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O KA®EJAPE BE3OITACHOCTHU KU3HEJAEATEJIBHOCTNU,
9KOJIOI'M1 U XUMHUHN

Tpughonoe K.H., 0-p xum. nayx, npogpeccop xag. B)XKJ[, 3 u X
I'pauesa U.B., kano. eeoep. nayx, 3a6. kagpeopoit LXK/, 3 u X

Kadeapa 6e3onacuoctu xuzneaestensuoctu (BXK]I) oGpasosana
B 1999 roay Ha 6ase cekuuu XuUMUHU Kadeaprl GU3UKH KaK BBITYCKAIO-
mas kadeapa HoBoro obpazoBaTenpHOro HampaeicHus «bezomacHocTh
JKU3HE ICATCTIBHOCTH.

Wnes oTkpbITHS HOBOH CHELMANTBPHOCTH BHICIIETO TpodeccHo-
HanbHOTO 0OpazoBaHus B KoBpoBCKOW rocy japCTBECHHONW TEXHOIOTHYE-
CKOH akaaeMuM NPUHAIEKATA JOKTOPY XUMHICCKHX Hayk, npodecco-
py Hropro Usanosuuy Tpudonosy, pekropy KITA ¢ 1996 mo 2006
TOABL.

[epebiM 3aBeayrommm kadeapoi BX]] cran qoktop Xumirdeckux
Hayk, mpodeccop, 3acay:keHHbIl aestenp Hayku P® Koncrantun HUsa-
Hon4 Tpudonos, BosrmasmsaBmuil kadeapy ¢ 1999 mo 2014 roxer.
B 2005 roay ¢ ueabto pacurupenus chep CBOCH ACATSIbHOCTU Kadeapa
M3MCHMJIA CBOC HA3BAHHMC U TCIICPh HA3bIBACTCs Kadeapoil Oe30macHo-
CTH KU3HCICATCIBHOCTH, SKOJIOTHH U XUMHH.

[Ipodeccopcko-npenogasarenbekuil coctas kadeaper GopMHuPO-
BAJICSI B HECKOJIBKO 3TanoB. [leperivu Ha kadeape cranu padoTars mpe-
MOJABATEIH M COTPYIHHUKH CEKLHMH XHMHUH — CIICIHATHCTEL B OONACTH
XHMHH U 3kojorud: npodeccopa — Hrops Meanosuu u KoncranTun
Wpanosrmu Tpudonosst; aonenrel — Ky3pmuna Banentina MeaHoBHa,
Jaiiues Anekcannp Jleonunoemy, Baxpomees Mnes Bukroposuy; accu-
ctentsl — [lIBapesa Upuna Cranncnasoena, Bonkos Urops boprcosmu.
C nauanom obyuenus B 2000 r. mo cnermansroctr 280101 «bezomac-
HOCTb KU3HCACATSIPHOCTH B TeXHOC(hEpe» Ha kadeapy npuiwiu pado-
TaTh NMPETIONABATEIH, KOTOPHIC CTATH Pa3pabaThBaTh HOBBIC TUCLIHII-
auHbl o cnienmanpHocTH: B o01actu bXK]] — Tapacosa Banentuna Mu-
xamnosHa, ®eruenko Esrenuii Cepreesuu, Kurapes Buranuii Cepree-
Bry, Jlapuonos Anekcanap Cepreesuu, Kosapckuiit Mnesa Uropesuy; B
obmactu skonorun u 6uonorun — ['pauesa Upnna Baagumuposna, Ko-
kopuH Anekceit Muxaiinosuy, lIserioa Hartames [TagnosHa, [letpyHnsk
Haranust MBanosHa; B obmactu xumun — Camsiiuda Exarepuna Bukro-
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poBHa, TonmaueBa Enena Bnagnmuposna, Ky3snenosa Axnna Braaumvu-
poeHa, Kyunn Ilasex [TaBnoBud - BEIycKHHKH MOCKOBCKOTO TOCYAap-
creeHHoro yausepcutera, CankT-IleTepOyprckoro rocyaapcTBEHHOTO
vaueepenteta, CaHkT-IleTepOyprckoro rocyaapcTBEHHOTO TEXHHYC-
CKOTO YHHUBEPCHUTETA, POCCHICKOrO XHMHKO-TEXHOJOTHYCCKOTO YHH-
Bepeureta uM. I M. Menneneesa, YpaasCkoro rocy1apCTBCHHOTO TCX-
HUYCCKOTO YHHBEpCUTETa, IBAHOBCKOTO rOCYJapCTBEHHOTO YHUBECPCH-
Teta, MBaHOBCKOrO TrOCYAAPCTBCHHOTO XHMHKO-TEXHOJIOTHYCCKOTO
VHHBEPCHTETA U JPYTUX BY30B CTPAHBL.

Hns npenonasanus npoQHABHBIX JUCIUILUIAH, BEACHUS YUCOHBIX
1 MPOU3BOJCTBCHHBIX MPAKTHK, paboTsl B [ 0cyaapcTBECHHON SK3aMeHa-
LUOHHOH KOMHCCHH Kadeapa Bcerja npuriamana ¥ NpUriamaect BbIco-
KOKBaTH(UIIUPOBAHHBIX CHCLUANNCTOB B 0OJACTH NPOMBIIIICHHOH
0C30MaCHOCTH M OXPAaHBl TPYAA U3 OPraHU3alMd M OPCANPUATHH ropo-
aa. 9ro Kysueuos bopuc Baagumuposuy, Kanvava Bragumup Anck-
canaposuy, [Ieicun Baagumup Apxaasesuu, CmupHoBa [annna Bsue-
cnaBoBHa, PoxkoB Bramuvmup ®emoposmu, Escionmn Anekcannp
Anekcanaposuu, Meanos I ennaauii [letposuu.

CroxHbIH 1 MHOTONPO(UIBbHEINA YICOHBINH NPOLIECC MOMOTATIH U
MOMOTAIOT O00OCCIECYUBATE BBICOKOKBATH(UIIMPOBAHHBIC CICITHATHCTEL
saBeaytomue Jjaboparopusimu — OpumHuukoBa Axera [letposHa,
Ckprikosa Upnna HOpeeBHa, nrkenepsl — Jlrobuna Banenruna JIpBos-
Ha, [Tinennosa Bepa Meanosna, [senos Baanm Anekceesuy, Hukuru-
Ha Ceeriana BuktoposHa.

C 2004 roza mosBHINCH NEPBBIC BBIMYCKHUKH Kadeapel, 4To
MO3BOJIWIO TOTOBHTh COOCTBCHHBIC MPEINOAABaTCIbCKUE Kaxpsl. Ilpe-
MoJaBaTesIMU Ha kKadeape B pasHeie roasl pabotamu Matseesa ['.C.,
Kypuern M.H., Hecreposa T.C., umxkeHepaMH H acnupaHTaMH —
Anexkcanapos M.A., 3aborun U@, Tlacryxosa JI.A., bupiokos U.C.,
bantauesa A.A. Ha xadeape coctosnoch 12 BBITYCKOB CIICIIHATHUCTOB.
C 2011r. B cBs13u ¢ mMEPEX0A0M HA BOTOHCKYIO CHCTEMY BBICIIETO 00-
pasoBanus Ha Kadeape Havanach NOATOTOBKA OakaIaBpOB MO HAIPAB-
acuuio 20.03.01 — TexunochepHas 0€30MACHOCTD.

B nepuon ¢ 2014 mo 2017 rox xadenpoii pykosoauna CampluinHa
Exartepuna BuktopoBHa, KaHIUAAT XUMHYECKUX HAVK, JOLICHT, paboTa-
7a Ha xadeape co JHI €& OCHOBAHUA, 3AIUTHIIA JUCCEPTALMIO O PY-
koBoacteoMm M. U . Tpudonosa



Cerogus mpodeccopcko-npenoaaBaTe/ibCKUil  COCTaB  Kadeapb
HacuuTbiBacT 5 mpenoaasarencii: KW, Tpudonos — nokrop xumwude-
ckux Hayk, 1. B. I'paueBa — kanguaar reorpaduueckux Hayk, A.M. Ko-
KOpHH — KaHauaar Oouomormdeckux Hayk, A.C JlapuoHoB — kaHamgar
texuuueckux Hayk, M.C. IllBapeBa — KaHAMIAT XUMUYCSCKHUX HAYK.
C 2017 ropa 3aBeayroneii kadeapoii sBiseTcst Kau. reorp. Hayk Mpu-
Ha BragnmuposHa ['pauesa.

Ha cerogusimamii J6HP COCTOSIIOCHh 5 BBIMYCKOB OakajaBpoB MO
nampasienuto 20.03.01 — Texnochepnas 6esonacHocts. Kadenpa mpo-
JOJDKACT MOATOTOBKY OakamnaBpoB MO BOCTPEOOBAHHOMY HA COBPCMCH-
HOM PBIHKC TPyJa HampaBicHUIO. BeimyCkHUKH Kadeapbl MOIYUArOT
JOCTOHHOE oOpaszoBaHue, PabOTAIOT COTPYAHHUKAMHU CIIY:KO MPOU3BOI-
CTBCHHOM 0E30MaCHOCTH, OXPAHBI TPYAA H OXPAHBI OKPYIKAIOIIEH CpPeIbl
Ha mpeanpuATHaXx u opraHmzamusax Mockssl, Hwkrero Hosropoga,
Caukr-llerepOypra, Bnagumupa, Kosposa u ap. ropoaos Poccun.

Kagenpa B, 2 u X 8 2009 roxy




CEKLHMA 1. OUEHKA COCTOSIHUA
TEXHUYECKHUX U ITPUPOJHBIX OBBEKTOB

VJIK 004.6

MOHHUTOPHUHI' CAHUTAPHO-TEXHUYECKOI'O
COCTOsAHMS CUCTEM BOAOCHABKEHUSA
HA BA3E HH®OPMALIMOHHBIX TEXHOJIOI'MU

Jlopogpees H.B., 0-p mexu. HAYK, OoyeHm,
I'peuenesa A.B., kano. mexH. HAYK,
Pomanoe P.B., kano. mexu. HAYK,
bvixkog A.A. kano., mexH. Hayk, OoyeHm
DI'LOY BO « Bradumupckuii 20Cy0apcmeeHHvlil YHUGe pCumem
umenu A. I u H. I'. Cmonemoguvixy, e.Mypom

Annomayus. B pabote omuchiBacTCs mpodeMa OLICHKH CAaHHUTAp-
HOT'O ¥ TEXHHYECCKOT'O COCTOSHUS LICHTPATH30BAHHBIX U HELICHTPATH30-
BaHHBIX CHCTEM BOJOCHAOXKCHUS, NPCATIArarOTCS METOABl PCIICHHS
OMHUCAHHOU MPOONEMbI HA OCHOBE WH(POPMAIMOHHBIX TEXHOJIOTHH.
Ipeasaputenpayo 00pabOTKY, aHAIU3 U MPOTHO3UPOBAHUEC U3MCHCHUS
CaHUTAPHO-TEXHIMYECKOTO COCTOSHHUS CHCTEM BOJOCHAOXKCHUS TpeAama-
racTcsl OCYIUECTBIATh HA OCHOBE TEXHONOTHMH 00pa0OTKH OOIBIINX
MAaCCHBOB JAHHBIX B VCIOBHSAX Pa3HOPOTHOCTH, HEXBATKH U TMOTEPH
JaHHbIX: MeToAbl DataMining, MammuHHOTO OOYYCHUS HA OCHOBE HCKYC-
CTBEHHBIX HEPOHHBIX CETEH U METOABI MPOTHO3HOM AHATIUTUKHU.

Kurouegvie ci106a: MOHUTOPUHT, CUCTEMBI BOJOCHAOKCHIUS, KOH-
TPOJIb KAYCCTBA, POTHO3UPOBAHKE, HHTC/UICKTYAIbHBIN aHATN3 JAHHBIX.

ClOKHOCTh  OpPTaHM3alliM  ABTOMATU3HPOBAHHOTO — CAHHTApPHO-
TEXHUYUCCKOTO MOHHWTOPHHTA CHCTEM TICHTPAM30BAHHOTO W HCTICHTPAIIH-
30BAHHOTO BOJOCHAOKCHMS 3AKJIHOUACTCS B HEOOXOAMMOCTH KOHTPOMS H
yUueTa MHOJKECTBA (hakTOPOB: OT THAPOTCONOTHUCCKUX (PEIKUM MOA3EMHBIX
" NOBCPXHOCTHBIX BOJ, HAIUYINC PACTBOPUMBIX HOpO,Z[) A0 TCXHUYCCKHUX
(pasiHHBIC THITBI CPEA, CIOMKHOCTD CTPYKTYPBI KOMMYHHKATHOHHOH CETH,
Ol"pa,HI/I‘IeHHbII\/'I AOCTYIIOM K KOMMYHHUKaIUAM, CTOUMOCTBKO U CJIOXKHO-
CTBIO TCXHHUCCKOM PeaM3aIivii CHCTEMBI cOopa MoKa3aTeNcH, He TOCTOSH-
¢TBO cOOpa ¥ MPOMyCK AaHHBIX U Ap.). Oco0yI0 3HAYUMOCTh MPHOOPETACT
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HEOOXOJUMOCTh TIONYUCHHS KPATKOCPOYHBIX U JOITOCPOYHBIX HPOTHO3-
HBIX OLICHOK BO3MOKHBIX HOCJ'IC,Z[CTBI/II\/'I VYXyAUICHUA KauCCTBa BOABI U TCX-
HHYCCKOTO COCTOSIHMSI CHCTEMBI BOAOcHaOkeHus. Tak »xe, Haubomee 3Ha-
YUMBIH U3 BOIIPOCOB — 3TO MJIUTCJ/IBHOC BIMAHUC KaUCCTBA IUTHLEBOU BO-
JIBI Ha 300POBbE HaceneHus [ 1-3].

B Hacrosiinee Bpemst CYIIECTBYET 3HAYHTEIIBHOS KOJMMSCTBO PadoT,
MOCBAIIEHHBIX BOTIPOCAM OPTaHM3AIK KOHTPONS ¥ MOHHTOPHHTA, BOJHBIX
PECYPCOB B CICLMATH3UPOBAHHBIX MHTC/UICKTYAIBHBIX TCOHH(OPMAIIHOH-
HBIX CHCTeMax [5-6]. Bompocam MHTCIpaiy MCCTHBIX, PCTHOHATIBHBIX, Ha-
LHOHATBHBIX U MK TyHapoaHbix JaHHeix B [ YC, a Takke UHTCIICKTY ajb-
HOMY YIPABJICHHUIO BOJHBIMH PECYPCAMH TIOCBSIICHBI PA0OTHI OTCUCCTBCH-
HBIX W 3apyOeKHBIX yueHbIX. QAHAKO, HE CMOTPS HA OOJBIIVIO METOIOIO-
THYCCKYIO MPOPA0OTAHHOCTD, HA MPAKTHKES H3-33 BRICOKOH CTOMMOCTH Opra-
HH3ALUN [CHTPATH30BAHHOTO HHTCILICKTYIbHOI0 MOHHTOPHHTA KOHTPOTh
3a BOAHBIMH PECYPCaMH HE MPOBOIUTCS HA JOKHOM ypoBHE. B HacTosce
BPEMsI TPAKTHYCCKH HE HCIIONB3YIOTCS HJICMCHThI HCKYCCTBCHHOTO MHTCIT-
JekTa (B TOM YHC/IC — MAIIWHHOS OOYYCHWE) [UTSl aHAIM3a CHCTEM BOJO-
CHa0KCHUSL, MPOTHO3MPOBAHMS CIPOCA HA BOAY, ABTOMATH3MPOBAHHOIO
KOHTPOJISL 3a pactparoii Boasl. Hekotopeie paboTel MPOBOMAITCS HE HA JOIK-
HOM YPOBHE O€3 HCIIOB30BAHMUS BCEX BO3MOMKHOCTCH COBPEMEHHBIX TEXHO-
JIOTHI, KOTOPBIC TO3BOJBIFOT AHAIM3UPOBATH OOJBIIHE OOBEMBI JAHHBIX.
HutennexryaabHpIi aHATHN3 OOJBIINX AACT BO3MOKHOCTh CO3AABATH CIIOMK-
HbIC OOOOIICHUS PE3YIBTATOB HMHTCUICKTYAIBHOTO AHAIN3A JAHHBIX 10
TPYIaM ¥ COTIOCTABJICHUSIM JAHHBIX, OCYINCCTBISTh NANTHBHBIA MOUCK
OIMTAMANTBHBIX PEIICHUN 71 YPABHOBCIIMBAHKS TPOU3BOIUTCILHOCTH H
HAJC/KHOCTH CHCTEM BOJOCHAOUKCHHS, & TAaKKe MOYKCT MPEAOTBPAINATH
CIPOBOLMPOBAHHBIC YCIIOBSKOM ABAPHH, TAKKEC KAK BHE3AIMHOC MACHUC Ka-
TYCCTBA BOJPBIL, CIIC A0 SBHOTO MPOSBICHIS TTOCICACTBH [4].

Taxum o0pazom, 3a1a4a pa3paboTKH HOBBIX MOAXO/0B, METOA, ajl-
TOPUTMOB M MOJCIICH IS MPOTHO3UPOBAHUS, TOKATH3ALNH U MPSAYIIPSIK-
ACHUA YXYAMICHUA HCTATUBHOI'O U3MCHCHUA COCTOAHUA BOABI U KOMMYHU-
KalMii Ha OCHOBE MOJYYACMBIX JAHHBIX N0 OTPAHHYCHHOMY HAOOPY peru-
CTPUPVEMBIX JAHHBIX ABIACTCH axryanpHol. HeoOxomuma paspabortka
3(hGHEKTUBHBIX  MH(POPMALIMOHHO-AHATUTHYCCKUX  CPEACTB  CAHHUTAPHO-
TEXHUYUCCKOTO MOHHTOPHHTA CUCTEM BOJOCHAOKCHHS, BEIABICHUS PHCKOB
OaKTCPUOIOTHYUCCKOTO 3aPAXKCHHUSI HACCICHUS, [UIMTCIBHOTO BJIMSHHS HA
HETO XHMHUCCKOTO COCTABA BOABI M TIOABICHUS TCXHUUCCKHMX aBapuil B
cucteMax BogocHabxeHus [5-9].



JU1st peteHus MOCTABICHHOM 3aJadH MPEAIAracTcsl CTPYKTYpa UH-
thopmanroHHON 00pabOTKH JaHHBIX MOHHTOpUHTA. B pamkax paspaboraH-
HOHM CTPYKTYpPBI MPOTHO3HUPOBAHKC MOKA3ATE/ICH 3J0POBbsS HACCICHHS HA
0a3c MPOTrHO3HBIX OLCHOK MOKA3aTe/ICH KauecTBa BOABI B CHCTEME BOJO-
CHAOXKCHHSL M COCTOSIHUSI €€ KOMMYHHKALIHHA OCYIICCTBIISCTCS C MPUMCHE-
HHUEM AJIrOpUTMOB COTIAaCOBAHUA JAHHBIX I/IH(I)OpMaLII/IOHHO-
anamurraeckor cuctemel ¢ [ MC cucteMamyl, KOMMYHATBHBIMU CITYKOAMH,
OpraHaMu CTATHCTHKH, MCAULUHCKUMU yupexkacausimu 1 MUC,

s oOoramieHusT JaHHBIX TPEIIAracTCsi WCTONB30BATh MACCHBBI
Pa3HOPOAHBIX KOCBCHHBIX HJAHHBIX, CO6I/IpaBMbIe U3 OTKPBITBIX UCTOYHU-
KOB (JAHHBIC O YACTOTE MOUCKOBBIX 3APOCOB B CETH MHTCPHET, KIMMATH-
YUCCKUC JAHHBIC, OTUCTHBIC OTKPBITHIC TaHHBIC MCAUITMHCKUX OpFaHI/ISaLII/Iﬁ
1 KOMITAHHH M0 MPOJAXKE CAHTCXHUUCCKOro obopyaosanusd u T.11). [lpu
3TOM HEOOX0auMa (DUIBTPALIKS TOCTYIAOIICTO MOTOKA JAHHBIX OT HH-
(hOPMALIMOHHOTO LIYMA, BIHSIOLICTO HA PE3Y/IbTAT AHATIH3A.

Jloxanu3zaiysi MECTa YXYAUICHUS CAHUTAPHO-TCXHHUYICCKOrO COCTOS-
HHSl CHCTCM BOJOCHAOXKCHHSI OCYIUCCTBILICTCSI OCHOBE IMPOCTPAHCTBCHHO-
BPEMCHHOU 0OpalbOTKH JAHHBIX KITFOUCBBIX TOUCK KOHTPOIS H CTPYKTYPHI
CHCTEMBI BOIOCHAOXKCHIS. B 3TOM CIyyae mo TpeHIy 3HAYCHHI MOKasare-
JICH Ka4ecTBa BOABI BO3MOYKHO MPOBECTH MPOTHO3 YXVALICHHST TCXHHUICCKO-
IO COCTOSIHHS CUCTEMBI BOXOCHAOMKCHISI M JIOKATTM30BATh MECTO YXYALICHHS.

®dopMupoBaHre THOKO HACTPAMBACMBIX MOJCTCH ''THAPOTeOIOTHYIC-
CKas CpeAa - CHCTEMa BOMOCHAOKCHHS - MOTPEOUTE/H TPEAIaracTesl Uc-
TOJIb30BATh MOAYJIBHBIH MOAXOA C AITOPHTMAMH CHHTE3a MOJCTH HA OCHOBS
CBCPTOYHBIX HEUPOCCTEBRIX MOAX0M0B. [Ipu TakoMm noaxoae Moaens Oyaet
OTpaKaTh (haKTOPHI, OKA3BIBAOIIKC BIIMSHHC HA PSIKUM BOAOTIOTPEOICHHS C
TOUKH 3PCHHS CC30HHOCTH H TUTIA MOTPSOUTEINCH, THAPOIOTHUCCKOrO PEKHU-
Ma MECTHOCTH, IJIAHUPYEMbBIX PEMOHTHO-TPO(HIAKTHYCCKUX padoT. Anarn-
TaLps MOACTH OVICT OCVIIECTBILITHCS HA OCHOBE 0as0BoM Moxenn (Habopa
0a30BBIX MOJCNCH), KOTOPHIC OJHO3HAYHO OTPAXKAIOT OJUH KJIACC CHCTEM
BOJOCHAOKEHMS (C OOIICH CIICLU(HKOI).

B pesymerare pa3paboTku M BHEAPCHHMS MPESIIAracMod CHCTCMBI
NOABJIACTCA BO3MOXKHOCTE NPUMCHATH YCOBCPHICHCTBOBAHHBIC AJATYUUKU
JUTSE PETUCTPALIMK PAHSS HE OTPEACISBIINXCS H3MECHCHUH B padoTe uappa-
CTPYKTYPBI BOZOCHAOKEHHS. AHATM3UPYEMBIC JAHHBIC TIO3BOILAT CYAUTH O
CIIYYasIX YIPSKAAOLICTO TCXHUICCKOTr0 OOCTYKHBAHHUSI U CITY’KHTh OPUCH-
THPOM IPH JAOITOCPOYHOM ILTAHUPOBAHHH.
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JU30BAHHOTO BOJOCHAOkEHUA. B xoae mpoBeacHus TomorpaduuecKou
CBHEMKH HA UCCICIYEMOH TEPPUTOPHH OBLITH BBIACICHBI KAPCTOBEIC VUa-
ctku 0.7 KB. KM. M TIOCTPOCH TCOANICKTpHUUICCKU paspe3. brian Beracme-
HEBI 1Ba OC3HAMOPHBIX BOAOHOCHBIX ropu3oHTa. KoHTponuposanuce asa
OCHOBHBIX TIApaMeTpa: YPOBHH BOJOHOCHBIX T'OPH30OHTOB M UX MHHEpa-
auzanys. Y BeJIMUIeHUE KOHISHTPAMH MUHEPATHU3AINH TI0I3EMHBIX BOJ
CBHIETEIBCTBYET O PA3BHTHH KapCTOBBIX Iporeccos. s atoro mpu-
MEHAICSI U3MEPHUTEIbHBIH KOMIUIEKC TE03KOIOTHIECKOTO0 MOHUTOPHHTA
Ha 0a3e TreodIEKTPUICCKOr0 METOJA MHOTOYACTHOIO BEPTHUKATIBHOTO
3JCKTPHYCCKOTO 30HAUpoBaHus U (azomerpuucckoro Meroaa. Mamepe-
HUS POBOJWINCH B mepuog ¢ Mas mo okTsa0pe 2019 roga. Uzmepenus
MPOBOJUINCH KAXKIBIH Yac B TCUCHHE CYTOK 32 BECh HAOIIOJATCIbHBIA
nepuon. B pesynbrare ObLTH BHISABICHBI HPOCTPAHCTBEHHO-BPEMCHHBIC
3aBHCHUMOCTH, Ha KOHTPOIUpyeMoil Tepputopur. beimo zadmkcuposaHo
VBCITHUCHHEC MHHEPATH3AU MOA3CMHBIX BOA Ha JIBYX HaOIIOAATCIIb-
HBIX yHKTaX B BECCHHHUIH MEPHO.

PaGora eimonseHa npu noagepxkke Crunenauu [Ipesnacura PO
CI1-254.2019.5.

Chucok nuTepatypsl

1. Mecrakos, B. M. Metoanka OLEHKH PECYPCOB MOA3EMHBIX BOJ
Ha ydacTkax OeperoBeix BoA03abopoB: monorpadus / B.M Illecrakos,
MK Heseueps, U.B. Asumuna.- M.: KJ1Y, 2009. - 192 c.

2. Kmmuyk, A.b. PexoMeHaaimu o oxpaHe NmoA3EMHBIX HCTOYHH-
KOB IMHTHECBOTO BOJOCHAOMEHHS B KapcToBbix pervioHax / A.b. Kmavuayk,
C.B. Toxapes //Crneneonorus u xapcronorus. — Ne 12. — Cumdeponons. —
2014. - C. 5-16.

3. Dorofeev N. V., Kuzichkin O. R., Eremenko V. T. The method of
selection of key objects and the construction of forecast function of the de-
structive geodynamic processes 16th International Multidisciplinary Scien-
tific GeoConference SGEM 2016, Book2 Vol. 1, pp 883-890

4. Vasilyev, G, Kuzichkin, O, Baknin, M., Dorofeev, N.,
Grecheneva, A. Results of the modeling of the phase-metric method of the
control of the development of suffusion processes International Multidisci-
plinary Scientific GeoConference Surveying Geology and Mining Ecology
Management, SGEM Volume 18, Issue 5.2, 2018, Pages 827-834

13



5. Pomanos, P.B. I'eoskonormiecknii KOHTPOIb BOAOHOCHOTO TOPH-
30HTA B HELCHTPAIM30BAHHOM CHCTEME BOAOCHAOKEHUS HA JIOKATBHOM
yvposHe / P.B. Pomanos, O.P. Kyznukun, A .B. I'peucnesa // ®yHnamven-
TaIIbHBIC U MPUKJIAJHBIC MPOOIEMBI TCXHUKU U TexHonoruu.- Ne3(311). -
2015. - C.137-142.

YK 519.87

MOJEJINPOBAHUE TEXHOI'EHHbBIX PUCKOB
BBICOKOTEXHOJIOI'MYHbBIX HPEAIIPUATHUUN

Bemposa E.H., 0-p sxoH. Hayk, npogheccop,
Xarxumoea I' P., kano. 3xou. Hayxk, 0oyeHm,
Canxm-Ilemepbypecxuii 2ocyoapcmeeHHviil
9KOHOMUYECKUT YHUGepCUmMem
Jobnunckuit M.C., kano. 3xoH. HAyK, 0oyeHm
DI'LOY BO «Kosposckas 2ocyoapcmeeHHas MEXHOI0SUYeCKdAs
akademus um. B.A. Jleemapesay

Annomayusg. OMHON U3 OCHOBHBIX MPOOIEM POCCUHCKUX BBICOKO-
TEXHOJOTHYHBIX HPEIMPIATHH SBISICTCA HEOOXOIUMOCTh OBICTPOI pe-
AKOUN HA U3MCHCHUS BO BHCIITHEH Cpeac U pasBUTHA MHHOBALITMOHHBIX
TCXHOJIOTHI. YUHTHIBAS CIOKHOCTh YUETa U MPOQUIAKTHKA MEPOTPHI-
THH MO YIPABICHUIO PUCKAMU, AKTYAJIBHBIM SIBISICTCS BONPOC MOJECIU-
poBaHUs CHUCTEMBI vhpasicHus puckamu. [Ipu paspaborke mpodrem
pucka u obecreucHuN OC30MACHOCTH TEXHHUYCCKUX CHCTEM CaMOE TPH-
CTAJIPHOC BHUMAHHUC YAC/ACTCA CUCTCMHOMY MOAXOAY K YUCTY U U3YyUC-
HUIO Pa3HOOOpa3HbiX (aKTOPOB, BIAMSIOIIMX HA IMOKA3ATCIH PHUCKA H
OIICHKC CTO BAXKHOCTU U BCPOATHOCTH, UTO B CBOKO OUCPCAb BIMACT Ha
CBOCBPEMCHHOC TPHUHATHE MCP MO YCTPAHCHHIO MOCICACTBHH PHUCKOB.
ABTOpBI B CTaThe MPESAJIATAIOT METOAUKY YIIPABICHUS PUCKAMH, OCHO-
BAHHYIO Ha MOIACIHUPOBAHUUN TCXHOI'CHHBIX PUCKOB Ha PA3SHBIX 3Tarax
ACATCIBHOCTH BBICOKOTCXHOJIOTHUIHBIX HpCﬂHpHHTHﬁ.

Kniouesvie cnosa: TEXHOTCHHBIC PHUCKH, VIPABICHHC PUCKAMH,
OIICHKA U aHAJIU3 PUCKA, BBICOKOTCXHOJIOTUYHBIC MTPCATIPUATUAL
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TexHocdepa, kKak 0AHA U3 BAKHCHITHX COCTABJIIOIINX CHCTEMBI,
B TOW WM HHOH CTCIICHU CTAHOBHUTCS OMpPSACIAromuM (haktopom e
PasBUTHS CO CBOMM CICKTPOM PHCKOB JKH3HEACATCTHHOCTH. Llpu 3ToM
cama TexHocdepa K HACTOAIIEMY BPEMCHH HMECT BIIOJIHE OINMPEIC]ICH-
Hble (YHAAMECHTATBHBIC 3AKOHOMEPHOCTH HAYYHO-TCXHHYCCKOTO pas-
BHTHS U GOPMHUPYIOIINECS TCOPHH OE30IACHOCTH.

B Poccuiickoti deaeparmu B MOCICIHUC TOABI MPOILIOTO OPH
PE3KOM COKPAILCHHN OOBEMOB MPOMBIIUICHHOTO MPOH3BOACTBA OTHO-
CUTENIbHAS VCTOMYHBOCTh YHCJIA TEXHOTCHHBIX KaracTpod Ha YpOBHE
350-500 B rox compoBoXkaagack POCTOM OOIUX YIIEPOOB OT HUX MpHU
nocreneHHOM cHinkeHuH TeMnoB pocta BBII (ot 4 1o 1% B rog) [1]. C
VUETOM OCHOBHBIX 3aKOHOMEPHOCTCH HAYYHOTO, TCXHOTCHHOTO, TEXHO-
JOTHYECKOTO M 3KOHOMUYCCKOTO PAa3BUTHA M M3MEHCHHUS TCXHOTCHHBIX
PHUCKOB YIIPaBICHHUE TCXHOTCHHBIMH PHUCKAMH H TEXHHYECKOU Oesomac-
HOCTBIO MOAPA3ACIACTCA HA NPOQUIAKTHICCKUE MEPhl U HA MEPOTPHI-
THSl HO CHIDKCHHIO HETATHBHBEIX MOCICACTBUH HACTVIUICHHS PHCKOB.
OcHoBHbIC OOBEKTHI YIIPABICHHS TCXHOTCHHBIMH PUCKAMH C Pa3ind-
HBIMH VPOBHSAMH ONACHOCTH (OOBEKTBI TEXHHYCCKOTO PErYIMPOBAHHS,
OMACHBIC TIPOU3BOACTBCHHBIC OOBEKTHI U T.J.), KOHTPOIHPYIOTCS B XOAE
SKCIUTYaTally COTTIACHO MACTIOPTaM W MHCTPYKLIUAM, pa3paOOTaHHBIM
aBTopaMu 0OBEKTOB, TEM HE MCHEE, KPUTECPHH OC30MACHOCTH OOBEKTOB
JOJDKHBl VIUTBIBATBCSA W HA CTAOUAX HPOCKTUPOBAHUS, & HE TOJBKO
SKCIUTYaTaLHH.

OcoBeHHOCTh BHICOKOTCXHOJOTHYHBIX MPEATNPUATHAX B raydo-
KOM YPOBHE WHHOBALIMOHHOCTHU B MPOU3BOJICTBE MPUBOJUT K HATHUIMIO
00JBIIOr0 KOJMUYECTBA TCXHOTCHHBIX PHCKOB, IPH 3TOM 0Oa3bl JAHHBIX
ISl PUCKOBBIX COOBITHH MOCTOSSHHO MCHSIOTCS B CBSA3H C MPOLIECCAMHU
MOJCPHHU3ALMH 00OPYIOBAHUS, TEXHOIOTHH M TOSBJICHUS HOBBIX TCX-
HUK U TexHoyorui. TexHmdyeckas Oe30MacHOCTh UMEET TeM OObIIce
3HAYCHHUE, YeM OOIbINE PE3VNIbTar PaboTH 3aBHCHT OT NEPCOHANA, OT
€r0 HABBIKOB, KOMICTCHIMH M 3HaHUH. [IpHMEHEHHE CTATHCTHYECKUX
METOAOB OLICHKH TECXHOTCHHBIX PHCKOB CTAHOBUTCA HE3((EKTHBHBIM
TaK Kak OLICHUBAIOTCS TONBKO CPEIHUC MO BPEMCHH H MPOCTPAHCTBY
XaPaKTEPUCTHKU YINEPOOB OT PasIHYHBIX TCXHOTCHHBIX MPHYMH HIH
WHIMICHTOB, HANPHUMEP, YacTOTA WHLMICHTOB ONPCICICHHON KaTero-
PHH WK CPpeIHUN MaTCpHATIbHBIHN yiuepO 32 0JUH WHUMACHT A Ompe-
JEJNICHHON TeppUTOpHHU U T.A. baza JaHHEIX 33 ONpeAcICHHBIH NEPUOX
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BPEMEHH OVAET coaepKaTh Mano MHPOPMALUH IS OTACTbHBIX KATETO-
PHIl PUCKOB, MOCKOIBKY HM3MEHHTBCA THOO TEXHOJOTHS, JIUOO Ccamo
obopyaosanue. Mcnonp30BaHue TaKUX JAHHBIX A IPOrHO3a OYAVINUX
3HAYCHUH TCXHOTCHHBIX PHCKOB OCHOBBIBACTCS HA HHEPLIUOHHOM IPHH-
LUIE U CICAOBATCIBHO HMPHHECET MAlO MOIb3BI IS NPEAOTBPAILCHHUS
HACTVIJICHHUSI PUCKOBOrO COOBITHS WM YMCHBIICHHUS HETATHUBHOIO MO-
CJICACTBUS HACTYIUICHHUS PHCKA.

Tem He MeHee, aBTOPHl MPEANArarOT MOJXOA, TAC YIPABICHHUC
TCXHOTCHHBIMHA DPHUCKAMH SBISACTCS C€AHMHBIM MOJIYJIBHBIM IPOLIECCOM,
CHUCTEMOH, COJEpIKaIled IMKIMIHYIO OIEHKY. Tak Kak B Pe3yiIbTaTe
pOCTa IIOTHOCTH M CIOKHOCTH TEXHHYCCKOH WH(PpacTpyKTypsl cpen-
HHUE XapaKTCPHCTHKH yIIEepOoB OVAYT pacTH, HE3aBUCHMO OT CTAHJAPT-
HBIX MEp MO GE30MACHOCTH Ha CTAAMU MPOCKTHPOBAHHS, MPEANONAaracT-
€Sl CTAAHUIO DKCIUTYATALMH PACCMATPUBATh KaK MOJIUIOH IS BBISIBICHHUS
OTKJIOHCHHH B 3KCIUTYaTallH C TOYKH 3PCHUS KPUTCPHCB OE30MacHO-
cti. C KaKABIM NIEPHOAOM JOJDKHBI OYIYT YMEHBIIATHCSA KOJIHUYCCTBO
puckoBbix coObrthit. CeaoBaTeibHO, MPOLECC (HOPMUPOBAHUS TCXHO-
TCHHBIX VIICPOOB MOXKHO OVICT KOHTPOIHPOBATh U YMCHBINATH HEra-
THUBHBIC TIOCJICACTBHSL.

[Ipennonaraercss KOMIUIEKC MEPONPHATHH MO CHIDKCHHIO IIO-
CJCICTBUH TEXHOTCHHBIX PHCKOB BBIACIHTH B OTICIBHBIH, HO cOmps-
JKCHHBIH ¢ NPO(UIAKTHYICCKUMH MEPOIPUATHAMH MOJYJb, HPH 3TOM
BBIJCIATE B €I'O COCTABE MEPONPHUATHS IO HOBBIM TCXHHUCCKHM 3aINU-
TaM U OTACTIBHO COLMANTBHO-TIOIUTHUCCKUE MEPHl (HOBBIC 3aKOHOJA-
TCTBHBIC HOPMBI U HOPMATHBBI, OOVICHUE MEPCOHATA, OPraHN3allHOH-
HBIC MEpOTpHATHA U T.4.) (puc. 1).
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OmnpeJenenue LelH OLeHKH
TEXHOTeHHBIX pHcKOB (TP)

v

Br1Gop MOIYJIbHBIX OJIOKOB J118
oleHKH (pakTopoB TP

baza
(haxTopos

A 4

A 4

CocTaBiieHHe BpeMeHHOii MaTpHILbl (JaKTOPOB

Pacuer (pakTOpOB H HAXOKIEHHE
HHTerpajibHoro noxasarens TP

1. Yenoseueckwii GakTop

2. TexnonoruieckHii akrop
3. OpranusanHoHHBIH hakTop
4. BpemenHoii Qaktop

5. HHHOBaLMOHHSII (akTop
6. CounanbHblii gaktop

H T.J.

/

TMon6op xapTouek
TI0 UensIM

L basa uenernix KapTo4ueK

Pacuer KOppeKTHPYIOMINX KO3 pUIHEHTOR

v

np]‘lM&HeHHe BEPOATHOCTHBIX METOA0B
H COCTABJICHHE MO/I&]TH

~

TMonyuenne puHanbHOi MaTpuLsl TP

I—*

A 4

1. PaspaloTka Mep TeX3aLIUThI
2. O0yuenne nepcoHana

3. TlpopunakTHIeckHe Mepbl Ha
CTa/ MK MPOEKTHPOBAHKS

4. Mephl npeoTBpalieHuii
aBapuii obmie

5. MucTpykTak

6. TexHuka Ge30MacHOCTH H
T.A.

OleHKa PHCKOB 110 YPOBHSM H TIOTyUeHHe peecTpa PHCKOB

Puc. 1. Mozens OLIEHKH TEXHOJIOTHYCCKIX PHCKOB
BBICOKOTEXHOIIOTHYHBIX MTPEATIPHATHH

Hp;{Ma;[ OIICHKA TCXHOTCHHBIX PHUCKOB B BHUAC CPCAHHUX IIO BpPC-
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MEHH U NPOCTPAHCTBY VIIECPOOB MPEANONaracT HaauIue OC3pPHCKOBBIX
30H, YTO HA HAI B3TJISJ SBJSCTCS HEBEPHBIM, TaK Kak (YHKLHOHHUPOBA-
HHE TCXHUYCCKUX YCTPOWCTB BCETA CBA3AHO C PA3NUYHBIMH HHLUACH-
Ttamu (OTKa3el, aBapuu, Katactpodrr). g UX OLEHKH MPUMEHSIOTCS B
OCHOBHOM JCTCPMUHHCTHYCCKUH M BEPOATHOCTHBIM moaxonwl. B ne-
TEPMHHHUPOBAHHOM MOAXOAE NPEAYCMATPUBACTCA AHAIH3 IIOCIECIOBA-
TETBHOCTH Pa3BUTHS ABAPUH, UTO MO3BOJISCT BBISBUTH NPUIUHBI HHIU-
JCHTOB, pa3paboTaTh METOBI 3AIMUTH HA YPOBHE KOHCTPYKTHBHBIX pe-
LICHUH, CHU3UTh BEPOSITHOCTh HACTYIICHUS HHLUACHTA 32 CUCT BEIOOpa
MaTepHAIOB U KOHCTPYKTHBHBEIX pemenui [2.3]. Ho B utore npumene-




HUS JAHHOTO METOJA BCE 3aBHCUT OT YPOBHS HABBIKOB M KOMITCTCHLIMH
CICIIMANKCTA, KOTOPHIH €ro MPHUMEHAT, B CIy4ac HEJOCTATOYHOH KBa-
TU(UKALUH €CTh BOBMOYKHOCTh NIPONYCTUTh KaKHe-THOO (aKTophl puc-
Ka, 1aTh HCIPABUIBHYIO OLICHKY HITH HHTCPIPETALUIO PE3YIbTATOB.

B BeposATHOCTHOM aHANM3e CTPOITCA MOJCITH Pa3BUTHS COOBITHH,
HO TIONYYMBIIMECS MOJCITH HE BCETJA COBMNAIAIOT C PCANbHBIMU COOBI-
THSAMH, TaK KaK MPEANONararoT MPUMEHCHHE CIYYaHHBIX YHCEN, XOTH
OHH H VUUTHIBAIOT ()aKTOPbl BHEIIHEH CPEIBL, B TOM YHCIIC U B3AUMHOC
BIHSHUC CPEABl M TEXHHICCKOH cucTeMbl. Takke, Mo MHCHHIO aBTOPOB,
METOABl MOJCTHPOBAHMS TPEOVIOT YUACTHA Y3KUX CHCLHATACTOB HA
BCEX 3Tamax M pazpaboTKy OPraHU3alMOHHOTO MEXaHU3Ma PeaTU3alliu
peavasTaToB MoxacaupoBanus [4]. dmsa ycTpaHCHMS paspbiBa MEKIY
MOMYYCHAEM OLICHOK TCXHOTCHHOTO PHCKA M NMPUHATHEM YIIPaBICHUE-
CKUX PEIICHHUH IO €r0 YMCHBIICHUIO HEOOX0AUMO pa3paboTaTh HMEHHO
KOMILUICKCHYIO MOIYIBHYIO CHCTEMY VIIPABICHUS TCXHOTCHHBIMH PHUC-
KaMHU ¢ OUKIAYHBIMHA OLCHKAMH HA CTAIUSX MPOCKTHPOBAHHS, MPOHU3-
BOJCTBA U SKCILIYaTALUH.
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YK 556.5.04/06

AHAJIN3 TMTHAMMKH ITABOJAKOBBIX ITPOLIECCOB HA
PEKE KJISI3LME B YEPTE T'OPOJA KOBPOBA
(ITO JAHHBIM 22-JTJETHUX HABJIFOIEHUIN)

Baxpomeee H.B., kano. mexu. Hayx, 0oyeHm
I'BIIOY BO "Baaoumupckuii norumexnuyeckuii koineoxc”

Annomayus. B pabote MPUBOASTCS AAHHBIC PE3Y/IbTATOB HAOITIO-
JCHUNM TUHAMWKHU TIABOAKOB 3a 22-meTHHi mepuox Ha peke Kmaseme B
ropoae Kospose Brnagumupckoit obmacta.

Kurouegwie crnoea. IlaBoaku, mporHo3 MaBOAKOB, MOBSPXHOCTHHIC
BOJOTOKH, OC30MACHOCTH KU3HE ACATCIBHOCTH.

C 1997 roga B X0¢ MOHUTOPUHTA 32 BSCCHHUM IaBOAKOBBIM IIC-
PHOAOM HaMH MPOBOJATCA U3MEPEHHI YPOBHA BOABI B peke Kisazpma Ha
vaacTke pycia B uepre ropoaa Kosposa. BeiGop gaHHOTO HaceneHHOro
MYHKTa 0OYCJIOBJICH B NEPBYIO OYCPEIb HATHYHEM B AOCTYITHOM MECTC
JUTsE JTEIO0OTO KEIAr0IIETO BOAOMEPHON PEHKH, PACIOIOKCHHON B HEIO-
CPEACTBEHHOH OMH30CTH OT MOCTa, BXOAAWEro B cucteMy denepanbHoit
cnyk0e MO0 THAPOMETCOPONIOTHH M MOHHTOPHHIY OKPVKAFOIICH CpPEIb
(Pocruapometa). BogomepHas pefika CMOHTHPOBAaHA HA OCHOBAHUH OTIO-
PBI aBTOJIOPOKHOTO MocTa uepe3 pexy Kmisemy — Hawano MBaHoBckoro
mocce (puc. 1) B HemocpeACTBEHHOM OIM30CTH OT HMpaBoro dGepera.
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Puc. 1: a— MeCTO pacnonoxeHusa BOZOMEPHOU PEHKH B YEPTE
ropona KoBpoga,; 6— BogoMepHast peiika; 0OLiiA BHI OMOPbI

C IPUKPEIUICHHOM K HEH peHKOH 1 (pparMeHT peiiku (Ha Bpe3Ke CIPaBa BHHU3Y )
Mannas BogoMepHad peiika nzpectHa ¢ 70-X ToA0B MPOILIOTO BeE-
Ka, BO3MOKHO, OHA ObljIa YCTAHOBJICHA Y3KE MPH COOPYKCHHUH MOCTA.
Peayaprarsr ABaAnATHNCTHUX HAOIFOACHUN M AHAIN3 HEKOTOPBIX
JIAHHBIX MPEACTABJICHBI B TAOIHIE U HA puC. 2.
HMcxoas v3 MMCIOIMXCSA JAHHBIX 3a 22 roga HaOmogeHHH (CM.
tabnuiy) mast peku Kiszembl B rpanunax ropoga Kosposa, cpeamsst

apudMEeTHICCKAs BSJIMIHHA BBICOTHI MTOIbeMa BOABI cocTasiset 40,3 oM
(Menuana — 38,8 aM), mpu CPeAHCH MPOJOLKUTEIPHOCTH MHKA MABOIKA
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[To npencraBneHHBIM Ha pHC. 2 rpadUKaM UMEET CMBICT JATh HE-
KOTOPBIC TIOSCHCHHUSL.

[Ipesxae Bcero, mo OOBECKTUBHBIM MPUUUHAM HU3MCPEHHUS YPOBHS
BOJBI HE MPOBOJUIUCH B CTPOrOM COOTBETCTBHH CO CIICLMATH3HPOBAH-
HBIMH HOPMATHBHO-METOJUUCCKUMH JOKYMEHTaMu Tuna "HacrasneHue
rugpoMereoponorniecknm cranmmsam u nocram” [1]. Tlostomy B pas-
HBIC TOJBI UMENIO MECTO Pa3NuiHOC YUcIo HaOmoaeHnd. OxHako ypos-
HHU BOJBI B KOKIBIH MABOAKOBBIA MEPHOJ OTMEYAIMCh B OJHO U TOMKE
Bpems cyTok (B mepuox ¢ 15.00 xo 18.00), uro B HEKOTOPOH CTEIECHU
MOBBIIIACT OOBEKTHBHOCTE PE3YIBTATOB HAOTIOICHHM.

Camu no cebe M3MEPEHHUS N0 BOJOMEPHOH pelke, HeCMOTPS Ha
BCE YCHIIHS MO MOBBIIICHUIO TOYHOCTH (B YACTHOCTH, AJISl CHATHS MOKA-
3aHmit ucnonb3yetcst OuHokap BIIL 12X50 "bepkyt", undposast doto-
kamepa ¢ 20-TH KpaTHBIM onTHYeckuM yBenawdeHueM Nikon), uMeroT
HEHCKIIIOUCHHYI0 CHCTCMAaTHYCCKYH) COCTABJIIOINYIO TMOTPEITHOCTH B
untepsaie ... 10%, uro, BpoueM, SBISICTCS BIOIHE MPUSMICMBIM IS
JAHHOTO BHJA MOHHUTOPHHIA.

Tabnuna
MakcuManbHbIE YPOBHHU BOJbI M MPOAOLKUTEILHOCTD MUKOBBIX
TIEPHOAOB BECCHHUX NMAaBOAKOB 3a 1997-2019 roast

I % & = - o o) =+ ) © =
Toner ) & & = = = = = = = =
— - - o (o} o o o (2] (o] (o]
Matc. (mxosbiif) 27 51 58 51 56 24 43,5 38 56,2 39 37
DOBEHB, IM
[Ipomomxur.
koG 2 1 2 1 2 1 1 1 2 3 1
[epuosa, CyTKH
® c\ s - « [ - w ) = S o
Lot = = = b= = b= b= b= = = ==
& & & & & & & & & & =
35,6 33 38,5 (438 53 56,8 25 13 428 36,8 A
Maxe. (THKOBELIT) 2 ¢ g ’ E 2 282
DOBEHB, M
[ Ipomommkwr,
[IHKOBOTO TIepHo- 2 1 1 2 3 1 2 6 3 1 3/3
Ina, cyTKH
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Puc. 2. 3raucHus yposH:a BoabI B peke Kisspme B peBparne, Mapre, anpene u

mae (A pasHbIx 1eT) ¢ 1997 no 2019 roast
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TYIIUE OTACIBHO HEOOBINNE BETBH WM BOJYKHU (HOOCTH), BBIPACTAIO-
IIME HA CTBOJE MOJ KPOHOU. J{Is1 KOHTPOIIS BO3pacTa, HAIMYHUS y30pUa-
TOW U HMOPAXCHHOW APEBECHHBI HAa BBICOTE 1.3M BO3pacTHEIM OypaBom
OBLIH B3ATHI KEPHEI U3 CTBOJIOB pacTeHui (puc.l). Bee yutenHsie aepe-
BbS KapelIbcKoU Oepe3bl NPOHYMEPOBAHBI ¢ IOMOIIBIO OHUPOK, MPUKPETI-
JICHHBIX HA PACTCHHC.

Puc. 1. KepHbl qpeBecHHBI KAPEIbCKOH OEPe3bl,
TIOPAYKEHHBIE CEPALCBUHHOU THIITBEO

Beicoty pactenuit (H) u3mepsnu ¢ HCnoap30BaHHEM BBICOTOMEPA
Suunto PM-5/1520 PC, muamerp cTBOJNA HA VPOBHE KOPHEBOH IICHKH
(110) u ua Beicote 1,3m (J{1,3) uamepsin B ABYX MCPHCHIUKYIISIPHBIX
HamnpaBlCHUIX ¢ moMolneio MepHoi Buiaku Haglof. B cmywae muoro-
CTBOJIBHOTO PACTCHHS HM3MEPSUIH JUAMETP MOJ PA3BHIKOM, €ClH pasze-
JCHUC HA OTACIBHBIC OCH MPOUCXOAMIIO HA BHICOTE HIDKE 150cM.

Hns onpenencHUs BO3PACTHBIX COCTOSHHN TONB30BATUCH METO-
auxoit T.A. PaGotHosa (1950), Gaz0BbIi BO3PACTHON CHCKTP MOITYJIsi-
MU CTPOUIICSA corjacHo pexomeHzamusm T.A. PaGotnosa (1950) u
A.A. Vpanosa (1975). Ilpu pacuete 3nHepreTracckoi 3pHeKTHBHOCTH
MOMYJSIMA W ONPEACICHUN HHICKCA BO3PACTHOCTH HCIOIb30BATHCH
nmoxaszareau Bo3pacTHocTd o A.A. Ypanosy (1975) u sdpdexrusHOCTH
mo JL.A XKusotockomy (2001). Tun monymsmuu HA OCHOBE KPUTCPHS
MaKkCUMyMa BO3pacTHOTo pacnpeacicuus onpeaemsacs mo JLA. XKyko-
Bo#, U.M. EpmakoBoii (1967). Paguyc kKpoHBI U3MEPSUTH KaK JAJIUHY JTH-
HUH OT CTBOJIA A0 TOYKH OKOHYAHMS MPOCKLHMH KPOHBEI B YETHIPEX Ha-
MPAaBICHILIX TI0 CTOPOHAM CBETa (CEBEP, FOT, 3amaJ, BOCTOK), HCIIOIb3YS
na3epHBI qampHOMEp Bosch.
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Ha ¢ororpadusax psamgom ¢ AepeBOM, KOTOPOE SIBISCTCS LETBIO
dortorpadupoBanms, pazMeIicHa HUBCIUPHAS peiika [ MacimTaba U
vaoOcTBa MACHTHUKALUK HYyxX)HOTro pacteHus. Dopmy penpeda mo-
BEPXHOCTH CTBOJA ONPEACIITH B COOTBETCTBUH CO CXEMOU H COTTIACHO
onucanmsm (Huxonaesa, 2014). Taxke (QUKCHPOBATH OTKIOHCHHUC
CTBOJA OT BEPTUKAIBHOW OCH, HAUYHE H OOHIHEC MYMKCKHUX CEPEKEK
(cuctema Gammos: 4 - OOJBIIMHCTBO BETBEH KPOHBI 3aKAHUHUBAOTCS
MYKCKHUMH CEPEXKKaMH, 3 - OKono 1/2 BeTBEH 3aKaHUMBAIOTCS MYKCKHU-
MU cepekkamy, 2 - MeHee 50 mryk Ha KpoHy, | — equamIHO, 0 - OTCYT-
cTBYIOT). PUKCHPOBANTH HATHYHE TUINAHHIKOB, MXOB H MPOTsHKCHHOCTD
3aHATOH UMH MOBEPXHOCTH cTBoNA. OTMEUANIN HATHYUE M KOJIMICCTBO
KamoB, CYBCJCH, Yard, MEXaHWYCCKHUX MOBPCKIACHHUHA, MOPO3000HHBIX
TPELIHH, OCCICHAE APEBOPA3PYIIAIOINNX IPHOOB.

Peayabtarer, BeiBoAbI 1 pexomeHparmu. O6caeaosanue 2017-18 rr.
BeisiBio otcyrerere B QOITT «Kapenbckas Gepe3a» eCTeCTBEHHOTO BO-
300HOBICHUS. OBLTO HACHTH(DHUIIUPOBAHO 37 JKUBBIX ACPECBBEB KAPCIbCKOH
Oepesnl, 95% - mopaXkeHs! CEPALICBUHHON MHIJIBIO. BOIBITHHCTBO ACPEBb-
¢B B Bo3pacte 10 401eT MOPOCICBOro MpOUCXOKACHU. B m3ydacmoi 1ie-
HOTIONYJSILAM JKU3HECTIOCOOHEIE pacTeHus coctasun 10.9%, ocnabnen-
HBIC U YTHeTeHHbIC - 37.6 1 51.5%.

Ha momeHT mpeapiayiero o0CACIOBaHUS MAMSTHHUKA MTPUPOBL
«Kapensckas Oepesza» Ha Tepputopun Koepoeckoro paiioHa, ypouuine
«Kosposckoe-1» B 19951, konaudecTBO HMACHTUDHIMPOBAHHBIX PacTe-
HUH Kapenbckod Oepesbl coctaBwio 230 aepesbeB (Lllamkun u mp.
1998r.). KonuuecTBO, COCTOSIHIE U COOTHOLICHUE PACTCHUIM 1O BO3pac-
Ty TO3BOJIUIM pacCMaTpUBaTh AAHHVIO MONYmuio B 1995r. xak mep-
CIICKTUBHBIN OOBCKT [Jisi CENCKIHOHHBIX padotr. Obcneaosanue 2017r.
BBISIBUJIO OTCYTCTBHE ©CTCCTBCHHOTO BO30OHOBIICHUS KAPEIbCKOH Oepe-
3bl, HAJTMYHC TKAHCH, MOPAKEHHBIX THUIBIO (PHUC.6) BO BCEX 00CIeaO-
BaHHBIX pacTcHWIX. Hammure HEeCaHKIIMOHUPOBAHHBIX CBAJIOK HA TEp-
PHUTOPUH NAMATHHKA NPUPOIB! BIHICT HE TONBKO HA 3CTCTHYCCKOE BOC-
MPHUATHE 00BCKTA, HO YXYAIIACT OOCTAHOBKY HA JaHHOH TCPPUTOPUH B
nenoM. BemectBa M OOBEKTH CBAIKH MOTYT CIYKUTh HUCTOUHHKAMM
3arps3HCHUS TCPPUTOPUH, MPHICTAIOIICH K CBAIKE, Pa3THYHBIMH XH-
MHYCCKUMH COCIMHCHUSMH arpeCCUBHBIMH TI0 OTHOLICHHIO K PACTH-
TETBHOCTH.
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CpenHss BBICOTA PAacTCHHUN KapenbCKoW Oepe3bl HA TEPPUTOPHH
maMaTHHUKA mpupoasl cocraswna 13.3+0.7m, cpeauuii amaMeTp B OCHO-
BaHuH cTBOJA 45+2.8¢cM, Ha BeicoTe 1.3M — 23.9+2 2¢M.

BeimonueHs MOpOIOTHISCKHC OMUCAHNS PACTCHUH KapenbCKOH
6epesel. Haubonee pacmpoctpancHHbie (GopMbI penbeda MOBEPXHOCTH
CTBOJA B NAMATHHUKEC NPUPOABl - Oyropuaras W I[NapOBHIHO-
VTONIICHHAS.

Ha Teppurtopun nmamstHuka npupoasl «Kapenbckas Oepesa» ObI-
70 WACHTU(QHULUPOBAHO HA MECTHOCTH 37 JKUBBIX ACPCBBEB KapEIbCKOU
6epesel, 95% KOTOPBIX MOPAXKECHBI CEPALICBUHHON rHUNb0. CpeaHeBo3-
PacTHBIC PacTCHHS B JAHHOU LICHONOMY/ISILIMHA HMCIOT HOPOCIEBOE MPO-
ucxoxacuue. LieHonmomysmus nepelia B paspsa perpecCUBHBIX, pak-
THYECKH BCE PACTCHHS UMCIOT MOBPEXKACHHS, ACPCBOPA3PYIIAOIINE
rpubbl, MOPO30OOWHBIC TPEIUHBI, CYBEIH.

CoxkpalligHHe NOMYBIIUN ACPSBbEB KAPEIbCKOM Oepesbl HA JaH-
HOM Tepputopur Ha 84% OT MEPBOHAYAIBHOTO KOJNHUYCCTBA, CPCIHHM
Bo3pacT pacteHud 47,5+2.7 ner, BHICOKHH NPOLCHT OCIAOICHHBIX H
yraeTeHHbIX pacTeHuit (89,1%) cBUACTEIBCTBYIOT O HEOOXOIUMOCTH
MpoBeACHUS PaboT, COACHCTBYIOIUX BO30OHOBICHHIO KapEIbCKOH Oc-
pesel. lpuponHble mONymIuuu KapelbCKOW Oepe3sl KpalHe Maaouuc-
JICHHBI ¥ HY>KAAr0TCs B oxXpaHe u uzydeHuu (Cokonos, 1950).

Hanmaue rycroro TpaBSHOrO MOKPOBA MPEHATCTBYET MPOpacTa-
HUIO U BBDKHBAHUIO CESHLCB KapelnbCkod Oepeswl. B cBsa3n ¢ sTiM Ha
TCPPUTOPUH MAMITHHKA MPUPOABI KAPEIBCKOW OEpe3bl MBI PEKOMCHAY-
€M TIOCAAKY CAKCHLIEB KapeabcKoi Oepe3bl ¢ BHCITHUMH MOp(GoIorHic-
CKMMH TIpPU3HAKaMH Havama (OPMHUPOBAHHS Y30P4YaTOH IPCBECHHBI B
MOJTOTOBJICHHBIE «OKHA» B MOJOTE HACAKICHH.

OO0s3aTeTPHBIM YCIIOBUEM SIBIACTCS MOCTICAYIOMIMA MOHUTOPHHT
pacTeHHt — HAOJFOACHHUE 32 UX YUCACHHOCTHIO (M0 CPABHCHHIO C TEP-
BOHAYAITBHON), Pa3BUTHEM, CIIOCOOHOCTBIO CO3JABaTh LICHOIOIY ISLHH
HopManbsHOro tumna. HeoOxoammo yOparh cymecTBYIOIMUE HECAHKIIHO-
HUPOBAHHEIC CBATKH M NPESANPUHUAMATH VCHIHS A TPCIOTBPAILCHHUSI
UX TIOSIBIICHUSL.

PexoMenayem penarpuanuio caXeHIAMH 2-3 IETHEH KapenkH,
MONYYCHHON 13 THOPHIHBIX ceMsaH. MarepHaibl peKOrHOCLHUPOBOYHOTO
oOcaenoBaHus MPEJaHsl B BUAC HaydHOro oruyérta B 1Y «Exunas mu-
pexumst OO T» agmunuctpanuu Biaaumupckoin odaacty.
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UMHUTALIUMOHHOE MOJAEJUPOBAHUE
JIO®TOBBIEUPAIOIINX YCTPONCTB

Hapuim 5 A., 0-p mexu. nayr,
DI'LOY BO «Kosposckas 2ocyoapcmeeHHas MEXHOI0SUYeCKdAs
akademus um. B.A. Jleemapesay
Kapnenro A.b., nauanvnux Kb,
OAO "Crneyuanvnoe xoHcmpykmopckoe 6opo
npubopocmpoenus u aemomamuxu”, 2. Kogpoe

Annomayusa. B cratee paccMarpuBacTCS MOJACHB  CICISILICTO
saektponpusoaa (A1) ¢ mrodToBsiOuparoum yerporicteom (JIBY) B
MeXaHUIeCKOH mepenayc. [1oapoOHO paccMOTpeHA KOHCTPYKLHS U MO-
nens JIBY. IlpuBeacHB pe3yabTaTHl UCCACIOBAHUMA ¢ PA3THMIHBIMU Ta-
pamerpamu JIBY. OcoGoe BHUMaHHE YIOCICHO Ka4YeCTBY NMEPEXOTHBIX
npoLeccoB B 1ekTpornpusoae. [1o pesyapraTtam ucciaeaoBaHuil cacaaH
BbIBOA O 3 dekrusHoctr JIBY nng yerpanenus asrokonedanuii 1L

Knroueswvie croea: modToBHIOUpaHHE, 3MEKTPONPUBOJ, PEAYK-
TOp, VII0BOH modt, 3yduaras nepeaada, IMATALMOHHAS MOJCTb.

OnHO M3 OCHOBHBIX TPEOOBAHHUM, NPECIBABISIEMBIX K BEICOKOTOYHO-
My Il — MUHIMaTBHEIN YITIOBOH MOQT MeXaHWIeckor JacTh. B 3aBucu-
MOCTH OT NTAPaMETPOB TOGTA MOXKHO OIPEAEIIHTh, HACKOIBKO MOXKET OBITh
MOBEPHYT IEMEHT YIIPABICHNUS, YTOOBI YIPaBIsieMasi CHCTEMA HE IPeTep-
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nena u3MeHeHud. Yem Oorbine mokasatens STOW XapaKTCPHUCTHKU CHCTE-
MBI, TEM CEPRE3HEE HCOOXOANMO BO3ACHCTBOBATh HA BIIEMEHT YIPABJICHMS,
yTo0bl HauaTh M3MCHEHMS. JImM CHIDKCHHS WU TMOJHOTO HCKIFOUCHHS
mrodra MexaHnueckoH YacTh uenonb3yiores JIBY .

IMapameTps! G TOBEIOUPAIOIIETO MEXAHN3MA 3a4aCTVIO BRIOUPArOT-
CS OTIBITHBIM TIyTEM TIPH HCIIBITAHKUSIX CHCTEMBI B 1ieioM. OQnpeaeanTs 3TH
MapaMeTPhl HA 3TANE MPOCKTUPOBAHMS CHCTEMBI MOTJIA OBl IOMOYb UMHUTA-
mroHHaI MoAenb 1 ¢ peaykTopoM U ¢ MO TOBBIOPAFOIIIM MEXAHH3MOM.

PaccmarpuBaeTcs 3meKTpOIIPHUBOA, TPEACTABICHHBIH Ha puc. 1, co-
Jaepokarmil aaektpoasurateiabr /0, peaykrop P, oOvekT peryiaupoBaHust
OP, xoropsiii Bpaiaetcest BOKpyT ocu noBopoTa Ol u kuHemMaTHIeCcKu CBsi-
3aH ¢ PSAYKTOPOM TMOCpeacTBoM 3yOuaroit mepenaun 11, Jlatuuk mosgoxe-
Hus oObekTa pervauposanus Il pazMemen Ha 0CH OBOPOTA U SIEKTPHU-
YeCKU CBA3aH ¢ OnokoM vrpasneHus BY, KOTOpBIH B CBOIO Ouepeab dMeK-
TPUYUECKU CBSI3aH C SICKTPOABUIATEIIEM.

I
p a
!

=

o

op Ol Jut

BY

Puc. 1. Cxema OIT

Tak xax ocHOBHAs 10 MHO(TA MEXAHHUCCKOM MIePeaaun IPHXO-
JIHTCSA HA TOCICIHIO OT 3JICKTPOIBHrATEII HAapy IIECTEPSH, TO YIS
Bcero JIBY mpumceHnsercs B 3ToM mocneaHeit mape. PasmudaHbIC KOHCT-
pykxunu JIBY pacemotpenst B [1], [2] .

Ocob6ennocts padoTel JIBY COCTOHT B TOM, 4TO TIPH OJHOM HAIIpaB-
JCHUM BPAICHHS IBHTATCIN ABIKCHHC IEPSIACTCS Yepe3 KHHEMATHYC-
CKYIO BSTBb, B KOTOPOM OTCYTCTBYST ympyruii snemeHT. [Ipu mpotusormo-
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JO0KHOM HAINPABICHUH ABHJKCHHE TICPCHACTCA UCPS3 YIPYTHEH DICMCHT.
TaxkiM 00pazoM, OpH KCIOIL30BAHMHM McXaHmueckux JIBY mapymaercs
MIPHMHITAI «OIXHOMPOMMIBHOIO 3ALCIUICHUS M PE3KO BO3PACTACT MOMCHT
TPESHHUSI B PEAVKTOPES, KOTOPBIH MPSIMO IIPOmopHuoHaicH MoMeHty JIBY
(oaHOMPO(DUIPHOE 3ALCILICHHS, TPU KOTOPOM IO MPOTHBOMOIOKHBIM (0~
KOBBIM MOBCPXHOCTAM UMECTCI OOKOBOI 3a30D).

3aBHCHMOCTE MOMCHTA, TIPHJIOKCHHOIO K OOBCKTY YIIPABICHHS IIPU
3aTOPMOKCHHOM BajIc 3ICKTpOABUTaTeIs ¢ yuetoMm BmusHusg JIBY mon-
po6Ho omucana b. K. UemomanoseiM B padote [3]. Ha puc. 2 npeacraBneHa
AMHTAIMOHHAS MOACb dIekTponpuBoga. OHA COCTOMT M3 5-M OCHOBHBIX
On0Kk0B: <@ackrpoasurareaby, «[MAJ] perymarop», «peaykropy», «JIBY»,
«OOBEKTY, a TAKXKE CBI3CH MEKIY HUMHU. BIIOK «3JICKTPOABAraTCeIIbY TIPEI-
CTaB/LICT U3 ¢cOI MOJCIIb ABUIaTe/Is IOCTOSIHHOTO TOKA. Y MPABIISOLIHH
CHTHAJI HA BIICKTPOABUIATENIb (POPMHUPYETCS C ITOMOIIBIO MPOIIOPIHOHAIb-
Ho-uHTerpansHo-uddeperrmpyromero (ITAJ1) peryasropa, mO3BOJILO-
IIEr0 JOCTHYb HEOOXOAMMOM TOYHOCTH M KAYSCTBA TICPEXOIHOTO HPOLICC-
ca. BxogoMm 3roro Onoka aBageTCA TPEOVEMBIH Yroa MOBOPOTA OOBEKTA
PETYIHUPOBAHMS, A BBIXOJOM — VIIPABIMIONICE HAMNPSDKCHHE IS DICKTPO-
asurarerst. PeaykTop cMoIeMpoBaH B BHIC B BUAC MHOIOMACCOBOM CHC-
TCMBI, YUUTHIBAMOIICH HHEPIIMOHHOCTH BCEX CTYIICHEH, a TakKe OOKOBBIC
3a30pHI B 3aICIUICHISIX. Bx0o10M 3TOr0 6110Ka ABISCTCS KPYTAIIHEA MOMEHT
HA BXOIHOM BajIy, & BEIXOJOM — YI'OJI IIOBOPOTA BBIXOIHOTO Baja PEIYKTO-
pa. biok «00BeKT» MOACIUPYET ABMKCHHUES BPAIIAOIICTOCS TEAa C YICTOM
€0 HHCPLIMOHHOCTH U CYXOT0 TpeHUS [4].

Bxon

Beixon

Puc. 2. Moaens snekrponpusoga ¢ JIBY
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B mozaenu 6ok «JIBY» peanuzosan B BHaC TaOIUIIBI, IIPESIACTAB-
JSIOLICH psi 3HAUCHUE (YHKLHMH OJHOU mepeMeHHOH. Bxogom O/oka
SIBJISIETCSL YT'OJ1, BBIXOJA0M — MOMEHT COOTBETCTBYOIIUX 3HAUCHHUM.

Cunosas xapakrepuctuka JIBY, HACTpOSHHOTO Ha MOMEHT JrO(-
toBbiOupanua 100 Hv, nmeer Bua, m3obpaxkennsiii Ha puc. 3. Orpesok
BC - sTo cunosas xapakrepuctuka npyzkus JIBY, rae Touka B — Haua-
70 aedopmarn npyxunsl JIBY, a touka C — konen aedopmarun. Pac-
crosiame Mexkay B u C mo ocu abenpce cooTBeTCTBYET OOKOBOMY 3a30-
py B 3anermieHuu u cocrassieT 0,01 pax. Haknon otpeska BC coorset-
ctByeT xkectkoctu JIBY wm pasmserca 900 Hwm/pan. Haxmon otpeskos
AB u CD co0oTBETCTBYET KECTKOCTH KOHTAKTA B 3y0UATOM 3aLCTUICHHH
u cocrasysier 5000 Hv/paz,

M, uMm

).005 0 0005 001 0.015 .02 025 003 0035

a, paj
Puc. 3. Cunosas xapakrepucruka JIBY

B mpounecce MoaenpHOTO 3KCIEPUMEHTA PACCMOTPEHO TTOBEACHNS
3IEKTPONPHUBOAA, B KOTOPOM:

- JIBY nactpocHo Ha MoMeHT 100 Hwm;

- JIBY nactpoero Ha MoMeHT 30 Hm;

- JIBY nmactpoeno Ha momeHT 25 Hwm;

PesympTaTel MOAETBHOTO SKCICPUMEHTA, & HMEHHO MEPEXOTHBIC
npoueccel npu npuseaeHun J11 Ha yron 1° nmpuseaeHs! Ha puc. 4.
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a, rpax
v
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/ / \
St Y —— M=100 Hx
09
- M=30 Hn
M=25 IIm

Puc. 4. TlepexoaHoi mpouece

Ilo pesyapTataM MOACIBHOTO HWCCIACAOBAHHUS MOXKHO CIC/IATh
CIIE IYIOLIHUE BBIBOJBI:
- UMHUTALMOHHAS MOJEC/b 3ICKTPONprBoaa MoxeT 3hdexkruBHO

HCHOB30BAThCS AT OMpeAcIcHUS mapamMeTpos JIBY ;
- Hamrare JIBY B MexaHWJIECKOU TIepeaadu 3JICKTPOIPHUBOAA TI0-

3BOSICT JOOUTHCS HEOOXOAMUMOTO KAveCTBA MEPSXOAHOTO MPoLecca U
Kak CJICACTBUC YIYyUINUTh JUHAMUKY CUCTCMBI,

- yeunue JIBY okassiBaeT HECYIICCTBCHHOC BIUSHHC HA KAYCCTBO
MEPEXOMHOTO MPOLECCa 3AMKHYTOTO IO MOJIOKCHHUIO 3ICKTPOIPHBOA.
Ho T1yT caeayeT 3aMeTHTB, 4TO 3TO BEPHO, TOIbKO ecnu ycumue JIBY

MPCBBIIACT ACHCTBYIOIICC 3HAUCHUC MOMCHTA HA TOM By,
- HemocTarouHoe yeuaue JIBY MoskeT mpuBOAUTH K BOSHHUKHOBC-

HUIO aBTOKONeOaHui cucteMbl. Bo3MokHO 3TH aBTOKONEOAHMS MOTYT

OBITH YMCHBIICHE onTuMu3aen ko3dummentos I[TU] perynsaropa.
B zaxmroucHHE HEOOXOAMMO OTMETHTBH, 4TO IpuMcHeHHE JIBY

SIBJISICTCSL JOBOABHO 3(D(PEKTHBHBIM CITOCOOOM YCTPAHCHHS aBTOKO1e0a-
HUH, BRI3BAHHBIX HaJM4ueM JO(TOB MexaHH4YecKou nmepegaun. Ho ox-
HOBpeMeHHO JIBY mpuBOAAT K MOBBIIICHHOMY TPCHUIO, KOTOPOC SIBIIS-
CTCS1 HEXKEIATCABHBIM B CIICASIINX 3ICKTPpOonpruBoaax. BnusHue TpeHus,
BbI3BaHHOTO HajnuueMm JIBY, HEOOXOAMMO y4eCTh B HUMHTALMOHHOMN
MOJC/IH U MPOBECTH JOTOIHUTEIbHBIC UCCICI0BAHMS,
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Annomayus. B craThe paccMaTpuBACTCA CITOCOO MCKIFOUCHHS
BOSﬂeﬁCTBHH BPCAHBIX (baKTOpOB Ha YCJIOBCKA IIPU NPOBCACHUU XHUMU-
KO-TCPMHUYCCKOH 00pabOTKH.

Kniouesbie c106a: TOKCHUHBIC BCINECTBA, OPUCHTAIMS, MACCHB-
HBIH CITOCO0, YCTPOHCTBO.

XUMHKO-TepMHIECKas 00paboTKa CTATBHBIX U3ACTHN MPUMCHSCT-
cA U1 YIYYIICHHWS HX CBOWCTB. MOBBILICHHS MPOYHOCTH, TBEPAOCTH,
IpeJena BEIHOCIUBOCTH, H3HOCOCTOMKocTH 1 Ap. OaHaKo, IpH mpoBeae-
HHH Pa3IUYHBIX BHIOB XHMHUKO-TEPMUYECKOH 00paboTKH METANIIOB BO3-
MOYKHO BO3ACHCTBHC HA PabOTHHKOB PA3TUYHBIX OMACHBIX U BPEIHBIX
MPOHU3BOICTBCHHBIX (DAKTOPOB, B TOM YHCIC HEOMAronpHATHBIH MHKPO-
KIuMaT pabodei 30HBI, MOBBIICHHAS TEMIIEPATYpa MOBEPXHOCTEH 0060-
PYAOBaHUSA M MAaTCPHANIOB, MOXKAPO- U B3PHIBOOMACHOCTh, XHMHUYCCKUE
(axkTOpEl OOIIETOKCHYIECKOTO, Pa3Ipaskaroliero, KaHIEPOTEHHOTO BO3-
JCUCTBHS Ha OPraHm3M pabOTHHKA, TKESCTh W HAMPSKCHHOCTh TPYAA.
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Hampumep, npu mpoBCACHHH KUIKOTO ITHAHUPOBAHUS MPUMCHSIIOTCS
PaCILIABJICHHBIC MUAHUCTBIC COJIM HATPUA U KaJIbIHA, KOTOPBIC ABJIIHOTCA
KpaiHe TOKCHYHBIMH BerecTBamH. [loaroMy HEOOX0AMMBI 0COOBIE MEPBI
©€30MacHOCTH NIPH OCYIUCCTBICHAN TAKUX PadoT.

XopolieH MepoH M0 OrPaHUUCHHAIO JCHCTBHS OMACHBIX M BPCIHBIX
MIPOM3BOACTBEHHBIX (DAKTOPOB HA PAOOTHHKOB SIBISICTCSA ABTOMATH3ALIMS
IPOU3BOACTBA B YaCTH 3arpy3Ku ,Z[CTaJ'ICI\/'I, IPCOAHASHAYCHHBIX I IIPOBC-
JICHUs LTMAHMPOBAHMS, B OPUECHTUPOBAHHOM BHIE B CICLHAIBHBIE PETOP-
1. OCOOCHHO MPEACTABIIET HHTCPEC ABTOMATHUCCKOS OPHUCHTHPOBAHKC
Jerancd maccwBHBIM cmocoboM. [lpu akTHBHOM cmocoGe OpHEHTAlMH
MPUMEHSIOTCSL Pa3HOOOPA3HEIE CPEACTBA, BKIFOYAS TCXHHUYCCKOC 3PCHHE,
JUTSL PACTO3HABAHUS TOJNIOKCHHUS ACTATH, YTO YCIOKHICT KOHCTPYKLIUFO
MCXAaHNU3MOB OpPHUCHTAIUU, YBCIIMYUBACT UX CC6€CTOI/H\/IOCTL. HpI/I IIacCHuB-
HOM CHOCOOC OPUCHTALMS MPOUCXOTUT TMOJ ACHCTBUCM CHITBI TSDKCCTH,
LICHTPOOCIKHBIX CHI MHEPLIMH, YCTPOHCTBA OTIMYAIOTCS MCHES CIIOKHBIM
HCTIOTHCHUEM, TPOCTOTOH B SKCIUTYATALIMH, PHICM OOCCIICUMBAIOTCS Ha-
JICKHOCTD pabOThI M BBICOKAS MMPOU3BOIUTEIBHOCTS | 1].

W3 Haunbosnee pacpoCTpaHCHHBIX CIIOCOO0B OPUCHTALIMU ACTAICH
U 3aroToOBOK CTYINCHYATBHIX BAJIUKOB, UMCHOIMUX JJIUHY 6OJ'ILH.IC 1,5 CBO-
HX AUAMETPOB, SBSCTCS 3aNaJaHue X B 1IEb [2]. YkazaHHbIH C1OCO0
peann3yeTcs B TAKUX YCTPOHCTBAX CAMOOPHCHTALMH, KaK MOJI3YHOBOC,
HOCPHOS, CEKTOPHOS U T.II.

C pempro obecreueHHs MaKCHMAIBHOH MPOH3BOAUTCIBHOCTH C
YYETOM BBICOKOU HAACKHOCTH PAOOTHI OPUCHTHUPYIOIIUX YCTPOHUCTB MOJT-
3VHOBOTO U IIHOCPHOTO THIIA HAMAEM MPEACTBHBIC PEKUMBI UX PaOOTHL.
o s

A,

AT AN

N

Puc. 1. Cxema mmOepHOTO OYHKCPHOTO 3arPy30THOTO YCTPOHCTBA!
NN — ypOBEHB 3ar0TOBOK
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MOJIX0/1 K YBEJIMYEHUIO JOJTOBEUHOCTH
THAPOMAIIINH 3A CYET CHUKEHUSI MHTEHCUBHOCTH
N3HOCA ITPU TEXHOJOT'MYECKOM OBKATKE'

Knesemos JI.B., cm. npenodasame.n,
Cmapocmun J[ A., accucmenm,
DI'LOY BO «Kosposckas 2ocyoapcmeeHHas MEXHOI0SUYeCKdAs
akademus um. B.A. Jleemapesay

Annomayus. B pabote npeniaraetcs NOAX0] K YBEIUUCHHIO JOI-
TOBCYHOCTH aKCHANBHO-MOPITHEBOH T'HAPOMAINHHEI ¢ HAKIOHHBIM JHC-
koM (ATII'MH/]) 3a cueT yMEHBIICHHS 30HBI HHTCHCUBHOTO H3HOCA MTPH
TEXHOJIOTHICCKONW 00OKaTKe B MPOLECCe MPUPAOOTKH Map TPCHHS, B 4a-
CTHOCTH PACHpPEACIUTENb — ONOK LHIUHAPOB. JITO JOCTUTACTCS MYTEM
(hopMHPOBaHUS ONPEACICHHBIX MApaMETPOB MOBEPXHOCTHOTO CIOS 32
CYET TEXHOIOTHYECKOrO TpueMa rmpu GHUHALTHOH 00paboTKe (CHUKCHUS
napamerpa BOTHUCTOCTH). CHIDKCHHE MHTCHCHBHOCTH M3HOCA VIANOCh
3apuKkCcHpOBaTh MyTEM OTCICKUBAHHS TEMIICPATYPHOrO CIEKTpa MpH
nporecce 0OKATKH.

B pesynprate npoBeacHHBIX paboT OBLIO TOCTHTHYTO CHIKCHHC
MaKCUMAaJIbHO AOCTHIacMOU TEMITCPATyphl Ha 3 rpajyca, a Mo MOACIH
Ha 5 rpaxycos. [Ipu sToMm xorcTpykimsa AIITMH/I e nmamensnace. 1o
SBHO TMOKA3BIBACT CHIJKCHUC HMHTCHCHBHOCTH H3HOC2 U 00ECIICUHMBACT
OOJIBIIYID MOJTOBEYHOCTh OTBETCTBeHHBIX 3aeMmeHTOB AIIIMHJL B
rpeeaax MoJIHOro pecypcea.

Knioueswie croea: monroBEUHOCTb, BOJHUCTOCTh, HHTCHCHBHOCTD
H3HOCA, MPUPAOOTKA, Mapa TPCHHUS, THAPOMAIIHHA.

Cdepa mpuUMEHEHUS aKCUATPHO-TIOPITHEBBIX THAPOMAIIHH ¢ Ha-
kioHHbIM auckoM (ATITMHJI) cranoButhes BCe Oosice oOLIHPHOH. ITO
CBSI3AHO C €ro 0O0JICe TEXHOJIOTMYHONW KOHCTPYKLHCH MO CPABHCHHIO C

! PaGota ToJijiepkaHa A IMAHUCTpalMeld Briajuvupcekol 061acTd IO IIporpam-
Me «] paHTs MOOBIM yueHbIM» Ha BemionHenre HUP « Texuonmorus ¢urwmHoi o6pa-
GOTKU OTBETCTBEHHBIX JIeTallel HIEKTPOTH/PABIMUECKUX CUCTEM CTaCHIM3aliyd U Ha-
BeJleHUsD) (B paMkax Pacriopstxenus Ne546-p ot 30.08.2017r.).
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THAPOMAIIMHAMU ¢ HAKIOHHBIM OjokoM [1]. A mocrostHHas moTped-
HOCTb B YBEIWYCHHUH yASIbHOH MOIMHOCTH M pECypca CHCTEM B KOTO-
PBIX OHU NMPHUMCHSIOTCS TAKKE HAKIAIBIBACT 00s3aTeNbCTBA Ha obecre-
YCHHE TTOBBIIICHHON HAJCKHOCTH COCTABHBIX YacTeH [2-3], B YaCTHOCTH
ATII'MH/] [4] u uX OTBETCTBEHHBIX 3JICMCHTOB — AP TPCHUSL.

CyIIecTBYIOT Pa3iudHbIC MOAXOABI [5-0] s perueHus momo0-
HBIH 33Ja4H - HAHECCHUE aHTU(PUKIMOHHBIX NOKPBITHH [7], ynpouHe-
HUE pabounx noBepxHOCTEH [8-9], nobaBneHue pasIHIHBIX NPUCATOK B
PpaboUyIo KUAKOCTh THAPOCUCTEMBI [ 10], pa3auuHbIC TEXHOJOTHISCKIS
mpuemsl [11-13] u T.n. B O0onbIIUHCTBE CBOEM MOJOOHBIC METOABI CBO-
JSATCSL K CHIDKCHUIO TPCHUS BHYTPCHHUX 3JICMCHTOB U JJISI MIOBBIIICHUS
3amaHHOrO pecypca. KomruiekcHoe mpeacTaBieHHE BCEX MOAXOIOB K
JAHHOMY BOIPOCY MoKa3aHo B [ 14| B BuAe NTakOHHYIHOH OIIOK-CXEMEL.

B nHacroameli pabote mnpeanaractcsi 0OCCHEUHTH AOCTIDKCHHC
PaBHOBECHOH IICPOXOBATOCTH OTBETCTBCHHBIX 3JICMCHTOB (TIap TPCHHUS)
3a Oolice KOPOTKHH MPOMEKYTOK BPEMCHHU IMPH TEXHOIOTHYECKOH 00-
KaTKe B T.4. 32 CUCT CHIDKCHHUS MapaMeTpa BOMHHUCTOCTH IMPH (DHHUII-
Ho# gosoake [15]. Jlo HacTosmero Bpemenu B napax tpenus AITTMH/L
JAHHBIA mapameTp He yunThiBaica. OIHaKo, MPOBEACHHBIC HCCIEIOBA-
HUS TIOKA3bIBAIOT HEOOXOJUMOCTh YUCTa JAHHOTO MApaMeTpa, a TaKKe
HCOOXOJUMOCTh CHIDKCHHS €10 HETaTUBHOTO BIUsHUS [16].

B pamkax paOoTsl ObLTH MPOBSACHBI HKCIICPUMEHTAIBHBIC UCCIIC-
moBanus mpouecca tertoBsiaeacHus AIIIMH]] mpu TexHOMOrMUIeCKOH
obxarke Ha Gase Hacoca paboumm o6beMoM 33 cm/06. Mmenno mpo-
nece rexnonoruueckor ookatku (TO) conmpoBoskaacTcss HHTCHCHUBHBIM
MPOLIECCOM TPUPAOOTKH Map TPCHHUS HACOCA U (DOPMHUPOBAHHUECM YyCTa-
HOBHBIIIHUXCS TCOMETPUUSCKUX MMAPAMETPOB UX MOBEPXHOCTHOIO Cios. B
mpouecce TO Hacoc moasepracTcs pa3mUIHBIM 3HAKOMCPEMEHHBIM Ha-
rpy3KaM, KOTOPBIC PErJIAMCHTUPOBAHBI TCXHUYCCKUMH YCIOBHSIMH Ha
mzaeaue. [lpuHumas BO BHUMAaHHE TO, UTO MPU MCHBIICH MHTCHCHUBHO-
ctu usHoca BHyTpeHHHUE 3eMeHTsl AIIIMH]L OyayT Oosee monroseu-
HBI, TO OHH CMOTYT 00CCneUnTh OOMBIIUE PECYPC HACOCA, T.K. B MCHB-
LICH CTENCHH OV YT MOABCPIKESHBI MEXAHUICCKOMY BO3ACHCTBHIO.

JKCIIEPUMEHTATBHAS YacTh HCCICIOBAHUS MPOBOJUIACH CTCHIEC
JUISL TEXHOJIOTMYECKOM OOKaTKH. Jlist OI[CHKH MPOLIECCOB MHTCHCUBHO-
CTH W3HOCA TPUMEHSICS TEIUIOBH30D, TO3BOJLIOINN IIPOU3BOIUTH
OLICHKY MPOIECCCOB TCILIOBBLACICHMS, TI0 aHamoruu ¢ [17], xak meroxn
HEPa3pyIIAMETo KOHTposd. JIaHHBIH TOAXOJ TO3BONIET KOCBEHHO
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OLICHUTH ITOTEPH HA TPECHHUE H, IPH NPOYUX PABHBIX, CPABHUTH IPABUIIb-
HOCTb NPEIJI0KCHHBIX MEPONPHUATHI.

[lepeonauaneHo, OblTa TPOBEACHA CEPHS IKCICPHMEHTOB CO
IITATHON TEXHOJOTHCH W3rOTOBJICHHS OTBCTCTBCHHBIX JJICMCHTOB
AIII'MH/I. TlpousseacHO HAOMIOACHUE MPOLECCA TEXHOJIOTHUCCKON
obkarku ¢ ¢ukcanmeii kaxasie 30 CCKYHA MOKA3ATCICH AABICHUS HA
BXOJE Hacoca (CHIOBOU MOJOCTH) M TEMIEPATYPHl KOPIyca Hacoca Ha
mporspxeHun nporecca TO (32 munyter). OIHOBPEMEHHO MPOU3BOIH-
Jach OLICHKA CaMOM METOAUKH UCIBITAHUH.

o pe3yapTaTam ananmza ObLIO BBIBICHO, YTO OOCCIICUCHHE 3HAKO-
MCPEMCHHOM HArPY3KH, & UMCHHO TICPEKTIOYCHIE (PeBEpCa) MOToKa paboucit
JKHIKOCTH, OCYILECTBIBIETCS ITyTEM MOAAYH PEJICHHOrO CHUTHANA HA VIIPaB-
JBSIFOLOUM THAPOPACIPEASIUTEb, KOTOPBIM MPOU3BOAII MTHOBCHHOE HEpe-
KIoucHUe HanpasneHus notoka. C yaeroM [18-19] Oeimu BepaGoTaHs! pe-
KOMCHZIALIMH O CHIDKCHHHM WHTCHCHBHOCTH IPOLICCCA CMEHBI HAPABIICHHUS
noToka B MoMeHT TQ, BBHIY TOro, YTO HE MPOHCXOAUT MPOBEPKU HACOCA, &
MPOUCXOAUT MPOLIECC MPUPAOOTKH HAP TPCHHS, 1O 3HAYCHHS 2 CCK.

ITpn nocnexyromux IKCIEPUMEHTATIBHBIX TIPOBEPKAX B TEXHOJIOTH-
YECKHH TPOLICCC M3roTOBNCHUs ((uHMIIHONH 00paboTku) Oblia BBEIACHA
JOTIONTHATENbHAS TOBOJKA HA CTEKIIC PACTIPEACITUTEIIBHOTO TUCKA, TIO3BO-
JISTIOINAS. YMEHBIIUTD NIAPAMETP BOJHHCTOCTH, & TAKKE OOCCICUCHUE TJ1AB-
Horo pesepea mpu TO.

I[J'IH OIICHKU MPOHCCCa TCIUIOBBLACICHUA IO MOJYUCHHBIM AdaH-
HbIM, KaK A0 IMPOBCACHUA MCpOHpI/IHTI/II\/'I, TaK U IIOCJC UX BBCACHHUA, 6LI-
JU COCTABJICHBI MOJCIH JUHCHHON perpeccuu ¢ 00s3aTe/IbHON TPOBEP-
KOH Ha aJCKBATHOCTh B paMKaxX KOPPEISALMOHHOTO aHANIN3a, Kak Ha-
mpumep B [20].

3aknrouyenue

B pamkax nccnenoBaHui 3KCICPUMEHTATBHBIM ITyTEM OBLIO MOTY-
YCHO, YTO TIPU 0oNee KaYeCTBEHHOH MOATOTOBKE HAYATBHOTO COCTOSHHS
TCOMETPUUCCKHX MapaMETPOB MOBEPXHOCTHOTO €O Map TPEHHs (JOBOJ-
Ka Ha CTEKJIC A0 TEXHONIOTHYCCKOH OOKATKH) U IIIABHOTO OCYIIECTBICHHUS
peBepcea, npeaciabHas 3aQUKCHPOBAHHAS TEMIIEPATYPA MPU TCXHOIOTHYC-
CKOM O0KaTke MOHM3UNACH MPU HATYPHBIX UCHBITAHUAX HA 3 rpaayca, a
MPY MOJACTUPOBAaHUH - Ha 5 rpaxycos. Takum oOpazoM, Mo MpoOBEICHHBIM
HCCTICOOBAHUAM OJHO3HAYHO MOATBEPKACHO BIHSHUC KavyeCTBa MOATO-
TOBKH HAYaJIbHOTO COCTOSIHUSI TCOMETPHUCCKUX MapaMeTPOB MOBEPXHO-
CTHOI'O CJI0A Mmap TPCHUA Ha UHTCHCUBHOCTD U3HOCA OTBCTCTBCHHBIX 3JIC-
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MEHTOB 4epe3 mpouece TernoBeacncHus. COOTBETCTBEHHO, HpH paspa-
00TKE ODOIIEro MOAX0Ja MO YVUETY FEOMETPHUUCCKUX MapaMeTpoB (B TOM
YHCJIC TAKUX KaK BOTHHCTOCTh) NMPH HU3TOTOBICHUH OTBCTCTBCHHBIX IO-
BCPXHOCTCH Map TPCHUS CTAHOBUTCS BO3MOXKHBIM 3a()HKCHPOBAThH CHU-
JKCHHE WHTCHCHBHOCTH H3HOCA, 4 TAKXKE OOCCICUHTh VBEIUUCHHBINA CPOK
cayx0bl oTtBeTcTBeHHBIX 3aeMeHTOB AIIIMH/JL. HonoanutensHbiM 3¢-
(hEeKTOM PEaNTU30BAHHBIX MEPONPUATUH SBISCTCS YMEHBIICHHE OKHCIC-
HHU paboycH KUIKOCTH, YTO NPH YBEIUYCHUH NMPUBOIUT K CHIDKCHHIO
HAJCKHOCTH TAKUX 3JICMCHTOB ruapomMarmuH [21] kak PTH.

Chucok nuTepatypsl

1. Boponos, C.A. UcnpiTanus akcHaIbHO-MOPIITHEBBIX THAPOMAIIHH
[Teker|: monorpadust / C.A. Boponos, P.JI. Mycaros, b.B. Crenanos; o
obmeli pea. a-pa texn. Hayk C.A. Boponora. — Kospos: ®I'6OY BO
«KI'TA um. B.A. Jlertsapesay», 2017. - 196 c.

2. Hogocenog, b.B. Beicokad Hane:KHOCTD pa3pabOTOK-TIABHEIH MPH-
opuretr OAO «BHUM «Curnan» [Texcr| / b.B. Hosocenos // Marepuasiet
IV Bcepoccuiickoii HayuHO-TexXHHUecKOH konbepenipm «Mudopmanmon-
HO-U3MEPHUTEBHBIC U YIPABILIIOLINE CHCTEMBI BOCHHOW TeXHUK» (Bnaau-
mup, 13-14 HosOps 2014 1.). - M.: M3a-80 PAPAH, 2014. - C. 122-125.

3. IaBpunosa, B.C. Iyt moBbIICHMS NapaMeTPOB HAICKHOCTH
CHCTEMBI YIIPABICHHS JBIXKCHHEM BOCHHBIX PODOTOTEXHHUCCKUX KOM-
IUICKCOB Ha 0Oasc onekTpormapasBauueckux npusBogoB |[Texer] /
B.C. TI'appunosa, [I.B. Kneseros, P.JI. Mycaros // I'maponHeBMoaBTOMA-
THKa ¥ ruaponpuo — 2015 [Teker|: cOOpHUK Hay4YHBIX TPYAOB / IO PEA.
na-pa texH. Hayk E.M. Xamarosa. — Kospos: ®I'5OY BIIO «KITA um.
B.A. Jlertapesar, 2015. C.177-183.

4. Boponos, C.A. TloBbiiieHHEe HAAEKHOCTH BBICOKOIUHAMUYHBIX
akcuanpHo-IopinHeBbIX ruapomantvH |Texer| / C.A. Boponos, B.C. I'as-
puiosa // BectHuk BpsHCKOrO rocyaapcTBEHHOTO TEXHHUCCKOTO YHHBEP-
curerta. 2016. T. 2. Ne. 4. C. 170-179.

5. Karyctin, B.B. MeToas! MOBBIIICHUS AONMTOBCYHOCTH ACTATICH U
y310B akcuanbHO-mopinHeBbiX ruapomaiiud [Texer] / B.B. Kanycrun //
Hosric MaTepransl 1 TCXHOJIOTHH B MAITHHOCTPOCHUH. bpsrck: Bpsaackas

TOCYIAPCTBCHHAS WHXKCHCPHO-TCXHOMOTMICCKast akanemusa. 2018, Ne, 28,
C. 88-93.

44



6. Kykunosa, I' B. 3ammuTa nerancii ruapoMaiiine OT W3HAIIMBAHUS
[Teker|: monorpadus / I'.B. Kykunosa. — Hesunnomsicck: HHI'TH, 2009,
-242¢.

7. I'aBpunosa, B.C. Metoanka BrIOOpa MaTepuasioB MOKPHITHH MO~
BCPXHOCTEH TPEHMS aKCHANbHO-MOpIIHEBbIX ruapomainiH. |Texer] / B.C.
I"aspusiosa, C.A. BopoHoB // Y IpOUHSIOIINE TCXHOIOTHH U MOKPBITHS, M:
Hunosarmonnoe mammuaocrpoenue. 2016/06. C. 3-7.

8. Starostin D.A., Biryukov V.P., Klevetov D.V. and Yudkin VF.
Effect of laser hardening modes on the hardening zone geometric parame-
ters and tribological properties of 40Cr steel // IOP Conf. Series: Materials
Science and Engineering 489 (2019) 012032 (DOI:10.1088/1757-
899X/489/1/012032)

9. lNyxmanckuii, A.JI. TloBepxHOCTHOE VIPOUHCHHE ACTANCH THI-
pomammun [Texcr] / AJL Ilykmanckuit, JLB. T'enos / DHepromaimuno-
ctpoenne. CI16. 1988. Ne3. C.3-7.

10. Hoebenko, M.H. PaspaboTka HeTpa UIIHOHHBIX MYTEH MOBHILIC-
HHUS SKCIUTYATALMOHHBIX XaPaKTCPUCTHK AKCHATBHO-TIOPIIHEBBIX THAPO-
MAIIlUH ¢ y4eTOM Bo3MOskHOCTeH pemonta [Teker] / M.H. [losGenko, B /1.
EBnokumos // BoctouHo-¢BpOnCHCKUil sKypHAT MEPSAOBBIX TCXHOJIOTHIA
IMpuknagnas mexanmka. T.5, Ne 7(71). 2014. C. 31-36. (DOL
10.15587/1729-4061.2014.27996).

11. Cycnog, AT TexHOIOrHUCCKOS OOSCICUCHUE MAPAMETPOB CO-
cTosiHUA ToBepxHOcTHOTO cios aetanei /AT Cycnos. - M.: MammHo-
ctpoenne, 1987. - 208c.

12. Knesetos, /1. B. Uckycerso Ha konurkax masbies [ Texer] / J1.B.
Knesetos // HoBast sxoHOMuKA U perHoHANbHAS HAyKa. — Baagumup: Biia-
nuvupeknii puman ®I'OBY BO «®unancossiit yausepeuter npu [pa-
ButeabpcTBe Poccutickoit denepanmmy. 2018, Nel(10). C. 40-46.

13. Texnonorus GUHMIIHONH OOpPaOOTKH OTBETCTBCHHBIX ACTAICH
JMCKTPOTHAPABIMUCCKUX CHCTeM cra0wmusanmu U HaseacHus [Texcr]:
otuet o HUP (zaxmou.): ®I'BOY BO «KI'TA um. B.A. [lertapesay; pyk.
Jlapprmesa E.E. — Kospos, 2017. — 59 ¢. — Ucnonn.: KneeetoB /B, —
bubmmorp.: ¢.54-59. — Ne TP AAAA-A17-117121990142-2. — Wus.Ne
AAAA-B18-218020990101-3.

14. Kupuuex A.B., Conosses J.JI., Jlazytkun A.I'. TexHomorus u
000PYA0BAHHE CTATHKO-UMITYIBCHOM 00PabOTKH MOBESPXHOCTHBIM ILIACTH-

45





















































































































































































































































































































































































































TAlMK 3JICKTPUUCCKHUX MAIUWH, 4 TAaKKE BO BPEMs WX XPAHCHHUS H
TPaHCTIOPTUPOBKM OHA MOABEPracTcsl PazsHOOOPA3HBIM BHEIIHUM BO3-
JCHCTBUAM, PUBOJAIINM ¢ TCUCHUEM BPEMECHH K MPOTPECCUPYIOIIEMY
YXYAWEHUIO €€ CBOHCTB| 1].
B nmanHOl paboTe mmaHUpyeTCs MNOAKIIOMHTB OJWH MOTOP K
RaspberryPi ¢ MHUHIMATBEHBIM KOTHYICCTBOM KOMITOHCHTOB.
UroOsl 3amyCTUTh IBUTATE/Ib, TOHATO0MTCS:
e  RaspberryPi ¢ SD-kaproii;
e Breadboard;
e  Muxpocxema gpaiisepa asuratens 1293,
e  KaGenu-mepembruxy;
e  Oguu DC npurarcas Ha 6 B;
e 4AA Oarapeu u QyTisp.
Bravane moakIrOUMM HHUTAaHWE W 33a3€MIICHHE, TO BAXKHO CHC-
Jatek, noka mutanue RaspberryPi oTkmroueHo, uTo mo3BOAUT M30EKATH
KOPOTKOTO 3aMbIKaHHS KAKUX-TH00 PazbEMOB M0 OIIHOKE.
1. oaxmrouaem cuUOBBIC U 3a3eMinsttonue mposoaa (puc. 1). Beg,
YTO COCTUHACTCS MEKAy Co0oH, TpeOyeT oOmiei OCHOBBI (IIOKAa3aHO
YEPHBIMHU MPOBOJAMH).

Puc. 1. IToaxmoveHue NPOBOJA MHTAHKA U 3a3¢MICHUA
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Teneps n06aBuM Tpu posoaa ot koHtaktoB GPIO x L293D (puc. 2).
e GPIO 25-Pin 22 > 1.293D-Pin 1
e GPIO 24 -xonraxtusiii 18 > L.293D-koHTaKTHBIH 2
e GPIO 23-Pin 16 > 1.293D-Pin 7

Puc.2. Tlogxmoucnue 3-x mposoaos GPIO mist ynpasieHua ABHTATSIICM

3. JlobaBum aBurarenip (PUCYHOK 3):
e  Motop-ipoeoz 1 > L293D-mteips 3
Morop-nposona 2 > L293D-mteips 6

Puc.3. CoeauneHne 6aTapeiiku ¢ MOTOPOM
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Korma ckpunr nactpoen, RaspberryPi rorosa Brarouuts Mo-
top. Jng 3anmycka aBurareas BBOAHUM B KOMAHIHOH CTPOKE 3amHCh
(puc. 5) u HaOArOgACM, KaK BpaIacTCs ABUTATSNb [2].

sudo python motor.py

Puc. 5. Script mig 3amycka IBUTATEIA

Jaxurouenue

BecripoBoanbIe TEXHOIOrHMM NMPOYHO BOILIH B HAIly JKU3Hb H
HOpUMEP NOAKIOUCHUS ABUTATENS, PACCMOTPEHHBIN B CTAThE, BO3MOKHO
MPUMEHUTh B Pa3IHYHbIX cepax KH3HH, TAKHX Kak OCCIpPOBOAHOC
VIpPaBICHUE B CHUCTEMax «YMHBIM JOM», Ha NPOHU3BOACTBE 3aMCHHTH
MEXaHUYECCKUU TPYA aBTOMATU3ALUCH U T 1.
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