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PE3YJIbTATBI OB YYEHUA (KOMIIETEHIIUU BBIITY CKHUKOB)

IInanupyemul pesynromamol 006yueHus

on
pe3yns
Tara

Pe3yabTaT 00y4yeHns
(BBIITYCKHUK JIOJDKEH OBITH TOTOB)

Ipogpeccuonanvnvie komnemenyuu

[MpumensTe  rayOOKHe, MaTeMaTH4YeCKHE, ECTECTBCHHOHAYYHBIC,  COLHUAJIBHO-
9KOHOMHYECKHE WM Npo(ecCHOHANbHBIE 3HAHUA Al TEOPETHYECKHX M IKCIIEPHMEHTAIBHBIX
HCCIIEI0BaHNH B 00J1aCTH HCIIOIb30BaHNUS SIIEPHON SHEPTHH, SIICPHBIX MaTEPHaIOB, CHCTEM yUeTa,
KOHTPOISI M (U3WYECKOH 3amuThl SACPHBIX MaTepUaANOB, TEXHOJOTHH paXualMoOHHOM
6e30macHOCTH, MEIUNMHCKON (GU3MKH W SACPHOW MEAMIMHBL, W30TONHBIX TEXHOJIOTHH |
MaTepuagoB B MPo(eCCHOHATHHON AEATETHHOCTH.

CraBuTh W peIIaTh MHHOBAI[MOHHBIC WH)KCHEPHO-(DM3MUECKHE 3aJadl, PeaIn30BbIBATH
MPOEKTHl B OOJACTH HCIIOIBb30BAHUS SACPHON 3HEPIHH, SIACPHBIX MaTEpHAIOB, CHCTEM ydeTa,
KOHTPOJsI ¥ (U3MYECKON 3alMThl SACPHBIX MAaTCPUAIOB, TEXHOJOTHH paauallMOHHOM
0e301macHOCTH, MEIUIMHCKON (GU3MKM W SIepHOM MEIULMHBI, W30TONHBIX TEXHOJOTHUH |
MaTEpUAJIOB.

Co3naBath TeopeTHueckHe, (U3UUECKHE M MaTeMaTHYeCKUEe MOJIEJH, OIKCHIBAIOLIHE
KOHJICHCUPOBAHHOE COCTOSHUE BELIECTBA, PACIPOCTPAHEHUE U B3aUMOACUCTBAE HOHU3UPYIOLIUX
M3JIyYeHUI C BELIECTBOM M KMBOW MaTepueil, (U3MKy KUHETHYECKUX SIBICHUH, MPOIECCH B
peaKkTopax, yCKOPUTEIAX, IPOLECCH U MEXAHU3MBI IEPEHOCA PAJAHOAKTHBHOCTH B OKpY KaIOIIEH
cpene.

Pa3pabareiBaTh HOBBIC aNTOPUTMBI M METOMABI: pacyeTa COBPEMEHHBIX (H3UIECKHUX
YCTaHOBOK M YCTPOWCTB; HCCICIOBAHUS HW3OTOMHBIX TEXHOJOTHH M MaTEpHANIOB; M3MEpPEHHS
XapaKTepUCTHK TOJNeH HOHM3HMPYIOMINX H3IYYCHHH; OIEHKH KOJMYCCTBEHHBIX XapaKTECPHUCTHK
SICPHBIX MAaTepPHajoB; W3MEPCHHUS pAJAUOAKTHBHOCTH OOBEKTOB OKPYXKAMOMIEH Cpemsl;
WCCIICIOBAaHUN B PaHOIKOIOTHN, MEAUIMHCKON (DU3UKE U SICPHON METHUIINHE.

OrneHnBaTh TEPCIEKTHBBI PA3BUTHS SIIEPHOW OTpAcid, MEIUIWHBI, aHAJIHM3HUPOBATH
paaraloOHHbIE PUCKU U CIIEHAPUU MOTEHIIMATHLHO BO3MOXKHBIX aBapHid, pa3pabaTbiBaTh MEPHI TIO
CHU)KCHHIO PHCKOB M 00ECMEYCHHIO SIZICPHON M PalMallMOHHON 0€30MacHOCTH PYKOBOJCTBYSChH
3aKOHAMH 1 HOPMATUBHBIMH JJOKYMEHTaMH, COCTaBJISITh SKCIIEPTHOE 3aKIII0OUEHUE.

[IpoexTupoBath U OpraHU30BHIBATH HHHOBAIMOHHEIN OM3HEC, pa3pabaThiBaTh U BHEAPATH
HOBBIC BUJBI MPOAYKIIHK U TEXHOJOTHHA, GpopMupoBaTh 3QPEKTUBHYIO CTPATETHIO W AKTHBHYIO
MOJIMTUKY PHCK-MEHEIDKMEHTa Ha NPEANPHUITAN, NPUMEHITH METONBI OICHKH KadyecTBa M
PEe3yIBTaTUBHOCTH TPYyHAa IMEpPCOHaNa, MPUMCEHATh 3HAHWE OCHOBHBIX ITOJIO)KEHUH MATEHTHOTO
3aKOHOJATEIbCTBA M aBTOPCKoro mpasa Poccuiickoil denepanuu.

OoueKkyromyprvle KOMnemeHyuu

I[GMOHCTpHpOBaTL I‘J'Iy60KI/I€ 3HaHUS COLUUAJIBHBIX, STUYCCKUX U KYJIbTYPHBIX aCIICKTOB
I/IHHOB&LII/IOHHOﬁ HpO(bCCCHOHaJ'ILHOfI JCATCIIBHOCTHU.

CaMOCTOSATEIBHO YUYUTBCA U HCIPCPBIBHO MOBLIIIATH KBaJ'H/I(l)I/IKaLII/IIO B TCUYCHUEC BCETO
nepuoaa HpO(I)eCCPIOHaJILHOﬁ JCATCIBHOCTHU.

AKTHBHO BIaJeTh HWHOCTPAHHBIM S3BIKOM Ha YpPOBHE, IO3BOJLIIONIEM paboTaTh B
WHOS3BIYHOW  cpele,  pa3pabaThlBaTh  JOKYMCHTAI[UIO,  IIPE3CHTOBATh  PE3yJbTATHI
PO eCCUOHANTBHON JeSITEIBHOCTH.

10

3(1)(1)€KTI/IBHO pa6OTaTL WHAWBUAYAJIBHO W B  KOJUICKTUBE, JCMOHCTPHUPOBATH
OTBETCTBEHHOCTL 3a PE3YJbTAThI pa60TI)I U TOTOBHOCTH CJICA0BATh KOpHOpaTHBHOﬁ KYJbTYpC
OpraHu3aluu.
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CryneHry:
I'pynna (017 (0
0AMS1 Caiipan AcemxaH
Tema paGoThI:

PA3PABOTKA YCTPOUCTBA JIJIS1 PETUCTPALIMM BUOITOTEHIUAJIOB

YTBepxIeHa PUKa30M JUpeKTopa (1ata, HoMep) ‘

Cpok ciaum CTy/IEHTOM BBIIIOJIHEHHOM paboThI: ‘

TEXHUYECKOE 3AJIAHUE:

Hcxoanbie 1aHHbIe K padoTe

(naumenosanue 06veKmMa UCCIEOOBANUSL UL NPOCKMUPOBAHUSA,
NPoOU3B00UMENLHOCHIL Hazpyska, — pexcum  pabomol
(Henpepbi8HbILL, NepUOOUHecKUll, YUKIUYecKull u m. 0.); 6uo
CoIpbs UMY Mamepuan usoeaus;  mpeboganusi K npooyKny,
us0enuio un npoyeccy; 0coovie mpebo8anusi K 0COOeHHOCmam
@yHKyuonuposanus (SKCnayamayuu) odvekma uiu uzoenus 6
niane 6e30NaAcHOCIU IKCIILYAMAYULL, 6IUSHUSL HA OKPYIHCAIOULYVIO
cpeody, sHep2o3ampamam; IKOHOMUYECKUN AHAIU3 U m. 0.).

uu

Pa3paborka  Makera  OeckOHTakHOro  mpubopa
“OnexTpomMuorpad’” I perucTpaiiui OMOCUTHAIOB U

HCCICA0OBAHHNE €TI0 XapaKTCPUCTUKH.

Ilepeyens moaJieRaMUX UCCIETOBAHUIO,
NMPOEKTHPOBAHMUIO n pa3paéoTke
BOIIPOCOB

(ananumuyeckuii 0030p NO IUMEPAMYPHLIM UCHOUHUKAM C
Yenvio BbISACHEHUsT OOCMUIICEHUI MUPOBOL HAVKU MEXHUKU 6
obnacmu, 3a0ayu

pacc,wampueae‘uoﬁ nocmaHoexka

MCC,"ZE()OGGHMH, NpoeKmupoeaHus, KOHCMpYUpoeaHus,

cooepoicanue  npoyeoypbl  UCCLe008aHU,
KOHCMPYUpOBanusl; 006CyHcOeHue pe3yIbmamos GbnOIHEeHHOU
pabomui; pasoenos,

noonedcawux paspabomke; 3aKmouenue no pabome).

NPOEeKmMupoeaHus,

HaumeHosanue QONOIHUMENbHBIX

O630p u® aHanM3 JUTEepaTypbl IO
JMICCEPTAIUH C 1IeTbI0 BBISIBIECHUS pa3pabOTKU MakeTa

TEMATUKE

€MKOCTHOTO 0ECKOHTAKTHOTO JaTYrKa
anekTpoMorpaduu. 3amavya HCCICAOBAHUS — CO3/aTh

71a00paTOPHBIX MAKET EMKOCTHHOTO AJIeKTpoMuorpada,

pa3paboTath  NpPOTpaMMHOE  OOECIEYeHHEe  JIsijI
00pabOTKM  TMONYYEHHBIX JaHHBIX, HCCIEIOBaTh
XapaKTePUCTUKU anekTpomuorpada. CpaBHUTH




MOJIy4E€HHBIE Pe3yJIbTaThl C TUTEPATYPHBIMU JAHHBIMU
U c/IeNIaTh COOTBETCBYIOIIUE BBIBOIBI.

ITepeyens rpauyeckoro Marepuaja -

(c moyYHbIM YKa3aHUeM 00513amenbHbIX Yepmediceli)

KoHncyabTaHThI 10 pa3iesaM BbIIYCKHON KBaIN(UKALMOHHON padoThl

(¢ yxazanuem pazoenos)

Pazpnen Koncynabrant

Aneitnuk Anexcannp Hukonoposuu

MdOuHaHCOBBI MeHEIKMEHT,
pecypcdppekTUBHOCTH U BepxoBsckas Mapuna BurtanseBHa
pecypcocoepexenne

Counaabuas
OTBETCTBEHHOCH

lNoronesa Tarbsina CepreeBna

The development of the
device for recording EmenbsiHoB Urops JleonumoBuy
biopotential

Haszpanus pa3aeioB, KOTOPbIC DOJKHbI ObITh HAIIMCAHBI HA PYCCKOM U HHOCTPAHHOM SI3bIKAX:

Bgenenue / Introduction

1. BuomkTpukpuyeckue oOcHOBBI djekTpomuorpadum / Bioelectric  fundamentals of
electromyography
1.1.  TIpoucxoxaeaue DMI curnanos / Origin of the electromyogram signal

2. Paspaborka npubopa u obcyxaenue pesynbratos / Development of the device and discussion
of the results
2.1.  BsiOop u pacuer coctaBHbIX 4acteii / Selection and calculation of components

Jara  BbIIa4YM  3a/laHU = HAa  BBINOJHEHHE  BBINYCKHOM
KBAJIH(HUKAIMOHHOHI PadoThI 110 JIMHEHHOMY rpadpuky

3aganue BbIgaa PYKOBOAUTEIb:

JosxkHoCcTH [5(0] Yu4eHnas creneHb, Moanuch Hara
3BaHue
Houenr kad. [1dD Aneiiauk A.H. K.(b.-M.H.
Sanafme NPUHAJ K UCIIOJTHCHHUIO CTYACHT:
T'pynna (07 (0] Hoanuch Jara
0AMSI1 Caiipan AcemxaH
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HNucturyt

Du3nko — TEXHUYECKUN

HamnpaBnenune noaroToBku
YpoBeHb 00pa3zoBaHus

(cerManbHOCTD)

14.04.02 SnepHsle hU3UKa U TEXHOJIOTUU

Maructparypa

Kadenpa

[Mpuknaggoi GU3UKU

[Tepuon BbIOTHEHUS

(ocenHnuii / Becennuii cemectp 2013/2014 yyeGHoro roaa)

dopma npeacTaBIeHus padOTHI:

MaFI/ICTepCKaﬂ auccepranusa

(baxanaBpckast paboTa, IUIUIOMHBIN ITPOEKT/paboTa, MarucTepcKast TUCCepPTaLHs)

KAJIEHJIAPHBIN PEUTUHI -TIIVIAH

BBINIOJIHEHHS BBIIIYCKHOI KBaTU(UKAIMOHHOH padoThI

CpOK cavyu CTyAC€HTOM BBIITOJIHEHHOM pa6OTBII ‘

Jata Ha3panue pasnena (MoxyJs) / MaxcuManabHbIH
KOHTPOJIs BUJ paboThl (MCCIC0BAHNA) 0ann pa3gena
(MoayJist)
17.03.2017 Paspabomxa T3 na BKP 3
24.03. 2017 Cocmasnenue u ymeeporcoeHue mexHuiecKko2o 3a0anus 3
25.03.2017-31.04.2017 | Beibop Hanpasnenuss uccied08anus u cnocobos peuieHus 3
3a0ay
1.04.2017-14.04.2017 Coop u uzyuenue HayyHO-MexXHUYECKOU AUmepamypbol 3
15.04.2017-20.04.2017 | IIpoexmuposanue u MOOeIUpo8aHue NeKMpUYecKoll
cxemvl ycmpouicmea 3
21.04.2017-27.05.2017 | H32omoenenue u mecmuposanue 31eKmpuiecKkoli cxemul 3
27.05.2017-10.05.2017 | Paszpabomka I10 ona muxkpoxonmpoanepa u I1IK 3
10.05.2017-20.05.2017 | Tecmuposanue  u  ucciedoganue  XapaKmepucmux
ycmpoucmea 3
21.05.2017-23.05.2017 | Ananus u 06pabomxa noay4eHHbIX pe3yibmamos 3
24.05.2017 0b0OweHue u oyenka pe3y1bmamos 3
25.05.2017-02.06.2017 | Ogopmaenue noscnumenvHol 3anucKu 5
02.06.2017-15.06.2017 | Iloocomoska k 3auyume BKP S
CocTtaBui npenogaBarTelib:
JL0JIKHOCTh ()7 (0] YueHasi cTeneHb, Hoanuck Jara
3BaHHE
Houenr kad. [1dD Aneiiauk A.H. K.(b.-M.H.
COI'JTACOBAHO:
3aB. kadeapoii DdPUO VYueHas creneHb, Ioanuco Jata
3BaHHUE
[Tpuxnanuoit pusuku Barnep A.P. K.(p.-M.H.




_ 3AJIAHME JISl PA3JIEJIA
«®UHAHCOBBIII MEHEJUKMEHT, PECYPCOD®®EKTUBHOCTD 1

PECYPCOCBEPE/KEHUE»
Crynenry:
I'pynna DPUO
0AMS1 Caitpan Acemxan
HHcTHTYT Du3NKO-TeXHUYECKHUil Kadenpa o
14.04.02 S nepubie

Yposes M HanpasJ/ieHue/cnenuajJibLHOCTh (1)

oBpasoBanus arucTparypa p 1 H3UKa U
TEXHOJIOTUHU

Hcxoanbie aaHHble K pasgedy «PuHAHCO
pecypcochepekeHue»:

BbIii MEHEIKMEHT, pecypcodPpPekTuBHOCTL U

1. Cmoumocmv pecypcog Hayunozo ucciedo8amus
(HH): MamepuanbHo-mexHu4ecKux,
IHePeemUu4ecKux, QUHAHCOBbIX, UHDOPMAYUOHHBIX U
YenogeuecKux

2. Hopwmwl u Hopmamugwl pacxo0osanus pecypcos
3. Hcnonvzyemas cucmema HAL02000102CEHUS,
CMAsKU HAL0208, OMUUCTEHUT, OUCKOHMUPOBAHUS U
KpeoumosaHus

MPEJCTABICHHON B
Hay4HbIX
MaTrepuanax,
U3JAHUAX,

nHpopManueH,
u MHOCTPAaHHBIX
nyOJIMKaIusIX, AHATTUTHYECKUX
CTaTUCTHYECKUX  OIOJUIETEHSX
HOPMaTHBHO-IIPaBOBBIX JIOKYMEHTaX

Pabora ¢
POCCUNCKHX

nu

Hepeqeﬂb BOIIPOCOB, MOAJIC/KAINUX UCCICTO0BAHUI0, IPOCKTHUPOBAHUIO H pa3paﬁoTKe:

1.  Oyenka KOMMEpP4ecKo2o nomenyuana,
nepcnekmueHoCmu u arbmepnamug npogeoenuss HA

OneHoyHas KapTa KOHKYPEHTHBIX
TEXHUUYECKUX pPELIEeHUN

HAYYHBIX UCCTIe008AHULL:

c nosuyuu pecypcoadpexmugnocmu u
pecypcocbepesicenst
2. IInanuposanue u gopmuposanue 0w0OHcema Hepapxuueckas CTpyKTypa paboT

SWOT-ananu3
KanenpapHslii mian-rpaduk peanu3anuy NpoeKTa

3. Oyenxa pecypchoil, puHaHco8o, coyuaibHol,
010021cemmuoil aghgpexmusrnocmu HAY4HO20
uccied08anus

Omnpenenenue pecypcoddpdHeKTUBHOCTH MPOEKTa

Hepe‘le}lb Fpa(l)l/l"leCKOFO MATECPHAJIA (c mounsiv yrasanuem obs3amenvHblx uepmenicetl)

Mampuya SWOT

Hepapxuueckasa cmpykmypa pabom
Opeanuzayuonnas cmpyKkmypa npoekma
Kanenoapnwuii nnan npoexma

brooocem npoexma

NoabkowhE

OU@HOUHG}Z Kapma KOHKYPEHRMHbIX MEeXHUYECKUX pemeHuzZ

Onpedenenue pecypcosggexmusnocmu npoekma

\ JlaTa BbI1a4M 3a1aHUd JJIS pa3/ienia o JHHEHHOMY rpaguky \

33}]3]—[1/16 BbIIAJI KOHCYJbTAHT:

JL0JIKHOCTh ()7 (0] Yuenast crenens, Hoanuck Hdarta
3BaHHe
JHouent xad. MEH
Bepxosckas M.B. K.OKOH.H.
WCTT P
3anaﬂne IMPUHAJ K UCITOJTHCHHUIO CTYJICHT:
I'pynna DUO Moamucs Jlara
0AMSI1 Caiipan AceMxaH




3AJTAHUE JIJISI PA3JIEJIA

«COIUAJIBHASA OTBETCTBEHHOCTDb»

Crynenry:
I'pynna DPUO
0AMSI1 Caiipan AceMxaH
Uncruryr OTHU Kagenpa IIpukaagnas gpusuka
Snepubie pusnka u
YposeHb 00pa3oBanus MarI/ICTp HanpasjeHue/cnenuajbHOCTD Acp (b
TEXHOJIOTUHU

Hcxoanble JaHHBIE K pa3aeiny «COIII/Ia.TILHaﬂ OTBETCTBEHHOCTb».

npedMem B03HUKHOBEHUA.

1. Onucanue pabouezo mecma (paboueti 30Hvl) HA

— BpEIHBIX MPOSBICHUN (PAKTOPOB
TIPOU3BOJICTBEHHOU Cpebl

(MuKpOKIHMAT, OCBELICHNE, LIYMBI,
BUOpanuy, 3JIeKTPOMarHUTHbIC oJIs,
MOHU3HUPYIOIIEe U3JIyueHNUe);

— OIACHBIX IPOSIBJICHHUN (aKTOPOB
HPOU3BOJCTBEHHON Cpebl (ANEKTPUUECKOH,
MOXapHOH M B3PBIBHOM IPUPOIHI).

2. 3nakomecmeo u omoop 3aKOHOOAMENbHLIX U
HOPMAMUBHBIX OOKYMEHMO8 N0 meme

—  3JIeKTpo0Oe30MacHOCTh;
— MO0XKapOB3PHIBOOE30MACHOCTS;

— TpeboBaHMA OXpaHBI TPyIa IpU pabote
Ha IIDBM.

Hepeqeﬂb BOITPOCOB, NOJJIC/KAIUX HCCIACTO0BAHUI0, IPOCKTHUPOBAHUIO H pa3pa60TKe:

NOCIe008AMENbHOCTIL

1. AHanus vlA61eHHbIX 8PEOHBIX PAKMOPO8
NPOEKMUpyemoti npou3e00CmMEeH Ol cpedbl 8 credylouell

— JeiicTBre aKkTopa Ha OPTaHU3M
YEII0BEKa;

— TIpHBE/CHHE JOITyCTHMBIX HOPM C
HEOOX0ANMOH Pa3sMEpPHOCTHIO (CO CCHIIKOM
Ha COOTBETCTBYIOIINH HOPMAaTHBHO-
TEeXHUYECKUH JOKYMEHT);

— TIpeiJIaraeMble CPeJCTBa 3alUThI
(KOJUIEKTUBHBIC ¥ HHAWBUAYAJIbHBIE).

NnoCIe008AMeNbHOCHIL:

2. Ananu3 vis61eHHbIX ONACHBIX PAKMOPOE
npoexmupyemou npou3eedEéHHol cpeosvl 8 cledyrouel

— 2JIeKTPOoOE30IaCHOCTS (B T.U. CTAaTHYECKOE
ANIEKTPUUYECTBO, CPEJCTBA 3ALIHTHI);

— TO0XapOB3pPHIBOOE30MACHOCTh (TIPUYUHEI,
MpOGUIAKTHUECKUE MEPOIIPUATHS,
MIEpBUYHBIE CPEACTBA MOKAPOTYILICHNUS).

‘ JlaTa BbIIa4M 3a1aHUA 1JI5 pa3/iesia no JuHeiHoMy rpaduky ‘

3agaHue BbIIAJ KOHCYJbTAHT:

JI01KHOCTD ®UO Yuenan ctenen, Hoanucey JlaTa
3BaHHE
Accucrent kad. I1K I'oronesa T.C. K.(h.-M.H.
3agaHue NPUHAJ K HCIIOJHEHHIO CTYICHT:
I'pynna DUO Hoamucen Jara
0AMSI1 Caiipan AceMxaH




Pedepar

Brimycknas kBanudukanuonHas padora coaepxkut 107 ct, 22 pucynku, 16

HMCTOYHUKOB, 16 TaOGmuIlel ¥ 1 IpUIoKEeHHE.

KitoueBbie cioBa: anexkTpoMuorpadusi, 3jeKTpoMuorpad, 3JIeKTpoMuorpaMma,

OMocHurHaj, OMONOTEHIMA)I, 0ECKOHTAKTHBIN JaTYHK.

OOBEeKTOM HCCIeNOBaHUSl  SBIAETCA pa3pabOTaHHBIA  YCTpOWCTBA IS

perucrpanumn 6I/IOHOTCHHI/IaJIOB.

HGJ'IB pa6OTBI - pa3pa60TI<a MaKkeTa €MKOCTHOTO OECKOHTaKTHOI'O JaTdyrKa

BHeKTpOMI/IOFpa(i)I/II/I JJIA UCITIOJB30BaHUA B MCANIITMHCKHUX LCIIAX.

B xome paboTbl ObUI M3rOTOBIIEH MakKeT €MKOCTHOrO 3JeKTpoMuorpada u
oporpaMMHOe oOecrieyeHue [UIsl aHajiu3a IMOJYYEHHBIX JaHHBIX C YCTpOICTBa,
MIPOBE/ICHA 3JIEKTPOMUOTpaMMa Ha MOJIYYEHHOM NOpHOOpe, MOTYyYEHHBI JAHHBIE O

MBIIIIE TaJblla, U3MEPEHbI XapaKTEPUCTUKH AIEKTpomMuorpada.

BrinyckHast kBanu(uKalMoHHasi padoTa BBINOJIHEHA B TEKCTOBOM PEIAKTOPE
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BBenenue

JIist uccienoBaHMsl MBIIIEYHOM CHUCTEMbI IIPUMEHSETCS METOJ, Ha3bIBAEMBIN
anekrpomuorpadus (OMI'), KoTOpBIii 3aKiI0O4aeTcs B PETUCTPALMU IEKTPUUECKUX
IIOTEHUIHAJIOB MbIII. Eciyu MblIIa HAaXOAWUTCSA B COCTOSHUM MAaKCHUMAJIBHO
BO3MOKHOT'O paccialieHust, To 00bIYHO OMO3JIEKTPUUECKAasi aKTUBHOCTh OTCYTCTBYET.
[Ipy HEOOJBIIMX MBIMIEYHBIX COKpPAUIEHUSX BO3HHUKAIOT KOJIEOAHUWsS, aMIUIUTYAA
kotopbix gocturaer 100—150 mxB. OqHako npon3BOJIbHOE MAKCUMAIbHOE MBIIIEYHOE
COKpAIllCHHE NPUBOAUT K Pa3IM4YHBIM 3HAYCHUSAM NOTCHIMAJIA y Pa3HBIX JIOACH U

MOJKET IOCTUTaTh B HOpMe 3HaueHus 1 — 4 mB.

Hcnonb3oBaHne  OECKOHTAKTHOTO  JaTYMKa  MO3BOJIIET  MCKIIOYUTH
HEOOXOAMMOCTh XOPOILEro 3JIEKTPUUECKOT0 KOHTakTa ¢ Koxked. Takol JaTuuk
paboTaer 3a CYET HAMYUS EMKOCTHOM CBSI3M MEXKIY 3JEKTPOJAOM U TEJIOM U B 3TOM
ClIy4ae MOSBIIIETCS BO3MOKHOCTD ITPOBEICHUS N3MEPEHUN uepe3 oaexay. Hanexuprin
JaTYUK JUIS W3MEpPEHUsl DJIEKTPOMUOTPAMMBbl JOJDKEH 00JafaTh CIEAYIOLUIMMHU

KadyeCTBaMu:

- HE MOTPEeOISATh TOK U3 OpraHu3Ma, YToObl OBITH O€30MACHBIM;
- UIMETh 0Y€Hb OOJIBIIIOE BXOTHOE COTIPOTUBIICHUE;

- UMETh OYC€Hb MaJICHbKUN YPOBEHB IITYMOB;

- OBITh OTHOCUTEIHHO HEAOPOTHM;

- 001agaTte OMOCOBMECTUMOCTBIO.

Takolt paT4uk MOXKET OBITH PACIOJOXKEH Ha PACCTOSHUU OT Tela WU
OCYUIECTBJIATh (PU3UUECKUI KOHTAKT C HUM Yepe3 U3OJSUOHHBIA OMOHEUTpaIbHbIN
Marepuai. Cepbe3Hble TPEUMYILECTBA TAKUX JATUUKOB MPOSIBISIOTCS IPU U3MEPEHUU
B MecTax OOLIMPHBIX 0XOTOB, KOTJa HEOOXOIUMO KOHTPOJIMPOBATH AJIEKTPUUECKHUE
curHasibl oT Tena. Ilo 3ToMl mpuymHe pa3paboTKa TEXHUYECKUX CpPEITB IS
uccaenoBanus pu3nosorudeckux 3P GHeKToB ABIIETCS BECbMa aKTyaIbHOM 3aja4eil Ha

CETOTHAIIIHUMN JEHb.
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1. buo3sekTpuYecKHe OCHOBBI 3JIEKTPOMHOTpaduu
1.1. IIpuHUMD perucTpanuM 3JeKTPOMUOTPAMMBI

OJNIEKTPUYECKYI0 AKTHUBHOCTH MBI MOXXHO PA3[CIUTh HA CIOHTAHHYIO M
AKTUBHOCTb, BBI3BAHHYIO BHYTPEHHHM BOJIEBBIM HMITYJIbCOM WM OOYCJIOBJICHHYIO
HCKYCCTBEHHBIM HMITYJIbCHBIM BHEIIHMM BO37€iicTBHEM. BHemHee Bo3zeilicTBue
MOXET OBITh MEXaHUYECKUM WIH JIEKTPUUECKUM, HAIPUMEDP, yIap MOJOTOYKOM IIO
CYXOXXUJIMIO MBI DIEKTPOMHOTpaMMa MPECTABIAECT COOON KPHUBYIO, KOTOpas
PETHCTPUPYET DSJEKTPUYECKYI0 AaAKTUBHOCTH MbIII. J[I1 3TOro mnpumeHsercs
crnenuaibHbld Ipubop — 3JeKTpomMuorpad, KOTOpbId PErHCTPUPYET HU3MEHEHHE BO
BpEMEHM pa3HocTH noreHuuanoB. B 1884 romy BaeaeHckuil BHepBbIE
3apEruCTPUPOBAT PUTMHUYECKHE MPOLECCHl B 3JIEKTPUUYECKONM AKTUBHOCTU MBIIII]
yesoBeka. J{Jis 3Toro oH ucnosib30Ball TeaeoHHOE YCTpocTBO, a B 1907 rony Ilum-
Ilep ucnone3yss CTPYHHBI TrajJbBaHOMETP CyMeEd 3aperuCTPpUpOBATH IMOTEHIMA
NEUCTBUS B MbIIax Ipeamieubs denoBeka. Haumnaga ¢ 30 — 40 romoB 20 Beka

HAYMHACTCSA HHTCHCUBHOC N3YUCHUC 3JICKTPOMHUOI'PAMMEIL.

Ha ommHOYHOE BO3AEHCTBHME MBIIIIA PEArUPYET OJMHOYHBIM COKPALICHHUEM.

[Ipu 3TOM MOXKHO BBIIEIUTH TPU (Da3bI:

1. nmarentHeid nepuoa(or 2-3 mo 10 Mc), mIsSImuics OT MOMEHTa HAHECCHUs
pa3apaKeHMs 10 Hadaja COKPAILCHHUS;
2. (dasza ykopoueHus wiu cokpamierus (40-50mc);

3. (aza pacciabnenus (okojo 50mc).

CaM TpUHIMI ~ PETUCTPALUM  DJIEKTPOMHOTPAMMBI TMOXO0X Ha PETHCTPAIUIO
anekTposHiedanmorpammer OO wimm  anekTpokapauorpammbl DKI. B coctas
AKCIEPUMEHTAIILHONW YCTAHOBKH BXOJST 3JIEKTPOJIbl, KOTOPHIE OTBOJAT TMOTEHIINAIBI
MBIIIIBI, Jlajiee YCUJIUTEIh JTUX TMOTEHIIMAJIOB W HAKOHEI], PETUCTpUpYolIee

YCTPOMCTBO.
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1.2. Buasl 3jaekTpoMuorpadguu

Mo>xHO BBIACIUTD CIICAYIOINC BUIbI BJIGKTpOMI/IOI‘pa(i)I/II/I:

1. snexTpoMuorpadusi ¢ MOMOIIbIO UTOJbYATHIX 3JIEKTPOJIOB, KOTOPHIE BBOJATCS B
MBIIIILY;
2. BIEKTpOMHOTpadus C UCTIOIb30BAaHUEM HAKOKHBIX JJICKTPOIOB;

3. CTUMYJISIIMOHHAS 3JIEKTpoMuUorpadus.

B nepBoM ciydae 3JEKTpOABI PETUCTPUPYIOT H3MEHEHHS IOTEHIMana B
OTJAEJIBHBIX BOJIOKHAX WM B TPYyIIIE BOJOKOH. [Ipym HCIIONB30BaHMM HAKOKHBIX
AJIEKTPOJIOB, OYJIET 3aperucTpupoOBaHa CyMMapHasl »3JeKTpoMuorpamma. B nanHom
cllydae 3aperucTpUpOBaHHAsI AJIEKTpUYECKash aKTHUBHOCTh OyleT OTpa)kaTh YHCIIO
AKTUBHBIX JBUTATENIbHBIX €IMHMI] B JAaHHBII MOMEHT BPEMEHHM, a TaKXe 4acTOTy
reHEpALMK NOTEHIUAIA B KaXKJOW €IMHMUIIE, YTO B CBOKO OYEPEb OTPAKAET CTEIICHb
CUHXPOHU3ALMK TeHEepupyeMoro  Bo3OyxaeHus. [Ipu TOBBIIEHHH  CTEIECHH
CUHXPOHM3allMM, AaMIUIMTYyJa TIOTEHIMAJIOB JIEMCTBHUS BO3pACTaeT, a 4acroTa
yMeHblaeTcs. JlecMHXpoHU3alusi BO3HUKAET B Clydyae BO3HUKHOBEHHUS! OOJIBLIOTO
Yycia HEOONIBIIMX KOJIEOaHUM, MPHU ATOM OJHOBPEMEHHO YMEHBIIIAETCS KOJUYECTBO

BOJIH UMEIOIINX OOJIBIIYI0 aMITUTYY.

ITo Mepe yToMIIEHUSI MBILILIBI aMIUIATY/1a ITOTEHIIMAJIOB JIEMCTBUS BO3PACTAET,
a UX yacTtoTta yMeHbmaercs. JlaHHbii (akT MOXKET CBUIETEILCTBOBATH O
HApACTAIONIEM YTOMJICHMH. BBICOKas CTENEHb CHUHXPOHU3ALMU OTMEYACTCS MpPH
HaJIMYUM MAaKCUMAJIBHBIX HArpy30K Ha MBILIIY, KOTOpasl 3aTE€M B KOHLIE YACPKAHUS
YCUJIMS ¥ TIOCTIEAYIOIIEM DPa3BUTHM YTOMIICHUS, MEPEXOIUT B AECUHXPOHU3ALIMIO, B

9TOM CJIy4dac aMIIMTyaa IOTCHINAJIOB I[CﬁCTBH?[ YMCHBIIACTCH.

CTUMYSIIMOHHBIC METOABI MPUMEHSIOTCS B dJIEKTpOMUOTpaduu  JOBOJIBHO
yacto. [Ipr 3TOM 3a CHET HAKOKHBIX AJIEKTPOJIOB HAJIOKEHHBIX HA JIBUTATEIIbHBIC
TOYKM TMPOU3BOJMUTCS CTUMYJISIMS MBI C MNOCJIEAYIOUIEH perucTpanue u
aHaJM30M OTKJIMKAa Ha 93TO Bo3jAcicTBHE. THum HE0OXOAUMOIO >JIEKTpoja

BBI6I/Ipa€TC$[ B 3aBUCHUMOCTHU OT ueneﬁ IMPOBOJUMBIX JSKCIICPHUMCHTOB. I[J'ISI TOI'O
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YTOOBI YBCIIMYNUTH IPOBOAUMOCTD KOKH Ha €€ ITIOBCPXHOCTh HAHOCAT CHCHH&HBHBIﬁ

renb (WM SJACKTPOAHYIO TACTY).

Curnan OMI' 10CTaTOYHO CIIOKHO aHAIM3UPOBATh BU3YAJIbHO, TaK KakK OH
MMEET IIYMOBOM XapaKTep C MHUPOKUM cIIeKTpoM. [lo3TOMy METObI KOMITBIOTEPHOU
00pa0OTKM CHUTHAJIOB MOJYYWIM IIUPOKOE PacHpOCTpaHEHHUE. Hanuune B
AJIEKTPOMHOIpaMe OOJIBIIOrO KOJMYECTBA  BBICOKOYACTOTHBIX KOMIIOHEHT OBLIO
MIOJIy4YeHO UMEHHO TakuMm crocobom. [loatomy mist peructpauuu curiaioB OMI
OPUXOJUTCS UCIOIb30BaTh TOCTATOYHO PACIIMPEHHBIA JUANa30H YacTOT : BEPXHSS

noJioca 3toro guanaszona — 10-20 kI'1, a HukHAs orpannyeHa Ha ypoBHe — 2-10 I,

Jlig mpumepa, Mblna-crudaTesnb —IMajbla YelOBEeKa HMMEET XapaKTepHYIO
gactoty — 113 TI'm. MakcumanpHas 4YacTorTa CHUHXPOHHOIO OTKJIMKA IIpU
pa3siApaXeHUM OTACIbHBIX JABUIATEIbHBIX HEPBHBIX BOJIOKOH JIATYIIKHA COCTAaBISAET
— 300 I'm, omnTumanbHOU sBIIsIeTCS 9acTota — /5-150 I'm; MBImICYHBIC BOJOKHA —
150 Tn, ontumambhHas — 20-50 I'm. MakcumanbHas 4YacTOTa MMITYJIbCOB B
JBUTATEIbHBIX HEpBax TeEIUIOKpOBHBIX Oombmie 1 kI'm. Ilockonbky pa3nuuHble
MBIIIEYHbIE BOJOKHA  O0JIalalOT pPA3IMYHBIMU CBOWMCTBAMHM, TO B PE3yJbTaTe
OPOUCXOINUT UX Hallo)keHHe.  C pOCTOM BEJIMYMHBI COKPALIEHUSI PACTET YacTOTa
MMITyJIbCOB. MaKcuMalbHasi 4acToTa COKpAUIeHUH CIOCOOHA JIOCTUYb BEIMYMHBI
160-190 I'i, omHako B cay4yae yTOMIECHHUH MBIIIIBI MPOUCXOAUT YMEHBIIICHHE ITOTO

3HA4YCHHMHI.

B snexrpomMuorpamme conepKuTCs BakHas WHQOpMamuMs HE TOJBKO O
COCTOSIHUM OTIEIBbHOW MBI, HO TAKXE€ M O COCTOSSHUM LUECHTPAIHLHON HEPBHOMU
CUCTEMBI (CIIMHHOM M TOJIOBHOM MO3T), KOTOpasi  yOpaBisieT BCEMH MBIIIIAMU. JTO
CBSI3aHO C TE€M, YTO IMOCHLIasi MBIIIIAM CUTHAJIbI, MO3T YIPABISAET JBHUIATEIbHBIMU

(YHKIUSAMMU.

OMI' gyacTto mpuMeHsieTcss B (PU3MOJIOTUM JJIsI UCCIICIOBAHUS JIBUTATEIIbHBIX
GyHKIIMKA dYeloBeKa W OJKMBOTHBIX, TIPU HMCCJICIOBAHUSX HAIMpPABICHHBIX Ha
TOMJICHHE, a TaKKe pH pPEIIeHWM MHOTMX Ipyrux 3azgad. IIpm mpoBemeHnn

2

QJICKTPOANHAMHNYCCKHX I/ICCJIGI[OBEIHI/Iﬁ ABMOKCHHUA 4YaCTO HNPUMCHAKOT BHCIIHHC
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QJICKTPOAbI, KOTOPLIC 3aKpPCIUIAKOTCA  HaAl MBILHHCI;'I, XapaKTCPUCTUKHA KOTOpOfI
HCO6XOI[I/IMO HU3MCPHUTD. 3areM HCIIOJIB3YA MHOTOKaHaJIbHbIN BJIGKTpOMI/IOI‘pa(b,

PETUCTPUPYIOT IJICKTPOMHUOTI'PAMbI HCCKOJIBKHX MBI OAHOBPEMCHHO.

[ToTenmman nedcTBUSI MUMHUYECKON MYCKYJIATypbl OOBIYHO PETUCTPUPYIOT MIPU
MPOBEJICHUN TICUXOJOTHUYECKUX uccienoBannii. Crnenupuky pedd MOXKHO
UCCJIeIOBaTh C TOMONIBI0 aHalM3a NOTEHIMAIOB HIDKHEW ryObl. Peructpanus
pPEYEBBIX  DIIEKTPOMHUOIPaM,  KOTOpBIE MPEACTABISAIOT COOOM  pETrUCTPALMIO
NOTEHIIMAJIOB JIEHCTBUS CTEHEPUPOBAHHBIX PEUEBBIMU MBIIIIIAMU, TTOMOIJIA TTOKA3aTh,
YTO MEXaHU3M “BHYTPEHHEH peun paboTaeT UCHOb3ysl MPUHIIUI OOPATHOW CBSI3H.
[Ipu xenaHuu NIpPOU3HECTU 3BYK, HEPBHBIC BOJIOKHA MPUBOJST B JIBUDKEHUE PEUYEBbHIC
OpraHbl, a 3aTeM B MOCJEIYIONINE KoJeOaHus s3bika, T'y0, TOPTaHU BO3JIEUCTBYIOT
Ha Mo3r. CieayeT OTMETUTh, YTO B AJIEKTPUUECKUX TMOKa3aTEeIsAX TAKKE OTPaAXKaIUCh
COOTBETCTBYIOIIME TMPOILIECChl TaK Ha3biBaeMoil (Hemoul peun). B sTom ciyyae
oOHapy’keHa 3aBUCUMOCTD CJIOB, KOTOPBIE MMPOU3ZHOCSTCS MPO ce0s U BOSHUKAIOIIUMHU

IIOTCHIOHMAaJIaMH OT MBIIII I'OJIOCOBBIX CBA30K.

B Hacrosmee Bpemsi 3JE€KTpOPU3UOIOTUUECKHE  METOJAMKUA  U3MEPECHHS
MOTOPHOW (DYHKIIMU TJIAJKUX MBI BHYyTPEHHUX OPraHOB BCE Yallle BHEAPSIOTCS B

MEIULMHCKYIO TPAKTHUKY.

Hanuuue pa3nuuHbIX BUJOB MIPOTE30B KOHEYHOCTEH: KOCMETHYECKUE, TSITOBBIE,
OMORJIEKTPUYECKUE U IPYTUe MPUBOIUT K HEOOXOIUMOCTH PEIIaTh JOMOJTHUTEIbHBIC
3amaun. Hawmboliee BaXKHBIM U3 ITUX KPUTEpPHUEB sBIsiETCS 3(DPEKTUBHOCTH MPOTE3a —
JIETKOCTh M €CTECTBEHHOCTh YyIpaBjieHUs. B 3ToM ciiyyae Hanbosee onTUMaaIbHBIMU
SBJISIFOTCSL  OMODJIEKTPUYECKUE TMPOTE3bl, KOTOPHIE TIO3BOJISIIOT  UCIIOJIB30BATh
(bU3HOTOTHYECKUE CUTHANBI U1 yIPABIICHUS JBMIKEHUSIMH KOHEUYHOCTEH 370POBBIX
moneit. OIHaKO KaK BBISICHUJIOCH, TaKUE CUCTEMbI 00JaaloT Ae(PUITMTOM BXOJTHOU
ynpasisitoniieit uHopmaruu. Jljis pemeHuss 9TOM 3aladd  HEMOCPEICTBEHHO B
nepuepuifHplii HEPB HMIUIAHTUPYIOT JJICKTPOAbI, 3aT€M MYTEM pPETruCTpaiuu
ANMEKTPUUECKUX YIPABJISIONIMX CUTHAJIOB OT HHUX JaHHas MpoOjieMa pemraercs

JIOBOJIBHO JIETKO.
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B HacTosiee BpeMsi MHTEHCHUBHOE Pa3BUTHE TEXHOJIOTMHA MHUKpPOOOpPaOOTKH
MaTepraioB MO3BOJUJIO CO3/1aTh HECKOJIBKO BUIOB YCTPOMCTB JJISl UMILIAHTALUA —
MUKPORJIEKTPOAHBIX MaccuBoB (MOM), KoTopbIe TpeAHa3HAYEHBI 1JIS1 IOJITOCPOYHOTO
BBEJICHHS B HEPBHYIO CHUCTEMY 4YEJOBEKa, a TaKXe pa3padOTKU HAJIEKHOTO H
06e3omacHOro  (hU3MOJIOTMYECKOTO COCNMHEHHS C HEOOXOIUMBIM KOJUYECTBOM

HCPBHBIX BOJIOKOH.

[Ipu pa3paboTke Takux OHUOJOTMYECKH YMPABISIEMBIX MPOTE30B OCHOBHOMU
3ajayeil sBisieTcd HEOOXOAUMOCTh OINpEACICHUs] METO/a W3BJICUEHUS JaHHBIX O
OPOU3BOAMMOM (AHTOMHOM MEpEMEIICHUH TMalueHTa, BO BpeMsl KOTOPOTO
MMILIAaHTUPOBAHHBIE MJIM MOBEPXHOCTHBIE AMEKTPOJIbI KYJIbTH (POPMHUPYIOT 3a CYET
JJIEKTPUYECKON AKTUBHOCTH MBIIIL] MUMITYJIbChI, ITOJAOIIAECS HAa YCWIHUTEINb, 4TO
ITO3BOJISIET TOJYYNUTh XapPAKTEPUCTUKH U BUJ COBEPIIAEMOTO ABMKEHHUS. 3aTEM TAKUE
BEJIMYMHBI 00pabATHIBAIOTCS JIsl IPEBPAILCHHS B HEOOXOIMMBIE CUTHAIBI YIIPABICHUS
JUIL OCYLUECTBJICHUS JBWIKCHHSI WCIOJHUTEIBHOIO MEXaHM3Ma HCKYCCTBEHHOM

KOHCYHOCTHU.

CoBEpHIEHHO OYEBHIHO, YTO ISl CO3JAHMUS KAYE€CTBEHHBIX IPOTE30B C
HCIIOJIb30BAHUEM OHOJIOTHYECKOTO WIA HEUPOIIEKTPUUYECKOTO  YIPABIICHUS
HEOOXOOUMO WMETH KauyeCTBEHHBIN u CTaOWJILHBIN curHai. [lostomy
MepBOOYEPEIHON 3a7aueil mpu pa3pabOTKe TaKuX MPOTE30B — SIBISETCSA pa3paboTKa
YCUJIUTENS OWOIOTEHIIMAJIOB, OIpe/eieHNe HAIC)KHOTO YCTPOUCTBA IJICKTPOIAOB U
METOJIa UX HAJIOXKEHUSI, a TAaKKE HAXOXKIECHHUE HEOOXOIUMBIX MECT KpEeIJICHUs] WU

HMILIIaHTalluH.

['maBHy10 mpoGieMy BO BpeMsi MPOESKTUPOBAHUS YCUIIUTENSI OMOMOTEHLINATIOB
npecTaBiIsieT HeOOobLIas aMIUIUTYa JIEKTPOMUOTPAPUUECKUX CUTHAJIOB, KOTOPas
JUTSL 3JI0POBOTO YE€JIOBEKAa BO BpPEMsI MAKCUMAJIBHOTO COKPAILEHHUS MBIIIIBI UMEET
BenuunHy 20 MxkB — 2 MB. Cnenyer ydecth, 4TO BUJ MOJE3HOTO CUTHAJNA MOXKET
UCKAXKaThCs 32 CUET HAJIOXKEHUSI IITYMOB, aMIUIUTY/1a KOTOPHIX OOBIYHO CYIIECTBEHHO
npeBocxoauT cam DMI'-curnan. Kpome toro, dacrora cereBoii HaBoaku (50 I'm)

OKa3bIBa€T HAMOOJIbIIIEE BO3JCHCTBHME HA PETHCTPUPYEMbBI CUTHAI B JHAMa30HE
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gactoT, paBHOM 20-500 I'm. Ilpm HaiMumm OOJABIIOTO  PACCTOSHHS MEXKITY
AJIEKTPO/IAMU YBEJIMYMBAETCS BO3MOXKHOCTb BO3HHMKHOBEHHS IIYMOB B IIOJIE3HOM
CUTHaJe, KOTOpbIE CBS3aHbl C I'€HEpalUeil IIyMOB B COECIUHUTEIBHBIX MPOBOJAX.
Crnenyronas cepbe3Hass TPYJHOCTh BO3HHMKAET 33 CUET IOSIBICHMS NEPEKPECTHOU
IIOMEXH OT COCEIHEN rpymiibl M. Eciii 0IHOBPEMEHHO POUCXOANUT PETUCTPALIUS

AIIEKTPOKAPANOTPAMMBbI, TO BO3MOXKHO €€ BO3/IEHCTBUE Ha (POPMY DIIEKTPOMHOTPAMBI.

Takum oOpa3oMm, OCHOBHOM 3aJauell B 3TOM Cilyd4ae SIBISIETCS MaKCHMAaJbHOE
ocnabJieHue B3aMMHOTO BIIMSHUSA JJICKTPUYCCKOW AKTUBHOCTH COCEIHHMX MBIIIII,
Tax kak mpote3 npexacrapisieT co00 HOCUMOE YCTPOMCTBO, TO Ha HEr0 MOCTOSHHO
BO3/ICHCTBYET OKpY’KaloIas cpefa: Halu4he MoTa Ha KOXKE WHBAIUAA MPUBOIUT K
YXYALIEHUI0 €€ KOHTAKTa C OJJIEKTPOJAaMH, TaKXKE BO3MOXKHO IOSBJICHHE
MEXaHMYECKOTO BO3/ACUCTBUSA Ha 3NEKTponbl. Kpome Toro, ciemayer mpuHUMATh BO
BHUMaHUE 3 ()EKT MOMIPHU3AIIIO FIEKTPOAOB, HAJTMUKE BHICOKOTO UMIIEIaHCa KOXKH,
Ha/IeKHOCTb KPEIJICHUs! 3JIEKTPOJI0B U 1p. Benencteue toro, uto ammiutyna OMI™ —
CUTHaJa OTIUYAETCS Y PA3HBIX JIIOJICH U ITIs1 Pa3IMYHbIX BHIOB MBIIIIIL, TO IPUXOAUTCS
BBIOMpPATh PETYIHPOBKY KOd(DPUIMEHTa YCHUIUTENS] B JOCTATOYHO IMUPOKUX

npeaenax.

Tounas peructpanus MOTEHIMala OCYILECTBIISIETCS 3a CYET
HEMOCPEACTBEHHOIO KOHTAKTa AaTYMKa C T€JIOM. B 3TOM cilyyae Mexay JaTYMKOM U
KOJKEM BBOJMTCS BJIEKTPONPOBOASALIMUA TIeib. XOTS HaIW4yue Tres MNPUBOAUT K
3HAYUTEIIbHOMY YJIYUYIIEHUIO KAY€CTBA KOHTAKTA, 3TO MOKET MPUBECTU K CEPHE3HBIM
HEJIOCTaTKaM. ['elb B COCTOSHMM PacCHpOCTPAHUTHCS II0 ITOBEPXHOCTU TeJa, B
pe3ynbTaTe 4ero o0pa3yercss KOPOTKOE 3aMbIKaHUE MEXKIy JAardynkamu. Clenyronum
HEJIOCTATKOM  TNPUMEHEHMS  Trejid  SIBJSIETCS.  HEBO3MOXXHOCTH  MPOBOJUTH
JOJTOBPEMEHHBIE M3MEPEHHMs, TaK KakK TIellb MOXET BbICbIXaTh. Hamuuue rens B
KOHTaKTE HE TO3BOJISICT OPraHW30BaTh JUHAMUYECKHE HU3MEPEHUSA, TO €CTh KOrja

NAlUEeHT UCTIBITHIBACT (PU3UYECKYIO HATPY3KY.

I{HH YCTPpAHCHUA JOTHX Ol“paHI/IeHI/Iﬁ OBLIO CACIaHO MHOI'O IIOIIBITOK JJId

HCKIIOYCHHUA KOHTAKTa AJaTdYuKa C KOJKEH. OILHI/IM HUX TAaKHX BAPHAHTOB ABJIAACTCA
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MMPUMCHCHUC CBCPXIIPOBOAINUX MATHUTHHUX CHCTCM. HOI[O6HBI€ CHUCTCMbI HMCIOT
BBICOKYIO 9YYBCTBHUTCJIBHOCTL W ITIO3BOJIMJIN YBCIUYUTHL PACCTOAHHC IJIs1I U3MCPCHHA
ImorcHoualia 10 HCCKOJIbKUX CAHTUMCTPOB OT TCJIA. OI[H&KO JJIA UCITIOJIB30BAaHMS TaKHUX
CUCTCM IMPHUXOJUTCA HPUMCHATb KPUTI'CHHBIC TCMIICPATYPbI, OHX JOCTATOYHO JOPOTH U

TPeOYIOTCS 3HAUUTEIIBHBIC YCHIINS, JUTSI OOCCIICUCHHS XOPOIIETO SKPaHUPOBAHHUS.
1.3. IIpoucxo:xkaenue IMI' curuanon

JIBI>KEHUE Tena ABISETCA pe3ysIbTaToM cokpaiieHus Mbim [ 1]. Kak nmoka3zano Ha
pucyske 1.1, Tun cokpalleHHs 3aBUCUT OT HAPSDKEHUS MBIIIL (CHIIBI JEHCTBYIOLIEH
Ha 00BEKT) U Harpy3ku, (IPOTUBOJACICTBYIONIAs CHJIA, C KOTOPOH OOBEKT IEHCTBYET
Ha Mblly). [Ipy M30TOHMYECKOM COKpAllleHWH MOCTOSHHOE HANpPSKEHUE MBILIIbI
MIPEOJIOJIEBAET HArpy3Ky M MPOMCXOAUT COKpallleHue Mblmnbl. B ciydae
MU30METPUYEKOT0 COKpPAICHHsI HAPSHDKEHUE MBIIIIBI IPOUCXOIUT, OJHAKO HArpy3Ka
HE JIBIDKETCs (Hampumep, NpH AaBiI€HUM Ha cTeHy). [Ipu Takom BHae COKpallleHHs
MOXET OBITh JOCTUTHYTO MaKCUMaJIbHOE HANPSHKEHUE MBIIILBI, OJHAKO COKpAICHHUE

MBIIINBI HC3HAYUTCIIBHO.
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Pucynox 1.1. 3oToHn4eckoe u n3oMeTpudeckoe cokparienus [1].

HpI/I pa3pa60TI<e IIPOTC30B BAKHBI OCO3HAHHBIC ABHJKCHMA, HAIIPUMCP, TAKHUC
kak 3axBar. CkeneTHbIC MbBIIIIBI  ABJAOTCA CAWMHCTBCHHBIMU, KOTOPBIC MOTYT

YIPaBIATHCS OCO3HAHHO.

OHH f1enaroT 3TO € pa3NMYHON CWIOW U Pa3IMYHBIMHA MIPOMEKYTKaMU BPEMEHU,

KOTOPBIC ABJIAIOTCA (bYHKHI/ISIMI/I MOTOpHOﬁ KJICTKH.

MoTOpHBIE KJIETKH COCTOST W3 MBIIICUYHBIX BOJIOKOH (yIJWHEHHBIC MBIIICUHBIC
KJIETKHW) U MOTOPHOTO HedpoHa. [Ipu CTUMYISIIIMU MOTOPHBIM HEHPOH T€HEpUpPYET
AIEKTPUUYECKUN HMMITYJIbC, KOTOPBIA IBUKETCA MO aKCOHY, BbI3bIBAs COKpAIlCHUs
MBI, TPUCOEANMHEHHBIX K ATOMY HEUpOHY. B pesynbrare KaxKJo€ MbIIIEYHOE
BOJIOKHO  JICTIOJISIpU3YeTCS U JICNOJsIpU3alusl  paclpocTpaHseTcss B 000UX
HaIpaBJICHUSX BAOJb BOJIOKHA [2]. [loTeHman neicTBrs, KOTOPbIi BO3HUKAET 3a CUET

JBUYKEHUSI MOHOB Uepe3 KaHalbl KJIETOK, TeHEPUPYET BOKPYT MBIIIIEYHOTO
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BOJIOKHA 3JIEKTPOMArHUTHOE M0JI€ — MOTeHIH A AeicTBUs MoTopHOU KieTku (ITIMK).

MoTopHbI€ KIETKA MOTYT COCTOSITh U3 HECKOJIBKUX COTEH MBIIIIEYHBIX BOJOKOH
JUTISL OCYILIECTBIICHUSI KOHTPOJISI TOYHBIX JBM)KCHHM, HalpuMmep, JBHXKEHUE TJa3 U
rpyOBIX (MBIl BBIICPAKUBAIOIINE TAKECTh). Tak Kak MbIIIICUHbIE BOJIOKHA BHYTPH
MBIl PACIPEICICHBl Xa0TUYHO, CTUMYJISLINS OJTHOW MOTOPHOM KJIETKH BBI3bIBAET

c1aboe COKpaIleHUe BCeH MBIIIIIHI.

Jlenonsipu3anyisi MbILIEYHBIX BOJIOKOH COBIA/IaeT BO BpeMeHU. TakuM o0pazom,
MOTEHLMAN ACUCTBUSA MOTOPHOHM KIIETKU MPEACTaBisieT co00il MPOCTPaHCTBEHHO-

BPCMCHHYIO CYIICPIIO3NIHIO OTACJIBbHBIX  IIOTCHLHAJIOB I[GflCTBPIfI KaXXJ010

MBIINICYHOI'O BOJIOKHA KaK ITOKAa3aHO Ha PUCYHKC 2.

— %
e =i 1 \/\
A -+
B & Btes 2 \ f
A +
53 i
i ‘-t:fé— +
L'u'ff‘_?tv‘t'{i'.‘ll’.‘/'. :
=5 R n
@ -MoToHelpoH
hi(t)
TeoMeTpHYecKoe Txaneprie
pac‘n(mmxcmlc H (ﬂ\;ncpnouﬂum
MVICKTPOIOB H o : ’
VIEKTPO/IHBIC SHTIHATG
AR TR HLIX L POJIHBIC | nnremum.um
BOJIOKOH PHIBTPEI J1eHCTBHS

Pucynok 1.2. CxemaTtnueckoe npeACcTaBlI€HUE TeHepalluy MOTEeHIaNa 1eCTBUS

motopHoit knetku (ITIMK) [2].

JIrobast yacTh  MBIIIIBI  MOXET  COACPXKaTh  MBIIIEYHbIE  BOJIOKHA,
npuHagiexamnme 20-50 MoTopHBIM — KjeTKaM. IIpM  COKpallleHuHW MBI
MHOTOYMCJICHHBIE ~MOTOPHBIE KIIETKM HEOJHOKPATHO CTUMYJUPYIOTCS. OTHU

BO30YX/IEHHSI OOBIYHO MPOUCXOMSIT ACHHXPOHHO [IJII TOTO YTOOBI OOECHECYHTH

IUIaBHBIC ABWKCHUA W CHU3WUTL YCTAJIOCTb MBbIIIII. PGSy.TIBTaTOM B036Y)KI[€HH$I
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aBusiercss cepust [IJIMK, Ha3zpiBaemass mocinenoBaTenbHOCTh MOTEHLHANA JIEHUCTBUS

motopHoi kietku (ITITJIMK).

Cymma nepexpsiBaromiuxcs [HITIJIMK u MeTo1 ¢ mOMOIIBI0 KOTOPOTO MOTOPHBIE
KJIETKM CHUMAIOT 3aps]l NPUBOAUT K MOSBICHHIO MOBEPXHOCTHOrO curHaina OMI
MOJI00HOr0 CTOXAaCTUYECKOMY IPOLIECCY CO CPEAHUM 3HAUYEHHEM DPABHBIM HYJIO U
CPEAHEKBAAPATUYHBIM  OTKJIOHEHHUEM  MPOMOPLUOHANIBHBIM  YHCIY aKTUBHBIX
MOTOPHBIX KJIETOK M CKOpOCTU MX akTuBauuu [3]. Takol cUrHam MOXHO BBIPA3UTh

dbopmyoi:

S = Y MAMK (0 + () = > > kyf t_ai +n(t)
j i

7 j
[ne Kj— aMmumTyaHbIA (aKTOp AJIST MBIIIIIBI | MOTOPHOH KIICTKH;
f — dbopma noreHIMaNa AeHCTBYS,
0i;— Bpems BozHukHOBeHus [1JIMK;

0j — U3MEHEHHE MaclTa0a;

Nt — 100aBOYHBIN IITyM.

IToBepxHocTHBIE OMI' curHanm 3aBUCMT OT YPOBHS M JIIUTEIBbHOCTH
COKpAIlleHHsI, BUJA COKpAIleHHs (CTaTUYECKOE WIM JUHAMUYECKOE) YCTaJOCTH
MBIl U HAIM4YUA MOTa Ha Koxe. MakcuMalbHOE 3HAYeHHE O KOTOPOTO MBIIIIA
CIIOCOOHA COKpATUTHCSI HA3bIBAETCS MAaKCHUMAJbHBIM OCO3HAaHHBIM COKpAIlleHHEM
(MOC). ITpoBeneHHble UCCIENOBAHMS MOKa3ail, 4To pacnpeaenenne OMI' curnana
uMeeT 0oJiee OCTpPhIH MUK BO3JIE HYJIs, 4eM ['ayccoBckoe pacnpeenenue, a mpu dosee
HU3KHX YPOBHSX COKpAIlleHHs CUTHaJl Oojiee MOX0X Ha pacmpenenenue Jlammaca co

CpPEAHUM 3HAYEHUE PaBHBIM HYIIO[4].
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2. Peructpanus OMI curnasa.
2.1. MH3Baeuenue DMI curuaJja.

OMI' curHai A0BOJILHO JIETKO PErHCTPUPOBATH, OJJHAKO €r0 MHTEPIPETALUS
MPE/ICTABISICT CIOXHYIO 3aJady. AHajiW3 53TOTO0 CHUTHalIa IO3BOJSIET IOHSTh
BO3HMKHOBEHHE CWJIBI B MBIIIE M CHOCO0, KOTOPBIM MBIIIA OCYIIECTBISET
JBIKEHUE, OJTHAKO CITIOCOOHOCTHh KOPPEKTHO U3BJICKATh ATY MHPOPMAIIUIO 3aBUCUT OT
MeTo/1a noytyueHus curHana. OOb4HbIi MeTo onydyerus DMI curnana cocTout us3
TpeX CTaJauii: perucTpalys Curiaia, npeoOpa3oBaHHe CUTHaNIA U ero oopaborka. Ha

PHUCYHKC 2.1 nokxa3aHbl Bce TpHU CTaIUU.

JaxeaT cHrHaIa IIpecbpazoranre cHTHATA Pazpabotra curaama

_________________________________________________________________________
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Pucynox 2.1. IIpouecc uzBneuenust SMI" curnana [5].

Tak Kak COKpallleHUe MBIIIILI MPUBOJUT K BOSHUKHOBEHUIO AJIEKTPUUECKOTO
nmojist BOJW3M TIOBEPXHOCTH KOXH, TO JJIsI TOTO YTOOBI ATy AaKTUBHOCTH
3apEeruCTpUPOBATh AOCTATOYHO PACIOJI0XHUTh HA MOBEPXHOCTHU KOXH BJIEKTPOMbL.
®uU3NOJIOrMYECKUE JaHHbIE, 3apETUCTPUPOBAHHBIC MOBEPXHOCTHBIMH AJIEKTPOJAMHU,
HA3BIBAIOTCS MMOBEPXHOCTHAS dJIeKTpoMuorpama. Kak mokazano Ha pucyHke 2.2, 3TOT
CUTHAJI TPENCTaBIsAeT COOOM CyMMYy CHUTHaJOB OT BCEX MOTOPHBIX KIIETOK,

3apPEruCTPUPOBAHHBIX JIEKTPOIOM.
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Pucynok 2.2. Peructparus OMI' curnana u ero pa3jioKeHne Ha COCTaBISIonme [6].

[Ipy yBEnM4YEeHNHU CUIIBL, AEMCTBYIOIIEN HA MBIIIIY, YBEJIMUABAETCSA KOJIMYECTBO
AKTUBHBIX MOTOPHBIX KJIETOK. Tak KaK MOTOPHBIE KJIIETKHA aKTUBHBI TOJIBKO BO BPEMs
COKpAILEHUs MBIIILBI, TO CUTHAJbl OT KaXKJIOM MOTOPHOW KIIETKHM PETHCTPUPYIOTCS
OIHOBpeMeHHO. PopMa M aMIUIUTyAAa CUTHAJA 3aBUCIT OT OPUEHTALMH MBIIIEYHBIX
BOJIOKOH 10 OTHOILIEHUIO K 3yieKTpoay. OnHako popma CUrHaIa OCTAETCS OCTOSIHHOM,
€CJIM HE TNPOUCXOAUT W3MEHEHMS PACIIOJIOKEHUS DJIEKTPOAOB, UX CBOWCTB WJIHU

OMOXMUMHYECKNX U3MEHEHNN TKAHENH MBIIIILL.

®dakTopbl, KOTOPBIE BIUAIOT HA CTAOUIBLHOCTH peructpanuu DMI', BKIIIOYaroT B
ce0sl HaJIM4Yue MOTOPHBIX KJIETOK WA CYXOXHWJUW, aKTUBHOCTh COCEIHHUX MBIIIII,
pPacCTOSIHME MEXKy AaKTHBHBIM MBIIIEYHBIM BOJIOKHOM W MECTOM PETHUCTpALUH,
GUIBTpYyIONIE CBOMCTBA AJIEKTPOJA W PACIIOJIOKEHUEM HEPBOB IO OTHOIICHUIO K
PETUCTPUPYIOIINM AJIEKTpoaaM. PekoMeHyeTcst pa3MeIiaTh OUMOJISPHBIE dJIEKTPOIbI
MapajuieibHO MBIIIEYHBIM BOJIOKHAM C MUHUMAJIbHBIM PACCTOSHHEM MEXIY
anexktpogamu 20 cM. DTO pacCTOSHUE JOCTaTOYHO Majo, 4YTOObI H30eXkKaTh
MEePEKPECTHBIX HABOJIOK M BIIOJIHE JOCTATOYHO JjIsl BHIOOpAa HEOOXOIMMBIX MOTOPHBIX

KJIETOK [7].
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Xots ceHcopbl OMI' TpaIWLIMOHHO pacnojarajyuch Ha BEPLIIMHE YTOJILIECHHS
MBILIIBI, [TOTOMY 4YTO MOXXHO OBLJIO MOJYYHUTh JIOCTATOYHO CHUJIbHBIE CUTHAJIBL,
HOCJIEIHUE UCCIIEJOBAHMSI [TOKA3bIBAIOT, YTO 3Ta 00JIacTh HE 00JaaeT JOCTaTOUYHOU
CTAOMJIBHOCTBIO ¥ BOCIIPOM3BOAUMOCTBIO [8]. IloaToMy pexomenayercs pacnojararhb
CEHCOPBI B CEPEANHE MEXKIY YAAIEHHON MOTOPHOM 30HOM U CyXOKUIIMEM, COOIII01ast
MaKCHUMaJbHBIM PACCTOSIHME JO JPYIMX MBI, OTH PEKOMEHIAIUU ObLIH
MOATBEPKIAEHBI IPH MCCIIEIOBAHUAX BIHSHUS pa3Mepa 3JI€KTPOoJa U €ro OpUEHTALNH
Ha YYBCTBUTEJIBHOCTb PErHUCTPAllUU. 3a3¢MIIIOIIUNA D3JIEKTPOJ JOXIKEH OBITh
pacnoioKeH Ha HEUTpaJbHOM TKaHW, HalpUMep, HaJ KOCTbIO,YTOOBI O0ECHEUUThH

HAJICKHOE OMOPHOE HAIPSIKEHUE I yculuTeneu [9].

Hakonen, crnenualibHOE BHUMAHHME JOJKHO YJIIENATHCS IMOBEPXHOCTHBIM
AIEKTPOJaM, TaK KaK KOHTAaKT C TEJIOM MOKET ObITh HApyIIEH, YTO MPHUBEIET K
HMCKAXEHUIO CUTrHaja. BBICOKOE COMPOTUBICHUE MEXAY DJCKTPOJOM M KOXKeH
yMEHBIIAeT aMIUIUTYJly CUTHaJia W ucKaxkaer ero ¢opmy [4]. Kpome Toro
PEKOMEHyeTCsl OCYUIECTBJISATh MOCTOSHHOE JABJIECHUE OJJIEKTPOJOB HA KOXKY H
UCIIOJIb30BaTh MPOBOJAIIMM Treidb A yBelnueHus npoBoaumocth. Kpome toro,
BaYXHOE 3HAYECHHUE UMEET MOJTrOTOBKA KOXHU, KOTOpasl BKIOYAET 00pabOTKy CIIUPTOM

Y CHSTHE IMMOBEPXHOCTHOTO TPyOOTO CIIOS.
2.2. CoxpaHeHHUe CUTHAJIA.

B OonpmmHCTBE MHOTpa@UUECKUX HCCIENOBAHUNA HCHOJB3YIOTCS HECKOJIbKO
AJICKTPOJOB, YTOOBI BBISIBUTh (PU3HOJOTHYECKHE XapaKTEPUCTUKH JIBHIKCHHUSI.
CurHaipl ¢ 3THX 3JIEKTPOJOB TOJAOTCS HAa 010K 00pabOTKHM CHTHAJIA, KaK IOKa3aHo

Ha pucyHke 2.1.

B To BpeMs kak 3JEKTpOJHBIC YCUIUTEIN CIYKAT JJisl CHWKEHHS] MMIIeIaHca
MEXIy DJIEKTPOJIOM M KOXEH, nanmpHeiinas oOpaboTka CHUTHaia HeoOXxoawma s
yJIy4IIieHus KauecTBa peructpupyemoro OMI" curnana. Metosl 00pabOTKU CUTHAJIA
BKJIIOYAIOT B ce0s (QuibTpauuio apTedakTOB BbI3bIBAEMBIX JBHKEHUEM WM

CMCIICHHUCM IIOTCHIIMAJIA, ocjabJienue mymMa 3a MIpeaciaMu (1)I/IBI/IOJIOFI/I‘-IGCKOFO
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nyaria3oHa (HaBOAKUA OT CWJIOBBIX JIMHUM) M YCHIIEHHE CHUTHala IJiS TOrO YTOObI

CABUHYTH MacIITad BETUYMHBI CUTHANA JIO BEJIMUUH CUCTEMBI cOopa naHHbIX (5 B).

ApTedaxThl, BbI3bIBAEMbIE JABM)KEHHUEM 3JIEKTPOAOB, MOI'YT BO3HUKHYTh H3-3a
naepopMaIu KOXKH 01 TOBEPXHOCTHIO 3JIEKTPOAOB MIM MEXAaHUYECKUM HapyLICHUEM
ciosi 3apsga snektpona. [lmoTHocTs MoOmHOCTH apTedakTOB ABMXKCHUS JICKHUT B
obnactu Huxe 20 I'; mosTOMY (UIBTPBI BHICOKOH YacTOTBI MOTYT HCIIOJIb30BATHCS
JUIA yAy4IIeHUs] KayecTBa curHana. Takue GuiabTphl MOTYT UMETh YTIIOBYIO YacTOTY
rae-auoyap mMexay 10 u 20 ', ogHako He MOJKHBI OBITH BBILIE, YTOOBI M30€KaTh
HOTepH KadecTBa cCHUrHaia. TexHuka (QUiIbTpauuu Ui CHIKEHHUS apTe]akToB
JBYKEHUS BKJIIOYAeT (UIBTPHI BBICOKOM dacToThl YeOblmieBa 8 mnopsaka u

aJalITUBHBIC (1)I/IJ'IBTpI>I, OCHOBAHHBIC HAa OPTOI'OHAJIBHBIX BEMBIETAX Meﬁepa.

DJeKTpoHUKa cucTeMBbl cOopa JaHHbIX Npu peructpauuu IMI' npoekTupyercs
JUISl CHUKEHUSI HAaBOJOK OT CHWJIOBBIX JIMHUH C MOMOIIbIO JudPepeHIrnaIbHbIX
YCWIHMTEJNIEH, YKPAaHUPOBaHMS OOOPYAOBAHHUS KOPOTKHX IPOBOJOB OT 3JEKTPOJIOB.
TmwarenbHass 00paboTKa KOXKHM MOXKET JOMOJHUTEIbHO CHU3WUTH BIMSHUE CUIJIOBBIX
MTOJIEN; OJTHAKO HEBO3MOYKHOCTb THIATEIBLHO COTIACOBATh UMIIEIAHC KOKH MMPUBOJNT K
BO3MOKHOCTH TpaHC(opMalMu NOMEXH OOILEro BUAa B perucTpupyeMblil curiai. B
Poccuu takue npoOieMHble YacTOThI Jekat B quanazoHe 50 I'l 1 cOOTBETCTBYIOIINX
rapMOHUK. ¥Y3KHUe y3J0Bble (PUIBTPHI C (PUKCUPOBAHHOW YaCTOTOM, IIEHTPUPOBAHHbIE
Ha 4YaCTOTE OCHOBHOM U €€ rapMOHMKAX 4acTO NPUMEHSIOTCS ISl CHUYKECHUS BIUSHUSA
CUJIOBBIX nojer. CrenyeT OTMETUTh, YTO B 3TOM CIIy4ae YacThb COOTBETCTBYIOLIMX
4aCTOT TAKXKE YIAIAETCs W3 PETUCTPUPYEMOIO CHUTHAJIA, UCKaXkas IPU 3TOM €ro

dopmy. [TorTOMY HIMPUHY y370BBIX PUIBTPOB CIEAYET BEIOMPATH KAK MOKHO MEHBIIIE

—0.25 T
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2.3. OOpaboTka curaaJa

OMI' curHan ciyKUT JJIsl KOHTPOJIA CUTHaNA MPU UCIOJIb30BAHUM B MPOTE3AX,
NEPEABIKHBIX Kpeciiax, yIydIlIeHUs MTOXOAKHU, YIPaBICHUEM XBaTAIOIMIMX JIBHYKCHHM
n uHTepdeicoB 0CHOBaHHBIX Ha jkectax [10]. 3apeructpupoBanubiii OMI' curnan
BCJICJICTBUE €TI0 BEPOSATHOCTHOM MPUPOJIBI HE MOKET HEMOCPEICTBEHHO MPUMEHSATHCS
B KAQYECTBE YIPABJISIIOLIErO CUrHaja. Toapko HEOONbIAs €ro 4YacTh aHaJU3HPYETCs
Pa3IUYHBIMA  METOJIAaMU [IJIT TOTO YTOOBI BBISIBUTH HA0Op XapakTEPUCTHK —

CTaTUCTHUYCCKHUC XaPAKTCPUCTUKH, OIIPCACIIAIOIINC CUTHAJIL.

OMI' curHaibl UMEIOT JIBa COCTOSTHUSA — IEPEXOTHOE U CTallMOHapHOe. B mepBom
COCTOSIHMM HaOJrogaemMasi MbIIIIA NEPEXOJUT OT MTOKOSI K OCO3BHAHHOMY COKPAILIEHHUIO,
a B CTAallMOHAPHOM COCTOSIHUM MBIIINA HAXOAUTCS B COKPALLIEHHOM COCTOSIHUU C
MOCTOSIHHOM  cwiiol. IlepexojHble CHUTHAIBI HUCTOPUYECKH OBUIO  TpyAHEE
MO/JICJINPOBATh YE€M CTAllMOHApHBIE. [[JI1 TPEOAOIEHUS 3TOTO SIBJIEHUS UCTIOJIb3YIOTCA
METOJbl  CErMEHTAallMM  JIaHHBIX, B KOTOPBIX CHUTHAJI aHAJIU3UPYETCA B
MEPEKPHIBAIOIINXCS WM HW30JMPOBAHHBIX CErMEHTaxXx. B 3ToM ciiyyae curHan
paccMaTpUBaeTCs CTAMOHAPHBIM B IIPEJIEIax OJJHOTO CETMEHTA U €70 MOAECIUPOBAHUE

IMPOUCXOIUT 3a CHCT UBMCHCHHU CI'0 XaPAKTCPHUCTHUK OT CCIMCHTA K CCIMCHTY.

Tak xkak OMI' curnanbel 4acTO HMCIIONB3YIOTCS JJISI YIPABICHUS CUCTEMAMH
poOOTOB, peanabHbIe BpEMEHHBIC OrpaHUYEHUsI TPEOYIOT, YTOOBI TOJTHOE BPEMSI JTUHBI
CerMeHTa M BpeMs o0paboTku ero He mnpebimano 300 Mcek. CurHan aenurcs Ha
paBHBIE CETMEHTBI U3 KOTOPHIX HEOOXOIUMMBIE XapaKTEPUCTUKHU U3BjIeKaroTcs. [Ipu
MEPEKPHIBAIOIINXCA CETMEHTaX HOBBI CErMEHT CKOJIB3UT BJOJIb MPEABIAYIIETO C
YBEIIMUYEHHEM BPEMEHHM MEHbIIE YeM [IJIMHA CETMEHTA. OJHrenbXapT U XaJJuHT
OOHApPYX UJIH, YTO XOTSI MaJieHbKHE CETMEHThI MOTYT CIOCOOCTBOBATh H3JIUITHEMY
MOTOKY JaHHBIX, OJJTHOBPEMEHHO OHM YJIyUIlIal0T TOYHOCTh U BpeMEHHOM OTKIUK [11].

B HEKOTOPBIX TPUIIOKEHUSX TEPEKPBIBAIOTCS BCE CETMEHTHI 32 UCKIIFOUEHUEM OJIHOTO.

N3Bneuenue XapaKTCPUCTUK  I3TO Imponecc BBIYMCJIICHHU A BBI6paHHBIX

xapaktepuctuk OMI' curHama, KOTOpbleé BBOJSATCA B CXeMy OOpaOOTKH Jis
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yIIydieHus: paboThl YIpaBisIONIe cUCTEMBbI. Y CIIEITHOCTh Pa0OThl TAaKOW CHCTEMBI
3aBHCHUT OT XapaKTEPUCTUK BHIOPAHHOTO JABMXKEHUSI U TOYHOCTU METOJA WU3BIICUCHMUS
JIaHHbIX. B peanpHON cucTeMe 3TH XapaKTEPUCTUKH JOJDKHBI OBbITh W3BJICYEHBI B

p€ajlbHOM BPEMCHU IJIA TOI'O YTOOBI YHPaBJITh CHCTEMOM.

Cy1iecTByIOT JBa NpUOIMKEHUS ISl OIIEHKU XapaKTEPUCTUK: CTPYKTYPHOE U
dbeHoMeHosornueckoe. [Ipu CTpyKTypHOU OlIEHKE XapaKTEPUCTHUKHU M3BJICKAIOTCS Ha
OCHOBE Mojienel ((pu3udeckrux u PU3NOIOTHICCKUX) U OIICHUBAIOTCS C MPUMECHEHHEM
CHHTE3UPOBAHHBIX CHUTHAJIOB. OJTO NPHUONMKCHUE TIOJIC3HO TMPU ONPEACICHUN
OTKJIOHCHMSI JUCIEPCHUHU, YPOBHS UYYBCTBUTEIBHOCTH JAHHOM XapaKTEPUCTUKH K
mymy. [pu peHOMEHOTOTHYECKOM OLIEHKE XapaKTEPUCTUKH OMPEEISIOTCS OMBITHBIM
IyT€M, C TIOMOIIBIO HWHTEPIPETANUHN 3APETUCTPUPOBAHHOIO CHUTHAJIA M OICHKE,
OCHOBAHHOW Ha IOJHOM YCIeXe YINpaBJsOIIEed cUcTeMbl. MeTonbl 1l BbIOOpa
XapaKTepUCTUK BKIIIOYAIOT B CeOS pa3iMuHbIe CTpaTeruu IOUCKA, TaKhe Kak
MOCJICIOBATEIBHBIN MPSAMOM W OOpaTHBIH BBIOOP, MOCIEIOBATEIbHBIN IIIaBAFOIIMI
BBIOOp U CTpaTerus CIy4alHOrO TNOWCKA, HampuMep, TE€HETUYECKUN alITOpUTM.
N3mepsiemble XapaKTEepUCTUKH O0BEAUHSIIOTCS B TPU KaTETOPUH: BpEMEHHas 00J1acTh,

YacTOTHAs 00/1acTh U YaCTOTHO-BPCMCHHAsI.

Texnuka s popmupoBanus OMI' curHama BKJIOYaeT B ceOsl aHAJIOTOBBIN
BBITIPSIMUTENIH U 00pa0OTKY CTJIaKUBAaHUEM C TIOMOIIbIO (PUIBTPOB HU3KOM YaCTOTHI,
BBIYMCJICHUE CPEOHEro 3HAYEHWS M CPEIHEr0o KBaJAPATHYHOrO OTKIOHEHWS. [Ipu
BBICOKMX YpPOBHSIX COKpallleHusi HauOojiee TOYHO COOTBETCTBYET CUTHAIy MOJIEIb
l'aycca, B TO BpeMs Kak /i YCTaBIIMX MBIIIL MU HU3KUX YPOBHSIX COKpalleHUs
HanboJiee TOYHO TPOIECC OmHchiBaeTcs JarutacuanoM. Jliis [MayccoBckoit momenu
CpelHe-KBaJApaTUYHOE  OTKJIOHEHUE TEOpeTHYeCKH obecneynBaeT  Haubosee

BEPOSITHYIO OIEHKY aMIUTUTY/IbI TIPU MIOCTOSTHHOM CUJIE M COKPAIICHUH 0€3 yCTaIOCTH.

Jns cny4yalHBIX JIAIUIACOBCKHUX ITPOLIECCOB CPEAHEE 3HAYECHHME I103BOJISET
OLICHUTH CPEAHE 3HAYCHHE aMILTUTYIbl. DKCIIEPUMEHTAIbHO 0OHapYyXeHo, uTo DMI
CUTHAJI, 3aperMCTPUPOBAHHBIM MpPHU MOCTOSHHOM CHJIE WM COKpalleHHsx Oe3

YCTAJIOCTHU, UMECT PACIIPCACICHNUC MCIKY raYCCOBCKI/IM u Hannaca, OJHAKO B CPCAHCM
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pacnpeneneHue ['aycca okaspiBaeTcs gydiue. B 3Tom ciydae pasHuLa MeX1y OUEHKON
aMIUTUTYJbI ~ METOAOM  CPEJHEr0  3HA4YeHHs WU  CpPeJHEe-KBaJAPaTUYHOTO

HC3HAYUTCIIbHAA.

Krnancu paspabortan MeTOnbl JUIsl YIyYIICHHS OLCHKH KaueCcTBa aMIUTUTYIbI
OMI curnana. OH mokasas, 4TO BpEMEHHasl JEKOpESUUs CUTHAJIa 1 KOMOWHALIMS
CUTHAJIOB OT HECKOJIbKMX KaHaJlOB JUIi OLIEHKM OJHOW AaMIUIMTYAbl YMEHbIIAeT
OTKJIOHEHHE aMIUTUTY/bl 0e3 yBeTnueHus cMmeneHus. B atom ciydyae DMI curnanel,
3apETUCTPUPOBAHHBIE B COCEIHUX KaHalax, OOBEAMHSIOTCS IS YIy4IICHHS
OTHOIIEHUSI CUTHAJ/IIyM. Tak Kak pacCTOSIHUE MEXIY MBIIILIEH U 3JIEKTPOJOM, a
TakkKe KOIPPHUIMEHT YCHUIICHUS OTIHYAIOTCA MEXKIY SJICKTPOIAaMH, HE0OXOIUMO

IMPOBCCTHU HOPMAJIU3AIHUIO KOB(l)(bI/II_II/IGHTa YCUIICHUA.

OMI' curHam nojaBepraercs BHadaje JAEMOAY/SIIMM W CIVIAKUBAHUIO.
Jlemoynsiusi Mo3BOJISIET BBIIECIUT CUTHAN U yBenuuBaeT. CriiakuBanue GuiabTpyeT
3apErUCTPUPOBAHHBIN CUTHAJ, YBEIWYMBAas OTHOIIEHHE CUTHA/mym. Jlpyrue
XapaKTepUCTUKH olleHKH DMI' curnana BKIIO4aroT B c€0sl CpeiHEE 3HAUEHUE HAKJIOHa,
[IEpECEUCHNE HYJISI, U3MEHEHHUE 3HAKA HAKJIIOHA U JIMHY BOJHBIL. DTH XapaKTEPUCTUKU

IMO3BOJIAIOT UBMCPUTDL aMINIUTYAY, 4aCTOTY U JUIMTCIIbHOCTh CUT'HAJIA.

CpenHee 3HaueHUWE M MEAMAHA CHEKTPAIBHOW IJIOTHOCTH 4YacToThl OMI
CUTHajJa SBJISIIOTCS OOBIYHBIMU XapaKTEPUCTUKAMH YacTOThl, TaK KaK OHHU
MPEOCTABIISIOT OCHOBHYIO HWH(OpPMAIUIO O CIIEKTPE CUTHAjJa M €ro BPEMEHHBIX
U3MeHeHusX. [[1s OIEHKM CpeaHero W MeauaHbl ObUTH pa3paboTaHbl pa3IUYHbIC
METO/Ibl, BKJIIOYAIOIIME MOJEIb aBTOPErPECCHUM C KOPOTKUMHU CETMEHTAMH IpH

CTAaIMOHAPHBIX U HCCTAITHMOHAPHBIX YCJIOBUAX.

Tak kak OMI' curHasibl HecTallMOHAPHbBIC, 3HAHUE YACTOTHl U BPEMEHU OYECHB
BaXKHO 181 yripaBiieHus. CIIeKTpalbHBIN aHAIN3 UCTIOIb3YyeT peodpazoBanue Dypoe,
KOTOPO€ TMPEIOCTaBISCT CHEKTP 4YacTOT Oe3 TMpHUBI3KHM K BpeMeHu. YacToTHO-
BPEMEHHOW aHaliM3 MOXET NPUMEHSTHCSA I OYMINECHUS CUTHalla OT MIyMa,
ONPEAECTICHUE YCTATOCTUA MPU JIUTEIbHON aKTUBHOCTHU U KOOPAWHALIMU aKTUBHOCTU

H30JIMPOBAHHBIX MBIIIIII. MGTOI[EIMI/I, KOTOPLIC MMPCACTABIIAIOT CUI'HAJI KaK q)YHKI_II/IIO
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94aCTOTHI U BPEMEHHU SBJISTIOTCSI BpeMeHHoe TIpeoOpa3oBanue Oypwe u mpeodpazoBaHue

BEUBJIET.

Bpemennoe mnpeoOpa3zoBanue dypbe cO37a€T YaCTOTHO-BPEMEHHOM CHUTHAI,
OJIHAKO UMEET OTPAHMYEHHYIO TOYHOCTD BCJIEACTBUE pa3Mepa OKHa aHan3a. BeliBier-
aHaJIN3 MOKET CHU3UTh YPOBEHb LIIYMOB B CUTHAJIE 0€3 ero UCKaKeHUS U MO3BOJISIET
aHAJIM3UPOBAaTh CUTHAJBI OoJbllied amIUIUTYAbl. JIOKaNbHBIA aHadu3 MOMOTaeT
PACKpBITh TEHAEHUUIO, TOYKH Pa3pbIBa, Pa3pbIBbl B MPOU3BOAHBIX BHICOKOI'O YPOBHS,

49TO APYIruc MCTOAbI HC MOT'YT BBIIIOJIHUTD.

[Ipn wucnonb30BaHWM BEUBIET aHaiu3a HEOOJBINOW MacmTad TOKa3bIBaeT
JeTanu ObICTPOTO M3MEHEHHMsI CUTHaja (C MOMOIIBIO BBICOKOM YacTOTHI), a OOJbIIUI
MaciTad MoKa3bIBaeT rpyOble MEIJIEHHbIE U3MEHEHUSI(C TOMOIIbIO HU3KOW YaCTOTHI).
B sToM cnydae mnpenocTaBisIeTCSi BO3MOMKHOCTH OTCIIEKWBAaTh PA3IUYHBbIE YacCTU

CHTHaJIa C TIOMOIIBIO BEHBIIET MpeoOpa3oBaHusI.

Bpemennoe npeobpazoBanne Oypbe U BEUBJIET NpeoOpa3oBaHUE Pa3IMUAIOTCS
B crmoco0e pacmpeneneHusi J0cTyna K BpeMeHHOMy wmacimtaby. Bpemennoe
npeobpazoBanue Pypbe UCIONIb3yeT (PUKCUPOBAHHOE OTHOIICHUE, B TO BPEMS KakK B
MpeoOpa3oBaHUM BEUBJIET NMPUMEHSETCS MEPEMEHHOE OTHOIICHHUE, KOTJla YaCTOTHOE

paspernieHue MponopIUOHAILHO IIEHTPATIBLHOM YacToTe.
2.4. Mertoabl ynpaBJieHUs.

OMI' curHan umeer OOJbIIME MEPCHEKTUBBI B KAYECTBE YMIPABIISIOLIETO
CUTHAaJja I yIpaBiIsieMbIX IpoTe30B. HecMOoTps Ha 3TO, MCIIOIB30BaHUE €0 Ul OTUX
Hesnel MpoOUCXOAUT JA0BOJIBHO MEUIEHHO, XOTS MEPBbIE YIPABIsIEMbIE TPOTE3bI ObIITU

co3nanbl B 1960 rony.

Kontpomnep, ympaensembiii OMI'curHanom mnokazan Ha pucyHke 5. OnH
TEHEPUPYET BBIXOJIHBIE KOMaHJbl HA OCHOBE BHJA CUTHAJIa U CXEMbl yNpaBJICHUSI.
Takoil KOHTpOJIIEp JAOKEH HMMETh TOYHBIM BBIOOp JBW)KCHUS, WUHTYUTHBHOE
VOpaBJICHUE JBWKECHUEM JIJISl TOJh30BATENsI M JOCTATOYHO OBICTPHIA BPEMEHHOU

OTKIIHK, HE3aMETHBIM JJIs1  IIOJIB30BATCIIA. Cucrema Takxe JOJIDKHA o0ecrneynTh

28



BBICOKYIO CTENEHb YIpPaBJIECHUS CHOpPOBKOW. OAHMM U3 CHOCOOOB CO3aHMS
MHTYUTUBHBIX CHCTEM SBJIAETCSA YMEHBUICHHE 3HaHUS, HEOOXOIUMOro IJis
UCIOJb30BAaHUSI CUCTEMBL. JTO MOKET OBITh BBIIOJIHEHO C IOMOIIBIO Pa3pabOTKU
CHUCTEM CIIOCOOHBIX HWHTEPIPETUPOBATh PA3HOBUIAHOCTH AaKTUBHOCTH MBI U

HaTypaJIbHbBIM crrocobom IMPUMCHATD UX IJIA OCYLICCTBJICHUA ABUIKCHUA.

MeTons! yripaBieHus ¢ moMoIslo OMI cHrHanoB MOTYT OBITH paclpeacIeHbI
100 KaK OCHOBAHHBIC Ha paclio3HaHuK 00pasia, b0 6e3 oopasima. MeTo bl TepBOTO
THIA HCIOJIb3YIOTCS B MCCICIOBAHHAX OOJice IIMPOKO M TMPEHOCTABISIOT OoJjice
IMIUPOKYIO PYHKIIMOHATBHOCTD, Y€M TPOCTHIE KOMMEPUYECKUE CXeMbI. B GOJbITHCTBE
METOJIOB ~ M3BJICUCHUEC  XaPAaKTCPUCTHK  BBIMIOJHACTCA TPU  HCIOJIH30BAHUH

3apCTUCTPHUPOBAHHOI'O CUI'HaJIa, KOTOPLIC 3aTCM BBOIATCA B MOJICIIb.

Control Model
+  Dynamic Model

¢ Muscle Model
|I"lEl.llt *  On/off control Prosthetic/Orthotic
. EMG Signo/  e— | Proportional Control [ > Device
*  Force/Torque *  Fuzzy control

*  Neuro-fuzzy control
*  |mpedance control
+  Admittance Control

Pucynok 2.3. Jlmarpamma OMI" monene#t ynpaBnenus [5].

Pacnio3naBanue o0pas1oB OMTI CUTHAJIOB oOnamaet OoubIIEH
(YHKIIMOHATBHOCTBIO Y€M TPAIUIMOHHBIC METOAWKH ympaBieHus. lIpeanochliku
WCIIOJIb30BAHUS PACIIO3HABAHUS 00PA3IOB B YNPABIIEMBIX MTPOTE3aX 3aKIIFOYAIOTCS B
TOM, YTO TIAIIMEHT MOXET aKTMBHUPOBATh KOHKPETHBIC 00pa3iibl DMI' curHajioB s

BBITIOJTHEHHS] HEOOXOIUMBIX KOMaH/ JUIsl IpOTe3a.
3. Pazpaborka npuéopa u o0cy:kaeHHe pe3yJIbTATOB

B xoxe maHHOro mpoekra pa3paboTaH MakeT yCTPOWCTBA AJIi PETUCTPALUU

OMOJIOTUYECKUX  CUTHAJOB, KOTOPBIM CIOCOOEH PETUCTPUPOBATH  CUTHAJIBI
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pacrpocTpaHsonecs BAOIb HepBOB. OMHOBPEMEHHO pa3paboTaHO MPOrpaMMHOE
obecrieveHune, MO3BOJIIOIIEEe TIepeaBaTh XapaKTePUCTUKH CUTHAJIA Ha TIEPCOHATBLHBIN

KOMITbIOTEp. biiok-cxema JaHHOTro yCTpONCTBA MpUBeEaeHa Ha pucyHke 3.1.

” | —
VIpAEnAeMelil 3KpaH

it I I
Teno — Enmrocreeni —*  Youutens PunsTp RS232
NEKTPOa

-{+=5V

PC

Bnok nmuTanmna

Pucynok 3.1. brnok-cxema cucTeMsbl JIJIsl H3MEPEHUs OMOMIOTEHIINATIOB.

brok-cxema BKJIIOYaeT B c€0Sl €MKOCTHBIE JJIEKTPOAbI, YCUIUTENH, (UIIBTP,

CXCMY c60pa JaHHBIX 1 HCTOYHHK ITNTaHU.
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3.1. BbIOoOp U pacyeT COCTABHBIX YacTeil

3.1.1. lIpuHuunuaJbHas cXxeMa MUTAHUS
OnHOM M3 COCTaBIAIOLIEH CXEMBI SIBISECTCA MPUHLUNHANIBHAS CXeMa MUTAHUS
MOCTOSTHHOTO TokKa (puc. 3.2). B KkauecTBe CBS3M C CETHIO HCIIOJIB30BaH
tpancopmarop TIII-2 ¢ nByms BeiBogamu. Ha MukpokoHTposuiep nomaercs +5 B, a

IIATAHUE OINIEPALMOHHBIX YCUIIUTEIEN OCYIECTBIIIETCS 34 CHET MCTOYHUKOB +5 1 -5 B.

LM7812CT
4 10 LINE VREG »
VOLTAGE
Vit J_c4 e J_ca
1uF 1uF
3 |
s L T
+
. :.|:47uF = )
V1 T
1 s : Bbixoa
220 Vrms E? 4 1
50 Hz 3 L = LM7905CT
0 1 P e sl 7
0.0545 2 D2 C2 L mon c1
1u ]’ 1uF
12 T T
/ cé
+
;I:47uF
A1
= =

Pucynok 3.2. [lpunnunuansHas cxeMa UCTOYHHUKA MTUTAHWUS.
3.1.2. Cucrema AJ1sl perucTpaiuu 0HOCUTHAJIOB.

HeoOxonumple CHUTHABI PETUCTPUPYIOTCS 3a CYET HAJIWUYHMS Pa3HOCTH
MOTEHITMAJIOB MEXTy TBYMs TOUYKaMH Ha Tejie yenoBeka. JuddepeHnuanbHblii CHTHAI
OT JBYX JJIEKTPOJIOB IMOKA3bIBAET PACHPOCTPAHEHHE OMOCHUTHANA, KOTOPBIM MOXKET
OBITh WCTOJB30BaH IS JUATHOCTUKH TIATOJIOTMUSCKMX (YHKIHUK TarueHTa.
AMITTUTYy1a TaKUX CUTHAJIIOB OYE€HHh Maja MO CPABHEHHIO C MCTOYHHKAMHU IITyMOB,
BO3HUKAIOUIUX OT OKpyXKaromied cpeapl. TakuMm oOpa3oMm, HE0OXOAUM Takoi

YCHJIUTENb, KOTOPBII 0Tpe3ai Obl IIyMbI U yCUIUBa Au(depeHuanbHbIA CUTHA.

CrnenyeT y4ecTb, 4TO PacCTOSTHUE MEKY SJEKTPOJaMHU MAJIO 10 CPABHEHUIO C

I[JIHHOﬁ BOJIHBI  HU3KOYACTOTHBIX  OJICKTPOMAI'HUTHBIX KoJICOaHM. Curnan
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CUHXPOHHON HAaBOJKM MOKET OBITh YJaJeH MpUMEHEHHeM AuQQepeHInaIbHOro
yeunurens. HeGomnpmas amummTyaa OMocUrHaIoB TpeOyeT MPUMEHEHUSI UCTOYHUKA

IIATAaHMS C OYCHb MaJICHLKUMH KOJICOAHUSIMU HaIIPpAXKCHUA.

[Ipu peructpanyyi OWOCWTHAJIOB IOMEXH OOIIEro BHUJA 3HAYUTEIHHO
IIPEBOCXOAUT M3MEPAEMBIM CUTHAI. [{1ns moJlydeHuss KadeCTBEHHOTO IOJIE3HOTO
CUTHaJa HEOOXO0IMMO CHH3UTH 3TH nmoMexu. Koaddumnuent mogasnenus cuadazHoro
curtasa (KI1ICC) nHCTpYMEHTAILHOTO YCHUITUTEIIS ONPEACIISICT HACKOIBKO MOTYT OBITh

oca0eHbl TOMEXH OOIEr0 BUIA.

OCHOBHBIM HCTOYHHMKOM IIOMEXHM OOILIEro BHJA CIYKUT CHUJIOBasi CETh C
gactoro 50 T'm m ammiutynod HaBoaku Oosbiie 1 B. Jlns maHHBIX yCIOBHIA
KO3(PUIIMEHT MOIABICHHS] CHHXPOHHOI'O CUTHAJIA 10JKEeH ObITh He MeHee 10 nennben
st gactotsl 50 I'm. Crenyer Takke NPUHUMATh BO BHUMAHUE IIYMBI Camoro
yewnurend. [loTeHnumansHOM mpoOaeMoil MoxeT ObITh paboTa yCHIIUTENS B
OKPYKEHUM HCTOYHHMKOB IIOMEX C JOCTATOYHO BBICOKOM 4acTOTOW. B 3TOM ciydae
KOA(pPUIUEHT MOJABICHUS CHH(A3HOIO CHTHala CHIXKAETCS M BBICOKOYACTOTHBIN
curHain TpaHcpopMupyeTcs B MOMexy oOmiero Buja. BenuuumHa —Takux
BBICOKOYACTOTHBIX CHTHAJIOB MOXET OBITh YMEHbIIEHA MPUMEHEHUEM I1aCCUBHBIX

¢ depeHunanbHbIX (GUIBTPOB.
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Pucynok 3.3. IHCTpyMeHTaIbHBIA YCUITUTEINb C UCTIOIh30BAaHUEM PAAHOYaCTOTHOTO

bunbTpa.

Ha pucynke 3.3 moka3zana cxema Takoro ¢uubtpa. Illupuna mosocsl ero

IIPOITYyCKaHU:A OIIPCACIIICTCA KaK

Wit = 1/27IR1(2C2 + Cl)

I'me m— uncno xkoHcranTa (3,14)
R;— pe3ucrop

C, , C1— xoHACHCATOPBI

[Ipy HaMMuUKM CIUIOIIHOTO OHKpaHa MEXIYy EeMKOCTHBIM JaTYUKOM U
YCTPOMCTBOM, BIIUSIHUE PAINOYaCTOTHON HABOJKH 3HAUUTEIIHO CHMXKAETCs. EMKOCTH
C2, Cia u Cig JOKHBI UIMETH BBICOKYIO JOOPOTHOCTH, HU3KUE TIOTEPU U MPUMEPHO
JNBYXIPOLIEHTHBIM  jgomycK. CriakuBawIlue KOHAEHCATOPhI  JOJKHBI  OBITh
MOCTaBJICHbl MEXKAY MOJIOKUTEIbHBIM, OTPULATEIbHBIM HCTOYHMKAMHU TUTAHUS U
3emsiell. DTH KOHJIEHCATOphl O0EeCleurnBalOT CTaOWUJIbHOCTh MCTOYHUKA MUTAHUS U
OT(GUIBTPOBLIBAIOT BBHICOKOYACTOTHBIE HABOJKH. J[JI1 9TOr0 OOBIYHO MPUMEHSIOTCS

KepaMHuueckre KoHAeHcaTophl eMKocThio 100 Hb. s dunbTpanuu HU3KUX 4acTOT
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mapajyuiCJibHO UM CTaBATCA JJICKTPOJIUTHYCCKHUEC KOHACHCATOPbI CMKOCTBIO 10 MI((I)

Konnencaropsl 100 H} cTaBaTCS Kak MOKHO OJIMKE K MUKpOCXEME.

JI71st UCKITFOYEHU ST HAJIOXKEHUS TTOCTIE TIMCKPETU3AIMN HEO0X0JMMO PUMEHEHUE
anTuanuacHoro ¢unbtpa. [[Ba ¢punsrpa beccens 4 mopsiaka ¢ gactoroit cpeza 500 iy

n 50 xI'1 “cnonb30BaHbI TSI ITUX LEJIEH.

Pucynok 3.4. AuTHanuCcHbIN QUIBTD.

Ha pucynke 3.4 moka3zana cxema juist peanmsainu GuiabTpoB. Kaxasiii GpuiabTp
00BEUHSET IBE CTYIICHU C KOMITOHEHTAMH, 3HAYCHHSI KOTOPBIX OMPEICIISIIOT OTKIUK
¢unpTpa u 9acToTy cpesa. B xauectBe U; ncmonb3yercss HU3KOITYMOBOM yCHITUTEINb

TLO72.

@unpTp Ha 500 'l iMeeT ciaeayronme KOMIOHEHTHI:

Crynens 1 Cryniens 2
R1 =2.32 kOm R1 =3.24 xOm
R3 =2.32 kOm R3 =3.24 xOm
C1=100 u® C1=100 ud
C2=100 ud C2=391d

34



OunbTp Ha 50 k' UMeeT crenyronme KOMIOHEHTHI:

Crynens 1 Crynens 2
R1 =2.32 kOm R1 = 3.24 xOm
R3 =2.32 kOm R3 =3.24 kOm
Cl=1ud Cl=1ud
C2=1und C2 =390 n®

3.1.3. OCHOBHOI YCHJIUTEb.

JInst  ycuiieHHWs CUTHajla € JlaT4YuKa HCIOJb3YETCS HMHCTPYMEHTAIbHBIN
onepaunoHHbli ycunmurenab INA 116. Ilonoca mnpomyckanus QuiabTpa JIEKUT B
nuarazone 0.1 — 2000 I'u. 3aremM cuUrHan yCWJIMBAETCA BTOPBIM YCHIIUTEIIEM, TIOCIIE
Yero TMoJaeTcsi Ha aHaJoroBO-UM(pOBON  mpeoOpas3oBaresib, IOTOM  4Yepes

nmocienoBaTeIbHbI nHTEepderic RS — 232 momaercst Ha KOMITBIOTED.

NmeeTcss BOBMOKHOCTD 3HAUYUTENLHO CHU3UTH YPOBEHb IiTymMa mpubopa, eciiv

IIOBBICUTh €r0 BXOJHOE COIPOTUMBIEHME. B 3TOM ciy4yae ypoBEHb IIyma

nponopuuonaneH 1/v/R. Eciu B3aTh BenuuuHy conpotusieHus pasaoi R = 101! Om,

TO 3HAUEHHeE IIyMa CHU3HUTCA 10 5,5 MKB- T2

. CiienyeT OTMETUTD, YTO PE3UCTOPHI C
TakKUM  OOJIBIIUM  CONPOTUBIIEHHWEM, OJHOBPEMEHHO HMEIOIIHE  XOPOIIYIO
CTaOMJILHOCTh M TOYHOCTh HE CYHIECTBYIOT. COMPOTHUBIIEHUE PE3UCTOPOB C TaKUM

OOJIBIIIUM COMPOTUBIICHHEM MOXKET MeHAThCS Ha 50 % oT oOpasua Kk obpasiry.

JIIst  MCKJIFOYEHHST JTOTO HeXenarelbHOTo 3¢ @deKTa CyIIeCTBYeT Crnocod
OXPaHHBIX KOJICI], KOTOPBIM MO3BOJISIET CHU3UTh BJIMSIHUE TOKOB YT€UKHM MU CHUMAET
OTPAaHUYCHHMS, KOTOpPHIC HAJIAralOTCs HAJIWYUEM IIe€MH BXOJHOTO COMPOTHUBIICHUS.
Ceiluac uMeeTcs B HaJIMYUU HECKOJIBKO PA3HOBHIHOCTEM MHMKPOCXEM HOBOTO
MOKOJICHUS, KOTOPBIE€ MO3BOJSIOT PACIIUPUTH BO3MOXXHOCTH OXPAHHOW TEXHUKH,
BCJICICTBHE HaJM4YWsl TAKOBOM BHYTPHM MHKpOCXeMbl. M3 3TOM Tpynmsl ciexyer

BBIJICNIUTH CIBOCHHBIM MHCTPYMEHTANBHBIN ycruTens Burr-BrownINA 116.
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BX0/HOE CONPOTUBJIEHHE JAHHOTO YCHJIUTENS JOCTUraeT BemuduHbl 102 Om,

napanienbHas BXoaHas eMkocTsb | nd u yposensb mrymos 2 MkB- T2,

Ha pucynke 3.5. mokaszana Oiok-cxema ycuiutenas Burr-BrownINA

116.

J: 10nF [

vi| -

Guard
[ Guard + 60k < 60k

VW YW

25kQ

AAA— \

5kQ Output
T

VWA
10pF _R 60k 60kQ Reference
/ % YA%%
+

Input | Guard 1
P _|I Guard

[N

vl 10nF

Pucynok 3.5. biok-cxema INA 116.

Kak noka3aHo Ha pucyHKe, oXpaHHasl TEXHHKA HCIIOJIb30BaHa Ha 000X
BXOJAaX YCWJIMTENS, a WHBEPTUPYIOLIMN BXOJ NPHUCOECIWHEH K BHUPTYaIbHOU

3CMIJIC.

Bpicokoe KauecTBO H3rOTOBJICHHUS CXEMbl TO3BOJISIET 3HAYUTEIBHO CHHU3UTh
HU3KOYACTOTHBIC (DIYKTyaluu W Jpeiid (TEersioBOM WM WMHAYIHUPOBAHHBIM KaKUM
aub0 JIpyruM CrnocoOOM) a Takke IMOJIHOCThIO cOallaHcupoBaTh 00a BXO[a.
IIpumeHeHne moI00HON OXpaHHOM TEXHUKH ITO3BOJISICT HMCKIIOYUTH BCE ICHH IS
TOKOB YTEUKH.

[Tpu pa3zpaboTke MakeTa Obliia UCTIOIB30BaHA IBYXCTOPOHHSS MeUaTHAs IJIaTa,
HIKHSISL IOBEPXHOCTh KOTOPOM MCMOJIb30BAJaCh B KAUECTBE OXPAHHOM MMOBEPXHOCTH,
a BEpXHss CTOpoHAa O(opMIIeHA B BUJIE OXPAHHOM CTPYKTYPhI BXOJHBIX AJIEKTPOIOB

(Puc. 3.6). uametp natunka — 30 MM, y KOTOPOTO HUMEETCS BHEIITHEE KOJIBIIO, KOTOPOE
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ABJISIETCA OXPAHHBIM KOJIBLIOM, @ BHYTPEHHHMM KPYT — CUTHAJIBHBIN d51eKTpoa. Hannune

ABYX JJICKTPOJOB ITO3BOJIACT 3HAYUTCIbHO CHU3UTDH CI/IH(baBHI)IC HaBOJKH.

Pucynox 3.6. Maket nipu6opa.

3.2. HccaenoBaHne XapaKTePUCTHK MaKeTa.

Bnauane gmis mpoBepku paborocnocoOHocTH TpubOopa  ObUT  MPOBEAEH
CIeAYIOIUN IKCcepuMeHT. [lnacTuHYaThIN 3JeKTpo ObLT U30JUPOBAH OT JIaTuMKa
cJioeM JUPJeKTpuKa ToimuHoi 0.5 MM. 3aTeM Ha HEro MojaBajoCch UMIYJIbCHOE U
CUHYCOUJIAJIbHOE HANpsDKeHHE aMIUTuTy 10 1 MB. Peructpaimst BbIXoqHOTO cUTHAIA

OCYILIECTRIISIIACH C TTIOMOIIBIO ociuiIIorpada.

U ﬂr I I Jaruuk Ocunnnorpad

Pucynoxk 3.7. CxeMa MpoBEpKHU BBIXOAHOTO CHTHAJIA.
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Benuunna xoaddunumenta ycuneHuss Obuta BbiOpana paBHoit — 500. Ha

pucynkax 3.8 1 3.9 nokazaH BHEUTHUHN BUJ] MOJYUYEHHBIX OCHUIUIOIPAMM.

0,0014
0,0012

0,001
0,0008
0,0006
0,0004
0,0002

Awmmuutyaa (B)

0,6

05 —

0,4
0,3
0,2

Awmrmmmutyna (B)

0,1

3 4 5 6 7 8 9 10
Bpewms (mc)

3 4 5 6 7 8 9 10

Bpewmst (mc)

Pucynox 3.8. Bun ocmuimorpamum. a — NpsiMOYTOJIBHBIA BXOTHON CUTHAIL, O —

BBIXOJTHOM CUTHAJ.
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Pucynoxk 3.9. Bua ocuuimorpamm:

a— CI/IHYCOI/II[aJIBHIJﬁ CHUI'HAJI Ha BXOJC, 0—Ha BBIXO/JC.

BunHo, 4TO BHEMIHMIA BU MPSMOYTOJBHOTO U CHHYCOUIAIBHOTO CHUTHAJIOB
MOBTOPSICT BXOJHBIE CHUTHaNbl. KpoMe TOro, amrumryaa BBIXOJHOTO CHTHaiA
COOTBETCTBYET BhIOpaHHOMY KOd(puruenty ycunenus. M3 aToro pe3yabrata MOKHO
CIeNaTh BBIBOJ, YTO pa3paOOTaHHBIA MaKeT CIOCOOEH YBEPEHHO PETUCTPUPOBATH

curHaiael ¢ amrmutyaod 1 MB. VYeenuuenue koadduimenta ycwieHuss npubdopa
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MTO3BOJIUT 3aPETUCTPUPOBATH CUTHAJIBI C MEHBIIIEN aMIUIUTYA0M. Beneacreue Toro, 4yTo
TEJIO YeJIoBeKa MPEACTABISIET cOO0M MPUEMHUK IIYMOBBIX CUTHAJIOB, TO B PEAJIbHbBIX
YCIIOBUSX 3HAUYUTEIbHOE KOJMYECTBO HIYMOBBIX CUTHAJIOB OYJET HAKJIaJbIBaThCS Ha
MOJIC3HBIA curHai. JImsi ycTpaHeHWsT WX BIUSHHS HEOO0XOauMa JOTOTHHUTEIIbHAS
dbunpTpanus.

Crnenytomiee u3MepeHrne OBLIO HAMpPaBICHO Ha HCCIENOBAaHUE 3aBUCUMOCTU
BBIXOJIHOTO CHUTHajda B 3aBUCHUMOCTH OT pACCTOSIHUSI MEXIY OJJICKTPOJaMU H
U3MEPSIEMON MOBEPXHOCTHIO. PacCTOsSIHHE MOTIIO MEXKY AJEKTPOJAMU U3MEHSTHCS B
npenenax ot 1 1o 3 mm. Pe3ynbTarsl U3MEpEHUN MOKa3aau, YTO 3HAYEHUE BBIXOTHOTO

CHTHaJIa YMEHBIIIACTCS MPH YBEJIMYCHUN paccTossHus (puc. 3.10).

0.1 ! !
1 2 3 | (aap)

Pucynox 3.10. 3aBUCMMOCTb aMIUTUTY IbI BEIXOJHOTO CUTHAJIA OT PACCTOSIHUS.

Jlanee  ucciaenOBaHME  YaCTOTHBIX — XapaKTEPUCTHK  Makera, KOTOpOe
IPOBOAUIIOCH CleAyomuM 00pazom. CUrHAIIBI C YaCTOTOM JIeKalleil B [1uana3oHe oT
0,1 mo 300 'y nogaBanuch ¢ reHepaTopa U 3aTeM U3MEPSIIACh AMIUIUTYAa BBIXOJHOTO
curHaga. Ha pucynke 3.11 mnokaszaHbl pe3yibTaThl HU3MEpPEHHH. BbIsBHHIIOCH

YaCTOTHBIC XapaKTCPUCTUKHU HAXOOATCA B H€O6XOJII/IMOM Juarra3oHe.
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Pucynok 3.11. YacToTHas xapakTepuCTHKa MaKeTa.

3arem ObLTa MPOBE/ICHA OIIEHKA CTAOMIBHOCTH paboThl MakeTa. J{Jis 3Toro ObuIH
MPOBEJICHBI Cclieaytonme n3mMeperns. Ha Bxox npubopa yepe3 U30IMpOBaHHBIN 330D

10/1aBAJIOCh TTOCTOSIHHOE HAIPsHKEHUE pUCYHOK 3.12

Uﬁ I I JaTunk PC

Pucynok 3.12. Cxema asist mpoBepKy CTaOUIBHOCTH pabOTHI MpudOpa.

JInsi TmpoBEpKH JIOJATOBPEMEHHON CTAaOMJIBHOCTH HU3MEPSIOCh aMIUIUTYAa
CUTHaJa Ha BbIXOJIe MpubOpa perucTpupoBaiach B T€UCHHUE JIUTEIHHOTO BPEMEHHU.
PesynbraThl m3MepeHmii TokazaHpl Ha pucyHke 3.13. Pesynbrarel u3MepeHui
MpeJCTaBlIeHbl B BUJE Ipadrka Ha SKpaHE KOMIbIOTEpA C MOMOIIBIO MPOTPaMMBbl,

HanucanHoi B cpeae C++Builder.
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Pucynox 3.13. Bujg nonaroBpeMeHHO# cTaOUILHOCTH MpUOopa.

Kak BumgHo wu3 rpaduka dYacoB mMoka3zaHus MNpudOOpa HU3MEHSIOTCS
HE3HAYNUTEIHLHO B TEUCHUE & YaCOB, YTO MOATBEPKIAECT BO3MOXKHOCTH €TO
NPUMEHEHUS JJI PETUCTPALUU CIa0bIX OUOMOTEHINAIOB.

3aTeM MakeT OBUT MPOBEPEH B AIEKTPOPHU3NOIOTHIECKOM HKCIIEPUMEHTE.
IIpexxne Bcero Obuta ocyiecTBiaeHa peructparus IMI' — curHana. DneKTpo bl ObLUIN
PacCIIOIOKEeHBI HAa CrHOATEIBPHOM MBIIIIE, JJISI TOr0 YTOOBI 3aperucTpupoBaTh 0e3
NBIOKEHUSA U cru0aHue OOJIBIIOro maiblia. MEBIIIIEI IS CTHOAaHUsT OOJIBIIIOrO IMajblia
pacmoJioKeHbl BHYTPU KHUCTH, I[IODTOMY CHUTHQJI HEIb3s 3aperucTpupoBaTh
HernocpeacTBeHHo. OaHako OMI™ — curHan MOXKHO U3MEPUTH B 00JIACTH MPEATIIICYbSI.
AKTHBHOE JIBW)KCHHE TAJIBIIEB MPe0oOpazyeTcss B UMITYIbCHOE HAIPsHKEHUE, KOTOPOE
PETHCTPUPYETCS C MOMOIIIBIO dJIEKTpOMUOTrpadudecKkux 31ekTponoB. Ha pucynke 3.14

MpEACTAaBJICHO UBMCHCHNEC aMIIJIMTY bl CUTHAJIOB oe3 JABHXXCHMUSA ITAJIBIIOB.
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Pucynoxk 3.14. Bung OMI" — curnana 6e3 1BHKEHUS MaJbIIOB.

Ha pucynke 3.15 MOXHO BUAETh N3MEHEHNE aMIUTUTY bl CUTHAJIA BCIICACTBHUE
IABWOKEHMsI OOJbIIOrO manblla. BenuunHa aMIuMTyAbl HM3MEHSETCS  JIOBOJIBHO

SHAYUTCIBHO IIPpHU KaXXIOM JABUKCHHUU IIAJIbIIA. CDopMa CUTrHajla HC IIOABCPIKCHA

BJIMSAHHIO IITYMOB.
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Pucynok 3.15. Bung OMI" — curnana npu crubaHuu O0JIbIIOTO Majblia.
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PazpabGoTtannbnii mpuOOp TMO3BOJSET MPOBOAUTH H3MEPEHHS B KOMHATax,
KOTOpbIE HE OOecredYeHbl COOTBETCTBYIOIIMMHU CpPEICTBAMH TOJABJICHUS IIYMOB.

praBH}ICMHﬁ 9KpPaH IMO3BOJIACT UCKIIIOUNUTDH BIIMSAHHUC BXOI[HOP'I CMKOCTH.

4. PMHAHCOBBIA MEHEIKMEHT, pecypco3(pPeKTUBHOCTH U

pecypcocoepe:keHue

[lepceKTUBHOCTh HAYYHOIO HCCIEIOBAaHUSA OIpPEAENACTCI HE TOJIbKO
BaXXHOCTBIO TPOJIETAHHON pPAa0OTHI, HO €lle HE B MajoOd CTENEHH 3aBUCUT U OT
KOMMEpYECKON 3HaYMMOCTH. [10 3TOMy MOBO Iy IpH IPEANPOEKTHOM AHAIIU3E CIEAYET
YUYHATBIBATh ¥ 3KOHOMHUYECKHE CTOPOHBI BBINOJIHSIEMON  paboThl. OlieHKa
SKOHOMHUYECKON CTOPOHBI MPOEKTa MOMOKET ONTUMAIBHO PACIpPEACIIUTh PECYPCHI,
KOHTPOJIMPOBAaTh COCTOSIHUE MPOABMXKEHHS paOOThl. Takke uyepe3 TaKyl OIEHKY
pa3pabOTUMK MOXXET HAWTH MNapTHepa ISl TNPOBENCHUS AANbHEHIIMX HAyYHbBIX

WCCIICIOBAaHUH U TIPEAOCTABUTH HA PHIHOK MPOIYKT HccienoBanus [14].

Takum  oOpa3oMm,  LEJbIO JIAaHHOTO pasjielia SBIAETCS OMNpeieicHue
NEPCIEKTUBHOCTH W YCHEIIHOCTA HAy4YHOTO IMPOEKTa, pa3paboTka MeXaHu3Ma
yOpaBJIEHUST W KOHTPOJMPOBAHHME ATAllOB pealn3auud. B HeM mnpeacTaBisiiOTCs

pe3yJbTaThl CAEAYIOUIMX ITANOB YIPABICHUS HAYYHBIM ITPOEKTOM:

1. Vnaunumanus npoekTa,;
2. [lnanupoBaHHe MPOEKTA;

3. HcnomHenue mpoekTa.

JlaHHBIM = 3TarmaM JOJDKEH TPEANIeCTBOBATH MPEANPOCKTHBIA  aHAJM3,
HaIpaBJICHHBIN Ha cOOp MHGOPMAITNH, ONTUCHIBAIOIINN TPpeOOBaHUS K TPOIYKTY WU

yCIyre.
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4.1. IlpennpoeKTHBIN aHATU3
Ilomenyuanvnvie nompeoumenu pesynibmamos uccieo08aHus.

KoHEeUHBIM MPOAYKTOM J@HHOTO HAYYHOTO MCCIEHOBAaHUS  SBISIETCSA
AJIEKTpOMHOTrpaUUeCKuil 3IEKTPO] U IPOrpaMMHOE oOecrieueHne, MpeAHa3Hau€HHOEe
11 00paOOTKH 3BYKOBBIX CUTHAJIOB, TOJYUYEHHBIX C IPYTUX aHATOTHYHBIX YCTPOMNCTB.
CerMeHTaM pbIHKa JAHHOW MPOJYKIHHA MOKHO OTHECTH 3APABOOXPAHHUTENBHBIE U

yueOHbIE YUpekJIeHus, (GU3nYecKue JIulia.

Ananuz KOHKYPEHMHbIX mexnHu4YecKkux pemeHuL? C nosuyuu

pecypcoaghchexmusHocmu u pecypcocoepericerusl

AHamM3  KOHKYPEHTHBIX  TEXHHYCCKHX  PEHICHHH ¢ TO3HIHNH
pecypcodpHEeKTUBHOCTH U PECYypCOCOEPEKEHUS IIO3BOJIIET IIPOBECTH OICHKY
CpaBHUTENBHOU A((PEKTUBHOCTH HAYYHOU pa3paOOTKU U ONPENEIUTh HalpaBICHUS

JUIsl ee OyIyIIEero MOBBIIICHHUS.

B nanHOl yactu Obula MpOBEEHA OLEHKA KOHKYPEHTHBIX pa3padorok. Ilpu
paavoTepanuy MPOUCXOJUT IIOBPEXKIACHUE HEPBOB M MBIIIEYHBIX BOJOKOH. Jlns
MOCJIEIYIOUIEN TUAarHOCTUKKA HEOOXOIUM MPUOOpP, PErUCTPUPYIOIINI MPOXOKACHUE
HEPBHBIX IPOXOXKACHNE HEPBHBIX CUTHAJIOB. B KauecTBe KOHKYPEHTOB ObLIIO BEIOpAHO
UCIIOJIb30BaHNE pa3pabOTKM MakKeTa E€MKOCTHOIO OECKOHTaKTHOIO JaT4hKa
anekTpomuorpadguu. Mcrnonp3oBaHME KOHKYPEHTHOrOo IHpHOOpa  CyLIECTBEHHO

YBEJIIMYUBAECT YPOBEHb MEAULIMHCKON TUATrHOCTUKHU.

[IpeumymiectBo  mpubopa  CymecTByeT B TOM  4YTO,  Ojarojaps
MajorabapUTHOCTH W TIPH TPABHUIBHOM NPHKPEIUICHHH K TENIy IalMeHTa JacT
BO3MOXKHOCTh IPOBOJUTH HCCICIOBAHMS JaXKe IPH NPUIOKCHHH (PU3HYECCKUX H

KpUTCPUHN OLICHKY, TAK KaK MOKHO OLICHUBATb KOHKypeTHO-CHOCO6HOCTB.

Y 100cTBO B 3KCIUTyaTaIluU SBJISICTCS] BAXKHBIM (PaKTOPOM JIJISI MOETO TIPOYKTa,
TaK KaK KPUTEPUHM i1 CPaBHCHHS M OICHKH PeCypcod(PPEeKTHBHOCTH M
pecypcocoepexeHus ObLTN MoJ00paHbl UCXO/IS U3 BEIOPAHHBIX OOBEKTOB CPABHEHUS C

YUETOM HX TEXHHUYCCKHUX WU OKOHOMHWYCCKUX 0COOEHHOCTEM p33pa60TKI/I, CO3aHuA U
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skcruTyataruu.  [lepBas  KOHKypeHTHas  pa3paboTka — 3TO  HWHBA3WBHAs
anekTpoMurpadus, KOTopas JaBHO IMpU3HAHA JIUJEPOM HA PHIHKE BHU3yaIM3alluH,
OJIHAKO MMEET Psii HEJJOCTATKOB, B YACTHOCTH CJIO)KHOCTh KOHCTPYKIIUU U BBICOKYIO
CTOMMOCTb. BTOpas KOHKypeHTHas pa3paboTka — 3TO OCCKOHTAKTHBIH JaTYUK
ANEKTPOMHUOTpaPHUH, K JOCTOMHCTBAM KOTOPON MOXKHO OTHECTH CPABHUTEIbHYIO
MPOCTOTY KOHCTPYKIIMH, OJTHAKO MOJTy4aeMble C MMOMOIIBI0 YCTAPEBILECH TEXHOJIOTUU

M300paXeHHs] UMEIOT HU3KYIO TOYHOCTh U Pa3peIIaloNlyl0 CIOCOOHOCTb.

Tabmuua 4.1. OueHouyHas KapTa [ CPAaBHEHHS KOHKYPEHTHBIX TEXHUYECKUX

peuieHuii (pa3paboTok)

Bec Baser KoHKypeHTO-Cc1TIoCOOHOCTD
Kpurepuu onenku KpUTe-
pud b ‘ BKI ‘ BKZ K ‘ KK] I KK2
TexHuUecKue XapaKTEPUCTHKHU OIICHKH pecypcodddekTuBHOCTH
Yoobecmeo 6 skcnnyamayuu 0,2 5 5 4 1 1 0,8
DHepeoIKOHOMUYHOCb 0,05 5 4 4 0,25 0,2 0,2
Vposenv wyma 0,1 5 4 4 0,5 0,4 0,4
Besonacnocms 0,1 5 5 5 0,5 0,5 0,5
Ilpocmoma sxcnnyamayuu 0,1 5 5 4 0,5 0,5 0,4
Bosmoorcnocms nooxnouenus
6 cemb DBM 0.2 5 5 5 1 1 1
OKOHOMHUYECKHE XapaKTEPUCTUKU OLIEHKH pecypcodPeKTUBHOCTU

Konxypenmocnocobrnocme 0.1 4 5 5 0.4 05 05
npooyKma
Vposenv nponuxnosenus ua 0.1 3 4 5 0.3 0.4 05
PBIHOK
Ilena 0,05 5 3 3 0,25 0,15 0,15
Ilocnenpooasicnoe 0.1 5 4 3 0.5 0.4 0.3
00CIyHCUBAHUE
Hmozo 1 46 44 42 5,2 5,05 475

W3 Tabmuupl BUAHO, YTO MpeJiaraeMoe TEXHMYECKOE pelleHHe oOiagaer
KOHKYPEHTOCIIOCOOHOCTBIO 3a cueT 0oJjiee HU3KOW CTOMMOCTH, a TaK e Ooiee
CJIOKHOTO TIpoliecca 3KCIUTyaTallud KOHKYpPEHTHOro oOopynoBaHus. JlanbHeimiee

WHBECTUPOBAHUE JAHHOW Pa3pabOTKU MOXKHO CUMUTATh LEIECO00Pa3HBIMH.
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SWOT-ananus

SWOT-anamu3 — (Strengths, Weaknesses, Opportunities, Threats) -
MpCaACTaBJACT co00lf KOMIUIEKCHBIM aHaJIn3 HAaYYHO-HUCCICOAOBATCIILCKOI'O IIPOCKTA.
SWOT-ananu3 npuMEHSIOT [Js WCCIENOBaHMs BHEIIHEW M BHYTPEHHEH Cpeibl

ITPOCKTA.

SWOT-ananu3 moMoraeT BBIABUTh MH(POpPMAIMOHHYIO 0a3y, KoTopas
MTO3BOJIUT BaM MPOAHAIM3UPOBATH BaIly MPOILIYIO CTPATETHIO, TPUMEHUTh METOJ] B
CaMbIX Pa3HOOOpa3HBIX cdepax IKOHOMUKH M YIPABJICHUS, TaK KaK €ro MOXHO
aJanTUPOBATh K 00OBEKTY UCCIEAOBAHUS JIFOOOTO YPOBHS U BO3MOKHOCTH CBOOOHOTO

BBI60pa AHAJIM3UPYCEMBIX 3JICMCHTOB B 3aBUCMMOCTH OT ITIOCTABJICHHBIX ueneﬁ.

SWOT-ananu3 JaHHOTO HAYYHO-HCCIIET0BATEIBCKOTO TPOEKTa MPEACTABICH B
tabiue 4.2. Ee wucnonp3oBaHMEe MOMOTaeT pa3o0paThCsi €  Pa3IUYHBIMU
KOMOMHAIMAMM  B3auMoOcCBs3ed  obnacteit  marpunet SWOT.  Bo3moxkHo
WCITOJIb30BAaHNE ATOW MATPHUIIBI B KAYECTBE OJIHOM W3 OCHOB IS OIICHKH BapHaHTOB
cTparernyeckoro Beioopa. Kaxpiil hakrop momeuaercs 1u0O0 3HAKOM «+» (03HAYaeT
CHUJIbHOE COOTBETCTBHME CHJIBHBIX CTOPOH BO3MOXXHOCTSIM), JIMOO 3HAKOM «-» (YTO
o3HayaeT ciaboe cooTBeTCTBUE); «0» — €CITU €CTh COMHEHHUSI B TOM, YTO TIOCTABUTH «+

Wi «-» (1ad. 4.3.).
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Tabmuma 4.2. UtoroBas marpuria SWOT-ananmmza

Cunvhbie CMOPOHbL Haywo-uccxzedoeameﬂbcmzo npoekma:

Cnabvie cmoponsi HayyHO-
Ucc1e008amenbCKo20 NPoeKma:

Cl1. IIpocroTa ycTpOMCTBa;

Cnl. HenpuBnekarenbHbI 113aiiH;

C2. Bo3aMOXHOCTh OECKOHTaKTHOT'O UCIIOIb30BaHus ycTpoiicTBa | Cn2. OtcyrcTBUE IPOTOTUIIA HAYYHOU
JUIs JIMarHOCTUKM MEIUIMHBI I10 CPaBHEHUIO C JPYIHMHU | pa3paboTKy,
TEXHOJIOTUSIMU; Cn3. OtcyrcTBUE WHXUHUPUHI OBOX
C3. Bo3MoxHOCTB YCOBEPUIEHCTBOBAHHUS CaMHM | KOMITAHUH, CIIOCOOHOM MOCTPOUTH
noTpeduTenem; IPOM3BOJICTBO MO KJIIOY.
C4. bosnee HU3Kass CTOUMOCTh IPOM3BOJICTBA I10 CPAaBHEHUIO C
JPYTUMH TEXHOJIOTUSMH.
Boszmoorcnocmu: 1. Bo3MOXHOCTh HpOBEAEHUS MeAULUMHCKONW JuarHoctuku | 1. Mccnenosanue IPOTOTUIA Hay4YHOH
yepe3 OJAEKAYy, IPEUMYILECTBOM SIBISIETCS IOBBILLIEHUE pa3paboTKH C NOMOUIbIO FOCYAapCTBEHHOTO
B1. 'ocynapcrBennoe
o ] CTOMMOCTH KOHKYPEHTHBIX pa3padoToK. (rHaHCUpPOBaHUSI.
WHAHCUPOBAaHUE, . .
B2 10 P 2. Hcnonp3oBaHWE TPOCTOTAa YCTPOMCTBA, mHpeumymiecTBoM | 2. McciemoBanue MIPOTOTHIIA Hay4yHOU
. [losiBnenue .
SIBJIIETCS TOBBILIEHHUE CITPOCA TOKYIATENEH. pa3paboOTKM €  TOMOILUBIO  TOSBICHUS
JOTIOJTHUTEIBHOTO CIIpOca Ha .
. ; JOTIOJIHUTEIBHOTO ~ CIpOca HA  HOBBIU
HOBBIN IPOAYKT;
IPOAYKT.
B3. IloBelieHne croumMocTu
KOHKYPEHTHBIX pa3padOTOK.
Yeposwi: 1. Bo3moxHOCTb NpuBJIeKaTh NOKyMaTenel ¢ momoiuisko Oonee (1. Cnenyer ITOBBICUTh XapaKTEPUCTHKH,
HU3KOM CTOMMOCTH TPOU3BOJICTBA. OCOOEHHO HaJl BHEIIHMM BHUJOM, CJH€JaTh
V1. Pa3BuTas KOHKypeHIUs .
. 2. BeckOHTaKTHOTO  WCMOJNB30BAHUS  YCTpPOMCTBA  JJs Oosiee y10OHbBIM.
TEXHOJIOTHI POU3BOJICTBA;
JMAarHOCTUKH MEAWIUHBI 10 CpaBHEHHIO ¢ Jpyrumu 2. [logyepkHyTh NpPEUMYIIECTBO, TaK KaK HET
V2. BBeneHus JONOIHU .
TEXHOJOTHSIMH,  BO3MOXXHOCTb  CO3/laHUsl  BBEICHMS IPOTOTHIA HAYYHOH pa3paboTKH.
TEJIbHBIX TOCYAAPCTBEHHBIX .
JIOTIOTHUTEBHBIX ~ TOCYJApCTBEHHBIX  TpeOOBaHUM K

TpeOoBaHUI K cepTH(PHUKAUU
TIPOTYKITUH.

cepTudUKaIMK MPOTYKIIHH.




Tabnuua 4.3. VIHTEepakTUBHAS MAaTpUlAa TIPOEKTa

CunbpHbIE CTOPOHBI IPOEKTA
Cl1 C2 C3 C4

B1 0 + + +
Bosmooicnocmu

B2 + + + +
npoekma

B3 + + + +

Vi 0 0 + +
Yeposwi npoexma

V2 0 - 0 0

Cnabbie CTOPOHBI TPOCKTA
Cul Cn2 Cn3

B1 - - -
Bosmoorcnocmu

B2 0 0 0
npoexma

B3 0 0 0

Vi - - -
Yeposwi npoexma

V2 0 - -

Ha I[aHHOﬁ MaTpHuIC, pE3yJIbTaThbl aHAJIN3d, MOXHO CACJIaTb BBIBOA O TOM, 4TO
Hp06HeMI>I BOZHHUKAKOIMKUEC B OOJIOCPOYHOM  pPA3BUTHHM HAHHOI'O HAYYHOI'O
HCCICO0BATCIIbCKOI'O ITPOCKTA IIO3BOJIAT BBISAIBUTH CHUJIBHBIC CTOPOHBI HccnenyeMoﬁ

TCXHOJIOTHH.

4.2. NHUIMAIHUS MPOEKTA

['pynna mnpoueccoB MWHULMALMKU COCTOUT U3 MPOILECCOB, KOTOPbIE
BBITIOJIHSIFOTCS JUIsl ONIPEENICHHS] HOBOTO MPOEKTa UM HOBOM (ha3bl CYIIECTBYIOIIETO.
B pamkax nporeccoB MHULIMALWK ONPEAEIISIOTCS N3HaYaIbHbIE LEIU U COIEPKAHUE U

(duKCcHpyIOTCA U3HAYANIbHbIE (DMHAHCOBBIE PECYPCHI.

OHpClICJ'ISIIOTCH BHYTPCHHUC W BHCIIHHUC 3aMHTCPCCOBAHHBIC CTOPOHLI

MPOEKTa, KOTOpbIe OYAyT B3aUMOAECHCTBOBATh U BIUATH HA OO pe3yabTaT

HAy4HOTO MpoekTa. JlanHast nHpopMaius 3aKperIsieTcss B Y cTaBe MPOCKTa.



VYcraB mpoekTa TOKyMEHTHUPYET OM3HEeC-OTPeOHOCTH, TEeKyIee TTOHUMAHHE
NOTpeOHOCTEN 3aKa3unKa MPOEKTa, a TAKKE HOBBIN MPOAYKT, YCIYTY WM PE3yibTarT,

KOTOPBIN MIAHUPYETCS CO3/1aTh.

VYcraB HAy4yHOTO MPOEKTa MaruCTepCcKoi paboThl JOJIKEH UMETh CIEAYIONIYIO
CTPYKTYpY:

Lenu u pezynomam npoexma

B manHOM paznene HeoOX0AMMO MPUBECTH HHGOPMAITHIO O 3aMHTEPECOBAHHBIX

CTOPOHAX IIPOCKTA, UCPAPXHUH ueneﬁ IIPOCKTA U KPUTCPUAX HJOCTUKCHUA I.[GJICfI.

3anHTEepeCcCOBaHHOM CTOPOHOI MpoekTa saBisercs kapeapa [1d OTU Tomckoro

[TomuTexHMYECKOrO Y HUBEPCUTETA.

B tabnuue 4.4 npencraBieHa uHdopmaius 00 UepapXud LeNeld MPOoeKTa U

KPpUTCPUAX NOCTHKCHHUA ueneﬁ.

Tabnuua 4.4. Llenu u pe3ynbTaT NpoeKTa

Pa3pabotka s1exkTpoMuorpaguueckoro JeKTpoia u ero
[enn nmpoekTa
HCCIIeIOBaHKE

Osicudaemvie pezyromanol [TosryunTh TOTOBBIN IPUOOP U PE3YNIbTATHI UCCIIET0BAHUIN

Kpumepuu npuemxu
PazpaboTtats npubop 11 IpoBeIeHHs dIEKTPOMUOrpadhun
pesynvmama npoekma

D¢ hHeKTUBHOCTH
Tpebosanus k pezyriomamy beicTponelicTBre
npoexkma NudopmaruBHOCTH

He BbICOKas cTOMMOCTD

Op2anuzayuonuas Cmpykmypa npoexma

Ha panHom »sTtame paOoOThl pelanoch CIEAYIOIIME BOIMPOCHI: KTO Oyjaer
BXOJIUTH B pab0OUyI0 rpymiy AAaHHOTO MPOEKTA, ONPEAEIUTh POJIb KaXKIOTO YHaCTHUKA
B JAHHOM IIPOEKTE, a TaKXe MpOmucaTth (PYHKIHU, BBIMOJHSIEMbIE KaXAbIM U3

YYaCTHUKOB U MX TPYA03aTpaThl B IPOEKTe. ITU UH(POpPMaALIUU YKa3aHbl B Tabnuie 4.5.
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Tabnuna 4.5. OpranuzaimoHHas CTPyKTypa IpoeKTa

®UO, ocHOBHOE T
O_
Ne /it MECTO paboTHlI, Ponb B mpoekTe OyHKIMHU pyA
3aTpaThl, I€Hb.
JOJIKHOCTh
. KoopnuaupoBanue
Anetinux Anexcanop PyxoBoautens P P
1 JEATENBHOCTH 7
Huxonoposuu IIPOCKTa
HCTIOTHUTEIS POEKTA

2

3

4

Brinonnenue
. HUcnonaurens mo
5 | Catipan Acemorcan OTJENbHBIX paboT Mo 135
MPOEKT
P Y MIPOEKTY
Hroro: 142
4.3. HJIaHI/IpOBaHl/Ie YHpaBJc€HUA HAYYHO-TEXHUICCKUM IPOCKTOM
['pynna IIPOLIECCOB IJTAHUPOBAHMS COCTOUT u3 IIPOLIECCOB,

OCYHICCTBIIACMBIX IJIA OIIPCACIICHUA O6IHGF O COACPIKAaHUA pa60T, YTOYHCHUA ueneﬁ )51

pa3pa6OTKI/I IIOCJICA0BAaTCIbHOCTH ,Z[CI>'ICTBHI>'I, Tpe6y€MBIX I JOCTHKCHUSA JaHHBIX

eyne.

Hepapxuueckas cmpykmypa pabom npoexma

Hepapxuueckas ctpykrypa pabor (MCP) — peranmuzanusi yKpyHmHEHHOM

CTpYKTYyphl paboT. B mporecce co3manuss UCP cTpykTypupyeTcss u onpeaensercs

cojiepkaHue Bcero npoekTa (puc. 4.1).
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IMEKTROMEO-

rpatdmEa

YViparnemsie Tpebosaon Moapobauce Paspafona Hurerpanes u
MPOEKTOM EpAVETY MPCEETHROE AHE TOCTHPOEIHHE
Hacts obpabor | | tacr obpaser “;:L:;m ﬁ:z’ ‘f::; ::;ﬁ:w

I poBIGIE — ARANCTOTOTO AHAOTOROTO CHIHAT . 1 o

CHIHARR
Yape . -
r et aHasaro- UarTy BN {30 Th ARANOO ‘izmrr;:.lm:rn
R CLIAHIE | = = meposors —— midpesare
IRppORcTo mpeodp miposare npeolp -
npeolp. mpealp

ADMICTPIPOES Mporpasmnce L [Tporpamsnoe [Iporpasemoe TIparpastieoe
e wecnederae ohecneveHse obecnenelne ofECTIE eI

Pucynok 4.1. Uepapxudeckas cTpykTypa paboT MO MPOEKTY

Konmponvnuvie cobvimus npoexma

B Ttabnuue 4.6 ykazaHbl KJIIOUYEBBIE COOBITHS

IIPOEKTa, HX

maTel H

PE3YJIbTaTbl, KOTOPLIC OOJIKHBI OBIThH IMIOJIYYCHBI 11O COCTOAHHIO HAa 9TH JAThI.

Tabnuua 4.6. KoHTposbHBIE COOBITHS MPOEKTA

PesynbTar
Ne KonTponbpHOe coObiTHe Jata (ToATBEpIKIAFOIIN I
JIOKYMEHT)
1 I;;z?ﬁa%mka MEXHUYECKO20 3a0aHUsL Ha 31.01.2017-1.02.2017 [Tpukas o BKP
2 Cocmaenenue u ymeepoicoenue 1.02.2017-2.02.2017 3
MeXHUYECK020 3a0aHUS.
3 Buvibop nanpasnenus ucciedosanust 202.2017-4.02.2017 B
u cnoco608 pewieHus 3a0ay
4 Coop u usyuenue nayno-mexiseckoi 4.02.2017-1.03.2017 Crmcox uTeparypbl
Jqumepamypbi
5 | Faspadomia memoduru . 1.03.2017-2.03.2017 Meromka
IKCNEPUMEHMATILHBIX UCCIEO08AHUL
IIposedenue sxcnepumenmanbHbixX .
6 Hecnedosamuis 2.03.2017-15.05.2017 Otuér
7 Ananusz u 06pabomxa noyyyeHHvIX 15.05.2017-17.05.2017 B
pe3yibmamos
8 Ogopmaenue nosicCHUMENbHOU 3aNUCKU U 17.05.2017-1.06.2017 [osicHuTenbHAS
npezenmayuu 3ammMcKa
9 Tloocomoska k 3auume BKP 1.06.2017-16.06.2017 -
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Ilnan npoexma

B pPaMKax IIUIAHUPOBAHHUA HAYYHOI'O IIPOCKTA HCO6XOI[I/IMO IMOCTPOUTD

KaJ'ICHI[apHHﬁ IIJIaH IIPOCKTA. B Hem OTpaXacTCda OSTall HAYYHOI'O IIPOCKTA, €TI0

BpPEMEHHBIE 3aTPaThl U COCTaB YYaCTHUKOB (Tab. 4.7).

Ta6nuna 4.7. KanengapHpli 1J1aH MPOEKTa

JIJTUTEIbHOCTD, Jara Hauana u Cocras
Ko HaszBanue YYaCTHUKOB
pat THA OKOHYaHHs paboT
paboThI (PHO)
31.01.2017- P
YKOBOJUTEIb

1 Paspabomxa T3 na BKP 1 1.02.2017 (Ancitnuk A.H.)
Cocmasaenue u 1.02.2017-2.02.2017 | PyxoBomres

2 ymeepoicoene 1 o o (Aneitnuk A.H.)
MeXHUYeCK020 3a0aHUs.

Buvibop nanpaesnenus PykoBoaurens

3 UCCne008aHus u 5 2.02.2017-4.02.2017 | (Auneiinux A.H.)
cnoco608 pewienust Marucrpast
3a0au Caiipan A.

(Caiip
U3yuenue nayuno-
MmexHu4ecKou

4 Aumepamypol u 25 4.02.2017-1.03.2017 MarvHCTPaHT
UCNOIb3YeMO20 (Caiipan A.)
000py008aHUs
Paspabomxa memoouxu PyK?,BOHHTeHB

5 SKCREPUMEHMATbHbIX 1 1.03.2017-2.03.2017 | (Aueitnuk A.H.)

. Maructpant
uccne0osanul (Caitpan A.)

6 Hfoeedenue 7 2.03.2017- Maructpasr
IRCREPUMERMATLHbIX 15.05.2017 (Caiipan A.)
Hccneoosanuii
Ananuz u obpabomxka 15.05.2017- (iﬁ%ﬁﬁ(ﬂfg)

7 NOTYYEHHBIX 2 17.05.2017 MarI/ICTpaﬁT '
pe3yibmamos (Caiipan A.)
Ocpopmnenue 17.05.2017- MarucrpanT

8 NOSAICHUMENbHOU 3ANUCKU 15 1.06.2017 (Caiipan A.)

U npezenmayuu '

9 Iloozomoska k 3awume 16 1.06.2017- Maructpant

BKP 16.06.2017 (Caiipan A.)
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Jlig wimocTpaly KaJleHAapHOTo IJIaHa MPOEKTa MCIoyib3oBaHa auarpamma ['anta. ['paduk mocTpoeH ¢ pa3OMBKOM IO

MCCiALaM. H_[TpI/IXOBKOfI BBIACIICHBI OTBCTCTBCHHBLIC 3a BBIIIOJITHCHHC pa6OTI)II HCIIOJITHUTCIIb (M&I‘HCTpaHT) )41 H&y‘IHBIfI

pykoBoauTenb (Tao. 4.8).

Ta6muma 4.8. Jluarpamma ["anTa

Ne T [1poa0oIKUTENBHOCTD BBIIOIHEHUS paboT
Pab6o Bun pabor Wcnonuurenu A KI’IH SHBapb DeBpaib Maprt Arnpenb Maii Wronb
T e 3 112 (3|12 |3 ]1]2]3]1]2 1|2

Paszpabomka T3 na BKP PykoBoauTenb 1 g
CocmasneHue mexHu4ecko2o ‘

PykoBogurens 1 S
3a0anus b,
Buvibop nanpasienus

PykoBonuTrens,
ucce0o8anusl U cnocobos 2 Q

MarucTpaHT I
elwenus 3a0a4
Coop u usyyenue rumepamypol Marucrtpasr 25 _
Paszpabomka memoouxu PykoBonuTens, 1 .
IKCNEPUMEHM =X UCCIe008aHUU MarucTpaHT AN
[IposedeHue sKcnepumenm=-x
posedene xenep Marvctparr | 74 I
uccredosanuil
Ananus u obpabomia nonyuennvix | PykoBoaurensb, 2 I
pe3ynbmamos MarucTpaHT
Cocmasnenue u ogpopmnerue
pop Marucrpasr 15
[13
[loozomoeka k
Marucrtpanr 16

sauume

- HayuHblll pykoBOOUTED

.- MaructpaHt




4.4, BroaKeT HAYYHOT0 HCCJIeI0BAHUS

[Tpu nnaHupoBaHMM OIOJKETa HAYYHOIO MCCIEAOBAaHUS JOJDKHO OBITh
00ecredeHo MOJIHOE U IOCTOBEPHOE OTPAXKEHHE BCEX BUJIOB INIAHUPYEMBIX PacXo/I0B,
HEOOXOMUMBIX IJIsi €ro  BbIMOJHEeHHWs. B mporecce ¢opmupoBanusi Oromxera,

IUTAHUPYEMBIE 3aTPaThl TPYIIIUPYIOTCS [0 CTAThSIM, IPEICTABICHHBIM B Tabnuile 4.14.
Coipve, mamepuansl, NOKYnHble U30eus u noiypadpuxkamol

B 3Ty crarhio BKIIOYAIOTCS 3aTpaThl Ha NPUOOpPETEHHE BCEX BHJIOB
MaTepUalioB, KOMIUIEKTYIOIIMX H3JETUNd U MoaypaOpuKaToB, HEOOXOAUMBIX s
BBITIOJTHEHUSI PabOT Mo JaHHOW Teme. KonamdecTBO MOTPEOHBIX MaTepHUalbHBIX

LICHHOCTEH OIIpCACIIACTCA 110 HOPMAaM pacxonaa.

Pacuetr cToMMOCTH MaTepUaNIbHBIX 3aTPaT MPOU3BOJUTCS MO JEHCTBYIOIIUM
MpelcKypaHTaM WA JOTOBOPHBIM IieHaM. B CcTOMMOCTh MaTepuUalibHBIX 3aTpaT
BKJIIOYAIOT TPAHCIIOPTHO-3arOTOBUTENbHBIE pacXoibl (3 — 5 % oT 1ieHsl). OCHOBHBIMHU
3aTpaTaMd B JAaHHOM HCCIENOBATENbCKOM paboTe SBISIIOTCS  3aTpaThl  Ha

AIIEKTPOIHEPTHIO. Pe3ynbTaThl 10 TaHHOW CTaThe 3aHOCATCA B TaOuILy 4.9.



Tabmuua 4.9. Ceipbe, MaTepuasbl, KOMIUIEKTYIOIIME H3ACIHS MW IOKYIHBIE
norypabpukathl

Ilena 3a Cymma
Haumenosanue Mapka, pazmep Koauuecmeo | eounuuyy, ’

pyo. pyo
Anexmposnepaus,
nompetnennas IIK - 140 kBmuac 5,8 812
Inexmposnepaus
nompebieHnas 27 kBmuac 5,8 156,6
obopyodosanuem (HOymoyk)
Onexkmposnepeus
nompeoieHHaAs 465,78 5.8 27015
obopyodosanuem (annapammo- KkBm-uac
NPOSPAMMHBIL KOMNJLEKC)
Tleyamov na aucme A4 — 110 1,5 165
Pyuka Cello Writer 1 25 25
Jocmyn 6 unmepnem — 4 mecaua 350 1400
Muxpokoumpoanep ATmegal6A-PU 1 120 120
Onepayuonuslil ycunumenn LMO082 2 7,7 15,4
Pe3ucmop gur 0805 9 0,17 1,53
Kes. Pezonamop HC-4§/[SF3.16,000 1 10 10
Konoencamop kepamuueckuil 11 5 55
Tpancgopmamop TIIT-2 1 127,12 127,12

FT232RL
Muxpocxema SSOP28 180 180
MAX232EPE,

Muxpocxema RS232 1 59 59
Jluoonwiii mocm RS206 2 10 20
Cmabunumpon L7905CV 1 15 15
Cmabunumpon L7805CV 1 15 15
Konoencamop xepamuueckuii 11 5 55
Konoencamop
NeKMPOAUMUYECKULL 33 MxD 2 2 4
ANFOMUHUEBHLU
Bcezo 3a mamepuanwi 5937,15
Tpancnopmmno-3azcomogumeJipHole pacxoovl 237,49
Hmoczo: 6174,64

3aTpaThl Ha DIEKTPOIHEPTUIO PACCUUTHIBAIOTCS 110 popMyIie:

Con= uafz 'PHOM'tpa6

(4.1)

Tne 1], =5,8 pyo/kBt 4 - mpoMBIIUIEHHBIN Tapr} HA IIEKTPOIHEPTHIO;

P,on, KBT - HOMUHATbHAS MOIITHOCTH 000Dy I0BaHMUS;



t)46, - BPEMS UCIIOJIb30BaHUS 00OPYAOBaHUS.

B ocHOBY 000pymoBaHus AJIs1 UCCIICIOBAHMSI BXO/INT:
1. Hoyt6yk — P = 50 Br;

AnmnapaTHO-IPOrpaMMHBIN KOMILUIEKC B COCTAaBE:

Hacronpnbiii komnstotep - P = 300 Br;

Ocmmtorpad - P = 125 Bt

I'eneparop — P = 5000 Bt

AmnanoroBas nasytaasg — P = 60 Bt

o 0 bk w D

MynsTumetp - P = 60 Bt

CyMmapHasi MOITHOCTh alapaTHO-IIPOTPaMMHOTO KOMILJIEKCA 3a BECh MEPUO]T

paboThI COCTABIISET:
Pow = 5545 Br.

Bpems ucnonbp3oBaHHe HOYTOyKa pAacCUMTHIBAJIOCH M3 OOIIEr0 BPEMEHH €ro
UCTIOJb30BaHus B TeueHue 135 aHeil B cpeaHem mo 3 yaca B J€Hb J1Js pabOThI Haj
npoekToM. Bpemsi paboThl anmapaTHO-IPOTPaMMHOTO KOMIUIEKCA MPHU MPOBEACHUU
UCCIIEJOBaHUN cOCcTaBUIIO 28 nHEH B cpeiHeM 1o 3 yaca B I€Hb, UCTIOJIb30BAaHHBIX JISI
HaJIaJKd KOMIUIEKCA, HalWCaHUs MPOrpaMMHOr0 OOEeCHeueHus, KaluOpOBKH

M3MEPUTEIbHBIX IPUOOPOB U MPOBEICHUS IKCIIEPUMEHTA.

Takum 006pa3om, 3aTpaThl Ha IEKTPOIHEPTUIO HOYTOYKA PACCUUTHIBAIOTCS 11O
dbopmye:
Csn =5,8:0,050-540 = 156,6 py0. (4.2)

3aTpaThl Ha AIEKTPOIHEPIHUIO AMMNAPATHO-MPOTrPAMMHOI0 KOMILIEKCA

paccuuTHIBAIOTCA MO (hopMyIie:

C,y = 5,8°5,545-84 = 2701,5 py6. (4.3)



3ampamul Ha amopmu3zauonHvle omuucienus Ha 060pyoosanue OJisl HaAYYHbIX
pabom

B nanHO# mccrmenoBaTenbCcKoil paboTe K Crenodopya0BaHuI0, HEOOXOTUMOMY
JUTSI TIPOBEIICHUST DKCIIEPUMEHTAIBHBIX Pa0OT, OTHOCUTCS TPHOOpP dIeKTpoMuorpad

29 <6

“ocrmiutorpad ”, “reneparop”’. PesynbTaThl B Tabmuie 4.10.

Tabmuua 4.10. Pacuer 3arpar no crarbe «Crienio00opyA0BaHME 711 HAYYHBIX pad0T»

OO6mas
Komn-Bo Llena equHMAIBI
No | HaumenoBanue CTOMMOCTD
€UHULI o0opyaoBaHus,
n/n | O0opyaoBaHUsS o0opyoBaHus,
000pyI0BaHUs TBIC.pYO.
TBIC.pYO.
1 Ocyunnozpagh 1 150800 150800
2 | I'enepamop 1 527500 527500
3 | Hroro no cratbe Co 678300

CpOK 9KCILTyaTallul JdaHHOI'O O60py,Z[OBaHI/ISI COCTaBJIACT IIOpsAOKa 5 JICT, Takum

00pa30M 3aTpaThl Ha AMOPTH3ALUIO 000PYIOBAHUS PACCUMTBIBAIOTCS 1O (GOopMyJIE:
CaMopT =Co/ T (44)

I'me Cqy5— cToumocTs 000pynoBaHus, pyo.;

T — cpok citykObl, THH.
Takum 006pa3om 3aTpaThl HA aMOPTU3AIMIO 000PYI0BaHUS OCIMILTOTpada:
Camopr1 = (150800 / (5-247)) = 122,11 py0/nH.
Camopr2 = (527500 / (5-247)) = 427,13 py0/nH.

O6opynoBaHN€e UCIOIB30BAIOCH B TeUeHUE 28 qHEH, TakuM 00pa3oM, 3aTpaThl

Ha 000pyZOBaHUE:
CaMopT(o61u1) = 122,11 -28 = 3419,08 pY6
Camopr(osm1) = 427,13 - 28 = 11959,51 py0®.

OOmrre 3aTpaThl HA AMOPTU3ALIUIO COCTABJISIOT:



Camoproom) = 3419,08 + 11959,51 = 15378,59 py®6.
OcHoenas 3apabomuas niama

CraThsi  BKJIIOYAET  OCHOBHYIO  3apa0OTHyI0  mjaTy  paOOTHHKOB,
HETIOCPEICTBEHHO 3aHAThIX BhIMoiaHeHnem HTU, (Bximowas mpemuw, AOIIIATHI) U
JIOTIOJIHUTENbHYIO 3apaboTHY!o Tu1aty. Pacuer ocHoBHOM 3apab0THOM TUIaTh U 6aaHC

pabouero BpeMeHu npuBeaeHb! B Tabmumax 4.11 u 4.12.

Tabnuma 4.11. Pacuet ocHOBHOM 3apabOTHOM T1aThI

Ty,
WcromauTenn 35., pyo. Kp 3u, PYO | 3w, pyoO. ’ 3oci., PO
pab.aH
Pykosooumenv 26300 1.3 34190 | 1428,02 7 11424,08
Mazucmpanm 1750 1,3 2275 118,89 135 16050,75
Tabnuua 4.12. bananc pabodero BpeMeHH
[Tokazarenu pabodero BpeMeHH PykoBogurens CryneHt
KonnyecTBo KajgeHAapHBIX THEH 365 365
KonmuectBo Hepabouux aHEH:
e BrIXoaHBIE THH 118 118
o [IpazgHuyHee THU
[Totepu paGouero BpeMeHHU:
e Ortmyck 56 48
e boJIbHUYHBIE
JlefCTBUTENBHBII TOT0BOM (OHT 101 199
pabouero BpeMeHH

C317 = 3OCH+3 (45)

gon’

I'ne 3, —OCHOBHas 3apabOTHas MJIATa;

3

nom

JOITOJIHUTCIIbHAs1 3apa60THaﬂ Ij1aTa.

OcHoBHas 3apa0OTHas TUIaTa HAYYHOTO PYKOBOJMTENS PACCUMTHIBAETCS Ha
OCHOBAHUU OTpacieBOy oruaTtel Tpyaa. OTpaciieBas cucrema oratel Tpyna B TITY

MIPEAToaraeT CIeAYIONUHA COCTaB 3apadOTHOM IJIATHI:



1) okmag—omnpenensercs npennpustaeMm. B TIIY oxmanasl pacrpeneicHbl B
COOTBETCTBUM C 3aHUMAEMbIMU JIOJDKHOCTSIMH, HAINpUMEp, ACCUCTEHT, CT.

npernoaaBaTeb, JOLEHT, podeccop.

2) CTHUMYJUPYIONIUME BBILIATBI — YCTAHABJIMBAIOTCA  PYKOBOAMTEICM
noApazaenacHuil 32 3((PEKTUBHBIA TPy, BHITOJIHEHUE JIOTTOJTHUTEIIbHBIX

00s13aHHOCTEN U T.1I.

JlomomHuTeNbHAS 3apaboTHAs TJIaTa BKJIIOYAET OIUIATy 3a HermpopaboTaHHOE
Bpemst (ouepeTHo U y4eOHBIA OTMYCK, BBIMIOJIHEHWE TOCYIapCTBEHHBIX
0053aHHOCTEH, BBITUIATa BO3HATPAKICHUIN 3a BBICIYTY JIET M T.I.) ¥ PACCUUTHIBACTCS
ucxoas u3 10-15% ot ocHOBHOI 3apaOOTHON MIaThl, paAOOTHUKOB, HEMOCPEACTBEHHO

Y4aCTBYIOIIMX B BBIIIOJIHCHUEC TCMbI:

3 =k 3 (4.6)

J0oI11 JIOII™ OCH)

I'ne 3, momojnurenbHas 3apaboTHas mara, pyo.;
K koo dUIMEHT TOIMOIHATEILHON 3apIuiaThl, 3ocy—OCHOBHAsA 3apaboTHAas
1011 (0]

aTa,pyo.
OcHoBHas 3apaboTHas MJIaTa pyKOBOAMUTENS PACCUUTHIBACTCS MO POpMyIIe:

3

OCH = 3)1}1.

T o0 4.7)

I'ne 3,.,—OCHOBHas 3apabOTHAs IJIaTa OJHOIO PaOOTHHKA,
T4 TIPONOJDKUTEIBHOCTS  PabOT,  BBINOJHAEMBIX — HAYYHO-TEXHHYECKUM

paboTHUKOM, pad.H;
3 —CpenHeaHeBHas 3apabOTHas 11aTa padOTHHUKA, PYO.
CpennenneBHas 3apab0THas TUIaTa paCCUUTHIBAETCA 10 hOpMYyIie:
3= 3y MIFy, (4.8)

I'ne 3, —MecsuHbll JOKHOCTHOM OKJIa paboTHHUKA, PYO.



M—xonnuecTBO Mecs1eB paboThl 6€3 OTITYCKa B TEYEHUE ro/1a; MPH OTITyCcKe B 48

pabouux gueit M=10,4 mecsiia, 6-1HEBHAS HEEIIS;

Fj—neficTBuTENbHBIN TO10BON QOHI pabOUero BpEMEHH HAYYHO-TEXHUYECKOTO

HIepCOHAJIA 33 BBIYCTOM OTITYCKa M OOJILHUYHBIX (B PA0OOUYUX JHSX).

OcHoBHas 3apa0oTHas TIaTa PYKOBOJUTENS 3a MEPHOJ MpoBeAeHus: padbot (7

pabouux JHS) paBHA:
3 = 3y MIF; =1,3-26300-10,4/191 =1861,7 pyo;

3 T, = 1861,7-7 = 13031,9py6;

OCH = BZ[H.

30n = Kion3oen = 0,15-13031,9 = 1954,79py0;

JOIT~ OCH

Cyni = 3o + 3,0n = 13031,9 +1954,79 = 14986,69pyo.

3apaboTHas TiaTa MarucTpa COCTOMT W3 CTUINEHAWH. Maructp,
BBITIOJTHUBIIUH TaHHYIO pa0boTy, MOTydaeT CTUIICHIUIO B pazmepe 2275 pyo. OcHoBHas
3apaboTHas IJlaTa MarucTpaHTa 3a mepuoj nmpoBeneHus padbor (135 pabouux Hs)

paBHa:
3, = 3y MIF, = 1,3-1750-10,4/199 = 118,89 py6;

3 T, = 118,89 -135 = 16050,75 pyo;

OCH = BZ[H.
Cyn = 3o + 3,00 = 16050,75 + 0 = 16050,75 py6.
ﬂOl’lO]lHumeﬂbHa}l 3apa60mHa;z niama

JonoysHuTeNnbHasE 3apaboTHas TjlaTa paccuuThiBaeTcs ucxoas u3z 10-15% or
OCHOBHOW 3apa0OTHOM TIUIaThl, PAOOTHHKOB, HEMOCPEICTBEHHO YYaCTBYIOIINX B

BBINOJIHEHHE TeMbI (Tadi. 4.13).



Tabnuma 4.13. Pacuet 3apaboTHOI MIaThl

3apaboTHas 1iata PykoBoauTens Maructpant
OcHosHas 3apniama 13031,9 16050,75
Jlononnumenvhas 3apniama 1954,79
Hcnonnumens -
Hmozo: 14986,69 16050,75

Omuucnenus na coyuaijlbHvle Hy.?lcabl

OTuucnenus BO BHEOIOKETHBIE (DOHIBI BXOASAT 00s13aTEIbHBIE OTUUCIICHUS T10
YCTAHOBJICHHBIM 33aKOHOJATENbCTBOM Poccuiickoil ®enepaunu HoOpMaM oOpraHam
rocyjapctBeHHoro coruanbHoro crpaxoBanus (OCC), nencuonnoro ¢onna (I1D) u
MeauuHcKkoro ctpaxoBanust (PPOOMC) ot 3aTpaT Ha OIIaTy TpyJia paOOTHUKOB.

Benuuuna otuncieHuit BO BHEOIOKETHBIE (DOHIBI OMIPEACNIeTCS UCXOIS U3

cienyromieit GopmMyIiblL:

36He6 = k6H66(306H + 3()0,1) (49)

I'ne kgyueg — KOO PUIMEHT OTUKCTICHUH HA YIIIIATY BO BHEOIOXKETHBIE (DOH/TBI
(mencuoHHbIN PoHI, HOHT 00s13aTEILHOTO MEAUIIMHCKOTO CTPAXOBaHUS U TIP.).
Ha 2017 r. B coorBercTBuH ¢ 1i1. 34 Hanorosoro koxekca P® ot 01.01.2017

YCTaHOBJIEH pa3Mep CTPaxOBbIX B3HOCOB paBHBIN 32%.

kBHe6 = knd) + kc + an = 0,32, (410)
Ine  kyg — K0)OUIHMEHT OTYUCTICHNH TIECHCUOHHBIH (OHI;
ky¢ — KOOQGUIHMEHT OTUMCIEHUI CTPAXOBBIX B3HOCOB;
ky¢ — KOO(pGUIHMEHT OTUMCIEHNUI TO0XOIHOTO HAIIOTA.
Takum 00pa3om oTYHCIICHHUS BO BHEOIOIKETHBIE (DOHJIBI OT 3aTPaThl HA OIJIATY
TpyAa COCTaBHIIN:

3enes pyx =0,32-14986,69 = 4795,74

Haxnaonwle pacxoovt




B 3Ty crarpi0 BKIIOYAKOTCS 3aTpaTbl Ha YNPABICHUE M XO3AMCTBEHHOE
oOcny>KuBaHUE, KOTOPbIE MOTYT ObITh OTHECEHBI HEMOCPEJACTBEHHO HAa KOHKPETHYIO
TeMy. Kpome Toro, croga OTHOCATCS Pacxolbl MO COAEPKAHUIO, IKCIUTyaTalluu U
PEMOHTY 00OpyI0BaHUS, MPOU3BOJACTBEHHOTO MHCTPYMEHTA U WHBEHTAaps, 3AaHUH,

COOPYKECHUH U JIp.

Haknannuele pacxoasl cocTaBimsitoT 12-16 % OT CyMMbl OCHOBHOM H
JOTOJHUTENBHON 3apaO0THOM IJ1aThl, pA0OTHUKOB, HEMOCPEICTBEHHO YYaCTBYIOIIHMX

B BBITIOJIHEHHE TeMbl. VX BeIMuMHA onpeensieTcs: mocleayonei gopmyie:

C..=(3..+3..)k

HakiI \“ocH =< gon/ '"‘Hakm’

(4.11)

I'me Kk _—Kk03)HUIHEHT,yIUTHIBAIONINI HAKIIQHBIC PACXOIBI.

HaKJI

Chaxn = 0,14 - (13031,9 + 1954,79 +16050,75 + 4795,74) = 9140,98 py6.

Ta6nuna 4.14. I'pynnupoBka 3aTpaT 10 CTaThsIM

CroumocTs 3aTpar B pyoIsax
Ne Crateu
(pyxoBOANTETH MATUCTPAHT)
1 Coipbe, mamepuavl 6174.64
3ampamul Ha amopmuzayurw 0CHOBHO20
2 15378,59
000py0o8anus
3 OcHnosnas 3apabomuas niama 29082,65
4 Jlononnumenvhas 3apabomuas niama 1954,79
5 Omuucnenus Ha COYUANbHbIE HYHCObL 4795,74
5 Haxknaonwie pacxoowvi 9140,98
6 Hmozo nnanoeasn cebecmoumocmeo 66527,39

B xone BeimonHeHus: 3xkoHOoMuYeckoi yactu BKP Obutn mpoBefeHbl pacyeThl
maHoBoit cebectoumoctu mpoBenenus HUOKP u Bpems, HeoOxoammoe Ha
poBe/ieHne JaHHOU paboThl. [InanoBas cebecTouMocTh padboThl cocTaBiseT 66527,39

pyO, OCHOBHAs COCTaBIIAIONIAs KOTOPO — MaTepuaibHbIE 3aTPaThI.



4.5. OnpenesieHne pecypcHoii, GuHAHCOBOI, 010XKETHOM, COUMATILHON H

IKOHOMUYECKON IPPEeKTUBHOCTH UCCICAOBAHUS

D@ heKTUBHOCTh HAYYHOTO PECypCcOoCcCOeperaroiero NpoeKkTa BKIYaeT B ce0s
coIuagbHy0 3(PPEeKTUBHOCTh, SKOHOMHYECKYIO MU OMKETHYH 3(h()EKTUBHOCTS.
[TokazaTemu oOmecTBeHHON 3(PHEKTUBHOCTH YUNUTHIBAIOT COMMAIEHO-IPKOHOMUYECKUE
MIOCTIEICTBHSI OCYIIIECTBICHUS MHBECTUITMOHHOTO MTPOEKTA KaK JIJIsl OOIIECTBA B IIEJIOM,
B TOM YHCJIE HEMOCPE/ICTBEHHBIC PE3YNIbTAThl U 3aTPAThl MPOCKTA, TAK M 3aTPaThl
pPE3yNbTaThl B CMEXHBIX CEKTOPaX dKOHOMHUKH, YKOJIOTUICCKUE, COLMATbHBIC U HHBIC

BHEIKOHOMUYECKUE dDPEKTHI.

[lokazatenun SKOHOMUYECKOM A((PEKTUBHOCTH  MPOEKTAa  YUUTHIBAIOT
(VMHAHCOBBIE TOCJEACTBUSA €TI0 OCYIISCTBICHUS ISl MPEANPUSATHUS, PEATU3YIOLIETO
NaHHBIM mpoekT. B aToM ciiydae mokazarenu 3((QEKTUBHOCTU MPOEKTa B IIEJIOM
XapaKTepU3yIOT ¢ SKOHOMUYECKONW TOYKU 3PEHUS TEXHUYECKUE, TEXHOJIOTUYECKUE 1

OpraHU3allMOHHBIC ITPOCKTHLIC PCIICHUS.

bromxernass 3¢ GEeKTUBHOCTh XapaKTepU3yeTcs Y4YacTHEM TOCyJapcTBa B

MIPOEKTE C TOUKHU 3PEHUS PACXOJI0B M JI0XOI0B OIOPKETOB BCEX YPOBHEH.

Kpome BbIllle TIepeurCIEHHBIX BHUAOB A(PPEKTUBHOCTU MOXHO BBIICIUTH
pecypcHbIl d(PpdekT (XxapakTepuzyeTcs MMOKa3aTesIMU, OTPAXAIOIMIMMHU BIIUSHUE
WHHOBAIIMU Ha 00BEM MTPOU3BOJICTBA U MOTPEOJICHUS TOTO WM UHOTO BUA pecypca),

Hay‘IHO-TCXHI/I‘IeCKI/Iﬁ (OI_IeHI/IBaCTCH ITOKa3aTCIsIMH HOBHU3HBI U HOHCSHOCTI/I) H 1p.

Onpenenenue  >QPEKTUBHOCTH  MPOMCXOAUT HA  OCHOBE  pacuera
MHTETpaJIbHOTO  MOKazaredass A((EKTUBHOCTH HAYyYyHOro uccienoBaHus. Ero
HAaXO0XJCHUE CBS3aHO C OINpEAeJCHUEM JBYX CpPEJHEB3BELICHHBIX BEJIMYMH:

¢dbrHaHCOBOM 2P(HEKTUBHOCTH U pecypcoddPEKTUBHOCTH.

WuTerpanbHblii  mokaszarenb  (GUHAHCOBOM  A()@PEKTUBHOCTH  HAYYHOIO
HCCJIEIOBaHMs TMOJIy4al0oT B XOJ€ OLIEHKHM Orojkera 3aTrpaT Tpex (uiam OoJee)

BapHUAHTOB UCIIOJHECHUSI HAYYHOTO UCCIIe0BaHus (Tadi. 4.15).



CpaBHeHHE 3HAaYCHHI HHTETPATBHBIX MTOKa3aTenei 3 PeKTUBHOCTU MO3BOISET
NOHATh W BBIOpaTh OoJjiee S(PPEKTUBHBIA BapUAHT PEIIEHUS TOCTABICHHON B
MarucTepckol JuccepTalli TEXHUYECKON 3a7aud ¢ NO3UIuu (UHAHCOBOU U

pecypcHO 3(pEKTUBHOCTH.

Tabmuua 4.15. CpaBHUTENbHAs OLIEHKAa XapaKTEPUCTHUK BapHUAHTOB HCIIOJHEHHUS

ITPOCKTAa
Becosoit
110 Texymmit
Kod(hUreHT Amnaror 1 | Amnanor 2
Kpurepuu IIPOEKT
napamerpa

Yoobcmeo 6 sxcniyamayuu 0,1 5 5 5
Ilpocmoma sxcnayamayuu 0,15 4 5 5
Vposenv wyma 0,15 4 5 5
Bpems sxcnosuyuu 0,2 4 5 4
Haoesicnocmo npubopa 0,25 4 5 5
Bosmoacnocme nooknrouenust 6

0,15 5 5 5
cemb IBM
HUroro: 1 4,25 5,0 48

WHuTerpanbHblil moka3areiab pecypcoddPeKTUBHOCTA BAPUAHTOB MCTIIOJHEHUS
00BEKTa UCCIEIOBAHNS MOKHO OINPENEIUTD CIEAYIOIINM 00pa3oM:

o= ShoapbY Ig = S ap b, (412)

rae  I,,; — MHTErpalbHbIi MOKa3aTelb pecypcodhGEKTUBHOCTH IS i-I0 BapuaHTa
HCIIOJIHEHHUS pa3pabOTKH;
% _ Becosoit K03 PHIIMEHT I-r0 BapraHTa UCIIOJHEHHUS pa3pabOTKH;

b b

OambHast OIEHKA I-T0  BapWaHTa WCIOJMHEHUS  Ppa3paboOTKH,

YCTAaHABJIIMBACTC SKCIICPTHBIM ITYTEM I10 BBI6paHHOI\/’I MIKaJIC OLICHUBAHUS,

N — YKCJIO MapaMeTPOB CPABHEHUS.



l.n=5-0,1 +4-0,15+4-0,15+4-0,2+4-0,25 +5-0,15 =4,25;
Amnanor 1 =5-0,1 +5-0,15+5-0,15+5-0,2 +5-0,25 +5-0,15 =5,0;
Amnagmor 2=5-0,1+5-0,15+5-0,15+4-0,2+5-0,25 +5-0,15=4,8.

I/IHTCFpaJILHBIH (1)I/IH3.HCOBI>II/I HO@S&TCHB p8,3pa6OTKI/I OIIPCACIIACTCA KaK:
| P _

Prrex (4.13)

rac CDi — CTOUMOCTB I-TO BapuaHTa UCIIOJIHCHUSA
Dax — MaKCUMaJlbHAsI CTOMMOCTD HCIIOJTHEHMS HaY4YHO-HUCCICAOBATCIBLCKOT'O

MPOEKTA (B T.Y. AaHAJIOTH).

®, 6652739 ®,; 60000
b= =088 [{l=—"= = 0,8;

Ip
®, 75000

¢ @, 75000

a2 _ ®,; _ 75000 _
¢ ", 75000

WuTerpanbHblii  mokaszatesb  3(PQGEKTHBHOCTH  BapHAHTOB  HMCTOJHEHUS
I I ai
paspabotku ( 9“#) u ananora (") onpenenserca Ha OCHOBAHMU MHTErPaIbHOTO

nokasaress pecypcodPheKTUBHOCTH U UHTETPaIbHOTO (PMHAHCOBOTO MOKa3aTess 1o
dbopmyie:

| p I ai

m .

I p I — .
qbqu ’ qbuHaz
| £qu | & qbuHal (414)

5 ‘ 4,8
ﬁ = 6,25, I(l)I/IHp - = 4-,8

, 425
o =~ =4,78; I3k = -

onap ~ 0 89

CpaBHeHHME UHTETPaJIbHOTO MoKa3aress 3PPEKTUBHOCTH TEKYIIETO MPOEKTa U
aHAJIOrOB MO3BOJIUT OMPEIETUTh CPABHUTENIbHYIO 3D PEKTUBHOCTD MPOEKTA.

CpaBHuUTENBHAS a(b(beKTHBHOCTbl HPOEKTA:
e Tl

v | Qunai (415)



B Tabmumne 4.16 npencraBiieH pacdyeT CpPaBHUTEIBHOM A()PEKTUBHOCTH
pa3paboTaHHOTO TPOEKTA.

Ta6muna 4.16. CpaBHuTeNnbHAS Y)PEKTUBHOCTD aHAIINM3a

No [Tokazarenu Amnamor 1 | Ananor 2 | Pa3pabotka

Humezpanvuwiii punancoswiti nokazamens
1 0,80 1 0,9
paspabomku

Hnmeepanvuuiii noxazamens
2 5 4.8 4,25
pecypcoappexmusnocmu pazpabomiu

Hnmeepanvuwiil nokazameins
3 6,25 4.8 4,78
agpgpexmuernocmu

CpasnumenvHas 3¢ppexmusrHocmo
4 b oo 1,25 1 1,12

6apuannoe UCNOJIHEeHUs

JlanHble TaOJMLBI MTOKA3bIBAIOT, YTO TEKYIIMA BapUaHT MCIIOJHEHHS MPOEKTa
MMEET CBOM HENOCTAaTKH, HO, HECMOTPS Ha 3TO, OHA MMEET XOPOIUME IOKAa3aTeln

buHaHCOBOI U pecypcHOM 3(HEKTUBHOCTH.

Cucrema, wucnoibzyemMas B paboTe, umeeT Oojiee HU3KYI0 CTOMMOCTh
000pyIOBaHUs, a TAKXKE MO3BOJIAET MOTYyUYNTh HAaNOOIbIIIee KOJIMYECTBO PE3yIbTaTOB,
3a CYET MPOCTOTHI B UCIIOIH30BAHUH aIlIapaTyphl.

Takum oOpazom, urorosas cedectoumocts HHUP cocraBmiia 66527,39py6eit,

B TEUCHHE BPEMEHU COCTaBWIIO 135 KajeHJapHbIX JTHEH.
5. ConmnajbHas OTBeTCTBEHHOCTH

B YcraBe MexnyHnapoaHoit opranuzanuu tpyaa (MOT) uznaraercss npyuHIUI
3alUTBl  TPYASIIMXCS OT OoJjie3HeH, 3a0ojieBaHUM U TpaBM, BO3HUKAIOIIUX B
pe3ynbTate WX TpyaoycTporcTtBa. Ho mist MummoHOB pabOTHUKOB pPeaqbHOCTH
coBeplieHHO uHast. [1o olleHKaM, exero/IH0 OT HECUACTHBIX CIIYYaeB HA MPOU3BOJICTBE
u OosiesHerd ymupaer 2,3 MWUIMOHA 4eloBeK. bosee 160 MUIUIMOHOB YEIOBEK
CTpadaloT OT mnpodeccHoHaIbHBIX 3a00J€BaHMN W 3a00JICBaHWM, CBS3aHHBIX C
paboToOM, a YUCIIO0 HECUACTHBIX CIy4aeB, HE CBSA3aHHBIX CO CMEPTEJIbHBIM HCXOJIOM,

coctapisier 313 mumoHoB B roja. CTpaaaHusi, BbI3BaHHbIE TAKUMHU HECUACTHBIMU



ciydasMd W Ooyie3HSIMH Jisi paOOTHMKOB W WX CeMed, HEeUCYuCIuMmbl. B
skoHoMHuueckoM Imiane MOT moacuurtana, yto Oonee 4% romoBoro BBII mupa
TEpsIeTCSl BCIAEACTBUE HECYACTHBIX CIIy4aeB Ha MPOU3BOJCTBE U MPOPECCUOHATBHBIX
3aboneBanuii. PaboTomaTenu cTaaKuBarOTCs ¢ JOPOTOCTOSIIAM JOCPOYHBIM BBIXOIOM
Ha TEHCHIO, ToTepel KBAIM(HUIIMPOBAHHOIO MEPCOHANA, MPOTYJIaMU U BBICOKUMHU
CTpPaxOBBIMHM B3HOCAMH M3-32 HECUACTHBIX CITyYaeB Ha MPOU3BOJICTBE U Oosie3Hel. Tem
HE MEHEE MHOTHE M3 3THUX TPareArii MOXKHO MPEIOTBPATUTH C MTOMOIIBIO BHEAPCHUS
3((PEKTUBHBIX METOAOB MPEAYNPEKACHUS, OTYCTHOCTH M HUHCHEKIud. CTaHAapThl
MOT B obOmactu 0€30HaCHOCTHM W TUTHEHBI TpyJa OOECIEYMBAIOT Ba)KHEHIIME
WHCTPYMEHTBI [IJIsl TMPABUTENLCTB, paldoTojareieii U paOOTHUKOB B 001acTu
pa3pabOTKK TaKOM MPAKTUKHU U 0OECIICUCHHS] MAKCUMAJIbHOM 0€3011acHOCTH Ha paboTe.

TakuMm 00pa3oM, BECh MEPCOHAN CTPOro COOJIOAATH 3aKOHAJIENbCTBO 00
OXpaHe TpyJa U JIOJDKEH 3HaTh OCHOBHBIE MIOHATHS OXPaHbI TPYyAa.

Oxpana TpyJa — 3TO CUCTEMa 3aKOHOJIaTEIbHBIX, COLIMATIbHO-2KOHOMUYECKHX,
OpraHU3alMOHHBIX, TEXHOJIOTHYECKHX, TUTUEHUYECKUX u ne4eOHo-
IpOPUIAKTHYECKUX MEPONPHUSATHH M CPEJICTB, OOECIeUMBaIOMMX 0€30MacHOCTb,
COXpaHEHHE 3/I0POBBS U PAaOOTOCIIOCOOHOCTH YEJIOBEKA B Mpoliecce Tpyaa.

BBenensl nmpaBuiia OXpaHbl TpyAa M TEXHMKH OE€30MacCHOCTH IS
MPEayNpPEKICHUST HECUACTHBIX CiIy4daeB, oOecreueHus 0€30MacHbIX YCIOBHUU Tpyaa
JUTS 00513aTENTbHBIX pa00UnX, PYKOBOASIINA, HHKEHEPOB M TEXHUKOB.

CornacHo, OMACHBIM  TPOU3BOJICTBEHHBIM  (DaKTOPOM  HA3BIBAETCA
MPOU3BOJICTBEHHBIN (DAKTOP, BO3JEUCTBUE KOTOPOTO B OMPEACICHHBIX YCIOBHUAX
MPUBOJAT K TPABME WJIH IPYrOMY BHE3AITHOMY, PE3KOMY YXYALICHHIO 310pOBbs [].

BpenusiM mpou3BOJACTBEHHBIM (DaKTOPOM HA3bIBAETCS MPOU3BOJACTBEHHBIN
dakTop, BO3JEHCTBHE KOTOPOTO Ha pabOTAloIIEro, B OINPEASICHHBIX YCIOBUSX,
MIPUBOJINT K 3200JIEBAHUIO WJIM CHUYKEHUIO TPYIOCITOCOOHOCTH [].

Becr mepcoHan J0DKEH 3HaTh M CTPOro CoOJIIOAaTh MpaBujia TEXHUKHU
6e3onacHocT. O0yueHne mepcoHaja TEXHUKE 0€30MacCHOCTH U MPOU3BOJACTBEHHOM
CaHUTApPHUH COCTOUT M3 BBOJHOTO MHCTPYKTaka W MHCTPYKTaxka Ha pabodyemM MecTte

OTBCTCTBCHHBIM JIUIIOM.



IIpoBepka 3HaAHUU 0 IpaBuiIax 0€30MacHOCTH IIPOBOJUTCS
KBaJIM(PUKALIMOHHON KOMHCccHel nocie oOyueHus: Ha pabodem mecte. [IpoBepsiemomy,
OpUCBaMBaeTCAd  KBaJU(PUKALMOHHAs  TpyNmna IO TEXHUKE Oe30lacHOCTH,
COOTBETCTBYIOIIAsl €r0 3HAaHUSM U ONBITY padOThl M BBIJACTCS CIELUATIBHBIN

cepTuduKar.
5.1. AHaJIu3 ONAaCHBIX U BPeIHBbIX MPOU3BOACTBEHHBIX (PAKTOPOB

[Ipou3BoACTBEHHBIC YCIOBHS Ha pabodeM MECTe XapaKTePU3yIOTCsl HATUIHEM
OTMacCHbIX M BpPEAHBIX (PAKTOPOB, KOTOPBIC KIACCH(DHUIUPYIOTCA TO Tpymnam
AJIEMEHTOB: (PU3UYECKUE, XUMHUUYECKHE, OMOJIOTHYECKHE, MCUXOPU3NOIOTHUECKUE
(Tad. 5.1).

Ha unxenepa, paboTa KOTOPOTo CBsi3aHa C MOJICIMPOBAHUEM Ha KOMIIBIOTEPE,
BO3JICHCTBYIOT clielytoiine pakTophI:

Du3zuyeckue.

— TeMIepaTypa U BJIaKHOCTb BO3/yXa;

— IIyMm;

— CTaTUYECKOE IJIEKTPUUYECTBO;

— 3JIEKTPOMArHUTHOE MOJIe HU3KOW YUCTOTHI;

— OCBECIIEHHOCTB;

— HaJW4Me U3Ty4YCHUS;

lcuxoguszuonoeuueckue.

[Tcuxodu3nonornuyeckue onacHble U BpeIHbIC MMPOU3BOJICTBEHHBIC (haKTOPHI,
nensaTcsa Ha: (U3MYECKHEe Neperpy3kd (CTaThuueckue, IUHAMHUYECKHWE) W HEpPBHO-
NICUXUYECKUE Teperpy3ku (yMCTBEHHOE TNEpeHaIpssKeHHEe, MOHOTOHHOCTH TPY/a,

AMOIMOHAJIbHBIE TIEPETPY3KH).



Tabnuma 5.1. OcHOBHBIE 3JIEMEHTHI MPOU3BOJICTBEHHOTO TIpo1iecca, (hopMupyromme

oracHbIe U BpeAHbIE (DAKTOPHI

®AKTOPHI
Hanwerosaie TOCT 12.0.003-74 CCBT
BUJIOB paboT w
1apaMeTpoB HopmaruBHbie
IIPOU3BOJICTBEHHO Bpeubie OmnacHEIe HAOKYMCHTBI
o TIporiecca
'oCT 12.1.038-82
DIEKTPUUYECKHUI TOK CCBT.
HA TIOY ®TU D1eKTpoOe30MacHOCTh
Kadenapa CanlluH
«[Tpuknamnas 2.2.2/2.4.1340-03
buznkay, Ha CanurapHo-
pabore 1K Bosneiicteue  panuanuu SMUIEMHOIOTHYECKHE
(BY,YBY,CBY u 1.1.) npaBuja U HOPMAaTHUBBIL.
«'uruennyeckue
TpeboBanus k [I19BM u
opraHusaiysi paboThl»

5.2. O6ocHOBaHMe U pa3padOTKa MEPONPHUATHI 10 CHUKEHUIO YPOBHeEH
OINACHOI'0 M BPEJHOI0 BO3/IeliCTBHS U YCTPAHEHHUIO MX BJIMSIHUS IIPH padoTe Ha

II9BM

5.2.1 Oprann3anuoHHbIe MEPONIPUATHS

Bech mepconan o0si3aH 3HATH W CTPOrO COONIOAATH TMpaBHIIa TEXHUKU
6e3omnacHoctr. OOydyeHue nepcoHana TEXHUKE O€30MacHOCTU W MPOU3BOJICTBEHHOM
CaHUTApPHUH COCTOUT M3 BBOJHOTO MHCTPYKTaXa W MHCTPYKTaka Ha pabodyemM MecTte
OTBETCTBEHHBIM JIUIIOM.

[IpoBepka 3HaHUN  MpaBWJ  TEXHUKH  OE30MACHOCTH  IMPOBOJUTCS
KBATM(UKAIIMOHHON KOMHCCHEH mocie o0ydeHus Ha padboyem mecte. [IpoBepsemomy,
IIPHCBANBACTCS COOTBETCTBYIOIIAS €TI0 3HAHUAM M OTIBITY Pa0O0THI KBaTU(UKAITMOHHAS
rpyImIa mno TeXHUKe 0€30MaCHOCTH U BBIIACTCS CIICIIMAIBHON yIOCTOBEPEHHE.

Jluma, oOCTyKMBAIOIINE JIEKTPOYCTAHOBKMA HE JOJDKHBI UMETh yBEUUH U
OoJie3HEW,  MeEIaIINUX pabore. CocrosiHue

MIPOU3BOJACTBEHHOMN 310pPOBbA

YCTaHABJIMBACTCA MCAUITHHCKHUM OCBUJICTCIILCTBOBAHNCM.



5.2.2 TexHu4eckue MeponpusiTUSs

PanmonanpHas 1uiaHupoBKa paOodero Mecra IpelycMaTpuBaeT YETKHid
HOPSAZOK U MOCTOSIHCTBO Pa3MEILIEHUS MPEAMETOB, CPEICTB TPYAA U JOKYMEHTAIUH.
To, uto TpeOyeTcst misd BBIIOJHEHUS PA0OT 4Yame AODKHO PACIONAraTbCsi B 30HE

JICTKOH J0CATaeMOCTH pabouero mpocTpancTsa (puc. 5.1).
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Pucynok 5.1 - 30HbI 1OCATAEMOCTH PYK B TOPU30HTATBHOU MJIOCKOCTH:

a - 30Ha MaKCUMaJIbHOM JJOCSITaeMOCTH PYK; O - 30Ha AOCATa€MOCTH MaJbLEB MPU
BBITSIHYTOM PYKE;

B - 30HA JIETKON JOCSITaeMOCTH JIAJJOHH; T - ONTUMAJIbHOE MPOCTPAHCTBO IS

rpy0o0ii pydHO pabOTHI; I - ONTUMAIBLHOE TPOCTPAHCTBO JIJIs1 TOHKOM Py4YHOM pabOTHI.

OnTuManabHOE pa3MeIIeHHWE MPEAMETOB TpyJda W JOKYMCHTAllMd B 30HAX
JOCSITaeMOCTH PYK: JTUCIUICH pa3MelnaeTcs B 30HE a (B LIEHTPE); KJIaBUaTypa - B 30HE
I/J; CUCTeMHBIN OJIOK pa3meniaercs B 30He O (cieBa); MPUHTEP HAXOAUTCS B 30HE a
(cipaBa); MOKyMEHTAIlMs : B 30HE JIETKOM JOCATAeMOCTH JIaJIoHH — B (cjieBa) —
auTepatypa U JAOKYMEHTAIus, HeoOXxoaumasi mpu padoTe; B BBIABIIKHBIX SIITUKAX
CTOJIa — IUTEpaTypa, HE UCTOJIb3yeMasi MOCTOSHHO.

[Tpu mpoeKkTUpOBaHNM TUCEMEHHOTO CTOJIA JIOJHKHBI OBITh YUTEHBI CIEAYIONINE
TpeOOBaHMUS.

BricoTa paGo4eii moBepXHOCTH CTOJIa peKoMeHayeTcs B npeaenax 680-800 Mm.
BricoTa pabodeii MOBEpXHOCTH, HA KOTOPYIO YCTaHABJIMBACTCS KJIaBUATYpa, JOJDKHA

ObITh 650 MM. PaGounii cTos nomxeH ObITh mupuHON He MeHee 700 MM U IJIMHOW HE



MeHee 1400 mm. JIoKHO UMETBCS MPOCTPAHCTBO ISl HOT BBICOTOM He MeHee 600 MM,
mupuHO — He MeHee 500 MM, TIIyOMHON Ha ypoBHE KOJIeH — He MeHee 450 MM U Ha
YPOBHE BBITSHYTBIX HOT — HE MeHee 650 mm.

Pabouee kpecio T0KHO OBITH MOABEMHO-TIOBOPOTHBIM M PETYIUPYEMBIM 10
BBICOTE WM yIjaM HAaKJIOHA CUICHbS U CHUHKH, & TaK >KE€ PACCTOSHUIO CHUHKH 0
MEPEHET0 Kpasi CUIEeHbs. PekoMenayeTcsa BbICOTa CHIIEHbS HaJl ypoBHEM moiia 420-
550 mm. Konctpykius pabodero kpecia J0KHA 00eCeunBaTh: MUPUHY U TITyOUHY
MOBEPXHOCTH cuaeHbs He MeHee 400 MM; MOBEPXHOCTh CUACHBS C 3ariayO0nEHHBIM
MEPEHUM KPaeM.

Monutop A0mKEeH OBITh pacHojOKEH Ha YpPOBHE IJ1a3 oOmeparopa Ha
pacctostHuu 500-600 mm. CoriacHo HOpMaM yroJl HaOJIOJIEHHUS B TOPU30HTAIBHON
IIJIOCKOCTHU JOJIKEH OBITh HE OoJiee 45 rpaycoB K HOpMaliv Kpana. Jlydie ecnu yroi
o030pa Oyzaer coctaBiaTrh 30 rpagycoB. Kpome Toro nomkHa ObITh BO3MOKHOCTb
BBIOMPATHh YPOBEHb KOHTPACTHOCTH U SIPKOCTH U300paKeHUs Ha SKpaHe.

JloJpKHA IpelyCMaTpUBATHCS BO3MOKHOCTB PEryJIMPOBAHUS dKpaHa:

— M0 BBICOTE +3 cM;

— 1o HakJIoHy OT 10 10 20 rpasycoB OTHOCUTEIBHO BEPTUKAIIH;

— B JIEBOM U IIPAaBOM HalpaBJICHUSIX.

KiaBuatypy cienyer pacrnosiaraTb Ha IOBEPXHOCTHU CToJIa Ha pacctossauu 100-
300 MM oT kpasd. HopManbHBIM MOJOKEHUEM KJIABUATYPHI SIBISIETCS €€ pa3MelleHue
Ha YPOBHE JIOKTS ONEPATOpa C YIJIOM HAKJIOHA K TOPU3OHTAIBHOW IIOCKOCTH 15
rpagycoB. bomee ymoOHO paboTarh ¢ KIABHIIAMH, HWMEIOIIMMH BOTHYTYIO
MMOBEPXHOCTh, YETHIPEXYTOIBHYIO (OPMY C 3aKpyTJE€HHbIMU yriaamu. KoHcTpykuus
KJIABUILIM JOJKHA OOECleyuBaTh OMNEpaTopy ollylleHue mienyka. LBeT kimaBuin

JIOJKEH KOHTPAcTUPOBATh C IIBETOM IMaHENH [ ].
5.2.3. YcaoBus 0e30nacHoii padoThl

OcHOBHBIE TapaMETPhI, XapAKTEPUIYIOIINUE YCIOBHS TPY1a 3TO: MUKPOKJINMAT,

IIyM, BUOpAIus, 2JIEKTPOMarHUTHOE T0JI€, U3JIy9eHHUE, OCBEIEHHOCTD.



Bo3nyx paGoueii 30HBI (MUKPOKJIMMAT) MPOU3BOJCTBEHHBIX MOMEIICHHM
OMPENENSAIOT CIEAYIONIME IapaMeTphl: TeMIlepaTypa, OTHOCHUTENbHAs BIIAKHOCTD,
CKOpPOCTh  JBIKEHUS Bo3ayxa. OnNTUMalibHblE U JOMYCTHUMbIE  3HAYCHHS
XapaKTEPUCTHK MUKPOKIUMATa IPUBEACHBI B Ta0IHIIE 5.2.

Tabnuua 5.2. OnTuMaabHbIe U JOMYCTUMBIE TaApaMETPbl MUKPOKIUMATA

Teprox roa Temmenarypa. °C OTtHocuTenbHast CkopocTb JBUKEHUS
PHOATOA patypa, BIIAXKHOCTB, % BO3/IyXa, M/C
XO0JIOAHBIN U TIEPEXOTHBIN 23-25 40-60 0,1
Témmbrit 23-25 40 0,1

K MeponpusaTusM 1o 0340pOBIECHHUIO BO3IYIITHON Cpeibl B IPOU3BOICTBEHHOM
MTOMEIICHUH OTHOCSITCSL: MpaBUJIbHAS OpraHu3aIus BEHTWISIIIUU u
KOHJIMIIMOHUPOBAHUSL BO3/AYyXa, OTOIUICHUE NOMEUIEHUA. BeHTunsauus MoxkeT
OCYILIECTBIISITECA €CTECTBEHHBIM M MEXAHMYECKUM MyTEM. B momenieHue AOJIKHBI
MOJIaBaThCs CIIEYIONINEe 00bEMBI HAPYKHOTO BO3/1yXa: MpU 00BEME momenieHus 10 20
M® Ha yenoBeka — He MeHee 30 M B yac Ha 4eJI0oBeKa; IPU 00BEME ITOMEIEHHs Golee
40 M® Ha dYenoBeKa M OTCYTCTBUM BBIJIECICHHS BPEOHBIX BEILECTB JOMYCKAECTCS
€CTECTBEHHAs1 BEHTUJISLIUS.

Cucrema OTOIUIEHUSI JOHKHA OOECTEeYMBATh JTOCTATOYHOE, MOCTOSIHHOE U
PaBHOMEPHOE HarpeBaHue BO3ayxa. B momenieHusx ¢ MoBbIIIEHHBIMA TPEOOBAHUSIMU
K YUCTOTE BO3[yXa IOJDKHO HCIIOJIb30BaThCA BOJSHOE oToruieHue. [lapamerpbl
MUKpPOKJIMMAaTa B  HUCIOJb3yeMOW  JabOpaTOpuu  pPETyJIHUPYIOTCS  CHUCTEMOM
[IEHTPAJBHOTO OTOIUICHHUS, U HMMEIOT CIIEAYIoIIMe 3HaueHus: BiaxHocTh — 40%,
CKOpOCTh JBIKeHUs Bo3ayxa — 0,1 m/c, remneparypa nerom — 20-25 °C, 3umoit — 13-
15 °C. B naGopatopuu OCYIIECTBISETCS €CTECTBEHHAs BEHTWIALMS. Bo3myx
MOCTYyNaeT M yJaisieTcs 4epe3 IIeNiH, OKHa, ABepu. OCHOBHOW HEJOCTAaTOK TaKOW
BEHTUJISIIMA B TOM, 4YTO TIPUTOYHBIM BO3JyX IIOCTYNAaeT B TMOMENIeHHe 0e3
peABapUTEILHON OYMCTKA U HArpEeBaHUS.

[Iym wu BuOpanus yXyamialOT YCJIOBHS TpPyJa, OKa3bIBAIOT BPEAHOE
BO3JICMCTBHE HA OPraHW3M YEJIOBEKa, a UMEHHO, Ha OpraHbl CIyXa U Ha BECh OPraHu3M

gyepe3 IEHTPATbHYIO HEPBHYIO cucTeMy. B pesynbrare 3Tor0o ocinabisercs BHUMaHUE,



YXYIIaeTCs aMsATh, CHIYKAETCS PEAKIIHS, YBEIIMUYNBACTCS YHCIIO OMHUOOK MpH padoTe.
[Iym MoxeT co3naBaThcsi  paboTalomuM  000pYJOBaHUEM, YCTAaHOBKAMHU
KOHJUIIMOHUPOBAHUS BO3/yXa, OCBETUTEIHHBIMU NpUOOpPAMH JIHEBHOIO CBETa, a
Takke NpoHUKaTh u3BHE. [Ipu BhIMoNHEeHUU paboThl Ha [IDBM ypoBens myma Ha
paboueM MecTe He J0bKeH npeBbimath S0 ab.

Pabota sBemmonasnaces Ha [IDBM “Intel Celeron CPU 2,66 I'T, 1,00 I'b O3Y”’ u
monutope “LG Flatron L1952S”. Kak mo0ble 3JIeKTpUYECKUE MPHOOPHI,
BugeotepmuHansl (BJAT) w cucreMHble OJIOKM TMPOM3BOIAT 3JICKTPOMArHUTHOE
u3iydyeHue. bombinas yacTh €ro MpoOUCXOJUT HE OT dKpaHa MOHHMTOpA, a OT BHUJIEO-
Ka0enss U CUCTEMHOro Oyioka. B MOpTaTMBHBIX KOMITBIOTEpAX MPAKTUYECKH BCE
AJIEKTPOMArHUTHOE U3JIyYEHUE UJET OT CUCTEMHOTO 0JIOKa, paclooTaroerocs mo;i
KkiaBuatypol. CoBpeMEHHBbIE MAIIMHBI BBITYCKAIOTCS 3aBOJAOM-U3TOTOBUTEIEM CO
CHeNUaIbHOM METATHYECKOMN 3aIIUTON BHYTPU CUCTEMHOTO OJIOKA JUIsl YMEHbBIIICHHUSI
(dboHa AIEKTPOMArHUTHOTO U3TyUCHHUS.

CornacHo, HanpsIXKEHHOCTh 3JIEKTPOMAarHUTHOTO MOJs Ha paccTosHuu 50 cm
BOKPYT AKpaHa IMo JEKTPUIECKON COCTABIAIONICH T0DKHA ObITh HE OoJiee:

- B amama3zone gactot SI'-2kl'm — 25B/m;

- B auama3oHe 4yactoT 2kl 1-400k['t — 2,5B/Mm.
[110THOCTHP MarHUTHOTO MOTOKA JOJIKHA OBITH HE OoJiee:

- B auana3one yacToT SI'm-2kl'm — 2508T;

- B nquanasoHe 4acTtoT 2K 1-400kI 11 — 250T.
Cy1iecTBYIOT CleAYIOIUe CIIOcoO0bI 3auThl 0T DMII:

- YBEIIMYECHHE PACCTOSIHUA OT MCTOYHHMKA (SKpaH JMJOJDKEH HaXOJIWUTCS Ha
pacctossHuM He MeHee 50 cM OT MoJab30BaTENs);

- TNpPUMEHEHHUE TMPUIKPAHHBIX (UIBTPOB, CHEIUATBHBIX JKPAaHOB M JAPYTUX
CPEACTB MHJMBUAYATbHOW 3aIIUTHI.

[Ipu paboTe ¢ KOMMBIOTEPOM HCTOYHHUKOM HOHUBHPYIOIMIETO H3IyYCHUs
apisieTca auciuieit. [loa BIUstHUEM MOHU3UPYIOIIETO U3TYUYEHHUS] B OPraHU3ME MOKET
MPOUCXOJIUTh HAPYUIEHWE HOPMAaJIbHON CBEPTHIBAEMOCTH KpPOBH, YBEIUYECHUE

XPYINKOCTH KPOBEHOCHBIX COCYJIOB, CHIDKEHHE MMMyHUTeTa U Ap. Jlo3a obmydenus



npu paccrosiauu 10 aucies 20 cm coctasisietr S0 MxP/gac. [To HopMaM KOHCTPYKIIHS
OBM nomkHa obecrieurBaTh MOIIHOCTb 3KCIO3UIIMOHHOM J03bI PEHTTEHOBCKOIO
U3JIy4eHHUs B JIF0OOM Touke Ha paccTostHuu 0,05 M oT skpaHa He 6osee 100 mxP/gac.
YTOMIISIEMOCTh OpTraHOB 3PEHUS MOXKET OBITh CBsI3aHA KaK C HEJOCTATOYHOMN
OCBEIICHHOCThIO, TAK M C YPE3MEPHON OCBEIIEHHOCTHIO, a TaK¥Ke C HEMPaBUIbHBIM

HAIPaBJICHUEM CBETA.
5.3. DaekTpo6e30nacHoCTh

DJNEeKTpUYECKNE YCTAHOBKM MPEACTABISAIOT Il  4YeJoBeKa OOJIbLIYIO
MOTEHIMAIBHYIO OMNAacHOCTb, KOTOpas YCyryoOJigeTcsi TeM, YTO OpraHbl 4YyBCTB
YeJloBeKa HE MOrYT Ha pacCTOSHUU OOHApYXUTh HAIUYME 3JIEKTPUYECKOTO
HaIpsHKEHUs: Ha 000pyAOBaHUU.

B 3aBuCcMMOCTH OT yCIOBUHM B MOMEIICHUN ONACHOCTH IOPAXKEHUs YEIIOBEKa
AJIEKTPUYECKUM TOKOM YBEIMUMBaeTCs WM yMmeHbluaeTcs. He cienyer pabortath c
OBM B yCJIOBUSIX MOBBIIMICHHOW BJIAXKHOCTU (OTHOCUTEIbHAS BIAXXHOCTh BO3/IyXa
JUTMTEILHO TpeBbIaeT 75%), BbIcOKOM TemmepaTypbl (6onee 35°C), Hamuuuu
TOKOIIPOBOZALIEN IBUIA, TOKOIIPOBOAAIIUX ITOJIOB U BO3MOXHOCTH OJTHOBPEMEHHOTO
IIPUKOCHOBEHUS K MMEIOIINM COCIUHEHHUE C 3€MIIEW METALIMYECKUM JJIEMEHTAM U
METATMYECKUM KOpITycOM 3iekTpooOopynoBanus. Oneparop DBM pabGotaer ¢
ANEKTPONPUOOpAMH: KOMIBIOTEPOM  (IUCIUICH, CHUCTEMHBIM OJIOK W T.JO.) U
nepudepuitipiMi - ycTporicTBamu. CyIeCTBYET OMACHOCTh AJIEKTPONOPAKEHHS B
CIEAYIOLIUX CIIyYasx:

— IIPU HENOCPEICTBEHHOM ITPUKOCHOBEHUHU K TOKOBEAYIIUM YaCTIM

BO Bpemsi pemoHTa OBM;

— IIpY IPUKOCHOBEHHH K HETOKOBEIYIIIMM YaCTSIM, OKa3aBIIMMCS IO

HaIpsHKeHUEM (B cilydae HapyIISHHs U30JISIIUY TOKOBeayux yacteit 9BM);

— TIpU NPUKOCHOBEHHH C II0JIOM, CTEHAaMH, OKA3aBIIUMUCSA IIOJ

HaIpsHKEHUEM;

— TpU KOPOTKOM 3aMBbIKaHUU B BBICOKOBOJIBTHBIX OJIOKax: OJOKe

MATAaHKS U OJIOKE TUCTUICHHON pa3BEPTKHU.



Meponpusarus mo 06ecrneyeHnIo 3eKTPoOe30NaCHOCTH IIEKTPOYCTAHOBOK.

OTkJTI0YEHHE HAMPSHKEHUST C TOKOBEIYIIMX YacTel, Ha KOTOPhIX WU BOJIMU3U
KOTOpPbIX OyJeT NPOBOAUTHCA paboTa, U TNPUHITHE MEp 10 OOECHEeYEHHUIO
HEBO3MOXXHOCTH TOJaydl HAIpPSHKEHHUST K MECTy paOOoThl, BBHIBEUIMBAHHUE IJIAKATOB,
YKa3bIBAIOIINX MECTO PabOThI, 3a3eMJICHUE KOPITYCOB BCEX YCTAHOBOK Yepe3 HYJIEBOU
IIPOBOJI, TOKPBITUE METAIUIMYECKUX MOBEPXHOCTEH HMHCTPYMEHTOB HAJEKHOM
M30JsI0MEeN, HEAOCTYNHOCTh TOKOBEIYIIMX 4YacTed anmaparypbl (3aKIOYeHHE B
KOpITyCa 3JIEKTPOINOPAXKAIOMIUX 3JIEMEHTOB, 3aKIIOUYEHHE B KOPIYC TOKOBEMYLIUX

yacTeil).
5.4. Ilo:xxapHasi ¥ B3pbIBHas1 0€30IIACHOCTH

CornacHo, B 3aBUCUMOCTH OT XapaKTEPUCTUKH UCIIOIb3YEMBIX B TIPOU3BOJCTBE
BEIIECTB M MX KOJIMYECTBA, MO MOXAPHOM M B3PHIBHOW OIMACHOCTH IOMENICHUS
noapasaessitorcss Ha kareropun A, b, B, I', JI. Tak kak nmomeiieHue Mo CTENEHU
MOKapOB3PBIBOOIIACHOCTH OTHOCUTCS K KaTeropuu B, T.€. K NOMEIIEHUSIM C TBEPIBIMU
CTOpAaIIMMHU BEIIECTBAMH, HEOOXOJMMO MPEIYCMOTPETh PAA MPOPUIAKTHICCKUX
MEPOIPHUSITHH.

Bo3MoxHBIE TPUYMHBI 3aTOPAHUS:

— HCHUCIIPABHOCTHb TOKOBCAYIIHNX yacTei YCTAaHOBOK;

paboTa ¢ OTKPBITON IEKTpOANIAPaTypPOH;

KOPOTKHUC 3aMbIKaHHUS B Onoxke ITUTaHUA,

— HECOOJTI0ICHHE MPABUII TTOXKAPHOI 0€30MaCHOCTH;

HAJINYUE TOPIOYMX KOMIIOHEHTOB: JOKYMEHTBI, IBEPU, CTOJIBI, U30JISALUA
Ka0ereil u T.1I.
Mepomnpusitus 10 MHOXapHOM  NpOoUIIAKTHUKE  pa3lensioTcsl  Ha:
OpraHu3alMOHHbIEC, TEXHUYECKHUE, DKCILTyaTallMOHHbIC U PEKUMHBIE.
OpraHu3anuoHHbIE MEPOIPUATUSA IIpEeyCMaTPUBAIOT IIPaBUIIbHYIO
AKCIUTyaTalilo 000pYyJOBaHUs, MPABWIBHOE COJAEpXKAHUE 3JaHUNW M TEPPUTOPUH,

MIPOTUBOIOKAPHBIH WHCTPYKTOX  pabouux u CITyXalluX, oOy4eHue



MPOM3BOJCTBEHHOIO TEpCOHAlla MpaBUjiaM MPOTUBOMOXKAPHON 0€30MacHOCTH,
U3JIaHWE MHCTPYKLUH, IUVIAKaTOB, HAIMYMUE IIAHA 3BAKYAIINH.

K TexHnyeckum MeponpusiTUsIM OTHOCATCS: COONIOACHNE MPOTUBOIIOKAPHBIX
IIPAaBWJI, HOPM IIpU IPOEKTHUPOBAHUM 3JAHUM, IIPU YCTPOMCTBE AJIEKTPONPOBOJIOB U
00Opy/IOBaHUsl, OTOIUICHUS, BEHTWISLIMM, OCBELICHUS, MPABHIBHOE pa3MElICHUE
000py10BaHUSI.

K peXuMHBIM MEPONIPUATUAM OTHOCSTCS, yCTAHOBJIEHNE IIPABUJI OpraHU3aluu
paboT, u coOnrofeHHe MPOTUBONOXKApHbIX Mep. g mpeaynpexaeHus
BO3HMKHOBEHUS MOXapa OT KOPOTKUX 3aMbIKaHUI, NEPEerpy30K U T. J. HEOOXOIUMO
cOOJII0ICHNE CIEYIOIIMX MPaBUII OXKApHOI 0€3011acHOCTH:

— HCKJIIOYEHHE 00pa30BaHUs roprouei cpeibl (repMeTr3anus 00opy10BaHus,
KOHTPOJIb BO3JIYIITHOW Cpeibl, paboyasi U aBapuitHast BEHTHIISIINA);

— NPUMEHEHHUE NPHU CTPOUTENILCTBE U OTIEIKE 3JaHUM HECTOPAaEeMbIX WU
TPYIHO CTOPAEMBIX MAaTEPHUAJIOB;

— IpaBWIbHAs OHKCIUTyaTalusi oO0OpyIoBaHUS (IIpaBUIIbHOE BKIIOYCHHE
000pyZI0BaHUs B CETh AIEKTPUUECKOTO MUTAHMS, KOHTPOJIb HarpeBa o00py0BaHus);

— MPaBUIILHOE COJICPKAHUE 3AaHUI U TEPPUTOPUH (MCKITIOUeHHE 00pa30BaAHMUS
UCTOYHUKA BOCIUIAMEHEHMs - IPEAyNpEeXKACHUE CaMOBO3IOpaHUs  BEIIECTB,
OrpaHUYEeHHE OTHEBBIX PadoT);

— 00yyeHue NPOU3BOACTBEHHOIO MEpCOHaNa MpaBUJaM MPOTUBOIMOXKAPHOU
0e30I1aCHOCTH;

— W3JaHME MHCTPYKLHWMN, IJIAKaTOB, HAIMYKE IJIaHa 3BaKyalluu;

— coOJI0ZIeHre MPOTUBOMOXKAPHBIX MpPaBWJ, HOPM IPH MPOESKTHPOBAHUU
3MaHUM, TP YCTPOMCTBE AJIEKTPONPOBOJOB U OOOpPYAOBaHUS, OTOILICHUS,
BEHTWISILIUU, OCBELICHUS;

— MpaBWIBHOE pa3MelleHue 000py10BaHMS;

— CBOEBPEMEHHBIH NPODOUIAKTUUECKHIT OCMOTpP, PEMOHT M HCIBITAHUE
obopynoBanus [ ].

[Tpy BO3HUKHOBEHUH aBapUMHON CUTYAIIK HEOOXOUMO:

1. CooOuuTh pyKOBOACTBY (€KYPHOMY).



2. [103BOHHUTH B COOTBETCTBYIOIIYIO aBapuitHyto ciayx0y mwi MUC — ten. 112.

3. HpI/IHHTB MCPB&I 110 TUKBUAAIINN aBApUHU B COOTBCTCTBHUU C HHCTpYKHHGfI.



3akJIloueHue

B niporiecce manHo# paboTh ObLT pa3paboTaH OECKOHTAKTHBIN 3JIeKTpoMHOTrpad

Ha €eMKOCTHOM CBSI3HU I pCrucTpannumu W3MEHECHUI 6I/IOHOTGHHI/I3JI8, MBI 1 HCPBOB.

[IpoBeneHbI UCCleIOBaHUS XapaKTEPUCTUK MakeTa. M3MepeHus moka3aim 4To
YTO YaCTOTHBIE XapaKTePUCTUKU HaXOAUTCs B HeoOoxonumom auamnasone 0,1-300 Iy .
H3mepenre Ha CTaOWIBHOCTH BBIXOJHOTO CHUTHAJIA TIOKA3aJ0 YTO BBIXOJHOE

HaIPsAKCHUC U3MCHSACTCA HC SBHAYHUTCIIBHO YTO 'OBOPUT O CTaOMIIBHOCTH €T0 pa6OTBI

N3mepenust mokazanu 4yTo, crudanue OOJIBIIOrO Majiblia IPUBOIUT K MOSBICHUIO

ouocurnana. [loayueHHble pe3yabTaThl MOATBEPKIAIOT €r0 pabOTOCIIOCOOHOCTS.
OcHoBHBIE TpeuMyIIIeCTBa TprbdOpa :

1. IIpuGop no3BoJsSET NPOBOAUTH UCCIIETOBAHUS YEepPe3 U3OJALMOHHBIN MaTepHall,
YTO JA€T HECOMHEHHbIEC MMPEUMYILECTBA, HAPUMED, MPU HATUYUU OOLIMPHBIX

OJXXaros, Koraga H€O6XOI[I/IMO KOHTPOJHPOBATH SJICKTPUUCCKUC CUTHAJIBI C TCJIA.

2. He HyxmaeTcs B HCHOJB30BAaHUU IMPOBOMAIICTO TEJsA, YTO MCKIIOYAET
BO3MOJKHBIC 3aMBIKAHUSI M3 3a MPOTEYKHU HWIIM BBICHIXaHUS TPH JJTUTEIHHOM

o0cCJIeI0BaHUH.

3. brmarogaps manoraGapuTHOCTH W TIPU TMPABWJIBHOM TMPUKPETUIEHUU K Ty
NALMEHTA JAeT BO3MOKHOCTB ITIPOBOAUTH UCCIIEIOBAHUSA JaXKE IIPU IPUIIOKEHUU

(bU3UYECKUX HArpy30K.
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Introduction

For the study of the muscular system, a method called electromyography (EMG)
Is used, which consists of the recording the electrical potentials of the muscles. If the
muscle is in the maximum possible relaxation, then usually bioelectric activity is
absent. With small muscle contractions, oscillations occur, the amplitude of which
reaches 100-150 uV. However, an arbitrary maximum muscle contraction leads to
different values of the potential in different people and can reach normal values of 1 to
4 mV.

Using a non-contact sensor eliminates the need for good electrical contact with
the skin. Such a sensor works by the presence of a capacitive coupling between the
electrode and the body, and in this case it becomes possible to carry out measurements
through clothing. A reliable sensor for measuring electromyograms should have the

following qualities:

- do not consume current from the body to be safe;
- have a very high input impedance;

- have a very small level of noise;

- be relatively inexpensive;

- have biocompatibility.

Such a sensor can be located at a distance from the body or make physical contact
with it through an insulating bio-neutral material. The serious advantages of such
sensors are manifested when measured in places of extensive burns, when it is

necessary to monitor electrical signals from the body.



1. Bioelectric fundamentals of electromyography

1.1. Principle of recording the electromyogram

The electrical activity of muscles can be divided into spontaneous and activity,
caused by an internal volitional impulse or caused by an external artificial impulse
action. External impact can be mechanical or electrical, for example, a hammer blow
to the muscle tendon. Electromyogram is a curve that records the electrical activity of
muscles. For this purpose, a special device is used - the electromyograph, which
records the change in the time of the potential difference. In 1884, VVvedensky first
recorded rhythmic processes in the electrical activity of human muscles. For this, he
used a telephone device, and in 1907 Pip-Per using a stringed galvanometer managed
to register the potential of action in the muscles of the human forearm. Starting from

the 30 - 40 years of the 20th century, intensive study of electromyograms begins.

For single exposure, the muscle reacts with a single contraction. Three phases

can be distinguished:

1. Latent period (2-3 to 10 ms), lasting from the moment of application of stimulation

to the beginning of contraction;
2. The phase of shortening or contraction (40-50 ms);
3. Relaxation phase (about 50 ms).

The very principle of recording an electromyogram is similar to recording an
EEG electroencephalogram or an electrocardiogram ECG. The experimental setup
includes electrodes that records the potentials of the muscle, then amplifies these

potentials and finally, the recording device.



1.2. Types of electromyography
The following types of electromyography can be distinguished:
1. Electromyography using needle electrodes, which are injected into the muscle;
2. Electromyography using skin electrodes;
3. Stimulation electromyography.

In the first case, the electrodes detect changes in the potential in individual fibers
or in a group of fibers. When using skin electrodes, the total electromyogram will be
recorded. In this case, the registered electrical activity will reflect the number of active
motor units at a given time, as well as the frequency of generation of the potential in
each unit, which in turn reflects the degree of synchronization of the generated
excitation. With an increase in the degree of synchronization, the amplitude of action
potentials increases, and the frequency decreases. Desynchronization occurs in the case
of a large number of small oscillations, while the number of waves having a large
amplitude decreases simultaneously. As the muscle fatigues, the amplitude of action
potentials increases, and their frequency decreases. This fact may indicate a growing
fatigue. A high degree of synchronization is noted in the presence of maximum loads
on the muscle, which then at the end of retaining the force and subsequent development
of fatigue, goes into desynchronization, in this case the amplitude of action potentials

decreases.

Stimulation methods are used in electromyography quite often. At the same time,
due to the cutaneous electrodes applied to the motor points, the muscles are stimulated,
followed by recording and analyzing the response to this effect. The type of electrode
required is selected depending on the purpose of the experiments. In order to increase
the conductivity of the skin, a special gel (or electrode paste) is applied to its surface.

The EMG signal is difficult to analyze visually, since it has a noise character
with a wide spectrum. Therefore, the methods of computer signal processing are widely
used. The presence of a large number of high-frequency components in the

electromyography was obtained in this way. Therefore, for registration of EMG



signals, it is necessary to use a sufficiently wide frequency range: the upper band of
this range is 10-20 kHz, and the lower band is limited at the level of 2-10 Hz.

For example, the flexor muscle of a human finger has a characteristic frequency
of 113 Hz. The maximum frequency of synchronous response when stimulating
individual motor nerve fibers of the frog is - 300 Hz, the optimum frequency is 75-150
Hz; Muscle fibers - 150 Hz, the optimal - 20-50 Hz. The maximum pulse frequency in
the motor nerves of warm-blooded animals is more than 1 kHz. Since different muscle
fibers have different properties, the result is superposition. With increasing value of the
reduction, the frequency of pulses increases. The maximum frequency of contractions
Is able to reach a value of 160-190 Hz, but in the case of muscle fatigue this value

decreases.

The electromyogram contains important information not only about the state of
the individual muscle, but also about the state of the central nervous system (the spinal
cord and the brain) that controls all the muscles. This is due to the fact that by sending

signals to the muscles, the brain controls the motor functions.

EMG is often used in physiology to study the motor functions of humans and
animals, in studies aimed at fatigue, as well as in solving many other problems. When
conducting electrodynamic studies of motion, external electrodes are often used, which
are fixed above the muscle, the characteristics of which need to be measured. Then,
using a multichannel electromyography, several electromyography of several muscles

are recorded simultaneously.

The potential for the action of mimic muscles is usually recorded during
psychological research. Specificity of speech can be investigated by analyzing the
potentials of the lower lip. Registration of speech electromyograms, which represent
the recording of action potentials generated by speech muscles, helped to show that the
mechanism of "internal” speech works using the feedback principle. If you want to
pronounce the sound, the nerve fibers set in motion the speech organs, and then in the
subsequent vibrations of the tongue, lips, larynx affect the brain. It should be noted that

In the electric indicators, the corresponding processes of so-called (silent speech) were



also reflected. In this case, the dependence of the words, which are pronounced to

themselves and the emerging potentials of the muscles of the vocal cords, is found.

At present, electrophysiological methods for measuring the motor function of
smooth muscles of internal organs are increasingly being introduced into medical

practice.

The presence of various types of prosthetic limbs: cosmetic, traction, bioelectric
and others leads to the need to solve additional problems. The most important of these
criteria is the effectiveness of the prosthesis - ease and naturalness of management. In
this case, the most optimal are bioelectric prostheses, which allow the use of
physiological signals to control the movements of the limbs of healthy people.
However, as it turned out, such systems have a deficit of input control information. To
solve this problem, electrodes are implanted directly into the peripheral nerve, then, by

recording the electrical control signals from them, this problem is solved quite easily.

At present, the intensive development of micro - processing technologies has
made it possible to create several types of devices for implantation - microelectrode
arrays, which are designed for long-term introduction into the human nervous system,
as well as the development of a reliable and safe physiological connection with the

necessary amount of nerve fibers.

When developing such biologically controlled prostheses, the main task is the
need to determine the method of extraction of data on the patient's phantom
displacement, during which the implanted or surface electrodes of the stump form the
impulses supplied to the amplifier due to the electrical activity of the muscles, which
makes it possible to obtain characteristics and the type of movement being performed.
Then such quantities are processed for conversion into necessary control signals for the

movement of the actuator of the artificial limb.

It is quite obvious that for the creation of high-quality prosthesis using biological
or neuro-electrical control it is necessary to have a qualitative and stable signal.

Therefore, the primary task in the development of such prostheses is the development



of a biopotential amplifier, the determination of a reliable electrode device and the
method of their application, and the finding of the necessary attachment or implantation

sites.

The main problem during the design of the biopotential amplifier is a small
amplitude of electromyographic signals, which for a healthy person during a maximum
muscle contraction is 20 uV —2 mV. It should be taken into account that the kind of
useful signal can be distorted due to the superimposition of noise, the amplitude of
which is usually much higher than the EMG signal itself. In addition, the frequency of
power interference (50 Hz) has the greatest effect on the recorded signal in the
frequency range of 20 — 500 Hz. If there is a large distance between the electrodes, the
possibility of noise in the useful signal is increased, which is associated with the
generation of noise in the connecting wires. The next serious difficulty arises from the
appearance of crosstalk from a neighboring muscle group. If the electrocardiogram is

recorded simultaneously, then its effect on the shape of the electromyogram is possible.

Thus, the main task in this case is the maximum attenuation of the mutual
influence of the electrical activity of neighboring muscles. Since the prosthesis is a
wearable device, it is constantly affected by the environment: the presence of sweat on
the skin of a disabled person leads to a deterioration of its contact with the electrodes,
it is also possible the appearance of a mechanical effect on the electrodes. In addition,
one should take into account the effect of polarization of electrodes, the presence of
high impedance of the skin, the reliability of electrode attachment, etc. Due to the fact
that the amplitude of the EMG signal is different for different people and for different
types of muscles, it is necessary to choose the adjustment of the gain of the amplifier

in a sufficiently wide range.

Accurate registration of the potential is carried out by direct contact of the sensor
with the body. In this case, an electroconductive gel is introduced between the sensor
and the skin. Although the presence of the gel leads to a significant improvement in the
quality of contact, this can lead to serious shortcomings. The gel is able to spread over
the surface of the body, resulting in a short circuit between the sensors. The next



disadvantage of using the gel is the inability to perform long-term measurements, since
the gel can dry out. The presence of the gel in contact does not allow the organization

of dynamic measurements, that is, when the patient is physically stressed.

To overcome these limitations, many attempts have been made to exclude the
contact of the sensor with the skin. One such option is the use of superconducting
magnetic systems. Such systems have high sensitivity and allowed to increase the
distance to measure the potential to several centimeters from the body. However, for
the use of such systems, cryogenic temperatures have to be used, they are quite

expensive and considerable effort is required to ensure good shielding.
1.3. Origin of the electromyogram Signal

Body movement is a result of muscle contraction [1]. As shown in figure 1, the
type of contraction depends on the muscle tension (force exerted on an object) and load
(opposing force exerted on muscle by an object). In an isotonic contraction, the (fixed)
muscle tension overcomes the load and muscle shortening occurs (e.g., lifting a
suitcase). In an isometric contraction, tension is developed but a load is not moved
(e.g. pushing against a wall). During this kind of contraction the maximum tension for
the muscle in use can be reached, but the muscle only shortens slightly from applying

tension to tendons and ligaments.
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Figure 1: Hlustration of isotonic and isometric contractions [1].



For the development of prosthetics and assistive orthoses, voluntary movements
such as grasping an object are of concern. Skeletal muscles are the only muscles in the
body that can be controlled voluntarily. They do so with varying force and different

periods of time, both of which are defined by the function of the motor unit.

Motor units are composed of muscle fibers (elongated muscular cells) and a
motor neuron. When stimulated, a motor neuron produces an electrical impulse that
transmits down the length of its axon causing all muscle fibers innervated by the neuron
to contract. This stimulation results in the depolarization of each muscle fiber, which
propagates in both directions along the fibers [2]. This action potential, due to ion
movement, generates an electromagnetic field around the muscle fibers — referred to as

a motor unit action potential (MUAP).

Motor units can be composed of between four and several hundred muscle fibers,
for the purposes of fine (e.g. eye movements) and coarse (e.g. weight bearing muscles)
control, respectively. Since muscle fibers in a motor unit are randomly distributed
across a muscle, the stimulation of one motor unit causes a weak contraction of the
whole muscle. The depolarization of individual muscle fibers overlaps in time. Thus,
any one MUAP is a spatial-temporal superposition of individual action potentials from

each muscle fiber, as depicted in figure 2.
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Figure 2: Schematic representation of generation of motor unit action potential
(MUAP) [2].

Any portion of a muscle may contain muscle fibers belonging to 20-50 motor
units. During muscle contraction, multiple motor units are repeatedly stimulated.
These stimulations typically occur asynchronously to facilitate smooth movements and
delay muscle fatigue. This excitation pattern results in a sequence of MUAPs called a

motor unit action potential train (MUAPT).

The sum of overlapping MUAPTs and the way in which the motor units
discharge results in the surface EMG signal resembling a zero-mean random stochastic
process with a standard deviation proportional to the number of active motor units and

their rate of activation [3]. Such a signal can be expressed by the formula:

s(t) = ZMUAPT}-&) +n(t) = sz;f (t_:”
i [ f

Where k; - an amplitude factor for the jth motor unit;

)+ n(t)

f - shape of the action potential discharge;
0ij - time at which the MUAP occurs;



0 Is a scaling factor, and n(t) is additive noise.

The surface EMG signal is dependent on the level and duration of the
contraction, the state of the contraction (static or dynamic), fatigue, and sweat from the
skin. The maximum level that a skeletal muscle can contract to is referred to as
maximum voluntary contraction (MVC), and contraction levels are typically referred
to by the percentage of MVC that they represent. Studies have found that the
distribution of the EMG signal is more sharply peaked near zero than a Gaussian
distribution, and that at low contraction levels, the signal is more likely to be best

modeled as a zero mean Laplacian process [4].
2. Registration of EMG signal.
2.1. Extraction of EMG signal.

The EMG signal is an easy signal to collect, but a difficult one to interpret and
understand. Analysis of the EMG signal may provide us with the ability to understand
force generation in the muscles and the way in which muscles produce movement, but
our ability to extract this information correctly depends upon proper signal acquisition
methods. A common EMG signal extraction process is therefore composed of three
important stages: signal capturing, signal conditioning, and signal processing. Figure

3 shows these stages.
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Figure 3: EMG signal extraction process [5].

Since muscle contraction results in electrical activity near the skin’s surface, it
IS possible to place sensors, called electrodes, onto the skin to detect the electrical
activity. The area that an electrode is in direct contact with is referred to as the detection

surface. Physiological data recorded by a surface electrode is called a surface EMG



(SEMG). As shown in Figure 4, the SEMG signal is the summation of all MUAPTS

from all active motor units detected by an electrode.

Raw EMG Signal

N

Y
DECOMPOSITION

Individual Motor Unit Action
Potential Trains (MUAPTS)

Figure 4: Diagram of method of detecting EMG signals and their
decomposition into MUAPTS [6].

As the force output of a muscle increases, so does the number of active motor
units. Since multiple motor units are active during a muscle contraction, signals
belonging to multiple motor units are detected by a single electrode simultaneously.
The shape and amplitude of the MUAP depends on the orientation of the muscle fibers
with respect to the electrode (among other factors). During a MUAPT, the MUAP
waveform remains constant if there are no changes between electrode positioning and
muscle fibers, electrode properties, and no significant biochemical changes in the

muscle tissue.

The Surface Electromyography for the Non-Invasive Assessment of Muscles
(SENIAM) project was initiated to solve problems preventing a useful exchange of
data in the area of SEMG research, and to establish standards that allow for European
cooperation in this area of research. One of its primary objectives was to develop

recommendations on sensors and sensor placement procedures. Authors identified 352



electrode location descriptions in 144 papers in which SEMG was utilized. Most
descriptions were found to be generic and indicated muscle belly (the thicker middle
region of the muscle), motor point (where the axon contacts a muscle fiber), or
midpoint of the muscle as the location of choice; these locations often coincide with
innervation zones which have effects on SEMG signal features such as frequency

characteristics [7].

Factors that influence the stability of EMG recordings include the presence of
motor units/muscle tendons, the presence of other active muscles nearby, the distance
between the active muscle fiber and detection site, filtering properties of the electrode,
and the location of innervation zones in relation to the recording electrodes [8]. It is
recommended that bipolar electrodes be positioned parallel to muscle fibers with a
minimum spacing of 20 mm between centers of electrode poles. This placement is
small enough to avoid most crosstalk, but large enough to allow selection from a pool
of motor units. While SEMG sensors have traditionally been placed on top of the
muscle belly over the motor endplate zone due to the ease with which large signals
can be obtained, it has been found that the SEMG pattern in this region is not stable or
reproducible. It is therefore recommended that sensors be placed halfway between the
most distal motor endplate zone and distal tendon, and that the geometrical distance of
the electrode from other muscles be maximized (i.e. place electrodes at the muscle
surface away from the edge of the muscle). These recommendations have been
reconfirmed by research conducted on the effect of electrode size and orientation on
the sensitivity of myoelectric pattern recognition systems in which electrodes oriented
parallel to muscle fibers significantly outperformed perpendicular ones. A reference
electrode (or ground electrode) should be placed on neutral tissue (e.g. over a bony

structure) to provide a common reference for the electrode amplifiers [9].

Finally, special care must be taken when using surface electrodes, as it is possible
for them to lose contact with skin and therefore distort the recorded signal. High
electrode-skin impedance can reduce signal amplitude and distort EMG waveforms [4].

It is recommended that there is continuous pressure on applied surface electrodes and



that a saline gel or paste is used between the electrode and skin for increased
conductivity. Also important is skin preparation itself — which includes cleaning with

alcohol and lightly exfoliating the area on which the electrode amplifiers will be placed.
2.2. Signal saving

Most SEMG-based research utilizes more than one surface electrode placed on
one or more muscles to characterize the physiological movement of concern (e.g.
torque about a joint). The signals from these electrodes are fed to the Signal
Conditioner block shown in Figure 3. While electrode-amplifiers (Signal Capture block
in Figure 3) are designed to reduce electrode-skin impedance, signal conditioning may

be necessary to further improve the quality of the recorded EMG signal.

Signal conditioning methods include filtering for the reduction of motion
artifact/offset potentials, attenuation of noise outside of the physiological range (e.g.
power line interference), and amplification of the EMG signal such that the signal is
represented on the same scale as the parameters of the data acquisition system (e.g. 5
V). Electrode motion artifact can arise from either the deformation of the skin under
surface mounted electrodes, or the mechanical disturbance of the electrode charge
layer. The power density of motion artifact is known to be below 20 Hz; thus, a high
pass filter can be used to improve signal quality. Such filters can have a corner
frequency anywhere between 10 and 20 Hz, but should not be any higher to avoid loss
of EMG signal power. Filtering techniques for motion artifact include 8th order
Chebychev high pass filters, and adaptive filtering based on orthogonal Meyer

wavelets.

Electronics within an EMG acquisition system are designed to reduce power line
interference via differential amplification, equipment shielding, and short electrode
leads. Careful skin preparation can additionally attenuate power line interference;
however the inability to perfectly match skin impedance makes it possible for common
mode signal tobe transformed into the recorded EMG signal. In North America the

offending frequencies are at 60 Hz and its harmonics. Narrow fixed notch filters



centered at the fundamental frequency (and its harmonics) are often used to remove
this noise offline. It is important to note that when this procedure is performed, the
portion of the EMG signal occurring at these frequencies is also removed — altering the
signal. Therefore, the bandwidth of the notches should be as narrow as possible (e.g.
0.25 Hz).

2.3. Signal processing

The EMG signal is desired to be used as a control signal for applications such as
multifunction prostheses, wheelchairs, gait generation, grasping control, virtual
keyboards, and gesture-based interfaces [10]. The raw EMG signal, due to its random
nature, cannot be used directly as a control signal. Rather, small portions of the EMG
signal are analyzed in various ways in order to produce a set of features — statistical
measures which characterize the raw EMG signal. The process of extracting useful
information from the EMG signal, and the subsequent use of the extracted information,

Is explained in the following sections.

EMG signals have two states — transient and steady state. In the transient state
the observed muscles go from rest to a voluntary contraction level, and in the steady
state the muscle is in constant force contraction. Transient EMG signals have
historically been more difficult to model than steady state signals. To combat this
challenge, many classification methods use data segmentation, in which an EMG signal
Is analyzed in either overlapping or disjoint segments [19]. In this manner, the signal
is considered steady state (formally “wide sense stationary”) within a segment, but is

modeled as changing its properties from segment-to-segment.

Since the EMG signal is desired to be used as a control for robotic systems, real-
time constraints require that the total time of the segment length and processing time
be 300 ms or less [25]. In adjacent windowing, EMG samples do not overlap — the
signal is divided into equal segments for which features are extracted. In overlapped
windowing the new segment slides over the current one with an increment time smaller

than the segment length. Englehart and Hudgins investigated how segment increment



impacts controller performance in a classification task and found that while smaller
segments can produce a redundant stream of decisions, they can also help to improve
system accuracy and response time. They also found that through continuous
segmentation, the segment length can be significantly reduced without substantial loss
of accuracy [11]. In some applications, all but one EMG sample overlaps between

adjacent segments.

Feature extraction is the process of computing pre-selected features of the EMG
signal to be fed to a processing scheme (such as a classifier) to improve the
performance of an EMG-based control system. The success of the system therefore
depends on both the relevance of the feature to the intended motion and the validity of
the method used for extracting the feature. In a real system, these features must be able

to be extracted in real-time to be used as input signals to the control system.

There are two approaches to feature evaluation: structural and
phenomenological. In structural feature evaluation, features are generated based on
models (both physiological and physical) and can be evaluated using synthetic signals.
This approach is helpful in determining the bias, variance, and level of sensitivity to
noise a given feature. In phenomenological feature evaluation, features are determined
more empirically by interpreting the raw EMG signal and evaluating feature
performance based on the overall success of an EMG control scheme (e.g.
classification). Methods for selecting features involve various search strategies such
as: sequential forward and backward selection, sequential floating selection, and
random search strategies such as genetic algorithms. Features fall into one of three

categories: time domain, frequency domain, and time-scale (time-frequency) domain.

Time domain features are the most common type of EMG feature due to the ease
with which they can be computed. The EMG signal is amplitude modulated where
higher signal amplitudes represent higher muscle contraction levels, thusthe piece of
information needed is amplitude. EMG amplitude is proportional to the number of

active motor units and their rate of activation. It is obtained by estimating the standard



deviation of an EMG signal and provides information regarding signal energy,

activation level, duration of contraction, and force.

Techniques to form an EMG amplitude include analog rectify and smoothing
(low pass filter) processing, mean absolute value (MAV) processing, and root mean
square (RMS) processing. A Gaussian model has been found to fit the EMG signal at
a high level of contraction, while LaPlacian is well suited for low contractions and
fatigued muscles. For signals modeled as a Gaussian random process, the RMS
theoretically provides the maximum likelihood estimation (MLE) of amplitude in a
constant force and non-fatiguing contraction. For those modeled as a LaPlacian
random process, MAV provides the MLE of the amplitude. Clancy et al.
experimentally found that for EMG signals acquired from constant-force, constant-
posture, non-fatiguing contractions, the distribution of experimental data falls between
Gaussian and LaPlacian, and that the Gaussian model fits better on average. As such
they concluded that there is little reason to argue between the MAV and RMS

amplitude estimation methods.

Clancy et al. have developed methods for improving the quality of EMG
amplitude estimates. They have shown that signal temporal whitening (decorrelation)
and the combination of multiple channel signals to form one amplitude estimate (from
a large muscle) reduce the variance in amplitude features without increasing bias. In
multiple channel whitening, EMG recordings obtained from adjacent electrodes are

combined to improve the signal-to-noise (SNR) ratio.

Since the distance from the muscle and electrode gain settings differ per
electrode, gain normalization is also performed during this step. Demodulation and
smoothing are performed on the EMG signal. Demodulation rectifies the signal and
raises the result to a power (1 for MAV, 2 for RMS). Smoothing filters the resulting
signal, thereby increasing the SNR. Relinearization is then performed to return the
signal to EMG amplitude by inverting the power law applied during demodulation. If
EMG-torque or EMG-force is to be estimated, then the signal is additionally decimated

to a frequency relevant to that of the frequency of the measured force. Other time-



domain features of EMG signals include mean absolute value slope (MAVS), zero
crossing (ZC), slope sign changes (SSC), and waveform length (WL). These features

provide measures of signal amplitude, frequency, and duration.

Mean and median frequency of a power spectral density (PSD) of an EMG signal
are common frequency features, as they provide some basic information about the
signal spectrum and its change over time. Various methods of acquiring the mean and
median frequency have been proposed, with Farina and Merletti presenting an
autoregressive (AR) model outperforming the periodogram method in short segment

length under stationary and non-stationary conditions.

Since EMG signals are non-stationary, knowledge of both frequency and time is
pertinent to EMG control. Spectral analysis uses the Fourier Transform (FT), which
provides signal frequency content without reference to timing. Time- frequency
analysis can be used for signal de-noising, identifying fatigue in long term activity, and
isolating coordinated muscle activities. Methods to map a signal to a function of both
time and frequency include the Short Time Fourier Transform (STFT) and the wavelet
transform (WT).

The STFT creates a time-frequency signal, but has limited precision due to the
size of the analysis window. Wavelet analysis can de-noise a signal without signal
degradation and allows for the analysis of a localized area of a larger signal. This
localized analysis reveals trends, breakdown points, discontinuities in higher

derivatives, and self-similarity that other methods miss.

In wavelet analysis, a low scale shows the rapidly changing details of a signal
(with a high frequency), and a high scale shows the slowly changing coarse features
(with a low frequency). One can therefore monitor different parts of a signal by
adjusting the focus of a wavelet transform. A generalized form of the WT is the wavelet
packet transform (WPT) which allows for the “best” adapted analysis of a signal in a
time-scale domain. STFT, WT, and WPT differ in the way in which they partition the
time-scale access. STFT uses fixed partitioning ratios, the WT uses variable aspect

ratios where the frequency resolution is proportional to the center frequency, and the



WPT provides adaptive partitioning — a complete set of partitions are provided as
alternatives, and the best for a given application is selected. Englehart et al., used
feature projection to determine the time-frequency feature that best classified EMG
data and found WPT to be the best, followed by WT and then STFT.

3. Development of the device and discussion of the results
In the course of this project, a model of a device for recording biological signals
was developed, which is capable of recording signals propagating along the nerves. At
the same time, software has been developed that allows to transfer the signal

characteristics to a personal computer. A block diagram of this device is shown in

figure 6.
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Figure 6. Block diagram of the system for measuring biopotentials.

The block diagram includes capacitive electrodes, amplifiers, a filter, a data

acquisition circuit and a power source.

3.1. election and calculation of components

Power Supply

For these purposes, a direct current power supply was developed (Fig.7). As a

connection with the power supply, a transformer TPG-2 with two terminals is used.



The microcontroller is supplied with +5 V, and the operational amplifiers are powered

by sources +5 and -5 V.
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Figure 7. Block diagram of the power supply.
System for recording biosignals.

The necessary signals are recorded due to the presence of a potential difference
between two points on the human body. The differential signal from the two electrodes
shows the propagation of the biosignal, which can be used to diagnose the pathological
functions of the patient. The amplitude of such signals is very small in comparison with
the sources of noise arising from the environment. Thus, an amplifier is needed that

cuts noises and amplifies the differential signal.

It should be taken into account that the distance between the electrodes is small
in comparison with the wavelength of low-frequency electromagnetic oscillations. The
synchronous pickup signal can be removed by applying a differential amplifier. A small
amplitude of biosignals requires the use of a power source with very small voltage

fluctuations.

When recording biosignals, general noise significantly exceeds the measured

signal. To obtain a qualitative useful signal, it is necessary to reduce these interference.



The common-mode rejection ratio (CMRR) of the instrumental amplifier determines

how much common noise can be attenuated.

The main source of general noise is the power network with a frequency of 50
Hz and the amplitude of the pick-up is greater than 1 V. For these conditions, the
synchronous signal suppression ratio must be at least 10 decibels for a frequency of 50
Hz. It should also take into account the noise of the amplifier itself. A potential problem
may be the operation of the amplifier in the environment of sources of interference with
a sufficiently high frequency. In this case, the common-mode rejection ratio is reduced
and the high-frequency signal is transformed into common noise. The magnitude of

such high-frequency signals can be reduced by using passive differential filters.
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Figure 8. Instrumentation amplifier using a radio frequency filter.

Figure 8 shows a diagram of such a filter. The bandwidth of its transmission is

defined as
Wgiss = 1/27IR1(2C2 + Cl)

If there is a solid screen between the capacitive sensor and the device, the effect
of radio frequency interference is greatly reduced. Capacities C,, C1a and C;5 should
have high quality factor, low losses and approximately 2% tolerance. Smoothing
capacitors should be placed between positive, negative power sources and ground.

These capacitors ensure the stability of the power supply and filter high frequency



interference. Ceramic capacitors of 100 nf are usually used for this. To filter low
frequencies in parallel, they put electrolytic capacitors of 10 microfarads. Capacitors

of 100 nF are placed as close as possible to the chip.

To avoid overlapping after sampling, the use of an antialiasing filter is necessary.
Two Bessel filters of the 4th order with a cutoff frequency of 500 Hz and 50 kHz are

used for this purpose.

0
|
|

Figure 9. Antialiasing filter.

Figure 9 shows a diagram for implementing filters. Each filter combines two
stages with components, the values of which determine the response of the filter and
the cutoff frequency. As U;, the low-noise amplifier TLO72 is used. The 500 Hz filter

has the following components:

Step 1 Step 12
R1=2.32 kOm R1=23.24 kOm
R3 =2.32 kOm R3 =3.24 kOm
C1=100nF C1=100nF

C2 =100 nF C2=39nF



A 50 kHz filter has the following components:

Step 1 Step 2
R1=2.32 kOm R1=23.24 kOm
R3 =2.32 kOm R3 =3.24 kOm
Cl=1nF Cl=1nF
C2=1nF C2 =390 nF

The main amplifier.

To amplify the signal from the sensor, the instrumental operational amplifier
INA 116. is used. The bandwidth of the filter lies in the range 0.1-2000 Hz. Then the
signal is amplified by the second amplifier, is fed to the analog-to-digital converter,

and is fed to the computer via the serial interface RS-232.

It is possible to significantly reduce the noise level of the device if its input

resistance is increased. In this case, the noise level is proportional to 1/v/R. If we take
the value of resistance equal to R = 10! Om, then the noise value will decrease to 5.5
uV - HzY2, It should be noted that resistors with such high resistance, while having
good stability and accuracy do not exist. Resistance of resistors with such a large

resistance can vary by 50% from sample to sample.

To eliminate this undesirable effect, there is a method of guard rings, which
allows to reduce the effect of leakage currents and removes the limitations imposed by
the presence of an input resistance circuit. Now there are several types of new-
generation microcircuits available that allow to expand the capabilities of security
equipment, due to the presence of such inside the chip. From this group it is necessary
to distinguish the dual instrument amplifier Burr-Brown INA 116. The input resistance
of this amplifier reaches 10 Oms, a parallel input capacitance of 1 pF and a noise
level of 2 pV - Hz'*2, Figure 10 shows a block diagram of the Burr-Brown INA 116

amplifier,
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As shown in the figure, the security equipment is used on both inputs of the

amplifier, and the inverting input is connected to the virtual ground.

The high quality of the circuit design makes it possible to significantly reduce
low-frequency fluctuations and drift (thermal or induced by some other method) and

also completely balance both inputs. The use of such a security technique makes it

possible to exclude all circuits for leakage currents.

When developing the layout, a two-sided printed circuit board was used, the
lower surface of which was used as a security surface, and the upper side was formed
as a guard structure of input electrodes. The diameter of the sensor is 30 mm, which

has an outer ring, which is a guard ring, and the inner circle is a signal electrode. The

Figure 10. Block diagram of the INA 116.
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presence of two electrodes can significantly reduce in-phase interference.






