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INVIAHUPYEMBIE PE3YJIBTATBI OBYYEHMUS 110 OOII

Tpebosanune ®I'OC BIIO,
Kon Pesynbrar 00ydueHus
KpUTEPUEB U/UITU
pe3yJibrara (BBIITYCKHUK JOJKEH OBITH TOTOB)
3aMHTEPECOBAHHBIX CTOPOH
P1 CnocoOHOCTh COBEpUICHCTBOBaTh M moBbImarh | Tpedoanus ®I'OC (OK-1)
CBOM HWHTEJUICKTyaJIbHBIK W 00meKkyasTypHblid | Kputepuii 5 AUOP (m.1.1,
YpPOBEHb U CHElHalbHbIE 3HaHUA B obOnactu | 1.3), coryiacoBaHHbIN C
MaTeMaTUYECKUX, €CTeCTBEHHBIX, TYMAHUTAPHBIX U | TPEOOBAHUSIMHU
SKOHOMHUYECKUX HAyK B KOMIUIEKCHOM MHXXCHEPHOM | MEXKIYHAPOIHBIX
JeATeILHOCTH Ha OCHOBE IeJOoCTHOM cuctemsl | ctanaaproB EURACE u
HAYYHBIX 3HAaHUH 00 OKpYKaroIIeM MHpE; FEANI
P2 CnocooHoCTh aJarTUPOBATHCSA K HOBbIM | TpeboBanus ®I'OC (OK-
CHTYaIlUsIM, TE€PEOLICHUBATh HAKOIUICHHBIH ormbIT, | 1,2, [TK-19)
AQHAIN3UPOBAaTh CBOM BO3MOKHOCTH BHoHuManuu | Kpurepuii 5 AUOP (1.1.4,
CYIIHOCTH M 3HaueHus uHpopMmanuu B pa3Butuu | 1.5, 1.6), cornmacoBaHHbIi C
COBPEMEHHOTO OOIIECTBA, BIAJCHHUE OCHOBHBIMHU | TPEOOBAHUSAMHU
METOJIaMH, CIOocO0aMu U CPEICTBAMU MOTy4YEHUS, | MEXKIYHAPOIHBIX
XpaHEeHus, nepepaboTKu uHpopmanuy; | cranaaproB EURACE u
UCIIONIb30BaHUE Ui pelleHuss KOMMYyHHKaTHBHBIX | FEANI
3alad  COBPEMEHHBIX TEXHUYECKHX CpPEACTB U
UH(}OPMaILMOHHBIX TEXHOJIOTHIA B
npoeccuoHaIBLHOM 00J1aCTH.
P3 Cnoco0HOCTB UCTIONB30BaTh Ha MpakTuke ymenus u | Tpebosanus ®I'OC (OK-2,

HaBBIKH B OPTaHU3AINH UCCIIEAOBATENLCKUX U
HPOEKTHBIX PabOT, B YIPABICHUHU KOJUIEKTUBOM;
3¢ (eKTUBHO pabOTaTh HHAUBUAYAIBHO U B
Ka4yecTBe YJeHa KOMaH/Ibl, IEMOHCTPUPYS HABBIKU
PYKOBOJICTBA OT/EIbHBIMH TPYyIIIAMH
UCTIOJIHUTEJIEH; B TOM YHUCIIE HaJ
MEXIUCIUTUTHHAPHBIMEA TPOSKTaAMH, YMETh
HPOSIBIIATH JIMYHYIO OTBETCTBEHHOCTD,
NIPUBEPKEHHOCTH MPO(HECCHOHALHON ITUKE U
HOpMaM BeZIeHUs PO eCCHOHATBLHON
NeSITETTHHOCTH.

I1K-12,13,16-18,12,22)
Kpurepnii 5 AUOP (11.1.5),
COTJIaCOBAHHLIH C
TpeOOBaHUSIMU
MEXTYHAPOTHBIX
crannaptoB EURACE u
FEANI




TpeboBanne ®PI'OC BIIO,

Kon PesynpraT 00yueHus

pe3ynbTarta (BBIITYCKHUK JOJHKEH OBITH TOTOB) KpUTCpHCE 1/1IH

3aMHTEPECOBAHHBIX CTOPOH

P4 Cnoco0HOCTb K CAMOCTOSITEIIBHOMY O0YYCHHIO Tpebosanust ®I'OC
HOBBLIM METOJAaM HCCIEI0BaHNs, K H3MEHEHHUIO (OK-1,2, OIIK-2, T1K-
HAYYHOTO U Hay4HO-Tipou3BoacTBeHHoro nmpopmns | 10,19) Kpurepuit 5 AUOP
cBoel poecCHOHAIBHOMN A TEHHOCTH; (m.1.2), cormacoBaHHBIH C
pa3palaThIBaTh CaMOCTOSATEIbHO TEXHUYECKYIO TpeOOBaHUSAMHU
JOKYMEHTAIMIO; YETKO M3JIaraTh U 3alUIlaTh MEXTYHapOIHBIX
pe3ynbTaThl KOMIUIEKCHOW MHKCHEPHON crangaptoB EURACE u
JEATETLHOCTH B 00JIACTAX KOHTPOJIS KauyecTBa FEANI
MPOAYKUWH NPEANPUITUN U3MEPUTEIIbHON TEXHUKH
¥ TOYHOTO MPUOOPOCTPOCHMS; MPUOOPETATH C
MOMOIIBIO0 UHPOPMALMOHHBIX TEXHOJIOTUH U
HCIIOJIb30BaTh B IPAKTUUYECKOM 1eATeIbHOCTH
YMEHUS HETIOCPEICTBEHHO HE CBS3aHHBIX CO cepoid
JIESITEIbHOCTH.

P5 YMeHue ncronb30BaTb OCHOBHBIE 3aKOHBI Tpe6osanuss ®PI'OC (OK-1,
€CTECTBEHHOHAYYHBIX AUCIUILINH, METO/IbI ITK-5-7),
MaTE€MaTU4YeCKOro aHajIn3a U MOJIEIUPOBAHMS, Kpurepuii 5 AUOP (11.1.2,
OCHOBBI TEOPETUYECKOTO U IKCIIEPUMEHTAILHOTO 1.4), cornacoBaHHBII ¢
HCCJIEI0BAHNS B KOMILJIEKCHON MHKEHEPHOU TpeOOBaHUSAIMU
JESTENIbHOCTH MPH pa3pabOTKe CPEJICTB UBMEPEHUH | MEXAYHAPOIHBIX
Y KOHTPOJISA, UCITOJIb3Ysl CTAHAAPTHBIE MAKEThI U crangaptoB EURACE u
Cpe/CcTBa aBTOMATHU3UPOBAaHHOTO ITpoekTupoBanus B | FEANI
IpHUOOPOCTPOECHUH.

P6 Ymenue npodeccruoHalbHO KCILUTYaTUPOBATh Tpe6osanus ®PI'OC (OIIK-
COBpEMEHHOE 000py0BaHUE U MPUOOPHI B 3, T1K-5,6,8,20),
COOTBETCTBUM C LEJIIMU Maructepckoit mporpammsl, | Kpurtepuit 5 AOP (11.2.1),
OpPTraHU30BBIBATH TEXHOJIOTUYECKYIO TIOJATOTOBKY COTJIACOBAHHBIN C
HPOM3BOJICTBA MPUOOPHBIX CUCTEM PA3TUUYHOTO TpeOOBaHUSAMU
Ha3HAYEHUS W NPUHIHIIA JEUCTBUS, pa3padaThiBaTh | MEXIYHAPOIHBIX
Y BHEJIPSATh HOBBIE TEXHOJIOTMYECKUE MTPOLIECCHI C crannaptoB EURACE u
ucnonb3zoBanueM ruokux CAIIP u onieHuBaTh X FEANI
HKOHOMHUECKYIO 3P PEKTUBHOCTH U
WHHOBAIIMOHHBIC PUCKH TPU MX BHEJPEHUH.

P7 Cnoco6HOCTh POEKTUPOBaATh NpHOOpHBIE cucTteMbl | TpedoBanus GPI'OC (OK-1,
Y TEXHOJOTUUYECKHE MPOIIECCHI C UCTIOJIH30BAHUEM I1K-5,10,13,22),
cpeacts CAIIP u onbiTa pazpaboTku Kpurepunii 5 AUOP (11.2.6),
KOHKYPEHTOCIIOCOOHBIX U3/IeNNi{; OCYIIECTBIATH COTJIACOBAHHBIN C
HPOEKTHYIO I€ATEILHOCTh B MPO(ECCHOHATBHOM TpeOOBaHUSAMU
cdepe Ha OCHOBE CUCTEMHOTO ITO/IX0/1a. MEXTyHAPOTHBIX

crangaptoB EURACE u
FEANI
P8 YmeHnue pazpabaTbiBaTh METOAUKHU MPOBEACHUS Tpe6osanust PI'OC (OK-1,

TEOPETUUYECKUX U IKCIIEPUMEHTAIIBHBIX
UCCJIEIOBAHMM 110 aHAJIU3Y, CUHTE3Y U ONITUMU3ALUN
METOJI0OB U3MEPEHUS KOHTPOJISA U JUAarHOCTUKH,
UCTIOJIb3YeMBbIX B IPUOOPOCTPOCHUHN; CIOCOOHOCTh
pa3paloTaTh U MPOBOAUTH ONTUMH3ALNIO HATYPHBIX
HKCIEPUMEHTAIBHBIX HCCIeI0OBaHUN PUOOPHBIX
CHCTEM C Y4ETOM KPUTEPUEB HALEKHOCTH,

I1K-7,14,15)
I1K-2,26,27,28)
Kpurepnii 5 AUOP (11.2.3,
2.4), cormacoBaHHBIN C
TpeOOBaHUSIMU
MEXTYHAPOIHBIX
craraproB EURACE u




TpeboBanne ®PI'OC BIIO,

Kon PesynpraT 00yueHus
pe3ynbTarta (BBIITYCKHUK JOJHKEH OBITH TOTOB) KpUTCpHCE 1/1IH
3aMHTEPECOBAHHBIX CTOPOH
WCIIOJIb30BaTh PE3YyJIbTAThl HAYYHO- FEANI
HCCJIEIOBATENBCKOM 1eATEIbHOCTHU U MOIb30BATHCS
paBaMu Ha 00BEKTHI HHTEIICKTYAIbHON
COOCTBEHHOCTH.

P9 YMeHHe OpraHu30BbIBaTh COBPEMEHHOE Tpeboanust ®PI'OC (OK-2,
METPOJIOTHYECKOE 00€CTICUCHUETEXHOJIOTHICCKUX I1K-2,6,14,20)

MIPOIIECCOB MPOU3BOJICTBA TPUOOPHBIX CHCTEM U Kpurepuii 5 AUOP (11.2.2),
pa3pabaThiBaTh HOBbIE METO/IbI KOHTPOJISl KaYecTBa | COTJIACOBAHHBIM €
BBITYCKAEMOH MPOAYKIIUU U TEXHOJIOTUIECKUX TpeOOBaHUSIMU

MPOLIECCOB; pelIaTh SdKOHOMUYECKUE U MEXTYHapOIHbBIX
OpraHU3alMOHHBIC 33/1a4U TEXHOJIOTNYECKON crangaptoB EURACE u
MOATOTOBKU NMPUOOPHBIX CUCTEM U BEIOMPATH FEANI

CHCTEMBI 00ECTICYCHHS YKOJIOTHIECKOM

0e30MacHOCTH B MPOU3BOJICTBE U MPHU

TEXHOJIOTHYECKOM KOHTPOJIE.

P10 CnocoO0HOCTB IPOEKTUPOBATh MATEMATUUECKUE Tpe6osanuss ®PI'OC (OK-
MOJIEIN aHAJIN3a U ONTUMHU3AIUA O0OBEKTOB 1,2, OIIK-2, T1K-1,2,6,13)
HCCJICI0BaHMS, BRIOUPATh YMCIICHHBIC METOIBI UX Kpurepuii 5 AUOP (11.2.5),
MOJICTTUPOBAHUS WIIA Pa3padoTaTh HOBBIA QJITOPUTM | COTIIACOBAHHBIN C
pelleHus 3a]a41; BHIOMPATh ONTUMAIbHBIE METOABl | TPEOOBAaHUSIMU
U TIPOTPaMMBI SKCIIEPUMCHTABHBIX UCCICAOBAHUN | MEXKIYHAPOIHBIX
Y UCIIBITAaHUH, POBOAUTH U3MEPEHHUS C BHIOOPOM crangaptoB EURACE u
COBPEMEHHBIX TEXHHUYECKUX CpeACTB U 00padoTkoit | FEANI
pE3yJIbTaTOB U3MEPEHUH.

P11 CnocodHocTb (OpMYyINPOBATDH LIETH, OIPEIEIIATh Tpebosanus ®PI'OC (OIIK-

3a/1a4M, BEHIOMPATh METObI UCCIIEIOBAHUS B 00JIACTH
MpUOOPOCTPOEHUST Ha OCHOBE MOI00pa U U3YUCHUS
JUTEPATypPHBIX U MATEHTHBIX U IPYTHX UCTOYHUKOB;
p33pa6aTBIBaTB MCTOANYCCKHNEC U HOPMATUBHEIC
JIOKYMEHTBI, TEXHUUYECKYIO JOKYMEHTAIINIO Ha
00BEKTHI MPUOOPOCTPOCHUS, & TAKIKE OCYIIECTBIATh
CUCTEMHBIE MEPOTIPUATHUS IO peaTU3aI|H
pa3paboTaHHBIX MTPOEKTOB M MPOTPAMM; COCTABIIATH
HAyYHO-TEXHUYECKHUE OTYETHI, 0030PbI, MyOIUKAIINH
110 Pe3yJIbTaTaM HCCIIEA0BATENBCKOM e TETbHOCTH

1,3, TIK-3,4,9,11)
Kpurepuii 5 AUOP (11.1.6,
2.4), cormacoBaHHBIN C
TpeOOBaHUSIMU
MEXTYHAPOIHBIX
craanaptroB EURACE u
FEANI
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Cypxuxos A. I1.
3AZJAHHUE
HA BbINOJIHEHNE BbINYCKHON KBAJIN(PUKAMOHHOH PadoThI

B ¢opme:
| Marucrepckoii iccepTarum
Crynenry:

I'pynna PHUO

1BMS5b ConparoBy Biagumupy Cepreesuuy

Tema padoTsl:

YCTpoOHCTBO HENPEPHIBHOIO MOHUTOPUHIA APUTMHUM M BHE3AaITHOM CepAeYHOM

CMepTH

YTBepxkaeHa MPUKA30M JTUPEKTOpa (1aTa, HOMEp)

| or 15.12.2015 Ne 9728/c

‘ Cpok cauul CTYJICHTOM BBITIOJHEHHON paOOThI:

| 15 mons 2017 1.,

TEXHUYECKOE 3AJIAHHUE:

Hcxoanble JaHHBIE K paﬁoTe
(HaumeHoBaHue 0OBbEKMA UCCIeO0BAHUS UNU NPOSKMUPOBAHUSL;
NnpoU3E00UMENbHOCHIb UL HAZPY3KA, PEHCUM PAbOMb
(Henpepbi8HbILL, NEPUOOUYECKULL, YUKIUYECKUL U M. 0.), U0
ChIPbA UNU MAMEPUAT U30eNUs; Mpebo8aHUs K NPOOYKNIY,
u30enuIo U npoyeccy; 0cobvle mpebosanus K 0COOEHHOCHAM
Gyukyuonuposanus (Fxcnayamayuu) 00veKma uiu usoenus 8
naaHe 6e30NACHOCHIU IKCHILYAMAYUY, GIUAHUS HA
OKPYIACAIOULYIO CPedy, SHeP203AMPAMam, IKOHOMUYECKUTI
aHanuz u m. o.).

OOBeKTOM HCCNeAOBaHUsl SIBISIETCS MPUOOp ISt

KpyriaocyrogHoro Monutopusra OKI', cocrosmmii n3

W3MEpPUTENBbHON  4YacTH, TMiIaTel  00paboTduka,
Kopryca W MOAYJIS  OTOOpa)keHWs  JaHHBIX.
Ucnons3zoBanue JTAHHOTO npudopa oyner
MpelHa3HauYeHO N1 TOCTOSHHOTO  KOHTPOJIS

CEPIECYHOI0 PUTMa JIFOACH.

ITepedenn noasexamIMxX MCCaeA0BAHUIO,
MPOCKTHPOBAHMIO 7| pa3paborke
BOIIPOCOB

(ananumuyeckuii 0630p no AUMEPAMYPHLIM UCMOYHUKAM C
Yebio BbISICHEHUS. OOCHUNICCHUTL MUPOGOU HAYKU MEXHUKU 8
paccmampugaemoti 061acmu,; NOCMAaHo8Ka 3a0ayu
uccnedo8anst, NPOEKMUPOBAHUs, KOHCIMPYUPOBANUSL;
codepaicanue npoyeoypsl UCCIeO08AHUSA, NPOCKMUPOBAHUS,
KOHCMPYUPOBAHUsl, 0OCYHCOeHUE Pe3VIbIMaAmMO8 6blNOJHEHHOU
pabomvl; HaumeHo8anue OONOTHUMETbHBIX PA30€I08,
nooexcawux paspabomye, 3aKUeHue no pabome).

O630p anamoroB, pa3paboTkKa CXeMbI IUIaThl cOopa
JAHHBIX, pa3paboTKa alropuTMa M MPOTPaMMBbI IS
miatel cOopa JaHHBIX, MPOBEPKA aJeKBATHOCTH

PE3yJIbTaTOB U3MEPEHHUS.




Ilepedyensb rpaguueckoro Marepuasia

[Ipunoxenue B — luarpamma I'antra

KoncyabTanThI 10 pa3iesaM BbIIYCKHON KBAIN(UKALNOHHONH padoThl

(¢ ykazanuem pazoenos)

Paznen

KoncyapTant

OcHnoBuas yactbr BKP

Jlexxumnaa Muna AnekceeBHa

DuHAHCOBBII MEeHETKMEHT,

pecypcodppekTHBHOCTH U pecypcocOepexeHue

Huxkonaenko Banentun CepreeBuy

COIII/Ia.]'[]:Haﬂ OTBCTCTBCHHOCTDH

Anuienko Onus Bragumuposna

Yacte BKP Ha anrianiickoM si3bIke

Beb6ep HOmus FOpneBna

Ha3Banusi pasiesoB, KOTOpble JO/LKHbI ObITH HANMCAHBI HA PYCCKOM M HHOCTPAHHOM

A3bIKAX:

00630p aHAJIOTMYHBIX pa3pabOTOK

JlaTta BbI1a4M 32JaHUA HA BbINOJTHEHHE BBINTYCKHOM
KBAJIM(UKAIMOHHOHI padoThl 110 JMHEeHHOMY rpaduky

15 centsa6ps 2015 .

3aganue BbIAAJ PYKOBOAUTEC/Ib:

Jo2KHOCTH (115 (0] Yuenas cTeneHs, Moanucey JlaTta
3BaHHE
HomeHT kad.
Jlexxuuna Mana AnekceeBHa K.T.H
OMIIK
3anaHue NPUHSAJ K MCTIOJHEHUIO CTY/IEHT:
I'pynna ()% (8) HMoamucs Jata
IbMS5b Connaros Bnagumup Cepreesuu




PE®EPAT

Beimycknas kBanudukanuonnas pabora 84 c., 61 pwuc., 4 Ttabm., 11
VMCTOYHHKOB, 3 MPHUJL

KitoueBbie CJIOBa: MOHHTOP, €MKOCTHOM AIEKTPO/I,
AIIEKTPOKApIMOTpaMMa, CEPICUHBIN PUTM, apUTMHUSL.

OObeKTOM  HCCIeOBaHUS  SIBISIETCA OpUOOp Il HEMPEPHIBHOTO
MOHUTOPUHTA APUTMHUH.

Ilens paboThl — pa3paboTka mnpubopa Jjsi HEMPEPHIBHOTO MOHUTOPHUHTA
apUTMHUH.

B mpouecce uccienoBanus npoBoAwiIcs 0030p CYHIECTBYIOIIMX aHAJIOTOB,
paboThl MO pa3paboTke TIuIaThl cOopa JaHHBIX, aJIroputMa padoThl U
IPOrpaMMHOTO KOJa JUIsi pa3pabOTaHHOM IJIaThl, MPOBEPKa aJCKBATHOCTHU
U3MEpPEHHUSI TaHHBIX.

B pesynbraTe uccinenoBaHus paszpaboTaH pabOTOCMOCOOHBIM MPOTOTHUIL
YCTPOMCTBA.

Crenenb BHEApEHU: pa3pabOTaHHOE YCTPOMUCTBO TOTOBO K IKCILITyaTallUH.

O06sacTh NPUMEHEHUS: MOHUTOPUHT CEPACUYHOTO PUTMA.

OxonoMmuueckass 3(h(HEKTUBHOCTH/3HAYUMOCTh pPabOTHl 3aKIIOYAETCS B
MMIIOPTO3aMEIlIeHHH, pa3padoTKe 0oJiee JENIeBbIX aHAJIOTOB YCTPOUCTBA, a TaK JKe
OTCYTCTBUHU pabOYMX aHAJIOTOB..

B Oynymem mnaHupyercs AajibHEHINas MOJIEpHU3AIMS YCTPOMCTBA,

ONITUMHM3AIIHS TPOTPAMMHOTO KoJia, pa3padboTka npuinoxenus nog AndroidOS.



OIIPEAEJIEHUSA, OBO3HAYEHUSA, COKPAILEHUSA, HOPMATHUBHBIE
CCBIJIKH

B nanHO# paboTe UCHOJIB30BaHbl CCHUIKM HA CIEAYIOIINE CTAHIaPThI:

I'OCT 12.2.032-78 CCBT. Pabouee mMecTO Mpu BHINOJHEHUU PabOT CUS.
OO611e proHoMuvecKue TpeOoBaHuUs.

I'OCT 12.2.048-80 CCBT. OGopynoBanue mpousBojcTBeHHOE. OOmTHEe
HProHOMHUYECKHUE TPEOOBAHUSI.

CII 2.2.1.1312—-03 T'uruennueckue TpeOOBaHUS K NPOEKTUPOBAHUIO BHOBb
CTPOSIIITUXCS] 1 PEKOHCTPYHPYEMBIX MTPOMBITTUICHHBIX TIPS ITPUATHI.

CHull 23-05-95 EcrecTBeHHOE M HCKYCCTBEHHOE OCBCILICHHE.

CanlluH 2.2.2/2.4.1340-03 I'uruennyeckue TpeOOBaHUS K NEPCOHATBHBIM
AJIEKTPOHHO-BBIUUCIUTEIHHBIM MAIIIMHAM U OpTaHU3AIMH PAOOTHI.

B nmawmHoit  paboTe  mpUMEHEHBI  CIEAYIOIIME  TEPMHUHBI €
COOTBETCTBYIOIIMMU OTIPEACTICHUSIMU:

JuiekTpokapauorpamma: ['paduueckas 3amuch, perucTpupyromas c
MOMOILBIO  3JIEKTPUYECKOr0 Mpubopa paboTy cepiaua, MyJIbCalui0 CepACHYHON
MBIIIIIIHI.

DJIEKTPOJ: OTO HU3JENTUE MEAWIIMHCKOTO Ha3HAa4YeHUs, KOTOPOE HMEET
HETOCPEICTBEHHBIN KOHTAKT C KOYKEH TSl CHATHS DJIEKTPUUYECKOTO IMTOTEHITHAA.,

daekrtpokapauorpadg: VYCTpoiCTBO, INpeaHA3HAYEHHOE ISl CHSATHS

AIEKTPOKAPIUOTPAMMBI.
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BBEJAEHUE

17 MWUIMOHOB cMEPTEN B TOJA MNPUXOAUTCA HA CEPIIEUYHO-COCYAUCTHIC
3a0oneBanus. 50% W3 HUX TPOUCXOJUT U3-3a BHE3AMHOU cepaeuHoi cmeptu, 80%
KOTOPBIX HAYMHAECTCA C apUTMHHU. BBDKHBAa€MOCTh OT BHE3AIHOW CEPJICHYHOU
cmept He Oonee 1%. CepleuHo-cocyaucTbie 3a00JIEBaHMSI MOTYT MPOTEKaTh
0ECCUMITOMHO, 4YE€JIOBEK MOXKET HaXOAMWThCS B TIPYINIE pUCKA U JaXKe HE
IIOA03PEBATH O HAIMYUHU HAPYIICHUMN.

Kak BO3MOXHOE pelieHue, CyIIECTBYIOT pa3MuHbIe (PUTHEC-TPEKEPHl U
IyJIbCOMETPBI, HO OHM He MNO3BOAOT cHUMath OKI, B pe3ynbrate uero
HEBO3MOXKHO OINPEACIUTh XAPAKTEP APUTMHUU. DOJBIIMHCTBO IyJIbCOMETPOB HE
aJanTUPOBAHO NOJ MEAUIIMHCKOE IPUMEHEHNE.

JUist penienust 3Toi mpoodJIeMbl MOTYT, UCIIOJIb30BaHBI MOHUTOPBI XO0JITEPA.
Ho OKI' XonTepsl Ha3HAYarOTCsA YEJIOBEKY YK€ MOCie OOpalleHusi MaiueHTa B
OOJIbHMITY, a YYMUThIBasg, 4YTO Ha pAHHUX CTaAUsAX 3a0o0JieBaHUsA, aApPUTMUs
MPOSIBJISICTCSL  CIIOHTAHHO, XOJTEp TMpPU CYTOYHOW 3allCU  MOXET HE
3aUKCUPOBATH MIPUCTYIT APUTMUH.

[TosToMy, nJis TOro 4TOOBI JUArHOCTUPOBATH APUTMUIO HYKEH HUMEHHO
HENPEPBIBHBIM MOHUTOPUHT. K ycTpolcTBaM HENPEpPHIBHOTO MOHUTOPHHIA
OTHOCSTCSL (DUTHEC-TPEKEPhl U MYJIbCOMETPhI, HO TJIABHBIM HEIOCTATOK HSTUX
npuOOpPOB B TOM, YTO OHM HMEIOT HHU3KYI0 TOYHOCTh H3-3a OCOOEHHOCTEH
naT4uKoB ATUX TpudopoB. Kpome Ttoro, onu He msmepsitor DKI, a xapakrep
apUTMHUU OonpeaenseTcs MMEHHO o HapyUIEHUIO HOPMaJIbHOU
nocneaoBareabHocTH 3yoroB OKI .

KauecTtBa pa3paboTki - BO3MOXKHOCTh mMoOCTOSHHOrO cHsaTus OKI,
u3mepenus DKI' 6e3 momMouu crenuanucToB, MPEABAPUTEILHON MOJATOTOBKH U
JOTIOJIHUTENBHBIX ~ JATYUKOB. 3a CUET JTOro TMOSBISETCA BO3MOXHOCTH
OOHapyX uTh ¥ 3adUKCHPOBATh XAOTUYHO TMPOSBIAIONIYIOCS apUTMHUIO, a
KOHCTPYKITUSI KOpIyca oOOecrneunBaeT MPOCTOTY NPUMEHEHHS M KOPPEKTHOCTH

HaAJIOKCHUS 3JICKTPOAOB.



1 METOJIbl U3BMEPEHUI

1.1 Metoan! cuatua DKI'

DnekTpokaparorpadgust SBISETCS OJHMUM M3 CaMbIX BOCTPEOOBaHHBIX
WHCTPYMEHTAJIbHBIX METOJIOB HCCIIEIOBAHUS.

N 510 He ynuBuTENBHO, Beb ¢ oMolbio DKI' MOKHO JHUarHOCTUPOBATH
MPaKTHYECKU JIOOYI0 KapJAUOJIOTHYECKYIO TMaTOJIOTHI0, a 3aboJjieBaHUs ceplia
SIBJISIFOTCSI OTHOW M3 CaMbIX aKTyaJIbHBIX MPOOJIEM COBPEMEHHOMN MEIUITHHBI.

JUJist  BBITIOHEHHUS DJIEKTPOKAPAMOIOTUYECKOTO HCCICAOBAHUS HYKHO
MMETh B CBOEM PACTION0KEHUU COBpPEMEHHBIN OKT -anmapar
(anexkTpokapauorpad), KOTOPHIM  MO3BOJSIET  PETUCTPUPOBATHL  MajeHime
AIEKTPUYECKUE MMOTEHITHAIBI, BOSHUKAIOIINE B KJIETKAX CEPACYHON MBIMIIIEI. J[J1s
JY4IIero TMOHWMAaHMS CYyTH METOJa HEOOXOIWMO O3HAKOMHUTBCS C OCHOBHBIMU
COCTABJISIFOIIMMHU JIAHHOTO allrapara.

Pucynok 1 — OKI" anmapart

Ntak, OCHOBHBIMU YacCTSAMHM dJIeKTpoKaparorpada siBastoTCs:

- BOCIIPUHUMAIOIIHEC YCTpOﬁCTBa, MCIHUIIMHCKHUE JJICKTPOAbI, KOTOPLIC
MMO3BOJIAIOT CHUMATD JJICKTPHUYCCKHUC UMITYJIBCBI C PA3HBIX YacTeHl YeJI0BEUECKOTO
TCJa U IICPCaaBaTh UX JAJICC HA aIlllapar,

- YHUBEpCaJbHBIN ycuiuTelb, 0€3 KOTOPOr0 HEBO3MOXKHO MPOU3BECTH
3alUCh  MOTEHUUAJIOB  (BJEKTPUYECKHME  NOTEHLIMAJbI, BO3HHUKAKOIIWE B
KapJIMOMHOLIUTAX, KpaliHe Masbl U JAJI1 UX PETUCTPAIIMU HEOOXOUMO YCUJIEHUE);



- BCTPOCHHBIN MEIUITUHCKUUN raJlbBAHOMETD, O3BOJIAIOIIUHN
AHAJIM3UPOBATH YACTOTY MOIYyYaeMOIr0 HAIIPSKCHUS,

- YCTpOWCTBO aJisi puKcaluu pysioHa Oymaru, a Takke cama Oymara, Ha
KOTOpYI0  OyayT (UKCUPOBATHCS  DAJICKTPUUYECKHME TMOTEHLMAIbl B  BUJE
ANEKTpOKapIuorpaduueckon KpuBou;

- OJyiok nuTaHus (MOXKET OBITh ChEMHBIM WUJIM BCTPOSHHBIM).

OnekTpokapAauorpadpl, MPEICTABICHHbBIE Ha COBPEMEHHOM  DPBbIHKE
MEAUIIMHCKOTO 000pYI0BaHNUs, KIACCUPUIMPYIOT IO CICTYIOINUM MPH3HAKAM:

- 1O  BO3MOXHOCTH  OJHOBPEMEHHOW  PETUCTpAlKl  JaHHBIX,

IMOJIy4aCMBbIX C HCCKOJIBKHUX OTBGI[CHI/Iﬁ — OJHOKAaHAJIBHBIC 1 MHOI'OKaHAJIbHBIC,

- I10 BO3MOXXHOCTHU aBTOMATHYECKOU O6pa6OTKI/I IMOJIy4aCMbIX
PE3YJIbTATOB — HCABTOMATUYCCKUC, ITIOJTYaBTOMATHYCCKHUC 1 ABTOMATUICCKUC,

- 1O BO3MOXHBIM  YyCIOBUSM  JKCIUTyaTallid:  CTAaIlHOHAPHBIE,
MOJTyCTaIllMOHAPHBIC, MOOUJIbHBIE (IIEPEHOCHBIEC).

Texnuka cusatus DKI' monpazymeBaeT HEOOXOJUMOCTh KOHTAKTa MAIMEHTA
C OJTHOM M3 YacTel dIeKTpoKaparorpada — ¢ AMEKTPOIaAMHU.

Pucynok 2 — Pesynbrarter OKI

MMeHHO »TOT COCTABHOH DJIEMEHT OOBIYHO BBI3BIBACT HAHOOIBIIICE
KOJHUYCCTBO BOIIPOCOB Yy MALITMCHTOB. M »T0 BrioiHe O6OCHOBaHO, BCIb IIpaBUJIbHAA
IIOCTAHOBKA JJICKTPOAOB ABJIACTCA 3aJIOTOM KOPPCKTHOI'O CHATHA rokazaresiei
SHGKTqueCKOﬁ AKTHUBHOCTH CCPALA.

CoBpemennbii OKI-anmapar Bxirouaer 10 cTaHAapTHBIX 3JIEKTPOJOB,
KOTOPBIE CHUMAIOT MOTEHIMAJIBI C Pa3HBIX YYACTKOB TeJa nmanuenTa. M3 Hux:



- 4 GuKCUpPYIOTCS Ha BEPXHUX M HIDKHUX KOHEYHOCTSX (TI0 1 35eKkTpoay
Ha KKy KOHEYHOCTb);

- ocraBmmecs 6 (UKCUPYIOTCS Ha OINPEACIICHHBIX TOYKaX TPYIHOU
KJIETKH.

Crapble MoOAenu  3JIEKTPOKApAUOrpa(oB  MPOU3ZBOAMIM  3aMUCh C
UCIIOJIB30BAaHUEM S5-TH  DJIEKTPONOB, 4 W3 KOTOPBIX pACIOJAraJuch Ha
KOHEYHOCTSIX, @ | — Ha rpyJTHOM KJIETKE.

Pucynok 3 — npouecc cusartug DKI'

IIpy 5TOM 271€KTPOJ HA TPYTHOU KJIIETKE IOCJIEN0BATEIBHO NIEPEMELIATIHN U3
OJIHOM TOYKH B APYIYIO.

Jlist Toro 9TOOBI KOPPEKTHO YJIABIUBATH DJJIEKTPUUECKHE WMITYJIbCHI,
HUCXOJAIIME M3 CEpJlla, BaAXKHO MPABUIBHO PACHOJIOKUTH AJEKTPOJbI Ha TeJe
nanueHTa. [lepeq MOCTaHOBKOM JaTYMKOB JKEJIATEIbHO TakKKe COONIOAaTh
cJleAyrouuMe qBa MpaBuia.

1. Ilepen mpoueaypoili HYKHO OYUCTUTh KOXXHbIE€ TMOKPOBBI OT
3arpsAI3HEHUM U BOJIOC B MECTaX MPEAIOIaracMoro KOHTaKTa ¢ JIEKTPOgaMHu.

Takxe HEOOXOOUMO MPOU3BECTU OOE3KUPUBAHUE KOXKH, YTO TO3BOJIUT
YIIYYIIUTh KOHTAKT C KOXKEH.

2. Ha saexTpoasl Hy)KHO HAaHECTH CIIELUAIbHBIA MPOBOJIHUKOBBIN Tellb
WJIM K€E TIacTy.

OTO yAY4YIIUT MPOBOJMMOCTH M TMOBBICUT JOCTOBEPHOCTH IMOJTYYaE€MBbIX
pe3ynbTaTOB, YCTPAHsSI BCEBO3MOKHBIE IIIyMbI U IOMEXH.



Jlanee MOXHO MPUCTYIATh K HEMOCPEICTBEHHON YCTAaHOBKE. 3/1€Ch BAXKHO
coOJTII0/1aTh YETKUN aJTOpUTM JIecTBUI. B mepByto odepens HYy>KHO pa3o0paThes ¢
anekTponaMu ais cranaaptHeix oteeneHuit (I, II, u III), kotopsie MapkupoBaHbI
OIIPEJEIICHHBIMU LIBETAMU.

IIpaBoii pyke COOTBETCTBYET KPAaCHBIM IJEKTPOM, JEBOU PYKE — JKEITHIN,
MIPaBOM HOT'E — YEPHBIN U JICBOM HOTE — 3eeHbIA. KakbIil 25ekTpo huKcupyeTcs
Ha COOTBETCTBYIOIIEH KOHEYHOCTH M TOJIBKO IIOCJE 3TOr0 MNPHUCTYMNAOT K
HAJI0KEHHUIO 3JIEKTPOIOB ISl TpynHbix oTBenenuit (V1, V2, V3, V4, V5 u Vo).

[Ipy mocCTaHOBKE 3JIEKTPOJIOB MJii TPYAHBIX OTBEACHUN TaKXe BaXKHO
coOJI0/1aTh YCTAHOBJICHHBIN TOPSIOK AecTBui. [IpaBmia mocieqoBaTeIbHOCTH
TAKOBBI:

- DJEKTPOJA, COOTBETCTBYIOIMK V1, pacnonaraercss Ha ypOBHE
YETBEPTOr0 MEXKPEOEPHOIrO MPOMEXKYTKA 110 IPABYIO CTOPOHY OT IPYJIUHBI;

- DJEKTPOJA, COOTBETCTBYIOIIMN V2, TakKe pacIoyiaraeTcs Ha ypOBHE
YETBEPTOT0 MEKPEOEPHOrO MPOMEKYTKA, HO YK€ I10 JIEBYIO CTOPOHY OT I'PY/IUHBI;

- Jajee CIeayeT IIOCTAaHOBKA »BJIEKTPOJa, COOTBETCTBYHOHIEro V4,
KOTOPYIO TPOMU3BOJAT B MATOM MEXKpEOCPHOM TPOMEXKYTKE CJeBa IO
CPEIHEKIIOUMYHOMN JIMHUM;

- TOJIBKO MOCJI€ 3TOr0 PACHOJIATAKOT JIEKTPOJ, COOTBETCTBYIOIMUA V3,
Ha CPEUHE PACCTOSHUS MEXAY ToUKamMu V2 u V4;

- AJEKTPOJ, COOTBETCTBYIOIIMM V5, YCTAaHABIMBAIOT B ISATOM
MEeXpeOepHOM TPOMEXKYTKE TI0 MEepeAHEH MOIMBIIICUYHON JIMHAH,

- n HOCJ'IGI[HI/Iﬁ QJICKTPO, COOTBCTCTBYIOIHPIFI V6, pa3MCIIarOT TAKKE Ha
YPOBHC ITSITOTO Me>1<pe6epL;1, HO YK€ 11O CpCI[HGﬁ HOI[MBIHIGHHOﬁ JIMHHU.

PucyHok 4 — pacnosoxeHue JIeKTPOI0B



Muorue cumraroT, 4Tto mnpouenypa cHatus OKIT — 310 mpoctas
MaHUMNYJISAUs, He TpeOyromias Kakod-nmuOo moarotoBku. Ho Ha camom nene
UMEETCsl PpsiJl PEKOMEHIalUui, COOJIOJCHHE KOTOpPbIX KpailHE BaXXHO s
IIOJIyYCHUS] KOPPEKTHBIX pe3yJbTaTOB HCCIENOBAHMS. OTH PEKOMEHIALUU
IIPEICTABIICHBI JJI BAC HUXKE.

1. Hakanyne, a Takke B JI€Hb NPOLEAYPhl PEKOMEHIYETCS XOPOIIO
BBICIIATHCS, U30€raTh BO3MOKHBIX CTPECCOBBIX CUTYaIUH.

2. B nens nporenypbl peKOMEHAYETCs JISTKUI 3aBTpaK.

3. He pexomenayercs mnpueM MNHIIM MEHEe 4YeM 3a JBa dYaca J0
MIPOBEICHUS TNIAHUPYEMOM MPOIIEAYPHI.

4. B neHb HccleI0OBaHUSl HACTOSITEILHO HE PEKOMEHIYETCSl yIOTPEOISTh
BEII[ECTBA, BIUAIONIME HA paboTy cepiana (Kpenkui vail, kode, SJHEPreTUIecKue
HAIUTKH, CIO/Ia )K€ OTHOCAT MPUEM AJIKOTOJISl U KYPEHUE).

5. Ilo BO3MOXHOCTH HYXHO YMEHBIIUTh KOJIUYECTBO CPEACTB JIMUYHOMN
TUTHUEHBI, HAHOCHMBIX HA KOXY BEPXHHX M HIDKHHX KOHEYHOCTEH, a TaKkKe
TPYIHOM KIETKH, IIOCKOJIBKY OHH MOTYT CO3JaBaThb JKHPOBYIO IUIEHKY,
YXYALIAIOIIYI0 IPOBOJAUMOCTS.

Bo Bpems camoii mpoienypbl HYXHO TOCTapaThCi MaKCHUMAaJbHO
pacciabutbes.

JIpyruM BaXHBIM AacCIIEKTOM SIBJIIETCS TEMIIEpaTypa IOMELICHUSA, B
kotopom nposoautcs IKI'.

[Tomemnienne MOKHO OBITH TEIUIBIM M KOM(OPTHBIM, BEIb BO3MOXKHAS
dbusnonoruyeckasi Jpoxb HEMPEMEHHO OTPAa3UTCsS Ha MOJYYEHHBIX pe3yJIbTaTax
WCCIIEIOBAHMS.

Nurepnperanms pe3ynapratoB DKI' MOXKET 3aHITh HECKOJIBKO MHUHYT, a
MOXET MOTpeOoBaTh OT Bpada KOHCYJbTAIIMU C KOJUIETAMH M 3aHATh HECKOJIBKO
yacoB. Bce 3aBHCHUT OT CI0XHOCTH BBISIBISIEMOM ITaToJoruu. Bo3MoOKHA Taxke
KOMOMHAITUS HECKOJIBKUX KapJAHOJOTHYECKUX CHHAPOMOB, YTO BCETJA 3aTPyAHSIET
JIMarHOCTUYCCKUM MOuCK. Ho MOXHO BBIJIEIUTh HECKOJBKO OCHOBHBIX MOMEHTOB,
aHaJU3UPYs KOTOPhIC, Bpad UMEET BO3MOXKHOCTh JIOBOJILHO ObICTpO olleHuTh DKI
W TIOCTaBUTh  JWArHo3,  Kacalomuiics  Haubojiee  pacHpOCTPaHECHHBIX
KapAMUOJIOTUYECKUX MTATOJIOTUM. JIaHHBIN aJITOPUTM MPEACTABIICH HUXKE.
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Pucynok 5 — OKI' curnan

- Ananu3 KoJim4ecTBa KOMIUIEKCOB QRS, KOTOPHIN MO3BOISAET CYAUTH O
4acTOTE CEPACUYHBIX COKPAILICHUH.

- Ecnu KOIMYEeCTBO KEIMyJOYKOBBIX KOMIUIEKCOB MeEHbIIe, 4yeM 60 B
MUHYTY, TO MOYKHO TOBOPHUTH O OpaguKapIuu.

- Ecim ke KOJIMYECTBO JKEIYJOYKOBBIX KOMILJIEKCOB HAXOJUTCS B
npenenax 65—-105 B MUHYTy, TO 3TO CBHUJIETEIBCTBYET O HOPMAJIbHOM YacTOTE
CEPACYHBIX COKPAILCHU.

- Ecnu mony4yeHHslil mokaszatens npesbimaet mudgpy 105 B MuHYTY, TO
peuYb UAET O TaXUKapAUU.

AHanu3 peryiasipHOCTU CEpACUHOI0 pUTMa!

- HyxHO mnpoaHanu3upoBaTh peryiasipHOCTh KomiuiekcoB QRS Ha
IPEAMET BO3MOXKHBIX IPEPBIBAHUNA WIIM K€ 3aMEIICHU APYTMMHM BapUaHTaMU
OKI'-kpuBoii (Harmpumep, Ha MPEAMET BCTABOUHBIX KCTPACUCTON).

- AHanu3 COKpaTUTENBHOM aKTUBHOCTH Mpencepanid, Kotopsii Ha OKI'
oTMedeH 3yOo1om P.

- HopMme cooTBeTcTByeT MONOXKHUTENbHBIA 3y0Oenr P B mepBoM u BO
BTOpOM cTaHfapTHbIX oTBeneHusX (I u II), B orBenenun aVF, a Takxe HeraTUBHbBIN
3yoen P B otBenenun aVR. Ilpu orcyrctBum 3y6ma P HyHO qymMarth 0 TOM, 4TO
IIPOU301IA CMEHA BOAUTENS PUTMA.

- Kpome TOro, MOXHO YBHAECTh aHOMAJIBHYIO COKPATUTEIHHYIO
aKTUBHOCTH Tipeacepauii. OHa MOXeET OBITh MpEJCTaBJcHA BOJIHAMH TPETICTAHUS
«F» nnmm BontHamu meprianus (Gulpmmisanun) «6H.



AHanu3 WupHUHbI KEITYJ0UYKOBOro komruiekca QRS:
- VY3KMH KOMIUIEKC YKa3blBa€T HAa IIPABWJIbHBIA CUHYCOBBIM PHUTM, B
OTJEJBHBIX CIIy4asiX — Ha CyIPABEHTPUKYJIIPHBII PUTM.

- [IIupoknii KOMIUIEKC YKa3blBaeT Ha MpoOjeMy B MIPOBOIALIEH
cucreMe cepaua. OOBIYHO 3TO OJIOKa/bl, pa3BUBAIOLIMECS HAa Pa3IMYHBIX YPOBHSIX.

OcHoBHBIC MPpU3HAKK WH(]PApKTa MUOKap/1a Ha PAHHUX CTaIUsIX:
- OneBanust cermeHTa ST Bhie m3oauHHM Ooee dyemM Ha 0,2MM,
perucTpupyemasi B HECKOJIBKUX OTBEICHHUSIX.

- [TaTonornueckui SY6€H Q, BBISBIISIEMBIA BO BCEX CTaHIapPTHBIX
OTBCACHMUAX.

- W3mMeHeHne 2JIeKTpUIecKoi ocu cepara (0OOBIYHO B JICBYIO CTOPOHY).

- JuckopnantHoe cmenieHue cermeHTa ST Huke H30IMHUM B TEX
OTBEJICHUSX, KOTOPBIE HAXOATCSI B TPOTUBOIOJIOAKHON CTOPOHE OT MH(]apKTa.

- OTtpunarensubiii 3yoel] T, BBISBISEMBIN B T€X OTBEICHUSIX, KOTOPHIE
HaXOJATCSl HEIIOCPEICTBEHHO HAJl ITATOJIOTMYECKUM 0YaroM.

[locnennuii myHKT ObUT J100aBJE€H BBUIY AaKTyaJbHOCTH HH(]apKTa
MHUOKapJa Ha CETOIHSIIHUN IEHb.



2 Ob30P AHAJIOI'HYHbBIX PA3PABOTOK

Kommanus AliveCor npoaeMoHcTpupoBaia npudop, padoTaromuii BMecTe
¢ tenedponom Iphone m mosBomstomuii cHuMath OKIT [2]. OTo MoOMIBHOE
YCTPOMCTBO JaeT BO3MOXKHOCTH monyuuth OKI' ¢ orpaHMueHHOro KOJWUYeCTBa
orBeneHuii (1-3) B MOOBIX YCIOBHSX W TepelaBaTh JaHHBIE 4Yepe3 WHTEPHET
nevameMmy Bpaudy. AliveCor pa3pabotasia w BHeApwia 000pYyIOBaHHE,
npeIHa3HaYeHHOE /IS )KMBOTHBIX. B HacTosiee BpeMs MPOXOIAT KIMHHYECKUE
UCIBITAHUSI CHUCTeMBI it JroAei. I[lpubop mnpencramiasier coboi 4exon co
CHEIMAIBHBIMU  JTaTYMKaMH, KOTOPBIA HajeBaeTcss Ha TelnedoH, K Tely
MPUKPETUIISIOTCS JICKTPOABI, U YEIOBEK MOTy4aeT BO3MOXKHOCTH CHENIaTh aHaJH3

OKT (pucynok 30).

Pucynok 30 - OKI uexon

IMEC,  bensruiickuit/Hunepnanackuii  MccaeaoBaTeNbCKUl  LEHTP
HAHOXJICKTPOHUKH W HAHOTEXHOJOTHH, pa3paboTal HEYTO, YTO MOYKHO OIHCATh
KaKk «OecmpoBomHOM, THOKMU U pactsaruBaemsbiiny OKIT  mmacteips  mms
KOM(OPTHOTO U TPOAOJDKHTEIbHOr0 Kapauomonutopunra [3]. DKI' mimacteips -
cHUCTeMa, BBIMIOJIHEHHAasT Ha THMOKOM miate. OH TMOKpbhIBaeT 000N M3rub Tena.
MecTto HOIIEHUS MOXKHO BBIOpaTh MaKCMMAaJIbHO YAOOHOE JJIs yejoBeka. Takum

00pa3oM, OH MOXET HCMOJIb30BAaThCS B JIBUKEHHWU B TIOBCEIHEBHOM >KU3HU,



OTKpbIBasi HOBBIE BO3MOXKHOCTM B 0Oopp0be C  cepaeyHO-COCYIUCTHIMU
3a00eBaHUsAMUA. A pa3MEIIEHHBII Ha pyKE WJIM HOre, OH MOXET H3MEpPITh
MbllIeyHy0 akTUBHOCTh. OKI' mutacTeipp (pucyHOK 31) mMeeT KOMMepuecKuid
MIPOIIECCOP, TTO3BOJISIIONTUHN JTOKAIBHYIO IU(PpoBYI0 00paboTky curHaios, 2,41 Ty

paguoKaHal U MUHUATIOPHBINA Mepe3apsKaeMblil TIUTUH-UOHHBIN aKKyMYJISATODP.

Pucynok 31 - OKI" mutacTeipb

Jpyroii mOpoeKT — HOCHMas MOHUTOPUHIOBAasE CHUCTEMa OCHOBHBIX
KU3HEHHBIX TMokKa3ateneil [4]. Cuctema BBINOJHEHA B BHUJEC IOBCEIHEBHOU
HOCHUMOM OJIeKIbl, B KOTOPYIO BCTPOEHO MHOXECTBO JOaT4ukoB. Cucrtema
BKJIIOYAET B CeOs JaTUYUKU TeMIepaTypbl, BIAKHOCTH, JJIs JUCTAaHIIMOHHOTO
MOHUTOPUHTA, YCTPOMCTBO KOAMPOBAHUSA JIaHHBIX, CEHCOPHBIN HUHTEpdeEiic,
MHUKPOKOHTPOJIIEP, PAAUONEPENATIYMK C YACTOTHOM MOZYJISIIUEN W aHAJIOTOBO-
nndpoBoii mpeodpaszoBaTenb. Tak ke cucteMa cHuMaeT DKI' B AByX MPOEKITHSX.
Jlst onpenienieHus OMOXMMHUYECKUX COCTABIISIIONIUX 3/I0POBbsI, TAKMX KaK TIIFOK03a
WJIU Ta3 KpoBHU, pa3pabaTbiBaeTCs ACIIEBas OJJHOPA30Basl MJIACTUKOBAs BCTPOCHHAs
B uun Jabopatopus. Takoil OuOUYMI CONEPKHUT MHONKECTBO OOOOMIEHHBIX
OMOCEHCOpPOB MJIs OmpeseseHuss OO0NbIIOr0 MHOXECTBa mnapameTpoB. MMeercs
BO3MOKHOCTh OTIPABJISATH CHUMAEMbIE TaHHBIE Ha KoMIbloTep. [Ipumep «yMHOM

OJIEXIbD» NTOKA3aH HAa PUCYHKE 32.
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Pucynok 32 - YMHas onexa

Xoner Uentp, [Nommanams, pa3paboTan MHUHHATIOPHYIO MOPTATHBHYIO
CHUCTEMY, KOTOpas TO3BOJIIET CJIEAUTh 3a myiabcoM U cHuMarb OKI' B
MOBCEIHEBHBIX YCIOBUAX [5]. OTIMYUTEIBHBIMU OCOOCHHOCTSIMU ATOM CUCTEMBbI
SIBJISIFOTCSL. HU3KOE SHEPronoTpedseHue U MPOoCTOTa B HMCIOJIb30BaHUM. JlaTumku
BBITIOJIHEHBI HA THOKUX IJ1aTaX U 00bEUHEHBI B OAHY 1enb. OHU MPUKPEIUISIOTCS
K rpyau (pucynok 33). OKI' cHumaercs B 1ByX IpoeKuusx. JlaHHbIe ¢ TaTYMKOB
nepeialTcss  4epe3 OMOTYy3 Ha CcMapTQoOH TMOJb30BaTeNsl, Ha KOTOPBIU
MpEeIBAPUTEIILHO YCTAaHOBJIGHO CIENMAIbHOE mporpaMMmHoe obOecrnedenue. DK

MO>KHO KaK IIPOCTO HAOJ01aTh B pealbHOM BPEMEHH, TaK U COXPAHUTb.

Pucynok 33 - ITopratusnast OKI' cucrema

Kpaiine HH3KOe 3HepromnoTpeOjeHue IMO3BOJsSET padboTaTh B TEUYCHHE
Mecsaiia Oe3 mepepbiBa. l[Ipu 9TOM cucTeMa WMEET JIMTUA-TIOJIUMEPHBIN

AKKyMYJIATOp, EMKOCTh KOTOpOTO coctaBisaeT 400 MAu.

Nuxenepsl yHuBepcurera MiumHolica NpOAEMOHCTPUPOBAIN TOHKHM,

MSATKUHA MPUKIICUBAIOIIUIICS 3JIEKTPOHHBIN IJIACTHIPH I MOHUTOPUHTA 310POBBS



[6]. JlaHHBI# MIACTHIPE (PUCYHOK 34) pacTATUBASTCS M IBUTACTCS BMECTE C KOXKECH.
OH OCHOBaH Ha SJEKTPOHUKE, TOCTYIMHON Ha IIUPOKOM PBIHKE, U MpEeaHA3ZHAYCH
JUISl TUCTAaHIIMOHHOTO MOHMTOPHUHTA 3/10pOBbs. [LIacThlph KIEUTCS Ha KOXKY Kak
BpEMEHHAs TaTyHMPOBKA. YHHUKaJIbHAs MUKPOMIIOUIHAS KOHCTPYKIIUS TMO3BOJISET
IJIACTBIPIO CrUOaThCsl U pa3rubaTbesi 0€3 OMACHOCTU MOBPEAUTH SJIEKTPOHHYIO

Ha4YHUHKY.

Pucynok 34 - [IpukienBaromuiics: 31eKTPOHHBIN MIaCThIPh

[nacTeipp mpenHa3HauyeH i TOBCEAHEBHOTO TMPUMEHEHHS  JUIs
JUCTAaHITMOHHOTO MOHUTOPHUHTA 37I0POBbS U OTIIPABKH JTAHHBIX HA KOMITBIOTEpP WU
coToBbli TenedoH. IlmacTeipp Tak ke mo3Bojsier cHuMarh DKIT u D3I, uto
OOBIYHO JIeNAl0T JIUIG B OosbHUIAX. [Ipu 3TOM He Tpedyercs AOMOTHUTEIbHBIX

YCTPOWCTB.

Nurtepecnas poccuiickas pazpadborka — Kapauosuzop. [Ipubop He TONBKO
caumaeT OKI' (6 oTBeneHUIl OT KOHEYHOCTEN Win 12 cTaHAAPTHBIX OTBEICHUN),
HO M TMO3BOJKIET MPOTHO3UPOBATH CEPACUYHO-COCYAUCTYIO IATOJIOTHIO IO
MUKpoanbTepHamsiM. Yxke cerogus KapauoBmzop (pucyHok 35) mUpoko
WCIIOJIB3YETCSl BO MHOTUX MEIUIIMHCKUX YUPEKICHUSIX, €T0 OepyT Ha BOOPYKEHHUE
YyacTHBIC Jieyaniue Bpadu. OCHOBHBIM €ro JOCTOMHCTBOM CIY>KUT MOOMIIBHOCTD.
Y npubopa ecth aemieBas MoauduKaius, KOTOPYIO MOXKHO HCIOJIb30BaTh B

JAOMAalIHUX YCJIIOBUSX.



Pucynok 35 - Kapauosuzop

C IIOMOIIIBIO  CIICOUAJIBHOI'O CCpBHCA K&)I(I[BIﬁ YCJIOBCK IIOJY4YacT
BO3MOKHOCTBb CJICIUTH 3a COCTOAHUCM CBOCIO CCpJAla, II10JIy4acT MOHSTHBIM JaxKe
HC CIICHUAIINUCTY pC3yJIbTAaT O6CJI€I[OBaHI/I$I, 10 KOTOPOMY MOXKHO CyAUTb, CTOUT JIU
06pamaTLc5{ K Bpady HJIK HCT. Heqamﬂﬁ Bpad UMCCT BO3MOKHOCTD Cpa3y y3HATh O

MpOiICHHOM 00CJIeIOBAHUH U 1aTh PEKOMEH IallNK MallUEHTY.



_ 3AIAHME JJISl PA3JIEJIA
«@UHAHCOBBIIf MEHE/UKMEHT, PECYPCOD®®EKTUBHOCTD U

PECYPCOCBEPEXEHUE)
Crygnenry:
I'pynna DPUO
1BM5b ConnaroBy Bnagumupy Cepreesuuy
HuernryT HHK Kadenpa Tounoe npudopocTpoeHue
YpoBeHb 00pa3oBaHus Marucrparypa HanpagJjieHue/cnenuajibHOCTh ITpubopocrpoeHue

Hcxoanbie faHHbIe K pa3aeny «DMHAHCOBBIA MEHeIKMEHT, pecypcod(pPheKTUBHOCTH M pecypcocOepeskeHne)

1. CrommocTb pecypcoB HayqHOTO HccnenoBanus (HIU):
MaTepHAIbHO-TEXHUYECKUX, DHEPTETHISCKUX, GUHAHCOBBIX,
MH(OPMALMOHHBIX M YEIOBEYECKHX

pecypcesl:

2. HopMsl 1 HOpMaTHBEI PACXOI0BAHHS PECYPCOB

3. HCHOJ’ILSyeMaﬂ CuCTEMa HaJ'IOI‘OO6J'IO)K€HI/I$I, CTaBKH
HaJIOroB, OTHHCHCHHﬁ, JUCKOHTHUPOBAHUA U KPEAUTOBAHUA

HNudopmannoHHble, MaTepHaabHbIE U YEIOBEYECKHE

®unancosslie pecypest 5000 pyo.;
UYenoBeueckue pecypcesl 3 4el.;
Pabota ¢ nadopmarnmeii.

Hepeqeﬂb BOIIPOCOB, MOJICKAIUX UCCTECTOBAHUIO, IPOCKTUPOBAHUIO U pa3paﬁoTKe:

1. Ompenenenue Tpyn0EMKOCTH padoT;

Pa3paborka rpaduka npoBeaeHus UccaeI0BAHNS;

2. OmnpeneneHre KOHKYPEHTOCTIOCOOHOCTH IEPCOHAIBLHOTO
OpaciieTa-MOHUTOPA APUTMUH;

ITocTpoeHue OLICHOYHOM KapThl
KOHKYPEHTOCIIOCOOHOCTH;

Ilepeyens rpaguueckoro MaTepuana (C TOYHBIM yKa3aHHEM
00s13aTENTFHBIX YepTekKei):

1. Jimarpamma Iantra;

\ JlaTta BbI1auM 3aJaHu4 1JIs1 pa3/esia no JuHeiiHoMY rpadguky \

3a)lalme BbI1aJ1 KOHCYJbTAHT:

J0KHOCTH [(%(0] Yuenas cTeneHs, Moanucey JaTa
3BaHHe
ACCHUCTEHT Huxkonaenko B.C.
3a)131me NPUHAJT K HCIOJJTHCHUIO CTYACHT:
T'pynna ®UO Hoamucs Jara
IbMS5b ConnaroB Bnagumup Cepreesuu




4 ®UHAHCOBBIN MEHE//KMEHT,
PECYPCO2®®EKTUBHOCTDb U PECYPCOCBEPEXEHHUE

BBenenune
[lenpr0o maHHOTO pasgena  SBISIETCA pacCMOTpPEHUE  YCTPOMCTBA
HENPEPHIBHOIO MOHUTOPHUHIA APUTMUU M BHE3AMHOM CEPACYHOM CMEPTU C
SKOHOMHUYECKON TOUYKH 3PCHMUS.
Heo6xoaumo pemuTh cieayronye 3aaaqm.
- CTpPYyKTypa paboT B paMKax HAyYHOTO MCCIICIOBAHMUS,
- OIpeJeNeHrue TPYA0EMKOCTH BBIIIOJHEHUS padoT;
- pa3paboTka rpaduka MpoBeICHUS UCCIICTOBAHMUS,
- pacyeTr MaTepuabHbIX 3aTparT;

- aHaJiM3 KOHKYPEHTOCIIOCOOHOCTH Mpudopa.

4.1 CtpykTypa padoT B paMKax HAY4YHOI'0 HCCJIeJ0BAHUSA

[Ipu miaHMpOBaHUU TAHHOTO KOMILIEKCAa paboT HEOOXOIMMO: ONPEETUTh
CTPYKTYpY paOOThl B paMKax Hay4yHOTO HCCJIEIOBaHUS; ONpPENEIUTh YYaCTHUKOB
paboThI; YCTAaHOBUTD MPOJIOJKUTEILHOCTh Pa0oT.

IIpy BBINOJIHEHMM HAayYHOTO MCCIENOBAHUS 3aJCHCTBOBAHbI 2 YEJIOBEKA.
CryneHT aHanu3UpyeT U NpoBoauT uccienoanue. [Ipodeccop xadenps! sBiseTcs
Hay4YHbIM pykKoBoauTesneM. OH KOHCYJbTUPYET CTYAEHTa MO TEME HAay4HOI'O
WCCIIEIOBAHMSL.

B tabnuue 1 mpuBeneHo pacnpeneneHne paboT U UCTIOIHUTENCH HAYYHOTO

HCCIICIOBAHHUS.



Tabmuma 1 - [Tepeuens 3TamoB, paboT U pacpeeICHHE HCTIOTHUTEICH

OCHOBHBIE 3TaIbI No Coneprxanue padboT JomkHoCTh
UCIIOJTHUTEIA
Pa3paboTtka TexHMUECKOTrO 1 CocraBieHue U yTBEpKJIEHUE Hayunsi
3aJlaHus TEXHUYECKOT 0 3aJJaHus PYKOBOJUTEIb
2 [Ton6op u u3ydeHue Crynent
Br16op HanpasieHus MaTepUasoB 10 TEME
HUCCIeI0BaHuN 3 [IpoBenenue ucciaeq0BaHmit Crynent
MaTEeHTOB
4 Br16op HampaBieHus Crynent, Hayunsrit
HCCIIEA0BAHUI PYKOBOJIHTEID
5 KanennapHoe rmanupoBanue Crynent, Hayunsiit
paboT mo Teme PYKOBOJUTEIb
Teopernueckoe 6 N3yuyenue pa3inm4HbIX CryneHt
UCCIIEJOBaHUE [IaTOJIOTUH cepAla
7 W3ydeHne MeTo10B U3MEPEHUS Crynent
OKTI
8 W3yueHne BUIOB JaTYMKOB CryneHt
DKcIepuMEeHTabHOE 9 CO6opka U3MepUTETHLHOTO Crynent, Hayunsrit
UCCIIeIOBaHHe MakeTa PYKOBOJUTEIND
10 OmnpeneneHne Touek chéma CryneHt
OKI BbICOKOrO KauecTBa
11 | Pa3paboTka HOBOTO CryneHt

HU3MCPUTCIIBHOT'O IMTPOTOTUIIA

YCTpOMCTBA

4.2 OnpeneJieHre TPyA10€MKOCTH BbINIOJIHEHUS PadoT

Baxxueim

ACIICKTOM

JIFOOBIX

HCCIIeIOBATENbCKUX — paboT

ABIIACTCS

TPYAOCMKOCTb HMX BBIITOJIHCHHA. TPYI[OCMKOCTB 9TO BCPOATHOCTHAA OLCHKA

CTOMMOCTH MCCJEJOBaHUU.

OHa OIIECHUBAaeTCI B

paccuMTaTh TPYIO0EMKOCTh paboT, IPUMEHSIOT (HOpMyITy:

YEJIOBEKO-THAX.

Yr100bI



__ 3*tminit2*tmaxi
tOJfCi - 5 ) (1)

rae  Uyini- MUHAMAJIBHO BO3MOJKHAS TPYJAOEMKOCTH BBIITOJIHEHHS 33JJaHHOH I-0if
paboTHI;

tmaxi- MAKCUMaJIbHO BO3MOJKHAS TPYIOEMKOCTh BBIITOJHCHHS 3aIaHHOM 1-0M
paboTHI;

toxi- OXKHIaeMasi TPYJ0EMKOCTb BBIMIOJIHEHUS 1-0i paOOTHI (YETOBEK-/ICHB ).

C nmnoMompl0  OXKHMAAEMOM  TPYHOEMKOCTH  MOXHO  OIPEICIHTh
IPOAOJKUTENILHOCTD KaK101 paboThI (OLleHMBAEeTCs B pabo4ux AHSIX T)).

CDOpMYJIa AJI pacucTa IIpOAOJKUTCIBHOCTHU pa6OTBI:

Loorci

rae toxi- OKHJIaeMasi TPYIOEMKOCTh BBITIOJIHEHUS 1-01 pabOTHI (4eI0BEK-/ICHb );
Y- 9uCIECHHOCTH HMCIOJHHUTENCH, BBIMOJIHSAIONIMX OJHY M TOXE padoTy
("4enoBek);

Tpi- IPOIOIKUTENBHOCTE PAOOTHI(paboune AHNM).
4.3 Pa3pa6oTka rpadpuka npoBeeHUsI HCCIT0BAHUS

Haubonee  HarmsimHbiM W yAOOHBIM  rpadMKOM  BBIIIOJIHEHHUS
UCCJIEI0OBATENbCKOW padOThl SIBJSETCA JIEHTOUYHBIM rpaduk, B BUAEC IUArPAMMBI
["anta. Ha nannom rpaguke oroOpakaercsi 1aThl Hauajda U OKOHYAHUS HallMCaHUs
paGotel. [lns ymoOCTBa UIMTENBHOCTh KaXAOrO JTalna IEPEeBOAUTCS B
KaJICHJapHbIE JHHU.

B mnpunoxenun B mnpuBeneHa UIMTENBbHOCTh M 3Talbl BBINOJHEHUS

HCCIeI0OBaTENbCKOM paboThl (1uarpamMma ['aHTTa).



4.4 Pacyer MaTepHaJIbHBIX 3aTPaT

Pacuer MatepuanbHBIX 3aTpaT COCTOUT U3 3aTPAaT HA KOMIUIEKTYIOIIUE JJIS
pa3pabOTKU HW3MEpHTENss M Tpodre pacxonsl (Tabmuia 2). [Ipoune pacxojbl
BKJIFOYAIOT B ce0s 3aTparhl Ha: Oymary, KpacKy, HWHTEpPHET, KabOeu,
METAJUIMYECKYIO OMOPY U METAJUTMYECKUM I€PHKATEb.

Tabnuna 2 - MartepuanbHble 3aTpaThl HA KOMILIEKTYIOIINE

3aTpaTbl Ha
Exnnnna
HaumeHoBaHue KosaunuyecTBo Ilena 3a en., pyd | MaTepuaJbl,
H3MepeHus
pyo.
MUuKpOKOHTpOJLIED LIT. 1 500 500
Hsrorosnenue
LIT. 1 1500 1500
T1JIAThI
Hatuuku T 2 1000 2000
Kopmyc T 1 1000 1500
Hroro 5000

4.5 AHAJIN3 KOHKYPEHTOCIIOCOOHOCTH Pa3padoTKu

KoHKypeHTOCIOCOOHOCTh TOBapa HamOoJee Ba)kHash XapaKTepUCTHKAa Ha
phIHKE. MOHHUTOPHHT CEPALIA MPOBOJANUTCSA B CTALIMOHAPHBIX YCIOBHUAX, a apUTMUS
MIPOSIBIISIETCSI XaOTUYECKU — B CIy4allHOE BpeMs B cirydanHble nHU. [loaTomy, s
YMEHBIIEHUSI  TpyAo3aTpaT W IOBBIIIEHUA  HAACKHOCTH  KOHTPOJI,
pa3palaThiBaeTCsl  YCTPOMCTBO  HEMPEPHIBHOTO MOHUTOPUHTAa apUTMHHU U
BHE3amHOUW cepaeuHoil cMepTH. [1loaToMy OosibHBIE M BpauM 3aWHTEPECOBAHBI B
JIAHHOHW pa3paboTKe.

KoHKypeHTOCTIOCOOHOCTh JaHHOTO U3MEPHUTENISE BO MHOTOM 3aBUCHUT OT €T0

XapaKTEPUCTUK, CTOUMOCTH.



B Tabnuiie 3 npuBeneHa OlleHOYHAs KapTa, 0 KOTOPOM MOKHO CKa3aTh O

KOHKYPEHTOCHOCOOHOCTH JAHHOTO HM3MEPUTENSI MO CPaBHEHUIO C XOJTEPOBCKUM

MOHHTOPOM.

Tab6muia 3 - OnenoyHas kapra

Kputepuu onenku Bec bamnnbt KoHkypeHTOCTIOCOOHOCTh
kputepu | BM | MX Ksum Kux
s

1 2 3 4 5 6

TexHnuyeckne KpUTEPUN OLIEHKH pecypcodPeKTHBHOCTH

[ToBbIIEHHE 0,06 5 3 0,3 0,18

MIPOU3BOIUTEIIEHOCTH

TPy/a OJIB30BATEIS

Yno6ctBo B skcrryatanuu | 0,07 5 3 0,35 0,21

[ToMex0yCTOWYUBOCTH 0,02 4 4 0,08 0,08

DHEPro’KOHOMUYIHOCTh 0,06 4 3 0,24 0,18

Hanexsocth 0,1 5 4 0,5 0,4

BesomacHocTs 0,05 5 5 0,25 0,25

3anmomunanue pesynbratoB | 0,05 4 5 0,2 0,25

U3MEpEHHS

OyHKIMOHATBHAS 0,06 5 5 0,3 0,3

MOIITHOCTH

(mpeacraBnsieMble

BO3MO>KHOCTH)




[Tpogomxenue TadbauIs! 3

[IpocroTa sKcruTyaramum 0,06 5 4 0,3 0,24
KauectBo 0,05 5 5 0,25 0,25
HUHTEIJICKTYaIbHOTO

uHTepderica

Bo3MoxkHOCTB 0,03 5 5 0,15 0,15
noaxiroueHus k [MK

JKOHOMHMYECKHE KPUTEPUHU OLleHKH 3(PPEeKTUBHOCTH

KoHKypeHTOCTIOCOOHOCTh 0,04 5 |4 0,2 0,16
YpoBeHb MPOHUKHOBEHUS 0,04 3 |4 0,12 0,16
Ha PBIHOK

Llena 0,15 4 |4 0,6 0,6
[Tpenmonaraemelii Cpok 0,1 5 1|5 0,5 0,5
AKCIUTyaTaIH

ITocnenponaxxuoe 0,06 5 |5 0,3 0,3
o0cyKuBaHUE

Hroro 1 74 | 67 4,64 421

BbM - YcTpoicTBO HENMPEPHIBHOIO MOHWUTOPUMHIA APUTMUU W BHE3ANTHOU
cepaeunon cmept, MX — Monutop Xonrepa.

KonkypenTocnocoOHOCTh onpeensercs mo Gpopmyie:

K=>Bi'b; 3

rie K — KOHKypeHTOCTIOCOOHOCTh U3MEPHUTEIIS;

Bi— Bec moka3zarest (OLIECHMBAETCS B JOJIAX €IUHUIIBI);

Bi— 6amn i-ro mokazares.

[To pe3ynpratamM OLIEGHKHM KOHKYPEHTOCIIOCOOHOCTH, MOXHO CKa3aTh, YTO

OCCKOHTAKTHBIN HU3MCPHUTCIIb TCXHUYCCKH U 9KOHOMHWYCCKH KOHKypeHTOCHOCO6eH.



4.6 3akuawyenue 1o pasgeny “@OUHAHCOBBIA  MEHEIKMEHT,

pecypco3dppeKTUBHOCTH U pecypcocOepexenue”

B nanHoM pa3zzene Obuta onpesenena CTpykTypa padoT, u3 KOTOPOl BUTHO,
YTO OCHOBHBIMHM HCHIOJHUTEISIMU UCCIIEIOBAHUS SIBISIIOTCA CTYACHT M €ro
Hay4YHbIH pyKOBOAMUTENb. Takke Obla MmocTpoeHa auarpamma ['anTra, U3 KOTopoi
BUJIHO, YTO HCCJIEIOBaHUE MPOAOIDKAIoch ¢ ceHTsopsa 2015 roma mo mait 2017
rojia, 1 Ha HeW MOoKa3aHo paclpeie]ICHUe y4acTus B UCCIEIOBAaHUM UCTIOJIHUTENEH
(cTyneHT u Hay4dHBIH pyKoBoOAWTENb). OCHOBHOE BpeMsi pa3pabOTKH M3MEPHUTEIS
3aHsUIa 3KCIEPUMEHTAIbHAS YacTh, UTO TAK)KE OTpakaeTcs B auarpamme [ 'aHtra.
Janee ObUIM paccuMTaHbl MaTe€pHAIbHbIE U YEJIOBEYECKHE 3aTpaThl, IO
pe3ysibTaTaM KOTOPBIX MOKHO CKa3aTh, YTO OCHOBHBIE MaTEpHAJIbHBIE 3aTPaThl
VIUIM  HAa  COCTaBJSIIOIIME  u3MepuTens.  Takxke  Obula  OmpeneseHa
KOHKYPEHTOCIIOCOOHOCTh NpUOOpa, B pe3ysibTaTe 4Yero, MOXKHO CHeJaTh BBIBOJ,
YTO MO TEXHUYECKHUM M SKOHOMUYECKHUM IOKA3aTENsIM, a TAK)KE M3-32 OTCYTCTBHUSA
HENPEPHIBHO U3MEPSIOLINX aHAJIOTOB, OH KOHKYPEHTOCIIOCOOEH. DTO B OUEepEeIHOMN

pa3 MOJTBEPKIAET aKTyaIbHOCTh BEIOOpA TEMbI TUCCEPTALIUH.



3AJAHUE JIJISI PA3JIEJIA

«COIUAJIBHAA OTBETCTBEHHOCTDb»

CTyneHry:
I'pynna ouo
1BM5b ConnaroBy Bnagumupy CepreeBuday
HuceTutyT NHK Kadenpa OMIIK
Yposeus 00pasosanusi | MarucTpaTypa Hanpasienne/cnennansnocts | 12.04.01
IIpubopocTpoeHne
Hcxoanbie nanHble K pa3jaeny «CouuaibHas 0TBETCTBEHHOCTb)
1. XapakteprucTika 00beKTa HCClieAOBaHM (BEIIESCTBO, O0BeKTOM HCCIIeIOBaHUS SIBITSICTCSI
MaTepua, mpudop, aJropuTM, METOIMKA, paboyasi 30Ha) U | TICPCOHANIBHBIA  OpaciIeT-MOHUTOP ApPUTMHUU
001acTH ero NpUMeHeHHS It KOHTPOJIS CEpAEYHOr0 pHaTMa.
[Ipumenenne mpubopa TUIAHUpPYETCS Ha Teie
YeJI0BeKa.

IlepeyeHnb BONPOCOB, MOJIEKANMX HCCTETOBAHUIO, TPOEKTHPOBAHMUIO M Pa3padoTKe:

1. IlpousBoacTBeHHAs 0€30MACHOCTD

1.1. AHanu3 BBISIBICHHBIX BPEIHBIX ()aKTOPOB MPHU
pa3paboTKe U IKCILTyaTallK POSKTUPYEMOTO PEIICHUS.
1.2. AHanu3 BBISBICHHBIX OMACHBIX (PaKTOPOB MPH
pa3paboTKe U 3KCILTyaTaluH IPOEKTHPYEMOTO PEILCHHS.

Wzmepenust mpoBoasTcs B J1a0OpaToOpHu, Tl
MOTYT OBITh Takue BpeaHble (AKTOPBI Kak:
HEIOCTaTOYHAS OCBEIIEHHOCTD "
NOBBIIICHHBIH YPOBEHb AIEKTPOMArHUTHBIX
U3JTy4eHHd; TaKWe OmacHble (aKTOPHl Kak:
MOpaXEHHUE HIICKTPUIECKUM TOKOM.

2. JKoJiornyeckasi 6e30mMacHoOCTh

[Ipu pazpaboTke mpubopa 0CTaIOTCS UINMHIIKA
MaTepHuaa.

3. be3onacHoOCTh B Ype3BbIYAIHBIX CHATYAIUSIX

Bo03MO0XHO BO3HUKHOBCHHE Imoxxapa.

4. IIpaBoBbIe U OPraHU3ALMOHHBIE BONPOCHI
o0ecreueHns 0€30IIACHOCTH

ParroHabHast TNIAHUPOBKA paboUeii 30HBI,
TpeOOBaHUsI K OCHOBHBIM 3JIEMEHTaM
paboyero Mecta: paboumii CTOJ, pabounii
CTyJ1, 00BEKT KOHTPOJIS.

JlaTta BbI1auM 3a1aHUA /ISl pa3/iena 1o JuHeHHoMY rpaduky |

33}13HI/I€ BbI1AJ KOHCYJbLTAHT:

JoskHocTH DoUo Yu4eHnas creneHb, Moanuch Jlata
3BaHHe
JIOLIEHT Anumienko 10.B. K.T.H.
33}13HI/I€ NPUHAJT K HCIOJHCHUIO CTYAECHT:
I'pynna DPUO HMoanmucs Jara
1BM5b ConpatoB Bnagumup Cepreesud




5 COOHUAJIBHASA OTBETCTBEHHOCTD

BBenenue

CyIIHOCTh

BBITIOJTHSIEMOM

Hay‘{HO-I/ICCJIe,HOBaTCHLCKOﬁ

paboTHI

3aKJII0YaeTCs B TOM, 4TOOBI pa3paboTaTh OpacieT-MOHHMTOpP apUTMHUHU, KOTOPBIH

6YI[CT IMPOU3BOAUTDL KOHTPOJIb CCPACTHOTO PUTMA YCIIOBCKA.

[Tpubop

IJIAHUPYETCS

IMPUMCHATD B

OBCETHEBHOU

KHU3HU.

[Tonb3oBaTeNsIMU yCTPOICTBA OYAYT JIHOU JTFOOBIX KaTETOPUH.

5.1 IIpousBoacTBeHHAs 0€30MIACHOCTH

5.1.1 AHanu3 BpeAHBIX M ONACHBIX (PAKTOPOB, KOTOpPbIE MOIYT
BO3HUKHYTbH IIPH NPOBEJICHUHU MCCJICI0BAHNH U IKCILIyaTALMU

Tabsmna 4 - OnacHele ¥ BpeaHble (DaKTOPBI MPU TPOBEJICHUN UCCIIEA0BAHUIM

Hcrounuk akropa, | Daxropsl (no I'OCT 12.0.003-74) HopmatuBHbie
HAaWMEHOBaHUE Bpenusie OnacHele JTOKYMEHTBI
BHJIOB pabOT

1) HenocraTounas Onexrpuuecku | [.I'OCT P 12.1.019-
[IporpaMMupOBaHu | OCBEIIEHHOCTh 1 TOK. 2009 CCBT

¢ mpubopa u coopka
KopIyca;

paboueii 30HbI;

2.TOCT P 55710-
20135

2) IlonknroueHue K
Tenedony;

IToBBIIIIEHHBIHI
YPOBEHb
3JIEKTPOMArHUTHBI
X U3JIy4YCHUH

CaulluH 2.2.4.1191
-03

3) BrlinoaHenue
U3MEpPECHUN;

IToBbIITIEHHBIHM
YPOBEHb
3JIEKTPOMAarHUTHBI
X U3JIy4eHUN

CaulluH 2.2.4.1191
-03




5.1.2 OO0ocHOBaHMe MepPONPHUATHI IO 3alIUTE HCCIAEAOBATENS OT
AeCTBUS ONACHBIX U BPeAHbIX (PAKTOPOB.

5.1.2.1 MeponpusiTusi 10 31eKTPo0e30NacHOCTH

DOnekTpobe30macHOCT B J1a0OpaTopuu  JIOJDKHA — 00ecreunBaThCs
CIEAYIOIIMMU MEPOIPUATUIMU:

JUISL 3alllUTBl OT HAIpPSKEHUS MPUKOCHOBEHUS BCE TOKOBEAYLIUE YaCTH
JIOJKHBL OBITh M30JMPOBAHBI; 3allpelacTcsi MCIO0JIb30BaTh Kabeln U MpoBoAa ¢
MOBPEXKJACHHOM  WIM  [OTEpPSBIIEW  3allUTHbBIE  CBOWCTBA  M3OJIALMEH;
HEU30JUPOBAHHBIE TOKOBEAYIINE YACTH JOJDKHBI OBITh 000PY0BaHBI 3aIIUTHBIMU
OTPaXJCHUSAMHU WJIM PACIOJIOXKEHBl B HEIOCTYIMHOM [l MPUKOCHOBEHUSI MECTE;
3alpelaeTcsl MOJb30BaThCAd MOBPEXKICHHBIMU PO3E€TKAMHU, PaCIpPEICTUTEIbHBIMU
KOpoOKamu, pyOMJIBHUKAMH W JPYTUMHU 3JEKTPOYCTAaHOBOYHBIMH MpHOOpamu;
YCTPOMCTBO M IKCIUTyaTalldsi BpEMEHHBIX JJIEKTPOCETEN HE JOMYCKaeTCs;

JUISL 3LIUTHI OT TOPAKEHUS SJICKTPUUYECKUM TOKOM ITyTEM BO3ZHUKHOBEHUS
MOTEHIIMAJIa Ha MPOBOJAIIMUX KOPITYyCaxX 3JIEKTPONPUOOPOB HEOOXOIUMO HAIMUUE
3alIUTHOTO  3a3emyieHus; coryiacHo [IYD  compoTuBieHHE  3a3eMIISIOLIETO
YCTPOMCTBA B JIF0OOE BpeMs rojia I0JKHO OBITh He Oosiee 4 OM, ITpU ITOM CEUEHHUE
3a3eMIISFOLLICH JKIITBI IOJDKHO OBITh HE MEHee 4 MM [Tl MEIHBIX [IPOBOIHHKOB, HE
MeHee 6 MM’ — IIst AIFOMAHHEBBIX H He MeHee 20 MM’ — [JIsl CTalbHBIX;

JUISL 3allUTBl OT TOKOB KOPOTKOTO 3aMbIKAHUE HEOOXOJUMO HaJMuue
OBICTPOJICHCTBYIONIUX YCTPOMCTB 3aAIUTHI; AJICKTPUUECKass CETh JIODKHA HUMETh
3alATy OT TOKOB KOPOTKOTO 3aMbIKaHHS, O0ECIEYMBAIOINIYI0 MO BO3MOKHOCTH
HaUMEHbBIIIee BPEMs OTKIIOUCHUS W TpeOOBaHUS CEJICKTUBHOCTH; B KadyeCTBE
anmnaparoB 3alIUThl JOJKHBI MPUMEHSATHCS ABTOMATUYECKUE BBIKIIOYATENN WIIU
peAoXpaHUTEH.

[Ipu pabote B 1abopatopu, C LEJIbI0 00eCTIeUeHUs ANEKTPOOE30MaCHOCTH
M0JI30BATENICH KOMITBIOTEPOB, JIOJKHBI BRITIOTHATHCS CIACAYIOIMINE TPEOOBAHUS:

BCE y3JIbl OJHOTO MEPCOHAIIBHOTO KOMIBIOTEPA W MOAKIIOUYEHHOE K HEMY

nepudepuitHoe 000pyTI0BaHNUE JOJKHBI ITUTATHCS OT OJTHOM (ha3bl ANEKTPOCETH;



KOpIyca CHCTEMHOTO0 OJIOKa W BHEIIHUX YCTPOWCTB MJODKHBI OBITH
3a3eMJICHBI PaAUaIbHO C OJTHOM 001l TOUKOI;

JUISL aBapUMHOTO OTKJIFOUEHHUS KOMIIBIOTEPHOTO OOOpYAOBaHUS JOJHKEH
MCIIOJIB30BaThCA OTACIBHBIN IMIUT C aBTOMATaMHU 3alIUThI U OOLIUM PyOMILHUKOM;

Bce coenuHenus [IOBM u BHemHero oOOpyAOBaHUS — JOJDKHBI
MPOU3BOAUTHCS MPU OTKIIOUYEHHOM 3JIEKTPOIUTAHUU.

Kaxmomy HeoOXomuMo 3HAaTh MeEpbl MEIUIIMHCKOW TIOMOIU TPHU
MOPAKEHUHU AJIEKTPUUECKUM TOKOM. B m00om pabodeM momenieHuu Heo0X0uMOo
MMETh MEIUIMHCKYIO allTeUKy JJIs1 OKa3aHUs IEPBON METUIIMHCKON TTOMOIIIH.

[TopaxkeHue HSJIEKTPUYECKUM TOKOM 4Yallle BCEro HACTylmaeT Mpu
HEOPEKHOM OO0pallleHUd C MPUOOpaMu, MPU HEUCIPABHOCTH 3JIEKTPOYCTAHOBOK
WJIU TIPU UX TIOBPEXKICHUHU.

Ji1st 0cBOOOKI€HHS TIOCTPAJABIIETO OT TOKOBEAYIIUX YacTe HEOOX0IMMO
WCIIOJIb30BaTh  HEMpPOBOASIIME Marepuaibl. Ecimm mocine  ocBOOOXKACHUS
MOCTPaJaBIIECrO0 M3-TOJ HANpsSKEHUST OH HE JABIIWT, WU JbIXaHue ciabdoe,
HEOOXOJMMO BBI3BATh OpHUTaay CKOpPOM MEAMIIMHCKONM TOMOIIM U OKa3aTh
MoCTpajaBlIeMy JOBPAYCOHYIO METUIIMHCKYIO IIOMOIIIb:

- o0ecrmeunTh JIOCTYN CBEXEro Bo3ayXa (CHITh C TOCTPaJaBIIEro
CTECHSAIOUIYIO OJI€XKY, PACCTETHYTh BOPOT);

- OTYHUCTHUTH JIbIXaTeIbHBIC MYTH;

- TPUCTYNUTh K HMCKYCCTBEHHON BEHTWISALUU JIETKUX (MCKYCCTBEHHOE

JIbIXaHUE);

B cllyd4ae HEOOXOAUMOCTH MPUCTYIUTD K HEMPSMOMY MacCaxKy cepua.

JIr0060i1 anekTponpudOp M0KEH OBITH HEMEJICHHO 00ECTOUYEH B CITydae:

BO3HHMKHOBCHHA YI'PO3bI )KU3HU UK 3JOPOBBIO YCJIOBCKA,

MOSIBICHHUS  3allaxa, XapaKTEePHOTO JUIA TOpSAIIeH H30JSIUN WK
TIACTMACCHI,
- TIOSIBJICHMS JbIMA WJIM OTHS;

- IIOABJICHHUA UCKPCHUA,



- OOHapyXEeHHS BHIMMOTO TIOBPEXICHUS CUJIOBBIX KaOemed Wi

KOMMYTAIIUOHHBIX YCTPOMCTB.

5.1.2.2 Meponpusitusi 10 BbIIOJIHEHUIO HOPM €CTECTBEHHOIO U

HUCKYCCTBEHHOI'0 OCBEIICHUA

B cootBerctBuu ¢ 'OCT P 55710-2013B nabopaTopusix U MacTEpPCKUX
y4eOHBIX 3aBEJACHUI YpPOBEHb OCBELIEHHOCTH JOJIKEH COCTaBisATH HE meHee 500
JIK.

[To CHull 23-05-95 mnpu Takoili OCBEHICHHOCTH PEKOMEHIYIOTCS
CJIEIyIOLIME UCTOUYHUKH CBETA!

JIXOMUHUCLIEHTHBIE JIAMIIBL;

MeTtannorajoreHoOBbIC JIaMIIbI;

Hatpuesble razopa3psiiHbI€ JIaMIIbI.

B nmabGoparopumn, rtI€ NPOM3BOAMWINCH pPAOOTHI OOIEe OCBEIICHHUE
ocymectisieTcs cBeTmwibHukamu JICII-02, uto coorBercTByeTr CHulI 23-05-95.

Pasmep oO0bekTa cocraBisieT 85x40x25mM.

5.1.2.3 MeponpusiTussi 10 00ecHeYeHUI0 IJIEKTPOMATHUTHOM

0€301MacCHOCTH

Cornacio CanlluH 2.2.4.1191-03 omenka OMII T4 (50 T
OCYIIECTBIISIETCS PA3ACIbHO M0 HAMPSKEHHOCTH AnekTprueckoro nois (E) B kB/wm,
HaIpspKeHHOCTH MarHuTHoro mouist (H) B A/M wiv MHAYKIIMM MarHUTHOTO TOJIst

(B), B MmxTn. HopmupoBanue snektpoMarHuTHbIX mosiei 50 'y Ha pabounx mectax



nepconana AuddepeHIMpoBaHHO B 3aBHCHUMOCTH OT BpeMEHU NpPEeObIBaHUS B
AJIIEKTPOMATrHUTHOM IOJIE.
CymiecTByeT HECKOJbKO OCHOBHBIX MEPONPUITHM IO 3alluTe OT
AJIIEKTPOMArHUTHBIX U3JIyYEHHI Ha paboyeM MecTe:
- DKpaHUpOBaHHE (AKTUBHOE W TMACCHUBHOE; UCTOYHHMKA DJIEKTPOMArHUTHOIO
U3ITYYEHUSI K e 00BEKTa 3allUThl; KOMIUIEKCHOE YKPaHUPOBAHHUE).
- YjaneHue UCTOYHHUKOB U3 OJMKHEH 30HBI; U3 pabouel 30HBI.
- KoHcTpyKTHBHOE COBEpIICHCTBOBAaHUE OOOPYIOBaHUS C UEIbIO CHUKEHUS
UCIIONIB3yeMbIX ypoBHeW OMII, oOmielt moTpebnseMolt W H3IydaeMoOi

MOIITHOCTH 000PYyI0BaHUS.

5.2 Dxosornyeckas 0e30mMacHoOCTh

5.2.1 AHaJIu3 «KU3HEHHOI'0 IMKJIa» 00beKTa UcCjaeJ0BaHus

KuzHeHHbld MK mpuOOpa BKIIOYAET B ce0si CIEAYIOIMIME OCHOBHBIC
CTaJIuu:

1. Ilpeonpoexmuas (Hauanvhas) cmaousi BKIIOYAET aHAIHU3 PBIHKA, BBIOOD
o0BeKTa HCCleoBaHusA, (POPMUPOBAHUE CTPATETUU MPOEKTA, WHBECTUIIMOHHBIH
aHanu3, o(GopMIICHHE WCXOAHO-PA3PEIINTEIIEHON JOKYMEHTAIMH, MPUBIICYCHUE
KPEJIUTHBIX WHBECTUIIMOHHBIX CPE/ICTB.

2. Cmaouss npoekmupoganus BKIOUYaeT pa3pabOTKy CTPYKTypHOH W
GYyHKIIMOHATBLHOM  CXEM, OpraHu3alui0  (UHAHCUPOBAHUSA, PYKOBOJCTBO
MPOCKTUPOBAHUEM.

3. Cmaodus peanuzayuu B X0JIe KOTOpOW OyIET OCYIICCTBISATHCS IMOJTHAs
cObopka 1 oTNaaKa npudopa.

4. Cmaous  sxkcnayamayuu OObEKTa  HEJABWIKUMOCTH  TIPEJIoiaraet
o0cITy>KMBaHUE U PEMOHT mpudopa.

5. Cmaous ymunuzayuu — NOJTHAS TUKBUIALNS IPUOOpa.



5.2.2 O6ocHOBaHMe MePONIPUATHIA MO 3a1IUTE OKPY KaIOLIeil cpeabl

B xauecTBe MEpONPUATHH IO 3aIIUTE OKPYKAIOIIEN CPEIbl OT HETATUBHOIO
BO3/ICICTBUS 0OBEKTA HCCIIET0BAaHUS MOKET CIIY>)KUTb ITepepadOoTKa 0TpabOTaHHBIX
MaTepUajoB, Js MPENOTBpAIllEHUs WX BIUsAHUSA Ha Jutocepy. Taxxe s
YMEHbILICHUS BIMSHUS MAapOB, 00pa3yIONINXCA MPHU Maiike METaIOB U CIUIaBOB, Ha
atMoc(epy Lenecoodpa3Ho OyJIeT yCTaHOBUThH B MOMEUIEHUH, TA€ HMPOU3BOASITCS

paboThl BO3AYIIHBIE PUIBTPHI JI1 OYUCTKH BO3AYXa.

5.3 be3onacHOCTH B Ype3BbIYANHBIX CHTYAUMAX

5.3.1 Ananu3 BeposiTHbIX UC, KOTOpbIE MOKET HHHUIIUNPOBATH 00bEKT
HCCJIEI0BAHMN, A TaKKe KOTOpble MOIYT BO3HHMKHYTHb IIpH
HCCJIeIOBAHNU 00bEKTA

K naubonee BeposarasiM UC, KOTOpbIE MOXKET HHUIIMUPOBATH OOBEKT WM
KOTOpbIE MOTYT BO3HHMKHYTh IPH HCCJIEIOBAaHUU OOBEKTAa MOYKHO OTHECTU
AIIEKTPUYECKOE 3aMbIKAHUE U KaK CIIEJICTBUE MOXKap.

[Ipu BoO3ropaHuy, BO3HUKHOBEHUHM TI0Kapa, HEOOXOIMMO OTKJIHOYHUTh
3IIEKTPONPUOOP OT IEKTPOCETH (€CIU ITO CAENATh HEBO3MOXKHO, TO HEOOXOIUMO
OTKJIFOYUTh MHUTAIONIYI0 CETh aBTOMATUYECKHM WJIM MAKETHBIM BBIKIIOYATEIIEM,
WIH PYOMJIIBHUKOM Ha JIaDOpaTOPHOM WJIM CHUJIOBOM IIMTE), BBI3BATh MOKAPHYIO
KOMaHIy M TMPUCTYNUTh K TYIICHUI [0XKapa HWMEKIIUMHU CpeICcTBaMU
noxkapotymenus. Ciaeayer NOMHHUTb, YTO AJIA TYLIEHUs IMOKapa Ha YCTAaHOBKAX,
HaXOJAIIUXCS MO/ HAapPsLDKEHUEM, MOKHO IOJIb30BaThCS TOJBKO YIJIEKUCIOTHBIM
WIM TIOPOIIKOBBIMM OTHETYIIUTENsIMU. [Ipu CUIBHOM BO3rOpaHuu, MOXKape
HEOOXOJMMO CPOYHO BBI3BATh AJIEKTPUKA U OOECTOUMUTH IMOMEIICHHE, MOCIIE YETOo

AJI1 TYIICHUS TTOKapa MOKHO MCITIOJIb30BATH IICHHBIC OTHCTYIIUTCIIN U BOY.



5.4 1lpaBoBble M  OpPraHU3alMOHHbIC  BONPOCHI  oOOecreYeHHs
0e30macHOCTH

5.4.1 Opranu3alnioHHbIe MEPONPHUSATHS TPH KOMIIOHOBKe padouyei
30HbI

KommonoBka pabouelt 30HBI — 93TO KOMIUIEKC  MEpPOIPUSTUH,
00eCleynBaOIINX  pallMOHANBHBIA  TPyAOBOM mpomecc U 3PEHEKTHUBHOE
UCIIOJIb30BaHUE CPEACTB U MPEIMETOB TPY/a.

B coorBerctBun ¢ I'OCT 12.2.049-80 CCBT PabGouee mMecTo IOIKHO
o0ecrieuynBaTh BO3MOXHOCTh yJIOOHOTO BBITTOJIHEHHSI PaOOT B IMOJOKEHUU CHJIS
WIN CTOS, WIM B TOJOXKCHUSAX W CHAS, W CTos. [lpm BBIOOpE MOJIOKEHUS
paboTaroniero Heo0X0IMMO YYUTHIBATH:

- Dusnyeckyro TAKECTb paboT;

- pa3mepbl pabouell 30HBI U HEOOXOJAMMOCTb TEPEABMKECHHUS B HEH
paboTaromIero B NpoIecce BIMOIHEHUS padoT;

- TEXHOJIOTMYECKHE OCOOCHHOCTH TMpoIlecca BBIMOJHEHUS paldoT
(Tpebyemasi TOYHOCTh JACHCTBUM, XapaKTep Yepe0BaHUs 110 BPEMEHHU IMaCCUBHOTO
HaO0/IeHus U GU3UYECKUX JEeHCTBUIN, HEOOXOAUMOCTD BEICHUS 3alIUCeH U JIp.).

PabGouee MecTo mpH BBIMOJTHEHUH PAaOOT B TOJOXKEHHH CHIS JOJDKHO
cooTBeTcTBOBaTh TpeboBanusim 'OCT12.2.032-78

PanmonanpHas opranuzamusi pabodyero Mecta OCYIIECTBIISIETCS C Y4E€TOM
TpeboBaHMil Tpou3BOACTBeHHOUW caHuTapuu U TpeboBanuii ['OCT Cucremsl
crtangaptoB Oe3zomacHocTH Tpyaa (CCBT). Ilpu sToM HeoOX0aMMO OOECTIEUHTh:
MPaBWIbHYIO IJIAHUPOBKY pabouero Mecra W palMOHAIbHOE OCHAIEHUE €ro
COOTBETCTBYIOIIUM  COBPEMEHHBIM  O0OpPYJOBaHMEM U  OPITEXOCHACTKOW;
ONTUMAJIGHOE TPOCTPAHCTBEHHOE  PACIOJOKCHUE MaTCPHAIBHBIX  CPEJICTB
MPOU3BOJICTBA W TPABUIBHOE €ro OOCTy)KMBaHHE, a TaKXe paldOHAIBHYIO
I[BETOBYIO OKpacky oOOOpYJIOBaHUS W TPHUCIOCOOJICHWA U HOPMHPOBAHHOE
OCBEIIICHHE.

[TnanupoBka pabovero MecTa I0KHA MIPEAYyCMaTPUBATD:



a) BO3MOYKHOCTb BBIIIOJIHEHHSI PALIMOHAJIBHBIX JIBH)KEHHI, HEOOXOIUMBIX
JUIsL OCYILECTBIIEHUS TPYAOBOIO IIPOLIECCA;

0) Hanbosiee YKOHOMHOE HCII0JIb30BAHUE IIPOM3BOACTBEHHBIX IIJIOLIAAEH U
COKpAILIEHHE MTyTEeN TPAaHCIIOPTUPOBKU MaTEPHUAIIOB;

B) palMOHAJIbHOE pACIOJIO)KEHHE O0OpyJOBaHUS U OCHAaCTKU B
COOTBETCTBUM  C  IIOCJIEJOBATEIHOCTbIO  TEXHOJOIMUYECKOro  Ipoliecca,
BO3MOYKHOCTh ~ 3KOHOMHBIX  JIBHOKEHMH  omepaTtopa  (CTaHOYHMKA) 1A
OCYILIECTBIIEHUS TPYIOBOIrO Mpolecca U ero 0€301acHOCTb.

[Ipu pa3paboTke TMIAHUPOBKU JIOJKHBI  OBITH  YYTE€HBI  OOIIME

aHTPOMOMETPUUECKHUE U (PUZNOIOTHUYECKUE JaHHBIE YEIOBEKA.



3AK/IIOYEHUE

B nanHoii paboTe mOAPOOHO PacCMOTPEHbI EMKOCTHBIE JIaTYMKH.
HcnpiTanue ux Ha BO3MOKHOCTh CHATUS DKI' 1 ux 3 PeKTUBHOCTH B BBISIBJICHUU
Pa3IMYHBIX ATOJIOTUH, TAKUX KaK MUPYITHAS TaXUKaAPIUI.

OmnucaHbl pa3IMYHbBIE OMBITHI, CIIOCOOBI MTOBBIMICHHS TTOMEX03AMUIIEHHOCTH
U CTaOWJIM3aIuy U3MEPEHUH.

beimn cobpaHbl U 3amporpaMMHUPOBaHbl HECKOJIBKO BEPCUN M3MEPUTEIBHBIX
MakKeTOB W TPOTOTHN TMPUOOpa, TPOBEACHBI HWCIBITAHUS TIO BBISIBICHUIO
JIOCTYIHBIX To4YeK cHsATUs DKIT'.

HoBpIli mpOTOTHIT TO3BOJIIET 3aMHMChIBATh M O0TOOpakaTh Ha 3kpaHe OKI
BBICOKOI'O KadecTBa. Mojiesib UMEET BBICOKYIO TOYHOCTh, HO MMEET HEKOTOpbIC
npobjieMbl €O  CTAaOMJIBHOCTBIO ~ M3MEPEHMM, BBI3BaHHBIC  HEJIOCTaTKaMU

KOHCTPYKITUH.



CIMCOK MYBJIUKALIMI CTYIEHTA

- Young Engineers Summit. Hazpanue crathu «bpacier 1 mepcoHanbHOro
MOHUTOPHHTA apUTMHN» [ 7].

- Umxkenepust ans ocBoeHus kocMmoca. Hasamme cratem «Device for
continuously monitoring of health of cosmonauts (YcrpoiicTBo s
HENPEPHIBHOIO MOHUTOPHHTA 37I0POBbsI KOCMOHABTOB)» [8].

- HWmxenepus nns ocBoeHus Kocmoca. Haspanme crateu «Pa3pabotka
YCTPOMCTRA JJIsi MOHUTOPUHTA apUTMHH U BHE3AITHON cMepTi» [9].

- Crynenueckuit ¢opyMm. Hazpanme cratbu «IIpoext Opaciera-mMoHHTOpa
aputmun» [10].

- Crynenueckuit ¢opyMm. HaszBanume cratbu «lcronp3oBaHuE EMKOCTHBIX
a1ekTpo10B B opTaTuBHBIX DKI ycTpoiictBax» [11].
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6 REVIEWS OF SIMILAR DEVELOPMENTS

6.1 ECG patch

IMEC, a Belgium/Netherlands research center in nanoelectronics and
nanotechnologies, has developed what it describes as a “wireless, flexible and
stretchable” ECG patch for comfortable continuous cardiac monitoring.

Picture 58 — ECG patch

The ECG patch is a hybrid system combining electronic assembly on a
flexible Polyimide substrate and textile integration. This allows achieving
flexibility and stretchability. Standard ECG electrodes are used for attachment to
the body. The ECG patch can fit body curves and allows optimal, personalized,
placement of the electrodes. It can therefore be used to monitor cardiac activity
‘on-the-move’ in daily-life conditions, thus opening new perspectives for
cardiovascular disease management. Placed on the arm or on the leg, the same
system can also be wused to monitor muscle activity (EMG).
The core of the wireless ECG patch consists of a miniaturized wireless sensor node
integrated on a flexible, Polyimide, substrate. It integrates IMEC’s proprietary
single-channel ultra-low-power biopotential ASIC for the monitoring of the ECG
signal. It also includes a commercial microprocessor enabling local digital signal
processing, a 2.4GHz radio link and a miniaturized rechargeable Lithium-ion
battery. The battery is placed under the electronic components to ensure the local
rigidity required for long-term functioning of the electronic components. In
addition, the sensor node features a fork-antenna and a snap-on connector (for
connection to the electrode). The total size of the flexible core part is 60x20mm2.
Two additional snap-on connectors are coupled to the central part with short



conductive wires. The complete system is then integrated into textile to form the
ECG patch. The use of very short wires and their integration into textile allows the
minimization of an important source of artifacts due to wire movement.
The wireless ECG patch can work in continuous monitoring mode, in which the
ECG — or EMG - data is continuously transmitted to the receiver (sample
frequency between 250 and 1000Hz). For cases in which only heart rate
information is required, the heart rate can be computed locally on the node and
then sent over-air to the receiver. This allows drastic reduction of the use of the
radio and hence increases the autonomy of the system. The embedded miniaturized
rechargeable battery offers a capacity of 175mAh, which allows for an optimal
autonomy of the system varying from one day in continuous monitoring to several
days for simple heart rate monitoring. The signal is sent to a receiver connected to
a PC or to a data-logger for later download on a computer.

6.2 Stick-on electronic patches for health monitoring

Engineers at the University of Illinois at Urbana-Champaign and
Northwestern University have developed soft, thin stick-on patches that stretch and
move with the skin, using commercially available, off-the-shelf chip-based
electronics for sophisticated wireless health monitoring. The patches stick to the
skin like a temporary tattoo and incorporate a unique microfluidic construction,
with wires folded like origami to allow the patch to bend and flex without being
constrained by the rigid electronics components.

Picture 59 - Stick-on electronic patch

The patches could wirelessly send updates to your cellphone or computer
and could revolutionize clinical monitoring such as EKG and EEG testing — no
bulky wires, pads, or tape needed. “We designed this device to monitor human



health 24/7, but without interfering with a person’s daily activity,” said Yonggang
Huang, the Northwestern University professor who co-led the work with Illinois
professor John A. Rogers. “It is as soft as human skin and can move with your
body, but at the same time it has many different monitoring functions.” The
researchers did a side-by-side comparison with traditional EKG and EEG monitors
and found the wireless patch performance equaled that of conventional sensors,
while being significantly more comfortable for patients. That’s crucial for long-
term monitoring, situations such as stress tests or sleep studies when the outcome
depends on the patient’s ability to move and behave naturally, or for patients with
fragile skin, such as premature newborns.

New concepts in microfluidics and origami interconnects enable
compatibility with commercial off-the-shelf parts for accelerated development,
reduced costs, and expanded options in device types.

The multi-university team turned to soft microfluidic designs to address the
challenge of integrating relatively big, bulky chips with the soft, elastic base of the
patch. The patch is constructed of a thin elastic envelope filled with fluid. The chip
components are suspended on tiny raised support points, bonding them to the
underlying patch but allowing the patch to stretch and move. One of the biggest
engineering feats of the patch is the design of the tiny, squiggly wires connecting
the electronics components, including radios, power inductors, and sensors. The
serpentine-shaped wires are folded like origami, so that no matter which way the
patch bends, twists or stretches, the wires can unfold in any direction to
accommodate the motion. Since the wires stretch, the chips don’t have to.

Skin-mounted devices could give those interested in fitness tracking a more
complete and accurate picture of their activity level. “When you measure motion
on a wristwatch type device, your body is not very accurately or reliably coupled to
the device,” said Rogers, a Swanlund Professor of Materials Science and
Engineering at the U. of I. “Relative motion causes a lot of background noise. If
you have these skin-mounted devices and an ability to locate them on multiple
parts of the body, you can get a much deeper and richer set of information than
would be possible with devices that are not well coupled with the skin.” The
researchers hope that their sophisticated, integrated sensing systems could also
could help identify problems before the patient may be aware. For example,
according to Rogers, data analysis could detect motions associated with
Parkinson’s disease at its onset. The National Security Science and Engineering
Faculty Fellowship of Energy, the Korean Foundation for International
Cooperation of Science and Technology, and the Department of Energy supported



this work. Rogers directs the Frederick Seitz Materials Research Laboratory at
Illinois and also is affiliated with the Beckman Institute for Advanced Science and
Technology and the departments ofchemistry, of mechanical science and
engineering, of bioengineering and of electrical and computer engineering. Huang
is the Joseph Cummings Professor of Civil and Environmental Engineering and
Mechanical Engineering at Northwestern’s McCormick School of Engineering and
Applied Science.

When mounted on the skin, modern sensors, circuits, radios, and power
supply systems have the potential to provide clinical-quality health monitoring
capabilities for continuous use, beyond the confines of traditional hospital or
laboratory facilities. The most well-developed component technologies are,
however, broadly available only in hard, planar formats. As a result, existing
options in system design are unable to effectively accommodate integration with
the soft, textured, curvilinear, and time-dynamic surfaces of the skin. Here, we
describe experimental and theoretical approaches for using ideas in soft
microfluidics, structured adhesive surfaces, and controlled mechanical buckling to
achieve ultralow modulus, highly stretchable systems that incorporate assemblies
of high-modulus, rigid, state-of-the-art functional elements. The outcome is a thin,
conformable device technology that can softly laminate onto the surface of the skin
to enable advanced, multifunctional operation for physiological monitoring in a
wireless mode.
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CurvusThe US Food and Drug Administration (FDA) has granted 510(k)
regulatory clearance to the Curvus Arrhythmia Monitoring Device (C-AD), a
wireless-enabled and continuous tracker of real-time ECG readings. Curvus is a
subsidiary of WPR Medical, which is based in Norway. C-AD will enter the
market where a handful of other wireless cardiac monitoring companies are already
playing: CardioNet, LifeWatch and the (recently FDA approved) Corventis Nuvant
system among others. It's worth highlighting Curvus' Norwegian roots.
Interestingly, other Norwegian companies and entities have made mHealth related
news in recent months, most notably the The Norwegian Agency for Development
Cooperation, Norad, announced a $1 million grant to the mHealth Alliance last
month. Norwegian mobile operator Telenor has also been actively piloting aging in
place initiatives in the country.

Curvus' offering -- like other wireless ECG systems -- includes three
components: The sensors, the receiving/transmitting device, and the backend
analytics. The C-AD system uses a single-lead sensor with two electrodes and a
mobile recorder that transmits via the unlicensed 2.4 GHz frequency. Curvus
pitches the system as designed to facilitate "unencumbered cardiac monitoring of
patients during the activities of daily living... because of its inconspicuous nature,
the Curvus wireless solution also eliminates the stigma associated with wearing a
Holter monitor.” According to Curvus, the sensor can operate for 72 hours without
any user interaction. The receiver is a handheld device that receives data streams
from the sensors for “"permanent storage and analysis of irregular events,"”
according to the company. The device runs over GSM/GPRS networks like AT&T
or T-Mobile USA or via Bluetooth or "a wireless network," (which likely means
WiFi).

Curvus supports the monitor with a data analysis service that crunches
ECG data using "clinically established arrhythmia parameters.” Curvus originally
began work on the system in 2003 when it created a prototype of the ECG sensor
that demonstrated the device's wireless design principles. In 2006 the company
began clinical trials with patients. In 2007 Curvus began the commercial design
phase of C-AD, according to the company's corporate site. "We are thrilled that
Curvus has achieved regulatory clearance and can now be commercialized in the
US," Borge Bogaard, Chief Executive Officer of Curvus, stated in a press release.
"Due to the rapidly increasing burden of atrial fibrillation worldwide, we believe
that expanded monitoring and diagnosis of these cardiac events combined with the
release of several new anticoagulant drugs, will make a major contribution to
control the disastrous worldwide burden of stroke. With its 100 percent wireless
design and ability to transmit clear, actionable data whether the patient is resting,



running a marathon or showering, we believe Curvus is well-positioned to expand
monitoring broadly."

If you ever wondered about your heart health, you probably came across an
ECG/EKG monitor and perhaps wondered how ECG testing or monitoring works.
Here we offer a simple introduction to ECG monitoring, its benefits and the best
way to get a medical grade ECG scan done.

ECG, also referred to as EKG, is the abbreviation of the word
electrocardiogram — a heart test that tracks the electrical activity of your heart and
records it on a moving paper or shows it as a moving line on a screen. An ECG
scan is used to analyze the heart’s rhythm and detect irregularities and other
cardiac issues that might lead to serious health problems such as a stroke or heart
attack. To get an ECG trace, an ECG monitor is needed to record it. As the
electrical signals move through the heart, the ECG monitor records the strength
and the timing of these signals in a graph called a P wave. Traditional monitors use
patches and wires to attach electrodes to the body and communicate the ECG trace
to a receiver. The length of an ECG test varies depending on the type of the test
being performed. Sometimes it can take a few seconds or minutes. For longer,
more continuous monitoring there are devices that can record your ECG for several
days or even a week or two.

As traditional ECG recorders and holter monitors require intrusive skin
preparation, professional fitting in the doctor’s office plus the use of wires or
patches, they are not easy or comfortable to wear long term. Qardio has designed
the world’s first ECG/EKG monitor that doesn’t require wires and patches, can be
used at home and is gentle to your skin. It works with your iPhone or iPad and is
worn comfortably under your clothes the same way you would wear a fitness heart
rate monitor.

Hospitals are familiar with 20/20 hindsight. When a patient dies on their
watch, they investigate why and how it happened. In doing so, they can learn what
steps could have been taken to prevent the death. Thousands of unmonitored
hospital patients die each year due to dangerous heart rhythms or other unexpected
cardiac events. Many of these incidents could have been avoided had monitoring
equipment and staff been available. Now, an economical patient-monitoring
system can provide hospitals with the 20/20 foresight they’ve long desired.

Continuous monitoring of patients can enable immediate detection and
early treatment of abnormal heart rhythms or cardiac events—a concept Datascope
Corp. (Montvale, NJ; www.datascope.com) knows something about from



manufacturing patient-monitoring and cardiac-assist devices. “We wondered
whether the technology was available for us to develop a product which could
expand the population of electronically monitored patients and thereby offer a
device to clinicians to intervene quickly and improve the patient’s chance of
survival,” says Gary Manning, director, NetGuard business, for Datascope. “There
is published clinical data that report an estimated 25% of all in-hospital cardiac
arrests occur in unmonitored patients. If the clinicians had expected these patients
to have cardiac arrest, they would have likely been attached to an electronic
monitor,” he adds.

Manufactured by Datascope, the MDEA-winning NetGuard system is a
wireless ECG monitor that weighs less than 1 oz and communicates with a
standard PC. When a dangerous rhythm is detected, individual monitors can send
an alert to a PC at a nurse’s station. The nurse then views the ECG from the
monitoring device on the PC and proceeds in accordance with hospital protocol,
calling an emergency code, for example. As many as 50 patients equipped with
wireless NetGuard units can be continuously monitored on one PC.

The cost of the system, including the reusable portion of the ECG monitor,
is a fraction of the cost of conventional monitors, according to Datascope.
Affordability was one of the manufacturer’s main goals in the design of the
product.

Picture 61 — Chest ECG system

Part of the challenge of manufacturing this product—in addition to making
the product cost-effective—was integrating Datascope’s prepackaged unit with the
disposable portion of the device provided by Lead-Lok Inc. (Sandpoint, ID;
www.leadlok.com). Using a battery roughly the size of a quarter, silver/silver
chloride electrodes, and a conductive adhesive, Lead-Lok engineered the circuitry
that connected its single-use components to the manufacturer’s waterproof
electronic telemetry unit. “It required that we do some hand connections and



manufacture the templates and tools to make it all work together,” says Jim Healy,
Lead-Lok chairman of the board. “I think it’s going to be a great asset for the
medical society and patients to be able to monitor their activity throughout the
hospital in such a small, convenient package.”

Meeting Datascope’s size specifications caused a series of design concerns
for plastic engineering provider Corex Design Group Inc. (Glen Rock, NJ). “Some
of these issues included overmolding circuit boards, critical watertight seals, tight
molding tolerances, [and the] ability to manufacture at a low cost,” says principal
Mark Rosen.

Further design challenges were encountered by United Plastics Group Inc.
in terms of maintaining aesthetics. The company assisted Datascope in the design
of the plastic components and assembly. “We recommended things like sonic
welding, plastic materials, pad-printing, and improvements in assembly,” says
Robert Morton, UPG applications engineer. Stratos Product Development LLC
contributed its wireless systems design expertise to Datascope’s unit as well. “Each
of the vendors assisted in their own areas of expertise to make the product
manufacturable,” adds Morton.
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#include “cdcard.h”

File myFile;

int t=50000;

void setup()

{

Serial.begin(9600);
Serial.print("Initializing SD card...");

[/ vEMIIManM3anys KapThl MTaMsTH

pinMode(10, OUTPUT); //mactpoiika nuHa
if ('SD.begin(10)) {
Serial.printIn("initialization failed!");
return;

by

Serial.printIn("initialization done.");
SD.open("test.txt", FILE_ WRITE);

Il oTkpwIBaeM ¢aiin

b
void loop()

{

Serial.printin(analogRead(0)); //cusiTie curnana u 3amuck B hain
if (i==0) myFile.close();

else t--;

}
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