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PaGora BhmomieHa Ha xabempe asTomarvsarmm TIIPOM3BOACTBEHHBIX

nponeccos PI'BOY BO «Vpanbckuit rocynapersennsii jecotexumueckHil
YHHBEPCUTET».

HayuHbiii — Cannuxos Cepreii Ilerposuy

PYKOBOIHUTEb KaHIMIAT TEXHUYECKUX HayK, nouenT, GI'BOY BO «Ypans-
CKHH rOCY[apCTBEHHBIH JICCOTEXHHYECKHI YHHBEPCUTET»,
JOUEHT KaeApbl ABTOMATU3ALMM  TIPOM3BOICTBEHHBIX
TNpPOLECCOB

Hayunsii ~ Ilobeauunckuii Bnagnmup Bukroposuy

KOHCYJIETAHT AOKTOp TEXHWYECKUX HayK, foueHt, ®PI'BOY BO «Vpans-
CKHA rOCYIapCTBEHHbIH JIECOTEXHHUYECKUH YHHBEPCUTET,
npodeccop Kaheapr Ceprrca M TEXHHYECKOH DKCIITyaTa-
MM TPAHCITOPTHEIX U TEXHONMOIHYECKUX MALIHH

OdunmnanbHele Kazakos Huxonaii Biagamuposuy
ONMOHEHTHI: JOKTOp TEXHUYECKHX Hayk, JoueHT, OO0 «AspocraTHO-
KOMIIIEKCHBIE CHCTEMBI» (T. XabapoBcK), 3aM. AHPEKTOPa

— TanpriBepaues Wiabs Opynxuesny
KaHAHAAT TexHuueckux Hayk, ®I'BOY BO «IloBospxekui
rOCYyNapCTBEHHBIH  TEXHOJIOTHYECKHH  YHUBEPCHTET»,
JoueHT kadeapsl NPOEKTHPOBAHUS U MPOU3BOACTBA 3JIEK-
TPOHHO-BBIYMCIIUTENBHBIX CPEACTR

Benyuias — @I'bOY BO «Cankr-IleTepOyprekuii  rocynapctBeHHBIH
OpraHu3aLus JlecoTexHuueckuH yauBepeuter um. C.M. Kupoga»

BamuTa auccepranuu cocroutes 25 anpensn 2018 r. B 10 yacos Ha 3acenanuu
nuccepranponHoro cosera J| 212.281.02 npy ®I'BOY BO «Vpansckuii rocy-
JapCTBEHHBIN JIeCOTEXHUUECKNH yHuBepeuTeT» (620100, r. Exatepun6ypr, yi,
Cubupckwuii Tpakr, 37), k. 401.

C muccepranpeii MOXHO 03HAKOMHTECA B Oubnnorexe PI'BOY BO «Ypansckuit
rocyIapCTBEHHBIH JIECOTEXHUYECKUH YHNUBEPCUTET».,

ABTopedepar pasocnan « _/_5? » mapra 2018 r.
A-1£36
VYueHslil cexperaps

JyccepTalOHHOrO COBETA

JOKTOP TE€XHAYECKHX HayK, JOLEHT IInumknna Enena Erenpesna

Hayuxas bubnnoreka
YIATY
r. ExatepuHbypr
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OBLIASI XAPAKTEPUCTUKA PABOTBI

AKTyaJlbHOCTh TeMbl. B HacTos1I€e BpeMsl B JIECHOH OTpaciy BCe aKTy-
aJlbHEee CTAaHOBSITCSl NPOOGJIEMbl COXpaHeHHs W 3(PHEKTUBHOrO HCIOJB30BAHUS
necoB. HecmoTps Ha 00JbIION HCTOpHUECKUH onbiT Poccuu B yrpaBiieHHH Jie-
CaMH, B HOBBIX COLUMAaJIbHO-DKOHOMHUECKHMX YCIIOBHUSX YCHUJIMBAFOLUMXCS TPH-
POAHBIX W TEXHOTEHHBIX KATacTpod CyIIECTBYIOLIME MOAXOAbI K JIECOYIIPaBIIe-
HHUIO TPeOYIOT COBEPILICHCTBOBAHMS, & 3TO B NEPBYIO oUepe/(b TpebyeT opraHu-
3alMM KOHTPOJISI 32 COCTOSIHMEM J1ecHOro (onzaa. Takas KOHUEINIMs Halllia 3a-
KOHOJATENIbHYIO TMOJAEPIKKY Ha MpaBUTENLCTBEHHOM ypoBHe [79, 84], rume B
4UCJIE MEPONPUATHH 110 COBEPIICHCTBOBAHUIO CHUCTEMBI ()eaepalibHOTO rocy-
JApCTBEHHOIO JIECHOTO Haj3opa (JIECHOH oxpaHbl) U (eaepalbHOro rocyaap-
CTBEHHOrO IMOYKapHOTO HAA30pa B JIECAX YKazaHbl MEpbl M0 CO3JAHUIO HOBBIX
JUCTAHUUOHHBIX CUCTEM HA3eMHOro, aBUAlMOHHOIO U KOCMHYECKOTO MOHMTO-
PHHTa T0XapHOH OMACHOCTH, 3alLUThI OT HE3AKOHHBIX PYOOK U HCIIONL30BAHUIO
MHHOBALMOHHBIX UH(POPMAIIMOHHBIX TEXHOJIOTHIA,

B sTom Hampasienus ewe ¢ 60-X To0B NPOLIIOr0 CTOJIETHs AKTUBHO pas-
BUBAJIKMCh METOZbI A3POKOCMHMUYECKOro HaOJIOJEHHUS 34 JiecOM. Bhu Co3jaHbl
PErHoHaNIbHbIE ABUAOTPAAbl OXPaHbl JIECOB, HMEIOTCS CHUCTEMBI CIIyTHMKOBOTO
CJIC)KCHHSI 38 MACCUBAMU JIECOB, UCIIOIb3yeTCs adpodoTochemka. Taroke passu-
BAETCS BUJICOHAOIIONEHHE JIECOB CO CTALIMOHAPHBIX BBILIEK U C MCIOJL30BAHH-
eM OECHMIIOTHBIX JICTATEbHBIX anmnapatoB. K Ha6mIofeHuIo NoAKII0UCHa Ieo-
MH(pOPMALMOHHAs CUCTEMA, HO CYLIECTBYIOLIMH MOHUTOPHHI He 0OECTIeUHBACT
HH KOHTPOJIb NEPEMELICHNUH ChIPLEBLIX MOTOKOB, HH BBISIBICHHE MOXAPOB B
HAYaNbHOH CTaMK UX BO3HUKHOBEHUS U, TeM OoJiee, OCHOBHYIO HH(POPMALHUIO O
aectom donne. Kak creacTpue, KOJMYECTBO HECAHKLMOHMPOBAHHEIX BBIPYOOK
U MOXAapPOB YBEIMUYUIOCH A0 KaTacTpoduyeckux o6beMoB. Peanbnas 105 Hes3a-
KOHHO 3aroTaBJIdBaeMOi ApeBeCHHBbI olieHuBaeTcst B 20-25 % ot of1iero oobema
py6ok, a napymenus no ky6omacce gocturaior 40 %. B OTAENBHBIX PEFMOHAX
10 50 % 3aroTaBiMBacMOl APEBECHHbI MMEIOT HEJIETalbHOE IPOUCX0KAeHHE. B
OTHE JIECHBIX MMOXaPOB €XKErOAHO YHMUTOXKAIOTCS THICAYM TEKTApOB Jieca, KH-
JIBIE TIOCEJIKH, TUOHYT JTIO/IH.

Ananornunas CHTyalus ¢ CO3aHHEM HOBBIX CHCTEM MOHMTODHMHIA U B 3a-
pyOexHo# npaxTuie. BMECTE ¢ TeM, OTEUECTBEHHbIH M 3apyOexHbIi OIBIT 110~
CJICIHUX JIET MOKa3ajl, YTO PA3BUTHE MH(OPMAIMOHHBIX TEXHOJIOTHH, JOCTHIKE-
HHsl MATEMATHUKU B PA3/AHYHBIX 00JACTAX 31E€MEHTHOMN 6a3bl MO3BOJISIOT PellaTh
PaHee HEJOCTYIHbIC JYIs PAKTHYECKOH pealnsaliii 3aaul KOHCTPYKTHBHOTO
UCITIOJIHEHUST CHCTEM MOHMTOPHMHIa. IIpOMBINIIIEHHOCTD BBIIYCKAET J11060€ 060-
PYAOBAHHE H KOMIUICKTYIOLIME DJIEMEHTBI [l CO3aHMsI [OA0OHBIX KOHCTPYK-
L, OJIHAKO OTCYTCTBHE TEOPETHUECKUX Pas3pabOTOK, MOCBALICHHBIX BOIIPOCAM
TIPOEKTHPOBAHUS TaKUX CHUCTEM, HE IO3BOJISIET B IOJHOM MEpE peanu30BaTh
JIOCTHXKEHUS TIPOTrPecca ¥ CO31aBaTh HOBbIC CUCTEMbI, 00ECIIEUMBAIOLIUE HEOO-
XOIMMBIC Ha CErOJHALINUMA IeHb QYHKIMOHANBHBIE TPEOOBAHMSI.

Crenyer oTMETHTH el OJHy, CBA3AHHYIO ¢ MOHUTOPMHIOM JI€Ca, Hepe-
WeHHyo npobinemy. Cnenuduka NECHOM Cpesibl XapaKTepU3yeTcs U3MEHUUBO-
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CTbIO MTAPAMETPOB B LIMPOKMX NPEJENax, uTo ACNACT 3a/1a4y HCCaeaoBaHui U
NPOEKTUPOBAHUS CHCTEM MOHUTOPHHIA UPE3BBIYAHHO CIOXKHOMK. U eciu 110 o1-
JIC/IbHBIM 3JIEMEHTAM JIECa HMEETCsl OrpoMHasi 6a3a TaKCAIIMOHHBIX CTATHCTHYE-
CKUX JaHHBIX, TO JUIsl OTIUCAHHS MapaMeTPOB JIECHOH CPE/ibl B 1IEJIOM CTATHCTH-
YECKUE METOJIbI OyNyT HEMPUEMIIEMBI, T.K. APAMETPbI XaPAKTEPU3YIOTCS CBOM-
CTBaMH HEOMPEACIEHHOCTH, U B 3TOM Cllyyae HEOOXOJMMO UCIIOJIb30BaTh arra-
paT TEOpUH HEYETKMX MHOXKECTB.

Crenennr pa3paGoTaHHOCTH TeMbl. MOHUTOPMHTY COCTOSIHHMSI JIECHOTO
nokposa B P® nocesiiena pa6otsl Kasaxosa H.B., AGy3osa A.B, ®omuna B.B.,
[onepmukoBoii 10.A., Cumonenkosa M.B., I'y6aesa A.B., I'pomosa U.A.,
TanpriBepauea M.0. u ap. Ot uCCIenOBaHUsS MMEIOT GONBILYIO HAYUHYIO H
MPaKTHYECKYIO LIEHHOCTb NIPH U3yYEHUH MpoOJeMbl COCTOSIHUS JiecoB. Takke mo-
JI0OHBIE UCCIenOBaHMsl MpoBOAsATCst yueHbiMH w3 CIIA, Wugun, Kutaiickoit
Haponuoii Pecriy6nnku u EBponeiickoro Coroza (Nelson et al., 2011; Kharol et al.,
2013; Yang et al., 2014; Hostert et al., 2011). OnHako Bo BCEX HCCIENOBAHMS pac-
CMaTpPUBAIOTCSl CUCTEMBI HA OCHOBE CIYTHHKOBOM cBsizu, I'MIC, a He HazeMHOro
THIIA U, TeM 6oJiee, HE B BHJE CETH PAIIOUACTOTHBIX YCTPOMCTB, DTO 06CTOSTENb-
CTBO 00YCIJIOBUIIO BBIOOP TEMBI, ONPEACIHIIO LIEU U 3a1aUH UCCICI0BAHMUIA.

Taxum 006pa3zoM, pa3paboTka HOBBIX CHCTEM MOHMTOPHMHIA, 06ECHeUHBaIO-
IUX HENPEPLIBHLIA KOHTPOJIb COCTOSHMS JIECHOTO (hOHAA, ABMIKEHHUS CHIPHEBBIX
MOTOKOB, OGHAPY>KEHHUS JIECHBIX M0XKAPOB B HAYATLHOM CTaJUH BO3SHUKHOBEHHS,
a TaKXKe€ METOJOB MCCIENOBAaHUS M MPOEKTHPOBAHUS TAKHUX CHUCTEM, IO3BOJISIET
PEIIUTEL BAXKHYIO NPAKTHYECKYIO 3a]a4y U SIBISIETCS Ype3BBIUaiHO aKTyalbHOM.

Llesblo uccleoBaHui Oblia pa3paboTKa CHCTEMBI PaiMO4acTOTHOTO MO-
HUTOPHHTA JIECHOTO (DOHJA C BOSMOXKHOCTBIO HEMPEPHIBHOTO KOHTPOJISI JIBHIKE-
HMUSI JIECOCBIPLEBBIX IOTOKOB U PAHHETO OOHAPYMKEHHSI JIECHBIX MOKapOB.

Jiist pocTrsxeHust Lenu ObUTH TIOCTaBJICHBI M PELISHBI CIIEAYIOIHE 3a0a4M:

- Ha OCHOBE aHajl3a Pe3yJbTaToB paboT, MOCBSILIEHHBIX Pa3IHYHBIM CHCTE-
MaM MOHHMTOPHMHIA, ONIPENENUTh HauboJee NepCreKTUBHBINA METO, THIT U NPHHIIU-
NHAJILHOE PELLEHHUE CUCTEMbl MOHUTOPHHTA JIECHOTO (OH/a;

- paspaboTtaTh MOAENb MHPOPMALMOHHOTO ObeCreueHHs aBTOMAaTH3HPO-
BaHHOW CHCTEMBI JIECOYITPABIICHUS U JIECOIOJIL30BAHUS HA OCHOBE HEMPEPhIBHO-
ro MOHHUTOpPHUHTA JIECHOTO (POHAA;

- BBINOJHUTL 000CHOBaHWE NPUHLMUNUATIBEHOM CXEMbI, TOmorpaGuu ceTH
M [1apaMeTpOB YCTPOHCTB MOHUTOPHHTA;

- BBITIONHUTD TEOPETHUYECKHE HCCIEAOBAHHS PACIPOCTPAHEHHS BJIEKTPO-
MarHuTHLIX BOJH B JIECHOM cpeie, pa3paboTath MoAend HHGOPMALMOHHBIX
MOTOKOB B CETH PaJMOYACTOTHOrO MOHMTOPHMHIA U MAJEHHS] MOLIHOCTH CHIHaJa
B JIECHOH Cpeje;

- 060CHOBATh (PYHKIMOHAIBHBIE 3aBUCUMOCTH OCHOBHBIX MapamMeTpoB CH-
CTEMBI PajMOYaCTOTHOrO MOHUTOPHHIa C NPUMEHEHHWEM HEYETKUX MOJeieH
¥ B BUJIE NPOLYKIIMOHHOM HEHPOHEUETKOH CeTH,;

- BBITIOJHUTH YKCHEPUMEHTAIIBHBIE HCCIIEA0BAHMS PA0OTHI CHCTEMBI PaiuO-
YaCTOTHOTO MOHHUTOPMHIA B JICCHOH CpEME, MOJYy4YHUTH HEOOXOAUMBIC JAHHbIC
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AUt NPOSKTUPOBAHMUS TAKHX CHCTEM M MOATBEPAUTb aJeKBATHOCTH TEOPETHYE-
CKHMX MOJIEIIEi;

- JUIst oGecrieyeH s HCIOL30BaHHS PE3yILTATOB UCCIEN0BAHMH B MPAKTH-
Ke paspaboTaTb METONHMKY M aJIrOPHTM IPOrPaMMBbI JUIl NPOSKTHPOBAHHS CH-
CTeM PajiO4acTOTHOrO MOHMTOPMHIA W OLCHHTbL HKOHOMHYECKYIO 3(eKTHB-
HOCTb OT BHEIPEHHUSI PE3YJILTATOB HCCIIENOBAHMMI B IPOSKTHO-KOHCTPYKTOPCKYIO
NPAKTHKY U JIECHYIO OTPAaCb.

O6beKT HcenexoBaHuUil. YYacTKH fleca ¢ pasiinuHbIME XapaKTepUCTUKAMHU.

Hpeamer uccienoBanuii. 3akOHOMEPHOCTH BIHMSHUS XapaKTEPHCTHK JEC-
HOM Cpe/ibl, KOHCTPYKTHBHOTO MCIIOJHEHHUS, TONOTPadgyy ceTH ycrpoticts RFID
H JIECOCBLIPHEBBIX TOTOKOB Ha OCHOBHBIE NAPAMETPhl CUCTEMbI PaJMOYaCTOTHOTO
MOHHMTOpPHHTA.,

MeToanl ucenenoBanuii. Jjisi NpoBeieHNs MCCISAOBAHUN B KAYECTBE OC-
HOBHBIX HayUHBIX METOHOB MCIOJIb30BAHbl METOALI MATEMATUUECKOTO M HEYeT-
KOr0 MOZIEIMPOBAHMS, JIECHOH TaKCauuH, NPOLECCOB JIECO3ar0TOBOK, TEOPHH
MH(OPMALMK ¥ NEPeaady CHrHAIOB, TEOPHH MACCOBOTO o0ciy)kuBaHusl, Mate-
MaTHIECKOTO MOJCIMPOBAHHS CHUCTEM CBS3H, MaTEMaTHYeCKOM CTaTHCTHKH,
aBTOMATH1ECKOTO YNpaBieHus, LU(PPOBOl 06paboTka CUTHANOB, METOALI pac-
uera YKB noneii B necHbIx paiionax u teopus 9KCIIEPUMEHTA.,

Hayunas woBu3Ha. Brniepsrie paspaGorana Mopenb HUH()OPMALHOHHOTO
ofecneueHus aBTOMAaTH3HPOBAHHON CHCTEMBI JIECOYNPABJIEHUS U JIECOMNOJIL30-
BaHHMs HA OCHOBE MOHUTOPHHTA JIECHOrO (hoHza.

[Ipennoxkensl KOHCTPYKTHBHOE MCIIONHEHHE CHCTEMBI PaguoyacTOTHOIO
MOHHMTOPHHIa JIECHOTO (onaa B Buie cetu ycrpoitcts RFID, maremaTuueckue
MOJIENT MH(POPMALIMOHHBIX TIOTOKOB B CHCTEME, MOJENH KOMILIEKCHOM AMdIIeK-
TPUUICCKON NMPOHULAEMOCTH JIECHOM CpPEfbl B BHJIE HEWPOHEUETKON MpoayKLu-
OHHOH CETH W PEe3yNLTAThl AKCICPUMEHTANBHBIX HCCICIOBAHMH, BKIIOUAIOMIHC
3aBHCHMOCTH OCHOBHbIX MApaMETPOB CUCTEMBI OT BIHsOLIMX (akTopos. HoBoil
ABJIIETCA METOIMKA NPOCKTUPOBAHHSI CHCTEMbI PAAMOYACTOTHOIO MOHMTOPUHIa
JiecHoro o a.

Ha sawuTy BoIHOCSITCS Ciietytomue pesynbTaTh:

- MOJIeJIb MHGOPMALMOHHOTO 06eCIeUeH s ABTOMATH3UPOBAHHOM CHCTEMBI
JIECOYNPABICHH 1 JIECOTIONB30BAHMS HA OCHOBE MOHHTOPHHIA JIECHOTO (hOHA;

- KOHCTPYKTHBHOC MCIOJIHEHHE CHCTEMBbI PAJHOYACTOTHOTO MOHHTOPHMHIA
JiecHoro (oHAa B BHJIE CeTH ycTpoiicTs RFID;

- MaTeMaTHIeCKue MOZIENIH HHPOPMALMOHHBIX IOTOKOB B CHCTEME PajHO-
4aCTOTHOrO MOHMTOPUHTA JIECHOTO (hoH/A;

- MaTeMaTHeCKasi MOJIENb MalCHHs MOIIHOCTH CHIHAJIA B JIECHOH cpejie;

- MOJIEIL KOMIUICKCHON JIMA/IEKTPHUECKOM TTPOHHLAEMOCTH JIECHOI cpeabl
B BUJIE HEHPOHEUETKOH POy KIHOHHOMN CeTH;

- OKCIIEPUMCHTAIILHO [10JTyYEHHbIC 3aBUCHMOCTH MAPAMETPOB CUCTEMBI Pa-
AHOHACTOTHOTO MOHUTOPHHIA JIECHO! CPE/BI OT TEXHOJIOTMUYECKUX NTAPAMETPOB.

HocTosepHocTs pesyabTaroB. OGOCHOBAHHOCTH Pe3yJIbTATOB ONpPeeisi-
€TCsl OOPALICHHEM K M3BECTHBIM SKCTIEPHMEHTAIBLHBIM JAHHBIM JUTs pacyYEeTOB M
COTOCTABIEHUH PE3YNIBTATOB, KOPPEKTHBIM HCIONB30BAHHEM COBPEMEHHBIX



6

METOMOB HCCIIEOBAHU, HAKOTUICHHBIM OIBITOM paGoThl 10 JIECHOM TaKCaluH,
HETIPOTUBOPEUMBOCTEIO M BOCIPOM3BOAMMOCTBIO PE3YNILTATOB, MOJIY4EHHBIX
TEOPETHIECKUM ITYTEM, NPOBEJCHHEM OUEHKH aJeKBATHOCTH pa3pabOTaHHBIX
MOJIENICH C HCMONb30BAHMEM DKCIEPHMEHTAIBHBIX JIAHHBIX. TIoMyueHHbIe alnro-
PUTMBI PEAIM30BaHbl HA KOMIbBIOTEPE M anpoOMpOBaHLI B yueGHOM IIPOLIECCE
Kageapsl aBTOMATH3aLHU IPOU3BOACTBCHHBIX NpoueccoB YIJITY B kauectne
HOBOMW y4eOHOH AMCLMIINHBI «Paf04aCTOTHBIH MOHMTOPHHT JIECHOTO (DOHIA».

TIpakTuveckass HEHHOCTh PaGOTHI U €€ Peann3allysl B IPOMDIIIICHHOCTH.
B pesynbraTe mccnenoBaHMi ONpe/eieHbl apaMeTphbl CHCTEMbI PaHOuaCTOT-
HOTO MOHHTOPUHIA JIECHOTO (DOHJA, OOECTICUHMBAIOIIEH KOHTPOJIb ChIPHEBBIX
NOTOKOB U paHHee OOHapy)eHWe JIECHBIX noxkapoB. Paspaborana meroauka
NPOCKTHPOBAHUSI CUCTEMbI MOHMTOpPUHra B BuIe ceTh yctpoictB RFID. Pe-
3yJbTAaThl MCCAEAOBAHMN OLIIM MPUHSATHL JUISl UCTIONB30BAHUS B MPAKTHKE CO-
3nanus cucreM MoHuTopunra OO0 «YpanHUMIII» (r. Exatepunbypr).

PesysnbraThl nccnenoBanuii coctaBuiu coaepxkanue HUOKP «Dxonoruye-
CKMH W 3KCNEPUMEHTAJILHLIH MOHUTOPHHT JIECOB M YIIPABJIEHUE UMK Ha OCHOBE
TexHonoruu RFID» (per. Ne 01 JIM®-2009) u pazaen «Pa3paboTka METOAUKU U
peryiaMenTa Ha NPOBEIEHUE MOHUTOPHHIA JIBUKEHHUS CBIPHEBBIX TIOTOKOB B Jie-
COTIPOMBILIUIEHHOM TIPOM3BOJACTBE Ha ocCHOBe TexHosiornit RFID» B oruete
HUOKP «Pa3paboTka HOBBIX TEXHOJOTHH 3arOTOBKH M MEPePabOTKH APEBECHO-
O CHIPBS B paMKaxX Hay4HO-UCCIENOBATENbCKHX NPOrpaMM YpalibCKOro JIECHO-
ro TexHonapka» (per. Ne 11-01).

OkoHomuueckast 3QGEKTUBHOCTS OT BHEJPECHUS HPEIIaracéMol o pesyiib-
TaTam MCCIIEJOBAHUA CUCTEMbI MOHUTOPHHIA COCTaBiseT Gonee 60 MiH. pyo. B
roa ajs ycnosuit TiomeHckol o6nacty, a cpok okynaemoctH He Goee 1 roza.

CooTBeTcTBHE JUCCEPTALMH NACNOPTY HAYYHOM crienUaabHOCTH. [uc-
cepTanyoHHas paboTa COOTBETCTBYET MyHKTY 1 «MccreoBaHne mapaMeTpoB
rnokKasarejaed mnpeaMeTa TPyNa, JAEpeBbEB M HX  4acTei, MPUpPOIHO-
MPOMU3BOJCTBEHHBIX YCIOBHH TNpPOM3PACTAHUS JIECOB M JIECOIOJB30BaHHUS, CO-
37auue MHGOPMALMOHHOHN 6a3bl», MYyHKTY 9 «ABTOMATH3allMs YIIPABICHHS Ma-
IUMHAMK, BBIOOP CUCTEM yueTa JIECONPOJYKIIMH, DPrOHOMUKYA U OE30MacHOCTh
YCIIOBUiL Tpynax», MyHKTY 14 «Pa3paboTka MHKEHEPHBIX METOOB U TEXHUUECKUX
CpeACcTB 00eCIeeH s SKONIOTMIECKOl 6e30NacHOCTH B JIECONPOMBIIIICHHOM U Jie-
COXO3SIMCTBEHHOM ITPOM3BOACTBax» Iacropra cnetpaisHocti 05.21.01 — «Texno-
JIOTHS1 U MALIMHBI JIECO3arOTOBOK U JICCHOTO XO3SIHCTRA.

Anpobauus. Pe3yibTaThl HCCIEN0BAHUM TOKIAJIBIBATIUCE U 00CYMKIATNCEH
Ha kadepax cepBHCa U DKCIUIyaTald TPAHCIIOPTHBIX W TEXHOJOTHUYECKMX Ma-
[IMH, aBTOMAaTH3allM¥ TEXHOJOTHYECKHX IIPOLECCOB YpajbCKOTo Tocymap-
CTBEHHOI'0 JIECOTEXHMYECKOIO0 YHHUBEpCHTETa, Kadeape JecHOro Xo3siicTsa,
AepeBooOpaboTKH M INPUKIAAHON MeXxaHWKH [OCYlapCTBEHHOTO AarpapHoro
yuusepcureTa CeBepHoro 3aypaibs, a Taioke npountd anpobaiio Ha XI Mex-
JYHapOJHOH Hay4YHO-TEXHHUECKOH KOHpepeHIHH «JIecHas Hayka B pean3aluu
KOHUEMUUH YpalnbCKOH HMHMKEHEPHON UWIKOJIbI: COLMAIbHO-IKOHOMHUUYECKUE U
9KOJIOTMYECKHE NPOOJIEMBI JIECHOTO CEKTOpa SKOHOMHKH» 4-5 ampens 2017 r.
(Exarepun6ypr), XIII Beepoccuiickoit HayUHO-TEXHHUYECKON KOH(BEPEHLMH CTy-
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AEHTOB M acnMpanToB «Hay4uHoe TBOPYECTBO MONIOAEIKH — JIECHOMY KOMIITIEKCY
Poccuu» 25-26 anpens 2017 r. (Exarepunbypr).

Iy6mukauuu. [lo matepuanam auccepranuy ony6IHkoBano 14 neyaTHbix
paGor [114-127], B Tom uncne 6 paGoT B PCLEH3UPYEMBIX U3JAHUSIX, PEKOMEH-
noBaHubIX BAK.

O6bem paGoTel. [[uccepTauns COCTOUT U3 BBEEHHS, IIECTH rJaB, 3aKiIo-
HCHHS], BBIBOJIOB ¥ PEKOMEHIAIWH, ClIMCKa TUTepaTyphl M3 126 HauMeHOBaHUI,
OcHOBHOE cojiepskaHne u3NoxeHo Ha 194 CTPaHML@AX, CONEPIKHUT 72 PUCYHKa,
16 Tabauu,.

COJIEPXXAHUE PABOTBI

Bo BBeseHHH paccMOTPEHBI OCHOBHBIE MOJOMKEHHS JIMCCEPTALMOHHON pabo-
Tbi, 000CHOBAHA AKTYaILHOCTh UCCIICAOBAHHIA, IaHa KpaTKast aHHOTALIHS paboThl.

B nepBoii riaBe BBLINOJHEH aHATH3 COCTOSHMS npo0G/eMbl MOHUTOPHUHTA
JICCa, H3YUCHBI KOHCTPYKLMH CHCTEM, U3BECTHBIX B MHPOBOH MPAKTHKE, BBISB-
JICHB! TEHACHIIMM MX COBEPLICHCTBOBAHMSA, B UHCIIE KOTOPBIX HYHHO OTMETHTD
TIONBITKK B 3apyOexXHbIX paboTax MCCIENOBATH HA3eMHbIE GecnpoBoiHbIE CH-
CTEMbI MOHMTOPHHTA. B 5TOM HalpasieHty Moy YeHbl HEKOTOPhIC Pe3yIbTaThI,
HO IIOJIHOLICHHAs CHCTEMA PAJHOYACTOTHOIO MOHHTOPMHIA €I He CO3/aHa.
Takum oOpasom, ObUI0 OmpemencHo, uto Haubomee NEPCIEKTHBHBIM OyeT
HMCIOb30BAHME HA3EMHOM CHCTEMBI B BHJE CeTH ycTpoiictB RFID (panpuoua-
CTOTHOM HACHTH(UKAIMHU), KOTOPAS B HACTOSLIMX MCCIETOBAHMSX H paccmar-
PHBAETCSI C TOUKH 3pEHUs] 0A30BOM CUCTEMBI.

Criestyer OTMETHTS, UTO TaKHe MCCIIEOBAHMS paHee He MPOBOJMIIUCE, KPO-
me pabotel A.T.H. B.U. [Nonosa (JlatBus), rue PaccMOTPEHBI BONPOCH! Pacipo-
CTpaHCHUsl PalMOBOJH B Jjiecy. [1o3ToMy B HEKOTOpOH CTEneHH GIU3KHUMH K
HAaCTOsILIEH TeMe MOTYT ObITh UCCICAOBAHMS A-poB TexH. Hayk H.B. Kasakosa,
A.B. AGysopa, kanz. texu. nayk C.B. Kussesoii, A.JT. Marasunumnkosoi, 10.A ITo-
JIEBIIMKOBOMH, TAloKe U3BECTHBI PAGOTHI ABTOPOB J-poB TexH. Hayk E.A. Jlynsua,
C.A. bapranesa, kanz,. texn. Hayk JI.B. Epuiosa, B.A. Tonnuna, ®.B. Crainenxko.

B kauecTBe HOBBIX METOJOB HCCIIENOBAHHUI B YCIIOBUSIX HEOTpPEAEIIEHHO-
CTCH € NPUMCHCHHEM HEYETKOTO MOAETMPOBAHHS MOXKHO TPHBECTH PaboThI
sapybexurix asropos JI. 3ane, A. [lerara, E.H. Mawmpanu. B Poccuu sta tema
NONy1uIa  passuTHe B paborax J-poB TexH. Hayk A.B. JleoHeHkoBa,
H.T'. Spymkunoit, JO.A. I'actesa u Ap. B NIecHOM NpOMBILIIEHHOCTH H3BECTHDI
paboThl A-poB TexH. nayk H.K. Kinmymesa, B.B. [To6eauHCKOr0, KaHJ. TexH.
Hayk A.B. Anppeiiuyka, A.A. Jly6uuuua. Psi nonoxeHuid HacTosALEeH paboTsl
B JlanbHeiineM 6a3UpyeTcs Ha 9THX HCCIIeA0BAHMUSX.

O630p uccienosanuit mokasas, uro, HECMOTPS Ha HHTEHCUBHBIM MMOUCK HO-
BBIX TEXHOJIOT M, OCTATOUHO d((eKTHBHA CHCTEMA, CIIOCOOHAS OTCIIEKUBATS
JIECOCBLIPLEBBIC MOTOKH, MOSBICHUE MOXAPOB B HAUANBLHON CTAMM U3 BO3ropa-
HH3L € BOSMOXKHOCTBIO MCIIOJIL30BAHMS OTOH CHCTEMBI Jisl c6opa HE(OPManuK
O COCTOSHHHM JIECHOTO (DOHJA, & B MEPCIICKTUBE C ABTOMATU3UPOBAHHON CHUCTe-
MO JiecoynpaBiieHus], eue janeka ot cosaanus. Taioke B poccuiickoit u 3apy-
OCxkKHON TeuaT’ OTCYTCTBYIOT PaGOTHI, MOCBALICHHDIC UCIOJIBE30BAHUIO COBpE-
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MCHHBIX METOJOB HEUETKOr0 MOZIEIUPOBAHMS JUIS UCCICIOBAHWIN MapamMeTpoB
JIECHOM Cpe/ibl, XapaKTEPU3YIOLMXCSl HEOMPEASIEHHOCThIO, HEJOCTATOYHOCTHIO
JIAHHBIX.

Ha ocHoBaHuM aHanu3a COCTOSIHMSI MPOONEMbl MOHMTOPHHIA JI€Ca, BhISIB-
JICHA aKTyaJIbHOCTh TEMBI, €€ Ype3BblyaifHas CIOKHOCTh U MHOTOIUIAHOBOCTD,
a Juis pelenyst npobiaemMbl ONpeleaeH psifi HayuHbIX MEepBOOUYEPEaHEIX 3a/1ad,
BKJIOUAIOIIMX OOOCHOBAHHE TUNA W KOHCTPYKTHBHOTO HCIOJHEHHS CHCTEMBI,
3a/1a4 TEOPETHYECKHUX U HKCIIEPUMEHTANBHBIX HCCIIEN0BaHUM HHPOPMALMOHHBIX
MOTOKOB B CHCTEME MOHUTOPDUHra M HMX M[apaMeTpoB, a TaKxe paspaboraHa
0011ast METOZI0IOTHS UCCIICIOBAHUM,

Bropasi riaBa mocssilieHa O0OOCHOBAHMIO KOHCTPYKTHUBHBIX IIApaMETPOB
CHUCTEMBbl MOHUTOPHHI'A JIECHOTO (hOH/IA.

VYuuTbIBas UCKITIOUUTENBHO HMIMPOKHE BO3MOXKHOCTH COBPEMEHHBIX TEXHO-
JIOTHA MOHUTOPUHTA, a TAKXKE X aKTYaJbHOCTB, IIepBOHAYAIbHO Gblta pa3pa6o-
TaHa MOJAENs HH(OPMALOHHOrO OOECHEUCHHsS CHCTEMBI JIECOYNPABJIECHHS,
OTBEYAIOLAss COBPEMEHHBIM TPeOOBAHUSIM 3aKOHOAATENBHBIX aKTOB W Npobire-
Mam JIECHOH OTpaciy.

B riaBe npuBeneHb pe3ysibTaTbl 0O0CHOBAHMS THIA CUCTEMbl MOHUTOPHH-
ra necHoro ¢onja. B 5ToM maHe npeiokeHa cucteMa, aHaJoruyHas ¢ UCIOIhb-
30BAHMEM W3BECTHBIX B 3apyOeXHON ITpakTHKe djeMeHTOB ZigBee, koTopble
00BEIUHSIOTCS B BHUAE PAZMOYaCTOTHOM OECTIpOBOIHON HazeMHO#M cetn. Jljs
9TOH CHCTEMBI IPEJIOKEHLI OCHOBHBIE TEXHUUECKUE CPEJICTBA M CTAHAAPT Mpo-
ToKoJ1a 0OMeHa HHbOpMaLuell B CeTH MOHUTOPUHTa. PaccmaTpuBaemast cucrema
SIBJISIETCSI MHOTO(YHKLIMOHAILHOM, MO3TOMY OOBEIUHAET CUCTEMBI JIBYX THIIOB.
Tak, 111 KOHTPOJISL COCTOSIHUS JIECHOM Cpejibl, MPUpOCTa JAPEBOCTOs, (pUTOMAc-
Cbl, TAKCALMOHHBIX XapaKTEPHCTHK AOJKHA ObITh CHCTEMa TACCHBHOTO THIA
¢ JaTyMKaMy 06e3 aBTOHOMHBIX HCTOYHHKOB TOKa, & JUTS CIAEISIINAX CHCTEM, CHT-
HAIM3UPYIOIMX O BO3HMKHOBEHHMHM I10XKApOB, JBWXKEHHH CHIPHEBBIX MOTOKOB,
JOJDKHBI IPUMEHSTHCS CUCTEMbI AKTUBHOT'O THIA C aBTOHOMHBIMH UCTOYHHUKAMH
nuTanus. IIpobiema JUIMTENBHOrO SHEPTOMUTAHMS CHUCTEMBI pEIleHa ITyTeM
UCIOJIb30BAHMSl COBPEMEHHBIX M3BECTHBIX D3JIEMEHTOB, MNOCIHEIHHE 06pasibl
KOTOPBIX Ha CErOJHsI UMEIOT CPOK CI1yKOBI 10 20 JeT, ¥ NpeJIOKEHHBIX aTbTep-
HATUBHBIX UCTOYHUKOB IIUTAHUSL.

Ha ocHoBe aHanuza cylIECTBYIOIIMX B MHPOBOI NMpaKTHUKE CPEICTB JIHU-
CTaHLIMOHHOH nepenaun uHdopManuu paspaboTaHa COOTBETCTBYIOIAs KJIACCH-
¢dvKaLus, ¥ OCHOBHBIC KOHCTPYKTHBHBIE MAapamMerpbl CHCTEMbl MOHHTOPHMHIA
ObIIM OMpeJeNeHb! SKCIEPTHRIM [YTEM 10 COBOKYIHOCTH MapaMeTpoB (CKOpo-
CTH NepeJaul AaHHbIX, BPEMEHH OXHMIAHHS, SHEProdhHeKTHBHOCTH, NaTbHOCTH
JEHCTBYSA, MHKOBOTO SHEPronoTpebIeHus 1 Ip.).

HccnenoBanust mapamerpoB MHGOPMAIMOHHBIX MOTOKOB IMOKAa3ajM, 4To,
UCIIOJIB3YSl Pa3IMYHbIE YacTOThl M MOJYJSLMIO CHTHANa, 3aKOJAWPOBAHHOTO
B RFID-MeTKax, UX BO3MOMCHOCTH 110 00beMy WH(OPMALIUK CTAHOBSTCS Mpak-
THUYECKH HEOrpaHWYeHHbIMU. B3aumocss3b anemenToB RFID-MeTKH U CUMTHIBA-
Tess, BXoJALMX B cucteMy RFID MoHuMTOpHHra nokasaHa Ha NpUHIMITAAIBHOM
cxeme HYHKIIMOHMPOBAHHSI CUCTEMBI (PUCYHOK 1).

| Cuwmvwaren, Puacp) ! [Pazitonacron 0% MeTKa (ReHTHIKATOP)]
I | |
| ! 1
| Ve 1 Hasencunas Vv, :
:C < ! anepriis 1
| P |
: Mounyusirop Cencparop AnTenHa Anrenna R Mitkpocxemal c I
‘T M. G. L, L |
: I T ormn, 1
|
| Mukponpoucccop 1' aueprus | |
+E,| M, ! : | 1
| | 1 I
! 1/=10cw.. Nu |
| " i

Cictema koMIbioTepHOI 0GPAGOTKI RAHHbIX]
(CYBL)

Pucynok 1 - IlpuanMnuanbsuas cxema (byunkunoHuposanus cucremsl RFID

B saBepuienuu nepsoro srana 6suti 0G606IIEHb! OCHOBHLIE NOJIOXKEHUST UC-
CIICIOBAHMH KOHCTPYKTHUBHBIX [APaMETPOB CHCTEMbI MOHHTOpHHTra. B pesyip-
Tate paspaboTaHa KIACCU(DHKALMS KOMILIEKTYIOLIHX YCTPOMCTB CHCTEMBI,
TPCAVIONEHO TEPMUHONIOTHYECKOE ONPE/IENIEHHE PaHOYACTOTHOIO MOHHUTOPHH-
ra JIECHOH cpejbl.

TpeTss rnasa nocesuiena HecneRoBaHMAM TOrorpahuu CHCTEMbI MOHHTO-
PHHIa, MOTOKOB MH(OPMALUK B CTPYKTYpe CeTH MOHHUTOPHMHIA W MPOGIEMbI
OLICHKHA PacCesHus pajiHOYaCTOTHOTO CHTHANA B JIECHOH cpexe. B pesynbTate
TNIPE/UIONCHA CHCTEMA PajHOYACTOTHOTO MOHMTOPUHTA B BU/E CETH YCTpOcTB
RFID, nzo6paxennas Ha cxeme (pucyHnok 2). PaspaGoTaHHbIE CXeMbI pacrofo-

uenust yerpoiiets RFID B necy ¢ narumkamu KOHTPOJIS NMEPEMELIECHHS 10Ka3a-
HbI Ha pUCYHKaX 3, 4.

@
i 1Luos

B)RI*‘]l)-yu'lpnilc‘rnu 6
a) 6)

4 — CeTeBast MOJIENb CHCTEMBI; 6 — cxema rpada UH(OPMALIOHHOI ceTH

Pucynok 2 — Cxema cucremsl Panro4acTOTHOrO MOHUTOPUHTA

B BUJE ceTH ycTpolicts RFID

a

s npoBenenus wuccienoBanuii MapUIpyTOB IOTOKOB WH(GOPMAaLUKU B
CTPYKType CCTH MOHMTOPUHIa GBLIM PaspaboOTaHBI pacueTHbIC MOJIEJIM pacrpo-
CTPAHCHHs MPAMOM BOJIHEI B JIECHOH cpejie (prcyHOK 5) u reomeTpuyeckas pac-
HCTHast MOAEIL PACHPOCTPAHEHHSI JlyUa PaJjHOBOJIHBI (pucyHok 6).

B pesynbTate uccnenosanuii notoxos MHDOPMAIMK B CETH yCTPOHCTB
RFID paspa6otano Matemartuueckoe onucanue MapIIpyTOB MOTOKOB HH(OPMa-
IHH B CTPYKTYpE CETH, KOJIMYECTBA MHDOPMALIMK B MOTOKAX MO KaHAIAM CEeTH
MH(OPMALMOHHBIX XaPAKTEPHCTHK CHIHATIOB B CETH. ’
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C necoeenn Mllocce

1 RELD meTkn

Canamiren)
e

l L amares,
(Piaep)

REID sk

Comppareny
(Puzcp)

RFID meten

Ha aceosapoa

CuntunsTens
(Puacp)

REID wierin

RFID sseman
RFID xctxn

RFID y

€ Acvoceknn

a)
Pucynok 3 — CxeMbl pacnonoxeH st CKaHUPYIOIUX YCTPOHCTB
Ha BTOPOCTENEHHBIX (&) U MarucTpaibHbIX (0) goporax

[ - npocexa; - mopora;

a— Bb]ﬁOpO'—lHai{ (CﬂJ‘lOLUHaH) YCTaHOBKA JATYHUKOB, 6 - YCTaHOBKaA JaTUYMKOB IO KOOPJH-
HATHOI CETKE; B — YCTaHOBKA JaTYMKOB I10 MEPUMETPY y4acTKa (B y3nax, nepeceuyeHunx
MPOCEK M T. A.)

Pucynok 4 — Cxemsl pacnionoxenust yerpoiicts RFID Ha necHom yvacTke

=

]

=

JlecHoit é
MaccuB

Ix

3emnst 0
(TTousa)

H, L — xoopauHaTel MOJENH (BBICOTA, paccTosHue); T, Rx ~TpaHCMHTTED, NPUEMHUK;
U(x) — sHeprus ICTOYHHMKA SJIEKTPOMATHUTHBIX BOJIH, KOTOpAast 0C/IabiIsIeTcs Ha My TH

L; lq— xoopauHaTa NpUEMHOIi aHTEHHBI C JUAMETPOM danm; I, — SHEPTHUs SIEKTPOMATHUTHOM
BOJIHBI B TOYKE IpUeMa Iy
PucyHox 5 — PacueTHas MOZIC/b paCIPOCTPaHEHHUSI MPSIMOM BOJTHBI
B JIECHOH cpeje

%
>
L
U, U(x) — sHeprus HCTOUHHMKA NEKTPOMATHUTHBIX PaJHOBOJIH M BEKTOP €€ PacrpocTpane-
HUSL, 1y — PAUYC-BEKTOP PACCTOAHMUS 10 AHTEHHBI PECUBEPA (MPUEMHHKA); dawm — JHAMETP

AHTEHHD! (Jly4a 3JIEKTPOMArHUTHLIX BOJIH); [y — KOOPAHHATA IPUEMHOMN aHTeHHbI; L — npoTs-
JKEHHOCTb PACHPOCTPAHEHUS PAJHIOBOJIH; 6 — JUIMHA AHTEHHBI; 0L — YIOJl PACTBOPA Jiy4a
Pucynok 6 — I'eomeTpuueckas pacueTHast MOJIeib PACpPOCTPaHEH s
JIyda paiuOBOJIHbLI

B pesynbraTe HCCIEOBaHUS XapPAKTEPHUCTHK PACIIPOCTPAHEHHUS PaJMOCHI-
HaJIOB MOJyYeHa MOJIeNh PACCEUBAHHs PAIHOBOJIH B JIECHOM Cpejie:

2
Gﬂ'd anm (8* —1)

W(;?,) =exp| ikl,| 1+ , D
rae | — paccTosiHue OT UCTOUHMKA PAJMOBOJIHEL JI0 TOUKH H3MEPEHHS;
e — AMAMETP AHTEHHBI (JTyUa CKTPOMATHUTHLIX BOJIH).
€'~ KOMIIEKCHAs UAIEKTPHIECKAs IPOHHLAEMOCTb JIECHOMN cpeibl
B TOUKE [PUEMa CUI'HAJA,
k — BOJTHOBOE YHCJIO JIECHOM Cpe/bI;
G — k03 PULMEHT NPONOPLMOHATBHOCTH, TYCTOTA
JICPEBBEB B JIECHOU Cpeae;
i — MHUMasl eIMHUIIA, PABHAS \-1.

Ionyyennslie MOJEIH HEOOXOAMUMBI [JIs1 BBIOJHEHHS MTPOSKTUPOBAHUS CH-
CTEM PaJIM04acTOTHOIO MOHUTOPHHTA Jieca.

B 4yerBepToil IiIaBe HM3I0XKEHBI PE3YNbTATHl HCCIACAOBAHMN OAHOTO M3
BOKHEHIINX 1ApaMETPOB JUISl HPOEKTHPOBAHHUS CHUCTEM PaMOYacTOTHOTO
MOHHMTOPHHIA — AUIIEKTPHUECKON MPOHULIAEMOCTH JIECHOM CpeJIbl.

B o6ueM Bujie cxemMa HCCIeyeMOlt CUCTEMBbI TIPHBECHA Ha PUCYHKE 7.

JIIs OLEHKM JMAIEKTPUUECKOH POHULIAEMOCTH C WCITOJIB30BAHMEM Alllia-
para HeYETKOro MOJEIMPOBaHHs Oblila pazpaboTaHa HeWpoHeueTKas MPOoyKIIH-
OHHasl ceTh (PUCYHOK 8).

HeiiponeueTkas npoyKIHOHHas CeTh BIBOAA GyHKUHH & = f{Y), Y34) =
= f{iV, a, W, T) nporpammMHo peanu3oBaHa B cpeae Simulink npunoxenus
Matlab (pucymnox 9).

[penaraemast HEHPOHEYETKAs! MOAEID JUAIEKTPUUESCKON MPOHUIIAEMOCTH
y4acTKa Jleca yYUTLIBAET OCHOBHBIE MAPAMETPhI JIECHOU CPEjibl, KIMMATUYECKHE
(daxTopsl ¥ NO3BOJNAET PEANM3OBATH NPUHLMIMAILHO HOBBIA  TOAXOJ,
K PELICHHUIO 3a/lauH.
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RFID-1 — RFID-4 — natuuxu; P — MOLIHOCTH cumana, W — snaxnocts; T — Temnepa-
Typa;

N — KOJIMYECTBO ICPEBLEB; L- PacCToOssHUE MENAY AaTHHKAMMU, Vi — obbeMHas J0JiA
i-ro KOMIIOHEHTA JIECHOI Cpelbl; . — KOHCTAHTa BU/IA JIECHOTO MacCCUBA; €, — KOMITJIEKCHAs
JAHUINEKTPUYECKas TPOHHULIAEMOCTDh
Pucyrox 7 — Cxema cuCTeMbl PaIH0UaCTOTHOTO MOHHTOPHHTA IECHOTO (boHna

Xi - X4 — BXOIHBIC NapaMeTprl; Y — 06EMHO-BHIOBOI (akrop necHoii cpes;
Y34 — (hakTop knumarHueckuit
Pucynox 8 — CxeMa HeMpOHEUETKOH MPOAYKLIMOHHOM CeTH MOJEIMPOBAHMUS
BEJIMUHMHbI AMONIEKTPUYECKOI IPOHULAEMOCTH & = f( Y13, Y3i) = AV, W, 0, T)
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TporpaMMa pacueTa HaneKTpUIECKoi

NPOHNLZEMOCTH NECHON CPEAb!
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B nsATOH raase MpHUBEIEHS PE3yJIBTATHl HKCIIEPUMEHTAIBHBIX HCCIEN0BA-
HHH, LENbI0 KOTOPBIX SBJSIACH MPOBEPKA aJAEKBATHOCTH MOJENEH MHAISKTPH-
YECKOH NMPOHMLAEMOCTH M MaACHUS MOLIHOCTH CHUTHAJA MPH PaaroYaCcTOTHOM
MOHHTOPHHIE JIECHOH CPE/bl, a TAKKE TOJYUEHUE DKCIEPUMEHTAILHBIX 3aBH-
CHMOCTEH 3THX BEJIMYUH OT Pa3IMYHbIX apaMeTpPOB.

Jns gocTikeHus 1eNd B 9KCIIEPUMEHTANILHBIX MCCIIEA0BAHUIX PEIlaIkCh
ClIe Iy IOLIMe 3a/1auu:

- pa3pabOTKa METOAMKH MPOBEACHUS JJAG0PATOPHBIX DKCIIEPMMEHTOB;

- pa3paboTka METOAMKH HATYPHBIX OSKCHEPUMEHTAIBHBIX HCCIIEIOBAHMI
PaaMO4aCcTOTHOrO MOHUTOPHHTA JIECHOM CpeJibl;

- pa3paboTKa anmapaTypbl IPOBEACHMS 1a00PaTOPHBIX IKCIIEPUMEHTOB;

paspaboTka M3MEPUTENBHOM ammapaTypel Julsl MPOBEICHMSI HATYPHBIX
9KCNIEPUMEHTOB;

- BBINOJIHEHHUE JTAOOPATOPHBIX U3MEPEHUH IUANIEKTPUUECKOH MPOHULAEMO-
CTH JIPEBECHHEI,

- BLINIOJTHEHHE HATYPHBIX U3MEPEHUI TapaMeTpPOB JIECHOM Cpejibl;

- 00paboTKa Pe3ynbTaTOB HKCIEPUMEHTALHBIX HCCIIE0BAHUIA;

- aHalIu3 PE3yNbTATOB DKCIEPUMEHTANBHBIX HCCIICIOBAHUH.

CrpykTypHas cxema yCTaHOBKHM ceTd ycTpoiicTB RFID u skcriepumenTaiin-
HBIA KOMIIIEKC NPUBEIEHBI HA pucyHKax 10-12, a hparMenTsl HATYPHBIX KCIIe-
PUMEHTANILHLIX UCCIIEN0BAHUM B JIeCy TMOKa3aHbl Ha pucyHke 13. MccnenoBanus
nposoaumuch B Kpacnoydumckom JIITX (Ceepiyiosekast 06/1acts), B napke Jle-
cosozoB Poccuu (r. ExarepunOypr) u B n1abopatopun kaheaphl aBTOMaTH3aLUK
npoussogcTeennbix npoueccos YIJITY. Hexoropeie o6paboTanHbie JaHHLIE C
PErpeCCHOHHBLIMM  3aBUCHMOCTSIMM B opmaTte uHTepdeiica nporpaMmbl
«STATISTICA» npusenensl Ha pucynke 14. B TaGnuue 1 npuBesieHb! pesyib-
TaThl OUEHKH AMDJIEKTPUYECKOH IMPOHMLAEMOCTH IpEeBECHHBI. s OLEHKU
MOIIIHOCTH NMPUHAMAEMOT0 CHI'Haja P B 3aBUCUMOCTH OT PacCTOSIHUSI MEXIY L
TMOJIyYEHbI PErPECCUOHHBIE MOJENH (pUCYHOK 15-16):

,IE°‘V*‘(“2’ Normt - ot puan(Did

42~ o ‘ B
n " .m ’@ E"‘Y‘m"‘a 03 fchoneleanlic,) J MoTopis Beixon
= foma

LW EoTW(Y34)  Nom2 G- ol

\\mblmepmmm vt ancid |
a) 0) B)
a—mojenb B Simulink-(popmate; 6 — Gpparment m-(aiina opraHusaLun BLIBOAA SAHHDBIX;
B — ()opMa T0JIB30BATENBCKOr0 HHTEP(Eelica IPOrpaMmbl BBOJA AAHHBIX

Pucynox 9 — Heitponeuerkast mpoyKIMOHHAs CETh BbIBOAA (hyHKLMHU
« =f(Y12, Y34) = f(V, 0, W, T) B cpene Simulink npunosxenus MatLab

- Ul OTKPBITOrO npocTpancTsa P = — 27,72 — 25,82log L, )
- U1 JIeCHOM cpeabl P =-24,49 — 24 2510g L, 3)
T \*7 % Tainep ’
- AATHK [ﬁ L \i/
5 el : l :
(nepenarume) XBee wopyno Kowneiorep
RFID-pannx I:Q [ _______ (nprensn)
5 | 2
Axanwsatop
7 e

Taiiwep

1 — komnbIoTep; 2 — aHaNM3aTop crexTpa; 3 — XBee
MOZyJb (IPUEMHHK); 4 — ePeaaTInK; S — IaTurK
RFID; 6, 7 — Taitmep
Pucynox 10 — CtpykrypHas cxema
yCTaHOBKH ceTH ycTpoilctB RFID

1 — 0Bpasubl; 2 — gaTunKy;
3 — aHTeHHa; 4 — NPUEMHUIK;
5 — KOMIIBIOTED
Pucynox 11 — Dxcniepumen-
TaJIbHBIA KOMITIEKC



1 — obbexT neenenoBanus; 2, 3 — antenust nepenarunka (Tx) u npuemanka (Rx);
4 — monynu Xbee XB24-Z7SIT-004; 5 — komnbioTep

Pucynox 12 — DxcnepuMeHTalbHbIH KOMIUIEKC sl JIaGOPATOPHBIX
HCCIICIOBAHUH

Tabnuua 1 - Jluana3on usmMeHeHuUs JEHCTBUTENLHOM 1 MHUMOM YacTH
JU3IEKTPUYECKOH ITPOHHULIAEMOCTH JIPEBECHHBI

Tispasa Yacrora 868,0 MI'y Yacrora 2400,0 MI'y
lnpeseckib JelictButenbHas Muumas JeiicTButenbHas Muumas
o) IlHBJIeKTpH'{CCKaﬂ' JUMDJIEKTPUYUECKAs | AMIeKTpUdeckas JMdJIEKTpUYecKas
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Pucynox 15 — 3aBucumocTsb © — B JIECHOM MacCHBe,
ocyabieHus MOLI{HOCTH CHTHaja A - Ha OTKPBITOM MPOCTPAHCTBE

PucyHok 16 — CpaBHuTeNnbHbIC
3aBUCUMOCTH MOLIHOCTH IpUeMa
OT PacCTOSIHUS

IlecTtas riapa 10cBsIIEeHa NPopadoTKe BOMPOCOB MPAKTHYECKOTO MPUMEHE-
HUSI PE3yJIbTATOB HCCIIENOBAHUH U OLEHKE DKOHOMHUUecKkoro addekra. C HCromnb-
30BaHUEM PE3YNbTATOB MPOBEASHHBIX HCCIICNOBAHUM pa3paboTaHbl METOAMKA
U [IPOTPaMMBI J1J1sl IPOCKTHPOBAHHS CETH.

Paccunrtan skoHOMHUECKUH 3((OEKT OT BHEAPEHHs PE3yIbTATOB HCCIIEN0-
BaHWH, KOTOPBIA NPOSBISIETCS B JIBYX HANPABJICHUSIX:

- Ha CTaJIMM NPOEKTUPOBAHHUS 3a CYET COKPALICHHS CPOKOB CO3JaHUsI HOBBIX
MOZIeJIed 1 NOBBIILIEHUS KauecTBa Pa3paboTKH MPOEKTOB CHCTEM MOHUTOPHHIA,

- Ha CTaJAMHU HCIOJB30BAHHUS CUCTEM 3a CUET MPAKTHUECCKH MCKIIOYEHHBIX
XHUILEHUH JIECOMATEPHUAIIOB U PAHHETO OOHAPYKEHHSL JIECHBIX TTOXKAPOB.

B Hacrosel paboTe pacueThl Mokasaju, YTO BHEAPEHHWE pE3yJbLTATOB
B NIPAKTUKY 00ecreunBaeT IKOHOMHUECKYIO d(dexTuBHOCTb Gostee 60 MITH. pyo.
B roa s TiomeHckol o6aacTy, a Cpok OKYNaeMOCTH COCTaBIISIET MeHee 1 roza.

7 BAKJIIOYEHUE

Kax moxazaHo B HaCTOSLIMX HCCIAEIOBAHMSX, 3a [IOCIECHHUE IBA IECSATUIIC-
TS BaXKHEHLIYIO POJIb B IIPOLIECCE COBEPIICHCTBOBAHKS MPOLIECCOB JIECOYIpaB-
JIEHHMS CBITPANIO UCTOJB30BaHNE HHAOPMALMOHHBIX TEXHOJIOTHH, B TIEPBYIO OYe-
peAb Uit MOHUTOPHHI'A JIECHOTO (hoHa. IMEHHO 3T U3MEHEHHUS B yIIPaBIICHUH
U ofecreyar NperMyLIECTBA COBPEMEHHBIX TEXHOJIOTHI B CPABHEHUHU C TIPUME-
HABIIMMUCS paHee. OJJHAKO KMEHHO B 3TOM HANpaBJICHUU HaOJIOMAETCsl OTCTa-
BaHME, KaK B 00JIACTH MCCIIENOBATENLCKUX PabOT, TaK U B JIECONPOMBIIIIEHHOM
npousBozacTse. M3 pe3yssTaToB MCCNENOBAaHMH BUIHO, UTO JANbHEHIINA mpo-
rpecc B COBEPUICHCTBOBAHMH JICCOYIPABJICHHUS U JIECOIMOJIB30BaAHUS MOYKET OBITH
JOCTUIHYT, TJIaBHBIM O0pa3soM, IIyTeM BHEIPEHMS] CHUCTEM MOHHTOPHHIA,
nHpopManHoHHBIX 6a3 JaHHKIX J1eCHOTro (oHaa.

B nacrosimeit pabote cienaH onpeneNeHHbIM war B 3TOM HaIlpaBJICHUH,
TIPEAJIOKEHBI THII, TOTIOrPadust U KOHCTPYKTUBHOE PEIIEHHE CUCTEMBI PafHoya-
CTOTHOTO MOHMTOPHHI'A, NPEJIONKEHbI MOJENH IS pacueta OCHOBHBLIX Ilapa-
METPOB CHUCTEMBI.

Best paboTta opueHTUpOBaHa Ha BHEPEHHEe WH(POPMALIHOHHBLIX TEXHOJOTUH
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