCTH B YACTH T'OCYJApCTBEHHBIX
nporpamm o0JacTu U BEJOMCTBEHHBIX I1eJie-
BBIX IIPOTPaMM

yIpaBlieHUE OPraHU3allMOHHON, KaJpOBOM, Mpa- | SABIAETCSA CTPYKTYPHBIM mojapasaenenuem Jle-
BOBOI pabOThI U OLIEHKH PETYIHPYIOIIETO BO3- MapTaMeHTa CTPATErMYECKOT0 MIIaHUPOBAHUS
NEUCTBUA Bosnoroackoit oonactu (manee — Jlemapra-
MEHT), OCYIICCTBIISIOIINM:

Kanposoe obecrnieuenue, BkItouas oobecrneye-
HUE COOJIIOICHUS 3aKOHOIATEIHCTBA O TOCY-
JApCTBEHHOM I'pa)IaHCKOU CITy:k0e, mpOoTH-
BOJEHCTBUU KOPPYIILIUH.

— IpaBoBoe obecrieueHue aesTeabHocTH Jle-
MapTaMeHTa, B TOM YHciie 00eCieueHue co-
ONro/IeHUs] 3aKOHHOCTH TIPH OCYIIECTBICHUN
ero (pyHKITHH, 3aIUTy €r0 HHTEPECOB
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HasBanue otnenal/ynpasieHust 00beKkTa

3amauu, mpouecchl, PyHKIUN

— MOJTOTOBKY 3aKJIFOYCHHI 00 OIICHKE pery-
JUPYIONIETO BO3JICHCTBUS MTPOSKTOB HOpMa-
THUBHBIX ITPABOBBIX aKTOB 00JIACTH.

— IIPOBEICHHUE IKCIIEPTH3BI HOPMATUBHBIX
MIPABOBBIX aKTOB 0OJACTH B COOTBETCTBUHU C
3akoHOM oOmactu ot 11 nexabps 2013 roga

N 3225-03 "O nopsiake npoBeAeHHs OLEHKU
PEryJIUPYIOIIEro BO3ACHCTBHS TPOSKTOB HOP-
MaTHUBHBIX TIPABOBBIX aKTOB Bosoroackoi 06-
JIACTH W TIOPSIKE TIPOBEICHUS SKCIICPTU3BI
HOPMAaTHUBHBIX MPABOBBIX aKTOB Bosoroackoit
obmactu"

— TIOJITOTOBKY JTOKJIAJIOB 00 OCYIIIECTBICHHH
PETHOHAIBHOTO TOCYIAPCTBEHHOTO KOHTPOJIS
(Ham30pa) ¥ MyHHIUITATBHOTO KOHTPOJIS B CO-
OTBETCTBYIOLIHMX cepax

I[JIH BBIITOJIHCHUA aBTOMAaTHU3allU U

OIIpEeIeIICHUs] BpEMEHHBIX (BEPOSITHOCT-

HBIX) XapaKTEPUCTUK MOJICIIUPYEMOTO 00bEKTa OBUIO BEIOPAHO MPOTPAMMHOE CPEI-
ctBo GPSS — mporpamMmy HMMHMTAlIMOHHOTO MOJEIHMPOBAHUs, KOTOpas MOIy4yuia
cBoé pacrpoctpanenue B 1961 rogy. OHa oka3anack CTOJb yAadHOM, YTO MPOIOJ-
’KaeT CYLIECTBOBATh B HACTOAIEE BPEMS U UCIIONIB3YETCS MO COBPEMEHHBIMHU OIle-
palOHHBIMM CHCTEMaMHU Ha MEpPCOHAIbHBIX KOMIbIOTEpax. B xone cBoeit mozep-
HHU3aIMK OHA TOJy4ria 0OHOBIeHHOE Ha3Banue — GPSS World (puc. 2).

Puc. 2. Oxno npozpammer GPSSWorld ¢ npoyecce mooenuposanus

B xone aHanu3a um cuHTE3a M3y4aeMoOro oObeKTa ObUIM OMNpEesIeHbl OCHOB-
HBIE XaPAKTEPUCTUKU U KPUTEPUH IS PEATM3allM UMUTALIMOHHOW MOJIETIN:




1) KOJIMYECTBO COTPYAHHMKOB JlenapramenTa,

2) pasmep O KeTa U PUHAHCOBBIX CpeacTBa JlemapTaMeHTa;

3) BpeMs HUCIOJHEHUS OJTHOM 3a/1a4 B KaKJIOM YITPABJICHUU,

4) KOJMYECTBO 3a/ia4, BBITOJHACMBIX KaXbIM YIIPABICHHUECM, B TCUCHUE pa-
0oouero aHA;

5) KOJIMYECTBO M YaCTOTa MOCTYMAIIUX OOPALICHUN OT IPaXK/JaH B MPHEM-
Hyt0 JlenaprameHTa;

6) uCHONHEHHE PErjaMEHTUPYIOIIUX JOKYMEHTOB 10 OIEHKE Perysnpyro-
LIEr0 BO3ACHCTBHS.

OCHOBHBIMH 0JIOKAMH, UCTOJIB3YEMbIMUA B TMOCTPOCHUU MOJICIH, SBISIOTCS
GENERATE, TERMINATE, TRANSFER, ADVANCE, QUEUE u RETURN. Ka-
XKIBIA OJIOK COMEPKUT B ce0e KOHKPETHBIC MU(PPOBHIE MTOKA3ATEIN W CPETHAEC BEITH-
YUHBI 110 BBITIOJIHEHHUIO OJTHOTO TPoIlecca B €IMHUITY BpeMeHH. Takum o0pa3om, 3TO
YOPOCTHT TPEACTABICHUE MOJIEIH W TIO3BOJUT COKPATHTHh Bpems Ha 00paboTKy
«ouepeneii» B MHPOPMAIMOHHOM TMOTOKE. B maHHOM ciydae MOCTpOoeHHe MOJIEIH
TaK)K€ MOXXHO CPaBHUTH C MOCTPOCHHEM CHCTEMBI MAacCOBOTO OOCTYXHUBaHUS C
ouepensamu (CMO).

B o6mem wutore MMUTAIMOHHAs MOJIEJIb TO3BOJMUT IOBBICUTH OCHOBHBIC
(kmroueBbie) mokazatenu dddextuBnoctn (KPl) mesTenbHOCTH opraHa HCHOIHH-
TEIHHOUW BJIACTH, M30aBUTH OT «Oo4epener» B mporecce 00padOTKH MOCTYIHUBIINX
oOparieHuii 1 TOCTOSIHHOTO TOTOKA JJOKYMEHTO000pOTa, a TAaKKe COKOHOMHTH Bpe-
Ml TIO peau3alliy MMapauiebHbIX 3a/1a4 U onepaluii 0ojiee BEHICOKOTO MPUOPHUTETA.

1. BponoB, C. A. HMmutanuoHHOE MOJIEIMpOBaHUE . yded. mocoowme /
C. A. bponos; ®I'OY BIIO "Cubupckuii genepaibHblii yHUBEpcUTET , Kadenpa
"CucTeMbl aBTOMAaTU3UPOBAHHOTO MpoekTrpoBanus . — Kpacuosipck: COY, 2007. —
82 c.

NHOOPMALIMOHHAA CUCTEMA JIUISA MOHUTOPHUHI'A
OBPA3OBATEJIBHOI'O ITPOLHECCA JOHIKOJBHOI'O
OBPA3OBAHUA

A.A. Maknaxoea

Hayunwvui pykosooumens C.JO. Pyuceyykasn, kano. mexu. HayK, 0oyeHm
Bosorockuii rocy1apCTBEHHBIM YHUBEPCUTET

r. Bonorna

B nanHoii cTatbe paccMaTpuBaeTCs MPOCKTHPOBAaHNE UHPOPMAITMOHHOMN CHUC-
TE€MbI, KOTOpasi peJHa3HaueHa JUisl OCYIECTBIEHUS MOHMTOPUHTA 00pa3oBaTelb-
HOTO TIpoliecca B JIOUIKOJbHON oOpa3oBaTenbHON opranuzaiuu. Llenpio coznanus
JTAHHOW CHCTEMBI SIBJISIETCSL OOJIerdeHre paboThl MeaaroroB. AKTyaJIbHOCTh CO3/1a-
HUS OIMCAHA HUXKE.
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NudopmaTuzanmss oOpa3zoBaHusi — 3TO MPOLECC, KOTOPbIA HAmpaBieH Ha
o0ecrieyeHne CrenuanicTOB METOAO0JIOTUEN U MPAKTUKON pa3padOTKU U HCIIONIb30-
BaHMs coBpeMeHHBIX cpenctB UKT. OnHol U3 ee OCHOBHBIX 3a/1a4 SIBISAETCS CO3/1a-
HUE CHCTEM 11 MOHUTOPHHra o0pa3oBaTebHOTO Mpoliecca B JIOMKOILHOM 00pa-
30BaHuU. HecoMHEHHO, pelieHue 3Toi 3ajauu NOBBICUT 3(P(EKTUBHOCTh NIEAAroru-
YeCKOro Iporecca, IOMOXeT clenarh o0pazoBaHue 0ojee rHOKUM U JOCTYIHBIM B
CMBICJIE CBOEBPEMEHHOI'O0 PEarupoBaHHs HAa M3MEHEHHUs COLHUalIbHOro o0Opa3oBa-
TENBHOTO 3aKa3a [1, 3].

OcBoeHue OCHOBHOI 00pa3oBaTENbHON MPOrpaMMbl JOLIKOJIBHOTO 00pa3o-
BAaHMS HE CONIPOBOKIAETCS IPOBEACHUEM IPOMEKYTOUHBIX M UTOTOBBIX aTTECTALINI
BOCIIUTAaHHUKOB. OJHAKO MEAaror B XoJie CBOE pabOoThI JOKEH BBICTpauBaTh MH-
JUBUYAJIbHYIO TPAGKTOPHIO pPa3BUTHA KaxkJ0ro pedeHka. [[ns 3toro negarory He-
00X0/IMM MHCTPYMEHTApUH OIIEHKU CBOEH padOThl, KOTOPHINA MO3BOJIUT €My OITH-
MaJIbHBIM 00pa3oM BBICTPAUBATh B3aUMOJAEUCTBUE C JETbMH. TakuM HMHCTPYMEHTa-
pUEM MOXKET SBJIATHCA paccMaTpuBaeMasi B JAHHOM cTaTbe MH(POPMALMOHHAS CHC-
Tema [2].

Co3znanune nH(OPMALMOHHONW CUCTEMBI JUIsl MOHUTOPUHIA 00pa30BaTEIbHOTO
npolecca JOUIKOJIbHOTO 00pa30BaHMs TOMOKET B PEIIEHUE CIeAYIOIUX 00pa3oBa-
TEJIbHBIX 3a]a4:

® WHIUBHUAyaIn3aius oOpa3oBaHus (B TOM 4HCIEe TOAJCPKKA peOeHKa, Mmo-
CTPOEHHE €ro 00pa30BaTEIbHON TPACKTOPUHM WK MPOQEeCcCHOHATBHOM KOPPEKIUU
0COOCHHOCTEH ero pa3BUTHSA);

® ONTUMU3ALMS padOTHI C TPYIION AETEH.

Jannas mHbOpMaIlMOHHAS CHCTEMa IMO3BOJIUT ONTUMHU3UPOBATH 00pa3oBa-
TEIbHBIN MPOILECC B JTOOOM YUPEXKICHUH, pAaOOTAIOILIEM C Pa3JIMYHBIMU BO3pacTaMu
JeTell, BHE 3aBUCUMOCTH OT MPHUOPUTETOB pa3pabOTaHHOM Mporpammbl 00y4YeHus,
BOCIIUTAHUSA U KOHTHHTE€HTA JIETEH.

CucrtemMa MOHUTOPHHTA COACPKUT HECKOJBKO 00pa30oBaTEIbHBIX OOJAcCTEH,
cooTBeTCcTBYOMUX PDegepanibHbIM TOCYIaPCTBEHHBIM 00pa30BaTeIbHBIM CTaHIAP-
TaM JOIIKOJILHOTO 0Opa3oBanus (mpuka3 MuHUCTEpcTBa 00pa30BaHus U Hayku Ne
1155 ot 17 okts0ps 2013 rona). Kaxxaast 0671acTh COAEPIKUT ONPEICICHHBIC KPUTE-
pHUH, YTO TO3BOJIUT KOMIUIEKCHO OIEHUTh KaueCTBO 0Opa30BaTEIbHOUN AESTEIHHO-
cru [2]. Jlnst obnacTelt U KPUTEPHUEB 11e7eCO00Pa3HO CO3/1aTh B UH(POPMAIIMOHHOM
CUCTEME CIPABOYHUKH, i€ OYAYT COACPHKATHCA UX KOHKPETHBIE ONTUCAHUS.

OreHka nmegaroru4eckoro npolecca CBsiz3aHa ¢ YpoBHEM OBJIAJCHUS KaXIbIM
peOEHKOM HEOOXOJIMMBIMU HAaBBIKAMM M YMEHMUSIMU MO 0Opa3oBaTesIbHbIM 00Jiac-
M. Tabnuua menarornyeckoi JDMATHOCTHKU 3aIlONHSIETCS JBAXKIbl B TOJ, €CIU
JIpYyroe He MPEeAyCMOTPEHO B 00pa30BaTeIbHOM OpraHU3alliy, — B Hadajle U KOHLE
yueOHoro rona [2]. Bece nanHbie XpaHsTCs B apxuBe B TeueHue 5 ner. s 3Toro op-
raHu3yeTcsl apxuBHas 0a3a JaHHBIX, K KOTOPOW MeNaror BCEraa MOXKeT 00paTUThCS
Y TIOJTyYHUTh BCIO HEOOXOAUMYIO JIJIsl HEro HH(OpMaIuIo.

TexHoI0THs MOHUTOPUHTA BKITFOUAET 2 JTara:



® BLICTABJICHUE BOCIUTAHHUKAM 0ayliOB, MO KOTOPHIM 3aT€M CUHTAETCS UTO-
TOBBIM MOKa3aTeIb MO KaXIAOMY peOCHKY. DTOT MoKa3aTeiab HeOOXOAuM JJisl POBe-
JIEHUSI WHIMBUIYATHHOTO Y4YeTa MPOMEKYTOUHBIX PE3yabTaTOB OCBOCHHS 00IIe00-
pa30BaTEIbHON NPOTPAMMBI,

® [I07ICUET UTOTOBBIX MOKa3aTesel Mo rpyIme. DTOT MOoKa3aTesib HEO0XOIUM
JUIS ONMCAHUSl OOIIETPYNIOBBIX TEHIEHIIMM, a TakKe JJisl BEeJAeHHUs ydera oOlie-
IPYNIOBBIX MPOMEKYTOYHBIX PE3YyIBTaTOB OCBOEHUS 0011e00pa3oBaTeIbHON TPO-
IPaMMBI.

JIByxcTyneH4yaTass CUCTEMa MOHUTOPHUHIA MO3BOJISIET ONEPATUBHO HAXOIUTH
HETOYHOCTH B MOCTPOEHHUE MEAArOrMYeCKOro mpoiiecca B rpynie 1 BbIIEIATh AeTei
¢ npobsieMaMu B pa3BUTHH [2)].

Hanuune 6anka pa3BUBAIOIMIUX UTP M YIPAKHEHUN TTO3BOJIIET CBOCBPEMEHHO
pa3pabarbiBaTh JJIs JIeTe MHAWBHUIYaJIbHBIE 00pa30BaTe/IbHbIE MAPIIPYTHl U OIIe-
PaTUBHO OCYUIECTBIIATH CUXOJIOIO-METOIUYECKYIO MTOAAEPIKKY MEAATOTOB.

BaxxHo oTMeTuTh, 4TO MH(POPMAIIMOHHASI CHCTEMA I MOHUTOPUHTa 00pa3o-
BATEJIBLHOIO MPOLECCa JAOMIKOIBHOIO MPOIECCa MO3BOJISIET AUArHOCTUPOBATH MHO-
KeCTBO mapamMeTpoB. CIHUCOK MapaMeTPOB MOXKET OBITh PACIIMPEH MU COKPAILCH B
COOTBETCTBUH C IMOTPEOHOCTSAMH KOHKPETHOTO OOpa30BAaTEIbHOTO YUPEKIACHHUS.
OreHka KaXJIOTO KPUTEPHUS MOXKET OBITh OCYIIECTBJICHA Pa3IMYHBIMH METOIaMHU.
DTO nenaeTcst ISl TOro, YTOOBI JOCTUYDL ONMPENETIEHHOW TOYHOCTH B MPOBEACHHUU
JTUArHOCTUKH.

NucTpymeHTapuii me1aroruyeckoi TMarHOCTUKU B Pa3HBIX JIOMIKOJIBHBIX 00-
pa3oBaTeIbHBIX OpraHU3AIUAX OYyAET pa3Iu4YHbIM. ITO OOBSICHSETCS Pa3HbIM Ha-
MOJIHEHUEM Pa3BUBAIOLIEH CPEIbl YUPEKICHUM, pa3HbIM KOHTUHT€HTOM BOCHHUTAH-
HUKOB, Pa3HbIMU NMPUOPUTETHBIMU HAMPABJICHUSMH OOpPa30BaTEIbHON JEATEIBLHO-
CTH KOHKPETHOM OpraHu3aI1u.

Ha nannbiit MoMeHT, UH(pOpMaIMOHHAS CUCTEMA MPOSKTUPYETCS ISl JETCKO-
ro cajga komouHupoBanHoro Buja Ne/7 "3emnsinuuka” ropoga Bonorasl. Cuctema
OyneT BHeOpeHa B JaHHOM yupexaeHuu. [locie mpoBeaeHnss HEOOXOAUMBIX J0pa-
OOTOK TJTAHUPYETCS €€ IPOJBUIKEHUE B IPYTHUE JAETCKUE CaJIbl HAIIETO TOPO/Ia.

Ha pucynke 1 mpencraBieHa CTpyKTypHas cxema st MHGOPMAIMOHHOU
CUCTEMBI JUIsl MOHUTOPUHTA 00pa30oBaTEIHHOTO IMpoIlecca JOMIKOILHON 00pa3oBa-
TEJIbHOW OpTraHU3aIl1u.



Puc. 1. Cmpyxmypnas cxema unghopmayuouHot cucmemol

Jlist nanHO#M MH(POPMAIIMOHHON CHCTEMBbI BEIOpaHa ABYXYPOBHEBAsI apXUTEK-
Typa Kiuenr-cepsep. 910 000CHOBAHO TE€M, YTO B OOJIBIIIOM KOJUYECTBE JOIIKOIb-
HBIX 00pa30BaTEIbHBIX YUPEKICHUAX UMEETCS TOJIBKO OJIMH WIM JBa KOMIIBIOTEPA.
Bri0op Takoil apXUTEKTYyphl JaeT BO3MOXKHOCTb PaOOTHHKAM MOAKIIIOUAThCS K 0asze
JAHHBIX U3 JJOMa WJIH JIIOOOTO APYroro Mecra.

Jlnst co3manus MaHHOW WH(POPMAIMOHHON CHUCTEMBI HCIIONB3YIOTCS TaKue
CpEeACTBa KaK:

e cucrema ynpasieHus 0azamu gaHabix MySQL 5.5;

e Qt Creator 3.5.1.

JlaHHasi CBsI3Ka MOMOXET Pean30BaTh BECh HEOOXOIUMBIN JIJIsi JAHHOMW CHUC-
TeMbl pyHKIIMoHaN. [InanupyroTcs:

® BO3MOXKHOCTh IPOCMOTpPA OLIEHOK OJHOTO BOCIHTAHHUKA WJIM LEJI0M Ipyn-
bl

® BO3MOXXHOCTH 3aHECEHMSI HOBBIX BOCITUTAHHUKOB B 0a3y;

® BEJICHHE apXUBHOU 0a3bl JaHHBIX;

e Hajuuue 0aHKa 3aJaHU U YIPOKHCHHH;

® IUIAHWPOBaHWE MANBHEHIIMX ACHCTBHHA Iemarora (mombop yrnpakKHCHUH,
3aJJaHKi, TP MO ONPEACICHHOMY KPUTEPHIO).

B nacrosimee Bpems cipoekTupoBaHa cxema i 6a3el JaHHBIX. OCHOBHBIMU
TaOJIMIIAMU SIBISIOTCS

o Tabnmuna «KpuTepum». COACPKUT TOIHBIN CHHCOK KPUTEPHUEB, KOTOPHIC
HE0OXOIMMBI JJ1s1 TPOBEICHUSI TUArHOCTUKY;

e Tabnmuna «JleTu». comepXKUT BCE OCHOBHBIE CBEIEHHUS O BOCIHTAaHHUKAX
JIOIIKOJIbHOW oOpa3oBarenbHo opranuzamnuu (OO, nara poxaeHus, Bo3pacrt, Ja-
TBI MOCTYIUICHHS U BBIIYCKA U3 Caja);

e tabnuna «OIEeHKU». MpeIHa3Ha4YeHa IS BBICTABJICHUS BOCHHUTAHHUKAM
OILICHOK MO OMPEACICHHBIM KPUTEPHUSIM.

Takxe 6a3a JaHHBIX COAEPIKUT TAOJIUIIBI-CIIPABOYHUKH, Takue Kak «O01acTu
3HAHUN», «3aJaHus» U JIp.
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[IpoexTupyemas mHpoOpManMOHHAs CHUCTEMA JJII MOHHUTOpPUHIa 00pa3oBa-
TEIBHOIO IMPOIECCa JIOUIKOJIBHOIO 00pa30BaHUsl OTPaXaeT COBPEMEHHBIE TEHJICH-
LIMH, CBSI3AHHBIE C M3MEHEHUEM ITOHUMAaHUs OLIEHKH KayecTBa JOLIKOJIBHOIO o0Opa-
30BaHMs. COOTBETCTBEHHO, MO3BOJIMUT NEAArory 3HAYUTEIBHO C3KOHOMHTH BPEMS
JUI TIO/IBE/IEHUSI UTOTOB AMArHOCTUKH U Ooisiee 3((HEKTUBHO BBICTPOUTH MapUIpyT
WHJMBUAYAJIBHOTO Pa3BUTHS BOCIIUTAHHUKOB.

1. Yynpoga, E. C. Ucnonbs3oBanne HHPOPMAMOHHBIX TEXHOJIOTUNA B KOPPEK-
1MoHHOM padoTte // Ilegaroruka: TpaaMIMA ¥ WHHOBAIMU: MaTepuaibl |V Mexmy-
Hap. Hayd. KoH}. (I. YensOunck, aexadbps 2013 r.). — YensiOunck: /[Ba KOMCOMOJTB-
na, 2013. — C. 75-78.

2. ®enepanbHbI TOCYIapCTBEHHBIA 00pa30BaTeIbHBIN CTaHAAPT JOIIKOIBHO-
ro oOpa3oBaHus: npuka3 MunucrepcTBa oopazoBanust U Hayku — 17 oxtsiops 2013
roga — Ne 1155.

3. Knanos, C.A., CoboneBa, M.JI., Andumona, A.C.. MabopmarmoHHbIe
CHCTEMBI: YYeOHHMK ISl CTyA. yupexaeHuid Beicii. oOpasoBanusi /| C.A. XKnaHos,
M.JI. Cob6onesa, A.C. Anpumona. — M.:000 «IIpomereit», 2015. — 302 c.

PA3PABOTKA BUPTYAJIBHOI'O TYPA 110 BOJIOI'OACKOMY
I'OCYJAPCTBEHHOMY YHUBEPCUTETY

H.H. Mu3akoe

Hayunwvui pykosooumensv A.H. Illeeyoe, 0-p mexu. nayx, npogheccop
Bosorockuii rocy1apCTBEHHBIM YHUBEPCUTET

r. Bonorna

BuptyanpHbiii Typ — cmoco® peajucTUYHOTO OTOOpaKEHUS TPEXMEPHOTO
MHOT03JIEMEHTHOT'O MPOCTPAHCTBA HA 3KpaHe. DJIEMEHTaMH BHUPTYaJIbHOIO TYpa,
KaK IpaBWiIo, ABIISAIOTCA c(hepruuecKre aHOpaMbl, COEIUHEHHbIE MEXKIY CO00M MH-
TEPaKTUBHBIMU CChUIKaMU-TiepexoaaMu. YacTo B BUPTYaJbHBI Typ TaKXe BKIIO-
YaloT UWIMHAPUYECKHE NAaHOPaMbl, pexe — BUpPTyalibHble 3D-00bEKThl U OOBIKHO-
BEHHbIE (poTOrpaduu.

BupryanbHas sxckypcus o Bonoroackomy rocy1apcTBEHHOMY YHHBEPCHTE-
Ty CO3JaHa Ha OCHOBE COBPEMEHHOW TEXHOJIOTMM BU3YaJIBHOIO IPEACTABICHUS
00BbEMHOTO TTPOCTPAHCTBA — TEXHOJIOTHU 3D-T1TaHOpaMHOM ChEMKH.

JlanHas paOoTa BBIIOJIHSAETCS B paMKaX BbIITYCKHON KBaJU(UKALMOHHON pa-
OOTBI M IpenycMaTpUBaeT MPOBEACHNUE MAHOPAMHOM (POTOCHEMKHM Ha HECKOJIBKUX
wiomaakax Bol'Y, MoHTax nmanopam, pazpaboTKy UHTEPAaKTUBHOTO MYJIbTUMEIUM-
HOTO MpUJIoKeHUs "BuptyanbHas skckypeus no Bol'V" ¢ mocnenyroumum pasme-
IICHUEM €T0 Ha CaiiTe YHUBEPCUTETA.
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Lenpro ganHOM pabOTHI ABIAETCS MOMCK U U3yUYEHUE CPEJICTB CO3JaHUsl BUP-
TyaJdbHBIX TYPOB, a TAK)KE MPUMEHEHHUE MOTYyUYCHHBIX 3HAHUN Ha MPAKTHUKE.

B cetu MuTEpHET HEMOCTATOYHO PEKOMEHAIIMN TI0 BRIOOPY MPOTPAMMHOTO
oOecrieueHus 1Mo CO3/IaHUI0 BUPTYAJbHBIX TYPOB. DTO CBSI3aHO C TE€M, YTO CO3JaHHE
BUPTYAJIbHBIX IIYTEIIECTBUM JOCTATOYHO TPYAOEMKHU Impouecc. B3sB necsaTky
nayqmux By30B cTtpanbl 2014 r., 6but0 0O6Hapy)eHo, uro 80% MpoIeHTOB U3 HUX
UMEIOT BUPTYJIbHBIA TYp, YTO TOBOPUT O HEOOXOAMMOCTH CO3AaHUS Typa, Ui
npuaaHus OOJBIIEr0 MPECTH)KAa YHUBEPCUTETY Ha (hoHE yueOHBIX 3aBEJEHUM, HE
UMEIOIMX JaHHOTO MPWIOKEHUS. DTa MpoodiieMa U ONpeeNIniia aKTyaJbHOCTh JaH-
HOT'O MCCJIEIOBAaHHUS.

IIpeameTom uccnenoBanus spisiercss tepputopus Bol'Y. O0bexkToM uccie-
JIOBaHUS SIBIISIETCSA MPOIIECC CO3/IaHUS BUPTYAIbHBIX MTyTEIIECTBHM.

B cooTBeTcTBHM C yKa3aHHBIM OOBEKTOM, IPEAMETOM U JIJISl TOCTHXKEHHS T10-
CTaBJICHHOM 11eJ11 OBLIIM ONpe/eeHbI CIASAYIONINE 3a/1a4l UCCIIeI0BAHMUS

® [IPOAHAJIU3UPOBATh TEXHUUECKYIO, CIICHUAIbHYIO JUTEPATypy MO TEME HC-
CJIeIOBaHUS;

® ONpENEIUTh ONTUMAJIBLHOE MPOrPAMMHOE CPENICTBO JJIA CO3JaHUsl BUPTY-
aJbHBIX MyTEIIECTBUH;

® pa3paboTaTh BUPTYyalIbHBINA TYp MO YHUBEPCUTETY.

B xone BbInoHEHUs TaHHOW pabOThl OBLIIO U3yYEHO MHOXKECTBO MaTepuasa
M0 CO3/IaHUI0 BUPTYAIbHBIX TYPOB.

[Iponecc co3znanusi BUPTyalbHBIX MyTEMIECTBUI MOXHO pa3eiUTh HA YEThI-
pe 3rarna:

e (orocremka 0OBEKTA,

e 00paboTKa MOTYyYEHHBIX U300paKEHUI;

e CHIMBaHUE NaHOpaMHOU (hoTorpadumy,

® CO3/IaHKME BUPTYAJIbHOIO Typa U MOHTaX BUPTYaAJIbHOTO IMyTEIIECTBUS.

[TepBbrit aTan co3manusi BUPTYyATbHBIX TypPOB — BBIOOP (DOTOTEXHUKH, ChEeMKa
00BEKTA.

Jlns Havana paboThl HEOOXOIUMO UMETh ATO IU(PPOBHK, WIIH KE MOOUITBLHBIN
tenedoH. Tak sxe He OyAeT ITUIIHUM, IITaTUB s (poroanmnapara. s Havana o3-
HAKOMJIEHUS 3TOTO OyAET TOCTaTOYHO.

Ha Oosiee cepbe3HBIX YPOBHSIX 3aHATHUS MOJOOHOW J1€ATENbHOCTHIO, BaM IO-
HaJ00sATCA TaKue YCTPOMCTBA KaK MAHOPaAMHBIE TOJIOBKH, CTAOUIIU3ATOPBI, U IIHPO-
KOYTOJIbHbIe OOBEKTUBBI, WU K€ CreluaibHas chepuueckas kaMmepa, HO 3TO Tpe-
OyeT Cepbe3HbIX BIOKEHUI, MO3TOMY, TOT BAPUAHT MBI HE PACCMATPUBAEM.

Bo Bpems BToporo srama moiyuyeHHbIe (oTorpadumu obpabaTbiBalOTCA MPH
MOMOIIY TpapUIECKUX PeAaKTOPOB. TyT HA TOMOIIH MPUXOIUT MPOIYKT KOMIIAaHUU
Adobe — Photoshop. Dtot penakTop Mo3BossIeT H30ekKaTh KAKUX-JIN00 HETOYHOCTEH
Ha oTorpadusx.

Ha tpetbem stane gororpadun 00beIUHSIOTCS B TAHOPAMBI.
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TexHosorus 00beAMHEHHS BO BCEX MPOrpaMMax NMPUMEPHO OJIMHaKoBa. BHa-
qaJjie Hy>KHO 3arpy3UThb UCXOAHBIA HA0Op M300pakKeHUI U YCTAaHOBUTH MOPSATIOK UX
pa3MeleHus. B yactu mporpaMm MOHO TYT K€ IMPOBECTH HEOOXOJAUMYIO KOPPEK-
U0 M300pakeHuit (pasymMmeercs, Topas/io JydIille, €ClIH KOPPEKIUs CHUMKOB OyJIeT
clenaHa 3apaHee B 0oJjiee MOAXOIAIIMX JUIsl 3TOM LEIM Mporpammax, Halpumep B
Adobe Photoshop). ITotoM cHUMKH MpeoOpa3yroTcsi K ONpPEACICHHON IPOEKIINH,
Hanpumep chepuyeckor, — 3TO HEOOXOJIMMO, MOCKOJIbKY TOJBKO B TaKOM BHJE
CHUMKH MOYKHO CILIUBATh.

Hanbonee ynoOHolM u (yHKIIMOHATBHON TporpaMMoi Jyisi OObeIMHEHUS Tia-
HOpaMHBIX (oTorpaduii seisercs AutopanoGiga, Tak kak oHa 00J1aIaeT:

® HECKOJIbKUMHU PeXXMMaMH CIIUBAHUS MaHOpaM;

® [IPOCTBIM U yAOOHBIM UHTEpPPEiicoM;

® [[BETOKOpPPEKLHKEN FOTOBBIX TAHOPAMHBIM (hoTOrpaduii.

[TonHast BepcHst 3TOM NpOrpaMMbl IJIaTHAs, HO TaK € CYIIECTBYET MpoOHas
BepcHsi, KOTopasi ype3aeT (pyHKIHOHAI, HO JJs TaHHOW paOOThl BIOJHE MOAXOJNT.
Yepes 370 mpUII0KEHUE CO3JaeTcs 1IeIMKOBas MaHOpaMa, KoTopast He OyJeT coaep-
JKaTh IIBOB U CTBIKOB ME/y COCTaBIISIOILINMH.

UYeTBepThIil ATAll COCTOUT U3 KOHEYHOI'O CO3JaHUs BUPTYAJIBHOTO TYypOB IIy-
TE€M KOMIIOHOBKHM MaHOpaMHbIX (oTorpaduil B OJHO UHTEPAKTUBHOE ITyTEUIECTBUE.
B peanbHON mpakTHKE AJs CO3/AaHMSI BUPTYaJIbHBIX MYTEHIECTBUN HUCIOIb3YIOTCS:
KolorPanotourPro; Krpano; Pano2QTV Rfree; freeDEXpano; JATC u ap. Beidpano
nporpammHoe cpeactBo KrPano, yepe3 koTopoe npH MoMOIIM BHYTPEHHETO S3bIKA
BEPCTKH, MOYKHO OPIraHHM30BBIBaThH IMEPEXOJbl MEXKIY NAaHOPaMaMH, HAKJIAJbIBaTh
3BYK, 3¢ dekThl u apyroe. B cetu MHTEpHET 1OCTAaTOYHO MHOTO MHCTPYKITUM, KaK
TEKCTOBBIX, TAK U BHJIEOYPOKOB, KOTOPbIE MOTYT IIOMOYb B OCBOCHHMH 3TOTO IIPO-
IyKTA.

BuprtyanbHoe myTtemiecTBre coOMpaeTcs U3 BUPTYaAIbHBIX TYpOB Ha OCHOBE
naHopaMmHbIX ¢oTtorpadpuil. Kaxkaplii BUPTyaabHBIM Typ CBA3BIBAETCS C MOCIEIYIO-
MM C MOMOIIBIO MJIABHBIX MEPEXOAO0B 3a CUET CO3/IaHUS B HUX TaK HA3bIBAEMBIX
AKTHUBHBIX 30H, KOTOPBIE UMEIOT (PYHKLHUIO MIEPEX0/1a OT OJHOTO Typa K APYroMy.

B nacrosmee BpeMsl cO3/1aH BUPTYaJIbHBIA Typ HECKOIBKUX IUIOMAIOK Bol'Y.
B nanpHelem 1miaHupyeTcsl paClIMPUTh KOJIMYECTBO MMaHopam. Tak ke, Benercs

e pa3pabOTKa TaKUX AIEMEHTOB Kak:

® [IaHEJb YNPABICHUS;

e KapTa M pajap;

® BCIUIBIBAIOLIME MOJCKA3KM, OKHA C HH(pOpMaLKEld 0 TOBapax M yciIyrax;

® 3BYKOBOE€ COIPOBOXJCHHUE;

e Flash-annmanuio v BUICO POJIHKY;

® UHTEPaKTUBHBIN CIIMCOK MAHOPAM B MUHHUATIOPE;

[TonoOHbIE 37IEMEHTHI TIOMOTAIOT CJENaTh BUPTYaJbHOE MyTelecTBUE Oojee
yBJIEKATEIbHBIM, YIOOHBIM U HHPOPMATHBHBIM.
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B pe3ynbrare uccienoBanusi ObUIM ClieJaHbl BBIBOABI O MPAKTUYECKOMN 3Ha-
YUMOCTH HCCIIEOBAHUS:

® BHIOPAHO TEXHUYECKOE U MPOrpaMMHOE 00eCleYeHne, a TAKKE TEXHOIOTUU
CO3/1aHUsl BUPTYaAJbHBIX MYTEHIECTBHI MOTYT OBITh MPAKTHUYECKH HCIIOIb30BaHBI
BCEMH MHTEPECYIOLUIUMUCS STUM IIPOLIECCOM;

1. 3aiineBa M.A. BusyanbHo-uHTEepakTUBHAas TexHOnorus nurerpauuu CAITP
u ['IC / M.A. 3aiiuea, C.1O. Jlopodees, C.E. Komesoii // Texnonorun Microsoft
B TEOpUU W MpaKTHKe mporpammupoBanus : c¢O. TpyaoB VIl Bcepocc. HayuHo-
IPaKT. KOH. CTYJIEHTOB, aCIUPAHTOB U MOJIOABIX yueHbIX. — Tomck: M3a-Bo TITY.
—2010. - C. 52-54.

2. XKypnan «KommetoreplIpece»: [DnexTponnslii pecype] : [Iporpammsr ams
CO3[aHMsl BHPTYalbHBIX TypoB. — Pexum gocrtyma: http://www.compress.ru/
article.aspx?d=15669& iid=743.

HNCIIOJIb30BAHUE AHTPOITIOMOP®HOI'O POBOTA
«NAO EVOLUTION»
B YUEBHOM ITPOLLECCE KA®EJIPbI
«AH®OPMAIINOHHBIE CUCTEMbI U TEXHOJIOI' TN >»

A.A. Muponoe, K.C. Kunakun

Hayunwui pyxosooumenv A.H. Illgeyos, 0-p. mexw. nayx, npogheccop
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorga

B paznuyHBIX YyHHBEpCHTETaX MUpPa B HACTOSAIIEE BPEMsI aKTUBHO HCITOJIB3Y-
10TCS po0OTHI, B ToM unciie 1 Bol'Y npuobpen antpomomopdHOro podora s 00-
pa3oBaTeNbHBIX U HUCCIeoBaTeNbcKuX 1enei. YueOHas Bepcusi NAO Obuta paspa-
O0oTaHa 1Jii YHMBEPCHUTETOB U JTaOopaTopuil i UCCieaoBaHus U oOydenus. Js
WHCTHTYTOB 3Ta Bepcus Oblia peannszoBana B 2008, a mo3anee (k 2011) crama goc-
tymHa i 6onpimmHCTBa. NAO BCKOpe Hadall MCTIONB30BATHCS B PA3IMYHBIX YHU-
BEPCUTETAX BCErO MUPA, TAKUX Kak TOKUMCKHUM YHuUBEpcUTET, NHIAUNCKUNA TEXHO-
noruyeckuit nactutyT Kanmyp B Uamuu, Alfaisal B Caynosckoit ApaBum.

NAO (po6oT) — 3TO aBTOHOMHBIM MPOTPAMMHUPYEMBINA YEITOBEKOITOI00HBIH
pobor, paspabortannbiii kommanueit Aldebaran Robotics, mra6-kBapTupa KoTopoii
Haxoautcst Bo @panruu ([Tapwk). Pazpaborka pobora Hayanach ¢ 3amycka [Tpoek-
ta NAO (Project NAO) B 2004 roxay. 15 aBrycra 2007 roaa, po6or NAO 3amenun
poboTta-codaky Aibo kommanuu SONY B MEXAYHAPOJHOM COPEBHOBAaHUU IO POOO-
byr6omy RoboCup Standard Platform League (SPL). Taksxe po6or NAO npunuMai
ydactue B copeBHoBannn RoboCup 2008 u 2009 rona u Obl1 BhIOpaH B KayecTBE
0azoBoii miatdopmsel a1 SPL Ha RoboCup 2010. B aexadpe 2011 rona Aldebaran
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Robotics npoussena moaens Nao Next Gen ¢ pacimpenuemM nmporpaMmmMHoOro odec-
nevYeHuss U 0oJiee MOIHBIM MPOIIECCOPOM, a TaKkKe ¢ Kamepamu 0oJiee BHICOKOTO
paspemenus (HD) [1].

Texuuueckue xapakrepuctuku Nao Next Gen (2011): poct 58 cm, Bec 4.3 kT,
BpeMsi aBTOHOMHO# pa0oThl 60 MuHYT akTHBHOW PaboThl (90 MUHYT B OOBIYHOM
peknuMe), cTernenu cBo0o bl oT 21 10 25, nporeccop Intel Atom @ 1.6 I'T', BeTpo-
eranas OC Linux, coBmectumbie OC Windows, Mac OS, Linux, si3bIKu IporpaMMu-
poanus C++, Python, Java, MATLAB, Urbi, C, .Net, 3penue ocyiiecTBiseTcs
nBymst kamepamu HD 1280x960, cs3b Ethernet, Wi-Fi.

OT1OT aHapouj o0jialaeT MHOTMMM Ba)KHEHIITUMM CIIOCOOHOCTSAMH, HEOO0XO-
JTUMBIMU JIJISL PEIICHHS 3a]1a4 UCKYCCTBEHHOTO MHTEJUICKTAa: MOXKET WICHTU(DHUIIN-
pOBaTh KOHKPETHBIX JIFOJICH, pearupoBaTh Ha TOJIOCOBBIE KOMaH/IbI, )KECThI, MUMHUKY
OKPY KarOIIUX W WCIOJB30BaTh BBIPA3UTEIIbHBIC JKECTHI s oOmeHus. PoboT B3au-
MOJICHCTBYET C JIOABMH C IMOMOINBIO JTUHAMHKOB, MUKPO(QOHOB, KaMep, TaKTUJIb-
HBIX CEHCOPOB, CBETOIUOJIOB, PYK, TEIOABHKCHHA. Ero BCTpOCHHBIE MTPOrpaMMHEIE
MOJIYJIM BKJIFOYAIOT (DYHKITMM pacrio3HAaBaHUS M CHHTE3UPOBAHUS PEUU C PETYIIHPO-
BaHHUEM T0JI0Ca, OH MOXKET y3HaBaTh W 3alIOMUHATH JIUIIA M MIPEAMETHI, OTIPEACIISIThH
XapakTep W HampalieHne ucTouyHUKOB 3Byka. NAO cnocoOeH K aHanmu3y ciaelaH-
HBIX TIOCTYTIKOB U OBICTPOMY CaMOOOYUEHHUIO.

PoOoT crmoco0eH caMOCTOATENBLHO CO3/1aBaTh M IIOKa3bIBaTh HOBBLIE BHIbI
qyBCTB. BcTpoeHHBIE BUACOKaMephl MO3BOJIIOT Na0 pearnpoBaTh Ha ISHCTBUS JTIO-
neit u kacaaust. OH TaK)Ke MOYKET MEHITh HECKOJIbKO HACTPOCHHI U, B 3aBHCUMOCTH
OT 3TOT0, CBOIO PEAKIIMIO HAa BHEIIHUEC Pa3ApaKUTEIH. MalnHy MOYXHO HCIIOb30-
BaTh B KQ4€CTBE CHCTEMBI SMOITMOHAIBHOT'O MOJICTUPOBAHMS U HA OCHOBE YK€ CO3-
naHHOW  TIaTdOpMBI  CO3/MaBaTh  emie  0Ooyiee  TPOJBHHYTHIE  CHCTEMEI.
Taxxe po6or NAO pacno3naer u roBopuT Ha 19 s3pIkax, B TOM YHCIIC U HA pycC-
CKOM.

bubnuoreka nBmxeHui podoTa AOCTyMHA uepe3 rpaduueckuil mHTepdeic
Choreography u npyrue nactpymenTsl porpammuctoB. Choreography — sro nua-
IPaMMHBIN SI3BIK MTPOrpaMMHpPOBaHUs s yrpasieHus podorom Nao [2]. IIpo-
rpaMMa MOKET B3auMoJieicTBOBaTh ¢ si3bikamu Urbi u Python u onepuposats ¢ ot-
JIeNbHBIMK ~ MoayismMu  s3eika  C++. Choreography  siBnsercs  MynbTu-
1aT(OPMEHHBIM HACTOJHHBIM IPHUJIOKEHUEM, KOTOPOE TIO3BOJISIET CO3/1aTh aHUMa-
U0, TIOBEJICHUE M JUAJIOTH POOO0Ta, a 3aTeM IPOBEPUTh X HA BUPTYaJTIbHON MOJIe-
a1 poOOTa UM HETOCPEACTBEHHO Ha peajbHOM poOoTe. Takke MOXKHO T0OABUTH
CBOM MOJyJiM, HamucaB ux Ha s3pike Python. Choreography mossossieT co3maBaTh
NPUIIOKEHUS, COJepKAIIUe AUAOTH U TIOBEJCHUE, TaKhe KaK B3aUMOJICHCTBHUE C
JIOABMH, TaHIBl WM OTIpPaBKa SJCKTPOHHBIX THCEM, HE HANMUCaB HHU CIMHON
CTPOYKH KOJa.

B pamkax gucuuminabl «MHTEUIEKTyalbHbIE CHCTEMbI M TEXHOJOTHU» Ha-
npasierns 09.03.02 «MupopmarioHHbIe CUCTEMBI U TEXHOJOTHI» OblJIa pa3pado-
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TaHa IporpaMMma, AeMOHCTPUPYIOIIAs BO3MOKHOCTh COITMAIBHOTO B3aUMOICHCTBUS
MyTEM 3HAaKOMCTBA C YEJIOBEKOM U MOCEAYIOIIUM €T0 Y3HABAHHUEM.

Ha ocnoBe BcTpoenHoi omeparmonHoii cuctemsl po6ora NAO, nmporpamm-
Horo makera Choreography u si3bika nporpammupoBanus Python B HacTosiiee Bpe-
Msi pa3pabaTbIiBaeTCs KOMIUIEKC JTa0OPaTOPHBIX padOT MO M3YyYCHUIO (PYHKIIMOHU-
pOBaHUS U MPUEMOB MPOTPAMMUPOBAHUSA AHTPONOMOP(GHBIX pOOOTOB, MPEAYyCMAT-
PUBAIOIIMM OCBOCHHE OCHOBHBIX HACTPOEK M YCTAHOBOK po0OOTa, M3y4YEHHE BO3-
MOKHOCTEH YIPaBICHUS MEXaHUYCCKUMHU JIBIKCHHUSIMH, (POPMHUPOBAHUS CIIOKHBIX
00pa3IoB MOBEACHUS C HMCIOJIH30BAaHHUEM TOJOCOBBIX (DYHKIHH, CITOCOOHOCTEH K
OpHUEHTAIIMM U PACHO3HABaHUIO OOBEKTOB, OPTaHU3ALNU JUAJIOTA C MOJIb30BaTENs-
MU ¥ IPUMEHEHUST METOJIOB JIETNOEPaTUBHOTO BHIBOIA.

JlanHbIi 1a00paTOPHBIN KOMIUIEKC MPEANoaraeTcsi UCIoab30BaTh MPHU MPO-
BEJICHUU JTAOOPATOPHBIX U MPAKTUUECKHUX 3aHATUN mo auctuiuinHaM «lIpeacrasie-
HUE 3HAHUN B MH(POPMAIMOHHBIX cHcTeMax» U «CHCTEMbI HCKYCCTBEHHOI'O MHTEJI-
JIEKTa U IPUHSITHUS PEILICHUN.

1. O¢unmaneusbiii caiit Aldebaran Robotics: https://www.ald. softbankrobot-
ics.com/en

2. Caiit Choreography: https.//devel oper.softbankrobotics.com/us-en/ down-
|oads/nao-v5-v4

OPT'AHU3AIUA BA3BI JAHHBIX JJI51 IPUJIOXEHUA
C DJIEMEHTAMM COLIUAJIBHOM CETH

I'10. Ilagnos

Hayunvni pyxosooumens /].B. Koukun, kano. mexu. Hayk, 0oyenm
Bousioroackuii rocy1apCTBEHHbIM YHUBEPCUTET

r. Bonoraa

ConupanbHbIe CETH B HAIlle BpeMs JABHO CTaIM IPUBBIUYHBIM JI€IOM. B HHX
3apPETUCTPUPOBAHBI M aKTUBHBI HEBEPOSATHO KOJUYECTBO UYECIOBEK II0 CPABHEHUIO C
apyrumu cepsucamu. Hanpumep, Ha utonp 2016 rona ayauropus Facebook cocra-
Buia 1,71 munnuapaa nosb3oBatenei — 3TO T€, KTO 3aXOAWI Ha CAalT XOTs OblI pa3 B
MECSI] WIH 3a YKa3aHHBIA MPOMEKYTOK BPEMEHH ObUT 3a(UKCHPOBAH C MOMOIIBIO
kaonku Like m caemsmux cookie, y BKonTakTe cTraTHCTHKa XOTh M IIOMEHBIIIC
314,7 muH nocerurelei/Mecsi, HO U 3TO0 o4eHb MHOro. COOTBETCTBEHHO 3TO Ha-
KJIaIbIBACT YCJIOBHS Ha 0a3bl JAHHBIX JIJIS OBICTPBIX PE3yJITATOB 3aIIPOCOB, IPH OT-
POMHOM KOJIMYECTBE JAHHBIX. YTOOBI MOHATH, KaK pabOTAIOT JABE CaMble KPYITHBIE U
YCIIEIIHBIE CETH OBUIM PacCMOTPEHBI IMPUHIUIIBI UX PabOTHI M MPOrpaMMHBIE pea-
JI3ALHM.
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Ocob6ennocTu FaceBook

FaceBook mpuaepskuBaeTcst MpUHITUIIA OTKPBITOCTH HCIIOJIB3YEMbBIX HHCTPY-
MEHTOB M MHOTHE HapaOOTKH TaK e TOCTYIHBI ISl OECIUIATHOTO HCTIOIb30BAHMS.

ITporpammuoe obecnieuenue FaceBook:

Cepgepsl Facebook paboraror Ha Linux, Ho kox LinUX ObUT ONITUMU3UPOBAH
(B OCHOBHOM B €r0 CETEBOM YacTH).

[Tpumenenne PHP HO miepes ncoHeHHeM CKPUIITOB OHU KOHBEPTHPYIOTCS B
UCXoAHbIe KoAbl Ha C++, KOTOphIE 3aTeM KOMIIIUPYIOTCS 00ECIeunBast JIydIIyro
POU3BOAUTENLHOCTh. CrenaHo 3to ¢ nomornpio  HipHOp paspabGoranHoro
FaceBook.

Memcached — oauH M3 caMbIX IIMPOKOM3BECTHBIX MPOCKTOB B MHTEepHeTe.
Ero pacrnpeznenennas cucreMa KemmpoBaHus WH(QOpMAIMK MCHONb3YyeTCs Kak Ke-
HIMPYIOUIHHA clloi Mexay BeO-cepBepamMu u MySQL (mockosibKy HOCTyI K Oa3am
JAHHBIX OTHOCUTEIILHO MEIJICHCH)

Hadoop- »To oTkpbITas miaTgopma ajisi pacipeIieICHHbIX BBIYUCICHUHN, Xpa-
HEHHUS ¥ 00pabOTKK «OOJbINKX JaHHBIX» Hive Obu1 paspadoran B Facebook u mo-
3BOJIICT MCIONIb30BaTh SQL 3ampock! uist mosryueHus uadopmaruu ot Hadoop, uro
oOsneryaer paboTy HEMPOTPAMMHUCTOB.

MySQL, HO B OCHOBHOM Kak XpaHWJIHILE KI04Y-3HaUeHue. Bee coennuenus
JAHHBIX U OW3HEC-JIOTHKA BHIHECEHA HAa YPOBEHb CKPHUIITOB, TOCKOJIBKY TaK ropasio
IPOIIE BBIMTOJHATH ONTHMHU3aIKIO (110 Ipyryto cTopoHy yposHs Memcached) [1]

Apache HBase — nepensiiinonHas pacipe/ae/iéntas 0a3a JaHHBIX ¢ OTKPBITHIM
UCXOJIHBIM KOJIOM HCIOJIb3y€TCSI B OCHOBHOM JUIsl c€pBUCa OOMEHa COOOIICHMI, C
2014 rona ucnonb3yercs HydraBase ¢ moBbIIeHHON HaIEKHOCTBIO U CHUKCHHEM
BpPEMEHH MPOCTOS MPH MEPEKIIOUYECHUHN CepBepa B CIyyasiX, KOrJa OJUH U3 PETHo-
HAJTBHBIX CEPBEPOB OTKITIOYACTCSI.

CymiecTByeT ¥ MHOTO JPYTHX pa3paboTok, Takux kak BigPipe, Scribe, Thrift,
Varnish u T.1.

Tak e ucnons3yercs cxarue nanHbix ORCFile 6marogaps koropomMy cko-
POCTh 3al¥CH JaHHBIX YBEJIMUMIIACh TIOYTH B MOJITOPA pasa, a BOCBMUKPATHOE CKa-
THE MPUBEJIO K 3HAUYUTEIBHON YKOHOMHUH TUCKOBOTO MPOCTPAHCTBA.

Oco0ennoctu BKourakre

[Iporpammuoe obecneuenre BKonrakre:

Cepsepsl padorator Ha Debian Linux

Jlyist 6GaiaHCUPOBKH HArPy3KU MEXKY CEpBEpaMu MPUIOKEHUN HCTIOIb3YeTCs
HTTP-cepsep nginx

MySQL B poJii OCHOBHOT'O XpaHUJIUIIIA

CoOcTBenHas HepensiuuonHas b/

Memcached — oauH M3 caMbIX IIMPOKOM3BECTHBIX MPOCKTOB B MHTepHeTe.
Ero pacrnpeneneHHas cucteMa KeMIMpoOBaHHS WH(POpPMAIMK MCIONIB3YyeTCs Kak Ke-
MIMPYIONUH CII0U MeXIy BeO-cepBepamu 1 MySQL



CEPBHC MIHOBEHHOT'O 0OMeHa COOOIICHUSIMH peain30BaH Ha Node.js

xfs— (paiimoBast cucrema ay1st XpaHEeHHsT H300PaKEHUH U OTauH MOJTb30BATEITIO

CepBepa MHOTO(YHKITMOHAIBHBI, TIepepacipeeicHie poicii MPOUCXOIUT B
MOJIyaBTOMAaTHYECKOM PEKHUME C YIaCTHEM CUCTEMHBIX aJIMUHHCTPATOPOB.

HepensiivonHass 6a3a JaHHBIX — HCIOJB3YETCSA I BBICOKOHATPYKECHHBIX
3JIEMEHTOB TAaKUX KakK: JINYHBbIE COOOIIEHHUS, COOOIICHHS HA CTEHAX, CTaTyChl, IMO-
UCK, CIIMCOK Japy3ei. [1]

3anaqa, KOTOPYIO pemracT NPpUJI0KECHUEC

Pa3pabarbiBaeMoe HaMH TIPUIIOKEHUE TTO3BOJIUT CO3/1aBaTh U UCKATh CO3/aH-
HbIE BCTPEUH, a TaK ke OyIeT copepx aTh 0a3zy MECT ropoja.

OcobGennocTn NMPUIOZKCHUA U ACIICKThI COLIMAJILHOM CeTH

N3 s1eMeHTOB coluanbHON CEeTH MPHIOKEHHE OYyAeT cojaepKaTh IMpoQuib
M0JIb30BAaTEIsl, MAJICHBKHI CITUCOK Jpy3el (CIeaHo 1Mo MpuYruHe TOTo, YTO MPHUIIO-
YKEHHE PACCUUTAaHO B OCHOBHOM Ha HOBBIE 3HAKOMCTBA BO BPEMSI BCTPEY, a HE TOJIb-
KO CO3JIaHWE BCTPEY C JAPY3bsSIMH) H 4aThl Topoja (OyIeT MepruoIuvIecKu yaalsiaTh-
Cs1), ¥ 9aThl BcTped (KOTOpbie OYAYT YAAIATHCS IO 3aBEpIICHHUIO BeTpeun). Beé aTo
MPUBOJIUT K TOMY, YTO ITOHAYaJy JaHHBIX OyJIeT He TaK MHOTO, 1 MOYKHO CITIPaBUTh-
Cs1 XOPOIIIO OPTraHW30BAaHHOMN PEISIIMOHHON 0a301 JaHHBIX.

Bo10op 0a3b1 JaHHBIX

Ha manubIii MOMEHT MbI BeIOpasin postgresql mis yaanennoi b/l , mockonbky
OHa fABJISIETCS OECIUIaTHOM U COBMECTHMA C java. B 11e/1om B TecTax OHa MOKa3bIBaeT
cebst mpumepHo Tak ke, kak 1 MySQL. Jlna o6ocHoBaHus BbIOOpa THIA 0a3bl JaH-
HBIX (pensinuoHHas/ HepesIIMOHHAsA) MOXKET OBITh MMOCTPOCHA MOJICIh Ha Oa3e am-
napara cerei [letpu [1],[2]./lanHas Moaenb MO3BONIMT ONPEACIUThL MAKCUMAIBHOE
YHCJIO TTOJTH30BATEICH IS IMEIONTUXCS allapaTHBIX PECYPCOB U BRIOPAHHOTO THUTIA
0a3bl TaHHBIX.

Pacuuupsiemoctb

B nanpreiimem mpu BOCTpeOOBAaHHOCTH MPHIIOKEHUS OyJIeT MPOU3BOAUTHCS
pacIIMpeHne KaK MCIIOJIb3YEMBIX ITPOTPAMMHBIX CPEICTB, TaK MU anmnapaTtHeiX. [Ipn
pacumpenuu OyneT BeiOpaH myTh FaceBook ¢ pacnpeneneHreM Harpy3ku Ha MHO-
’KECTBO CEpBEPOB, MEPEHOCOM YaTOB HA HEPEJSLMOHHYIO 0a3y JaHHBIX, ONTUMHU3A-
1S B KOJI€ KaK MEKIy KIIMEHTOM U 0a301 JaHHBIX.
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Puc.1. Abcmpakxmnas cxema wama ecmpey

BrniBoa

XO0Th B NMPWIOKEHUH U OYAYT 4EpThl COLMAIBHBIX MPUIIOKEHUI MOHAYaIy
MOXKHO M30exaTh OOJBIION HArpy3Kd Ha CepBep 3a CUET Yy3KOW HarpaBiIE€HHOCTH
ATUX COLUAJIBHBIX JIEMEHTOB, U 3a CUET TaKMX MEp MOHavally 00OMTUCH OJTHOM pe-
JSUOHHOM 0a30¥ NaHHBIX, HO MPU YBEIWYCHUH YHCIIA TIOJIb30BaTENIe U Cle0Ba-
TEJILHO KOJHMYECTBA 3ampocoB (0XKHIAeMO K 4YaTaMm) MPHUICTCS HCIOIb30BATh J10-
IOJIHUTEIIbHbIE CepBEpa U MPOEKTUPOBATh OTIENIbHYIO 0a3y JaHHBIX AJI 4aTOB, MO-
CJIe ATHUX I1aroB MAacIITaOUPYEMOCTh MPOEKTA CTaHET MPOILIE.

1. bror UBana binakoBa 060 MHPOPMALIMOHHBIX TEXHOJIOTHUAX, pa3paboTKe U
ApXHUTEKTypEe BBICOKOHATPYKEHHBIX MHTEPHET-NPOCKTOB [DieKTpoHHBINA pecypc] //
Pexxum noctyma: https.//www.insight-it.ru/

2. Ilerpu Koukun /I.B., Tyteinun M.A., CykonmmkoB A.A. Mcnonb3oBanue
cpeapt CPN Tools mist momenupoBanusi packparieHHbix cereit:/ Iletpu Koukun
J.B., Tyteiaua M.A., CykonmnmkoB A.A. — UndopmaTuzamnms nHxeHepHoro oopa-
3oBanusas MH®OPUHO-2014. Tpynbl MeEXAYHApOIHON HayYHO-METOAUYCCKON
xkoHbepennuu:/ 2014. C. 77-78.

3. Koukun [1.B. [Toctpoenue moaenu cetu ACVYII :/ Koukun /I.B. B cOopHu-
ke: By3oBckas Hayka — peruony. Martepuansl X|I| Beepoccuiickoit HayqyHOUM KOH-
depennun:/ 2015. C. 88-90.



APXUTEKTYPA COUAJIBHOT'O ANDROID-ITPHJIOKEHU A

M.C. Tumos

Hayunwiii pykosooumens /I.B. Koukun, kano. mexu. nayx
Bousoroackuii rocy1apCTBEHHbBI YHUBEPCUTET

r. Bomorna

B coBpemeHHOM Mupe colMalbHbIE CETU UTPAIOT OOJBIIYI0 POJIb B JKU3HU
obmrectBa. Hampumep, Ha caidiT VK.COM B CyTKH 3aXOUT OKOJIO 5 MJTH. yenoBek[1],a
MOOWJIbHBIE TPUIIOKEHUS CTAIM OJHUM W3 TIABHBIX TPEHIOB B Pa3BUTHUU HH(OP-
MarnoHHBIX TexHosoruii. Ecimm B 2008 roxy, B o 3amycka APPSIOres, peiHOK MO-
OWJIBHBIX MPUIIOKEHUN TOJBKO (OPMHUPOBAJICS, TO K HACTOSIIEMY BPEMEHHU PHIHOK
BCTynwI B a3y akTUBHOTO pocTa. Ha maHHBI MOMEHT y MOJIb30BaTENCH MOOUIIB-
HBIX MPUJIOKEHUN eCTh MOTPEeOHOCTh B Oosiee THOKOM MHCTPYMEHTE OpraHu3aliiu
BCTpEY, YEM T€, YTO MPEJIAraoT COIUAIbHBIE CETH.

PaspabarbiBaeMoe MmpuitokeHHe OyieT 0a3MpoBaThCs Ha KapTax oT google u
BKJIFOUHUT B c€0s 2JIEMEHTBI COLIMAIIBHOM ceTH. B aHHOM cTaThe OyJeT paccMOTpeHa
APXUTEKTYypa TAKOTO MPUIIOKEHUS.

Kputepun onvicanus apXuTeKTypbl TPUIOKECHHUS:

o KOMITOHEHTBI CUCTEMBI U UX B3aUMOJICHCTBHE.

e (Campble BakHbI€ KJ1acChl U (DYHKIIMH.

e OpraHu3alys JaHHbIX (KaKhue UMEHHO OYIyT JaHHBIC U IJIC UX XPAHHTB).

e CTpyKTypa MmoJib30BaTeabCckoro nuTepdeiica (mpuMepHOe OMMCaHNE, KaKue
KOMITOHEHTBI COJICPIKUT).

e OOpaboTKa UCKITFOYUTEIBHBIX CUTYyaIlui U COOEB.

® be30IacHOCTb.

e llcnonp3oBanue TexHosnorui u croponnero I10.

e lcrnonp3oBaHue pecypcoB (CKOJBKO JIFOJICH OyIeT 3aHMMAThCs Pa3padboT-
KOH M KaKue MaIllMHHBIC PECYPChl OTPEOYIOTCS).

e CriocoObl pa3BUTHS CUCTEMBI.

3agaya, KOTOPYIO peliaeT MPUJI0KeHHe

[IpoexTupyemoe MpUIOKEHNE MO3BOJUT IMOJIH30BATEISIM CO3/1aBaTh BCTPEUU
U 00IIIMe MEPOTPUSATUS Ha OCHOBE TeosoKaluu. Takke B MPWIOKEHUU Oyner o0-
WA 9aT JUTst )KUTENIe TOPOIOB U YaT BCTPEYH.

OyHKIMH TPUITIOKECHUS:

e OTOOp aKTyaJIbHBIX HHTEPECHBIX MECT;

® VY 100HOE IITaHUPOBAHUE BCTPEY;

e Perienue npo06iieMbl HEXBATKUA OOIICHHUS,

e PemeHue mpoOIeMbl TOMCKA MECTa JJIS OT/AbIXA,
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® DKOHOMHMS BpeMeHH (4TOOBI ONPEIEIUTHCS C MECTOM MPOBEICHHSI OTbIXA
HE HY>KHO UCKAaTh MECTa, MOKHO IMPOCTO OTKPBITh MPUIIOKEHUE, BEIOPATh HHTEPEC U
Ha KapTe 0TOOPa3ATCs MECTa U JIFO/IH);

e OOseryeHue MovcKa MperOYTUTEIbHBIX ISl TIOJB30BaTEIIs MECT;

e [lomydenne pekoMeHJaluii BCTpEY Ha OCHOBE UHTEPECOB;

® VYBeluueHHe Kpyra oOIIeHUs.

TCXHO.]'[OFI/II/I, HCIIOJIB3YEMBIC IIPU CO3AAHUH NMPUITOKCHUA

1. Hu onHa conmanibHasi ceTh HE 00oiieTcs 0e3 aKKayHTOB, B JJAaHHOM MpHU-
JIO’)KEHUHU MOYKHO OYJIET MCITOJIb30BaTh aKKAyHT W3 TOMYJISPHBIX COIUATBHBIX Ce-
teii (Bronrakre, facebook, omHokmaccHukm), ucoian3ys oudimoreky ASNE, tak
e MOXKHO OYJIET CO31aTh CBOW aKKayHT, HE UCIOJb3Yys ceTH (MaHHas WHPpOpMAaIUsI
Oynet xpaHuThCs B Harel bJT).

2. Taxxe monanodsrcss CYB/l. Ha nanublii MoMeHT BbhiOpaHa postgresgl mms
co3manus ynaneHHoi bJl. [TockonbKy /uist co3MaHus MPHUIIOKEHUST HyHa Oecruiar-
Has ¥ java copmectumas bJl, postgresgl moaxomut Jsydmie Bcero. B kauectse j10-
kaiabHOU B/ Obuta BhIOpana Sglite, MOCKOMBKY 3TO €IMHCTBEHHAs JIOKaabHass BJl
nojepxkuBaemas android-om.

3. Jlns reostokanuu OyayT HCITOJIB30BAaThCs KapThl JOOQIe, MOCKOIbKY uX api
OTKPBIT U OecIIaTeH, Tak xe OHU coBMecTuMBbI ¢ androidstudio.

4. JIns xpaneHus 6a3bl JaHHBIX OyJIET UCTIOIB30BAThCS YIAJICHHBIN cepBep.

5. Hamonnnenune 0a3bl MaHHBIX MECT Ha HayalbHOM JTamne OyAeT MpOHu3BO-
TUTHCSI BpYYHYIO.

ApxuTeKkTypa

Jlist onuvcaHUsi apXUTEKTYpbl ¢ MOMOUIBI0 KOHUEMIMU CJIOEB ObUl BbIOpaH
TPEXCIONHBINA A0JIOH, KOTOPBIM BKIIIOYAET B ceOs:

e [Ipencrapienue (Kak MoJb30BaTEb BUIUT MPUIOKEHUE);

e Jlomen (Ou3HeC JTOTHKA);

e lcrounuk naHHbIX (paboTa ¢ JaHHBIMHU).

Puc.1. Komnonenmul npunosicenus
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PaboTa 3TuX Cci0€B B OCHOBHOM OOECIEYMBAETCS MPOrPAMMHBIMU CPEJICTBA-
MH, KOTOpBIE MOXXHO IIPEACTABUTh B BHUAE B3aUMOCBA3aHHBIX KOMIIOHEHTOB
(puc. 1), rue:
o KOMITOHEHT Mpe/ICTABICHUS OTBEYACT 3a MOJb30BATEIIbCKUN HHTEPPEIIC.
o [IpuKiagHOW KOMIIOHEHT PEaJM3yeT AJITOPUTM pPELICHUS KOHKPETHOM 3a-
Ja4H.
e KOMIIOHEHT yNpaBJIeHUSI PECYPCOM 00ECIIEUMBAET AOCTYI K HEOOXOIUMBIM
pecypcam.
KomnoneHT nipecraBienus (gui) COICPKUT:
e DopMy U1 PETUCTPALIUH.
e Tabedactivity ¢ msaTero Bkimaakamu: npoduib, KapTa, BCTPEYH, HOBOCTH,
MOMCK O KJIFOYEBBIM CJIOBAM.
e KHOIIKY C HACTPOMKAMH.
B Ousnec noruky OyayT BXOJUTb KJIACCHI:
e Pabora ¢ googlemaps.
e Pabora co BCTpeuyamH.
e PaboTa co CIUCKOM JIpy3ei.
e PaGora c nokansHOM B/I.
e PaboTa ¢ HOBOCTSIMU.
e Kiacchl Bcex activity.
e Pabora ¢ yaToM.
e PaboTa ¢ noJIb30BaTEIbCKUMHU aKKayHTaMHU.
Jlis nocTymna K pecypcam OyAeT UCIOIb30BaThCS
e Cranmapthbii kiacc DBHelper, mis sglite.
e JDBC npaiisep, nis postgree.
Hoctyn x nanHabIM OyaeT pabotath uepe3 HTepHET c:
e API googlemaps.
e API BJI.
e API colmanbHBIX CETEM.

MOI[eJIl/IpOBaHI/Ie paGOTbl NPUJI0ZKCHUA

J1JIs1 OIICHKH TIPOU3BOAUTEILHOCTH MPHIIOKECHHS Oy IeT OCTPOCHA MOJIEIb Ha
0aze ammapara ceteit [letpu [2]. Moaens Oyzaer BKItouaTh reHeparop Tpaduka [3]
U CepBEp MPHIOKECHHH IJIs OIpeaejcHUsS BPEMEHHM OTKIIMKA IO 3alpocaM I0JIb30-
Baress. 3ajepikKa Iepeiaud JaHHbIX 10 ceTh MHTepHeT OyJaeT MOJIeIupoBaThCs C
MIOMOIIBIO MPUOABJICHUS KO BpEMEHH NIepeIaun JaHHBIX CIIyYaiHON BEIIMYMHEI.

BrniBoa

ApXHTEKTYpa IPUIOKEHHS Ha OCHOBE I'€OJOKAIMH, C DJIEMEHTAMHU COIHAIb-
HOW CETH HE CHUJIBbHO OTJIMYAETCS OT CTAaHJAPTHBIX MOOWIIBHBIX TPUIOKCHUH Ha
android, B neii takxke mpucyrcrByer GUI u crmoii moctyna x pecypcam. OTimadust
HaOJIFOIal0TCSl TOJILKO B CPEHEM CJIoe — OM3HEC JIOTUKE, B OTIIMYUE OT MPOCTHIX
android mpuioKeHHIA MOSBISIFOTCS 3JIEMEHTBHI paboThl ¢ googlemaps, mosn3oBa-
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TEIbCKUMHU aKKayHTaMH W 4YaroM. Ha JaHHBII MOMEHT Bce (DYHKIIHH, KOTOPBIC
JOJDKHA COJIEpIKaTh Takas IMporpamMma, peaanu3yeMbl BCTpoeHHbIME B Androidstudio
KJIaCCaMHM M TIOJIKJTF0YaEeMBIMHU K jaVa ONOIHOTEKaMHU.

1. AnanusaTop TpadHKOB CalTOB: CaliT B KOHTaKTe [DnekTpoHHbIi pecypc] //
Pexxum noctyma: https://ru.megaindex.com/info/vk.com

2. CykonmukoB A.A. Iloctpoenue u ananus mojnenu cetu ACYII Ha 6aze
ammapara MonuupoBaHHbIX HedeTkux cereil [lerpu: / A.A. CyKOHIIHKOB,
J1.B. Koukun — Mounorpadus / Bonorga: 2015.

3. Koukun J[.B. Mogens reneparopa tpaduka Ha 6a3e anmnapara MOIUPHUIH-
poBaHHBIX HeueTkux cereil [lerpu: / MHbopMaTH3amms mponeccoB GopMUPOBAHHUS
OoTKpbITHIX cucTeM Ha ocHoBe CYB/], CAIIP, ACHU u cuctem HCKyCCTBEHHOTO WH-
tesiekta / Bomorga: 2015. C. 77-81.
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——  Cexknusa «<COBEPHIEHCTBOBAHHME OBOPYJIOBAHUSA, ——
TEXHOJIOI'MYECKHUX ITPOLHECCOB U CUCTEM
B MAHIIMHOCTPOEHUU, METAJIJIYPTUHU, IEPEBOOBPABOTKE,
CEJbCKOM XO34AMCTBE U HA TPAHCIIOPTE»

IMoacexuusi «COBepIIIeHCTBOBaHI/Ie TEXHOJOINYE€CKHUX IPpoLIeCccoB
H CUCTEM B MAIIMHOCTPOCHUU>

NCCIEAOBAHUE U PASPABOTKA KOHCTPYKIIUU
YHUOPUIIUPOBAHHOI'O TOKAPHOTI'O PE3LIA

E.B. Bonkog

Hayunwvui pykosooumensv B.@. Bynasun, kano. mexu. HayK, OOYeHm
C.B. Anak, kano. mexu. HayK, OOyeHm

Boustoroackuit rocy1apCTBEHHbIA YHUBEPCUTET

r. Bormorga

ToxapnHast o6paboTka uMeeT OOMBINON yAENbHBINA BEC Cpelu APYruX BUJIOB
MeXaHU4ecKo 00paboTku. KOHCTpyKIIMK TOKapHBIX PE3I0B YPE3BBIYANHO pa3HO-
oOpasusbl. [{ns yno6cTBa SKCIUTyaTallud TOKAPHBIX CTAHKOB U JUIS TTOBBIIICHUS MTPO-
U3BOJIUTEIBHOCTH TOKAPHON 00pabOTKH MPEACTABISIETCS pallMOHATBHON yHUDHKA-
sl KOHCTPYKIMK TOKapHBIX pe3ioB. Cremnuanu3anus TOKAPHBIX PE3LOB MOKET
OBITh JOCTUTHYTA 3a CYET BBIOOpA PEKYIIETO 3JEeMEHTa ¢ TpedyeMoil Gpopmoit Jie3-
BUSI, TAKXKe 3a CYET OPUEHTALMHU YTJIOB PEXKYIIEH IUIACTHHBI MPU €IUHONW KOHCT-
pykiuu# yHuuupoBaHHoro kopmyca. [loaToMy mpu co3ganuu pesna, B KOHCTPYK-
IO OBLTH 3aJI05KEHBI CIICIYIOINE TPUHIIUIIBL:

1. CTepkHEBOW KOPITyC MHOTOPAa30BOT0 HCIONB30BaHHs (MOCIE BBIPAOOTKH
MHCTPYMEHTA MO3BOJISIET COKPATUTD 3aTPAThl 32 CYET TOTO, YTO HEOOXOIUMO HU3TOTO-
BUTH TOJBKO PEXKYIIYIO IUIACTHHY, & HE BECb HHCTPYMEHT).

2. Kopriyc umeeT HCHONHEHHE, aJalTHPOBAaHHOE K IOCAJ0YHOMY MECTY
CTaHKa | K rpyIIe BUA0B 00pabaThiBa€MbIX MOBEPXHOCTEH.

3. PacnionoxeHus Ha MOBOPOTHOM IMJIACTUHE HECKOJIBKO PEXKYIIHMX JIEMEHTOB
pa3HooOpa3Hoi GPopMbI, UTO MO3BOJSET 00padaTHIBATH OMPEICICHHYIO TPYIITY MO-
BEPXHOCTEH OTHUM PE3LIOM.

Hcxons w3 HazHaueHHs M (QYHKIMOHAIBHOCTH pe3la, MPEACTaBIsETCS pa-
[IMOHAJIBHBIM HCIOJIB30BAaTh B KAUECTBE OCHOBHOTO MaTepHaja pexXyllen IIacTHHbBI
TBepAbI cmiaB. Mcnonp3yst MeXIyHaApOAHYIO KIAcCU(PUKALNIO TBEPABIX CILIABOB,
ObUTH BEIOpAHBI OCHOBHBIE M YaCTO UCTOIB3yEMbIC TPyl MAaTEPHUATIOB:

1. I'pynma PO1 (T30K4) anst TokapHoro TodeHwms (TBeprocth 92 HRA).

2. I'pynma P10 (T15K6) mist unctoBoro ToueHus (rBepaocts 90 HRA).

3. I'pynmma P20 (T14K8) mist mosryuncroBoro Touenus (TBepaoctsh 89,5 HRA).

4. I'pyrmna P30 (T5K10) ans ueproBoro ToueHus (TBepaocts 88,5 HRA).
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5. I'pynma K10 (BK3) a1 4rcTOBOro TOYCHHs IBETHBIX METAJIOB M YyT'yHa
(tBepmocth 89,5 HRA).

6. I'pyrmma K20 (BK6) 115t mOTy4rcTOBOTO TOYSHHS IBETHBIX METAJUIOB U UY-
ryna (tBepmocts 88,5 HRA).

7. I'pynma K30 (BK8) miist uepHOBOTrO TOYEHUS IIBETHBIX METAJUIOB M YyT'yHA
(rBepmocts 88 HRA).

[TockonpKy TUIaCTHHA UMEET CIIOKHBIE TeOMETpUYecKre (opmbl, ObLIO pe-
[ICHO M3TOTABJIMBATh €€ C TOMOINBIO MPECCOBAHUS IOPOIIKOBOTO MaTepuaia
(TBepmoro cruraBa) ¢ OCICAYIONINM CriekaHueM [1].

Jiist ObICTPOI M yAOOHOW YCTaHOBKH, CMEHBI M IEMOHTaXa TUIACTUHBI B KOP-
myc pe3ia ObUIH 3aJI05KEHBI CIEAYIOUINEe KOHCTPYKTUBHBIE 3JIEMEHTHI:

1. ITocaouyHBIM MECTOM TUTACTUHBI SBISIETCS IICHTPATHHOE OTBEPCTHE U IICH-
TpanabHbIe pUDICHHUS,

2. [TocaoduHbIM MECTOM B KOPITYC SIBJISIETCSI TTAJICI] U [ICHTPATbHbIC pU(ICHUS.

[Tpu pa3paboTke KOHCTPYKLMU pe3la, YUYUTHIBAIUCH OCHOBHBIE 3aKOHOMEp-
HOCTH TOKapHOM 00paboTKu. B yacTHOCTH, BIIMAHME 3HAUEHUI 3aJTHErO U MepeaHe-
0 yrijia Ha PeXKuM pe3anbs [2].

Yem Oonbmie nepeanuid yroa (v) y pesna, TeM Jierde MPOUCXOIHUT CHSTHE
CTpyXkH. Ho ¢ yBennyeHneM 3TOTO yria YMEHBIIAETCsS Yoyl 3a0CTPEHHsS pe3la U
ero mpouyHocTh. [lepemHuii yrom BCIEICTBHE 3TOTO MOXKET OBITh CPABHHUTEIHHO
OOJBIIMM MPU 00pabOTKE MATKUX MaTepUajoB U HAO0OPOT, JOJDKEH ObITh YMEHbB-
IeH, ecnu oOpabaTbiBaeMblii MaTepuan TBep. [lepeannii yromn MoxxeT OBITh U OT-
pUIATETTFHBIM, YTO CIIOCOOCTBYET MOBBIMICHUIO IPOYHOCTH Pe3IIa.

3aauuit yroia (o) pe3na HEOOXOIUM ISl TOTO, YTOOBI MEKIY 3aJJHEH MOBEpX-
HOCTBIO pe3lia U TOBEPXHOCTHIO pe3aHbsi 00pabaThiBaeMOl JeTaliu He ObLIO TPEHUSI.
[Tpu cnumkoM MajoM 3a7HEM yrie 3TO TPEHHUE MOJIy4aeTcsl HACTOJIbKO 3HAUUTENb-
HBIM, YTO pe3ell CUJILHO HArpeBaeTCs M CTAHOBUTHCS HETOJHBIM JJIS JallbHEHIIeH
pabotsl. [lpu caumkoM OOJIBIIOM 3HAYEHMM O yroJl 3a0CTPEHUsS] OKa3bIBAaeT Ha-
CTOJIBKO MaJIbIM, YTO PE3€Il CTAHOBUTHLCS HE MPOUYHBIM [3].

!
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Puc. 1 Bausnue 3a0nezo yena na uznoc, Puc. 2 Brusinue nepeoneeo yena na usHoc,
memnepamypy u cuiy npu pe3aHuu memnepamypy u Cuivl npu pe3anuu
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Jiis onpeienieHns quana3oHa JOMyCTUMBIX YTII0B ObUTH MOCTPOCHBI TpadUuKu
(pucyHok 1-2) BausiHUE 3aJHET0 W MEPEIHEro yria Ha TeMmIepaTypy B 30HE pe3a-
HbsI, CHJIBI Pe3aHUs U U3HOC MHCTPYMEHTA.

[Tpu ManbIX 3HAYEHUSAX 3aJHETO YIJa, CWIbl PE3aHus, U3HOC, TeMIIepaTypa,
3HAUNUTEIHHO Bo3pacTato. [Ipu moBeimenun yraa ga 10 rpagycoB 3Ha4YCHUS HAYH-
HAIOT IUIABHO BO3PACTaTh, MOCJIE Yero Bo3pacTaroT mo napadose. Mcxons us rpadu-
KOB, 1300pa)kKCHHBIX HA pUCYHKE 1,0NTHMabHBIA HHTEPBAJ 3HAYCHHUH 3a/THETO yTia
JUISL TBEPAOCIUIABHOTO 3jeMeHTa ObuT BeiOpaH 5-10 rpagycoB. 3amHue yribl co3/ia-
IOTCSI 32 CUET HAKJIOHA 3aJIHEH TTOBEPXHOCTH B KOHCTPYKITUH PEXKYIICH MJIaCTHHEI.

3HaYCHHUS pAcCMaTPUBAEMBIX IMApaMETPOB MPU U3MEHEHHH TEPEIHEro yria
HE UMCIOT PE3KMX M3MEHEHUH, a MEHSIIOTCS IUIaBHO. HO CTOWT y4nTHIBATH, YTO 3HA-
YeHUS U3HOCA TOCNie OTMETKH 15 rpagycoB HaYyMHAIOT BO3pAcTaTh, YTO HE MPUEM-
JIEMO ISl PEXKYIEro HHCTpyMeHTa. [Ipu oTpunaTenpbHBIX W ONMM3KUX K HYJIO 3HA-
YEHUSIX yIJia 3HAUCHUS] U3HOCA U CUJIBI PE3aHUS MOCTENEHHO BO3PACTAIOT, a TaKXKe
YBEJIMYUBACTCS M MPOYHOCTh MHCTPpyMEHTA. J[aHHBIC 3HAUCHUsS HE paIlMOHAJBHBI,
MOCKOJIbKY KOMIIEHCUPYIOT ApyT npyra. [loaTomy ObLIO pemieHo BbIOpaTh OITH-
MaJIbHBIC BEJIMYMHBI ITIABHOTO MEepeIHeroyriia paBubie 5-15 rpanycos (pucyHok 2).

Crnenyromuym 3TarnoM CTajo CO3JaHUE TPEXMEPHOM KOMIIBIOTEPHOW MOJEIIH
pesna. Mcnonp3ys CHCTeMy TPEXMEPHOTO TBEPAOTEIHHOTO M MOBEPXHOCTHOTO ITa-
pamerpuyeckoro npoektupoBanus (CAIIP) komnanmm Autodesk mox HasBaHumem
Inventor, 6p1TM co3manbl MO feTaneil pesna. OyHKIIMOHAT TPOTrpaMMBbI TTO3BO-
JSIET CO3/1aTh COOPKY € 3aJ[aHMEM B3aUMOCBS3CH MEXKTY NeTaIsIMH (PUCYHOK 3).

Fpuxt

FUxUas naaomisd

flanet;

TOHATION CERITION

Puc. 3. Obwuii paznecennulil 6u0 yHUDUYUPOBAHHO20 pe3ybl

KoncTpykuus mpenctaisier co0oi KOPIyC B MOCAI0YHOE OTBEPCTHE, KOTO-
pOro yCTaHABJIMBACTCS Tajell, MPKAMAIOIMNKA 3y0UuaTheiii CEKTOp K Kopmycy. Ha



BEPXHIOI0 YacCTh 3y04aTOro CEKTOpa, YCTaHABIIMBAETCS PEXKYIas MJIACTUHA C PUP-
JEHOW HWKHEW MOBEPXHOCTHIO. Ha macTHy HaknagpIBaeTCsl MPUXBAT CO CTPYKKO-
3aBUBAIOLIEH KaHABKOW. KperuieHne pexyien mIacTuHbl U PUXBATa OCYIIECTBIIS-
€TCSI BUHTOM.

B utore KoHCTpYKTOpPCKOM MpopabOTKU U HcciIe10BaHUs ObUI MOJIYYEeH YHU-
(GbuUMpOBaHHBIM TOKAPHBIN pe3ell, MO3BOJSIOMNA 00padaThiBaTh pPAa3IUYHbIC Ha-
PYXKHbBIE TIOBEPXHOCTH (CTyleHYaThie, KOHTYPHbIC, KaHABKH, Pe3b0bl) U 00CCIICUH-
BAIOIIUIM 3HAYUTEIIBHYI0 3KOHOMHIO 32 CYET MHOTOPAa30BOI'0 MCIIOJIB30BaHUSA KOp-
Iyca, YTUIN3AluU UCIOJIb30BaHHBIX IUIACTHH, COKPAILEHUS] BPEMEHU HA HaJAAKy U
IIEpEHAJIa Ky CTAHKa.

Pa3paboTranHslii pe3er; MOKeT OBITh PEKOMEHI0BAH JJIsl UCIOJIb30BaHUS KaK
Ha YHUBEPCAJIIBHBIX CTaHKaX, TaK U Ha craHkax ¢ YIIVY.

1. Mapounuk craneii u cmiasoB / B.I. Copokun, A.B. BomnocHukosa,
C. A. Barkusn u apyrue; [log.o6m. pea. B.I. Copoknna. — Mocksa: Mamunoctpoe-
uue, 1989. 640c.

2. O6paboTka MeTauoB pe3anueMm. CrpaBounuk TexHonora / A.A. IlaHos,
B.B. Anukun, H.I. boiim u np./ ITox pen. A.A. I1anoBa. MockBa: MammHoCTpoe-
Hue, 1988, 736c¢.

3. Tokaproe aeno [DnekTponHbI pecypc]: Odui.cainT. — Pexxum moctymna
http://www.autoezda.com/tokatnoedel o.html.

4, Pexxymuii ”HCTpyMeHT. YueOHuk. 13n. 4-e nepepaboTaHHOE U JIOTMOTHEH-
Hoe / J1.B.KoxeBHukoB, B.A.I'peuninnukos, C.B.Kupcanos [u ap.] — Mocksa: Ma-
muHocTtpoenue, 2014. — 520 c.

5. CnpaBounuk texHosora-mMamuHoctpourtens. T.1. Tlox pen. A.I. Kocwuro-
Boif u P.K., MemepsikoBa — Mocksa: Mammunoctpoenue, 1985. 656 c.

COBEPHIEHCTBOBAHME TEXHOJIOI'MA ITIOATI'OTOBKU TPYD
K COEAUHEHHNIO METOAOM CBAPKHA

M A. Bauecnagosa

Hayunwvui pykosooumens B.I1. benoycosa, kano. mexu. HayK, OOyeHm
Bosoronckuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonorpa

B Hacrosimee Bpemsi skoHomuka Poccuiickoit denepanuu HaXOQUTCs B KpU-
3UCHOM cuTyanuu. [1o npuurHe NeNCTBYOMMX CaHKIMK EBpOCOrO3a BBEIECH 3ampeT
Ha MpoJaxXy B POCCHIO 3HAUMMBIX TEXHOJIOTMYECKHX PECYPCOB, BBICOKOTEXHOJIO-
TUYHOTO 000pyJ0BaHUs. AKTyalu3upoBajiach MOTHUBAIUS XO3SHUCTBYIOIIUX CyOb-
€KTOB K aKTUBU3AIlMU MHHOBAIMOHHBIX TEXHOJOTHMYECKUX MpeoOpa3zoBaHuii, 00-
HOBJICHUIO (PU3MYECKH U (PYHKIMOHAIBHO ycTapeBllero odopyaoBaHus. IHHOBa-
IMOHHO-OPUEHTUPOBAHHOE PA3BUTHE MPEANPUITUN CIOCOOCTBYET PEIICHUIO 3aj1a-
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YU UMIIOPTO3aMEIICHUS, BBIITYCKY MPOAYKIIUIO C KOHKYPEHTHBIMHU MPEUMYIIECTBA-
MU Ha npeanpustusx PO [1].

B Bonorae yxe 6onee 20 neT akTUBHO BEJET CBOIO JESITEILHOCTh Ha PBHIHKE
MOOWMJIBHBIX M OBICTPOBO3BOJUMBIX 37aHUUN 3aBOJ «3aBOJ] CTPOUTEIHHBIX KOHCT-
pykuuii 1 gopoxkubix Marmn» (CKJIM). [Ipennpustie npeuMyIieCTBEHHO CIieIra-
JU3UPYETCs Ha CTPOUTENHCTBE OBICTPOBO3BOUMOTO COIIMAIBHO JOCTYITHOTO KUJIbsI
U Ha MPOU3BOCTBE OJIOK — KOHTEIHEPOB. bilok — KOHTeHepa SIBISIIOTCS OCHOBHBIM
BuoM npoduibHOl nmpoaykiuu AO «CKIM». Ilpogykuusi npegHazHaueHa st
paiionoB Kpaitnero ceBepa, st cTpouTesnel ra3onpoBooB, HE(TIHUKOB.

[Tornmanue moTpeOHOCTEN 3aKa3YNKOB, 3HAHUE PHIHKA M TEXHOJIOTHU CTPOH-
TEIhCTBA MOOWJIBHBIX 3JaHHWKA TO3BOJISIOT MPEIOKUTh KIUEHTAM ONTHMAIIbHBIC
BAapUaHTHI COTpyaHUYECTBA. CeTh MOCTABOK BBITYCKAEMOM MPOIYKIIMU OXBATHIBAET
BCe peruoHbl Poccuu, cTpaHbl OMMKHEr0o U JainbHETro 3apyoexbs. Omnwupasch Ha
JOCTH)KCHUS MHUPOBOW CTPOUTENBHOM HUHAYCTpuH, crenuanuctel AO «CKJIM»
pa3pabaThIBalOT U OCBAaUBAIOT MPOIECCHBIE U MPOYKTOBbIE MHHOBAIIHMH.

BaxHno otmeruts, uto crparerndyeckoe pazsutue AO «CKJIM» npeanosara-
€T y4eT IKOJIOTMYECKUX MOCJIEICTBUI MPOBOJAUMBIX TEXHOJIOTMUECKUX IPeodpas3o-
BaHUI, O Ye€M CBUJCTEIbCTBYIOT PE3yJIbTaThl OLEHKH MOTEHIHAIa COLUAIBHO-
IKOJIOTHYECKOW 3alUTHI HAa IPEANPUITHH [2].

[Ipou3BoaCTBEHHAs] MpPAKTHKA B COCTaBE IPYNIbl CTYJECHTOB HAaMpPaBJICHUS
noarotoku 27.03.05 «MuuoBatuka» (mpoduis «MHHOBAMKA W YIpaBlICHUE WH-
TEJUICKTYaIbHOM COOCTBEHHOCTBIO») MPOXO/IMJIa KIMEHHO Ha 3TOM 3aBojie. B mepu-
O] TPAKTUKU Mbl 03HAKOMUJIUCH C COCTABOM OOOPY/IOBaHUSI U HOMEHKJIATYPOU BbI-
MyCKaeMOU MPOIYKIMH, reorpadueld MOCTABIIMKOB ChIPhs U MaTepUaiOB ISl TIPO-
M3BOJICTBA MPOAYKIIMM U OCHOBHBIMH €€ MOoTpeOuTensmMu. M3ydamm wmapuipyTHbBIS
TEXHOJIOTUYECKHE TMPOIECChl MPOU3BOJCTBA MPO(UIbHONW MpoAyKuuu. B mepuon
MPOXOXKJICHUS TPAKTUKU ObLIa TTOCTABJICHA 3aJ1aya BBISABJICHUS HEOOXOAUMBIX TEX-
HOJIOTMYECKUX MPeoOpa3oBaHUN U 3aMeHbl (PU3NYECKU W (PYHKIIMOHAIBHO YCTa-
peBIIero 000pya0BaHMsl MPU MPOU3BOJCTBE MPOIYKIMH MPEANpUITUs. BrigBisuimch
aKTyaJbHbIE MPOOJIEMBI, CBA3aHHBIE C PEUICHUEM 3aJa4y 00eCreUeHUs] KOHKYPEHTHBIX
MPEUMYIIECTB POAYKIIUH MPEIIPUITUS TIOCPEICTBOM TEXHOJIOTMUECKHUX MPeodpas3o-
BaHUU U MTHHOBAIIMOHHOTO OOHOBJICHUS] AKTUBHOM YacTH OCHOBHBIX (DOHIOB.

[Ipu ananu3e cocTaBa OCHOBHBIX MPOM3BOACTBEHHBIX (oHI0B (OIID) mpen-
npusaTHs, OBLJIO BBISBJICHO, YTO 3HAYMMas 4YacTh O0OpyAOBaHHS (U3HUYECKH U
dbyHKIIMOHANBHO ycTapena. dusndeckuii U3HOC — 3TO U3HOC, 00YCIOBICHHBIN Yac-
TUYHOM TIoTepel paboTOCIIOCOOHOTO COCTOSHUSL MAIlIMH U 000PYI0BaHUS, BCIEICT-
BHE UX JKCIUTyaTaun. OyHKIHOHAIIBHOE YCTApEBaHUE MOSBISAETCA U3-3a TEXHUYE-
CKOT0 WJIM TEXHOJIOTMYECKOIro mporpecca. TexHoJornueckass MalluHa, BBITYLIEH-
Hasi HECKOJIBKO JIET Ha3aJl, UMeeT OOJbIINE KAMUTAJIbHBIE WIH 3KCIUTYyaTallUOHHBIE
pacxoipl, XyJIIIue TEXHUUYECKUE XapaKTEPUCTUKU M HCIIOJIB3YET yCTapeBIIUE TeX-
HOJIOTHH ¥ MaT€PUAJIbI, YTO SBISICTCS MPUINHAMU OOCCIICHUBAHUS CTAPO TEXHUKH.



183

BbII0 BBISBICHO, YTO YacTh OOOPYAOBAaHMS TPEANPUATHS (U3UYESCKH U
(GYHKIIMOHAIBHO yCTapeso U TpedyeT OOHOBIEHUS.

PacmipocTpaHeHHBIM BHIOM 3arOTOBOK JUIsl POU3BOACTBA MPOGUIBLHON MPO-
YK Ha JaHHOM 3aBOjfie SIBJSOTCA TpyObl. Jlms oOpa3oBaHMsI KayeCTBEHHOTO
HEPA3bEMHOTO COCAMHEHHS TPYyO MEXIy COOON C MOMOIIBIO CBAPKU HEOOXOIUMO
oOecrieunTh TpeOyeMbIii KOHTYp NpuieraHus. B cyinecTByromeM TeXHOJIOTruye-
CKOM TIpoliecce AJjii 00pabOTKU CeIJIOBUH TPYO MPU MX MOATOTOBKE TPYO K CBapke
UCTIONB3YIOTCSl BepTUKaIbHO-(bpe3epHblii cranok moaenu 6MI3IT Beimycka 1967
roja u (ppe3epHO-KOHCOIBHBIN cTaHOK Mojieau BM-127 Beimycka 1987 rona.

B pesynbrate ananutudeckoro o03opa nHpopMalnu, HallpaBJICHHOTO Ha T10-
UCK YCOBEPIUICHCTBOBAHHBIX TEXHOJIOTUH OOpaOOTKH COMPSATAIOMIUXCS MPHU COENIH-
HEHUU TTOBEPXHOCTEH CBApUBAaEMBbIX TPYO, ObLI BBISIBICH PsiJl IEPCICKTUBHBIX TEX-
HOJIOTHYECKUX pelieHuil. B 4acTHOCTH, Ha PBIHKE MPEJCTaBICHBI COBPEMEHHBIE
CHelMaIN3UpPOBaHHbIE CTAHKU JICHTOYHO-IINIM(OBAJIbHBIE CTAHKH, OCHAILIEHHBIE CO-
OTBETCTBYIOUIUMHU POJIMKOBBIMU HacaJkaMu, 00eCleunBaOIMMHU TpeOyeMblil KOH-
Typ TpHUJIETaHUSI COMPHUKACAIOIINXCS TIOBEPXHOCTEH I AMAama3oHa AUaMeTpoB 00-
pabatbiBaeMbIX TpyO: 820 — @75 mMm.

B kayecTBe MEpPCHEKTUBHOTO PELICHUS B IUIAHE CHIDKEHUS TPYAOEMKOCTH
mporiecca JIC3BUMHONW 00pabOTKH CEMIOBUH TPYO W TOBBIIICHUS TOYHOCTH pa3Me-
POB M KauecTBa MOBEPXHOCTEH MPHUJIETaHUs CBAPUBAEMBbIX TPYO MpejiaraeTcs Bbl-
Opath cTaHOK s NUTMGOBKHU 3aKkpyriieHuit [3], mpeacraBieHHblii Ha pucyHke 1.
Hannbiii cranok gonosHseTcs Mmoaysiem GRIT GXR s BeinindoBKy paanycos.
Moayne GXR npennazHauen jjsi o0padboTku TopioB Tpyo u npoduiei. Obdecne-
YUBACT MAaKCHUMAaJbHO TOYHBIE CKPYTJICHUS 7S JajdbHEHIIeld MOITOHKH U CBapKU
METAITIOKOHCTPYKIMiA. [Ipon3BoauT BEIOOPKY paanycoB Kak Ha KPYTJIbIX, TaK U Ha
npoduiabHBIX Tpyoax. Momayne mis nuugosku paaunycoB GRIT GXR nuudyer yr-
ae1 7o 90°. meer ObICTpO3aKMUMHBIE TUCKU JUISI KPYTJIBIX U KBaJpaTHBIX TPyO U
wiockux aetaneil. OcHaIEH BCTPOEHHBIM OTPaHUYUTEIEM TIIyOWHBI U HAOOpOM
KOHTaKTHBIX POJIMKOB HEOOXOAUMBIX TUAMETPOB.

Puc. 1. Cmanox ons waugosku 3axpyenenuti GRIT GX75 u mooyre GXR



DKOHOMHYECKAs COCTaBISIONIAs MPEAIaraéMoro pelieHws], HalpaBIeHHOTO
Ha COBEPIICHCTBOBAHUE TEXHOJIOTUH MOATOTOBKA KPOMOK TPYO K COCTUHEHHUIO Me-
TOJIOM TI0JTyaBTOMATHUYE€CKOW TyrOBOM CBapKH, OyJIET CBs3aHA CO CHM)KCHHEM Mate-
pHANIBHBIX 3aTpaT Ha 00pa30BaHHE HEPA3BEMHOI'O COCTMHEHUS Kak Ha 3Tame oopa-
OOTKHM KOHTYypa MpUJIETaHHs TTOCPECTBOM BBHINUIH(OBKU, TaK U HETOCPEIACTBEHHO
Ha JTane cBapku. CHIDKCHHE MaTepUabHO-dHEPIeTHUYECKUX 3aTpar OyJeT MMETh
MECTO B TE€XHOJOTHUECKOM Ipolecce 00pa3oBaHUs HEPA3bEMHOTO COCIMHEHUS 3a
cdeT o0ecreyeHus Mpu BhIIUTU(OBKE TOYHOTO MPOQUIIs MPUIIETAHUs, YTO, B CBOIO
ouepe/ib, MPHUBENET K YMEHBIIICHHUIO PACX0/la CBAPOYHOM MPOBOJIOKH, YIIIEKUCIIOTO
ra3a, JJIEKTPOIHEPIHH. DKOJOT0-3KOHOMHUYECKOE OOOCHOBaHHE MpPenIaraeMoro
pelieHus OyIeT MPeACTaBICHO B BRITYCKHOW KBAIM(UKAIIMOHHOM padoTe.

1. benoycos A.JI. YcnoBusi hopMupoBaHusi HHHOBAIIMOHHON UHPPACTPYKTY-
pol akoHomukwu /A.JI.Benoycos // IHHOBallMOHHOE pa3BUTHE COBPEMECHHBIX COIIM-
ANbHO-3KOHOMUYECKUX cucteM : marepuansl ||l MexayHap. 3a04HON Hayy.-
npakt. koHd., Komcomonbck-ua-Amype, dpepanp 2016 r. / penkoi. : B. B. JIutos-
yeHko (oTB. pen.) [u ap.]. — Komcomomnbck-Ha-Amype : ®I'BOY BO «KHAT'TY»,
2016. - C.17-20.

2. benoycosa B.I1., Hukutunckas E.C. O ¢popmupoBaHum cucTemsbl mokasa-
TEJEW JIJIsl OIICHKH Pe3yJbTaTOB MOHUTOPUHTA 3a MPOIIECCOM IKOJIOTH3AINH IKOHO-
muueckoro passutus npeanpustus/ B.I1.benoycosa, E.C.Hukutunckas // busnec.
Hayka. O0pa3oBaHue: mpo0JieMbl, NEpCreKTUuBbl, cTpateruu [Tekct|: marepuasbi
Poccuiickoii Hayu.-mpakT. KoH(}. ¢ MexAyHap. ydactuem, r. Bonorma, 26 mas
2015r.: B 24— Y. 1/ mox pexn. a.5.H., npod. JI.C.YcoBa.—Bomorga: Boaoroackmii
UHCTUTYT Ou3Heca, 2015.— C.436 — 438.

3. OGopynoBanue it 0OpaOOTKH MeTaia [DIEKTPOHHBIN pecypc]. —
http://www.gtool .ru/

ABTOMATHM3AIINA KOHCTPYKTOPCKO-TEXHOJOIT MYECKOHN
MOATIOTOBKHU IMTPOU3BOJICTBA TMPOPAMBI CTABUJIN3ATOPA
OINTUYECKOI'O YCTPOUCTBA

E.H. /lpauesa

Hayunwii pyxosooumenv B.A. I'nazkoe, kano. mexu. HayK, OOyeHm
Bousoronckuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorna

ABTOMAaTH3aIUSA TEXHOJIOTHYECKUX ITPOLIECCOB SABJISETCA OJHUM U3 OCHOBHBIX
(aKTOpOB MOBBIILIEHUSI KOHKYPEHTOCIIOCOOHOCTH, PA3BUTHUS U IMOBBIIIECHUS MPOU3-
BOJUTEIBHOCTHA COBPEMEHHOTO MAIIMHOCTPOUTEIBHOTO MPEIIIPUATHS.

Pacnpenenenue Tpyna Mex1y 4€JIOBEKOM U KOMIIBIOTEPOM IT03BOJISET ITOBbI-
CUTb KaueCTBO MPOEKTHBIX PabOT, YyCKOPUTh pa3padOTKy YIPaBISIIOIIMX MPOrpamMm
st obopynosanus ¢ UIIY, yBenuuuThs onepaTuBHOCTh U THOKOCTh MTPOU3BOICTBA.



C uCcrnosib30BaHUEM MPOrPAMMHOI0 00€CTIEUEHUS MOSIBUIACh BO3MOXKHOCTh CO3/1a-
HUSI HOBBIX OOpPAa3I[0B HAYKOEMKOH U BBICOKOTEXHOJIOTHYECKOW MPOMYKIIMH C MU-
HUMAaJbHBIMH 3aTpaTaMu, (OPMHUPOBAHUS €IUHOTO MHGOPMAIIMOHHOIO MPOCTpaH-
CTBA Ha BCEX ATamnax >KM3HEHHOTO I[UKJIA MPOAYKIIUH.

PaccmoTprmM aBTOMATH3UPOBAHHYIO MOATOTOBKY IMPOU3BOACTBA THPOPAMBbI
cTabmin3aTopa ONTUYECKOTO YCTpPOMCTBA, MPEIHA3HAYEHHOTO ISl BU3YaJTU3alUU
OKpY>KaroILIEero NpoCTPaHCTBA.

Crabunmuzarop — 3TO YCTPOMCTBO, MO3BOJSIONIEE KOMIIEHCHPOBATh BO3HU-
KAIoIy0 BUOpAIMIO MIPU MEepEeMEIICHUN 00bEKTa B IPOCTPAHCTBE U APYTUX (PaKTO-
POB, BIMSIONIUX HA YCTOMYMBOE MOJOKEHUE 00bekTa. CTaOunu3aius HampaBieHa
Ha CHIKEHHE aMIUTUTY/1 U YIJIOBBIX CKOPOCTEN KOJIEOaHUM ONTHYECKUX YCTPOUCTB.

Co3pnanue uepTexen U3eaui MpyU MOMOIIH UX TPEXMEPHBIX MOJIENEN MO3BO-
JISIeT 3HAYUTEIBHO YIPOCTUTh BHECEHHE U3MEHEHUN B YK€ pa3paO0oTaHHbIE KOHCT-
PYKLMH ¥ UCIOJb30BaTh PaHEE CO3JAHHBIE PELICHUS B MPOLIECCE aBTOMATU3UPO-
BAHHOT'O MPOEKTUPOBAHUA, TaK K€ YMEHBIIUTh TPYAOEMKOCTh IMPOEKTUPOBAHUS B
npouecce pa3padoTku KOHCTpYKuui. [TpuHimn hopmupoBanus yepTexeil u3nenui,
C HCIIOJB30BaHUEM TPEXMEPHBIX MOJINIEH, OCHOBAH Ha CO3/IaHUU HYXHBIX ITPOCK-
WM, BUAOB, Pa3pe30B U CEUYCHUN TPEXMEPHOM MOJEIM C IMOCIEAYIOIIEH UX Jopa-
0oTKO# (IPOCTAaHOBKOW pa3MepoB, MIEPOXOBATOCTH, OTKJIOHECHWH, 3aIIOJITHEHUN OC-
HOBHBIX HAJIITUCEH U TEXHUUYECKUX TpeOoBaHui) (pucyHok 1).

TpexMepHbie Momenu COOPOYHBIX EIWHHUII JTal0T BO3MOXHOCTH CO371aBaTh
BUPTYaJIbHbIE MOJEIN U3IEINM, OCYIIECTBIATh aHAIU3 C LEJIbI0 BBIABICHUS OLIU-
OOK MPOEKTUPOBAHUS 70 Hayaja MX M3TOTOBJICHUS U MPOBOAUTH C HUMH KCIEPH-
MEHTBI C IEJbI0 HaXOXK/IeHUs 0ojiee palMoOHaIbHBIX KOHCTPYKIUNA U 3HAYCHUH Ta-
pametpos [1].

Puc. 1. Cozoanue accoyuamuenvix 6udos
U3 mpexmepHou mooenu

HeoOxoaumpIM  3TarioM  KOHCTPYKTOPCKO-TEXHOJOTMYECKOM  MOATOTOBKHU
IIPOU3BOJICTBA SIBISAETCS UMHUTALMOHHOE MOJAEIMPOBAaHUE. DTOT IMPOLECC 3aKioya-
eTcsl B CO3JaHUM MOJIETIM MPOEKTHPYEMOT0 OOBEKTa M 3KCHEPUMEHTUPOBAHUU C
HUM IIpH 3a/IaHHBIX Harpy3kax M OTPaHUYEHUAX. ABTOMATH3UPOBAHHOE HCCIENO-
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BaHKE HANPSHKEHHO — 1e(hOPMUPOBAHHOTO COCTOSTHHSI TIPOBE/IEM Ha MpUMEpe JeTa-
nu «Peraar» ¢ ucrons3oBanreM nporpammaoro komruiekca CAITP «SolidWorks».

B cucreme SolidWorks nmeercsi KOMITIIEKC KOMITBIOTEPHBIX MTPOrpaMM, KOTO-
pBIE COCTaBJISIOT MHCTPYMEHTAIBbHYI0O OCHOBY aBTOMATH3aIlMH PAaCcYeTOB MAIIWHO-
CTPOUTENBHBIX KOHCTPYKIIHMIA, MO3BOJSIONIMN MOIYYUTh PE3YIbTATh 10 CHIOBOMY
pacdyery W 3Ha4eHUS (U3UUCCKUX BEIMYMH B DJIEMEHTaX KOHCTpyKuuu [2].J1ms
CO3/IaHUS DKCIIEPUMEHTa, HEOOXOAUMO 3aKPEIHTh ACTallb U TPUIIOKUTD CUIIBI, JCH-
CTByIOIIME Ha Hee (PUCYHOK 2).

Puc. 2. 3axpennenue epaneil,cunvl Hacpyicenus Puc. 3. Cmamuueccroe nepemewjenue
U cemKa KOHeUHbIX d/IeMEeHmo8

PesynbpraramMu mnccienoBaHusl SBISIOTCA IEPEMEILEHUE, 3arac MPOYHOCTH,
nedopmalis 1 MEXaHUYECKUE HAIPSKEHUS B PA3JIMYHBIX TOYKAX JI€TaId. DIMIOPbI
Ipe/ICTaBJICHbI HA pUCyHKax 3-6.

Puc. 4. Cmamucmuyeckas degpopmayus Puc. 5. Hanpsoicenue

ITo nBeTHOM mIKane, HAXOAIICHCS BO3JIE PUCYHKA, MOYKHO ONPEACIIUTh 3Ha-
YEHHUS TOTO WJIM MHOTO IMapaMeTpa U CAENaTh BBIBOABI O MPOYHOCTHBIX XapaKTepu-
CTUKAX JETaJIH.



Puc. 6. Kosgpgpuyuenm zanaca npounocmu

CoBpeMeHHbIE MUPOBBIE TEHICHIIMU PA3BUTHUSI MAIIMHOCTPOCHUS XapaKTepu-
3yI0TCsl Bce 0oJiee BHICOKUM YPOBHEM aBTOMATH3allUU U TMOKOCTH MPOU3BOJICTBA C
BO3MOXHOCTbIO OBICTPOM MEepeHaNa ki 000pyJ0BaHUSI HA U3TOTOBJIECHUE HOBBIX M3-
nenuit. [Iporpammusbiii komruieke SPrutCAM — cuctema renepanuu ynpasJstOIIUX
nporpamm Juis 0OpaOOTKH JeTaneil Ha MHOTOKOOPAMHATHBIX (Ppe3epHBIX, TOKap-
HBIX, TOKapHO-(PpE3epHBIX, HIEKTPOIPO3ZUOHHBIX CTAaHKAX U 00pabaThIBAIOIINX LIEH-
Tpax C YHUCIOBBIM IPOTrpaMMHBIM yIpaBiieHHeM. CucTtema MO3BOJSET CO3/1aBaTh
YIPaBJISIONIME MPOrPAMMBI 111 CTAHKOB C PA3JIMYHBIMU KUHEMAaTHUYECKUMH CXEMa-
MH M MO’KET HACTPanBaThCs Ha JII0ObIe THITBI yeTpoicTB UITY [3].

PaboTa mo co3naHuio ynpapJsiioliend mporpaMMbl i etanu «BTynka» Ha-
YMHAETCS C BBIOOpA CTAHKA M 3arO0TOBKM JUIS JI€Taju, JM00 camy JeTtanb. B oboux
ClIy4asix UX MOXHO cpopMHpoBaTh TpeMs criocobamu — o 3D monenu, mo npodu-
JII0 CeYEHMs Tejla BpallleHHUs, KaK Tello, MoJyduBIIeecs npu BpameHnn 3D Moxenu
BOKPYT OCH IIMUHIEIIS.

Crnenyromuii 3Tan — yCTaHOBKA 3arOTOBKHU B Ia-

TpOHE. 3HAUYECHUS BBUJIETOB 3arOTOBKU M PEKYLIEr0 UH-
CTPYMEHTa aBTOMAaTHYECKH BBIBOJISTCS B KapTy Hajaj-
ku. BeiOupasi TokapHble epexoabl, TEXHOJIOT (HOpMHU-
pyeT moclieloBaTelibHOCTh 00paboTku. [locie pacuera
TPAEKTOPUM KaXJOro IMepexo/ia MPOU3BOAUTCS CUMY-
Jss 00paboTku (pucyHok 7). JIJiss ONTUMU3aNUU Tpa-
eKTOPUHU PEAAKTHPYIOTCS HEOOXOIMMbIE mapaMeTphl, U
MIPOU3BOJIUTCS MEPEPACUET MPOrPAMMBI. 3aKIIOUUTENb-
HBIM 3Tanm — BBIOOpP MOCTIIPOIIECCOpPA U BBIBOJ YIpPaB-
JSIOLIEN TPOrPaMMBI.

Puc. 7. Cumynayus obpadbomku
oemanu «Bmynxa»

ABTOMaTH3aIUsl KOHCTPYKTOPCKO-TEXHOJIOTUYECKON TMMOJTOTOBKA Ha BCEX
JTamax mpolecca MO3BOISET CYIIECTBEHHO COKPAaTUTh BpeMsi OT pa3pabOTKH 10
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BHEJIPEHHUS B MPOU3BOJICTBO HOBBIX M3lenuii. Ha paHHHX CTagusx MPOEKTHpPOBa-
HUS YIAaeTCs BBISBUTH KOHCTPYKTOPCKHE ONMTUOKU M KOJUIM3WH, YTO B UTOTE MPUBO-
JTUT K YJIYYIICHUIO KaueCTBa BBIITYCKACMOW MPOIYKIIUU U TMOBBINICHUIO €¢ KOHKY-
PEHTOCITIOCOOHOCTH.

1. lkapun Bb.A. Cucrembl aBTOMAaTU3MPOBAHHOIO MPOEKTUPOBAHUS KOHCT-
PYKLMH M TEXHOJOTMYECKUX MpoleccoB. MeToauueckue yka3aHus K Jlaboparop-
HbIM paboTam B 6 yactsax / b.A. llIkapun. — Bonoraa : Bol'Y, 2003—2011.—180c.

2. SolidWorks [Dnekrponnsiii pecypc]: odwun. calT. — Pexum pocryma:
http://www.solidworks.ru/

3. SprutCAM  [Dnexrponsblii pecypc]: odum. cailT. — Pexum pocryma:
http://www.sprut.ru/products-and-sol utions/products/sprutcam/?tab=137

ABTOMATHM3AIIUA KOHCTPYKTOPCKO-TEXHOJIOI MYECKOM
HOATOTOBKH ITPOU3BOJACTBA MEXAHUN3MA BBIBEPKU
CTABUJIN3ATOPA OIITUYECKOI'O YCTPOUCTBA

A.3. [Apyscununa
Hayunwuii pykosooumens B.A. I'nazxkoe, kano. mexwu. HayK, OOYeHm

Bonoroackuii rocy1apCTBEHHbIA YHUBEPCUTET
r. Bomorna

OcHoOBHas 3aja4a KOHCTPYKTOPCKO-TEXHOJIOTUYECKOM IOJrOTOBKU MPOU3-
BojictBa (KTIIIT) — moaroroBka BBITyCKA KAYECTBEHHOM MPOIYKIIUU C YIETOM IIPO-
M3BOJICTBEHHBIX MOIIIHOCTEH W TE€XHOJIOTMYECKUX BO3MOXKHOCTEH. B 3aBHCMMOCTH
OT THUIIa MPOU3BOACTBA, BUAa m3aenuid u Apyrux daxropoB KTIII npeanpusTuii
MOKET OBITh OPraHW30BaHa 110 Pa3HOMY, HO OCHOBHBIE €€ 3Tarbl — OOIIUE SIS MHO-
rux Mpou3BOJACTB. C MOABICHUEM KOMIIBIOTEPHBIX TEXHOJIOTHN M HOBBIX CTaHAap-
TOB OpraHu3aius OU3HeC-MPOIECCOB U3MEHIIIACH, TTOSIBHJINCH HOBBIE BO3MOXHOCTH
Y HOBBIE BOITPOCHI.

Busup — 310 npucnocobieHre Wik yCTpOUCTBO ISl BU3YaJbHOI'O HAaBEACHUS
YTIIOMEPHOTO0, JATBHOMEPHOTO WJIM HAOIIOAATEIIbHOTO TPUOOpa Ha OMPEIeTICHHYIO
TOYKY B IPOCTPAHCTBE.

Llenp BBIBEpKH — Pa3BOPOTHI INIABHOTO 3€pKajia TOJIOBKH M HUKHETO 3€pKaja
(6;10Ka 3epkai) CTaOMIM3UPYIOIIETO OJIOKA TOCTHTaeTCsl Pa3BOPOTOM THPOPAMBI I10
TOPU30HTAIM U 110 BbICOTE. JJIsl 3TOr0 MEXaHU3Mbl BEPTUKAIHLHOTO U TOPU3OHTAJIb-
HOT'O YCTAHOBJICHBI HE HEMOCPEICTBEHHO B KOPIycaX MPaBOro pbluara U CTaOUIIU-
3UPYIONIETo 0JI0Ka, a HA MOBOPOTHBIX KPOHIITEHHAX, KOTOPhIE MPOBOPAUUBAIOTCS
MIPY BPAIIEHUH KIIFOYOM BBIBEPKH COOTBETCTBYIOIIETO MEXaHU3MA.

B cocraB kaxxaoro mexaHn3Ma BBIBEPKM BXOJUT 4YEpBSiYHAs Iepenada, yep-
BSIYHOE KOJIECO KOTOPOU UMEET SKCIIEHTPUKOBBIN MOBOJIOK.



Bo Bpems HabmroneHus depe3 BU3HP I1a3 BUIUT YAAJECHHBIA OOBEKT MO yT-
JIOM 3pEHUs, KOTOPBIM B HECKOJBKO pa3 OOJIBbIINI yria HAOIIOJAEHUS TOTO ke 00b-
€KTa HEBOOPYKEHHBIM TJ1a30M, UTO U SIBJISETCS YBEIMUYCHUEM BU3UPA.

Wcxons u3 BbIIECKa3aHHOTO, MPECTABISAETCS pallMOHATBHBIM MOJIEPHU3A-
IIUsl MEXaHU3Ma BBIBEPKH CTAOUIIU3aTOPa ONTUYECKOTO YCTPOHCTBA.

[Ipu moaroroBke MpoOM3BOACTBA MEXaHHW3Ma BBIBEPKH CTaOMIM3aTOpa OMNTH-
YECKOT0 YCTpPOMCTBa pa3palaThIBAETCs KOHCTPYKIUS MEXaHH3Ma BbIBEPKU. ABTO-
MaTHU3UPOBAHHOE MPOCKTHPOBAHNE KOHCTPYKIIMNA MOKET OCYIIECTBIISTHCS B CHUCTE-
max «KOMITAC» u «SolidWorks». B 3Tux mporpamMmax BO3MOXKHO CO3/IaHUE HE
TOJIBKO YepTEeKeH, HO U (PparMeHTOB, TEKCTOBBIX TOKYMEHTOB, CHEIU(UKAIUH,
cOOpOoK, TexHONOrnueckux coopok, 3D moxeneii.

3D moxenp uznenus — TpEXMEpHOe U300pakeHne o0bekTa, GOpMUPYEMOE H
UCIIOJIb3yEMOE MpPU MPOEKTUPOBAHUU M3JEIHs, ONPEeIAollee ero CBoicTBa, He-
00X0/IMMbI€ JJI U3TOTOBJICHMSI, KOHTPOJISI, TPUEMKH, COOPKH, IKCILTyaTallui U pe-
MOHTA 3TOT0 U3JIEIHSI.

Co3naHue kartajgora pa3HECEHHOW COOpPKM MPOU3BOJUTCA B Iporpamme
KOMITAC — 3D, ans Busyalnuzanuu CI0KHBIX COOPOK C IEIbI0 MOJy4YeHUs Mpe/l-
CTaBJICHUSI O KOHCTPYKIINH, a TaK ke JUIsl Pa3bsICHCHUS YCTPOMCTBA CIIOKHBIX U3/Ie-
JUH, CO3MaHusI MHCTPYKIMKA MO COOpKE, IKCIUTyaTallui WM PEMOHTY WIIA JAPYTHX
LeJieu.

Puc. 1. Mooenv mexanuzma 6 coopke



Puc. 2. Pasnecennas coopka mexanusma evi6epKu

Pacyer HampspkeHHO-Ie()OPMHUPOBAHHOIO COCTOSIHHS JIETAIA ‘KOPITyC' IIpo-
uzBoautcs B cpene SolidWorksSimulation. Moayne npeaHa3HaueH i pacueTa
HaNPsHKEHHO-AC(POPMHPOBAHHOTO COCTOSIHHSI CTEPXKHEBBIX, IIACTHHYATHIX, 000710~
YEUYHBIX M TBEPIAOTEIBHBIX KOHCTPYKIIHIA, a TAK)KE UX MPOM3BOIBHBIX KOMOUHALINIA.
Monaymes Simulation opranu3oBad TakuM 00pa3oM, 4TO B €r0 paMKax MOXHO pac-
CYMTATh BCE MHOr0oOOpasue CYIIECTBYIOIINX KOHCTPYKIIMH, cOOMpast MX W3 BhIIIIE-
IIEPEYUCIIEHHBIX MAKpPOJJACMEHTOB. BHeIIHs s Harpy3Ka, Tak jK€ Kak U yCJIOBHS 3a-

KpEIUICHUS! KOHCTPYKIIMHA, MOTYT OBITh TIPOM3BOJIBHBIMU KaK IO XapakTepy, Tak U
10 MECTOTIOJIOKEHUIO.

v b es [RmS2)

11 043 032,000

10 128 280,000
L 9 207527,000
. B ZHATT4 S
TR
| E 945 269,500
| B E3afIT Aen
L 4603764500
3 zavais 308

L 2 TEIIRA T

P .
“_
s " ‘w. ]
| e a4

\

BAs s TReascry: 153 (0@ 060 G000

Puc. 3. Kopnyc u sniopa HopmanvHblx Hanpsicenu
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Texnomornyeckas 4aCTh BKIIIOYACT Pa3pabOTKy TEXHOJIOTHYECKOTO MpoIiecca
JeTaIel, TEXHUICCKUN KOHTPOJIb YEPTEKa, aHATN3 TEXHOJIOTHYHOCTH KOHCTPYKITUU
JIeTaJIe a TaKKe BHIOMPACTCS METOJ| M3TOTOBJICHUS U (POPMBI 3arOTOBKH, TJIaH 00-
paboTKM neranu, o0OpyAOBaHHE, pacyeT MPUITYCKOB Ha 00paboOTKy, opopMieHUE
qepTeka 3ar0OTOBKH U T.1I.

C nomorsto nporpammel SPrutCAM BeiTioHSIETCS 00paboTKa JeTaliu, B pe-
3yJbTATE YEro MoTydaeM KOJ YIPaBJISIOMEH TPOrpaMMBl.

[To pesynpTaTam mpojenaHHOW paboTHl (HopMHpYyeTCs 3aKIIOYCHHE O BHE-
JIPEHUM aBTOMATHU3AIlUU MPOU3BOJICTBA U BIHMSIHUU HA YKOHOMHUYECKOE COCTOSHUE
KaK OTJICJTLHOTO MPEIMPUSITHUS, TAK U PETHOHA B TIEJIOM.

1. ABpamenko, B.E. Texnosoruss MammuHOCTpoeHHUs. PacyeT mpumyckoB u
Mexnepexoausix pasmepoB / B.E. Appamenko, 10.1O T'opoxos. -Mocksa: [T COY,
2007-150 c.

2. birom, M.H. Kommmmatopssie npuiensl Ha oxore //OX0Ta U OXOTHHYBE
x03s1cTBO. — 2006. — Nel3, — c. 20-21. [lynaes, I1.®. KoncTtpyupoBanue y3ia0B U
neTtane MamuH: Y4e0. mocoOue AJii MallMHOCTPOUT. CHell. By30B. — 4-¢ u3[., 1e-
pepab. u pom. / [1.d. lynaes, O.I1. JlenukoB — Mocksa.: Beicmrast mikosra, 2008. —
416 c.

MHNOBBIINEHUE SHEPT'O3®®EKTUBHOCTU PABOTHI
KPUBOLIUIIHBIX TPECCOB

A.KO. Kapaues

Hayunwvui pykosooumens B.@. Bynasun, kano. mexu. HayK, OOYeHm
Boustoroackuit rocy1apCTBEHHbINM YHUBEPCUTET

r. Bosorna

CoBpeMEHHOE COCTOSTHUE OTEYECTBEHHOTO TapKa IITaMIIOBOYHBIX IPECCOB
CBUJETEIBCTBYET O HAIMYMU Psjia MPOOJIeM, 0 CHX MOP HE HAIICIIIUX IOJIOXKH-
TEJIBHOTO PEIICHHsI B TEUCHHUE MPOAOIKUTEIBHOT0 BpeMeHu. K umciry mocnemHux
OTHOCSATCS: CpeaHuil KO3(POUIMEHT pPACXOMOBAHHUS METAIOB IIITAMIIOBAHHBIX
KpyrnHorabapuTHbIx okoBOK (He mpebimiaet 0,3...0,5), apdexTrHbii K03 dHIH-
€HT TIOJIE3HOTO JCWCTBUS ISl BCETO IIPECCOBOrO0 OOOPYIOBaHUS HE IPEBBIIIACT
10...15% [1].

TpanuuuoHHbIe CHCTEMBbl MPUBOJAOB JUJISl JAHHOTO THIA OOOPYIOBAaHUS MO-
palbHO YCTapesd, MOCKOJIbKY HWMEIOT TOBBIMICHHBIH W3HOC W O0JIaal0T Majon
3HEProd(HEeKTUBHOCTHIO, B CPABHEHUH C 3apyOEKHBIMU aHAJIOTAMU.

TexXHOJIOTMM COBPEMEHHOW IITAMIOBKHU JI€TaJC, C OJHOM CTOPOHBI, MPEIb-
SIBJISIIOT O0COOBIE TpPeOOBaHMSI K HANECKHOCTH PabOTHl MPHUBOJOB KPHUBOITUITHBIX
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IPeccoB U POOOTOTEXHHUYECKOTO OOOPYIOBaHMS, a C APYrodl CTOPOHBI, TPEOYIOT
IIMPOKOTO JAMAIa30Ha PEryJIUPOBAHUS U, CIIEJOBATEIbHO, TIOBBIIICHUS MTEPETrpy304-
HOM crmocoOHocTH mpuBoAa. Cam mo cebe 3TOT mepeueHb KOMIUIEKCHBIX TpeOoBa-
HU SBJISIETCS] IPOTUBOPEUMBBIM, YTO, BO-IIEPBBIX, J€JIaeT MPoOJIeMy aKTyallbHOMH, a
BO-BTOPBIX, TPEOYET TIATEIBHOIO MOIX0/1a K BBIOOPY THIIA MIPUBOIOB VI TAHHOTO
000py10BaHUS.

CHM3UTH TMHAMUYECKHE YCUIIHS, SHEPreTUYECKHUE 3aTPaThl, MTOBBICUTH KO3(-
(GUIMEHT MOJIE3HOTO JEHCTBUS, U B I[€JIOM 3HEProdPeKTUBHOCT, BO3MOXKHO 3a
CUET MPUMEHEHUS YaCTOTHO-PEryIMPyeMOro npusoja [2].

YacTOTHO-peryIupyeMblid MPUBOJ ISl MHOTHX THUIOBBIX MEXaHHU3MOB 3KO-
HOMHUT MOTpeOIsieMyto uMH annekTposnepruto ot 30 go 65%. JlanHblil THI TpUBOJA
oOecrieuynBaeT IMJIaBHBIN MYyCK JIEKTPOABUTATEN 0€3 3HAUUTEIbHBIX OPOCKOB TOKA
U ynapoB. BcienctBue uero moBBIMIAETCS HAIEKHOCTh OOOpPYAOBaHUS M CPOK
CIIyOBbl OT/IETbHBIX Y3JI0B, a CJIE0BATEIbHO, U BCEIO MEXaHU3Ma B IIEJIOM.

Bce BbIIen3105K€HHOE MOXKHO TOATBEPIUTh Ha IPUMEPE OJTHOKPHUBOLIUITHO-
ro npecca KE2536 3akpsiToro tuma ¢ HoMuHanbHbIM ycunueM 4MH, npennasna-
YEHHOT'O JIJI1 MPABKU U OOPE3KH MOKOBOK B TOPSYEM COCTOSIHHH. DTO 000pyJ0Ba-
HUE HaXOAUT MPUMEHEHHE B CEITbX03MAaIIUTOCTPOCHNH, aBTOMOOMIIBHOM OTpaciu, a
TaK K€ U B JPYTHX OTPACISIX MPOMBIIUIEHHOCTH, KaK CaMOCTOSATENbHAsI €AMHHUIIA,
TaK U B COCTaBE MEXaHU3UPOBAHHBIX U aBTOMATU3MPOBAHHBIX KOMILIEKCOB. bazo-
BBIM 3JIEKTPONPHUBOJ MEXaHU3Ma SIBISIETCS HEPETYJIHPYEMbIM M HMMEET BCE OTMe-
YeHHbIe paHee HeaocTaTku. [IpuBoa cOCTOUT U3 TpeX(pazHOro aCHHXPOHHOIO JBU-
rarensi ¢ KOpoTko3aMKHYyTeIM poTtopoM 4A250M8Y 3. K HengoctaTtkaMm cieayeT OT-
HECTH PEOCTATHBINA MyCK B JBE CTYNEHH CO BPEMEHEM pa3roHa JBHTaTeNs U MaxXo-
BHKa J10 pabodeit CKOpoCTH 22 CEKYH/IBI.

B crathe paccmaTtpuBaeTcsi BO3MOXKHOCTH IMOBBIIIECHUSI HEPTO3(P(HEKTUBHO-
CTM NPUBOJAA Mpecca MyTeM 3aMEeHbl HEPEryJIMpyeMOro IMpUBOJAa HAa YaCTOTHO-
perynupyeMbiii ¢ BEKTOPHBIM yIpaBieHUEM Ha 0a3e 4aCTOTHOTO MpeoOpa3oBaTess
¢bupmel Becniep. 3agada cocTOUT B ONTUMH3ALMKA BPEMEHU IyCKa, BPEMEHU pasro-
Ha MaxOBHUKa JI0 pabouell CKOPOCTH, a TaKKe B CHIDKEHHUM BPEMEHHM I10J1X0j1a B pa-
00ounx pexumMax K HEOOXOJUMOW CKOPOCTH IITAMIIOBKH. B JomonHeHne K 3Tomy
HEOOXO0MMO PacCMOTPETh BOIPOCH ONTHMH3AINHN PabOThI Mpecca BO BpeMs XOJIO-
CTOTO XOJia 3a CUET OTKJIIOYEHHMS JBHUraTelisd OT CeTH. B pesynbrare CHU3UTCSA MO-
TpeOseHne peakTUBHON MOIIHOCTH U MOBBICUTCS MMPOU3BOIUTEIBHOCTD. 3a CUET pe-
KyHepaTuBHON (yHKUMK TpeoOpa3zoBaTesis NPOU30HAET CHIXKEHHE MOTEpb MpH
TOpMOKEeHUU. [l aHanu3a peXUMOB pabdOThl M HAIJISAHOTO MpPEJICTaBICHUS pe-
3yJbTaTOB MOCTPOCHBI MAaTEMAaTUYECKUE MOJEIH PEryJIUpPyeMOro W Heperyiaupye-
MOT0 MPHUBOJIOB B crienuaan3upoBanHoii cpeae Mat lab Simulink. B moxens Hepe-
T'YJIMPYEMOTO TIPUBOIA BXOIAT (pUCyHOK 1):

1 — ucrounuk nuranus 50 I'u 380 B; 2 — acuHXpOHHBIN JBUraTelb; 3 — TEX-
HOJIOTMYECKasi Harpy3ka; 4 — ociuuiorpad.



Puc. 1. Mooenv nepecynupyemozo npusooa

Puc. 2. Mooenwv pezynupyemozo npusooa ¢ 6eKmopHuiM ynpagieHuem

B MoJ1es1b 9acTOTHO peryaupyeMoro npuBoia BXoasaT (PUCYHOK 2):

1 — perynsTop ckopocTH; 2 — OJIOK pacuera Toka; 3,6- 610k mpeoOpa3oBaHUs
KOOpJuHaT;4 — OJIOK pacyeTa MOJ0KEHUS POTopa; S — 010K pacuera MOTOKa poTopa,;
[ — perynsaTop Toka, 8 — uaBepTOop; 9 — TexHomornueckas Harpyska; 10- acuHxpoH-
HBIN ABUraTenb, 11 — npeobpazoBarens 3HaUeHUH; 12 — ocuiusiorpadsl.

P C3yJIbTAaThl MOJACIIMPOBAHUS IIPCACTABJICHBI HA CIICAYIOIINX UIUIIOCTPpALUAX.



Puc. 3. I'paghuku usmenenusi ckopocmu 0sucamens 8 Hepe2yiupyemom npusooe
(1- npu nanpsiocenuu cemu 380 B, 2- npu nanpsisicenuu cemu 342 B)

Puc. 4. I'paghux usmenenus ckopocmu 0suecamesi 8 pe2yiupyemom npusooe



:

40 405 4t 4215 42 425

Puc. 5. I'pagpux usmenenuss ckopocmu 6 pexcume npecco8aHusl:
(1 — nepeeynupyemouit, npu nanpsisicenuu memu 380 B;
2-nepezynupyemviti npu Hanpsxcenuu 342 B; 3-pezynupyemoiii)

Pe3ynbTaThl MOAEIMpPOBaHUS MPEICTABICHBI Ha pUCYHKaxX 3-5. Bpewms mycka
B 0a30BOM BapHaHTE AJICKTPONPUBOA cocTaBiseT 24 cekyH bl (puc. 3), B TO BpeMs
KaK C YaCTOTHBIM YIIpaBJICHHEM OHO coctaBiisieT 12 cekyH (puc. 4). Pucynok 5 mo-
Ka3bIBa€T U3MEHEHUE BO BPEMEHU CKOPOCTHU JBUTATENS B MPOIECCE ITAMIIOBAHUSI.
U3 rpaduka BUAHO, 4TO B PETYIUPYEMOM MPUBOJIE MPOCAIKA CKOPOCTH BpAIICHHUS
JIBUTATEJSI HUKE, B CPABHEHUU C OA30BBIM BapUAHTOM DJIEKTPONPHUBOJIA, U BOCCTa-
HOBJICHHE JI0 HOMMHAJIbHON CKOPOCTU MTPOUCXOAUT OBICTpEE.

AHanu3 NMoJIy4eHHBIX Pe3yJIbTaTOB CBUICTEIBCTBYET O BBHIMOTHEHUH IMOCTAB-
JISHHBIX 3aJ1a4 — BpEeMs pa3roHa MaxoBHKa COKPATUJIOCh B JIBa pasa.

B nomonHeHue cneayeT OTMETUTh, YTO 3a CYET MHPUMEHEHHS YaCTOTHO-
PEryJIMpyeMoro MpruBoJia UMEET MECTO CHUKEHUE TUHAMUYECKUX MEePErpy30K.

1. Kugos, JI.H. Ky3HeuHOo-1ITaMIIOBOYHOE 000pY/I0BaHUE: YUEOHUK IJISl BY-
308 / JIL.U. Xusos, A.I'. OBunnuukoB, E.H. CkimamunkoB. — Mocka: MI'TVY
uM. H.D. baymana, 2006. — 560 c.

2. Cxnamuukos, E.H. Ontumusaius mycka npuBojia KpUBOIIUITHBIX MIPECCOB /
E.H. Cxnamguuxos // Hayka u o6pazoBanue. — Nell, 2014. — C. 95-102.



ABTOMATHU3NPOBAHHAS ITOAT'OTOBKA
IMPON3BO/JCTBA KOJIVINMMATOPA
BCTPOEHHOT'O BU3UPA OITUYECKOI'O YCTPOMUCTBA

M.C. Ky3omuna

Hayunwiii pykosooumens B.@. Bynasun, kano. mexu. HayK, 00yeHm
Bonoroackuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorga

JUIsi  KOHCTPYKTOPCKO-TEXHOJOTMYECKOM MOJArOTOBKM IPOM3BOACTBA HA
NpEANPUSTUIAX BHEIPEHA U IMIMPOKO UCHOJB3YEeTCsl CUCTEMA aBTOMATU3UPOBAHHOTO
npoekTupoBanus SolidWorks, SprutCAM,«kKOMITAC — Aprompoekt» u T.mm.[1].
Pe3ynpraTom 3TOro0 ABIISIETCS CYIIECTBEHHOE COKpPAILEHHUE 3aTpaT BPEMEHHU MPHU M0-
CTAaHOBKE Ha MPOMU3BOJICTBO HOBBIX H3JeiHi. OYyHKIIMOHAT MIPOrPpaMMHOTO obecre-
YeHHs TIO3BOJISIET YBHUETh OyAylIee U3JIeINe CO BCEX CTOPOH B 00beMe, MpuiaTh
€My pEaJTUCTUYHOE OTOOpaXKEHHE B COOTBETCTBUM C BHIOPAHHBIM MaTEpPHAIOM IS
IIpeIBapUTEIbHON OLIEHKU aM3aiiHa. lcroib3dyeMas Ha NPEalpUATHAX CHCTEMA
«KOMITAC — ABTOmnpoekT», mpeaHa3HaueHHAas JJisi aBTOMAaTU3al[uu IPOCKTUPOBA-
HUSL MapLIPYTHO-ONEPALMOHHBIX TEXHOJIOIMYECKUX MPOLECCOB MEXAHMYECKOW 00-
paboTKU NeTaneld MallMHOCTPOUTEIBLHOTO U NMPUOOPOCTPOUTENBHOTIO MPOU3BOJICT-
Ba, obecrnieunBaeT >PGEKTUBHOE MPOSKTHPOBAHUE TEXIPOIIECCOB, (hopmMupoBaHue
TEXHOJIOTUYECKON JIOKYMEHTAllMH, a TaKKe MOJATOTOBKY MH(MOpMAIUHU ISl CUCTEM
yIPaBJICHUS] TEXHOJIOTHYECKOW TTOIrOTOBKH MTPOU3BOJICTBA [1].

PaccMoTpuM aBTOMaTU3UPOBAHHYIO MTOATOTOBKY POU3BOICTBA KOJIJIUMATOPA
BCTPOCHHOI'0 BH3MpPa ONTHUYECKOTO YCTPOMCTBA, MPEAHA3HAYEHHOTO JJIsl BU3yasu-
3alMH OKPY>KAKOLIEr0 IPOCTPaHCTBA.

Konmmumaropublii MexaHW3M, SBISIONIMNACS COCTaBHOM 4YacThiO MpHOOpa,
obecreyrBaeT BICOKYIO CKOPOCTh MpHIleanBanus (mpumepHo B 2-3 pa3a 0ouibliie),
YeM KJIACCUYECKUE «MYIIEYHBIE» CXEMbl, TaK KaK MpPU TaKOW TEXHOJIOTUH HEOOXO-
JTUMO COBMEIIATh BCETO JBE TOUYKH — KPACHYIO CBETSIIYIOCS METKY, KOTOPYIO BUJIHO
yepe3 OKyJisip U caMy 1elb. [Ipu 3ToMm ria3 OsicTpee akKOMOAUPYETCs Ha paccTosi-
HUU 110 uenu. Kak npaBuiio, KOJIMMATOPHBIE MPULIETBI UCTIOIB3YIOTCS I HaBee-
HUS Ha UEJIb NPU HEOOIBIIUX PACCTOSHUAX U MPU XOPOIIMX MOTOJAHBIX YCIOBUSX,
anb0 KOrja IeNib SIBJISAETCS NMOJBM)KHOW WJIM B YCIOBHUSAX OIPAaHHMYEHHOCTH I10
BPEMEHH.

PaccMmoTpuM co3ganne Mozaenu neranu «Ock», Ipy aBTOMaTU3MPOBAHHOMN pas3-
pabotke u mpoektupoBanuu B cuctemMax «KOMITAC» u «SolidWorks». Cosnanne
oOpasila HAYMHAETCS C CO3/IaHUs ICKU3a, KOTOPBII MpeACTaBisieT co00i ceueHne 00b-
eMHOro 3neMeHTa. B Hamel cucteme 3D Mozens OyJeT co3aaBaThCsl MOCTENEHHO C
MOMOIIBI0 KoMaH «Onepaliiy BhIIaBIUBaHUS», «Bbipe3ars BbIIaBIUBaHUEM, «BbI-
pe3arb BpaleHuEeM».
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Coznanue yepTexeil 3aKio4aeTcss B CO3JaHUM HEOOXOAMMBIX BHUIOB TPEX-
MEpHBIX Mojieliel. BHIbI B pa3snmuyHBIX MPOESKIUSIX CO3AI0TCS aBTOMaTndecku. [1pu
ATOM COXpaHSETCS MOJTHAS ABYHAINPABICHHAS aCCOIMATHBHOCTh MEXKIY YePTEIKOM U
MOJIEJIBIO, TTO3BOJISIONIAs ABTOMATUYECKH KOPPEKTHUPOBATh YEPTEXK MPU MU3MEHEHUHU
MoJieau 1 Hao0opoT. [locine co3manus HEOOXOAMMBIX BUIOB UYEPTEXK T0padaThIBacT-
csi (IpOCTaHOBKAa pa3MEpOB M WX OTKJIOHCHHM, OTKIOHCHHHA (GOPMBI U Jp.) H
oopmisiercst cormacio ['OCT (3amonHeHUe TEXHUUYECKUX TPeOOBaHMM, HEYKa3aH-
HOM IIEPOXOBAaTOCTH MTOBEPXHOCTEH, OCHOBHOM HaamucH) (pucyHok 1).

Puc. 1. Cozoanue uepmesica oemanu «Ocv»

Heo6xoaumbiM 3TanoM MPOEKTUPOBAHUS SBJISIETCS UMHUTAILIMOHHOE MOIEIH-
POBaHUE CO3JJaHHOM JIEKTPOHHOU MOJIeNIM OOBEKTa U KCIIEPUMEHTUPOBAHUE C HEH
NpU 3aJaHHBIX OrpaHuWYeHusaX. lleab Takux IKCIEPUMEHTOB — HAOJIOJICHHE 3a
(GYHKIIMOHUPOBAHUEM CO3JaHHOTO W3JEHS M OMPEICICHUE eT0 ONTHMAIBHBIX Ta-
paMeTpoB MyTEM HArpyKeHUs BHUPTYaJbHOM MOJENIU CUJIOBBIMU BO3JCHCTBUSIMH.
Bueminsist Harpy3ka Tak ke, Kak U yCJIOBHSI 3aKpEIICHUSI KOHCTPYKIIUU, MOTYT OBITh
MPOU3BOJILHBIMU KaK MO XapakTepy, TaK U 10 MECTOIMOI0XKEHUIO.

OcoO€HHOCTBIO BBIYMCIHUTEIBLHOTO JKCIEPUMEHTA SIBISUIOCH TO, 4YTO OH
MIPOBOJIWIICSI B YCJIOBHUSX, KOTJa «HACKYCCTBEHHO CO3JJaHHBIN» MOJIIUITHUK BBIXO-
JTUT W3 CTposi (3aKJIMHMBAET), 8 MOMEHT Ha OCh IPOJOJDKAeT JeHCTBOBATH (pHCY-
HOK 2). HccnemoBaHue HampsbKeHHO-Ie(OPMHPOBAHHOTO COCTOSIHHUS ITO3BOJISICT
UMUTHPOBATH pabOTy OCH JIO €€ U3TOTOBIICHUSI.



Puc. 2. Cunwvi HACPYIHCEHUA U CEMKA KOHEURbLX DIEMEHM OB

B xoxe pacueroB, MpOBEAEHHBIX METOIOM MMHUTALMOHHOTO MOJAEIUPOBAHUS,
ObLIM MOJIyYEeHbI PE3yJIbTaThl: HAUMOOJbIINE 3HAYCHHS] CTATUYECKOTO HAIPSKEHUS U
1e(OPMAITMOHHOTO PACTSHKEHUS, OMPENEICHHBIX Pa3padOTYMKOM KaK JOIyCTHMbIE
IIPU YKa3aHHBIX Harpyskax, JleTajlb UMEeT HEOOXOJIMMBIN 3arac MPOYHOCTH, Tpe-
OyeMblii /11 6€301aCHOT0 UCIIOJIB30BAaHUS U3/IENIUS B LIETIOM.

Puc. 3. V31n060e nanpscenue na ynacmrax ocu
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Pesynbratamu rcciieioBaHus SIBISIOTCS IAHHBIE O IEPEMEIICHUH OTIEIbHBIX
yacTel, 3amaca MPOYHOCTH, JAedOopMalluid U MEXaHMUYECKUX HANpPSKEHUSX B pas-
JMYHBIX TOYKAX JeTalId. DMIopa MpeCTaBlIeHa Ha pUCyHKe 3.

[Io nBeTHOW JereHae, HaXOIALICHCS OKOJIO PUCYHKA, MOYKHO ONPEACIIHUTH
MaKCHMaJbHbIe 3HAUYEHUSI TOTO WJIM WHOTO MapaMerpa M CAeNaTh CIEIYIOIINUEe BbI-
BOJIbI O IPOYHOCTHBIX XapaKTEPUCTUKAX JIETAIIH.

TexHonornyeckuit 3Tan MOArOTOBKM MPOU3BOJICTBA BKIIIOUAET HCIIOIb30Ba-
HUE TporpaMMHoro komiuiekca SPrutCAM, mpemaHazHaueHHOW I pa3paboOTKu
YIPaBJISIONUX TPOrpaMM i 00pabOTKU pas3IMuHBIX JeTalicii Ha craHkax (¢pe-
3€PHBIX, TOKAPHBIX, pOOOTaX U Jp). DTa HHTETPUPOBAHHAS CPEJla TIO3BOJISIET MIPOU3-
BOJUTH pacueT TPACKTOPUU UHCTPYMEHTA C JII000I HYKHOU TOUHOCTHIO.

['eomeTpryeckass MOIETb M3TOTABIMBAEMOI J€TajH, 3aTOTOBKH, OCHACTKH H
T.II. MOJKET OBITH ToATOoTOBNIECHA B 000K CAD-cucreme un nepegana B8 SprutCAM
uyepes ¢aitn popmara |GES, DXF, STL, VRML, Postscript, 3dm, SGM, STEP niu
Parasolid. [Ins nanHo# neTamu Mbl ucnoib3oBanu daiin dopmara STEP u3 mpo-
rpammbl «KKOMITAC-3D». Ha 3akimtouuTenbHOM 3Tare MPOCKTUPOBAHMUSI, HUCIIOJb-
3ys PYyHKIIMOHAI POrPaMMBbl, OCYIIIECTBIIIEM MOJIEIMPOBaHUE 110 00paboTKe JeTa-
7, IPUHAB BUJ 00pabOTKH, OCHACTKY M 00pabaThIBa€MyI0 MOBEPXHOCTbD.

Puc. 4. Buo 3azomoexu u ucxooHou demaiu

[TocTnponeccop reHepupyet nporpaMmmy ajast 00pabOTKH JeTaln Ha CTaHKe €
qIry.

1. OcuoBubie coctapisomue cucreMbl KOMITAC ACKOH [DnekTpoHHBI#
pecypc] Odmi. caiit. — Pexxum npoctyma http://www.ixbt.com/soft/sapr-askon-
kompas.shtml.



METO/IUKA PACYUETA NIOTOKA KUJIKOCTHU U EI'O BJIMAHUE
HA ITIPOYHOCTHBIE CBOMCTBA KOMIIOHEHTOB PE3EPBYAPA

P.B. Kynaxoe

Hayunwui pykosooumensv B.@. Bynasun, kano. mexu. HayK, OOYeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorna

B yclioBUSX MalIMHOCTPOUTEIBHOIO POU3BOICTBA BOZHUKAET MOTPEOHOCTD
B BBIIIOJIHEHUM PA3JIMYHOIO POJA MHXKEHEPHBIX pacueToB. Takue pacyeTsl BBINOJ-
HAIOTCS HA Pa3HBIX 3TANaxX KOHCTPYKTOPCKOW MOATOTOBKU U3/IEIHS.

ITosiBneHne NMpOrpaMMHBIX CpeXl Jaj0 TOJYOK COBEPIICHCTBOBAHUIO HMHXKE-
HEPHBIX METONI0B aHanu3a. CpeacTBa aBTOMATU3AlMK, OCHOBAHHBIE HA YMCIICHHBIX
METOJaX, CTAJIM HEOTHEMIIEMOM YaCThIO MIPOLIECCa IPOEKTUPOBAHUS U3IEIHSL.

B kauectBe nccieayeMoi KOHCTpYKIMH Oblila BhIOpaHa Kamepa o0e33apakuBa-
HUS BOJIBI, KOTOpas sBIsieTcs paspaborkot pupmbl «HoBotex — IKO» (pucyHok 1).

Puc. 1 Yemanoska obezsapasxcusanus 600l

N3roToBuTenb BBIMYCKAET HECKOJBKO THUIIOB MOJAOOHBIX KOHCTPYKIUH, pas-
JUYHBIX MO0 pa3MepaMm U ycTpoucTBy. TpeOoBaHue 0€30MacHOCTU JeslaeT HeoO0XO-
JTMMBIM TPOBEJAECHUE UCTIBITAHUM KOHCTPYKIIMM HA MPOYHOCTH MPHU JABICHUU BOJBI
B pabodeM u aBapuitHOM pexxkumax. B mporecce sKCIuTyaTalui OCHOBHYIO Harpy3Ky
BOCIIPUHUMAIOT ()JIAHIIBI, KOTOPBIC CIIyKaT OTIOpaMU KBAPIIEBBIX YEXJIOB C PacIio-
JIOKEHHBIMU BHYTPH HUX yIbTpaduosaeToBbiMu (YD) mammamu.

[Ipu nedopmaruu (Qrana yBeTUYMBACTCS PUCK TMOBPEXKICHUS YEXJIOB U
Y®-namn. OHO U3 WHKEHEPHBIX PEIICHUN — MpUBapuBaTh Ha (UIaHEeI] TOMOJIHU-
TelabHbIE pedpa >KecTKOCTU. Takoil Mmoaxoja BeNeT K YBEIUYCHHUI0 MaTepHabHBIX
3aTpaT U MOBBILIEHUIO MAaTEPUATIOEMKOCTH, a TAKKE POCTY BPEMEHHM HA U3TOTOBJIE-
HUE JieTajiell 1 COOPKH BCEro pe3epByapa.
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Hccnenyemast Mozienb 00beKTa, CO3JaHHAs ¢ TIOMOIIBIO MPOrPaMMHOIO IPO-
nykta SolidWorks, npencrariena Ha pucyHke 2.

Puc. 2. Pezepsyap

B mpormecce MMUTAIMOHHOTO MCCIIEIOBaHUS PACCMATPUBAIOTCS JBa THUIA
pacuera:

® aHaAJIU3 MOTOKA JKUAKOCTH,

® MPOYHOCTHOM pacueT (pJIaHIIEB C yYETOM JIAHHBIX, MOJYYEHHBIX B PE3yJib-
TaTe UMHATAMH NPOTEKAHUS )KUIKOCTH B PE3EpBYyape.

[Iponecc npu cTalmOHAPHOM MPOTEKAHUM KUIKOCTU B TPyOaxX MOKHO OIHU-

caTh C MOMOIIBIO YpaBHeHUs BepHYIUTH ISl TOPU3OHTAIBHO PACIIOJIOXKCHHON TPY-
obI [1]:

2 2

P, B

CKOpOCTh MOTOKA BOJBI YepPe3 OTBEPCTHUSI BO BHYTPEHHEM (IAHIIE OMPEIeIis-
eTCs U3 JIIOPHI MPH pacuete pe3eppyapa B cpeae FlowSimulation.

3a BpeMs, paBHOe At, 00bEeMBI )KHIKOCTH, IPOTEKAIOUIEH Yepe3 OTBEPCTHE
BXOJHOTO IMaTpyOKa U OTBEPCTHS BO BHyTpeHHEM (hiianie, OyxyT paBHbI [1]:

&V1=Ul' Aty

&Vz =0 8t;8;
rae S;— IIoIaab MOMEPEYHOr0 CEUCHHUS BXOHOTO NaTpyoOKa,

S, — oAk MOMEePEeYHOro CEUCHUS OTBEPCTUI BHYTPEHHETO (IaHIIa.
Tak xax >xuakocTh HECKMMaeMa, To A\/,=A\/,.

3HauuT,q), - § = 1), S, (YpaBHEHHE Hepa3peIBHOCTH) T. €. L - S= Const, Torna

Vi_s

V. s

B pesynbTare aHanm3a onpeaessiFoTCs CleAyONNe BETMIUHBI:
® CKOPOCThb M TPACKTOPUH MMOTOKA KUAKOCTH (PHCYHOK 3),
e J1aBJICHHE KUKOCTH Ha CTCHKH U (IiaHIbl (PUCYHOK 4).



Puc. 3. /luacpamma cxopocmu u mpaekmopus 08UNCEHUSL HCUOKOCMU

AHanu3 pe3ysbTaToB IMOKa3bIBACT XapaKTep TCUCHUS KUIAKOCTU 10 M MOCIIE
BHYTPEHHEr0 (hJiaHIa, a TakKe MO3BOJISCT OICHUTh CTENCHb 3aBUXPEHUS BOJISHOTO
TIOTOKA Ha BBIXOJIE U3 pe3epByapa [2].

Puc. 4. Jluacpamma oasnenusi 600bl

[TocKONIBKY JKHUAKOCTH OYIEeT OKa3biBaTh JABJICHHE HAa CTEHKU pe3epByapa u
Ha ()JIaHIbI, TO HEOOXOJUMO MPHUHUMATh BO BHUMAaHHUE PE3YJIbTAThI, BHITOJHCHHBIC
B cpeae FlowSimulation Ha mocienyromumx tamnax MoJeTUPOBAHHMS.

[Toaxarouast pe3yabTaThl aHAIN3a MTOTOKA YKHUIKOCTH K IMPOYHOCTHOMY pacye-
Ty B cpeae Simulation, ompenenseM HampsyKeHHO-ACPOPMUPOBAHHOE COCTOSHHUEC
OTJCIBHBIX Y3JI0B KOHCTPYKIHH [2].

Pe3ynbTaThl MMHTAIIMOHHOTO HCCIICIOBAHUS OTOOpPa)KEHBI HA JMarpammax
HanpspbkeHuid (pucyHok 5), mepememnienuii (pucyHok 6) u kos(dduimenTta 3amaca
IPOYHOCTH (PUCYHOK 7).



Puc. 5. Juacpamma nanpsocenuii

Kak cnegyer u3 pucyHka 6, MakcuMajabHOE HANpsDKEHUE HAXOJIUTCS B 30HE
CBapKH TpyO, a HauOOJIBIINE TIEPEMEIIECHUS — B Cpe/IHEH 30HE (hiaHIa.

Puc. 6. [uacpamma nepemewenuil
Kosddumment 3amaca npoyHOCTH ONpEAENsieT BO3MOXKHOCTh KOHCTPYKLUU

BBIJICP>)KUBATH NMPUSIAraeMble K HEMl HArpy3KHU BBIIIEC PACUETHBIX.
Jnarpamma kod(duinenTa 3amaca MpOYHOCTH MPEICTABIICHA HA PUCYHKE .

Puc. 7. Pacnpedenenue xoaghduyuenma 3anaca npounocmu



Pe3ynbTaThl MMUTAIIMOHHOTO MCCIEIOBAHUSA HE TOKA3ald MPEBBIIICHUE Ha-
npsHKeHUN 1 AedopMaIyii M0 OTHOIICHHIO K JIOMyCTUMBIM 3Ha4YeHUsIM. PacueTHbIi
kKodhuueHT 3amaca MPOYHOCTH OONBINE EAUHUIBI, @ 3TO 3HAYUT, YTO JAHHAS
KOHCTPYKIIMS BBIICPKUT UCIIBITAHUE ITPU JABJICHUH BOABI HA €€ 3JIEMEHTHI.

Takum 00pa3om, JaHHAsST METOAMKA MO3BOJIIET HA CTAAUHU MPOCKTUPOBAHUS
BBISIBUTH CJIa0ble MECTA YCTAHOBKHM, BHECTH U3MEHEHHUS B KOHCTPYKIUIO OTICIbHBIX
y3JI0B M JIEMEHTOB U 00ECHeUUTh COOTBETCTBUE HOpPMATHBaM ISl COCYAOB, pado-
TAIOLIUX TOJT JABJICHUEM.

1. bamra T.M. I'maponipuBoa U rugponHeBMoaBToMaruka. — M.: MamuHo-
ctpoenue, 1972. — 320 c.

2. AnsamoBckuit A. A. Umkenepusie pacuetsl B SolidWorks Simulation. — M.
JAMK TIlpecc, 2010. — 464c.

ABTOMATU3UPOBAHHOE ITPOEKTUPOBAHUE IPUBOJHOM
CTAHLIUU JIEHTOYHOI'O TPAHCIIOPTEPA

C.A. Monuanoe

Hayunwvui pykosooumens B.@. Bynaeun, kano. mexu. HayK, OOyeHm
Bonoroackuii rocy1apCTBEHHBIA YHUBEPCUTET

r. Bomorna

[Iponykuusi MalIMHOCTPOUTENBHBIX MPEANPUITHI MpPEICTaBiIseT CcoOOu
CJIOXKHBIE W3/eNus, A1 TPOEKTUPOBAHUS U IIPOU3BOJICTBA KOTOPBIX TPEOYyeTCs BbI-
MOJTHUTH OOJBIION 00BEM KOHCTPYKTOPCKOW M TEXHOJIOTHYeCKOM paboTsl. J{is mo-
BBIIIEHUS! KOHKYPEHTOCIIOCOOHOCTH MPEINPUITHSI OCTOSIHHO PaCIIUPSIOT HOMEHK-
JaTypy BBIITyCKaeMOW MPOIYKIUH, B CBSI3U C YEM yBEJIMYUBAETCS 00BEM MOATOTOB-
KH [TPOU3BOCTBA.

IIpumenenne CAIIP B mpou3BOACTBE MO3BOJIIET aBTOMAaTU3UPOBATh U MTOBBI-
CUTh IPOU3BOJIUTEIBHOCTh TPYJa MHKEHEPA-KOHCTPYKTOpPA NPHU PELIEHUU CIIOXK-
HBIX TEXHUYECKUX 3ajadu. ['7myOokoe BHEIpPEHHE CHCTEM AaBTOMAaTHU3WPOBAHHOIO
IPOEKTUPOBAHUSI MTO3BOJIAET 3HAUUTEIBHO COKPATUTh BpEMs pa3pabOTKU MPOEKTOB
KOHCTPYKIIMM, CPOKH KOHCTPYUPOBAHUS OCHACTKH M TEXHOJIOTUYECKHUX IIPOLIECCOB
UX M3TOTOBJICHHUS, a TaKKe O0ECIeYuTh YMNOPsSA0YMBAHHE JIOKYMEHTOOOOpPOTa,
CBOEBPEMEHHOE I0JIyYEHUE 3aJaHUH, ONIEPATUBHOCTD BBIIIOJHEHHS.

[IpenMeToM KOHCTPYKTOPCKOW pabOThI CTaji0 MPOEKTUPOBAHUE JIEHTOUHOTO
TpaHcropTepa OONBIION MNPOTSHKEHHOCTH WM TMOBBIIIEHHON MPOM3BOAMTEIBHOCTH.
JleHTOYHBIE TPAaHCIIOPTEPHI — PACHPOCTPAHEHHOE CPEACTBO HEMPEPBIBHOM MOJa4YU
PAa3JIMYHBIX HACBHIIHBIX U IITYYHBIX IPY30B.

OnHOW W3 OCHOBHBIX YacTed KOHBEiepa SBISICTCS MPHUBOAHAS CTaHIUS (pH-
CYHOK 1) — MeXaHu3M, KOTOPBIW CITY>KUT JUIS IPUBEICHUS B JIBHXKCHHE TSTOBOTO U
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IPY30HECYIIETr0 3JIE€MEHTOB WM HEMOCPEJICTBEHHO pabounxX OpraHoB B MallIMHAX
0e3 Tarosoro 3nemeHTa. [lo cmocoOy nepenayu TSAroBOrO yCHIHS pa3inyaroT IpH-
BOJIBI C Mepeaayueit yCuius 3aleruieHneM U Gpukiuonnbie. OpUKIMOHHBIE PUBO-
JIbl TPUMEHSIOT JUIsl JIEHT, KAHATOB U KPYTJIO3BEHHBIX LICTICH.

Puc. 1. Mooenv coopru «lIpusoonas cmanyus»

[IpuBoaHast craHIus CcHaOXeHa YCTPOWCTBOM aBapUITHOTO BBIKIIOYCHUS
JIeKTpoABUTaTeNsl. MOTOp—PENLyKTOp CMOHTHPOBAH Ha MOJABECHOM pame, Ha KOTO-
PO 3aKpEIUIEHO ABYXCTOPOHHEE JeMI(UpPYIOLIee yCTPOMCTBO, CIyXallee OIHO-
BPEMEHHO OIIOPOW LMJIMHIAPUYECKOTO PEIyKTOpa U KOHTAKTHOW BHWJIKE, OCYLIECTB-
JSIOIEN B3aMMOJIEHCTBHUE C KOHIIEBBIM BBIKIIIOUATEIIEM.

KoncrpykTopckas paspaborka ¢ npumeHeHueM CAIIP 3axnrogaercss B mpo-
EKTUPOBAHUU U3JIENUs, & TAKKE CO3JAHUM IMOJHOTO KOMIUIEKTAa JOKYMEHTALUU Ha
Hero (JeTaJmpoBOYHBIE W COOpOYHBIC 4YepTekH, cnenuduranuu). B cucreme
«KOMITAC 3D» wumeercs BO3MOXXHOCTH CO3JaHHUS aCCOIMATHBHBIX YEPTEKEH
TpeXMepHBIX Moerei [1,2].

B nanHO#1 paboTe ¢ MOMOIIBIO CUCTEM aBTOMAaTU3MPOBAHHOI'O NMPOEKTHUPOBA-
HUS pa3paboTaHa KOHCTPYKLHS M TEXHOJOTUS M3TOTOBJIEHUS IMPUBOJHON CTAHIUU
JeHTo4YHOro tpancnoprepa. Mcnons3oBanue CAIIP mo3BOauiao 3HAYMTENBHO CO-
KpaTUTh BpeMs pa3pabOTKU YepTexei, Mojienel, OCHACTKHU, TEXHOJIOTUYECKHUX MPO-
LIECCOB U3rOTOBJICHUS J€Talel 1 COOPOYHBIX €AUHUL.

Cpena «<KOMITAC 3D» no3BosisieT co3/1aTh KaTajaor U3Aeaus, KOTOPbIi sB-
JSI€TCS CIIPABOYHBIM TEXHUYECKUM PYKOBOJCTBOM JUISl U3yYEHHSI KOHCTPYKLUN W3-
Jeus, a TaKXKe CIYKHT IMOcoOueM Ipu pazbopke U cOOpKe y37I0B. DTOT JOKYMEHT
COJEPKUT pa3BEPHYThIE WIIITOCTPALUK COOPOYHBIX €IMHULl U JIeTaJIel, CrpyIIUpo-
BaHHBIX 110 KOHCTPYKTUBHOMY U ()YHKIIMOHAJILHOMY IIPU3HAKY.

JleTasibHOMY aHaNIM3y NPU UMHUTALIMOHHOM HCCJEI0BAHUM ObUIO MOJABEPTHY-
TO 3yOuaToe KoJieco mpuBoaHOTO Oapabana. Ha pucynke 2 moka3zaHbl OTpaHHMYEHUS
U IPUJIOKEHHBIE HArpy3Ku npu padote ¢ 3D Mozenbio 3TOro 3jaeMeHTa.



Puc. 2. Ocpanuyenus u npunacaemvle Hacpy3Ku

VIMUTallMOHHOE HMCCIICIOBAHUE AJIEMEHTOB KOHCTPYKIIMHM HM3JENHs, 0 BBOJA
B MPOU3BOJCTBO, HEOOXOAUMO JJIsi CHJIOBOTO pacyeTa M OTPabOTKH KOHCTPYKIIUU
Ha TEXHOJOTHYHOCTh ¥ 0€30I1aCHOCTb, C TIOCIICIYIOIIUM €€ H3MEHEHUEM. DTOT 3Tall
KOHCTPYKTOPCKOH pabOThl 5KOHOMHUT MaTepHalIbHbIC CPEICTBA, MOBBIIIACT KavyecT-
BO M HaJIS)KHOCTh M3JICIIUH B MpoIiecce dKcITyaranuu [1,2].

[TomydeHHbIe pe3yJbTaThl CHJIOBOTO aHajK3a IMPEACTABICHBI HA PUCYHKE 3.
[[BeToBas TaMMa TIO3BOJISICT CYJIUTh O CTCTICHH HATPYKECHHOCTH Pa3IMYHBIX y4acT-
KOB paccMaTpUBaeMOM JeTaIH.

Puc. 3. Ilposepra npoexmuposanus (Cmanws 10)

TexXHOTOrM4YeCKuM pa3ziesl aBTOMaTU3UPOBAHHOW IOJATOTOBKU OIMPAETCs Ha
koMmIuiekec nporpamm Power MILL. PaGora ¢ »TuM mporpaMMHBIM MPOJAYKTOM
BKJIFOUAET clieayromue dtanbl: umnopt B Power MILL tpexmepHoit Moaenu aera-
JIM; CO3JITaHNEe CHUCTEMBI KOOPJIMHAT; 33JlaHie radapuTOB 3arOTOBKH; CO3/ITaHNE MHCT-
PYMEHTa; CO3/laHue TPaHUIl 00pabOTKH; 3aJlaHUe PEKUMOB PE3aHUs; aBTOMATH3H-
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POBaHHOE CO3JIaHUE MPOTrPaMMbl Ha MPOMEKYTOYHOM SI3bIKE; UMUTAIIMOHHYIO MPO-
BEPKY TOJYYCHHBIX TpaeKTOpuii nHCTpyMeHTa; co3nanue NC daiina s 3amanHoi
cuctembl UITY cranka [3].

B xone BwImostHEHUsT pabOTHl OBUT MIPOBEIEH CISAYIOMUN KOMIUIEKC MEpO-
NPUSTHNA: CACNIaH aHAJIM3 METOJIOB U CHCTEM aBTOMATH3UPOBAHHOTO IMPOCKTHPOBA-
HUSI KOHCTPYKUMH W M3JCIHI; B KOHCTPYKTOPCKOM YacTH NMPOEKTa pa3padoTaHbl
yepTeXKH JeTaleii u coopouHoi enuHuibl «[IpUBOIHAS CTAHIUA», CO3[aH e¢ Kara-
JIOT; BBIMOJIHEH pacyeT Ha MPOYHOCTh METOJAaMH UMHUTAIIMOHHOTO MOJICIHUPOBAHUS

C IIOMOIIIBIO CUCTEM aBTOMaTI/IBI/IpOBaHHOFO pacqua u HpOCKTI/IpOBaHI/I}I
«SolidWorks Simul ation».

1. lllenodact, B.B. OcHoBbl npoektupoBanus Mamu / B.B. llenodacr. —
Mocksa: U3garenscteo AIIM, 2012. — 347 c.

2. Ymaxkos, U. ®. CucteMbl aBTOMAaTU3UPOBAHHOTO TEXHOJIOIMYECKOTO MPO-
CKTUPOBAHHUSA B MEIKOCEPHMHOM M CepHiHOM MamuHocTpoenuu / U.®. Yimakos. —
Mocksa: BHUNTOMP, 2005.— 36 c.

3. Mutpodanos, C.II. Ilpumenenne OBM B TeXHOIOTHYECKOW IMOATOTOBKE

cepuitHoro mpousBonacTBa / C.II. MurpodanoB. — MockBa: MammHOCTpOCHHE,
2001. — 287 c.

UCCJIEJOBAHUE MPOYHOCTHBIX CBOMCTB MOJIMMEPHBIX
OBPA31OB HA PACTAKEHUE, IIOJIYYEHHBIX
CIIOCOBOM 3-IIEYATH

K.O. Mopo3os

Hayunwiti pyxosooumens B.C. Ypoanoeuu, kano. mexu. HayK, 00yeHm
M>xeBCcKui rocy1apCTBEHHBIM TEXHUYECKUNA YHUBEPCUTET

nMmenu M.T. KanamnaukoBa

r. xeBck

Pabora mocssmeHa ucciaeqoBaHUIO (U3UKO-MEXaHHYECKUX XapaKTEPHUCTHUK
MOJIMMEPHBIX MaTepranoB. Cieays onpeIeICHHI0 MEXaHHUYECKOTO HAMPSKCHUS TS
U30TPOITHOIO TeJIa, MOKHO 3amucarh popmyay [1]:

o = F/S, (1)
IJIc G — MEXaHWYEeCKOe HampsbkeHue; F — cuia, BO3HMKaromas B Telie mpu aedop-
Maly; S — 1iomaas Tena. M3BectHo, 4To 11 auToro oOpasna ABS mmactuka
o = 1,8 xH, nys nmuroro obpasma PLA mmactuka ¢ = 2,6 kH.

CxeMa HarpyXeHus MOJIMMEPHOTO o0paslia B MPAKTHYECKOM DKCIIEPUMEHTE
nmoka3aHa Ha pucyHke 1. PacueTHple naHHBIC pa3IMYHBIX MOJIEICH NMPUBEIACHBI B
TabauIe.



Puc. 1. Cxema nazpyscenus 3D—neuamnoco obpasya 6 sxkcnepumeHnme

MonenupoBanue odOpasuna 1/10 ma paspeiB npoBoamwioch B CAIIP Kowm-
nac V16, 3arem noaroraBiauBaiock k neuaTu Ha npuaTepe Wanhao Duplicator 4 B
ReplicatorG 0040 co cnexyrommmvu napamerpamu: cioii 0,3 MM, Temmeparypa co-
wra 215°C, Temneparypa crona 50°C, ckopocth — 40 MMm/c, aJITOPUTM TEHEpaIUH
sanonHeHuss — 100%, ot cepenuHbl K Kparo ClIeBa—HAMpPaBO W OT IIEHTPA K Kpasim
(ctanmaptHas s 1aHHOTO ciaiicepa). Ha npunTtepe Picaso HamedaTaHbl 00pas3iibl
tommuHONH 0,2 MM, OTMEUYEHO, YTO 3TH OOpa3I(bl M3TOTOBJICHBI TOYHEE 3a CUET
OoJBIIIEro Yrciia CIOEB W MEHBIICH TONIINHBI CJIO0s. BhUTM HamedaTtaHbl Kak TOpH-
30HTAJILHO OPHEHTUPOBAHHBIE OOpa3llbl, TAK U BEPTUKAIBHO OPUCHTHPOBAHHBIE,
NpUYeM JIYYIIUi pe3ybTaT MoKa3aJid TOPU30HTAIbHBIC.

Tabnuia

Pe3ybTaThl HI3MepeHHii HA YCTAHOBKE /IJIS1 PACTSKEHHS MJIOCKUX 00pa31oB

3D-mpunTep Ne | Marepuan Opuenranus celzllglc{)pliﬁiiaz E;;i ;II:;%I:II;
Picaso 1 PLA TOPU30HTAIIbHAS 0,5 2,56
Picaso 2 ABS TOPU30HTANIbHAS 0,5 1,96
Picaso 4 PLA BEPTHKATbHAS 0,5 2,58

Wanhao D4 5 PLA TOPU30HTANIbHAS 0,5 2,63

Wanhao D4 6 PLA BEPTUKAaJIbHAS 0,5 1,72

Wanhao D4 7 PLA BEpTUKAJIbHAS 0,5 1,32

Wanhao D4 8 PLA TOPH30HTAIbHAS 0,6 3,54

Wanhao D4 9 PLA TOPU30HTAIIbHAS 0,6 1,14

Wanhao D4 10 PLA BEPTHKAIbHAS 0,6 2,42

Wanhao D4 11 PLA BEPTHKATbHAS 0,6 2,64

Wanhao D5 12 ABS TOPU30HTANIbHAS 0,5 1,72

Wanhao D6 13 ABS TOPU30HTAJIbHAS 0,5 1,87

Wanhao D7 14 ABS BEPTHKATbHAS 0,6 1,22

Wanhao D8 15 ABS BEPTHKAIbHAS 0,6 1,24
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Puc. 2. 3asucumocmo ycunus pazpwiea oopasya uz PLA om 6/H

YuuteiBas, uto npu 267 crnosx u ceuenuu 0,6 cM’ B oOpa3s1ax, U3roToBJICH-
ubix Ha Wanhao Duplicator 4, a taxxe mpu 400 cnosix u ceuennu 0,5 cm® B 06pas-
nax ot Picaso 3HaueHWs mpuMepHO paBHble (pasHuna 2,3%), TO MOXKHO ClejaTh
CJIEYIOIINE BBIBOBI: MMPOYHOCTH 00pasiia BhIMIE TIPU OONBIIEM KOJIWYECTBE CIOCB
¥ MEHBIIIEH TOJIIMHE CII0s, €CJIA TOJIIMHA 00pasia oJuHaAKOBA.
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Puc. 3. 3asucumocmo ycunus paspwiea oopasya uz ABSom 6/H

Ha pucynke 3 moka3aHa 3aBUCUMOCTb YCUJIUSI pa3pbiBa oOpasma u3z ABS ot
OTHOIIICHHS KOJIMYECTBA CJIOCB K IUIOIIAIN MOMEPEYHOr0 CEUCHHs, Ie O — KoJrue-
ctBO cioeB (ot 17 no 25), H — Tonmuna odpasua (ot 5 Mmm). Touku moamucansl HO-
Mepamu 00pa3ioB, Touka JI — nutoi obOpaser (1 croii tommmuoi SMMm). Pazopoc
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3HAYeHUH 10 CpaBHEHUIO ¢ oOpa3iamu u3 PLA 3HaunTensHo Menbie: ot 3% a0 9%
OTHOCHTEILHO JINTOTO 00pasiia.

FH
1600

1400
1200 w
1000

800

600

400

200

0
15 30 45 60 75 90

3anonHeHHe, %
Puc. 4. 3asucumocms ycunus paspviea oopaszya uz ABS om 3anonrnenus

Ha pucynke 4 [2] noka3aHa 3aBUCMMOCTh pa3pbiBa TOPU30HTAIBHO OPUCHTH-
poBaHHOro 00pasna u3 ABS ot 3anonHeHus 3To# o6pasna (MecTuyroJbHUKaMHU) B
%, noromy uto 3D-meuaTs mo3BoJigeT co3daBaTh Mojibie 00pasibl. Kak BUIHO U3
rpacduka, npu 60% u npu 90% ycunue paspbeiBa mpakTuuecku oauHakoBo — 1,3 kH
u 1,36 xH, npu 3TOM cam rpaduk HeTUHEEH U YETKON 3aBUCHMOCTH HE MPOCIIEHKU-
BaeTcs. ['opa3no MeHbllee ycuiue, 4eM B puc. 3, 00yCIOBIEHO APYrod MapKoOi
ABS nnacTHka U myCTOTEIOCTHIO JeTalH.

Kaprtuna nosepxunoctu 3D—meqatHoro odpasiia mojydeHa Ha mpopuaIoMeTpe
New View 6300 u npezcrasicHa Ha pucyHke 5. [IoBepXHOCTh KpaliHe HEpOBHas,
YTO KOCBEHHO CBHUJETEIBCTBYET O HEPAaBHOMEPHOM OXJIAXJIEHUU oOpas3la INpu
3D-neyaTu ¥ pa3BUTOM MIIOMIAANA TOBEPXHOCTH.

+2.97590

Hm

-1.54994
0.53

mm

0.00 mm 0.70

Puc. 5. Kapmuna nogepxnocmu 3D—neuamnozo obpasya
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BriBoa: 00pasiel, m3rotoBiaeHHbie U3 ABS mmactuka, ropazmo 6osiee ogHO-
poztHbI o cpaBHeHMIO ¢ PLA mmactukoM. Bo3M0kHO, 3TO CBSI3aHO ¢ TeMIlepaTypoi
pasmsiruenus — st PLA okomo 60 °C, s ABS okomno 90 °C, moTtomy kak mpu oc-
TBIBAHUU JICTAJIb OCTACTCS aHU30TPOITHOM [3].

[IpeanoututensHbie mapamerpsl npu 3D-neuatu ABS miactukom: ropu3on-
TajgbHas opueHTanus, 60% 3amonHeHUs I SKOHOMHMHM MaTepuaia, CJIOW MeHee
0,25MM U 3aKpBITOE MPOCTPAHCTBO BOKPYT 3D-mipunTEepa [4].

1. MexaHnndeckoe HampspkeHUe [DNeKTpoHHBIA pecypc]. — PexxuMm mocryma:
ru.wikipedia.org/wiki/Mexanndyeckoe HanpspkeHue — 3ariiaBue ¢ dkpaHa. — (/lara
obpamenus: 30.10.2016).

2. Jlo6aBum Hayku B Barry 3D mewars [DaekTpoHHBIH pecypc]. — Pexum
J0CTyTIA: http://3dtoday .ru/bl ogs/l eol uch/add-science-to-your-3d-printing/ —
3arnaBue ¢ skpana. — ([lara oopamenus: 30.10.2016).

3. Xumunueckue wu ¢usnueckue cBoiictBa ABS (ABC) 1uractuka
[Dnextponnblii pecypc]. — Pexxum pocrtyma: http://www.fractus.org/2012/04/18/
cBoiicTBa-abS-aOc-tutactuka/ — 3arimaBue ¢ dkpana. — (Jlata oOparieHus:
30.10.2016).

4. ABS-turactuk s 3D-niedatu [DneKTpoHHBIH pecype]. — Pexxum nocrymna:
http://3dtoday.ru/wiki/abs plastic/ — 3armaBue c¢ skpana. — ([lara oOGpareHus:
30.10.2016).

MOJAEPHU3AIIUA MHOT'OIIMJIBHOTI'O KPYTJIOIIMJIBHOI'O
JABYXBAJIBHOI'O CTAHKA I12-/11

B.3. llomewuxos

Hayunwui pykosooumensv B.@. Bynaeun, kano. mexu. HayK, OOyeHm
Bonoroackuii rocy1apCTBEHHBIA YHUBEPCUTET

r. Bomorna

AKTYyaJbHOCTh TEMbl OCHOBAHA HA TOM, YTO CYIIECTBYIOLIME MOJIETU MHOTO-
NUIBHBIX JABYXBAJIBHBIX CTAHKOB HEAOCTATOYHO 3(P(EKTUBHBI, B CIEACTBUU MO-
PaAJILHOTO CTapeHusl. ITO MPUBOAUT K HU3KOM MPOU3BOAUTEIHLHOCTH 000PYAOBaHUS.
HcnpaBuTh 3Ty CUTyallMIO MOYKHO NMPU MOAECPHU3ALMU TWIBHOIO MEXaHU3Ma.

Hcrnonb3oBaHne JIBYXBaJbHOM CHUCTEMBI B MWJIBHOM MEXAHU3ME I103BOJIET
YMEHBUIUTh AUAMETPBI MHJI, a CJIEI0BAaTEIbHO, U IIMPHUHY IPOIMIIA, yBEIUYHUBAs
II0JIE3HBIN BBIXOJI TUJIIOMATEPHATIOB.

OT10 000pyAOBaHUE HCIOJB3YIOTCA IJs MUJIEHUs Opyca, a Tak e Ui Ipo-
JOJIbHOM M MIPSIMOJIMHEMHON PaciuIOBKM OPYCKOB M JIOCOK U3 JIIOOBIX MOPOJ Ape-
BecUHbI. [loMHMO yka3zaHHbBIX (DYHKIIHI, 3TH CTAHKK MOTYT MPUMEHSATHCS JUIsl pac-
Kposi muiiomaTepuaia. Paznuunas mmpuHa OpyCKOB M JOCOK OOecredrBaeTCsl Ha-
CTPOMKOM MU MHOTONWJIBHBIX CTAHKOB C TIOMOLIBIO CMEHHBIX BTYJIOK.



JIOCTOMHCTBA IBYXBaJIbHBIX MHOTOMMJIBHBIX CTAHKOB:

- TI0O CPaBHEHUIO C OJHOBAIILHBIM 00OPYAOBAHUEM JAaHHBIC CTAHKH 00JIagaroT
MOBBIIIIEHHON MPOU3BOJIUTEIBHOCThI0O U MEHBIIMMU 3aTpaTaMu Ha 3JIEKTPOIHEP-
THIO0, 9TO paccMaTpuBaeTcs 601ee IKOHOMUYHBIM,

- JIErKO BCTPAMBAIOTCS B ACHCTBYIOIIUE JIECOMUIbHBIE MTOTOKH.

B Poccun mmpoko MCHONIB3YIOTCS JBYXBaJIbHbIE CTAHKU 3apyOekKHOTO IMpo-
u3BoJicTBA. [[pUUMHON MCIIONB30BAHUS CTAHKOB 3apyOEKHOTO MPOU3BOACTBA SIBJIS-
€TCsl OTCYTCTBUE OTEUECTBEHHBIX CTAHKOB TPEOYyEMOTO KaueCTRa.

TexHuyeckuit ypoBeHb 000pPYAOBaHUS MOXXHO TMOBBICUTH HE TOJBKO 3a CUET
co3manusi 0ojiee COBEPIICHHBIX MAIlMH, HO B ITyTeM MOJCPHHU3AIUN 000pYA0BaHUS
JepeBO0OPa0ATHIBAIONIMX MPOU3BOACTB, B MOJHONW MEPE YIOBJIETBOPSIONIETO CO-
BPEMEHHBIM TPEOOBAHUSM 110 OCHOBHBIM €TI0 TEXHUYECKUM MTOKA3aTEIISAM.

HeobxoaumocTh MoOJepHU3alMd BO3HUKIIA B CBSI3U C HEJOCTATKAMHU OIIBIT-
HbIX 00pasnoB ctankoB [[12/[-1. MoaepHu3aius Obljia HanpaBjieHa HA COKPAILICHUS
BPEMEHM II0 CMEHE NMUJIBHOIO0 MeXaHu3Ma. J[Jig 3TOro mpeayCcMOTpPEH NMOAbEMHBII
MeXaHU3M (ITOIbEMHBINA KpaH).

Ob6opynosanne 1[12/]-1 npumensercs Ajisg packposi OpycheB Ha MUIOMAaTe-
puanel. Ctanok 1[12/]-1 ucnonp3yercs A MHTEHCU(DUKAIMHA CPETHETPOCBETHBIX
PaMHBIX JIECOMMIIBHBIX MTOTOKOB, 3aMEHSISI OJIHY WJIU JBE paMbl BTOPOrO psifia, pac-
MUJIMBAIOMIUX OpyCchsa. MOXKeT ObITh TaK K€ MCIOJB30BaH U B (DpE3epHO-TMIBHBIX
win Gpe3epHo-OpyCYIONUX JIMHUSX, a TaK K€ B MOTOKAX C JICHTOYHONUILHBIMU U
KPYTJIOMMIbHBIMU CTAHKAMHU JIJIs1 PACIIMIIOBKU OpPEBEH.

Bce nannbie ObLTH B3SITHI U3 IOKYMEHTOB «B0OJIOrOICKOT0 CTAaHKO3aBOAa».

CbemHbIE MWIbHBIE BAJIbl B MTUJILHOM MEXaHU3ME MpeAHa3HAUYCHbI ISl ObICT-
pOil CMEHBI Ha CTaHKE BaJlOB BMeCTE ¢ MocTaBoM nuii. CTaHOK umeeT 4 KOMIUIEKTa
B3aMMO3aMEHAEMbIX MIIBHBIX Baja B KOMIUIEKTE C IIAai00N KOPEHHOM, MpOCTaBKa-
MH U TaKaMU.

Kaxxaplii mAJIbHBIA Ball COCTOUT U3 JIByX 4aCT€ ChbE€MHOW M HECHEMHOM, CO-
€AMHEHHBIX BOEAUHO MPH MOMOIIY NUIMIEBOW BTYyJKH. HecheMHast yacth Baja Ha-
XOIWTCS B 3aJJHEW TOJIIMITHUKOBOM omnope. [lepennuii KoHel ChbeMHOW 4acTH Baja
HaxXOJUTCs B CBEMHOU mepeaHen onope. Hacanka cbeMHONW MOAIIMITHUKOBOW OIIO-
PbI IPOU3BOIUTCS HA KOHYCHYIO MTOBEPXHOCTh KOHIIA MUJILHOTO Bajla ¢ KPEIJIeHuEeM
BUHTOM, SIBJISIOIIUMCSI OTHOBPEMEHHO Ch€MHUKOM IPU CHIATHUHU OMOPbI. 3aJHUN KO-
HEIl BaJla UMEET IUIHIIbI, KOTOPBIE 3aXO0ST B IUIMIIEBYIO BTYJIKY MWJIHHOTO BaJla.

CoenvHeHUE MUIBHBIX BAJOB C 3JIEKTPOJIBUTATENISIMU MPOU3BOAUTCS 4Yepe3
BTYJIOYHO-TIANbIIEBbIe MYy(Thl. TOpMOXKEHHE THUIBHBIX BAJIOB OCYIIECTBISICTCS
anekTporuapainueckumu Topmozamu tuna TKTI-300 M, ycTaHOBIEHHBIMU Ha
CBApHOM paMe U 3aKPbITBIMU OTPAXKICHUSIMU.

[IpoBenenHas MoJiepHU3aIMS TPUBOJUT K COBEPILIEHCTBOBAHUS BCETO TEXHO-
jJoruueckoro mnporecca. Ha pucynke 1 mokazaHa nmpuHIUIHUAIbHAS CXeMa PE3aHUs
Ha cranke 1[12]1-1.
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Puc. 1. llpunyunuanvhas cxema mexanusma pezanus cmauka 1{12/]-1

a

[Togaua Opyca ocylIecTBIS€TCS MPU MOMOIIM MOJAIIIKUX YCTPOUCTB IeXa
MOMEepeK OCeil CTaHka, ¢ AajibHelel o0paboTkoi no TonmuHe opyca. [Tockonbky
CTaHOK 00ecrneunBaeT PACIHIOBKY Pa3HbIX TOJIIUH OpyCheB, TpeOyeTcsl HaCTpOMKa
CTaHKa KaXKJblil pa3 MOCJIe€ CMEHBI IOCTaBa, YTO OCYLIECTBISETCS MEXaHUYECKH:
BaJIbLbl BBICTABIIAIOTCS HA MUHUMAJIbHYIO BBICOTY, COOTBETCTBYIOLIYK) MUHUMAJIb-
HOM ToJIIKHE Opyca, Mocie Yero Mpu NOMOIIM THUAPOLMIMH]IPA UX TOJO0KEHHUE Te-
pecTpaMBaeTCs Ha MAKCHUMAaJbHYI0 BBICOTY, COOTBETCTBYIOIIYIO MAaKCHMAJIbHOM
TONIIHUHE Opyca.

bpyc npu nogadye kK cTaHKy, B3aUMOJEHCTBYET ¢ (OTOJATUYMKOM, HAXOJS-
HIMMCS CIIpaBa Ha MEXaHU3MeE 3arpy3KHu, KOTOPBIM FOTOBUT CXEMY BKJIFOUEHHS 3JIEK-
TPOMAarHUTOB THAPOIMIMHAPA. 3aTeM Opyc mepea nmojadeil B CTAHOK OPHEHTUPYET-
Csl IO OCH IPOCBETA CTAaHKa IPU MOMOILIM LUEHTPOBATENSA, BXOAAIIErO B COCTaB IO-
JAIOIUX OKOJIOCTAHOYHBIX MEXaHU3MOB, ITPUHAIEKAIINX LEXY.

CkopocTh mojauu peryjaupyercst 3a cueT TONIuH OpychkeB. IlepekmoueHue
CKOPOCTH MPOU3BOJAUTCA C IyJIbTA YIPABICHUS NEPEKIIOYATENEM, a IOJHACTPONKA
CKOPOCTEMN — rUIPaBINYECKHU.

[Tpu BKJIIOYEHUH MOJAYM HA3aJ MPUBOJ IMUJI aBTOMATUYECKU OTKIIIOYAETCS U
BKJIFOYAETCSI AJIEKTPOMATHUT TUAPOpACHpPENeUTeNs ISl ONEepaly BKJIIOYEHUS
TUIPOLWIIMHIPA MOIbEMA KOI'TEBOM 3aBECHI.

B kauecTtBe rpy30MoabeMHOr0 MEXaHHW3Ma sl CheMa IMHJIBHBIX BAaJIOB CO
CTaHKa MOKET ObITh MPUMEHEH MaHumyssTopoM moxaenu MJ1160.48.01.

Kprokamu dyepe3 Tpochl 3ayanmBaceTCsi MIIbHBIA Bajd. PeiM-Oontamu uepes
TPOCHI 3a4AJIMBAETCA TPaBepca K Ipy30M0JbEMHOMY MEXaHU3MY .

JInst cTpONOBKM CHEMHOTO MUJIBHOTO Bajla UMEETCS TpaBepca. TpaBepca co-
CTOUT U3 OaJKu, B BEpXHEH 4acTU KOTOPOM BKpYUEHBI JBa PhIM-00JITa, a B HIDKHEH
YacTH PaCIOJIOKEHBI 1B KPIOKA.

J{nst pa3bopku 1 cOOpPKU MOCTaBa MU CHATOTO MUJIBHOTO Bajla UMEETCS CIie-
MaJIbHOE YCTPOMCTBO, HA KOTOPOE MHUJIbHBIN Bajl KPEMUTCA TOPU30HTAIBHO U KOH-
COJIbHO. YCTPOMCTBO MJisi COOPKU MOCTaBa MUJI COCTOMT U3 IUIUTHI U CBAPHOM OII0-
pbl. Ha onope nmMeeTcst KOoHMYeCKOe OTBEPCTHE U pe3b0a JIJIsi KOHCOJIBHOTO Kperuie-
HUSl MWJIBHOTO Bajia. Y CTPOMCTBO MOHTHPYETCSl Ha MOJACTABKY WJIM BEPCTAK BOJIM3H



MHOTOIUJIBHOTO CTaHKa. /{15 HOpManbHOW CMEHBbI MUJIBHBIX BajJOB HEOOXOIUMO
UMETh HE MEHEE TPEeX yCTPOMCTB, JBa YCTPOMCTBA AJsi cOOpa MmocTaBa MUl U OJIHO
YCTPOMCTBO I PHEMa UJIBHOTO BaJIa CO CTAHKA.

C uenpr0 COBEPIIEHCTBOBAHMS NMWJIBHOIO MEXAaHHM3Ma IPELYCMOTPEHO HC-
II0JIb30BAHUE NUIMLEBBIX BAJIOB, IZI€ UAET YMEHBIIEHUE 3aTPaT, CPEICTB U BpEMs Ha
3aMEHY NUJIbHBIX BaJOB.

COBEPHIEHCTBOBAHUME TEXHOJIOI'MA
OBECIIEYEHHUSA TEIIJIOBOT'O BAPBEPA
MMAHEJIEXA MOKPBITHUS BJIOK-KOHTEMHEPOB

T.A. Ilonosa

Hayunwii pykosooumens B.I1. Benoycosa, kano. mexw. HayK, OOYeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorga

B ycioBusix aencTBUs 3KOHOMHUYECKHX CAaHKIMK B Poccum ogHOM U3 akTy-
alIbHBIX MPOO0JIeM SBJSIETCS pelieHne 3a1ad uMnoprosamenienus. B 2015 roxy sko-
HoMuKa Poccuiickont denepanuu oOKa3aach B YCIOBHUSX JIECUCTBHUS HETATUBHBIX
(dakTOpoB BHEHIHEH cpeabl. AKTyaau3upoBajach HEOOXOAMMOCTh MOUCKA JIOMOJ-
HUTEJIbHBIX MEXAHU3MOB PETYJIMPOBAHUS SKOHOMUUECKHUX IPOLIECCOB, CIOCOOHBIX B
KpaTKOCPOUYHOM MEpPCINEKTUBE CHU3UTh OTPULATENbHBIA A3P(DEKT OT NEeWCTBUS CaHK-
LI, KACAIOIIUXCS, B TOM YHCIIE, U TEXHOJIOTHYECKUX PECYpPCOB. B cBOIO ouepenp,
HAJIMYUE CAHKIMHM SBISETCS 3HAYUMON MOTHBAIMEH NJIsl TOTO, YTOOBI 3aHUMAThCS
WHHOBAI[MOHHBIM Pa3BUTHEM OTEUECTBEHHBIX IPOU3BOJICTB [1].

OnHUM U3 AMHAMUYHO PAa3BUBAKOLIUXCS MPOMBIIIJIEHHBIX IPEANPUATHN B T.
Bosorna sBisieTcst 3aBOJI CTPOUTENBHBIX KOHCTPYKIIMI U JOPOXKHBIX MAIlMH, KOTO-
pBIN CHEHUANIN3UPYETCST Ha CTPOUTENBCTBE OBICTPOBO3BOJMMOrO COLMAIBHO JOC-
TYIHOT'O >KMJIbSl M Ha IIPOU3BOJCTBE OJOK — KOHTEHHEPOB. 3aBOJ| MpeJlaracT CBOU
YCIYTH MO MOCTaBKE MOOWJIBHBIX 3/1aHU KOHTEWHEPHOTO THUIA, OBICTPOBO3BOJIH-
MBIX 3JaHUM W 3JaHUM U3 JIETKUX METAIUIOKOHCTPYKLHM, UCIOJIB3YEMBIX BO BCEX
OTpacisiX MPOMBIIUIEHHOCTH. YETKOE MOHMMaHuEe MOTPEOHOCTEN 3aKa34YMKOB, 3Ha-
HUE PBIHKA U TEXHOJOTUU CTPOUTEIHCTBA MOOMIIBHBIX 3JaHHI MO3BOJISAIOT MPEIO-
KUTh KIIMEHTaM CaMble ONTHUMAaJbHbIE BApUAHTHI COTpYIHNYECTBA. CeTh NOCTABOK
BBIITYCKaeMOM MPOAYKIIUK OXBAaThIBAET BCe peruoHbl Poccuu, cTpaHbl OJIMKHETO U
JaJIbHEro 3apy0exbst. Onupasch Ha JOCTUKEHHS] MUPOBOM CTPOUTENBHON MHYCT-
pun, cneruanuctsl AO «CKIIM>» pa3pabaThiBaloT U OCBAaMBAIOT TEXHOJIOTHYECKUE
Y IIPOLYKTOBBIE UHHOBALIVH.

WNHHOBalus — pe3yiabTaT UHHOBALIMOHHOM JI€ATENIbHOCTH, OCBOEHHBIN B (hop-
Me YIYYIIeHHOTO NPOAYKTa, yCIyru wid mpouecca. [lo konuenmuu mpodeccopa
A.H. IllnukoBa, WHHOBAIMSA — KOMMepIHaau3anus qoxoanoi uaen [3]. Heobxo-
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IUMO OTMETHTB, 4TO cTparerndeckoe pazputue AO «CK/IM» npeanonaraer yder
IKOJIOTUYECKUX MOCIEJACTBUI MPOBOAMMBIX TEXHOJIOTHUECKHX MpeoOpa3oBaHuil, O
YeM CBHJETEJIBCTBYIOT DPE3YyJbTaThl OLEHKHA ITOTEHIHAJIA COLMAJIbHO-IKOJIOTH-
YEeCKOM 3allUThI Ha MPEANpUITUH [2].

VY4eOHbIN TUTAaH MOATOTOBKUA OakaiaBpoB MO HampaBiieHWto «HHOBaTHKa»
IpeAycMaTpUBaeT MPOU3BOACTBEHHYIO MPAKTUKY HAa HWHHOBAIMOHHO pa3BUBAIO-
mmxces npeanpuatusx. [IpousBoacTBeHHas MpakTHUKa CTYIEHTOB 3-TO Kypca Mpo-
xoauna B ycioBusax AO «CKJIM» B otzelne riiaBHOro KOHCTpykTopa. B mponecce
IPAaKTUKA MBI U3YUYMJIM TEXHOJIOTHIO MPOU3BOACTBA MPOAYKINHA. O3HAKOMUINUCH C
PBIHKOM COBITAa MPOAYKIMH, C MOCTAaBUIMKAMH OCHOBHBIX BHUJIOB MaTEpHUATIOB IS
W3rOTOBJICHUS MPOAYKIMH. B mepuoa mpoxokJIeHHs NpPaKTUKH OblIa MOCTaBJIEHA
3a/laya BBISBJICHHUS HEOOXOIMMBIX TEXHOJIOTUYECKUX MPEeoOpa3oBaHUN U 3aMEHbI
busnueckn U (GYHKIHOHAIBHO YCTAapeBIIEr0 OOOPYIOBaHUS MPU TPOU3BOJICTBE
MPOAYKIUU MPEAIPUATHS.

B uactHOoCTH, HamMu OblIa M3ydYeHa W MpOoaHAIM3WpOBaHA NPHUMEHseMas Ha
NPEANPUSTAN TEXHOJIOTUSI TETUIOU30JISIIIUU OJIOK — KOHTEiHepoB. biiok — KoHTeH-
Hepa SIBJISIIOTCA OCHOBHBIM BUAOM mnpoduiabHOi npoaykiuu AO «CKJM». Ilpo-
OyKIMs TpeIHa3HadeHa Uil paloHOB KpaitHero ceeepa, mOATOMY OYE€Hb Ba)KHO
o0ecrieunTh €€ BBICOKME TEIJIOM30JIALIMOHHBIE CBOMCTBA. B HacTosdiee BpeMs pbl-
HOK IIpeJIaraeT MMUPOKUN CIEKTP TEIUIOU3O0JALMOHHBIX MAaTEPHUAIIOB, KOTOPBIE OT-
JMYAIOTCs 10 IapamMerpaM IUIOTHOCTH, TEIIONPOBOJHOCTH, YCaJAKH, MapOBETPO-
U30JSILIUM U JIpYyTruM cBolMcTBaM. CyIIecTBYIOIIAs TEXHOJIOTHUS JJISl TEIIOU30JIALINN
MaHeI TOKPBITUS OJIOK — KOHTEWHepa MpeayCMaTpUBAET MCIOJIb30BAHUE MSATH
CJIOEB TEIUIOM30JSLMOHHBIX MaTepuanoB. CxeMa TEIUIONU30JIALMN MAHEIU IOKPHI-
THUS MIPEACTABJICHA HA PUCYHKE 1.

)

f0 12w

HAocka 19 v

flaeska naqu3munekobag 100 mxm
Ymenaumens URSA MIT

Hewononuypemarn 10 rr

)

Puc. 1. Cxema menjiou3ojAlyuu naneiiu nNOKpvlmusl onox — KOHm@IZHepa

Cioun npeacTaBiIeHsl CIEAYOMUMI MaTEPUATIAMHU:

e Tuncocrpyxeunas mura (12MM) — coBpeMeHHBIH, YKOJIOTHYECKU 0e30-
TIACHBI, WHHOBAIMOHHBIA CTPOUTENBHBIA Marepuan BbICOKON motHocTH (1250
Kr/M°),0CHOBHBIMH CBOHCTBAMH KOTOPOI'O SBJISIOTCA: JKOJIOTMYHOCTH, IIOXKapHAs
0€30MacHOCTh, TEIJIO- U 3BYKOM3OJIALMS, MPOYHOCTh M HAAEKHOCTh, OHOIOrnye-
CKas CTOMKOCTD,



o Jlepensunas nocka (19mm);

o Tlonmstunenosas mwi€nka (100mm);

e URSA M 11(100MKM) — J€TKHiA, MPOYHBINA, TEIJIBIH ¥ SKOHOMHYHBIA TEII-
JIOM3OJIAIIMOHHBIN MaTepuall B BUIC MUHEPATbHOUW BaThl PyJOHHOTO THMa. biaaroma-
ps CBOeMy BBICOKOMY KadecTRBY, a maBHoe jJerkoctu URSA M11 ocrtaeTcs riiaBHBIM
MaTepUasIoM, KOTOPBIA IMHUPOKO MUCIIONB3YETCS TSl BO3BEACHUS U yTEIUICHUS TOPH-
30HTAJILHBIX CTPOUTENBHBIX KOHCTPYKIHM. [locKombKy yTemmnTens 061aaaeT BbICO-
KUMH TEIUIO- Y 3BYKOM3OJISIIMOHHBIMA CBOMCTBAMU, OH CUUTAETCS OJTHUM M3 CaAMBIX
BOCTPEOOBAaHHBIN TPOAYKTOB Ha PHIHKE;

e [lenomomuyperan (10MM) — ra3oHamoJHEHHBIC IIACTMACCHI Ha OCHOBE
nosnypetaHoB. OH UMEET SUCUCTYIO MEHUCTYIO CTPYKTYPY, IPUUEM B COCTaBe Tie-
HOTIOJINYPETaHa TMIABEHCTBYET ra3000pa3Hoe BemiecTBO — OT 85 10 90 mpoIieHTOoB.
["a30M 3amojgHeHbl MHOTOYUCIICHHBIE KPOXOTHBIE SUEHKH, U30JIUPOBAHHBIE IPYT OT
npyra. HamplneHue nmeHonoanypeTana mo3BoJisieT Co3aTh MOHOJTUTHBINA ITOTHOCTHIO
OECILIOBHBIN TEIJIOU3OJALMOHHBIN CIOW, YTO TapaHTUPYET OTCYTCTBUE MOCTHKOB
xonoma. Koaddunment temnonpoBogHOCTH Marepuana coctariseT jgumis 0,022 —
0,028 B1/MK — Takue xauyecTBEHHBIE IMOKA3aTEId CTAHOBATCS BO3MOXKHBI 34 CUET
YHUKAJIbHOW HAITOJITHEHHOW BO3yXOM SIYEUCTON CTPYKTYPE YTEILUIUTEINS.

[Ipumensiemast TexHoNorus obecrieueHuss TPeOyeMoro TEIuIoBOoro Oapnepa
naHesel MOKpbITUs, OE3yCIOBHO, OTPAYKAETCS HAa BEJIMYMHE MAaTEpPUAIbHBIX 3aTpaT
Ipy MPOU3BOJICTBE OJIOK — KOHTEHHEpoB. B pesynbrare aHamutuyeckoro od3opa
HaIpaBJICHUI COBEPIICHCTBOBAHUS CBOWCTB TETUIOM3OJISAIIMOHHBIX MaTEPHUAIOB OBLI
BEISIBJICH W MPOAHAIM3UPOBAH PSJl albTEPHATUBHBIX pernieHuil. B wactHOCTH, TIpO-
aHATM3UPOBAHA W MPEIJIOKECHA B KAYECTBE TEPCIIEKTUBHOTO PEIICHUS IS TTOBBI-
IICHUS TETUIOBOTO Oapbepa maHesel OJIOK-KOHTEHHEPOB CBEPXTOHKAS TETUIOM30JIs-
st «KopyHa AHTHKOp» C JOTOJHHUTEIbHBIMA aHTUKOPPO3UOHHBIMU CBOMCTBAMU
[4]. Ee mpuMeHeHHe 0o0ecreurBaeT 3KOHOMHIO OCHOBHOTO YTCIUTUTENS, BO3MOXK-
HOCTh yBEJIWYEHUs BHYTpeHHEH BbICOTHI Osioka Ha 50-100mm. ITokpeiTne «KopyHn
AHTHKOp» TIPH TEIUIOM3OJISAIIMNA KOHCTPYKIIUH CYIIIECTBEHHO YBEIMYMUBACT TPYIO-
3aTpaThl, TOCKOJIbKY HE TpeOyeT CIeruaibHOW MOATOTOBKH pabodel TOBEPXHOCTH.
Hanocurcs Ha BHYTPEHHIOIO CTOPOHY METAJUIMYECKOTO IIUTA MITKOW KUCTOYKOM C
JUIMHHOW HaTypaJIbHOM IIETUHON MM O0€3BO3yIIHBIM PACTIBUIUTEIIEM.

DKOJIOTO-?)KOHOMHYECKOE€ OOOCHOBAHHUE MPEAJIaracMOT0 PEIICHHS TMOBBIIIIE-
HUS TETUIOM30JISIIMOHHBIX CBOMCTB TMaHenel OJOK-KOHTEWHepa ¢ MOMOIIbI0 HaHe-
CEHUS MTOKPBITUS OyJET MPEACTABICHO B BBHIITYCKHON KBAJIM(PUKAIMOHHON padorTe.
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4. Kopynz [DnextpoHHbI# pecypc|. — Pexxum nocryma: http://korundrf.ru/.

ABTOMATHM3AIIUA KOHCTPYKTOPCKO-TEXHOJIOIT MYECKOM
HOoAIrOTOBKH IMPOU3BOACTBA T'MPOPAMBI ' NPOCKOIIA
OINTUYECKOI'O YCTPOUCTBA

E. A. Cepzeesa

Hayunwiii pykosooumens B. A. I'nazkoe, kano. mexwH. HayK, 00yeHm
Bousioroackuii rocy 1apCTBEHHbINA YHUBEPCUTET

r. Bonorga

Mawunocmpoumenvrnoe npou3zeo0cmeo OTINYAECTCS BBICOKOW CII0KHOCTHIO,
OTPOMHBIM Pa3HOOOpa3ueEM U OOJIBIION TPYJOEMKOCTBIO BBIITYCKAeMOM MPOAYKITUH,
CJIIO)KHBIMU BHYTPHUIIPOU3BOACTBEHHBIMHU CBSI3IMH. B 3THX yCIIOBUSX PUTMHYHOE
BBITIOJTHEHUE MPOU3BOJICTBEHHBIX IJIAHOB MO BCEM KOJUYECTBEHHBIM U Kau€CTBEH-
HbIM TOKa3aTeJsIM BO3MOXHO JIMIIb MPHU YETKOW OpraHu3alMy TPYyJa U BBICOKOM
KYyJbType MPOU3BOACTBA. JIJisl MOBBIICHHUS] CBOEH KOHKYPEHTOCIIOCOOHOCTH MpEi-
MNPUSATUS IOCTOSHHO PACIIMPSIOT HOMEHKJIATYPY BBITYCKA€MOW MPOAYKIUHU, B CBSI-
3M C YeM, YBEIIMYUBAETCS 00bEM MOTOTOBKH MPOU3BO/ICTBA.

Hcnonb3oBaHne KOMMBIOTEPHOM TEXHUKH B MPOU3BOJACTBE MO3BOJISET aBTO-
MaTHU3UPOBATh U MOBBIIATH MPOU3BOAUTENBHOCTh TPY/la UHKEHEPA — KOHCTPYKTO-
pa 3a CYeT TOTO, YTO BBIYMCIUTEIbHAS TEXHUKA OepeT Ha ce0s HETBOPUYECKHE 3a/1a-
Y1 U OCBOOOXKJIAET YEJIOBEKA /IS pelIeHUs HauboJjee CIoXHbIX npobaeM. Mcnoms-
30BaHKME CHCTEM aBTOMaTu3upoBaHHOro npoekTupoBanus (CAIIP) npuBoauT K mo-
BBIIICHUIO KBaTU(UKAIMU MHXKEHEPA, TaK KaK KOHCTPYKTOP KOHUEHTPUPYETCS Ha
PEIICHNH CJIOKHBIX 33]1a4, KOTOPHIE €Ile HelIb3sl 0e3 CIeruaIbHOTr0 MPOrpaMMHOTO
obecrieuenus. Pa3paboTunk momkeH ymeTh paboTaTh B pexkume nuanora ¢ O9BM
IpU PEIIEHUH KOMIUIEKCHBIX BOMPOCOB, TPEOYIOIIUX 0COOO0ro, HETPUBHAIHHOTO
nonxoma. CAIIP ¢ kaxapIM rooM HaxomaT Bce Oojiee MIMPOKOE MPUMEHEHHE B
Pa3JIMUHBIX OTPAC/ISAX MPOMBINIJIEHHOCTU. Takas cTpaTerus 1aeT BO3MOXKHOCTh 3Ha-
YUTEJIBHO YCKOPUTH CpOKH ocBoeHUs u3aenui. CAIIP B MalmmmHOCTpOECHUM pEIIatoT
3aJIa4l KOHCTPYKTOPCKOTO W TEXHOJIOTMUECKOTO MPOeKTUpoBanus [1].
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Beenenne cucrem CAIIP naet BO3MOKHOCTB CYIIECTBEHHO COKPAaTUTh BPEMS
pa3paboTKu NPOEKTOB KOHCTPYKIUI, OCHACTKH M TEXHOJOTHYECKHX MPOLECCOB UX
IIPOU3BOJCTBA, UCIIOJIB30BAaTh HAKOIUICHHBIN ONBIT MPEIIPUATHSA, ONBIT IOIpa3/e-
JICHH, a KpoMe TOro, o0ecrneunBaeT ymnopsaouuBaHUE AOKYMEHTOOOOpOTa, CBOe-
BPEMEHHOE MOJYyYECHHE 3a/IaHUI, ONIEPATUBHOCTD BBIITOJTHEHUS.

ABTOMaTH3aIMsl KOHCTPYKTOPCKO-TEXHOJIOTUYECKOW MOATOTOBKH ITPOU3BOJI-
ctBa ¢ ucnoip3zoBanueM cucrteM CAIIP, rakux kak «kKOMITAC-3D», «SolidWorks»
u «SprutCAM>» mno3BonisieT u30exarh OMMOOK U KOJUTM3UN TPHU MPOEKTUPOBAHUU
HOBBIX W3JIEJIUHU, YIYyYIIUTh Ka4ECTBO CO3/1aBAEMBIX MPOEKTOB, YIPOCTUTh U yCKO-
pPUTH pa3pabOTKy YNPABISIOMIMX IPOrpaMm s cTaHkoB ¢ YITY.

['mpockorn — ycTpoiCcTBO, CIOCOOHOE pearupoBaTh Ha U3MEHEHHUE YTJIOB OpH-
€HTalUHU ONOPbI, HA KOTOPOM OHO YCTAHOBJIEHO B MHEPLUUAIBHOW CUCTEME OTCYETA,
CBSA3aHHOM C TOYKOH HAOJIIOACHUS.

['upockon yaiie BCEro MCIMOIb3YETCS KAK YyBCTBUTEIBHBIN AJIEMEHT yKa3bl-
BAIOIUX TMPOCKOMUYECKUX MPUOOPOB M KaK JATUYHMK yria MOBOPOTA WM YIJIOBOM
CKOPOCTH JUIsl YCTPOWCTB aBTOMAaTHUYECKOrO YIIpaBieHUs. B HEKOTOPBIX ciyyasx,
HaIpuMep B THPOCTAOUIIN3ATOPaX, TMPOCKONBI UCHIOJIB3YIOTCS KaK reéHepaToOpbl MO-
MEHTa CUJIbI WJIU SHEPTUH.

B Hacrosiee BpeMsi Ha CBOMCTBaX IMpockona c(pOpMHUpPOBaHbI pa3IUuHbIE
YCTPOMCTBA M MPUOOPHI, KOTOPBIE NIMPOKO HCHOIB3YIOTCS B COBPEMEHHOW TEXHHUKE
JUISl aBTOMATUYECKOTO yIIPABJIEHUs ABMKEHUEM CaMOJIETOB, MOPCKUX CYAOB, PaKeT,
TOpIEA U UHBIX OOBEKTOB JJI1 YCTAHOBJIEHUS! TOPU30HTA WM reorpaduueckoro Me-
pUAMaHa, C LEJbK0 YMEHBIIECHHS MOCTYIATENIbHBIX WM YIJIOBBIX CKOPOCTEN IBU-
KYIIUXCSI 00bEKTOB M MHOTOE pyroe [2].

ABTOMAaTHU3UpPOBAHHAS Pa3pabOTKa MEXaHW3MOB KOHCTpYKIMH u3aenus «['u-
pOpaMbl THPOCKONa» HAYMHAETCS C MOJTYYEHUSI KOHCTPYKTOPCKO-TEXHOJIOTNYECKON
nokyMeHTanuu. IlepBuunas TexHuueckass nHpopManus Obula MOJy4YeHa OT 3aKas-
YyKa B BUJE YepTekeW neranedl u cOOpoK, cnelu(puKalMi, 3JIeKTPOMOHTAKHBIX
YyepTeKel BBIMOJHEHHBIX Ha OyMa)XHOM HocHuTene. YepTeKu MCIOIb30BaINCh IS
coszmanust TpexmepHbix moaeneit B CAIIP «Kompas-3D» u «SolidWorks».

Puc. 1. Teepoomenvras mooenv coopxu



——C.

Ha ocHOBe CIpOeKTHPOBAHHON TBEPIOTEIBHON MOJCIHN JCTAId WA COOPKU
(pucyHok 1) MoryT OBITH MOJNYyYeHBI paboune uepTexu (PUCYHOK 2) ¢ m300paxe-
HUSIMH BCEX HEOOXOIMMBIX BHJIOB, TPOCKIIMI, CCYCHUH U pa3pe3oB, IIe TAKKE MpPo-
CTaBJICHbI OCHOBHBIC Pa3Mephbl C JOMYCKaMU M MOCAJKaMH, YCIOBHBIMU 0003HAaYe-
HUSIMU I[IEPOXOBATOCTH W OTKJIOHCHUSIMH B3aUMHOI'O PACIIOJOKCHHUS MOBEPXHO-
creit. [Ipu aTOM MmoIIepKUBACTCS IBYHAITPABJICHHAS ACCOIMATUBHAS CBS3b MEXIY
4yepTekaMu, MOJICIISIMU M cOOpkamu. [Ipy u3MeHeHHH pa3Mepa Ha YepTeke aBToMa-
THYCCKU TIEPECTPAMBAIOTCS BCE CBS3aHHBIC C OTHM Pa3MEpPOM KOHCTPYKTHBHBIC
3JICMEHTHI B MOJICIIH, U HA00OPOT.

Puc. 2. Yepmedsic coopounou eouHuybwl

NMHTaIIMOHHOE KCCIIEIOBAHUE AJIIEMEHTOB KOHCTPYKLIMH W3JEJUs, 10 BBOJA
B IIPOU3BOJICTBO, HEOOXOAMMO JIJIsi MPOYHOCTHOTO aHAIN3a, OTPAOOTKU KOHCTPYK-
LI Ha TEXHOJIOTMYHOCTh U O€30MAaCHOCTh, C MOCIEAYIOIHUM €€ u3MeHeHuem. Ta-
KHE HCCIENOBAHUS YIKOHOMST OTPOMHBIE MAaTEPUAIIBHBIE CPEACTBA, MOBBIIIAIOT HA-
JIE)KHOCTh M3AEIUN B MPOLECCE IKCILUTyaTauuu. (11 aBTOMaTU3MPOBAHHOTO HCCIIE-
JIOBaHUs HaNpsbKeHHO-AeopmupoBanHoro coctosuus (HAC) neraneit mcmosn3o-
Basicst nporpammHusbiil komiuieke CATIP «SolidWorks».

Pemenne nuddepeHmanbHbIX ypaBHEHUH, OMUCHIBAOIMIKE JAepopManuu
MPEACTaBIIIECT OONBIIYIO CIIOKHOCTh MJIM HE BCEr/la BO3MOXXHO 0€3 3HAYMTEIbHBIX
YIPOUIEHUI PaCYETHOW MOJIENIH, YTO 3a4acTyl0 YBOJMUT OT PEAIbHBIX PE3yIbTATOB.
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[IpumeHeHre NporpaMMHBIX Cpell, PeATU3YIOIMIMX KOHEYHO-AJIEMEHTHBIA METO/I, B
JTAaHHOM cltydae, HanooJsiee 3 PeKTUBHO U OIIPaBIaHoO.

ABTOMAaTH3UpPOBAaHHAS pa3pabOTKa MPOrpaMM 0OpabOTKU JCTaliei Ha CTaHKE
c UITY ocymectBusercs ¢ momombio SPrutCAM. SprutCAM — orteuecTBeHHas
CAM-cucrema, mpegHa3HauyeHHAs I TEHEpAIlMW YIPABISIOMUX MPOTPAMM IS
crankoB ¢ UITY u ob6pabaTeiBaronux mMeHTPOB.

[Tpu dopmupoBanuu texHonoruu oopadbotku neramun SPrutCAM yuautbiBaet
KMHEMAaTHUYECKyI0 CXeMy CTaHKa. briarogapst 3ToMy BO3MOXHO (OpPMHUPOBATh
YIPABJISIIOUIME MPOrPaMMBbl ISl CTAHKOB CaMOM pa3inyHON KOHGUTYypaluu, a pac-
CUMTAHHBIC MEPEMEIIECHUS HHCTPYMEHTA HE HYXKJAIOTCS B NalbHEHIel MoquduKa-
WU JIJIS1 y4eTa KaKuX-JIn00 0COOCHHOCTEN 000py10BaHMUS.

[Tpu pa3paboTke mporpaMM TeHEpUPYIOTCS KOMaHIbI HE TOJBKO JIJISI OCHOB-
HBIX YIIPABISIEMBIX OCEH, HO U ISl TOTIOJTHUTENLHBIX, HAPUMED, TAKUX, KaK Imajijie-
Ta, JTIOHET, 3aHss 0a0Ka, TOPMO3 MOBOPOTHOM OCH H T.II.

JleTanibHO OBLT PACCMOTPEH MPOIECC Pa3padOTKH YIPABISIOMIEH TPOrPaMMbl
neranu «dmanern». C 3Tol 1enbo ucnonb3oBaics ¢ain ¢opmara STEP u3 mpo-
rpammbl «KKOMITAC-3D». OcymiecTBiisisi BBIOOP PEXYIIEro HHCTPYMEHTA U BBbIOU-
pasi peKHMBI pE3aHMs, TIPOBOIUM pacueT TPACKTOPUH ABMKCHUS PEXKYIIETO MHCT-
pPYMEHTa ¥ MOJIeIIUpyeM Ipoliecc 00padotku (prucyHok 3) [2].

Puc. 3 Mooenuposanue npoyecca oopabomku

[To pesynbpTaTam npojenaHHON paboOThl PopMUPYETCS 3aKIOYeHUuEe 00 ycu-
JICHUU POJM aBTOMATH3allMU MPOU3BOJICTBA U BIUSHUU €€ Ha YKOHOMHUYECKOE CO-
CTOSTHHE KaK OTJICIIBHOTO MPEANPUSITHS, TaK U perHoHa B 1iesiom [3].

1. Jlorunosckuii, A.H. Umxenepnas 3D-komnbroTepHas rpaduka: YueOHUK /
A.H. Jlorunosckuii. — M.: FOpaiit, 2013. — 464c.
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2. CxBopioB, A.B. ABromatuzanus ynpaBieHHs KU3HEHHBIM ITUKIOM TPO-
nyknuu: YueOnuk / A.B. CxBopuos, A.I'. Cxuprmanze, I.A. Umbipb. — MockBa:
NI Axamemus, 2013. — 320 c.

3. lInukoB, A.H. MeHe>KMEHT WHHOBAIIUH U TEXHOJOTHH B IPOU3BOJCT-
BeHHOM chepe: yued. mocobue / A. H. IlInukos. — Bosorma: Bol'Y, 2014. — 110 c.

ABTOMATHU3NPOBAHHASA PABPABOTKA YHUBEPCAJIBHOI'O
BBITOBOI'O JIEKTPOUHCTPYMEHTA

BJI. Cmpozonos

Hayunvui xoncynomanm B.@. Bynasun, kano.mexw. HayK, O0yeHm
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonorna

Ha peiHKE 37€KTpOMHCTpYMEHTa, HECMOTpPsI Ha OOWIMEe MHOTOYHCIECHHBIX
MPOU3BOINUTENCH, UMEETCS HHUINA I MaJorabapuTHBIX, YHEPTrodPGEKTHBHBIX MO-
JIeJiei, OTBEYAIONINX KauyeCTBY YHHUBEPCAJIBLHOCTH JJIsl OBITOBBIX HYXI, MEJIKO pe-
MECJICHHBIX TIPOM3BOJICTB, MaCTEPOB HAPOIHBIX MPOMEICIIOB. Ha mpoTshkennn a07-
T0 BPEMEHH B 3TOU cdepe M3MEHEHHS OT MPOU3BOIUTENS K MPOU3BOIUTEIIO 3aKITIO-
YarOTCsl JINIIG B TpaHc(opmanmu BHEIIHero Buaa. OCHOBHBIE KOMIIOHEHTBI KOHCT-
PYKIIMH BKIIOYAIOT B CEOsI: KOPITyC-MOTOP, PEIYKTOP H, B JIyUIIeM Claydae, MPUMHU-
TUBHYIO JICKTPOHUKY JIJIS IJIABHOTO ITyCKa JABUTATEINS U TMOAJEPKKY 000pPOTOB MO/
Harpy3Kou.

[Ipennaraemasi KOHIENTyaIbHAsT MOJCIb XapaKTEPU3yeTCs MCIIOIh30BAHUEM
BEHTHJILHOTO 3JICKTpoaBUTaTes [3], KaKk ¥ BBIMOJHAIOT HEKOTOPbIE (GUPMBI ITPOU3-
BOJUTEIIH, HO C IOBOJIBHO CYIIECTBCHHBIMH OTIHUHSIMH

® IPUMEHEHNE MUKPOIIPOIIECCOPHOTO YIPABICHUS JICKTPOABUTATENS TTO3BO-
JIUT OCYIIECTBUTH HE TOJIHKO IJIABHBIN MyCK MOTOpa M MOJep>KaHne 000pOTOB MO
Harpy3Koi, HO U 00eCIeYuT BCIIOMOrare/bHbIN (yHKIIMOHA;

e oOecrieueHUE MUPOKUMHU BO3MOXKHOCTSIMH O€30MMaCHOCTH TOJh30BATEIIS B
aBapPUIHBIX CUTYaIMsX, HAIPUMEp, CHUKEHHUE 00OPOTOB JIBUTATENsI BIUIOTH JIO €T0
OCTaHOBKH B cllydae qucOanaHca OCHACTKH,;

® CHIDKCHHME BEPOSTHOCTH IMOJyYeHHs TPaBM (1ajieKo HE PEIKOCTh pa3pyliie-
HUE OTPE3HOTO JUCKA B MPOIIECCE Pe3aHus YIIONUTN()OBATBHON MAIINHOM).

® MIMPOKYI0 YHHUBEPCAILHOCTh, JOCTUTAEMYIO CIICITUATN3UPOBAHHBIM KOHCT-
PYKTHBOM, B YaCTHOCTH, Pa3IMYHBIMU HACAJKaMH, KOTOpbIE MPEAHA3HAYECHBI [Tl OM-
pEeTICHHBIX OTepalnii, TAKUX KaK CBepieHUe, MUIM(OBaHKE, pe3aHuE, TTOTUPOBAHHE;

® UCIIOJIb30BAHUE JOTIOJHUTEIBHBIX MPUCTOCOONICHUH 00eCTIeYnBaOIINX
dbpe3epHbie U TOKAPHBIEC OTIEPALIHH.

Kaxxgas macagka JOKHAa MMETh B OJTHOM KOPITyCe PEIyKTOp, YIOBJIETBO-
pAOIIKNA HEe0OXOAUMBIM TTapaMeTpaM JIsi KOHKPETHOW OTepalnu, psjl JaTYUKOB, a
TaK K€ MOJIXO/ISIIINE OPTraHbl YIIPaBICHUS HHCTPYMEHTOM.
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CornpoBokaeMoe NporpaMMHOE 00€CTIeUeHUEe JOJIKHO BBIMOIHATh CIEIYIO-
Ui QyHKITMOHAT:

— 2JIEKTPOOE30MMacHOCTb;

— MOHUTOPHHT U KOHTPOJIb OCHACTKH,

— VHUIAAIA3AIMS YCTAaHOBJIICHHOW HACAIKH;

— WHUIAAIA3AIMS TUIAa ICTOYHUKA TOKa,

— YNpaBICHUE JICKTPOJBUTATEIEM IO JATYMKAM TOKA U MOJIOKEHUSI pOTOPa,

— yIpaBJeHUE CXeMaMU MOJKIIOYEHUSI 0OMOTOK 3JIEKTPOJIBUTATENS;

— YINPaBICHUE OTPAHUYECHHUEM KPYTSIIETO MOMEHTA.

LentpanbHOi 3aauelt sSBisieTcs pa3paboTKa KOHCTPYKUMU KOHUENTYaIbHOU
MOJENH 3JIEKTPOMHCTPYMEHTA C TIOMOIIBIO MPOTPAaMMHBIX IMAKETOB aBTOMATU3UPO-
BaHHOTrO npoektupoBanusa. K unncrpymentaputo CAIIP, Ha xoTtopom Oaszupyercs
NPOSKTUPOBaHWE  HWHCTpyMeHTa  oTHocuTcs  "Kompas-3D", "Solidworks',
"Rhinoceros 4.0" [1].

Ha pucynke 1 npencraBieHa koHuentyaibHas 3D-Mo/ie/b YHUBEPCATLHOTO HH-
CTpyMEHTa C yrIonundoBabHON U TpaBepHON Hacaakoil. [Ipumensiemas KOHCTPYK-
1Sl CMEHHBIX AJIEMEHTOB MO3BOJIET MPOU3BECTU OBICTPYIO CMEHY Hacajok. J{is pea-
JU3AIMHA KPYTALIEr0 MOMEHTA AJIEKTPOJBUTATENS UCHIOIb3yeTcss My(Ta, KoTopas mo-
3BOJISIET KOMIIEHCUPOBATh BO3MOXKHYIO HE COOCHOCTb, TEM CaMbIM CHHU3UTh Paualib-
HYIO Harpy3Ky Ha NpUBOJIHOM Bajl M BUOpAIIMH, IEPEAAOIIUECS HA KOPITYC.

Ha ocHOBe crpoeKTHUpPOBAHHOUW TBEPAOTEIHHON MOAEIH ACTaIN UIU COOPKHU
(pucyHok 1) odopmisitorcss paboune YepTeIKU ¢ M300PAKCHUAMHU BCEX OCHOBHBIX
BUJIOB, MPOEKIMH, CEUEHUH, CcrielM(PUKaUi U pa3pe3oB, Ie TaKKe MPOCTABIICHbI
OCHOBHBIE pa3Mephl C JOMYCKaMU W YCIOBHBIMH O0OO3HaueHussMu. Ha ueprexax
MPUCYTCTBYIOT IIEPOXOBATOCTh MOBEPXHOCTEW U OTKIIOHEHHUSI B3aUMHOTO PacIoJio-
xeHust ux. I[lpu »3ToM moanepKuBaeTcCs JABYHANpaBJICHHAs acCOIMATHUBHAS CBS3b
MEXIy 2JIEMEHTaMH 4YepTexa, MoAelsMu U cOopkamu. [Ipum m3meHeHum mo00TO
pa3Mepa aBTOMAaTHYECKU MEPECTPAUBAIOTCS BCE CBSI3AHHBIC C ATUM Pa3MEPOM KOH-
CTPYKTHUBHBIE 2JIEMEHTHI B MOJIENIA U HA00OPOT.

Puc. 1. Teepoomenvras moodenv demanu



B kauecTBe OCHOBHOTO Marepuana Uisi KOPIYCHBIX W CHJIOBBIX JJIEMEHTOB
MHCTPYMEHTA UCIOoNb3yeTcs cruiaB amoMmunus (/116), mapameTpbl KOTOpOTo MO3BO-
JS0T 00pabaThiBaTh 3ar0OTOBKU € JIOCTATOYHOM TOYHOCTHIO M CKOPOCTBIO MPU TO-
KapHbIX, (Ppe3epHBIX U MTAMIOBOYHBIX ONEPALIU.

TexHonornyeckass 4acTh MPOEKTa OMUPAETCS HAa MPOTPAMMHBIN MOIYJb
"SprutCAM". Ota cpena mo3BossieT chOpMUPOBATH TPACKTOPHIO JABIKEHUS PEXKY-
nero/o0pabaThIBAFOIIET0 HHCTPYMEHTA MTPH CTAHOYHOW 00paboTKe C OJHOBpEMEH-
HBIM TeHepupoBaHueM G-KOIOB /ISl YIPaBJISIONMIEH MPOrpaMMbl U TIOCIETYIOITIM
UCIIOJIb30BAaHUEM €€ Ha CTAHKaX C YHCJIOBBIM IMpOTrpaMMHBEIM yrpasieHuem (UITY).
Busyammzarus mporecca 00pabOTKH Ta€T BO3MOKHOCTh BBISIBUTH OMIMOKH U KOJI-
JIM3UH C TIOCJICAYIONUM UX YCTPAHCHHUEM CIIe Ha CTaJIUU MPOSKTUPOBaHUs [2].

HccnenoBanune Ha HaMpsHKEHHO-AS(POPMUPOBAHHOE COCTOSTHUE BCEX JIeTajei
KOHCTPYKIIMU B mporpaMMHoM Komiuiekce "Solidworks' mo3Bosiunio BBISBHTH He-
JIOCTAaTKM B MEXaHHW3MeE Tepeavyn KpyTsIero MoMeHTa. Pe3ynpraTtoM 3TOro srama
SBHJIOCH TO, YTO KOHCTPYKIIHSI 3TOTO y3ja MOJBEPIiach KOPPEKTHUPOBKE, B YACTHO-
CTH, ObUT yBEJIMYEH 3a30p MEKIYy I'paHsMHU Beaylleld U BeqoMol Mydramu, a 3a30p
3aloJIHeH BHOporacsmuM MatepuanoMm. lccrmemoBaHue MOKas3aao >KHU3HECIOCOO-
HOCTb BCEH KOHCTPYKIIUU B IIEJIOM.

1. JlorunoBckuii, A.H. Umxenepras 3D-kommbioTepHas rpaduka: Y4ueOHuK /
A.H. Jlorunosckuii. — M.: FOpaiit, 2013. — 464c.

2. CkBopuoB, A.B. Apromaru3zanusi ynpaBi€HHs KU3HEHHBIM LMKJIOM IIPO-
ayknuu: Yuebnuk / A.B. CkBopuos, A.I. Cxuptnanse, JI.A. Umbips. — Mocksa: UL
Axanemus, 2013. — 320 c.

3. OpunnnukoB, N.E. BeHTunpHbIC 2MIEKTpUYECKUE TBUTATEIA W MPUBOJA Ha

ux ocHoBe (Mamast u cpemssisi MomHOCTh): Kypc mekumii / U.E. OB4nHHUKOB. —
CII6.: KOPOHA-Bek, 2006. — 336 c.

ABTOMATHM3AIIUA KOHCTPYKTOPCKO-TEXHOJIOIT MYECKOM
MNOATOTOBKH ITPON3BOJCTBA MEXAHU3MA INIEPEMEILINEHUSA
BU3UPA ONITUYECKOI'O YCTPOHUCTBA

A.A. Deoopos

Hayunwvui pykosooumensv B.@. Bynasun, kano. mexu. HayK, OOYeHm
Bonoroackuii rocy1apCTBEHHbIM YHUBEPCUTET

r. Bonorpa

KoHncTpykTopcko-TexHoornyeckass moaroroBka mpousBojctsa (KTIII)
IpeCTaBiIsieT coO0M CIOKHBIM KOMIUIEKC B3aMMOCBSI3aHHBIX IPOILECCOB, olecre-
YUBAKOUIMX TEXHOJIOTMYECKYIO MOATOTOBIEHHOCTh MPEANPHUITHS K BBIITYCKY MpPO-
nykuuu. OT Toro Hackosbko 3 ¢exruBHo opranuzoBana KTIIII, Hanpsmyto 3aBu-
CUT KOHKYPEHTOCIIOCOOHOCTh M KayeCTBO MPOJIYKIUU U B KOHEUHOM HTOre — JKO-
HOMUYECKOE COCTOSIHUE MPEATPUSITHS.



ABTOMaTH3aIMs KOHCTPYKTOPCKO-TEXHOJIOTMYECKAS MOJATOTOBKA ITPOU3BOJI-
CTBa C HMCIIOJIb30BAaHUEM CHUCTEM aBTOMaTU3MpoBaHHOTO npoektupoBanus (CAIIP),
taknx kak «KOMITAC-3D», «SolidWorks» u «SprutCAM>» 1o3BoJIsSeT TOCTUYD
YCKOpPEHHsI ITPOCKTUPOBAHUS HOBBIX M3ZCIHM, YJIyYLICHUS Kauye€CTBO CO3aBAEMBIX
IPOEKTOB, YIPOCTUTh U YCKOPUTH pa3pabOTKy YIPABISIOIIUX MPOrpaMM JIJIsi CTaH-
koB ¢ UIIY.

[Ipon3BoACTBO MEXaHU3Ma MEPEMEUIEHUS] BU3HPA ONTUYECKOTO yCTPOWCTBA
ocyiecTBisieTcss Ha Bojoroackom ontrko-MexaHuueckom 3aBojie (BOM3). BOM3
ABJISIETCSI MHOTOMPOQMIBHBIM MAaIIMHOCTPOUTENIbHBIM MPEAIPUITHEM, OCYILIECTB-
JSAIOIUM TIPOU3BOJACTBO CIIOKHEHIIEH OINTHKO-3JIEKTPOHHOW M TEIUIOBU3MOHHOU
MPOAYKIIMU pa3NuyHOro HasHaueHusa. Ha ceroansmauit nens BOM3 sBnsercs
Pa3BUBAIOILMMCS NPEANPUATHEM, PACIIOIATAIOLNIUM MOLIHBIM TEXHOJOIMYECKUM H
VHTEJUIEKTYaJIbHBIM ITOTEHIHAIOM. 1103TOMY BHEApEHHE COBPEMEHHBIX IPOIPAMM-
HO-TEXHOJIOTMYECKUX CPEACTB aBTOMATU3ALIMKU MPOU3BOACTBA HA MPEANPUATHH T10-
3BOJIIET OCYIIECTBIISAThH BBIMYCK KaU€CTBEHHOM MpOJyKIuu U obecneunBaeTr BOM3
CTa0WJIbHOE TMPUCYTCTBME HA PBIHKAX ONTUKO-MEXaHUYECKUX U  ONTHKO-
ANEKTPOHHBIX MPUOOPOB.

Puc. 1. Onmuko-snexmponnwiii npuyen-oaibHomep

MexaHu3M nepeMenieHyst BU3npa sBISETCs] OJHOM U3 OCHOBHBIX YacTel npu-
1eNa-1aTbHOMEpa ONTHKO-3JICKTPOHHOTO pubopa (pucyHOK 1), mpumeHsieMoro
JUTS BU3YaJN3alluu U KOHTPOJISl OKPY KaroIei 00CTaHOBKH.

ABTOMaTH3UpOBaHHAs pa3paboTKa MEXaHM3MOB KOHCTPYKIMHU u3aenus «Me-
XaHU3M [IEpEMEILIEHUs] BHU3MPa» HAYUHAETCA C TIOJYYEHHsS] KOHCTPYKTOPCKO-
TEXHOJIOTMUeCKON nokyMmeHTauuu. [lepBuunas TexHuyeckas HHoOpmanus Oblia
IOJTyu€Ha OT 3aKa3uuKa B BHUJIEC UepTexkel neranei u cOopok, cnenuduranuii, saex-
TPOMOHTAKHBIX YEpPTEKEH BBIMOIHEHHBIX Ha OyMakxHOM Hocutene. YepTexu uc-
MOJIB30BAINCH I co3maHus TpexmepHbix mojeneir B CAIIP «Kompas-3D» wu
«SolidWorks».



Puc. 2. Pasnecennwiii kamanoe

Hcnonb3ysi TpexMmepHble MOJAENU, ObUIM CO3/IaHbl AJICKTPOHHBIC UYEPTEKH.
CrenyroniiuM 3TanoMm Iocie CO3JaHus MOJIeNiel BCeX JIeTalel BBICTYIAeT MpOIece
dbopmupoBaHUs TOACOOPOK M3ENHsI, HEOOXOIUMBIX TSI CO3/IaHUS O0IIeH COOpPKH.
Mopenu cTaHAapTHBIX KOMIIOHEHTOB TaKMX KaK: BUHTHI, IITU(THI, MIAHObI U TalKu
OepyTcs U3 OMONMOTEKM CTaHAAPTHBIX KOMIOHEHTOB. Ha 3TOM miare aBromMaTtusu-
POBAHHOTO MTPOCKTUPOBAHMS CO3AOTCS CTICIM(PUKAIIMHA U3CTHA BXOAIUX B MIPO-
exkTupyembiii mpubop. IIporecc KOHCTPYKTOPCKOW TIOATOTOBKM TPOHM3BOJICTBA
3aKaHYMBACTCS CO3JAHMEM PA3HECEHHOW COOpPKH B MPOTPAMMHOM OOECIICUCHHUH
SolidWorks. PasnecenHass cOopka sIBIsIeTCS HEOOXOAMMBIM 3JICMEHTOM KaTajiora
u3zaenus (pucyHok 2). Ha 3Tom mokyMeHTe 0003HA4alOTCs MO3HMIMU BCEX KOMIIO-
HEHTOB U TIOPSIOK MX CIICIOBAHUS MPU COOpPKE KOHCTPYKIHH. JIOKYMEHT JOTOTHS-
€TCsl CIIUCKOM BCEX KOMIIOHEHTOB BXOJAILIUX B COOPKY C NMPUBSA3KOM K MX 0003Ha-
YeHHUSM 10 Mmo3uliusM. [lo JaHHOMY Katajnory MOKHO OyJeT C JIETKOCTBIO Oompe/e-
JIMTH TTOJIOKCHHE JICTAIH B COOPKE M UX KOJIM4IecTBO [1].

ABTOMAaTHU3UPOBAHHAS pa3pabOTKa MpOorpaMMm 0OpaOOTKU JeTalieil Ha CTaHKE
¢ UITY ocymectBnsercs ¢ momormibio SPrutCAM. SprutCAM — oreuecTBeHHAs
CAM-cucrema, npegHazHaueHHAs A pa3paOOTKH YIPABIAIOMIUX MPOTPAMM IS
crankoB ¢ UITY u oOpabaThIBalOIIMX IIEHTPOB.

[Tpu GopmupoBanuu TexHonoruu obpadbotku netanu SPrutCAM yuuteiBaeT
KMHEMAaTHYeCKyI0 CXeMy CTaHKa. bmarogapss 3ToMy BO3MOXHO (OpPMHUPOBATH
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YIPaBISIONINE MPOTPAMMBI JJIsi CTAHKOB CaMOM pa3NIWYHON KOHUTYpaluu, a pac-
CUMTAHHbBIC TEPEMEIIECHUSI HHCTPYMEHTA HEe HYXKJIAI0TCA B JajdbHeneit Moauduka-
WU JJI4 y4eTa Kakux-J1100 0COOEHHOCTEH CTaHKa.

[Tpu pa3zpaboTke mporpaMM reHepUpyrOTCsS KOMaHIbl HE TOJIBKO ISl OCHOB-
HBIX YNPaBISIEMbIX OCEH, HO U JUIsl JOTIOJHUTEIBHBIX, HAIPUMEP, TaKUX, KaK rae-
Ta, JIOHET, 3a7Hs14 0a0Ka, TOPMO3 MOBOPOTHOM OCH U T.II.

JleTanbHO OBLIT PACCMOTPEH MPOIECC Pa3padOTKU YIPABISIONMICH TPOTrPAMMBI
netanu «@nanen». C 3ToM 1enbio ucnonb3oBaics (aitn dopmara STEP u3 mpo-
rpamMmMbl «KKOMITAC-3D». OcymiecTBisisi BRIOOP PEXYIIETO WHCTPYMEHTa U BHIOU-
pasi peKHMBI PE3aHMsl, TPOBOAUM PacueT TPACKTOPUH IABUKEHUS PEXKYIIErO MHCT-
PYMEHTa U MOJCIIUPYyeM Iporecc 00padbotku (pucynok 3) [2].

Puc. 3. Mooenuposanue npoyecca oopabomku

[To pe3yabpraTaM MpoOJEIaHHOW pabOThl (GOPMUPYETCS 3aKIOYEHHE O BO3-
MOYKHOCTSIX aBTOMATH3aI[MK [TPOM3BOICTBA M BIUSHHHM HA SKOHOMHYECKOE COCTOS-
HHE, KaK OTJICJIbHOTO MPEINPUSATHS, TAaK U pErHOHA B 11esioM [3].

1. JTorunoBckuii, A.H. UmxenepHas 3D-kommptorepHas rpaduka; YueOHUK /
A.H. JlorunoBckwuii. — M.: FOpaiit, 2013. — 464c.

2. CkBopuoB, A.B. ABToMaruzanusi yrnpaBieHUsl >KU3HEHHBIM LUKIOM MpO-
nykrun: Yaeonuk / A.B. CkBopuos, A.I'. Cxuprianze, /[.A. Umbipb.. — Mockaa:
NI Akagemus, 2013. — 320 c.

3. llIwukoB, A.H. MeHEePKMEHT MHHOBAIIMM M TEXHOJOTHUH B IPOU3BOJICT-
BeHHOM cepe: yued. mocooue / A. H. IlImukos. — Bosorma: Bol'Y, 2014. — 110 c.



IMoaceknus «AKTyaJIbHLIe HCCJICA0BAaHUA
B MAIIMHOCTPOCHUH U HA TPAHCIIOPTE>

AHAJIM3 METOJ1OB OPTAHU3AIIUU TOA
KOMMEPYECKHNX ABTOMOBWJIEH

B.B. bozoanos

Hayunwvui pykosooumenv A.B. Bocmpoe, cmapuiuti npenooaéameins
Bousoronckuii rocy1apCTBEHHbIN YHUBEPCUTET

r. Bonorna

MHorue rojisl pa3BUTHE aBTOMOOUIBHOTO (TEXHOJIOTMYECKOT0) TPAaHCIIOpTa B
CTpaHe CONMPOBOXKAAIOCH KOHIIEHTPAMEN MAIINH B KPYITHBIX NPEANPUITHUSX.

C coBeTCKMX BpPEMEH AaBTOTPAHCIIOPTHBIE MPEANPHUATHS HUMENIU OOJIbIIne
MapKH, a Tak e OOJIbIINE MPOU3BOJACTBEHHBIC MTPOTPAMMBI, TOCTHI U YYaCTKH BCEX
TumnoB. Y Oonbimx ATII ecTh Kak CBOM IUIIOCHI, TAaK U CBOU MUHYCHI.

K miirocam nannbix BujioB ATII M0oxHO OTHECTH:

e MexaHu3aluio NpeaNpUATHI TaKk KaKk yPOBEHb MEXaHU3AIlMd TTPOU3BOJICT-
BeHHBIX mporieccoB TO u TP B 0o0mux Tpymo3arpatax OKa3bIBaeT CyIIECTBEHHOE
BIMsiHue Ha 3arparbl TO u TP;

e BosmoxHocTh opranuzosars npoueccsl TO u TP no paznnuasiM cxemam.

K munycam ke 60mbmmx ATIT MOkHO OTHECTH:

e Bonpmme 3arparbl Ha conep)kaHUe MPOU3BOJCTBEHHO-TEXHUYECKON Oa3bl
(IITB) B KOTOPYIO BXOAST MaCTEPCKHUE, CKIIA bl 3alIACHBIX YacTel U T.1.,

e VYBenHMUYEHHE 3aTpaT Ha TEXHUYECKOE OOCITYKUBAaHUE TTapKa.

3a pyOeXoM HIMPOKOE MPUMEHEHUE MOJYYHIIA Mallble aBTOTPAHCIIOPTHBIE
NPEANpUATHS, HE UMEIOLME CBOEH MPOM3BOJCTBEHHO-TEXHUYECKON 0a3bl, TaK Kak
Ha TPEANpUSTAN HEeT 3arpy3ku. OOcCiIyKMBaHUE TapKa MPOU3BOJMUTCS Ha CEpBUC-
HbIx ctaniusax CTO.

IImrocer gannoro Buga ATII B ToMm, 4To:

® HET UHBECTUIIUH B ILJIOIIAIH,

® HET 3aTpar Ha OPraHU3alUIo U COAepKaHWe COOCTBEHHOW MPOU3BOJCTBEH-
HO-TEXHUYECKOU 0a3bl.

K munycom otHOCHTCH:

® BBICOKAsi CTOMMOCTb YCIYT CEPBUCHBIX CTaHIUH.

[Tono6usrit moaxon k TOA TpeOyeT kK aBTOMOOWIISIM BBICOKOM HaJEKHOCTH
[Tpu aToM mocnie mopsnka /0% cpoka dKCIuTyaTaliui OHU OOHOBJISIFOTCS.

Harmet 3amaueit Ob10 ONpeIeTUTh: MPU KaKUX pa3Mepax MapKoB U MPoOEToB
BBITOJIHEE IM0JIb30BAaThCA yciayraMu cepBUCHBIX HeHTpoB CTO, a mpum Kakux —
CTPOUTH COOCTBEHHYIO MPOU3BOJICTBEHHO-TEXHUUECKYIO 0a3y.

Meroauka pacyeToB 3aKJIFOYAETCS B CICIYIOIIEM:
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Pacnipenenenne padot TO u TP no Bugam npuaumaem coriacHo [1].
Pacuer 3arpaT no paznuyHbIM cxeMaM opraHu3zaiuu TOA mpou3BOAUTCS MO

dbopmyiie:

3(L)=H+3T0-Tp(L), pYO.

rae  U- unBectrnmu B co3ganue mocta (yuactka) TO u TP,
3ro-tp(L)- u3menenue 3atpat Ha TO-TP B 3aBUCHMOCTH OT IpoOera mnapka.

Jlist cpaBHEHMS 2 BapuaHTOB — opranu3anuu TOA Ha cooctBenHoi [1Th u Ha
CTO Heo0x0aMMO TIPOU3BECTH pacyeT 3aTpaT MO STUM BapuaHTaM M CPaBHUTH I10-

JIYYUBOINCCA PC3YJIbTATHI.

Tabmuia

Pacnpenenenue 00bemoB o padoor TO u TP no Bugam pador

[IpolieHTHOE COOTHOIIIEHUE IO BUAaM paboT

aBTOMOOWIIN
Bunet pador TO u TP aBTOMOOWIIH rPY30BbIC aBTOMOOWIH- MPULETBI U
aBTOOYCHI CaMOCBaJIbl
JIETKOBBIE o0mrero Ha- TIOJTY TIPHIICTIBI
KapbepHBIC
3HAYCHHUSI

1 2 3 4 5 6
EOc
MoeuHble 15 10 9 10 30
Yo6opounsie (BKIFOYAs CYIII- 25 20 14 20 10
Ky-0OTHPKY)
3anpaBoyYHbIE 12 11 14 12 -
KonTponbHo- 13 12 16 1 15
JMarHOCTHYECKUE
PemonTHbIE (ycTpaHeHHe 35 47 47 46 45
MEIIKUX HEHCIIPAaBHOCTEH)
HUroro: 100 100 100 100 100
EOT
Y6opouHsie 60 55 40 40 40
MoeuHblie (BKITIOYAs CYIIKY- 40 45 60 60 60
00THPKY)
HUroro: 100 100 100 100 100
TO-1
JlnarnoctupoBanue odiee 15 8 10 8 4
(A-1)
Kpenexurie, perymmpoBod- 85 92 90 92 96
HBIE, CMa304HBIE, JP.
Bcero: 100 100 100 100 100
TO-2
JlmarHoctupoBaHue yriryo- 12 7 10 5 2
nennoe (/1-2)
Kpenéxurie, perymmpoBod- 88 93 90 95 98
HBIE, CMa304HBIE, JP.
Bcero: 100 100 100 100 100

TP




[TpolieHTHOE COOTHOIIIEHUE IO BHJIaM paboT

aBTOMOOWIIN

Bunst pa6or TO u TP aBTOMOOWIIN Tpy30BbI€ aBTOMOOUIH- MPULENB] U
aBTOOYCHI CaMOCBATBI
JIETKOBBIE o0miero Ha- HOJTYTIPULICTIBI
KapbepHBIC
3HAYCHHS

1 2 3 4 5 6
[TocToBBIC pabOTEHI
JluarnoctupoBanue odiee 1 1 1 1 2
(4-1)
JlnarHoctupoBaHue yriyo- 1 1 1 1 1
nennoe (/1-2)
PerynupoBounsie u pa36o- 33 27 35 34 30
pOUYHO-COOpOUHBIE PaOOTHI
CBapouHbie pabOTHI 4 5 - 8 -
JI71s1 TOABUIKHOTO COCTaBa C - - 4 - 15
METaJUTMYECKUMH Ky30BaMHU
C METaJUIOACPEBSIHHBIMU KY- - - 3 - 11
30BaMH
C IepEBSIHHBIMH KY30BaMHU - - 2 - 6
Kecrauaumkue padboTh 2 2 - 3 -
J171s1 TOABMIKHOTO COCTaBa C - - 3 - 10
METAJUTMYECKIMH Ky30BaMHU
C METaJUIOJICPEBSIHHBIMU KY- - - 2 - 7
30BaMH
C IepEBSIHHBIMH KY30BaMHU - - 1 - 4
Oxpacounbie pabOTHI 8 8 6 3 7
JlepeBooOpabathIBaroIme - - - - -
paboTsl
JUISL HOABUYKHOTO COCTaBa C - - 2 - 7
METaJUIOACPEBSIHHBIMH KY30-
BaMH
C IEPEBSIHHBIMM Ky30BaMH - - 4 - 15
HUroro: 49 44 50 50 65
YyacTtkoBble pabOThI
ArperaTtHbie paboOTHI 16/15 17 18 17 -
CrnecapHO-MEeXaHUUYECKHE pa- 10 8 10 8 13
OOTBI
DieKTpoTeXHUYEeCKHEe pabo- 6/5 7 5 5 3
THI
AKKyMYJISITOpPHBIE pabOTHI 2 2 2 2 -
PemoHT npubopoB cuctemMbl 3 4 4 -
MUTaHUS
[IuHOMOHTaXHBIE PaOOTHI 1 2 1 2 1
Bynkann3annoHHbIe pabOTHI 1 1 1 2 2
(pemoHT Kamep)
Ky3neuno-peccopHsie pado- 2 3 3 3 10
THI
Mennuiikue paboThl 2 2 2 2 2
CBapounble pabOoThI 2 2 1 2 2
XKectsanuikue paboTsl. 2 2 1 1 1
ApmartypHble pabOThI 2 3 1 1 1




T

[IporieHTHOE COOTHOIIEHHUE 110 BUJIaM paboT
aBTOMOOHIH aBTOMOOWMIIU-
Bunet pador TO u TP aBTOMOOWIH rPY30BbIE MIPULENBI U
aBTOOYCHI CaMOCBAJIbI
JIETKOBBIE oOuiero Ha- MOJIYIIPULIETIBI
KapbepHBbIE
3Ha4YeHUs
1 2 3 4 5 6
Ob6oitabie paboThHI 2 3 1 1 -
TakcomMeTpoBbIe pabOTHI -/2 - - - -
HUroro: ol 56 50 50 35
Bcero: 100 100 100 100 100

Touka nepeceuenust rpagKOB — TOUKA PABHO3HAYHBIX 3aTpaT.

BBuay Hanmuuus HayanbHBIX MHBECTHIMI B coOcTBeHHYI0 IITH npu Bbimos-
HeHuu padoT o TO u TP aBroMoOmMIIeli cOOCTBEHHBIMU CHJIAMH, 3HAY€HHUE TIpoOe-
rOB IapKa, HaXoAsIIeecs cieBa OT ATOW TOYKH — 30Ha Oosee 3(pPexkTUBHOroO npu-
MEHEHHUs cxeMbl opranuzauuu TOA npu obcimyxkuBanuu Ha CTO o01ero mnomiab3o-
BaHUs. 30HA, HAXOAIAsCS CIIpaBa OT TOUYKM PaBHO3HAYHBIX 3aTpaT — 30Ha 3 dek-
TUBHOIO Ucnonb30Banusa cooctBeHHoil I1Th.

CxeMaTu4HO 3aBUCUMOCTD IIPEACTABICHA HA PUCYHKE.

Jampame/
Ha (T0
(Bog TTE
L |0
b
Tl fpabr Tvenyac
Lnapxr

Puc. I'paghux 3aeucumocmu 3ampam na TOA om mpyooemxocmu pabom
(T, wen. uac. L nap, km).

[IpuHsiTHE pelieHusl O CO3JaHUU COOCTBEHHOTO mocta (y4acTka) MpOH3BO-
JMTCS 110 KPUTEPHIO OKYIAeMOCTH MHBECTUIUI B €0 CO3JIaHHE.

[lpu oxymaemocTu BbIlie 5-7 JIET co3/aHue COOCTBEHHOTO mocra (y4yacTka)
HE 11e71ec000pa3Ho.

PacueTsl o mogo0HON METOMKEe HEOOXOAUMO BBIIOJIHUTH ISl KAXKIOTO BH-
J1a TIOCTOB M yYacTKOB (Ta0uIa).

1. OHTII-01-91. O6uiecor03HbIe HOPMBI TEXHOJIOTHYECKOTO TPOSKTUPOBAHUS
NpeAnpUaATHA aBTOMOOMIIbBHOTO TpaHcnopta. M. I'unipoaBTorpanc, 1991. — 184 c.




AHAJIM3 AE®EKTOB ITOAINMNITHUKOB KAYEHUSA
C IPUMEHEHUEM BUBPOJIUAT'HOCTHYECKOI'O
CTEHJA BXOJIHOI'O KOHTPOJIA

J1.1O. bozoanoes

Hayunwvi pykosooumenv A.C. Cmenanog, kano. mexw. HayK, OOYeHm
Bonoroackuit rocy1apCTBEHHbIN YHUBEPCUTET

r. Bomorga

Kak u3BecTHO, MOAMIMITHUKY KaueHUsl SBISIOTCA OJHUMH U3 CAMBIX OTBETCT-
BEHHBIX JieTasielt 11000l TexHUKHU. JlocToBepHas OIeHKa UX TEXHUYECKOTO COCTOS-
HUS Ha JII0OOM dTare KU3HEHHOTO 1K, KaK MPU U3TOTOBJICHUU HA TOITUITHUKO-
BOM 3aBOJIe, TaK U MPHU MPOBEICHUU BXOJHOTO KOHTPOJIS HA MPEINPHUITHU BCETIa
SBJISUTACH BAXKHOU MPOOJIEMOi

Ha nanHbIiI MOMEHT B COBPEMEHHOM MPOMBIIIJIEHHOCTH ONTUMAJIBHBIM CIIO-
cobom obecredeHns TOCTaBKM Ha MPOM3BOICTBO KAY€CTBEHHBIX MOIIUITHAKOB SIB-
JSIETCSI MCTIONh30BaHKE MPU MPHUEMKE MOIIUITHAKOB SKCIIEPTHBIX CHCTEM KOHTPO-
as1. [IpakTudeckun Bce CTEHIbl BUOPOAKyCTHUECKON AWArHOCTUKU MOIUIHUITHHKOB
KaueHUs], TIpY Pa3inuusix B KOHCTPYKILHHU, UCHOJB3YIOT OJMHAKOBBIE MOIXOIBI K
JMAarHOCTHUKE Ha OCHOBAHUU YPOBHSI BUOPAIINH .

CocTosiHue MOAUIMITHUKA KaY€HUSI MOXKET OMPENENAThCS HECKOJIbKUMHU CIIO-
cobamu:

1. Ouenka ypoBHe# BUOpaluu B MoOJj0cax 4acToT -perjiaMeHTUpPYeTCs HopMa-
tuBHbIMH JokyMeHTamu (ITOCT P52545.1-2006). JlaHHbBIi MeTO]T MO3BOJISICT BHISB-
JSTh Ae(PEKTHl MOAIIMITHUKOB Ha CaMbIX MOCIEAHUX CTAAUSIX MX Pa3BUTHS, KOTJa
00Ul ypoBeHb BUOpAIIMU 3HAYUTEIBHO BBIPACTET;

2. AHanu3 criekTpa oru0aroIei Curuana BUOPOyCKOPEHUs — JaHHBIN

METO]I TTO3BOJISIET BBISBIATH Ae(EKThl MOAINIUITHAKOB Ha CAMBIX PAaHHUX CTa-
nusix. OnpeneneHue clieyonuX HeUCTIPABHOCTEN AIEMEHTOB MO IIUITHUKA!

- neeKThl BHYTPEHHEro KoJiblia (M3HOC, PAKOBHHBI, Pa3pbiB, TPEIIUHBI,
CKOJIbI, BMSITHHBI, MOHTQ)KHBIC 33 HPBbI);

- 1e()eKThI HAPY:KHEr0 KoJibla (M3HOC, PAKOBHHBI, TPEUIHHBI, CKOJIbI, BMSI-
THUHBI, MOHTAXXHBIC 33]TUPHI);

- nepeKThI TeJ1 KavyeHusi (PaKOBHHBI, TPEIIUHBI, CKOJIBI);

- nedpeKThI cenaparopa (M3HOC, TPEIIUHBI, CKOJIBI);

3. AHanu3 criekTpa BUOPOCKOPOCTH — IAaHHBIA METO]] MPUMEHSIETCS] Ha TIPaK-
THUKE JIOCTATOYHO YacTo, T. K. MO3BOJISIET BBISABIATH, HAPSAAY C AMATHOCTHUKON MOJ-
HIUITHUKOB, OOJIBIIOE KOJWYECTBO APYIHX Ae(HEKTOB 00OpYAOBaHHS. DTOT METOJ
MO3BOJIIET HAYMHATH JUArHOCTUKY Je(PEKTOB MOIIIMITHUKOB, KOT/Ia YHEPTHs pe3o-
HAHCHBIX KOJIEOAHWI BBIPACTET HACTOJBKO, YTO OyNeT 3aMeTHa B OOIIeill KapTHUHE
YaCTOTHOTO paclpeaesieHus: Bceil MOITHOCTH BHOpocurHana. Onpenenenue aedex-
TOB II. 2, 1€(EKTOB MOCATKU U YBEITUUYCHHBIE 3a30pHI;
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4. Onenka (GpaKTUYECKOTO 3a30pa — PErIaMEHTUPYETCS HOPMATUBHBIMU J10-
kymentamu (TOCT 24810-81);

5. OueHka 3Kcrecca — ONpPEIETICHUE HEUCIPABHOCTEM KOHTAKTUPYIOIIHMX
AJIEMEHTOB MOMAIIUITHUKA, KOTJa ne(eKT mposBiseT ceds B BUOpPOCHUTHAJIC HE Tie-
pHOANYECKU (M COOTBETCTBEHHO, HE OMPENEINISETCS C MOMOIIBIO aHAIN3a CIIEKTPA).
DTO0 MOXKET OBITh JeeKT CMa3KH, MOCTOPOHHHUE MPEIAMEThI B MOMIIAIHUKE (TPsI3b
WIN OTJIOMHMBILIUECS YaCTH 3JIEMEHTOB TOIIMITHIKA). B ciydae nedekra snemenTa
NOIIUITHUKA (TPOSIBJIIETCS NMEPUOJANYCCKH U ONPEACISICTCS ¢ TIOMOIIBIO aHaIHM3a
CIIEKTPa) STOT METOJI TOXKE BBISBUT JIe()eKT, HO O€3 ero JIOKATU3aIuH.

[Ipu pabote moamMIHUKA C BHYTPEHHUMH Je(deKTaMi BO BPEMEHHOM BHO-
pOCUTHAJIE MOSBISIOTCS XapaKTEPHBIE COCTABIISIIOIINE, TAPMOHUKHA C COOCTBEHHBI-
MU YaCTOTaMH, 110 KOTOPBIM MOKHO JJOCTaTOYHO KOPPEKTHO BBIIBUTH MECTO HaXo-
XKaeHus nedekra.

YuclieHHbIE 3HAU€HUS YaCTOT ATUX COCTABJISIIOLIUX 3aBUCIT OT COOTHOILICHHUS
reOMETPUYECKUX Pa3MEepPOB MOJIIUITHUKA U 00OPOTHOM YacTOTHI BpallleHUs] pOTOpa
MexaHu3Ma. s Toro 4ToObl MpU HAJIMYUU ABHOTO Ae(deKTa BO BPEMEHHOM BHOpO-
CUTHAJIE, a CJEA0BATeNIbHO, U Ha MOJIYYEHHOM B pe3yjbTaTe ero oOpaboTKU CIeK-
Tpe, OBLJIM TOCTOBEPHO BBISBICHBI TAPMOHHUKHU C XapaKTEPHBIMH YaCTOTaMHU, HEOO-
XOJUMO BBITIOJIHEHUE LIEJIOr0 psAfa pa3iuyHbIX TpeOoBaHUi. OCHOBHBIE U3 3THUX
TpeOOBaHUHN CIIETYIONIHE:

- MOJALUIUITHUK JIOJKEH OBITh HArpy’>ke€H JOCTaTOYHBIM YCHJIMEM, OJU3KUM K
HOMHUHAJIBHOMY;

- AedeKTHas 30Ha JOJDKHA MEPUOAMYECKH MPOXOAHUTH Yepe3 30HY Harpy3Kd
MOIITUITHHKA,

- B MEXaHU3ME HE JOJDKHO OBITh IPYTHMX UCTOYHHUKOB BHOPOCHUTHAJIOB C Yac-
TOTOM, paBHOI YacToTe IePEKTOB;

- BUOPOJIATYMK JIOJHKEH OBITh PACIIONOKEH JOCTaTOYHO OJIM3KO K HArpy>KeH-
HOU 30HE MOAUINITHUKA.

O1u TpeOOBaHUS OTHOCATCA KO BCEM METOAaM JUArHOCTUKHU IMOAIIUITHUKOB
KaueHHUs IO CHEKTpaM U CHEKTpaM oruaroiieid, KOTopble 0a3upyroTcsl Ha UCTOJb-
30BaHUU XapaKTEPHBIX MOAIIUITHUKOBBIX YaCTOT. TOJBKO MPH BBITTOJTHEHUH JTUX
yCIIOBUH pabOThI MOIIUITHAKA U YCTAHOBKH JAaTYUKa MOXKHO JOCTATOYHO YBEPEHHO
Y Ha PAaHHUX CTaIUAX JHUATHOCTUPOBATH MPOMYCKU AEPEKTOB MIIU KE JIOAKHOIO
onpeneneHus” AePeKTOB TaM, TJIe UX HET.

B nacrosimiee Bpemsi Ha HEKOTOPBIX MPEANPUATUAX BHEJPEH CTEH] BUOPOIU-
arHocTuku noammmnHuKoB Ha 6a3ze KBII-3M npousBoactea OAO «BHUIIII». On
MO3BOJISIET TPOU3BOAUTH IUATHOCTUKY MOAIIUITHUKOB CJIEAYIONIMX TUIIOB: APUKO-
BBIX PaJHAIbHBIX OJJHOPSIIHBIX; IIAPUKOBBIX pPaUaIbHO-YIOPHBIX OAHOPSTHBIX.

Pe3ynbpTaThl qMArHOCTHKHM MOCTYNAIOT HA MOAKIIOYEHHBINH K HEMY KOMIIbIO-
TEp ¥ MOTYT OBITh IPEJCTABICHBI B BI/I€ OKTABHOTO JUAaNa30Ha 4acToT, MO0 B BU-
7€ TpeX IMama3oHOB YacTOT C OOmMM ypoBHeM BuOparnwu (B JaHHBIT MOMEHT
UMEHHO 3TOT METOJ HCIIONIB3YETCs Ha MPEIIPHUITHN):
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- 001l ypoBeHb BUOpALIUU — YPOBEHb BUOPALIMH B HIUPOKOMU MOJIOCE 3BYKO-
BBIX YaCTOT, HWXHSS TpaHWYHAs YacTOTa KOTOPOH MPOIMOPIMOHATbHA YaCcTOTE
BpaIlCHUS BHYTPEHHETO KOJIbIIA MTOIIMITHUKA, @ BEPXHSSI TPaHUYHAS YacTOTa paBHA
10 000 I'w;

- I0JIOCa HU3KUX 4acToT (Hu3kue) L;

- 0J10ca CpeAHUX YacToT (cpeanue) M;

- 110J10Ca BBICOKHUX 4acToT (BbIcOKHE) H.

MeToabl U MPUHIUANBI TeHCTBHS.

B ocHoBe MeTona n3MepeHus BUOpalMU JISKUT MpeoOpa3oBaHUuE MEXaHUYe-
CKUX KOJICOAHHWW B DJICKTPHUYECKHE CHTHAJIBI. DJECKTPOJIMHAMHYCCKUN TPHUHIIHIT
MPUMEHSIOT ISl JaTYUKOB BUOpOockopocTr. OH OCHOBAH Ha SIBJICHUHW DJIEKTpOMar-
HUTHOUW WHAYKIIUU. DIEKTPOABMKYIAS CHJIA, BOSHUKAIOMIAS B KATYIIIKE TPOBOIHU-
Ka, IBWDKYIIEHCS OTHOCUTEIHHO MarHWTa, MPOMOPIIMOHATIFHA CKOPOCTH TepeMeltie-
Hus. [Ibe303mekTpryecKknii MpUHIMI TPUMEHSIOT B AaT4nKax BUOpoyckopernus. OH
OCHOBAaH Ha BO3HMKHOBEHUU JJICKTPUUECKOTO 3apsjia MPH MOJSPHU3AIUN MhE30Ke-
paMUKH, IPUYMHONU KOTOPOH sIBiIsieTcs ee aedopmaliusi, MponoplruOHaIbHAs BHEIII-
Hel cuie. Cuita, IpONOpPIMOHAIbHAs YCKOPEHUI0, BO3ZHUKAET OT JEHCTBUS CeiicMu-
yeckoil maccel. [IpoMHTETpupOBaB CUTHAI JaTYMKa BUOPOYCKOPEHUS IMOIYYacTCs
curHaja BHOpPOCKOpOCTH, a mpoauddepeHInpoBaB CUTHAI BUOPOCKOPOCTH, MOJIY-
Yar0T CUTHAJI BUOPOYCKOPEHUSI.

OOmmii BUA YCTaHOBKHM I BHOPOMMATHOCTHKY MOAIIMITHUKOB Ha 0a3ze
KBII-3M npencrasieH Ha pucyHke 1.
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Puc. 1. Cxema ycmanosxu KBIT-3M ons ucneimanus noOuunuuKos



[ToamMImHUK yCTaHABIUBACTCS Ha onpaBKy mmuHaens (1), KOTOpbIi pHUBO-
JIUTCA BO BpalIEHUE 3JIEKTPOMOTOpOM. Harpys3ka Ha MOAMIMIIHUK CO3JA€TCA MTHEB-
MaTHYECKUM Y3JIOM Harpy3ku (2), IedCTBYIONMM Ha Hapy»HOE KOJIbI0. Takum 00-
pa3oM, BHYTPEHHEE KOJIBIO MOJIIUITHUKA BPAIIAETCsl C YACTOTOM BpallleHUsI IITTHH-
JIeJisl, @ Hapy>KHOE OCTAeTCsl HEMOJABMKHBIM. [IoAIIMITHUK, U B YACTHOCTU €r0 Ha-
PY)KHOE KOJIbI[O, HAYMHAET MPHU 3TOM BuOpupoBath. Lllyn matuuka (4) BcTraBicH B
oTBepcTHE (PUTYPHOU pEe3MHOTKaHEBON MeMOpaHkI (5) u 3akperuieH raiikoi. Baem-
HUM Kpall MeMOpaHbl MPHUKPEIUICH K KOpIycy aardukoaepxareis (3), mpeacras-
Js0IIero co0oi BMecTe ¢ MeMOpaHOM MHEBMaTHYEeCKylo kamepy. [laTuuk BuOpa-
1uu (6) mpu OMOIIM MITHIIBKH JKECTKO 3aKpPEIUICH Ha BEpXHEW MOBEPXHOCTH IIyTIa.
[Ipu nonaye B kamepy AaTUUKOJEPKATENS CKATOr0 BO3/yXa LIyH NPHKUMAETCS K
MMOBEPXHOCTU HAPYKHOTO KoJjbla U Oa3upyercs mo 3Tod noBepxHoctu. Cuia npu-
KUMa JlaTYMKa, CO3/1aBacMasi CKaThIM BO3JYXOM, OOecClieuyuBaeT BUOPAIIMOHHOE
JBIYKEHUE JaTYMKA COBMECTHO C BUOPUPYIONIECH MOBEPXHOCTHIO HAPY>KHOT'O KOJIbIIA
u 0e3 OTpbIBa OT 3TON MOBepXHOCTU. OOPaOOTKY AIEKTPUUECKUX CUTHAJIOB, MOJIY-
YEHHBIX OT JATYMKOB BHUOpAIuu, MpeoOpa3oBBIBAIOT B JUCKPETHBINM BUJ C MOMO-
b0 AL (E14-140) u nepenaroT Ha KOMITBIOTED.

BeiBoabl. CTeH1 BUOPOJUATHOCTUKH MTO3BOJISIET CBOEBPEMEHHO OOHAPYKUTh
CKpBITBIE JIe()eKThl MOAMIUITHUKOB U TEM CaMbIM M30€XaTh BO3MOXKHBIX TOCIIECT-
BUM OT HapyIIeHUs] UX padoThl. BUOpoaMarHocTuka Ha CErOAHSIIHUN ICHb SBIISET-
Csl CaMbIM PacHpOCTPaHEHHBIM B 3(P(HEKTUBHBIM CIIOCOOOM JIMATHOCTHKHU MAPHUKO-
BBIX TOJIITUITHUKOB. BBeeHne BUOPOIMArHOCTUKHU TO3BOJISIET MOBBICUTh YPOBEHB
KauecTBa MPOAYKIIUH, YTO SIBJSETCS BAXKHEUIIINM KpPUTEPHUEM JabHEUIIIETro yCIe-
HOTO Pa3BUTHUS MPEATPUATHS.

1. bamuukuit ®. ., iBanoBa M. A., CokomnoBa A. I'. Bubpoakyctudeckas
JMArHOCTHKa 3apoxaatonuxcs aegexroB. M.: Hayka, 1984. — 120 c.

BBIEOP MAPOK JIETKOBBIX ABTOMOBWJIEN 151 OTKPBITUSI
JAUJIEPCKOI'O HEHTPA B I'OPOJIE BOJIOT' IE

HJl. 30onun

Hayunwvui pyxosooumenv A.B. Bocmpoe, cmapuwuti npenooasamens
Bonoroackuii rocy1apCcTBEHHBIA YHUBEPCUTET

r. Bomorna

B 2016 roay mpomomkaeTcs peKOHCTPYKIIHUSI POCCUHUCKOTO pPhIHKa aBTOMOOU-
jeit. HekoTopble KOMIaHUM YK€ YIUIH C PbIHKA, APYTHe 3HAUYUTEIHHO COKPATHIIU
MOJIETIbHBIN PsiJl, TPEThH HE NMPE3EHTYIOT HUKAKUX HOBUHOK.

PocT xypca nonnapa, MeXayHapoHas MOJUTHYECKAsT CUTYalns, SKOHOMHYE-
CKHE€ CaHKIUU W CHUKEHUE NOTPEOUTENbCKON CcrnocoOHOCTH HaceieHus Poccuu
MPUBEIN K CHIDKEHHUIO TPOJIaXK JIETKOBBIX aBTOMOOWIiel. CTaTUCTHUKA TPOJAX B
2015 u 16 rogax npeacTaBieHa B TabuIIE.
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Tabnuua
Crarucruke npoaax asromoouei ¢ 2015 mo 2016 rox [1]
SHBapb- SHBaps- % %
Mecto Mapka Centsi0pp | Centsiops | (2015- | 2014 ron 2015 ron (2014-
2015 2016 2016) 2015)
1 Lada 203462 189852 -7 387307 269096 -31
2 KIA 119738 106708 -11 195691 163500 -16
3 Hyundai 119385 101238 -15 179631 161201 -10
4 Renault 87327 80822 -7 194531 120411 -38
5 Toyota 72712 68330 -6 161954 98149 -39
6 Nissan 69312 52495 -24 162010 91100 -44
7 VW 55979 52663 -6 128071 78390 -39
8 Skoda 41138 40949 0 84437 55012 -35
9 I'A3 36 891 37 563 2 69388 51192 -26
KOM.aBT.
10 Chevrolet 39 842 22 063 -45 123175 49765 -60
11 VA3 32 508 32 981 1 49844 48739 -2
12 Mercedes- 32178 28418 -12 49165 41614 -15
Benz
13 Ford 26546 30931 17 65966 38607 -41
14 Mitsubishi 28091 12839 -54 80134 35909 -55
15 Datsun 25945 12 949 -50 11414 31697 -
16 BMW 21010 20641 -2 35504 27486 -23
17 Mazda 20944 15505 -26 50716 27358 -46
18 Audi 18966 16082 -15 34014 25650 -25
19 Daewoo 15 498 8574 -45 37695 20451 -46
20 Lexus 15186 17373 14 19149 20224 6
21 Opel 14 910 - - 64985 16682 -74
22 Lifan 8 890 12 034 35 23619 15131 -36
23 Geely 8 107 3794 -53 18828 11617 -38
24 Land Rover 8 560 6 785 -21 21148 11605 -45
25 Mercedes- 6 296 4290 -32 11020 8329 -24
Benz
KOM.aBT.
26 Volvo 5333 4171 -22 15421 7831 -49
27 Subaru 3954 5339 -26 17557 6852 -61
28 Suzuki 4914 3638 -26 19931 6540 -67
29 | VW kxoM.aBT. 4140 4140 0 12612 5707 -55
30 Peugeot 4521 2671 -41 21102 5645 -73
31 Citroén 4 397 2 885 -34 20075 5528 -72
32 I nfiniti 4183 3333 -20 8973 5495 -39
33 Porsche 4011 3480 -13 4707 5290 12
34 SsangY ong 4610 1110 -76 25010 5194 -79
35 Chery 3874 3860 0 18148 4964 -73
36 Honda 3895 1099 -72 20655 4622 -78
37 FIAT 2 865 1670 -42 8102 3799 -53
38 Great Wall 2979 - - 15005 3181 -79
39 Jeep 1694 893 -47 8221 2075 -75
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SAuBaps- SuBapsb- % %
Mecto Mapka Cents10pp | Cenrsaopp | (2015- | 2014 ron 2015 ron (2014-
2015 2016 2016) 2015)
40 DFM 809 951 18 - 1365 -
41 MINI 1065 984 -8 1750 1350 -23
42 Brilliance 760 777 2 955 1202 26
43 Cadillac 677 884 31 1324 1142 -14
44 Jaguar 746 1324 77 1628 972 -40
45 Changan 405 385 -5 1144 734 -36

W3 uncna mpon3BoAUTENCH, UbH MPOJIAXKH 3a 3TOT cpok mpesbickm 2 000 k-
3eMILISIPOB Xy’Ke Bcex BhicTynui Datsun, peanuzoaBmmii B 2016 roay 12 949 aB-
TomoOuseH, yto Ha 55% MeHble, yeM rogoM panee. ClenyrolmuM NpOU3BOIUTE-
JeM, TIOKa3aBITUM HAMOOJBINEE CHIDKCHHE MPOJAX Ipyras SIOHCKas KOMITAHHS
Mitsubishi, peanmzoBaBuras 12839 mammH 4T0 COOTBETCTBYET CHUKEHUIO Ha 55%.

Hanee cienyer Chevrolet, neMoHCTpaTHBHO yIAIMBIIMIACS C HAIIETO PBHIHKA,
¢ mokazarenieM mpojiax Munyc 45% u 22 063 peann3oBaHHBIX SK3EMILISIpa, CPEIu
koTopbix moutu Bce — Chevrolet Niva.

YerBepToe MECTO cpear MOKa3aBIIUX XYAIINE PE3yIbTaThl MO MpoJakaM 3a-
numaeT Nissan, moTepsBINKil 10 CPAaBHEHHUIO ¢ MPOILUIBIM TogoM 24% 1 poaBIIHii
3a mosiroja 36 324 mamuubl. [lartepky 3ambikaer Mazda ¢ pesynbratom -27% wu
9147 apToMOOUIIIMH.

B necarke xymmux Volvo (-22%), Subaru (-26%), Citroén (-34%), Infiniti
(-20%) n Hyundai (-19%).

CrnemyeT oTMETHTD, 4TO 3a uckimouenuem Infiniti (-20%) u Mercedes-Benz,
IPOJIEMOHCTPUPOBABIIIETO CHIDKCHHE Mpoaak Ha 12%, ocTaimbHBIE MPECTHIKHBIC
Openpl yaep:kanu cBou no3unuu. Tak, Audi orctymuna Bcero Ha 15%, BMW — Ha
2%, a Lexus naxxe BoImen B mrroc Ha 14%.

ITo pesynpraTam camoro xymamiero mo npogaxkam 2015 roma HanbGombImi
cnan (6osee yeM B 2 paza — Ha 50%) y caeayromux moaeneii Chevrolet, Mitsubishi,
Opel, Subaru, Suzuki, VW kom.aBt., Peugeot, Citroén, SsangY ong, Chery, Honda,
FIAT, Great Wall, Jeep. Cnag oowemoB mponax ot 35% g0 50% y criemyrommx
npousBonuTeneii: Renault, Toyota, Nissan, VW, Skoda, Ford, Mazda, Daswoo,
Lifan, Geely, Land Rover, Volvo, Infiniti.

[To pesynbratam 2015 u 9 mecsueB 2016 rona yBenuumin 0ObeMbl MPOIAK
TOJILKO TpeMuaabHbie Openasl: Lexus, Porsche, Cadillac, Jaguar u Beixomsmiue Ha
peiHok DFM u Brilliance menee uem ¢ 1000 aBToMoOMIICH Kax1asl.

OtHocutenbHO cTadbuabHbl Y A3 (-1%) 3aHMMAOIINI CBOIO HUIILY HA PBIHKE.
Lifan (-1%o).

Y I0BJIETBOPUTEIBHBIC TMOKA3aTEIM, OTHOCHTEILHO pPBIHKA MMOKa3alH Mpoja-
*u Takux npoumsBoaurtencit kak KIA (-27%), Hyundai (-25%), 'A3 kom.aBT. (-
24%), Mercedes-Benz (-27%), Ford (-24%), BMW (-25%).
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Anamu3 kpu3ucHbIx 2015 n 2016 romoB mokaspiBaeT, 4To B Poccuu 4mcio
OoraThIX JIOJEH, MOKYNAIIIUX TpeMUualbHble OpEHIbl ABTOMOOMIIEH CHUXKAETCS HE
CymecTBeHHO. HekoTophie mpemMuanbHbie aBTOMPOU3BOIAUTEIN, HECMOTPS Ha 00b-
EKTUBHYIO CUTYAIUIO, JaKE YBEIUYWIN TpoJaxu. [oaToMy mpHOPUTETHOM 1IEThIO
Bonoraer nmst OTKpBITHSI HOBOTO JAMJIEPCKOTO IIEHTPA MOXKET CTaTh TAKOM OpEH]T Kak
Mercedes-Benz, BMW nn Lexus.

Oo6bemsl mpogak Cadillac u Porsche ne3naunTenbHbI M OpraHu3arys Juiep-
CKOTro LeHTpa B I'. Bosjorae He cniocobHbl 00ecneunTs ero 3(hPpexkTuBHy0 padoTy.

Takum oOpa3om, MapKoil HOBOTO JAWJIEPCKOTrO IEHTpa B T. Bomorme moimkeH
cratb Mercedes-Benz, tak kak OH IOKa3bIBAET JOCTATOYHO CTAOMIIBHBIE OOBEMBI
POJIaXK, YTO TOBOPHUT O TOM, YTO OOECIIeYeHHBIE JTIOAN B Poccuu mpomomkaroT 1mo-
Kynath aBToMo0mmm. O6beM mpoaax 3toro Openaa Ha 27/% 6omnbiie uem y BMW u
Ha 39% BbIIIe, YeM y Lexus (mputom uto B Bosorae ecth QUIIEPCKHIA LIEHTP 3TOTO
TPOU3BOTUTEIISN).

[Ipu 3TOM pasmep IUIEPCKOTO LEHTPA JOJKEH COOTBETCTBOBATH IIAHUPYE-
MBIM 00bEMaM TPOJIaXX U CEPBUCHBIX YCIYT, TO €CTh HE OOJBIIUM, B OTIUYHE OT
MIPOCTANBAIOIINX TOIYMYCTHIMU KPYITHBIMH IIEHTPAMH TTPOU3BOAMTEINCH, HaIlCICH-
HBIX HAa MACCOBBIN CETMEHT.

1. IMapk nerkoBbIXx aBTOMOOMICH B Poccuu. [DaekTpoHHBIH pecypc]: odwuir.
caiit — Pexxum noctyna: http://avtostat-info.com/Article/130

TEXHOJOI'MYECKHUE OCOBEHHOCTHU CYHUIKHA
IINJIOMATEPUAJIOB

C.A. Usanuenko
MMUII OOO «IlepcriekTuBa»
r. Bomorma

Ha nopanstomieM OONBIIMHCTBE AEpeBOOOPa0ATHIBAOIIMX MPEANPUATUN
CyILIKa MUJIOMAaTepHalIOB OCYILIECTBISETCS B KOHBEKTUBHBIX CYIIMJIBHBIX KaMepax.
Oco0eHHOCTh pa0OThl TAKMX HACOCOB, B OTIMYHE OT KOMIIPECCOPHBIX, COCTOUT B
TOM, YTO B KauecTBe paboueil KUAKOCTU HCIONb3yeTcs He (peoH, a Boma. Bona,
UUPKYJIUPYS] B 3aMKHYTOM KOHTYpPE, aKKyMYJIUPYET TEIUIOBYIO SHEPTHUIO, BbHIICIHB-
LIYIOCSl B KOHJEHCATOPE, YCTAHOBJIEHHOM BHYTPU CYLIMJIBHOW KaMephl MUJIOMare-
pHYaJIOB, U YMCIEHHO PAaBHYKO pAacXoly TeIlla Ha MCIIAPEHHE BJIaru U3 BBICYLIMBAC-
MOT0O Marepuaja. JTa 3HEPrusl 3aT€M B TOM K€ KOJIMYECTBE MEpPENacTcs 0 Ha3Ha-
4yeHuto. B yacTHOCTH, OHA MOXKET OBITh MCIOJIb30BaHA JJIsi 00OrpeBa MPOU3BOJICT-
BEHHBIX U OBITOBBIX MOMEILIEHUH, HArpEBa BOJBI ISl TEXHOJOTUYECKUX U OBITOBBIX
Hy*7. OueHb 3¢ (EeKTUBHO BO3BpAIICHHAS SHEPTUS HCIIONIb3YETCS B CIEHUATbHBIX
KaMmepax I JOCYIIKM nuioMarepuanos. [IpakTuka mokasana, 4To pacxoi TeIio-
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BOI HHEPruM Ha CYLIKYy NUJIOMAaTepHalioB B ATOM CIydae CHHMIKAETCS BABOE, UTO
npumepHo Ha 50% OGombie, 4YeM B KJIACCUYECKUX KOHICHCAIIMOHHBIX CYIIMJIKAX,
CHA0KEHHBIX KOMIIPECCUOHHBIMU TEIJIOBBIMA HACOCAMH.

MupoBasi pakThKa KOHCTPYMPOBAHMS U CTPOUTEIBCTBA CYLIMJIBHBIX Kamep
IIOKa3bIBAET, YTO B HACTOSIIEE BpeMsi Haubosee pacnpoCTpaHEeHbl COOPHbBIE KOHCT-
PYKIIUHU, COCTOAIIME U3 «COHJBUY» — TAHEJEH, UMEIOIIUX BIIOJIHE YIOBJIETBOPHU-
TEJIBHYIO TEIUIOM3O0JISIIUIO M TUAPOU30JISLUI0, HE TpeOyromue NTyOOKOro 3aioke-
HUS (PYyHIAMEHTOB, CHaOKEHHbIE (POPMOYCTOMUMBBIMU JABEPSIMU C HAJCKHOW THI-
pousossanueit. Kamepsl MMEIOT AOCTAaTOYHO MOIIHYIO CUCTEMY LHUPKYISIUU CY-
IMIMJIFHOTO areHTa, o0OpyAOBAaHHYI0 OCEBBIMU BEHTWJISITOPAMU C DJIEKTPOIBUTATE-
JSIMH, PACIONOKEHHBIMH BHYTPU KaMmepbl. CUCTEMBI aBTOMAaTHYECKOIO PEryaupo-
BaHUS Ipollecca CYIIKH OOJBIIMHCTBA COBPEMEHHBIX CYIIMJIOK MMEIOT OOpaTHYIO
CBSI3b, O3HAYAOIIYIO, YTO COCTOSHHE CYLIMJIBHOIO areHTa B KaMepe M3MEHSETCS B
3aBHCHUMOCTHU OT PE3YyJIbTAaTOB HENPEPHIBHOTO M3MEPEHUS TEKYLIEH BJIaXHOCTH IH-
JIOMaTepHuaoB.

CHIXEHUE PHEPreTUYEeCKUX 3aTpar B ATOM HaNpaBJIEHUU JOCTUTaeTcsl KOC-
BEHHO, 32 CUET YMEHBIICHHUS] CTOUMOCTH CYIUMJIBHBIX KaMep. ITO OCYIIECTBIISIETCS
3a c4eT pa3pabOTKH HETUNOBBIX (MHAMBHIYalIbHBIX) MPOEKTOB, MPUMEHUTEIHLHO K
KOHKPETHOMY HPEANPUSATHIO, C YUYETOM €ro 0COOCHHOCTEH, UCIOIb30BAaHUEM IS
OTpPakIEHU MECTHBIX CTPOUTEIBHBIX MaTE€pPHAJIOB, MPUMEHEHHUS OTEYECTBEHHOIO
TEIUIOBOTO U LIUPKYJISIIMOHHOTO 000PYIOBaHMsI, a TAK)KE CUCTEM aBTOMAaTHYECKOIO
perynupoBaHus. [IpakTiuka cTpoUTENbCTBA CYLIMIIBHBIX KaMep N0 HETUIIOBBIM IIPO-
€KTaM, C MCMOJIb30BAHUEM MECTHBIX CTPOMUTENIbHBIX MaTepHalioB, OKa3ala, 4To UX
ctoumMocTh B 1,5. .2,5 paza HukKe MOKYMHBIX CYyIIMIBHBIX KaMep.

Pa3paboTanHble paHee TEXHOJIOTMHU CYIIKH M y3aKOHEHHbIE B Buie locynap-
CTBEHHBIX cTaHnaprtoB [1,2] u PykoBoasmux MarepraioB o KaMEpHO CyIIKe Jape-
BECHHBI 0a3upoBajach Ha UCIOJIb30BAaHUM B KaU€CTBE SHEPTrOHOCHUTENSI TEXHOJIOTU-
4eCKOro BOASHOro napa. OqHako Kak BHOBb CO3/1aBAE€MbIE, TAK U MOJAEPHHU3UPYEMBIE
OpeanpuaTrs, Kak MpaBWio, HE MMEIOT napa. Vcnonb3oBaHue A LElIed CyIIKH
AIIEKTPUYECKON DHEPrUM, KaK ajJbTEPHATUBHOIO MCTOUHHUKA, BECbMa MpoliieMaTHy-
HO, [0 IPUYMHE €€ BBICOKOM cToMMocTH. ClieqoBaTresbHO, 3T TEXHOJOTUU HE MO-
I'YT OBITh pEaJTU30BaHbI U MOAJIEKAT MIEPECMOTDY.

Cy1iecTBOBaBUIME CTAHIAPTHBIE PEKHUMBI, 10 MHEHHUIO aBTOpA, HEJb3s pac-
cCMaTpuBaTh Kak HaubOosee LeaecooOpa3Hble U3 BO3MOXKHBIX PEXUMOB. J{OIKHBI
OBITh CTaHJAPTU30BAHbI HE PEXXHUMBbI CYIIKH, a MOKa3aTeIl KayecTBa CYLIKU MUIIO-
marepranoB. Torna 3To Jaer KaxIoMy HMCCIENOBATEN0, KaKJIOMY IPOU3BO/ICTBEH-
HUKY-CYIINIBbIINKY BO3MOXKHOCTH JUIsl M3bICKAHUSI HOBBIX IyTEH MOBBIILIEHUS Kade-
CTBA CYIIKHU U YBEJIMUYEHUS POU3BOIUTEIILHOCTH Kamep.

B yactHOCTH, Ha 0a3ze CTaHIAPTHBIX PEKUMOB CYLIKH pa3pabOTaHbl HOBBIE
pexxumbl. OHU OTIMYAIOTCS OT CTAHAAPTHBIX TE€M, YTO TEMIIeparypa CyIIHJIBHOTO
areHra He npeBbimaeT /5 °C maxe Ha MOCIEIHUX CTYICHSIX PEKUMOB. Takod ypo-
BEHb TeMIIeparypbl 00yCIIOBJIEH TEM, YTO TEMIIEpaTypa Iperolel Bobl B TEII000-



239

MEHHHKaxX kKamep He mpeBbimaeT 95 °C, a Takke TeM, 4TO 00SCIeUnBaCTCs yCTOM-
yuBas padoTa AEKTPOABUTATENEH LUUPKYISIUUOHHBIX BEHTUJISITOPOB, YCTAHOBIICH-
HBIX BHYTpHY KaMmepbl. Kpome Toro, mpu Takoi TeMreparype MOJHOCThIO COXPAHSIET-
Csl IPUPOJIHASI IPOYHOCTH JPEBECUHBI.

Jlist mpoBeneHus HaYaIbHOW 00paOOTKM M BJIArOTEIIIO00paOOTKH CTaHIaAPT-
HBIMHM TEXHOJIOTHSIMHU IIPEyCMaTpUBAJIOCH YBIAXKHEHHE CYLIWJIBHOIO areHTa BOJs-
HbIM nlapoM. Takoe yBIIaXHEHHE, C TOUKU 3PEHUsI SHEProcOepeKeH s, SBIIETCA 3a-
TpaTHbIM TpoueccoM. Ilpu mporpeBe wiM BIaroTeriooOpabOTKE PEKOMEHIYeTCs
NOBBIIIATE TEMIEPATYPY B KaMepe Ha HECKOJIbKO IpagycoB, IPU OJIHOBPEMEHHOM
YBEJIMYEHUH BIAXKHOCTH CYIIMJIBHOTO areHTa. J[jst Toro 94To6sl 310 006€cnednTh, Te-
IUI0Basi MOUTHOCTh YCTaHOBKHM N-—oo. TToCKONbKY peanbHO 3TO HEIOCTUKUMO, TO
PEKOMEH/I0BaHHBIE PEKUMBbI BBITTOJIHSUIACH JIUIb YACTUYHO, HO MPU FPOMATHOM I1€-
pepacxoze napa. Takoe ke camoe HabIAaeTCs MPU MOMBITKE YBIAXHUThH CYIINIIb-
HBII areHT PacbUICHHOW BOAOH IpH TeMIieparype cymmmisHoro arenra (t = const).
Boga nogaercst B M30BITOYHOM KOJIMYECTBE, TEMIIEpATypa B KAMEPE YMEHBIIAETCS, a
TpeOyeMOro MOBBIILIEHUS BIaKHOCTH HE TPOUCXOTUT.

IIo HOBOM TEXHOJIOTMM PEKOMEHAYIOTCS PEXUMBI HA4aJIbHOIO NPOrpeBa U
KOH/IMIIMOHUPOBaHHS (IO HOBOW TEXHOJIOTHH BIAroTersioo0paboTKa HE MPOBOJIMT-
cs1), KOTOPBIE MPEyCMaTPUBAIOT 00pabOTKy CYIIMIIBHOTO areHTa PacibUICHHOH BO-
novi(annabaTrueckuil mpouecc). YBIaKHEHHE CYIIMIBHOTO areHTa B ATOM CIIydae
IPOXOJIUT MPH CYLIECTBEHHOM CHM)KEHHH 3aTpaT Ha TEIUIOBYIO SHEPTHIO.

DKOHOMHMIO TEIUIOBOM M B 3HAUUTEIBHON CTENEHU 3JIEKTPUYECKON 3HEpruu
o0ecreynBaeT crnocod MMITYJIbCHOM KOHBEKTHBHOM CYIIKHM NMUJIOMaTepHasioB. Takoil
CHOCO0 M3BECTEH OTHOCUTENIBHO JIaBHO, HO IO PA3JIMYHBIMU Ha3BaHUSIMU: CIIOCOO
CYLIKH THJIOMATEPHATIOB «II€PEMEKAIOIIUMUCST» PEKUMaMHU, CIOCOOBI CYIIKHA OC-
MWUTAPYIOMIMMH, «IIPEPHIBUCTHIMU»Y HMIYJIbCHBIMU PEXUMaMU. ITH CHOCOOBI
00bEIMHACT PEryJspHOE LMKINYECKOE M3MEHEHHE TeMIEepaTypbl MaTepuania, MpH
KOTOPOM 32 MEPUOJIOM MOBBILIEHUS TEMIEPATYphl CIEAYET MEPUOJl €€ MOHUKEHHUS.
[Mukinyeckoe U3MEHEHUE TEMIEPATYpPhl MO3BOJISIET B IEPUOAE OXJIAXKACHUS JOMOJ-
HUTEJIBHO HCIIONb30BaTh TAKYIO ABMXKYILYIO CHIIY IMpOILEcca KaKk TEpMOBIAromnpo-
BOJHOCTH, KOTOpasi PU OMPEACIECHHBIX YCIOBUAX MOXKET ObITh Oosiee 3PQpeKTHB-
HOI1, 4YeM BIAronpoBOAHOCTb. [[uKinyeckoe N3MEHEHUE TEMITEPATypPbl HEMOCPEACT-
BEHHO CBSI3aHO C MMITYJBCHBIM IOJBOJIOM TEIUIOBOM 3HEPIMU K BBICYILIMBAEMOMY
Marepuaiy.

[TpyHIMIT UMITYJIBCHOTO TO/IBOJIa SHEPTUU ObLI MPUMEHEH HaMUu U i JIpy-
IMX CIOCOOOB CYIIIKHM, TAKMX KaK BaKyyMHas, B 3JieKTpoMarHutHoM nojie TBY unu
CBUY. On noxkazan cBoto 3 (PEeKTUBHOCTD, KaK B IJIaHE MOBBIIICHUS KauyeCcTBa CyI-
KM, TaK U CHIDKEHHS TPOJOJDKUTENIBHOCTH npouecca. CiaenyeT OTMETUTD, YTO BaKy-
yMHas CylIKa NUJIOMaTepHalioB, 00sajiass JOCTOMHCTBOM B CYLIECTBEHHOM COKpa-
IIICHUU CPOKOB CYLIKH M BBICOKOM Kade€CTBE BBICYILIEHHOIO Marepuaia, 110 CpaBHe-
HUIO C KOHBEKTUBHOM CYIIKON MMeeT 0ojiee BBICOKYIO ce0eCTOMMOCTh M3-3a BBICO-
KOH 1IeHbl Ha 00OpYAOBaHUE U MOBBIILIEHHBIX IKCIUTyaTallUOHHBIX pacxonoB. Cyiika
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B 2JICKTPOMArHUTHBIX TOJISIX, UMES T€ K€ JIOCTOMHCTBA, OTJINYAETCS, TOMUMO BBICO-
KX 3aTpaT Ha 00OpyIOBaHUE W DKCIUIyaTaIUIO, TTOBBIMIEHHBIM PACXO0OM 3JIEKTPO-
sHeprur. OJTHAKO B HEKOTOPBIX CIIy4asiX, IJisl ONEPATUBHOM CYIIIKH MUJIOMAaTepUaIoB
U 3ar0TOBOK, MPH MPOU3BOJICTBE M3MIEIUN M3 IPEBECUHBI ¢ OOJBIION J00aBICHHOMN
CTOMMOCTBIO IPUMEHEHHNE ITUX CIIOCOO0B MOKET OBITh BIIOJIHE OOOCHOBAHHBIM.

1. T'OCT 1886-84. [TunomaTtepuanbl XBOMHBIX MOPOA. PEKUMBI CYIIIKU B TIPO-
TUBOTOYHBIX KaMepax HEMPEPHIBHOTO ICHCTBUSI.

2. TOCT 19773-84. ITunomarepuaibl XBOWHBIX M JIUCTBEHHBIX MOPOJ. Pexu-
MBI CYIIIKH B Kamepax MepUoIMIeCcKOro JeHCTBUS.

AHAJIN3 METOJOB KOHTPOJISA HIEPOXOBATOCTH
HOBEPXHOCTHU B MAILIMHOCTPOEHUH

H.U. Kynesa

Hayunwvui pykosooumenv A.B. Cmapocmun, kano. mexu. Hayk, 0oyexwm
Bousoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonorna

B coBpeMeHHBIX yCIOBUSIX PHIHOYHOW 3KOHOMMKH JUISl MIPEANPUITAN Mallu-
HOCTPOUTEJILHON OTpAciu SIBISIETCS aKTyaJbHOU mpobiieMa obecrieueHus cTaduib-
HOCTH TOTPEOUTENBCKUX CBOWCTB BBITYCKAEMON MPOAYKLMH Uil TOAJEPKAHUS
CBOEH KOHKYPEHTOCIOCOOHOCTH Ha pbiHKE. Kpome Toro, ¢ pa3BUTHEM TEXHOJIOTHIA
IIPOU3BOCTBA MOBBIIIAIOTCA TPEOOBAaHUS K MMOKA3aTENSIM JTOJITOBEYHOCTH U HAJIEHK-
HOCTH IPOJIYKLUHH, KOTOPbIE TPEOYIOT MOCTOSIHHOTO KOHTPOJS B XOJE€ TE€XHOJIOTH-
YecKoro mpolecca A TOTr0, 4TOObl MMETh BO3MOXHOCTh YIPAaBISATH KaueCTBOM
npoaykuuu. OT CTENEeHU COBEPIIEHCTBA KOHTPOJIA KadyecTBa, €ro OpraHu3aluu U
TEXHUYECKOTO OCHAIICHHsS 3aBUCUT 3((PEKTUBHOCTH BCETrO MPOU3BOIACTBEHHOTO
npoiiecca.

B MammHOCTpPOUTENBHON OTpaciu ONpeAessIoNlyl0 poJib JUIsi oOecreyeHus
TOYHOCTH UIPAET LIEPOXOBATOCTHh MOBEPXHOCTH — MUKPOT€OMETPUUYECKUH MOKa3a-
T€b PEAJIbHON MOBEPXHOCTH, UMEIOUIEH CIOKHBIN MPOQHIb B OTIIMYKAE OT HOMU-
HaJIbHOM, TO €CTh FT€OMETPUYECKHU TPABUILHOW U T3 IKOM.

[IIepoxoBaTOCTh MOBEPXHOCTU — ATO COBOKYMHOCTHh €€ HEPOBHOCTEH, 00pa-
3YIOUIUX pejbed, MPUUeM Iar HEPOBHOCTEH JOKEH OBITh TIOCTATOYHO Majl, OTHO-
CHUTEJIBHO 0a30BOM JUTUHBI .

[TapameTpbl MIEPOXOBATOCTH NOBEPXHOCTH U3JEIUSI YCTAHABIUBAIOTCS HUCXO-
s u3 e€ (QyHKIMOHAIbHOTO HazHaueHus. [IpuueM TpeGoBaHUS K IIEPOXOBATOCTH
MOBEPXHOCTHU OTJEIBHBIX YYACTKOB MOTYT OBITh pa3IMYHbIMU. J[aHHBIE TPEOOBAHMS
YCTaHABJIMBAIOTCS IIyTEM YKa3aHUs OJHOTO WJIM HECKOJBKHUX IAPAMETPOB IIEPOXO-
BaTocTu U ux 3HaueHuit. CormacHo 'OCT 2789-73 «lllepoxoBaToCTh MOBEPXHOCTH.



[TapameTpsl ¥ XapakTepUCTHKU» [1l], OCHOBHBIMH IMapamMeTpaMHu IIEPOXOBATOCTH
TIOBEPXHOCTH SIBJIIOTCS Ciieaytomue (pucyHok 1):

- R,— BbIcOTa HEpOBHOCTEH MPOPUIIS 110 IECATH TOUKAM,;

- Ry —cpennee apudmMernaeckoe OTKIOHEHNE MTPOGUIIS;

- Rmax — Hanbob111as BRICOTA HEPOBHOCTEN TTPOPUIIS;

- Sy — cpeanuit mar HepoBHOCTEH podus;

- S— cpeHMIA IIar MECTHBIX BBICTYIIOB TTPOMHUIIS,

- lp— OTHOCHTENBbHASI OTIOPHAs TMHA PO, TAE p — 3HAUCHUE YPOBHS Ce-
YyeHust npoduis.

Haubonee npeanodrurenbHbIM MapaMeTpOB SIBISIETCS CpefHee apu(meTHye-
ckoe otkioHeHnue npodpmst (R;) — cpennee apudmernyeckoe U3 aOCOMOTHBIX 3HA-
YeHUI OTKJIOHEHHM Tpoduiis B mpenenax 6a30Boil AMHbL. YKCIOBbIC 3HAYCHUS T1a-
paMeTpoB IIEPOXOBATOCTH BbIOMparoTcst u3 mpeacrasieHHbix B ['OCT 2789-73.
Kpowme Toro, npu He0OXOIMMOCTH, TOTIOTHUTEIHHO K MapaMeTpaM IMIEePOXOBATOCTH
MOBEPXHOCTH YCTAHABIIMBAIOTCS TPEOOBAHMS K HAIPABICHHUIO HEPOBHOCTEU IIO-
BEPXHOCTEN U K cr1oco0y 00pabOTKH MOBEPXHOCTH.
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Puc. 1. Ilapamempur wiepoxosamocmu nogepxnocmu

[ITepoxoBaTOCTh MOBEPXHOCTH MOYKHO OMNPENEIUTH MPU MOMOIIH PA3IMYHBIX
METOJI0B. PaccMOTpUM KpaTKO Ka)bIi U3 HUX.

1. CpaBHUTENBHBIN OECKOHTAKTHBIA METOJ WJIK BU3yalibHas olleHka. KoHTpo-
JUPYEMYIO TOBEPXHOCTh CPABHHUBAIOT C 00pa3liaMH IIEPOXOBATOCTH MTOBEPXHOCTU —
ATallOHAMHM, Ha KOTOPBIX YKa3aHO HOMHUHAILHOE 3HaueHUE napamerpa R, B MHUKpO-
MeTpax. JlaHHBIH METON JOCTAaTOYHO CYOBEKTHUBHBIN, U TOJTYYEHHBIE PE3yIbTATHI
HOCSIT OPUEHTHUPOBOYHBIA XapakTep. TOUHOCTh BU3YaJIbHOTO METOAA MOXHO ITOBBI-
CUTh IyTeM MPHUMEHEHHsI ONTHYECKUX CPEACTB yBenudeHus (MuxkpowHTepdepo-
METP).

2. KonTtakTHble MeTO/bI WK 11yToBbIe. CyTh JaHHOTO METO/IA 3aKJIFOYACTCS B
CIEAYIOIIEM: AJIMa3HAs UIVIA MPHKUMAETCS U MEPEMEIAETCS apaIeIbHO KOHTPO-
JMPYEMOM MOBEPXHOCTH; B MECTAX BO3ZHUKHOBEHHUS MUKPOHEPOBHOCTEH, TO €CTh
BBICTYTIOB W BITaJIMH, BOSHUKAIOT MEXaHUYECKHUE KOJIeOaHUsI M3MEPHUTEIBHON TOJIOB-
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KU UIVIbl U TIEPENIaloTCs B AATYUK, KOTOPBIM MpeoOpa3yeT AaHHbIA BUJ KOJIeOaHUH B
AIIEKTPUYECKUI CUTHAJI; 3allMCaHHbIE MapaMeTphbl 3TOr0 CUTHAJIa B TOYHOCTH IIO-
BTOPSIIOT LIEPOXOBATOCTh MUCCIEYEMOW MOBEPXHOCTU U3Aenus. B aToM ciydae mie-
POXOBATOCTh IMOBEPXHOCTH KOHTPOJIUPYETCS C IMOMOIIBIO TaKMX HPUOOPOB Kak
npodunorpad, npodbunomerp u mnpodunorpad-npodunomerp. OTMUalOTCS OHH
MeTooM M (opMoil mpencrasienus uHpopmanuu. [Ipogunomerp uzmepsier napa-
METpBI IIEPOXOBATOro Mpoduis U PUKCUPYET UX Ha IIKaJe, a npoduiorpad mo3Bo-
JISIeT 3amMcath uX B BUE NpouaorpaMMsbl B 3apaHee BBIOpaHHOM MacITaoe.

3. beckoHTaKkTHBIE ONTHYECKHE METO/bI. [I0 MeTOoay KOHTPOJS OHHM MOIpas3-
JIENIAI0TCS Ha PAaCTPOBBIN, TEHEBOM, MUKPOUHTEP(PEPEHIIMOHHBIN U METO]] CBETOBOTO
CBEUECHHS. bECKOHTAKTHBIE METOJbI U3BMEPEHUN UMEIOT CIAEAYIOIIHNE TPEUMYILECTBA
nepe;l KOHTAaKTHBIMHU. OTCYTCTBHE MEXaHMYECKOIO HM3HOCA W3MEPUTEIBHOIO 3Jie-
MEHTa, YTO 00eCIeunBaeT TOYHOCTh U HaAEKHOCTh U3MEPEHUN; CHUKEHHUE BPEMEHH
KOHTPOJISI; KUCYE3a€T BO3MOXXHOCTh TTOBPEK/ICHUS TIOBEPXHOCTU JCTaH.

4. Meron cnenka. C BbIOpaHHOW TMOBEPXHOCTH CHUMAIOT CIIEMOK MPHU MOMO-
M BOCKA, NapauHa WK TUICA U 1O CIENKY ONPEAENSIOT NapaMeTphl IepOX0oBa-
TOCTH. JlaHHBII METO[ SIBJISIETCS MOATOTOBUTEIBHBIM ATAIOM M MIPUMEHSETCS B TOM
Clly4yae, €CiId HET BO3MOYKHOCTHM HM3MEPHUTH IIEPOXOBATOCTH IMOBEPXHOCTH Hamps-
MY10, TO €CTh IPU HAJUYUHU TPYIHOIOCTYIHBIX YYAaCTKOB WUJIM KPYyIHOTra0apUTHBIX
JETaJIEeH.

B ycnoBusax npeanpusiTuii poCCUHCKOT0 MalTMHOCTPOCHUS U YYEOHBIX J1a00-
paTopusix YHUBEPCHUTETOB, B 4acTHOCTH Bol'Y, mmpokoe npuMeHeHUE MOTy4HIIn
KOHTAKTHBIE METObI KOHTPOJISI LIEPOXOBATOCTH MOBEPXHOCTH. PaccMoTpuMm U cpas-
HUM JBa npudopa s U3MEpPEHUsl IIepoxoBarocTu: npoduiorpad-npoduiomerp
K-201 u nopraruBHbIil m3Meputens mepoxoBaroctu 1R200. [2]

[epsriii mpubop momenu K-201, nsroroBnenusiii Ha 3aBoae «Kamubp», co-
CTOUT W3 JBYX JIOCTAaTOYHO KPYMHOraOapUTHBIX OJIOKOB: 3JIEKTPOHHOTO H3MEpH-
TEJIBHOTO M 3anuchiBaroniero. Ha crolike pa3MelieHbl W3MEPUTEIbHBIA CTOJMK,
npuBoJ M aatyuk. OH MO3BOJIAET KOHTPOJIUPOBATh HAPYKHbIE U BHYTPEHHHE I1O-
BEPXHOCTH J€Tajeil, ceYeHUEe KOTOPBIX B IJIOCKOCTH HW3MEPEHHUs MPEACTABISIET
npsaMyro JuHUI0. B pexume npoduiiomerpa NaHHbI npuOOp MO3BOJSET Ompese-
J9Th mapaMeTp mepoxoBatocTu R, ot 0,02 no 8,00 MkMm; B pexkume npoduiorpada
HOSIBIISIETCS. BOBMOXKHOCTh OIPEAENIATh BCE MapaMeTphl MIEPOXOBATOCTH MO 3alu-
caHHOM mpodumorpamme.

[TopraruBublii w3MepuTens mepoxoBaroctu I R200, pazpaboTaHHBIN KOMITa-
aueir Time Group INc, B HacTosiee BpeMsi HAXOUT JOCTATOYHO IIMPOKOE MpHUMe-
HEHUE. JTO JIETKUI MajiorabapuTHBIA MPUOOP C JIMTUEBBIM aKKyMYJISITOPOM, pado-
ThI KoToporo xBaraet Ha 20 4. CpeaHsisi CTOUMOCTh JaHHOTO MPUOOpa HA PhIHKE CO-
ctaBnsgeT okono 140 teic. py6. OH nmpuMeHseTcs A1 U3MEPEHUS U KOHTPOJIS Tapa-
METPOB IIEPOXOBATOCTH CIIOKHBIX MOBEPXHOCTEH: KPUBOJIMHEUHBIX, B OTBEPCTHUSX,
nasax u T.J. JlaHHbI pUOOp MPOU3BOAUT pacueT MapaMeTpoB IIEPOXOBATOCTH IO
BBEIOpPAaHHOW METOJWKE W YETKO OTOOpakaeT Ha dKpaHe rpaduk mpodwiis u Bce u3-



MEpPEHHbIE TTapaMeTphl, a TaK ke UMEET BO3MOKHOCTh cBs3H ¢ [IK u BbiBoga Ha He-
ro Bcex mokaszareneil. CremnoBaTenbHO, 3HAYUTEIBHO COKPAIIAeTCsl BpeMsi h3Mepe-
HUSl HIEPOXOBATOCTU MOBEPXHOCTH JI€TAJ€H M TOBBIIACTCS MPOU3BOAUTEIHLHOCTD
TpyZa. A Tak e CHHI)KaeTCs BEPOATHOCTh BO3HMKHOBEHHUS HETOYHOCTH, TaK Kak
pacueT Bcex MapaMmeTpoB MPOU3BOAMUTCS aBTOMATUYECKH, B OTIIMYUE OT Ipoduio-
rpada-npodunomerpa moaenu K-201. OxynaemMocTb JaHHOTO 00OPYIOBaHUS MPE/I-
mojaraeTcs 3a CYeT YBEJIMYeHHs o0beMa pealiM30BAaHHON NpomyKiuu (3a cuer
o0ecriedeHHs CTAOMIBHOCTH €€ TIOTPEOUTEITHCKUX CBOWCTB).

TakuM oOpa3zoMm, HCNOIB30BaHUE HAMOOJEE COBPEMEHHOIO OO0OpPYIOBaHUS
IpU KOHTPOJIE KAa4eCTBA TMOBEPXHOCTU W3JCIHUNA TO3BOJIIET MOBBICHTH TOYHOCTH
KOHTPOJIS, @ 3HAUYUT U KAaueCTBO BBIMYCKaeMOU MPOAYKLHMH, YTO CIOCOOCTBYET IO-
BBIILICHUIO KOHKYPEHTHBIX IPEUMYIIECTB NPEANPUATHUS B LIEJIOM.

1. TOCT 2789-73 «lllepoxoBaTocTh MOBepXHOCTH. [lapamMeTphl U XapakTepu-
CTUKU».

2. Metponorus, cTangapTu3anus, ceprupukanus. TeXxHnyeckrue n3MepeHus u
npuOOpPHI; METOJUYECKHE YKA3aHUs K BBIMOJIHEHUIO JIa0OpaTopHOM paboThl «M3me-
peHHEe HIePOXOBAaTOCTH MOBEPXHOCTH HA MpuOOpax ¢ rpaduyecKoil perucrpanueit
npoduis ¢ obpabotkoit npodumorpammer». bpum B.H., CremanoB A.C., Crapoc-
tiH A.B. —Bomorzga: Bol' TV, 2010. — 36 c.

PA3BPABOTKA ITPOTPAMMHOI'O OBECIHHEYUEHUA JIJ151 PACUETA
CTO C MCITIOJB30BAHUEM METOJAA MOHTE-KAPJIO

A.B./Iucoe

Hayunwui pykosooumenv A.B. Bocmpoe, cmapuwiuii npenooagsamens
Bonoroackuii rocy1apCcTBEHHbIA YHUBEPCUTET

r. Bosorna

Opranu3zaiusi aBToCepBuUCa SBISETCS OJHOM U3 Haubojee CI0XKHBIX U UHTE-
pecHbIX TpoOjeM B oOjacTth aBToMoOWIIbHOrO TpaHcmoprta. Ilo cBoeit mpupoje
npo0siemMa 3Ta SIBHO PbIHOYHAS, T.K. HAJIMYKE OOJIBILIOTO YMCIIAa HE3aBUCHMBbIX BJa-
JIeNbLIEB AaBTOMOOUIICH, IIMPOKHI CIIEKTP YCIyT, KOTOpbIE MOTYT OBITh BOCTpeOOBa-
HbI, OTHOCUTEJILHO MaJible HayaJlbHbIE 3aTPaThl U IOCTATOYHO ObICTpasi UX OKyIlae-
MOCTb TO3BOJISIIOT OPraHU30BaTh MPEAIPUHUMATENBCTBO IIMPOKOMY KPYTy CIierua-
JHUCTOB.

Coznanuto OM3HEC-IIIaHa, pacuéTy BHOBb CO3[1aBa€MOM MM MOJEpPHU3UpYE-
Mol CTO B ppIHOYHOM 3KOHOMHUKE OTBOJIWTCS OrpOMHOE 3HaueHue. [Ipexne yem
BJIO)KUTHb BO YTO-TO CBOM JI€HbIM BCE HYXHO XOpOILO MPOCYUTATh, MPEABUACTDH
BO3MOXHOCTh MaHeBpa 00bEMaMU U HOMEHKJIATYpOH YCIyT, a TaKKe TEXHUYECKH-
MU cpeacTBamMu. PeiHOK He mpoiaer omnOok. OCHOBOM co3aHusl OM3HEC-TIIaHa 110



ctpoutenbcTBy CTO ABISIIOTCS CYLIECTBYIOIIME METOJUKH W MOIXOIbl K PAacuéry
CTaHIIUH.

OnucaHHbIE B INTEpAaType METOJbI pacyéTa MPUMEHUMBI JUIIb K CTal[MOHAP-
HOMY IOTOKY ITOCTYIIJIEHUS 3as1BOK, M K YCJIIOBHSIM, KOI'/Ia CIIPOC HA OKa3aHUs yCIIyr
o TO u TP co cTtopons! aBToNMtOOUTENEH MPEBBINIAET MPEIIOKEHNE IPETPUATHH,
00pa3yIolIKuX CUCTEMY aBTOTEXOOCITYKUBAaHUS B OKAa3aHUM ITUX YCIyr. B ycrnoBusix
PBIHOYHOW SKOHOMHMKH HEYJIOBJIETBOPEHHBIA CIIPOC Cpasy K€ 3aKpbIBAECTCS NIpE-
noxxeHueM. [Ipu naHHBIX YCIOBHUSX UMEET MECTO HECTAI[MOHAPHBINA MOTOK MOCTYTI-
JICHUS 3asBOK.

B crpanax ¢ pa3BuToii 5KOHOMUKOW U HHPPACTPYKTYPOIl HE UCTIONB3YETCs CIie-
IIUATEHBIX METO/IOB pacdera cucteM TO u P, mockonbky Hapsay ¢ aBTOMOOMIM3anEiH
MOCJIEZI0BAaTEIbHO Pa3BUBAIACh CHCTEMA aBTOTEX00CTy )KUBaHUsl, U TIOSBJICHUE JI0MOJI-
HUTEJIBHBIX pa00YUX MOCTOB CTUMYJIMPOBAIOCH CIIPOCOM Ha PHIHKE YCIIYT.

B Poccun motpeObHOCTh B aBTOTEX00CTY)KMBAaHUU CYIIECTBEHHO OTCTaBaja OT
pocTa aBTOMOOMJIBHOTO MapKa, YTO CO3/1aBaJI0 BO3ZMOXHOCTh CTPOUTH U BBOJUTH
Hesble TPEANPUATHS, B TOM YHCII€ U KPYITHBIE.

PacyéTr mocToBBIX M YYaCTKOBBIX PabOT PEKOMEHIYETCs BBINOJIHITH HOpPMa-
TUBHBIM CIIOCOOOM, MPENOIaraloniuM paBHOMEPHYIO 3arpy3Ky C pe3epBUPOBaHU-
€M Ha HEpaBHOMEPHOCTb MOCTYIUIEHUS 3asBOK.

B nuteparype mo cucreMaM MaccoBOro OOCITYKUBAHUS TAaK)Ke OTCYTCTBYIOT
HOJIXO/Ibl, CBSI3AHHBIE C OLIEHKOW CE30HHBIX, MECAYHBIX U HEAENBHBIX KOJIeOaHUI
4yucia 3asiBOK.

Teopust 1a€T BOZBMOXKHOCTh ONPEAEIUTh OTHOIIEHUE JJIMHBI OUYepPEAU K YUCITY
pabounx MOCTOB, CpeHUN KOADPUIIUEHT MTPOCTOSI TOCTOB, CPEIHEE YUCIIO CBOOOI-
HBIX TTOCTOB. Bes mpoOnema B TOM, UTO HE SIBISIFOTCS MOCTOSSHHBIMU BETMYMHAMHU
[I0Ka3aTeslb UHTEHCUBHOCTH MOCTYIUIEHHS 3aBOK B YCJIOBHUSX KOHKYPEHTHOW cpe-
JIbl, YMCJI0O aBTOMOOWJIEH, MOCKOJBKY HEOIpeaenaéHHasl 0Jid CIpoca Ha YCIYrd
oOecrieunBaeTCs KOHKYPEHTaMU UJTU BJIa/IeNIblIaMHi MAIIIVH.

3HAYUTENBHBIN KPYT 3aJa4 PELIACTCS C MOMONIbI0 METOAA TUHAMUYECKOTO
POrpaMMUPOBAHMS, KOTOPBIN MPEACTaBIsET cO00M Mpolecc MOIIAaroBoro MmpuHs-
THS PELICHUM.

[TpyHIMN AUHAMUYECKOTO MPOrpaMMHUPOBAHUSI UMEET OCOOYI0 IIEHHOCTh B
YCIIOBHUSIX HECTAI[MOHAPHOT'O MOTOKAa TPEOOBAaHUM TEM, YTO OH IO3BOJISET AlAINTH-
pOBaTh PE3yJIbTaT C YUETOM CUTYALIUH.

B nenom 3amaya cBOOUTCS K KJIACCYy MHOTOJIMHEMHBIX 3a/1a4 C OKHJIAHHUEM,
IIOCKOJIBKY KJIMEHT, NPEIbSBUBIINN CIPOC HA YCIIYTH, KAKOE-TO BPEMSI MOKET OCTa-
BaThCsl B ouepenu. Ecim odepenp (10 BpeMeHHM WM YHCIY MECT OKUIAHHUs) Tpe-
BBIIIAET JOMYCTUMBII NPEeil, KIUEHT TEPSIETCH.

[TockonbKy MOCTOB BcerJa HECKOJIBKO U XapakTep TpeOOBaHMI 3apaHee He
onpenenéH, To UMEET MECTO Pa3HOBUIHOCTh PEIICHUsI, Ha3bIBa€Masi MHOIOMEPHBIM
CIIy4alHBIM OJyKJIECHUEM.
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[Tycts mocTOB oHOTO BUaa pador Oyxaer N, H(x) —byHkus pacnpenencHus
IUTUTENTLHOCTU 00CTyKuBaHusi M-ro TpebdoBanus, G(X)=P(z,<X) —byHkums pac-
npeeNeHrs] BpeMEHU MOCTYIUICHHS TIOTOKA TPEOOBAHUM, Zy, —MHTEPBAT MEXIY T10-
crymieHusMu M —M-1) tpeGoBanusMH, ty, —ITUTEIBHOCTH OOCIYKHUBAHUS M-TO
TpeboBaHus, f, —IIUTEILHOCTh OXKUAAHUS M-bIM TpeOOBaHHEM Hadasa OOCITYKH-
BaHUSI.

3apanee He u3BecTHO Kak pacnpenensores H(x) u G(X), ogHako MOXKHO IO-
Jarath, 4TO Zy ¥ ty, —HE3aBUCHMBIC BEITUYNHBI.

Kaxmoe TpeboBaHMEe TIOCTYIAET HA OCBOOOIMBIIHUIICS MOCT, CIEI0BATEIBHO:

f =min{fl f2 .., f"}, (1.1)
[TocnenoBarenbHOCTh fr, OTpaskaeT ogHOPOJHYIO Iierb MapkoBa, MpUYEM
f]_:O.

i
HYCTB fm -0CTaTo4HaA JIUTCIBbHOCTD O6CJ'Iy>KI/IBaHI/I${ IMOCJIC BBIMOJHEHUS M

TpeOOBaHMI1, TOCTYNUBIINX B MOMEHT tn,. Torma fm = min{fn'] }in:l. Ecmm x MmomMmeHn-
Ty tym Bce mocThl ¢cBOOOAHEI, f,=0.

[Tycth Tekymiee TpeOoBaHUE OOCIYKHUBACTCS HA MOCTY HOMEP jm, 1< |m<n;
m= 1. Torna okoH4YaHUEe 0OCTY)KUBaHMsI TPeOOBaHUS M Ha I-OM MOCTY:

fl+t jecu i=j_

OKOHj __
fo =

i . .
foeciu 1%,
Jlis mo6oro i, 1< jn<n. Hagano oGcmyKuBaHus CIEAYIOUEro TpeGOBaHuUsE:

oxon; oxonj
fo z....eciu f7 z, >0

0,ecnu " -z <0

Ecau kakoe-To Tpe60BaHI/I€ M HE BBIIOJHACTCA (KJII/IGHT OTKAa3bIBACTC

i .
’K/1aTh), TO fm =0, 4TO NPUHIUITHAIHHO HE MEHSET CXEeMY Pacy€ToB.

Ecnu ogHOBpeMeHHO ¢cBOOOIHO JBa WJIK O0Jiee MOCTOB, TO TpeOOBaHKE MoMa-
JTaeT Ha JII000M NOCT, HAIPUMEP C MEHBIIIUM HOMEPOM.

[TockonpKy MpU HECTAIMOHAPHOM TMOTOKE TPeOOBAaHUN MBI UMEEM JIeJ0 C
MHOTO(YHKIIMOHATBHON CIydalHOM BEIMYMHOMN, (YHKIUS pacHpenesieHus KOTO-
po:

G(X)=Ga[F1(X)]+ Go[F2(X)]+...+ Gn[Fn(X)], (1.2)

TO MPU Pa3bIrPbIBAHUN (PYHKIIMH MOXHO BOCIIOJIb30BAThCS METOAOM CyHep-
nosunuu. 3aeck Gi[F(X)] —byHkums pacnpenenenus moToka TpedoBaHui Mo N He-
3aBUCUMBIM MEPEMEHHBIM, HAIIPUMEP IO Yacam CMEHBI, JHSAM HEIENH, HEJIEIN Me-
csla, MecsIam roja, Buaam ycuyr, F(X) Moxer ObITh ¥ pa3HOCTHBIM sapoM. [1pu-
yém

Gi[F1(X)]+ Go[Fo(X)] +...+ Ga[Fa(X)]=1. (1.3
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N paswirpeiBaem ciydaiinoe yucino O<r;<1 mo TabiuIe caydaliHbIX YHCEI
WIN C TIOMOIIIBbIO TeHepaTopa CAy4yailHbIX YMCeN, UMes B BUIY, U4TO

Gia[F1(X)] =ri=< G[R(X)]. (1.4)
Janee uccnenyercst ypaBHEHUE
F.i(X) << F(X), (1.5

rje I, —BTopoe ciaydaitHoe unciio, 0<r,<1.

Oyukius F(X) MoxkeT ObITh Kak AMCKPETHOMN, TaK U HEMPEPBIBHOW, B TOM
YuCJe KyCOYHOM, 4TO 00ecCIeurnBaeT 3HAUUTEIbHbIE MPEUMYIIECTBa B YaCTH 00pa-
OOTKH SKCHEPUMEHTAJIbHBIX JaHHbIX. Hampumep, X MOXKHO oOmucaTh KYyCOYHO-
JTUHEHHON (yHKIHEH.

[IpocunTaB B COOTBETCTBYIOIIMX BPEMEHHBIX MHTEpPBAIax U CIYyYANHBIM XKE
o0pa3oM BBIIS HA BUJ YCIIYT, ONPEeisieM e€ TPy 10EMKOCTb.

B nurteparype orcyrcTBOoBanu cxemsl U anroputmsl pacuéta CTO nnst ycno-
BUW PBIHOYHOW 3KOHOMHKHU. DTOT MpoOen ObLI 3amojiHeH npodeccopoM Kadeapbl
«ABTOMOOMIM W aBTOMOOWJIBHOE XO35MCTBO» BoIOroackoro rocyaapcTBEHHOTO
YHHUBEpCHTETA, I.T.H., Jlaxkunbim B. T'. [1]. [Ipemnoxennas um metoauka Oblia co3-
JlaHa CIEUMATIbHO ISl YCIIOBUUA PBIHOYHOM 3KOHOMUKH, KOTJa CIIPOC U MPEIIIOKE-
HUE cOalaHCHUPOBAHBI 3a CYET PE3CPBUPOBAHUSI MPOU3BOJCTBEHHBIX MOIIHOCTEH
MPEINPUITANA ABTOCEPBUCA, & HE 3a CUET OUEPE/IN KIIMEHTOB.

B knwure [1] u3mokeH OpUHIUI pacdéra 3arpy3ku MOCTOB C TIOMOIIBIO METO-
na Monre-Kapno. DTotr moaxon Obi1 peanuszoBan B padote. CyTh IpHUHIMNA 3a-
KJIFOYAETCs B CIEAYIOIIEM: Pa3bIIPhIBACTCS COBOKYIIHOCTD CIy4YalHbIX YMCENl, KaX-
JI0€ U3 KOTOPBIX CTAaBUTCS B COOTBETCTBUE HAOOPY YCIOBHUI, B KOTOPBHIX paboTaeT
CTO: Bpems CyTOK, IEHb HEJIENIU, CE30H rojia, BUJ yCIYyru U Tak aanee. X coso-
KYITHOCTb OIPEJIETSET 3arpy3Ky paboyux MOCTOB.

yE Pacuet CTO = ':'
WecxoaHele ganneie Pesynetar  Cnpaeka  Bewog

Led &M €

Yucno ogHopooHEX rpynn nocToe: |0

Pacnpegeneqke patoums No NocTam

1 2 3 4 5 [ 7 8 g 10
o § O F F F F F B F
R ol ol ol -l ol ol ol
we T F F F F F F F

<<Hazan

Puc. 1. Humepdgetic npocpammsr ons pacuema CTO
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Haunbonee cnoxnoii, BBUAY €€ TPyAOEMKOCTH, YaCThIO METOJMKHU SIBJISIETCS
CTaTUCTUYECKUI SKCIIEPUMEHT C UCIOJIb30BaHHEM MeTtona MonTe-Kapio, ¢ uenbto
ONPENECTCHNUST BEPOSATHOM 3arpy3Ku MOCTOB M MOTEPU KIMEHTYpbl. sl peuieHusd
3TOM MpobJIeMbl OblJIa pazpaboTaHa MporpaMma Jijis BBITIOJHEHUSI CTAaTUCTUYECKOTO
skcriepuMenTa Ha DBM, npencraBieHHas Ha pucyHke 1.

1. Haxwun, B.I'. JlumiioMHoOe NMpoeKTUpOBaHUE. MeToauUeCcKue yKa3aHus K
BBITIOJTHCHHIO TUTUIOMHBIX TipoekToB/ B.I'. Jlaxkun. Bomorma: BITH, 1992, — 35 ¢.

2. IIpoexkTrpoBaHNE CTAHIMH TEXHUYECKOTO OOCITYXKHBaHHUS aBTOMOOWIICH:
METOAUYECKUE YKa3aHUSA K KypCOBOMY M JUIIOMHOMY NPOEKTUPOBAHUIO. CIELH-
anpHOCTh 15.02.00/ coct.: laxxun B. I'., Maitopos b. O. — Bonornaa: Bolll, 1998. —
25c..un..—.—4.28.

PA3PABOTKA AJITOPUTMA COPTHPOBKHN OCTATKOB
JIMCTOBOI'O METAJIJTA

A.A. Cmupnos

Hayunwvi pykosooumenv A.C. Cmenanog, kano. mexmu. HayK, OOYeHm
Bonoroackuii rocy1apCTBEHHbIM YHUBEPCUTET

r. Bonorga

[Ipu opranuzanuu packposi JUCTOBOIO METalljla HAa MAalIMHOCTPOUTEIHLHOM
NpEANPUSTANA Tepe]l TEXHOJIOraMd M MEHEKepaMH MPEANPUITHS CTOUT 3ajaya
yBeIUYCHHS KOA(P(OUIIMEHTA UCTIOIB30BAHMS JIICTOBOTO METAJIa C METbI0 CHIDKCHUS
OTIepaIMOHHBIX 3aTparT.

MOXHO BBIJICTUTh JBa OCHOBHBIX HAIpaBJICHUsI pEIICHUs JaHHOW 3ajayM:
palMOHAIBHBIA PaCKpON UCXOAHOTO JUCTOBOIO METallia, UCIOJIb30BAHUE OCTATKOB
JMCTOBOT'O METAaJljIa MOCIE PacKpos B CIEAYIOMIMX KapTax pacKposi.

Borpocsl panimoHaibHOTO packposi pACCMOTPEHBI B TPY/IaX OTEYECTBEHHBIX U
3apyoexnbix uccienonareneit: JI.B. Kantoposuu, B.A. 3anramnep, 3.A. Myxauesa,
N.B. Pomanosckuii, B.M. Kaprak, IO.I'. Ctostn u npyrue. Bonnpocamu panuoHanb-
HOT'O packposi 3aHuMmaetcs creimanbHas rpynmna ESICUP (Euro Specia Interest
Group on Cutting and Packing), nayunas mkona B r. Yde. [1- 3]

[Ipu ucnonap30BaHUM OCTATKOB JINCTOBOTO METaJljIa MOCJe MEPBOHAYAIBHOTO
packposi B CIEAYIOIIMX KapTax packpos CIeAyeT pacCMOTPETh BOMPOC COPTUPOBKHU
OCTAaTKOB Ha JIEJIOBBIE U HEJEJIOBBIE.

AKTyaJIbHOCTh JAHHOTO BOIPOCAa MOATBEPXKAAECTCS TEM, UTO OIEpaTHBHAas
000CHOBaHHasl UJICHTU(UKAIMS OCTAaTKOB MO3BOJIUT YCTPAHUTh BO3MOXHBIE 3aTpa-
Thl HA XpaHEHUE U TPAHCHIOPTUPOBKY OCTATKOB, KOTOPhIE HE OYyAYT UCMOJIb30BATh-
Csl, YBEIUYUTh KO3(P(UIIMEHT MCIOIL30BaHUS METajllla, CHU3UTh YJIeJIbHbIE Omepa-
[IMOHHBIE 3aTPaThl HA JIMUCTOBOM METAJLJI, yBEJIMUUTh O0OBEM MPOU3BOJICTBA U peau-
3alMK MPOAYKIIMH MPU UCTIOJIH30BAHUN OCTATKOB JIMCTOBOT'O METaJLIA.

B nannoii paboTe mocTasieHa 3a/1aya OnpeiesieHuss OCHOBHBIX aClEKTOB, KO-
TOpbIE HEOOXOAMMO YYECTh B AJITOPUTME COPTUPOBKM OCTATKOB JJUCTOBOTO METaLIa
MOCJI€ PACKPOS Ha JEJIOBBIE U HEJIEJIOBHIE.



248

[Ipu coBpeMeHHOM pa3BUTHU MHPOPMAITMOHHBIX TEXHOJIOTUM 11€JIECO00Pa3HO
WCIIOJIb30BaTh MPOrpaMMy, KOTOpas IO 3aJlaHHBIM KPUTEPHUSAM OyJeT OIleHHUBATh
MOJTy4yaeMble OCTATKH U UX UICHTU(DUIIMPOBATD.

Jlns mpoBeIeHHS OIIEHKH HEOO0X0IMMO C(hOPMHUPOBATh M3HAYAIBHO JIBE AJICK-
TPOHHBIC 0a3bl TAHHBIX: OCTATKOB M THUITOBBIX 3arOTOBOK.

Kaptbl packposs GopMUPYIOTCS TEXHOJOTOM B AJICKTPOHHOM BHJIE IPHU UC-
MOJIb30BAaHUU COOTBETCTBYIOIIETO MPOrpaMMHOT0 obecrnedeHus. [loaTomy Ha ocHo-
BE€ KapT pacKpos OINPEIEIISIOTCS TEOMETPUUECKUE MapaMeTpbl U TEXHUUYECKUE Xa-
pakTepucTuku (MapKa CTajH, IMOKPBITHE, COCTOSHHE KPOMOK) ocTaTtkoB. CiemyeT
OTMETHUTh, YTO KOTJa OCTABIIAACS YacThb MCXOJHOrO Marepuana IOCIE PacKpos
HMMEET MOBBINICHHBIC TA0APUTHBIC Pa3MEPBI, UTO 3aTPYIHSICT €€ TPAHCTIOPTUPOBKY U
XpaHeHre, HeoOXOAMMO 3Ty YacTh JOMOJHUTEIBLHO pa3AeiUuTh Ha 3yeMeHTHI. [Ipu
ATOM BaXXHO, YTOOBI JJUHUU pazjiesia ObLIM OMpEIeSICHbl UCXOsl U3 Tpejroiarae-
MBIX Ta0apUTOB TUITOBBIX 3arOTOBOK.

Taxoke TexHOJIOTY HeoOXoanuMo C(hOpMUPOBATH 0a3y JAHHBIX OCHOBHBIX TH-
OB 3arOTOBOK JIJII COOTBETCTBYIOIIIETO MPOU3BOJACTBA, KOTOPHIE OYIyT COMOCTaB-
JSATHCS IPOrPAMMOM C TIOJTy4a€MbIMUA OCTATKAMM.

[TepBoHavambHO mMporpaMma OyJIeT OIEHWBATh OCTATKH JIICTOBOTO METajlia
10 KpUTEPHUIO «BMECTUMOCTBD 3arOTOBOK B OCTaTOK.

[Tpn maenTuduUKanuu octaTka HEOOXOIWMO MPOBOAMTH aHAIU3 MPEIOoJia-
raeMoil MOTPeOHOCTH B MPOU3BOJACTBE COOTBETCTBYIOIIMX 3arOTOBOK Ha OCHOBE
UMEIOIIUXCSl U HanboJiee BEPOSITHBIX 3aKa30B, TaK KaK HE I11€JIECO00Pa3HO XPaHUTh
OCTaTKH, U3 KOTOPHIX MOXKHO TMOJYYUTh 3arOTOBKY, HO HET MOTPEOHOCTH B MPOU3-
BOJICTBE. Takxe MOTpeOHOCTh OCTaTKa B CICAYIOIIEM TEXHOJIOTHYECKOM IIpoIecce
MOKHO JIOTIOJTHUTH BEPOSITHOCTBIO MCIOJIb30BaHUSI ocTaTka. J[Jjis 3Toro Heooxou-
MO BECTH CTAaTUCTUKY KCIOJIb30BAaHUS OCTATKOB MO MOATPYMIIaM.

ITo reoMeTpuuecKUM XapaKTEPUCTHKAM IporpaMMa MOXKET HIACHTU(HUITUPO-
BAaTh OCTATOK, Kak JAea0BOW. HO ¢ TOUKM 3peHUST UMEIOIIETOCS KOJIMYECTBA CXOKHUX
M0 XapaKTepPUCTUKAM OCTAaTKOB, MOTPEOHOCTH B MPOTHO3UPYEMOM OOBEME MPOU3-
BOJICTBA 3aroTOBOK, YAaCTOThI MPEJIOKEHUS MCIOJIb30BaTh JAHHBIM OCTAaTOK MpPO-
rpamMma MOXET MOCJe JJIUTEIHHOTO XPaHEHUs OCTaTKa UACHTUPUIIUPOBATD €T0, KaK
HenesnoBou. [loaTomy cneayeTr COCTaBIISITh PEUTHHIM UMEIOLIUXCSI OCTATKOB C TOY-
KM 3pEHUS UX UCTIOJIb30BaHUSI, KOTOPBIE CO BPEMEHEM MOTYT U3MEHATHCA.

HeoOxonumo npuHUMaTh pelieHue o0 OTHECEHMHM OCTaTKa B TPYIINY JENO-
BBIX M HEJIEJIOBBIX OCTATKOB HAa OCHOBaHWH YKOHOMHUYECKOHN OLIEHKH, KOTOpasi CpaB-
HUBAET 3aTPaThl HA XPAHEHUE OCTATKA, HEMOKPHITYIO YACTh 3aTpaT Ha 3aKYIKY JIUC-
TOBOTO METaJula MPU peaan3allid OCTaTKa MO CHIKCHHBIM IIEHaM C y4yeToMm obec-
IICHUBAHUA JICHEKHOT'O YKBUBAJICHTA C PAa3HUIIEH MEXAY JOXOJ0M OT OCTaTKa MpHU
MCIIOJIb30BAaHUU €r0 4Yepe3 OIPENICICHHOE BPEMS Il U3TOTOBJICHUS MPOAYKIHNHU U
CTOMMOCTBIO OCTATKa, 3aTpaTaMH HA €ro XpaHeHue. Eciay Bo BTOpoM cymMme onepa-
IIMOHHAs MPUOBUIH OyJET MOJOKHUTENIbHAS WIIM OTPHUIATEeIbHOE 3HAUYCHHUE 110 MOJTY-
710 OyJIeT MEHbIIIe, YeM 3aTpaThl B IEPBOM BapHaHTE, dKOHOMHUUECKH I1eJIeCO00pas-
HO IPUHATH TAKOM OCTATOK JIeNI0BbIM. ClielyeT OLIEHKY IPOBOJIUTH C YUETOM 3aTpaT
Ha OpraHU3aIMI0 TPAHCIIOPTUPOBKHU OCTATKOB CO CKJIaja B pabodyro 30HY, U3MEHE-
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HUE TEXHOJIOTUH PACKPOsS IPH MCIOJb30BAHUHU JCIIOBOTO OCTaTKa. METOAMKY JKO-
HOMHYECKOH OIEHKU pa3padaThiBaeT CICIHAIUCT YIIPABICHYECKOTO YUeTa.

DKOHOMHYECKAs OIIEHKa OYyJeT KOPPEKTHEee, ECIIH YUECTh BEPOSITHOCTh HEHUC-
MIOJTb30BaHUs OCTaTKa MPH OTHECEHUH B IPYIIIY JICJIOBBIX OCTATKOB, HAIIPUMEP MPH
U3MEHEHUHU TIPOrpaMMbl TMPOM3BOJACTBA. B 3TOM cilydae 3aTparhl Ha XpaHCHHE H
oOecIieHUBaHUE OCTaTKa OYAYyT YBEINIMBATHCS.

Ha ocHOBe BBIZICIIEHHBIX aCIIEKTOB, KOTOPBIC CIEAYeT y4ecTh B paboTe WC-
CJIETyeMOTO aJiITOPUTMA COCTAaBUM KapTy TpoIecca COPTUPOBKH OCTATKOB JTUCTOBO-
ro MeTaJljia IMOCJIe PacKpos Ha JIeJIOBBIC U HelleoBbIe (Tadmuma 1).

Tabmuna 1

KapTa nmpouecca COpTupoOBKH 0CTATKOB JIMCTOBOI'0 ME€TaJlJIa IOCJI€ PaCKposA

Ne Kareropust Onucanue
n/n
CopTupoBKa OCTaTKOB JINCTOBOTO MeTalljla Ha Jelo-
1 | enp mporecca BBI€ W HEJCIIOBBIE C YUYETOM dKOHOMHYECKOU 3dek-
TUBHOCTH
2 | Bmagenen nporecca Cnenuanuct oTJesna ynpaBjIeHYeCKoro ydyera

Hauaio: IMOJIYUYCHHEC OCTATKOB JIMCTOBOI'O METAJIJIa

3 | I'panuus! npouecca -
Kownel: naeHTuduKanys 0CTaTKOB JIUCTOBOTO METaJlIa

Bxoasl mpouecca IHocTraBmmku

I'eomeTpuueckue napameTpsl H
TEXHUYECKHE  XapaKTEePUCTHKH
(Mapka cTanM, TMOKpBITHE, CO-
CTOSIHHE KPOMOK) OCTaTKOB

TexHomor

I'eomeTpuueckue napameTpsl H
TEXHUYECKHE  XapaKTEePUCTHKH
(Mapka cranu, MOKpeITHE, CcO- | TexHOMIOT
CTOSIHHE KPOMOK) THUIIOBBIX 3aro-

4 |TOBOK
Crenumanuct OTAena yNpaBJIEHYECKOro YyueTa, Ha-
IInan npousBoOICTBA 3arOTOBOK
YJaJIbHUK [TPOU3BOJCTBA
CraTucTvueckue JaHHBIE O 4ac-
TOTE UCMOJIb30BaHus ocTaTkoB U3 | [IporpammHoe obecneuenue
OIIPEAEIECHHBIX MOATPYIII
banancoBasi cTOMMOCTb OCTAaTKOB
Crienmanuct otzena ynpasjleH4eCKOro y4yera
Ha MOMEHT OLICHKHU
3aTpaTel Ha XpaHEHHE U TpaHC-
Crienmanuct oTzena ynpasjleH4eCKOro y4yera
IIOPTUPOBKY OCTAaTKOB
PykoBozcTBo no BeneHuto yuera | CnenuanucT OTAesa YIPaBIeHYECKOT0 yUeTa
Bobixoasl mponecca IHoTpednTen
5 | UpentuduuupoBanusle octatku | OTnen ympaeieHYecKoro ydera, KOHCTpyKTOpPCKO-
JMCTOBOI'O MeTaljla TEXHOJIOTHYECKUE CITY>KObI

Joxymentel CMK, npukasel pykoBOJCTBa, PYKOBO-

6 | Orpanuyenus nporecca
JICTBO BEJICHUS YUeTa MaTepHaIbHBIX PECYpCOB

[Tepconan, momemnieHusi, OPrTeXHUKA, MPOrPaMMHOE
oOecnieyeHne, YUHAHCOBBIE PECYPCHI

7 | Pecypchl
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Taxum oOpa3om, B JaHHOU pabOTe ONpeIeIeHb OCHOBHBIE ACIIEKThI, KOTOPHIE
HEOOXOJMMO YUYECTh B padOTe aJrOpuTMa COPTUPOBKU OCTATKOB JIMCTOBOI'O METa-
Ja C 1eJIbI0 CHIDKEHHUS ONEPallMOHHBIX 3aTpaT Ha JINCTOBOW METasul, U pa3paboTaHa
KapTa HCCIeayeMoro mnpouecca. B ganpHedmmx paboTax IUIAHUPYETCS PACKPBITH
BbIJICJICHHBIE aCIIEKThI B PA0OTE MPENTI0KEHHOTO aJrOpUTMA.

1. Banmaxmerosa, FO. . Teopusi onTuManbHOTO UCIHOJIB30BAHUSI PECYPCOB
JI. B. KanTopoBHua B 3a/1ayax pacKposi-ylmakoOBKH: 0030p U UCTOPUS pa3BUTHUSA Me-
tonoB pemrenus / 0. U. Bannaxmerosa, A. C. ®ununmnsa // Bectauk Y dpumckoro
TOCy/IapCTBEHHOTO aBUAIIMOHHOTO TeXHHYECKOTOo yHHuBepcutera. — 2014. — Nel. —
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HNPOBJIEMBI 3BAHNKEHUSA PEXKUMOB PE3AHUWSA U ITOBBIIIEHUA
HPOU3BOAUTEJBHOCTH PEXYIIEI'O HHCTPYMEHTA

AJI. Tennos

Hayunwiii pykosooumens A.C. Cmenanog, kano. mexs. HayK, 0OyeHm
Bonoroackuii rocy1apCTBEHHbIM YHUBEPCUTET

r. Bonorga

B coBpeMEHHOM MAIIMHOCTPOCHUHM Ha METAI000padaThIBAIOIINX MPEIIPH-
SITUSIX BCE 0OJIbIlIE MPUMEHEHUE HaXOAUT MHCTPYMEHT U3 TBEPbIX cruiaBoB. [lepen
WHKEHEpPAMH U pabOYUMHU CTOMT 3a/iadya MaKCUMaJIbHO 3((HEKTUBHO HCIOIB30BATh
BO3MOXXHOCTH MHCTPYMEHTA. 3a4acTyl0 OINAacasCh UCHOPTUTH JAOPOTOCTOSIIUNA MH-
CTPYMEHT, pabouue 3aHWKAIOT PEKUMBl PE3aHUs, YTO HAOOOPOT MPUBOIUT, K
IPEXKACBPEMEHHOMY U3HOCY, 4 IOPOM U K ITOJIOMKE HHCTpYMEHTA. B 1aHHOU cTaTthe
OyJeT pacCMOTpPEH MPUMEP HMCIOIB30BAHMS OTPE3HOU (pe3bl U3 OBICTPOPEKYIICH
CTIA U C TBEPJOCIUIABHBIMU IJIACTUHAMH, ONpPENESI€HA 3aBUCUMOCTh CTOMKOCTH
¢bpe3bl 1 KauecTBa MOBEPXHOCTH OT PEKUMOB PE3AHUS.

HenpaBuinbHoe Ha3HAUCHHE PEKUMOB PE3AHUS MPUBOJAUT HE TOJIBKO K MPEK-
JIEBPEMEHHOMY BBIXOJY M3 CTPOSI MHCTPYMEHTA, HO W HEOINPaBIAaHHO BBICOKUMU
(MHAHCOBBIMU pacXoJaMu Ha PEXKYIIUH WHCTPYMEHT, KOTOPBINA 3aHUMAET OOJIBIION
MPOLIEHT B CTPYKTYpE 3aTpaT Ha M3TOTOBJICHHE AeTanu. [IpaBunbHOE pUMEHEHUE
WHCTPYMEHTA TMO3BOJIIET UCKIIOUUTh YAaCTh JOBOJOYHBIX OIEpaluil U3 mapuipyra
00paboOTKH, HAPUMEP YUCTOBASI 00pPaOOTKA MOBEPXHOCTEN MOCIIE OTPE3KU JETANH.

PaccmotpeB 006paboTKy meranu mi3roTaBiauBaeMoil Ha 3aBojge AO «BOM3»,
Y4acTOK MO M3TOTOBJICHUIO MaJIbIX KOPIYCHBIX JeTanei, OyJeT mpoBe/leH CpaBHU-
TeJIBHBIA aHAU3 IBYX (pe3:
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1. ®pe3sa u3 crimaBa P6GMS
2. ®pesa pupmer Sandvikc TBepIOCIIIaBHBIMU TIACTHHAMM.
Omnucanue u pa3mepsl ppes npuBeneHsl B Tabmuie 1.

Tabnuua 1
Onucanue gppes
Huametp/ Kon-Bo Ob6o3HaueHmne Marepuan pexy-
HIMpUHA 3yObeB el yactu
80/3 80 2254-912 PE6MS
80/2.6 I 330.20-080025-225 GC4230

®dpeza 2254-912 nenpHOMETAUIMYECKAsi, U3TOTOBJIeHAa W3 ctaiim P6MS 1o

I'OCT 2679-93.

®pesza Sandvik — xopryc M3rOTOBJICH M3 CTAIH, B KOPIyCe MMEIOTCS IMOca-
JIOYHBIC MECTa TI0]] TBEPAOCIUIaBHbBIE MIacTHHBI. O0muii Bua ¢pe3sl Ha pucyHke 1.
Kpatkoe ommcanme cruraBa: GC4230 (HC) — P30 (P10-P40) — yHuBepcasibHBIHI
CIUIaB C IOKPBITUEM, pa0OTa KOTOPOTO XapaKTEPU3YETCS XOPOIIUM COYETaHUEM Ha-
JEKHOCTH U TPOU3BOAUTENbHOCTH. CIjIaB TOIXOAUT IS OTIepalliii JIETKOTO | Ts-
KEJoTo (pe3epoBaHuUs HENETUPOBAHHBIX M HU3KOJIETHPOBAHHBIX CTaJICH.

Marepuan oopadareiBaeMoit aetanu Crans 30XI'CA, koprryc. O6paboTka mpo-
W3BOJIMTCSI HA TOPU30HTATIBHOM OOpabatkiBatorieM nenrpe MatsuuraH.Plus-300.

Cxema KpeIUICHHsI JIETAIM W TIepEeMEeIICHHs] HHCTPYMEHTa TI0Ka3aHa Ha pH-

CYHKE 2.

NN

AL

'y

Puc. 2. Cxema kpennenus demanu u nepemewjenus UHCmMpymeHma
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Pexumbl pesanus ans ¢pessr 2254-912, Ha3HaueHbl HaJaAYUKOM HCXOMS U3
oTbITa 00pabOTKH aHAJOTUYHBIX JETaICH.

[Ipu 3amene ¢pe3, pabouunii Ha3HAYMI PEKUMBI, OCHOBBIBASCH Ha JIMYHBIH
ombiT. ®pe3a Sandvik, paboTana Ha Ha3HAYEHHBIX PEKUMAX, HO KauCCTBCHHOIO
yJIy4IIEHUs] B U3TOTOBJICHUH JIETAIM HE MPOU30ILLIO0. bblIO MPUHATO pelleHue, mne-
pecuuTaTh PeXKUMBI PE3aHHUs, OCHOBBIBASICh HA PEKOMEHIAIUU TPOU3BoAUTENs. Pe-
KomeHayemble peskumMbl pesanus: f, = 0.02 — 0.12 mm.; V. = 330 — 315m/mun. B3s-

ThI OBUTH CPETHHE 3HAYCHUS.
ne 1000v,  1000x 330/ mun

7D 3,14 x 80mm

=130006 | mun

V., =nfz=130006/ munx0,05mm/ 396 x 7 = 455mm [ mun

PexxuMebl pe3anus mpuBeeHBI B Ta0IUIIE 2.

O06o0poTh! 1 MoJIaya ObUIM CHUXKEHBI, UCXO/S U3 TOTO, YTO JEeTallb 3aKpericHa
KOHCOJIBHO (B Tporiecce oOpaboTKU BO3HHKAIOT BHOpanuu). BenuunHa mogaun Ha
3y0 Obla COXpaHeHa.

[Ipu 0OpaboTke AeTalii Ha pacUETHBIX peXUMax, ObUIO 3aMEYEeHO, YTO TIO
MECTY OTpPE3KM KaueCTBO MOBEPXHOCTH yiydlnuiack. [lerans Obuia oTAaHa Ha 3a-
MepbI IEPOX0BaTOCTU. B Tabnuile 2 mpuBeeHbI 3aMephl IEPOXOBATOCTH.

Panee mo mecty otpe3ku octaisics npumnyck 0.5 MM monx 9yucToByr0 oOpa-
00TKy Ha yHMBepcalbHO-(pE3EpPHOM CTaHKE, MO 4YepTexy mepoxoBaTocTh Ral.6.
[Tocne ocBoeHus (pesbr Sandvik, drcToByr0 00pabOTKy Ha JaHHOW JETaIH MOKHO
W3 MapIIpyTa UCKIIOUYNTh, YTO U OBLJIO CIIETIaHO.

Tabmauma 2
Pe3y.]IbTaTI)I HCCJICIJ0BaAHUSA
dpesa n, 06/Mu" V, mm/mMuH | Bpems o6pa- [IIepoxoBaTocTsb, Koun-Bo ne-
OOTKM, MUH Ra Tajiei, IT.
2254-912 250 60 8.3 8.1 7
Sandvik 550 80 6.25 6.0 10
Sandvik 1000 350 1.42 0.8-1.0 15

B Tabnuiie 2 nmpuBeacHBI JaHHBIC MOAYYCHHBIE B X0/¢ MccienoBanus. Ha ux
OCHOBE MO’KHO CJIeJIaTh CJIEIYIOIINE BHIBOJIBI.

HeomnpaBnanHoe 3aHIKEHUE PSKUMOB PE3aHUs MPHUBOIUT K MPEIKICBPEMEH-
HOMY HM3HOCY HMHCTPYMEHTA, 3TO BHIHO I10 KOJHMYECTBY AeTaiacii 00pabOTaHHBIX
bpe3oit Sandvik Ha pasHBIX peKMMax, YTO, B CBOKO OYEpE/b, BJACUET IMOBLIIICHHBIH
pacxoj HHCTPYMEHTA.

[IIepoxoBaTOCTh MOBEPXHOCTH MPH HECOOIIOACHUH PEKUMOB HE YIOBIIECTBO-
pseT TpeOOBaHUSAM KOHCTPYKTOPCKOW JTOKYMEHTAIMH, IO3TOMY TpeOyeTCs BBeIe-
HUE JOTIOJIHUTEIHbHON 00pabOTKHU € LIENbI0 JOCTHXKEHUSI TPEOOBAHUIM UuepTexa.
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3a c4eT mpaBWIBHO MOJAOOPaHHBIX PEKUMOB MOKHO COKPAaTUTh BpeMs o0Opa-
0oTku aeranu, 6.25 muH. u 1.42 muH., ocie nepecyeTa peXKMMOB.

[TonBoas uTor, cieayeT OTMETUTh, YTO PEKUMBI MOJOUPATh CIEAYET, OCHO-
BBIBASICh Ha PEKOMEHAALNAX ITPOU3BOIUTENSI U KOPPEKTHUPOBATh UX B KaXKJIOM KOH-
KPETHOM CIIy4dae.

1. CnpaBodHUK TexHoyora-mamuHoctpoutrenas. B 2-x 1. T.1 / Tlox pen.
A.I'. Kocunogoit u P.K. MemiepsikoBa — 4-¢ uza., nepepad. u gon. — M.: MamuHo-
ctpoenue, 1986. 656 c., ui.

2. Karamor unctpymenta ¢upmbel Sandvik, “Bpamaronmiics ©”HCTpYMEHT,
2015r.

OIIPEJAEJIEHUE C®EPBI Y®PPEKTUBHOI'O IPUMEHEHUSI
IJIYHXEPHBIX IOJABEMHHUKOB HA CTO JIETKOBBIX
ABTOMOBWJIEN

AIl. Tecmoe

Hayunslii pykoBoautens A.B. Bocmpog, cmapuwiuii npenooasamens
Bonoroackuii rocy1apCTBEHHbIA YHUBEPCUTET

r. Bonorga

[Tpu npoextupoBanuu CTO orpoMHOE BHUMAaHUE YJIEISETCS BBHIOOPY MOJIb-
€MHUKOB. B HacTosiliiee BpeMsi CyIIECTBYET OTPOMHOE KOJMYECTBO IMOJIbEMHUKOB
pa3IUYHbIX Tpou3BoauTeNel. M cienuanucThl 4acToO CTAIKUBAIOTCS C TPOOJIeMOn —
KaKve MOJAbEMHUKH BhIrofHee mpruoOpectu. CylecTBYIOT CIEIYIONINE TUIIBI MOIb-
€MHUKOB!

- onHocToeuHble (1eHa — 240000 pyo6ueit) [2]

Puc. 1. Oonocmoeunviii noovemnux — Puc. 2. /lgyxcmoeunulii nOObeMHUK

- nByxcroeunsbie (1ieHa — 104999 pyoneii) [2]
- yetpIpexcroeunbie (1ieHa — 295000 pyoueit) [2]



Puc. 3. Yemvipexcmoeunwiii noOvemHux Puc. 4. ITnynoicepuuiii noOvemHux

- IrymxkepHble (1ena — 399999 pyoueii) [2]
- nHoxanuHbIe (ena — 130000 pyoneit) [2]

Puc. 5. Hoocruunwiyi noovemHux

3ajadeil TaHHOTO MCCIEA0BATEIBCKOTO MPOEKTA SIBJISAETCS CPAaBHEHHE 3aTpaT
Ha NMpUOOpETEeHNE JIBYXCTOCUHBIX MOIbEMHUKOB U IUTYH)KEPHBIX MOJIbEMHUKOB MPU
npoektupoBanuu CTO.

JIByXCTO€UHBIM MNOABEMHHK, C OJHOM CTOPOHBI, JCHIEBIIEC IUIYHKEPHOTO
MOJbEMHHKA, HO 3aHMMAeT OOJIbIIIE MECTa, YTO MPUBOJIUT K YBEIUYCHHIO OOIICH
wiomanu CTO. Ilpu ycTaHOBKE ABYXCTOEUHOIO MOJBEMHUKA €TI0 CTOMKHU BBIXOMST
3a o01mue rabapuThl aBTOMOOUIISL U PACCTOSIHUE MEXTy OOKOBBIMH CTOPOHAMHU 000-
PyAOBaHUSA OTKJIAABIBAIOTCS OT CTOEK, a MPU YCTAHOBKE IUIYH)KEPHBIX IOJbEMHHU-
KOB YUUTBIBACTCS YK€ PACCTOSIHUE MEX]Ty MTPOJIOJIbHBIMUA CTOPOHAMH aBTOMOOUIIEH
Ha MOCTaX CO CHATHEM IIWH.

KomnanoBka pabouux mect CTO ¢ mpou3BOIUTCS C y4€TOM OCHOBHBIX Tpe-
oosanmit OHTII-01-91 [1].



Puc. 6. Cxema CTO c 08yxcmoeunvimu no0beMHUKaMu

Puc. 7. Cxema CTO ¢ npumenenuem niyHICEPHbIX NOObEMHUKOB
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3amaueli ucciIeI0BaTEIhCKOTO IPOSKTA SBIISIETCS SKOHOMUYECKAN pacueT 3a-
Tpat Ha cTpouTenbcTBO CTO ¢ NBYXCTOCUHBIMHU TTOIBEMHUKAMU U C TTYHKEPHBIMHU
MO0 TbEMHHUKAMMU:

1. Pacyer CTO ¢ 1ByXCTOCUHBIMH MOIbEMHUKAMHU

OO6mas momab:

S=22-25,9=569,8 m”.

Croumocts 1-ro M? 3mammst crout 20000 py6ueit. IIpu 5ToM 3aTparsl Ha

CTPOUTEILCTBO 3J]aHUS COCTABSIT:
P,=569,8-20000=11396000 py0eii.

bepem mompemuuk ¢upmbr «Copokuu» Moa.17.2 [2]. CTtoumMocTs OJHOTO
MOTbEMHHKA BMECTE ¢ yYCTaHOBKOM coctaBisier 112999 py6neit. [Ipu pacuere CTO
Ha 10 mocToB 3aTpaThl Ha MOKYIIKY U YCTAaHOBKY MOJTbEMHUKOB COCTABST:

P,=10-112999=1129990 pyOneii.
OO0mas cymma 3atpaT paBHO:
P,=11396000+1129990=12525990 py0eii.
2. Pacuer CTO ¢ mimyHXepHBIMU TIOTbEMHUKAMHU
OO01mas miomaib.
S=22.22,7=499,4 »".
3arpaThl Ha MMOKYIIKY TEPPUTOPHUH COCTABSIT:
P1=499,4-20000=9988000 pyo6ueii.

bepem mombemuuk ¢upmbr «Copokua» mMoa.17.33 [2]. CTtoumMocTh 0JHOTO
MoJAbEMHHKA BMECTe C ycTaHOBKOHM coctaBisieT 414999 pyouneit. [Ipu pacuere CTO
Ha 10 mocToB 3aTpaThl Ha MOKYIIKY U YCTAaHOBKY MOTbEMHUKOB COCTABST:

P,=10-414999=4149990 py0Omneii.
OO6mast cyMMa 3aTpart paBHO:
P,=9988000+4149990=14137990 pyb6eii.
Pa3nuna B cymme 3aTpart cocTaBuia:
14137990-125256990=1612000 py6eit

Beisoa: npu crpoutensctBe CTO Ha 10 MOCTOB HMCIIOJIB30BAaHHUE JBYXCTOCU-

HBIX MMOIbeMHHUKOB JemeBiie Ha 1612000 pyo6uieit, uto coctaBisier 13%.

1. OHTII-01-91. P/1 3107938-0176-91[DnekTpoHHblit pecypc]: odui. caiit.—
Pexum mocryna: http://lawru.info/dok/1991/08/07/n117173.htm.

2. «COpOKMH» — HHTEPHET Mara3uH HHCTPYMEHTOB [DIEeKTpOHHBIN pecypc]:
otuir. caiit. — Pexxum mocryma: http://www.sorokin.ru/



ONPEJEJEHUE HEOBXOJIUMOM MOIIITHOCTH
JEKTPOMEXAHUYECKOH CUJIOBOM YCTAHOBKHA
ABTOMOBWJIA

C.E. Daacun

Hayunwiii pykosooumens B.A. Pakoe, kano. mexH. HayK
Bonoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorga

Ha coBpeMeHHBIX MammHaxX NEPUOAUYECKOTO JNEHUCTBUS MCIIOIB3YIOT JIBUATA-
Tenm BHyTpeHHero cropanus (JIBC), anekrpudeckue i THOPUIHBIC CHIIOBBIC YC-
taHoBku (['CVY). Mcnonp3oBaHne Ha TpaHCIOPTE TOPOACKOrO Kiacca M aBToOycax
HOCJICTHUX SBJISIETCS HanOoJIee MepCrneKTUBHBIM [1].

Jlns onpenenenus ontuMmaiibHOW MoiHoctd JIBC, pabotaromiero B KoMOu-
HAIlMU C AJIEKTPUYECKUM MTPUBOJOM JIOJDKHBI YUUTHIBATHCA MMapaMeTphl aBTOMOOMIIS
(mMacca, womaab J000BOTO CONMPOTHUBIICHHS, KOI(DPHUIIMEHT KaueHHs, XapaKTepu-
CTUKH UCTOYHHKOB SHEPTUH U T.1.), TMHAMHYCCKUC YCIOBHS JIBHIKCHUS.

[Ipy BBIYUMCIIEHUM YYUTBIBAETCA. TATOBBIM PACYET; DHEPrEeTUYECKUN PacCyET
MOCJICIOBATEIILHOM CXEMbI COCIMHEHUS AJIEMEHTOB MPUBOJA; YHEPreTUUECKUAN pac-
4ET mapasuIeIbHOM CXEMbI COCIMHEHUS 3JIEMEHTOB IIpMBOAA. B KauecTBe BbIUMCIIN-
TEJIBHOTO aIlapara UCIOJIb30BaHA METOINKA, 3AJI0KEHHAsl B aJITOPUTM POTPAMMBI
pacuéra 'CY-ABTO [2 — 3], 4TO MO3BOJWIIO MPOU3BECTH HCCICAOBAHUS M TIOJY-
4aTh TEOPETUYECKUE 3aBUCUMOCTH.

OcHoBOI pacuéTa SBISIETCS €3/I0BOM IMKJI, KOTOPBIN MpeCTaBIsIET cO00M
rpaduK 3aBHCHMOCTHA CKOPOCTH TPAHCIIOPTHOTO CPEICTBA, MPOJOJIBHOTO yria Ha-
KioHa 1utockoctr jgoporu ot Bpemenu (V = f(t); a = f(t)). Jannapie 3aBucuMocTH
MOYKHO ITOJYyYUTh IPAKTUYECKUM IIyTEM, 3alllCaB HU3MEHEHHE IapaMeTpOB IPU
JBWXECHHUU MO0 33JaHHOMY MapUIpyTy; 3aJaThb TEOPETUUYECKU. B TaHHOM ciydae uc-

I0JTb30BaH CTAHIAPTHBIN TOPOCKOMN MK 10 IPOTOKOY MCITBITAHUIN JISTKOBBIX aB-
tomobmiteit (mupextusa 80/1268 EC 2004 rox), (puc. 1).

Puc. 1. Cmanoapmuuiii Eéponetickuii €300801U YUkl UCNbIMAHUL A8MOMOOULEU HA MOKCUYHOCHb
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C noMonipl0 U3BECTHBIX (HOPMYJI TATOBOTO pacyéTa HaWJAEHBI CUJIBI COIMPO-
TUBJICHMSI, JEHCTBYIOIINEC HA aBTOMOOM/Ib B KaKIOM | -if Touke. N, — CHJa COIpo-

THBJICHUS KAa4E€HMIO; N, — CHJIa CONIPOTUBJIEHUA BO34yXa; N, — CHja CONPOTHUBIIE-
HUA UHEpUUH; N, — CHJIa CONPOTUBIICHUS OABEMY.

CymmapHasi cujia CONpOTUBIICHHUS], IEUCTBYIOIIAsl HA TPAHCIIOPTHOE CPEICTBO
B KaXXJIOM U3MEPEHHOM TOYKE PABHA CYMME BCEX CHIL:
N, =N, +N, +N, +N, ,[xBm]

Cpennsisi MOLITHOCTH TATH HA BCEM y4acTKe IBUKEHUSA — N, ., » TOKA3bIBAET

CPEAHIO0 BEJIMYMHY TOJIBKO IOJIOKUTENBHBIX 3HAYEHUN MOIIHOCTH TATHM HA BCEM
pacueTHOM ydacTke. PaKTHUECKH SBISIETCA CpelHeld MouiHocThio npuBoga I'CY
0e3 yuéra BO3BpaIIEHHOMN OT peKyNepaui SHEPTUH:

n
z NCP.HOJZ.i
_ 1

NCP.HO/T. -

[xBm] Y N;>0

CpenHss oTpuLaresnbHas MOIIHOCTh HA BCEM y4acTKe NBUXKEHUA — N, ., TO-

Ka3bIBA€T CPEIHIOI0 BEJIWYMHY TOJIBKO OTPULATENIBHBIX 3HAYEHUW MOIIHOCTH TATH
Ha BCEM pacu€THOM yuacTke. DakTHUeCKn — 3TO CpeHsIsi MOITHOCTD, MOTJIOMIEHHAS
TOPMO3HBIMU MEXaHU3MAMH WM PEKylNepupoBaHHAss OOpaTHO B HAKOIUTEIb
SHEPIUH:

n
Z NT.OTPi
1

T,[KBWI] > N; <0

NT.CP =

Kak yxe m1aBHO OTMEYEHO, CX€Ma C MOCJIEIOBATEIbHBIM COCIUHEHUEM DJIe-
MEHTOB HanOoJiee BBITOJIHA MPHU JBWKEHUU B YCIOBHUSX YAaCTHIX PAa3rOHOB, TOPMO-
KeHHI. MexaHnueckas SHeprus, BeipabaTeiBaeMas apurateieM, (JIBC) mpeobpasy-
eTCs B JJICKTPUYECKYIO ¢ ToMolsio rereparopa (), 3aTreM 4acth e€ pacxomyercs
Ha 3apsAJ TATOBOI'O HAKOMUTENS YHEPTUH, YACTh C MOMOIIBIO 3JIEKTPOMOTOpA IMepe-
naéres Ha konéca (K).

JIBC B mocnenoBateibHON CXEME HE PETYJIHUPYET CKOPOCTh ABUKECHUS, A pa-
00TaeT B ONTUMAJIBHOM JJIsl ce0sl CTAllMOHAPHOM PEXHUME, TOCTOSIHHO OTAAaBasl BCIO
BbIpabaThiBaeMy0 MOIIHOCTh Ha 3apsa THO u newxkenue. Ilpu oTcyTcTBUM Ha-
Ipy3KH Ha KOJIECaxX W MOJHOM 3apsijie OaTaper MOIIHOCTh HE MOXKET OBITh peann3o-
BaHa, B 3ToM ciydae [IBC orkmrouaercs. Mcxons u3 3Toro, MOXKHO CleliaTh yTBEP-
XKJeHHE, uTO Bcs BhipabarsiBaemasi JIBC MolHOCTh OyIeT moTpayeHa Ha ABUKEHUE
Y TIOTE€PU B IIPUBOJIE.

Ha puc. 2, a nmpeacraBneHa cxema THOPHAHOTO MPUBOJAA C MOCIEAOBATEIb-
HBIM COC€IMHEHHUEM 3JIEMEHTOB.
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Puc. 2. Cxembt cubpuonozo npusooa:. a — nociedosamenbHas cxema; 6 — napaiieibHas.
I~ cenepamop; /[BC — 0sucamens sHympennezo cecoparnus; M — momop;,
Ilp. — npeobpazosamenv;, THI — mazo6ulii Hakonumenb SHepeUlU,
TP — mpancmuccus (pedykmop u kopobra nepemennvix nepeday); MI"— momop-ecenepamop

XapakTep yCIOBHM JABWXEHHUS TPAHCHOPTHOIO CPEACTBA MOXKET OBITH pa3-
JUYHBIM, OH CYUIECTBEHHO BJIMSET Ha BHIOOP THUIA THOPUHON CXEMBI. DTO MOXKET

ObITH TOBTOPSIIOLIMICA MK ¢ JUIMTenbHbIMM cTosiakamu npu N, = 0 (xomocToit

xox JIBC) u peskumu mukamu Bo3pactanus Harpyskd, korma N, — N, .. Torma
cpeansist MoinHocTh ['CY (a5 mapaiienbHOW CXeMbl, B BUAY TOIO YTO HE yUHTHI-
BAIOTCSl MHTEPBAJIbI OTCYTCTBUS MOIIHOCTH) OYJET CTPEMHUThCS K MaKCHMAaIbHOMN
moraoctd Nep 07 — N, . B mocnenosarensroii cxeme JIBC moxer paborarh
HE3aBUCUMO OT MOTPeOIIeMON Harpy3Kd, MO3TOMY €ro HeoO0XOoauMas MOITHOCTH
JIOJKHA CTPEMUTHCA K Cpe/lHel MOTPEOHONM MOIIIHOCTH Ha BCEM YUYaCTKE JABUKCHUS
N ;5c = Nepos.- B Takom citydae nHanbomee sdpexTuBHa OyaeT HocienoBaTeib-
Has cXeMa MPUBOJIA.

DTO MOXET OBbITh JUIUTEIBHOE JBM)KCHHE C MPUMEPHO MOCTOSHHBIMU 3Haue-
HUSMH MTOTPEOHON MOITHOCTH, OJU3KOH K cpennert MmomtHocTu ['CY ¢ penkumu na-
NEHUSAMU M CKaukaMHM Harpy3ku, xosocrtod xon JIBC modytu oTcyTCTBYET
N, — N,opcr - B 3TOM ciiydae Hambosiee 3¢ dextuBHa OyaeT napajjieiabHas cxema

IIPUBOJA.
YacTHBIM ciiydaeM SIBJISIETCS ITOCTOSHHOE 3HAYECHUE HArPy3KU HA BCEM y4yacT-
K€ JBIWKECHHS C OYECHb PEAKHMHM W3MEHEHMSAMHU HArpysku, npu 3tom N, = N, . <

N,orrcp ~CONSt. B 3TOM cilyyae HauMeHbIIME MOTEPH OyIyT B MPHUBOJAE CO CTaH-

napTHOM mexaHudeckou Tpancmuccued u  JIBC. Takoi pexuM ABUKEHHS BO3MO-
YKEH TP JUTUTEIIHHOM JABMKEHHUH C OOJIBIIION CKOPOCTHIO IO MIOCCE.

Takum oOpa3oM, JaHHAsS METOJIMKA IMO3BOJISET TOYHO PACCUUTATh ONTHMAIIh-
Hyt0 MontHOCTh JIBC rulGpuaHo# CHIIOBOM yCTAaHOBKH, KakK C IOCJIEIOBATEILHOM,
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TaK U C MapauieIbHON CXEeMOM I KaKJI0r0 KOHKPETHOTO aBTOMOOWIISI U 3aJTaHHO-
r'o €3JI0BOr0 IHKJIA.

Taxkxe naHHas METOAMKA HCMOJIB3YETCS aBTOPOM ISl BBIYWCIICHUS OITH-
MaJIbHBIX XapaKTePUCTUK HAKOMHUTENs dyekTpuueckoit sueprun ['CY [4], u MmoxeT
OBITH CIIOJIb30BaHA IIPHU OIleHKE TeXHUYecKoro coctostaus I'CY mo pazpaboraHHOM
aBTOPOM MeTouKe [5].

1. Tubpunupii aBToMoOMIb. KoHIENIMS 3KOHOMUYHOTO TOPOJICKOTO aBTO-
moowmitst. MiccnenoBanue s dexruBroctu. [Ipoektuposanue. Pacuetst / B.A. Pakos.
—I'epmanus: Caap6prokken, 2012. — 104 c.

2. Peructpanmonnas kxapra: uHB. Ne 50201001370. ABTOMaTU3MpPOBAHHBIN
pacuéT ONTUMAJIBHBIX MaPaMETPOB TMOPHUIHBIX CUIIOBBIX YCTAHOBOK TPAaHCIOPTHBIX
CPEACTB C MOCIIEI0BATEIbHON U NMAapAIIEIbHON CXEMOM PACTIOJIOKEHUS DIIEMEHTOB:
nporpamma ['CY-ABTO. — UKAII / B.A. Pakos. — Nel1100616190121; nata peru-
crparuu 10.08.10. — M.: BHTUILI, 2010. — 2 c.

3. PakoB, B.A. Pacuér mapameTpoB TSArOBOTO MPHUBOJA 3IEKTPOMOOMIs /
B.A. PakoB // Matepuaisbl || exeromsHsix CMOTPOB — CECCHIl acUPaHTOB M MOJIO-
JBIX YUYCHBIX [0 OTpacisM Hayk: B 2-x T. — Bomorma: Bol'TY, 2008r. — T. 1: Tex-
Hu4eckne Hayku. — C. 225-229.

4. Pakos, B.A. Onpenenenue onTUMaibHBIX NapaMETPOB HAKOMUTENS SHEP-
MU THOPHUIHBIX CHJIOBBIX YCTaHOBOK aBTomoOwmiiei / B.A. Pakos // Monoabie uc-
cleoBaTea — pervoHaMm: MaTepualibl BCEPOCCHUHUCKONW HAydyHOU KOH(EpEeHINH
CTYZCHTOB U acipanToB. B 2-x T. — Bomorga: Bol'TY, 2009. — T. 1. — C. 199-200.

5. PakoB, B.A. Mertouka OlEHKH TEXHUYECKOTO COCTOSIHUSI THOPUAHBIX CH-

JIOBBIX YCTaHOBOK aBTOMOOWIIEH: amc. ...KaHA. TexH. Hayk / B.A. Pakos. — CII0.:
CIIBT'ACY, 2012. — 169 c.

W3IrOTOBJEHUE KOMIO3UTHBIX JETAJIEN
METOAOM 3D ITIEYATH

A.C. Yawuna

Hayunwvui pykosooumens B.A. Pakoe, kano. mexH. Hayk
Bousoronckuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bonorna

B nocnennee BpeMs Bce Oosiee MIMPOKOE MPUMEHEHUE HaXOAAT JeTalu, U3To-
TaBJIMBa€MbIe C MOMOIIBI0 3D-meuatu. D10 00BICHSAETCS MPOCTOTOM MPOSKTUPOBA-
HUS JIeTaJIed M U3rOTOBJICHUEM IITYYHBIX 00pa3IoB 03 MCIOJIb30BAHUS CIIOKHBIX
dbopm. OnHaKO AaHHAS TEXHOJIOTHS UMEET U CBOM HEJOCTATKU: 00Jiee BhICOKAs ce-
O0ECTOMMOCTh M3TOTOBJICHUS 110 CPABHEHHUIO C MPECCOBBIM M IITAMIIOBOYHBIM IPO-
U3BOJICTBOM; MPOJIOJKUTENBHBIE BpPEMsl M3TOTOBJICHUS JI€Talied, OrpaHUYCHHAs
MPOYHOCTh M3TOTABIMBAEMOMN JETAJIM, MIPU U3TOTOBJICHUU KOTOPBIX MPUMEHSIOTCS
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pa3n4Hble BUJBI IIACTHKOB. JleTanu, N3roToBieHHbIE MeToioM 3D-mevyaru, ume-
IOT MEHBIITYIO MPOYHOCTh Ha M3TU0, pacTsDKEHHE, CXKAaThe, CKpyYHBaHUE TI0 CpaBHE-
HUIO C TAKUMHU K€, U3TOTOBJICHHBIMU M3 METaJIIa FITU U3 CTEKJIO- M YTIICBOJIOKHA.

B uactHoCcTH, U3 geTanell Ha 3D mpuUHTEpe, HENb3s M3TOTOBUTH BaJibl, IIIKKMBHI,
3y0uaThie KOJieca, JIOMATKH BEHTUIATOPOB, JIOH)KEPOHBI, CHJIOBBIC KAPKACHI H T.1I.

[Ipn ananmse, UMEIOIIUXCSA TEXHOJOTUM YIIPOUYHEHUS AETAJIEU, U3TOTOBJIECH-
HbIX MeToaoM 3D-medaTtH, yCcTaHOBJICHO, YTO HEOOXoauMas MPOYHOCTh 0OECIeUH-
BAeTCs TOJBKO 3a CYET MPUMEHsAeMOro marepuaia. [Ipmuem, acCOPTHMEHT Mare-
PHAJIOB SIBJIACTCS, MTOXKATYH, CAMBIM ITUPOKUM CPEIN BCEX JOCTYIMHBIX TEXHOJOTHA.
Kak npaBujio, It ie4aTH UCIOIb3YHOTCS TEPMOIUIACTUKH, HO €CTh M MCKIFOUYCHUS
— KOMIIO3UTHBIE MaTepUaIbl, COJEPIKAIINE pa3TUIHbIC J0OaBKH, HO OCHOBAaHHbBIE Ha
TepMoruiacTukax. Hanbosee nomyisipHbie BUIBI:

1. ABS-mmnactuk (AKpuaoHUTpUIOyTaAUEHC),

2. PLA-mnactuk (ITonmunaktun),

3. PVA (IToavBHHUIIOBBIH CITUPT),

4. PC (ITonukapOoHar),

5. Heitnow,

6. IMomustunen Boicokoi wiotnoctu (HDPE),

7. Tomunponwnen (PP),

8. Ilonukanponakron (PCL),

9. Iomudenmncynsdon (PPSU),

10. IMomumerunmerakpuiar (Acrylic, oprerekio, akpui, [IMMA),

11. [Momustunentepedranar (PET),

12. VYnaponpounsiit momuctupoi (HIPS),

13. dpeBecubie umutaropsl (LAY WOO-D3, BambooFill),

14. Umuratops! necuanuka (Laybrick),

15. Umuratopsl meTauioB (BronzeFill).

[Tpu BBIOOpE MaTepuana UCXOIAT U3 TPEOOBAaHUI K MPOYHOCTH, CTOUMOCTH U
¢dusndeckux cBoicTB. OHAKO MPOYHOCTh M U3HOCOCTOHKOCTH OJHOPOIHBIX ILIa-
CTHKOB HE BBICOKA, YTO OTpaHUUMBACT chepy UX MPUMCHCHHS.

B To ke BpeMs, ipu POU3BOJICTBE JAeTaNCH U3 MOJUIPHUPHBIX CMOJI U JJIS UX
YIPOYHCHHUS MCIIOJIb3YIOT Pa3IMYHbIC BU/IbI TCKCTUIIBHBIX, YTOJBHBIX U CTEKIOTKA-
HEBBIX HAIOJHUTENCH, YTO MO3BOJISET YBEIMYUTh IJIOTHOCTh KOMIIO3UTHBIX Mate-
puaiioB. [Ipumepom sABJISIETCS YIJICTUIACTHK, CTEKIIOBOJIOKHO TEKCTOJUT. YTIPOYHE-
HHE apMUPOBAHUEM TAK)KE MPUMCHSIOT MPU U3TOTOBJICHUH JICTKUX METAJUIMYCCKHX
JeTajeil B MAIIMHOCTPOSHHH, TIPYU M3TOTOBJICHUN HECYIIUX JKEJIe300€TOHHBIX KOH-
CTPYKIIMI B CTPOUTEIILCTBE.

Taxum 00pazom, mpeaaraeTcsi pacCMOTPETh UCTIIOIB30BAHNE CYIIECTBYIOIIE-
rO OMNbITa YINPOYHCHHS JETAJCH, MPH CO3JaHUU JeTajei ¢ moMolpo 3D-meyary.
Hanpumep, 100aBUTh METAJUTHYECKYIO CETKY BO BpeMsl revartu aerane. [1ogo0HbIi
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BapUaHT NIPUMEHEHUE YTJIEIUIaCTUKA, apMUPOBAHUE MOJMMEPOB yTIEPOIHBIMU BO-
JIOKHAMU CO3JAa€T HOBBIM KJIACC MOJMMEPHBIX KOHCTPYKIMOHHBIX MaTEpPHAIOB. YT-
JIETUTACTUKYU OTIMYAOTCS OT TPAJAULMOHHBIX KOHCTPYKIMOHHBIX MaTEPHAIOB COYe-
TaHUEM TAKUX CBOMCTB, KaK BBICOKHE YJEIbHBIE MPOYHOCTh U KECTKOCTh, HU3KUE
KOA(PGUIIUEHTH JIMHEWHHOTO TEPMHUECKOTO PACIIMPEHUS] U TPEHUS, BHICOKAsl N3HO-
COCTOMKOCTb M YCTOMUYHUBOCTDH K BO3JIEMICTBUIO arPECCUBHBIX CPEJl, TEPMUUECKOMY U
pajnalMOHHOMY yJapaM, MOBBIIIEHHAs! TEIUIONPOBOAHOCTh U ANEKTPOPU3NYECKUE
CBOMCTBA, U3MEHSAIOIINECA B IIMPOKUX MPEJENax, BBICOKas yCTaJOCTHASI IPOYHOCTh
IpU CTaTUYECKUX U JUHAMHUYECKUX Harpy3kax. [Io yaeiapHbIM MokazarensM mpoy-
HOCTU U KE€CTKOCTH YTJIEIJIACTUKU NMPEBOCXOAAT MPAaKTUUYECKU Bce Haubosee M-
POKO MCIOJIbB3yeMble KOHCTPYKIIMOHHBIE NOJMMEPHBIE U METAJUIMYECKHE MaTepHa-
Jbl. YTJIEIJIACTUKH HCIHOJB3YIOT B OOOPOHHBIX OTpACisAX HMPOMBIIIJIEHHOCTH U,
IIPEXKJIE BCETO, B ABUALIMOHHOM U PAKETOCTPOUTEIBHOM TeXHUKE. CoueTaHue JIErKo-
CTH Y MPOYHOCTH MOJTYYAEMbIX U3JIEIUI MTO3BOJSAET 3aMEHUTh AIFOMUHUEBBIE CILIA-
BbI

YTJIEIIaCTUKOBBIMU. KOMIO3UTHBIE AE€TaM, IPU UX BECE B O pa3 MEHBIIEM, YEM
aHAJIOTUYHBIE AJIOMUHUEBbIE, 00Jafal0T OOJbIIEH MPOYHOCTHIO, TMOKOCTHIO, yC-
TOWYMBOCTBIO K JABJIEHHUIO U HEKOPPO3ZUHUHOCTHIO.

B aBTOMOOMIECTpOCHNH KapOOH (MM YTIIEIUIACTHK) MCIIOIB3YETCS IS TPO-
U3BOJICTBA KaK OTAENBHBIX JETalei U y3JI0B, TaK U JIsl aBTOMOOMIIBHBIX KOPITYCOB
LEIUKOM. BBICOKOE OTHOIIIEHHE NMPOYHOCTH K BECY MO3BOJISET CO3AaBaTh Oe3omnac-
HbIC, U B TO K€ BpeMs YKOHOMUYHBIC aBTOMOOUJIN.: CHUKEHHE Beca aBTOMOOUJIS 3a
cuet yriemnacTukoB Ha 30% no3Bossier cHu3uTh BeiOpoc CO, B atmocdepy Ha 16%
(1), Giraromapsi CHIYKEHHUIO pacxo]ia TOILIMBA B HECKOJIBKO pa3.

PaccmoTtpum cBolicTBa yrieruiactuka. B Tabnuue 1 npeacraBieHs! s cpas-
HEHUSI XapaKTEPUCTHUKU HEKOTOPBIX METAJUIMYECKHX, MOJMMEPHBIX MAaTEepUajoB
KOHCTPYKLIMOHHOT'O Ha3HAYECHMS U YIJICIUIACTUKOB.

Mexnaynapoanoe HaumeHoBanue Carbon — 3to yriepoj, U3 KOTOpOro H Io-
nay4arotcs kapOoHoBbie BosokHa carbonfiber. B Hacrosimee Bpemsi k kapOoHaM OT-
HOCSIT BCE€ KOMIIO3UTHBIE MaTEpHaJlbl, B KOTOPHIX HECYIIEH OCHOBOM SIBIISIIOTCS YT-
JIEpOJHBIE BOJIOKHA, @ BOT CBA3YIOIIEE MOXKET OBITh pa3HbIM. To €CTh KapOOH U yT-
JIETUIACTUK OOBEIUHWINCH B OJIMH TEPMHH. Y TJICIJIACTUK-3TO MHHOBALIMOHHBIN Ma-
TepHuaJl, BBICOKAasi CTOMMOCTb KOTOPOro OOYCJIOBJIEHA TPYAOEMKUM TEXHOJIOIHYe-
CKHMM TIPOIIECCOM U OOJIBIION J0Jel pydHOTO Tpyna mpu 3ToM. [lo mepe coBepireH-
CTBOBAaHMS M aBTOMATHU3AIMM IPOIECCOB €r0 CTOMMOCTbh OyIeT CHIKarbes. [lns
npuMepa: crouMocth 1 kr ctanu meHee 1 momnapa, 1 xr kapOoHa €BpONEHCKOro
IPOU3BOJCTBA CTOUT 0K0JI0 20 A0JU1apoB. Y aelIeBIeHUE BO3MOXKHO TOJIBKO 33 CUET
MOJIHOM aBTOMAaTHU3alMu ITpouecca.



Taomuna 1
CBoiicTBa HEKOTOPBIX KOHCTPYKIIMOHHBIX MATEPHUAJIOB
Hpounocts Monayab | YaeabHast V.
IL1oTHOCTD, | IPH pacTsiKe-
Marepuan K/ - KOwnra, |IIpouyHocTh, | MOAY.Jb,
’ I'Ma C*10°km | E*10%km
MlIla
VrnemnacTuk 1450-1600 780-1800 120-130 53-112 9-20
CTeKJIOIIacTHK 2120 1920 69 91 3,2
BricokomnpouHnas crainb 7800 1400 210 18 2,7
AJIOMUHHEBBINA CIIJIaB 2700 500 75 18 2,7
TUTaHOBBIN CIUIAB 4400 1000 110 28 2,5
[Mommamun 6,6 1140 82,6 28 7,24 0,24
Tommamin 6,6+ 1460 217 112 8,87 0,77
40 mac % cTeKII0BOJIOKHA
0
[omaamin 6,6+40 mac % 1340 280 238 21,0 1,00
YIJIEPOTHOTO BOJIOKHA

TexHuueckue XapaKTEPUCTUKH U 0CO0EHHOCTH KﬂpﬁOHa.

[TonmyasipHOCTH yriemIacTuka OObSICHIETCA €ro YHUKAIbHBIMU SKCILTyaTalu-
OHHBIMH XapaKTEPUCTUKAMU, KOTOPbIE MOIYYatoTCsl B PE3yJIbTaTe COYETaHUs B OJI-
HOM KOMIIO3UTE COBEPIICHHO pPa3HbIX 110 CBOMM CBOMCTBaM MaTe€pUaloB — yrJie-
POJIHOrO MOJIOTHA B KAUECTBE HECYILEH OCHOBBI M SMOKCHIHBIX KOMIIAyHJIOB B Ka-
YECTBE CBS3YIOILETO.

ApMUPYIOIIHIA 3JIEMEHT, OOIINI /IS BCEX BHUJIOB yTJICTIACTHKA- YTIEPOIHbIC
BosiokHa TonmmHoi 0,005-0,010 MM., KOTOpBIE MPEKpPAcHO pabOTalOT HA pacTsKe-
HUE, HO UMEIOT HU3KYIO MPOYHOCTh Ha M3TUO, TO €CTh OHU aHU3OTPOIHBI, POYHBI
TOJILKO B OJJHOM HAlpaBJ€HHUH, MIOATOMY UX HCIOIb30BaHHE ONpPaBIaHO TOJIbKO B
BUJIE MOJIOTHA.

JIOIOJIHUTENBHO apMUPOBAHNE MOXKET IPOBOAUTHCSA KayuyKOM, IPUIAIOLIIM
cepblil OTTEHOK KapOoHy. Elle oauH 31€MEHT, UCHOIb3yeMbIH AJIi apMHUPOBAHMS
BMECTE C YIJIEPOJHBIMH HUTSMHU — KEBJap. JITO T€ CaMbIe JKEIThIe HUTH, KOTOpHIC
MOKHO BHJIETh B HEKOTOPBIX PA3HOBUIHOCTSAX yrieruiactuka. Hexoropeie Hemo0-
pPOCOBECTHBIE NMPOU3BOJUTENIM BBIJAIOT 3a KEBJAp I[BETHOE CTEKJIOBOJOKHO, OKpa-
IIEHHBIE BOJIOKHA BHCKO3bI, MOJIMATHIIEHA, a[re3Us KOTOPBIX CO CMOJIAMHU IOpa3io
XyXe, YeM Y YTIJIeIIacTHKa, 1a U IPOYHOCTh Ha Pa3phiB B pa3bl MEHBIIIE.

Kenap — 370 amepukaHckas TOpropasi Mapka Kjacca MoJMMEpPOB apaMHJIOB,
POJICTBEHHBIX MOJIMaMMJaM, JIaBcaHaM. ApPMHPOBAHHUE MOBBILIAET CONMPOTHUBIICHUE
M3ru0a0IKM Harpy3kam, IO3TOMY €ro IIHPOKO HCIHOJB3YIOT B KOMOMHALIMM C YyT-
JEeTIIIACTUKOM.

Tak kak, BOJIOKHa KapOOHa MOTYT OBITh KOPOTKHMH, PE3aHBIMH («IITAIICIIH-
POBaHHBIMU»), a MOTYT OBITH HENPEPHIBHBIC HUTH Ha 000WMHAX. DTO MOTYT OBITh



KTYThI, IpsiKa, POBUHT, KOTOPBIE 3aTE€M UCIIOIB3YIOTCS JJI1 U3TOTOBJIECHUSI TKAHOTO
M HETKAaHOrO MOJIOTHA W JIEHT. MIHOrja BOJOKHA YKIQABIBAKOTCA B IOJUMEPHYIO
matpuily 6e3 neperwierenus (UD).

Orcrona, MOKHO CAENaTh BBIBOJ, YTO MX JIETKO MOHO HMCIOJIb30BAaTh KaK
KOMITO3UTHBIN Matepuan st 3D-nevatu. B kadecTBe HecyIiei OCHOBBI MOYKHO HC-
N0JIb30BATh 3MOKCUIHBIE CMOJIbI, B KOTOPBIX MOJOTHO YKJIAJbIBAETCS MOCIOWHO CO
CMEHOW HalpaBJICHUS IUJIETEHHUS], 71 PABHOMEPHOIO PACHPENEIICHUS MEXaHWuYe-
CKUX CBONCTB OPUEHTHPOBAHHBIX BOJIOKOH. Hampumep, B 1 MM TOJIIMHBI JUCTa
— 3 cosl.

Takum 00pa3om, MPOYHOCTh M DJIACTUYHOCTH IMOJTYYAIOTCS BBINIEC HAPSAY C
JIPYTUMH IOCTOMHCTBAMMU:

1. JIerue ctamu Ha 40%, nerye amromunus Ha 20%;

2. Kapbon u3 yriepojia u keBiiapa HEMHOTO TsDKeJiee, YeM U3 yriepoja u pe-
3WHBI, HO HAMHOTO MIPOYHEE, a MPH yAapax TPECKaeTcs, KPOIIUTCS, HO HE pacchlma-
€TCSl Ha OCKOJIKH;

3. BeIcokast TepMOCTOMKOCTh: KapOOH COXpaHsSeT CBOMCTBA U (GOPMY 10 TEM-
nepatypsl 2000°C;

4.00nagaeT XOPOIIMMH BUOPOTACSIIIIMMHI CBOMCTBAMHU U TETUIOEMKOCTHIO;

5. Koppo3uoHHas CTOMKOCTb;

6. Bricokuii mipesies MpoYHOCTH Ha Pa3pbiB U BHICOKUH TIPEIesl yIPyTroCTH;

/. DCTETUYHOCTH U IEKOPATUBHOCTb.

Ho 1o cpaBHEHHIO C METAJUIMYECKUMH U JETAISIMU U3 CTEKJIOBOJIOKHA yTJie-
BOJIOPOJHBIE AETATN UMEIOT HEJOCTATKHU:

1.YyBCTBUTEIBLHOCTb K TOUCUHBIM yAapPOM;

2. CIo>XKHOCTB pecTaBpaliuy Py CKOJIaX | IaparvHax;

3. BriBeranue, BHITOpAaHHE MO BO3JCUCTBUEM COJHEYHBIX JydeH, NS 3a-
IIUTHI MOKPBITH JIJAKOM WJIM 3MAaJbIO;

4. JInuTenbHbIA MPOIIECC U3TOTOBJICHUS,

5. B MecTax KOHTaKTa ¢ METaJNIOM HAUYWHAETCS KOPPO3HsS METalljia, MO3TOMY
B TAKUX MECTaxX 3aKPEIUISIIOT BCTABKU U3 CTEKJIOBOJIOKHA,;

6. CITO’)KHOCTD yTHJIM3AIIUU ¥ TIOBTOPHOTO MCTIOJIb30BaHMUS,

7. bonee BbICOKas IeHa KapOOHA IO CPAaBHEHUIO CO CTEKJIOIUIACTUKOM H
CTCKJIOBOJIOKHOM (T.K. TEXHOJIOTHSI dHEProeMKas, MHOTOdTaIHasi, 0ojiee CIIOoXHas,
CMOJIBI IOPOTHE, B 000PYI0BaHHE O0JIee TOpOrocTosiee (aBTOKIAR).
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BbIBOP TUIIA T'A3OT'EHEPATOPHOM YCTAHOBKHA
JJISI IPUMEHEHUSA HA ABTOMOBHUJIBHOM TPAHCIIOPTE

AJL. lllemakun

Hayunwui pykosooumenv A.B. Bocmpoe, cmapuwiuti npenooagamens
Boustoroackuii rocy 1apCTBEHHbINA YHUBEPCUTET

r. Boigornma

["a3orenepaTopHas yCTaHOBKA CIIYKHUT JJi ra3u(puKalUi TBEPAOTO TOILIMBA
Y TIO3BOJISCT MOJIy4YaTh TOIUIMBO, IPUTOHOE /JIA IPUMEHEHUS B JIBUTATENSIX BHYT-
pernero cropanus (JIBC). B xauecTBe TBepaOro TOIUIMBA IS T'a30TeHEPAaTOpa MO-
I'YT CIIy>KUTb APOBA WM TOTTUBHBIE OPUKETHI U3 OTXOJIOB IE€PEBOOOPAOOTKH.

OCHOBHBIMH MapaMETPaMU Ira30reHEPaTOPHON YCTAHOBKU SABJISIIOTCS:

1. Tun rasoreneparopa (I'T).

2. [TpousBoauTeIbHOCTD ra3oreHeparopHoi ycranosku (I'TY).

CyiectBytoT cieaytromue tumnsl [TY:

1. Ilpsimoro nponecca rasupukaiiu.

2. OOpaleHHOr0 mpolecca.

3.JIByx30HHOTO TpoIIEcca.

4. I'opu30HTaIBHOrO IpoLEecca.

Cxema I'T'mpsimoro mporiecca razudukaiuy npecrapieHa Ha pucynke 1.
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Puc. 1. Cxema I'T npsamozo npoyecca eazughuxayuu

OcHoBHbIM npeumytiecTBoM [T mpsimoro mnpoiiecca aBiseTcst 0oJiblias 30Ha

CYIIKH, IMO3BOJIAOIIAA UCIIOJIB30BATh TOIINIMBO (IlpOBa) OOJBIION BJIAYKHOCTH. XOTS

IIpu 3TOM CHHIKACTCA MOHIIHOCTH ABUTATCIIA H obecrieunBaeTcs INIOX0€ KavyeCTBO
rasa, KOTOpO¢ HEBO3MOXKHO MCII0JIb30BaTh B KauecTBe TorumBa i JIBC [1].

N3menenue MOITHOCTHU ABUI'ATCIIA B 3aBUCHUMOCTHU OT BJIAJKHOCTU APOB IIPCIO-

CTaBJICHO Ha PUCYHKE 2.

Puc. 2. Bausnue énasicnocmu opegecroeco I'T monnusa
HA MOWHOCMb 08U2AMEJISL

Cxema ['T" oOparnieHHOro0 mporiecca ra3uguKaiyy mpecTaBiIeHa Ha pUCYHKE 3a.
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Puc. 3 Cxema I'T: a— obpawennozo npoyecca 2asugurayuu;
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6 — 08YX30HHO20 Npoyecca 2az3ugpurayuu

[IpeumymmectBom I'T oOpaiieHHOro mponecca SIBISETCS TO, YTO BbIIACIHB-
masics Bjara TOIUIMBA U JIETY4YHME BEILECTBA, BBIACIUBIIMECS B 30HaX MOJACYLIKH U
CyXOM IIEPErOHKH, OIYCKasCh BHMU3 IPOXOIAT 30HY C BBICOKOW TEMIIEpaTypou
IIOABEPraroTCs Pa3oKEeHHUI0. B 30HE BOCCTaHOBIIEHUS HapsALy C BOCCTAHOBICHUEM
YIJIEKUCIIOTHI TPOTEKAIOT PEAKIUHA MEXKIY BOJSHBIM [APOM U YTJIEPOJOM TOIUIMBA
c o0pa3oBaHHEM BOJOPOJa U OKUCH YIJIEPOIa.

Takum obpazom B I'T" oOpamieHHOro mporecca MO3BOJAET MOJYYUTH Oec-
CMOJIbHBIN I'a3 U3 JAPOB.

Cxema I'T nByXx30HHOTO Iporiecca ra3uuKaIiy npecTaBieHa Ha pucyHke 30.

[TpumeHeHne By30HHOTO Mpolecca Tra3u(puKaluy Mo3BOJIsIeT NOIyYuTh Oec-
CMOJIbHBIH Ta3, KaK U npu odpaieHHoM mnpotuecce. [Ipu aTom, 3a cuer Gosblel Ku-
CJIOPOJIHOW 30HBI U 30HbI BOCCTAHOBJICHUS MPOU3BOANUTENBHOCTD [T yBennunBaercs
no cpaBHenuto ¢ I'T" oOpamennoro nporecca. Eile ogHUM mpeumyInecTBOM ycTa-
HOBKH SIBJISIETCS TO, YTO 30J1y M3 30JIbHHKA MOKHO YJIaJsiTh B mporecce padotsl [T

Henoctatkom ABYX30HHOTO Mporiecca ra3u(uKanuu sSBISIETCS TO, YTO TEM-
nepaTtypa remeparopHoro rasa Ha Beixoje u3 I'T" cocraBnsier go 700° C, a mpu 00-
pamerroM mporiecce cocrapisetr 400-500° C.

Cxema I'T' ropuzoHTanmpHOTO TIpoliecca ra3uuKaIuu MpeacTaBieHa Ha PU-
CYHKeE 5.
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Puc. 5. Cxema I'T" 2opuzonmanvrozo npoyecca azugpuxayuu

[IpenmymiectBom I'T" TOpU30HTAIBHOTO IpoLIECCA ABIISIIOTCA MPOCTOTAa KOH-
CTPYKIMHU U ra3000pa30BaHUe B HEOOJBIIOM CJIO€ TOIUIMBA MPU BBICOKOM CKOPOCTH
NyThbs, 00JbI11ast THOKOCTh PA0OTHI M OBICTPBIN po3kHUr. biiarogapst KOMIIOHOBKE 30H
B ['T pa3mepsl ero 3aMEeTHO CHUKAIOTCA U YMEHBIIAETCS BEC, UTO SIBIIETCS BAXKHBIM
[IPEUMYIIECTBOM IS NIEPEIBUKHBIX YCTAaHOBOK.

K HenocraTtkaMm ropu3OHTaJIBHOIO Ipolecca Ta3supuKaluu ClIelyeT OTHECTH
HEBO3MOKHOCTb [IPUMEHEHUS TOIUIMBA COAEPIKALIEr0 CMOJIY U C 30JbHOCTBIO BBIIIE
5% [1].

Kak BugHO u3 aHanu3a ['T y kaX10oro U3 HUX €CTb CBOM IPEUMYILECTBA U HE-
JIOCTaTKHU:
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1. ITpstmoii mporecc MO3BOISAET MOACYIIMBATL CHIPBIE APOBa B MpOIEcce pa-
6otel I'T, uTo memaeT ero Oosiee yTHIMTAPHBIM, HO Ka4€CTBO TOTYy4aeMOTo TeHepa-
TOPHOTO Ta3a He TMO3BOJISIET MCIOJB30BaTh €ro B kadectBe TorwmBa A JIBC 6e3
CHEIUATBHON OYUCTKHU.

2. OOpalieHHbIN MPOIECC MO3BOJISAET MONIYYUTh T'a3, IPUTOIHBIN I UCTIOIb-
3oBanus B JIBC 0e3 criennanbHOM OYMCTKH, HO TpeOOBaTEIeH K Ka4eCTBY TOIIMBA
(TospKO CyXHe IpoBa).

3. JIByX30HHBII MPOIECC UMEET OOJBITYI0 MTPOU3BOAUTEILHOCT, YeM 00pa-
IIEHHBIN, HO TpeOyeT Oosbliero OyHKepa st XpaHeHust (111 OTCYTCTBHUS HEO00XO-
JMMOCTH TIOCTOSIHHOM jJo3anpaBku I'T'), Tak 4TO yMEHBIINTh rabapuThl U BEC yCTa-
HOBKH MPAKTHYECKH HE YAACTCH.

4. T'opr30HTANBHBIN MPOIIECC MO3BOJIIET MAKCUMAITLHO YMEHBIITUTD Ta0apUTHI U
Bec [T, HO HEe TIO3BOJISIET HCIIOJIB30BAThH TOILUIMBO, COJEpIKalee cMoury (IIpoBa).

BrIBOIBI: M3-32 BRICOKHUX TpeOOBaHUI K Ka4eCTBY Ta3a JIs UCIIOIh30BaHUS B
JIBC npuMeHeHHe TpsIMOTO ¥ TOPH30HTAIBHOTO Tporiecca TasuuKaiuy He Tpe/l-
CTaBJISICTCS BOBMOYKHBIM.

Cpenu I'T' ¢ oOpalieHHBIM U JIBYX30HHBIM IMTPOILIECCOM Ta3u(UKAIIU CIEAYET
OPUMEHSTh YCTPOWCTBO OOpAIIEHHOTO Mpolecca razuukanud Hu3-3a TOro, YTO
TeMIlepaTypa BbIpadaThIBAEMOTO T'a3a Y HEro CyIIeCTBEHHO HUXKE U TpeOyeT MEHb-
IEM MOIIHOCTH OXJIAXKJIECHUS, UTO BaXXHO U1 TpaHCHOPTHBIX [ TY.

Ha cranmnonapHbIX yCTaHOBKax BO3MOXHO MPUMEHEHHE JBYX30HHOTO IPO-
1ecca, Mpyu KOTOPOM H3JIMIIHEE TEII0 MOXKET MCIOJIb30BaThCA i 000rpeBa Io-
MEILICHUH.

1. Komnepos JI.K. T'azomotopnsie ycranoku / JI.K. Komtepos. — JIenunrpan:
Marmrns, 1951. —240 c. — 4000 >k3.

CHM)KEHUE BPEMEHU MEXéHI/I‘IECKOfI OBPABOTKHA
KOPITYCHOM AETAJIM

.A. lllymunos

Hayunwiii pykosooumens A.C. Cmenanog, kano. mexu. HayK, OOYeHm
Bousoroackuii rocy1apCTBEHHBIN YHUBEPCUTET

r. Bomorga

B coBpeMeHHOM MalIMHOCTPOECHUHU AKTyaJIbHOW SIBISETCS MpoOJieMa W3roTOB-
JICHUS JIeTalld, KoTopasi Obl COOTBETCTBOBAJIA BCEM TPEOOBAaHUSIM uepTexka, Oblia Ka-
YECTBEHHO BBITNIOJIHEHA, OTBEYaAIa 3alpocaM MOKYMAaTeNst U Mpy 3TOM OblIa U3rOTOB-
JIeHa B MAaKCUMaJIbHO KOPOTKHE CPOKH. KOHKYpPEHTOCTIOCOOHOCTh MPEPUSITHUS 3aBH-
CHT OT MHOTHX (haKTOPOB ¥ OJIMH M3 TJIABHBIX — 3TO 00BhEM BBIITyCKa IIT/TO/.

Jlnis petieHust 3TOW 3a7auyu MHXKEHEPY — TEXHOJIOTy TpeOyeTcs ONpeneauTh
HauOoJiee ONTUMAIBHYIO TPAEKTOpPHI0 00paboTKu TpebyeMolt aetanu. B atom emy
moryT noMmodb coBpeMenHbie CAD, CAM cucrembl. Ha ux ocHoBe co3maercs Tex-
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HOJIOTHSI MU3TOTOBJIEHUSI, KOTOPasi COCTOMT U3 BbIOOpA TpaeKTOpuH 0OpaOOTKH, BbI-
0opa HHCTPYMEHTA, PSKUMOB pPe3aHUsl, IPUITYCKa.

B 1931 roay Kapnom CosoMoHOM ObIJIa YCTAaHOBJICHA 3aBUCUMOCTH MEXKIY
CKOPOCTBIO M CUJION pe3aHus. B pe3ynbrare McciegoBaHUU OH BBISICHHWII, YTO CUja
pe3aHus CHIXKAETCS IPU ONPEIEIIEHHBIX CKOPOCTSIX.

Puc. 1. Ilpumep mpaexkmopuu

Ecnu rmyOvHa cHUMaeMoro cjios MaTepuaiga HeOOJbInasi, TO BCS TEIJIOBas
SHEPrHsl OCTAETCs B CTPYXKKE U HE mepeaaeTcs 3aroroBke. Celyac 3TOT cnocod mu-
poko ucnomabdyercss Ha «OLl» — oOpabaTbIBaroIUX LIEHTPAX, UMEIOIIUX BBICOKUE
CKOPOCTH BpAICHHUS IIMHH/eNs HadnHas oT 20000 1o 60000 mux ™.

PaccmoTpuMm KOHKpETHBIN mpumep oOpaboTku neranu «Kopryc» maTtepuan
AMI'6.b T'OCT 17232-99 na ¢pesepnom obOpabatbeiBaroiieM IieHTpe Matsuura
H.Plus-630 ¢ npumenennem «BCO» — BBICOKOCKOpPOCTHOM 00padoTku. st oOpa-
0oTku neranu «Kpsiiika» ucrnonb3yercs dpesa it amoMuaus Mapka Hanita 4102
muamerpom 20 mM. BriOupaeMm TpaekTopuio, 3a1aeM riayOruHy U KOJI-BO IIPOXOJIOB.

OnTuManbHO SIBISETCSA TPOXOUAAIbHAS TPACKTOPHS IBUKEHUS (PPE3HI.

Tpoxoumaa (0T rped. — KoecooOpa3HbIi) — 00Iee Ha3BaHHE IUKJIOMIATbHBIX
KPHBBIX, KOTOPBIE OMUCHIBACT TOYKA, HAXO/SIIASICS BHYTPH HJIM BHE KPyTa, KaTAIIeTo-
cs1 6e3 CKOJIbKEHUS 110 HAIPABJISAIOICH, MJI0CKAs TPAHCLEHAEHTHASI KPUBAas.

[Tapamerpuueckre ypaBHEHUS:

Xxmpt—hXaint (1)
¥ =r—h-cost (2)
rne h—paccrosiHre TOYKHU OT IEHTPa OKPYKHOCTH,

I — paAnyC OKpPY>KHOCTH; OKPY>KHOCTb KaTHTCS 110 MPSMOH, COBIAJAIOIEN ¢
TOPU30HTAIBHOM OChIO KOOPAMHAT.

rae fz—monada Ha 3y0;

a. — IIUPUHA pe3aHusl;

B — yrois oxBara.



Puc. 2 Tpaexmopus gpesvi

[Ipu nanHOM MeTOzEe OOeCTIeUrBAETCSl MMOCTOSIHHBIM KOHTAKT (ppe3bl ¢ obpa-
OaTteiBaeMbIM MaTepuaioMm. Cwiia pe3aHuss He u3MeHsercs. MHTepecHO, 4To Ha
MpaKkTHKe HanboJiee BHICOKYIO CTOMKOCTh (Ppe3a mokasajia ¢ mpuMeHEeHHeM O00yBa
30HbI pe3anus BMecTo COX (COXK — cMa309H0-0XJ1aK IAI0IIUE JKUIKOCTH).

/amyﬂ bCK#A
0,12
0,1 /

0,08 /

0,06 /

0,04 /

0,02 / = 0DAYE
0] /

1 2 3 4

M3HOC mm.

Puc. 3 I'paghux usnoca

[Tpumenenne BCO mo3BomsieT cokpaTuth Bpemst 00padotku Ha 20% u cHU-
3UTh C€0ECTOMMOCTD, YAAJIEHHUE CTPYKKHU C MOMOIIbIO 00AyBa ropasio 3KOHOMUY-
Hee yeM ucnonb3oBanue COX He HYKHO 3aTpayuBaTh BpeMs Ha €€ pa3Be/ICHUE,
ornpejaeneHue KuciaoTHoctu. HecoOmoaeHne KOHIIGHTPAIIMH MOKET MPUBECTH K I10-
SIBJICHUIO A€(EKTOB MOBEPXHOCTH. DTOT BapUaHT €Ille U KOJOTUYHEE, HE TpedyeTcs
YTUJIN3ALUs 3MYJIbCUH WM CTPOUTENBCTBO CIIEHUATbHBIX CTAHIIMU JJIs TepepadoT-
KU U IOBTOPHOT'O UCIIOIb30BaHUS.
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